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BBenenune

JlaHHBIE METONMYECKHE yKa3aHUs MPEeAHA3HAYCHBI ISl TIOJITOTOB-
KM K JlabopaTopHOil padote «KOMIUIEKCHBIE COCAMHEHUS» U BBIMOJIHE-
HUSI CAaMOCTOSITEIbHOM PabOThI MO TeME CTYACHTAMUTEXHUYECKUX (He-
XUMUYECKHX) HAMPABJICHUN MOATOTOBKH. MeToIMUeCcKre yKa3aHUus CO-
JiepKaT OINHMCaHHe J1abopaTOpPHOM padOThI, BKIOUYEHHOM B JabopaTop-
HBIM MIPAKTUKYM TUCHMIUIMHBI « XUMUS», TPEOOBAHUS K OTUETY, BOIPO-
CBI JIJIS CAMOIIOATOTOBKH.

B ykazanusax pazoupaercs TEOPETHUUECKUM MaTepuas MO TeMe
«KomrekcHble COeMHEeHHs». PaccMaTpuBaroTCsa MpUMEpPHl 3aJaHUM.
Bce 310 1mo3BosisieT cTyieHTaM MOJHOIIEHHO OCBOWTH MaTepyall TEMbI U
MOJTOTOBUTHCS K 3aHSTHIO.

MeTtoandeckre yka3zaHus MO3BOJISIIOT MOATOTOBUTHCS K BBITIOJTHE-
HUIO JJabopaTopHO paboTe, MPOu3BeCcTH Tpedyembie pacu€Thl U 0op-
MUTb OTYET.

B MeTonuueckux ykazaHHUSX MPUBOJIATCS 3aJlaHHs, PEKOMEHIYe-
MBIC JIJISI CAaMOCTOSITEIIBHOTO BBITIOJTHEHHS TTOCIIC U3YUSHUS TeOpeTHIe-
CKOro Marepuaja 1mo Teme. [[puBoIUTCS CIMCOK PEKOMEHTyeMOM JINTE-
paTyphl.

K maGopaTopHOMY 3aHSATHIO CTYACHTHI TOTOBATCS 3apaHee, u3ydas
TEOPETHUECKUN MaTepual, METOJWKY BBITIOJHEHHUS JKCIEpUMEHTa |
TpeOOBaHUS K OTUETY.

[lenp METONWYECKUX YyKa3aHWW - O3HAKOMHUTH CTYJECHTOB CO
CTPOCHHEM KOMILIEKCHBIX COSMHEHUM M MX HOMEHKJIATypOH, HAy4YHUTh
CTYJICHTOB OIPEJEIATh OCHOBHBIE XapaKTEPUCTUKH KOMIUJIEKCHBIX CO-
CIAMHCHUM: 3aps]l MOHA, CTETICHh OKHUCIICHUS KOMILIEKCOOOpa3oBaTes,
KOOPJAMHAIIMOHHOE YHCJIO; CPAaBHUBATH YCTOWYMBOCTh KOMIIJIEKCOB Me-
KOy coboi. MeTtonuueckue yka3zaHusl IOMOTYT CTYJIGHTaM MPOBOJIUTH
pacyeThl, CBA3aHHBIC C ONMPEACIICHHUEM BO3MOXKHOCTH Pa3pyIICHHUS WU
00pa3oBaHUsl KOMIUIEKCHBIX COSTUHECHHM.
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CTPOEHUE KOMILJIEKCHBIX COEAJUHEHUN

Ecnun ogHa u3 B3aMMOAEHCTBYIOIIMX 4YacTHI] (MOJEKYJ, aTOMOB,
HOHOB) MMEET aTOM CO CBOOOJIHBIMH OPOMTANIIMHU, a JApyras - aTOM C
napoil HEMOJIEICHHBIX AJIEKTPOHOB, TO MEXKIYy HUMH MPOUCXOAUT JO-
HOPHO-aKIIENTOPHOE B3aUMOJICHCTBUE, KOTOPOE MPUBOIUT K 00pa3oBa-
HHUIO KOBAJICHTHOM G CBSI3U. IIpW 3TOM OJWH YyYAaCTHHUK Ipolecca - J0-
HOP - MPEJIOCTABIISIET Mapy AJIEKTPOHOB, a BTOPOU - aKIIENTOp - BaKaHT-
HYI0 OpOUTaIIb.

CJ10KHBIE COCIMHEHHUSI, Y KOTOPBIX UMEIOTCS KOBAJCHTHbBIC CBSI3H,
00pa30BaHHBIC 10 JIOHOPHO-AKIIENTOPHOMY MEXaHU3MY, HOJIYUYUIIU Ha-
3BaHUE KOMILUICKCHBIX WJIM KOOPJIMHAIIMOHHBIX COCIMHEHUM.

FeCl; + 6BKCN——  K;[Fe(CN)¢] + 3KC1

Cu(OH); + 4NHz—  [Cu(NH3)4](OH),

KOMNJIEKCHblE COCOUHEHUS]

CoriacHO KOOPJUHAITMOHHON TEOPUU IIBEUIIAPCKOTO YUYEHOTO A.
BepHepa KoMIIJIEKCHBIE COCIMHEHUSI COCTOAT U3 IBYX chep: sHewHel
BHYMPEHHEU.

