dnemeHTbl 111 rpynnol



[logrpynna meau

3 4 5 6 7 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
Lla | Hf | Ta | W | Re | Os | Ir Pt | Au | Hg

Cu — meab, Ag — cepebpo, Au — 30510TO




CBoucTtBa 3rnemMeHTOB

Cu
AT. Ne 29
AT. Macca 63.62
on. KoHd. 3di04s?
R(at.), nm 128
l,, aB 7.73
l,, aB 20.29
5, 3B 36.8
v(A-R) 1.75
A., 3B 1.24
C.O. 1,2,(3)

Ag
47
107.87

4d105st

144
7.58
21.49
34.8
1.42
1.30

1.(2),(3)

Au
79
196.97
4f145d106s?
144
9.23
20.5
43.5
1.42
2.31
(-1),1,(2),3,(5)



CBowncTtBa MeTannoB

Cu Ag
T.nn., °C 1083 961
T.xkmn., °C 2540 2175
A H°, kx/Monb 338.3 284.6
d, r/cm3 8.94 10.50
o, Cm/m (-10°) 57 66.5
EO(M1+/MO), B +0.52 +0.80
EO(M2+/MO), B +0.34 +1.30
EO(M3+/MO), B — - +1.44

CTpykTypHbIX TN CU

pelleTka Kybunyeckas
rpaHeLeHTpMpoBaHHas

Au
1047
2947
336.1
19.32

43.5
+1.69

+1.36

EO(M"/MO) > 0
(n=1, 2, 3)
6r1a20p00HbIE MEMATITIbI



Xnmmnyeckune ceonctea Cu
1. Cu — HanmeHee peakyMoHHOCNOCODHbIN 3d MeTann,
eaunHcTBeHHbIn 3d metann ¢ EO(M™/MP) > 0
2. CU He pacTBopAaeTCcs B KNCIOTaxX-HEOKUCTTUTENAX
3. Cu He pacTtBopseTca B wenovax n H,O,

4. Cu pearnpyeT c KUCOpoaoM Npu HarpeesaHUn

2Cu + 0, 99°C, >cyo 1990°C, cy,0 + 140,

5. Cu pearmpyeTt c ranoreHamMmu npuv HarpeBaHum

Cu + Br, = CuBr, 2Cu + |, = 2Cul



Xnmmyeckume cesouctea Cu

6. Cu pacTBOpAEeTCSA B KUCIMOTaxX-OKUCIUTENSAX
2Cu + 2H,50, (pas3b) + O, = 2CuSO, + 2H,O0  mMegneHHo
Cu + 2H,S0, (koHuy) = CuSO, + SO, + 2H,0

/. CU TYCKHEEeT Ha Bo3ayXxe B pe3ynbrarte npotekaHugd
Pa3NNYHbIX peaKkUUn.

H,O

Cu+0O, CuO

4CU + 2H,S + O, = 2Cu,S + 2H,0

2Cu + O, + CO, + H,0 = (CuOH),CO,
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Xnmmyeckume cesouctea Cu

8. Cu pacTBopsieTcsi B pesynbrate KoMniekcoobpasoBaHus
2Cu + 4HI (koHu) = 2H[Cul,] + H,
2Cu + 8NH; (koHu) + O, + 2H,0 = 2[Cu(NH,),](OH),

9. Cu pearupyert npu HarpesaHum c S, Se, Te, P, Si, B

Cu+ S=CuS 2Cu + S =Cu,S
Cu + 2P = CuP, 3Cu + P =Cu,P
15Cu + 4Si = Cu,:Si,

10. Cu He pearupyeTt c BOOOPOAOM, HO rmapua N3BecCTeH

4CuSO, + 3H,PO, + 6H,0 = 4CuH| + 3H,PO, + 4H,SO,



Xmnmmnyeckume ceomnctea Ag, Au

1. Cu AQ Au

YMEHbLUEHNE XUMNYECKOWN aKTUBHOCTU

2. Ag, Au — bnaropoaHbie MeTansbl, HE pearupyroT C
KMCIopoaoMm

3. Ag oKucndeTcsa B KUCMoWu cpeae
Ag + 2HNO; (koHu) = AgNO; + NO,, + H,0

2Ag + 4HI (koHu) = 2H[Agl,] + H,
KOMMJ1eKCOObpa3oBaHme

4Ag + 2H,S + O, = 2AQ,S| + 2H,O0  o4eHb MegneHHo
6Ag + 3H,0, + 3NaH,PO, = 2Ag,PO,|+ Na,PO, + 6H,0O



