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YacTb

COBPEMEHHbBIE
NMPOBJIEMbI
HEOPITAHNYECKOW
XMW

[NaBbl 32KMOUNTENBLHON HACTU KHUMY NOCBALLEHBI COBPEMEHHBIM Npobremam Heopra-
Huveckoih xumum. [lse nepeble rNasbl (MO CNEKTPOCKONUM ¥ MeXaHU3MaM peakuui)
PazBUBAIOT TeMbl, KOTOpble BbINW PACCMOTPEHbI paHee, U NPEACTaBASIOT HOBLIA MaTe-
P3N O COBPEMEHHbIX METOAAX UBYYEHMS CTPYKTYPbl BELECTB U MEXAHM3MOB peakuuit.
OcTankHble nath rnas (METaNNOOPraHUYECKUE COEANHEHNS 3NEMEHTOB FNABHbBIX rpynn
n d-bnoka, KaTanus, XUMUsS TBEPAOrO Tena ¥ BUOHeOpraHWYecKast XUMNS) OTHOCATCH
K 0bNacTAM XMMUM, KOTOpbIE B HACTOSILiEE BPEMS WHTEHCUBHO Pa3BUBAlOTC B Nabo-
paTopusAX BCEro Mupa. ITU UCCNEAOBAHMS YACTO ODLEAUHAIOT TaNaHTIMBLIX Y4YeHbIX,
paboTatowmx B obnactu HeopraHuyeckolt xumum, husnku KOHAEHCUPOBaHHbIX Cpef,
buonorum u ukxenepun. Mnasa 17 (kaTanus) ecTecTeeHHbIM 06Pa30OM BbITEKaeT U3 ABYX
NPeAWeCTBY WX rNas (METanNoopraHNYecKme COEAMHEHNS), NOTOMY YTO NOKa3bIBa-
€T, KaK Pa3Hbl€ KNAcChbl METANI00PFaHUYECKUX COEAUHEHUIA MOTYT BbiTh NCNONBL30BAHDI
B KaTanuse. B rnase 18 npoponkaercs obcyxaeHne Xxumun TBEpPAOro Tena, Ha4aToe B
rnaBe 2, PacCMaTpUBAIOTCS HOBbIE CTPYKTYPHbIE TUMbI, HECTEXMOMETPUYECKUE COAMN-
HeHus u ponb dedektos. [Nasa 19, nocnefHss rnasa 3TOW KHUFM, NOCBSILLEHA NPO-
BnemMam Ha CThike HEOPraHNYeCKOR XMMUM 1 BUONOrUM, OCHOBHOE BHUMAHME YAeneHo
PO MOHOB META/IJIOB U UX KOMMJIEKCOB B TAaKWUX XKU3HEHHO BaXKHbIX DUONOFMYECKUX
NPOUECCaX, Kak NepeHOC U HAaKOMNJIEHNe KMCIOPOAA 1 Nepefada 3/1eKTPOHOB.




k] D/IEKTPOHHBIE CNEKTPbI
KOMIMJIEKCHbIX
COEAVHEHU

Llent paHHol rnaebl — ODBACHUTE NPOUCXOXKAEHNE BNEKTPOHHBIX CNEKTPOB KOOPAMHA-
UVMOHHBIX COEAMHEHUIA ¥ NOKAa3aTh WX KOPPENsUUU C xuMmuyeckolt casbto. MNockonbky
aTOMBI Y1 KOMMAEKChI O4EHb KOMMNAKTHbLI, B3aUMHOE OTTa/IKUBAHME X 3NEKTPOHOB CUb-
HO BJIMSIET HA SHEPFUIO BNEKTPOHHbLIX Nepexofos. Ponk a/1eKTPoH-31eKTPOHHOrO oTTaJl-
KMBaHNS BbiNa BNEPBbIE BbISBAEHA NPU UCCNEA0BAHIUN aTOMOB 1 MOHOB B Fa30Boit dase.
Bénbwasn yacTh aTolt UHAOPMayUM MOXET DbiThb MCNONB30BaHA M NPU aHAIM3E CNeK-
TPOE KOMMJIEKCOB MeTannos. [nasHoe oTavyve Mexay aTomamu v noHamu MeTanna B
razosoit dhase v aToMaMu MeTaNNa B KOMMIEKCaX COCTOMT B M3MEHEHUW CYMMETpUU
M, CNENOBATENBHO, U3MEHEHVW BbIPOXAEHUS 3HepreTudeckux yposHelt. [laHHas rnaea
NPOAC/KAET TEMY, HAYaTYtO B IN. 7, N ONUCKLIBaeT NPUMEHEHNE METOAA MOJNIEKYNS PHbIX
opbutaneit k cuctemam bonee Huskoit cummeTpumn. B yacTHocTw, paccmatpuBaetcs
NOCTPOEHME MONEKYNAPHBIX OpbuTanel KOMMNIEKCa U3 MONEKYNApHbIX opbuTanei oT-
DeNnbHbIX hparMEeHTOB.

Ha puc. 13.1 mpejcTaBieH 9I€KTPOHHBIA CIEKTP MOTJOMEHHS d°-KOMIIeKca
[Cr(NH3)6)*t B BomHOM pactBope. [Tomoca, cOOTBETCTByIOMAA MUHIMATLHON JHED-
ruu (MAKCHMATBHOW JUTHHE BOJIHBI), UMEET MaJyl HHTeHCHBHOCTb, B Ja/bHENIeM
fyaeT MOKa3aHO, YTO 9TO NPUMeED TMEPEeXofa, <«3ampelieHHoro no cuny». Cremyto-
[IMe ABe TOJIOCHI CO CPEIHEH MHTEHCHBHOCTHIO COOTBETCTBYIOT «Pa3pPeIIeHHBIM IO
ciiuHy»> mepexomaMm (t3,ep — t%g)l) MEXKLY tog- U €g-OPGUTAIAMH KOMITeKCa, 06pa-
30BAHHLIMH B OCHOBHOM d-opbuTtajsimMu MeTasuta. Tperbsi 0cOGEHHOCTL CIEKTPA —
HHTEHCUBHASA 1I0J10Ca B OBJACTH KOPOTKUX JJIMH BOJIH, NoMedeHHaa Kak [I3 (mepe-
HOC 3apsAa), OT KOTOPO! Ha PHUCYHKE BHAEH TOJBKO HU3KOYACTOTHBIM Kpai.

EcrecTsenHo, BOBHMKAET BOIPOC: MOYEMY ABE MOJOCH! NOTJIOMIEHNS MOTYT OBITh
OTHECEHBI K 6 JUHCTBEHHOMY [IEPEXOLY t%geé « t3,7 Takoe paciueriienne eAMHCTBEH-
HOTO Mepexofa Ha IBe IMOJIOCH — ITO PE3YJIbTAT JIEKTPOH-3IEKTPOHHOTO OTTAaJIKU-
BaHHs, KOTOPOE PacCMaTPUBaeTcs B fnaHHoil riase. [Tocsequas nojoca, NoMedYeHHaS
13, uMeeT IpHHIUNHANBEHO APYTYI0 OIPHDPOLY, YeM Tpu npeapliuyiune. Hanee 6ymet
MOKA33HO, MTO ITO [PUMeD [epexoa, KOTIa 3JEKTPOH IepeMelllaeTcss OT JUTaHAa
Ha [EHTPAJLHBI aTOM MeTaslIa.

1) Baech u sanee HCIOAB3OBAHDI OBIENPHHATBIE OGO3HAYEHUS CTIEKTPOCKOIMYECKHX TIEPEX00B
r/e Hu3llee 110 3HEPTUH COCTOSIHHE YKa3aHO CIIpaBa OT CTPEJKH, & BbiClllee — cleBa.

DNEKTPOHHBIE CNEKTPLI ATOMOB 7

n3

2.1 3
thes <ty

4 4
Tige Ay Tye Ay

Ig e (n/(Monb - cM))
N

2 4
Eg='Ag
YcuneHue
ok Al
1 1 1
200 400 600 A, HM
(50000 cM™) (25000 cM™") (17 000 cm™)

3 .
Puc. 13.1. Crnexrp d°-kommnexca [Cr(NHs)g]*t, namoctpupyommit Bompocst, o6cysx ae-
Mble B JAaHHOM riaBe; 0DO3HAYEHHS NEPEXOJOB ODBSICHEHbI B TEKCTE.

DJIEKTPOHHbLIE CNEKTPbI ATOMOB

B nepso#i yacTu KHNUIH IPH ONHCAHUM ATOMOB U MOJIEKYJ yKA3BIBAJIACH HX IJIEK-
TPOHHAA KOH(UTYPAlKs, T. €. YUC/IO 91eKTPOHOB Ha KaXIoi opbutanu (Hanpumep
1s22s! nna Li). Ogmako smexTponnas KOH(HUrypalus He TOJHOCTHIO ONHCHIBAET
pacIpelienenue 1eKTPoHoB B aTroMe, Hanpumep, npu aeKTporroil Kondurypamun
2p? nBa TEKTPOHA MOTYT 3aHUMATh opbuTANH ¢ Pa3IUYHON OpHeHTaldell OpOH-
TaJIbHOTO YTJIOBOTO MOMeHTa (T. €. ¢ PA3JINYHBIMA 3HAYEHUSAMHU My, KOTOPBIE MOTYT
cocraaaTte +1, 0 u —1 npu | = 1). Kpome toro, oboznauenue 2p? Hudero He ro-
BOPUT 00 OPMEHTAIWN CIUHOB 2,1eKTPOHOB (M, = +3 mmm —1). Taxnm obpasowm,
aTOM C OIpPEIeJeHHBIMH 3HAYeHUAMHE MOJHOrO OPOHTAJLHOTO M NOJHOTO CIHMHOBO-
r0 YTJIOBLIX MOMEHTOB MOKeT HaXOIHTLCA B PA3JMYHBIX COCTOAHMAX, KAXKJ0E M3
KOTODBIX COOTBETCTBYeT 3aCeJIEHHOCTH OPOHTANeN ¢ PA3IUYHBIMH 3HAYEHUSIMU 1M
IEKTPOHAMH € PA3JHIHBIMU 3HAYEHUSIMHA M. Pa3Hble CrIOCOOB! 3alIOTHEHHS 3JIeK-
TpoHamu opbuTamelt ¢ onpeneneHHONl KOHMUIypallleil HA3HIBAIOT MHKPOCOCTOSI~
HEUAMM Kouburyparwn, Hanpumep, onso u3 MHKpococTostHEH 2p2-KOH(DUTY palun
spngerca (1, 17); sra sannch oznadaer, uTo 06a IEKTPOHA 3AHHUMAIOT OpGHUTa-

Ja ¢ m; = +1, HO 061aMAT TPOTHBOMOJOXKHBIMHE CIHHAME: BEeDXHHWH HHIEKC +
YKA3BIBAET HA My = +3, 8 — yKasbiBaeT Ha M, = —3. JIPyroe MHKPOCOCTOSHAE
s ranno#t koudurypamuu — (—11, 07). B stom caydae o6a 3mekTpoHa HMEOT
M = —I—%, HO OZMH 3aHMMaeT 2p-opbutajs ¢ m; = —1, a apyroti —c my = 0.

13.1. CnekTpockonuyeckue Tepmbi

MuxpococTosHusT nu1st MaHHOH KOHMbUrypauuu o6Ja1aloT OIMHAKOBOH dSHEpruel,
TOJIBKO €CJIM MEXK3/IEKTPOHHOe B3auMozelicTre Mano. O[HAKO aTOMBI 1 GOJIBIITHH-
CTBO MOJIEKYJT JOCTATOYHO KOMIIAKTHBI, IOYTOMY MEX3JEeKTPOHHOE OTTaIKMBAHHE
BEJIMKO M ero HeJlb3d He YUATHIBATh. B pe3ysibTaTe MUKPOCOCTOSIHHSA, KOTOPBIM COOT-
BETCTBYIOT pa3/IMYHble IPOcTPAHCTBEHHBIE PacIpelieeHus JEKTPOHOB, 06J1alatoT
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pazHoit sueprueit. Bein 06beIMHATD B rPYIIBI MUKPOCOCTOAHNA, KOTOPRIE MMEIOT
O/IMHAKOBYIO SHEPTHIO € Y*IETOM JEKTPOHHOrO OTTA/IKHBAIMA, TO NOJy4aTCA CICK-
TPOCKOITHYECKH DA3JIHINMBIE YPOBHH 9HEPrHil, Ha3bIBACMbIE TEPMaMH.

s Jerkux aToMoB H 3d- H 4 f (naHTaHHAB )-2IEMEHTOB Hanbosee BaZKHBIM
CBOBCTBOM, OIPEIENSIOIAM SHCPIHUIO MHKDOCOCTOSIHUA, SABJISIETCA OTHOCHTE/IbHAA
OpHMEHTAINA CIIHHOB saexTporos)), Crexyromelt M0 Ba’KHOCTH OKa3bIBAETCS OTHO-
CUTE/IBHAS OPHEHTAIHST OPGHTAJILHOTO YIIOBONO MOMEHTa 31eKTpPoHOB. Clenosa-
TeIbHO, TEPMBI JETKAX ATCMOB MOYKHO ONDEJENUTh M PACHOJOXKHTh B [OPAIKE
H3MeHeHHsT YHCPIHH, KJIACCHMUIUPYS MHKPOCOCTOAHHSA MO BEJHYMHE MX IOJIHOro
CITHHOBOTO KBAaHTOBOro yucia S (KOTOpOe OnpelenseTcss OTHOCHTENLHON OPHEHTa-
1Ued MHIMBUIYAILHBIX CIMHOB) M 3aT€M IO BeJHYHHE KBAHTOBOTO YUCIIA IOJHOTO
OpGHTATBHOTO YIJIOBOrO MOMeHTa L (KOTOpOe OmpeensieTesi OTHOCHTEMLHBIMH OPH-
eHTAIHAMH HHIABHIYAJBHEIX OPOHTAIBHBIX yIJIOBBIX MOMEHTOB 3JIEKTPOHOB). s
TKEJBIX aTOMOB 4d-, 5d- 1 5 f-371eMeHTOB OTHOCHTENbHAS OPHEHTAINA OPONTANb-
HOT'O MOMEHTA MJIM CIIMHOBOTO MOMEHTA, MeHee BaxkHa. B 3THX aToMax CIHHOBBIN H
OpGHTAJIBHELH YITOBON MOMEHTBI SIEKTPOHA CHIILHO CBA3AHDI MeXkY cOG0M MarHuT-
HBIM B3aMMOJEHCTBHEM, HA3bIBAEMBIM CIMH-OPOUTAILHBIM B3aMMOAeCTBUEM.
TakuM 06pazoM, AJA ONPeNeJeHHs IHEPTUK Hanbosee BaXKHa OTHOCHTE/IbHAA OPH-
EHTAIUA CIIMHOBOTO M OPGHTAILHONO YIJIOBOTO MOMEHTA KaxJIOro 1eKTpoHa. Tep-
MBI TSKEJIBIX ATOMOB HIAEHTH(MUIMPYIOT HA OCHOBE 3HAYeHMIH KBAHTOBOTO YHCIA
[OJIHONO YINIOBOTO MOMEHTA j JUlf 3JEKTPOHA B KAXKIOM MHKDOCOCTOAHHH.

ITpottecc 06LeAUHEHEST YIJIOBBIX MOMEHTOB 9JEKTPOHOB CYMMHPOBaHHEM CHaYa-
JIa, CIIMHOB, 3aTeM OpPOHUTANLHBIX MOMEHTOB H, HaKOHell, CyMMHUPOBAHHEM JIBYX I10-
JIyYEHHBIX PE3yJLTATOB HasblBaloT B3ammogeiicTBnem Paccena— Caynaepca.
DTy cxeMy B3aHMOACHCTBHA HCIONBIYIOT NJIA OHNpeNeeHHs TEPMOB JIEMKHX aTO-
MmoB. CxeMma B3auMOmeiicTBu, HoJiee TPUMEHUMAs JUIS TSKEJIBIX aTOMOB, Ha3bIBa-
ercs jj-B3ammMojelicTBye.

Jna ncnonbzobaHnsa cxembl Paccena— CayHaepca HeoGXOZMMO 3HATh, KaKkue
sHadeHnss L u S MOTYT peaJu3oBBIBAThCA B arome. JOIMycTHM, MMeeTca ABa JIeK-
TPOHA ¢ KBAaHTOBBIMH 4ucaaMu 1, $; 1 [z, s». Torna, B cOOTBETCTBHU ¢ PAJOM
Knebma— I'opaana, L 1 S MOTYT BMETh 3HAUEHHS

L=11+1y, ll—l—lg‘l,...,)l]—lQ'
S=:91-|—82, SI+52—1,...,|51—82|

(1)

(Moaynn Bo3HHKaIOT IOTOMY, uTO HH L, HH S He MOTYT OLITh OTPHIIATEHHBIMA. )
Hanpumep, atoM ¢ koudurypamnpeit d? MOXeT HMETD Clelyroolipe 3Hadenus L:
L=2+224+2-1,...,12-2/=4,3,2,1,0
HOJ’IHBII‘/i CIIMH MO>KET MMETh 3HAYEHHd:
obed bk}
Llna onpenenennst anavenuii L u S aTOMOB € TpeMs 3/eKTPOHAMH HEOGXOIUMO IIPO-

JOJKUTDL ITOT Tpornece, KOMOHHUDPYA [3 ¢ YiKe MOJyueHHBIMH 3HavdeHnamu L, aHa-
JIOTHYHBIM 06pa3oM HOCTYIHUTb H C S3.

=10

1) 9ot Bonpoc obcyxkaaercs cHOBa B pasa. 13.7.

DNeKTPOHHbIE CNEKTPbI aTOMOB 9

Korna zmavennsa L u S yiKe onpeesieHbl, MOXCHO 3allUCATh Pa3pelleHHbIe 3HA-
YeHHUs KBaHTOBBIX dmcen My n Mg,

My=L L-1,...,.-L Mg=58,8-1,...,—8

DT KBAHTOBBIE YHCJA 38,[aK0T OPHEHTAIHIO YIVIOBOTO MOMEHTa OTHOCHTEIBHO Bbl-
bpanno#t ocu: (2L + 1) snavennit My st nanHoro sHadeHnst L u (25 + 1) 3Have-
Hua Mg ana ganHoro 3uadenuns S. PeanbHble 3navennst My u Mg I DaHHOrO
MHKPOCOCTOSHHS MOXKHO JIETKO HAMTH CJIOKEHHEM 3HAMEHMH 1My WA M, JJIA HHIA-
BH/1yaJIbHBIX 3JeKTPOHOB. TaK, ec/M OIuH 3J1€KTPOH MMEET KBAHTOBOE HMHCJIO M,
a Ipyro#t —mgg, TO

My =mp +mp
AHAJIOrHYHO HAXOOAT OOIIMH CHOHH:
Mg =mg + Mms2

Taxum obpasom, mukpococrosnue (0, —17) umeer M, = —1u Mg = 0 u

MOXK€eT BHOCHTb CBOH BKJIA B TEPM, VI KOTOPOrO MPUMEHNMBI 3TH IBA KBAHTOBLIX
qucJIa.

ITo anmanorum ¢ o6o3naveHnsMHA S, p, d, ... ;s opburaneit ¢ [ = 0,1, 2,...
IOJIHEBIM OPOHTAJIBHBIN YIVIOBOH MOMEHT ATOMHOTO TepMa 0DO3HA¥aeTCs COOTBET-
CTBYIOIIMMH IIPOIMCHBIMH GYKBAMH:

L= 01 2 3 4 ..
S P D F G ganeenoandasury (mpomyckas J)

TMomapnit cnuH 06BIMHO 0603HAMAIOT BeaHIHHOMN 25 + 1, HA3bBIBAEMOH MYJILTHILIET-

HOCTBIO TepMa:
S = 0
25+1= 1

1
3

2

1
2
2 S

ool

MyJBTHIIIETHOCTD 3alKCHIBAIOT B BHJE JIEBOI'O BEPXHErO MHIEKcA GYKBBI, 0603HA-
qaponie BennmuuHy L, B LeJ0M 3allMCh HA3LIBAETCS CMMBOJIOM Tepma. Tak, Ha-
npuMep, cuMBoJ TepMa °P ofosHauaer Tepm (HabOp BBIPOXIEHHBEIX COCTOSHHMN) C
L =1u95 =1, Ha3bIBaeMbIl «TPHILIETHLIM» TEPMOM.

‘H TepMbI aTOMOB 0603HAYAIOTCA CHMBOJIAMH, B KOTOPLIX 3HadeHne L ykasbiBaeTcs
onuolt u3 6ykB S, P, D, ..., a Besuumnua 2S5 + 1 — BEpXHHUM JIEBBIM HHIEKCOM.

Mpumep 13.1. Onpegenenne cumsonos Tepmos. -
I[IpuBesiTe CUMBOJILI TEPMOB 15l ATOMOB ¢ KOHGbUTY pamueit: a) s'; 6) p'; B) s'p'.

Oreer. a) Jnsa eauHCTBEHHOTO 8-31eKTpora | = 0 i 5 = % IMockonbKy uMeercs TOMbKO
oftun anextpon, L = 0 (tepm S), S = £ n 25 + 1 = 2 (ay6aer). Cumpon Tepma 3. 6)
Jnist enuscTRenHOTO p-anexTpona | = 1, L = 1 u tepm 2P, (3TH TEpMBI NPOABJAITCA B
CIIEKTPax IEJOUHBIX MeTALI0B, Hanpumep Na.) B) C oqHuM - 1 OTHHM P-3JIEKTPOHOM
L=0+1=1, Te Tepm P. Dnexrpousl Moryr ObiTh cnapenb! (S = () HaM UMETH
napasyenshele cnunbl (S = 1). CnegoBaTenbHo, BO3MOKHLI TEPMEI 1p u p.

Bonpoc 13.1. Kakue TepMbl BO3MOYKHbBI 1A 3J€KTPOHHON KOHMUTY palm ptd'?
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13.2. Tepmbi d2-kondmrypauum

[purmun Mayms orpanudnBacT MHKPOCOCTOAHHA, KOTOPBIE BOIMOXKHDL IS Nak-
HoM KoH(MUIypalyy, U, cJIeJOBATEJLHO, ONPEeIeACT BOSMOXKHBIE TEPMEL. Hanpu-
Mep, /1B SIEKTPOHA He MOTYT OIHOBPEMEHHO UMETE ONHH M TOT XKe CIUH 1 OLIThH Ha
d-op6utanu ¢ m; = +2. [losToMy MHKPOCOCTOAHHE (2, 2+) sABsfeTCA 3anpeleH-
HBIM TaK ke, KakK i 3Hadenus L u S, B KOTOpble MOXET BHOCHTDL BK/IaZ 3TO MHK-
pococroanue. Ha npumepe d%-xoudurypanun 6yIeT NMOKa3aHO, KAK MOXHO Ompe-
NeJUTh, KAKKHe TEPMBl ABJIAIOTCS Pa3pelleHHbIMH, HOTyYEeHHBIA Pe3yJIbTaT 6yne"ur
IoJe3eH TP 06CYKIeHHH KOMILIEKCOB, KOTOPBIE PACcCMATPHUBAIOTCA Jajiee B STOH
raBe. IIpuMepoM HacTHUE! C d?-xonrcdurypanueil ABIACTCS HOH Ti%t.

a) Knaccadmkanus MHEKPOCOCTOSHMH

B ta6s. 13.1 nepedncieHbl Bce MUKPOCOCTOSHHUS IS d?-xondurypallys, paspeleH-
Hble npuHupnom [laynn. CnelyeT OTMETHTD, YTO MAaKCHMaJIbHOE 3HAYEHHe M; nns
d?-xondurypaiyu coctasigeT +4. ITO 3HaUEHHE JO/DKHO IPHHALNIEXKATE TeEPMY C
L = 4 (trepm G). Tabu. 13.1 noKa3bIBaeT, 9TO eAUHCTBEHHOE 3HAYeHNe Mg nns sToro
tepma pasuo mymo (Mg = 0). Takum obpazom, Tepm G noKeH OBITH CHHIJIETOM.
Boutee Toro, mockonpKy nia L = 4 cymecrByer 9 smavennit M, OOHO MUKPOCO-
CTOSIHME M3 KaXKIOoro Habopa B KoJonke Hmke (21, 27) NO/KHO NpHHALIEXKATDH
stomy TepMy?). Takum 06pasoM, MOKHO BBIYEDKHYTD 110 OHOMY MHKPOCOCTOSHHMIO
M3 KaxkJI0r0 HaGopa B LEHTPANbHON Koslonke Tabu. 13.1, B pesynbraTe ocraercs 36
MHKPOCOCTOAHHE, KOTOPhle HYKHO KJ1acCH(PHULHPOBATD.

Tabnuya 13.1. MukpococTossHAS d?-konduryparmu

Mg

M, -1 0 +1

+4 (2+,27)

+3 (27,17) 2+, 17)(27,1h) (2t,1h)

+2 (27,07) (2+,07)(27,0") (2+,0%)
(1*,17)

+1 (27,-17)(17,07) (2t —17)(27,-1%) (2t,-1T)(1*,0%)
(1+,07)(17,0%)

0 (17 ,—-17)(27,—-27) (1*,-17)a—,—1%) @t -1)2t,-2)
(2+,—27)(27,-2%)
(0*,07)

—1 o —4¥

) HuKHsIs nmonoBuHa TabIuIbl SIBASETCSI OTPAXKEHHEM BEPXHEH MOJIOBHHDI.

1) B neficTBUTENBHOCTH, MATIOBEPOSTHO, YTO OAHO H3 MHKDPOCOCTOSHUN CAMO TI0 cebe COOTBETCTEY-
€T ONHOMY H3 3THX YpOBHeil: 00BIMHO YPOBEHb — 9TO JHHelHas KOMGHHALUS MHKpococToAlHiT. Tem
He MEHee, NMOCKObKY H3 N MHKPOCOCTOSIHHH MOXKeT ObITh o6pazonano N nuneiinbix koMGUuHaImi,
KOT/Ja Mb! BBIYEPKHBAEM OHO MHUKPOCOCTOSHHE, TO YUYNTLIBAEM OJHY JHHEHHY0 komOunaumo. Ta-
KHM 00pa3oM obIunil pe3ynbTaT MOXKeT ObITh KODPEKTHBIM, faxe eC/ld HEKOTOpbIe JeTa ] d Oblnn
HETOYHBIMH.
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Tabnuua 13.1a. Pacnpenenenne  MHKPOCOCTOSHHHN
d*-korduTYpammy o TEpMam

Tepm Yucao cocmoamuti

'G 9-1= 9

’F 7.3=21

'D 5.1= 5

ip 3-3= 9

g 1-1=1
Bceero: 45

Crnenytomiee Hambonbinee 3HaueHne My = +3 BosumkaeT npu L = 3 u, cie-
JOBaTeJIbHO, OTHOCHTCA K TepMy F. DTOT psAx CONEPKMT OOHO MHUKPOCOCTOSHHE B
KaXkJI0N KoJIOHKe (T. €. KaXKIblit HAGOP COTEPIKHT oy KoMOuHaumw i Mg = +1,
0 u —1), 9TO COOTBETCTBYET TPHIVIETHOMY TePMy. SHAYHT, MHKPOCOCTOSHUS OT-
HocaTest K Tepmy °F. To ke camoe CIIpaBefiMBO A OOHONO MUKPOCOCTOSHHS B
KaXXJOoM pany Hike 10 My = —3, B utore nosydaerca 3 -7 = 21 MUKPOCOCTOSAHHE.
Ecau vx BBINEPKHYTH, TO oCcTaHeTCsl 15, KOTOpble HYKHO KAAaCCHPHIUPOBATD.

Bpanyc M, = +2 (L = 2) Bxonouke Mg = 0 (S = 0) ecTh emie o/1Ho HenAeHTH-
dbunupoBaHHOE MHKPOCOCTOSIHIE, KOTOPOE MOJDKHO OTHOCHTLCA K TepMy 1 D. Stomy
TepMy COOTBETCTBYIOT IATh 3Ha4eHHNt My, T.e. IO OOHOMY COCTOSHHUIO B KaKIOM
Habope B KoJlonke Mg = 0 mo My = —2. Ocraercsa 10 HenneHTHDUIHMPOBAHHBIX
coctosanmit. [lockosnbKy cpenn Hux ecTh ouHo ¢ My = +1 u Mg = +1, To geaTb u3
TUX MHUKPOCOCTOAHHH JONKHGI IpHHaIIexaTh Tepmy P. Torna ocTaeTcs TOIBKO
OIHO MHKDOCOCTOSIHME B LIEHTPAJBHOM Habope Tabmunpl ¢ M = 0 u Mg = 0. 1o
MHKPOCOCTOsiHNE (MJin, B JeUCTBHUTEJLHOCTH, JUHEHHAs KOMOHHAIWS BCEX MHKPO-
cocrosAHnM Habopa; cM. cHOCKY Ha c. 10) MOXKeT 6bITh TONBKO COCTOSHUEM TepMa
1S (nas xoroporo L = 0 u § = 0).

Teneps MOXHO CeNaTh BLIBOJ, 9TO TEPMBI JUIA d2-KOH(MHUIYpAlHU BKIIOYAIOT
G, 3F, D, ®*P u !S. Oun comep:xat Bce 45 BO3MOXKHBIX cocTosnmit (Taba. 13.1a).

’“ Pasperuennsle TepMbl HEKOTOPOH KOHMHIYPAIH MOU'YT OBITh OLIpeeeHBI 110
3HadeHUAM L u S, B KOTOpBIE MOTYT BHOCHTB BKJ&J MHKPOCOCTOSHMS aTOMA.
Ins d*xondmurypanun 45 MHKPOCOCTOSHIY DACIPeIe IAKTCA TI0 IATH TEPMaM,
JIB& M3 KOTOPBIX OTHOCSATCS K TPUIJIETAM M TPH — K CHHIVIETaM.

6) Juepram TepMoB

Korna n3secrust snavenus L u S mus manHod KoH(DUrypanuy, HU3Mu 10 sHEPruK
TEPM MOXHO ONpPeLesINTh, UCIIobL3ys npasuiia XyHpaa. [lepsoe u3 9TUX SMIIHPH-
9eCKHX NIpaBmil ObLIO mpuseneHo B pasn, 1.7. Tam ono cdhopmMyupoBaHO CaeayIO-
muM obpasoM: «Husmasa no sHeprum KoHbHUrypalua Ta, Lle CIMHBI 2JTEKTPOHOB
napaieNbHel». [T0cKOJBKY MaKCHMAaNbHOE 3HaYeHHe S COOTBETCTBYeT Mapaslielib-
HBIM CIIMHAM 3JEKTPOHOB, IPABHIO MOXKHO chOPMY/IHPOBaTh TaK:
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1. Jlns maeHOR KOHMHUIYDAIMH TepM ¢ HanOOJbIlel MYIbTUIIETHOCTBIO PACIoIa-
raeTca HHXKe BCeX IO SHEPrUH.

TIpaBuJIO Ipe/WOJIaraeT, YTO TPHILTIETHBIH TepM KOH(HIYparum (ecsin OH pa3penreH)
aMeeT Goslee HU3KYIO SHEPTHIO, 4eM CHHIVIETHBIH TepM TO# e Koudurypanun. s
d?-KoH(bHrYpaniy 9TO IPABHUJIO HPEJCKA3BIBAET, “ITO OCHOBHBIM COCTOAHHEM oyner
3F wm 3P

AHan3Upys CHEeKTPOCKONNYecKHe JaHubic, XyH/| chopMyanpoBan BTOPOC Ipa-
BHJIO Il OTHOCHTETHLHON SHEPIUH TEPMOB C OJIAHAKOBON MYJBTHIIETHOCTBIO:

2. Jlyist TepMa ¢ JAHHON MYTBTHILIETHOCTBIO YeM 6onblie 3HaueHHe L, Tem HmKE
SHEpPTHS.

Dusmueckoe O6bACHEHHE JUI 9TOTO NPABHJIA, COCTOWT B TOM (IPH KJIACCHYCCKOM
ONUCAHMH ATOMA), 1TO, Korxa L 6oiIbiue, SJIeKTPOHbBI ABMKYTCA O OPOUTE B OHOM
HampaBJ/IeHHH TIONOOHO aBTOMOBMIISAM, NePeBO3SAIIUM IPy3 N0 Kpyry. B pesyabraTe
SJEKTPOHBI MOTYT He MPHOJIMKATHCA APYT K APYTY M HCHBITLIBATE c1aboe oTTal-
kupaue. Eciu L MaJso, TO 2JeKTPOHBI ABMIKYTCS B PA3HLIX HAIPaBJICHHAX, BCTpPe-
YaloTCA Yallle U, CIeI0BaTe/hHO, OTTAJKMBAIOTCA APYT OT ApyTra cuibHee. Bropoe
IpaBIJIO IPEANONAraeT, YTO U3 ABYX TPHIIETHBEIX TEPMOB d?-konburypalum Tepm
3F obnanaer MeHbIueit suepruelt, yem SP. ClenonaTenbHO, MOXKHO OXKHAATD, YTO
OCHOBHBIM TEPMOM JIJTS1 d?-qacrun Tuna Ti%t asnserca 3F.

IpaBu1o COMHOBOM MYJBTHILTIETHOCTH BIIOJHE JOCTOBEDHO NPEJCKA3BIBAET IIO-
PAIOK TEPMOB, HO MPaBmio «60ab1Ioro Ly BBIIOIHAMO TOJBKO 1A ONPENEeHus
OCHOBHOT'O TEPM4, T. €. TePMa ¢ MUHUMAJIbHON sHeprueil. B 1esoM DOpAIOK BBICIIAX
TepMOB H 3HaveHnst L Koppemupyior ciaabo. Tak, 11a d? mpaBuia Ipe/icKa3bIBAIOT
OPSIOK

SF <3P <G« 'D<S
HO HOCJIEOBATENBHOCTD, HoJdydaemas mis Ti2t u3 cnekTpoB, OKasbiBaeTca HHOM:
SF<D<®P <G <!S

Best npenmectsyoniaa pabora MOXKeT OBITH 3HAYNTEABHO COKpAIIEHA, €CIH Hy KHO
ONpeJeNUTh TOJBKO OCHOBHON TeDM aToMa MM HOHA. [Ipouenypy MOXXHO CyMMH-
POBaTh CJIEAYIOMUM 06pa3oM:

1. OnpenenuTh MEKpPOCOCTOAANE, KOTOPOMY COOTBETCTBYET MAaKCHMAJILHOE 3HAME-
une Mg,

OTOT HIAr YKA3BIBAET BBICUIYI0 MYJIBTHUIJIETHOCTL KOHMDUTYPALAL.

2. Ompezenuts Boiciee pa3pelueHHoe 3HaueHne M) [JIs ZaHHOH MYJIbTHILIETHO-
CTH.

OTOT IIar yKas3hiBaeT BhICLIee 3HaYeHHe L, coracyomeecs ¢ BLICIIEH MYIbTHILIET-
HOCT®DIO.

“l [Tpasuina XyHaa yKasbIBAIOT Haubolee BEPOSTHEIN OCHOBHOI TepM aToMa WIH
HOHa B ra3oBoit (ase.
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Npumep 13.2. Onpenenenne ocHoBrHoro Tepma xorghurypaymm.
Kaxkoit ocHoBHOl Tepm cooTBeTcTByeT Kondurypawmn: a) 3d° (Mn?*); 6) 343 (Cr3ty?

Oreer. a) Koudurypauus d° mo3sosser 3acenThb KaXKayo d-Op6HTaJ'Ib €OVHCTBEHHbIM
3JEKTPOHOM, TAKHM 00pasoM, MaKCPIMaJ'IbHOe 3Havenune S cocraanrer H MaKCHMaJlb-
Hasl MYJbTHILIETHOCTh paBHa 2 - 2 + 1 = 6, T.e. TepM — CEKCTET. Ecnn KaXx bl U3
3/7IEKTPOHOB MMeeT OJMHAKOBOE CIIMHOBOE KBAHTOBOE YMCIIO, TO BCe SJIEKTPOHb! 0K~
HbI 3AHMMATH PasHble OPOUTAIH H, CJENOBATENBHO, HMETh PA3IHUYHble 3HAUCHHT M.
Taxum 06pazom, 3Hauenust m,; 3ausThIX opbuTtaieit 6yayt 42, +1, 0, =1, —2. Cymma
9Tx 3Hadenuit pasua 0, T.e. L = 0, a Tepm —©8. 6) Hdas xoudurypammu d° max-
CHMAJIbHOE 3HaY€HHe MYJbTHIJIETHOCTH COOTBETCTByeT TPeM 3JeKTPOHAM, UMEIOLINM
o,zmﬂaxosoe CIIMHOBOE KBANTOBOE “HCJIO, TOrAa S = 5. MynbTHILIETHOCTE cOCTaBasier
2. 2 + 1 = 4, repm — xBaprer. Tpu 3HAYCHUT M ,I[OJ’I)KH])I ObITH pa3sHLIMU, eciu Bce
CIHHBI OJUHAKOBbI, MaKCHMaJIbHOE paspeltentoe 3mauenne My = 2+ 1+ 0 = +3,
uTo yKasbisaer Ha L = 3 u coorrercTByeT Tepmy F. Takum o6pasom, ocHOBHOI TEpM
d? -Koudurypamgu — *F.

Bonpoc 13.2. Onpe,uennre OCHOBHBIE TEpMbl KOHMUrypauit: a) 2p?; 6) 3d°. (Tloackaska:
TTOCKOMbKY 3d° umeer na OONH :—meKTpoH MeHbIIIe, YeM 3anoJiHeHHast obonodka c L = 0
u S = 0, paccmarpupaiite ee Kak d’ KOchnrypaumo.)

B) IlapaMerprr Paka

Pa3nudmeie TepMbl KOHPUIypalun 06/1aA10T PA3INYHBIME YHEPIHAMHM H3-33 J1eK-
TPOHHOTO OTTANKMBAHUs. Ecian HEOOXOAMMO paccYNTaTh SHEPTUM TEPMOB, CJAENyeT
OLEHUTE SHEPIHH 3JEKTPOH-JIEKTPOHHOTO OTTAJTKABAHUS KAK CIOMKHBIE HMHTErDa-
JIBI 110 OPOUTANTAM, 3aceNeHHBIM 31eKTpoHamu. OHAKO Bee MHTErPAIbl 1UIs JAHHOMN
KOH(MHTYPaIit MOTYT OBITH 0G'bEMHEHbI BMECTE B TPH CIIEIHATbHbIE KOMOHHAIAY,
Y SHEPrus OTTAJIKUBAHUA JIIOOOrO Tepma KOHMUIYPALMH MOXKET OLITh BBIPAsKEHa,
KaK CyMMa STUX TpeX BeauduH. Tpu KOMOMHAIMM MHTErpanoB HA3EIBAIOTCS Mapa-
Merpamu Paka n obosnavarorcs A, B n C. Her HeobxomuMocTu 3HaTh UX TeOpe-
THYECKNE 3HAYEHNST 1 TEOPETHIECKHE BBIPAXKeHHsI /19 HUX, IOTOMY 4TO HaJcKHee
ucnons3osath A, B u €' Kak SMIMPHYECKUe BEJUYHHBI, OJyYaeMble U3 CIEKTPO-
CKONTMYECKUX JaHHBLIX JJIA aTOMOB B ra3oBoil dase.

Kaxxnerit Tepit gansoit kouduryparuu XapaKTepusyeTcs sHeprueit, Koropasa Mo-
XKeT GBITh BhIpa)keHa Kak JIMHEHHad KoMOmHaumms Tpex mapamerpos Paxa. s
d?-KOH(bHIYPALMH TETANTLHBI AHAIN3 IIOKA3BIBAET, YTO

E('S)=A+14B+7C
E('G)=A+4B+2C
E('D)= A-3B+2C (2)
E(PP)=A+ 7B

E(F) = A -8B

Snavenust A, B n C MoryT 6eITh ompejie/IeHbl TOAOHKON STHX BBHIPaXKEHHH K Ha-
bmonaemMeM sueprusim Tepmos. OTMETHM, 9TO A y4acTBYeT OJHHAKOBO BO BCEX TeP-
MaX; MOITOMY, €CJIM MPEACTABIAKT HHTEPEC TOJLKO OTHOCHTEALHBIE SHEPTHM, HET
HeoOXOAMMOCTH 3HATH BeMnunny A. AHajorudyabiM o6pa3oM, eCIH HYKHBI TOTBKO
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a)
Tabnuua 13.2. TTapameTpnl Paka jyist HOHOB HEKOTOPBIX JIEMEHTOD d-6moKa

1+ 2+ 3+ 4+

Ti 720(3,7)

v 765(3,9) 860(4,8)

Cr 830(4,1) 1030(3,7) 1040(4,1)
Mn 960(3,5) 1130(3,2)

Fe 1060(4,1)

Co 1120(3,9)

Ni 1080(4,5)

Cu 1220(4,0) 1240(3,8)

) B rabaume Janbl 3HAYEHHs! TapaMeTpa B (cM“l) n 3nagenns: C/B B ckobkax.

OTHOCHTENbHbIE YHEPIHH ABYX TPUILIETHBIX TEPMOB, MOXKHO OGOHTHCE M Ge3 ompe-

nestenna senuuuHbl C.

Bee Tpu mapamerpa Paka HOJMOMHTENbHBIC BENMHUHBI (OHM IIPEACTAaBIIs-
JOT 9IEKTPOH-JIEKTPOHHOe oTTalkuBaHue). TakuM obpasom, Ipu ycJOBHH

C > 5B sHepru TepMoB AA d2-KOH(MIypPAIMK PACIIOIAraloTcs B IOPSAKe

SF <3P <D< <'S

DTOT NOPAJOK GIU30K K MOCIEOBATEIBLHOCTH, MONYYeHHON DM HCIOJL30BAHHK
npasun Xyuaa. Oxuako, ecmu C < 5B, BEIATDBIII OT 3aCEJeHHOCTH opbuTameil ¢
BBICOKMM OPOGHTAJLHBIM yTJIOBBIM MOMEHTOM GOJIbIIe, YeM BBIMTPBIL OT BBICOKOH
MyJIBTHILIETHOCTH, H TepM P nexunt Boime 'D (kak ¥ B JeHCTBHTENLHOCTH VI
Ti2%). HekoTopble SKcepuMeHTabHble 3HadeHust B u C npusesess B Tabm. 13.2.
Ypcna B ckobkax nokassiBaloT, 9To C ~ 4B. TakuM 06pa3oM, BLIOpaHHBIE MOHBI
COOTBETCTBYIOT 00J1aCTH, TAe IpaBuia XyH/a HaJeXKHO NPEACKA3hIBAIOT TOJIBKO OC-
HOBHOP TepM [l JaHHON KoHdwurypamu.

“l ITapameTps! Paka cyMMUDYIOT BJIHSIHHE 9JIEKTPOH-3JIEKTPOHHOrO OTTANKHBAHUSA
Ha DHEPTUU TEPMOB OfHOH KoHurypamuu. [1apaMeTpsl ABIAIOTC KOJHIeCTBEH-
HBEIM BLIDasKeHHeM HAell, JeXXallpX B OCHOBE MPaBusl XyHAa, H OOBACHAIOT OT-
KJIOHEHHA OT HHX.

SNNEKTPOHHBLIE CNEKTPblI KOMMNJEKCOB

Teneps Bepremca k cnexktpy [Cr(NHi)g]®t, usobpamennomy ma puc. 13.1, u uc-
HOJIb3YeM TOJIEKO 9TO PACCMOTPEHHBIE coobpakenns. JBe neHTpabHLIE HOJOCH €
IPOMEKYTOYHOH MHTEHCHBHOCTBLIO COOTBETCTBYIOT Mepexozam B3MO —HCMO ¢
SHEPTUSAMHE, KOTODbIE OTINYAKTCS HA BEJUYIUHY 3JIeKTPOH-3JIEKTPOHHOIO OTTAJIKH-
BaHuA (Kak ObLIO KpaTKo obbscHeno), [Tockonbky B3MO u HCMO B okTasapuue-
CKOM KOMILJIEKCE T10 XapaKTePy sIBIAIOTCA IPEAMY IIECTBEHHO d-OpOUTAISIMA MeTall-
Jla, KOTOPbIE PACIIENIIAIOTCS MO AeHCTBUEM MO JUTAHAOB Ha BETUUUHY A, 9TH
JIBa [IePeXOa HA3LIBalOT d—d-IlepexoaMu, Uiy IepexoJaMH MOJIs JIUTAHOR.
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13.3. MNepexoabl nons nuranpos

B coorsercTBUM ¢ nONOMKEHHSIME, TIPEACTABNCHHBIMU B L. 7, MOXKHO TIOJIAraTh,
9TO OKTA3APUYIECKuit d°-Komrieke [Cr(NH3)g]** umeer OCHOBHYIO KOH(DHUTYPAIIHIG
t3,. Hornomenue B obnactu, 6auskodt k 25 000 eM™!, MOXKHO OTHECTH K mepexo-
ny tieer — t3g: TIOTOMY 9TO BOJHOBOE YHCJIO THIMYHO ISt pacCIleIIeHns ToseM
JMTAHJOB B KOMILIEKCE.

IIpexk e H4eM OPHCTYNUTL K AHATH3Y HIEPEXOIOB B TEPMHHAX napaMeTpos Paka,
TOJIE3HO DACCMOTPETH KAueCTBEHHO C TOYKH 3PEHHS METONA MOJIEKY/ISPHBIX 0pGH-
Tallelf, NOYeMy MePeXof NOPOXKIAET ABE MOJOCHI B CIEKTpe. Bo-meppbix, OTMeTHM,
HTO Nepexon d2 «— dgy, KOTOPBIN ABISETCS OAHAM U3 MyTel [ OCYIECTBICHHS
TEPEXO/IA €y — tog, MEPEBOZUT NIEKTPOH M3 ILNIOCKOCTH TY B OGJACTb OCH Z, T

/IEKTPOHHASA TJIOTHOCTD yJKe BBICOKA, TIOCKONIBKY dy,- M d,o-OPGUTANM 3aceseHbl
(puc. 13.2).

Puc. 13.2. CMemueHne 3mexTpoHHOH ILJIOTHOCTH,
KOTOPOE COOTBETCTBYeT ABYM mepexouaMm, 06-
CyXJaeMbIM B TeKcTe. B mepeoM cnydae Ha-
frofaeTcs 3HAMTENLHOE CMEIIEHUE 376K TPOH-
HOH IUIOTHOCTH K JIMTaHgaM Ha ocH z (&)
BTOPOM — MeHee 3HavuMoe cMemrenve (6).

, BO

a 6

Oanako, nepexon d,z «— dg,, KOTOPBIH SBJIAETCA APYTMM TIYyTEM OCYLIECTBIICHHUS
Nepexosa e; « tag, OpelcTaBIAeT cOGOH MpPOCTO IepeMeNIeHre 3JeKTPOHA, KOTO-
PRI y2Ke HAXOOUTCA NPENMYINEeCTBEHHO BIOAb OCH z. B HepBOM Ciy4ae (HO He B
noc/eZiHeM) HabMONAETCA 3HAYUTENBHOE VBeTHICHHe 9JIEKTPOHHOT'O OTTAKHUBaHHSA
H, KaK De3y/IpTaT, IBe NOJIOCHI MIEPeX0/ia ey «— oy 00IANAIOT Pa3HBIMU JHEPLHAMMU.
Bce mecTs nepexonos e, «— tog COOTBETCTBYIOT ONHOMY U3 3THX ABYX CJIyHYAeB: TPU
U3 HUX NONAJAIT B OZHY TPYNIY W TPHU — B APYTYI CPYIIIY.

‘“ Hanvame snextpon-snektponnoro orrankusanms PAaCHIEIIAET NEPEXOIBI MOJIS
JIUTAHMIOB Ha, KOMIIOHEHTBI C PA3JIMIHLIMA SHEPTHAM,

a) Cnexrpockommaeckne TepMmbl

f];Be mojiocet Ha puc. 13.1 obosmadaror kak *Ty «*Ag, (mpm 21550 cm™!) u
T1g «—*Agg (npn 28500 cm™!). Drr 06o3HAMCHMS SBNAIOTCS CUMBOJAMH MO-
JIEKYJIAPHBIX T€PMOB, UX UCHONB3YIOT C TOH 2Ke N0, ITO ¥ CHMBOJIBI ATOMHBIX
TepMmoB. JleBbil BepxHMIl MHIEKC 06O3HAYAET MYJIBTUILIETHOCT, TAKHM O6Pa3oM,
MHJIEKC 4 O3HavaeT KBapreT ¢ S = 3, uTo MOXKHO OXMHIATH TPH HANMHMH TpPeX
HECTIapeHHBIX 3JIeKTPOHOB. OZHAKO KBaHTOBOE HYUCJAO L HeymoGHO MCHOJIB30BATDH
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VIS OKTA3IPIIECKOro KOMILIEKCa, IOTOMY YTO OPOMTAJIbHBI yIJIOBOH MOMEHT MO-
skeT GBITh CTPOrO OIpefesied TOJBKO B MoJe chepudeckoil CHMMETPHH. Crenosa-
TEeJILHO, HYXKHBI Apyrue 0DO3HAUEHHUS.

ByKBBI B CHMBOJIAX TE€DMOB ONPEEJAOTCA THIOM CHMMETPHH OBIIErO AJIEK-
TPOHHOTO OPOUTAIBHOTO COCTOSHMSA KOMILIEKCA. Hanpumep, DOYTH [TOJHOCHMMET-
pUYHOE OCHOBHOE COCTOSHHE d3-komIutekca (C ITEKTPOHOM HA KaXKAOH W3 Tpex
tog-opbuTaneit) obo3HadaeTCs Kak Ay, Cxazano «mourn nonHocmmefrpnqiioe»,
[OTOMY HTO MOAPOOHOE PacCMOTpDEHHE IOBCAeHHS 3ace/ICHHBIX tog-opbuTasell mo-
Ka3niBaet, 4T0 Bpaiuenne Cj Todednoit rpynnsl On NPEBpAIaeT NPOM3BEIEHME
tog X tag X tag B CAMOTO cebsd, [1TO yKa3blBaeT Ha CUMMETDHIO KOMILJIEKCa A (cM. Tab-
JUIY XapaKTepoB B NpHJIOXKeHHH 3). Boee TOro, MOCKOMBKY KaxIad opburasn
apsiAeTcs MeTHOH (g), ofmas CHMMETpHsSI TaKXe COOTBeTCTBYeT g. OZHAKO Kax-
noe spamenne Cy IPEBPAILAET OIHY tog-OPOUTAJb B IPOTHBONOJIOKHYIO el 110 3Ha-
Ky (1), a iBe apyrue tog-opbuTann — IApyr B Apyra (2), crenoBaTesBHO, B UEIOM
POMCXOUT H3MEHeHHe 3HaKa NpH J@HHON omepanum, u ee xapaktep —1. Taknm
o6pasoM, Tosydaercss TepM Agg, a He NOJHOCHMMETPUYHBIA Ajg, OTHOCAIMIACH K
3aII0JIHEHHOHU 000JIOUKE.

TpyaHee onpeneInTh, YTO CHMBOJIAMH TEPMOB, COOTBETCTBYIOIHX KBAPTETY BO3-
6yxzerHOro cocrosinus t3,e1q, sBasores *Tog 1 *T1g, 316CH 9TOT BONPOC pacemaT-
pUBaThea He OyneT. BepxHmit NeBbIff MHmeKc 4 HOKA3LIBAET, YTO B BO3OYKIEHHON
KOH(DUTY DAY COXPAHSETCS TO YK€ CaMOE IHCI0 HECTIAPEHHBIX 3JEKTPOHOB, 9T0 U
B OCHOBHOM COCTOSIHUH, 8 HIDKHHH MHIEKC g OOBSICHSIETCS TeM, YTO Bce OPOHTATH,
Jawlye BKJaZ, HeTHBIE.

m Tepmbl OKTa3APUUECKUX KOMILIEKCOB METAJLIOB 0DO3HAYAIOT B COOTBETCTBHH C
TUIIOM CHMMETPHUH OOIIEro OpbHTaJILHOIO COCTOAHWS; BEDXHHI JIEBbI HHJIEKC
YKA3bIBAET MYJIBTUILIETHOCTE TEPMA..

D NEKTPOHHBIE CNEKTPLI KOMMNEKCOB 17

6) Jueprum TepMoB

B cBobomHOM arome, Korma Bce d-OpPOMTAIM BBIPOXKIEHBI, JJIA PACIOJOKEHHS IO
NOPSIIKY TEPMOB JAHHON d™-KoHMUIYypalMi I0CTATOYHO PACCMATPHBATBL TOJBKO
IJIEKTPOH-JIEKTPOHHOE OTTAJIKUBaHKE. B 0KTasapuyecknx KOMILIEKCAX, TIe He BCe
d-opbuTanu BRIPOKIEHBI, HEOOXOIUMO TAKYKe YUYNTHIBATH PASHHILY B 3HEPTHH MEX-
Ny tog- U €,-yPOBHAMH.

B kavecTBe MILTIOCTpANK MOXKHO PACcCMOTPETh NpocTefinui caydail aToMa uiu
HOHA C eMHCTBEHHBIM BaJIEHTHBIM 3JIEKTPOHOM. [JOCKOJIBKY HOJHOCUMMETDPHUYHAA
opOHUTaJb B OJTHOM OKPY>KEeHHH CTAHOBUTCS MOJHOCUMMETPUYIHON OPOUTAIBIO B IPY-
TOM OKDYXXEHHH, §-OPOUTAJIL CBOOOMHOrO aTOMa B OKTAAPHUIECKOM MOJE CTAHO-
BUTCA 015-OpbuTanbio. HpyruMu cioBaMmu, s-opOHTaJb aToMa <KOPDEJHDYET» C
a1g-opbuTansio KoMmmiekca. lloxobHbiM ofpaszoM nsTh d-opbuTatell ¢BobomHOTO
aTOMa KOPPEeJMPYIOT ¢ TPHXIbI BHIPOXKAEHHLIMH tog- M JBAXKIBl BBIPOXKIEHHBIMH
€g-OPOUTAIAMH B OKTa3PHYECKOM KOMILIEKCE.

Tabnuua 13.3. Koppeasius crneKTpocKomUuYecKnxX TePMOB JIJIs
d-271eKTPOHOB B KOMILJIeKcax ¢ cummerpueit Oy

Amommvte Yucao Tepmot 6 noae
mepmui CoOCTOAHUT] cummempuu Oy

S 1 Alg

P 3 Tlg

D 5 Tag + Eg

F 7 Tlg + T2g + A2g

G 9 Arg +Eg + Tig + Ty

Tenepr MOXKHO paccMOTPETh MHOPO3JIEKTPOHHBIN aTroM. Kak u B ciy4ae eaun-
CTBEHHOTO 3IJIEKTPOHA, IOJHOCHMMETDHYHBI TEPM S MHOTO3JEKTPOHHOTO aToMa
KOPPeJHpyeT ¢ IOJHOCMMMETPHYHBIM TEPMOM A, OKTa3JADHYECKOr0 KOMILJIEKCA.
[TomobubM o6pazom atoMublil Tepm D pacmennsiercst na tepmsr Ty u Eg B noste
¢ comMerpueit Oy. Takoit ke aHann3 MokerT ObITH NMPUMEHEH K JPYTHM COCTOS-
HUAM B Tabu. 13.3 npHUBeZeHBl KOPPEIALMA MEX/y TEPMAaMU CBOOOIHBIX ATOMOB H
TepMaM{ OKTAIAPHYECKHX KOMIIJIEKCOB.,

'H Tepmb! cBOOOTHOrO aTOMa, PACHICILIAIOTCA B [OJE JIHTAHAOB OKTa3APHUYECKOr0

KOMILIEKCA U 0003HAYaI0TCA B COOTBETCTBHY C THIIOM CUMMETPHH, KaK IIOKa3aHO

B Tabs. 13.3.

Npumep 13.3. Onpegenenne koppensumii Mexgy TEpMami.
Kakue tepmbr B koMILekce ¢ cummerpueit O, KOppPeNIUpPYIOT ¢ TEPMOM 3P croBoamoro
noua ¢ d*-koudurypanuei?

Orser. Tpu p-opbHTAM CBOBOAHOTO ATOMAa COOTBETCTBYIOT TPHYK/Ibl BBIPOXKIEHHLIM
t1,-0p6HTATAM B OKTa3ApuuecKoM KoMILiekce. CneoBaTensHo, eciii He obpalnaTh BHH-
MaHHe Ha MeTHOCTb, TEPM P MHOroaJIeKTPOHHOTO ATOMA& CTAHOBHTCs TepMoM T1 B TO-
ueqHoit rpymne cuMmerpun Oy. Tlockoabky d-opburasyn 4eTHble, TEPM TOXKE JOJIXKEH
ObITh g MynbTHIIETHOCTHL He MEHSETCsl MPH KOPPeasuuy, TakiuM 00pa3oM, TepM 3p
CTAHOBHUTCSI TEPMOM 3T1g.

Bonpoc 13.3. Kaxue TepMsl st d2-KoMiieKcoB ¢ cummerpheit On KOppemupyIoT ¢ TepMa-
vu °F n 'D cBobomroro nona?

2. Heopra. xmmun. Tom 2
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B) CunbHoe 1 craboe mosie TUraH/0B

1eKTPOH-3JIEKTPOHHOE OTTaJKMBaHMe TPY/JHO yYUTHIBATL B pacdeTax, HO pac-
CMOTpeHMe YIPOIIAeTCsl B ABYX KpalHUX cuTyalusax. B ciydae cinaboro mosis
JIUrafIoB (A3MepAeMOro BeJMYHHON A,) BAYKHO TOMBKO 3/IEKTPOH-3J1eKTPOHHOE OT-
TaJIKHBaHUE ¥ OTHOCHTEILHBIE 9HEeDIMU TEPMOB MOI'YT OLITL BBIpayKeHbI KaK KoMOu-
panuda napamerpos Paka B u C. B ciay41ae cHIILHOTO HOJISA JIMTHIOB 371€KTPOH-
3/1€KTPOHHOE OTTAJIKHBAHAC MOXKHO HE YIUTLIBATD, 8 SHEPTUs TEPMOB BLIPAXKaeTcs
ToJBKO depe3 A,. Jajiee MOXHO PacCMOTPETh MPOMEXKYTOUHbIE CJIydaH, TOCTPOUB
KOPPEJSIHOHHYI0 THarpaMMy MEKIy IBYMs Ipelie/IbHbIMU CIydasaMmu. B KadecTse
IIpuMepa BhIOPaHbI d- u d?-xoudurypanuu. 3aTeM GymeT HOKA3aHO, KaK 9TH HJlen
MOTYT OBITH UCIIOJIB30BAHLL B HoJiee CIOXKHBIX CIydasx.

EWMHCTBEHHBIM TEPMOM, COOTBETCTBYIOIUM d ' -KOH(UTYypalmy cBOBOIHOTO aTo-
Ma, siBaserca TepMm 2. B oKTasspuyecKoM KOMILIEKCe KOH(MDUIYpAL|sl MM tég,
xoropas jaeT Tepm 2Tog, mm e}, KoTopas aaeT TepM “E. IToCKOMBKY 3/1€KTPOH-
3JIEKTPOHHOE OTTAJIKMBAaHHe OTCYTCTBYeT, MHTepBall Mexy Tepmamu 2Top u 2B,
Takoll XKe, KaK W MHTEPBAT MeXJIy opbutansmu ts, U ez, u pasen A,. Koppens-
LMOHHAS JUarpaMMa, i d'-KoHMUTYypalyi, TakuM o6pa3oM, MOX0XkKa Ha Ty, UYTO
nokasana Ha puc. 13.3.

Hnsa d*-xonduryparuu B cBoGOJHOM aTOMe MMeIOTCS TPUILIETHbIE TEpMbI SF
u 3P, ux oTHOCUTesbHble 3Hepruu coctasnawT E(3F) = 0 u E(°P) = 15B. Dru
JBa 3HadeHHUA OTMedeHb! cjera Ha puc. 13.4. Temeps paccMoTpuM caydail odeHb
cunbHOro nost. d2-Von uMeeT kou(UTypanuu:

2 11 2
oy < lgg€s < €

W3 nanubIX, OpejicTaBIeHHBIX Ha pUC. 7.9, MOXKHO 3alMCATh UX SHEPIHH KaK

E(t3,, Tig) = 2 (—§A0> = —0,8A,
. 2 3

E(tzgeg,ng) = —g + g AO = +0,2A0
E(el, Agg) = 2 (%) A, = 41,27,

CaenopaTenbHo, OTHOCHTENbHDBIE 9HEPIHH (IO OTHOUIEHHIO K HU3IIEMY TepMy) pac-
CMaTpPUBAEMBIX TEPMOB COCTABJISIOT

B Ti) =0 Al i) = +80  B(eh Asy) = 420,

OTH 3Ha4YeHUH OTMEeYeHHl Cpasa Ha puc. 13.4.

Hanee paccMorpum sHeprau B 6oslee peaybHBIX CIIydasx, KOI/a He Ipeobiaia-
€T HU [OJI€ JIMTaH/I0B, HH 3JIEKTPOH-3JIEKTPOHHOE OTTaJKuBanue. J1s 3Toro Hy»KHo
YCT@HOBHTEL KODDEJIANHIO MEXKY TePMaMi JBYX IPAHUYHBIX CITy4aeB, COOTBETCTBY-
IOIUX CBODOJHOMY aTOMYy U CHJIBHOMY HOJIO JIUTAHAOB, T.€¢. ONPENeTHTb, B KAKOM
TepM KOMILIEKCa NpeBpamaeTcd Kax bl TepM cobontoro noHa. Tak, Tpumer tgg
HOPOXKIAeT TepM 3T1g ¥ TOITOMY KOPpeJHpyeT ¢ TepMoM °F cBoBomHoro moma.
OcranbHble KOPPEIAIME MOTYT GBITH YCTAHOB/IEHD! OMOGHBIM 00pa3oM, OHM MoKa-
3aHbl Ha puC. 13.4, rae NpeAcTaB/IeH yNPOLIEHHLIH BapuauT AuarpamMmbl Oprea.
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Puc. 13.3. KoppensamuorHas auarpam-  Puc. 13.4. Koppensimornas JHarpam-

Ma [ ceobogHoro woma (clieBa) M Ma IS CBOBOJHONO MOHA (coeBa) wu
TEPMOB B CHJIBHOM nojie (CIpama) Ul TepMOB CWIBHOTO MO  (Cmpasa) s
d*-xondurypanuu. d%-xondurypanun.

H’ L1 1aHHOrO MOHA MeTaJ1/1a SHEPTUH UH IUBUIYAJbHBIX TEPMOB H3MeHSAIOTCH 10~
Pa3HOMY B 32BUCHMOCTH OT CHJIBI NIOJISI JIUTAH,[2; KOPPEJSAIHUI0 MEXKJy TepMaMu
¢B0BOIHOIO aTOMAa U TEPMaMH KOMILIEKCA MOXKHO NPEICTABUTL B BHJC JUAIDAM-
me1 Oprena.

r) Junarpammpr Tanabe— Cyrano

JuarpaMMel, HOKA3BIBAIOIIME KOPPEJSIUI0 TEPMOB, MOTYT OLITh MOCTPOEHBI JJIs
JIOBBIX CMMMETPHH M CHJIbI HOJst Juranzos. Haunbosee MIMPOKO HCHONBb3YETCS Ba-
PUaHT, Ha3BauHbIH auarpaMmmoii Tanabe— CyraHo no uMeHaM NpPeJIOKUBIIAX
ee SIIOHCKUX YYeHbIX; Ha puc. 13.5 mpencrasien npumep muist d2-KoH(MUTY paIH.
Ha sTux mmarpammax saeprur tepmos F Bolpakenn! kak E/B, a A, —kKak A,/ B,
rne B —napametp Paka. [Tockonsky C' &~ 4B, TepMbl, sHeprusi KOTOPhIX 32BHCHT U
or B, u or C, MoryT 6viTh NpecTan/ieHs Ha TaKHX YKe JHarpamMax. HekoTopble
JMHNN Ha uarpaMmmax Tanabe— CyraHo UMeIOT BUI KPUBBIX, 4TO 00YCIOBJIEHO CMe-
IIMBaHAEM TEPMOB OJHOI'O THUITa CUMMeTpUH. TepMBl OZMHAKOBOH CHMMETDHH NOJ-
YUHAIOTCA NPaBUly HENepPeCeUeHUsl, O3HAYAMIEMY, YTO eC/i OpH yBeJIUUYeHUH
CHJIBI OIS JIUTAHIOB JBa TepMa, caboro moJjs ¢ ONMHAKOBOW CHMMeTpHell cOmnka-
I0TCsI, TO OHM He MOTYT HepecedbCsi, & U3rubatoTcsl B POTUBOINOJIOXKHEIE CTOPOHbI
(puc. 13.6). JleficTere Toro mpasmia BugHO Ha npuMepe Tepmos 'E, 1T 1 'A,
Ha puc. 13.5.

Huarpammsr Tanabe— Cyrago ajas xoMImexcos ¢ cummerpuei O ¢ KoHGMHUTY-
pammsiMu ot d? go d® npusenens: B npunoxkernun 5. Ha mauarpammax Tanabe— Cy-
raHo 32 HYJIEBOE 3HAYEHUE DHEPIUM BCErIa BhIOMpAeTCs dHeprus caMoro HUYKHETO
TepMa, MOITOMY JIMHUK Ha AMACPaMMax Pe3KO M3MEHSIOT HakKJOoH (CM., HalpuMep,
JuarpaMmy ans d*), Korja M3MeHseTcs TepM OCHOBHOTO COCTOSTHHSL.

o
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Puc. 13.5. Jduarpamma Tanabe— Cy-  Puc. 13.6. TlpaBuno HemepecedeHuss 3aKI0Ha-
raHo M d2-koudurypauuu. [ToNHBIH — eTcs B TOM, 9ITO, €CJAH JBa COCTOSHHA € OQHMHA-

Habop auarpamm mis d"-KOHGMUTypa-  KOBOH CHMMETPHeH CTPeMsTCS Nepecedbcsl Mpu
Mt 7aH B OPUJIOKEHHMHM D5 B KOHIE  HM3MEeHeHWH MapaMerpa (Kak IOKa3aHO TOHKHMH
kHHTH. WHOEKChl YeTHOCTH g B CMM-  JIMHHSIMH), OHH OyIyT B A€HCTBUTEEHOCTH CMC-

BOJIAX TEPMOB OMYIIEHE!, YTOOL! He 38  LIMBAThCS APYT C APYTOM M HE NepeceKyTcs (Kak
TPOMOMK/JIATH PUCYHOK. TIOKA3aHO SPKAMHA JIHHHSIMH).

“I Huarpammer Tanabe— Cyramo IpecTaBisioT coboil KOPPeIsSIIMoHHbIE SHATDAM-
MBI, KOTOPbIE MOKA3bIBAIOT JHEPrUN 9JeKTPOHHBIX COCTOSHUM KOMILIEKCOB KaK
GhYHKIINIO CHIBI TOJS JUTAHAOB.

NMpumep 13.4. Pacuer A, u B ¢ nomowwio guarpamme Tanabe— Cyraro.
Omnpegenmure 3navenus A, u B ans [Cr(NHa)s)®t uz cnexrpa, npusegernoro Ha puc.
13.1, u guarpammer TanaBe— CyraHno.

Ovser. CooTsercreyoman muarpamma (mns d°) nmokasana ma puc. 13.7. Kak Brmno
u3 puc. 13.1, HabmogaoTCsl JBA HHU3KHMX 110 SHEPTHMH NEPEXOda IOJid JHCAHIOB IpH
21550 cm™! (*Top — %Az) u 28500 cm~? (*T1g «— “Azg), cooTHOmEHHE HacTOT
cocrapnger 1,32. Equncreentas Touka Ha puc. 13.7, The 9TO COOTHOLIEHHE BBIMOJHSI-
€TCsl, PacNoJIoXeHa B IPaBoi 4acTH pucyHKa. CneoBaTesbHO, U3 PaCHONIOKEHUs 3TOR
TOYKH MOKHO ONpeAeuTh 3Hadenue A,/B = 32,8. Bepunna crpesiky, IpeiCcTaBIsio-
uyeit nepexoz ¢ 6ostee HU3KOM dHEprueit, pacnooxkena npu 32,8 B no BepTHKANM, TOTIA,
npupasuuBas 32,88 u 21550 cM™!, nonywaem B = 657cm™ ) it Ao = 21550 em L.

Bonpoc 13.4. Hcnonb3ys Ty ke camyio muarpammy TanaGe— Cyrano, npemckasKuTe BoOJ-
HOBBLIE YHCJIA NIePBHIX OBYX Pa3peIleHHbIX [0 CHHHY KBAPTETHBIX TOJIOC B CIHEKTPE
[Cr(H20)6)*t, mna KoToporo As = 17600cM ™! u B = 700cm™?.
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70} A, 0T,

£/8

Puc. 13.7. duarpamma Tanabe— Cyramo mna d°-
koHdurypamuu. MHmekc 4eTHocTH g B CHMBOJIAX

TEPMOB ONyUIeH, 4TOOB He 3arpOMOXKIATL PHCY-
HOK. A,/B

1) Hedenoaykcernuecknii psn

B npumepe 13.4 maiineno, uro must [Cr(NHa)g]*t B = 657cm~!. Dro snavenue
COCTaBIfET TOIbKO 64% oT 3Hadenns A cBObGoAHOTO moHa Crit B razosoil daze,
C/IeJ0BATENbHO, B KOMIUIEKCE 3JIeKTPOHBL OTTAIKHUBAIOTCA c1abee, 9eM B CBOGOIHOM
noHe. Taxoe ocnabiieHre BOSHMKAET U3-3a TOTO, YTO 3aCe/eHHLIE MONEKYNAPHbIE
OpbuTaNH JeOKaIM30BaHbI 110 JIUraHIaM BIAIM OT LEHTPAJBHOrO aTOMa MeTAJIA.
Henokanuzanus ysenmuusaeT CPEAHION YAAIEHHOCTD SJeKTPOHOB ADYT OT ApyTra H,
COOTBETCTBEHHO, YMEHBIIACT UX B3aUMHOE OTTAJIKUBAHUE.

Yuenbiienre B 1o CPaBHEHHIO CO 3HAYEHMeM IJisi CBOBOLHOTO MOHA OBBIMHO
OPeJICTABISIIOT B Bujle HedpesloayKceTnueckoro napamerpal) 3:

B(xoMmuiexc)

g = (3)

B(cBobonubIit HoH)
3HaveHus [ 3aBUCAT OT IPUPOAbI MOHA MeTAJLIA U JIMFaHia U SHAYHTEIHHO H3Me-
HSIIOTCH B Mpejeniax HedeloayKCeTH4ecKoro psija:

Br™ < ClI7,CN~ < NH; < H,O < F~

Mayrioe snauenue 3 ykaspiBaeT Ha GOMBIIYIO CTENEHD AGTOKAIM3ALAH d-3JI€KTPOHOB
TI0 JIMTaHAAM H, CIeJ0BaTeNbHO, Ha CYIIeCTBEHHO KOBAJEHTHLIN XapakTep CBA3U B
komiuiekce. Tak, psin MokasbiBaeT, yTo B ciydae juranza Bro mpoucxonut 6onee
3HAYUTEJIbHOE MOHMXKEHHE IEKTPOHHOTO OTTAJKUBAHUS B HOHE, YeM B Clydae JH-
ragia F7; aToT dakT cornacyercs ¢ cymecTBenHO 60/ KOBAJIEHTHBIM XapaKTEPOM
CBAI3H B KOMIUICKCAX OPOMH[-MOHA [0 CPABHEHHIO ¢ KOMIIIeKCAaMH (OTOPHI-UOHA.
Apyrott crocob BhIpaykeHHs NpeCTaB/ICHHON 3aBICHMOCTH TAKOB: 4eM Golee MSr-
KU 110 XapakTepy JIMraHj, TeM MeHbIe HedenoaykceTu4ecKuit mapaMerp.

1) Haasauue MPOUCXOAHUT OT I'PEYECKHX CJIOB «PACIIHPAIOUIEEca 0bIaKo».
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HedenoayKkceTnieck il XapaKTep JTHIAHI0B PA3IIHICH 17 9/IEKTPOHOB, HAXOAA-
IUXCA 1A tog- U €g-OPONTaNIX. [ToCKOMIbKY 0-TIePEKPBIBAHKE ez-OpOUTAIEH OOBIMHO
Goabllle, YEM T-TIEPEKPHIBAHUE tog-OpOHTANICH, 3JEKTPONHOE obnako HoJibiie pac-
[pOCTPAHSIETCA B NEPBOM CIIyHae. UsnmepeHHbIH HedeloayKCeTHIeCKUE napaMeTp
TS TIepexofia e — i SABJAETCS CPEHUM 3HAteHHEeM COOTBCTCTBYIOWNX BE/NTIHH

i opbuTasieil oboux THUIIOB.
m HedpesroayKceTnaecKuii IapaMeTp — 9T0 Mepa Je/IOKalu3alil d-3/IeKTPOHOB 110

JMrangaM KOMIUIEKCa, YeM MsiIde JIUTAH]], TeM MEeHbLIE HedenoayKceTHIeCKul
napaMmeTp.

13.4. NMonockl nepeHoca 3apsna

Jipyroit 0COGEHHOCTHIO CIEKTDa [Cr(NHj3)6]**, xoTopy1o Hy>KHO OOBACHUTD, ABJIS-
eTCsl TI1e90 TOJIOCLI TIOIVIOIIEHHsT ¢ OYEHb BBHICOKOM WHTEHCHBHOCTBIO ¢ MaKCHUMY-
MOM, HAXONSIIAMCS 3HAYUTENLHO BhIle 50000 ¢y~ !. Boicokasi HHTEHCHBHOCTD MO-
IJIONIEHUS JAET BO3MOXKHOCTD [10J1aTaTDh, ITO STOT NePeXoJl He ABJIAETCH OOBIMHBIM
d-d-TmepexoloM B TIOJIE JINTAH,I0B, & COOTBETCTBYET [IEPEXO/Y ¢ IepeHocoM 3apsijia. B
nepexoe ¢ mepeHocoM 3apsiaa (II3-mepexosie) 2J€KTPOIN HEPEMENIAeTCs MeXK-
Jly op6UTalsMH, OTHOCAIIMMHUCS IPEUMYIIECTBEHHO K JIUTAiaM, U opbuTanaMu,
OTHOCSIITMMUCS TIPeMMYIIeCTBEHHO K MOHy MeTasa. Ilepexon kiaccuduumpyeTcs
KaK Iepexo ¢ IepeHOCOM 3apsa/Ja JIMMaH — MeTall (IT3JIM-nepexon), ecau
WIEKTPOH IIEPEXOJUT OT JHUTraH/1a K MeTasay. B HeKoTOPBIX KOMIIEKCaX 3aps [epe-
MeIaeTcs B 06 PATHOM HAIIDABJIEHUH, TAKHE CTyIal KIaccuUIMPYIOTCS Kak Iepe-
X0J, ¢ MepeHOCOM 3apsja MeTaJli— JIMTaH[g (IT3MJI-nepexon). Hampumep,
nepexon 1I3MJI obycmoBnuBaeT KpacHylO OKPAacKy rpuc(bunupumn)xenesa(Il),
KOMILIEKCa, HCIOIb3YeMOro i Kojopumerpudeckoro amamusa Fe(IT). B stom
clydae 3/EKTPOH MNepexouT ¢ d-opbuTalnu LEeHTpPajbHOro aToMa MeTalla Ha
m*-opburans muragna. Ha puc. 13.8 mokasambl [epexozbl, KOTOPbIe Kiaaccuduiy-
PYIOTCS KaK Iepexolbl ¢ MEPEHOCOM 3apsia.

CymecTByeT HECKOJIBKO Crmoco0OB  OTHECEHMS TOJIOCHI  TOIVIOIEHHS K
[13-nepexony. Bricokas HMHTEHCHBHOCTDL , IIOJOCHl, KOTOpas XOpOIIO BHJIHA Ha
puc. 13.9, apasercs onuuM M3 ABHLIX ykasanu#t ma [13-mepexon, ocobenno ecim
Takasi nojioca HabonaeTcs, Korna obpaszyeTcs HOBBIH KOMILJIEKC ¢ OINpPeeIeHHBIM
muraunom. [Tepexon [13 4acTo MOKHO yCTaHOBUTS (M OTJMYHUTD OT T* — 7-Hepexo/a
B JIMMaHJax) Ha OCHOBE SBJICHUS COJIbBATOXPOMM3MA, T.€. U3MEHEHHs YaCTOTHI
Hepexola ¢ H3MeHeHHeM IM3JIeKTPHYecKoll mponuraemocta pacrBopurens. Comb-
BATOXPOMU3M TOKA3LIBAET, YTO B PE3YJIBTATE NIEPEXOIa IPOUCKXOMUT OOJBIION CIBUT
9/EKTPOHHOM moTHOCTHY) .

Ha puc. 13.9 nokazan Bugumelil 1 YO cOeKTp MeHee CHMMETPUYHOIO KOMILTIEKCa,
[Cr(NH3)5Cl]** (3). DTOT CleKTp MOX0X Ha CHeKTp, n3obpaskenmeiit Ha puc. 13.1,
U MOXKHO OIPEIEIUTDL IBe MOJIOCH d-d-1epexoos B BUAUMOI 061acTH. 3aMeHa Ol
Horo nuranga NHg va surann Gosee crnaboro monsa Cl™ npuBoguT K yMeHBIIEHHIO
SHeprum d—d-nepexoos o CPaBHEHUIO ¢ Takumu e nepexonamu y [Cr(NH;)g)*t na
puc. 13.1. Kpome Toro, mostBsteTcs miiedo (€o CTopoHbl GG/bIINX 3HaAYeHU ! SHEPIHN)

1) Hoapo6uoe oficyxaente coNMbBATOXPOMH3MA MOYXKHO HalTH B KHUTe [Jlusep 3. DieKTpoHHas
CNEKTPOCKOTHSA HeopraHHYeCKHX coenuHeHudt. B 2-x . [lep. ¢ anra. — M.: Mup, 1987].
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Puc. 13.8. Tlepexonbr ¢ nepeHocoM 3apaia B OKTa-
APUIECKOM KOMILIEKCE.

Ha ONHOH U3 d-d-TIONIOC KaK Pe3ysbTaT MOHMKeHUs cummerpun ¢ Oy no Cyy. Jpy-
ot HOBOH 0COGEHHOCTBIO B CLIEKTPE SIBJIACTCS MHTEHCUBHOE MOTVIOMIEHIE C MAKCHMY-
MOM B ynbTpacuosneTonoi obsactu okomo 42 000 cm~ 1. Bra monoca uMeeT MeHbLIY O
SHEPTHI0, YeM cooTBeTcTByromas mosoca B cuekrpe [Cr(NHz)g]*t, u moxker 6pith
onpezenena kax nepexon I13JIM ot nuranna Cl™ x metanny. [I3JIM xapaktep mo-
no6ubix mosoc B [Co(NH3)sX|*t nonTeepsknaeTcst yMenblleHneM BOTHOBLIX 9HCEN
npubmusutensuo va 8000 cm ™! mpu namenenuun X or Cl x Br u ot Br x 1. B aToM me-
pexoze IT3JIM a1eKTpoHEI Hellole/IeHHO# NAPhI TaJOTeHUHOTO JTUTAHIA [TePeXOIsaT
Ha opbuTau, OTHOCSIINECH TPEUMYIIECTEeHHO K HOHY MeTaJLia.

'H Ilepexonpt ¢ mepeHOCOM 3apsia ONPelesOTCA IO UX BLICOKON MHTEHCHBHOCTH

H 9YBCTBUTETBHOCTH UX JHEPIUU K LOJIAPHOCTH PACTBOPUTEIA.
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Puc. 13.9. Cnexkrp nornomenua [Cr(NH3)sCl*" s sose B Bumumolt u yavrpadmuonero-

BOH obnmacrtu. ITux, coorsercrByomui nepexony °E «— *A, He BMAEH mpu JAHHOM YCH-
JIEHHH.
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a) Mepexoap n3JiM

Kak noxazaHo Ha puc. 13.9, mepexobl II3 obwruno Gonee MHTEHCUBHBI, 4eM Ile-
pexoIpl OIS JIMIaHJI0B. IMonockl mepeHoca 3apsiia B BUIUMOR OGJACTH CIEKTpa
(1, CIEIOBATENBHO, NAMlue BK/IAJ B UHTEHCUBHYHO OKPACKY KOMILIEKCOB) MOTYT
HaGMIOATHCS, €CTH JTUTAHAB MUMEIOT HENOJCTIEHHbIE 3IeKTPOHHbIE Naphl ¢ OTHOCH-
Te/ILHO BHICOKOH Heprueil (Kak y Cephl U CejleHa) MM eClH HOH MeTa/lla UMeeT
cBoBoIHbIE OpOUTaIM ¢ HU3KO# sHeprueit. HampuMep, mper Xy10:KeCTBEHHOIO MUr-
MeHTa «KaaMueBbii kenToiiy» CdS obycnoiaen mepexozom Cd?*t(5s) « S?7(m).
[Tonobubiv obpazom HgS obraiaeT KpacHOH OKPAacCKOH B pe3yJbTaTe Nepexola
Hg?+ (6s) «— S°7 (), 1 Kene3Hble OXPHI (OKCHIbI »KeJle3a) TakKe OKpaIlleHbl B KPac-
HbIM ¥ JKenTh rBeTa u3-3a nepexona Fe(3d) — 02 (n).

TeTpaOKCOAHUOHbl META/LJOB B BBICOKMX CTENEHAX OKUCICHH (tuma MnOj )
JIeMOHCTPUPYIOT Haubosee U3BECTHBIE HPUMEPHI HOJIOC [13JIM. B Hux 31eKTpo-
HBI HEIIOAEIEHHBIX 9JeKTPOHHBIX AP KHCA0PO/a [EPEXONAT Ha HU3KUE O SHEPIruU
cBOBOAHbIE €-OPOUTAIM MeTaJlna. BBICOKME CTelleHH OKHUC/IEHMA MeTajlla COOTBET-
CTBYIOT HU3KOH 3aceneHHoCTH d-opbuTaseil (HepenxM ciydau d%), Taxum o6pasom,
aKIIEOTOPHBIN YPOBEHDb ABMACTCS CBOOOJHBIM M HU3KUM IO SHEPIUH. Habmonaerca
CNIeIYIOAA 3aKOHOMEPHOCTh B 9HEPIHAX IepeXoloB I13JIM:

Crenenb OKUCJIeHUA

+7 MnO; < TcO; < ReOy
+6 CrO2~ < MoQ?%™ < W03~
+5 VO3~ < NbOY™ < TaO}~

DHepruy NepexoioB KOPPENUPYIOT ¢ IOPANKOM DACHOJIOMKEHUs! SJIEMECHTOB B 9JIEK-
TPOXHMUYECKOM DAY, IPUYeM HauMeHbllIMe SHEePruH Hepexofa HabJIoNaloTcd y
HOHOB MeTaJl/IOB, KOTOPBIE JIerde BCEr0 BOCCTAHABIMBAIOTCH. DTa KOPPEJIANUA CO-
[JIACYETCA ¢ TEM, YTO HMepexol IPEICTaBIseT cobolt NepeHoC sJIeKTPoHa OT JIMTAHI0B
K MeTaJuly, (PAKTHYECKH 9TO COOTBETCTBYET BOCCTRHOBJIEHHIO MOHA METaJLIa JITaH-
JaMM.

[TonuMepHble © MOHOMEPHbIE OKCOGHHOHBI IIONYHHSIOTCA TOW Ke 3aKOHOMep-
HOCTH, OpPHYEM OCHOBHBIM ONpPEIENSIOUIAM (DaKTOPOM OKA3blBAETCA CTENEHb OKHC-
nennst Metasutal). Takoe CXOACTBO IT03BOJIAET NONAaraTh, 9To mepexombr T13JIM —
JIOKaTbHbIE TTPOIECChI, MPOUCXONSANIAE B OTMEJIbHEIX MOJEKYIAPHbIX dparMeHTax.

Hsmenenue B mojoxkeHun nonockl [13JIM Moxker GuITh BhIparKeHO B TEpMHHAX
ONTUYECKOH 3JIEKTPOOTPHIATEIBHOCTH METAIA Xyer X JHTAHIA Xanr. DOJ-
HOBO€ YHCJIO [IEPEXOfia 3aMUChIBAETCS KAK PA3HOCTDb JBYX 3HAYEHHH 3/JIeKTPOOTPU-
1ATETLHOCTH:

V= |ijr - XMGTI770 (4)

Onruyeckas 3MeKTpOOTPHUIIATEIBHOCTh UMEET 3HAYEHUSI, COOCTABIUMBIE C IEKTPO-
OTPHUIATENBHOCTBIO [loJIMHTa, €Clli B3SITh MOCTOSHHYIO Uy pasHoit 3,0 - 107 em™!
(tabu. 13.4). Ecan nepexon II3JIM 3akandusaeTcst Ha eg-opbuTanu, A, HyXKHO J0-
6aBUTh K BeIMYUHe, NOIYYEHHON MO 3TOMY ypasHeHuto. JlomkHa 6bITH OpUHSATA BO

1) Dodsworth E.S., Lever A.B. P., «Solvatochromism of dinuclear complexes». Inorg. Chem.,
29, 499 (1990).
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Tabnuua 13.4. OnTuyeckas 3ICKTPOOTPHLATENBHOCTD

Memanna On Ty JTuzand T 1o
Cr(I1I) 1,8-1,9 F~ 3,9 44
Co(1IT)*) 2,3 Cl- 3,0 3,4
Ni(II) 2,0-2,1 Br~ 2,8 3,3
Co(II) 1,8-1,9 I~ 2,5 3,0
Rh(IIT)*) 2,3 H2O 3,5

Mo(V) 2,1 NHj 3,3

) HuskocnuuoBbIE KOMILJIEKChHI.

BHUMAHUE TaK’Ke YHEPrUs ClIaPUBAHUS 3JIEKTPOHOB, €C/IH 3alOJHAETC OPOUTAD,
KOTOpas yIKe CONEP:KUT JIEKTPOH. JHAYEHUS I8 METAJLIa OTIUYAITCA B KOM-
IJIeKCaX Pa3sHOM CUMMeTDUW, & 3HAMEHMA JUIf JIMMHJOB PA3IUYHbI, €CIT Hepexol
IPOUCXOIUT ¢ T-OpOUTaJIH, & He ¢ ¢-0pbuTanm.

m ITepexomp! AUraHa— MeTaan HabIONATCA, KOLIA METANT HaXOIUTCA B BLICHIEH
CTellcHH OKUCJIEHUH, & JIMIaHJ CONEPKUT HeNONENEHHBIE JEKTPOHHDIC Maphl;
n3MeHeHte nosoxendst nosoc [13JIM Moxer GBITh BBIPaskeHO B TEPMHHAX OL-
THYeCKOH 371eKTPOOTPUIATENLHOCTH.

6) Mepexoms: M3MJI

[lepexozel ¢ nepeHocoM 3apsna OT MeTalIa K TUTaHIy dalie HabIOma0TCE B KOM-
IJIEKCaX C JUraHAaMH, KOTODhIE UMEIOT HU3KKE [0 SHEPIUH T *-0pOUTAIH, 0COGEHHO
€ apOMAaTHeCKUMU JIUraHaaMu. [lepexonbl XapaKTepusyOTCsS HU3KOM SHEPrHeit, ec-
JId METaJ/IT HAXONUTCS B HA3KOM CTememnu OKUCJeHUsd, HOCKOJbKY ero d-opburanu
TOTH2 OTHOCHUTEIBHO BHICOKU O DHEPIUH.

e~ Qo9

4 2,2'-Bunupuant (bipy) 5 1,10-®eHanTponuH {phen)

Cpenn nurasgos Hambosee 4aCTO y4acTBYOT B Iepexomax [I3MJI mummu-
HBL, KOTOpble OOJIaJar0T ABYMs JOHOPHBIMH aToMaMd N, B HX YHCJO BXOIAT
2,2'-6unapuipn (4) u 1,10-benantpomun (5). KoMIeKchl AHAMEHOB C CHIbHbI-
mu nosocamu II3MJI BKI0YAIOT TpHC(MUMUH)-KOMILTEKCH, HapuMep TpHc(2,2'-
Gurmapn ) pyTennit (111) (6), KOTOPBIt MMeeT OpaHMKEBYIO OKpacKy, 0GYCIOBJIEH-
Hy1 ero nosocoit [I3MJI. JIunMumoBbIil nUran; Mo:KeT OBITb JIETKO 3aMEIIEH B
KOMIIJIEKCe JPYTHM JIMTaHJOM, KOTODDIM TAKKe NpeIOYTHTENEH A HU3KUX CTe-
nene#t oxucinenns. Jsa npumepa: [W(CO),(phen)] u [Fe(CO)s(bipy)]. Onnako no-
ABsenne mepexona [I3MJ] He orpaHUYUBaeTCA TOJBKO JAMMHHOBBIMH JIUTAHIAMH.
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Eire oquH KIacC JUTAHIOB, KOTOPBIH TOKa3bIBAET THIMYHBIC HEPEXO/b] IIB3MJI, —
urnonenst S3CoRy (7). Jist ucenenonasmst nepexonos IIBMJI (ocobenrio B amu-
MITHOBBIX KOMILTEKCAX) OveHb yOo0eH MeToj Pe30HaHCHON DaMaHOBCKOM CIEeKTpO-
ckonmu (monosuenne 13.1).

6 [Rulbipy),)** 7 Lutnonen

[T3MJI-Bo3byxnenue Tpuc(2,2’ -6umpunmn) pyrerns(I1I) 6oino npeaMerom ma-
TEHCHUBHBLIX HCCJIEJOBAHUI, IOTOMYy 4YTO BO30OYXKJEHHOE COCTOsIHME, 00pa3ymlieecs
B De3yJIbTaTe MMEPEHOCA 3aPAia, XapaKTepu3yeTcs BpeMeHeM KU3HU MOPSAIKa MUK-
POCEKYH/, 1 KOMIIJIEKC SIBJISIETCS YHUBEPCATIBHBIM (POTOXUMHUIECKIM OKHCINTENBHO-
BOCCTAHOBUTENBHBIM peareHTOM (pasj. 14.15). PoroxumMudecKoe NMOBEsEHME DS
POICTBEHHBIX KOMILIEKCOB TaK»ke OBbLI0 U3YYEeHO MU3-332 OTHOCHTEILHO JOJr0oro Bpe-
MeHH JKHU3HH UX BO30YIKIEHHBIX COCTOSHUH.

IH Ilepexonel ¢ mepenocoM 3apsAfa OT MeTaula K JUTaHay Haubojee 4acTO Ha-
6II0NRI0TCA B KOMILJIEKCAX ¢ JINTaHIAMM, KOTOPhle UMET HU3KWUEe TI0 SHEePTHH
m*-opbuTany, ocobeHHO ¢ APOMATHYECKUMH JIUTaHIAMH.

‘

13.5. lNpasuna otbopa v UHTeHCUBHOCTL

ITpy conocrasneHnd MHTEHCUBHOCTEH TUIIMYHBIX [IOI0C nepeHoca 3apsiia U TUITNY-
HBIX [OJIOC TOJS JIMTAHJOB BCTACT BONPOC O (DAKTOPAx, ONpPENessiOlUX WHTEH-
CHUBHOCTDb MOJIOC MOTviomeHust. B oKTasapuyecKknx, MCKa KEHHBIX OKTa3IpUYeCKHX
U KBaIPATHBIX KOMIIIEKCAX MaKCHMAJbHOE 3HauyeHue Ko3(HUIUeHTa MOJSPHOTO
TIOTJIOIEHHS Emayx (KOTOPOE ONpEeAessieT YUCACHHYIO BEJINYUHY nomomemm)l) ity ¢
TIEPEXOJIOB TOJIS JTUTAHIOB 0OBIMHO MeHbIe uan 6iu3ko k 100 j1/(Monb - cM). B Ter-
Pa3puyecKNX KOMIIEKCax, KOTOPbIe He UMEIT LEHTPa CHUMMETPHUH, £max MOXKET

npesbiath 250 51/(Mosb - cM). Bo MHOTHX cilydasx mosoca mepeHoca 3apsala UMeeT
€max 0T 1000 mo 50000 1/(moub - cM).

1 Mounspusift kosddunument norsowenns —sTo NocTosHHas B 3aKkoHe Jlambepra— Bepa ausa
nponyckanus T = I;/I;, KOT4a CBeT MPOXOAMT Yepes KIOBETY JUIMHOM | ¢ PACTBOPOM ¢ KOHLEHTpa-
uuett [X] v ocnabnaercs a0 uHTeHCHBHOCTH [j NMpH MCXOAHON MHTEHCHBHOCTH [,: lg7T = —el[X].
Panbure on HasbiBasica ko3hDhHUIMEHTOM SKCTHHKLUM.
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H151 IOHMMAHMS MHTEHCHBHOCTEH NePeX0/I0B B KOMILIEKCAX HYIKHO PaccMOTpeTh
CUJly B3aUMOJEHCTBUS KOMILIEKCA ¢ JIEKTPOMAIHUTHHM HojeM. HTeHCHBHBIH me-
PEXOJl yKa3bIBaET Ha CHUJIBLIIOE B3aUMOJENCTBHE, Cabble HepeXombl — Ha He3HaxU-
TenbHOe BianMozieficteie. Cuna B3aMMOIENHCTBYS, KOTJa 9IEKTPOH NEPEXOMUT i3
COCTOSIHUS ¢ BOJIHOBOH (hYHKIMEH 1); B COCTOSIHUE ¢ BOJHOBOM (DyHKIMeH Yy, ua-
MepAeTCs JUIOJIBHbIM MOMEHTOM IepPeX0/a, KOTOPLIH ONpelenseTcss KaK MH-
Terpas

pfi = /¢}#¢i dr (5)

I'Z€ [ — ONepaTop NIEKTPUIECKOrO UIOJIbHOTO MOMEHTa —er. JIUMoabHE] MoMenT
TIEpeXojia MOXKHO pacCMaTPUBATh KAaK Mepy MMITYJIbCa, KOTOPbIA Hepexo IepenaeT
S/IEKTPOMATHATHOMY HO/110: GOMBIION MMITYJIBC COOTBETCTBYET MHTCHCHBHOMY Iepe-
XO[y, HyJIEBO! MMIIYJIbC — 3aIIPCLIEHHOMY Tiepexony. MnTencusHOCTS nepexosa mpo-
TOPUHMOHAJIbHE, KBAAPATY NHIOIBHOIO MOMEHTa Iepexolla.
CrnexTpockonudeckoe npasuio orGopa [IOK&3bIBacT, KaKue Mepexoibl 3a-
NpemeHbl, a Kakie pa3pellleHsl. PaspemeHnble nmepexoasl — 3To nepexo-
Al ¢ HEHYNEBBIMU 3HAYEHUAMM [TUIIOJBHOTO MOMEHTa ITEPEXOJa U, CIIEIOBATENbHO,
C HeHy/1eBOit HHTEHCUBHOCTHIO. 3aNpeIeHHbIe MEePeX0/Ibl — 3TO HePeXobl, s
KOTODBIX PACCUMTAHHBIH AUIONbHBIA MOMECHT MePexo/ia paBeH HYJ0. SallpelieHHble
Nepexoipl MOTYT HabMONATBCA B CIEKTPE, €C/IU MPeIHOI0MKEHHUS!, Ha OCHOBE KOTO-
PbIX GBI PACCHUTAN HCPEXONHBIN JUIIOMLHBIN MOMEHT, HEBEDHBI, HaIlpUMep, ecJau
KOMIIIEKC 006718/18eT 6oMee HU3KON CHMMETDHEH, Yen Mpe o araioch.

a) IIpasuna or6opa no coumy

OJIEKTPOMAarHUTHOE 110J1€ TIaJAIOINET0 M3TYYeHHMst He MOYKET U3MEeHHTb OTHOCHTCIb-
HYIO OPMEHTALMIO CLIMHOB 31eKTPOHOB B KOMILIekce, HampumMep, ecim M3HauantbHO
Obi1a Napa 9JIeKTPOHOB ¢ AHTHIIAPALICTLHBIMI CIHHAMHM, TO OHA He MOYKEeT IIpeBpa-
TUTLCA B MApy € NAPAJICAbHBIMU CIUHAMH, I03ToMy cuHIIET (S = () He MOXKeT
nepeittr B Tputer (S = 1). Do orpanudenue MoKHO chOPMYANPOBATD TAK: IUIs
Pa3pelleHHbIX N0 CIUHY IepexogoB AS = 0.

BaanMmozeiicTBre cCIMHOBOTO 1 OPBUTANBLHOTO YIVIOBBIX MOMEHTOB MOXKET 0C/1a6-
JATH MPABUJIO COUHOBOTO 0TOOpA, HO TaKUe 3aNPEINEHHbIE MO CIWHY lepexX0bl
¢ AS # 0 obbrdHo HaMHOTO ciabee, weM pa3pellleHible MO COuHY Hepexonpl. WH-
TEHCUBHOCTD 110J10C NEPEXO0B, 3alIPEIIeHHBIX [0 CIMHY, YBEIMYHBACTCS C yBEJH-
HJeHHEeM ATOMHOTO HOMEDA, IIOCKOJIbKY CIUH-OPOUTANLHOE B3auMoneiicTBue I TH-
2KeJIbIX aTOMOB CHJIbHEe, YeM [JIs JerkuX. Hapyienne nmpasuia ciuHOBOro oT60pa.
OPH CIUH-OPOUTAIBHOM B3aMMOAEHCTBIM HaCTO HA3HBAIOT 3(pPEKTOM THXKEJIO-
ro aroma. B nepeoM psiiy d-sneneHToB, rie CIHH-OPGHTAIBHOE B3aMMOIEHCTBIE
MaJo, 3allpelleHHble TIO CIUHY TOJIOCH UMEIOT £max MeHee 1 J1/(MOJL - €M), OTHAKO
3alpeIeHHbIe IO CIUHY TOJIOCHL SIBJSIOTCS BAXKHON OCODEHHOCTBIO CIHEKTPOB KOM-
[IJIEKCOB TAXKEJBIX d-MeTas/10B.

H| NHTeHCMBHOCTD 3ampeIeHHBIX 10 CIMHY IIEPEX0JO0B OOJblIe 8 KOMILJIEKCOB
4d- nmm 5d-MeTansoB, yeM JUIH COOTBETCTBYIONMX 3d-KOMILIEKCOB.
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Dononnenne 13.1. Pe3oxancHas pamaHOBCKaa CNEKTPOCKONUA
Pesonancuas paMaHOBCKAS CIEKTDOCKONUST SIBJIAETCS PE3YJIBTATUBHBIM MEeTONO0M
IUIS OTHECEeHHd M XapPaKTePHCTHKH MOJOC IepeHoca 3apsafa. TpaiunuonHas paMa-
HOBCKasl CIIeKTPOCKOTIHSA, OIUCAHHAS B OIIOJHENHH 4.1, U3yYyaeT Heynpyroe pacces-
HHe U371y 4YeHus Mojeky o, HacTroTa paccessHHOIO H3JTy YeHns OTJII/I‘XaeTCH“OT YacTo-
ThI NAJAI0NIET0 H3TYYEeHH Ha, 3HadeHne, COOTBETCTBYOIIee KOIe6aTeNbHOMN JHePruH
MOJIEKYJIBL, TAKAM 06Pa30M, HabMIOJaeMbIH CIBHUI YACTOTHI MOXKeT 6LITh HHTEPIIpe-
THPOBaH Kak KoJiebaTe bHbI ceKTp. T paluponHas paMaHOBCKasi ClIeKTPOCKOIIMS
OCHOBBIBAETCS Ha M3MEHEeHHH NOIAPH3YEMOCTH MOJIEKYbl IPH ee KoyieGaHusaX, 1 na-
JaIolee U3jlydyeHHe oObIYHO HE COBM3JAST C YaCTOTON HOMVIOIEHHS MOJEKYNIHI. B
PE30HAHCHON PaMaHOBCKOM CHEKTPOCKONNN HCIOMB3YIOT NaNalollee U3y YeHHe, KO-
TOpoe HMeeT HacTOTy B NpelesIaX MOJOCH 3JIEKTPOHHOIO TMOIVIOIEHUS] MOJIEKYJbL.
IIpn Takux ycaoBHSAX NPOHUCXOJUT YCHJIEHHE paManoBckoro addexTa ma koeba-
TeJbHBIX MOJI, Ha KOTOpPble BO3eHCTBYET 3JeKTPOHHOE BO30YXK IeHHe.
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Puc. [13.1. Pesonancubiii pamManosckmii cuextp [W(CO)4(phen)|, nomyuennsiit mpu nc-
TIOJIL30BAHMHU JIA3EPHOTO MINYEHHs ¢ 4acToToi 488,0 HM (CHHHM). YCHIEHB TOMBKO CHM-
METpUYNEIE KONeBanusl SKBATOPHAILHBIX THranzos CO (oxoa0 2000 cm™') m koneGanus
benanrpomuna (Mexay 1400 e~ uw 1600 em™'). Dru wabmogennus MOKA3BIBAIOT, YTO
SJIEKTPOHHBIN HEpeXo/] OrpaHUIeH SKBATOPUAIBHOH TLIOCKOCTHIO.

Pesonancubie pamanosekue momocs HaBII0NAI0TCH, KOTIA 9/EKTPOHIIBIH Hepexo]
TIPUBOTUT K M3MEHEHMIO 3ICKTPOHHOTO PacHpe/Ie/IeHrs, KOTOPOe BEI3BIBAET CMeIIe-
HUe TOJIOXKeHUA Anep (I/MH Cusizell, BaJeHTHBIX yrios). Tak, konebanus, KOTopbe
MAIOT MHTEHCUBHbIE PE30HAHCHDBIE MOJIOCH B PAMAHOBCKOM CHEKTpPe HPH OHpee/IeH-
HOH YaCTOoTe NaJAIOET0 U3JYYeHUs, ABISIOTCH K0J1e0aHNAMH, KOTOpble MPOUCXO-
AAT B TOH YaCTH MOJEKYJIBI, Ha KOTOPYIO CHJIBHO BJIMSET 3JEKTPOHHBIH IEpexos.
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Taxum obpasoM, pesonamcHoe ycuenue paManoBCKoro addeKkTa nmoMmoraeT uiemH-
THOUIMPOBATD JJIEKTPOHHBIE [IEPEXOIbI.

Ha puc. J13.1 nokasan pesonancHbLl paMapopckuit cnexTp [W(CO)4(phen)]*.
Ucnombzyemoe mazeproe n3iyvende 488,0 uM 6nuzko K MaKCUMYMY MOJIOCHL IIOTIo-
LUEHUST KOMILIEKCa, KOTOPAs MOXKET GBITh OTHeceHa, (Ha oCHOBE COJTbBATOXPOMH3Ma)
K 7*(phen) — d(W) nepexony II3MJI. OTmeTnM, 4To TpH BaseHTHBIX KoeGanms
JHranzia heHaHTPOMMHE NAI0T CHIIbHEIE PAMAHOBCKHE JTMHUL, DTo HabJIIOAeH e o~
TBEP2K 2T OTHECEHUE JIEKTPOHHOTO Hepexola.

Heoxunasuocrsio B 9ToM cnexTpe ssasercs 3HAYNUTE/ILHOE PE30HAHCHOE YCHIIe-
Hue Konmebanuit rpynn CO (oTMevenbr Kak eq). 3Ha"UTETLHAS HHTEHCUBHOCTD 9THX
CHTHAJIOB MPEANOJIATALT, YTO T -YPOBHU U (DeHAHTPONMHA, I HAXONAINXCS B OTHON
mnockocTr ¢ muM rpynn CO(eq) yuacTByor B IMEKTPOHHOM [epexoze.

Pesonancuoe ycunenue xomeGanmii dbenanTpoIMHOBOTO KOMIBITA YMeHbIIaeTCH,
korna d-opbutanu MeTasna u m*-opbuTtanm surauma dbenanTponuna npubnmkaoT-
€ YT K IPYTY MO 9HEPIUM B DALY AHAJOTHYHBIX KOMILIEKCOB. DTo yMeHbIIIeHHe
YKa3bIBACT Ha CHWXKEHHE CTEleHU MepeHoca 3apsiia IPH nepexose, Tak Kaxk W Ha-
HaIbHaMA, ¥ KOHeYHas: opOUTATL NPHOGPETAIOT Gosee cMelanHpit xapakTep. Cye-
CTBYET OtIeHb XOPOIIAs KOPPEJIALMA MEXKly BETUIHHON PAMAHOBCKOrO DPC30HAHCA H
COJIbBATOXPOMU3MOM, MPOCTEALINM YKA3aHHEM Ha, [epeHoC 3apsiaa.

*Balk B. W., Snoeck Th. L., Stufkens D. J., Oskam A., Inorg. Chem., 19, 3015 (1980).

0) IIpaBuno or6opa Jlaopra

Ilpasuio or6opa Jlanopra cesaano ¢ H3MEHEHIeM 4eTHOCTH, KOTOPOe COMpO-
BOMKI2ET MEPEXOM: 0Af UEHMPOCUMMETMPULHILET MOAEKYA UAL UOHOE 603MONCHDL
TMOADKO NEPET00nL, CONPOGOHCITIOULUECS UIMEHEHUEM nemuocmu. Tak, HanpuMep,
TIEPEXOIBI MEXKAY TEPMaMU g H U BO3MOXKHBI, HO [IEPEXOEI C TepMa g Ha ApYroi
TEPM g WK C TEPMa U Ha IPYTO#l TepM U HEBO3MOKHDL:

ge—u  geferg  uepou

IIpasuno ot6opa Jlamopra ocHoBaHO Ha CBOHCTBAaX JIMMOJBHOTO MOMEHTS, [epe-
xona. Ilockonbky r MensieT 3nak [IpH MHBEPCHUH, NOJHBLA HHTErpas B ypaBHeHud ()
TAKIKe MEHSeT 3HAK [IPU HHBEPCHH, €CJIH 1; U § ONMHAKOBOH YeTHOCTH, OTOMY 9TO

gXuXg=u B uxXxuxu=u (6)

Takum obpazom, TIOCKONBKY 3HAYeHHE WHTErpajia He MOXKeT 3aBHCeTh OT BbIGOpa.
KoopauHaT!) | on CTPEMUTBCSA K HYJIIO, €C/IH 1; M 1y UMEIOT OAMHAKOBYIO YETHOCTD.
Onnako ecnn onu umeror IPOTHBOMOJIOKHYI0 YeTHOCTDb, UHTETpad He MeHAeT 3HAK
IPH UHBEPCHH KOODJMHAT, IOTOMY HYTO

gXuxu=g

u, CJIen0BaTeIbHO, He CTPEMHUTCH K HYJIIO.

D Wnrerpai —sTo niowasap, a miowans e 3aBUCHT OT BbIGOpA KOOPOMHAT, HCIIONB3YeMbIX AN
€e BLIYHCJIeHHA.
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Tabnuua 13.5. HHTEHCHBHOCTD CMEeKTPOCKOTHYECKHX IOJI0C 3d-
KOMILJIEKCOB

Tun noaocoL Emax, A/ (MoAD - cMt)

<1
SanpelieHHbIe N0 CIHHY

Sanpelennble n0 npapuiy Jlanopra d-d 20~1(())0
PaspelreHnsle no npasuy Jlanopra d-d ~ 50 -
Paspemensnie 110 cuMverpru (Hanpuvep, 113) 1000-5000

B 1eHTpOCHMMETDHYHLIX KOMILTEKcaX d—d-Tepexosl NOJIA JIMMaH 0B OTHOCSIEC’:_I
K g-g-TlepexojaM M, ClleJoBaTe/bHO, 3anpemtensl. Taxoit xapakTep sanpera o g
JCHSET OTHOCHTEIHHO Majyl0 MHTEHCUBHOCTHL ITUX HEPEeXONoB B OKTa3IpPHUYIECKH
KOMILJIEKCAX IO CPABHEHHIO ¢ aHAJIOTHYHBIME NIEPEXOJaMU B TETPA3IPUIECKUX KOM-
IJIeKCax, Ha KOoTOpBle NPABUJIO ovr?opa Jlanopra He pacnmpocTpaHsieTcss (Tak Kak

T IEHTPa CUMMETDHH).

OHHOI::?raP(IeI:S;IO Bo;pocl,) nodeMy BooOmIe HabmOMAIOTCST 9TH d-d-Tlepexopl, XOTA 6b
u caabrete. IIpasmio or6opa Jlanopra MoxkeT 6BHITH OCJI8,6JI(3:HO OBYMST l'IyTSIMI/I.‘BO—
IepPBbIX, KOMILVIEKC MOXET CJIEFKa OTKJIOHATHCS OT CTPOro# HEHTPOCHMMMeTPH 'IHO;
CTH, BO3MOYKHO, M3-38 aCUMMETPHH B CTPOESHUH MHOTOATOMHBIX .TII/II‘&HIL?B W U3-3
HCKasKeH!d, CBA3aHHOIO ¢ OKPYKEHMEM KOMIIJICKCA B KPUCTAJJIMIECKOH CTPYKTYpe.
KpoMe TOro, KOMILIEKC MOMKET COBEDIIATh ACMMMeTPUYHbIe KoJebaHusd, KO:TOpre
TAaK’Ke HADYIIAIOT ero MEHTPOCUMMETPUIHOCTh. B Kaknom ciydae d—d-nosocsl, 3a-
OpellieHHbie NpaBujioM JlanopTa, CTAaHOBATCA 6oJlee UHTEHCUBHLIMHU, YeM [IeDEXOJIbL,
3anpeleHHbe 10 COuHY.

B Taba. 13.5 npuseneHbl TUIINYHbLIE UHTEHCUBHOCTH 3JIEKTPOHHHBIX TIEPEXOIOB B
KOMIIJIEKCaX TepBoro psaga d-saementos. Lllnpuna mosoc clieKTpaJibHOTO MOTJIOIIE-
HHUA 06YC/IOB/IeHa, ONHOBPEMEHHBIM Bo30YXKAeHneM KoJsiebaHnil Py nepexole 3J/IeK-
TPOHa U3 OJHOTO COCTOSHUA B Apyroe. B cooTseTcTBun ¢ npuHImnoMm ®panka —
Konpona, siaekTponnbiit nepexoj] MPOUCXOMUT NPH HEM3MEHHOM paCl’IOJIOiKeHI/II/I
sinep. B pesyabTaTe moc/ie 3JIeKTPOHHOTO HePeXoa spa UCIBITHIBAIOT Bo3edCTBIC
HOBOT'O CHJIOBOTO TIOJIS M MOJIEKYJ/1a, HAYUHAET KoJiebaTbCs.

m ITockonbKy 3/1eKTpOHHLIE MepeXonbl JOJIKHbBI BKII0YATh U3MeHEHHUe 3JIeKTpude-
CKOTO JIMIIOJBbHOTO MOMEHT2, YTOOBI IPOUCXO/THJIO TTOMVIOMIEHUE CBETa, IEPEXOIbI
MeXJIY d-OpbuTaNsiMMU 3alpelieHbl; ONHAKO acUMMETPUIHbIE KoJeGaHus oc/aab-
JISIIOT 3TOT 3alper.

Npumep 13.5. Orrnecenne nonoc B cnekTpe Ha ocHoBaHwW npasun oTbopa.
Otnecure NOIOCH B CIIEKTpe Ha pHc. 13.9 Mo MX HHTEHCHBHOCTSIM.

Ovser. [Tono6uo cnexktpy rekcaammuna Ha puc.13.1, KOTOpbIH HMeeT d—d-IOJOCH TIpH
OJIMIKHX BOHOBBIX YHCIIAX, JIAHHBIH KOMIUIEKC COOTBETCTBYET YMCPEHHO CHIBHOMY
nomo (A./B > 20). Eciiu TIPeANONoXHTb, YTO KOMIUIEKC NPHOIH3UTENILHO OKTas/I-
pUYeCKHi, anamuz quarpamMMbl TaHabe— Cyrano mokaswIBaeT, YTO OCHOBHDBIM TEPMOM
SARIACTCA 4Azg. Crenytomuit no sueprun tepm — ‘Eg. JlBa eme 6onee BHICOKHX 10
sHeprun Tepma — 2Tz u 2T, [Tepexoqn Ha 3TH TPH YPOBHSI HE MOTYT HMETh £max
bombuie yem 1 71/(MOJB - €M), TIOTOMY YTO OHH 3AMPEILEHBI no CrmHy. :FaKHM obpa-
30M, MIPEJICKA3ANKI OUEHb CJIabbIe TOJIOCh MOTICINEHNS ¢ HU3KOH 3Heprueil. Oru MoryT
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OBITH PACTIONOXKEHBI IPH CIMIIKOM BBICOKHX 3HAYCHMSIX 9HEPrHH, YTOOH!I HHITL 3amer-
Hbl Ha ¢oHe Boee HETEHCHBHBIX TOOC, Crenyroutue mpa 60s1ee BHICOKHX 110 SHeprum
"repr\4.':1—4T1g " 4ng‘ C HEMHE CBA3aHBI paspelIeHHble 110 CIIHHY, HO 3aIpeNeHHBIE 10
npasuiy Jlanopra d-d-mepexompl, ans mux Emax TpubMHENTENHLHO 100 1/ (MOND - cM).
B Gmwxneit YO obmacTi nonoca ¢ emay oxono 10000 1/(MOMb - €M) cooTercTRyer
nepexonam 113JIM, B koTOpBIX T-371€KTpOH, NPHHATIEKANHKH HETOEIEHHOH Nape Jp-

ranga Cl™, mepexosur na MonekynsapHyo OpOHTAND, ABMTIOUIYIOCH IPEHMYIIECTBEHHO
d-opburanbio Metama.

Bonpoc 13.5. B cnextpe [Cr(NCS)s]®~ mmeercs ouenns cragas 10s10¢a 0koJIo 16000 em™?
nonoca mpu 17700 em™! ¢ gmay = 160 1/ (MOab - cM), monoca npu 23 800 ey ! C
€max = 13011/(MONb - M) M OYeHb CHIBHAT MOMOCA npu 32400 cm~!. Orrecure st ne-
PEXOARL, Mcnok3ys mmarpammy Tanabe— Cyrano myis saexTpoHnoil d3-K0H¢Hrypaunn
u mpasuia orbopa. (IMoxckaska: NCS™ mmeer Huskue no SHEpPrHH 7" -0pGHTa. )

13.6. llomutecuenuus

JIroMuHecHeHIMel Ha3EIBAIOT CBeYeHMe BemecTsa (B 4aCTHOCTH, KOMILIEKCa) 10~
CJI€ TOro, KaK OHO MOABEPIVIOCH YIEKTPOHHOMY BO3GYIKIEHMIO OCPEICTBOM MOLIO-
WeHus u3/1ydenns. JIloMUHeCHeRms KOHKy pupyeT ¢ 0e3bI3/1y YaTesIbHBIM Ilepexo-
AOM, TIPY KOTOPOM M30OBITOYHAST IHEPIHUS HepenacTes OKDYXKAIONIEeMy OPOCTPAHCTBY
B BUJe Temna. OTHOCHTENLHO BBICTPOE BLICBEYMBAHME He XapaKTepHO NPH KOM-
HATHOM TeMIepaType I/f KOMIJIEKCOB d-METaJUIOB, MOSTOMY CHJIbHOIIOMHHECIH-
PylomHe CHCTeMbL J0cTaTo4Ho peaxu. Tem He MeHee, oHu BCTpeYaloTcsi, H MOXKHO
Pas/IM9UTh NBa TUMa npoueccos. Tpamuuuonto, 6ricTpo LIPOUCXONIAIIYIO JIIOMHAHEC-
LIEHIMIO Ha3BIBAIOT (Tyopecuenmueit, a JIOMHUHECHEHIUIO, TPOAOIKAOMIYIOCH 1JIH-
TEJIHOE BpeMsl 1I0Csle TOTO, KakK BO36y»Kzaiomee obiydenus HOracsIo, HA3LIBAIOT
docdopecuennueit. Oapako, TIOCKOJIBKY BPEMs »KU3HHU KaK KPUTEPUH HeHaJeXKHO,
onpelie/icHre IBYX BUIOB JIIOMUHECHEHIMH 6a3UpyeTcs Ha OTJIMYUAX B MEXaHH3ME
nporieccoB. PiyopecHeHLMsa — 9T0 u3/1ydeHne IIPU Hepexole U3 Bo30OyXKIEeHHOTO
COCTOSHUS TOM 2Ke MYJBTUINIETHOCTH, 9TO K OCHOBHOE COCTOSIHIE. Iepexon siBnsier-
€4 PA3PEILEHNBIM IO CIHUHY M OBLICTDBIM; BpeMsI YKU3HU COCTABIISIET HECKONBKO Ha-
HocekyHa, PocdopecteHms — sro U3J1yYeHue IpPU Iepexole U3 Bo3by K IeHHOTo
COCTOAHHUSA, OTIMYANOMIETOCH IO MYJIBTUIJIETHOCTH OT OCHOBHOTO COCTOSHHS. DTOT
TIEPEXON 3aNlpelieH [0 CIUHY H, C/IeJ0BATE/IBHO, HACTO IPOUCXOMUT MeI/IeHHO.

a) ®ocdopecoupyiomue KoMILTEKCH

IlepBonayanbHoe Bo36yKieHHe KOMILIEKCS, 00OBIYHO IPUBOIMT K 3aCEJICHHIO COCTO-
AHUI HOCPEACTBOM Iepexosia, pa3peleHHoro o CHHHY, HO9ToMy MeXaHu3M (oc-
dbopecnenun BrI09aeT HHTEPKOMOMHALMOHHY 0 KOHBEPCHIO, T. €. 6e3bI3/Iyda-
TEJIbHOE NpeBpalieHie HAYaJIbHOTO BO3GY KIEHHOTO COCTOSHMS B IpYroe BO3GYXK-
ACHHOE COCTOHME, OTNNYAIONIeecs N0 MyJLTHILIETHOCTH. DTO BTOPOe COCTOSHHE
JEHCTBYET KaK HaKONUTeNb SHEPIUH, [IOTOMY YTO TIepeXoj B OCHOBHOE COCTOSIHUE
sanpeied no cnuny. Oauako, ecau CIIMH-OPOUTANBHOE B3aUMOASHCTBYe Nle/lacT BO3-
MOXKHOH MHTePKOMOMHAIMOHHYIO KOHBEPCHIO, OHO TaKKe HApYyIIaeT NpaBuio 0THOo-
Pa 1o CliuHy, TIOSTOMY M3/y9aTenbHbIN Iepexo]| BO3MoykeH. MaiydarensHbId mepe-
XOJl B OCHOBHOE COCTOSIHME ITPOUCXOMUT MeJIeHHO, TaK 4TO docdopecnenua kKoM-
TJIEKCOB d-MeTaJ/IOB MO’KeT JJINThCH B TedeHHe MUKPOCEKYHJT UK [aXKe JoJIblIe.
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Puc. 13.10. Ilepexomel, COOTBETCTBY- Puc. 13.11. CnexkTpsl NOIVIOUEHHS
IOLIHE TIOMIONIEHHIO H TIOMHHECIIEHIIHH " cboccbogfcueﬂunn KOMILJIEKCa,
nonos Cr®t n pyGume. [Ru(bipy)s]*™.

UssecTHBI TpuMep ocdOPECIIEHIMA IPeICTaBIseT PyOUH, B KOTOPOM HOHBI
Cr3* zamemator nebonburyo gacTs Honos APt B okcune amovunust. Kaxaprit non
Cr3t oxpyskeH OKTasNPHUYECKU IIECTHIO HOHAMHU 0%, 1 UCXOIHBIM BO3DY K IeHreM
ABJISETCS Pa3pelleH bl 10 CIUHY Ipollecc

2 1 3 . 4 4 4 4
tzgcg — tzg : ng — Agg u Tlg — A?g

IMoruomenne nabmonaercs B 3eseHoit 1 HHONETOBON 00TACTAX CIEKTPA, U OTBEIAET
3a KpacHBI 1BeT jAparonennoro kamus (puc. 13.10).

NHTepKOMGUHAIMOHHASL KOHBEPCHS Ha TepM 2B t%g-KOchm‘ypaumd OPOUCXOIUT
3a HeCKOJTbKO MUKOCEKYHJ M ObicTpee, a KpacHas docdopecrenunst npu 627 am
HabmonaeTcs, Korga ITOT AyBJET NepexoAMT Ha3al B KBapTeT OCHOBHOI'O COCTO-
AHAA. DTO KpacHoe W3jyuende N06aBasieTcss K KPacHOMY LIBETY, BO3HHKAIOIIEMY
3a cYUeT NOIVIOLIEHUs 3ejeHoro u (huo/eToBoro IBeTa U3 O6eoro CBeTa, U NPHIAET
6ieck nparonenHoMy xamuw. Korna onTngeckoe ycTpoOMCTBO TaKoBO, UTO HCITYCKa-
HHe CTUMyJMpyeTcst POTOHAMHU C JJIMHOM BOJHBI 627 HM, OTPaKalOUMMUCT MEXKIY
ABYMSI 3ePKaJiaMH, OHO CHJIBHO BO3PACTaeT 110 MHTEHCHBHOCTH. Taxoe BBIHYXKJIEH-
HOe M3/y'eHne B peaoHaTope 6buTo Mcnoanzosano Teonopom MeiitmanoM B epBOM
yenenHo paboraromen sasepe (1960 r.), ocHOBaHHOM Ha MOHOKpPHUCTa/LIE PyOUHA.

IMonobuas 2E — 4A docdopecteHIIT MOXKET HaOIIOIATHCS IJIsT MHOTHUX KOM-
miexcos Cr(I1I) B pactBope. Mcnyckande POMCXONUT BCErAa B KPAcHoO! 061acTH, 1
3HaYeHHs JUINH BOJIH GIM3KM K JUTMHE BOJIHBI namyyenus pybuna. Tepm °E npuna-
JIEKUT t%g-KOHCbI/IpraLII/II/I, KOTOpas fABJIAETCH OCHOBHBIM COCTOSHUEM, U CHJIa I10JIs
JIMraHJ0B He UMeeT 3HaYeHMs. Ecnu jauranibl cTepuyecKH KeCTKHe, KaK B cjlydae

[Cr(bipy)s]®*, Tepm 2E MoKeT CymecTBOBaTb B PACTBOPE B TCHUEHHE HECKOJIBKHX
MHKDPOCEKYH/.
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Jpyroit uaTepecHbI DpuMep PocOPeCIUPYIONIEro COCTOSHUA ObLT HalIeH B
[Ru(bipy)s|?t. Cunrnernbiit TepM BO3GY K IEHHOIO COCTOSHMSI, 06PA3YIOIErOC IPK
nepexone II3MJI, paspewentoM Mo CIuHy J/ist JaHHOTO dO-KOMIIIEKCA, IpeTepre-
BacT MHTCPKOMOMHAITMONYIO KOHBEPCHUIO B TPUIIJIETHBIM TepM C MeHblllell 3Hepriel
ToM XKe caMoil KOHMUTYpaIuu tggﬂ*l. SaTeM HabaonaeTcs APKO-OPaHKeBoe CBede-
HIe CO BpeMeHeM XKU3HM npubmusurensHo 1 Mxe (puc. 13.11).

Bausinue gpyrax Moseky: (TylUleHHe) Ha BPeMS CYIIECTBOBAHUA IMUCCHH MOKET

OBITL HCHOJIB30BAHO LIPH KOHTPOJIE CKOPOCTH 3JIEKTPOHHOTO Mepexona U3 Bo3byik-
JEHHOT'O COCTOSHUS.

m DocdopectierIMs HAOMONACTCA, KOTAa BO30Y K IeHHOE COCTOSTHIE IPETEPEBAeT
HMHTepKOMOMHAIIMOHHYI0 KOHBEDCHIO B COCTOHHE C IPYTOH MYJIBTHINIETHOCTLIO,
U 3aTeM IPOUCXOINUT H3JIydaTeNbHBIH Mepexol B OCHOBHOE COCTOSIHUE.

13.7. CnekTpbl KOMNeKCOB f-3/1eMeHTOB

HacrutHo 3aceneHHble f-060I0YKN TAKXKEe MOTYT YUIaCTBOBATH B NEPEXOAaX B BU-
auMoit gactu cnekrpa. C ofHO CTOPOHBI, MX omucanue Gojee CAMKHO, HeM aHa-
JIOTMYHBIX IIEPEXONOB B d-3JIeMEHTaX, MOTOMy HTO CyINECTByeT CeMb f-opbuTaneit.
OnHaKo CUTYyalUs YIPOIIAETCA TeM, UTO f-OpOUTaIu HAXONSTCS OTHOCHTEIBHO T1y-
OOKO BHYTPU aTroMa M ¢jiabo HepeKphIBAITCS ¢ opbuTajaaMu jurapinos. Cieqopa-
TeJIbHO, B IEPBOM IPUOIMKEHNN UX CIHEKTPH MOXKHO 00CYIaTh B PAMKaX MOJIEIH
¢BODOHOrO HOHA.

Onpa U3 XapaKTepHbIX 0COBEHHOCTEH COCTOMT B TOM, 4TO I[BETA AKBAHOHOB B

paay ot La*t (f%) x Gd**(f7) nosTopsiores B 06paTHOM HOC/IEIOBATENBHOCTH OT
Lu3+(f14) K Gd3+(f7):

f-onexTponnr: 0 1 2 3 4 5 6 7
Oxpacka: Geciuper-  GecliBeT- 3eJle-  Kpac-  po3o-  xeJa  po3o-  OecliBeT-

HBIA HBIH HhIit HbIit BBIN TR BHIf HbIt
f-onexTponnr: 14 13 12 11 10 9 8

DTa moCAENOBATEILHOCTh MPEANOIAraeT, 9T0 MAKCHMyM NOIVIOIIEHMS CBSI3aH
IPOCTO 3aBUCHUMOCTBIO ¢ YHUCJIOM HECIAPEHHBIX f-3JIEKTPOHOB M IOYTH HEC 3aBHCHT
OT CTepEOXUMMN KOMILIEKCA. K coXaleHnI0, KaXyIasacs MpocToTa ITol 3aBHCAMO-
cTr oOMaHYMBA U HEJOCTYNHA MOJHOCTBI) JJ1sl AETaIbHOIO AHAJIM3A.

Ha puc. 13.12 nokaszan cnektp Pr’*(aq) (f?) or undpaxpactoit no yaprpadu-
oJsieToBoit obactu. Yernipe nosockl 0603HAYEHBI CHMBOJIAMHM TepMoB cBobodamoro
HOHa, KOTOPble YMECTHBI, KOTMIa B3auMo/leficTBIe ¢ JTUTaHIaMu odeHb c1aboe. Cxema
B3auMogeiicTeus Paccena— Cayrnepca ocTaeTcst xopolliuM IpubiimkenneM HECMOT-
ps Ha TO, YTO JEMEHTHI UMET GOMbINOA ATOMHBIA HOMEp, TaK KaK f-3JIeKTPOHBI
JIMIIb CJIeTKa IPOHUKAKT CKBO3b BHyTpeHHME 060104Kku. B pe3ynbrare OHH HE HC-
IBITHIBAIOT CUJILHOIO BO3IEHCTBUSA 3JIEKTPUYECKOrO [10/d SAApa, H, CI€A0BATENLHO,
HX CIHH-OPOMTAJIbHOE B3aNMOAEHCTBIE HEBEJIMKO.

Jpyras ocobennocTnb crekTpa — MaJiast IIEPUHA JHHUM; 9TO O3HAUAET, YTO K-
TPOHHBIE [epexXoIpbl He BLI3BIBAIOT 3aMeTHBIX KOJeGaHMH MOJEKYJBl. ¥Y3KHE JHHUY
TIPEJIIONAraloT, 9TO [IOBEPXHOCThH MOTCHIMATBHON SHEPIUM MOJICKY/Ibl MaJIO MEHHA-
eTcs npu Bo3bYIKAEHUH JIeKTPOHA, U9TO COIJIACYETCS CO CIAObIM B3aUMOIEHCTBUEM
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f-anexkrponos ¢ murapgamMu. Ilockoabky BO3OYKJEHHBIN 3JIEKTPOH ¢1260 B3aUMO-
JEHCTBYET ¢ OKPY KeHHEM, BPeMsT XKU3HU BO36GYKIEHHOTO COCTOAHUSA 663 3Ty deHns
JIOCTATOYHO POJOIKHUTEIbHO U BO3MOXKHA JIIOMUHECIIEHITHS. DTH KOMILIEKCH! Aeii-
CTBHTEJIbHO CKJIOHHBI K CHJIBHOM TIIOMHHECIIEHITNH U 10 3TOH IPUYHHE UCTIONb3Y 0TS
KaK JIIOMHHOMODH! JyIsT KUHECKOIIOB TEJIEBU30POB.

I“ JlaHTaHUBI OOBIYHO JEMOHCTPHUPYIOT CJabble, HO OCTPbIe MOJIOCH TIOTJIOMIEHNS
B CIIEKTpPE, TaK KaK f-Op6UTAIN SKPAHUPOBAHBI OT JINTAHJIOB.

13.8. Kpyrosoii auxpovusm

®oToH — 9TO YaCTHIla CO CIIMHOM paBHbIM 1 (T.e. obmajaer emuHMIIEH CIIHHOBOTO
YTJIOBOTO MOMEHTA), U B COCTOSIHHH KDYTOBOM MOJIAPH3AIMHE OH XapaKTepPH3YeTCs
OTIpeJie/IeHHON CMUPAJIBIO, T.e. 0biIaflaeT KOMIOHEHTOM YIJI0BOTO MOMEHTa BHOJb
HampaBJIeHHsl CBOETO DacpOCTpaHeHUs. JIeBbIH MOMAPHU30BAHHBLIA [0 KPYTY CBET

20 000 24 000 28 000 30 000 34 000
¥, oM™
6

Puc. 13.13. Jlesas (Brepxy) u npasas Puc. 13.14. Cnextp  mornouieHus
(BHM3Y) monspuzoBaHHLIE MO KpyTy [Co(en)s]** (a) u cnexrp K mmyx
KOMIIOHEHTB! 3/MeKTPOMAHATHOTO H3- ONTHYECKHX H30MepoB (6).
Jydenus. [TokasaHo Toabko saekTpm-

HecKoe IoJe.
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Puc. 13.15. Cnextpni nornomenus epan- u oc-uzomepos [Co(ala)s), rae ala — ananun (Toy-
Hee, ero conpsrkeHHoe ocHoBamue) (a) u cnexrpbl KJI H30MepoB M OTHECEHHE HX abcoMoT-
HBIX KOHGUrypammit myTem conocrasnenus co cnexrpom KJII [Co(en)s]*t (6).

COOTBETCTBYeT (POTOHAM € OFHOM CIHpAJbIO, a Npasbiil — boTOHAM ¢ MPOTHBOIO-
JO>KHOM crupasibio (puc. 13.13).

XupaJbHble MOJIEKY/IH (HE UMEIOIIHe 3ePKATLHO-IIOBOPOTHBIX OCell CUMMMETDHH,
pa3n. 4.1 u 4.4) NPOABAAIOT KPYyroBOM AMXPOM3M, T.€. MOJICKYJIEl UMEIOT Dad-
Hble K09 HUIMEeHTHI DOTTIOIIEHHS IIPABO- H JIEBOTIOIAPHIOBAHHOTO CBETa, [IpH 10601
Jute BosiHbl. CniekTp KpyroBoro auxpousma (cnexkrp K/I) — sTo 3aBEHCHMOCTD
Pa3HOCTH MOJIAPHBIX KO3 DHIHeHTOB MOI/IOEHNs IPABO- U JIEBONOJISIPH30BAHHOTO
CBeTa OT AJMHBLI BOHbI. Kax BHAHO U3 puc. 13.14, sHaHTHOMEDHl UMEIOT CIIEKTPHI
KJI, koTopble SIBIAIOTCS 3epKadbHBIM OTpa’keHHeM APYT JpPYTa.

Hudopmarusnocts cnexTpos K/ MOXKHO OIeHUTE NPH CONOCTABIEHHH CIIEKTPOB
K/I snanTaomepos [Co(en)s|t ¢ obbrumbiv ciekTpoM mormommenust. [Tocsequuit mo-
Ka3bIBAET JBe M0JIOChl ePEXOOB B [T0JI€ JIMTAH/I0B, COOTBETCTBYIOLIAE OKTa3Ipuye-
CKOMY KOMILIEKCY, HO HE YKa3blBaeT Ha TO, 9TO KOMIUIeKC obnanaer HoJiee HU3KOM
cummeTpHeit (D3). Dra pasuuna suaHa B ciekTpe KJI, rie nosisisiercs eme ogHa
JONOHATEIbHAA ToNIoca, okosio 24 000 cm~ L.

B 6naronpusTHBIX cydasX MOXHO YCTAHOBUTH abCONIOTHYIO KOHGHUIYDaItHIO
XMPAJbHOI'O KOMIIEKCA, ITOCKOIBKY JiBa KOMINJIEKCa C ONUHAKOBOM abCcoTI0THOR KOH-
urypanmeit u nojobHHIME 3JIEKTPOHHBIME KOH(MDUTYpamusaMu AaioT coekTpsl K/
oxnoro 3uaka. CrenoBarenbno, cneKTphl K /I MOXKHO HCIIOMB30BATD IS YCTRHOBJIE-
HHS CBSI3W GOJIBIIHX KJIACCOB XMPAJIBHBIX KOMILJIEKCOB C HEGOIBIINM YHCJIOM OCHOB-

~a
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HbIX CTPYKTYD, BKJIIOYast [Co(en)3]3+, IS KOTOpbIX abcoMoTHas KOH(MHUIypalus
6bLTa yCTAHOBJEHa DEHTTEHOCTPYKTYPHBIM 8HATHZOM.

CrieKTpbl KPYTOBOTO [IXPOM3Ma MOTYT OBITb TakiKe HCIOAb30BaHbI A
JiCcCIleIOBaHMsT TeoMeTputecKoit m3omepuu. Hampumep, aMmuHoKmCIOTa  anaHun
CH3;CH(NH2)COOH ofpasyer zpan- U 0C-TPUC-KOMILICKCHI C Co(IIl), un xaxnas
hopMa, MOKET UMETb ONTHIECKHE M30Mephl A wm A. Tlpobaema unenrudukanumn
PACIIONIOXKEHNsL JIUTAH/OB CBOIUTCA K BBIGOPY MEXJY IeOMEeTPHYCCKHMU 2pan- U
oc-H30MEpaMi, a 3aTeM Mexk Iy ux A u A onTidyeckumu nzomepamu. [lga reomerpn-
qeCcKHX M30Mepa UMCIOT Pa3HBE CIIEKTPDI NONJIOLIEHHs, IOTOMY UITO PaCIIOJIOKEHHC
auramnos ortaocurenbuo Co(Ill) ormuuaercs (puc. 13.15). B oc-uzomepe Her ocu
cHMMeTpHH, a 2pan-u3oMep umeeT och (3, IPOXOIAINYI0 Yepe3 IpaHU, OKpyKeH-
ubre aromamMu N u aTomanmu Q. Bosee nuskas cHMMETPHsT 0C-M30Mepa IPUBOIUT
K HEKOTOpPOMY YIIMpeHMIo NoJsochl morviomenust. Coorsercrayiomuc cnekTphl KJL
pencrasaeHsl Ha puc. 13.15,6. [Ipe mappt KpHBbIX ¢ TPOTUBOLOJOKHBIMU [IO 3Ha~
Ky IMUKaMH fACHO YKa3bIBAIOT, KaKHe M30MePBI ABJISIOTCS SHAHTHOMEPaMH OIHOTO
reoMeTpPUYECcKoTo u3oMepa. Bonee Toro, MOXKHO ONpeReauTs abcomoTHbIe KOHbHU-
rypamuu A u A, CpaBHMBAsK 3TU CIEKTPHI co cnekTpom KJI [Co(en)s)]**, mockoanky
ero abcomoTHaS KOH(DUTYpAIs U3BECTHA U3 PEHTTEHOCTPYKTYPHBIX NAHHDBIX.

IH Kpyroeoit auxpousm HabmomaeTcss IS XUPAJIBHBIX KOMILIEKCOB; OH MOXeT
6BITh HCMOJIB30BAH NJIs YCTAHOBJIEHUS abCOMIOTHON KOH(MUIypaluy sHaHTHOMe-
pos.

Npumep 13.6. Hcnoavaosanue cnextpos KA ans ycranosnenust komgpurypaymm.
OuanTtuomep, obbruno oboznauaemuiit kax (—)546[Co(edta)l”, moTomy uro om Bpa-
aeT IIOCKOCTh MOMSPH30BAHHOIO CBETa € JIHHONH BOMHBLI 546 HM NPOTHB YacCOBOH
cTpenkn (nabiaTens CMOTPHT HABCTPEYY Ny4Ky), mMmeer cmekTp KJI, nokasan-
HBlt Ha pHc. 13.16. Onpenesnure ero abCONMIOTHYIO KOH(MUIYPAIMIO COMOCTABJICHHEM
¢ [Co(en)a]?+.

Orvser. Komiieke noio6eH KOMILTIEKCY € aJIaHMHOM, HO COICPAHT Ha oquH atoM O 6orb-
me pagoM ¢ Co. CrreloBaTeIbHO, BIIOJIHE PA3YMHO MPOJIOIKHTD KOPPEJISIHIO CIIEKTPOB
¢ ABYMsI d—d-TIepexogaMM B CIICKTPe [Co(en)3]3+. Bonee nuskas no sHepruy nojoca mno-
TJIOIWICHHSA HMEET MOJIOMKHUTENbHDIA 3HAK, & 33 Hell pacrosioykeH ciabulil OTPHIIATE/IbHBII
nuK ¢ 6onee Bricokoit sneprueit. Ilomoce nornomienust ¢ Gosee BbICOKO# 9HEprHeil coor-
BETCTBYET c1aboe mornomenue B crekrpe K/ ¢ Gombuieil mooKUTeNLHON NIOIAIbIO,

YeM OTPHIATENLHON. DTH 0COBEHHOCTH BONBINE TOIXOAAT K abCOMOTHON KOHMUrYypa-
mun A [Co(en)s]®t,

Bonpoc 13.6. Kakue jiokasaTenncTBa TOro, 9TO B [Co(edta)]”™ cmmmerpus atoma Co HiXe,
gem B [Co(en)s)*t, nur moxere waitru ma puc. 13.167

13.9. SnekTpoHHLIA NapaMarHUTHLIA pe3oHaHC

DJIEKTPOHHbIA BHANOr SHEPHONO MATHUTHOTO DE3OHAHCA HA3BIBAETCS IJIEKTDOH-
HBI napamMarauTHbif pesonanc (SIP; MeTon TaxKe Ha3BIBAIOT 2AEKMPOHHIL
cnunoenti pesorarc, SCP). DT0 MOLHBIA MeToJ st UCCIAEAOBAHUST KOMILIEKCOB
¢ HEeCapeHHbIMH 3MeKTPOHAMH (B HHBIX COCTOSHMAX, YeM cuHmier). SIIP moxer
OBITb HCTOMB30BAH JUIST YCTAHOBJIEHUS PAacIpelie/IeHusl HECTIAPDEHHbIX JIEKTPOHOB B
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Puc. 13.16. Crexktpsl normomenns u K a1a 1I6 zlo 2l4 ZlS ol
(-)546[Co(edta)]_ i‘;, 1000 cm -1

MOJIEKYJIE U JJIsl Ollpesie/ieHUsT CTelleHN JEeIOKAJIM3AIlNN 3/EKTPOHOB MO JIHTaHIaM,
Merton Takske MOXKeT AaTh MHGDOPMAIUIO 06 YPOBHAX SHEPTUU KOMILIEKCOB.

a) g-®@akTop

DJIEKTPOHHEI TaPAMarHUTHLIA PE30OHAHC OCHOBAH HA TOM, ITO CIMH 9JIEKTPOH& MO-
XKeT NPUHUMATE JIBe OPHUEHTAIMN OTHOCUTEILHO HAIIPABIEHNA NPUJIOXKEHHOTO Mar-
nutHOTO monst B. PasnocTh sHeprui MeXJy COCTOAHUAMMU 71, = +% uUmg = —«%
COCTaBJIAET

AE = gupB (7)

TIe up — MarfgeToH Bopa, a g — KoHCTaHTa, XapakTepusyomas KoMIexc, s co-
GOZHOTO 3JIEKTPOHA g MMeeT 3HAYeHNe «CBOGOMHOrO chuuar g, = 2,0023. Ecau Ha
obpazen NaJaeT JTEKTPOMATHITHOE U3y YeHre ¢ 1acTOTOM &/, CHIIbHOE PE30HAHCHOE
norsomeHne 6yneT HabI0OIATHCS, KOTJa MATHUTHOE M0Jie COOTBETCTBYET YCIOBHIO

hv = gupB (8)

B rtunmynoMm cmekTpomerpe, paboraromenm npu 0,3 Th, pesoHanc HabmonaeTcs B
oJI0ce MUPUHOH 3 ¢M MHUKPOBOJIHON OOJIACTH 3JIEKTPOMArHUTHOTO CEKTpa (0KOJI0
9 I'T'w).

g-PakTop KOMILJIEKCA OTJIMYAETCS OT g, Ha BEJIMYHHY, KOTOPasA 3aBUCAT OT CIO-
COBHOCTH NPUJIO’KEHHOTO BIENIHETO ITOJISA HABECTH JIOKS&JIbHBIC MATHUTHLIE OIS B
KoMmIutexce. Ecim g > g, TokanbpHOE Moje cUILHEE, YeM IPUJIOXKEHHO0e, ¢Cli g < e,
TO JIOKaJIbHOE 1o cabee. 3HAK M BeJUYMHA HABEJIEHHOrO JIOKAILHOTO MOJIS 33BH-
CAT OT MHTepBaJla MeX/Y YPOBHIMU 3HEPIMU B KOMILJIEKCE: YeM OjiKe OHHM JpPYT
K IPYry, TeM jerde BHEIIHEMY MOJI0 UHAYLUMPOBATL OPOUTANLHYIO IHPKYJIALMIO
3JIGKTPOHOB W, CJI€NOBATENBHO, CO3IATh JIOKAJbHOE MATHUTHOE II0JIE.

3HaveHne g MOXKHO ONpeJeNTb, PETMCTPUDPYs BHEIHee MoJe, HeobXomumoe
JUIl NOCTHKEHUS! PE30HAHCHOrG MOIVIOINEHUs Il JAHMOM MHUKDOBOJHOBOH YacTo-
Thl. Ecnu xKoMImlekc Bolenen B BuIe MOHOKDPHCTAJIJIa, MOXXHO M3MEPHTh g BAOJIbL
€ro Pa3JauYHbIX HAIPABJIEHHNA U, CJIEIOBATEIbHO, UCIOJb30BaTh JJIA ONpeJe/IeHIsT
CHMMETPUH KoMILTekca, Halpumep, TeTparoHanbHO-UCKaxkeHHBIH (Dy),) KoMIIeKC
[Cu(OHz)6)** umeer g = 2,08 & nanpasmenuu ocu Cy u g = 2,40 B IepHEHIUKY-
JspHOM HanpasieHuu. ToT (aKT, *ITO OJIydeHbl JBa 3HAYEHHUA g, MONTBCPKIAET
HAJIMYME UCKAXKCHUS, [OTOMY YTC OKTA3IPUYECKUI KOMILIEKC MMEeT HIOTPOIHOEe
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suagernve g (O/THO 3HAMCHHE BO BCEX HANpanjenusx). [lBa pas/mqalomuxcs no se-
JIMYUHE 3HAUEHHS g Tal0T HIGOPMaNio o6 SHEPreTUYeCKHX YPOBHAX B KOMILJICKCE.

.H 3pageHne g Uil TAPAMATHUTHOTO KOMILIEKCA YKA3BIBACT CHMMETDHIO JIMTAH/I-
HOTO OKPY’KeHU# U HaJuuie Bo30y>KJIeHHBIX COCTOANUM.

6) CeepxToHKas CTPYKTypa

MarauTHBIC Aapa, OONANAIe HEeHYTEeBLIM CIIHHOM, CO3JAIOT JIONOJHUTENBHOE
MATFHHTHOE TI0JIe B KOMILJIEKCE, U Heclapelnble 91eKTPOHBl PearupyoT Ha 3TO MOJIC.
[TockonbKy MATHMTHOE SAApo co crmHoM I Moxker npuHaMaTh 2/ + 1 pasnuyuHbIX
OpHeHTAIMit, OHO MOKeT IaTb 2/ + 1 pasHbIX BKJIAJOB B JOKasnhHoe mone. B pe-
3y/IpTATE YCTIOBUE Pe30HAHCA BY/ICT BHINOMHATHCS NpU 2/ + 1 pasaugHbIX 3HAYCHH-
AX TPUJIOMKEHHOTO IMOJMs, U CHNEKTD PACINCIUISETCA Ha MYJBTHIUICTH, Ha3blBaeMble
CBEPXTOHKOI CTPYKTYpo#. B npucyTcTouH eIMHCTBEHHOro siapa co crHoM [
2] + 1 ycnoeue pe3oHaHCa MOXKET ObITH BbIDaXXEHO Kak

hv = gur(B + Amy) (9)

e A — KOHCTaHTa CBEPXTOHKOIO paclleNnJIeHHs .

Korma npHcyTCTEYET HECKOJIBKO MATHHUTHBIX /1D, CBEPXTOHKAS CTPYKTYPa HAB-
JIIETCS PE3YJIBTATOM BCEX BO3MOMXKHBIX KOMOHHAIIHH ODHEHTAINH SIAePHBIX CIIHHOB.
HanpmMep, cnekrp DIIP pagukana SiHs cocrour u3 yeTsipex JUHUHE ¢ OTHONICHHCM
unrercusrocreit 1: 3 : 3: 1. Takoe pacnpeenenue o6yCI0BIEHO B3aIMOACHCTBHEM
CIIMHA SJIEKTPOHA C TPEMS IPOTOHAMH (I = %), Kak rokasano Ha puc. 13.17. Jlane-
HElIlee PACIIENUIEHWE TPOUCXOMUT y 4acTd pamukanor (4,7% ot ofmero uncra),
KOTOPHIE CONMEPXAT Ampa 29 Si (I = %) [IPH 9TOM B3AUMOJIEUCTBHH UETHIPE JTUHUU
PACIIeIUISIIOTCA B AyOJeTHI.

’ ’ 1 npoToH
‘ “ 2 npoToHa
I e
o o0
“cu
Bsi
N/
MarnutHoe none H H H H
_—>

8 Buc(canuuunansanmuHo)means(ll)
Puc. 13.17. AHau3 CBEPXTOHKOH CTPYKTYDHI

cnextpa IIIP pammkana cwmn SiHs. ITpouc-
XOXKIAEHHE JIMHUHA OIMUCAHO B TEKCTE.
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YMeHblueHve B
————

Puc. 13.18. Cnextp 2IIP Euc(cammupmnanbanmuno )menu(11) npu pasbasnennn 1 : 200 uzo-
mopdaeM xenatom nukens(Il). Meap npeacraniena umersiM mzoTonom %2 Cu. CuinbHoe
TMOTJIOIENye B IPHJIOKEHHOM TIoJIe (CJIeBa) COOTBETCTBYET pajuKalbHoiH MeTke (JIDIIT —
Qe HHITITHKPIITHAPASAI) , HCIIOJIb3YeMOf I KATHGPOoBKY crekTpa. Kak npuHsaTo B me-
Toze IIIP, cnekTp npeacTaBlIeH B BUAE MEPROH MPOM3BOAHOMN MOMNIOMEHMS B 3ABMCHMOCTH
OT MPUJIOMKEHHOrO TI0JIA, TI09TOMY KaKJasl JIMHMsI MMeET Ty e (hopMy, 9T0 U JIMHMS CHITb-
Horo mnoryomenust JPIII.

BesuunHa KOHCTAHTH CBEPXTOHKOIO PACIIEIICIMA 3aBUCHT OT BEPOATHOCTH Ha-
XOXKJIeHHS] HECLIADEHHOTO 3JIEKTPOHA BOJIM3M OT MATHUTHOLO S/Ipa, HOPOXKIAIOIIEro
paciensienne. CnefioBarenbHo, uaMepenue A aaeT crocob OIpeneseHUs BOJHOBOR
(hyHKIMH MOJIEKYIAPHOH OPOMTAIH, 3aHATON HECIADEHHBIM IEKTPOHOM. B uact-
HOCTH, HAJIMYHE CBEPXTOHKOU CTPYKTYDEI, 00y CIIOBIEHHON A/[PAMU JIMFAHI0B, TOKa-
3BIBAET, ITO HECTIAPEHIIBIH 3JIEKTPOH JEeIOKAIU30BAH C ATOMS METAJIa Ha JTHTAHADL.
3uadvenue A s B3AMMOMEACTBAS WM C sPAME JHTAHIA, MIH C SAPOM MeTalla
41eTKO YKa3bIBACT Ha CTelNeHb MUTDAMH 3JIEKTPOHOB OT LIEITPAJbHOTO aToMa HA
OKpy»Kalouue ero juranaet. Hanpumep, nas komruekca Cu(Il) ceepxToHnkoe pac-
LIeTUIEHHE SAPAMU MeJd U3MEHSETCST CJEeAYIOMUM 06pa3oM:

Juranny, F~ H,O 0% 82—
A,MT 98 9.8 85 69

OTH 3HAYEHUS [OKA3HIBAIOT, YTO IPU COMMMKEHHN SHeprull opbutajelt JTUCaHIOB
1 MeTas1a OpOUTab, 3aHATAS HECHAPEHHBIM 9JIeKTPOHOM, CTAHOBHUTCS HpeHMyIlie-
CTBEHHO OPOUTAJIBLIO IMMAHIOB U €€ B3aUMOJICHCTRYE ¢ S/IPOM METAsLIA CyIIeCTBEHHO
YMEHbIIACTCA.

Krnaccudeckoe rccneoBanye eqoKaIM3aIiy 3JeKTPOHOB Ha JIMTAHAAX BHIIOJ-
HeHo Ha npumepe 6uc(cammuunansmmuno)Menu(Il) ¢ 3Cu (8)V. B cexrpe P
KOMILJIEKCa HAOIIOIAI0TCS YeThIpe TIaBHEIe 00JaCTH NOMIOINEHH, KasKaasd U3 KOTO-
PBIX DaCIIeIVISeTCs Ha OofuHHAIuATh aunuit (puc. 13.18).

3amemenue atomos I 8 NH-rpynmax nmefirepuem (mns koroporo I = 1) e u3-
Menser cuekTp. Onnako 3amemenue atoma H B cocemmelt CH-rpynme na CHj (uas
12C I = 0) npuBoauT K CKATHIO KaKaoH U3 YeTHIpEX IPYMNII B JUHUU € OATHIO
koMmnioHenTamu. Mexonnsie 4 - 11 = 44 ¢cBepXTOHKMe JTUHUM COOTBETCTBYIOT B3aUMO-
netterBuio ¢ %3Cy (I = % J@eT HeThipe JIMHUM DABHON WHTEHCUBHOCTH), C ABYMS
9KBUBAJIEHTHEIMU aToMaMu N (I = 1, coBMeCcTHO AalOT NATH JUHUN) U C JBY-
Ms 9KBHBAJIEHTHBIMH IIPOTOHAMH (COBMECTHO JAIOT Tpu JuHuM). Tor (akrt, 9To

1) Maki A.H., McGarvey B. R., «Electron spin resonance in transition metal chelates. II.
Copper(II) bis-salicaldehyde-imine». J. Chem. Phys., 29, 35 (1958).
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A6TIONAIOTCS TOJBKO OJMHHAIUATD JMHUHN, B TO BPeMA KaK JIOJDKHO § - 3 =195,
SBJISETCS CJICICTBHCM UACTHYHOIO NepeKpblBanus JuHuil. Korma ezaumoneiicTnue
¢ NpPOTOHAMHU MCYE3aeT IPH BBEICHUH CHjz-rpymin, 0CTAIOTCA TOJBKO NATH JIHHMIH
OT PACUIEIUIEHHs Ha AJIPAX 1N, DTy pesynbTaThl HOKA3HIBAIOT, ITO JEJIOKAJIH3AIIA
5JeKTPOHOB CylIeCTBeHHa 15 atoma H B C-H, no ne ans aroma H o N-H.

m CpepxToHKast cTpyKTypa B criekrpe JIIP koMmriekca MOXKeT YKa3bIBaTh Ha CTe-
NeHb AeJIOKAIH3AME HECTIAPEHHBIX 2/I€KTPOHOE HA JIMFAH[BI ¢ MATHUTHBIME $1]1-

paMH.

CTPOEHVE W CNEKTPbl COEQUHEHUNA,
COAEPXALLNX CBA3UN M—M

B aToM pa3fiesie PACCMATPUBAIOTCS MOJIEKY IsPHBIE OPOUTANN HEKOTOPBIX KOMILIEK-
COB, KOTODBIE BHOBb BCTPETSITCS B NOCJIEAYIONMX IJlaBax, 0cobeHHO npu obCy K e-
HUH MeTAJJIOOPTaHNUeCKUX coeunenuii d-sanementos (r. 16) u karanusa (rn. 17).
B 4acTHOCTH, 37€Ch AHAJIM3UDYIOTCS KOMILIEKCHI 60J1ee HU3KONH CHMMETDUH, IeM T€,
KOTOpBIE PACCMATPUBAIHCH B [V1. 7. ByJeT NOKa3aHo, YT0 MOJIEKYJIAPHbIC OPOUTAIN
CJIO’KHBIX MOJIEKYJ OYeHb yA0GHO CTPOHTH K3 BAJIEHTHBIX opburtaiell cybnhenuuum.
DTOT METOJ OCOBEHHO IOJE3eH JIsl COCAUMHEHUH, CONEPXKAIIUX CBSI3N METAJII — Me-
TaJL1, TIOCKOJbKY MX MOYKHO NPEJICTABATH KaK codeTanue AByX umu Gosee par-
mentor ML,.

13.10. ®parmenTt MLy

Hama 3aja9a  31ech — IOCTPOUTL  MOJIEKYJIAPHBIE ODOHTANH  KBaJPaTHO-
nupaMyuanbHol cTpyKTypet MLs, ucxons u3 auarpamy MO anst okTasapuyeckux
Mmosekyn. Ilocne ompenenenus opburanett ¢gparmenta MLs ¢ cummerpueit Cyy
MOKHO GYyJIeT MHTEPIPETHPOBATL HEKOTOPhIE 0COOEHHOCTHU CIIEKTPOB KOMILIEKCOB C
cumMerpuett Cy, ¥ Dy, KpoMe Toro, MoKHO HCIIONL30BaThL opbuTann GparMeHTOR
JUISL IOCTPOEHUST AUArpaMMbl opbuTaneil busuepHoro kommiekca MaLig co cBaAzbIO
METaJI1 — MEeTaJJL.

a) Monexynapunie opéuranu ¢pparmenta MLs

Ha puc. 13.19 (cnepa) nokasanst B3MO u HCMO okTasapHdeckoro KOMILIEKCA
MLg. Ecnu y6pats omun amrang ¢ ocd z, obpasyerca dparment MLs. TnasHoe
H3Menenne KOCHETCA d,2-opbUTaiyu, KoTopad cTaHopuTca a; B rpynne (Cyy, IIpH
ITOM De3KO YMEHbIAeTCsI ee IHEPTUsA, TaK KaK HUCUE3AET PAPLIXJSIONIMNE Xapak-
Tep MO OTHOILEHHUIO K yxofaineMy auranay (9). Bosee Toro, nockoibKy CHMMETPUS
d,2-opbutany uaMeHsieTcs oT g B rpymne Op 10 a1 B rpymie Cyp, Ofla MOXKET cMe-
HIUBATHCS C $- U P,-0POUTANAME, KOTOPBIE TAKXKe OTHocsITeA K a1 B Cyp. Taxum 06-
Pa3oM, MOXKHO OXKHJIATh, IYTO 0Dpa3yomascs rUOpHIHas OpOUTabh UMeeT BObULYIO
aMIUTUTYAY Ha BAKAHTHONM KOODJAWHAIMOHION IO3ULHUHU, UTO JesaeT ee UIeabHOH
OpPOHTANIBIO JUIA AEHCTBUA KAK 0-aKUENTopa A/l HOBOTO JCHOPHOIO JIMTAHJA.

[Tpu cummerpuu Cyy TPH tog-OPOUTANM PACLICIUIAIOTCS Ha ABAXK Bl BRIPOXKIEH-
Hylo e-opburtans (d,,, dyz) u ony by-opGurans (dgy ). Paciennenue mexay e u by
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Puc. 13.19. KoppensumoHnHas ouarpaMma MOJEKy-
JISIDHBIX OpOuTasIell Oj1st IPeBPAIEeHHsT OKTA3IpUIe-
ckoro koMmrutekca MLg B dparment MLs. [Tokaszann
TOJIBKO FPAHHYHBIE OPGUTAJIM.

MEHBIIE, 16M MEeXKAY d,2 U dy2._y2, HOTOMY 9TO TPH OPOHTAIN MEHbIIE [OBEPKEHbI
BJIUAHUMIO yhanisiemoro nuramga. Omako, ecnu d,g- dy,-OpOUTANH YIACTBYIOT B
T-CBA3H C YXOIALIUM JIMFAHJOM, BOZMOXEH JONOJHHTenbHbIH addexT Tak, ecnu
nvrang asasercd T-goHopoM (monobuo Cl7), pasphixasiomuit ahheKT NOHHKeH U
HOBasi apa e-opbuTaseit 6yJeT pacioaraThest HiKe bo-opbuTany (Kak HOKa3aHo Ha
puc. 13.19). C Ipyro#t CTOPOHDL, €CH yXOMAIHMH TMTAH] OTHOCHTCS K T-aKLEelITOPaM
(ogo6ro CO), ero yranenyie NpuBeAeT K NOBBLILEHUIO SHEPIHH €-0pbUTaNell U uX
PAaCHoIOXKEHUIO HAJ[ by-0pBUTanbio.

H| IIpu ynanenuu omioro u3 aurainos B KoMilekce MLg d,2-0pbHTanb cTAHOBUTCH
HUXKE 110 9HEPTHH U FUOPUIIU3YCTCA € §- U P-OPOUTAJNSME MeTaJLIa.

6) KsagpaTHo-mMpaMuiaibHBIe KOMILIEKCHI

B kBagpaTno-nupaMugasbHeIX TATHKOOPAAHALMOHHEIX KOMILJIEKCaX LeHTPaJsbHBIH
aToM M MOXKEeT HaXOAUTHCS BHIMIE TJIOCKOCTH, KOTOpas 06pa30BaHa YeThIPbMs JIH-
TAHJAMH, JEXKAIMAMHE B OCHOBAHUM ITHPAMHUILL,

Ha puc. 13.20 nokazano, kak MeHsorcsa saeprun B3AMO u HCMO, korna atom
MeTaJlJ1a CABUTAETCS BBEPX OT OCHOBAHUSA U yroa ¢ ypeanausaercs ot 90° mo 120°.
STo yBeAMYeHHE YIila yMEHbIIAeT NepeKphiBaiue opbHTanell JUraHIoB ¢ d,2- H
dy2_,2-OPOUTAISIMA, B PE3y/IbTATE PA3PBIXJIAIOMHAA XapaKTep yMmeHblmaeTcs, B 1o
K€ BPEMHA O-II€PEKPLIBAHNE JHTANAOB C dyp- U dy,-OPOHTANAME yBeJIHIHBAETCH, U
OHM CTAHOBSTCS 60Jlee Pa3phIXJISIOMIUMHU.

Puc. 13.20 MmoxxH0 HCMONb30BATD [UIST YCTAHOBJIEHUSI COOTHONIEHUS CTPYKTYPBI
KBQIPATHO-TTHPAMHUIAIBHBIX KOMILIEKCOB C YHCIOM 3JEKTPOHOB B HHUX. B HHU3KO-
CIIHHOBOM dB-KoMILIeKCe MOYKHO OXKUIATL yroa ¢ 6amskuit k 90°, moToMy dUTO
d.z- 1 dy,-opbuTain 3aceneHsl, & UX YHEPIUN BO3PACTAIOT mpH ypenmdeHuu ¢. Ha-
IIPOTHB, HUSKOCIHHOBLI NHPAMUIAILHBIR d°-KOMILIEKC JOMKEH UMETh ¢ GOJbIIe
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Puc. 13.20. KoppenauporHas guarpamma mist d-0p- Puc. 13.21. Honspnsosan-
6uraneit Meranna B ¢parmente MLs, korma smran- HBIH BUIAMMEBIH CIIEKTP MOIJIO-
bl B MJIOCKOCTH OCHOBaHMS IBIDKYTCS OT METasId ¥ LEHUST MOHOKPHCTAJLIA

yron ¢ yeemmuusaerca oT 90° no 120°. Crpenxu noka-
IBIBAIOT IIOJIOXKEHYs HU3KOCITHHOBOTO (d®) okeuremo-
robuna (a); HmexocmHosoro (d%) [Ni(CN)s]~ (6);
(d'®) TeTpaseHTATHOrO MaKpOIMIMYECKOTO KOMILIEK-

[(C4Hg)4N]2[R62013]
{Cowman C.D., Gray H.B.,
J. Am. Chem. Soc., 95, 8177
(1973)].

ca Cu(I) ¢ axcnambabim uranaom CO (e).

90°, nockonbKy Ans Hero d,2-0pbuTans (KOTOpas Teneph 3acelieHa) ABJIAETCA CTa-
6
6unuzupyomell. B moATBep:K IeHne 3THX 3aKoYenult, okcuremorsobun (d°) umeer
. 3_ _ o
¢ ~ 90°, B To Bpemsa kak B dS-kommmexce [Ni(CN)s]*~ ¢ = 101°.

“l YeTrblpe aTOMa, B OCHOBAHUY HATHKOOPAMHAITMOHHOTO KOMILIEKCA OTKJIOHSIOTCA
OT AKCHAJBHOIO JMTAHIA NPU HU3MeHEHHMH 9HC/Ia (-3JIEKTPOIIOB LEHTPAJIBHOLO
aToOMa MeTaJlja 0T MIeCTH JI0 BOChMHU.

13.11. BuapepHble kKOMRNEKChbI

B pasn. 9.9 6ruio mokazaHo, 4TO BO3MOMKHO CHHTE3HPOBATH COEMHEHHUs CO CBsi-
3BI0 METaJLI — MeTaJlJl, IPHieM MOPSIOK 3ToH ceA3n MensieTcs: oT 1 1o 4. Bo muO-
rUX ciydasx oOpa3oBaHHe TAKHX OHANEPHBIX KOMILUIEKCOB MOMKHO PACCMATPHBATH
Kak obneaunerne nByx ¢dbparmerros ML,,. [TonofbHble IpeAcTaBieHds MOTYT ObITh
HCIIOJIL30BAHE! M IPH PACCMOTPEHHH KOMILIEKCOB, B KOTOPRIX JBa aTOMa MeTaslla
HaXOJAATCA B PA3HBIX CTENEHAX OKHUCJIEHUS U, B HEKOTOPBIX CydasiX, Pa3JieNeHsl
Mex 1y cobOoH MOCTMKOBBIM JIMTAHIIOM.
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a) Kparnaa cpase meramn — merasn

PentrenocrpyxTypuble uccnenosanus nokasaiy, ato [RepClg]?~ umeer CTPYKTYDY,
nokazannyio Ha cxeme (10). ITopasuTenbHolt 0COBEHHOCTHIO SBASETC 3ACJIOHCHHOE
PAacroNozKeHne ABYX FPYNN 3KBaTOpHaabHeIX Jurasnos Cl, a ne 3aTopMo)KeHHas
KoH(hOPMaIUs, KOTopasi UMeNa Obl MCHbIIIee BAHIEPBAATBCOBO OTTANKHBAHME MEK-
Ay ABYMsi PDYIIAME JIRFAHAO0B. 3ACIOHeNNaA KOHDOPMAIHS COOTBETCTEYET HAIIPAE-
JIEHHOMY (<«JIMIOM K JIUILY» ) B3aUMOJENCTBHIO dzy-opbuTane#t oT KaXKIOro U3 IBYX
aromoB Re. Koporkoe paccrosnue Re-Re (2,24 A) TaK»Ke yKasblBaeT Ha HPUCYT-
cTBUe d-cnA3edt MexIy AByMs aromaMu (cm. puc. 9.20).

0

cl 2 c o)

| (|:' A or | _c0F¢
- Cer l ~ o

SRem | Cl C/Re\Flze’c

o CI’[ 0 | o™ | C0o

cl c |

c 0 c

0

10 [Re,Cly]2- 11 [Re,(CO),,]

Hpyroe oka3aTeNbCTEO MPUCYTCTBHA §-CBSI3U JAET 3JEKTPOHHbIA epexo/ IpH
15000 cm™! B 6mmxmenn UK obacty, KOTOPBIN JEeMOHCTPHDYET HIMPOKYIO KoJieba-
TeNBHYIO CTPYKTYPY €O cpelHuM HHrepBajnoM 351cm™! (puc. 13.21). Crpykrypa
6bLna oTHecena k §* — d-nepexoay ! . KoneGarenpioe pacmennene NPaKTHIeCKH
UIEHTUYHO C BOJIHOBBIM IMC/IOM BaJeHTHBIX KoseOaHui# ceasu Re-Re, ompenenen-
HBIM U3 JAHHBIX PAMAHOBCKOHN CIEKTPOCKOIMH, YTO MONTBEPXKIAET OTHECEHHE T0-
JIOCBI HOIJIOIIEHUSA K hbparMenTy MeTalyl — MeTalll B KoMILteKce. BOJHOBOE TUCI0
BAJIEHTHBIX KoJebanuil Ha caMOM Jiesle CYILEeCTBEHHO GOJIbIIe, YeM HabonaeMoe B
Res(CO)10 (125 cM™), KOTOPBII COMEPIKUT TOMBKO ORUHAPHYIO cB3b Re-Re (11).
“l CrekTpasbiible # CTPYKTypHBIE HCCJACIOBAHHA CBUAETEILCTBYIOT O HAJIHYHH

YeTBepHOH cBaA3M peHuil — pernit B [RexClg)?~.

6) KoMmiexchl co cMelIaHHOH BaJIEHTHOCTBIO aTOMOB MeTaJLIa

Hpyrum xnaccom GUsiIEPHBIX KOMIUIEKCOB ¢ MHTEPECHBIMH CIIEKTPAIBHBIME CBOM-
CTBAMU SIBJIAIOTCA KOMILIEKCBI CO CMEIIAHHOH BAJIEHTHOCTBHIO, KOTOPBIE COJEPIKAT
OJIUHAKOBBIE ATOMBI METAJIa B PA3HbIX cTelneHax okucaeHus. ONHUM U3 Iep-
BbIX U HamboJee BayKHBIX HPUMEpOB 6oL «uoH Kpotina— Taybes [(NH3)s5Ru-pyz-
Ru(NHs)5)°* (12), rre pyz — MOCTUKOBBIH TUTaHK IHPa3HH, JTa (HopMy/la CTABUT
BOIIPOC: ABJISIIOTCA JIM [[Ba aTOMa PYTeHMs JoKaJau3oBaHHeME aromamu Ru(Il) u
Ru(III) sn 2/1eKTPOH CyIecTBeHHO MeOKalH30BaH, NABas JBA YKBHBAJIEHTHBIX
aToma Ru B cremenn okucnenus +2,5. [Ipobrema MoxeT 6HITL BhpaskeHa (HO He
peuleHa) HanucanneM BonHoso#t dyrkmu 9’ must Ru(II)-Ru(III) u apyroit BosmHO-
Bolt dymkimu 1" mus Ru(III)-Ru(Il), Torma ocHORHOE coCTOSHME XapaKTepu3yeTcs
BOJIHOBOR pynkupedt 1) = /¢’ + ¢"v". 3navenus ¢’ = 0 nm ¢ = 0 coorser-

Y Cowman C. D., Gray H. B., J. Am. Chem. Soc., 95, 8177 (1973). D10, HaBepHOe, eOMHCTBEH-
HEI CIIEKTPOCKONMYECKHIT nepexofl, OTpakeHHLIi B JeTekTnBHOM pomaie [Joseph Wambaugh,
«The delta star». Bantam Books, New York, 1974].
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NH, ke
H3N R NH3 NH3
T RUL N
rd N I NH,
HsN ‘ - N— Ruw NH
NH, N | 3
NH,

12 [Ruy(NH)o(py2)1%

o 12 1”12 t -
cTByloT ToJHOH Jokanm3auuu, a [¢'|? = |c¢”|* cooTseTcTBYeT NOMHOM JesOKaII

3alUH.
Kunaccuduxarus coefiHeH CO CMeITanmiol BATEHTHOCTBIO, KOTOPAs OTPAXKAET
Pa3HHUIY B CHJE B3AMMOJAEHCTBUS, ObLIa IIPeIOXKeHa M. B. Pobunom u IT. deem:

Knacce It TlonHAasa JOKAIU3ALUST DJEKTPOHOB
Kunace II:  TIpomexXyTO4HbIR
Knace III:  TlonHas JeNOKaIU3aLUs AJIEKTPOHOB

Knace 111 nonpasmensiercst ga I[ITA js jgumepos mid kiaacTepos MeTasios u 1115
1151 HCOPPAIMUEHHO JIeJOKAJIN30BaHIIbIX TBEPAbIX BeweceTn. Knaceudukanus npes-
cTaBleHa B Tabia, 13.6.

Knace ] BriogaeT 60/IbIIOe THCI0 OKCHIOB METAIOB W TBEPABIX CYIL(HIIOB,
KOTODBIE BECbMa MHTEPECHbLI ¢ TOYKH 3DEHHs CTENeHH oKuciacHuA. Hanpumep, cre-
MeHDb OKUCJIeHUs ceuHna B PhsO4 MOXKHO paccMaTPUBATL KAK CMeCh JABYX OOBIYHBIX
creneneit okucnenus Ph(IV) u Ph(II). Kak ormedeno B Taba. 13.6, coe auneHus 3T0-
FO KJIACCA CONEPYKAT HOHBI METAILIA B [10JIE JIUFAIOB Da3IMIHOR CHMMETPUHU HITH CH-
JIbI, ¥ 9T0 SBJSAETCS ONPENENEHHBIM CTPYKTYPHBIM JOKa33TebCTBOM JIOKAIM3ALNY
cremencit okucnenus (coorsercroenso |’ |2 3> [¢|? uam Haobopor). CrexrpaibHble
W MarHUTHbIE CBOHCTBA BOJIH3N KOMHATHON TeMICDATYPhl XapPaKTePU3YIOT KOODIH-
HAIMOHHOE OKPYXXEHHe HHIHBHIYAJILHbBIX WOHOB.

Kunace III Bkarogaer cnydan, korga o6pPa30BaHHE CBA3H METAJLI — METAJJ MPH-
BOAMT K Jesiokamusamuu 3apaja (|¢'|? ~ |¢”|?). MeTaumteckuit IPOBOAIIEK GPOH30-
Boro mBeTa AgsF, HanpuMep, CONEPIKUT CI0M CBA3AHHBIX MEXY coboit aTomMon Ag,
HeCYLINX TIOJIOKUTe IbHBIN 3apaa, u oTHocuTes K Knaccy 111B. Hanporus, TagClys
COIEPXKUT KJIacTEPHBIE KATHOHBI COCTABA [Ta60112]3+, ¢ IIECTHIO KBUBAJIEHTHBIMYU
aTromamu Ta. JJucKpeTHbIEe KJIacTephl 3TOro Bua oTHocaTes k knaccy 1ITA. Trepmoe
BEIIECTBO ABJSETCH 9EKTPUUCCKUM U30JTOPOM UM BHEIIHe He MOXOXKe Ha MeTaJlll.
Kiracc II BkylouaeT coenuuennst, 47151 KOTOPHIX HADIONAIOTCH MeXKBaJIeHT-

HBI€ II€PEXOb], IPH ITOM 3JIEKTPOH IIEPEXOAUT C BaJEeHTHOH 000JOYKH 0OJ-
HOI'O aTOMa Ha BaJIEHTHYIO 060JI09KY Apyroro aroMa. Takum o6pa3oM, OHU COOTBET-
CTBYIOT NIEPEX0AAM ¢ NEPEHOCOM 3apsaia MeTasl — MeTaL1. Kak B ciydae koMriekca
Kpoitria— Taybe, MeXKBaJEHTHbBIE TIEPEX0bl HHTEHCUBHbIE, €CJIM €CThb MOIXOIAIN
MOCTHKOBBII JIUTAHT MEXKY JBYMs HeHTpaMu. Eciu HOHBI METANIA He COeIUHEHBI
MOCTUKOBBIM JIMFAHJIOM, TIEPEXO]T MOXKET OBbITh CJIMIIKOM CNabbIM U151 HabMIONEeHH .
Knaccnuecknit npuMep coefunennus 3TOro THIIa — IIATMEHT GepauHcKas Ja3ypb. Ee
CTPYKTYpa IpeACTaB/sieT coboil Kybudeckyo penteTky ¢ uonamu Fe?t, okrasapude-

Pexomenayemas nutepaTypa
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Tabnuua 13.6. Knaccudbukauns Pobuna u Jlest 11a MOJ0C MeXKBAIEHTHBIX MEPEXOIOR

(MIT)

Kaacce I

Kaace 11

Kaace 11T

M u M’ cunbHO oTanua-
IOTCsI, pasHbIe MO
JUTAHOORE ¥ T. I

M u M’ B cxomHOM OKpYe-
HYWH, HO HE SKBUBAJIEHTHBI

M u M’ mepasmuianmer

Op6urtany 10KkaM30BAHE]

Op6uranu pazmuauMsl, HO
MOJIHOCTBIO He JIOKATM30BAHDI

Op6uramu
JEJTOKATU30BAHDI

[Monocur MIT umerot
BBICOKYIO 3HEPIHIO

Hosmocer MIT maxogarca
B BUAMMOM ¥y OkHeit

UK obaacru

IMosocw B BuayMoit niau
omxueit UK o6nacru

DUIEKTPOHHDBIE CIEKTPH
COOTBETCTBYIOT CIIEKTPaM
MOHOB, BXOISAINUX B COCTAB

DIIEKTPOHHBIE CIEKTPBI
COOTBETCTBYIOT BHIOW3-
MEHEHHBIM CHEKTPAM BXO-
JSNIMX B COCTAB HOHOB

DJIeKTPOHHEIE CHIEKTPHI
BXOASIIIUX B COCTAB HOHOB
HEPa3IMIHME

Nzoastop

IHonynposognruk

ITTA: 06brano usonstop
ITIB: o6ervno Meramanye-
CKHIl IPOBOTHUK

MaruurHble cBOCTEA
KOMILIGKCa

MaruuTHBIE CBOlicTBA
H30JIMPOBAHHOIO KOMILJIEKCA,
HCKJII0Yasi HU3KUE TeMIEepa-

TYpHI

IITA: maraEuTHBIC CBOCTBRA
HU30JIMPOBAHHOTO KOMILJIEKCA
IIIB: dheppomarnerux wiun
napaMarHeTHK

CKH Koop/unuposaHAbiME aToMamu C ot aurangos CN™, u nonavu Fet, okrasa-
PUYECKH OKPYKenHbIMU aToMaMu N JHrainos. MocTUKOBBIH uaHn 00eCneduBaeT
KaHaJ JJIf CUJIbHOTO MEXKBAJIEHTHOIO 1I€PeX0/ia U, KaK Pe3yIbTaT, CUHIOK OKPACKY.
MarnuTHble CBOHCTBA COeMUHEHUH Kiaacca 1] IIpH KOMHATHON TeMIEPATYPE MAJIO
OTJIHYIAIOTCA OT CBOHCTB JIOKAJTU30BANIbLIX KOMIIJIEKCOB, HO MATHHTHBIE B3aUMOIEH-

CTBHA MeXAY NO3ULMAMU HAYHHAIOT NPOSABIATHCA TIPH HU3KOH TeMIepaType.
H‘ CoenyHeHUsT CO CMENTAHHBIMH CTeNeHSAMM OKHCICHHS JEIST Ha TPH KJIAcca.

B knacce I paznuauMer clieKTphl Pa3sHLIX HOHOB MeTaJIa; COeaMHeHUs Kiacca 11
COMEP’KaT HOHBI META/IJIA, ¢ DJIM3KUMH SHEPTUSAMH H UMEIOT HHTeHCUBHYIO OKpac-
Ky; coenunienus knacca II1 comepkat nonHocTIo Ae/10KAIU30BAHHYIO CBA3b Me-

TaJIT — METAJLIL.
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Hamummre cuveoasl TepMoB Paccena— Caynaepca st COCTOSHMI €O CIEIY FOILH-
MM KBAHTOBBLIMH IHCJIaM¥ YIJIOBBIX MOMEHTOB (L, S): a) (0, %), ) (3, %), B) (2, %),
r) (1, 1).

OnpefenuTe OCHOBHOH TepM IJI Kaxgoro mabopa Tepmos: a) G, °F, °p, !P;
6) °H, °p, °D, I, 'G; 8) ©S, *G, *P, *1.

Vkaskure Tepmb Paccena— Cayngepea mist 9/€eKTPOHHLIX KoHbUryparumit: a) 4s’,
6) 3p®. Onpenennre OCHOBHOH TEpM.

Ornpegennre, Kakoil aTOM MIM MOH cOOTBETCTRYeT koHburypamuu 3p° u 4d°. Ka-
KOB OCHOBHOH T€pPM JUTs KAXXAO0TO W3 Hux?

Onpenenure ocHosaBe TepMmbl it qactun BT, Na, Ti?t u Agt s razoson daze.

Croboaubiit mon V' B razosoit dase nmeer ocaornoit repm *F. Tepmni 'D n 3P ge-
JKAT, COOTBETCTBEHHO, Ha 10642cM™! u 12920 cM™! Bhire Hero. DHepruu TEPMOB,
BEIpa’KEHHBIE B apametpax Paxa, cocrapnsior: E(*F) = A—8B, E(°P) = A+7B,
E('D) = A — 3B + 2C. Paccunraiire 3nawenust B u C g V3T,

Hamuumnre xondurypanuio d-opburanei u ucrnoassyiite auarpamMel Tanabe— Cy-
rano (mpuioXkenne 5) NyiA ONpeIeNeHHsT OCHOBHOTO TEPMA: 3) HM3IKOCTHHOBOTO
[Rh(NHs)6)**; 6) [Ti(OHz2)s]**; ¢) sricokocnunosoro [Fe(OHa)s)*t.

Hcnoneays nuarpammel Tanabe— Cyrano U3 Npuiiokenus 5, oueHure A, u B ana:
a) [Ni(OHz)e)** (mormomenue npu 8500, 15400 u 26 000cm™t); 6) [Ni(NH;)e)?*
(morowenue mpu 10750, 17 500 u 28 200 cm™1).

Ecmu oxrasapuveckuit xommiexce Fe(I1) umeer 60/bIIyto NapaMarHMTHYIO BOCHPH-
HMYHBOCTb, K&KOBO 0603HAYMEHHE OCHOBHOTO COCTOSHHUS B COOTBETCTBHH C JHATDAM-
moit Tanabe— Cyrano? Kakue cocTosmust y9a8CTBYIOT B Pa3pellleHHBIX 110 CIHHY
JIEKTPOHHBIX TEPEX0aax !

Crexrp [Co(NH3)6]*t coneprxur ouens caabyio monocy B KpacHoil obiacTH ¥ aBe
TOJIOCH! CpeAHell HHTEHCUBHOCTH B BMAMMOH U 6mkHell Y® obmactu. Kak Moxno
HHTEPIPETHPOBATh 3TH TEepexombi?

- ., a—
Ob6wsichure, nouemy [FeFg]*~ 6Gecupernniit, B T0 Bpemst kak [CoFg|”™ oxpamuen, Ho
HMEeT €IMHCTBEHHYIO NMOJIOCY MOIVIOIIEHUST B BUOMMOMR OGJACTH.

ITapamerp Paxa B cocrasnser 460cm™' mma [Co(CN)6)*~™ u 615em™' ans
[Co(NH3)e]*+. O6cymure npupoay csszu ¢ sTamu JBYyMSI IMTaHAAMH U 00bACHHTE
pa3uully B Hedenoaykcernieckom sddekre.

TpubAN3NTENBLHO «OKTASAPHIECKMI» KOMILIEKC Co(IIl) ¢ nuraHAaMH aMMHAKOM H
XJIOPOM [AET ABE MOJIOCH C Emax MeXIy 60 u 80 s/ (Monb - cM), onun ciabelit MHK ¢
€max = 271/ (MOJB - €M) H O%IeHb CHIBHOE TOTJIOMEHHE NPy GOJIee BHICOKON IHEPruu
€ Emax = 2+ 10" 1/(Monn - cm). UTO BB MOXKETE MPEATIONOAKUTL O IPOUCXOXK AEHUH
3THX Hepexomon?

13.14
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13.20
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O6b11HOE BYTHUIOTHOE CTEKIO IOYTH 6ecIBETHO, KOTJa CBET IIPOXOIMT 1epe3 CTEH-
Ki GyTHIUIKH, HO OKPAIIEHO B 3€/1€HBIT I[BET, eC/IM CMOTPETH B0 6yThLIKH, KOTOa
CBET NPOXOJUT Yepe3 TOJCTIH ci1oit crexna. Oxpacka 06ycioBIeHA NPUCYTCTBH-
em nonoB Fe®t B cumukarroft marprme. Omumrure nepexoapl, obyc/oBIUBaIOLIHE
OKPaCKy.

Honw [Cr(OH,)s]*+ umetor CBETVIYIO FoNy60oBaATO-3€1EHY 10 OKPACKY, & XPOMAT-HOH
CrOi_ — MHTEHCHBHO->XeaTYI0. OXapakTepusyiiTe HpHpOAY NMEpexomoB M obbsc-
HHUTE UX OTHOCHTEJIbHbIE MHTEHCHUBHOCTH.

Onpenenure THn cnMmerpun d,2-0pBATATE B TETPATOHAILHOM KOMILIEKCE € CHM-
metpueit Cyv, nanpumep [Co(NH;3)5Cl)%*, rne Cl naxomures na ocx 2. a) Kakue op-
6utam 6yayT N3MEHATD CBOIO YHEPTHIO HA AyarpamMme MOJIEKYJIsIpHbIX opOuTasei
OKTA3/[PUTIECKOTO KOMILIEKCa U3-33 M-B3ANMOAEHCTBHI ¢ HENOJENEHHBIMH TIAPaMH
smranaa Cl™7 6) Kakue opburanm 6yayT u3mMensth cBo0 YHEPrHI0 M3-33 TOTO, YTO
murany Cl™ He cToab cuibuLIi 0-g0H0p, Kak NHz? B) M3obpasure xavecTrenHy0
AMBrpaMMy MOJIEKYJISIPHbIX opbutasell 41 KoMIulexca ¢ cummerpueii Cyy.

PaccMoTpure aMarpaMMy MOTeKyJIsipHEIX op6uTanedt TETPA3APUTIECKOr0 KOMILIEK-
ca (Ha ocHoBe puc. 7.13) u COOTBETCTBYIOMYI0 KOHMDUrypammio d-opbutaseii. Io-
Kaxure, 4To uonerosas okpacka HoHa MnO] He MOXET COOTBETCTBOBATE nepe-
XOJaM TOJISA JINTAHIOB.

WspecTHo, 4TO BOSHOBBIE wycaa ABYX e exonoB anaa MnO;  cocrasnaioT
) i Y P 4

18500cM™" u 32200 cu™!; obbsicHuTe, KAK OHEHMTH A, M3 OTHECEHUA OBYX Te-

PEXOZOB C NEPEHOCOM 33PSAAa, €CJIN HEMOCPEACTBEHNO Ay HABIIONATLCH HE MOXKET.

Bepmunckas na3yps 6bia oHUM M3 IEPBBIX CHHTETHIECKMX MurMenTos. OHa Hve-
er obumit coctas K([Fez(CN)s}, B koTopom xasx it arom Fe(Il) okpy e mwectsio
8TOMaMHU yIVIEPO/Ia KOOPAHHUPOBAIHBIX IHAHHHBIX JTMTAHIOB, KOTOPBIE SBIAIOTCH
MocTuxoseivy, npuieM k Fe(III) oryn koopammupyiores aromamu azora. OThecuTe
HMHTEHCHBHBIE MOJIOCH NMOTMomenua nmpu 15000 u 25000 cm L.

Crenenp oxucnennst M(II) He xapakTepHa Hjist TAHTAHUAOB, HO HOMEI M(II) gocra-
TOUHO ycroftumenl ma Sm?*, Eu®t u Yb?*. Hammmure f-anexTponnnie xondu-

Iypalliy 115t 9TuX MOHOB. Mcnonb3ys mas comocrassieHus Tabo. 13.1, ycTaHoBuTE
JJ1S HUX OCHOBHBIE TEPMBI.

3A0AHUS

13.1

13.2

13.3

PaccMOTpHTe TPHrOHAIBHO-NPH3MATHIECK U LIECTHKOOPAMHAIIMOHHBIH KOMILIEKC
MLg ¢ cummerpneii Day. Ucnonbayiite Tabmums XapaKTepoB O71s pPaclpeneNeHus
d-opburaeil aTOMa METALIA IO THHAM CHMMETPHI. IIpeanonoxkure, 9TO THUTAHIbI
HMEIOT Te XK€ CaMble YIJIbl OTHOCHTENLHO IJIOCKOCTH TY, UTO U B TETPAIIPHIECKOM
KOMILIEKCE,

CriexTpr1 mornowenns ApyX M30MEpos [Co(en);Cly]* noxazanm ma puc. 13.22.
YIHTBIBas BRICOKYIO CHMMETPHIO TPGHC-M30MEDA, ONIPEAETHTE, KAKOH U3 CIIEKTPOB
OTHOCHTCH K YUC-, & Kaxoii k mpanc-uzomepy. CUHTAas, YTO OTHECEHMe NPABILTLHOE,
npeackaxute cniekrp KJI A-uzomepa yuc-[Co(en)zClp]t myTem comocrasnenus co
cniextpom [Co(en)s]*t, nokasamneim Ha puc. 13.14.

Coenunenus panagua(IV) comepxar rpynmy V=0, koTopas 9eTKo OTIMYHMA B
cnextpe. Kaxosa d-snextponnas wxondurypamns V(IV)? Hambomee cummerpuy-
Hble cpeau Takux kommiexkcos VOLs umeror cummerpuio Ca, ¢ aromom O Ha ocH 2.
Kaxopa cummMerpus nstu d-op6uTaneii B kommaexcax VOLs? Ckosbko d—d-noioc
MOXHO OXKHJATh B CIEKTPax 3Tux kommnekcos? [Tomoca s6muan 24000cm™! mo-
Ka3bIBAET KoJlebaTeIbHyl0 CTPYKTYPY koaebaumit V=0, uro mojpasymesaer op-
6urann, yuacrByomyio B cBasu V=0. K kakomy d—d-epexosy 3TO OTHOCHTCsI?
[Ballhausen C.J., Gray H. B., Inorg. Chem., 1, 111 (1962).]
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Puc. 13.22. CrexTpb! norsomenus asyx usomepos [Co(en)2Cla]*.
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Puc. 13.23. Cnektper  JIIP  aHuona,
06pasylomerocs NpH  BOCCTAHOBJIEHUH
KB3JPATHOrO KOMIJIEKCa  TeTpadeHun-
nopodupumxesesa |[Fe(TPP)]™ (meuenoro
[*"Fe(TPP)]” wu [Fe(TPP)]”) B mpucyr-

CTBHUM U30bITKA MMUpHUIVHA.

A, HM
? HOMO
M Nuranp, 7*

Merann, d | B3aMO

HCMO

Metann, d Nurawng, 7*

Puc. 13.24. Tlpeacrasiienne opburadeit,
yuacTBylomux B nepexomax [T3MJT ana
CJIydaeB, KOIja SHEprus 7 -opburasnei
JIMralja BapbUPYETCS OTHOCHTENLHO
sueprun  d-opburaneit wmeramma. Cwm.
3aganue 13.6.

Puc. 13.25. Ynoponiennas  guarpaMma MO
s KoMmIiekca co  cBsizbio M—M, obpaso-
BamHOro kKombuHammeit ¢parmenra M(CO)s ¢
¢dparmentom  M/(CO)s(phen), coxepxamum
m-akuenTopHuli surana. Cm. 3ananue 13.7.
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M{CO),(bipy}  Komnnexc  M(CO)g
0.*

d,z

Ha puc. 13.23 noxaszanrvi cnextpol I[P annona, ob6pa3ylonierocst Ipi BOCCTAHOB-
JIeHMH KBAJpATHOro koMmryekca Terpadenunnopbupumxesnesa [Fe(TPP)|™ (me-
genoro [*"Fe(TPP)]” u [Fe(TPP)|”) B npucyTctun m3beitka mupuauia. O6b-
scauTe B Habmomaembx cnekTpos. [Srivatsa G.S., Sewyer D.T., Boldt N. J.,
Bocian D. F., Inorg. Chem., 24, 2123 (1985).]

Coenunenne Ph3Sn-Re(CO)3(¢-BuDAB) (t-BuDAB = R—N=CH—-CH=N-R, rae
R — rperGyTunbusiit pajgukan) umeer [I3MJI nmomocy mMerast — IMMMMHOBBIN JIH-
raHJl KaK HM3IIYIO 110 SHEpruM nepexoja B 3ToM crektpe. ObiyueHne 4acToTOMH
3T0it IosTock! JaeT pagukad -Re(CO)s(:-BuDAB) xak npoaykr doronuza. CrekTp
DTIP noka3sBaeT WHPOKOE CBEPXTOHKOE paciienvienne Ha sapax N u 'H. Pa-
JIMKAJT PACCMATPHMBAIOT Kak KOMILIeKe annoH-paaukaina DAB ¢ Re(I). O6nacuure
aprymentsl. [Stufkens D. J., Coord. Chem. Rev., 104, 39 (1990).]

Kak 6r1710 otMedeno, nojockl [13MJI MOryT GHITL OMO3HAHEL IO YyBCTBHUTENILHO-
CTYM DHEPIUM INEpexo/ia K MOJISPHOCTH PAcTBOPHMTENS (IIOCKOJIBKY BO3OYXJAEHHOE
cocTostHue Ho7ee NoJIAPHO, YeM OCHOBHOE). [IBe ynponieHHbIe AuarpaMMbl MOJIEKY-
napHbIX opbuTaneit noxasansl Ha puc. 13.24. s caydas a w-ypoBeHb JIUTAHAOB
BBILIE, “IeM YpOBeHL d-opbuTafieit meramia. B ciydae 6 ypoeens d-opbuTaneit me-
Ta/Ia ¥ Heprusi opburaseil auranga omuMHakosbl, Kaxas us Asyx nonoc I13MJI
6yaeT Gosee 4yBCTBATENLHA K NMonspHocTn pacrBoputessi? Oba aTh ciaydast pea-
musytotes B [W(CO)4(phen)] n [W(CO)4(*Pr-DAB)], rne DAB = 1,4-qnasa-1,3-
6yrazuen, coorsercTsenHo. |Servas P.S., van Dijk H.C., Snoeck T.L., Stufkens
D.J., Oskam A., Inorg. Chem., 24, 4494 (1985).] O6bsicuure I13 xapakrep ne-
pexona kak (YHKIMIO CTEMEHH OCYHIECTBJIEHHs NATHBHOH CBA3M OT MeETala K
JIMraHIAM.

Ha pyuc. 13.25 noka3ana yNpoLeHHas CXeMa B3anMOAeNCcTBIS GParMeHTa M(CO)s
¢ M'(CO)3(bipy). Ceaze M—M ajst mpOCTOTHI NMpEACTABIEHA B3aMMOAEHCTBHEM
d,z-opburaneit M u M/, B cnexrpe [(CO)sReRe(CO)s(phen)| npucyrcrayer HH-
TEHCHBHAS TOJOCa B BHAMMOI obiactu (18 940 cm™ '), a Bropas nomoca noxE6HOI
MHTEHCHBHOCTH B OmyKmeit yieTpaduoneroBoit obnactu (28 570cva™ ). Tpeano-
xwuTe orHecenne. [Stufkens D.J., Coord. Chem. Rev., 104, 39 (1990).]

[Mpencxanure mcao minui B cnektpe 1P 6uc(6enso)sananus((), xoropoiit Aa-
eT pacnpocTparennsit usoton >V (I = 1), cocrasnsommit 99,8%. O6bsacuuTe
VIHTEpPIIPETalMIo CNeKTpa, aaHnyio B |Mattar S.M., Ozin G.A., J. Chem. Phys.,

90, 1037 (1986)).

4. Heoprau. xumus. Tom 2




24 MEXAHN3Mbl PEAKLINW
KOMMAEKCHbIX
COEOVNHEHWW
d-METAN10B

B rn. 6 Bb11M PaccMOTPeHbl HEKOTOPbIE (GaKTOPbI, BANAIOWMNE HA CKOPOCTb NepeHoca
aNexTpoHa, 8 M. 7 obcyaanock pasnuune Mexay NabuibHbiMU N MHEPTHLIMU KOM-
nnexcamu. 3aTeM MHOTUe OCOBEHHOCTY PEaKUMOHHOW cnocobHocTy Bbinn nHTepnpeTu-
pOBaHbI C TOYKM 3peHnA MexaHn3Mos peakuuit. B gaHHol rnase bonee nogpobro pac-
CMOTpEHbl 3KCNEPUMEHTaNbHbIE METOAB!, KOTOPbIE UCNOMb3YIOTCA ANA U3YHEHUS nNyTu
NpoTeKanus peakuuy, n Ha atoil base npepcTasneH Bonee rnyboKNiA aHaNNM3 MexaHN3-
MOB peakuuil C yHacTMEM KOMMEKCHbIX coefnHeHunii d-meTtannos. [Mockonbxy Mmexa-
HWU3M pefko OblBaeT yCTaHOB/EH NOAHOCTLIO, BCErAa CNEAYET UMETL 8 BALY 1 Apyrue
BO3MOXHbIE NYTU PEaKLUM, COrNacyroWnNecs C IKCNEPUMEHTaNbHBIMY AakHbIMU. B nep-
BOVW 4acTW 3TOW rnasbl AaHa KNacCUULMKAUNS MEXAHN3IMOB PeaKUNil, pacCMOTPEHb
VX pa3nnuHble CTagumM ¥ Aetanu obpa30BaHWA 3KTUBMPOBAHHOIO KOMMEKCA. 3aTem
5TN TEOPETUHECKNE MONOXKEHNA NCNONBL30BAHbI A ONUCAHWA NPUHATLIX B HACTOALLEE
BPEMS MEXaHM3MOB ANA PEAKUNA 3aMELLEHNSA Y1 OKNCINTENBHO-BOCCTAHOBUTENBHBIX Pe-
aKUNT C yHaCTUEM KOMIMAEKCHbIX COEANHEHNT.

B npenplaymux rmaBax GbII0 TOKA3aHO 3HAUEHHUE B3aNMOCRA3H TEPMOJAUHAMUKH
U KHHETHKHR UIs ONpeJe/IeHUs pe3ysbTaTa HeOpraHW4YecKux peakuwuit, [foHMMaHue
MEXaHHU3MOB peaknuil ocobeHHO MOJIE3HO B TEX CJIyvasX, KOLa JOMHHHUDYIOT KIHe-
Tideckue dakTopsl. B 9Toit rmase 06cyKAA0OTCA METONBI NCCIIEI0BAHUS peaknui ¢
ydacTueM KOMIJICKCHBIX COCIHHEHHH d-MeTannoB. Peaknuu 3aMerienus JuraHmos
U OKHCJUTENbHO-BOCCTAHOBUTEIILIBIE PeaKIHH OBIIM MepBbIMU JIBYMs TINATEIbHO
U3YHeHHBIMH KJIACCAMH DeakUHUH, II0STOMY UM yJIEeNeHO OCHOBHOE BHHMaHue. Bymer
TIOKa3aHO0, 4TO CyNIECTBYeT elle MIIOrO HeSCHOCTeH B AETAISIX MEXaHH3MOB HEeop-
Fanudeckux peakuuit. OQHAKO KHHETHYCCKHE M3MEPEHHSI COBMECTHO CO CTEPEOXU-
MUMECKHMH B JDYTUMH IKCIEPUMEHTANBHBIMHI JAHHBIME 0DECIIeUMBAIOT HAJICKHBIC
AOKA3ATENbCTBA /1A MEXaHH3MOB MHOIHX DPeaKIIHil.

PEAKUUN 3AMELLIEHNS NTAHO0B

Peaknus zamemenus JIUTaHJa — ITO Peakuus, B KOTOPOIt o/iito ocHoBaHUe JIbro-
HCa 3aMelnaeT Jpyroe y KucjoTsl JIbrowuca:

Y+M-X — M-Y+X

DTOT KJacC peakuuil BKIIOYAET peakiuu 06pa3oRaug KOMIUICKCOB, B KOTOPBIX
yxoasmas rpymnmna (3saMmemaemoe ocnopanue X) SBISeTCH MOJEKYIOH PACTBOpH-

Peakuuu 3ameuieHns aurangos 51

TellsA, a BXOAAIAA IPyNNa (3aMenanliee ocHOBalMe Y) — KAKUM-JMG0 JApYyTUM
smuragnoM. [IpuMepoM MOXKeT Cay»KUTh 3aMelleHne Boabl Ha jurang Cl=:

[Co(OHa)g)** + CI~ — [Co(OH,)sCljt + HaO

BonpmuHCTBO peaknuit, paccMaTPUBAEMbIX B 3TOH I'laBe, TPOTEKAIOT B BOJIE, B ITHX
Cly49aAX PacTBOPUTENb HE YKA3IbIBAETCH.

14.1. PeakyuoHHaa cnocobHOCTb:
NPUMEPbLI U HEKOTOPbIE 3aKOHOMEPHOCTU

B pasza. 7.7 6b110 NOKA3aHO, ITO KOHCTAHTHI PABHOBECHS PeakIHil 3aMeIleHHT MO-
ryT OBITH HCIONL30BAIB A KIacCupUKAIME JIMTAHIOB MO HX CUJIe KaK OCHOBA-
Huil JIstonca. OHAKO MOXKeT GBITH YCTANOBJICH APYTOH HOPAIOK, €CTH PA3MEINATD
OCHOBAIIUA [0 CKOPOCTNAM, ¢ KOTOPBIM OHH 3aMEINAIOT JIMTAHIBl Y LEHTPAJIbHOrO
aToMa MeTaJlna B KoMiltekce. TakuM o6pa3oM, [ AHAJIH3S KHHETHKH MOXKHO 3a-
MEHUTH DABHOBECHYK) KOHLENIUIO OCHOBHOCTH HA KMHETHYECKYIO KOHIEMIHIO HYK-
J1eopUILHOCTH (0T rpedeckoro «aoboBh K AApy»). [loa HyKneoduIbHOCTHIO [H0-
HEMAlOT CKOPOCTb ATaKH KOMILIEKCa JIAHHBIM OCHOBaHHeM JIbooMca OTHOCHTEIBHO
CKOPOCTH aTaKd CTAaHIAPTHBIM ocnosaHueM. [lepexon or obcyxxenust pasnosecus
K allaJu3y KHHETHKH [ONYEPKHBAET TPAKTOBKA JIMAHIHOTO 3aMEIeHHs KAK HYK-
J1e0(PUIBHOr0 3aMelleHusd.

PaHee y»Ke 0TMEHaJI0Ch, YTO CKOPOCTH PEaKIUH 3aMCIICHUA OXBATHIBAIOT OUIeHb
HIMDOKHH MHTEPBaJ BCJHYHH U 9TO B HX PACTIPENENEHHH €CTh onpeAelieHHble 3a-
koHoMepHOcTH (pas3j. 7.8). Hanpumep, akBakoMILIEKCH HOHOB MeTannon 1, 2 u
12-1f rpyImI, HOHBI TAHTAIKOB U HCKOTOPHIX 3d-MeTaNnoB, 0COGEHHO B HUBKUX CTe-
NEHAX OKUCJEHHsH, UMEIOT BPeMeHa IMONYIIPeRpallcHus NopsiiKa HaHoceKyHa Ha-

Tabnuua 14.1. Bpemennds mikaga THIMYHBIX XHMHIECKHX ¥ (DH3UTECKHUX HPOIECCOR

Bpemernda Ipoyece ITpumep

wxasa®

10% ¢ Jlurannmbiit o6Men [Cr(OH2)6]** — Hy0 (~ 108 ¢)
(MHEPTHBIA KOMILIEKC)

60 c Jluranauniit obmen [V(OHa2)6]*t — H20 (50 ¢)
(MHEDTHBIN KOMILJIEKC)

1 Mmc Jlvranauoiit o6Men [Pt(OH2)4]*" — H20 (0,4 mc)

(y1abunbHBIA KOMILITEKC)

1 Mkc Me:kBanedTHbIH (HBN.5Ru"—N/6\N—Ru"'(NHjl5 (0,5 mxc)
TIepEeHoC 3apsaaa —

1 e Jnrananbit o6men [Ni(OHz)spy]** (1 )
(y1abUNBHBIA KOMILTEKC)

10 nc Accoumanusa nuranaa Cr(CO)s + TI'®

1 nc Bpewmst Bpamenns CH;CN (10 nc)
B JKHIKOCTH

1 de Monekynapubie Kogebanus Banentnsre konebanus Sn—Cl (300 ¢dc)

) [IpubnusurenbHoe BpeMms NMPH KOMHATHOH TeMIEpaType.

4*
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NPOTHB, BPEMEHA MOJYNPEBPANCHUA [UIATCA TONAMH JUIS KOMIUIEKCOB TSIXKEJIbIX
d-MeTaJlIoB T BhIcHMX cTenensix okuciaeHusi, Hampumep Ir(III) mwmm Pt(IV). Ha-
GIIOMAIOTCA M ITPOMEXKYTOYHBIE BEJMYHHLI BpeMCH NOTympeBpamenusi. Ipsa npu-
mepa: [Ni(OHa)g]>™ mmeer Bpemst nosynpespameHns mopsika MIUTHCEKYHI, a
B [CO(NH3)5(0H2)13+ BOJA KaK JIMFaH MOXKCT CYUICCTBOBATE HECKOJIbKO MHHYT,
IpexJIC Yen 3aMeCTHTCs Gojlee CHIBHBIM OCHOBaHHeM. Bpemennds mxana peakuuii
npencrasiena B Taba. 14.1.

JIpyrue JUrasabl, KPoMe yXOIAICH M BXOMAINEH PPYII, MOLYT TAKXKe OKA3bI-
BATH CYIECTBEHNOC BIMSHEE Ha CKOPOCTH peakiu’). s KBAIDATHBIX KOMILIEKCOB
OKA3bIBAETCA, YTO HANOOTEE CUIbHBIE HYKJICOMHIIbL YCKOPSIOT PEAKITHIO, €CJIK 3aHH-
Mmaror mparc-nonokerue (T) no oTHomenuto Kk yxopsmed rpynne. Takum obpasom,
pausng X, Y u T B3auMocBA3aHbI, U, 3Has, KAK JIITAHJ BJIUSET a CKOPOCThL B
ponu Y, OOBIMTHO MOXKHO [PeJcKa3aTh ero pauamme B posan X unu T.

”l HyxkneodbubHOCTD BXoasimEedl FPynibl — 9TO MePa OTHOCUTENLIION CKOPOCTH ee
aTaky HA KOMIUIEKC B PEAKIUH HYKJICOMUILHOTO 3aMellelns.

14.2. Knaccudmkauuns mexaHu3imos

MexaHU3M peakIlii — 3TO MOCJAeT0BATEBHOCTD 3JIeMEHTAPHBIX CTaIUM, 110-

CPEeICTBOM KOTOPBIX IIPOTEKAET peakimsi. Korja MexaHn3M yCTaHOBJIEH, BHU-
MalHle NePeKJIIYacTCd Ha JACTaJd MPOLECCa aKTHBAIMH CTaIUH, JUMHTUPYIOIeR
CKOPOCTB IIporiecca. B HeKOTOPHIX ciydasix MEXaHH3M B IEJI0M HE YCTAHOBJIEH I10J1-
HOCTBIO, U JIOCTYITHA TOJBKO UHMOPMAIU O CTAIHU, ONPEIENSIONIel CKOPOCTh IPo-
Leccea.

a) Accormanys, qucconnangs M B3aMMHBIN o6MeH

[lepBas cTamua KMHETHYECKOrO AHAJIN3A PEAKIIUH COCTOUT B H3Y9CHHH 3aBHCHMOCTH
€e CKOPOCTH OT KOHIEHTPAIMH PEareHTOB. DTH UCCIEI0BAHUS IPUBOIST K YCTAHOB-
JIEHHIO 3aKOHA CKOPOCTH, T. €. 1uddepeHIalbHoro ypasHeHs, ONpeIeaIomero
3aBHCHMOCTb CKOPOCTH OT KOHUEHTPAIMi peareHToB W npoaykTos. Hampumep, ToT
daxT, uro ckopocrs obpazopanus [Ni(OHz)s(NH3)|?t us [Ni(OHa)g)?T npomopm-
OHaJTbHa, KOHIeHTpayuy kak NHg, tak u [Ni(OHs)g)?*, npenmonaraer, uro peakius
ABJIAETCA PeaKupell NepPEOTO MOPAIKa MO KaXKIOMy H3 JBYX DeareHTOB W oOIIMi
3aKOH CKODOCTH mMMeeT BHI2):

Cropoctb = k[Ni(OH,)2"][NHs) (1)

B mpocTeIX peaknmMomHbIX cxeMax camast MeJUICHHAS CTAUS PEAKIMH ONpCeseT
06110 CKOPOCTD PEAKIMH U 3AKOH CKOPOCTH H HA3BIBACTCS CKOPOCTHOMPEIEIs-
et craguei, unu nuMuTupyloiieit craaueit. Oauako, B o6IIeM CTyUae, Bee

1) N
B anrnosseranoit mureparype Takue JMraHgbl, He yUACTBYIOLME HATIPAMYIO B PEAKIHH, Ha-
SHIBAOT JIMraHAaMK- «HabmodarTensimi» (spectator ligands). B pycckoit Hay4Hol nuTepaType 3TOT
TepMUH He TpuHAT. — ([Tpum. ped.)
2
) B ypasHenusx 3akona CKOPOCTH OTNyLUEHBbl KBaJpaTHBIe CKOOKH, OTHOCALIHECH K XHMHUYECKUM

dopMynam kKoMnieKcos, HCTIOJNIb3yeMble KBaJpaTHble CKOBKH 0603HAYAIOT MOJADHBIE KOHLEHTpA-
U,
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CTaJUN PEeAaKUUH BHOCSAT CBON BKJIAJ B 3aKON CKOPOCTH M BJHSIOT Ha ODIMYyKO CKo-
poctb. Takum 06pa3oM, yCTRHORJEHNE 3aKOHA, CKOPOCTH HAPAAY C UCCICIOBAHUAMU
B 06JTACTH CTEPEOXHMHH M ¢ MOMONIBI MEYEHBIX aTOMOB JAIOT BO3MOXKHOCTL pac-
KPBITb MEXAaHHU3M DeaKUUuu.

Bolmensior Tpu rAaBHLIX TUNA MeXaHU3MOB peaknuit. JIucconparuBHbI Me-
XaHMU3M, 0603HadaeMblit D, — 9T0 1ocaeaoBaTesbHOCTh peakuyii, B KOTOPOH npu
OTINEIUIEHHH yXOmsield rpyimbl ofpasyeTcs poMeKyTOIHOe COeJUHEHHE ¢ MEHb-
UM KOOPJIHMHALMOHHBIM THCJIOM:

ML,X — ML,+X 3arem ML, +Y — ML,Y

3necy ML, (aroM Meranna u nobble JHMANABL) — HOAJTHHHOE IPOMEXKYTOYHOE CO-
eIUHCHHE, KOTOPOe, B IPHHIHIE, MOXKHO BeleauTs. Hatpuatep, npeanonarator, yro
NPY PEAKIHU 3aMENIeHHs MexXK 1y rekcakapbonusoabdpamom (d°, 18-asekTponHbt
koMmILieke) u cocduHoMm cHadana npoucxoauT ormerntene CO or koMmekca

W(CO)s — W(CO)s + CO
¢ nocnenywomed koopaunanuelt dbocduna:
W(CO)5 + PPhy — W(CO){,PPhg

B ycnoBusx, IpPH KOTOPHIX STY PCAKIMIO MPOBOAAT B JaBOPATOPHH, NPOMEXKY-
TOYHBI# MPOAYKT BBICTPO 3aXBATHIBAET MOJIEKYay »(hupa-pacTBopuTes (HAIpH-
Mep, TeTparupodypana), obpasys [W(CO)s(TT®)]. Dror koMmiIeke, B CBOKO 0de-
penn, npespamaercs B (ochHHOBbIH OPOIYKT, CKOpee BCero MO BTOPOMY JTUCCOLH-
arnBHOMy uponeccy. [Ipodunn peaknuit B 0bobmennolt opMe npejcTaBieHsl Ha
puc. 14.1,a.

A cconmaTuBHbIil MexaHN3M, 060311a9aeMbIil A, BKIIO9aeT CTaauo, B KOTOPOH
ofpa3yercs MPOMEIKYTOUIBIA MPOAYKT ¢ GAMBINM KOODAHHAIIMOHHEIM YHCJIOM, YeM
y Hcxoagoro komiuiekca (puc. 14.1,e):

ML,X +Y — ML,XY 3zarem ML, XY — ML, Y+ X

[IpomexxyTounsiit npoaykT ML, XY, B npangne, MoXkeT ObITb BblIeNell. DTOT Me-
XAHU3M HIPaeT BasKHYIO POJb BO MHOPHX DEAKIMAX KBAJIPATHBIX d°-KOMILIEKCOB
Pt(II), Pd(II) u Ir(I). Xapakrepubitt npumep — obmer *CN ™ ¢ nurangamu B KBag-
parsoM kommiekce [Ni(CN)4]2~. Ha nepso#t cTaauyu npoOKCXOMUT KOOPAMHALNAS -
FaHIa K KOMILIEKCY

[Ni(CN)4J*~ + #CN~ — [Ni(CN)4(**CN)]*~
[ToroMm nurang OTINENNSIETCS:
[Ni(CN)4(#CN)JP~ — [Ni(CN)3(**CN)]*>~ + CN~

PaanoakTHBHAS MeTKa yrileposa-14 mossosser cieuTh 3a 31oif peakuuedt. [IpoMe-
Kyrounnli komiutexc [Ni(CN)s]?~ b1 o6Hapy»KeH U BblileseH.

CxopocTu peaknuii acCOIMATUBHOTO 3aMEINeHHs B KBAJPATHBIX KOMILIEKCAX
Pt(I), PA(II) u Ir(I) ansa pasiuuHbiX HYKI€O(UIOB PACTONATalTICs B I10CIEN0-
BaTEJILHOCTH

Y: H,0 <Cl” <« I” « H™ < PR3 < CO, CN™
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a
G

X,M-Y

KoopaunaTta peakumnmn

6 8
G
G X--M---Y

XM—-Y

XM=Y

Koopauvnarta peakuuu KoopauHaTa peakuumn

Puc. 14.1. Peakimonnsie npoduau a1s pa3/IMIHLIX MEXAHU3MOB pEaKUH: a-— JUCCOLM-
aruBHbll [J; 6— B3auMHbIiL o6Men [; 8— accouuaTusubil A. PeasbHble MpoMeXKyTOTHBIE
BEIECTBA CYUIECTBYIOT JJISL CJIy4aeB au 8, HO He I 6.

«Xopoutasty BXOJAAA Tpynna (XOpomuil NyKJAcoQHI) ABIAETCA «IIOX0H» (Hema-
OGUIBHON) yXOASIIEH PYNNON, MOSTOMY B 3aBHCHMOCTH CKOPOCTH OT IPUPOIBI YXO-
JOsielt PPYIIel HabII0MAETCsT 06paTHAST OCAeI0BATENIBHOCT:

X: CN™7,CO<PR3<H <I” <Cl” <HyO

Peaxuus samernenus no MexanusMy B3auMHOro obMmeHa, obo3HagaeMory |
(puc. 14.1, 6), TpoTEKaeT B OJHY CTANMIO:

ML, X4+Y —X.---ML,---Y — ML, Y+ X

YXoAsmas ¥ BXOAAIIAS TPYTNbl OBMCHHBAIOTCS B TE€UEHHe ONHOM CTamu, obpasys
AKTHBUPOBAHNBIA KOMILIEKC, HO He 00pa3ysi IPOMEXKyTOuHbIH npoaykKT. OOMeHHbIH
MEXAHH3M XADAKTCPEH JJIsT MHOTHX Peakuyi 1IeCTUKOOPIHHAIIMOHHBIX KOMITJIEKCOB.

Ornmane mexxny MexanusMamu A i I 3aBUCHT OT TOTO, JOCTATOTHO JH JIOJTO CY-
IMIECTBYET MPOMEXKYTOUHBIH [IPOAYKT, YTOORI €ro MOXKHO 6bLI0 06HapyKuTh. O1uH
U3 CIoCobOn JI0KA3ATeNhCTRA ~— BblJeJeHHE TPOMEXKYTOUYHORO IIPOAYKTa B APYroft
POJCTBEHHON peaKuuy HJM MpH JPYTUX yCJIOBHsX. Ecau ¢cTh OCHOBAIMS CYUTATD,
9TO B PEAJILHBIX YCJOBHAX XUMHYCCKOH PEAKITUH MOXKET CYIIECTBOBATD OTHOCHTE b=
HO JIOJITOXKUBYIIICe IPOMEXKYTOTHOE COCAUNEHHe, TO BeposTeH nyTh A. Hampumep,
CHHTE3 MEPBOT0 TPHIOHAIbHO-6uNparugansaoro kosmmiekca Pt(IT) [Pt(SnCls);)3~
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YKa3bIBaeT, ITO NSITHKOOPAUHAIMOHHbIE KOMIIJIEKCH IIATHHBL MOTYT UTPATh POJIb B
PeaKIUAX 3aMeIeHsT KBaIpaTHbIX aMMIHNbIX KoMmiekcos Pt{ID). TlomofbubiM 06-
pason, obnapyzxenne [Ni(CN);5]®~ B pacTBopax CHeKTPOCKOMMHMECKUME METOIAMH 1
€ro BbLIEJEHRE B KPUCTAIIMIECKOM COCTOSHIY TOLIEPXKUBAIOT TOYKY 3PEHUS, UTo
oH ygacTByeT B obmene murangos CN™ B kBaapaTHoM Terpanuatonnkenar(Il)-nome.
Bropoe ykazanue Ha CYIIECTBOBAHUE MPOMEXKYTOTHOFO COETUHEHHS — 3ITO CTe-
PEOXMMUIECKIE H3MEHEHHS, KOTOPbIC ITPCANOJAraloT, ITO BPEMS KU3HH ITPOMENy-
TOYHOTO COEJMHEHMS JOCTATOUHO BEJHMKO, ITOObI NPOH30HUIA HeoGXOMUMad Imepe-
cTpofika. Tak, B peaKuusax 3aMeIeHns HEKOTOPBIX KBAAPATHBIX (hOCHUIIOBBIX KOM-
mekcos Pt(I1) mabmiomanack yuc—mpaHc-U30OMCPH3ANUS, B MPOTHBONOJIOKHOCTD
OBBIMHOMY COXPaHEHUI0 KOHMUryparmu. JT0 pazludue NpPEenoJiaracT, 9TO BPeMs
CYNIECTBOBAIIHA TPUFOHAJIBHO-OUITHPAMHU TAIBHONR DOPMBL IOCTATOMHO BEMUKO, ITO-
OBI MOT MTPOU3OUTH OOMEN MEXKY 9KBATOPHAILHBIM W aKCHAJbHBIM JIMFAHIAMU.
[IpsiMoe criekTpocKomuteckoe 0OHAPYKEIHe NPOMEKYTOUHOIO TPOAYKTA B, Clle-
JIOBATCJIBHO, BBIBOJ, 4TO MexaHuaMm A Gosee BeposiTeH, ueM I, BOZMOXKHO, €CIH OH
HAKAIIHBAeTCA B 3HAYUTENBHOM KOJHYecTBe. Takoe mpsamMoe JOKA3ATEILCTBO, OJ-
HAKO, TPeOYeT BBICOKOH CTAbUIBHOCTH MPOMEXKYTOUHOrO MPOAYKTA € MOIXOMHLIN-

MU CIICKTPAJBbHBIMH XapaKTePHCTHKAMH H ITOKA €111e He OJIYIEeHO LA KOMITJICKCOB
P(I1).

m Mexannam peakuuii HyKJIEO(DHIBHOTO IAMELICHKRSA — ITO IMOCJE]0BATEIbHOCTD
3JIEMEHTAPHBIX CT3IUHN, TOCPEICTBOM KOTOPBIX MPOTEKAeT peakund. BouinensioT
TPU THUMa TaKUX MCXAHH3MOB: ACCOIHATUBHBIN, JICCOIUATHBHBIA M B3aUMHBIH
obMen. ACCOUMATHBHBIR MEXaHH3M OTIMYAeTCH OT OOMEHHOrO TeM, UTO MpoMe-
JKYTOUIBIE MPOAYKT HMECET OTHOCHTEJNBHO OOJIBIIOE BPEMS >KH3HH, XOPONTHH
HyKJIeohus 06bIYHO ABIdAeTCH HeNabUuIbHOH YXousmeld rpynnoii.

6) JIuMuTHPYOIIAA CTANHS

B srom pasgene paccMaTpuBaeTcs JMMHTHPYIONIAH CTAIUS M JETANH ec IPOTeKa-
uug. CTalusl HA3LIBAETCS ACCOLIMATUBHON ¥ 0003HAYAETCd A, CCJIH €€ CKOPOCThb
CUJIBHO 3aBUCUT OT MPHUPOMBI BXOAAlIel rpymmbl. [IpuMepsl MOXXHO HafTH cpeny
peakiuil KBaAPATHBIX d°-KOMIIEKCOB Pt(II), PA(II) u Au(IIl), B ux 4ucne

[Pt(dien)Cl|t + 1~ — [Pt(dien)I]T + C1~

Brno vaiineHo, HanpuMep, 9T 3ameHa [~ Ha Br~ yMeHbIaeT KOHCTaHTY CKOpPO-
CTH Ha TOPAA0K. DKCIEPUMEHTANbHbIE UCCIIeIOBAHAA Peakluil 3aMemeHns B KBa-
PATHBIX KOMILIEKCAX MOATBEPKJIAIT TOUKY 3PEHHs, 9TO JHMUTHpYoIIe# crauelt
ITOrO MPOLECCA SIBJIAETCS ACCOIHALHS.

CusnbHoe BauaHde Y HA ACCONMATHBHYIO JUMHTHDYIOLYIO CTAIUI0 yKA3BIBAET,
YTO AKTHBUPOBAHHBIN KOMILTEKC JOJIKEeH BKJIOYATH JOCTATOTHO MPOYHYIO CBA3D C
Y. Peakupst ¢ accOUMATHBHBIM MexaHu3MOM (A) HA3BIBAETCS ACCOUMATHBHO aKTH-
BHDYEMOI, C/TH IMMUTHPYIOIIEH cTauelt ABIAETCS IPUCOeIMHEeHHe Y K HCXOLHOMY
pearenty ML, X. Peakuus ¢ AUccOUMaTHBHBIM MeXaHU3MOM (D)) Ha3bIBAETCHA aCCo-
OUATHBIO AKTHBHPYCMOHR (a), ecnu JTMMUTHPYIOIEH CTaqucit ABIseTcsl IpUcoeTu-
HeHHe Y K NpoMexKyTouyHoMy npodykTy ML, . Peakuus Mo mMexaHW3My B3aUMHOIO
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ofmena (I) Ha3BIBAETCA ACCOLMATUBHO AKTHBHPYEMOH, €CH CKODOCTD obpa3oBa-
s AKTHBUPOBAHHOTO KOMILIEKCA 3aBUCHT OT CKOPOCTH 00PA3OBAHHS HOBOH CBA3H
Y... M.

