JdnemeHTbl 12 rpynnsl




[logrpynna unHka

3 4 ) 6 V4 8 9 10 11 12
Sc | Ti V | Cr | Mn| Fe | Co| Ni | Cu | Zn
Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd
la | Hf | Ta | W | Re | Os | Ir Pt | Au | Hg

Zn — umHK, Cd — kagmun, Hg — pTyTh




MeTtannbl 12 rpynnbl

Zn Cd Hg
AT. Ne 30 48 80
AT. Macca  65.39 112.41 200.59
An. KoHd. 3d"94s? 4d105s2 4145010652
R(aT.), nm 133 154 157
l,, 3B 9.39 8.99 10.44
l,, 3B 17.96 16.91 18.76
v(A-R) 1.66 1.46 1.44

C.O. 2 (1), 2 1,2, (4)



CBouncTtBa MeTanioB

Zn Cd Hg
T.nn., °C 419 321 -39
T.kun., °C 906 770 357
A HC, k[x/monb 130.7 112.0 61.3
d, r/cm3 7.13 8.65 13.55
c, Cm/m (-10°) 18.2 14.7 1.1
E°(M2*/M?), B —-0.76 —0.40 +0.84

Zn, Cd — nckaxeHHaga rekcaroHasibHas
CTpyKTypa Tuna Mg;

Hg — o4eHb croXHaa CTpyKTypa, OCHOBaHHas
Ha raHTenax Hg—Hg, He nmeeT aHanoros
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MeTtannbl 12 rpynnbl — NPOMeXyTo4YHOE MOMnoXeHne
Mexay nepexogHoiMn MeTannamm n p-afieMeHTamMmu



PeakuunoHHas cnocobHocTtb Zn, Cd, Hg
1. Zn Cd Hg
>

YMeHbUWeHuUe XUMUYecKoUu akmueHocmu

2. Zn, Cd pearupytot ¢ O,

Zn + 20, =2Zn0 (200 °C)
Cd + 720, = CdO (350 °C)
3. Zn, Cd pacTBOpAOTCS B KUCNOTaX-HEOKNCTTUTENSIX
Zn + H,50, =2ZnS0O, + H, Cd + 2HCI = CdCl, + H,

4. Zn pacTtBopsieTcsi ¢ 06pa3oBaHMEM KOMMIIEKCOB
Zn + 2NaOH + 2H,0 = Na,[Zn(OH),] + H,
Zn + 4NH; + 2H,0 = [Zn(NH,;),]J(OH), + H,
3Zn + NaNO, + 5NaOH + 5H,0 = 3Na,[Zn(OH),] + NH;



PeakuunoHHas cnocobHocTtb Zn, Cd, Hg

5. Zn, Cd, Hg okncnaTcsa B KUCIION cpeae
M + 2H,S0, (koHu) = MSO, + SO, + 2H,0 (M =Zn, Cd, Hg)
Hg + 4HNO; (koHu) = Hg(NO,), + 2NO, + 2H,0

6. Zn, Cd, Hg pearnpytoT ¢ rarioreHamMmu, XxanbKoreHamu,
He pearvpylroT ¢ a3oTOM, YrrepoaomMm n BogopPOAOM.

Zn (18) + Cl, (r) = ZnCl, (TB) 1,5 Hg
1,0
Cd (18) + S (k) = CdS (1B) 0,5-
. 0,01
Hg () + Br, (k) = HgBr, (18) % 5 cd
7.Zn, Cd pearvpytoT ¢ hocchopom :Z Zn .

3Zn + 2P = Zn,4P, Cd + 2P = CdP, 0 1 2



PeakuunoHHas cnocobHocTtb Zn, Cd, Hg

8. Zn pearvpyeT c BOAAHLIM Napom
Zn + H,0O (ra3) = ZnO + H,

9. Hg obpasyet amanbramsol
Na + Hg —— Nas;Hg, + NaHg + NaHg, + ...
NaHg, + H,O = NaOH + 2Hg + '2H,
NaHg + HCIl + NH; = NH,Hg + NaCl amansrama ammoHus
NH,Hg —Y-Hg+ NH, + ¥zH,

Na,Hgs, (13 anektponnsa NaOH)