Xmnmmnyeckume ceomnctea Ag, Au

4. Au oKucnsaeTca CUNbHbIMU OKUCIIUTENAMMN
Au + HNO; + 4HCI| = H[AuCl,] + NO + 2H,0
2AU + 2HCI + 3Cl, = 2H[AuUCI]

5. Ag, AU pacTBopAOTCA B LUmaHugax

4Au + 8NaCN + O, + 2H,0 = 4Na[Au(CN),] + 4NaOH
aHalsoa2u4yHo 0rs cepebpa

6. Ag, AU pearvpyroT C ranioreHamm, xanokoreHamu, P, As
2Ag + Cl, = 2AgCl

.
~
2Au + 3Cl, = 2AuCl, /

4AU + 3P, = 2AU,P, [AUCIT

4



[TonyyeHue Cu
1. MunHepansbl Cu.

CynbdunaHbie pyabl (80%),
OCHOBHOU MUHepan CuFeS, — xanbkonuput

[pyrne muHepansl.
CucFeS, 6opHut, Cu,,Sb,S,; TeTpasgput, Cu,S xanbKouuT
Cu,(OH),CO4; manaxut, Cu,O kynpuT, Cu,(OH),Cl atakamnT

2. OCHOBHbIE peaKuuu:

2CuFeS, + 50, + 2Si0, = 2Cu + 2FeSIO; + 450,
P (yncrtota 95%)

Cu + H,SO, + 20,
(padpmHmpoBaHue, 99.9 %)

CuSO, + H,0

CamopoOHasi meob



[TonyyeHue Ag, Au

1. Ag, Au npenmyLLecTBeHHO caMOpOHbIe.

MuHepanb!:
AJ,S — apreHTuT,
(Ag, Au)Te, — cunbBaHUT

2. DTanbl Nony4YeHus:
a) unMaHo-BCKpbITHE; 0) BblaeneHne; B) O4MNCTKa

4M + 8NaCN + O, + 2H,0 = 4Na[M(CN),] + 4NaOH
2Na[M(CN),] + Zn = Na,[Zn(CN),] + 2M

0]

3
2Au + 3Cl, ==550oc 2AuUCl,




[TonydeHune Ag, Au

1. Ag

AJd,S
(AQ, /
2. 07 |
a) Lmes ape - V- e

As

4M l
Pd Ag ¢4 In Sn Se

2N \: 11 Pb Sb =R
* Hg Te

- X
” .

Ge
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[TpumeHeHne Cu, Ag, Au

Cu, Ag, Au — MOHETHbIe cnaBbl

Cu, Ag — QNeKTpocnaBbl

Cu — NMPON3BOACTBO PyHrMLUMO0B
Cu — MPOM3BOACTBO KaTtanns3aTtopos
Cu — BTCI1 matepuansl

Cu, Ag, Au — toBenNupHbIe nsgenus »
Ag — B dpoTorpacoum : N
Cu, Ag, Au — nabopartopHasa rnocyaa, I'IOKprTI/I_‘ |
Ag, Au — B MeanuunHe




Onarpamma ®pocta ana Cu, Ag, Au

ql=

Cu3, Ag?*, Ag3*, Au3* -
OKUCIUTENM

Cul*, Ault -
ONCNPONOPLINOHMPYIOT B
BOJHOM pacTBope

Agl*, Cu?* - Hanbonee
YCTOWUYNBbI B BOOHOM
pactBope

L il




Beicwume c.o. Cu, Ag, Au
1. I3BecTHbI coeanHeHns Au(V) n Cu(lV)

TONBKO PTOPONPOMN3BOAHLIE
2. CoeanHeHuna Au(V)
2AU + 5KrF, = 2AuF. + 5Kr
Au+ 0, +3F, "P, O,[AuF]
MgF, + 2AuF; + 2KrF, + 6HF,, YO , [Mg(HF)gJ[AUF,], + 2Kr

2Au + 5XeF, + 2KF = 2K[AuF,] + 5Xe yCTON4MB (t,,°)
XopoLume TopoKUCnMTeEnmu

3. CoeanHeHuna Cu(lV) o4eHb HeyCTONYMBDI
2CsCuCl, + 3XeF, ~22°C, Cs,[CuF] + CuCl, + 3Xe + 3Cl,




CoeaunHeHunsa Cu(lll), Ag(lll)