JIMMETHPYIOIAS CTATHA Ha3bIBACTCH TUCCONUATHBHON 1 obo3HadAeTcs d, ec-
M CKOpOCTb TPAKTHYECKH 1€ 3ABHCHT OT NpHpomel Y. ITa KATETOPHA BKJIIOYa-
eT HeKOTOPbIE KJIACCHIECKHEe IIPUMEPBI JIUIaHIHOTO 3AMEIICHUS B OKTASAPHIECKUX
KOMILJIEKCAX (-METAJlJIOB, B TOM UHUCJIe

[Ni(OHa)s]2* + NHj — [Ni(OHg)5(NHy)[** + H20

Bouto HaiineHo, uTo 3amena NHj Ha NHDHAMH B 9TOH PEAKUHM H3MEHSIeT CKODOCTh
BCero JIMIIb Ha HECKOJBKO MPOLECITOB.

Crabas 3aBHCUMOCTD OT Y IS IHCCOUMATUBHO aKTHBHPYCMBIX MPOIECCOB YKa-
3LIBAET, UTO CKOPOCTH 00Pa3oBANHMSA AKTHBUPOBAHHONO KOMILTIEKCA ONPCTEJAeTCA
B 3HAYHTCABHON CTENEHH CKOPOCTBI), C KOTODOH PA3PBIBAETCH CBA3L ¢ yXOIsine
rpymmoit X. Peakupn ¢ acCouMaTHBHLIM MeXaHu3MoM (A) MOLYT GbITH juccOnHa-
TuBHO akTHBHpyeMbIMu (d) B TOM cJydae, ecau oTiiemenye X U3 MHTEpMeQUaTa
YML,, X apagercst TMMUTHPY1oLIeH cTaauell. Peakuuu ¢ UCCOUATHBHBIM MEXAHU3-
MoM (D) SIBJSIKOTCS TUCCOLUATHBHO AKTHBAPYEMBIMH, €C/IM TUMHTAPYIOUIAs CTalMs
COCTOMT B NEPBOHAYATLHOM OTmenieHne X u3 pearenta ML,X. Jlas MexaHusma
pzauMmuoro obmena (I) MUCCOLMATHBHAA AKTHBALMA NDOSBASETCH B TOM Clydae,
CCM CKOPOCTh 0Opa3OBaHisl aKTHBUPOBAHHOTO KOMIUIEKCA 3aBHCHT OT CKOPOCTH
paspbisa cBsiag M- - X.

m JIIMHUTHUPYIOWIAST CTAJIAS MOXKET GBITH ACCOIMATHBHON HJIM JUCCONUATUBHOHM B
COOTBETCTBUU C 3ABUCHMOCTBIO €€ CKOPOCTH OT IPUPOABI BXONALIEH IPYIIIHL.

3AMELLIEHVE B KBAOPATHbIX KOMMJIEKCAX

BrisicHenue MexaHH3Ma, 3aMCIIEHHS B KBAIPATHBIX KOMILIEKCAX YaCTO YCJIOKHACTCH
nosBJenReM albTepHATHRIbIX MyTel peakuud. Halmpumep, ecnu peakuus

[Pt(dien)Cl|t + T~ — [Pt(dien)[]* + CI~

UMeeT NepBLIi MOPAJIOK 1T0 KOMIUIEKCY M He 3aBUCHT OT KOHNeHTpauuu I, Torma
CKOPOCTb peakiiuy Oyner paBHa ki [Pt(dien)Cl+]. Onnako, eciu BO3MOXKEH JPyroi
IyThb, 110 KOTOPOMY DeakIis HMeeT obuTHil BTOPOi MOpsimoK (NepBBIl HOPAJOK IO
KOMILIEKCy Y HepBbLIii HOpA/I0K Mo BXONAIIeH Fpyie), TOra 3aKOH cKopocTy OyAeT
uMeTs Bz ko[Pt(dien)CIt][I7]. Ecim ofe peakugu mpoTeKaloT ¢ CONOCTABAMBIMH
CKOPOCTSIMH, 3aKOH CKOPOCTH HMeeT BUJI

Ckopoctb = (ky + ko[I7])[Pt(dien)C1 "] (2)

DKcnepuMeHTANLHbIE TOKA3ATEILCTBA TAKOTO 33KOHa CKOPOCTH CIEIYIOT U3 HCcJe-
JIOBaHUA 3aMEINEHUs B NPUCYTCTBHU H3OBITKA HOHOB [7, KOTJa 3aKOH CKOPOCTH
NIpHOOPETAET MCEBIONEPBLIM MOPATOK:

CkopocTb = kya6n [Pt(dien)Cl+] kyasn = k1 + ka[I7] (3)

I'paduk 3aBucuMocTH HaBTIONACMON KOHCTAHTH MICEBIONEPBOrO MOPANKaA OT KOH-
ueHTpauuy I~ naer ko Kak Hakjol aunum 4 k) Kak OTPE30K, OTCeKaeMbIH Ha ocH
OpIAMHAT.
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14.3. HykneothunsHOCTb BXOAAWENR TPYMnbI

CHauana 6y,II‘eT paccMOTPEH NyTh, KOTOPHIH NPUBOAUT K PeaKiUi BTOPOrO MOPAIKA
U 1IPDOAHAMIH3NPOBAIO H3MCHCHHE CKOPOCTH pPEaKIHH B 3aBUCHMOCTH OT HPHPOILI
BXOJSAIIEH 1'pynnbl Y. Peaknuonnasi cnocobnocts Y (HaHpI/IMep, I8 NpPUBEJICHHOK
BBIIITE peaKuHH) MOXKET OBIThb BbIpaK€Ha vepe3 nmapamMerp HyKHeOCbI/IﬂbHOCTI/I
Mpt:

ka (Y
npe = Ig zk(o ) (4)
2

rae k2(Y) — KOHCTaHTA CKOPOCTH DEAKIHH BTOPOTO NODPAIKA
mpanc-[Pt(py)2Cla] + Y — mpanc-[Pt(py)2CLY]T + CI™

a k§ —KOHCTaHTa CKOPOCTH TOH »Ke peakuuM ¢ HYKJ1eodbHJIOM CPaBHEHHA — MeTa-
HOJIoM. BXogAmmas rpynma siBJIsSeTCs CHIIBHBIM HYKJICOMHIOM, HIH HMECT BBICOKYIO
HYKJIeOMUJIBHOCTD, €CJIM 3HAYEHHE Tip; BEJIHKO.

B Ta6:1. 14.2 npuneacHbl HEKOTOPbIE 3HAYEHHS Tpy. [lopasuTesibHast 0COBEHHOCTD
9THX JAHHBIX COCTOHT B TOM, UTO, XOTs BXOISIIHC PPYIIILI, MPEJACTABIEHHbIE B Tab-
JIue, JOCTATOYHO MPOCTBI, KOHCTAHTBI CKOPOCTH MEHSTCH Ha JICBATH IOPSIKOB.
Bropast 0cO6CHHOCTE 3THX JAHHBIX — TO, YTO HYKJICOMHUILHOCTL BXOASLUNX PPYII

[0 OTHOINEHHIO K Pt KoppeaupyeT ¢ OCHOBHOCTBIO MAFKHX OcHOBaHHI Jlbromca:
Clm <I7, O< S u NH;y < PRs;.

Tabnuua 14.2. 3uavenus npy s psja

HyKJIeod: /108
Hyxaeofua Loroproili amom npe
Cl- Cl 3,04
CeHsSH S 4,15
CN~™ C 7,00
(CeHs)sP P 8,79
CH3;0H 0] 0
I~ I 5,42
NH; N 3,06

[MapameTp HykIeODHILHOCTH ONpeesseTcs 4epe3 CKOPOCTH peaKumit ompene-
JEHHOTO IJIATHHOBOrC KOMILIeKCa. [IpH u3MeHeHHH CocTaBa KOMILIeKCa oOHApY XKHU-
BaeTCA, UTO CKOPOCTH PEaKIUi IeMOHCTPUPYIOT PA3NHYHYI0 9yBCTBUTEJIBHOCTB K
IpUpOJle BXOMATIEH rpynnbl, st Toro 4Tobhl OTPa3UTh ITOT NHANA30H IyBCTBU-
TeJIbHOCTH, MOXKHO npeobpa3oBaTh ypasHenue (4) B

lgka(Y) = npe(Y) + C (5)

rae C = lgkS. lamee Hy>KHO PaccMOTpeTh aHAJOIMYHOE 3aMellleHHe B KOMILTEKCe
Buma [PtLsX]:

[PtLsX] + Y — [PtLsY] + X
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mpanc-1PtCl(PEt,),]
[PtCl,(en)]
>
=
o
1 1 1 L 1 1 1
1 2 3 4 5 6 7

np‘(Y)

Puc. 14.2. HaxioH IpsMOil JIMHITH, TIOJy 9eHHOMN M3 3aBUCHMOCTH 1g k2(Y) ot nykneodpuin-
Horo mapameTpa npt (Y ) A5 CepHM IMTaHA0B, CIIYXKUT MepOH Iy BCTBUTEIILHOCTH KOMILTEK-
ca K HYKNeOPUILHOCTH BXOIANIEH I'PYIIIib (tu — THOMOYEBHHA).

OTHOCHTENLHBIE CKOPOCTH 3THX DPEAKIMH MOIYT ORITH BBIDAXKEHBI Uepe3 TOT Ke
napaMerp HyKJeOMUIBHOCTH Npy, €CJH 3aMEHUTH YPABHCHHE (5) na

lgka(Y) = Snpe(Y) + C (6)

ITapameTp S, KOTOpHIH XapaKTePHU3YeT UyBCTBUTEILHOCTh CKOPOCTH DEAKIIMN K I1a-
paMeTpy HyK/1eo(hMIbHOCTH, Ha3blBaeTca (PAKTOPOM HYKJ1eo(pHJIBHOTO pasjiu-
venus. Mz puc. 14.2 BEAHO, YTO NpsAMas JHHHA, TOJYYEHHAA U3 3ABUCHMOCTH
lgka(Y) ot npy aas peaxmuit Y ¢ mpanc-[Pt(PEt3)2Cly], nveer boapmuit Hakmion,
qeM Takas ke aumms Aus peaknuit ¢ yuc-[Pt(en)Cly). Caenoparensto, S Gorbme
SIS MIepBOil peakildy, YTO YKA3hIBAET Ha OOJIBIIYI0 9yBCTBHTEIBHOCTH CKODOCTH
PEAKIUH K U3MEHCHUAM B HYKJIe0(HUILHOCTH BXOASAIEHR TPYTIIbL.

Hexkorophle 3navennst S qanst B Tab1. 14.3. OTMeTnM, 9TO BeTHIMHA S BO BCeX
cnygasx 6amska K 1, TakEM 06pa3soM, BCe KOMILJIEKCHI JOCTATOYHO YyBCTBUTEJIBHBI
K 7ipy. IMEHHO Takoe TIOBeleHHe U MPEeAIoJarajloch AJIs aCCOIMATHBHBIX DeaKuni.
C npyroit cTOpPOHBI, CTOWT OTMETHTb, YTO GOJbIIHe 3HAYECHHA S XapaKTePHBI JJIs
KOMILJIEKCOB IJIATHHBI ¢ MATKHMHU OCHOBAHHAMH B Ka4eCTBE JIMTAHAOB.

Tabnuua 14.3. Daxropst HYKIEODHIBLHO-
ro pa3iuyeHus:

S
mpanc-[Pt(PEt3)2Cly) 1,43
mpanc-{Pt(py)2Cla] 1,00
[Pt(en)Cly) 0,64
[Pt(dien)C1]* 0,65
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”I HyxneoduabuocTh BXOAALIEH IPYNTHI BHIPAXKAETCH dYepe3 TapaMeTp HyKJeo-
(bUILHOCTH, OMTpeieIAeMbIl CKOPOCTBIO PEAKIINY 3aAMEINEHUS BBIGDAHHOTO KBaJI-
PATHOTO KOMILJIEKCA MJIATHHBL. JyBCTBHTENBHOCTD APYTHX KOMILIEKCOR TJIATHHLI
K U3MEHCHHIO BXOJSINEN I'DYNIBI BRIPAKAETCA ¢ TOMOMLIO (hakTopa HYKIEo-
UIBHOTO Pa3TUYeHH.

Npumep 14.1. Ucnons3zosanune napamerpa HykneoguasHoCcTY.
KoncranTa ckopoctu peaxiun sroporo nopsiaxa 17 ¢ mpanc-[Pt(CHs)(PEts),Cl| &
metanosie upu 30°C coctapnsier 4051/ (mods - ¢). CooTReTCTBYIOIMAA peaKIUs C N3
umeeT ky = 7,05/(Monb - c). Qupegenure S u C, ecan np, coctasnser 5,42 u 3,58
COOTRETCTBEHHO IJIsl ABYX HYKJIEOPUIOR.

Ovser. Iloacrapnaa Aea 3Ha9eHust npy B ypasHerue (5), moJydaeM:

1,60 = 5,428 + € (zas 1)
0,85 = 3,585 +C (gas N3)

CosMecTHOe pelrenue sTHX yparHeHMit naet snadernus S = 0,41 u C = —0,61. Beauun-
Ha S HeBeJMKa, T. €. 9TOT KOMIUJIEKC He OYeHb YyBCTBUTEJICH K IPUPOLe HYKJeodaa.
HegocraTok gyBeTBUTENBHOCTH CBsI3aH ¢ GoJbMM 3HadeHueM (', 9TO COOTBETCTBYET
BOJIbIION KOHCTAHTE CKOPOCTH U, CJIeI0BATENLHO, BEICOKOH PeAKIMOHHON CITOCOBHOCTH
koMInekca. Kak mparusio, BeICOKas peaknMOHHAS CMIOCOGHOCTH KOPPEIUPYeT ¢ HUIKOM
CEJIeKTUBHOCTBIO.

Bonpoc 14.1. Paccuuraiite KOHCTAHTY CKOPOCTH PEAKUIHH BTOPOTO ITOPSAKA TOTO e KOM-
mnekca ¢ NOJ , aist kotoporo npy = 3,22.

14.4. CrpoeHne akTUBUPOBAHHOTO KOMMJIEKCA

TiareapHble UCC/IEIOBAHUS H3MEHEHH CKOPOCTEN peakuuil KBaJAPaTHBIX KOMILJIEK-
COB B 3aBHCHMOCTH OT COCTaBa PEArHPYIONIEr0 KOMILIEKCA W YCIOBHH NMpOBeJeHUs
pPeaklMy MpOoIHBaioT cBeT Ha GOPMbI aKTHBHPOBAHHOLO KOMIUIeKca. OHH Takke
TIOATBEP>KJIAI0T, YTO 3AMEIIeHHe MOYTH BCEr/a UMEET aCCOUHATUBHYIO JTUMHUTHDY-
I CTaTHIO.

a) mparc-Bauanue

Jluranawi-«Habmoparenn» T, maxoadiipecs B mMpPaHc-HOJOKEHUM K yXoJAsaiiei
IpyHie, BIUSIOT Ha CKOPOCTh 3aMEINEHHA. IJTO ABJCHHE HA3BIBAETCS Mpamc-
BausiHueM. Eciu T cunpnblil 0-10HOp um m-aknenTop, TO OH 3HAYHTENBHO YCKO-
pAET 3aMeIeHHe THTAHA, HAXONSIINEroCs B Mpanc-IoJOMKeHRH K HeMy (TabiL. 14.4):

s T o-ponopa: OH™<NH3<Cl™<Br~<CN™, CO, CH; <I"<SCN~<PR3<H™
Hns T m-akuenropa: Br™ < I7 < NCS™ < NO; < CN™ < CO, CaHy

ITU [0CIEIOBATEILHOCTH NPUOIH3UTENLHO COOTBETCTBYIOT MOPSAKY yBETHIEHHH
NepeKpbIBaHns (0 uau ) opbuTaneit auranaa ¢ Sd-opbutanamm Pt, n dem bosblie
HepeKpPhIBaHRE, TeM Oobille mparc-siausaue. Clleayer OTMETHTD, Y4TO Te YK€ CaMble
(haKTOpBl BHOCAT BKJIAJ B CUJbLHOE pAcIEn/eHue 1oJIeM JUraHu0B.
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Tabnwua 14.4. Bnvsinne mparc-vrania B peak-
mstx mparc-|Pt(PEts)2LOI

L ky, ¢t k2, 2/ (moan - c)
CH; 1,7-107* 6,7 1072
CeHy 3,3-107° 1,6-1072

ol 1,0-1078 4,010

H~ 181077 4,2

PEts 1,7-1072 3,8

Mpumep 14.2. Hcnonb3oBanue TPaHC-BAMAHUA B CuHTE3E.
VyurhiBas mpanc-BIAASHIE, PEJIOKUTE Iy TH CHHTe3] Yuc- ¥ mpanc-[Pt(NHs)2Clz],
yexonst w3 [Pt(NHa)a]*t u [PtCL)*~.

Orser. Peaxmus [Pt(NHz)4]*T ¢ HCl mpupoauT x ofpasosaHuio [Pt(NHs)sClJ*t. TTo-
cxonbKy mpanc-iausiaue Cl7 Oosblire, yem NHj3, peaxkuus 3amerieHns Oyaer peuMy-
[IECTBEHHO TPOHMCXOAUTD B TMPAHC-TIOJIOAKEHHA K Cl™, u nanbHeilnee ,ZIEI‘;ISEBPIG HCl
naer mparc-{Pt(NHs)2Clz]. Koraa nexoaHbiM KOMILIEKCOM CTYKHUT [PtCly)*~, ero pe-
axmus ¢ NHiz npusoaur cHagana K [Pt(NHz)Cls] ™, BrOpoit cragueit Oyner 3aMenieHme
omHOTo U3 nByx mpanc-auranios Cl7 ¢ oGpasosanueM yue-{Pt(NHz)2Cla].

Bonpoc 14.2. Janu ucxomuble pearentsi: PPhs, NHs u [PtCl4]2_; npeanoxure dhhex-
THRHbIE TYTH TONydenus yuc- 1 mpanc-[Pt(NHz)(PPhs)Cla].

SIpHAs KOpPEISLUS CHJIBI TMPAHC-BANSHUSA C HYKJICOMHIBHOCTBIO BXOAAWIEH
TPYINBL ¥ JAGHIBHOCTBIO YXONALIEH TPYIIIB JaeT HHGPOPMALMIO O CTPOSHHH aK-
THBHUPOBAHHOTO KOMILIEKCa. BO-TepBHIX, HYKHO OTMETHTH, YTO JIBa YUC-TUTAH]A,
He ydacTByloluue B obMeHe («HabmiogaTes iy ), Mo BIUSIOT Ha CKOPOCTb 3aMelle-
HUs. KpoMe TOro, eciM HaxoJsluecs B MPaHC-IIOI0KEeHIN BXOAAIIMN U YXOAAIHUH
JIMTAHABI CXOMHBIM 06pa30M BAMAIOT Ha CKOPOCTh PEAKUMH, MOYKHO [peAroaraTh,
YTO AKTHBHPOBAHHBIH KOMILIEKC HMEET TPUTOHAIbHO-OUIINPaMHJAIbHYIO CTPYKTY-
py. B 3Toit Moflenu cymecTBYIOT ABe HeIKBUBAJICHTHbIE MO3UIMU OJIHOTO THIIA (ax-
CHAJIbHBIE TIOJIOYKEHHST, 3aHUMAaeMble JBYMs YUC-JIMIAHIAMH) M TDH JPyrOro THIA
(sKBaTOpHAJILHEIE TIOOMEHNs, 3aHUMaeMble Jurangamu X, Y o T).

TIponece, KOTOPEI MOXKET MPOUCXOAUTD, KOrAa Y aTaKyeT MCXOIHBIH KOMILIEKC
C OJHOM CTOPOHBI TWIOCKOCTH, & X BBIHYYKIEH YXOJMTb C JAPYroft CTOPOHEI, TIOKAa3aH
na cxeme (1), JIurasmp! 7-aKIeNTOPHOTO THIA MOTYT CIIOCOGCTBOBAThH HYKJ€O-
dunbHOH aTake Ha d-MeTa/T YACTHYHBIM CMEIlEHHeM d-3IeKTPONHOM IVIOTHOCTH OT
Hero (2).

Hl JIuramapl, SBAMIONIUECS CUJIBHBIMHM O-JOHOPAMH KM T-aKHENTOPaMH, cylue-
CTBEHHO YCKOPSIIOT MPONECC 3aMeLeHUA JUraHza, PacloOXKEHHOTO B MpaHC-
TIOJIOXKEHUU K HUM.

1) OrMmeTHM, UTO CTEPEOXHMMHUSA COBEPIIEHHO ApYTasi, KOIAa LEHTPATBHBIM ATOMOM SABJISETCS dJle-
MeHT p-6sioKa, HanpuMep Si(TV) uu P(V), NockoseKy Torga JIMraH yXOQuT U3 aKCHANBHON mo-
3UIMY.

3aMmellenmne B KBaAPaTHLIX KOMMAEKCAX 61

C
T\'\ln/x/r
7|
Y
1 2

c Qg
: PEt, N
e TT—— X M/
O -
Y ‘
CH, PEt,

3 4

6) Crepnueckume s dexrn

CrepHueckne 3aTPYIHEHNS ¥ PEAKIIMOHHOTO IEHTPa OBLIYHO 3aMeAJAI0T acCoIua-
THBHBIE PEAKIIMH M CTOCOBCTRYIOT AUCCONMATUBHBIM peaknusaM. O6beMHble IPYyIb!
MOTYT 6JIOKMPOBATDL aTAKY HyKJeO(hHIOB, 8 yMEHbITEHHe KOOPIRHAIIMOHHOTO YUCIa
B JMCCOIMATHBHON PeaKIMH CHUXKAeT JUTAHIHOE OTTAJIKHBAHUE.

KotcranTsl cKopocTet ana ruaponusa xkominekco yuc-[PtL(PEt3)2Cl (3ame-
mwenue Cl™ na Hy0) npu 25°C MamocTpupyoT 370 NON0KEHHE:

L MUPHIUH 2-MeTHUNNVPHAWH  2,6- THMETWINHPUIHH
E,e”! 81072 2,0-107% 1,0-107°

MeTnabHble CPYIIIbI, HAXOJIAIIWECT TIO COCEJCTBY € JOHOPHBIM aroMom N, 3Ha<IH-
TEJIHO YMEHbUIAIOT CKOPOCTh. B KOMILIEKCE ¢ 2-MEeTHUAHPUUHOM OHU BJIIOKHDYIOT
MO3WIINN UJIH BHIIIE, UM HUKE TIOCKOCTH. B Kommtekce ¢ 2,6-TUMeTHIITHPUIHHOM
OHH 3aKDBIBAIOT TO3UUMHA M BRIIIE, H HIKE IIOCKOCTH Kommekca (3). Takum obpa-
30M, B 9TOM DAy METHIbHEIE TPYNIEL Bce cHbhee MemawoT arake HpO. DdbdekT
Menblle, ecan L pacnonaraerca B mpanc-noaoxkenun k Cl™. Dto ornmane obbiac-
HSIETCS TEM, 9TO METHJIbHBIE IPYIIIbl HAXOAATCA JaJblle OT BXOAAmEN 1 yxoaamed
TPYNI B TPUTOHAIBHO-OUITUPaMUAATBHOM AKTHBHPOBAHHOM KOMILIEKCE, eCJId TUPHU-
JMHOBBIH JIMTAHJI HAXOAUTCS B SKBATOPHANLHOM muiockocTH (4).

m Crepudeckue 3aTpylHeHMs Y PeaKIHOHHOTO LEHTDA OOBIYHO 3aMeAMAIOT acCo-
IIMATHBHBIE DEAKIMH U CIIOCOGCTBYIOT JUCCOMATHBHBIM PEAKIIUAM,

B) Crepeoxumus

Bonee Fﬂy6OKOG NMOHUMaHWEe INIPHUPOJAbI aKTHBUPOBAHHOI'O KOMILIEKCA 6bLITI0 J0-
CTUIT'HYTO B DPE3YJbTAaTe H&6HIOIIEHI/IH, 4TO 3aMellleHue B KBaJpPaTHbIX KOMILJIEK-
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cax COXPaHSeT MCXOJHYIO TeOMETPHIO, T.e. YUC-KOMIVIEKC IAeT Uuc-MpOayKT,
Mparc-KOMILIEKC — MPAHC-TPOAYKT. Takoe noBejeHne 0O6bsICHIETCA 00Pa30BAHUEM
NpHOIN3UTENBHO TPUCOHAJIBHO-OHIMPAMUIAJIBHOTO aKTI/IBHup()BaHHOFO KOMILIIEKCA C
BXOAAMIEH, yXoaamen n MPaHC-TPYIIOH B 9KBATOPHAJIBHON IJIOCKOCTH. CTepeoxn:
MU peaKIy ITOKa3aHa Ha pHC. 14.3. ObMen MecTaMM yuc-Iuranaa ¢ guragaom 1
B 9KBATOPHATBHOM TIJIOCKOCTH BO3MOKEH TOJIBKO B TOM CJIyt1ae, eC/IH BPeMs FKUIHUI
HHTePMENaTa JIOCTATOYHO BEJIMKO A CTEPUYECKON MOABMKHOCTU., DTO 3HAUHT,
yro 06pasyercss JOJTOXKUBYIHHA acCONNATHBHBIH (A) wnTepMeHaT.

Y
/ c c
¢ - — C—nmZ
= - Y
T \ T «
2 I X 0 ume *
Y
Y C
c* //C T -
T—pZ — T—p — —nlgy
c” X c” A\ c”
X + X
a TpaHc 6 68 TpaHc

Puc. 14.3. CrepeoxuMus 3aMelIeHHs B KBAAPATHBIX KoMIUlekcax. HopmaneHelll myTs
(roudurypanmsa coxpansiercsa) oT a K 8. Oanako, eciid MHTEPMeAMAT 6 MMeeT TOoCTa-
TOYHOE BPEMA KU3HH, OH MOXKET NPEBPATUTBLCS B 2, YITO NPHBOIUT K U30Mepy 0.

”I Sameliende B KBaJpPATHBIX KOMILIEKCAX COXDAHAET HCXOAHYIO TE€OMETDHIO,
9TO 110/ITBEPKJAET TPHTOHAMBHO-GUITNPAMIIAIBHOS CTPOCHHE aKTUBHPOBAHHO-
ro KOMILJIEKCA.

r) Bimsanue Temueparypsl u AaBieHus

JApyroft nyTe K NOHHMAHWIO NPHPOAbI AKTUBUPOBAHHOIO KOMILUIEKCA COCTOUT B
ONpe/IeNeHHH SHTPONNH U 06beMOB AKTHBAIMH jyIf peakiuil komiuiekcos Pt(II)
u Au(TIl) (rabm. 14.5). DHTPONMIO AKTHBALMH MOJYIAOT M3 TeMIEPATYpPHOR 3a-
BHCHMOCTH KOHCTAHT CKOPOCTH, OH& HaJeKHO yKa3blBaeT Ha W3MEHEHHs B pa3y-
TOPANOUEHHOCTH (PEAreHTOB WM PACTBOPUTENA) NPH 06Pa30BaHMH aKTHBHPOBaH-
HOro KoMIuiekca. [1ogobubiM 06pasoM aK THBAITMOHHBIA 06beM, KOTODBI NosyydaroT
(c ompeseseHHBIME CJIOKHOCTANE) U3 32BUCHMOCTH KOHCTAHT CKOPOCTEH OT JaBle-
HHA, IOKA3bIBAET M3MEHEHHsT 06beMa, TPOUCXOIANTHE IPH 06PA30BAHIM AKTHBHPO-
BAHHOTO KOMILIEKcA. [l0pasuTenbHo, YT0 066 BEIMMUHBI UMEIOT GO/IbIINE OTPHIA-
TeJIbHBIE 3HAYEHHA. [Ipocreiimee obbACHEHNE YMEHBUIEHUS PA3YTIOPA/I0UEHHOCTH U
CHIXKEHHsI 00BeMa COCTOUT B TOM, UTO BXOAANTWN JUCAH[ TPUCOETUHAETCH K aK-
TUBUPOBAHHOMY KOMILIEKCY 6e3 OTIIenieHHusa yxoaamel rpynnbl. Taxum obpasom,
MOYKHO GIEJIATH BBIBOJ, YTO JTAMUTHDYIONIAA CTAHA ABIAETCT ACCONMATHBHOM.
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Tabnuua 14.5. AxTuBammoHHbIe NMapaMeTpsl 3aMemleHHd B KB3JIPATHBIX KOMILTEKCAX
(pacTBOpHTEND — MeTaHoNT )"

Peaxyus k1 k2
A*H A*S A*V  APH A*S  A*V

mpanc-[PLCHNO2)(py)2] + py 50 —-100 38
mpanc-[PtBrPa(mes)]® + SC(NH,), 71 —~84  —46 46 —138 —54
yuc-[PtBrP;(mes)® + 1~ 84 -59  —67 63 —121  —63
yuc-[PtBrPa(mes)]® + SC(NH,), 79 -7t -7l 59 —121  -54
[AuCl(dien)]*" 4 Br~ 54 —~17

) DuTamemua B kJK/MOJb, SHTPOMMA B Hox/(monn - K), obbem B cM® /mosib,
® [PtBrP;(mes)| — [PtBr(PEts)2(2,4,6-(CHz)s CoHa)).

m Orpurarensable 06HEMBI W SHTIIPONHA AKTHBAIIH MOAAEPXKUBAIOT TOUKY 3pe-

HHH, 9TO MUMUTHUPYIOMEH cTauelt B peakUaX KBaIpaTHbIX KoMnekcos Pt(Il)
ABJIAETCS ACCOIUAIIMA.

14.5. Mexanusm k;

Hainee paccMaTpuBaeTcs 3aMeLIEHRE B KBaPATHBIX KOMILIEKCAX 110 PEAKIMH TIep-
BOro nopsiaka. [Ipesx e Bcero HysKHO OIpeNenUTh, NeHCTBHTENLHO JIK PEAKIIHs ep-
BOTO NOPsAJKA. 3aTeM HeoOXOAMMO PEUINTD, NPEICTARIACT T k| B 32KOHE CKOPOCTH
B ypaBHeHuH (2) u 060GIIEHHOM ypaBHEHHH

Cxopocts = (k1 + k2[Y])[PtL,] (7

OCYINECTBJICHHE COBCEM APYTOr0 PeaKLUOHHOTO Mexanuama, OKasblBaeTcs, 4To 9TO
He TaK, U Kk TPeaCTaBIseT acCONMATHBHYIO PEaKLHIO, BKJIIOUAIONLY IO yIacTHE Pac-
TBopuTenst. Tak, samemenne Cl™ MUPHAMHOM B METaHOJE KAK PacTBOpPHUTENIE TIPO-
UCXOIHUT B JBe CTAAUHU, IepBast U3 HUX ONpPelessieT CKOPOCTh PeaKLMH:

[Pt(dien)Cl|" + CH30H — [Pt(dien)(CH3sOH))?* + C1~  (measennas)
[Pt(dien)(CH3OH)|** + py — [Pt(dien)(py)]>t + CHsOH (6bicTpas)

HoKa3aTenbCTBO TAKOTO ABYXCTAAMHHOTO MEXAHH3MA JAeT KOPPEIANMS CKOPOCTH
STHX peakU# ¢ mapaMeTpoM HyKJIeOMHIBHOCTH MOJEKYJ PACTBOPHUTENSA, 8 TAKXKe
HabJIIOIeHIe, 9TO PEaKIMU BXOAAUIUX TPYIIT ¢ KOMIUIEKCOM, CONEPIKALIEM PACTBO-

puTens, 6BICTPLIE 110 CPABHEHHIO CO cTaaued, B KOTOpOH pacTBOPHTENDL 3aMelnaeT
JUraf.

”’ Peaxmua nepeoro nopska B ypasrernn (7) B JeHCTBHTENBHOCTH IPEICTABIISET
€0b0i1 mporece NCeBIONEPBOro NOPSIKA, B KOTOPOM y4YacTBYeT PacTBOPUTEND.
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3AMELLIEHMNE B OKTASAPUHECKUX KOMNANEKCAX

TIpu 06CY’>KICHNN 3aMEIeHHs B OKTadIPUIeCKUX KOMILIEKcax [IAaBHYIO pOTk urpa-
©T MeXaHW3M B3aUMMHOTO obMeHa. Ho Kakas ¢TaJiusd OlpeaeiaeT CKOPOCTh PeaKu:
JIACCOLMATUBHAA WM ACCONUATUBHAA! AHAIU3 3aKOHOB CKOpPOCTel IS Deaklui,
KOTOpPBIe IIPOTEKAIOT MO TAKOMY MeXaHU3MY, LIOMOraeT cpOpMYJIMPOBATh TOYHBIE
YCJIOBUA AJISL PA3IMIEHAS 9THX IBYX BO3MOXKHOCTE W HACHTUDHUKAIMY 3aMelIeHU A
kak I, (B3anMHBIN 0OMEH C ACCOIMATUBHON JTUMHUTHPYOIEN cragueit) uin Iy (B3a-
AMHbIH OGMEH C TUCCONMATHBHOM JUMUTHPYIOIEH cTaauei). Pazuura Mexay sTumu
JBYMsI KJIACCAMH OIIPEJIQIHETCA TEeM, KaKas CTa/MA JTUMHTHPYIOUIAL: obpazoBaHue
HoBol cBs3u Y -+ M mam pa3peis crapoit cessu M- .- X,

14.6. 3aKOH CKOpPOCTEA U ero uHitepnpevayuns

3aKOH CKOPOCTH 3aMEIIEHHsI B OKTad,IPUUECKUX KOMILIEKCAX 110 MEXAHH3MY B3aMM-
HOCO 06MeHa 0BLIMHO COTJIACYeTCs ¢ MeXaHM3MoM JifreHa— Yuakunca. [1o sto-
My MEXaHH3MY [1€PEXOIHBII KOMILIEKC 06pa3yerca Ha NepBoil paBHOBECHON CTa/lUH.

a) Mexanusm JiireHa— YHIKHHCa

TlepBoft cTaguel B MexaHu3Me DireHa— YUIKHHCA STBISETCH CTOJKHOBCHHE, B KO-
TopoM Komiutekc MLg u Bxoasmas rpymna Y guddynaupyior Apyr K ApYTY U BCTy-
NatoT B KOHTAKT. OHU TAKXKE MOIYT Pa3AedUThCs, IPUYeM CKODOCTh 9TOrO [pouecca
onpenensiercst auddysueir (T.e. cKopocTb 06yCIOBIeHa UX CIIOCOOHOCTBIO MEpeMe-
MATHCS B PACTBOPHTENE 3a cdeT Audd yauu), B UTOre yCTaHABJIMBACTCH PABHOBECHE

MLg, Y
I\’ILG + Y = ML(;Y KpaBH = %ZTY]}J

(8)
rae {MLg, Y} obosmataer mepexomHbIit KOMILTEKe, obpadytomufics B pe3yabTare
cTonKHOBeHUs. [T0CKOMBKY B OOBLIUHBIX PACTBOPHTENAX BPeMs XKHU3HA N1uddY3HOH-
HOW Maphbl COCTABAAET NPUOSU3UTEIbHO 1 He, 0Opa3oBaHie HEPEeXOJHOr0 KOMIJIEK A
MOXKHO PaCcCMaTPHUBATh KAK PABHOBECHE BO BCEX DEAKIUAX, KOTOPHIE POTEKAIT
JOJIbILE YeM HeCKOJIbKO HaHoceKyHA, Ocobblit cydall BOSHUKAET, eCTH Y — pPacTBO-
purens. Torga yka3aHHoe PAaBHOBECHE CTAHOBHTCHA «HACHIINIEHHBIM» B TOM CMBICIIE,
YTO KOMILIEKC OKPY2KEH PacTBOPUTEJIEM, MOJIEKYJIbI KOTOPOTO BCerda AOCTY IHBI I
3aMeHBl TeX, YTO YULIM H3 KOMILIEKCA.

Ha propoit craaun, TuMUTHpyIoNel CKOPOCTh PEAKIUY, I€PEXOAHBINH KOMILIEKC
HPEBPANIAeTCA B MPOAYKTH PEaKIWH;

{MLg,Y} — IIpoaykr Cxkopoctb = k[{MLg, Y}] (9)

Ecmu u3 ypaBHenus pasHOBecHs NOMy4YNTh KoHIerTpanmio MLgY 1 pesyabrar moj-
CTABUTEL B ypaBHEHHME CKOPOCTH AJs JUMHUTHUDYIOIMIEH cTafinH, 0B 3aKOH CKOPO-
CTH npuobperaer BUI

kKPaBH [C]o6m [Y]

CkopocTh =
b 11 KpnpalY]

(10)
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re [Clofu MPEACTABIAET CYMMY MOJIAPHBIX KOHIEHTPAIHUH BCEX KOMILIEKCHBIX 4a~
crun. Hampumep, anast peakuun

[Ni(OHp)gl*" + NH; = {[Ni(OH,)¢)**, NH;3}
C KOHCTAaHTOW DaBHOBECUS KpaBH "
{[Ni(OH,)]**,NH3} — [Ni(OHj3)5(NH3)1*T + H,0
C KOHCTaHTON cKopocTH k

kaaBH[N12+]O6U-l [NHB] (11)
1+ KpaBH [NHg]

OueHDb PEIKO YIAeTCH MPOBECTH SKCIIEPUMEHTHI B HHTEPBAJIE KOHIIEHTPAIHN J0CTa~

TOYHO IUPOKOM, ITOGHI IOJIHOCTBIO TPOBEPUTH 3aKOH CKOPOCTH 110 ypasHeHuio (11)

(cM. 3apmanune 14.4). OHAKO IPH HASKHX KOHIEHTPALNAX BXOASIIEH IPYINBI, KO

Kpasu[Y] <« 1, 3akoH ckopocts npuobperaer (opMy, COOTBETCTBYIONYIO PEAKIINH
BTOPOrO TOPAAKA

CKOpOCTI’ = kﬂa6n [C}o6u.\[Y} kHa6n = kK})aBH (12)

[TockonbKyY kyagn MOXKET OBITH H3MepeHA W Kpapy MOXKET ObITh MM H3MEPEHa, WK
ompeenena (Kak Oy1eT OMHUCAHO HIDKE), KOHCTAHTa CKOPOCTH MOXKeT OBITh HalifeHa
U3 COOTHOWIEHUA Kuagn/HKpasu. B Tab1. 14.6 mpusegeHs! pe3yabTaThl A0 DEaKIHH
rekcaakBakomiiaekca Ni(II) ¢ pazauunsiMu vy kiaeodnnamu. Ouenb HebOIbLIME H3-
MCHEHHS B BEIUYHMHE Kk YKA3BIBAIOT HA MeXaHusM [; ¢ Maof 3aBHCHMOCTBIO OT
HYKJIEO(MUIBHOCTH BXOAALIEH TPYIINbI.

Ckopocts =

Tabnuua 14.6. O6paszoBaHue KOMILUIEKCOB U3 HOHA [Ni(OH2)6]2+

JTuzand Kuagn, 4/ (M0av - ¢)  Kpasn, 4/ 4005 knagn/Kpasu, ¢
CH3CO; 1-10° 3 3-10*
F- 8-10° 1 8103
HF 3-10% 0,15 2. 104
H,0O 3-10%
NH; 5-10° 0,15 3-10%
[NH2(CH2)aNH3z]" 4107 0,02 2.10°
SCN- 6-10° 1 6-10°

) PacTBOopUTens BCEryia CTAKMBAEGTCA C MOHOM, TaK YITO Kpass HEOTIPEIEJIEHHA
U BCEe CKOPOCTH COOTBETCTBYIOT PEAKIUSM MEPBOro MOPAKA.

B ocobom cayuae, korna Y ABAfeTCS pACTBOPHUTENEM M PaBHOBeCHE HACBIILECHO,
Kpaeu[Y] 3> 1 1 kyasn = k. Taxum o6pasom, peakuyio ¢ PacTBOPHTEJIEM MOXHO
HEIOCPENCTBEHHO CPABHUTb C PEAKIMAMH C JADYTHMH BXOASLMMH JMranaami 6es
onpesesiends 3HadeHusa Kpapy.

m TTo Mexanuamy DitreHa— YUIKHHCA s HYyKJIeODHIPHOTO 3aMElIeHNs B OKTa-
JAPUYIECKUX KOMILIEKCAX MEePeXoHblil KOMILUIEKC 06pa3yeTcs Ha NepBOil paBHO-
BECHOII CTa M, 3TOT KOMILTEKC IpeBpaaeTcs B IPOIYKThl B IOCAey IOLIeH cKo-
POCTHEONIpEASASIONIEH CTa un.

5. HeopraH. xumun, Tom 2
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6) Ypasnenune ®yocca— Diirena

Kowncranta paBHOBECUA Kpapy AU MEPEXOJHOTO KOMILTEKCA MOXET OBITH OIIpE,Ie-
JeHA TEOPETHYECKH IO YPABHEHHMIO, LIPEJIOKEHHOMY HE3ABHCHMO P. M. @yoccom
i M. Ditrenom. O6a IpUHUMATIK BO BHUMaHHe pasMep H 3apaAj YacTHI, N0Jarad,
g1 60/€e KPyIHBIE TIPOTHBONOJIOXKHO 3APAXKEHHBIC HACTHTIL ByyT Halle CTajJIKH-
BAThCH, YeM MAJIEHbKHE HOHBI C TAKHM K€ 3apAI0M. dyocc HCMOIL30BAJ HNOAXO0M,
OCHOBAHHBIY Ha CTATHCTHYECKOH TePMOJWHAMUKE, a SﬁreHu— Ha KuHeTHke. MIx pe-
3yJbTAT, KOTOPHII HAa3bIBAETCH YPABHEHUEM @ yocca—IireHa, UMeeT BUJ

Kpasn = %WU'SNAG_V/RT (13)

B 5TOM ypaBHEHHH @ — PaCCTOAHHE MAKCHMAIBHOTO COMMKEHHH, V — norennuanb-
Has SHEprud (z122€?/4TEa) MOHOB AJIS STOTO PACCTOAHUSA, NA — UHCTO Agorajipo.
XoTa 3HAUEHHE, IOMY9YaeMoe 0 STOMY YPaBHEHHIO, CHITBHO 34BUCHT OT 3apAJoB M
paMycoB HOHOB, OHO HOKA3bIBAET, UTO 06PAa30BAHUE MMEPEXOHON0 KOMILIEKCA Bomaee
61arONPUSITHO, KOr/Ja CTAJKHBAKOTCS PEareHThl GOJIBUIOrO pa3Mepa (¢ BeNMKO) W
POTHBOLIOIOKHBIX 3apsinioB (V OTPHIIATENBHA).

M Vpasuenne ®yocca—iirena (ypasrenne (13)) naer OlleHKY KOHCTAHTBI DABHO-
BECHS B MexanuaMe DifreHa— Y HIKHMHCA.

14.7. AkTnBauyns OKTasapuUyecKnx KOMMIekcos

MHoOrHe HCCIeN0BAHNS 3aMEIICHUS B OKTAAPUYECKHX KOMILIEKCaxX MOATBEPXKIa-
JOT TOUKY 3PEHHS, YTO JHUMHTHDYIOMAA CTaAus ABIAETCA JMCCOUMATHBHON; HUXKe
JI8H KpaTKHil 0630p 9THx Hccaeopanui. OHAKO peakuny 3aMelIeHUA B OKTadIpH-
YeCKMX KOMILIEKCAX MOTYT MPHOGPETaTh OTYeT/IMBLIN aCCOIMATHUBHBIN XapaKTep B
TeX CIAyuasx, KOIa HEeHTPATbHBIM HOH JOCTATOUHO BEJHK (KaK B CJIydae 9J1eMEeHTOB
BTOPOI'O U TPETLEro pafoB d-6J10Ka) M/ KOIJa 3aCeJeHHOCTb d-opOuTasell HU3Ka
(mauano d-610ka). Bosblilee mpocTpanCcTBO A1 ATAKK MK HU3Kas 7 -9JIEKTPOHHAs
ILIOTHOCTL CIIOCOBCTBYIOT HYKJIeOMHIBHON arake 1 06eCnedMBalOT aCCOUHAINIO.

a) Bimsinwe yxoasmeii rpynmst

MoXHO OKUAATH, 4TO NPHPOAA YXONAIIEH TPYINBl OKA3bIBAET CHABHOE BIHUSHUE
Ha JHMCCONMATHBHO AKTHBMPYEMBIE PEAKIUH, TOTOMY YTO WX CKOPOCTH 3aBHUCHT OT
paspeiBa cBsi3n M - - - X. Korna Menserca Toibko X, KaK B PEaKIUH

[Co(NH;3)sX]?t + Hy0 — [Co(NHj)s(OH2)*F + X~

CYIIECTBYET JUHEeHHAS 3aBHCHMOCTh MeXKIy JorapudMaMy KOHCTAHT CKODOCTEH U
KOHCTaHT paBHOBecHs peakiu (puc. 14.4):

Ink=InK +c¢ (14)

[Tockoabky o6a norapudbma Tponopruonababl axepriusaM ['ub6ea (In k npubausu-
TENBHO NPONOPIUOHAJNEH dHEPrun ['66ca npolecca akTHBAIUN A*G, aln K npo-
NOPIMOHAIEH CTaHAaPTHON sHepruyu ['ub6ca pus peaxmun A,G°), MOXKHO 3aIIHCATD

A7G =pA,.G° +b (15)
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Puc. 14.4. llpsimasi mumua, uvonyuennas  Puc. 14.5. CyumecTBoBaHMEe NUHEHHON 3a-
U3 3ABHCHMOCTH JIOrapudMa KOHCTAH-  BUCHMOCTH MEXAY CRODOTHBLIMY SHEprus-
Tl CKOPOCTH OT NOrapwpmMa KOHCTAH-  MH C €QMHUYHBIM HAKJIOHOM TOKA3IBIBAET,
Thl PABHOBECHS, MOKA3BIBAET CYUIECTBORA-  4YTO H3MEHEHHe X Tak ke BiaugeT Ha AT (G
HUE JMHEHHON 3aBHCUMOCTH MEXAY CBO- /s upespameHus M-X B akTuBUpoBaH-
Gonubivn sHeprusimu. IToT rpadmk mo-  Hbl KOMIUIEKC, Kak M Ha A.G° 1ng mon-
crpoent aas peakumn [Co(NH3)sX]** 4+ moro ynamemuss X~. Dru npocdumm peax-
H,O0 — {CO(NH3)5(OH2)]3+ + X" ¢ pas- UM TOKA3hIBAKOT BJAWSTHUE H3MEHEHHS] YXO-

HBIMU YXOISMIMMHI IPyImaMu X. JAstweit rpynnst ¢ X Ha X

rae p u b — nocrosimmeie (n p =~ 1). CymecrsoBanne sToft JIMHENHOH 3aBUCU-
MocTd cBOGOAHBIX 3Hepruii (JI3CY) ¢ eAUHMUHBIM HAKIOHOM IIOKA3BIBAET, UTO
u3menenue X Tak ke BausieT va A*G nas npespamenns Co-X B aKTHBHPOBAHHBIM
KOMILIEKC, KaK ¥ Ha A,G° A nomsoro yaanenus X~ (puc. 14.5). Dro Habmio-
JICHHUE, B CBOIO OYepe]ib, TO3BOJIAET MPEAIONOKHUTE, UTO B PEeaKIHH [y yXonsmas
rpynna (aHHOHHBIA JUTAH[) CTAHOBUTCS COJbLBATUPOBAHHBIM HOHOM B aKTHBHPO-
BAaHHOM KOMILJIEKCE.

[lonobnaa JIBC (¢ Hak1oHOM Menbe YeMm 1,0, yKa3bIBAIOMMM Ha OTUACTH ac-
COTIMATUBHBIH XapakTep) HabJIIONAETCs 7S COOTBETCTBYOmuUX KomIaekcos Rh(I11).
Onnako, Kak MOXHO OXHAATB, Ajis 60Jlee MATKOro neHTpadsuoro aroma Rh(IID)
NOPAJOK YXONALUMX IPYTT U3MEHSIETCH, U CKOPOCTH PEAKIIMH pAcTONarawnTcsa B Ho-
cnegosarensbnocTu [T < Br™ < Cl7, nockonbky 6onee markas kuciaora Rh(III) o6-
pasyer 6GoJiee IIPOYHYIO CBA3b ¢ 1.

H| CunbHOE BAMSIHME yXONAMMX MPYIN Npeanosaraer Iy Mexanusm peaxnuit. Hait-
JcHa JINHENHAA 3aBUCHMOCTD MEXY JIOTapudMamMu KOHCTAHT CKOPOCTH M KOH-
CTaHT PABHOBECHA.

6) Bausnwe yuranos- «HabnonaTenei» 1)

B kommrexcax Co(IIL), Cr(III) u Apyrux poACTBEHHBIX OKTa3APHYECKUX KOMILIEK-
CaxX U yuc-, U Mpanc-TUraHAbl BAUSIOT HA CKOPOCTh 3aMELIEHHS, MpAIeM BIHSHHE

D Cm. npumevanue 1 uHa c. 52.

5*
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NPOTOPTIHOHATBHO TPOUHOCTH UX CBA3W C METAJLIOM. B srom clydae MpOsiBJIEHHE
mparc-BIAAHAA HECYIIECTBEHHO. Hanpumep, a5 peaknyu THAPOIKH3a THIIA

[NiLsX]* + HoO — [NiLs(OHy)}*" + X~

CKOPOCTb DEakKI|i HaMHOTO Bbire ¢ L = NHj, gem ¢ HyO. STy pa3HHMIly MOXKHO
oBDbSICHATh Ha TOM OcHoBaHmM, 4To NHj Gostee cusbHBIHA 7-J0HOD, ‘€M H,0, on
yBE/IH{HBAET SJEKTPOHHYIO IVIOTHOCTH HA aTOME METallla H, CIEIOBATENLHO, 00-
jerdaer pa3pbiB cBsi3i M-X ¢ obpazoBaHueM X~. B akTUBHPOBaHHOM KOMILIEKCE
XOpOULIHH JOHOD CTAOHIN3NPYeT MEHbIee KOOPIHHALHOHHOE HC/IO.

m mpanc-BiHSHAE HECYTIECTBEHHO JUIA OKTa3APUHYECKUX KOMILIEKCOB. U yuc-, n
mpaHC-TATAHBI BJIMSAIOT Ha CKOPOCTDH 3aMEIeHHs NPONOPIUMOHANBHO IPOIHOCTH
HX CBS3H ¢ METAJIJIOM.

B) Crepuieckue 3cddexrnl

Crepurueckue 3ddeKTs B peakiyax ¢ JIHCCOIUATHBHON JTHMHTHPYIOLIEH cTauett
MOKHO TTPOMJLTIOCTPUPOBATL CKOPOCTAMH HPOJIM3a NEPBOro JIHTaHAa Cl™ B aByx
kommrekcax Tuna [Co(bn)aClp]t:

[Co(bn)sCly]* + Hy0 — [Co(bn)2(OH,)CIP** + CI™

Jurasg bn —sto 2,3-6yTaHARAMHH, OH MOMKET OBITh XHPAJbHBIM (5) nim Hexu-
pansubiM (6). TIpu 9TOM KOMILIEKC, 0GPA30BaHHbIH XHPAIbHOHR (OPMOH JIMrania,
ruspoausyerca B 30 pa3 MejJieHHee, 4eM O0OPa3OBaHHbIH HEXHPAJIbHOM dopmoit.
SnexTporrble 3G (MEKTH B 060MX JIHTAHAaX BECbMa IOX0XKH, HO I'DYIIIbI CHj; B (5)
HAXOIATCS IO PA3HbIE CTOPOHBL OT XeJIATHOIO KOJbIA, & B (6) OHU PACIOIOKEHB! 110
COCENCTBY M TeCHAT ApYT Apyra. Bropas cTpyKTypa Golee peakmHOHHOCTOCOOHA,
IOTOMY 9TO CTEPHYECKOe HANpsXKeHHe oberdaer obpasoBaHye JIUCCONMATHBHOIO
AKTHBHPOBAHHOTO KOMIUIEKCA ¢ MEHBUINM KOODAWHAIMOHHBIM wncyom. Kak mpasn-
JI0, CTEPUUECKHE 3aTPYIHeHNS 6IarONpPHATCTBYIOT [g Ipoteccy, MOTOMY 4TO IATH-
KOODAMHAIHOHHBIH aKTHBAPOBAHHBIH KOMILJIEKC MOXKET OCIa6HTh HANPAKEHHE.

CH, T N H\ H\
t‘zN\\ /C"‘CH:; ~— 42 \C/C_CHJ
\CO f / CO\| /
7 \ TSN, 7 ‘ TN,
H 3
5 6

KonmuecrBennas unrepnperanusa crepudeckux 3¢ dekToB O6blIa pa3BUTa Ha OC-
HOBE MOJIEKYJITPHOTO KOMIBIOTEPHOTO MOJEJHPOBAHUA, B KOTOPOM YUYHTBIBAETCA
BaH/IePBaAILCOBO B3amMosieiicTie!) . OHaKo 6oee HAVIsIHBIN TTOJTYKOJIKIECTBEH-
HbIi noaxon 61 npemaoxken C. A. Tomvenom. OH oLeHUBaeT CTeNeHb, ¢ KOTOPOH

1) Bndicott J. F., Kumar K., Schwarz C. L., Perkovie W., Lin W., J. Am. Chem. Soc., 111, 7411
(1989).
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Puc. 14.6. Onpenenenne JMIaHAHOTO KOHYCHOTO Y& MO
O6BLEMHOW MOJIEKYJISIPHON MOAETH JHTAHAA U B HIPEIIOJO-
>KeHWW IuHbI cBssu M—P 228 A.

2,28 A

pazsnunble auragapt (ocobendo (ocduHb) MentaloT Apyr APYTY, HCIOAb3Ys s
XaPAKTEPUCTHKY 00BbEMa, 3aHHMAEMOTO JIMTaHI0M, KOHYC, YTOJ KOTOPOTO OIpene-
Jferca U3 ofbeMHON MOJEJH, NpudeM s (POCHUHOBBIX JHMIAHIOB MTPHHUMAETCH,
uTo cBsisb M—P pasna 2,28 A (puc. 14.6 u tabn. 14.7). Jurasa CO manensknit u
nmeeT HeGobWON KonndecKn yrou; P(*Bus)s cunraerca 06beMHBIM, IOTOMY 4TO
uMmeeT OOJIbIIoN KOHUYIeCKHH yTro/1. QOObeMHbBIE IUTMAH bl HCIILITHIBAIOT 3HAYUTEILHOE
OTTAJIKUBaHUE APYr OT Apyra, Korga pacroJIOXKeHbI BOprF OOHOro TIEHTDaJIbHOT'O
aroMa. OHHU cOCcOBCTBYIOT AUCCOMATUBHON AKTUBAIMHE H 3aMe /TSIOT aCcCOIIHATHE-
HYI0O aKTHBAIIHIO.

Tabnuua 14.7. TosMeHoBCKYME KOHYCHBIE YIVIBI JJIS PA3JIMIHBIX eraHAOB“)

JTuzand 8, 2pad. JTuzand 8, 2pad.
CHj; 90 P(OCHz;)s 128
CcO 95 P(OC2Hs)3 134
Cl, Et 102 n°-CsHs (Cp) 136
PF; 104 PEts 137
Br, Ph 105 PPhj 145
I, P(OCH3); 107 Cs(CHs)s (Cp™) 165
P(CHa)s 118 2,4-(CHj),CsHs 180
‘Bu 126 P(*Bu)s 182

» Tolman C.A., Chem. Rev., 77, 313 (1977); Stahl L., Ernst R.D., J. Amer.
Chem. Soc., 109, 5673 (1987).

Cxopocts  peakmpn  [Ru(SiClg)2(CO)3(PRs)] m Y ¢ obpasoBaHHeM
[Ru(SiCl3)2(CO)2 Y(PR3)| ne 3aBuCcHT OT npupoasl Y, U3 3TOrO CJAeAYeT, 4TO JIH-
MUTHDYIOLIEH cTaaMeil ABISAeTCH AnccoUyalps. BoJiee toro, 6pu10 HatleHo, 9TO
CKOPOCTb DEAKIMH MEHAETCS HE3HAYHTENbHO JJIA 3aMeCTHTe el ¢ 6MM3KIME KOHYC-
HBIMH YTJIaMH, HO CYINECTBEHHO Pa3/IMYHLIMHU 3HaueHuAMH pK,. dro HabmoneHne
NOJIEP>KMEACT MPEnIoIoMKeHHe, 9TO0 M3MEHEHHs CKOPOCTH ODYCIOBJIEHBI CTEpU-
9eCKHMM TPUYHMHAMM, [IOCKOJIbKY Da3jduns B pK, AOJKHB KOppelupoBaTb C
HU3MEHEHUsIMH B PACIpeje eHIN 3JeKTPOHHOW IOTHOCTH B JIUTAHIaX.

m Creprueckue 3aTpyIHEHUs CIOCOBCTBYIOT AUCCONHATHBHON aKTHBAIMH, IOTOMY
4TO 06pa30BaHIe AKTHBIPOBAHHOIO KOMILIEKCA MOXKET YMEHbUIATh HATIPAKEHHE.
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r) AccolMaTUBHAH AKTHBALMA

Kak y»xe 6blIO NOKA3aHO, aKTHBALMOHHLIE 06HEeMbI OTPAXKAIOT M3MEHEHHST B KOM-
NakTHOCTH (BKJIIOUAS U OKPY>KAIOMUN PacTBOPHUTEb), KOIIa U3 UCXOAHbIX PeareH-
ToB 06pa3yeTCs aKTUBHPOBAHHBIN KOMILIeKC. B mocsenueit kononke Taba. 14.8 npu-
BelleHbl 3HAUEHHH A#V s HEKOTOphIX peakunut jurasasoro samemenns HopO.
Bemmauna A7V ypemmamsaerca ot —4,1em®/moms s V2 o 47,2 ev® /monb
st Ni2t. TIocKombKy OTpHTIaTe IbHOE 3HAYeHNe 00beMa aKTHBALMN MOMKHO HHTED-
[IPETHPOBATH KAaK Pe3y/bTaT CHATHA, KOTJAa MOJEKy/a BOAbl BXOJNT B aKTUBMDO-
BAaHHBIN KOMILIEKC, €CTECTBEHHO IPENONONKUTEL, YTO AKTUBAIIUS HMEET IIPEUMY-
[IIeCTREHHO ACCOLUATHBHBIN XapaxkTep. YBesndeHne 3Hadennit A%V cooTBeTCTBYeT
YBEJIMIEHHIO YHCIIA HECBA3BIBAIOIIMX d-3/IeKTPOHOB OT d® 1o d® Baoaw mepBoro paza
d-6m0ka. B nadane d-6710Kka acCONUATURHBIE PEAKIUN IPENIOUTUTEbLHB] H3-38 HU3-
KOt 3aceleHHOCTH d-opburanei.

Tabnuua 14.8. AxTueammonnnic uapamerpsl Ajsa  peaknmit  odmena HoO
[M(OH2)s]** + H2'"0O — [M(OH2)s(""OH2)]** + H,0

A7H, By, AY E2,A§) E, —Es, A, A7V,
xJorc/moan em® faoan
Ti*+ (d?) 0,8 0,91 -0,11
V2 (d®) 68,6 1,2 1,0 0,2 —41
Cr*t(d*, ne)® 0,6 0,91 -0,31
Mn?+(d®, sc) 33,9 0 0 0 ~5,4
Fe?*(d°, Bc) 31,2 0,4 0,46 -0,06 +3.8
Co®*(d", me) 43,5 0,8 0,91 —0,11 +6,1
Ni%*(d®) 58,1 1,2 1,0 0,2 +7,2

VE — sHeprus crabusinsarmn nosnem urannos (DCILT) ays okrasapudeckoro
KOMIIJIEKCA.

®) Ey — DCILT gan KBaPAaTHO-MUPAMUIATBHOIO KOMIIJIEKCA.
®) BC — BBICOKOCITMHORBIIL.

Orpuuaresnbuble o6beMbl AKTHBANNY HAGTIONAIOTCA TAKKE BO BTOPOM U B Tpe-
TheM pAxsy d-6soxa, manpunep ags Rh(II), ro yxaseipaer Ha accomyanuio BXo-
AAIIeH IPYNIBl B aKTHBHPOBAHHBIA KOMILJIEKC B PEAKIIHAX 3THX KOMILJIEKCHBIX CO-
eArHeHHH. AcconuaTyBHAA aKTHBANMA HAYMHAET [IPe0baasiaTh, KOTA METATLIHIe-
CKHif 1eHTD Bomee jocrynen aus HyKaeodHIbHON aTaky HINX H3-3a €r0 JOCTATOUYHO
GoapmMX pasMepoB, WK H2-3a HU3KOH 3aceseHHOCTH d-opGuTaneil (HeCBA3BIBAIO-
I{e WK 7*); M B pe3ynbTaTe MeXaHu3M Mensercs oT Iy k I,. B Tabu. 14.9 mpu-
BEJICHbl HEKOTOPble AaHHBble Jis 06paszoBanus KoMmekcos ¢ Br—, ClI™ u NCS™ u3
[Cr(NH3)5(OH,)]3+ 1 [Cr(OH,)g)3+. TenTaaMMAHHBI KOMILIEKC IOKAIBIBAET TOJb-
KO ¢J1aby10 HyKJICODHUABHYIO 3ABUCHMOCTD, B IIPOTHBOIOIOKHOCTD CHIIbHON 3aBHCH-
MOCTH TeKCAaaKBaKOMILIEeKCa. JIBa KOMILIEKca, BEPOSTHO, AeMOHCTPUPYIOT Mepexo
MexaHu3Ma ot Iy x I,.

Komcranrs ckopoctr s 3amenenus HyO B [Cr(OHz)6)*t Ba Cl™, Br~ wim
NCS™ menbuwe, vem xoncranTsl a5 anatorndmex peaxmust [Cr(NHz)s(OH,)]3+,
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Tabnuua 14.9. Kunernyeckne napaMeTpsl s aHHOHHOM  arakuw  Ha

Cr(111)™
X L = I1,0 L=NIi;
k- 108, ATH A7S k-10%,
2/ {moaw - ¢) af (moaw - ¢)
Br- 0,46 122 8 3,7
o 1,15 126 38 0,7
NCS™ 487 105 4 49

) JHranems B k[x/Monb, surponns B ok /(moas - K).

NpUOIIM3UTEIBHO Ha YeThipe mopaaxa (cm. Tabur. 14.9). Ora pasuuua npeanosaraer,
qro smraaapl NHj, kotopele apaaiorca Gosee cunbHBIME o-g0HOpaMH, dem HyO,
CHOCOGCTBYIOT JAUCCOIMALNE WecToro Juranaa Gonee adpdexrusro. Kak yaxe roso-
PHJIOCh, 3TO yKa3blBaeT Ha JHCCOLMATHBHYIO AKTHBAIINIO PeaKIIHil.

H' Orpunarenbuslit 06beM aKTHBATIMN yKA3HIBAET HA ACCOUMANMIO BXOAAIIEH IPyTI-
bl B AKTUBUPOBAHHDBIN KOMILJIEKC.

Mpumep 14.3. Untepnpetayua mexanuama no KUHETUHECKUM OaHHbLIM.
KOHCTAHTB CKOPOCTH PEakLyMu BTOPOrO Mopsaaka s obpasopamnsa [V(OH2)sX]T u3
[V(OH2)e]** u X~ ana X~ = CI7, NCS™ u N3 maxogarcs B coorsomenmt 1 : 2 : 10.
UTo MOXKHO CKA3ATh 110 STUM JAHHBINM O IHMUTHDPYIOMmEH CTaIMH PeAKIINN 3aMemmennsa’?

Orveer. TTocKONBKY BCE TPH JIMTAHIA ABJISTIOTCA OAHO3APSIHBIMH AHHOHAMH € OAM3KIM
pa3sMepoM, TO KOHCTAHTBI PABHOBECHST OOPA3OBAHMS TIEPEXOIHOTO KOMILIEKCA OIU3KH,
KOHCTaHTh! CKOPOCTH PeaKIuit BTOPOTo mopsiaka (KOTopbie PABHB! K pagnkz2) MPOMOpIu-
OHAILHBI KOHCTAHTAM CKOPOCTH PeaKIuil MEPBOro MOPAKA I/18 3AMeIIeHIs] B IePeX0d-
HOM KOMILIekce k2. Bonbiree 3nagenune koHcTanTsl ckopoctu giia NCS™, gem nasa Cl7,
", 0cODEHHO, MATHKpaTHas pasHuna Mexay NCS™ u ero OamxaifmumM CcTPyKTYPHBIM
anasoroM N3 npenmosiaraer HEKOTOPBIH BKAA HYKJeohHILHON aTaku M aCcCOUHATHE-
Holt peakuuH. He crosb cucremaTrndeckas KapruHa 1jis TexX K€ aHUOHOB B PEAKUHH C
Ni(IT), anst KOTOPOro peaknuu MPEANONATAIOTCA TUCCOUUMATHBHLIMU.

Bonpoc 14.3. Ucuonsaya gannbie Taba. 14.8, ycraHoBHTe nopxogsimiee 3HadeHue Kpaan H
paccauTafite k2 nis peakmuu V(II) ¢ CI7, ecniu nabmionaeTcs BTopoil TOpsAOK peakiiu
¢ KOHCTaHTOl cxkopocty 1,2 - 10% 11/ (Mo - ¢).

14.8. Crepeoxumns

Kiraccyeckne npuMeps! cTepeoXuMuy 3aMeIeHHS B OKTA3IPHIECKAX KOMILIEKCaX
npenocrapnmoT Kommiaekes! Co(III), B ta6a. 14.10 upmeeeHBl HEKOTOPBIE JaHHBIE
no ruaponnsy yuc- 1 mpanc-{Co(en)2AX]?*, rne X — yxonamas rpynmna (Cl~ am
Br7),a A— OH",NCS™ uau Cl~. CrepeoxuMiuecKHe clIeACTBHA 3aMEIIEHNST B OK-
TasApHUecKUX KOMIIeKcax GoJiee 3anyTaHHble, YeM TIPH 3aMEeNIeHHH B KBapaTHBIX
KOMILIEKCaX. yuc- KOMIUIEKCHI He MOABepraloTcs N30MEPU3ANUN B MPOLECCaX 3aMe-
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Tabnuua 14.10. CTepeoxMMUdecKoe HANDPABJIEHHE PeAKIHA THIPO-
m3a [Colen)2 AX]T

A X 1Ipoyernmmunti enro0
yuc-npodyxma

yue- OH™ Cl~ 100
Cl1~ c1 100
NCS™ C1- 100
Cl~ Br~ 100

MPaHC- NOy C1- 0
NCS~™ cr- 50-70
C1- ClI~- 35
OH~™ cr- 75

X — yxonsmast TpyIma.

meHns. mparc-KoMIIeKes! CKIOHHBI K M30MEPH3ALUHT B 4UC-W30MEDBI, TPUYEM 3Ta
3aKOHOMEPHOCTh YCHJIMBAeTCHa B DALY

A=NO, <CI” <NC5™ < OH~

JlaHHbIE MOYKHO MOHATH ¢ MOMOUIBIO [ MEXAHNH3MA, CIUTAA, ITO MATHKOODIHHAIH-
OHHBIl MeTAVIHYeCKHH NEHTP B AKTHBUPOBAHHOM KOMIIJIEKCE MOXKET HMeTh OJHY
M3 AByX CTabHILHBIX reomeTpHueckux (opm Mias K 5: wan kpagpaTHylo InpamMu-
Ay, WX TpUroHAJIbHYIO 6unupamuay. Kak Buano u3 puc. 14.7, peakuus, mpoxoas-
m@as depes KBaIpaTHO-TTMPAMUIAJIBHBIN KOMILJIEKC, COXPAHAET HUCXOAHYIO FeOMET-
PHIO, 8 peaKuHs, MPOXOAsSas depe3 TPHIOHAJIbHO-OUNMpaMUIAAbHbIN KOMIJIEKC,
MOXKET IPUBECTH K H30MepHU3anuu. Pe3yabTaThl MO3BOJAIOT IIPEeANoNI0XKHUTh, YTO
- LOHOPHbBIE JIUTAH/bI, HAXOAAIMECH B MParc-TI0JONKEHNH K yxonameit rpynmne Cl™,
CTIO0CODCTBYIOT M30MEPH3aINH, IOCKOJbKY OHM MOI'YT CTaOMJIN3HDPOBAThL TPUTOHAb-
Hy10 GUIMpaMugy ydacTweMm B m-CBa3plBanuu (7).

m Peakuun, npoxondmme depes KBaApaTHO-THPAMHUIANLHBIR TEPEXOMHBIR KOM-
IJIEKC, COXPAHSIOT MCXOJAHYIO0 IeOMETPHIO, & peakluH, INPOoXojdiipe tepe3
TPUTCOHANBHO-OUNIMpaMUAAILHBIN KOMILTIEKC, MOIYT IIPHBECTH K U30MEpHU3aIlnH.
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(2}

SR

Puc. 14.7. Peakuus 4epe3 KBa pATHO-IHPAMUNATIbHBIN KOMILIIEKC (BepxHUH MyThL) coxpa-
HAET MCXOIHY) TEOMETPHIO, & DEAKIMS HePe3 TPUrOHAILHO-CUITHPAMUAATLEDI KOMILIEKC
(MMAKHMIA ITyTb) MOKET MPUBECTH K W30MEepH3arHIL.

14.9. Wleno4vHon rmaponns

3aMelleHre B OKTa3[PUYECKIX KOMILIEKCAX OBGBIMHO CYWIECTREHHO YCKOPSIETCA NOHA-
mMu OH™, korga npucyTCTBYIOT JIMTaHAR ¢ KUCIBIMH NPOTOHaMM, THNNYHOE ypaB-
HEHHe CKOPOCTH JUIS TAKHUX peaknuil UMeeT BUn

Ckopoctb = k[Co(NH3)5CI*T)[OH ] (16)

OpHaxo neabi#t pa Mcc/e/I0BaHM I0Ka3aJl, YTO MEXAHH3M He CBOAUTCS K MPOCTOM
bumonexyIapHoit arake Komiuiekca vonom OH ™. CTepeoXnMHs peaKiud yKa3blBa-
€T Ha IPUCYTCTBHE CHJILHOIO 7-JAOHOPHOIC JHUraHia, a HabmoaaeMble CTepUIeCKUe
3 PEKTH XapaKTePU3YIOT AUCCOMNAATHBHYIO aKTHBAIHIO.

CymecTByeT MHOIO HENPAMBIX 0KA3aTEbCTB, CBA3AaHHBIX C JaHHOH NpobIeMOH,
HO OJINH SICraHTHBIA 9KCIEPUMEHT OKOHYATEIbHO CTABUT TOUKY. DTO pellalomee 10-
Ka3aTe/bCTBO GBLIO IOy IeHO TIPH MCCIIeN0BAHMN H30TOMHOrO pactpeaerenus 20
B npoaykre [Co(NHjs)5(OH)|*, rne 6110 naiineno, 9To paBHOBECHEIE OTHOILIEHUS
180/160 Pa3Hble U BOAbl ¥ M'MAPOKCHIBbHOrO HoHa. M30TonHOE oTHOUIEHWE B [IPO-
JYKTE COOTBETCTBYET OTHOIIEHUIO B Boze, a He B noHe OH™. CnenoBaresnbho, BXO-
Aameit rpynnoit seasterca Ho O, a ve mon OH™
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MexaHH3M, COOTBETCTBYXOIIHA 3TOMY HAOGIIONEHHRIO, TPEATIOIAraeT, ‘ITO HOH
OH~ neficTByeT KAK OCHOBAHHE Bpéncrea, a He KaK BXOJALIAS IPyNna:

(Co(NH3)5C1)*" + OH™ = [Co(NH3)4CI(NH)* + Ha0
(Co(NH;)4CI(NH2)]* — [Co(NHj)4(NHo)]** + ClI™  (nearennas)
[Co(NHz)a(NH2)]** + H20 — [Co(NH;)s(OH)**  (6rictpas)

Ha mepBoit CTA/MH JIMTaiil aMMUaK DearupyeT Kak Kucjaora Bpéncreaa, obpa3yd
cBoe compshkeHHoe ocHoBanne non NHj . IMockosnpky NHy — cuibHBLIA 7-10HOP, OH
SHAYHTENBHO yeKopAeT ormeriienne nona Cl™ (cm. npumep 14.4).

m 3aMemeHrHe B OKTa3PUIECKHX KOMIUIEKCAX 3HAYATEIBHO YCKOPACTCA MOHAMH
OH~, Korja NPHCYTCTBYIOT JIATAHbl C KUC/IBIME IPOTOHAMH.

14.10. Peakunmn usomepusaymmu

PeakiMi W30MEDH3AIUE TECHO CBA3aHbI C DEAKIHMAMA 3AMELICHU; JeHCTBHTE/Tb-
HO, M30MEPU3ALMs YacTO MPOTEKaeT Yepe3 3aMeleHHUe. Brimte yxe 06CyKIaI0Ch,
10 B KBaApaTHbIe KoMIekebl Pt(II), n oxTasapidecKue KOMILIEKCEL Co(IIT) moryr
0BpA3OBBIBATE TSTHKOOPARHALHOHHbIC TPHTOHA/IBHO-GHIPAMH/Ia/IbHBIE aK THBHPO-
RAHHDBIE KOMITJIEKCEL B3anMHBIH 06MeH aKCHAIBHBIX U 9KBATOPHAJIbHBIX JIMTAH 0B B
T PHCOHAIBHO-GUITHPAMHAATBHOM KOMILIEKCE MOXKHO MPeJCTABHTE Kak ICeBIOBpa-
LEHHe Yepe3 KBAPATHYIO THpaMuay (pHC. 14.8). Kak 6bU10 OKA3aHO BBIILE, KOTAA
K TPMLOHAJIBHOM GHIMpaMuse N0GABIAETCS JHTAH ¢ 00Pa3oBAHMEM LIECTHKOODAH-
HAIIHOHHOTO KOMILIEKCA, HOBOE HAIIPAB/IEHHE ATAKH BXOAALIEH IPYITIBI MOMKET IIDH-
BOJAWTh K M30OMEPH3ALNH.

Ec/i NPHCYTCTBYeT XeJaTHBIH JNCAHJ, W30MEPH3AIUA MOMET TPOUCXONHTD
KaK CJEJCTBAE PAaspblBa CBH3M METAJJ—ITHraHi] M HeOOXOAMMOCTH B 3aMelleHHH
net. IIpUMEpPOM MOXKET CIIyKHTb 06MeH «BHeurHel» CD3-rpymmsl ¢ «BHyTpeHHEH»
CHj-rpynmoit  mpH  H30MepPH3AIUH Tpnc(aueTHnaueTmIaueTOHaTo)K06&ana(III)
(8) — (9). OkTasapuueckne KOMILUIEKChl MOLYT TakXKe MPeTEpIeBaTbh H3OMEpH-
3aIMI0 BHYTPHUMOJIEKYNAPHBIM CKpYyunBaHHeM Ge3 [OTepH JIKTaHAa WIH DAsphiBa
cBa3W. ECTh NOKA3aTeqbCTBa, HANIPUMEp, YTO paleMU3alfd [Ni(en)s]** mpomcxo-
JIUT TIOCPEACTBOM TAKOrO BHYTDeHHero ckpydupanuda. CyuiecTBYIOT JBa BO3MOK-
HBIX TIyTH: CKpyuuBaHue Beilmapa (puc. 14.9, a) u CKpy4uBaHue Pesi—JarTa
(puc. 14.9,6).
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Puc. 14.8. O6MeH aKCHAJBLHBIX M SKBATOPHAJIBHBIX JWUTAHIOB CKPYYHBaHMEM 4epe3
KBaAPATHO-NIMPAMUIANbHY 0 KOH(MOPMALNID KOMILIEKCA.
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Puc. 14,9, Ckpyunsanue Beitapa (a) u ckpyumsanue Pes—JlaTTa (6), mocpeacTBOM KO-

TOPBIX OKTA3APHIECKUE KOMIIJIEKChI MOTYT OPETEPTIEBATh U30MEPUIALINIO 6e3 noTepu Jin-
ranga WiH pa3pbiBa CBA3U,

”I M3omepusanus xeaTHBIX JTUTaHI0B MOXKET [IPOMCXOUTh 110 PA3JIAUHBIM MeXa-

HHU3MaM, KOTODbIE€ BKJIIOYAOT 3aMEIIeHHe, PAa3PhIB CBA3U U 00pa3oBaHue HOBOH,
pa3jiudHble CKPYUNBAHUS.

Npumep 14.4. Unrepnperayus CTEPEOXUMUYECKOrO HaNpPaB/IeHUA peaKyui.
3amemenne B kommiekcax Co(IlI) tuma [Co(en)2AX|t npueoaur k npeppanieHHIO
MPAHC-U30MEPA B YUC-U30Mep, HO TONbKO KOIJA PEAKIMS KAaTaJHIupyercss OCHOBa-
HueM. [TokaxxuTe, 910 911 HABMOAEHUS COTIACYIOTC C MOAENBIO Ha puc. 14.7.

Orvser. s WEIOYHOTO THBOIHIA CONIPKEHHOE OCHOBAHME — CHJILHBI T-AOHOPHBIH
nurana :NHR™. Tpuronansras 6unupamumga, Mokazanmas BHU3Y Ha puc. 14.7, BO3-
MOXKHA, BEPOATHBIE HANPABJICHHST ATAKH OTMEYeHbI TaM XKe.

Bonpoc 14.4. Ecu nanpassieHus aTaky Ha, yKA3AHHYIO Bbille TPHIOHATBHY 0 OUIHPAMULY
CJIYYaiHbI, KaKOe PacNpelesieHue YUC—MPAHCI30MEPOB MOYXKHO MPEACKA3aTh MO aHa-
JIOTHU ¢ puc. 14.7 jyis NpoayKTOB THIIA [CO(NH3)4)(OHz)A]2+?
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14.11. Bonee CNOXHbIE MEXaHU3MBbI peakuuni:
MUrpauus aNKUNBLHOW rpynne!l N BHeApeHue CcoO

Peakmun 3aMeleHHs NMPOTEKAIOT IO Gosiee CJIOKHBIM MEXaHH3MaM, KOorja B HUX
HenOCPEeACTBEHHO YHaCTBYET aToM, [pRHAIEKAINNH JTUTAHAY, K?Topblﬁ HEe SBJA-
eTCH BXOALIEH MM yxoasles rpynmoH. HampuMmep, a5 peakuuii 3aMelennd ajl-
KIJIKapOOHUIBHBIX KOMILIEKCOB THIA

[CH;Mn(CO)s] + PPhs — [CH3Mn(CO)4PPhs] + CO

JMEIOTCS JOKA3aTEILCTBA YIACTHs B TOM NPOLIECCe ALMIBHOrO HHTEPMEUATA (10),
rae Sol — MOJIEKy1a DACTBOPUTE. DTOT HHTEPMEARAT MOSBIAETCA TP PACIIETLIe-
wun sz M—CHj 1 ee 3amene ma ceass H3CC(O)-. Peaxkuna samemennst 0BBITHO
sapepuiaeTca 3amenoii Sol Ha bosee TPOIHO CBI3AHHBIN JTHUTAH/ # BOCCTAHOBICHHEM
cessn CH3—M ¢ yaanennem CO. Koraa Bxogsmuit AUrana — TOXe CO, pesyabTar
peAKIUH CBOAUTCA K BHEAPEHUIO CO, nHanpumep:

0
HC
CHs 0 © 0
Oc_ | _cO c_|_¢
N, - ~
Mn + Cco — /Mn‘
o¢” | Y¢o o€ (|: Co
s} s}

MexanusMm PeakIiu MOXKET GBITh N0A0GEeH Deakini 3aMellleHns PPhj, onncan-
HOft BBUIIE, 110 OOPA3OBAHHA ATMJIBHOTO MHTepMeauaTa. MccresoBanna METOAAMM
HK u SIMP 3C crnekTpocKonwWH € HCIOJIB30BAHMEM MEUEHBIX aTOMOB MOKa3allH,
YTO JUIA ITONO KOMILIEKCA CTEPEOXHMUS &TOMa MeTasuia TpedyeT MOABUIKHOCTH Me-
THJIbHON IpyIIbl. BBLTO ¢AeaHo IPeNoIoKeH’e, 110 06pa3soBanye alluIbHOr0 HH-
TepMe [HaTa IPOUCXOANT 38 CIeT MUFPAIMH METUJIA, B KOTOPOH CHj-rpynna ocy-
IUECTBIAET HYKIeo(UIBHYIO aTaKy Ha aToM yriepoja Oumkajiuiero JUrania CO
(11). DTa uETEpnpeTauMs PEAKIUM COTIACYeTC ¢ aKTHBAIMOHHBIMM [apameTpa-
MH peakuiil, B actHocTd A*S = —88,2 /Ixx/(Moab - K), orpunaresbHoe 3HaUCHHE
YKAasbIBAET HA BKJIIOUEHHE JONOIHUTEIBHOrO JHIAH/3 B AKTHBAIMONHBIN KOMILIEKC.
Bousee Toro, orTarusaroiie saeKTPOHHYIO TIOTHOCTh [PYTIIBL, BBEACHHBIE B CH;—,
PE3KO 3aMeISIOT peakipo. DToT adderT oxxnnaem, ecna CHs peficTByeT Kak HyK-
neobun. Hampumep, [Mn(CHaNO2)(CO)s) snaunTenbHo MeHee peaklIHOHHOCTIOCO-
Gen, dem [MnCHj3(CO)s).

m Peakuuu 3aMemeHus B aJKHUIKapOOHWIBHBIX KOMIIEKCAX MOLYT BKATOUATb
ALMABHBIA HHTEpMEAUAT, 06pasylomuiica B pedyJbTaTe MUTDAlMU aJlKHIbHON
TPYITIIEL.

OKUCNNTENBHO-BOCCTAHOBUTENbHBLIE PEAKUNA

Kak ormeueno B . 6, OKHCJINTEJIbHO-BOCCTAHOBUTEIbHBIE DEAKIIHU MOTYyT IPOHC-
XOAHUTL NIPH HPSIMOM TTEPEHOCE 3JIEKTDOHOR (K‘d.K B HEKOTOPBIX JJIEKTPOXUMHUYIECKHUX
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sryelikax). B kadecTBe aspTepHATHBEL, OHH MOTYT OCYIUECTBIAATLCA IIyTEM IEPEHOCca
ATOMOB WK WOHOB, HAallpUMep nepeHoc aTomMoB O B peakluuax OKCOAHHOHOR. [lo-
CKOJBKY B OKHCJUTENLHO-BOCCTAHOBUTEILHBIX DEAKIIUAX YIACTBYIOT OJHOBPEMEHHO
U OKUC,IUTEND, ¥ BOCCTAHOBHUTEND, OHH, KaK IIPABUJIO, OUMoJieKyIIsapHbe. K peakum
UCKNIOUEHUAM OTHOCATCHA PEaKIUH, B KOTODBIX OJHA U Ta K& MOJEKYJIa COMAEPXKHUT
1 OKHUCJIUTENbHBIN, i BOCCTAHOBHUTENbHBIN [IEHTPHI.

14.12. Knaccudpukauns
OKUCNINTENbHO-BOCCTAHOBMTENbHbLIX peakuuii

B 1950-x rr. Tempm Tay6el) ycTanoBma 1Ba MeXaHH3Ma OKHCIHTEIBHO-

BOCCTAHOBUTENbHBIX peaknuit. OanH U3 HUX — BHYTpuchepHbIii Mexa-
HU3M, KOTOPBII BKJIIOYAEeT IMPOIECCH NMepeHoca aroMa. [Ipu BryTpHcdepHOM Me-
XaHU3Me KOOPAMHAIUOHHBIE chePbl peareHTOB BPEMEHHO 0GOBIIECTBASIOT OJUH JIH1-
raHj, u obpa3yercss MOCTHKOBBIH IIPOMEXYTOUHBIK AKTHBHDOBAHHBIH KOMILIEKC.
Bropott — BHeniHecdepHBIT MeXaHW3M, BKJIOYAIOMUE [NPOCTbIE 3JIEKTPOHHBIE
nepexofnl. [Ipu BHemHEChEPHOM MEXaHU3ME KOMILIEKCHI BCTYIIAIOT B KOHTAKT APYF
¢ apyrom 6e3 coeVHEHNT MOCTHKOBBIMHU JIUTAHIAMH.

a) BuyTtpucdepusiit Mexann3M

BuyrpucdepHblt MexaHu3M Obll BIEPBBIE [OATBEPXKIEH I[IPH BOCCTAHOBJIEHHU
unepTioro kommiekca [Co(NH3)5Cl?t ¢ nomompio Cr?*(aq), moromy 4To mpo-
JYKTbI peakiuu coaepxanu oauospemento Co?t u [Cr(OH,)sClj%+. Boaee Toro,
jobapienne 6Cl~ B pacTBOp He MPUBOAKUIO K BKJITOYEHHIO STOTO H30TOMA B COCTAB
nponykra Cr(III). Kpome Toro, peakuus nporekana GuicTpee, 9eM PEaKIMH OTIIEM-
senus Cl~ or Co(IIT) wan sBeserns Cl™ B nneprrent kommuexc [Cr(OHz)s)* . S1u
Habuoaenns o3uavaior, uto Cl~ B Mporiecce peakuuu MepexoaUT HEeNOCPeICTBEHHO
U3 KOOPAMHAIMOHHON cdepbl OJHOIO KOMILIEKCA K APYTOMY.

Non Cl~, cBsasannbiit ¢ Co(II1), moxkeT nerko BOHTH B KOODAHHALUOHHYIO che-
py nabumbioro kommiekca [Cr(OHy)g]2*, 06pasys MocTukoBbL HETEpMeHAT (12).
XOpOUMMH MOCTHKOBBIMH JIUTAHIAMH ABJAAIOTCA T€, KOTOPHIE cojepxkaT boJee oa-

D) Tay6e man Grecrauguit PeTpPOCHeKTHBHEI 0630p B cBOEH JieKgH npH nosay4ennu Hobenes-
cxoil npemuH B 1983 r., HanevaTanuelit B [Science, 226, 1028 (1984)]. ConepxaTennHble [IaBEI MO
MEXaHH3MaM OKHCIIMTEIBHO-BOCCTAHOBHTEIBHAIX PEAKIHH KOODAHHALMOHHBIX COIHHEHHI MOXKHO
naiitu B [Prog. Inorg. Chem., 30 (1983)].
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HOM 1aphl 3JIEKTPOHOB, CNIOCOOHEIX K KOOPAMHAIMK C ABYMS METAIMICCKUMU EH-
TpamMH, Cpeld HUX:
:ClT :S—C=N: :N=N: :N=N=N: :C=N:

l OpUrMHAJIBHBIM JOKa3aTeIbCTBEOM BHYTPHCGEPHOr0 MEXaHU3Ma OKUCIUTCILHO-
“ BOCCTAHOBHTEJILHOM PEAKLIMH ObLI0 HAGJIIOACHHC JIMAHJIHOTO NEPEHOCA, COIpo-
BOXKAIOIIENO ITOT OPOLECC.

6) BremnecdepHblil MexaHH3M
[IpyMep PEAKLyH, IPOTEKAIOIIEN [0 BHEIIHCCHCPHOMY MCXAIH3MY, — BOCCTAHOBIIE-
mue [Fe(phen)s)*t ¢ nomompio [Fe(CN)g|*~. Oba pearenra OTHOCATCA K MHEDTHLIM
KOMILJIEKCAM, W JIMTAHIHEI 0OMEH HE MOYKET MIPOM30HTH 3a TO KOPOTKOC BpeMsd, B
"TeUEHHC KOTOPOTO IPOTEKAET OKHC/JIMTCNLHO-BOCCTAHOBUTENbHAS Deakims. Eun-
CTBEHHO BOZMOKIILIM MEXaHM3MOM SIBJAETCS 9JEKTPOHHBIN NEPEXOA MEXKIY JBYMS
KOMILICKCAMH IpH BHEmHeChEPHOM KOHTAKTE.

MoruMaHde JUraHAHOTO OOMCHA HCOOXOMMO JUISl MCIEPHBIBAIONIEr0 AHAIM-
33 MeXaHU3Ma OKUCIMTENLHO-BOCCTAHOBHTENLHON peakiuu. Ecin oxucaurensHO-
BOCCTAHOBUTENbHAS PEAKIHs OhICcTpee, 9eM JUrAHIHOe 3AMEIEHHE, TO PEeaKId
npoTexaeT o BHEmHecdepHOMY MexaHu3MYy. [Ton06HBIM 06PAa30M HCTPYIHO OHMpC-
JleIuTh BHyTpUCEPHBIH MEXaHU3M, KO[/Ia PCAKIMS BKJIIOYACT HEPEHOC JIMraiia or
HCXOJIHOrO HHCPTHOTO pearcira K MHepTHoMy npoaykTy. K coskanenuio, TpyHO ¢le-
JATh OJHO3HAYMHLIC NPEJTIONOMKEHUS, KOTIA KOMIIEKCH JaGuibHel. BonpumHceTBo
HCCJIE/IOBAHKII XOPOIIO OXAPAKTEPU3OBAHHBIX IPUMEPOB HANPABJEHBI HA ONpPEEse-
HUe IapaMeTPOB, PA3IEAIOIMX ITH ABA Iy TH, B HAJEK/E HA BO3MOXKHOCTD JEJATDh
KOPPEKTHBIC BBIBOZBI B B0JIEC CJIOMKHBIX CJIYyUasX.

H} Ecan oKucauTenhHO-BOCCTAHOBUTEIBHAS PEAKIINS OBICTPEe, YeM JIMraHHOe 3a~
MEIICHHE, TO OHA NPOTEKAeT Mo BHEIIHECHEPHOMY MEXAHU3MY.

14.13. Teopus 0KMCNUTENLHO-BOCCTAHOBUTENbLHLIX peakLinii

Teopust MCXaHUZMOE OKMCAMTENLIO-BOCCTAHOBUTCALHLIX PCAKLME J0CTATOYHO XO-
powo paspaborana. D10 0cobGEHIIO KacacTes BHclicedepHbIX PeaKIui, Ui KOTo-
PBIX B GJArONpUATHBIX CAY4asX MOYKHO JlayKe PacCIMTaTh KOHCTANTHI CKOPOCTH.

a) Teopernueckue MosoxKenns, Heo6XOEMbIE JUTIH obcy XK ieHnd
BHeIlIHechepHBIX NpOIeccoB

Anayms BHemHechepHOro MexaHn3Ma Gazupyceres Ha JByX NPUHIUIAAJNBHBIX TIO-
noxenusax. Onno m3 nux — npubiamxenne Bopra—OnnenreiiMepa, Koropoe
NONpa3yMeBaeT, UT0 3JICKTPOHHOE PACHDEIeJEHUC MOKHO PACCYUTATh B MTPEIIOJN0-
JKECHHH HENOABHIKHBIX AJICp. DTO pa3Jie/ieHue JBUKEHUA JJICKTPOHOB U fJIep ONUpa-
erca Ha OOJIBIIYIO PAa3HUIly MacC SJICKTPOHOB U AP, OAAroJaps UeMy SJEKTPOHBI
PEarupyoT NOYTH MIHOBEHHO Ha IepeMemeHuc sacp, a aapa, HanpoTus, c1abo pe-
arupyoT Ha NePeMeINeHUs JICKTPOHOB. ECiau npeinoiokuTh, 4To sapa HPUKCAPO-
BaHBl B KOHQUrypalud HHTepMelHata (IepexoqHoro COCTOSHMA), MOYKHO 1306pa-
3UTh BOJIHOBY10 (PYHKIHIO MUTPUPYIOIIETO 9JIEKTPOHA KaK pacipeelielie 1o 060uM
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ueHTpaM. C SHEPreTHYCCKO! TOUKM 3PeHHs BBIroiHee, YTo6bI JTHHB CBAICH HOH-
JIMTAH IPAHSIA 3HAYEHHS, COOTBCTCTBYIOIHME HHTEPMEIHATY, & 3aTCM NPOUCKO U
OBI [ICPCHOC 3/IEKTPOIA, YCM IIEPEHOC IJICKTPOHA IIPH HCXO/(HBIX TTHHAX CBA3ei (kak
B cay4ae (hOTOMHUIMMPOBAHIOIO JEKTPOHHOTO MEPEeXojia, KOTOPBIA MO IIHHICT A
nputnuny Opanka-KoraoHa, pass, 13.5). Bropoe NpUHIMIKATLHOE DOI0KEHHE CO-
CTOUT B TOM, ITO 9JEKTDOHHBIN Nepexol NPOUCXOJMT JCIYe B TOM CIydac, KOraa
ANpa 000MX KOMILIEKCOB HAXOJATCA B TAKOM MOJOMKEHMH, KOTOPOC 0BECHIeTHBaeT
IICKTPOHY OJMHAKOBYIO SHEDPruio B obeux nosuiuax. U3 sTux sByx mosoykeHuit
CIEMYCT, YTO0 CKOPOCTh IVICKTPOHHOTO MCPCXOJa M 9HEPrUs AKTUBALMH NpOLecca
OMPEJENAIOTCS CIOCOOHOCTRIO ANCP NPUHATH TAKOC PACIIONOMKEHHC, YTOOBI JIOCTHIE
BLIpaBHUBAaHMUS IHCPrUil,

Jna noHuMaHust TOrO, Kak NPOTeKAloT BHelrHechepHble PeakIun, MOKHO pac-
CMOTPETb PCaKUMK© obMcHa

[Fe(OHy)g]*" + [Fe*(OHa)g]*+ — [Fe(OH,)g)** + [Fe*(OHg)g)*+

rfle * yKa3blBaeT DaJMOAKTHMBHLIN H30TON yKeJae3a, KOTODPBIH HMCIOJNb30BANM KAK
MeTky. KoHCTaHTa CKOPOCTH PEAKIMM BTOPOrO HOPSIKA COCTAaBAseT mpu 25°C
3,01/ (Moan - ¢), sHeprus axTuBanuu parna 32 KK /Moub. C YHCTOM H3I0/KEHHBIX
BBIIIC TEOPETHIECKUX MOIOYKEHNN HY’KHO PACCMOTPCTD TPH Cle/lylomux dhakTopa.
Bo-nepsrix, qauuer cesscit B akpanone Fe(II) Goabime, ucM B axBamomne Fe(III).
CrenoBaTennHo, 4aCTh 9HEPTUM AKTHBALME BO3HUKAET W3 HCOGXOAMMOCTH MX Bbi-
PaBHHBaHHsA B 000MX KOMIeKCaX. DTO BhIPABIUBAHHE TPEOYET M3MEHEHHS IHEpP-
run I'ub6ca, KOTOpoc Ha3bIBalOT 3IHEpruei BHyTpHCcdEepHOii nepecrpoiiku
A*Gis. Bo-Brophix, pacTBOpUTEH CHAPYXH KOODAMHALMOHHOH cdepnl JNOJKeH
OBITE HEMEIIEHHO PEOPraHU30BaH, YTO IPUBOIAT K H3MEHEHHIO snepruu I'ubbea, Ha-
3BIBAGMOMY SHeprueil BHeuiHecdepHoi peopranmsammn A*Gog. B-tpernux,
MEXAY JABYM:A DeareHTaMHd CyINECTBYeT 3JeKTPOCTATHYECKOe B3aUMOJEHCTBHE C
sneprueit A7 Ggs. Takum 06Pa30M, NOJTHAST AKTUBAIMOHHAS YHCPrUs ['ub6ca MMe-
CT BHJI

A*G = A*Gis + A*Gog + A*Gs (7)

m Teopernueckas Molens BrciHecd)epHON peaKLKK Gazupyercs Ha NPUGIKEHUH
Boprna—OnnenreiiMepa 1 Han6oJIbIIe BEPOATHOCTH [IePEXO/1A JIEKTPOHA, KOTAA
€r0 UCXOJHOE U KOHEHHOE COCTOAHHUA UMEIOT O/IMHAKOBYIO SHEPIUIO.

6) Kpusnie norenimammaoil 3gepran s peakuuii

Ucxozpnele peareHTs! XapakTepu3yoTes CBOMMU HOPMAJIbHBIMH JAIMHAMY CBS3H I
Fe(II) u Fe(IIl), u peakuus COOTBCTCTBYET JBHMXKEHUIO, IIPU KOTOPOM CBS3H JJId
Fe(II) ykopauuparores, a s Fe(III) onmnospemerno yamansaores (puc. 14.10). Kpu-
Basl IOTEHUMANLHOR SHEPTUH AJIA NPOJYKTOB 3TOH CUMMCTPUYHOHN PeaKIMu Ta JKe
CaMaf, 4TO M JUIs PEareHTOB, eIMHCTBEHHOE OTJIMUHME COCTOUT B OOMeHe POJIAMHU
ZBYX aToMoB Fe. Eciu npeinonoKuTp, 9To BaJeHTHBIE KOTEOAHUA CBA3U METaJLI-
JIMTaH] NOXOYKK Ha rapMOHNYECKHe KOIeOaHUs, TO KPUBbIE NOTEHIMANLHON 9HEepriU
MOXXHO U300pa3uThb napabosaMu.
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§ Puc. 14.10. YnpoweHnblii npoduIb peakuus s

2 3MEKTPOHHOrO 0OMeHa B CHMMETPHYHON peaKIuu.

é Jlepas uacTh rpaduKa COOTBETCTBYET KOODJINHATAM

;’ o] agep Fe(Il) u Fe*(I1l); B mpano#t 9acTH JUraHab! 1

g N AéG MOJIEKYIIB PACTBOPHTEN NePeCTPOHIIUCE, & AAEPHBIE
; * . *

2 | Fel,Fe* (M) Fe(ll),Fe*(ll) koopanHaTh! coorsercrytor Fe(IIl) u Fe*(II), rne

KoopAvHaTa peakumuu 0003HAYACT M3OTOIHYIO METKY.

A'G — R G]

Puc. 14.11. Bananne Ha 3HEPrHi0 aKTUBAIMK M3MEHEHMS JHEPTUH 'n66ca peaxuuu c me-
PEHOCOM IEKTPOHA, MPH HEUIMEHHOH GOpME MOBEPXHOCTER NOTEHUMANBLHOM dHEprEn (Co-
OTBETCTBYET PABHEIM CKOPOCTSIM CAMOOBMEHA).

AKTHUBUPOBAHHBI KOMILJICKC DACHOOMKeH Ha IepeceseHuH 3TUX UByX KPHUBBIX.
Onnako MpaBmJIO Henepecedenus (pas/1. 13.3) yTBep»KJaeT, IT0 KPUBbIE MOJIEKYJIAD-
HOM MOTEHIHAJIBLHOI SHEPrUM JI/IsT COCTOSIHUN ONMHAKOBOW CUMMETPHU HE [IEpPECcCKa-
JOTCS, & PACIIETUISIOTCA B BEPXHIO U HIDKHIOK KpPUBbie (Kak Buamo Ha puc. 14.10).
[IpaBuio HenepecedeHus NOAPA3YMEBAET, YTO €CJH PeareHTHl B OCHOBHOM COCTOSI-
HHHE MEJJIEHHO HCKayKaloTCs, TO OHH IPOXOJAT MYyTh ¢ MHHUMATLHOH dHeprueil
[IPEBPAAIOTCS B MPOAYKTHI, HAXOIAIHMECH B OCHOBHOM COCTOSTHHH.

Kax npaBuiio, OKHCIUTEIBbHO-BOCCTAHOBUTEBHOM PCAKIIUK COOTBETCTBYET HEHY-
JIeBoe 3HaYeHe H3MeHeHus s1cprun ['u66ca, nosToMy napaboJisl, Npe/ICTaBIAIomue
peareHTHl 1 IPOAYKTLI, PACIOJAra0TC Ha PasHoll BblcoTe. Ecin KpuBas NOTEHIHU-
AJIHOIi 9HEprUH NpPOJYKTa pacrookera pemre {puc. 14.11, a), Torza To4ka nepe-
CedeHMsT KPHBHIX TakyKe GyJeT JIeKaTh BLIIIe N0 9HEPrHM U DeaKiys unmeeT bosee
BEICOKYIO 9HEpPTHI0 akTupaum#. HalpoTus, cMemenne KPUBOH AJ1f NPOAYKTa BHU3
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(puc. 14.11, @) nOHWXKaeT MOJIOXKEHWE TOUKH IEPEecedeHrs] U yMeHbUIAeT SHEPrulo

AKTUBAIMK (JI0 TeX NOp, NOKa KPUBHLIC He HadHyT NCPCCEKATHLCHA B JICBOM wactu). B

HpefeJIbHOM Cilydae peakuuu ¢ Gosnplum 3nagenneM A.G° (puc. 14.11, e) Touxka

NepeceveHns MOBBINIAETC U CKOPOCTEL PeakUyi MOMKeT CHOB3, yMeHLITHThbea L),

m [IpaBusio HenepeceueHus MOAPA3YMEBAET, YTO €CJIM PEATEHTHl B OCHOBHOM CO-
CTOSIHMM ME/JIJIEHHO MCKaXKaIoTCsl, TO OHM MPOXOJIAT MYTh ¢ MUHAMAJIBHOM I10TeH-
UMAJILHON 9HEpPrueil ¥ NpeBpalaloTes B NPOAYKTLI, HaXONAMKMEcs B OCHOBHOM
COCTOSTHHH.

B) YpaBreaue Mapkyca

JuarpaMme! Ha prc. 14.11 mOKa3bIBAIOT, YTO CYINECTBYIOT ABa (hakTopa, orpeness-
IOIIHE CKOPOCTh JIEKTPOHHOrO neperoca. Ilepsolit — GpopMa KpHBBIX MOTEHLIMAIL-
HOH sHepruu. Ecim napabosbl pe3ako BO3PACTalOT, YTO yKa3bIBaeT Ha OLICTPHIM poCT
9HEPI'HH ¢ YBeJIMYEHHEM JUTHHBI CBS3H, TO TOYKA MX Mepeceverius OyaeT HesKaTh BhI-
COKO ¥ DHEPIHs aKTHBaLMH Takxke OyaeT Gosbiroi. [aBHble NOTEHNHAIBHBIE KPH-
Bble, HAIIPOTHUB, MPEIIOJIAraloT HU3KHE SHEPrdd akTupaimu. [10J06HBIM 00pa3oM,
GosbIINe H3MEHEHHS] B MEXX'bIJEPHBIX PACCTOAHUAX 03HAUAIOT, YTO TOYKH DABHOBE-
CHISI JIEXKAT JAJIEKO JIPYT OT APYra M TOUKa [epecedeHns He MOXKeT ObITh JOCTHTHYTA
6e3 OosbILNX HCKaxkeHHil. Bropoit dakrop — cranjaprHas sueprua ['mb6ca peak-
MM 9eM oHa 60Jjiee OTPUIATEbHAS, TEM MEHbLIle YHEprisd AKTHBALMH 1)1 PeaKIHH.

Dty nosoxkeHus OLUTH KOJIMYECTBEHHO BhIpaskeHs! P. A. Mapkycom. OH BbiBen
YPaBHEHHe JUIsl [IPEJCKA3AHMS KOHUCTAHTLI CKOPOCTH BHelIHeC(hepHOH peaKIu Ha
OCHOBE KOHCTAHT CKOPOCTH 0OMeHa AJIs KaXK 10 OKUCIATEIbHO-BOCCTAHOBUTEIBHOM
[1aphl, YYacTBYIOIEH B IIPOLECCe, U KOHCTAHTH PABHOBECHS JJIsl DEaKI[UH B LIEJIOM.
YpaBueHne Mapxyca [l KOHCTEHTBI CKOPOCTH k HMMEET BHJ

k% = fkikoK (18)

rjae k1 ¥ ke — KOHCTAHTHI CKOPOCTH AUt ABYX 0OMeHHBIX peakmuit, K — KOHCTaH-
Ta paBHOBECHs Jid Beeill peakumu. Kosdbdurment f — napamerp, o0beauHAOMMR
KOHCTAHTHI CKOPDOCTH H CKOPOCTH CTOJIKHOBEHHIl; €ro MOXKHO NMPHPaBHATH K eIH-
HHIle T8 TpHOJIH3HTeNbHBIX pacueToB. Maes cpenHeB3BelIeHHONO 3HaUeHHH JIBYX
CKOPOCTEH caMOOOMEHa MOJYePKUBAETCS HAZBAHHEM <IIEPEKPeCTHOe COOTHOIECHHE
Mapkyca», Koropoe HHOrAa JaloT ypasHenuwo (18).

Mpumep 14.5. Ucnons3aosanme ypasnenuns Mapkyca.
Paccunraitre KOHCTAHTY CKODOCTH BHemHecdepHoro poccraHosieHns |[Co(bipy)a
neitcreuem [Co(terpy)o]®t mpu 0°C.

J

1) Dror nocnesHult cayualt 34ech He pACCMATPUBAETCH. Y MEHbIIEHUE CKOPOCTH PeaKLUU TPH BhI-
COKOM 3K30TepMHUecKOM ¢rpeKTe Ha3nIBAeTCS «MHBepCHOH obuacTnio Mapkycas. B oueHs Tpya-
HBIX SKCIIEPHMEHTANLHBIX HCCACIOBAHUAX (POTOXHMHUECKHM CrocoboM OBl MOATOTOBIEH MOAXO-
ASAUIMB OYEHb CHIIBHBIA OKHCJIMTENb M ObUIM NOJyUeHbl NpsMble JOKA3aTelbCTBA, CYLIeCTBOBAHUA
3Toft MHBepcHoi 0baacTH; cM. [Fox L. S., Kozik M., Winkler J. R., Gray H. B., Science, 297, 1069
(1990)].

6. Heopram. xumua. Tom 2
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Puc. 14.12, Koppensuua Mexxay sHeprueit 'm6o-
ca M CKOPOCTAMHA pPeaKiil (BhIpa’keHHLIMH tepe3
AKTHBAIMOHHBIe 3Hepruu ['m60ca) A/ OKMCIEHUA
paga kommnexcos Fe(Il) ¢ dpenanTpommioM neficTey-
em Ce(IV) B cepHoit kucioTe (CBETJIbIE KpYXKod-
-25 -50 xu) um Fe’¥ (aq) B xJ0pHO# KuCNOTE (epHbIE KPY-

A,G°, xOx/mons JKOHKH).

A°G,), kBx/mone
nN
(=)
T

(A°G-3
3
g

Oteer. Peaxunn o6MeHa UMEIOT CIEOYOIAA BHA:
[Co(bipy)s]** + [Co* (bipy)a]®* = [Co(bipy)al* + [Co” (bipy)a)**

[Co(terpy)s]?* + [Co” (terpy)a]®* <2 [Co(terpy)a]** + [Co’ (terpy)2]**

rne ki = 9,00/(momb - ), k» = 48a/(moms - ¢), K = 3,57 mpu 0°C. Ilonaras
f =1, momy4aem k = (9,048 3,57)'/2 1/ (monb - €) = 39 11/ (MONB - €). ITOT Pe3yILTAT
JIOCTATOMHO XOPOMIO COINIACYETCS ¢ SKCTIePHMEHTaIbHbIM 3HaueHneM 64 51/ (Monb - c).

Bonpoc 14.5. KakuM 6ymeT 3HaueHNE CKOPOCTH MEPeHOCA 3JIEKTPOHA ISl PeaKuuii ¢ kiwm
ko M3 JAHHOLO MPHMEpA, eciu Aita peaknuu B uejaom E° = +1,00 B?

VYpasuenne Mapkyca MoxeT GBITb BBIpa’keHO B BHe JTHHEHHON 3aBHCHMOCTH
cBOGOIHON SHEPTHH, TaK Kak JIorapudMbl KOHCTaHT CKOPOCTeH [IPONOPHHOHATbHbI
aKTHBAMOHHON sHepruu ['n6bea. Tak,

2Ink=Ink; +Inks+In K (19)
O3HAYAeT, “ITO
207G = A Gy + A7 Gy + AG° (20)

Ha puc. 14.12 nokasana KoppeJsanns Mexx 1y sHeprueit ['ut6ca 1 cKopocThio Jia 06-
el Peakiny OKUC/IEHMs Psiaa 3aMereHHpIx Kommiexcos Fe(1T) peiicrsuem Ce(IV).
JInHeiHan 3aBUCUMOCTD O3HAMAET yereX NPUOIN3HTENBHOIO YPABHEHAA Mapkycal).

OtkioHenua or ypaBHenns Mapkyca paccMaTpPUBAIOT Kak OCOOEHHOCTH BO
BHeIHechEePHLIX peaknyax. 9TH 0coGeHHOCTH MOTYT BKJHO4arh Gapbep, 06ycnoB-
JICHHBIH MepexoloM OT BHICOKOCIHHOBOTO K HH3KOCITHHOBOMY COCTOSHHIO HpH ITe-
PeHoce 3JIeKTPOHA WM M3MEHEHMeM CHMMETDHH, HallpHMeD NepexoJoM OT OKTa-
SIPHYIECKOr0 KOMIUIEKCA K MCKa)KEHHOMy TeTparoHajbHOMY. Baskublil npuMep —
aMMHHHbIE KOMIIJIEKChl KOGaJIbTa, B KOTOPLIX 3JeKTponHbi o6men mexay Co(IT)
1 Co(III) nporekaer oueHb MelJIeHHO. 34ech MOXKET UIPATh POJIb CIMHOBBIH (hak-
Top, nockoabky Kommiekcesl Co(I1) Bricoxocrmuossie (d7), a kommekest Co(II) —

1) TIposepku ypaeHenua Mapkyca ofobiens! B [Pennington D. A., In: Coordination chemistry,
ed. A. E. Martell, ACS Monograph 174, Vol. 2. American Chemical Society, Washington, DC,
1978).
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nuskocnuHoBie (d®). Onmako mepeHoc ssiekTpoHa Ha paspwixiswnyto o-HCMO
HUBKOCTIHHOBOTO d°-KoMmylekca Takxe TpebyeT CYIIECTBEHHOIO TeTParoHAJBHOIO
HUCKaKeHHd. 3 KauecTBe ajbTepHATHBBI, OTKJIOHEHHA OT ypaBHenua Mapkyca Mo-
I'YT IPOCTO yKa3blBaTh, YTO peakuus BHyTpucdepHas, a He BHewmHecdepHasl,

“‘ YpasHenue Mapkyca (ypasucHue (18)) — 910 npubimkeHnoe ypaBHeHWe niis
KOHCTaHTBI CKOPOCTH BHelllHec(hepHOTo 3MeKTPOHHOro nepenoca. OTKIoHeHns
OT ypaBHeHMs MapKyca CBHAETEIBCTBYIOT 06 OCOGEHHOCTAX BHEIIHechePHBIX
PeaKIuii, KOTOpble CBA3AHBI CO CIMHOBLIMHM COCTOSHUSAMH WM CUMMETpHEN.

r) Bayrpucdepnsie peakmmn

BuyrpucdepHnle peaknpy HAMHOTO TPyJHEE aHAJM3UPOBATh, IOTOMY YTO BHEIIHe-
oepHas peaknya CBOSUTCH TOJMBKO K [EPEHOCY SJE€KTPOHA, & I BHyTPHCQEePHBIX
peakLmit BO3MOXKEH KaK MepeHOC JEKTPOHA, Tak M IIePEeHOC TPYNNEl aToMoB. Bo
MHOMHX CJIyYasgX O4YeHb TPY/AHO DA3Je/UTh 9TH ABA NyTH.

BuyrpucdepHyio peaknuio MOXKHO ONHMCATh Kak NOCIEI0BATENbHOCTh TPEX CTa~
JauH.

1. O6pasoBaHHe MOCTHKOBOTO ({) KOMILTEKca:

MHLG T XM’HIL\IS N L5MH—‘X—M’IHL"5 +L
2. Tlepenoc snekTpoHa:
]'_‘51\/111_)(___1\/IIIIILI5 _ L5MIH——X—*MIHL’5
3. Paznoxenune o06pa3oBaBUIerocs KOMILIEKCS B KOHEYHLIE IPOIYKTHI:
LsMM_X —MMLL — npoxykre:

Craaueli, onpeensiomelf CKOpocTh Beell peaknyM, MOXKET OBITh JIIOGOM M3 Tpex
IIPOLECCOB, HO OOBIMHO 9TO CTaAWsA MEPEHOCA SJEKTPOHA. Peakiyiu, B KOTOPBIX JIH-
MHTHDPYIOIIEH cTaiell ABIseTcs pacial 06pa3oBaBIIerocs KOMIIEKca, BCTPevaioT-
cfl TOJILKO B TOM cCJIydae, eclIM KOHMHUTYpauns oOOMX MOHOB MeTaslla mocnie Iepe-
HOCA JIEKTPOHA NPHBOAWT K HHEPTHOCTH [10 OTHOINEHHIO K 3aMeIeHNo, HO TOrAa
MHEPTHBIH GusAAepPHBIH KOMILIEKC IPEICTABIAET COO0H IPOAYKT PEaKLHH, XOPOIInM
npuMepoM ciIyxHT BoccraHosnenne |[Ru(NHsz)sCl2+ zmemicrsuem [Cr(OHa)e)?™,
B KOTOPOM JIHMHTHpyoOmas cTagus — pacnag [Ru'l(NHs)s(u-Cl)Cr'(OHa)s)*t.
Peaknun, B KOTOpBIX JIMMHTHPYIOLIEH cTajgdell silserca oOpa3oBaHhe MOCTHKO-
BOTO KOMILIEKCa, BEChbMa NOXOKHK JUIf pafa MapTHepPOB JaHHON dacTHmpl. Hanpu-
Mep, okuciienne V2¥ (aq) nporexaer npubIM3HTENLHO ¢ OQNHAKOBOM CKOPOCTDIO I
Boabiolt cepun coeausennt Co(I11) ¢ pasHbBIME MOCTHKOBBIMH JIATaHIAMHU B Ka'ie-
crBe okncauTenel, O6bacHeRne MPeANOaraeT, YTO JUMUTHPYOMmel cTaauell ABIA-
ercsa 3amenienne Mosexynsl HoO B xoopaunammonsott cdepe V(IT).
MuorounciieHHbIe PeaKLMH, B KOTOPBIX CTaAHs NEpPEeHOoca 3JIEKTPOHa onpeje-
JF€T CKOPOCTDL BCEr NPOIECCa, HE JEMOHCTPUPYIOT CTOJBb IPOCTHIX 3aKOHOMEpPHO-
creit, CkopocTn peakimili MEHSIIOTCS B OYeHb IHPOKOM JAHaNa3oHe NpH H3MeHeHHU
HOHOB MeTajljla ¥ MOCTHKOBBIX JIMTAHAOB. [10CKOJBKY H3MEHeHHe OKHUCJIHTETIbHO-
I'0 COCTOSAHUSA TpeGyeT PEOPraHM3aliy JIMralI0B 1 PACTBOPUTENA, Kak K B CJly4ae

ar
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| IV, C [ . Cl

. n [{rrve] 3+ CI7 Pt— CI-; Pt=--Cl
[(bipy),CIRu"— N N— Ru"{bipy),Cl] a* | o |
N/ cl cl
13
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BreinHecepHBIX PEaKIINil, 3aKOHOMEPHOCTH, yKa3biBaeMble ypaBHeHeM Mapkyca,
HaXONAT NpUMEHeHHe M Jula BHyTpucdepHbx peaknuil. O4yeHnL MHTepeCHBI NYTh
HCCIe0BAM poJid HapbepOB B DEOPraHu3aniil CBa3all ¢ CUITe30M MOCTHKOBBIX
KOMILJIEKCOB, CTpOeHHe KOTOpEIX MMoKasaHo Ha cxeme (13), Kak Mojieseit BHyTPH-
cpepHBIX IEPEXOAHEIX KOMIIEKCOB. B Tabn. 14.11 npupe/ieHsl TaHHBIE, [I0KA3bIBAIO-
[Ife H3MeHeHHe KUHeTHYECKUX [1apaMeTpPOB NPH U3MeHeHUH MOCTUKOBOTO JHTaHa,
MeTaJlJIa-OKHCINATEN ¥ MeTaJllJla-BOCCTAHOBUTENA,

Bo Bcex peaknusax, paccMOTPeHHBIX B Tabl. 14.11, cTelleHb OKHUCIEHH META/LIA
usMensercd Ha t1. Takme peaknuu J0 CUX NOP YacTO Ha3bIBAlOT OJHO3KBHBAa-
JIEHTHBIMH TIPOIIECCAMH, 3TO Ha3BaHie 0TpaXkaeT yCTapeBLIUA TepMUH «XUMHYe-
cKHUH 3KBHBasneHT». X MexanusM TpebyeT nepeHoOca 3JIeKTPOHOB MM PaJUKaJIOB.
[To106HBIM 00pa30M, PEaKIHH, B PE3yJbTATE KOTOPBIX CTelleHb OKHCIEHUA M3MEeHs-
erca Ha t2, 4aCTO HA3bIBAIOT ABYX3KBUBAJIEHTHbIMU IPOIECCAMM, OHU MOLYT
HMMETDL CXOJICTBO ¢ HYKJEO(DHILIBIM 3aMellleHHeM. I9TO CXOJACTBO MOXKHO IOKa3aTh
Ha NpHMEpPE pPeaKLFH

[PtICL)%~ + [*PtIVClg]2~ — [PtV Cle)?~ + [*PtHCly)*~

KOTOpPas NpOTeKaeT depes craauio obpasosannsa Mocruka Cl™ (14). Peakuus 3asn-
cur ot neperoca Cl™ npu pacnajge NpoMeXKyTOUHOTO KOMILIEKCA.

H| Cramueii, onpejessiomeil cCKOPOCTh BCell peakiliy, MOXKeT OBITh Jilo0as U3 Tpex
NEePEYNCIICHHBIX BhIlle, HO Halle BCEro 3TO CTaJds [IEPEHOCa 3JIEKTPOHA.

Tabnuua 14.11. KoHcTaHTHI CKOPOCTH peakuui BTOPOro MOPALKA /IS HEKOTOPBIX
BHYTPUChEPHBIX peaKuuil ¢ Pa3TUIHBIMIA MOCTHKOBBIMHA JINTAHIAMH

Oxucaumens Boccmanosumeav  Mocmuxoewdi auzand  k, af(moas - ¢)
[CO(NH3)6)** [Cr(OH,)6]*+ g-107°
[Co(NH;)sF)?* [Cr(OH2)e)*+ F- 2,5-10°
[Co(NH3)5C1J** [Cr(OH2)6]** cl- 6,0 10°
[Co(NH,)s1]*+ [Cr(OH,)e)?t I~ 3,0-10°
[Co(NH3)5(NCS)]**  [Cr(OHa)e]?+ NCS~ 1,9-10
[Co(NH3)5(SCN)]**  [Cr(OHa)s)?* SCN- 1,9-10°
[CO(NH3)5(OH2)]3+ [CI‘(OHz)e]z_I— H.O 1-107!
[Cr(OH,)sF}** [Cr(OHa)e)** F- 74-1073

[Co(NHy),0,C @N— Ru(NH,1,(OH,)] 0,0 @N L. 107

[Co(NHy),0,C 0L
ZO:N 1,6-1072

2 () N—Ru(NHy) (O,
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14.14. OkucnuTtenbHoe npucoeanHeHue

Peaknun Tuna
[Ir(CO)L2Cl] + RI — [Ir(CO)Lo(R)(I)(C)]

re L = PPhy, a R — anxuneHas rpynna, HasblBaloT OKHCJIMTEIbHLIM IIPHCO-
enureruem'). B 370l peakiun KBaIpaTHbIH d8-KOMIIEKe HCIIOJIL3YeT HeCBA3bIBA-
IOlllAe aKCHAJIbHBEIE 31eKTPOHHEIE Naphl V1A 00pa3’soBaHUA CBA3W C BXOAAIIEH KUC-
noroit JIstonca (R umu HY B gansom cnywae), a nenojesieHHas napa oCHOBAHHUS
X umu H xoopmusupyerca K aTromy Merasia, JEHCTBYIONEMY Kak KucioTa. B pe-
3y/IbTaTe METaJll TepsieT ABa 3JeKTpona (¢ d® no d®), 1. e. oxucasercs. Hockonbxy
aJIKMIbHAA IPYNNa U alkoH (oJjiee 3eKTPOOTPUIATENLHDI, YeM MeTaLl, OHH (op-
MaJBLHO IPHOOPETAIT BCE YETHIPE 3JMEKTPOHA, YIacTBYIONIME B 06pa30BaHie CBa3elt
M~R n M~—1, cnenoparensro, creneHs OKuCIeHIs MeTAJlIa U3MeHsteTcd Ha 42 (410
COOTBETCTBYeT oKucienuio). [Tosobmunre peakuu gemorcTpupytor u d9-xommexcnt

CyecTByeT Tpi OCHOBHBIX MeXaHU3Ma OKHCIMTENLHOTO NpucoeuHeHus. [lep-
BbIi — nipucoeaunenns Hy ¢ nocnenyiomum paspersoM cesazn H—H:

PR \, /PR PR

C ~ 3 C Vet T3 3

=iy — =iy — iy
R4P R4P R4P l
X

Oxucnurensuoe npucoenunenvie Hy mo 9100 cXeMc Bcerga JaeT 4uc-IUTHAPHLBIS) .
OHTANbIINY aKTUBALNK 3TUX peakuui Jexkar B npegenax or 20 no 40k x /MOJIb,
YTO HAMHOTO MeHblle, YeM sHTaabnuA cBasu Ha (436 kx/Mous), TakuM 06pa3oM,
MO>KHO I10JIaraTh, YTO NIPU 00pa30BAHHY AKTHBUPOBAHHOTO KOMILIEKCS, IPOUCXOIUT
JIMIIb HE3HAYNTEJbHBIN Pa3pBIB CBA3U. JTOT BBIBOJ NOATBEPAKIAETCA 3aMEIIEHHEM
H na D. Tor daxr, uro 6bis1 noayden quBojopo/ bl (He UrupUa0) KOMILIEKS, B
KOTOpoM MoJlekyaa Hy 06pa3yior «GoKOBy10» CBA3b ¢ aTOMOM MeTaJU1a, [03BOJIAET
NPEJIIIONIOKHTh, YTO AKTHBUPOBAHHBIA KOMIJIEKC B OKMCIIUTEILHOM IPHCOeJHHEHNH
Takske uMeer crpoende M—Hy (¢ «BoxoBoii» cBs3bI0), 3areM OH pa3pylIaeTcad H
JaeT yuc-IUTHAPHIOKOMILIEKS,

AJtbTepHaTHBHBIM MEXaHH3M BKJIIOYaeT HyKaeodhuabpHylo araky Ha aroM C Hero-
JeJIeITHOM Taphbl 9JEKTPOHOB aTOMa MeTaJlia!

H b Tna H
/. /,P
(R4P),Pd + Cl— C/ — Cl— Pd— C/ + 2PR,
\ o\
Ph PR, Ph

1) Bmecto nogankana MoryT 6biTe Hy mam HX, roe X — rasioreH.
2) Kunin A. J., Johnson C. E., Maguire J. A., Jones W. D., Eisenberg R., J. Amer. Chem.
Soc., 109, 2963 (1987).
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[To 9TOMy HyTH YACTO MPOTEKAET OKHUCIHUTEIbHOE NPUCOEIMHEHNE IalOreHAIKAHOB
IOCPEICTBOM HyKIeODUIbHOM aTakd aTOMa MeTajula Ha aToM YIVepoja, cBA3al-
st ¢ rajoreHoM. B arom mpumcpe aTtaka Pd, npusomaman x samemenuio Cl7,
IpJseTca JAMATHpYIomel crajuei, nanpHeimee npucoesuaenue Cl™ nporcxoqut
GureTpol) . DTU PEakIMy He CTePEOCeNCKTUBHDI, YTO COOTBETCTBYET NPEIOKEHHOMY
Mexauu3My. [ yriepoHoro aToMa, HAIpoTHE, Hablio/lacTcsd MHBEPCUS, YTO MOJX-
YepKHBAET NPOUCKO/IANIEe HyKTeohuIbHOoe 3amemmenne. PeakMonHas ClocOGHOCTD
pa3IMYHBIX FATONeHANKAHOB NOKA3bIBAET, 1TO CTEPUYECKUe 3aTPYAHEHUA 3aMe/1IA~
10T ATaKy, CKOPOCTH PeaKildi PacHoJararTca B MOCJIEI0BATEIbHOCTH

CH;X > CH3CH3X > CHRX > nuknorexkcun-X X = rajioresn

TpeTuit MEXaHU3M BKJIFOYUAET ydacTHe Pa/MKaJIOB; IPOULCC YCKOPAETCA MPUCYT-
crBueM O; ¥ OCBeIleHHEM U ABJIAETCH OJIHOIJIEKTPOHHBIM:

[IrICI{CO)(PMe),]  + R

Ci o]

' PMe ' PMe,
R— 17 ® 4+ Rer — R\/lf;g,— +
Me,P I MeyP ‘

OTCcyTCTBHE CTEPEOCCTEKTHBHOCTH, HHIMOHPOBAHHE DaMKAIBHBIMA JOBYUIKAMH,
YYBCTBHUTEJBLHOCTh K MPHUCYTCTBHI) KHCJAODOIa YKa3bpIBalOT Ha pa,I[I/IKaJIbeII';I Xa-
PAKTEp ITOTO Mpolecca. [ANOPeHATKEHbI, FaJoreHapeHsl # a-rajoresdOUpsl B3an-
mogetietsyior ¢ [Ir(CO)(PMes),Cl] no panukansnomy mexanuamy?).

Peakuus, o6paTHas OKMCITHTEIBHOMY MPHCOETMHEHNIO, Ha3bIBAETC BOCCTAHO-
BUTEJbHBIM 3JTMMHHIpOBaHueM. Kak 6yner mokasano B ru1. 17, codeTaHue OKHc-
JUTEIIBHOTO IIPHCOETHIEHHS H BOCCTAHOBHTEILHOIO SJIMMUHMPOBRHHS MOXKHO HC-
TOJTb30BATh I MOAU(HIMPOBAIMA OPTaHHIECKUX COETUHEHHH ¢ LEJbIO MX IPH-
MeHEHHs B KATAJUTUIECKHX MUKAaX. [IpoCTOi MpHMep BKJIOUAET OKUCUTENBHOE
NPHCOeAUHEHHE

RCO

PhaP  CH Ph3P\| _CH,
L + RcCOCI — Rh

oc”  Ypph, oc” | een,
o]

1) Halpern J., Acc. Chem. Res., 3, 386 (1970).
2) Labinger J. A., Osborne J. A., Coville N. J., Inorg. Chem., 19, 3236 (1980).
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C nocjeAyomuM BOCCTAHOBUTENBHBIM 3JJHMHAHUDOBAHUEM

RCO
PhaP_ | _CH, Ph,P cl
7 3
> Rh‘ ——>  RCOCH, + > RK
oc” | Pph, oC ¥ Pph,
cl

Cyr\mapHaﬂ peaKluuAa COCTOUT B NPEBPAINEHHH alUIXJOPUIA B KETOH.

'“ N3BeCTHO TpH OCHOBHBIX MEXAHH3IMA OKUCIHTENLIOTO IPUCOEIUHEHHS: 1) Herno-
JAPHOE IIPUCOE/MHENHE, 2) HauallbHas HyKaeoduabHasa aTaka Ha aToM yIviepoa
HENOJIE/IEHHON Napoit aTomMa MeTania, 3) nocTajuiHOe NPUCOEUHEHE paauka-
JIOB.

POTOXUMUNYECKUE PEAKLINWN

[Mornomenne GoTOHA yBEJIUIMBAET SHEPTUI0 KOMIIEKCA OOBITHO Ha BEJIHYH-

"y ot 170 ;o 600 k Iy /Mous. [TocKoNbKY 9TH 3HAYEHNS OPEBLILAKT THIHY-
HEBIE SHEPTUU aKTUBAIUH, JAHEBIH c10c0o6 OTKPHIBAET HOBBIE TIANIPABICHUA PEAKIHUIA.
Onmako, Korna BLICOKas 9Heprus GoToHa HCNOMb3yeTca 415 06eCleYeH s ePBHY-
HO#f peakuuy, peaknus B 06paTHOM HaNPABJICHUH IOYTH BCET1A TEPMOIMHAMHYECKH
faronpuaATHa, MOITOMY 3HAUTENbHAS YacTh YCUIUH NPH CO3AaHNN 3D DeKTHBHEIX
(hoTOXHMIYECKHX CUCTEM HAIDABJIEHA Ha TIOUCK TTyTell MPeI0TBPALIEHHsT 0OPaTHBIX
peakunii.

14.15. boicTpble U 3agepxaHHbIE peakuun

BB HeKOTOPLIX cIy4asx Bo30yKIEHHOE COCTOSHME MUCCOLHMUPYET NOYTH CPasy, Kak
ToJbKO 06pasyercs. [IpuMepamu ciny>kaT ofpa3oBaHUe NeHTaKapOOHUILHLIX HHTED-
MEJIHATOB, KOTOPble HHUIMUPYIOT JUTANIHOE 3aMellelde B KapboHnmax

Cr(CO), 2% Cr(CO)s + CO

4 pa3pnB cBasd Co—ClL:

[COIII(NH3)5CI}2+ hr(A<350 HM)

[Co™(NH3)5]?* + CL.
O6a s1u mponecca npoTexarT Menee deM 3a 10TiC ¥ MOITOMY HA3BIBAIOTCA GBICT-
PBIMH peaKiusMu.

Bo BTOpO# peakunn KBAaHTOBBIH BBIXOJ, T. €. KOJHYECTBO IPOPEArPOBABIIMX
MOJIEKYJI Ha, MOJIb TIOTJIOUIEHHBIX (DOTOHOB, YBEJIMYUBAETCA ¢ YMEHBIIEHHEM JIIHHDBI
BOJIHBI M3JIyeHUs] (YTO COOTBETCTBYET BO3paCTaHHIO sHepruyd ororoB). UsbnTok
SHEPIWH MO CPABHEHHIO ¢ YHEPTHEH CBA3M HCHONL3yeTcd i 0OpasoBaHHA HOBBIX
d>parMeHToB, IPU 3TOM YBEJIUTIHBAETCH BEPOATHOCTH, UTO OHM YJIAJATCS APYT OT
JIpyTa B PAcTBOpe, HpeKJe 4eM PeKOMOUHUPYIOT.
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HexoTopbie BO3OYKJIEHHEIE COCTOSIHHA CYIIECTBYIOT JIOCTATOMHO JOJIO. Hx
MOXKIIO pPAcCMaTpHBATh Kak SHCPreTH4ecKue W30MePBl OCHOBHOIO COCTOSHHMS, KO-
TOpble MOTYT IPHHUMATH y4acTue B 33JePXKAHHBIX PEaKIUsX. Boszbyxx1eHHOE
cocroaunue |[Rul!(bipy)s]*t, obpasyromeecst npu MOrIONIEHUU ¢oToHa B MoOJIOCE 3a-
pPSLAOBOTO NIEPEHOCA ¢ MeTaul/la Ha JUraHz (pazga. 13.4), MOXXHO PacCMaTPUBATEL KaK
xommieke Ru(IlI) ¢ pagukasn-aHMOHOM B KadecTBe JHMraHIa. Ero okucIuTenpHO-
BOCCTAHOBHTENBHEIE PEAKIME MOTYT ObITb 06LACHEHB! JobaB/eHHeM 3HEPTHH BO3-
Gysxelus (BHIpaXKeHHOM KaK MOTEHIMAl C MCIOJIb30BANeM COOTHOMICHN —-FE =
AG u npupasHuBaineM AG K MOJADHON SHEPTUU BO3OYKIEHUA) K BOCCTAHOBH-

1).
TeJIbHOMY MMOTCHIINAJY OCHOBHOTO COCTOANMA )

[Ru(bipy)s]*" + e~ — [Ru(bipy)s]**
E° = 41,26 B (—122 kIx/mMoub)
[Ru(bipy)s|2* + v (590 mu) — [ Ru(bipy)s]**
AG = +202 xx/Monb
[Ru(bipy)s]** + e~ — [*Ru(bipy)s]**
E°% = —0,84 B (+80 x>k /Moub)
HI YacTuup! B Bo36yK ASTHOM 3JIEKTPOHHOM COCTOSHHAN MOLYT PacnaJlaTbCs Cpasy
WM TOC/Ie HEKOTOPOH 3aJePXKKM.

14.16. Peakuun, obycnosneHHbie d—d-nepexogamu uau
nepeHOCOM 3apsaja

Kak 6110 nokazano B pas. 13.3 u 13.4, cymecTByeT JBa OCHOBHBIX CHEKTPOCKO-
IU9YecKd HaGaIoAaeMbIX THIA 3JeKTPOHHOrO BO30YKJIeHN:A B KOMINIEKCAX MeETajl-
JIOB, a UMeHHo d—d-miepexoJpl U IepeXolpl C IEPEHOCOM 3apafa. d-d-TTepexoasl
COOTBETCTBYIOT B OCHOBHOM YIJIOBOMY IepepaclpelelIeHUIO 3JICKTPOHOB BHYTDH
d-obosouky. B oKTasApuUeCKMX KOMIJIEKCaX 3TO llepepacnpejieneHne 4acTo COO0T-
BETCTBYeT 3acesiennio M—-L pasphixistiolux eg-opburanett. [IpumepoM MOXeT cily-
e nepexon 4T g « *Agg (t3ge) « t3,) B [Cr(NH3)e]**. Bacenennocrs paspeix-
JSIOMIER €,-0pONTAIN NPUBOIMT K (POTO3AMELICHNIO ¢ KBAHTOBBIM BBIXOLOM 6am3-
knM K 1 (Tounee 0,6)

[Cr(NH )% + HyO % [Cr(NH;)5(OH,)]** + NHs

1o GuICTpas peaknus, NPOTEKAloLlas MeHee 4eM 3a S IiC.

IIpu nepexofax ¢ NEPeHOCOM 3apsifia IPOHCXOMUT paduanbroe Nepepacnpeene-
HUE 3JIeKTpOoHHOH muoTHocTH. OHM COOTBETCTBYIOT NEPEX0JaM 3JeKTPOHOB Ha Ipe-
HMYIIECTBEHHO JMTAIAHbIEe OpOUTAH, eC/IM JaHHLIH [lepexo OTHOCHTC K THIY Iie-
peHoca MeTalI—JIMrafi, Wi Ha OpOMTa/M, CBA3aHIbe TPEUMYIIeCTBEHHO C ATOMOM
MeTaJula, eCIM NePeHoC JUTaH - MeTa1. [lepBhIil npolece cOBIAAAET ¢ OKHCASHIEM
MeTaJlTa, a BTOpO# — C ero BOCCTaHOBJeHueM. Takoe Bo30yaenne OObIYHO MHULIHH-
pyeT (POTOXHMHUUECKHEe OKHCIMTEIbHO-BOCCTAHOBUTENbHBIC PEAKIUU TOTO 2Ke THIIA,
KOTODRIA yoke obcyxaanca jia kommiekcos Co(IIT) u Ru(IIl).

1 O6cyxaenne cm. B [Meyer T. J., «Exited state electron transfer». Prog. Inorg. Chem., 30,
389 (1983)].
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Xors B KadecTBe NEPBOro NpUOIKEHNS YCTAHOBJIEHHE B3aUMOCBS3H do-
TO3aMelleHdss M oTousoMepusanuu ¢ d-d-niepexogaMu, a  (DOTOXHUMUYeCKux
OKMCJIUTEJIbHO-BOCCTAHOBUTEJIBHBIX PEAKHUN — C NepexoiaMu ¢ MepeHOCOM 3apsi-
/la O4YeHb IOJIE3HO, 3TO NMPABMIO He ABjgeTca abcomorneiM. Hanpumep, Hepeaxo
N0JI0Ca MEPEHOCa 3apsiia IPUROIUT K POTO3aMENIEHHIO HENPSIMbIM Iy TEM:

[Co™ (NH;)sClJ** + Hy0 % [Col (NH;)5(OHy) 2+ + Cl-
[Co (NH3)5(OHy)** + Cl. —» [Co™(NH3)5(OHa) P+ + CI-

B s10M cilynae akBakomniiexc, ofpasyompiicss NOCIe POMOJHTHIECKOTO Pa3phiBa
cBasu Co—Cl, okucnsiercst aToMoM x70pa. B pesyibTaTe KOGAJLT 0CTAETCS OKIUC-
nermibiM Co(I11) u cranoBures 3amemennbiM. Hao6opoT, JomroxkuBymee cocTosHume
’E ana [Cr(bipy)s]*t spaserca wucTeM d-d-cocrosHUEM, KOTOPOe HECIOCOBHO K
peaKnusaM 3aMeNleHusT B KHCJIOH cpene. Ero Bpemsa >KM3HM cOCTaBIAET HECKOD-
KO MHKPOCEKYHJ M NO3BOJAET UCMNOJL30BATH M3OLITOK 3HEPTHH B OKHUCJIHTENbHO-
BOCCTaHOBUTe/BLHBIX peakuuax. BoccranoBuTensnit norennuan (+1,3B), paccun-
TAHHBIA Ipy 406aBJeHNH SHepTHU BO36Y XK IeHN ST K 3HAYEHUIO JUIS OCHOBHOTO COCTO-
AHNA, OODBACHAET €ro CBOMCTBA KaK XOPOIIEro OKMCINTENs, OpU STOM OH BOCCTa-
nasyusaercst 1o [Cr(bipy)s]*t.

“I XopomyM nepebIM NpubIuXkKeHHeM SIBJISETCS YCTAHOBJEHHE B3aUMOCBA3H (Do-
To3aMemeHuss B oTou3oMepu3auuu ¢ d—d-nlepexofaMu, a (POTOXHMHIECKUX
OKHCJINTENbHO-BOCCTAHOBUTEIbHBIX PeakIMi — ¢ NePeXOJaMH C NepeHocoM 3a-
PsiZa, HO 3TO NPABHJIO He abCOIOTHO.

14.17. Mepexoabl B cUCTEMax CO CBA3LIO MeTani—MeTann

B rn. 13 yxxe BcTpedanncs §*—§-nepexoapl 11 KpaTHOH CBA3M MeTalI-MeTasll, He
YAUBUTENLHO, YTO 3acesIeHre Pa3phIXJIAIomell OpOUTAIN B CHCTEME METAJI-MeTas]
MOYKET MHOTa MHHOMHPOBATH (BOTOAMCCONMAMIo. Bosee MHTEpecHo, 4TO Takme
BO30y X IeHHbIE COCTOSAHHSI, Kak OBbLIO MOKa3aHo, HHULUHUPYIOT MHOTO3IEKTPOHHbIC
OKHCJIHNTENbHO-BOCCTAHOBUTE/IbHBIC [TPOIECCHI.

Onmo#t u3 Haubosee IETANIBHO M3YyHYEHHLIX CHCTEM SIBISETCA OHsNePHBIH KOM-
nieke atuabl [Pty (p-PeOsHy)y|*~, masniBaemerit obpiuno «PtPOP» (15)V. B
OCHOBHOM COCTOSIHHM B 9TOM KOMILIEKce, cofepamem zasa atoma Pt(II) (d®),
OTCYTCTBYIOT CBA3M MeTasi— Metasul. Cxema B3MO-HCMO noxasbisaer, 4TO
B30y KJleHMe 3acelsieT CBA3BIBAIOLIYIO OpGuTaib MeTasi— Merann (puc. 14.13).
Camoe Hu3KOe N0 3HEpruM Bo36GYXKACHHOE COCTOSHHME UMeeT BPeM: >KH3HH 9 MKC.
DTO CHIBHLIA BOCCTRHOBUTEND, B PEAKIUU TPOUCXONUT HEPEHOC JIEKTPOHA U Iepe-
HOC aToMma ranoreHa. HauGonee unrepecunl npomykrs! oxucaenus Pt(II1)-Pt(1II),
KOTODBIE coyepKaT Jurasapl X~ (rae X — ralored WM NceBJoTanoreH) Ha 060uX
KOHIIAX ¥ OJIHHApHYI0 CBs3b MeTaI-Metasut. O6aydenue B npucyTersua (Bu)sSnH
JaeT ANTUAPHAC-IIPOAYKT, KOTOPBIA CIOCOOEH OTLIEIIATD MOJIEKYJISIPHEIH BOJIOPOL.

Obsyyenne  comepskallero  4YeTBEpHYIO  CBH3b  GUALEPHOrO  KJACTEDA
Mo2(O2P(OCgHs),)4 (16) mamyuennem ¢ miuHOM BosHB! 500HM B NPHCYTCTBUH

1) Xumusa sroro HHTEPECHOTO KOMIUTeKca omucaHa B [Roundhill D. M., Gray H. B., Chi C. M,
Acc. Chem. Res., 22, 55 (1989)
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Pwc. 14.13. Busgepnniit KoMILTeXC [Ptg(u-P205H2)4]4_. CTpyKTypa COCTOMT M3 ABYX
KBaJIPATHBIX KOMILJIEKCOB, PACMOJIOMKEHHbIX MJIOCKOCTAMH IPYr K OPYTy M YIEpPXKHBa-
€MBbIX BMECTE€ MOCTHKOBBIMH TMHpodochuTHbIME gurangamu. llpunapiexaiye aToMam
METAIIA P;—Pz~ U d,2~d 2-0pOUTaIN B3aMMOIEHCTBYIOT BIoab ock Pt—Pt. Ocranbhble p- u
d-opOHTAH CIMTAIOTCA HECBA3LIBAIOLUMH.

dyzl dy) do

CICH2CH,Cl npusout K 06pa3soBaHiio 3THIEHA U IPUCOEIMHEHMIO JBYX ATOMOB
XJI0pa K AByM aToMaM MOJUGIEHa ¢ COOTBETCTBYIOIIMM JBYX3/1eKTPOHHBEIM OKHCIe-
nuem!). Peaxius npotexaer Yepe3 O/HOJIEKTPOHHBIE ¢Ta Ul U TpeGyeT KOMIIEKE,
B KOTOPOM aTOMBI MeTajia GJIOKMDOBAHBI 3a CHET CTepPHYeCKUX 3aTpynHeHui. B
IPHUCYTCTBHY MaJIbIX JIMTaHI0B IPOTEKAeT PEAKIHA (POTOXMMUYECKOTO OKHCIUTE b
HOTO [PHCOEANHEHHs OPraHMYecKOol MOJIEKYJIBI.

m Sacesenne pa3puLIXJIAIOUIEH OPONTANM CBA3M METAJUI-METAJUl MOXKET MIIO-
rJia UHANUAPOBATE (DOTOMUCCONMAINIO; Takoe BO3OYXKIEHHOE COCTOSHHE MO-
KET TNPUBOAUTE K (DOTOXUMHUYECKMM MHOTO3JIEKTPOHHBIM OKHCIUTEIbHO-
BOCCTAHOBHTELHBIM IIPOLECCAM.

D Partigianoni C. M., Chang I. J., Nocera D., Coord. Chem. Rev., 105, 97 (1990).
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YINPAXHEHUSA

14.1 KnaccupuumpyiiTe nepe incieHnble YacTHUB KaK HYKICOMUIb WM 31eKTpodu-
aee a) NHa, 6) Cl7, ) Ag*, r) 27, ) AP,

14.2 Peakumn Ni(CO),, B KoTOpPBIX bocdmibl umi dhochuThl 3aMemanT CO, obpasys
pax Ni(CO)3L, npoTeraroT ¢ oauHaxoBoit CKOPOCTBIO IS pasnuunbix docdunHoB
nmm docduror. K xakoMy THIy oTHOcATCs aTH peaxuuu: d win a?

14.3 a) B nepeom skcnepumente 2°Cl™ 6nin Jo6GaBIEH B PACTBOP MPH M3y4YEHHH YUC—
mpanc-usomepusanun [Co(en),Clz]* nna onpenenenus:, conpososaaerca an 130-
Mepusauusa 3amemenneM. 6) Bo sropom skenepumente D 3ameman H B aMmuadsbix
murangax B [Cr{NHz)2(NCS)4]™ n ymensmran ckopocts samemenns NCS™ Bomoil.
B xakoM skcrepuMenTe HecenoBanach CIEXHOMETPHS], @ B KAKOM — HCTHHHBIH Me-
XaHH3M mpouecca’

14.4 HamuumTe ypaBHeHHe cKopocTH 06pa3oBaHus {Mn(OH2)sX]* u3 aksanoma u X ™.
Yo 6Bl BB NMpenpUHAIM IS ONpeneeHus TUna peaxuun: d wimm a?

14.5 OKTasIpU4ecKMe KOMILIEKCHl META/UIOB B BBICOKOH CTENEeHH OKHCIEHMs WiIH
d-METAJUIOB BTOPOTO UM TPETHETo PAAA MEeHEe JaGWUIbHbLI, YeM aHAJOTHYHBIE KOM-
TUIEKCHBIC COEIMHEHNS] METAJIJIOB B HHU3KOHM CTENEeHN OKUCIEHNA U d-MCTaJLIOB Mep-
BOFO pafa. O6bscHUTE 5TH HAGTIONEHNS HA OCHOBE JNCCOUMATHBHOM CTaINH, OMPe-
JEeNAIIEH CKOPOCTh PEAKIINH.

14.6 KommiekcHoe coemmnenne Pt(II) ¢ TeTpasTMIOMSTHIEHTPUAMMHOM ATAKYeTCs
vonamu Cl™ B 105 pa3 6picTpee, 9eM aHAIOLMYHOE COGIMHEHWE C JUITHIICHTDH-
amuHoM. OObacHuTe 370 HabMoAeHIe, HCXOAS U3 ACCOLMATUBHOTO XapaKTepa Ju-
MUTHPYROLIEHR cTaguu.
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14.14
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Mnasa 14. MexaHn3aMbl peakunit KOMANEKCHbIX COeANHEHNIA d-meTannos

CxopocTb morepu xnopGenzona PhCl uz [W(CO)4L(PhCI)] ysennunpaercs ¢ yse-
nvueHreM KoHMueckoro yraa L. Kakoit MexaHU3M peakuny HPeaioNaraloT 3TH Ha-
6monenunsa? Korpa PhCl zamemaercs GochHOBBIM JIMFAHIOM, CKOPOCTh PEAKLMH
3aBHCHT OT KOHUeHTpauun docchuHa (SKCIEPHUMEHTH MPOBOAMIHCE MPH HHU3KOM
koHueHTpauus docduHa). CymecTByIOT JIN NPOTHBOPEYMS MEATY STUMHI HabITro-
JICHHSIMA M MEXaHH3MOM, KOTOPBI MOXHO MPEINOIOXKHTb M0 JAHHBIM O BIMSHUN
KOHHYecKoro yria?

O6mbscHser u Bo3moxkHocTh Bbimenenus [Ni(CN)s]*™ Gombiryio cxopocTs 3ame-
merus B [Ni(CN)4)*™?

[IpesnoxuTe AByXcTamuitnpie cuHTesnl yuc- n mpane-|Pt(NHz)Clz(NO2)] ™, nexo-
s w3 [PtClg)?.

Kak BIHSIOT HA CKOPOCTh PEAKIMM 3aMEIIEHNs B KBAJPATHOM KOMIIJIEKCE CIIEAY-
rompe n3Menenns? a) 3ameHa suranfa B mpanc-monoxkenun ¢ H na Cl. 6) 3amena
yxonxsmeit rpynns ¢ Cl na 1. B) Beemenne 06beMHOTO 3aMECTHTENS B 4ucC-JINTAHL,
r) YBe/lM4eHHe MOJIOXKHUTENBHOIO 3aPsia KOMIUIEKCA.

Cxopoctsb atakn Co(IIl) Bxomsiueit rpynmoit Y npaKTH49eCKH He 3aBUCHT OT MpPH-
ponp Y, SIBHOE MCKJIIOUMEHHME COCTaBJseT OplcTpas peakums ¢ noHamu OH™ . O6b-
sicHUTe 3TO oTianyue. KaxoBbl BalM MPEIONIOXKEHHsT O MOBEJEHHN KOMILJIEKCa B
OTCyTCTBHE GPEHCTENOBCKON KHCJIOTHOCTH JIMFaHAOB?

[Ipeackarkure MPOAYKITHl CIEAYIOUAX pPeaKLuii:
a) [Pt(PR3)4]*t + 2C1~
6) [PtCly*~ + 2PR3
1) yuc-[Pt(NHa)2(py)2])?t + 2CI~

Pacrionoxure B mopsake Bo3pacTanus cxkopocreil samemenus HoO cnenyromue
xommirekct: a) [Co(NHz)e)**; 6) [Rh(NHs)e|*"; B) [Ir(NH3)6]**; ) [Mn(OH2)6]**;
x) [Ni(OHz)e]**.

OnpegenuTe BAMAHUE HA CKOPOCTb JUCCOLMATHBHO AKTHBHPYEMBIX PEAKLMH KOM-
mexcoB Rh(III) a) ypenuuenust ofuero sapsana KOMIUIEKCA; 6) M3MEHEHHs yXO-
gpameit rpynnst ¢ NO3 wa C17; B) usmenenus Bxopgmedt rpymmst ¢ Cl™ ma 175
) u3MeHeHMsa wyuc-nuranga ¢ NHz na HoO; 1) 3aMEHB! JIMPaHAA ITHJIEHIUAMHHA
Ha MPOMUIEHAMAMHMH TIpH yXoAsimem nurange Cl7.

Ionarator, aro Mexanusm sHegpennss CO BKIIOYAET CTANMH

RMn(CO)s = (RCO)Mn(CO)4
(RCO)Mn(CO); + L = (RCO)MnL(CO),

Ha neproii cragum o6pasyercs: anusbHBIH HHTEPMEIHAT U OCTAETCSI BAKAHTHAS KO-
opanHaunonHas mosuuus. Ha Bropoit cragnn sxogur nurang. [pu BBICOKOH KOH-
UEHTPALMK JIMTAHAA CKOPOCTD Peakuuu He 3aBucHT ot [L]. C y4aerom storo orpanu-
H€HHA, KaKy1) KOHCTAHTY CKOPOCTH MOXKHO ONMPEAENNTb U3 AAHHBIX O CKOPOCTAX?

Buina uccnenoBaHa 3asrcEMOCTh 3aMemtenus xsopbenzonia PhCl nunepugumom
(pip) B KOMITIEKCE [W(CO)4(PPh3)(PhCl)] or nasnenna. Buin onpenenes aKTusa-
IHMOHHBIR 06beM +11,3 cm® /Monb, UTo rosoput 3ro 3HadeHne O MeXaHH3Me TPO-
uecca?

Hamuumre cxemm ryTpvcdeproro m BHeurnechepHOro MyTell BOCCTAHOBIIEHUS
vona azugonenTaaMmmuKkobanbTa(I11) nowom V2 (aq). Kaxne sxcriepuventaibunie
JAaHHBIE MOPYT ObITb HCIONIB30BaHb! Ui PA3/IMIEHUs ITUX ABYX IyTeii?

14.18

14.19

14.20

14.21
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pomexxyrounsiit mponyxr [Fe(OHz)s(SCN)|?* moxer 6umh ofHapyxeH B peak-
wn [Co(NHs)5(NCS)]** ¢ Fe* (aq), maromeit Fe** (aq) n Co*(aq). Kakue mpes-
TIOJIOXKEHUA O MEXAHM3ME PeaxuMH MOXHO CAENATb Ha OCHOBAHHH 3TOFO HABIIO-
noeHus?

QotoxuMuyeckoe 3amemeHue TpudenndochHHOM B KOMIIEKce [W(CO)s(py)]
(py — mupnmun) maer W(CO)s(P(CsHs)3). B npucyrcrum usbbitka dochuna
KBAHTOBLIA BRIXO npubimxaercs k 0,4. Mccnenosanue mvmynncrnoro dgoronmmsa
AAeT CIEKTP, KOTOPBIH MOXKET COOTBeTCTBOBaThL HHTepMenuaTy W(CO)s. Kaxoit
MPOAYKT M C KAKMM KBAHTOBBIM BBIXOJOM BbI MOKETE NPEACKA3aTh JUIA 3aMele-
g [W(CO)s(py)] B npucyrersum m3bniTka Tpuotunamuna? Yem HHHLMHDYETCs
9Ta peakUMs: NEPeXoAAMH B MOJIE JIMTAHJ0B MM mepexomamu [I3MJI?

2 .

Us crextpa [Cr(NHs)sCl]*t, npuseaensoro na puc. 13.9, crenaiire MPeIoJIoXKe-
HUf O JUTHHE BOJIHBI, IPH KOTOPOit BO3MOXKHO BPEMEHHOE (hOTOBOCCTAHOBJICHHE
Cr(IIT) 8 Cr(II), compoBoXAaeMoe OKHCIIEHHEM JHTAHIA.

Bzanmopeiictene [Pt(Ph)2(SMes)2] ¢ Gumenrarnniv surammom 1,10-denantpo-
manoM (phen) nmaer [Pt(Ph)sphen|. CymecTsyer xumermweckuii myTh ¢ akTupa-
upontbME napamerpamu A7 H = +101 kJIx /Mo n A*S = +42 T/ (monn - K)
IIpesnoxxuTe COOTBETCTBYIOMMIT MEXaAHI3M.

3AJAHUS

14.1

14.2

14.3

Pacteop [PtH2(P(CHa)s)2] cocTont u3 cmecu yuc- n mpanc-usomepos. JoGasie-
nie usbpitka P(CHs)s mpusoaur k o6paszosanmio [PtH2(P(CH3)s)s] B KonnenTpa-
MM, KOTOPYIO MOXKHO 0BHapyxHTbh MeTogoM SIMP. DTtor KoMmmeke 6bIcTpo o6Me-
HHBAETCS POCHHUHOBLIMI JTHTAHAAMH C YUC-H30MEPOM, HO HE C MPaHC-MIOMEPOM.
IlpeanoxHTe MyTh NpoTeKanus 3TOro mpouecca. Kakoir ua marangos (H wim
P(CHs)s) obnamaer 66memmm mpawnc-acbextom? [Packett D. L., Trogler W. G.,
Inorg. Chem., 27, 1768 (1988)].

Has cnenyrompit Mexannsm A1 06pa3soBaHMs XEJATHOFO KOMIITTEKCA:

[Ni(OH2)s]*t + L—L = [Ni(OH,)e)**, L-L Kpaon, GbiCTpAS
[Ni(OH2)s]**, L—L S [Ni(OHz)sL—L]** + H,0 ke, ki
[Ni(OH2)sL—L]** & [Ni(OH3)4LL)** + H,O ks, ki

Buisesute 3akon ckopoctH ofpasoBanus xenata. OBCyuTe CTAAM0, OTINYAIONLY-
10Cs OT AHAJIOTHYHOM CTaANHN AJls ABYX MOHOAEHTATHBIX JIMFAHJOB. Brino HaiiaeHo,
4T0 00pa30BaHHE XeJATHBIX KOMILIEKCOB ¢ CHIIBHOMN CBSI3bI0 METAJUI-IMFAHA TPO-
UCXOJUT C TON 2Ke CKOPOCTBIO, 4TO U 00pa3soBaHNe KOMIUIEKCOB C AHAJIOTMYHBIMH
MOHOJIEHTATHBIMH JIUTAHAMH, HO 06 pa3oBande xenaTos co cnaboit cBA3bI0 MeTaNI—
JIMPaHJ ACTO MPOUCXOAUT CYIIECTBEHHO MejuienHee. [Ipepmonaras Iy MexaHH3M,
obbacuuTe stn Habmonenusa. [Wilkins R. G., Acc. Chem. Res., 3, 408 (1970)].

Kommnnexe [PtH(PEt3)s]? 61 uccnenosan B nefiTepMpOBAHHOM ALETOHE B MPH-
cyrcreun u3bbiTka PEts, rne Et — CH3CH,. B orcyTcTBHe M36BLITKA JUTAHIA B
crektpe SIMP 'H B rugpugnoit 061acTH HaxoUTCS KB4 tpumnera. B u3bnitke PEts
TPUMIUTETHl HAYMHAIOT CKUMATHCA, MPpUieM (QPOPMa JIMHHH 3aBHCHT OT KOHLEHTPa-
uym nuranga. Hpusenure mexanuam, o6bacHaiommit geitcrerne n3bnitka PEta.
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Peakuuy 3aMelneHHs OGusgepHoro MocTHxosoro xommmekca Rh(II) [Rho(u-
02CCH3)4XY] (17) 6pinm uccnegosansl B paore [Aquino M. A.S., Macart-
ney D. H., Inorg. Chem., 26, 2696 (1987)]. Cxopoctn peakiyil MOKa3bIBAIOT CJ13-
GyI0 3aBMCHMOCTb OT NPAPOIBI BXOAsIEl Fpynnbl. B rabauue, npuseseHHol HIDKeE,
MOKA3aHa 3aBUCHMOCTb KOHCTAHTBI CKOPOCTH 3aMEIUEHHs OT MPHUPOIbl yXoxsiied
rpymmet X M auragna Y, Haxopsimerocs y MpOTHBOMONOAKHOro aToMa Rh (mparnc-),
npu 298 K. Kakue 3akM04CHUA MOXKHO CAENATh O MEXAHHU3ME 3amMenienus’?

X Y k, a/(monn - c)
H.O H.0 10%-107
CHsOH CH3;OH 2. 108
CH3CN CH3CN 1,1-10°

PPhs PPhs 1,5-10°
CH3CN PR3 107-10°

PRs CH5CN 1071102
N-znonop H.O 102-10°

OTMeTuM, 4TO KOMILIEKC nMeeT d ' -KoHMbHry paluio mis kaxaoro aroma Rh u opu-
Hapuyio cBs3p Rh—Rh.

Ha puc. 14.14 [Goddard J. B., Basolo F., Inorg. Chem., 7, 936 (1968)] mokazanns
Ha6II0NAEMblE KOHCTAHTBI Peakiuu nepsoro nopsaaxa [PALBr]* ¢ pasnuanbivu Y~
¢ obpazosanuem [PdLY]", rne L — Et2NCH,CH:NHCH,CH2NH2. Ormeuaerca
KPYTOif HAKJIOH IJIst Szog_ u nyneBoit makioH ans X = N7, [T, NO; u SCN™.
Ipegnoxxure MexaHU3M.

Owuranemust akTEBaumu guia  Boccranosmenns  yuc-[Co(en)2Cla]t  meitcrBuem
Cr**(aq) cocrapnser —24 k[ /Monb. OOLACHUTE OTPULATENBHOE 3HAMEHHE IH-
Tanemuu akTupauuu, cM. [Patel R. C., Ball R. E., Endicott J.F., Hughes R. G.,
Inorg. Chem., 9, 23 (1970)].

Ckopocrb Boccranopnenus [Co(NH;)s(OH)]*t meitcreuem Cr(Il) na cemb mo-
PSAKOB MEHBIE, Y€M CKOPOCTh BOCCTAHOBJIEHHS €r0 COMPSYKEHHOTO OCHOBAHHSA
[Co(NH3)5(OH)}** peitcreuem Cr(II). [ns coOTBETCTBYIOWIMX BOCCTAHOBJIEHHIt
neticrsuem [Ru(NH;)s]*t pasmaums mennire uem B 10 pas. Kakolt Mexanusm npes-
noJlarator 3ti Habmogenna? O6cyanre HoO 1 OH™ Kak MOCTMKOBBIE JIMTAH b
Hcnonbays cnexrper AIMP (puc. 14.15), ouenure cKopocTh OOMEHa MeEXAy CBO-
60JHBIM M KOOPIUHUPOBAHHBIM AMMHAKOM JJIA MPEICTABICHHBIX AJKAIBHBIX KOM-
mexcos Co(III). {Guschl R. J., Brown T. L., Inorg. Chem., 13, 959 (1974)].
Paccuuraiite KOHCTAHTBI CKOPOCTH /151 BHEMIHECHEPHHIX PEAKIHI MO CIIELY FOIMM
JMAaHEbIM, CpaBHUTE BAIM PE3yIbTATH C U3MEPEHHHIMHA 3HAYEHUSMH B MOCIEIHEN
KOJIOHKE,

Peaxquﬂ kl, kg, Eo, B knn6m
a/(moav-¢)  af(moav - c) 2/ (moav - c)
Cr+ 4 Fe?t 2.107° 4,0 +1,18 2,3-10°
[W(CN)g]*~ + Ce(lV) > 4-10* 4,4 +0,90 > 108
[Fe(CN)g]*~ + MnOj 7,4-10% 3.10° +0,20 1,7-10°
[Fe(phen)s3)®* + Ce(IV) > 3-107 4,4 +0,36 1,4-10°
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3aKOHa CKOPOCTH
knnﬁn - ks + k2 [CH31]

Bemuuuna k, dyBcTBHTENBHA K HYKIOMUIBHOCTH pacrBopuTens. Beuto coenano
npeanonoxenne [Basson S.J., Leipold J. G, Roodt A., Venter J. A., Inorg. Chim.
Acta., 128, 31 (1987)], uTo 3akoH ckopocTH MOApa3yMeBaeT KOHKYPUPYIOHIHE IYTH
AJIs1 HAYaJIbHON CTaauu: MEePBLIA BKIIOYAET 3neKTpodunbHyIo aTaky rpymmoit CHg
¢ 06pa3oBaHKeM MATHKOOPAMHALMOHHOTO NPOMEXKYTOYHOTO COEJUHEHHS], & BO BTO-
POM PACTBOPUTENL 00pa3yeT MATHKOOPAUHAIMOHHOE coemuuente no arakn CHsl.
Hanummre nyTH 0KHCIHTENBHOTO MPHCOMHERNS U OTIPEIETHTE SMEKTPOBHIbHBIE
U HyKJIeopUIbHBIE CTamMH.

Ha puc. 14.16 u3 [Muir W. R., Langford C. H., Inorg. Chem., 7, 1032 (1968)] noxa-
3aHa 33aBUCHMOCTb HAOJMIOZAEMBIX KOHCTAHT CKOPOCTH PEAKIMH MEePBOTO MOPAIKa
or [X7| mna peakumit

[Co(en)2(dmso) (NO2)]*T + X~ — [Co(en)2(NO2)X]* + dmso

Ilpeamonoxute, 4To Bee TPH PEAKIMH HMEIOT OMHE H TOT K€ MEXaHH3M. a) Ec-
JIM MEeXaHU3M OTHOCHTCA K Tuny D), yemy OymeT coOTBETCTBOBATb KOHCTAHTA JIH-
MHUTHPYIOIER cKopocTh cTazuu? 6) Ecam mexanusm oTHocurcst K tuny Iy, demy
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AV i Mo
a
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A 0,03 0,05
| IO S SO W -
7,7 7,87,9 8,0 8,1 [X]1, mone/n
Puc. 14.15. Cnextp AMP 'H  Puc. 14.16. JaHHbIE X 33JaHHIO 14.11. Cxkopoctb
(100 Ml'n) k sanamuio 14.8. peaxin  yuc-[Co(en)2(dmso)(NO2)]** xak  dymk-

nMs OT KOHUEHTpALMH BXoasmero amoma X7, rue
X~ = NO;, Cl™ u NCS™. [lyHKTHpHAs JHHUA NOKa-
3BIBAET CKOPOCTb peakiuu obmena dmso.

6yIeT cOOTBETCTBOBATH KOHCTAHTA JTMMHTHPYIOLIEH CKOPOCTh craguu? B) Kaxoso
3nagenne aKTa, YTO KOHCTAHTA CKOpPOCTH obMena dmso Gosbine, TeM Mpeaesib-
Hble 3HAYEHNs [UId aHMOHHBIX aTak? r) IIpeesibl KOHCTAHT CKOPOCTEH COCTABJIAIOT
5-107%¢™1,1,2-107* ¢! u npubnusnTensHo 1 - 1074¢™? gna C1I7, NOZ u NCS~
coorBercTenno. Quesunno mu npeobnamanne D wim I; mexannama?

1] METAITIOOPTAHUYECKUE
COEONHEHNS
3JIEMEHTOB MMABHbIX
rPVIN

Mo xumu4ecknM ceolicTBaM BOAOPOAHbLIE COEAMHEHNS N aNKWIbHbIE NPON3BOAHBIE dne-
MEHTOB FNaBHbLIX FPYNM BO MHorom noxoxmn. OT4acTu 370 0bbACHseTCA BAM30CThIO Be-
AWYUH 3NEKTPOOTPULATENBHOCTU ANA BOAOPOAA W Yrnepoaa, B pe3ynsTaTe NPOYHOCTL
W MONAPHOCTL CBA3e 3NeMeHT—yrnepos NoAobHbI aHanorn4HLIM napameTpam censel
anemeHT—BOgOpoa. B 3ToW rnase paccMOTpeHbl MeTannoopraHu4eckne COefnHeHUs
3NEMEHTOB FNaBHbIX FPYNM, BKAKOYAsA rpynny LUMHKa, koTopas obnafaeT CyLieCTBEHHbIM
CXOACTBOM C OCTaNbHbIMK rpyrnnamu. MeTannoopraHndeckne coefIMHEHNA 3NEMEHTOB
d- v f-6nokos paccMmaTpuBatotcs 8 rn. 16, a ponb MeTanNoOPraHN4ECKNX COEANHEHNA
B KaTanuTuyeckux npoueccax — & rn. 17. Bypet nokasano, uto bonbluMHCTBO MeTan-
NOOPTaHUHECKUX COEANHEHMA MOXKHO NOAYYNTb NO OAHON W3 HeTbipex peakuuii dop-
muposatusa ceszn M—C. Bonee Toro, MHorue nx cBORCTBa MOXHO CUCTEMATUIUPOBATL
Ha ocHOBe HebONbLLIOro Yncna knaccos peakunii. OpHa n3 ocobeHHocTel, Ha KOTOPYIO
cnefiyet 0bpaTuTL BHUMaHMWE, CBA3aHA C BaXKHOMW PONbIO CTEPUHECKOR NeperpyxeHHo-
CTW NPOCTPaHCTBA BOKPYr LEHTPaNbLHOro aToMa. [lonaratoT, 4To 3Ta neperpy’eHHOCTb
NPUBOANT K CMOCOBHOCTI HEKOTOPBIX METANNOOPraHNHECKNX CORAUHEHWA NPOTNBOCTO-
ATb rMAPOAN3Y 1 NO3BONNNA CUHTE3UPOBATL COEAUHEHUA, COAEPXKaLLNe KPaTHbIE CBA3U
MEXLAY aTOMaMMN THXKEbIX 3IEMEHTOB.

OaHVM B3 OCHOBOTIOJOXKHUKOB XMMHM METAJIJIOOPTaHHYecKUX COeJHHEHNH dje-
MEHTOB [VIaBHBIX CDYII ObLT aHTIMICKM XUMHEK D, Ppankiens, KOTOPHIT H3yHanl
OpraHM4ecKHe [IPOM3BOJHBIE MBIIILIKA BO BpeMs paboThl Hal JOKTOPCKOH JHCCED-
tamuei B lepmanun. B 1848 v. oH BriepBhle CHHTE3NPOBAJ AUMETHIINHK U B TeHEHHE
nocaeaytoumx 14 ner orkpout Zn(CaoHg)z, Hg(CHs)z, Sn(CaHs)s u B(CHjz)s. On
TaxKe paspaboTal MeTObl IPUMEHEHH [IMHKOPTAaHUYECKUX COeIMIeHn B Opratiu-
4eCKOM CHHTE3€ M BBEJ TEPMHUH «METAJJIOOPTaHUYeCKHHA» B JIEKCUKOH XMMUKOB.

Opranuyeckne IPOM3BOIHEIE JIUTHS, MarHUA, 60pa, ATIOMHHNSA ¥ KPEMHUA HPH-
BAEKJH ocoBOe BHUMaHHe B Hadase XX B. PsAm ychnemHbIX HCCleTOBaHH NPHBE
K BaXKHBIM CrtocobaM IPOMBIIIJIEHHOrO IPUMEHEHHS MEeTAJJIOOPraHuYeCKUX CoeiH-
HeHmii, B 4aCTHOCTH KaK KaTaJM3aTOpPOB [OJMMEPH3AINH aJKEeHOB i B [TPOHU3BOA-
CTBe NoJuMepOB Ha ocHoBe KpeMmHusi. C 1960-X IT. B CHHTETHYECKHX HCC/IeA0BAHNAX
METAJIOOPraHH9ecKUX coeliHeHnH Mpeobiafallo H3yHeHne COeuHeHnH 9J1eMEHTOB
d-610Ka, HO BO3POXKICHIE HHTEPECA K METAJUIO0PraHMIeCKUM COSIMHEHIAM HIEMEH-
TOB [VIABHBIX FPYMH IIPHBEJIO K OTKPBITHIO HOBBIX K/JaCCOB COENHHEHHUH 1 PACIIHPHIIO
HAIIM 3HAaHWs O TUIAX CBA3H M PEAKIMAX COETMHEHMH 9JIeMeHTOB s- U p-GJI0KOB.
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KJTACCUDPUKALUUA, HOMEHKJTATYPA U CTPYKTVYPA

CoelMHeRNe OTHOCAT K <«MeTAJIJIOOPTaHHYECKHM», €CJH OHO COJEPXXHMT XOTH Obl
omHy cBsA3b MeTasu-yriepon (M—C). B aToM cMBIC/IE COCTaBHASA 4YacTb <«MeTall-
JIO. .. » TPaKTyeTcs AOCTATOYHO IMMPOKO, MOCKOJBKY PaCcCMATPHBAIOTCS COENUHE-
HHSA He TOJbKO MCTHHHBIX METAJJIOB, HO M TaKMX 3JIeMEHTOB, KaKk 60p, KDeMHHH,
MBIIIBSK. 151 DoquepKUBaHUA Pa3IM4Mi B IpelesaxX 3TOro IMHPOKOrO KJIAcCa, Co-
elMHEeHUH Hanee AJs CBsizel yrieposa 6yayT ucnonap3soBanbl obosnadenust E—C, rae
E — memerann p-6ioka, 1 M—C, korma M — ueTunHBIM MeTamd,

15.1. Homenknatypa

MeTaJimoopranHyecKHe COeOMHEHHS JIEMEHTOR S-6J10Ka OOLIMHO HA3BIBAIOT

B COOTBETCTBHH C HA3BAHUAMH 3aMeCTHTEJEH, MCTONb3YeMbIMH B OPTaHMYe-
ckoit xumu (Tabor. 15.1), nanpumep meTmiummtait a1 Lig(CHj ) 4. Coenunenus, nme-
fOlIlfe TIPEMMYIIECTBEHHO HOHHBIH XapakTep, Ha3bIBAIOT KaK COJIH, HApHMep Had-
tamuz HaTpua Na[CioHs]. Dnementoopranuyeckue coenunenus p-6Js10Ka gacTo Ha-
3BIBAIOT, Kak OOBIMHbIE OPrAHHYeCKHe BelleCTBa, HAPUMeD TPHMeTHIGOD B(CHj)s.
Onn MOryT 6BITH TaksKe HAa3BaHLI KakK MPOMIBONHBIE OT X BOAOPOIHBIX AHAJIOTOR,
Hanpumep: Tpumetuntopan B(CHg)s, Terpameruncunan Si(CHgs)4, TpuMeTnIapcHn

AS(CH3)3.

Tabnwvua 15.1. Hassanus naubosiee pacnpocTpaHeHHbIX OpPraHNIecKUX 3aMECTUTe-
Jieif B MeTaJutoopraHuaeckol xuMun®™

Dopmyaa Cucmemamunecxoe naseanue  Aavmepramusroe nassarue
(u obosnaenue)

CHsz— Merun (Me)

CH3CH,—~ Sruin (Et)

(CH3),CH- 1-Mernmarun Wsonpormuwt (‘Pr)

CH,=CHCH,— 2-ITponen Asumn

(CH3)2CHCH,~  2-Merunpomnua Wzobyrun (‘Bu)

(CH3)3C— 1,1- DumermssTun mpem-Bytun (*Bu)

CsHs Huxmonenraguenun (Cp)

CeHs— Dennn (Ph)

H2C= Merunen

HC= Meruanonn

a) B
0.
JIee MOAPOGHbIE JAHHBIE CM. B AOTIOJHUTEIBHON HHpopMaruy 1.

Homerknarypa, kotopas mcnombsosana B stoli kHure IV MeTaJlIoOpraHude-
CKHX COCTUHEHHU 3/IEMCHTOB IMIABHBIX PYIH, He BK/IIO4aeT CTPOroro YKA3AHHSA cTe-
TICHI OKMCIIEHHsA, HO MHOTZA TOJIE3HO OTMEYATh CTefleHb OKUCICHUs MeTallia npu
PAcCMOTPeHNH cBOMCTB cceumenns. Kax u B moGoit apyroft o61acTy HeopraHH«e-
CKOM XWMMUH, CTelleHb OKHCIEHUs SJIEMEHTA TIOJe3Ha IS OTCIEKHBAHHAS 3JIEKTPOH-
HbIX I[I€PeXO/IOB M IpeACKa3aHUs BO3MOXKHBIX THIIOR peaxlIiyif, HO ee HeJIb3sl HHTep-
HPETHPOBATL KAaK peasibHbIN 3apsj aToMa. IIpu onpeneneHAN CTENeHH OKMCTeHUsT
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Monekynsaptbie

3INEKTPOHOAENLNTHBLIE
13/11 14/IV 15NV

MNMonumepHbie

MonekynapHole  MonekynspHbie
VoHHbIE “3NeKTPOHO- 3NEKTPOHO-
TOUHbIE" n36bITONHBIE

Puc. 15.1. Knaccudukanyuss METHIIBHBIX COSAMHEHUH METAJUIOB M HEMETAJLIOB.

aTOMa MeTaJlJIa B MeTa/LIOOPraHMYecKoM COeINHEHHH IIPUHATO PacCMaTPUBATh Op-
raHMYECKYIO YaCTh COeIMHeHNs Kak aHuon. Hanpumep, B qumernapTytn Hg(CHz)o
kaxaott rpynne CHy mpunuchiBaercs 3apsan —1, 4To o3HauaeT (IOCKONBKY CyM-
Ma Bcex cTeneHell OKHMC/IEHHs aTOMOB B HeMTDPAJbHOH MOJeKyJle PaBHA HYJIO) IS
PTYTH cTeNleHb OKHCTenus +2. B 6uc(IuKIONeHTaINEHIT ) MATHIH Mg(ns—CsHs)zl)
ana rpynnsl CsHg npeanonaraerca 3apsn —1, nosToMy cTelleHb OKHCIEHHA MAar-
HHsT paBHa +2.

“I Ilpu onpenenenuy cTelleHH OKHCIEHHS OPTAHMYeCKHX IPYMNH, NPHCOeIUHEHHBIX
K aTOMy MeTaJlJa, OHH PACCMATPHBAIOTCA KAK AHUOHBL.

15.2. Conoctasnenue C 8040POAHLIMUA COEANHEHUAMM

TonApHoCTs H NpodYHOCThL MHOMHX cBaselt E—C nozobHa cooTBETCTBYOWAM Mapa-
MeTpaM cBaseit E—H. B pesynbrare cyuiecTByeT cTpyKTypHOE M XHMHYECKOE CXOX-
CTBO MeXKly aJIKHJIbHbIMU COEAHHEHUSIMH U UX TPOCTeHIINMH BOAOPOIHBIMY aHAJIO-
raMH, KaK BUIHO U3 cONOCTaBjenust puc. 15.1 u 8.2, W3 ananusa sHadeHdl 3JIEKTPO-
OTPHLATENbHOCTH CJIEAYET, YTO AJIKHJIbHbIE COeJUHEHHS 3eMEHTOB $-0JI0Ka HMEIOT
CyIecTBeHHO ToJIspHble cBs3n M8 ~C%~. «DnexTponoToyHbIe» COEAMHEHHUS DI
MeHTOB rpynnsl 14/IV u 3MeKTpoHOM36bITOMHbIE COeAUHERHA TPy 15 /V n 16/VI
HMeIOT MeHee NosisApHble cBszn M—C?),

H| [onsprocTs cBs3ell 31eMeHT — yIrJIepoj HaXOAUTCA B COIVIACHH C BeJIH{HHAMH
ANEKTPOOTPHIATEIBHOCTH.

1) O6osnavenue 7° yKa3bIBaeT, ¥TO JMFAH/ MPUCOEJMHAETCA K aTOMY MeTallla NATHI0 MO3HIHMA-
MH; 9T0 obo3HaueHHe obbAcHAeTcs Bosee moapobGHO B pasa. 135.8.
2) O rTepMHHe <«3IEKTDOHOTOWHBIE» COEJHHEHHS CM. IPHMEYaHHWe Ha C. 405 1. 1.— ([Tpum.

ped.).

-




100 lnasa 15. MeTtannooprannueckne coeauHeHs 3NEMEHTOB MaBHLIX rpynn

15.3. CTpyKkTypa w CBA3b

CyImecTBYIOT HEKOTOPbIE TOHKHE PA3/IHYUs MeX/y MeTaJUIOOPTaHUYeCKHUMHU COe/TU-
HEHHAMH ¥ GUHAPHBIME BOJOPOJHBIMY COE/TUHEHUSIMH, KOTOPBIE BO3HHUKAIOT OTYACTH
M3-3a CTPEMJICHHS AJIKMJIBHBIX IDYIN He 00pa30BLIBATh MOHHBIE cBA3H. Hampumep,
MOJIEKYJIAPHBIE CTPYKTYPbl TPUMETHIATIOMHHNA (1) M MeTH/IHTHA (2) PE3KO KOH-
TPaCTHPYIOT C HOHHBIMH (cosTeo6pa3HbiMu) TBepAbiMu rHapuaamu AlH;z u LiH. Ja-
>Ke 6oJlee HOHHOE COeJMHEHMe MeTHJIKAJIMN KPHUCTAJIN3YeTCd B CTPYKTYPHOM THIIE
apceHu1a HUKeJIA, a He KAMEeHHOH COJIH, B KOTOPOH KPHUCTAITH3YeTCs THAPH KaJuA.
CrenyeT BCIOMHHTB, YTO CTPYKTYpDa apCeHHAa HHMKeNd THOUYHA JUTA COUeTaHHs
«MATKHYA KaTHOH — MATKHA anuoH» (pa3z. 2.9). CyiecTByeT pan ssekTpoHomedu-
[HUTHBLIX COEJMHEHHH THIA TPUMETHIATIOMHHHS, KOTOPble MOTYT COAEPXKAaTh TPEX-
LEeHTPOBBIE JBYX3JIEKTPOHHBIE CBA3M, aHAJOTHYHBIE MOCTHKOBHIM CBA3sam B—H—B
B mubopane (pasza. 8.9).

a) MeTajuloopranEIecKre coeIuHeHns JIEMEHTOB S-0Jl0Ka

B HenoJApHBIX PACTBOPHTENIAX METHJJIMTHH COCTOMT M3 Terpasapa, o6pasoBaHHO-
IO aTOMaMH JIHTHSA, KaXKaad I'DaHb KOTOPOTO O6beaHEHa MOCTHKOBON METHIbHON
rpynnoii (2). Kak u B cinyygae Ala(CHj)g, yaobHee onuCHIBATH CBA3H ¢ IOMOIIBIO JI0-
KaJIN30BaHHbIX MOJIEKY/IAPHBIX opbuTaseit. Tak, monHocuMMeTpuuHas KOMOHHALIHS
Tpex 2s-opburanett Li Ha Kaxk7o#t Tpanu TeTpasapa Lis u omsolt TuGpmaHolt spi-
opbutanu CHj aaer opburasnsb, Ha KOTOPOH MOXKET Pa3MECTHTLCA OJHA 3JIeKTPOHHAA
napa (puc. 15.2), 4To npUBOAMT K 06PA30BAHAK YETHIPEXIEHTPOBON JABYX3JI€K-
TPOHHOM cBsA3M ((4c—2e)-casb). Bonee Buskas sHeprusi opGuramm atoma C mo
CPaBHEHHIO ¢ OpbuTanaMH aToMoE Li FOBOPHT 0 TOM, YTO CBA3BIBAIONIAS Iapa TEK-

CH, 23
Do
Al /CHﬁ
-~ Al
HC™ N\ 5N
c Ha
H3
1
H H
c? 83 c3
\M/ Ny \M/ Ny
7N N NN
Hy Hy Hs
2 Li,(CH,), 3  M=Be wm Mg
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Puc. 15.2. BsauMogeiicreue MeXIY Sp°-OpOHTANBIO METHIL-
HOU TPYNNBbI, NEHTPUPOBAHHON HA rpaHd, U 2s-opburansMu
aTomoB Li, obpasyromux rpasb rerpasapa B Lis(CHsz ), nmpu-
BOAUT K (POPMHPOBAHMIO [OJHOCHMMETPHYHON CBS3BIBAIO-
meit (4c—2e)-opbutamu. Cneayromas no suepruu opGuTasb
ABJISIETCH JBAXKAbI BBIDOXKAEHHON U necBa3biBaonieit. CaMas
BepXHsIsE OPOUTANIb — PA3PBIXJIAION A,

TpPoHOB OyJeT NPEUMYILECTBEHHO pacnonaraThes Ha rpynme CHj B cooTBercTBHH C
HabMIOJaeMBIM KapPOaHHOHHBIM XaPAKTEPOM MOJIEKYJLl. AHAJIN3 CBA3eifl B 9THX co-
€/IMHEeHHAX TOKa3biBaeT, 4To B3ammMoneiicreue Li-CHj umeer npubsmsurennno ma
90% wnounkL Xapakrep. JuMeTHIGEpHILIHY ¥ AUMETHIMATHHH CyINECTBYIOT B BH/E
NOJTAMEPHBIX CTPYKTYP C ABYMsI MOCTUKOBBIMH (3¢—2¢)-CBA3AMHU MEXKIY KasKJIbIMH
JABYyMsA aToOMaMH MeTaiula (3).

3BecTHbI coeqUAEHNST ¢ NPEHMYIIIECTBEHHO HOHHBIM XaPAKTEPOM CBA3H, TIE Iie-
JIOYHblE MeTaJlnbl O0beUHEHD! C IMKINIECKAMH HJTH MOMUIUKIHIeCKHME apeHaMH
(KOTOpBIE MOT'YT NPUHUMATD SJEKTPOH Ha CBOH m*-opburanu). OOHO U3 TaKHX CO-
eMHEHHH — paHee YIOMAHYTBHIY HaTanHa HATPUA: OH COIEPXKHT PaIUKAJI-aHUOH
[-Ci0Hg]™, B KOTOpOM e/MHCTBeHHBIN HeCTApeHHbIH 3JEKTPOH 3aHUMAeT paspbiX-
AAILYI0 T-opbuTtant HadpramuHa. W3-za menokanuzanmu sapsana 3¢hpeKTUBHBIH
paJuyc aHHOHA BeJHK H 3JIeKTPOCTATHYECKOE B3aHUMOJCHCTBHE MEXIY KATHOHOM
H aHHOHOM cyiaboe. B pe3ynbrare coJib, KOTOpPas CONEPsKHT TaKol apoMaTHYecKHH
Pa/IHKAJI-aHHOH, ¢1a60 JUCCOLUHUDYET B NOJIAPHBIX AIPOTOHHBIX PACTBOPHTEJX TH-
na Terparupogypana uau Tpuc(auMernaamus)gocduaokcuaa ((CHs)aN)zPO.

“| MeTunbHble COeIUHEHUA JIUTHA, HATPHA, GEPIUIJIHA, MarHdsa U aJIOMHHHA ac-
COIIMMPOBAHbl IIOCPEACTBOM AJIKMJIBHBIX MOCTHKOB; JJjisi UX ONHUCAHHUA YIOOHO
HCIIOIB30BATh MHOTOLEHTPOBBIE JBYX3JIEKTPOHHbIE CBA3H.

6) I'pyrma omHka

[Cnapras ocoGenHOCTH MeTasioB 12-#f Ipynnbl — o6pa3oBaHue JIMHEHHBIX MOJIEKY-
JApHBIX coemunenntt Tuna Zn(CHj)a, Cd(CHg)z u Hg(CHa)e, xoTophie He acco-
NUMPOBaHBEl HH B TBeDAOM, HH B JKUJAKOM, HM B ra30006pa3HOM COCTOAHHM, HU B
pacTBopax B yIVIEBOJOPOJAX.

OnemenTsl 12-# rpynnbl UMeIOT JBa BaJIEHTHBIX JIEKTPOHA, M JHMHEHHblE MO-
HOMEpHBIE CTPYKTYPHI T[OBOPAT O TOM, YTO OHH NPEJOCTABIAIT ITH VIEKTPOHBI
1A 06pa3oBaHAA MOJIEKYJ C JIOKaIM30BaHHBIMHU (2c—2e)-cBazsamu (4). B orinuune
OT GepuIITHA ¥ MAaTHHS B HAJOIMYHBIX COEXMHEHHUSX, STH JIeMEHTH HE 3aIONHA-
IOT CBOW BAJIEHTHBIE OB0JI0YKH IOCPEJCTBOM ACCOIMAIIHY Yepe3 AJKHJIbHbIE MOCTH-
kH. Cienyer oTMETHTD OOIIYI0 CKJIOHHOCTh K JMHEHHON KOODAMHAIMM Y MeTA/IOB
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CH,
Si ~ o 1,96
A
180° Hac/l S CH, H,C— 5960 CH,
HyC— M>— CH,4 CH, CH,
4 M=2Zn,CdHg 5 6

¢ d1%-xondurypanuett, raxux xax Cu(I), Ag(l) u Au(I) B 11-# rpynne (manpn-
mep, [NSC—M—C=N]|~, M=Ag, Au). DTy 3aKOHOMEPHOCTb HHOLAA OOBACHAIOT
¢ mpuBjeveHHeM pJ-THOPHIM3ALMM B HOHE MT*, koropass NpHBOOMT K OpGHTa-
1AM, TPEeMOYUTAIOUIMM JHHeHHOe IPHCOeUHEHNe JNTaHLOB (BecbMa INOXOXKe Ha
spd-rubpuAM3anno, TPOUIAIOCTPUPOBAHHYO0 Ha PHC. 9.23).

B) I'pymma Gopa

B ornnune or BHj3, KoTophIll cyllecTByeT KakK JUMep, TPUMETHIOOp — MOHOMep-
HOe MOJIeKyJISpHOe CoeJUHEHHe, BEPOSITHO, H3-3a CTePHYECKOr0 OTTAJIKUBAHMUSI, KO-
TOpOe BO3HHMKAIO 6Bl MeX/y METHIbHBIME IPYyNIaMH B MOCTUKOBOH CTPYKTYpe.
TMoxaTBep:K TeHreM 3TOTO TPeANONOXKEHUS CIYKHT CIIOCOOHOCTD K JHMEPHU3AIUH all-
KHITATIOMHHHEBBIX COoeIUHeHHH ¢ 6OIbIIMME No pa3Mepy aTomaMH Al: omu obpa-
3ytoT (3c-2e)-cBA3M, MOCTPOEHHDBIE 06beMHeHneM opbuTamell oT NByX aToMoB Al
moctukopbix CHs-rpynm (kak B (1)). Onnako Ga(CHj)s — monomep, xora Ga 605b-
we, 9em Al; Takum o6pa3omM, pa3Mep He ABAsSeTCA eJUHCTBEHHBLIM OMNpeesIouuM
daKTOpOM.

“| PasMep aToMa — BasKHBIH, HO He eJMHCTBeHHbIH bakTop, onpedensomuit obpa-
30BaHMe JUMEPOB Y aJKHIbLHBEIX COeMuHennit amementos rpymmsl 13/TI1.

r) T'pymnm yrmeposa m asora

«DJIeKTPOHOTOUHbBIE» COEIMHEHHs TPYIIhl yIIepoaa, HalpuMep TeTPaMeTHICHIAH
(5), # 3MeKTPOHOH3OLITOYHBIE COEAHHEHHS IPYNNbI A30Ta, HATPUMED TPHMeTHIap-
cud (6), aeKBATHO ONUCHIBAIOTCA OOBIYHBIMH JIOKAJTH3OBAHHBIME (2c-2e)-cBaAzsamu,
a UX TeoMeTpHIO MOXHO O6bACHHTBL Ha ocHoBe Mogeaun OSDIIBO. Opmako mpo-
creftimasi mogenbr OSIIBO ne MokeT 06bACHUTL TOT (paKT, YTO BAJIEHTHBIE YIJIBI
C—E—C /s TPUMETHIILHBIX COEIUHEHUN TAKeTbIX 3JTeMEHTOB (MBIIbAK U CYPb-
Ma) 6musku K 90°. DTH yriIbl HANOMHHAIOT BAJIEHTHBEIE YLJIBI COOTBETCTBYIOUINX
BoAopoAHbix coeauuenuii AsHz u SbHj3 (Taba. 8.3).

m «DJIEKTPOHOTOYHBle» coesuHenuss rpynmbl 14/IV i 21exTpoHOUZ6GHITOYHbIE CO-
eJMHeHns Ipynnbl 15/V onHchbiBAOTCS TOKaMN30BAHHBIMA (2c—2€)-cBA3AMH, B
GOJIbUIMHCTBE CIyYaeB MX [eOMETDHI0 MOXKHO MpeJCKa3aTh Ha OCHOBE MOJENH

O3IIBO.
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15.4. YcrTo#iumeocTtb

Hanesxkunle 3naxenns sHepruft o6pasopanusa ['ub6ca a1 MeTALTOOPraHHYECKHX CO-
€/JMHeHHH, KaK IPaBUJIO, HeJOCTYIIHBI, MOSTOMY JaJlee IJIA MPUOIH3UTEILHOH orleH-
KH yCTOUYHBOCTH COeIUHEHHN [0 OTHOLIEHHMIO K PAchajy Ha NpPOCThie BEIECTBa HC-
TIO/B30BaHbl BEJHUMHbl SHTAIbIHE obpasoBanus (Tabn. 15.2). Habnonaemble npu
3TOM 3aKOHOMEPHOCTH TOJ0OHbBI TAKOBBIM AJIS BOJOPOAHBIX COEIMHEHUI 3IeMEeHTOR
p-6710Ka: METHIIbHbIE COeJIMHEHUs JerKux snementos rpymm ¢ 13/111 no 15/V apaa-

Tabnuua 15.2. CrangaprHble MOJISIPHBIE SHTANBIMA 0GPAZOBAHMS Ta3000pa3HBIX Me-
THJIBHBIX IPOM3BOAHBIX dJ1eMenToB p-6ioxa (AjH®, xJIx /mMons)™

Hepuod 12 18/111 14/1V 15/V
2 B(CHa)s C(CHa)a N(CHs)s
—124 —167 —24
3 Al(CHa)s Si(CHa)4 P(CHa)s
-74 —-239 —101
4 Zn(CHg)Q GH(CH3)3 Ge(CH3)4 AS(CH3)3
+53 —45 -71 +13
5 Cd(CH3)2 In(CH3)3 Sn(CH3)4 Sb(CH3)3
+101 >0 +21 +32
6 Hg(CH3)2 Tl(CHa)g Pb(CH3)4 Bi(CH3)3
+94 >0 +136 +194

) Wagman D. D., Evans W. H., Parker V.B., Shumm R. H., Halowl., Baiky S. M.,
Churney K.L., Nuttall R.L., J. Phys. Chem. Ref. Data, 11, Supplement 2
(1982); O’Neill M. E., Wade K. In: Comprehensive organometallic chemistry, ed.
G. Wilkinson, F.G. A. Stone, E. W. Abel. Pergamon, Oxford, 1982.

400
300

200

100

OHTanbNua ceaaei, kKhx/Monb

Puc. 15.3. Ycpemuerusie suransmuy cesseit M—C (xIx/mons) npu 298 K [O'Neill M. E.,
Wade K. In: Comprehensive organometallic chemistry, ed. G. Wilkinson, F. G. A. Stone,
E.W. Abel. Pergamon, Oxford, 1982].
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[0TCS SK3OTEPMHUIECKMMHU IO OTHOLIEHHIO K IIPOCTBLIM BENeCTBaM, HO 5K30T€pMHIe-
cKmit XapaKTep YMEHbIIAETCs BHU3 IO IPyIIe, M COCAMHEHHUS TAXKebIX 3IeMEHTOB
obpagdyrorcd SHIOTePMHYECKH.
OTHOCHTEIbHAA HEYCTONUHMBOCTD COEJUHEHMI TAXKEJBIX 3JIEMEHTOB B I'DYIl-
[1aX 3aBHCHT YaCTHYHO OT yMeHbIIeHHs mpounoctu cBsizu M—C (puc. 15.3).
Obmas 3aKOHOMEPHOCTh yMeHbIleHHs NpounoctTH cpasu E—C BHM3 no rnaB-
HBIM [pynnaM HabMoJaeTcd W JUIA JAPYTUX THHOB CBSA3ed, Hampumep CBASH E-H
(cMm. pHC. 8.11). Kak ¥ aHaJIOrH4HBIC BOJOPOJHBIE COIUHEHHUS, SHIAOTEPMUIECKHE
MeTaJLUIOOPraHIYIecKHe COeMHEHHUA TAKEIbIX MeTAJJIOB 1y BCTBUTENbHBI K [OMOJIH-
Tuueckomy paspoiBy cssasu M—C. Hampumep, npu HarpeBaHun Pb(CH3)s B razo-
Bolt (base OH IPETEpIIeBAET OMOJHTHUECKHN pa3phis cBasu Pb—C c obpasoBann-
em paaukanos CHjz. ITono6ubivM o6pasoM JAUMETHIIKAIMHUA MOXET pa3fiaraTbcd O
B3PHIBOM.

m MeTnibEble coenuHenus gerkux smementos rpynua ¢ 13/1I1 no 15/V sk3orep-
MHYHBI, HO 9K30TEePMHYECKHH XapaKTep yMeHbIIaeTcs BHU3 IO [PyNnaM, u CO-
€IMHEHHS TAMXKEJIbIX 3JJEMEHTOB 9HI0TePMUYHBL.

15.5. Mony4eHue

Bo/BIIMHCTBO METALIOOPTaHAYECKUX COeJIMHEHNH MOXKeT ObITh CHHTE3HPOBAHO MPH
HCTIONIb30OBAHUE OJHOIO U3 YeThIPeX THIIOB PEaKIMil, IPHBOAAMINX K 06pa3sOBaHHMIO
ceasu M—C: peakiiust MeTa/l/Ia C OPraHMYeCKHM TaJIOTeHUIOM, 3aMellleHHe MeTaNa,
peaknpst o6MeHa U PeakiUA THAPOMeTaJIMPDOBAHHA.

a) Peakmuu ¢ MeTajuIoM ¥ TpaHCMeTAJIITHPOBAHHE

B O6IHBM BHJIe YpaABHEHHE DeaKIUH 3JIEKTPOIIOJOKHTEJIbHOI'O METaljIa M u rano-
TeH3aMEeIIEeHHOI'0 YyIieBOAOPpO1a 3aNnHuChiBacTCA KaK

2M + RX — MR + MX

rne RX — ankun- unu apHuJraJoreuyn. HanpnMep, MeTHJIJINTHI NpOMBIIILJIEHHO MpOo-
H3BOLAT IO pPeaKIHu

8Li 4+ 4CH3Cl — Liy(CH3)y4 + 4LiCl

C JAPYTUMH aKTUBHBIMH MeTaJlllaMH, HallpuMep MarsueM, aJlOMHHHEM H IIUHKOM,
Peaknys B OCHOBHOM Jia€T MeTaJJIOOpTaHnYeCKHUEe TaJIoreHu/bL. WaBecTHbIH npu-
MEp — CHHTe3 peaKTHBa Fanbﬂpa, MarHUMaJaKUWIraJIoreHuia:

Mg 4 CHgBI‘ AM3TUAOBLLA 3¢dup CHgMgBI‘

B peaxknun TPAHCMETAJIJIMPOBAHUSI OOIHH ATOM MeTaJsljla 3aMmellaeT APYTron
M+ MR — M + MR

Ota peaxnus BO3MOXKHA, KOT1a MeTaasl M 60Jlee aKTHBEH 9JI€KTPOXUMMYECKH, YeM
M’ (M’ o6braro Hg), mosToMy peakiis aHATOIHYHA OPOCTOH HEOPraHHYecKo# pe-
aKIHH, B KOTOPOHM OAMH MeTAJT 3aMEIAeTcs B COCJMHEHMH MeETaslaoM ¢ fosee
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OTPUIATEBLHBIM CTAHIAPTHHIM OOTeHIMaIoM. llpennosaraeMblil pesynbraT peak-
[MH TPAHCMETaJTHPOBAHMA COBIALAET C YJIEKTPOXUMHUYUECKHM PSJIOM, XOTS YCIOBHSA
NPOBEJIeHUs PeakLHH BeCbMa OTINYAIOTCH OT YCJOBHI ONMpeNesieHHs CTaHIapTHBIX
noTeHIHalIoB. C HECKOJIBKO MEHBINEH TOYHOCTBIO PE3YIBTAT PEAKIMH MOXKET 6bITh
TakyKe ITPeJICKa3aH Ha OCHOBe 3HAaYeHHH 3/IeKTPOOTPHUATEILHOCTH: METAMI ¢ 6ojiee
HHU3KOH 9JIEKTPOOTPUIATENHHOCTBIO CTPEMHTCS 3aMECTHTh METAJLA C GoJiee BBICOKOM
3JIeKTPOOTPUIATENBHOCTHIO,

Iockoubky Bee MeTanust rpynn 1, 2 u 13/111 umeror 6osee oTpHIATENbHBIE CTAH-
JlapTHBIE MOTEHIUAJEL, YeM PTYTh, PEAKIHIO TPAHCMETAJVTHPOBAHUSA MOYKHO NPOBe-
CTH MEX/Jy HUMH M JUMETHIDTYThIO

H,C
2Ga(x) + 3H,C—Hg— CH3(x}) —> 3Hg(x.) + 2 >Ga—CH3
H,C
(x.)
B orott peaknmm rayumit  (E°(Ga®t/Ga) = —0,53B) BhitecHser prTyTh

(E°(Hg?* /Hg) = +0,85B) u3 apMeTHIpTyTH.

m TpancMeTAUTHPOBaHKEe BO3MOYKHO, KOTJa 3aMEeNIaloIHi MeTall 60/lee aKTHEeH
9JIEKTPOXUMUYECKH, YeM BBITECHIEeMBIH,

6) Peakmum o6mena

Peaknyu o6MeHa MeXK/y MeTaJJIOOPraHHYecKHMH coeiuHenusymu MR u 6uaapHbI-
Mmu ranoremrgaMu EX IHIPOKO NPUMEHSIOTCS B CMHTETHYECKOW NpaKTHKE XHMHH
MEeTAJIJIOOPTaHMIeCKHX CoeqUHeHul:

MR + EX —- MX 4+ ER

[IpubiusnrenbHbLA, HO IOYYATETLHBINA B3I HA 9Ty PEaKIMI0 COCTOHT B TOM, 4TO
B Helt IpoucxoauT o6MeH Mexnay dopManbHbiM kapbannoHom (R™) u rasorennn-
annonoM (X 7). O6Mennble peaknuy — 3hGEKTHBHEIA NyTh HOJyHYeHHs HOIBIIOrO
YHC/Ta 3JIEMEHTOOPIaHHUeCKUX COeHHEHUN, Hanbolee pacIpoOCTPAHEHHBIMY peareH-
TaMH ABJIAIOTCA aJKHIIHTHEBSE, alKHIMArHHEBbe, aJKUIATIOMHUHYEBbIE COeIUHe-
HUA U rajjoreHuIE! anemeHToB rpymn ¢ 13/11 o 15/V:

Lis(CHjs)s + SiCly — 4LiCl + Si(CHj)4
Aly(CHs)g + 2BF3 —> 2AIF; + 2B(CHs)s

HanpapiieHne peakiuu 4acTo MOXKHO IIPECKA3aTh HA OCHOBE BEJHYHH 3JeKTPOOT-
PHIATEbHOCTH WM MPEICTABICHHN O YKECTKHX H MATKHX KHUCJIOTaX H OCHOBAHHAX.
C TOuUKH 3peHus 3TeKTPOOTPHIIATETLHOCTH, YIJIEBOIOPOAHEIEe MPYIIBL 06pa3yoT 60-
Jiee TIPOYHEIE KOBAJIEHTHBIE, & He HOHHBIE CBS3H, IO9TOMY YIVIEBOJOPOJHbIE IPYTIIbL
CcTpeMsATcsa o6pa3oBaTh CBA3b ¢ HoJiee 3JeKTPOOTPULIATEILHBIMH 3JIeMEHTaMU; ra-
JIOT€HBI MPeIIOYUTAIOT 06PA30BBIBATH HOHHbBIE COeQMHEHHs ¢ HanboJee 3J16KTPOIO-
JIOXKUTETbHBIMU MeTaJlJIaMH. KOPOTKO roBOpsA, ajKU/IbHble MJIM apHIbHbIE MDYIIIbI
MUTPUDYIOT OT MeHee 3JIEKTPOOTPHIATEILHOIO K Hosiee 9/1eKTPOOTPULIATETbHOMY
3JIEMEeHTY:
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M—R + E—X—>MX+R~-—E
Li Mg Al Zn Si B As P
%[ 098 131 161 165 190 204 218 2,19

Korza 3JeKTPOOTPUIATENLHOCTH NPUOIU3ATENbHO DaBHbl, KOPPEKTHOE INpeX-
CcKa3aHUe MOXKHO CHelJaTh Ha OCHOBE TOIO, YTO XMMHUYecku Gojlee MATKHH 3/1eMeHT
GyneT o0beIMHATBCA C OPraHMYecKod Ipymmoi, a HoJiee XecTKH — ¢ PTOPUIOM
pnu xyoppaoM. OfHAKO MpeACKasaHHA Ha OCHOBE 3JMeKTPOOTPHIATENbHOCTH HJIN
«MSATKOCTH—KECTKOCTH» HAIO JeJaTh ¢ onpeleleHHoH ocropoxHocThio. Hanpumep,
HepACTBOPHMBIi MPOAYKT HJIH PeareHT MOT'YT M3MEHHTh Pe3yJbTaT, KakK B DeaKIUH
(snech sol = TI'D)

SnPhy(sol) + HgBra(sol) — HgPhBr(rs.) + Ph3SnBr(sol)

rne HgPhBr okasbiBaeTcs HepaCTBOPHMBIM B Terparuapodypare.

O6MeHHbIe PeaKIMH, B KOTOPBIX Y4acTBYIOT OJMHAKOBbIe IeHTPAJIbHbIE ATOMBI,
4aCTO HA3BIBAIOT PEAKUHUSIMHU NepepacupeneieHusn. Hanpumep, Terpaxaopun
KPEeMHHUSA M TeTPaMeTHIKPeMHHIH (TeTpaMeTHICHIIaH) NP HAarPeBaHHK NpeTepreBa-
10T repepacrpenesienye, o6pa3ysl pa3/JIHuHble XJIOPMETHJICHIAHBL:

cl CH, CH, CH,

| l l !

- Si + _.=Si — _ Si + . Si +...
LY Sa Ty e, iy~ Yy e
c CH; CH, CH,

O6pasoBanue coequHeHUI CO CMEIIAHHLIM 3aMelleHHeM OIarONPHUATHO ¢ TOYKH 3pe-
HMSI SHTPOIHH, TIOCKOJLKY CIydaliHoe paclpeleleHHe JHrasmoB naeT Oosee pasy-
NOPANOYEeHHOEe OKPY KEeHHe, YeM JIMTaHIHOe OKPYXKEHHE B UCXOMAHBIX COeIMHEHHUX.

“l Peaknnn obMmena MoXXHO TpefcTaBHThL Kak 0OMeH (hopmanbHOro KapbaHHOH2
(R™) u ranorenunn-annona (X ). AJKHUIbHBIE WM APAIbHBIE TPYIIIBl CTPEMSATCH
MHUTPHPOBATH OT MeHee 3JEKTPOOTPHIATELHOIO 3JIeMEHTa K GoJiee 3JIeKTPooT-
PHLATEJLHOMY.

Mpumep 15.1. Knaccngpuxayms v npegckasanme BOIMOXHON peakyumn 06pa30sanns cBA3N
M-C.

Onpenemite Tvn peaxuun, KoTopaa Moxer npomsoittn mexay Alo(CHa)s u GeCly.

Orger. [TockonbKY NPHCYTCTBYIOT METAIOOPTAHMYIECKOE COEIMHEHHE H TATOTeH | ME-
TaN1a, MOXKHO NIPEATIONIOKHUTE, YTO OHH OyAyT Y1acTBOBATH B peakiun obmena. Meran-
JIOOPTaHUYECKOe COETHHENTHe COOEPXKHUT GoJlee 3JIeK TPOMIOJIOAKHTE/IbHBIA aTOM MeTaJIIa
(amoMHHMIL), YeM MEHTPABHEIR aTOM B rajoreknze (TepMaHmii), TaKuM o6pa3oM, pe-
aKuus

3GeCly + 2A12(CH3)5 — 3GE(CH3)4 + 4AlCl3
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TepMOAMHAMHYeCKH OnaroupusaTHa. Tak OHO ¥ eCTb Ha caMoM Jefte, JaHHAA PEeAKIHs
HCTIONB3YeTCs: KaK yAoOHbIH METoJ, CHHTE3A.

Bonpoc 15.1. Kakue npoaykrs! Hanbosiee BEPOSTHBI B PEAKIMH MEXKTy MATHHEM M IHMe-
THAPTYTHIO]

B) Peaknpm rumpomMerammposanns

B pesymbraTe mpucoemMHEHHA THIAPHIA MeTAlla K AlKeHY 06pa3yeTcs aJKHJIMe-
TaJTTHYECKOE COeJIHHEHHE:

EH + H,C=CH, — ECHQ*‘CH:}

OTa peaknmsi MPOUCXOIMT Giaromaps Bbicoko# npounoctH cessu C—H mo cpasre-
HUIO ¢ 6onbmmrHCTEBOM cBsizeit E—H u ocyuiecTpasercs aaa 60ab1oro 9ucia coe -
HeHHH, conepxkawiux cBA3M E—H. Hekoroprle npumepn! ye paccmaTpuBasinch B
rn. 8, HamboJiee BaXKHble CPequ HUX

1. T'udpobopuposarue (pa3z. 8.9)

H H H
H H H\
B— OR, + c—c s e ¢ + R0
H H \R’ / NTH
H H,B R

2. Tudpocusuauposanue (paza. 8.12)

H i H H
\ H C,Hg H,PtClq \ /
H/Si_ H o+ /\C=C/\ 2-nponaHon \C_C\
{ H H / \ CyHs
H H,Si H

B peaknusix reapofopupoBaHUs ¥ IHAPOCHINIMPOBAHMA HECHMMETDHYHBIX aJIKe-
HOB 00'beMHbIE I'PYIIBI, comepkatue B u Si, mpucoeIMHAIOTCS K MEHee CTepUYeCKH
3aCJIOHEHHOMY YIVIEDOOHOMY aTOMY, a MaJleHbKH# aTOM BOAOPOAA IPHCOeIHHSAETCA
K GoJlee 3aC/IOHEHHOMY ATOMY YTJIEPOAa, KAK MOKA3aHO BHIINIE.

l“ I'mapobopuposanue n rHAPOCHININPOBAHEE AJKEHOB MPHBOOUT K 06pa3oBaHHUIO
cBs3elt 6Op~yriepon 1 KpeMHHH—yTIEpOS,.

15.6. XumMmunyeckne csoicTsa

PeaKU,HOHHB.ﬂ CIIocoOHOCTD MeTaJTOOPTaHHYEeCKHIX CcOeIMHEHUN 3JIEKTPONOJOXKH-
TEIbHBIX 3JIeMeHTOB B OCHOBHOM ONpeaesisaeTcs Kap6aHPIOHHbIM XapakKTepoM opra-
HUYecKol 4yacTH 1 JOCTYIHOCThIO KOOPAMHANMOHHOI'O MECTa Yy IEHTPaJbHOI'O aToOMa
MeTaJna.
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a) Oxnciienne

Bce MeTATIIOOpTaHHYeCKHe COeIHHEHHs OTHOCATCSA K ITOTEHIMAIbHBIM BOCCTAHOBH-
TeIsiM; COeJUHEHHUs JIEKTPOMOIOKHUTENbHBIX SJIEMEHTOB JAeHCTBUTEIBHO CHIBHbIE
poccTaHoBUTENM. Ba)kKHO ¢ OCTOPOXNKHOCTBIO 00DAIIAThCA ¢ STHMM MOTEHHHANLHO
[I0KAPOOMACHBIMH BEIECTBAMH, IIOCKOJIbKY MHOTHC METAJJIOOPIaHHYECKHE COeIHHe-
Hust TUpOOPHBL (CAMONPOU3BOJIBHO BOCIIAMEHSIOTCA NPH KOHTAKTE € BOGJYXOM).
CuipHbIE BOCCTAHOBUTENILHBIE CBOMCTBA TaKKe CO3ATOT OMACHOCTh B3PHIBa, €C/IH
coeIMHEHHS CMEITHBAIOT C OOMBbIIMM KOIHYECTBOM OKHCJIHUTEA.

Bce MeTaIOOpraHHYecKHe coeMHEHHs 9IeKTPONOJIOKHTEbHBIX METAJII0B, KO-
TOpBle MMEIOT cBOGOJHBIE BaJleHTHbIE OPOUTAIM WM JIETKO PAcma/aloTces Ha par-
MEHTBI €O CBOGOLHBIMH opGutamamu, mupocdoprsl. K muM orsocarca Lis(CHj)g,
Zn(CHs)2, B(CHs)s u Alz(CHj)g. C neryunmu mupoOpHBIMHA COEJMHEHUAMHY, Ha-
npumep B(CH3)s3, MoxHO paboTaTh B BakyyMHOH cucreme (jononHense 8.1), 1y
HcClieIOBaHUs MeHee JeTy4YHX, HO YyBCTBHTENBHBIX K BO3JYXY MeTaJlJIOOPraHHu-
YecKHX COENHHEHMI HCronb3yeTcs ammapaTypa ¢ mHepTHoH armocdepoit (momos-
venue 15.1). Takue coemunenusi, kak Si(CHs)s u Sn(CHjz)4, me umetonme nus-
KHUX 10 9HEPrMH cBOBGOJHBIX opbHTaseil, TpebyOT MOBBINIEHHON TeMIepaTyphl IS
MHUIMUPOBAHUSA TOPEHUs, M ¢ HUMM MOXKHO paborarh Ha Bo3nyxe. Lopenme muo-
[MX METaJJIOOPTaHHYecKHX COeJUHEHUH MPOTEKaeT IO DPaJUKaJbHOMY IemHOMY
MEXaHM3MY.

|H Bce MeraJiIooprasnyeckye CoeJiIMHEHUS — MOTeHIHAJIbHbIE BOCCTAHOBHTEIIH; CO-
€IMHEeHHS 3IeKTPONOJIOXKHUTEIbHBIX 9JIEMEHTOB JeUCTBUTEIbHO CHIIbHbIE BOCCTA-
HOBUTeJH. Bce MeTaslsiooprannyecKue coe(MHeHN s JIEKT POIIOIOKHUTETbHBIX Me-
TAJLJIOB, HMeIOMIHe cBOOO/HbIEe BAJEHTHble OpPOMTATIM WM pacHajamolipecd Ha
¢dparMeHTHl co CBOGOAHBIMU OPOUTAIAME, NUPOMOPHEL.

6) Hykneodmimabie (kapGaHnoHHbIE) CBOfCTBa

YacTuuHbI OTPHIATENLHBLIA 3apsj OPraHMYecKOHW [PYNIbl, MPUCOEIMHEHHON K
3JIeKTPONOJIOKUTETLHOMY MeTaJIy, IPUBOJUT K TOMY, YTO PYINa SABISETCA CHJb-
HBIM HYKJ1eO(DHIOM U OCHOBaHMeM JIbioHca. DTO CBOMCTBO YACTO HA3BIBAIOT KapO-
AHHOHHBIM XapaKTepoM (CBORCTBOM) OpraHMYeCKOH IPYIIBL, XOTA COeJUHEHHE
HE OTHOCUTCS K HOHHBIM.

Coenunenns anKuUMIUTHA, AJKUJIATIOMUHHSA W DeaKTHBbI ['DHHbspa — HauGo-
Jiee paclipocTpaHeHHble KapOaHHOHHBIE PEareHThbl B JJaOOPATOPHON CHHTeTHYeCKOH
XUMUH, KapOaHMOHHBIHE XapaKTep HaUMEHee BLIPaykKeH B ClIydae HeMETATTHYeCKHX
aneMeHTOB 60pa u kpeMuus. Hykneodu/ibHble CBORCTBA METANIOOPTaHHYECKHX CO-
eUHeHuH ObLIM onucalbl B pa3y. 15.5 B cBaA3u ¢ obpasopanuem cesseit M—C. Kak
crenyer U3 cxeMmbl 15.1, kapGaHUOHHBIE CBOMCTBA HaXOAAT MHOIO APYTHX CUHTETH-
Jeckux IpuMenenuii. Hanpumep, rpynna RS~ MeranmoopraHuyecKoro coemuHeHust
araKkyeT KapOOHHJIBHBIA aTOM yIyiepoja B KeTOHe, H B pe3yJbTaTe THApPOJN3a 06-
pa3yercsa TpeTH4Hblil ciupT. [logobHBIM 06pa3oM anbieruibl MOrYT OBITH NpeBpa-
IIEHBI BO BTOPHYHLIE CTUPTh! B3aUMOAeICTBHEM C MeTaJNIOOPraHUIeCKHM coequHe-
HUeM U nocjeyiouuM ruaponusoM. CylecTByeT MHONO NPUMEPOB UCIOAb30BAHUS
OOMEHHBIX peakupil JJisi MOJyYeHNs MeTAJNIOOPTaHHYECKHX COeJMHEHNH 2JIeMeHTOB
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NpoTonua

Okucnenune
R® +>C=0

Cxema 15.1. Tunuunbie peakuun OPOTONHU3a, aTaK! Ha KapOoHu, obMeHa U OKHC-

JIeHUS AJIKUJIATHEBbIX CoefuHennit n peaktusoB I'puubsapa; X = ramorenny E =
B, Si, Ge, Sn, Pb, As u Sb.

p-Oroxa, a Takyke CynbOHOB U Cy/Ib(DOKCH 0B npu obpaborke SO2Cly u SOCI,

AIKWITITHEM WK peakTuBoM ['punbapa. Muorue u3 stux peaknuit nogpo6uo pac-
CMOTPEHB! Jlalee B 9TOH IaBe.

Hononvenue 15.1. Annaparypa ana paborel B nueprHoii atmocghbepe

Co MHOIMMH MeTa/UIOOpPraHMYeCKUMH COEMHeHUAMH paboTaloT B MHEPTHOH aTMO-
ccbepe, Tak KaK OHU GBICTPO PEATHPYIOT ¢ KHCIOPOLOM, BJIArOH, TUOKCHJIOM yTJiepo-
Aa. lpocretinmit (npHIMMHANLHO) OPUMeD TOH TEXHUKH — cyxas Kamepa (HJn
Bokc) ¢ mneprHOIl arMocdepoii (puc. H15.1). Dra anmapartypa no3BoJgeT Ipo-
USBOAUTL MaHUMYIALMA B GOJBIIOM MeTaIHYIeCKOM COOPYYKEHHH, 3allOJHEHHOM
430TOM, aproHOM MM refdeM. EMKocTh MMeeT OKHO M INOTHO NIPUCOEIMHEHHYIO
[1apy PE3HHOBBLIX IIEPYATOK, KOTODPbIE HCIIONB3YIOT JJIs MAHUIIYJIAIMHE ¢ PeaKTHBA-
MK BHYTpH 6okca. Kpome Toro, 6oKkc HMeeT MCTOYHHK YHMCTOrO HHEPTHOTO ra3a H
NepexosHy1o KaMepy (IILTI03), KOTOpast O3BONSET MePeMellaTh NpeLMeThl B GOKC K
U3RJIEKATb U3 HEro Oe3 NomalaHus BHYTPb BO3AyXa. [IOCKOMbKY BO3IYX MEIJIEHHO
Auddysmpyer B 60KC Yepes pesHHOBbIE MEPYATKH, OBBIMHO HOAEPKUBAIOT YHU-
CTOTY aTMoc(hepbl B KaMepe ¢ MOMOUIbI0 PEIUPKYJISAIMH M MNOCTOSHHON OYHCTKH
HHEPTHOIO I'a3a WM HeNPephIBHO IIPOAYBAas ero yepes KaMepy.

Hpyro# PacipocTpaHeHHBIN MeTOJT paboThl ¢ YYBCTBHTEJbHBIMHU K BO3LYXY CO-
€NUHEHUAMH — HCHOJIb30BaHNE CTaHIAPTHOM CTeK/ISHHON aNnapaTyphbl, CKOHCTPYH-
POBaHHO Tak, 4TO MHepTHaA aTMocdepa NoepKuBaeTcs BEYTpH npubopa. O6bI4-
HO 3Ta anmapaTypa ocHauleHa OOKOBBLIMM OTBONAMM JJIS OTKAaYKH BO3AYXa M BBeJe-
HUA mHepTHOrO rasa (puc. [115.2). Korna npu6opsl, comeprkalgue 4yBCTBHTENbHbIE
K BO3JlyXy BellecTBa, HEOOXOLMMO IIEPEMOHTHPOBATh, BO BCKPbIBAEMYIO KOJIOY IO-
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Puc. 015.1. Cyxas kamepa (Bokc) aia paGoTs! B MHEPTHOH aTmocd)eplg. 'HB?I):Z’,E cgz;clgé
HSIOMAs IEPeXOHYI0 KaMepy ¢ aTMocdepoit, pacnooxena Clpasa. a}(izﬂ it nacoc
HCMO/IB3YETCs JUIsl OTKAYKH LUTH30BOH KaMepBl, KOTOPas 3aTeM BZHOJ'IHH(;)( = % P
ra3oM, IIEpes TeéM KaK MPOM3BECTH IePEMerieHre NPEAMETOB B pabovyio Xal ag}; Gucre
Ma TAaKXK€ COACPXKUT INHUPKYAFUMOHHBIH HACOC M KOJIOHKH, KOTOpreCI{(EI'J'IK/[Hé) ; Iy
kucaopos, 13 armocgepst Goxca. [C paspemenns LabConco, Kansas City, .

K uHepTHOM aTMochepe

Ocapok

CTeKNAHHLIA K uHe[gHoﬁ CTanbHaa
tunbTp ~ aTMocgepe TpyBouKa
WnM BaKyyMy :f:ci';‘;y“‘“"”y WepTHbIi
e /-—\
PesuHoBan__g

KpbiLLKa

. Ounerpar ®dunetp
Puc. A15.2. Tunwunwit npubop Ulren-  Puc. [15.3. QunbTpoBaHHe U NEPEHOC XU/~
Ka 1 paboThl B MHEPTHOM aTMocdepe. KOCTH 33 CYET Ppa3HOCTH ;La;BJIeHHﬁ 4ye-
B sToM npubope peakiioHHas cMech Ou-  pe3 TpyOouKy M3 Hepkaberomeil cramn (Ka-
J1a OT(UNLTPOBAHA B BEPXHEH YaCTH am-  HIOMO).

napaTypsl, a ¢GunbTpaT cobpaH B HHXK-
He# Tpybke lllnenxa.

JaeTcss WHEPTHLIH ras. JToT THN AnmapaTyphbl MOXKET OBIThL HCIIOJNL30BAH AJIs1 BCEX
CTaHJIAPTHBIX CHHTETHYECKHX OTIepalliii, TAKHX, KAK PEAKLHHN B PacTBOpe, (PHIBTPO-
BaHHe M KPHCTAJLIN3anMs. TaxHe Npubophbl yacTo Ha3pBaloT annaparamu Ilnes-
Ka B YecTh HeMelKoro xuMmuka Buabresabma [lmenka, KOTOPBIH IpelyIOXKU OCHOBBI
JAHHON METOAMKH B CBOMX NIMOHEPCKMX HCCIeAOBAHHMAX B OOIACTH MeTalIo0PraHHu-
yeckol XHMuH B nepsoll yeTBepTH XX B.
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B pasnomanocTsx onmcannoro Beime meroma JUTA IEPEHOCA PACTROPOB, YYB-
CTBUTEJBHBIX K BO3MYXY, HCIOJNB3YIOTCA WINPUILI MM METANINYeCKHe THOKuHe
HeDOMBINOIO AuaMeTpa TPYGOUKH (kamromm). [nst sTHX mpouexyp HCIIONb3YeTCst
Koaba co crenmaIbHON PE3MHOBON KPBIKOH, KOTOPYIO MOXKHO NPOTKHYTb HIVIOH
nmpuna wim Kanionedt. Ha puc. /115.3 nokasan nponece neperoca pacTBopa U3 og-
HOM KOJIGBL B IPYFYIO C NOMOWIBIO CTATbHON TPYy6OUKHM 3a cueT PAa3HOTO JaBJCHUs
HMHEPTHOI'O r'a3a B HUX.
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Shriver D. F., Drezdzon M. A., The manipulation of air-sensitive compounds. Wiley, New
York, 1986.