BuyTpennsisi cdepa, HazbiBacMas TaKXKE KOMNIEKCHbIM UOHOM
WU KOMNJIEKCOM, BKIIIOUAET IEHTPAJIbHBIM UOH WM aTOM (KOMNJIEKCO-
0bpazosameiib) BOKPYT KOTOPOTO KOOPAUHHUPYIOTCS OTPHUIATEIBHO 3a-
PSKEHHBIE MOHBI WJIM HEUTpaJIbHbIE MOJIEKYIbI (1ueanost). Ilpu 3anucu
KOMIUIEKCHOTO COEIMHEHUs] BHYTPEHHIOIO c(epy WM KOMIUIEKCHBIN
MOH 3aK/II0YAIOT B KBagpaTHble cKoOkw, Hampumep: [Fe(CN)g]® |
[Cu(NH3)4]*".

Buemnsisi cdepa HazbiBaeTcs Takxke npomusouonom. Cymmap-
HBII 3apsij] MIOHOB BHEIIHEN cephbl PaBEH MO 3HAKY U MPOTHUBOMOJIOKEH
M0 BEJIMUMHE 3apsy KOMIUIEKCHOTO MOHa. B MpuBEeAEHHBIX MpUMepax
BHemHHe cepbl cocTaBiAoT HoHsl K nOH . BHemHss cdepa ompese-
J€T, K KAKOMY THUITy BEIIECTB MPUHAJJIEKAT KOMIUIEKCHOE COEIMHE-
HUE. DTO MOTYT OBITh KOMIUIEKCHBIE KUCJIOThI, KOMIUIEKCHBIE OCHOBa-
HUA ¥ KOMIUIEKCHBIE COJIM. KOMIUIEKCHBIE KHCIOTBI COCTOSIT U3 KOM-
IIEKCHOTO aHMOHa 1 noHoB H' Bo BHemmHel cdepe. KommiekcHble oc-
HOBAHMS COCTOSIT U3 KOMIUIEKCHOTO KaTHOHA U HOHOB OH™ mo BHeIIHeH
chepe. KoMiiekcHbIe COJIM MOTYT COJAEpKaTh MO0 KOMIUJIEKCHBIN Ka-
THUOH, JTUOO KOMIUJIEKCHBI aHHMOH, JIMOO OJHOBPEMEHHO M KOMILJIEKC-
HBIM KATUOH U KOMILJICKCHBIM aHWOH.
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KommiiekcooOpa3oBarTeasiMmu BIPUBEJACHHBIX BBIIIE NPUMEpPAX
sBisoTcst MOH kenesa Feor B [Fe(CN)g]” u wmon memu Cu®™ B
[Cu(NH3),]*". B paccMaTpiBaeMbIX 3/1€Ch THUIIAX KOMILIEKCOB KOMILIEK-
coo0pa3oBaTeNIsIMU CIy>KaT aTOMbl WJIM HOHBI, UMEIOIINE BaKaHTHbBIC
opOuTanu, CJIeI0BaTEeIbHO, KOMIUIEKCOOOpPa30BaTEIN BBIMOJIHSIIOT aK-
HenTopHbie (YHKIUU NPpU 00pa3oBaHUU CBs3eil ¢ nuranaamu. Cnocoo-
HOCTh K KOMIUIEKCOOOPA30BaHUIO BO3pPACTACT C yBEIUUYCHUEM 3apsiia
MOHA M YMCHBIICHHEM ero pasmepa. MoHbl 0-3JIEMEHTOB SIBJISIOTCS
00BIYHO 00Jie€ CUJIBHBIMU KOMILJIEKCOOOpa30BaTEISIMU, YEM HOHBI S- U
P-2JIEMEHTOB MEPUOANYECKON Tabauibl. Yucno ¢ -cBs3el, 00pa3zyeMbIx
KOMILIEKCOOOPa30BaTEIEM C JIUTAHJAMHU, Ha3bIBAIOT KOOPOUHAYUOHHBIM
yucinom (K.9),KOTOPOE SBISCTCS OJHOH M3 OCHOBHBIX XapaKTECPHCTHK
koMmruiekca. K.4. pa3inuHbIX KOMIUIEKCOOOpa3oBaTeael MMEIOT 3Have-
Hus ot 2 no 10, npuyem k. 4. 6 wim 4 umerot 95% BceX KOMIUIEKCOB.
Pexe BcTpeuaroTest K.4. =2 U 8.

VY xommiekcoobpa3zoBaTeeit Pt4+ Fe**, Fe™", Cr",Co* k.u. pPaBHO

2y Au¥, P, Pd*, Cu¥, Hg*, Zn** k.u. paBHo 4; AI?’Jr cd*, Co™,

00pa3yroT KOMIUIEKCHI € K.4. 6 1 4, HOH Cu®* moxer 00pa30BbLIBATH

KOMIITEKCHI € K.4. 2 1 4, noH AQ" 06pasyer, KaK IPaBHIIO, KOMIUIEKCHI C
K.4. 2.

Jluranapl. K 4ucity quraHjioB OTHOCSITCS MPOCTbIE aHUOHBI, Ta-
kue, kak F, ClI, Br, I, SZ', cioxabie annoHbl, HarmpuMep: CN', NCS,
OH’, NO,, monekynsi, Hanpumep: H,O, NH3, CO. Monsl win oTaens-
HbIE aTOMbI MOHOB W MOJIEKYJI JIMTAHJAOB MUMEIOT HEMOJACICHHBIE Taphl
AJIEKTPOHOB, CJIEA0BATENIBHO, BBIMOJIHSAIOT POJIb JOHOPOB B G-CBA3SX C
KOMILIEKCOOOpa3oBaTeIEM.