10. Zn, Cd obpa3sytoT aHanorv amarnbram: et “
=3
NaZn,,;, BaCd,,, CaZn;, MgCd,



Pea
8. Zn pearuf

Zn + H,0 |
9. Hg obpas
Na + Hg —
NaHg, + I
NaHg + Hl
NH,Hg —
Na;,Hgs; (
10. Zn, Cd o
NaZn,s, Bi
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[TonyyeHue Zn
1. Zn — pacnpocTpaHeHHbIn anemMeHT, 3.3-1073 a1.%

OCHOBHble MUHepanbl Zn:
ZnS — cpaneput, ZnS — BopTuunt, ZnCO; — CMUTCOHUT

OCHOBHble peaKuunu:
2ZnS + 30, = 2Zn0 + 250,
ZnO+C=2n+CO

Ouucrka: CMUTCOHUT
ZnO + H,SO, = ZnS0O, + H,0
ZnSO, + H,0 X Zn + H,S0, + %0,

~13 MNH. T./ roa



[Tonydenune Cd, Hg
2. Cd He obpa3syeT 3Ha4YnMbIX CODCTBEHHbIX MUHEPAIOB
CdS — rpuHokut, CdCO,; — otaBuT

Cd nony4atoT N3 oTXo4oB npom3BoacTea Zn,
ecnu cogepxaHue Cd ~ 5 %
CdSO, + Zn =2ZnSO, + Cd

~ 20,000-25,000 ToHH/rog
3. OcHoBHON MUHepan Hg: HgGS — knHoBapb
O6xur: HgS + O, = Hg + SO,
4HgS + 4Ca0 = 4Hg + CaS0O, + 3CaS

~ 2,500 ToHH/roa



© © N O O s b=

Zn
Zn
Zn
Zn
Zn, Cd

[TpumeHeHune Zn, Cd, Hg
ounHkoBka (45%)

npounssoacTeo natyHu (20%)
npon3BoacTBO Kpacok (15%)

ZnO B napdromepun, B nNriactukax

B 3JIEKTPOHUKE

Zn, Cd, Hg ranbBaHW4YeCcKne arieMeHTbl, riamMnbl, 3N1eKTpoabl

KaTtaJin3aTtopbl
NPUMNoun, nerkorniaBkKUe CrijfiaBbl

B XMMUNYECKOM NPOMbILLJTIEHHOCTN




Boicwine c.o. Zn, Cd, Hg

1. HgF,: eanHcTBEeHHOE coeauHeHne ¢ M™, roe n>2
Hg + 2F, = HgF,  (Ne, Ar, ~50K)

0 0
- D Ii'l o~ D a) . _, b] —_—d s
o A D 0 b = | _H_ dﬂ_
o a F di 2
) O ° ¢ | 4, _'I.l_ %
- 0 ; v
Hg**: d®

2. CornacHo pacyetam M3* n M#* (kpome Hg**) He
NOJMKHbI CYLLLECTBOBATb



[[anorennabl Zn, Cd, Hg (Il)

ZnF, CdF, HgF,
T.nn. 875 °C T.nn. 1072 °C T.nn. 645 °C
K4y. =6 Ky.=8 Ky.=8
ZnCl, CdCl, HgCl,
T.nn. 276 °C T.nn. 568 °C T.nn. 280 °C
Kuy. =4 K4y.=06 Ky, =2
ZnBr, CdBr, HgBr,
T.nn. 394 °C T.nn. 567 °C T.nn. 238 °C
Kuy. =4 K4.=06 Ky, =2
Znl, Cdl, Hgl,
T.nn. 446 °C T.nn. 388 °C T.nn. 259 °C

Kuy. =4 KYy.=6 Kuyu.=2,4unnmn o6



[[anorennabl Zn, Cd, Hg (Il)
1. Nony4yeHne ranoreHngos
Zn(NO,), + 2KF = ZnF,\ + 2KNO,  ananoruuHo CdF,
OcTarnbHble ranoreHugbl nony4arT NPSAMbIM CUHTE30M
2. ZnF,, CdF,, Hgl, HepacTtBOopumbI, HgF, rugponnayetcs
HgF, + H,O = HgO! + 2HF
3. KomnnekcHble rafioreHnab|
ZnCl, + KCI + H,0 = K[ZnCl;(H,0)]
CdCl, + 4NH,CI = (NH,),[CdCl] oKTasgp
CdBr, + 2NaBr = Na,[CdBr,] TeTpasgp
Hgl, + 2Kl = K,[Hgl ] Igp =~ 30