OnpoO U3 3aC/y)KUBAIOMIMX BHAMAaHUS cleIcTBHH APKO BBIPaXKEHHOI'O KapbaHu-
OHHOT'O XapaKTepa — NPOTOJHUTHIECKAA PeaKIHs, KOTOpasd [MPOTEKAET ¢ OYeHb CJa-
6rivu kMcotamu Bpércrena, Brmouan BOZLY M cnupTH. KpuTepuit, no xoropomy
MOHO CYAUTD, KOTla 9T PEaKHsA GLICTpas, N0J0BeH OLieHKe BePOSTHOCTH PeaKIIHK
¢ kucaopozoM (ropenue)). Taxk, MeTaJII0OPraHNYecKHe COeIUHEHNA ¢ HU3KUMH TI0
YHEPTHH BAKAHTHBIMH OPOUTANSIMA HMEIOT HHU3KHEe KUHETHYECKHUE H6apbepsl gy 06-
PA30BAHUA KOMILIEKCa, B KOTOPOM 3aTeM IPOHCXOANT TlepeHoC NpoToHa. B coorset-
CTBHH C 3THM MEXaHU3MOM HeOZeJIeHHblE 3IeKTPOHHbIE IAphl ATOMA KHCJAOPOAa B
COMpTe KOODAMHUPYIOTCA K ATOMY aJlius B TpuMeTwiaralaun. [locme obpasosanus
STOTO KOMILJIEKCa NPOMCXOJUT NEePEHOC TIPOTOHA K STHIIBHON IPYTTe, U B Pe3y/IbTa-
Te BBIJENAETCA ITAH:

Et Et CH;  Et
Ga—Et + :0—CHy—> _Ga—0 —  Ga— OCH, + CH,

Et H Etea__~H Et

[lomo6HBIM 06pa3oM aJIKHIIATIOMIHHEBEIE coeuHeHNd OBICTPO PEArupyoT ¢ H30LIT-
KOM CITHpPTa, 06padys aJKOKCHaJIOMHHHEBbIE COEIMHEHUA:

Alz(CHa)e + 6CyHsOH — ZAI(Ocsz)a + 6CHy4

B 3TOM CclIydae Tak ke IIPOTOJHU3 HAYHUHAETCA C npe,uBapnTeanoﬁ KOOpOHHALAN:

CH, Et
CH,
/AI—O — \AI—-OEt + CH,
CH"/ \ CH,/
CH, H
MeznenHo

1) Kak  GoablmscTBo XHMUHECKHX oBobiienuit, 3To yTBepKACHHE HMeeT orpaHuuenus. Hanpn-
mep, B(CH3)s 6bicTpo okucasierca Ha BO3fyXe, HO YCTOHYHB K CHAPOJIHIY.
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B cOOTBETICTBHH C YBeIUYeHHEM JUIMHBL CBA3H O—H, xoropoe HeO6uXO,uPIMO 110 3TO-
My MeXaHH3My, peaKius NEMOHCTPHPYET 3HAYNTENbHBIH H30TOTHbIA KHHETHIECKHH
s¢hheKT NpH AefiTepIpOBAHUH, IPOIIECC TaK>Ke NPOTEKaeT CYIECTBEHHO Mennelglei,
korna H 3aMellieH Ha aNTKHIbHYIO TPYIIY. Hanpumep, k(CH30—H)/k(CH30-R) =
2,9, xorga R — pajukan OKTHIL. )

[MocKoAbKY OPOTONN3 METAUIOOPIaHMYEeCKHX COeHHEHUM OpUBOAUT K 06paso-
BaHHIO YIJIEBOJOPOJIOB, BOJa HE MOXKET 6bITh UCHOJIb30BAHA JIJIA I‘a.lIIteI/IH ropauInx
TPHATKUIATIOMHHIEBBIX M IPYTHX METaJ1TIOOPTaHHYECKHX COeIMHEHMH JEKTPOIo-
MoKHTEAbHLIX MeTaIos. 1Iporosns MeTalmo0praHHecKuX coeMHEHHI CTepHYe-
CKH 3aTpY/AHEHHbIMY CITHPTaMH, HAITDHIMEP 2-IIpOITAHOIOM HITH Mpem-6y TaHoI0M (2-
MeTHJI-2-IPOMAHOJIOM), IIPOTEKAET C yMEPEHHOH CKOPOCTBIO 1 o6ecne:m13ae’r yob6-
HBI IyTh YHAUTOXKEHHUS OCTATKOB METAJTOOPTaHMIeCKHX cOoeTMHEHUH.

m MeTassIoOpraHHvecKHe COeIMHEeHNs ¢ HUSKUMHU 110 9HEPru¥ BAKAHTHBLIMU opbu-
TasSIMH MMEIOT HHM3KHMe KMHeTHyecKue Gapbephl Vi 0o6pa30BaHUA KOMILIEKCA,
KOTOpBIl 3aTeM IIoiBepraeTcs MPOTOHHOMY NepeHocy.

8) Kuciorrocts 1o Jlsroucy

W3-3a npucyTCTBUA cBOGOIHBIX opbuTalelt Ha aToMe MeTaljla 2JIEKTPOHOLEeDUITHT-
Hble METAJLIOOPraHHYeCKHe COeJMHEHHS IPOABIIAIOT CBOACTBA KUC/IOT JIptonca. M-
JIOCTPAIIHUS ITOH JIbIOMCOBCKON KHCJIOTHOCTH — CHHTE3 MeTaJITOOPTaHHYEeCKHX aHU-
OHOB THIa TeTpadeHHIOOpaT-HOHA!

B(CgHs)3 + Li(CgHs) — Li[B(CeHs)4]

DTa peaKIys MOKET PACCMATPUBAThCA KaK IIePeHOC CHIILHOIO OCHOBAHUA CeHy ot
crabot xucoTs Jlbiouca Lit k Gosee cutbrott kucore B(IID).

MeTANTO0praHMYeCKHe COSMHEHHs ¢ MOCTHKOBBIMH OPTaHM1eCKUMHU rpynnaMu
TAKsKE MOTYT JeHCTBOBATD KaK JTbIOHMCOBCKHE KHCTIOTRI, TPUYEM B PeaKIii MOCTHKO-
Bule cBA3u pasphiaiorca. Harmpumep, Aly(CH3)e pacirenyigeTcs TPETHIHBIMU aMu-
HaMH, 06pa3yst MpoCTol JBIOMCOBCKHH KHCIOTHO-OCHOBHOH KOMIIIEKC:

Al2(CH3)6 -+ 2N(CZH5)3 — 2(CH3)3A1N(CQH5)3

DTa peaxlus emre pa3 MOKa3blBaeT cl1abOCTb (3c—2e)-ces3n Al—-CHj3-Al. PacTBo-
purens Tuna TT'® koopaumupyercs: K aTomam Li B Lis(CH3)4, HO Takoe craboe
OCHOBaHHe He paspyllaeT MeTaJIHYeCKHE KiacTep.

|” D ek TpoHOAe(PUINTHBIE METAJUIOOPTraHHYeCKHe COSJMHEHHs SBJIAIOTCA KHCI0-
TaMu JIpoHca.

r) (-9 MMEHNpoBaHHE BOAOPOJA

B nponecce, H3BeCTHOM KakK [J-3JMMHHHUPOBAHHE BOLOPOAR, ATOM METAIa oTOupaeT
ATOM BOZOPOJIa Y CIEYIONIEro 3a cocefHuM () aToma yrieposa. IIpumepom Taxoit
PeaKIH MOXET CJIYXKHTb

M—CH2—CH3 — M-H + H2C”—_CH2
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Peakius sABiAercad oOpaTHOM MO OTHOIIEHHIO K PeaKIHH MPUCOETMHEHHS CBSI3H
M—H x ankeHy (peakuus rHPOMETaJIMPOBAHHUSA), U IPH ONPEJEIEHHBIX YCIOBHIX
MOT'yT HabJIIOIATHCA 3aMeTHbIE KOHIIEHTPAIIMH M pearenTa, U npoaykra. Cuntaercs,
YTO MEXaHHU3M peakIuM BKJIYaer ob6pa3oBaHue [J-BOLOPOIHOIO MOCTHKA K CBOBOI-
HOMY KOODAHMHAIIMOHHOMY MecTy y MeTainia (7). Ha ocsoBanum mpemnoxennoro
MeXaHU3Ma MOXXHO 0XKHAATh, YTO COEJIMHEHHS], B KOTOPBIX IEHTPAJILHBIN ATOM HMe-
eT HU3Koe KOOPAMHAIMOHHOe YHCIO, 6YyT akTHUBHee B 3To# peaxnuu. Hampumep,

B cJy4Yae TPHAJKHJIAJTIOMHHHUEBBIX coeMHeHUN peakuuda UACT, a C TeTpaaJKUIrep-
MaHHEBBIMHA — HET.

|H CoennHenHsi, B KOTOPHIX LEHTPAJLHLIE ATOM MMEET HH3KOe KOOPJHHAIMOHHOE
YHCI0, 06MAIaI0T CIIOCOOHOCTRIO K [J-3/IMMHUHH POBAHHIO.

Mpumep 15.2. [ipegcka3sanue npoayKTo8 TEPMHUHECKOTO PA3NOXNEHMNS.
O6cyaure yeroitunsocts a) Bi(CHj)s u 6) Aly('Bu)g no orHOmIEHHIO K TEPMUYECKOMY
Pa3/IoXKENHIO B NPUBEUTE YPABHEHHST XHMHIECKHX DEaKUHi PAa3/IOKeHH .

Oreer. a) Kak ¥ /s APYTHX TSIXKENBIX SJI€MEHTOB p-GJIoKa, CBSI3H BHCMYT—YIJIEpof,
cnafee U JIeTKO NOABEPratOTCA FOMOJTUTHYECKOMY pa3pbiBy. O6pasyiomupecs METHILHbIE
PaJMKaJbl Pearnpyior ¢ APYTHMH DaJuKaJ aMu ¢ 00pa30BaHUeM 3TaHAa!

2Bi(CHj3)s - 2Bi(tn.) + 3H;C—CHs

6) Humep Alg(iBu)s Jgerko aucconuupyer. [Ipu Gosee BBICOKOH TeMmeparype AUcCCo-
OHANUS CONPOBOXKIAETCS (-2JIMMUHHPOBAHUEM. DTOT THII JIMMUHHPOBAHHS XapaKTe-
peH Il MEeTaJlLIOOPraHHIeCKUX COeNUHEHHH, KOTOPble HMEIOT AJIKHIbLHBIE IDYIIbI C
B-BopopomabME aToMame, MOTYT 06pasoBeiBaTh ycroituuebie ces3n M—H u obecrme-

YUTH KOOPAMHALIMOHHOE MECTO Y HEHTPAJIBLHOrO aToMa. Peakuus pasiolkeHHsS MOXET
ObITh 3anMCaHA KAaK

Aly(‘Bu)s - 2A1('Bu)s 22 Al('Bu)oH + (CH;)2C=CH,

B sToMm ypaBrennu 3nadok A o3mauaeT yMepeHHoe HarpesaHHe, a AA — Gosiee CHIIBHOE
HArDEBaHHE.

Bonpoc 15.2. Onuuiure BeposTHbIi myTh Tepmudeckoro padnoxkenns Pb(CHs)g.

H
N
R” N7 YH
4\
H
7

B Heovrad xumus. Tom 2
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MOHHLIE N 3NEKTPOHOAEDNLNTHBLIE COEOVNHEHUNA

1,2 N 12- TPYAN

B sToM H clledyOuuXx pasfenax 6oiee noApo6HO 06CYKAAIOTCA XUMUYCCKHE CBOM-
¢TBa HEKOTOPHIX METAJIOOPIraHHIeCKUX COoeHHEHUH. OcHOBHOE BHEMAHHE COCPEJIO-
TOYEHO HA COCIMHEHHAX JUTHs, MalHUs, MHKA M PTYTH, OCKOJIBKY MX CBOHCTBA
Oo4YeHb MHTEPECHB! M OHH IHHPOKO HCIIONbL3YIOTCA B CHHTE3e.

15.7. LLlenoyHble meTannbl

MeTa/UToopraHnudecKye coeJHHEHHA NOJyYeHbl 15 BceX MeTaJlJIOB 1-#t rpynmst. A3
IPOCTHIX AJKHIBHBIX NPOM3BOAHBIX COEIMHEHUS ATKHIINTHS Hauboslee MoApoOHO
u3ydeHbl H 4Yallle HCIOJB3YIOTCsl KAk peareHTHl B CHHTe3e.

a) JlnruiiopranmyeckAe coeIMHEHHU

Jluruitopranuieckye coeJUHEHHs JOCTYTHBI KaK I'OTOBbIE PEAKTHEBI B BHAE pac-
TBOpOB. MeTHITUTHI B OCHOBHOM NPOU3BOJAT B 3(PUPHOM DacTBOpe, HO AIKHI-
JIATHEBLIE CoelMHeHusA ¢ Hojlee AMUHHBIMU [eNAMH PACTBOPHMBI B YIJI€BOAOPOIaX.
[TockonbKY TPOMBIIJIGHHOE MPOU3BOACTBO AJKHJIJIHTHEBBIX COeIMHEHHH OCHOBAHO
HA B3aMMOIEHCTBHM MeTa/lJla ¢ OPTaHHYecKUM TaJoTeHHJIOM, NpenapaThl 4acTo 3a-
PPSI3HEHB! AJKHITAJOTEHUAOM. DTOr0 3aIPASHEHUS MOXKHO H36€XaTh IpH IOy Ye-
HHAH TIO peakIuu
HgR. + 2Li — 2LiR + Hg

Xorsa MerruaTHI B TBepZOM BHIE H B PAcTBOpe CYIeCTBYET B Bule TeTpasi-
PHYECKOTO KIAcTepa, MHOIHE er0 BBHICHIHE I'OMOJOTH NMPHCYTCTBYIOT B PAcTBOpPax
B BHIEe I'eKCaAMEPOB HJIH DABHOBECHON CMeCH OJINTOMEPOB BILUIOTH JIO [eKcaMepa.
Dtu 6omblIKe arperaThl MOTYT GLITH Pa3pPYIIeHbl CHILHBIMA OCHOBaHHAMH JIbion-
ca, HANpUMep aMHHAMH, obpasyrowuMy xenarel. Tak, B3auMomefcTBHe TMIJAY
¢ (eHUIMTHEM [aeT KOMILTEKC, COJepKalluil ABa aToMa JIMTHsA, CBA3aHHbIe (e-
HUJILHBIMH I'DYNIaMM, NpHYeM K KaKIOMY aTOMYy JHTHA KOODAHHHMPOBaH XesaT-
HBI Ouamun (8).

IToMuMO OBBIMHBIX METAMTOOPraHHYECKUX COeIMHEHHH JTHTHSA C OUHHM aTOMOM
JIUTHA Ha OPraHMYecKYIOo I'PYNIY M3BECTHHI Pa3JHyHble METAJIOOPraHHYEeCKHe CO-
eIHHEHHs], COIEpMKAlllMe HECKOJbKO ATOMOB JHTHSA Ha monekyny? . IIpocreftimmit
npumep — aunutHomeran LisCHs, KoTOpBI MOXKeT GBITH MOMyYeH IIpH MHPOTH3E
MetrimaTHA. CoeZIMHEHHe KPUCTAJIU3YeTCA B MCKAXKEHHOM CTPYKType anTHDIIOo0-
pura (cM. puce. 2.13), Ho Gomee Touxue neranu opuentanun CHa-rpynm noka Hems-
BECTHBI.

”| WsBecTHB! MeTamIoOpraHiyecKie COeqHUHEHHsI C OOHUM aTOMOM JUTHA Ha Opra-
HUYeCKYI0 TDYNIy, 4 TAKXKe Pa3JUYHble COeJMHEHHS C HECKOIBKHMH ATOMAaMH
JIATHS HA MOJIEKYJTy.

D TM3A — N N,N’ ,N’-rerpameTunsTH/IeHAHaMHH. DTO OJHH H3 NPEAIOYTHTENLHEIX XETATHBIX
JIMFAHJI0B B XMMHH METaJIJIOOPraHU4eCKHX COeIHHEHHH djieMeHTOB p-6JI0Ka, TAK KaK y HEro orcyT-
crBy10T cnaBoxucanle aromel H ceaselt N—H arunenauaMuHa ¥ OH He NOABEPraeTcd IIPOTOJIM3Y
KapGaHHOHHEIMHM METAJIJIOO PraHUYECKHMH COEIMHEHHAMH THIIA AJTKHJIUTUS.

2) OnucaHne pe3ysILTATOB PEHTTEHOCTPYKTYPHOIO AHANM3A JIMTHEBBRIX COEIMHEHUM JaHO B
[Setzer W. N., Schleyer P. von R., Adv. Organometal. Chem., 24, 1385 (1985)].
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6) Coun paguKan-aHAOHOB

Hadranun HaTpua ClIy>KUT OPHMEPOM METAJJIOOPraHMYEeCKOH COJH, KOTO-

pas comepxur pagukai-anuoH CioHg . Takue coenunenus nerko nonyunrs
NpsAMOH peakipeli apOMaTHYECKOTO COe/IMHEHHs CO LIETOYHBIM METAJJIOM B TOJIAD-
HOM alpoTOHHOM pacTBopuTene. Tak, nadranun, pacrsopensslit B TT'®, pearupyer

C MeTaJInYecKHUM HaTpueM, 06pa3yd TeMHO-3elleHbIl pacTBOp HaMbTAINAA HATPUS
(sol = TT'®):

Na(ts.) + CyoHgs(sol) — Na[C;oHg](sol)

CrexTpnt IIIP nokaspBAlOT, YTO HECHIAPEHHLIH 3MEKTPOH JENOKAIM3OBAH Ha Pas-
poixasouteit opbutanun CioHg.

O6paszopanue paaukas-aHnoHa Golee npeAnodITHTeNbHO, Korua m-IHICMO apena
HMEIOT HU3KYI0 sHepruio. [lpocTetiine nmpeacTaBieHns MeTONa MOEKYMAPHBIX Op-
GuTtaneit IpeACKa3BBAIOT, YTO MIPOUCXOAUT NOCTENeHHOe CHIDKeRHe sHeprun HCMQ
TIpH MepeXode oT GeH30a K yIIeBoopofiam ¢ HoJlee CIOKHBIME CONPS>KEHHBIMHA CH-
cTeMaMy. DTO HNOHMXKEHHE SHEPTUH aHAJIOMMYHO NOHMKEHHIO SHEPIHH 3JeKTPOHA B
«AIHKe», KOIJA Pa3Mephl «ALINKa» yBeIMYHBalOTCsA. Ilpelickasanue MOOTBEPIK 1A~
€Tcsl CTAaHJAPTHBIMU IIOTEHIMAIaMH apOMaTHYeCKHX yrileBoJopoloB (ra6a. 15.3).
Ilo sroit npuynHe paauKad-aHHOH HeH30J1a He MOXKeT 06pa30BaThes B OONBIIHHCTBE
pacTBopHTeNelt, a HadTanuu u Goslee CAOXKHBIE CONPAXKeHHbIE aPeHH JIETKO AT
COIH CO HIEJIOYHBIME METAJJIAMH.

Hadranua vHatpus ¥ nofobHble coesHHEHES — CHIbHBIE BOccTaHOBHTean. OHH
9yacTo 6ollee NpeqNOYTHTENBHE O CPABHEHHIO C CAMUM HATPHEM, MOTOMY 4TO, B
OTJIMYMe OT HATPHs, XOPOIIO PacTBOPHMBI B 3¢upax. B pesynarrare nporexaer ro-
MOreHHas PeaKIHsdA, KoTopas obbr4HO GBICTPEE H Jlerde MoIAaeTcsl KOHTPOMIO, YeM

Tabnvua 15.3. CtangapTHbie TOTEHHMATIL! HEKOTOPHIX COMPSIKEHHBIX

yresogoponos™

Coedunenue E°, B
Hndennn +0,00
Hadramun +0,09
@enanTpen @@@ +0,17
AnrTpanes @@@ +0,78

) Oteocurenbho 3nadenns gy gudenuna B 1,2-AMMeTOKCHITaHe
[de Boer E., Adv. Organometal. Chem., 2, 115 (1964)].

an
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reTepOreHHasl PEAKIMS, KOrJia OfMH PeareHT HaXOJUTCS B pacTBOPe M B3aHMOJEH-
CTBYET C KyCOUKAMH METAJTMYECKOTO HATPHSI, 14CTO IOKPHITBIMH OKCHIHON KOPKOH
MM HEPACTBOPHMBIM IIPOJYKTOM peaxnun. Kax BujHO U3 TabL. 15.3, nononHUTENB-
HOE PeNMYIIIECTBO PaMKAJl-aHHOHHBIX PEATeHTOB COCTOMT B TOM, YTO COOTBETCTBY-
IOIHEM TOAB0OPOM aPOMATHYCCKON I'DYIIBI MOXKHO 00ECeHTh BOCCTAHOBHTEILHDIH
[OTeHIHAa] peareHTa, KOTOPBIA Hanbo/ee MOAXOAUT JYIl KOHKPETHOTO CHHTE3a.
Jpyro#t cnocob MoyveHHs JeJOKalH30BaHHbIX aHHOHOB CBOIMTCA K BOCCTa-
HOBHTEILHOMY paspbiBy cBaseit C—H, obnapafompx KHCIOTHBIMH CBOMCTBaMH,
reficTBHEM MMENOYHBIX METAJLIOB WM ajKHIMeTa/UIndeckux coenutenuit. Tax, B
IPHCYTCTBHH XOPOILIO KOOPAMHHPYIONIHX Jiuranon Tuna TMOA 6yTuamuruil Boc-
CTAHABJHBAET AMTHIpoHA(TAINH, 06pa3ys AMaMATHUTHBIA aHHOH C 3apAloM —2:

H
4(CH,),N - CH,CH,— N(CH;), + 2LiBu + —
H
T+ -
Me,N~ cH, L
I
— MezN-‘L'I\N/ + 2C,Hyo
H,C Me,
!
H,C™ Me, iy

TMSIIA BrHOCHT 3HAYUTENBbHBIN BKJA B sHepruio ['m66ca peakuuu 6aarofaps Bbl-
COKOMY CpOICTBY K MOHy Lit, ofpasymimeMycs B peakuum.

[Lnockuit apoMaruueckuit uukaonenTaguenu1-uoH CsHy Moxxer 6prTh mosty yen
NIPH BOCCTAHOBHTENILHOM paspbiBe cBasu C—H B HUKJIOMEHTaHEHE NPU HCIIOJIB30-
BaHHM MeTaJLIH4Yeckoro HaTpus uijnm NaH:

+ Na TH) Na* + 1/2 Hz(r.)

H
H

B aroit peaknuu o6pasyeTca HUKIONEHTAHEHHT HaTpHs — Ba’XHBIH peareHT B Me-
TAJJIOOPraHudeckoMm cuHTe3e. OH JIErKo BCTYNAET B PEAKIMH OOMEHA ¢ Pa3IHYHbIMU
TaJOTeHHUJAMH 3JIEMEHTOB P-OJI0KA ¢ 0Opa30BAHHUEM J- HJIH T-CBA3aHHBIX [IHKJIOIIEH-
TaJMEeHIJIbHBIX COe/MHeHHH (OHM 06CY’XuAloTcA najee B aTo# riase). OH Takxke
HCIIO/Ib3YeTCA OISl CUHTE3a, [IIhPOKOTO PAa METAJJIOOPTaHNdeCKHUX COe/IMHEHNH Me-
TaJIoB d-6Js10Ka.

”' O6pasoBanue panukan-aHHOHOB 6ojee mpennouTHTeNbHO, Koraa m-HCMO ape-
HOB PaCIOJIAral0TCI HHKE 110 SHEPIHH, YTO HabI0AaeTcad B KOHIEHCHPOBAHHBIX
ApOMATHYECKHX CHCTEeMaX.
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15.8. LLleno4Ho3emenbHble MeTansbl

MerTanoopranuyeckue coejiMHEHUs] OePHIIUS B MarHus 06J1aJIal0T CYIIECTBEHHO
KOBAJEHTHLIMH CBOMCTBAMH, B TO BpeMsA KaK aHAJOTHYHBLIE COEMHEHUs BoJiee THA-
JKeJIBIX MeTaJlJIoB 9TOH IPynIbl UMetoT 6ojiee HOHHBIH xapakrep. [locaenue no cux
MOP HEJOCTATOYHO IMOJIHO HCCJIELOBAHBI.

B MeTa/lIOOpraHMYecKUX COCAUHEHHX GEePUILIMI M MATHHM CKJIOHHBI UMETh KO-
ODJAHHAIIHOHHOE 4Hc0 4, njist Gepunnust takxke serpedaercs K'Y 3. Jumerunbabre
MPOM3BO/HBIE, HANIPUMED, SIBJAIOTCH MOCTHKOBbHIMH yacTHuaMi (Kak (3)). Bomee
o6'beMHbIe I'PYIIBI IPUBOAAT K YMEHBIIEHHIO ACCOIHAIINN; TAK, IUMETHIOEPUIIUi
B 6EH30JBHOM pACTBOpE CYIIECTBYeT B Buje AuMepoB, a Be(*Bu)s —B BHae momo-
MEPOB.

a) Cunres u cTpyKTypa

[Tockonbky 6epriuii 60s1ee 37eKTPOOTPULIATENBHBIN JIEMEHT, YeM MarHui, pacTBo-
puMble B 3¢dHpe IHATKHIOEPRIINEBblE COeUHEHHUA MOXKHO ITOJYYHTb B PeaKIMAX
TPAaHCMETAIHPOBAHUSA ¢ peakTHBOM [ pHHBADA!

BeCly + 2RMgX + (C2Hs)20 — RoBe—~0(CaHs)s + 2MgXCl

Korna reobxonuM MpoAyKT, He CoAep Kamuil a(pup, MOKHO HCNIONb30BATh TPaHCMe-
TAJUITMPOBAHYE C JHAJKAIPTYTHIO, IOTOMY 4TO Gepuiuinil 371eKTPOXUMHUYecKH GoJtee
AKTUBEH, YEM DPTYTh:

Be + Hg(CH3)2 — Be(CHj), + Heg

(HamomuumM, yro Be(CHjz)s mMeeT MojMMepHYIO CTPYKTYpPY, MOKA3aHHYIO Ha CXe-
Me (3).) Buc(upxnonenraauennn)6epuinil MOXKHO NOJIY4HTh O PEakIHH obmeHa
Mmexy ragorenuyiom 6epusyma u Na[CsHg]. B coorsercrBuE ¢ 061mel 3aKoHOMED-
rocThio, HoH CsH mepexouut x 6omee snekrTpoorpuuarensaomy aromy Be(IT):

BeCl; + 2NaCsHy — BG(C5H5)2 + 2NaCl

1,81A 1,90 A

Be

1,63 A @ 1,47 A d)
9

10

o----
o

PesynbTaThl peHTTEHOCTPYKTYPHOTO aHajlu3a [OKa3bIBaloT, 4TO B TBEPAOM COCTO-
HUM coeprenHe umeer cmemannywo (7°-CsHs, n!-CsHs)-koopaumanuio (9). Cum-
Bos 7! ykaseiBaeT Ha npucoeauHesue rpymibl CsHs Tonbko ofHEM aTOMOM yIiIepo-
Jla ¥ 0603HAYAET MOHOTAIITO-CBSI3bIBaHMe. 3anuck 7° yuisd apyroro kosbua CsHs
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QOKA3LIBAET, 9TO BCE TATH aTOMOB YTIJI€POJa CBA3aHbI ¢ GepHILINeM; TaKoe pPacrosio-
JKeHue HA3blBaeTCs IeHTaranto-csseiBaduel), CTpoenue B rasoBoti daze MeHee
nousitHO. OHO MOMKET HMeThb BUJ, HECUMMETPUYIHOTO COHABUYIA (9), NpeTeprepatole-
IO MePeCTPORKY CJAMIKOM BBICTPO, YTOGBI ee MOXKHO ObLIO 3aUKCHPOBATE METOAOM
asrekTpoHorpad U, WM MOXKeT OBITh aHTHCHMMETPUYHBIM COHIBHIEM (10), tre obe
rpynmsl CsHs o6pasyior nenTaranTo-CBs3u, HO OJHO KOJIBLO IO CPABHEHUIO C APY-
UM HaXOZUTCS Tajdblle 0T aToMa Oepuiiinsg. 3Ta HeolpeaeleHHOCTh UILIIOCTPUPYET
TPYAHOCTH NOJIyIEHHs] TOYHBIX CTPYKTYPHBIX JAHHBIX AJIst GOJIBINMX U, BO3MOXKHO,
nepecTpanBaloIIIXCA MOJIeKysl B TazoBolt dase.

Hl MeTai00praHu9eckKue COeAUHEHUsl 3JIEMEHTOB 2-#f TPYNIIBl MOTYT OBITH [OJIY-
YeHB! 10 PEAKIUAM TDAHCMETAIMPOBAHUA U 0DMeHa.
6) Xnumuueckye cpojictBa

ITpocThie METAIUIOOPTaHUYECKHE COeUHEHNs GepUIIUs B3AUMOLEACTBYIOT ¢ KUCIIO-
POIOM, A& Tak»Ke ¢ BOROW U APYTMMU clabbiMu KuciaoTamu Bpéncrena:

Be(CHj3)2 + CH30H — (CH3)Be(OCHs) 4 CHy
JuMeTHAGepHLINit TaK¥XKe Jerko obpa3yeT KOMILUIEKCHL ¢ OCHOBaHUsSMYU JIbloHca:

Be(CH3)2 + N(CH3)3 — (CH3)2B€N(CH3)3

CH,
(CH N\
CH,

HiC— ge

/
7~ T NicHy),

H,C

Be(CHy), +  (CHg),NCH,CH,N(CHy), —>

[Tockonbky coemuuenus GepuIns BbICOKOTOKCHYHBI U HET OCOOBIX MPHUYUH HC-
I10JIb30BATh UX KaK PEAreHThl, METAJJIOOPTaHUIeCcKUe COeJUHeHns OepHiis He Ha-
XOIAAT 3aMETHOTO TIPUMeHeHHsI B MPOMBILLIEHHOCTH. MIX Hcnosibp30Banle KaK CHHTe-
TUYECKUX [IPOMEKYTOYHBIX BEHIECTE B JIAOOPATODUH OTpaHiyYeHo CUHTE30M APYTUX
coenuHennit Gepuinus.

“I ITpocreie MeTanoopragudeckye coefUHeHUs GEPUIIIS PeATUDPYIOT C KUCIOPO-
JIOM, & TaK>Ke ¢ BOJAOHN U JAPYTUMU cJ1aObIMU KUc/ioTaMu Bpéncrena u 0bpa3yioT
KOMILJIEKCHI ¢ KUCI0TaMu JIbouca.

B) Peakrusel Ipumnapa

Metannoopranuyeckue coefiHeHMs MaTHUsS XOPOLIO M3BECTHBH! KAXKAOMY CTY/AeH-
TY, U3yYaIOMIEMy OPTAHUYECKYI0 XUMUIO, KAK ynoOHbe KapOAHUOHHBIE PEareHThl.
Haubonee pacmpocTpasenn! U3 9TUX COeAUHEHMH rajoreHHIbl ANKUIMarHus, HiIH

1
) Tepmiun «ranTo» npoHCXoAUT OT [PEUECKOrO CIOBA «IPHEA3LIBATH». JpyrHe npuMepn! Takoro
THNA JaHbBl B 1. 16,
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peaxTuBbl I'puHBsIpa, Mosiy4aeMble 0 PEAKNUU TalOTeHANKaHa ¢ MeTaJlinde-
ckuM Mmarauem). DTy peakuuio MpoBoAAT B adUpe U, TAK KaK [UIeHKa OKCHIa Ha
MOBEPXHOCTH MardHUs [PENATCTBYET PeaKIWd, 4acTo N00aBIAIOT CIeJ0Bble KOJnde-
CTBa MOJQ /IS WHUIMUPOBAHUA MpPOLECCa.

W3 pannux pabot, Bumondenabix B. IlnenkoM, H3BecTHO, 4T0 B 3(DHPHOM pac-
TBOpe HaBJIJaeTcs paBHOBecue rnepepacnpefenedus. [Ipocrefiimee u3 HUX, 9acTo
HaabiBaemoe paBHOBecuem [IlneHka, umeeT BUX

9RMgX = MgR; + MgXs

JoGaBienne qUOKCAHA K PABHOBECHON CMeCH B JUITUIOBOM dbUpe IPHBOIUT K OCa-
K IEHUIO JUOKCAHOBOIO KOMILIeKca ranorennaa maruus MgXo - (C4HgO3), a dune-
TPaT MOMKHO BBITIAPHTDH U MOJIYYMTh AuajkuiaMarsuil. Henasaue crekTpocKonnde-
CKUe HUCC/e[OBAHUS TOKa3aJl, 4To B 3)HUPHOM pAaCTBODE CYIIECTBYET MOBOJILHO
CJIOYKHBIH pAJ paBHOBECHH MEXKJly TAJIOTeHUJAMH AJKWIMardusi. B cooTeeTcTBun
C STUMU HAOMIONEHUIMY, KPUCTAIIN3YEMble U3 3DUPHOTO PacTBOPa KOMILJIEKCHL Ae-
MOHCTPHUPYIOT IMMPOKUI AUANA30H CTPYKTYD, CPEAN HUX MOHOMEPHbIE KOMILIEKCHL
MarHus ¢ KOODAWHAIMOHHBIM 4ucioM derbipe (11) u Gostee KpyIHbie KJIACTEPBI
(12). Cnestyer OTMETHTD, YTO B NOCJIEAHEM COETUHEHUH 0DPa3yIoTCA TaoreHH/ IHbIe
MOCTUKH ¢ 0ObIMHBIMU (2¢—2€)-CBA3AMU 34 C4eT HemomeJsieHHBIX 3JIeKTPOHHBIX Hap
rajioreHa, a He alKUJIbHbIE MOCTUKH, [JIs KOTOPBIX HEOOXOMUMEI JBYX3IeKTPOHHBIE
MHOTOLIEHTPOBbIe CBs3u. Takoe ke mpeanodredue (2c¢—2e)-cBa3elt BCTPETHTCH 13-
Jee B XMMUH ANIOMUHUS.

Et

| .o
0 Cl— Mg
N/ /\

Et cl cu—\ Mé— o]

MO Mg—Cl 0
Br / OEt, /\
OFt, o B/ ;
11 12

[Tockonbky peakTusbl ['puHbsapa nonygaior B aHpPHOM pacrBope, HX NCHOJb-
30BaHME OI'PAHUYEHO PEAKIUAMH, Il KOTOPBIX He MellaeT pacTBOPUTeJb — MAr-
kKoe ocHoBaHue Jlbtouca. Ddup moxer oOpa3OBBIBATL HEXEJATENbHBIC KOMILIEK-
CBI ¢ TIpoayKTaMu, Kucioramu Jlptouca, Hanpumep (CHsz)3BO(CoHs)2 B peaknuu
BF; ¢ CH3MgBr B mustusoeom sdupe. B aTux cayudasx Gonee ynoGHBI aJKuJI-

1) Tleperog, (na aHrmfickuit) nepBofi moiaHoff paforTsl ['puHbApa MmO 3TOH Teme AOCTYTEH B
[J. Chem. Educ., 47, 290 (1970)).
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ATIOMUHUEBbIE WIH ATKUIUTUTHEBblE COCUHERN T, [IOTOMY 9TO MOMHO HCI0Jb30BATh
pACTBOPBI B YIVIEBO/OPOAAX.

I PeakTupbl ['pHHbsIpa MOJIy9aloT B3aUMOAEHCTBUEM alKWJ/rasoreHnla ¢ MeTal-

” JTIIECKUM MATHHEM; BbLae/sieMble U3 3(UPHOIO PACTBOPa BEIECTBA UMEIOT Pas-
nu4noe CTpoeHue, 0bpa3yloTea KaK MOHOMepHbIe MarHueBble KOMIIIEKCRL, TakK U
GOJIbILIHE KJIACTEPDL.

15.9. pynna unHka

VIOMSHYTHIE paHee B 3TON IMiaBe JUAJIKU/IbHbIE IPOU3BO/HLIE LUHKA, KaaMUSA U
DTYTH UHTEPECHBI TEM, YTO OHU HE ACCOUMUPYIOTCH yepe3 ANKWIbHBIE MOCTHKH.
Jlpyrasi 0cOGEHHOCTh, KOTOPYIO HaJ0 UMETb B BUAY, COCTOUT B TOM, 4YTO COEIHU-
HeHUsT AUAJIKUJILMHKA — C1abble KHUCIOTHI JIpfouca, MeTaNIOOpraHudYecKue coeau-
HeHUsA KaaMus — eme ciabee, a METalno0praHiydecKue COEAMHEHNs PTyTH He aett-
CTBYIOT KaK KHUCJIOTHI JIbIoUCa, 32 UCKIIIOUCHUEM 0COOBIX YCIOBUH.

a) MerasutoopranuyecKue COeMHEHNS IMHKA 1 KaaMas

VRoGHBIM IyTEM CHHTE32 MeTA/UIOOPTAaHUYEeCKUX coeIMHCHUY LUHKA CILYyXKUT 006-
MeHHAs PEAKIUA ¢ AJKWIAMIOMUHUEBbIME WM ANKWIIUTHEBBIMY COCAUHEHUAMMU.
ObMeHHas PeaKUys ¢ aJKWUIMTHEBHIMU COEAVHEHUAMU COOTBETCTBYET COOTHOLIE-
HUIO 3/IeKTPOOTPUIATENBHOCTE , YTO OOBIYHO XapaKTEPHO I O0OMEHHBIX peakiuil.
OpHako Takas KOppensauus He ybequTesibHa A PeaKmuu C aIKUIATIOMUHHUEM,
IOCKOJIBKY 3HAYEHHUS 3JIEKTPOOTPUIATEIbHOCTEH aTIOMUHUA U IUHKa JOCTATOYHO
6am3kn (1,61 1 1,65 COOTRETCTBEHHO). B 3TOM Cllytiae NpeACTABJIEHUA O «IKECKO-
CTH— MATKOCTH» KOPPEKTHeH# MpeCKa3blBaloT 00pasoBaHue nap: MATKOA ZnCH3 u
xectkoit AICIY,

H3
C c
HC / CH3 M, L -\ . CHs
ZnCLs) s o DAl Na” Y L HC—Zn—CH + DAr Al
2 “ NS~ 3 3 N\ /
H3C E{ CHa H3C Cl CH3
3

ANKuInUHKOBBIE coequHeHHusl MUPOGOpPHEL, JerKo I'MAPOIN3YHOTCA, TOTAa Kak
aJIKITKaIMUeBbIe COeqUHeHUs Me/IJIeHHee pearHpyloT ¢ BosAyxoM. Biarogapsa mar-
KoM KucJoTHOCTH 110 JIBIOMCY COeAMHEHYs! AUATKUIIUHKS 1 AUAJKIIKaAMUsT 06 pa-
3YIOT yCTORYMBEIE KOMILIEKCHI C aMUHAMH, OCODEHHO ¢ Xes1aTo00pa3y oMy aMHa-

u (13). Cesizp C—Zn umeeT GoJiee APKO BbIPAZKEHHbIM KapOAHMOHHBIN XapaKTep,

1) TIpuMepnl, rAe NpeACTABIEHHE O KECTKHX W MATKHX KHCJIOTaX K OCHOBAHHMAX Gosee TOMHO
PeCKAILIBAET HANPABJIEHHE DEAKLMH, YeM IJIEKTPOOTDHUATETLHOCTb, cM. B [Pearson R. G.,
J. Chem. Educ., 45, 643 (1968)]. Bomnbinoe yao6cTBO HCNONLSOBAHKA JIEKTPOOTPHLATE/ILHOCTH
I NpHOJIH3HTEIbHON OUEHKH PEaKHOHHOM! CIocoBHOCTH CBA3AHO C JOCTYIHOCTBIO YHCIEHHBIX
JAHHBIX, KOTOpbIe NOJYHHAIOTCA IPOCTHIM 3AKOHOMEPHOCTAM B NEPHOAHYECKOH CHCTeMe.
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ueM cBsizb C—Cd. OHUM U3 NMPUMEPOB ITOMY MOKET CJIyJKUTh PEAKIUS PHCOeTH-
HEHUS AJKHJIIMHKOBBIX COeAMHEHUH K KapGOHUILHON I'PYINe KETOHA:

Zn(CHs); + (CH3),C=0 — (CHy)3C—0~ZnCHj

Sta peaKnust He IpoTeKaeT C MeHee [OJIAPHBIMH COCAWHEHUAMU AJKUJIKAIAMUS U

AJIKWIPTYTH, HO HIOET C METaJJIOOPraHUdeCcKUMU COEAHEHUSAMY JIUTHSA, MarHusa
e e | ’

AJIIOMUHUA, T. €. MeTAJJIOB C Melblllcid AIEKTPOOTPUOATENIBHOCTHIO, YeM LUHK.

ON (I:H:* (‘:Hs
Zn 2 “
S el<a
OjJ X,

CH,

13 14 15

[Tux/oneHTaueHUIbHBIE COEMHEHNsT BHOBb HEOOBIMHBL 0 cTPyKType. (IIuK-
JIONEHTAAUEHAT) METUIIMHK B Ta30Boil (a3e HMeeT MOHOMEDHYIO CTPYKTYDY C
nedTaranto-CsHs-rpynmoit (14). B TBepaoM cOCTOAHIY OH ACCOLMUPOBAH B 3UT3aro-
obpasnrre nemu (15), npudem kaxkaas CsHs-rpynna BolcTynmaer B posiyt IEHTArAITO-
JIrafja no OTHOLIEHWIO K ABYM aTOMaM [UHKA.

m Coeauaennst ankuimuHKa TMpoQOPHbL U JIETKO IHAPOIU3YIOTCH, TOIa KaK CO-
eAMHEHUs AJKWIKAIMUA PealHpyIoT C BO3JyXoM MejierHee. [TocKosbKy aualt-
KWILHHK W JUaKUIKAIMUN ABJAIOTCS MATKUMU KucjotaMu JIpiouca, oHH 06-

Pa3yOT YCTOUYIMNBBIC KOMILIEKChI C aMUHAMU, 0cobeHHo ¢ xenaToo6pa3y}0mHMH
aMHUHaMH.

6) MeTannoopranudeckne coeMHeHAR PTYTH

PryThoprannueckue coeUHEHUs JIETKO TOIYYalOTCA 10 PEaKIUAM obMeHa MEXKIY
ranoresugamu pryTu(1l) u cUILHBIMU KADOAHUOHHBIMU peareHTaMu THUIA PEaKTH-
BoB I'pHHABSIpA MM TPUAIKUNATIOMIHUEBEIX COEIMHEHMIL:

2RMgX + HgX, — HgRs + MeXo

OTa peaKuusi IPOTEKAET B COOTBETCTBUHM ¢ BeJIMUMHAMY 3JIEKTPOOTPHIIATENHHOCTH
U IPEACTABNCHUAMY O KECTKHX U MATKUX KUCJIOTaX U OCHOBAHUAX. Kak y»xe orMe-
4aJ10Ch, JUANKUJIbHBIE COEJUHEHUSA PTYTH — YHUBEPCATIbHBIE UCXOAHBIE COeIUHEH U
JJISL CHHTE3a MHOTHX METaJlJIOOpTaHUYecKUX coeluHeHutt GoJiee JIEKTPONOJIOKN-
TEJbHEIX METAJUIOB B DEaKOUAX TPaHcMeTalaupoBaHus. OJHAKO, YYMTHIBAS BbI-
COKYIO TOKCUYHOCTh COeJUHEHUH ANaJKUIpTyTH {JomosneHne 15.2), dacto Gonee
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Tpe/iOYTUTEIbHBL APYTHE MEeTOIbl CUHTE3A. B npoTHUBOMNOJIOKHOCTD BbICOKOH 4yB-
CTBUTEJBHOCTU AUMETWIIHHKA K KHUCIOPOAY, AMMETWIPTYTh COXPAHAETCs Ha BO3-

Iy Xe.
Hl JInankwibHble COEAUHEHUs] PTYTH MOKHO HCIOJb30BATh KaK MCXOAHbIE Belre-

CTBa JJId CUHTE3a MeTAJJIOOPraHUYeCKUX coeIMHEeHUN bonee JIEKTPOIIOJIOK U~
TeJIbHBIX METAJJIOB M0 PEeakIUHd TpaHCMeTaVIMPOBaHUA.

3NEKTPOHOOAE®PUNLNTHBLIE COEANHEHUA
rPynnbl 6OPA

B sTOM pa3fesie NPOUIIOCTPUPORAHEI ABa obmux nosoxenns. Bo-nepsbix, s/aex-
rTpoHoaedhUIUTHEIE METATVIOOPraiUYeCKUe COeUHEHUs JIEMEHTOB TPYIIbL 13/111
OTHOCSITCA K MOJIEKYJSAPHBIM. Bo-BTODBIX, cpell coeduHeHUH, B KOTOPBIX METAJLI
uMeeT CTelleHb OKUCJIeHUs +3, TOJIBKO MeTaJIOOPTaHUYecKUe COEMHEHUsT alloMU-
HHs B 3HAYUTEJBHON CTEneHU acCOIUHMPOBAHBI MOCPEACTBOM OPraHUYeCKHX MOCTH-
k0B ¢ (3c—2e)-cpm3amu.

Dononnenne 15.2. Tokcu4HOCTL METANN00OPraHNHeCKNX COEAUHEHNA PTYTH

TOKCHYIHOCTb PTYTH — ITO CJIEJCTBUE OYeHb BBICOKOTO CPOJACTBA MAIKOTO ATOMAa
Hg x Mepkanto-rpynnam (—SH) B depMentax. IIpocThie coeiuHenus pTyTH U CEPbI
GBLIN MCC/IE0BAHbI KAK MOTeHIHabHbIE aHaJo0rd IPAPORHbIX cucTeM. AToMer Hg
Yamme BCETo UMEIOT KOOpAMHALMOHHOE HCIO deThipe, Kak B [Hga(SMes)g)?~ (JA1).

CH,
e ‘ Hy
S s
RN

g
2T

S\
CH, ‘ HyC
CH,

at

S

Orpapienye pTyThIO 6bLIO Cepbe3HOH MPOGJEMOl AJIst Y9eHbIX NPEAIIECTBYIO-
UIMX cToseTuit, BKiodaa Mcaaka Hoiorona B XVIII 8. u Anndpena IllToka B Ha-
4aste XX B., oHH 06a paboTany ¢ pTyTbIO B IJIOXO ITPOBETPUBAEMBIX JA60PATOPHAX.
Henapro 6b1m ony6inkopans! fanHbIe 0 BAUAHAN PTYTH Ha A€ATEIbHOCTb MO3Ta U
CMEPTHOCTb cpeu skuTeselt MunaMars! (Adnonns). Dror HHOUAEHT ObLI CBA3ZAH C
paspelieHHbIM ¢6POCOM PTYTH C 32BOJA TJIACTMACC R TPYJH, /€ OHa HaKaI/IMBANlACh
B prife, KoTopas ucnonan3oBasack B nuily. Mccnenopanus, BHIIONIHEHHBIE C TEX 10D,
TIOKa3aJIM, YTo GaKTepun, HAlJeHHbIe B JOHHBIX 0CAKaX, CIIOCOOHBI METHIMPOBATD
PTyTh, a coexudenus tuna Hg(CHs)z u [HgCH3|t nonazaroT B Lenb muraHus, Tak
KaK JIETKO NPOHUKAOT Yepe3 0B0I04KH Kiaetok. Bakrepun mpoussonar Hg(CHj)a
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A BBIBEAEHUS TOKCUYHBIX HOHOB PTYTH 4Yepe3 CTeHKH CBOHX KJIETOK B OKPYIKAlO-
LIY10 CPemdy.

Pexomengyemasn nurepatypa

Organometallic compounds in the environment, ed. P. J. Craig. Wiley, New York,
1986.

Wright J. G., Natan M. J., MacDonnel F. M., Ralston D., O'Halloran T. V., «Mercury(II)
thiolate chemistry and the mechanism of the heavy metal boisensor». Prog. Inorg.
Chem., 38, 323 (1990).

15.10. Bopopraxuyeckue coegurenus

Tpumetunbop — GecuperHoe rasoobpasnoe (T. K. —22°C) MoHOMEpHOE BellecTBO.
On nupodopen, HO JHIIb MEAJIEHHO THAPOJIM3YETCS BOJOH. Ankunbopansr Moryt
OBITE CHHTE3UPOBAHBI 110 PEAKIUH OGMeHa Me Ky TaJOTeHHIAMH Hbopa u Mmetan-
JIOOPTaHHIECKUMU COEANHEHNUSIMU METALIOR ¢ HU3KOH 3JIEKTPOOTPHIATENbHOCTDIO,
Hanpumep peakTUBOM ['pUHBAPA UM AMIOMOOPraHUYECKUMH COETUHEHUAMH:

BF;3 + 3CH;MgBr 22YTHI0mE 3bup, vy ). 1 3MgBrF

Hcnonpsosanue B nanHoM cirydae Au6yTUI0BOrO Hpa [peinoYTHTEbHES, YeM
JWITUNIOBOTO, I0TOMY YTO OH UMeeT Gojiee HU3KOE JABJIEHUE MADOB 110 CPABHEHHUIO
¢ TpuMeTHI60pOM, YTO objlerdaer BBIIENEHHE [OCIEHEr0o MHOTOCTAAMAHON Tepe-
roHKo# B BaKyyMHOH cucrteme. JIpyras npuuuHa ycHENIHOTO pa3fe/ieHHs — OYEHb
cnabas accoluaris B KOMILIEKce AUGYTUI0BOTO adbupa ¢ TPUMETHIO0POM.
XoTsl coeUHEHHA TPUAIKHI- M TPHAPUIBOPA SBIAIOTCS CPENHHMH IO
cuie KucitoTamu Jlblomca, cuibHBIE KapGaHMOHHBIE PEAreHThI IPUBOUSAT

x obpasopanuio ammoHor Tuna [BR4)™. Hambonee usBecTeH M3 9THX AHHOHOB
terpadenmibopat-uon, rae R = C¢Hs. DToT 06beMHBI! aHNOH OYeHb MeICHHO
THAPOJIA3YeTcss B HEUTPANDLABIX WM MIEJOYHBIX BOJHBIX DACTBOPAX H HCIOJb3Y-
ercd AJIA ocaxKJeHus GObIIMX OJHO3APSHBIX KaTHoHOB. HampuMmep, no6apienne
Boznoro pacteopa Na|BPhy| k pacteopy, comepxamemy nonst KT, npueoaur k 06-
pasoBanuio HepactBopumoro K[BPh,]. 9ta peaknus ocaxaenns, koTopyio MOXKHO
MCMOJIb30BATE [Tl TPABUMETPUYECKOT0 OlIpeeieHNs Kaaus, — IpUMep HU3KOHU pac-
TBODHMOCTH B BOJE coJieff, cocToAux u3 OoJbIIOro KATHOHA B GOJIBIIOro aHMOHA
(pazm. 2.12).

Beenenue 6opa B rereponukIngecKue coeuHeHNs — OGbIYHAN PEaKLys, B Kade-
CTBe MpUMEPa MOXKHO IIPUBECTH HIPOTOJH3 Tpuapuiabopa 1,2-auruapokcobeH3oioM
TIPH [IOBBILIEHHON TeMIepaType:

A \
+ BR4 —> B—R + 2RH
/
OH 0
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BopopraHH-eCcKHe I'aloreHU Bl foJlee PEAKIMOHHOCIIOCOOHDI, €M IIPOCThIe CO-
eJMHEHUs TPUAIKUIO0DA. O lHUM U3 IyTeit NOTydYeHHs STUX COeMHenult CIyKUT
peakuys TPUXJIOPALA Gopa CO CTEXMOMETPUYECKUM KOIMIECTBOM aKUIATIOMUHUA
B yIJIeBOJOPOAHOM DAcTBOPUTEJE:

3BCls 4- 6AlR3 — 3R2BCl + 6 AlRCl

Tpyro#t mpomecc — NePEPACIPENL/ICHNE MEXALY TPHUTAJIOTEHUIOM 60pa U TPUAIKUII-
6opoM B IPUCYTCTBUU AubopaHa KakK KaTajlu3aTopa:

9BCl; + BMey 22992t 3BMeCly

TIpoyKThl ITUX PEAKLHUE MOTYT 6BITb UCIIOJIb3OBAHEBI B LIGJIOM PsiJie IPOTOJAUTUYE-
ckux peaxmuit ¢ ROH, RoNH u apyrumu peareHTaMu

B(CHj)2Cl + 2HNR;, — B(CHs)2NR; + [NR2Hz|Cl
U B peaKU,I/IHX 3aMelleHnu A rajloreHa Kap6aHI/IOHHbIM peal"eHTOMZ
B(CHz)2Cl + Li(C4Hg) — B(CHz)2(CaHo) + LiCl

Cpem MHOTOUMCIIEHHBIX OPraHob0paHoB 0coDbIi UHTEPEC IPEACTABASET DAL COeAU-
nenuit, cofepxammux cesa3n B—N. @parmenr BN wusossektponen dhparmenty CC,
U aHasorudHble coesupeHust co ceazamu B—N u C—C, xak npasuno, 0b1aaoT
OIMHAKOBBIMU cTpyKTypami. OfHaKo, HECMOTPSA HA ITO dopmanbHoe CXOACTBO, UX
dbusMYgeckre U XUMHYECKUe CBOACTBA BECbMa PA3/IUIHBI (em. ru. 10 1 11).

”' AJIKMI60pPAHB MOTYT ObITH CUHTE3UPOBAHBI C TOMOUIBIO peakiuil oOMeHa MeKIY
rajoreHuAaMH 60pa U METaJVIOOPTAHMYeCKUMU COeAUHEHUAMA METAIIOB ¢ HUS-
KON 3J1eKTPOOTPUIATENLHOCTHIO, TAKMX KaK DeaKTUBbl I'DUHbADA MIK aIIOMO-
opraHudecKue coeuHeHUs. Bopopranieckye raJjoreHuAHbIe COEANHeHUA Hostee
PEAKIMOHHOCTIOCOOHDI, Y9eM IPOCTHIE COEIMHEHUA TpUanKUIbopa.

15.11. AnoMuHuiAopraHuyeckue coeguHeHnus

OnHa U3 OTANYUTENBHBIX OCODEHHOCTEN MOCTHKOBOH METH/IBHON CBA3U B aIKHJ/I-
AJIOMHHMeBbIX coenuHeHmsx (Kak B (1)) — mausit yron Al—C—Al, kotopbi#t cocras-
JsieT npubnusurenbro 75° (16). Ha ciabocTh 9TUX MOCTHKOBBIX (3c—2e)-cBaA3eit yKa-
3bIBAET AUCCOMMALMSA TPUAJKUJIANIOMUHUEBBIX COENMHEHUH B JKUJKOM COCTOSHUM,
IIpUYeM CTelleHb QMCCOUMALNY YBEJIHIUBACTCA C yBeInIeHueM ofbeMa alKUIbHON

I‘pyHHbll):

Aly(CHs) = 2Al(CHz); K =1,52-107°
Aly(C4Hg) = 2A1(C4Hg)s K =2,3-107*

C odeHb GOJBIIMMY IPYMNAMM AUCCONMANUA MPAKTUYECKH MOJHAA: TPUME3UTUII-
amomunuit (17), HATpUMep, CYIIECTBYeT B BUAe MOHoMepa®). DT MpUMepbI SCHO

1) KoncranTe! pasHoBecus npuBoaarcs Ata 25°C H BHIpasKeHbl B MOJIBHBIX JOJIAX.

2) MeSHTH/IBHEIE TpYTIIbI (2,4,6-TpHMeTHJ’I¢)eHHJI) 4acTO WCMONB3yI0TCH Buiarogaps cBoei obb-
eMHocTH. OHM HIDAIOT 3aMETHYIO POJb B 0OCY K IEHHH XHMHH KPEMHHHOPraHHIeCKHX coeguHennit
B pa3x. 15.13.
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6 8
Puc. 15.4. Crpykrypa ¥ cB3biBanne heHMILHEBIX MOCTHKOB B PhgAls: a— cTpykTypa, nn-
JIIOCTPUPYIOLIAs MEPIEHIUKYIAPHYIO0 OPUEHTAUHNI0 MOCTHKOBBLIX (DEHHJIOB OTHOCHTENbHO
mnockocru AICAIC; 6— (3c-2e)-cBa3b, 06pazoBaHHAsT CHMMETPHUHOR KOMOGUHAIMEH Op6H-

taneit C u Al; e— gononHurennHoe B3anMogeicTBHe MexXay pr-opbutamsmu C u anTh-
CMMMETPUYHON KombuHanmeit opburaiein Al

IMMOKa3bIBAlOT CUJIBHOE BIUAHNE CTEPHUYIECKUX ('b&KTOpOB Ha CTpoeHue ankKWuIaJiOMH-
HUEBbIX COeJUHCHUH.

H,C CH,
H,C
CH
H CH, :
3 H3C Al
Hel A cl
d 195 _CH 2,3
He 3~ A[ 75 AI;" 3 HyC HyCee, AI%NJ"E;’ CH,
N/ CH, HC=" " »" ~~cH
F CH, cl :
3 H,C
16 17 Al(Mes), 18

B MOCTHKOBBIX raJIOTeHNAAX, alKOKCHAaX, aMmuaax yroa Al—X—Al 6im3ok x 90°
(18). B npoTHBONOIOXKHOCTL MOCTMKOBO] AJIKHMJIBbHON IpynIe, aToM rajorena UMeeT
6oJble AOCTYMHBIX OpOHTANEH U JJEKTPOHOB H MOXKET 06pa30BbIBATb MOCTHK, HC-
none3ys ape (2¢-2e)-ceasu. [logo6HpIM 06pa3oM TpudeHNNANIOMHAHAN CyIIECTBYET
KaK JUMEp C MOCTHKOBBIMU 7)'-cheHUIbHBIME IPYINaMH, JEXKALIUMH B MJOCKOCTH,
NepneH MKyIApHON THENMH, KOTOPas CBA3LIBACT IBA aTOMa AJTIOMMHHsS (pHC. 15.4).
STa cTpyKTypa NpeaouTHTEAbLH OTHYACTH U3-334 CTEPUYECKHX 3aTpyAHEHHH, OT-
yacTy us-3a JonosiHesnsi ceasu Al—C—Al nmonadedt snekTpoHoB oT (hbeHHIbHBIX
m-opbuTanelt K atomam Al. JI0oKA3ATENBCTBOM TAKOrO CBA3BIBAHUA MOMKET CJIYKUTh
IpeanouTeHHe MOCTHKOBOY MO3MIMU, KoTopoe ymenbmnaercsa B pany (OR, ranore-
Hua) > denun > aikui.
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a) Iosmydenne

AJIKU/IATIOMUHUEBEIE COeMHEHNsT GhUH NOAPOGHO U3YUeHbl, MOCKOJIBKY OHHM HC-
[0JIB3YIOTCA B KAUECTBE KATall3aTOPOB MOJTMMEpU3alii AIKEHOB 1 KaK XUMUYIECKHe
NpPOMEKYTOUHbIE BEIECTEA. OHHU OTHOCATCA K CPeJHUM 110 cile KapbaHUOHHEIM pe-
areHTaM /IS 3aMeIllgHUs rajoreHa OpraHu4eCKIMU rPyNnamMy B peakiusx obMena.
OcHOBHOR MyThL MOJYyYEeHHA TPUAJIKHJIATIOMUHUA B nabopaTropusix — TPaHCMETaJI-
JIMpOBAHUE € JUMETHJIPTYTBIO:

2Al + 3Hg(CHs), — Al2(CHs)s + 3Hg

B [pOMBIILIEHHOM TOJTY4YeHHH MCTONb3YIOT PEaKIHMI0 METaINHECKOTO aNlOMUHH
¢ XJIOPMETAHOM, 00pa3y IolHACs Al,Cl,(CH3)4 3aTeM BOCCTaHABIMBAIOT HATDUEM!

cl s
HC L /N CHs HC »\ CHs
3 (AI Al + 6Na —> 2 /Al /AI‘ + 2Al + 6NaCl
HyC \CI/ ~CHy H3C \% CHy
3

[IpOMEBIIITIEHHOE [OJTy YeHHe TPUITUIAJIOMUHNA U BBICIIMX FOMOJIOTOR OCHOBaHO Ha
paauMoseiicTBun Ho M HOAXOJAIIETO aNkeHa C MeTalIMIeCKuM asloMUHHEM IIpH
[IOBBIIIIEHHOM JABJEHUM U TeMIlepaType:

60-100°C, 100-200
2Al + 3H, + GRHC=CH, 3T, Aly(CH,CHaR)s

BepoaTHo, peakuusi HaduHaeTcss ¢ 0Opa30BaHUA HA MOBEPXHOCTH ceasert Al—H,
KOTOpbIe TIPUCOEIMHAIOTCA K JBONHONM CBA3U aJlKeHa MO Peak[Uu UpoMeTa’liH-
poBanust. [IpOMBINIIEHHOe IPHMEHEHHE AJKUJIATIOMUHUEBBIX COETUHCHNUH 6bL10 6BI
BeCchbMa OTpaHHYeHo 0€3 9TOr0 OTHOCHTENIBHO YKOHOMHUYHOTO CHHTE3a.

“l MeTanioopranuyecKue coeIUHeHHst aIIOMUHNS OTHOCATCS K KapGaHHOHHBIM pe-

ATEHTAM JUIS 3AMeIeHUst TaJoreHOB OPraNMYecKUMH TPYNIaMy B PEakiusax o6-

mena. VX mony4aloT B peakuEsX TPaHCMETAJIAPOBAHHS, & B MPOMBIILIICHHO-
CTH — B PeaK|sIX C METAJINIeCKUM aTIOMHHUEM.

6) Xammaeckne cBoiicTsa

Kak MoxHO0 oxxuaarh us-3a 60J1b11eH 91€KTPOIIOJIOAKUTEIbHOCTH AJTIIOMHHHSA, aJIKAJI-
aJIIOMUHHEBLIE CoeIuHeHus 06/1a0a10T Goslee APKO BbIpaskeHHBIM KapOaHHOHHBIM Xa-
PakTepoM, YeM coeuHeHHs ankuiabopa. B pesysibTare neppeie Gosee Iy BCTBUTE.Ib-
HEI K JIeHCTBHIO BOABI U KUCJIOPOJa H, KAK IPABHJIO, THPOdOPHBL; U ¢ MHAVBUAYa/Ib-
HBIMH KHIKHAMH COeTUHEHMSMM, M C X DACTBODAMH HY’KHO paboTaTb B HHEPTHOH
arMocdepe HIM ¢ TpUMeHeHHeM BaKyyMHBIX cucTeM. CHaKO 9Ta BBICOKas peaKiy-
OHHAS CTIOCOBHOCTD MOXKET GLITh BBHITOAHO HCII0JIB30BAHA, 1yBCTBUTENbHOCTD CBsI3ed
Al—-R k npoTonusy obecneunBaer MPOCTOR METOX, [IOJTyYEHHsT aKOKCHIOB M aMH-
JOB AIOMUHUSL:
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R
/R'
R
~~Al—o0
2AR, + 2HOR'® —> || + 2RH
0— Al
A
R
R '
\' R
2AIR;  +  2HNR, — R Al— N~
| | + 2RH
N— Al
R'* ~R
L )
R’ R

Coenunenns ankuIaTIOMUHUS SBSIOTCA CPEAHUMH 110 CAIe KACAOTaMHU JIbionca u
06pasyIoT KOMIIEKCH ¢ 9hUpaMu, aMUHAMH U aHHOHAMH.
duuMuHEpoRanue [-pofoposa (pasA. 15.6) gaer rMAPHA AMATIKMNATIOMHHMS
NpU HAIPEBAHHU TPUSTUJIATIOMHUHMS MM BLICUIAX AJKWIATIOMHHHEBBIX COEMVHE-
Huit. Tpu(uzobyrun)anoMuani ocobeHHo aKTUBEH B 9TOH peakmuu:
H

; .
CHy 'C,H
; V] 9
2AI(CH), — >A| Al +  2H,C == C(CH,),
'C"HQ iC‘HQ

H

[pennouTurensrocrs 06pasoBayyus THAPUIHOTO MOCTHKS YKA3BIBAET, UTO (3c—2e)-
cBA3b Gostee mpounas a1 H, 4eM 4715 alIKUIBHOM TPYNIBI, BEPOSATHO, HOTOMY, YTO
MaJsleHbKmit aToM H Moxer pacmonmararsest Mexay atomamu, a ero cepudecKue
opbuTanu He UMEIOT OrPAHMYEHNH [0 HANPABJEHHAM NPH NEPEKPHIBAHMM.

'” Merannooprauudeckue coeJMHEHNS aIOMUHASA 0613,110T GoJIee APKO BHPasKEeH-
HBIM KapOaHMOHHBIM XapaKTepOM, YeM aHaJIOTHHHBIE COeqUHEHMsT 60opa; I09TOMY
OHH O4Y€Hb “1yBCTBUTE/NLHBI K JeHCTBHIO BOALI M KUCJIOPOAA U, KAK [TPABUIIO, -
podopasI.

Npumep 15.3. Mpeackasamne cTpoenns HeKkoTOpoix coeannenmii 6opa u anoMuHHA.
OcCHOBBIBAACKH Ha BALINX 3HAHHAX O CBA3AX B METAJLIOOPTAHHUECKHX COEIMHEHHX 6opa
U aMOMHHHS, NPEJCKAXKHTE “TPOEHHE COEAMHEHHH, UMEIOIHNX 3MIHpHIecKHe (HhOpMY-

nui: a) B('Pr)s; 6) Al(C2Hs)2Ph; 8) Al(CyHs),P(CHa)o.

Otser. a) Tpumsonponun6op, Kak M Bce MPOCTHE ATKHIGOPAHBI, MOHOMEPEH, aTOM
B u Tpn ceasanHbIX ¢ HEM aroMma C NeXAT B OJHOH ILIOCKOCTH. 6) Ecnn mpucoean-
HEHHBbIE TPYNIIBEI MMEIT OTHOCHTENBHO HeGOMbmol o6beM, alKui- H apHIATIOMHHH-
€Bbleé COE/JMHEHHs aCCOLMMUPOBAHBI B JHMEPBI Yepe3 MHOTONEHTPOBble cBa3u. Hanom-
HHM, YTO CNOCOOHOCTL 0BPA3OBBIBATH MOCTHKOBHIE CTPYKTYPbl YMEHBIIAETCS B DALY
?2%2) >X" >H™ >Ph™ > R™ (rme R — ankun); o6pasywres crpykryph tana (19) u

Bonpoc 15.3. Ilpesioxure crpykrypy anst Aly(‘Bu)sCla.




128 [nasa 15. MeTannoopraHu4eckue COeAUHEHUs SNEMEHTOB FNaBHbIX rpynn

o
. PMe G
B o\ E B / N\ H HC— NH2
~al a7 /A'\ /A‘\ WA o
& e VE Bt PMe, FEt TR
19 20 21

15.12. MetannoopraHuyeckue COeAuHEHUs rannus, UHAUS U Tanans

VIMBUTENLHO U3MEHEHHe CTPYKTYD AJIKHIBHBIX COeMHEN A JUIst IEPBBIX TPEX e~
merTos rpynns! 13/111, TlepBoiit 4sied 3TOTO pAa — TPUMETHIO0P — CYIIECTBYET B
Bre MOHOMEpa, KOODIMHAIMOoHHOoe ducio B pasno 3, cneayIomyit — TPUMETH A~
JIOMUHHA — JIUMeD ¢ UETHIPEXKOOPAUHUPOBAHHBIM Al; Bce MOC/IEAYIONHUE TIEHBI
(TpuUMeTHJIraNIuH, TPUMETUIUHIAUR U TPUMETUITAJIINY ) — MOHOMEDBL B PACTBOPE
u B razosolt haze. KapbaHuoHHBIA XapakTep, Kak [IOKA3bIBAET CKJIOHHOCTD K M'HAPO-
NM3y U peaKknusAM oOMeHa, U3MeHAETCS B [OPAIKE, COOTBETCTBYIOIEM U3MEHEHIIO
[OTEHIMAJIOB B BOANBIX PACTBOPAX, & UMEHHO: Al > Ga > In > Tl. Hanpumep, an-
KUTATIOMUHNEBbIE COeINHEHUs OBLICTPO U MOJHOCTBIO THIPOIU3YIOTCA B BOJE!

Aly(CHz)g + 6H,0 — 2A1(OH)3 + 6CHy

C'uaposiu3 aHAJOTMIHBIX COeJAMHEHHH TAUINA, UHAUA U TaJUIHA B OBLIYHBIX YCJIO-
Busx gaer M(CHj)3, xoropbie crocobHbB! K THAPOJIM3Y B KUCJIOH Cpele, MpUieM
AKTURHOCTDb [AJA€T B IocJjeloBaTesbHoctd Ga > In > T1. Kak 6bljio cKa3aHO pa-
nee (pasn. 15.6), Tpuankuiabop Tpebyer Gosiee MECTKUX yCIOBUHA JUIS THAPOIU3A.

IH Kap6annorHsiit XxapakTep HauboJiee APKO BbIpaykeH y COEAUHEHUH aTIOMUHHAA U
yMeHbIIaeTcA B ciiefyioniem nopsaake: AlaRe > GaR; > InRs3 > TIR;3 > BR;.

a) Tammit

CoeMHeHNs TPHAJIKHITALIMS MOYKHO CUHTE3HPOBATh B3aUMOJeHCTBHEM COeluHe-
HUf aNKUIUTHS ¢ XJAOPUJOM TajijiusA B yrJA€BORZOPOAHOM DPACTBOPUTEE!

3Li4(CQH5)4 + 4GaCl; — 12LiCl + 4Gd(CQH5)3

CoeuHenns TPUAIKHM/ITALIMS SBIAIOTCA CPeAHUMHU 10 cujle KucioTamu Jlbiouca,
H cooTBeTCTRyOmM 06MeH B adupe aaer kommeke (CoHg)20Ga(CoHs)s. Iloaob-
HBIM 06pa30M, UCIONb30BaHNE U3GHITKA ANKHU/UTATAS IPHBOJUT K MPHCOENMHEHUIO
YeTBepTON aNKMIbHON Tpynmsl K aTomy Ga ¢ 06pasoBaHHeM COJIH:

Li4(CzH5)4 4 GaCly — 3LiCl + Ll[Ga(CQH5)4]

CoeiMHEHNS TPUATKUITALIHS NTUPOQOPHBI U PEarupyIoT co caabbIMU KHCIOTa-
mu Bpéncrena, HanpuMep BoJOH, CIUPTaMM M THOIaMH. B COOTBETCTBHM C yMeHb-
IeHHeM KapOGaHHOHHOTO XapAKTEPa ¢ yBeJUHUeHHeM 2JIeKTPOOTPUNATENbHOCTH aTo-
Ma MeTaJuIa, UX PeaKIMOHHas CHOCOBHOCTD M0 OTHOLIEHHIO K KucjaoTaM bpéHereaa
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MeHbIIe, 9eM y aJKHJIJIIOMHHUEBBIX coe/uHenuil. B obmem Bune (6e3 ypasHUBa-
HUA) PEAKIMIO MOXKHO 3AlUCATh TaK:

Ga(CH3)3 + HyO — [Ga(CHg)gOH]n +CHy n= 2,3 uwin 4

R
)
HiC e ,ON L CHa
2 Ga—CH, + 2ROH —> -G G + 2CH,
v N CH

H,C H,C

I'pynna GaRg pmocrarouHo ycrofiuMBa K MpPOTOAM3Y, U € KOMILJIEKCAMM THIIA
[Ga(CHs)2(en)|t (21) u maxke [Ga(CHj)s(OHz)o]t MoxkHO paboTaTh B BOAHBIX
pacTBOpPAX.

”‘ CoenuHenUs TPUANIKWIITAMINA THPOMOPHBL U PEArupyIoT co clabbIMK KUCI0TA-
Mu BpéHcrena, HO MeHee SHEPIUYHO, YeM AJIKHUJIAJTIOMHUHUEBLIE COEAUHEHUS.

6) Uanwit v Tanmii, 3ak0OHOMEpHOCTH B IpYIIIe

CoeuHeHusT aNKUIMHUS U aJIKWITAJUIMA MOTYT OBITb [OJIy4YeHbl [0 PeaKIUaM,
AHAJOTUUHEIM T€M, KOTOPBIE UCIOAB3YIOT JAJIs HOJYYEHUA AJKUITAINEBBIX COelu-
HeHU#. TpUMeTUIMHIMI MOHOMEPEH B ra3oBoil (dha3e, U B TBEPIOM COCTOSTHMU 1J1U-
HBbl CBA3ell yKa3bIBalOT, 4YTO accolpanus ciaba (eciau Boobwe ecThb). TacTU4aHBbIN
ruaponu3 TI(CHj3)s maer munettnpitt non [CH3TICH;3]™, koTopbiit n3ossekTpoHeH
1 uzocrpykrypen CHyHgCHj.

HoBasi 0coGeHHOCT XMMHUU METAJLUIOOPTraHMYECKUX COEIMHEHUH MpOSIBISAETCS
B HIDKHel# dacTu rpynnsl 6opa, [IOCKOJbKY CYIIECTBEHHYIO DOJIb MOXKET UTDATh
schdekT uHEPTHOM Mapbl, 3a CYeT 9Yero NOBLIMIAETCA yCTOMYIHBOCTL cOeAMHeHUH
uapua(l) u tawma(l). Tlpumepamu Takux coeunenu#t cayskar (n°-CsHg)In n
(n°-C5H5) T, xoTopble B ra3oeolt dase CymecTBYIOT KAK MOHOMEpEI, 2 B TBEpJOM
BUJE ACCONMUPOBAHBL. [[MKIONEHTANUMEHUATAANINN UCIONb3YETC KAK CHHTETHYE-
CKUH peareHT B METAJIOOPTaHUYECKO! XUMHH, TAK KaK OH He ABJSETCA CUJILHBIM
BoccTanoBuTesneM, Kak Na|CsHs), kpome Toro, nmpu peaknuu obmena obpasyercs
HepactBopuMmblt TICl, uTo crocobeTByeT Hostee MONHOMY MPOTEKAHUIO DEaKIUH.
K memocraTkam 3TOTO coe/iuHEHNST OTHOCUTCA €r0 TOKCHYHOCTD (Tanmil eme GoJsee
AJIOBHT, 9€M PTYTh), TAK YTO YTHIM3AINMA NOOOYHBIX NPOIYKTOB peaknuu TpebyeT
60JIbLION OCTOPOKHOCTH.

“l TpumeTunusauii MoHoMepen B ra3oBoit dase. SdyheKkT NHEPTHOM Naphl MPOAB-
AseTCs y MHIMA ¥ TAJINS U IPUBOAMT K ycroiausocTu coepuHenuit uaausa(l) u
tasus(l).

COEANHEHWNA TPYNNbI YINEPOAOA

B rpynme 14/IV Mmertanjooprannyeckue coefuHeHUs o6pa3yeT yIiepod CO CBOUMHU
aHaJoraMu. [ToCKOJIBLKY 3JIeKTPOOTPHIATENbHOCT yIVIeEpoaa GIM3Ka K 3JeKTPOOT-
PUIATEILHOCTAM €ro cocelelt 1Mo I'PyNne, CBA3M MEXKIY STHMHU 3JIEMEHTAMH MaJlo-

O Unmnray visraaa Trea 7
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nossipHbl. Hu3Kast HOAAPHOCTDL CBs3el B COUETAHUU C fosblIeit crepuyeckoit 3a-
HUTON YETHIPEXKOOPAUHUPOBAHHOIO LHEHTPATIbHOTO aTOMa M OTCYyTCTBHEM HU3KHUX
no sueprun HCMO onpenensioT BHICOKYIO YCTOHIHBOCTD K THPOIU3Y METANI00P-
raHMgecKUX COoeQUHEHUN 3JIEMEHTOB TOW I'PYIIIBLI [10 CPABHEHUIO ¢ aHAJIONHHLIMU
coeIMHEHUSIMI JIEMEHTOB IPYNbl 60pa.

15.13. Kpemuuiropranmyeckne coejuHeHus

Xumust KpEMHUHOPTAHAIECKUX COE/IHeHUH BecbMa obIIMpHa. OruacTu nOTOMY, UTO
COoeMHEHHA UCCAE0BATHCE B TedeH e LIHTENbHOTO BPEMEHH, & TAK7Ke U3-3a UX IIH-
POKOTO [IPOMBIIIUIEHHOTO IPUMEHEHNsT KAK BOJOOTTATIKUBAIOIUX CPEACTR, CMA3OK U
MATEPHUAJIOB JUIsl YILIOTHEHUA.

a) Crpoenne B CBOHCTBa

MoKHO CHHTE3UPOBATH GOJIbIIOE YUCI0 KPeMHUHOPraHUYEeCKHX COeJUHEHul C OK-
COMOCTHKAMHY;, 00 U3 HuX — rekcametuaucuiokcan (CHy)3Si—O—Si(CHj)s. Kak
U Bce IIPOCThle KPEMHUBOPraHuiecKue COeJHHEHHs, 9T0 COeJUHEHNe yCTOHYMBO K
NEACTBMIO BJIArM U Bo3AyXa. JIBe 0cOGEHHOCTH ITUX BEIIECTB — O4YEHb HU3Kas
JIbIOMCOBCKas ocHOBHOCTH aToMa O m jnerkas AedOpMUpPYEMOCTL BaJIEHTHOIO yTI-
aa Si—0—Si moryT 6bITh 0ObBACHEHBI ¢ NOMOINBLIO MOIEIM, B KOTOPOH HemoAe-
JeHHbIE 2JIEKTPOHHbBIE APl KUCJIOPOJR HACTHYHO JEJIOKAJU30BaHbl Ha CBODOAHBIE
o*- uma d-opburtanu kpemuus (22). Jeroxkanuzamus yMeHbIIaeT HaNPaBJIEHHOCTDb
onwHapHO# cBsizn Si—O, U, CeOBATENIbHO, CTPYKTYPa CTAHOBUTCA GoJlee THOKOM.
Dra rubKOCTh 06ECIEeTHBAET CUIMKOHOBLIM JIACTOMEPAM COXPaHeHHe PESHHOMo00-
HbBIX CBOHCTB JO BecbMa HU3KHUX TeMmepaTyp. [lesiokaiusanus Takxe oObsacHAeT
HU3KYI0 OCHOBHOCTH KHUCJOPOAHOTO aTOMA, NPUCOeAUHEHHOTO K KPEMHHIO, KaK B
(CHj3)3Si—0O—Si(CH3)3, TOCKONBbKY 3JIEKTPOHBI, KOTOPble HEOOXOAUMBI KHCIIOPO/I-
HOMY aToMy Uil JefCTBHSL B KadeCTBe OCHOBAHMA, YACTHYHO ynasenbl. IlzaHap-
HocTh Tpucuiuitamura (SiH3z)3N Takxke obbAcHASTCA Ne0KaIM3aldel! HeodeIeH-
HOM AP ATOMa a30Ta; 60Jiee TOTo, ITO COETUHEHHE TTPOSBIISET JIMIIb 04eHb cllabble
OCHOBHBIE cBOHCTBal).

1) nrepecHble CTPYKTypbl CHIMILHBIX MOJIEKYH, cogepxamnx casisu Si—N u Si—O, paccmorpe-
Hbl B [Ebsworth E. A. V., Acc. Chem. Res, 20, 295 (1987)].
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Emre onun &dakt, UMelomuil TO e TPOUCX0XKIeHe, — OTHOCUTEIbHAS JErKOCTh
AENPOTOHUPOBAHUS TeTPAMETWICHIIaHa [IPU AeHCTBUU OYeHb CUJIbHBIX OCHOBAHHH,
HAIpUMED CHUJBHBIX KapOAHHOHHBIX DPEATeHTOB:

LiBu + Si(CHs)4 — Li[CH2Si(CHj)3] + BuH

[Tpeanonarator, gro rpynna CHg npossiaseTr 6pEHCTEN0BCKY O KUCIOTHOCTD CpeHel
CUJIBI [IOTOMY, UTO 06pa3yioleecs CONPKeHHoe ocHoBatue, rpynna —CHa—, Moxer
[EeTI0OKaJIU30BATh 9JEKTPOHbL HA COCEAHUIN ATOM KPEMHHUS.

m Cesizu Si—C, B otyiuuue oT crazeilt M—C Gosee 91€KTPONONOKUTENBHBIX die-
MEHTOB, KaK AJIOMHUHUH, YCTOMIUBBL KAK K TUAPOJIMU3Y, TAK U K OKHCIEHUIO BO3-
JIYXOM.

Npumep 15.4. lpegckasarnmne cBORCTE KpemHMeBbIX 3PUpPOB M aMUHOB.

[TpenckarxuTe crenelb BOJOPOIHOTO CBsi3biBanus stanona ¢ a) (HzSi)2O no cpasnenuio
¢ (H3CCHz):0; 6) (H3Si)3N no cpasrenuio ¢ (HzC)sN.

Orvser. Cunbabie ocuopanus JIbtonca obpaayior 6osiee NpodHBle BOLOPOIHBIE CBSI3H C
3TAJIOHHBIM JOHOPOM BOZOPOIA, B YACTHOCTH 3TaHONOM. Kak 6bUIO CKA38HO, ATOMBI
O umu N, npucoeuHeHHbIE K ATOMY KPEMHHS, HMEIOT MOHM)XEHHYIO JILIONCOBCKYIO
OCHOBHOCTB 110 CPABHEHMIO C TEMH, KOTOPbIE€ NPHCOEAHHEHH K yriepony. Taxkum o6f-
pasoM, MOXKHO OKHIATB, YTO JMITH/OBBIN adup (a) u Tpumernnamun (6) obpasyior
Oosee npoYHblE BOXOPOJHBIE CBSI3H.

Bonpoc 15.4. Kak BBl monaraere, Kakoii (bparMeHT COeJUHEHHI! M3 IyHKTa a) NpUMe-
Ppa MMeeT MEHBIIYI0 CHIOBYI0 IOCTOSTHHYIO, COOTBETCTBYOMY0 u3ruGy, Si—O—Si naun

Cc-0-C?

6) Obpa3obanue cpsseii Si—C

Vro6HBI# cr10cob NpUCOeanHEeHNs alKUIBHBIX TPYMN K 3jeMenTam rpynnsl 14/IV
npeacTaBnsAoT obMennble peakuuu Mexxay E—Cl u peakrusamu 'punssipa nnu co-
€AUHEHUAMH AJIKHILTUTHUS:

[TpoMeIieHHOCTH HeobXOAUMDI GONBITNE KOJMUHMECTBA XJIOPMETHICHIAHOB 14 110~
Jy4eHNS CHJIMKOHOBBIX KaydyKOB M Maceli, HO DeaKTHBbI [ DHHBADa M coeHHEHHS
AJIKWUIATHS CJUIIKOM JOPOTH JJIA UCTOJL30BAHUS B Takux Maclirabax. Heobxo-
JUMOCTE Gojiee JeIeBBIX METOJOB IOJIyHYeHWs NMpuBeia K pa3paboTke B Hadame
1940-x rr. Esrenuem Poxopsmm (kommanusi «/Ixenepan nexrpuk», CIIIA) nps-
MOTO CHHTE33 9THUX COECAMHEHM! M3 KPEMHHS W AJKHI- WM APUJITANOreHuIoB B
TIPUCYTCTBUA MeAH KaK KaTaau3aTopa. Peakius (6e3 ypaBHHBAHMA) MMeET BHI

250—-550°C, Cu
———— ey

Si+ RX R,SiX4—n

Yenopust o6bp19HO MOAOUPAIOT TaK, YTOGBI [IPEMMYINECTBEHHO HONYHMJICS TUMe-
TIWIAUXJIOPCHIIAH, HO TAKZKe TTPOU3BOAATCA JPYTUe HCIOJAb3yeMble raloreHCUTaHBbL.
STOT OTHOCUTEILHO HEJOPOrol NPAMOM NPOUECe MPEBPATHA CUIUKOHOBBIE [TOJIHME-

q*
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pbI U3 JOPOroCTOALIEH Ja60PATOPHOM PEIKOCTH B ITUPOKO UCIIOJIb3yeMble MaTepH-

a.nml).

IH O6menHble peakuuu mexxiay E—Cl u peaktusamu I'puHbsIpa MM COCAUHEHUAMY
ATKHUJITUTUS UCIONL3YIOTCS /A IPUCOeIMHEHUS AJKUIbHBIX FPYIII K 3JIeMeH-
ram rpynmbl 14/IV.

B) Peaxuyum nepepacupe/enieHis U 3aMelleHAs

Peaknuu Iepepacnpe;ieieHus (pa3n. 15.5) UCnOAB3YIOT IS CUHTE3A PA3JIMYHBIX
coenuuenudt snemenToB rpynnsl 14/IV. Peaknus j1erko npoxoauT B 1a60paTOPHBIX
YCAOBUAX U MOXKET ObITb HCIIOJIb30BaHa 1A NPOMBIIIIEHHOIO [POU3BOICTBA Tasi0-
TEeHCUJIAHOB:

9SiCly -+ Si(CHs)q — SiCI(CHs)s, SiCly(CHs), m  SiCly(CHs)

Creapt kucnot JIbiouca tuma AlCls, sddekTHBHO KaTaJuzupyooT 3Ty PeakLuio.
MozkHO noJaraThb, 970, nockosbky cBsasd Si—Cl u Si—CHjz pa3spblBaloTcst U MOTOM
cHOBa obpasytorcst, ucxoanas cmech SiCly u Si(CHj)y B coorHomenuu 1 : 1 mopk-
Ha OPUBOAUTDL K CTATUCTHYECKOMY pachpeeseHuio npoaykros: SiCly, SiCls(CHgs),
SiCla(CHjy)a, SiCl(CHgj)s, Si(CHs)s B coorHomenun 1:4 : 6 : 4 : 1. Oanaxo ToH-
KUe 0cODEHHOCTH CBA3LIBAHUS U CTEPUUYECKUE B3AUMOIEHCTBUS YACTO MPUBOAAT K
00pa30BatuIo cMecel ¢ HAPYIIEHWEeM CTATHCTHUYECKOTO COOTHOIIEHHUS.

O6MeHHbIe peaKLMi, B KOTOPLIX YYACTBYIOT TajloreHOOPraHOCHIAHbI, -TepMaHbl
U -CTAHHAHLI, 0YeHb YA00HBL JJIf CHHTE3a B JabopaTopHBIX MacuiTabax, ocobeHHO
I TOJYYeHUs COeQUHEeHUM o CMEeIaHHbIMY OPTAHHYECKUMH 3aMECTUTEIAMU:

4SiCls(CgHs) + 3Lig(CHa)g — 4Si(CHj3)3(CeHs) + 12LiCl

UccnenoBanus KUHETUKH MPONECCOB 3aMemIeHHs Y aTOMa KPEMHHS I[10KA3bIBAIOT,
YTO CTaJUs, OIPEIENSIOMAs CKOPOCTh ITUX PeaKIWii, IPOTEKAET [0 ACCONUATUBHO-
My MexaHu3My (pasg. 14.2). Tak, peakuus B 1eJ10M 0OBIYHO COOTBETCTBYET BTOPOMY
TOPAIKY

Cxopocrb = k[SiXLj){Y]

1 k CyImecTBEHHO 3aBUCUT OT MPUPOALI BXoAsmed rpynnel Y. To, 9To peakuuu me-
pepacrnpeesieHus y aTOMOB KpeMHUA U 6oJiee TAXKEIbIX 3JIEMEHTOB 3TOI TPYyIITbI
NPOTEKAIOT Jierye, YeM aHaJOTH4YHbIE PeaKkUUU JJIA COeUHEHUI yriepola, Tak»Ke
NIO3BOJIAET MPEANOJIAraTh, YTO aToM Si 06pa3yer NATHKOOPIMHAIMOHHBIA aKTHBUPO-
BaHHBIM KOMILJIEKC Jierde, YeM aroM C. 3To oTIHYMeE COIVIACYETCS ¢ CYIIEeCTBOBAHU-
€M HAaMHOTO 60JIbINero 4uc/a IATUKOODIHHAIMOHHBIX HEOPrAHUYECKUX COeIUHeHIM
KDeMHHUs, YeM aHAJIOTUYHbIX COeIUHEeHUN ymepo;naz).

Crepeoxumuyeckue ucceOBAalUs MOKA3aM, YTO DPEAKIUH 3aMeIIeHHs Mo-
TYT MpOTeKaThb MJM ¢ WHBEPCUEH, UIM ¢ coxpaHenuem Koudbwurypaumn. Mexa-

) Mnrepecnsiit arTopcknti oT4eT 06 OTKPHITHH TTPSMOTo npougcca AaH B Kuure [Rochow E. G.,
Silicon and silicones, Springer-Verlag, Berlin, 1987].

2) MMocsenne B 0CHOBHOM OTrPAHHUYKBAIOTCH KAPGOPAHAMH, METALTHUECKUMH KIACTEPAMH H TEEp-
OBIMK KapbHaaMH MeTaJlsIoB,
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HU3M, OODLSCHAIIIMI UHBEPCHIO, OYeHb IOXOXK Ha MEXaHHU3M, KOTODHIH mpemnsio-
JKeH JJIfL aCCOIMATHBHOIO 3aMEINEHUs NPU YIJepoHoM atoMe (Sn2-MeXaHu3M 3a-
MEILEHUA B OPTaHHYECKOW XUMUM), IPUIEM BXOJAMIAS U YXOMAMmAs TPYINbl 3aHU-
MAalOT AKCHAJIbHbIE MO3UIIMHM B TPUrOHaIBHO-ODUINPAMUIANIBHOM AKTHBUPOBAHHOM
KOMILJIEKCE;

A AT A

/ |

Y—Ssi + X —> Y- Si---X — Y

/ \
N \ +C/
\: I 7

Si— X

Kondurypamus coxpansiercsi, koraa Y — TpyAHO yXomsmasa rpymmna tuna H™ wimm
OR™. IMonarator, 9T0 3TOT BUJ peakuuil BKJIIOYAET [CEBJOBPAIEHUE B IATUKOOD-
AUHALIMOHHOM HHTepMelHaTe, KOTOPOe MOMellaeT Y Ha OChb TPeThero IOpPAnKa B
MPAHC-TIONOKEHHE K OJIHOMY W3 UCXOJHBIX 3aMeCTUTeNeH:

A A I
( |
Y---- Si--- X — Y----8i---C
\ \
/. [
B B

3a MceBIOBpAILIEHHEM CJIE/lyeT OTIIENIeHUEe YXOAMIeH IPY b

A I A
'S (o Y \S (o
Y--e- Si--- — T i—
\ x//
[
B B

CnocofHocTb aToMa KpeMHUs 06pa30BbIBATE ISITUKOOPAMHALMOHHEE UHTEPMEAHA-
Thl C JOCTATOYHBIM JJISl NepeCTPOHKU BpeMeHeM JKU3HU MPUBOAUT K COXPaHEHHIO
KOH(bUryparu B HEKOTOPBLIX DPEAKIUSAX HYKJICOMUILHOTO 3aMellgHHs, XOTS OHHU
[IPOTEKAIOT [0 aCcCOLUATUBHOMY meXaHuaMy. C Apyroil cTOpoHB!, MEHBIIHH 1O pa3-
Mepy aToOM YIJIEpOJa, KOTOPBI# 06pa3yeT 3HaUYNTEJLHO MeHee yCTOHUMBbIe MATHKO-
OpJVHAIMOHHbBIE aKTHBUPOBAHHBIE KOMILIEKCHI, HeMelJIeHHO [OJBepraeTCA HHBED-
cuu.

H' Peaknuu nepepacnpeneneHus A0a coeAUHeHNH KpeMHUS U OoJiee TXKeNbIX dile-
HOB I'DYNIIBI IPOTEKAIOT Jierde, deM JJis coeJuHeNu yriaepona; peakiuy 3aMe-
IIeHUsT MOTYT MPOTEKATh WM C UHBepCHel, WK ¢ COXpaHeHHeM KOH(bUTypaluu.
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r) Peakimy IpoTO/IH32a Ta/l0reHCAIAHOB

[IpoTonus ceaseit Si—X npeiacTanjsieT yaoOHbBIH MyTb JUIA MOJYYEHUs] OTPOMHOIO
quelIa cOeUHEHHH, B 4ACTHOCTH CHJIOKCAHOB, coefunenuit co cesasmu Si—O. Tak,
nosnsapHan ¢Bsi3b Si—Cl uyBcTBUTeNbHA K NPOTOJHU3Y COCAMHEHUSMH CO CBS3AMU
H-0, H-N, H-S, a sHauuTesbno MeHee monspble cssasu Si—C Gosee ycrohuu-
BBL. DTa PasHUIE OOBLACHAET, HanpuMep, o6pa3oBaHie reKCaMeTUJIIUCUIOKCAHA B
peaKIMH XJIOPTPUMETHIICHAAaNA ¢ Bojioll. Ha neppo#t cTaauu NpOUCXONUT I'UAPOIU3
cazm Si—Cl:

2(CH3)3SiCI + 2H,0 — 2(CH3)3SiOH + 2HCI

3aTeM rpoTekaeT 6oJlee MeleHHasl PEAKIUA ¢ OTIIeNeHHeM BOABL 1 06pa3oBaHueM
nenourd Si—O—Si:

2(CH3)3S8i0H — (CHj3)3Si—0~Si(CH3)s + H,0

KongeHcanus coemubenuii ¢ rpynnamMu SiOH ananoruysa npespalleHHIO I'MApPOK-
CHUIHBIX KOMIUIEKCOB METAJUIOB B IOJUKATHOHHI (pa3a. 5.6) ¥ mojauMepu3anuu
Si(OH)4 B BOAHBIX pacTBopax. ¢ 0OpA3OBaHMEM CHIIMKArens. JTH DEaKIvu IOKa-
3pIBAIOT cKJIoHHOCTL rpymn Si—OH k oTwienyieHHo BoAbL.

Korna ruaponuayeTcs AUMETUAUXI0OPCHIAH, 06pasyiores IuKIbl (23) u nemno-
YeuyHble CTPYKTYPBbL:

(CH3)9SiCle + H0 — HO[Si(CHy,)QO]nH + [(CHS)QSiO]4 +uT o

Korna B kadecTBe ucxonsoro semecTsa ucnonbayior RSiCls, cogepmxamuit o6m-
eMHBIe OpraHUdecKre IPYIIbl, BO3MOXKHO 06pasoBaHue OoJsiee CJI0KHBIX CTPYKTYD,
BKJIIOYAs KapKacHble coenuHerus (24). TTono6Hble peaKIUH MTPOXOASIT C AMMHAKOM,
[EePBUYHLIMYA ¥ BTOPUIHLIMY aMHHAMH ¢ 00PA30BAHUEM Da3JIMYHBIX CHJIA3aHOB —
coeauHennit co caazamu Si—N. Hanpumep, BaaumoneiicTBue uabpitka (CHs)3SiCl ¢
ammuaxoM npuBondT K ((CHg)351)2NH. B aToM ci1y1ae MpoTo/H3 MpoTeKaeT HelloJl-
HOCTBIO U3-3a 3aIUTHl 00LEMHBIMY CPYINAMU, HAXOAAIIUMUCS BOKPYT aTOMa KpeM-
Husi; MeHee 3ammmentsiit HSi(CHs)2Cl jtaer ((CH3)oHSI)sN.

HsC .
\ 0 Hi
o—si— o=si”
CH, CH, HL L _//O\I,,“CHa
e Si7 Si
HiCm gi~ "™~ gj= CH, 0 \ e}
/ \ \CHa
0 0 EUN od
\ / \o— S
H3C'SI\O/Si‘CH3 lSi 0 Si"\o CH,
y Y S~
CH, CH, H,C oH
3

23 24
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B npucyTcTBHH cepHOI KHCJIOTBI KaK KATAIM3ATOPA CHJIOKCAHBI IPETEPIIeBAIOT
PEAKIIMH Mepepacipeaeiedus, o6pa3ysi NOJUMePH CUIJIMKOHBI:

n[(CH3)2Si0]4 + (CHz)3Si0Si(CHz)s 22224, (CHy)3Si0[Si(CHs )2 0]4nSi(CHa)s

B sroi peaknuu rekcaMeTHIIAMCHIOKCAH obecrieduBaeT KoHnesble rpynnsl Si(CHg)a;
TakuM 00pa3oM, dYeM OoJiblile ero MPUCYTCTBYET B HCXOAHBON CMeCH, TeM MeHb-
e MoJifpHas Macca ofpasympomerocs noiuMmepa. CHIMKOHBI, BKJIKYAA [O-
Ju(JUMETHIICUIIOKCAH), MOTYT OBbITh KHMAKOCTAMH, BOCKOOODA3HBIMU BEMIECTBAMHU
U, KOTJA MOSIBJAIOTCA [ONepedYHble CIUBKH, 3jacToMepaMu. OHU MPOU3BOAATCS B
fospuX MacmTabax. Kak npaBujio, mojucuiokcansl — JjerkoaedopMupyeMole Ma-
TepPUAJIbI, COXPAHSIONNE CBOK YIPYIOCTh IPU HU3KHUX TeMIepaTrypax Ojaromaps
HU3KOH CHJIOBOM MOCTOSIHHOH, cooTBeTcTBYyIOMEH uzrubanuio dparmenta Si—0—Si.
Wx ucnosb3oBanue OCHOBAHO Ha BBICOKON YIIPYTOCTH NPU HUIKUX TEMIEPATYpax,
HECMAYUBAEMOCTH BOJIOH, BBICOKOM YCTOWYUBOCTH K OKUCJIUTENbHBIM MIPOIIECCAM Ha
Bozayxe. KpoMe TOro, HU3Kas TOKCUYHOCTD [TO3BOJIAET UCIOIb30BATh UX B KaYeCTBe
MEIUIUHCKUX M KOCMETHYECKUX UMILJIAHTAHTORB.

Hl ITonspseie cBazu Si—Cl uyBCTBUTENBHBI K PEAKITUSIM [IPOTOJIN3A COeTUHEHUIMU,
comepxamumu cBstau H—0O, H-N, H-S, a menee nonapsas ceasp Si—C 6Gonee
YCTOUYUBA K 3TUM BO3JCHCTBUAM.

Npumep 15.5. Conocrasnenme CKAOHHOCTH K TWAPOSAUTAHECKOMY PACLIENNEHNIO CBS3ei
Al—-CH; u Si—CHs.
[IpuBeauTe ypaBHEHHS BOSMOXXHBIX PeaKkiuil TPHMETHIATIOMHHHNS H T€TPAMETHIICHIIA-
Ha C BOJOH U YKaXKHTe, KAKHE Pa3/IHYUA B CBA3SAX B 9TUX IBYX COEJMHEHHUAX OOBACHAIOT
pa3Hully B UX IIOBEICHHUH.

OTteer. AmoMoopranuiecKue COeINHEHH UMeIOT AOCTATOIHO BbIPAXKEHHBIH KapOaHH-
OHHBIf XapaKTep, KOTOPBIH KOPPEJINPYET ¢ BBICOKOH 3JIEKTPOMOJIOZKUTEIBHOCTBIO A0~
muanA. Takoe onucaHue CBSA3H COMVIACYETCS C SKCHEPUMEHTAIbHBIMHA JAHHBIMH, HTO
TPAMETHIATIOMIHAI OBICTPO TMAPOIN3yeTcs BOJOH:

Alz(CHg)e + 6H20 — 2AI(OH)3 + 6CH4

Kak 6b110 noxazano B pa3a. 15.6, ara peakuys, BepOoATHO, HAUHHAETCS C NPUCOENNHE-
HHs ATOMa KHCJIOPOJa BOAB! K OTHOCHTENBHO HE3KHM II0 SHEPIHH aKUENTOPHBIM opbr-
ratsM aroma Al B ankmnagioMHHHEeBOM coeguHenuu. Hanporus, kpemHut ¥ yraepon
HMeIOT BIM3KYIO 3JIEKTPOOTPHIATENBEHOCTE U 00pa3yoT MAJIONOJSIPHYIO KOBAJIEHTHYIO
cBs13b. HA3Kas NOSISPHOCTE, OTHOCHTEIbHAR CTepUYecKast 3aMUIEHHOCTD, C1abas JIbIo-
MCOBCKAST KUCIOTHOCTh MPEAOTE PALIAKT KOOPIHHALMIO, IIPEUIECTBY IOLY10 THIPOJIH3Y.
VeTofYuBOCTb K THAPOAN3Y MILTIOCTPHPYETCS HCIIOJIB30BAHAEM CUIHKOHOBBIX IOJHME-
POB KaK BOJOOTTAJIKHBAIOIINX Ar€HTOB JIs TKaHe# HIH KOXKH M MCHOJIb30BaHHEM CH-
JIMKOHOBBIX HOKPHITHH B KaUeCTBE H30JUPYHLIEr0 MATEPHATIA ¥ 3aLAThl 3IEKTPOHHBIX
npHOOPOB OT BOIBI.

Bonpoc 15.5. [ToxaxunTe, KAK Pa3jiMyMe B PEAKIMOHHOM CIIOCOOHOCTH MEXAY CBA3AMM
Al—C u Si—C B peaxuuax ¢ O—H-rpynnoit npusosur K BeIOOPY pasaHIHBIX METOIOB
cUHTE3a IS AJMKOKCHJIOB AJIOMHUHHA M KPEMHUS.
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1) OnpHAapHbIE CBA3M MEX/y aTOMAMM KpEMHUA

CyimecTByeT GONBITOe TUC/IO KPEMHHTOPTaHMYeCcKuX COeIUHEHH, B KOTOPBIX KpeM-
HUI eMOHCTPHUPYET CBOIO CIOCOOHOCTH K KaTeHauHul, XOTS UX U He TAK MHOTO, KaK
coeIHEHNH ¢ ONMHAPHONA CBSA3BIO yTJEPOA-YTIEPOX ). B cuHTe3e coequHEHUt, Co-
neprkamux cBst3b Si—Si, koTopas cnabee, YeM CBA3Db C—C, HO He CTOJIb YK CyIle-
CTBEHHO, GBI JOCTUTHYT 3HAUMTENBHbIN mporpecc. M3BecTHBI ALMKIMIECKHe, UK~
JIMuecKye, OUIUKIINYECKHE U KapKACHbIe aNKU/IKPEMENEBble COeMHeHUA (25), (26).
71U coeMHEHHS MOJYYal0T BOCCTAHOBUTEIbHBIM SJIMMUHUPOBAHUEM IaJoreHnga™

‘ ‘ CH3OC,H,0CH;
3(XY1),SICl, + BLIC oHgl — =
Xyl Xyl
\S' S'/
ah O] — OI |
21 X0 7T slicn + 6C,Hg
si
i\
Xyl Xyl

Cu/IbHBIH BOCCTAHOBATEb Ha(TAMN JTUTHS BOCCTAaHABINBAET cBA3b Si—X ¢ oTiren-
JleHHeM TaloreHua-uoHa X~ 1 o6pasoBanmeM cbsizelt Si—Si. [IpoayKT sTOl peakuuH
O'IeHb BayKeH IpH o6CyKIeHMn cBsizell Si=>SI B mocjeayoupx pasaenax.

CH,

H, CHs
CH; e\ § i
| . \ ,Si‘/- Si
(CHy);Si +— Si—— Si(CHgly Sill 2
| / cH CH,
s CH, ? \CHa
25 26

CreKkTpocKOIuUeckKne U XUMHYECKHE AaHHble NOATBEPKIAIOT, YTO COeNHHEHUs
KPEMHUS U TepMaHus co cBs3samu Si—Si n Ge—Ge UMeOT HOCTATOMHO HU3KHE IO
SHEPIUM BAKAHTHBIE OPOUTAJIH, KOTODbIE JIENOKAJH30BAHBI [0 LEMU UIN KOJIBILY.
Tak, oOHH MUMEIOT TOJIOCH MOINIOmEHUs B OuinxkHelt Y@ obiacTy, sHEprUs KOTOPBIX
YMEHBIIAETCA ¢ YBeJINIeHUEM [JIMHbL HETH. DTO NOIIOMIEHHEe COOTBETCTBYET Tepe-
XOJly 3JIeKTpOHA ¢ g-opbuTangu cucremsl cBsizell Si—Si unu Ge—~Ge Ha BAKAHTHYIO
o*-opbuTab, KOTOpas JeJOoKaJu3oBaHa Baoub nenedl Si—Si umn Ge—Ge. B cooT-
BETCTBHU C 3TON UHTepIpeTaluell, CUIAHOBble NENU oABepraroTcsa hoToNN3Y NpH
V@ o6nyuennn. Hanpumep, nonumumeruicunad HyC(—Si(CHs),—)n CH; pacuen-

nsiercs ipu YO obnyderun®.

D) Katenanus o3nauaer ofpazoBanne neneii, nanpumep R3Si—SiRz nmu R3Si—SiR2—SiRs.

2) O6oanauenne Xyl oTHOCHTCH K 06BEMHOMY paHKaily KCHiui (2,6-auMerTndeni).

3) 3ToT dhoTONMH3 AEXKHT B OCHOBE NOTEHIHAJILHOTO HCIIONb3OBAHUA MONHAKMETHICHIAHA B (bo-
TONUTOrpad)M4eckoM IIPOU3BOACTBE HHTErpajbHbIX MHKpocxeM. B 9TOM NMpUMeHEeHHH NOJIHIHMe-
TUJICUJIAH, T10-BHAMMOMY, 6yJ€T MPeANoUTHTE IbHEE 110 CPABHEHHIO ¢ (POTOUYBCTBUTEJILHBIMH TOJTH-
MepaMH, KOTOpble HCTIONL3YIOTCA B HacToAlee Bpema. CM. [Michl J., Downing J. W., Karatsu T.,
McKinley A. J., Poggi G., Wallraff G. W., Sooriyakumaran R., Miller R. D., Pure Appl. Chem.,
60, 959 (1988)].

CoepuHenns rpynnbt yrnepona 137

Apyras 0cobeHHOCTH XMMUUYECKUX CBOACTE KPEMHHS, KOTOPAst IOIIEPKABAET ne-
JIOKaJ/IM30BaHHBIN XapakTep g-opbuTtaseit, —06pa3oBaHue 3a CUeT OJHONIEKTPOHHO-
T0 BOCCTAHOBJIEHHS! HACBHILIEHHOIO KPEMHHEBOTO COeMMHEHUs, PaliKal-aHUOHa, B
KOTOPOM HeCHapeHHbIH 3JIEKTPOH 3aHAMAaeT JeJIOKAIN30BaHuyo Si—Si o*-op6uTtans
(1306padkeHa OKPYKHOCTBIO, KAK B BeH30JI¢, HO 34eCh OHa 0603HadaeT O-, a He
T-JeJIOKATH3ALIHNIO):

CH, CH, CH; cH
Cta N cH, oHy \J * CH,
|
HiCmSi” > 8j~CH, acop HaC = Si > Si~aCH,
| | s Na 2P g | @ |
H,C— Si Si—CH, HaC — Si Si— CH
4 s A
CH, 2\ CH, CHy /\ CH,
CH, CH, CH, CH,

Crextp DIIP annona nokasbiaeT, 4T0 HeclapeHHbIH 91EKTPOH PACIIpeNeIeH ¢ paB-
HOR BEpPOATHOCTHIO MEXK/ly BCEMH INEeCTbIO aTOMaMH KPEMHHsl, NOATBEPIKAAs, YTO
3JIEKTPOH MOJHOCTBIO JeJIOKANN30BaH (1o KpaliHell Mepe, Bo BpeMeHHOH mIKase 9To-
IO 9KCIEPUMEHTA, KOTOPas COCTABIAET NPUOIM3UTENBHO 1 MKC).

”| Anuknmdeckue, MUKIMYeCKHe, GULUKIMECKHEe i KADKACHbIE ATKUIKPEMHHEBbIE
COEAVHEHUS MOJIY al0T BOCCTAHOBUTEIbHBIM JIMMHHUPOBAHHEM [aJIOTeHUI0B. B
NOJIMATKHJICHIIaHAX PHCYTCTBYIOT HU3KHE 110 SHEPTUU o *-op6UTamu.

e) KparHbie cBs3u Mex,/[y aToMaMH KpeMHAS

Kak u B ciyuae yriepoaa, Ase ofuHapHbe cBsizu Si—Si npounee, gem oaHa
ABOHHAA CBA3bL Si=Si, M09TOMY C SHEPTETHYECKOH TOYKH 3PeHHs rpynnam
Si=C unau Si=Si BuiromHo o6beaunATbea BMecTe. JBoitnble ceasn C=C 3amumeHs
OT 06'beTMHEHNA BLICOKON 9HEPIHell aKTHBALIMY DEaKIUH, HO JJIS KPATHBIX CBA3CH
C yJacTHeM KpeMHUS WM repMaHus KHHeTHYecKas 3allluTa HaMHOTO MeHbIIIe.
MEIciib, YTO MOLYT CyIIECTBOBATb COCJMHEHUA KPEMHUS ¢ KPATHLIMH CBS3SIMH,
BO3HHKJIa NPU OGHApY KEeHHH MaJIoycTONYuBBIX coepuseHntt Tuna (CHi)oSi=CHa
B ra3oBoit ¢hasze WIH B HH3KOTEMIIEPATYPHBIX MaTPHIAX HHepTHOro rasa. OnHakKo
JUIIb HEKOTOpPbIe XMMUYECKHe CBOHCTBA MOJIEKYJ GbLIM YCTAHOBJIEHDI, IOTOMY HYTO
OHH BBICTPO 06PA3YIOT AUMEDHL U MOJUMEpPHL:

. N/

R
S gi—8j _ Si— Si

n

R

Knmo4uoM K yenexy B Nosty4eHUH coeuHeHui co CBs3bio Si=Si u ¢ aHaJIOrMuHBIMU
CBSI3AMM JJI PepManusi, 01084, docdopa i MbINIbSKA OLLIO OTKPLITHE, YTO 00bEM-
HbIe 3aMECTUTENH OJIOKHPYIOT AUMEPU3ANUI0 U TOJUMEPH3AIMIO.
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B HacTOALICE BpeMa W3BECTHBI COEIMHEHUA, COLEprKallie CBA3M Si=C — cuaa-
oTeHbl M cBA3N Si=S5i — AMCHNa3TeHbl. JTH HOBBLIE COEIUHEHHS HE TOJIBKO pac-
[MMPSAIOT HAIIM MPEACTABIEHUI O MPUPOJe XUMUYIECKOH cnA3m, HO ¥ 00Ja0210T UH-
TepeCcHBIMH XUMUTECKIMH cpoiictsamul). @oToxuMnuUecKuil pa3puis ca3eit Si—Si,
cenyrommil 3a Bo30Y K AeHUEM 3JIEKTPOHa Ha PasphIXJIAIOULYIO Si—Si o*-opbuTass,
ofecreunBaeT yIo6HbI! My Th K aucniaasrenaM. OAHAM U3 HPUMEPOB CJIyIKAT doTo-
M3 TMKJIMYECKOTO TPUCHJIaHa ¢ OObeMHBIMI 3aMeCTHTe AMM:

Xyl Xyl
Xyl Xyl
\,_ AN e
\ / / N
S| Xyl Xyl
4\
Xyl Xyl

O6beMHble PPYIb HAa aTOMe KPeMHIA MPeJOTBPAIlaloT IMKIU3AIMIo ! HOIMMEpH-
3AITHIO, OHM TAaKyKe TPENATCTBYIOT PeakIuAM 00pasyoueroca JUCHIasTeHa.

PeHTreHOCTPYKTYpPHbIE NCCIEI0BAHNSA I0KA3a/M, YTO AJIIHA CBA3M yMEHbIIALT-
ca or Si—Si k Si=Si. Hanpumep, TeTpaMe3UTHIAMCHIAITEH UMeeT JJIMHY CBA3N
Kpemuuit-Kkpemunit 2,16 A (puc. 15.5), uro na 0,20 A xopoue, yem THIHUBAA oau-
HapHas cBa3b Si—Si. CymecTsennas pa3Hulla Mexy AUCHIAITEHaMU U aJlKeHAMH
COCTOMT B TOM, YTO HApYIIMThH IUIaHapHOCTH rpymmsl RpSi=SiRo mamuoro sere.
Kax 6yJeT BAIHO, 3Ta 33KOHOMEPHOCTD €Ile CHJIbHee NposBiseTcs y GoJlee Tsxe-
61X 3emenToB Tpymsl 14/1V, o6backenne sToMy (akTy ¢ TOUKH 3penns MogpeJieit
CBA3W JAaHO BIXKE.

NeKTPOHHDIE CIEKTPHI TIOMIOMEBAs IUCHIIa3TeHOB MMEIOT HOJICy B BAAMMOH
nin Goxpeit Y@ 06JacTH, M COeJUHEHNA YaCTO APKO OKPAIleHbl. JTa OKPACKa
yKa3bIBaeT, 9To - M 7*-opburany 6iike Apyr K Apyry IO SHEPruu, 4eM B aiKe-
HAX, JU1s KOTOPBIX COOTBETCTBYIOIEE HOMTIOIIEHIe HAXOAUTCA Jajeko B Y P obsacTu
(puc. 15.6).

DHEPrUM CBA3BIBAIOIMX M PA3pLIXJIAOIIMX T-opbuTaselt MoryT GuIThL onpene-
JIeBBl M3 HOTEHLMANOB BOCCTAHORIeHns B pacTrope. Hafineno, 4ro okucnenue nu-
CUJIa9TeHOB TMPOUCXOAUT ITPY MEHDBIINX TOJIOKATEJbHBIX HOTeHnuajaX, a BOCCTa-
HOBJIEHHe IIPH MeHBIINX OTPULATe IbHBIX TOTeHIHaaX, IeM JJs COOTBETCTBY IOIHUX
aJIKeHOB. DTN HabJIONEeHNs YKA3LIBAIOT, YTO SHEpPruu 7- U m*-opbuTaeil a1a Au-
CHJIA3TEHOB HAXOAATCA MeXAy SHePrHAMH dTHX opOuTasell Jyst COOTBETCTBY IOINMX
asnkenos (puc. 15.6). B pesyibraTe OMCHIadTEHBI ABIAITCA JyIIIMMH 7T-JOHOPaMU
(Mcmob3yst Ansl MOJAYM SJEKTPOHBI C 3AMOJHEHHOH m-opbHTatu) H JIydiiMi
T-aKnenTopamy (IPUHIMas 3JEKTPOHBI Ha T *-opOuTals).

He6onnmme mo pasMepy MOJEKYJbl MOTYT HPOHHKHYTb CKBO3b CTepeoXuMuie-
CKYIO 3aIUTy MOJEKYJb AMCHIadTeHa M MOJyquTh JocTyn K casu Si=Si. Heko-

1) Xnumusa cunastenos paccMmorpeHa B [Brook A. G., Baines K. M., Adv. Organometal. Chem,,
25, 1 (1987)|. Tlose3nble cBelleHHA O AMCHIA3TEHAX JaHbl B [West R., Angew. Chem. Int. Ed.
Engl., 26, 1201 (1987)].
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Cc=C Si=Si
2pm*
3pn*
6 3B, 200 Hm 3 3B, 400 um
3pn
2pm
Puc. 16.5. Crpyktypa (Mes),Si=Si(Mes)2  Puc. 15.6. ITpu6ausnrensunie YPOBHHA
no JaHHBIM PEHTIeHOCTPYKTYPHOIO  9HEPTUH  AMs  aJKeHOB M JUCHIASTE-

aHaiu3a MoHOKpucrtauna [Fink M. J. HOB. Pa3nocTu sHeprumii on
) : . peneneHsl u3
Michalczyk M. J., Haller K. J., West R., Y® CHeKTpoB NOMIOLECHHS [West R.,

Michl J.,  Organometallics, 3, 793  Angew. Chem. Int. Ed. Engl., 26, 1201
(1983)]. (1987)].

TOpbIe PEaKINH BeCbMa MOXOKHM Ha AHAJOTWYHble peakuuu ajxeHoB. Hampumep,
FaJIOTeHOBOAOPOABI U FaJIOTeHb! IPHCOENNHAIOTCA IO ABOHHON cBa3u Si=Si:

H X
R \
~c; Lo
Si==Si + HX e Si—Si
R ~>g R7 \QR
R R
X X
R \ /
~ .
Si= Si X, — Si— Si
R R R7 \in

rae X=Cl unu Br. Bosiee nuTepecHL!, BepoATHO, Pa3/iHuus O CROHCTBAMY AJIKEHOB.
B oranunuue ot ankenos, qucnnastens npucoeauaaior ROH no apoiinoi ceasu Si=Si:

OHu Tak:Ke BCTyNaOT B PEAKUMIO {2 + 2)-IHKJIONPUCOSAMHEHNS ¢ HEKOTOPBIMH aJl-
KWHAMM:
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H—C=C—R’ H R

+ —
R i— Si

s
R~ si—si” R/ \ R
R R
R R

Bo3MOXKHO PUCOCAMHATE JIHTaH MEHTaMeTHIIMKIONeHTa ORIl K aTOMy KpeM-
HMs1. DTa BOIMOMKHOCTH IIPUBEJIA K CUHTE3Y NEPBOrO erMHHﬁOpFaHH‘IeCKOFcl))COB,D,I/I—
merma Si(II) (dopmansHo) — 6uc( eHTaMeTHIIMK TONeHTa e R ) KpemBusa /. JTan-
HBle PEHTIEHOCTPYKTYPHOTO aHAJIN3A JUIA 9TOTO COCJMHERHMA MOKA3BIBAIOT CyIle-
cTBOBAHME JBYX Pa3jMUYHBIX KOH(MUTYpanui (27). BepoaTHo, passula B 3HEPrUAX
MEK/Ly ABYMA KOHGMUIYpPaIMaMu AOCTATOUHO MaJla, MOCKOJIBKY 9bdeKT ynakoBKU

B KpUCTAJlle BJIUAET Ha CTPYKTYDY.
~cor 4K

Si Si
27

l“ O6beMEBIE 3aMECTUTEIN BJIOKMPYIOT AUMEPU3aLIIo U NOJMMEPU3aNiio, 1 B Ha-
cTosIee BpeMs NoJTyYeHbl AUCH/IAdTeHbl ¢ OObeMHBIMA 3aMECTUTE I AMH.

15.14. Metannoopranu4eckne coeanHeHnn repmaHus, onosa n
CBMHUA

Mporue peaknum A1 0JIOBOOPraBHMYECKHX COEIMHEHNH (opranocTaHHAHOB) U CBU-
HENOPraHUYecKNX coeunenuil (OpraHolIioMbanos) NOA0OHBI yrKe OMMCAHHBIM AJIA
KpeMHus 1 repmannga. OHaKo BaxKHOE OTJIMYME OT KPeMHUAOPraHMYeCKUX coeAnHe-
HUIt COCTOUT B TOM, 9TO CymecTByIOT (13-3a 3pdexTa NBEPTHOH NapDl) CoeAUHEHA
Ge(IT), Sn(IT) u Pb(II). Eme oaso oTimune oT KPeMBAHOPraHNIECKUX COCTAUHEHUH
BBI3BAHO GB{CTPLIM yMeHbIIeHHeM npounocty casn E—C Brus o rpymnme (cM. puc.
15.3). [lo sToft mpuuHKe cBUHENOPraHUYeCKHe coeJMHeHs, KaK [IpaBmuiIo, pasJara-
10TcA 1pu Harpepakuu seiite 100°C.

B razosoit hase pasiiokeHue coeMHERNH aJIKWICBUHIA IPUBOJMUT K 00pa3oBa-
HBHIO &JIKWJIbHBIX DaJuKajoB:

Pb(CH3)4(>x. uam 1.) 2 Pb(rs.) + 4 -CHs(r)

10 pasioxKenHe OBLIJIO NPUUMHONM, 0 KOTOPOH MHOrHe roipl TeTpaMeTHJICBHHEN
U TeTpasTwiceHHen n00aniain K OeH3uHY /1A HNOBBIIEHAA €r0 OKTAHOBOIO HC/Ia
(Mepa NeTOHAIIORHON CTOMKOCTH TOIINBA). AJIKAIbHBIE PaJHKalbl, 0Opasyomuecs

Y Jutzi P., «Main-group metallocenes: recent developmentss. Pure Appl. Chem., 61, 1731
(1989).
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TIPHL PA3JIOXKEHUH TeTPaAIKWICBHHIIA B TOpAYelt KaMepe CrOPaHNsA JBUraTels, Clly-
YKIJIM MHIIOMTOpaMM PaJMKATLHON 1IeNHOi PeaKIii, CHIXKaa BEPOATHOCTh BIPbIB-
HOTO XapakTepa ropenusa. OJHaKO TOKCMYHOCTH CBHMHIA M €r0 Je3aKTHBHPYIOIIee
Zeficrsre Ha aBTOMOOMILHblE KATAJINTHIECKHE KOHBEPTEDPH!, KOTOPbIEe YMEHBIIAIOT
3arps3Henre OKpysKalollel cpednl, TOGYAMIM 3a0PETUTh CBUHENOPraHHYecKe 10-
Oapku K OEH3MHY BO MHOTMX CTpapHaX MHpa.

Onosooprasuteckue coefMHeHnA HANLIA PA3HOOOpas3Hoe MPHMeHeHHe — OT CTa-
OrImM3aTOPOB IJIACTMACC HA OCHOBE TOJMBUHIIIXJIOPHAA A0 (DYHTUIIMIOB U HOKpBI-
THUH, 32IMMILAIOIUX KOPHyc Kopabieit or obpacraHua BOROPOCIAMU M PAKYITKAMY.
Opnako B nocte/iHee BpeMs [IEKOTOPbIE U3 STUX IPUMEHEHN OKa3aINCh MO, 3alIpe-
TOM, TIOCKOJIbKY OHM MOTYT NPUHOCHTL Bpes 6e300UAHBIM U TI0JIE3HLIM OPraHu3Mam:
OJIOBOOPTaHUYECKHE COeNUHEeHNA yOUBAIOT He TOJIBLKO PAYKOB, HO ¥ YCTDHIL.

lepmasrenvr  (R2Ge=CRj), crannasressr (R2Sn=CRp), murepmastenst
(R2Ge=GeRg) u mucrannastenn (R2Sn=8nR;) — Bce MoryT 6uith nosyuensr. Kax
M B CJIyYae COOTBETCTBYIOIMX COSUHEHNN KPEMHUs, HeoOX0AMMO, ITOBH IPyIIbL
R 6bu1m moctarouno o6beMHBIME I [IPENOTBPAINeHHs acconualwmu. Momekysst
JAUTEPMa3TeHOB U JUCTAHHAITEHOB SIBHO HEIUIOCKHE, OBLIO MPENJOMXeHO HECKOJb-
KO BapuaHToB o0bAcHenus Takoi cBasu. [lo oaHOMy M3 HWX HEMJIOCKOE CTPOeHHE
obbscHAeTCA HeOOBIYHOM MOAeNDIO KPaTHOH CBA3N, KoTopas obpasyercs Mex Ly
sp2o-opbuTansio ogHoOro aToma u pr-opbrraisio apyroro (28).

Kparnble iz repMaBMiA-repMaHuil ¥ 0JIOBO-0JIOBO JOCTATOYHO JJIMHHBIE, B
pacTBope Habuionaercs aucconuanus ¢ obpasosasneM coepunennit Ge(I1) u Sn(Il)
repmuiieroB GeRo u crannusienos SnRo coorsercrsenno. Kak u cilenosaio 0xu-
JaTb Ha OCHOBAHMH MOBLINEHHA YCTOWYMBOCTH JABYXBAJIEHTHOIO COCTOAHHA IpH
JBW>KEHUM BHU3 0 Tpynne, coeauuenuss SnRp 6Gosee ycTolusnl mo cpapBeBmio
¢ GeR;. [Ipyxsanenruoe cocrosiane npoasiserca rakxe B Sn(n®-CsHs)a u Pb(nS-
CsHs )2, KoTOpble UMEIOT CKOIeHHbIe CTPYKTYPbI B Fa30B0i (hase, 9TO yKasbiBaeT Ha
CTEPEOXHMHYECKH AKTHBHYIO HENOJEJEHHYIO 9JIEKTPOHHYIO Napy Ha aTOMe MEeTAl-

a (29). Ouennb o6bemHble nedTadernmuKIonerTauesn-mranas 3 Sn(CsPhs )2
NOAABJIAIT CTEPEOXHMUYECKYI0 aKTHUBHOCTD 3JIEKTPOHHON Naphl Ha aToMe OJIOBA,
U JaHHbIE PEHTIEHOCTPYKTYPHOrO aHAJHN3d MOKA3BbIBAIOT, YTO ABa Koubla Cy KOM-
IUTaHAPHLL

[IoMIMO IPOCTHIX MOHOMEPHBIX FepMaHHHAOPTaHUIECKUX U OJIOBOOPraHUIECKHX
COeJUHEeHHI U3BECTHBI IENOYeIHbIC (30) u mukandeckue (31) coenunenns. MeTombt

CH,

(CH;),Ge Ge— Ge(CHj);

CHa |,

28 29 30
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R\
Ge R

Sn< /. Ge |
\sﬁ;\ S;S”\ lar>e,
R/ R\ R /lla A\
R R

31 R=CH,, CH,CH, 32 R =CH(Si(CH,)3),

R
.
R R R Sn
R jud \S /\/é \Sn/R
i i n n
\ /Sl—/-/Sl R V' /i R
Si—iSi | \Sn\ \/Sn’
. . . Sn-Sn
_/,S'_7S'\ R-\/ VTR
/ SIR—.— SI\ R /Sn— S{
R R R R
33 34 R=(C,Hg),CeHs

CUHTE3a 9THX COeJUHEHN [I0X0KHN Ha crnocodbl NoJydeHrs UX KPEeMHHEBLIX aHalo-
rOB, HO PEAKIMH C PepMaHOOPraHNYecKIMH U OJOBOOPFaHUYCCKUMH COSIMHEHUAMU
qacTo nporeKasoT Jerde. OHe U3 BO3MOXKHBIX IIPUIUH GoJIbllel peakIMOHHO! CIIO-
cOBHOCTH MOYKET COCTOATb B TOM, 4TO GOJbIIHe aTOMHI OoJlee JOCTYNHBI JJd pea-
reHTOB. PaHee yke 0TMeYasoCch, ITO TsKeJIble IPEJCTaBUTeIN ITOH IPYNIILL Jere
BCTYHAIOT B PAJUKAJIbHbBIE PEaKIUM.

Tonusprdeckie coeJUHeHNs. yIIepoaa, Takue, Kak KybaH u ero nmpou3BoxHble
R4C4, TepMogMHAMAYECKH MeHee YCTOMYMBLI, eM apeHbl, HO IJIA aHaJoros yr-
JlepoZa TIo TPyIIe 3TO yTBEPXKJEHUE HeclpaBeJJIMBO, TaxXKellble SJIEMEHTDLI FPyI-
nul 14/1V Be 0bpasyioT 6enzonononobusle crpyKTypbl. BMecro aToro nenanHo OBLI
HOJYyYeH pAf 3aMKHYTLIX [IOJIMSIPUYECKUX COSOMHEHHUMH, BKMOYaA TPUMOHAJIBHO-
npusmaruzeckuit GegRg (32), kpagparno-npusmarndeckue SigRs u SngRs (33) un
NeHTaroHabHo-Ipu3MaTdecknit SnigRig (34)1). Oxasanock, 9To pa3Mep CPYIIIbI
R urpaer posn B hopmuponanun ocobennocreil cTpyKTYphl, Ho 0biye 3aKoHOMep-
HOCTH ero poJiy TIoKa He ycTaHoBjIeHbl. [losydeHe repMaHUeBOro IpU3MaTHIecKoro
COEINHEHNA AEMOHCTPUPYET IPOCTHIE PEAKIINH, KOTOPblE IPUBOLAT K MOIMdIpHTe-
CKHUM COETVHEHHAM:

6RGeCl3 + 18L1 —> GegRg + 18LiIC1 R = —-CHzSi(CHg)g

1) Sekiguchi A., Kabuto C., Sakuri H., Angew. Chem. Int. Ed. Engl., 28, 85 (1989); Sita L. R.,

Kinoshita I., J. Amer. Chem. Soc., 133, 1856 (1991).
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OTy peaKUHId MOXXHO PACCMATPUBATb KaK BOCCTAHOBJIEHHE COeqMHEeHUS Ge(IV)
RGeCl; no xnacrepsoro coenusenus dopmansso Ge(l).

“| Mruorue peakuuu oJI0BO- U CBHHENOPraHHYECKMX COeJMHEHU MOom0BHBI peak-
IMAM UX KPEMBMEBLIX M TePMaHUEBBIX aHaJOros, HO 3(deKT nHepTHOU mMaphl
IpUBOIUT K cymectBoBanuio coenutennii Ge(I1), Sn(I1) u Ph(IT).

NNEKTPOHOWN3BbLITOYHLIE COEAMHEHNA TPYANbI A30TA

¥ MeTalJI00PraBNIeCKUX COeJUHEeHHH 3jleMenToB rpynmnl 15/V nossasioTes Heko-
TOpPBIe 0COOEHHOCTH, BKJIIOUAA JbIOUCOBCKYIO OCHOBHOCTL, CBA3AHHYIO ¢ HEIlOAeJeH-
Holt 9JIeKTPOHHOMN IMapoil Ha LeHTpaJbHOM aToMe (Kak B :AsRg). KpoMe Toro, nen-
TPAJIbHBIM aTOM MOMET CYIIEeCTBOBATH B CTEHEHAX OKHC/IeHMA +3 miaum +5, Kak B
AsR3 n AsPhf coorsercrsenso.

15.15. MeTtannoopraHnyeckue coeanHeHmns
MbILLIbAKA, CYypbMbi U BUCMYTa

IMockonsky Apa mepBbIX WieHa rpynmsl aszora (N u P) HecomMHeHHO OTHOCSTCH K
HeMeTaJlJlaM, 31ech OHH He paccMartpupatorca (eM. . 11). Hccnenosapus B 06~
JIaCTH OPFaHUYeCKUX [POU3BOLHBIX TSsUKENBIX 3J1eMeHTOB 3TOH DY MPUBEIM K
HHTEPECHBIM HOBBIM COEJVHEHUAM C HEOOBIYHLIMU THIAMU CBA3M.

Crenenn okucnenns +3 v 45 npeJcrapiessl BO MHOTMX METaJJI0O0PraluecKuX
COeNMHEHNUAX MBINIbAKA, CYPbMBI M BHCMYTa. [IpMMEpOM COeJHHEHUs JIEMEHTa B
cTeneBn okucIeBHA +3 Moxer cayxkuth As(CHjz)s (6), a B crenenn okuciIeHUS
+5 — As(CgHs)s (35). Coenyuenus, B KOTOPBHIX 3JeMEHTH MMEIOT CTENEHb OKHC-
JieHHsT +3, CONEPKaT HelloflelleHHbIe 2JIeKTPOHHbIE Naphl U, CJIEIOBATENIBHO, MOTYT
PaccMaTpUBaThCA KaK 3JIEKTPOHOU3OBITOUHbIE; COeMHEHUA 3JIEMEHTOB B CTENeHH
OKHCJIEHUsA +5 OTHOCATCH K «3JIEKTPOHOTOUHBIM .

Opraipyeckne coeMHEHNST MBILBLAKA IIMPOKO HCHOJL30BAJUCL [UIA Je4eHUA
OakTepuanbublX uHbEKIUY, TpUMEeHATNCL Kak repbumanl u dbyHarunpasl. OQHaKO
M3-3a BBICOKOH TOKCMYHOCTHM MBIIIbAKA, CYPbMBI M BACMYTa WX METaJJIOOpTaHM4e-
CKHe coeluHeHHs OoJibille He MPUMEHAIOTCA B IIPOMBILLIEHHOCTH. TeM He MeHee C
HIMM MOJKHO paboTaTh B J1aBOPATOPHH, €CJIN HCIIOJIb30BaTh COOTBETCTBYIOIIee 060-
PynoBaHue, TaKUM 06pa3oM OLITH CHHTE3NPOBAHLI MHOTHE HHTEPECHbIE COCAUHEHH L.

Ph
As(CH,)
| _Ph 2
Ph— As
| Yph
Ph As(CH;),

35 36 CgH,(As(CHg),),, diars
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a) Crenenn okuciaenus +3

B arom pa3peie paccMOTpeH IINPOKHI KJIACC COeAMHEHHWH 3THX SJIE€MEHTOB
¢ obmieit popmynoit ER3, a TakyKe poncTBeHHble OPraHOraloreHuIbl H ITHK-
JIOTIeHTAJUEeHUIIbHbIe COeIUHCHUA.
Peaxmna o6MeHa peakTuBa ['puHbApPa NIM JIUTHROPraBUYeCKOrO COEJUHEHUA C
EX; (E = As, Sb, Bi; X = Cl, Br) ofecnieunpaer yno0uplit IyTh K TPHATKHIbHBIM
WJIA TPHAPHILHBIM COSAMHEHHUAM:

CH,4
TTo \
ECl;  + 3MgCH,Br — E: + 3MgClBr
w
CH,

Moutexynst E(CHs)s 1 MX aHAJI0rM UMEIOT TPUrOHATBbHO-MMPAMUAAJILHOE CTPOCHHE,
YTO COOTBETCTBYET IIPUCYTCTBHIO HEMO/ENeHHON aphl Ha IEHTPaJIbHOM aTtoMe. AJl-
KWJ1apCHHbI, HATPUMEpP TPUMETHJIAPCHH, JIETYUH, TOKCHUYHLI U 00J1a7a10T PesKuMm,
HenpHATHHM 3aiaxoM. Apuiapcussl Ooslee ycTORHUBEI Ha BO3AYXe N MEHee JIeTy I .

Apuin- M aJKIWIADCHHLI TUIIA TpUMeTHJIapcuHa (6) BHICTYHAT KaK JIMFaHAbI
B KoMILlekcax d-merasiioB. CpoicTBo 9TUX MATKUX ocHOBaHuil JIbionca K MOHaM
d-mMetasios coorsercrayer pany PRs > AsRj > SbRs >» BiRs. Ilosyueno myoro
KOMILJIEKCOB C AJIKUJI- M apHJIapCHHAMM, MeHbIe H3BEeCTHO KOMIIEKCOB co cTHbuHa-
mu. XOpoUuM JIMFasA0M, HallpUMep, CJyKUT OUIOeHTaTHOe COeNUHEHHE, U3BECTHOR
kak diars (36). Bnaronaps ero MsrkoMy JOHOPHOMY XapaKTepy NOJy<IeHO MHOIO
AJIKUJI- ¥ apUIAPCHHOBLIX KOMIUJIEKCOR € MATKMMM IeHTpaipHbiMu aTtoMamu Rh(I),
Ir(T), PA(IT) u Pt(II). Onuako KpuTepHi «¥KECTKOCTH» JHULIL NPUOJIM3UTEILHBIN,
NIOSTOMY He CJeAyeT YAUBIATLCA (HPOCHUHOBBIM M ADCHMHOBBIM KOMILIEKCAM C Me-
TallJlJaMH B BBICIIMX CTeNeHAX oKucaeHua. Hampumep, HeoObluHaa A4 Najlajus
cTelesb OKUcJeHus: +4 cTabunamanpyerca diars-auragpamu (37).

Ionyqenue aroro coequnennst (diars) mirocTpupyeT HeKOTOpble 00IMe peak-
UMM B CHHTe3aX OPraHHIeCKAX COeMHEHHH Mbllibsika. CXoAHbIM BellecTBOM ClIy-
KuT (CH3)2As]. D10 coenpyHeRne Heslb3a OMYYATD 110 peakiuu obMena Mexxy Asls
U peakTnuBoM ['puHbsApa UK 10106HBIM KapbaHHOHHBIM peareHToM, HOTOMY 4TO pe-
AKIU He CeJIeKTUBHA K HYaCTUIHOMY 3aMEIUEHHIO Ha aroMe As, KorJa opraHindecKas
IPYMila JOCTATOYHO KOMIaKTHa. BMecTo 5TOr0 coeuHEHNe MOXKHO NIOJYYUTDH [ps-
MbIM B3anMoseiicTBueM rajorenaikaga CHsl ¢ MeTa/IMYeCKUM MBIIIBLIKOM:

4As + 6CHsI — 3(CH3)2ASI + Asls
Ha crenyromeit cragun neticrsue marpus na (CHs)oAsl npusomur x [(CHj)oAs]
(CH3)oAsI + 2Na — Na[(CHs)As| + Nal

O6pasyrommitcs  cupabit Hykiaeobun [(CHjz);As|”™ 3areM 3aMemaer xiop B
1,2- nuxnopbenzoae:
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H
2+
He S cw, i
\A A/ H H
S S
CHy\>pg7/ CHs
A% NA

/" HaC | CHy N

H As H

H,C 4 CH,
37 38 ApcabeHn3on
cl cl - cl
@ As No sy
] cu/ \CI/ \CI
Mo
ocd Nco
oc
39 40

Ci As(CH,),
+ 2Na[({CH,),As] —> @ + 2NaCl
cl As(CH,),

Jpyroe unrepectoe coequtenne As(I1I) — apcaGensos (38), ananor mupuauHa.
On e ob1adaeT cBOMCTBAMM 0-IOHOPA, KaK NHPUANH, HO 06pa3yeT T-KOMILIEKCH C
ssemerTamu d-6i0Ka (39), aHaJoru<HbIe TeM, KOTOPLIE 06pasyeT Genzon!).

|” Jlna nonydeBna TPHANKHI- U TPUAPUJI-COSIMHEHNH MBIIIbAKA, CyPbMbI U BHC-
MYTa MCIOJL3YIOT peakimm obMmeHa peakTusa [pHHBApa WM JUTHIOpraHuTIe-
cknx coequennit ¢ EX3. [Topamok cpoicTsa 9TUX MATKAX ocHosamuit JIbionca
K MOHaM (-MeTaJUIOB IIpUBeJIeH BHILIE.

6) Crenenn okucnenus +5

Tpuankuiapcuinsl B3aNMOAeHCTBYIOT KaK HYKJIEOMUIbI ¢ rajoreHajlIKaHaMu, obpa-
3y COJTM TeTPaaJKWIapcoHus, Koropuie cosiepxar As(V):

As(CHjz)s + CH,Br — [As(CHj)4)Br

1) Ashe A. J., «The Group 5 heterobenzeness. Acc. Chem. Res., 11, 153 (1978). Takxe KpaTHBIM
CBA3AM MEXJy 3JIeMeHTaMH IVIaBHbIX Tpynn nocssweH [Advances in Organometallic Chemistry,
v. 39 (1996)].

10. HeapraH. xumus., Tam 2
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Takyo PEaKIUIO HeJb3s HCIOoNL30BaTL AJ1A MOJyYeHusa HoHa TeTpaderuIapconus
[AsPhy]*, moromy uro TpudpeHUNAPCUH 3HAUMTEIbHO Gosee cnabwlit Hykieodw,
weM TpuUMeTHIapcnH. B aToM ciyuae yaobHbi ctocob obecnednBaer peakms:

Ph s

Ph;As =0 + PhMgBr — - As Br + MgO
P Sen

Ph

Peakiinsg MOXKeT MOKA3ATLCA HEOBBIYHON, HO 9TO MPOCTO peaknusa obMeHa, B KOTO-
poit Ph™-anuon samentaer popmaibao nos O, npucoeuBeBHbIA K atoMy As, Ipu
sTOM 0Opasyercs coeAMHEHHE, B KOTOPOM MBIIIbAK COXPAHSIET CTENEeHb OKHUCJIEHUS
+5. ObpazoBaBue TEpMOJUHAMUYECKH O4eHb YeTOMUnBOro coeaunenna MgO rakike
BHOCHUT CBOH BKJIaJ B 3Hepruio I'mbbOca sToil peakimu, ero obpaszosanue obecriedn-
BaeT MOJIHOTY IIPOTEKaHHA PEaKIIHH.

Karunonn! terpadenniapconns, TeTpaalikuiaMmMonns u terpadenunidpocdonns
UCTIOJIB3YIOT B CHHTETHHECKON HeopraHM4ecKoit XMMHH KaK 00beMHbIe KaTHOHBI JJIst
CTabU/IN3aNIMN KPYTHBIX aHHOHOB. MoH TeTpadeHUIapCOHNA CIIy7KUT TaKiKe HCXOI-
HBIM BEIIECTBOM /TS [OJLY IeHIA APYTHX METa/JI00praHideckux coeauaennit As(V).
Hanpumep, npu geiictsun hennnnTusa Ha TeTpad)eHUIApCOHUEBYIO coJib 06pa3y-
ercs nenTadernaIMbBIbAK (35), coemuuenne As(V):

[AsPhy|Br + LiPh — AsPhs + LiBr

[leBTatheHUIMBIILAK WMeeT TPUTOHANLHO-OMITHPAMHIANLHOE CTPOEHHE, KaK H
ciegyer u3 Monesm OIJMBO. Pamee yxe ynomuuasocs (pasa. 3.3), gro
KBa/IpaTHO-IMpaMUAaIbHas cTPYKTypa 4acTo 6JHM3Ka 10 SHEPrHH K TPHTOHAJILHO-
OunupaMuIanbHOH, 1 aHAJIOTHIHOE coeunenne cy pbMul SbPhg meficTauTennHO nMe-
€T CTPYKTYPY KBaJpaTHO! nupamMuanl. [TonobHas peaknusa Npy TIATe]bHO KOHTPO-
JIUPYeMBIX yCJloBUAX JaeT Heycrohumsoe coenmtenune As(CHs)s.

Lna creneHn okucsenns -+5 JOCTATOYHO XapaKTePHLI COeIMHEHHS CO CMeITaH-
HBIMH 3aMeCTHTeJ MU, ONMH U3 PUMepoB yike ynomuHalcs — OAsRg; ussecTHH u
nonoburle rasgorenuap:, Hanpumep SbaPhyClg. Mosekyia nociieHero coeAuHeHns

COCTOMT U3 JABYX OKTadApoB (BOKPYT KaxKaoro aroMa Sb), oGbeauHeHHBIX 0OmmM
pebpom (40).

m Karuonnr terpadennnapconus, Terpadenmihocdonus n TeTpaalKuiaMMOHAS
UCTIOJIB3YIOT B CHHTETHYECKON HEOPraHNIeCKON XUMUH KAK OObEeMHBIE KaTHOHbI
A1t cTabUITN3aHM KPYIHBIX aHUOHOB, Vol TeTpadeRuIapcormns TakkKe cJLy KT
WCXOJHBIM BEIIECTBOM JJIA [OJIYYEeHNA APYTHX METAUIOOPraHNIecKNX COeIUHe-

Hud As(V).

Mpumep 15.6. Koppensuus crenenu okmcnenus un YCTOH4NBACTH.
OnnmnTe yCTORYMBOCTD ANKWILHBIX COGIMHEHHI COCEIHUX SJEMEHTOB IeDPMAHHS 1
MBIIILAK& B BBICHIHX AJISI WX TI'DYNI CTENEHAX OKHCJICHUSI U B CTENEHAX OKHUCJIEHHUSI
MEHBUIMX H8 2 €IWHHIIbL.
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Ovser. Hanbonee xapakTepHas CTelleHb OKUCJIECHHS TePMAHHS B repMaHMHOpraHude-
CKHMX COeIHHEHUSTX +4, 94TO COOTBETCTBYET BHICIIEH JJIs1 JAHHOI IPYIIIbl CTETIeHH OKUC-
senns. VI3BecTHBI TOBKO HECKONBKO repMaHUiiopraHndecKux coeauuennit ama Ge(Il).
Hanpotus, coenunenus As(V), nanpumep As(CHjs)s, HeycTOiTunBbI 0 CPABHEHHIO C CO-
epunenuamu As(I11), nanpumep As(CHy)s. OnHo M3 BO3MOMKHBIX OOBLIACHEHHI COCTOUT
B TOM, YTO TIPH MEPExXoAe BJIOJIb TIEPHOAA CJI6Ba HAIIPABO JIEMEHTbl CTRHOBATCH 6olee
3IEKTPOOTPUIATETLHBIMU, TI03TOMY JOCTHKEHHE BHICIUEH CTENEHH OKHCIIEHHS CTAHO-
BHTCS BCE TPy/AHee. ITa TPYJHOCTh OCOOEHHO YCHIMBACTCS € 3aMECTUTEAMHU C HUSKOM
3MEeKTPOOTPUIATENLHOCTEIO, Kak CHs. DTu 3aKOHOMEPHOCTH B yCTOHYHBOCTH COEUHE-
H1it 3IEMEHTOB B PA3JIMYHBIX CTENEHSIX OKHCIEHH COOTBETCTBYIOT 3aKOHOMEPHOCTSIM
J7T TPOCTBIX HEOPTaHWYECKUX COCANHEHHH IePMAHHS U MBILIbIKA.

Bonpoc 15.6. Cpasunure dopMmynsl Haubosee yCTOHYUBLIX BOAOPOJHBIX COEIHHEHHN rep-
MaHHs M MBILIbsIKA (171, 8) ¢ hopMyIaMH HX METH/IbHBIX coeaunenuit. MoxHo mu 06b-
ACHUTb PA3HUIY H3 OCHOBE BEIMYMH 3JeKTpoorpuuarensaocru C u H7?

15.16. LenoyeyHble coeaMHEHNA N COEAUHEHNA C KPAaTHOW CBA3bIO

Ienoueunoe coemunenue terpameruiguapeut (CHz)zAsAs(CHs)g Oblo oquum u3
[ePBLIX NOJYYeHHLIX MeTalJIoOPraHuyYecKuX COeJUHEeHnH. YA00HBIM criocoboM no-
ayuenns cayxur peakinus As(CHsz)sBr ¢ MeTanimuecKnM NUHKOM:

CH,
CH;
2As(CH;),Br + Zn —> /As——As + ZnBr,
H4C
CH,4

W3BecTHB! TakXke NUKIMdeckue apcuibl, Bkimodas (PhAs)s. CubTes mocneanero
OCYIIECTBJISAETCA yTeM OTPBIBA MOJa OT AUHOANIA (DeHMIMBIIbLAKE!

Ph
!

Ph _As_ Ph

v

As As

hAs! 12Hg —> 6Hg,), + | |
6PhAsl, + g 2'2 As As

ph”  “~As’ “Ph
]
Ph

I3BeCTHO TaK:Ke MHOTO JAPYTHX COSIMHEHHM CO CBA3BIO MBIIIbAK-MBIIbAK. Cpesu
HUX OIHO COeMHeHne 061a1aeT CTPYKTYpOol, HamomuHaomledt Jectauly (41), oHO
nosygeso Boccranonienuem CHzAsl, netternuem Sb(C4Hg)s:

n CH3Asl + Sb(C4Hyg)s — [AsCHj),, + n Sb(CaHo)sl2

Kak n B cilydae JHCHIIASTEHOE, 00beMHble 3aMECTHTENH TO3BOJIAIOT TPEIOTEPa-
TUTb TOJMMEPH3aIMIc H EKIn3amio rpymn E—R. 3ToT nyTs npuseln K ¢opMaJIbHO
TBAYIH CBA3AHHEIM cucTemaM obmeii popmymst RE=ER, rae E moxer 61t P, As
win Sb, BKII0Uas paj coefuHeHuit, conep:xanmx ceasn P=As u P=5Sb (42).

10"
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I l
HiC < As— As H
| D CICH,) /
As— As— O3 33 C— Si(CHg)g
- As s
H4C I | E—E' \S_(CH |
HaC ~ EHals
As— A
l s | S~ CH,
CH,4
As— AS’ (CHG)GC C(CH3)3
H,C - | |
a1 42 (EE') = (PAs), (P.Sb), (As,P)

H| U3BecTHBI 1ENMOYEUHbIE U IUKJIUYECKHE apCHHBI CO CBA3BIO MBIIbAK—MbIIIbAK.
CymecTByeT Takke MHOTO JAPYIHX COEIUHEHHH CO CBA3AME MBINbAK MBIIIbAK,
HEKOTOPBIE COeIMHEHNSA COREPIKAT NBOMHBIEC CBAZU ¢ MBIULAKOM H CypbMOHL.
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YIMPA>XHEHWA

15.1 OGbsacHuTe, No4YeMYy HEKOTODBIE U3 IEPEUMCIEHHBIX COCAMHEHU OTHOCAT K Me-
TaJLIIOOPTaHHYeCKUM, a Apyrue HeT: a) B(CHgj)s, 6) B(OCHs)s, B) Nag(CHs)s,
r) SiCl3(CHs), a) N(CHs)a, e) anerar marpus, x) Na[B(CeHs)4).

15.2 2KenaTesnbHo €3 HCTIOMB30RANMS CITPABOYHOrO MATEPHANA H306PA3NTE IEPHOTHYe-
CKy10 TabIHUILY /ISl 3/IEMEHTOB §- i p-610koB u 12-it rpynmel. O3armapbTe Kask Iy
rpyniry GOpMyoil THIHYHOIO METHIBHOTO COETHHEHUS H YKAXKHTE: &) TIONOKEHHE
coseo6pas3nbIX (MOHHBIX) METHIBHBIX COeLUHEHH; §) MOIOXKeHHE 1eKTpoHoAeD -
IIUTHBIX, «JIEKTPOHOTOUYHBIX», 3JEKTPOHOUIOLITOUHBIX METH/IbHbIX COEJIMHEHHIA;
B) 3akoHOMeprOcTH mist AfH® B p-6roke.

15.3

15.4

15.5

15.6

15.7

15.8

15.9

15.10

15.11

15.12

15.13

15.14

15.15
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Hanmuunre dopmMyny 1is Kaxa0ro U3 CAEAYIOMUX coequneniit. s HeMoHHbIx co-
€[MHeHU I nafiTe anbTepraTHBHbIE HA3BAHHA KaK MPOU3BOIHBIX OT HX BOAOPOIHBIX
COeJMHEHHH, €C/IM OHM HA3BAHbl KaK MeTa/UI00PTaHHIeCKHE COETHHEHUS, H HAOGO-
POT: &) TPUMETHIBHCMYT, 6) TeTpadenuncunan, B) 6pomuz TerpadeHHIAPCOHNUS,
r) TeTpadbeHHIOOPAT Kamus.

HazoBuTe KaxkIoe M3 NEPEUMCIEHHBIX COEAMHEHMI M KiaccudHupyiiTe mx:
a) SiH(CQHs)a, 6) BCI(CGH5)2, B) A12012(06H5)4, I‘) Li4(CzH5)4, ,T.l) RbCHa
M306pasuTe CTPYKTYPEL: 2) METHILIATHSA, 6) TPUMETHAOODA, B) TeKCAMETHI LHATIO-
MHUHUSA, T) TETPAMETHICHIAHA, 1) TPUMETHIAPCHHR, €) TeTpacbeHNIAPCOHHSI.
Onuurnre CKIOHHOCTD K 8CCOLMAIMH YePe3 METHIbHbIE MOCTHKM Jy1sl TPHMETH b
HbIX coenyHeHHil 60pa, aJlOMUHH, Taaansa 1 ungds. JaiiTe BO3MOXKHOE 00bsICHe-
HHE Pa3iIHMHsl MeXay GOpOM H aOMHHHEM.

Cpeau mepevHCIeHHbIX COBIUHENNHT yKaXK HTe Te, KOTOPbIE MOTYT Cy»KHTb: 1) xo-
POIIMM KapOaHHOHHBIM HYKJICO(MIbHBIM DPEAreHTOM, 2) CpeIHeld CHIIbl KHCJIo-
Toit Jlbionca, 3) cpeameit cuabl ocHOBaHHeM JIbloHca (uenTpasbHBIM aToMOM),
4) cumbHbIM BoccTaHonuTeneM. (CoexnHenne Moxer obnagaTh 6onee 4eM OTHUM
Takum ceoficreom.) a) Lia(CHa)s, 6) Zn(CHs),, B) (CH3)MgBr, r) B(CHa)s,
,IL) Alz(CHa)G, e) Si(CH3)4, )K) AS(CH3)3,

Jns moaxonsmux coeqHHEHUA 3 ynpaXkHeuds 15.7 HANMIIMTE YPABHEHHS XHMH-
YeCKUX peaKIMil Ju1si a) PeakuMH OJHOro M3 KapbammoHHbIx pearentor ¢ AsCls u
SiPhyCly; 6) peakmuu kucnore! Jbionca ¢ NHj; B) peakmuu oceosanus JIblonca
¢ xucnoroit JIstouca [HgCH;][BF4).

[TpuBenuTe mMpuMepH CHHTE30B METATIOOPTAHHUECKHX COEIHHEHHI MO KAMKJOMY
U3 CHEJIYIOUIMX THNOB PE3KIMM H B KaXKJOM CIy4ae yKaxkuTe (haKTOpbl, KOTO-
pble COCOOCTBYIOT PEAKIMH: a) PEaKIMsl MeTasIa ¢ OPraHudeCKUM TaJIoTeHHIO0M,
) TpaHcMeranmMpoBaHHe, B) OBOIHOe 3amemenue (06Men).

Omnpenennre, Kakoe COEOUHEHHE B KaXJOH Nape sBIAercs DOTEe CHIBHBIM BOC-
CTAHOBHTENEM, U JajiTe Qu3nTieckne 06ocHOBaHMA Bamrero orBera: a) Na[CioHsg)
u Na[C14Hio]; 6) Na[CioHs| u Naa[CioHs] (tae CioHs — madramun, a CraHio —
AHTPANEH).
Omnpenenure BEpOATHBIA THN PEAKUHH, HAIHIIATE yDABHEHHEe XAMHYECKOH peak-
IHMH (HJIH OTMETBTE €€ OTCYTCTBHE) N OBBLACHHTE CHCTEMATHKY THIIOB PEaKUMil, Ha
OCHOB3HHH KOTODPOH BbI DEIIajH, TPOUCXOAUT JAHHAS DEAKIHs HJIH HeT.

a) Kanbuuii 1 nuMeTunpryTh.

6) Pryrs u ausTunnuuk.

B) Mernnmnuruit n Tpudennnrxaopcuaan B agupe.

r) Terpameruncunan u xmopus uuHKa B 3cupe.

;) TpHMEeTHICHIAH U 3TEH B PACTROPE XJIOPOIUIATHHOBON KHCIOTbI B 2-TIPO-
HaHoJIe.
Hamuiure ypaBresrus XMMHYECKAX PEaKIil, KOTOpble HIUNIOCTPUPYIOT: 8) NPAMOM
cunres SiCl2(CHas)z; 6) nepepacnpenenenue B SiCla(CHa)a.
Hcenonbsysi kpeMHH ¥ x7OpMETAH B KaYeCTBE HCXOAHBIX BEIIECTB, HAIMIINTE
YPaBHEHHsI XHMHYECKHUX PEaKIMi U YyCIOBHs MX NPOBEAEHUs AJiA MOTyIeHUA MO~
T ( AMMETHIICHIIOKCAHA.).
He yunTelBas coepnnenuii co CBA3bI0 METAI-METAII, OMHIINTE 3aKOHOMEPHOCTH
JuUtst crenenelt okucmenns snementos rpynn ¢ 13/111 mo 15/V B meranaooprasi-
YEeCKHX COEJMHEHHSIX.
JLi1s TPOCTBIX MeTANIOOPTraHuYecKX coequuenuit sneMenTos rpym 1, 2, 12, 13 /111

1 14/1V xpaTKo onUnmMTe NEPHOIUYECKHE 3aKOHOMEPHOCTH B &) SHTAIBINAX CBA3H
MEeTANT-yTIeposy; 6) KUCIOTHOCTH no JIbucy; B) ocHoBHOCTH 1o JIbioncy.




150

15.16

15.17

15.18

15.19

Mnasa 15. MeTannoopraHUYeCcKWe COEANHEHNS 3NEMEHTOB rNaBHbIX rpynn

KparKko H3JIOXHTE 3aKOHOMEPHOCTH [T KazKJI0TO NPOLECC], NPUBEIEHHOTO HUXE,
nmaiite Bamu oBOCHOBAHMSL:

a) OTHocurenbras nerkocrs nupomnsa Si(CHs)s n Pb(CHgs)4 npu 300°C.

6) OTHOCHTENbHAA JILKHCOBCKAT KHCIOTHOCTH JJIA Lis(CHs)s, B(CHs)s,
Si(CH3)4 H Sl(CHa)Cl;;

B) OTHOCHTeNMbHAs TbIOHCOBCKAn ocHoBHOCTb Anst Si(CHs)s 1 As(CHs)s.

r) Crioco6rocts Lis(CHs)s n Hg(CHs)2 samemats rasorernn B GeCly.
VuuTHIBAas UYBCTBHTETBHOCTH K KHCJAOPOAY, BjIare H JIETYHeCTh COeJHe-
HHH, YKa)KMTe OCHOBHbIE NpHEMbl (BaKyyMHas CHCTeMa, WHepTHas arMo-
cdepa, amnaparypa Illmenmka WM OTKpPbIThIE ko0Bb1), KOTOpble TPEAIOHTH-
TeabHbl A7 paboThl CO CAEAYIOMHMH META/UIOOPTaHUYECKHMH COCIHHEHHAMMU:
a) Li(CHs)4 B 9dupe; 6) TpuMeTHibop; B) TPHH300y THIATIOMIHHH; r) AsPh;j (1B.);
1) (CH3)3SiOSi(CHs)s (%.).

«HacoimenHoe» mukmrueckoe coequnenne Sig(CHz)12, KOTOpoe HMeeT moJoCy 1o-
romeHns B 6mmkaelt Y@ 061acTH, MOXKET OBITH BOCCTAHOBJIIEHO HATPUEM, IPH
aToM obpasyercs pagukar-aruon [Sig(CHa)12)”. Kakne momekynapusle opburany
YyHaCTBYIOT B 9THX Ipoueccax’

[IpuBeuTe yDaBHEHMS peakiHii M YCIOBMA UX MPOBEAEHHs] AJs1 CHHTE33
R,Si=SiR2 u3 R2SiCl: u ykaxwure Tun rpynn R, koropblit Heobxonum Jgist Io-
JIYYEHHsl YCTOHUMBOIO MPOAYKTA.

3A0AHNA

15.1

15.2

15.3

15.4

15.5

[ena TpUMETHIIATIOMUHAS Ha NOPAAOK BbILIE UEHBl TPHITH/IATIOMHHHSL. Onuuure
METOAB! CHHTE3a ITHX COCJMHEHHH H OOBbICHHTE PA3HUIY B CTOUMOCTH.

Hcnpaebre OMOKH 1 OOBICHATE MX NPOUCXOXKACHHE B CJIEAYIOIUX yTBEPXKICHH-
ax. a) MeTWIbHble COSANHEHHs JIHTHS, UMHKA M TePMaHHsT aCCOUMHPOBaHb! Yepe3
muoronenTposbte M—C—M CBsI3H, TOTOMY HTO HHCJIO COAEPXKANIMXCH B HHX Me-
THJIBHBIX IPYII MEHbIIIE, HeM MHCIO BAJeHTHbIX opGuTaseil y merania. 6) Peak-
1M 3aMEIEeHHs Y META/IO0PraHHeCKHX COeIMHEHHHA KPEeMHUs, HATPHUMED Y XJIOp-
ITHIMETHI(DEHUICHTIaHa, K&K [IPABHIIO, IPOXOAAT II0 4CCOUMATHBHOMY MEXaHH3MYy
¢ mosiHof norepeit crepeoxuMun. B) CKIOHHOCTh K y4aCTHIO B PaJMKaJIbHBIX De-
aKIMAX y COe/lHHENNH TRy yBeTHIMBaeTCs IPH NEPexoie BHU3 Mo rpynne oT KE=Si
K Pb, uTo Koppesmpyer ¢ yMmeHnblIeHHeM SHTadbIMK coazeit E—C.

Coennnenne (CgHs)3Pb—Pb(CeHs)s BRIACpKMBAaET HATpeBaHHE /10 300°C. Hanu-
LINTE BO3MOXKHbIE PEaKLHH AJI STOTO COEIMHEHHS C 4) HATPHEM B JKHJIKOM aMMHu-
ake, 6) HBr, B) [Pt(PPhs)4] (310 coenunenne nerko Tepser nga Tpucennndocdu-
HOBBIX Jiranja). Jaiire Bame oGbsACHeHHE AJIA KaXKAOTO CJIyHasl.

Onupascy Ha o6uHe 3aKOHOMEPHOCTH AJIA 9HEPrHil aTOMHBIX yPOBHel, 06Dbsac-
HHTE BepOATHBIA IOPAOOK DACHONOMeHus w- U 7 -opburameii B R2Si=SiR2 n
R2Ge=GeRy;. IIpuseaure npuMeps TOT0, Kak 3TOT NOPAIOK SHEPIeTHIECKHX yPOB-

Heit MPOSIBJISACTCH B PeaKIUAX JUI€PMAadTEHOB MO CPABHEHHIO ¢ PEAKUMUAMH JTACH-
JIA9ITEHOB.

XoTs coepuHenns TeTpaaaKHION0Ba He ABISIOTCA KUCIOTaMH JIbloHCa, raaoreHan-
KHJICTAHHAHBI — KHCJIOTH JIbionca. Boutu onpesenensl TeEpMOIHHAMHYMECKHE TTapa-
MeTpbl 06pa30BaHus KOMILIEKCOB TPH(eHHI(POCHHHOKCHIS C PAIOM TaJOreHTDH-
ankuncrannanos | Yoder C. et al. Organometallics, 5, 118 (1986)]. O6o6muuTe 3a-
KOHOMEPHOCTH B IHTAJLIHAX OGPA30BAHHS KOMILIEKCOB H OGCYIHTE BO3MONKHbBIE
O0BACHEHHS ITHX 3aKOHOMEPHOCTeH,

15.6

15.7
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Bruto coobuieHne © CHHTE3€ TEPBOrO CTabOHIBHOTO TI'epPMAa’TEHa [Courei C.
Escudie J., Satge J., Lazraq M., J. Amer. Chem. Soc., 109, 4411 (1987)]. Pac-}
CMOTPHTE PEAKIMH, HCIOJb3OBAHHBIE B 9TOM CHHTE3€, NOPa3MbILUINTE, moueMy
KaXKAas U3 HAX TEPMOAMHAaMUYECKH BbIroaHa. OmHumMTe B3aUMOAEHCTBHe OCHOBA-
HHit JIblOHCA C 9THM TepMasTEeHOM H IIPEJIOKUTE NMPHYHHbI, TOYEMY TAKOE B3aM-
MOJEeHCTBHE BO3MOXKHO, B TO BPEMs KaK MPOCTbIE aJKeHbl HE B3aUMOACHCTBYIOT ¢
OCHOBaHUIMH JIbIOHCA.

Hauer Ge(CHj3)3Cl, HoC=CCH(C¢Hs) u apyrue peareHTsl [0 BallleMy BbIGO-
py; ONHPasiChb HA AHAJIOIHH C XHMHYECKHMH CBOWMCTBAMH KDEMHHs, MIPHBE/N-
TE€ ypaBHEHHS XHMHYECKHX PEAKIMH M yCJIOBHS MX INPOBEASHUS A CHHTE3a

(CHa)aGeCHQCHz(CGHs).




T VMETA/TTOOPTAHUYECKUE
COEAVNHEHWS
3JIEMEHTOB
d- N f-BJIOKOB

D/1eMeHTOOPraHNyecKas XMMuUsA MeTannos p-6oka bbina AOCTaTOYHO XOPOLIO M3yHeHa
yxke B Hadane XX B., HO A/15 3/IeMEHTOB d- v f-BroKoB oHa pasBUBaNACh 3HAYUTESb-
no noaxe. C cepegunbl 1950-x rr. MeTanoopraHuyecKas xumms d- v f-anemeHTOB
NpeBpaTUNACh B VHTEHCUBHO Pa3BUBAIOLLYIOCH 0DNacTb XMMUU, KOTOPas OTKPbIBAET
HOBble TUMbl peakuuii, HeobbiUHbIE CTPYKTYPbI W HAXOAUT MPAaKTUHECKOE NMpUMeHeHue
B OpraHV4ecKoM CUHTE3e W NMpOMbilINeHHOM Katanuse. [n1asa Haumnaetcs C obcyx-
[eHUs CTPYKTYpb!, TUNa CBA3WN U PEAKLMOHHOMA cnocobHOCTu kapboHWNOB MeTannos,
KOTOpble COCTABASAIOT OCHOBY METasINOOPraHNYECKON XUMUN 3NEMEHTOB d-6bnoka. 3a-
TeM pPaccMaTpUBAIOTCA YreBOAOPOAHBIE NMraHAB!, UX Pa3/inyHbie CTPYKTYpPbl, MOAENV
CBS3N M peakLUOHHas cnocobHoCTb. B 3aBepweHne JaeTCA ONUCAHME CTPOEHUS U pe-
AKLMOHHOM COCOBHOCTU KNACTEPHbIX COEAMHEHNT METa0B, KOTOpbie Obinn 0fHUM U3
0BBEKTOB MPUCTANbLHOrO BHUMaHWA B nocnegHee Bpems. [nasa 17 npoponxkaer Temy
obcy>KaeHNeM ponv MeTanNo0praHNuyeckux CoefAMHEHWHA B KaTannse.

HecKoJIbKO MeTaJLIO0pTaHNueCKIX COoeANHeHuil djlemenTos d-0Jioka Obliy CHH-
Te3MpOBaHbl M YacTHYHO oxapakTepu3osansl eme B XIX B. [lepsoe u3 HMX (1)—
koMmteke ostunesa ¢ mrarusoii(ll) 6ewn monyden B.K. [eize B 1827 [Tepssrit
KOMILIEKC, cofepammuii KapGoumisabie rpynmsl, — [Pt(Cl)2COJz — 6but cnaTesnpo-
san I1. HliornenGeprepom B 1868 r. CitelyiomyM BaXKHbIM OTKPbITHEM ObLI0 110J1y-
YeHMe 1epBOro KapGoHMIIa MeTallta — TeTpakapboBmila HuKeNs (2), KOTOpblit OblI
cunTesnposan JI. Monnom, K. Jlanrepom u @. Ksuske B 1890 r. Hauunaa ¢ 1930-
x rT. B. Xubep B MronxeHe CEETE3MPOBaJ WIHPOKHUI paj KapOOHMJIBHBIX KJlacTep-
HEIX COeJMHEeHH{ MeTaJllOB, MHOTHE M3 KOTOPBIX ABJAITCA aHMOHAMM, BKJIOYAdA
[Feq(CO)13)%~ (3). U3 sToit paboTul cTamo ACHO, YTO XUMMA KapOOHHJIOB MeTal-
JIOB 4pe3BbIvaiino pasHoobpasna. OnHAKO, NOCKOJBKY CTPYKTYDPbl 3TUX U JAPYTHX
METaJJIOOPraHuiecKuX coeuHeHnH ajieMeHTOB d~ u f-OJIOKOB TPYAHO WM JlamKe
HEBO3MOXKHO YCTAHOBUTH YMCTO XMMWYIECKUMM METOJAMH, OCHOBHBIE NOCTUKEHWA
CBA3aHBI ¢ PA3BATHEM PEHTIEHOCTPYKTYPHOIO aHaJu3a JJig TOYHOrO OlpelesIeHust
cTpoeHus Teepabix obpasnos 1 UK n AMP cnekrpockonuu Ajia cTPYKTYpPHOH MH-
dopmammn o pacrsopax. OTKpPLITHE YAMBATENBLHO YCTOHUHMBOIO META/JI00praBne-
ckoro coenusenna deppouena Fe(CsHs)2 npousomio B To Bpema (1951 r.), koraa
STH MeTonbl HpuUM BHOJHe mocTynHbl. «ComjBHueBad» CTPYKTYypa (eppouena (4)
6bl1a Bekope onpeaenena us gaHunX MK cnekrpos, a 3aveM yTodHeHa B JeTANAX
[0 pe3yJibTaTaM PEHTTEeHOCTPYKTYPHOrO aHaIu3a.
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YerofiMuBOCTD, CTPYKTYPa U CBA3L B (DeppOrEHe He MONIABANNCE KIACCHIECKOH
uHTepnperanyu JIponca M M03TOMY NPUBAEKIM BHAMaBWe XUMUKOB, Tpynaas npo-
6yeMa, B CBOIO O4epefib, DOPOAMTIA NENbl PAJ CHHTETHYECKHX, aHAJMTHYECKUX U
TEOPeTHIECKNX MCCJICAOBAHUM, YTO NPHBEJIo K GbICTPOMY PasBUTHMIO XMMHU MeTaJ-
JIOOPraHN4ecKUX CoeqUHEHH! 37eMeHTOB d-6s10Ka. /IBa BhlIaomuxca mMccile10Ba-
Tend, paborasilie Ha cTagui GOPMHUPOBABMA 3To# npobiemsl, — dpHcT Puimep B
Mrosxese u Jxxedpu Yunkurcon B Jloagone — Gbin B 1973 1. ynocroens Hobenes-
cxoit mpemmi?) . AHATOTHYHBIM 06PA3OM METaIUIOOPIaBAYecKas XUMHA JIEMEHTOB
f-6noka crana OypHO pa3BMBATLCA TOC/E TOTO, Kak B KoHue 1970-x rr. 6bL10 OT-
KPBITO, YTO JIMranj rneHTamerwanukaonentaanennn Cs;Mes obpasyer ycroitunsnle
coeanHeHns ¢ aseMenrtamu f-Gioka (5).

B oroft riase, Kak u B [ 15, B KadecTBe MeTAJIOOPraHUIECKUX COCAMHEHUH
PACCMATPUBAIOTCA Te, KOTOPBIE COJEPIKAT XOTA Obl ONHY CBA3b METAJLI—YIIEPOL
(M—~C). Torna coeannenns (1)—(5), 04eBUAHO, OTHOCATCA K METAJIJI00PTaHUIECKIM,
B To BpeMa Kak kommiexc [Co(en)s]®t, koTopwift comepKuT yritepos, HO He HMe-
eT cBazeil M—C, TakoBblM He ABasercd. [{yaHMaHBIE KOMIUIEKCH METAJJIOB THIA
rexcannaodeppar(Il)-nona raxxe umeror ceasu M—C, Ho, HOCKOIBKY WX CBOACTBA
DoJblIIe TOXOXKK Ha CBOUCTBA OOBIYHBIX BEPHEPOBCKHUX KOMIIJIEKCOB, OHU OOBIMHO He
pPAcCMATPHBAIOTC KaK MeTANIOOPraHn<deckre. HanpoTus, KOMIUJIEKCHI ¢ U303JIeK-
TposHeIMn Jiurasgamu CO cunraroTest Metajuloopragudecknmu. Takoe Tpou3BOJIb-
HOe pa3jiesleHne 0DOCHOBAHO TeM, UTO OOJBIINHCTBO KapOOHWIOB METAJUIOB CyIle-
CTBEHHO OTJINYAI0TCA 10 (DU3MYECKUM M XUMHMUYECKNM CBONUCTBAM OT BEPHEPOBCKHUX
KOMILJIEKCOB.

B COOTBETCTBUN C PEeKOMEH1yEeMBbIMHT npaBuJlaMu, HNCIIOJIL3YeTC s Ta JKe HOMEH-
KJIaTypa, 4TO U 11 BEPHEPOBCKUX KoMmILiekcos (pasn. 7.2). Haspanne xomruiek-
€a 3aIMCLIBAETCA B OJIHO CJIOBO: CHAYANA MEPEUNCIAIOTCA J1aragbl-aHOHbI, 3aTeM
HelTpaJibHblE JIMFAH/bI, [IOTOM KATHOHBI, B KOHIE yKa3bIBaeTCA Ha3BaHWEe METaJl-
Jla U CTelleHb er0 OKMCJIeHMs B Kpyrinix ckobkax. Homenkiarypa, ucnosibsyeMas
B Hay4HBIX XKypHaJlaX, He BCerja CTPOro CJeAyeT STUM [paBliiaM, JacToO BCTpe-
JaeTcA Ha3BaHWe MeTallla B Cepe/iHe Ha3BaHMs COCOMHEHMH, CTelleHb OKHCICHHA
Hepenko onymena. Hanpumep, (6) unorna HasbiBaioT HGersonmoimbaeHTpuKapbo-

D IMogpoGuocrn cM. B |Wilkinson G., J. Organometal. Chem., 100, 273 (1975)].
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BUJI, a He IPAaBAJILHBIM HasBaHueM 6eHzou(TpukapGomun)monndaen(0). Hazpanns
HeWTPaTLHLIX JTUFaHI0B-PaAUKAJIOB NMeIoT cydduke -1 — MeTHsl, IMKJIOTeHTa, -
eHIJI, aJLInJl.
@opMyJILI 3ATUCLIBAIOT TaK Ke, KaK U JUIA BEPHEPOBCKMX KOMILIEKCOB: CHa-
yajla MeTasll, a 3aTeM JMTAHIbl, NepeducaseMble B CleIyOmeM OPALKe —
KaTHOHBI, HelTpaJbHble, aHuOoHbBL. TeKeT NaBHON KHUIM B OCHOBHOM CleAyeT 3TUM
PEKOMEHIAIMHAM, 38 HCKJIIOY9eHNeM TeX CJIydaeB, KOTJa ApYrod MOpPANOK JHraHIO0B
TIO3BOJISIET MPOACHATHL KOHKPETHBIH BOMIPOC.

Hanbuefimue ocobeHHEOCTH 0003HAYEHNs] CBA3AHBI C TEM, YTO OpraHuvecKue Jiu-
rasan o61aa10T 0cOOLIM CBOMCTBOM: OAMH JIMTAHJ MOXKET ObITbh IpPHCOE/MHEH K
[EHTPAJLHOMY ATOMY Hepe3 HECKOJBLKO CBOMX aTOMOB OJHOBDEMEHHO (Harnpumep,
depponen). Kak 6p10 ykazano B pasa. 15.1, 4dcio aToMOB JHrapda, ¢ KOTOPHIMU
obpasyer cBaA3b aToM MeTalsla, obosHadaeTca rpedeckoit Oyksoit 7 ¢ YMCIEHHBIM
nHaexcom. O603HaMeHHe He 3aBICHT OT HCMOJb3yeMol Mozean cssasu. Hampumep,
CHj;-rpymnma, npucoeaunenHasa onuHapHo# ceassio M—C, AmigeTca MOHOIaIlTO-
aurangoM n'. DTHIeH cTAHOBATCA AMFANTO-TArAHAOM 72, ecau oba aToMa yrie-
POJia, HAXOAATCSA Ha PACCTOSBAM B MpeJesax JJIHHbL cBA3u ¢ MeTtatoM (1). JIurann
CsHs ¢ atomom kesesa B deppouete (4) ofpasyer nenraranro-ceass 7°. CsHs,
KOTOpHI 9acTo obo3nadaoT cumboioM Cp, MoxkeT Takxke ObITb Monoranto- (7) u
Tpuranto-imrasioM (8).
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B xuMuu MeTalsIo0praHuYecKuX coeJuHeHul, Kak ¥ B G0JIBLIMMHCTBE APYrux obia-
cTell XMMMH, KOHIIEIIUM 3aMKHYTHIX 3JIEKTPOHHBIX 000/104eK U (B MeHbllel crere-
HPI) cTerneHel! OKMCJIEHUS ITIOMOTaIOT IIOHATH CTPOEHHE U PEAKIMOBHYIO ClIOCOOHOCTL
coeaNHEeHun.

16.1. MopcyeT YMcNa BaNneHTHbIX 3N1EKTPOHOB

B 1920-x rr. aursmfickuit xumuk H. B. CHAKBUK yCTaHOBHJ, YTO aTOM MeTasla
B nipocTefimenm kapbonuie merasmia tana Ni(CO)y uMeeT CTONBKO e BaJeHTHBIX
asekTpoHoB (18), ckoJIbKO M GJAropoAHbIil a3, 3aBeplIAONUil JJIMHHBIA TEpUo,
B KOTOPOM HaXouTca AaHHLI MeTail. CUIXKBUAK MNpeioKul TePMUAH <«IPaBHIO
HWHEPTHOTO rasa» g 3Toro 0003HaAYEHUsT YCTOWYMBOCTH, HO ceifuac ero o0bIYHO Ha-
3pIBAIOT OpaBusioM 18 anexkTposHoB. CieayeT oTMETUTH, YTO npasBuio 18 anek-
TPOHOB HE BBUIOJIHAETCA TaK CTPOro JJIA MEeTasJIOOPraHu4YecKuX CoeIuHeHui aJle-
MeHTOB d-6JI0Ka, KAK NPABUJIO OKTETA 17151 COeqUHEHU 3]1eMeHTOB BTOPOTO [IEPHOA.
OaHaKo MCKIIOUEHHA W3 9TOCO MPaBhjia 0OLIYHO MOTYT GHITL 00bACHEHBI.

[Tpu nojicuere 3IEKTPOHOB BCE ATOMBI METAJJIA ¥ JIATAHJIBI CIUTAIOTCH HeHTpaib-
HbIMU. ECIN KOMIUIEKC 3apssKeH, pocTo A00aBASIOT A BEIYUTAIOT COOTBETCTBY-
I0MIee YHCJI0 3JIEKTPOHOB U3 00LIEro 4ucia. Y YUTHIBAIOT BCE BAJICHTHBIE SJICKTPOHDI
aToMa MeTalla U Bee SJeKTPOHbI, nocrasisgeMsle auragaamu. Hanpumep, Fe(CO)s
npuobperaer 18 371eKTPOHOB: BOCEMb JJIEKTPOHOB OT aTroMa »kesesa u 10 anekTpo-
HOB 3a cueT natu aurapgos CO. B rabu. 16.1 npuseieHo MaKCUMATLHOE KOJIMYECTBO
3JIEKTPOHOB, KOTOPLIE MOTYT OBITH OTJAHbLI ATOMY MeTaslila HEKOTOPLIMH Hanbosee
PACTIPOCTPAHEHHLIMU JIUTAHAAMH.

”’ [IpaBuJio 18 3seKTpOHOB TpU3HAET 0COOYI0 YCTONYMBOCTH 3JEKTPOHHON KOHMbH-
ryparu, cOOTBeTCTBYIOmeH Koupurypaunun 6J1aropoJHOro rasa, KOTODBIH 3a-
BepllaeT ANMHHBIA TepHOJ, [/Ie PACIIONOKEH MeTaLL.

a) IIpasmito 18 anekTponoB u HopMyiIbl KapGOHHIOB MeTAIIIOB

[Ipasusio 18 31eKTPOHOB TO3BOAAET CHCTEMATH3NPOBAThL hOpMYJIBl KapOOHIIIOB Me-
tasanos. Kak mokasano B tabu. 16.2, y xapb6oHNIOB 31emeHTOB 4-r0 nepuoda ¢ 6-i
no 10-10 rpynmner YepeAyioTcs OOMH WM IBa ATOMa MeTajlla U yMeHbIIaeTca Ihc-
ao smraunoB CO. Busmepuble KapGoHuasl 06pa3yior ajeMeHThl He9eTHBIX TPy,
KOTOpbIE UMEIOT HedeTHOE YHCJIO BAJeHTHBIX 3JEKTPOHOB H, TaKUM 00pasoM, JHIMe-
pusyiorca, o6pasya casu meTaia—Metaan (M—M). YMenblenne dnciia JIMraHI0B
CO cnepa Hampaso BJOJb DepHoga TpebyeTcs A5 COXpaHeHUA 18 BajleHTHBIX 3JI€K-
TPOHOB.

Te e NpUHLKTIBI TPUMEHAIOT, KOTAa APYTHie MArKe JUraHapl 3aHIMaloT MECTO
B KOOPMHAIMOBHOH ccepe. 1Ba npumepa: Gensou(rpuxapbornn)mombaen(0) (6)
u Guc(rmkaonenTaaueni )(Terpakapbonni) amxeneso(0) (9) — oba noxAIMHAIOTCA
npasuily 18 31eKTpoHOB. DTO MPABUJIO MOXKeT OBITH pacIMpeHO MJis NPOCTBIX 110~
JIAAEPHLIX KapOOHUIOB, eCJIi [PH [OJCUeTe BaJICHTHBIX 3JEKTPOHOB Ha 3aJaHHOM
aTOMe MeTaJla B KJacTepe J00ABIATL OAMH 3JeKTPOH Ha KaxkIyio ceazs M—M or
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Tabnuua 16.1. HekoTopbie oprannyecKuc TUTaHbl
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Tabnuua 16.2. QopMynbl U MOACYCT BAJEHTHBIX 3JIEKTPOHOB YIS HEKOTOPBIX

Kap6oHusos 4-ro mepuona

Ipynna Dopmyaa Basenmuwme anexmporoi Cmpyrmypa
6 Cr(CO)e Cr 6 ¢ o
6(CO) 12 ¥
—_— oC—Cr—CO
18 [
Oc 8
7 Mn2(CO)1o Mn 7
5(CO) 10 g€ 08 o
M—M 1 1S 1°
E OC—/|\|r1n—(l\|r1n—CO
OC [ Oc Cc
0 o]
8 Fe(CO)s Fe 8 o CT’
5(CO) 10 ‘<
18 c/f|:e co
(e}
[
[0
[0}
9 COQ(CO)g Co 9 OC Cc CO
N y.cO
4(C0) 8 P
T N
M-M 1 o¢” XTI Ve,
— ¢}
18
10 Ni(CO)4 Ni 10 2
4(CO) 8 y
18 oc— I\CO
C
(¢}

aToro aToMa Merasina. OQHaAKO, Kak 0yJeT noKasaHo Jajlee, IPaBuiio 18 91eKTPOHOB
He npuMeHnMO a8 Mg 1 Gosee KpynHBIX KJIACTEPOB; OHO TAK KE HE IPUMEHHMO JJIS
HEKOTODBIX KJIaCTepoB MeHbImX, deM Mg (Hampumep, ([Fes(CO)13)%7).

‘” KapGonunn snementos 4-ro nepuoda ¢ 6-it no 10-ro0 rpynnsl uMe0T NoodepesHo
OJIMH HJIM [IBA aToMa MeTallula M yMeHbllawmeecs dncio juragaos CO.

9 Fe,(CO),(CsHs),

10 7parc-[ir(COI(PPh,},CH
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6) Kommurekcst ¢ 16 3exTponamu

MeTaL100praHHyecKHe COe/IMHEHNsA ¢ 16 BaTEeHTHBIMH 9J€KTPOHAMH Hallle BCTPeTa-
OTCA Y SJEMEHTOB IpaBoli 4acTh d-6JI0Ka, B 1aCTHOCTH Yy 9JEMEHTOB Tpynn 9m 10
(Taba. 16.3). K TakuM coe/IMHEHHAM (KoTopble, KaK IPaBHIO, UMEIOT KBaJ[paTHoe
crpoente) oraocared [[r(CO)(PPhs)Cl] (10) n anmon conn Hettse [Pt(C2Hy4)Cly)
(1). KpanpaTnbie 16-91€KTPOHHEIE KOMILIEKCHI YACTO BCTPETAIOTes U5 MeTaJ'IJ'IOl} ¢
KoHpurypaunen d® cpenn Taxenbix anementos rpynn 9 u 10, ocobeHHO A Rh(I},
Ir(I), PA(IT) i Pt(IT). Kak 6bl10 cKa3aHo B pa3i. 7.5, sneprud CTaONIN3AIMHA MoJIeM
JIMCaHAOB AN dS-KOMIUIEKCOB AeJ1aeT IPeAOYTHTENbHON HISKOCMMHOBY 0 KBaPaT-
Hy10 KOH(HIYpaUHIo, KOrjia BeIHIHHa A 6onpIiag, 9T0 THOUYHO JJIS HOHOB H Z?‘,TO-
MOB d-METaJJIOB 4-r0 M 5-r0 MepuoioB. dy2_,2-Opburanb ocTaeTca cBOOOMHOH, a
d,2-opbmTanp, KoTopas JBaKIbl 3aMOJHeHa, CTAONIH3HPYEeTC.

Tabnuua 16.3. O6aacTu mpuMenuMocTH mpasuna 16/18 snek-
TPOHOB /ISl METAJIOOPraHMIeCKHX COEJHHEHHH 3JIEMEHTOB

d-6oka,
Obbino menvuie, O6vuno 16 vwau 18
wem 18 18 anexmponos INEKTNPOHOS
Se Ti V Cr Mn Fe Co Ni
Y Zr Nb Mo Tc Ru Rh Pd
La Hf Ta W Re Os Ir Pt

m Merannoopranudeckne CcOeMUHEHHA ¢ 16 BaJeHTHBIMH SJIEKTPOHAMH dYalle
BCTPEYAIOTCA y 9JI€MEHTOB npaBolt dacty d-6moka, ocobento B rpynmnax 9 u 10.

Mpumep 16.1. MMogcqer BaneHTHbIX 3NEKTPOHOB Ha atoMe MeTajlia. .
Brimosmsiercst in mpasiwto 18 snexkrponos g a) [Ir(CHz)(CO)(PPhs)Bra, 6) [Cr(n°-
CsHs)(n°-CoHe)|?

Oveser. a) ¥V aroMa Ir JeBaTh BaleHTHBIX SJA€KTPOHOB; asa atoma Gpoma u CHj-
paguKan — onHoanekTporuse aonopsl; CO n PPh; — nByxanekTponHbie JoHOPHIL Ta-
KM 06pa30oM, YHCJIO BATEHTHBIX 3JeKTPOHOB HA aToMe MeTajuia cocrasiager 9 +3-1+
2.2 =16, uro cornacyercd ¢ cylecrBoBaHueM 16- win 18-a/eKTPOHHBIX KOMILIEKCOB
Ans MeraJuos 9-it rpymmet. 6) Y atoma Cr (6-f Tpynna) miecTb BaJIGHTHBIX 3JEKTPO-
808, 7°-Cs Hs-TMrams, mogaer marb IJIEKTPOHOB, a nG-CGHs — IeCTh; TAKNM 06pa3oM,
49HCJIO BAJICHTHBIX 3JEKTPOHOB cocTapiaser 6 + 5 + 6 = 17. 3T0oT KOMMIEKC He TOf-
YHHAETCA MpaBuy 18 SJEKTPOHOB M HEYCTOWYHB. BiM3KHA yCTOH'MBBIH KOMIUIEKC —
18-anexrpornntit {Cr(n®-CeHs)z).

Bonpoc 16.1. Beposarro s cymecrsosamne Mo(CO)77?

B) Hckinouermsa m3 mpasmaa 16/18 3;1€KTPOHOB

Uckmouenns us npasmia 16/18 31eKTPOHOB BCTPEYAOTCA y 3JIEMEHTOB JIEBOMH Ha-
ctn d-6mokal). B MX KOMIUIEKCAX CTepUYECKHe H 9JIEKTPOHHBIE (DAKTOPH KOHKY-

1 Ceputo ctartefi mo 17- u  19-5JeKTPOHHBIM METANJO0PraHHMYECKHM COEAUHEHHSM CM. B
[Organometallic radical processes, ed. W. C. Trogler, Amsterdam, 1990; Tyler D. R., «19-Electron
organometallic adducts». Acc. Chem. Res., 24, 325 (1991)].
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PUDYIOT MeXAY cOO0H M HEBO3MOXHO M3-3a OTTAJKHBAHHA DA3MECTHThL JOCTa-
TOYHOE HHCJIO JIMTAHJIOB BOKPYT METaJlla sl BBIIONHEHHS IPaBAJa WIH OCYILe-
CTBUTL JMMepu3aumio. Hanpumep, npocrefimmit kap6onua B 5-it rpymme [V(CO)g] —
17-snekTponnni#t Kommuekce. Cpean APYrUX HPUMEPOB [W(CH3)g] ¢ 12 snexkTpona-
mu u [Cr(n®-Cp)(CO)2(PPhs)] ¢ 17 snexrponamu. Hocnemmee coemumenue — XOpo-
Wi npuMep PosH cTepuyeckoro dakropa. Korxa obbeMnbiit murans Tprdemm-
dbochun 3amentaerca xommakTHeIM urasgom CO, o6pasyeTcst quMepHOe coempHe-
HHE ¢ JJIMHHOMH, HO ycToliuusolt ceasbio Cr—Cr, npuuem AMMEPHI CYIIECTBYIOT U B
TBEPAOM BelllecTse, U B pacTBope. O6pasosanne csazu Cr—Cr B [Cr(n®-Cp)(CO)3],
YBEJIHYHBAET THCJIO SJIEKTPOHOB Ha KaXXJOM aToMe MeTallla o 18.

OTkioHEHHA OT mpaBMIa 16/18 27€KTPOHOB XAPAKTEPHBI IS HeATpaJbHBIX
6rc(LMKIONEHTAIMEHHIBHBIX) KOMILTEKCOB, KOTOPBIE 06pa3yIoT GOMBITHHCTBO Me-
Tanos d-6.10Ka. Ilockomeky ABa aurana 7°-npKIoneHTa MeRnaa 180T 10 BagenT-
HBIX 9IEKTPOHOB, NPABHJIO 18 9IEKTPOHOB BBIIOJIHAETCA TOJIBKO JJIA HeHTPaIbHEIX
coeluHenni MeTantos 8-i rpynnel. UmenHo Takue koMIulexkcel (Hampmmep, dep-
poueH) Hanbosiee ycTORUMBBL cpean cefe mopobHBIX. VX ycToHumMBOCT MOATBED-
KNAETCA AJINHAMH CBA3CH M OKHCIINTENbHO-BOCCTAHOBUTEILHBIMA Peakuuamu. Tak,
Hanpumep, 19-siexTporHsiit Kommiexe [Co(n®-Cp)s] nerxo oxucnsercs, obpasys
18-anexrponnniit karnon [Co(n3-Cp)a)*.

‘H Wcknrovenns us npasmia 16/18 a1eKTpoHOB XapaKkTEePHBI AJI 3JEMEHTOB JIEBOMH
yacTi d-6J0Ka.

16.2. CreneHb okucnenus u hopmanbHbii 3apsa AMraHaos

CreneHb OKHCJIEHNA HTPaeT MEHee 3aMETHYIO POJb B METAJJIO0PraHNYECKON XHMHAH
MeTaNN0B d-6J10Ka MO CPABHEHHIO C APYTHMH OBJACTAMH HEOPraHMIECKONH XMMHH.
Onnako cTemeHM OKHCIEHHs TIOMOTAIOT CHCTEMATH3MPOBATH TAKHE PEAKIMH, KAaK
OKHC/INTeJIbHOE NpHcoemHenne (pa3yn. 8.3). OHu TakKe NO3BOJIAIOT yCTAHABIMBATD
AHAJIOTHH MEXIY XHMHYECKUMH CBOMCTBAMH METALIOOPIAHHYeCKUX KOMILIEKCOB H
BepHEPOBCKHUMH KoMruiekcamu. Hampuwmep, must U(IV), Fe(IT) u Fe(Ill) masecTHst
o6a Thna Kommiexcos. [IpuHINNATIbEHAA DASHANA MeXKIY MeTaLI00PraHnYecKHMH
COENMHEHNSMHA H BEPDHEPOBCKHMH KOMIJIEKCAMH C >KECTKHMH JIMTAHIAMH COCTOHT
B TOM, 4TO MATKUE OPraHHYecKHe JHTaHALl CIHOCOOCTBYIOT CTAGHMIM3ANMH HU3MIHX
CTelleHe! OKUCIIEHNA. B MeTassioopraHn4ecKnX KOMITIEKCaX, KaK M B TAJJOTeHHIAX
HIIH OKCHAAX, CocOBHOCTD MeTAJIa JOCTHIATh BLICIIEH CTelleHH OKHCIeHHS YMeHb-
liaeTcd [Ipu nepexoae oT 6-#f rpynnbl B OpaBylo 4acThb d-6J0Ka.

lIpasuna noacyera creneHn OKHCJIEHHS 3JIEMEHTA B METALIOOPIaHHIECKHX KOM-
IJIEKCAX Te Ke caMble, 9TO WU JUIs oOBIYHBIX coexmpenuit. Ilpn sTOM cunTaoT, 9TO
muradapt tana -H, -CHj u -CsHs npuarMaioT 3,1€KTpoH OT aToMa, MeTaJlIa H, CIEH0-
BaTeJIbHO, HMEIOT cTeneHb okuceHna — 1. Jluranay CO dhopMaibHO TPUOACHBAIOT
CTelleHb OKHCNeHHdA (), Kak # 3aMellneHHLIM (hochHHOBLIM JHraHaaM tnna PMes.
Tak, depponen MoKHO paccMAaTPHBATH KAK COENHEHHE Fe(Il), a deppouennit-
non [Fe(n®-Cp)a]? — xax coemunenne Fe(I11). CrexoBarensto, GopMallbHOe HA3Ba~
HHe cbeppoueHa—6nc(775-unleoneHTa¢:meHHﬂ))Keﬂeao(II). CreneHb OKHMCIEHHS Me-
TaJIa 9ACTO OMYCKAIOT, €CIH MPH 9TOM He BO3HHKaeT HeompejeleHHocTb. Korna
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IOCKHMIl JIMCAHA N5 -IMKJI00KTATeTPaeH IPHHAMAET IBa 3JeKTPOHA, OH CTAHOBHTCA
(hOpMATTHHO) APOMATHYECKHN JBAYKBI 3aPAKEHHEIM aHHOHOM [CsHg]?~. C aBy-
st TAKWME JTHragzaMu-annonamy s ypanonete [U(n8-CgHg)e] atomy ypana moxno
TIPUNIHCATD CTENeHb OKUCIEHUS +4, 1 dhopMaIbHOE Ha3BalHE ypamorena — 6uc(n®-
KooK TaTeTpacHu)ypan(IV).

[Tomumo ypanoneHa, cogepxkartero U(IV), BbicoKast cTeneHb OKACIEHHA MeTall-
na Berpedaercss B Heycrottumeom xommtexce W(VI) [W(CHs)g] m B xommiexce

Re(VII) [Re(0)3(n>-Cp)] (11).

Mpumep 16.2. Onpeaenenue cTenenn OKNCAEHNA.
Onpe/ie/TuTe CTENEHH OKHCIEHUA UPHINS M XJI0pa B [Ir(CO)(PPh;3)2Cl].

Oteer. Jluranasr CO u PPhs — Heitrpasibable ABYX3M€KTPOHHBIE JIOHOPBI 1 HE BIHAIOT
HA CTeleHb OKHUCTEHUST MpHays. ATOM XJIOpa — OTHO3JIEKTPOHHBIN JIMras, 1 B KoMbnu-
HAIMH ¢ METAJLIOM eMY MPUCBAMBAIOT CTENeHb oKuciaenna —1. [MockonpKy KoMIexe
B 1[EJIOM JICKTPOHEHRTpasieH (T. €. CyMMa BCEX CTENeHel OKHCIEHHs PaBHa HYJIo), CTe-
NeHb OKUCJIEHWA MpH U paBHa +1.

Bonpoc 16.2. Onpezenyre cTenenb OKUCIEHHs Kobaabra B [Co(n°-CsHs)(CO)2).

Kaxk 651710 0OTMe4eHo B pa3ji. 16.1, noacyeT BaJeHTHBIX 3JIEKTPOHOB Ha aTOME Me-
Taa B METAJIOOPraHHYEeCKUX COEIMHEHMAX MOXKHO BBRITIOJIHATE 6e3 onpele/leHust
creneHy oxmuciaenusa. Takum obpasoM, pa3yMHO HCHOPHPOBATh CTENEHE OKUCJIEHHA
[pH ONIPEENICHAN YACJIa BAJI€HTHBIX 31€KTPOHOB METANIa B METAJIOOPTaHNIECKOM
COEIMHEHNH, HEOOXOAUMO YHHUTBIBATH TOJBKO YHCJIO 3JEKTPOHOB HERTPAIBHOIO aTo-
Ma MeTaJL1a, 3JEeKTPOHOB, 0AABAEMbIX HENTPAJIbHBIMH JHTAHIAMH, H 0OIIHA 3apsas
COEIMHEHNUS.

”I B MeTamioopraHH4ecKnX COEIMHEHAAX CHOCOOHOCTL MeTa/la NPOSIBJSTE BhIC-
M€ CTEeleHN OKHCJIEHNS yMEHbINaeTcd [PH mepexode oT 6-H rpynnsl B NPaBylo
CcTOpoHY d-0JI0Ka.

KAPBOHUNbHLIE KOMMNNEKCbL! METANNOB d-BJTOKA

T'omonuranibie KapGOHUIBI — 3T0 KapOOHHIBLHBIE KOMILIEKCH, B KOTOPBIX IIPH-
CYTCTBYET TOJBKO OAWH BHJ JIATAHJIOB. IIpocTeiilnme roMoJIMTaHAHbIE KapOOHMJIBI
METAJIJIOB MOTYT OBIThH TOJYYeHbl A5t GONBIIMHCTRA d-METAJJIOB, HO AJIA NaJIaJus
M IUVIATHHBL OHM HACTOJBKO HEYCTOWYMBBI, UTO CYIIECTBYIOT TOJBKO IPH HH3KOH
Temiiepatype. [IpocTole HeHTpanbHble KapOOHMIbI HEM3BECTHDL I MeIH, cepebpa,
30710Ta ¥ aeMeHToB 3-it rpymmetl) . Kap6oHuibl MeTaos — ynobHble HCXOAHbIE pe-
areHThl JJId CHHTE3a APYTHX METAJIOOPraHM1eCKUX COSAMHEHHMH, HX HCIOJIb3YIOT B
OPTraHUYEeCKOM CHHTE3€ H NPOMBIULIEHHOM KATaJIH3e.

1) Kap6onunbubiit katnon cepebpa [OCAgCO|* onucan B [Hurlburt P. K., Rack J. J., Dec S. F.,
Anderson O. P., Strauss S. H., Inorg. Chem., 32, 373 (1993)].
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11 Rely’-CgHy)04
Puc. 16.1. /TnarpaMmMa 3HEPreTHUYECKHX YDPOBHEMH

MoneKyaapHuix opbutaneit ana CO. [pu o6pazo-

BaHHH KOMILIEKCOB ¢ METAJIAMHK HAubosee BaXKHbLI

3anoJIHEHHbIE J0- U BAKAHTHHIE 27m-0pOUTAIIH,

16.3. Okcup yrnepopa xak nuraHp,

Oxcny yrepoia — Hanbosiee paCIpOCTPaHEHHBIH T-aKIENTOPHBIN JIMTaHA B MeTal-
Jloopranmdeckot xumun. K aToMy MeTa/lia OH NPHCOEMHAETCS [JIABHBIM 00pa3oM
Yyepe3 aToM YIUIEPOAA.

a) Monexynsapasie op6rram CO

CxeMa MoJlekyasapHbIX opbuTaneit 1y CO (puc. 16.1) nokaspiBaeT, aro BBMO nme-
€T 0-CHMMETPHIO H €€ OCHOBHOE «00JIaKo» HANPABJIEHO OT YriepojiHoro aromMa. Camu
opburamm Obut n3obpakennl Ha puc. 3.23. Koraa CO zeficTByeT Kax JMraHi, 3Ta
O-OpOHUTANE CIIYKAT OYeHb CJI1abbIM ZOHOPOM II0 OTHOMEHHIO K ATOMY MeTaJLia i 06-
pasyer ¢ uaM o-cBa3b (12). HCMO gna CO npescrasasior coboit m*-opburann. ITH
JBe OPOHMTANIM MIPAOT PElAOIYI0 PoJib, IOTOMY YTO OHH MOTYT MEPEKPBIBATHCA
¢ d-opbUTANAMH MeTaslIa, KOTOphle HMEIOT JIOKAJbHYIO T-CHMMETDHIO (HAIpHMep,
tog~opbuTasm B koMmtekce ¢ cammerpuedt Oy (13)). [lepekpriBanne 0o 7-THILY NpH-
BOJUT K JEJIOKAJH3AINA 3JICKTPOHOB OT 3ace/eHHbiX d-opbuTaneit aroMa MeETaLIa
Ha cBoboAHBIE T*-opbuTanan juragaos CO, Takmm obpaszoM, juranz nelcTeyer W
KaK T-aKLEeNnTop.

3akonoMepuocTH B auHax cpAsd CO M YacToTax BAaJEHTHBIX KosebaHHit, mo-
say4aembie u3 MK cneKTpoB, B OCHOBHOM COrJIACYIOTCS ¢ ONHCAHHOM MOAEJbIO CBA-
3u. Tax, cunbHble 0-TOHOPHDBIE JHIAHAbI, TPUCOCINHEHHbIE K KAPOOHUITY METaJjlIa,
1 GOpMaJIbHBIA OTPUIATENBHBIN 3apajl Ha aHMOHE KapOOHH/a MeTasla NPHBOIAT
K He6OJIbIIOMY YBEJHYEHHIO JJIUHBI CBA3H H CYUIECTBEHHOMY YMEHBIIEHHIO JacTO-
THL BasleHTHBIX KoJiebannit CO (ta6u. 16.4). Do noBeneHHe COOTBETCTBYET MOLEIIH
CBfI3H, TAK KAK yBEJHTEHME JICKTPOHHON IMUIOTHOCTH Ha aTOME MeTalna JejloKa-

11. Heopran. xumua. Tom 2
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Puc. 16.2. TTpubiauanrenbuble
00/1aCTH  BOJIHOBBIX — 9HCEJ
BaJleHTHBIX  kojaebamuii  CO
B HeHTpaJdbHbIX KapboHWIax

KoHueabie CQO

Moctukose CO Merasuios.  OTMeTuM,  9TO

2 BBLICOKHE  BOJIHOBbIE  {HCNA

Mocturosbie _CO (M, COOTBETCTBEHHO, BBICOKHE

£ 9acTOTHI) HAXOHNATCA  CJIEBA

| | . | . . B COOTBETCTBMM C OBBIMHBIM

2100 2000 1900 1800 1700 1600  cmocobom perucrpamn MK
v om” CIIEKTPOB.

smzyerca Ha jurannasl CO myTeMm 3acenenns 7m*-opbutaneit kapbormiaa (13), gro
ocnabnsier ceaszp CO.

0
C
" "
co ;M;

14 15

Tabnuua 16.4. Biuanue X0OpAMHAINK U 32pIa HA YACTOTY Ba-
JeHTHBIX KoneGanuit CO™

Coedunenue v, em”!
Co(r.) 2143
(Mn(CO)q}* 2090
Cr(CO)s 2000
[V(CO)s]™ 1860
[Ti(CO)s}*~ 1750

*) Nakamoto K., Infrared and Raman spectra of inorganic and
coordination compounds. Wiley, New York, 1997; nannse gia
[Ti(CO)6]*~ ua [Frerichs S. R., Stein B. K., Ellis J. E., J. Amer.
Chem. Soc., 109, 5558 (1987)].
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Oxkcnz yraepoia — YHUBepCAJbHBIH JIATAHJ, IOTOMY YTO OH MOXKET 06Pa30BHI-
BATh MOCTHKH Mex1y aAByMda (14) miau tpemsa (15) aromamu Metamna. XoTsa onm-
CaHMe CBA3H IPH 3TOM YCIOXKHAETCHA, KOHIENIMS O-JOHODHBIX M T-AKUETTOPHBIX
JUTaHAOB OcTaeTcA NoJesHoi. Yacrorsl BajseHTHHIX kKonebaumit CO Mensiorcs B
nopaake MCO > M,CO > M3CO (puc. 16.2), KoTopblit IpeAnoaraeT yBelndeHne
3acesleHHOCTH T -0opbuTaneil B Mosekyie CO Mo Mepe yBelIUYEHUS UHCIa aTOMOB
MeTaLIa.

m B mosexyne CO g-opbHuTais clIyHUT 0YeHb clabbiM AOHOPOM, B TO BPEMs Kak
T*-0pOUTANH ASHCTBYIOT KAK aKIENTOP.I.

6) JIpyrue 7r-aknenTopHLIE JIHTAHIBI

B METAJIJIOOPraHHIE€CKNX KOMILJIEKCaX BCTPEYaeTCA MHOTO APYTHX T-aKNENTOPHBIX
JINTAHAOB, IIPHYEM HE€ BCE€ OHH COAEDXKAT YTIJIEDOA. Hambosnee Barkus T€, 9TO HU30-
JIEKTPOHHBI C CO, HUX MOXHO PAacCHoOJIOXKATh B COOTBETCTBHHM C BO3pacTaHHEM
W-aKI.leHTOpHOfI CHJIBL:

C=N"<N=N<C=NR<C=0<«<C=S8S<N=0t

HacToTel BaJIEHTHBIX KapOOHMIBHBIX KOJEOAHHH 9ACTO WUCMOAB3YIOT A OLEH-
KH T~aKIENTOPHON CNoCcOBGHOCTH APYTHX JIMTAHOB, IPUCY TCTBYIOIINX B KOMILIEKCE.
Taxolt moaxon 060cHOBaH, MOCKONBKY dYacToThl Kosebanuit CO yMenbmaioTes, Ko-
raa CO BricTymaer Kax m-akuentop. OJHaKo, Korja ApyrHe T-akHenTopsl B TOM
K€ KOMILJIEKCe COPEBHYIOTCA 3a d-31€KTPOHBI METANIIA, OHU CJIYXKAT NPUYHMHON yBe-
Jgmienns vacrorsl xonebanmit CO (puc. 16.3). DTo noBejcHHe NPOTHBOIOJIONKHO
TOMY, KOTOPO€e Habaoaaercst ¢ JOHODHBIMH JINTAHIAAMH, BbI3bIBAIOIIMMHA yMEHbIIEe-
Hue acToThl Kostebannii CO, Tak Kak OHM NOAAIOT 3JeKTPOHHYIO ILJIOTHOCTh ATOMY
MeTaJlJIa U, CJeI0BaTeIbHO, KOCBeHHO Ha 7*-opbutamm CO.

a Cnabee CunbHee 6 CunbHee Cnabee

Pwuc. 16.3. Bnusnne w-ceaseiBanug Meranan—auragj Ha cssau CO B xapboHMnax MeTas-
10B. a— B cnyuae HEBBICOKO#H 3/IeKTPOHHOM MIOTHOCTH HA ATOME METallIa ero d-opbuTann
PacHoJIOAKEHBI HHXKE MO IHEPIUU U3-33 MOMOXKUTENBHOIO 3apsad Ha aToOME MEeTasna HIH
KOHKYPEHLMH C M-CBA3bIBAIOIUMHU jurangamu. [Ipu otoM anusa cssan B CO yMmeHblIa-
€TCs, a 4acTOTa BAJEHTHBIX Kosiebanuil ysenuunBaercsa. 6— [lopblmennas 371eKTPOHHAA
WIOTHOCTb HA ATOME METAJL/Ia BO3SHUKAET MPH CHIBHBIX O-JOHOPHBIX JINTAHJAX WIH OTPH-
ATeIbHOM 3apane Komiekca. Torga w*-opburanu CO cragoBaTcs GoJiee 3aceneHHBIMY, a
cea3p CO — cnabee. B pesyasrate pnna cesan CO ypesnguBaeTcs, a acToTa KosiebaHui
YMeHBIUIAeTCA.

11+
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Jluras g1, HaxoaAmpecs Ha KoHIAX m-axkuentopHoro paia, CN~ u NOT, cyme-
cTBenHo orymdalorca or CO u He Beeraa caly»aT Xopollumu ananoramu. Hamnpumep,
sragg CN™ — xopolunit ¢-10HOp U C1abbIil T~aKNENTOop H, CJIeN0BaTENbHO, 06pa3y-
€T MHOT'0 KJJACCHYECKAX BEPHEPOBCKHUX KOMILIEKCOB ¢ aTOMAMH METAJIOB B BBICIINX
crenensax oxucienns. C apyro#t croponst, NOV cHIBHO OTTATHBAET /EKTPOHHYIO
m1oTHocTh. On obpasyer nmHeitHble cBazu M—NO B KoMIulekcax, B KOTODBIX OH
npucytcrsyer kak NO (16), Ho xorga NO npuo6peTaeT ZOIOTHATENBHBIN dJIeK-
TpoH # o6pasyer NO™, ceaap M—NO cranosutrcs yronkosoit (17). Hanpumep, B
[Ir(CO)(PPh3)2CI(NO))q]t yrom IrNO cocrasasier 124°. JIpyrue Juranasl B 9TOM
paay (or Ng mo CS), kak npasuio, NPHCYTCTBYIOT B KOMILIEKCAX ¢ MeTaJlJIaMH,
HUMEIOIIMHA HU3KHE CTEleHH OKMCJIEHUS, U HX COEJMHEHHS BECbMa MOXOKH APYT Ha
Apyra.

Jlpyras nosnesHas ToUKa 3peHNAS — PACCMATPUBATE JAHEHHO KOODIMHAPOBAHHBIN
NO xax HefiTpanbHbit TpexaneKTpouHbId aurana. Tak, asa auragga NO MoryT 3a-
MeHNTb TpH juragaa CO, coxpaHss To ke caMoe 18-31eKTPOHHOE COCTOAHNE MeTal-
na. Harmpumep, Terpasapudeckoe EnTposnibhoe coeaunenne [Cr(NO)y| nmeet To e
YHCIIO 3JIEKTPOHOB, YTO M OKTasjapudeckoe kapbonmnbroe coemunenue [Cr(CO)gl.

Eme n1pa BaxHBIX T-aknenTopHbX jguranga — SO; n PFy. Ileppbiit MoXeT BbI-
CTYNIaTh KaK BecbMa CHJIBHBIH T-aknenTopHbl jurapa. [Togo6uo NO, oH MoXeT
TPHCOECAMHATHCA PAa3HBIMH CIICCOBAMH B 3aBUCHMOCTH OT YHCJIA YIaCTBYIOINIMX dJIeK-
TpoHoB. Hanbonee wactoiit caryyail — naocknit bparment M—S0O,, B KOTOpoM CBA3b
OCYIIECTBIAETCA 33 C4YeT JOHOPHO-AKUENTOPHOTO O-B3aNMOJAEHCTBHA C ydacTHEM
3N€KTPOHHON HAPHI ATOMa CePHI B COYETAHHH C T-IATHBHLIM B3aHMOJIEHCTBAEM Me-
Taqan — ymrany (18). dpyroii kpaliHui ciiyyaii, xoraa miockoers SO, HaKJIOHEHA
o oTHoMEHAIO K cBsizn M—S (19). Takot tnn ceasm obbscHseTca noxadelt siek-
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TPOHHOMN Taphl OT aToMa MeTaJla ¢ obpa3oBaHHeM o-cBA3H. B aToM ciydae SO,
BBICTYTIACT BO B3aNMOIEHCTBAN C METAJLIOM KakK Khciaota Jlbioncal),

Kak cnenyer m3 CHeKTPOCKONMYECKHUX JAHHBIX, T-aKLENTOPHbIe cBoMcTBa PF4
CONIOCTABMMBI ¢ aKlenTopHbIMH cBoiicTBamu CO. 1o cxoacTBo cHagana obbsicHIm
TeM, 4To BaKaHTHbIE 3d-opburtamm docdopa HeHcTBYIOT KaK aKUENTOPbI 3JEKTPo-
HoB. OHAKoO pacdeThl MOJIEKYJIAPHBIX opburanelt mia PF3 nokaseBator, 4To ax-
LeNTOPHLIE OPOHTANM ABJAIOTCA MPEUMYIIECTBEHHO PA3PBIXJIAIOIINAME 0pOHTAAMH
P—F, obpazosanasivu 3p-opbutanamu docdopa (20), u 4to 3d-opburann urpaior
HE3HAYMTEIbHYIO PoJh. U sKcliepuMEHTANbHbBIE JAHHBIE IS KOMIUIEKCOB, ¥ PACYETH
noKasuIBaloT, aro auraf el P(OR); HeckombKo 6oslee citabple T-aKnenTophl IO cpaB-
menno ¢ PF3. Koraa npucoeauHeHHbIE IPYIIBI MEHee 3J€KTPOOTPHIIATENIBHBI, KaK B
PH; u anknndocdunax, atoM docdopa craHoBHTCA HoJiee ci1abbM T-aKLIENTOPOM,
HO 60JIee CHIBHBIM 0-J0HOPOM?).

H| YacToTa BasteHTHbIX KoJebanmit CO yMmeHbImaeTcs, KOTJia OH BBICTYHAET Kak
T-aKIenTop, Ho 6o/ee CHIBHBIE T-aKUENTOPHI, IPHCY TCTBYIONINAE B TOM 2Ke KOM-~
mIeKce, yBeananBaioT gactoty koiebamnna CO. JloHopHbIe TUraH bl OTBETCTBEH-
HBI 33 yMeHBIIIEHHE YacToTH Kojtebannit CO, Tak KaK OHM MO/AI0T 3I€KTPOHHYIO
MJIOTHOCThH Ha, METAJLI.

16.4. CunTe3 xapboHunos

CymeCTByeT ABa OCHOBHBIX METOAA ITOJYYCHHA MOHOMCTAJIIIAYECCKUX Ka.p6OHI/UIOBZ
OopaMoe B3aMMOJIEACTBHAE OKCH/IA yriepoJJa H MeJKOJAUCIIEPCHOTO MeTaJljla B BOCCTa-
HOBJIEHHE COJIM METaJlJI1a B MPHACY TCTBHH OKCHIA yriiepola oA AaBJICHHEM. Mmuorne
TIOJIHMETAJIIINYECKHE Ka.p6OHI/IJII>I TMIOJIY4alT A3 MOHOMETAJINYECKNX,

a) IIpamoe B3ammopeiicTere

Mony, Jlanrep n KeuHke OTKpBIIH, 9TO IpAMOe B3aNMOJeliCTBHEe HUKEJI H OKCHIA
yrilepoda JaeT KapOoHHII HHUKeNS Ni(CO)43):

Ni(ts.) + CO(r) 2LEL2™ 0, Nj(COY4(x.)

Terpaxapbornnuukesb(0) xelicTBHTEIBHO Jlerde BCEro NOJYIHTh 3THM cniocoboMm.

1) O630p peaximit SOz ¢ KOOPAMHALMOHHBLIMU COEMHEHUAMH METAJLIOB, BK/IIOUAA METaJUIoop-
raHHveckue coequuenus, cM. B [Kubas G. J., Ryan R. R., Polyhedron, 1/2, 473 (1986)].

2) TeopeTuueckas HHTeprpeTauus cBsa3H docdul — MeTal AaHa B [Pacchioni G., Bagus P.S.,
Inorg. Chem., 31, 4391 (1992)].

3) Monga, Jlaurep u Keunke otxpbuiy Ni(CQ)4 npu usydeHUn KOpPPO3HM HHKENEBBIX BeHTHJIER
IIpH MpomyCKaHUHU rada,-cofepsaiero CO. OnK GbICTPO IPUMEHHITH CBOE OTKPHITHE K pa3paboTke
HOBOTO NPOMBIULIEHHOrO NPOLECCa OTAeJlenus Huxels oT xobambra. CroseThHuit robuieft aToro
BAYKHOPO OTKPbITHH GLLT OTMEHUEH BbIMYCKOM CIELHAbHOTO TOMa, KOTODBIH MOCBANIEH Pa3SBHTHIO
xumuu KapboHua0B Metamos [J. Organometal. Chem., 383 (1990)].
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Beop rasa
BbLICOKOrO AABNEHHA

Tepmonapa

MeTannuyeckuit kapmaH
AnA TepMonapsl

CTEKNAHHLIA
KOHTEAHEP

Puc. 16.4. Kamepa ans npoBegeHHMs peakuuit
E:;‘r?;’:“:bf:"om IPH BBICOKOM JaBJEHMH. PeakllMOHHAsd CMeCh
HepXasetoLye i cTanu HAXOAUTCH B CTEKJISIHHOM KOHTeHHepe.

Hpyrue xap6oumnst Meramios, Hanpumep Fe(CO)s;, obpasyroTca MelneHHce.
Tem He MeHee, UX MOXXHO IOJYYUTb NPH BBICOKUX JaBJICHUM W TeMilepaType

(puc. 16.4):

200°C, 200 aT™m
200°C, 200 am o

Fe(ts.) + 5CO(1.) CO)s(x.)

150°C, 35 atMm
-

2Co(1B.) + 8CO(T1.) Co2(CO)g(TB.)
l“ HexoTophie KapbOHHIbI METANLIOB 06DA3yIOTCA IPH NPSMOM B3aMMORENCTBHH,
HO, KaK [IPABWJIO, JJIA TOTO HEOOXOAMMBI BHICOKHE JaBIeHHE H TEMIEDPATYDA.

6) BoccranoBuTennHOe Kap6oHMIMpOBaHTe

ITpamas peaknusa HenpueMieMa AJ1s 60JBLUITMHCTBA OCTATLHBIX d-METAJIOB, BMECTO
9TOro 00BIYHO HCHOJIL3YIOT BOCCTAHOBHUTENbHOE KApOOHUINPOBAaHHE, T. €. BOC-
CTAHOBJIEHVE COJIM MJIM KOMILIeKca Merasuia B npucyrcersun CO. Boccranosurenn
MOTYT OBITH DA3HBIMH: OT AKTHBHBIX METAJLIOB, TAKHX KaK AJIOMHHHN M HATpPUH,
A0 AJIKHIAMIOMHAHAEBLIX coeauuennii, Hy m camoro CO:

CrCly(tn.) + Al(T.) + 6CO(r.) 222 0% o131, (s01) + Cr(CO)g (s0l)

3Ru(acac)s(sol) + Ha(r.) + 12CO(r.) 2L & 2002m CHOR - (COY1a(s0l) + - ..

ReyO(18.) + 17C0(r.) 2203002 R o (CO) 10(T8.) + TCO4(r.)

m Kap6onnnbl MeTal110B 06BIYHO TOJIYYaI0T BOCCTAHOBHTEILHBIM KapOOHHINPOBa~
HHEM.
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16.5. CtpykTypa

MoJleKy/bl MPOCTHIX KApOOHMIOB METAIOB OOBIYHO UMEKOT TOYHO YCTAHOBJICHHbIE
OPOCThIE CHMMETPHYHEIE CTPYKTYDEI, KOTOPbIE COOTBETCTBYIOT MAKCHMABHON yaa~
gennocry murannos CO apyr oT apyra, HDoZ0OHO JEKTPOHHBIM MApaM B MOJENH
ODIIBO. Tax, rexcakapboHMIIIBI 3JIEMEHTOB 6-If rpynnsl 06718 a10T OKTa9APHIECKUM
crpoennem (21), nenraxapGoHmmxene3o(0) — TPUTOHATBHO-OMIMPAMUIATILHBIN
Komreke (22), a Terpaxapbonunnukesn(0) — rerpasapudecknit (2). [ekakap-
Goumnaumaprasen(() COCTOMT M3 ABYX KBAaApPATHO-MHPAMHIAIBHBIX (hParMeHTOB
Mn(CO)s, 06beIMHEHHBIX CBA3bIO METaLT—MeTaJLl. B 0/1HOM 13 H30MePOB OKTaKap-
GornamkobanbTa(0) ¢Bs3b MeTaJI—MeTasll JOTOJHEHa MOCTHKOBBIMA I'DYIIaMu
CO.