DNIEeKTPOHOIOHOPHASI CIIOCOOHOCTh JIUTAHJIOB HA3bIBACTCS CUNOLL
noJisi TUTaHJIOB. BoJbIION cuioi moss o0JajaroT JUTaHIbl, COoJepIKa-
e HeOOJBIINE aATOMBI C HU3KOW JIEKTPOOTPUIIATENbHOCTRIO. [Ipu Ha-
JIUYUU HECKOJBKUX MOTEHIMATBHBIX JIMTAHJAOB OHU 3aHMMAIOT MECTa B
KOMIUIEKCE B TTOPSJIKE YMEHBILICHUS! CUJIBI UX TIOJISI:

CN>N02>NH3>HZO>OH>F'>C|'>BF'>I'

B 3aBuCHMOCTH OT 4ucCla KOOPJAUHAITMOHHBIX MECT, KOTOPBIC JIH-
raHj] 3aHUMaeT BOKPYT KOMILJIEKCOOOpa3oBaTesis, pa3iniyatoT JTHTaH I bl-
MOHOOeHmanumHuvle(3aHUMAIOT OJTHO MECTO), Obudermanmuvle(3aHUMAIOT
JIBa MeCTa) U noaudeumarnmusie. Bce yNmOMSHYTBIE BBIIIE JTATAH/IBISB-
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JISIOTCS MOHOJEHTAaHTHBIMM. K OHJIEHTaHTHBIMJIMTAHJAaM OTHOCHUTCH,
Hanpumep, dtmwieHauaMuaH,N-CH,-CH,-NH,

B 3aBucuMOCTH OT 3apsija pa3andaroT KOMIUIEKChl AHUOHHbIE, Ha-
npumep:  [Fe(CN)¢]*, [AL(OH).], KamuoHuvle,  HAIPHUMED:
[CU(NH,).]%, [Ni(H,0),]*" 1 netimpansuoie: [Ni(CO)s], [Pt(NH3),Cl,].
HeiiTpanbHble KOMIIIEKCHI HE UMEIOT BHEITHEH cephl. 3aps1 KOMILICK-
ca YHMCJICHHO PaBEH alIreOpanyecKkod CyMMe 3apsjia [EHTPaJIbHOTO HOHA
U 3apAn0B JUrasgoB. OH paBeH IO BEJIWYMHE W MPOTHUBOIIOJIONKEH IO
3HAKy CyMMapHOMY 3apsjy MOHOB BHeEIIHEHW cdepbl. JIuranasl, sBIstO-
IMecs MOJIEKyJIaMHt, BHOCST HYJICBOM BKJIaJ B OOIIU 3apsij] KOMILICKC-
HOW YaCTHUIIBL.

CTpoeHre KOMIUIEKCHBIX COCAMHEHUN MOYKHO MPEACTABIISITh B BU-
7€ KOOpJAUHAIIMOHHOM (hopMyJie uiau B Buae (HopMyJi, HAMMCAHHBIX Ye-
pe3 Ttouky. Hampumep, [PtCI(NH3)s]Cls wm PtCl; -5NHs,
[CfCIg(NHg)g] 501051 CrC|3 ‘3NH;.

HOMEHKJIATYPA KOMIIJIEKCHBIX COEIUHEHUHA

I KOMIUIEKCHBIX coeAuHEeHUur ¢ 1963 r. MCHoib3yrT panuo-
HaJbHYIO HOMEHKIATypy. [lo 3TOl HOMEHKIAType B COCAMHEHUM CHa-
Yajia Ha3bIBAIOT AaHUOH, a 3aTEM B POJAUTEIILHOM Ma/I€KE - KATHOH.

B Ha3BaHMM KOMIUIEKCHOM YacCTHUIIBI B OINPEICICHHOM TMOPSIKE
NEPEUHCIISIIOTCA BCE €€ COCTAaBHBIC YaCTHU: BHauajie HA3bIBAIOT JINTAH/IbI
MOHHOTO MPOUCXOXKIEHHUS, a 3aTeM MOJEKyJsipHoro. Bce muranasl me-
peuucisoTes B aipaBuTHOM nopsijike. K KOpHIO 0OBIYHOTO JTATUHCKOTO
Ha3BaHWs aHWOHHOTO JIMTaHa J00aBisieTcs oOkoH4YaHue —o: F~ -gropo-,
Cl" - xmopo-, CN" -mmano-, NCS™- pomano, NO,- murpuro, SO, -
cynb(aro, CO32'-Kap60HaT0, OH' - ruapokco- u 1.1

[Tocne MOHHBIX MPUBOIATCS MOJICKYJISIPHBIC JIUTAHIBI (HEHTpaib-
HbIE MOJIEKYJIbI) CO cBouMU cnenuduiyeckumu Hazpanusimu (H,O - ak-
Ba, NH3; - ammun, CO - kap6onmn, NO -HUTpo3Ul) B UMEHUTEIBHOM
najiexe (0e3 OykBol "0").

Ecnu B cocTaBe KOMIUIEKCHOTO MOHA UMEETCS] HECKOJIBKO JIUTaH-
JI0OB OJHOTO BHJA, MX YHCIIO YKa3bIBAIOT MEpe] WX Ha3BaHHEM Ipede-
CKMUMH YUCTUTEIHHBIMM (JIU-, TPH-, TETpPa-, IEHTa-, TeKca- 1 T.1I.)

