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O01as xapakTepucTHKA IPYIIbI.

,sCu — 15°25*2p°35*3p°3d"4s’; [Ar] 3d"%4s!

AL~ 15225*2p°35°3p°3d'%4s%4p°4d''5s'; [Kr] 4d'°5s?

oAU — 15225°2p°3s23p°3d 45%4p°4d'°411455s°5p°5d %65 ;
[Xe] 4/145d'%6s>
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CranaapTHbie JIEKTPOAHBbIEC MOTCHIUAJIbI
d-3;1emenToB 1b rpynnsl

MponeccE’,, B
Cu’* +2e =Cu 0,337
Aglt + e = Ag 0,799
Au’t +3e =Au 1,5

+H,...Cu ... Ag... Au ...



s meau HauOoJ/1ee XapaKTepHA CTeNneHb
OKMCJIeHud +2, 19 cepedopa +1, aas 3o001a +3.
Oco0as ycTOMYMBOCTh CTENEHU OKUCaeHnus +1
y cepeOpa 00bsicHAETCH 00/IbIEN MPOYHOCTHIO
koH(purypauuu 4d'%, 1. k. 3Ta KOoHpUrypanus
oOpasyercs yxe y Pd, npeamecrByroiero
cepeOpy B MePHMOAUYECKOMN CHCTEME.



Paanycel aTOMOB 3JIEMEHTOB IMOOOYHOU
noArpynnsl I rpynnsi ropa3ao MeHblIe, 4YeM y
METAJIJIOB INIABHOM MOATrPYIIIbI, IO TOMY
Me/lb, CEpeOpPo U 30J10TO OTJINYAIOTCHA 00JIbIIEH
IVIOTHOCTBHIO, BLICOKMMH TeMIIepaTypaMu

HJIABJICHUIL.



IIpu nepexoae oT Meau K cepedpy paaunyc
ATOMOB YBEJIUYHUBACTCH, a Y 30J10TA HE
U3MEHAETCH, T. K. 30JI0TO PACIIOJI0KEHO B
[EePUOAUYECKOU CUCTEME MOCJIe JJAHTAHOUI0B
1 elle MCNBITHIBAET 3P (PEeKT JAHTAHOM/THOIO

cxarud. 11J1oTHOCTD 30J10TA OYEeHDb BEJINKA.

XUMHYECKASE AKTUBHOCTb 3TUX 3JIEMEHTOB
HeBeJIMKA U YObIBAET C BO3pACTAHUEM

MMOPHAAKOBOI0O HOMEPa 3JICEMCHTA.



Haxo:xxaeHue B mpupoje.
B nmpupoae Bcrpeyaercsas B BUAE PA3JIHYHBIX

COeIMHEHMH,
Cu,S - menHbI 0J1€CK,

CuFeS, - MmennbIii KoT49€enaH (XaILKONMUPUT),
Cu,FeS, - 0opHur,
Cu, (OH), CO, nau CuCO, Cu(OH), -

MaJIAXHUT.



Menb Cu
v/ 10BOJIbHO MSAATKHH METAJLJI KPACHOI'0O LIBETA,

v T =1083°C,

v/ 00J1a/1aeT BBICOKOM JIEKTPO- U
TEIJIONPOBOHOCTBIO,

v/ 00pa3yeT pa3jinyHble CILIABLI.



Crioco0ObI MoJIy4eHM .
IIponyBanue O, yepe3 pacnias cyabpuaa menu (I):
2Cu,S +30, =2Cu,0 +280,;

ZCuZO + Cuzs = 6Cu + SOZ.



XumMmumnyeckue cBOUCTBAa



2Cu + O, =2Cu0

Cu +S=CuS

Cu + Cl, =CuCl,;

2Cu + 0O, +H,0+CO,=(CuOH),CO,
(IJ1IeHKA 3eJIEHOr0 IBeTa — 00pa3yercHd Ha

BO3/yXe);



Cu + 4HNO, . 2NO, + Cu(NO,), + 2H,0;
3Cu + 8HNO3(p336) =2NO + 3Cu(NO,), + 4H,0:;
Cu +2H, SO 4(KOHII) =80, + CuSO, +2H,0;

2Cu + 2H,80, - + O, = 2CuSO,+ 2H,0

(kunsiuenue mopoika Cu).