Jlns onpezeieHust CTPOEHUs KapOOHMIBHBIX COeMHEHAN METaNIOB IMHPOKO HC-
nose3yercs HHMpakpacHas u IMP 13C crexTPOCKONHSA, MOCKOJIBKY HESKBHBAJIEHT-
upiM surasgaM CO COOTBETCTBYIOT OTAeIbHbIE cUrHabl. Hanbosee sSKpaHUpOBaHBI
anpa 3C xonnessix surapaos. CnekTpst SIMP obbrano coaepxar 6osee moapob-
HYI0 CTPYKTYpHYo HHbopManuo, 4eM MK cnexTphl (MpH ycJIOBAH, 9TO MOJIEKYJIA
He MeHsieT GpicTpo kordurypanuo). Oaaxo UK cnekTpel npomie N0y AT, H OHH
0COBEHHO TIOJIE3HB JUIsl M3ydeHHst peaknmil. Bakueiimue BasenTabie nojocst CO
HabmonaoTea B obyacta 2100-1700 cM~ ! B KOTOpOH MPakTHYECKH HET HOJIOC Io-
[JIOLIEHAS opraHmueckmx rpyni s ompejejeHHs CTPYKTYD Ba)XKHBI M HaCTOTH
koneGanmit CO (cm. puc. 16.2), n anucio monoc CO (rabx. 16.5).

Ecau murapast CO He cBA3aHBEI HEHTPOM HHBEPCHH HJIM OChIO CHMMETDPHH Tpe-
Thero (M 6oJlee BBICOKOIO NOPAKa), MOJIeKy1a ¢ [N JIHras aMu CO nmeeT N KoJIe-
GaTenpuprx nosoc norsomenns CO. Tak, yronxosas rpynna OC—M—CO (tonbko
¢ OCbI0 CHMMETPHH BTODOTO TOPAAKA) AaeT JBe MOJOCHI MOTJIOWEHHA B HHMDa-
KpacHoit 06,1aCTH, TOCKOJIBKY 0ba Kosnebarus (1 cumMerpudmoe (23), ¥ aHTHCHM-

@] 0
0 ¢ 0 0 ¢
C c C ax
<L ~|
- Cr‘ p Fee_q cO
o¢” | Y¢cg oC” |
C C
0 0
21 Cr(CO)g (O;) 22 Fe(CO)g (D)
M M
S
0% Nt o 5 S0
" PesynsTupylowan PeayRLTupyloLwasn

23 24
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2000 1800 1800 1700
T T T T

- KoKue-
Bule CO

UndpaxpacHoe
nponyckaHue

— MocTuxo-
Bbie CO
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Tabnuua 16.5. B3anMoCBA3b "HCAA MOJOC BAJIEHTHBIX Konebanmit
CO s UK cnexTpe u crpykryph

PamaHoBcKas
@ ,O WHTEHCUBHOCTL
?94—’—(:\’:9 1 ! 1 1 1
7 e N 2200 2150 2100 2050 2000 1950 1900
C { C N
0 0 Y
Puc. 16.5. Nudpakpacusit CIIEKTD Puc. 16.6. ndpaxkpacHelit ¥ paMaHOB-

[Fea(n°-Cp)2(CO)4]. Ormeuenm  nBa
BBICOKOYACTOTHBIX KOJEOAHNsT KOHIIEBBIX
rpymm CO ¥ HH3IKOYACTOTHOE IOTJIO-
menne MoctHxoepix aurapgos CO. Ha
OCHOBAHMM HH3KOH CHMMETPUH KOM-
MJIEKCA MOYKHO OXHWAATh JBE IOJOCHI
MocTukoBeix CO, omnako Habmiomaercs
€OUHCTBEHHAs IOJIOCA, MOTOMY *ITO JBE
MocTuxkoeble rpynnel CO jiexaT no4Tth
Ha OAHOH NpsaMoi.

CKHiT KoJIeBaTembHBIE CHNEKTPBI KHIKOrO
[Fe(CO)s] B obmacTu BameHTHHIX xoseba-
nuit CO. OTMeTHM, “ITO B COOTBETCTBHH C
Tabus. 16.5 Tonbko gpa xonebanua CO Ha-
GII0JAKOTCS AL 3TOTO KOMIUIEKCA C CHM-
merpueil Dsy. [TomHOCHMMeTpHYIHAA MOTO-
ca npu 2115em™ ! orcyrereyer B UK crex-
Tpe, HO OHA OYeHb HHTEHCHBHAA B CIEKTpE
KP, notomy uro npaeuia orbopa pa3nd-
HBL B 3THX JABYX CJIytasX.

MeTpu4Hoe (24)) NPUBOAAT K W3MEHEHHIO JANNOJIbHOIO MOMEHTA H, CJIEJOBATENBHO,
aktueHbl B UK cnexrtpe. BricokocMMMeTpHYHbIE MOJIEKY/IBI HIMEIOT MEHBINE IOJIOC
noryomenns, vem uncio aurapaos CO. Tak, 8 UK cnexrTpe ammeftHoit rpynibl
OC—M-CO ecTpr TonBKO OxHa mosoca kosaebannit CO, moToMy 9T0 CHMMETPHU-
HBIE KOJIeOaHMA He MEHAIOT OOLIMH 3JIEKTPHIECKHH AMIOIbHBIN MomeHT. Kak mo-
Ka3aHo Ha pHc. 16.5, pacnonoxenue aurannos CO B KapbOHHUIBHBIX COEOMHEHUAX
METAJIIOB MOXET OBITH 60JIee CHMMETPHYHBIM, YeM TOUEYHAS T'DYINIIa MOJIEKYJIHI B
LEeJIOM, Tora HabJIogaeTcs MeHbIllee 9HCJI0 MOJIOC, €M [IpeJICKa3bIBaeT TOYeUHad
rpymnna.

NndpakpacHas creKTpocKonHsa Tak»Ke NoJjie3Ha AJia pasamdenns Konuesbix CO
(MCO) n mMocTuKkoBEIX CO, CBA3aHHBIX C AByMaA aToMaMH MeTaiua (ug-CO) min ¢
Tpems (u3-CO). Kak obbacHamoch paHee, dactora kolebanuit CO tem HiKe, 9eM
fonplile YMCI0 MOCTHKOB B CTPYKTYpe (cM. puc. 16.2 n 16.5).

Komnaexc Haomep Cmpyxmypa® Toueunan Yucao
2pynna noaoc®
M(CO)s ~u” On 1
v ' ~
L
M(CO)sL, ™~ ,1,./ Civ 3®)
v l ~
L
M(CO)4L, mpanc ™~ ;\I,;/ Din 1
7N
L
L
Yuc \hlﬂ/ CZV 4[‘]
~ ' >
L
M(CO)ng oc \hlll/ C ")
2v 3
“ |
L
L
~N | -t
2pan M Csy 2
~ ' hTE
M(CO)s Sy Dan 2
v )
L
M(CO),L axe ™~ ,\ln_ Ca, 3
v |
%8 ~ M— L Cay 4
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Tabnuua 16.5. ([Tpomoskenue)

a) Te HAA TJucao
Komnaexc Hsomep Cmpyrmypa 21;)’;’5’;:(1 noaoc®
L
\ l D 1
{(COVL M— 3h
M( )3 2 ~ '
L
L
|
N Cs 3
a
M(CO)4 M~ Ta :

") Kaxpas NMEAA cBA3U 6e3 ykasanus L ormocurea xk CO.

5) [IpesnonaraeMoe THCIO MOJIOC KoneDanui CO B UK obsacTn 0cHOBAHO Ha (GopMaIb-
HBIX TpaBiiIax otbopa. B HEKOTOPBIX Cydasx HAOMIOAAETCA MEHbINee HHCIIO MOJoC,
910 OOBACHAETCS HHXKE. )

®) Ecnu wernipe ranga CO, ¢BA3RHHBIX 0CbI0 4-T0 MOPAAKA, JIEKAT B TOH 2Ke ILITOCKO
CTH, 4TO W ATOM MeTa/lia, HabII0AAIoTC JIBE IOJIOCHL.

) Ecnu mpanc-maranapl CO mpuGIMauTebHO KOLTHHCAPHB, HabMIOOAETCS Ha OOHY 1O~
JIOCY MEHBbILE. ;

A Eequn tpu auranga CO, cBS3aHHBIX 0CBIO 3-TO MOPAAKA, J€XKAT MPUOIUSUTE/BHO B
OHOM TLIOCKOCTH, HABGIOAAIOTCS TOJMBKO ABE MOJIOCHI.

Mpumep 16.3. Onpeaenenvie cTpyxTypbi kapbonuna u3 Aamnnsix UK cnextpa.
Kommrexe [Cr(CO)4(PPhs)2| uMeer o9enb CHIbHOE NMOrIOMEHUE B I/IK“ obmacTH mpu
vacrore 1889 cM™! u gBe owenn ciabble momocer B obsactu xonebannit CO. Kaxosa
BeposiTHAS CTPYKTYypa aToro coequnenns’ (Bommopbie uncia xonebannit CO menbiue,
9EM ¥ COOTBETCTBYIOIUX FeKCAKAPGOHMIOB, MOTOMY YTO (hOCHHHOBbIE JTHMAH/bI BoJtee
CHJIbHBIE O-I0HOPHL ¥ Bosee cnabuie m-akuentopsl, yem CO.)

Ovser. 3amemenue B rexcakapbonune MOXKeT MPUBOJMTb K UYuc- HWIH MPaHC-
Koudurypauun. B yuc-usomepe gersipe juranga CO naxonarcs B HU3KOCHMMETPU'I-
HoM okpyzxenun (Cay), mostomy 8 UK criekrpe AomKHBI HaBMIOnATbCS YeTHIPE MOJIOChI
(taba. 16.5). B mparc-uzomepe yernipe muranga CO pacmonoxeHs! B BUAE KBaADATa
(Dyn), mosTOMy BO3MOXKHA TOTBKO OAHA MOJ0ca HortomenHs (Tabir. 16.5). Ilpuseaen-
Hble JaHHBIE CBIOETENLCTBYIOT O MPAHC-CTPOEHUN KOMILIEKCa, C/1abbie TTOJIOCH, BePOT-
HO, CBSI3aHBI C He3HAYHTETbHBIM HCKAXKCHHEM CHMMETPUHN Dy, BHOCHMBIM JTHIaHIaMH
PPh;.

Bonpoc 16.3. B UK cnexrpe [Niz(n°-Cp)2(CO)2] umeeTcst Be MONOCH BANCHTHEIX Koseba-
mnit CO: cunsras mpu 1857 cm™! u cnabas npu 1897 em~ . COonepKUT 3TOT KOMILIEKC
MOCTHKOBBIE THTAHAL WIH KOHIEBsIe (nau u re u apyrue)? (3asenenne miranios CO
Ha ymraags 7°-CsHs IpUBOAUT K MAIOMYy COBATY 9aCcTOT KOMeGamHMil /71l KOHNIEBBIX

Co.)
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Korzna mosicKyna nperepnesacT cTpyKTypHbIE H3MEHEHUS OLICTDEE, YeM TeXHu-
9ecKu criocober 3acbHKCUpoBaTh MeTos, B cnekTpe IMP nHabmonaercs yCpeIHeH-
HBIl CHTHaJl. DTO ABJIEHHE BeChMa PAcTPOCTPAHCHO B crieKTpax SIMP MeTajloop-
raHMYIecKHX CcoeJIMHeHnH, Ho He HabmonaeTca mu B UK, mu B KP cnekTpax. Hanpn-
mep, aas [Fe(CO)s] cnektp AMP cogepxur €IMHCTBEHHYIO JIMHHUIO ¢ § = 210, g
10 BpeMs Kak UK n KP cnekTpni cornacyoTes ¢ TpHrOHAIbHO-GUINDaMUIATIBHOMN
cTpyKTypot (prc. 16.6). pyrue caydan, koraa cnextpsl AMP noarsepsxnaor cre-
PHYIECKYIO HEXXECTKOCTh, BCTPETATCA NMPH OBCYXKIEHHH ITHKJIMYECKUX MTOJHEHOBRIX
JIHTAHAOD M KJACTEPHBIX KAPOOHMJIOB METAJLIOB.

|” Moutekyant npocreftmux KapGOHUIOB METANIOB MMEIOT CTPOLO YCTaHOBJIEHHOE
CHMMETPHYHOE CTPOGHHE ¢ MAKCUMAJbHBIM yranenueM surangos CO apyr or
JIpyTa, NoZ00HO JIEKTPOHHBIM napaMm B Mogenu ODIIBO.

16.6. CsoiicTea u peakuum

Kapbonue! xesesa u HIKes XKAIKAC IPH KOMHATHON TCMIICPATYPe H HOPMAJILHOM
JIABTIEHNH, HO BCE OCTAIbHLIC KapOOHMIILI TBepAble. Bee MoHOsIepHbIe KapGOHMIBI
ZOCTATOMHO JICTY4H; IABJIEHUE UX ITapOB DM KOMHATHOH TeMIEPAType COCTABJIA-
er or 350 Topp ana Terpaxapbonunaukens(0) mxo 0,1 Topp mis reKcaKapOHOHHII-
Bonbpama(0). Beicokas nerydects Ni(CO)4 B couerannu ¢ ero xpafite BbICOKOM
TOKCHYHOCTBIO TPeOYIOT 0co60lt OCTOPOXKHOCTH Npu paboTe ¢ HEUM. XOTA ApyrHe
KapOOHHJIBI, MO-BUAMMOMY, MEHee TOKCHYHBI, HX TAK)KE HeNb3s BIBIXATH H caenyer
ocTeperaThea MX NONAJAHASA Ha KOXKY.

Bce MoHOsAAEpHEIC N MHOTHE TIONHALEPHbIE KAPOOMMITH PACTBOPAMBL B YTIEBO-
AOPOIHBIX PACTBOPUTENAX, TaK KaK OHM HemonsapHwl. Hambonee nopasurenbroe M-
KJTIOYeHne cpei oObIYHBIX Kapbonuios — HoHakapGonumukeneso(0) [Fes(CO)y,
UMERIINHA 04YeHh HU3KOE JABJEHHEe [apOB M HEPACTBOPHMLIN B PacTBOPHTENAX, C
KoTopbiMH He pearupyeT. Hanporns, [Mny(CO)o] 1 [Cos(CO)g| pactsopumst B yr-
JIEBOJIOPOLAX U JIETKO CYGJIHMHDPYIOT.

Bonpmmnerso MoHosiepHBIX KapBoHHIOB GecrBeTHBI HIN cl1a60 OKDAIIIEHHI.
Honmsaneptnle KapGOHIMIBI OKpAILEHbl, OPAYEM HHTEHCHBHOCTb OKDACKH yBeJM9H-
BACTCA ¢ YBEJNHMYEHHEM YHCJIa aTOMOB MeTajia. HanpHMep, NeHTaKapOOoHHJIKeEe-
30(0) — >KHIKOCTD CBETIIO-COJIOMEHHOTO 1(BETa, HoHaKapGonmImKene3o(() obpasy-
€T 30/I0THCTO->KeNThIe Yely HKH, a JoJexakapboHunTprxkene3o(() — TeMHoO-3es1eHOe
CoeMHEHHE, KOTOPOE B TBEPJAOM COCTOSHHH KaxkeTcs depHbIM. QKpacka MoJmsiep-
HBIX KapOOHHJIOB OIpelensieTcsi SJeKTPOHHBIMHA [EePEX0IaMi MeX1y OpOUTAIaMU,
KOTOPBIE JIOKATM30BaHbl, [NIABHEIM 06pa3oM, Ha KapKace H3 ATOMOB MeTaJlla.

OcHoBHEIE peaKiMl MeTAJIOB B COCTaBE NPOCTEHIINX KApOOHMIIOB — 3TO 3aMe-
lIeHHe, KOHAEHCAINA B KJIACTEPHI, BOCCTAHOBJIEHNE M OKHCJIEHNe. B HEKOTOpPHIX CJIY-
dasx quran CO cam siBasieTcss 06bEKTOM aTakH HYKJTeo(hHIAMA HIH 3JeKTpOodhH-
JIaMH.

l” Bce MoHOsAIEPHBIE KADOOHAIIB €Ty 4H; Bce MOHOSLIEpHBIE M MHOTHE MOJHAIED-
Hble KAPOOHMJIBI PACTBODHMBL B YTJIEBOXOPOIHBIX PACTBOPHTENAX; NOIHAICPHBIE
KapGoHWIE! okpatienbl. OCHOBHBIE PEaKIHH NEPeYHCIeHH BHILIE.
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a) Peaxuun 3aMemeHAs

Peakliy 3aMeIIeHnst 00ecneunBAIOT NOJYYeHHe METANNIO0PraHHHECKNX COEMMHE-
HHUH, CONEPXKATIMX DA3JINYHBIE JIMTAHIBL. IMpocTeiiine IPAMEPBl BKIIOYAIOT 3aMe-
menne CO ApyTrHME JIOHOPaMH 3JIeKTPOHHOH [Aphl, HAIPUMED dochunamn. 'I/Iayqe-
e ckopocty 3amemenus CO anknidochUHAMA H IPYTHMH JIHTAHIAMH B Ni(CO)4,
Fe(CO)s n rexcakapbOHWIaX METaJlJOB CPYNIEL XPOMA YKa3bIBAeT, YTO MPOLECce
NPOTEKaET 110 AUCCOUMATHBHOMY MEXaHU3MY (D nmn Iy, pasnm. 14.2). B cnywae D
MeXaHH3Ma 06pa3yeTcst HHTEPMEIHUAT ¢ MEHBIIMM KOOPAMHAIMOHIbBIM HHCIIOM HIIH,
10 6oJiee BEPOSTHO, COJIbBATHPOBAHHbIA HHTEPMEAUAT THMA [Cr(CO)s(thf)]. SroT
MHTEPMEINAT 3aTeM OObeJUHAETCA ¢ BXOJsAulel rpynnoi B 6HUMOJIEKYJIIPHOM TIPO-

neccel):

Cr(CO)s + Sol = Cr(CO)s(Sol) + CO
Cr(CO)s(Sol) + PRy —» Cr(CO)sPR3 + Sol

B cOOTBETCTBHHM ¢ 3TOl MHTEPIpETalHell CONbBATHPOBAHHblE KapOOHHMIIBI METANLIOB
6u1n obHapykeHsl ¢ noMombio MK crnekTpocKoniu B NPOAYKTAX doronnsa Kap-
GOHH/IOB METAJUIOB B MNOJISIPHBIX pacTsopuTelsx Tuna TT®. IloarsepxaenueM Iy
MeXaHH3MA CIYXKHT TOT (aKT, YTO 3aKOHBI CKOPOCTH /Il DEAKUIHH CHIbHBIX HYK-
7e0bHIIOB IIPH BHICOKMX KOHUEHTPAIMAX ¢ KAapOOHMIAMH 3J1€MEHTOB 6-if CpyIIBl
COOTBETCTBYIOT DEAKIHMH BTOpOro nopsamxa. Taxmm o6pas3oM, mpeanoiaraeMule Ha-
MTPABJICHHST PEAKNHH CJIeJyolue:

+PMe,
[Cr(CO)sSoll —» [Cr(CO)g(PMe )] D
+Sol
Cr(CO)4
DN [CrCON(PMe)l” %5 [Cr(COIg(PMeyll Iy

Toreps nepeoit rpynast CO s Ni{CO)4 nporcxoiuT Jerko, 1 3aMeIlenne npo-
TekaeT HBICTPO IPH KOMHATHON TeMnepaType. B kapbonnIax sneMeHToB 6-# rpynmsl
suramas CO cst3aibl HAMHOTO IpodHee n juid ormeruienus CO Tpebyercs TepMH-
yeckoe nim (GOTOXHMHUYECKOe MHHALEHpoBaHue, HanpuMmep, 3amemnenne CO anero-
nurpriioM CH3;CN npoBoadT npu KHNAYEHHH B ALETOHATDHIE, HCIOAB3Ysl NOTOK
a30Ta M YAaJeHHs OKCHIa Yrilepoaa W, TakuM oOpa3oM, obecredmsas MOJHOTY
npoTeKanus peaxnud. Jist IpoBejenns npoliecca (OTO/N3a MOHOAEPHBIX Kapbo-
HUJIOB (KOTOpBIE He HOIVIOIAIOT 3AMETHO B BHMON 06/IaCTH) HCIIONB3YIOT OImKHee
Y@ wuznyuenne B anmaparype, nokasasuoil Ha puc. 16.7. Kak u B cliydae Te€pMu-
YeCKH MHULHMAPYEMBIX IPOUECCOB, CYILIECTBYIOT BECKHE JIOKA3aTeIbCTBA, 1TO peaK-
nue (GOTOHHHALMMPYEMOro 3aMEIEHHs IPOTEKAIT depe3 06pasoBanue JabHIBHOTO
IIPOMEKYTOYHOIO KOMILIEKCa ¢ PACTBOPHTeeM (Sol), KOTOpbIi NOTOM 3aMEIAeTCH
BXoAAme! rpynmnoi:

Cr(CO)s 24=C0F59 101(C0)s5 (Sol)] =22 Cr(CO)sL

1) Sol 0603HAMAET MOJEKYTy PACTBOPHTEII.
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HanpaxeHtue
4
Bopa \ P Bopa

_’N2+ CcO

PacTeop nuraHga u
kapboHuna

PtyTHas
Y® namna

Puc. 16.7. Annapatypa ans HOTOXHMHYECKOTO
3aMEIIEHHsT JHraHOoB B KapbOoHMIax MeTaJ-
JIOB.

H| Peakumn 3aMernennsa o6ecnednuBalOT NOJYHEHHE METaJIOOpPraHHYecKHX CcOelH-
HEHHH, cofep:KallluX pa3JIMHiHble JUTaHIbI.

6) Bimsinde cTepHYECKOTO OTTANKMBAHASA

Kak v B peaKupax OBBIYHBIX KOMIJIEKCOB, MOXKHO OXKHIATH, UTO CTEPHYECKHE 34-
TPYHEHHA MEXKy JANTAHAAMH OYAYT YCKODSATH IUCCOLMATHBHBIC IIPOIECCHl H 3a-
MeUISThH ACCONMATHBHEIE mponecchl (pasf. 14.2). Crenenb OTTAIKHBAHAS JIUTAH/0B
JAPYT OT JPYTa MOXKET ObITh BHIparkeHa KOHHIECKHM YTJIOM, ONpPEJEIeHHBIM C IIOMO-
WHIO 06beMHBIX Mogenelt (puc. 14.6 u tabo1. 14.7). Jluranast ¢ 601bIIHM KOHIIECKHAM
YTJIOM HCIBITHIBAIOT 3HAUATENRHOE CTEPHYIECKOe OTTAIKHBAHNE APYT OT ApYTra, KO-
T PacHoJIaraloTcs BOKPYT ATOMAa MeTaslla.

Kax KOHHYeCKHH yTosl JIHTAHIA BJIUSET HA KOHCTAHTY PABHOBECHA CBA3LIBAHUA
JIMTAHI0B, MOXKHO YBHXETH IIPH DACCMOTPEHHH KOHCTAHT JMCCONMALMA KOMILIEK-
cos [Ni(PR3)4] (Tabus. 16.6). DTH KoMIIeKchl Cl1abo AMCCOLMHPOBAHbl B PAacTBOPE,
ecam HOCHUHOBEBIN JTHUTAH] JOCTATOYHO KOMIAKTHBIH, Kak PMes ¢ KOHHIECKHM YT-

Tabnvua 16.6. Kouugeckue yrasl § 1 KOHCTAHTBI AUCCONMAINM
Kpuce U1 HEKOTOPBIX KOMILTEKCOB Ni®

L 8, zpadyco K ruce
P(CHa)s 118 <107°
P(CzHs)a 137 1,2-107°
P(CH3)Ph; 136 5,0-1072
PPhjy 145 Bonbuas
P(t-Bu)s 182 Bosnsuias

) Maunbte s npouecca NiLy = NiLz + L (B Genzose, mpu
25°C) [Tolman C. A., Chem. Rev., 77, 313 (1977)].
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oM 118°. Oxmako takme xommexchl, kak [Ni{P(*Bu)s}4], e xonmdecknit yron
t

4ype3BbIYaiiHo BEJNK (182°), cnsHo aucconunposansl. JInrann P(*Bu)s mactonbko

06bEMEH, YTO MOXHO BBLAEATHL 14-3nexTporHsi Komiuieke [Pt(P(*Bu)sz)s].

m CTepH‘ieCKOG OTTAJKHBAHHE MEXAYy JUTraHIaMH YBECJIHYHUBAET CKOPOCThH JHUCCO-
OAATHBHBIX NIPOHECCOB U YMEHBINAET CKOPOCTh aCCONHATHBHBIX IPOIECCOB.

Mpumep 16.4. MMonyvenve sameijentibix kapboHnn08 METaNNoBs.
Hcxona n3 MoO3 kak ucrounuka mMomubaena, CO u PPhs Kak HCTOYHHMKOB NMrangos
1 JPYTUX PEAreHTOB MO BallleMy BBHIGOPY, HAMHUIATE YPABHEHNs PeaKUuMil U yCIOBHS MX
nposeaenus s cunreza Mo(CO)sPPhs.

Orser. CragapTubiii nyTh cunresa — nonydenne Mo(CO)s 1 3areM nuranagoe 3aMe-
menne. BoccranosuTensHoe KapbornunupoBanne MoO3 MOXKHO OCYIIECTBUTH, HCHOJIb-
sys Al(CH2CHs3)3 kak BOCCTEHOBHUTENB, B IIPUCYTCTBUM OKCHJA YIVIEPOJa MO/, AABJIe-
uneMm. Temneparypa u gasnenue, TpebyeMble IJist 3TOM peaKlMH, MeHbIUe, YeM MAJIsT
IPSMOTO B3aMMOoZeficTBHS MOHOAEHA N OKCHAA YIIIEPOa.

MoOj3 + AI(CH2CHg) + 6CO 2250 Curentan, n i ¢0)g
+ nponyxrel okucyieEHaAl(CaHs)a

IMocneaymoiliee 3aMellIeHe MOXKET OBITH BLINMOMHEHO HPOTOXUMUYECKH C HCIOJIb30BAHH-
eM amnmnaparypsl, NpuBegeHHON Ha puc. 16.7.

Mo(CO)s + PPhs ——2", Mo(CO)sPPhs + CO

IIporexanne peakuuu MOKHO KOHTPOJHPOBaTh MO AaHbM MK crexrpockonuu B 06-
sact BaneHTHBIX Kosebanuit CO, HCnonb3ysa Malible KOJIMYECTEA BEIECTBA U3 peak-
LHOHHOTO COCY/a.

Bonpoc 16.4. Heo6xoauMo nosty auTh BhIcOKO3aMemmennslit kommaexe [Mo(CO)sLs). Kaxoit
smurang — P(CHs)s wiun P(*Bu)s — crenyer npeanotiects? Obocuyiire pam BLIop.

B) Bimanme 35ekTponnoil cTpyKTypHI Ha 3amemerne CO

Mmuorounciensbie ncenenopanna peaxknnit sameniennsa CO B IpocTHIX KapGOHMIIb-
HBIX KOMILIEKCAX JAlW BO3MOXHOCTH BHIABHTH 3aKOHOMEDPHOCTH B MEXaHH3Max H
ckopocTax!),

18-2ueKTpoHHbIE KAPOOHMIIL! METAJIOB OBGBIYHO HOIBEPrAIOTCA AHMCCOLMATHBHO
AKTHBHPYEMBIM peaklHAM 3aMellennsa. Kak 65110 mokaszaHo B pasi, 14.2, 1y1s 9Toro
KJacca peaknuil XxapakTepHa MaJjad 1y BCTBATEILHOCTD CKOPOCTH PEAKIIMA K IPHAPO-
Ae BXopAmeR rpynnsl. JycconuaTnBHas akTHBAUMS 18-31€KTPOHHBIX KOMILJIEKCOB
bosee 61aronpusATHA, HOTOMY YTO AJLTEPHATHBHAS ACCOIMATHBHAA AKTHBAIUA TPe-
OyeT 06pa3oBaHMA SHEPreTHIECKH HEBLITOJHOTO 20-37€eKTPOHHOTO AKTHBHPOBAHHO-
TO KOMILJIEKCA.

CxopocTn 3aMemnenns 16-91eKTPOHHBIX KOMILIEKCOB YYBCTBHTEILHBI K IPAPOJIE
H KOHUEHTPAUMH BXOZAIIEH TPYTMIIBI, YTO YKA3BIBAECT HA ACCOIUATHBHYIO aKTHBAa-
umo. Hanpumep, peaxupst [Ir(CO)(PPhs)2Cl] ¢ TpmetundochunoM acconuaTns-
Ho akTHBHpyemas. Kak u B ciiy4ae BEPHEPOBCKHX KOODIMHAIMOHHEBIX COeHHEHHIT,

n ConepsxaTenbHas CTaThsl, pa3BUBAIOWIAs OCHOBHbIe NpuHUMIB [Basolo F., Inorg. Chim. Acta,
50, 65 (1981)].
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[M(CO)gl
18e

ML{CO)s]

Puc. 16.8. Cxema zamemenus CO, KaTaMu3npyeMo-
To MepeHocoM uTeKTpoHa. [locme pobasnenns Ma-
JIOYO KOJIMMECTBA BOCCTAHOBUTEBHOIO HHULMATOPA
IHKJI TPOJIOJDKAETCS O TeX NOp, MOKa He 3aKOH-
anrest [M(CO)g] mmm L. L

16-21eKTPOHHbIE METAITIOOPTAHHYECKHE COEAMHEHNS MOABEPTAIOTCH ACCOMMATHBHO
AKTUBHPYEMOMY 3aMELIEHHIO, TOTOMY 4TO 18-3/IeKTDOHHBIY aKTHBUPOBAHUBIA KOM-
ILIEKC IHepreTHyeckn 6ojiee BLIFOAEH, YeM 14-3/IeKTPOHHEI, KOTOPBIH COOTBETCTBO-
BaJI 6Bl AMCCONMATHBHON AKTHBAITHM.

XoTa 91 0606ImIEHAA TPIMEHAMBI JUIs TTHPOKOTO KPYTa peakiuit, HabIIoAAI0T-
€Al HEKOTOPbIE HCKIIIOUEHH, 0COOEHHO B IPHCYTCTBAMN JIMTAHI0B IUKJIONEHTa IHEHH]T
¥ HATPOSMIL. B 3THX Cily9asx HaliZeHbI H0KA3ATENHCTBA ACCOUUATHBHO AKTHBHDY-
€MOr0 3aMelICHAA Aaxke A 18-37eKTPOHHBIX KoMiaeKcoB. O6sIYHOE 00bICHEHNe
COCTOHT B TOM, 4T0 NO MOXKET MmepexoiuTh U3 COCTOSHUA TPEX3JAeKTPOHHOTO AOHO-
pa, Koraa pparment M—NO nureiinbiit (Kak B 16), B cOCTOAHME OHOIEKTPOHHOTO
JIOHOPa, Korja (pparMeHT yrOJIKOBbIH, TOTHA 1Ba 9JIEKTPOHA MOYKHO CYHTATH JIOKA-
mm3oBaibiME Ha NO (kak B 17). IlogoGHbIM 06pa3soM, NATHIIEKTPOHHBIA JOHOD
7°-Cp MOeET CJ(BHHYThCSL OTHOCHTEIHHO ATOMA METAJLIA H CTATh TPEXINEKTPOHHBIM
nonopoM 73-Cp. B 3ToM cityuae TOJHKO TPH aTOMa yriepofa JHTAHIa CsHs Bzan-
MOIEHCTBYIOT ¢ METAJIOM, JiBa OCTABIINXCA IJIEKTPOHA 06pasyroT oOLIMHYIO CBA3L
C=C u ne ucnonp3y0TCA MeTaIoM (25), OTHOCHTENLHO 06€{HEHHbIH JIEKTPOHAMH
UEHTPANLHLIA aTOM CTAaHOBHTCHA BOCIPHMMYHBBEIM K 3aMEIIEeHHIO.

Obmas 3aKOHOMEPHOCTb COCTOMT B TOM, YTO CKOpocTh 3aMemenns CO B Ie-
CTHKOODJMHAIIMOHHBIX KapOOHMJIAX 4acTO yMeHbLIaeTcd, o Mepe Toro Kak Gofee
CHJIBHBIE OCHOBHbIE JHTaHAb! 3aMemaoT CO, u xpa wim Tpu ankundocdhHHOBLIX
JIMTaHAd HEPEAKO ABJIAIOTCA npexesoM 3aMellienusa. C obbemubiMu (hochHHOBEIMHE
JIUraHJaMH JaJbHedllee 3aMellleHne MOXKeT OBITh TepMOJNHAMHYECKH HEBBLITOIHO
H3-3a JIMIGHJHOIO OTTANKHBAHHUA. YBeJHYeHHe 3JIeKTPOHHON IUIOTHOCTH Ha aToMe
MeTaJa, KOTOPOE BO3SHUKAET NPH 3aMeIlUeHHH T-aKIEeNTOPHBIX JUIAHI0B Ha JOHOP-
HBI€ JIMTMAHB], IPUBOINT K YCHJIEHHIO CBA3M ocTaromuXces Jaranaos CO H CHHXKEHHIO
CKOPOCTH JHCCONMATHBHOTO 3aMellcuus. JJoHopHblit Xapakrep muragnos P(IID), cy~
Ji1 110 JIETKOCTH [IPOTOHAPOBAHHS M APYIHUM JAHHBIM, YBEIHUUBAETCA B psiay V)

PF; « P(OAI‘)g < P(OR)g < PArz < PRy

rae Ar—apmi, R — anxkni.

ObbAcHenne BIMAHASA 0-IOHOPHBIX JIMTAHIOB Ha cBsizbiBanne CO cocTouT B TOM,
YTO YBeJIMYeHHEe 3JIEKTPOHHON IUIOTHOCTH, BHOcHMoe (ocdHHOM, BEJET K YCHIIe-
HHIO 06paTHOTO (JATHBHOrO) T-CBA3BIBAHHA ocTaromumxcsa auraiaos CO u, cienosa~

1 O6cyxpaenne pa3NHYHBIX u3MepeHU#t ocnoBHOCTH docchuHOB cM. B [Bush R. C., Angelici R. J.,
Inorg. Chem., 27, 681 (1988)}].
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TespHO, K ynpodenuio ceasn M—CO. Jra bosee npoiHas CBA3D M~—C yMeHpImaer
cxitoaHOCTE CO NOKHAATH MeTAlL1 H, CJIEA0BATENIbHO, YMEHBIIAET CKOPOCTh JIACCO-
HUATHBHOTO 3aMelleHus. B HeKoTOpBIX ciydadx 3TH 3hheKThI CBA3BLIBAHUA MOLYT
BECTH K YBEJMYCHHIO T€PMOTHHAMAYECKOH YCTORIHBOCTH KapboHMIaA METALIA 10
OTHOINEHHIO K MPOAYKTAM €ro 3aMelleHH.

Bruto HaWmeHO, YTO JJA HEKOTOPBIX KApOOHHJIOB METAJIIOB 3aMelleHHe CO
KATaJIM3HPYeTCst NPONECCAME 3JIEKTPOHHOTO IepeHoca, NPH KOTOPBIX obpasyworcd
AHMOH- WJIH KATHOH-PaJUKaJbl ¥ HeOJArOHPHATHO U3MEHAETCA MHCIO BAJIEHTHBIX
3J1eKTPOHOB. THMMYIHBIA IPOLECC TAKOrO THIA OKA3aH Ha PHC. 16.8. Kak BuaHO U3
PUCYHKA, pelnamliee SHaYCHHe HMEIT JaOWIHLHOCTh CO B 19-371€KTPOHHOM aHHOH-
pajiuKaJie 1 MeHbITHH MOTEHINA BOCCTAHOBJIEHH IS POIYKTA 3aMEIICHHST doc-
dbHHOM, YeM AT HCXOHOro KapboHnia MeTaia. AHAJIOrMYHBIM obpa3oM, penkue
19- u 17-3/1eKTPOHHBIE COE/MHEHHs] MeTaJ/IOB JAOHJbHEL [10 OTHOWIEHHIO K 3aMe-
LIEHHIO.

”l 18-DexTpoHHble KAapOGOHHUIIBI METAIOB, KaK MPABIIIO, IIPeTepIeRaloT AUCCONH-
ATHBHO AKTHBHPYEMblE DEAKLHH 3aMellleHns, a 16-57eKTPOHHbIE COeAUHEHNA —
ACCOLPATHBHO aKTHBHDYeMbIE.

r) Boccranonienme /10 KapOOHMILHBIX AHAOHOB

BonbmMHCTBO ~ KapbOHMJIOB — METAJIOB  MOTYT  OBITH  BOCCTAHOBJIEHBI [0
KapBOHHIMETAIAT-aHAOHOB. B MOHOMETAJIMYeCKHX KapOoHMIAX JBYXJIEKTDPO-
HOE BOCCTAHOBJIEHHE OOBIYHO COIPOBOXKIaeTcd [0Tepel ABYX31eKTPOHHOrO JA0HOPA,
aurasna CO:

Fe(CO)s 2%, [Fe(C0)4)2~ + CO

KapGoHmIMeTa11aT-aHHOH COAEPKHUT KeJe30 B CTelleHN OKHCJIeHHsA —2 u ObicTpO
OKHCJIsgeTcs Ha Bo3ayxe. To, 4To 3HaunTeIbHbIH OTPHIATEIbHDIA 33D A/ I0KaIH30-
BaH Ha Jmrasax CO, noaTBepKAaeTca HU3KMMHA YACTOTAMH BaJEHTHBIX KOJTebaHui
CO B VK cnekTpe, coOTBETCTBYOIMMH Opuban3nTensao 1730 em ™. TlonmuagepHsie
KapOOHMITHL, comepxkaiHe cBa3n M —M, 06bI9HO pACIIEIIATCA NPH AEHCTBHA CHJIb~
HBIX BOCCTAHOBHTeJell. BHOBL BBITOJIHAETCA NPABUIO 18 9J€KTPOHOB, B Pe3Y/IBTATE
obpasyercs MOHOAAEPHBIH OAHO3APAAHBIN KapOOHMII:

9Na + (0C)sMn—Mn(CO)s =25 2Na* [Mn(CO)s]™
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HexoTopble KapOOHHUIIBL METAJIJIOB JHCIPONOPIHOHUPYIOT B IIPHCYTCTBHH CHIIBHOOC-
HOBHBIX JIUTAHIOB, 06pa3ys KOMILIEKCHBIH KATHOH H KapOOHHJIBHBEIN aHHOH. [JiaB-
Hasd JBIDKYIIASA CHJIA 9TOM PEaKIMH — YCTOHYHBOCTh KATHOHA META/Ula, KOTODLIH
OKPY>KeH CHJILHOOCHOBHBIMHE juranzamu. OxrakapGonmiaukobamsr(0) ouens gys-
CTBHTEJIeH K 9TOMY THILYy DEaKIHii, KOIJa B3aHMOAEHCTBYeT C TAaKNMH CHJIBHBIMH
ocHoBaHusMH JIbonca, Kak nupuauH (py):

3Co{” (CO)s + 12py — 2[Co™? (py)s][Cot "V (CO)4)2 + 8CO

B NIPpUACYTCTBAHU CWJIBHOOCHOBHOTO JINMTaHZa OH™ BO3MOXKHO TakXe OKHCJIEHHE JIH-
ranaoa CO C OOHOBPEMEHHBIM BOCCTAHOBJIEHHEM METAJLIIA.

3Fe(o)(CO)5 +40H™ — [Feé_2/3)(CO)11]2— + CO3™ + 2H20 + 3CO

Hl BoJbImiHCTBO KapboHHIOB METAJJIOB MOXKHO BOCCTAHOBHTH 10 KapboHHIMeTAJ-

JIAT-aHHOHOB. HekoTophie KapOOHW/JALI METAJIOB JHCIPONOPUYOHHDYIOT B
OPUCYTCTBHH CH/ILHOOCHOBHBIX JIMTaHMOB, 00pa3sysa KOMIITEKCHBIH KATHOH H
KapOOHMIMETAJIAT-AHUOH.

1) Peakmym mporoRMpoBaHUs
Muorue MeTauI00praHUYECKHE COEMMHEHNA MOXKHO NPOTOHHMPOBATH MO HEHTDAJIb-

HOMY aTOMy Me€TaJlla. Kap60HHJ’IMeTaJ’IJ’IaT—aHI/IOHbI JaT MHOO nNpHMEpOB TaKoi
OCHOBHOCTH:

[Mn(CO)s] (aq) + H* (aq) — HMn(CO)5(n.)

CpoacTBo KapGOHHIMETANIAT-aHHOHOB K IIPOTOHY H3MEHAETCA B IHPOKUX IIpeje-
aax (tabu. 16.7). Bunro, 9o 9em 6osee oTpHLATEIEH AHHUOH, T€M BbIlIE €r0 OCHOB-
HocTb 1o BpéHcTeny u, ¢ JIpyroil CTOPOHBL, MEHbIIE KHCIOTHOCTD €ro COMPSIKeHHOH
KHCJIOTH (KApOGOHUITHIPHIA METAIIA).

Ta6nwua 16.7. KOHCTAHTHI KMCIOTHOCTH AJISL THAPHAOB d-METaJJIOB B AIl€TOHUT-
pwie npn 25°C

Tudpud pK. (MH) Tudpud pK. (MH)
HCo(CO)s4 8,3 HCp*Mo(CO)s 17,1
HCo(COsP(OPh)s 11,3 H,Ru(CO)4 18,7
H,Fe(CO)4 11,4 HCpFe(CO)2 19,4
HCpCr(CO)s 13,3 HCpRu(CO)2 20,2
HCpMo(CO)3 13,9 H20s(CO)4 20,8
HMo(CO)s 15,1 HRe(CO)s 21,1
HCo(CO)3PPh; 15,4 HCp*Fe(CO)2 26,3
HCpW(CO)s 16,1 HCpW(CO)a(PMes) 26,6

*) Moore E. J., Sullivan J. M., Norton J. R., J. Amer. Chem. Soc., 108, 2257
(1986).

Cp* — ;murana nexramernnnuxonenraguenna CsMes.

12. HeopraH. xumua. Tom 2
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KoMIuleKeh! 37eMeHToB d-0710Ka, comepkampe cpsa3b M—H, gacro masbiBaioT
npocTo TMIApPHIaME. JTO Ha3BaHME OTPAsKaeT MpeANOJAraeMylo CTeleHb OKHCIe-
Hus —1 LI aToMa BOJOPOIa, IPUCOEIHMHEHHOrO K aroMy MmeTasula. OgHako 60b-
[IMHCTBO KapOOHMIMMAPUIOB METAJIOB MPABON HacTH d-0JI0Ka MPOABIAIOT CBOH-
cTBa KucIoT Bpéncrena. BpéHcTe0BCKasa KUCIOTHOCTh KapOOHUITHIAPUIOB — 3TO
OTpakeHue T-aKLenTopHoi cuibl murannos CO, KoTopble CTaOUIM3NUPYIOT CONpsI-
sxerHoe ocHopanme. Tak, [CoH(CO)4] nposiBisier cBOMCTBA KHCIOTDI, B TO BpeMs
kak |[CoH(PMej3)4] —ner. Dro nmosenenue eme pa3 NomuepKUBaeT (dhopMaILHOCTD
cTeneHeil okucleHUs. B IPOTUBOMONIOXKHOCTh BOJODOAHBIM COeIUHEHUSM JJIE€MeH-
ToB p-6J0Ka, BpéHCTEIOBCKas KucaoTHOCTs M—H-coenunenuii snemMeHTOB d-610Ka
yMeHbIIaeTCsl BHY3 1O TPyTIe.

HeliTpaibnble KapboHUIBI MeTANIOB (Takue, Kak MeHTakapOoHmmkeneso(0))
MOYKHO HPOTOHWPOBATh B OTCYTCTBUE BO3AyXad KOHLEHTPUDOBAHHONH KHCIOTOH.
CoenuHeHUs, COAEPKAIlde CBA3b METAI—MeTaJlsl, NPOTOHUPYIOTCS Jarke Jlerde.
BpéHECcTe0oBCKyI0 OCHOBHOCTh ATOMOB MeTasljla CO cTeneHbio okucaenus () obbsachs-
10T HaJU4YHMeM HecBsi3blBalomux d-3nektponos. [lonobHeIM 06pa3oM CKIOHHOCTH K
NPOTOHUPOBAHUIO CBsI3eil MeTalJI—MeTal]T MOKHO 0O0bACHUMTE IPEBPAIEHHeM CBA3H
M—M 8 M—H-M (26). XapakTepHast 0cO6eHHOCTb METAIJIOOPTAHHYECKUX [MIpU-
JIOB 3JIeMeHTOB rpymn ¢ 6-i mo 10-10 — mosiBjieHUe CHIhHOIKPAHUDOBAHHOIO CHI-
mazna B crekrpe SIMP 'H (§ or —8 no —60); BOOOpOAHBIH CUIHAJ CYLIECTBEHHO
foJlee IKPAHMPOBaH, YeM B OOJILIIMHCTBE APYTMX CIyHaesB (CM. JOMOJHUTENBHYIO
undopmanuio 2).

luapuapl MeTAJLIOB UIPAIOT BAXKHYIO POJIb B HEOPraHWYeCKOH XMMUH, HO He BCe
OHM MOTYT ObITh MOy UeHbI MPOTORUpOBanueM. Hanpumep, B pa3n. 8.3 yake BcTpeda-
JHCh KOMIIIEKCHI, B KOTOPHIX 1°-Hy KOOpAMHMpOBaH K aToMy Metanna. [Jake B Tex
cay4asix, korna Ho npucoenunsiercs K MeTasny, obpasys TPaJULIUOHHBIN KOMIJIEKC
H—M-H, B npoMexXyTOYHOM KOMILJIEKCE, CKOpee BCEero, BOAOPOJ CBs3aH IO TUIY
n2-Hy. Tlpucoenumenwe Hy K MeTalIu<decKuM KOMILIEKCaM O00CYXKJaeTcs B
pa3z. 16.7, a poap BOOOPOOHAIX KOMIIJIEKCOB B TOMOTEHHOM KaTajuse — B pa3f. 17.4.

OCHOBHOCTb METAJIOB KCMOJb3yeTCs B CUHTE3aX IIUPOKOIO PANa METAII00D-
raHuvecKnx coenubieHuit. Hanpmmep, alKWIbHble MJIH AlWIbHbBIE T'DYNIIBI MOXK-
HO OPUCOEAMHUTH K aTOMY METaJla B PeaklUM ajJKWl- WIM alurajoreHuna
KapOOHHMJIMETAJLIAT- AHIOHOM:

[1\/111(00)5]_ + CH3I — [MH(CHg)(CO)s] +1I"
[CO(CO)4]_ + CH3COI — [Co{COCH3)(CO)4] + 1~

IomoGuele peakiuy ¢ MeTANIOOPraHMYEeCKUMY TAJIOTeHHAAMHI UCIIONB3YIOT 171t 06-
pa3oBaHus cBs3eit M—M:

[Mn(CO)s]~ + ReBr(CO)s — (OC)sMn—Re(CO)5 + Br~

|H BonpmuHeTBO MeTammooprannyeckux CcoeJuHEHUH MOMKHO HOPOTOHHPOBATH IO
LEHTPAJLHOMY aTOMY MeTaJlla; Oojiee BBEICOKO3ApAYKEHHBIE AHUOHBI SIBJISAIOTCS
OoJlee CUIbHBIMU OCHOBAHWMAMU BpPéHCTena, u, ciefoBaTelbHO, Hojlee CIabbIMu
KHUCJIOTaMH OYAYT UX COMPSYKEHHBIE KHCIOTLI.
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) Peakium okucienns ¢ o6pa3oBaHEeM KapOOHM/ITAIOTEHNIOB METAILIOR

KapGoruier MeTasnioB crocoGHBI K OKUCTICHMIO HA BO3yXe. Hexonrponupyemoe
OKHCJIeHUEe NIPUBOANT K okeuy metasta u CO nimm CO,, HaMHOrO MHTEpecHee B Mme-
TaJIJIO0PTaHUeCKOi XAMHUH KOHTPOJIMPYeMble peaKLui, KOTOPble OTKDBIBAIOT MyTh
K MeTAUIOOpTaHuYeCKUM rajorenunaM. O4Ha U3 NpocTedux peakUil — OKUC/Iu-
TeJbHBIA pa3phiB cBazu M~—M:

(0C)sMn® —Mn(®(CO)5 + Bry — 2MntVBr(CO)s

B cooTseTcTBUM C yMeHbIIeHMEM 3JIEKTPOHHON MJIOTHOCTH HA aTOME METAJlIa, KO-
Ila K HeMy IPUCOEIMHsIeTCA aToM lajoreHa, JactoTsl Konebamnit CO B npomykTe
CYIIecTBeHHO BbIe, deM B [Mno(CO)qg|.

”' KapOonumbsl MeTajyioB cHOCOOHBI K OKMCIEHMIO Ha BO3IyXe; CBS3b
MeTaJslJI—MeTallJl MOABePraeTcst OKUCIUTEbHOMY Da3pbIBY.

k) Peaxiuy KapboHMIBHBIX JUTAH/OR

Yraeponmwiit arom B CO 4yBCTBATENEH K aTake HyKJIeodusIamu, ecld OH

OPpUCOeIMHEH K aTOMYy MeTallla, He obJajaloiemMy GONbIIMM YHCIIOM 3JIeK-
TpoHoB. Takx, KOHIEBas KapGOHU/IbHASA TPYINa ¢ BBHICOKUMH TACTOTAMM KOJIeOAHMH
CO nocrynmua ans ataku HykjIeodunamn. B HeNTDaNbHBIX MM KATHOHHBIX Kapbo-
HIJIAX METANJIOB d-3JIEKTPOHRI IPAKTUYECKU He AeNOKATU30BaHb! Ha KapOOHUIbHbIN
aTOM YIJIepofia, OITOMY OH MOXKET OBITh aTaKOBaH 5JeKTPOHOM3ObITOYHEIMU pea-
rentamu. Hanpumep, cunbunie nykneobuns! (takue, kak MeTwimuTuit, pasm. 15.3)
arakyor CO BO MHOIMX HeHTPalbHLIX KapOOHMIBHBEIX COETUHEHASX:

1
714(CH3)4 + Mo(CO)s — Li[Mo(COCH5)(CO)s]

O6pasyomuiicst aHHOHHLBIH Kapben B3aMMOZEHCTBYyeT ¢ KapOKATUOHHLIMHU peareH-
TaMH, NaBas YCTOUYIMBHIM M JIErKO BbIIeNsAeMblil HEHTPAThHBIN MPOAYKT:

i N
Li[Mo(CMe)(CO} g1 + [Et30][BF,] —— Mo{=CMe)(CO}; + LiBF, + Et,0

CoenyHenns TAKOTO THNA ¢ HENOCPeACTBeHHOM ¢Bs13bi0 M=C 4acTo HA3LIBAIOT Kap-
6enamu ®ulliepa, OTOMY YTO OHU BBLIM OTKPBITHL B naboparopuu E. O. Gumepa.
Araka HyK7eoduna Ha yriepoaHblit aTOM TaKiKe BaxKHa [l MeXaHM3Ma JHCCOIH-
alnuy KapboOHUTIOB METAUIOR TOJ, AeMCTBUEM CHIPOKCUIOB:

[(OC),M(CO)] + OH™ — [(OC),M(COOH)]~
2O, IM(CO)n]?™ + CO2™ + 2H,0
B Kap60Hunax MeTaJIJIOB C 6OJIbU_II/IM YHUCJIOM 3JIEKTPOHOB 3Ha4YUTe/IbHAA HJacThb
JIEKTPOHHON MJIOTHOCTH JesloKanu3oBaHa Ha qurangsl CO. B pesynnrare B HEKO-
TOPBIX CIIysadXx KHCHOpOILfIbIﬁ aTOM JUIraHOOB CO JOCTYyIIeH NJId aTaKU DJIEKTPO-

dbunamu. UK cnekrpockonus JaeT yKa3aHnd, KOTJa MOKHO O2KMIATh 9TOT THI pe-
aKINH, TIOCKOJIbKY HU3KHe 4acTOThI Konebanuit CO ¢cBUAETENILCTBYIOT 00 06paTHOI!

12*
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( NATHBHOI) I0724e 3IeKTPOHOB Ha JIUTAaHIb! CO u, cre1oBaTeNbLHO, 3aMETHOH 371eK-
TPOHHOI TIOTHOCTA Ha aToOMe KHCJIOPOTR. Tak, MOCTHKOBBIE KaPOOHMIIBI OCOOEHHO
qyBCTBUTEJBHBL K aTake Ha aTOM O:

Et,Al
\
' QL e ¥
S S
FeZ—Fe + 2AIEt, —> FeZ—Fe
/e N VAN
c 0 c c 0 C
0 0 0] \ (0]
AlEt,
27

[IpucoevHeHUe 31eKTpoduIa K aToMy KHCIOPOAa JIUraHaa CO, xak B {27), cno-
COBCTBYET PEaKIUH BHEADERHA U DEAKIMM Pa3pbiBa CBA3N Cc-0Y,

HekoTopble ATKHI3aMelleHHble KapOOHUIB! METAJIOB IPETEPHeBAOT PeaKIuy
MUTDALMOHHOTO BHE/IPEeHMs], B KOTOPBIX ajkuiabheili murana n CO npespaua-
rores B amuersi murann —(CO)R. Kak obeysxaanocs B pasa. 14.11, cymecrsyior
Ha/ieKHble JOKA3aTeNbCTBa TOro, 9To B peaknun [Mn(CH3)(CO)s;| cradana nponc-
xoaut murpamus rpymnsl CHg x CO, npu 9170M 06pasyercs B HU3KOH KOHIEHTPAIUU
AIUIIBHOE COeMIEEHNe ¢ KOODMHAPOBAHHEIM pacTBopuTeneM. [Ipomexyrounoe co-
e7MHEHHe 3aTeM IpUOBpPeTaeT JIUraHi, YTO IPUBOJUT K HelabUIbHOMY aluIbHOMY

OPOAYKTY: o o

+Sol | ‘L !
LM—CO =2 | M—C—Me —> L, ,M—C—Me + Sol
| - |
Me Sol

3HaveHde 3TOH peaKIdW B KATAJTUTUYECKUX IIpOIleccaX CTaHeT fACHO B Da3f. 17.3

n 17.4.

l” Vrneponuniit arom CO 9yBcTBUTENEH K aTaKe HyKleodnIamu, €C/iM 9Ta Ipyn-
Ia IpHCOeIWHEeHAa K aTOMy MeTaslla ¢ HeOOJBIIMM YHCJIOM 3JIEKTPOHOB; KHCIIO-
pomusil atom rpynmst CO dyBcTBUTENEH K aTaKe MEKTPOUIAMHU, ECIIH aTOM
MeTaJl/la PAcnojaraeT HGOJBIINM YHUCIOM 3JIEKTPOHOB.

Npumep 16.5. lMpespawerne CO 8 xabeHoBbIA 1 aunAbHLIA Mrangsl.
IpeI0KITe HOC/IEI0BATENLHOCTS PeaKiyii mist ofpazosannst W(CO)s(C(OCH;)Ph),
ncxos u3 rexcakapbornmoabsdpama(0) 1 Apyrux peaKTHBOB O BalleMy BHIGODY.

Otser. Kak u B kapOoHnmax ApyrHux ajemenTos 6-if rpynnsi, anragmsr CO B rexkcaxap-
Gornmeombdpame(0) TYBCTBUTETLHB K ATAKE HYKJICODHIAMU, N PEAKIWMA ¢ (PeHNILIH-
THeM 1acT C-eHWIbHbI HHTEpMEaNAaT:

2 o

o)
C

a

WCO)y, + LiPh —> Li* | OC—W—C

AR
ot ¢ Ph

0

1) 3ra u gpyrue peakupyt C- 1 O-CBA3AHHLIX KAPGOHHIIOB MeTasuloB onucanst B |Horwitz C. P.,
Shriver D. F., Adv. Organometal. Chem., 23, 219 (1984)).
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AHMOH MOXXHO 3aTeM aJKMAMPOBATH IO KHcjaopoaxoMy atoMy muranaa CO anekTpo-

dunom:
0 - 0
C o C Oo0—cH
S/ © ’
Li+|0C—W=—C  [+1(CH;);0llBF,)— OC—W— c\ + (CHy),0 + LiBF,
o ¢  Ph oL en
0 0

Bonpoc 16.5. Tlpemnoxknte cnoco6 cuuresa [Mn(CO)4(PPhs)(COCH;)], ucxoms mus
[MHQ(CO)l()], Pphg, Na u CH;;I.

APYTME METANNTOOPTAHNYECKNE COEOVNHEHUSA

C cepenunn! 1950-x rr. 6510 CHHTE3UPOBAHO H UCCJIENOBAHO OOJBINOE MUCIO KOM-
IJIGKCHBIX COEIMHEHUH 3JIeMEeHTOB d-0JI0Ka, CONEPYKAUIMX YIVIEBOAODOJHbIE JIUTaH-
abl. B sToM paznene obcyxNnaioTcs OCHOBHEIE CTPYKTYDHI, CBA3b U PEAKIUH ITUX
coeuHeHuil, B 1. 17 310 0bcykaeHue 6yIeT OPONOJKEHO B CBA3M ¢ IpobieMaMu
KaTajgn3a.

16.7. Bogopopn v ueno4vedHsle YrneBOgOpPOAHbIE NUraHAbl

Anamusupys npuMepsl, 06CyXXIAI0MAECT B TaHHOM pasfiesie, H0JIe3HO JIEPXKaTh Ile-
pen riaasamu taba. 16.1, B K6TOpoil yKa3aHO 4UCIO JIEKTPOHOB, NoJaBaeMBIX Ha
MeTaJlsl OPraHUYeCKUMH JIUraHaaMu.

a) Bonopon

OnuosnekTpoHnbli gurag H urpaer BaKHYI0 poJb B MeTAJUIOOPTaHUIecKOH XH-
Mun. Yixe ObLIO MOKa3aHO, Kak obpasyercs cBa3b M—H npu npororupoBanun Hel-
TpaJbHBIX UM aHHOHHLIX KapBOHUTIOB MeTassoB (pa3f. 16.6); B HEeKOTOPHIX cl1yda-
AX MOAOBHBIE peaKIUU Jal0T yCTONYIMBLIe NPOAYKTH! U ¢ APYTMMH MeTaJuIoOpraHi-
yeckuMU coequHeHusmu. Hanpumep, dbeppones MoxeT 66ITh IPOTOHUPOBAH B CAJIb-
Ho# KHCaoTe ¢ obpasosanueM cBssu Fe—H. [lockonbky HemerayiuyecKUM JIMTaH-
Hawm (kax H uiu ranoreHu 1pl) IpUNHCHIBAETCA OTPULIATEIbHAA CTeNeHb OKUCIeHUs,
Deakn#y NpOTOHUPOBAHUS MPUBOAAT K U3MEHEHHIO CTENeHN OKHCJICHUS MeTaJla:

CpoFet?) 4+ HBF, — [CpoFetY —H]T[BF 4]~

Oaun u3 HaubosIee HHTEPECHBIX W BaYKHBIX METONOB BBEJEHHA BOJOPOAA B METAJIH-
YecKUe KOMILIEKChl — OKUCIUTeNbHOe npucoeauHenye (pa3, 8.3). B sTux peakiuax
Monekynbl XY IpUCOeMHSIOTCS K 16-91eKTpornbM Kommilekcam [MLy| ¢ paspbr-
BoM cBsizu X—Y u obpasosannem [M(X)(Y)Ly|. Tax, mpucoeannenue H, wm HX k
16-9/1EKTPOHHOMY KOMILJIEKCY AaeT 18-3/1eKTPOHHBII I'HAPUIHBIH KOMILIEKC:

IrCHCONPPh,), + Hy — ICI{H),(COMPPhy),

t t

16e Ir{l) 18e Ir(lll)

4 ¥
IFCICONPPhg), + HCI - IrCl(HHCONPPhy),
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BepxHsisi peaKuysl, BEPOSTHO, POTEKAET epe3 NPOMEXKYTOUHBIA JIUBOAOPOIHDBIA
KOMTIJIEKC ¢ THnoM cBstzu n2-Ha.

m Crasb M—H ofpasyercs npyu NpOTOHUPOBAHUY HEHTPAJBHBIX U aHHOHHBIX Kap-
GOHMJIOB MeTAJIJIOB U IPH OKUCJIUTEJEHOM IIPHUCOeAWHEHWUH.

6) AJIKWIbHBIC JMTAHZBI

AJIKNIbHBIN Jurasn obpasyeT oguHapHyio cBsa3b M—C, npu oToM anKunbHas rpy-
[1a, BBICTYIAET KAK OJHOIJIEKTPOHHBIH MOHOralTo-THranf. V3BecTHO MHOIO TaKux
coeMHEHNE, HO OHM MeHee XapaKTepPHBI JIs dJeMeHTOB d-OJ0Ka 10 CPaBHEHUIO C
37EMEHTAMY § - ¥ p-6J10KOB. DTa PA3HUIA MOXKET OLITh 0TYACTH Pe3y/ILTaTOM HeBbI-
cokoii npounocty cpszd M—C (rabs. 16.8). OrpoMHOe 3HAYUEHHE UMEIOT KHHETHIe-
¢KH GJAroIpUATHRIE DeaKluH, TAKHC, KaK [-3IMMUHMPOBaHde BOXOPOZIA, BHeIpe-
e CO ¥ BOCCTAHOBUTEJIbHOE JJIMMUHHDOBAHUE, KOTODble BeAyT K MPEBPaIlEHUIO
AJIKUJIbHBIX JIUTAHIOB B APYIMe IPYIIMbL

Tabnwvua 16.8. DHTAJILIMKM JUCCOIHAIMHN CBSI3eH

B, w/orc/monv
(OC)5MI’1"CH2P]1 87
(OC)sMn—Mn(CO)s 94
(OC)sMn—CHs 153
{OC)sMn—H 213

Kax yxe obcyxaanock B pa3n. 15.6, B peakuuy J-sIuMHHMPOBaHUS BOJOPO/A
aroM H f-yrnepogHoro aroMa ajKuJIbHOH TPYIHIBI IEPEXOJUT Ha aToM MeTaJljla U
BbLIeJIsIeTCs aJIKeH:

[L.M(CH,CHj)] — [L, MH] + H,C=CH

B rn. 17 6yner paceMoTpena obpaTHasi peaKlus, T. €. BHeAPeHUe aJKeHa 10 CBA3N
M-H. lonarazor, ato obe peakruu MPOTEKAT Hepe3 HUKIHYECKUl uHTepMeanar,
Brouatommit (3c—2e)-ceasp M—H—C — rak HazpiBagMoe aroCcTHYECKOE B3aUMO-
neficrpuel):

M—CH,CH, —— M CH, —> M—H + H,C—==CH,

[MockonbKy B3-3MMMHHEPOBaHHE BOOOPOAA HEBO3MOXKHO, €CJIH HET ATOMOB BOAOPOIA
Ha 3-yrieponsoM aTome (UK HET CaMOro (3-yriepojiHOTO ATOMA), JIUTCaHAbl OeH3i

1) 3ru arocTuueckue B3aMMOAEHCTBUSL MOTYT GBITH OMPEJENEHb! CHEKTPOCKOMHYECKH HIH JH-
dPaKUMOHHBIMI METOAAMH, OHH YaCTO MPE/IMONATAIOTCA B MEXAHH3MAX PEaKLKi MeTaslcopraHu-
Yeckux coeaunentit, cM. [Brookhart M., Green M. L. H., J. Organometal. Chem., 205, 395 (1983);
Schulz A. J., et al., Science, 220, 197 (1983)].
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(CH2(CgHs)) u Tpumerwicuammerun (CHySi(CHg)s) (28) 6onee yeroituusnr, uem
STUJIbHbBIE JUTAHABL. AHAJOTUIHO, OTCYTCTBUE [-BONOPOIHBIX ATOMOB B METUJILHOM
rpynne oObsacHseT HGMBUIYIO YCTORIUBOCTE KOMIJIEKCOB, COAEPXKALIMX METUJIbHRIE
JIMCAHJ(BL, 10 CPABHEHUIO € STUJILHBIMU KOMILJIEKCaMH. Peakunn (-3MMIHUPOBaHMs
BOJOPOAa TAKYKE U3BECTHDI JIJIs HEKOTOPHIX METAJUIOOPraHUIeCKUX COeIUHEHHUET 31e-
MeHTOB p-6J10Ka, 0COGEHHO sl aJIKUIATIOMHHUEBbIX coeuHenuit (pasa. 15.11).

l“ ANKuIbHBIE COEMUHEHHUS METANJIOB IOABEPralOTCs (-3 THMUHHPOBAHUIO BOIOPO-
na, sEeapenuio CO U BOCCTAHOBUTENBHOMY THMHHHUPOBAHUIO, KOTODbIE BeAyT
K [IPEBPALIEHUIO aJKUIbHBIX JUCAHJOB B JIPYTrUe IPYIIIbL.

B) AJNKWIMICHOBBIE JTATAH/(HI

MerumunenoBole rpynnsl CHy, CHR, CR, oTHOCATCS K OBYX371€KTPOHHBIM
MOHOTAIITO-JIUTaH1aM, KOTOpble 06pasyior asoiinyio cBssb M=C, kax B KapbeHax
Puiepa (29), (30). QumepoBckue kapbeHbl MOLYT ObITH aTaKOBaHB HyKIeodu-
JlaMH TI0 yrilepoJHoMy atoMy. HanpuMep, meficTBHe aMHHOB Ha 9JEKTDOMUIbHBIMN
YIVIEPOAHBIH aToM Kapbena Puilepa nMpupBogut K 3aMerrenuio rpynosl —OR ¢ o6-
pa30BaHHEM HOBOTO KapbeHoBOro aurannal):

OMe NR
OMe 2
/ | /
(OC)sCr=C +:NHR, — (OC);Cr— C—NHR, — (OC};Cr=C  + MeOH
\ l \

Ph Ph Ph

\‘ HCMO (b,)

29 30

Peakiun TaKoro THIa BCIONB3YIOT 71 CUHTe3a MPOKOro psifa kKapbenos Puiepa,
KOTOpEIE 06pa3yIOT MeTANIbl BTOPO 11010BUHBI d-6710Ka. DJIeKTPOMMILHOCTh ATO-
Ma C, CBSI3aHHOTO C aTOMOM METAJLNIa B 9THX KapGeHax, OObiCHSIOT CyIeCTBeHHOH

D) Fischer E. O., Adv. Organometal. Chem., 14, 1 (1976).
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a

Puc. 16.9. B kapbene Ouimepa BaKaHTHBIE P,-OPOHTATH CR/(OR) Boime no sHeprum, 4em
dr-opONTAII METAJTa, MOITOMY TT-3JIEKTPOHHAS IUIOTHOCTH B OCHOBHOM CKOHLEHTPHPO-
saHA HA ATOME METAIA, & yIVIEpOHBIi aToM Kapbena smexkrpocunen (a). s kapbena
I1Ipoka p,-opbutain CRo HmKe no smepruy, wem dr-OpOHTAIH, MOSTOMY 7-3J1EKTPOHHA
JUIOTHOCTb CKOHIEHTPHPOBAHA Ha ATOME YIJIepoia, W OH, CJIe/IOBATEebHO, HyKieodH-
nen (6).

971eKTPOOTPHIATENLHOCTHIO METAJIIOB BTOpol mosiosuusl d-610Ka. CooTsercTByto-
[lee OOLIACHEHHE B DAMKAX MeTOJa MOJIEKYIspHbIX opbutarneit (puc. 16.9) cocronr
B TOM, UTO [JI METaJIOB BTODOI MoJoBUHBI d-6J0Ka dr-opbuTain HIKE 10 dHep-
ruH, deM p-opbuTanu yriepona. B pesysnbraTe a/eKTpPOHHas [IOTHOCTh HWXKHeH 10
3HEpIUHM T-0pOUTany B GOJblIeH CTeNeHW HAXOAMTCS Ha aTOMe METallIa, KOTODbIH
¥ CTAHOBHTCS OOBHEKTOM aTaké eKrpodbunos. Hanporus, ceobonHble m-opbuTaiu
TIaBHBIM 00pa30oM JOKau30BaHkl Ha aroMe C, KOTODbIH, COOTBETCTBEHHO, 1yBCTBU-
TeJIeH K arake HyKleoduiamm.

Peakunu kapbenos ®umepa ¢ alKHHAMHI HAXOAAT INMPOKOe NPUMEHEHe B Opra-
mmaeckoMm cunTesel). Hanpumep, HadTUIBHBIE COSNHEHUs MOXHO CHHTE3UPOBATh
B3aMMOAEHCTBIEM MeTOKCH(eHUILHOro (hbULIePOBCKOrO KapbeHa ¢ aJIKHHOM:

OMe

OH
R
(0C)Ccr—C + RC==CR — + CO
R
OMe

(OC),Cr

HecsiTh aToMoB HadhTAIHHOBHX KoJern ofpasytorca u3 juranga CO (oaum arom),
KapBeHoBoro JUranaa (ceMb aTOMOB) M 9THHA (ABa aTOMa). XPOM MOXKHO YIAJUTH
H3 OPTaHUYECKOTO TPOAYKTA MSACKUM OKHCIIEHHEM.

Meranner nesoii qactu d-6s10Ka 06pa3yIOT APYTYIO CEPUIO METWINAEHOBBIX CO-
enuHeHwmil (B gononnenue K kapbenam Pumepa, KOoTophle 06pa3yioTCA B OCHOBHOM
MeTallllaMu npaso#t 4acTu d-6710Ka). DTu coeAuHeHus ObLIN Ha3BAHBL kapbeHa-
mu ITIpoka?) . Xumust u ciekrpockonust Kapbenop I1IpoKa MoKa3bIBAIOT, 4TO CBA3b
M=C nonsfpusoBaHa TaK, 4TO OTPHULATEJLHBIN 3apsj pa3MellaeTcs Ha YIIEPOI-

1 Dotz K. H., Angew. Chem. Int. Ed. Engl., 23, 587 (1984).
2) ANKWANHIEHOBbIE KOMIJIGKCHI HHOGMSI M TaHTana [Schrock R. R., Acc. Chem. Res., 12, 98
(1984)).
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HOM aTOMe, CBA3aHHOM C METAJITIOM. DTa MOJIAPHOCTb COIVIACYETCS ¢ HU3KOH 3jeK-
TPOOTPHUIATEILHOCTBIO ATOMOB METAJUIOR JIeBo#t dacTH d-6ioka. XnuMmuuecknuM 1o-
Ka3aTe/NbCTBOM BBICOKOH 9/IEKTPOHHON MJIOTHOCTY HA YIVIEDOJZHOM 4TOME CIYXKUT
Peakuusl ¢ TaKUM 3JIeKTpodunoM, Kak Me;SiBr:

Cp2Ti(CH2)Me + Me3SiBr — [Cp,Ti(CH2SiMez)Me]t + Br~

Wurepecnas peakuus kapbenos IlIpoka — peakius aJlKeHOBOro obMeHa:

CMe,
@ H / J / y
/ ~CH 6{
ClmTa=C + HC—CH,— Cl»Ta_ >CH, — Cl=Ta—=CH
' d / 2

L_ad
/ \ /Y
C
cl CMe, c W, cl

+ H,C=CH(CMe,)

OTa peakuusl IpOTeKaeT depe3 06pPa3OBaHMe YETHIPEXUJIEHHOTO IUKJA, BKAOYAKO-
TEro aroM MeTaJla.

“I Kap6enpr Punepa 06pa3yroT MeTauIbl IpaBolt MONOBUHBI d-6110Ka, a KapGeHb
[IIpoka — MeTanmbl nepolt yacTH d-6JI0Ka.

r) AJKNMIMHOBbIE THTABIbI

ANKunTUAMHOBbIE AMraHALl uMeIoT oburyio dopmyny CH umr CRY. Ouu BbicTyna-
10T KaK TPEXJIEKTPOHHbIE MOHOTANTO-JIUTAHAB U 06Pa3yoT ¢ MeTaJJIoM TPOMHYIO
ces3b M=C, skmovas onny o-cesisb u Ase 7-cBsizu ((d, p)-nepexpoisanue) (31),
(32). TIpocreiftmit npeactasuTens sToro psaga —Merumumur CH; cleyIomul —
stumuaue CCHj3. CyuiecrByer HecKombKo cnocoBoB ITOMyUeHns ITHX COeIHHEHHMH,
yxe Opito onucano ux obpa3oBanue 1py pa3pbise cBazeit M=M (pazz. 9.9). [Tepperit
CHHTE3 AJKMJIMIUHS METaJja BKIIOYal OTPHIB aJIKOKCHAHOU rpymsl oT KapbeHa
@umepa nox aedicteuem BBrj:

OMe Br c©
/ /
(0C);Mo —C + BBr, —> OC— Mo=CPh + CO + BBr,(OMe)
\ 4
Ph o ¢
o

9Ty peaKuyio NepBOHAYAILHO HPOBOIWIIH C LEJIbIO IPEBPATHTEL KADOEHOBLIN JIUraH
B ero 6pomuanslii anajor M=CBrPh. Kak nepeako GuIBacT B MCCIEA0BATENbCKUX
CHHTETHYIeCKNX PaboTaX, pe3ybTaT CyUIeCTBEHHO OTAMYAJICA OT 38y MAHHOrO, [IPH-
YeM OH OKa3aJICAd HAMHOI'O UHTEPEecHee.

m Ankwmiauaosrle muramanl CH wumu CRy  aBasioTcs  TPexX3JeKTPOHHBIMH
MOHOTANTO-JIUrAaHAaMHU, CBSI3aHHBIMU C METaJJIoM TpoiHo# cBaszbio M=C.

1) Fischer H., Hoffmann P., Kreissl F. R., Schrock R. R., Schubert U., Weiss K., Carbyne
complexes. VCH, Weinheim, 1988.
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31 32

1) AJIKeHOBbIE JIATAH/IHI

[Tpu 06pa3s0BaHUM KOMILIEKCOB, HAIPUMED COJb Leitze (1), m-ceszp C=C moxer
BBLICTYIIATH KaK MCTOYHUK JICKTPOHHBIX [ap. Dra codp ObLia [I0JydeHa IPU 1IPo-
MyCKaHWM 3TUJIEHa YePe3 BOAHBIN pacTBOP TeTan.HOporljiaTI/IHaT(II)—I/IOHOB B IIPU-
cyrersun Sn(II), KoTOpOe CIIyXKUT I/ CBASBIBAIHI Cl™, oceoboxxaatomuxesd U3
koopauHamuonHoft cdepsr P(II):

K»[PtCly] + HoC=CH, Sncly, K[PtCIS(n2 — CaHy)| + KC

Jlpyroii myTh NOJIyYeHHs aJKEHOBBIX KOMIUIEKCOB — yAAJIeHne H~ or xoopauHupo-
BAHHOI'O AJKUJILHOIO JIUTAHAA:

| [Ph,CIIBF,) \

OC— Fe ——  0C—Fe ?
/> / \/C*R
¢ CHR— CH,R c
0 0O H=C
i

R

IIpocThle alKeHb! NeHCTBYIOT KaK AMTaNTO-JMIaHAbl i NBYX9/IeKTPOHHbIE JOHO-
DBI, IOTOMyY 9TO 3acelleHHas T-OpOHTaIb HAlpaBJeHa K aToOMy MeTallla i HONAeT
3J1eKTPOHBI Ha €ro opOUTANH COOTBETCTBYIONEH OPHEHTALNY (puc. 16.10,a). Kpo-
Me TOro, m*-opGuTalb JHMTaHAA MOXKET AKIENTHPOBATh JIEKTPOHHYIO IIJJOTHOCTR
C 3acesleHHbIX opbMTaseil MeTalla MOAXOAsIIell CUMMETPUU (puc. 16.10,6). Onu-
CaHVe CBSI3bIBAHMS MeTAJLT-AJKEH KaK JOHODHO-aKLENTOPHOIO B3anMOJEHCTBUSL C
y9acTHeM 3JIEKTPOHOB C 3aMOJHEHHBIX T-opOuTaseil jvranja u JaTHBHOTO B3an-
MOZeHCTBUsI CO CBOGOMHOM T*-0pOHUTANIbIO JIUraHAa B POJY aKIENTOpa Ha3hIBASTCHA
Mozenbio Jdproapa—arra—Jlankencona.

B 60/IbIIMHCTBE 3THEHOBBIX KOMILIEKCOB d-METAJJIOB 3JIEKTPOHOAOHOPHEIE

¥ IEKTPOHOAKIENTOPHBIE B3aUMOAEHCTBUS IPUOIM3UTENIBHO PABHBI 10 CU-
Jle, HO COOTHOIIEHNe NOHOPHO-aKIeNTOPHOrO W JATUBROTO B3AUMOACHCTBH MOXKET
6bITh W3MEHEHO 3aMellleHUsiMH. 1IpeJefIbHBIN cilydal — TeTpaluaHO3ITU/IeH (33),
KOTODBIH IpeicTaBiserT coboil aHOMAJIbHO CHJBLHBIH 3JIeKTPOHOAKIENTOPHRIA J1U-
FaHJT W3-3a CBOMX 3JeKTpoHoakuenTopHpix rpymn CN. TerpanuasnosTuiien CHUTaIOT
T-aKLENTOPHBLIM JUTAHOM, IOTOMY 9TO €ro POJib KaK aKIENTOpa 3HAYUTEILHO pe-
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H

H

a

Puc. 16.10. BaaumozeiicTene ITHIEHA C ATOMOM MeTa/LTa. a— [loga4a IMeKTPOHHO# MaoT-
HOCTH OT 3ATONHEHHBIX MOJIEKYIISIPHBIX T-0pOUTalIell 9THIEHA K BAKAHTHBLIM 0-0pBuTanaM
MeTaJLTa (JOHOPHO-BKIENTOPHA CBA3b). 6 — AKNENTHPOBAHNE SACKTPOHHON TIOTHOCTH OT
3aceseHHbIX dr-0pOnTaneit Ha BaKaHTHLIE 7 -opOHTA/M STHIEHA (HAaTHEHAS CB3B).

M . R
NC CN / } \\\R\C/ \M// C‘R

/ - N ‘

c—_C
c o
~
R N
c c / \ R
N N R R
33 TetpaunaHoatunex 34 35

BaJIMpyeT HaJ ero poiblo AoHopa. Koraa crenenb mojayuu sneKTPOHHOH MIOTHOCTH
OT MeTalljla K 9THJIEHOBOMY JUraHay (IaTWBHAS CBS3b) HEBEJAMKA, 3aMECTUTEIN Ha
JIMraHfe TOJIBKO CJIETKa OTrubaloTcst 0T MeTasna U jiaupa cBasu C—C meMHOruM
GoJiblle, 4eM B CBODOAHOM askeHe. B cilydae MeTalIOB ¢ GOJIBIINM YHCJIOM 3JJIEK-
TPOHOB WJIM IIPU HAJUTHU 3JIEKTPOHOAKIICIITOPHBIX 3aMeTUTeel B aJIKeHe JATHBHOE
B3aUMOJEIICTBHE CTAHOBUTCH CHUJIbHEE. 3aMeCTUTe M B AjIKeHe B 9TOM CJIydae OTTH-
Halorcs OT MeTasLIa, a AyuHa o3 C—C npubmrkaeTcs K JyMHe OAWHAPHON CBSI3M.
W3-3a 9roit pasHUIBl HEKOTODLIe XMMHUKH 0003HAYAIOT HEpBLIH BApHaHT KaK OpO-
croit T-xKoMmILIekc (34), a BTopoil — Kak MeTaJIonykJ (35) ¢ ofuHapHBIMY CBA3AMA

M-C.

HI B BONBITHHCTBE AJKEHOBBIX KOMILIEKCOB d-MeTaJLIOB 3JIEKTPOHOJOHOpHbIE H
DJIEKTPOHOAKIENTOPHDBIE B38.HMO,IL€I7]CTBI/I$I ypaBHOBEIIEHbI, HO COOTHOIICHHE

JOHOPHO-aKIEeNTOPHON ¥ JaTUBHON CBsa3el ompelessieTcst 3aMECTUTENIIMU B af-
KEHe ¥ CTeleHbl0 OKUCIIeHUus MeTaJlla.

) JImeHoBble W II0JIACHOBbIE JIATAH/IhI

Huenosbie (—C=C—C=C~) u noJ1MeHOBbIE JUrAHIbI IPETOCTABISIIOT BOZMOAKHOCTh
[TOJIMTanTo-cBsi3biBalust. Kak u B cnyvae XenarHoro apdekTa B BEpHEPOBCKUX KOM-
nnekcax (pasg. 7.7), o6pa3yIoiHecs M0JMEeHOBbIE KOMILIEKCH 06bIYHO 6ollee yCToM-
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qUBBI, €M IKBUBAJIEHTHbIE KOMIUIEKChI C WHIMBHIyaJIbHBIME JIUTAHIAMY, TOTOMY
4TO SHTDOIMsSI JMCCOIMAIMM KOMIUIEKCa HAMHONO MEHbIUE 1O CpaBHEHMIO € CH-
Tyaruelf, Korja CBOOOAHbIE JMIAHIB MOTYT JABUCAThCA HesapucnMo. Hampumep,
6nc(n4—unKﬂ00KTa—1,5—JmeH)HuKenb(0) (36) Gosee ycroHump, 4eMm COOTBETCTBYIO-
TIEil KOMILIEKC C 9eTHIPhMS STHJICHOBBIMY JNTAHNAMH. ITukooKTa-1,5-1veH — 01Ul
¥3 JOCTATOYHO PACIpPOCTPAHEHHBIX JMIAHJIOB B MeTaJUTIOOpraHnIecKol XUMHUM, LIe
3a HMM 3aKpemuioch obozHadeHHe «cod», B KOODAMHAIMOHHYIO cepy MeTaJIIa OH
BBOJWTCS MPOCTHIMU PeaKIusAMHA 3aMellleHus JUTaHoB. Hanpumep:

o
| NCPh
¢ ~N .7 \

Pd + cod —— Pd + 2NCPh

ca”  YNCPh C|/

KoMweKebl METAIIOB ¢ aurangoM cod 4acTo HCIOMb3yIOT KaK HCXOIHBIE Be-
1IECTBA, TOTOMY 9TO OHHM MMEIOT CPENHIOI yCTOHYMBOCTE. Muorue u3 HUX BIIOJIHE
yCTOMUMBBI 1715 BblAe/eHus U paboThI ¢ HUMM, HO cod Moxer samenaThesa bosee
CUJIbHBIME Jurannamu. HanpuMep, eciii BHICOKOTOKCHYIHBIH Ni(CO)4 neobxonuMm B
peaKiyy, ero MoxxHo rerepuposars u3 Ni{cod)o npaMo B PeaKIIMOHHON Konbe:

Ni(cod)a(sol) + 4CO(r.) — Ni(CO)4(sol) + 2cod(sol)

m KoMILIeKehl HMKI00KTa-1,5-1eHa ¢ MeTa/ulaMy 9aCTO HCIOAb3YIOT KakK HCXOA-
Hble BENECTBA B CHHTE3aX; MHOI'ME W3 HUX MOXKHO BBIIEJIUTD, HO JIMIaH MOXET
ORITh 3aMelneH Gojiee CUIbHBIMH JTMraHIAMHE.

K) 7T-AJUTHIIBHBIE JMTAHABT

ANNUNBHBIE TUTaH] MOYKeT IPHCOEIUHATBCA K aTOMy MeTajlla JBYMsl CIocobaMu.
Kak n'-nurang (37) ol OTHOCHTCA K OJHORJEKTPOHHBIM JIOHODaM; KaK n3-nurang
(38) — K Tpex3JeKTPOHHRIM JOHOpaM. B mocienmeM ciydae TePMUHAJbHbIE 3aMe-
CTUTENH HECKOJMbKO OTKJIOHSIOTCS OT IIJIOCKOCTH, B KOTOPOH JIeXKAT TpU aTOMa yr-
Neposa, u 06pa3syiorT mwm aHTH-(39), wiu cuH-kKoHGurypauuio (40) oTHOCHTENb-
HO aToMa Merayuta. Hepenko HabmofaeTcs oOMeH aHTH- U CHH-TDYTI, KOTODbIH B
HEKOTOPBIX CIydasaX yraercs 3adUKCHPOBATH METOAOM CIHEKTPOCKOMHU AMP. Jdnst
0bbCHeHHsT 9TOr0 06MeHa HCHOMh3YIOT MEXaHU3M, KOTOPbIH BKIIIOYaeT NepeXoabl
7 — n! — 3. U3-3a H3MEHIUBOCTH CBSA3M 7)°-A/LTHIbHbIE KOMIIEKCHI HacTo Obl-
BalOT OYeHb PeaKIMOHHOCTIOCOOHBIMU.

CyLIeCcTBYeT HECKOJIBKO IyTel moJydeHHs aJJIUIRHBIX KOMIeKcos. OmuH 3

HI/IX—HyKJ'IeO(t)I/IJIbHaH aTaKa aJUIUJIbHOI'O peaKTHBa FpI/IHpra Ha raJjioreHyn Me-
TaJijaa: ’

9C3H;MgBr + NiCly 22 [Ni(1® — C3Hg)a) + 2MgBrCl

Lpyrue MeTannoopraHuyeckne coeamHeHns 189

36  Nilcod), 37  Fely'-C4Hg)(CO),(°-Cp)
H
Heo C/ H H
| |
D) C
N2 C—H ¢
C/

v v SIN r o IN
Ho_Co_ S M= M=
of é o | | | |

¢ H H H R
38  Coln®-C,Hs)(CO), 39  anm 40 cmn

SJ'IGKTpOCbI/IJIbHa.H aTaka raJloreHaJIKaHa Ha aTOM MeTaJjlla B HU3KOHM CTelleHU
OKHUCJIEHUd TaKxKe IIPABOIUT K O6pa3OBaHI/IIO aJIJIMLJIbHOT'O KOMIIJIEKCA!

¢
0 2N
c o H,C /T CH
. A 2 Z +cCOo
H,C=CHCH,Cl — OC- Mn- CH,CH=CH, — OC=Mn-CO
+ [Mn(CO)I” ¢ sor & T
o)

Ecnu uenTpalibHbIA aTOM MeTallsla, He IPOsIBJsSeT OCHOBHBRIX CBOHCTB, TO MPOTOHH-
poBaHue HyTaIUEHOBOTO KOMILJIEKCa BeJeT K M-aJIIMIhHOMY KOMILJIEKCY:

M
N A

\ ~
Fe + HCl —— Fe
AN
0c// ¢ of C/ o
o° Y

m W3-3a BapmaHTHOCTH THIOB CBS3BIBAHWS AJTUJIBHBIX JIMIAHIOB n3-anmuIbHbe
KOMIIJIEKCBI 4aCTO 00J30aI0T BRICOKOH PEeaKIWUOHHON CIOCODHOCTBIO.
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Ph -y
Ph / i
N ¢
c—, 0
~/\ c
\Co/
1 Ncq
oCc— Co c
C/ \C O -
o) o) M M

41 Co,(PhC,Ph)(CO); 42 Barniap, Baonb cesan CC 43 Barnsp epons cBaav MM

3) AJIKMHOBBIE JIHTaH](bI

Drun (aneTUieH) MMeeT OBe T-CBA3U M, CJeJOBATENbHO, sBJAETCS NOTEHIMANb-
HBIM 4eTBIPEXIJEKTPOHHBIM JOHOpOM. OIHAKO 3KCIEpUMEHTAJIbHbIE JaHHble He
BCErIa IONTBEPXKIAIOT TaKoe NoBeleHUe. 3aMelleHHble IIPOM3BOIHLIE alleTule-
Ha 06pa3yioT O4YeHb YCTOWYMBBIE I[OJUMETAIHYECKME KOMILIEKCHI, B KOTODBIX
AIlETHJIEH MOYKHO DacCMaTpHUBATh KaK [eTHIPEX3NeKTPOHHbI jgoHop. Hampmmep,
n?- mudbenumsTus (rexcakapborm ) qukobaasT(0) (41), B KOTOPOM OxHa T-CBA3L JAefi-
CTByeT KaK JJOHODP IO OTHOLIEHHIO K OOHOMY aToMy KobanikwTa, a BTOpas m-CBA3b —
K Apyromy atomy kobanbra (42), (43). Kax u B 93TOM npuMepe, IIPUCY TCTBY IOIIUE
AJKUJIbHBIE WM APUIbHBIE CPYNILI B 3TUHE NPUIAIOT COEIUHEHUIO YyCTOHIUBOCTD.
[Ipuyuna B TOM, YTO YMEHBIIAETCS BO3ZMOXKHOCTh BTODHYHBIX PEaKIUll KOODIMUHU-
POBAHHOTO ALETHJEHA, TAKUX, KaK nepenada CAabOKUCJIOro aleTUIeHOBOTO BOJO-
POIHOTO ATOMa, MeTaJlly.

Hl 3aMemeHHble TUHBL 06PAa3yI0T OY€Hb YCTOMYHBLIE NOJMMETAIIMYECKUE KOM-
IJIEKCBI, B KOTOPBIX 9THH MOXKHO PaCCMaTPUBATh KakK YeThIPEX3JIeKTPOHHBIN J0-
HOD.

16.8. Uuknuyeckue nonuveHoBble KOMNIEKCbI

[IuK MyecKue NOIMEHOBBIE TUralIbl Hauboslee BasKHbI B METALIOOPTaHAIECKOH X1~
Mun. B sroMm pasmesie paccMaTpuBalOTCS IMKIMYECKHE NOJUEHOBBIE JMIAHIBI OT
nuk 106y Taguena 10 MUKI0OKTaTerpacHal). DT JUraHIpl CIOCOGHB 06Pa3OBBIRATH
MeTaJuoneHs!: depporet (4), 6uc(Genson)xpom(0) (44) u ypatouer (45). Meran-
JIOLEHbI comepXKaT aTOM MEeTAJlJIa MEeXAy OBYMs IIJIOCKUMH HOJUTANTO-IUKIaMU
(kak B depponene), UX HepeIKO HA3BIBAIOT «CIHIABAYEBBIMA COEIMHEHSIMU», Heko-
TOpble LUKJUYeCKHe NOMHEHBI O6PAa3ylOT KOMIUIEKCHI, B KOTODBIX OHHM CBSI3AHBI C
aTOMOM MeTaJijla He BCEMH CBOUMU aTOMaMH yrilepoa. B aTux ciydasdx KoJbLo He
110cKoe. KpoMe 9THUX rOMONTUraHIHBIX NOJTHEHOBLIX KOMILIEKCOB, CyIIECTBYET MHO-
TO TAKWX MeTaJJIOOPTaHMYECKUX COCAMHCHUI, B KOTOPHIX KOOPAMHAIMOHHas cdhepa
METaJlJIa IOMUMO [IOJIMEHOB COAEPXKUT U ADYTHE JIHTAHIDL.

Y Mpocretimuit unen storo pAA — LHMKJIONPONEHHI-KATHOH, HEKOTOPBIE 7)3-LHKJIONPOIEHHIb-
HBle KOMIUIEKCHl W3BECTHBI, HO OHH JOCTATOYHO PEJKH.
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,
|
Cr U IL
O LT
© @)y c
0]
44 Crin®CgHy), 45 Uln™CgHg), 46 Ru(C,H,)(CO),

a) Kommiekcrr Meramnos c IMKJI00y TaJueHoM

Ipocretimuit PaclpoCTPaHEeHHBIN JMCAHJ, 9TOH CpyIIIEI, UUKI00yTafieH, mpem-
CTaBiisieT CoBol 4eTHIPexD/IeKTPOHHBIN noHop. On HeycTolume B dopMme cBoboI-
HOU MOJIEKYJIBI, HO YCTOWYMBRIE KOMILIEKCHBIE COeIUHEHUS U3BECTHBI, BKJIIOYad
[Ru(CO)3(n*-C4Hy)] (46). Dro omum us MuOrUX IIPUMEPOB, KOLAa KOODIHHA-
[us ¢ aTOMOM MeTalljla CTabUINSUpyeT HeyCTONYIHBLIE MoJsiekyJnl. U3-3a Heycroit-
YUBOCTH IUKJIOOYTaJMeHa JMTAHI IOJKEH TEHEPUPOBATLCA B IIPUCYTCTBUM Me-
Tajljla, KOTOPBIM €ro KOODAWHUDYCT. DTU CUHTE3BI MOYKHO OCYIECTBUTL pa3-
JIMIHBIMUA 1y TsaMu. OJUH U3 MeTOIOB — JeraoreHUPOBaHYe TaJIoreH3aMeneHHOro

HMKJI00yTeHa,
° Loy
|

+ Fe,(CO)y — oC/lFe\ Co + FeCl, + 6CO

c
cl S

Hpyrott nyTs CHHTEe3a — NUMePH3alUd 3aMeIeHHOTO STHHA:

Ph Ph P
h Ph
cPh cPh / \
PhC PhC Ph Ph
Co —— cCo. oA, Co + PPh,
~
{ PPhy { pPPh, |
Cp Cp

Cp

W [uknoGyraapen — “€THIPEXIIEKTPOHHBIN JOHOD, OOPA3YIOMMIL Psill YCTORIMBBIX
KOMILJIEKCOB,

6) Lluk/onenTa/IUeHAIBHEIE KOMILICKCH! MeTAILIOR

Jlurana muknonentaauesnn CsHs ceirpan Ba)KHEHIIYIO DOJIb B PA3BUTHU
XUMHK MeTaJUIOOPTaHUYeCKUX COeNUHEHUN M NPONOJIKAaeT OCTABATLCH OC-
HOBHOH MOJIEJIbIO LIMK/INYECKNX TI0JIHEHOBBIX JIMTAHAO0B. M3BECTHO OrPOMHOE YMCIO0
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{UKJIONIEHTAIMEHUIBHBIX COEJMHEHUH. B mekoroprix u3 uux CsHsy BrICTynaeT Kak
MOHOTAITO-JIUCAH I, B 9TUX CIy4asX OH JaeT OJUH 3JEKTPOH B 0-CBs3b ¢ METAIOM
(7); B APYTMX COENMHEHUAX OH MOXKET OBRITH TPUTANTO-JIUCAHJOM, TOLAA OH HaeT
tpu dnekrpona. O6priHo CsHy mpucyTCcTByeT KaK IeHTaranTo-Jurali, BHOCA AT
siekTpoHoB. CTpykTypa (8) MOKa3bIBaeT CcOeAMHeHHe, B KOTOPOM MPUCYTCTBYIOT
OMHOBPEMEHHO H n3- u n°-auraHgBL

[{uKIONeHTanue ] HaTpusA — Haubosee pacpOCTpaHEHHOE MCXOQHOE BEMIECTBO
I TOJIYYeHUs LUKJIOTIeHTaHeHHILHBIX coequrenuii. OH MoxXeT OBITh NOJy4eH
neiticreneM Na Ha IUKJIONEHTaHeH B TeTparuapodypare:

2Na + 2CsHg ETE 2Na[C5H5] + H,

11Uk TOnEeHTaIUEHN T HATPHA B3aUMOZECTBYeT ¢ rajJoreHHJamMy d-MeTaJlyioB, obpa-

3ys1 MeTaJITOLEHBL:
Tre

1
2NalC¢Hgl + MnCl, — Mn + 2NaCl

KOHe4HBIN pe3y/IhbTaT BBIIANMT KAK HPOCTOMN JIMMaHHbIH 0OMEH, HO MeXaHU3M MO-
3KeT GLITh 6oJlee CI0YKHBIM, YeM KarKeTCsl. DTUM MeTOIOM TaKXKe MOXKHO MOy IUTh
6uc(UKIONEHTAIMeHIIbHBIE) KOMILICKChI JKeJlesa, K00aJIbTa U HUKeJs.

”I H3BecTHBI UKIIONEHTAIUEHUIIBHEIE COeJMHEHIST MHOTUX MeTaJlJIOB. Hexkoropsre

coemunenus comepxkar CzHs kak MoHOranTo-JMrasz, Apyrue — Kak TPUrallTo-

nuragz, Ho obrrano CgHs nmpucyrcrByeT Kak NEHTAranTo-Iurani, oTanui
OATH 9JIEKTPOHOB.

B) Peaknum

Baaromaps cBoeil BRICOKOMH yCTORYHBOCTH, 18-3IeKTPOHHbBIE COENWHEHUS 9/1€MEHTOB
8-#1 rpymnnsl — heppoleH, pyTeHOLEH U OCMOLIEH COXPAHSIOT CBA3U MeTa LI — JIUraH
Jaxke IIPU OYEHb JKECTKUX YCIOBUSAX, 3TO JaeT BO3MOKHOCTh IPOBOJUTD PA3/IMIHbIE
npeBpamleHus IHKJONeHTaIue HMIbHBIX gurangos. Hanpumep, onu noaseprarorcs
peaKIusaM, HoAoOHBIM peaKUuAM MPOCTHIX apOMATHYECKHX YIJIEBOJODOAOB, TAKUM,

Kax anminpoBanue o @puaemo-Kpadrey:
AICl,

]
CH,COC! + Fe(p®-CgHg), — Fe

0
/
Q—- ¢
\
CH,
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Taksxe BosmokHO 3aMmenlenue H B konbue CyHy ma Li

LiBu + Fely®-CgHg), — Fe + C,Hy

JIuTUeBHI NPOAYKT — NPEKPACHOE UCXOHOE BEIECTBO MJIsl CHHTE30B IIUPOKOro psi-
Ja COeJUHEHUN C 3aMECTUTENIAMH B KOJIBIIE, B 3TOM OTHOIIEHHH OH ITOJODEH IPOCTHIM
JUTHROPraHndecKnM coenHeHuaMm (pasa. 15.7).

H| Benencreme cBoeii BICOKON ycToHyuBocTH 18-371€KTPOHHRIE METAJJIOLEHB! SJle-
MEHTOB 8-if IPYINBI COXPAHAIOT CBOU CBSI3M MeTAJLI—JIUIaH[ NaKe [IPU O4YeHb
JKECTKHUX YCJIOBHSIX, 9TO AAaeT BO3MOMKHOCThL MPOBOAUTH Da3JIMYHble MPEBpAIle-
HUsT UUKJIONEHTaIUEHNIILHBIX JTMIAHIOB,

1) PoncTBeHHRIe MeTAILIONEHBI

TomMumo mpocThIX HUC(IMKIONEHTAINeHUIBHBIX) U 61c(apeHOBBIX) KOMILIEKCOB CY-
IIECTBYET MHOTO MHTEPECHBIX POJICTBEHHBIX UM crpyKTyp. Ha »xaprome cnenpamnn-
CTOB OHH HA3RIBAIOTCA «CKOUIEHHbIE COHIBUYEBHI coequHenusi» (tabn. 16.9), «mo-
JYCOHABUY», WK «DOslibHast TabypeTKas (6) U «Tpexmanybubiity Komieke (47).
Panee yske BCTpevyamuch «Tpexnaiy6Hble» M «MHoronailybHble» CIHIBHUEBBIE CO-
€IUHEHUsl, comepIKalye [B302H5]4_, koropuiit uzoanekrporer [CsHs|™, HO uMeer
BOMBIIYIO CKIOHHOCTh K OOPA3OBAHUIO «MHOTOITAKHBLIX» CIHIBUYEBBIX COEIMHE-
HUi, YeM NUKJIONEHTaAUeHWIbHEIH Turand,

CrkollteHHbIe CIHABAYEBBIE COeAUHEHNS UIPAIOT BaXKHYIO POJb B MeTaNIOOPraiu-
YeCKON XMMUH JIEMEHTOB Hadalla U CepeJvHbl d-6JI0Ka, BhIIE y2Ke BCTpeHasIcsa OIuH
npumep — kapben [lIpoka [Ta(n®-Cp)a(CHs)(CHy)| (48). Jlpyrue npumepbl BKIO-
uator [TiCly(n°-Cp)a), [Re(n°-Cp)2(Cl)], [W(n®-Cp)a(H)2] u [Nb(n®-Cp)2(Cl)s).

G-0+6

47 [INiy(CgHg),)" a8 49

13 HeopraH xumMua. Tom 2
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Tabnvua 16.9. Ckowennsie COHABHYEBLIE  COEIUHE-

HHUSL
=
\

Tam— ClI

Cl

16 aneKTpoHoB 18 anekTpoHOB

18 anexTpoHOB 18 anexTpoHOB

Kak mokaszaso B Taba. 16.9, CKolleHHbIE CIHJABUYEBbIE COEIMHEHUS MOTYT CO-
JlepPKaTh pa3sHoe YMCIIO 3JIEKTPOHOB M PAa3indaThesd cTepeoxummeit. Fx cTpyKTypHl
MOJKHO OTIHCATH Ha OCHOBE MOJEJIH, B KOTOPOU TpU ATOMHBIX OpOHTAIU MeTallIa Ha-
IpaBJeHsl B CTOPOHY OTKpbITOH Ipatn ¢parmenTta CpaM. Cornacio sTo#t Mozes,
aTOM MeTaJlJIa YacTO HACKIIIAET CBO JedUIUT 3JIeKTPOHOB, KOI1a HX YUCJIO MEHBIIe
18, 3a cueT B3aMMOLENCTBUS C HeNoeJeHHbIMU napaMu uin rpymmamu C—H mu-
ranaos. Hanpumep, 9Ta Moaens obbsAcHseT, nodeMmy B Kapbene [IIpoka cyuiecTeyer
cTepuyecku Hepbiroaaas opuenTanus CHo-rpynmsn: 6maromaps Takoit kKoHdopMa-
1y 3acenenHas pr-opburans CHo oTnaeT 971eKTPOHHYIO MJIOTHOCTB Ha OopbuTanb
aroma Ta (49).

m CTpPYKTYpbI CKOIUIEHHBIX CIHABUYEBLIX COEIMHEHHI MOXKHO ONUCATbh Ha OCHOBE
MOJeNI, B KOTOPOi Tpu OpOUTANU aTOMAa MeTajla HalPaBjeHbl B CTOPOHY OT-
KPBITO#l I'paru yrojkosoro ¢pparmenta CpaM.

A) XaMuueckas cBa3b B (reppolicHe

Xorsa Bce merain cBA3LIBAHNA B heppoleHe J0 KOHIA HE YCTAHOBJEHbI, AHarpaMma
SHEPreTHIeCKUX yYPOBHEH MOJIEKYIAPHBIX opbutaself, mpuseieHHast Ha puc. 16.11,
00bsicHAET GOJIbIIOE YHCJIO IKCIIEPUMEHTANBHEIX JAHHBIX. DTa JuarpaMma OTHO-
cuTea K 3acnoHenHo#t (Dsn) dopMe KomIuleKca, KOTOpas B ra3oBoil daze npubiu-
suTenbHO Ha 4 x>k /Monb HUKE 1O 9HEPrUH, 9eM 3aTOpMOKeHHasas KOHGOpMaIs.
[ourn BCce MeTasuIONEHB! UMEIOT HU3KMH SHepreTHueckuil 6apbep nepexoja U3 3a-
CNIOHEHHOI B 3aTOpMOXkeHHYI0 KoHGopManuo. OcHoBHOe BHUMaHHe CledyeT o0pa-
TUTb HA TPaHUYHbIe opOuTaiu. Kak nokasaHo Ha puc. 16.12, cuMMmeTpr3oBaHHAsA JIH-
metinasn kombunanus (CJIK) opbuTaneit MUranaos ef cOOTBETCTBYET 110 CHMMETPHU
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d.z- ¥ dy,-opbuTanaM aToMa MeTasa. Bollee HU3Kas 110 SHEpruM rpaHuYHast opbu-
tanb (a}) cocraBinena u3 d,z2-opburaiu Merasna u coorBercreyouleit CJIK opbura-
neit nuranaos. OQHAKO CYHNIECTBYET JUIIDb ciaaboe B3aUMOIeHCTBUE MEXIY opOUTa-
JIAMM JIMTAHJ0B ¥ MeTalljla, MOTOMY 4TO pP-OpOUTAIN JUTAHIOB CIy4aliHO pacrosa-
raloTcsi B KOHMUYECKON y3JI0BO mOoBepXHOCTH d,2-opbuTanu MeTanna. B deppornene,
Kak 4 B IPYyruX 18-9/1eKTPoHERIX GHC(LUKIONEHTaJUEHUIIBHEIX) KOMIIEKCAX, Tpa-
HU4Has opbuTalb @] U Bce Hojlee HU3KMeE 1O SHEPrud OpOUTANM 3alOJIHEHDI, a €} u
Bce DoJiee BBICOKUE IO dHepruu opburtaju — cBOOOIHBI.

['panuyHble opbuUTANM HE OTHOCATCS HU K CUNBbHOCBI3BIBAIOIIAM, HU K CHJIb-
HOPA3PBIXJAIIAM 0pOUTANSAM. DTa XapaKTePUCTUKA MPEANOaraeT BO3MOKHOCTD
CYIIECTBOBAHUS] METAJTIOLEHOB, OTKJIOHSIOUIUXCSL OT npaBunia 18 3/IeKTPOHOB, Ha-
npumep 17-asekTponnnit kommieke [Fe(n5-Cp)a|t u 20-smekTpoHHBIf KoMmmmekc
[Ni(n®-Cp)a]. OTkn0HeHUE OT mpaBuna 18 31EKTPOHOB, OAHAKO, NPHBOUT K CY-
[IECTBEHHOMY W3MeHeHu1o JivH cBaseid M—C, 4ro xopoluo corsacyercsi o cxe-
Mol MoseKyIspHbIX opbuTaneit (Tabn. 16.10). [TonoburM 06pa3oM, OKHCIUTENLHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA KOMILIEKCOB MOTYT OBITh UHTEPIPETUPOBAHBL C TOYKU
3peHUst 3EKTPOHHOM CTPYKTYPbI. Tak, yxke 0TMedanock, 9To GepponeH JOCTATOYHO
Jerko okucasiercss B dbepponenuensiit uon [Fe(r°-Cp)s]t. C Touku spenus merona
MOJIEKYJISPHBIX OpBUTalielt, 9TO OKUCJIEHHE COOTBETCTBYET YAAJEHUIO 3JIEKTPOHA C
HecBa3bIBaomelt af-opbutamu. Kommiekce [Co(n5-Cp)a, conepkammit 19 anekrpo-

Pwc. 16.11. Tuarpamma JHEepTeTHYE-
CKHMX YPOBHE! MONEKyIsIpHbIX opOuTased
JUIST  METAJUIOLEHA B NpeInoJIodKeHNH
cumMmerpun  Dgy. JHEprum cuMmeTpH-
30BaHHbIX W-opbuTtaneit surannos CsHs
MOKa3aHbl CJIEBA, COOTBETCTBYIOILME d-
OpOHTAM MEeTAIlIa — CIIpaBa, a YHEPrHH
00pa3ylommMxcsi B pe3yIbTATE MOJE-
KynspHbix opOHTasell npeacTaBJIeHb
B IeHTpe. 18 3/EeKTPOHOB 3ANOIHSAIOT
opbuTaIM 10 a}-opBMTAIH B paMKe
BKJIIOUHUTEIBHO, Pamkoit  BbigesieHbI
opburanu, KoTopble OOBIYHO paccMaT-
PHMBAIOTCH KaK IpaHH4YHble B 3THX
MOJIEKY/IAX.

13"
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Tabnvua 16.10. DyekTponnas xouduryparmus n pymHa ceass M—C B kom-
mekcax M(n°-CsHs)2

Komnaexc Yueao Saexmponnas R(M—C), A
BANEHMHDLT xonPuaypayun
AEKMPONOE

V(CsHs)2 15 eall 2,28
Cr(CsHs)2 16 eRall 2,17
Mn(CsHsCHg) 17 ePal? 2,11
Fe(CsHs)2 18 edtal 2,06
CO{CsHs)2 19 esafel! 2,12
Ni(CsHs)2 20 estaiPel? 2,20

) [TaHHbIe NPUBOAATCS ISl 3TOTO KOMILIEKCA, TIOTOMY 4TO Mn(CsHs)2 nme-
T BRICOKOCTIMHOBYI0 KoHpurypammio a e el , e oBaTembno, aHOMAb-

Ho jummHHYI0 cBaze M—C (2,38 A).

HOB, OKWCJISieTCsl HAMHOTO Jierde, deM QepponeH, IOCKOJIbKY 3JI€KTPOH YXOIUT C
paspexJIsIONIel ef-opburann u obpazyercs 18-371eKTPOHHBIR HOH [Co(n°-Cp)a]™.

[Tose3HO TaKKe MPOBECTH CPABHEHHE ¢ OKTAadIPUYECKUMH KOMILleKcamu. I'pa-
HUYHAs €)-opbuTanh B MeTaIOLEHaX SBJISETCs AHANOrOM ey-OpOMTaNM B OK-
TaAPUHECKUX KOMILIEKCaX, a a'- u ¢h5-opbuTa]id BMecTe SABJASIOTCA aHasIoraMu
tog-OpOMTANEll B OKTAdApPUYECKOM KOMILIeKce. 10  (opMajbHOe — CXOM-
CTBO  IIpOCTHpAaeTCs  J0  CyIIECTBOBAHUSI  BBICOKO- W HU3KOCIIHMHOBBIX
6uc(IMKIONEHTaIMeHUIBHBIX)  KOMIUIeKcoB  (Tabn.  16.10).  OxkuciautesnHo-
BOCCTAHOBHUTEILHAS XUMHS MeTAJJIONEHOB IIPOHH3aHa aHAJIOTUAMM C ITOBEJEHHEM
IPOCTEHNINX OKTA3APUYECKUX KOMILJIEKCOB.

“I Cxema cBasbiBanus B (dbepporeHe oKaszaHa Ha puc. 16.11 u 16.12.

Mpumep 16.6. Onpeaenenne 3NeKTPOHHOA CTPYKTypsl METANNOUEHA UM €0 YCTOHYUBOCTH.
Ucnonways puc. 16.11, o6cyaure 3acenentocTs ¥ npupoxy B3MO & [Co(n°-Cp)a]t u
M3MEHEHME B CBA3AX METAJI—JIMTAHI OTHOCUTEILHO HEHTPAJILHOTO KODAILTOLEHA.

Ortser. Hon [Co(ns’-Cp)z]'+ COIEPKHT 18 BAJIEHTHBIX JIEKTPOHOB (JEBATH OT ATOMA KO-
BasbTa, AecATh OT ABYX JUTaHaoB Cp, MMHYC OIMH [JIs €IHHUYHOTO ITOJOXKUTEILHOTO
3apaza). ITosaras, yTo TPUMEHNMA IMATPAMME SHEPTETHIECKNX yPOBHEN MOJEKY/IsAD-
HBIX opfuTaneit ans eppoleHa, NOAydaeM TBAXKABI 3aCENIeHHbIe OPOUTAIM BILIOTH
1o a'lg. Monekyna 19-51eKTpoHHOTO K0BaJIbTONEHA NMEET TOMTOJHHTENbHBIA 3JEKTPOH
HA ey -OpBHTANH, KOTOPAsA ABMAETCA PA3PLIXJIIONISH N0 OTHOIEHHIO K METaUTy M JIH-
rapgy. Takum oOpasoM, cBA3b MeTAUI~JIMTaHJ, JOMXKHA ObITh NpOdYHEe M KOpode B
[CO(ns—Cp)z]Jr, 9eM B [Co(ns—Cp)Q]. DT0 NOATBEPXKAAETCS CTPYKTYPHBIMH JRHHBIMHU.

Bonpoc 16.6. Wcnons3yst Ty ke AMATPAMMY MOJEKYTSAPHLIX OpOUTaNel, IIPOKOMMEHTH-
pyiire, 6yner mm yaanenne snekTpona ot [Fe(n®-Cp)z] ¢ obpasosannem [Fe(n®-Cp)2]t
NPUBOAMTL K CYIIECTBEHHOMY M3MEHEHHIO AmHbl cBazn M—C no cpaBHeHHIO C Heil-
TPAILHBIM (HEPPOLIEHOM.
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Puc. 16.12. CumMmerpu3osannble KoMOuHAIMKM opfuTanell, y4acTByOIHe B (POPMUPOBaA-
HUM TpeX TUTOB TPaHMYHLIX opburameit merajmonexa. Ciy1aiiHoe cOBIaJEHME Y3MOBOM
noBepxHOCTH d,2-opGuTann u m-opduraneit CsHs nprBoauT K HE3HAYMTEILHOMY B3AMMO-
NefCTBHIO, XOTS OHO W PA3pEeIeHO 1Mo CHMMETPHH.

e) KoMIutekchl MeTallIoB ¢ apeHaMu

BeH301 M ero HOPOM3BOAHLIE Halle BCErO JAEHCTBYIOT KaK IHeCTH3JIEKTDOHHbIE
rekcaranto-aoHopsl (Kak B (44)), B KOTOPBIX BCe IIECTb 7-3JE€KTPOHOB CBSI3aHB
¢ MetassoM. POTOXMMIYECKAs: UM TepPMUYecKas aKTUBalis KapOoHWUIOB MeTas-
JI0B "acTo obecnednBaeT 3¢ PeKTUBHBIH 11y Th BBeeHUs HeliTPaIbHBIX UKIMIECKAX
II0JIMEHOBBIX JUTAHI0B B KOOPAMHAIMOHHYIO cepy Mertasna. Hanpumep, rekcakap-
Gonuaxpom(0) MOKHO KHISITUTD € apeHOM st 06pa3oBaHust apenTpUKapOOHHIIA!

Cr(CO)s + CgHg = [Cr(n® — CgHg)(CO)3] + 3CO

m Bewson u ero npou3BOAHBIe, KaK NPABHJIO, BBICTYIAIOT B POJH TeKCcaralTo-
JIUTAHJOB.

k) KomMiutekchl MeTaslIoB € NUKJIOOKTATETPACHOM

[IMK/I00KTaTeTpaeH — KPYIHbBIHA JIHraHA, KOTOPbI# 06pa3yeT pa3HoobpasHble CBA3H.
OH ucnosp3yeT 4acTh CBOMX T-3JIEKTPOHOB 17151 006Pa3oBaHMsl CBsA3el ¢ MeTallaMi,
KOT/J[a BBICTYHaeT Kak 7°-, gt- (50) wau n8-nurann, npudeM ero KoJbuo rogpu-
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50 Ruly’-C4Hy)(CO),

poBaro. I B aToMm ciydae (oToxumus 0OeCIEUHBAET XOPOUIMH NyTh IOJy9ICHUA
LMK/IOOKTATETPACHOBBIX KapOOHHIbHBIX KOMILJIEKCOB!

Fe(CO)s + CgHg £ [Fe(n* — CgHg)(CO)3] + 2CO

MHOrOIPaHHOCTD BO3MOXKHOCTEI IIMKJIOOKTaTETPaeHa PK 06pa30BaHNy CBA3EH TaK-
JKe TIPOSIBJISIETCS B €ro CIOCOBHOCTH JaBaTh MOCTHKH MEXIY JBYMs aTOMaMH Me-
ranma (51) u (52). Kak yxe ymomunanocs, xorna CgHg pricTynaer Kax MIocKu#

n8-nurann (45), ero nydille pacCMaTPHBATh Kak IIOCKYIO apOMATHIECKYIO IPYIILy

CgHg_.

m LMK TOOK TATETPACH MOMKET BbICTYTIATh KaK IUralTO-, TETParanTo-, FeKCaranTo-
1 OKTAranTo-AMTaH, B TOCIEAHEM CJydac UK ITOCKHH.

3) HoapuxHLIE MAKINYECKHE TOTHEHOBBIE KOMILIEKCHI

Osn0 13 HanbOoIee MHTEPECHDIX CBOMCTB MHOIMX IMK/IMYECKHX TOJHEHOBBIX KOM-
IJIEKCOB — UX CTePeOXHMHYecKas HeKeCTKoCTh. Harpumep, Ipn KOMHATHOR TeMITe-
parype nBa KoJibla B (deppoleHe ObICTPO BpamaloTed ApYyr OTHOCHTENBHO IPYra
(53). DToT THI NONBMXKHOCTH Ha3bIBACTCA BHYTPEHHee BpallleHMe, OH TIOX0X Ha
AHAJIOTHYHLIA IpOIlecC B ITAHE.

Bouibioit uaTEpEC MPEACTABAAET CTEPEOXUMUYECKAST HEXKECTKOCTD, ITPOABJISIO-
IasCH, KOTIA CONPAXMKEHHbIH MUKJIMYeCKHH MoJUEH MPHCOEHHHEH K aTOMy MeTaJl-
Jla 9epe3 HeCKOJbKO, HO He BCE YIJIEpOIHble aroMbl. B Takux KOMILICKCaX CBA3b
MeTaJsll—JMTaH MOXKET IepeMelaThea Mo Kpyry. [IpocTeilmmii npuMep BHYTpEH-
HETO BpaIeHAs Takoro Tuma 6o Haiinen B [Ge(n!-Cp)(CHs)s|, B xoropom emun-
CTBEHHOE MeCTO NpHcoequHenns aToMa Ge K [UKJIONEeHTa HeHOBOMY UKy IepeMe-
IAETCH [0 KOJBIY MOCPeICcTROM 1,2-CIBMTOB, T.e. IBIMKCHHEM, B KOTOPOM CBA3b
C—M zamemaercs casspio C—M cnenyromero aroma C no xpyry (puc. 16.13,a). Ilo-
JaBgIonece 60MbIIMHECTEO TOMBHKHDBIX KOMILIEKCOB ¢ CONPSPKEHHBIMU NOJTUEHAMH,
KOTOpHle 6BUIH HCCIeIOBAHBI, MEPErPYIIHPOBbIBAIOTCS HOCPEICTBOM 1,2-CIBUIOB,
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3# == =
2
(CH3);Ge (CH,),Ge
(CH,);,Ge
a
8 5
1 4
6 2 3

Puc. 16.13. ITeperpynmposka B  |Ge(n'-Cp)(CHa)s] mpoucxomur  mocpeacTsoM
1,2-casuros (a). IMomsmxnocts [Ru(n*-CsHg)(CO)s] moxer GuiTh omucana nopob-
HEIM o6pazom (6). HyHO MpeacTaBUTh, 4TO ATOM DPYTEHMA HAXOAMTCs BHE ILIOCKOCTH
crpanuusl; urapasl CO onymeHst.

HO HEHM3BECTHO, ONPENENAIOTCA 9TH CABUIY MUHHMYMOM JBHZKEHHsl U1 HEKOTODHI-
MH 0COOEHHOCTAMH OpOUTAILHONR CHMMETDHH.

OcHOBHBle IOKA3aTeJbCTBA CyIIECTBOBAHHA H MEXaHH3Ma MeperpynnupoBOK
obecrieunsaer crnexrpockonust IMP, mockonbKy H3MEHEHHs MPOUCXOIAT 3a BpeM4A
or 10~2 10 10~4 ¢ 1 MoryT 6biTb HecaenoBanb Metosom IMP ma sapax 'H n 13¢,
Coemuuenne [Ru(n?*-CgHg)(CO)3] (50) xopomo mamoctpupyer 31ot nogxoxn. [Ipu
KOMHATHOH TemmepaType ero crekrp fAMP 'H npencrasasier coboit omHy Y3KYyH0
JIMIHMIO, KOTOpas BO3HAKAET OT cuMmeTpuyroro mranga 1°-CgHg (puc. 16.14). Oxn-
HAKO JaHHbIE DEHTI€HOCTPY KTy PHOIO aHaJIH3a OHO3HAYHO [IOKA3bIBAIOT, ITO B 9TOM
clydae TIPUCYTCTBYET TETpAralTo-IHran], JTO NPOTHBOpEYHE Pa3pellaeTcs CreK-
rpamu SIMP 'H npu mmskux TeMneparypax; korga ofpasel] OX/IaXKIaloT, CHIHAN
YIIHpSETCS, 8 3aTeM Pa3lelifeTcst Ha YeThlpe MHKa. JTH IHKH, KaK Ipe/oaraeT-
¢s1, COOTBETCTBYIOT UEThIpEM ITapaM NPOTOHOB B JIMTaHIe n*-CgHg (54). ObbsacHe-
HHE COCTOMT B TOM, YTO IIPH KOMHATHOH TE€MIEPAType KOJbIO BpaliaeTcsd BOKDYT
aTOMa MeTaJsla CINIIKOM OLICTPO [0 CPABHEHHIO ¢ XApaKTepUCTUIeCKIMU BpeMeHa~
Mu B sxcepumenTe SIMP, mostomy Habmiogaercs ycpeQHEHHbIH CUTHAI. [Ipu Gonee
HU3KOM TeMIlepaType BpaleHWe KOJbIa IPOHCXOIMT MEJ/eHHee, MOYTOMY HHIM-
BUIYaJbHblE KOH(OPMAIHH CYIECTBYIOT JOCTATOYHO JOJITO IJId UX obHapy KeHusl.
JletanbHbii anatu3 hopMel TuauE B criektpe IMP MoxHO HCIIOIL30BATL 1A OTIPe-
JeeHnsl SHEPIUH AKTHBAIUH neperpynnnposxnl).

m MHOr1e KOMILJIEKCHI [UKINYECKHX TTOJHeHOB BECbMa MOABHKHBIL H IPETEPIIeBa~
10T BHyTPEHHEC BpalleHHe.

1) Dynamic nuclear magnetic resonance spectroscopy, ed. L. M. Jackman, F. A. Cotton, Academic
Press, New York, 1975.
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Puc. 16.14. Crexrp AMP 'H mnst [Ru(n*-CsHs)(CO)a|
_147°C mpH  paanuuHbix Temneparypax |[Cotton F. A., In:
. .\ P Dynamic nuclear magnetic resonance spectroscopy, ed.
0 100 200250 L. M. Jackman, F.A. Cotton, Chapter 10, Academic
Press, New York, 1975].

YacTtora cnektpomeTtpa v, MMy

16.9. PeakunoHHasa cnocobHOCTL MeTannioopraHu4eckux coeguHeH i
Havana d-6noka u f-Bnoka

CymiecTByer siBHOE CXOACTBO B XUMUYECKHX CBOHCTBAX MCXKIY MCTAIOOpTAHHtIe-
CKHMMH COEIMHCHUAMH Hadana d-6s10Ka (Ipymusr ¢ 3 10 §) W aHAJIOTHYHBIME COEIH-
nenusamu f-6nokal). B uwacrHOCTH, M TE WM JIpYyTHe NPOABJSIIOT BBICOKOC CPOJCTBO
K KHCJIOPOAY M raJloreHaM, OUCHb PeaKIMOHHOCHIOCOOHBI K paspwiBy casu C—H,
06.1aJAI0T MaJIol CKJIOHHOCTL:O K 06pa3oBamnio ceasn M—M 6Ges YYACTHSA MOCTH-
KOBBIX JIMTaH/0B. [Ipn oObIuHbIX YCJI0BUSAX HEHTpa/bHble KAPOOHHIbHBIE COERMHC-
HHA HEM3BECTHBI [N 31eMeHTOB f-6sloka M KpaiiHe penku ans 3-il m 4-it rpynn
d-6n10ka; enuncrennbiit npavep — [Ti(CO)s(dmpe)]. Hexoropsle u3 sTux dbaxTon
ye Bcrpedanuck npu obcyxaeann kapbenos [IIpoka. Muorue us 3Tux cBofCTB MO-
TYT ObITb 06bACHEHDI Ha OCHOBE CJIe 1Y IONIHX XapAKTEPUCTHK ITUX d- U f-3/1eMeHTOB:
“KECTKOCTB», JIEKTPONOJOKHATCIBHOCTD, HEGOIBIIOE YHCIO BAJIEHTHBIX 3J1€KTpO-
HOB, OrPaHAYEHHOE YHCJIO BO3MOMKHBIX CTEMeHel OKHC/ISHHS.

a) Cponcrro k KHACJIOpOIXy

«2KectkocTh» HaganbHBIX 37MeMEHTOB d- M f-6IIOKOB OYEBHIHA M3 HX BBICOKOIO
cpoxcrea X xectkuM qurangam tuna O u Cl. CpoacTso K KMCIOpOLy IposABIIsSeTcs
B CBOHCTBaX KapOOHM/IOB 9THX dieMenToB. Hampumep, peakims OKCHIa yIIEpONa
¢ [Zr(n°-Cp)2(CH3)s] maer cessanmbiit OIHOBPEMEHHO TI0 KHUCJOPOAY H YIJIEPOLY

) O630p XUMHM OPraHONAHTAHHAOE CM. B [Evans W. J., Adv. Organometal. Chem., 24, 131
(1985)]. OpranocaxTraua cMm. B [Mapxe T., Cmpetimsusep 3., c¢. 459; Mapxe T., ¢. 498 B: Xu-
MusA akTHHOHA0B/ Iloa pea. k. Kana, I'. Cubopra, JI. Mopcca, T 3. Ilep. ¢ anrn. — M.: Mup,
1999).
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n2-anerni (BMECTO IPOCTOTO, CBA3AHHOTO O YTJIepoay n'-anerwia, THIHYHOTO AMs
METAJINIOB KOHIA d-GJIoKa):

B srolf peakumm BakaHTHas UEHTpaJbLHAA OpGHTAIL B HCXONHOM BEIECTBE
[Zr(n5-Cp)2(CH3)2] HCIIOJb3YeTCsl B HPOAYKTE 7)2-aleTHIbHBIM JTHrapnon. 11ono6-
HBIM 06pa30M, PeaKilusa MeXAY JUIHAPHAHBIM KOMILIeKCOM mupkornst 1 CO B npu-
CYTCTBHH BOJNOPOZ@ NMPUBOAUT K BOCCTAHOBJICHHIO M MHUTPAIUM KHUCJIOPOAA B KOOD-
JUHAIMOHHYIO cepy aToMa HupKoHAAL :

(0]
C
Cp* Cp* Cp*
p H N " P\ _ OCH,
Zr +CO — /Zr-—- H —— /Zr\
Cpi H Cp* \H Cpi H

Kak 6yner obbsceeHo Hallee, meHTaMeTH/MWMKJIONEHTaUeHAn ofpasyer Gosee
YCTOHYHBBIE KOMILIEKCHI ¢ MeTalIaMi Havaja d- U f-BJI0KOB, yeM He3aMeleHHbIi
HUKJIONEHTaIUeHWIbHBIA JINTAH I,

‘” Merasnooprainnyeckne cocIMHEHASA S1EMEHTOB Hadaa d-6/10Ka 1 f-6510Ka Ipo-
SIBJIAIOT BBICOKOE CPOJCTBO K KHUCJIOPOLY.

6) Paspes cesasm C—H

MertaJsuibt Haganta d-6J10Ka CKJIOHHB! aKTHBU3UpoBaTh ceasu C—H. BayTpumoseky-
JIApHBLH paspeiB cBa3n C—H mmpoko pacnpocrpanen gna Ru, Rh u Ir. 9ta ckioH-
HOCTb HACTOJILKO APKO BbIpasKeHa, 4To, HalpuMep, NOMbiTKa, motyunth [Ti(n®-Cp)2)
LIPABOAMT K 0bpa3oBaHuio numepa (55), B koropom caasu C—H okucantesbHO Mpu-
COeZMHEHH K aToMy THTaHa. g IpeXoTBpalleH s 3TOH U JPYTHX HEXKEIATeIbHbIX

1 Cp* — neHTAMETHAIHKIONEHTAJUeHHI.
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peaKUyi ACTO HCLOIB3YIOT JIMraH ] HeHTaMCTH/IMK/IONEHTaJUEHIIL. Y HErO HET BO-
JOPOIHBIX ATOMOB y KOJIbLCBRIX 8TOMOB yIIEpPOAa, TaKNM 00pa30M, pa3phiB CBA3EH
C-H uckmoues. Kpome Toro, y 9Toro Jurania Goubirte aexTpoHon, deM y Cp,
noyToMy OH 06pasyeT 6osiee IPOIHBIE CBAZH MeTasI—aarann. HaxoHer, o6beMHbIH
smrann Cp* 6J0KHpyeT JOCTYT K METAJLTy U NPeJOTEPAllacT pEaKLMH aCCOLHAlHH.

[TopasuTebHbl TPUMEDP AKTHBAAH C—H — axtupanusa ceazu C—H B merane
o7 JefCTBAEM MCTAIOOPraHNIeCKHX COeMMHCHHA JTAHTAHUIOB — OBbL1 OTKDHIT
[Tarpuupelt Yorcon. OTKpbITHE 6bLIO OCHOBAHO Ha HabmOgeHUH, UTO 13CHy o6-
svennpaercst 3C ¢ CHz-rpynmaMy, CBA3AHHBIMU C Lu:

[LuCp3(CHs)} + 13CH, — [LuCp3(**CHs)] + CHa

Jry PEaKIHIO MOXKHO IPOBECTH B NeATePUPOBAHHOM [UKJIOTEKCAHE, TIPH STOM aK-
rupaius cBasu C—D B UMKJIONCKCaHE HC HabMIONAeTCsI, BO3MOXKHO, IOTOMY, YTO
[IUKJIOTEKCAH CJIMIIKOM O0beMeH LA B3aMMOJICHCTBHA ¢ METAIHICCKHM LEHTPOM.
AKTHBaUMst MeTaHa HabJojalach Takxke ¢ MeTaJITOOPraHMYeCKHIMHA COeNHHEHH -
MH AKTHHHIOB M KOMIUICKCAMH 3JIEMEHTOB KOHIA d-610Ka. DIeKTpoduIbHbIE Me-
TAJLIYCCKHE LEHTPhl CIOCODCTBYIOT TOH PeaKIuH, npenmosaraerca obpasoBaHue
YeTHPEXLIEHTPOBOTO HHTEPMEIaaTAa:

_1:
R'---H R H
N T e

M---R R

m Merasl Hauala d-6JI0Ka IBHO CKJIOHHBI K aKTHBAIMH cpszeit C—H; meTasanr
KOHIIA d-6J10Ka 0618 JAI0T ITOH CIIOCOGHOCTBIO B COOTBETCTBYIOIIEM OKpPYKCHHH.

CBSA3b METANN-META/1 U METAJIJINHECKUE KNACTEPDI

XHUMHKH-OpraHAKH [OJKHbl [PH/IAraTh FepOMYecKHe YCHIUS AJIA CHHTE3d COOT-
BETCTBYIOLIMX K/ACTEDHBIX MOJIEKY] THHNa KybaHa (56). HampoTue, onHa U3 OT-
JMYATENbHBIX YepT HEOPraHMUECKOH XMMHHM — GOMbLIOE YHC/IO0 3aMKHYTBIX O
STPHYECKUX MOJIEKYJI, HAIPUMEP: TeTPasApUIecKas MOEKy/Ia P4 (pa3a. 11.1), ox-
TA3PUTIECKHE KJIACTePhl METAJJIOB Havasa d-6JI0Ka ¢ TaJloTeHHIHBIMM MOCTHKaMH
(pa3z. 9.9), nomsapudccKre KapbopaHbl (paza. 10.6) u MeTa100praHAeCcKHe Kila-
CTepHbIE COEJMHEH s, KOTOpBIe 06Cy K IaloTCA 3IECh. B 310 0fcy2K1eHHe BKIIOYMEHbL
HEKOTOpbIE COeIMHEHHs!, He OTHOCANMECH K MeTaJITIOOPTaHMIECKUM, yTOOB! TTOJIHEE
PacCMOTPETh KPATHBIC CBA3SH METalJI—METalLI.

16.10. CrpykTypa

MertaingecKkue KJacTephbl — 3TO MOJEKYJISPHbIE KOMIIIEKCHL, B KOTOPbIX CBSA3U
MeTa/I-MeTal1 06pasyloT TPeyroJbHHK Hin 6Goslee KpYTHbIE 3aMKHYTHIE CTPYK-
Typbl. DTO OIpeZAe]eHHe HCKJIIOUACT COCJMHCHHS C JuHedHbIMB  (parMeHTaMu
M—M—M. Ono Tax)Ke HCKJIOYacT KApPKACHBIE COEIHHEHHUs, B KOTOPbIX HECKOJIb-
KO aTOMOB MeTallla YAEPXKHBAIOTCA APYT ¢ APYrOM TOJBKO JIMTaH/HBIMA MOCTHKA-
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o C
c (0]
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Co
\ H °
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N __Coy 7 ¢ ¢ \ ¢
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/H - C N 0
H
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c/\\co oc/‘\co
o C
0 [
(0]
58  Fe,(CO), 59  Co,(CH)CO),

mu). TIpHcyTCTBIE MOCTHKOBDBIX JIMFAH/IOB B xnacrepe (Kak B (57)) yKasniBaer Ha
BO3MOXHOCTb TOT'O, YTO ATOMBI YIEp:KUBAIOTCA B3amMmoneiictsueM M—L—M, a ne
cazamu M—M. B pemennn 1ot npo6ieMbl 0Ka3blBAIOT CyIECTBEHHYIO l'IO’MOI_[I\b
JUHE cBsi3ell. Ecim paccrosune M—M 3nauuTennHo 6osbline, yeM IBa MeTa lIHYe-
CKHX pajHyca, eCTb OCHOBAHHS OJIAraTh, YTO ¢BA3b M—M owuens c/abast HUTH BOBCe
orcyTcrByer. OfHAKO, €C/IH aTOMBI METAJLIOB HAXOAATCS B IpefieJax pa3syMHOTO s
CBSI3HM PACCTOAHUS, JOJIs CBA3M, KOTOpast IPHHAJJIEXHAT IPAMOMY B3aHMOIeHCTBHIO
M—M, ocraercst neonpenenenroit. Hampumep, B JurepaType Gblla THCKYCCHS IO
HOBOAY CyuiecTBosanus cBsasu Fe—Fe B [Fey(CO)g| (58).

Hpoqlioc”rb CBA3H METaJJI~MeTaJjl B KOMILIEKCaX METAJLIOR He/lb3d ONPeIeTUTh
¢ BBICOKOI TOYHOCTBIO, HO PA3JIMYHBIE JOKA3ATC/ILCTBA (HAIPUMEp, yCTOWYUBOCTD
COEMHEHNH U CHJIOBble NOCTOAHHME M—M) MOKa3blBaIOT, YTO TPOYHOCTL CBSI3M
YBEJIMUYHBAETCA NMPH TIEPEXOAE BHU3 10 rpymme B d-0Joke., DTa 3aKOHOMEPHOCTH
NPOTHBOTIONOXKHA TOH, KoTopas HabomaeTcs IS 9JEMEHTOB p-OJ0Ka, TIe CBA3b
3JIEMEHT —3JIeMeHT 00bI4HO ciabee st Goflee TsxeJbIX YleHOB Mpynmn. BesencTeue
9TOM 3aKOHOMEPHOCTH CHCTEMbBI, OObeMHEHHBIE CBA3AMU MeTall—MeTas, 6GoJiee
MHOIOYMCJIEHHBL st d-MeTasuioB 4-ro U 5-T0 epHoaoB.

a) Ilomcyer 3/IeKTPOHOB U CTPYKTYpa KJIACTEPOB

Merannoopranuyeckiie  KJacTEPHBIE COEJMHEHHsl [OCTATOYHO DPEAKA  OJIS
d-MeTa10B Hadala 6JI0Ka M HEM3BECTHBI AJIA f-META/IOB, HO ¥ 3J€MEHTOB TpyIII
¢ 6-#f mo 10-10 cymecTByeT GOJBINOE YUCA0 KapBOHMIbHBIX KiaacrepoB. CBA3b B
MaJIBIX KJacTepaX MOXKHO JIETKO OObSCHHTH HA OCHOBE JIOKAMBHHX M—M n M—L

1) .
. Sro onpe/enerHe HHOrAa cMArdaloT. Uapeaxa nrobble cucTemsl co ceaskio M—M paccmarpu-
Al0T KaK KJIACTEephl, H JOCTATOUHO YACTO XHMHKH He AeJaloT DPA3JIMYHI MEXKAY KAPKACHBIMH W
KJIACTEPHBIMH COEAMHEeHHIMH.
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57IEKTPOHHBIX TIAp CBA3BIBAHUA ¥ IIPABHIIA 18 9JIEKTPOHOE, HO OKTad/|PHYECKHE Mg
4 GoJtee KPYIHBIC KIACTEPDI He TIOATHHAIOTCA yroit Mozemnt).

[TonysMIupAYecKas KOPPESMHs THCIa SJIEKTPOHOB U CTPYKTYpH nnsa bonee
KpyITHBIX METa/I00PTAHAIECKIX kTacTepos Obuta BBegeHa K. VaiinoM u yTouHeHa
1. Munrocom 1 DK JottepoM. DTH Tpaguia Vaitna-Munroca—Jloitepa cyMMupo-
pappl B Tabs. 16.11; oHH MpUMEHHME foslee HAOEXKHO JJIl KIACTEPOB METansoB
rpymm ¢ 6-i 1o 9-10. B ocHOBHOM (KaK U B cJy‘1ae THAPHIOB Gopa, Tae IPHMeHsIeTcs
AHAJIOTHYHBIN aHANK3) 60JIee OTKPBITbIE CTPYKTYPDI (B KOTOpBIX MCHbLLIE YHCIIO CBA-
seft MeTa/UI—MeTasll) HabIoAaloTes IpH GoJIbIIEM UHCJIE KIAaCTEPHBIX BAJEHTHLIX

snextponoe (KBI).
m [TpaBuna Vattna—Munroca—Jloftepa yCcTaHaBIABAIOT KOPPEJIAIHIO MeXKaYy ‘HC-
7OM BAJEHTHBIX 3JEKTPOHOB U CTPYKTYpPOH GOMBUINX METAJLIOOPIaHIIECKUX

KJIACTEPOB.

Npumep 16.7. Koppensums CnexTpockomAIEcKuX AaHHbIX, YMCIa KNACTEPHLIX BaNeHTHbIX
371eKTPOHOB M CTPYKTYpbl.
Bzaumopeiictere  xjopodopma € [Co2(CO)s] maer  cocaumenuwe  COCTARa
[Cos(CH)(CO)s]. AMP u MK nannble MOKA3BIBAIOT TIPHUCYTCTBHE TOJIHKO KOHIICBBIX
muramgos CO n npucyrcrere CH-rpynnbt. [Ipenckaxute CTPYKIYDY, COTJIACY LY HOCH
CO CIIEKTPaMHM U KOppessuei Hucna KB?3 co cTpyKTypO#.

OtseT. DeKTPOHB! B 3TOM KiacTepe: 27 OT TpeX aToMoB Co, 18 ot gesarn rpynn CO,
3 or CH (cuuTaeM, YTO mOCHe/HUIT CBA3AH C METAJMIOM TOJBKO gepes atom C: oguH
57eKTPOH UCTob308an Ha cBa3b C—H, a ocTanbHble TpH JOCTYMHE! AT CBSI3M B KJa-
crepe). Oburee uncio KBS 48 ykasbiaeT Ha Tpeyro/bHbI KiaacTep (cM. Tabur. 16.11).
Crpoenue COracyeTcsi C 3THM BBIBOJOM, NPUCYTCTBYIOT TOIBLKO KOHIIEBbIE JIHTaH]IbI
CO, pepmunmpit CH-murana mokasal Ha cxeme (59).

Bonpoc 16.7. Coepunenue [FesCpa(CO)4) ABASIETCS TBEPABIM TEMHO-3CICHBIM BENIECTBOM.
B UK chexkTpe IpHCYTCTBYET eIUHCTBEHHAS MOJ0CA NOTIOMEHH CO upu 1640 em™ L
SAMP 'H naer cHHIJIET AaKe IPH HU3KHX TEMIIEPaTypax. W3 57100 CHEeKTPOCKOIHYECKOH
undopmammn 1 guciaa KB npeanoxure crpoeHne [FeaCp4(CO)a)-

6) Crpoeane n w3oyio0ajbHbIE AHAIOTHH

Xopoummuit crocof A71st HaNIAAHOrO H306paskeHns yJacTis TeTepoaTOMOB B METAILTH-
YeCKOM KJIACTepe 4aeT HCIOb30BaHHe M30/100aTbHbIX apanoruit (pasm. 3.6)2).9Tn
anastornn mporoAsT mapaieas mexay [Cos(CO)o(CH)| (59) u [Co4(CO)12) (57);
o6 KOMILIEKCA MOTYT pacCMATpPHBATLCA KAK TPEyToJbHble (parMenThl Coz(CO)g,
HpPHKDBITBIE ¢ ONHON CTOPOHBI KM TDYNIIOH Co(CO)3, mma CH. I'pynmml CH
1 Co(CO)3 m3onobajibHR, MOTOMY UTO KaxKZAas M3 HUX HMECT TPH opburann u
TPU 9EKTPOHA, KOTOPBIE MOTYT y4aCcTBOBATh B 00pasoBaHUN KapKaca. He6osnb1toe
OCJIOKHEHHE B 9TOM CPABHEHHH CBA3aHO ¢ MPHUCYTCTBHEM T'PYIII Co(CO); BmecTe ¢

1) Mingos D. M. P., Wales D. J., Introduction to cluster chemistry. Prentice Hall, Englewood
Cliffs, 1980; Lauher J. W., J. Amer. Chem. Soc., 100, 5305 (1978).

2) TIpuMeHeHne H30J106a/LHBIX AHAJIOTHA B COEMMHEHHAX METAJIMHECKHX KJ1aCTepoB OITHCAHO
B Hobesnenckoit nexiuu P. Xopmana [Angew. Chem. Int. Ed. Eng,, 21, 711 (1982)]. Crpoenne
MeTAJIOOPTaHHYECKHX COeMHe Nt H KJIaCTEPOB TaKKe XOPOUIO CHCTEMATHSHPOBAHO IO U303JIEK-
TponubiM cesisaM [Ellis J., J. Chem. Educ., 53, 2 (1976)].
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Tabnuua 16.11. Koppessiups mcaa KIacTepHhIX BAJIEHTHBIX 3JIEKTPOHOB U

CTPYKTYpbI®

Y

: Tx(c)/m Cmpyxmypa  Yucro Hpumepw
MOE MEMANUNE-  KALCTNEPHBLT

MEMAANA CKO020 KAPKACL BAAECHINHBLT

ANEKMPONHOE

1 Egunngnnrii atom

2 JIuneitnasn

3 Tpeyronbunk

4 Tetpasnp

Batouka

Ksagpar

’
5 TpuronanbHas

OunupamMuaa,

KBanparuas nupamuga

6 OkTasap

TpuronanbHas npusma

o P LHECH]-

18

34

48

60

62

64

72

74

86

90

Ni(CO)4 (2)

Mn;(CO)%)

Co3(CO)sCH (59)

Coqy (CO) 12 (57)

[F64(CO)1QC]2_ (60)

OS4(CO)15

Os5(CON6

Fe5C(CO)15

R.UsC(CO)U

[RheC(CO)15]2

)
* Bosee moppobuyto Tabauny cM. B [Lauher J. W., J. Amer. Chem. Soc., 100,

5305 (1978)].
6 Ta6n. 16.2.
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socrukosbimi muraggama CO B [Cos(CO) 2], moroMy 4T0 MOCTHKOBBIC H KOHUECEbIE
JIUrapgbl OJU3KHA O SHEPTHH.

M30J106abHbE AHAJIOTHHA [I03ROJIAIT MPOBECTH MHOCO TapaJulelell Mexay CH-
CTEMAMH CO CBSI3AMH METAJLI—METAJl, COIepKallUuMi TOIbKO d-MeTaJLIbL, U CMe-
IAHHBIME CHCTEMaMH ¢ MeTa/JIaMH d- 1 p-6710K0B. JIoNnoIHUTEIbHbIE IPAMEpDI ITPH-
peneHbl B Taba1. 16.12, rae orMedeno, 9ro atoM P uzonobanen ¢ rpymnmoi CH; coor-
BOTCTREHHO, M3RBECTEH KJacTep, HOZObHBIN (59), HO ¢ aTOMOM P B pepmmnHe. AHa-
normunbiM ofpasoM, murangbst CRo u Fe(CO)4 0b6a MOryT NpUCOEIMHHTH IO IBa
aroma Metauia B kiaactepe; CHs u Mn(CO)s MOryT NpHCOEIMHHTLCA K OXHOMY
aToMy MeTaJlla.

Hl V30106a/IbHEE AHAJOMMH IO3BOJISIOT IPOBECTH MHOIO MapaJlieseil MexKIy CHC-
TEMAMH CO CBH3DBIO METALI—METAIUI, COIEDKAIMMH TOJIBKO d-MCTaslJbl, H CMe-
IMAHHBIMHE CHCTEMaMH, COIEPXKAIUMH MeTalIbl d- U P-OJIOKOB.

16.11. Nony4eHue

OMH U3 CTApeHINHIX METONOB IOJyYCHAA METAJJIHYECKAX KIIACTEePOB — TepMHUte-
cxoe otinemtenne CO ot xapboHua meTasal). O6pa3opanne MeTANINIECKHAX KJa-
CTEPHBIX COENUHEHHUI [IPH NHMPOJIN3e MOXXKHO PACCMOTPETh C TOYKH 3PEHUA HHUCIIa
3JEKTPOHOB: yMEHbIEHHe YHCJIa BAaJEHTHBIX 3/eKTPOHOB BOKPYT aTOMa MeTallla
B pesynbrare noTepu CO KoMmIeHCHpYeTcst 00pa30BaHHEM CBA3EH M—-M. Ogun u3
npivepos — nonydenne [Cog(CO) 2] npu narpesanmnu [Coa(CO)s):

2C02(CO)s 2 Cog(CO) 12 + 4CO

DTa peaKIus Me[JIeHHO NPOTEKAET yXKe IIPH KOMHATHON TeMIeparype, TaK 4TO OK-

TaKapOOHWIIUKOO6ATHET OOBIYHO 3arpA3HEH ,IIO,ILeKaKap6OHI/I.HTeTpaKO6a.J1bTOM2).
[Tupoko npumenseMas U 60Jiee KOHTPOJIUpYyeMas PeaKlysi OCHOBAHA Ha KOHJEH-

Callii KapOOHM/IbHLIX AaHUOHOB M HEHTPAIbHBIX METAJIOOPTAHUTECKHX KOMILIEKCOB:

[Ni5(CO)12}2_ + Ni(CO)4 — [Niﬁ(co)lzlz— 1 4CO

Kommnnexe Nis nmeer 76 KB, a Nig — 86 KB3. Peaknun 37010 THna 4acro Ha3blBa-
10T OKHCINTENbHO-BOCCTAHOBUTENLHON KoHaeHcanueil. Ounu BechMa yIOOHBI
JUISt IOJTy9eHNs AHHOHHBIX KApOOHUIbHBIX METAIJIMIECKHX KIacTepos. B aTom npu-
Mepe TPHIOHAIbHO-OHIMPaMUIAIbHBIN Ki1acTep, cofepxKamuil Ni B creneHn OKuc-
jgenus —2/5, u Ni(CO)y, comepxkammit Ni(0), npeBpallaloTcs B OKTadAPHYECKHH
Kiacrep, mmeromii Ni B crenenn okuciaenus —1/3. Knactep [Nis(CO)12)?~, koro-
PbIlf IMeer Ha 4eTblpe 3JeKTpOHa 60Jbile, 4eM OKHUIaeMble 72 I8 TPUTOHAJIBHON
OunmpaMu b, WILTIOCTPUDPYET obliee CBOUCTBO KiacTepoB Merasnos 10-i rpymmbt

HMeTh 3/IEKTPOHOB 60IbIlle, YeM 3TO IpeNuchiBaeTcs NpaBramiu Yatiga-Munroca-
Jlottepa.

1 .

) Adams R. D., In: The chemistry of metal cluster complexes, ed. D.F. Shriver, H. D. Kaesz,
R.D. Adams, Chapter 3. VCH, Weinheim, 1990.

2) IupokuM psia OCMHEBBIX H PyTEHHEBBIX KJIACTEPHBIX COEAHHEHMI C HHTEPECHHM CTPOEHHEM

66l noJlydeH MUpoiUTHYeCKUMH MeTogamu [Lewis J., Johnson B. F. G., Pure Appl. Chem., 54,
97 (1982)).
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Tabnuua 16.12. Hexoropole usonobambuble (hparMeHThl 3JE€MEHTOB
p-6roxa u d-6nmoxa®

—|+

] 55" (OC)Mn

MubpugHble:

MbpuaHbie:

MmbpupHbte:

T'mbpuaHsie:

»
ATOMHblE:

TmbpuaHbte:

ATOMHbIE:

MmbpugHble:

a
) TTokasaHo u300parkeHne X ATOMHBIX, ¥ ITUOPHIHBIX OpOUTATICI.
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Tpernii MeToA, padpaboranubiit @. CroyroM!) | oCHOBBIBAETCS Ha KOHICHCAIUH
META/UIOOPTaHHYECKIX COEMHEHHH, COAePIKAIINX 3aMellaeMble TUTaH/Ibl, C HeHaChl-
IIEHHBIME METATIOOPTaHNYECKIMY COeANHEHNAMHE, TeHachIeHHbIMA KOMIIJIEKCAMU
moryT 6biTh ankummaesst Metanios L, M=CRj, alknauannb MeTalI0B L, M=CR
MM COCAMHEHHSI C KPATHBIMH CBA3AMH METaJlJI—METaJLI:

OMe Ph OMe
/ —cod \ /
(CO)Mo==C + Pt{cod), e C
/N
Ph (CO)Mo Pt{cod)
tol
I
c
(coy, 7 I \C (CO)
CpWI(CO),(== C— tol Co,(CO) W o)
pWICO),! ol) + Co,(COly N % 3
Co
(CO)4
o
8 Pan—¢
7 N\ -CM y: PR,
Cp*Rh\=/Rth* + PH{PRy),C,H, — Rh__\_,\, l?t\’
5 e~ Ve,
o)
Ph,P  PPh,
N/
Pt
~2PPh, / N\
Cp(OC),Mo = Mo(CO}),Cp + Pt{PFh,}, ——> Cp{OC);Mo = Mo(CO),Cp

w ,Z[.HH TIOJIYYEHNST METAJUIHYECKHX KJACTEpPOB Yallle BCErO HUCIIONB3YIOT TpH Me-
TOLa: TEPMHUIECKOE OTIINEIlJIEHHE CO or Kap6OHI/IHOB MeTaJIJIOB, KOHIEHCAlluK0
Kap6OHI/IJIbeIX AHHOHOB H HeI‘;ITpaJIbeIX MeTaJIJIOOPraHNYCCKUX KOMIIJIEKCOB H
KOHIEHCAITHIO MEeTAaNJIOOpPraHu4YeCKUX KOMILJIEKCOB ¢ HCHACBIIEHHBIMH METaJJI0-
OPranln4eCKHMH COeITUHEHUAMHA.

16.12. Peakuyuu

Hexoroprle npumepn! peakIMoHHON CIIOCOGHOCTH METAIMYECKHX KJIACTEPOB yiKe
YIOMUHAJINCh IpH 06CYyKJICHHH METOAOB UX nosydenns. K Opyrum xapakTepHbIM
PeaknuaM KJIaCTepOB OTHOCATCS JIAFAHKHOE 3aMellleHne, )parMeHTHPOBaHNe U IIPO-
TOHHPOBAHUE.

1) Stone F. G. A., Pure Appl. Chem., 23, 89 (1984).
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a) 3amemenue u ¢pparMeHTALMS

ITockoabky cBsizn M—M 06bIYHO CpaBHUMBI [0 MPOYHOCTH ¢O cBs3siMA M—L, ya-
CTO CYIIECTBYCT TOHKMIA OajlaHC MeXK1y JIMIaHJHBIM 3aMellleHueM U (bparMeHTanped
kiacrepa. Hanpamep, nonexaxapbonuntpuzxeneso(0) [Fe;(CO)1z] pearupyer ¢ tpn-
dennndochuHOM B MATKHX yCIOBUAX, 00pa3ys IPOCTHIE MOHO- H JU3aMENeHHbIE
[POJYKTbI, 8 TaK:Ke IPOAYKTH (pparMeHTalMH KJacTepa:

Feg(CO)lg + PPh3 — Feg(CO)u(PPhg)
+ Feg(CO)lo(PPhg)g + Fe(CO)5
+ Fe(CO)4(PPhs) + Fe(CO)3(PPh;3), + CO

OzHako Upu JTATENPHOM NOPOBEJEHNN PEAKLMH MM [IPH HOBBILIEHHOH TeMuepa-
TYpPE HOJLYHaOTCH TOJBKO MOHOSAEPHBIE NPOAYKTHL. ITOCKObKY POYHOCTL CBA3M
M—M ypesmunBaeTcs BHU3 TIO TPYIIE, POAYKTHL 3aMENICHHs /IS TSKEIBIX KJa-
crepos tuna [Rug(CO)10(PPhs)s] nma [Os3(CO)10(PPhs)s] Moryr 6birs mosydenst
6e3 3aMeTHOH (PpArMEHTALNK Ha MOHOSIEPHBIE KOMINIEKCHL.

m B Meranmooprannyecknx kJjacrepax CymEecTBYeT TOHKOE PABHOBECHE MEKY JIH-
TraHJHLIM 3aMelleHneM U (pparMeHTaled KJIacTepa.

6) IIpororupoBaHme

CKJIOHHOCTH IIPOTOHOB NTPHCOEIUHATHLCA K aTOMaM MeTall1a B Kjacrepax naxke 6o-
Jiee CHJIbHO BhIpaXK€Ha, YeM B MOHOAZCPHBIX KapboHMIaX. JTa 6péHCTENOBCKAA OC-
HOBHOCTH KJIACTEPOB COTJIACYETCS C JIETKOCTbIO IPOTOHHpOBaHUs CBaseit M—M ¢
obpazosanneM dopMaibho (3c—2e)-cBsi3m, nonobHo cBsizn B AubopaHe:

H I
M—M + H — *
(2c~28) M M

(3c-2¢)

Hanpuwmep:
[Fes(CO)11)% + HY — [FesH(CO) 1]~

MeTtannnyecKnit KIacTepHbl aHHOH 60Jee CUIBHOE OCHOBaHHe, JeM ero HeHTpalb-
Hbl# anajor. Moctuk M—H—M — naufonee pacnpocrpaHeHHbIH criocob CBsA3H BOAO-
polla B KJIacTepaX, HO BOJKOPOJ, TAKKE MOKET CBA3bIBATL B TPeyroJbHUK TpH aTOMa
MeTaJl/la UM HaXONUThCS BHYTPH MOJHAPA U3 aTOMOB MeTallla.

I“ CKJIOHHOCTD K IPOTOHHPOBAHHIO aTOMOB MeTaJla B KacTepax Bolpaxkena Gonee
CHUJIbHO, YeM B MOHOAOEPHbIX Kap60Hnnax.
B) JIuramjHble mpeBpalNeHns B KiacTepax

HpeBpam,eHHﬂ JIAraHJ0B B METAJIJIMYECKHX KJlacTepaX HHOIIa HAlIOMHHAIOT NpeBpa-
eHUA Ha € TUHCTBEHHOM MEeTAJIVINYEeCKOM NeHTpe. O}IHaKO KJIaCTephl 9acTo €110¢00-

14. Heopran. xumun. Tom 2
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CTBYIOT PCAKIIUSM JIMTAHA0B, IOTOMY YTO HPUCYTCTBHE HECKOJIBKUX aTOMOB MeTall-
Ja PAAOM C JINTAHAOM OBCCIICYMBAET JAONOJHHTEIbHBIE YCJIOBAA IS B3aHMOJEH-
creuit. JBa mpumepa: B ogHoM yuacrsyer mmrang CHj, B apyrom — COY.

Ocwmuesniit kiaacrep |Osz(Hz)(CH3)(CO)1] nperepniesaer nepenoc aromos H B
KapKaC M3 aTOMOB MeTaJlila:

o. ¢ ©
C\l /C
\(.|)>Y(|: \(l_)/ .
/Is O/ls\ -
c
oF ¢ H® ¢ ©Co
0 0 o
0 OC C 5
) (] C
0 C\//C 8 \I/
G os/ ¢ 0 0s_ CH, .0
\ / ° co c |/l s ¢
— s ,07 H §CI)S/C — \Os 8 \Cl)s/
—
oo F ~ PN o TNRZTN
c c ¢ Co
0 0o H o

Koneuynas papHOBecHas cMecb OPoAYKTOB MoxeT TepaTh auranm CO. IMoxobubrit
psizi IPEBPAIIEHHE MOXKeT [IPOUCKXOANTD Ha KATaJHTHYECKON! MOBEPXHOCTH METAIA.
Omako XHMHA MOBEPXHOCTH METAJLIA HE MOXKET OBITh TaK JICTaJbHO HCC/Ie0BaHa,
KaK 9TO BO3MOKHO B H3y'IEHHHM KJACTEPHBIX COeAMHCHHI MeTanoB. s uccneno-
BAaHMSA PACTBOPOB O4YeHb mose3el Merod SIMP, a 714 TBepABIX COeUHEHHNA TOUHYIO
CTPYKTYpHYO MHGMOPMAITHIO 0OeCTeYNBAIOT PEHTTEHOCTPYKTYPHBIN aHAJIN3 U Hel-
TpoHOTrpadus.

W suenpenne CO, n araka CO Hykneodusamu Takxke HabMIOIANINACh B KJIacTe-
pax. Bonbioil uETEpEC TMPEACTaBISIOT pEaKlMH, B KOTOPBIX aTOMBI MeTaJlla Jei-
CTBYIOT COIVIACOBAHHO M BBIZBIBAIOT MpeBpalleHnud Juraggos. OIHH U3 TPHMEpPOB —
yIUBUTENbHASA JIETKOCTh paciienienus auragga CO B Ki1acrepe:

o} -
A
C—CH,
0 - 0 -
| HC— C
\ ~ C\ ? \ \ ¢ /
—_— FE—I7 Fe— o —_— Fe—-—I—/— Fe—
/ \/\\ Fe\/ \ / \/T Fe / \
/\\F/ AL/
e F
- ™~ - | N
[Fe,(Co)y,lus-CONZ [Fe,(CO),(u5-COACH

riae Ac obosnagaer CH3CO. Anpmposanne xucjopogroro aroma CO nabmogacres
TOJIbKO B KnacTepax. O6pa3oBaHHas TaxuM oOpa3oM alerarTHad IpyMOa IpeIcTaB-
JISIET COBOM XOPOILIYI0 YXOAAILYIO I'DYINY H MOXCT ObITh Y/JAJEHS 3JEKTPOHHBIM

] Lavigne (., «Cluster-assisted ligand transformation». In: The chemistry of metal cluster
complexes, ed. D.F. Shriver, H. D. Kaesz, R. D. Adams, VCH, Wienheim, 1990, p. 201.
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NEPEHOCOM Ha KJIACTEp, NMPH 3TOM COXPAHAETCS YHCJIO JIEKTDOHOB, KOTJA YXOIHT
alero-rpynmna. DTOT NPOLECe HPUBOAUT K O6Pa30BAHHIO METAIHYECKOTO KapOmiI-
HOT'O KJacTepa, YIVIepol B HeM UMeer KU 4, HO ero oKpy»KeHHe CHILHO OTJIMYaeTCA
OT TeTpaspa:

0 iy
_C—CH,
0
|
\ /c\ / \ 2-
A N c /
Fe\, /Fe +Na —Fe< \b Fe—
/\/\Fe\/ \ -NaAc / \,:Fe\ \
A/ N[/
e
~ | ~ /' \
[Fe,(CO),uz~COAC) [Fe,(CO),lu,~CNE
60

B menTa- ¥ rekcarkesIe3HbIX KJIACTCpaX yrJIepOIHbIM aToM Halilen B KBaJIpaTHO-
MUPAMHAIAIBHOM U OKTA3IPUYCCKOM OKPYXKeHHUsX. M3 9TUX NpHMepoB U U3 JPYTHX
pa3Ac/IoB HeopraHmdeckoi xumum (kapbopansl (pasa. 10.6) u Teepabie xapbumel
metanoB (pasg. 10.10)) eraHO, 9TO yriepon y<acTBYyeT B 06pa3oBaHHH PasHOOO-
PE3HBIX IO THIY CBSI3€H, KOTOpHIE HE HMEIOT aHANOrOB B OPTaHMYECKON XUMHUH.
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VYPAXKHEHUA

16.1

16.2

16.3

16.4

16.5

16.6

16.7

16.8

16.9

16.10

16.11

16.12

16.13

Hasosute BemecTBa u Hapucyiite ctpyktypp:: a) Fe(CO)s, 6) Ni(CO)y,
B) Mo(CO)s, T) Mny(CO)10, 1) V(CO)s, €) [Pt(C2H4)Cls]™.

a) Nzobpasure n*-B3anmozpeitcTBre 1,3-6yTamuena ¢ aToMOM MeTasla; G) caenaiite
TO Xe camoe A 17 -B3anMoecTBH .

OnpemenuTe CTemeHb OKHCIeHMs atomoB meTamia B a) |Fe(n®-CsHs)a|[BFa],

6) Fe(CO)s, B) [Fe(CO)4|2~, 1) Cox(CO)s.

CocuuTaiiTe 41CJI0 BAMEHTHBIX 3JIEKTPOHOB JUIS KasKJA0TO aTOMa METAJIa B KOM-
IJIeKcaX, NPHUBEJEHHbIX B ynpaxHeHusix 16.1 u 16.3. OTKIIOHSIIOTCA JIM OHH OT
npasuna 18 snektpoHoB? Ecnn 1a, TO 0TpakaeTcs JIM 3TO HA UX CTPYKTYpe WIH
XHMUYIECKUX CBOlicTBax?

ITpuBeauTe ABa 0OIKX METOAA TOJIYYEHHS] NPOCTBIX KapOOHHIIOB METAJJIOB H IPO-
WJLIIOCTPUpYHTE Balll OTBET yPaBHEHUsSIMM XUMUYIecKux peakumit. Ha kakux npex-
MOCBITKAX OCHOBAaHbI BHIOpPAHHbLIE METOAbI: TEPMOJMHAMHUYECKHMX HMJIM KHUHETHYe-
ckux?

IMpeano:xuTe NOCIEAOBATENBHOCTD peaknuil ayist oy enns: Fe(diphos)(CO)s, nc-
xozs u3 Merasumueckoro xenesa, CO, diphos (PhyPCH,CH,PPha) n opyrux pe-
AKTMBOB TIO BallleMy BBIGOpY.

[Ipeanosnoxum, ©UITo gaHa cepusi TPUKAPOOHUIIBHBIX COeIMHEHUH MeTasuwoB, obna-
patonux cummerpueit Cay, D3y n Cy cooTBercTBeHHO. Be3 ucnonb3osauus cnpa-
BOYHOTO MATEPHUAJIA ONPEJENUTE, KAKOE BENIECTBO NPOJEMOHCTPUPYET MAKCHMAJIb-
HOe 9uciIo noJioc BayteHTHBIX koneGauuit CO B UK cnekrtpe? [Iposepbre Bam oTBeT
H YKAXKHUTE YUCAO OKHAAEMbIX [10JI0C A5 KAXKI0T0 Clydas ¢ noMompio Tabma. 16.5.

Coeunenve Niz(CsHs)3(CO), umeer emurcTBeHHYl0 nosocy normomerns: CO npu
1761 cm~ L. Hauubie UK cnekTpockonnu ykazbisatot, 4to Bce CsHs — nenraranto-
JIMTAHIBI M, BEPOSITHO, HAXOAATCA B OJMHAKOBOM Okpyxenud. a) Ha ocmoBanumn
9THX J3HHBIX MPEIOKATE CTPYKTYpY. 6) Cornacyercs M 9HCIIO 3JEKTPOHOB JIJIsl
KaXJOro aToMa MeTalijla B Ballell CTpyKType ¢ npasmwioM 18 snekTponos? Ecnu
HET, HAXOAUTCS JIM HUKEIb B TOH YACTH MEPUOANYECKON TabMMIpbl, Iae OTKIOHEHUS
OT mpabuna 18 s1eKTpoHOB OGBIYHBIT

Onpegemmre, xakoft u3 gsyx xommaexcos a) W(CO)s wm 6) Ir(CO)2(PPh3)2Cl
nperepnesaer Hosee GbicTpoiit 06men ¢ 12CO. O6ocnyiite cBoi OTBeT.

Kakoit 13 kap6oHnios MeTamnnos s kaxnoi nape: a) [Fe(CO)4)*~ mwm [Co(CO)4]™,
6) [Mn(CO)s|™ nm [Re(CO)s|™ — 6yzmeT 6ostee OCHOBHBIM IO OTHOIIEHHIO K TIPO-
Tony? Ha kakux 3akoHomepuocTsx Gasupyercs Baur oTBeT?

Ans xamnoit U3 ciefylonux cmeceit peareHToB npuBeauTe 1) ypaBHEHME BO3MOXK-
HOI XUMHYECKOii peaknu, 2) CTPYKTYPY METAJIOOpPraHHYECKOTO IPOAYKTa, 3) oc-
HOBHY10 IDU4HHY, 00yCIOBINBAIONLYI0 HANPABJICHUE IPOTEKAHNS PEAKIHH: &) Me-

Tunautuit g W(CO)s, 6) Coz(CO)s u AlBr3.

Crompxumu aromMamu C MOKET NPHCOEIMHITBCS KaXK (I H3 CI16/Iy IOIIHX IHTAHIOB
K €IHHCTBEHHOMY aTOMY MeTasuia, Hanpumep KobGanbry: a) CoHy, 6) nuksonenta-
muenny, B) CsHg, r) 6yTamuen, n) umknookrarerpaen?

HapucyfiTe BeposTHBIE CTPYKTYphl M ONpEAENMTE GHCIO  3JIEKTPOHOB
o a) Ni(n®-CzHs)a, 6) ni-muxinobyragmer-n®-IuKI0IeHTa MeHIIKOBAIBT,
B) (n°-CsHs)Co(CO)2. Ecnu 4MCIO 9MEKTPOHOB OTHHYAETCS OT 18, 06bACHUMO
JIN OTKJIOHEHHE C TOYKHM 3PEHM: NEePHOIUUECKHUX 3aKOHOMEPHOCTENl?

16.14

16.15

16.16

16.17

16.18

16.19

16.20

16.21

16.22

16.23

16.24

16.25

16.26
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Brmmmmunre d-6110x neproamueckoii cucremel. (Ha 3ToM 9Tane Bbl He AOMKHBI NOML-
30BaThCsl NEPUOAMYEcKoit Tabmuneit.) YkaxuTe Ha 9TOi TablUOe &) SMeMenTH, Ko-
Topele 06pa3yloT 18-onekTponnkie HefiTpaabHble coenunennst CpaM; 6) snemenTsr
4-ro nepuosia, I1f KOTOPBIX TPOCThIe KapGoHuinl GyayT AMMEpaMH; B) 3J1eMEHTDI
4-ro nepmnozna, KOTOpble 06pa3yloT HEHTpadbHble KApOOHWILI C LIECTHIO, NSITHIO H
HETHIPHhMA KapGOHUJIBHBIMM JIMTAHIAMH; I') JIEMEHTHI, KOTOPbIE Hanie BCero Hoj-
YUHSIOTCS NpaBuily 18 37eKTpoHOB.

PykoBoacTBysck NpaBiiioM 18 91€KTPOHOB, YKaXKHTE BEPOATHOE YUCA0 KAPGOHMb-

Hprx mranos B a) W(n°-CsHs)(CO)n, 6) Rh(n®-C5Hs)(CO),, B) Ruz(CO),.

[IpuBeuTe BOSMOXKHBIE yPABHEHUS] peaKnuit, OTIMYAIONINECS OT TeX, UTO NAHBI B
TEKCTe, KOTOpblE JEeMOHCTPUPYIOT NPHMEHEHMEe aHMOHHEIX KapOOHUIOB METAJLIOB
B ¢dopmupoBannu ceaseit M—C, M—H u M—M’.

Ipennoxure cnoco6 nonysennst MnH(CO)s, ncxons m3 Mny (CO)19 xak uctounu-
ka Mn M Ipyrux peakTMBOB TO Bamiemy BHIGOpY.

[TpuBeauTe BO3MOXKHYIO CTPYKTYPY NPOAYKTA, IOJYIEHHOTO IPH B3aUMOIECTBAN
Mo(CO)¢ chagana ¢ LiPh, a 3arem ¢ cuabHbIM KapGOKATHOHHBIM pPEATeHTOM

CH30S0,CF3.

ITpusennTe mpu4nHbl, 0ObLACHAIOIME PA3THINE BOJHOBRIX uuce nojoc B UK cnek-
Tpax s cremyowmx nap: a) Mo(PF3)3(CO)s 2040, 1991 cm™*, Mo(PMes)s (CO)3
1945, 1851 em™*'; 6) MnCp(CO)3 2023, 1939 ™!, MnCp* (CO)3 2017, 1928 cm™ .

Kakoe u3 coegnsennii, Bbl nomaraere, Gyner Gonee ycroitausbiv: Rh(n°-CsHs),
win Ru(n®-CsHs),7 Jaiire BO3MOMXKHOE 0BBIACHEHNE STOTO PA3IHYHA ¢ TOYKH 3pe-
HMST IIPOCTBIX MOJENell CBA3M.

[IpuBeaure ypaBHeHHe oCymecTBuMOR peaxuun npespamenus Fe(n®-CsHs)z B
Fe(n°-CsHs ) (n°-Cs H4COCH3).

Hapucyiite cuiMMerpuiosanuble a)-opGUTATH INsl OBYX 3aCHAOHEHHBIX JIUTAHIOB
CsHs, pacnonoxenHbIX ApYT Haj gpyroM, ¢ obmeit cummerpueii Dsy. Onpenesure
5-, p- U d-OpPOUTAH ATOMA METANIA, JEHALIETO MEXIY KOMbLAMH, KOTOPbIE CIO-
COBHBI TABATH HEHYNEBOE NEPEKPLIBAHUE, H YCTAHOBHUTC, CKOIBKO MOJEKYJSPHBIX
a}-opburtaneit MoxxeT GHITh 06PA3OBAHO.

Coemunenne Ni(n°-CsHg)s nerko pearupyer ¢ HF, opa3sys [Ni(ns-CsHs)(ns-
CsHg)| ™, B To Bpems kax Fe(n®-CsHs), pearnpyeT ¢ CHITBHBIME KHCIOTAMH, AABAS
[Fe(n5-05H5)21'I]+. B nocneaneM coemuuenun aToM BOAOPOIA NPUCOETUMHEH K ATO-
My Fe. [IpuBenure pasymHoe oObsiCHEHME ITOIO Pa3AMUIMS.

[IpuBesuTe BO3MOXHBIA Mexanu3Mm (¢ BamUMH OGOCHOBAHMSIMM) JJIST peakuMii:
a) [Mn(CO)s(CF2)]t + H,0 — [Mn(CO)s)* + 2HF, 6) Rh(CO)(C2Hs)(PRa)2 —
RhH(CO)(PR3)2 + C2Ha.

ConocTaBbTe OCHOBHBIE XMMHYECKHE XAPAKTEPUCTUKH METAJNIOOPTaHUYIECKIX KOM-
TUTEKCOB d-3/IEMEHTOB TPy ¢ G- 110 8-10 H € 3-i 10 4-10 ¢ TOYKHK 3peHust: a) ycTol-
wuBocTH quranga n°-CsHs; 6) THAPHAHOTO WM IPOTOHHOTO XapaKTepa CBs3edt
M—H; B) BuimonHenusi npasuia 18 3/1eKTPOHOB.

a) Kakoe 1Hciio kiiacTepHbIX BaieHTHbIX saekTpoHosB (KB3) xapakTepHo mys Ok-
Ta3IPUECKUX H TPUrOHAJIbHO-IPU3MATHIeCKHX koMiutekcoB? 6) Moxuo mu onpe-
JemuTh 3H yncia KB ua ocnosanun npasuna 18 snextponos? B) Onpenenure Be-
POSITHYIO reoMeTpHIo (OKTas/Ip WM TpHroHampHas npusma) ams [Feg(C)(CO)1s|?~
1 [Cog(C)(CO)15)*~. (Atom C B 06oux ciyuasx HAXOZUTCI B LEHTPE KJACTEPa U
MOXeT PacCMATPUBATHCS KAK UETHIPEX3JIeKTPOHHBIR TOHOP. )
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16.27

16.28

Mnasa 16. Metannoopranuueckne coeguHernmns snementos d- u f-Bnokos

OcHOBBIBasICh Ha, M30J00aJbHLIX AHAJOIHAX, OTOEpUTE TPYIIbI, KOTOpHE MOIJIU
OBl 3aMellaTh IPYINLI, BbIOEJEHHBIE B COEIMHEHUAX:

a) Coy(CO)sCH  OCHz, N(CHa)s, SiCH,
6) (CO)sI\/InMn(CO)s I, CH27 CCH3

Peaknyuu JUras gHOTO 3aMELCHN B METAJIIMYECKUX KJIACTEpaXxX J1acTo MOIIHHSIIOT-
csl ACCOLMATUBHOMY MEXaHMW3My, HIPEIIONAraeTcs, YTO CHAa4Yajla MPOUCXOIUT pai-
puIB cBs13n M—M, 4T0 0fecrednBaeT OTKPHITOE KOOPAMHAIMOHHOE MECTO JJIs1 BXO-
gsmero auranjga. Ecim npeamonaraeMbiii MeXaHU3M MPHMEHMM, KaK Bhl CUUTAETE,
Kakoe coequHenue GyneT momsepraThes Gosnee OpicTpoMy o6meHy ¢ B00aBIeHHBIM
13C0: Co4(CO) 12 uau Irg(CO)12? Ipenorkure obbsicHeHue.

3A0AHUNA

16.1

16.2

16.3

16.4

[IpejyioxKuTe CTPYKTYDPY TpPOAYKTA, TNOJYYEHHOrO B DEAKIUHM KOMILJIEKCA
[Re(CO)(n°-CsHs)(PPhs)(NO)|™ ¢ Li[HBEta]. IocmenHuit comep»XuT CHIBHBLA
HykJeobuibHb ruapux. Iloapobuee cvm. B [(Tam W., Lin G. Y., Wong W. K.,
Kiel W. A., Wong V., Gladysz J. A., J. Amer. Chem. Soc., 104, 141 (1982)].

ITocTpoiiTe KauecTBeHHYO muarpamMMy MoJekyaspabix opbutaneit s Cr(CO)s,
OCHOBLIBAsICh Ha CHMMETPHU30BAHHBIX JMHEHHBIX KOMOGHHAIMIX U3 TPHJIOXKe-
s 4. CHayajna pAacCMOTDUTE BIMsHUE O-CBA3LIBaHWs, A& 3aTeM addek-
ol m-cBsabiBanusa. Cm. |Albright T. A., Burdett J. K., Whangbo M. H., Orbital
interaction in chemistry. Wiley-Interscience, New York, 1985].

Korna neckosbko mmurannos CO npucyrerByloT B kapbonuie merasna, nHpopma-
W10 O MPOYHOCTH HHIMBUAYATbHBIX CBSI3€H MOXKHO HOJYYHUTh U3 CHJIOBBIX OCTO-
SIHHBIX, OTIPEIENENHbIX N0 axcnepumenTansabiM UK qactoram. B Cr(CO)s(PPha)
yuc-murangpl CO umeroT 64OablIMe CWIOBble MOCTOSIHHbBIE, B TO BpeMs KakK B
Ph3SnCo(CO)4 cnnosbie nocrosinubie Gouanie xaa mpanc-CO. ObbscHnTe, KaKoit
YrIepoaHbIit aToM KapBoHHILHON rpynnbl 6yIeT UyBCTBUTENEH K Hy KI1e0dHIbLHOM
aTake B 9THX caydasx. [logpobroctu cM. B [Darensbourg D. J., Darensbourg M. Y.,
Inorg. Chem., 9, 1691 (1970)].

Kommnrexe RuaCpa(CO)4 B yriieBomoposHbix PacTBOPaX CyIECTBYET B BHUIE TPeX
H30MEPOB, OINH U3 KOTOPLIX HE COAEPXKHMT MOCTUKoOBHe rpynnsl CO u, BeposTHO,
HMeeT NMouTH cBobonHoe Bpamenue BOKpyr cBazw Ru—Ru. [pa apyrux usomepa
umeloT 1o asa MocTHka CO; ogue uMeer yuc-pacnosoxkenne Cp U KOHIEBBIX JIU-
rannos CO, a apyroit — mpanc-pacnonoxkenue aTux auranos. B UK cnexrpe ara
PaBHOBECHAs] CMECh M30MEPOB B PAacTBOPE jaeT mojockl konebanunit CO npu 2030,
2024, 2021%, 1993, 1988, 1967, 1945", 1834 u 1795 e~ *. Ilosockr, oTMedennbIe *,
OnlM OTHeceHb! K GeamocTukoBOMy u3oMepy. Wamenenue MK cnextpa mpu Ba-
prupoBanny KoHueHTpanuu AlEt; mokasbiBaeT, ¥TO IpH CpEIHUX KOHIEHTPAIHIX
obpasyeTcst BemecTBo ¢ Gosree mpocThiM criexTpom: 2030, 2024, 1993, 1988, 1834
u 1679 cm™!. Korna xonuentpanus AlEts eme yeennausaercst, UK crnextp maxe
yapomaerca: 2046, 2011, 2006 u 1679 cm~'. Ipenyoxure xuMIdeckoe 060CHOBA-
Hue aust ynpoulenust MK cnexTpa npu snicokmx konnentpauuax AlEts. Conpo-
BOOMTE OTBET ypPABHEHMAMH XUMHYECKUX peaXuuit U untepnperamueit UK cnex-
TPOB JUlsi ABYX poaykTos peakumii. [lonpo6uoctu cM. B [Alich A. A., Nelson N. J.,
Strope D., Shriver D. F., Inorg. Chem., 11, 2976 (1972)].

16.5
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Kommneke auasora Zra(r°-Cp*)a(Nz)s 6bi1 BhIeNeH, M ero CTPYKTYpa onpeme-
JIEH& Ha OCHOBE JAHHLIX DPEHTreHOCTPYKTYPHOro aHaau3a. Kaxxaulit aTroMm mupko-
Hus cBsi3aH ¢ aBymsa Cp* u ogmum xoHnesbiM Na. Tperbst Monekyna Na sBrsier-
¢ MOCTHKOM MEXKJIY aTOMaMi OUPKOHus, w (hparmedT ZrN=NZr nouru jnHeeH.
IIpexkae 1eM KOHCYJIBTHPOBATBCS CO CTAThEN, HANMIINTE MPEANOIaraeMylo CTPyK-
Typy STOr0 COIMHEHWs, YIUTbIBas NaHHble cnekTpa AMP 'H sToro coemunenns
npu —7°C. CnekTp npeacrasasieT coboit ay6ier, ykasbiBawuuii, 9To koabua Cp”
MMET Pa3ndyHoe OKpy:keHne. HeckoabKo Belllle KOMHATHON TeMNepaTypbl 3TH
KOJIbI[A CTAHOBSITCS 9KBUBAJIGHTHBIMH BO BpeMeHHoit mkaie $IMP, u SIMP N
yKa3hIBAET, uTo 06MeH Ny MeXKAy KOHIEBbIMH JIMTAHI3MH H PACTBOPEHHbIM N2 Kop-
PETUPYET ¢ APOLECCOM BHYTPEHHErO B3AMMHOYO TIpeBpallieHus] NO3UIHA JTUraHaoB
Cp~*. llpesnokuTe NyTh, 10 KOTOPOMY 3TO PaBHOBECHE MOXKET B3aMMONPEeBPANaTh
noaumuu surannos Cp*. IMoxpobroctu cMm. B [Manriquez J. M., McAlister D. R.,
Rosenberg E., Shiller H. M., Williamson K. L., Chan S.1., Bercaw J. E., J. Amer.
Chem. Soc., 108, 3078 (1978)].

ITocTpoiiTe KAYECTBEHHYIO CXEMy MOJIEKYJIAPHBLIX OpOMTanmeit ajis Ni(ns—CsHs)Z,
npenmnonaras cuMMeTpaio Dsy 1 MConb3ysl CUMMETPU30BaHHbIE OPOHTAN U3 TIpH-
Joxenus 4.

Ecnn xakoe-au60 M3 cledylonyx YTBEPXKIEHHI HEBEPHO, IPEIJIOKUTE KOPpPEeKT-
HOe IPOTHBONOCTABIEHHE U IPUBEINTE IPHMEPDI, IOATBEPKJAIONIHE BAIIE HCIIPAB-
nenye. a) Curnan SIMP B 06/macTu CHIBHOrO MOJIsI XapaKTEpeH /IS MHIAPUIHO-
ro JMraHga B METaJJIOOPTaHHYeCKWX KOMIUIEKCax 3JieMeHTOB 8- um 9-# rpynm.
6) KapGenn Pumepa cnHTe3upoBaHb U3 KapGOHUIBHBIX COEUHEHUH METaJIIOB
Hagana d-6noka. B) IosiBirenne cunriera B cuexTpe SIMP 'H unkiooKTaTeTpae-
HOBLIX KOMILIEKCOB METAJIOB JOKA3bIBAET, YTO LMK JIeHCTBYeT KaK OKTaramaTo-
aurany. r) [lnockue xBaaparHble 16-3/eKTPOHHBIE COoeuHEHUs o0bIMHO NOABEp-
raloTCA JIMTAHAHOMY 3aMEMEHHI0 10 JMCCONMATMBHOMY MexaHusMy, 1) Csaam
METaJLI—METAJT B KJACTEPHLIX COSIMHEHMIX 00bIYHO CTAHOBsTCA ciabee mpu me-
pexone BHM3 1o rpynne B d-6ioke.




iNa KATAJING

B aToit rnaBe paccMaTpUBaETCA KaTasu3 C TOYKM 3PEeHUA KOHUEnuuit MeTannoopra-
HUYECKON 1 KOOpANHaLMaHHOU xumumn. Ocoboe BHUMaHUE yAeNseTCa obWwUM NpUHLK-
nam: NPUPOfie KAaTaNUTMHECKNX LINKNOB, B KOTOPbIX pereHepupyeTcs ucxoaHas cdopma
KaTanu3aTtopa, 1 c6anaHCMPOBAHHOCTW: 3/IEMEHTAPHbBIX CTaAMA KAaTANNTUHECKOTO LnK-
na, Heobxoaumoli, 4Tobbl oH B6bin adhdekTnaHbIM. Ycnex kaTa/uTu4eckoro npouec-
ca ONpefenseTca MHOrMMN TPebOBAHWAMU: KaTanN3NpyemMan peaklus AONKHA ObiTb
TEPMOAMHAMUYECKW BBIFOAHONA W NPOTEKATL B NPUCYTCTBMW KaTaNn3aTopa C 3aMETHOM
CKOPOCTBIO; KaTanusaTop fo/ikeH 0b/afaTh AOCTATOHHON CeNeKTWBHOCTLIO K Heobxo-
ANMOMY NPOAYKTY W paboTaTh fOCTATOUHO JOATO, 4TOOb! BbiTh 3KOHOMUYHBEIM, [anee
PaccMaTpUBAIOTCA TWUNbl PEaKUMA, Hanbonee 4aCTO BCTPEHAIOILMXCA B FOMOFEHHbIX Ka-
TAaNUTNHECKUX NPOLIECCaX B3aMMHbBIX NPEBPALLEHWA YrNEBOAOPOLOB, U UX BO3MOXHbIE
MexaHu3Mbl. [ocreaHssn YacTb 3Tol FNaBbl NOCBALLEHA METEPOreHHOMY KaTanusy; byaer
NOKa3aHo, HYTO, HECMOTPS HA PasHULly B TEPMUHONOTUKA, FOMOTEHHbIA W reTeporeHHbINR
KaTanus umetoT MHoro obuero. K coxanenmnio, HU Ana ofHON u3 peakumit MexaHu3Mb!
OKOHYATENbHO He YCTAHOBNEHBI, M OCTAETCA LIMPOKOE NONE AN COBEPLIEHNA HOBbIX
OTKPBITHIA.

KarannzaropoM Ha3bIBaXOT BEINECTBO, KOTOPOE YBEIMYHBAET CKOPOCTL peak-
MK, HO HE PACXOJYETCs TI0 Mepe ee IpOoTeKaHusi. Karajlu3aTopsl IHPOKO pacipo-
CTPaHeHb! B TIPUPOJE U CTOJIb JKE IHPOKO UCIOJIb3YIOTCA B IPOMBIIIJIEHHBIX U Ja~
Boparoprbix cuaTe3dax. [o onenxam, He MeHee 1/6 BceX IPOU3BOISAIINXCH IIPOMBIII-
JIEHHBIX TPOAYKTOB IOJy9aloT ¢ HCHoJAb3oBaHneM karanusaTopos. B CIHA 13 u3
20 HamnbGosee KPYNHOTOHHAKHBIX HNPOM3BOACTE (Tabi. 17.1) ocHOBaHBI Ha KaTasd-
THYeCKuX peakiusax. Hanpumep, ocHOBHOH 3Tan B IPOHU3BOACTBC BasKHeMIIero mpo-
MBINUIEHHOTO TIPOAYKTA — CEPHOH KHUCJIOTHl — COCTOMT B KATAJATHAYCCKOM OKHCIIE-
aun 503 10 SO3. AMMuak, norpebaseMbrit B FPOMAJHBIX KOJIHYECTBAX B IIPOMBIII-
JIEHHOCTH M B CEJLCKOM XO3slHCTBE, IOIy4aloT KATAIATHYECKHM BOCCTAHOBJIEHHEM
a30Ta BogoponoM. Heoprannueckue xaramisaTopnl HCIOML3YIOTCH TaKKe JJ18 IOy~
9EHHUA BaXKHEHITHX OPraHUYeCKHX peareHToB U HedyTelIpOIyKTOB, HaIpUMep TOI/IUB
HJIN MOJIHAJIKEHOBBIX IJIacTMacc. [locTosiHHO BO3pacTaeT poJjib KaTaIu3aToOpOB U IIPH
PeIleHNH SKOJIOMMIECKHX MPOGJIeM — MU yHHYTOXKEHHH 3aTpsA3HUTeeN (HallpAMeD,
KaTaN3aTOPh! JOMKHTAHHUS BBIXJIOIHBIX [a30B aBTOMOGHIE]) U IPH Pa3BATHH oJlee
<YHCTBIX» IPOU3BOACTB C MEHbUIMM KOJHYECTBOM MOBOYHBIX IPOAYKToB. Ocobbiit
KJlacC OHOXMMHYECKHX KAaTaJU3aTOPOB COCTABNAIOT (DEPMEHTHI; HX XUMHSA MOAPOD-
HO paccMarpuBaerca B ri. 19.
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Tabnvya 17.1. OcHOBHBIE MPOAYKTH IPOMBINIIIEHHOrO Npon3BoacTea B CIIIAY

Ipodyxm Kamaaumusecxutl npoyece

Drunen Kpexuur yrieBogopoioB, reTeporenHbli
CepHasi KUCJIOTa, Oxkucnenne SO», reTeporemHbit
[Iponunen Kpexkunr yrnesogopoos, rereporeHHbIit

1,2-uxnopstan
'HapoKCHa Kaabipst
AmMuak

MoueBnna
Socopras KucaoTa
Xnop

Srunbenzon
Kapbonar narpus
'mapokcng HaTpus
Crupon

AzoTHast kucnora
Hurpar ammMonus
X0pHCTHIA BOAOPO,
AXpRIOHHTPUI
Cyabdar aMMoHRs
Oxkcun xaaust

C2Hy + Cl3; rereporennnrit

Hekaranutuaeckunit

N2 + H2; rereporeHunlit

HUcxonnoe semecTso — NH3 (mo KaTanmnruueckoi peaknmm)
Hekarannruueckui

DnekTpou3

Ankunuposanue 6eH30/1a, TOMOTEHHBIiH
Hexkaranntnaeckui

DnexTpons

HernapupoBanmne 3TUIGEHIONA, TeTEPOreHHbIH

NHj3 + O2; rereporeHnbiit

Hcxonubie BenecTsa — no KATATNTHYECKUM PEAKITHIM
To xe

HCN + C,Hj; romorennnit

Ucxonuble BeniecTBa — no KATAIMTHYECKUM PEAKISIM
Hexaramurugeckuii

Juokena tMraHa To xe

*) [TepeuncrIeHbl B NOPSAKE yMEHbUIEHHS TOHHAMKHOCTH MPOU3BOJICTBA, OAHHBbIE 38
1997 r. [Chemical and Engineering News, June 29, 1998].

KpoMe sK0HOMHYECKOro 3HAUEHUS U BKIAJa B yIydlleHAe yCJIOBHIl KU3HH, Ka-
TAJII3aTOPH! BbI3bIBAIOT HHTEPEC EIlE U TEM, ¢ KAKOH TOHKOCTHIO H HCKYCHOCTHIO OHH
JelicTBytoT. B nocnenane roabl NIOHUMaHHE MEXaHH3MOB KATAJIHTHYECKHX DeaKuit
3aMeTHO yIiIyOHiIoch O1arofaps KOCTYIHOCTH H30TONHOMEYEHBIX MOJIEKY], COBEp-
II€HCTBOBAHHIO METOJOB OIIpeJiesIeHus! CKOPOCTel peakU|il, PA3BHTHIO CIEKTPOCKO-
nugecKUX U IudPaKIAOHHBIX METOJOB, & TaKKe MPOIPECCY B TOYHOCTH KBAaHTOBO-
XUMHYECKHX DacyIeToB.

OBLLVE NPUHLUMMbI

Karanusarop HasbIBAIOTCH «TOMOTEHHBIM», €CJIH OH HAXOIMTCA B Tolt ke ha3e, 9TO
M PeareHThl, KaK TPABUJIO, OH PACTBOPeH B >KUAKOU peakunoHHOH cMecu. Ecom Ka-
TalM3aTOp HAXOOWTICH B Apyroil da3se, He comeprkameil peareHTOB, er0 HA3bIBAIOT
«I'e€TePOreHHBIM». B 9TOl raBe obcyskaatores oba Tha KaranudaTopos. Kak 6yzer
BHIHO U3 JaJlbHeiIlero, B X MOBeIEeHUH OYeHb MHOrO ODIIEro, OIHAKO rereporeH-
Hble KaTaJIH3aTOPbI 9KOHOMHYECKH oJiee TIPeTOYTHTE/bHEL.

Jns 0603HaMeHNs BeleCTB, 3aMCIIAIONIMX PEAKIMH, WHOINA HCIOMb3YIOT IIo-
HATHE <OTPHULATENbHBIN KATanu3aTop». B JAaHHOM KHHUI'® 9TOT TepMUH He HCIIOJb-
3yeTcs, MOCKOJILKY TakHe BellleCTBa JIy4ille PacCMATPHUBAThL KaK KaTaJUTHYecKue
ANBI, 6JIOKUDPYONKE OJHY MM HECKOJILKO 3JIEMEHTapHbIX CTAAUN KaTATHTHIECKOrO
IIporiecca.
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17.1. Onucanne katannsaropos

B OpHCYTCTBUH KaTAJIM3aTOPa PEaKIUs npoTekaeT ObleTpec (MJH, B psime
caydaesn, 6osee cneludHIHO), TOCKONbKY IIPH 9TOM MEHSETCA €6 MEeXaHH3M
U TIOHHZKaeTcs SHeprusl akTusauud. J[1s onucaHust ocobeHHOCTEH 3TOTO Iponecca
B JIAHHOM pagazesie OyILyT OIpejieJlIeHhl OCHOBHBIE NOHATHA, ¢ MOMOIIBLIO KOTOPHIX
XapaKTEPU3YIOT CKOPOCTH U MEXaHH3MBbl KaTaJUTHIECKUX DEaKLHM.

a) ¢ deKTUBHOCTL KaTaIu3aTopa

Jlna xapakrepHceTnKy 3hheKTHBHOCTH KaTaJu3aTopa 1acTo HCIOL3YIOT YaCTOTY
obopoTors peakuun N (IpekHee Ha3BaHWe — u4Mcao oboporos). Jlna mpocroh
peakiuu A — B, koropyio karamusupyer (Q u cKOpoCTh KOTOPO# pasHa v,

Q d[B]
A=>B = 1
— V= (1)
qa.cTOTAa O60pOTOB paCC‘{I/ITbIBaeTCH KaK
N = L (2)

[Ql

€CJIN B OTCYTCTBHE KaTaJU3aTOPa CKOPOCTh peakuuH npenebpeskumo mana. Brico-
KOAKTHUBHBIH KaTaJIU3aTOp, B IPUCY TCTBUH CJIEJOBBIX KOJUYECTB KOTOPOTO PeaKIUA
UIET ¢ BBICOKONM CKOPOCTBIO, XapAaKTePU3yeTCsT BBICOKOH JacTorolt 060poTos.

B rereporeHHOM KaTalHn3e CKOPOCTh PEAKINH ONpeJesdIoT KaK CKOPOCTh H3Me-
HEHUS KOJHYECTBa MPOIAYKTA (4 He M3MEHEHWS KOHIEHTPALWH), & KOHIEHTPALHIO
KATAJN3ATOPA 3aMEHSAIOT €ro KOJMYecTBOM B peakIuoHHOH cMmecd. Onpenenenue
YUCJI3 AKTHBHBIX LIEHTPOB Ha NMOBEPXHOCTHU KATAJIU3aTOpa — O4YeHb TpyAHas 3a4a-
4a, ¥ HEpeJAKO B 3HaMeHaredb BMecTo |Q] HMOJCTABNAIOT BEIMYHHY MOBEPXHOCTH
KaTaJIu3aTopa.

”l BblcOKOAKTHBHBIA KATAIU3ATOD, B INPUCYTCTBUU CJEJOBBIX KOJHYECTB KOTOPO-
ro peakius HIET ¢ BBICOKOM CKOPOCTBIO, XapPaKTepH3yeTcsA BBICOKOM YacToTol
0BopoTos.

6) Karaymruaeckue muxisl

CymuocTs xaTamusa COCTOMT B 3aMKHYTOH IIOCJTETOBATENBHOCTH (IUKJE) peax-
LUH, B KOTOPOH DACXOAYIOTCS DPEAreHTHl, BbLAENSIOTCA NPOAYKTHLI H pereHepHupy-
eTcA ucxomHad dopMa Karanus3aTopa. IIpocToll IpuMep KaTaJHTHYECKOrO LHK-
JIa ¢ y4acTHeM MOMOTEHHOrO KaTaJIH3aTopa — HU30MEpH3alus aJLIHIOBOrO CHHPTA
(3-okcumponena CHo=CHCH;OH) B nponanas (CH,CH;CHO) Ha kaTanusarope
[CoH(CO)3}. Tlepas cramus cOCTOMT B KOODIHMALHH PEareHTa K KaTalH3aTopy.
Obpasyionpiicss KOMILTEKC TPETEPIEBaeT H30MePH3aLo B [IPEIENaX KOODAHHAIH-
OHHOH cephl KaTaI3aTOPa U 3aTeM PAcIaJacTcs Ha, OPOAYKT U HCXOAHYIO hopmy
KaTaJlH3aTopa.

Kak u Bce MexaHusMbl, 9TOT LUKJ GBI IMpeIOKeH HA OCHOBAHHM PsAja JaH-
HBIX, MeToAuKa cbopa KOTOphIX HpecTaBieHa Ha cxeMme 17.1. Myorue us stanos,

O6wure npuHumMne

leveporeHHbili kKatanus

O6ume npasuna

[OMoreHHbIt karanusa
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Onpeaenetue MocTpoeHue KMHeTUYECKo- Onpepenexune KoHCTaHT
n3orepM ro ypaBHEHWs CyMMapHOn ycrorumeoctu o6pasyio-
ancopbuum peakuuu, uccrnenosaHve LLAXCH KOMINJIEKCOB
33BMCUMOCTM CEMEKTUB- MeTannos
HOCTM OT KOHUEHTPaLMK
Wayuenue npupoas! CnexTpockonuyeckoe
4acTyLL HAa NOBEPXHOCTU e onpeaenexnue NPUpOLb
(LEED, Oxe- u macc- NOCTYAMDOBANHLR UHTEPMEANATOB, NPO-
CEeKTPOCKOMMA), NpoBE- .M TYTIMPOBAHHBIA, BEIEHME aHaNorvi co
[LIeHNe aHarnormii ¢ Me- MexaHvam' CTEXMOMETPUYECKMMM
TannoopraHU4eCcKYMm & peakumsaMm
KoMnnekcamu l
KuHeruueckue
ypaBHeHus pna
OTAENbHBLIX CTAAUKA
Bnusnue XapaxTepHsle | | BeepeHue Crepeo- BrnsHue
NoANOXKU BUAbI OTPAB- WU30TOMHbIX XUMUS pacTeopurensn
JieHus METOK W nMraHaos

Haimyuitini Ha
1 n@HHBIA MOMEHT. ©
' MEXaHW3M DEaKLIAM

Cxema 17.1. Mayuenne MexaHH3Ma KaTaausa

IOPUBEJEHHBIX Ha 3TOH Juarpamme, y>Ke BCTPEYasUCh B . 14 B ¢BsA3u ¢ ompeje-
JIEHHEM MEeXaHU3MOB peakuuil 3aMmemenud. OHAKO BBISICHEHUE MEXAHU3MOB KaTa-
JUTHYECKUX DEAKIUN OCIOKHACTCH TeM, YTO OJHOBPEMEHHO NPOTEKAIOT HECKOJBKO
TOYHO cOATAHCUPOBAHHEIX PEaKIUH, KOTOPHIE, KaK IPaBHI0, HEBO3MOMKHO U3Y4YHTD
IO OTAEJBHOCTH.

[IpeanokeHHBI MeXaHU3M AOJKEH yIOBJETBOPATH JABYM OCHOBHBIM KPHTEPH-
fIM JIOCTOBEPHOCTH: KMHETHYECKHE YPABHEHHUS U CTEPEOXUMHUS IPOLEecca JI0JIKHBI
COrJIACOBBIBATHCA € IKCHEPUMEHTAJILHBIMY JaHHBIMU. Ecau Mexanuam npeamosiara-
eT obpasoBaHue HHTEPMeAMATOB, UX 0bHapyxeHne MeTonamu SIMP u UK chnekrpo-
CKOITUM TaKIKe MOXKET yKa3hIBATE Ha ero JOCTOBepHOCTS. [Ipeanosaraempie peaKIHH
[IEPEHOCA aTOMOB MOXKHO [IPOBEPUTH METOJIO0M H30TOMHBIX METOK, 3aMEHa JHUraHI0B
u cybcTpaTa TaKke MOXKET MPeAOCTaBUTh BaxkHylo uHpopManuio. XoTd KHHETH-
“ECKHE NAHHBIE U COOTBETCTBYIONIUE YPABHEHUS OIPEIEJEHbl [ MHOTHX TIOAHBLT
LHKJIOB, CTPOrO IOBOPS, HEOOXOAUMO NOJYYHUTh U YPABHEHUA [ KaXKI0H OTAETb-
Ho# craauu. OfHaKo BeJleJCTBUE SKCIePUMEHTANLHEIX TPYAHOCTEH 049eHbh HEMHOTHE
KATAJIUTHIECKHe UKL U3y4YeHBl HACTOJILKO JETaJbHO.

m CymHOCTh KaTanu3a COCTOUT B 3aMKHYTOH MOCIeA0BATENLHOCTH (IUKJe) PeakK-
Ui, B KOTOPOH pacxoAyIOTCHA pealeHThl, BBIIENSIOTCH NPOAYKTHL U pereHepUpPY-
ercs ucxogHasd dhopMma KaTanu3aTopa.
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B) DHepreTHKa

Karau3aTop yCKOpSEeT PEakKIHIo 3a CYeT TOro, YT0 CTaHOBHTICA BOBMO;KHI)IM apy-
roit myTh ee MPOTEKAHMs C MEHbIUEH dHepruell akTHsaluU Tu66ca A7(G. BaxHo
paccMoTPeTb U3MEHeHHe B XOZe KaTaJu3HpyeMolt peakiun uMeHHo sneprun I'n6o-
ca, a He IPOCTO YHTAIBIUHAHYIO I JHEPTETUIECKY 0 AUATPAMMY, MOCKOIbKY HOBbIE
57IEMEHTAPHBIE CTaUH PEAaKI|H, KaK MPaBUIo, UMEIOT COBepUIeHHO Apyrue 3Haqe-
HUs 9HTPOIHHU aktusamuu’) . KaTtanuzaTop He OKa3blBaeT HHKAKOTO BJIHAHUA qum
suepruto ['u66ca BCell peakLiy B 1eJ10M A,G°, nockonbky G apiasercsa yHxuMed
cocrosiHAA?). Dra pa3HuIa WILTIOCTpUpPyeTcs Ha puc. 17.1, oTKyaa BUIHO, HTO SHEP-
rus Tubbca cyMMapHO# peakiud oJUHAKOBa Ha 06ouX IHEPreTHIeCKUX NPOPUIIX.
TepMOAUHAMUYECKH HEBBITO/IHBIE PEAKLUH HEJb3A CHeNaTh BBITOHBIMH nobaBne-
HUEM KaTaJH3aTopa.

a - bea katanusaTopa
.
NG 6 - C KaTanu3aTopoMm
3
o
o
=
| .
-3
=
a
2 AG°
o ' Puc. 17.1. Cxemaruueckoe NpPCACTABIIEHHE
SHEPreTHKHM KATATATHYECKOTO IMKma. B oT-
cyTcTBHEe KaTaausaTopa (@) peaxims queT
G6abuyo 3uepruo ['nbbea axrnsamun A G,
geM JI060H M3 3TANOB KaTaJIM3UPYyEeMoH pe-
akupn  (6). Oueprusi ['mbbeca cymmapHoit
PeareHT® MpoayxTa peakunu (ArG°) onunakoBa JAs  CAyHaeB
KoopavHaTa peakLum (a) n (6).

Puc. 17.1 noxasbiBaer Takke, uro npoduib sHeprun ['ubbca xaraansupyeMoi
PeaKIy He CONEPAKUT BHICOKUX MUKOB U rybokux Am. B mpucyTerBum KaTausaTo-
Pa MeXaHH3M DeaklIUy MeHseTcAa Ha JPYyroH, XapakTepusy ouuics 6os1ee TIOJIOTAM
9HepreTHIeCKUM mpoduieM, HMeOUIUM coBepiueHHo uHyio dopmy. OaHako He Me-
Hee BaXKHO, 4TO ycToiuuBbie (T. e. HeNabuIbHbIe) KaTAIHTHIECKHe HHTePMEIMaThl B
LHKJaxX He 00pa3yrorced, a OTIIENIEHNe IPOAYKTa — TePMOAHHAMUYeCKH BhIMOHAL
cragust. Ecm (kak mokasano cepoft JuHueil Ha puc. 17.1) kaTaausaTop obpasyer ¢
pPeareHTaMM yCTONYMBLIN KOMILIEKC, TO STOT KOMILJIEKC OKaXKeTCs OCHOBHBIM IPO-
JYKTOM PeaKIliy, Ha KOTOPOM U 3aBEPIIUTCS IUKJ. AHAJIOrHYHBLIM 00pa3oM IpHMe-
CH MOT'YT MHOAABJIATh AKTUBHOCTh KATAJIU3aTOPa, IPOYHO CBA3BIBASCH C AKTUBHBIMH
LEHTPaMHU, T.e. AeHCTBYS KakK KaTaJUTHUYeCKHe bl

1) Bonee getasbHoe obcyxzeHHe aTolt mpobiaemsr cM. B [Haim A., «Catalysis: new reaction
pathways, not just lowering of the activation energy». J. Chem. Educ., 66, 731 (1989)].

2) VHbiME cioaMH, (G 3aBHCHT TOJIBKO OT TEKYIIEro COCTORHMS CHCTEMBI, & HE MYTH €€ 3BOJIFOLIHY
K 3TOMy COCTOSHHIO.
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H| Karanusarop yckopsieT peaknmio 3a CHYeT TOTO, YTO CTAHOBHUTCS BO3MOMKHBIM
JIPYro#l MyTh €€ MPOTEKAHUA C MeHblIel SHeprueil ['mb6ca akTuBanuun A¥G.

ITpodune suepruu I'nb6ea KaTanusupyeMolt peakiuy He CONEPIKUT BHICOKUX ITH-
KOB U IIyOOKHX M.

17.2. CeoiicTea KaTann3aTopos

YckopeHHe peakli — BaXKHBIA, HO He €/JUHCTBEHHBI KPUTEPHI OLEHKH KATAJIN3a-
Topa. He MeHee BaxxHO, 4TOBB! KOJIHYECTBO MOBOUHBIX MPOLYKTOB OBLI0 MHHUMAIb-
HbIM, a BpeMs JKU3HU KaTaJU3aTopa — JJIHUTE]IbHBIM.

a) CeJleKTHBHOCTD

CesleKTUBHBIN KaTaau3aTOp 06ecnevnBaeT XOpOMmuii BBIXO 3aJaHHOTO TIPOIYK-
Ta NpY MUHUMyMe HOGOYHBIX. B HPOMBINIJIEHHBIX IIPOIECCAX XOPOIIas CceleKTHB-
HOCTh obecreunBaeT GOJIBIIYIO YKOHOMHUIECKY Bbhiroay. Hanpumep, ecin npm mo-
JydeHHn STHIeHOKcHIa (1) oKuCIeHHeM ITHIeHa KHCIOPOIOM UCIOMB30BaTh B Ka-
9ECTBE KaTaIu3aTopa cepefpo, To HapAAy C OCHOBHON IPOTEKAET U KOHKYPHPYIO-
mast, TepMOJUHaMU4ecKu 6ojee BbIroAHAs peakuus oKucienus stuiaeHa 10 CO,
u H70. OrcyrcrBre celeKTHBHOCTU IPUBOAUT K OOJBIIHAM HOTEPAM 3THJEHA, [IO-
ITOMY XUMHKH NBITAIOTCA MOJYYUTH O0Jlee CeNEeKTHBHBIN KaTaau3aTop s 3ToH
peaknud. CeleKTHBHOCTh He BaXKHA JUIUD B CAYYae HECKOJILKUX IIPOCTEHIINX Heop-
FaHWYEeCKHUX peakluil, e TePMOAMHAMUYECKH BBIFOJEH TOJBKO OIMH IIPOLECC, KaK,
ganpuMep, IIPU CUHTE3e aMMHAKA M3 a30Ta U BOJAOPOAA.

H H
\._
/ Yo7\

H H

1 3tuneHokcua

”I CeleKTUBHBI KaTaJu3aTop 06eCIeYHBAET XOPOIIHN BbIX0| 3a,0aHHOIO IPOIAYKTa
IpH MUHUMyMeE NOBOYHBIX,

6) Bpems xusHn

Hnst nocruxenus: skoHomudeckoit 3bbeKTUBHOCTH, HeoBX0aUMO, 4T0o0bl HeGoIbInoe
KOJIUYECTBO KATAJIU3ATOPa MOMJIO BBLLAEPXKATh 60JIbIIOE YHCI0 MEKI0B. ONHAKO Ka-
TAIU3aTOP MOMKET Pa3pymaThes HOM JeNCTBEHeM NOBOYHBIX IPOAYKTOB HMJIH IIPH-
Mecell B HCXOZHBIX BelllecTBaX. Hampumep, MHOrHE KATATH3aTOPBI MOJUMepH3alui
AJKEHOB Pa3PYIUAIOTCS KUCIOPOAOM, IOITOMY IPH CHHTE3e HOJHITHUIeHa WM I10H-
nponuena KoHneaTpamus Oy B UCXOAHBIX aJIKeHaX He J0JKHA mpesbimarh 1077 %.

Hexkoropule karanuzaTopsl JErko pereHepupoBath. Hampumep, MerajinyecKue
KaTaju3aTopbl puhOpMHUHTa YIJIEBOA0OPOLOB (IPH ITOM II0IYYaeTCsT BBICOKOOKTAHO-
BRIt GEH3UH) MOCTENEHHO MOKPHIBAIOTCA KOKCOM, IIOCKOJbKY HapaJliebHO OCHOBHO-
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MY npoueccy NpoHCXOIUT H AernapupoBaHue. Hanecennnle Ha MNOOJOXKKY YaCTHUIbL
METaJJIa MOXKHO OYHUCTUTH, €CJIH IEPUOJANYECKH OCTAHAB/JIUBATEL NPOUECC H BBIXKH-
raThb HaKOMUBUIUIACA KOKC.

rOMOTEHHbLI KATANN3

B sToM pa3fene paccMATpUBaeTCs psJ BaKHBIX TOMOTEHHBIX KATaNUTHYECKHUX pe-
aKIuil ¥ ONHUCBIBAIOTCSA MPUHATHIE /1A HUX MEXaHH3MBL (taba. 17.2). Kak 310 dacTo
fblBaeT MpH HU3YYEHHM MEXaHH3MOB XMMHYECKHX pEaKLHMH, MeXaHU3Mbl KaTaau3a

Tabnuua 17.2. HexoTopble rOMOTEHHBIE KATAJIUTUYCCKUE IPOLECCHI

MMaopodopMUAMPOBaHUE ANKEHOB (OKCOCUHTE3): 0 I\ile 0
4 7
Coll), Rh{D),
= CH,C RCH —C
RCH=CH, + CO + H, — o> RCH,CH, .
H H
OkucneHne ankeHos (Bakep-npouecc): o
Pd(l) wnw Cu(ll) 4
HC=CH, + O ——— H3CC\
H
Kap6oHunnmpoBaHue METAHONA B YKCYCHYIO kKncnoTy (MoscaHTo-npouecc):
[RI,(COY,I” Y
CH,OH + CO —2—2—»  HsCC
\OH
MapounaHuposanmne 6yTaanera B aovNOAUHUTRUA:
Ni{P(OR))
H,C = CHCH = CH, + 2HCN ——2%  NCCH,CH,CH,CH,CN

Onuromepusauus aTunexa:
NH,C =CH, —» H,C = CH(CH,CH,), ,CH,CH,

AvcmyTtauma ankeHos (MeTaTeanc onepuHoB)

WOCI J/AICI,E
2H,C = CHCH, —OSWAChE | |1 ¢ = CH, + HyCCH = CHCH,

AcuMMeTPUYHOE MMAPMPOBaHE NPOXUPANLHEIX ANKEHOB!

H COOR COOR
DiPAMP),*
c=c o H, TROPAVPL, ReHCr —H
/
R NHCOR NHCOR
90% L

UmknoTpumepusaums auetunena:

3CH = CH oz, @

ITo nanueM u3 [Halpern J., Inorg. Chim. Acta, 50, 11 (1981)].
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TIOCTOAHHO YTOMHAIOTCA, & WHOTJA UX IPUXOAUTCA OTBEPraTh B MOJb3Y JAPYTUX MO
MEDE HAKOIICHHA 3KCHEPHMEHTAJIbHRIX JAHHBIX o mnpouecce. HeobxomuMo Taxske
NIOMHUTB, ITO MEXaHHU3Mbl FOMOTE€HHOTO KaTann3a 6osee JOCTYNHBL A1 NeTANBHOIO
HCCNEN0BANNA, Y€M FeT€POTEHHOrO, [IOCKOJbKY HHTEPUPETHPOBATh KUHETHYeCKUe
AAHHbIE B NIEPBOM C/1y4ae, Kak MpPaBusio, mpomie. bosee Toro, wacTuupl B pactsope
0XapaKTePHU30BATE HEPEIKO Jierde, YeM Ha IIOBEPXHOCTH.

C npaxTH4eCKOH TOUKH 3peHHS FOMOTEHHBIH KaTanus 60J1ee NIPUBJIEKATEJIEH, 10~
CKOJIKY CEJIEKTUBHOCTD €0 HEPEJKO OY€Hb BBICOKA. B MHOrOTOHHaXKHBIX IPOMBIIII-
JICHHBIX MPOLECcCaX FOMOr€HHbIE KaTaJH3aTOpbl NPEeAHOYHTAIOT HCIOJIb30BATh st
CHJIBHO SK30TEPMUHECKUX PEaKLii, IOTOMY YTO TEILTO Jerye OTBECTH 0T PACTBODA,
9€M OT TBEPHAOH MOIJIOXKKH IeTepOreHHOr0 KaTaJu3aTopa.

17.3. OcHoBHble CTagMn KaTaNUTUHECKUX LUKIOB

B sTom pasnene paccMarpuBaloTCs OATH THIOB peaKuuil (B HEKOTOPRBIX CiTy-

9afx u obpaTHBIE HM), KOTODBIE B DA3HLIX KOMOHHALMAX COCTABISLIOT GOJb-
UIHMHCTBO KATAIHTHIECKHX LIHKJIOB, HPEJOKEHHDIX A IPOLECCOB B3aUMONpPEBpa-
IEeHHA YIIIeBOI0POAOB. JTOT NepeueHb, HECOMHEHHO, 6YIeT H3MEHAThCH YBEJIH-
MBATLCHA, 0 MEpe TOTO KaK 3HaHUsA O KaTaaude OyayT yriay6iarbed B pesy/brare
JaJIbHEANIUX UcCIe0BaHMUI.

a) Koopauramus smransios u queconmanms

Alj1s KaTaIN3a MOJIEKYIAPHBIX NpeBpalleHuii 0GBIYHO BAYKHO, YTOBbI KOOPAWHAIMSA
PEAreHTOR K HOHAM MeTaJla KaTaTu3aTopa U OTIIEIIeHHEe TIPOAYKTOB ITPOUCXOLHIIH
onuHakoBo serko. Oba mpolecca JOJ/DKHBI IPOTEKATh ¢ HU3KOI SHepruelt 'mbbca
aKTHBAUUH, YTO HabJI0JaeTcd TONBKO y JabHIBHBIX KOMIUIEKCOB METAIOB. TH
JaOMJIbHBIE KOMILIEKCBE OTHOCSTCS K KOODJMHAIIMOHHO HEHACHIILEHHBIM, T. €.
OHHM MMEIOT BaKaHTHOE MeCTO B KOODAWHALMOHHON cdepe mim, mo KpaitHelt Mepe,
CJ1a60KOOPAMHUPOBAHHDI JUTAHI.

IInockoxBaapaTHbie 16-31€KTPOHHbBIE KOMILIEKCHI KOOPAMHALMOHHO HEHACHIILE-
Hbl M 4acTO HCHONB3YIOTCA 1A KaTaJu3a opraHHdecKux peakmuil, B pasz. 7.8
1 14.2 yxe BcTpeyamuch accOLMaTHBHBIE DEAKLHH MeXIY IUIOCKOKBAIPATHBIMH
KOMILTEKCAMH U BXOAANIMMH TPYHNIAaMH. JTH JIEFKO NPOTEKaOlIue PeakluHd OYeHb
TUIHYHBL I KaTAJUTHIECKUX CHCTEM, COAEPIKAIUX KOoMILIeKkchl THoa MLy, rae

M — Pd(II), Pt(II), Rh(I); npuMepon MOXKeT CIyKUTh KATAIU3aTop THAPAPOBAHUS
[Rh(PPhg)gCl].

m Ans xaranusa MONeKynAPHBIX ITPeBpAllCHHH OGBIYHO BasKHO, YTOGHI KOOPIM-
Hallsi peareHTOB K MOHAM MeTajla KaTaJu3aTopa M OTIIEIJICHHe MPOAYKTOB
IPOUCXOAMJIM OJMHAKOBO JIETKO, MO3TOMY YacTO HCIOJb3YIOTC KOODAMHAIMOH-
HO HEHACBLIUIEHHBIE KOMIIJTEKCHI.

6) Buenpenne u ormemntenye (3 mMMEHAPOBanHe)

Murpanus ankubHBIX ¥ CHAPHIHBIX JTHFAHAOB K HEHACHIIEHHBIM JWraszaM, Kak
B peakIyu
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npecTaBasAeT coGoit MpEMep peakll MUrDAIMOHHONO BHEAPEHMH (ustu mpocTo pe-
aKIuM BHEJApPeHHs, cM. pa3a. 16.6). Jpyro# npuMep — MUrparis BOJOPOJHOrO JIi-
rasa K KOOPIHHIPOBAHHOMY ajlKeHy ¢ 06pa3oBaHHeM KOODIUHUPOBAHHOIO aKU/Ib-
HOro JIMraHza:

/(’:in N 7M£CH2CH3

[pespamenue (6) B () B nukiae 17.1 npeacrapiser coBoll MHrpaluIo BOJOPOIS
MMEHHO 3TOr0 THIIA.

WUnkn 17.1.

O6paTHOl K BHEAPEHHIO SBASETCA PeaKIus OTIelieHnst (sauMuauposatus). K
3TOMY TUIly peaKIii OTHOCHTCS Ba)<HBI mpoliecc (-3MMHHUPOBAaHUSA BOAOPOIR
(pa3n. 15.6) (Sol — pacrBopuTens):

/ “ k 'CzH4 /

H
M

+So|
o 7

B) Hykneodumsmag araka HA KOOPMHADPOBAHHBIE JTHTAHJIBI

Koopaunamms Taxux nurangos, kak CO 1 aJIkeHBI, K HOHAM MeTaJIOB B II0JI0XKH-
TENBHBIX CTEIEHAX OKUCJIEHHS aKTUBUPYET KOODAHHUDOBAHHbBIE ATOMBI yIJIepOJa Mo
OTHOLUEHUIO K PEaKLUAM ¢ HyKjaeodunamu. Peakiuu sToro tuna ucnoip3yores U
B KaTaJu3e, H B METAJI0Opranudeckolt xumuu (ri. 16).
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I'uaparamus stunena, csasannoro ¢ Pd(I1), — xopomuii npuMep Takoit akTupa-
1. CTepeoxuMus MPOAYKTOB MOKA3bIBAET, YTO PEaKIUsl MPOTEKAEeT IYyTeM HpAMOil
arakd Ha Haubonee 3aMeIEHHBIA YITIEPOJHBIA aTOM KOOPJAMHHPOBAHHOTO AJIKEHA:

\ /R_‘|2+ H R T+
L3Pd——-||/‘\OH ——  LPd—C—C—OH + H'
i |
c
R R R R

BoaMmorkHO Tak:Ke, 4TO mPH IYIPOKCHIMPOBAHAN KOODAUHUPOBAHHOIO AJIKEHA CHa-
YaJsia K KOMIJIGKCY MeTaJlla IPUCOoeAUHAeTCA MOJIEKYJIa BOIRL, a 3aTeM HPONCXOJUT
peakIiusl BHeIPEeHUs:

-2L CHZ L -
LM + HO + CH, —> LM—] =~ —— [LM— CH,CH,OHI" + H*
| CH,
H,0

AnanoruunsiM 06pazom koopauHuposanubil aurany CO arakyerca uomom OH™
[0 YrIepomHOMY aToMy, OpH sTom obpasyercs aurant —C(O)OH, koropwriit 3arem
ormemnger COs:

o I

L,M—CO + OH —— LM—C—OH —— [LM—HI + CO,
Dt1a peaxiuust Gblia paccMOTpeHa B pa3fl. 16.6 B cBa3u ¢ obpa3oBanueM KapOOHUII-
MeTaJ11aToOB. Hpe,n,nonara}OT, qTOo 9Ta CTajJud — Ba)KHeﬁHIaH B peaKqu HOJIy‘{eHHﬂ
BO,B;OpO,D;a, KaTaJII/I3I/IpyeMOﬁ Kap6OHI/IJIbeIMH KOMIIJIEKCAMH MEeTaJlJIOoB UJau HOHaMHu
MeTaJlJla Ha TBep,)lbIX HOBerHOCTHXI

CO + HQO KaTanu3aTop COz + H2

|” Koopaunanusa murannos tana CO u aJKeHOB K MOHAM METAJIOB B [OJI02KUTENb-
HBIX CTEIIEHAX OKHC/ICHHH aKTHBHPYET KOODAMHUPOBAHHBIE ATOMBI YIJIepOJa 10
OTHOUICHHUIO K PEAKIHAM ¢ HYKJIeOMDUIaMI.

r) OknciieHEe W BOCCTAHOBJICHAE

Komnnexkcsl MeTanoB 4acTo UCMONB3YIOT JUl KATAJIUTHYECKOTO OKHCJICHHS Op-
FaHHYeCKUX BellleCTB. B KaTaluTHYecKOM IMKJE HOH MeTajsla obpaTuMo MeHS-
eT cBoo crenenb oxuciennsl). Hanfonee 4acTo MCHONB3YIOT ONHONEKTPOHHBIE
oKnCMTENBHO-BoccTaHoBHTeNbEbIe mapsl CuZt /Cut, Co3t/Co?*t u Mn®+/Mn?*
M3BECTHO U HECKOJIBKO JBYX3JIEKTPOHHBIX cucTeM, Hampumep Pd?+ /Pd.

1) Sheldon R.S., Kochi J. K., Metal-catalyzed oxidations of organic compounds. Academic
Press, Boca Raton, 1981; Henry P. M., Palladium-catalyzed oxidation of hydrocarbons. Reidel,
Dordrecht, 1980.