1. ManoreHnasbl Cu, Ag(lIl)
3BECTHbI TONMbKO oTOPUAbI
CuF; KpacHbIN, 04EHb HEYCTONYNB

4CUF, + 2H,0 = 4CUF, + 4HF + O,

AgF + KrF, = AgF; + Kr (0 °C)
AgF + O,F, = AgF; + O, (60 °C)
AgF; = AgF, + 2F, (150 °C)

AgF; + H,O = AgF + 2HF + 720,
2. N13BecTHbl Ag,F:, AgsFg
Ag,Fs = 2(Ag'AQ3F o), AdsFg = V2(Ag'AQYSF )



CoeaunHeHunsa Cu(lll), Ag(lll)
3. dTopokomnnekcol Cu, Ag (Ill)
AgCl + KCI + 2F, = K[AgF,] + Cl, XXEenTbln, kBagpar, dd

2CuCl, + 6KCl + 6F, = 2K,[CuF] + 5Cl,
3erneHbln, okTasgp, d®

- - Oy2.y2
t 1 dy2.y2  dz2
Av de
ﬂ‘ﬂ‘ﬂ— dxz dyz dxy AV d2
- e oy



CoeaunHeHunsa Cu(lll), Ag(lll)

4. KucnopogHole coeaguHeHuns Cu, Ag (l11)

2Cu(OH), + NaOCI + 2NaOH = 2NaCuO,, + NaCl + 3H,0
HeyCTOMN4MB

7AgNO, + 8H,0 A Ag,OgNO; + 6HNO; + 5H,
2Ag** + BAg3t
CoeanHeHunsa obuien goopmynbl [Ag,Og]X
X =F, ¥(S0O,), ClO, CIO,, ...
5. ['eTepononncoegMHeEHUA: |

Ks[Cu"'(HIOg),]-H,0
NagH;[Ag" (TeOg),]:20H,0

[Cu(HIO),]>



CoeaunHenuna Au (I11)

1. ManoreHngbl

AuF, AuCl, AuBr, Aul,
XEnTbIN KpacCHbIN KOPUYHEBLIN YyepHbIN
T.paan  510°C 255°C 200°C ~20°C

Tonbko AuF; rugponunsyertcsa Haueno

AUF, + 3H,0 = Au(OH), + 3HF

Aul,; pasnaraetca Bogou

Aul, _H0 | Aul+ 1, AuBr,



CoeaunHenuna Au (I11)

2. NonyyeHne
2Au + 3Cl, = 2AuCl, (200 °C)
2AuU + 4BrF, (k) = 2(BrF,)[AuF,] + Br,
(BrF,)[AuF,] = AuF, + BrF, (120 °C)
3. lanoreHokomnsekcsl
AuCl; + H,0 = H,[AuOCl,]
AuCl; + HCI = H[AuCl,] 3onoTtoxnopoBogopogHas Kucnorta
H,[AUOCI,] + 2AgNO, = Ag,[AuOCI,]¥ + 2HNO,

AuBr; + HBr = H[AuBr,] 3onotobpomoBogopogHas KucnoTa



CoeaunHenuna Au (I11)
4. 3onoTtoxnopoBogopoaHasa kmcnora H[AUCI,]
W13 pactBopa H[AuCl,]-4H,0 = (H;0,)[AuCl,]-2H,0O
CunbHasa kucnota, pK, ~ =3

H[AuCI,] + AgNO, = Ag[AuCI, ¥ + HNO,

H[AuClI,] + CsCl = Cs[AuCl,]¥ + HCI

H[AuCl,] + 4Nal = H[Aul,] + I, + 4NaCl Audt — Aut
H[AuCl,] + 3FeCl, = Au + 3FeCl; + HC] Audt — AuC

60-
= 50-
S
S 40-
S 30-
o
= 20
(/)‘10-
0-

i Na K Rb Cs AgAuCI




CoeaunHenuna Au (I11)
3. Okeung v rmgpokeng Au(lll)
2AuCl, + 3Na,CO, + 3H,0 = 2Au(OH),{ + 3CO, + 6NaCl
KWCNOTHLIN rMapoKcna

Au(OH); + NaOH = NaJAu(OH),] pK, =12
AU(OH); + 4HNO; = H[AU(NO,),] + 3H,0
2AU(OH); = Au,05 + H,0 60 °C
2AU,0, = 4Au + 30, 160 °C