KommiekcooOpa3zoBaTenb yka3blBaloT nociieaHuM. Eciau oH BXO-
YT B COCTAaB KaTMOHA WM HEUTPAJIBHOTO KOMILJIEKCA, TO €My JaeTcCs
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PYCCKOE€ Ha3BaHHWE JAHHOTO 3JIeMEeHTa. HEeUTpaabHbIM KOMILIEKC 3aIluv-
CBhIBAETCSA MOJO0OHO KaTHOHY, HO B UMEHHUTEIILHOM IaJIeKe.

KoMmiekCHBIM aHMOH 3alMChIBACTCA aHAJOTMYHO HA3BAHUIO Ka-
THOHA, HO ¢ JloOaBieHUEM cyddukca -am, KOTOPbIM J00aBIIEeTCS K Ja-
TUHCKOMY Ha3BaHUIO 3JIEMEHTa-KOMIUIEKcooOpa3oBaTenis. B Ha3BaHuu
KaTMOHA U aHUOHA, €CJI KOMILIEKCO00pa30oBaTelb CIOCOOEH MPOSIBISATh
HECKOJIbKO CTEMEHEN OKHUCIEHMS, TO TOCJE €ro Ha3BaHWUs B CKOOKax
puMcKoi POl yKas3bIBalOT €ro CTENEHb OKHUCIeHUS. B Ha3zBaHuu
HEUTPAJIbHOTO KOMIUIEKCA 3TO OOBIYHO HE JieNlaeTcs, T.K. U3 CaMoOro
(dakTa HEUTPAIIBHOCTH JIETKO OMPEAETUTH C.0. KOMIUIEKCOOOpa3oBaTeIIsl.

Ilpumep 1. [lamv Hazeanus HUNCENPUBEOEHHLIM KOMNIEKCHBIM
COeOUHeHUsAM. YKA3amyv Kiacc coeournenus. Hatimu 3aps0 KomnjieKcHO-
20 UOHA (Komniexkca), KOOPOUHAYUOHHOE YUCIO U 3PSO KOMNIEKCOO0O0-
pazosamens. Ykazamv ¢hynkyuu cex wacmuy 6 KOMNJIEKCHOM COeOUHe-
HUU.

Ha3zpanue: XJIOPHJT XJIOpOreHTaaMMUHILIATUHBI (1V)

Kiacc coenunenust: CoJb ¢ KOMIUJIEKCHBIM KAaTHOHOM

3apsi/i KOMILUIEKCHOTO +3

MOHA

KoopaunanpnonHoe unc- | 6

J10

3apsig KoMIuiekcooopa- | +4

30BaTeNs

OYHKIMU YaCTHII Pt™ - KoMILIEKCO06PA30BATEb, 5 MOIEKYIT
aMMHaKka " | XJOpUA-UOH —JIUTaHdbI, 3
XJIOpUJI-MOHA - BHENTH:S cdepa

3apsa KOMIUIGKCHOTO MOHA PaBeH I10 BEJIMYMHE M MPOTHUBOIIOJIO-
’KEH 110 3HaKY 3apsay MOHOB BHEIIHEW cephl, BO BHEIIHEH cdhepe naH-
HOTO KOMIUIEKCAa TPH XJOPHUJ MOHA, UX CyMMAapHBIA 3apsa paBeH -3,
3HAYUT 3apsi]i KOMIJICKCHOTO MOHA paBeH +3.

KoopauHanmmoHHOE YKCJIO CYMTACTCS 110 KOJIMYECTBY JIMTaHA U UX
JEHTAHTHOCTH,TO €CTh SIBJISIETCS CYMMOM BCEX CBA3€M JUrana.B manHom
KOMIIIEKCHOM CO€IMHEHMHU IISCTh JUTaHJI, BCE OHU MOHOJICHTAHThIC.
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3apsii KOMIUIEKCOOOpa30BaTeNsl OMPEEISIETCS C YIETOM 3apsiJiOB
JUTAHJIOB U B CyMME C HUMHU PaBEH 3apsay KOMIUIEKCHOTO HOHa. B
naHHOM coeauHeHUn: X+(-1)+5-0 = -3;x= +4.

0) [CoOH(NHs3),(H,0);]OH-

Hasganue: TUJPOKCHU/] TUIPOKCOAUAMMUHTPUAKBAKO-
oanpTa (11)

Kiacc coequnenust: KOMIUIEKCHOE€ OCHOBAHHE

3apsa KOMIUIEKCHOTO 1+

HOHa

KoopauHannoHHOE YHC-
J10

6 (6 MOHOJICHTAHTHBIXJIUTAHJIOB)

3apsi KOMILIEKCO0Opa-
30BaTeNs

+2 X+(-1)+2:0+3-0=1)

OyHKIUU YaCTUILL

Co ** - KOMILIEKCOOOpa3oBaTenb, 1 THAPO-
KCH/JI-MOH, 2 MOJIEKYJIbl aMMHAKa U 3 MoJie-
KYJIBI BOJIBI - JIATAHABI, | THAPOKCHUI-MOH BO
BHEIITHEH cepe

B) [CrCI3(NH3)s]

Hassanue:

Tpuxnoporpuammuaxpoma (111)

Kiacc coennnenus:

HEUTPAJIIbHBIA KOMIUJICKC

3ap>11[ KOMIIJICKCHOT'O
HOHa

0

KoopaunannonHoe yuc-
JI0

6 (6 MOHOJICHTAHTHBIXJIUTAHJIOB)

3aps1 KOMILUIEKCO00pa-
30BaTeNs

+3 (X +(-1)'3+3-0=0)