15. Heopran. XuMus. Tom 2
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KaranusaTopsel, cojep:Kaliye HOHbI META/LIOB, HCOOJb3YIOTCS B IIMPO-
KUX MacmTabax JAid OKHUC/IEHHSA YIIeBOJOPOAOB, HampuMmep n-kcuioaa (1,4-
muMeTunbensona) B repedranenyio (1,4-6ensonaukapbonosyo) kucnory. Kak Bu-
HO U3 IMPHUBEJEHHOIO HIKe O0NIEr0 MEXaHH3Ma, HOHBI METaJJIOB MOTYT HUIPaTh
pa3/IMuHBIe POJH B 3THX [IPOLECCaX PaJHKaIbHOTO OKHCIEHUS:

Wannuuposanne nenu (In: — pagukan-uaumMarop):

In-+RH — InH + R-
[Iponomxkenue Lenu:
R-+ 0y — R-0-0.
R-0-0-+R-H— R-0-0O-H+R-
O6pbIB Lenu:
R-+R— Ry
R +R-0-0-— R-0-0-R
R-0-0-+ -0-0-R — R-0-0-0—-0-R —
O3 + HepaJUKaTbHBIE TPOAYKTHI
Vonnl MeTa10B BIUSIOT Ha IPOTEKAHHE PEAKIIUH, reHepupyst paaukaiasl R—0—0-:
Co(IT) + R—0—0—H — Co(ROOH) — Co(III)OH + R—0-
Co(III) + R—0-0—H — Co(Il) + R—0—0- + H*

AToM MeTaJl1a B 9TOM nape peakumit 06PATHMO MEHsSeT CTelleHb OKHCIeHus. MoHbl
METaJUIOB MOTYT BHICTYIATh U B KadeCcTBe MHUIIMATOPOB

peaxuuit, Hanpumep, npejinonaraioor, 4To B PeakIuaX ¢ y9acTHEM apeHoB HHH-
LUHPOBaHHE NMPOMCXOAUT MO IIPOCTOH OKHCJIUTENBHO-BOCCTAHOBUTENLHON peaklyu:

ArCH, -+ Co(III) — -ArCH; -+ Co(II)

m KOMH.HGKC])I METANJIOB HaCTO UCHOJIb3YIOT )14 KaTAIUTUYECKOTO OKHCJIEHUS Op-
FaHUYeCKHUX BelleCTB, IIpH 3TOM B KaTWIHTHYECKOM LHKJIE aTOM METaJJa o6pa—
THMO MeHsET CBOI CTEIIEeHb OKUCJIeHHHA.

,I[) OKI/ICJIHTGJI])HOQ ITpUCOeIUHEHNE W BOCCTAHOBUTE/IBHOE JIMMUHUPOBaHUE

Kak 6b1710 mokazano B pa3z. 15.6 u 16.6, okuCIHTEIbHOE NPHCOEIHHEHHE MOJIEK yJIbl

AX K KOMTIIeKCy TIPHBOIWT K pa3peiBy cBsisn A—X u koopauHanul 06pasy FoIuxcs
¢bparmenTos k LEHTPAIbHOMY HOHY:

A
L
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BoccTaHOBUTEIBHOE 3JTMMHUHHPOBaHUE — IPOLECC, 06PaTHBIM OKHCIUTEIbHOMY IIPH-
COeIMHEHHMIO, U YaCTO CJellyeT 3a HUM B KaTaJHTHYECKOM IHKJIE.

MexaHH3MBl OKUCJIUTEIBHOTO HDPUCOEIUHEHHs] DA3JH4HbL. B 3aBHCHMOCTH OT
yCJIOBHI TIPOTEKaHUsT PEAKIMH U IPUPOABI PEArupylomux BeulecTB Mojekyna AX
MOJKET MPUCOCTUHSAThLCH [0 NPOCTOH COrMIacOBaHHON peaKIUM, WU NPUCOSIUHAIOT-
¢Sl IPOJYKTHI €€ PeTepOJUTHYECKOTo (MOHHAS I1apa) M/IH TOMOJHTHYECKOTO (paiu-
KajlbHas mapa) pacnala. HecMoTps Ha Takoe pasHoobpasne MEXAHU3MOB, HaliieHo,
9YTO CKOPOCTH OKUCJIUTEIBHOTO NPHCOETHHEHUS aJIKHITaI0TeHIA0B 06bIYHO paciio-
JIAraloTcs B CIEAYIOUIEM IMOPSIKe:

[EPBUYHBIH aJKUJ < BTOPUYHBIA alKuil < TPETHYHBIN aJKUI
F«Cl<Br<I

17.4. MNpuMepbl KATANUTUHECKUX LUKNOB

B saHHOM pasfiese MOKa3aHO, KaK U3 HECKOJIbKHUX MHAMBHIYATbHBIX CTaINH CKia-
npIBaeTcsd KaTaJuTHdecKuil nuki. Hurke mpuBelleHbl IPHHATHIE Ha CETONHANTHMM
JIeHb MeXaHU3MBbl HECKOJIBKHUX THIIOB IIHPOKO PACIPOCTPAHEHHBIX KAaTaJIMTHYECKUX
peakiuit u 06CyKIaeTcsl BOOPOC O TOM, KaK MOXKHO M3MEHSATh aKTHBHOCTB U ce-
JIEKTHUBHOCTD KaTanu3aTopa. Kak ykKe yIOMHHAJIOCh, MEXaHU3Mbl KaTaTUTHYCCKHX
peakIiit yCTaHOBJIEHBl He CTOIb JOCTOBEPHO, KaK MEXaHHU3MBl MPOCTEHIIHX THIOB
peakLmil; MPUYUHA B TOM, YTO KaTaJUTHYECKUN MPOLECC BKIIIOYAET LYo CePHIO
peaxumit, KOTOpble 3KCHEePUMEHTATOD NOYTH He MOMKET KOHTposuposatb. Kpome
TOro, MHOTHE BBICOKOPEAKIMOHHBIE MHTEPMEAUATHI IPUCYTCTBYIOT B CTOJbL MAJIBIX
KOJIMYECTBAX, YTO HE MOTYT ObITb OOHApY KeHbI CHEKTPOCKOMUYeckd. Takum 06-
pa30M, Jydlle BCEro pa3obpaTbcsa B MPeJIOXKEHHbIX MEXaHH3MaX KaTaJuTHYeCKHX
peaklui, OLEHATb WX CJIOXKHOCTb U HEKOTOPYH HEONPEJCJEHHOCTh U y4eCThb, HTO
B pe3y/bTaTe AAJbHENUINX HCCIeJOBAaHMI MOXET IOABUTBCS Ha CBET COBEPIIEHHO
Apyras cXeMa TeX »Ke IIPOLECCOB.

O6siacTb OpPUMEHEHHS TOMOreHHOTO KaTaJ JH3a MOXKHO OIEHHTh IO [aHHBIM
taba. 17.1 u 17.2. [Ipusegenuble B HUX peaKIMU BKJIKYAIOT FHAPUPOBaAHHE, OKHC-
JeHHe, a TaKiKe MHOMKeCTBO Jpyrux mpoueccos. Hepeako koMILIeKcsl Beex MeTall-
JI0B OHOH PPYIILI HPOABJISIOT KATAJMTHYECKYI0 AKTHBHOCTD B KaKOi-TO peaKIuH,
HO KOMILTEKChI 4d-MeTasnos, Kak NpaBuio, 00Jaai0T ONTHMAIbHBIME CBOHCTBAMH.
Mnorpa 910 ynaercsa cBsA3aTh ¢ 6ojblneil CKIOHHOCTBIO KOMILIEKCOB 4d-meTannos
K peakuusM 3aMellleHHs (B OTIpYHe OT UX 3d- H 5d-ananoros). Hepenko B Ka-
YeCTBE KaTalH3aTOPOB MPUXOAUTCA HCIOJIb30BaTh KOMIJIEKCH JOPOFHX MeTalloB,
HOCKOJIBKY KOMILTEKCHI UX 60J1ee [JeneBblX aHaJoros 061afaloT 3HaIUTeNbHO XyI-
UMM KaTaJATHYECKUMU CBOMCTBaMHU.

a) I'mapuposanne anKeHOB

TIpucoeiEenHHe BOJOPOAa K ajJKeHaM ¢ 00pa30BaHUeM AJKAHOB T€PMOIMHAMHTIE-
CKHM BBIFOJHO (HANpHUMED, AN PEAKLUUH THAPHPOBaHUA STHJIEHA B 9TaH AGY =
—101 x/Ix /Mob). OHAKO CKOPOCTh STHX PEAKIUit IIpH OObIYHBIX yCIOBUSX B OT-
CYTCTBHE KAaTAIU3aTopa NpeHe6pexuMo Maa. [ns Hux paspaboTaHbl KaK FOMOreH-

16*
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Uwkn 17.2.

HBI€, TAK U MeTEPOreHHBIE KaTaJH3aToPbl, KOTOPHIE UCMOIL3YIOTCA B TaKUX Pa3HbIX
06J1acTAX, KaK IPOU3BOACTBO MaprapUHa, JEKapCTB U HebTeIpPOAyKTOB.

Onun u3 Haubosee XOPOIIO U3yYEHHBIX KATAJIM3aTOpoB — Komiutekc poaus(l)
[Rh(PPh3)3Cl|, Ha3piBaeMBlit TakKe KATATH3ATOPOM YHIKHHCOHA. DTOT KOMILIEKC
KaTaJU3UpyeT TUAPUPOBaHUe GOJIBIIONO YHCIa PA3JIUIHBIX AJKEHOB NPHU JaBJEHUU
Bodopona, 6uu3koM K 1 at™™ 1 Jake Huxe. OCcHOBHON IUKJ (unxa 17.2) nna peax-
UMY THAPUPOBAHUSA IUKJIOTEKCEHA KATANMHM3ATOPOM Y UIKMHCOHA BKJIIOYAET OKHUC-
JIUTENIbHOE MPHUCOEAUHEHHE MOJIEKYJIbl BOAOPOAa K 16-3JeKTPOHHOMY KOMILJIEKCY
[Rh(PPh3)3Cl] (a) ¢ obpasosanmem 18-9;1eKTPOHHOTO AMIHAPHIHOTO KOMILIEKCA
(6). Ormennenne docdunoporo nurarga or (6) NPEBOIMT K KOOPAMHALUOHHO
HeHAaCBIEHHOMY KOMILIEKCY (&), KOTOPBIA IpPHCOEAUHAET AJKeH ¢ 06pa3oBaHHEM
(e). [eperoc Bogoposa ¢ aroma Rh Ha KOODAMHUPOBAHHBIH AJKEH NPHBOAUT K TPO-
MEXYTOYHOMY 16-3/1eKTPOHHOMY KOMILIeKCY (@8). DTOT KOMIUIEKC KOODAMHUPYET
dochunossit nurang ¢ ofpasosanueM (e), 1 MHIpALHS BTOPOTO aTOMa BOJOPOJA
IIPUBOJUT K BOCCTAHOBUTEJbHOMY OTIHEIUIEHHIO AJKaHA M BBLAEJIEHUIO MCXOAHOFO
KoMIleKca (@), KOTOpBI BCTYNAaeT B CIeAyoniui nuki1. VMeeTcsa ¥ napauiebHbIi
bonee MeAmeHHBI UK peaxuuit (He [OKa3aH), B KOTOPOM CHadaJa IIPHCOe/IUHS-
€TCH aJIKeH, a TI0TOM — MOJIEKYJ1a BOJOPO/ia.

Karanuzarop Yunkurcona ovenb uyBcrBuTeNeH K Hpupoge $hochUHOBOrO

JCaHa U pearupyoniero alkeHa. AHaJOMHYHBIE KOMILIEKCHI ¢ aJkuiadoc-
bunoBbIMI THraHTaME He 061aA10T KATATHTHYECKOH AKTHBHOCTBIO, IOCKOJIbKY aJI-
KUIPochUHOBbIE JIMranipl, T0-BUAMMOMY, CBS3aHBI C ATOMOM POAHs IIPOYHee U OT-
METUIAIOTCH TPy/AHee, YeM Heo6XomuMo s 3ddexTusHoil paboThl KaTalu3aTopa.
Kpome Toro, mosekyna ankeHa JoMKHa UMETh COOTBETCTBYIOIIHE Pa3sMephl: CUIIb-
HOPa3BETB/ICHHbIE MOJIEKY/IBl MJIN CTEPHYECKU He3aTPY/[HCHHBIH 9THJICH B Ty pe-
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P [+ H COOCH,
A4
¥ Rh + C=C
VRN
P L Ph NHCOCH,
Cxopocrb/ \Cxopocm'
H,CO0C COOQCH,

AN

Puc. 17.2. ,HnacrepeOMepHme KOMILJICKCBI, KOTOPBIE MOTYT 06p3.30BaTbCﬂ H3 KOMIIJIEKCa ¢
XUPAIBHBIMH hochUHOBEIMY JIHragaMu (*) U TPOXHPATIBLHOTO AJIKEHA.

akuuio He serynaiotr. Ilpeanonaraercs, 9To pa3BeTBIECHHBIE MOJNEKYJIbl He MOTYT
3¢ PeKTUBHO KOOPANHHUPOBATBCA K KATaJU3aTOPY, a STHJIEH, HalPOTHB, 06pa3yeT ¢
HUM CJIHIIKOM [IPOYHBIH KOMILJIEKC, He CHOCOOHBIN K JaJIbHEAUINM TpeBpalieHUAM.
OTH HabIOAEHUA elle Pa3 HOLYEPKABAIOT MOJOKEHHEe, BHICKA3AHHOE PaHee: KaTaJlu-
THYECKHH UK, KaK IpaBUiI0, NpelcTaBageT coboil cucTeMy o9eHb TOHKO cbHasaH-
CHPOBaHHBIX peakLuil, 1 J1060e ee HapylIeHHe NPUBOIUT K U3MEHEHUIO MeXaHU3Ma
WM OMIOKMPOBAHHMIO KATAJTUTHYECKOrO IHKJIA.

KarammsaTop YUIKHHCOHa 0OBIYHO MCHIOIB3YETCA B JaBG0PATOPHBIX CHHTE3aX U
IIPH IIPOM3BOACTBE 0COOO YHCTBIX XHMUKATOB. Pojcreennble kommiekchl poaus(I),
cofepxKallide XUpanbHble HOChHUHOBBIE TUTAHABI, UCIOIb3YIOTCA )18 IpoBecHUA
SHAHTHOCENIeKTUBHBIX peaKUyi. AJKeH, BCTYHAIOMUNR B PeaKldio HAPUPOBa-
HUfA, JOJKeH OBITh IPOXHPAJBHBIM, T.e. 06/1aaTh TAKOA CTPYKTYpOM, 4TO B pe-
3y/nbTaTe NPUCOCIMHEHUA K HOHY Merallla obpasyerca R- unu S-XupanbHBIH KOM-
mexc!) (puc. 17.2.). Takol KOMILIEKC MOXKeT GbITh HOJy4YeH B AByX AHacTepeoMep-
HBIX (POPMaxX B 32BHCHMOCTH OT c¢nocofa KOODAUHALMY alKeHa. B obuieM, yeToiyu-
BOCTb U PEAKLIMOHHAA CIOCOOHOCTD AUACTEPEOMEDPOB PA3JIHYHBL, H B 61arONPHATHBIX
CyYasx ofMH U3 3TUX (HGaKTOPOB IPUBOAMUT K SHAHTHOCENEKTUBHOCTH KATAJINTHYe-
CKOH peakKIuH.

DHAHTHOCEJIEKTUBHBIH KATAIW3ATOp THAPUPOBAHULA, COAEPIKAMIUN XHPaIbHbIH
docdunoswit murang DIPAMP (2), ucnonsayercs B « MoHCAHTO KOMIIaHH» IS TIO-
nyuerns L-JIOPA (3)%. Uurepecnas 0coGEHHOCTb 9TOMO MPONECCa COCTOUT B TOM,

1} OrHecenue xupaJbHOTO ueHTpa X R- win S-Tuny NpoM3BoANTCs cleAytounM obpasoM. Ecan
CBA3AHHLIA C LIEHTPOM aTOM C MHHHMAJIbHbIM ATOMHBIM HOMEPOM HAXOAMTCS MO/ MJIOCKOCTBIO PH-
CYHKa, 8 aTOMHBIE HOMEPa OCTAJIBHBIX TPeX ATOMOB yObIBAIOT B HANTPABJIEHHH TI0 4aCOBOH CTPEJIKE,
LUEHTp OTHOCHTCH K R-THmy; ecnn B oGpaTHOl NMocjefoBaTebHOCTH — TO K S-tumy. lna ciyda-
©€B, KOr[a JIMraHpl HMEIOT OOMHAKOBBIE ATOMHBIE HOMEPA, Pa3paboTaHEl JOTOIHHTEIbHbIE TPABH-
na,

2) L-TODA npeAcTaBiseT cobofl XHPaJbHYI0 AMHHOKHCJIOTY, HCNIONb3YeMyl0 ANIA JedeHHst Go-
ne3un [lapxuncona. O paspaboTKe 3TOTO KaTalu3aTopa W NPHPOIE CTEpeOCe]eKTHBHOCTH JTOH
peakiun cM. [Knowles W. S., Acc. Chem. Res., 16, 106 (1983); Halpern J., Pure Appl. Chem.,

, 99 (1983)] cooTBeTcTBEHHO.
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A"Gpy R
A"Gg

OCH,

OcHOBHoOW p*
naomep (R)

P*

3Heprud Mv66ca

OCH,

No60o4HbINA
naomep (S)

PeareHTnbl NpoaykTel
KoopauHaTa peakumv

2 DiPAMP
Puc. 17.3. KuHeTr4yecku KOHTPOJMpPYyeMast CTEpPeo-

cenekTuBHOCTL. OBpaTHTe BHUMAHNE, YTO A*Gs <
A# @R, 103TOMy NOGOUHBIA H30MEP BCTYIIAET B pe-
axI1uio ObicTpee, 4YeM OCHOBHOM.

HO te "
>c’ ~OH
H™ |
NH,
HO
3 L-poda

YTO OCHOBHOH IPOAYKT 06pa3vercd U3 U30Mepa, KOTOPBI NPUCYTCTBYET B pacTBO-
pe B MCHDIIEM KOJHYecTBe. IlpuuuHa 60abUIel 9acTOTEl 0O0POTOB PeaKUHH 3TOr0
H30Mepa 3aKJI0YaeTcss B pasHuue cBOOOJHBIX SHEPTUll aKTHBALUH (puc. 17.3.) 3a
CYeT mPaBHJIBHOTO MOAOOPA JHTAaHIOB Ta 00JNACTh KaTanau3a OBICTPO PasBHBaeTcH
U y2Ke OpHBeja K NOJIyYeHHI0 MHOTHX BasKHBIX JIEKAPCTBEHHBIX npenapaTOBl).

Hl Katamsarop Yuiknscona [Rh(PPhs)3Cl] n poacrsennsie xomnaexcst Rh(I) ne-
HOJIb3YIOT JJIS FHJPHPOBAHUSA GOJBIIOrO YHCIa Pa3/JMYHBIX AJKEHOB HPH JaB-
JIEHUAX BOJOPOJa, PABHBIX UM MEHBIIUX 1 arM.

6) I'mnpodopMupoRaHme

B peaxkmuu ruapocdopmunuposanusa anxer, CO u Hy pearupyior ¢ obpa3osa-
HHEM aJibJeTUa, COAEPAAero Ha OAUMH aToM yriepoaa GoJblie, €M HCXOAHBIH
AJIKEH:

RCH=CH; + CO + H, — RCH,CH,CHO

1) Nugent W. A., RajanBabu T. V., Burk M. J., «Beyond nature’s chiral pool: enantioselcctive
catalysis in industry». Science, 259, 479 (1993).
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co

?HzCHzCHzCHg CH2=CHCH20H3

Uwkn 17.3.

DB KadecTBe KaTANN3ATOPOB 3TOM PeaKuUH HCHIOJb3YIOTCS KOMILIEKCHI KOGalbTa H
poauA. Abaeruapl, MOTyYeHHBIE I0 PEaKIUH THAPO(OPMUINPOBAHNS, 0GBIMHO BOC-
CTaHaBJIMBAIOT JaJiee JO CIUPTOB, KOTOPBIE HCHOJB3YIOT KaK PACTBOPHUTENH, ILIA-
cTUMOUKATOPEI UM PEareHThbl 18 CUHTE3a MOBePXHOCTHO-aKTHBHLIX BemiecTs. Ko-
JIMYECTBO IPOAYKTOB, HOJIYy4YaeMbIX IO 9TOM Peakiuu, JOCTUraeT MUJLIHOHOB TOHH
B ToJ.

TepMmun «ruapodOPMUAUPOBAHKE» MPOUCXOJUT OT PAHHUX MIPEIIOJI0MNKEHHMi,
4ITO B 9TOH peakIUH MPOUCXOAUT NPUCOoelnHeHHe dhopMabieruia K aJxkeHy; OH
COXPAHMJICA, HECMOTPsI Ha OOHAPYIKEHHBIN YKCIEPUMEHTATBLHO COBCEM JPyroil Me-
xaHn3M. Pexxe ynorpebisemsil, Ho Gojlee MPaBMALHBIN TepMUH s 0603HAYEHHA
3TOro Ipouecca — rugpokapOoHusmmpoBanne. O6muit Mexanu3M a8 9Tol peax-
LUK, KaTAJIU3UPYyeMoll KapOOHUIBHBIM KOMILIEKCOM KoDaJbTa, ObL1 mpeijioskeH B
1961 r. XexoMm u Bpecioy nmo aHanornu ¢ peaxkiysaMHd HEKOTODBIX METAIOOPTaHK-
9ecKuX coeluHeHn (ks 17.3). B ofmux yepTax oH BIOJIHE OMUCKHBAET IPOLECE,
HO MPOBEPUTH BCe JEeTaM MOKa He YIaJjloch.

CornacHo NpeanonaraeMoMy MeXaHH3My, B CHCTEMe CHauajla yCTAHABJIHBAETCH
OpelBapUTe/IbHOE PABHOBECHE, KOTJa MOJ, BLICOKUM JaBJEHHeM U3 OKTakapOOHMII-
AnkobaabTa u Bomopozaa obpasyeTcs TeTPaKapbOHUITHAPUIOKOBAILT:

[COQ(CO)g] +Hy, = 2[COH(CO)4]

OTOT KOMILIEKE, mo-BuaumoMy, ormemiger CO ¢ obpasoBaHneM KOOPAHHAIHOHHO
Henacbientoro xkommiekca [CoH(CO)s:

[CoH(CO)4] = [CoH(CO)3] + CO
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onarator, yro [CoH(CO)s] koopaunupyeT ankeHn ¢ 06pa3oBaHHEM IIPOJYKTa (a),
B KOTOPOM 3aTeM TIPOTEKAET DEaKUHs BHEJPEHHs KOOPAMHMPOBAHHOIO THPHIO0-
quramia. Ha 9Toit cranuu NpoAyKT NpeAcTasifeT cobolt aJKaHOBBIH KOMIIEKC (6).
B npucyrersun CO NOA BRICOKMM JaBJCHHEM [IPOMCXOAUT PEAKIUA MUTPAIOHHO-
o BHEJPEHHs, TIPUBOJAIAA K 0BPA30BAHMIO AlUIBHOTO KoMiulekca (&), KOTopbli
yaastock o6Hapyxuts MeTogom MK cnekrpockonuy. Ipeanonaraercs, 1ro 0bpazo-
BaHHeE aJIbJEriaa TPOHCXOAUT 1160 B pe3ynpTaTe aTaki MoJeKy st Hy (kak nokasa-
po B LuKae 17.3), ymbo mpu peakluM ¢ CHIBHOH KHUCJIOTONX [CoH(CO)4}. TIpu sToMm
pereHepUpYETCs KOOPAUHAIMOUHO HEHACHIILEHHDIA KOMIIEKC [CoH(CO)s).

[Ipun KaTanu3e KoMIUlekcaMu KobGajanra ofpasyercsi 3aMeTHOE KOJH'Ye-
CTBO pA3BETBJICHHOTO AJblerHia. OITOT IPOIYKT MOXKeT o6pa3oBaThCA U3
9-ATKITKOBATHTOBOrO MHTEPME/HATa, BO3MUKAIONEro NPU H3oMepusanmi (a) ¢
nocaeayomum BHeApennem CO:

0]
co
OC“CO OC‘;CO
OC/ \CO OC \CO

unpupoBaHue TOMO HMHTEpMEIHATa MPUBOJUT K 00pa3oBaHUIO DA3BETBJCHIOTO
anbIaeruaa;

0
CHO
H, |
—-Co —Co +
0C N

Ecnu HeobxoauMo mosyduTh ajberuy ¢ HEPa3BETBJIEHHOM LEeNblo, KaK, HallpuMep,
IIpu cuHTe3e Ouopasnaraembix [TAB, mporecc n3oMepH3aluHl >KeJIATENIbHO TOJa-
BUTh. Haiifieno, uro mpu mobaBjeHHH B PeakIMOHHYIO CpeJy aJKuiIgochHHoB ce-
JIEKTHBHOCTb CyIIeCTBEHHO Bo3pacTaeT. OIHO H3 BO3MOXKHBIX 00BACHEHUH COCTOMT
B ToM, 4ro 3aMeHa CQO o6beMHBIM JMraHIOM JejaeT HEeBHLOAHBIM obpasoBaHue
KOMILIEKCOB CO CTEPHYECKU 3aTPYIHEHHBIMH 2-aJIKeHAMH:

Ke<

0c e ~
o \PBu3 0¢ PBu,

DT0 NpuMep CUNBbHOrO BAMSAHHSA JHUIAHIOB, He IPUHUMAIONHKX YYACTHe B OCHOBHOMH
PEaKIIHH, Ha NPOLECC KATAJIU3a.
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Bemme yae Gput0 cka3aHO 06 aHOMAJBHO BHICOKOH KATANTHTHYECKON aKTHBHO-
CTH KOMIIeKCoB 4d-MeTtannos. B monmoM cooTsercrsun ¢ stum Habmomenmen,
KOMIIIEKCB! PO/ ¢ (POChHHUHOBLIMU JTHraHIaMi OKa3bIBAIOTCA Jaxe 6ojee sch-
heKTHBHRIMU KaTaIU3aTOPaMu ruApodOpMUTUPOBAHHA, YeM KOMIIJIEKCH KOBaIbTa,
Onun u3 ucxomubx kommiekcos, [RhH(CO)(PPhs)s] (4), otmennser tpudenum-
thochun u npeppalnaeTcs B AKTUBHBIN HEHACHIICHHDBIH 16-3IeKTPOHHBIN KOMILTEKE
[RhH(CO)(PPhs),], koTOpBIl KaTalu3upyeT peakuuio FUAPodopPMUTHPOBAHIST opu
YMEPEHHBIX TeMIEpaTypax U JaBieHuu 1 arM. DTH ycIoBHA OTIMYAIOTCH OT Tex,
KOTOPble HeoOXoMuMBbl JUIst paGoTsl kobanbroBoro KatanusaTopa: 150°C u 250 aTm.
Pomuticonepamuii kaTanausatop yao6eH B JabopaTopHOi NPakTHKe, TaK KaK Mo-
XeT paboTaTb B OOLIMHBIX YCTOBHSX. IIOCKOJBKY CEJEKTHBHOCTh K 06pa3’oBaHMI0
HEPa3BeTBJICHHBIX a/lbJElHI0B ¥ ITOrO KOMILIEKCA TOXKE O4eHb BLICOKA, OH MOMXKET
KOHKYPHUPOBATh ¢ MPOMBIIICHHLIM KOGAIbTOBBIM KATAIH3ATOPOM, MOAMMHINpPO-
BaHHBIM dochUHOBBIMU JHTaHIAMH.

Ph,P

~ ph— PPh,
v

Ph,P

oO—XI— I

4 [RhH(CO)(PPh,).}

H} MexanusM ruIpoKapbOHHIUPOBAHUA, NO-BUIIMOMY, BKJIIOYAET TPEIBAPUTE b-
HYH0 PaBHOBECHYIO CTAaJWIO, KOU3 MOJ BBICOKUM JAaBJIEHHEM U3 OKTaKapOOHMII-
JUKOOaJIBTa U BOLOPOSia 06pa3yeTca TeTpaKapboHHIrHIPUI0KOGAIbT.

Mpumep 17.1. Bausnue ycnosuii nposenenus npoyecca Ha KaTanuTUHECKUA LUK,
Ecmn pasmenne CO npeBbIilaeT HEKOTOPOE KPHTHYECKOE 3HAYEHHE, CKOPOCTh THAPO-
dopMuIHpOBaHNs IeHTEHA-1 HA KOBAIBPTOBOM KaTaausaTope cHyMXkaerca. [IpemiosxnTe
ofibsicHeHHEe JAHHOTO (paKTa.

Ortser. YMenbienue ckopoctu ¢ pocrom gaenenns CO osnagaer, uro CO ymenbluaer
KOHHUEHTPALMIO ogHo# U3 dopM Katanusaropa. B naHHoM ciydae uMeeTr MECTO PaBHO-
BECHE

[CoH(CO)4] = [CoH(CO)3] + CO

1 nosprmenne gaprenus CO monmxaer koHuentpamwmio [CoH(CO);). Umento na oc-
HOBAaHHM 9T0r0 HabmiomeHus ObLIO mocTynpoBano obpasosanue [CoH(CO);], obnapy-
JKHTb KOTODBI B PEAKLMOHHONR CMECH CHEKTPOCKOMMIECKUMH METOJAMH HE YIAETCH.

Bonpoc 17.1. [peackaknTe, Kakoe BIHSHUE OKaxeT qobapnennc TpudenundocduHa Ha
CKOPOCTh peakimy THapodopMIIHpoBanns, Katamusupyemot [RhH(CO)(PPhs)al.

B) Cunre3s ykcycHoil kucaorsl (MoHcanTo-nponecc)

[IpumensiBUIMMCA CTOJETUAME METO/ MOJIYYEHUA YKCYCHON KHUCJIOTH COCTOAN B Jeh-
cTBUl a3pobHBIX BakTepHil Ha pas3baBieHHLIA BOAHBIA PAaCTBOP 9TAHOJA, IPU ITOM
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CH;0H
CH,COOH

Uukn 17.4.

HoJydacs «BUHHBIN ykcycs. OHaKo oJy4eHne U3 Hero KOHIEHTPHPOBAHHON yK-
CYCHOI KHCJIOTHI 71 MPOMBITIJIEHHBIX TieJIell HeskoHoMHUYHO. Menonbsyembiil cefiuac
BBICOKOIPOU3BO/IUTEIbHBIA TPOMBIIIJIEHHBIH MPOLECC OCHOBAH Ha KATAIH3HPYEMOM
COeIMHEHNAME POoAns KapOOHMIUPOBaHUU METaHOJIA!

CO),1n]”

CH,OH + CO = CH,COOH

STa peaknus KaTaJH3UPYeTCs COCAMHEHHSNU BCEX TPeX MeTajnoB 9-fi rpynmbl —
KODasbTa, POAMA U UPUAUA, HO KOMILIEKCH 4d-MeTanna pojaus Haubosee aKTHBHBL.
Cravasa uCHOJL30BANICh COEAUHEHHs KobaubTa, HO paspaborannble B «Momncan-
TO» POAHEBBIE KATAIM3aTOPhI MO3BOJMIN PE3KO CHHU3UTH Ce6ecTOMMOCTD IMpOIec-
Ca 3a CYeT NMOHMKEHUsA [JaBJEHUA PEaKIMOHHOH cMecu. B pesynbrare MoHcaHTO-
[Iporece cefiyac HCIOMb3yeTCsl BO BCEM MHUPe.

OcHoBHOH KaTaJuTHIeCKUH MUKJ B 9ToM npouecce — uuka 17.4. TIpn obbraabIX
YCJOBUAX HPOBENEHHSA PEaKIUK JUMUTHPYOIIEH cTanel OKa3bIBAETCS OKUCIUTEN b~
HOE TPHCOeJMHEHHe METWIHOAMAA K 16-37eKTPOHHOMY YeTLIPEXKOOPIHUHAIMOHHO-
My kommiekcy [Rh(CO)2Iz]™ (a), mpu sTom obpa3yercss MIeCTHKOOPANHAIMOHHDIA
18-anexrponnbrit kommtexce [(Hz3C)Rh(CO)2ls)™ (6). Cnenyromas cranus COCTOUT B
MUTPaIHOHHOM BHepeHuH MoJeKynl CO ¢ 06pasoBatueM 16-3J1eKTPOHHOTO AlUIb-
Horo xommekca (g). Koopruuanus CO npuBogut K 18-371eKTPOHHOMY KOMILIEKCY
(2), KOTOPLI B pesyTbTaTe BOCCTAHOBHTENHOrO 3JHMUHUPOBAHHUA MOJEKYJIbI alle-
THIHOAUIR npeBpamaercs B uexofublil komruieke [Rh(CO)q2lz] ™. Anernnnonun pas-
JaraeTcsa BOHOM, IIPH 9ToM perenepupyercs HI:
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= =
CH;—C~  +H,0 —— CH;—C~  +HI
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! OH

B sroit KaraJdUTHYECKOH CHCTEMe HOAWA-UOH HezameHHM. Ero ocobble cBoficTBa
ompenensiores paioM $HakTopoB. Bo-mepBbIX, U3 METHITAJOTEHHAOB METHIHOIUL
HpUcOoeAUHsAETCA K KaTaJu3aTopy ¢ Hamboublledl cKOpoCThio. Bo-BTOPBLIX, MATKoe
ocHopaHue [~ nerko npucoejunderca K Markoi kucnore [Rh(CO),Iz]~ ¢ o6pasosa-
HUEM MSATHKOOpIMHAIMOHEOro KoMmmekca [Rh(CO)ql3]?~, koropslit mprcoeauHser
MeTHIHOMIT, BbICTPEE, YeM HeTHIPEXKOOPAUHAIMOHHBIN KoMILIekc!),

I” MoncaHTO-TIponece OpeACTaBasel CoBOH KATAIH3UPYyeMOe KOMILIEKCAMH Ppo-

nus(T) kapboHUTHPOBAHUE METaHONIA ¢ 00Pa30BaHUEM YKCYCHOH KHCIOTHI,

r) Oxucnenne ankeHoB (Baxep-mporecc)

Baxep-npouecc B OCHOBHOM HCIIOJIb3YIOT AJId MOJIY4YeHusl aleTajabAernja U3 3TH-
JIEHA:

0
4

CH, + 30, — CH:.,C\ A,G° =-197 klx/mone

Dot npouecc 6bLT paspaboran B xouue 1950-x rr. B «Bakep-koHcopnmyme 3JeK-
TpoxuMueckoil npoMbimienHoctn» (lepMalud), U €ro OTKPHITHE O03HAMEHOBAJIO
HAYAJI0 STIOXH MOJIY4YeHUS PA3JHYHBIX XHMHKATOB HEIOCPEACTBEHHO U3 MPOAYKTOB
nepepaboTky Hedrr?) . X0oTS MpoMbIIIeHHOe 3HAUCHHE STOrO mpoliecca ceftuac HeBe-
JIIKO, MEXAHU3M €ro J0CTaTo4Ho unTepecet. llpennosaraeres, 9To HaYa/bHBIM 3Ta~
IIOM CJAYXKHT Peaxins

CH, + PdCl, + H0 — CH3C\ + Pdi0) + 2HCI

Tounas xumudeckas npupoga Pd(0) He ycraHOBIEHa, OZHAKO OH, MO-BHAHMOMY,
TIpHUCYTCTBYeT B Bufe KOMILIekca. Menennoe okucnenne Pd(0) mo Pd(II) kumcio-

1} Cneayer ormerurs elne 0qHy 0COGEHHOCTD HOIHI-HOHA: U3 BCEX TA/IOTeHOBO0POIOB HOJ0BOAO-
poz, BbIcTpee U ¢ GOMbUIMM BBIXOJOM PEATHPYET ¢ METAHOJIOM C 06pa30BaHHEM METUITAIOreHUAA. —
(ITpum. nepes.)

2)JTuneH M OpyrHe AJKEHbI — HCXOJHBIE pearcHThl A Bakep-mpouecca M MHOTHX JpyTHX
HepTEXUMHIECKMX CHHTE30B — MNOJYyYal0T TEePMHYECKHUM KPEKMHIOM HACBUUEHHBIX yLIeBOAOPO-
/I0B.
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WUwnkn 17.5.

POZIOM Bo3Iyxa KaTaausupyercs gobaskoit Cu(Il), mpu 5ToM BepOATHBI MeXaHHU3M
MpOLECCa TAKOB:

Pd(0) + 2[CuCly)*~ — Pd** + 2[CuCly]~ +4C1~

2[CuCly]™ + %02 +2H* + 4C1~ — 2[CuCly)?™ + Hy0

O6mada cxema Tpolecca npubeieHa B 1ukie 17.5. JeralbHble CTePEOXUMHYECKHUE
MCCJIeI0BAHHUA POJCTBEHHBIX CHCTEM MOKA3aJIH, YTO MMApaTalis KOMIIEKCa aJlKeHa
¢ Pd(IT) (a) mpoucxogur mocpeacreom ataku HyO u3 pacrsopa Ha KOOp,ZlI/IHleo—
BAHHYIO MOJIEKyJly 9THJIEHa, a He BHeApeHHeM Koopauunposammoit OH-rpymmbrl).
3a craaueit rupatanEu ¢ obpasosanueM (6) CaeXyIOT ele JBe, CBA3AHHDIE ¢ H30-
MepH3algelt KOOPIUHUPOBAHHON MONeKy bl cinpra. Ha mepBoM sTane MpOHCXOAUT
B-snuMunEpoBanne BoJopoAa ¢ obpasoBanueM (g), a MHUMDAIMOHHOE BHEPEHHE
IPUBOAMT K 06pazosanmo (2). OTinenenne MoJeKy bl aueTaibieriia n nosa HY
dbopmupyer Pd(0), xoropsiit oxucasercs onars go Pd(II) ¢ yyacruem BcmoMora-
TeJIBHOTO KaTajusaropa, cojepxkamero Cu(ll).

Koopmunamus k Pt(II) TakXe akTUBHpyeT aJKeHbl IO OTHOWIEHHIO K HYKJIEO-
dbusbHON aTake, HO TOJBKO COENMHEHHS Na/UIalus IPeACTaBIaioT coboit sddek-
THBHbIE KaTaju3aTopbl. OCHOBHAS NPUYHHA YHUKAJBHOCTU COEJUHEHHH MasnaIns
(4d-mertann) xpoercs B Gospuiedl JAGUIBHOCTH €r0 KOMIIEKCOB IO CPABHEHHIO C
UX IIaTHHOBBIMA (Hd-MeTan) anajoramu. Bosee toro, okucaenue Pd(0) B PA(IT)
TepMOAHUHAMIYecKH GoJlee GraronpuaTHo, 4em okucaenue Pt(0) B Pt(II).

Hl Baxep-npouecc ucnonbsyror Ana nonyueHus aneTadbIernia U3 STHIEHA U KUC-
JIOpO/ia; aJIKEHOBBIE JHMAHAbI, Koopauuuposannble K Pt(I1), Takke BCcTymaoT B
pPeakyy HyKJeohHIbHOrO NpUCOeIHHEHHs], HO TOJBKO COeJUHEHHS MalIaius
ABATIOTCH 9D PEKTHBHBIMHE KaTaJIH3aTOPaMH,

1) JeTann 3Toro MexaHH3Ma OCTAIOTCA NPEAMETOM Auckyccuit. Cm. [Parshall G. W., Ittle S. D.,
Homogeneous catalysis. Wiley, New York, 1992| u TuTeparypy, UNTHPYEMYIO B STOH KHHre.
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£) Ilommmepusanng ankexos

[onnankens!, onus u3 HanGosee MMPOKO PACIPOCTPAHEHHBIX KIACCOB CUHTETH e~
CKHX TIOJIIMEPOB, 0OBIYHO TOJyHaIOT ¢ UCTIOIb30BAHHEM METAI00PraHNIeCKHX Ka-
Ta/IM3aTOPOB, MM HAXOQAIMXCA B DACTBOPEe, UJTH HAHECEHHBIX Ha MOBEPXHOCTH., B
NIOCTIEIHEM CllyHae KaTaJln3aTOphl TeTepPOreHHble, OJHAKO OHU PACCMATDHBAIOTCA B
9TOM pa3jiesie U3-33 BaXKHOCTH UX TOMOTEHHBIX aHAJIOTOB.

B 1950-x rr. K. Hurnep, pabotas s Tepmanuu, pa3paboTan KaTanuszarop ama
NOTUMEPU3ALUN STU/IEHA, OCHOBaHHbIN Ha npoaykTax peaxuuu TiCly u Al(CoHs)g,
a BCkope mocne storo lx. Harra B Urasmn ucnonb3osan KaTalus3aTops! 9Toro
THUTa 1A cTepeoctenuduHOL NOTUMepU3aLMy Npouiena. [Ipy monydennu kata-
An3aTopa, cHavana obpasyerca TiCls, KOTOPBIH BblgensieTCa B MOTUMEPHOR dopme
1 HCHOJb3YeTCA B BHJE TOHKOIO HOPOUIKA. DTH OTKPHITHS BBI3BAJM HACTOALIM
[IPOPBIB B NIPOU3BOACTBE YIAKOBOYHBIX, KOHCTPYKIUHMOHHBIX 1 MHOIHX JPYIHX MaTe-
puaiios. Karamusarop Iuriaepa—Hatra 11 ene oqun XPOMCoAepX)aui KaTaan-
3aTOp MPEACTABIAIOT cOOOH TBEP/IbIe YaCTHYKMY; PeaKuysl MPOUCXOAUT Ha AedeKTax
KPUCTAJUINIECKO CTPYKTYPBI, TAe ATOMBI THTAHA KOOPAUHALHOHHO HEHACHIIIEHHDI.

MexanusMm 3toit peakuun B JeTansx 40 CHX MOP HEH3BECTEH, Hanbojee paB-
JomonobHoll cuuTaercs cxema, mpediaomkenHas Koccu u ApamanoM (umka 17.6).
Peakuus nadmHaercst ¢ mepeHoca aNKUNBbHOM IPYHIBl ¢ TPUANKHJIATIOMHHHS HA
aTOM THTaHa Ha MOBEPXHOCTH; MOJEKYJTa ITHJIEHA KOOPAUHHPYETCH HA COCEIHee
BAaKaHTHOE MECTO ([TOKA3aHO MyCTBIM KPYXKKOM). 3aTeM KOOPAMHHPOBAHHAA MOJIe-
KyJla aJIK€Ha BCTYHNAET B PEaKIWI0 MUTPALHOHHOTO BHeApeHHd. IIpu 3TOM BO3HU-
KAaeT €IIE OJHa BaKaHCHA, TAKUM 06pa3oM, peaKUus IPOJOJIKAETCs U IPOHCXOAHT
pocr nemu. OcBoboskAeHEe TONTUMEPHON NMENOYKH OT MeTaslsla HPOHCXOJUT nyTeM
(-3 TUMUHEPOBAHKS BOLOPOAR, TIPH TOM LElb 06PbIBACTCA. Crepeocnenuduynocts

Uwvkn 17.6.




Tnaea 17. Katanus

238
= e
Zr
- o5 e
Zr
@\ <>
+ 6
5 [Zr(Cp),(CH,)(thf)]
npou;ecca HOHI/IMepI/IBaI].I/IH OTpamaeT HAITH4YHUC C’I‘epI/I‘-IeCKHX OFpaHH‘{eHHﬁ Ha CIIO-

: i HONIEHHIO K
cO6 OpHEHTAIMM MOJIEKYJIbl allKeHa B KOODIUHAMUOHHOM cepe o oT
SleTCsI, OCTABASCH CBI3AHHON ¢ MOJIEKyJa-
pacTyen ey, YacTh KATAJIA3ATOPA TED , ' ooy
MH TIOTUMEpa, OTHAKO M3-3a BBICOKON 3(peKTHBHOCTH KATaIM3aTopa LOTEp
HUYTOXHBL. .
FoMOreHHbIE KATATM3ATOPbl, POICTBEHHBbIE Kartainusaropam Lluriepa Hartra,
H U Urpa-
JAIOT JONOJHATETbHYIO HHBOPMAIHIO O IPUPOIE TPOLECCa [0IMMEpH3aIH ’ 5{ ~
JOT 3HAYHTEJBHYIO POJIb B poMbiiLienHocTA. OJMH U3 TAKMX KaTa/IM3aTopo
% 5.Cp)2Zr(CH;3)L]* (5), KoTOpBIfl KAaTATIM3UPYET OJIH-
rasonenossit Kommieke [(17°-Cp)2Zr(CH; , 5 Py HoT
MEpPU3ALMIO ATKEHOB [IOCPEACTBOM MOC/IeJOBATE/BHBIX PCAKITUM BHED ;
BHOM
FalOT, ITO IPH STOM AJIKEH [IEII0CPeACTBEHHO KOOPIMHNDYETCH K 31eKTpodHI z
’ T
HEeHTPY — aTOMY rppkoHMsY) . DTOT THI FOMOTEHHBIX KATAJM3aTOPOB HCIO/IB3YCTC
BIO XH-
B POMBIULIEHHOCTH VIl CHHTE3a PAAA CIEUABHBIX [10JAMEDOB. C nomon, e
AKTHUB
PaIBHOrO HMPKOHUEBOTO KaTaIM3aTopa (6) MOXXHO IIOJIy9UTH ONTHIECKH AKT
MOJIMTIPOTHJICH.
7 P no-
[IMK/IMYecKye AJKeHB!, KpOMe IUKJIOTeKCella, MOTYT BCTYIaTh B PeaKLHIO
M
JIMMEpH3aLNM C PaCKpPhITHEM LMKJIA, KOTOpas KaTalusupyeTc:d HEKOTOPBLIMH

2).
MeETAJLJIOOpraHnIeCKHMMHA KOMILJIEKCaAaMHA )

==WICH-Bu) + n n

+PhCHO l—[W(O)(NAr)(O—‘Bu)zl

\/

PhHC CH('Bu)

1) Jordan R. F., J. Chem.Educ., 65, 285 (1988).
2) Grubbs R. H., Tumas W., Science, 243, 907 (1989); Schrock R. H., Acc. Chem. Res., 23,

158 (1990).
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B peaknusix 3T0Oro THIA MOTEKYTa asiKeHa BHEJIPAETCA B CBA3b MeTaJlT — YIJIepPos B
MeTasnoKapbere, 9To MPHBOJUT K HOBOMY MeTAJNIOKapHeHOBOMY KOMILTEKCY ¢ 60-
nee JIMHHON lenpio B Kapbene. [locnenyromue peakuun BHenpenus [IPHUBOIAT K
pocty nenu. Ilonmumepusanyst TAKOrO THIIA TEPMOIMHAMHYCCKH BBITOHA 33 CYeT
BBIACJICHUSA SHEPrUU [IPH Pa3pbiBe HAIIPAXKEHHOrO HMKJa. M3BecTHO MHOrO MeTai-
JIOKapOeHoB, KATANH3UPYIOIINX PeAKUAH TAKOTO TUIA; [IPU 3TOM HEPEAKO HABTIO-
A2eTCA XKuBadA nosmMepu3anua. OnHa U3 ocobeHHOCTEH KUBOH [IOJIMMEDHU3A1U Y
COCTOMT B TOM, 9TO NPONECC MPOXOAUT JO TeX IOp, [OKa He ByJeT M3PacXOAoBaH
BeCh MOHOMep, NP A00aBIeHUE KOTOPOrO PEAKITHA CAMOIPOU3BOIBLHO [IPOAOJIKa-
erca, IlonmuMepsl, nomy4Yennple TAKIM METO/IOM, IPAKTHIECKH MOHOJUCIIEPCHBI (C
09€Hb Y3KMM DACHPEIENeHNEM MOJIEKYTSPHBIX Macc). DTOT PakT 06biACHAeTCS 0T-
CYTCTBUEM peaKUu# IIePeHoca LelH ¢ OHOrO aKTHBHOTO IeHTPa Ha, JPYro#, IosToMy
Ha KaXJOM KaTaJUTUYECKOM LeHTpe hOPMHUpyeTcsl LENOYKa OMHAKOBOH JUIHHBL.
IIpouecc nomuMepr3anny 3aBepAIOT, TPOBOAS THJPOJIM3 aKTHBHBIX LEHTPOB.

Hl Ang  mpoBemeHMs NOMMMepH3ALMK  ATKEHOB HCHOJIL3YIOT  KaTAJIU3ATODBI
Hurnepa—Harta; mexanmsm ux gmedicreust mpemioken Kocen u ApimanoM.
[ukt0a1KeHb!, KpOMe LUKJIOTEKCEHA, MOTYT TIOMUMEPU30OBATLCS C PACKPhITHEM
[HKJIa; PEAKIUA KaTajlu3upPyeTcs PAIoM MEeTAIOOPTaHIYeCKUX KOMILJIEKCOB.

FETEPOrEHHbLIA KATANN3

leTeporenHble KaTaM3aTOPHl OYEHD HIHPOKO UCHOJIB3YKOTCA B MPOMBIIIIEHHOCTH.,
OJHO U3 NPHUBIEKATENBLHBIX CBONCTB THX TBEPIBLIX BEIIECTB — HX YCTOHYHBOCTH
IpH BBICOKMX TEMIEPATYPaX, M3-3a 9€ro peakliu ¢ HX y9acTHeM MOXKHO IIPOBO-
/WTE MDY BECHMa Pa3/IMIHBIX YCI0BUAX. JIpyras mpiuynHa ux mUpoKol pacnpocTpa-
HEHHOCTH — OTCYTCTBHE JOIMOJHUTENBHBIX CTAIMH IJIA OT/ENeHUA KATAIN3aTOPA OT
IpOAYKTOB peakiuy. B tunuasoMm mpouecce razoobpasuple win xukue peareHTbI
BXOJAT B TPYGYaTHI PeakTOP ¢ OJHOTO KOHLA M IIPOXOJAT 4Jepe3 MOPUCTYIO TOA-
JIOKKY, HA KOTOPYIO HaHECeH KaTalu3aTop, a IPOAYKTHl coBHpaloT Ha BHIXOLE C
ZAPYTOro KoHUa peakropa. CTO/b e IIPOCTO YCTPOCH KATAJIATHISCKH KOHBeEpTep,
ucnosb3yemerit 1t okucsenna CO 1 yrieBoJoposoB U BOCCTAHOBIEHHS! OKCHIAOB
a30Ta, COJIep?KAILMXCA B BRIXJIONMHBLIX ra3ax gsurateiedt (puc. 17.4).

17.5. Npupopa reteporenHoro katanusa

Hannble 0 cTpyKTYpe rereporenHoro KaTaJn3aToPa HHOTAA MOXKHO MOJIyYHTh C IO~
MOTIBIO JIEKTPOHOTPAdUU HIIH JIPYTHX METO/0B UCCIENOBAHIA MOJIEKYI, copBrpo-
BaHHBIX Ha [TOBEPXHOCTH MOHOKDHCTANIOB. OIHAKO TAKHe HCCIIeNOBAHMA OGBIYHO
LIPOBOIATCA B YCIOBHUAX CBEPXBBICOKOTO BAKYYMa, KOTODBHIE COBCPUICHHO OTJIHYA-
I0TCA OT YCAOBHH TIPOTeKaHUA peakuuit. IIpakTHYecKn IpUMeRAeMEbIC TeTepOreHHbIe
KaTa/In3aTOPBL — 3TO MATEPUAITLL ¢ BLICOKOPA3BATOM MOBEPXHOCTBIO, OHH MOTYT CO-
CTOATL M3 HECKOJbKMX a3 u DPaboTaroT NpH AaBjeHusx 1 aTM u Bbime. B page
C/IytaeB B Ka4eCTBE KATAJIM3ATOPA CIYXXKUT BCE BELIECTBO C OOJBIION ILJIONAIHK)
TIOBEPXHOCTH; B 9TOM CJIydae FOBOPAT o0 ogHOpPOZHOM KaTanusarope. Oaun u3
[IpUMEpoB — Ineonut ZSM-5, B ero CTpyKType COMEep:KaTcsd KAHAJHL, [0 KOTOPBIM
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Puc. 17.4. PeakTop A5 NPOBEJEHUs I€TE€POTEHHO- Puc. 17.5. Cxemarmyeckoe u306-
ro KarTajausa. DTOT ABTOMOGHIILHBIA KATAJMTHYE-  PayKeHHe MeTalIMIeCKuX 9acTHl,
cxuii kouseprep okuciser CO M yriieBonopoAsl M HAHECEHHBIX HA CHJIUKATEID.
BOCCTAHABJIMBAET OKCHLI a30Ta U cepbl. Merajiu-

YeCKUil KaTaJIU3aTOp HAHOCHTCA HA KepaMHU4eCKHe

«COTHI», KOTOPBIE B 3TOM CJiydae 6osiee mpUrOAHEL,

ueM MONIOKKA U3 He3aKPeIUIEHHBIX 4acTull,.

1 YHAMPYIOT pearnpyoliie MOIeKyJlbl. Hallle HCHOoIb3yIoT MHoroda3HbIe Ka-
Tagu3aTopbl. OHU COCTOAT K3 BEUIECTBA C CHJIBHOPA3BUTOH MOBEPXHOCTBIO, clgly—
JKAIIEro [O/UTOKKOM, Ha KOTODPYIO HaHeCeH aKTUBHbIA KaTalu3aTop (puc. 17.5)".

a) IloBepxHOCTH A MOPHCTOCTD

O6BIuHOE MIOTHOE TBEPIOE BEMIECTBO HEIPUIOJHO B KAa<decTBE KaTalu3aropa, Mo-
CKOJIbKY €To [OBEPXHOCTh OdeHb Masa. Hampuvep, a-AlyO3 — mmoTnbli MaTepHalt
C MaJiolf IOBEPXHOCTBIO — UCIIOIb3YeTCH B KadecTBe NOIJIOXKKH TOpa3fio pexe, H9eM
MUKpoKpucTagmnaeckuit ¥-AloO3 ¢ BbICOKOH yJe/IbHOH MOBEPXHOCTHIO. Paszsuroit
MOBEPXHOCTBIO 06131AI0T MATEPHANBI, COCTOAIME M3 OUeHb MEJIKUX JaCTHIeK, CBil-
3aHHBIX B MPOYHYIO cTpyKTYpYy (puc. 17.5); 1 r BelecTBa, UCIOIB3yeMOro B KadecTse
TOIJIOAKKY /IS KATAJIM3ATOPA, NMEET IPUMEPHO Ty Ke IIIOLa/Ib, 9TO i TeHHUCHBIA
KOpT. AHaJIOTHYHO, KBapIl He HCIIOJb3YeTCs B KAUeCTBe IIOJUIOKKH VT KaTalu3aTo-
poB, Ho dhopmbl Si0s ¢ BBICOKOH yJEIBHON TOBEPXHOCThI, HATPUMEDP CHIMKAre/IH,
HAXOJAT OYeHb IMUPOKOEe [pHMEHEeHUE.

D) MonpoGHee o pasnnuusx MeAY OHOPOAHBIMM H MHOrOGA3HLIMH KATAJIH3ATOPaMM CM.
[Thomas J. M., Angew. Chem. Int. Ed. Eng., 12, 1673 (1988)].
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Puc. 17.6. Crpykrypa 1e0JTH-
ta «Tera-l1». Buyrpu ozHoro
U3 KaHAJOB TMOKa3aHa copbu-
POBAHHASL MOJEKYJIA  OeH30Ja.
(C paspewenus [Dyer A., An
introduction to molecular sieves.
Wiley, Chichester, 1988].)

U v-AlyO3, 1 cunukarens MeTacTabUIbHBL, HO MPH OBBIMHLIX YCJIOBUAX OHHM He
nepexonAT B crabunpuble dbopmbl (a-AlpO3 1 kBapl cooTBercTBeHHO). ¥-Ala O3 mo-
JIyY9AIOT JeruapaTaliiedl ruIpOKCHUIa aJllOMUHUS:

2A10(0H) 5 ~-Al,05 + H,0

AHanormgssM 06pa3oM CHIMKATeb TIOAYyJaloT MOIKUCIeHHEM PACTBOPOB CHJIMKA-
TOB ¢ obpasosaumeM Si(OH)4, KoTOpHIK IpHK cTOAHUM BBICTPO IPEBPAILACTCA B THJI-
PATHPOBAHHBIN CHIMKATeTb. [ MAPAT TEPSET OCHOBHYIO MACCy aJcoOpOMPOBAHHON BO-
Ibl y2xe TpU JerkoM HarpeBahud. CTPYKTypy 9THX MaTepHAJIOB MOXXHO YBHIETD C
ITOMOIIIBIO IJIEKTPOHHOrO MHKPOCKOMA; OHA MpPeJCTABIAeT coDOM HeYTO MOXOXKee Ha
rpasuit ¢ 6ecOpMEHHBIMHU MyCTOTAMM MEX/ly CleITeHHbIMU 3epHamu (puc. 17.5).
Leomarsl (pasz, 10.14) ciTy»ar npaMepaMu oLHOPOAHBIX KaTaiu3atoponl).

Vx nosny4aroT B BUIE METbIARIINX KPUCTAIOR, KOTOPHIE CONEPKAT JJIMHHbIE
KaHAJbl M MOJOCTH, Ybe PACIIONOXKEHUE OMpeAeNaeTcss KPUCTAJIMYECKOH CTPYKTY-
polt (puc. 17.6). OrBepcTHsa 9TUX KAHAJIOB PA3MMYHBL B PA3HBIX KPHCTAJUIMYECKHX
thopmMax 1eosmTa, 06BIYHO AUAMETP CAMOro y3Koro MecTa coctaBiser o1 3 mo 10 A
HeomuTsl cop6HPYIOT TOMBKO MAaJble MOJIEKYJIbI, ClIOCOOHbIE PA3MECTUThCA B KaHa-
JlaX. DTa CeJIEKTUBHOCTDb M Pa3MelieHNe KATATHTHYeCKHX aKTUBHBIX [EHTPOB BHYT-
PY TOJIOCTEH TO3BOJISIOT KOHTPOJHMPOBATh KATAIUTHYECKHE DEAKIUM B Takoil cre-
MeHH, KOTopas HeJOCTHKUMA B clydae cuiaukarens wiad y-AlpOs. Curre3 HOBBIX
IEOJIUTOB Y IPYIUX TBEPAbIX BELIECTB, CEJIEKTUBHBIX K pa3Mepy u (hopMe MOJEKYII,

1) Bpefiene B KPHCTAJIOXMMHIO M KATAJIMTHHECKHe CBOMCTBa 1eonuToB cM. B [Dyer A., An
introduction to zeolite molecular sieves. Wiley, Chichester, 1988].

A . e -
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a TAK)Xe BBeJeHHe AKTHUBHBIX [EHTPOB B MX CTDYKTYDY IPeICTaBJANOT cobolt uH-
TEHCUBHO PA3BUBAIOINYIOCS COBPEMEHHYIO 00J1ACTh HCCIENOBAHMM (em. pasz,. 10.14).

m CeleKTUBHOCTD TIE0JUTOB K pa3Mepy H dopMe MOJIeKyJT Hapsaly ¢ pa3MelleHueM
AKTUBHBIX LIEHTPOB BHYTPH [OJIOCTEN O3BOJSET KOHTPOJIUPOBATE KATAIUTHIEC-
CKUe PEeaKIH, YTO HEBO3MOXKHO B Cilydae cuiukarets ui y-AlpOs.

6) KucnoTHbIE B OCHOBHBIE NEHTPBI HA IIOBEPXHOCTH

[IpH KOHTAKTE C BO3LYXOM MOBEpXHOCTD y-AlyO3 MOKpbIBaeTcs a1copOUPOBAHHBIMA
MoJleKyJlaMu Boabl, Jderuaparanus npu 100-150°C mpuBoguT K JecOpOLMK BOIHI,
Ho mosepxHocTHBle OH-rpynnst COXPaHAIOTCA M neficTBYIOT Kak cnabele 6péHcre-
JIOBCKHE KHCJIOTBI:

OH OH OH OH

| A0

Al — Al Al Al + H,0
IRy ity

[Ipu eme 6osee BhicOKMX TemIeparypax cocegrune OH-rpynmnbl KoHzeHCHpYIOTCA
¢ BoiiesenneM monekyn HoO, n obpasyroTcs He3allMIIEHHbIE KHCIOTHbBIE (A1PT)
u octosnble (O27) sploncockue nentpsl (7). Ha >kecTko# moBepxHOCTH 9TU IeH-
TPBI MOTYT COCYIIECTBOBATH M He 00Pa30BBIBATH KOMILTEKCOB JIblonca «KHCJIOTa —
OCHOBaHUe». [[0BePXHOCTHBIE KHCJIOTHLIE M OCHOBHbIE IEHTPH! 06J1aJA10T BBHICOKOM
KATaJIUTHYECKOH AaKTHBHOCTHIO B PEAKIUSAX NEeTHADATAlMH CIHMPTOB U M30MepH3a-
HUM aJIKeHOB. AHaJOoru4Hble aKTHBHBIE eHTPBI CYIIECTBYIOT M B IIOJIOCTAX DPAAA
LIE0JIUTOB.

B
0]
/N /N
Al Al Al
U

7

HI IToBepxHOCTHBIE KHCIOTHBIE ¥ OCHOBHBIE LEHTpPHI 06137a10T BBICOKOH KaTaud-
THYECKO! AKTUBHOCTBIO B peaKlUsaX JerHJpaTalii CIHPTOB U H30MEPU3aInH
AJIKEHOB,

Mpumep 17.2. Ucnonvsosanne VK cnexTpos Ans McCne[oBanns B3anMOAEACTBUS MONEKYN
C NOBEPXHOCTAMHU.
UK crekTpbl cogepsKalux BOJOPOIHbIE CBSI3H KOMILIEKCOB MupuanHa (py) C JBIOMCOB-
cxumu Kucaotamn (Hanpumep, (py)AlCl;) nokassiBator, 4To Mosock! okoso 1540 om™?
XapaKTepHbl Jyisi BOAOPOAHON cBsidau, a B obmactu 1465 e~ — o KMCAOTHO-
OCHOBHOTO B3aumosneiicTeus no Jvtoncy. Obpazer; v-AloQs soiaepxxann npu 200°C,
OXNaauwi U Bhlaep:Kaium B nmapax mupuauHa. B MK cnekrpe nabmoganach nosoca
okoso 1540 cm™! u orcyTeTBOBaJA IONOCA 1IpE 1465 cM ™! Ipyroit ofpaser; oTOKIIM
npu 500°C u Takxe Hocje oxJaXKJeHus Bblep:kanu B napax nupuauna. B UK cnex-
Tpe 9Toro obpasua nabmonanauck 06e nosockl. O6bsCHUTE 9TH JaHHbIE HA OCHOBAHHU
OIMCAHHOTIO BbIIE MeXaHW3Ma npolecca geruaparauuu v-AlaOs. (M3 moaobnbix akc-
MEPHUMEHTORB 10JIyYal0T OCHOBHYK MHMDOPMAIHIO 0 XUMHIECKOH PUPOJIE MOBEPXHOCTH

~v-Al203.)
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Orvser. [Ipu 200°C Tepserca nopepxHocTHAn BOAA, HO rpymmsl OH ™, ceasannbie ¢ A1t
OCTAKTCS. DTH IPY NIl MPOSBIAAIOT C1a0Y10 KACAOTHYI0 AKTUBHOCTD, 4TO IIOATBEPK 13-
10T LBETHble HHAUKAaTOpbl 1 nonocel B UK crnexkTpe okono 1540 em™! n obpasylor ¢
MOJIEKYJIaMU MUPWIMHA BOJIOPOAHblE CBS3ZM:

OH O— H----py

Al + pY — Al
i i

[Tpu narpesanvu a0 500°C GonpmnucTeo OH-rpynn paapymaercs, Ho He Bee. Bénbinas
4ACTD ATIOMHHMS IPUCYTCTBYET yKe B BHE MoBepxHOCTHRIX uonos Al*t u obpaayer ¢
mupuamHoM kommiekchl Al-NCsHs, Ho HekoTopas — B Bune AI-OH, o vem ceuzerens-
cTeyer Haauuue obenx nonoc B MK cnexrpe.

Bonpoc 17.2. Ecyin onucannbil Beime MexaHnsM Jgernaparaiun v-AlzO; cnpaBeasus, Ka-
KoBbI OyayT umHTeHcHBHOCTH nonoc npu 1540 n 1465 cm~! B UK cnexTpe ofpasia,
06paBoTaHHOrO TakuM Ke 06pa30M, KAaK OMMCAHO BbILIE, HO OTOXK:KenHoro npu 900°C?

B) HOBerHOCTHbIe aToMbI MeTaJlJIa KaK aKTHBHbIE€ NMEHTPBL

Jnst mostydeHus KaTaJH3ATOPOB METAJIMYECKHe YACTHIBL JacTO HAHOCAT HA MOA-
JI0>KKY, HAIPUMED, TOHKOM3MeJbIeHHbIH 1J1aTHHODEHHEeBbIN CIIIAR, HAHECEHHbIH Ha
nosepxnocTdh v-AlsQ3, ucnombayercss [y KaTajld3a B3aUMOINpeBPAIIEHHH yITeBo-
JIOPOZOB, a IIATHHOPOIUEBHI CIIJIAB Ha TOMN Ke MMOJIOMXKKE HCIOJb3YyIOT B KaTaJH-
3aTOPaX OYHCTKH BBIXJIOMHBIX Fa30B B aBTOMOOGWUIBHBIX KOHBEpTEpaX. ¥ HaCTHUKH
MeTaLTa quaMeTpoM okoio 25 A mpuMepro 40% aToMOB DACIONOXKEHBI Ha IOBEpPX-
HOCTH, 3 6OJBIIME PACCTOAHUA MEXKIy TAKMMH JaCTHYKaMHM MPENATCTBYIOT UX CJH-
SHMI0O B KOMIIAKTHBLIH MeTajl. Bosbinas J07d HOBEPXHOCTHBIX aTOMOB — BasKHOE
JIOCTOMHCTBO 9THX 4acTHll, OCOOEHHO JJIs TAKHX METAJUIOB, KaK ILTATHHA MJIH elle
6onee noporoit poxumit.

IToBepXHOCTHBIE aTOMBI METAJIIMIECKHUX KJ1acTePOB MOryT (hOPMHUPOBATDL CBA3H
tuma M—CO, M—CHyR, M—H unmu M—O0 (rabu. 17.3). O xapakrepe JIMraHIOB,
cOpGUPOBAHHBIX Ha MOBEPXHOCTH, 9acTo cyaar 1o ux VK crmexTpam, KoTOpble CpaB-
mruBaoT ¢ UK crnexrpaMu m3BecTHBIX METAJIOOPraHUYECKHX HJIM HEOPraHMIECKUX
komIekeoB. Tak, ¢ momomeo UK cnekTpocKonuu MOXKHO 06HApYKUTh KOHIEBBIE
u MocTukobble rpynnsl CO M yrsieBomopoAHble JHTaHAB! Ha [IOBEPXHOCTU METAJLIA,
HX CHeKTPH MOJ06HBI CIHEKTPAM COOTBETCTBYIOIIFX JUCKPETHBIX MeTal/I00praHu-
YeCKMX KOMILTEKCOB. B ciyuae copbupoBanHO# Mosekyibl Ny cuTyanus obpaTHad,
HOCKOIbKY OHa 6bL1a o6Hapy»keHa MeTomoM MK crekTpockonun paHblle, 9eM 800
HOJydYeHbl M OXaPAKTEePH30BAHbLl KOMILIEKCHI JUA30TA.

PazsuTe HOBBIX METOIOS UCCJIEIOBAHUS MOBEPXHOCTeM MOHOKPHUCTAJIOB CYIIE-
CTBEHHO PACIIMPHJIO HAITH 3HAHMA O YACTHIAX, KOTOpBIE MOLYT NPUCYTCTBOBATL B
KaTAJTNTHIECKUX peaknusx. Hamnpumep, gecopbupms MOJIEKYJT ¢ TIOBepXHOCTEH (Tep-
MHYecKas WM BLI3BAHHAA aTOMHON MJIM HOHHOM 60MOAPIUPOBKON) B COYETaHUH C
MAaCC-CIIeKTPaJILHLIM aHaJM30M Jaecopbara jaeT HHGMOPMAIMIO O ero XUMHUUECKOH
npupone. AnanornuaeiM o6pasoM Oxe- 1 PeHITEHOBCKas POTOJIEKTPOHHASA CIIEK-
Tpockonus JarT undopMalio o6 3TeMeHTHOM cocTaBe IIOBEPXHOCTeH.

16*
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Tabnuua 17.3. XemocopbupoBaHHbIE JTUTaHABl HA MTOBEPXHOCTX

0 CH
T |
N c ll: H H CH, H N N
l | /N | T /IN /N

AR Pt Pt Pt Pt Pt Pt Pt FeFeFeFeFe
i i i Y i Mt

a 6 B r A e
H,C=CH ' -~ o
H H+ 2 = 2 0 02- 02-
L / N .-
Zn“* 0 Pt Pt Pt M M M
Y L T L I NT
X 3 u K n

a) AmMmuak, cOpOHDOBAHHBIN HA JIBIOMCOBCKMX KHCJOTHBIX LIEHTPAX (A1P)
~-Al2O3.

&), 8) CO, KoOpANHHPOBAHHBIN K [IOBEPXHOCTH ILIATHHDI.

2) Bonopoa, aucconuaTuBHO XeMOCOPBHPOBAHHDINA HA MJIATHHE.

@) dran, AUCCOLMATHBHO XeMOCOPOUPOBAaHHbBI! HA MJIATHHE.

€) A30T, AMCCOUMATUBHO XeMOCOPONPOBAHHLII Ha XKeJe3e.

o) Bogopoa, auccoupatnBro xemocopbuposanublil Ha ZnO.

3) dTrnen, 7°-KOOPAMHUPOBAHHBIH K ATOMY IUIATHHEL

u) DTHIIEH, CBA3AHHLIA ¢ JAByMsl ATOMAMM IUIATHHBI.

x) Kucnopos, cessanmblit ¢ HOBEPXHOCTBIO META/LIa B BHIE CYTEPOKCHI-

HOHA.

2)Kucnopoa, AMccOnMaTHBHO XeMOCODOMPOBAHHBLIH HA TOBEPXHOCTH Me-
TannA.

[Burwell R. L., Jr., «Heterogeneous catalystss. Survey of Progress in Chemistry,
8, 2 (1977)).

Hudbpaxuust memnenabix anekrponos (LEED) maer uabopManuto o ¢TpyKType
[IOBEPXHOCTEN! MOHOKPHUCTAJLIOB U O PACIIOJIOXKCHUM HA Hell aacopOUpOBAaHHBIX MO-
JIEKYJI, €CJIM TaKOBble UMEKTCs. BaxKHoe OTKPHITHE, CAEMAHHOE C MOMOIIBID ITOrO
METOJa, COCTOUT B TOM, UTO 3JCOPOIMSA MAJTBIX MOJEKYT MOXKET [IPUBECTH K M3Me-
HEHMIO CTPYKTYDBI NOBepXHOCTH. [Ipu mecopbuuu cTPYKTypa IOBEPXHOCTH Hepel-
KO BoccTaHaBnuBaeTcss, CKaHMpyOmas TyHHeNbHAS MUK POCKOIUA — HellpeB3oiae-
HBIH MeToqn momcKa ancopbaTa Ha NOBEPXHOCTIX. DTOT OYeHb MOINHBIA MeToH 103~
BOJIAET MOJIydaThb KOHTYPHBIE JIMATPAMMBI [IOBEPXHOCTE MOHOKPUCTAJIIIOB C pa3pe-
IleHWeM, GIM3KAM K aTOMHBIM pasMepam’).

1 .

) OB3op sTHx H APYTUX COBpPEMEHHBIX METOHOB JHATHOCTHKH [TOBEPXHOCTeHl M MX NpUMeHeHHUe
B HCCJIEIOBAHUM KATAJIN3A Ha TMOBEPXHOCTH CM. B ob3ope [Samorjai G. A., In: Surface chemistry
and catalysis. Wiley, New York, 1994].
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XoTsa 60ABUINHCTBO COBpPEMEHHBIX METOI0B HEBO3MOXKHO HAIIPAMYIO [IDUMEHUTH
K HCCJIeJ0OBaHHUKO MHOI‘OCbaSHbIX KaTaJIn3aTOpOB (KaTaJIHBB.TOpOB Ha HO,IIJIO)KKB.X),
OHM IIOMOT'arT BbISICHHTEL, KAKOro COpTa 4YaCTHIbI MOrYyT BO3HUKAThb Ha MNOBEPXHO-
CT4AX, U OIIKUCATh CTPYKTYPBI, KOTOPbIE MOrYT BBICTYIIaTh B Ka4deCTBE HHTEPMeana-
TOB KaTaJIUTHYECKUX peaKum?I. Otu METOAbI MOI'yT OKa3aTh IIPH H3Y'1€HHU I'eTepPo-
FCHHOI'0O KaTajnu3a TY XK€ [IOMOIb, YTO U peHTFeHOFpaCbI/IH " CNEKTPOCKONHNA IJ1s1
XapaKTEPHUCTHUKHU MOACJIbHBIX KOMIIJICKCHBIX COG,E[I’IHeHI/If"I " IIpeIMeCTBEHHUKOB Ka-
TAJIA3aTOPOB B TOMOICHHOM KaTaJIN3€E.

“. Tepmunanbable u MocTHKOBRIE Ipymnnosl CO Ha MOBEPXHOCTAX MOXKHO HIEHTH-

durnuponars 1o UK crekTpam; crieKTpbl MHOTHX YIJIEBOZOPOJHBIX JINTAHJIOB Ha

OBEPXHOCTSIX OYeHb HAIOMHHAIT CIEKTPHl JUCKPETHBIX KOMILJIEKCOB C STUMHU
JIMTAH IAMH.

17.6. Cragun katanu3sa

Mexﬂy CTaUAMU FOMOI'€HHBIX MW TIE€TEPOr€HHbIX KAaTAJUTHYCCKHUX HNUKJIOB Cylue-
CTBYET OYCHb MHOI'O 06111,81"01).

a) Xemocopbuus u gecopbuus

A ncopbuus MoJieKys1 Ha IOBEPX HOCTH HEPEAKO IPOBOIMT K HX AKTHBALMHA TOYHO TAK
JKe, KaK UX BXOXKeHHe B KOOpJMHALMOHHYI0 cchepy kommnekca. decopbumsa mose-
KyJI TIPOAyKTa, HeobXommas iJIsi OCBODOXK JIeHHS] AKTUBHBIX LIEHTPOB IIOBEPXHOCTH,
AHAJIOTMYHA JUCCOLMAlA KOMILIEKCA B POMOT€HHOM KaTaJln3e.

ITepexs MCIOIB30BAHUEM TeTEPOTeHHBIH KATAAU3ATOD OOBIYHO AKTHBAPYIOT. DTO
MOHATHE JOCTATOYHO 0OODLIEHHOE; 4acTO aKTUBAUHs O3HA4YaeT AecopOLHic ¢ mo-
BEPXHOCTH KATAJIM3aTOPa COPOMPOBAHHEIX MOJIEKYJI, HAIIPUMED BOIb! C IOBEPXHO-
cru v-AlaO3. B apyrux cnydasix 970 03HayYaeT MoOJydeHHe aKTUBHBIX LIEHTPOB C
UCIIOIL30BAHUEM XMMHAYECKMX PeaKUui, HaIpUMep BOCCTAHOBJICHHE YaCTHI] OKCHIR
U [0JIyYellne aKTUBHBIX YACTHL, METAJLIA.

AKTHBUPOBaHHAsA [OBEPXHOCTh XapaKTepH3yeTcst CIOCOGHOCTBIO COPOMPOBATH
HMHEPTHBIE ¥ PEaKLIMOHHOCIIOCO6GHbIE Tasbl. ECau XUMUYecKHX CBA3eH MeXJy aro-
MaMHM [IOBEPXHOCTH M MOJIeKyJaMu aicopbaTa He obpasyercs, roBopsT o pusuye-
CKOIf aficopBIuH; eciim Takie CBsi3u 06pa3yrTcs — 0 XeMocopouun (xuMude-
ckoit agcopbumu) (puc. 17.7). HuskoremmeparypHyto GU3AYECKy aJCOpOLHI0
MHEPTHOrO ra3a, HAOpuMep a30Ta, YIOOHO HUCMOJb30BATh JJIA ONpele/leHHsA MoJ-
HOM MOBEPXHOCTH TBEPIBIX BEIIECTB, B TO BpeMs KaK XeMOCOPOIHIO HCIOAB3YIOT
JJ1sT OMpeie/leHHs KOJMYIeCcTBa aKTHBHBIX LeHTPOB. HampuMep, ¢ HOMOIIBIO JUCCO-
HUATUBHON XeMocopbIHN BOAOPOIA HA MJIATHHE, HAHECEHHONW Ha MOIJIOKKY, MOZKHO
OLIPEIENUTEL KOJMYECTBO ATOMOB IIJIATHHBL Ha MOBEPXHOCTH.

BsaumozeficTBre Maibix MOJIEKYJ ¢ TOBEPXHOCTBIO METaJ 14 HAIIOMHHAET UX B32-
HMOJEHCTBHE ¢ KOMILTEKCAMHE 1€X YK€ METAJIIOB B HI3KHX CTeleHAX OKACIeHus. JlaH-
Huie Tabj. 17.4 nokazeiBarot, 4o xemocopbuus CO MPOMCXOIMT Ha OYeHb MHOIMUX

1) PaspurtHe npecTaBieHHil 0 MEXaHH3IMAX FeTepOreHHOro KATaiu3a HHTEPECHO H COnepIKaTenhb-
o uznoxeno B [Burwell R. L., Jr., Chemtech, 17, 586 (1987)].
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Puc. 17.7. CxemaTu4eckoe Ipe/iCTaB- Puc. 17.8. /Iunarpamma 3aBHCHMOCTH TeMIIE-
neHne dusuueckoil ancopbunu (a) u paTypbl, OTBeualolleil 3amaHHOH CKOpOCTH
xemocop6imn (6) BOZOPOAA Ha MOBEPX- pasIoKeHUsl MYDaBBUHOH  KMCJIOTBI,  OT

YCTORYMBOCTH COOTBETCTBYIOLIEro hopMHaTa
MeTaia (T.€. 3HTAJIbLIMH €ro obpasoBaHMs)
[Rootsaert W.J. M., Sachtler W. M. H., Z.
Physik. Chem., 26, 16 (1960)].

HOCTU METAJLJINYECKOTO HHKESI.

Tabnuua 17.4. CnocofHOCTL METAJIOB K XeMOCOPOIMHU IIPOCTBIX MOJIEKYJI

Ta3ot
(02 CzHz C2Hy CO H, COq2 P

Ti, Zr, Hf, V,

Nb, Ta, Cr, Mo,, + + + + + + +
W, Fe, Ry, Os

Ni, Co + + + + + + +
Rh, Pd, Pt, Ir + + + + + + +
Mn, Cu + + + + + + +
Al, Au + + + + - - —
Na, K + + - — - - -
Ag, Zn, Cd,

In, Si, Ge, Sn, + - — — — - _
b, As, Sb, Bi

+ Cunbras xemocopbums, + cnabas, — we Habmonaercs [Bond G. C. Heterogeneous
catalysis. Oxford University Press, 1987, p. 29].

MeTajlax, [oPa3a0 MeHbIle MeTalJIOB CIoCoOHO K xemocopbuuu No. Touno Tak xe,
O9€Hb MHOTHE MEeTaJUIbl CIIocoOHEI 06pa3oBhIBaTh KapOOHUIIBL K O4eHbh HEMHOIHWE —
KOMIIJIEKCEL ¢ MOJIEKYIsIPHBIM a30TOM. Dostee Toro, Kak ¥ B MOJIEKYJISIPHBIX Kapbo-
HHJIaX, Ha MOBEPXHOCTH MeTalll1oB MeToJoM MK cnexkrpockonuu 6b1im 06HApY *KeHBI
U MOCTHKOBBIC, H TepMHHaJbHbIe (KOHIEBbIe) rpymnl CO. Quccouuarnsaas xeMo-
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Puc. 17.9. PaziuuHble Kpucraio-
rpaduyecKue IUIOCKOCTH Ha HO-
BEPXHOCTH METajljla, KOTOPbIE MO-
YT CONPHKACATBCSL C MOJIEKYJIa-
Mu Tasos-pearemros. (111), (1T1)
M T. M. — IUJIOCKOCTH C TeKCATOHAJb-
HOI 1ioTHeRuel ynakoekoit. [Tmoc-
kocru (100), (010) u T. A. npeacras-
JISTIOT co0OH KBaJpPATHBIE CETKH U3
aTOMOB.

copbiusA BOAOPOAa — ITO CBOETO POJAA aHAJOT OKUCJIMTEILHOIO NpucoeauHerus Ha
K KOMIIJIEKCAM METAJJIOB.

Xorst ancopbuust oYeHb BaXKHA JJIsl reTePOreHHOr0 KaTaJln3a, B3auMOJedCTBHe
peareHTa ¢ akKTHBHBIM LEHTPOM He JOJIKHO OBITH CJIHINKOM CHJIBHBIM, B IDOTHBHOM
CAy4ae BCE aKTHUBHBIE IEHTDPHI OYJyT 3aHSTHI MOJEKyJaMu ajacopbarta U JaJbHeil-
Masi peakiusl CTAHET HEBO3MOXXHA. DTHM BO MHOIOM OOBbACHAETCS OrpPaHHYEHHLIH
Hab0Op MeTaJllIOB, KOTOPHIE MOTYT CJIYXKHUTh aKTHBHBIMU Karajusaropami. Karanu-
THYECKOE PA3JIOYKEHHE MYPAaBBUHOH KHUCJIOTHI Ha ITOBEPXHOCTH METaslNOB

HCOOH L CO 4 H,0

JlaeT XOPOMIMH MpUMep 3aBHCHMOCTH MEXKy aJcopbiueil 1 KaradUTHYeCKO! aKTHB-
HocThIO. Peakuusi mpoxoauT GhicTpee BCEro Ha MOBEPXHOCTAX MeTas1s10B, popMuaThl
KOTODBIX 006J1a/1al0T <«MPOMEXKYTOYHOH» ycToftumBocThio (puc. 17.8). I'padmuk Ha
puc. 17.8 — mpuMep quarpaMmbl, THUIMHYHOH I8 MHOIHX KATAJHUTHYECKUX peakK-
muit. CyTh mesia B TOM, 4TO IIEPEeXOJHbIE MeTa UIbl Hadalla d-6s10Ka o6pasyloT 01eHb
MPOYHbIE COCIMHEHMA HA MOBEPXHOCTH, a GJaropojHble MeraJuibl KoHia d-6J10Ka,
HarmpuMep cepebpo WIIH 30J10TO, HANpPOTHB, O4YeHb Heyctohuubble. I To m npyroe
3aTpyAHAET KATAJIUTHUYecKui mpouecc. MeXXy 9THUMH ABHO HEBBIFOJHBIMU CJIy4a-
SIMUY PacIoJaraloTes MeTalILl rpynn ¢ 8- mo 10-10, KaTaluTudeckasd aKTHBHOCTh
KOTOPBIX O9€Hb BBICOKA; OHA JOCTHIAeT MAKCHMyMa Y TUTATHHOBBIX METAJLIOB (IpyI-
na 10). B pasx, 17.4 yxke 06cy»kIa1ach BBICOKas AKTHBHOCTH KOMILIEKCOB TeX XKE
METAJJIOB B POMOI€HHOM KAaTaJlu3e PeakKIuil yIJIeBOAOPOIOE.

AKTHBHBIE UEHTDH FETEPOr€HHBIX KATAJIN3ATOPOB HEPABHOLEHHEI, Ha [TOBEPXHO-
CTH 1J10X0 3aKpucTaim3osansol (v-Al;O3) nim amopdHON (cHsMKaresIs) MOAJIOXK-
KU pacroJjiaraeTcss MHOLO pasHbIx HeHTpoB. OJHAKO maxKe XOPOWIO 3aKPUCTAJIH-
30BaHHbIE YACTUYKH MeTaJljla HeoAHOPOJHBI. [[OBEPXHOCTH KPHCTAANUICCKUX TEJ
chOPMHPOBAHBl PA3/IMYHBLIME KDHUCTAIOr PahUIeCKUMHA [UIOCKOCTAMH, 0bJagalo-
MY XapaKTepHBIM pacloJsioxkeHnueM atomoB (puc. 17.9). Kpome Toro, na mosepx-
HOCTAX KPHCTAJLIOB METaJlJIOB BCTpedarorcd AedeKThbl, HAPUMED CTYIEHbKH, LA
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CryneHbka

3noM Ha
CTyneHbke

Puc. 17.10. CxemaTuueckoe u3obparkeHue
AeEKTOB MOBEPXHOCTH — CTYMEHEK M H3IO-
MOB.

aTOMBL MeTa/lIa UMEIOT 6oslee HU3KNE KOOPAMHALMOHHbIE Yuca (pHc. 17.10). D1n
KOODAWHAINOHHO HEeHACBIIEHHbIE MeCTa O00JIaaloT MaKCUMAJbHON peaKIMOHHOM
crocobrocTbio. B pesynbrare pasimdible akTHBHBIE HEHTDBI HA [OBEPXHOCTH MO-
CyT BBUIOJHATL pasHble bYHKIMH B KATATHTHYECKHUX Nporieccax. Muoroo6pasne
TUIIOB AKTHBHBIX HEHTPOB Y4CTO MIPHUBOAUT K HU3KOH CeJIEKTHBHOCTH reTeporeHHbIX
KaTa/IM3aTOPOB 10 CPABHEHHIO ¢ WX MOMOIEeHHBIMU AHAJIOTAMH.

l” Xorsa aacopbuns oveHb BajKHa AJI FeTEPOreHHOTO KaTalln3a, B3auMoJeHCcTBHe
pearenTa ¢ aKTHBHBIM IIEHTPOM HE JOJIXKHO ObITh CJIMIIKOM CHJIBHBIM, B IIPOTHB-
HOM CJIy*Iae aKTHBHBIE UEHTDHI OYJyT 3aHATHL M JaibHeliias peakiys CTAHET
HEBO3MOXKHA.

6) Murpanusa mo moBepxHOCTH

B . 16 yxxe ynomusanoch, 4ro MeTasIoopraHuYecKue KJIacTephbl 4acTo OBIBAIOT
HE’KECTKUMH. [[0BEPXHOCTHBIM GHAJIOrOM CTEPEOXMMUYECKON HOABHMKHOCTY B KJla-
CTepax apnfercd guddy3ns, K HaCTOAIEMY BPEeMeHH HAKOILIEHO GOJIbIIOe KOMHYIe-
CTBO IAHHBIX 0 AU dy3uN XeMOCOPGHPOBAHHBIX MOJIEKYJl M ATOMOB HA IIOBEPXHOCTH
Merasina. Hanpuvep, copbupoBatHble aToMbl BOXOpoaa u monekynbl CO moryT me-
PEMEIATBLCA N0 MOBEPXHOCTH YaCTULB! MeTallla. DTa IOIBHKHOCT OYEHb BAXKHA
AL KATATUTHYECKUX Peakiui, MOCKONbKY IO3BONAET MOJIEKYJaM PeareHTOB «HaX0-
AUTL> Ipyr gpyra Ha nosepxHocTu. Ckopocrn nosepxHocTHON mudbdy3un {murpa-

UHU) U3MepHTh HEJIETKO, MO9TOMY JOCTOBEPHLIE NAaHHbIe Haday HNOABJAThLCS JUIID
HEIABHO.

“' Ancopbuposannsie aToMbl 1 MOJICKYJIbl MUT'DUPYIOT MO MOBEPXHOCTH MeTAaJjlJIoB.

17.7. Npumeps!

leteporennpie KaTaIu3aTOPbl yCKOPSIIOT MHOTHEe MIPOMBIULTEHHbIE IpoLecchl. B 9ToM
Pasziefle pacCMOTPEHO HECKONBKO BAXKHBIX [PHMEPOE. Hecmorps Ha KaxKyuryrocs
GHAJIOTHIO MeXY TIePBBIMU ABYMS MPOIECCAMH: THIPHPOBAHAEM STHJIEHA U CHH-
TE30M aMMMaka (T.e. TMAPHPOBAHUEM a30Ta) — B THX MPOINECCaX HCHOJb3YIOTCA
COBEPHIEHHO pa3Hble KATAJU3ATOPHl U ycJoBusA., IIpuMepoM KHCIOTHOTO KATAJIN3a
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CJIy2KUT H30MEPU3als apoOMaTHIECKIX COeJIMHEHUN Ha LIeOJTUTAX. 3aBepmaeT 3TOT
pa3nes onuCaHue KaTaJlu3a Ha SJIEKTPOJE SJEKTPOXUMHYIECKOH A4elky,

a) I'maprpoBaHMe ankeHOB

BaxxHOM Bexo#ft B DasBUTHE TeTEPOTEHHOrO KaTalM3a CTANO crejannoe B 1900 T
ITonem Cabarbe OTKpbITHE, UTO HUKENb KATAIUZMDYET TUJIDHPOBAHUE AJIKCHOB.
[lepsonauannuo CabaThe mbITaNCA TOMTYYHTH Ni(C2Hy)s mo ananorun ¢ curTesom
Ni(CO)4, nposenenubiv Mongom, Jlanrepom u Kpsunxe (pa3z. 16.4). Oanako, koraa
OH TPOMYCTIJI STU/EH HAJ HArPeThIM HUKeJIeM, TO OOHADYKUJI 9TaH. DT0 3anHTEpe-
cosano CabaThbe, M OH IIPOMYCTHII HaJ| HUKEIEM CMeCh ITHJICHA BoAopoda. Brrxon
STaHa OKa3aJICd O4eHb BBHICOKMM, M BCKODE Havaloch GypHOe pPa3BUTHe LPOMBITI-
JEHHBIX CMHTE30B Ha OCHOBE ITOTO MpPOILECCa.

H,C = CH, D—D
L) ArcopGums O Ancopbuun
; G S, o

Puc. 17.11. Cxematuueckoe m3oGpakenue neitre-
PHPOBaHUS STHJIEHA Ha NOBEPXHOCTH METAJLNA.

IIpeanonaraercst, 4To rUAPUPOBAHNE AJIKEHOB HA YACTHIAX METAJLIOB nporeKa-
€T BO MHOTOM TaK 2Ke, KaK U B KOMIUIEKcaX MeTanoB. Kak nokasano Ha puc, 17.11,
monekyista Hy, aucconmarusro xeMocopbuposanHas Ha IIOBEPXHOCTH, MUTPUPYET K
aJcopbupOBAHHON MOJIEKYJe STH/IEHA, IPU ITOM Ha IIOBEPXHOCTH 00Pa3ylOTCs CHa-
Jalla STUNbHAA pyNa, a 3aTeM 3Tad. s nponecca ruapupoBanus 3THIEH: meli-
TepueM B IIPUCYTCTBUH TJIATHHBI IPOCTON MEXAHW3M, OpUBedeHHbIt Ha puc. 17.11,
npescka3biBaeT obpasoBanme 1,2-auaefiteposrana DCHy—CHsD. B meficreurenns-
HocTH obpa3yeTcst cMech Beex BO3MOXKHBIX coemunennit CoHg_p,D,,. UMento moaro-
My cpeiHAd cragus Ha puc. 17.11 mokaszaxa kak o6paTUMBIH IIPONECC; CKOPOCTH
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06paTHOH peakuyn noJLKHA ObITH Gosbille, YeM CKOPOCTh peaKiui 00pazoBaHns U
necopbuuy 3TaHa.

IIpu rupupoBaHUM aJKEHOB Ha JacTHLAaX MeTasljla, HAHECEHHBIX Ha IIOMJIOXKKY,

HI moseKysa Ho mucconuupyer 1a moBepXHOCTH M 3aTEM MHTPHUPYeET K ancopbupo-
BAHHOM MoOJIeKyJsie ajikeHa, o6pa3ysi cliepBa aJKHJl, CBA3AHHBIA ¢ TOBEPXHOCTHIO,
a 3aTeM MOJIEKYJly aJIKaHa.

6) CunTe3 amMMuaka

CunTes aMMHaKa yxKe 0OCYZKIAJICH ¢ PA3HBIX Todek 3peHus (pasza. 8.14 u 11.2).
B sTOM pasjesie BHUMAHHE COCPEJOTOYEHO TOJIBKO Ha KaTAJUTHYECKMX CTaJusiIX
mukiaa. O6pa3oBaHie aMMHaKa DU d5°C TEPMOAMHAMHUYECKHA BBIFOJHO M 3K30-
repmuaso (A, G° = —16,5 kx/Monp, A H® = —46,1 x[lx/Momb, A.S° =
—99,4 T/ (monb-K)). Orpunarenbaoe 3HadYeHNE SHTPOIHHE OTPaXKaeT obpa3oBaHHe
JBYX MOJIEKYJI aMMHaKa M3 9eThIPEX MOJEKYJ] NCXOIHBIX BEIECTB.

Ouenb BBICOKas MHEPTHOCTH MOJeKyIbl No (1 B MeHbiueit crenern Hs) Tpeby-
€T NPHUCYTCTBUS KATAJIM3aTOPa JJI IPOTEKAHUS PEeaKIHH ¢ 3aMETHOH CKOPOCTBIO.
TakyuM KaTaJdu3aTOPOM CJIYXKHAT »KeJle30, akTusupoBanHoe Al;Og, costaMu Kajus u
Apyrumu Aobaskamu. MHOMoOYHCJIEHHBlE UCCIEI0BAHUA MEXAHH3Ma ITOM peakIun
MOKA3BIBAIOT, YTO JUMHUTHPYIOMmEH cTtaguefl Npu OOBIYHBIX YCJIOBHAX NPOBEIEHHA
PeaKIuy ABIAETCS AUCCOIMAIMS MOJeKyasl Ng, copOUpOBaHHON Ha NOBEPXHOCTH
KaTaJm3aTopa. Jlucconuanyst MoJIEKYIbl BOAOPOAA [POXOIUT 3Na4UTEILHO Jlerde.
[NocneaoBaTe/IbHOCTh peaKIMil BHEApeHHUs IPUBOANT K 00pa3oBaHU0 cOPOMpPOBaH-
HOM, a 3aTeM M cBOOOJHO! MOJIEKYJIBI aMMHAKa:

Nz (r)— N 2 — 2N
i i
H, (r. —_— 2H
2 (") i
N + H — NH
m 1 i
NH + H — NH,
i 1 i
NH, + H — NH,
i /il i
NH, — NH; (r)
i
E IMockonbky aucconmarus MOJIEKYJIBI 830Ta — IPOHEce MeJJICHHBIA, CHHTE3

[e]
HeoOXOAUMO [IPOBOJUTD NPH MOBHIIIEHHBIX TemIepaTypax — nopsaaka 400°C.
Onpako, NOCKONbKY peakis 9K30TEpMHUYHA, IOBBILIEHNE TEMICPATYPHl 3aMETHO
[IOHMXKaeT KOHCTAHTY paBHoBecus. [leltcTeuTenbHo, no ypasuenuio Banr-T'odda,
dln K  AyH°

= =S 3
7 A7 <0 (3)
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Bo3pacraHue I’ IPUBOAUT K yMeHbIueHno K. JIJisl yBeIM4eHns BBIXOJA IPUMEHAIOT
Aapienus okoso 100 6ap. KartamusaTop, crocoGHBIR POBECTH 3TY DEAKIHMIO NPH
KOMHATHO! TeMIiepaType, O3B0 Gbl MOTYYHTh XOPOLIMH PABHOBECHBIA BBHIXO
aMMHaKa, HO TaKOH KaTaJu3aTop eimle He Halzen (pasn. 11.2).

[Ipu paspaboTke mporecca cHHTe3a aMMuaka ['abep u ero COTPyLHAKH HcesIe10-
BaJTH KaTaIUTHYECKYI) AKTUBHOCTDb DOJBUINHCTBA METAJLIOB IIEPHOMYIECKOH CHCTe-
MBI M HAILTH, 9TO HAaMIyHLUIMMH CBOMCTBAMH OO/IAJAI0T JKe/le30, PyTeHuit u ypaw,
aKTUBUPOBaHHblE J06aBKAMM OKCHa AJIOMHHHS U coJell Kaaus. U3 coobparkennii
9KOHOMHUYHOCTH U TOKCHYHOCTH B IPOMBIILIEHHOCTH MCHONb3YETCS TOJIBKO YKee3-
Hpfl KaTanusarop. Jpyrue meTasnibl, HalpuMep JUTHH, JErkKo pa3phlBAlOT CBA3b
N=N, onnaxo mocneaymonue cTa MM CTAHOBSITCS HEBBITOAHBI BCIEACTBHE BBICOKON
YCTORYMBOCTH 00pa3ylolerocs HUTPUJA MeTalla. JTO o6CTOATENBLCTBO ele pas
NIOMEPKUBACT HEXKEJIATEIbHOCTD IPOHBIX HHTEPMEIHMATOB B KATATMTHIECKHX ITPO-
HECCax.

IH ZKeneso, axTHBHpOBaHHOE 10GABKAMH, HCIOL3YETCH KAK KATAJIH3ATOD B po-
necce CHHTE3a aMMUaKa; JUMHUTHDYOIEN crajuell SBIsSeTcss AUCCOLUAlU Xe-
MOCOPGHPOBAHHON MOJIEKYJIBL a30Ta.

B) Okucienne SOy

Oxucnenne SOp mo SOz — OCHOBHOH 3Tanm B IIPOM3BOJICTBE CEPHOM KHCIOTHI
(pasn. 11.8). Peaknusi okucjleHHA cepbl KHCIOpoaoM 10 SOj TepMoaMHAMHYECKH
buraronpusaraa (A,G° = —371 k/I)k/Mob), HO IPOTEKAeT OYEHb MeIEHHO, IOSTO-
My B Ka4YeCTBE OCHOBHOIO IPOJYKTa CTOPAHUs cepbl nomydaercsa SOs:

S(B.) + O2(r.) — SO2(r.)
ITo sToM NpuYHHe BeJle 33 CKUTAHNEM Cepbl IPOBOJST KATAJHTHYECKOe OKUCIeHHE
SO2 1o SO5:
1
SO?(F.) + 502(1") — SO3(1")

STa CTa/Ius TAKXKe IK30TEPMUYHA H, KAK U B CHHTE3e aMMHUAKA, IPY BBICOKMX TEMIIE-
paTypax xapakTepu3yercsa boslee HU3KOH KOHCTaHTOH papHOBecns. Taknum obpazoM,
nponecc 0OBIYHO MPOBOJASAT B HECKOJIBKO 3TanoB. Ha mepeoM aTame mpu cropasmu

Uwkn 17.7.
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cepbl Pa3BUBAETCA TEMIIEpPaTypa 10 600°C, HO /I OCTHIKEHHA XOPOIIErO BbIXOLA
SO3 ra3oByIO CMECh IMPUXOJUTCS OXJIAXKIATh.

Tlist peaxuyy okucienus SOz pazpaboTaHO HECKOIBKO NPHHLMIIMATLHO PASTH -
HBIX KATaldTHYecKux cucteM. B HacTosIee BpeMs HaubOJIee 4aCTO B KAYeCTBE KaTa~
7M3ATOPa MCTIONIb3YIOT BaHAIAT KAJINs, HAHECEHHBIH Ha yJIbTPAOPUCTYIO IOMIOKKY
(nmaromuT). VHTepecHas 0COBEHHOCTD [IPOLECca COCTOHUT B TOM, YTO BaHAIAT Ka-
ust HAXOAUTCA B paciliaBieHHoM coctosuuu. CornacHo coBpeMelHbIM IIPE/CTABIIE-
HUAM, JAMHATHPYIOIAdA CTaIUsA CBOJUTCH K OKHCIEHUIO V(IV) o V(V) kuciopoom
(uxar 17.7). B pacntaBe HOHBL BaHa/UA U KHCIOPOJa 06pa3yoT [OJIMBaHAIATHBIH
koMILTeKC (pa3a. 5.6), Ho 0 mporeccaX NpeBpaleHus OKCOYACTHUI] U3BECTHO MAJIO.

l“ Haubosee paclipoOCTPaHEeHHbIN KaTaau3atop okucienuss SOz IpeacTaBnser Co-
Golt BAHAJAT KaJIis, HAHECEHHBIN Ha YJIbTPAllOPUCTYIO MOIJIONKKY.

r) BzauMonpeBpamieHrs apoOMaTAIeCKHX YIJIeBO/IOPOOB HA IEOHTaX

FeTepOFeHHbIe KaTaJau3aTopbl, OCHOBAHHbIE Ha eoJMTax, HrpaloT BaXXHYIO pPOJIb B
npoueccax B3aMMOIIPEBPAICHAA APOMATHYECKAX yIJIEBOIOPOIOB, HX AJIKHWJIHNDOBA-
HUs, OKHCJIEHHS M BOCCTaHOBJIEHUA.

Puc. 17.12. B cTpyxType ueomura ZSM-5 npucyt-
CTBYIOT Mepecekaromuecs kanaabl. Tpybku na pu-
CyHKe u300parkaioT TPeXMepHYK CTPYKTypPYy KaHa-
JIOB,

Cunrerndeckuii neonur ZSM-5 MUPOKO UCTIONB3YeTCs B HehTEX IMUYECKOM ITPO-
MBIILIEHHOCTH JIJISI PA3JIMIHBIX PeaKLnh yI‘JIeBO,HOpO,U,OBl). ZSM-5 npeacrasaser co-
60t ATIOMOCHIIMKAT € BICOKUM cojepkaauem Si0Os 1 3Ha4UTeNbHO MEHBIIUM COAeP-
JKaHMeM aJIIOMHHHSA, YeM B [Ie0JIUTaX, PACCMOTpeHHbIX B pa3j. 10.14. Ero ctpykTypa
COZIePYKUT TpeXMepHbIN JaGHPUHT B3aUMOINEpECEKAIMUXes Kanaos (puc. 17.12).
Kak u B Apyrux aqoMOCHIMKATHBIX KATAJIN3ATOPAX, ATOMbI ATOMHUHAS 00/1a1aloT
CBOMCTBAMH CUJIBHBIX KHCJIOTHBIX IeHTpoB. Jia cobnionenus 3apsosoro bananca
npu sHeapenun Al(IIT) ma mMecro Si(IV) Tpebyerca noroJHATENBHBIA [OJIOKATE/b-
HbIit woH. Ecnu aro HY (puc. 17.13), 6péHCTER0BCKAS KMCIOTHOCTD AJIOMOCH/INKATa

D 3ror kaTaym3aTop GbLT paspaboran B snaGopaTopuax komnaHuu «Mobil Oily; nassanue ero
AABNAETCA COkpalllenueM oT «Zeolite Socony-Mobil».
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Puc. 17.13. Llentp 6péncreaosckoii kucaornoctn B HZSM-5 u ero B3aumoneit-

crBue ¢ ocrosanuem [Haag W.O., Lago R M., Weisz P. B., Nature, 309, 589
(1984)].

CTOJb XK€ BLICOKA, KaK U KMCJIOTHOCTE KoHIeHTpHpobanuon HaSOy4, u gacTora 060-
POTOB peakluu ¢ yyacTHeM ZSM-5 ogenb Bricokal).

Peakipyu u3oMepu3alyy KCHIONA, JACIPOIOPIMOHMPOBAHMS TOJY0Ja U 10106~
HBIE UM JIEMOHCTDHUDPYIOT CEJIEKTHBHOCTh I1E0JIUTOB KAK KUCJIOTHBIX KaTaJIu3aToPOB.
CeJleKTUBHOCTD 10 OTHOIIEHHIO K (pOpPME MOJIEKYJT CBA3BIBAJY ¢ JTyditelt nudbdysueit
MOJIEKYJI IPOAYKTOB, KOTOPBIE 110 Pa3MepaM COOTBETCTBYIOT pa3MepaM KaHaJon. [To
TOMY IIPEAIIOIOKEHUIO, MOJIEKYJIbI, Pa3Mepbl KOTOPBIX HE IIO3BOJAIOT UM BBICTPO
mudbdyranpoBaTh [0 KaHaJaM, KOHTAKTUPYIOT ¢ aKTHBHBIMHU LIEHTPaMHU JOCTaTOY-
HO JI0JITO, YTOGBI NPEBPATUTLCA B G0Jlee MOABMIXKHbBIE MU30MEPBI, KOTOpPBIE OBICTPO
nokuaarT Kanaabl. Cefiuac IpHHEATA APYras TOYKA 3PEHHs: OPUEHTALNA aKTHUBHBIX
HHTEPMEIHNATOR BHY TP KAaHAJIOB TaKOBa, YTO HauboJiee BEPOSTHO 0Opa3oBanue Cre-
uUIeCKIX IPOAYKTOB, KaK, HAIpUMep, 1,4-THankunbeH30s!.

MexaHuaMpl DeAKUMH, KATAJIU3UPYEMBIX KUCJOTHBIMH IEOJMTAMY, BKJOYAIOT
06pa3oBaHue OOBIYHBIX KapOKATHOHOB. Hanpumep, U30MepH3alUs M-KCUIONA B 7
KCHJIOJI MOXKET I[IPOHCXOIUTh CIAENYIOMKM 06pasoM:

CH, CH, CH,
H* —H*
— — —
—H* H H*
H H
CHa CH,
H CH,

HC H

CH,

1) Haag W. 0., Lago R. M., Weisz P. B., Nature, 309, 589 (1984).
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Emic 0JHA XADAKTePHAs DeakIys, KaTalu3upyemMas [eouTaMu, — aJKUIMpOBatne
apeHoB.
m CleIeKTUBHOCTD LEOMHUTHBIX KATAJIM3ATOPOB II0 OTHOMEHHIO K hopMe MOJIeKyJ

cBA3BIBAJIM ¢ ay4duiedt nuddy3neit MoseKyJl IPOAYKTOB, KOTODBIE IO pasMepaM
COOTBETCTBYIOT pa3MepaM KaHaJIOB.

Mpumep 17.3. B0o3MOXHbI MEXaHN3M a/IKHIMPOBaHNA 6ensona.
B nporonupoBaHHo#l dopme ZSM-5 karaau3npyeT DeaKUWio STHIEHa C GensonioM ¢
ofpasosannem atuinbensona. [Ipeanorkure MeXaH3M 3TON peaKklyH.

Oveer. Kucnornaa cdopma ZSM-5 M@KeT NpOTOHMPOBATDL yIIIEBOAOPOADI C obpazoBa-
HUeM KapOKaTHOHOB:

CH,=CH-» + H+ — [CHQCH3]+

Kak 6bLI0 MOKa3aHo B pasfd. 5.8, KapOKATHOH MOYKET aTaKOBaTbh MOJIEKYJIy Gen3ona.
[ocaeayomee AeIPOTORNPOBAHNAE POAYKTA TPHBOAUT K STWIGeH30Iy:

[CH20H3]+ + CeHe — CeHsCHQCHa + H+

Bonpoc 17.3. Mo2KHO MOMYYHTh YUCTO CHIMKATHBINA aHAJIOT ZSM-5. Byzget s 9TO BEmEeCTBO
TAKIKE AKTHBHBIM KATAJM3aTOPOM aJKunpoBanus apeHos? OTeer obocHyiiTe.

1) DaexTpoKaTains

Kunetuueckuit 6apbep JIeKTPOXUMHUYECKUX peakuuit ¢ ygactueM Hg u Oz o06cyxk-
nanca B 1. 6. Kunernyeckue 6apbepbl BeCbMa XapaKTEPHBI IS 3J1EKTPOXUMHUIE-
CKHMX PeaKIuii, IPOTEKANIUX Ha FPAHULE PAcTBOP — 3JeKTposl. Kak 6pl10 cka3aHo
B pa3a. 6.4, 9ti 6apbepbl HHTEPIPETUDYIOT KaK IePeHAlPsKeHNE.
[epenanps:keHue 1 — TO MOTEHIMAN, KOTOPHIH He0OX0ANMO IPHTOKHUTD JIONOJI-
HHTENBbHO K PAaBHOBECHOMY, 9TO6BI YCKOPUTH OUeHb Me1eHHYIO PeAKIMIO B d4elKe.
Nmeercs smmupuyeckas 3aBUCUMOCTD MeXK Iy MEPEHANpPAKeHUEM U IIJIOTHOCTBIO TO-
Ka jJ, MIPOXOIANIETro Yepes siueiKy (OTHOIIeHNEe CHIIbL TOKa K [IJIOLAIH E).HeKTpO,LLa)l):

7 = joe™" (4)

e jo ¥ & — SMIUPUYIECKHE [IOCTOSHHBIE. Koncranra jg, Ha3blBaeMad IJIOTHOCTHIO
TOKa oOMeHa, Apasderca Mepoi CKOPOCTH MPAMOM 1 06paTHOMN 3TEKTPOIHBIX DEaK-
Wi IpY JMHAMHYeCKOM PABHOBECHH B OTCYTCTBHE IlepeHalpsikerus. Jia cucreM,
MOIYUHAIOINXCS 3TOMY 38KOHY, CKOPOCTDb Deaklui (M3MepsAeMast [0 TJIOTHOCTH TO-
Ka) PE3KO BO3PAcTaeT ¢ BO3PACTaHMEM IIPUIOMKEHHOro MOTeHUMaIa, Korga an > 1.
Ecnu mnorHocTs TOKa o6Mena BBICOKA, TpueMieMas CKOPOCTh peaKIuH JOCTUraeT-
sl TIPU MAJIOM TlepeHanpsikeHud. Eciu nmiuorHocTh TOKa 06MeHa HU3Ka, HEOOXOIMMO
6onbioe nepenanpst:xenue. Takum o6pa3oM, MpobieMa BIUAHAS HA IJIOTHOCTh TO-
Ka oOMeHa OueHb cepbe3Ha. B MpOMLIIIIEHHOM Mpoliecce epeHalpAKeHNe 03HaYaeT

1) SkcnoHeHUMaLHAN 3ABMCHMOCTD MEX<Ay TOKOM H IePeHanpsxenieM oGLACHAETCH ypas-
HeHHeM Batyiepa — @osbMepa, KOTOpOe NoJydaercss W3 NPHMEHEHHs TEOPHH aKTHBHPOBAHHOTO
KOMILIEKCA K AMHAMMYECKHM IpOLeccaM Ha ajekrtpozax. Cm. ri. 29 B [Atkins P. W., Physical
chemistry. Oxford University Press and W. H. Freeman & Co, 1998].
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100 200 300 200
B(M—H), xlx/mone

Puc. 17.14. 3aBUCHMOCTD CKOPOCTH BBIACICHUS BOAOPOAa (BbIPayKEHHON uepe3 JIorapuobM
IUIOTHOCTH TOKa 0OMeHa) oT sHTaldbnuu cBsa3u M—I.

JIOTIONTHATEIbHBIE 3aTPAThI 3JIEKTPOYHEPIHH, yXOAsIHe «BIycTy0os. OHAKO HU3KAasA
MJIOTHOCTh TOKa OOMEHa MOXKET 3aTPYAHHUTh IMpoTeKaHHe MOGOYHBIX peakui.

IToBepXHOCTEL 3JIEKTPOIA, 0OMAJAIIIAS KATATNTUIECKIMH CBOMCTBAMH, MOXKET
YBEJNHUYHUTD [IJIOTHOCTh TOKA O6MeHa U TaKUM 00pa30M PEe3KO CITH3UTH IepeHalpsxKe-
HUe, HeOOXOAUMOe JIJIs [IPOTEKAHUA 3aTPYAHEHHBIX PeaKIHi, HAIpIMeD, CBA3aHHBIX
¢ BuigesnienneM unu nornolilenneMm Ha, O miu Cly. Tak, «nnaTuHOBag 4epHb», MeJ-
KozucepcHas ¢opMa IJIATHHbL, 04eHb 3(hPEeKTUBHO yBEeIUINBaeT IIOTHOCTH TOKa
o6MeHa 1 CHMXKAET MepPeHAIpsKeHWe B PeaKNuaX, CBSI3aHHBIX ¢ 0Opa3oBaHHEM H
IOTJIOILEHNeM BOXOPOAA. POMb MIATHHB COCTOMT B paspbiBe npouno cesasu H—H
U CHIXeHuHn Gapbepa, KOTODPHI BO3ZHHKAET MMEHHO M3-3a MPOYHOCTU 3TOU CBA3M.
IToxoxkuMu cBoficTBaMu o0JagaeT U NaJLTanui.

Db deKTHBHOCTb Pa3IMYHEIX MeTaJJIoB wimocrpupyer puc. 17.14. I'paduxk 3a-
BUCHMOCTH IJOTHOCTH TOKa O6MEHa OT 3HTAJBIUN 0Opa3oBaHUs U pa3pbiBa CBA3H
M—H nokasbiBaeT, 9TO 00pa30BaHue U PA3PHIB ITOM CBSI3M UCPAIOT BAXKHYIO POJb B
KaTaJuTudeckoM ponecce. OKa3bIBaeTCA, YTO «CpelHee» 3HaYCHHE SHEPrUU CBA3U
M—H npupogut K 6ajancy 3Heprui, obecneduBarieMy ycrnelunoe ¢pyHKIHOHAPO-
BaHUe KarajguTudeckoro uukia. Haumbosee sddekTuBHBIE MeTalabl OTHOCATCA K
10-#t rpymme u ee cocenam.

Jluoken pyTeHns cityskut 3G deKTHBHBIM KaTaau3aTopoM Beietenns Og 1 Clg;
OH TakxXe obJaJaeT BBHICOKOH 3JEeKTpOonpoBOAHOCTHIO. HalineHo, 4To IpU BBICOKHX
mwrotHoCcTSAX ToKa RuQy 6onee adbdekTUBHO KaTau3upyeT BbLAEJIEHHE XJIOpa, €M
kucnopona. CooTBeTCTREHHO, OH MIMPOKO UCMOAB3yeTCd KaK 3JIeKTPOAHbIH MaTepH-
aJ1 B MPOMBIILIEHHOM TPOM3BOACTBE XJopa. Jeranu 3,1eKTpoaHbIX peakiyit, MpUBO-
JAUIX K TAKOH CeJeKTUBHOCTH, IMOKa HEM3BECTHLL.

Co3naHne HOBBIX KATAMATHYECKHMX 3JIEKTPOAOB — MHTepecHas 00JacTh XHMHH.
Onma U3 ee aKTyaJbHBIX 1poGIeM — pa3paboTKa KaTaJU3AaTOPOB, CHIKAIOIINX Ie-
PeHaIIpsAKeHHe BLIACTEHHAA KUCI0POAa, B YacTHOCTH Ha rpacdure. Tak, rerpakuc{4-
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N-meTusmupumt) rerpadermmopdupurkeneso(II) [Fe(TMPyP)] (8) npu nanece-
HUH Ha pabodue TOBEPXHOCTH rpathHTOBBIX JIEKTPOJIOB KATANU3NPYET 3JEKTPOXH-
MHYECKOe BOCCTAHOBJIEHHE KUCJI0poaa (Ha rpadHTOBEIX 3JIEKTPOAAX BOCCTAHOBIIE-
une Oy Tpebyer ocobeHHO HONBIIOTO MepeHanpsKenns). IIpeasIoxKeHHbI MeXaHu3M
COCTOMT B TOM, YTO MMMOBHJIM3NPOBAHHAS Ha 3JeKTpoJe (4T0 0B603HAYEHO CHMBO-
som *) mostexyia [Felll (TMPyP)] cuatasa BoCCTaHABIMBACTCS 3JIEKTPOXUMIIECKH!

[Fe' (TMPyP)]* + e~ — [Fe'' (TMPyP)]*
Boccranosiennas dopma [Fe!l(TMPyP)]* o6pasyer komiueke ¢ Og:
[Fe'(TMPyP)]* + Oy — [Fe''(02)(TMPyP)]*
Dror kommieke Fe(Il) MoxkeT BOCCTaHABIMBATELCH JO BOIBI M ITEPOKCHIA BOJOPOAA
[Fe''(0)(TMPyP)]* + ne™ + mHT — [Fe!'(TMPyP)|* + (H202, H20)

XoTrg JeTaqd 3TOro MexaHUu3Ma elle He [OATBEDXKJEHBbI, CAM MEXAHH3M B ILIEJIOM
COIJIACYETCS ¢ ANEKTPOXUMUIECKUMH H3MEPEHUSIMHA U U3BECTHBIMUM CBOMCTBAMH Ke-
Jiezonopdupunos. Mecienopanue kommekca xkenesa(lll) kak norennuanbrHoro xa-
TaJIM3aTopa HBUIO, HECOMHEHHO, [TPOAMKTOBAHO POJIBIO XKeJ1€30N0PGUPHHOBBIX KOM-
TIJIEKCOB B NIPHPOJE, KOTOPas 3aKJI09aeTcs] MMEHHO B [IePeHOCE U aKTHBHPOBAHUU
MOJIEKyJl KACJIOPOAA. JTO MX CBOUCTBO MOApobHO paccMmarpuBaercs B 1. 19
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VYINPAXKHEHUA

17.1 Kakue u3 IPHUBEJEHHbIX HHXKE DEAKUHUN WIMIOCTPUPYIOT HCTHHHLIA KATaJIN3, Ka-
ke — Her? Otreer ofocuyitre: a) peakuust Ha u C2Hy4 npu konTakTe rasosoit cme-
CH C MeKOPa3ApobIIeHHON MIATHHOM; 6) PEaKk|sa B CMECH KMCJIOPOZa U BOJOPOIA
TIOCTIe MPOITYCKaHHUsT MCKPBI; B) PEAKUUs rasoofpa3Horo a3ora ¢ AuTHeM ¢ obpaso-
saHueM LizN, npu rugposuse koroporo nonyqatorcst NHz u LiOH.

17.2 [afiTe onpejeneHys TePMUHAM: &) 4acTOTa 0DOPOTOB PeaKiyu; 6) CeJIeKTHBHOCTh;
B) KaTaJIM3aTOpP; I) KATATMTHUECKUH LUK, /1) NMO/T0XKKA KATATUIATOPA.

17.3 Onpexnesmre, KaKue U3 NPUBEJEHHBIX HHKE KATAJUTHIECKHX IPOLECCOB OTHOCST-
Cs1 K TOMOTEHHBIM, a KaKHe — K reTeporeHHbiM. OTeer ofocHyiiTe: a) Bo3pacTaHue
cxopocru okucienus SOz(r.) xucaoponowm (r.) B npucyrcrsuu NO(r.); 6) ruapH-
POBAaHHE PACTHTEILHOTO MACIA Ha TOHKOM3MEJIBbYEHHOM HUKeJIE;, B) NMPEBPALICHIEe
BOgHOrO pacreopa D-rmokoswm B npucyrcrsuu HCl(aq) B cmecs D, L-usomepon
(pauemusanus).

17.4 Kakue 13 KATAJIUTUUECKHX ITPOLIECCOB JETKO PEATH30BATh B PEAKTOPE, K KOTOPOMY
He TOABOJMTCS SJIEKTPUYECKHIl TOK M 31€KTPOMATHHTHOE m3tyuenne, npu 80°C,
KaKHe — 3aTPYAHUTEIbHO, & KAaKue — NPHHIUIHAILHO HEBO3MOMXKHO?!

a) Pasnoxenne Boanl HA BOAOPOJ U KHUCAOPOA.

6) Paznoxenne COz Ha mpocTble BENIECTBA.

B) Peakuus Mexxay azoTrom m BOAOPOIOM C NOJYYEHUEM aMMHUAKA.
r) T'uapupoBatye JBOBHBIX CBs3€H B PACTUTEIBHOM Macie.
Ob6ocHyiire Bam BHGOD.

17.5 JTobasnenue PPhy k pacTeopy Katanusaropa Yunkuncona [Rh(PPh;s)3Cl| cuuxa-
€T 4acToTy 060pOTOB PeaKLMH I APUpOBaHusl ponuieHa. IIpeanoxuTe MexaHu3M,
obbsIcHIIOMMI 3TO HabOIeHUe.

17. Heaopran. xumMua. ToM 2
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17.6

17.7

17.8

17.9

17.10

17.11

17.12

17.13

17.14

17.15

17.16

Inasa 17. Katanus

CKOPOCTH HOIJIOLIEHHs] BOZOPOJA NIPH THAPHPOBAHHH aJKEeHOE B GeH3oJjie B mpH-
CyTCTBUM KaTanmuzaTopa Yuikuucona mpu 25°C cocrabasnor (B momb/(s1 - c)):
n-rexcen — 2910; yuc-4-merun-2-nenren — 990; uukiaorekcen — 3160; 1-meTun-
uukiorekceH — 60. YTo JieskuT B OocHoBe 3T0i 3akoHomepnocTH? Kakoit stam B
KaTaJuTHUeckoM Tpouecce (UK 17.2) siisercs onpemesioum?

UK cnexrpockonmueckoe uccienosatue cmecn CO, Ha u 6yrena-1 npu nposeaeHuu
peaxuun ruapoOPMIVIHPOBAHNS YKA3LIBACT Ha IPHCYTCTBHE B PEAKIMOHHON CMe-
cu coemunennn (g) (cM. uukia 17.3.) Ta xe peakuMoHHan CMECh, HO B IPHCYTCTEHA
TpubyTundochuna He conep>kur, no ganusivm MK cnexrpockonun, Hu coeqnHeHns
(8), 1y anayornyHoro ¢pocduHzaMenensoro xommiexca. Kakosa tnMuTupyionias
(cxopocThonpegessoliasn) cTamaus B orcyTeThue dbochnna? K npeanonokuTs,
YTO HOCIEIOBATENbHOCTD PEAKLUUI OCTAETCA HEM3MEHHOM, KaKOBa JIHMHTHPY OIIA
cTagus B mpucyTcTBUM TpubyTtwidotdnuna?

a) Paccmorpure upxs 17.5 ¥ mpeanosoxkure, 910 B KoMiuexc (a) emecto Cz2Hg
pxoaut mpanc-DHC=CHD, a OH™, saxoasiiuiica B pacTBOPE, aTaKyeT cO CTO-
POHBI, TPOTHBOTIONOXKHOR HOHY MeTajuta. Hapucyiite cTpyKTypy IOJIyHeHHOro co-
eIHHEHHUs] ¢ y4eroM ero crepeoxumun. 6) Ilpemnonoxxure, 4To aTaxa Ha mparc-
DHC=CHD mponaeogurcs noHoM OH™, KOOpDAMHHPOBAHHLIM K HOHY NajljIagus.
Hapucyiite cTpyKTypy HOJIY4YEHHOTO COGOHHEHHsI C yUIeTOM €ro CTEPEOXHMHH.
B) JduddepeHippyer gu CTepeOXMMHsl 3TH IpeInojaragMbie 3tamb B Baxep-
nipouecce?

MypaBbHHAs KHCIOTA TEPMOIUHAMUYECKH HEYCTOHYHMEA MO OTHOWIGHHIO K Pacla-
ay Ha Hy u COq. Ilpeioxkure MEXaHM3M KATaJIH3a 3TOH PEAKIMH C NTOMOIIBIO

[Ir(PPhs)s(H)2Cl.

[Ipu BBICOKHMX TEMIepaTypax TOHKOM3MEJIBUeHHBIH THUTAH JIETKO PearupyeT ¢ ra-
3000pasHLIM a30TOM, 00pasyst yCTOWYHMBHEIH HUTPHA. JIMMUTHPYIOWIAA CTaIus B
PEaKLMN CUHTEe3a aMMuaka — pa3peis coadn N=N. [TouyeMy TUTaH, B OTIHYIHE OT
sxesiesa, HeappeKTUBEH KaK KATAIH3ATOP CHHTE3a aMMuaka?

[ToBepxHOCTH ATIOMOCHIIMKATOB — CHIIBHBIE KUCIOTH BpéHcTena, b TO npeMs Kak
cHIMKareib — ovedb ciaabas xkuciora. a) OObscHETE, MOYeMy KMCJIOTHOCTL BO3-
pacrtaer mpu 3amene gact Si{IV) sa Al(II) B cumukaresne. 6) Hazosure eme Tpu
HOHA, BBEIEHHE KOTOPBIX TAKKE MOXKET YCHIMTE KHCIOTHBIE CBOMCTEA CAMNMKATeNsI.

Yem GynyT oTnmdarbesa: a) KHCAOTHOCTH (mo Jlblomcy) 7-Al;Os, mpoxanensoro
npu 900°C u narperoro mo 100°C; 6) kucnorHocrs (1o Bpéscreny) cunukarens u

~-Al2O3; B) MOPAIOK B PACTIONOMKEHNH KAHAMOB W IMYCTOT B CHJIMKATeNe H Ie0JIHTe
ZSM-5.

IMouemy mnaTMHOpPOAMEBDI KATAIHIATOD B ABTOMOGHIIBHBIX KQTAJIUTHYECKNX KOH-
BEPTEPaxX HAHOCST Ha MOPHUCTYIO MOBEPXHOCTD NOIJIOXKKH, a He UCIOIL3YIOT B BHIE
TOHKOM hosbru?

B 4eM cocTOMT KoHIENIHMs CeNeKTHBHBIX K bopMe MOJIeKyJl KaTamusaTopos? Kax
JOCTHraeTCs TAKAsl CEJIEKTHUBHOCTD?!

AJIKaHBI BCTYNAIOT B PEAKIMIO 3aMEINeHHs aTOMOB BOZOPOAA IPH KOHTAKTE C Ta-
3000pa3HBIM JEATEPHEM B NPUCYTCTRHM KATAIU3ATOPOl — IVIATUHOBEIX METAJIIOB.
Ecmn cMecs 3,3-auMerunnenTana ¢ peifrepueM pearHpyeT B IPHCY TCTBHY IIATHHBI
M PeakLMOMHYI0 CMECh AHAJIMINDYIOT Ha HAvajbHBIX 3TAamaX HIPOLECCa, TO OCHOB-
HBIM TIPOAYKTOM npespatuetus oxaswiaercs CHz CH2C(CHs)2CD2CDs. Ilpemmno-
KHUTE MeXaHu3M, OObICHIIOUME 9TO HabMIOACHHE.

SddexTurnocTb mIaTHHLI TPH KaTaause peaxuun 2HT (aq) + 2™ — Ha (1) pesxo
yxymuaercsa B npucyrcreur CO. Ilpeanoxure ob6bacHeHne.
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3A0AHUA

17.1

17.2

17.3

17.4

M3BECTHO, YTO MOHOOKCHI YIJIEPOAA MOJBEPTAETCA THCCOIMATUBHON XeMocop6imn
HA MOBEPXHOCTH HHKEJSI MPHU MOBBLILIEHHBIX TEMIEPATYPAX, IPH 3TOM 00PasyTcs
MOBEPXHOCTHBIE OKcup, U Kapbus. [IpuHse sTy peakumio 3a HavaJbHYIO CTAIHIO,
NIPEIIOKATE MEXAHU3M [IJIsT KATATH3UPYEMOH HUKEJIEM DEAKUHMH BOCCTAHOBJIEHUS
CO eomopogom g0 CHy u H2O.

HackosbKo crpaBesiuBsl caelyiowe yreepaennsn? Henpaeste omnbku. a) Pon
KaTaJIM3aTOPa COCTOUT B 0GECIIeUeHNH IPYTror0 PEAKUMOHHOTO Iy TH ¢ MEHBIIEH 3H-
Tanenuei aktupannd. 6) ITockonabky 3HaveHus sueprun ['mbbca mIs KaTaaM3Upy-
eMoit peaxuuu Gosiee 61arONPUATHBI, IPH UCHOJL30BAHUM KATAIH3ATOPA JOCTUIA-
eTcs Jayqumit Beixod. B) Karanmsarop [lurnepa— Harra, koTopniit nomyvator u3
sxuaxux TiCly u Al(C2Hs)3, 0THOCHTCS K TOMOTEHHBIM KATAIN3ATOPaM. T) Briroa-
Hble BeJn4YuHbI 3Hepruil ['nO6ca peakunit IpucoeTUHEHNAs PEATCHTOB M NMPOLYKTOB
K FTOMOTEHHOMY HJIM T€TE€POr€HHOMY KATAIH3ATOPY ONPENesislioT BBICOKYIO KaTaJlH-
THYCCKYK) aKTUBHOCTD.

Ecin senocpeAcTBEHHbIE CBHAETEILCTBA B HOJIL3Y TOTO IJIM HMHOTO MEXaHH3Ma
OTCYTCTBYIOT, XHMHUKHM HEPEIKO IOJIBL3YIOTCsl aHajgornaMu. Ilouemy aBTopel pabo-
to1 [Békvall J. E., Akermark B., Ljunggren S. O., J. Amer. Chem. Soc., 101, 2411
(1979)] npeanonoxunum, 4to B Bakep-pouecce NPOUCXOJUT aTaxka HEKOOPAUHHPO-
BAHHOM MOJIEKYJIBI BOIBI Ha T]Z‘C‘ZH4?

Ymanenue cephbl (B BUAE CEPOBOTOPOJA) U3 CEPOOPTAHHYECKHX COEIMHEHHH, NMPH-
CYTCTBYIOIINX B CHIPOi HedpTH, — BAXKHLIN 9TAll OYUCTKH HepTeIpoAyKToB. B ka-
JeCTRe KATATH3ATOPOB 3TOH PEAaKIMu UCIOJb3YI0TCA Cynbbuast 4d- u bd-MeTannos
(axTuBHOCTH HauboJiee BBICOKA y COEIMHEHMIl 371eMeHTOB 8-if IPyNnbl PyTCHHA H
ocmust). Cyapbugr! 3d-MmeTaaior 061a8a10T MeHbIIEH aKTHBHOCTEIO, K AK THBHOCTb
COETMHEHMs 3JIeMeHTa 8- IPYIILI »Keje3a He COOTBETCTBYeT Maxcumymy. OsHa-
koMbrech ¢ paboroit [Harris S., Chianelli R. R., J. Catal., 86, 400 (1984)] u onpe-
JIJINTE, KAKHe 0COBEHHOCTH 3JIEKTPOHHOM CTPYKTYPB! 3THX COEIHHEHHIT KOPpPeJn-
PYIOT € MX KATAIMTHYECKOH AKTHBHOCTBIO U KAKOBO IIPOHCXOXJIEHHe 3TOH Koppe-
JISILIAN.




ik] CTPYKTVYPA 1 CBOVCTBA
TBEPObIX TEJI

)
Puranyeckne N XMMNYyeckme CBOACTBA TBEPAbLIX TEN PACCMATPUBAOTCA BO MHOMNX obna-

CTSIX HEOPraHUYeckoll XMMNKM, 3TOT BOMPOC yXKe HeOAHOKPaTHO 0bcyxaancs B AaHHOMR
kHure, MIHTepec K CUHTE3y M WCCNENOBAHUIO HOBLIX TBePAbIX BELIECTB BO3pacTaeT B
COOTBETCTBUU C Pa3BNTMEM HOBOW 0BnacTn Haykn —xumun matepuanos. B atoi rnase
PacCMaTpUBatOTCS HEKOTOpbie Mpobnembl, KOTOpble 0OCODEHHO UHTEHCUBHO NCCNeAYHOTCS
B HacTosLee Bpems. Pas oCcHOBHbIX TEOpPeTUHeCKNX NPeACTaBNEHWA, BKNIOYAs NPOCTER-
WIine CTPYKTYpPHbIE TUNbI, SIHTANbNUN KPUCTANNUYECKNX PelleTOK, MOJeN KOBaneHTHOR
W NOHHOIA cea3eld, yxke Bbinn paccMoTperbl B ra. 2. B npeabiaywmnx rnasax fedekTbi
KPUCTaNAUYECKUX CTPYKTYP Obinn fnuib ynoMsaHyTbi; B AaHHOR rnaBe 3TOT BaXkKHbIA
sonpoc obcyaaetcs nogpobHee. B 4acTHOCTW, NOKa3aHO, KaK HapyLIEHUS perynsipHo-
CTUN CTPYKTYPbl KPUCTaNNa BANSAIOT HA Pa3NnyHble CBOACTBA, HaNnpumep Ha MUrpaLmnio
noros. Bonee noapobHo paccMoTpeHbl MHTEpKaNaLMOHHble COeANHEHNS, NOKA3aHO, Kak
nx obpa3oBaHune, CTPYKTYpa W CBOWCTBA KOPPENUPYIOT C KPUCTANANYECKOW N 30HHOMR
CTPYKTYPaMK UCXOAHOMO COBANHEHUS.

Heopranuueckas Xxumusi TBEPIOrO Teja U3Y4YaeT CHHTE3, CTPYKTYDbI U CBOMH-
CTBa TBEPABIX HEOPraHMYECKHUX coeluHeHHit. Muorne nm3 HUX 00J1aJIAl0T HOBBIMH
U HHTEPECHBIMH CBOHCTBaMU, HAITPUMED BLICOKOTEMITEPATYPHOM cBEPXIPOBOIAMMO-
CTbI0 MIHU heppomarHeTusMomM. MHTepec K 3Toi HbIcTPO pasBHBaoMIeics 06I1acTH
HeOPraHMIeCKO! XUMUH 0TYACTH OODbACHAETCS EPCIEKTHBAMY IPAKTHYIECKOTO PH-
MEHEHHs HOBBIX BENTECTB ¢ HEOOLIYHLIMH CBOMCTBAMHM, OJHAKO HE MEHEE Ba)KHbI H
TeOPeTUYECKHE NpobJIeMbl, CBA3aHHbIE ¢ IOHUMAaHHUEM MPHPOILI 3THX cBOoitcTB. [Ipu
U3JI0ZKEHUH MaTepHaya JAHHOH IJIaBbl UCHOJb3YIOTCS TEOPETHYECKUE [PeCcTaBIe-
HUs1, PA3SBUTLIE B NPEeABbILYIIHX TV1aBaX (HATPHUMED, SHTAILIHSA PEIIETKH, 30HHAS
TEOPHS), & TAKIKE BBOJATCA HOBLIE TIOHSTHSA, HEOOXOMMMbIC JUIst OGCY K ICHHS JHHA-
MUKH COOBITHH, MPONCXOASAIHUX BHYTPH TBEPAbIX TeJ.

Kpowme Toro, cneyeT oTkasaThest OT paccMOTPEHHs! TBEPIBIX BEIECTB Kak CTPO-
[0 CTEXHOMETPHYHBIX COeIHHEHUH, TOCKOIbKY MHOIHE HHTEPECHbIE SABJIECHHS BO3HU-
Kal0T BCJIEACTBHE HECTEXMOMETPHH M NOABHKHOCTH aTOMOB.

OBLUVE NPUHUUNDI

B 1. 2 61118 paccMOTPEHBI CTPYKTYDbI, XaPAKTepHbIE ISk MHOTHX MeTAJIIOB B HOH-
HLIX COEIWHeHHH, a Takxe cHOPMYIHPOBaHbI obIHe MPABHIIA YCTOHIHBOCTH HOH-
HBIX TBEPABIX Tesl. O6CYKAeHHE B OCHOBHOM BBIJIO cOCPEJOTOYeHO Ha CTPYKTYpax
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IIPOCTLIX COEAWHEHUH ¢ HANEMKHO YCTAHOBJIEHHBIM COCTaBOM. B JaHHOf I'Take pac-
CMATPUBAETCS 3HAYMTENIbHO OoJiee WHMPOKUI Kpyr COeJAMHCHHN, BKIOYaA Te, YbH
busHIecKre U XUMHUYECKHE cBOHCTBa ONPENESIAIOTCA ATOMHBIME Je)eKTaMH H oT-
KJIOHEHHAMH OT <«IEJIOYHCJIEHHON» CTEXHOMETDHH.

B 0CHOBHOM COBPEMEHHBIE HCCJIEIOBAHMSA MOTHBHDPY KOTCSA ITOMCKOM ITOJIE3HBIX Ma-
TEPHAaJIOB, HAIIPIMED KOMIIOHEHTOB OaTapell M TOIJIMBHBIX 3JIEMEHTOB, KaTalH3a-
TOPOB MpEBPAIEHHH YIJIEBOZOPOAOB, MATEPHAJIOB [JIst SJIEKTPOHHLIX M (POTOHHBIX
yCTPORCTB 1A 06paboTku # xpaHeHus uHdopmanuu. O61aCTh TOUCKOB B Heopra-
HUYeCKOM CHHTE3€ OrPOMHA: HATIpUMED, XoTs 95% H3BeCTHBIX OMHAPHEBIX U TPOHHBIX
MHTepMeTaJUINYEeCKHX COeIUHEHHH KPUCTANIN3YIOTCA Beero amb B 100 cTpyKTyp-
HbIX Tumax!), HMeTCH HeOrpaHHYEHHbIE BO3MOYKHOCTH YBEJIHYHTb HABOP CTPYK-
TYPHBIX THIIOB, HCCIIENYs YeThIPEX-, IATH- M IIECTUKOMIIOHEHTHbIE cucTeMbl. OHO
13 BA’KHBIX COBPEMEHHBIX HAIIPABJIEHUI — ONCK ME30MOPUCTLIX TBEPABIX BELIeCTR,
KOTOPBIE MOXKHO HCHOJIb30BaTh AJIA pa3felleHust MOJIEKYJl I B I'eTE€POTeHHOM KaTa-
JIN3e; 9TH MaTepHaJbl OLUIH PaccMOTpeHbI B . 10 u 17.

18.1. DedekThbi

CTpyKTypbl Bcex TBEPABIX Tel conepikaT AedeKTbl, HIH HecOBEPIIEHCTBa KDH-
CTAJIINYECKON CTPYKTYPhI. 3HadeHHe OedEeKTOB BEJINKO, IIOCKOJIbKY OHU ONpeJless-
0T MHOTHE BayKHbIE CBOMCTBA, B TOM YHCJE, MEXAHNYECKYI) IPOYHOCTDb, 3JeKTPO-
IPOBCAHOCTL M PEAKIUOHHYI0 crioco6HOCTD. [1o mponcxox aennto AedekTs! GEIBAIOT
cOGCTBEHHBIE, XapAKTEPHbIE JJIsI YUCTBIX BEWUIECTB, H IPHUMECHDLIe, CBA3AHHLIE C
HaJuyneM npuMeceil. [1o pasmeprocTu nedeKThI MOApa3AeNsiioT Ha TOYeYHbIE, 3a-
TPACHBAIOILHIE OJHY UM HECKOJILKO aTOMHLIX IIO3HIUN, H NPOTA>KEeHHBIE, KOTOPhIE
YIIOPsI0YEHbl B OHOM, ABYX, HJM BCeX Tpex HaupasieHusx. Todednsie nedeKThl —
3TO CJyYalHble HECOBEPIIEHCTBA KPHUCTAIMIECKOH CTPYKTYpBI, HaIIpUMEp OTCyT-
CTBHe aToMa B HaIJIesKalleM MecTe UJH HaJlidue ero B MeCTe, KOTOpOe ODOBIYHO
cBoboaHo. IIpoTskeHHble Ae(heKThl BKIIOYAKT Pa3INyHble HapyUleHHd MNOpsAJIKa B
YIIAKOBKE [EJIbIX ATOMHBIX IIJIOCKOCTEH.

a) ITouemy Bozmmkalor medexTsi

C TOUKH 3peHHs TEPMOAMHAMHUKH, BCE TBEP/ble TeJla CKJIOHHBI nprobperath Aedek-
TBI, IOCKOJILKY BJ1arcaaps 3ToMy B CTPYKTYDY BHOCHTCS 6eCIIOPA0OK U TOBBIIIAETCH
suTponus. Jueprus ['u66ea G = H — T'S BemecTsa, coAepKaero JedeKTEL, COCTO-
AT U3 SHTAILINHHOIC H SHTPOIUHHOrO BKIaJA0B. TakiuM o6pasoM, Jepe3 SHTPOIHIO
JedeKTEl BHOCAT OTPHIATENLHLIN BKJIaJ B sHepruto ['mbbca TBEpAOTO BellleCTBA.
O6pasoBanye JeddeKTOB MOMKET GBITh dH0TepMHUYHBIM (T. €. H Gonblue npu HaJH-
qun pedexron). Oxnako npu T' > 0 sneprus ['mb6ca UMeeT MUHUMYM IIPH HEKO-
TOpOH HeHYJIEBOM KOHIEHTpaluH NedekToB, W UX 06pa3oBaHHe CaMOIPOH3BOJBHO
(puc. 18.1,a). Boaee Toro, no mMepe BO3pacTaHUs TEMIIEPATYPLI MUHUMYM YHePTHH
I'uG6ca cMemaeTcss B CTOPOHY GOMbIINX KOHIeHTpauui Jdedekros (puc. 18.1,6 ).

1) Rodgers J. R., Villars P., MRS Bulletin, February, 27 (1993).
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! KohuewTpauus aedekTos — KoHueHTpaums aedekros
PaBHOBECHOE COCTORHME

Puc. 18.1. M3MeHeHHNe SHTAJBIINK U SHTPOIMH KPUCTALIA 1[PH Y BEIMICHHH KOHHEHT PALMH
nedexTor; a— sHeprust ['n66ca G = I —T'S uMeeT MUHAMYM IIPH HEHYJIEBOH KOHLEHTPAa-
uuH edexToB, T. e. 06pasoBaHue JedeKTOB — CAMOIPOH3BOIbHEIH Npouece; 6— NpH yBe-
VYEHUH TEMIEPATyPLl MHHHMYM Ha KPHEOH cOBOIHON SHeprHH cMellaeTcs B 061acThb
GoJiee BLICOKHX KOHIEHTpanuit 1ebeKTOB, T. €. B PABHOBECHOM COCTOSIHMM Y€M BLIIIE TEM-
nepatypa, TeM Gonee nedeKTHOR ABJsAETCA CTPYKTYypa.

m Bce Trepaple Tesa coACKAT AeEKTHI, MOCKOJbKY OHH BHOCAT GECHOPAAOK B
CTPYKTyDy ¥ IOBBIIAT SHTPOIHIO KPUCTAJLIA,

6) CobcTBeHHDBIE TOYeYHBIE J1edeKTh

HenocpencTsenHo HabMIOAATL TOYeIHbIE AeDEKTHl AOCTATOYHO TPyAHO. Penrreno-
rpaduYecKe MeTOAbl, HANPUMED, JAOT KAPTHHY, YCPeJHEHHYIO IO PACCTOSHHAM
nopsaxa 1000 A, 1 Mesnkue caydaiiHble OTKJIOHEHHS OT MEPHOAMYHOCTH, KaK Ipa-
BHJIO, OKA3LIBAIOTCS HE3aMEYEHHBIMH. B HEKOTODBIX CIydasx MOXKHO OOHapyKHTh
WOH B HEOOBIYHOM JJIsl HE'O MECTE HJIH JIOKAJH30BAHHBIN 3JIEKTPOH METOAAMH CIIeK-
Tpockomun. Haluume HEKOTOPOro KOJIMYECTBA BAKAHCHH HJIM M30BITOYHBIX aTOMOB
MOKHO HHOI'/IA YCTAHOBHTh, CPABHUBAA H3MEDPEHHYIO INIOTHOCTbL obpasma ¢ pac-
CYNTAHHON Ha OCHOBAHMH KDHCTAJUIMYIECKOH CTPYKTYpbl (cM. Hue mpumep 18.1).
DIEKTPONPOBOAHOCTL 06PA3la TAKMKE MOXET yKa3blBaTb Ha HajJnuue JedeKTOB.
CoBpemMennble METOIB! SJEKTPOHHOR MHKPOCKOIHH 3HATHTENbHO PACUIHPHIM BO3-
MOJKHOCTH B OOHAPYIKEHUH [1eDEKTOB, MOCKOJIbKY JOCTHKHUMO HACTOJLKO BBICOKOE
ba3pewense, 4T0 JedeKThl MOKHO HaOIIOIATH TPAKTHYECKH HEIIOCPEACTBEHHO.

B 1930-x rr. a8a ¢msuxa — B. lortkn B [epmanun u 4. ®penkens 8 CCCP —
HCIIOJIL30BAJIN JAHHBIC 110 IJIOTHOCTH U 3JIeKTPOIPOBOIHOCTH BELIECTB A Olpee-
JIEHWsT THIIOB TodewHbIX medextos. dedexrom ITlorrkm (puc. 18.2) HasbiBaeTCs
OTJeJIbHAA BAKAHCHS B pemteTke. MHbIME cll0BaMH, 3TO ToYe4HLI!l NedeKT, BbI3BaH-
HbIN OTCYTCTBHEM ATOMA HJIH HOHA B €r0 OOLIYHOM y3Jl€ B KPHCTaLTHYeCKOH pemer-
ke. Hedexro! IIoTTKr 06BIYHO HE BAUAIOT HA OBLIYIO CTEXHOMETPHIO BELIECTBA, I10-
CKOJIbKY KOJIMYeCTBO KATHOHHBLIX M aHHOHHBIX BAKAHCHHN, KaK IIPABHIIO, OAUHAKOBO.
Hedexrom Ppenkens (puc. 18.3) HAZLIBAIOT TOYeYHBIN JedeKT, IIPH KOTOPOM
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Na® CI Agt CI”
Puc. 18.2. [ledpext LloTrTknm —3To OTCYT- Puc. 18.3. Jedext Ppenkens obpasy-
CTBHE HOHA B y3ne peteTky. s cobmone- eTcsl, KOTJA HOH CMEIAETCsl B MEXKI0-
HUS 3JEeKTPOHENTPATILHOCTH B COEIMHEHUH y3Jme.

cocraBa 1:1 mo/mxuo OBLITL paBHOE TIHCJIIO
JebeKTOB B KATHOHHON M aHHMOHHON TOJ-
peleTKax.

ATOM HJIM WOH CMEINAETCS U3 CBOEro OOLIYHOrO MONOKEHHA B MexJoysnue. Hanpu-
Mep, B XJIOpHIe cepebpa, KOTODbIl MMeeT CTPYKTYPY KAMEHHOW coH, Hebosbmoe
qucsao woHoB Agt pacrosaraercs B TeTpasapmdeckux rosumusax (1). Obpaszosa-
nue medpexTa DpeHkesas He NMPHBOANT K H3MEHEHHIO CTEXHOMETDHH COEIWHEHHA.
Kaxk npasuno, gedextst Openkens 06pa3ylorcs B 6oJiee PHIXJILIX CTPYKTYPaX, Kak
BIODTIMT HJIH cAIEPUT, B KOTOPBIX KOODAMHAIMOHHBIE TUC/Ia HEBEJIHKY 0 HMEETCs
JOCTATOYHO MECTA, IJle MOTYT Pa3MECTHTHCA MeXIOy3elbHble ATOMbL.

Konnentpamna aedekTos 11loTTkn B 3aBUCHMOCTH OT KOHKPETHOTO BELIECTBA
MOKET MEHSIThCS B IIHPOKHX npefenaX. OHa O4YeHb HU3KA B aJIOr€HUJAX IIEI0T-
Hbx MeTamton (mpu 130°C mopsaka 106 ev™3, T.e. 1 medpext Ha 1014 popmyabHBIX
ennnun). Hamporus, B okcwlax, CylbdHIAX B MHAPHIAX HEKOTOPBIX d-MeTayIoB
KOHIIEHTPAIMA BAKAHCHN OYeHb BLICOKA. VCKIIOUMTENLHBIH Cily4ait — BHICOKOTEM-
nepaTypuas dopma TiO, B KOTOPOif UMEIOTCA W KATHOHNDIE, H AHUOHHEIE BAKAHCHH
M KOHICHTDPAIUA HX JOCTHTAeT OZHOro AedekTa Ha 10 GOPMY/IbHBIX €IUHHIL.

MNpumep 18.1. Onpegenenve Tuna RechexToB N0 [AHHLIM N3MEPEHUA NNOTHOCTH.
Mounookenn TuTaHa 00JagaeT CTPYKTYPOH KaMEHHOH COJIH. [Io panHBIM pPEHTTEHO-
rpacdun, mmHa pebpa Kybudeckoit smemexTapHoit sdeftku TiO mpu COOTHOIIEHHH
Ti: O =1:1 cocraeaser 4,18 A, a 3madenne nioTHOCTH, ONPEAEIEHHOE U3 U3MEPEHUA
Macchl 1 obbema obpasna, passo 4,92 r/ cM®. YKA3HIBAIOT NI 9TU JAaHHbIE HA HAIIHIHE
gecpexros? By pa, sBasioTes MU 3TH JeeKTh BAKAHCHAMU HIH MEXI0y36/IbHBIMA
aTomaMu?

Ovser. [Ipucyrcrene nedextoB HIOTTKM B MOBHIMAX THTAHA M KHCJIOPOZA HDOTKHO
NPHBECTH K MeHbIIeMY 3HAYeHHIO IJIOTHOCTH MO CPABHEHHIO C PACCIMTAHHBIM H3 BE-
JHUUHEl pebpa sneMeHTapHOi A9eHKN N NPEeJNOIoXKeHHsA, ITO BCe NO3MLIHM 3aHATE
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1 Vou Ag* B Mexaoyanum
Puc. 18.4. O6MeH aTOMOB Mex, Iy TIO3MITHSIMH TaK-

2Ke TIPUBOJHT K TOYEYHOMY HedeKTy.

aToOMaMH THTaHAa W KHUCA0pPoja. Mexpoysensubie gedextn (nedextn DpeHkens) He
JOMXHBI JATh CYIIECTBEHHOrO OTKJIOHEHU S SKCIIePpUMEHTAIbHOTO 3HAYEHHS IJI0OTHOCTH
ot Teopernyeckoro. B swettke TiO comepxarcsa 4 dopmynabrble eguuus (puc. 2.10).
Macca ogmoit dopmynsHOt exuHuisl 63,88 a.e.M., T.e. TeopeTHuUecKass Macca OZHOMN
3JIleMEeHTAPHO syefiky papHa 4 - 63,88 = 255,52 a.e.M., mwn 4,24 - 10722 1. CooTBeT-
CTBEHHO TEOPETHIECKOe 3HAYeHHE IJIOTHOCTH PaBHO

42410722 1 3
= —,— = 1
P= (318 10 S oy — 8L T/om

4TO CYWIECTBEHHO GOJbIe SKCIePHUMEHTAMbHOrO 3Hadenus. Taxum o6pasom, KpHCTAJI-
JIMY€CKasl CTPYKTYpa JOJKHa COAepAAaTh OOMIbIIOe KOIMIecTBO Bakancuil. [lockoapKy
COCTaB BENIECTBA B LEJIOM COOTneTcTByer Ti0, KOAMYECTBO BakaHCHHl B TIOAPELIETKAX
THTAHA ¥ KHCJIOPOIA JOJAKHO OBITH OOMHAKOBBIM.

Bonpoc 18.1. Usmepennas mmornocrs VO (V: O =1 1) pasua 5,92 r/cM®, Teopernue-
ckag—6,49 r /CMs. Kaxne Trouyeannie gedexrsl NPUCYTCTBYIOT B CTPYKTYpE?

Hedexto Ppenkens u IIoTTKH — 3T0 Iumb ABA BapHaHTa TOYEYHBIX Ne)eKTOB;
MMEIOTCA U Apyrue Thnbl. [IpaMepoM MoryT ciny:kuth AebeKThI 3aMelIeHns, BO3-
HUKAIOUHE, KOT2 Napa aATOMOB HJIK HOHOB MEHSETCH MECTaMU, DTOT THI AedeKToB
XAPaKTepeH /s WHTEPMETAUIHIECKAX coeanHennit. Hanpumep, cTpykTypa coemu-
HEHUsA 30J10Ta ¢ Meaplo cocTaBa CuAu NpH BBHICOKAX TeMIEpaTypaX CHJBHO pa3y-

HIOPAN0YICHA, TPU 9TOM 3HAYUTENLHOE 9HCJIO aToMOE Cu B AU MEHSIIOTCS MeCTaMH
(puc. 18.4).

m Hedextn [oTTKH NpencTaBnsioT co60i BAKAHCHE B KPWCTAJIJIWIECKOR! CTPYK-
Type. HedexTer Ppenkens BCTPeHaloTCs B OCHOBHOM B PBIXJIBIX CTPYKTYpax,
AJ1A KOTOPBIX XaPAaKTEPHbI HU3KHE KOODAMHALIMOHHbIE YHC/IA U CIE WMEETCS J0-
CTATOYHO MEeCTa, LISl Pa3MENIEHHA MEXKI0y3€eIhHBIX ATOMOB.
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B) IlpumMecHbie Togeunnie qedeKThI

Hammune npuMecHBIX JeheKTOB HEM3GEMKHO, NOCKONbKY abCOTIOTHO YHCTOe
BEINECTBO MOy 9HThb Henb3sd. B pa3a. 3.15 yxe o6cy ) a10Ch neleHanpaBien-
HOe BBEJAEHHE [IPUMeCced, HaIpHMep, KOIla aTOMAMH MBINIbAKS, JETHPYIT KPEMHUY
JYIsl TOrO, YTOGbI H3MEHATD €T0 IIOJYIPOBOAHHKOBbIE cBolicTBa. CremyeT paccMmor-
PeTb, KAaK JIEKTPOHHAA CTPYKTYPa BEIIECTBA ONpPEesIseT THII HauGoJiee BEPOATHBIX
Ais Hero gedexros. Tak, xorjga As 3amemaeT Si, «JONOJHHTENbHbIH» 3IEKTPOH
pacrojiaraeTca B 30He NpoBoAuMOCTH. B Gonee noHHOM coenurennn ZrQs Beene-
aue Ca?t Bmecro Zr't compoBokmaeTcs o6pasoBaHMeM BaKaHCHU KHCJIOPOJA A1
COXpaHEHuA ajIeKTpoHeliTpaabHocTH (puc. 18.5.). B HekoTopwbIX cllydasx OpuMech
MOXKET BBI3BATH M3MEHCHHC BaJICHTHOIO COCTOsSIHHA aToMa. Hampumep, npwm seru-
posanmnu NiO smruem (npu stom Lit pacnonaraerca s nosunmm Ni?t) sapsgosbii
GaJIaHC COXPAHAETCS 33 CYET OKHCJIEeHHsA cToabKux aTomos Ni%t no Ni*t, ckonbko
BBeneHo aToMoB Li. Kak w npw neruposaHny KpeMHHs GOPOM, B BAJEHTHOHM 30HE
NiO o6pasyloTcs ABIPKH, YTO NPHBOAMT K PE3KOMY BO3PACTAHUIO MPOBOLHMOCTH.

ozr OO @ Ca [ Baxancua Na* E:l-

Puc. 18.5. Beenenne uona xanoiusi B pe- Puc. 18.6. F-ueHTp BO3HHKaeT NpH JIOKa-
werky ZrO; NpHBOZMT K BO3HUKHOBE-  JIM3AIMH 3JEKTPOHA B BAKAHCMM AHHOH-

HUIO BaKaHCHH B KHCJIOPOOHOM Mogpelier-  HOH HOApElIeTKH. JHepreTnyeckue ypoBHU
Ke M crabwiHzamud (QIIIOOPUTHON CTPYK-  3JIEKTPOHA IIOX0XKM HAa TAKOBBIE B «TDEX-
TyPHI. MEPHOM SIIIMKED.

Eue oqun npuMep npuMecHoro nedekta — HEHTP OKpPacKu. Jro obiupit Tep-
MUH, BKJIIOYalommit 1edexTsl, oTBeTCTBEHHbIE 3a naMeHeHHe YD, suamamuix 71 UK
CIIEKTPOB BEINECTB, IIOABEPrHYTHIX OGJYyYEHHIO WA XMUMAYECKOMY BO3AEHCTBHIO.
HenTpur okpackn oproro THIA 0BpPa3yIOTCA NPH HAPEBAHAH [AJOTEHHAOB HIE0Y-
HBIX MeTAJIJIOB B MTAPaX COOTBETCTBYIOMIErO MeTalla. B pe3yspTaTe 9TOr0 NpOoLEcca
HOH MeTaJljla 3amosHseT BakaHcHIo KaTHoHa (nedekt [loTTkn), a anexTpon pacno-
JIAraeTCsA B BAKAHCHH FaJioreHu1-HoHa. 1[eHTp okpackH, o6pa3oBaHHbIN 3J1EKTPOHOM
B aHHOHHOH Bakauchu (puc. 18.6), HoCHT HazBaHHEe F-mentp?. Okpacka Bo3HAKa-
€T H3-32 IIEPEXOJOB JIEKTPOHA B Pa3/InyHble BO30OYKIECHHBIE COCTOAHMS, MPHIEM
JHEPTHH 3THUX COCTOSIHUM HANOMWHAIOT YPOBHH 3HEPrHHU 3JICKTPDOHA B E)HepFeTH‘Ie-
CKOM «SLIUKE».

DOr Hemeuxoro Farbenzenter — UeHTp OKpacKH.
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|H CrpyKTypa TBePIOro Tesa onpele/iseT HanbOJee BEPOATHBIR JJIA HEro THII Je-
¢peKTOB.

r) IIporsxeHnbie fedeKThbI

Bce ToueyHbIe AeeKThl NPUBOAAT K 3HAYATEILHLIM JIOKAIBHbIM NCKaXKEHUSIM KPH-
CTAJIJIMYECKOH PEIIeTKH, 8 HHOLJIA M HapyIeHmo 6ananca 3apsanos. [lostomy neyau-
BUTEJIBHO, 9TO JedeKThl MOryT coBUPaThCs BMECTE M WHOrZA 00Pa3yioT JMHHU ¢
peJible IIOCKOCTH.
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Puc. 18.7. Cxema 06pa30BaHusl IJIOCKOCTH KPH-
crasorpadpuyecKoro ¢IBUra Ha IpHUMeEpe IIoC-
xoctH (100) ctpykTypst ReOs. a— [InockocTs,
comepKallasi ATOMbl MeTajia 8 U KHCJIopoda
o. Oxrtasgp BOKPYr KaykKIOro HOHA MeTaJja
JOTIOJIHAETCA aTOMaMU KHCJAOpoJa HaX M TOL
0cKoCTh1o. HekoTopble 0KTasaphl BbLIEJIEHBI,
OHH IPETEPISIT U3MEeHEeHHE TIPH HGOPMHAPOBAHHHK
nedexTa. 6— ATOMBI KHCIOPOJa B TUIOCKOCTH,
Nnepned JUKyJAspHON paccMaTpUBaeMoH, yaaje-
Hel. U3 McxogHo#l MIOCKOCTM aTOMOB METaJLIa
U KHCJOPOJa MoJiydaloTcst Aea ¢dhparMeHTa, Ha
rPAHUIAX KOTOPBIX HOHBI MeTaJlIa KOOPIUHAIH-
OHHO HeHachlmeHHb, @ — OxTasapuyeckas Ko-
OPJHMHAIMS 3THX HOHOB BOCCTAHABJIMBAETC 34
cYeT CABUra (pparMeHTOR APYT OTHOCHTEJILHO
apyra. IIpu sTo Bo3HHKaeT mIocKocTsh, 0603Ha-
Tl‘lnocxocm YeHHAs KaK IJIOCKOCTb CABHIa, BAOJb KOTOPOMH
caBura OKTa3aphl 00BLEAMHAIOTCS 110 pebpaM.
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Puc. 18.8. Uzobpaxenne pemerkn WOz_,, TONyueHHOE METOXOM 3/1€KTPOHHOM MHKpPO-
CKOTIMH BRICOKOrO PaspelleHHs; BUAHA IIOCKOCTh KpucTastorpaduieckoro capura (120)
(a). Kncioponseie okTasapsl ROKpyT aToMoB Bosbdhpama. OBpaTHTe BHUMAHME HA COUIe-
HeHHe OKTA3APOB Mo pebpaM (a He 10 BEPUIMHAM) BIOJIbL MIOCKOCTH KpHcTasorpadude-
cxoro capura (6). (C paspemenus [Iijima S., J. Solid. State Chem., 14, 52 (1975)].)

B okcmnax Bonstpama HabmoaanTes miockoeTh gedekTos. Kak rnokasaHo Ha
puc. 18.7,a, uaeanuaupopannas cTpykTypa WOj3 (KOTOpYI0 OGLIMHO Ha3bIBAIOT
crpykTypoit Tuma ReO3) cocrout u3 okrasapos WOg, obbeAnHEeHHbIX BCeMH Bep-
muHaMA. ITO6BI H306pa3uTh 06pa30BaHMe IVIOCKOCTH Ae(PeKTOB, MLICJIEHHO YIa-
JIIM &TOMBI KHCJIOPOAa, O0beAHHAIOUINE COCETHIE OKTAYAPHl W PACIIOICKEHHDIE 10
auaronanu (puc. 18.7,6). 3aTem coceanue 6J0KH CABHIAIOTCS APYT OTHOCHTENbHO
Apyra TaK, 9T00bl aTOMbI KHCJIOPOJA OIHOTO 6JIOKA 3alOMHHIN BAKAHTHBIE MECTa
B OKDYKEHHH aTOMOB BoJb¢pama apyroro &noka (puc. 18.7,e). [Ipu Takom caBH-
re 06pasyeTcs MJIOCKOCTh H3 OKTasAPOB, OObeAMHEHHBIX YKe He I10 BEePIIMHAM, 8
1o pebpam. [osydennnlit nedrexr ObLT Ha3BaH ABCTPAMHUCKWM KpucTajjorpadom
A J1. Yoaenu nmiIoCKOCTbIO KPUCTAIJOrpadpUvIecKoro c/Bura.

IInockoct cipura, pasMenieHHblE B CTPYKType CTATHCTHYECKH, HOCAT Ha3Ba-
HHe AedeKToB Yorueau. ITH AedeKTh NPHBOAAT K TOCIEA0BATENLHOMY H3MEHEHHIO
CTEXMOMETDUHM, HallpuMep B oKcuZax Bojibdpama oTf W03 1o W93, Ecam xe
3TH JeeKThl PACIOJAraloTCs YIOPAI0YEHHO, MMEePUOAHYECKH, TO BEMIECTBO € Ta~
KOIt CTPYKTYpOIl cliefyeT paccMaTPHBATL KAK HOBYID, CAMOCTOSTeNbHYIO (asy. Tak,
€CNIu Jafbllle YMEHbINATH COAEPKaHHEe KHUCJIOPOAA B OKCHIAE BOJL(DpaMa, TO MOXK-
HO MOJIYYHTb DS AWCKPETHBIX a3, CTPYKTYPa KOTOPBIX COAEPXKHUT YHOPSAAOIEH-
HblE [IJIOCKOCTH KPHCTANIOrpadHIeCKOTo CABHIa, a COCTAB BhIpaXKaeTcs hopMy o
W, 03p,—2 (n = 20,24, 25 u 40). Biusko pacnoJio:KeHHble IJIOCKOCTH KPUCTAJLIOrPa-
HYecKoro CABHra BCTPEYAIOTCA B OKCHAAX BOJNbdpaMa, MOJNGAEHA, THTAHA U BaHa-
s, FMx MoxkHO 06HADYKUTH peHTreHOrpachudecky, Ho 3JEKTPOHHAST MUKPOCKOIHS
pezcTaBisier coboit GoJlee OBNUIHIA U MPAMOH METOJ, MOCKONLKY OHa I103BOJISET 00-
Hapy>KUTb U YIOPsAOYeHHDIE, H HEYNOPAI0YeHHbIe TUIOCKOCTH capura (puc. 18.8).

|“ Hedextor Yonenu — 310 HEYIOPALOIEHHO PACTIOIOMKEHHBIE TNIOCKOCTH KPUCTA-
Jorpaduueckoro ¢apura; AedeKThl TOro POAa MPHUBOAAT K HENPEPLIBHOMY H3-
MEHEHHIO COCTABA BEIIECTBA B NpejesaxX oNpeleeHHOrO HHTEPBAJIA.
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Tabnuua 18.1. Inana3oHbl THIIHYHBIX COCTABOB HECTEXMOMETPHIECKHX OMHAPHBIX THAPH-
0B, OKCHIOB U cynbbumos™

d-Snemenmot f-Duemernmo
Tudpudn Tun CexcaroHaabHble
TiH. 1-2 $I0opHTa  CTPYKTYDPHI
ZrH, 1,5-1,6 GdH, 1,8-2,3 2,85-3,0
HfH, 1,7-1,8 ErH, 1,95-2,31 2,82-3,0
NbH. 0,64-1,0 LuH, 1,85-2,23 1,74-3,0
Oxcudot '

Tun kamed- Tun

HO# coJTH pyTuana
TiO, 0,7-1,25 1,9-2,0
VO 0,9-1,20 1,8-2,0
NbO, 0,9-1,04
Cyavpudut
ZrS; 0,9-1,0
YS: 0,9-1,0

) Yka3aHbl 3HAYEHHsT T HA IpaHriax 00JacTell TOMOTEHHOCTH.

18.2. Hectexnometpuyeckue coeguHeHus

HecTeXxHOMeTPHYECKNM COeJHHEHHEM HA3bIBAETCH BEIECTBO NEPEMEHHOTO €O~
CTaBa, COXPAHSIOIIEE OJH U TOT YK€ MOTUB KPUCTaJHdecKo#t cTpykTypsl. Hanpn-
mep, ipu 1000°C cocTas BrocTHTa (HOMHHAIBLHO FeO) moxeT MeHATbCs oT Feg ggO
110 Feg 960. XoTst pa3sMep 371eMEHTAPHOH SIeHKH IJJAaBHO U3MEHAETCA ¢ U3MEHEHH-
eM COCTaBa, MOTHB DACIOJIOKEHHsT ATOMOB TI0 THIly KaMEHHO COJIM OCTAeTCd TeM
e caMbiM. THITHUHEIE HECTEXMOMETPHYECKHE CHAPHIBI, OKCHABI H CyIbduIbl me-
peuncieHsl B Taba. 18.1. OTKIOHEHHA OT CTEXHOMETDHM BeChbMa XapPaKTEPHBL JJIA
coequuennit d-, f-, a MHOTAA M P-3JIEMEHTOB, COAEPXKAIINX MATKHE AHHOHbI, KaK
S2~ u H™, wm 6omee >xeCTKMH aHUOH 032~ . HanpoTus, *eCTKHe aHHOHBI — (PTOpUA,
XJIOPHI, CyIb(haT, HATPAT — Jale 06pa3yoT CTEXUOMETPHIECKHE COEITMHCHU.

HecrexnoMeTpauecKHe COEAMHEHUA MOXKHO PACCMATPHUBATD KAaK TBEPJBIE Pac-
TBOPBbI B TOM ILIaHe, UTO, KAK M B XKHUJKWX PacTBOpaX, XUMHYECKHE MOTCHIHAJIBI
KOMIIOHEHTOB MeHSIOTCS HeNpepbIBHO ¢ W3MEHeHueM cocTapa. Hampumep, mo me-
pe Toro, Kak MeHseTcs MapiuanbHOe JaBJeHHe KHCIOPOda, U3MeHseTca B COCTaB
OKCHZA MeTasljla, HaXOAAWIErocs B PABHOBECHH ¢ KUCIOpoxoM (puc. 18.9).

HHorna odeHp TPYAHO OTJIHYMTL HECTEXHOMETPHYECKOE COeJIMHEHHe OT Habo-
pa JuCKpeTHbIX a3, ecau sHeprun I'mbbca orTaeabHbix ¢a3 biusku. Hampumep,
NapuyaibHOE JaBJIEHHe KHCJIOPOAa HaJ cepuelt 61mskux IO cocTaBy a3 MOXKET
(B Mpezienax TOUHOCTH SKCIEPUMEHTA) MEHATLCSA TOYTH HepepbiBHO (prc. 18.10), u
HAJIHYNe OTAEIBHBIX (Da3 MOXKET OCTAThLCA He3aMe4YeHHbIM. JJNCKpEeTHBbIE CTEXHOMET-
pudeckre Ga3bl MOXKHO 06HAPY>KUTH PEHTreHOrpaduuecKuMHE METOIAMH, a HEPEIKO

U C NOMOIIbIO ONTHYECKON HIIM 3JIEKTPOHHOW MHMKDOCKOIWH.
m OTK/IOHEHHS OT CTEXHOMETPUH XapaKTepHBI AJs coeluHeHu#t d-, f-, a HHOTZA

U P-3JIEMEHTOB, COAEPKAUINX MACKHE aHHUOHBI HJIH (0JIee XKeCTKUil aHHOH 0%,
HanpoTun, coenuHeHns »KecTKUX aHHOHOB 4Yalle OKa3bIBAIOTCH CTEXUOMETPHYE-
CKUMH.
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Puc. 18.9. CxemaTnyeckoe npeicTanieHre 3aBUCHIMOCTH TTAPHUAJBHOTO JABJEHUST KHCIIO-
POJAa OT COCTaBa NP MOCTOSHHOM TeMIepaType: 8 — HeCTeXHOMETPHYeCKH OKCua; §— npa
crexnoMerpuyeckux okcuna MO u MO,. Io ocn abcumce otmoxkeno otHomenne M : O,

Pwc. 18.10. Jlomanas nuaus o603HavaeT 3aBHUCH-
MOCTh PABHOBECHOTO JABJIEHUS] KHCAOPOJAA OT CO-
cTaBa JIJis1 cepuH OJM3KHX [0 COCTABY IHCKPET-
HBIX (ba3 TIPH MOCTOSHHOM Temueparype. [opuson-
TaJbHBIE YYACTKH COOTBETCTBYIOT COCYIIECTBOBA-
HUIO ABYX TBepabix da3. [aaxas kpHeas oTpaxa-
eT HabIoZaeMy10 3aBUCUMOCTh OABJIEHHS OT CO-
CTapa B C/Iy4ae, Korja PAaBHOEECHE MeXKIy TBep-
AbIMH (PA3AMH YCTAHABIIMBAETCS OY€Hb MEJIJICHHO.
Ilo ocu abeuuce oroxkeno oraomenne M : O. X

p(0,)

18.3. Oudpcpby3ams atomos 1 MOHOB

Onaua u3 npuyuH, nodemy Auddysus B TBepAbIx TelaX H3ydeHa XyXKe, 4eM B ra-
3aX M JKUAKOCTSX, COCTOMT B TOM, UTO TIPH KOMHATHOH TeMnepaType OHa MPOTeKa-
eT odeHb MejyleHHO. OIHAKO 9TO 0buiee NpaBUiIo HMeeT HeCKOJLKO YAHBHTENbHBIX
uckmodennit. Uzyuenne quddysnu B TBepAbIX TeJaxX OYeHb BaXKHO Jiad MHOTHX
TEeXHOJOTHYECKHX MPOIECCOB, CPEAN HUX NMPOM3BOACTEO NOJYNPOBOAHAKOB, CHHTE3
HOBBIX TBEPIBIX COSAUHEHWH, METATYPrud U reTePOrCHHLIN KATAIN3.

a) OcHopusle 3aKoHbI Jud dyInn
Nucpdysust 9acTHIL B oGO cpefie MOMUHAETCH ypaBHeHHIO quddy3nu

de ¢
g _pZc (1)
ot ox?
e ¢ — KOHueHTpanusa audbdyHaupyomux dacTun, a D — koaddunpnent audp-
dby3un. Ypasuenne (1) orpaxkaeT TOT (PaKT, ITO CKOPOCTb YOBUIH HJTH HAKOMIEHAA
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Ed Puc. 18.11. CxemaTH4YecKoe TIpeOCTABIIEHHE CYIIHO-
N cru ypapnenus muddysun. Ecnmn B npoduine KonneH-
TpPAIMH UMEeTCH SIMa, YACTHIBI CTPEMSITCS 3all0IHITh
ee; ecmu B mpod e uMeeTca ropb, oH cTpeMHTCH K

KoopavHaTa X pasmMpianilo.

JacTHI B KAKOH-TH60 061aCTH MPONOPUMOHaIbHA TIPOCTPAHCTBEHHOR HEOAHOPOJHO-
cTn (TPAJMEHTy) KOHUEHTDALUE (pHC. 18.11). W3 Tex obaacTeit, rae KOHIEHTPALHsA
spmme cpenmelt (T.e. (8%¢/0z? < 0, 94TO COOTBETCTBYET MAKCHMyMy KOHLEHTDA-
1WH), JACTHIE! Gy AyT MHIPHDPOBATbH B CTOPOHDI, IIOHMKAs JIOKAJILHY0 KOHIEHTpA-
o (9¢/0t < 0). Ecam mMeetcsa ofacTb ¢ HA3Ko# Konuentpanueit (0%¢/0x% > 0),
qacTHLbI OyAyT HAIPABIATLCA B 9Ty 06JacTh (COOTBETCTBEHHO Oc/0t > 0)Y.

Temnepatypa, °C
1716 1393 1145 97 828 727
T T T T

Na 8 $-Al,04
Co 8 CoO

1w07r 0 8 Ca,Z2rOy,
108
10°F

Cr 8 Cry0; 1
w0t 1

Al s . .
Ni 8 Ni0O

1072+ Aly0y Ha BO3AyXe R
10"} _
107 Ca B Ca0

107" . . ) L L Puc. 18.12. TuarpamMmbsl AppeHuyca
04 05 06 07 08 09 10 11 (saBucumocts lg D or 1/T) nna mo-
1000/T, ! IBHXHBIX HOHOB B OKCHOAX.

Koapduument anddyaum, cM?/ ¢

1) Ypasuenne mucbdysun MOKHO PacCMATPHBATb KaK MATEMATHIECKYIO chOpMY NIPHILHMNA «[pH-
poda He JOBHT CKIaAOK»; cM. [Atkins P. W., Physical chemistry. Oxford University Press and
W.H. Freeman & C°, 1993]. MakcuMyMbl ¥ MHHMUMYMDB! Ha KPHBBIX DacnpejiefIeHHs CKJIOHHBI K
Pa3MBIBAHHIO.
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CKOpPOCTD, ¢ KOTOpPO# pacIpe/iesICHIE MPubJINKAETCA K PABHOMEPHOMY, BbICOKA,
ecn penvk Koddduuuent auddyzun D. B trepiom Tese D MOXKET 3aBUCETH OT
KOHUEHTPANMHN YACTHI, CHJIbHEE, YEM B XKUJIKOH cPejle, IIOCKONbKY IPUCYTCTBHUE I10-
CTOPOHHMX YACTHI, BRI3BIBAET CHJILHbBIE JIOKAThHbIE HCKAYXKEHUS] U TEM CaMbIM BIHSIET
Ha MUTPANUOHHYIO CIIOCOOHOCTH aTOMOB M uOHOB. Koadduunent nuddysun Bos-
pacTaeT ¢ TeMIlepaTypoi, MOCKOIbKY MHIDAlHUsa — AKTHBAIMOHHBIH nponecc. Coor-
BETCTBEHHO BBIIOJHSETCA COOTHOUICHHE THIA yDAaBHEeHUs AppeHmyca:

D = Doe™Ee/RT ()

rae E, —3sHeprust aktusanun guddysun. Ha puc. 18.12 npusemena Temmnepatyp-
HAasl 3aBUCHMOCTb Koo pnuuenToB qudDy3uan I8 HEKOTOPBIX TBEDALIX BELIECTH
IIPH BBICOKHX TeMIlepaTypaX. B cOOTBeTCTBHM ¢ ypaBHeHHeM (2) HAKJIOH JIHHHH
IIPOIIOPLUUOHATIEH SHEPIUY AKTHBALKMH JIJIsT aTOMHOIO HJIM HWOHHOTO TIEDeIBHKEHNS.
Tak, non NaT B $-Al;O3 049eHb NOIBMXKEH, M SHEPrHsS AKTHBALMH €r0 MUTDALHH
oueHb Maya, B To Bpemsi Kak muddysns noma Ca’t B CaO saTpysHeHa H HMeeT
HAMHOTO OGJIbIUYI0 PHEPTHI0 AKTHBAIUH.

l” Ypasrenne quddy3un oTpaxkaer TOT dHakKT, YTO CKOPOCTh YObIJIM MM HAKOILIe-
HHSA 4aCTHI, B KAKOH-TH60 06JaCcTH NPOIOPIHOHANBHA TPOCTPAHCTBEHHOR HEO-
HOPOAHOCTH (TPaJHeHTy) KOHUEHTPAIHA.

6) Mexanusmsr quddys3un

SHaueHns Ko3huIueHToB An(dHY3UN HOHOB MOXHO TIOHSITDH, 3HAs MEXAHH3MbI HX
MHTPALVH H aKTHBAIIMOHHbIE Oapbepbl, KOTOPbE HOHBI IIPEOJIONIEBAINT Ha CBOEM IIy-
ti. CienyeT 0cOBEHHO OTMETHTD, YTO B TBEPABIX Tejlax KoadbdpuuueHTH auddy3nn
CHJIBHO 33BHCAT OT HAJMYHA H THIA AedeKToB. PoJb HOCIeIHUX B rponecce JHd-
dysuu wamoerpapyeT puc. 18.13, Ha KOTOpoM H300parkeHLI Hanbosee THITHYHBIE
MexXaHn3Mbl 1ahdY3NH ATOMOB WJIM UOHOB B TBEPIBIX TelaX.

Kak 1 1151 MeXaHHA3MOB XHMHYECKUX PeaKIMi, SKCTIePHMEHTAJILHO HabIoaaeTCs
JIMIIb CYMMAPHBIH [IPOIECC, HO He ero AeTajiu. BHIBOAbL 0 JeTanAX JenaloT Ha Oc-
HOBAHMH JAHHBIX O BJAMAHHUHE YCJIOBHIl 3KCIEPHMEHTA Ha CKODOCTH IU(dy3HOHHBIX
nponeccos. Kpome T0ro, AeTaJbHbLIM aHaIN3 TeMIOBbIX KoJcOaHHH aTOMOB H HOHOB
B KPHCTAMIaX, JAHHbLIE 0 KOTOPLIX MOXKHO TOJYYHATh H3 PEHTTCHO- WM HEHTPOHO-
rpaduIecKEX HCCICI0BAHNY, JaeT YKAa3aHHS HA BO3MOXKHBIE IIyTH MHIDanUy H HX
BepoATHOCTL. TeopeTHyecKne MOJETH, OCHOBAHHBIE [IPEHMYIECTBEHHO Ha MPOCTHIX
HOHHBIX MOJENAX (CM. Il 2), IOMOralT OUEHHTDb IIPaBIONOAOOHOCTDL MPEITOKEH-
HbIX MEXAHH3MOB.

m Nucdysns — aKTHBALEOHHDIH POLECe; B TBePABIX TesaX KoadhuupeHTbI Jud-
(by3nH CHIIBHO 3aBHCAT OT HAJHYAA W THOA JeheKTOB.

B) TBeppie a1eKTpoIATEL

B coctas nr060it anekTpoXEMHYecKOil sidelikn — baTapen, TOINTHBHOI'O 3J1€-

MEHTA, JEKTPOXPOMHOIO HHAHKATOPA WIIH 3JEKTPOXUMUYIECKOTO NaTIHKA —
00A32Te/bHO BXOOUT 3JEKTPOJNT. [ HCronb30BaHHA B TAKHX YCTPOMCTBaX HaH-
foJee TpHUBJEKATENbLHbI TBEPAbE SIeKTpoanThl. [IpuMepaMn coenuHeHUH C O9CHB




272 Mnaea 18. CTpykTypa v cBOWCTBa TBEPALIX TeN

© Ag', Hg*" unu sakarcus

Puc. 18.13. Pa3nnyHBle MeXaHU3IMBI Puc. 18.14. HuskoremiiepaTy pHas yIIo-
JBMPKEHHs ATOMOB M HOHOB B KpH- psmouennas crpykrypa AgzHgly (a).
crajutax: a— oOMeH; 6— BbITECHEHHE BoicOKOTEMIIepaTypHasi  HeyNopsaL0vIeH-
B MEXIOY3/Me; 6— MHIrpaisa 1o wasi crpykTypa (6). B sToit dopme
MEXIOY3/HAM;  2— MHTpDaiusa [0 COeIVHEeHHEe CTAHOBHTCST HOHHBIM (Ag*)
BaKaHCHIM. MIPOBOIHHKOM.

[IOIBWKHLIMM KATHOHAMH CJIYKAT rerpanonomepkypat(ll) cepebpa AgeHgls u
(3-AlyO3, NernpoBaHHLIN MOHAMH HAaTpHs (ero cocTaB Naj42Al1101744/2). Tlepsoe
B3 3THX BEIIECTB — MEXAHWYECKH MATKOE BELIECTBO C JIErKO NeOopMUpyeMolt KpH-
CTaJIJIHIECKOM PENIeTKO; BTOPOe — MKECTKOe, CHIIbHO MPeIOMJIIomEe CBET.

Huxke 50°C AgeHgly kpucTammusyeTcss B CTDYKType, B KOTODOH Agt u Hg?t
YIOPSAOYEHHO PACTIOIOMKEHB! B TETPasIpPHYeCKHX MycTOTaX, 0OpasoBaHHbIX HOHA-
mu [~ a 9acTh Takmux IycToT BakanTHa (puc. 18.14,a). [Ipn aTux TemmepaTypax
3JIeKTPOTPOBOAHOCTDL HU3Ka. Boime 50°C HoHbI Agt u Hg?* zamosusior TeTpasi-
DHYECKHMe IyCTOTHI cCTaTHCTHYecKw (puc. 18.14,6) ¥ BELIECTBO CTAHOBUTCA XOPOLINM
FOHHLIM [IPOBOIHIKOM (B OCHOBHOM 3a cdeT HoHOB cepebpa). ITocko/bKy mozapeiueT-
Ka HOHOB I~ Jjlerko nedpopMHpYyeTCs, HOHbI cepebpa MHTPHDYIOT ¢ MaJIOH# sHeprueh
AKTHBAITAH. DTOT IPUMep WIIOCTPUPYeT OBy 0 3aKOHOMEPHOCTD: HEOPraHU1eCKHe
TBEpBIC IEKTPOIMTH, KaK MPABWIO, 06JIafal0T HH3KOTEMIIEPATYpHO) MoLudIKa-
ruelt, B KOTOPO$ MOHBI H BAKAHCKHH YIIOPSAJ09Y€HEl, U BBICOKOTEMIIEPATY PHOM, B KOTO-
poit OPSANOK MCYE3aeT, & MOHHAsS IPOBOIMMOCTh PE3KO BospacTaeT. UasecTHO MHO-
ro APYruX 3JEKTPOJHTOB € «MACKIMU» KPUCTAJIIHYECKHMH pelIeTKaMH, HAlpUMep
Agl unnm RbAgyls, nposonsmyue 3a cuer nonos Ag™. [TonsmxrOCTh NOCTEHUX Ha-
CTOJIBKO BBLICOKA, YTO 3JeKTPOIpoBoasocTh RbAgyls mpn KoMHaTHONH TeMIEPAType
BbIllle, YeM y BomHoro pacTsopa NaCl.

Harpuepas dopma $-Al; O3 — npuMep MeXaHHIECKH KeCTKOIO HOHHOIO IIPOBOA-
HUKa. B ee cTpyKType >kecTkue W TUIOTHBIC cjion Al;O3 cBSI3BAHBI CPABHHTEIHHO
PEIKMMHE KHCJIOPOIHLIME MocTuKam# {pHc. 18.15). B miockocTH, comepkalieit 3TH
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MpoBogAuMA cnon Na*

a MocTukossiit voH O 6
Puc. 18.15. CxeMmarndeckoe uzobpaxkenne crpykTypbl §-Al2O3: a— nua cboxy, MOKa3aHbl
npoeogaue ciion NagO mexay Gnokamu Al O3, koTOpbIe CBA3AHLI ATOMAMH KHCI0POAE;

6 — BHJ CBEpXYy Ha MpOBOJALIME CJIOHM; 0OPATHTEe BHMMAHHME HA BBICOKYIO KOHIEHTDAIHIO
MOABHXHBIX HOHOB M BAKAHCHIl, 0 KOTOPBIM OHH MOTYT MHTPHPOBATD.

MOCTHKH, PAcIIoararTcs Takxke UoHel NatT, KOTopble MOTYT IBHIAThCA, HE BCTPe-
yas GOJBUTMX 3aTpyHeRuil. M3BeCTHO MHOTO COeNMHEHNH TaKOro THIIA, B KOTOPBIX
HOHDI MOT'YT JBHTATHCH TI0 KAHATAM HJIH MEXKCJIOEBBIM IPOCTPAHCTBAM; OHI Ha3blBa-
JOTCS KAPKACHBIMH MOHHBIMH ITPOBOJHUKaMH (3/1eKTpoiuTamu). B crpykrype
el1le OZIHOrO POACTBEHHOTO COoeIHHEHHs, HaTpneBoit Hopmbl §7-Al; O3, MOABIKHOCTS
HOHOB HATpHs OrpanmdeHa eme cnabee, yeMm B F-AlyO3, ¥ okazanoch BOIMOKHBEIM
3aMECTHTB B €€ cTpyKType HoHbl Na¥ Ha nByx3apsnmbie kaTnonbl THIa Mg?t nin
Ni®*. B crpykrypy (”-Al;O3 ynaerca BBecTH fayke KPYIIHBIH KaTHOH JIaHTaHHAZIA
Eu?t | xors auddysns Takux HOHOB 3aMETHO HIDKE, 4eM HX 60J1ee MEJTKIX aHAJIOrOB.
STH npuMepLI WTIOCTPUPYIOT 0bIiee HanPaBJICHHEe CHHTE3a HOBBIX TBEPIBIX Be-
LIECTB ¢ TIOMOIIBLIO TIporeccoB AudPy3uu IIPH TeMNepaTypax, KOTOpble 3HAUATEb-
HO HHJKE TeMIlepaTyp IUIABJIEHHs HCXOOHBIX BemecTB. Takolt HU3KOTeMIIepaTyp-
HBIH CHHTEe3 JaeT BO3MOXKHOCTD IOJY4HTh G0JIbUIOE KOJHYECTBO TEPMOIHHAMAYE-
CKH HEYCTOMYMBBIX BEINECTB, KOTOPBIE He MOTYT ObITh IIOJNy4eHbl KPHCTAJLIH3aIH-
el u3 pacnnasa. JlanTanunmele dopmer 57-AlyOs, mosyderHbie TakAM crocoboM,
NpeNCTaBIAIOT UHTEPEC KaK NOTEHIMaIbHble paboune Teja Ja3epoB.

Mpumep 18.2. Baaumoceade Mexgy 371eKTpONPOBOJHOCTLIO M pa3MepoM MOHOB B Kapkac-
HOM 3/1EKTpOAINTE.
HcenenoBanns smekTponpoBogHocTh 00pasuos J-Ala O3, cogepKamux oHO3apsaHbIE
KATHOHBI C PA3JIMYHBIMH Pa/INyCaMHu, TOKA3BIBAIOT, YTO SHEPIMH AKTHBALMY MUTPaLnH
noroB Ag® n Nat, pagmyc koropwix okono 1A, 6muskn um cocrapnsior npubGJIM3H-
renbio 17 kJlx/Moms, B To npemsa xak mia TIY (pammyc 1,4 A) — npubauznTennHO
35 kI /Moun. Tlpennosxknte o0bsiCHEHHe 3TOTO haKTa.

Orteet. B Harprepoit n apyrux poxcroeHnbrx dopmax §-AlaOs mocrarouno 2KECTKHH
KapKac COAEPXKHT JABYMEPHYIO CETKY IIYCTOT, [0 KOTOPBIM MOTYT MHIPHPOBATh KaTHO-
ubl. McX0Aa M3 9KCHEePHMEHTANbHBIX JAHHBIX, MOXKHO IPEANONIOXNKNTD, YTO MOHbI Na*t
i Agt OTHOCHTENBHO JETKO TPOXOAAT depes Hanbojiee y3KMe MecTa STo#l CETKH, B
To BpeM# Kak Gomee kpymueiit T11 3acTpesaer B HEX.

Bonpoc 18.2. TToueMy yBenH49eHHE JaBJeHMs BbI3bIBaeT (osiee pe3KOe MOHHXKEHHE S/IEK-
TponposogHocTH Kauesoit ¢opmbl §-Al;O3 mo cpaBHEHHIO C HaTpuesoi?

18. Heopraw. xumus. Tom 2
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Obimeit OCOBEHHOCTHIO TBEPBIX IEKTPOJHMTOB ABJAETCH BBICOKAA KOHIEHTDA-
LSt TOABIKHBIX HOHOB M BAKAHCHH, & TAK)Ke CYIIECTBOBAHHE MyTedl MUrpammu
[10 BAKAHCHSIM, XADAKTEPH3YIOLIEXCH MaTbIMH RKTHBALHOHHBIMA GapbepamH. Us
Ag,Hgly, u B natpresoit popme §-AlyO3 HMEIOTCH BLICOKHE KOHLECHTPAIWH HOHOB-
nocurenelt (Agt m Nat coOTBETCTBEHHO) M BaKAHCHIHA, 10 KOTOPLIM OHM MOTYT MU-

IpHPOBATh.

l“ Heoprauudeckue TBep/ble SJeKTPONUTHI, KaK NPaBuo, 061313107 HU3KOTEMIIE-

paTypHO# MoauduKalpel, B KOTOPOH HOHbI M BAKAHCHH yIOPAJOYEHDL, B BLICO-

KOTEMIEPATYPHOH, B KOTOPOi! MOPAIOK HCUE3AET, 8 HOHHAA [IPOBOIANMOCTD PESKO
Bo3pacTaeT.

OCHOBHBIE CTPVKTVPHbIE'TMI'Ibl oKCcnaos n TOPNAOB

B sTOM pa3zene PaccMOTPHBAIOTCA COEJMHEHHS METAJJIOB, COACPIKAIME HECTKHE
okcHaHble 1 GTopugHbe annoHbl. Ha Hux yno6HO HAOMIOIATL Ae(eKThl, HECTEXHO-
meTputo, Aubdy3HI0 HOHOB U UX BJINAHNE HA ¢dhusmaeckue cpoiicTsa. B sToM ke
pa3esie OMACHIBAIOTCA CTPYKTYPbl TBEPABIX BEIIECTS, MHTEPECHBIX C TOYKH 3PEHHS
CHHTE€38, MATHHTHBIX M CBEPXIPOBOAAINMNX COENMHEHUMN.

18.4. MoHookcuabl 3d-metannos

MOHOOKCHIB! GOJBLIINHCTBA 3d-METaNI0B KPHCTANIN3YIOTCH B CTPYKTYpPHOM THIIC
KAMEHHOH COJIH, 1, Ha MepPBbiil B3N, MOXeT MOKA3AThCs, YTO UX CBOHCTBA J0MK-
HbI 6bITH BECbMa MPOCThIME. Ha camMoM aeiie 0COGEHHOCTH KPHCTATTHYECKAX CTPYK-
TYD W CBOHMCTBA 3THX CO€/WHEHHl HACTOJbKO MHTEPECHBI, YTO OHH HCCJICLOBATUCH
HeomHOKpaTHO (Tabn. 18.2). B wacTHOCTH, Ha NpUMepe THX COCAWHEHWH yZobHO
NOKA3aTh, KaK HAJIMYHE CMEIIAHHBIX CTereHel OKWCIeHns U AedeKTOB IPHBOIAT K
HecTexnoMeTpHH, nockoabky coemmrerns TiO, VO, FeO, CoO n NiO mox#o mo-
JYYATH B CYWECTBEHHO HecTexuomerpuynoit dopme. MoHOOKCHIB! 3d-s3nemenToB
06JI3,0a10T JOCTATOYHO HIMPOKHM JUWANA30HOM XHMHYECKHX CBOMCTB-— OT JHEPrud-
HLIX O BecbMa CJIaGBIX BoccTaHoBuTeseil. Kak creicTsue, mMyTH IOJYyHCHHSA 9THUX
COEZIMHEHNI TaKXKe BeChbMa DA3JINdHbL.

a} JedexTrl n HecTeXHOMeTpPHS

[Ipuuuna mecrexnomerpnn B okcuae keneza FeO nccremosana 6oJsiee IETATLHO,
9YeM B COeQMHEHUSX IPYyTUX 3JEMEHTOB. B HacTosee BpeMs NPHHATO CIUTATh, YTO
HECTEXHOMETPUSA BO3HUKAET 34 CYeT BAKAHCHN B OKTAIAPUYECKHUX MO3UIHAX Fe?;
KOMIIEHCAIINA 3aPa/a IPOUCXOAUT 34 CHET IEPEX0a ABYX COCENHUX HOHOB XKE/Ie32 B
TPeXBaJenTHOe cocTosme. OTHOCHTEBHAS JerKocTh oknctenus Fe?™ no Fe’t mpn-
BOJHUT K TOMY, 9TO COCTAB MOXKET H3MEHSAThCH B JOCTATOYHO IIWPOKOM JAHATIA30HE.
[Ipy BBICOKNX TeMIepaTypax Mexkoy3elbHbie HoHEl Fedt 1 BakaHCHH B MOSHLHASAX
Fe?t 06pasyioT kiacTepnt fedeKTOB, paccesiHEbIe M0 Beelt cTpykType (puc. 18.16).
Takue ke KiacTephl AePeKToB 06pa3yl0TCa M B CTPYKTYPaX JpYyruxX MOHOOKCHIOB
3d-meTannos, 3a UCKIOYeHNEM, BO3MOXKHO, NiO. 3aMeTHTh 3TO ABJIEHHE B OKCHIE
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Tabnuua 18.2. MoHOOKCHIbI METANIOB 4-TO TIEpHOIA

Coedunenue Cmpyxmypa Cmezuomempun Saexmpuvecwue

3 cgoticmea
CaO, NaCl 1 Uzonsarop
TiO, NaCl 0,65-1,25 Merann
VO, NaCl® 0,79-1,29 Merasn
MnO, NaCl 1-1,15 [MonynposogHuk
FeO, NaCl 1,04-1,17 [TosnynpoBOIHUK
CoOy NaCl 1-1,01 ITonynpoBogHUK
NiO, NaCl 1-1,001 [Monynporogauk
CuO, PtS 1 IMonynposogHuk
Zn0, BropTuur Hebonbiuoit [TonynpoBOAHHK n-THIA
u36bITOK Zn € UIHPOKOM 3AIIPEIEeHHOR 30HOH

® [Ipn umskux Temmeparypax VO obiazaer Meree CUMMETPHYHOI CTPYKTY-
po#.

HUKEJI HAMHOIO TPyAHEE U3-38 0YeHb Y3KOi 06JACTH FOMOTEHHOCTH 3TOTO COeIHHE-
ausa. OIHAKO 371EKTPONPOBOAHOCTL W ¢KOpocTh auddysun aromos B NiQ 3aBucar
OT IaPIHATbHOIO JABJEHUA KMCI0POAa TAKUM 06pa30M, YTO MOYKHO IIPEIIION0MKUTE
HAJIMYAE TOYEYHBIX Je(EKTOB B CTPYKTYPE B ITOTO COEIHHEHHS.

N B CoO, u B NiO HabI1012€TCH HEOCTATOK METAJLIA IO CPABHEHHIO C IPHBE-
JAeHHOI dhopMysIoil, HO OH BhipaXkeH He CTOJIb 3aMeTHO, Kak y FeQ. Kak nmoka3nisa-
10T CTaHJAPTHbIE TOTeHMHabl (pa3a. 6.3), B Boaubx pacrsopax Fe?t okmcnsercs
sHaunTenbHo Jerde, yeM Co?T u Nit. D10 Bmonme KoppenupyeT ¢ MeHLIIAM HH-
repBajoM HecTexuoMeTpur B CoO u NiO. Okcux xpoma(Il) CrO me cymectsyer,
HOCKOJbLKY OH CaMOIIPOH3BOJIBHO AWCIIPOIIOPIHOHNDPYET:

3CrO(tB.) —» Cry03(t8.) + Cr(TB.)

Onnako CrO ynaercs cTabuau3npoBaTh B BuLe TBepaoro pactsopa B CuQ. 3amer-
Has HECTEXWOMETDHS JIsi OKCHIOB METaMIoB 2-i rpymmsl, nampuMmep CaQ, neBos-

BakaHTHanA

oKTaaApuyeckan 5
nO3uLMUA 0" (TUK)

Puc. 18.16. Ilpenmomaraemble Tunbl ned€eKTOB B
FeO. Cnegyer oTmerutb, uYTO MEXKAOY3ICIbHBIE
nonbt Fe¥t ¢ terpasmpudeckoil koopauHanuen pac-
TOJIATAIOTCS PSIJIOM ¢ OKTAdAPHUYECKUMH BaKaH- Fe®*
cusimu Fe?t. (reTpasaapuyeckuin)

18
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MOXKHAa, TOCKOJIbKY 1J151 ATUX MEeTAJIJIOB HEBO3MOXKHbI 00J1ee BLICOKHE CTEIIEHH OKHC-
JIEHHA.

l“ HecTexuoMeTpHs B FeO BO3HHKaeT 3a cyeT BAKaHCHN B OKTa3APUYECKHX IIO3HU-
LUAX Fe2+; KOMIIEHCALUA 3apala IPOUCXOAUT TyTeM IepexXoAa ABYX COCEIHUX
HOHOB JKEJIE3a B TPEXBAJEHTHOE COCTOSHUE.

6) DJIeKTPONpPOBOJHOCTD

Coemuuenns MnO, FeO, CoO u NiQ o61a1a0T HU3KOH 3JI€KTPOITPOBOAHOCTBIO, KO-
TOpas BO3PACTAET ¢ TEMIEPATYPOI; TAKHM 00Pa30M, OHI OTHOCATCH K NOJYIPOBOA-
HEKaM. MHCDAIUS JIeKTPOHOB H IBIPOK B 9THX OKCHIHBIX IIOJYIPOBOAHHIKAX, Kak
[10J1ACAI0T, TPORCXOMT 1O IPBIKKOBOMY MeXaHu3My. B cOOTBETCTBHM C MOZEJBIO
IPBIXKKOBO# TPOBOAMMOCTH 9J1eKTPOH MM AbIPKA ITEPENPLITUBAOT U3 OJHOTO JIOKa-
JIM30BAHHOTO (HA KOHKPETHOM ATOME MeTallla) COCTOSIHUS B APYTOe. [oce pbK-
K&, Ha HOBBII aTOM MeTala COCEOHHME aTOMBI HECKOJBKO CMEMJAITCsS W HOCHUTEJIb
3apANa OKa3blBAETCA Ha HEKOTOPOe BpeMs 6JIOKHPOBAHHBIM B 06pa30BaBuIeHcs ro-
Termuanbroll aMe. ClleLyOmUil IePeCKOK MOXET MPOH30HTH JHUIL B PE3yJIbTaTe
TepMHUYeCKOH aKTUBALMH. [Ipe/monara0T TaKkKe, ITO 971eKTPOHBI H JBIPKH 3aXBa~
ThiBa1OTCS dedbeKTaMu cTPyKTyphl. TakuM o6pa3oM, 9HEPrUs aKTUBALIUH MATDAIIH
MOYKET BKJIOYATL €Ile HEPTHI0 OTPbIBa HOocHTeds OT Jedexta. [IpoBoauMocTs B
MnO, FeO, CoO u, soamoxuo, NiO peanusyeTcs UMEHHO IO NPLRKKOBOMY MEXa-
HH3MY, O/IHAKO HE sICHO, KAKOW W3 3TAlOB MUTPALW SBJACTCHA JHMHTHDYOIIHIM:
OTpBIB OT JledpeKTa HIH NEPECKOK.

Mozgesb OPBEKKOBOH NPOBOJMMOCTH OTJIMYAETCH 0T MEXaHU3Ma, MPe/IOKEeHHO-
ro JUIS MOJIYIPOBOAHHKOB B OCHOBAHHOTO Ha 30HHOH MOZEJH (pasn. 3.15), KOTZ1a
NPEAOaracTCsa, YTO 3JIEKTPOHBI MPOBOZAMOCTH U BaJEHTHbIE 3JEKTPOHBI DacIio-
JIaraloTC Ha OPOHTANAX, OXBATHIBAIOIMX Bech Kpucraai. [Ipuduna pasnnynsa B
TOM, 4TO d-Op6HTANH B MOHOOKCH/X METAJIOB NpaBoit 9acTu d-6J0Ka MeHee pas-
MBITHI W HE CIOCOOHBI K 3((EKTHBHOMY NEPEKPHIBAHNIO ¢ 0Opa30BaHHEM HNINDO-
KHX 30H, HEOGXOMMMBIX JIUIS METaJLIHYecKol NPOBOIMMOCTH. Y2Ke GbII0 OTMEUEHO,
uro 1pu neruposanuk NiO ¢ momompio LisQ B IpHCYTCTBHE KHCJI0POZa 00pa3y-
€TCA TBepIblil PaCTBOP LimNig_I)_,cNigH)O, IpH 3TOM JEKTPOTTPOBOJHOCTD 3aMETHO
BO3PACTAET BCJIEACTBHE 06pa30BaHnd JLIPOK B BAJEHTHOH 30HE, AHAJOIHYHO TOMY,
KaK BO3DACTACT IIPOBOAMMOCTb KPEMHUs NPH JIETUPOBAaHHU GopoM. XapaKTepHOe
JUIS OKCHIOB-TIONYIIPOBOAHNKOB PE3KOE BO3PACTaHWe IPOBOAMMOCTH C TEMIIEpaTy-
poit ucrions3yercss B TepMUCTOpaX — Mpubopax JJid u3MePeHus TeMIEepaTyPhL.

B ormmume or mosnynpoBogHHKOB — OKCHJIOB METAIIOB KOHIR 3d-pAna, MOHO-
OKCHABI MeTALIOB Hadala psaja, 110 u VO, 061312107 METAANNIECKOH TPOBOAN-
MOCTBIO {[ICHHKA€TCs ¢ POCTOM TEMIIEpATyphl) B ILIMPOKOM [IHAIIA30HE COCTABOB —
KaK NpH U3O6BITOYHOM, TaK W TIPH HEJOCTATOYHOM COAEPYXKAHWHM MeTasa. Y 3THX
CoegHHeHN 30HA TPOBOIUMOCTH C(HOPMHPOBAHA BCJEACTBHE INEPEeKPLIBAHUS OPH-
€HTHPOBaHHLIX HABCTDEYy APYr JPYTY tog-OpOuTaseil cOCEIHMX HOHOB METAJLIa
(pmc. 18.17). Y aTux sneMenTOB d-0pOUTANH J0CTATOYHO Aud@Y3HbI U MEPEKPhI-
BaIOTCA BechbMa, 3ddeKTusHo, 4Tobbl cchopMmuponaTh 30HY (puc. 18.18), KoTopas
3aIoJHeHa, Jalb JacTraro. [[Iupokasa obnacTh HECTeXHOMETPHH 3TUX COEIWHEHUN
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M2+ 02-

Puc. 18.17. IlepexpuiBanue d,.-op- Puc. 18.18. /lnarpaMma 9HEpPreTHYeCKHX YPpOB-

6utaneir 8 TiO, npupogsinee kK 06-  Heil MONEKYJAPHEBIX OpOHTaNIel IS MOHOOKCHAOB

Pa30BaHMIO {og-30HBL d-MeTtan1oB Jiepoit 1acti d-6/0Ka. ty,-30Ha 3am0-
HeHa JIMlIb YACTUYHO, YTO IPHUBOIHT K MeTaJlId-
4eCKOil IIPOBOIUMOCTH.

obbACHACTCA AeNOKANN3aluell 3JIeKTPOHOB: 30HA IIPOBOAWMOCTH CIYXKHT <«pe3ep-
BYapOM» 3JIEKTPOHOB, KOTODBIH MOXKeT JIHOO 3aroJIHATLCA NP H3OHITKE MeTajia,
JIN6O HECKOJIBKO OIYCTOIIATLCS NPH H30BITKE KUCJI0poAa. TakuM 06pa3oM MpPOHCXo-
IAT KOMIIEHCAIUs 3apaja aedeKToB (BakaHCHil).

”| Monookeunsl MnO, FeO, CoO u NiO orHocaTca K MOJYNpPOBOJHHKAM, B TO
BpeMa Kak TiO u VO o6sanaloT MeTalIndecKolt IpOBOJUMOCTBIO.

18.5. Boicwiwve okcugbl

B sToM pasjese pacCMaTPHBAIOTCH BBHICIINE OKCHABI, 0coboe BHHMaHAe yJendeTcs
HX WHTEPECHBIM KPHUCTAJJINYECKUM CTPYKTYPaMm U CBOHCTBaM.

a) Coemunenns M203 co cTpykTypoit KopyHAa

HecmoTps ma To uTo a-AlyOs3 (MEHepan KOpyHZ;) Jydile BCErO ONHCHIBATH Kak
CUILHONOJSPHOE KOBAJIEHTHOE COSIHHEHIE, M0 KPUCTALINYecKasd CTPYKTyPa npel-
cTaBsger coboll MeKCArCHAJIbLHYO MUIOTHEHINYIO YIAKOBKY MOHOB 02-, B xoTOpO#
2/3 OKTa’IPHYECKHX MyCTOT 3aHATO KATHOHAMH MeTasia. Jlerann sroft CTPYKTY-
PBL BECbMa CJIOKHEL, H HeT HeoGXOQUMOCTH Ha HHX OCTAHABJMBaThcs. B CTpYyKTY-
pe KopYHIA KpPHCTAIM3YIOTCA OKCHIALI TPEXBAJIEHTHLIX THTaHa, BaHaJUA, XPOMa,
skeste3a ¥ rasumd. Jsa u3 #Hux, TiaO3 u V2 O3z, AeMOHCTPHDYIOT Hepexol, MeTall —
nonynpoeoauak npu 410 m 150 K coorercraenno (puc. 18.19). ¥ V,O3 nepexon co-
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5 MonynpoBOAHKK
3 10—6 » PasHocTb
© N0TEHUMANOB  SnexTpoas! U3
2 -
= - nopucToi Pt
g 107
% V,0,
8 1072
Q
5
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Puc. 18.19. 3aBucumoctb SJICKTPOTPOBOAHO- Puc. 18.20. YyBcTBUTE/IBHBINH K KHC-
cri V203 OT TeMreparyphl, YKa3bIBAIOIAsl HA  JIOPOAY QATIUK, OCHOBAHHLIM Ha TBEP-
Iepexol, METAJLT — IOIYIPOBOHHK. oM snexrpoiute ZrOz/CaO.

POBOX(aeTCsd aHTN(hEepPPOMArHUTHBIM YIIOPANOYEHHEM CIIHHOB. Uzonarops Cra03
u FesO3 TakKe OTHOCATCA K aHTH(EPPOMATHETHKAM.

U3 apyrux nuTepechbix ocobeHHocTeH oKennos MoOg crienyeT ynoMsaHyTh TBEp-
apie pacTBOpbl Mexkay TemHo-3eMeHbiM CraOs u 6GeClBETHBIM Al>Q3, xoropbie
OKpAIIIEHBI B APKO-KpacHbIA 1BeT (61aropoaubIit py6un). Kak 6bL10 OTMEUEHO B
pa3z. 13.6, aTOT CABHI B 3JIEKTPOHHBIX [€peXol)aX B MOJe JIMTAaHIOB HOHA Cr3*
ceazan co ckarueM oktasapa CrQg (ans AlaOz mapaMeTphl pelieTKH COCTABJIAIOT
a=475A unc=1300A, B To Bpems xak st Cro03 a = 4,93 A u ¢ = 13,56 A).
B pesy/bTaTe 9TOr0 CKATHA [0J0CA MOTJIOUIEHHS CMEIAeTCA B Toy0yro 061acTh,
M B NPOXOJALIEM CBETE BEIECTBO CTAHOBHUTCHA APKO-KPacHbIM. TyBCTBHTEIBHOCTH
crekTpa norsouenus (1 hIIyopecueHIn) HOHa Cr®t Kk OKaTHIO MHOTA MCIIONb3Y-
0T JUif H3MEPEHHS JABJIEHHUS B CIEKTPOCKONMIECKUX IKCIEPHMEHTAX, POBOIANMBIX
IpH BBICOKOM faBJieHud. He6osbmoll KpUCTAIINK pyOuHa, MpUKPeNIeHHbIH K 06~
paslly, OCBEN[AIOT BHANMBIM CBETOM, H 10 CABHTY criekTpa (hIyopecueHInH MOXKHO
OIPEeIeTUTh JABJIEHNE BHYTPH allapara.

|” B crpykType kopynua (a-AlyO3) KpUCTANIIH3YIOTCA OKCHIBI TPEXBaJCHTHBIX
THUTaHa, BAHAJUA, XPOMa, XKeJIe3a U ralljIud.

6) MO3 u dmoopur

B cTpykType (hmoopuTa KATHOHB OKPYYKEHBI BOCEMbIO aHHOHaMH (DHC. 2.13). Kax u
B ctpykType CsCl, BhICOKOE KOODAMHALIMOHHOE YHUCIIO OObACHAETCA OONMBUINM pas-
MEPOM KaTHOHA. 9Ta CTPYKTypa HalijeHa [ys HEKOTOPBEIX (PTOPHIOB, HaIpUMeEp
PbF,, u okcmaos, manpumep ZrQs.

B 1834 r. M. @apageii mamen, 4To pacKaJeHHBIH AoKpacHa PbF2 cranoBuTCs
XOPOIIUM [POBOJHHUKOM 3JIEKTPHUYECTBA. JHAUHUTEIbHO I103JHEe BBIACHHJIOCH, 1TO
5JIEKTPOIPOBOJHOCT BO3HUKAET U3-3a BHICOKON NOABIKHOCTH MoHOB F ™. AHnOHHAS
IIPOBOAMMOCTb XapaKTepHa M Ui APYrux TOPHIOB CO CTPYKTypo# doopura.
Kak nonararor, MErpalius IpPOHUCXOOUT MO MEXKIOY3eJLHOMY MEXaHU3MY, T.€. HOH
dTopa cHauama cMelaeTcst B MEXKI0Y3/He, a 3aTeM — B OJIKANMIYIO BAKAHCHIO.
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HekoTopble oxcuipbl co cTpykTypolt (ioopura 0671a7aI0T TPOBOAMMOCTBIO 33
cuer murpamun nonos 02~ . Hambonee masecren cpemu mux ZrQOg, JerupoBaHHBIH
CaQ gaa crabunmsaumu dmoopurononobuoli dazet (y uucroro ZrOs crpykrypa
dbmroopuTa yerofunBa AMIIb IPU BHICOKUX TeMOeparypax). C kaxabM nonom Ca2+
B KHCJIOPOJHYIO [OAPEINETKY BBOAMTCH OIHA BaKaHCHS (I CODIIONEHHS IEKTPO-
HelTpansHOCTH ). Brarogaps aTuM BaKaHCHAM HOJBHXKHOCTb HOHOB KHCJIOPOZA, 3Ha-
YUTEJIBHO BO3PACTAET.

Juokcuy uupkouus, crafunusuposanubil CaQ, ucnosssyercst Kak pabodnit
3JIEKTPOJIUT B TBEPAOTETLHOM 3MEKTPOXHUMHIUECKOM JATUYHKe JJIs1 OllpeIesIeHUs Hap-
IMABHOTO JABJCHHS KHCIOPOAa B BBIXJIOMHBIX ra3ax aBToMoOmielt (puc. 18.20)1).
[InaTuHOBHIE 3JIEKTPOABI AACOPOUPYIOT aTOMBI KHCIOPOAA H, eClH MaplUaJbHbIE
JaBJIEHUs KUCJI0POJa B UCCIIEIyeMOM Ira3e U CO CTOPOHBI 3JIEKTPOAA CPaBHEHUS Pa3-
MUYaIoTCA, 6yJeT TepMOAMHAMAYECKH BHICOJHOM MHUrpamus kucaopoia (B dhopme
0?%7) gepes snexrponut. IIponeccs!, TPOUCXOIANINE Ha MEKTPOLAX, MOXKHO 3allH-
€aTh CIAeOYIOMMM 00pa3zoM:

Bricokoe po,:

O3(r.) + Pt(rs.) — 20(Pt, noBepxHOCTSH)
O(Pt, nosepxuocTs) + 26~ — 027 (Zr0,)

Huzkoe po,:

0% (Zr0;) — O(Pt, noBepxHocTd) + 2~
O(Pt, nosepxuocts) — O(r.) + Pt(Ts.)

ITorenuuan aTod SYeHKM CBSI3aH € [MAPIHAIBHBIMHE JaBJICHUAMHU KHCJIOPOJIA ypPaB-
neuneM Heprera (paza. 6.3), mosToMy npocToe U3MepeHHe MOTeHINAa O3BOJIAET
onpesIeNTUTh NaplUalibHOEe JaBIeHHE KHCIOPOAa B BHIXJIONHBIX ra3aXx.

B) IITmmrem

Ipoctoie okcuanl d-anementos Fes Oy, Coz04, MnzOy4 1 MHOXKECTBO POACTBEHHBIX
IBOHHBIX OKCHJIOB 06J1a0al0T HHTepecHBIME cBoficTBaMu. OHM KPHCTAJVIM3YIOTCA B
crpykType mnurent MgAlaO4 u nmeror obmyio bopmyny AB2Q4. S1a cTpyKTYpa
6118 KPAaTKO OMicaHa B pa3/l. 2.9,1; ee MOXKHO [IPEACTABHTh KaK KyOH4eCKYyIo I1JI0T-
Heitmyio ynakosky (['1IK) monos 02?7, B koTopo#t HoHE A 3anuMaioT 1 /8 TeTpas-
DUYECKHX TIYCTOT, & HOHbI B — 1/2 okTasapuaeckux nycror (puc. 18.21); uacto o1y
cTpykTypy obosnauvaioT kKak A[B3]O4. B cTpykType o6palneHHOMH MINNHeIH Pacipe-
Jenenne kaTnonos nHoe — B[AB]Oy4. PacueTs! sHTANBINE KPUCTA/UTHECKOH pelIeT-
KH, OCHOBaHHBIE Ha [IpoCTeNel HORHOM MOIENH, IOKA3BIBAIOT, YTO I CIy1asd AZF
u B3+ crpyxrypa HopMansroit mmuaesnu A[B2]O4 Gonee Berrogma. Ha camom zene
MHOT'ME COEIUHEHUS ITOrO THIIA KPUCTAUIU3YIOTCA 110 THIY OOpaIneHHON IIIHHEe M,
NPHUYMHA B TOM, YTO IPOCTas 3JIEKTPOCTATHYECKAS] MOZE/b He yUHUTHBaeT SHEPrHio
CTAGUIM3AIMH [10JIEM JIHTAHIOB.

1 CurxaJl, MOCTYNAIOMMII OT AATYNKA, MCIIOIb3YeTCsA AJIsl PEryJHpOBAHAs COOTHOUIEHH MEXAY
TOIIHBOM H KHCJOPOJOM M, COOTBETCTBEHHO, COCTABA Ta30BOH CMECH, MOCTYNAIOIIeH B KATaJIHTH-
YeCKM KOHBEPTEP.
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A (TETPasApHHECKWiA) B (oKTa3apu4ecKuit)

Puc. 18.21. ®parmenT 3JEMEHTAPHON
staeitku wnuuenn AB2Oy4. Tlokazano
TETPAvPHIECKOE OKPYXKEHHE HOHOB A
I OKTa3/IPUIECKOe OKPYXKEHHE HOHOB
B. (Cparnure ¢ puc. 2.19).

@aKTOPOM 3aCETEeHHOCTH A IUIFHEH HA3BIBAIOT J0JI0 aToMoB B, pacmo-

JIOYKEHHBIX B TETPAdAPHIECKUX MyCcTOTaX. JJist HOpMANLHON IMINHHETH — A =
0, mist obpamennolt A = 0,5. Pacnpesesienne KaTHOHOB B Pa3/IMYHBIX MIMHHENAX C
A%t » B3t (Tabn. 18.3) mokasbiBaeT, 4TO At HOHOB A u B ¢ koudurypanuett d°
B COOTBETCTBHHM C TIPEICKA3AHUAMH 3JIEKTPOCTATHIECKOH MOJeH MpeuMyIeCTBEH-
HO peaju3yeTcsl CTPYKTYDPa HOPMAaJIbHOHN IUIMHHEIN A[B2]O4. Econ xe A%t umeer
kouduryparmo d, d7, d® wim d?, a mon B3+ —aro Fe?t, o6brano obpasyercs obpa-
mennaa mmuiessb B[AB]Oy4. 910 erko 06bACHUTD TeM, YTO Y HOHA Fe3t (xomdury-
panus d°) sHeprus cTabUIN3alMY II0JIeM JIATAHIOB Kak B TETPA3APHIECKOM, TaK U B
OKTa3pUIeCKOM OKPYKEHHH DaBHa HYJIO, a VIt IPYTHX d"-MOHOB OHA MAKCHMAJIb-
Ha B OKTa3ApHYECKOM OKpy kenuu. Heo6xon1uMo 0TMETHTE, YTO NPOCTasd TEOPHUA 10~
JI JIMCaHIOB TAK)Ke OObACHAET JIMHIL HacTh CJaydaes. Jd MOBBIEHUS TOYHOCTH
Tpe/CKa3aHni HEOGXOAMMO YHHTHIBATb HE TOJBKO 3JEKTPOHHYIO KOH(HIYpPaLHIO,
HO ¥ pajyyc HoHa. Bojee Toro, A 4acTo 3aMETHO 3aBHCHUT OT TEMIEPATYPHI.

Tabnuua 18.3. Paxrop 3aceseHHOCTH A )il psia wnuseseir®

A Mg** Mn*t Fe?t Co** Nt Cu?t Zn?*

B dO d5 dG d7 d8 dg le
APT &L 0 0 0 0 0,38 0

Crit &0 0 0 0 0 0 0
Fe’t d® 045 0,1 0,5 0,5 0,5 0,5 0
Mn?t gt 0 0
Codt d° 0 0

) ) == 0 COOTBETCTBYET HOPMAJLHOMN ImHeesH, A = 1/2 -- 0B pameHHoii.
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O6pamennble mmnunesn ¢ obuieit bopmysoit AFeyO4 nnorna Hasbisator eppu-
tamu. Ecin RT > J, toe J — sHeprusi B3anMOZENCTBUS MEXKAY CIIUHAMH Pa3Iuy-
HBIX HOHOB, PePPUTHI MPOSBJIAIOT CBOKCTBa MapaMarsHeTukos. Eciu xe RT < J,
deppur MoxeT 6BITE HE0 beppo-, u60 aHTHDEPPOMAIHETHKOM (CM. AOMOJIHE-
Hue 18.1). AnTHNApa/LIesbHOE YIOPSIOYEHHE CIIMHOB, XapaKTePHOE A aHTHDep-
POMAarHeTHKOB, HJUTIOCTpUpyeT coequHenne ZnFeaOy4, B KOTOPOM KAaTHOHBI DacHpe-
AENAITCA B cooTBeTcTBUH ¢ opmysoit Fe[ZnFe]O4. Uonnr Fet (§ = 5/2) B Ter-
Pa3ApUYECKUX U OKTa3APAYECKUX MO3ULUAX AHTU(EPPOMATHUTHO ClAPEHbl HUKE
9,5 K, B pe3ysibTaTe cCyMMapHBI MATHUTHBIA MOMEHT OKa3bIBAETCA GIU3KUM K HYJIIO.

H| (DaKT, 4TO MHOTHE OKCHIBI d-METANIOB KPUCTAJUIU3YIOTCA 110 THNY 06palleHHOH
HIIIUHENH, OObACHAETCA BINAHAEM IHEPIUH CTAOWIM3ANNN [10JEeM JIMTaHO0B Ha
pacrnpeziejieHIe KaTHOHOB T10 O3UIIUAM.

Npumep 18.3. [pegckaszanue cTpyKTypb! twnuHened.
Kakoit Tun — HopMasbHbIA 1K obpaleHHbI — XxapakTeped Lis wnuienu MnCry 047

Otser. Crenyer 0XXuaaTh CTPYKTYPY HOPMAJIBHON LUNKMHENH, TOCKOJIbKY DHEPTHS CTa-
bunuzanuu nomem muranaor s Crit makcumansna B OKTasmpHYECKOH MO3MONK, B TO
BpeMst Kak 1yt Hona Mn?t ¢ kondurypauseit d® B 1060M 0Ky KeHHH OHA PABHA. HYJTIO.
U3 tabi. 18.3 BuAHO, 9TO 3TO NMpEACKA3AHHE MOATREPXKAAETCS IKCIIEPHMEHTATILHO.