EO(Au3*/Au*) =1.20 B

H[AU(NO,),] + 4KI = H[AuL,] + 4KNO, + 1,
2AU(OH), + 3Na,S = Au,S + 6NaOH + 2S




CoeanunHenuna Cu(ll)

1. Okeuna v rmapokena Cu(ll)
CuSO, + 2NaOH = Cu(OH), + Na,SO, 25 °C
CuSO, + 2NaOH = CuO + H,0 + Na,SO, 60 °C

Cu(OH), — am@oTtepHbIn okeng, pK, = 10, pK, = 7
Cu(OH), + 2HCI = CuCl, + 2H,0
Cu(OH), + 2KOH (koHu) = K,[Cu(OH),]

Cu(OH), pacTtBopuM B pesynsrarte
KOMMnekcoobpasoBaHUS

Cu(OH), + 4NH; = [Cu(NH),](OH),
CuO pacTBOpWUM TOSNbLKO B KMCIOTaxX
CuO + H,S0O, = CuS0O, + H,0O

CuO



CoeanunHenuna Cu(ll)
2. Conu Cu(ll)

CuO + H,SO, + 4H,0 = CuS0O,-5H,0 megHbIU Kyrnopoc
{Cu804-5H20 60°C, Cus0O,-3H,0 _120°C CuSO4-H20}
cuso,H,0 —2¢ . cuso, =2 cuo

2CuSO, + 2Na,CO, + H,O = Cu,(OH),CO, + CO, +

CU,(OH),CO, %%0°C. 2Cu0+CO,+H,0 o %%

Cu,(OH),CO, + 4CH,COOH = 2Cu(CH,COO0), +
3H,0 + CO,

Cu,(OH),CO,

CuSO,-5H,0 7;;1)
§ (CuOH),CO |
| (CUOH)CO; [Cu(H,0),]SO,H,0




CoeanunHenuna Cu(ll)

3. bessogHbie conun Cu(ll)

Cu + 2N, 0, = Cu(NQO,), + 2NO (B p-pe CH;CN)
CUu(NO,),, T.nn. = 212 °C (6e3 pasnoxeHus)

Cu(NO,), + 4H,0 = Cu(NO,),4H,0

CuO + SO, = CuSO, B p-pe SO,CI, };\o J °

CuSO, = CuO + SO, + 720, (550 °C)

4. Cynbdouma Cu(ll) 0 o\‘r{
CuSO, + Na,S = CuS| + Na,S0O, oo/cb)\o CuSO,
CuS + HCI #

CuS + 4H,S0, (koHU) = CuSO, + 4S50, + 4H,0




[[anoreHngbl Cu(ll)

1. Nony4yeHune

I.nn., °C
Cu + Cl, = CuCl,
CuF, 770
Cu + [, = Cul =1
2 =Gl p=100am CuCl, 596
HEeYyCTOMNYMB
CuBr, 498

2. 'npparauns
CuF, (6enbin) + 4H,0 = CuF,-4H,0 (ronybon)
CuCl, (kopu4HeBbin) + 2H,0 = CuCl,-2H,0 (3eneHbin)

CuBr, (4epHbin) + 2H,0 = CuBr,-2H,0 (Kopn4HeBbIn)
H,O

Cul, (4epHbIN) > Cul + 74l



[[anoreHngbl Cu(ll)

3. KoopanHauus

9 9

2226 Nm :
296 MM —> l 291 nm —

3]
'
5]
s
1
'

H,0
CuCl,-2H,0 - CuCl,-6H,0

CuCl,

KOPUYHEBbIV 3eneHbIN rosiyoom

Cu?td® ———> HAH-TennepoBcKOe NCKaXXeHne



Komnnekcel Cu(ll)
1. AMMHOKOMMNIEKChbI
Cu(OH), + 4NH; (p-p) + 2H,0 = [Cu(NH;),(H,0),](OH),
Igp = 11.8

Cu(OH), + 2en + 2H,0 = [Cu(en),(H,0),](OH),
XenaTHbIN KoMmnsiekc, Igp = 20

[Cu(NH,),(H,0),]SO, + KOH =

[Cu(NH,),(H,0),]SO, + 2H,S = CuS + (NH,),SO, +
(NH,),S + 2H,0
NP =103 _,

2. LlnaHokomnnekcobl
CuCl, + 4KCN = K,[Cu(CN),] + 2KCI d°




Komnnekcel Cu(ll)