OyHKIIUU YaCTHUIL

3+
Cr’’ - koMmIuiekcooOpa3oBaTenb. 3 HOHA
XJIopa ¥ 3 MOJIEKYJIbl aMMHUaKa — JIMTaH/Ibl,
BHEIIIHEH cepbl HeT

r) Fes[Fe(CN)slo—

HasBanue:

rexcarmanodeppar (I1) sxemesa (1)

Kiacc coennaenus:

COJIb C KOMIIJIECKCHBIM aHHUOHOM

3aps1 KOMIUIEKCHOTO
HOHA

3-
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KoopaunaimonHoe yuc-
JI0

6 (6 MOHOJICHTAaHTHBIXJIUTAHJIOB)

3apsin KOMIUIEKCO00pa-
30BaTEIS

+3 (X +(-1):6=-3)

OYHKIIUY YACTHUIL

3+
Fe” - komIuiekcooOpa3oBaTeib, 6 UAHU/I-
2+
WOHOB - JTUTaH/bI, 3 noHa FE™ Ha Kaapie
JIBa KOMIIICKCHBIX MOHA - BHEIIHSAA cdepa

1) KH,[Cr(NOy)s]

HasBanue:

muruaporekcanuTputoxpomar (1) kanus

Kiacc coennnenus:

KHucias CoJjib ¢ KOMIIJICKCHBIM aHHMOHOM

3aps1 KOMILUIEKCHOTO
MOHA

3-

KoopauHanmoHHOE YHC-
JI0

6 (6 MOHOJICHTAHTHBIXJIUTAHJIOB)

3apsi KOMILIEKCO0Opa-
30BaTens

+3 (X +(-1)'6=-3)

OyHKIIMY YaCTHUI]

3+
Cr’ - koMIuiekcooOpa3oBaTeib, 6 HUTPUT-
HOHOB - JIMTaH/Ibl, 1 MOH Kajaus U 2 HOHa BO-
nopoja (ImpoToHa) BO BHEIIHEH cdepe

YCTOMYUBOCTh KOMILJIEKCHBIX COEIUHEHUI

KoMITJIeKCHBIE COCTMHEHMS JIUCCOIMHMPYIOT B PacTBOpPax Kak
CWJIBbHBIC JICKTPOJIUTH HA MOHBI BHENTHEH chepbl U BHYTPEHHIOIO Ce-
py. OTO - mepBUYHAS THCCONMUANMAKOMILICKCHBIX coequHeHui. OHa
POTEKAET OJHOCTYIICHYATO M HEOOPATHMO.

Ilpumep 2. CoctaBbTe YpaBHCHHUS IIEPBUYHON TUCCOITHAITTN KOM-
iekcHbIX coenuueHnit: [CU(NH3)4]SO4;K5[ZN(CN),].

Pemenue.

[Cu(NH;),]SO,[6NH;), ™" + SO,

K,[Zn(CN),] — 2K* + [Zn(CN),]*

KoMIuieKCHbIE HOHBI, B CBOIO OY€pE.lb, JUCCOUMUPYIOT KaK clia-
Oble BJIEKTPOJUTHI, MHOTOCTYIIEHYATO U 00paTumo. ITO - emopuuHas
OuUCCouUauUAKOMIUIEKCHBIX NOHOB.
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Ilpumep 3. Hanmmure ypaBHEHHS JUCCOLMALIMM KOMIUIEKCHOTO
nona [Zn(CN),]*. CocraBbre BBIpa’KeHHE KOHCTAHTBI HECTONKOCTH
JAHHOTO MOHA.

Pemenue.

[Zn(CN)4]” > [ZN(CN)] + CN'k,

[Zn(CN)s] —~[Zn(CN),] + CNk;

[ZNn(CN),] <+[Zn(CN)]" + CN'k,

[Zn(CN)]'>Zn°* + CN'k,

[ZN(CN)4]*—>Zn* + 4CNKyeer

Koncmanma necmoiitkocmu (K,,.,)- KOHCTaHTa CyMMapHOI pe-
aKIUU TUCCOLMAIMYA KOMIUIEKCHOro MoHa. OHa paBHA MPOU3BEIACHUIO
KOHCTAHT CTYIIEHYAThIX JUCCOLUAIIUI:

Kieer=KiKo Kz K4 (1)

B COOTBETCTBUH C ypaBHEHHEM PAaBHOBECHsS CyMMAapHOM peakiuu
JAMCCOIHAIIMY KOMILJICKCA KOHCTAHTY HECTOHMKOCTH MOXKHO BBIPAa3HTh
ypaBHCHHUEM:

_a (Zn*") -a (CN™ (2)

Roer = ([Zn(cN) ]
I/ @ — AKTUBHOCTH (AKTUBHBIE KOHLIEHTPAIUH ), MOJIb/JI.
BmecTo akTMBHOCTEN aJig pa30aBIEHHBIX PACTBOPOB MOXKHO HC-
MOJIb30BaTh MOJISIPHBIC KOHIIEHTPAIUU:
_ C(zZn')-c(CN” (3)
T o (Znlen)]tT

3HaYeHUsI KOHCTAHT HECTOMKOCTH HEKOTOPHIX KOMIUIEKCHBIX HO-
HOB TIPUBECHBI B MPWIOKEHUHU. YeM MEHBIIIE KOHCTaHTa HECTOMKOCTH
KOMILIEKCa, TEM MPOYHEee KOMIUICKC, TeM MEHBIIIEC KOHIIEHTPAIHs B pac-
TBOPE MPOCTHIX HOHOB, 00PA3YIOMIMXCS IIPH JUCCOIHAITNA KOMILJIEKCa.