[[anorennabl Zn, Cd, Hg (Il)

1. Nony4eHune ranoreHnaoBs

Zn(NQ3), +
OcTarnbHbI€ Iz
2. ZnF,, CdF,

HgF, + H,0
3. KomnnekcH

ZnCl, + KCI

CdCl, + 4Nt

CdBr, + 2N:¢

Ho CdF,

:30M

13yeTcs

Hgl, + 2KI =

[Ha(KrF5)s(AsFe).]
Inorg. Chem. 2025, 64, 15234—-15247




Okcuabl Zn, Cd, Hg (Il)

Zn0O CdO HgO
oenbin, xenteet KOPUYHEBLIN XenTbIn Unu
Npw HarpeesaHuUn KpacCHbIN
T.nn., °C 1950 1175 400
AV C LI -320.7 —229.3 -58.4
k[bx/Mmonb
Ctpyktypa ZnS (w) NaCl Lieno4vyeyHas
KY. =4 KY. =06 KY. =2

0\0\,0‘\0\

HgO




Okcuabl Zn, Cd, Hg (Il)

1. Nony4yeHune
2Zn(Cd) + O, = 2Zn(Cd)O (200-350 °C)
Zn(Cd)CO; = Zn(Cd)0O + CO, (300—400 °C)
2Hg(NO;), = 2HgO + 4NO, +0O, (<350 °C)

2. CBoucTBa
MO + H,S0, = MSO, + H,O M =Zn, Cd, Hg
Zn0O + 2KOH + H,0 = K,[Zn(OH),] mempasdp

HgO + 4Kl + H,0 = K,[Hgl,] + 2KOH
KomnriekcoobpasoBaHue



Okcuabl n rmgpokengbl Zn, Cd, Hg (l)

1. KNCnoTHo-oCcHOBHbIE CBOUCTBA pK,
ZnCl, + 2KOH (pa36) = Zn(OH), + 2KCl  Zn(OH), 5.1
HgCl, + 2KOH = HgO + 2KCI + H,0 Cd(OH), 3.0

HgO + H,0 < Hg?* + 20H-

ZnO Cdo HgO

yeesiudeHue OCHosHOoCmMu

2. PacTtBopeHue B amMmnake
Zn(OH), + 4NH; (p-p) = [Zn(NH3),](OH),
Cd(OH), + 6NH; (p-p) = [Cd(NH;)s](OH), k4.=6

2HgO + NHj; (p-p) = [Hg,N](OH) + H,O
ocHoBaHune MunnoHa, K.4. = 2




Okecunabl 1 rmgpokenasl Zn, Cd, Hg (1)

1. KNCNnoTHO-OCHOBHbIE CBOUCTBA
7Zn(l 4+ 2QkNH (naaR = 7n(NOH) 4+ 2K

osakaite
Zn,(OH),SO,5H,0 Zn,(OH),SO,4H.0O

PK,
Zn(OH\ 5 1

namuwite

Zoagr SHO
o
rerin e e ® o b
no s Lot
e w
4 ) - b J (Y

lahnsteinite
Zn,(OH),SO,-3H.O

2HgO + NH; (p-p) = [Hg,N](OH) + H,0
ocHoBaHune MunnoHa, K.4. = 2




CoeaounHenuna Zn, Cd, Hg (Il)

1. A30TUCTbIE OCHOBaHUA PTYTU
2K,[Hgl,] + 3KOH + NH, = [Hg,N]I-H,O4 + 7Kl + 2H,0

HgCl, + 2NH; (ra3) = [Hg(NH,;),]Cl,
nnaskuu 6enbin NpeuunuTar o Y/Q/J\o

HgCl, + 2NH; (p-p) = [HgNH,ICI + NH,Cl 8 jpyonp 1+ &
HennaBkuim denbin npeyunuTar