Bonpoc 18.3. 1o gannniM Taba. 18.3, FeCryO4 — nopMasmuas wnuneas. O6bacHUTE JaH-
HHII (GAKT.

r) ITepoBCKHTHI K POACTBEHHBIE COCOUHEHUS

Ilepenx TeM KakK paccMaTpHBATH CTPYKTYPY MEPOBCKHTA, CJIEAYET OCTAHOBHTHCA Ha
poxncrsennol, Ho Hosee mpocroit crpykrype ReQs, cocrosuet u3 okTasapos, 06b-
eVHEHHBIX 10 BepluuHaM (puc. 18.22,a). Kak suano u3 pucynka, arombr M Haxo-
JATCA B y3JaX KyOuueckoit saneMenTapHO# stuediky, a aToMbl O —Ha ee pebpax. Ha-
JIT4A€ CBA3aHHHIX 1O pefpaM OKTa3IpOB YIAETCA BBIABATh, PACCMATPHBAA HECKOIb-
KO coceJHux Adeek {puc. 18.22,6). OrmeruM, 4yto crpykrypa ReO3 ouenb puixias
H COOEpKUT 12-KOOpIMHAIMOHHYIO MYCTOTY.

IleposckuTer  xapakTepuaylorca obmelt dopmyaoit ABX3, mpm 3ToM
12-KOOpAMHAIIMOHHYIO IycTOTY B mojpenierke BXj3 3alofHAET KpYNHBIH KaTHOH
A (puc. 18.23; Ha puc. 2.17 6bL10 JaHO IpYroe MpeACTaBJeHHe 3TOH CTPYKTYDHL).
B kauectse X o6bruso Beicrynawor O?” maum F~; cam MuHepan nepOBCKHUT HMeeT
dopmyny CaTiOs, a npumepoM dbropuigoro axamora Moxker cayxuth NaFeFs.
CrpykTypa 3Ta, KaK IpPaBHJIO, HCKAXKEHA TAKAM 00pa3oM, 9TO dJIeMeHTapHAs dyel-
Ka yTpadyMBaeT LEHTD CHMMETPUM M MpHOODeTAaeT IWIMOJbHBI MOMEHT, a BeCb
KPUCTALI B IeJJOM — [OCTOSHHYIO 3JIeKTpHdecKylo noaapusanuio. Hekoropble mo-
JIAPHBIE KPHCTAILIBl SBJIAIOTCA (PEPPO3IEKTPUKAMHE (CETHETO3/IEKTPUKAMH),
OHH B HEKOTOPOM CMEBICJIE MOXOXKH Ha (eppPOMArHeTHKH; Pa3HHIA COCTOMT B TOM,
YTO YHOPANOYMBAIOTCH HE CIMHBI 3JIEKTPOHOB, & JHUMOJIbHBLIE MOMEHTH fueeK. B pe-
3yJLTATE 3HAYEHHA JUIJIEKTPHIECKONR MPOHUIAEMOCTH y (eppO3JIEKTPHKOB MOTYT
gocruraTs 1-10% u naxke 15-103; 10a cpaBHeHHS: JU3IEKTPUUECKAs IPOHUIAEMOCTD
SKIJIKOH BOIBI DM KOMHATHOM TeMmepaType pasHa ~80.




282 Fnaea 18. CrpykTypa v cBOWCTBA TBEPAbIX TeN

Puc. 18.22. DnementapHas s9eiika Puc. 18.23. Dnemenrtapnas sueifka nepos-
ReOs (a) u Ta xe svefika, NONOJI- ckura ABQOj;. Tokazano nogexasapu9ecKkoe
HEeHHasI aTOMAMH KHUC/IOPOJia COCEHUX okpyxenune KpynHoro karuona A. Oxrasz-
aueexk (6). Bumauo, €UT0 OKTA3ApHI pHYecKOe OKpy»xeHre kaTnoHna B nokasano
ReOg oObenuHenbl BEpLIMHAMH. ma puc. 18.22

Dononnenve 18.1. KooneparusHbii MarHetnim

,LLPI&MB.FHI/ITHbIe H napaMarfiuTHbBIE CBOMCTBA COG,ILPIHGHHP'I ObLIH pacCcMOTpPEHbB! B
pa3n. 7.4; oHM XapaKTEPHBI JJIA UHAMBUJIYAJBHBIX 4TOMOB MJIM KOMIIJIEKCOB. Ha-
IIpoOTHUB, TAKHE CBOI‘JCTBB,7 KaK (‘beppOMaFHeTI/IBM HIIHU a,HTPI(i')eppOMa,I‘HeTPIBM, 3aBHUCAT
oT BBaI/IMO,HeﬂCTBPIH MeX Oy CIIHHaMH 3NIEKTPOHOB Ha MHOTHX aToMax U BO3HHKAIT
BCJIE/ICTBIE X KOOIIEPATUBHOIO B3aUMOIeHCTBUS.

Puc. [18.1. TlapaitesibHasi OpHEHTALNS HHIMBH/LYAILHEIX MATHATHEIX MOMEHTOB B (bep-
poMarseTnke (4) M UX AHTHUIAPAJLIe/bHAS OpHeHTaus B aHTH(beppomarueTuke (6).
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B deppomarneTuke cnuHb! Ha Pa3iUYHBIX ATOMAX METANIA OPHEHTHPOBAHDI
napasensHo (puc. J18.1,a) B 061acTsAX, BKIIOYAIOIINX THICSIH ATOMOB, TAK HYTO
obpa3yeTcs MarHUTHbIH gomMeH. CyMMAapHBIH MATHUTHBLIH MOMEHT MOXMET OBITH
odenp GompmmM. Bosee Toro, HaMarHMYeHHBIM NpeIMET [PH TeMIepaType HiKe
remnepatypsl Kiopu (Tk) He TepseT MATHHTHBIX cBOMCTB. PeppoMarHeTH3IMOM
06J1aJaI0T MaTepPHAJIBI, COOEPXKAIINE HOHLI C HECIIAPEHHBIMH 3JICKTPOHAMH Ha d- U
f-noaypOBHSX, KOTOpBIE B3aUMOIEHCTBYIOT ¢ HECIAPEHHBIMH JIEKTPOHAMH Ha Op-
OUTANAX COCETHHX ATOMOB. BaXXHO, UTO 3TO B3aMMOJAEHCTBHE OKA3BIBAETCA IOCTA-
TOYHO CHJIBHBIM, YTOOB! YIOPAJIOYHTb CIIHHBI, HO HEJOCTATOYHO CHJIbHBIM, YTOOBI
HAYaJIOCh KOBAJIEHTHOE B3aMMOAEHCTBYE U ClIapHBAHHE IJIEKTPOHOB.

a HamarHuieHHOCTb 6 HamarHuueHHocTs

/

MpunoxeHroe MNpunoxexnHoe
none none

Puc. A18.2. Kpubrle HamarauyennocTu sl (peppoMarserukos. [leTnsa rucrepesunca BO3-
HHKaeT M3-33 TOrO, YTO HAMATHHYEHHOCTHL 00pa3la IpH OJHOM M TOM e 3HAYeHWH BO3-
pacraromero (—) 1 yObIBAIOIErO (+—) MACHHTHOLO [OJISL PA3JIMYHA: §— CJIydail 2KEeCTKOTO
deppoMarueTnka, 6— ciaydail MArkoro heppoMArHeTHKa.

Hamarsuuensnocts deppomarneTnka M 3aBUCHT OT NPHUIOMXEHHOTO MAarHHT-
Horo nons H we usunefino. Bwmecro 3toro mabmojaercst neTsist THCTEPE3HCa
(puc. J18.2). ¥ marautoxKecTkux (hpeppPOMArHETHKOB NET/ISA THCTEPE3NCA 1IN~
poxas (puc. [118.2,a), 1 B HyJIEBOM I0JIe OCTATOYHAS HAMATHHYEHHOCTh BEJHKA. Y
MarHUTOMSTKUX HEePPOMArHeTMKOB IeT/sl TUCTepe3uca Oojlee y3Kasd, a OCTa-
TOYHAsE HAMarHWUEHHOCTh ciabasa (puc. [18.2,6), T.e. 3TH coeAMHEHUA NeMOHCTPH-
PyoT 60Jlee CUIBLHBIN OTKJIMK Ha BHENIHee mosie. Markue dheppoMarHeTHKH HCIOJIb-
3yI0T B TpaHchHOPMATOpaX, [MOCKOJIbKY OHHU JIETKO IepeMarHUYHUBAIOTCA B [IEPEMEH-
HBIX IOJISIX.

B anTudeppomaruernkax coceqHne CIMHB yIOPSAOYEHB aHTHIADAJJICIBHO
(puc. 18.1,6), n o6paserr B uesoM 061a,18€T HU3KMM MATHHTHBIM MOMEHTOM. Antu-
deppoMarseTU3M HepeaKO HabM0JaeTCs IPH OXJIaXK IEHUN [1apaMarHeTHKOB 10 HU3-
KHX TEeMIIEpATYD, YTO IIPOSBJIAETCA B YMEHbHIEHHH MArHUTHON BOCIPHHMYHBOCTH
(puc. [118.3). TemuepaTypa, HUXKE KOTOPOH BO3MOXKeH aHTH(hEpPOMArHeTH3M, Ha-
3biBaerca remnepatrypoit Heensi (T4). B3aumoueiicTere cliMHOB, OTBETCTBEHHO®
3a BO3HHKHOBEHHE aHTH(QEPPOMATHUTHBIX CBOMCTB, IPOHCXOAUT Yepe3 MOCTHKOBbLIE
JIUCAHIBL 110 MEXAHH3MY TaK Ha3blBAEMOrO CBEPXOOMEHHOTO B3aMMOJeiiCTBUS.
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Kaxk nokazaxo Ha puc. J[18.4, cnuH OJHOrO U3 aTOMOB METAJLJIa BBI3BIBACT HebOoJTb-
LIy10 OJIAPH3AIMIO 3alI0THEHHOM op6HuTANH JUTAHAA. DTa II0JIAPU3AIUS IPHBOJIUT
K aHTHIAPALICNbHON OPUEHTALNH CIHHA Ha COCEJHEM aTOMEe METasla. Mpnorue co-
@IMHEHHUA B COOTBETCTBYIONIEM TEMIIEPATYPHOM MHTEPBAJIe IPOABIIAIOT anTudeppo-
margetusM. Hanpumep, MnO obnanaeT Temneparypoit Heesst —151°C, a Cry03 —
+37°C. BsaumoseHicTBIE CIIHHOB Yepe3 MOCTHUKOBBIC JIHTAHIBI HEPEIKO HabmIoaa-
eTcsS B MOJIEKYJIAPHBIX KOMILIEKCAX, COAEPAKAIHX JBa aTOMa METalla, CBA3aHHbIE
JIUTAHIHBIMM MOCTHKaMH.

a
MapamarHeTmk
]
X
Temnepatypa
6 e
deppomarHetuk
AHTudeppoMareHTmK
X MapamarHeTuk X \ Mapamaryerux
T¢ Temneparypa T, Temnepatypa

Puc. A18.3. 3apHcMMOCTh MATHHTHOM BOCIPHHMYMBOCTH OT TEMITEPATY PRI JJ1sl NapamMar-
Hetuxos (a), dbeppomarseTnxor (6) M aHTHhHEPPOMATHETHKOR (8 ).

Wonc¢

e
% HecnapeHHbIM
i CNUHOM

: TonApusauuns
. (BbiroAHan
OpUEHTaUMA)

Pesynetupyiowee TNurang co

aHTUeppoMarHuTHoe cnapeHHbIMU

ynopraoveHue cNUHaMKU
Monapusauus
(BwironHan
OpHEHTALUA)

WoH ¢ Puc. A18.4. AnTucdeppoMaHUTHOE B3AUMO-

HecnapeHHwiM  JefiCTBHEe MEXKAy JBYMs HOHaMH METanla,

CNUHOM BO3HMKAIOLIEE 32 CYET CIMHOBOH Nonspusa-
LMK MOCTHKOBOTO JIMTAHLA.
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Tpetnit TN KOONEPATHBRHOTO B3aMMOjIeHCTBAA — (PEePPHMArHETH3IM — TaKIKe
06yCIIOBIIEH yHOPSIOUEHHEM MATHUTHBIX MOMEHTOB HIKe TeMnepaTyps!l Kiopu. On-
HAKO, B OT/INYKE OT (PeppOMArHETHKOB, (DeppPUMATrHETHKH COIEPKAT HOHBI € Pa3JINy-
HBIMH CIHHAMH. DTH CIOHMHBI YIODPSJIOYHBAIOTCH AHTHIADAJLIENIBHO, OJHAKO H3-3a
Pa3/IMYHBIX BEJIMYHH WHAABUIYAJIbHBIX CIIMHOBBIX MOMEHTOB X B3aUMHON KOMIIEH-
CaIUy HE IPOMCXOIUT U OCTAeTCS HEKOTOPBIM CYMMADHBIH MarHUTHBI MOMeHT. Kak
U B anTUdEppOMATHETHKAX, B deppUMarHeTHKaX B3ANMOIENCTBHE IPOUCXOLUT He-
p€e3 MOCTUKOBBIE JINTAHIBI.

Pekomenpgyemasn nutepatypa

Carlin R. L., Magnetochemistry. Springer-Verlag, Berlin, 1986.
Kittel C., Introduction to solid state physics. Wiley, New York, 1996.

Eme ogs0 cBOMCTBO, XapakTepHOE [ MHOIHX HEILEHTPOCHUMMETPHYHBIX KpH-
CTAJINIOB, — NbE303JIEKTPHYECTBO, T. €. CIOCOOHOCTh KPUCTAJLIA CO3/ABATH JIEK-
TpHUYecKoe noJie npu gedopMaluy HIIH, HaobopoT, 1edopMHUDPOBATHCS I10]T BO3EH-
CTBHEM 3JIEKTPUYECKOTO Mo, [Ibe30snekTpuyeckne MaTepHasbl HCIOIL3YIOTCA B
Pa3/IMYHBIX YCTPOMCTBAX, HAUPHMED: HU3MEPHUTENLHBIX Npeobpa3oBaTessix JaBile-
HUA, yAbTPAMHUKPOMAHHUNYJIATOPAX, JAETEKTOPAX 3BYKA, KAK MOMJIOXKKH IS 30H-
Ja B CKaHHPYIONTUX JIEKTPOHHBIX MUKpOockonax u T. . K uum otHocsites BaTiOg,
NaNbOj3;, NaTaO3 u KTaO3. Xors orcyTcTBHE NEHTpa CHMMETDPHHM B CTPYKType
ABJIAETCA HeOOXOAUMBIM YCJIOBHEM BO3ZHHKHOBEHHUS CETHETOIJIEKTPHYUECKUX M Ibe-
303JIEKTPUYECKHUX CBOUCTB, He 06s13aTesibHO, YTOOB! BewlecTBO 06saJan0 oGOHNMH
cBoOMCTBaMH OJHOBpeMeHHO. Hanpumep, KBapl] — [be303JEKTPHUK, HO HE CETHETO-
3JIeKTPUK. KBapll MHUPOKO UCIONB3YIOT B YCTPOMCTBAX, 3aJAI0NINX YacTOTY MHK-
POIIPOLIECCOPOB MJIM 9aCOB, [IOCKOJIbKY TOHKAs KBAPLEBAs [JIACTHHA, OCHUJIHDPYA C
coBCTBEHHOM! 9aCTOTON, co3AaeT cnaboe epeMeHHOe JIEKTPUYecKoe MoJe,

a 6

Puc. 18.24. Crpykrypa KoNiF4: a—cmon okrasapos NiFg, cMmemenHbie OTHOCHTEIRHO
JIpyT Apyra; 6— BUZ Ha TAKOH CIOH CBEPXY; OKTasAPH COEJHHAITCA IO BEPIIMHAM.
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CTpyKType epOBCKUTa POIACTBEHHA CTPYKTYypa Terpadroponnkenata(ll) kamusa
K5NiFy (puc. 18.24), KoTopas MMeET HCTOPUHYECKOE 3HAYEHNE B ONPEIETEeHNN MeXa-
HE3MAa BBICOKOTEMIIEPATYDHOH CBEPXIPOBOAUMOCTH. CTPYKTYPY 9TY MOXKHO Ipel-
CTaBHTh KAK MOCIEI0BATEILHOCTh CIOEB, BhIPE3AHHBIX M3 CTPYKTYDHI MEPOBCKHUTA,
Tak, YTO YETBIpe aToMa (bTOpa BHYTDH CJIOA OCTAIOTCA MOCTHKOBBIMH, & OCTAJlb-
Hble — TEPMHUHAJBHBIMHA. DTH CJIOU CMEIIEHbI OTHOCHTENBHO ApYr JApyra, Tak 4TO
TepMHUHAJIBHBIC ATOMBI (hTOPa OJHOLO CIIOA <HAKDHITBI> HOHAMH KaJHsl JPYroro
CJI0SL.

Coenuuenus co crpykTypo#t KoNiF 4 nHTeHCHBHO HCcIeq0BaATICH HEKOTOPOE Bpe-
M# Ha33J B CBS3H C TEM, YTO CpeAy HUX ObLIN 0OHAPYKEHBI BBICOKOTEMIIEPATYDHBIE
cepxmpoBoaHuKH, Hanpumep Laj gsSro 15Cu0y4. Kpome ceepxnposoaumocTH, ITH
COEIMHEHNA MHTEPECHBI JJA UCC/IEJOBAHHA JBYMEDHBIX MArHUTHBIX JIOMEHOB.

.

IH ITepoBCKATHI XapakTepu3sytoTca obuet hopmynoin ABX3, npu stom 12-xoopau-
HALIOHHYIO MycToTy B nojpetierke BX3, poncrsennoit ReOg, 3amonuser kpyn-
HBI# KaTHOH A.

A1) CBepxnmpoBOMMOCTh

Jluanazon cBOHCTB, NIPOSABIAEMBIX IIEPOBCKUTAMH, BKIIIOYAET H CBEPXIIPOBOIMMOCTS,
IOCKOMBKY CTPYKTYDHI Pfla BBICOKOTEMIIEPATYDHBIX CBEPXIIPOBOJHUKOB, BIIEPBbBIE
mony4deHHBIX B 1986 r., MOXKHO pacCMAaTPHBATL KAK INPOU3BOAHBIE OT IIEDOBCKHUTA.
CBepXIPOBOAHHUKH 00aAI0T ABYMS IOPA3UTENbHBIMU OcobeHnocTAMU. Hike xpu-
THYecKo# TemnepaTypel (T.) OHM MEPEXONAT B CBEPXIPOBOAAIIEE COCTOAHHE, T.e.
0018, Ja10T HYJIEBBIM CONPOTUBJIEHHEM. Y 3THX COeJINHEHHUH [IPOSBIIETCA TaKkXKe -
dexT MeiicHepa -~ MArHUTHOE T10JI¢ «BBITAJIKUBAETCS> U3 CBEPXIIPOBOIHHKA.

Iocne otkpuiTHs, caenanHoro B 1911 ., 94TO PTYTh CTAHOBUTCA CBEPXIIPOBOIHM-
KoM Hwxke 4,2 K, Hhu3ukn ¥ XMMUKH NPEAIPHHSIIA HEMAJIO YCUIIUM, HAIIPABJIEHHBIX
Ha MOHCK HOBBIX COEJMHEHHH ¢ 6osee BHICOKHMH 1. 3a 75 JeT 9TOro moucka yna-
Jock goctrus Besmuuubl T, = 23 K (8 cpemuem 0,3 K/rox). Hakomen, 5 1986 r.
6BLTH OTKPBITE BBICOKOTEMIIEPATYPHBbIE CBepxmpoBoguukn). K macrosmemy
BpEMEHH M3BeCTHO HeMaJjo coenuuenuit ¢ T, > 77 K, T.e. TeMnepaTyps! Kunexus
JAELIEROro XJaJareHTa — XXKUIKoro a3zora. VHBIMHU cl0BaMH, BCero 3a HECKOJIBKO JIET
MaKCHUMAJILHO JOCTUIHYTOe 3HavYeHue 1, BHIpOCIO Gosiee yem B 5 paa.

WsBecTnnt apa tuna ceepxnposomankos. CBepxmposogauky I posa pesko Te-
PAIOT CBEpXMpPOBOAANIME CBOKCTBA, €CIIH NpHjaraeMoe K o6pa3iy MarHuTHOE I10JIe
NPEBLINIAET HEKOTOPOE KPUTHYECKOE JJIs1 KOHKPETHOrO BemecTsa 3HadeHne. CBepX-
nposoaunKu II posa, Kk KOTOPEIM OTHOCATCS U BHICOKOTEMIIEPATYPHbIE CREPXIIPO-
BOZIHHUKH, BBIIIE HEKOTOPOTO KPHTHYECKOr0 3HAYEHUS MarHuTHOro nojst H., repsiioT
CBOM cpoifcTBa noctenento?). Kax suamo u3 puc. 18.25, cpeiu 371eMeHTOB, 061318
IOIUX CBEPXNPOBOIANMMY CBOHCTBAMH, HAGMIOJAETCA HEKOTOPAs MEePHOIMYHOCTD.
HeobxomuMo ocobenHo oTMeTnTh, 9To (heppOMATHATHBIE METAJLIBI — XKEJE30, KO-

Y) O630p, noceamenmmi CBEPXTIPOBOJHMKAM M OMANA30HY NPOABRIAEMBIX HMH CBOMCTB, CM. B
[Etourneau J. In: Solid state chemistry, compounds, ed. A. K. Cheetham, P. Day. Oxford University
Press, 1992, pp. 60-111].

2) Han6onbume anauenna H, Habmogaatorca y ¢aa llerpénsa (cM. pasz. 18.8).
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Tb|Dy|Ho|Er {Tm|Yb|Lu
Bk| Cf |[Es|Fm|{Md|Na|Lr

3newmeHTol, 06nagawowme
CBEpXNpPOBOAUMOCTLIO
B TOHKUX fiNeHKax

CsepxnpoBofALLMe 3neMeHTbi

3nemenTol, 06nagatwowme
CBEpPXNPOBOAUMOCTbLIO
nog AaeneHuem

Puc. 18.25. Diyiementsl, obnagaiomue ceepxnposomumoctelo |Etourneau J., «Supercon-
ducting materials». In: Solid state chemistry: compounds, ed. A.K. Cheetham, P. Day,
Chapter 3. Oxford University Press, 1992].)

6aJIbT, HUKEJb — He 00J3Jal0T CBEPXIPOBOIAMOCTBIO; 3TO TAKXKE OTHOCHTCH K IIe-
JIOUHBIM MeTa/UlaM M MeTa/llaM I'DYNIbl Meau (Melp, cepebpo, somoto). dast mpo-
CTBIX METaJIOB (hepPPOMArHETH3M H CBEPXMPOBOMMMOCTH He MOLYT CYNIECTBOBATh
OJHOBPEMEHHO, OIHAKO B HEKOTODBIX OKCHIHBIX CBEPXIPOBOAHHKAX 3TH ABJEHHS
MOrYT BCTPEYaTbCA BMECTe, HO KaKJ(0€ M3 HUX JIOKAJHM30BAHO Ha PA3JMYHBLIX IMOM-
DelIeTKax OJHOM M TOi K€ KPHUCTAJIMYECKOH CTPYKTYpHI.

OxuH n3 HaubGoJlee XOPOIIO U3y YEHHBIX CBEPXIIPOBOIHMUKOB cocTara YBasCusOr
(MHOrIA COKpANIEHHO Ha3bIBaeMblH «123» 10 COOTHOMIEHHIO ATOMOB METAJIOB) 06-
JaaeT CTPYKTYypPOH, CXOLHOH ¢ nepoBCKUTHOI, HO ¢ Bojee GegHOl KuCIOpPOIHOH
nojpemerkoil. Kak nokaszano ma puc, 18.26, nosumuu A 3aHMMAlOT aTOMEI UTTPUS
u 6apnus, nosuuun B — atombr Meau. Ilnockue ksaapaTabe dparments: CuOy 065
eaunsoTes B nenu. Henouku u ciou u3 dparmerTos CuQy win CuOg xapakTepHEL U
AJI CTPYKTYD JPYTHX OKCOKYIPATHBIX BbICOKOTEMIIEPATYPHBIX CBEPXITPOBOAHHUKOB.
[IpennomnaraloT, YTO UMEHHO 3TH 3JIEMEHTH! CTPYKTYPb! OUPENESIOT CBEPXIPOBO-
JAIIAEe CBONCTBA KyNpaToR.

Enaproro MHeHHs 0 MeXaHU3Me CBEPXIIPOBOIAMOCTH K HACTOAIMIEMY BpEMEHH HET.
[Monarator, 4TO, KAK U B «KJIACCHYECKHX», B BHICOKOTEMIEPATYPHbBIX CBEPXIIPOBOJL-
HHUKaX BO3HHKAIOT KyNepOBCKHE IIapbl 3J1eKTpoHoB (pa3m. 3.16), HO MeXaHM3M HX
obpa3opanus MoKa elre 06cysxLaercst).

1) Bonee neransHbilt o63op [Hazen R. M., The breakthrough. The race for the superconductor.
Summit Books, New York, 1988].
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a 6
Puc. 18.26. Crpyxtypa ceepxnposoauuka YBasCuzOr (¢123»): a— nonoxenust aTOMoB
MeTaTa; 6— KHCIOPO/IHBIE TIOJUIAPEl ATOMOB METAJLIOR. B oT/mtne OT OKTaApHIECKOro
OKpy KeHusI B [IEPOBCKUTE, HOHBI METAJLIA B CTPYKTyPe «123» HAXOAATCH B KBAJPATHOM U
KBa,APATHO-THDPAMHUIAJIBHOM OKDYKEHHH.

Ieposckurononobras ctpykTypa YBasCuzOr npusesesa Ha puc. 18.26. B sToit
CJIOMCTO CTPYKTYPE HOHBI MEAHM 3aHUMAOT no3unuu B, a uons! Y un Ba — mosunuu
A. Ozmako, B oTiiM4aHe OT CTPYKTYPHI CaMOro HEPOBCKUTA, aTOMBI MEIH B IOJIO-
JKeHHH B He OKpy’KeHBI OKTa3IpamMH u3 6 aTOMOB KHCIOpoa. JacTh U3 HHX UMEET
KOODJMHAIMOHHOE 9HCJI0 5, ocTaabHble — 4. COOTBETCTBEHHO HOHBI A (Y3 u Ba?t)
HMEIOT KOODAMHAIHOHELE unciIa Huzke 12. Enle omHa 0coGeHHOCTb 3TOrO CoeluHe-
HHSI COCTOMT B TOM, YTO €CJIH KATHOHAM A M aHHOHAM IIDHCBOHMTDH MX OGBIMHEBIE CTe-
nenu okucyenns (Y — +3, Ba— 42, O — —2), TO CpeHsst CTENCHb OKUCJIEHU MU
okaxkercs apobuoit (+2,33); mosToMy mpeanoJarakT, UTo YBa;Cu30; orHocuTCsa
K BelecTBaM CO CMEINaHHOH CTENeHbIO OKUCJEHUA U COLEP)KHT Mejb B CTENEHAX
OKHCIeHns +2 u +3.

Ta6bnuua 18.4. HexoTopbie cBepXIIPOBOSHUKH

IIpocmuie T., K Coedunenua T., K
sewecmsa
Zn 0,88 Nb3Ge 23,2
Cd 0,56 NbsSn 18,0
Hg 4,15 LiTi204 13
Pb 7,19 Kg,4Bag,6BiOs 29,8
Nb 9,50 YB&QCU;}O’{ 95
TlQ Ba.zCa,z CU3010 122
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NonynposoaHuk

MeTann
Bi(IV)

TemnepaTypa

Puc. 18.27. Koppensiuus Mexnay ¢a30Boil HecTa- 0  MonbHas gona BaBiO, 1
OUIILHOCTBIO U CBEPXIPOBOIUMOCTBIO (CXeMa). BaPbO, BaBiO,

HexkoTopble HOBBIE BBICOKOTEMIIEPATYPHBIE CBEDXIPOBOAHUKH IEPEYHCICHBI B
Taby. 18.4 BMecTe ¢ «KJACCHYECKHUMHU» HI/IBKOTeMHepaTyprIMHl). Kak sugHo u3
puc. 18.27, B cucreme BaPb;_.Bi, O3 cBepXupoBoauMocTh HAHMIOAAETCA JTUID JJIS
COCTaBOB, He 001aJai0IIAX BHICOKOH IPOBOAMMOCTBIO Bhile 1.

IIpu moucke HOBBIX BBICOKOTEMIIEPATYDPHBIX CBEPXIIPOBOJHHUKOB OBLIO HailleHO
MHOTO II0JIE3HBIX KAUECTBEHHBIX 3aKOHOMepHOoCcTe#. Hanpumep, HaUIIy dIInit pe3ynib-
TAT JOCTUTHYT y COeOUHEHHUI CO CJIOUCTON CTPYKTYPOH, INpHM 3TOM MeAb JOJIXK-
HAa UMETh CMEUIAHHYIO CTEIeHb OKUCJEHHUS, & B COCTABE COEHUHEHUS >KeJATeJbHO
HOPHUCYTCTBHE MOHOB TSAXKENBIX P-3JIEMEHTOB. KpoMe 3TOro BaKHOe 3HA4YECHHE HMe-
IOT pPaJuyChl MOHOB M MX KOODIWHAIMOHHBLIE IpelnodTenus. Hekoropble u3 aTux
COeNVHEHU CHHTE3UPYIOT NPOCTHIM OTXKUIOM cMecelt okcuaos npu 800 — 900°C B
OTKDBITOM aJIyHJOBOM THIJIE WJIH 3alasHHOH 30JI0TOH aMILyJe.

OHaKO 1A NPaKTUYECKOr0 IPUMEHEHHUS! B 3JIEKTPOHHBIX YCTOHCTBAX CBEPXIPO-
BOJHHKHA JOJIKHBI OBITh TOJy4YeHB! B BHUJE TOHKUX IUIEHOK. JTOr0 MOXKHO JOOHTb-
Csl, IPHMEHAS METOJ, XMMMUYECKOT0o OCAaXKJIEHUs U3 ra30Boii dasn1?), O6mmit
OPHHIMI METOa COCTOHT B PA3JIOXKEHHWH TEPMHUYECKH HEYCTOHYUBBLIX COeIMHEHHH
Ha ropadelt nogokke (puc. 18.28). Kak mpasmiio, ucnonpsyoT GTopupoBaHHbIE
AlleTHITALIETOHATHBIE KOMIUTEKCH METaJLIOB (HallpUMep, NPOM3BOAHbIe urania (2)),
HOCKOJILKY OHH 60Jlee JIETYHH, YeM [POCThbIE alleTHJIAIIETOHATHL. DTH KOMILUIEKCH,
nanpumep Cu(acac)s, Y(dmpm)s; u Ba(fod)s, nmepenocaT B peakuoHHyIO Kamepy
MOTOKOM BJIAyKHOTO KHCJI0pOJa. Ilpu mpaBusibHOM nop0ope ycJIOBHHA 3Ta rasoBas
cMech pearHpyeT TaK, YTO Ha IOPAYyIo MOMJOXKKY OCaXKJaeTCs IUIeHKa LeJIeBoro

1) IMonyueHn u HOBble CBepmpoBOAHMKH, Hanpumep HgBasCagCu3Osgys, ana koroporo Te =
135K [Anwmunos E. B., IMymuaun C. H. «PekopACMeHBl CpeaH CBEPNPOBOTHHUKOBY. Ilpupona,
Ne 10, 3 (1994)].

2) Tonge L. M., Richeson D.S., Marks T.J., Zhao J., Zhang J., Wessels B. W., Marcy H O,
Kannewurf C. R., «Organometallic chemical vapor deposition». In: Electron transfer in biology and
solid state, ed. M.K. Johnson, R.B. King, D. M. Kurtz Jr., C. Kutal, M. L. Norton, R. A. Scott,
Advances in Chemistry, Series No. 226. American Chemical Society, Washington, DC, 1990, pp.
351-368.

19. HeopraH. xuMuA. Tom 2
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Cmecb Ar, O,
u napos H,0O

Puc. 18.28. Cxema npouecca HAHCCEHHS TOHKUX
IUIEHOK CBEPXIIPOBOJHHUKOB METOIOM XHMHYe-
CKOTO OCaXKAeHus: W3 ra3oBoil ¢aswl. [azoBas
CMECDh, CIIyXKalas OTHOBPEMEHHO TPAHCIOPTE-
pom u pearentoM (cmeck Ar, Oy 1 H;0), nponyc-
Kaercsl 4epe3 COCY/AbI C JIETYYNMHU COeIMHEHUIMHE
METAJIJIOB, B KOTOPBIX NMONIEPYKHBAIOTCS] TEMIIe-
OTpaboTaHHbit parypel T1, To u T3, 9T0 ofecneUHBaeT HYX-
Ocaxaehue ras HOE JABJEHHE Iapa KaxJIoro pearenTta. Hanece-
nnenku HHE IIPOUCXOJUT HA MOIJIOKKY KJIMHOOGPa3HOM
dopmel, kotopast Harpesaercst UK mammnoit, [To-
CJie HAaHECeHHsl Ha MOAJIOKKY MOJyIeHHAs ILJIeH-
4 Wncbpakpactoe Ka OTXKHTaeTcs IpH BBICOKOH TeMIeparype JJis
nanyyeHue yaydmegsa KPpHCTAJJTIHYHOCTH.

coenuneHus — YBayCuzOr7_ ;. [TicHka MoxeT okazaThea aMopdHOR, TOT/Ia [JIA ee
KPHCTAJIJIU3AIUN TpeOyeTcss JOIOJHATEILHBIA OTXKHUT.

m CTpyKTypHl BLICOKOTEMIIEPATYPHBIX CBEPXIIPOBOAHUKOB MOYKHO PACCMATPHBATD
KaK IPOU3BOJHBIE OT CTPYKTYPhI IEPOBCKUTA.

MeC I~
AN
c-0
HC !
c—0
F.C
2 fod

18.6. Crekna

TepMun «kepamuka» HEPEeJIKO YIOTPeOJIAIOT M BCEX HEOPraHHYeCKHUX MATepH-
&JI0B, HE ABJAIOMIKUXCA MeTaIaMH U He 00/1aJal0NMX MOJIEKYJIAPHOH CTPYKTYpOH,
6e3 yuera TOro, SBJAIOTCA 9TH MaTepualibl KPUCTAINYECKUMH WM aMOP(HBIMH.
Onnako uame nox KEPaMHUKOH I0ApPa3yMeRaloT MaTepHall, IPOLIEAIINH TepMUude-
CKYI0 06paboTKy. TepMHUH «CTEKNAO» TakKe HCIONBL3YIOT TOCTATOYHO IMUPOKO, O
HAaKO B IaHHOM Cly4ae OH OyJeT MCHOJIb30BATCS JJIA 0603HAYEHHST AMOD(MHBIX Ke-
PAaMHK CO CTOJIb BHICOKOH BABKOCTBIO, YTO UX MOYKHO CUHTATH YKECTKHUMH. F.C/IH CO-
CTaBy CTeKJIa COOTBETCTBYET COCTAB KOHKPETHOTO KPUCTAJLTMYECKOrO COeIMHEHHS,
TOBOPAT, ITO OHO HAXOAUTCA E CTEKJIOOOGPA3HOM COCTOSIHUM. XOTsI KEDAMUKH U
CTEK/Ia N3BECTHHI M UCHOIb3YIOTCS el ¢ AHTHYHBIX, & BO3MOYKHO, U Hojlee pAHHHUX
BPEMEH, HX I0JIy4eHNe ¥ CerOJHsI SBJIAETCA BA’KHONM HAYYHOM M TEXHOJIOTHYECKON
npoGnemoit, Ilpuunna storo nexur Kak B gmeTo Hay4HOM HHTEpece K CBOMCTBAM
KCPaMHK, TaK ¥ B HEOOXOQUMOCTH PA3BUTHs HOBBIX IIyTell IOyUeHHS TE€XHOJOTH-
I€CKH Ba)KHBIX MaTepHaJioB. JIaHHBIM pa3feN MoCBAIEH TOJIBKO CTEKJIAM, U3 HUX

HaunboJiee HN3BECTHBI CHUJIUKATHLI U 60pOCI/IJ1PIKa’I'bI HIEJIOYHBIX B IMIEJIOYHO3EMEJBHBIX
MeTaJJIoB.
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Puc. 18.29. CxemaTudeckoe NpeACTABJIEHHE IBYMEPHOTO KPHCTAJLIA (a) u mpymepno-
ro crekna (6) (C paspewenus [Zachariasen W.H., J. Amer. Chem. Soc., 54, 3841
(1932)].)

a) O6pasoBanue crekon

Crekna nosywatorcss IpH 6BICTPOM OXJIAXKIEHHH DPAaCIIaBOB, KOTAa CKOPOCTb
OXJIAXJIEHHUS IPEBBIINAET CKOPOCTh KPHUCTAJUIM3ANNHN, TakK, OXJIaxKICHHE DacIlIaB-
nernoro SiOg HpuBOZMT K 00Pa30BaHMIO KBAPIEBOTO cTeKsa. IloyyeHHOE TaKUM
06pa30M BELIECTBO XaPAKTEPHUIYETCA OTCYTCTBUEM JAIbHETO IIOPAIKA, UTO MOATBED-
KIaeTcs OTCYTCTBHEM IU(MPAKIMOHHBIX NMHUKOB Ha €ro peHTreHorpamme. B To e
Bpems jJanuble UK criektpockonuu v psiza ApYTUX METOAOB OJHO3HAYHO YKa3bIBa-
0T Ha UCKJIIOYHTENBHO TeTPAdAPHIECKOE OKPY KEHHE KpeMHHs KucsopogoM. OTcyT-
CTBHe JaJIbHErO NOPS/IKA BO3RUKAET M3-3a pasbpoca B 3HauveHHsx yrioB Si—O—Si.
Ha puc. 18.29 npusenena AsyMepHas cxeMa,WITIOCTPHDPYIONIas, KakuM obpa3oM
IIpH pa3bpoce B BAJIGHTHBIX yTJIaX [PH aTOME KHCIOpOoAa 6mxHui nopsgok (o-
KaJIbHOE KOODJMHAIMOHHOE OKDYYKEHHE) COXPAHAETCH, a NalbHUH (1epHOAMIHOCTD)
ucuesaeT. JJuokens kpeMuus JIETKO 06pa3yeT CTEKJIA, IOCKOJIbKY TPEXMepHAd ceTKa
U3 NPOYHBIX KOBaJIeHTHBIX cBa3ell Si—O), npucyrersylonasa B pacijase, Ipu OXJIa-
SKIEHHH nepecTpanBaeTcs ¢ TpyaoM. OTCyTCTBHE NPOUHBIX HAIPABJIEHHBIX CBA3eH
B METAJI1aX W IPOCTBIX HMOHHBIX COEIHMHEHHAX NPHBOAUT K TOMY, YTO IOJIYYHUTDH
CTEKJIa Ha UX OCHOBe 3HAYUTEIbHO TPyAHee. K HACTOAMEMY BpeMeHH, 0QHAKO, pas-
paboTaHb!l METOABI CBEPXBLICTPOTO OXJIAXK/IEHHS, U CelYac OUeHb MHOTHE BeIlleCTBa,
B TOM 4HCJIe METaJUIbl ¥ [IPOCThle HEOPTAHHUYECKHE COSJUHEHHs, MOMKHO 3aKAlUTh
U3 pacIIaBa B CTeKJIO0Opa3HOe COCTOSAHHE.

Konuenmus coxpanenus G/MXKHEro Mmopsiika B CTEKJIaX IIPH NOTepe JajbHEro
Gpu1a chopMmynuposaHa amepuKaHCKuM kpuctautorpacdom V. X. 3axapHaceHoM B
1932 r. On e nokasaJl, 4TO IPU ITOM YCJOBHH Hepruu ['nb66ea KpUCTALINIecKoro

19*
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MNepeoxnaxaeH-
Hana XWOKOCTb XKvaxoctb
\4

/4/
Kpuctannu-
yeckan ¢asa

’
’
’

O6bem

TCT Tﬂﬂ
Temneparypa
Puc. 18.30. 3asucumocts ob6bemMa or  Puc. 18.31. Posns moguduxaTopa COCTOMT BO
TeMIepaTyphl JUid MePEOXJIA’KIEHHON  BBEIEHHHM OKCHJI-MOHOB M KATHOHOB, KOTOpbIE
JKUIKOCTH, CTEK/ia U KPUCTAJITIMYe-  MOTYT B3aMMOIEHCTBOBATh C AHMOHAMH.
cKoit ¢asbl.

¥ CTEKJI00BPA3HOTO COCTOAHUS GY/IyT OTIMYAThCA HE3HAMHTEbHO. 3aXaphaceH Tak-
Ke TIPeATONOKIII, YTO CTEKI006pa3HOe COCTOAHNE GyeT erie JOCTHIAaTbCA, eCIH
KHCJIOPOIHBIE TIOJHU3APLI 06heAUHAIOTCA 110 BEPIINHAM, 8 He pedpaM U IPaHsIM, Tak
KaK B JBYX NOCJCIHHX CAydadX yIOpAJO¥eHHUE JOCTHraercsa jerde. ITH U APYIHe
npaBusIa 3axapHaceHa BhITOJHATCA /I MHOTHX CTEKJIO00Da3yIouIuX OKCHIOB,
XOTS M3BECTHBI M HUCKJIIOYEHHA.

BechMa xapakTepHa pasHHIE B U3MEHEHHH 00beMa ¢ TeMNepaTypolt y KpHucTaJl-
JIMYECKUX U cTeKI006pa3ubix semects (puc. 18.30). Ilpu kpucrayumsanuu pacniasa
IPOUCXOJUT pe3Koe H3MeHeHHe o6beMa (0ObIMHO B CTOpOHY yMeHbltenus). Hanpo-
THB, CTEKJI00OPa3yIOMMI MaTeprall [IPH JOCTATOYHO OBICTPOM OXJIAXKIEHHUH JIETKO
o0pa3yeT MepeoXJasKIeHHYl0 *KUAKOCTh. [Ipn oxjaxkJeHun HmKe TeMNepaTypbl
CTEKJIOBAaHUSA TEPEOXJAXKIEHHAA KUIKOCTh 3aTBEDAEBAET; 3T0 U3MEHEHHE OTpa-
JKaeTcA TOJILKO B BHE HeGOJBINOTO M3J0Ma Ha KPHBOH OXJIaXKIeHHUA.

”' JMoKeH KpeMHHSA JerKo o6pa3yeT cTeKJa, NMOCKOJBKY TPeXMepHasd CeTKa H3
MPOYHBIX KOBAJEHTHBHIX cpsadelt Si—Q, npucyTcTByomas B pacniase, NPH oXJia-
JKAECHUN MEpecTpanBaeTces ¢ TpyAoM. Llpasmia 3axapHaceHa yKa3bIBalOT, KaKH-
MH CBOMCTBAMH JOMXKHBI 00J180aTh BEHIECTBa, YTOOBI UX MOYKHO OBIJIO 1EPEBECTH
B CTEKJI006DA3HOE COCTOSIHHE.

6) Momyaenue crexon

XoTA KBapIeBoe CTEKJIO — JOBOJILHO [TPOYHBIH MaTepnaJl, CIoCOOHbIH BRAEPKHUBATD
pe3KUe Mmepenabl TEMIEPATY DBl 6€3 PACTPECKHBAHUSA, €T0 TEMIEPATypa CTEKJIOBa-
HUA JIEXKUT OYEHb BBLICOKO, YTO JEJIAET €ro MPOM3BOACTBO HEYJOOHBIM M 3HEpro-
emnM. [Tostomy k umcromy SiOs Hepeiako mobaenasior MoaudpuxaTop —NapO
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I'wpponna
Fenb
Cywka HarpesaHne

MnotHan
Kkepamuka
WNU CTEKNo

MopucTtan | Harpesadue
KepaMuka

Cxema 18.1. CxemaTnueckoe n3obpaskeHHe 30J1b-Tellb Iponecca. Bricymnpanue re-
JISL IPY BBICOKHX TEMIIePATypax IIPUBOIUT K 0OPa30BaHHIO [VIOTHOH KEPAMUKHA MJIH
cTekJ1a. BpicyInuBaiie Ipy HE3KUX TEMIIEPATYPaX U JaBJIEHHH BhIIlle KPHTHIECKO-
ro JaBJIEHUS BOABI HPHBOAUT K MHKPOIIODHCTBIM CTPYKTYpaMm — KCeporessaM M
a3 POreJIsiM.

wim CaQ. [Ipu noGasnennu Moaudukaropa dactb MocTukos Si—O—Si paspyma-
eTca u ofpa3ylorcs KoHnesble rpynnst Si—O7, KOTophle IPYINUPYIOTCS OKOJO Ka-
tnouos (pme. 18.31). YacTuuHbI! paspbls KPeMHEKHCIOPOJHOTO KapKaca MpUBO-
AT K CTEKJIAM C MEHBIINME TeMIrepaTypaMi pasMardeHus. O6bIMHOEe OKOHHOE HJIH
6YTBIIOYHOE CTEKJIO B KadecTBe MOANGUKATOPOB CONEPXKHUT OKCHAB KaJIbLHUA H
HaTpusA (IEeJOYHOCHIMKATHBIE cTeKna). Eciu B kauecTse MOAMQUKATOPA HCIIOB30-
Bath BoO3, To nosmyyaroTes 60POCHIIAKATHBIE CTEKJIA, XapPaKTePU3YIOMHUecd MeHb-
mmmu koadbdurpentamMu TemyIosoro paciupenus. CoOTBETCTBEHHO GOPOCHIUKAT-
HOE CTEKJIO MeHBIIE TPECKAETCsA [IPH Pe3KOM HarpeBaHHH, [I09TOMY OHO HCIOJIb3y-
eTCs U1l KyXOHHON U JIaG0paTOPHOH HoCypl.

CrekJa 06pa3ylOT MHOTHE OKCHIBI, HO B CTEKJIOOOPA3HOE COCTOAHHE MOIYT Ie-
PEXOUTh TaKXe CyJbdUIbI, HTOPHIBI U COEJUHEHUS JPYTUX AHHOHOB. Hanmy4mme
CTeKJI000Pa30BaTeNH — OKCHABI 3JIEMEHTOB, PACIIOJIOXKEHHBIX B MepUoJUIeCcKON CH-
creme Heaaneko ot Kpemuus (B20s, GeO; u P205). Onnako 60/1bILHHCTBO 6opaT-
HbIX U ocdaTHEIX CTEKOJ JIErKO PacTBOPAeTcA B BOZE, & COeJMHEHNS TepMatis
BecbMa JOPOTH, YTO OTDAHMYNBAET IPHMEHEHHE ITHUX CTEKOJL

CoBpeMeHHaA TeXHOJIOTHYeCKas PEBOIIONHA CBA3aHa ¢ 3aMEHOH 3/IEKTPHIeCKHIX
CHTHAJIOB H& 3BYKOBBIE H Hepefadeil MHGOPMALMHA C MOMOLIBIO CBETa, a TaKKe €
3aMeHON 3JIeKTPHYECKHUX MHTErPAJbHBIX CXeM Ha ONTHYECKHe MOJYJIH. B cBssu ¢
3THM BeJEeTCs MHTEHCHBHBIA NOMCK M M3yYeHHe HOBBIX ONTHYECKH IPO3PAIHBIX Ma-
TepnasoB IS [epeiadn u o6paboTKu cBeTOBRIX curHaos. Hanpimep, cocTas of-
THYeCKUX BOJIOKOH JUIs CRETOBOJOB MEHSETC OT HeHTpa K noepxHoctd. [Ipu aToM
MEHSIETCA ¥ [IOKA3aTe/Ib IPEJOMIIEHHs, TaK YITO [IOTEPH CBETOBOI'O CHIHAJA yMEHDL-
matorcst. OTOpUIHbIE CTEKJa IePCIeKTUBHBI KaK 3aMeHa OKCH/HBIM, [IOCKOIBKY B
OKCHIHEIX CTEKJIaX BCETIa COAEPKUTCA HekoTopoe Konmiectso OH-rpynm, koTophie
MOTJIONTAIOT B GiyKHE! HHGBPAKPACHON 06JACTH U OCIAGIAOT CHTHAIL.
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BoJILIIMHCTBO CTEKOJ MOJIY a0T, OXJIaX1as PACIUIABLI CO CKODOCTSIMU, I1PEBbI-
HIAIOUAMHA CKOPOCTH KPHCTAJIM3alliH, KOTOpHhie JJIST CJIOXKHBIX CHIMKATOB, Hopa-
ToB 1 docdaToB BechMa Mansl. Jpyroit nyTh noJlyueHHs CTEKO — 3TO 30JIb-Tellb
IpOIIECC, NPe/ICTaBIeHH bl Ha cxeMe 18.11). Dot mponece HCHOIL3YIOT TaKKe IS
[OJIy4eHHs KPHUCTAJINYECKUX KEPaAMHK U COeAMHEHMI ¢ PA3BHTON MOBEPXHOCTHIO,
HaIlpUMep CHJIMKaress. B THnuYHOM mpouecce aJKOTONAT MeTajyla (MM HECKOJb-
KHX METAJUIOB) PACTEODPAIOT B CIUPTE, B KOTOPBIH 3aTeM A0OGaBSIOT BOLY IJIst
nposeseHns ruaponu3a. [Ipu 9ToM HonydaeTcs JIOTHBIH Teslb, KOTOPhLI MOXKHO
JerHApaTHPOBATh U CHedb (HArDeTh HUKE TOYKH I[LJIABJICHHA JJIH [I0JIyIeHHS KOM-
aKTHOI'O TBEPAOro BeiecTsa). Hanpumep, kepamukm, conepxamuc TiO; n Al,Os,
MOXKHO I10 3TOMY METOZY II0JIYYHUTh [P 3HAYUTEIbHO 60/iee HU3KUX TeMIIepaTypax,
9yeM IIpPH HUCIOJIL30BAHUY HHIANBHIYAJbHBIX OKCHIOB. ['€I10 Tak»Ke MOXKHO NIPHIATD
HeOOXOIMMYI0 (dDOPMY, KOTOpas COXpaHsACTCa NPH clekanud. Hampumep, U3 resst
MOKHO C(POPMHPOBATb HUTb, TOIZA [P OTXKUCE IIOCIE yIATEHUST BOALI 06pa3yeTca
CTEKJISTHHOE MM KePaMHYeCKOe BOJIOKHO, IPHYEM DU CYIIECTBEHHO GoJlee HU3KHX
TEMIIEPATYPAaX, YeM Te, YTO HYXKHBI [l BLITATHBAHUSA BOJIOKOH H3 PaCIIaBa.

H’ BoNbIIMECTBO CTEKOM MOMYYAlOT, OXJIaXK asl PACIJIABbI CO CKOPOCTSIMH, [IPEBbI-
MIAlOUMHI CKOPOCTH KpHCTAJIN3alud, Jpyroit nyrh HOjIyd4eHHs CTEKOJI — 3TO
30JIb-TeNb MPOIIECC.

OCHOBHbIE CTPYKTYPHbIE TWNbl CYNb®NO0B U
POOCTBEHHbIX COEQUHEHWNW

XUMHYECKH MJTKHE XaJIbKOTEHBI — Cepa, CeJeH U Te/Uyp O6pa3yoT ¢ MeTaIaMu
GUHApHBIE COEIMHEHHsI, CTPYKTYPbI KOTOPHIX OTJIMYAIOTCA OT CTPYKTYP COOTBET-
cTBytomuXx okcuaoB. Kak 6bLI0 mokazano B pasg. 2.10, aTa pasHUIla CBA3aHA C
BO3PACTAHHEM KOBAJIEHTHON COCTABJIAIOMIEN B CBA3AX NPU NEpeXoie OT KHCIOPO-
Ja K cepe U ee Goiyee TsDKeNbIM aHajoraM. Hanpumep, coegunenus MO o6brusO
KPHUCTAJUTU3YIOTCA [10 TUIY KaMeHHOW cosd, B TO Bpema kakK ZnS maum CdS kpm-
CTAJIU3YIOTCS 10 THNY cajlepUTa HIH BIODPTIUTA. AHAJOCMYHO MOHOCY/Ib(MUILI
d-MeTas1oB 06bI9HO KpUCTANLMUM3yIoTes o Turty NiAs, a He 1o Tuny NaCl, kak okcu-
ABL INEJIOYHO3EMeJILHBIX MeTaIos, HanpuMep MgO. Eme nokasarenbHee pasiudue
B CTPYKTYpax JUCYILMHUIOB U JHOKCHAOB: B TO BpeMs KaK JHOKCHIbI KPHCTAJIIH-
3Y10TCa B OCHOBHOM 1o Tuny pyTuia TiOg mwnn dmooputa, Jucyabdpuasl obaagaior
CIOMCTBIMH CTPYKTYpPaMi.

ITepen Tem kak paccmoTpeTs 6onee AeTANBHO ITH COEAMHEHUS, 3AMETHM, YTO U3-
BECTHO MHOTO CO€MHEHHH METaJlIIOB, KOTOPBIE HE OMICHIBAIOTCA B PAMKAX IIPOCTBIX
BaJIEHTHBIX CXeM WM MOHHBIX Mozenedl, nanpumep: TisS, Pd4S, V30, FesN u na-
KE HU3MINE OKCHABI Weto4HbIX MeTamos tana CszO (pasa. 9.5). CymecTsoBanue
da3 ¢ BBICOKHM comeprkanHeM MeTa1n0B OBLIYHO OGLACHAIOT 06pa30OBAHUEM CBH-
3eft Merasn — MeTasn. MHOrMe WHTepMeTa/IuecKHe COeJUHEHHUs HMEIOT COCTAB,

1) Mehrotra R. C., «Present status and future potential of the sol-gel process». Structure and
bonding, 77, 1 (1992); Roy R., Science, 238, 1665 (1987). Cm. tasoxe: Typceckaa E. [1., Snos-
cxaa M. H., Typoea H. 5. «Vlcnonb30BaHRe GJIKOTOISTOB METAJJIOB [JIS MOy YCHUA OKCHUIHBIX Ma-
Tepuanos». Heopr. marepnant, 36, 3, 330 (2000).
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1 TeMnepaTyvpa

Kpucrannet TaS, HeoumiuenHbint nopotuok Tas,

Puc. 18.32. Poct kpucrannos u ounctka TaS; rasorpancnoprinim cracabom. B kauecTne
TPAHCTIOPTHOI'O Ar€HTa MCIOAL3yeTcsl HeBoMbIIoe KOTMYECTBO HOJA.

KOTOpBIl HeJIb3A OObICHUTb HA OCHOBE TPAJHUIIHOHHBIX IIPEJCTABIEHHH O BAJEHT-
nHoctd. Cpemu aux NdoFe;7B u SmCos, KoTOpbIe MOLYT CIY>KUTH MATEPHATOM JJIS
IIOCTOSIHHBIX MAarHUTOB.

18.7. CnoucTtbie coepgunenns MSs n nitepkanauyma

CroucTble cybGUABI ¥ MX HATEPKAJATH! GbUIM YIOMAHYTHI B pa3i. 11.10. B naHom
paszesie OHM PACCMATPHUBAIOTCA Gosee NoaPOSHO.

a) CHHTe3 M pOCT KPACTAJLIOB

XanbKorens! pearupyloT ¢ GOJLUTHHCTBOM METAJJIOB IIPH KOMHATHOH MJIX HECKOJIb-
KO 60JIee BLICOKOI TeMmmepaType ¢ 06pa3oBaHieM GOJIBIIOre KOMNYeCTBA Pa3/IMIHbIX
coeunenut. [lonyyenne KpUCTAWIOB CYyIbMUI0B, HEOOXOIUMBIX VIS XUMHYIECKHX
HJIM CTPYKTYPHbBIX MCCJIEA0BaHHUI, YaCTO IPOBOJAT METOIOM XUMHUYECKOro TpaHc-
nopTa depes rasonyio dasdy, KOTOpbIH HIHPOKO [IPUMEHSAETCA ¥ K APYTEM KJlaccaMm
XUMUYECKUX COE/MHEHNH. B HEKOTOPBIX CIydYasx MOXKHO [POCTO cybauMHpOBaTh
COeIMHEHHe, HO METO/, Fa30TPAHCIIOPTHBIX PeaKIHi MOMKHO PUMEHATh U K PasHO-
0BPAa3HEIM HEJIETYYHUM COEIUHEHHSAM.

B TunuyuHOM 3KCIEpHMEHTe HCXO/HbIE BEIIECTEA IIOMEINAIOT B OJMH KOHEI 3alla~
SIHHOM TPYGKH M3 KBapLEBOIO WJIH GOPOCHMJIMKATHOIO CcTeksa. [locie oTKaunBaHUA
BO3IyXa J00aBJSIOT HEHOBIIOE KOJIUYECTBO TPAHCIOPTHOrO areHTa, TpybKy 3ana-
MBalOT ¥ MOMEIAIOT B [1eYb ¢ IPAJUEHTOM TeMIlepaTypPhl. [TonukpucTalandecKui u
HepeJKO 3arPA3HEHHBIH XANbKOTeHH [ MeTaJlJla UCIlapsaeTca Ha OJHOM KOHIE TpyOKH
U OCAYKIAeTCA B BHUIE YHCTHIX KPHUCTAJUIOB HA JPYroM KoHIE (pHC. 18.32). dtot
HpoIece OTJIMYAETCA OT TPOCTOH CYBIMMALMK TeM, YTO TPAHCIOPTHBLIA areHT, Ha-
npuMep rajores, o6pasyeT NMpoMeXKyTOYHOE JIeTy'ee CoeTUHEHHe — rajloreHua Me-
Tanna. Kak npasumio, Heo6XOAMMO 04eHb MaJIoe KOJIMYECTBO TPAHCIIOPTHOrO areHTa,
IIOCKOJIBKY [PH POCTE KPUCTAJLJIOB OH BbIAEJSETCA U muddyHIpyeT 06paTHO K HC-
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xoznsoMy BemecTsy. [Iponecc TparcnopTa TaSs, HapuMep, npoTexkaeT ciieayOIUM
obpasom. [Ipn 850°C peakuus ¢ HOmOM IHIOTEPMHYHA:

TaSy(ts.) + 2I5(r.) — Tals(r.) + S2(r)

[Tpu NOBLIMIEHNH TeMIEPaTyPbl IIyOHHA IPOTEKAHHUA PEAKINY yBeJudusaerca. Ta-
KuM 00pa30M, NapriajbHoe JaBjeHue JeTydux npoaykTos npu 850°C Bwime, yem
npu 750°C, u TaSy ocaxnaercsa B To# "wacTH aMITyJIbl, Te TeMIEpaTypa HUxe. Ec-
yu (4TO TAaKXKe CIydaeTcs) TPAHCIOPTHAA peakOus IKIOTEPMHUHA, TO BEIECTBO
NepeHOCUTCA U3 HoJlee XOJIOAHON 30HB B 6oJiee ropAvyIo.

m B mpucyTcTBuE HOa TOJUKPUCTAIIHYECKHE XAJILKOTEHUIB METAIIOB 06pa3yIoT
COETMHEHHUSL, JIETYUHe IIPU TeMIIepaTypaX BblIle KOMHATHOM, ¥ MOHOKPHCTAJLIBI
XaJbKOT€HUJOB BBIDACTAIOT Ha 601 XOJOAHEIX YaCTAX TPAHCIOPTHBLIX aMITyl.

*

6) Crpykrypa

Kak 6b110 nokazauo B pazf. 11.10, aucynbhunnl d-MeTannos fedsTcs Ha [Ba KJac-
ca. B omyu U3 HUX BXOAAT COEAMHEHHS CO CIOMCTOM CTPYKTY PO, XapaKTepHbIe [JIst
MeTaJUIOB C MaJIO# M CpelHel CTelleHbI0 3amo/HeHus d-TNOAypOBHSA (JleBas 4YacTb
d-6710Ka), a BO BTOPOH — COE{MHEHAS 3JEMEHTOB IPaBoil YacTH d-6JI0Ka, ComepKa-
L€ UOHBI Sg“. B sToMm paszenie paccMaTpUBAIOTCA TONBKO CIOMCTHIE JUCYIbMHIBL.

B crpyxType TaS; 1 MHOTHX JPYTHX CIOMCTBIX AUCYTHGMUIOB HOHBI IEPEXOIHOTO
MeTaJlla PACIIONAralOTCA B OKTadIPHUECKHUX MYCTOTaX MeKCATOHAJBHON MJI0THE el
yHakoBKH Cynbduanbix cnoes AB (puc. 18.33,a). Mons TaHTaa 06pa3yioT MIOTHO-
YIAKOBaHHLIH CJIOH C, M BCe BMECTE MOXKHO CXeMATHYHO U300Pa3iTh Kak akeT (HiIu
«canapry» ) AcB. Takue makeTs (c/1on) 06pa3yroOT TPEXMEPHYIO CTPYKTYDPY, PACIIO-
Jlarasich B nocienoBaresnbroct AcB AcB AcB AcB... Cpasb mex 1y HUMH uMeer
B OCHOBHOM JHCIEDCHOHHBIN XapaKTep. ATombt MoauGaeHa B MoSy pacmosozKeHb
B IIEHTPaX TPUIOHAILHBIX IPU3M MeXKAy CyIbOUAHBIMA cloaMu A A, pacrosoKeH-
HBIMH TOYHO IPYT HaJ ApyroM, (puc. 18.33,6), u TakKe 06pa3yroT MJIOTHOYIIAKO-
BanHBIe ¢10u b. TpexMepHas crpykTypa dbopMupyeTcs B BHIE MOCTIE0BATEIHHOCTH
AbA CbC AbA CbC... U B 3T0M ciyuae cBA3b MEXJY <«MaKeTaMH» OCYLIeCTBJIf
€TCA 38 cYeT JUCIEPCHOHHBIX CHIL.

HocnenoBaTenbHOCTD CII0EB MOXKET MEHATHCA, YTO IIPUBOJUT K BO3HUKHOBEHHIO
nonwntunos. Hanpumep, B oHoM n3 nosmrunos MoSy CTou-«COHABHYM» pacrosa-
rajorca B nopsanke CbC AbA..., a B apyrom — CaC AbA BcB.

KpoMme pasnmdmeix BapuanToB mocsenoBaTe bEOCTH CIOEB CTPYKTYPH MHOTHX
AMXBJILKOTeHHAOB d-MeTalioB 06J1a/Ja10T W ApyruMH ocobeHHocTaMH. Hampumep,
Hepe Ko HabMo#aIoTCA HeGOMbIINe HCKAYKeHUS CTPYKTYDBI CJIOEB, HOCANIME HMEPH-
OIMYECKUH XapaKTep. DTH HCKa)KEHHs HOCAT HA3BaHHe BOJH 3apsif0BOM IJIOT-
HOCTH; L7 uX ONHCaHUsA HeOGXOAMMO CHAYANA PACCMOTPETb 30HHYIO CTPYKTYpPY
JANXATBKOT€HHIOB,

Kpucraimiueckne crpykrypsr srux COeJMHEHMI OBLIN TOJBKO YTO OINHUCAHBI
KaK IMOoC/Ie0BATeIbHOCTD CJI0eB KATHOHOB M aHHOHOB, C TOYKH 3DEHHS JIEKTPOH-
HOH CTPYKTYDBI TaKasi TPAKTOBKA ABJIAETCH yrpomennot. JUIf y4eTa KOBAIEHTHO-
CTH CBs3€H, XapaKTepa MPOBOAMMOCTH M T.II. HeOGXOAMMO PACCMATPHBAThL 30HHYIO
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a ® Ta OS 6 eMo Os

Puc. 18.33. Crpyxrypa TaS; (tunm Cdlz) (a); aromn Ta pacnonaraiores B OxTaspHde-
ckux (C) MOBHIHAX MKy CIOAMH aToMOB cepbl (A u B). Ctpykrypa MoS; (6); aromur
Mo pacrmonaralores B TPHIOHAJIBHO-TIPU3MATHYECKHX To3umuax (b) Mexmy cnosmu aro-
MoB cepbl —AA wm CC.

cTpykTypy. [IpnbnusnTenbuble 30HHBIE CTPYKTYDPHI, NOJy4YeHHbIE U3 PAcdeToB 10
METOLY MOJIEKYJIAPHbIX OpOHuTalell 1 u3 (OTOIEKTPOHHBIX CIEKTPOB, MOKa3aHbI
Ha puc. 18.34. M3 pucynka BUIHO, YTO U [IDH OKTAIAPUYECKOH, U MPH TPUTOHAIBLHO-
OPU3MATHYECKOH KOODIHHAIMHM HOHOB METAJlJIa XaJbKOTeHUIbl HMEIOT HU3KHE MO0
9HEPrHH 30HbI, B OCHOBHOM COCTOSIIIME M3 §- U p-OpOUTajell XaJIbKOTeHa, Cllelylo-
LIME [10 SHEPTHH 30HBI 0OPa30BaHBl IPEUMY LIECTBEHHO d-OpOHTAIAMH MeTaJIIa, SIe
BBLIIIE HAXOAATCA 30HBI, 00pA30BAHHBIE ATOMAMH OBOUX 3JIEMEHTOB.

Ecnu aToM MeTaslia HAXOAUTCS B OKTA3APUYECKOM OKPYIKEHHH, ero d-opOHTal,
KaK U B OJHOAJEPHOM KOMILIEKCE, DACHIEIIAIOTCA Ha JIBa THIA: tog (HINKE MO SHep-
ruM) U eg (BbIme 110 sHeprun). M3 sTux aToMHBIX opbutaselt dbopMupyloTes tog- B
eg-30HbL. [llnpokas t9;-30Ha MOXKET BMECTHTH 10 6 3IEKTPOHOB Ha KasKIbIH aTOM
MmeTanna. Takum obpasom, TaSs, comepskamuii ofuH d-3JIeKTPOH Ha ATOM METAILIA,
HMEET JIMIIb YaCTHUHO 3AMOJHEHHYIO {2g-30HY M 00JIaJaeT METaIJIHYeCKOH TpOBO-
JHUMOCTBIO.

T puroHaJbHO-NPU3MATHYECKOE TIOJIE JMMAHAOB IPUBOJUT K PACUIEIIEHHIO Ha
HEBBIPOXK/IEHHYIO a}-0pbuTanp (caMas HU3Kas [0 SHEPTUH) U J(BE JBAXK/El BHIPOX-
AeHHBIX €'~ U €”’-opGurann. B aTolt cTpyKType I 3alOJHEHNA 30HBI ) HEOOXO-
JUMO TOJBKO 2 3JIEKTPOHA Ha Ka)Kiplll aToM MeTasula. Takum obpasoM, MoS3 ¢
TPHUrOHAJILHO-IIPU3MATHYeCKOH KOOpAUHALMEH aTOMOB MOIMO/IEHA UMeeT 3aI0JIHEH-
HYIO a}-30HY ¥ JO/KeH 6bITh H30NATOPOM (TOUHEe, IOJYMPOBOIHAKOM € WIHPOK H
3aMpenieHHod 30HOM).

O6pazoBanue BOJH 3apsAI0BOH IIJIOTHOCTH B HEKOTOPBIX JNXAJILKOTEHHIAX Me-
TaJIJIOB BO MHOTOM aHAJIOTHYHO BOSHMKHOBEHHIO MAHEPIICOBCKOTO MCKAYKEHHUA OHO-
MepHBIX CTPYKTYp (cM. pasx. 3.14). Jlas ojHO- U ABYMEPHBIX CHCTEM € YACTHIHO
3aI0JIHEHHO! BAJIEHTHON 30HOM MCKayKeHHe PENeTKH IIPOUCXOAUT TAKHM 00pa3oM,
4TO BaJIeHTHAs 30HA PACIIENJISIeTCA Ha JiBe, U3 KOTOPBIX Goslee HU3Kasg MOMKET OKa-
3aTbCA MOJHOCTBIO 3aHATOM, a BTOpad — nycroil. [IoCKONbKY BBIMIDHINI B 3HEPTUU
IIDH 3TOM HEBEJIUK, CTATHYECKAS MOIYJIAIMS CTPYKTYDBI IPOABIAETCS TOJBKO DU
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Puc. 18.34. Cxema 30HHBIX CTPYKTYD OUXAJbKOTEHHIOB: 48— COEIMHEHHS CO CTPYKTYPOi
tuna Cdly; y ZrSo (kondurypauns d®) 3amoJHEHbI TOLKO S- M P-30HBI XAJILKOTEHA, 1
coeUHEeHNE OTHOCHTCS K MOJYNPOBOAHUKAM; 6 — COeqUHEHHUS cO cTPYKTypoit MoS;; NbS;
(xonduryparua d') obnagaer MeTaNTMYECKoll NMPOBOZMMOCTBIO, B TO BpeMs Kak MoSs
(xoucburyparus d?) — mosynpoBogHIK.

HU3KHX TeMrepaTypax. BoJaHbBI 3apsmoBoil IIOTHOCTH HABIHOJANNCH NPH HHA3KAX
TeMIIEPATypax y AUCYIhMUIOB MeTAaoB 5-# rpynnsl VSs, NbSy u TaSe. B artux
COEIMHEHHUSIX YETHIPE M3 [IATH HJIEKTPOHOB METAJIA, 3AMOJHSIOT S- U P-30HBI XaJlb-
KOTeHa, & [SITHIH 3aHMMaEeT, HO HEe 3allOJHSET J0 KOHUA d-30Hy. IIpn HHU3KHX TeM-
NepaTypax KPUCTAJLIHIECKAs PElleTKa HCKAXKAeTCsl, YTO COIPOBOMNIAETCA PaCIIe-
JeHueM d-30HBIL.

l“ Hducynsbuapl MeTaanos JieBoit yacTu d-6J10Ka COLEPKAT HOHBI 52~ u 061a1a-
10T CJIOUCTBIMH CTPYKTYPaMH, B TO BPeMst KaK JUCYIAb(MUIb 3J1€MEHTOR IPaBoi
dacTh d-6710Ka comepKaT HOHbI S5,

B) HHTepkananms n BHenpenne

Panee yxxe ymoMHHAIOCH, 9T0 HOHBI EI0YHBIX METAJIIOB MOTYT BHEAPSTBCS MEXK-
Ay crosMu rpaduTa (pasa. 10.8) u caosaMu B qECyIb()HIAX TIEPEXOIHBIX METAJLIOB
(pasz, 9.11) ¢ ofpasoBanreM MHTepPKAJANMOHHBIX coenHeHuil. Peakums o6pasona-
HUA WHTCPKAJIALHAOHHBIX CO€JUHEHH, HIIN PeaKlus BHeIpPeHUs, XapaKTepH3yeT-
CA T€M, 4YTO CTPYKTYDa «XO3SMHA» [I0YTH HE MEHSIETCH DU BHEIPEHHUH «rocTss 1,
O6pasonanne coennnennii BHEJPEHHS SBJISAETCS OCHOBOH «BBICOKOIHEPreTHIECKUX
AKKYyMYJIATOPOB», KOTOPblE COCTOST, HAIPUMEp, W3 JHTHEBOTO aHONA, XaJIbKOre-
HHIHOrO KaTOHa W 9JIEKTPOJHTA, PACTBOPEHHOrO B MHEPTHOM IOJISIPDHOM OpPraHu-

1) Peakuun, B KOTOpPLIX CTPYKTYDPa OZHOIO M3 PEAreHTOB CYIIECTBEHHO He MEHSeTCs, Ha3bIBa-
H0TCA TONOTAKTHYECKMMN. DTH PeakUUH HC OCPAHUYHBAIOTCH TOJNbLKO DEAKUMAMH BHEApEHHS,
paccMaTpHBaeMEIMH B 9TOM pa3jelle; ruapaTauys, JeCWApaTalis, MOHHbI 0BMeH Tak»Ke 4acTo
GLIBAIOT TOMOTAKTHYECKHUMHU.
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Tabnuua 18.5. Hexoropsie HHTEPKAJalOHHbIe
COCIMHEHHUST MIeJOYHBIX META/UIOB M  XAJbKOre-
HHIOB
Coedunenue Ad, A
KZrS, 1,60
NaTiS, 1,17
KTiS, 1,92
RbSnS, 2,24
KSnS, 2,67
Nag ¢ MoS;(2H) 1,35
K()AMOSQ(QH) 2,14
Rbg,aMoS,(2H) 2,45
CSO,3M082(2H) 3,66

®) i3aMeHeHNe PACCTOSHUS MEK/LY CIAOAMH MO cpas-
HeHHIO ¢ ucxomubiM aucyabdumom. (2H oznausaer
KOHKPETHYIO NOCIEJA0BATENbHOCTD CJIOEB, HIIH MOJIH-
THUIL)

YecKoM pacTBopHTele. Taxkoil akKKyMyJNsTOD MOXeT JaTh HANPSKEHHEC 3HAYHMTENb-
Ho Bhimie 2 B m obsasaer ynespHON 9HEPrHEH BiaBOE GOJbIIEH, TeM Y ero HHKENb-
KaJIMHeBOro anajora. Ilepesapsaika TaKMX aKKYMYIsTOPOB IPOTEKAeT BbIcTpee, 1I0-
CKOJIbKY TBepAo(Qa3Hble peakiiu U (Ha3oBble Mepexosl 34eCh OTCYTCTBYIOT.

7-30Hbl TpaduTa (BaNeHTHAs H IPOBOAMMOCTH) CONPHKACAIOTCA (KaK OBLIO MO-
Ka3ano B pasna. 3.14, rpadur $HopManIbHO SAB/ISETCH MOJNYMETANJIOM), H 9HEPTHs
['n66ca mnst mpouecca BHEAPEHHsI OKA3BIBAETCSA OTPHIATEIBHON 3a CUeT HepeHoCca
3JIEKTPOHA C aTOMa IHEeJOYHOr0 MeTajlsla B 30HY IPOBOAMMOCTH rpaduTa. BHen-
peHne MeJOYHOTO MeTaasa B JUXATbKOTEHHIB! COMPOBOXKIAETCH TEM MKe CaMbIM
MIPOLECCOM, HO 3JEKTPOH IePeHOCHTCs B d-30HY. KaTHOH miesl09HOro MeTansa pac-
TIOJIArAETCH MEXKY CJIOAMH XaJbKOreHUA-uoHOB. HekoToprie npencrasutenn coeau-
HEeHHI BHeJpeHMd Iepeduciiens! B Tabia. 18.5.

Brenpenne HOHOB IMEIOYHOTO META/IA B HCXOAHYIO PEMIETKY MOXET IIPOTEKATh
HJIH TIPH HETIOCPEICTBEHHOM B3aHMOJEHCTBUH PEareHTOB:

TaSs + zNa 800°C, Na,TaS, \x =0,4—0,7

HJIM C HCIOJIb30BaHHEM AKTHUBHOIO BOCCTAHOBHTENST, COJEPNKALIErO HISJOYHON Me-
TaJUl, WM TOCPEACTBOM IIpoIecca dJIeKTpouHTepKaaanuu (puc. 18.35). Oamo
M3 [IPEHMYIIECTB 3JEKTPOHHTEPKANAHOHHOIO0 METOIA — BO3MOXKHOCTh OIpeJe/NTh
KOJIMYECTBO BBEIEHHOTO IEJOYHOr0 MeTaJllla, H3MEPAA KOJHYECTBO 2JIeKTPHIECTBa,
HU3PacXOJO0BAHHOIO B XOJIe CHHTE3a. MOXKHO TaKxKe OTJIMYATh 00pa3oBanie TBEpIoro
pacTBOpa 0T 06pa3oBanus cepun aucKkperHbix $a3. Kak mokasspaer puc. 18.36, 06-
pPa30BaHHe TBEPJIOro PacTBOPA XaPaKTEPH3YETCsl TTOCTENIEHHbIM U3MEHEHHEM ITOTeH-
[IHaJIa B POIeCcce MHTEPKAJAIHH, B TO BpeMs KaK IpH 06pa30BaHMH JUCKPETHOrO
COeIMHEH s [IOTEHIMAN OCTAETCA [IOCTOSTHHBIM, TI0KA OJHO COeIHHEHHe He MePellsio
B APYTroe, a 3aTeM, KOTIa peakiys 3aBepIIHJach, IPOUCXOJANT Pe3KHil CKadoK MO-
TeHLHAJIa.
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Li(r)-» Li't & MS;+xLi* +xe™>Li,MS, xin Li,TiS,
Puc. 18.35. CxeMa YCTAaHOBKH IJIS 3JIEKTPO- Puc. 18.36. 3aBucHMOCTb TOTEHIIM-
HHTEpKaJIAIMM. B KadecTBe 3/1€KTPOJMUTA HC- , ajla OT COCTaBa AJIA MPOLECCa SJIEK-
[OJb3YeTCS PACTBOP COJMH JIUTHSI B TOJAPHOM TPOUHTEPKAJIALMH JUTHS B JHUCYJIb-
OPraHHYeCcKOM PACTBOPUTENE (HAIpHMep, mpo- dux tutana. Cocras (z B Li;TiS:)
nunenkapbonare). R—snekrpon cpabHenus, oNpenensercs MO JAHHEIM KYyJIOHO-
CP — kynonoMeTp (AJ1S H3MEPEHHS NEPEHECEH- MEeTpHH.

HOTO 3apsiia) U PeryJIsTop HOTEHIMANA.

CoenuHeHNA BHEAPEHUS OTHOCATCS K CMEIIAHHBIM JIEKTPOHHO-HOHHBIM POBO-
unkaM. B obieM, npoliece BHeApeHAs 00paTHM XHMHYECKH UJIH 3J1eKTPOXAMHIECKH.
Banaronapst o6paruMocTy MOXXHO, HAIIpUMeED, Ilepe3apAXKaTh JATHEBble aKKyMyJlsa-
TOpPBI, YAAJIAS JUTHH U3 coequHeHus BHeApeHus. [[prMepoM HCIOIB30OBAHHS ITOrO
Hpollecca B CHHTE3e TPYIHOLOCTYTHBIX COEAMHEHNH CIY>KUT CHHTE3 paHee HEU3BeCT-
HOTO CJIOHCTOTO coennHeHnsA VSo: Ha IIepBOM STAlle BHICOKOTEMIIEDATYPHBIM CHHTE-
30M 6BLIO MOJIY4eHO M3BecTHOE clloucroe coequuenne LiVS,, u3 xoroporo ¢ momo-
B0 PEAKIINY OKUCIEHHs HOJAO0M OB MOJIydyeH MeTacTabHiIbHbLH VS2, Ubf CTPYK-
Typa oKa3asjach uIeHTH4HOM cTpykType TiSs:

a 6 @
Puc. 18.37. CxemaTndeckoe u3o6pakenne MaTepHalloB-<X03T€B> AJS Peakuuil MHTEpKa-
JIallMI: @— TPEXMEPHAsl CTPYKTypa C NePeCeKaIuMHcs KaHajlaMH; 6-— aByMepHble npo-
MEXYTKH MEXIY CJI0IMH; @— CHCTeMA OJHOMEPHBIX KAHAJOB.
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Tabnwua 18.6. HexoTopnre TpexmMepHble MHTepKaJa-
IIHOHHBIE COEIMHEHUS

Dasa Cocmas (z)
Li. [MogSs] 0,65-2,4
Na:r [MOSSS] 3,6

Nig [MOsSes] 1,8

szoa 0—0,6

Liz WO3 0-1,0
Li;NiPS; 0-1,5

Coenunenna BHenpeHHs 06pa3ylOT ¥ MOJIEKYJIApHbIE «FOCTH». [loxkanyH, Had-
6onee uHTepecHs! npou3ponble MeTantoueroB Co(n°-Cp)z u Cr(n®-Cp)a, rae Cp —
LMKJIONEeHTaIHEHHI. DTH MOJIEKYJIbI MOTYT BHEAPATLCSI B CTPYKTYPEl MHOTHX <«XO-
3qeB», HarrpuMep TiS,, TiSe; u TaS,, sunors go 0,25 MCps na dopmynbayio enn-
muy MS; wm MSe;. IIpu aToM mpefielbHOM cocTaBe, [O-BUAMMOMY, obpasyercst
Ge3nedeKTHBIN 3aBepmeHHslt caoft noHop MCpy . Merannoopranmyeckoe coeu-
HeHHe [PH HHTEePKaJalfifl OKUC/IAETCSA, HAIIOMHHAS 3THM IIEJIOYHbIE MeTallIbl. B
COOTBETCTBHHU € 3THM (DepPOLEH, KOTOPBIH OKHUCJISIETCH TPpYIHee, YeM €0 aHAJIOTH €
aromamu Co u Cr, He moABepraeTCAd HHTEPKAJIAIHH.

BHeapenne MoXKeT HPOUCXOAWTH B OJHOMEDHbBIE KAHAJBI, JBYMEpHbBIE IJIOCKO-
ety (mogo6HO TOMBKO 4TO 06CYKAABIUIMMCS CIyYasaM) HIH B3aNMOIEPeceKAIONHecs
KaHaJbl, KOTOpEle 06pa3yloT TpexMepHy1o ceTh (puc. 18.37). Kpome mecra B npo-
CTpaHCTBe, B KOTOPOM MOXKET PaCIIOJIOKHUTBCS «TOCThY, «XO3AHH» JODKEH 06Ia0aTh
30HOH [POBOAMMOCTH C HaJJeXkalled sHepruelt, 9To6b 0OPATUMO IPHHUMATD JIEK-
TPOHBI (WJIH, 4TO GbIBaeT pexe, Mepel]aBaTlh IEKTPOHBL «rOCTIO» ). Kak BugHO M3
JaHHBIX TabJ1. 18.6, «X03sieBa» 0TIHIAOTCA OONBIINM XUMUYECKUM pa3sHoobpasueM,
B UX 4HCJIO BXOAAT OKCH/IbI METAJIJIOB M PA3JIMYHbIE TPEX- U Y€THIPEXKOMIIOHEHTHEIE
coeqnHeHns. TaxrM o6pa3oM, XHMUA HHTEPKAJAIMOHHEIX COEIMHEHMR He OrpaHu-
YHBaeTCs XuMuel rpaduTa U CJIOHCTHIX JUXAJILKOTEHHUIOE.

“I WHTepkasaliiioHHblE cOeANHEHNS (COEIMHEHNS BHEIPEHU) MOTYT GbITh [TOJTyYe-
HbI [IPSIMBIM B3aHMOIEHCTBHEM <« OCTSI» H <XO35SMHA» HJIH 3JIEKTPOXUMHUIECKUM
myTeM. «[ocTby MOXKeT 6BITH HE TOJBKO ATOMOM, HO H MOJEKYJIOH.

18.8. ®a3ui LLespéns

JlaHHast raBa 3aBeplllaeTcs pacCMOTPEHHEM MHTEPECHOTO KJIACCs TPOHHBIX COeIH-
HeHHH, BIepBble 00HAPYKeHHBIX (paHny3ckuM xumukoM P. [llespénem B 1971 r.b.
OTH coeluHEHHs, B KOTOPLIX Hab/IOJAeTCA TPeXMepHAs HHTEDKAJTALHUS, HMEIT
dopmynsr MogXg mnn M;MogXsg; X Moxker 6bITh S, Se nu Te, a HHTEpKAJINPOBAH-
uer#t Metastn M — Li, Mn, Fe, Cd, Pb u sekotopsle npyrue. HUexonable coeTUHEHU
MogSes 1 MogTeg MOXKHO MOJIyYHTh CHHTE30M U3 3JIEMEHTOB MPH TeMIepaTypax

1) Hughbanks T., Hoffmann R., J. Amer. Chem. Soc., 105, 1150 (1983); Schéllhorn R., Angew.
Chem., Int. Ed. Engl., 19, 983 (1980).




302 Inaea 18. CrpykTypa v ceoiicTBa TBepApbIX T€N

O
oS «Mo *MocS
Puc. 18.38. JIsa cnocoba mpen- Puc. 18.39. Crpykrypa dasbl Hleppéns. okaza-
craBienus knacrepa MogSs B da- HBI cOBHHYTHIE KaacTepbl MogSg. AroMm monnbae-
3ax Illeppéns. Ha MOXKET BbICTYIIATh B KA1eCTBe aKIENTOPa dJ1eK-

TPOHHOM Tapbl ATOMA CEpPbl COCETHEro Kyba.

okoso 1000°C. PaccmarpuBaeMule CTPYKTYPHI COCTOSIT U3 KJacTepoB MogSg, KoTo-
phle MOXKHO NPEICTABATL KaK OKTasap Mog, Bce rpaHH KOTOPOTO «HAKPBITBI» ATO-
MaMH S, MM Kak oKTa3ap Mog, Bnucanusiii B ky6 Sg (puc. 18.38). Kinacreprr Toro
K€ THIa U3BECTHBI CPelH Tajorerunos 4d- u Sd-sineMentor neroil uactu d-6i0kKa,
HanpuMep Knactepnl [MgXg|!™, HalilenHble B AMraJoreHHZAX «IIBYXBaJEHTHBIX>
MoaubaeHa u Boabdpama.

Ha puc. 18.39 noxasana ynakoska kiaactepoB MogSg B daszax Illerpéns. Buz-
HO, YTO OHH CABHHYTbLI OTHOCHUTENBLHO APYT APYyra H OTHOCHTEJILHO y3JIOB, 3aHATHIX
HHTEPKATHPOBAHHLIMA HOHAMH. DTO BbIMOAHO BCJIEACTBHE 00PA30BAHNA BTOPHYHBIX
JOHOPHO-AKIENTOPHLIX B3ANMOAEHCTBHAN MeXy BAKAHTHBIMH d,2-0pOUTANAMH aTO-
MOB Mo (HampasJieHb! HApYXKy NE€PIEHANKYJIAPHO TpaHAM Ky0a) M 3al0JHEHHBIMHA
JIOHODPHBIMH OpOHTAJIIMH ATOMOB S COCETHHUX KJaCTepoB.

Onpo U3 uHTEpecHBIX (PU3MYECKHX CBOMCTB, NPHBIEKIINX BHAMaHHe K dazaM
lenpéna, — cepxnporoguMocts. Tak, PbMogSg nposBiasieT CBOHCTBa CBEPXIPO-
BogHUKA 10 14 K maxxe B 04eHb CHIBHBIX MATHHTHBIX IOJISIX, YTO BAYKHO C IPHKJIAJ-
HOI TOYKH 3peHus. B sToM orHOmennn ¢a3nl [leBpéns cymecTBeHHO MPEBOCXOIAST
607ee HOBBIE OKCOKYNpPATHLIE BLICOKOTEMIIEPATYPHLIE CBEPXIIPOBOAHUKH.

l” Qazer [leppéna umetor coctan MogXg umn M MogXs; X moxer GuITh S, Se
unu Te, a unrepranupoeanunit merann M — Li, Mn, Fe, Cd, Pb n mekoTophle
JApyTHe.
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VINPAXKHEHUA

18.1 Onuurute npupony . edexros Ppenkens u [1loTTKH, a TaksKe SKCIEePHMEHTAILHBIE
MeTombl X 0bHapy>KeHusi. MOryT i JedeKThl 9THX THIIOB 00YCIOBUTh HECTEXHO-
METPUYHOCTH COEIUHEHUs ]

18.2 U3 kaxnaoit mapw coeannenuit: a) NaCl u NiO, 6) CaF; u PbF;, B) Al2O3 u
Fe,O3 — BrifepuTe TO, B CTPYKTYpE KOTOPOTO BLICOKAS KOHIEHTpauus nedeKkToB
Haubosree BepoaTHA. [IpeAnosouTe, Kakoro THNa JedeKThl MOTyT ObiThb, OTBET
obocHyiiTe.

18.3 Yem ommnuarorcst cobereennbie medekThl or npuMecHbix? [IpuBeaHTE NPHMEPH
JeeKTOB KaXKAOTO THUIA B PEATIbHBIX COEJMHEHUSIX.

18.4 Hapncyiite anemenTapnyio sueitky ReOs, 0603maunTe aTombl obonx Thnos. docTta~
TOYHO JI «OTKPBITA» 9Ta CTPYKTYPa, 4T06b1 651710 BO3MOXKHO MPOBECTH MHTEPKaIa-
o nosoe Nat? Ecin na, To Kakoso HanGosee BEPOSITHOE MECTO HX Pa3MEILeHnA?

18.5 dpasercs MM IIOCKOCTb KpPHCTALIOrpadUYecKOTo GOBUTa medhekToM, crocoboM
OIHCAHUS CTPYKTYPbl HOBOTO THUIA WIM H Te€M M IpyruM oxxoepemenHo? OTserT
oBocHyiite.
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18.6

18.7
18.8

18.9

18.10

18.11

18.12

18.13

18.14

18.15

Tnasa 18. CrpykTypa v CBOWCTBa TBEPABIX Te/

Uz0bpa3sute CXeMATHIHO CTPYKTYPY KaMeHHOH COJIM M OTpEeesInTe MeXA0y3und,
B KOTOPbIE MOXKET MUTPUPOBATh KaTHOH. KaKoBa mpHpoJa «y3KOro Mecras Mex /iy
HOPMAJIBHBIM Y3JI0M U MEXI0y3JmeM?

Cpasuanre npupony aedextor B TiO n FeO.

Kak MOYXHO SKCIEPUMEHTATbHO OTIMYUTH TBEPABIH PACTBOP OT CEPHH CTPYKTYP C
[UTOCKOCTSIMU KPHCTALIOTPadQHIecKoro capura, €Ciiv BemecTB0 HMeeT HepeMeHHbIN
cocTas?

[ToMHSI, YTO XHMHS OKHCJIMTENLHO-BOCCTAHOBUTEJILHBIX IPOIECCOB B OKCHAAX Me-
TAUTOB BO MHOTFOM HAMOMMHAET TAKOBYIO JJIs HOHOB METaJIoB B PACTBOpax, 00mb-
scrure, Kakoll u3 okcraos — TiO, MnO, NiO —a) Tpyanee Bcero OKHCIAETCH HA
BO3JyXe; 0) Jierde BCEro BOCCTAHAB/IMBAETCH.

Omunmire snekrpornporogocTs TiO u NiO u unTepupeTpy#Te pasHuuy b CBO#-
CTBAaX HA OCHOBE 3aKOHOMEPHOIrO0 M3MEHEHM: SJICKTPOHHOH CTPYKTYPBI MeTaJUIoB
BAOIbL 3d-psima 3JI€MEeHTOBR.

Boume 146°C Agl craHOBHTCA HMOHHBIM (Ang) nposoanukoM. Tabmerxy, mpuro-
TOBJIEHHYIO U3 ITOTO BEIIECTBA, 3aXKHUMAIOT MEXAY cepebpsSHBIMI JJIEKTPOAAMY,
HarperaioT a0 165°C 1 npuIaraloT K 3J1eKTpoldaM pasHOCTL MOTEHIUATIOB B 0,1 B.
HapucyiiTe cxeMy annapaTa H OMUITUTE H3MEHEHUH, KOTOPLIC MpPOUBONUIYT C JICK-
TPOJAMU 32 BpeMsl ero paboTbi.

Ha ckolbKO M3MeHSTCS Macchl Karoa, anoma H Tabnerxn Agl (cM. mpeaplaymee
yIpas<HEHUE) IOC/e TOTO, KAK “Iepe3 ONUCaHHbIH anmapar npoitzer 1 - 1073 moan
MEKTPOHOBT

B yeM pasHHIA B MExaHM3MaX B3aMMOIEHCTBHSA HECIIAPEHHBIX 3/IEKTPOHOB B dbep-
pOMarHeTuke u anTH(dEppOMarderuxe?

MaruuTabe uccrenosanust geppura CoFe;O4 ykasbisaror va Hamuiue 3,4 Hecma-
PEHHBIX MCKTPOHOB Ha GOopMy/IbHY IO eauHuLLy. [IpeanoKuTe pacnpeseIeHue KaTh-
OHOB TIO TETPASAPHIECKHM N OKTadAPHIECKUM TIOZUIMAM, KOTOpOe COIIACOBAIOCh
Obl ¢ 9TOH BEJMIMHON.

Crpykrypy ceepxnposogsuka YBasCus O7 HepeaKo OMUCBIBAIOT KAK MPOU3BOIHYIO
ot nepoeckuta. He kacaace npobsieMbl 3apsa HOHOB, OITMOINTE PA3HUIYY MEXKIY
3TOH CTPYKTYpPOIl M MCXOOHOR CTPYKTYPO#l MEPOBCKUTA.

3A0AHUA

18.1

18.2

C yuerom Besmuun A, 1 A; (cM. HH2Ke), ONpeAeTuTe, B KAKUX MO3HIHAX (okTa-
9JPHYECKUX WM TETPAdAPUYECKUX) MIPEUMYIIECTBEHHO PA3MECTATCA HOHBI Ni** u
Fe3t (A u B cooTBeTcTBEHHO) B CTPYKTYPE HOPMaibHOM M 0OpallieHHOH uimuie-
mu (npeAnosarasi, 4To AOMHHHPYIOIUM (GAKTOPOM SIBJISIETCS MOJIe urasaos). Aq:
Fe+ (1400 cm™), Ni?* (860 em™1); Ar: Fe®+ (620 em™!), Ni** (380 cm™1).

Marnerur Fe3O4 obnamaer cTpyKTypod UINMMHEIM M OTHOCHUTCS K TDyIe dep-
puroe. B CTpyKType HOpMAIbHON MMMHETM 8 TETPasApHYecKuX MycToT OblaM
b1 3amoanens uoHamu Fe?t u 16 oxrasaputueckux — HOHAMH Fe3*. Tpu xom-
HATHOH TEMIIePATYpe MATHETHT 06/18a€T BHICOKOH 3eKTPOIPOBOIHOCTBIO (0KOJIO
2 -10? Om/cm). CoracyioTcst I 3TH JaHHbIE CO CTPYKTYpOH HOpMATbHOM mini-
nen? Ecin HeT, mpennoxuTe APYTYIO CTPYKTYpPY IIIIMHEIH, KOTOPadA o0baCHAIA
Obl BLICOKYIO 3JIEKTPONPOBOSHOCTD.

18.3

18.4

18.5

18.6

18.7

18.8

18.9

18.10

18.11

18.12

18.13

18.14
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TiO kpucranmusyercst B crpykrype NaCl, HO comepxuT GoJIbIIOE KOJIHUECTBO me-
dexTor HloTTkn Kak B KATHOHHOMN, Tak ¥ B anuoHHOM noppenetke. LiCl taxxke
xpuctanmsyercs: o Tuny NaCl, Ho konueHTpaus nedeKTOB B HEM OYeHb MaJa.
Kak OKUC/IMTEThbHO-BOCCTAHOBUTENbHBIE CBOHCTBA KATHOHOB CBA3aHBI C KOHIGH-
Tpauueit 1epeKTOB B CTPYKType?

Jns Fe,O obrruno z < 1. Onpeaesiure, kakue jJedeKTh B KATHOHHON MOApenIeTKe
MPUBOIST K TAKOMY THILY HECTEXUOMETPHU.

[Ipu Temneparypax Bobinie 50°C AgyHgly cranoBmrcs xopoUINM NPOBOIHUKOM.
O6bsIcHUTe, TOYeMY OCHOBHOM BKJIaJ B HpPOBOAMMOCTL BHOCAT MoHbl Agt, a He
Hg**,

[pu neruposanun NiO HeGombuinm xoaudectBoM Li;O 21eKTponpoBogHOCTL Kpu-
CTaJuIOB Bo3pacTaer. [Ipemioxure mMexannsM, obbacusiomuit 910 asaenue. ([loa-
ckaska: Lit samemgaer Ni?t))

Cr203 oxpallleH B TEMHO-3€JICHbI [BET, HO €CJIU JIEFMPOBATH UM M30CTPYKTYPHbIH
Al;O3, To momyuaeTca TBepABlt pacTBOp sApKo-KpacHoro usera. O6bacHUTE 3TO
ABJICHHE.

Tpepavie PbF2 u ZrO; npu BbICOKMX TEMIIEPATYpPaX CTAHOBSTCH XOPOLIUMH aHH-
OHHBIMHU TTPOBOAHUKaMU. OTHMITUTE UX KPUCTAIMYECKYIO CTPYKTYPY. 3a c4er dero
B Hell MOXKET MPOUCXOAUTH MEPeHOC MOHOB?

Kak mensercs: paxrop 3acenennoctu B pany FesQ4, CrsO4, Mn3047? Kak dakrop
3ACEJIEHHOCTH CBS3aH C SHEprueil cTabMIN3AIMU MMOJEM JTUraHIOR?

B nmeposckurax ABO3 B mosuium A 4acTo pacmosiaraeTcsi JBYX3apsAHblil MOH, a

HoH ¢ Bosee BLICOKMM 3apaaoM — B no3unuu B. Kakune dakTopsl onpeaensior sty
3AKOHOMEPHOCTh !

CBepXNpOBOAHNKH 9acTO KaaccupUIMpPYOT Kak 1-ro wam 2-ro poma. YKaKHTe
JusnIecKne XapaKTepHCTHKH, HA KOTOPBLIX Dasupyercs sTa KIaccupUKaLM.

CdopmymupyiiTe apa mpaBuiIa 3axapuaceHa, ONPeASIsIOIMe BO3MOXKHOCTD 0bpa-
30BaHMS CTEKOJ, M C HX NOMOIIbI0 00bsICHUTE Ceylomee Habmonenne: oxXJIax/1e-
Hne pacmiaasaenHoro CaFs mpuBomuT K KpHCTALIMYECKO# TBepaoit ¢ase, B TO Bpe-
Mf Kak oxJaxeHne pacmiasa SiO; ¢ Toi »Ke CKOPOCThI0 TPUBOAUT 00Pa30BaHUIO
CTeKJa.

[IpennoxKure MpoUECC NOJYyYEHUsI KEPAMHKH, COCTOSLEH U3 NMONMMKPUCTALIHYe-
CKMX 01 MI0B THTaHA M amioMuums, Hexoasa ua TiCly u AlCls.

Onumure B3aumomeiicTBHsT Mexxny (parmestamu MogSs B cTpykTypax a3
HleBpés.

20. HeopraH. xwMus. Tom 2




il GVNOHEOPITAHNYECKAA
XNMUHA

Sta rnasa nocBsuleHa cTpemuTenbHo paseusarduweiics 0b6nacTn BuoHeopraHnyeckoi
XMMUUN, KOTOpas B OCHOBHOM nccneayeT Buonormnyeckyto pons MoHoe metannos. CHa-
Yana gaH obwuii 0b30p MOHOB METANNOB, BCTPEYAIOWMXCA B NpuUpoge, Nx OCHOBHbIX
chyHKUNiA, a 3aTem 0BCY>KAAIOTCA ANUraHabl, C KOTOPLIMUM 3TW MOHBLI CBA3aHbI B Buo-
noruHecknx komnnekcax. Kak ripaemno, aTv nurangbl 3Ha4MTENBHO CNOXKHEE, HEM Te,
4YTO PacCMOTPeHbl B Npeablaylmx rnaBax. BaaumopeiicTene mexay HUMN U MOHaMK
MeTannoB B BUONOrMyecknx Komrekcax ToHko cbanancupoBaHo. B kavectse npumepa
pacCMaTpUBAKOTCA NPOUECCH NepeHoca Kucnopoga. bénbwas yacTe rnaebl nocssueHa
cdhepMeHTaM, B KOTOPbIX MOHbI METannoB BXOAST B COCTaB aKTUBHLIX LEHTpoB. Pep-
MEHTbI KaTanu3npyloT Takue BaxkHelilune Bruonormnyeckue npoLecchl, Kak oKWcneHune u
BOCCTaHOBAEHME, BKNOYAA IMKCaumMio a30oTa. 3aBepliatoT rnaBy 0630p HAKONAEHHbIX K
HACTOSAWEMY BPEMEHM 3HaHWA o npouecce hOTOCMHTE3a, KOTOPbIA CAYXXUT OCHOBHBLIM
MCTOMHMKOM SHEPrun aNs XKMBbBIX OPraHW3MOB, U KpaTkoe oBCyXXAeHWe ponn WOHOB
MeTannoB B MeguUuMHe.

B oTuumne 0T npocToro U cTaTHYECKOTO MUPa, «KJIACCHYECKUX»> HEOPTAHUIECKHUX
BEHIECTB XKUBast [IPHPOA OCHOBAHA Ha 3HAYUTENLHO DoJee CIOXKHBIX CTPYKTYpax —
KJIETKaX, KOTOPbIE HAXOAATCH B COCTOSTHHUM, OYEHBb JAJIEKOM OT PABHOBECHS, 38, CUET
IIOCTOSTHHO NPOTEKAIOINMX Mponeccor obMena sxepruell u Maccoil. Jns noaaep:ka-
HUA YCTONYINBOTO COCTOAHHUSA MCHONL3YIOTCA COCJUHEHNS OYeHb MHOTHX 3JIEMEHTOB,
IIO9TOMY OCHOBHBIE MPUHIMIILI HEOPTAHUYECKOR XUMHM OKA3BIBAIOTCS BEChMa MO-
JIE3HBIMU 1151 aHAJIN3a, [IPOLIECCOB, IIPOUCXOAAINNX B OMOMIOrHYecKUX cucreMax. Ha
CThIKE HEOPraHWIECKON XUMHM U OMOXMMHH M pOJAMJIach HayKa, Ha3bhiBaeMas OHO-
Heoprasuveckoit xmMmmeii. B To BpeMsl Kak 3HaHWe HeOpraHHYeCKHX peakKIuil Io-
MOraeT O6bACHATL GUOXUMHUYECKHe NPOLECChl, 3HAHUE CTPYKTYP KOMILJIEKCOB, IIPH-
AYMaAHHBIX OPUPONOH, CTHMYIHPYET MOMCK HOBBIX HEOPraHWYecKHX COSIUHEHHH, C
[IOMOIIBIO KOTOPHIX MOXKHO MOJEIHPOBATb DHOJOTMYECKHEe TPOLECCH], IPOBEPATD
HaIllA [IPETIOJIOKCHIA 00 UX IPHPOJE H PACIIMPAThH 3HAHHSA O OHOJIOTHIECKOH ponn
METaJJIOB.

XoTa BHOXMMHYECKAsT POJIb 3JI€MEHTOB TJIABHBIX rpy0I BechMa 3HA4YUTCIbHA,
OHO W3 OCHOBHLIX HAIIPABJEHUI GUOHEOPraHHYECKOM XHMHHU CBA3AHO ¢ XHMHEH
d-MeTaJIIoB, KOTOPO!l B OCHOBHOM H TIOCBSINAeTCs 9Ta [MaBa. ByayT paccMoTpe-
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HBI CJIyJIad HeOOBIYHBIX KOODAMHALMOHHBIX OKDY>KEHHN HOHOB MeTaJlJIOB, a TaKiKe
MHOTHe THIIBL PEaKIHit, KOTOpbIe y2Ke 006CyKIaJICh PaHee: KHCJIOTHO-OCHOBHEBIE pe-
akuuu 1o Bpéucreny m no JIswoHcy, OKHCINTENbHO-BOCCTAHOBATENbHBIC DeaKIInH,
CBA3aHHHE C TIEPEeHOCOM 3JIEKTPOHOB U TPYIIT aTOMORE, B (DOTOXAMHYECKH MHHAIMH-
pyeMBle pPeaKIHH IIepeHOCca JJEeKTPOHOB.

XUMWUYECKUE INIEMEHTbI B >XUBOW NPUPOAE

PacnpocTpaHeHHOCTD 9JIEMEHTOB B >KHBON NPUPOJIE M 3€MHOH KOpe CHJIBHO pa3-
mmyaerca. Kak Bunao u3 Taba. 19.1, 3eMHas Kopa OYeHb 6oraTa aJIOMUHHEM H
KPEMHHEM, HO MX OYeHb MAJO B OpraHu3Max MIekonuTawomux. HexoToprle ane-
MEHTBI, cOJep>Kallyecs B 3eMHOM KOpe JUINL B CIEJ0BBIX KOJHYIECTBaX, HAIIPOTUB,
UTPalOT UEHTPAILHYIO poJb B Gopbbe XKHUBOH NpUPOARI ¢ TepMOIUHAMUYECKHM DaB-
HOBECHEM; IPUMEPAMH MOTYT CJIyKHUTh Meab U ceser. Hanbosee nokasaTesneH npu-
Mep KobasibTa, KOTOPBIH B >KHBLIX OPraHU3MaX BCTPEYAeTCsl B BUJE €IMHCTBEHHOTO
coenuHeHuA — KodepMenTa Bis. MHorme peaxue sieMeHTBI, HAlpuMep OepuImit,
TaJIuit UM ypaH, B OHOJIOTHYECKHX CHCTEMaX He BCTPEedaloTCH.

Tabnuuya 19.1. PacmpocTpaHeHHOCTh 3JIEMEHTOB IO
Macce B Hmopaixe yObIBaHHs

Beman Yenosex
xKopa OKEAHDL
0 0 H
Si H 0]
Al Cl C
Fe Na N
Ca Mg Na
. Mg S K
Na Ca Ca
K K Mg
Ti C P
H Br S
P B Cl

19.1. bvonorn4yeckas pojib NOHOB METAJ10B

B Tabn. 19.2 npusenseHsl 0cHOBHBIE THIBI GHOJOIHMYECKHX MOJIEKYN, cOlepKallliX
HOHBI METAJIIOB; GONBIIMHCTBO W3 HAX OTHOCATCA K GenkaM. AKTHBHBIE LEHTDBI
npuMepHo 30% epMeHTOB colep)KaT HOHBI MeTANJIOB, DTH MmeTaj1odepMeH-
Thl KaTAJIU3HPYIOT MHOPHE NPOLECCHI: KHCIOTHBIN THAPOJIU3 (ruaposasbl), peak-
LMH OKUCTeHHs (OKCHIA3hl M OKCUTE€Ha3bl ), a TaK>Ke PeaKIHH ¢ IePeCTPORKOR yrie-
POZHOTO cKeNeTa MOJIEKYN (CHHTA3Hl U H30Mepa3nl). Vonbl MeTasoB BaXKHBL U AJIA
COXpaHEeHHH OIpeIEIeHHON CTPYKTYPH MomneKyJl. Hanpumep, nons: Ca’t perynupy-
IOT CRBOpaYHBaHHe MoJeKyn 6enkoB. Kak BUAHO U3 TabJIMAIEI, MOJCKYJIbI, cOlepXKa-
HI[He UOHBI MeTAIOB (He TOJIBKO (DEPMEHTBI), CJIYKaT NePeHOCINKAMH 3JIEKTPOHOE,

20"
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Tabnwuua 19.4. Munepans! B 6MOIOrMHeCKUX CTPYKTYPHBIX MaTepHaIax

Munepaa Dopmyaa Opearu3mot Opzamrnt

Kanbuur CaCO; TTup: Auuanast ckopayna

Aparosur CaCO3 MomocKn O6oo4ka

I apOKCHAIIATHT Cas(P0O4)3(OH) TlospoHOUHBIE Koctn
Maekonurawoume

Junoxenn kpemuus — SiOg - nH20 Huatomen Knerounnbie cTeHKH
Bmonedkn 3y6s1
Pacrenus Jlucrba

XUMHAHCCKUMH IPENNOYTEHHAMH, COOTBETCTBYIOIMMA KECTKOCThIO (MATKOCTBIO)
91eKTPOJHBIM TTOTEHIHAIOM.

Jlannad IJ1aBa B OCHOBHOM MOCBSIIIEHA TOJMIENTHIAM. JTH MaKpPOMOJEKYJIbI
06pa3yIoTCs U3 (-AMUHOKHCIIOT, 066 IHHEeHHBIX [IENITHAHBIMA CBA3AMU (1). Unorna
YIOTPeOIAIOT TEPMUH «TIEITHIHLIA OCTATOK», MOHUMAas [0/ ITUM JacTh AMHHOKHC-
JIOTBI, KOTOPas OCTAETCA B MAKPOMOJIEKYJle nocsie 06pasoBanms ENTHAHON CBA3M U
BBLAEJIEHHA MOJIEKYBl Boabl. B Tabn. 19.3 nepeunciensl 20 aMAHOKHCIIOT, KOTODBIE
BCTPEYAIOTCA B IPHPOJIHBIX GeJIKax, W MX COKpallleHHble 0603HaueHus. 3aMeTHM,
YTO GOKOBBIC LIENH ITHX aMHHOKHCJIOT HecyT Ha cebe pasjudHble (PYHKIHOHAIb-
Hble TPYIIIE — ATKHIbHbIe, Kapbokcunpasie (—COOH), ruapokcunbabe (—OH),
mepkarrorpynmn (—SH) u amunorpymmst (—NHj). Ankumbabie rpynmsl 06s1axaior
ruapodobHEIM XapaKTEPOM, a GoJiee IMoIApHble — B O0MbIIeH HINn MEHBIIEH CTETeHH
rEAPODATBHLIM. BoABMUHCTBO MOJAPHBIX TPYIII CIyXKaT OPEHCTEIOBCKMME KHCJI0-
TaMH UM OCHOBAHHSAMH HJIH JBbIOHCOBCKUME OCHOBAHHAMH, KOODIAUHUPYIOIUMHACH K
ronaM MeraJ1oB. OUeHb BaXKnas poJib (hYHKIHAOHAIBHBIX TPYIIN HENTHAHBIX OCTAT-
KOB CBf3aHa ¢ MOAM(MDHKANHeNd KOODAMHALMOHHOIO OKPY?KEHHSI HOHOB METAJLJIOB B
MeTalIopepMeHTax. JT0 BC MHOTOM OMPEJEISAeT CBONCTBA MEeTa/lIo(epMEHTOR, U
0COGEHHOCTH ITOTO SIBJIEHHsT OYJyT PACCMOTPEHDBI IOAPOOHO.

Kpome MeTannodbepMeBTOB HOHBI METAJIJIOB BXOJST B COCTaB aMOPMHBIX TBep-
JBbIX BEIIECTB MM KPHCTAJUIMYECKHX COEMMHEHHH, AIPAIOLHUX POJb CTPYKTYPHOrO
MaTepuasia BO MHOrMX oprammaMax (tabnm. 19.4)1). B pasgene 11.1. ymomumancs
OCHOBHOH MpPOMEIIILJIEHHBIH HCTOYHAK (ocdaros u docedopa — Kadbopiiconepxa-
mWpi MHHEpaJ FHAPOKCHANIATHT. JTOT MHUHEPAJ ITHPOKO PAcIpOCTPaHEH B JKHUBOT-
HOM MHpe KaK OCHOBHAsI COCTABJIAIOUAs 1acTh KocTel, 3y60B U TBepABIX 060104€eK.
Munepanbanie BemecTBa 06BIMHO COCYINECTBYIOT ¢ opranmdeckumu. Hampumep, B
KOCTsX M 3yDax THAPOKCHAMIATAT COINEPXKUTCA BMecTe ¢ OEJKOM KOJIareHoM, Ko-
TOpBI# onpeaenseT HopMy H MeXaHHYeCcKHe CBOHCTBA PACTYIIHMX KPHCTAIIOB MU-
Hepana. CoejiHEHUs KPEMHHUSA PACIpPOCTPAHCHBI B IPHPOJE 3HAUUTENBHO MEHbIIE,
OJIHAKO €CTh OIHO UCKIIIOUEHHe — MOPCKHE UATOMOBbIe Bogopocid. OTI0XKeHus oT-
MEDIIKMX BOAOPOC/IeH Ha MOPCKOM JIHE HOCAT HA3BAHHME «UATOMOBAs 3eMJIst». ITO
IIPEKpacHbI MaTepuaJ Ji1st PHUIbTPOB, KaK J1abOpPATOPHBIX, TaK H MPOMBIILIEHHBIX.

1) Kparkuit, Ho monesHeit 0630p [Mann S., J. Chem. Soc. Dalton, 3953 (1997)].
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M MoHEl METANIOB HCTIONB3YIOTCS B KUEBOM [IPHPO/IE JIJIS KATAJN3a, epeIadl CHr-
HAJIOB, COXPAHEHHS SHEPIHH H KaK COCTARIAIOIINAE MHHEDAJIBHBIX KAPKACOB MST-
KHX H XXeCTKHX TKaHel,

19.2. Buoxumua KanoLms

ITomumo Toro, uto monn! Cat BXOAAT B cOCTAB TBEPABIX CTPYKTYPHBIX GHOMAaTe-
PHAJIOB, OHH HIPAIT BayKHYIO POJIb B TIPOLECCAX BbLICTEHHS U AEHCTBHS FOPMOHOB,
COKDAILEHHs] MBILII, CREPTHIBAHHUS KPOBH M CTAGH/IN3ALMH CTPYKTY Dbl 6e1KoB. Jan-
Hble PEHTTeHOCTPYKTYDHBIX HCCIEIOBaHHH M crekTpockonun SIMP nokassiBaior,
9TO ITH MPOLECCH KOHTPOIHUPYIOTCS KOH(MOPMALFOHHBIMH H3MEHEHHUSIMH, BOHHUKa-
romumu npu npucoeurennn nona Ca’t K kaabMmoxyuay, tpomosnsy C u Apyrum
PTICTBEHHBIM GeNKAM, MOCKOJBKY MepeYHCIeHHble OEJKH MPHHIMAIOT ydYacTHe B
aKTHBAIfH MeMOPaHHBIX KAHAJOB H PELETTOPOR Ha IOBEPXHOCTH KiIeTokl).
MHorue 0co6eHHOCTHE GHOXHAMAN KaIbLIHA BHITEKAIOT H3 €I0 CPOJACTBA K HKeCT-
KOMY JIMTaHJy KHCIOPOJY M yMepeHHOMN JabHILHOCTH ero KOMIIEKCOB, Ha-
XoIauIeitca IPHMEPHO MOCEpEIHHe MEXKy JabHIbHOCTHIO KOMIIEKCOB IIEJOYHbIX
METaJIIOB H d-METAJLIOB, C OJHON CTOPOHBI, H HHEPTHOCTBIO KOMILIEKCOB Gollee Jer-
KAX aHAJOTOB KaJlbIWs — GEPHILINST U MarHus — ¢ Apyrofi. Pa3uuia B cBOHCTBaxX
Ca?t u Mg?*t o6bacuserca Tpems dhaxropaMu. Bo-mepBrix, BelencTsae Mamoft ce-
JIEKTHBHOCTH MOH KAJBLHS MOXKET CBA3BIBATH HEHTDPAIbHBIE KHCIOPOLCONEpIKALINE
JOHODHBIE JAraHAbl (KapOOHAILHEIE COSTMHEHAS, CITMPTHI) IPHMEPHO TaK e, KaK
¥ BoAy. Bo-BTOPBIX, HOH KaJIbLHsI HAIOMHHAET MOHBI IHEJOYHBIX METANIOB (HATPHA
M KaJIus) CKIOHHOCTBIO K BBICOKHM KOOP/MHAIAOHHBIM YHCJIAM H HENDPABAIBHBIM
KOODIMHAIMOHHBIM OKpy»KeHneM. Obmanas Gosee BeicokuM 3apanoM, CaZt moxer
CBSI3BIBATH AHMOHEI, KOTOPLIE HOHBI IIEJOYHBIX METAJIOB CBA3LIBATH He CHOCOOHBI.
B-Tperpux, CKOPOCTH OTpBIBA H TIPHCOEIMHEHHA JHUTAHIOB K HOHY KAJbIHAS BECH-
Ma BLICOKH: CKOPOCTb MTPHCOEIMHEHHMS OIIpeIe/IAeTCs JIMIT, CKOPOCThIo Aucdy3nH,
a CKOPOCTb OTPLIBA — IPOYHOCTBIO 06pa3yIollerocs KoMIekca. CKOpocTh 06MEHa
MOJIEKYJT BO/IHI B KOOpAMHALHOHHOM cepe Mgt cocrapnsier 10° ¢, uro nmpumepHO
B 1000 pa3 menbme, yeM y Ca2t. Boabmas cKopocTh peaKiuit 06MeHa B COBOKYTI-

1) Chazin W. J., Nature Structural Biology, 2, 707 (1995).
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Puc. 19.1. Hon meranna, nanpumep Ca?*, Moxer oKa3bl-
BATb CYIECTBEHHQE BIHSIHHE HA KoHOPMALHIO TOJHIE-
TuaHOM 1menn Oenka.

HOCTH C BBHICOKOH 4yBCTBHTEJLHOCTBLIO CHCTEMBI J€JIAET HOH KaJlbIHd «yJOOHBIM»
JUIS UCHOJIL30BAHUSA B CHCTEMaX, B KOTOPBIX Hy>KE€H 6LICTPBIY OTKJIMK Ha BHEIIHEE
BO3IEMCTBUE, HAIPUMED, IPU OTKPLITHH HIIH 3aKPLITHA MeMOpaHHBIX KaHAJIOB, DA
PEryJIMPOBAHHM MOHHOTO TPAHCIOPTA HJIA IPU COKPALIEHMH MBIMETHBIX KIETOK.
Benkn, cBA3LIBAOLIME KaJbIHH, cOLepXKaT MHOIO OCTATKOB aclaparuHoBOH H
[Ty TAMHHOBOM KHCJIOT, y KOTOPBIX KapOOKCAIIbHBIE TPYNITLI GOKOBBIX LieJIell MOTyT
BBICTYIATb KAK >KECTKHE KHCJIOPOJAHbIe JIMTaHIbI. CTpoeHne ONHOM H3 MOJIOCTEH,
pMernatomux non Ca?t, 6ruI0 oNpeiesIeHo Mo AaHHBIM PEHTTeHOCTPYKTYPHOTO aHa-
yisa. VoH KajblUus cBS3aH ¢ 4YeThIpbMsI KApOOKCHIATHBIMH aTOMaMH KHCJIOpPOJa,
PACIOJIOXKEHHBIMH B BHJE HCKAKEHHOrO TETPas/pa (2). Honnt Ca?t nepeaxo ciy-
JKAT «MOCTHKAMH>, CBSI3bIBAA Pa3JUuHble (DPArMeHTh HEIKOBBIX MOJIEKYN IyTeM
KOODIMHAIMH K AHHOHHBIM WIIH Jake KapOOHHJIBHBIM TDYNNaM (puc. 19.1). Ilpm
3TOM peaslu3yeTcs crienmdudecKas KOH(GOpMaLus IOJHIENTHAHOR NEMOUKH. ITpn-
MEpPOM MOMKET CJIY>KUTb TOJIKO YTO DacCMOTPEHHAasdA CTPYKTYpa (2): nonmnenTun-
Hasl LeNoYKa CBOpadHBaeTcsA TaKHM 06pa3oM, 4ToObl HOH KaJlbliisl KOOPIHHAPOBAJ
YeThIpe KapOOKCHIbHBIE IPYNNEL. B pesynbraTe BOSHHKaeT CABUT B PACIIOIONEHHH
6OKOBBIX I'PYIN B OAHON CIUPAIbHON YACTH MaKPOMOJEKYJILI IT0 OTHOLIEHUIO K 1Dy~
roit. sMenennsi B KoHGopMallui OeJIKOBbIX MOJIEKY] DEryIupyIOT CTPYKTypy H
KHA3HEJEeSATEIbHOCTh KJIETOK, B JACTHOCTH CKOPOCTb HX DOCTa U sHeproobMeHa.

N Jsyxsapsiasie nonsl Ca2t u Mg?* sanstior Ha KonGOpPMALHIO OEIKOBBIX MOJIE-

KYJl § TeM CAMBIM — Ha CTPYKTYpPY U YKH3HeIesATeIbHOCTDb KJIETOK; J1abHIbHOCTD

koMITeKcoB Ca2t obecreunBaeT BO3MOXHOCTb OBICTPHIX CTPYKTYPHBIX H3MeHe-
HUH.

19.3. MNepeHoc n xpaHeHne Kncnopoaa

Peaknuu MonekynsipHoro Kuciopoga 6yiyT obcysk1aThes Ha IPOTAKEHUH BCelt ria-
BbI, IIOCKOJIBKY IIPOIECCHI €ro IMOTJIOMeHUs (ABIXaHHA) U BbLAETEHUS (dorocun-
Te3a) MpeJCTABIAIOT oGOl BaKHellIne IIPHMEPHI OHONOTHHYECKHX OKHCINTENbHO-
BOCCTAHOBHTENbHBIX peakliuii, IepeHoca IJeKTPOHOB, IEPEHOCa aTOMOB U (POTOXH-
MHYeCKHX Tpoleccos. B pesynsrare ssoonun oGpa3oBalich GejKu TPeEX THIIOB,
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Puc. 19.2, Korga monekyna O nmpucoeadHsieTcs K aKTUBHOMY LEHTPY reMoriao0uHa (re-
My), arom xkenesa(ll) capuraercs HaBcTPedy M NPOUCXORMT HepeHoc snexrpona. 2Kemeso
okucnsercs xo Fe(Ill), a Monekyna kucnopona Boccranasmupaercs 10 Oy .3ameTsre, uro

nophUPUHOBOE KOJIBIO MPOrMbaercs B CTOPOHY MHCTHIMHOBOTO OCTATKA (C/IEBa), HO CHOBA
CTAHOBUTCH IUIOCKMM NPH TIPHCOEIHHEHH) Kuciaopona (cnpaga).

CIIOCOOHBIE CBA3BIBATH M TPAHCHOPTHNOBATh KHcjaopod. VX oObIYHO HA3LIBAXOT MHe-
PEHOCYMKAMH KHCJIOPOa. AKTHBHEIH JEHTP KaXXOrO TAKOro GEIKa COAEPKHAT ONUH
HJIA JIBa, MOHA METAaJ1JIa, B 3aBUCUMOCTH OT KOHKDPETHOI'O OPTraHU3Ma.

W3 nepeHOCYMKOB KHCI0pOaa Hanbpiiee n3BeCTEH H PACIPOCTPAaHEH reMOIIOOHH
(puc. 19.2), KOTOpBIH# COMEPIKNUTCA B IPUTPOLHTAX KPOBH IO3BOHOYHBIX XKHBOTHBIX.
Ero 6moJiornyeckas poilb COCTOMT B IEpPEHOCE KHCIOpoAa OT JIETKHX HIH XKabp K
TKaHsM, [Je OH B Ipomuecce AbiXxaHus BoccTanasaubaercst 1o COz. OpraHU3MBI IO
7 SJOHOYHBIX CHOCOOHBI TaKXE 3allacaThH KHUCJIOPO, JJIS 3TOro npejHa3HadeH OelloK
MHOIJIOONH. AKTHBHBI [EHTP 9TOro fesKa IOXOXK Ha AKTUBHHIN HEHTD reMOrJIo-
6uHa. 3a CcuYeT KHCJIOPOAa, 3alaceHHOTO0 B MHOIJIOOHHE, MBIMIEYHAA TKAaHbL MOXET

|
coBepliaTh aKTHBHYIO paboTy, pacxo;xyr! KHCJIOPOJ, HHTEHCUBHEE, YeM OH JOCTABJIA-
eTcs TeMOrVIOOMHOM. r

Puc. 19.3. ®parMenT CTPyKTypbl NEPEHOCYUKA KUCIOPOAA — FeMOIMAHMHA, HAIEHHOTO Y
MOJLTIOCKOE H apTpomnox. I[Ipucoe uHeRe MONEKYIbl KUCIOPOAa IPHBOIUT K OKHCICHHIO
nByx atomor memu(l) mo menu(Il), a KHcIOPOA BOCCTAHABIMBAETCH 10 0%,
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Puc. 10.4. DparMenT CTpYKTypbl MEPEeHOCHHKA KHCIOPOJA — TEM3PHTPHHA, OGHApYKeH-
HOTO y HEKOTOPBIX MOPCKHX uUepBeit. [IpHcOeaMHAACH, MOIEKYITA KHCIOPOAA BOCCTAHABIH-
paercs o mona HOZ , a atomsr xxenesa(ll) oxnesiores 1o Fe(I1I).

N
H

ITepeHoCYHK KHCJIOPOAA APYroro THIIA - FeMOIHaHHH (puc. 19.3) —wmaitnen y
HEKOTOPLIX YJHTOK (MOJITIOCKOB) H KpaboB| (aseHHCTOHOTHX). AKTHBHBIH LEHTD,
cesiapipatonmi Monekyny Oz, COCTOMT H3 JHYX aTOMOB MeIH, COeJIUHEHHbIX HEIIO-
CPEJICTBEHHO ¢ MOJIEKyJIo# Genka. BsanmozneHicTBize ¢ MOTIEKYIO#H KHCIOPOZa TIPHBO-
T K oKHcIeHmo Mean 10 Cu?t, IpH 3TOM KHCJIOPOA BOCCTAHABIMBACTCH TI0 O%_.

Tperuit MepeHOCYHK KHCIOPOAA — FeMIPHTPHH (puc. 19.4) — u3penka BCTpeda-
€TCsl y MODCKHX 9epBeit. AKTHBHDBIA [EHTP PeMIPUTPUHA COCTOHT M3 JBYX HOHOB
Fe?t, pacronoxeHHbIx GIU3KO ApYr K JApPyTY, KOTOpble TaKXe CBA3AHBI C MO-
neKyinoit Gelka, a He C IeMOBBIM MakpougkaoM. Monekyna Kuciaopolla B BHJe
raaponepokcu-nona HO, cBsi3nIBaeTCA O/{HAM KOHIIOM C OTHAM U3 ATOMOB XKeJle3a.
HiTepecHo OTMETHTH, 9TO HEKOTOPHIE M3 OPraHH3MOB, COACPKAIIMX [EMIPHTDHH,
IUIs XpaHeHUs KHCJIOPOA HMCIOJIb3YHT MNOriobun, obnajaiomui coBceM Apyrol
CTPYKTYPO# aKTHBHOI'O LEHTPA.

‘“ Moutekyna Oy CBA3BIBAETCA C YKeIe30MOPOUPUHOBRIMA (ppArMeHTaMH IeMOrIo-
6WHA 1 MEOTTIO6MHA, ¢ HOHAMH Me TH, IpupoeTHHeHHBIMH K 6eNIKy, B reMolaHinHe
U ¢ MOHAMH YKeJle3a, TAKXKe TPHCOSIAHEHHBIME K 0eJIKy, B TeMIPUTPHHE.

a) Temorno6un 1 MuorI06HMH \

CrupaibHas GelKoBas 9acTh MoJeKyibl reMorobusa (Hb) urpaer aatepec-
HY10 PoJb B (DyHKLHOHHPOBAHUK 3TOro HellKa Kak [epeHoCcInKa KHCIopoJa.
Ee BuTKH paboTaoT KaK Npy»*dHa, KOTOpas pearupyeT Ha JedopManuio, BO3HHKAIO-
Y10 TIpH KoopauHALKH MoJekynnl Oy K kenezonopgupiHHoBoMy (hbparmMeHTy, IpH
3TOM MOJIEKY/la GellKa, KaK MpY’KHHa, [epeaeT 9TO HallpsKeHHe IpyruM dpar-
menTtam!). B pe3ysnsrare CpoICTBO BTOPOIO ese30lophUPHHOBOrO (pparMesTta K
KHCIOPOJY BO3PACTAeT, JTo SBJICHHME HOCHT Ha3BaHHE KOOTepaTMBHOTO 3 dex-
Ta, 3a c4eT KOTOPOT0 FeMOIVIOBHH MOIVIOIAeT i OTAaeT MOJIeKy bl KicIoposa bosee
acddexrnpro. Takum ob6paszoM, npucoenuHeHne Moyekynbl O BKIIIOYAET He TOJNLKO
KOMILTEKCOO6pa30BaHne Ha aKTHBHOM LieHTpe, HO M M3MEHEeHHe CTPYKTYDHI Genka.

1 Cowan J. A., Inorganic Biochemistry. Wiley — VCH, New York, 1997.
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MopthrpUHOBLIK KOMMIEKC

Puc. 19.5. Cxema crpykTtypel Mmuormobuna.  Pwc. 19.6. Koopaunalmonnoe oKpy-
[Moxa3ana MOMHIENTHAHAL LENOYKA, CBEPHY-  JKeHMe aToMa JKejle3a B MHOIVIO-
Tasi B CIOHPAJIb. Hune.

Monekyna Oy TpH B3aMMOIEHCTBHN ¢ AKTHBHBIM HEHTPOM, cojepxkaiquM Fe?t
TIPOSIBAACT CBOMCTBA CHIILHOTO T-aKIENTOPa, IOITOMY He YAUBHTEILHO, YTO U APY-
rue JIMraigel, oOJafalolie 3THM CBOMCTBOM, CHOCOGHBI 00Pa3OBLIBATHL MPOYHBIE
CBSI3M C AKTHBHBIMH 1IEHTpaMH TeMOoIIo6MHa U Muorobnsa. K HacrofumeMy MOMeH-
Ty H3ydeHBl KOMILIEKCh! atux 6enkos ¢ aurangamua NO, CO, CN7, RNC, N3 n
SCN™, Bce oum 04YeHL OPOYHbIE B MOI'YT HNOJHOCTHK) HONABUTh (DYHKUHIO TeMOTJIO-
OMHa C JIETAJTLHBIMH OCTEJICTBASMHY JIJIsl OPraHu3Ma.

[MonumenTaaHas LemoYKa IeMOMIOGHHA MTPaeT O4eHb BAXKHYIO ponab. Cpobom-
HBII reM — KOMILJIEKC KeJ1e3a ¢ DophUPHUIOoM 6e3 HOJHIeNTH/ 13 — HeobpaTUMO OKHC-
nsiercsa MoJekynsapueiM Oy B Komimteke xenesda(lll), comeprkammii MOCTHKOBBIN
aToM Kucjopona (3) u mecmocobubiit K nepenocy Oz. DTa OKHCIHTE/IbHAA JHME-
pu3aLmus Moria 66 0KaszaThes (haTanbHol Mg Guosorudeckoil GyHKIHH MeTaJlIIo-
nophHpPUHOB, eci| Ohl He MOJUNENTHIHAR NEN0YKa, OKPY>KAIOAA H 33U IIA0HIad
AKTHBHBIH [EHTp B reMorJobnHe m mMuOriaobuue.

CrpyKTypa mesokcumuoriobusa (Geckucnoponsolt opmsl MHOTIOOUHA (Mb))
CXeMATHYIeCKH TTOKa3aHa Ha puc, 19.5. U3 wHero BuaHO, 4TO NOMUNENTHAHAS LEMO4-
Ka OXBaTbIBaeT aKTHBHBbIH LIEHTD. DeJNKOBLIN «KapMaH», B KOTOPOM DaclONOXeH
reM, 06pa3oBald aMHHOKHCJIOTHBIMA OCTaTKaMH ¢ HENOJISTPHBIMA GOKOBLIMH TDYIIa-
MH, T. €. ABIseTcs TuapodobHBIM, DTH 3Ke TPYIIL He HO3BOJAIT NPAGIMSUTECA K
aKTHBHOMY LIEHTPY KPYIIHLIM MOJIEKYJIaM H JeJA10T HEBO3MOYKHEIM 00pasoBaHue 1H-
MepoB ¢ MoctuKamua Fe—Q—0O—Fe. 'uapocdoburle rpynnbl Tak»Ke NpeloTBPallaioT
COMbBATALMIO HOHOB, oGpasyomuxca npu s3aumoneicrsun Oy u rema. B pesynbra-
Te Komiteke Fe(Il) cymecrsyer nocTaTouso 40/ro, 9T00b! CBAILIBATD U IEPEHOCUTD
O3. DTa peakumsi — THITHYHLIE TPUMED TOrO, KAK TOYHO OeNKOBbIE MOJIEKYJBI MO~
YT «KOHTPOJMPOBATL» PEAKIMOHHYIO Cpely.

Je30KcuMHorIobrH IpeAcTaBaseT co60f BHICOKOCIIHHOBBIN MATUKOODAHHAIHOH-
uolil kommyeke Fe(11), B KoTOpOM 4eTkpe U3 NATH KOOPJAWHALMOHHBIX MECT 3aHUMa-
JOT JIOHOPHBIE ATOMBI a30Ta MOP(UPHHOBOro Kosbila. IlaToe MecTo 3aHAMaeT aToOM
A30Ta MMHIA30JLHOIO OCTATKA THCTHIWHA, KOTODBIM CBA3BIBacT reM ¢ OeslKoBON
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gacTnto (puc. 19.6). Takue nsTukoopauHanumonHble Komrtekcsl Fe(Il) eerza sbi-
cokocnuHoBHe. Bricokocnmuobrit o Fe?t (¢4 e2) kpynuee nenTpansuolt monoctn
nopHPHHOBOTO LKA, I03TOMy OH pacmofaraeTcs Ha 0,4 A BbIlue mocKocTH NOp-
¢dupuna (4). B BoicokocnmuoBbix KoMmmiekcax Fe(II) ¢ mopdmpunamm, UBKn}oqas[
reM, MOJIEKY/ILI TOPUPHHOR HEIIOCKHE, B TO BPeMsl KaK HU3KOCIIHHOBRIA HOH 06-
NaJaeT MeHBIIUM PaJNycOM H XOPOIUO Pa3Melnaercst B nojocTa nopdgupnza. Korna
MoneKyna Oy JOCTPaHBaeT OKPy KeHHE HOHa ¥eje3a [0 MEeCTHKOOPAHHALHOHHOTO,
KOMILTIEKC CTAHOBHTCS HH3KOCIHHOBBLIM, noH Fe(ID)(t§,) ymenbmaerca u capuraer-
cA B IJIOCKOCTH NOPUPHHOBOTO IEKMa (5). ITH CTPYKTypHBIE H3MEHEHHsS HYeTKO
NOATREPXKAAKOTCA JAHHBIMH DEHTIEHOCTPYKTYPHOIO aHaJIH3a.

l“ CrnupaibHble 6elKoBble pparMeHThl MOJIEKYJ TeMOrJIOOHHA i MHOTTIOOHHA BEI3BI-
BAIOT KoonepaTHBHBIH adppekT npu cesasnBannu O2 M IpeJOXPaHTIOT AKTHBHBIE
NEHTPHL OT OKHUCIATENBHON AUMEPH3AIAHL.

6) MozgenbHbIe crcTeMBl, cofepKane KoGaabT

Jna nonuManma MexanusMa paboThl NEPeHOCUMKOB KHCIOPOAa OBLIO HCCIEJOBAHO
B3anMoelicTBre MoNeKyanl Oy CO MHOrMMI KOMIUIEKCAMH II€DEXOTHBIX MeTaJLIOB.
PesynbTaThl OKa3amMCh HHTEpECHBIMH He TOJIBKO B IJIAHE H3Y4eHHs MOCTABJIEHHOH
npofeMEl, HO U JUIsl IOHMMAHHUST MEXaHU3Ma MPOLECCa OKHCJIEHHsT MOJIEKYJIAPHBLIM
kucioponoM. HanGonee ofinyto KapTuny yIaaock HOJIYy4YdThb, neciaenysa peakunuun Oy
C KOMILJIeKCAMH KOGAJIbTa.

Peakmun komnnekcor Co(Il), kak u npoctbix Komiekcos Fe(II), ¢ Monekysoit
O2 HauMHAOTCS ¢ Hponecca MEPEHOCA IEKTPOHA:

[LCo]** 4+ 0y — [LCo*t 03]

HpoaykT MoxnO bopMaIbHO IpeICTABHTD KAK KOMILIEKC Co(II1) ¢ HammepoKcHA-
noHoM O3, KOTODHI JIerKo pearHpyeT JaJIbllie ¢ 0Gpa30BaHHeM KOMILIEKCA C MO-
CTHKOBBIM IepoKcua-Horom O27:

[LCo** 03] + [LCo)** — [LCo®*t — (0%7) — Co*tL)]

Brina nsydena crpykrypa KoMmiekca [(H3N)5Co—02—Co(NHs)s]*+ (6); paccrosi-
e O—O, pasroe 1,47 A, npakTU4ecKn COBIAiaeT ¢ TUONYHBIM 75 [IEPOKCHIOB
paccrosnuem 1,49 A.
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N
6 7 [Cofsalen)(py)]

Kommnexcrt Co(IT) ¢ marangamu tima salen (N,N/ -6uc(canuuunen )sTueH -
amuH — luddoro ocropanme u xenarooGpasyromuit murasg B (7)) u ocHOBazHeM

THIIa MPUIHHA B3aUMOILEHCTBYIOT ¢ O2 6BICTPO M 06paTHMO 10 pPeaklMu, Mpeamo-
JaraeMo#t takxke 1is Hb m Mb:

[Co(salen)(py)] + Oy = [Co(O2)(py)(salen)]

Ilo maHHBIM PEHTIEHOCTPYKTYPHBIX ucenenosanuil, gnuaa csasu O—O cocrasaser
1,26 A, uro maxomuTes mocepemume mexcay Og (1,21A) m OF (1,34 A).

Hannsre cnekrpon AIIP yka3elBatoT Ha HaTHYme OZIHOT'O HECIIAPEHHOT'O JIEKTPO-
Ha, B3auMoJeHcTByoIero ¢ siapoM 22Co. dror 3JIEKTPOH HE MOXKeT [IPHHAIIEXATh
nony Kobanwra(ll), mockosbky BhicokocmnHOBEI d-Kommeke CoZ+ JOMXKeH co-
AIePKaTh TPH HECIIADEHHLIX 9JeKTPoHa. Mccenopanus poscTReHHBIX KOMILIEKCOB
HIOKA3BbIBAIOT, YTO NOJE NHTaHJOB HeAOCTATOUHO CHJILHO, YTOGHI CEMATh KOMILIEKC
HU3KOCIIMHOBEIM (TOrza OCTaJIcs 6bI OHH HecapeHHbIH aneKTpoH). PaccunTannnie
u3 creKTpoB OIIP KOHCTAHTBI CBEPXTOHKOTO B3aMMOIEHCTBHS TaKKe He coriacy-
JOTCs1 C NIPETIONOKEHAEM HH3KOCIIHHOBOMY d'-KOHMbHTYpamuu. IKCIepUMeHTaIbHbIE
JaHHbIE JIy4Ille COINACYIOTCA ¢ IPEIIIONIONKEHHEM, YTO CyIECTBYeT HU3KOCITHHOBBIN
xomitexe Co(III)(d8) ¢ O;.

AnbrepraTnBHOE 06hICHEHHE HabnronaeMoft mnunn ceszm O—Q B MOJIEKY-
1€ KHCJIOpOlla COCTOMT B TOM, YTO HOCHEJHAS MOXKET OBITh M 0-IOHOPOM, H
m-axuenropoM. o-Cesase Co—O ocymectnasercs 3a cyer HemoAeneHHOM HapHhl 3J1eK-
TpoHOB O2, B TO BpeMst KaK 7-CBA3LIBAHME IIPOMCXOIUT 34 CUET IIEPEHOCA DJIEKTPO-
HOB C d,3- U dy,-opbuTaneit aToma KOGAILTA Ha n*-opbutamu O, (aTuBHAS CBSI3b).
Ilpn arom cBsaze O—0 ocnabrnsercs: u yanurseTcs. Ecnu muranzg, Haxonammiics: B
MPANC-TIONIOXKEHAH K Moslekyle Og, TaksKe 06/1aJaeT CBORCTBAME 7T-aKLENTOpa, ero
CBOHCTBA JOJKHBI CHJIBHO BJMATH Ha IIPOLECC CBA3LIBAHUS KHCJIOPOJa.

'“ XoTst HOHBI KOGAbTA He HalieHbI B IPUPOAHBIX IIEPEHOCYHMKAX KHMCIOPOAa, CHH-
TETUECKHE KOMIIEKCHI KOOAIbTa OKa3aJlil CYLIeCTBEHHYIO IOMOINb B IIOCTPOE-
HHU MOJeNIeli CBA3BIBAHMS ¥ IIEPEHOCa KHCJIOPOIA.

Mpumep 19.1. Onpegenenne crenenu neperoca anextpona na monexyny O,
Ha puc. 19.7 npusesena sapucnmocts norapudbma KOHCTAHTHI PABHOBECUS CBA3bIBAHUS
02 xommnexcamu kobanbra ¢ uddorbIMI 0CHOBAHMAME (SB) u pasau4HBIMH aKCH-
anbubiM turanaamu (L) [Co(SB)L] or cranmaprioro norenmuana Co(I11)/Co(11) ara
COOTBETCTBYIOIMX cHcTeM. Kakolt BBIBOj MOMXKHO GHETIATH M3 TOrO, YTO rpadHK mpax-
THUYECKH JInHeen?
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1. 1 1 1 |
-0,3 04 -05 -0,6 0,7 0,8

EB CH,4 8
Puc. 19.7. JluneiiHasg 3aBHCHMOCTbL  MEXKIY
lg K u E nna paga KOMIUIEKCOB ¢ OCHOBAHH-

amu MIndda.

Otser. ITockonnky lg K mponoplionaneH CTaH,ILapTHOfI sneprum ['ubbca peaxunnﬁz
CTAaHAAPTHHI NOTEHIMAT TOXKe mponoplyonaned ArG°, 3Ta 3aBUCHMOCTL H ;Lomxlm
GoiTh uReitnoit (pasa. 14.7). [ockonbky sueprum ['nbBea mpoLeccoB BOCCTAHOBICH

u cBsapBanna Oz HapacTaroT cMMBATHO, JIOI'HYHO MPEIOJIOKUT, YTO HPOLECC CBA3bI-
panus Bryogaer nepenoc snektpona ¢ Co(Il) na Oz, Oauaxo Bospacranue r;gTeHLmana
na 0,4 B (uro coorsercreyer 40 kJIx/MO/Ib) IPUBOIMT K BO3PACTAHHIO lg n:gzcﬂ?
2,1 (uto coormercreyer 12 k¢ /MOL). DTO O3HAYAET, UTO nepei{(())c_anexfrpo i K})'T
mecTBasercs He moutHoOCTHI0, 1 Kommteken Co(I1)—O2 u Co(IIl)—O; npexcra
coboif upeanu3upoBaHHBIE KpajtHue ciaydan.

Bonpoc 19.1. Jumun ceazeit O—0O 8 Oz, KOz n BaOy pasuwl coorsercrento 1,21 A,
1,34 A u 1,49 A. Oru 3nauenna MOXKHO CIUTATEL PEIEPHBIMU ,[UI;I OIpeeeH!s CTECHI
3 . -
okucenus o mmure ciasu. Jas xommaexcos [Co(CN)sO2)" ", [Co(bzacgn)(py)l()z]

i1 i i en

(bzacen — anuknuyecKuit TETPAACHTATHBIN JHMIaHL, co,uepmam;ug, (r;o,zgl(\)I I_}Iio) ]ia_!_ ,,;
IBa [MOHOpHBIX aroma asora u apa— kuciopona), [(HaN)sCo(Oz2)Co( Aas o
[(H3N)5C0(02)CO(NH3)5]5+ e ceaseit O—O cocrasmsor 1,24 A, 1,26 A, 1,47
u 1,30 A. Hackonbko HOJMHO NPOHCXOOWT B THX KOMILIEKCAX IEPEHOC 3JIEKTPOHA €
nonos Co?* ma Monexyny Qa7

B) XKenesocomepxanpme MojeIbHbIE IePEHOCIHKA KHACIOPOA

[lepBble MONBITKH HOMyUeHHS MOIETBHBIX KENE30NOP(GHPHHOBBIX KOMILIEKCOB —
NOTEHLHAJILHBIX [IEPEHOCYMKOB KHCJI0POAa — OKAa3bIBATHChL HeyJadHBIMA H3-33
OKHCJIEHHS ITHX KOMILJIEKCOB IO NUMEDPOB ¢ MOCTHKOBBIM aTOMOM KI/ICJIOpO,ILa..“Pe-
HIMTH 9Ty NpobieMy yIaaochk MIyTeM CHHTE3a 3aMelIeHHLIX IIOPMHPUHOB, YCTOHYH-
BBIX K TaKOMY OKHCJIEHHIO H CIOCOGHBIX 0GpATHMO CBA3BIBATH KHCJIOpPOI. YcHell-
HBIMH OKa3aJIUCh TpH momxofa. OJMH M3 HUX OCHOBaH Ha BBeJEHHE B MOJIEKYJY
nopdHUpHUHa IPpOMO3IKHX 3aMeCTHTe Iel, KoTophle He [O3BOJIAIOT ABYM MOJIEKYJIaM
COMHU3UTBCA HACTOJIBLKO, 9TO6LI MOT 06pasoBaThcsa auMep. ViMenHo aTOT cmocob pe-
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aJlI3yeTca B MPUPOJHBIX coequHernsax!). Bropoi nyTs cocrout B NPAMEHEHHH HH3-
KHX TEMIICPATYD, [IPY KOTOPBIX PeaKnyus OKHCIHTENHON AMMEPH3AIHN [[POTeKaeT
MEJVIEHHO, TPETHH — B HMMOOHJIM3AUHMN (CBABIBAHMH) KOMILIEKCOD Ha IIOBEPXHO-
cTH (HAlDHMeE, CUIHKAress), IPU 9TOM AMMEPHU3AIUA CTAHOBUTCS HEBO3IMOXKHOM.
Komnnekcs!, nonydennsie nepspim CIocoboM, MO CBOEMy NOBeNEeHHIO GOMIbIIe HAMNO-
MHHAIOT IeMOIJIOOHH B MHOTJIOGHH.

JMMepusanya cTepHYecKy 3alpeleHa B TaK HASbIBAEMBIX «43CTOKOJIbHEIX »
NOPGUPHHAX, B KOTOPBIX «9aCTOKON» COCTOHT U3 rpynnsl 6JI0KUPYIOIHEX 3aMe-
CTHTEJIEH, «TOPYAlUX» C OXHON CTOPOHBI IIOCKOTO HHKIa. [IpH 3ToM KOODZHHALIHs
00BEMHOrO JIMraHaa, HalpuMep N-anknmimnnasona, Bo3MOXKHA TONLKO ¢ HOpOTH-
BoroJoxkHoH croporsl. Umumazon (Im) — sdbdexrunnbrit 0-IOHOD, ObJervarommii
KoopouHanuio m-akunentopa (B wactHocte Oj) B mparc-mosoxKeHye. ObpasyeTcs
KOMIITIEKC €O CPOACTBOM K KHCIOPOJAY, GIM3KHM K TaKOBOMY y MHOIIOOHHA; 3aMe-
CTHTENN «4aCTOKOMay 00pasyloT «KapMaH» Ais MoseKyasl Oy B He naoT obpaszo-
BaThCA KoMmitekcy [Fe(porph)(Im)s]. «YacTokom» Takxe [IpeIoXpaHseT KOMILJIEKE
OT PeaKuyH co BTOPOit Moltekyott [Fe(porph)(Im)]| u o6pasoBanmsa xuMudeckn Heax-
THBHOI'O IEPOKCHIA.

[IprMep TaKoro KoMILTeKCa HOKAa3aH Ha cXeMe (8). Tpucoeaunenne MoneKyIbl

KHCJI0pO/ia TPHBOIUT K CTPYKTYpe, o4enb noxoxkeit Ha (5): yron FeOO pasen 136°,
a JumHa cBasn O—0—1,25A. Dry CHCTEMY MOXKHO PaCCMAaTPHBATh KAK MOZAEIb
xommnexcos Hb 1 Mb ¢ kncoponom. Kommieke (8) npavarsnThbi (#m3KOCTIHHO-
BLIH), MOXKHO CYHUTATD, 9TO 9TO KOMILIIEKC JABYXBAJIEHTHOTO KeJle3a (KOHdUrypauus
d®) ¢ cunrneTHOM MomeKyIOH O2. CneoBaTenbHO, OKHCIIEHNE METAJLIA B BOCCTAHOB-
JIEHHE KHCTIOpO/la MEHEe CYINECTBEeHHbI IPH 06DPa30BaHMH KOMILTIEKCOB YKeJle3a, 9eM
KOMIUIEKCOB Kobasbra. OZHAKO K 9TOMY BLIBOJY CJEfyeT OTHOCHTHCS ¢ GOJIbIION
OCTOPOXHOCTRIO, OCKONBKY PAA (PAKTOB TAKHM 06pa3oM obbACHATH He YAaeTcs.
" Yacrora KosneGanuit rpynmnet Oz coctapnsier 1107 em™ !, uTo 3HaunTeIBHO GIHIKE
K "actote Konebanntt nona Oy (1145 cM™ "), yem momexymnt Oy (1550 cm™?). Taxmm
00pa3’oM, BEPOATHEe OKA3HIBAETCA KOMOUHALAS 07 (8 = —1/2) n umskocnMHOBO-
ro Fe3t (raxme § = —1/2). OrcyrcTBre HeCHADEHHBIX 9JEKTPOHOB B KOMILTEKCE
SaCTABJIACT HPEANONOKHUTE, 4To cnunbl OF n Fe3t cnapens: momo6uo Tomy, Kak
STO MPOHCXOMUT Y MOJENbHBIX COeAUuHennit KobasbTa. [IpaBOMEPHOCTD TAKOTO 06b-
ACHEHUSA TIOATBEPXKIAET TOT (DAKT, YTO aAHAJOTHIHBIH d°-KOMILIEKC Cr(IIT) ¢ nop-
(HPHHOM H KHCJIOPOZIOM HMMEET TONBKO B, HeCTapeHHBIX 9JeKTpoHA. [[ocKOIbKY
Cr(IIT) nmeer Tpu HecmapeHHBIX JIEKTPOHA, ¢IHHCTBEHHOE 00bsICHEHNe 3aKII09a-
€TCA B TOM, ITO OJJUH U3 3/1eKTPOHOB CHAPUBAETCH C JIEKTPOHOM M3 0O . Koudnnkr
MEXy NByMA HHTEPNPETALUAMH €ellle pa3 [IOAYEPKHBAET, YTO HEJb3s IPHCBANBATD
AWCKPETHBIE 3apAJbl HOHAM M JIMTaHAM B KOMILIeKcaX. Tako# HOIXoA CIMIIKOM
YHPOILEH M HCHOIb3YeTCs JIAIIb MOTOMY, YTO [O3BOJIAET MHTEPIPETHPOBATh PEaK-
WA U CcTPYKTYphl. Ero 6ykBanbHOE HCTONKOBaHHRE HEKOPPEKTHO.

”l MoneHbie KenezocomepKamue KOMIIEKCH — [IePeHOCYNKH KHCJIOpOaa COAep-
KaT «9aCTOKOJbHbIe» NOPhHUpHHBL. B 9THX kKoMmekcax crepudeckme 3aTpy-
HEHMA NPENATCTBYIOT 06pa3soBaHuo JUMEpOB.

Y Ipyrue meTonn GrokupoBanns oaHol CTOPOHB! NMOPGHPHHOBOrO Kosblia obCyxAaoTCA B
[Coltman J. P., Zhang X., Wong K., Brawman J., J. Amer. Chem, Soc., 116, 6245 (1994)).
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r) Kooneparusnprit adrdexT

yHKIs TeMOTIOGHHR COCTOUT B TOM, TOGEI CBS3BIBATE KUCTODOA B JIETOYHOM TKaI:I
HH, IJIe er0 NapUUalibHOe JABJIeHHe BhICOKO, NePeHOCHTE fe3 noTepb 4epe3 KPoBb
epeNABATh MHONIOBMHY B KJIETOMHBIX TKaHsX. Cilef0BATeNbHO, CPOACTEO MUOLIIO-
GuHa K KUCJIOPOAY TPHU €ro HU3KUX NapPIUalbHbIX JABIEHUAX JO/DKHO 6bITH BHIIIE,
yeM y reMoryobuHa, 4TO U HabMIOAeTCs Ha NPAKTHKE (puc. 19.8).

KpuBas HACHIMEHUS! MHOMVIOOMHA KHCJIOPOZOM OMMCHIBAETCH OpoCTOH 3aBHCH-

MOCTBIO!

Mb + Oy = MbOy, K = Mblp (1)

rie p — NapHuaibHoe faBileHue Kucioposa. CreneHs HACHIIEHUS KHCIOPOIOM

(v OTIPEEAETCs KAK OTHOMIEHUWE KOHICHTDANH MUOTIOGHHA, CBASAHHONO € KICII0-

POLOM, K €ro CyMMapHO# KOHIEHT DAL
[MbO,)

___VDYa] (2)
[Mb] + [MbO,]

a =
CreoBaTeNbHO,
_ Kp (3)
o= —=
1+ Kp
KpuBast HACHINEHUs A1l MUOTIOBUHA, Kak ObLI0 CKa3aHO, ONHUCHIBAETCH YPABHEHU-
em (3), a aHajormanas Kpusas 418 reMorsIo6uHa — HeT. ) )
Kpupast reMoryo6uHa OIHCbIBAETCH noaoGHoi, HO 6oJlee CiI0XKHOK dyHKIUEH,
B KOTOPOit HEOGXOAUMO 3aMeHUTb p Ha P, 2 < n < 3. Eme onna ocobeHHOCTh
reMoroGHHa — 3aBUCHMOCTD CTeNeHH HacbhiueHust oT pH, xoTst ak TUBHBIA LEHTp re-
Ma He CONEpKUT KUCIOTHbIX rpynn. Haiineno, 410 reMOrobuH jere OTA2eT KIC/I0-
pox npu nuskux pH. Taxum o6pazom, Oy Jierde BHACNASTCH B TeX KJIETKaX, INE HAET
AKTUBHbIA 06MeH BemecTR (MeTabo/u3M), MOCKOJIbKY NP ITOM PacTeT KOHLEHTPA~
wis CO, u, cnegosaTennsuo, normkaercs pH. Kpome Toro, mponecc CBA3BIBAHUA
KHCJIOPOJa I'eMOrJIOOUHOM yBCTBUTEEH K HAJHHYHIO OPraHUIeCKHX docdaTHbIX
IPYII, IPUCOENUHEHHBIXK K GEJIKOBON MOJEKyJe JaxKe Ha OOJIBIIOM PACCTOTHUM OT
AKTUBHOIO LIEHTPA.

Paanuune B cTpyKTypax MHOTJIOGHHA ¥ reMOTJIO0MHA COCTOUT B TOM, YTO MHO-
IVI06UH CONePyKUT ONHY reM-IDYIINY, & reMOrJoOUH — UeTbipe U B HEKOTODOM OTHO-
IIEHHH MOXKeT PacCMaTpUBAThCH KaK TeTpamep Muoriobuna (puc. 19.9). 9o pas-
AdYre Oo4YeHb CYIIECTBEHHO, MOCKOJNbKY CTAHOBUTCA BO3MOXKHBIM KOOIEPATHBHRIM
acbdbexT: cBS3LIBANTE OIHON MOJEKYJIBI KACIOPOAA MOBBINAET CPOACTBO COCEAHETO
aKTHBHOTO mHeHTpa. Ilpupoaa sroro addekra 6bu1a 06bACHEHA IepyTuem, onpe-
JeJIVBIIMM KPUCTAIIMIECKYIO CTPYKTYDY remorno6unal). Koraa BRICOKOCIIHHOBRIM
arom Fe(I), pacnonoxennniit na 0,4 A Boune minockocru nophUpEHOBOTO KOMBLA,
cBsi3bIBaeT MOJIekydy Os, ero KoHGUrypanua MeHseTCA Ha HU3KOCIIMHOBYIO, OH CMe-
IIAETCA B IVIOCKOCTb NOpUpHHA ¥ OTOABHraeT TUCTUIMHOBBIN OCTATOK Geslka BMe-
CTe ¢ y¥acTKOM caMoft menTunHolt nenu. B pesynsTare 6eMKOBAs IEMh HECKOJILKO

1) Perutz M. F., Fermi G., Luisi B., Shaanan B., Liddington R. C., Acc: Chem.. Res., 20, '309
(1987); Perutz M. F., Mechanism of cooperativity and allosteric regulation in proteins. Cambridge
University Press, 1990; Cowan J. A., Inorganic Biochemistry. Wiley-VCH, New York, 1997.
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Puc. 19.8. Kpusble HachlnleHHsl KHCIOPO-

Puc. 19.9. Cxema CTDYKTYpBl TreMo-
JAOM 471 MHOTI0GHHA B remornobuna (3a-

rnobuna. [lokazano BaaumHOe pacro-

BHCHMOCTb OTHOCHUTE/ILHOIO HACBIIEHHS OT JIOYKEHHe IeThIPeX (DPArMeHTOB, ompe-
NApUHAILHOrO JaBIeHHsT KHCIOPOAA) IIpH AEJSIONEee YeTBEPTHUHYIO CTPYKTYpPY
pH 7,2. Genka.

MeHfEeT CBOIO KOH(MODMALMIO, YTO BJMSIET HAa APYTHe AKTHUBHbIE [EHTPHL SaBUCH-
MocTh 3TOro ABjlenus or pH m docdarHnx 0cTaTKOB OTHOCAT WMeEHHO Ha CHeT
U3MeHeHust KOHdOopManuy CesKoBolt emu. DTo eule pa3 NOJYePKUBAET IyBCTBHU-

TEeJIbHOCTb CTPYKTYDP OHOIOIHYeCKHX MaKPOMOJEKY K BO3JEHCTBUIO Ha GOJBIIHX
PaCcCTOSIHUX.

m Koonepatupheiit 3¢dexr oberdaer nepeaaty Kuciopopa ¢ remoriaobuHa, 3a-

XBATBIBAIOWIErO0 KHUCJIAODPOL, Ha MI/IOI".HO6I/IH, OTBETCTBCHHBINA 3a €ro 3armac B TKa-
HAX.

®EPMEHTBI, AENCTBYIOLLNE NO MEXAHN3MY
KNCJTOTHOIO KATAJIN3A

B pasz. 9.7 6b10 NOKA3aHO, YTO KUCJAOTHAA AKTHUBHOCTH (xak no Bpéucreny, Tak
¥ 1o JIpioncy) rugpaTHpOBaHHBIX HOHOB METAJIOB BO3PACTAET C YBEIMUEHUEM CTe-
NeHy OKHCJIEHUs OEHTPAJILHOrO HOHA MeTalla. ITO (hyHIAMEHTAJbHOE CBOMCTBO
JIEXKUT B OCHOBE JEATENBLHOCTH METALIOMEPMEHTOB, KOTODbIE BBINOJHSIOT pOJb
KHCJIOTHBIX KATANIH3ATOPOB 33 CYET JILIOMCOBCKOH KHCJIOTHOCTH CaMoOro HOHA Me-
TaJlla Wik GPEHCTENOBCKOM KUCIOTHOCTH JUraHa, Jerko OTUIEINISIONEro IPOTOR
BCJIeICTBUE KOOPAMHALMY K UOHY MeTalllla. B psime cnyvaeB MOH MeTalna B MeTaJl-
70hepMEnTe OKAa3bIBAETCA CIOCOGHBIM BBINOJHATH POJH, HEBO3MOYKHBIE B MAJbIX
KOMIIIeKcax B pacTBope. Hanpumep, akTMBHBIH 1eHTp (PepPMEHTa MOXKET ObITh da-
CTHYHO SKPAHHPOBAH OT OKPYXKAIOILEH Cpeinl, TAK YTO I'MIPATALUS CTAHOBUTCA
HeBOBMOXKHOHU. [IpuMepoM MoXeT ¢lyxUTh aKTHBHBIE LEHTD reMOINIOOHHA.

Wou Zn?** cny»ur cocTaBHOM YACTHIO AKTHBHBIX [EHTPOB MHOTHX GHONOrHYE-
CKHUX CHCTEM, BBINOJIHSAA POJIb JbIOHCOBCKOW KHUCIOTH. VIHTepecHo mpocie idTh, Mo-
YeMy 3TOT WOH BeTpedaeTcs dame, dem Mg?t uan Cu?t, kotopnle mamno orinda-

21 Heonraw xvumua. Tom ?
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Tabnuua 19.5. XapakrepHnle CBORCTBA HOHA IMHKA

Bosee nocrynen, yem Ni, Cd, Fe, Cu
O6pasyer 6ostee MPOYHLIE KOMIIEKChI, YeM Mn(11), Fe(II)
Jlerye obmenusaer murane;, gem Ni(IT), Mg(1T)
He BCTYMAET B OKACIUTEILHO-BOCCTAHOBUTEIbHBIE PEAKIIMH
B oranune ot Cu(Il), Fe(IT), Mn(II)
5. KoMIIeKcs CTPYKTYPHO HEXKECTKHe,
B oranume or kommiaexcos Ni(IT), Mg(Il)
6. Hanbosee cuibHas KHCa0Ta JIbtouca cpean M
(3a uckmogennem Cu(Il))

Ll S e

Fraasto da Silva J. J. R., Williams R. J. P., The biological chemistry of
the elements. Oxford University Press, 1991, p. 300.

foTcd OT Hero 1o pasMepaM. [lpex e Bcero, non Zn?t — Gonee MATKHA aKHeOTOp U
COOTBETCTBEHHO 60JIee CHIbHAS KHCI0Ta JIboHca N0 OTHOLIEHHIO KO MHOTAM GHOJO-
rIgecKuM MonekyaaM, deM non Mg?t. Mon Cu?t Takke JOBONBHO MSTKHH, OJHAKO
B OTIHYHE OT MUHKA OH CHOcoGeH BoceTaHaBnMBaThed Ao Cut, UTo JesaeT BO3MOXK-
HbIM NPOTEKaHHe OKHCINTENbHO-BOCCTAHOBATEIbHBIX PEaKIUM.

Kpome Toro, mpomnecc KaTajnsa, Kak NPaBUiIo, TpebyeT NeperpynmipoBKH aTo-
MoB. CJ1eJI0BaTeNIbHO, ¢ GOMbIIel CKOPOCTBIO Peakii OyayT IPOTEKATh B OKDYKe-
HHH TAKOTO MOHA MEeTaJlJa, KOTODbIH, OKa3bIBasl BINARMUE Ha CTPYKTYDY JHIaHIOB,
crocoGeH K GBICTPOMY HX IPHCOeIUHEHHIO U oriemienuo. QakTH4ecKH, KOMINIeK-
cbl Zn2t ofnanaror 3HAYMUTENLHO 6osbIelt 1aOUIBHOCTBIO, YeM aHAJIOIHYIHbLIE KOM-
miekcbl Mgt u Ni?t. Bosiee Toro, neperpynnupoBKH (KaK pesyJbTaT CTPYKTYPHOH
HEXKECTKOCTH) Jlerve NPOTeKaloT B KOMIIIEKCaxX Zn’** mo cpaBHEHUIO C KOMIJIEKCAME
Mg?t u Cu?t. ExuncTBeHHBIA HOH, DOCTATOYHO MOXOXHUH Ha Zn?t no cpolicTaM,
aro Cd?*, oHAaKOo KaAMUI 3HAYUTEILHO GoJlee peKUil SeMeHT, Hex<e/ld IUHK. Y Hit-
KaJIbHble 0COGEHHOCTH MoHa Zn*t cymmupoBansl B Taba. 19.5.

19.4. KapboaHrngpasa

B stom paszene paccMaTpdBaeTcs HMUHKCOAEPKalMi (epmeHT KaboaHruapasa,
TMOCKOJIbKY OH XOpOLIO H3yYeH H OTHOCHTCA K BaXKHOMY KJacCy I'miaponas (cM.
TabJI, 19.‘2)1). Kap6oaHrumpasa KaTaausupyeT MPOCTyio, HO BaXKHY0 peaxmuio o6-
parumoit ruapatanuu COq:

COz(aq) + HzO()K) = H,COg4 (aq)

Kak u ans GonplimHeTBa peakiyil, KaTaJn3upyeMbIx depMeHTaMmu, ompelelieHne
Noc/Ie10BaTe/IbHOCTH TIpEBPANIEHU — 3a1a4a OUeHb TpyAHast, U IJId ee HaleKHO-
TO pellleHUs HeoOXOIMMO PAcCMATPUBATL HECKOJILKO BO3MOXKHBIX BAPHAHTOB. Dror
IMHKCOAEp KAt GepMeHT CyInecTByeT B BHE HECKOJIBKHX M30(hePMEHTOB (m30-
3MMOB), T.€. reHeTHYeCKH Da3MdHbIX HOpM, 0603HAUAEMBIX PUMCKUMH ¢ paMu

1) Christianson D. W., Fierke C. A., «Carbonic anhydrase: evolution of the zinc binding site by
nature and design». Acc. Chem. Res., 29, 331 (1996).
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LUwkn 19.1.

[ — VII. Kap6oarruapasa — 1o OfuH U3 PAJA MHAPOIUTHYECKHX dhepMeHTOB (ruj-
poJia3); JiBa ApPyTHX — KapOOKCHIENTH 1a3a, KATAJIH3HPYOMAs OTIIelJIeHHe aMHHO-
KHCIIOT OT GEeNIKOBBIX MOJIEKYJI, U 1uesouHast docdarasa, KaTalusupyomas ruIpo-
mu3 3¢bupos dhocdopHOR KUCIOTHI.

J19 XxapaKkTepuCTUKY KapOoaHruApa3s! ObLIM TPUBJICYEHB! pa3HOoOOpa3Hble Me-
TOJb!. BBLIY onpesesieHb! KPUCTAIINIECKHE CTPYKTYPbI HECKONBLKUAX W30¢epMEeHTOB
B IPHCYTCTBUU KUHETHYECKUX UHruOUTOpoB. Bo Beex ciydasax umHk obaajgaeT Xa-
PaKTepPHbIM KOOPAUHAIIMOHHBIM YHCJIOM 4, IPU 9TOM TPH KOOPAWHALMOHHBLIX MeCTa
3aHHMAIOT aTOMBI a30Ta UMUAA30JIbHbIX IPYII OCTATKOB I'MCTUANHA, 4 YeTBEPTOe —
MOJIEKYJIa BOABI WM I'HIPOKCHJ-HOH.

Ckopoctu npamoit u oGparroit peakuuit CO2 1 Boge! BospacTaioT ¢ poctoM pH.
D10 HAGMIOZCHHE NPHBEIO K IPEINOJOXKEHHIO, 9TO KOOPIMHHPOBAHHAS K LMHKY
MOJIeKyJla BOZBI Jerko U obpatumo npespamaercs B uon OH ™, koropeiit BRHICTYIA-
eT B poan HyKJeoduna mo oruomennio Kk COs. JaHHbI MexaHU3M NpedcTaBlieH
koM 19.1: OH BKIIOYAET HYKJICOMUIbHYIO 4TaKy KOODAUMHHPOBAHHOTO K IMHKY
rugpokcui-noHa Ha CO4, ¢ 06pa3oBaHueM IPUMEXXYTOYHOrO MSITUKOOPAHHAIMOHHO-
ro KOMILTEKca, B KOTOpoM Kuciaopos kapbonar-wona HCO3; npucoenunen K HOHY
Zn**. Tlocae uzoMepu3anuu HCOg3 BoiTecHsiercst Mosekyaoil Boapl. JdenpoToHupo-
BaHHe 3TON MOJIEKYJIbI IPUBOAUT K HCXOAHOMY I'HIPOKCUIBLHOMY KOMILIEKCY, KOTO-
phlit atakyer caeayomylo Modekyny COq. DTOT MeXaHM3M YacTUYHO OCHOBaH Ha
JIAHHBIX PEHTTEHOCTPYKTYPHBIX HCCASIOBaHUE KapboaHruApasbl, CTPyKTypa KOTO-
po#t comepxuT ruapodObHY0 MONOCTL (B Hell MOXKET PacloJaraTbCad HENOJSPHAS
Monekyaa CO2) GAM3KO K IpeanoaraeMoMy akTHBHOMY IleHTpY. Bosee Toro, MK

21
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ClIeKTPHl KOMIIeKca HHrubupoBaHHoR ¢hopMbr KapGoaHTHAPA3EL C CO;, mokaseiBa-
}OT, 9TO T3 MOJIEKYJIa HAXOAUTCS UMEHHO B rugpogoOHOi oJ0CTH.

m BricTpble peakiuu rugpatamuy 1 geruaparamun CO2, KaTasM3upyemble xapbo-
AHTHMIPA30H, MPOTEKAIOT B HAPodoOHOl 061aCTH PANOM € AKTHBHBIM [EHTPOM.

19.5. Kapbokcunentugasol

Kap6OKCHIIENTHAA3b MPe/ICTABIIIOT COBOH eIe O/IHO CeMEeHCTBO IMHKCONEPKAIIIX
pepmenTOB. VX DyHKIH COCTONT B KATAJMTHHECKOM IMIDO/H3e MENTHIHbIX CBH-
sett?: '

H O H H H

l [ H,0 | |
0, —C—NH—C—C—NH —2> "0,C—C—NHj + 0,C—C—NH

| | | |
R R R R

Han6ollee XOpOLIO M3yUeHa 6blubst KapOOKcHnenTHga3a A, COCTOsIIas U3 OXHOM
NOJIMIENTHARON 1eNH, CBS3AHHON ¢ oxHuM noHoMm Zn’'. JlaHHBIE DEHTreHOCTDYK-
TYPHBIX HCCTEIOBAHMH YKa3bIEaIOT HA UCKAXKEHHO-TETPAIAPHIECKY 0 KOODIUHALMIO
Zn?t (puc. 19.10). Kak u B ciydae Gonee mogpobHo u3yHeHHol KapGoaHIUApasbl,
KOODAMHALMS BOAB K Zn%T MOKeT yCKOPHTD JOCTHXKEHUe DABHOBECUS MEXKIY H,0
# nykseodpusom OH™. Vlon nuHKa MOXeT BBICTYNATb ¥ B DOJIM KATAJIU3aTOPa —
JIbIOVICOBCKOH KHCJIOThl, KOOPAUHUPYA KapOOHUIBHYIO TPYINY NENTUAHON Lenu H
nenasi ee 6osee YA3BUMOM K THADPOJM3Y 33 CIET YMEHbIIEHHs 3JE€KTPOHHOM MJIOT-
HOCTH Ha aToMme yrzepoaa (9).

2+
R rS—O/ M H
O\ cl: i|:d+ H .
L
R

Io naHHBIM CTPYKTYpHBIX MCCIEI0BAHNN, IPHCOEANHEHIE CYOCTPaTA COMPOBOXK-
JIeTCst 3aMETHbIM CMEIeHHeM OCTATKa, THpOo3uHa (248) B CTOPOHY AKTHBHOTO IIEH-
Tpa. Ilo-BUAMMOMY, 3TOT OCTATOK HrpaeT BaXXHYI0 DOJIb B MEXaHH3Me TUApoNu-
3a. PeHTreHOCTPYKTYpHBIE HCCIEI0BAHAS C HCIOJIb30BAHHEM MOJENbHOro cyberpa-
Ta MOKa3aJli BO3MOXKHOCTb ANBTEPHATUBHOTO MEXaHH3Ma, B KOTODOM aTaKyeMas
KapGoHWIbHAS Ipynna o6pa3yeT BOZOPOIHYIO CB3b C OCTATKOM aprunusa (127);
MOJIeKyJIa BOJbI OCTAETCS B KOOPANHALMONHOM cdepe HUHKa U aTaKyeT cyGCTpar no
THAPOKco-Mexanuamy 2) . OCHOBHOM MHTEpMeNUAT IpeACTABAeT coBOM U0, CTPYK-
TYpa KOTOporo nokazana Ha puc. 19.11. 9ToT MexaHH3M XOPOIIO ONMHCHIBAET KHUHE-

D Lippard S. J., Berg J. M., Principles of bioinorganic chemistry. University Science Books, Mill
Valley, 1994.

2) Lipscomb W. N., Stréiter N., Chem. Rev., 96, 2375 (1996).
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Puc. 19.10. ®parmedT KpUCTAVIAYECKOH CTPYKTYpsl KapbokcunenTnaassl A. Boizenena
MOJIEKY/Ia ITUIMHITHPO3NHA, CBSI3AHHAS ¢ AKTHUBHBIM ueHTpoM. |Blow D. M., Steitz T. A.,
Ann. Rev. Biochem., 39, 79 (1970).]
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Puc. 19.11. QOcHosHoft npoayKT peakuuu (muon) cybcTpara, KaTaJIusHpyeMoii KapboKCH-

NenTHAa30#t (B NMpeANoIONKEeHHH TMIPOKCO-MexaHu3Ma). OTMeueHHBI 3Be3ZOYKOH aToM

KUC/IOPOAA PONCXOIUT W3 MHAPOKCOTDPYTIIBI, CBA3AHHOMN ¢ aTakylomumM uoHom Znt (a).

AHanorMyHas peaxims, KOTopas GblIa HeeIe[0BaHa METOIOM PEHTIEHOCTPYKTY PHOTO aHa-
am3a (6).
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THKY DeAKIMH U, KAK U B IPEIbLAYIEM CIIyYae, BKIKYAET NPOMeXyTOUHOE NATH-
KOOD/MHAITUOHHOE COCTOSTHHE 7n?t.

m MeXaHH3MbI JbIOHCOBCKOI'0 KHCJIOTHOIO KAaTaIW3a M THAPOKCHILHON aTaku B
PaBHOH CTENEHH IIPUrOAHBI JJ7 ONKCAHUS KATAJUTHYECKOrO PACIIelneHua beJr-
KOB 110J] Bo3JeficTBUeM KapbOKCHIENTHIA3LI.

Mpumep 19.2. lMpeanonoxenns o 61oNoru4eckoii ponm ca*t.
B npeiplAymuxX pa3jenax pacCMarpuBafack poJb 7n2t kak cocTaBHOI YACTH AKTHB-
HBbIX LEHTPOB (DEPMEHTOB. ,H\ByXBapﬂJleIﬁ' karunon Ca?t Takke BCTpetaercs B ak-
THUBHbIX IIEHTpAaX. y‘-{I/ITbIBaﬂ HaﬁHJ’[bHOCTh KOMILJIEKCOB U JTBIOHCOBCKY O KHCJIOTHOCTD,
IpeanoIoyKuTe, KaKue Ba’KHble CBOHCTBA, HAPHMeEp 0cOBEHHOCTH KUHETHKH HIIH Cée-
JIEKTUBHOCTL B CBSI3LIBAHHM JIMIaHOOB, MOTYT 6bITb XapaKTepHbl IJIs1 HOHa Ca” B
AKTHBHOM IIeHTpe dhepMeHTa.

Orvser. Mon kanpuus 3naunTenpHo Gosiee xecTkuit u Oyner 6ojiee ceneKTHBHO CBf-
3pIBATH JKECTKHE JOHODHBIE JUTaHbl, HAMpHMep ATOMbl KMC/JIOPOAA, MO CPAaBHEHHIO
¢ ATOMaMH cepsl WM a30Ta. Beiencrsue GOMBINErO OTHOLIEHUs 3apafa K pajguycy,
Ca?t umeer Goabluee cpoAcTBO K Hanbosiee XKECTKHUM JIMTAHAAM, Ye€M HOHBI IEJI04-
HBIX METAJUIOB, KOTOpbIE TAKXKe SBJIMIOTCH MECTKHMMHU aknenropamu. ITosToMy Ca?t
[pEOTITHTEILHEE B TEX CILYHasiX, KOr/ja HeoOX0NUMb! 04eHb BLICOKUE CKOPOCTH peak-
il OXHOBPEMEHHO C BLICOKUM CPOACTBOM K KHCIOPOACOAEPHKAIINM JTHIAHAAM. Cxkopee
BCEr0, NMEHHO MO3TOMY HOHBI KaJbUMs SacTO 3aJeHCTBOBAHBl B CHCTEMaX MNEpenavu
HEPBHBIX MMITY/IbCOB, HEPEJKO BMECTE C MOHAMH MIEJIOUHBIX METAJIOB.

Bonpoc 19.2. [Ipegnosnoxure, e MOTYT BCTPEYaTbCH dbepMeHTEI, CONEPXKAILME B AKTUB-
HoM trentpe uon Cu’t,

OKWC/ITE/IbHO-BOCCTAHOBUTE/IbHbIA KATANN3

DOTOCHHTE3 U JpIXAHUE — POLECChl MPeofpa30BaHUA IHEPIUH — 3TO BaKHelIne
OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE IPOILECCH], MPOTEKAIOIINE B XKUBOH PUPOAE, 110-
3TOMY pOJIb (PePMEHTOB, KATATHIUPYIOUUX PEAKIUY OKUCICHUS! U BOCCTAHOBJIEHHUS,
oueHb Beamka. Kak 6bl10 moka3aHo B . 6 u 14, Takue peakidd MOTYT MPOHCXO-
JUTh IyTeM MepeHoca SJeKTPOHOB, ATOMOB M I'DYNN aTOMOB. MeTajodepMeHTh!
MOI'YT KaTaJIi3UpoBaTh PEaKIUH BeeX Tpex Tumos. Jlanublil pasnen nocssmen dhep-
MEHTaM, CONEPYKAINMM JKeJIe30 — ¢JIUHCTBEHHbIM MeTaJl, BCTPevalomuiics Bo Beex
JKHUBBIX OPraHH3Max.

IIponeccs oKUCTeHUST ¥ BOCCTRHOBJIEHHUS! B YKUBOR KJICTKE HE ITPOXOAAT B OJHH
9Tall, a BKIIOYAIOT LEJIbIH PAJ CTaAul, COCTABISIONIMX [OC/TIEJ0BATEIbHOE OKUCIe-
HHe. 3Ty cHCTeMy MOYKHO B HEKOTODOM IJIaHe YHoJoOuTh CHCTeMe LLIIO30B, MO-
CTENleHHO NOHUXAIIMX ypoBeHb BOAbLI B KaHale. Kax U BO BCeX HePaBHOBECHBIX
npoleccax, UCKIIOUATEIbHO BayKHO PEryJIupOBaHie KaXkJoro aTana OKUCJICHHUs, 110-
CKOJIbKY HEKOHTPOJHpYeMOe OKHCAeHHe (BaKTUUYECKH fABIACTCH CrOpaHUeM.

Ha puc. 19.12 npuBesen Auana3oH CTaHIAPTHBIX MOTEHIHANOB COEJHHEHMH,
YYACTBYIOIMX B OKHUCJUTENbHBIX [POLECCAX BHYTDU MHTOXOHAPHit (OpraHes, B
KOTOPBIX OPOUCXOMUT PACXON0BaHue KUcaopoda). OHM BKIIOYAIOT FeMCoepKallie
LUTOXPOMBI ¥ (bJIABOIPOTEHUHEI, KOTOPbIE TAKXKE yIaCTBYIOT B PEAKIUAX BHEPEHHs
KHCIOPOJa B OpraHudeckue MoJekynbl. HuxorunamunaternHaunykiaeorus (HAJLL
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Puc. 19.12. OxHcauTeNsHO-BOCCTAHOBUTEIbHBIE TOTEHIUAIBI HEKOTOPBIX Ba*KHbIX y4acT-
HHUKOB MpOlecca NepeHoca 3JeKTPOHOB B Guosnornyeckux cucremax npm pH 7.

(10)) mpeacTaBaseT cobolt MUPOKO PACHPOCTPAHEHHOE BEIECTBO, yUACTBYIOIIECE B
BOCCTAHOBHUTEJBHBIX Mpoleccax Kax jgoHop uoHoB H™. Haubonee cunbnble BoccTa-
HOBUTEJH B 9TOM PsIy — (beppedoKCUHbI, 0UeHb UHTEPECHAs IPynna 6eJIKoB, coAep-
JKAIUX KJACTEPHl U3 ATOMOB YKEJe3bl H Cephl.

g
¢ NH,
@ NH2o E 0 E 0 <’NfN
+N° 0 P o-_N NJ
0 o
HO OH HO OH
10 HAf

19.6. >Keneso-cepHule Henkn n Heremosble MOHLI Xenesa

Moumnexysa nopduprHa, ¢ KOTOPOH CBA3aH MOH JKejle3a B reMOryIoOWHe W MHOIJIO-
fuHe, UrpaeT BRKHYIO POJb U B OKHCIUTETLbHO-BOCCTAHOBUTENbHBIX (hepMeHTax.
Co0TBETCTBEHHO ATOMBI ¥KeJIE32, CBSI3aHHbIE ¢ MOp(UPUHOBLEIMU JTHTaHIaMHA, BCTPe-
YAOTCH BO MHOIHX BaskKHBIX (epMeHTax. Bee ocranHble Xenesocoqeprkaiye 6eaxn
KTaccuduUpyIoT Kak Heremossle. HanGomee BaXXHBI cpeau HUX (pepMEHTEI, COAEP-
JKalllhe aToM JKeJle3a B TeTPadIPUIEeCKOM OKPYXKEHHH 13 aTOMOB cephl. [l0 OTKPBI-
TS UX KMOUeBOl HHONOTHUYECKON POJIH TaKUe JKele30-CepHble KacTepsl Op11d mo-
YTH HEU3BECTHH XHUMHUKaM-HEOPrraHUKaM. (DepMeHTbI, colepxKaliue 3ITHU d)p&[‘MeH-
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12 13 [Fe,5,(SCH,Ph),1*

Thl, ODJIAJRAIOT OKHCIUTENbHO-BOCCTAHOBUTENLHBIMU NOTEHIUAIAMY B MHTEDBAJE
0-0,5 B n npunnmalor yuacrue B Boceranonienuu HAJL jo HAJIH u Ny 1o NH;.
W3 KuCabIx pacTBOPOB 9TH (HEPMEHTHI BBITECHSIOT BOIOPOL.

AKTHBHBIE IEHTPBI TAaKUX (HDEPMEHTOB MOTYT COAEPIKATD OUH MIH GOJbIIE aTo-
MOB »keJe3a. [Ipumepamu ciyar orenbHbIl aToM Fe B TeTpasapHueckoM OKpyKe-
Hnu RS™-rpynm pucrenna (11), apa Terpasgpa FeSy, ofbeuHEeHHBIX 1O pebpy u3
MOCTHKOBBIX HOHOB 5%~ (12) (mByXbejepHbIH Knactep deppenokcunos) u 4Fe,45-
beppeoKCHHDI, AKTHBHDIA LEHTP KOTOPBIX MOXOXK HA MONEIBHYIO cTpyxTypy (13).
Kunacrep Fe—S (eppenokcnHos Beerna Haxoqures BHYTpA ITOJIOCTH, YTO 103~

BOJIAET KOHTPOJUPOBATL KOJMHYecTBO cyGerpara. [Ipu BoccTaHOBIEHHH Bbi-
coxocrirosoro Fe(IIl) mo Bricokocnuuosoro Fe(Il) mmuma cesasu Fe—S mensercs
He3Ha9uTeNbHO. Benescrsue sToro Gaprep peakiuy mepeHoca SIEKTPOHA, CBA3AH-
HBI{ C U3MEHEeHUeM IeOMETPUN MOJNEKyJbl, HeBelHK. PepMeHTh! 3TOr0 THMa OBbIMHO
YHaCTBYIOT B NPOLIECCAX OJHOSJIEKTPOHHOTO NepeHoca. PaznuvHble 60KOBbIe Tpym-
TIBl ONPENeITIoT rUAPOPUIBHOCTL UMY JTUNOMHIBHOCTD BCell MOJIEKYIIBI B LeJIOM,
D SaBUCHMOCTH OT 4ero MOJIEKYJTa PacmoJaraeTcss B UTOMIasMe (BHYTPH KJIETKH)
UMY Ha II0BEPXHOCTH MeMOpaHbl.

Cunres coenumenntt, Mosienupylomux Fe—S-kiacrepsl, u ucclefoBaHHe HX
CTPYKTYp — OfHia U3 aKTUBHO Pa3BUBAIOMMXCHA 0OBNacTell COBPEMEHHON HeopraHu-
decko#t xuvun®). Hanpumep, 6pi10 HalineHo, uro peakuusa FeCls, NaOCH,, NaHS
1 GeH3MIMepKanTaHa B MeTAHOME npuBoAuT K obpasoBanuio [FesSq(SCHoPh)4]%~
(18). Maruurnas BOCHPUHMYHUBOCTD, 3IJI€KTPOHHBIE CIEKTDhI, OKHCIUTENbHO-
BOCCTAHOBUTEIbHEBIE CBOHCTBA U Méccbaysponckue criekTpsl (37 Fe) y aToro coenune-
HUS Uy MPUPOAHBIX (beppeNoKCHHOB anasornynbl. Mexons u3 hopMaibHbIX co06-
PaXKeHU#, 1Ba aTOMa KeJjeza JAOMXHBI UMETh CTENeHb OKUCACHUA +2 U gBa — +3,

Y Cai L., Holm R. H., J. Amer. Chem. Soc., 118, 7177 (1994).
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OAHAKO BCE CHEKTPOCKONMIECKHE METOMBL, BKJIIOYAS PeHTreHoBcKyo ODC, yKaswl-
BAIOT Ha SKBUBAJICHTHOCTD Y€TBIPEX ATOMOB Kemre3a. CreloBaTeIbHO, A1 ONUCAH S
SJJEKTPOHHOH CTPYKTYPBI STHX KOMILIEKCOB GOJIBbIIE NOMXOANT KOHLEIIAS JeI0Ka~
JM3ALHUI 33apsifia, & B PEAKIUAX [ePEHOCA SJIEKTPOHA, YYaCTBYIOT OpBHTANM, aeno-
KaJIM30BaHHbIE TI0 BCEMY KJACTEPY.

H| ZKeneso-cepHble KiacTepbl, Hanpumep FeySy, 06pa3yloT aKTHBHBIE NEHTPbI
OKUC/TUTETLRO-BOCCTAHOEUTENbHBIX (DEPMEHTOB PacTeHuit u xuBoTHbIX. [Touy-
HEHBI MX CUHTETHYECKHe aHAJIOTH, CTPYKTYPHbIE UCCIIEJOBAHUSA KOTOPBIX YKa3bl-
BAIOT Ha JeJJOKAIU3AIMIO 3apAa.

Mpumep 19.3. OxucautensHo-soccTanosutTensrbie peaxuyuu ¢ yHacTmem TMoNaTHbIX INran-
Aoa.
Onna u3 npobiieM, 3aTPYHAIOMUX MOTyYeHHE PACCMOTPEHHBIX BhIIIE MOAEALHLIX CO-
E/IMHCHNI, CBA3AHA C JIETKOCTHIO OKMCIEHHUST THOMATHLIX annonoB (RS ™) B mcyabdum
RS—SR. TIpocteie xoMmmexes! ¢o ceazamu Cult—SR u Fe*+ —SR, xoTopsie Morn Gb1
ABNATLCA MOJeNsMu tuToxpoma P-450 u deppenokcnnos (1, kpome Toro, rosyonix
Genmkor Me/ut), HeyCTORYMBLI MMEHHO NO 3Tof npudune. Hammmme YPaBHEHUs pa3io-
xenns kommtekcos [CulL_(SR)] u [FeDL_(SR)] .

Oveer. Ecn THoNATHBIE MUraHpl OKHCISIOTCS! B Aucynsobuapl, Cu(ll) mwmm Fe(II)
AOKHB BoccTatanmeaTsest B Cu(l) wam Fe(Il) cooTsercTrenno. Vpasnenus peaxiuit
(6e3 yuera 3apana KOMIIIIEKCOB) JTOJIKHBI BBIVISAETD CIELY MM 0BpasoM:

2[CuPL,(SR)] — 2[Cu™L,] + RSSR
2[Fe"VL,,(SR)] — 2[Fe"VL,,] + RSSR

Bonpoc 19.3. [Teperie TONLITKN NOMYYUTL KOMIUIEKCHI C TNIPOCTBIMH THOJIATHLIMU JIUTCAH A~
Mu, Mozenupyomue 2Fe,25-dheppenoKCHHDI, NIPUBOIMIH K TIONYY9EHAIO [FesS4(SR)q]*
Bmecto [FezS2(SR)4)*™. Onpenenute crenens oxucienus xemesa s KAX/JOM U3 KOM-
TIEKCOB 1 O6'bACHUTE, IOYEMY [OJIYYHTH KOMIUIEKCH BTOPOrO THIIA 3HAYUTENLHO TPYA-
Hee.

19.7. LunToxpombl n ux pons B uenu nepetoca 3NeKTPoOHOB

Kucnopos — o4enb ak THBHBIN OKHCJIUTEND, U B 9TOH aKTUBHOCTH KPOETCS €TI0 OTAC-
HOCTB; MO3TOMY AKTHUBHbBIE EHTPbI PeaKuUi OKUC/ICHHS KUCIOPOAOM HAaXOAATCA Ha,
6€e30I1aCHOM PACCTOAHUM OT MECT IPOTEKAHUS MHOTHX MeTaG0HuecKiX IPOTeCCoB.
ST0 JlocTHraeTC 61ATONAPS YHACTHIO B OKHCIUTENbHO-BOCCTAHOBUTENBHBIX IPOLIEC-
cax pAfxa GepMEHTOB C MOC/IEA0BATENLHO TOHUKAOMUMUCH CTAHIAPTHBIMU MOTEH-
[HaJIaMy, 9€pe3 KOTOPhle MPOMCXOAUT ITePeada JMEKTPOHOB K MOJIEKY.Ie KUCIOPOaa,
B KJIETOYHBIX MUTOXOHAPHAX. CXeMa 3TOro mpomecca npecTap/IeHa Ha prc. 19.131),
Hanbornee Baxxupte yuacTHHKY 3TOM Lemy — MUTOXPOMDL, TPYNNa TeMCOJepKaImX
6e/IKOB, B KOTODBIX 8TOM ’KeJe3a HaXOMUTCH B OKDPYMKEHHH HOPMUPHHOMONOBHBIX
JIUTaH/IoB,

Hns peyx stamos mpouecca, usobpaxkenHoro Ha puc. 19.13, sueprun I'u66ca
OYeHb BEMKU. JTO PEaKLUsT MEXy Napoil quToxpoMoB (cyt b u cyt ¢) u peakmus

1 Moore G. R., Pettigrew G. W., Cytochrome c: structural and physicochemical aspects.
Springer, Berlin, 1990.
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Alo AL® ALl®

HAOD* | ®AH,  Xweon  2Fe{ll) | 2Fe(ll)  2Fe(l)  2Fe(lll H,0
53‘3.’3 %yt b Cyt c%yt c Cyt aa,

; 1

HAOH PAL" rpppoxvmon 2Fe(llly| 2Fe(ll)  2Fe(lll) 2Fe‘(l|) 20,
ATO AT® AT®

028 -0,22 008 -0,05 +0,22 40,25 +0,28 +0,81

E,toH ), B

Puc. 19.13. ITocnenoBaregsHOCTh PEAKIUA B LEMU NEPEHOCA AMEKTPOHOB B MUTOXOHIPUSIX
KJIETOK, MCIOJIb3YIIUIMX KHCIOPOZ,.

nuToXpoMa ac Kucaopogom (cytaas u Og). Boigensiemas Ha 9THX ITamax SHEPrus
3amacaercs I UCHOJIh30BAHUA B JPYIUX MeCcTaxX KJEeTOK 3;;1 CYeT COUETAHUs ITUX
peaknuit ¢ peaknusmu ofpasosanus AT® uz AL u HPO;™ . Best nenmouxa MoxeT
IOKA3aThCsL CAULIKOM CJIOXKHOM, onnaxo npu atoM peaxnust HAJTH ¢ Oy pastusa-
eTecsl Ha OTIEJbHEIE CPABHUTENLHO Ge30IIacHbIE TANbL. YKasaHHasd NocieloBaTel b
HOCTE TTO3BOJISIET CHHTE3UPOBATh HECKOJIBKO MoneKyT AT, a Tak:ke JOKaTU30BATh
OTHENbHBIE CTAIUA Ha PA3HBIX CTOPOHAX MEMODAHBI, HA KOTOPOH PACIOJIOXKEHbI 1H-
TOXPOMEL.

m ITiToXpOMBI, y4ACTBYIOIIHE B HEIX NePEHOCa JeKTPOHOB, IIPeJCTaBIIsoT coboh
reMoBble GeJIKH, KOTOpbIE TIOITANHO BOCcTaHaBIuBaloT O.

a) BHemmecdepHbIl MeXaHN3M IepeHOCa 3JIEKTPOHA

[Tpy hYHKUMOHUPOBAHUM LUTOXPOMOB MpPOUCXOMUT obpaTumoe okucienne Fe(lI)
1o Fe(Ill), T.e. omHa MOJEKyJla IUTOXPOMa MEPEHOCHT ONHMH 3JIEKTPOH. AKTHB-
HBII LEHTP — ATOM JKeJjie3a, CBA3AHHBIH ¢ NOPMUPUHOBBRIM JIUTAHAOM, — HAXOIHUT-
cs1 B nentpe Genxa. C UCNOJIb30BAHUEM KOMMBIOTEPHOTO MOAETHPOBAHUS MOXKHO
IIOJIyYUTh BepOATHYIO MOJe/]b KOMIIJIEKCa MEXKAY AByMS MOJEKylaMH, oOMeHHBa-
IOMIMMUCS 9JIEKTPOHOM. [JOCKOJILKY aTOMBI ¥KeJjle3a MPH 9TOM HaXOJATCH Ha O4eHb
BOMIBIIOM pPACCTOSHNM, PeaK[Us MePeHOca JIEKTPOHA He MOXKET ObITh BHyTpHCchep-
HOH, a mpexcraBiser coboif BHelHecdepHbI 06MeH Ha GOJIBIIOM paccm;mmx”.

B Ta6a. 19.6 npuBeaeHE! KOHCTAHTHI CKOpPOCTEH peakiwil, CTaHAAPTHBIE MOTEH-
LHAIbl ¥ PACCTOAHUS MAKCUMAJbHOTO CONMKEHNA MeXIy KpaeM N0PGMHUPUHOBOLO
OUKTTa, COAepKAlEro »KeJye3d0, U aKTUBHBIM IEHTPOM, NPUHUMAIIIHUM 3JEKTPOH.
BecbMa nenecoobpa3no cpaBHHTB TH MapaMeTphl C MapaMeTpaMmd peakuuit dep-
MEHTOB C IPOCTHIMY KOMILIEKCAMU; ITH JAHHbIE TaKske BKJIO4eHb! B Tabmuiy. Oco-
GeHHO UHTepecHa 3aBUCUMOCTb CKOPOCTH PEaK[UH OT PACCTOSHUSA U SHEPIUML.

1) Becbma CYUIECTBEH BOMPOC, MPOHCXOLUT JIH MHCPAlUA 3JeKTPOHa BAOJbL KAKHX-TO OCOBHIX
Hanpas/ieHuit MeNTHAHON LeNu HAM MpPocTo uepe3 NpocrpatcTeo. O6cyxaenne ero cM. B paboTe
|Karpishin T. P., Grinstaff M. W., Jomar-Panicucci S., McLendon G., Gray H. B., Structure, 2,
415 (1994)].
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Tabnnua 19.6. CkOpoCTH HEKOTOPEIX peaKipiit TePeHOCa 9JEKTPOHA MEX Y OKUCTUTEb-
HO-BOCCTAHOBUTETHLHEIMU (bepMeHTAMU™

ITapa E° B R, A9 k,c?
Fellcytbs /Fel'leyte 0,2 8 1,5-10°
Znapocytc® /Fellbs 0,8 8 3-10°
Haporfe* /Fe'lpg 0,4 8 1-10%
Zncytbs /Felleyte 1,1 8 1-10%
RuHis33/cytc 0,15 11 40
RuHis/a3ypun 0,2 10 2,5
RuHis/Mb 0,05 13 0,02
Fe'lccp/Fellleyte 0,4 16 0,025
Fecep/porfeyte 1,0 16 180

*) BOBIWMHCTBO U3 COKPALEHHU 03HAYAIOT KOHKpPETHble (epMEHThLl. DTH COKPALICHHS
WHPOKO PACNPOCTPaHeHb! B BHOXUMUYECKOR MnTepaType, OAHAKO 3eCh UX PACLUPOB-
ka Oblna 6b1 u3muned. OcHOBHAS neJib 9TOM TabMHuBl — NOK43aTh, YTO pa3ubie dep-
MEHTBl XapaKTePU3yIOTCA pa3aHIHbIMU Bemnuuramu E°. O6osnagenne RuHis — cokpa-
meHHoe obosnagenne kommiekca [(HzN)sRu|, npucoemuuensoro PA3JIMYHBIM OCTAT-
KaM THCTHIMHA MOJIeKyn cepmenta. Pacerostame ot [(H3N)s;Ru) no aktuenoro nearpa
MOKHO MEHATH, NPUCOEIUHAST 3TOT (DPATMEHT K PA3IHYHLIM THCTHIMHOBBIM OCTATKAM.
Cumsosom * o6osHadent! hoTOBO3GYKIEHHBIE COCTOAHMSL.

5 Paccrosnue MeXAY JOHOPOM 3JIEKTPOHOB M aKUENTOPOM — aTOMOM METAaJUIa.

”l Oxwucrende # BOCCTAHOBJIEHHE KeJIe3a B MUTOXPOMAX MPOHUCXOIUT 1O peaknuu
BHeUIHeC(EPHOro MepeHoca JMeKTPOHa.

0) 3aBECAMOCTB OT PACCTOSHMH W TyHHEJIAPOBAHAE

3aBHCHMOCTE KOHCTAHTBI CKOPOCTH OT PACCTOSHUS OBBITHO paccMaTpUBaioT € TOY-
KU 3peHUs KBAHTOBOMEXAHHUYECKOrO TYHHeJIUDOBAHUS, T.e€. MPOHUKHOBEHUS 3JIEK-
TPOHa Yepe3 MOTeHUHATbHEI bapbep, XOTS 3HepPrus 3JIeKTPOHA HEJOCTATOUHE IS
ero rpeononenus. [Ipocrsie MoAe N TYHHEINPOBAHUS NPEACKAIBIBAIOT, 9TO BEPOST-
HOCTb OOHApYXKEHUs YACTHIB 33 GapbePOM 3KCIOHEHIUAIHHO HOHIKAETCA ¢ YBe-
JudeHneM IMUpUHL! 6aprepa. JlaHHble Taba. 19.6 MoKa3pIBAIOT, YTO 3aBUCHMOCTD
KOHCTAHTBI CKOPOCTH OT PACCTOSHHUS MOXKHO OIMCATH ITOH MOIEeJblo, HO JWIIb B
npelenax POACTBEHHBIX MO CTPYKTYDE TPYNN coeluHeHHUIL,

m CkopocTy peakuuit mepeHoca 3JeKTPOHOB MeX[y OKHCJIATeNbHO-BOCCTAHOBH-
TEJNIbHBIMY LEHTPAMY yMEHBIIAIOTCH ¢ PACCTOSHHUEM MpHUOIU3UTENbHO HO JKC-
TIOHEHIIHAJIBHOMY 3aKOHY.

B) 3aBHCAMOCTb OT SHepruu u Teopust Mapkyca

3aBUCHMOCTD CKOPOCTH PEAKUUU OT SHEPTHH yJOOHO PaCCMATPHBATD € TOUKH 3pe-
uyst Teopun Mapkyca (pa3z. 14.13). Ha sTom npumepe yno6HO Tak:Ke mpOBEpHTb,
HACKOJIBKO XOPOILO TeOpHUsf, Pa3BHTAA JJIsi MaJIbIX KOMILIEKCOB, MOXKeT PabGoTaTh
IS BOBILUX GHOMOJEKYI.
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B pasg. 14.13 6bu10 MOKa3aHO, 4TO, COMacHO Teopud Mapkyca, KOHCTaHTa
CKOPOCTH DEAKIIUU BHeIIHechePHOTO OIHOIIEKTPOHHOTO MepeHoca k. MOXKeT OBITh
oTpeesena U3 COOTHOMICHH k? = k1 koK f, rie f = 1. MoxBO Hanucarhb

AGe

2RT @

Ink? = In(k1k2) —

[IpousBesieHUe KOHCTAHT caMoobmena kjkp COOTBETCTBYeT BHYTPEHHEMY dappepy
MepeHoca 3JeKTPoHa s ABYX KoMIjekco. Koncranta pasroBecus K —Mepa
snepruu [u66ca cymMapHOi peaknuy. I§ coxkaseHuo, BHyTpennuit 6apbep anst ben-
KOBBLIX MOJIEKYJI ONEHUTbL HEJIErKO, MOCKOJBKY HEBO3MOXHO H3Y4YUTh DEaAKIHIO Ca-
MOOBMeHa MeXJly Pa3NYHLIMUA OKUCJIUTEJbHBIME COCTOAHUAMY (hepMeHTa.,

Hausy4imuM ToAX0A0M B JaHHOM ciydae GyaeT paccMoTpeHue BHemHechepHot
peaknuu Mexxy GelTKOM U MaJbIM KOMILIEKCOM. B TaxoMm ciy4ae sHeprus I'u66ca
PEaKIUU U CKOPOCTb PEAKIUH caMoobMeHa JUI MaJlol MOJIeKy bl U3BeCTHBL. Tpya-
HOCTL OCTAeTCA B OIPENEJEeHMH KOHCTAHTHI DEAKIUU CaMOOOMEHa OKHCIUTENbHO-
BOCCTAHOBHUTENILHOMN MTaphl 6elka. Eciiu mpeanonoXuTh, 4ro Teopus Mapkyca agex-
BATHO OTHUCHLIBAET 3TY peakKUulo OesiKa ¢ MaJIbIM KOMINIEKCOM, KOHCTAHTY CKOPOCTU
peaxkun caMooOMeHa 6eka MOXKHO paccyuraThb, 3Had ky u k.. Paccuurannyo se-
JMYHHY ks MOYKHO IIOTOM HCHIONb30BATH /s CCAeA0BAHUS IPYTUX peaKul 6erka.
B ofmeM cryuae sTOT IOAX0J, OKA3bIBAETCS BEChbMAa YAAUHBIM, UTO YKa3blBAET HA
NpPHUMEHHAMOCTL Teopuu Mapkyca K H0og00HBIM 00beKTaM.

3aBucuMocTb k, oT SHeprum I'u66ca cymMMapHON peaknuu (MM, YTO SKBHBA-
JIEHTHO, OT CTAHJAPTHOTO HNOoTeHnMana benka, nockoiabky A,.G° = —vFE°, B nan-
HOM cllydae ¥ = 1) TakKe BIOJIHE COOTBETCTBYeT Mpejckadanusm Teopud Mapkyca
s GeJIKOB €O CXOOHBIMH cTpyKTypamu. QaHaKo caMma CTPYKTypa OesKa TaKxke
CYILIECTBEHHA 1JIs OnpeJeNeHus K., 1 GelIKH ¢ pa3HbIMH TUNAMU CTPYKTYD Xapak-
TepU3yIOTCd KOHCTAHTAMH CKOPOCTEHN, OTIUYAIOMUMUCH Ha HECKOJBLKO IMOPIILKOB.
Hanpumep, nepeuie Tpu rapsl B Taba. 19.6 06pa3yioT psaf, Aas KOTOPOrO 3aBUCH-
MOCTbL KOHCTAHTBI CKOPOCTH OT JE° BroJiHe omuchbiBaercs Teopuell Mapkyca. Mgse
HOCJeiHAE TAPH! TaKxke o6pasyloT mogobublit psa. Ponb cTpykTypbl depMeHTa B
onpezeJeHUl BHYTPEHHEro 0apbepa NpPOSBISETCH HeTKO NPHU CPABHEHUH MEPBLIX
Tpex map ¢ 4erBepToil. Benuunna nmorenmuana Qs 9eTBEPHOM Hapbl 3aMeTHO 60.Ib-
HIe, 9eM /s MepBbIX TPeX, OJAHAKO KOHCTAHTA CKOPOCTH HaMHOrO menbire'). O6-
MKH BBIBOZ COCTOMT B TOM, YTO IMTOXPOMBI U HEKOTODbIE ADYTHE OKHUCIUTENIBHO-
BOCCTAHOBHTENbHLIE (hbeDMEHTB! MPEACTABASIOT co0O0 TUNHYHbIE BHelIHechepHbIe
OHO3JIeKTPOHHLIE PEAreHTHL.

M Jnst OKUCAUTENBHO-BOCCTAHOBUTENBLHBIX EHTPOB €O CXOMHOM CTPYKTYDOi CKO-
POCTH peakyif yMEHbIIAITCS ¢ yMEHbIIEHHEeM CTaHaapTHoR sneprud I'mbbea
peakuuu.

1 DaKTOpHE!, CHILHO BJHMAIONIHE Ha TPOLECCH TepeHOCa 3JIeKTPOHA Ha GOsIbLIHX pPacCTOAHH-
AX, paccMOTpeHhl B pabote [Nocek J. M., Zhou J. S., de Forest S., Priyadarshy S., Beratan D. N.,
Onuchic J. N., Hoffman B. M., Chem. Rev., 96, 2549 (1996)]. Jdpa GaecTamux o630pa, KacaloUUX-
CH NlepeHOCA 3JIEKTPOHOB B ¢hepMeHTATHBHBIX cHcTemax [McLendon G., Acc. Chem. Res., 21, 160
(1988); Bowler B. E., Raphael A. L., Gray H. B., Prog. Inorg. Chem., 38, 259 (1990)].
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Mpumep 19.4. llposepka reopun Mapkyca.
IIpoBepere yTBep>kacHuMe, 9TO mepBble TPH Iapbl B Taba. 19.6 mOKa3nBaOT 3aBHCH-
MOCTD KOHCTAHTEI CKOPOCTH OT sueprun ['mb6ca, npeackaspiaeMyio Teopueit Mapkyca

Oteer. Yr06nl mpoBepuTsh 3TO YTBEPXKIEHHE, [OCTPOMM rpaduK 3aBUCHAMOCTH JIOIa-
pudMa KOHCTAHTH CKOPOCTH OT 3Heprun 'mbbea CYMMAapHOH peakiuu NMEepeHoca 3ek-
rpoua. Ilockoneky E° nponopunonanens AG®°, MOXKHO HCIIONb3OBATH CTaHIAPTHEIE MO-
TeHuadsl. JlorapudMel nepBLIX Tpex KOHCTAHT cKopoctelt pasHe! 7,31, 12,61 u 9 21
CooTBercTByIOmITe TIOTEHITHATLL pasner 0,2, 0,8 u 0,4B. Kak sumno us puc, 19?14.
3aBUCUMOCTSD Ig k. oT E° npubnusurensHo nuHeiHas. ,

Bonpoc 19.4. Cpasaure nepsyio CTPOUKy B Tabn. 19.6 ¢ wecToit, Tpersio — ¢ BOCHMOL
a quBep"fyro—c Jtesitoft. Benmnunuer E° npubnusurensuo OIMHAKOBBI, & KOHCTaHTb;
CKOPOCTEN pad/IMIaAIOTCs 3ameTHO. CpaBHUTE PASINYHE B PACCTOSHHAX ¢ PA3IHuMeM
B Igk.. IlonTBepxcnator mu 3TH pesyabTaTH SKCHOHEHUMAIBHYIO 3aBUCHMOCTD BHYT-
peHHero 6apbepa MepeHoca SJeKTPOHA OT PACCTOSHUS Wilk HEOBXOOUMO PACCMOTPETh
u gpyrue GakTopn?

19.8. ®epmenTsl paga uutoxpoma P-450

Hazpanue «uuroxpom P-450» oGoznauaer rpynmy ¢pepMeHTOB ¢ Kene3onopdupu-
HOBBIM aKTUBHBIM LEHTPOM, KOTODBIE KATAJU3UDYIOT BHEADEHHE ATOMA KUCIODO-
Ja B yrneBojopomHst cyGerpar). O6osnadenme »ro IPOHCXOIUT OT TOMOMKeHHUsT
CHEKTPaJIbHOH JIMHUH NOTIIONEHAs nopdupuHa B 061acTi 0T roay6oit 10 6amKHe-
ro ynsrpaduosera (Tak Ha3blBaeMas «I10J0Ca, Cope»); ona cMemaeTcs B KpacHyo
obnactb (450 HM) 1pu 06pa30BaHIN KAPBOHMILHAIX KOMILIEKCOB STHUX depMenTos.

Haubonee paxknast peaxuust, KaTa usupyemas STUMMH depmentamu, B 06memM Buge
3aMUCHIBARTCH CNELYIOMMUM 06Pa3oM:

1
R"H + "2'02 — R—O—H

Bueapenue atoma kucioposa B cessn R—H (OKHCIUTENBHO-BOCCTAHOBHTEILHAS Pe-
aKIHd, 718 KOTOPO# Hanboiee BEPOATEH MEXaHU3M HEPEHOCa aTOMa) — 3TO 3aIMUT-
Hast peakuus OpraHu3Ma OT BHEJDEHHS TUAPOGOOHLIX TOKCUYECKUX areHTOB, Ha-
IIPUMED JICKAPCTB, CTEPOMAHBIX COENUHEHUH UIH MeCTUIUA0B. [ UAPOKCHINPOBAHIE
RH 1o ROH penaer takue coenunenus Gomee PacTBOPUMEBIMH B BOJE U CIIOCOGCTBY-
€T UX BBLIMBIBAHUI U3 OPraHU3Ma.

[Ipeanmonaraemerit Mexanusm nefcTBUA uuroxpoma P-450 mpescraBieH HUKIOM
19.2. Henouks nocienoBaTeqnHbIX NpeBpalleHn HaulHAETCST CO CTauu (a ), KOraa
(bEPMEHT NPUCY TCTBYET B BHIE HCXOMHOTO KOMILIEKCA Fe(III). Ha cramuu (6) mpomc-
XOZUT NpUCOeHeHNe yrieBogopoauoro cyberpata RH u nepenoc oaporo smexTpo-
Ha ¢ obpasoanem (). [Tomyausmmitcs komnuexe Fe(Il) nprcoeaunser Monexys1y
Kucnopoza ¢ obpazosanuem (d). (Ha sToMm sTane BosmorkHa moBodHas peaknus ¢
CO, npuBoasmas K coennHenuo (2), KoTOpOE JIerko 06HAPYKHTh, OHO OTBETCTBEH-
HO 33 TOABJIEHME XapaKTePHO! MOJOCH HOrJomeHds npu 450 HM, YHOMMHABIIEH-
cs1 Bblme.) OCHOBHON ABJIAETCS PEAKIHMS BOCCTAHOBJCHUS nopdUPHHOBOTO IHKJIA

1 .

)'Moore G. E., Pettigrew G. W., Cytochrome c¢: structural and physicochemical aspects.
Sprmggr, Berlin, 1990; Ostovic D., Bruce T.C., «Mechanism of alkene epoxidation by iron,
??;gr;)lum, and manganese higher valent oxo-metalloporphyrinss. Acc. Chem. Res., 25, 314
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Uukn 19.2. Puc. 19.14. I'pacdhuyeckoe npencTanie-
HHMe JAHHBLIX U3 npuMepa 19.4.

(8) BTOpBIM 3JEKTPOHOM, IIPU KOTOPO# 06pa3yercs pajuKa-aHHOH. Ipucoenune-
rue 2H* npuogut k obpasopanuio okcokoMmmuekca Fe(IV) (e), xoTophi#t & akyer
cy6erpat RH m oTnaer atom kuciaopoga. OTimenienne ROH u npucoenunenue Mo-
JIeKybI BOJBI Ha 0CBOBOAMBIUEECS KOOPARHALMOHHOE MECTO IPHBOANUT K HCXOTHOMY
cocrosmmo (a). Kimodesas cTamust nukJa — o6pa3oBanye OKCOKOMILIeKca (), co-
Jepxatero Fe(IV).

a) CTpyKTypa aKTHBHOrO IEHTPA

Ilens aMuHOKHCAOT HEIKOBOH YacTH 060paiUBaETCA BOKPYT reMa i ero aToMa JKelle-
34, 3KPAHHUPYS UX OT PacTBOPa 1 06pasyst MOJIOCTh ¢ MaJIoi gocTynHocTbio. [TosToMy
YIIeBOIOPOAHBIA cyGeTpaT pacmoaraeTcs Ha HEKOTOPOM PacCTOSHUM (aTaxkyeMasd
cBstab C~H me 6mmxe 5 A or aroma xene3a). B mpanc-nonoxenuu K MecTy CBsi-
3BIBAHUA KICIOPOIA HAXOAUTCS TUOJATHBLIA JHUraHf ocTaTka wucreuna (14). Ilpu
KOOpAMHANMY MoJeKynbl Oo ee BHEIIHUA aTOM HAXOAUTCA MPAKTHUECKH B PaCTBOPE,
HO CBsI3aHHLI cy6CTpaT pacmosaraeTcsa B rugpodobroil monocru depMenTa.

m Hon xenesa akTusnoro nenrpa P-450 sKpaHHpOBaH 0T pacTBopa GelKoBOH 4a~
CTBIO MOJIEKYJNBI, 4 MOJEKYJIa KUCIOPOAa YaCTUYHO PaclojaraeTcs B PacTBOPE.

6) Mexannsm okucienns

Tounbit MexannsM okucaenus P-450 Bee eme sBasieTcs 00bEKTOM UHTEHCHB-

HBIX HccaegoBanuil. JIpensiokeHb! 1Ba ANTbTePHATUBHBIX MeXaHu3Ma: obpa-
30BaHHe KHCIOPOJHBbIX PaJUKanoB, aTakywoummx csaszs C—H, wmm nepenoc atoma
O Ha cBssp C—H. B Heopranuveckolt XUMHH HEU3BECTHBI PEAKIIUY OKHCIEHUHA Op-
FaHIYECKHX COSAMHEHHH areHTaMu, cojeprkammumu ces3b FelV =0, u ycranosJjenne
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Puc. 19.15. Cxema MONeKynsapHbIX
opburaneil suHedHoro ¢parmMesTa
S—Fe—O umroxpoma P-450.

TOYHOro MeXaHu3Ma JeitcTeug P-450, HecoMHeHHO, 106aBUT HEMAJIO BaXKHOTO K 3HA-
HUAM XUMUKOB-HEOPTaHHKOB O MeXaHU3MaX OKUCTUTeNbHBIX npoueccosl), IIpemmo-
JIOYKEHNe O PaJUKANbHOM MeXaHU3Me CTAJKUBAETCA ¢ HEKOTOPHIMH TPYLHOCTSMH.
Hampumep, nporieccsl ¢ yuacTueM paidkajoB OGBIMHO HECEJeKTHBHBLI U HECTepeo-
cnendUYHEL, B TO BpeMsl KaK NMPOLECCH, KaTaJdu3upyemble P-450, BecbMa cesek-
THBHBI, 8 ONTHYECKAasA aKTHBHOCTb XUPAJLHBIX CyGCTPATOB NP 9TOM COXPAHSIETCS.

Ipennonoxenue 06 atake NOJOKUTEIBHO 3aPAXKEHHOIO KUCIOPOACOIEPIKAIIETO
aredTa Ha cBa3b C—H mmwmocTpupyeT ofHO 13 NIPUHIUNNAILHO HOBBIX 00bsCHEHuH,
KaK MOI'yT JeficTBOBaTb (DEepMEHTHI-OKHUCAUTENN. B ero monb3y cBUIETEIbCTBYIOT
COXpaHEHHe CTEPeOXMMUIECKOM KOHMUrypauum cybeTpaTa M CHHUXKeHHE AKTHBHO-
¢ty (bepMeHTa IPH OKUCIEHUY CTEpHUYUECKH 3aTPYAHEHHBIX Cy6CTPaTOB, B KOTOPBIX
atakyeMas cBsi3b C—H skpanuposana. Ilepenoc daxTuiecku HeATpabHOrO aTOMa,
KHCI0pofa npuBoauT K BoccraHoBiaenuo Fe(IV) no Fe(IIl) u oxucnenuio opranu-
yeckoro cybcrpara.

Ponr atoMa cepbl B 3TOM mponecce MOKHO 0GbsICHUTh, pAcCMOTPEB YIIPOIIEeH-
HYI0 JUarpaMMy MOJEKyJISpHLIX opbuTajeit u korkpeTHo dparment S—Fe—0. Ec-
7 OTPAHUYUTBCH 3P,-OPOUTANLIO cephl, 3d,2-, 3d,z- U 3dy,-OPOUTANAMHU XKeje3a
¥ 2p-OpOUTANISIMH KUCJIOPOAA, MONYHIUTCs cxeMa, n3obpaxennas Ha puc. 19.15. U3
13 3neKTpOHOB KOMILIEKCa 12 paCmonaraloTcs Ha CBA3BIBAIOMUX ¥ cnabopa3pbiX-
JNAOMKUX OpOUTANSAX, B TO BpeMs KaK OJMH HeclapeHHbIH 3JIEKTPOH — Ha CHJIbHO-
paspbixasontest 3o-opburtau. Beicokast opManibHas CTeNeHb OKUCIEHHS XKeJe3a B
KOMILJIEKCE CTabUIM3HPYETCS 3aMETHBIM [IEPEHOCOM 3apAa C JErKOMOJSPU3yeMOoro
aToMa cepsl Ha 20- u 27-opbutanu dparmenta. Ocobast posib aTOMa Cepbl B MPAHC-
[IOJIOXKEHUH COOTBETCTBEHHO COCTOMT B PETYIHPOBAHHU 3apdajia Ha aToMe XKeJje3a,
4TOOB! ObLT BO3MOXKEH MEpeHOC aToMa KUCI0poJa.

H| KoopJuHHpOBaHHBI aTOM Cepbl aKTHBHOIO neHTpa P-450 perymupyeT 3apsi
aToMa JKeJjle3a U obJeryaet Iepeiady aroMa KHUCIOPOAa.

1) Oxygen complexes and oxygen activation by transition metals, ed. A.E. Martell, D. T. Sawyer.
Plenum, New York, 1988.
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Mpumep 19.5. Onpegenenue 3neKTPOHHOMA KOHGMrypaynn aKTUBHOTO LEHTPa merannocpep-
MeHTa.
AxTHBHBIE neHTp P-450, conepxamuii cBa3p Fe' ¥ =0, 0BLITHO OMUCHIBAKOT KaK KOM-
mnexe Fe(IV) ¢ monekyioit nopduprHa, KOTOPas TakxkKe OKHCIEHA (noTepsiH OOHE 3/1eK-
rpon). JanHble MEccHaydpOBCKOH CIEKTPOCKONHH HA AApax 57Fe cBMIETENLCTBYIOT B
ob3y Takoi nurepnperanuut). JJaHHbIE MATHMTHBIX H3MEPEHUH CBUETENTLCTBYIOT O
HAMHIHN TPEX HECHAPEHHEIX 3MeKTpoor. Ha kaknmx opbUTasix OHH PACcHOJIararTcs?

WV

Oteer. Crenenn Okuc/aeHus 4 s ATOMA >KENE3a COOTBETCIBYET KOHGUIYpanun d*.
Ec/i NpeanooxuTs, IT0 KOMIIEKC NPUGIM3ATENLHO OKTAa3ApUIecKUil ¢ JIHraHaMu
CHJILHOTO TIOJISA, TO €70 KOH(UTYpanUs J01Ha OBITh t‘ég C JIByMsl HECTIADEHHEIMH 3JIeK-
rponamu (15). Mon meTasia HAXOAUTCS TP 3TOM B TPUIJIETHOM COCTOSHUH (S =1).
ITpH OKUC/IEHMH TOPGMUPHHOBOrO IHKJA YAANseTcs OfuH tekrpon ¢ m-B3MO, n na
Heil OCTAETCST TPH HECHAPEHHLIX 3JEKTPOHA. DTy KOH(MUIYPAIUI0 MOMXKHO PacCMaTpH-
BATb KaK AyBJIETHOE COCTOSTHNE OKHCIEHHOR GopMbl CBOBOIHOrO JTUTAHIA.