Jlns pemenus 3a1a4 1Mo OnpeaeIeHUI0 KOHIIEHTpAaIlid HOHOB, 00-
Pa3yIOMIMXCs TPU AUCCOLMALIMN KOMILIEKCA, MCIIOJIb3YEeTCs YpaBHEHHUE
(3).

Ilpumep 4

Boviuucniums konyenmpayuro uornos cepedbpa ¢ 0, 05 M pacmeope
K[AQ(CN),/, cooeporcawem, kpome moeo, 0,01 monv/n KCN.
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Pewenue. 13 npunoxkenus 1 HaxoaUM, 4TO KOHCTaHTa HECTOMKO-
ctu moHa [AQ(CN),]" cocraBmsier 11102, Bropuunast nucconmarnus
KOMIIIEKCHOTO HOHa mpoTekaeT 1o ypasHeHnIo[Ag(CN),] —Ag +2CN°

VpaBuenue (3) 11 JaHHOTO ClIydasl UMEET BUI:

« _ C@g)-ceny
* = TC ([Ag(CN);] )

Ecnu paBHOBeCHasi KOHIIEHTpalLMsl MOHOB cepedpa oOycClIOBiIeHA
TOJIBKO JTUCCOIMAIIMEN KOMIUIEKCA, PAaBHOBECHASI KOHIICHTPAIIUS HOHOB
CN’ cxmaaeiBaeTcs u3 JIBYX yacTeu: )

Cen'= Cen (13 KCN) + C oy’ (13 [AG(CN),]).

B npucyrcrBun n3osiTka noHoB CN', co3gaBaeMoro B pe3ybTare
mucconnaruu KCN (KOTOpyr0 MOXKHO CUYUTATh IMOJHOM), paBHOBECHE
JHUCCOLMAIIMN KOMILJIEKCA CMEIIEHO BJIEBO HACTOJBKO, YTO C'\ «C'en'.
KonnuectBom monoB CN’, 0Opa3yronuxcsi mpu BTOPUIHOM TUCCOIHA-
ruu komrutekcHoro noHa [Ag(CN),]” MmoxHo npeHeOpeus, To ecth Cen
= 0,01 monp/m.

PaBHOBecHas KoHIeHTparus KoMiuieKCHbIX HOHOB [AQ(CN),] 00-
pasyercs U3 MOHOB, MOCTYIAIOIIMX IPH IMEPBUYHON AUCCOIHMAIIANA KOM-
TUIEKCHOTO COCIMHEHUS, KOTOPYIO MOKHO cuntTaTh oHOU (C'iagienyzr )
3a BBIUETOM HOHOB, pacmaBIIAXCS pu BTOPUYHOU
guccoruattiC jagenyz1 » T0 eCTbCragenyzl = Clragenzr - Ciagenz -

I[To Toii ke mpuurHE (paBHOBECHE AUCCOITMAIIMN KOMITJIEKCA CHITh-
HO cMeleHo BiIeBO) C'iagienyzi « Cliagicny2] ¥ PaBHOBECHAsI KOHIIEHTpa-
IIUsT KOMIUIEKCHBIX MOHOB Ciagcnyz] MOXKET OBITh MpUpaBHEHA 0OIIEiH
KOHIIEHTpaIuu koMruiekcHoi cou (0,05 monw/im). OTcroaa,

€ (Ag7)-001° g
0,05 B

Cag = 510" monb/x1.

Ilpumep 5. B 11 0,1 M pacmeopa [AQ(NH3),]NO3 cooepacumces
oonoanumenvro 1 monv ammuaxa. Ilpouszoiioem nu evinadenue ocaoxa
AQCl, eciu oobasume 6 smom pacmeop 1,5 cKCI?

Pemenne. 3amaya cocTouT M3 JIByX YacTei. Bo-miepBbIX, HAI0
HAWTH KOHIEHTparmio noHoM AQ’ B maHHOM pacTBOpe. Perienue 3Toi
3aJ1a4y 3aJ105KE€HO B NpeAbIAyLIeM rpuMepe. 1o Mmetoauke, n3a0KeHHOU
B mpumMepe 3, paccurTaeM, YTO KOHIICHTpAIMs HOHOB cepedpa B MpuBe-
JICHHOM pPacTBODE: CAg+ = 9,3 10° moub/11.
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JI71s moTHOro pelieHus 3aa4yl HaJl0 pacCuuTaTh MOJISIPHYHO KOH-
neHTpaunio MoHOB Cl, HaWTH NPOU3BEACHUE KOHILEHTPALIMA HOHOB
Ag" u C1 u cpaBHuTS ero ¢ TPy Ecinu npousBenenne KOHIEHTpAIMi
Oyznet npeBbimath 1P agc), OCaioK BbINAIET.

N3 tabnuiel 2 Haxoaum, 4To [MPpgc = 1,810 Paccuuraem mo-
naspHyro konneHTpanuio nonoB Cl (Cg) B pactBope:

Cel = Mg /Mc -V (Moaw/n).

Macca nonoB xnopa Mgy B 1,5 r conmu KC/ cocTaBiser:

Mme = 1,6 MCI-/ Mk = 1,5 35,5/(39,1 + 35,5) = 0,71 r. Orcrona
Ce = 0.71/35,5 1 = 0,02 monw/n. IIpousBeneHre MOJISIPHBIX KOHIICH-
Tpaluii HOHOB Ag+ u Cl” cocrasmser: 9,3 10 0,02=18 10'10, YTO HE
npepbimaeT Bennuuny I1P. CinenoBarensHo, Beinaaenue ocaaka AgCl B
JJAHHOM pacTBOPE HE MPOU30UIET.

