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Booopoa — obuine cBeaeHus

[MpocTenwinm atom: 1 NPOTOH, 1 ANEKTPOH
1st

[1BoncTBeHHOEe nonoxeHue B 1C

17 rpynna

1 rpynna

IMeeT 1 BaneHTHbI TpebyeTca 1 BaneHTHbIN

SJIEeKTPOH — aHarnorus ANEKTPOH A0
C LLENOYHbIMU OOCTUMXKEHNS 000T04KU

MeTanlnamu MHEPTHOIO Na3a —
dHaJ10rm4a C raJioreHamu

Camblin pacrnpocTpaHEHHbIN 3NEMEHT BO
BcenenHHon — 90% aTtomoB, 75% macchl



Bogopoa B LieHTpe BceneHHoU




13oTonbl BOgopoaa

'H “H (D) H (T)
Ha3BaHIIC IIPOTIIT NeNTepuil | TPUTHIl
pacmpocTp. B| 99.984% | 0.016 % 107" %
IIpUpoJIe
Macca 1.0078 20141 3.0160 31T = 32He + [
sotota pacnag TpuTus
IIEPHO]T cradbmiaeH | cradmwieH | 12.3 roma
IoJypacmnaia
CIIIIH sApa /2 1 Va

E..(H-H) — E_(D-D) = 7.76 kx/monb

_ 2,0 D,0 D,0
T. .. °C 0 3.83
T. ki, °C 100 101.42 “Tshxenas”
dma}h r-"":CI'*'Ij l 1 . 1053 BO,D,a
K, (298) 1-107" 2107




CBouncTBa aToMapHOro Bogopoaa

——€ te- |
H* ° H " H-
Paguyc 21 pm 37 pm 133 pm
OI. KOHD. 1s0 1st 152
H—-e =H" ("npoToH") |, =13.6 3B (1312 k[x/monb)
H+ e =H (rmgpnao) A, =0.75 3B (72.35 k[x/monb)

H* + H,O = H;0O* (ruapOKCoHMN) AL H%(298) = —1091 k[x/monb

H0* + H,0 = H0,* Q
¢ .. 9 L0 /10_9




CnekTpanbHble cepun Bogopoaa

&\ | 1= RyUng2 - 1n7]

A
' 6 Wi ' ' I

AN oy
n=1 I'x_ _,:'I fII— | I' | JIE}nn; Balmer series
- = III

CnekTp BOgOpOaa B
BMAMMOW obrnactu




MonekynsapHbIM Bogopoa

H, ras 6e3 uBeTa, 3anaxa 1 BKyca
[1110X0 pacTBOPUM BO BCEX PACTBOPUTENSIX
T.nn. =-259.3 °C (13.7 K); T.kun. = -252.7 °C (20.3 K)

AHO5gg = 435 k[x/MOnb
ar’ | 298 K MornekynspHble UOHbI:

MO (H,) H,*: (o)t K.C. = 1/2
E1 —g H,™: (64)2(c™)t K.C. = 1/2

A ,  Hg
cs E .
e

|+ .
d(H-H) = 74 pm | N h a
-~ 3c-2e- cBA3b




,D,ByxaTOMHble MOJ1EKYJIbl N NOHbI
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255 435 142



[lony4yeHne n ceonucTBa Bogopona

1. Mony4yeHne B NPOMbILLITEHHOCTH

CH, + H,0O(ras) 1229 R .co+ 3H, (p1dopMUHr)
I
C(tB) + H,O(ras) 130K | CO + H, (reHepaTtopHbIN ras)
AH%gg = 131 k[bx/Monb
CO + H,0(ra3) 6675 K . CO,+H,
3~4



[lony4yeHne n ceonucTBa Bogopona

2. Nony4yeHne B naboparopumn

CaH, + 2H,0 = Ca(OH), + 2H,T

Zn + H,S0,(p) = ZnSO,, + H,T

2Al + 10H,0 + 2NaOH = 2Na[Al(OH),(H,0),] + 3H,T

2H,0 ., 2H, + O, OnNeKTponus3 Boabl

3. Huskasa peakumMoHHas cnocobHOCTb

T,. = 2000 K.
Ha xonoay B TeMHOTE pearnpyet Tomnbko ¢ F,

H, + F, = 2HF (o4eHb bypHO)



[lony4yeHne n ceonucTBa Bogopona

4. AKTUBaLUS roMONMTUYECKOW Anccoumaumm

2Na + H, = 2NaH ST

Na — Na — Na — Na — Na — Na
I 1 1 | |

5. AKTUBaUuUS reTeponmMTnyeckon gmccoumnaumnm

Zn0O, 5 atm
CO + 2H, 500 K CH,OH .
CuO + H,=Cu + H,0O |-| ------ |_|
MoO; + H; = MoO, + H,0 Z|n_(|)_z|n_cl)_zln_?_zin_?
Al,O,,

N2 + 3H2 F8203 > 2NH3



[lony4yeHne n ceonucTBa Bogopona

6. IHMumaumna pagnkanos

H, —— 2H (1)
MHULMMPOBaHME < 2) hy

L 3) &

H, + O, —— 20H"

H" + Oy, —— OH'+ O"* )
' pa3BETBIEHne

O..+ H2 _>OH.+ H. )

OH+H, — H,O+H" pa3sButme

LlenHble peakuun



B3pbiBOONACcHOCTL Boaopoaa
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[TlpumeHeHne Bogopoaa