3. [eoMeTpusa KOMMNNEKCOB
CuCl, + 2KCI = K,[CuCl,] uckaxeHHbIl mempa3op

CuSO, + NH; (koHu) = [Cu(NH,),]SO, keadpam

Cu(NO3), + 2NH,NO; + H,0 = (NH,),[Cu(NO;),(H,0)]
keadpammHas nupamuoa

CuCl, + 3CH;NH;CI = (CH3NH,),[CuCls] mpuzgoHanbHas
bunupamuda

CuCl, + CsCl = Cs[CuCl,;] uckaxeHHbIU okma3aop - 1

CuSO, + 4NH; + 2H,0 = [Cu(NH,),(H,0),]SO,
UCKa)>XeHHbIU OKmasop - 2




BTCI1 Ha ocHoBe Cu(ll)

1. CnoxHble okcuabl meau
8Ba0, + 12Cu0 + 2Y,0, = 4YBa,Cu,0, + 30, T.=93K
2HgO + 2Ba0, + 4Cu0 = 2HgBaCu,0, + O,  T. =104 K

2. CBepxnpoBOANMOCTb — SIBIIEHNE NPOTEKaHNSA ToKa 6e3
COMPOTUBIEHUSI C MOMHbIM BbITAaNKNBAHWEM MarHUTHOrO MOJSIS




BTCI1 Ha ocHoBe Cu(ll)

Ceepxnposognuk . 3a3op

MarHutHaa nesutauuma (ISTEC)



—hl vl
Lriga ol

BTCI1 Ha oc’
v _ @ N TS
! 7

3asop

STEC)



CoeguHeHunsa Ag, Au (1)
1. dTopug Ag(ll)

AgF + 2F, = AgF,
TEMHO-KOpUYHeBbIN, T.nn. 690 °C

AgF, + 2SbF. —HF . Ag(SbF,),
OKUNCIinNTeIlb

AgF, + 2H,0 = AgF + O, + HF

2. DTOPOKOMMIEKCHI
AgF, + KF —PE. K[AgF,]
AgF, + 2BaF, o2 %) Ba ragF,]
AgF, + 2KF = K,AgF, (480 °C)
AgF, + NaBF, = AgF(BF,)¥ + NaF




1. dTopug Ag(ll

TEMHO-KOPUYHE| °7/

AQF, + 2SbF, -| 7%

AgF, + 2H,0 =

2. DTOPOKOMMNIY

AgF, + KF —H 3t
AGF, + 2BaF,| <&P% 9k

AgF, + 2KF =

AGF, + NaBF{ ~* (%

2.680 2.112
\ .




CoeguHeHunsa Ag, Au (1)
3. Okeung Ag(ll)

2AgNO; + 4KOH + K,S,04 = 2Ag0O + 2K, SO, + 2H,0 + 2KNO,
onamarHuteH Ag'Ag"'O,, T.pasn. = 110 °C
AgO + 2HCIO, + 3H,0 =Ag(CIO,),4H,O0 [Ag(H,0),]*" d°
2Ag0O + 4HCI| = 2AgCl + Cl, + 2H,0
EO(Ag?*/Ag*) =1.98 B
4. Okceng Au(ll). Tonbko nNpu BbICOKOM OaBlieHUN
Au + 1/20, = AuO Au + %0, 2 AuO
P=25TITla 5

Inorg. Chem. 2016, 55, 1278—1286



CoeguHeHunsa Ag, Au (1)

5. Conu Ag(ll)
Ag(SbF,), + K,SO, 15+ AgSO, + 2KSbF,
6. Conu Au(ll)

2H[AU(SO,),] + Au 12502 ()

. 3AuSO, + H,SO,

d(Au-Au) = 249 nm




CoeguHeHunsa Ag, Au (1)
/. I'nopatbl conen Ag(ll)

AgSO, + H,0 =AgSO,-H,O
2AgS0O, H,0 =[Ag(H,0),][Ag(SO,),]

Chem. Eur. J. 2017, 23, 1805 — 1813



CoeguHeHunsa Ag, Au (1)

8. OkTasgpuyeckne komnnekcol Ag(ll)

AgF + AuF, + KrF, Y%, Ag[AuF] + Kr

2.403(7)

2.403(7)

CunbHoe A.-T. nckaxkeHume



CoeguHeHunsa Ag, Au (1)