JIBOMHBIE COJIN

JIBOWIHBIMM COJISMM HA3bIBAIOTCA COCAMHEHHUS, IOIPAaHUYHbBIC
MKy KOMIUIEKCHBIMH M OOBIYHBIMHM COJIIMH. B TakmxX CcOeIMHEHUSX
CBSI3U MEXJy KOMILJIEKCOOOpa3oBaTesieM U JIMTaHJAaMU UMEIOT B 0OJIb-
1€V WJIM MEHBIIEW CTEIIEHU HOHHBIM XapakTep. /i TaknuxX COeqMHEHUN
JTOTyCTUMBI 00¢ (hOpMBI HAlMCAHWS: a) B BHJIC JBOWHBIX COJICH; O) B
BHJIC KOMIIJIEKCHBIX COCIMHEHHMIA.

Haan/IMep, [KA].(SO4)2] "12H,0 = KzSO4'A12(SO4)3' 24H,0;
KQ[CUCI4] 2H,0 = 2KC|CUC|22H20

JIBOMHBIE COJIM OTJIWYAOTCS OT MCTHMHHBIX KOMIUIEKCHBIX COJICH
JIMIIIb CTENEHBIO JHUCCOIMAIMKM KOMILJIEKCHOTO HMOHA: y TEPBBIX OHA
MPaKTUYECKH TOJIHAS, Y BTOPBIX - He3HauuTeabHas. [ TBOWHBIX CO-
Jiel XxapaKTepHbI OOJIbIIINE 3HAYCHUSI KOHCTAHT HECTOMKOCTH.

K,[CuCl,]  2H,0 « 2K* + [CuCl,]* + 2H,0

O6pasyromuiics koMruiekcHslii HoH [CUCI,]” ycroituns TobKO B
KOHIICHTPUPOBAHHBIX pacTBopax U ero K,.., Mpy KOMHATHO# TeMmepa-
Type BbIpaxkaeTes:K,ee= [Cu“] [CIT/ [CuCl,]* =2 10°

Jlnst cpaBHeHUS: Kyeer [CU(NH3)4]" = 2 10", uro Ha msite mopsia-
KOB HIKe. Takum 00pa3oM, B BOJHBIX pacTBOpax JBOWHBIC COJIM MpaK-

THUYCCKU ITOJITHOCTBHO pacnaz[a}oTcsl Ha OTAOCJIIBbHBIC NOHBI.
CuCl, 2KCl«s2K*+ Cu** + 6CI
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BOITPOCHI JJIsd CAMOIIPOBEPKUA
1. Kakune coeqnHeHns Ha3bpIBarOTCI KOMIUIEKCHBIMU? M3 Kakux dac-
TEM COCTOSAT ATU COCAUHECHUS?
2.  Kak omnpenenuTts 3apsi]i KOMIUIEKCHOTO MOHA? 3apsii KOMIUIEKCO-
obpazoBarenss? Kakue dacTWIBI MOTYT BBICTYNaTh B KadeCTBE IICH-
TpajabHOrO aroma?
3.  UYro Takoe aeHTtaHTHOCTH? KoopauHaimonHoe yucio? MoxeT jau
KOOPAMHAIIMOHHOE YUCJI0 OBITH OOJIbIIe KoaudecTBa auranaoB? Ilode-
My?
4. Kak BeayT cebOs B pacTBOpe KOMILIEKCHBIE coenuHeHus? Kowm-
IJICKCHBIE HOHBI?
5.  UYro mpexacrapiseT coboit KOHCTaHTa HecToMkocTu? Kak oHa CBs-
3aHa C YCTOMYMBOCTBHIO COETUHEHUS?
6. Kakue coenmaeHnsa Ha3bIBAIOTCI IBOWHBIMUA COIAMMU?
/. MOXHO JIU JIBOMHBIE COJIM OTHECTH K KJIACCY KOMIUJIEKCHBIX CO-
eauHennit? [louemy?

JIABOPATOPHAS PABOTA
Omnslt 1. Ilonyuenue mempaiiodosucmymama Kaius

Beinosnenue onbita. B npoOupky ¢ 3-4 kamisiMu pacTBOpa HUT-
pata BucmyTa (lll) mpubasstor nmo karmasim 0,5 H. pacTBOp Moauaa Ka-
JYs A0 BBINMAJICHUS TEMHO-OYpOoro ocajaka Hoauja BUCMYTa. 3aTEM pac-
TBOPHUTH 3TOT OCAJIOK B M30BITKE pacCTBOpA MOAMIA KaJHS.

KakoB 11BeT nosydeHHoro pactsopa? MoeT Jiu 3Ta okpacka o0y-
claBIMBaThCS TpUcyTcTBHeM noHoB K, I, Bi®*" 2 Kakoii 13 HOHOB Mo-
XKeT ObITh KoMIUIeKkcooOpazoBaresnieM? C KaKMMH JUTaHJAMH OH MOT
00pa3oBaTh B JAHHOM PACTBOPE CIOKHBIM HOH?