[1pon3BoacTBO
MeTarsioB AMMl/laK,
A
Muwesas NNacTUKMW,
yoobpeHus

NPOMbILLUJTIEHHOCTb

>~

CH,OH \ PakeTHoe
OpraHn4eckui Tonnneo
CUHTE3

TonnueHble baTapewm,
HOBbIE UCTOYHUKN
9HEeprum




ObpasoBaHMe XMMNYECKON CBSI3U

OHepaus ces3u
p = ’
xP(H)=2.1 KLDK/MOrib

Si Ge B H As P C
1.9 20 20 21 22 22 26

E(H-H) = 435 k[x/Monb

BeH,
X(H) < X(3) 36— . H6+
H,S




BooopoaHasa cBsA3b

BogopoaHas cBa3b obpasyercs

MEXy CBSI3aHHbIM BOJOPOAOM U O 100
aneKkTpooTpuuaTebHbIMU t§
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S
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H-FH 29 9
>

-OH, 25 ~ 00

H

2 3 4 5
H -+ NH, 17 Homep nepuoda
H

Figure 9-4
Shriver & Atkins Inorganic Chemistry, Fourth Edition
. S H 7 © 2006 by D.F.Shriver, P.W.Atkins, T.L. Overton, J. P.Rourke, M. T. Weller,and F. A. Armstrong



BooopoaHasa cBsA3b
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BooopoaHasa cBsA3b
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Figure 9-7
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JlnuHa cessu

Shriver & Atkins Inorganic Chemistry, Fourth Edition
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Figure 9-8
Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P.W. Atkins, T.L. Overton, J. P. Rourke, M. T. Weller,and F. A. Armstrong



[vopuabl

18Vl
12 1301 141V 157 16Mm 17vilHE
2 | Li (Be B C N O F |
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Memannu4yeckue MOIEKYNsIPHbIEe



[vopuabl

1. ConeobpasHbie rugpuabl
2Li + H, = 2LiH (T.nn. 680 °C)
NaH + H,O = NaOH + H,

4LiH + AlCl, 529 | Li[AIH,] + 3Licl

T . Na[BH,] + 3NaCll

4NaH + BCl,

ConeobpasHbie rmapuabl obnagatoT
CTPYKTYpPaMu rarioreHnaoB LLENOYHbIX
N LWENTOYHO3EMENbHbBIX METaSIOB:

NOHHblEe coeanHeHUS!



[mopuabl

2. MeTtannuyeckne rmgpuabl

MeTannunyeckasa n poBOANMOCTb, HECTEXNOMETPUNA
Pd

Yb + H, = YbH, YbH, + 0.86[H] YbH,, 4

LaNis + 3H, - LaNi;H;  (xpaHeHue Bogopoaa)




[vopuabl
3. lNonnmepHble rmapuabl

YcTOon4mBbIl K OENCTBUIO BOAbI U pa3baBneHHbIX KNCIOT

Et,0
2Znl, + LiAlH, > 2ZnH, + Lil + All,

4CuSO, + 3H,PO, + 6H,0 = 4CuH + 3H,PO, + 4H,S0,

/’ L, - FU2aHO
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CTpyKkTypa BOAbI

o®

Figure 9-5 Figure 9-9
Shriver & Atkins Inorganic Chemistry, Fourth Edition Shriver & Atkins Inorganic Chemistry, Fourth Edition
© 2006 by D.F. Shriver, P.W.Atkins, T.L. Overton, J. P.Rourke, M. T.Weller,and F. A. Armstrong © 2006 by D.F. Shriver, P.W.Atkins, T.L. Overton, J. P. Rourke, M. T. Weller, and F. A. Armstrong

Nepn-1 Knartpart (Xe),(CCl,)s- 46(H,0)



CBounctea Boabl

d,=1r/cm® d., =0.92r/cm3

2. 2H,0 < H,0* + OH- Ky = 1-107*
ocHoBaHne H,O + HC| < H;0* + CI-
Kncnorta NH; + H,O < NH,® + OH"

3. Okucnutens
2H,0(x) + 2Al(TB) = 2Al(OH); + H,

H,O(r) + 3FeO(1B) & Fe;0O, + H,

4. BocctaHoBuUTEND



[lepokcua Bogopoaa

H,O, ©OnegHo-ronybas »Xngkoctb
T.,, =-0.4°C
T.n = 152 °C (c pasnoxeHnem)
AGO,9g = —=120.5 k[x/mMOrb
u=157D

[lony4yeHue:

BaO, + H,SO, = BaSO,| + H,0,
PasnoxeHue:

H,O, (k) = H,O (k) + 1720, (r) AH%gs =—98 k[x/Monb
Kucnora:

H,O, + H,0 & H;0* + HO,~ pKa = 11.65

H,O, + 2NaOH < Na,O, + 2H,0




Red/OX cBounctea H,0,

1. CUnbHbIV OKUCNIUTENb B KNCNOW cpeae
2Nal + H,0, + H,50, =1, + Na,SO, + 2H,0
E° (H,O,/H,0) =+1.78 B

2. BoccTtaHoBUTENDb B KNCMNOWU cpeae
2KMnO, + 5H,0, + 3H,SO, = 2MnSQO, + 50, + K,SO, + 8H,0
E° (O,/H,0,) = +0.68 B

3. Okmncnurtens B WENOYHOM cpeae
2Cr(OH); + 3H,0, + 4KOH = 2K,CrO, + 8H,0
E° (H,O,/OH") =+1.14 B

4. BoccTtaHoBUTENb B LLENOYHON cpeae
2KOH + Cl, + H,0, = 2KCIl + O, + 2H,0
E° (O,/H,0,) =+0.15B

5. [[eTeporeHHbIN OKUCIUTENb
PbS (t8) + 4H,0, = PbSO, (18) + 4H,0