Bonpoc 19.5. B ocHoBioM cocTostHuy P-450 — mATHKOOPIMHALUOHHEIH KOMIITIEKC Fe(III),
B KOTOPOM 4eTLIPE MecTa 3aHMMAalOT ATOMBI a30Ta MOPGUPUHOBOIO KOMbLA, & MTOe —
ATOM Cepbl LHCTEMHA, NpH roM obmasn cummeTpust coorBeTcreyer Cyy. Kak pacnpe-
[IeJISIIOTCS B STOM KOMILTEKce d-3JIeKTPOHBI HOHA, »kene3a’

19.9. KodepmeHT B2

Ko6ayipT — TpuAuaThIil 110 pacnpocTPaHeHHOCTH 3JIEMEHT 3eMHOM KOphI — BCTpeda-
€TCST HAMUTEILHO Yallle JUTHA U 6poMa, KOTOphIe Y4acTBYIOT BO MHOTHX GHOJIOrH-
geckux mponeccax. Oanako Guosorudeckas poss KobaldhbTa CBOAUTCH K €IUHCTBEH-
HOMY coefMHeHuo — KodepMenTy Bia, B KOTOPOM aTOM MeTajlla CBA33H C NATHIO
aTOMaMH a30Ta U YIIepOXHBIM aToMoM aneHos3uta (16). Hanuune cBasn xobanbT —
YIJIepoa, NO3BOJHeT KJAACCH(PULHPOBATh TY MOJEKYJIy KakK mepBelil npumep 6mo-
JIOTHYeCKOTO0 MeTANIOPraHu4ecKoro coefuHeHust. B CcTpyKType POICTBEHHOIO CO-
€/IMHEHUA — BUTaMuHa Bis — arom Ko6anbTa BMECTO aJIeHO3UHA CBA3AH C [UAHO-
JIUraHIOM, U3BeCTHH W OpYyTHe NOJo0HBIE KOMIUIEKCH. Bce coeuHeHus 3TOro Tu-
na HocAT obuiee HasBaHMe Kobadamuubl. Butamun B, Bnepssie Obi1 Bblnenen B
1929 r. u3 sKcTpakTa nedenu. BrnocneacTeun 6uL10 0OHAPYXKEHO, YTO OTCYTCTBUE
xKodepMeHTa WK BuTaMuHa B1o OPUBOAUT K PA3SBUTHIO 3JI0KAYECTBEHHON aHeMUH y
mogeit. Hamrane cesisu Co—CN noaTBepKIaI0T AaHHble PEHTTeHOCTPYKTY PHBIX HC-
cnenoBaHMi Butamuna. OnpeeeHue CTOb CIOXKHON KPHCTAIIHYECKONH CTPYKTY P
BO BpPEMEHa, KOIJIa ABTOMATHYECKUE PEHTIEHOBCKHE N PAKTOMETPRI U BRICOKOCKO-
pocTaeie DBM eme He cymecTBOBAIM, GLITO BELIAIOIIIMCS COGBITHEM, 38 3Ty PaboTy
A. Xomxkun B 1964 r. 6n1ma yaocroena Hobenesckoit npemnn?), Xumus kodbepMenTa
B2 Takxke o4enb pasHoo6pasHa U MHTEepeCHa, YACTHYHO OHA DACCMOTDEHa HIKE.

B MEccBayspOBCKOM CTIeKTPOCKONHH ONpeesIAeTca pe3oHaHCHOe NOTVIOUIEHUe Y-Nydell AJpoM,
KeCTKO (PUKCHPOBAHHBIM B KPHUCTAIIHUECKOH CTPYKType, Tak 4To 3cdexTaMH OTAAUH NMpPH TO-
IJIOIEHHH H UCIIyCKaHHUH <y-Jlydell MoxKHO npenebpeus. XHMHUECKOe OKpy»KeHHe AApa BiHAeT Ha
YacTOTY TIOIIOIIEHHS, T. €. C IOMOIIBIO CIIEKTPAa MOXKHO YCTAHOBUTB paclpefelieHHe 3JIeKTPOHHOH
TUIOTHOCTH BOKpYT azpa. Hanbomee 4acTo MpoBOAAT creKTpockonuio Ha aapax Fe, Sn u I. DToT
MeTOo[, MOXKHO HCNOJL30BATh AJid ollpedesIeHHsA CTeINeHH OKHNCJIEHUA KeJle3a.

2) Hodgkin D. C., Kamper J., Mackay M., Pickworth J., Trueblood K. N., White J. G., Nature,
178, 64 (1956).
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Tabnuuya 19.7. Peaknuu,

KaTaJJU3UpyeMble CbepMeHTaMPI, POOCTBEHHBIMU
Koepmenty Bia
Cybcmpam Depmenm IIpodyxm
H 0 CH, O
HOOC-—(::—-CHZ-—'(II—-SCOA g:;jwr:ggﬂm- HOOC —tl: —C—SCoA
H H
H NH, CH, NH,
HOOC — (l:—- CH,~— (':-—COOH FnyramatmyTasa HOOC — C —C—COOH
Nk -
OH H
CH, — (l:— (I:—OH
"ok
|
H OH H ¢
P Dvonperutparasa [
CHy— (l;_ (l;_oH (oTwennenme HyO) CHy— (l:-— C\
H H VI
NH, H
(l:Hz - cl:—ou
N
|
NH, 0
ety ~—on qaormmonua  op, -
H H
IiJH2 H NH, NH, NH,
CH,— C—CH,—CH—CH,— COOH L-B-Iavnmyrasa  CHy— CH—CH,— CH—CH,—COOH
A
0

0
o I
0—P

| 0
0

I
0

OH OH

0

I OcHo-

—0—P—0—P—QCH, Bahwe Tuppepyktasa 0—P-—0—P—Q—P—OCH,  BaHue
0

PuGoHykneo-

0 0
I il OcHo-
I R
0 0

OH H

22. HeopraH. xumuA. Tod 2
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AllD ATd

NH’, N,
Puc. 19.16. Csa3s mexay nedocdo-
punupoanueM AT® mo AI® u Boc-

CTAaHOBJICHUEM MOJEKYJIbl a30Ta Jo
NH].

16  Kodepment By, (R = ageHosann )

B Tabn. 19.7 npuBenenbl HEKOTOPBIE PEAKIMH, B KOTOPHIX MPUHHMAET y4acTHe
3TO yAMBUTENIbHOE BelmecTBo. HecMoTpst Ha TO, 9TO PeaKnuy MPOUCXONAT B BOJHOMN
cpelle, cenuduiecKoe JUraHiHOe OKPyXKeHUe CTabuiIu3upyeT KoOGalbT B TPeX Ba-
NenTHbIX cocToannsax. Popma, comeprkamast Co(11l), — snexTpodua u oxucanTeNs,
OHa Jlerko BoccTanaBmupaerca no Co(II). ManbHe#inee BoccTanOBIEHWE NPHBOJUT
K Co(I) —BecbMa HeTHMHYHOM 1/ KOBANLTA CTENEHH OKHCJICHHA B BOIHOM pac-
TBOpe. Co(l) — cunbHbI! HYKAEODUT U JTErKO MOABEPracTCs MeTHINPOBAHMIO. XOTs
NOMYa0MHBHCA IPY YTOM METHIKOOAIAMUH BAIMOIHAET BaXKHYIO POJb NEPEHOCIHKA
METUJBHBIX TPy, HANPHUMED NP CHHTE3e METHOHHHA, OH BCTYNAET B NOGOUHbIE
Peakuuy, npuBodme K o6pa3oBaHMIO CHbHeHNX a10B, Hanpumep Hg(CHjz),
uny Pb(CHj)4. Jlurannsoe ok pyskenue HoHa KobaJIbTa, 6sarofapsa KOTOPOMY CTAHO-
BATCH BO3MOXXHBIMH CTOJIb HEOOLIYHBIE PEAKINH, BKJII0Y3eT NOP(MUPHHOTIONOOHbIM
KOPPHMHOBBIN IUKJ, YbH YeTHIPE JOHODHBIX ATOMS A30T4 PACIIONATAIOTCS B IKBa-
TOPHAJIbHOM MIOCKOCTH KOMILIEKCA. [1aTast Mosunus TakKe 3aHATa JOHOPHBIM aTo-
MOM a30Ta CONPAKEHHOTO JIUTaHa, 8 IeCTas — YIJIePOHbIM JUTaHA0M (HapuMep,
(16)). Takum obpasom, koepmenT Bis mpescraBaser cofoi pemkuii mpuMmep Me-
TaJLMOPTraHNIECKOTO COeIMHEHNA B GHONOrUH, ITa CBA3b BECbMa, HElTPOYHAA U JIETKO
PACIIEIIALTCA POMOJIUTHYECKH, 06Pa3ys paJuKal ¢ HeclapeHHBIM SJeKTPOHOM Ha
4TOME yTJepoa, KOTODPbI MOXKeT OTIUEIUIATH aTOM BOJOPOAA OT JIPYTHX CBA3el
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C—H. PanuxkannHoe orimensienne BoZopoaa oT xodepMmenTa By, Habmonaerca s
nponeccax nepectpoiiki ceazeit C—C u C—H B mMosiekyaax cy6erpaTos.

IH Kodepmenr By 06a/1aer BLICOKOH aKTHBHOCTBIO BO MHOTHX IIpoleccax; aToMm
KoDaJIbTa B HEM MOXKET ObITh BOCCTAHOBJIEH 10 Co(I), KoTopnIit cIy)HUT Kak
TIEPEHOCYHK METHJILHBIX TPYIHI.

19.10. ®Pukcaumnsa azora

B pasa. 11.2 ysxe obcy»k manochk, HACKOIBKO KeCTKHe ycloBus (BBICOKYE JaBJEHHE U
TEMIIEPATYpa, HATMIHE KaTaIN3aToPa) HeOOXOqUMbL JJIsl DEAKIIAH a30Ta i BOLOPOLA
¢ obpasoBanueM ammuaxa. Ilockonbky B mpupoge Takne ycjaoBust HEBO3MOXKHBI, B
Hejl peaJln3yeTcs COBCeM IPYToi, BeChMa, TOHKHH MEXaHW3M CHHTe3a aMMHaKa. Boc-
CTAHABJIMBANOIIIM areHTOM CJIyXUT AT®, U nonaypeakulo BOCCTAHOBJIEHHS MOXKHO
3aMUCaTh CISAYIOIUM 06Pa3oM:

Nz + 16MgAT® + 8¢~ 4+ 8HT — 2NH; 4 16MgA /LD + 16P, + H,

rae Py — 0bobmenHoe 0603HaMeHIe HEOPraHHIECKIX docdaTos. Jror npouece me-
Hee 9 heKTUBEH N0 CPABHEHHIO € POMBIILITCHHBIM npoueccoM ['abepa, mockombky
broOrNIecKHe CHCTEMbI 33TPAUNBAIOT MHOTO SHEPIHH HA. NOJyYeHHe BOAOPOJA U B
TO XK€ BPEMSI Ha 3AINUTY CBOMX COCTABHAIX dacTelf 0T aTMocdepHoro Kucaopoaa. Tem
He Ménee, NPUHIMNIHAILHO BazKHO, YTO ITOT MPOLECC IPOUCXOAUT YKe NPH HOPMalb-
HBIX NABJIEHUU ¥ TEeMIEPATYpe B opraHu3Max poga Rhizobium — Tak Ha3bIBAeMBIX
KJyGEeHbKOBBIX GaKTepHsX, CONEPKAIUXCS B KOPHEBHIX Hapocrax (Knybenbkax) 6o-
OOBbIX pacTeHHii, a8 Takyke B OPraHM3MAaX HEKOTOPHIX GaKTepuil U CHHe-3eJIeHbIX
Bonopocieit. Ilon BospelicTBueM bepMenTa HUTPOTeHA3H! Ta PEAKIWA NPOXOIUT B
NOYTH aHavPOobHbIX ycsosuax. IpobreMa, KOTOPYIO yIAIOCh PELINTD, COCTOMT, OUe-
BUJIHO, B NIPEOJOJIEHHH BBICOKON XUMHYECKOH MHEPTHOCTH MOJEKYJbl a30Ta.

Herann MexanusMa, pUKCAINE a30Ta HOKA HESCHDI, ONHAKO YCTAHOBJIEHO, “ITO B
HeM y4aCTBYIOT GeJIKH, COmep Kaliue Ke/e30-cepHble M MOMUGIeH-KelIe30-CepHbIE
Kaacrepsl (puc. 19.16)1).

Merasnconepxamue KopaKTOPB!, MPUHUMAIOIME Y9YACTHE B ITOM nporecce,
OBl BBITENEHb, B XUMUKAMU-GHOHEOPTAHUKAMH NDEJIOKEHO yKe HeMaJo Mo-
JeJlelt aKTUBHOTO IIEHTPA HUTPOreHa3bl. BonbmMmM mpOphIBOM B 9TOH 06JaCTH
CTafla yCHemHas KPHCTAIIN3anua H oNpejelleHHe KPHCTAJLUIMYECKOH CTPYKTYPhI
MoFe;Sg-kodaxTopa u JeffcTBylomero ¢ HUM BMecTe «P»-kaacrepa, comepxae-
ro apa 4Fe,4S-ky6a, 06be HEHHBIX MOCTHKOBBIMH ATOMAMH cepn (17 )2). Kak yxe
Op110 cKa3aHo B pasa. 19.6, sTor Tun KJIACTEPOB YaCTO BCTPEYAETCA B CHCTEMAX I1e-
PEHOCA SJEKTPOHA, DU STOM IeOMETPHSI KJIACTePa B TAKHX PEAKIUAX MPAKTHIECKH
HE MEHeTCH.

PentrenoctpykTypubie ncenemosanus Mo—Fe—S-knacrepa, na KOTOPOM, TIO-
BUMOMY, TIPOMCXOAUT BOCCTaHOBJAeHHE No, OKa3aIH, YTO OH CONEPIKHT MOJIOCTh,

Y Orme-Johnson W. H. In: Molybdenum enzymes, cofactors, and model systems, ed. Stiefel E. I.,
Coucouvanis D., Newton W.E., Advances in Chemistry Symposium Series no. 535, American
Chemical Society, Washington, DC, 1993, p.257.

) Chan M. K., Kim J., Rees D. C., Science, 260, 792 (1993).

2%
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Ky/Ja MOXeT BXOJHTb MOJIEKyJa a30Ta, 3aTeM NOABEPTAIONaAcs BOCCTAHOBJIEHMIO
¥ TPOTOHMPOBAHUIO. JleTany STOro npolecca MPAKTHYECKH | 2 BHIACHEHB!, He ACHO
naxe, NEHCTBATEIBHO Ji MoJeKyna Ny CBA3LIBaeTCA Mos0GHBIM 00pa3oM, OJHAKO
10 Mepe HAKOILIEHHS CTPYKTYPHBIX JaHHBIX MOJEJb 3TOrO MEeXaHW3Ma MOCTOAHHO
YTOYHSAETCA.

KOMIUIEKCH! ¢ MOJIEKY/ISIDHBIM 230TOM B HEOPTaHHYeCKOH XAMHH BCTPEYalOTCA
pecbMa dacto (cM. pasf. 11.2), oIHAKO MO CTPYKTYPE OHM CHJIBHO OTJIHYAOTCA OT
GHOJIOTHIECKHMX KOMIUIEKCOB. TeM He MeHee B CHUILHOKHC/IBIX CPe/laX MOJIEKYJIa a30-
Ta HEKOTOPHIX KOMILIEKCOB CHOCOGHA K MPOTOHMPOBAHHIO M BOCCTAHOBJIEHHIO [0
HOHOB aMMOHms V)

[Mo(PR3)(Ny)s] + 8H+ — 2NHJ + Ny + Mo(VI) + ...

ITpeamonoKeHne, 4TO CBA3BIBAHAE C HECKOIbKMME METAJUIMYECKUMHY [IEHTPAMH MO-
JKeT 0bJIerYnTh BOCCTAHOBJIEHHE MOJIEKYJIBI No, HaXOJNT NOAACPXKY B XHMHH Me-
TAIJIOPTAHUYECKHX COeJUHEHM: MOKA3aHo, YTO K/IAcTephl METAILIOB 06/1er4aioT HH-
IyIHUPYeMOe IPOTOHAMH BOCCTAHOBJIEHHE M303JIEKTPOHHOW MOJEKYJIEl Co?.

m AXTHBHBIN NEHTD HATPOrEHA3h — MOJIAG IeH-3KeJ1e30-CEPHBI KJIAaCTep — BOCCTa-
nasmmsaer Np 1o NH.

19.11. doTocuHTe3

OnHa 13 Haubosee 3aMedaTe/IbHbIX OKHCJINTEIbHO-BOCCTAHOBATEIBHBIX PEaKInH —
3TO TEPMOJNHAMHYECKH HUCKJIIOYHTEIHHO HEBBITOAHLIN NpoIiece NpeBpalleHus BOIbI
n CO, B YIJIEBOABI U KHACIOPO/, 33 CYET UCIOJb30BaHUA COJTHEYHON SHEPTHH. DTOT
[IPOIIECC JIEKUT B OCHOBE BCel JKM3HH, MOCKOJBKY HPH 3TOM MPOM3BOIAATCA YIJIE-
BO/IbI, UAYIIHE B IHILY, H KHCJI0POJ, HeoOXOoIUMEIH Ad abixanusn®) . GopmanbHO
CHHTE3 yTIIeBOAOPOSOB BKJO4YaeT BoccTaHoBjeHne CO, u okucyenne HoO mo O,
CymecTByior fBa POTOXMMHUYECKHX PEAKIMOHHBIX IeHTpa — dorocucrema I n do-
Tocucrema II (OCI u OCII). Tlepryio ncnoas3yoT aHaIpoGHbIE GAKTEPHH, BTOPYIO —
3eJIeHble PACTEHHA U BOJAOPOCH. B naHHOM pa3fesie paccMaTpUBAETCAd UMEHHO BTO-
pas cxeMa peakuuit, KOTOphie IPOTEKAIOT B OpraHesuiaX KJeTOK 3e/IeHBbIX JIICThEB,
HA3BIBAEMBIX XJI0POIIAcTAMHY .

a) Oysaxmma Qorocrcremnr IT

Sueprus, HeobXoquMas JUIA MPOBEEHHA Tpolecca (POTOCHHTE3A, MOTJIOUIAETCS M3
COJITHEYHBIX JIydell KOMILJIEKCOM MarHus ¢ MaKPOUMKJIHYECKHM AUTHAPONOpdHpH-
HOBBIM J1UTaH/10M — XJIopodunnom a; (18). Mocne doroosbyxnenuns PCII soc-
CTaHABJIMBACT >KeJIE30-CEPHBIN KOMIUIEKC, KOTOPBIH [1epeJaeT 3JIEKTPOHLL HCKITIOYH-

;) Hall D. A., Leigh G. J., J. Chem. Soc. Dalton, 3539 (1996).

) Drezdzon M. A., Whitmire K. H., Battacharryya A. A., Hsu W. L., Nagel C.C., Shore 8. G.,
Shriver D. F., J. Amer. Chem. Soc., 104, 6247 (1982).

%) 3necn ne paccmarpusaerca $OTOCHHTES y aHASPO6HBIX GakTepHi, IIPH KOTOPOM BMECTO KHC-
J0pofia o6pasyercs cepoBOLOPOX,

4) O630pbI, TOCBALIEHHbIE dorocucreme I1 [Babcock G. T., Acc. Chim. Res., 31, 18 (1998);
Brudvig G. W., Thorp H. H., Crabtree R. W., Acc. Chim. Res., 24, 311 (1991)].
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resnpHO Ha Mosekysay COsz. Oxucnennas dopma OCII, o6pasylouascsa nocse nepe-
[[a9N MEKTPOHA, He CrocobHa oKMeauThb Boay 10 Os. Ee BoccTaHOBIEHME HCTIONDB3Y-
erca assi cuHaTe3a ABYX Mojekya AT® uz AJ® yepes psij NPOMEXKYTOUHBIX YaCTHII,
BKJIIOUAIOIUIMX JKEJIe30COAEPIKAIIIE OKHCIUTEIbHO-BOCCTAHOBUTE/ILHBIE TIAPEL M XH-
HOH, HA3bIBAEMBIH IJIACTOXUHOHOM.

“I Xnopoduil a; 3anacaeT SHEPIHIO CBeTa, KoTopyio droTocucrema Il ucnonsayer
J1J1A TIOJIY YeHHUS KHCIAOPOIA.

6) IIpenmonaraemMble CTPYKTypa ¥ MEXaHM3M JIeHCTBUA aKTHBHOIO IIEHTPA

Sueprud, 3anacentas xjaopodumuioM, nepepaerca OCII, koTopasi comepXuUT Kia-
cTep U3 4 aTOMOB MapraHiia, CBI3aHHBIX KHCIOPOAHBIMH MOCTHRaMU. B mukie 19.3
5TH KJIacTepsl 0603Haua0Tcst Sg — Sq b . FIHAEKCh 03HAYAIOT CTENEHD OKMCIECHHOCTH
Kazk 1010 KiacTepa. [IoCKOIBKY KPHUCTAIIBI BHIPACTHTD HE YAAJIO0CH, TOUHbIE JAHHbBIE
0 CTPYKTYPE OTCYTCTBYIOT, HO JaHHBIC PEHTTEHOBCKON CIEKTPOCKOMMH YKA3BIBAIOT
na C-o0pa3nyio GopMy aKTHBHOTO HEHTPA M3 YeThipeX aToMoB Mn, CBA3aHHBIX
OKCO-MOCTHKaMH. ['MnoTesa mocniesoBaTenbHOTO 06PasOBaHUS YETHIPEX OKUCJEH-
HBEIX (DOPM OCHOBaHA Ha SKCIEPUMEHTAJBHOM HaOIIOMEHHH, YTO HPH UMIOYJILCHOM
$oTOBO3OYKAEHUM CHCTEMBI KMCJIOPO, BHIAESIETCS JIMIIL MOCJe KaXKJI0r0 YeTBep-
TOro UMMYJIbca. Kak mokazaHo Ha WLIIOCTPAIHH, TPEANIONIATAETCS, 9YTO TEPMUHA b
Hble OKCO-JIUTaH/bl, PACIOJIOKEHHDBIE B «OTKPBITOM» YACTH KIACTEPA, NPHHUMAIOT
ydactve B o6pa3opaHuit HOBOH ¢BA3H O—O 1 nocienyoieM BbIAETEHIN MOJEKY-
abt Oy. Tlocne oT/iesieHust STOM MOJIEKYJIBI TIOJYIaeTCA HCXOAHAA BOCCTAHOBJIEHHAS
dopma, KOTOpasi, THAPATUPYSICh, BO3BPALIAETCH B KATATUTHYCCKHHA MUKJL.

I” ®otocucrema 1 Hcnonb3yer sHEPruio, 3aMaceHHYI0 XIOPOMUILIOM, s CTYIeH-
YaTOr0 OKHMCIEHNA MapraHieBoOro KJacTepa, CONepPKAEero KUCJIOPOAHbIE MOCTH-
KH, B Pe3yJIbTaTe 4ero BBLAEIACTCA MOJIEKYJIa KHCJIOPOA.

B) Xnopodnin

Xpomodop dorocucrembt — xiopodbun a; —o0bIagaeT CIeKTPOM MOTJIONEHHH,
NpuBeAeHHbIM Ha puc. 19.17. HMHreHcHBHAst IOMOCa B KPACHOH 9acTH (TaK Ha3bi-
Baemast (J-mostoca) u nosoca B rosy6oit obtactu (mosmoca Cope) OTHOCATCA K Xapak-
TEPUCTHYECKUM T10JI0CAM NOPMOUPHHOBON YacTH H BO3HUKAIOT BCJIEJCTBHE BO30YXK-
Aenna snektporos ¢ T-B3MO na m*-HCMO. Tlpospaunas o61acTb MeXy STHMH
TNoJI0CaMH ONpefiesiAeT 3e/eHblit nper xJjopoduiia U pacTeduit. B nucerpax npu-
CYTCTBYIOT M ApyTHE MUIMEHTH! (UX HA3BIBAIOT «AHTEHHA» ), KOTOPHIE TOTJIOLIAIOT
CBeT B 00JaCTH, Npo3padHOl y XJOPOdH/LIa, M TAKXKe MEPEJAOT ero IHEPTHIO B
¢doTrocucremy.

3a cuer norvomenus sHeprun MOJIEKyYN1a XJIOPOHHUILIA U3 OCHOBHOTO CHHIJIETHO-
O COCTOAHMA NepexomuT B Bo30y K IEHHOE CHHIUIeTHOe cocTosnue [ (sToMy mepe-
Xoay u cooTseTcTBYeT nosoca Q). Vzonuposannbie MONEKYIb! B PACTBOPE 3a CYET
MHTEPKOMOMHANMOHHON KOHBEPCHU BBICTPO [EPEXOAST B Goslee HU3KOE [0 SHEPTHH
TPHUILIETHOE cocTosiHKe (3Q)), KOTOPOEe M BCTyIAeT B peaKiyil EPEHOCA ITEKTPOHOB

Y Hoganson C. W., Babcock T. T., Science, 227, 1953 (1997).
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Puc. 19.17. CneKTp norsomenus xaopodpusia a; B 460 560 660 760
BHIWMOM JHAIIA30HE, 1. HM

B pactsope. Hanporus, B nponecce ¢orocnHTesa peakiuonnslil neHtp dhoTocucTe-
MBI 00XOZUTCA 6e3 MHTEPKOMOHMHAIMOHHON KOHBEPCHM M HAIIPABJISET 3JIEKTPOHBI
HEnocpesicTBerHo oT GopMbl 'Q K aKmenTopam, MOJIEKy:Ibl KOTOPHIX B XJIOPOILIa-
CTe PACHONIONKEHDbI pAIoM ¢ xJopodumiom. Takum 06pasoM, U B 9TOM cllyuae Opo-
CTPaHCTBeHHAst KOHMHUIYpalyst UrPaeT KJIIOUeBYI0 POJIb B GHOXMMHM. YIPOLIEHHYIO
MOJIeJIb 9TOH CHCTEMBI NIPEACTABJAET cojepxKaiiast (parMeHTs OopdhUpHHA U XU-
HOHa MoJleKkya (19), Koropas 061anaeT BJIYOPECHEHTHBIMU CBOHCTBAML. Oneneno,
4TO ¥ BO30YKAEHHOTO COCTOSHUA CKOPOCTD MEPEHOCS 3aPsiAa ¢ OJHON YACTH MoJIe-
KyJIBl Ha apyryio (¢ nopdupuna Ha xunon) B 10 pas Gospume CKOPOCTH MEePeXona
U3 CUHIJIETHOTO B TPHUILIETHOE COCTOSIHHE.

m Mounekyna xy0podhrila NOrJIOMAET CBET, IPH STOM YHEPrHs MePeHOCUTCS K pe-
AKIUOHHOMY HEHTPY.

r) Crpoenne akTHBHOIO IeHTpa

IpocrpancTbennas opranusanya MOJIEKY.Ibl Je/laeT BOIMOYKHBIM GbICTpBIN (B Tpe-
Jenax 10 mc) mepeHoc 3Heprum OT BO36Y:K/IEHHOTO CHHIVIETHOrO cocTosHud. OHO
Pacrosio’KeHO BbIle [0 IHEPrUH, YeM TPHILIETHOE COCTOAHHE, T03TOMy 3DDeKTHB-
HOCTb MCIO/Ib30BAHUA IHEPTUM MOBLILIAETCA: MHTEPKOMOMHAIMOHHAS KOHBEpCHSA B
TPUILIETHOE COCTOfIHME MPHBOAUT K IIOTEpe 3HEPruH B (opMe Temrorsl. Ha 3aToM
3Tale MpaBUIbHAA [IPOCTPAHCTBEHHASA OPraHM3AlMs NPEIOTBPAILAET eltle OAUH MO~
6ounbiit mporecce. [IpoayKTsI, B KOTOPBIX 3aaceHa SHEPTHA, B pe3y.IbTaTe 0OPATHBIX
PeaKIMil MOTYT NPEBPATHTLCA B HCXOAHBIE PEAreHTHI C MOTepelt SHepruH, OJ{HAKO
CHCTeMa OPraHu30BaHA TaK, 9TO 3JIEKTPOHB! TEPefaloTes 10 TPAHCIIOPTHON HenH
ObicTpee, 4eM MOTUIM 6bl NpPOTeKaTh OGpPATHBIE PEAKIHH.

Peakunonnbift nenTp 6akTepHaIbHOTO XJ0pOodH/LIA YAANOCh 3aKPHCTAILIH3O0-
BaTb M ONPEJIEUTh €r0 CTPYKTYPY METOJOM DEHTTeHOCTPYKTYpHOro aHajmsal).
«Ocobast mapa» MOJIeKy:1 XJ10podHLIa, PoJb KOTOPOi — GbICTpast Iepejada ek
TPOHOB B HadaJjie Ipolecca — Oblila AaBHO YCTAHOBJIEHA, HAXOOUTCH B HEHTPE, Mo-
IVIOLIAIONIEM cBeT. BoKpyr pacnosiaraercs ABoiHas nenb MOJeKyJI-aKnenTopos. Ka-

1 Deisenhofer J., Norris J. R., The photosynthetic reaction center, Vols. 1, 2. Academic Press,
San Diego, 1993.
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3aJ10Ch 6bI, OHH Ay6JIMPYIOT JIpYT ApYyra, OJHAKO Ha JieJie JIHUIIb OJHA M3 HHX Ha-
XOIATCA B AKTUBHOM COCTOSIHMM, BTOpas ’Ke He NPHHHAMAET y4acTHs (BO3MOXKHO,
ABJIAACH 3aIIacHoOl).

m PeaKIINOHHBI LEHTD COAECPHKHUT «0co0yI0 mapy» MoJeKy. xaopoduiia, koTopbie
OLICTPO mepealoT IHEPruIo aKLEeNTOPaM.

METANNb! B MEANUNHE

[ToCKONBKY B GHOXMMMYECKHX CHCTEMaX COAEePXKATCH MOHBI CAMBIX PAa3JIHYHBIX Me-
TAJUIOB, He YAMBATENbHO, YTO COEAMHEHHUS 3THX METAIOB HepeJKO BKJIOYAIOT B
HOPMBI PallMOHOB KaK MHMHePaJIbHble MCTOUMHHMKH JUIA TOJIEPKAHUA Hy KHBIX KOH-
[eHTpallgil B OprauaMe. JTO, B YACTHOCTH, OTHOCHTCA K KAJIBIIMIO, JKeJe3y, IHHKY
n Mequ. Mcnons3oBanne HEOPTaHWYECKMX COeNMHEHHI B MeJUIIMHE MMeeT MHOTO-
BEKOBYIO HCTOpHIO),

Habmozenue, uro KBanpaTHbl koMuieke miaTuas yuc-{Pt(NH;)2Cly] monas-
JIfeT JlesleHne GAaKTepUasIbHBIX KJIETOK, JaJIo TONMYOK K pa3paboTKe cepuH HOBBIX
IPOTHBOOIYXOJIEBEIX MPEIApaToB. DTO HaOJIOMeHNe NPUBEIO K MPeOIOKeHHIO,
YTO KOMILIEKCHI [JIATHHLI MOTYT MOJABUTH U IPOLECC GBICTPOTO JeNeHHs OIyXolle-
BhIX KeTok?) . Kommiekc niatunnbt (npenapar umucrwiathd) atakyer JHK 6nictpo-
pactymieit onmyxonu. Haubosiee akTHUBEH 3TOT mpenapaT NPH JIeYeHHN PaKa AHYEK.
Jlo BBe/leHHs LUMCILUIATHHA B ME/AIMHCKYIO TPAKTHKY BHI)KHBAEMOCTD IIPH ITOM BU-
Jie paka cocTaBJisaia He Gosee 5%, B TO BpeMsl Kak Tenepb OHa COCTABIAET OKOJIO
80%. ITOT 3HAUMTENbHBI yCleX CTUMYJIMPOBAJ OBIIHPHbIE HCCJIeJOBAHNS Pa3Ind-
HpIx koMiviekcoB miaTHe(11) u mumatuabl(IV) ¢ nenbio pacmmpuTs 067acTh IpH-
MeHEHHS IJIATUHBbI B XUMHOTEPAIHH.

Cpen 1pyrux HEOPTAHAYECKHUX JIEKAPCTBEHHBIX NPENapaTOB MOXKHO yIOMAHYTh
COe/IMHEHNsT BHCMYTa, MCIOJIb3yeMble NPH JIEYEHHNH MENTHYeCKUX #A3B U FaCTPH-
TOB, M COeJMHEHHs 30JI0Ta, MCIOJb3yeMble JYIs JiedeHns apTpuToB. HuTpaT raj-
yma Ga(NOj3)3 okazancsa 3 peKTHBHHIM NPH NOBLIIEHHOM CO/IEPKAHIN KAJIbLIUA B
KDOBH 3a C4YeT BLIMBIBAHHMS €r0 M3 KOCTell.

m CoeMHeHNa MeTa/IJIOB, MCIOJb3yeMble B MEJWIMHE, BKJIOYAT KBAJPATHBHIE
KOMIJIEKChI Pt(II), obiagalonue NpOTHBOOIYXO0JIEBOH aKTHBHOCTBIO, COeUHe-
HUA 30J10Ta, UCIIOJIb3yeMble JJIA JIedeHUA apTPUTOB, M HUTPAT rajljivusd, oCTaHaB-
JIMBAKOIUMN NTOTEPIO KaJIbLIMA.
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YAPAXKHEHUSA

19.1 Paccmotpure creyromue snements: O, N, K, Ca. Onpenenure, Toe oHH KOHIIEH-
TPHPYIOTCA B XKMBOTHBIX OPTAHH3MAX M KAKOBa MX OCHOBHAA GHOJOrHYecKas poJb.

24+
19.2 Cpasuure xapakrepucruxn JIMraHJ0B, IpeJHA3HAYeHHRIX 1J1s cBasbiBaHua Ca
¢ GenkaMu, ¥ JMrangos, cessbiBaomnx Fe?t ¢ MEePEeHOCYHKOM KHCIOPOAa — reMo-
rnoGuaoM. Yem obbscHaroTes Mx pasnnuna?

19.3 Ilpu obcyxieHHH KOOPMHMPOBAHHA MOJIEKY/IBI KHCIOPOAA paccMaTPHBAJINCH PA3-
Jmunble npeaensHele dopmbl: Oz, O u 02, PaccMorpure JHarpamMMmy MoJie-
KynapHeix opbutaseit m1a Oz (u3 ra. 3). Kakoe sHauenwe MMeloT [IMHLI CBS-
34 M CyMMapHBI{ CIIMH JJIsT BBIGOpa KaxAol M3 3THX dopM Kak Momenn smran-
ga 027
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19.4 a) B Kakyro CTOPOHY CMEILEHO DABHOBECHE cregyomeR peakun?
Hb + Hb(02)4 = 2Hb(02)2

HO DaB-
Jlasi o6bsicHeHHsT BOCIIONB3YATECE PHUC. 19.8. 6) B xakyw CTOPOHY CMEIIeHO D
HOBECHE DEaKIH

Hb(02)1 + 4Mb = Hb + 4Mb(O2)

opoga?
SaBHCPIT JIY IIOJIOPKEHHE paBHOBeCPIfI oT Hapunanbﬂoro AaBJICHHSI KHCJIOPO;

CO — nm-
19.5 MoJsekyJs1a KHCJIOPOJa SIBASeTCA 0-HA0HOPOM H T-AKIENTOPOM. Monekyna o
. FAH TOTO ke THHA. MOMKHO JIM Ha OCHOBE 3THX (DaKTOB MPETJIOXKUThL Me

OTpABJIEHHST MOHOOKCHAOM yriepoaa’ ] i
poOnJI-
19.6 Ucmombzosarue xommnekcos Co(IIl) ans cuHTE3a NEnTHAOB MOMKET OBITH TP
JIIOCTPHPOBAHO CJIEAYIOMEH CXeMOMH:

0
_NH,
{en),Co
? \CHR + HyN— A—— C— OCH;,4
O\C/
OCH,

- NH,
(en),Co

— | CHR + CH;0H
Ow C/

\
HN—A — C— OCH,

o

3mech A — OJIHUIEIITH POH3BOIBLHOM JHHEbL dTO ﬂBJ’IileTCiI H}(’?KJIGO@HJ’IOM B 3TOH
PeaKLHN M KaKo# NEHTP HOJABEPraeTcs HyKIeoHIbHOH aTake!

19.7 Paauyc noua Fe?t B BLICOKOCIMHOBOM COCTOSTHHH GOJIbIIE PAAHMyCca NOJIOCTH B ;e;l;
Tpe NopdpHPHHOBOIC KOJbL@A, B TO BPEMs KaK B HH3KOCIIHHOBOM COCTOSIHMH I'€
HECKOJIBKO MeHBIle 3TOW MOMTOCTH. a) Hamuumre 3JeKTpOHHYK KOH(HIYDALHIO
JUIst 0BOMX CITHHOBHIX COCTOSIHHI B OKTa3ApHYecKoM okpy:xemnu. [louemy pann-
YC BBICOKOCITHHOBOTO MoHa Gonpme? 6) IIpuBesuTe npuMepsl JIHIAHIOB, KOTOpbIE
MOTrH 6b1 TpHBECTH K O0Pa30BaHHIO IIECTHKOOPAHHAIIMOHHBEIX BBICOKO- M HH3KOC-
nuHOBbIX KoMmiutekcos [Fe(porph)La).

19.8 Ilouemy B meramtodepmentax noun d-meramios tuna Mn, Fe, Co, Cu npenro-
YTHTEbHEE, YeM MoHbl Zn, Ga unn Ca?

19.9 Yuurhipas cnennduky cBasbipanus cyberpara ¢ (pepMeHTOM, 06LACHUTE, ITOYEMY
H3MEPEHNs] KOHCTAHT CKOPOCTEH CaMOOOGMeHa OKHC/IHTEbHO-BOCCTAHOBHTE/IhHBIX
hbepMEHTOB COMNPSIKEHO C 3HAMHTENbHBIMH TPYJHOCTAMH.

19.10 Kaxumm npymsa cnocobamu Genkopas 9acTh hepMeHTa CIIOCOBCTBYET crienuhnIHO~
CTH nponecca BHelHechepHoro HepeHoca MeKTPOHa (OT OJHOTO THIIA OKMCIHTEN
K OJHOMY THILy BOCCTAHOBHTENs)?

19.11 TIpuBemuTe MO OOHOMY MPUMEpPY BaKHOIO GHOJIOIHYECKOTO MPOLECCA, B KOTOPBIX

y4acTByIoT anemeHTh Fe, Mn, Mo, Cu u Zn.
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19.12 Ilouemy mpoctbie HKeNe30-NOPMHPUHOBbIE KOMIUIEKCH! HE MOTYT GBITh MI€PEHOCYH-
kamu Q097

19.13 Uzobpasure nmocraamiino cxeMy $HepMEeHTATHBHOIO Npo1ecca, B KOTOPOM KOMILIEKC
MeTalIa AEHCTBYeT KaK &) Kucrora Bpércrena; 6) kucrora Jsouca.

19.14 Kak B cpegHeM MeHseTCs CTENeHb OKHCICHHS KaXXJIOr0 U3 YETHIpEX aTOMOB Map-
TaHIA B DEAKNMH BRUIEJIEHHs KHCIOpoma (stam Sq4 — Sp nmxma @OCII)? (Cwm.
mmka 19.3.)

19.15 YeM oTVMYANOTCs HCTOUYHHKH JIEKTPOHOB B DEAKIUH BO30Y>KJAEHHOI'O COCTOSIHHSI
xnopodumna u B peakuun Fe(Il)-coctosrus unToxpoma? Mor 6Bl HMTOXPOM BEHI-
HOJIHATE CBOKO (PYHKIMIO, €C/IH 6b1 OH COMEPIKaT HOH Mg?+?

19.16 Onpemenure srepruo GOTOHA ¢ AIHHON BOJHB 700 HM. Kakoea adpdexkTnsroCTE
HCIOIB30BAHNS SHEPIHH (DOTOHA, ecmu hOTOXHMHUYecKas! peakmus B cxeme OCI
AAET Pa3HOCTh NMOoTeHmmanos 1 B?

19.17 B depmentax xKUBOTHBIX OPraHA3IMOB HOHBI METAJIOB YACTO OKDY>KE€HbI JOHODHBI-
MK aToMamu a3ora. [IpuBeanTe HECKOJILKO IPHMEPOB TaKNX TIPHPOAHEIX JIMTAH/IOR,
K xakum moHaM oHH 06BIYHO KOODAHUHUPOBAHKI?

19.18 O6msscHnTe, mouemy npouecce YNAKOBKH GEIKOBOH IEMH B IPHPOIEe KOHTDOJIMPYETCSt
nonam tvna Ca’t, Znt u Cut| a me Be®t, AP wmm Crot.

19.19 Ilowemy B mpupoze 115 neperoca MOJIEKYJIBI KHCJIOPOJA HCIIOJIb3YIOTCH CTEPHYECKH
3aTpPyJHEHHbIE JUIaHIbI THIMA TeMOTJI0OHHAT

19.20 Monekyna KuCIOpOga MOXKET KOODZIMHUDOBATRCS U K 'EMOLJIOGUHY, B K MHOTJIOOH-
Hy. B uem npenmymecTso ucnonbaosanums sTHX Pa3HBIX KOMILJIEKCOB?

19.21 B vem npmumna tokcuunoctn CO ms MiekonuTaronmx? (Pacemorpure npupoxy
ces3u MmeTamnor ¢ CO.)

19.22 Kaxumu ceoiictsamu nona Zn?t mowxmo ofbscrurs ero YaCTO€ NPHCYTCTBHE B
8KTHBHBIX IEHTPAaX HAPOJUTHYECKHX (hepMeHTOR?

19.23 Tlouemy rxesle30-CepHbIE AKTHBHBIE LIEHTPBl 1aCTO BCTPEYAIOTCH B DEPMEHTAX, Ka-
TATASHPYIOUMX OKHCJTUTEIbHO- BOCCTAHOBHTE/ILHEIE PeaKIHKT

19.24 Kakyio $bopMy H COCTAB MMEIOT KOMILIEKCHI MapraHila, yJacTBylomue B pabore
OCII?

19.25 Buaromapst XakuM CBOHCTRAM HOHA Maprannua oH GoJsibllle NOAXOAUT HA poJb co-

CTaBJISIIONIEH OKHCIIHTEIbHO-BOCCTAHOBUT e/TBHOTO ueHtpa B ®CII o cpasnennio ¢
HOHAMH MEIN MJIH HHKeJs?

3A0AHUA

19.1 YxaxuTe cpesu IPHBEIEHHBIX YTEEDKTEHHIT HEKOPPEKTHbIE U HCIIpaBbTe uxX. Kap-
GOHAT KaIbUHs SBJSETCST OCHOBHOMN MHHEPAJIBHON COCTABSIOIER KOCTHOM TKaHH.
Koopauuaims omnoit monexysn KHCJIOPOAA K FéMOIIOOHHY NOBBILIAET CPOJICTBO K
CIEAYIOIEH MOJIEKYIIE, 9TO OGbSICHSETCS HA OCHOBE MPOCTEHIINX SHTPOMHUMAHBIX CO-
obpa:xenuit. [lpu meficTeun kapOoxcumenTHAa3b A Ha HEHTPE, CONEPIKAILEM Zn*t,
TPOMCXOIMT THADONHS MeNTHIOB, PH 9TOM MPOUECC MOXKET NPOXOMHMTD IO JBYM
MEXaHU3MaM.

19.2 B nocnenmee Bpemst 60BIIOR HHETEPEC BRIIBIBAIOT IPOlECCH, IMHTUDPYIOIINE ce-
JIEKTUBHBIH TPAHCIIOPT HOHOB Yepe3 MeMbpansbl; M. 0630p [Tsukube H., J. Coord.
Chem. B, 16, 101 (1987)]. a) Ommunre SKCIIEPHMEHTAIbHYK) YCTAHOBKY JJIsI
STAX M3MEPEHHI H CPABEHATE €€ C KJIETKOH, MOTPY>KEHHO! B TKAHEBYI) *KUIKOCTb.
6) «ApMuposanEbe» KpayH-3DHDLI, OIHCAHHEE B 3TOM o630pe, 06HAPYKHUBAIOT
MHTEPECHy10 ceNeKTREHOCTL. [Ipeanonoskure npuunny sroro sieienus,
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[pu mmmobunuzanun Fe(TPP) (TPP — rerpadeHmTIOPOUPUH) HA NOIIOKKY U3
JKECTKOTO CHIIMKATeNs, MOAMMHIMPOBAHHOrO 3-MMHAA30MANPOIAIBHON rpynmo#
KK A30TCOEPIKALIAM JOHOPOM, 06pasyeTcs 0OpATHMBIH ePEHOCHHK KHCIOPOAA.
[oueMy B 9TOit CHCTeMe, HECMOTDSI Ha OTCYTCTBHE «YaCTOKOJIA», HE MPOHCXOANT
neobpatnmoe oxuciaenne? (Cum. [Acc. Chem. Res., 8, 384 (1975)].)

MoseKyny reMorjso6HHa MOYKHO PaCCMATPHBATH KAK «PeJaKCHPOBABIIYIO» (R) n
«nanpsxennytos (T) B 3aBHCHMOCTH OT TOTO, CBSI3aHA OHA € KUCIOPOAOM HJIH HET.
R- u T-®opMbl 0OTVIMYAIOTCH KaK [0 J€TBEPTHYHOMN CTPYKTYPE (B3anMHan OpHEHTa-
myst PParMeHTOB), TAK M 110 TPETHYHOM (koHbOpMAaLHs dparmentor). Kak cBsizats
3Ty 0COBEHHOCTB MOJIEKYJIbI reMOrJIoBHHa ¢ TeM HaKTOM, YTO KPHBbIE HACBINEHH
KHCJIOPOZOM VT PeMOIODNHA M MHOIVIOOMHA CUJIBHO oTyin4arorcsa’?

YeM MOTYT OTJIMYATHCA MOJIOCTH B CTPYKTYPE KapOOKCHIENTHA3b! 1 kapboaHruI-
pa3nl?

3amena Zn(I1) ma Co(II) npeacrasiser cofoil «cnekTpalbHeii 30n1». Kakne oco-
Gerroctn cnektpa Co(Il) ncnonssyrorea mpu srom? Iogemy y Zn(1I) onn orcyT-
creytor? Ipu xaknx ycnorusax Co(Il) sasnaercs apDEKTHBHBIM «30HAOM» IJIs1 HC-
CJTe/IOBAHMA AKTHMBHOTO LeHTpa, comepxkautero Zn(1l)?

XenaTHbIE JIArAHABI, CenudbHYHO CBS3BIBAIOIINE HOHbI METAJUIOB, HEPEAKO HC-
0JIb3YIOTCS JJIA JIEYCHHST OTPABJIEHHH HOHAMH TOKCHYHBIX METAJUIOB. (OsnakoMe-
Tech ¢ paBoramu [Raymond K. N., Smith W. L., Structure and bonding, 43, 159
(1981); Weith F.N., Raymond K. N., J. Amer. Chem. Soc., 102, 2289 (1980)].)
VkaxuTe, KaK € y9eTOM KOOPAMHAUMOHHOTO YHC/Ia, 3aPSIaa H XUMHYECKOH JKEeCT-
KOCTH HJIM MATKOCTH MOKHO YAAJINTh M3 OPraHH3Ma MIIEKONMTAIONHX BbICOKOTOK-
cianble HoHs! Put.

3aMelIeHHBIE 110 HOHY MeTa/LTa KapOOKCHIIENTHAA3b 0OHAPYKHBAIOT BO3pAcTalne
axTuBHOcTH B pagy Mn < Zn < Ni < Co. Hackonbko 3T0T paf KOppeIHpyer
¢ sHeprueil cTabHIH3ANMH TETPASAPHIECKHM IOJEM JHTAHIOB M IMOATEEPXKIAALT
IIpeIIoIOMKE e, ITO AKTHBHOCTb ONPENENIAeTCsl B OCHOBHOM CBfI3bIO METaJlIa ¢
ATOMOM KHCJIOpoJa KapGoHubHOM rpynmsl? Kakoi NOpafoK BO3PACTAHAA AaKTHB-
HOCTH Habmiomascs Obl, eciau Obl KOOPJAMHALMs HOHA MeTajula Obuia OKTadApHIe-
cxoi?

PaccMoTtpuTe mnarpammy Ppocra 1y1s KHCI0poaa (puc. 6.10). Ucnonkays Tabanuy
CTAaHJAPTHHIX MOTEHIHMANIOB, A06aBbTE TOYKY /I HAJANEPOKCHI-HOHA 07 . Kaxoso
3HAYEHHe STHX TIOTEHIHAJIOB ¢ TOYKH 3peHus Gnostoran? (ITomunre, yro Gnocucre-
M3 — 3TO BOCCTAHOBJIEHHASI CHCTEMA, KOTOpas MOJBEPraeTcs BO3AEHCTBHIO OKHC-
TuTene. )

Kakoii M3 aHAJOIoB — IOC/IEJOBATENLHOE WM NapajUlelbHOe CcoelHHeHHe Gara-
peif — NpaBHILHO OIMCHIBAET MPOUECC, KoTAa (hOTOCHHTE3 HaeT N0 oGoHuM Mexa-
Huamam (OCI u @CII) s ocymecTsIeHAs 3aTPYAHEHHOTO MPOLEcca OKUCIEHHA
sonmi? Korna cicrema oprammsyeTcs arperanpeil MojieKy. XJI0podHilIa B rpaHsl,
a rpaHBl B XJIOpOILIacThl, ahdeKTHBHOCTb BodpacraeT. Kaxoe u3 coennHennit 6a-
Tapell ABJIsETCH NPaBMIBbHBIM aHAJOroM aroro shdexra?

HdononnuntensHas nudcdopmaynsa 1
HOMEHKNATYPA

B sToM passiene NpuBOAMTCS KPATKUM MepedeHhb MPABI H OPHMEPOB, HEOOXOMIMBIX
A1 TOTO, YTOOB! HA3BIBATH HEOPTAHHYECKHE COEJMHEHHS B COOTBETCTBHH C IIPa-
Buwiamu UFOTIAK. C ne6oibIuuMy HCKITIOUEHHAMY STHM OpaBAJIAM Mbl cnenyeM B
JlaHHoM Kaure. Bosee noapo6HO 0 HOMEHKIATYpe HeOPraHUYECKHX COeANHEHMM CKa-
3aHO B KHHTe oumanbrolt HoMenkiaTypsi HFOITAK: Nomenclature of inorganic
chemistry, ed. G.J. Leigh, Blackwell Scientific Publications, Oxford, 1990; CRC
Press, Boca Raton, 1990. 9To H3janHe 9acTO HA3LIBAIOT Kpacrot wnueot (Red
Book). Hpyroe nonesnoe usnanue— Block B. P., Powell W. H., Fernelius W. C.
InoFganic chemical nomenclature: principles and practice, American Chemicai
Society, Washington, DC, 1990. B nocnexmyionux pasmenax OpaMepbl HCIONb3O-

BanudA NPaBUJ NPUBOAATCHA B CKOOKAX HENOCPe/ICTBEHHO IOC/IE COOTBETCTBYIONIETO
IIpaBUJIA.

XUMUYECKUE ®OPMY/bl
1. MpocTble voHHbIE coeaguHeHnsn

B dopmynax uomnbix coefuHenmit kaTHOH (6oJlee 3JIEKTPOIONOKHUTEbHbIY dJ16-
MEHT) BCeIJa JIOJKeH PacloJiaraThesl Ha MEPBOM MeCTe (KCl, NasS). Ecu B co-
€/JUHEHHH [IPUCY TCTBYIOT HECKOJIbKO KATHOHOB, TO HX TEPEYHCIIAIOT B aJichaBATHOM
HOpsiJIKE, a 3aTeM yKa3biBAaIOT aHHOHBI Takxke B andaBuTHoM nopsiake (KMgCIF,).
Wckmodenne cocraBisieT NPOTOH, KOTOPHIN CTaBAT HOC/IEJHEM B CIHCKE KATHOHOB

(RbHF,).

2. MocneposBaTensHOCTL aTOMOB B MHOTOATOMHBIX MOHAX W
Monekynax

CymtecTByer 3HauMTeNbHAA CBOGOJA B HAIMCAHHH (DOPMyJI MHOTHX COEJUHEHHIL.
IIpumepnr bopMyn Juif KHCIIOT, IPOCTHIX COJIEH H KOOPAMHALIMOHHBIX COeIHHEHMH
Janer Hike (tabm. JU11.2— JU1.4 coorBercThenno). Kak npasuio, HeHTpabHbIA
aTOM B HEHTPAJILHEIX MOJIEKYJIAX HJIH MHOTOATOMHBIX HOHAX PACIOJAraloT Ha Iep-
BOY [O3UIMH, & 38 HUM yKe B aJIDaBHTHOM NOPAJKE YKA3LIBAIOT IPHCOeUHEeHHEBIE K
HEMY aTOMBI HJI MHOTOATOMHBIE I'PY b (SOﬁ_, NCIH,, PCl30, SO3, CF3). B mo-
cineanem npuMepe CF3 mpeacrasisieT coboit MHOTOATOMHYIO FPYIIIY; €€ MOJOKeHNe
B QopMmyie onpeenserca 6yksoi C. D1a cxema, 1o/106Ha Tolf, KOTOpas UCIONb30Ba-
J1aCh 111 KOODIMHAIHOHHBIX coeJuHeHnN. X MMHUYeCKue CUMBOJIbI MHOIVIA TPHBOAAT
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B IOpsiAKe, B KOTOPOM OHM NPHCYTCTBYIOT B cTpykTrype. OcobeHHO 3TO Kacaercs
yuueitaprx gacta (SCN~, OCN~™ u CNO~).

3. KoopavHauWnoHHbie coeguHeHns

B ciyvae KOOPJMHAIMOHHBIX COeJMHEHHH (OpMylsia 3aIMChIBAeTCA TaKUM obpa-
30M, 4YTO HEPBBIM PAClojaraeTcss HEHTPAJbHBIA aToOM MeTajula. 3a HHM CJIeAy1OT
JIMCAHIbI-KATHOHKEL B ajichaBUTHOM MOPsifiKe, NOTOM HefTpajbHblE JUraHibl B aJ-
haBUTHOM NOpsiIKE B COOTBETCTBHH C IEPBBIM CHMBOJOM B HX (opMyJe H, Ha-
KOHell, JUIaH/bI-aHHOHBl TaKXe B ajaBUTHOM mopsajke. MOXHO MCIOJIB30BATH
abbpeBnaTypy JIMFAaHZOB BMecTO nx noiHeix dopmyn (en nmecro HoNCoH4NH,).
A66peBnaTyphl HEKOTODPBIX JIMraHoB npuseldensr B tabn 7.1 u 15.1. Popmyiibt
coeJMHeHni, Ha3bIBAEMBbIX B JAHHOM KHUre KOMILIEKCaMM (HCIIOJIb30BaHHE 3TOTO
repmuna He pekomenayercs UIOTTAK), B KOTOPBIX OPHUCYTCTBYIOT CBS3M MeTaLI~~
JIMCAHJI, 38KJIOYaloT B KBaJPAaTHHIE CKOOKH HE3aBHCHMO OT TOTO, 3apSKEHO OHO
nm1 Her ([Co(NH3)3Cls). Ecim coeanHeHMe COmEp>KHUT 3apskeHHBIE KOMILTEKCHI,
neppbiM yKasbiBaercst KatioH (Ko[Ni(CN)4), [Co(NH;)4Cl2]Cl). O603na4uenne npo-
CTPAHCTBEHHOTO PACIIOJIOXKEHHS! JIATAHI0B OTHOCHTEBHO APYT APYTa MOXHO BKJIIO-
4aTh B popmy:y B Buge npedukea (yuc-[Co(NHs)4Clo]t). Janeneitas undopma-
U O CTEPEOXHMHMYECKHX ODO3HAUEHMAX, a TAK)Ke MPUMEpH JaHbl B pa3f. 7.2, a
Goulee TIOMHOE OMHcaHNe MOXKHO HalttH B Kpachol xHuze.

HA3BAHUA XUMWYECKNX COEAVHEHUI

4. N'oMmoaToMHble YacTuubl

IIpedbukc xamena HCHONB3YIOT AjsA OGO3HAYEeHHS nemedl, a YuKAO — MHKJIOB
(tabu. JUL.1).

Tabnuua AN1.1. CucremaTniecKue u TPAIHIMOHHBIE HAIBAHMS HEKOTOPIX
COEAMHEHHH, HMEIIIMX LEMHOe H KOJbIEBOE CTPOEHHE.

Dopmyaa Cucmemamuueckoe nadsanue Tpaduyuonnoe nadsanue

02 JTHKHCIIOPO/T KHCJIOPOJT

O; Kamena-TPHKHCIOPO, 030H

Ss BUKAO-OKTACEPA cepa

P, terpadochop Geantii dhocdop

HgZt ANpTyTh(24) non pryTa(l)

0% JHOKHA(2—) HEPOKCHI-HOH

(00 anokens(1—) HaINePOKCHI-HOH

C3- Mukapbun(2—) AlueTHIHI-HOH™
3 TpuHHTpHA({1—) a3u1-HOH

I3 Tpunoaua(l-) TPHHOAN/I-HOH

a) Hnorja Bosnukaer myTannua, TaK KakK 9TO JKe HA3BAHHE HMEeT HC3.
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5. leTtepoaToMHble YacTuLb!
a) Kuciorsr

HIOTTAK pekoMenmyeT MCHONBb30BATH TPHBUANbHLIE HA3BAHUA TOJNBKO IS HAH-
Boree HACTO BCTPEYAONMINXCA KHCIOT M CHCTEMATHYECKHE JJIS BCEX OCTAJBHBIX
(tabn. JU1.2). B Tabimme oTMmeueHb KHCJIOTH, KOTOpBlE MOXKHO DACCMATPHBATD
KaK HanGoJiee 1acTo Berpevatomyecs. Cienyer [O/IYEPKHYTH obLIenpuHATO Pa3iu-
e MKy rajloreHOBOJOPOAAME U TAJIOTE€HOBO/OPOAHBIME KUCIOTAMH. Hanpumep,
montekynsipustit HCl B rasosoit dase win YrJ1I€BOJIOPOAHOM DACTBOPHUTENE HEOHXO-
AVMMO HESBIBATDL XJIOPOBOAOPOAOM, a He XJIOPOBOIOPORHOH KucioTol. Iocienmee
Ha3BaHUe UCMOJIB3YeTCA JUI BOAHBIX PACTBOPOB.

Tpagunuonnble Ha3BaHUs OKCOKHCIIOT, MX CHCTEMATHICCKUE HABBAHMS B COOT-
BeTcTBIN ¢ npasuwiamMu MIOITAK u ma3Banus no cxeme KucJI0THOMN HOMEHKJIATY PhI
npuBeneHb! B Taba. JIM1.2. 3amersre, uro s HeHTPAJIbHBIX MOJIEKYJISPHBIX KHC-
JIOT BOZOPOA NMUIIYT B BUJe OTAETHHOTO CJI0Ba (TPHOKCOKapboHAT JIUBOZIOPO/IA); B
CJly*1a€ aHHOHOB, IPOU3BO/IHBIX OT OKCOKHCJIOT, BOAOPOZ 3AIHCHIBAIOT B OAHO CJIOBO
(HCO3, runpokap6onar-mon).

Tabnuua ON1.2. Tpagummonnsie 1 CHCTEMATHECKHE Ha3BaHUA KHCJIOT

@opmyaa  Tpaduyuonnoe Bodopodrasn Kucromnasn
nassanue™ HOMEHKAGMYPA nomenxaamypa®
H3BO;3 Gopras TpHOKCcOBOpar TpHOKcoBopHas
TPHBOZOPOIA
H,4SiO, OPTOKPEMHHEBAsA  TETPAOKCOCHJIMKAT TETPAOKCO-
TeTPABOAOPOIA KpEMHHEBas
H2COg4 yrosbHas TPHOKCOKapBoHaT TPHOKCO-
JAHBOZIOPOA YriepoaHasn
HNO; a3oTHas™ TprokconnTpar(l-) TPHOKCOA30THAA
BOIOPOA
HNO, azorucras™ ZHOKCOHHTpAT(1—) JOHOKCOa30THas
BOJOPOZA
HPH:0; dochunosas® Aurnapuaoanokcogocdar(l—)  aurmapuzoInoxco-
BOAOPOAA docdopHran
H3PO3 dochopucras* Tpuokcodocdar(3—) TPHrAAPUAOTPH-
TPHBOJOPOIA okcodocdoprasi(3—)
H;PHO;  docdonosan® raapuaoTprokcodocdar(3—) PHAPHIOTPHOKCO-
JHBOZIOPOAA docdopHan(2-)
H3PO, docdopnas™, TeTpaokcogocdar(3—) TETPaOKCO-
oprodocdopras  TpHBOZOPOIA docdopras
H,P,0, nupodochopras H-OKCO-reKcaokcomudocdar U-OKCO-T€KCAOKCO-
TeTPaBOAOPOIA, docdopuas
(HPO3)»  meradocdopras nosm{ Tpyokcodocdar(l-)} HOJTMTPHOKCO-
BOJOPOIA docdopuasn
H3AsO, MBbIILAKOBaA™ TeTPAOKCOAPCEHAT TETPAOKCO-
TPHBOAOPOIA MBILIBSIKOBAS
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Tabnuua AN1.2.(npoponxkenue)

Dopmyra TpaduyuoHHOE Bodopodran Kucaomnan
HAIBAHUE HOMEHKAQTYPA HOMEHKAGMYPA

H3AsOs MBILIbAKOBACTAs®  TpHOKcoapceHaT(3—) TPHOKCO-
TPHBOAOPOIA MBIIIbAKOBAs

H2S04 cepuas’ TeTPaoKCoCyabdar TETPAoOKCOCePHAsA
JANBOZOPOIA

H2S:03 THOCEepHas rpHokcoTHocyabhar(S—8)  TpHOKCOTHOCEPHAA
JHMBOJOPOAA

H2S:06 JUTHOHOBASI FEeKCA0KCOAuCyapdaT FeKCAOKCO/IHCEPHAA
JMBOIOPOJA

H,S204 IOUTHOHNCTAS rerpaokcoaucynbdar TeTPaOKCOAUCEPHA
JMBOJOPOAA

H2SO3 cepHucraa” TPHOKCOCYMhGhAaT TPHOKCOCEPHAsA
OUBOIOPOAA

H2CrO4 xpomoBas”® TeTPaOKCOXPOMOBas

H2Cr207 JUXpoMoBas” [4-OKCOTeKCa-

JHXPOMOBas

HCIO4 nepxaopHas™ TeTpPa0KCOXJIOPAT TeTPAOKCOXJIOPHAS
BOJOPOIA

HCIO3; XJIOpHOBATas" TPHOKCOXJIOPAT TPHOKCOXJIOPHAsA
BOJOPOAA

HCI10: xyopucras® IMOKCOXJIOPAT JHMOKCOXJIOpHAS
BOZOPOIA

HCIO runoxtopucras™ MOHOOKCOXJI0paT MOHOOKCOXJIOPHAS
BOAOPOAA

HIO; nogHoBaTas’ TPHOKCOHOJAT TPHOKCOHOZHAA
BOJOpOJA

HIO, nepuo,cma.ﬂe) TETPAOKCOMOOAT TETPAOKCOHOAHAA
BOJIOPOJA

Hs10s opTonepuo,uHaﬂ”‘) rexcaokcononat(5—) FeKCAOKCOMOIHAS
IIeHTABOAOPOA

HMnO4 MapraHuesas rerpaokcoManranar(l—)  TeTpaokco-
BOJOPOJA Mapranuesasi(1—)

H>MnO, MApraHIOBHCTAs TeTpaoKcoMaHraHart(2—)  TeTpPaoKco-
JMBOAOPOAA Maprauuesas(2—)

* YacTo BCrpevaloliHecss OKCOKHCJIOTHL, /IS KOTOPBIX TP3ANUMOHHbBIE HA3BAHUI IOHATHRI
LI POKOMY KPYTY JIHIL.

{3 9
*) B TPaIMIMOHHOM HA3BAHHH M B HA3BAHUH 10 KHCJIOTHON HOMEHKJIAType CJI0BO "KHCJIOTa
ONYLIEHO.

%) B pycckoit muTeparype ucronb3yercs TepMuH (HocdOPHOBATHCTAST KUCIOTA.
®) B pycckoil THTEpATYpe HCIOMb3yeTcst TepMHHE (hocOpHCTAS KHCIOTa.

" B pycckoit TUTEpaType MCIO/h3YeTCs TePMHH XJIOPHAS KHCJIOTA.

A) B pycckofi JIMTEPATYPE MCIOJIB3YeTCH TEPMHH XJIOPHOBATHCTAS KHCJIOTA.

©) B pycckoil TuTepaType HCIONB3YETCA TEPMHH HOLHAS KUCIIOTA.

*) B pycckoii JTHTepaType ACIOJB3YETCS TePMHH OPTOHOAHAN KHCIIOTA.
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6) Comn

OcHOBbI HOMEHKJIATY PbI COTIEH JI0KHbI GbITh IIOHATHH M3 OPUMEPOB HA3ZBAHMM po-
CTHIX coJieif, npuBeAeHHbx B Tabn. JM1.3. 3aMeTbTe, 94To NepBLIMU B HA3IBaHUM
YKa3bIBAIOT aHHOHBL. B cilydae, KorJa NPHCYTCTBYeT HECKOJBKO KATHOHOB, HX M-
PevnCIIAIT B andaBUTHOM MOPsIKe, He yYUThIBAA NPedUKCH Jd-, TPU- U T. 4. To
’Ke mpaBuio JAefCcTByeT A1l aHHOHOB.

Tabnuua AWN1.3. [Ipumeps! HazBaHMH HEKOTOPHIX COJEN

Doprmyaa Haseanue

KMgF;
NaTI(NO3),

bropun KamHus-Marana

nurpar narpus-ranus(l) non
JUHUTPAT HATPUA-TAILIHA
MgNH,PO,4-6H0 rexcaruapar ¢ocdara aMMOHHA-MArHIA
NaHCOj; rHAPOKapbOHAT HATPHS

LilloPO, auruapodocdar auTus

CsHSO,4 FUOPOCYIbhAT HE3UT WK
ruaporerpackcocynspar(VI) uesna

NaCl-NaF-2Na2S0O,, ouc{cynbgar)-PToprua-XJI0pH I reKCaHATPHS

NagCIF(S04)2

CasF(PO,4)s Tpuc(docdar)-propus nenrakanbLua

B) MoHosg1epHbIe KOOpAMHAMAORHLIE COeUHCHAS

Jluran/pl B HA3BAHHM NEPEYNCIISIOTCS B CJIEYIONIEM MOPAIKe: AHHOHBI, HEHTPATh-
HBIe MOJIEKYJIBI, KATHOHBL. 3a HUMH CllefyeT Ha3BaHHe LEHTPAIbHOro atoma. B ToM
cilydae, KOTJa IPHCYTCTBYIOT JIBA MIIM HECKOJIBKO MPOCTBIX JIMTAHAOB, HX KOJIH-
4eCTBO yKa3bIBalOT MpetbHKcoM (/U-, TpH-, TeTpa-, eHTa-, rekca- U T. A.). Oana-
KO €CJIM B Ha3BAaHUM JIMTaH/a YXKe COLNEPKHUTCS OJMH U3 3THX HpeduKcoB (Kak B
STUJIEHIUAMHHE), TO UCIIOJIB3YIOTCs NpeduKChl BHC-, TPHC-, TeTPAKHC-, TIEHTAKHC-,
rekcakuc- u T. i, Hanpumep, [Co(NHs)g]** — rexcaammunkobanbr(Ill) mn rex-
ca(ammus)kobanb1(I1I); [Co(en);)*+ — rpuc(stunenanamun)kobanbr(IIT). O6paTa-
Te BHHMaHHe, YTO €ClIM Ha3BaHHEe KOMILUIEKCA COAEPXKHT yMHOXKAIOMY YHCIOBOM

upeduke, Ana oberyeHus NPoYTeHHs Ha3BaHHe JIUTAH1a MOXET OBITh 3aKJII0YEHO
B CKOOKH.

Tabnuuya JW1.4. lIpumeps! na3BanHIT KOOPAHHAUMOHHBIX COEIMHEHMH

Dopmyra Hassanue

K4[Fe(CN)g] Fexcaupanodeppar kasus”
Fexcanmanogeppar(4—) rkaus
lexcanmnanodeppar Terpakanns
Anxnopammunnuprauannarana(Il)

[Pt(CsHsN)(NH3)(Cl)q]

) 3710 HasBaHHE MPEMMYIECTBEHHO HCIIOIb3YETCS B AAHHOM KHHTE.

23. Heopran. xumvs. Tom 2
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Tabnwua AW1.5. [Tpumepbr HazBaunit IMraHoOB

Dopmyna Haszeanue
CN~ LIMAHO
H™ CHADPHUIO
CH;CO; aneTaTo
(CH3)2N™ JHUMETHIaMHIO
0% OKCO
(02)* IEPOKCO

. NHa aMMHH
NH,C;H,NH2 STUJIEHIHAMHH

CreneHb OKUCTEHUT aTOMa METaJLIa YKa3blBAIOT PUMCKUMH nudbpaMu B ckobKax
cpa3sy 10C/Ie Ha3BaHUA MeTaJl1a. JJoMycTHMO TaKKe yKa3blBaTh CPa3y HOCNe Ha3Ba-
HUA KOMIUIEKCA JIMIIb €ro o1t 3apsa i B KpYIVIBIX ckobKax apabckoit mudpoit ¢ co-
OTBETCTBYIOUIMM 3HaKoM. Elle 0MH BAPUAHT — YKA3ATh YHCJIO NIPHCYTCTBYIOMUX B
KOMILTEKCE KATHOHOB U aHnoHOB (cM. Tabur. 1M 1.4). Bo Bcex aHHOHHBIX KOMILJIEKCAX
HA3BaHHe MeTasna KoHdaeTcd cyddukcoM “-ar”. O6paTuTe BHUMaHHe, YTO B KOM-
IUTEKCAX 3aMACTYIO HCTOIL3YIOTCA JIATUHCKUE HAa3BaHNSA HOHOB MeTasliIoB (deppar,
aprenTarT, aypar). JIaTHHCKOe Ha3BaHHe MOXHO NpeJICKa3aTh HCXOJA M3 CHMBOJA
anemenrTa (Fe, Ag, Au). Uckiouenne coCcTaBIISIIOT KOMILIEKCH PTYTH, Ha3bIBaeMble
“MepKypaThl”, a He ‘THApapruparst’.

U3 npuBe/ieHHbIX OPUMEPOB BUJ(HO, YTO HA3BAHIE AaHHOHHDBIX JIMTAHJIOB OKAHYH-
Baerca Ha -0; NH3 B kauecTBe nuranna HasbiBaeTcst ammuH. Ha3panne HEeKOTOPBIX
PACTIPOCTPaHEeHHbIX JIHTaH/0B NpuBeseHnbl B Tabn. JIN1.5.

CrepeoxuMmuyeckie 0OO3HAYEHWsA, TaKpe KakK UYuc H MPaHC, THULIYT Kyp-
CHBOM B BHJe [PUCTABKM (eCHH TeKCT HamucaH oOT pYKH, 3TH NOPHCTaB-
KH NOAYEPKUBAIOT BOJIHUCTON JIMHHEH) U COeJHHSIOT ¢ Ha3BaHHEM KOMILIEKca
NedbucoMm (yuc-guxnopopmammunniaruna(ll)}. B naspaamm moryr Takke npu-
cyrcTBoBaTh mnpedukcht A m A, ofosnayvaronime XupaJbHOCTH (pasg. 7.3)
(A-rpuc(sTunenguamun)kobanbt(11I)).

Ecnu Hy»xHO yTOYHNTD, KAKOI ATOM JIMTaH/ia HEMoCpeACTBEHHO CBA3AH C HOHOM
METaJI1a, 3TOT aTOM MOXKHO YKAa3aTh CHMBOJIOM COOTBETCTBYIOLIETO 3JIEMEHTA, OT-
AeNeHHBIM ¢ 00eHX CTOPOH MedHcaMy M PACHONIOXKEHHBIM TIOC/e HA3BAHUA JIATAH/IA.
Hanpumep, [RhNOz(NH3)5]2+ MOJKET CYLIECTBOBATL B BHJE JIBYX HM30MEPOB: Ka-
THOHa nenTa(amMuH )HUTPo-O-ponuit(I11), conepxamiero ceass Rh—O—N—-O, nm
KaTHOHa nenTa(aMMul )HuTpo-N-poruii(I1I), conepxamero casb Rh—NO,Y.

r) Ilosmseprnsie KOOPAMAANHOHHKIE COEXMHEHAS

Mocrukosbie Jymranpt ykasmsaor npu momong npedukca i ([{Cr(NHz)s}o:
(u-OH)Cls — nenraxsnopus p-ruapokco-6uc(nenra(ammus)xpoma)(I17)).

1

) Unorzia aia nuramzaos, KOTOPHIE MOTYT MPHCOEIUHATHLCA PA3HBIMHM CHOCOGAMH, TMPUMEHSAIOT-
€Al CrnenualbHble HA3BaHHA, HanpuMmep: HUTpo (—NOg), uurpuro (—ONO); THonuanaro (—SCN),
u3oTHonHanaro (—NCS). — ITpum. nep.
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1) Meraiooprannueckue coeNHEHHS

TIpaBuiia HOMEHKJIATYPHI 1151 HUX TAKHe *Ke, KaK U JJ1s1 KOMILIEKCOB MeTajlioB. Yuc-
JIO I aTOMOB JIMTAaHAA, HEMOCPeACTBEHHO CBA3aHHBIX ¢ ATOMOM METAJLIA, KAK PaBH-
710, 0603Haa10T B BUAE 11" (ranTo- ), Hanpumep, 6uc(n8-nuKIonenTaMenm ) Kee3o.
Hekoropsbie 7™-suras bl npusejieHbt B Taba. 16.1; MHOrO MPUMEPOB BCTPEYAETCA U
B TEKCTe ITOH TUIaBHI.

¢) Bomopoauble coeqMHEHHs ¥ UX NPOM3BOTHBIE

PacnpocrpaHeHHble Ha3BAHHUSA COeJUHEHMI DP-3JIEMEHTOB C BOJAOPOIOM (KOTOpLIE
MNIOIIAK mpoposizkaeT Ha3bIBATH THAPUIAMH, HECMOTPA Ha TO, YTO 9TO HA3BAHUE BO
MHOTHUX Cily4asix SIBHO HeyMeCTHO) faubt B Tabi. 8.2. Ilpusenennnie B Tabn. 1.6
cHcTeMaTHYecKHe Ha3BaHUA 06Pa3yioT OCHOBY 3aMeCMUMEAbHOT HOMERKAGMYDYL, B
COOTBETCTBHH € KOTOPOHM yKa3bIBAIOT IPyNbI, 3aMelaloniie Bogopos. [IpuMenenne
3aMeCTHTEIbHOM HOMEHKJIATYPbl OOBIYHO OrpaHHYeHo GOpOM, AJNFOMHHHEM, TajlId-
€M H ssieMenTamu rpynn ¢ 14/IV no 16/VI.

Tabnuua AWN1.6. IIprmepb! HA3BAHME N0 3AMECTHTEILHON HOMEHKJIATYDE

Dopmyaa Samecmumenvroie HO368AHUA Apyaue
Cucmemamureckoe Tpaduyuonnoe

PH,CH3; MeTtundocdan Merundochnn

B(C2Hs)s Tpustunbopan Tpuatuatop

S(CeHs)2 Hucennncynban Hudennncynndun,

Sb(C2Ha)s T pupnuuincruban T puBranaCTHOMH

bl Ll
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ANEPHbLIA MATHATHbBIV
PE3OHAHC

S epHbiit MarHUTHBH pesonaHc (SIMP) npencrasiser coboit Haubosee MOLIHBIA U
MHUPOKO HCIIOb3yeMblil CIIEKTPOCKOIMYECKUH METOJ| ONpe/esIeHUs MOJIEKYJISIPHOMN
CTPYKTYPbI COEZMHEHHUH B PACTBOPAX MM YMCTHIX KUAKOCTAX. B 6oapimunCcTBE CI1y-
qaeB OH JaeT nHdopMamo o dopMe i CHMMeTPUH ¢ GoMblled JOCTOBEPHOCTDIO, 1EM
JpyTHe CIEKTPOCKOMMYECKHe METO/bl, TaKhe KaK undpakpacHad CIIeKTPOCKONMA U
CIEKTPOCKONHA KOMOUHAIIMOHHOTO paccesnusi. B oTiidme 0T peHTreHOCTPYKTYpHO-
ro aHasm3a (cM. jonosHenue 2.1) ZAMP ne npesocTaBiisieT geTanbHOU uHbOpMAIUU
06 yriax o JJIMHAX CBA3e# B MOJIEKyJ1aX. Opnako SAMP naer undopMmanmmo o CKo-
POCTH M npHpozie O6MeHa JMIaHA0B B HEXKECTKHMX (no/(BUIKHLIX) MOJEKyaX.

SIMP moxeT HabIIONATHCH TOJIBKO IJIA COENMHEHHH, COIeprKalluX 3JeMEHTDI
¢ MATHATHHIMHM sjpami (T.e. sJpaMH, HMEIOIIMH HeHyJeBOH cuH). YyBcTBH-
TeJbHOCTh METO/a 3aBHCHT OT HECKOJbKHUX (PaKTOPOB, BKJIOHas PaCIpOCTPaHEH-
HOCTb M30TONA M BEJHMYMHBI SEPHOTO MarHuTHoro mMomenTa. Hanpumep, sddexr
SIMP s uzoTona ' H, umeroniero 60JbII0% MATHHTHBI MOMEHT H cocraBnmonlJ,gro
99,98% ot ob1ero KoJM4ecTBa BOJOPO/A, Jerdye HabIIoaTh, YeM I u30ToNa C,
MIMEIOIIET0 MeHbIMHA MarHUTHBIA MOMEHT M cocTapisioutero jumb 1,1% usoron-
HOTO cOCTaBa yrilepoga. [IpH MCIonb30BaHUM cOBPeMeHHOro MHorosjieproro SIMP
He COCTaBIIfeT TPyAa PerHCTPUPOBATEL CIEKTPHI MouTH 20 Pa3IMYHBIX AJep, BKIIO-
Yas S/PA MHOTMX BAKHBIX AUIA HeOpraHmdeckod xumuu smementos: 'H, "Li, 1B,
13, 15N, 2Na, 2951, 31P, 195Pt u 199Hg. C onpeiesieHHbIMI CJIOMHOCTAMH MOYKHO
MIOJIy YUTh CIIEKTPH! MHOTMX APYTHUX AAep.

PETUCTPALUA CNEKTPA

Ecmu ciun agpa pasen I, To HanpaplieHHe CIIMHA MOXKeT npuHEMaTh 21 4+ 1 pas-
JIHYHBIX OPHEHTAIMH OTHOCUTE/IHHO HANPABJIEHUS NPHUIOKEHHOIO MATHUTHOIO I10-
as1. OpHeHTanUM Pa3INYAIOTCS [0 SHEPTUM, [IPH 3TOM HU3IIHHI 110 SHEPTHHU yPOBEHb
HauboJlee 3aceileH. DHEPrUI0 Mepexosia MeKIy COCTOSHMAMH ¢ Pa3JMTHOH OpHeH-
Tanuel! ANEepPHBIX CIOMHOB HM3MepSoT, MepeBods sAaApo B BO30YXKJeHHOE COCTOSHHE
[IPH NIOMOUIM PAJAMOYACTOTHOTO MMITYJIbCA WM N10CTIeJ0BaTeIbHOCTH MMILYJIbCOB, &
3aTeM HAOIIOJAA BO3BpalleHHe AAepHON HAMarHH4YeHHOCTH Ha3aj K PaBHOBECHOMY
cocrosiamio. IToce 06paboTky MaHHbIX (Mcmoab3ys npeobpasoanue Pypne), AaH-
HBle OPEJICTABIAIT B BUjle cnekTpa normouienus (puc. JM2.1). Ilpu sToM Makcu-
MYMEI OTBEHalOT [IePeXofaM MeXKAY YPOBHSIMH ¢ Pa3/IMdHol sHepruell aapa.

Xumunuecknii casur 357

XUMWUYECKWIA COBWUI

YacroTa nepexona B cuekTpe AMP 3aBHCUT OT BeJUYHHBL A0KQAbHO20 MATHHTHOTO
noJs, B KOTopoM HaxoauTes aapo. onoxenue curnana s cnextpe IMP BhIpakator
C TIOMOIIBIO XMMUYECKOrO CABHUra §, KOTOPBIN OlpesielIgeTcss KaK Pa3HOCTh MeXITy
Pe30HaHCHON 4aCTOTOM Aapa HCCIeAyeMoro obpasna U 3TAJIOHHOrO COeNHEHHUS.
s=Y"¥ 108
Vs

B kauecTse sranona s sgep 'H, 13C uan 2°Si ncnonsayior TerpameTsiicunan
Si(CHs)4 (TMC). Eciin penmmuuna § npUHAMAET OTPHIATENBHOE 3HAYEHME, TOBOPSIT,
YTO AP0 IKPAHMPOBAHO 10 OTHOINEHHUIO K cTaHAapTy. Y HaoBopoT, eciu BeamunHa
0 NPUHUMAET MOJIOMKHUTEIbHbIE 3HAYEHHs], TO POBOPAT, YTO AAPO Ae33KPAHMPOBA-
HO 10 OTHOUIEHHIO K CTaHIAPTy. ATOM BoiopoJia, CBA3aHHBIN ¢ d-MeTasnoM 6—10-i
TpPyNIl B HU3KOW CTelleHH OKHCJIEHHUS U ¢ 3aMKHYTOM 3JIEKTPOHHOM 060J1049KO1l (kaK,
Hanpumep, B coequaednu [HCo(CO),]), kak npasuio, cuabEO SKpaHUpPOBaH, TOCIA
KaK B OKCOKUCIIOTaX, Hanpumep B H2SOy4, nmporon messkpannposan (B oboux ciyda-
Ax orHocutenbao TMC). V3 9TuxX npuMepos BUAHO, YTO 9eM 6OJblle €K TPOHHASA
IUIOTHOCTB BOKPYT sAPa, TeM 6oJiblile ero skpanuposasue. OJHAKO OCKOJIbKY SKDPa-
HMPOBaHHE 3ABUCUT OT MHOXKecTBa (haKTOPOB, To pocTas hU3HIECKas HHTepIpeTa-
IUsT XMMHYECKUX CIBUTOB, YIMTHIBAIOLIAA JIHIIb BJIUSHUE 3I€KTPOHHON MIOTHOCTH
BOJM3M A/pa, B OOIIeM CJlydae HEeBO3MOYKHA.

Bemunnbl XuMuYeckuX capuros 'H u pyrux sizep B pasiddyHOM XHMHUYECKOM
OKpY2KeHun TabynMpoBaHbl, TaK YTO YACTO MOXKHO HCIIOJIB30BATE SKCIIEPUMEHTAb-
Hbl€ KOPpeJANnuy, YTOOb! OIPe/e/INTh COEeIUHEHHE UK XOTH OH ¢ KAKHUM 3JIEMEHTOM
CBA3aHO Ucclenyemoe Anpo. Hanpumep, xumuaeckutt casur 'H 8 CHy cocrapisieT
Juws 0,1, Tak Kak sapa H HaxoaTca NpakTHYeCKH B TOM e OKPY KEeHHU, 9TO U B
terpaMeruiciiage. Onaako sisa GeHy xumudeckuit capur 'H § = 3,1. Xumuueckue
CIBUIHY AJEP OJIHOTO U TOTO Ke 3JIeMEHTA, PACIOIOKEeHHEIX B HESKBUBAJIEHTHLIX [I0-
3UIMAX B MOJIeKyJle, TakKe pasindnbl. Tax, B CIF3 xumudecknit capur aapa 19F
B 9KBAaTOPHAJIbHOM MOJIOKEHUU OT/IHYaeTced Ha § = 120 oT XMMHUYeCKOro CABUTA
aKCHAJIBHBIX sfiep.

100 'y

Puc. AN2.1. Crektp SIMP 'H nna GeHy [Rankin E. A. V., Cradock S., Structural
methods in inorganic chemistry. Blackwell, Oxford, 1991].
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CMWH-CMMHOBOE B3AVMOJEWCTBUE

QOupe/lesieHre CTPYKTYDBI COEAMHEHHUS U3 JIAHHBIX AMP obsieryaeTcst B TOM CJIy-
qae, eciM HABIIONAeTCS CIMH-CIIMHOBOE B3aMMOZEACTBUE s1/1ep, KOTOpOe IpH-
BOAUT K 06DA30BAaHUIO MyJBTHIUIETHBIX JMHHH B CIEKTDE. CnuH-CIMHOBOE B3aH-
MO/EHCTBHE, BbIPAYKAEMOE C IIOMOMILI0 KOHCTAHThI CIMH-CIIUHOBOTO B3auMO-
neiicrBust J (B repuax, I'im), 6bICTPO yMEHBINAETCA ¢ POCTOM PACCTOAHU MEXKIY
SApaMH M BO MHOTHX CIy4YasX MaKCHUMaJbHO, KOTJa [Ba aTOMa HEIOCPEACTBEHHO
CBSI3AHBL APYT ¢ JapyroMm. JLJsl paccMaTPHBAEMBIX 37€CH NPOCTHIX CIEKTPOB, TaK
HAa3bIBaeMbIX CIIEKTPOB MEpPBOTO MOPsi/IKA, KOHCTAHTa B3aHMOJEHCTBUA paBHa
PACCTOAHUIO MeXK]Iy JIHHHSIMU MYJIBTHIUIETa B CIEKTDE. Kaxk BumHo u3 puc. JM12.1,
J('H-"3Ge) 100 T'u. Xumuieckuit CABUT U3MEPAETCA B IEHTPE MYJIbTHILIETA.

PaspellieHHble TEpexoibl, BHOCAIUE BKJI&J] B MyIbTHILIET, IIPOUCXOAAT NP O1-
HoOlt M TOH JKe YACTOTe, eClH SiApa CBA3aHbI KAKUMU-MO0 91eMEHTAMH CHMMETPHH.
Tak, B ciekTpe Mojekynbl NHz Habniogaercs CHHLIET I'H, mockosbKy TpH siapa
H cBs3aHBl APYT € APYTOM OCBIO TPETLEro INOpsALKa. I{opobubIM 06pa30oM B CIEK-
tpe GeH, nenTpasbHas OAMHOYHAA JUHUSA COOTBETCTBYET ETHIPEM IKBUBAIEHTHLIM
atomam H B Monexynax GeHy, KoTopbie cofepKaT U30TONBI TePMaHUsl C HYJIEBbIM
crmHOM. DTa MHTEHCHBHAS [EHTPAIbHAs JMHHs OKPYXKeHa ¢ o0enX CTOPOH jecd-
ThI0 PABHOMEPHO PaCIONCKEHHBIMH 6osiee c1abbIMH TMHUAMY, KOTOPbIE OTHOCATCA
K madiont none GeHy, comepkanteit usoron *Ge (I = %) CIUH-COMHOBOE B3aHMO-
[efiCTBIE IPUBOAUT K NOsIBIeHMIO 2 + 1 JIMHUA B COEKTPE 5/1pa CO CIUHOM %, KOTJa
rakoe Aapo (uam Habop CHMMETPHYHO-CBA3AHHBIX fJiep CO CIMHOM %) B3auMozelt-
cTByeT ¢ sapoM, HmeromuM crime [. B nanHOM ciy4ae ajpa 'H B3auMO/IeHCTBYIOT
¢ sgpom 3Ge u paror 2 - -92- 4+ 1 = 10 auHAl MyJIBTHILIETA.

BsaauMmojieiicTBIe sAepHBIX CIMHOB DA3JIMYHBIX SJEMEHTOB Ha3bIBAETCI rere-
POSIZIEPHBIM CIIHH-CIIUHOBLIM B3aMMOeCTBUEM (HanpuMep, Ge—H). T'omo-
siflepHOe B3aMMOJeCTBUE MEXJy SApaMH OLHOrO M TOTO XK€ 3JEMEHTa Mpo-
SBJHETCH B TOM CIIydae, €M f7pa He CBA3aHBI ONepalysMH CHUMMETDMH, KaK B
cnextpe AMP °F CIF; (puc. JY12.2). Curnan AByX aKCHaJbHBIX AJEDP F pacmen-
nfeTcs B Ay6IeT eIMHCTBEHHBIM SKBATOPUAlbHBIM aromoMm F, a curman nocmen-
HEro PacIelIsseTcst B TPHILIET JIBYyMsl aKCHAJIbHBIMU siapami F. Taxum obpasoM,
cnextp IMP !°F jerko oTmyaeT STy HECUMMETPUYHYIO CTPYKTYPY OT JIBYX 6oiee
CHMMETPHYHBIX BO3MOKHBIX KOH(MUIYpAIUi: NTOCKO-TPEYTOIBbHON U TPUTOHAIbHO-
nupaMuiaibtoil. B apyx nmocnenaux sapa F akBHBaJIeHTHBI U, C/1€A0BATENBHO, Aa-
10T o/ curdan B cuektpe SIMP 19F.

BenuumHa KOHCTAHT B3aUMOMeMCTBUs YACTO CBA3aHA C reoMeTpHell MOTEeKy/Ihl
SMIOMPHYECKUMU COOTHOIIeHUsAMH. B kBajipaTHbix Kommtekcax Pt(II) J(Pt—P) 4ys-
CTBHTENbHA K IPYIIe, HAXOAALIeHCH B MpaHc-NoJNIOKeHHH K (hoChHHOBOMY JHTAHAY,
a J(Pt—P) ysenuuusaerca B craeyiomeM paIy MpaHC-JUTAH/I0B!

PR3 < H <R~ < NH; < Br~ < CI”

Hampumep, yuc-[Pt(PEt3)2Cly], rae Cl™ HaxoguTca B mpaHc- TOJOKEHHN K P, ume-
er J(Pt—P)= 3,5 kI'u, B To Bpems kax s mparc-|Pt(PEt3)2Cla] ¢ P B mpanc-
nonoxenunt K P J(Pt—P)= 2,4 k['n. Takast 3ak0HOMEPHOCTH IIO3BOJIACT JIEKO pa3-
JIMYATb YUC- U MPAHC-KOMILIEKCHI.
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F(ax)

Cl— F{eq)
F(ax)
F(ax)

F(eq)

J—e—J

—J

Puc. OWU2.2. Cnextp AMP °F CIF; Puc. [OW2.3. Cxemarnueckuit cmexTp
[Drago R.S., Physical methods in AMP 'H HD.

chemistry. Saunders, Philadelphia,

1992].

WHTEHCUBHOCTHU

IIpu ananuse npocThix crekrpos SIMP MHTEHCHBHOCTb JIMHHMI ONEHUBAIOT C ABYX
TOYeK 3peHus. Bo-nepsbiX, U3yyaloT pacnpesiesieHne HHTEHCUBHOCTEH B IIpefesax
MyJbTHUILIETOB; BO-BTOPHIX, CPaBHUBAIOT HHTErPAJbHbIE HHTCHCHBHOCTH CHUTHAJIOB
MarHHTHO-HeSKBUBAJIEHTHBIX SIJIEp.

CymectByeT ofiee mpaBuiIo AJs1 My/ILTHILIETa, KOTOPHIH BO3HUKAET IIPA B3a-
MOJIEHCTBHH SIEP CO CIIHHOM %: COOTHOIICHUE MHTEHCHBHOCTEH JIMHNH My IbTHILIETA
COOTBETCTBYET TpeyroabHuKy ITackauns (1). flapa ¢ 66bIIMM 3HaYeHHeM CIIMHOBOTO
MOMeHTa JlaloT Apyroe pacnpefenenne. Hanpumep, cnekrp SIMP 'H HD — sT0 TDH-
IJIET, KOTOPbIi BO3HUKAET B Pe3ysbTaTe B3auMozelcTsus ¢ sypom 2H (I = 1, nosro-
My 2/+1 = 3), HO MUHTEHCHBHOCTH KGMIIOHEHTOB TPHILTETa ofuHaKoBH (puc. J12.3).

WnTerpanbHas HHTEHCHBHOCT CUIHAJA, CO3/aBAEMOr0 HABOPOM CHMMETPHYHO-
CBA3AHHBIX fJIep, NPONOPIIMOHAIbHA YHCIY A/iep B Habope. g npumepa BepHEMCH
K monekyie CIF3 (puc. /1112.2), T/ie 0OTHOCHTeNbHBE MHTETPabHEIE WHTEHCHBHO-
cTu oTHocATeA Kak 2 (ay6ser) K 1 (Tpumser). JTo cornacyerca co CTPyKTypoi
MOJIEKYJIbI ¥ PacUIellIeHHeM CHTHAJIOB, TAK KAK YKA3LIBAET HA [IPUCYTCTBHE IBYX
CUMMeTPUYECKH-CBA3aHHBIX f71ep F U 0/iHOro MarHUTHO-HEeSKBUBasIeHTHOTo saapa F.

CootHomrenue Yucno saaep, ¢ KOTOpbIMA
HHTEHCUBHOCTElt  B3aMMOJAENCTBYET JAHHOE SJ1PO

1 0 gpyrux siiep
11 1 51D €O CrMHOM 3
121 2 aapa co cnuHOM 3
1331 3 A/pa co CIIHHOM %
14641 4 A1ipa co COMHOM 3
1
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WMHorna mosesHo y6paTh CHOMH-CIMHOBOE B3aMMOJEHCTBHE MyTeM HCIOJb30BA-
HAs CTENMaTbHOM 37eKTpoHHOM TexnukH. Ha puc. JIN2.4 moxasan crexkrp fIMP
118 pacrBopa BioHi4, mosydeHHBIH B yCJIOBUAX, KOTA2 B3aMMoJelcTBHe TPOTOH-
HBIX CIIMHOB 6b1710 HeKmoveno. Kaxabi#t Habop cCHMMeTPUIeCKH CBA3AHHDIX A/IEP B
fjaeT CUI'HAJ, HHTeHCHUBHOCTH KOTOPOTO OpUGIN3UTEHHO ITPONOPIHOHAJIBHS, YHCITY
anep B B cooTeercTBytomem Habope.

AMP TBEPOAO®A3HbIX OB BEKTOB

BajkHoe 3Ha4YeHUe A HEOPraHHYECKOM XUMHUM HMeeT CIeKTPOCKOIUS $IMP BoI-
COKOTO pa3penrerus TBepAodasHbix 06bekTos. O/Ha N3 TAKUX METOJMK BBICOKOro
paspelLeHus, ofo3HadaeMas B aHMTUACKON JIMTEpaType a66pesnarypoit CPMAS, —
a10 SIMP B TBep/ioM TeJle ¢ MEPeHOCOM MOJIAPU3AINY M BpalleHHeM obpasua 1moja
“\farMyeckKuM” YIJIOM N0 OTHOLIEHMIO K IOJIAPU3YIOIIEMY IIOJO. Coeaunenuda, co-
nepwarpe 3C, 31P, u 2°Si n Muorne Apyrue fapa, GBUTM H3YeHbl B TBEPAOM CO-
CTOSIHUM ¢ IPUMeHeHueM 3Toit MeToauku. Harnpumep, ¢ ee mOMOIIBIO OBLIM OIIpeje-
JIeHBI TIOJIOMKEHHUs aTOMOB Si B IPUPOAHBIX M CHHTETUYECKUX aJFOMOCHJIMKATAX. Ee
MOYKHO TAKKe HCIIOJB30BATD /I M3ydYeHUsa MOJIEKYIAPHBIX COeAMHeHU I B TBEPAOM
cocrosinuu. HanpumMep, COOTBETCTBYIOIIUH CIIEKTD [Feq(CsHg)(CO)s) mpu —160°C
(pue. [IM12.5) nokasbiBaeT, YTO BCe aTOMBL C B xonbie Cg 9KBUBAJIEHTHHI BO Bpe-
MEHHOH IIKAJIe IKCIepUMeHTa. Takol pe3syNbTaT NO3BOJISET CAENATH BBIBOA, 4TO
MOJIEKYJIa JIOCTATOYHO [OJBUAHA B TBEPAOM BellecTse.

co

B\B_B 7‘3 (OC),FeZ."\Fe(CO),
; .

Py

/d \ili{/‘\ co
B B
N -160°C CH

B
cO
10 0 -10 -20 -30 -40
5(''B)
Puc. AU2.4. Criextp SIMP V'B BjoHy.  FU© AN2.5. Teeporensisit

cnektp fMP BricOKOTO pa3spelleHunsd
[Fez(CsHs)(CO)s] [Fyfe C. A., Solid state
NMR for chemists. CFC Press, Guelf,
Ontario, 1983).

Bzaumonesicrene 'B—'H mnomasneso, u
B3auMojieitictene B—B He nabmopaercs.
CaMulf MHTEHCHBHBIH HHK COOTBETCTBY-
€T 4YeTHIPEM S3KBUBAIEHTHHIM sApaM B;
OCTaJIbHbIE OTHOCATCH K KaxKI0H U3 Tpex
nap 3KBHBAJEHTHHIX fnep B.

HononnutensHas undopmauns 3
TEOPUA TPYMNN

Tabnuupl XapakTepos BOBHMKAXOT NIPH MATPUYHOM IPEeJCTABJIEHUH ONEPAIUH CHM-
merpui. B kadecTse wunoctpamuu paccmorpum Mostekyiay SOs, oTHOCAIyOCH K
rpynne Cay, ¥ BaJleHTHHIE P, OPOUTATM KaXKIOrO aToOMa, (1), xoTopnle MBI 0603Ha-
4UM Ps, PA U PB.

O(A)

1

Onepanusa ¢, cooTBerc
. panus o TByeT npeobpasosanuio (ps,Pa,PB) — (Ps,PB,PA). DTY
epa.umo OTpa)KeHHH MO>XHO IIPeACTaBUTL C TIIOMOIILIO ManH'—IHOI‘O yMHO}KeHHH:

1 0 0
(ps,pa,pB) | O O 1 | =(ps,pB,pA)
010

,D;aHHOC COOTHOIIEHUE MOXKHO 3aIlicaTh B 0oJiee CKATOM BUE:
1 00
(pS,PA,pB)D(Uv) = (pSapB,pA)a rae D(Uv) = 0 01
01 0

Marpuria D(0y) cOOTBETCTBYeT Omepauvu CUMMETPUM Oy ee BHJ 3aBHCHT OT Bbi-
Gpannoro 6asmca (HaGopa opGurased).

AHanoruyHyIo CXeMy MOYKHO UCTIOJB30BAaTh JJIA HOMCKA MATDHIl, KOTOphIe CO-

OTBETCTBYHOT APYTHM OllepaiusaM cummerpud. Hanpumep, onepauusa Cy IpUBOAUT
K Tpeobpa3zoBaHuio

(pSaPAJ?B) - (_p57 —PB, _pA)

U et COOTBETCTByeT MaTpHla

-1 0 0
D(Cy) = 0 0 -1
0 -1 0

!
Onepanpu ¢!, coorBeTcTBYeT IpeoGpa3oBaHue

(ps,pA,PB) — (—Ps, —PA, —PB)
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u MATpHLA
-1 0 0
D(o,) = 0 -1 0
0 0 -1

Tox IeCTBEHHOe Ipeobpa3oBaHue He M3MeHAeT Ha3uc, eMy COOTBETCTBYET €IMHMY-
Hasg MaTpHIA:

1 0 0
DE)=[ 0 1 0
00 1

Ha60p MATpHII, KOTOpBIE OTBEYAIOT BCEM OMePalUsiM CUMMETDHUH I'PYIIbl, Ha3bl-
BaeTcs MATPUYHBIM TpeICTaBJIEHUEM IPYIIIBI B BbIGpaHHOM 6asuce. Obo3HAYIUM
TpexMepHOe IpeJICTABJIEHNe CUMBOIOM '), Beejienre MATPUYHOIO NPeJCTABICHAS
rPYII [O3BOJSET HAWTH CBA3b MEXKJY CHMBOJAMH CHMMETDUYECKHX orepanuit u
anre6pauyecKuMy IeHCTBUSIME HaJl Yuc/aaMy. Jlerko Moka3aTh, YTO MATPHUEBI IpH
YMHOKEHNH BOCIPOM3BOJAT Tab/IUIY YMHOMXKEHUSA I'PYIIBL.

XapakTep X CUMMeTPHYECKO olepaiuy B JAHHOM MaTPUYHOM IpeACTaBJIe-
HUM paBeH CyMMe JMATrOHAJBHBIX 3JeMEeHTOB COOTBETCTBYIOme#t marpuusl. Tak, B
Ga3mce, KOTOPHI Mbl PACCMATPUBaEM B KadecTBe NPHUMepa, XapaKTephl Olepanui
cre Iy oLye:

D(E) D(C;) D(oy) D(o})
3 -1 1 -3
XapakTep ollepanuu 3aBUCUT OT Hasuca.

Marpunst B 6asuce, KOTOPBIH MbI BHIOpasM, TpeXMepHbe (T.e. pasMEepHOCTH

3 x 3), HO Bce OHM HMeIOT BUJ

M 00

,

0
T.e. B pe3yJLTaTe CUMMETPUYEeCKUX NpeoOpa3oBaHuit opbuTanb ps HUKOI/IA He CMe-
IMUBAETCS ¢ ABYMS APYIUME DYHKIMAMHA. JTO [O3BOJAET Pas/enuTh 6a3uc Ha JBe
YACTH, OJHA U3 KOTOPHIX COCTOMT TOJBKO M3 OPGUTAIN ps, a Apyras -—u3 (Pa,PB)-
Jlerko fokasaThb, 4TO Ps-OpOUTANE cama sBJgeTca 6a3UCOM OIHOMEDHOrO NPENICTaB-
JieHUst

D(E)=1 D(C;) = -1 D(oy) =1 D(o,)=—1

koropoe obozuauaercst (V. Ocrasimecs: fpe 6a3ucHble DYHKIMN sBISIOTCA 6asu-
COM ABymepHoro mpeacTasienust ['(2):

oo (18)  we-( )
D)= () g ) e =( 7y 1)

DTU MATPULBI MAEHTHYHBI MATPHIAM HCXOJHOI'O TPeXMepHOro NpejcTaBieHus Ge3
HepBOro cToj6na U mepBo# CTPOKH. MOXKHO cKa3aTh, YTO HCXOJHOE TPeXMepHoe
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IpeJCTaB/IeHAe CBOAMTCA K MPAMOI CyMMe OJHOMEPHOIO IPEeJCTABJIEHUS, OCHO-
BAHHOI'O Ha Ha3uce ps, U JIByMepHOTo NpeJcTaBieHus Ha 6a3nuce (pa, pp). Boipaxe-
HHEe TPEeXMEPHOIO [PEICTABJIEHUS Yepe3 CYMMY COIJIACYeTCS ¢ MHTYMTHMBHDBIM IIpe -
TOJIOXKEHHEM, YTO LEeHTpaJlbHasi OpOUTATb MO CBOel IPHPOJE OTIMYAETCS OT ABYX
APYTUX. ITY CYMMY MOXKHO IPEACTABUTh B CUMBOJIAX CJEAYIONIMAM 06pasoM:

r® —p® @

OnnomepHoe IpefcTaBiieHMe He MOXeT OBITL Pa3IOXKeHO Jajlee HM Ha KaKue
Apyrve ¥ HA3bIBAETCA HENPHBOAMMBIM IIpe/ICTABJIEHHEM PYNNbl. MoKHO no-
Ka3aTb, YTO JIByMEPHOE IIPeJICTaB/IeHHe Pa3jaraercs (B 9ToM Ha3uce) NpH UCHOMb-

30BAaHUM JIMHEWHBIX KOMOWHAIMY p1 = PA -+ PB U P2 = Pa — PR- ITH KOMOUHAIMM
NOKa3aHbl Ha cxeme (2).

Martpump B HOBoM 6a3ice MOryT GHITH CKOHCTPYMPOBAHBI U3 cTapbix. Hampu-
Mep, TaK KaK NpU ONepanuu o,

(pa;pB) — (PB, PA)
TO (IpPX NpPUMEHEHUM STOH OMepaluM K JMHeHHBIM KOMOMHAIINSIM )

(P1,p2) — (p1,—p2)

[IpeobpasoBanve BBIpaxaercs cieayioneil gpopmynoit:
1 0
(P1.p2)D(ov) = (pr.—p2) ¢ Do) ={ 5 _

koTopas AaeT marpuny D{oy,) B HoBoM 6asuce. OcrasbHble TPH MATPHILI MOLYT
OBITH HaMIEHBl AHAJIOrUYHBIM crocoboM. TakuM o6pa3oM, MOJHBIA HAGOD MAaTpHIL
CJIe LY TOLLLMA:

be-(11) mea-(40)
Dwn=<é_?) Dw0=(_$_?)

Bce maTpunpl B HOBOM 6a3nce UMEOT JHAroHaNbHYIO GopMy:

o=(% u)
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a JiBe JIMHEHHble KOMOMHAIMH, B3ATbIe B KadecTBe 6a3uca, He CMEIIUBAIOTCS JPYT
¢ ApyroM HH TIPU KAKHX CHMMETPHYECKHX ONepalluAX pyrrsl Taxum obpazoMm,
JiByMepHOE TIpeJCTaBJIeHNe I'(?) ppipaskeHo Kak mpsAMas CyMMa JBYX OJHOMEPHBIX
npeacrasyienuit. Tax, KOMOMHALIMM Py COOTBETCTBYIOT MaTPHIIBI

D(E)=1 D(C)=-1 D(oy)=1 D(o,) = -1

KOTOpbIE WAEHTHYHB OJHOMEPHOMY ITPe/ICTAaBJICHHIO Ha pa3mnce ps, a KOMOUHaLUM
py OTBEYAIOT MATPHIIBI

D(E)y=1 D(Cy) =1 D(o,)=-1 D(oy)=~1

KOTOpBIE COOTBETCTBYIOT IPYTOMY OXHOMEDHOMY MpeACTaBJIeHHIO. O60o3Ha4MMM €ro
(1), JTerko mpOBEPUTD, YTO KaXkiplit Habop Marpui 1 x 1 sBasAieTCA TpeACTaBJIe-
HYeM, TaK Kak MONapHOe YMHOXKEHHe IPUBOLUT K TabJuIe YMHOXKEHUA HCXOQHON
rpyIIBL

Tenepb MOXKHO 0BpAaTUThC K MaTepuaiy Tl 4, Tabauna xapakTepoB Ipyn-
b1 — 9TO TIepeveHb XapaKTepOB BCEX HENPUBOAUMBIX npeacTaBieHuit rpynnet. Pac-
CMOTPUM C 3TOH TOYKH 3PEHUA IDYyNILY Cqy. Tabauua xapakTepoB ee BBHIVIAIUT

JIeAVIONIUM 00pa3oM:
cJle Ay 1oy p E CZ Oy 0-:/

rm 1 -1 1 -1

r 1 1 -1 -1
JIpa HEPUBOAMMBIX NPEJCTABJIEHUs ITOH TPy TIIBL 06b19HO 0bo3HauaoT By 1 A co-
oTBeTcTBeHHO. Byksni A m B ucnossayiorca Jist 0003HaHMeH!s OJHOMEPHBIX MPei-
CTABJICHHI, €C/IM XapaKTep IPeJCTaB/IeHUs JJIsl OllePallii BPAICHNA OTHOCUTEILHO
raBHON ocu paBeH +1 u —1 cooTsercTBenHo. Byksa E obosmauaeT nsyMepHoOe
HEIpUBOAMMOe TIpe/cTaBjieHne, a T — TpexMepHOe HeNpUBOAMMOE NpelCTaB/IeHHE.
OTMeTHM, 9TO BCe HENPMBOAUMBIE PeACTaBieHus rpynist Cy OMHOMEDHBL. dDaxk-
THYECKH B 9TOH IPYIIIE BO3MOXKHBI elile TOJIbKO ABa HEMPUBOANMBIX [TPeCTaB/ICHIS
B COOTBETCTBHUM C TeopeMOH

YUCAO TMUNOE CUMMEMPUY PABHO HUCAY KAACCO6
CONPAHCEHHVLT INEMEHTOB 2pynnai

B rpymme Cy, 4eThipe Ki1acca (4eTsIpe cToi6ma B Tabiuue XapaKTepoB), U II03TOMY
y Hee 4eTbIpe HEMPUBOAUMBIX IpPEICTaBJIEHUA.

CaMble BaKHbIe IPUJIOZKEeHUA TEOPUM IPyNN B XUMHUU — [IOCTPOEHUE CUMMETpH-
30BaHHBIX OpbUTajeil M aHAMU3 MpaBui 0TOOpaA, — OCHOBAHBI HA maJioii TeopemMe
OPTOroHAJILHOCTH:!

> g™ )M (C) =0
C

Cymmuposanme mposoguTcss o BceM Kiaccam C onepauuit rpynnbl CHMMeETPUH
(cTon6IEI B TAbIHIIE XaPAKTEPOB), g — YUCJIO Olepalltit CUMMETPUM B KaXK(OM KJIAC-
ce (2 qust 2C3), a T’ u IV — nBa pasauvnell HEMPUBOAUMBIX NPENCTABJICHHA. Ecau
' u I wgenTuynbl, TO

S oOX DO DC) = h
C

rie h— NOPAACK PYTIHL (MHCJIO BXOAAUIMX B Hee 3JIEMEHTOB).
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st Toro utobul HaliTH, Ha KakUe HEMIPUBO/IUMBIE TIPEICTABJICHNS MOXKHO pa3-
JIOKUTD JAaHHOE PUBOAMMOE MpeJCTaBlIeHHe, HaJO BOCIOJIL30BATBHCA CJIEACTBHEM
MaJ10#t TeopeMbl opToroHanbHocTH. Tak, ;Ui naHHOM omepanuu CUMMETPUM XapaK-

TCP NPUBOAMMOTO MPEACTABJICHUA ABJAETCS JIMHEHHON KOMOHHaLMe! XapakTepos
HEPUBOAUMBIX NPeJACTaBJIeHUN TDYIIIbL:

X(C)=> erxD(C)
r

Yrobsl HaltTH
KO PHUIMEHTE 1J1st AAHHOTO HEIPUBOIUMOTO IpeAcTaBieHus I , Ha~

mo ymuoxuth 06e wactu Ha g(C)xT)(C) n mpocymmmpoBaTs mo Beem Kiaccam
onepanuii CUMMETPHUU:

> 9OxTIOX(C) = 33 erg@x ™) D (C)
C ¢ T

Koraa npasas wacTs pasescTBa cymmupyercst o C, Manas TeopeMa, OPTOrOHAIIb-
HocTH JaeT 0 1tst BeeX 4iIeHOB, B KOTophIx [ HeskBuBaJjieHTHO IV, O/ HaKo, Tak Kak
Mbl cymmupyem 1o BeeM I', umen ¢ I' = IV rapanruposanso npucyrcersyer. Tombko

3TOT “JIeH NaeT HeHyJeBOH BKJAI, CJleJIOBAaTeNbHO, IIpaBad YacTh paBHa hepr. U3
3TOr'0 CJeAyeT, 4To

v = 3 S dONTCX(C)
C

Ota dopmysna 4pe3BBYANHO BAXKHA IJIS ONPENECHUS K03(hDUIHEHTOB ¢ NIpU
HENPUBOAMMBIX MPEACTAB/ICHUAX B JIMHEHHBIX KOMOMHAIMAX, COOTBETCTBYIOIIHMX
TIPHUBOTUMBIM IIpefcTaBiieHuaM. Popmyia npuobpeTaet erue 60siee TpocTolt B, ec-
JI1 MBI TOJIBKO XOTHM 3HaTh, IPUCYTCTBYET JIX B PA3JIONKEHNH IIOJHOCHMMETPHIHOE

HENPUBOAMMOe IpeficTaBlleHue (KOoTopoe obosHa4aercst Aj). TlockonbKy Bee Xapak-
TePbI TAKOI'0 MpeJCTaBJIeHUs. PABHBL 1, To

1
cay =y > a(C)x(C)
C
Hna dbopmuposaHust opbutanu ¢ cumMeTpuett Tuna I Mbt cTpoum Py, rae

Py =Y " x"(R)Ry
R

a R — onepanys rpymmsl CAMMETPHH. 3aMeTHM, 9TO B (hOpMyJly BXOJAT HMEHHO Olle-
panuy, a He KJIACCHl, KaK B NIPEIbIAYIIUX BhIpAXKEHNAX, Besmanna P Ha3bIBaeTcs
OLIEpaTOPOM IIPOEKTUpoBaHUA. B kadecTBe mpHMepa PacCMOTPHM HPOEKLHI0 CHM-
METDU30BaHHON JiMHelHON kombuHauvm tuna By B rpymne Cy,. Hna mocrpoeHus
UCIOJIb3YEM CIIEJYIOlee BhIPasKeHMe:

P =xB(E)E+ x®)(Ca)C,y + xB (0y )0y + xBV(0")o",
=FE-Cy+o,— o'

v




Mpunoxenne 1. InekTponubie croficTea aToMos
MpunoxeHue 1
) Atom OHeprust oHUsanuy, 3B Cpozacreo
3_)_' EKTPOHHbIE CBOMCTBA I I I K 3JIEKTPOHY
E,, sB
ATOMOB 1 H 15! 13,60 +0,754
] 2 He 1s2 24,59 54,51 —-0,5
3 Li [He]2s! 5320 7563 1224 +0,618
4 Be [He]2s? 9,321 18,21 153,85 <0
5 B [HeJ2s%2p! 8,297 25,15 37,93 +0,277
DIeKTPOHHEIE KOHMUTYPaluu aTOMOB B OCHOBHOM COCTOSIHWH OIDeJessioT uaxcge— 6 C [He|2522p? 11257 2438  47.88 +1263
DHMEHTAJILHO, MCIIOJB3YH JAHHbIE CTIEKTPOCKOIMH M MATHHTHBIX “3Mgpe“““‘ 0; 7 N [He|2s22p® 14,53 29,60 47,44 —0,07
Jly<geHHble TAKAM IIyTeM pe3yJIBTATH IPHUBEJEHH! Hivke. VIX MOXKHO OOBACHATH H 8§ O [He2s?2p 13,69 3511 5493 +1.461
OCHOBE NPUHIMIA 3aloJHeHUS 3J1eKTPOHHBIX 0007109eK, COIVIACHO KOTOPOMY 3JIeK- 9 F [He]2 322p5 17,42 34,97 62,70 +3,399
TPOHH 3aHHMAIOT ATOMHHE OPGHTANH B ONpEIETeHHOM NOPAIKE B AP 10 Ne [HeJ2s22p 21,56 40,96 6345 ~1,2
¢ npuanunoM [Taymu, Hekoropoe OTK/IOHEeHHE B MOpAJKe 3alojHEHUst opOuTasnelt 11 Na [Ne3s! 5138 4728 7163 +0.548
BCTpedaeTcs ¥ d- M f-3J1eMeHTOB 1 CBA3aHO ¢ boslee TO‘II;I;IM YHIEeTOM MEXK3JIeKTPOH- 12 Mg [Nej3s? 7642 1503 8014 <0
HOTO B3aMMo/IefcTBIs. DIeKTPOHHAsA KOHDUrypanus 15° aToMa resins C IOJIHOCTLIO 13 Al [Nej3s23p! 5081 1883 2844 +0.441
3AMOTHEHHO! 9JIeKTPOHHOH 06onouKolt obosnauaerca kak [He|; anagoruyube obo- 14 Si  [NeJ3s23p? 8151 1634 3349 +1.385
3HAYEHUs BBOJATCHA M JUIA KOH(UrYpauuit Apyrux OaropojHbIX rasos. prmeﬂ‘eﬂ— 15 P [Ne|3s23p® 10,485 19,72 30,18 +0,747
HBIE HIKE 3JIeKTPOHHLIe KOH(DUTYDAIME OCHOBHBIX 3JIEKTPOHHBIX COCTOSTHHUIA 1 060- 6 3 [NeJ3523p* 10,360 2333 34,83 +2.077
3HAYeHHs TepMOB B3sTH u3 [Fraga S., Karwowski J., Sazena K. M. S., Handbook of 17 Cl  [Ne|3s23p® 12,966 23,80 39,65 +3,617
atomic data. Elsevier, Amsterdam, 1976). 18 Ar [Ne|3s23p® 15,76 27,62 40,71 ~1,0
[TepBble TpM SHepruM MOHHM3ANMY 3JIeMeHTa E 0TBedaioT 3HepruaM cJieyIouux 19 K [Ar] 451 4,340 31,62 4571 40,502
IIPOLECCOB: 20 Ca [Ar)4s? 6,111 11,87 50,89 +0,02
Ii: E(r) - ET(r)+e(r) 21 Sc  [Ar]3d!4s? 6,54 12,80 24,76
Iy: Ef(r) = E*"(n)+e(r) 22 Ti [Ar)3d%4s? 6,82 13,58 27,48
Iy: E*(r) - E¥(r)+e (r) 23V [Ar)3d34s? 6,74 14,65 29,31
CponcTso K 91eKTpoHY E, OTBEYaeT SHEPrud, 6v0eAftowelica IPA NPHUCOEINHEHNH 24 Cr  [Ar]3d°4s! 6,764 16,50 30,96
aTOMOM 2JIGKTPOHA B ra3oBoft hase: 25 Mn |[Ar]3d%4s? 7,435 15,64 33,67
' E - () = B () 26 Fe  [Ar)3d%4s® 7,869 16,18 30,65
Ea: (r) +e7(r 27 Co [Ar]3d74s? 7876 17,06 33,50
ITH JaHHBle B3IATHl M3 PA3JIMYHBIX MCTOYHHMKOB, B YaCTHOCTH W3 [Moqre C.E., 28 Ni  [Ar]3d%4s2 7,635 18,17 35,16
Atomic energy levels, NBS Circular 467, Washington (1970); Martin W. C., 29 Cu [Ar]3d'04s! 7,725 20,29 36,84
Hagan L., Reader J., Sugar J., J. Phys. Chem. Ref. Data, 3, 771 (1974)]. Jaunsie 30 Zn  |Ar])3d'04s? 9,393 17,96 39,72
AN AKTHUHUJOB B3AThl n3 [Xumus aktunounos/ Ilox pex. Kana Ix., Cubopra I, 31 Ga [Ar]3d"04s%4p! 5998 20,51 30,71 +0,30
Mopcca JI. B 3-x T. Ilep. ¢ anrn. — M.: Mup, T. 1 — 1991, 7. 2 — 1997, 7. 3— 1999]. 32 Ge [Ar]3d'94s%4p? 7,898 15,93 34,22 +1,2
3HadeHHus1 CPoACTBA K 3sekTpoHy nausl u3 [Hotop H., Lineberger W. C., J. Phys. 33 As [Ar]3d104524p3 9,814 18,63 28,34 +0,81
Chem. Ref. Data, 14, 731 (1985)]. 15t nepesosa KWIOmKoyJteft Ha MOJIb M 06PaT- 34 Se  [Ar]3d'%4s24p* 9,751 21,18 30,82 +2,021
HBIX CAHTHMETPOB HCIONb3YiiTe Clle/yIONHe COOTHOIEHHS: 35 Br  [Ar3d'%4s24p° 11,814 21,80 36,27 +3,365
. 36 Kr [Ar]3d'%4s24p% 13,998 2435 36,95 -1,0
15B = 96,485 x[lx/mMonms  19B = 8065,5 cm 37 Rb [Kr]5s! 4177 2728 4042 +0,486
38 Sr  [Kr]5s? 5,695 11,03 43,63 +0,05
39 Y  [Kr]dd'ss? 6,38 12,24 20,52
40 Zr  [Kijdd'5s? 6,84 13,13 22,99
41 Nb [15{1‘]4d45$1 6,88 14,32 25,04

367




368 Mpunoxenve 1. InekTporHble CBOWCTBA aTOMOB
Arom Dueprus unonusanmy, 5B Cpoactso
I, I I K 9J1eKTPOHY
E,, »B
42 Mo [KrJ4d®5s! 7,009 16,15 27,16
43 Tc  [Kr]4d®5s? 7,28 1525 29,54
44 Ru [Kr]dd"5s 7,37 16,76 28,47
45 Rh  [Kr]4d®5s! 746 18,07 31,06
46 Pd  [Kr]4d'® 8,34 19,43 32,92
47 Ag  [Kr]4d'%5s! 7576 21,48 34,83
48 Cd  [Kr|4d!%5s2 8,992 16,90 37,47
49 In  [Kr]4d'%5s%5p! 5,786 18,87 28,02 +0,3
50 Sn  [Kr]4d'°5s%5p° 7,344 14,63 30,50 +1,2
51 Sb  [Kr)4d!%5s%5p° 8,640 18,59 25,32 +1,07
52 Te [Kr]4d!%5s25p* 9,008 18,60 27,96 +1,971
53 1 [Kr]4d105525p° 10,45 19,13 33,16 +3,059
54 Xe [Kr]4d!%5s25p® 12,130 21,20 32,10 -0,8
55 Cs  [Xe]6s! 3,894 25,08 3524
56 Ba [Xe]6s? 5211 10,00 37,51
57 La  [Xe]5d'6s® 5577 11,06 19,17
58 Ce [XeJ4f'5d16s? 5466 10,85 20,20
59 Pr [Xe]4f36s2 5421 10,55 21,62
60 Nd [XeJ4f*6s? 5,489 10,73 20,07
61 Pm [Xel4f56s> 5554 10,90 22,28
62 Sm [Xe]4f®6s2 5631 11,07 23,42
63 Eu [Xe]4f76s2 5666 11,24 2491
64 Gd [Xel4fT5d'6s? 6,140 12,09 20,62
65 Tb [Xe]df26s? 5851 11,52 21,91
66 Dy [Xeldf'96s? 5927 11,67 22,80
67 Ho [Xe]df!l6s? 6,018 11,80 22,84
68 Er [Xel4f!26s> 6,101 11,93 22,74
69 Tm [Xe|4f!%6s2 6,184 12,05 23,68
70 Yb [Xel4f146s? 6,254 12,19 25,03
71 Lu  [XeJ4f'*5d'6s> 5425 13,89 20,96
72 Hf [Xe]4f'45d%6s* 6,65 14,92 23,32
73 Ta [Xel4f1454%6s2 789 1555 21,76
74 W [Xel4f45d*6s? 7,89 17,62 23,84
75 Re [Xe]4f'15d°65> 7,88 13,06 26,01
76 Os [Xel4f'45d565> 871 16,58 24,87
77 It [Xeldf!'45d76s? 9,12 1741 26,95
78 Pt [Xe4f'45d%6s! 9,02 18,56 29,02
79 Au  [XeJ4f'45d1%6s 9,22 20,52 30,05
80 Hg [Xe]4f!*5d'96s2 10,44 18,76 34,20
81 Tl [Xe|]4f'*5d"065%6p! 6,107 20,43 29,83
82 Pb [Xe]df1*5d'°6s%6p? 7,415 15,03 31,94
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Atom DHeprus HOHA3AIWH, 5B Cpozctso
I I I3 K 9JIEKTDPOHY
E,, 3B
83 Bi [Xe]4f1*5d'°6s%6p> 7,280 16,69 25,56
84 Po [Xe]4f'45d1%6s26p* 842 18,66 27,98
85 At  [Xe]4f45d'%6s%6p° 9,64 16,58 30,06
86 Rn [Xe]4f'45d1%6s26p® 10,75
87 Fr  [Rn7s! 415 21,76 32,13
88 Ra [Rn7s? 5278 10,15 34,20
89 Ac [Rn]6d!7s? 517 11,87 19,69
90 Th [Rn]6d?7s? 6,08 11,89 20,50
91 Pa [Rn|5f26d!7s? 589 11,7 188
92 U [Rn]5f36d! 752 6,19 149 191
93 Np [Rn|5f%6d!7s? 6,27 11,7 194
94 Pu [Rnl5f%7s? 6,06 11,7 21,8
95 Am [Rn]5f77s2 599 12,0 224
96 Cm [Rn]5f76d!7s? 6,02 124 21,2
97 Bk [Rn]5f°7s? 6,23 12,3 22,3
98 Cf [Rn]5f107s2 6,30 12,5 23,6
99 Es [Rn]5f117s? 6,42 126 24,1
100 Fm  [Ru]551%7s? 6,50 12,7 24,4
101 Md [Rn]55137s? 6,58 12,8 254
102 No [Rn]55!47s? 6,65 130 27,0
103 Lr  [Rn]5f'46d!7s? 4,6 148 23,0

24. Heopran. xumun. Tom 2




[Mpuno>xkeHune 2

CTAHOAPTHLIE
MNOTEHUNAbI

[IpuBeneHHEIE 3[eCh BEJAMYMHBI CTAHNAPTHBIX MOTEHIMAJOB IPEICTaBJIeHbl B BU-
ne muarpamm Jlatumepa (pasn. 6.8) u pacmonokeHsr 1m0 6JIOKaM IePHOLUYECKOH
CHCTeMbI B [IOPAJKE S-, p-, d- u f-anemenTsl. HeHanerxHele NaHHBIE, a TAKXKe 4a~
CTHIBI, CYIIECTBOBAHUE KOTOPHIX B PACTBOPAX YCTAHOBJIEHO HENOCTOBEPHO, NPUBE-
JieHbl B CKOOKaX. BosbIMHCTBO JaHHBIX BMECTE ¢ HEKOTODBIMH HCIIPABJIEHUSAMU
B3sTo u3 [Standard potentials in aqueous solution, eds. A.J. Bard, R. Parsons,
J. Jordan, Marcel Dekker, New York, 1985]. JanHble A1 aKTHHHAOB NPUBOLAT-
ca w3 [Xumus akrunonnos/ Ilox pex. Kana Ix., Cu6opra I, Mopcca JI. B 3-x
T. Ilep. ¢ anrm. —M.: Mup, T. 3—1999]. Haunsie mna [Ru(bipy)s]**t npusomst-
ca w3 [Durham B., Walsh J. L., Carter C. L., Meyer T.J., Inorg. Chem., 19, 860
(1980)]. IToTenumambl AN yriaepoaCOAEPKAIMX JACTHLL K HEKOTOPHIX d-371eMEHTOB
B351Th1 U3 [Bratsch S. G., J. Phys. Chem. Ref. Data, 18, 1 (1989)]. Jaunsie mo cTas-
JAPTHBIM MOTEHNMAJIaM HEYCTONYMBbIX PaIVKaIbHBIX YacTHI cM. B [Stanbury D. M.,
Adv. Inorg. Chem., 33, 69 (1989)]. Uspeznxa B JuTEPaType MOTEHLUAIb! IPHBOAAT-
Csl 10 OTHOMIGHHIO K CTAHAaPTHOMY KasoMmelbHOMY siektpony (SCE) u ux mox-
HO mpuBecTH K wkate H* /Hj, npubasnss x ux senuummam 0,2412 B. IMogpobuoe
OIHCaHWE APYTHX JIEKTPOROB cpaBHeHus cM. B [lves D. J. G., Janz G. J., Reference
electrodes. Academic Press, New York, 1961].
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s-Baok - I'pynna 1/1

Kucaas cpena IMenovynasa cpena

+1 0 +1 0

gt —2 H, H,0 088 H,

—3,040 )
Lit —————Li

—2,714
Nat ——— Na

—2,936

-2,923
Rbt —— = Rb

—3,026

Cst ——Cs

s-Baox - Ipynma 2/I1

Kucnasi cpena Mlenounas cpena

+2 0 +2 0

1,97
Be?t ————— Be

-2,356 -2,687

Mg?* Mg Mg(OH), Mg

-2,87
Ca2+ ——Ca

—2,90
Sr#t —————&r

-2,91
Ba?t ————>Ba

Ra2t -2,916

24*
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p-Baok - I'pynna 13/I11

Kucaag cpena

ITenou1nan cpena

Mpunoxenne 2. CranpapTHble NOTEHUMANG!
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+3 0 +3 0
B(OH)s —0,890 B B(OH); -1,81 B
A —1,676 Al AI(OH); -2,310 Al
Gadt ~0:5% Ga GaO(OH); L Ga
+3 +1 0
I3+ —0,444 ot -0,126 I B(OH); -1,24 BH;
L -0,338 T
Tp+ 1,25 - —0,336 -
| 0,72 T
p-Baok - I'pynmna 14/TV
Kucnas cpena
+4 +2 0 -2 —4
C0, — 1 HCOOH HCHO —22* > cH,0H —2*2 . cH,
-0,104 co a 0,132 T
Mlenounas cpega
+4 +2 0 -2 —4

—-0,930

-1, 16()" HCHO _0’591, CHgoH -0,245 CH4

-1,148 T

p-Bioxk - I'pynna 14/IV (npomomxenue)

Kucaas cpena

Tenounas cpega

+4 +2 0 +4 +2 0
—0,909 o -1,6
S0, - Si Si02 i Si
(xBap)
GeO,(OH)~ ~0.5 Ge
—0,370 0,225
GeO, GeO Ge
(Tetp.) (ruap.) T
0,124
Gett
—0,088 -0,104 0,93 -0,01
SnO; ——  Sn0 > Sn Sn(OH)2~ 2099 SnOOH™ o) —Sn
(Benmin) (depHsbrit)
Soit 0,15 So2+ ~0,137
¥ 6 Vs 12 Y
-PbO, 1,4 pR2+ 0125 o PbO, 0,254 PO 2578 b
(kpacubrit)
170 obs 04 -0,356
p-Buok - I'pynma 15/V
Kunciaas cpena
+5 +4 +3 +2 +1 0 -1 -2 -3
1,25 ~0,23
0,803 1,07 0, 096 1 77l |—1 87 1,41 IRE -
NoO — Ny — NH30H+ > NoHf — NH

NO_ — N3Oy — HNO, >N

i 0,94 T l 1,297

Tl o f e

Mlenounas cpena

0,25

—~1,16

l 0,86 0,867 -0, 46

2% N, 29N H,0H 2P N,H, 2 NH,

NOj ~> N304 > NO; == NO -+ N30 23 N,

[_om  F[ o

ST | Y
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p-Baok - I'pynma 15/V (npogomkenue)

Kucinasa cpena
+5 +4 +3 +1 0 -3

-0,933 0,380 -0,508 —0,063

H3PO4 — H4P206 —_— H3P03 ——-—> H3P02 PH3
~0,276 T \ —0,502 )l
,2 —0,225
HyAsOg —o HAsO, 0,240 As AsH,
0,150 —0,510
Sby0s —22 + Sb,04 —222 -+ 8b,06 SbH;
0,699 T
(BiF) (2 (Bi*) 0,317 B;
ITTesnounasn cpena
+5 +3 +1 0 -3
_ _ —2,05 ~0,89
poi- — 2, gpo2- — T L H,PO; PH,
-1,73
As03- — 2%, aso; 068 As ——3 L AsH,
Sb(OH); — 2 > Sb(OH); ~20% Sb —2 » SbH,
BiyO3 ~0.45 Bi
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p-Buaok - T'pynna 16/VI
Kucnana cpena
0 -1 -2
’ ~0,125 HO, 1,51 l
0,695 1,76
of Hy0; — H,0
| 1,229 4
+6 +5 +4 +2 0 -2
_ —0,253 0,569
HSO; S,0%- H,805 —2% 5,02~ —— 2% s —2% 1,8
[ 0,158 4 | 0,500 T
[Sy 02‘ SOz‘ ]
+6 +4 0 -1 -2
1,15 , _
SeQ;™ ————— H8e03 Sl Se ou H,Se
H,TeO 0,93 it 0,57 —0,74 o —0,64
2TeQg ——— (Te*) Te Te; H,Te
1,00 T
T602 0,53
IMMenounas cpena
0 -1 -2
‘ —0,33 o5 0,20 l
~0,0649 0,867
02 HOZ OH~
| 0,401 J‘
+6 +4 +2 0 -1 -2
_ —0,936 _ —0,576 _—0,742 —0,476
SO3 S0?2 S,02 S HS-
| -0,659 T
_ 003 —0,36 -0,
Se0? Se02" ° Se o Se2-
0,07 —0,42 -0, ,
TeO2" TeO2" o Te o 62~ 0% -
| ~1,143 4
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p-Baox - I'pynna 17/VII

Kucyasa cpega
0 -1

3,053
Fy —— HF

2,979 sz_

+7 +5 +4 +3 +1 0 -1
1,175 CIO, 1,188 l l 1,659
,674 1,630 1,358
clo; 225 cio; —— - HCI0, 27> HCIO Cly CI-
1,468
1,604 1,065
BrO; ~2%5 B:0; hald HBrO —=3 Bry(.)) > By~
1,087
Bra(aq)
1,6 1,13 1,44 0,535
H5I05 ——> [0 10" L(18.) ——— I~
_ 0,536 l
I3
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p-Bnox - I'pynna 17/VII (npomonsxenue)

ITlenounaa cpena

2,866
F2 - [

1) ITpu KOMHaTHOM TeMnepaType 6pOM HEJOCTATOYHO XODOIIO PACTBOPHM B BOJE, YTOGH! €ro ax-
THBHOCTH B pacTBope 6misa paBHa eaunuie. Ciiel0BATEILHO, BO BCEX NPAKTHYECKHX BRIYNCIAEHHUAX

HeoBX0AUMO HCIIONLI0BATE BEJIHYMHY 1A HACHIUEHHOrO PACTEOPA B KOHTaKkTe ¢ Bra(k.).

+7 +5 +4 +3 +1 0 -1
—0,481 C10, 1,071
c10; 0,374 CI0; 0,295 ClOl - 0,681 _ 0421 cl, 1,358 -
| 0,890 T
0,584
BrO; 1,025 BrO; 0,492 BrO- 0,455 Br, 1,065 Bi-
| 0,760 T
0,26
_ 0,85 _ 0,15 0,42 0,535 l
H3IOB 103 IO— I2 I-
| 0,48 j
p-Baok - I'pynna 18/VIII
Kucnas cpena
+8 +6 0
2,4 2,12
H4XeOg(aq) ———— XeO3(aq) ———= Xe(r.)

l 2,18 T

IITenounan cpena

0,99 1,24

HXeO3~ HXeO; —— Xe(r.)
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d-Baok - I'pynma 3

Kucias cpena

IITesnounasn cpena

+3 0 +3 0 +3 0
- - ~2,60
Set+ —2 > §o SeFH —— > S Sc(OH); Se
—2,37
Sch(aq) —Sc
v+ —2,37
~2,38
La3t —La
d-Baox - I'pynna 4
Kucnas cpena IITenouynas cpena
+4 +3 +2 0 +4 +3 +2 0
—0,86
~ ) -0, ~1,6 L -138 . —1,95 —2,13
Tio > gt 2L pp+ 25T Ti0, T Tip05 > THO —— Ti
‘ -1,21

. -0,56 __, -1,23 -1,31
T102 — T1203 — T10 —Ti

~1,55
Zrit Zr

HE* =0 Hf
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d-BJjok - I'pyna §
Kucias cpena
+5 +4 +3 +2 0
1,000 0,337 —0,255 —-1,13
VO] ———— vo** V3t v+ \
0,668 T
Ciaabokucaas cpena, pH okoso 3,0-3,5
—0,227
0,723 0,481 —~0,082 -1,13 l
[H2V10026)*~ VOOHt ——— VOH?+ V2 A\
0,602
0,374
Illenouynas cpepa
0,120
2,19 0,542 —0,486 -0,820 l
VO}~ ————— HV,0; ——— V03 VO A%
1,366 T
0,749
Kucinas cpena
+5 +3 0 +5 0
-0,1 -1, -0,81
Nb,Oy ——————— Np3+ ————— = Nb Tas05 ———— Ta

—0,65

9 —0,45
TakF7”™ ———Ta
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d-Bnok - I'pynma 6

Kucnasn cpela

+6 +5 +4 +3 +2 0
0,55 1,34 2,10 —0,424 oy 090 5
Cr,03 — Cr(V) Cr(IV) ———— Cr3+ Cr r
{_ 1,38 T l -0,74 T
HeifiTrpasbHas cpega
+3 +2
/ 1,143 B
[Cr(CN)g]*~ [Cr(CN)s)*
-0,99 o
[Cr(edta)(OH2)]~ [Cr(edta)(OH,)]
Ilenouynas cpena
+6 +3 0
-0,11 -1,33
CI‘O4_ —_— CI‘(OH)g(TB.) _— Cr
_ -1,33
|i_ Cr(OH); __J
Kucnas cpena
+6 +5 +4 +3
0,114

0,0 (
HyMoOy(18.) Rl Mo, 03+ e [Mo3O4(OH,)g]** > [Mog (11-OH)5(OHy)g]** —

0,646

-0,2

0,005

—0,13

MOOZ

—0,38

[MOC]E, 012_

Helirpansnaa cpena

[Mo(CN)s]*~ 275 [Mo(CN)g ]+~

MO3+

[MoCls(OH2)]*~
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d-Baok - I'pynna 6 (nponmomxenue)

lenouynaa cpena

+6 +4 0

_ —0,780 —0,980
MoOj : MoO,

-0,913 T

Kucnas cpena

+6 +5 +4

W03 -0,029 W205 —0,031 Wozl) -0,119

—0,090

~0,046
[CoW12040]%~ ——— [HyCoW 15048~

0,22

[PW12040)3~ [PW12040)4~
Heiirpansuaa cpena
+5 +4
0,457
W(CN)3- ° W(CN)-
Ilenounaa cpena
+6 +4 0
wo2- 1289 WO, -0,982 -

~1,074 T
~0,702

[W(ON)4(OH)4]>~ ——= [W(CN)4(OH),J*-

1) BepostHo, [W3(113-0)(1-0)3(OHz)s)4+. Cum. [Gosh S. P., Gould E. S., Inorg. Chem., 30, 3662

(1991)].
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d-Baok - I'pynna 7

Kucnaa cpena

+7 +6 +5 +4 +3 +2 0
1,51
0,90 1,5 -1,18
MnO- > HMnO4 (H3Mn04) ——) Ml’l02 —> Mn3+ ] Mn2+ — Mn
2,09 1,23
1,69
0,74 (0,28)
TcOy ©.70) TcO, Te
(0,415)
0,72 0,40 0,276
(ReO7 ) —> ReOs ReO, Re
0,51 T
0,12 o_ 0,51
ReCIg
IIenounas cpena
+7 +6 +5 +4 +3 +2 0
0,34
— 056 0, 0,146 -0,
MaO; 222 Mn02~ 225 Mn03~ 225 MnO, 225 Mn; 05 25 Mn(OH); = Mn
. 0,60 -0,088
0,59
ReO; —0,594 ReO, -0,552 Re
l (~0,570) T
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d-Buok - T'pynna 8

Kucnast cpena

+3 +2 0
0,771 —
Fe3+ Fe?t 044 Fe
l -0,04
0,361 —
[Fe(CNg)J3~ [Fe(CN)gJt— —2°

ITenounas cpena

+6 +3 +2 0

2. 0,81 -0,86 -
FeOf~ ————— Fe;04 Fe(OH), — =

[Fe(ox)3]3~ L [Fe(ox)s)*~ (u3bbrTok ox~)

Kucnas cpena

+8 +7 +6 +4 +3 +2 0
1,04
RuO; 2% Ru0; 25 (Ruo2+) 23 =5 (Ru(OH)Z)) 2% pyse 0% p oy 08 Rlu
1.4 T 0,68 T
+3 +2
0,10
[Ru(NHz)g]** ——— [Ru(NHz)g|2+
_ 0,86
[Ru(CN)(;]3 —“*-[RU(CN)GP—

[Ru(bipy)s]3+ [Ru(bipy)s]2+

1) Bepositho, B
. , B PealbHOCTH INpeicTaBaser coboft H,.|RusOg(OH (4+n)+
Richen D. T. Inorg. Chem., 30, 3792 (1991)]. n[Ru408(Oa)12) + Ou. [Patel 4.,
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d-Buiok - Tpynmna 8 (mponoJnkenne)

d-Busiok - I'pynna 9 (npomoJxkenue)

Kucnasa cpena

+8 +4
0,65

0s04{aq) Lo 050,

| 0,834

0

Os

A

+4
0,45

[0Clg)?>~ —————— [0sCle*~

0,45

[OsBre]?~ —————— [OsBre|*~

+3 +3 +2

0,634

[Os(CN)g}3~ [Os(CN)g]*~

[Os(bipy)s]** _ 88 [Os(bipy)s)**

d-Bnok - I'pynna 9

Kucioasa cpena

+4 +3 +2

1,4 1,92 _0,282
Co0y —> Co3t — Co?t —> Co

HeiiTpanpuas cpena

+3

[CO(NH3)6]3+ 0,058

0,33

[Co(phen)3)*t —————— [Co(phen)3

0,57

[Co(ox)3)3~ —————>

Kucnas cpena

IMlenoynas cpela

0 +4 +3 +2 0

Co0, ~%7 Co(OH)3 222 Co(OHJ; > Co

+2

[CO(NH3)6]2+

]2+

[CO(OX)3]4—-

+3 0
Rh+ o Rh
HeitiTrpanbnasa cpena
+3 42
[Rh(CN)g]*~ ——=——> [RR(CN)g]*~

Kuncaasa cpena

+4 +3 0
Ir0, o2 (Ir*+) L0 Ir
| 08
mCle?- ——2% (1ol —22
[IrBrg)?~ o [IrBrg)3~
[IrTg)>" o (IrIg)?~
d-Bnok Tpymna 10
Kucnasa cpena
+4 +3 +2 0
NiO, 1,5 Niz+ —0,257 Ni
ITTenounas cpena
0,7 0,52 . -0,72
Ni0,)) ———— NiOOH ————— > Ni(OH); ———— > Ni
Heiirpanbuasa cpena
[Ni(NHa)g)?+ ——— Ni
Kncnasa cpena
+4 +2 0
PdO, 1,194 - P2t 0,915 Pd

[PACIg)>~ ——2T + [PdCL[- — > Pd

[PdBry)>~ —— > Pd

1) ®opMmyna TouHO He yCTaHOBJIEHA.

25. Heopras. xumuA, Tom 2
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d-Buiok - I'pynna 10 (npogomkeHnue)

IITenouynasa cpena

+4 +2 0

1,47 0,897
PdO, PdO Pd

Kucnasa cpesa
1,01 0,98

PtOz(1B.) PtO(1B.) ——————— > Pt
[PtClg)2 o [PtCly)2- —2=2 p¢
[PtBl‘G]Z_ 0631 [PtBl‘4]2— ————>~0’698 Pt
[Ptlg]2 0,329 (PLI,- 0,40 -
d-Bnoxk -« Tpynna 11
Kucnas cpenma
+2 . +1 0
Cu?t 0,159 Oyt 0,520 Cu
' 0,340 T
(Cu(NH3)4)?+ 0.10 + _~0.10
3)4*t ——— [CU(NHg)z] ———>Cu
1,12 —o,
Cu?t [Cu(CN)y )~ —2 oy
MMenounan cpena
CU(OH)2 0,14 Cu20 ﬂ__)_ Cu

Mpwnoxetine 2. CranpapTHble NOTEHLMANBI 387

d-Buok - I'pynna 11 (nmponosxenue)

Kucnaa cpena

+3 +2 +1 0
1,756
Ag;0s 1,715 AgO 1,802 Agh 0,799 Ag
Mlenounan cpena
Ag,0s 0,887 AgO 0,602 A0 0,343 Ag
0,373
[Ag(NH3)o]t ———— Ag
_ -031
[Ag(CN)o]~™ ————— Ag
Kwucnan cpena
+3 +1 0
AuyOs 1,20 Aut 1,69 Au
l 1,36
[AuCL)- —22%_ [AuCly- — 2
L 1,002
[AuBry|~ — o8 [AuBr,]~ 0,960
L 0,854
[AuLy) oo AR 0578
L 0,56
[Au(SCN)a)~ —>22 > [Au(SON),)~ — 222
| 0,636
~0,595
(Au(CN)2]~

IR*
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d-Baok - I'pynma 12

f-Buok - JIauTanuan!

Kucaaa cpena

Kucnaa cpena

+2 0 +4
—0,762
Zn%*t Zn
Cett
Illenounas cpena
Prt
~1,199
[Zn(OH)4)* Zn
Zn(OH), — 1248 Zn
Kuciasa cpena
—0,402
Cd?t Cd
IMMenouynana cpena
-0,824
Cd(OH)4(ts.) cd
Thit
Kucnaa cpena
+2 +1 0
0,854
Hg>* 0,9110 Hg%‘* 0,796 Hg
He,Cly 0,268
Hlenoynasa cpena
0,0977

HgO

Hg

+3 +2 0
Lt —2,38 L
a a
1,76 —2,34
Cedt Ce
3,2 poo+ ~2,35 Py
—2,32
| —26 —22 ¢
Nd3+ Nd2+ Nd
Pm3+ mkiky Pm
~2,30
| ~1,55 —2,67 ¢
Sm3+ Sm?2t Sm
~1,99
| 0,35 2,80 @
Eudt Eu?t Eu
~2,28
Gd3+ Gd
3,1 T+ —2,31 h
—2,20
Dy#+ — —25 Dy2+ 2,2 Dy
-2,33
Ho3+ Ho
Er3t —2.%2 Er
2,32
Tm3+ __.__-_223_.___). Tm2+ ;‘3_,. Tm
—2,22
' l X —28 ¢
Yh3t P Yh2t Yb
- 2,30 -
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f-Buok - AKTHHHIBI
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Kucaasa cpena

+6 +5 +4 +3

—1,47
-0, ~1,4 5,0 9 0,3
PaOOH?* Patt Pad3t Pa2t —— Pa
0,27 ~1,66
l 0,17 0,38 —0,52 l —4,7 -0,1
U053t ——— oy U4+ 34 U+ U
—1,38
0,94 1,79
‘ 1,24 0,64 0,15 ‘ —4,7 ~0,3
NpO3* ——— NpO} Npt Np** (Np*) —— Np
-1,30
1,03 —2,00
‘ 102 1,04 1,01 ~3,5 —1,2
PUO%+ —_— PuO'Zl' Putt Pudt (Pu2+) —— Pu
-1,25
1,68 —2,07
} 1,60 0,82 2,62 l -2,3 ~1,95
AmOjt ——— AmO} —— > A+ Am3+ (Am?*t) —— Am

f-Buok - AkTuHHOBI (IPOIO/IKEHHUE)

Kucaas cpena

+4 +3 +2 0

—2,06

‘ 3,7 -1,2 l

Cmtt —2 s Ot — (Cm?t) — Cm

—2,00

’ 80 -1,6 l

Bkt .ﬂ_> Bk3+ .__2’_> (Bk2+) — > Bk

—1,91
(Cr*) 32y 100 (cf2H) 200 L
—-1,98
(Es4+)i>Es3+ 1,58 (Es2+) —2.2 Es




Mpunoxenne 3
TABNNLBbI XAPAKTEPOB

[TpuBeeHb! TAOIHIBI XaPaKTEPOB A1 HauboJIee YacTO BCTPEYAIOIINXCA B HEOPraHU-
qecKol XMMITH TOYedHbIX TPy cuMMeTpun. Kask1as u3 Hux 06o3HaueHa CHMBOIOM
o cucmeme Hlengauca (nanpumep, Cay). TouedqHbie IPYIIIBI, OTHOCAIMECA K KPH-
cTastorpadpuuecKuM TOUEUHBIM IPyTnaM, 0G03Ha4EHBl TAK®Ke CHMBOJIOM IO MEHC-
dynapodrot cucmeme (cucreme lepmana-Morena; Hanpumep, 2/m). B nocneanem
ciTydae YUCIIO 1 0603HAMAET OCh N-I0 NOPAIKa, & 6yKBa 1M — IUIOCKOCTD 3¢PKaJIbHOTO
orpaxennus. Kocast 4epra 03Ha4aeT, 9TO INIOCKOCTb 38PKAJIBLHOTO OTPAaXKCHUA PACIIo-
JI0YeHa [IepIIeHAUKYIAPHO OCH cuMmerpud. Jepra Hagl 0603HAMEHHEM OCH O3HAYAELT,
4TO 3TO MHBepcHOHHaA och. CrpaBa B TabnULaX IOKa3aHBl THIIH CUMMETPUHA p- U
d-opburanett. Tak, B rpynne Cay py-opbuTaib (pacronox«eHa BAOJb OCH T) UMEET
cumMeTpuio Thna By, ®ynkuum z, y, 2 TakXkKe ONHCHIBAIOT npeobpa3oBaHUA TPaHC-
AAIER ¥ SMEKTPHYCCKOro JunoibHoro moMenta. Habopnr (pyHKUMit, OTBedalOIne
BBIPOYK/IEHHBIM TIPE/ICTABIIEHAAM (HAPUMED, T U Y, KOTOPble BMECTE COOTBETCTEY-
ot E B rpymne Cs,), 3akmodens! B ckobku. [ToBOpoTH! obo3nadensl cuMBOJIOM R.
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T'pymnet C;, Cs, C;

Ci | E h=1 Cs=Ch | E oy h=2
(1) (m)
A f1 A 1 1|=zyR  zhy? 2oy
A" 1 -1|zR, Ry, yzz2z

C_'i = 82 FE 1 h=2
(1)
A.g ]' ]' Rz,Ry,Rz x2)y2’z27zy’ zx’ yz
A, 1 -1|=zy2
I'pynnw C,
Co | E C, h=2
(2)
A |1 1| 2R, z?, 92, 2%, 1y
B |1 -1}zy£R;Ry yz2x
03 E C3 Cg = exp(27ri/3) h=3
(3)
A1l 1 1 2, R, z? + 32, 22
B 1 € e* R R 2 9

1 c* € (‘7"’ y)( T y) (‘7" -y ,a:y)(yz,zrl:)
Cy | F Cy Ca C};j h=4
4)
A |1 1 1 1 | zR, z? 4+ 2, 22
B 1 -1 1 -1 22—y, zy
o 1 i -1 —i

D T @uRaR) (wre)

Cav E Cy ozz) ol(yz) h=4
(2mm)

A 1 1 1 1] = z2, 92, 22
A, 1 1 -1 -11| R, Ty

B 1 -1 1 -1} z,R, 2z

B, 1 -1 -1 1iy,Be  yz
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Cs | E 2C, 3oy h=6

(3m)

Ay 1 1 1}z z? +y?, 22

Ay |1 1 ~1| R,

E 2 -1 0| (z,y)(Rz, Ry) (2? - y?, zy)(2z, y2)

Cuy E 20y C, 20, 209 h=28

(4mm)

Ay 1 1 1 1 1|z z2 492, 22

As 1 1 1 -1 -1|R,

B, 1 -1 1 1 -1 z% -y

B, 1 -1 1 -1 1 yz

E 2 0 -2 0 0| (z,9)(Rz, Ry) (zz,y2)

Cso | E 205 202 50, h=10, a=T72°

Ay |1 1 1 1|z z? + 4%, 2%

A, |11 1 ~1| R,

Eq 2 2cosa  2cos2a 0| (z,y)(Rs, Ry) 27,92

E; |2 2cos2a 2cosa 0 (% — %, zy)

Cev E 2Cs 2C3 Cy 30, 30g h=12

(6mm)

Ay 1 1 1 1 1 1]z z? + 9%, 22
A, 1 1 1 1 -1 -1 R,

B, 1 -1 1 -1 1 -1

B, 1 -1 1 -1 -1 1

E, 2 1 -1 =2 0 0| (z,y)(Rg, Ry) (2z,yz2)
E, 2 -1 -1 2 0 0 (z* — 4, 7y)
COOV E CZ 2Cgp Ty h = 00

A (TH | 1 1 1 1|2 z? + 32, 22
Ay (E7) |1 1 1 -1 | R,

E. () |1 -2 2cos 0| (z,¥)(Rs, Ry)  zz,yz

E; (A) 2 2 2cos2¢p 0 (zy, 7% — y?)
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T'pymnser D,
Do E Ciz) Caoly) Caz) h=4
(222)
A 1 1 1 1 z?, %, 2
B; 1 1 -1 -1 | z,R, Ty
B, 1 -1 1 -1|y R, 2T
B3 1 -1 -1 1|z R, Yz
D3 | E 2C; 3C, h=26
(32)
Ay 1 1 1 22 442, 22
Ay 1 1 -1} 2R,
E 2 -1 0 (z,y)(Rz’Ry) (zZ _y27zy)(zzvy2)
Tpynne Dy,
Dy, E Cy(z) Cy(y) Cafz) i o(zy) o(zz) o(yz) h=28
(mmm)
Ag 1 1 1 11 1 1 1 22,92, 2
Big 1 1 -1 -1 1 1 -1 -1 |R, zy
Bog 1 -1 1 -1 1 -1 1 -1|R, zz
Bag 1 -1 -1 1 1 -1 -1 1| R, yz
A, 1 1 1 1 -1 -1 -1 -1
Biu 1 1 -1 -1 -1 -1 1 1]z
Bou 1 -1 1 -1 -1 1 -1 1|y
Bs, 1 -1 -1 1 -1 1 1 -1z
123}1 E 203 302 Oh 253 30’V h=12
(6m2)
Y 1 1 1 1 1 1 z? + 4y, 22
5 1 1 — 1 1 -1 | R,
E 2 -1 0 2 -1 0| (z,v) (2% - y?, 2y)
AY 1 1 1 -1 -1 -1
5 1 1 -1 -1 -1 1]z
E" 2 -1 0 -2 1 0| (Rs, Ry) (2z,y2)
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Dyn E 2Cy Cy 2C) QCé' 1 254 on 20y 204 h=16

(4/mmm

Aig 1 1.1 1 1 1 1 1 1 1 7%+ y?, 22

Age 1 1 1 -1 -1 1 1 1 -1 -1|R,

Big 1 -1 1 1 -1 1-1 1 1 -1 7?2 —y?

Bog 1 -1 1 -1 1 1 -1 1 -1 1 Ty

Eg 2 0 -2 0 0 2 0-2 0 0] (RgRy) (21,92)

A, 1 1 1 1 1 -1 -1-1 -1 -1

Ajy 1 1 1 -1 -1 -1 -1-1 1 1]z

B 1 -1 1 1 -1 -1 1 -1 -1 1

By 1 -1 1 -1 1 -1 1 -1 1 -1

Eu 2 0 -2 0 0-2 0 2 0 0] (z,v)

Dsn | E 2Cs 202 5C; on 2Ss 258 S50, h=20, a=172°
111 1 I 1 1 1 1 2492, 20
5111 1 -1 1 1 1 -1 1| R,

" 12 2cosa 2cos2a 0 2 2cosa 2cos2a 0 | (x,7)
’ |2 2cos2a 2cosa 0 2 2cos2a 2cosa 0 (= — y*, zy)
Y111 1 1 -1 -1 -1 -1
5111 1 -1 -1 -1 -1 1| =z
E! |2 2cosa 2cos2a 0 —2 —2cosa —2cos2a O | (RaRy) (zz,y2)
7 |2 2cos2a 2cosa 0 -2 —2cos2a —2cosa O

Dsh E 205 2C3 Cz 305 3051 ’i 283 286 Oh 30’d 30’v h = 24
(6/mmm)

Asg 1 1 1 1 1 1 1 1 1 1 11 o+ 42,2

Aog 1 1 1 1 -1-1 1 1 1 1 -1 -11{R;

Big 1 -1 1-1 1-1 1 -1 1 -1 1 -1
Bog 1 -1 1 -1-1 1 1 -1 1 -1 -1 1
Eig 2 1 -1-2 0 0 2 1 —1-2 0 0] (RsRy) (22,9y2)
Esq 2 -1-1 2 0 0 2 -1-1 2 0 0 (z* —v*,zy)
A, 1 1 1 1 1 1-1 -1 -1 -1 -1-1
Aay 1 1 1 1-1-1-1-1-1-1 1 1}z
B 1 -1 1 -1 1-1-1 1 -1 1 -1 1
Boy 1 -1 1 -1 -1 1 -1 1 -1 1 1 -1
Ewn 2 1-1-2 0 0-2 -1 1 2 0 0] (z9)

Ezu 2 -1 -1 2 0 0-2 1 1-2 0 0
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Deon E 2C,, 2C, it o0ogy 2S5, h =00
A (ZH |1 1 1 1 1 1 22,22 4 y2
A, EH |1 -1 1 -1 1 -1 z
Ay () |1 -1 1 1 -1 1 R,
A (7)) | 1 1 1 -1 -1 -1
Eig(Ilg) {2 0 2cosp 2 0  —2cosp | (RgRy) (27,y2)
Ei,(,) |2 0 2cosp -2 0 2cosp | (z,y)
Eoy (Ag) |2 0 2cos2p 2 0 2co0s2p (zy,z? — y?)
Eow (Ay) |2 0 2cos2p -2 0 —2cos2¢p
Tpyoner D,y
.D_2d = Vd E 254 Cz QCé 20’d h= 8
(42m)
Ay 1 1 1 1 1 z? +y2, 2*
+y%z
A, 1 1 1 -1 -1 R,
B; 1 -1 1 1 -1 z? — y?
B, 1 -1 1 -1 1|z Ty
E 2 0 ~2 0 0| (z,9)(Re, Ry) (zz,y2)
.D_3d E 203 302 i 255 30’d h=12
(3m)
A |1 1 1 1 1 1 z?+y?, 22
Ay | 1 1 -1 1 1 -1|R,
E, 2 -1 0 2 -1 0| (Rs,Ry) (22 — 42 zy) (27, y2)
Ay 1 1 1 -1 -1 -1
Agy, 1 1 -1 -1 -1 1]z
E, 2 -1 0 -2 1 01 (z,9)
D4d E 283 204 2588 Cz 406 40’d h=16
A |1 1 1 11 11 z? + 9%, 2
A, 1 1 1 1 1 -1 -1| R,
B: 1 -1 1 -1 1 1 -1
B» 1 -1 1 -1 1 -1 11z
E, 2 V2 0 —v2 -2 0 0| (z,9)
E; | 2 0 -2 0 2 0 0 (22 — y%, zy)
Es | 2 -2 0 V2 -2 0 0| (R, Ry) (22,y2)
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Ky6uueckue rpynnsl

Ta E 8Cs 3Cy 654 6og h=24
(43m)
Al 1 1 1 1 1 7% + 42, 22
1 1 1 -1 -1
22 2 -1 2 0 0 (222 — 22 — 2,32 — y?)
Ty 3 0 -1 1 —-1| (Rs, Ry, R:)
T 3 0 -1 -1 1 (z,y,z) (Iy,yZ,ZI)
On E 8C36C26C43C2 ¢ 654 856 30 604 h =48
{m3m) :
A |1 1 1 1 1 1 1 1 1 1 iyt 4z
A 1 1 -1-1 1 1-1 1 1-1 ,
E2g 2-1 0 0 2 2 0-1 2 0 (22% — 2® — 4%, 2% — ¢?)
T |3 0 -1 1 -1 3 1 0—1—1|(RsRyR:)
Tog 3 0 1 -1-1 3-1 0-1 1 (zy,yz, 23)
A 11 1 1 1-1-1-1-1-1
Agy 1 1-1-1 1-11-1-1 1
Ey 2-1 0 0 2-2 0 1-2 0
Ty 3 0-1 1-1-3-1 0 1 1]|(z,4,2)
T2y 3 0 1-1-1-3 1 0 0-1

Mxocasapuyeckas rpynna

I | E 12Cs 1202 20Cs 15C: h = 60 !
A1 1 1 1 1 2+ y? + 2
T 10+v5) La-v5) 0 -1 (z,9,2)

e . (Re. By, R2)
Tz | 3 3(1-V5) 3(1+V5) 0 -1
G 4 -1 -1 1 0 . .
H 5 0 0 -1 1 (22 —z* —y5,

m? - yz, TY,YZ, ZCB)

Hononnurensuyio nudopmaiytio cM. B [Atkins P. W., Child M. S, Phillips C. S. G. Tables for group
theory. Oxford University Press, 1970)].

Npunoxxenune 4

CVUMMETPU3OBAHHbIE
OPBUNTANN

B 1abun. I14.1 npusenensr kiaccp CHMMETPUA $-, p- U d-Op6HTANel NeHTPaibHOro
aToMa B MosieKyse AB;, 111 HeKOTOPBIX ToYednbIX rpynm. B 6onpmmnncrBe cnyyaes
OCb Z — rIaBHasA OCh MOJIEKYJIBI; B rpyme Ca, OCh T PAaCIONOMKeHa HepHeH UKy JIAp-
HO TIJIOCKOCTH MOJIEKYJIBI.

Ha npusenennnix nasee AHarpamMMax opbuTaiell IOKa3aHH JHHEHHbE KOMOUHA-
L{H aTOMHBIX opbuTanell nepudbepHAnbIX aTOMOE Monekyn AB,, nannod Toveqnont
rpynnet. B Tom ciyuae, ecin npusesen sun CBEpXY, To4Ka, 0603HaYalomas IeH-
TPAMBHBIN aTOM, PACTOJIOXKEHA MM B [UIOCKOCTH CTPAHHIbI (nns rpynn D), umm
HaJl TIOCKOCTBIO (A7 COOTBETCTBYIOIUX T'PYIIH C). Paanu4unsle ¢a3bl aTOMHBIX
opbutanett (+ umm — aMILTATYBI) 0603HaYeHbl BeToM. Eciu CymecTByeT 6075~
Iasd pa3sHULA B BeIMYMHAX BKJIAJOB PA3NMYHBIX opbHTalelt B JaHHYI0 KOMOUHa-
10, ATOMHBIE OPOUTANN HAPHCOBAHBI KPYIIHO HJIM MEJIKO, YTOOB IPEACTABUTh HUX
OTHOCUTENILHDBIA BKJIaJ B JIMHEHble KOMOHHAIMH. B cllyuae BBIDOMICHHBIX TUHEH-
HbIX KoMOuHamuit (06o3nadennnx 6yksamu E u T) mobas nuneftnas HesaBUCHMAs
KOM6MHALINA BHPOXK ACHHON APl TAKYKE UMEeT COOTBETCTBYOMYI0 cuMMerpuio. Ha
TpaKTUKe 3TH Pas/UIHbIe JTMHEHHBle KOMOMHAUNN BBITIAAAT TaK JKe, KAk TIpHBeE-
ACHHDIC 31ECh, OIHAKO HX y3/bl IOBEPHYTHI Ha IIPOU3BOIBHBIN yron BOKDPYT OCH 2.
Monekynsapuse op6uranu 06pa3yloTcs NpU coueranun opGUTATe UEHTPAJILHOTO
aToMa (KaK B Tabn. IT4.1) ¢ nUHEHHBIME KOMOMHALEAME Toft 3Ke CHMMETDHH.

Tabnuuya N4.1

Dooch Cov Dsn Csy Dsy Cay Dsy Csy Dey Csv Ty On

8 a A1 All A1 Alg A1 All A1 A]g A1 A] Alg
Pz s Bi E E E, E 1 Ei En E Ty Tp
Py m B, E E E. E i1 Ei En Ei Ty Ty
jo o At A7 Ap Ay Ay A AL Ay A, Ty Ty
dzz o A1 Il A1 A]g A1 /1 A1 Alg A1 E Eg

dm2—y2 (5 A] E’ E Blg B1 ’2 E2 EZg E2 E Eg

dzy i) A, E E By B 2 Ea Ep E; Ty Ty
dyz ks Bz E” E Eg E Elll E1 Elg E] T2 ng
s = Bt E' E E E Ef E Eg E T, Ty
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Doonn Cav D3, Csy Dy, Cyy Dsy, Csy

Alg Al

ke

g
b
>

Ao Ao Ay A,
Big Bl'%. Ei E %é) :% ).
/
ou By ‘_"_O E E Q{%O
Agu Al%% Elll
Al Ag A1
Ey E B

26. HeopraH, xumus. Tom 2
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[NMpunnoxxeHune 5

ONATPAMMBI
TAHABE-CYTIAHO

B stoM npusoxkennu cobpanbl auarpamMMbel Tanabe—CyraHo 1Jia OKTa3ApHYeCKUX
KOMILZIEKCOB C 3JIEKTPOHHBIMY KOHMUrypamuamu ot d2 go d. JluarpamMMsl, onvcan-
HBbIE B pa3f. 13.3, IOKa3bIBAIOT 3aBUCUMOCTD SHEPTUU TEPMOB OT CHJIBI IOJISA JIUTAH-
oB. Dueprun Tepmos E Brpaxkensl B Buze orHomenus E/B, rne B — napamerp
Paka, a mapaMeTp pacIerIeHUs TIoJIeM JIMTaHIOB BbIpaykeH KaK oTHomeHue A,/ B.
TepMb! Pa3In4HON MYJIBTHINIETHOCTH [PUBEIEHB! Ha OXHOU AMAarpamme; IPU STOM
napaMmerp C BeIGupaeTca 0cobbiM 06pa30M M yKa3aH Ha KaXKJol Juarpame. JHep-
CHIO TepMa BCerJa OTCYUTBIBAIOT OT CAMOTO HHU3KOIO IO SHEPrUH TepMa, MOITOMY
11 KoHdurypanuh d* — d® mpu 3aMeHne BBICOKOCIMHOBOTO T€PMa HU3KOCTHHOBBIM
IIpY JOCTATOYHO CUJIBHOM IIOJIe JIM[AHJOB Ha JuarpaMMax Hossiderca uajgoM. Bo-
Jiee TOTO, IPABMJIO HemepecedeHnsd TpedyeT, YToObI TePMbl OIMHAKOBOKW CUMMeTpUH
CMeIIMUBANNCh, a He IePeceKalliCh; UMEHHO M3-3a 3TOrO CMeINeHMs B psale Cllyda-
eB NpAMBIe JIMHUH OpeBpamalorcs B Kpusble. O603HadeHNs TePMOB COOTBETCTBYIOT
Toyeyno#t rpynme Oy.

Takue IuarpaMMbl ObLIH BUepBble npexacrasieHs! B paGote [Tanabe Y.,
Sugano S., J. Phys. Soc. Japan, 9, 753 (1954)]. FIx Mo>XHO MCHIOJIB30BATH JJIA OIpe-
flesieHNs mapaMeTpoB A, U B U3 SKCIepUMeHTaJIbHBIX 3Ha4YeHu# suepruit Habmona-
eMBIX Tepexofoe. Y Hao6opoT, ecM mapaMeTphl IOJIA JIMTAHJOB W3BECTHB!, MOXHO
IpeJCKA3ATH MepeXoAbl MOJIA JUTAH]IOB.
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1. d?, C = 4,42B

3. d%, C = 4,61B

MNpunoxenve 5. Auarpammbr Tanabe—Cyrano
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OTBETHbI

rMABA 1

Bonpocsl
1.1 §2Br+n — §1Br+ ~.
1.2 3p.

1.3 [lonofHUTeNbHLI P-3/IeKTPOH Pa3MeIaeTcst Ha Apyroi (p) opbuTau, nosTomy
HCHBITHIBACT MEHbIIee OTTAIKUBAHYE U B MeHbIIe! CTeNeHH IKPAHUPYET AMpO.

1.4 Ni: [Ar]3d®4s?, Ni?*: [Ar]3d®.

1.5 IIpu ABwkeHuM BHU3 MO IPyIIle aTOMHBIA PafMyC YBeJUYMBAeTCH, a MepBas
SHeprus HOHM3aUUN OOBIYHO yMeHbINAeTCH.

1.6 B atome N Bce p-opbuTaiy OJHOKPATHO 3aHATHI, TIOITOMY JOTIOIHUTEbHbIH
9MEeKTPOH BBIHYJKJIEH UATH Ha HAMOJOBMHY 3AI0JIHEHHYIO OpBUTaJb, YTO CO-
OPSAXKEHO ¢ yBelIuyeHNeM JIEKTPOH-3IeKTPOHHOTO OTTAJIKMBAHUS.

YnparkHeHus

1.1 a) YN+ 35He >0 +1p++;6) 2C+1p - BN+ ;
B) 4N+ Jn — 12C + 3H.
1.2 2ZNe+4a — Mg + n.

1.3 IIpokourpomupyiite cebs, 3arasuys Ha dop3a,

1.4 0,25,

1.5 —13,2 sB.

1.6 Or0amon-—1.
1.7 n?

1.8 Cwu. puc. 1.9—1.14.
1.9 Cwm. tabn. 1.6. u o6cyxaenve Ha c. 50-52 (T. 1).

1.10 "3 Ttabx. 1.6 Buamo, uto Sr > Ba < Ra. Ra NPOABJIAET AHOMAJIbHHIE CBOKCTBA,
TaK KaK €ro Zsgg Bblllie 61arofaps JaHTAHUIHOMY CHKATHIO.

1.11 AxoMaNbHO BBICOKOE 3HAYEHUE s Cr CBA3aHO ¢ yCTOMYHBOCTBIO HAIOJIOBUHY
3aII0THEHHON d-060JI04KH.

1.12 a) [He]25?2p?; 6) [He]2522p%; B) [Ar4s?; 1) [Ar]3d'0; n) [Xe]4f145d106523p3;
e) [XeJdf145410652.

1.13 a) [Ar]3d'%s% 6) [Ar]3d%; s) [Ar]3d%; r) [Arj3d% m) [Ar]3dS; e) [Af);
x) [Ar]3d!4s; 3) [Xe]df7.

L.14 a) [Xel4f'45d%652; 6) [Kr|4dS; 5) [Xe]4fS; 1) [Xel4f7; n) [Ar]; e) [Kr]dd®.

1.15 a) I} ysenuuusaercs IPY JBMXKEHUH BJOJIb NEPUOa, KPOMe TOHMXKEHUS IS
S; 6) F, ysenmunBaercst, 38 HCKJIIOYCHHEM Mg (3anmonneHHas nono6oI04Ka),
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P (nanonoeuny samnonseHHas nono6onouka) u Ar (HOJHOCTBIO 3amoHeHHAS
obosouka).

1.16 Paguycel Metannos d-6710Ka mepuosos 4 u 5 odeHb GIM3KH M3-3a JIAHTAHUI-
HOTO C3KATHUA.

1.17 x MOHOTOHHO yBeNMYUBAETCS AJA GOJBINMHCTBA MCIOB3YEMBIX IIKAL. Hasa
Xy AHOMAaJbHblE 3HAYEHUs | KOMIEHCHPYIOTCA TAKOBBIMHU Iis F,.

1.18 252 u 2p°.

1.19 3a HEKOTOPBIMH MCKJIIOYeHUAMH, OOBIUYHO CBA3AHHBIMHU C HAIIOJIOBUHY M MOJI-
HOCTBIO 3alOJHEeHHBIMY ToAo60M04KaMy, | U X yBEeIHYUBAIOTCA, & T YMeHb-
maeTcd NpY JBMXKEHUH BIOJIb NEePHOIa.

NTABA 2

Bonpocb!

2.1 ry =((3/2)Y2 - 1)r = 0,225r.
2.2 2.

2.3 6.

2.4 6.

2.5 2421 x/Tx/Monn

2.6 2,63 MIx/Monp

2.7 T(paznoxenus): MgSO4 < CaSO4 < SrSO4 < BaSO,.
2.8 NaClOy,.

YnpaxxHeHus

2.1 Ilnormeitmue ymakoBkn: a), 6), r), 1).
2.2 Hcnone3yiiTe B Ka4ecTBe pyKOBOACTBa puc. 2.2.

2.3 a)Cwm. T 1,c. 65, 68, 71-73, 6) nosuMopdbu3M: anMa3 ¥ rpaduT; IOJTUTHIBL
4YaCTO BCTPEYAIOTCA B CIOUCTHIX COEAMHEHUAX, TAKUX KaK TaS,.

2.4 Ilnorreitmas ynakoska aTromos W, B KoTopo#t C 3aHEMaeT OKTa3ApHYECKHE
IYCTOTHL.

2.5 a) CTpykTypa KaMeHHO} COMM OTHOCHTCA K THry (6 : 6), CTPYKTYpa XJ0pHAa
ue3us — (8 : 8); 6) xynopux ne3us.

2.6 a)Re: K4 6, O: KY 2; 6) neposckur.

2.7 Karuoner: rpynnst 1 u 2 (kpome Be); anuonsr: rpymma 17/VII u kucnopoa.
2.8 a) 6:6; 6) 12; B) ucnons3yiiTe B KayecTse PYKOBOACTBA pHc. 2.3-2.5.

2.9 a)8:8;6)6.

2.10 a) Kaxoro no onsomy; 6) KaskKA0ro OO YeThIpe.
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2.11 Wcnons3yd puc. 2.16, uMefite B BUAY, 9TO nepudepuiiHble aTOMBI IPAHALTIE-
;KaT ellle ¥ COCEJHAM AYEHKaM.

2.12 Wenonsayitte puc. 2.17 1 paccy>JIeHUs NPEAbIIYIEro OTBETA.
2.13 Crpykrypa dunoopura (CaFy).
2.14 r(Cat) =1,08 A, 7(St?7) = 1,19 A, r(Ba®) = 1,38 A, r(Mg?t) = 0,80 A.

2.15 a) 6 : 6; 6) 6 : 6; B) 6 : 6; r) 6 : 6 wm 4 : 4. Manenvkuit aToM Be moxer
IPUBOIMTH K 0GPA30BAHMIO KOBAJIEHTHOH CTPYKTYDBI THIIA (4:4).

2.16 a) 2,4 MJIx/Moup; 6) Gosplias Bropas SHEPIUA HOHU3ALMA AT K.
2.17 6)

2.18 a) MgCOg3; 6) Csl;.
2.19 a) MgSOy; 6) NaBFy.

< B) < a) B COOTBETCTBHM C Pa3MePOM H 3apA/IOM.

rNABA 3
Bonpocbi
3.1 C|PC|

:Cl:
32 . T . T

/N | A /N\

of Yoo Bl o

3.3 +1/2, +5.
3.4 24 x/Tx/Monb
3.5 Jluneiinas.
3.6 S37: 1022023021 i2rd; Cly: S5 4oy
3.7 Amnanormaso puc. 3.24 ¢ opbuTansmu 3s u 3p aroma Cl cieBa u 2s 1 2p aToMa

O cmpasa.

3.8 Ecan oH comepuT 4 wiiM MeHblllee YHCJIO IJIEKTPOHOB.

3.9 0,7065.
YnpakHeHus
3.1 . - 6 . - -
Vige ] LT
‘Ge: Gl . tE:C..  — :E:C. "
s Vo G
O s et
. 20 . .0 . 0.
:0:C, ., — :0:C, | — 0=C._
e "o o)

3.2

3.3

3.4

3.5

3.6
3.7

3.8

3.9

3.10

3.11
3.12
3.13
3.14

3.15
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:Clt

:Q|:

r): 1) dopmasbHBIH 3apsil, 2) CTENEHb OKUCIIEHHUS, 3) HeT.

VELE O D
L Xe, RS B
JF. O .F. F..F. CUF

v el oL LT
CTe. "Gl gl
cLoch

a) ILnockuit TpeyrospHUK; 6) TPHIOHANbHAS MUPAMHIA; B) [EHTATOHATBHAS
bunupamMua.

PCIf Terpasppuueckuit; PCly oxTasmpuueckui.

a) 1,76 A; 6) 2,17 A; B) 2,21 A.

2(Si—0) =932 kIx > (Si=0) = 640 k/Ix, crenOBaTeNbHO, O6Pa30BAHHE
AByx cBasett Si—O npemnoururensree, u SiOy momkeH uMeTh 4 oAHHApPHBIE

cBas3u Si—O (Tax # ecTh B JeliCTBHTEIBHOCTH).

Jannble no sHTANBOMM cBA3edl (Tabn. 3.5) mokaswmaror, uTo 2N=N — Ny
AH® =~ 912 kI, 2P, — Py AH® ~ —238 x/[>)x. KpaTHble cBA3H HaMHOTO
OpovHee )i 3JIEMeHTOB 2-T'0 MepHoAa, YeM A 6oslee TAXKEIbIX 3JIeMEeHTOB.

—483 k/I>k — pa3/mune MeHbIIIe, 9eM 0XKHJIAJI0Ch, YTO CBA3AHO ¢ HETOYHOCTBIO
B OITpeJieJIEHUM SHEPTYH CBA3EH,

a) 0; 6) 205 x/Ix/Moub.

a) OnuH; 6) onuw; B) HeT; r) ABa.

a) 102202; 6) 10220317r3; B) lag2agl7r§30é; r) lag2ag3agl7rﬁ27rg.
a) 2; 6) 1; B) 2.

a) +0,5; 6) —0,5; B) +0,5.
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3.16 a) 4; 6)-B) 4 oY Weur
| oo-e-e
3.17 a)-B) 4
m 1s(H) - 1s(He) + 1s(H)
=
=
O @ v
M
1s(H) + 1s(He) + 1s(H)
r) BoamorxHo, cTabu/leH B H30IMPOBAHHOM COCTOSHHH (TOJIBKO CBA3bIBAIONIAS
opbuTasb 3aloyHeHa); HecTaOWiieH B pacTBOpe, IIOTOMY YTO PacTBOPHTENb
obnanaeTr 6GGIBIIMM CPOIACTBOM K IIPOTOHY, YeM rejuii.
3.18 1.
3.19 B3MO — uckmountensao F, HCMOQO — rnasubsiM o6pasom S.
3.20 a) DuexTporoAedUIUTHLIN; 6) 37T€KTPOHOU3OBITOMHBIIL.
3.21 a) NHj; 6) BHa; ) NHj.
3.22 a) Cpasuure puc. 3.49 ana Meramios ¢ puc. 3.57 I NOJYNPOBOJHUKOB;
6) AJs MeTaloB TPOBOJMMOCTD yMEHbINAETCA He3HAuUTeNbHO ¢ pocToM T
JUIA TIOJIYHIPOBOJHUKOB CHJIbHO BO3PACTaeT ¢ pocrtoM T B) Ans U30JIATOPOB
HOPOBOAMMOCTD MEHbIIIe, HO XapaKTep TEMIIEPATYPHOM 3aBICUMOCTH TAKOl Xe.
3.23 a) n; 6) p; B) HU N, HU P.
3.24 3,55 3B.
3.25 n.
3.26 n.
3.27 518 um.
3.28 665.
FNABA 4
Bonpochui
4.1 Yersipe TakuxX OCH, KaXKJas HANpPaBjeHa 1o cpasu N—H.
4.2 a) Day; 6) Ty.
4.3 Her

Ovsetbl 413

4.4 Jla (Ho xBe xupanbHble GOPMBI BHICTPO NPEBPAINAIOTCS JPYT B APYTa).

4.5 TpexkpaTHoe BBIPOXKAEHUE.

4.6 By,
4.7 A;.
4.8 [la.

4.9 CuM. nepBy0 CTPOKy B TabauLe xapakTepos rpymmbl Doy,
4.10 Ty,

YnpaxxHeHus

4.1 a) Ocpb C3 npoxomur 4epes aToM N u 1iedTp TpeyroiabHuka Hsz, Tpu mnocko-
CTH 0, npoxofdaT depe3 atoM N u omun u3 aromoB H; 6) oce Cy npoxomur
Yyepe3 aTOM IIJIATUHBI HNePIeHANKYJISAPHO [JIOCKOCTH KOMILJIEKCA, O}, JIEXKHT B
IVIOCKOCTH KOMILJIEKCA.

4.2 1) CO,, CHy; 2) SO;~.
4.3 a) Cs;6) Dap; 8) Ty; v) Coov; 1) Cr; ) T,
4.4 a) 0oCp, 000, i; 6) Coo, 000; B) 30, 3Cs; 1) 0, Coo, 0003, So.

4.5 a) [Inockocts 0, nepneHnukynsapHas ocu Cy,, ¢, HECKOJBKO HEKOJJIMHEAPHbIX
oceti Cp; 6) a, r ¥ { MOTYT OBITH NOJIAPHBIMU.

4.6 a) OrcyrcTBue ameMeHTa CUMMeTpPHH Sy; 6) Tonbko SiFCIBrL.

4.7 Cay; 6) JBasKaBl BBIDOXKEHHAS; B) Py U Py (ocb C3 BIOMDB OCH 2 S0327).

a)
4.8 a) D3p; 6) nsaxkapl BEIPOXKAEHHAS; B) Py ¥ Py (ock Cs Baonb ocu z PFs).
a)

4.9 %(A,g) B,,)

6) D4h, O603Ha‘{eHPIﬂ TUIOB CHMMTpHH JAHbl B YaCTH a);
B) d2(A1g) ¥ dzy(Bag).
4.10 a) 5;6) 1.

4.11 a) Takux Het; 6) E’.

4.12 A,, By, Bs.

FNMABA 5

Bonpocsi

5.1 Kucsora/conpsxenHoe ocmosamme: a) HNO3/NO3; 6) Hy;O/OH™;
8) HoS/HS™.

5.2 [Na(OH,)s]* < [Mn(OHa)e)2+ < [Ni(OHz)s]2+ < [Sc(OHz)e]?+.

5.3 3uauenus pK,, paccuuTanHble no npasunaM Iloauxra: a) 3; 6) 8; ) 13.
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5.4 Bomuniit pactBop ammuaxa ocaxaaer TiO,, KoTophlii B HaJdbHEHIIEM PACTBO-
pserca B NaOH.

5.5 Kucnora/ocnosanue: a) FeClz/Cl™; 6) I;/17; B) Mn(CO);/SnCly.
5.6 Mouexyna (H3Si)sN rpuronansro-nnockas; (HzC)sN — nupamunanscuas.
5.7 Amomocunukatel: Rb, Cr, Sr; cynedbuner Cd, Pb, Pd.

5.8 AroMm B koopmunuposan x O; nupamMunanbubiit pparment CoOB,

YnpaxHeHus

5.1 CuMBoNBI 3JleMeHTOR cM. Ha dop3ane; KUCIOTHOCTS U OCHOBHOCTD Ha PHC. 5.4.
5.2 [Co(NHj3)5(OH)J?+, SO?,_, CH30—, HPOi‘, [Si(OH)30]~, §2-.

5.3 CsH;NH*, HoPO;, OH™, CH3CO,HZ, HCo(CO)4, HCN.

54 I~ < F~ < HS™ < NHj.

5.5 a) CiaMukoM CuMbHBIE B BOJE: 02‘; cmamkom crabere: ClOy, NO3's nmero-
1mpe U3MepAeMyo ocrosHocTb: COZ™; 6) (B H2SOy) cmumkom cabee: ClO ;
HMEIOHIe H3MEPAEMYIO OCHOBHOCTD! NO3 , HSO; .

5.6 CN — akuenTop 371€KTPOHHOHN NJIOTHOCTH.
5.7 Ilo npaBusam Ilonunra pK, = 13.
5.8 HSIO;~ < HPO;~ < HSO; < HCIO,.

5.9 a) [Fe(OHg)g|>*, 6omee Bricokmit &; 6) [Al(OHy)s]®t, Gomee BoIcOKmit &;
B) Si(OH)4, Gonee Beicokuit &; r) HCIO, (6osee BhicOKast cTeNeHb OKUCTEHUS
wii cM. npasuna [Tomnara); 1) HMnOy (Gosee BhIcOKast cTeneHb OKUCIEHUA);
e) HySOy4 (Gonee BblcOKas cTeneHb OKUCIIEHUA UK cM. npasuila Ilonuara).

5.10 Cl,07 < SO3 < COy < B303 < Al,O3 < BaO.

5.11 NHj3 < CH3GeH; < H4S104 < HSO] < H3Ot < HSOsF.
5.12 Agt.

5.13 Ilonmuanmonsr: As, B, Si, Mo; monuokcokaruonsr: Al, Ti, Cu.
5.14 YwmeHblienve Ha eJUHUILY.

5.15 4PO;~ +8H+ — P4O%; + 4H,0,
2[Fe(OH,)g]**+ — [(H20)4Fe(u-OH),Fe(OHy)4)*t + 2H30.

5.16 a) HsPO4 + HPO}™ — 2H,POj;6) CO2 + CaCOj3 + HyO — Ca2t + 2HCO; .

5.17 CM. CHMBOJIBL 3JIEMEHTOB Ha, dopaane; kuciaorer JIvouca: BF3, AlCls, ramo-
rennast M(I) wnu M(III) Ga, In, TI; ranoremuaer M(IV) Si, Ge, Sn; PbCly;
ranoreruast M(V) P, Sb, As; BiCls; auokcuner S, Se, Te; Bra, I, IF7.

5.18 Kucnorsr: a) SO3; 6) Hg?*; B) SnCly; r) SbFs; 1) Bonopoasas cBasb.
5.19 a) BBr3, BCl3, B(x-Bu)s; 6) MesN, 4-CHzCsHyN.
5.20 K > 1: 6), r).
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5.21 BHj cBazsan ¢ P, BF3 cBazan ¢ N,
5.22 CrepudecKoe OTTAIKHBAHUE,

5.23 a) IMCO 6Gonee cuibHOE OCHOBAHHME 1O OTHONIEHHIO K YKECTKUM U MATKUM
xucnoTaM. 6) SMe; Gosee cuIBHOE OCHOBAHUE IO OTHOMIEHUIO K MATKUM KHC-

JotaM, gyem JIMCO.
5.24 SiO, + 4HF — 2H,0 + SiFy.
5.25 AlyS; + 3Ho0 — AlyO3 + 3H,S.

5.26 a), 6) XKecTkuit pacTBOpHUTEb, 0GPA3YIOHUH BOTOPOLHYIO CBA3D; B) KECTKUM

AoHop, nanpumep H3O; r) Gomee msarxoe ocHoBanme, yeMm Cl™, BOo3MOXHO,
PR3

5.27 If n Sed MMCIPONOPHUOHMPYIOT MM KOOPIMHUPYIOTCH K OCHOBaHUSAM; SQ‘
Pb9 JUCHOPOIOPIHOHUPYIOT WJIM KOOPAMHUPYIOTCA K KHCIOTaM.

5.28 Kucnorasie ueHTpht AlyO3 xoopaunupyior Cl-.

5.29 HgS obpa3opana MATKHM OCHOBAHUEM M MATKOH KUCIOTOM, ZnQ — yKeCTKUM
OCHOBAHHEM H KECTKOHU KUCJIOTOMN.

5.30 a) EtOH + HF — EtOHJ + F~; 6) NH3 + HF — NH} + F~;
8) PhCOOH + HF = PhCOO~ + H,F+.

5.31 O6a.

5.32 XKecTkue.

5.33 SiOy cunbgee,

5.34 0%~ —ocnosanue, 5202~ — kucora.

5.35 AsFs — Tpuronamnsbno-6unupamugansaas  (Day); Ang-—oxTa.aApnqecxnﬂ
(On); Csy 1 Doy,

rABA 6

Bonpocbi

6.1 Beime ~1750°C.

6.2 Jla; E° paa peakuun ¢ Cl™ aumb He3Ha9UTeNbHO BHICOJEH (peaklUus HAeT
O4eHb MeJUIeHHO).

6.3 0,85 B.
6.4 Her
6.5 Het

6.6 Oxkucienne geficteuem Oy u HyO npeppamator 8 HeSOy4.
6.7 1,43 B.

6.8 TI* pacronoxen B Muanmyme (NE° = —0,34 B), TI>* —B camoit BbICOKO#
Touke (NE° = 42,19 B).
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6.9 Mn?t.
6.10 3HaunTesIbHO CHUJIbHEEe B KUCJIOM PacTBOpe.
6.11 O6napyxenue Fe(Il) sHauuTeNbHO BeposATHee.

6.12 ITorenmuan Ni(en)3t /Ni 6onee orpunaTenshbiit (MeHee 61aronpUATHBIN).

VnpaxHeHus

6.1 Brime 1400°C.

6.2 Bojee BblcoKoe nepeHanpsi>keHue aias obpasoBanusa Og BeneicTsme Hoitee
CJIOXKHOIO MEXaHU3Ma PeaKIuH.

6.3 IlomxoadaT ¢ TepMOAMHAMMYECKON TOYKH 3peHHUs B KucsoM pactsope: a) HCIO,
a-PbOs ut 1.;6) Fe, Zn u t. x;; B) Al, Fe, Znu T a.; r) 10 ke, 4TO ¥ B
OyHKTE B).

6.4 a) 4Cr?* 4 Oy +4H* — 4Cr*t + 2H0;

6) 4Fe?t 4 Oy + 4H' — 4Fe*t + 2H,0;

r) peakius He uzeT; 1) 2Zn + O + 4Ht — 2Zn?* + 2H,0.

6)

B), T

6.5 a) 4Fe?t 4 Og + 4H* — 4Fe®* + 2H,0;
6)
B)

6) 4Rut 4 Oy + 4H+ — 4Rut + 2H,0 wu/u 3Ru?* — Ru(ts.) + 2Rut;
3HCIO; + HoO — Cl03 + 2HCIO + H™ (3aTeM ANCIPONOPUHOHUPOBAHHE
Cl03) HCIO2 + Oy — ClO3; (MennenHo u3-3a neperanpsikesus 1s Og);
r) peaknus He UJET.

6.6 a) E=E°— (0,059 B/4)[lgpg, + 4pH]; 6) E = E° — (0,059 B/6)(6 pH).

6.7 na CrO;": AG° = +31,8 xkIx/monb, K = 2,7- 1078 nna [Cu(NHs),)*:
AG® = 49,65 kI /mons, K = 2,0 - 1072, HecMoTpsa Ha 61M30CTh 3HAYEHHM
E°, sHauenua AG°® n K pasinyaiorcs BCJIEACTBUE PA3HBIX 7.

6.8 a) Jducoponopnuonuposanue: Cly + 20H™ — Cl™ + CIO™ -+ H,0;
6) AUCIIPONIOPIMOHMPOBAHUE B OY€Hb MaJOl CTEneHH; B) B KHUCJBIX PacTBO-
pax — KMHeTHYecKue (paKTOphl, B IIEJIOYHBIX — TePMOJNHAMMYECKHE,

6.9 a) 5N20 +20H™ — 2NO§ + 4Ny + Hy0;
6) Zn + I3 — Zn?* + 317; B) 31, + 5CI0; + 3H,0 — 6105 + 5C1~ + 6H*.

6.10 [lobasnenve kucioter (noumxkenne pH) a) ne cocobersyer; 6) cnocobersyer;
B) He COCOGCTBYeT; T) He OKa3bIBAET BO3NeHCTBHS.

6.11 a) ITepenoc aToMa; 6) BHemHechepHBIH NEPEHOC SNEKTPOHA; B) MHOTOCTYIIEH-
HaThI MeXaHU3M.

6.12 +1,39 B, 2C10; + 16H* + 14~ — Cl, + 8H,0.
6.13 5,7 10%.

6.14 a) Fey03; 6) Mn,O3; 8) HSOj] .

6.15 ~ — 0,1 B.

6.16 IloTeHupas MeHee MOJIOKUTENbHBIIN.
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6.17 Fe?t /Fe(OH)y; Fe?t /Fe(OH)s.

6.18 Ecim npu nobapienud guragia OIPOUCXOAUT U3MeHEHHe MOTeHNMala BOCCTa-
HOBJIEHHS, 9TO YKa3bIBaeT Ha 0O6pa30BaHHE KOMILJIEKCA.

6.19 COy mommxkaer pH Boab M cIOCOGCTBYET OKUCIEHUIO.

rMABA 7

Bonpocsbi

7.1 A— mpanc-uzomep, B — yuc-uzomep.

7.2 a) yue-[Pt(H20)2Cly); 6) [Cr(NH;3)2(NCS)4]~; B) [Rh(en)s]?+.

7.3 DTu KoMIIeKCH u306parkeHbl Ha cxeMax 39a un 396 (3amenuts Co Ha Cr).
7.4 Tombko a).

7.5 t3.el.

7.6 Cm. obcyxienue puc. 7.12.

7.7 Pazmiune B obnactu 6-8 9B MOXHO CBA3aTh C OTCYTCTBHEM d-3JIEKTPOHOB y

Mg(IT).

7.8 BozpactaHve sHeprud cTabuiIM3allddl NONEM JIMTAHJNOB IIPU Iepexofe OT
BBICOKO- K HHU3KOCIIHHOBOMY KOMILJIEKCY.

YnpaxHeHua

7.1 CwMm. nosoxkeHue 1eMeHTOB B Tabiule Ha (popsale; TeTpadApUYecKHe KOM-
TJTeKcH ¢ Tanorenu-vonamu: Fe?t, Co?t, Ni%t, Cu?t w Zn?*

7.2 a) Rht, Ir*, Ni2*, Pd?+, Pt2+, Au®t; 6) PtCl3—, Pt(NHs)3", Ni(CN);™.

7.3 a) COm. cxemsr 10 n 11; 6) Tpuromansmas mnpuama; B) [Cr(OHg)el**,
[CO(NH3)6]3+, [Fe(CN)6]4‘.

7.4 a) TeTpakapGonmnnukenn(0), TeTpasqpudecKult; 6) TerpanuanonukenaT(2—),
KBa,/IPATHBI; B) TeTPaXIopOKO6anbTaT(2—); T') reKCaaMMUHHHUKENb(2+).

7.5 a) Cm. cxeMy 34; 6) cM. cTpyKTypHYy10 dopMyry ox?~, Taba. 7.1 u puc. 7.7;
B), T) CM, IepedeHb JUTaHJOB B Taba. 7.1.

)T

7.6 a) Cwm. puc. 7.1; 6) cm. cxemy 12; B) [NCAgCN]~.
a)
)

7.7 [CO(NHs)sCl]CIQ, )[Fe OH2 G]N03, [uuc Ru(en) Clg]

r) [Cra(NHa)s(-OH)|Cl;.

7.8 a) yuc-HuxnoporerpaaMMuaxpoM(-+1);
6) mparc-TeTpau3oLHaHATORMAMMUHXPOM(—1);
B) okcanaTobuc(sTueHMamuH)KobaapT(I1T).
7.9 a) yuc u mparc; 6) KBaAPaTHEIH ¢ anKuIhOCHUHOBBIMY TPYIINAMY B MPaHC-
TOJIOXKEHHUAX; B) OJMH U30Mep; I') ABa U30Mepa; A) TP H30Mepa.

27 . HoopraH. Xumua. Tom 2
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7.10 mpanc-Xaopokapborunbuc(rpudenundocdun)uppuauii(l);
xJopoauxapbonuntuc(rpudennnbocdun)uppuunii(l);
ruapuaouKapbonuntuc(rpudennndocdun)uppuaait(l).

7.11 XupaibHbL a), I'), 1).

7.12 Pososeiit [Co(NH3)5(OHy)]Cls, xsopun nenraammunaxsakobasta(ITT); myp-
nypusiit [Co(NH3)5Cl|Cly, xnopua xiaoponenraammunrobansta(I1T).

7.13 ®nonerosbiit [Cr(OH,)6|Cls; senensiit [Cr(OHz)sCl|Cly; 06a kommiekca ok-
Ta3IPHIECKHE.

7.14 mpanc-Jnammusnunaksamiaruaa(Il), kBagparHbri.

7.15 [Pt(NH3)4|[PtCly]  rerpaxnopomnarnmar(Il)  rerpaammumnmarunsi(Il);
[Pt(NH3)4|[NO3]2, nurpar TerpaammurnnaTunsi(Il); Aga[PtCly], Terpaxso-
pomarusar(II) cepebpa(l).

7.16 O6a kBanpaTHble; (3-H30Mep — mpaHc, a APYrol — yuc.

7.17 Jluranael PX3 9KBUBaJICHTHBI B KasK10M U30Mepe, OHAKO XAMUYECKHUE CIBHIU
B M30MEPaX Pa3/MYHBL (B M30MEPAX PA3JIHYAETCA BJIMSHHUE sAEPHBIX CINHOB
31P npyr Ha mpyra).

7.18 a) Cnektp SIMP *'P npusenen ma puc. 7.17; SIMP 13C nokaxer majmune
JBYX 9KBUBAJICHTHHIX Juramyios CO mius yuc-u3oMepa ¥ JByX HEeSKBHBAJIEHT-
HBIX B CIIy4ae mpaHC-N30Mepa.
6) Hna ankundochrHOBOro JHraHaa B aKCHAJIBHOM IIOJIOMKEHUH Oyner Ha-
fimonarbes UMb OJMH XUMUYECKHH CABAT B creKrpe S'P u omus Xumuue-
ckuit capur B cnekrpe FAMP 13C; mepacuiensennsii xuMuueckuit capur A
cnekTpa Ha sapax *'P B mpanc-uzoMmepe, HO ABa PASHBIX XUMAYECKNX CIBHTA
(cooTHOmIEHNE METeHCHBHOCTeN muKOB 1 : 2) B cmekTpe SIMP 13C.

7.19 B cBaA3bIBAOMYI0 OPGUTAND BHOCAT BKJAJ C ONWHAKOBBIMH 3HAKAME JABE Op-
buranmu Po n Ptd,:, a B paspeixisiomeit opbuTatu 3HaKu opburaneit Po u
Ptd.» mporusononoxHs.

7.20 z())nlf;)et%g, 2,445 6) t3.€2, 0,4A,; B) 135 2005 T) 135, 1,200; €) €32, 0,6A,;
e i, U;

7.21 Her; H~ — cusbHbIi O-JOHOP, I KOTOPOTO OTCYTCTBYIOT T-B3aHMO-
neitcrenst; PPhy — o-norop u m-aknenrop.

7.22 a) 0; 6) 4,9; B) 1,7; 1) 3,9; 1) 0; e) 4,9; X)) 0.

7.23 CoorsercTBenHo HKEJITBIN, PO30BLIT U CHHUIA.

7.24 Cwm. puc. 7.12 1 noscrenns K HEMY:

7.25 KoMIleKe ¢ Mepx/opaT-HoHaMu: KBaapaTHbH (dezy dyz)H(dzy)?(d;2)?, nua-
MATHATHBIN; KOMIUIEKC ¢ THOLMAHAT-HOHAMHM MPUOGIH3HTENHHO OKTA3ApUYe-
cknit 1§ e? ¢ HecmapeHHBIMH 3/eKTPOHAMY HA eg-Op6uTay.

7.26 UckarkeHHBI# OKTasapuyuecKuit.
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7.27 B BO3GYKAEHHOM COCTOSIHHM MOH HCKAXKEH BCJIENICTBHE apdexTa Ha-
Tennepa.
7.28 JlucconpaTUBHBIA MEXAHU3M.

7.29 CKOpOCTb ACCONMATHBHOTO MPOLECCa 33BMCUT OT IPHPOAbI BXOAAIIErO
JUraHa Hd, CJIENOBATEJBHO, He HABJAETCA XaPaKTEPUCTHKOH KOMILIEKCA

[M(OHz)s]™*.

rMABA 8

Bonpocbi

8.1 a) Ca(ts.) + Ha(r.) — CaHz(ts.); 6) NHs(r.) + BF3(r.) — H3N—BF;3(1B.);
) LiOH(te.) + Ha(r.) — HeT peakuum.

8.2 Et3SnH + CH3Br — Et3SnCHj3 + HBr.

8.3 H3B—OR; + H,C=CH; — CH;CH:2BH; + ORa,
BHZ + CHgCH=CH2 — CH3CH2CH2BH§, BHZ + NHZ — Hy + HgB_NHg.

YnpaxxseHna

8.1 a) H(+1), S(=2); 6) K(+1), H(—1); 8) Re(+7), H(-1); r) H(+1), S(+6),
0(=2); m) H(+1), P(+1), O(-2).

8.2 B npoMBINLJIEHHOCTH HPH BbICOKON TeMm(a)pa.TyfI(_aI: CH4 + H,0 — CO + 3Hy;

; 2H,0 — CO3 + 2.

gojjag)igr:pgp? 21'1—;15I 22)6(11—:1{0; remneparype: 2HCl+ Zn — ZnCly + Ho;
NaH + CH3;0H — NaOCHj; + Ho.

8.3 a) Cm. puc. 8.2; 6) cm. Tabi. 8.6; B) rpynmet 13, 14 u ¢ 15 1o 17.

8.4 a)l'uapun 6apnusa — MOHHBIN THAPHI, 6) cunan — “3]IeKTPOHOTOYHOE" MOJIEKY-
JApHOE COe/IUHEHNE; B) aMMHAK — JIEKTPOHON3OBITOMHOE MOJIEKYIAPHOE €O
enuHenue; T) apcul nogoben NHg; 1) THAPUA DajlIajas — MeTaJIononoOHbI#
THZIDHL; €) HOJOBOTOPO — JIEKTPOHOU3OBITOUHOE COeNMHEHNE.

8.5 a) BaH, + 2H,0 — 2H; -+ Ba(OH)y; 6) HI + NH3 — NH4[;

8) PdH, -2 PdH,_s + (§/2)Hz; r) NH; + BMeg — H3NBMes.

8.6 Teepapie Bemectsa: BaHy, PdHg o; uaKocTe# HET; rassl: SiH,, NH3, AsHs,
HI; PdH, — npoBoAHHUK 3JIEKTpU4eCTBa.

8.7 HySe— yrnosas, Cay; PoHg — xaxx st aToM P uMmeeT nHpaMUJaIbHOE OKPY-
sxenue, Cy; H3O1 — nupamunanbustit, Csy .

8.8 6).

8.9 MesSnH, ciabas ca3p Sn—H.

8.10 a) Hz0 < H2S < H2Se; 6) HaSe < HaS < HoO.

27
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8.11 IIpsimoe B3ammoneitcrsue: Pd + $Hy = PdH;

1)
2) mporonuposanue comn: NaCl + HpSO4 — HCI + NaHSOy;
3) peaxnust obmena: 4BCl; + 3LiAlH4 — 2ByHg + LiAICly.

8.12 a) CaSe + HCl(aq) — CaCly + H2Se; 6) SiCly + LiAlD4 — SiD4 + LiAlCly;
B) 2GeMeyCly + LiAlH, — 2G6M62H2 + LlAlCl4,
r) Si+ 2HCl — SiH,Cly (4 apyrue xnopcunanst), 25iH,Cly = SiHy + SiCly.

)
8.13 1) Her; BoHg + 30, — B2O3 + 3H0; 2) em. gonosnsenue 8.1.
8.14 BH; < AlHy > GaHj ; AIH] — camplil CHILHKIN BOCCTaHOBUTEb.

8.15 a) 2NaBH, + 2H3P04 — 2NaHPO, + BoHg; BoHg + thf — 2H;B-thf;
H3B-thf + 3C,Hy — 3BEty + thf;
6) BH3-thf(cMm. Bomme) + EtzN — EtsNBH3 + thf wim
NaBH,4 + EthH+Br_ — EtsNBH3; + Ho + NaBr.

8.16 Si+ 2Cl; — SiCly (neperonka); SiCly + 2H, — Si + 4HCI.

8.17 T'mapuant 3,1eMeHTOB 2-T0 lepHoJa JeTydH 3a uckmodernem BeHo; cpequ ru-
puzoB saemenToB 3-ro nepuona Cals u AlH; Benerydue, octannHbie — nery-
ane. ['uapuapr s1eMeHTOB 2-T0 MepuoAa B IENOM TEPMOAMHAMHMUECKH 6oJlee
ycroitaussl (BoHg o cpaBrenuto ¢ AlHj sBastercst HCKJIIOYEHHEM ).

8.18 Kiarpat, B KOTOPOM aTOM KDHIITOHA 3aK/JI0YeH B KAPKAC M3 MOJIEKYJ BOJBL,
yAepxRUBaOIIMXCA Mex Ay coboif TOCpeACTBOM BOMOPOIHBIX CBA3El.

8.19 CM. puc. 8.6.

FABA 9

Bonpocbl

9.1 a) 2.2.2-kpunrang, Nat < Rbt < K+, 6) edta, Fe3* > Cu?t.
9.2 V(V), VOF.

9.3 ResClg(PPhs)s, Tpeyromsruk Res ¢ MOCTUKOBBIMY U KoHIeBbIMM aToMamu Cl
u ofnoit rpynmno#t PPh; v kasaoro atoma Re.

9.4 Croncras cTpykTypa o c1abpim BaHIEPBAAJIbCOBRIM B3aUMOJIEHCTBHEM MEXK LY
CJIOAMH,

9.5 a) (Me)2SAICI; + GaBrg — MeySGaBrj + AlCI, (Ga — S msrkutt/mMarkuit);
6) 2TICl3 + CH,0 + HyO — 2TICL 4 CO, + 4H* + 4C1-.

9.6 UO3", koTopmiit cozepxunt U(VI).

YnpaxxHeHus

9.1 Tposeprre cefst o dopsamy; a) yMeHLIIAIOTCS BRA3 M0 rpymnne; 6) yBenuqu-
BAIOTCSl BHU3 110 T'PYIIIE; B) yBEINIUBAIOTCS BBEPX 110 IPyTIMe.

9.2 a) Mg?* (6ombmee coorromenue g/r); 6) St; B) K+.

9.3

9.4
9.5

9.6

9.7

9.8

9.9

9.10

9.11

9.12

9.13

9.14

9.15
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a) CaFy: K4 8 (xy6), MoSy: K4 6 (Tpuronansras npusma); 6) Cdlp — cio-
uctas cTpykrypa, MoCly comepxkut knacrepet Mog; B) BeO: koopaunanms
(4 : 4), CaO: koopaunanusi (6 : 6); r) aumep Moo, CBA3AHHBIN AETATHHIMU MO~
cTukamu (27); nentpaabbiit arom O OKpysKeH deThpbMs HoHamu Be?t (5).

Cwm. dopzar; C: Sr3t, Titt, V8+; O: Cr, Mn; N: Fe, Co, Ni, Cu, Zn.

Onementsl d-610Ka: Go/lee BLICOKME CTEMEHU OKMCJIEHHsS! 0OJiee YCTONIMBBI,
31eMeHTsI p-Os10Ka: Hosiee BBICOKUE CTEIeHH OKUCICHUS MeHee YCTONYUBDI; CM.
[IPUJIOXKEHME 2.

a) Cr*t + Fe3t — Cr¥* + Fe?* (coenumenust co CTeNeHbIO OKUCIEHHsS 3le-
MeHTa +2 6oslee yCTONYUBLI 1151 JIEMEHTOB TPaBoll 9acTu d-psija);

6) 2CrOf™ 4+ 2MoO; + 20H™ — Cry03 + 2MoQ;~ + HoO  (ycroitauBocTs
COCIMHEHHI 9JIEMEHTOB B BBICUIEH CTEIEHM OKUCJIEHHs YBEJIUYHUBAETCA BHU3
1O Ipylrne);

B) 6MnO; + 10Cr**+ + 11H,0 — 6Mn?+ 4 5Cr, 03~ + 22H* (ycro#tuusocts
COeJIUHEHUT 37IEMEHTO3 ¢ MAKCHMAJIbHON CTENEHDbI0 OKUCIEHUST YMEHbIIACTCS
cJleBa HAIpaBo M0 psiay 3d-3J1eMeHTOB).

a) Ni?*; 6) “markocTs” UOHOB MeTANIOB B OMHAKOBOH  CTeme-

HH OKHUCJICHUST YBECJIWYUHUBACTCI CJEBa HanpaBO TIIO pALy d-SJ'IeMeHTOB;
B) Ni2* + H,S — NiS + 2H*.

a) IIposepsre 1o dopsany; 6) or TiF a0 NiFg; B) Sc, Y u mantanugw, Zr u
Hf, Nb u Ta, Mo u W, Tc u Re; npumepom cayxut MogClya.

yue-[Ru'LCI(OHo)|* + OH™ — yuc-[Ru'LCI(OH)]* 4 Hy0 + e~ (e~ aom-
#eH ObITb MepeHecen Ha 3JEKTPOJ, KOTODBIA MOUIePKUBACT MOTEHIUAN CU-
crembl). Bostee BhiCOKUe cTeleHu OKUCaeHUs cocOBCTBYIOT KUCTOTHOCTH ) TaK,
uoH [Fe(OHz)6]** — 6onee cunpHas kucnora, uem [Fe(OHy)g)t.

a) Peakuus se uzer; 6) 6MOOZ_ + 10H* — [MogQO19)%~ + 5H50;
B) 3ReCls + 2MnO; + 8H,0 — 3ReO] + 2MnO, + 16HT;
I‘) 6MoCl; + 2HCI] + 2H,0 — [HgO]Q[MOsCIM].

mpanc-OkTasapudeckoe; yuc-okrasapudeckoe (d°), mpamc-oKTAPUIECKOE
(d?), xBaapaTHO-MUPAMUAAILHOE.

Wonnoe unu norpanugnoe: Nilp; uonnnie: NbCly, FeFs; 6onee xopanenTHoe:
PtS; cBass M—M ectb B WCls.

a) 2TiO + 6HCl — 2T*+ + Hy + 2H,0 + 6C1—;
6) Ce*t + Fe?t — Fedt 4 Cet;

B) 2RbgO2 + 14H,0O — 18Rb™* 4 180H~ + 5Ho;
I‘) 2Na + 2CH30H — 2Na(OCH3) + Ho,.

7462, nopsanok cesizu pasen 4; 6) o2w452, nopsamok cBA3U paBeH 4;
74626*27*20*2, nopanok ceasu papeH 0.

I~

0.2
0.2
a) Zn(NHy), + 2NH} — Zn(NHs)2t;

)
B)
)
6) Zn(NHs)o + 2KNH, — [Zn(NHz)4]2~ + 2K,
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9.16

9.17

9.18
9.19

9.20
9.21

9.22

OTeeThl N

a) Hg?* +Cd — Hg + Cd**; 6) TI** + Ga — Tl+ Ga®*; B) peakuus me
uaeT.

a) MakcuMaJTbHas CTeNeHb OKMCJIEHUS 1S 3/1eMeHTOB 13-11 rpyInbl paBHa +3;
33 UCKJIIOYEHHEM COEIMHEHHU CO CBA3BIO dJIeMeHT—3/IeMeHT THIIa Blong , CTe-
NeHb OKHUCIeHUs +3 Gosee ycroldauBa A1s Jerkux anementos (B, Al), ycroit-
qMBOCTL CTeleHu oKucjennms +-1 ysenuuusaercs oT Ga k Tl Ananoruyno B
14-# rpynne JJ1st 6osiee JerKUX 371eMeHTOB Donee ycTOMUIHMBaA CTelleHb OKHCIIe-
Hus +4 (KpoMe CoeuHeHHH, UMEIOIUX CBA3b 3JIEMEHT-3JIEMEHT), a +2 Hau-
Gosee ycTofiuuBa A CBHHIIA.

6) 1) Sn?* + PbO, + 4H* — Sn** + Pb2+ + 2H,0;

2) TI¥* + Al — AP+ 4 TI; 3) 3Int — In3* 4 3In;

4) 25n%t 4+ Oy + 4H* — 2Sn*t + 2H,0; 5) peaknus He mier.

1) 1,32 B; 2) 2,40 B; 3) 0,32 B; 4) 1,08 B; 5) —0,02 B.

a) 2Ln(te.) + 6H* — 2Ln3* + 3Hy; 6) cocTostHME CO CTEMEHDIO OKUCTEHU +3
Hamuoro 6os1ee ycToM4uBO; B) uepuit (+4), eBponuit (42).

Ce(I03)4 u EuSO,4 menee pacTBopuMbl, YeM com Ln3t ¢ sTumMu annonamu.

Cum. puc. 9.33; 9°Sr u 144Ce uMeroT BBICOKMH BBIXOZ U IPEJCTABJISIOT CEpbe3-
HYIO OIACHOCTbD.

AnekTpoHHAas IJIOTHOCTDL 4 f-opOUTalell He3HAUYUTENLHA HA YPOBHE HMOHHBIX
paguycoB JanTaEuaoB. 5f-Opbutanu Gonee NMoABEpKEHBI AEACTBUIO JIMTAH-
JIOB.

MABA 10

Bonpocsi

10.1

10.2

10.3
104
10.5
10.6

10.7

10.8

a) BCl3 + 3EtOH — B(OEt); + 3HCI, npotonus;

6) BCl3 4 NCsHs — Cl3sBNC5Hs, kucaora — ocHoBaue JIbtonca;

B) BBr3 4 F3sBNMes — Br;BNMes + BF3, kucnotnocts mnmo  JIbioucy
BF3 < BBr;.

3NMeH, + 3BCI3 — M62N3B3013 4 6HCI.
MegN3B3Cl3 + 3MgMeBr — Me3gN3BsMes + 3MgBrClL.

7 IIap CKeJIeTHBIX 3JICKTPOHOB.
8 map CKeJeTHBIX 1eKTPOHOB, Hudo-cTpyKTypa (cM. Taba. 10.4).
2[B10H13]_ + AlbMeg — 2[B10H11A1Me]_ + 4CHy.

1,2-B1gC2H 19 4 2LiBu — 1,2-B19CoHgLis + 2C4H;g.
1,2-B19CoHgLig + 25iMeyCly —» 1,2-B1002H10(SiM€201)2 + 2LiCl.
a) DJIeKTPOHDI J06ABIAIOTCS Ha T-OpOUTATH,

6) 3/eKTPOHBI yAANA0TCA C T-OPGUTAJIEN.

1B3CO 4+ 2MnQOy — 13C02 + Mn, Q5.
13CO; + LiBMesH — Li[*3CHO,] + BMeg.

10.9

10.10
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HMukoygeckuit non SigOTy (¢ onHMM MocTHKOBBIM atomoM O Mexay Kak-
Joif Tmapoit aToMoB Si M JByMs KoHIeBhIMH aTomamu O y xaxgoro Si)
4814t — 16+, 120%~ — 24—, nostomy n = 8.

Oparment Ha puc. 10.29,a umeeT 24 BepmuHbl, 103TOMY 0ofIIee YHCIO aTo-
moB Si u Al pasro 24.

Vnpa>kHeHnst

10.1

10.2

10.3

10.4

10.5

10.6

10.7
10.8

10.9

10.10

10.11

10.12

IIposepsre 10 hopzarry;
a) B 13-# rpynme Meraisl ot Al mo Tl, B 14-# rpymnme metainsl Sn n Pb;
6) B 14-it rpynne — ot C ao Sn; B) HauGosbiee CPOACTBO K KHCIOPOay y B,

Al C, Si.

Cpasaurre ¢ puc. 10.2; aBa atoMa 60opa SIBJAAIOTCA caMbIMM OIM3KUMH K Ha-
HmoaaTenio B 3TO OpHEHTALlH.

B203 + 3Mg — 2B + 3MgO; SiO2 + 2C — Si + 2C0O;

GeOy + Hy — Ge + 2H,0.

Xota yriepon u aBasercs Hanbosee JeUIEBBIM BOCCTAHOBUTEJIEM, JJIA [1PO-
u3BoACcTBa Si TpebyeTcs HCMOJIb30OBaHMe AYroBOi Teud, W noaydeHue Ge,
BO3MOXKHO, fABJsAeTCA Haubosee 3¢hheKTUBHBIM.

SiF4 < BF3 < BCl3 < AlCls;
1) F4SiNMej 4 BF3 — F3BNMejs + SiFy;
2) F3BNMej + BClz — CI3BNMe; + BF3; 3) peakuus se ujer.

BCl; + Hg — ByCly + HgCly (anexrputdeckuit paspsn);
BQCI4 + CQH4 — CIQBCHQCHQBCIQ,
3C1,BCH,CH,BCl, + 4AsF3 — 3F,BCH,CH,BF, + 4AsCl;.

B: K4 3 wm 4; C: K4 3; Si: K4 4; oryacTy 310 onpejensiercd pa3MepaMu
nenTpasbHoro atoMa: C < B « Si, a Taksxke kparHocTsio cBssu B BO u CO.

BgHg: nudo-6opan 6osee crabuien, sem aparho (BgHiz).

a) 2BsHg(x.) + 1202(r.) — 5B203(rB.) + 9H20(r.);
6) teepaniit BoO3 Gymer ocaknaThcs BHYTDH JBUraTells.

a) BigH14 sBnseTca nudo-Gopanom;
6) 12 map CKeJIETHHIX 3JIEKTPOHOB.

CM. cunre3 %£4030-B1gCoHig Ha c. 543 (1. 1); 3aTem paciieruienue oz aei-
cTBUEM OcHOBaEMA U peakius ¢ FeCls.

a) DekcaroHaJbHOE PACIIOJIOXKEHUE ATOMOB B IUIOCKOCTH CJI0eB; aToMm B Ha-
xomures Haz atomoM N B cocenaux cnosix BN, a B rpadure arombr C co-
CENHUX CJI0EB PACIIONOXKEHBI cO cMelneHneM; 6) rpadut pearupyer ¢ Na u
Brs, a BN — Her; B) 60ablnas pa3HALA B HEPTHAX MEXIY B3MO— HCMO
HE CIIOCOOCTBYET HU OTAaY€, HU IIPUHATUIO 3JEKTPOHOB.

a) 3PhNH; + 3BCl3 — Ph3N3B3Cl; + 6HCJ;
6) PhsN3B3Cls + 3NaBH4 — Ph3N3B3sHs 4+ 3NaBH;ClL.
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10.13 Cseprrech ¢ Tabn. 10.4 u crpykTypoit 24.
10.14 B2Hg < BsHg < B1gHy4.

10.15 a) Eg: C > Si> Sn =~ 0; BN > AIP > GaAs; 6) yeesuuusaeTcs;
B) 0 = g¢ exp|E,/2kT) nosromy o aus AlP, umelomero Gosbinee 3HaueHUe
Eg4, cuibHee 3aBUCHT OT TeMIMEepaTyphl.

10.16 CsepnTechk ¢ puc. 10.24.

10.17 a) I'padur + K(am) — KCs (am — pactBop B ammuake); 6) narpesanue C c
meavio puBoaut K CuCsy; B) K(r) + Ceo — KgCep.

10.18 Carka — IMIMeHT B KP3CKaX, aKTHBUPOBAHHBIA yTOJIb — a1COPOEHT, CUINKa-
reab — aacopbeHT, aMopdHBIE KpeMHUA HCIOAL3YIOT B (hOTO3/1eMEHTaX U
COJIHEYHBLIX HaTapsx.

10.19 a) 1) B —xecTkuit, moaynpoBogsuK, Al — KoBKHit MeTaT; 2) amMa3 TBepiKe
KPeMHHUs U UMeeT OGIbIIyIO0 Bemdauny Eg;
6) COy — nuneitnas MosieKyJ1a, npu oObraHbIX T' U p 370 ra3; Si0q, — TBepIoe
BEIl[eCTBO, KPeMHUI HAXOAUTC B NEHTPE TeTpasipa U3 aTOMOB KHCIO0POJA;
B) CX4 He orHOCUTCA K 06BI9HBIM KucjaoTaMm JIbonca; SiCly — crabas Kucio-
ta JIbtouca; v) BX3 — mosekynspuble Bemecrsa aia X = F, ClL, Br, I; AlX; —
TBepIble BEUIECTBA C Pa3IUIHBIMH HEMOJIEKYISIDHBIMU CTPYKTYPaMH, MOJe-
Kynsl AlClg u AlyBrg B HEKOOpAMHUPYIOMIUX PACTBOPUTEJIAX.

10.20 K»CO3 + 2HCI — 2KCl1 4+ H,0 + CO».
Na,SiO4 + 2H*T — 2Na't + SiOy - HyO (cusmkares).

10.21 2Kageur — jiMHeHHble Heny (SiOg")n; KaOJIMHUT — CJIONUCTHIN, cM. puc. 10.27.
B o6onx BemecTBax KpeMHUI 9eTHIPEXKOOPAMHALHOHEH.

10.22 a) 48 mocrukoBbIx atomos O; 6) cm. puc. 10.29.

10.23 Cwm. puc. 10.28, ciou (2 : 1) cocroar us rerpasapos SiOy4, okTasapos AlOg
1 TeTpasapos Si0y4; B MHpodUIIIUTE CJIOM HEXTPANbHDIe; B MyCKOBHTE — 3a-
PsXKEHHDIE, yIepKUBaOTCs BMecTe noHamu KT; myckoBut Gosee xpynkuit.

FMABA 11
Bonpoco!

11.1 B coorsercTBuM ¢ Moneanio ODIBO TPEXKOODAMHALMOHHLIN aToM Bi MoxkeT
UMETh OZIHY HEINOENEHHYIO TIapy.

11.2 Cepa (rpymnna 16/VI) nomxna GhiTh 60/€e CHIBHLIM OKHCIUTENEM, HeM dboc-
dop (rpynma 15/V), NnockosbKy 9/IeKTpOOTPHLATENBHOCTb yBeIHIHBAETC
BMECT€ C HOMEPOM TpyTIbL.

11.3 Peaxnus, HCTIOJIb3yeMad JJ1d CHHTE3a TMAPOKCUIIAaMUHA, B KOTOPOH B KA4eCTBE
TIPOMEXKYTOTHOTO nponykTa nomydaercs N(OH)(SO3)2, BO3ZMOXKHO, BKIIOYAET
craquio ataku HSO3 (meficrByer Kak ocHosarue JIntonca) Ha NOJ (meftcTBy-
€T KakK Kuciiora JIviouca). B To ke Bpems, Tak Kak ¢opMalbHas creneHb

OTseTht 425

OKucIeHns a3ora mersiercs ¢ +3 B NO, no +1 B N(OH)(SO3)2, sty peakiuro
MOXKHO MHTEePIIPETHPOBATH KaK OKHCIUTEIbHO-BOCCTAHOBUTEIIBHYIO.

11.4 TToaunuxnopdocdazen MoKHO MpeBpaTUTL B Apyro# noaudocdaseH Mo pe-
aKIMKM HYKJeo(hMJIBHOTO 3aMeleHusi. YpaBHeHHe Ha ¢. 605 (T. 1), BMecTo
C,F50~ Baars [Nat][N(CHs)5].