Oxcnn menn (1) Cu,O - TBepa0e BemecTBO
TEMHO-KPACHOI'0 IBETA, 00,1a/1aeT OCHOBHbIMH

CBOMCTBAMU.

Yacrte coaen meau (I) pacteopuMa B Boje, HO
JIETKO OKHUCJISIeTCHA KUCJI0POAOM BO3AyXa,

YCTOMYMBBI KOMILICKCHBbIE coequHeHust meau (1)

[Cu(NH,),]™:



Cu,0 +2HCI_ _ =2CuCl(l + H,0;
(pa30) 2

30

Cu,0 +4HCl = 2H[CuCL] + H,0;

6.
2Cu,O + 8HCl(pa30) + O, =4CuC(l, + 4H,0O;
2Cu,0 +4H,0 + O, =4Cu(OH),;

Cu,0 + CO=2Cu + CO,.

I'vapokcena Cu(OH) He cTOEK M OBICTPO OKMCJISIETCS.



Oxcua meau (II) CuO - TBepaoe BemecTBo
KPACHO-KOPHMYHEBOI'0 IIBETA, NIPOABJISIET

OCHOBHBIC CBOUCTBA.

4CuO =2Cu, 0+ 0,;

CuO +H,=Cu+H,O;
3Cu0 +2A1 =3Cu + ALO,;
CuO +C=Cu+ CO;



CuO+CO=Cu-+ COZ;
3CuO + 2NH3(F) =N, +3Cu +3H,0;
CuQO +2HC1 = CuCl2 + HZO

CaaoObie amporepHbIe CBOMCTBA NMPOABIAIOTCS

IpH CIVIABJICHHHA CO IIC/I0YaMMN.

CuO + 2NaOH = NaZCuO2 + HZO



I'mapoxcun memu (1) Cu(OH), - coennHenune
roJyooro uBera, He paCTBOPMM B BOJI€,
TePMHYECKH HEYCTOMYHB, NIPE001aaaI0T

OCHOBHbI€E CBOMICTBA, CJ1A0bIM OKHCJIUTEJIb:

CuSO, + 2NaOH,__ . = Cu(OH),| +Na,SO,;

30
Cu(OH), + 2HCI = Cu(l, + 2H,O;
Cu(OH), + ZNaOH(KOHH.) = Na, [Cu(OH),|;

KpraTbI HICJIOYHBIX MECTAJIJIOB HMCIOT CHUHIOI0 OKPACKY



2Cu(OH), + CO, = Cu, (OH), CO,[/- + H,O;
Cu(OH), = CuO + 2H,0;

Cu(OH), + 4NH OH = [Cu(NH,),|(OH), + 4H,O;
Ka4eCTBEHHAA peaKIusl HA aJIbJAeruabl:

2Cu(OH), + CH,CHO = Cu,0 + CH,COOH + 2H,0



Coeaynenus meau (II) — okucaurTen:

CuSO,+M = Cu| + MSO, (M =Fe, Zn)

2CuSO, + 2NaE + SO, + 2H,0 = 2CuE| +
2H, SO, + 2Na, SO,

(E =CI, Br, I, NCS)



Coimn meau (11) CHIABHBIX KUCJIOT MOABEPrarTCcsd
B BOHBIX PACTBOPAX 3HAYUTEJIbHOMY
ruapoau3y. Karnon HaxoaurTcH B

rUAPATHPOBAHHOM COCTOSIHHUM

Cu*"+H,0 [ CuOH" + H";
2 3
Cu?*+4H,0 [ [Cu(H,0),]*
[Cu(H,0),]* + H,O [/[Cu(OH)(H,0) | + H 0"

TUAPOJIN3 B IPOTOJUTHYECKOU (popme



KomnnekcHble coeanHeHuna megu (ll) c
aMMMUaAKOM, aMMHOKUCNOTaMM,
MHOIFroaTOMHbLIMUN CIMMUPTaAMMN.