6[HgNH,]CIl = 3Hg,CIl, + 4NH; + N, =250 °C
2. OKCOKOMMIEKChI PTYTH
3HgCl, + 2H,0 = Hg;0,Cl, + 4HC|I  rugponus, megneHHo
3HgO + H,0O + 2Cl, = Hg;0,Cl, + 2HOCI
3HgCl, + H,0 = Hg;OClI, + 2HCI (100 °C) [O(HgCl);]ClI



CoeaounHenuna Zn, Cd, Hg (Il)

3. LlmaHo- n pogaHo-npon3BoaHble

Zn(NO,), + 2KCN = Zn(CN),4 + 2KNO, el o
Zn(CN), + 2KCN = K,[Zn(CN),] o 3
TeTpaaﬂp CO[Hg(SCN)4] e}w

Hg(NO,), + 2KSCN = Hg(SCN),| + 2KNO,
2Hg(SCN), + 90, = 2HgO + 4S80, + 2N, + 4CO,
2Hg(SCN), = HgS + CS, + C,;N,

Co(NO,), + Hg(NO,), + 4KSCN = Co[Hg(SCN),] + 4KNO,
9TaJ1I0OH B MalrHETOXNMINU



CoenunHenuna Zn, Cd, Hg (Il)

/nS CdS HgS
benbin XEnTbIn KpacHbIN, YepHbIN
[P =10-2 [P =10-28 [P = 10-°2
T.B03r. = 1780 °C T.BO3r. = 1380 °C T.nn. = 825 °C
KY. =4 KY. =06 KM.=6,4 nnmn 2

4. INony4vyeHune cynbdmnoos
ZnSO, + Na,S = ZnS! + Na,SO,
CdSO, + H,S = CdSJ + H,SO,
Hg(NO,), + H,S = HgS! + 2HNO, Hg + S = HgS

HgS
<—— YepHbin

KpacHbl —




CoenunHenuna Zn, Cd, Hg (Il)

5. PacTBopeHue cynbpunaoos
ZnS + 2HCI = ZnCl, + H,S
CdS + 2HCI (koHu) = CdCI, + H,S
CdS + 8HNO; (koHu) = CdSO, + 8NO, + 4H,0
3HgS + 8HNO, + 12HCI = 3H,[HgCl,] + 8NO+ 3H,SO, + 4H,0
HgS + K,S = K,[HgS,] 6enbin
6. NonuaagepHble komnrnekeol Zn, Cd

4Zn(CH3COO) LN Zn,O(CH;COO0), + (CH;CO),0

g o_ pa )

‘ [Zn,Brg]%-
[Zn,(OH)(PO,)3(H,0)1¢- e [Zn,0(CO,)sl+



CoeanunHenmna Hg (1)

1. Manorenngbl HY(1)
Hg,F Hg,Cl, Hg,Br, Hg,l,
XKenTbIn benbin benbin OpaHXeBbIn

T.NN. 570°C  T1.p.395°C T1.p.390°C T.nn. 140°C
T.pasn. 290 °C

rmoponm3 NP=10-'® MNP=1022 [1P=10"2°
d=252 nm d=253 nm d=258 nm d=269 nm

OB—O

d(Hg—Hg)




CoeanunHenuna Hg (1)

2. Conu Hg(l) nerko rmgponunaytotca. Hutpat pactBopum
6Hg + 8HNO, (30%) = 3Hg,(NO;), + 2NO + 4H,0

Hg,(NO,), + K,SO, = Hg,SO,J + 2KNO, MP=10-"7
Hg,(NO,), + 2H,0 < [Hg,(H,0),]*" + 2NO;
2Hg,(NO3), + H,0 < Hg,(OH)(NO;); + HNO,  ~ eudponus
Hg,(OH)(NO;); + H,0O < 2Hg,(OH)NO; + HNO,

[ncnponopunoHnpoBaHue:

@

Hg,(NO,), + K,S = HgS{ + Hgl + 2KNO, 3 .
Hg,(NO,), + NH, = [HgNH,]NO, + Hgl V P
+ NH,NO, . ‘0\\0



CoeanunHenmna Hg (1)

3. mucnponopuunoHmpoBaHue Hg,** < Hg?* + Hg®
K=1.14-10"