11.5 Br~ u Cl™ ABAAIOTCA NOTEHIUAIBHLIMUA KATAIM3aTOPAMHU.

11.6 a) SO3: cM. pezonancHble HOPMBI M3031eKTPOHHOTO HoHAa NOJ (cxema 6 Ha
c. 112), Dgp; 6) SOsF~: cMm. uzosaextponsniit vos X077~ B Tabn. 3.1, c. 110;
Cs,.

11.7 38 e~ (19 map), uCKII0YMB 9 PaJMAJIbHBIX HENOJENEHHBIX [ap, noaydaem 10

TTap CKeJIETHBIX JIEKTPOHOB, T. €. KA030-CTPYKTYPa, UTO COIVIACYETCH CO CXe-
Mo 38.

YnpaxkHeHus

11.1 TIpoeepste no dopaany; a), 6), B), r): Bi — MeTamiony, ocranbHabie — HeMe-
TaJIJIBL; BCE, 32 UCKJIIOYEHUEM KHCJIOPOa, MOTYT IPOABJIATh MAKCUMAIbLHYO
CTelleHb OKUCJIeHUA, COOTBETCTBYIOLIYIO HOMEPY TpyIinsl; y Bi Habmomaerca
CUMBHBIN 3¢ heKT HHEPTHON Maphl.

11.2 a) Bropoe ypasmenue (r. 1, c¢. 584), zarem P4+ 502 — PsO19 u
P4O10 + 6H,0 — 4H3POy; 6) nas npousBojcTBa ya00peHuit: iepBoe ypas-
Henue (1. 1, ¢. 584); B) Gosbinne sHEPreTHYIECKUE 3aTPATDI IPU NPOU3BOICTBE
Ps.

11.3 a) 6Li + No — 2LigN, LigN + 3H,O — 3LiOH + NHs; 6) 3H; + Ny, — NH;j;
B) BOZOPOJ JEIIEBNIE JIHTHS.

11.4 NCl3 ouenb meycroitaus, NCls me cymecrsyet, PCly u PCly ycroiiuubbr

11.5 a) Wou PCI} rerpasapuueckuit; 6) PCl; — “kagesn™; B) AsCl; — Tpurosasis-
Has GunupaMuia.

11.6 a), 6) cm. 11.2 a).

11.7 10 e™: Ny, [NOt], (CN7); 11 e™: [OF], (NO); 14e™: (037), [NoH{]. Hanbo-
Jlee CUJIBHBIN OKUC/IUTENb B KBaPATHBIX CKOOKaxX, Hanbojiee CHIbHOE OCHO-
BaHHe — B KPYTUIbIX.

11.8 a) CO3™;6) CO3™;B) C2037; 1) C3™; ) CHj.

11.9 a) 4NH3 + 705 — 6Hy0 + 2NO,, NOy + H,O — 2HNO3 + NO;
6) 2NOg + 20H~ — NO3 + NO3 + H,0;
B) NO; + 2HSOj; + H,0 — NH30H* + 28037,

NI‘I;;OH+ 4+ OH~ — NH,OH + HQO;

r) NaNH; + NoO — NaN3 + NaOH + NH3.

11.10 Py(rs.) + 502(r.) — P4O10(1B.); P4 He sBAgeTca Hanbomee cTabUILHON aJ1-
JIoTporHoR MoauduKalmett.
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11.11 IIposeprre mo pmc. 11.5; Bi(V) nerko BoccTaHaBIMBaeTcs; OKCO-POPMEI

Bi(IlI), P(III) m P(V) ropasmo meHee CKJIOHHB K OKHCIHTETBHO-
BOCCTAHOBUTEIBHBIM DEaKIHsAM.

11.12 BuicTpee: obpasyercs NOT — snekTpoduiabHas 9acTHIA, OOBIYHO MEXAHU3IM

peaKluK BKJIOYaeT aTaKy HykKiaeoduna aa NOT.

11.13 B ypaBHeHHe CKOPOCTH BXxoauT MuoxuTeab p(NO)3, mostomy mnpm muskom

napruanasHoM Jaenaennn NO CKopocTh OKHMCIEHHs MaJa.

11.14 a) PCl; + H,O — POCl; 4 2HCL; 6) PCls 4+ 8H,0 — 2H3PO,4 + 10HCI,

8) PCls + AICI; — [PCl4][AICL]; r) 3PCls 4+ 3NH4CI — N3P3Clg + 12HCL

11.15 H3PO, + Cu?t + H;O — H3PO4 + Cu + 3H+, E° = 40,839 B, H3PO, —

ITHPOKO HCHOJIb3y€MbIﬁ BOCCTAHOBUTEJIb.

11.16 a) +1,068 B; 6) Cr?t me sBisieTca XOPOUIMM KATATM3ATOPOM I/ PEAKIUHA

aucnponopuuonupoBanus HyoOs.

11.17 a) en; 6) en; B) BoamoxkHO, SO2; OCHOBHEIA pacTBOPUTENb COBMECTHM C AHU-

OHOM — cuJIbHBIM BoccTarosuTenem; Cdat Gymer aucnponopuuoHupoBaTh B
sTUIeHAMaMURe ¢ obpa3zosannem KoMmiaekca Cd?t ¢ en u Cd.

11.18 SO}~ (sywummit BoccTanopurens), SO, S202™ (ny4muit oKucaUTes),

11.19 a) Te(OH)g; SOF; 6) 66mbmmit o pasmepy Te(VI) yaepskusaer 66bimee

KOJIMYECTBO JIMTAHJOB W [POSBJISeT MeHee CHIIbHBIC KUCIOTHBIE CBOHCTBA,
B) B 15-i1 rpynne PO(OH); u Sb(OH)5 meMOHCTPHPYIOT Ty ke 3aKOHOMED-
HOCTb.

11.20 a) Kpazpar; 6) BosmoxHO, cTpyKTypa P4S3, (41).

FNABA 12

Bonpoco!

12.1

12.2
12.3
12.4
12.5

2

1 SO2, u Sn** BO3MOXKHBI ¢ TEPMOIMHAMUYECKON TOYKU 3DEHHUS, HO MPOLYK-
THl OKHCJIEHHSI TIEPBOTO JIErde OTAEJUTb OT IMOJIYYMBINNXCS BEIIECTB U cepa
HaMHOI'O JIEIIeBJIe 0JIOBA.

Mupamunannuas, Cs.
I3, IBry, Bry, neHTpasbHbIN ATOM TUIEpPBAJICHTHBLL.
B xuciwix pacteopax: Cly n Fy; Fy pearupyer 6bicrpee.

2Xe0F™ — XeO§™ + Xe + 0y, 2Xe02™ 4 2H,0 — 2Xe + 40H™ + 30,, ape
He3aBUCHMEBIE pcakKnouu (,IIHCHpOIIOpLUrIOHI/IpOBaHI/Ie KC€HaTa U OKHUCJIEHUE BO-

,H,I)I)’, HX COOTHOUIEHUE 3aBUCUT OT yC.HOBI/II‘;I.

YnpaxHeHns

12.1

Ceepbrech ¢ Tabu. 12.1, Fy ceeraniit xemro-senensiit, Cla KeJITO-3eIeHblH,
Bry Kopuanessit, I huoseToBBIN B napax uim B yrieBoJIOPOIHOM PaCcTBOPE;
61arOpOsIHBIE Ta3bl GEeClBETHBDI.

12.2

12.3

12.4

12.5

12.6

12.7
12.8
12.9

12,10
12.11
12,12

12.13
12.14

12.15

12.16
12.17
12.18

12.19

12.20

12.21

12.22

12.23
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Br, u I, okncIeHneM raJoreHuI0B XJ0poM B BoAHbIX pacTBopax; Cly snex-
TPOIM30M BOJHBIX PACTBOPOB XJIOPHIOB; Fo 371eKTposm30M HEBOAHBIX pac-
mnaBos dropugos. Cum. T. 1, ¢. 631-633.

Cgeprrech ¢ puc. 12.3; Cly + OH™ — HCIO + CI™.

(%) (X ), BakaHTHbIE JOJH C KA I0# CTOPOHE IPHHAMAIOT SJIeK-
TDOHBI OT MOJICKYJI-JIOHOPOB.

a) Mouekynnt NH3 cBsi3aHbl BOZOPOZHBIMU CBA3AMH; 6) BBICOKOIIEKTDPOOT-
punaTeNsHb aroM F yMenbimaer ocHOBHOCTB aToma N.

a) NCCN 4 20H- — NCO~ + CN~ + Hy0;
6) 25CN~ + MnOs + H+ — Mn?* + (SCN), + 2Hz0; 8) Csy.

a) OxTasap, nenraronanbuas Ounupamnia; 6) IF7 + SbFs — [IFg|[SbFg).
a) CusbHee; 6) He U3MeHsiercsl; B) ciabee.

a)-Her; Sb B MakcumanbHOH cTelleHN OKUCIeHHsT; ) B3PBIBOONACHO, TaK KaK
CH;3;OQH — BoccranoBuTenn, a BrFs — cunbHbift okucaurens; B) BF3 moxer
6BITH OKHCJIEH, HO, BepOATHO, 6e3 B3PhIBa; I') B3PHIBOOMACHO, TaK Kak S2Cly
JIETKO OKHCJISIETCS,

Bry + Iy — 2IBr+ Br™.
Bosiee KpynHble KATHOHBI CTaOUIM3UPYIOT OOIbIIIME HEYCTONIUBBIE AHUOHBL.

ClO; — pagukan, mmeromuii yriaosoe crpoenue; I,0; uMeer MOCTHKOBBIH
atom O Mexay asyms rpymmamu 10,.

HBrQ4 — 6onee cunbpHas KHUCJIOTa, HO MeHee ycToituusa, deM HI10g.

a) [ToTennmambl BOCCTAHOBJICHHS YBeJIMYHBAIOTCH DU NoHMxkeHuu pH;
6) npu pH 7 E° = 0,78 B, a npu pH 0 E° = 1,20 B.

BoccTaHOBJICHUE OKCOAHMOHOB 00Jjiee MpPeArouTHTENbHO, TaK KaK [MPOTOHBI
PaCXOonyOTCs B 3TOH MOJAYPeaKIUH.

Wonnag, Tak Kak casb [—O Gosee nabunbHa.
a) Cl03; 6) ClIO™.

a) U T), TaK KaK OHU COLEPIKAT CIIOCOOHBIA BOCCTAHABJIMBATHCA KATHOH BMeE-
cTe ¢ cHIIbHBIM okucauTesneMm — arnonoM ClOy .

On 6LICTpPO yIeTyauBaeTcs U3 aTMochepshl.
a) He; 6) Xe; B) Ar.
a

) Xe + Fp — XeF, (ua cBery);
6) Xe + 3Fy — XeFs, Boicokoe nasnenue Fa, 300°C;
B) Xer + 3H20 — XeQ3 + 6HF.

a) XeFy (mnocko-ksagparnasn); 6) XeF, (nmueiinas); B) XeO3 (mnpamuiaib-
nas); r) IF*.

a) Bce TDH 4aCTHIB HMEIOT OJHY CBS3BLIBAIONLYIO 3J€KTPOHHYIO IIapy H OKTET
y kaxxzoro atoma. Popmanbabie apaust: C1(0), O(—1); Br(0); Xe(+1), F(0);
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6) OHM M3071006a/IbHBL; B) BCE OHM NIPOSBJIAIOT 3/eKTPoduIbHbIe CBOHCTBA,
npudem ClO~ < Bry < XeFT. ®opmanbho nonoxuTenshbit 3apsiy Ha XeF+
coryacyercs ¢ ero CBofcTBaMU KUCIOTH JIbiouca u anekTpoduia.

12.24 a) Bocemn 31eKTPOHHBIX Nap BOKpyr atoma Xe, ofHa napa cBobogHast;
6) Takas KOHGUIypauus MoXeT IPUBECTH K 00pa30BaHMIO KBAIPATHON aH-
THnpu3Met (17, T. 1, ¢. 342) nim gozekasapa (18, t. 1, c. 343) ¢ oxnott Hesa-
HATOH BepmmMHON. Ecnu HenoneneHHas 3/IeKTPOHHAS NApa CTePEOXUMHUUECKH
HEaKTHBHA, MOXKET PeaM30BaThCA TUIIMYIHAS T-KOODIUHAIMOHHAS CTPYKTY-
pa: MeHTaroHasbHas Gunupamuzna (13, T. 1, c. 342) uiam ONHOTIANIOYHDINR OK-
Tasap (14, . 1, c. 342). [ocneanue aBe cTPYKTYpEI Haubomee BEPOSTHHI.

rNABA 13

Bonpochbi

13.1 'F, 3F.

13.2 a) °P; 6) 2D.

13.3 3T1g, *Tog, JAgg u 1Ty, 1E,.

13.4 17 500 e~ ! u 22 400 em~ 1,

13.5 C 4A2g Ha 2Eg, 4T1g, 4ng ¥ Ha JIMTCaHT,

13.6 JononuuTennbHas MoJ0Ca.

Ynpaxnenusn

13.1 a) 5S;6) °F; 8) 2D; r) 3P.

13.2 a) ®F; 6) °D; ) °S.

13.3 a) 2S; 6) *P (ocmosmoi), 'D, 18.

13.4  3p5: CI; 44'°: Cq?+.

13.5 B*:!S; Na: 25; Ti%*: 3F; Agt: IS.

13.6 B=86lcm™! C =3168 cm~!.

13.7 d° YAyg; dl, Tyq; B, 6Ay,.

13.8 Wz muarpammbi Tamabe-Cyramo: a) B ~ 770cem™!, A, ~ 8500 em™
6) B~T720cm™ !, Ay ~ 10750 em L.

13.9 5Ty, nepenoc zapsina TT3JIM.

13.10 Cnabwte: 3anpemennne o CIUHY IEPEXOAbl MO JMraHA0B, CpeIHue: pas-
PCIIeHHbIE N0 CIIMHY MePEeXOAbI MO JIMTAHAOB; CUJIbHBIC: HEPEXONbl C Iepe-
HOCOM 3apsiia.

13.11 ¥ [FeF5]3— TONBKO OIUH 3aNpelIeHHbI [0 CIUHY [epexo N0 JUTaHAOB,
y [CoFg]3~ ecrs nepexon °Eg « 5Ty, pasperrennniii o CIHHY.

13.12 CN~ aBnsercs 6osee KOBATCHTHBIM.
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13.13 3anpemurennas 1o CIMHY [0J10Ca O/ JTUIag0B, JBe Pa3pelleHHbIe 10 COUHY
HoJ0CH oS Uragnos U nosoca [13JIM coorsercTBenHO.

13.14 BHLICOKOCIIMHOBOE COCTOSIHUE d° MMEET TOJILKO 3allpelieHHbIe 110 CIUHY II0-
JI0CHI MOJIST JINTAH/10B.

13.15 [Cr(H20)6]**: cnabrie nosockr nons murangos; CrO2™: paspemenHsie mojio-
cot [T3JIM.

13.16 aig; a) dgz, dys; 6) dy2; B) (usmasn) zy; (2z, yz), 2
SHepruu).

2 2% — 4? (BBICas Mo
13.17 Mn(VII) obnanaer kondurypanuett d° u He HMeeT I0JI0C OIS JIMTAHAA.

13.18 [ge nosocst [I3JIM cooTBeTcTBYIOT MepexogaM Ha tog- U eg-opburtamnn. Paz-
HOCTh MEXJ1y HUMU cocTaBgeT A..

13.19 Ilepenoc 3apsma MeTalI-MeTall.
13.20 Sm?*, 7F; Eu?t, 8S; Yb2+, 18,

IMABA 14

Bonpocsl
14.1 5,1 1/(momb-c).

14.2 [PtClLy]>~ 7722, [Pt(PPhs)Cls)~ 2% mpanc-[Pt(NHs) (PPhy)Cly);

[PtCLyJ2~ 2%, [PH(NH3)Cla)~ 22225 yyue-[Pt(NHz) (PPhs)Cla).

143 Kg~1,k=1.2-10% ¢!
14.4 wyuc : mpanc = 2 : 1.
14.5 K =3-10'8, k = 3,6 - 1010 ;1/(moun-c).

YnpaxxHeHus

14.1 Hyxkneobums: NHs, Cl1~, 827; snexkrpodmrs: Agt, AL+,

14.2 d.

14.3 a) CrexuoMerpuyeckuil; 6) HCTHHHBI! MEXaHU3M.

14.4 Ckopocts = k[Mn(H20)6)?T[X~]/(1 + K,[X™]); Bapsuposats X .

14.5 Heobxonumo pazopsaTh Goslee NPOYHLIC KOBAJEHTHLIC CBA3M I HOJlee Bbl-
COKHX CTeIleHelt OKUCJIEHUA U Dosiee TSAMXKeIbIX METAIOB.

14.6 Crepudeckue 3aTpyJHEHUS A HyKJIeohUIbHON aTaky.

14.7 JluMuTHpYIOIIas CTAOUs MOMKET ObITh JUCCONUATHBHOH. Biusnue docduHa
COOTBETCTBYIOT 3TOMY 3aKJIOYEHUIO,

14.8 [a, 6uaronpustHo 06pa3oBaHUe HHTEPMeIUaTa THIa A.
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NO;
14.9  [PtCLJ2~ ™5 [Pt(NH;)Cls]~ —3 yuc-[Pt(NH;)CL(NO2)),

(PeCL]2 23 [PE(NO2)Cls]~ M3 mpanc-[Pt(NH3)Cla(NO,)].
14.10 a)-B) CKOPOCTb yMEHBUIALTCH; I') CKOPOCTb yBEJHIHBALTCH.

14.11 YuacTByeT COIpsIKEHHOE OCHOBaHUE; OPEHCTe0BCKAs KUCIOTHOCTL HeobXo-
JUMa.

14.12 a) yuc-[Pt(PR3)2Cly]; 6) mpanc-[Pt(PR3)2Cla]; ) mpanc-[Pt(NHs)(py)Cls].

14.13 (Ir(NHs)g]** < [Rh(NH3)e]** < [Co(NH3)el** < [Ni(OHp)e*t <
[MD(OH2)6]2+.

14.14 a) YmeHbuaercs; 6) yMeHbIIAETCST; B) MAJIO BJIMSIET; I') YMEHBUIAETCS; ) yBe-
JUIUBACTCS.

14.15 KoncranTa CKOpocTH s nepBoil craguu BHenpenus CO,
14.16 TuccouuaTUBHBLIN.

14.17 BayrpucdepHBIl MeXaHU3M NOAPA3yMeBaeT 0DpazoBaHHe KOMIIAEKCA ¢ MO-
cTukoBbIM N3 '; IpU BHelIHec)ePHOM MeXaHM3Me MOCTHKOBOTO JIMIAHJa HET.

14.18 BryrpucdepHbIH MEXAHHU3M.
14.19 [W(CO)5(NEt3)] 0,4; nepexonaMu noJisi JUraHIOB.
14.20 250 BM™.

14.21 CxopocTholpeensiomas cTaaus — aucconraus SMe,.

IMMABA 15

Bonpocs!

15.1 Mg+ HgMe; — MgMe,; — Hg.

15.2 TomosymuTuueckoe pacmenienue csssu Pb—CHs.
15.3 MocTukoBble aTOMBI XJIOpa U KOHIIEBbIe IPYIIIL 'Bu.

15.4 Menbutas cunoBas nocrosHHas u3ruba dparmenta Si—O—Si.

15.5 Al,Meg + 6MeOH — QAI(OMe)g + 6CHy;
SiMeq + MeOH (peakuus se uger); SiCly + 4MeOH — Si(OMe), + 4HCL

15.6 GeHa, GeRy4; AsHs, AsR3. Bomoponsble U alKuIbHbE COSIUHEHHS TIOI0BHbI
AT KazKZOro 3JIeMeHTa. DTOT (DaKT MOXKET OTPakaTh OJIM3OCTh 3JEKTPOOT-
PHIATENILHOCTH BOJAOPOAA U yIVIEPOa.

YnpaxHeHus

15.1 Meramnoopranuaeckue: a), B), ) M x), IOTOMy 9TO KaXJO€ COEJMHEHHE
COJEPXKHT CBSA3b YITIEPOJ-METALT (MEeTaLIou).

15.2 IIposepsre mo puc. 15.1 u Taba. 15.2.

15.3

15.4

15.5

15.6

15.7
15.8

15.9

15.10

15.11

15.12

15.13
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a) BiMes, tpumerunBucmyTan; 6) SiPhy, terpacdernakpemunit(IV);
B) [AsPhy|[Br], 6pomun terpacdenumvbimsara(l+); r) K[BPhg], rerpa-
dbenunbopar(l—) xamus.

a) Tpustuicunas (TeTpasapudecknii, MOHOMEPHDIH, “3JIeK TPOHOTOYHBIH")
6) mucbernixnopGopat (TPUrOHATBLHLIM, MOHOMEPHBIH, JIEKTPOHOAeDUIMT-
HHI); B) Terpadenunauxnopoamomuanit (1Ba Mocruka Al—Cl—Al, npu
3TOM CTPOEHUH “SIEKTPOHOTOYHBIN"); I') STHINATHHA UIH, 60Jlee TOYHO, TeT-
pavruiTeTpanuThit (Terpadap Lis, OKpYKEHHBIH STUILHBEIMY FPYTINAMH, yI-
JIGPOZIHLIE aTOMBL CJIy>KQT MOCTHKAMHM HAJ KAXKION I'DaHbO, 31CeKTPOHOIe-
dbunuTHL); MeTUIPyOuaNit, coeobpasHbIL.

a) Atompr Li 06pasyioT Terpasap, Haj Kaxaoll rpaHbio KOTOPOTr'O pacIiosio-
KeHa MeTHJIbHAA Ipymma (CTPyKTypa 2); 6) II0CKOe TPeyroJbHOe OKDPYIKe-
HUe atoMa B aromamu C; B) 4eThIpe KOHIEBBIX M J[BE MOCTHKOBBIX METHIIh-
HBIX TPYMMEBI, CTPYKTypa NnomobHa aubopaHy; I') TeTpasap; 4) MHPaMuia;
€) TICeBIOTeTPasIP.

Manenbkuit aroM B cBa3aH ¢ TpeMs METUILHBIMU Ipynnamu. Bosee KpyI-
"Il atom Al obpasyer qumep, B KoTopoM Al CBA3aH ¢ 4eTEIPbMST aTOMaMu
C. Xora Ga nonoben no pasmepy amomuuuo, GaMes He acconuupyercs B
Aumepnl. GeMey — npocras Terpaspudeckas MoseKyaa. InMes MoHOMepeH
B pacTBOpe.

1) a), 6), ), 1); 2) a), B), 1), 1); 3) AsMegs; 4) a), 6), B), I).
a) 2AsClz + 3ZnMes — 2AsMes + 3ZnCly;
SiPhyCly + ZnMe; — ZnCly + SiMe,Phy;
6) NH3 + BMe; — Hs;NBMeg;
B) AsMej + [HgMe|[BF4] — [MesAsHgMe]|[BFy).

a) Mg + MeBr — MeMgBr, akrusHblit metant (Mg);

6) 3HgMe, + 2A1 — 3Hg + Al;Meg, MeTas100prasnydeckoe COeUHEHNE Me-
Hee aKTHBHOI'O MeTaJna U 60Jlee aKTUBHBIA MeTAJLT;

B) 3LisMey + 4BCl3 — 4BMe3 + 12LiCl, METaJUIOOPraHNuvecKoe COeIHHEHNE
BoJlee aKTHBHOTO MeTaJl/la C FaJOTeHHAOM MeTauia (MeTajjiona).

a) Na[CyoHs|, MenpInas aenoxanusanus (crabuimsais) B aHHOHE;
6) Nay[CyoHs] anuon B Goublielt creneH BOCCTAHOBJIEH.

a) Ca+ HgMey; — CaMe; + Hg, Ca 6ojlee 3/IeKTPONOIOKHTENEH, eM
Hg; 6) peakuua we uger, Hg 6Gosee JMEKTPOOTpUIATENIbHA, 4YeM Zn;
B) LigsMey + 4SiPhyCl — 4LiCl 4 4SiPh;Me, Me™ npenmnoynraer 0OoJiee
3IEKTPOOTPULIATENLHBIE 3JIEMEHTDL; I') Peaklis He UIET, COOTHOIIEHHE Ipo-
TUBONOJIOXKHO B); A4) SiMesH + CoHy — SiMesEt, ruapocuimmuposasne.

a) Si + 2MeCl — SiMe,Cly (moBbIIIeHHAs TemIepaTypa ¥ MEIHBIH KaTau-
3arop); 6) 2SiClyMe,y = SiCIMe; + SiClsMe (narpesanue).

Peakups nosyuenus SiCloMe, mama B 15.12,a), 3areM THAPOJIHS:
45iMe,Cly + 4Ho0 — (SiMep0)4 + 8HCI, n(SiMe20) 4 — 4(—Si—-0-),,, xa-
Tanu3aTop — HoSOy4.
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15.14 I'pynna 13: npeobiajarolias cTeleHb OKMCICHMS +3, TOJBKO IS TI(T)
U3BECTHBI META/IOOpraHuYecKue COeJMHeHus; rpynma 14: mpeodnafaromas
crenenpb okucaenust +4. Masectnnt coemunenust Sn(IT) u Pb(I); rpynmna 15:
npeobaaiolas creneHb OKUCIeHMs +3, M3BECTHLI COeJUHEHM As(V) u
Sb(V).

15.15 a) Suramsmus ceasy M—C yMeHblIaeTCA BHU3 110 rpynne; 6) JbloMCOBCKas
KuCI0THOCTH yMmeHburaercss oT AlR3 k TIR3; B) ocHoBHBIE CBOMCTBa LIEH-
TPAJIBHOTO aTOMA MeTAJIa BO3MOXKHBI TOJIBKO B IPyIne 15 — coemuHeHUs
:ER3, nopaaok ocuopHoctu: As > Sb > Bi.

15.16 a) PbMes > SiMey; 6) BMe3 > LiyMeg > SiMeCl3 > SiMey;
B) AsMej 3> SiMey; r) LiyMes > HgMes.

15.17 a) Annaparypa Illrenka; 6) BMes neTyd, BakyyMHas CHCTEMa MJIN PacTBO-
pbl B anmapatype [[lnenka; B) anmaparypa IIlnenka; r) oTKpbiTas mocyna;
1) OTKPBITast OCyAa.

15.18 JlenokannzoBalHble pa3pbIXJIAIONHe o-OpOUTAIH.

15.19 3SiR,Cl, + 6Na — SisRg + 6NaCl, SisRg % R,Si=SiRs, R somxen 6uirn
AJOCTaTOYHO O6'b6MHbIM.

FMABA 16
Bonpochl

16.1 Her (20 ss1ekTpoHOB).

16.2 +1.

16.3 Toanko MOCTHKOBEIE.

16.4 P(CHg3)3, MeHbLIE CTEPHIECKUX 3ATPYIHEHHUIA.

16.5 [Tomyuenue [Mn(CO)s|™ meficTBuem narpus (T. 2, c. 176), 3aTem nosyuenne
Mn(CO)sCH;3 Bzanmognenicreiem ¢ CHsI (T. 2, c. 178), Murpanuonnoe BHEA-
penue ¢ L = PPhy (. 2, c. 180).

16.6 Maurnie usameneHusd.

16.7 KB3 = 60; rerpasap Fey ¢ Cp nan kaxzo# pepuusolt 1 CO Han kaxknoi
IPAHBIO.

YnpaxHenus

16.1 a) IenraxkapGonumkeneso(0); 6) TerpakapGonuaukenn(0); B) rekcaxapbo-
aumosn6aen (0); r) aekakapbonummumapraren(0); 1) rekcakapOOHUIBaHA~
auit(0); €) tpuxsopostunennnarunar(IT).

16.2 a) 6) j
=
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16.3 a) +3;06)0;8) —2; 1) 0.

16.4 Or a) nor) 18 snekrporos u B 16.1, u B 16.3; V(CO)g — 17e™, 910 He Bing-
€T Ha CTPOeHHe, Jerko Boccranasupaercs; [Pt(CqoHy)Cl3]™ — 16e™, nmocko-
kpaaparanil; [(n°-CsHs)2Fe|[BFy), 17e~, crerka yamunennas ceasb Fe—C;
JIETKO BOCCTAHABIMBAETCS.

16.5 IIpsamoe B3aMMOIEACTBHE, BOCCTAHOBUTEIBHOE KaDOOHUIMPOBAHKE.
16 6 Fe + 500 BBICOKOEe OaBJIEHHe Fe(CO)S‘

diphos + Fe(CO)s — Fe(CO)3(diphos) + 2CO.
16.7 Cs(?’); C3v(2); DSh(l)'

16.8 Ni; — Tpeyronsnuk, Kaxabli arom Ni koopaunuposan rukaoM Cp, CO pac-
HOJIATAOTCA BhINIE U HUYKE IockocTH Niz U napasuienbHbl, 18%e‘ Ha Kax-
abiit atoM Ni, oTKJIOHEHUs OT NpaBuia 18-TH 3J€KTPOHOB ODBIYHBL 15T 3Jl€-
MeHTOB 10-it rpynnsr.

16.9 ©6) Pearupyer no accolMaTHBHOMY MeXaHH3MY.

16.10 a) [Fe(CO)4)?~ 6osee orpuraTensubiit KOMILIEKC i 60JT€e OCHOBHBIL;
6) [Re(CO)s|~, Gonee Tsimenbiit Merasa, 601ee OCHOBHBIH.

/o

16.11 Ipoaykrer: a) LIfW(CO),—C]
CH,
6) AlBr3 koopausupyercss K MocTHKOBbIM Juraggam CO.
16.12 a) 72%; 6) 0%, 1%, n° B) 7%, *, 7% ma npakruke mabmomaerca HocnemHMH
caysaiy; ) %, n4; m) 02, n*, n®, nt.
16.13 a) 16-DnexTponHLLl “conapuy”; 6) 18 e7; B) 18 e~
16.14 a) Fe, Ru, Os; 6) Mn, Co; B) Cr, Fe, Ni; r) cm. Tabia. 16.3.
16.15 a) 3; 6) 2; B) 12.
16.16 Cm. T. 2, c. 180-181 u 188-191.
16.17 Ionyuenue Mn(CO); (. 2, c. 176), nporonuposanue aeticrsuem HCL
OCH,

16.18 Mo(CO),C

Ph

16.19 a) PF3 —m-axkuenrtopusiit smrany (yeemmamsaer v(CO)), P(CHjz)z —
o-noHopHbilt murang (ymensuraer ¥(CO)); 6) Cp* — bonee cuibHBIE JOHOP,
caenoBatensHo, v(CO) meHbie.

16.20 RuCp; (18 €7) Gosee ycroituus, vem RhCps (19 e7);

(n5-CsHs)oFe + CH3C(0)Cl 2252, (75-C5Hj)(nP-C5H;COCH;)Fe + HCL

28. Heapran. xvmus. Tom 2
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16.21 (n°-CsHjg)zFe + LiBu — (n°-Cs5H;)(n°-CsHyLi)Fe + BuH,
(7]5—C5H5)(7]5-C5H4Li)Fe + ClC(O)CHa —
(n°-CsHs ) (n°-CsH4C(O)CH3)Fe + LiCl.

16.22 Cwm. nononnenue 4.

16.23 CsHg siBnsteTcs 4eTHIPEX9IEKTPOHHBIM TeTparanTo-IuragaoM. Ero obpazo-
BaHUE MIOHUIKAET YUCJIO JJIEKTPOHOB y aToma Ni Jo 18; npu npoToHupoBaHuM
Fe B FeCp, y aToma Fe coxpansierca 18 aneKTpoHOB.

16.24 a) Araka HyO na yraepoausiit arom CFy ¢ nocnexyionmm otmensennem HE;
6) snumusupoBanue [-H.

16.25 a) I'pynnet 6-9: ycroiuusnie Cp-coemunenus; rpymnel 3 u 4: C—H-Bren-
penue; 6) B rpymmax 6-8; MH Gosee kucnoTHas, 9eM B rpynmax 3 u 4:
B) IpaBHJIO 18 5IeKTPOHOB HAPYIIAeTCs JIJIst MHOIMX MeTaJlnoB rpynmn 3 u 4
1 HEKOTOPBLIX METAJJIOB I'PYIb 9.

16.26 a) Oxraspudeckuii (86); Tpuronambao-IpuamaTHydeckuit (90); 6) mer,
B) [FegC(CO)16]?>~, KBD = 86, oxkTasapudeckuit;
[CosC(CO)16]°~, KBD = 92, TpurosabHOo-Npu3MATHIECKH.

16.27 a) Si(CHj); 6) L

16.28 Co4(CO)12 umeer Gonee cnabuie ceazu MM,

FJTIABA 17

Bonpocbl

17.1 CKOpOCTh yMEHBITHTCS.

17.2 Ozna nosoca npu 1465 cm~— L,

17.3 Her, NoCKOJbKY OTCYTCTBYIOT KHCJIOTHBIE IEHTPHL.

VnpaxkHeHus

17.1  a) Katayuruueckas; 6), B) HeKaTATHTHIECKHeE.

17.2 Cm. 1 2 a) c. 218, 6) c. 221; B) c. 216; 1) c. 218-219; 1) c. 240.

17.3 a),B) loMorensnsiit; 6) reTeporeHHbIH.

17.4  ocTuMrHYTHI TEXHOIOTHYECKH: I'); TePMOAMHAMAYECKH 3aPEIIeHb: a) u 6);
HEOOXONUMBI JOTIOHUTE ILHBIE UCCIIETOBAHHSL: B).

17.5 Ho6asnenue PPhs nonmxaer paBHOBecHy10 KoHteHTpanuio RhCIL,(Sol).

17.6 Crepudeckue 3aTpynHenus: IPUBOAAT K HUIKOH KOHUEHTPALHY KOMILJIEKCA
() (cM. muxa 17.2).

17.7  Ob6pazosanue (a) um (&) npu sobasrernn GochnHA MOKET CTATH JIMMUTH-
Pywouiei craaueii.

17.8 Araka xoopaunuposannoro OH™ mpusoguT K oqHOMY SHAHTHOMEpY, aTaKa

OH~™ u3 pactBOpa — K Apyromy.
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17.9 Koopauranus MypaBbUHON KHCJIOTHI ¢ OTIIEINIeHHeM L, BOCCTaHOBUTENLHOE
otinerienne Hy, okuciautenbroe npucoequnenne HCOOH u oTmensenue

COs.
17.10 HuTpupg TuTaHa CIULOIKOM YCTOHUIHUB.

17.11 a) JOnoSHUTEIbHBIR IIPOTOH HEOOXOAMM MJisi KOMIIEHCAIUH 3apsiia Al3+,
samematomero Sitt; 6) Ga(IIT), Sc(III), Fe(III).

17.12 a) IIpu 900°C — kucnora JIvtouca; 6) crmkarens — 6osiee CHILHAS KHCIOTA,
Bpéucrena; B) ZSM-5 B oTaMYMe OT CHJIMKarens obJajaeT YIODPSI0ICHHOMN
CTPYKTYpPOH.

17.13 Yro6bI MOMYYHTH BBICOKYIO MJIOIAAb MOBEPXHOCTH.
17.14 Cm. T 2, c. 252.

17.15 Cuavana xemocopbius B Buse C*Ho,C*HC(CH;3),CH,CHj, obMer Hra D y
aTOMOB YIVIEpOJa, CBS3aHHBIX ¢ moBepxHocThio (C*), mucconmanus (nocpen-
CTBOM BOCCTAHOBMTEJIBLHOIO HIUMUHUDOBAHUSA).

17.16 CO odeHb NPOYHO CBA3BIBACTCS C TOBEPXHOCTHIO ¥ OJIOKUPYeT MeCTa MPHCo-
enutenust Ho.

FMABA 18

Bonpocob!

18.1 Bakancum KaKk B KATHOHHBIX, TaK U B AHHOHHBIX MOZUIUAX.

18.2 YwmMeHbIIeHHE TOJIIUHBI TPOBOJAIIETO CJIOS CHILHEe 3aTpy/JHseT IBUXKEHHE
00JIee KPYIHBIX KATHOHOB.

18.3 Cr(III) B okTasnpuvecKnx mo3unusx ofecrneanBaer Makcumansyw DCILJL

YnpaxHeHus

18.1 edext ®penkens — uon B Mexa0y3iul; nedext [HoTTky — BakaHCUU; HET.
18.2 a) NiO; 6) PbFy; B) FepOs.

18.3 CobcTBEHHBIE B YMCTOM BEUTECTRE; IIPUMECHHEIE.

18.4 Cw. puc. 18.22; Nat maxomurcs B LeHTpe sueiiku.

18.5 BosMmoxub 00a ciy4das. PazynopsgoueHHble — JedheKThl, yropaaoieHHbIe —
HOBad haza.

18.6 Cm. puc. 18.16, rue nmokasaHbl MeXJI0y3esbHble MO3WIUH; TPEYTOJbHUK U3
aTOMOB KHCJIOPOIA.

18.7 TiO: Bakancun B mosumusax Ti u O; FeO: Fe*t B Mexk10y3/MsaX U BaKaHCHH
B nozuimsax Fet.

18.8 nexkTpoHHAst MUKpPOCKONUs, JuhpaKius 3JeKTPOHOB.

28+
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18.9 a) NiO (MnO okucnsiercs ropasjo jerde, 4eM MOMXKHO IMDE/NONOKUTD Ha,
OCHOBe IIOTEHHUAI0B B pacTBope); 6) NiO.

18.10 TiO — merann, NiQO — nonynpoBoasuk.

18.11 IonoxurenbHblit  cepebpsnblit  anekTpos:  Ag(te.) — Agt(s Agl) + e
(BHemwHsA penb); dnekTpoant (Agl): Agt murpupyer x oTpunaTesnHOMY
SJIEKTPOJY; OTPHIATENbHLI cepeGpsinblit snekrpoy: Agt(s Agl) — Ag(Ts.).

18.12 [JosnoxureabHsbIil astekTpoy TepsieT 108 r, Agl He MeHsieTcs, OTPULIATENLHBIN
aJieKTpos nmpuobpetaer 108 1

18.13 ®eppoMar"eTHK: JOMEHBI NapaJuIeIbHbIX CIIHHOB; aHTH(EPPOMArHETHK: J0-
MeHbI aHTUIIAPAJIIETbHBIX CIIHHOB.

18.14 B crpykrype obpamenHoi# mnusemn Fe[CoFe] ¢ Co?t u Fe3t; y uona Co?*
(d7) oxmpaoTCa 3 HeCIapeHHBIX JIEKTPOHA (OKTAdPHIECKOe OKDY’KEHUe).
CrpykTypa, No-BUAUMOMY, Bsin3Ka K 0OpallleHHO ! IIMTHHEeJIH.

18.15 Cm. T 2, c. 287-288.

NMABA 19
Bonpocs!

19.1 Paccrosnme 1,24 A mumn vemuoro Gonbire, uem B Mosexysie O, T. €. TIeEpEHOC
aJIeKTpoHa HecymecTseH; 1,26 A meckosbko MenbIIe, yeMm B O, T. e. IepeHo-
cuTcs mpakTudecku 1 anextpon; 1,47 A 6misko k 05—, T. €. IEPEHOCUTCH TI0
OIHOMY 3JIEKTPOHY OT KaXkAOro aToMa KobaJbra; 1,30 A Heckonbko OoJipiie,
9eM B Oy, T. e, 0Ba aToMa B CyMMe OTAAI0T OAUH JJIEKTPOH.

19.2 Cu® aKTHBHO BCTyNaeT B OKHMCIHTEIbHO-BOCCTAHOBHTEILHDIE peakiuu,
NIPOYHO CBA3BIBAET JIMTAH/BI, JIETKO X OOMEHUBAET H HMeeT HEXeCTKy1o (Io-
JBUKHYIO) KOODAMHAIMOHHYIO T€OMETPHIO.

19.3 Cpennsa crenens okucnenus xenesa BO BTOPOM KOMIUIEKCe 2,5, B nepBoM — 3.
BoccranoBnenne u obpazoBanue JUCYIbGMUTHBIX MOCTHKOB MOMET IIPHBECTH
K 06pa3oBanuIo KiacTepos Fey u3 Fes.

19.4 B nepsom u mecrom npumepax E° oaMHaKOBbI, HO pasauna B R B 2 A coot-
BETCTBYET M3MEHEHHIO CKOPOCTH Ha 2 nopsaaka. CpaBHeHHE TPEThEro U BOCh-
MOr'0 NpUMEPOB NPHBOAUT K TOMY Ke BBIBOAY. OJHAKO pa3iiMude B CKOPOCTH
MEXIY YETBEPTBIM U JEBATHIM [TPUMEPAMH BCErO HAa OJMH NOPAJOK, XoTa R
pasjryaeTcs Bagoe. CooTBeTcTBUE Teopuu MapKyca KadeCTBEHHOE.

19.5 Hsz reoMeTpun Cyy, NOPAOK d-opGuTaseit clepytonmi: xz, yz < xy < 22 <
z? — y?, T.e. kondurypanus: (22)'(yz)! (zy)!(22) (22 — y?)1.

YnpaxHenus

19.1 Kuciopon: sona, AMHHOKHCIOTDI, KOCTHBIE (hocdaTh; a30T: 6K u HyKJe-
HHOBBIE KUCJIOTRI; KAJIUi: MPOTOIIa3Ma, aKTUBANUs ruAposu3a dbochopunn-
POBAHHBIX GHOMONEKYJ; KaJbLU: KOCTH, PAKOBHMHBI U IPYTHE CTPYKTYPHBIE
MaTEepPHAJIHL.

19.2

19.3

19.4

19.5
19.6

19.7

19.8
19.9

19.10

19.11
19.12
19.13

19.14

19.15

19.16
19.17
19.18

19.19

19.20

19.21

19.22
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Kap6okcunarabie H0KOBBIE IENIOYKY TOTUNEIITHIOB B CIIy9ae KATbIHUA; UMH-
1a30JIbHble HOKOBBIE HENIOYKH IMCTUANHOBBIX OCTATKOB IOJHIIENTHIOB U ITop-
¢bupUHOBBlE MAKPOLMKJIBL B CJIyvae Keye3a.

Hettrpansunit Oy, dopmansio aBoiiHas ¢BA3b, TpuiueT; O CBA3b MOJY-
TOpHAad, JJIMHHee, 1ybier; Og_ camad JJWHHASA OJWHADHAS CBA3b, CHHIJIET.

Buaeso a1a HbO»; BripaBo 4J1s Mb pu HU3KHX NaBJIeHUAX KUCJIOPOAA, BIERO
IIDH BBICOKUX.

CO npoYHO CBA3LIBAETCA M BJIIOKUPYET TPAHCIIOPTHBIE EHTPHI TeMOTJIOOHHA.

Hyxneodbus —a3oTHBIN KOHEI[ MOIUMENTHIA, MECTO ATaKH — KOODJAUHUPO-
BaHHas KapOOHUJIbHAS TPyINa.

a) BLICOKOCTIHHOBAS 5,62, HUSKOCITHHOBAS TS ;
6) BulcokocrHOBast aust HoO, uuskocnuHoBas myist PPhs.

HEPEMEHH&H CTCIIEHDb OKUCJIEHHU.

Koudurypanuu 3Tux cTeneHel oKUcIeHUs He coracyoTed. OHU CBA3BIBAIOT
cybcTpaThl.

CrenuduvHocTb CBA3LIBAHUSA 00YCI0BAMBAETCA OJIM3KUM KOHTAKTOM H KOH-
TPOJIEM 3HEPrUd BHYTpPUCKhEPHON IEPeCTPOHKH.

CM. TekcT.
Ob6pazoBanue MmocTtukoB Fe—O—QO—Fe,

a) ZnOH, ortaaer npoton gia akrupanun araku —OH;
6) Zn—0=C akruBHpyeT HYKI€OMDHUIBHYIO aTaKy Ha aTOM yrjepoia.

O6pazosanue O Tpebyer Nepemaydu 4 3J1eKTPOHOB Ha 4 aroma Mn, 3apan
KOTODEIX yMeHbIllaeTcA Ha 1.

Xopodusun — nopdbupun 7*, yuroxpom — Fe(1I). Mg ucronm3oBaTh HEJIL3A,
nockonbky Mg(I11) He cymectByeT.

56,5%.
WNMupasonbable KobIa, TOphUPHHEL, AUTHAPONOPMOHPHHDI U KOPPHHBI.

Ca2t, Zn®*t u Cu?t obpasyior Gomee nabuibHBIE KOMILIEKCH, dem Be®t,
ARt u Cr3t,

Yro6bt npeoTBpaTUTh 06pazoBanue -2~ -1HMNOpGhHPHHOBOrO KOMILICKCA.

TeMoryiobuH comepkuT 4 Cy6beIUHUIbI [10 CPABHEHHIO C OJHON ¥ MHOTI00U-
Ha, TIO3TOMY I'eMOIJIO6HH O6HAPYKUBAET KOOTIepaTHBHBIN 3¢hdeKT 1 3aBUCH-
MOCTb CBS3BIBAHUSA KHCJI0poaa oT pH.

CO cBaA3biBaeTCA ¢ ATOMOM JKeje3a M OJIOKUPYET KOOpPAMHALMIO M TpaHC-
mopt Q.

['panyyHast JNBLIOUCOBCKAsT AKTUBHOCTL, [POYHOE CBA3bLIBAHME JIMTAHIOB,
ObICTPBIE PeaKIH JUTaHIHOTO 0OMeHa.
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19.23 Hebonbuias ¢TpyKTypHas peopraHM3alus MPUBOOUT K ObLICTPOI BHeEIIHe-
cepHON Tlepenade IEKTPOHA.

19.24 OxrasapudecKue KOMIUIEKCH! C PEUMYIIECTBEHHO KUCIOPOACOAePAKAITAMM
JIMTAHJAMH.

19.25 Honbl Maprania akTHBHBL B OKHCIUTENbHO-BOCCTAHOBATEILHRIX PeAaKIUAX U
BoJsiee KECTKHE JILIOMCOBCKUE KUCJIOTDI, YeM UOHBl HUKeNs U MeId.

BnraropgapHocTu npasoobnaparensam
3a npepoCcTaB/ieHUe PUCYHKOB

Puc. [12.1 u3 [Solid state chemistry techniques, eds. A. K. Cheetham, P. Day. Oxford
University Press, 1987]; puc. 2.2 us [Manoli J. M., Potash C., Begeaur J. M.,
Griffith W.P. J. Chem. Soc., Dalton, 192 (1980)], The Royal Society of
Chemistry; puc. 15.5 n3 [Fink M. J., Michalczyk M. J., Haller K. J., West R.,
Michl J., Organometallics, 3, 793 (1984)], American Chemical Society; puc. 2.17
u puc. 9.18 uz [Corbett J.D., Acc. Chem. Res., 14, 239 (1981)], American
Chemical Society; puc. 17.9 uz [Somorjai G. A., Chemistry in two dimensions,
Cornell University Press, Ithaca, NY]; puc. 18.8 u3 [figims S., J. Solid State
Chem., 14, 52 (1975)], Academic Press; puc. 18.38 u puc. 18.39 u3 [Hubanks T.,
Hoffman R., J. Am. Chem. Soc., 105, 1152 (1983)], American Chemical Society;
puc. 4.27 u3 [Layton R., Sinks D. W., Durig J. R., J. Inorg. Nucl. Chem., 28, 1965
(1966)]; puc. 7.19 u3 [Higgenson B. R., Loyd D.R., Burroughs P., Gibson D. M.,
Orchard A. F., J. Chem. Soc. Faraday Trans. II, 69, 1659 (1973)]; puc. 9.9 us
[Dawes S. B., Ward D. L., Huang R. H., Dye J. L., J. Am. Chem. Soc., 108, 3534
(1986)]; puc. 9.30 us [Nuclear magnetic resonance shift reagents, ed. R. E. Sievers,
Academic Press, N.Y., 1973]; puc. 9.32 us [Chemistry of actinide elements,
eds. J.J. Katz, G.T. Seaborg, L. Morss, Chapman and Hall, 1986]; puc. 8.5 u3
[Colthup N. B., Daly L. H., Wiberly S. E., Introduction to infrared and Raman
spectroscopy, Academic Press, 1975]; puc. J15.1 Lab Conco, Kansas City, MO;
[Michalczyk J., Haller K. J., West R., Michl J., Organometallics, 3|, puc. 15.6 u3
[West R., Angew. Chemie Tnt. Ed. Engl, 26, 1201 (1983)]; puc. 13.18 u3 [Maki A. H.,
McGarvey B. R., J. Chem. Phys., 29, 35 (1958)]; puc. 18.25 uz [Etourneau J.,
Superconducting materials, Chapter 3 in Solid state chemistry: compounds, ed.
A.K. Cheetham, P. Day, Oxford University Press, 1992|.

OOPMVJIbHBIV YKA3ATE/b

Ag
Ag?t 1 306
[Ag(CH2Cl)][OTeFs] 1 614
AnggI4 2 272
Agl 1 81
[Ag(NH3)2]+ 1 480
Ag(NO3) 1 552
[CeHeAg]t 1 255
KAgF, 1 638
RbAgdls 2 273

Al

AlB; 1 529, 575

[Al(BH,)s] 1 427

AlLCs 1 564

Aly(CHa)e 2 111, 124-125

Al(C3Hs)3 2 126

Al(C4Hg); 2 127

Aly(CoHs) Hy 1 429

AlLCls 1 256

AlCl; 1 492

AlF; 1 492

AlO; 1 247, 286, 289-290, 493;
2 240-241, 273, 278

[AlO4]°~ 1 250

[AlO4(AL(OH)z)12]"t 1 250

Al(OH)2Si4050 1 570

AIPO; 1 575

Al(mes); 2 125
(C2Hs)sNAICI; 1 494
[(CH3)3NJ;AlH; 1 429
ClsAl(N(CHs)s)2 1 493
KAl (OH)2Si3Al050 1 571
KAISi30s 1 571
LiAlCly 1 418, 431
LiAlF; 1 422

LiAlH, 1 418, 421-422, 428-431

Li[Al(OEt)4[(thf) 1 421
MgA1204 1 84;2 280
NazAlFg 1 290, 492
Nai12(AlO2)12(Si0O2)12 1 574
NaAlSizOg 1 571

As

AS(CH3)3 2 102

AS(C6H5)3 1 434

ASQ(CH3)4BI 2 145

AsCl; 1 592

A8203 1 602
GaAs 1 434

Au

[Au(CN)z]~ 1 291

AuClz 1 552

[Aul]~ 1 481
CuzAu 1 76

B

Biz 1 518

Bo(Bu)y 1 523

B1oCoHiz 1 542-543
[BsCoHs]*'~™ 1 544;2 193
B(CHjs)s 1 255, 522;2 98,123
B4sCoHg 1 542

B(CeHs)s 2 112
B(CH3)2(CsHg) 2 124
BlOCzHlo(COOH)z 1 543
BloCQHlo(NO)z 1 543
B1oC2H10(Si(CHs)s)2 1 545
B(C2Hs)3(OEtz) 1 413
B.Cly 1 522

BsCly 1 522

BF; 1 111,128, 198, 200, 208, 257,

262, 420, 519-522
[BF4]~ 1 110, 521, 652
BioHis 1 531, 539
[BizHiz]>~ 1 532-533

B,He 1 163, 198, 406, 415, 421-422,

424-426, 530
BH; 1 424-425;2 102
BH; 1 426
ByHio 1 531-532, 536-539

BsHe 1 531, 533, 535-536, 539-540

[BeHs)>~ 1 531, 533-536, 542
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BsHi 1 531-533

BeHio 1 531

[BiH11 AICH;]*~ 1 541

BN 1 524-525

BO 1 120

B20s 1 519, 524

[BsOs]*~ 1 524

B(OCHs)s 1 523

B(OH)s 1 424

[B3Oz(OH)4)™ 1 524
CaBs 1 529
CH3CH2BH; 1 425

Cl,BCH,CH2BCl; 1 523

ClaB3N3Hz 1 527-528
Cl3BsN3Hg 1 527
F3sBS(CH3)2 1 425

H3BN(CH3)3 1 425, 526

H;B3Nz;H; 1 527
HoNBH: 1 526
H3zNBH; 1 526
H3NBH:COOH 1 526
H,OB(OH); 1 523
KBHy 1 426
K[Bi1His] 1 539
Li[B(CH3)4] 1 522
Li[B(CeHs)s] 2 112
LiBHy 1 422, 426
Li[BH4](OEt2) 1 420
Li[B;;Hya] 1 541
Liz[B1oHya] 1 541

Li[BH(CH;)3](OEts) 1 420

NaBH, 1 427
Na;B;0s(OH)s 1 518

Na[HB(C2H5)3](OEt2) 1 413

N3BsHiz 1 526
[NO|[BF4] 1 598

Ba

BaBiO; 2 289

BaPbO; 2 289

BaSO4 1 448
YBazCU307 2 287-288

DopMynbHbIi ykazaTens

Be

Be 1 446, 448
Be3A128i5013 1 568
Be2C 1 115, 564
Be(CHs), 2 117
Be(CsH5)2 2 117
88003 1 450

BeH: 1 167-169

BeO 1 448
Be4O(OgCCH3)G 1 450

Bi

Bi 1 586-587

Bi2~ 1 621

([BiBr3]?*™)» 1 591

[BiClg|*~ 1 498

BiF; 1 498

BiFs 1 589, 638

Bi2O3 1 602

Bi(OC2H4OCH3)3 1 498

[Big(OH)12)t 1 498-499
NaBiO; 1 497

Br

Bro 1 404, 634

BrF; 1 643

[BrF4]™ 1 648

BrFs 1 641-642

BrO; 1 660

BrO; 1 662
(CH3)2COBr2 1 262
CsBrF; 1 643
SiBrCIFT 1 198

C

Ceo 1 199, 549-551
CBrs 1 555-556

CCly 1 555-556, 658
CFs4 1 555-556

CoFs 1 664
[(CF3CF20):PN], 1 605
CF3SOsH 1 243

CH, 1 124, 195-196, 198, 202-203,

407, 426

C.H; 1 198

C.Hg 1 196

CsHg 1 429

CsHs 2 190-191
[CGHGAg]+ 1 255
(CH3)3AIN(C2Hs)s 2 112
CGH4(AS(CH3)2)2 2 145
(CH3z)2AsI 2 144
CH2BrCl 1 197
CHBrCIF 1 197
CH3;CH,BH; 1 425
CH3CH,SiH; 1 432
[CH3(CN)] 1 270
(CH3)2CO 1 662
(CHg)QCOBrz 1 262

((CH3)3CO)3WW(OCM63)3 1 464

CHCIF; 1 663

CH3;MgBr 2 104
[CHaMn(CO)4PPhs] 2 76
(C2H5)NAICI; 1 494
[(CH3)3N]2A1H3 1 428-429
[(CH3):NCHO] 1 270

PopMynbHbIf yka3aTens

CO(NHz)2 1 560-561

CS; 1 560

(C24)tSO3(OH)~™ 1 548
[SO3CF3]~ 1 652

Ca

CaBs 1 528-529

CaC,; 1 563-565

CaF2 1 80-81, 437, 519, 657
CaH; 1 412

CaO 1 246;2 279
Cas(PO4)F 1 584
Cas(PO4)3OH 1 584
CaS04 1 437, 448

CaSiO3 1 584

CaTiOz 1 83-84; 2 282

Cd

Cd2(AlCls)2 1 488
[CdBr3(0H2)3]_ 1 383
CdI, 1 483, 489

[(CH3)3N];GaHs 1 428 CdO 1 489
((CH3),N);PO 1 605 cds 2 23
(C4H9)4N]2[R€2013] 2 43

[((CH3)2N); WWCI(N(CH3)2)2] 1 475 Ce

CHsOH 1 421

[(CHs0)2PN]; 1 606 Cell;-. 1 414
[(CH3)2PN]s 1 605 Cells 1 414
(CH:)sPbH 1 432 [Ce(NOs)e|™ 1 343
(CHs),SO 1 238-239, 270-271 Ci

(CH3)3SiCl 1 639
(CH3)sSiCN 1 639
((CH3)3Si)oNH 2 134
[(CH3)2Si0]z 1 605
[(CH3)2SiO]4 2 134

(CH3)3SiOSi(CHz)s 2 130, 134

(CHs)3SiSi(CH;)s 1 469
(CN)2 1 639
CeNy 1 256

CO 1 110, 147-151, 557-559;

2 161-162

COz 1 124, 193-194, 198, 221,

245-246, 255, 557-561
C;0%~ 1 596-597
(CO)sMnSnCls 1 258

Cla 1 634-635

CLC 1 555-556
ClsAl(N(CHs)s)2 1 493
ClyBs 1 522-523
Cl,BCH2CH,BCl, 1 523
Cl3B3N3H; 1 527-528
Cl3B3N3Hg 1 527
Cl,CO 1 556-557

CIF 1 640

CIF3 1 641-644

CIFf 1 640
(CIF;)(SbFs) 1 644
CliGeNCCHs 1 566
[CIHCI~ 1 409

441




442 PopmynbHBIA yKa3aTenb

ClIO™ 1 659-660
ClO0, 1 649-650
ClbOs 1 649
Cl1,O7 1 663
CIO; 1 660-661
Cl0; 1 110, 651-653, 662
[Cl2PN]3 1 605
[CI2PN]4 1 605-606
(CloPN)» 1 605
CISO3 1 660
CH,BrCl 1 197
CHB:rCIF 1 197
CHCIF, 1 663
SiBrCIFT 1 198

Co

Co?t 1 306, 468

CO(C5H5)2 1 553
Coz(CH)(CO)s 2 204
CO(T]3-03H5)(CO)3 2 189
[Co2(CO)s) 2 166, 171
Co4(CO)12 1 133-134; 2 203, 206
[005(00)13]2— 1 115-116
Coz(CO)gCH 1 133-134
[Co(COCH3)(CO)4] 2 178
[COCO3(NH3)4]+ 1 352
COC]Q'GHQO 1 332
[COC]Q(NH3)4]+ 1 347, 351
[CoCl(NH3)s]?* 1 299;2 77
[COC]Q(NH3)4]CI 1 352
[COC](NHQ)(NH3)4]+ 2 74
[CoCl{OH,)5)" 2 51
[CoCl(bn)z(OH,)]** 2 68
[CoClg(en)2]+ 1 353
[Co(n®-Cp)2] 2 159, 196
[Co(n®-Cp)o|t 2 159

CoF; 1 643, 663

[CoH(CO)3] 2 218
[CoH(CO)4] 2 231
[Co(NH3)s|** 2 87
[Co(NH3)g]** 1 330, 345
[CO(NH3)5(CO3)]+ 1 560
[Co(NH3)sF}** 1 559
[Co(NH3)5(OH))*+ 2 52, 66
[Co(NO,)3(NHz)a] 1 351

[Co(NO,)(NH;3)s)*t 1 347

CoO 2 275

[Co(OH2)6]*t 1 255

[Co(OH)(NH3)s)*t 2 74

Co(PhC2Ph)(CO)s 2 190

[Co(edta)]” 1 348

[Co(en)s]®" 1 353-354; 2 34-36

[Co(salen)(py)] 2 317
[S2MoS;CoS2MoS,]*~ 1 486

Cr

cr3t 2 32

Cr(n®-CeHg)2 2 190-191
Cr(CO)s 2 172

Cr(CO)s 2 166
[CrCI(NH;3)5)*t 2 23
[CrCI(OHz)s]*t 1 299;2 77
[Cr(n°-Cp)(CO)2(PPh3)] 2 159
CrFs 1 456

[Cr(NH3)e)*t 2 7, 14-16
[Cr(NH;)5(OH2)]*+ 2 70, 89
CrO3 1 493, 658; 2 278, 284
Cr,027 1 249, 457, 465-466
CrO2™ 1 456-457
[Cr(OH2)6]*t 2 83
[Cr(OH2)s]*t 1 493;2 70
[Cr(ox)37] 1 204

Cs

[Cs(18-xpayn-6)2]* 1 453
CsBr 1 79

CsBrFy 1 643

CsCl 1 79, 87 ,447

CsH 1 415

CsI 1 79

Csl; 1 646

CS404 1 451

Cs7O 1 451

Cu

Cu?t 1 307-308
CuzAu 1 76

CuBr 1 638
[Cu(CN),]~ 1 333-334
CuCl 1 638

[CuCL)*~ 2 236

CUF2 1 638
[Cu(HIOe)2)°~ 1 652

Cul 1 185, 638
[CU(NH3)2]+ 1 481
[Cu(NH3)2(OH,)4)?* 1 383
CuO 1 185

CuOy 2 288
[Cu(OHa2)}** 1 383;2 37
CUQS 1 282

CuZn 1 76

F

F> 1 140, 151
F3BNH; 1 520
F3BS(CH3)2 1 425
FsTeOTeFs 1 614
FXeN(SO;F) 1 670
FXeN(SO2F)2 1 668-669
CHBrCIF 1 197
CHCIF; 1 663
CIF 1 640-641
ClF; 1 641-643
Cng 1 640
(Cng)(SbFs) 1 644
CoF3 1 643, 663
CrFs 1 457
CsBrFy 1 643
HN(SOQF) 1 670
HSO3;CF; 1 638
KAgF, 1 638
KoNiF, 2 285-286
NazAlFg 1 290, 492
NaFeF; 2 281
NazGaFg 1 492
[N(CH3)4]X€F5 1 669
[NFF][SbF5] 1 589
OF2 1 609, 649
ONF 1 597
0.SF(CH) 1 242-243
PF3 1 590
SiBrCIFI 1 198
[SiFg]?~ 1 255
[SO3CF3]_ 1 652

PopMynbHLIA yKasaTenb 443

Fe

Fe?t 1 459
Fe3* 1 309, 321, 613
FesC 1 565
[Fe(CsHs)2] 1 203, 376; 2 152-154
[Fe(n*-CsHg)(CO)3] 2 198
[Fe(n'-C3Hs)(CO)2(n*-Cp)] 2 189
[Fe(CN)6]*~ 1 302, 324
[Fe(CN)g]*"4 1 345, 387
[Fe2(CO)o] 2 171, 203
[Fe3(CO)12] 2 209
[Fes(CO)1a]*~ 2 153
[Fe(CO)4)?~ 2 176
[Fe(CO)s] 1 339;2 157, 166-167
[Fe(CO)3B4H3] 1 542
Fez(CO)4(CsH5)2 2 157
[Fe4(CO)12(u3-COAc)]_ 2 211
FeCl; 1 657
[Fea(Co)12(11a-C)]?~ 2 211
[Fe4(Co)12(u3-CO)]2_ 2 210
[Fe(n°-Cp)z]* 2 159
FeCr,04 1 457
[Fe(NCS)(OHz)s5]%* 1 380
FeO 1 185, 288; 2 268, 275
F6203 1 185
FeQ2~ 1 457
[Fe(OH:)g>t 1 240, 324;2 79
Fe(OH); 1 321
[Fe(OH2)4(OH)2]+ 1 250
[Fe(OH2)sOH)** 1 250
[FGQO(OH2)10]2+ 1 250
FeS 1 82,185
FeS; 1 484
[FeaS4(SCH,PH)4*~ 2 328
[FesSa(SR)4)>™ 1 485
[Fe''TMPyP] 2 256
FeTiH, 1 415
Fe[ZnFe]204 2 281
[Fe(bipy)2(OHz)2)*+ 1 382
[Fe(porph)(Im).] 2 319

NaFeF; 2 281

Nd2F617B 2 295




444 ®opmynbHbIA YKasaTeNb

Ga

Ga(C2Hs)s 2 111, 128

Ga(CH3)3 2 102, 105

GaClz 1 494

GaF; 1 492

Ga(N03)3 2 344

Gag0O3 1 493
[(CH3)3N]2GaH3 1 428
Li[Ga(CgH5)4] 2 128
LiGaHs 1 428-429
NazGaFg 1 492

Ge

Ge2™ 1 621-622

Ge(CH3)4 2 106

GeCly 1 566

[Ge(n'-Cp)(CHs)s] 2 199

GeH; 1 406, 419, 426, 432

GeO2 1 426
Cl4GeNCCH3 1 566

H

H, 1 110, 137, 198, 401-404, 420-421

Hs 1 154-158

H; 1 158

H3BN(CHj)s 1 425, 526

H3sBsN3H; 1 527

HBr 1 404

HCN 1 124, 238

(HsC)3sNBF3 1 406

HCO; 1 559

H,CO; 2 322

HCl 1 198

HCIO 1 308, 311-312

HCIO; 1 651

HCIO; 1 650-651

HF 1 147-148, 231-235, 272, 406-407,
437, 611, 661

HFO 1 659

H;NBH, 1 526

HsNBH; 1 526

H3;NBH,COOH 1 526

HN(SO2F) 1 670

H,NSO;0OH 1 616

H,O 1 164-167, 198, 216, 406-408
H.0,; 1 198, 612-613, 661
HsO" 1 231

Hng 1 231
H,OB(OH)s 1 523
HOCH,CH2NH2 1 291
HOCI 1 658

HPO; 1 604

HsPO3; 1 243, 604
H;PO4 1 319

H.S 1 235-236, 291
H.S,, 1 436

H,5:07 1 260

H2SO3 1 244-245

H2SO4 1 240-242, 418
HSO; 1 614

HSO;CFs 1 638

H,SeO3 1 618

(H3Si)3N 1 567

He

HeHt 1 399

Hg

HgBr2 2 106
[Hg(CH3)2] 1 333, 489
Hg(CN); 1 488, 489
Hgl, 1 489

Hg(N3)2 1 599

HgS 1 487;2 24
[Hg2(SMe2)s]*™ 2 122

I 1 634, 654

IBr 1 641

ICI 1 149, 641

I,Cls 1 642

IF; 1 638, 641

INO 1 597

107 1 654, 662

I0; 1 654-655, 662
[Cu(HIOg)2]°~ 1 652
KIO; 1 631
SiBrCIFI 1 198

DopMynbHBIR yKas3aTens

In
InCI3~ 1 123

Ir

[IrCI(CO)(NO)(PPhs)o]* 2 164

[II‘C](CO)(PMG3)2] 2 86

[IrCI(CO)(PPhs)s] 1 402; 2 157-158,
174-175

IrCl, (H)(CO)(PPhs); 2 181

[IrClg(PMea)g] 1 352

K

KAgF; 1 638
KA12(OH)2Si3A1010 1 571
KAISi30s 1 571
K[Bi Hig] 1 539
KBHy 1 426
K[BoHi4] 1 539
K3Ceo 1 550
KCs 1 563
KCl 1 657
KIO; 1 631
KoMnOs 1 457
KNHz 1 238
K4[Ni2(CN)g] 1 452
K:NiF4 2 286
KO; 1 447
K2Pbs 1 621
K3Pt(CN)4Bro,3-3H,O 1 178-180
K[PtCls(n*-C2H4)] 2 186
K4Siy 1 575

NaK 1 452

La

LaNisHs 1 414
[La(acac)s(OHz)2] 1 502

Li

Lio 1 142-143

LiAlCl, 1 418, 431

LiAlH, 1 418, 421, 428, 431
Li[Al(OEt)4](thf) 1 421
Li[B(CHs)4] 1 522
Li[B(CeHs)4] 2 112

Li[B11H14] 1 541
Liz[Bleu] 1 541

LiBH, 1 422, 426
Li[BH(CHs)s|(OEty) 1 420
Li[BH4](OEt) 1 420
Lis(CH3)4 1 238; 2 100, 104-105
LiCl 1 419, 545

LiF 1 86, 420, 448
Li[Ga(C2H5)4] 2 128
LiGaH, 1 428-429

LiH 1 419-420, 426
Li[Mo(COCH;)(CO)s] 2 179
LizN 1 418, 446

LioO 1 448

LiOH 1 418

LiVS: 2 300

Ln

[Ln(OH2).)** 1 502

Mg

Mg?t 1 448

MgAT® 2 339

MgAl,O4 1 84;2 279

MgBrF 2 123

[Mg(C5H5)2] 1 376-377

Mg(n®-CsHs)z 2 99

MgCO3 1 100-101

MgO 1 77, 282

Mgg(OH)zShOm 1 570

MgSO4 1 448

MgSiO; 1 251

MgZn, 1 76

[Mg(edta)(OHZ)]*~ 1 450
CHsMgBr 2 104

Mn

MnBr(CO)s 2 179
Mn(CsHs)z 2 192
[MH(CHg)(CO)sl 2 178
[an(CO)lo] 2 171
[Mn(CO)s]~ 2 176
MnF4 1 458

MnO 1 470;2 284
MHOQ 1 457

445
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MnO; 1 295-296, 308, 457; 2 24

MnO2~ 1 457

[Mn(OHz)sS04] 1 332
[CHsMn(CO)4PPhs] 2 76
(CO)sMnSnClz 1 258

Mo

[Mo2(CH3CO2)4] 1 476

Mo(n5-CeHg)(CO); 2 154-155

[Mo(CN)s|>~ 1 343

Mo(CN)s]*™ 1 460

[Mo(CO)e] 1 376-377, 468, 476; 2 174

Mo(CO)sPPhs 2 174

MoCl, 1 473

[MogCl1a]?>~ 1 473

MoFe-Sg 2 339

[MogO1]*~ 1 467

MOQ(O2P(OCGH5)2)4 2 89*90

MoS: 1 106, 341, 483; 2 296-297

[Mo2(S2)6]?~ 1 486, 619-620

[MoS4]?>~ 1 486

MogSs 2 301-302

[MOS(S4)2]2_ 1 486
Li[Mo(COCH;3)(CO)s] 2 179
PbMogSs 2 302
[PM012040]3_ 1 467-468
[S2M0S;CoS;MoS,|*~ 1 486

N

Ny 1 139-140, 143

NI 1 151

N3BzHiz 1 526

N(CH3)3 1 133, 406

[N(CH3)4]2[C13G32013] 1 494

[N(CH;)4)XeFs 1 669

[NCS]™ 1 346

NCl; 1 589

NF;] 1 589

[NFF)[SbF;] 1 589

NoH; 1 121

NH; 1 110, 123-124, 158-162, 198,
207, 213-214, 232-233, 239, 262,
405-408, 433, 592, 594; 2 250-251,
339

NH} 1 426

NH,CH,CH,NH, 1 345

[(NH3)5C002C0(NH;3)5] 2 316*317

NHF; 1 198

NH4NO; 1 76, 318

NH,OH 1 317, 599-601

NO 1 594, 596, 598

NO, 1 110

NO; 1 124

NO; 1 210, 594-596

N,O 1 599

N204 1 198, 594, 596-597

NO; 1 124

[NOJ[BF4] 1 598

NOCI 1 543

NO2F 1 113

N(OH)(S03)2™ 1 601
(CH3)3AIN(CoHs); 2 112
[(CH3),NCHO] 1 270
((CH3)2N)sPO 1 605
[((CH30)2PN]s 1 606
[(CH3),PN]s 1 605
Cl3B3N3H; 1 527-528
[C12PN]; 1 605
[C12PN]; 1 605-606
CsNy 1 256
[CoCl2(NHs)4|t 1 347, 351
[CoCI(NH3)s]*" 1 299; 2 77
[CoCla(NH3)4]Cl 1 352
[Co(NH3)s]*t 2 87

[Co(NH3)6]*t 1 330, 345

[CO(NH3)5(003 ]+ 1 560

[CO(NH3)5 ]2+ 1 559

[CO(NH3)5 OHQ)]3+ 2 52 66

[CO(N02)3 NH3 ] 1 351

[Co(NO2)(NH3)s]*" 1 347

[CrCI(NH3)s]*" 2 23

[Cr(NH3)e]*t 2 7, 14-16

[Cr(NH;)s(OHR)*T 2 70, 89

[Cu(NH3)o|* 1 481

[Cu(NH;)2(OHz)4)*" 1 383

FXeN(SO.F) 1 670

FXeN(SO:F); 1 668-669

Ga(NO3); 2 344

HoNBH, 1 526

HN(SOzF) 1 670

H,NSO,OH 1 616

DopMynbHbIAE yKa3aTenb

HOCH;CH,NH, 1 291
[Ni(OH2)s(NHs)]**t 2 52, 56, 65
ONF 1 597

0:S(NH2)OH 1 242

Pb(N;z)2 1 599

[PACl2(NH3)a] 1 222-224

PN 1 604

[Pt(NH3)4]*" 1 481
[RuCI(NH3)s])*" 2 83

[RuCl NH3 SOQ)]+ 1 260
[Ru(NHs)s(N2)]** 1 588
[RU(NH3)5(OH2)]2+ 1 471
(Ruz2(NHs)10(pyz)[** 2 43-44
(SN)» 1 624

S4N4SO; 1 623-624
[Taz(N)Br3™] 1 465
Th(NO3)4(OPPhs)2 1 505-506

Na

NazAlFs 1 290, 492
Naj2(AlO2)12(Si02)12 1 574
NaAlSizOg 1 571

NaBH,; 1 427

NaBiO; 1 497

Na,Co, 1 564

Na[Clng] 2 101, 115
Na[(CHs)zAS] 2 144

NaCl 1 78, 87, 657

NaFeF; 2 281

NagGaFs 1 492

NaH 1 412, 419-420
Na[HB(CzH5)3](OEt2) 1 413
NaHSO4; 1 418

NaK 1 452

NaNH; 1 452

N3.202 1 447

NaOCH; 1 420

Na5Zn21 1 76

Nb

[Nb(7°-Cp)2(Cl)s] 2 193
[Nbeolgls— 1 466
NbS; 2 298

Nd

NdyFe;7B 2 295
[Nd(OH,)o|*+ 1 342

Ni
[NiBra]?~ 1 325, 469
[Niz(CsH5)3]+ 2 193-194
[Niz(CN)g|*~ 1 615
[Ni(CN)4J*~ 1 325
[Ni(CN)s]3~ 1 338-339; 2 53-55
[Ni(CO)4] 1 195, 203, 225-226, 330
347, 468; 2 152-153, 165
[Nig(CO)12]*~ 2 206
NiF; 1 667
[Ni(IO6)]~ 1 652
NiO 2 274-276
[Ni(OH)]*t 2 52
[Ni(OH2)s(NH3)** 2 52, 56, 65
[Ni(OHz)4(phen)]** 1 389
Ni(PF3); 1 590
[Ni(P(OEt)s)s] 2 85
[Ni(PRg)z(COz)] 1 561
NiS 1 82-83
Ni(cod), 2 188
[Ni{P(*Bu)z}4] 2 174
K4[Ni2(CN)g] 1 452
K2NiFy 2 286
LaNi5H6 1 414

0]

02 1 140, 143

OF 1 459

Oz 1 110-111, 124, 607
OC(OH)2 1 245

OCS 1 198
[(OC)sWHW(CO)s]~ 1 407-408
OF; 1 609, 649

OsF2 1 649
(OH);PHO 1 602
ONF 1 597

[Oz][PtFs] 1 459
O,SF(OH) 1 242
02S(NH,)OH 1 242
[OsSONO|~ 1 597
03S00S03~ 1 616

447
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Os

0s0O4 1 459, 619

[053(H2)(CH3)(CO)101 2 210
[0s(0)2(py)2(0Ce00)] 1 551

P

P4 1 120, 584-585
P(Csz)g 1 434
PCl; 1 198

PCls 1 115, 124, 198, 200, 591

PCl; 1 124

[PCIF][PCl5] 1 591

PF; 1 110, 590

[PFs]~ 1 652

PH; 1 121

PH; 1 319, 415, 434, 602

[PMo12040|*>~ 1 467-468

PN 1 604

P4(NR)s 1 604, 605

[P206]*~ 1 603

[P2O7]* 1 251-252, 603

P4O10 1 591, 602

[P4O12]*™ 1 252

PO}~ 1 110

P40 1 602

POCl; 1 198

P4S10 1 623-624

P4Ss 1 623-624
((CH3)2N);PO 1 605
[(CH30);PN]s 1 606
[(CH3):PN]5 1 605
[CI,PN]; 1 605
[C12PN]; 1 605
H:PO; 1 603-604
H3POs 1 244, 602
H3PO; 1 319
Ni(PF3), 1 590
[Ni(P(OEt)3)s] 2 85
[Ni(PR3)2(CO3)] 1 561
[Ni{P(*Bu)s}4] 2 174
(OH),PHO 1 602
[PtBrCI(PR3)2] 1 336

PopMynbHbIfA yKa3aTenb

Pb

Pb2™ 1 444

Pb(CHs)s 2 104, 140

Pb(n°-CsHs)z 2 141

PbF; 2 278

PbF, 1 490, 638

PbMosSs 2 302

Pb(N3); 1 599

PbO 1 495

PbO; 1 495,497

PbsOs 1 495;2 44
(CH3);PbH 1 432
K2Pbs 1 621

Pd

Pd 2 255

PdCl; 2 236
[PACl2(NHa)2] 1 222-224
[PA(OHz)4)** 1 471
[Pd(PPhs)s] 2 85-86

Po

Po 1 609

Pt
[PtBrCl(PR3)2] 1 336
[PtCls)?>~ 1 200;2 84
[PtCls)?~ 1 481
[PtCl3(C2H4)]™ 2 152-153, 158
[PtCl2(NHs)2] 1 335, 2 60, 344
[PtCl2(PEts)2] 2 58
[PtCl(dien)]t 2 55
PtFs 1 458, 638
[PtI(dien)|* 2 55
[Pt(NH3)q)** 1 481
[Pt(OH,)4)*t 1 471
[Pta(u-P20sHa)4)*~ 2 89-90
[Pt(PPhs)a] 1 479
[Pt(PPhs)2(Ceo)] 1 550-551
PtS; 1 483
[Pt(SnCl3)s)®~ 2 54-55
Pt3SngClag 1 495-496
[Pt(dien)(CH;OH)]** 2 63
Kth(CN)4Bro_3'3H20 1 178-180
[O2][PtFs] 1 459

MopMynbHbIE yKasaTenb 449

Pu

PuFs 1 649

Rb

RbAg415 2 272
RbeO 1 451
RbyO2 1 451

Re

[Rez(CO)m] 2 43, 166

[RezClg]>~ 1 345, 347, 471-472; 2 43

[Re(n°-Cp)2(Cl)] 2 193

Re(n°-Cp)O; 2 160-161

ReF; 1 458

[ReHo]?~ 1 343, 455

ReOs; 2 281-282

[ReOClg)*~ 1 341

[Re(O)2(py)a]t 1 464

[Re(S2C2(CF3)2)3l 1 340-341
[(C4Hp)4N]2[RezCls] 2 42-43

Rh

[RhCI(PPh3)s] 2 223
[RRH(CO)(PPh3)s] 2 233
[RhI2(CO)2]~ 2 234

Rn

RnF; 1 670

Ru

RU(C4H4)(CO)3 2 191
[Ru(n*-CsHs)(CO)s| 2 197-200
RU3(CO)12 2 166
[Ru3(CO)sCeo] 1 551
[RuCI(NH;3)5]* 2 83
[RuCl(NH3)4(SO2)]* 1 260
[RuClz(PPhs)a] 1 427,471
Ru(Cp)2 1 202

RuH»(PPh)s 1 427
[Ru(NH;3)s(N2)]*+ 1 588
[Ru(NH3)s(OH)|*t 1 471
[Ruz(NH3)10(pyz)]** 2 43-44
RuO; 2 255

RuOs4 1 459

29. HeopraH. xumua. Tom 2

[Ru(OHz)s|** 1 471

[Ru(SiCl3)2(CO)q](PRs) 2 69

[Ru(bipy)s]*t 1 353-354, 607;
2 25-26, 32, 88

S

S2 1 608

Ss 1 608

S, 1 608

[Ss][ASFelz 1 622

S2Cly 1 611

SoFi0 1 610

S,Fy 1 610

SFs 1 118-119, 610-611

SFe 1 115, 124, 163, 198, 226, 610-611

[S2M0S2CoS2MoS,]*~ 1 486

SN, 1 624

SaNg 1 623-624

S4N4.SO3 1 623-624

(SN)» 1 624

SO, 1 110, 259, 273, 287, 613-614;
2 251-252

SO; 1 124, 260, 263, 613-614;
2 251-252

SO3™ 1 110, 124

(SO3)s 1 613-614

SO3™ 1 110

S,0%~ 1 244, 617

[SOsCF4]~ 1 652

S,0Cl; 1 198

[SO:F]~ 1 613-614
(CH3)280 1 271
CISO; 1 660
(Cg4)+803(OH)_ 1 548
F3BS(CH3); 1 425
[FesS4(SCH2Ph)4])*~ 2 328
[FesSa(SR)4]*~ 1 485
FXeN(SOzF) 1 670
FXeN(SO:F). 1 668-669
[Hgz(SMez)s)?~ 2 122
HN(SO:F) 1 670
H,NSO,0H 1 616
H.S 1 236, 291
H2S, 1 436
H,S03 1 245




450

HSO3;CF; 1 638
NbS, 2 298

NiS 1 82-83

OCS 1 198
O,SF(OH) 1 242
O2S(NH2)OH 1 242
PtS, 1 483

Sb

Sb(C4Ho)al: 2 147

SbCls 1 273

SbF3; 1 589

[SbFs] 1 259, 270

(SbFs)s 1 590-591

[SbFs]~ 1 259, 270

SbH3 1 434

SbaC3 1 602

SbPhs 1 124;2 146

SboPhyClg 2 145-146
(CIF2)(SbFe) 1 644
[NFF|[SbF;] 1 589

Sc

Sc 1 305

ScClz 1 469
ScCls 1 457
SC7C]12 1 472‘473

Se

Se 1 609

Se3t 1 622

SeFs 1 610

Se0?~ 1 618

[Se4][SO3F]2 1 622
HySeO; 1 618
[WS(Ses)2] 1 620

Si

Si 1 565-566

SiBrCIFI 1 198

SiC 1 81, 289, 567
Sia(CHs)e 1 118
Si(CHs)s 2 98, 102, 131
Si(CHs)3(CeHs) 2 132

[Si(CGHS)(CGH402)2]_ 1 258

DopMynbHbIil yKa3aTenb

SiCl; 1 198, 289, 419, 565

SiCly(CHs)2 2 132

[SiFe|*~ 1 255, 566

SipHe 1 118

SiHz 2 38

SisHg 1 429

SiHy 1 405, 419, 430-432

SisHio 1 430

SiHCl; 1 431

SizNy 1 567

Si0 1 604

SiO, 1 289, 431

Si04 1 567-569

[Si04]*~ 1 567

[Sis015]'?~ 1 568

Si(OH)s 1 240;2 241
CH3;CH,SiH3 1 432
(CH3)3SiCl 1 639
(CH3):SiCN 1 639
((CH3)3Si);NH 2 134
[(CH3)2Si0)s 1 604-605
[(CH;)2Si0]s 2 134
(CH,)3Si0Si(CHa)s 2 134
(CH3)3SiSi(CHz)s 1 469
(H3Si)sN 1 567
KAl (OH),Si3Al0 1 571
KAISizOs 1 571
K4Siy 1 575
Mgg(OH)zSi4010 1 570
MgSiOs 1 251
Nalg(A102)12(Si02)12 1 574
NaAlSigos 1 571
[Ru(SiCls)2(CO)3(PR3)] 2 69

Sm

SmCos 2 295
Smy03; 1 553

Sn

Sn**t 1 495

Sng™ 1 444, 621-622
Sn(ns'csHs)z 2 141
SnCl; 1 263

[SnCl3]~ 1 258, 495-496
SnCl4 1 495

PopmynbHbIA yKasaTenb 451

SnCl,(OPMes), 1 495 TI
[(SnC1)2(Pt(SnCls)z)s] 1 495-496 TI(CHs)s 2 129
SnHy 1 432 TII 1 494
SnPhy, 2 106 Tlz 1 490

(CO)sMnSnCl; 1 258 TIOH 1 494

[Pt(SnCl3)s]*~ 2 54

Pt38n30120 1 495-496 U

UBI‘4 1 505

Ta

[T3601]2]3+ 2 44
[Ta(n®-Cp)2(CH;3)(CH2)] 2 193-194
[Taz(N)Brs]®~ 1 465

[Taeolg]s— 1 466

TaS; 2 295-299

Tc

TcFg 1 458

Te

Te 1 609

Te;Br 1 609-610
TeFg 1 610
TeoI 1 609-610
Te(OH)s 1 650

Th

ThCly 1 505
Th(NO3)4(OPPh3); 1 505-506
ThO: 1 505
[Th(ox)s(OHz)2]*~ 1 343

Ti

TiC 1 285

[TiCl2(n®-Cp)2] 2 193

TiCl, 1 469

TiCl; 2 237

TiCly 1 457

Ti(p'-Cp)2(n®-Cp), 2 154

[TiCpgSes] 1 619—620

TiO 1 470;2 276

TiO, 1 83, 454

[Ti(OHz)e]** 1 357-358
CaTiO; 1 83-84;2 281-282
FeTiH, 1 415

29*

[U(n®-CsHs)2] 2 160, 190-191
UCly 1 505-506

UClg 1 506

UFs 1 643
[UO3(NO3)2(OHz)4] 1 507
[UO2(OH2)s)*t 1 341

\/

V3t 1 468
VFs 1 457
VO 2 276
V03 2 277
V205 1 251
VO 1 462
[VOCl4*~ 1 462
[VO2(OH2)4]* 1 251-252, 463-464
VS, 2 298
LiVSy 2 300

W

WC 1 565

[W(CHs)s] 1 455;2 159

W(CO)s(C(OCH3)Ph) 2 180-181

[W(CO)g(Hg)(PPrg)zl 1 403

W(CO)sPPh; 2 53

[W(CO)4(phen)] 2 28

[W2Clo]®>~ 1 475

W(n*-Cp)(n°-Cp)(CO)2 2 154

[W(n°-Cp)2(H)2] 2 193

WOs 2 266-267

[WeO19)>~ 1 466

[W12040(OH)2]'0" 1 467

[Wz(py)4Cle] 1 475

WS, 1 341

[WS(Ses)2] 1 620
((CH3)3CO)sWW(OCMes)s 1 464
[((CHg)zN)gWWCl(N(CHg)z)2] 1475
[(OC)sWHW(CO)s]~ 1 408




452

Xe
XeF, 1 667-668, 670
XeFs 1 124, 198, 667-669

XeFy 1 669
XeFs 1 667-668
XeF2™ 1 669

[XeF][AsFs] 1 670

XeOi™ 1 669-670
FXeN(SO;F) 1 670
FXeN(SO:zF)2 1 668-669
[N(CH;)4)[XeFs] 1 669

Y

YBa,CuzO; 2 287-288

Yb

[Yb(acac)3 OHQ] 1 502

PopMynbHLIT yka3aTens

Zn

Zn(CH3)2 2 120
ZnClz 1 489
Znl; 1 489
ZnO 1 81, 185, 403, 487, 489
ZnS 1 78,80, 81
CuZn 1 76
Fe[ZnFe], 0, 2 281
MgZn, 1 76
Na5Zn21 1 76

Zr

[Zr(BH4)4] 1 427
[Zr(CHs)e)*~ 1 341

ZrCl 1 472-473

ZrCly 1 658

[ZI‘GCl1sC]4_ 1 474
[Zr(Cp)2(CHs)(thf)]t 2 238
[Zr(n°-Cp)2(CHa)2] 2 201
ZrH, 1 413

ZrO; 1 658;2 265, 278-279
[Zr(ox)a]*™ 1 342-343

NMPEOMETHbBIN YVKA3ATEb

ABrononusanus rpudropuga tpoma 1 643
Asronporonu3 1 233
koHcranTa 1 233
—~ pACTBODUTENA W JHANA3OH pa3jIM4H-
mocte 1 239
Aroctudeckue B3aumogeiicrsus 2 182
Apenozun B kKodpepmenrte Bz 2 336-339
Agpenosuntpudocdar 1 252-253
¥ uxcauus azora 2 339-340
Apcopbuus dusnyeckan 2 245-248
Asug-uon 1 599
crenedb okuciaenus N 1 115
Aszor
azorucTaa Kucaora 1 597
asorHas kuciorta 1 595-596
ranoresuasl 1 589-590
nuarpamma Ppocma 1 314
auokcun 1 596-597
KOBaJIeHTHEIH pagnyc 1 117
KOMILJIEKCBI
— mmrparo- 1 505-507
— HUTpHuOo- 1 464-465
MOJeKyJa, cTpyKtypa JIvtouca 1 110
— onucande no merony BC 1 128-129
MOHOOKCHI, Guonorudeckas poab 1 598
HUTPAT-UOH, CTPYKTYPHl JIvtouca
pe30oHaHCHbIX rubprgos 1 112
HHTpHuA-HoH 1 418
HUTPHT-UOH, CTPYKTYypa JIvtouca 1 110
NPOYHOCTEL CBA3el, cpaBHeHHe
— —— [gpoitHolt u TpoitHoit 1 152
——— oausapsoft u geoitroit 1 120-121
COeUHEHUA
— c 6opom 1 524-528
- ¢ KpemHHem 1 567
— ¢ yraepogoMm 1 561-562
~ ¢ docdopom 1 604-606
TBepAbl pacTBop ¢ HuKesem 1 76
¢dorosnekTponHnlit ciektp 1 139-140
3Heprud HOHU3AlUK U 3JIeKTPOHHAA KOH(DH-
rypaiua 1 51
sHTaNbNuA cBaszu 1 119, 147
AKBaHOHBI
BOCCTAHOBJIEHHE TeTparpapuaobopat-
uonoM 1 426-427
Menu u 3000Ta 1 480
Memu n Hukens 1 468

TTOJTHMEPHU3ALNA B NOJMKATHOUBI
1 249-250

AKBaKHCJIOTBI, 3AKOHOMEPHOCTH B CHJle
1 239-242
AKTHBal[HOHHBIE TTapaMeTphl 3aMelleHHA
B KBaJpPATHBIX KOMILJIekcax 2 63
AKTHBaIUA
aszora 1 587-589
OKTa3ApUYECKHX KOMILJIEKCOB 2 66-T71
ceasu C—H meraniamu Havana d-6s10ka
2 201-202
ceazu C—H B merane 2 201-202
Axtunungel 1 25, 500-501, 505-509
pasgeyienne 1 508-509
ANaHHH, KOMILUIEKCH ¢ KobaibToM 2 35-36
Ankanpnap 1 452-453
AJIKeHbl
rugpupoBanue 2 227-230, 249-250
Kak jJurangn 2 186
nonuMepusauua 2 237-239
npoxupanbyble 2 229
peakuun obmeHa 2 184-185
Annorponus
kucsopog, 1 606-607
MBIIIBAK, cypbMa, BUCMYT 1 586-587
cenen 1 609
docdop 1 584-585
Anmasz 1 546-548, 555
3amnpelennas 3ona 1 182
nosydenue 1 547-548
Ansbur 1 571
Anbga-yacTipl B AgepHOM cnHTese 1 18-19
A moMUHMIL
AJTKHJILHBIE coeauHeHus 2 111-112,
126-127
amoMocuinkaTel 1 569-575
raJloreHuAbl KaK KHCI0Thl Jvtouca
1 257-258
ruapunaer 1 428-429
kapbun 1 564
MeTAII00praHKYecKne COeIUHeHUs
2 124-127
OKCHI,
- amdorepnbie cofictBa 1 247-250
— Kak Kartajusatop 2 240-241
— nerydectb 1 285
~ a-mogudukauua 1 493
- (B-moaudukauua 2 272
— ~-momucuxauua 1 493
naccusanua 1 305-306, 443
maBjeHnsa remnepatypa 1 492




454 MpeameTHui ykasaTenn

NOJIMKATHOHBI, BBIIIEJAYHBAKRE KUCJIOT-
HBIMU Joxaamu 1 249-251
nosiydenue 1 289-290, 491-492, 518
peHTreHoBCcKuit cnektp 1 179
Amomocunukatel 1 569-575
Amepuuuit 1 506-509
Amun-6opaubl 1 525-526
Amunobopan 1 526
AMHHOKHCJIOTH], KNaccudukanus 2 309
AmuHOCY/IbdoHOBaA KHcsota 1 242-244
AMMHAK
KaK ocHosBaHue Bpéncmeda 1 232-233
KaK ocHosaHue JIvwuca 1 254-255
KaK PACTBOPHTEJb OIS IEJOYHBIX
merannos 1 271-272
KaK 3JIEKTPOHOU3OBITOUHOE COeAUHEHHe
1406
MOJIEKYSIPHBIE OpOHTATN
— — JAMarpaMMa 3HepreTHYeCKHX ypPOBHel
1214
—— mnocrpoenne 1 159-162, 207, 209, 211
ocb Bpamrenusa C3 1 192-193
npuMenenue 1 583

Acbectnl 1 568

AcconuarusHoe 3amenienre 1 387-388

Acrar 1 629-630

ArowmHblit HoMep 1 16-17

AToMpl
akuenropusle 1 330
Bogopoaonodobubic 1 25-36
JoHopuble 1 330
MHOTO3JICKTpOHHBIE 1 25, 36-58

Aueranbierug, cunres 2 235-236

ALCTaT-HOH, NOJY'IEHHE H3 MOHOOKCHIA

yraiepoga 1 558

Bapus kap6onar, pasnoxenne 1 100
Benku »xeneso-cepunle 2 327-329
nuTporenasa 2 339-340
Benson(rpuxapbonnn)Monnbaen(0)
2 154-155
Bepusnin 1 568
Bepumnuit
THAPUJ, onKcaHue no merony MO
1 168-169
ucTouHHK 1 568

cunTes (npouecc labepa) 1 433-434;
2 250-251

crpykrypa 1 407

crpykrypa JIvouca 1 110

Kapbug 1 564
KOHMUTYpallHsl OCHOBHOTO cocTosHua 1 41
METAJUIOOPTaHHYECKHE COeIMHEHHA
2 117-118
okcug, amporepsocts 1 247

TOUY€YHadA rpynma cumMerpuun 1 198

dopma mosekynsl 1 123

doroanekrponsblit cnektp 1 158
Ammusbopan (6opasan) 1 526
Ammunkap6oxcubopas 1 526
AMMOHUS HOH

reomerpusa 1 126

Hurpar 1 76-77

~ comnponopuuosuposasue 1 318

Xnopun, crpykrypa 1 79

4eTBEPTHYHBIH, cuMMerpua 1 203-204
AHHOHBI

KapfoHmaMetamiaTHble 2 176-177

MexraJioreHunle 1 647

noaunoguasl 1 645-646

pagukand-annossl 2 115-116

Pa3MepB! OTHOCHTEJIBHO HCXOHEBIX
aTomoB 1 48

AnogupoBanme 1 306
AnTHdeppoMaruetusm 2 283
OKcHzn! 3d-meransioB 2 279-281
Apron 1 665-666
Apomarnyeckue YIeBoAoPOpl, B3aUMO-
NpeBpalleHHs Ha ueonurax 2 252—-254
Apcabenzon 2 145
Apcenns Hukens, cTpykTrypa 1 78, 82-83
Apcun 1 434

naccusuposanue 1 446
npespainiesue Be 8 C 1 19
COeHHEHUSA

— cBoiicrBa 1 451

— crpoenune 1 449

CpOACTBO K 3JeKTpoHy 1 53-54
3Heprua uwonusamuu 1 50-51

BukapGonar-uon, obpa3oBasue U3 JTHOKCHIA

yriicpoga 1 559
Braropoamsle raset (rpynna 18/VIII)
1 628-630, 664-671
Bonemoit B3peis 1 16
Bop
6opasun 1 527
Hopuapl MetasioB 1 528-529
raJOreHuapl Kak KUCaoThl JIviwouca
1 256-257
rugpugel 1 405-407
— TOYe4YHBle CPyNibl cuiMMeTrpur 1 198
HMKOCA3ApHUYecKas rpymna CUMMETPUHU
1199
KOHMUTYpalUs OCHOBHOTO COCTOSHHA
141
METANJIOOPTaHHYECKHE COEIUHEHUS
2 123-124
— — CHHTE3 C NOMOLIBIO PEAKTUBOB
I'punvapa 1 522

MpeaMeTHBLIA yKasaTens 455

obpaszopanue npu “ropesun”’ reaus 1 19
OKCH[I, SHTAJIBIHS JUCCOLHAIIHHE CBA3IM
1120
nonydenue u3 6ypol 1 518-519
coeauHeHHs ¢ azorom 1 526-530
TBEPABIH pacTBOp ¢ HHKeneM 1 76
TeTpaxJiopua guGopa 1 522
TpUTANIOreHHIbl, chroiicTBa 1 520
TpudTopug 1 111
— Kak KHcsora Jvrouca 1 257
— pe3oHaHCHble cTPyKTYypsl 1 111
-~ TodeuHas rpymna cuMmmerpun 1 198, 200
3Heprusa nonusauuum 1 50
Bopansl (foposogopogpl) 1 421-427
nenporonupopanue 1 539
MOJIeKYNAApHBIE U aHHOHHble 1 530-531
peakuuu ¢ GoprugpugaMu 1 539-540
peakuuu xapakrepuole 1 538-541
cBA3b U cTpoeHue 1 530-537
CTPYKTYPHBle B3auMocBa3n 1 535-537
cTpykTypsl (apazho, xaoso, nudo) 1 533
Terpabopan, cuHTes 1 538
Boparwt
nonusgepssle 1 524
cnoxkHble apuper 1 523
Boprugpu e
cBA3b U cTpoenne 1 529-537
xapaKTepHble peakuun 1 538-541
Bopna-T'abepa nukn 1 90-91
Bopra—-Onnenzetimepa npubnuskenue 2 78-79
Bopnasa kucnora 1 523
Bpénemeda kucsiorer 1 230-239
rufpugel 6opa 1 541
KHCJIOTHOCTD 110 JIvroucy 1 254
MEPHOIHUYECKHUE IAKOHOMEPHOCTH
1 239-253
cuna 1 233
Bpéuncmeda ocHoBanua 1 230-239
nporosupoBanue 1 418
cepoBogopor, 1 436
Bpércmeda pasuosecue 1 232
BpowMm
6pomuT-uon 1 660
KOBAJIeHTHRI paguyc 1 117
KOMIUIEKC KHCJIOTa—0cHOBaHKe JIvrouca,
obpazoBanne 1 261-262
nepbpomaT-uoH 1 662
mony4enune 1 633
SHTaNbnuA cBsa3u 1 119

Bakep-npouecc 2 235-236
Bakyymuble xuMmuueckue cucrembl 1 422-424
Banenrtnnix cBaselt meron 1 126-134

Ro30yxgenue u rubpuausanma 1 130-132
ANd OBYXaTOMHBIX MoJsiekyn 1 126-129
A1 MHOTOATOMHBIX MoJsiekysn 1 129-132

BasentHbIX 3siekTponoB nogcyer 2 155-159
Banaguit

BAHAJAT KAJIHA KaK KATAJIU3ATOD
2 251-252
BaHadMIa KOMIUieKebl 1 462-464
OKCHJI, 3JIEKTPONPOBOHOCTE 2 277
okcococaunenuss 1 463-465
NesTaoKCHa, aMm¢poreprocTs 1 247
NoJHOKCoaHHoHbl 1 251
nojsinokcomerasnatel 1 466

jj-Bzaumoneticteue 2 8
Bucmyr 1 498-499

aHMOHHBIA KiacTep 1 623-624

okcnasl 1 602

nonydenue 1 491, 586

COeIHHEHHsA, TPUMEHEHHEe B JIEUeHUH
nenTuYecKux 138 2 345

cTeneHd okuciaeHua 1 581-582

asieKTponposogHocTs 1 190

BuemnecdepHsblit neperoc sjekrposa 1 299

B peakiuax uuroxpomos 2 330-331
Buyrpennee Bpamenue 2 198-199
Buyrpucdepnnlil nepesoc anekrpora 1 299
Boga

BaJeHTHBbIN yroan 1 123-124

rubpuguple opbutanu 1 166

H OKHCJIHTEJIbHO-BOCCTAHOBHTEIbHAS
ycroiyusocts 1 304-309

KaK 3JIEKTPOHOM3OBITOYHOE COeIUHEHHE
1 406, 435

JIOKaJH30BaHHble opburanu 1 165-166

HOpMaJNbHble KoJiebanua 1 217

onucanue no Merogy BC 1129

PacTBOPHMOCTB conelf LieNoYHBIX
MeTaynsioB 1 447-448

peakuuu ¢ MerasiaMu 1 446

crpykrypa 1 407

TOYeuyHas rpynmna cuMerpun 1 198

Bogmopoa, 1 395-439

TAJIOTEHH Bl KAK 3J1€K TPOHOM3OBITOYHbIE
coeauHenus 1 406, 436-437
“ropenne” U obpasoBaHHe 3JIEMEHTOB

11920
IMCCOLHAITHSA MOJIEKYJIBI
— — rereponurudeckas 1 403-404
— - romosnuTtudeckas 1 402
msoTonsl 1 16-17, 397-398
HMOU, TTPHCOEIUHEHHE IO TPOHHOH
ceazn Mo=Mo 1 478
won HY 1400
Kak Jurang 2 181-182




456 MpeamMeTHbI yKazaTenb

Kak pakerHoe Toreo 1 401
KOBAJIEHTHBIN paguyc 1 117
nuHelnaa Mmonekyna Hz 1 154-156
Mosekyna Ho
- — u Mmerog BC 1 126-127
— — crpykrypa Jlewuca 1 110
OKHCJIUTENIBHOE fipHCcoeJHHeHne 2 85
OCHOBHOIO COCTOAHHUSA KOHpurypauus 1 41
nepokcun 1 612-613
nonucyneduy 1 436
MOy YEHHE BJIEKTPOJIH3IOM HOHHBIX
ruapunos 1 412
npespalesue B reauit 1 19
MPOH3BOACTBO KOHBEPCHER NPUPOIHOTO
raza 1 400
cenennn 1 436
COoeUHEHHU
— MoJiekynapusie 1 405-411
— cBo#icTBa xUMu4yeckue 1 419-421
- cuHTe3d 1 417-418
~ TEPMOJHHAMHYECKAS YCTOHYHBOCTH
1416-417
cyneobug 1 436
Tennypun 1 436
dropug
— XHIAKHHE Kak pacTBopuTesn 1 272
— Kak Kuchota Bpéncmeda 1 272
— MoJleKynAapHsle opburtanu 1 147-148
— cTrpoeHue 1 407
nuanua 1 561-562
SHeprusa wonuzaiuu 1 50
SHTAJbIHA ¢cBsA3d 1 119
Bomopogras cesse 1 407-411
B ruapaspHe 1 600
BO dhropoBonopone 1 408-409, 638
H obpasoBaHue komnnekcoB 1 273
Bonoponuerit nokazarens (pH)
BJIMSIHHE HA OKHCIHTENbHO-BOCTAHOBU-
TenbHble peaknuu 1 319-324
— — OKCOAHHOHHI B POJIH OKHUCJHTEEH
1 592-593, 655
U CBA3bIBAHHUE KHUCJIOPOLA FeMOTTOBHHOM
2 320
Bonnosrie dbynkimu 1 26
U pe30HaHCHBIe CTPYKTYPbl JIvtouca
1110-112
JTvHeRHble KoMbuHamuu 1 126
HOpMUpOBaHHbIe 1 26
paluainnibie 1 31-33
yraosuie 1 31, 34-36
Bonndpam
Kapbuag 1 565
KOMIUIEKCh! ¢ Bogopoaom 1 407-408
MuHepann 1 454

HUTPHIO- U AJKHJIHAEHOBBIN KOMILIEKChI
1 464-465
OKCHJ, TJIOCKOCTH KpUcTaorpadu-
4eCKoro casura 2 266-267
nosnuoxcoannonsl W(VI) 1 251, 466-468
DPpocma guarpamma 1 458-460
SHTANbNUA Hcnapesua 1 442
Boccranosurenu 1 281
soja 1 306, 435
ruapa3ud 1 602
uonnl 3d-meramios 1 468-469
meTtastbl 1 444
MOHOOKCHA yrnepoia 1 283-287, 400, 538
cunan 1431
dochop u ero coenunenus 1 602-604
BoccranoBuTesbHOE KapGOHHIHpOBAKHE
2 166
BoccranoBuTenbsoe 2 HMUBHPOBaHHE
KaK OKHMCJIMTEJIbHO-BOCCTAHOBHTEIbHAS
peaknus 2 86-87
Karanurudeckoe 2 226-227, 234-235
Boccranosnienne 1 281-325
BoZoit 1 306
u obpazoBanne KapGoOHUIMETANLNAT-
aHuonoB 2 176-177
KaK CcTaJus NpU BblJEJEHHH 305i0Ta 1 291
KaTajgaruyeckoe 2 225-226
nonyyenue cdocdopa H3 ero coeauHeHHN
1 584-586
Bxopsas rpynna
B peakuuax zamemesns 2 50-51
- —— komnnekco 1 380
HyKneodubHoCTh 2 57-59
Boigesienne
BOCCTaHOBJIeHHeM 1 282-290
merannos d-6ioka 1 454-455
- p-Gaoka 1 491
3JieMenToB 12-it rpynnet 1 487
- rpynnet 13/111 1 518
- rpynnet 14/IV 1 546

Tannnit

apceHun, 3anpelleHHas 30Ha 1 182

6pomug, nosnyyernne 1 657-658

rugpuasl 1 428-429

HCNOJIL30BaHHe B MeguiHe 2 344

KakK Jerupyroman nobaBka K KpeMHHUIO
1 184-185

METAaJIJIOOPTaHHYECKHE COeIHHEHNA
2 128-129

okeun, amdorepHocts 1 247

noixydenne 1 491

npespamesdue Zn B Ga 1 21

TeMmneparypa nmiaabsjgeHus 1 492

TpuaTHranauit 2 111, 128

MpeameTHLIA ykasaTenb 457

Tanorenuapt
6opa 1 519-523
kapboHUnrasmoreHuas 2 179
d-metasios 1 459
s-metayuton 1 447
flIoJIMrajloreHua-aduonsl 1 645-648
noauHoaua-aHuos 1 645-646
yraepoga 1 555-557
3JIEMEHTOB Ipyfnsl azora 1 589-591
— rpynnsl Kuchopoza 1 609-611
- rpymnet 13/I11 1 492-495
SHTaIbNHK pacTBopeHuss 1 103
lanorenooprasorepmansl 2 132-133
lanorenoopranocransansr 2 132-133
Tanorennr 1 629-630, 631-664
Kak KHcHoThl Jlvwouce 1 261-262
MEeXTaJIOTeHHble coeunenusa 1 640-645
coeuHEeHUd ¢ KpemMHueM 1 566-567
lekcaranoresuapl, crpoeHue 1 479
IekcameTunanomMusuit 2 100
Texcamerungucuiokcas 2 130
Tekcamerundocdopamuy 1 605
Texcanpanodeppar(IIl), Boccranosiesne
1 324-325
lenwmit
aToM, OCHOBHoOe coctosanue 1 37, 41
renuii-II 1 665-666
“ropenue” u obpasoBanue ssnemenros 1 19
ucrtoyHuky 1 665
3He 1397
lemornobun 2 313-316
KPHBaA HACBHIEHHA KHCIOpoaom 2 321
lemonmasus 2 313-314
lemapurpur 2 314
Tepmannit
aHNOHHBIA knacTtep 1 624
rajIoTesUIbl KaK KUCJIOThl Jotouca 1 259
repman 1 405-406, 419, 432
— noayderne 1 426
3amnpelreHHas 3oa 1 182
— — M TeMIepaTypHas 3aBUCUMOCTb
ajlekTponposogHoct 1 183
KateHaiusa 2 136
KOBaJIeHTHRIH paguyc 1 117
MeTaJUIoOpraHUHecKe COeIHHEHHS
2 140-143
nonyudeHue 1 519, 546
TepmasTennt 2 141
leTepoaTOMHbBIE ITUKIbI HEATPATbHbIE
1 623-624
lereponosnokcomeransnatsl 1 467-468
I'ubpuamsammsa 1 130-132
u obpazosadue o-ceaseit 1 480-481
Merog MO 1 166

l'ugpasun 1 599-601
ANKHJITHAPA3HHBL KAK BOCCTAHOBUTEIH
1 600
crannaprHasn aneprua lubbea
obpagoBanua 1 121
I'uapune
uonHble 1 404, 412-413
— amomuHus 1 428-429
— BOcramenenne 1 412
kapbonunruapuisl d-metassios 2 178
mertasnnonogobusle 1 404, 413-415
Mostekynsapuele 1 405-411
HeCcTeXHOMeTpH4eckue 2 266
I'unpobopuposanue 1 425-426; 2 107
I'mapoxkap6onunuposanue 2 230-233
I'nppokcnanatur 1 584
B GHonorayeckux cucremax 2 310
I'umopokcunamun 1 599-601
I'mapokcokuciorel 1 240
T'uapokcoHus woH 1 231
TuppoMeTamyprudeckoe U3BJedeHHe
MetajtoB 1 287
I'mpgpocununuposanue 1 432; 2 107
I'unapodopmunuposanue 2 230-233
I'unepBanesTHocTe 1 115-116
rekcadropng cepsl 1 162-163
coegHHeHHs amoMuHus 1 493
coefHHeHHA KpeMHHA H repMaHua 1 258
T'unepkoopnunanusa 1 115-116
Tunorasorenur-uousl 1 659-660
Tunodrocdur-non 1 602-604
Tno6anbHoe norertyiesne 1 401
4 napHuKoBbIA adpexkt 1 559
Toavdwmudma
kJaccudukanusa 1 267-268
paguycel 1 73, 86
T'padur 1 546-549
rugpocynbdar 1 548-549
HHTEPKAJIATL! KaK HOHHBIE KapOuinl
2 299-301
nonydenue 1 546
Ipunvapa peaktussl 2 118-120
U CHHTE3 AJIKHJI- U APHINPON3BOJHBIX
6opa 1 522; 2123
— — MeTaJUIOOPTaHUYeCKHX COoeAMHeHHA
3J1eMeHTOB 2-if rpynnbl 2 117-118
nony4exdne 2 104
I'pynn teopust 1 191 cn.; 2 361-365
I'yu Becel 1 364

JByxXskBuBaNeHTHLIE npoueccl 2 84
Heitrepuit 1 17, 397-398
cpaBHeHne HUNUECKUX CBOHCTB
¢ Bogopozom 1 397-398




458 lNpeamMeTHbIA yKkasaTens

JlenoKaIM3aIUs 3JEeKTPOHOB H ITPOCT-
paHcTBeHHbIE adhchekTrr 1 384-385
JedexTnl
B3aHMHBIN 0OMeH aToMoB 2 264
pausaHne HA Judpdysuio 2 271-272
M HecTexuoMeTpHa 2 274-275
npumMecHble 2 261
~ ToyeuyHble 2 265-266
npoTsKeHHble 2 261, 266-267
cobcTBeHHbIE 2 261
— Toye'Hble 2 261-264
-—- BNIiO 2274
Yodcau 2 267
Dpenxean 2 262
Hlommwxu 2 262
Juarpamma(br)
Appenuyca 2 270-271
KoppesasuuonHble 1 157
~ nna kondurypanmit dl u d2 2 19
-~ anst pparmenta MLy 2 41
Jamumepa 1 310-313
— naasg okcoanuo”os 1 319-320
- pha docdopa 1 603
— CTaHJAPTHBIE NOTEHIMAJNBI JJ15
HecocegHux yactul, 1 311-312
Opzeaa 2 18-19
Iyp6s 1 320-322
~ KOMIUIEKC TeTpaJleHTaTHOrO JHTaHaa,
okucnenue 1 461
pacrnpezieneHust 411 MHOTOOCHOBHBIX
kucaor 1 236
Tanabe-Cyzano 2 19-21, 405-407
Yoawa 1 167-168, 649
Dpocma 1 313-320
— agora 1 314
— aKTHHBZoB 1 506
—- Bosibdpama 1 458
— M AUCTIPONIOPIIHOHHPOBAHME
1 317-318, 652
~ U COTPOINOPIHOHHUPOBAHME
1 317-318, 652
- Kuchopoga 1 315
- d-MmetasoB 1-ro psaga 1 456
— p-metasnos 1 490
— MosnubnmeHa 1 458
— OKCOAQHMOHOB ralioreHos 1 653
— TpH pa3ubIx ycnosusix 1 318-320
— 3JIeMEeHTOB rpynmsl azora 1 592
— = TI'pynnel Kuciopoga 1 612
~— rpynmb xpoma 1 458
Danunezsma 1 283-285
~ U 3HTpONMA peakuuu 1 284
3HEPreTHYeCKHX yposHeit MO 1 137-140
——— ammuaxka 1 160, 214

—— - rajorcioB 1 634
— —~ MOHOOKCHZa yriepona 1 148; 2 161
— -~ — MOHOOKCHIOB d-MeTaJiioB 2 277
-~ —— CKeJleTa B BGHE" 1 536
——— droposogopoga 1 148
Huaszora okcug, 1 599
JluaMarseTusm
6opanoB 1 422
KoMIUlekcoB 1 363-366
PacTBOPOB LEJIOYHBIX METAJJIOB B 3hUpax
Hu alkunamusax 1 452
Juacrepeomepnr 1 355
KOMILJIEKC C XMPAJbHBIMH (POCHHHOBBIMHU
JHTaHJAMH U [IPOXHPATbHBIM
aJikeHOM 2 229
JHuartomMoBas 3emns 2 310
Hubopan 1 163, 406, 421-422, 424-426
Jurepmasrensl 2 141
Huxkapbuzapr 1 563-564
Hunurnomeran 2 114
Hucrnastessl 2 137
TeTpaMe3UTHIIUCHIadTeH 2 138
Jucnepcuonnoe B3aumogeitcteue 1 94
coequnenus ¢propa 1 637-638
Hucnponoproruposarue 1 307-308
aKBAMOHOB MeIu H 30Jiora 1 480
6estoro ¢ochopa 1 602
TaJiud ¥ uHausd B Boge 1 494
ramoresos(0) 1 658-659
u Jlamumepa guarpamma 1 312-313
u Ppocma guarpamma 1 317-318, 652
uona prytu 1 488
uonos ranorenos(III) 1 660-661
nonos raroresos(V) 1 661
kaamusi(I) 1 488
KapOOHMJIOB MeTanoB 2 177
KaTHOHOB d-MeTa/lioB 1 468
MaHranar-uoHa 1 456
obpazoBanue pochuna 1 434
oxcoaruona kcenona(VI) 1 672
XJIOpHOBATHCTOR KHcioTbl 1 308
Jucrannasrens 2 141
Hucynbsdbums
KpUCTAJIMYeCKHe, nonydenue 2 295-296
d-metasioB 1 483-484
Judpakius Me/lJIeHHBIX 9J1eKTpoioB 2 244
Hudbdysus
aTOMOB M MOHOB 2 269-274
ko3pdpunpment 2 270
MexaHM3M 2 271-272
ypaBHeHne 2 270
Huxnopug aucepsr 1 611
Juxpomar, nonyvenne 1 457-458

MpeameTHbIit ykaszaTens 459

Hnuna ceasu

B ajimase 1 546

B rpacdure 1 546-547

B Juxkapbun-uone 1 563

B MeTraJyiolleHax 2 196

B MoOJieKkyne Bogopoza 1 400

B TBepAblx auranoreHax 1 635

u nopsgok 1 152

KpeMHHUH—KpeMHHiX 2 138

paBHOBecHasa 1 117
Honexkaxkapbonunrpukeneso 2 208--209
JloMenbl MarsuTHble 2 282
Houepuuit vykug 1 21
Awvroapa—Yamma-Lanxencona 2 186

Esponuii
BOCCTaHOBJIEHHE BOAbI HoHOM Eu?t 1 501
BblAeJicHHe U3 cMecH naHTaHuzos 1 500

Kageur 1 568
ZKeneso
aMdorepHble cBoiicTBa 1 249-250
6HOJIOrMYeCKasl POJib B [1EPEHOCY UKAX
Kucaopoga 2 310-319
B MPUPOAHEBIX Bojax 1 323-324
ruapug 1 413
KaK KaTaJlHU3aTop B CHHTE3e aMMHaKa
2 250-251
kapbug 1 565
MuHepaJbl 1 454
MOHOOKCH[
— KakK NoJynpoBOoJHHK n-Tuna 1 185
— HecrexuoMerpus 2 274-276
obpa3oBaHue B AAEpPHBIX peakiuax 1 20
oKHCJIeHHe B armoccepe 1 309-310, 442
okcoxommteke Fe(IV) B nuroxpome
2 334-335
nosumMopusm 1 71-72
notyuyenue 1 288-289
nopdupuHosblit koMrutexe Fe(IT)
2 315-316
ITyp6s puarpamma 1 320-323
deppurer 2 281
deppocununpuit 1 575
deppouen 1 202; 2 154, 181
— xoHdopManuu 1 202
—~ peakuuyg 2 192-193
— cBas3p 2 195-197
3Heprus cBaA3M agpa 1 20

3amewenus peakiuu 1 263-264
u obpaloBanue KoMIiekcoB 1 264
u dparmenTanus Kiacrepo 2 208-209

kapbouunos 2 76, 172-176
KOMILIeKcoB d-MetasuioB 1 379-380; 2 193
JIHTAHZIOB, CKOPOCTH M MEXAHU3MBI
1 386-389; 2 50-56
MJ10CKO-KBaAPATHBIX KOMIJIEKCOB 2 56-63
3apanoBoi IOTHOCTH BOJIHEL 2 296
B AMXaJIbKOTEHHIAX MeTaJuioB 2 297-298
3onoro 1 444
HCMOJb30BaHUe B Meauiuue 2 344
nony'enue 1 291
CIIaB ¢ Meaplo 2 264
3onb-resib nponece 2 293-294
3ona 1172
akuenropsgas 1 185
nonopuas 1 184
3anpeigesHas 1 172
— 3semenros rpynmnel 14/1V u
ux coegunenuit 1 545
nposogumMoct 1 175
~ Ang uHTepKasaros 2 300-301
— U NONYNPOBOAHUKOBBIE CBOHCTBaA
1176, 181

WN3BecTb, MpuMeneHne B Metamiyprun 1 288
H3Binieuenne XUMHYECKHX 3JI€MEHTOB,
TEePMOAHHAMHYECKHE ACTIeKThI
1 283-287
H3onobanbrocrs 1 132-134
H3osobanbHble aHAOTHH, TPHMEHEHHE
2 204, 206
Hszonsrops
anma3 1 546
raapug uepus 1 414
HUTPpHA Gopa 1 525
TBepaple 1 171, 180-181
W3omepus
reoMerpuyeckas 1 335
— B IIOCKO-KBaJPATHBIX KOMILJIEKCAX
1335
— B 6-KOOPAHMHAIIMOHHBIX KOMILIEKCAaX
1 351-352
u XupanabHocTh 1 351-355
cBa3n 1 347
HNsomepsr
zpan- 1 351
oc- 1351
Yuc- © Mpanc- B OKTAIAPUIECKHX
KoMIlekcax 1 351
Usoronm 1 16
WsodepmenTn 2 322
WUaympyn 1 568
Wkocasgpuueckue CTPYKTYPbI
dop 1 518
Goprugpua-uonnt 1 531, 533




460 MpeameTHoIf ykasaTens

Husepcusa
B pPEaKUHAX 3aMelleHus 2 132-133
Kak omnepauus cummerpun 1 194
— —— ¥ OMNOJbHBIHA MOMeHT 1 201-202
Nuanit
apCeHM], 3alpellenHas 30Ha 1 182
MeTAIJIOOpraHHYecKHe coeguHeHnsa 2 129
TeMmnepaTypa TlaBleHus 1 492
VneptHoit naps! 3ddext 1 490
pucmyT 1 497, 582, 589
repmanuit 1 566
ungus(l) coenuuenuss 2 129
ceurua(ll) coegnnenna 2 142-143
tanus(l) coegunenns 2 129
HMuTepkanaTbl
rpacduta 1 548
— Kak HOHHbIE Kapbuabl 1 564
cynsdugos 2 298-301
HNureprkananua 1 484
WurepkomMbunauuonHasa kouBepcus 2 31-33
WntepmeTannudeckue coeguHenus 1 76
LaNis 1 414-415
NudpakpacHaa cnekTpockonusa 1 218-220
aKTHBHbIEe MOgB! 1 218
OKTa3JpUuYecKHe MOJeKyabl 1 226
Nndpakpacnasa dypbe-cnekTpockonus 1 219
MndpakpacHbie criekTpbl
Y-rauHO3eMa 2 242-243
¥ BogopogHas cBaA3b 1 408-409
H U30TONHBIH 3ddext 1 398
KapbOOHHUJIOB MeTANNI0B, CBA3b
CO CTpyKTypo#t 2 167-171
2-nponanona 1 409
ceasu Si—H 1 430
[Pd(NHg)zClz] 1224
Hog
auvogkapbopan 1 543
KaK MArkas KuciaoTa JIviouca 1 261-262
KOBaJIeHTHLIH paguyc 1 117
MOHOXJIODUZ, MOJIEKYJIAPHbIE Op6UTATH
1150
nepHogar-uoH 1 652, 662
nonydyenue 1 635
TPUHOOUI-HOH 1 262
SHTAJIbNUA CBA3K 1 119
HonHasn mapa 1 331-332
Honnbte coegunenus 1 76-104
mozens 1 77
9sieMeHTOB 1, 2 1 12-#f rpynn 2 114-120
Houmn
MHTPAIMA B OKCHOAX CO CTPYKTY POt
dmooputa 2 278-279
MHoroaToMHble 2 (000
YCTORUMBOCTB M xuarpammbl Ppocma

1 317-318
Hpesunza-Buavamca pag 1 385-386
Wpuaut, KOMIUIEKCH! C apcHHaMu 2 144
HckarkeHHe CTPYKTYpPbl
TerparosanbHoe 1 340, 370-371
TpuroHaJbHoe 1 341, 647

Kaamnit
aucnponopuuonupoBanme 1 488
HOH KaAMusl, CTAHJAPTHBIH NOTEHUHAN
1487
METAJUIOOPTAHHYECKHUE COEIMHEHUS
2 120-121
OKCHJ, OKTadApHYECKAd KOOPAUHALNA
1 489
noayuenue 1 487
cynbdbug
— CTpPYKTypa BlopTuMTa 2 295
-~ CTpPYKTypa cdanepura 2 295
Kanuit
BaHAJAT KaK KaTanusaTop 2 251-252
KOJIMYeCTBEeHHOe ocaxkgeHue 2 123
MeTuJakanu#t 2 100
cunuuug 1 575
xJopHug, udkia Bopna-Tabepa 1 91-92
Kamudopuuit 1 509
Kanbuwit
6uoxumust 2 312-313
Kapbug, cTpykTypa 1 565-566
kapboHnat, paznoxkenue 1 99-101
KoMrIuteKe ¢ edta 1 450-451
pOJIb B NOAJEP>KAHHH KOH(pOPMaHK
6enkopoit uenu 2 311-312
Kaonunur 1 572

Kapbenbt
Quwepa 2179, 183
HIpoxa 2 184

Kapbugpr 1 564-567
uoHuble 1 565-566
KOoBajieHTHble 1 565
MeTasutonogobuble (BHegpeHud) 1 567
Kapb6oanrugpasa 2 322-324
Kap6okcunentugassl 2 324-326
Kapbonar-uon kak aurang 1 559-560
Kap6oHunbHbBIE COEUHEHUS
ANKHUIKapOOHUIIB!, PEAKIIHH 3aMelleHHs
2 76
BOCCTAHOBJIEHHE O aHHOHOB 2 176-177
kapbonuaranoreHuast 1 557
merajuios 1 225-226
— W npaBuso 18 anexTponos 2 155, 157
— CHUMMETpPHA MOJIeKy] U KosiebaTelbHble
criekTphr 1 226

MpeameTHbIA yka3zaTens 461

cpoficTBa U peakuun 2 171-181
cuHTe3 2 165-166
crpoerue 2 167-171
asemeHTOB d-610Ka 2 160-181
3J71eMeHTOB 4-10 nepuoga 2 157
Kapbopanbr 1 542-545
Kak Jurangpl 1 543-544
Kapuyca Tpybka 1 616
KapkacHble coeguHenuss 1 344
KpeMHus 2 134
Kaccutepur 1 546
Kartanus 2 216-259
reTeporeHHnlit 2 239-256
— MOBEPXHOCTHasl MUTpaIMA HA MeTasLld-
4YECKUX KaTajansaTtopax 2 248
FOMOTeHHBbI 2 222-239
~ TOJIUMEepH3anUa ankeHoB 2 237-238
IOUCTIPOMOPLHOHUPOBAHUE [IEPOKCHIA
BOOOpPOAa, uMka 1 612-613
OKHCJIUTEIbHO-BOCCTaHOBUTELHBIR
2 326-344
NMpeJUIECTBEHHUKH KaTaau3aTopoB 2 233
uuToxpom P-450 2 333-335
9HAHTHOCEJIEKTUBHBIH 2 229-230
9HepreTuka 2 220-221
A0b! KaTaIuTHyeckue 2 217, 219
Kartanusatopber 2 216
BpeMs KU3HH 2 221-222
reTEepOTEHHBIE
— aKTHBHbIE UEHTPH! HA MOBEPXHOCTH
2 243-245
— MJOLAAb MOBEPXHOCTH 2 240-243
— MOPHCTOCTb 2 240-242
rugpupopanus 1 413; 2 239
J1a noJaydeHusa Kucaopoga 1 306
AJ1s1 IPOU3BOACTBA aMMHaka 1 433
JUTs IpOU3BOACTBA cepul 1 291
kobBasbT 2 218-219
Megp 1 598; 2 131
d-metannst 1 547
MHOTOga3HEIe 2 240
OAHOpOoAHblE 2 239
ponuit 2 228-229
CEJICKTHMBHOCTb 2 221
cepebpo 2 221
Vuaxuncona 2 228
ueoauTor 1 572
Huanepa-Hamma 2 237
LMPKOHUA KOMIUIEKCH 2 238
acdpdexTuBHOCTL 2 218
Karenanua 1 120-121
AHHOHBI B COEJUHEHUAX S-37eMeHTOB 1 447

METAJIJI00PraHUYeCKHe COeJUHEHHS
repmaHua 2 136-137, 141

3JIEMEHTOOPraHUIeCKHE COeOUHEHUSA
KpeMHusas 2 136-140
—— MblllbAKa 2 147-148
KaTnonst
MeXraJioreHnnle 1 644
MeTayu10B 1 443
pa3Mephbl OTHOCHTEJILHO UCXOAHBIX aTOMOB
148
3JIEeMEHTOB 1-11 TpyNIbl, KOMILJIEKChI C
KpayH-3dUpaMy U KpUNTaHIaAMH
1 448-449
KpBazpaTHO-nmHpaMiaaibHas reOMeTpUs
1 337-339; 2 41-42
KOMTIUIEKCHI MeTaJlloB d-6ioka 1 471
MEKTraJIoOreHHble coenuHennss 1 642-643
HHUTpUIOKOMINIEKCH 1 465
neHTadeHnacypbma 2 146
KsanToBanue sHepruu 1 27
KBanTosble uncna 1 27
riaBHoe 1 28
MarHuTHoe 1 28
CIIMHOBOEe MaruuTHoe 1 30
YIJ1I0BOTO Op6UTAJIBHOTO MOMEHTa 1 28
Ksapu,
KaK Mbe30IEKTPUK 2 285
TeMnepaTypa pa3mardedus 1 568-569
KBapuuT, BoccTaHOBIeHHe yriaem 1 289
Kepamuka 2 290-291
Kuneruka
ANKOTOJIM3a THAPHAA KpeMHuss 1 431-432
JMMHTUpYIOW@RA cTanusa 2 55-56
06pa3soBaHuA THAPKAA B MPAMOM
cuHTe3e 1 418
OKHCJIUTEJIBHO- BOCCTAHOBUTEJIbHBIX
peakuuit 1 297-304
peakuuit 3ameweHus 2 51-56
—— y aToMa KpeMHus 2 132
YPaBHEHHE CKOPOCTH peakuuu 2 52
Kunosapp 1 487
Kucnopog,
armocdepHblil Kak oxkucadTens 1 309-310
B BMOJIOTHYECKUX CHCTEMaX
— — — mepeHOC U xpaHenue 2 312-321
- — — cps3nIBanue ¢ KoBantbTOM 2 316-317
BblOeNIeHHe u3 Bo3xyxa 1 291, 606
auarpamma Ppocma 1 315
non O~ Kak CTaHOAPT I8 HOHHKIX
paguycop 1 85
KOBaJIeHTHbIH paauyc 1 117
MOJIeKyJsApHule opbuTtanun 1 145
ofpa3oBaHHe B ALEPHBIX peakuusx 1 18
OKHCJIEHHE ¢ y9acTHeM uuroxpoma P-450,
MexaHusMm 2 334-335
MmoJlyYeHHe XUMHYECKHMHU criocobamu
1 306-307
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CHUHTJIeTHOe cocTossnne 1 607
coeIMHEHNA
— ¢ rajoreHamMu 1 649-663
- ¢ merayutaMi 1 456
- ¢ yraepogom 1 557-561
cpelHAR SHTAJbMUA cBAzeit 1 119, 121
TBEepPAOTENbLHBIH JaTYHK A1 ONPEeesIeHIst
MapLHATBHOTO JaBleHHA 2 278-279
SHEPrUA HOHH3ALHHU U JIEKTPOHHAA
koudurypanua 1 51
Kuncnorsi
aMHHOKHCJI0TEL 2 309-310
amuHocyabdonoBas 1 242
Bpéncmeda, cm. Bpéncmeda KUCIOTH
xecTkye 1 265-268
“gucabiit” mpororn 1 239
JIvwuca, cm. JIvrouca KUCIOTHI
MHOTOOCHOBHbIe 1 235-236
MoOHOsAepHble 1 242
markue 1 265-268
Ha3BaHuA 2 351-352
MOBEPXHOCTHbIE 1 274
cunbHble 1 234
cnabote 1 234
conpsKeHHble 1 232
Knacrepsr 1 444
Gesnurangnbie 1 444
— AHWOHBI p-asnemenToB 1 620-621
Hopa 1 528-538
BoJibpama U monuGaena 1 473
JKeJle30-CepHble KOMIUJIeKCchl 1 485-486
Merasuios 1 343-344; 2 202-206
— cHHTe3 2 206-208
MJIaTHHBI-0JI0Ba 1 495-496
MOACYET YHCTIA BAJICHTHBIX 3JIEKTPOHOB H
crpoenune 2 204-205
MpeBpaleHua Turasgos 2 210-211
pybuausa u nesua 1 451
CBA3M MeTall-MeTaJn 1 472-479
TeTpasapuueckuit B4Cly 1 522
TpUALEepHbIe MeTansoB 1 479
yrnepoga 1 549-551
3J1EMEHTOB p-6ioka 1 620-624
Knarparm 1 410
Kaebwa-Iopdona pag 28
Ko6anamuunt 2 336
Kobanbr
B KodepmenTe B1a 2 336-339

W MOZE/IMPOBAaHHE CBASBIBAHUA KHCJIOPOAA
B 6HOJIOTHYECKUX CHCTeMax 2 316-318

HoH kobasbra(ll) Kak KucaoTa JIvrwuca
1254

HoHb1 kobabTa(Ill) Kak OKHCANTENN BOAR!

1 306

KaTaJu3aropsl 2 231-232
KOMIUIEKC ¢ ajlaHMHOM, criekTpsl KJT 2 35
KoMIutekes! Kobajibra(IlT)
—— OoKTadfpuueckue 2 T3-T4
— — CTepeOXHMHUsA peakuuil ruaposn3a
2 71-72
KOMILJIEKChI ¢ ocHOBaHHAMH [[Tudda
2 317-318
KPUCTAIMYECKad CTPYKTYPa, NOJHTHIUA
168
MuHepasbsl 1 455

KoneHanus monexkynsapHbie

axkTuBHble B MK cnekrpax 1 220, 224

- B cmekrpax KP 1 220, 224

AHTHCHMMETPH4YHbIC BAJEHTHBIEe JHHeHOM
Monekynsr 1 221

nedopMalMOHHbIE THHERHO! MOJIEKybI
1221

U cumMerpua 1 214-226

HeaKTHBHble 1 220

HOpMaJibHble 1 216-218

CIIeKTphbI KoJeHaTenvuble 1 225-226

CHMMETPHYHbIEe BaJIEHTHBIE JINHEHHOMH
MoJleKynbr 1 221

ypoBHHU dHeprun 1 215

4YaCTOTh! U KPHUBaA NOTEHUMAJbHOMK
sreprun 1 127

Kommnnekcnr

ANKUIUIUHOBBIE d-MeTaJuioB 1 464-465

busigepunte 2 43-45

BepHepoBCKKe 2 153, 159, 164

BHelHecdepHnle 1 331

BHyTpHCcheprsre 1 331

BbICOKOCTUHOBBIE 1 362

JBYXKOOPAHHAUWOHHBIE pTyTH 1 489

Jofekasapuyeckre 1 342-343

uHepTHble 1 386

KOOPJMHAUOHHO HEHAaChIIEHHble 2 223

nabunibabie 1 386

d-merasios 1 330-394, 480-482; 2 50-96

HHU3KOCTIUHOBBIE 1 362

OKTasApu4eckHe, cm. OKTAAPUUECKUE
KOMIUJIEKCBI

napaMardsuTHele 1 363-366

MIOCKO-KBaApaTHbie, cm. [lnocko-kBaz-
PaTHbIE KOMIUIEKCHI

peakuuu 1 379-389

c apeHamMu 2 197

C reoMeTpHeil KBaJpaTHOH aHTHUIIPHU3MbI
1342

— — — — MeXraJIoreHHble aHuoHbl 1 647

— — —— CcOenuHeHHdA JlaHTaHa 1 502

¢ TeoMeTpuelt KBaAPaTHON TIPU3MBbI

— — — — MeTaJUJIOOPraHN4YeCKHUEe COENUHEHUA
KpPEeMHHUA U oJloBa 2 142

MpeaMeTHeId ykaszaTtens 463

¢ nuknobyranuenom 2 191

C UUKJIOOKTaTeTpaeHOM 2 198

CO CMelIaHHOW BaJIeHTHOCThIO 2 43-45
TETParOHAJILHO-[IPU3MATHYECKHE

CO CBA3bIO MeTa/I-MeTaln 1 476-478

TeTparoHajbHble 1 370-372
TeTpasdipudeckue, cm. Terpasnpuueckue
KOMILJIEKCDI
docdopecuupytomue 2 31-33
drTopugunle d-merannos 1 460
XHpanbHble 1 353
— KpyroBo# aAmxpousm 2 34-36
HHaHKARbIE d-MeTailioB 1 460
LUUKJIONIeHTAAHEeHWIbHbIe 2 191-197
3JIEKTPOHHBIE CHeKTpbl 2 14-40
Konpencauns oKHCIHTENBHO-BOCCTAHOBH-
TenbHag 2 206
Konunuecknit yron Toamerna 2 68-69
B KOMIIEKCaX HUKeNss 2 173
KoncranTa(b)
Auccoumnannu 1 381
Kucjgorsoctu 1 233
— TUNOHAYHBIE 3Ha4YeHUdA B Boge 1 235
Madeaynza 1 93
obpazoBanus 1 381-383
— KOMILJIEKCOB IIEJIOYHBIX METAJJIOB ¢ edta
1 449
00pa30BaHUA KOMILJIEKCa,
-~ monnasa 1 381
—~ crynenyaraa 1 381
ocHoBHOCcTH 1 233
PAaBHOBECHA U CTaHAAPTHBIE MOTEHIUANTBI
1 296-297
CTIIMH-CIIMHOBOTO B3auMoaeificTeua 2 358
KoomneparusHbiit Marserusm 2 282-285
Kooneparusnst#t apdexr 2 314
reMoryiobus u muornobun 2 320
Koopaunanmonnoe(rie) uncio(a) 1 63, 332
B HOHHBIX TBepPAbIX cCoeAHHeHusAx 1 77
B METaJIJIaX U KOBAIEHTHBIX COENUHEHUAX
168,77
BoceMb 1 341-342
~ KOMIUJIEKCh] KaJlbuua 1 450
—— JlaHTtaHa 1 502
—— ropua 1 505-506
—— ypaHa 1 505-506
BbICOKMe 1 341-343
DEeBATb
— KOMIUIeKCHl f-merannos 1 342-343
— coenMHEHHdA ypaHa 1 505-506
3aKOHOMEPHOCTH AN d-meTaninos 1 460
M aTOMHBbIe pajguyckl 1 73, 85
H KoHcTaHTa Madeaynza 1 93-94
HH3KHe 1 333-334

onpegensomue daxkropsl 1 332-333

nars 1 337-339

— TaJIOreHU/Ibl 3JIEMEHTOB TPYyIIbl a30Ta
1 591

— THAPHABI AJIIOMUHUA U rajanusa 1 428

~ Jhe3okcumpuoriobun 2 315-316

— KOMIUIEKCH! TJIATHHBLI 2 54-55

— COeJHHEeHUs1 KpemMHus 2 133

— crepeoxumua 2 72-73

CceMb

- 6pomug ypana 1 505

~ TeOMeTpus TNeHTaroHaJbHOR Gumupa-
muasr 1 341

— KOMIUIEKCHI KaJIbUUs H Maraus ¢ edta
1 449-450

—— urrepbua 1 502

~— d-merannos 1 341

gerbipe 1 334-337

— raJiorenuapl 3d-meramios 1 469-470

~ ¥ 3JIeKTPOHHOE cTpoeHne 1 369-372

— MEeTAJVIOOPraHU4YeCKUe COSTHHEHHUS
HGepiiuA ¥ marinsa 2 117-118

- okcug nurua 1 448

— mepuopar-uon 1 655

wecTs 1 339-341

— reoMeTpnveckas uaoMepusa 1 351-352

— KapBoHmwiInl 2 175

— nutuda dpropug 1 448

—~ nepuozar-uoH 1 655

— CBUHUOBBIH# cypux 1 495

Kopynag 1 493

CTPYKTypa 2 278

Koccu-Apamana Mexanuam 2 237
Kodgepmenr B1a 2 336-339
Kpayn-scupst 1 448-449
Kpemnnit

amopdHbIt 1 430

Juokceng 1 584

u nurang Cp* 2 140

Kapbun

— 3anpemeHHad 3oHa 1 182

~ nonuMopdHasa ¢asa co cTpyKTypoi
BropTuuTa 1 81

— moauTHmua 1 68

KOBAJIEHTHbI paadyc 1 117

nojayyenue 1 519

— BOCCTaHOBJIeHHeMm 1 289, 546

- yuctoro 1 430

cunuuuabsl 1 575

COeUHEHHA

~ ¢ xkucjaoponoM 1 567-569

— ¢ yrnepogom 1 567

TETPaXJIOpUJ, TOYEYHAs TPYyNna
cummerpun 1 198
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¢TOpHIB KaK KHCIOTHI Jvrouca 1 258
xnopug 1 289
3JIEMEHTOOPTAHHYECKHE COEIUHCHHSA
1 569; 2 129-140
— — kaTeHauus 2 136-137
sHTaAbOMA cBAsH 1 119
Kpuoaur 1 290

KpunToH, peakuuk ¢ dpropom 1 630, 670-671

KpucTannudeckas peureTka
rpaHeleHTPUpoBanHas Kybuueckans 1 64
06 HLEMHOLEHTPHPOBAHHAA KyOUiecKas

1 67-69
NpUMUTHBHAA Kybu4eckaa 1 67-69

Kpuctannuueckaa{ue) CTpyKTypa(bl)
anTudmooputa 1 78, 80-81
— okcug autua 1 448
BlopruuTa 1 78, 81-82
— Gepunnus okcug, 1 448
— KoHCTaHTa Madeaynza 1 94
— cynbhHOB UMHKA U KagMmus 2 294
reKkcaroHajbHas cloucrast (HuTpug Gopa)

1 524-525
Aucynbdunos (croucras) 1 483-484;
2 296-298
KaMeHHOH conmum 1 78-79
— raJioreHuap! s-MeTasimoB 1 447
— monos M2+ oxkcuawr 1 618-619
- KaIMuA okcua 1 489
— KOHCTaHTa Madeaynza 1 94
— MeTaJonono6HbIE Kapbuanr 1 565
— MOHOOKCcHAb! d-MeTasoB 1 470;
2 274277
— IIEJIOYHBIX METAJIOB MHAPHIbI
1411-413
Kapbuga Kasbnusa 1 563
KOpyHAa 2 277-278
Mapka3uTa 1 483-484
nepoBcKkuTa 1 78, 83-84; 2 281-282
mupuTa 1 483-484
pytuna 1 78, 83
~ JHUrajloreHu b MeTa/uioB 1 469, 479
— KOHcTranTa Madeaynza 1 94
— okcuapt MO, 1 619
— CBHHIA okcua 1 495
ccaneputa 1 78, 80
- Gopa Hurpug 1 524-525
— KOHCTaHTa Madeaynza 1 94
— CyneHIAK UMHKA M KaIMHA 2 294
dbaroopura 1 78, 80-81
Xnopuna nesus 1 78, 79-80, 447
urMHenu, em. Inuaenu

Kpucrannuyeckoro nonsg Teopua 1 357-369
¥ MarHUTHBIE H3Mepenust 1 363-366
cuJIbHOE Toste 1 362

MpeameTHLIA yka3aTenb

cnaboe mone 1 362
KpucrannorpaduuecKoro CIBuUra rnjaoCKOCTh
2 266-267
Kpotiya—Taybe uon 2 44
Kpyroeott guxpousm 2 34-36
Kcenon 1 630
rmepkceHaT-HOH 1 668
pacIpoCTpaHeHHOCTb 1 665
TeTpadTOpH, TOYEUYHAA I'PyINa
cumMeTpun 1 198
¢dropugsr 1 667-668
Kcenotum 1 500
Kcunon, kaTaluTudeckada U30MepHU3alus
2 253
Kropuit 1 508-509

Jlazep pybunoBwit 2 32
Jlantauuasr 1 25, 499-505
wonbl Ln3+ 1 501-503
— — Mar"uTHble cBoiicTBa 1 503
JIAaHTaHugHoe cxkatue 1 47
— — U aTOMHble paguycel 1 74
MHKPOCOCTOAHUA 2 8
pasgenende 1 499-500, 504-505
B-JlatyHs 1 75
Jlen, crpyktypa 1 408-410
Jlurangp!
w-akuentopuasie 1 378, 443; 2 163-165
— BO B3aUMOZEHCTBHUH C reMOTJIOOHHOM U
muorinobunom 2 314-315
asikeHOBble 2 186-187
aNKuaugeHoBble 2 183-185
aTKUIHAUHOBbBIe 2 185-186
anKuJbHbBle 2 182-183
aJIKMHOBBle 2 190
T-aJsInJbHble 2 188-189
aMOunenTaTHeie 1 347
nueHoBble 2 187-188
T-JOHOpHbIE 1 378
o-g0HOpHBle 1 443
KPHUIITAHbI, KOMILJIEKCHI CO IIEeJIOYHBIMHU
merannamu 1 449, 621
MOHOaeHTaTHble 1 345
MOCTHKOBbIE 2 77
opranudeckue 2 156
nonuaeHTaTtHole 1 345
rmosMeHosble 2 187-200
YLIEBOAOPOAB! C OTKPHITOM Lenblo
2 181-190
¢dhopmanbHbIl 3apaf U CTENEHb OKUCJIEHUA
2 159-160
docunoBbIE KAK MOCTHUKH y cBs3H Pt—Pt
1 481-482
xenatHele 1 348-349
xemocopbupoBaHHble 2 243-244

MpegMeTHbIl ykasaTens 465

JTuTutt

AJKHJIJIMTUEBbIE COenHeHua 1 443
TaJIOTEHU/IbI, 3HTAJILIIUK peweTok 1 96
AunuTtuitkapbopanbr 1 543
HHTEPKaNauusa B CyNbdug THTana 1 484
KOH(UTYPALs OCHOBHOTO COCTOAHHA 1 39
METAJJIOOPTaHHYeCKHe CoeguHeHna 2 114
MeTHJUIMTHH 2 98, 100-101

HUTPUL 1 446

o6pa3oBaHHE B AJEPHBIX peakuusax 1 19
obpasopanme He u3 Li 1 397

okcun 1 101

CPOACTBO K 3JICKTPOHY 1 53

Jvrouca kucnoTer 1 254-262

ANKWIbHblE COEIUHEHUA aJIIOMHUHUA
2112, 127

rugpunptl 6opa 1 424-426

XKecTKHe 1 264-267

KaTHOH BOJZOpoZa 1 399-400

MeTaJIIoOpraHudecKe coeguHeHus 2 112

— ~ TpHaJKuIrajuit 2 128

mArkue 1 264-267

Tpuranorenuapr 6opa 1 519-523

JTv101ca KOMIUIEKCH! C TpUraJIoOreHHJaMu

Bopa 1 520-521

JIvtouca ocHosanus 1 254

BOga 1 435

— B3aumozelicTBue ¢ GopaHom 1 424
xecTkue 1 264-267

markue 1 264-267

peakuud ¢ Kiactepami 6opa 1 538-541

JIvrouca crpyxkTyper 1 108-126

pe3oHaHca KoHlernusa 1 110-112
Pe30HaHCHbI rubpuy 1 111

CpaBHEHHE C OTIMCAHMEM 1O MeTogy MO
1 150-153

Jlriomunecuenuusa 2 31-33

Maruuit

B CJIOUCTHIX allIOMOCHIIMKaTax 1 570
AUrUAponopdUPHHOBLI KOMILIIEKC,
xnopodunn a; 2 340-344
HHTEPMETAJINYECKOE COENUHEHHE C
UHMHKOM 1 76
KapboHaT, pasyoxenue 1 100
KaTHOH, CPABHEHHE ¢ HOHOM KaJIbIys
B GHOTOrMYecKUX cucTemax 2 311-312
METAJNIOOpPraHH4YecKye coeguHenus 2 117
obpa3oBaHue B AAEPHBIX peakunax 1 21
okcug 1 76-77
— BOCCTaHOBJeHHe 1 286
rmaccuBauua 1 306, 446
nonyvyenue 1 282

30. Heopran. xuMus. Tou 2

cunukar 1 251
MarHuTHAR BOCIIPHEMYHBOCTD, H3MepeHUe
1 363-364
Maprasen
MAHTAaHAT-UOH, AUCTIPONOPLHOHHUPOBAHHE
1 308
MHHepaabl 1 454
MePMaHraHAT-HOH, CTAHOAPTHbIMH
noTeHyuaa 1 295
ITyp6s puarpamma 1 323
CTeNeHb OKHUCIIEHUs B epMaHraHAT-HOHE
1115
@pocma guarpamma 1 318
Mapxkasur, crpykTtypa 1 483-484
Mouapxyca Teopun 2 81-83, 331-333
MaTtpuunoit usonauuu Meron 1 647
Mens
Guc(camuunnansaumuso )mean(11) 2 39
B reMoluaHude 2 314
THAPOMETAJITY PTHYECKOE BOCCTAHOBJICHUE
meau(Il) 1 404
AUCTIPONOPUHOHUpOoBanHue 1 308
Audropua 1 638
HHTEPMETAJINYECKOE COEIUHEHHE C
3oj0TOM 1 76
K&K BOCCTaHOBHTeNb 1 596
KaTaJH3aTopel 2 131
komriekes! Meau(1l) Kak KaTanu3aTOphbI
2 235-236
MUHepasb 1 454
OKHCJeHHe Ha Bo3ayxe 1 309-310
nonydyenue 1 282, 287
CILJIABbI
— c 3050TOM 2 264
— ¢ HUKeneM 1 75
— c uMHKOM 1 75
MeTannobopansr 1 541
MeraynoopraHu4eckue coequHeHUs
aJIIOMHHHS 2 124-127
Gepwinua 2 117-118
6opa 2 123-124
raamua 2 128-129
rUApuAHbIE d-MeTasIoB 2 177-178
HHIUA 4 Tauua 2 129
KaamMua 2 120-121
xodepment By, 2 336-339
KpemHus 2 130-140
auTtua 2 114
Maruus 2 117
MblltbAka 2 143-146
HOMeHKJaTypa 2 355
onosa 2 140-143
pTyTH 2 121-122
cBuHIa 2 140-143
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cyppbMbl 2 144-146
puHka 2 120-121
3/eMeHTOB d- 1 f-6J0KoB 2 152-215
aaeMeHToB s-Oioka 2 100-101
3JIEMEHTOB [JIABHBIX rpymmn 2 97-151
MeTtasnocdepmenTsl 2 307-308
nuTporeHasa 1 588
Metasnnouenst 2 191-200
coeJuHeHus BHeAgpenns 2 301
MeTamabt 1 441-514
akpanOHb! 1 435
BHOJIOrMYeCKasa poJib HoHoB 2 307-311
6naroponuble 1 443, 479-482
opuaw 3d-metaioB 1 529
BONOPO/ B METAJIIINYECKOM COCTOSHHH
1 396-397
nukapbrapr 1 563-564
KapOoHaTHbIe KOMILIeKCh! 1 559-560
KapOoHUIBI, cat. KapboHrIbHBIE
COeMHEeHNA
MoOHeTHble 1 479-480
oknciaenne Bogoit 1 305-306
noarnMmopdmsm 1 71-73
MOJTy 4eHHe GE3BOIHBIX raJlOrCHHI0B
1 657-658
cenenpgpl 1 619-620
CTPyKTypbl 1 67-76
cynbbuipr 1 619-620
Teanypugbst 1 619-620
MeTtan
reoMeTpHsa MOJIeKyabl 1 mogens ODIIBO
1407
CUMMETDPHUA MoJIeKyabl 1 198
Metaungpr 1 563
MeTanou, CHHTE3 M3 MOHOOKCHZA YIJIEepoAa U
Bogopoda 1 403-404
MeTancynbdonosas kuciiora 1 638
MeTkn 1 397
MexanmsMbl XUMHUeCKHX peakuuit
acconuMaTuBHbI 2 53
— 3aMelnenue B KapboHmwiax 2 174-176
B3aMMHOTO 0OMeHa 2 54
AUCCOUMATHBHBIN 2 53
Murpaunsa meTunbHOl rpynnel 2 76
MuKpOBONIHOBAs CHEKTPOCKOMHMSA U HM3yYeHHE
BOJOPOAHEIX cBA3elt 1 410
Mukpococroanua 2 7
Koupurypanuu d2 2 10
KoHbuUrypauuu p2 2 7
Munepansl, posib B 6HOJOCHYECKUX CHCTEMAX
2310
Muorno6un 2 313
aKTHUBHBIH neHtp 1 338
pacnosiokeHue aromos keyeza(ll) 2 315

Muumerann 1 500
Moanudnkaropn! crekya 2 292-293
Monekynbt
reTeposalepHble AByXaToMHble 1 134
— — MOJIeKyJsApHble opbuTaiun 1 145-153
TOMOSAAEPHBIE [BYXATOMHbIE
~— metog BC 1 128-129
—— Merog MO 1 138-145
— — 9Heprum opburasneit 1 143
MHOTOATOMHELIE
— merox BC 1 128-132
—~ MoJeKyasipHble opbutamu 1 153-170
— HOMeHKJartypa 2 349
nonsapHue 1 201
crpoenre 1 108-190
— n cummerpusa 1 191-229
MonekynapHble opOUTaIN
JIeJIOKaJIN30BaHHBIE B KJlacTepax Hopa
1 530-531
IJ1s MHOrOATOMHBIX MOJIeKysl 1 153-170
IJ11 MOHOOKCHJA yriiepoga 2 261
aona ¢pparmerta MLs 2 40-41
1 reoMeTpusa mojiekyn 1 167-171
JIoKaJin30BaHHble 1 164; 2 101
ceazmBaomve B [BgHg|?2~ 1 534-535
Monekynsapnble cuta 1 571-575
cocTaB U cBoiicTBa 1 573
MonekynsapHbix opbuTaieit merog 1 134-153
Ha3ucHblit Habop opbutanelt 1 135, 141
reoMeTpna mojekyn 1 167-171
JAHArpPaMMbl SHEPreTHYeCKUX ypoBHelt MO
1137
opbuTanbioe npubnuxkenve 1 134
nocTpoerre MQ u3 JuHeHHbIX
koMbuHanuit AO 1 372-376
— — M3 cuMMeTpu3oBaHHbIX AQ 1 211-213
dopmuposanue 30 1 170-181
Monu6aen
aucynndua, CTpyktypa 2 296-297
KO aKTOp 471 HEUTporeHassl 2 339-340
MHHepasbl 1 454
HUTpHAOKOMILIEKC 1 465
OKCHJ, TNIOCKOCTH KpHUCTasiorpadu-
4eckoro casura 2 266-267
nosnokcoanuonsl Mo(VI) 1 251, 466-467
npeBpaiueHye B Texreumt 1 21
Tpofinas cBaA3bL Mo=Mo,
npucoenunenne HI 1 478
dasmr Hleepérn 2 301-302
Dpocma guarpamma 1 458
Monsapubiit 06beM, nepuogu4HOCcTE 1 23
Monauur 1 499
Monocynbdugp! d-snementos 1 482-483
MomncaHTo-ipouecc 2 233-235
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Mouesuna, monyuenue ua CO2 1 560-561
Mynbrunnernocts 2 9, cm. maxoice
TepMbl CITIEKTPOCKONMHYECKHE
Myckosur 1 570
Mpiubak
apcun 1 434
Kak Jlerupylomwas gotaska 1 184
KaK [IPUMECh B KPDHUCTaJsJle KpeMHusa 2 265
KateHauusa 2 147
KOBaJIEHTHBI paguyc 1 117
okcuabl 1 602
3/IEMEHTOOPTraHNYECKHNE COeAHHEHH
2 143-146

Hannepokcug-non 1 447
Haanepoxcuop! menoyHbIx METAJIJIOB
1 447, 618
Hanorpybkn 1 552-553
Harpuasr 1 452-453
Harpnit
aTOMHBbIH paguyc 1 73-74
B neonurax 1 574
Kak Jlernpylowas gobasxka B §-Al203
2272
KOHGMUTYpaumsa OCHOBHOTO COCTOSIHUA 1 42
Hadramuaer 2 98, 101, 115-116
PacTBOD B >KHUAKOM ammuake 1 451-452
PEeaKUHA C YETHLIPEXXJIOPHCTBIM YIJIEPOIOM
1 556-557
XJIOpHUA, CTpyKTypa 1 78-79, 87
Hesogubie pacrsopuresm 1 271-272
MpUMeHeHHe B cuHTe3ax 1 615-616
Hernapunpoobpasywoiue sneMenTs 1 413
Heitrpurno 1 17-19
Heon
3allOJIHEHHAsA BaJieHTHad obosouka 1 42
npespaieHie B Maramit 1 21
9Heprusd MoHmsanun 1 51
Henopenennsle anexTponnble mapel 1 108, 495
M TIPOYHOCTb cBAze# 1 120
HecrexnoMeTpuueckue coeguHEHNS
2 267-268
HedenoaykceTuuecknit pag, 2 21-22
Husenupytomuit acddexr 1 237-239
HuskoTemnepaTypHbift CHHTE3 TBEPOBIX
BeIECTB 2 273
Hukens
6e3snexTpogHoe MoKpbITHE 1 604
rugpug 1 413
KaK KaTAJMU3aTOp MHAPUpOBaHus 2 249
KOMILIeKCb!, KOHU4ecKuit yron 2 173
MuHepaJsbsl 1 455
obpazoBaHue B AOepHbIX peakuuax 1 20
OKCHJ, TOYeyHble fedekTbl 2 274-275
craB ¢ meapio 1 75

30

HuxkornuramunaneHHHINHYKIeoTHd, 2 326-327
Huobuix
oxkTadapudeckue Kiacrepbl 1 474
NOJIHOKCOaHUOHB! HUoOuA(V) 1 251, 466
Hurporenasa 1 588; 2 339-340
Hurpo3onua non 1 597
Homenkiartypa xumudeckas 2 349-355
aMUHOKHCJOT 2 309
ruapuior 6opa 1 422
KOOPDAMHALMOHHBIX coeqnHeHH#t 2 350
aurasgos 1 345-347; 2 153-154
MEeTaJIJIOOPTAaHNYEeCKUX COENMHEeHUH
3JIEMEHTOB TJIABHbLIX rpynn 2 98-99
MOJIEKYJIAAPHBIX COEAMHEHHI BONOPONA
1 405-406
KHCIIOT 2 351-352
coneit 2 353
HyxkneodnnnHaa ataka
Ha KapOOHUIHI MeTayios 2 210
Ha KOODOWHHPOBaHHBIA JNWrang 2 224-225
OKHUCJIINTENIbHOE NIPHCOeANHEHne 2 85
HyxkaneodunsHoro pasnuderus ¢daxkTop 2 58
HykneodnnbHoe 3amemeHne 2 51
HyxneodunbHocTh 2 51
mapamerp 2 57
Hykmug 1 18
Hynesoro 3apsaga Touka 1 250

O6nacts ycroitunsoct Boabr 1 304, 307
O6mena peakuuu 1 264
ajkeHoB 2 186
¥ CHHTe3 aJknnbopaHos 2 123
— — AJKWINPOUIBOJHBIX 3JIEMEHTOB
rpynnst 14/1V 1 522
— — rajiorenuaoB 6opa 1 519
— — MeTaJIJIO0PraHu4eCKAX COeIMHEHUN
2 105-107
- — [OPOM3BOZHBIX rajiorenuaos Gopa 1 522
- — coeguHenuit sogopoza 1 418-421,
426-427
1 dopmuposanme ceasu Si—H 1 430-431
Opxomepnhie TBepapie Tena 1 178-180
O[IZHO3KBUBaAJIEHTHbIe Tiponecchr 2 84
Ozon 1 607
ceoiictBa 1 607
cTpykTypa Jowuce 1 110-111
Oxucnenne 1 281-329
sucmytom 1 586
Bonoit 1 305-306
raJIOTeHUJOB B IIPOMBIILTICHHOCTH
1 631-632
ruapunoB Gopa 1 424
OJIA TIONyYeHus IpoCThIX BemecTs 1 290
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© uHTEpKaJauna 2 298-301
KATATUTHAYECKOe 2 225-226
— JUOKCHZa cepbl 2 251-252
METAVIOOPraHH4eCKHX coeguHeHnit 2 108
CHHTE3 KapOOHUIranoreHHAOB METAJJIOB
2179
Oxkuncnurenun 1 281
Boaa 1 469
rexcacpTopug mwiaTuHb 1 459
MEXTaOreHHble coeguHeHns 1 643
xnop 1 658-659
XpoMaT, nepMaHranaT u ¢deppatr 1 457
OKHCIIUTEJIbHO-BOCCTAHOBUTENLHAA TTapa
1 292
OKHCIUTEIBHO-BOCCTAHOBUTEJIbHbIE PEAKIIHH
1 281-329
alneTujeHa ¢ MeTanjlaMu 1 564
BHemrHeccepHblft Mexannsm 1 299; 2 77
BHYTpHUCGEpPHBIN Mexanusm 1 299; 2 77
BOCCTAHOBHUTENIbHbBIN pa3pbliB
ceaseit C—H 2 116
HHTEpKaJaTh! rpadpuTa, cuaTes 1 563
HOHOB d-MeTayuioB 1 468-471
KOMIUIEKCOB d-MeTanjos 2 76-87
MeTamioB s-6noka 1 446
HEKOMILJIEMEeHTapHule 1 299
OKCOAHHOHOB M OKCOKHCJIOT raJIOr€éHOB
1 651-656, 659
OKCOaHHOHOB cepb! 1 616—618
nonypeakuud 1 292-297
deppenoxkcuna 1 485
9JIEMEHTOB rpymns! a3ota 1 592-604
JIeMEHTOB 12-it rpymmnbr 1 487-488
Okpyxatomas cpema
doToxumnueckuit cmor 1 597, 607
XHMHA TIPHPOAHBIX BOJ, Auarpamma ITyp6s
1 323-324
SKONOrKU4ecKH 6e30macHOe H3BIedeHne
meau 1 287
Oxcuapt
azoTa 1 594, 596-598
6e3Bognbie 1 246-248
6opa 1 523-524
BUCMyTa 1 602
BbICHIME 3d-MeTamnos 2 277-279
ramoreHos 1 649-650
KHCJIOTHbIE 1 246
MeTaju10B 1 443, 618-619
MOHOOKCUAB 3d-MeTannioB 2 274-277
MbllIbAKa 1 602
HECTeXHOMEeTpUYeckue 2 268
HU3mMe 1 451
OCHOBHBIE 1 246
cepnl 1 613-614

cyppMber 1 602
yrnepoaa 1 557-561
docdopa 1 602
3JleMeHTOB p-OGiioka 1 611-618
9JIEMEHTOB Ipynnsl a3oTa 1 592-604
OKCOaHHOHBI
asora(V) 1 593-596
ramoreHoB 1 650-653
cepnl 1 616-618
docdopa 1 319, 603
d-snemenTor 1 461
— TeTpaddpHuecKHe KoMIlekch! 1 334-335
p-anementoB 1 516-517
— okucnenuve 1 299-301
Oxcoranorennapl
cepnt 1 613-615
XaJIbKOreHoB 1 614
Oxcokucnorer 1 241
rajioreHoB 1 650-652
3aMeleHnble 1 242-244
crpoenne u pK, 1 244-245
xJjiopa 1 651
OKCOKOMIUIEKCHI MOHOsIIEPHbIE d-MeTaJIIoB
1 461-464
OKkcocoeauHeHns
bopa 1 523-524
BaHazua 1 462-463
OxTanuaHoMonutgar 1 460
Oxrasgpudeckne kommiekcsl 1 339-341
aJiloMuHuA dTopusg 1 492
Goprugpua-uon [BgHg|?~ 1 534
KapboHuner 2 167-171
MeTaJioB d-6ioka 1 471
peakuun 3aMemeHus 2 64-75
OuoBo
aHHOHHbIE KIacTepbr 1 621
METaJIMOOPraHUYECKHE COEAUHEHHS
2 140-143
— — npuMeHeHMe 2 141
— — C MeHTaroOHaIbHO-NTPU3MATHYECKOMK
KOOpOHHauuei 2 142
okcug onosa(ll), amdoreprocts 1 247
nojumopdusm 1 72-73
nosiyuenne 1 491, 546
coeguHenns 1 495-496
cranHaH 1 432
CTaHHa3TeHbl 2 141
XJIOpUA; CTPYKTypa Jlvtouca 1 258
OnTuyeckas akTUBHOCT 1 203
Onruyeckue BOJIOKHA 2 293
Op6uranu
aToMHble 1 27-36
~ CpaHU4YHbIE MOBENXHOCTH 1 35-36
BbIpOXKJeHHBle 1 28

MpeameTHbIR ykasaTtens 469

BbiclIas 3aHATadg MO 1 145

rubpugubie 1 131

rpanndHble 1 54, 145

— B noHax Cu, Ag, Au 1 481

— B MeTaJulOoueHax 2 194-197

— 1 06pa30BaHHE KOMIIIEKCOB
KHCJI0Ta—0CHOBaHMe Jorwuca 1 263

JeNIoKann30BaHHble 1 158

— TeKCaMeTHJIAUCHIOKCaH 2 130

— MeTanonogobusle rufpuabl 1 413-414

nuHeltnble KOMGuHamuu 1 135

NIOKAJIN30BAHHbIE MOJIEKYNApHble 1 164;
2101

metog MO, cm. Mosnekynsiprbix op6uTasteit
METOJ,

HecBA3bBawIme 1 147

HeweTHble 1 144

HusmaA ceobognas MO 1 145

OJHOKpPaTHO 3aHATbIe 1 145

nepekpblBane 1 136

— u 0b6pa3oBaHie KOMILIEKCOB JTvrouca
1262

NOpAAOK 3aloJiHeHns 1 41

paguasibible 1 534-535

paspbixgAlomue 1 136

CUMMETPH30BaHHbIE JINHEHHbBIE
koMmbunanun 1 205

cumMeTpua 1 205-214

TaHreHuuanbHbule 1 534-535

4yeTHble 1 144

d- 1 30, 36, 43
p- 130,35

s- 130,35

d- 1143

7 1 141

o- 1141

Oprokyaz 1 571
Ocmuit

HUTPHIOKOMIIEKC 1 465
OKCOKOMILIEKC 1 463-464, 551
ocMouen 2 192

MEeHTaaMMHHHBIE KOMIUJIEKCH 1 471
TeTpaokcuy 1 619

OcnoBanus

Bpéncmeda 1 230-239

-~ NpOTOHHpoBaHue 1 418

— ceposogopog 1 436

xecTkre 1 264-269

JTvrouca 1 254

— B peakuuu ¢ GopaHom 1 424-425

= B3auMogellcTBHE ¢ KNMacTepamu
6opa 1 538-541

- Bojga 1 435

MArKue 1 264-269

culibHble 1 234
cnabole 1 234
conpsxeHHsle 1 232
Ocumwnarop rapmonuueckuit 1 214-215
OTTankuBanue B KPHCTATHYECKOMR
CTPYKTYPe IPH NEePEKPbIBAHHH
3JIEKTPOHHBIX 060j109eKk 1 95
OTTanKHBaHHE 3JIEKTPOHHEIX AP BAJEHTHOH
obosoukn (Mozenb) 1 122-126
neHTaeHUIMBIIbAK 2 146
COEOJUHEHHA BUCMYTa 1 498
coeAMHeHnA Bodopona 1 410

ITatiepaca nckaxkenne 1 178-180; 2 297
TMannaguit
rugpug 1413
UK crmextp Pd(NHz3)2Clz 1 224
KaK KaTaJM3aTOp CHHTE3a aueTalbIeruaa
U3 3TUJIeHa 2 235-236
KOMILTeKCh! majnanuA(1l) ¢ apcunamu
2144
— C MOCTHUKOBbIMH (pOCHHHOBBLIMH
auraHngamu 1 481-482
IUIOTHOCTb TOKa oGMeHa 2 254-255
CuiaB ¢ cepeOpoM, mpumMeHenne 1 414-415
ITapamarneTusm
HOHA Xe;' 1 669
Kucsopoga 1 606-607
cepbl 1 608
cnuHoOBBIR 1 365-366
deppuros 2 281
IMapamerp(n)
AHpazo-Betinenda 1 269
KHCJIOTHOCTH TEPMOLUHAMHUUYECKHE
1 268-269
HedesoaykceTudeckut 2 21
HYKJI€OhUIIbHOCTH 2 57
Paxa 2 13-14
aJIeKTpocTaTu4deckutt 1 99
-~ M KOHCTaHTa KHCJIOTHOCTH 1 241
IMaccusauusa 1 306
3a cueT obpaszoBaHUA HTOPUSHOLO CII0A
1 636, 643
Ilayau npunnun 1 37; 2 10
4 3AM0JIHEHHE MOJIEKYJIAPHBIX opbuTtasel
1 137-138
Ilenraranto-koopauHauus 2 117-118
MenrakapGonumxeneso 1 166-167, 171;
2 176-177
ITeHTaMeTHIMKIIONEHTAAUEHHIT
Kak Jurang 2 153
[IPHCOEOUHEHHE K aToMy KpemMHua 2 140
IlepBru4Hasa kKoOpAHHANMOHHaA cdepa 1 331




470 MpeaMeTHLIA ykasaTens

MMepenanpskenue 1 290
U CKOpOCThb peakuuu 1 298
obpazoBaHue Bogopoda 1 402
[IpM OKHUCIeHuK Bogoit 1 305-306
CBMHUOBHIE KHUCJIOTHbIE AKKYMYJIATOPbI
1 496-497
3JIEKTPOJIUTHYECKaA Adelika 2 254-256
ITepenoc 3apaza
JUraHg-MeTaJsl 2 22-25, 88
MeTaJlI-JIMrang, 2 22, 25-26, 88
ITepexofp! 3J1€KTPOHHELE
OMMONbHBIA MOMEHT nepexoga 2 27
sampemerHble 2 27
— 1o cnury 2 27
MeXXBaNeHTHBle 2 44-45
moJjs AuraHgos 2 14-22
paspelueHHble 2 27
— M 4Y4eTHOCTE 2 29-30
c mepeHocoM 3apata 1 262; 2 22
~ — — M OKHCJIHTEJIbHO-BOCCTAHOBHTEIbHEIE
peakuuun 2 88
d-d 2 14-22, 30
MNepuoguueckas CHCTeMa 3JleMeHTOB 1 22
u cTpoeHue aToma 1 44-45
coBpeMeHHbI# BuZ, Tabmugbr 1 24-25
——— 6ok 1 25
——— rpymnsl 1 24
——— nepuozbl 1 24
IlepoBckuTrer 2 281-286
CBEPXIIPOBOAUMOCTL 2 286-290
CTpykTypa 1 78, 83-84; 2 281-282
Ilepokcuart
BOJOPOZA, TOYEYHAdA IPYIMIa CHMMETPHI
1 198
MeTasoB 1-#t rpynmer 1 101, 447
Iepokcogucynbgpar-annon 1 616
ITurMenTo-“anTenna” 2 342
[Tupwur, cTpyxrypa 1 484; 2 296
Muponutuaeckue peakupn 1 430
obpazoBanne 60paHOB 1 BOPrHAPHIOB
1538
[Mupometannyprua 1 285
IMnaruna
B3auMoJeiicTBue ¢ ¢rynnepenamu
1 550-551
KaK MaTepual 4J1d 3JIeKTpomoB 2 279
KOMILIEKCh! miaTuabl(11)
— — IUIOCKO-KBajapaTHele 2 74, 344
—— C apcuHoM 2 144
KOMTIIIEKCBI C MOCTHUKOBBIMM Hocdhu-
HOBBIMH JUTraHZamu 1 481-482
OKHCJIUTENIbHO-BOCCTAHOBUTEJIbHBIE
peakuuu ¢ yqactuem Pt(IV) 2 84-85
IMnatunoBas gepubp 2 255

[TnaruroBbie MeTanbl 1 479, 481
TTnocko-KBaJpaTHbIE KOMILIEKCHI
1 334-335, 370
KOOPIHHALHOHHO HEeHAChIeHHble 2 223
MeTaIoB d-610ka 1 471
[JIATUHOBBIX METAJUIOB U 30J10Ta
1 480-482
mIaTuHbl 2 344
peakuun 3aMemeHns 2 56-63
16-anekTpoHHble 2 158
[Tnornefimpe ynakosk 1 63-67
rekcaroHanbHasa 1 64
Kybuueckan 1 64
nycroTel 1 64-67
TT/10THOCTE BEPOATHOCTH YacTHub! 1 25
ITnoTHocTs cocToanuit 1 176-177
IInorHocTh TOKA 06MeHa 2 254-255
ITntomban 1 432
IMaukrugpr 1 582-606
IMosurpon 1 17-18
Tlonesble wmnarer 1 571
TMonnaHnoHb!
obpasoBanne 1 248-249, 251-253
nonuboparsr 1 524
IonukaTrHonsr 1 622-623
MOJIMMEPH3aLUA aKBaHOHOB 1 249-250
xanbKoreHoB 1 616
ITonumepnsaund ¢ pacKpbITHEM UHKNa 2 238
TTonumopdnazm
merasuioB 1 71-73
— u TemnepaTypa 1 72-73
3JIEMEHTOB I'pynns! 6opa 1 518
Tlonmokcoanuons! 1 249, 251-253
06pa3oBaHie TOJHOKCOCOEIUHEHHH
1 248-253
TMonavoxkcomeTtasnnarsl 1 465-468
Monucyneduasr 1 485-486, 619-620
Monutunua 1 64
MeTasuioB 1 68
cynbduaoB d-anemenTos 2 296
IMonouunit, crottctea 1 609
ITonoce nepenoca sapaga 1 261-262; 2 22-26
IMonymeramasr 1 177
BUCMYT 1 587
Monynpoeognuxku 1 181-185
aKuenTopHaa 3oHa 1 185
JOHOPHadA 30Ha 1 185
KpeMHUeBble 1 565-566
nerupoBanue 1 184
npuMmecHble 1 184
cobcrBerHble 1 182
n-tuna 1 184
p-tuna 1 185
IMonypeakuun 1 292

MpeameTHbIA ykazaTens 471

IMons nurangos Teopua 1 357, 372-379
rpaHuyHble opbutanu 1 375

apaMeTp PACIIETUIeHHs TOJIEM JIMTaHIOB
1 357-360
Mepexonsl MoJdA JUraHgos 2 15-22
MIPOUCXOKJeHUe 1BeTa pybuna 1 493
3HeprusA CTabMIIH3ALUY TIOJIEM JIMTAHA0B
1 360-361
Ilonapusyemocte 1 58
IMopdupunsr 2 319
TloTeHurasbHAA IHEPIUA
BOZOPOZHOI cBA3M 1 408—409
MOHHBIX KPHCTAJJIOB 1 92-97
KpuUBbBIE IJIs MOJIeKya 1 127
— —— M 4acToTa Konebanuit 1 127
KpHBble IJ1s peakuuit 2 79-81
IIpaBuno(a)
18 snexkTponoB 2 155
—— # Kapboxuisl MetasioB 2 155-159
3amnpera 1 220-221
Barapuacena 2 292
Henepeceuenna 2 19, 80-81
okTeTa 1 108-109
oT6opa Jlanopma 2 29-31
Tloaunea 1 244-245
Vatida 1 551-553, 620-621
Vatida—Muneoca-Jotiepa 2 204
Xezea 1 155-159
Xynda 141; 2 11-12
IlprHUMn 3aMOHEHUA 3JIEKTPOHHBIX
ofosnouexk 1 41-44
LJ17 KOMILIEKCOB d-MeTasuioB 1 361-363,
375-376
Iaa Mojlekyn 1 144
IMpucoeguneHUA peaKumu
okucauTenbHere 1 402-403
— KaTalUTHYeCcKHe 2 226-227
— KOMIIJIEKCOB 6J1arOpOOHBEIX METAJJIOB
1481
~ mosexkynnl Ha K KOMIUIEKCAM MeTans0B
2 85, 181
XJIopoBOOOposa kK 6opasuny 1 527
IIpoBogMOCTE 3J1eKTpHUYeCcKasn
MeTaJlTudecKas, kpurepuit 1 171
[IPBIXKKOBBIA MEXaHU3M B MOHOOKCHIAX
3d-merannos 2 276-277
ITponnkHoOBenUe snexTporos 1 37-41
IMpoTonuTUyecKue peaxiuu
ranorenunos 6opa 1 520-521
raJloreHCHIaHoB 2 134-135
MeTaJUI00PraHUYeCKUX COeTUHEHU
2111-112
obpa3oBanme apcuHa u cTHbuHa 1 434

IIpoTonupoBaHue
CBA3ell METANI-METaJlJ1 B METAJIJIOOPraHU-
4eCcKHUX coequHeHMAXx 2 209
CUHTE3 cOoequHeHHuit Bogoponma 1 417,
436-437
Ipouecc
TaBepa 1 433-434, 588
Kaayca (monydenne cepbl OKHCIEHHEM)
1291
TTudorceona 1 282
Xoana-3py 1 289, 518
Horpaavcrozo 1 289
IlcespoBpamenne no Beppu 1 338-339
Tlceppgoranorenugpr 1 639
Icespgoranorensr 1 638
IlycToTs! B oTHeMuuX ynakoskax 1 64-67
oxkTasgpuyeckue 1 65-66
TeTpadgpruyeckue 1 67
IIbe3oanexkrpuuectso 2 285

PapnoBecue
KoMIuexcoobpazoBanua 1 380-386
nepeHoca NpoToHa B Boge 1 232-237
Pagnanbroro pacnpegenenus gpyHKuusa
1 33-34
Panuycor
aToMHble 1 45-48
BaHJepBaaJbCcoBel 1 118
-~ aroma ¢ropa 1 409
uoHHble 1 45-48, 85-87
— H ycTol4yuBOCTb coegunenuit 1 100-101
KOBaJIeHTHHIe 1 45-46, 117
TepMoxuMuyeckue 1 97-98
Panon
OTHOCHTEJIbHAA PaCIpPOCTPAHEHHOCTD
1 665
coeguHenua 1 670
PasnuuuMocTu JuanasoHst A KUCIOT U
ocHoBaHuit 1 238-239
B-Pacnag 1 21
B-gactnua 1 17, 397
PacceuBanue nocureneit sapaga 1 176
Paccena~Cayndepca B3aumogeiticreue 2 8, 33
PactBopurenu
onmeruicynbdorenr 1 270-271
KakK KHCJIOTHI M OCHOBaHuA 1 269-270
KUCJOTHbIE U HelATpanbHble 1 273
KPUCTAJUIH3ALMOHHbIE (pelIeTOHbE)
1 332
meTuanuanung 1 271
HeBogHble 1 271-272, 615-616
ocHoBHblE 1 270




472 MpeaMeTHbIA ykazaTens

Paciennenue
BOCCTAHOBHUTENBbHOE 2 116
reTepoauTHueckoe 1 419
— C TepeHoCcoOM TruApua-uoHa 1 419-420
—~— nporoHa 1 421
roMoauTHdeckoe 1 420
— pagukanbhHoe 1 420
HecUMMeTpu4Hoe 1 425
cuMMeTpHYHoe 1 424
Afep TAXKeJbIX 3JeMeHTOB 1 507-508
Peakunn cnuanua agep 1 18-19
Peakuun xUMH4ecKne
accouraTuBHble 1 387-388
— AKTHUBALMA OKTAIAPHYECKHX
KoMMmiekcos 2 70-71
— JUMHUTUpYlOWasa cTagusa 2 55-56
BHEApPEHUA
— MHTepKastauusa 2 298-300
— xapbonunbHoOlt rpynnbel 2 76
— KAaTaJUTHYECKHE Tpoueccnl 2 223-224
— ¢ y4acTHeM pnuToxpoma P-450 2 333-335
BTOPOTO NOPAAKA, KOHCTAHTB! CKOPOCTH
284
THApOMeTaIMpoBane 2 107
IOUCCOLUMATHBHBIE 2 53
— 3amemende 1 388-389; 2 172
— JUMHUTUpYylomas cTagusa 2 55-56
3aMEIIEHUsA, CM. JAMELIEHUS PEeaKIUU
KHCJIOTHO-OCHOBHBIE TeTEPOreHHbIE
1 274275
kKonebaTenbHnle 1 653-654
KOHJZIEHCALlUH
— 00pa30BaHHE METAJNIHYECKUX KJIACTEPOB
2 206, 208
— TeMmmaaTHbl adbdext 1 350
MHIDAIMOHHOTO BHeApeHusa 2 130
—— B KJacTepax MeTaos 2 210
—— KarajauTuH4eckue 2 231-232, 234-236
obmeHa, cm. O6Mmena peakuun
OKHCJIUTENBHO-BOCCTAHOBUTEJIBHBIE, CM.
OKHCJIIMTEIbHO-BOCCTAHOBUTEIBHBIE
peakLuu
MEepBOro rnopsagxka 2 63
nepepacnpenenenuss 2 106
- 6Gopoprannyeckux rajgorenugos 2 124
~ COEIUHEHHH 3JIeMeHTOB 14-ff rpynnbl
2 132-133
npucoeguHenus, cam. [lpucoenunenns
peaKuMu
pacIuerieHus
- 6opaHOB Noj JeHCTBHEM OCHOBAHUH
JIvrouca 1 538-539

— cBasu C—H B meTanmoopranueckux
coeguHeHusx 2 202

TpaHCMeTaJuIupoBane 2 104-105

~ TIONyYeHHe COeIWHEeHHUH JHaJIKHII-
Gepunnus 2 117
Ppudean-Kpagmea 1 257; 2 192-193
PenkosemenbHbie anementsr 1 501-504
Penutt
HUTPUIOKOMILIEKC 1 465
OKCHJ, CTPYKTypa 2 281-282
OKCOKOMILJIEKCH! 1 464
TpuxJjopus, 1 475
PeHTrenoBCcKHE SMHCCHOHHDBIE CTIeKTpbl 1 178
PenTrenocTpykTypHblil ananu3 1 69-71
OTIpeesIeHHe CTPOEHUs THAPHAOB Gopa
1528
Pemrerka npocrpancrsenHas 1 62-63
Pudbepea nocrosinnas 1 28
Pobuna-/les knaccudukanua 2 44
Ponutt
KaK KaTaJlu3aTop 2 228-230
—— [JIA NOJYYeHUA YKCYCHOM KHUCJIOTBI
2 234-235
NpOMbIILJIEHHOe TIpUMeHenue 1 479
ponuir(I)
— KOMILJIEKCB! C apCMHOM 2 144
— OKHCJHTENBHOE TIPUCOETHHEHHE
Bogopoda 2 228
dochHHOBBIE KOMIUIEKCH! KaK
KaTaJau3aTopel 2 233
PryTs
KoMmmexkcsl ¢ KY 2 1 489
METaNIOOPTAHUYECKHE COEAHHEHU ST
2 121-122
ronydenue 1 487
CBEPXNPOBOIUMOCTE 2 286
TBEpJblE JIEKTPOJIUTH 2 272-273
Pybunuii, sHeprusa nonusauuu 1 60
Py6un 1 494; 2 32, 278
Pyrenu#
AUOKCHJ KaK KaTaausaTop 2 255
KOMILJIEKCHI
~ KaK KaTaM3aTOophl 115 o6paszoBanus Oz
1 306-307
— HUTpHOOKOMIUIeKc 1 465
— NeHTaaMMHHHREIH 1 471
—~ ¢ dynneperom 1 551
pyTeHouen 1 202; 2 192

Caxa 1 553-554
Candup 1 493
Ceepxkuciora 1 259-260
CeepxobmeHHOe B3auMoeiicTeHe (B AHTH-
deppomarneTuxax) 2 283-284
Ceepxnposoguuku 1 171, 185-186;
2 286-290
BBICOKOTEMNEpPaTYPHble 1 185-186;
2 286-290

MpepMeTHeIf yrasaTens 473

KYNepPOBCKHe Mapbl 3J1eKTpoHOB 1 185;
2 288
naHTaHcomepxkawyre 1 503
dasnr Hlespénn 2 301-302
CauHer
KHaccudUKaUUA B KOHLENLHH
“kecTue” — “marxkue” 1 517
METANIOOPraHUYeCKHe COeIUHEHUS
2 140-143
nnomban 1 432
nmonyyenve 1 491, 546
coeguHeHnsa 1 495-496
CcTeneHn OKucaeHus 1 490
dTopug 1 638
CBUHUOBEIH akkyMynsaTop 1 497
Crobonnasn s"eprua [ubbea
aKTHBaIMU B KaTaymm3de 2 220
H pacTBOpuMocTb 1 103-104
o0pasoBaHms
— Bogbl 1435
~ W KOHCTaHTa ofpasoBanusa 1 381
— KOMIUIeKCOB 1 267
— coepuHeHUR Bomopoma 1 416-417, 436
cBa3u P—O—P B 6uonornyeckux cucremax
1 252-253
CTAaHAAPTHAS PEAKIHH
— — o BBIGOP MpoOLECCa BOCCTaAHOBJIEHUSA
1 283-287
—— W CTaHJAPTHbIE OTEHIIHAJIBI
1 293-294
— — H3MEpEHHE ¢ MOMOLUILIO [aJbBAHU-
4eCcKOTO dlemeHTa 1 293-294
— - oxucyaenus noHos Cl~ B Boge 1 290
Caasb(u)
BogopoaHas, cm. BomopogHada csaab
noHHaA 1 61, 146
- sHeprus 1 89-92
KoBajieHTHas 1 108
~ noadapHaa 1 146
KOPpeJIAUMH [IPOYHOCTH, OJIHHBI U
mopagka 1 152-153
merasi-merain 1 258
— B COeguHeHUSX d-meTajuioB 1 472-479;
2 203, 211
-~ =~ f-meraymmos 2 203-211
—-— -~ pTyTdH 1 488
~ W cnekTpel coeauHeHuil 2 40-45
— ¥ DJIEKTPOHHBLIE nepexonnsl 2 89-91
— kpaTHas 2 43, 147-148
— TpoitHaa 1 476-478
MeTasuyeckas 1 61
nopsgok 1 151
npoYHocts 1 118-119
- " nopsgok 1 152

31. Heoprak. xumus. ToM 2

CHJIOBas NMocToAHHaA 1 215
TPEXUEHTPOBaA ABYXdJeKTpoHHasa 1 158
YETLIPEXIIEHTPOBAA NBYXJJIEKTPOHHAA
2 100
6- 1476
w- 1129, 377-379
— B rpadpure 1 546-547
~ B OKCOCOeIMHEHHAX BaHagus 1 462-463
- Merajn—-MeTasl 1 475476
o- 1127,372-377
— B rpacdpure 1 546-547
- MeTaju-Metansn 1 475-476
~ meton BC ansi AByXaTOMHBIX MOJIEKYN
1 126-129
— Teopuda rona nurangos 1 372-379
CerHetoanexkTpuku 2 281
Cenen
BaJIEHTHBIX 3JIEKTPOHOB 4HcyI0 1 44
rasoreaugsl 1 610
KaTHOH 1 622-623
KOBAJIEHTHBI paguyc 1 117
OKCOaHHOHB! 1 618
ceqeHu sl MetasiioB 1 619-620
cepnitt 1 609
uyepHblt 1 609
Cepa
rajioreHuabl 1 609-611
rexcacTOpHA
— reomerpus 1 122-123
— MOJIeKyJIsipuble opbutamn 1 161-163
— Tod4eYHad rpynna cummerpuu 1 198
— LeHTp uHBepcud 1 194
OUraJIoTeHuab! cyibdypuwia 1 614
AHOKCHI
— KaK KMCJIOTHHIH pacTBopuTrens 1 273
— kak ocHoBanue Jlvwuca 1 259-260
~ cTpyKTypa Jowuca 1 110
KOBAJIGHTHBIl paguyc 1 117
okcuant 1 613-614, 616
OKCOaHMOHBI, cBOficTBa 1 617
nojiydeHue okuciaeHueMm 1 291
peakuusi ¢ KUcJIopogoM 2 251-252
ceoficrBa 1 608
CoeJUHEHHs C a30TOM, cTpoeHue 1 623-624
- — yraepozom 1 560
cynbdaT-HOH, CTPYKTYpa JTotouca 1 110
cynbuIHbIE KOMIIEKCH METAJIJIOB
1 485-486
cynsduas 1 482-484
— HecrexmoMeTpusa 2 268
cynbdut-uon, crpykrypa Jvrouce 1 110
TPHOKCHZ, KaK KucjIoTa Jvrouca 1 260
sHTasnbiMs cBaselt 1 119




474 MpeameThblA ykazaTens

Cepebpo
non Agt, kommnnekc ¢ Gernzonom 1 254-255
KAK KaTaJIi3aTOp B NPOU3BOACTBE OKHUCH
sTHUneHa 2 221
OKHCJIEHME BOAbI HOoHOM Ag?t 1 306
cTerneHd OKMCIeHns 1 468
TerpanomoMepKypat(Il) 2 271-272
XTOpUL,
- cTpykTypa 1 78-79
— JHTaJbIHUA pemreTku 1 96
SJIEKTPOJIMTH! TBepAble 2 271-274
9Heprusa MOHM3auuu 1 60
Cunazanbsl 2 134
Cunannr 1 405, 429-432
Cunasrennr 2 138-140
Cunukarens 2 240
CunukoHoBble nOJUMepbT 1 569; 2 135
Cunokcansl 2 134-135
CunbHble B3auMogetticteug 1 16
Cummerpun onepauuu 1 191-196; 2 361
BpameHne 1 192
BpAIEHHe C oTpakeHueM 1 195
— —— H XHpaJbHOCTB 1 353-355
efuHKYHasA (TOXIAeCTBO) 1 192
unBepcus 1 193
oTpaxxenue 1 192
Cummerpuu astementsr 1 191-196
3€pPKaJIbHO-NIOBOPOTHAA OCb 1 196
—— u ¢dopma 1 198
IUIOCKOCTb CUMMeTpud 1 192
NOBOpOTHaA ock 1 192
UEHTD UHBepCHH (cHMMerpuu) 1 194
=~ =~ U mpaBuIo sanpeta 1 220
CummeTpus
MoJsiekys 1 191-226
— H KonebaTenbHble ClieKTphl 1 225-226
MOJIEKYNAPHBIX KOJebaHuit 1 214-226
opbuTanbHaa 1 204-214
mpuiaoxenus 1 201-204
TeTpasgpHYeCKHe KOMIIEKCH 1 334-335
TOYeuHmle Ipynnel 1 192
Cranpgutt
BaJICHTHBIX 3JIEKTPOHOB uuciao 1 44
HU3LINE TaJIOTeHUabLl 1 472-473
OKHUcJIeHHe Bogoit 1 305

Cranupytomas Tynnensnas MHUKPOCKOTIHS
2 244

Ckpyuuanue
Betinapa 2 T4-75
Pea-JTamma 2 74-75

Cwmor doroxumuveckuin 1 607
peakuuu 1 597

Copanurosas monocts 1 573-574

Coenunenus

6uUHapHBIE 971€MeHTOB 5-6iloka 1 446-448

C3HABUYEBbIE 2 190
aneKkTponoaedmumTHeie 1 163-164, 405
— 3JIEMEHTOB rpynns! Gopa 2 122-129
9NeKTpOHOU36GbITOYHBIE 1 405
— 3JIEMEHTOB Ipynmnsl a30Ta 2 143-148
— 3JIEMeHTOB Ipymn 15/V-17/VII

1 423-437
‘SnexTponoTounbe” 1 405
— Bogopoza 1 405
— BJIEMEHTOB IPYIIIL! YIJIEPOJa.

1 429-432; 2 129-143
ConbBaroxpomuzm 2 22
Conponopuunonuposanue 1 309

u AuarpamMma Ppocma 1 317-318
cuHTes NoO 1 599

ConpsoxeHHbIe yIrieBoIOpoOaB!, CTAHAAPTHBIE

noTeHunanabl 2 115
Cope monoca,
B CIIEKTPax XJIOpocdruila 2 342
~— uuToxpoma P-450 2 333

CnekTpOCKOTIHsA KOMBHHAITHOHHOTO PacCes HIA

(pamanoBckag) 1 218-220
pe3oHaHCHas 2 28-29
CHEKTPBl KapOGOHMIIBHBIX COSAMHEHHH
2 168,170
Crexrpoxumuueckutt pag 1 359
Cnun(er) snexrponalos) 1 30
U mpaBuia oT6opa 2 27
KoppenAuua 1 42
cnapeHnbte 1 37
Cuun-op6uTaisHoe B3anmogelictere 2 8

Crun-cnusoBoe B3aumogeiicTere B SIMP
2 358
CumsaBbr 1 74-76
MeAb—30JI0TO, AeheKTH 2 264
nataauii—cepedpo, npumenenue 1 414
CpoacTeo K anekTpony 1 53-54
aToma Bogopoza 1 401
CranzapTHOE COCTOAHHE BHOXMMUYECKOE
1 320
CraHgapTHbIe nOTeHNMaIbl 1 293-296;
2 370-391
BIIMSIHHE KOMILIEKCOOOpa3soBaHuA
1 324-325
rajoreHos 1 636
HOHa Kaamusa 1 487
HoHa menu 1 487
HoHa cepebpa 1 487
MOHa UMHKa 1 487
COTIPSMKEHHBIX yIuleBoJoponos 2 115
MEJIOYHBIX MeTaJu1oB 1 446
Crannan 1 432
Crannastensr 2 141
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Crekaa 2 290-294

6opatusle 1 524
6opocunmnkaTHele 1 524
cuukaTHbie 1 568-569

Crexnoobpasuoe cocrognue 2 290

TeMneparypa nepexoga 1 569; 2 292

Crenenn(u) okucnenua 1 114-115

akTuaugoB 1 505

BO ¢propugax 1 638

BogopoZa 1 401-402

rajloreHoB 1 656-663

repMaHHA B BJIEMEHTOOPTraHHYECKUX
coeguHeHusx 2 147

U yCTORUYHBOCTB coegunenuit 1 102

u bopMalibHble 3apAlbl JUTaHLOB
2 159-160

nantanugos 1 501-502

metasutos rpynnsr 13/111 1 492-494

d-metannos 1 453, 455

— Beiciras 1 455-468

— HM3MEHEeHHEe YCTOWYMBOCTH BHH3
o rpynmnam 1 458~460

— npomexxyTrounsle 1 468-471

3d-merannos 1 468-470

4d- u 5d-metanos 1 471

MBIIIBAKA, CYPbMbI H BUCMYTa B 3JIEMEHTO-
OpPraHMYeCKHX COeQHHEHUSX
2 143-146

HH31IHe

- agora 1599

— raJuluA, UHOUS U Taiua 1 493-494

paBHas HOMepy Tpymrsl B p-6ioxke 1 517

ceppt 1 616-518

cmemannaa 1 493

— B OKcuge ceuHLa 1 495

xynopa 1 650-651

—~ B3aUMOIIPEBPAIICHUA Pa3IHIHBIX
vactHrn, 1 652-653

s-asnemenTo 1 444

9JIEMEHTOB TpyIIH azoTa 1 592

Crepeoxumuueckas UHEPTHOCTL 1 124
Crepeoxumusa

3aMELIEHHE B OKTadAPUUYECKUX
KOMIlekcax 2 71-73

— — ILUIOCKO-KBAJPATHBIX KOMIUIekcax 2 62

CEeNEKTUBHOCTb, KHHETHYECKH KOHTPOJIH-
pyemas 2 528-529

Crepuueckue 3¢ ¢dhexTsl

U JesIOKaJIH3anuda d1eKTpoHoB 1 384-385
U KOHCTAHThI CKOPOCTH peaKLUi
2 61, 68-69, 85-86

CTequecxoe OTTaJIKUBaAHHE MTUTaH OB

2 173-174

Crubun 1 434

31

Crpoenne aToMa
opburann 1 27-30
moayposau 1 28-30
ypoBuu (ofonouxn) 1 27-30
Crponuusa KaphoHat, pasioxenne 1 100
CrpykrypHble kKapThl 1 88-89
Cy6BastenTHEIe coeguHenua 1 121
Cynbduapt
MOHOCYJIbU Bl d-METAJITIOB CO CTPYKTY PO
NiAs 1 482-483; 2 294
cioucThle 2 295-301
Cypbma 1 586
KOBAJIEHTHBIH pasuyc 1 117
okcugbl 1 602
MIEHTAOKCUZ, aMpOTepHOCTb 1 247
nentacdenus 2 146
nentachropug 1 259-260, 270, 590-591
ctnbun 1 434
3JIEMEHTOOPraHUYECKHUE COEqUHEHHS
2 143-147
Cyxas xamepa 2 109-110

Tabnuubl XapakTepOB TOYEHUHBIX YNl
1 205-208; 2 392-398
unTepnperauua 1 208-210
Tannuit
BAJIEHTHBIX 3JIEKTPOHOB yncyio 1 44
MeTAJIJIOOpraHHYeCKHe coeuHeHuss 2 129
obmaa xapakrepucTuka 1 516-517
nonydenue 1 491
TeMneparypa miabjeHuss 1 492
Tanek 1 570-571
TanTan
mucynnhun 1 483-484
— CHHTE3 M POCT KpHCTa/LUI0B 2 295-296
— cTpykTypa 2 296-298
OKTadApHyIecKHe KiacTepbl 1 474
nonuokcoanuons! Tantana(V) 1 251
Teepaple BelecTsa
HOHHbIE
~ OCHOBHBIE CTPYKTYPHBIE THIIhI
1 61-107
- Tepmuueckas ycroftuusocTs 1 99-101
npumenenue metofa MO 1 170-186
POCThIE, OCHOBHBIE CTPYKTYpPHbIE THIIbI
167
CTpPYKTypa u cBoficTea 2 260-305
3JIEKTPOHHAA CTPyKTypa 1172
TBepaple PACTBOPLI
BHegpenua 1 74, 75-76
3samemenuss 1 74-75
CrO B CuQO 2 275-276
Teepable 3aeKTPOaUTh! 2 271-274
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Tennyp
ranorenudsl 1 609-611
KOBaJIeHTHBIH paguyc 1 117
OKCOaHHOHBI 1 618
ceotictBa 1 609
cTeneHn okuciaeHns 1 609-610
Teanypuasl 1 619-620
TemnepaTypa
Kropu 2 282-283
Heean 2 283
cTekJoBaHua 1 569; 2 292
TemnuaTHbI# cHHTES 1 350
TepMmoxrMudeckue Koppensauuy, yuer ICIIJT
1 366-368
TepMmoxumuueckue nukabsl gna NaCl u NaF
1 636-637
Tepmbl ciekTpockonuueckue 2 8
KoppenAmua 2 17
MOJIeKyJApHble 2 15
MYJIBTUIJIETHOCTL 2 9
obosnauenus 2 9, 15
rnepexoap! noJid JUrasgos 2 15
sHepruun 2 11-12, 17
Terpabpomobopar-annon 1 522
TerparasyiorenMetansl, cBoitcrBa 1 555-556
TerparugpoBopar-uon 1 426-427
Terparuapodypan 1 271
Terpamerunguapcun 2 147
Terpadennnapconnit-von 2 146
Terpadenunbopar-uon 2 123
Terpacdropobopat-anuon 1 521-522
Terpacdroponukenar(Il) kanus 2 286
Terpauuanostunen 1 265; 2 186-187
Terpasapuueckue xommIekcH
Kapbonunbuele 2 167, 170
9JIeKTPOHHaA CTpyKTypa 1 368-370
Terpastunceuney 2 140-141
Tedbnon 1 566, 663-664
Texneuutt, o6pasopanue npu B-pacniane Mo
121
Tuomerannarusie KOMTIIJICKCBI, CHHTEe3 1 486
Tuonuna guranorenngsr 1 614
Tuocynsdar-uon 1 244, 616-617
Turan
AUOKCHA, aMbOTepHOCTL 1 247
uon Ti%+, d2-K0chHrypaLmﬂ 210-11
KapOHA B MUpoMeTamtyprun 1 285
MuUHepaJinl 1 455
MOHOOKcHA, 2 263-264
— 3MEKTPONPOBOJHOCTL 2 276-277
OKCHUJ, TUIOCKOCTH KPHCTAIIOrpadu-
HeCKOoro ciapura 2 267
JIeKTPOHHAA KOHburypauua 1 44

TOKCHYHOCTb, TOKCUYHbIE COEIUHEHUA
6epunins 2 118
BHCMYyTa 2 143
THAPHMABI MBILIbsAKA U docdopa 1 434
KapboHus Hukena 2 171
MOHOOKCHJ, yriiepoga 1 559
MblllbAKa 1 604; 2 143
okcug azora(lV) 1597
OKCHJBI pyTeHUA U ocMHsA 1 459
panoH 1 666
prytn 1 487; 2121-123
cerHUa 1 491; 2 140-141
CHHIJIEeTHBIA KHCJA0poa B cmore 1 607
CcypbMbl 2 143
UMAaHHCTBIA Bogopon 1 561-562
Topuit 1 500, 505-506
Toueunsle rpynnesl cuMmerpun 1 192
mosekyn 1 197-201
mpanc-Bnusauue 2 59-60
TpuankunapcHHbl, peakuMu ¢ rajloreH-
aJlkaHaMu 2 145-146
TpuronanbHo-GHMMPaAMUIANBHOE CTPOEHHE
Gopruapug-uon [BsHs]?~ 1 533
kapboHuIbHbIE coeauHenua 2 167, 169
KJIACTePHbIE COEJUHEHUSA TIATHHBI K
oyioBa 1 495-496
KoMIUleke maTunbl(II) 2 54-55
KOMIUIeKCs! 1 337-339
MEHTACATOTeHUAB! SJIEMEHTOB [Py TIThI
a3oTa 1 591
MEHTapEeHUIMBIUBAK 2 146
TpUroHa/bHO-NIPU3MATHYECKOE CTPOEHHE
repMaHMHOpraHuYecKye coequHeHus 2 142
IuCynbhUabl d-merannos 1 483
KOoMILIeKcbl 1 341
“opnomanognoe” 1 341
— B KOMIUIeKcax UTTepbus 1 502
cynbduger 2 297
Tpunoaug-uon 1 261
TpumesuTunanoMuHult, crpoerne 2 124-12%
Tpumerunamomunui, crpoerne 2 100
TpumeTHNaMHIH, OCHOBHOCTS N0 Jlbroucy
1 406
Tpumernnapcun 2 102-103, 143
Tpucunan, csoiictea 1 429-430
Tpurnit 1 17, 397
KakK paJMOaKTHBHaA MeTKa 1 397-398
nepuoj noaypacnaga 1 397
TpudropmerancynsdporoBas KucaoTa
1 243, 638
Tynu#t 1 500
TynuenupoBanue B OKUCIMTENbHO-BOCCTAHO-
BUTEJIbHBIX peakuuax Genkos 2 331
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VYraepon

aKTHBHPOBAHHBIA yroas 1 554

BavleHTHBIA yron B CHy 1 169

rubpuaUsanms ATOMHBIX opburanei
1 130-132

KaK BOCCTAHOBHUTEJb B METAJIJLY PrUK
1 282-283

KOBaJIEeHTHBIH paguyc 1 117

KOH(UTY pay sl OCHOBHOI'O COCTOAHUS 1 42

nonydenue 1 546
TBepAble pacTBOPb! BHeAgpeHuss 1 75-76
SHTAJIbNIUA cBA3er 1 119
Yrnepoga JHOKCHA,
KaK KHCO0Ta Jvrouce 1 255
TOYeYHas rpynna cuMMerpun 1 198
LeHTp uHBepcuun 1 193
—— M Mpasujo 3ampera 1 221
Yriepoga MOHOOKCHI,
KaK BOCCTaHOBUTENbL 1 558
Kak suragg 1 559; 2 160-165, 179-180
MOJIeKYNApHble opbuTanr 1 148-150
cTpykTypa Jvrouca 1 110
TO4YeHadA rpynna cummerpuun 1 198
SHTAJIbMUA CBA3M 1 146-147
Yrnepoga cybokeun 1 557
Yrnepoguele BosokHa 1 554-555
YronpHas kuciaoTa 1 245
Y3anb! (BOJMHOBBIX byHKIHIE)
pajduajbhble 1 31-32
yrnoBele 1 32
YKCycHas KHCIOTA
KakK pacTBOpuTens 1 237-239
nonyyenre (MoHcaHTO-TpoLIEece)
2 234-235
YpaBHeHHE
Boprna—Madtiepa 1 95-97
Banm-Togga 2 250
Apazo-Betirenda 1 269
Kanycmuncxozo 1 97-98
Mapxyca 2 81
Heprema 1 296-297
Dyocca-Sizena 2 66
Ulpédunzepa 1 26-27
— PpellIeHHe IA TAPMOHHUYECKOro
ocuunaTopa 1 218
Ypan
6pomng, K4 7 1 505
nenenne Anpa 235U 1 507
kommiekc ¢ KH & 1 505-507
okcug 1 501, 507
coegunenus ¢ K4 9 1 506

YPaHUJI-HOH, HUTPATHLIIA KoMmmiekce 1 507

ypaHoueH 2 160

Y poBHH 3He pruu

BonopononogobHoro aroma 1 27-28

kosiebarensubie 1 215-216

MHOT'O3JIEKTPOHHOrO aroMa 1 38—41
Yxogamana rpynmna

B peakuHax 3aMelleHus 2 50

— — — OKTadIpHYeCKUX KOMIUIEKCOB

2 66-67
— — KOMIUJIEKCHBIX coenuHenuit 1 380

DeHON Kak Kucaora JIvrwuca 1 266
PepMmeHThI
JKeJle30-CepHble KaacTepsl 1 485
Kapboanrufpasa 2 322-324
KHCJIOTHBIH KaTaus 2 321-326
MeTaJuicogeprxamue 2 308
HuTporeHasda 1 588; 2 339-340
poAdcTBeHHBIe kKodepMenty Bya 2 337
docdarazm 2 323
LMHKCOgepKalpe 2 321-326
uuroxpoMm P-450 2 333-336
Pepmu-upara pacnpenenenwe 1 175
)11 COGCTBEHHBIX MOJIYTIPOBOJAHUKOB
1 182-183
Depmu yposenn 1 174-176
Qeppenoxkcun 1 485; 2 329
GeppomarHerusm 2 282-284
DeppoMarHeTUKH MarHUTOTBepAble U
MArHHTOMArKHe 2 282-284
Qukcauns a3’oTa bronoruueckas 1 588;
2 339-340
Onyopecnenuua 2 31
GnoopuT
KOHCTanTa Madeaynea 1 94
crpyktypa 1 78, 80-81
QopmanbHbli 3apsay 1 112-113
POpMHAT-HOH, MOJIYYEeHHE U3 MOHOOKCHAA
yriepoga 1 558
®ocren, nonyyenue 1 557
Docdazensr 1 604-605
Qochun 1 434
Kak jmurang 1 481-482; 2 170-172
— — ¥ KaTaJUTHYECKOe MMIpUpOBaHHe
alKeHOB 2 228-230
koMIUIeke poausi(I) Kax KaTaJH3aToOp
2 233
nonyyeHue us besoro ¢ocdopa 1 602
Docdop
bennrit 1 585
KOBaJIeHTHBIH paguyc 1 117
KpacHblit 1 585
oguHapHas cBa3b P—P 1 120
okcHAB ¥ OKcoaHHOHB 1 602-604

477




478 MpeaMeTHbIA yKa3aTens

OKCOaHMOHBI, Jguarpamma Jamumepa
1 319
neHTarajJoreHpgel 1 591
MEHTAXJIOPHL,
—~ mogens O3IMIBO 1 123
— To4Ye4yHas rpynmna cumMmerpun 1 198
Moay4YeHHe BOCCTAHOBJIEHHEM YTJIePOIOM
1 584
MpoYHOCTH cBA3seit 1 152
cea3u ¢ As u Sb 2 147
coeguHeHHd ¢ aszoroM 1 604-605
gepHblit 1 585
SHTasLIUA cBaseit 1 119
®ocdopecuennus 2 31
crekTphl pybuna 2 32
®ocdopras kucnora 1 236, 243, 602
®orousomepusanus 2 89
®oronus KapboHunos 2 172
doTtonposoguMocTs 1 609
®orocunTes 2 340-344
®ortocuctema I 2 340
doTtocuctema IT 2 340-344
PoToxumHuyecKre peakupun 2 87-90
aKTHBaLUsa KapOOHWIOB MeTaslos 2 197
6ercTpele 2 86-87
B XHUMHYeCKOM cmore 1 597, 607
3allepKaHHble 2 87
U Iepexoapb! B CHCTEMAX CO CBA3BIO
MeTaJuI-mMeTasn 2 8§9-91
KBaHTOBHI BBIXOO 2 87
OKHCIUTENIbHO-BOCCTAHOBUTEIBHEIE
2 88-89
dorocunrez 2 340-344
DOTONEKTPOHHaAs criekTpockonua 1 138-140
H onpefeneHue snepruu MO 1 376-377
H3y4YeHHe COCTaBa MeTaJUINYeCKOl
TOBEPXHOCTH 2 244
ynbTpaduoneropaa 1 138-140
DOTO371eKTPOHHBIE CIIEKTPbI
ammuaka 1 158
Juazora 1 140
kosnebaTenbuasd crpyktypa 1 140
IC! 1 641
[Mo(CO)g] 1 376
DPoTosneKTponsl 1 138
Ppanxa-Kondona npuapun 2 30, 79
Oramounanus 1 574-575
Prop
6udropun-non 1 409
KOBaJNIEHTHBIN paguyc 1 117
nonyvenue 1 291, 631
coequneuss 1 637-638
CPOACTBO K 3/1eKTpoHy 1 629
dTopuas

— aJIOMHUHMS U rajiimsa 1 492
— KceHoHa 1 667-670
— CTeNneHH OKHUCIICHHUA MeTa/ios 1 457
sHeprus guccounanuu 1 634
— uoHH3auuu 1 50
3HTanbNUs cBs3eit 1 119
@ropcynbdar (MPOTOHMPOBAHHBIH) Kak
kucnota Bpéncmeda 1 259
PropcynbdoHOBas KUCIO0Ta 1 242
dropyrnepogpt 1 663-664
@ynnepenst 1 549-550
HMKOCA3/]pUYECKas TPYyTna CUMMETPUH
1 199-200
KOMIJIEKCHI ¢ mMetasiamMu 1 550-551

Xanbkorenst 1 606-624
“msarkocts”’ 2 294
Xenater 1 348-349
H30OMEpH3aUMs JIMrangos 2 74-75
Xemocopbuuss 2 245-248
XuMuueckuit noreHuran 1 175
XHUMHYECKOr0 0CaKJeHHA U3 ra3oBoil dhasbl
meTon, 2 289-290
X MMHYECKOTO TPAHCIOPTA YEpPe3 ra30BYI0
dasy meton 2 295-296
X HpaJIbHOCTD
u usomepus 1 350-352
1 onThyeckas usoMepus 1 353-356
Xupasbhble MoJekyanl 1 203-204
Xnop
aouarpamma Jlamumepa 1 311
KOBaJIeHTHbIH paguyc 1 117
mepxnopaT-uoH 1 651-652, 662-663
nonydyenue 1 631-632
XJOpAT-NOH, CTPYKTypa Jlvrouca 1 110
xnoput-uon 1 660-661
SHTAJbNHA cBA3el 1 119
Xnopobunn 2 342-344
CTPOEHHE PEAKIIMOHHOrO UEHTpa 2 343-344
Xnopdropyrinepoasr 1 663-664
Xpuzorun 1 570
Xpom
B a-Al20g 1493
MHuHepaJsbr 1 455
MONHOKCOMeTayNaTel 1 465-466
nopcdhupnHOBRI KOMMIeke 2 319
py6uH, uonsl xpoma(Ill) 2 32
criexTp norstomenus [Cr(NH3z)sCl2+ 2 23

Le3mit
6poMuL, aHTAJIBINA pelleTKH 1 96
CaMONPOU3BOJIbHAS PeaKLUs
¢ kucyopogom 1 443
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XJIOpHUZ,
— KOOpPAWHALMOHHBbIE yuciaa 1 87
— CTpykTypa 1 78-79
Iletise conb 2 158, 186
Hementur 1 565
HenTps! okpacku 2 265
Heonuter 1 571-575
KaK KaTalu3aTopel 2 241-242, 252-254
Hepuit
BblOeJIeHHe U3 CMeCcH JaHTaHugoB 1 500
rugpulnl 1 414
mon Cett 1501
Huknuyeckas sosibTamnepomerpust 1 301-304
HuknobyTamguen kak nurang 2 191
HuknookranueH Kak JquraHg 2 188
HuxknonenraaneHna-uoH, cuates 2 116
HuknoneHTageHHIIBHBIE COEAUHEHUS
2121, 156, 191-192
Huak
6uonorudeckas ponb 2 322
B ¢pepmenTax 2 322-324
HHTepMeTa/UIN4eCKHe coegiHeHHsa 1 76
KaK BOCCTaHOBUTenb 1 596
OKCHJI
— BOCCTaHOBJIeHHe 1 285-286
~ TOJIyIpOBOOHHUK m-Tuma 1 185
- cTpyKTypa 1 81
nonyqenune 1 487
npeppamteHue B rauit 1 21
criaB ¢ Meapla (aTynn) 1 75
cynbhun
- BlOpTUMT 2 294
- ccanepur 2 294
UMHKOBaA 0O6MaHKa, CTpyKTypa 1 80
Hurnmasa wonm 1 620-621
HupkoHuit
runpuA, CTpykTypa 1 413-414
KOMIUIEKCH! KaK KaTalu3aTopel 2 238
OKCHJ, MPUMECH KAIbUHA B KPUCTAIIAX
2 265
OKTa3gpHuecKHe knacTepul 1 474
ucmnatun 2 344
Hutoxpomsl
P-450 2 333-336
POJIb B LENsAX [EPEHOCA JIEKTPOHOB
2 329-332

YactoTa 000p0oTOB peakuuu 2 218
B PeakUMsX yTJIeBOZOPOOOB Ha LICOJUTAX
2 252-253
Yuco(a)
aKIIeNTOpHOe pacTBopHTens 1 273
BOJHOBBIe 1 215

— BaJleHTHbIX KoneBannit CO u CTPYKTypa
2162, 167-170

--—- VO 1463

— rpymnossle 1 217

JAOHOpHOe pacTBOpuTens 1 273

KOOpIUHaUHOHHOE, cm. KoopannanuonHoe
YHCIIO

Maccosoe 1 17
“Hyknonnoe” 1 17

HIespéan dbazer 2 301-302
Hlaenra annaparypa 2 109-111
Hlaenxa paBroBecue 2 119
Ulnunenun 2 279-281
obpamennbie 1 84; 2 280
cTpykTypa 1 84
dakTop 3acenennocTn 2 280

IIenoyHO3eMENBHEIE METAIBI
MeTaUIOOPTaHUYeCKHe COeTUHEHUs
2 117-120
okcuapl 1 618
Hlenounsle MeTassl
rudpunbl 1 411-413
HHTEPKATIATBI ¢ XaJbKOTeHUIAMU
2 298-301
METaJIOOPTAHNYECKHE COeTUHEHUS
2 114-116
okcuabl 1 447, 451, 618
pacTBOpHI B amMMHake, 3upax U
ankuaMuHax 1 451-453

Diizena-Yuaxunca Mexanmsm 2 64—65
Ditnmreinuit 1 509
DKpaHHpOBaHUsS MOCTOAHHad 1 38
AnekTpuas 1 453
DJIEKTPHYECKOTO JUIIOJIBLHOTO MOMEHTA
onepatop 2 27
JnekTpouHTepKananua 2 299-301
DnekTpoKaTanus 2 254-256
Dnekrpoaus 1 282
DneKTpoMarsuTHele B3aumozpeiicteus 1 16
DneKTpoHBOALT 1 49
DJeKTpOHHAA KOHQUTrypauus
atoma 1 37
U MalHUTHBIN MOMeHT 1 365-366
HOHA H;’ 1 157-158
MeraioueHoB 2 196
OCHOBHOI'O cocroauusa 1 37, 42-43
DexkTpoHHas MIOTHOCTL 1 85-86
DIeKTPOHHOE CTPOEHHUE
BIMAHHe Ha 3aMmemenne CO 2 174-176
u cBa3bp 1 357-389
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J1eKTpOHHBIe 0607104KH aTomMoB 1 28-30
DneKTPOHHBIE CIIEKTPBI
aTtomoB 2 7-14
nucuiadTeHos 2 138-139
KOMILIEKCOB 2 14—45
MOrJIOUEHHN A
— pybuna 2 32
~ [Cr(NH3)sCI?>+ 223
DNeKTPOHHBIN NapaMarHUTHEIN pe30HaHC
2 36-40
CBEpXTOHKaA CTPYyKTypa 2 38
CBEPXTOHKOTO pPacCIIenieH!sl KOHCTaAHTa
2 38
g-bakTop 2 37-38
QNeKTpOoOTpUIATENbHOCTE 1 55-57
6opa 1 a3oTa, cBoicTBa Gopa3HHa
1 526-527
H CTPYKTypa Jvtouca 1 109
M DHTAJBNUA CBA3KW 1 121-122
KHcIopoaa ¥ azora 1 581-582
ontHyeckada 2 24
no Maasuxeny 1 55-56
no Oanpedy-Poxosy 1 57
no Ioauney 1 55-56, 122
—— aroma Bogopoaa 1 401

— — H3MEHeHue 110 nepno,uw—tecxoﬁ CHCTEME

156
Terparnapuaobopar-uon 1 426
DNEeKTpONpPOBOHOCTD
rpaduta 1 546, 548
H3MEHEHHE OT MbILULSIKA K BUCMYTY
1 580-582
MeTannonofobHeIx rugpugos 1 413-414
MOHOOKCUIOB 3d-MeTannoB 2 276-277
OKCHAAa TUTaHa 1 470
OKCHJIOB C BBICOKHM COJIep>KaHueM
MeTanna 1 451
NOJIMHOAUIOB TBEPALIX 1 646
TeMIlepaTypHasa 3aBUCHMOCTL 1 176
AnexTpodunbHan aTaka Ha atoM O
rpynnet CO 2 179-180
DneKTpodHIbHOE 3aMellleHIe B PeaKIHAX
6opanos 1 540
DneKTpoxuMUecKuil pag 1 294-295
AneMentapuas siveiika 1 62
OneMenTapHile yacTHusr 1 17
Anementh d-6noka 1 43-44
ruapuanl 1 413-415
anarpamma Ppocma ans 3d-Metannos
1 456
KaK MertaJjuinl 1 453—-486
kapbuan 1 565
KoMniiekcnl 1 330-389; 2 50-90
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OpuruHan-Maket noarotoeied B. H. Tumapenxo B niakere TEX

[Moznucauo k mewatu 10.08.04. ®dopmar 70x100':s. Bymara opeernasn.
ITeuats opcetnan. Mapunrypa Computer Modern. O6bem 15,25 6ym. 1. Y1, new. 1. 39,65.
Vu.-u3n. 1. 33,57. M3a. Ne 3/9890. Tupax 2500 ak3. 3axa3 8386.

HanarenscrBo «MUP»
MHHUCTEPCTBA KY/IbTYPbl H CPEACTB MACCORBIX KOMMYHHKALHH PO
107996, I'CI1-6, Mocksa, 1-it Puxckuit mep., 2.

HH&HOM/ITHBBI U3COTOBJICHDBI B H3JATECIIbCTBE ((Mﬂp))

OTne4aTaHo ¢ FOTOBBIX THANO3HTHBOB
B ['VIT «Bpsanckoe obnactroe nonHrpaduyeckoe o6beIHHEHHEN
241019, r. Bpsuck, np-t Cr. Jumurposa, 40




Mepesoa eauHUL

Mpu 298,15 K RT = 2,4790 kbx/mMonb, RT/F = 25,693 mB
1 atTm = 101,325 kMa = 760 Topp (TOuHO) Uamn 760 Mm pT. CT.

1 6ap=10° la

1 3B =1,60218-10-"9 x = 96,485 kQw/monb = 8065,5 cm™
1cm' = 1,986-102 Ok = 11,96 w/monb = 0,1240 maB

1 kan = 4,184 [x (TouHO)

1 11 (nebai) = 3,33564-10%° Kn-m

1Tn=10%T¢c

1 A (anrctpem) = 100 nm

1 M =1 mone/n

dusnyeckme nocTofHHbLIe

dusmnyeckas nocToaHHan Cumson 3HayeHue

CkopoCTb CcBETA B Bakyyme ¢ 2,997925-10% m/c

3apsia anexTpoHa e 1,602177-10" Kn

MoctosHHasa dapaaes F=eN, 96485 -10* Kn/monob

MoctosHHasa bonbumaHa k 1,38066 -10-2 Ow/K
R

YHuBepcanbHasi rasopast = kN, 831451 Ox/(K-monb)
NOCTOSAHHASA

MocTosiHHaA MnaHka h 6,62608-10 Ox-¢

h= hi2x 1,05457-10% Ox-c

MocTosiHHas ABoragpo N, 6,02214-10* monb™

ATOMHas eguHuLA Maccbt  a. e. M. 1,66054:1027 kr

Macca nokos anekTpoHa m, 9,10939-10% kr

Dnanextpuyeckas £ 8,85419:-10"2 ®/m
NPOHULAEMOCTb BaKyyma

MarHeToH Bopa py = €h/2m, 9,27402-10* Ow/Tn

Paavyc Bopa 4, = 4ne it Im € 5,29177-10" m

MoctosiHHas Puabepra R_= m_e*/8hce? 1,09737-10° cm™’

I'Ipedmxcu (B ckobkax npwee,quo aHrnunckoe coxpameHMe)

e n(p H(") MK (1) ™ (m) C(C) A(d) k(k) M(M)F(G)

'(beMTO FWIKO HaHO MVIKDO MVII'IJ'IM CaHTM ,qeuw KV|.I'I0 Mera rwra

10" 10" 10° 10% 10% 102 10" 10° 10° 10°




HEOPrAHU4YECKASA
XUMusa

COBPEMENHER HEORTAHWBCKRN XMMUR WIY4aeT
Iri CER3L

c co W p cno-
coBHOCTRO, EMHETUKY 1
HEOpPT NyTiA KaT;

at

[t p G
METOAN CHHTE3A ¥ TAyBOKOR O4YMETEN BELIECTS.

@> BUWUX BYIIIhUHVIAOIH owne 1 dosmeam v [N)

TYSLUAA
BAPYBEXHEA
YHEBHHK

0. lpaitgep, M. STKMHC

HEOPIrAHU4HECKAS

XUMUA

MaparenscTao «MNP »
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