[C u(NH3) 4] (OH)2

Cgroilicto Cu (II) pearupoBarts ¢ 0ejIKaMu M
menTuIamMu, a Tak:ke ¢ ouyperom (NH,
—~CO-NH-CO-NH,) B u1e;iouHou cpene ¢
00pa3oBaHMEM OKPAIEHHbIX B CHHE-(HO0J1eTOBbIN
IBET KOMILUIEKCHBIX COeMHEHUH, HCIOJIb3YIOT JJIsI
N0KA3aTeJIbCTBA HAJIUYMS NMENTHIHBIX CBA3EH.
Peakuusa Cu (II) ¢ Ouyperom u 0ejikaMu Ha3bIBAETCHA
OuypeToBOM.



Cepeopo.

CepeOpo Ag - TsKeAbIA IJIACTUYHBIA METAJLI €

XapaKTEePHbIM 0JIeCKOM,
T =962°C,
I1JI
o0J1agaeT HAM0OJIbIEHA CPpear METAJLJIOB
JIEKTPO- U TEIIONPOBOTHOCTHIO,

oOpa3yeT CILIaBbl CO MHOTMMH METAJLJIAMMU.



XumMmumnyeckue cBOUCTBAa



ABjsiercss MaJJOAKTHBHBIM (0/1ar0pOIHBIM)
METAJIJIOM, HEMMOCPEACTBEHHO He
B3auMojencTByet ¢ O,, He pearupyer ¢

pasdoaBiaenHbiMu pactBopamu HCI, H, SO,



2Ag + Cl, =2AgC(Cl;

4Ag +280, +20,=2A¢g,S0,; (>450°C)
2Ag+HS=Ag S+ H;

2Ag +2HI =2Agl + H,;

2Ag +2H,S0O o) Ag,S0, +2H,0 + S0,;

Ag+2HNO, =AgNO,+H,0+NO,.



Oxcup cepedpa Ag,O - TBepaoe BelIECTBO TEMHO-

KOPHUYIHCBOI'O IIBECTAQA,

Opa3znaraercs npu HarpeBaHuu, MPOSIBJISIET OCHOBHbIE

CBOHCTBA,

Onsoxo pacrBopsiercss B HCI n H,SO, 3a cuet

o0pa3oBaHus Ha MOBepxHOCTH cojied AgClu Ag SO,



2Ag,0=4Ag+0,; (150°C)
Ag,0 +4NH, OH = 2[Ag(NH,),|OH + 3H,0O;
Ag,0+2HNO, (pass) 2AgNO, + H,0;

Ag,0+H,0, = '=2Ag+0,+H,O.



Couu cepeoOpa.

[Conn cepedpa He pacTBOPHMMBI B BOJI€,
HckioYeHne cocrapasior Agk, AgNO,, AgClO,,
AgClO,.

[IB3anmoneiicTBHe ¢ rTHAPATOM aMMHAKa,
THOCYJIb(aToM HATPHUSA, KAPOOHATOM AaMMOHMSA
(MOBTOPUTH KAYEeCTBEHHbIC PEAKIIUH HA

rajorenuasl — HJIB).