8. buagepHsle nponssoaHbie Au(ll)

C|/, I wwCl
UepenoBaHune m
Au
Au(l), Au(lll) | .
Clu,, g I \\CI T“ Mez
—A —A —P
C|/ AUC|2 M62 |U ; Me,
82 [Aucudppn)]zz*
o” Yo

| I | 11 'Bu Bu

P Oumepbl
0.0 Au(ll) — Au(ll)
O,
[AuSO,];
Et, 1l
5 N—Au—Au-—N
HC” \C|3H2 \ /
Cl—A:u”—Ald'—m
Hzc\P/CHz
Et,

[AuCI(CH;PEt,CH,)]> Bu Bu  [Au(C*N*C)],



CoeguHeHunsa Ag, Au (1)

8. busagepHsle nponssoaHbie Au(ll)

UepenoBaHune
Au(l), Au(lll)

Clu,,

cl—@—

HZC\P/

[AugClg]**

Cl

_

Et,

[AuCI(CH,PEt,CH,)],

A\

'Bu Bu

[nmepsl
Au(ll) — Au(ll)

[Au(CANAC)],



CoeguHeHunsa Ag, Au (1)

9. MoHosaepHble npoussogHble Au(ll)

TONbKO oTOPONPOMN3BOAHbLIE!

218%(4)  2.166(4)

F5Sb&,~m‘ X ”»(ESbF

2647(1) %ﬁi
FSSb( \BSDFS

[(u-F)Au'';Xe,][SbFgls

@sm:s
264(2}
ansn@.,.N tu AFSSbF 5 FSSb@,.,\ ../,@4
2.15(2 2.09(2) 2.135(3 2.126(3)
FsS SbFs HE’V SbFs

®SDF5 Au''[SbFg], [Au'(HF),][SbF¢,



[anoreHuabl Cu, Ag, Au(l)

- CuCl CuBr Cul
benbin CBETNO-XENTbIN benbin
T.nN. 450°C T.nn. 504 °C T.Nn. 604 °C
AgF AgCl AgBr Agl
KOPUYHEBbLIN  Denbin CBETMO-XXENThIN XENTbIN
T.NN. 435 °C T.nn. 457 °C T.NN. 434 °C T.nn. 560 °C
— AuCl AuBTr Aul
CBETNO-XeNTbIU XEenTbIN OpaHXeBbI

T.pasn. 400 °C T.pasn. 330°C T.pasn. 550 °C



[anoreHuabl Cu, Ag, Au(l)

600-
T, °C 550- Cu
500
450-
400- Au
350

F Cl Br I
CuX, AgX — ctpyktypbl NaCl, ZnS; AuX — cTpykTypa Aul

d(Au-l) = 262 nm
Z(I-Au-l) = 180°




[[anoreHnasbl Cu(l)

1. NonydeHne CuX n pacTtBopeHme 3a cHeT
KOMMJIeKCOObpa3oBaHUSA

2CuSO, + SO, + 2KBr + 2H,0 = 2CuBr4 + K,SO, + 2H,SO,
2CuSO, + 4Kl = 2Cull + |, + 2K,SO,
CuCl + HCI| = H[CuCl,]
H[CuCl,] + CO =[Cu(CO)CI] + HCI
CuCl + 2KCN = K[Cu(CN),] + KCI lgp = 23.9
2. Okmncnenune CuX B pactBope, ancnponopumoHmpoBaHme CukF
4CuCl + 4HCI + O, = 4CuCl, + 2H,0
ACuCl + 4NH; + O, + 2H,0 = 4[Cu(NH,),](OH)CI
2H[CuCl,] + 2NaF = CuCl, + 2NaCl + Cu + 2HF



[[anoreHnasl Ag(l)

3. Tonbko AgF pactBopumM B BoAe
Ag,O + 2HF = 2AgF + H,O

4. PactBopeHune AgX 3a c4eT KomnrekcoobpasoBaHus

AgNO, + NaX = AgXy + NaNO, X =Cl, Br, |
AgCl + 2NH; = [Ag(NH,),]CI lgp = 11.2
Agl + 2KCN = K[Ag(CN),] + K Igp = 19.9

AgBr + 2Na,S,0,; = Na,[Ag(S,0;),] + NaBr
AgBr + HBr (koHu) = H[AgBTr,]
5. KaTnoHHbIe komnnekcbl AgX