4. Okeung Hg(l) HeycTonumB
Hg,(NO,), + 2KOH = HgO! + Hgy + 2KNO; + H,O

5. [lony4eHune n pasnoxeHue ranoreHngoB
Hg,(NO,), + 2KCl = Hg,Cl,¥ + 2KNO, (Hg,Br,, Hg,l,)
Hg,l, + 2HI = H,[Hgl,] + Hg KOMMNEeKCbl HEYCTONYUBDI
Hg,(NO,), + 2KF = HgJ + HgOJ + 2HF + 2KNO,

6. CoegnHeHnmna Cd(l) HeycToN4MBSI
CdCl, + Cd + 2AICl, —800°C _, Cd,[AICI,], Cd,2*




OkucnutensHas cnocobHocTtb Hg(l,1l)
CoeaunHeHuna Hg(l), Hg(ll) okmcnntenun B kKucnown cpeae

2HgCl, + SO, + 2H,0 = Hg,Cl,{ + H,SO, +2HCI

2HgCl, + SnCl, + 2HCI = Hg,Cl,¥ + H,[SnCl]

Hg,Cl, + SnCl, + 2HCI = 2Hg + H,[SnClg]

2Hg(NO,), + KH,PO, + 2H,0 = 2Hg + KH,PO, + 4HNO,
Hg2++— pH=0

1.754

1.50 1

1.251

1.00
LLl 0.75
c

0.50 -

0.25

0.00 -




Huswwre c.o. Hg

2Hg + HgCl, + 2AICI, 2%, i (AICl,), Hg,2*

4Hg + 3TaF, — 29209 | Hg [TaF], + TaF, Hg,2*

4Hg + Hg,[NbF4], S920K) | 2Hg.[NbF,] Hg,' croi

3.72Hg + HO,[ASFql, 5 2% > 2HG, solASFe]  H, g™ Uenouka
Q

Hg;(AICl,),

d(Hg-Hg) = 259-262 Hm
BgafE
Hgs(NbFy) ' = Hg, g6(AsFe)



buonormnyeckaa posnb Zn

Zn BXOOUT B cocTaB H6onbLIoro ymncna gepmMeHTOB:
KapbokcunenTtugasa, kKapboaHrnapasa, gocdarasa, p-
naktamasa, anikoronb-gerngporeHasa

OcHOBHas porib: KaTarnma KUCNOTHO-OCHOBHbLIX NpeBpPaLLEHNN

OCHOBHbIEe MexXxaHU3Mbil:

1) f'mapokcuaHbIn HB\I
NH— H0@

SN\ /\ 2

O N HO— ZnL,

2) KapOOHUIbHLIN

Thr

Thr

Glu

Shriver & Atkins Inorganic Chemistry, Fourth Edition
O ________ Z n I 2006 by D.F. Shriver, P.W. Atkins, T.L. Overton, J.P. Rourke, M.T. Weller, and F. A. Armstrong



TeHoeHuun B 12 rpynne

OnemeHTbl UM UX  COEAMHEHUS  MPOSABMSAOT  CBOWCTBA
NMPOMEXYTOUHbLIE MeXay nepexogHbiMM MeTannamm u - p-
MeTannamMu.

Csounctea Zn un Cd noxoxun. OcobeHHoCcTM xumnn Hg criegytot mna
CBOMCTB 6S? arieKTPOHHOM napsbl, aHanorn4yHo Au, Tl, Pb, Bi.

Boicwaa c.o. Haubonee yctomumBa ona Zn, Cd, Hg; oHa
COOTBETCTBYET YNCNY BaSIEHTHbIX S-3JIEKTPOHOB. BHM3 no rpynne
yBennmymBaeTca yCTOMYMBOCTb C.0. +1.

KNCNOTHO-OCHOBHbIE CBOUCTBA WU3MEHSAKTCA HEMOHOTOHHO,
Cd(OH), — Hanbonee cunbHOe OCHOBaHWMe.

TunnyHble KoopaANHAUMOHHBIE Yncra uameHsaTca ot 4 (Zn) oo 6
(Cd) n po 2 (Hg). BH13 no rpynne yBennynBaeTcs yCTONYMBOCTb
KOMMeKCoB ¢ AoHOpHbIMK nuraHgamu N, S, Br, |.
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