Ka4yeCTBEHHAA peaKusi HA XJIOPHUI-HOH:

HCI + AgNO, — AgCl| + HNO,

NaCl + AgNO, — AgCl| + NaNO,

AgCl+2NH, * H,0 — [Ag(NH,),|Cl +2H,O

AgCl + (NH,),CO, — [Ag(NH,),|C]l + CO,T
+ H,0

AgCl +2Na S, 0, — Na,[Ag(5,0,),] + NaCl



Ka4YeCTBEHHAs pPeaKkiusi HA OPOMM/I-UOH:
NaBr + AgNO, — AgBr| + NaNO,
AgBr +2NH, * H,0 — [Ag(NH,),|Br + 2H,0
AgBr + (NH)),CO, #

AgBr

2Na S O, — Na,[Ag(S,0,),]

NaBr



Ka4YeCTBEHHAsl peaKlusi HA MOAU/I-UOH:
Nal + AgNO, — Agl| + NaNO,

Agl +2NH,* H,0 #

Agl + (NH)),CO, #

Agl +2Na,S, 0, — Na, [Ag(5,0,),| + Nal



Xnmmyeckue oCHOBbI MPUMEHEHUSA
coeAnHeHNU cepebpa B KayecTBe
rle4yeOHbIX npenapaTtoB B
chapmaLeBTUYECKOM aHanumse

O0PacTtBOpumMbIe conu cepedpa, nonaaas B
OpraHu3m B OOnbLUKMX A03aX, BbI3bIBalOT OCTpPOE
oTpaBrieHne, NoAo6HO APYrMMm TSXKenbIiM
anemMeHTaM-mMmeTannam.

Mpu 3TOM, KaK npaBuno, cepebpo cBA3bLIBaeTCH
aToMamMm cepbl 6enkoB. B pesynkraTe
MHaKTUBUPYIOTCA COOTBETCTBYHOLLUE
depmMeHTbI, CBepTbIBalOTCA OenkKu.



OBopa, coaepxaliasa MoHbI cepebpa nopsiaka 1078
MMoOnb/n, obnagaeT 6akTrepuUNOHbIM
AeUCcTBUEM, YTO OOyCnoBrieHO obpa3oBaHueM
HepacTBOPUMbIX anbOYMUHATOB.

09dchekTMBHOCTL OakTepuunaHoro AeucTBus
cepebpa Bbile, YeM Y XJ10pa, XJIOPHON U3BECTMU,
KapbonoBON KUCNOTLI.



30J10T0 Au —
[:kenTnIii, KOBKUH, TAKeJIbIH MeTAJLI,
1 T =1064°C,

[oxaropoaubiii MmeTaJI.
Haxoxxaenue B mpupoae. Berpeuaercs B Buae

CAMOPOIAHOIO 30J10TA



XumMmumnyeckue cBOUCTBAa



[He pearupyer ¢ Bomoii, KHCJIO0TaMH, II€JI0YAMH,

KHUCJIOPOAOM, a30TOM, YIJIEPOI0OM, CEPOM.
[OIlepeBoauTtcst B pacTBOp ""mapckoii Boakoii',
[ co pryThI0 00pa3yer amajabramy,

[npu narpeBanum B3anMOJEelCTBYET ¢

raJlJorcHaMmM.



Au + HNO, (oum) + 4HCI(K0HH) = H[AuCl,| + NO +
2H,0;

2Au +3CL = 2AuCl,  (130°C)



Oxcua u ruapokcuy 30j0ra (I1I) HepacTBOpUMBI

B BO/i¢, IIPOSABJISAIOT aM(poTepHbIe CBOMCTBA:
Au(OH), +3HCl = AuC(l, +3H,0

Au(OH), + 4HNO, = H[Au(NO,),] + 3H,0
Au(OH), + NaOH = Na[Au(OH) ] -

ruapoxcoaypar (111)



Coeaunenus Au (III) nposBasior

OKHCJUTEJIbHBIC CBOMCTBA:
IlogoOpars KOIPPUIHEHTDHI:

AllCl3 i HZOZ (KOHIL.)

H[AuCl,] +SO,+H,0 —H[AuCL]+H,SO, + HCI

— Au (ko/utonn) +O, + HCI



ITonodpaTth ko3ppunmuentor: Cu,STHNO

3(KOHII.,XOJI. )

—Cu(NO,),+S|+NO, +H,0O

CuS +8HNO — CuSO,+3NO, T+ 4H,0.

3 (KoHII., TOp.)

Cu28 + CuzO — Cu+ 802