AgBr + 2AgNO; (koHLU) = [Ag;Br](NO,),

[AQ(S,05),]°



[[anoreHnab! Au(l)
6. AuCl, AuBr pasnaratoTcs Bogowu
3AUCl + H,0O = 2Au + H,[AuOCI;]
7. AuCl, AuBr obpasytoT ranoreHkapOoHUbl

AuCl + cO _HCl | ay(co)cl

8. Aul yctonume
2AUl = 2AuU + |, 550 °C |

Aul + HI = H[Aul,] Au(CO)CI

9. lNony4yeHune AuX
H[AuCl,] = AuCl + HCIt + Cl,1 300 °C (Au*—Au)
H[AuUCl,] + 3Nal = Aul| + HCI + NaCl + [, (Au*—AuY)



Okcunabl Cu, Ag, Au(l)

Cu,O Ag,O Au,O
KpacCHbIN KOPUYHEBLIN donorsneToBbIN
T.Nn. = 1236 °C T.pasn. = 370 °C T.pasn. = 200 °C

1. INony4yeHune

4CuSO, + N,H, + 8KOH = 2Cu,0 + N, + 4K,SO, + 6H,0
¥ ]

@

2AgNO, + 2KOH = Ag,0O + 2KNO; + H,0 I
o .

2AUCl; + BKOH = Au,0 + O, + 6KCI + 3H,0 ° ,
X o 2.

2. Takxe N3BeCTHbI %o ° °/o

Ag,0 o °



Okcuabl Cu, Ag, Au(l)

3. Okcuabl HepacTBOpPUMbI B BOAE, M'MOPOKCUObl HEYCTONYUBDI
Ag,0 + H,O0 < 2Ag" + 20H~ pPK, = 2.3
Ag,O + 2HNO,; = 2AgNO; + H,O
Ag,0O + KOH =
2AgNO; + 2KOH = Ag,0O + 2KNO; + H,O

Ag,O + 4NH, + H,0O = 2[Ag(NH,),]OH
aHanorn4Ho Cu, Au

4. Cu,0, Au,O ancnponopumnoHUpyIOT B KUCITOU cpeae
Cu,O + H,SO, = CuSO, + Cu + H,0O
3AuU,0 + 4H,50, = 2H[AuU(SO,),] + 4Au + 3H,0



CoeaguHeHusa Cu, Ag, Au (1)
1. KucnopoagHble conu Ag(l)
AgNO; = Ag + NO, + 720,
AgCIO, = AgClI + 20,
AgNO; (koHU) + Ag,S = [Ag;S](NO,)
AgNO; (koHu) + Ag, Te = [Ag,Te](NO,),

2. Conn Ag* nnoxo pacTBOPUMBbI, Kpome
AgNO,, AgNO,, AgCIO,, AgCIO;, CH;COOAg

3. Conu kncnopogHbix kncrnot Cu*, Au* pasnararoTca BoOgow
Cu,s0,_"2° , cuso, + cu Cu®, Cu?*
3AUNO; + H,0 = H,JAUO(NO,),;] + 2Au AuP, Au3*




CoeaguHeHusa Cu, Ag, Au (1)

4. CynbduTHbIE KOMMJIEKCHI

Cu—S0O,? (Tonbko cBa3b Cu—S !). AHMoH [Cu(SO,),]""

Mg[Cu'(SOs),1"

{[Cu"'(H,0)(bipy)],[Cu'(SO;),I}*



CoeaguHeHusa Cu, Ag, Au (1)

5. LlmaHngHble n pogaHmaHble Npon3BOAHbIE
2CuSO, + 4KCN = 2CuCN{ + C,N, T+ 2K,SO,
CuCN + KCN = K[Cu(CN),]

K[Cu(CN),] + KCN = K,[Cu(CN),]
K,[CU(CN),] + KCN = K5[Cu(CN),]
AuCl, + 4NaCN = Na[Au(CN),] + C,N,T + 3NaCl AUCN

Na[Au(CN),] + HCl —89°C . AuCN{ + HCN + NaCl
He pacTBOpWUM B Boe

2CuSO, + SO, + 2KSCN + 2H,0 = 2CuSCN| + K,SO, +
+ 2H,S0,




CoeaguHeHusa Cu, Ag, Au (1)

6. PocdpunHoBbIE NpomnsBoaHbie Au(l)

.
..
Aul + 2PMe; = [Au(PMe,),]l I}C

[AU(PM63)2]| + HCI 7z [AU(PMe3)2]+ }’{

7. YcTonuymBble cynpamMonekynspHble aHcambnu

60CUCl + 44Sb,0, + 17SbCl, = 3Cu,,Sb,:0,,Cl,, 400 °C

ClU20SDb35044Clsy




D AN

Cu(NN)(PP)

Chem. Eur.J. 2019, 25, 16-18



Huswwune c.o. Cu, Ag, Au

1. CyodTopuna cepebpa
AgF (koHu) + Ag = Ag,F 60 °C
AgF —2. Ag,F + 1/2F, ¢ Ag 9NeKTPOAOM

OPOH30BbIN, METANITMYECKNN NPOBOAHMK

Ag,F H,0 » AgF + Ag

Cu, AuU: aHanorn Hem3BeCTHbI




Huswwune c.o. Cu, Ag, Au

2. Knactepbl 30nota

[Au(PPh;),]* NaBH,, NaBF,  [Aug(PPh;)g]**
~ KpacHbIl

N3BeCTHbI Aug3t, AUy %, ... 0O AuypeS,4(PPhs) 4,
TONbLKO C P-, S-cogepalmmn nuraHgamm

AU,05S,4(PPh3) 6

Angew. Chem. Int. Ed. 2017, 56, 393 —396



Huswwune c.o. Cu, Ag, Au

3. AHMOHbI Au: Au~1 (5d106s?)
2CsCl + 2Au + NH; (k) = CsAu-NH; + Cs[AuCl,]
CsAu‘NH, ——— CsAu + NH,
CsAU + Cs,0 —— . Cs,AUO
4SIN, + 2Au —— 2Sr,AuN + 3N,

N3BecTHbI Rb,AU:O,, CsgAu,(AlO,)

[TpnunHa obpasoBaHUS:
A.(S) =2.08
A (Au) = 2.31
A1) =3.30

CsAu-NH,




Huswwune c.o. Cu, Ag

[TonnaHnoH n3 atomoB 3o5oT1a B CTpykType BaAu:Ga,

(Acc. Chem. Res. 2017, 50, 2633-2641)



C.O. Cu, Ag, Au

Cu Ag Au
+1 Ag*
le
Y
Cu2+
+2 9 6a 3
d (t,5°e4°)
A.-T. J
Aus3*
+3 48

Pasnnyatotcs ocHoBHble C.O. ! KBafpar



buonornyeckasa ponb Cu

1. FlemounaHuH — «ronybas KpoBb»
2. [lepeHoc anekTpoHa B benkax

Cu Cu

Figure 26-18 Figure 26-25
Shriver & Atkins Inorganic Chemistry, Fourth Edition Shriver & Atkins | norg Ch ; 'y, Fourth Edi
© 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




TenHgeHuun B 11 rpynne

Bbicliaa c.0. He COOTBETCTBYET YMUCIYy BalleHTHbLIX 3NEKTPOHOB,
Hanboree yctondmeas c.0. pasnuyHa ans Cu, Ag, Au

BHM3 no rpymnre yBerim4inBaeTCAd CpoaCcTBO K 3JIEKTPOHY, AOCTUIrad
ana Au 3Ha4YeHuu, CpaBHUMbIX C BEJITMMNHAMWU O51A4 XaJiIbKOreHoB U
raJyioreHosB. Ag MMeET HaMMEHbLUNE J3JNNIEKTPOOTPULATEIIBHOCTb U
noTeHumaln MoOHn3aunin.

C YMEHbLUEHMEM C.0. YCUNMBAKTCA OCHOBHblE CBOWCTBA, C
yBENIMYEHNEM C.0. — KUCINOTHble. KomnnekcoobpasoBaHue
npeBanupyeT Hag KNCNOTHO-OCHOBHbLIMW CBOWCTBaMMW.

Cu, Ag, Au npogenaiT 6onblwoe pasHoobpasne K.4. B
komnnekcax. Hamnbonee xapakTtepHa nuHenHas KoopAuHauus
onga di% mnckaxeHHass okTasgpudeckasi anga d°, kBagpaTHasa Ons
d8

Ona MY Haumbonee yCTOMYMBBI KOMMMIEKCbI C AOHOPHbLIMU
nuraHgammn C, P, S, |; ana Cu?%', Aus* Oonee yCTON4YUBbI
KOMMNneKcbl ¢ AOHOPHbIMK nuraHgamu Cl, N, O.
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