3anych JaHHBIX OMBITA. 3HAsI, YTO COCTAB MOJYYEHHOI'O COEIUHE-
HUS BeIpaxkaeTcst ammnupudeckor popmymnoit Kl Bils, Hanmcars ero ko-
opIvHalMOHHYI0 (opmyiy. HamucaTs ypaBHEHHE peakiuii: oOpa3oBa-
HUSI Moauja BUCMYTa, B3aMMOJICHCTBHE MoaAMAa BUCMyTa C M30BITKOM
nomupa kanusd. Hamucate ypaBHEHUS JIEKTPOJIUTUYECKOW IUCCOLMA-
IIMU TIOJTYYeHHOTO KOMIUIEKCHOTO COCIMHEHUS (B MOJIEKYJISIPHOM U MO-
JIEKYJISIPHO - MIOHHOM BUJIE).
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Onwvim 2. leytteuue AMMUAYHO20 KOMNIIEKCHO20 COCOUHECHUS HU-
KéeJjiAa

Beinondenue onbita. [Tonyuuts ocamok ruapokcuaa Hukeas (1),
BHeCsl B mpoOupky 3-4 kamiu pactBopa cyibdara Hukens (1) u takoit
&Ke 00BeM pacTBopa ruapokcuna Hatpus. [lomockol (umbTpoBaIbLHOMN
Oymaru yJajauTh KUKy ¢da3y.

K ocanky no6aButh 5-6 kamenb 25%-HOro pacTBopa aMMHaKa Ji0
pactBopenust ruapokcuaa aukens (11).

CpaBHUTH OKpPACKy HMOHOB Ni** B pacTBope cyib(hara HUKENS C
OKpackol MOJydeHHOro pactBopa. IIpucyTcTBHEM KakMx HOHOB 00Y-
CJIOBJICHA OKpacka pacTBopa?

3anuch TaHHBIX onbITa. HamucaTs ypaBHEeHUs peakiinii oOpa3oBa-
Hus Tuapokcuaa Hukens (1), B3aumomelcTBUS THAPOKCHIA HUKEIS C
aMMHAaKOM W YpPaBHEHUE HJIEKTPOJUTUYECKOM auccouuanuum oOpaszo-
BAaBIIIErOCsl KOMIJIEKCHOTO OCHOBaHUA (KOOPAMHAIIMOHHOE YHCIIO HUKE-
Jis. IPUHSATH paBHBIM IiecTH). Kakoe ocHoBaHue siBisieTCs 00Jiee CUTb-
HBbIM, JUTUJIPOKCHUJ HUKEIS WA COOTBETCTBYIOIIEE KOMIUIEKCHOE CO-
eaunenne? [louemy?

Onwvim 3. Oxucnenue 2excayuanogeppama (11) kanua

Beinonnenue onbita. [ToMmecTuTh B ipobupky 4-5 kamnenb pacTBo-
pa repMaHraHaTa Kajvs, HOJAKUCIUTh 2H. CEpHON KUCTIOTOM U JOOABUTH
o KaruisiM pactBop rekcarmanodeppara (Il) kanus no odeciBeunBanus
pacTtBopa.

3anuch JaHHBIX OmbITa. HamucaTe ypaBHEHHE pEaKIuU, YUUTHI-
Basi, uto KoMmiuiekc xene3a (l11) obpazyercs ¢ Tem xe KOOpAUHALIMOH-
HBIM YHUCJIOM, a TIEPMAHraHaT KaJiusi B CEPHOKHUCIION Cpelie BOCCTaHAB-
auBaeTcs A0 cynbdata mapranma (11).

Onwvim 4. /[uccouyuauusn 060iiHbIX conell

BrinonHenue onbita. BHectu B mpoObupky 3 karmim cynibdara Xpo-
ma (I1l) u nobGaBeTe 2 kKamiam 2 H. pacTBOpa IIeJO4Yd. Brimamaroniui
ocaziok rugpokcuaa xpoma (1) amdoTepen u pacTBopurcs, eciau aoda-
BUTH €I111€ HECKOJIBKO Karelb MIEI0YH.

CrnenaliTe Takoil K€ OMBIT C PacTBOPOM CyJibdara Kaaus-Xxpoma
(III) - xpomo-kanueBsix kBacmoB K[Cr(SOy),] * 12H,0, npencrasisio-
KX co00M MBOMHYIO colib - KySOy4 Cry(S04)3 12H,0
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Brinagaetr nu B 3TOM cinyvae ocafgok? PacTBopsieTcss 11 OH B U3-
OBITKE IIETI0YH?

[IpoBephTe B HOBBIX MOPLHIX Cylb(ara XpomMa U pacTBOpa KBac-
OB Hanmane noHoB SO,”, 106aBIISIs pACTBOP XIOPHIA OapHsL.

3anuch IaHHBIX OMbITA. YUYUTHIBASI PE3YJIbTAThl ONbITA, HAMUIIIUTE
ypaBHEHUE UCCOIMAIMM XPOMO-KaJHueBBIX KBAacIlOB B pactBope. U3
KaKuX JBYX COJICM MO>KHO TOJIYYUTh 3TU KBacipl? Kakue woHbl 00Opa-
3YIOTCSI IPHU AUCCOLMAIIUN TTPOCTHIX COJICH?

ChopMynupyiTe 0OITHOCTh M PA3IMUME MEXKIY JIBOMHBIMHU COJIS-
MU ¥ KOMIUICKCHBIMU COCTMHEHUSMH.

WHIUBUIY AJILHBIE 3AJIAHUS

3ananue 1
CocTaBbTe KOOPAMHAIMOHHYIO (POPMYITy KOMIUIEKCHOTO COEIMHEHH:

a)KgSO4-Cr2(SO4)3 .]1) 2KNO,-HNO, 'Cr(N02)3
6)PtCl,- 3NH; M)Fe(CN); ‘KCN -2HCN
B)PtCl, 3NH, )Fe(CN), 2KCN 2HCN
r)KCI - PtCl,-NH; o)Hgl, 2K
}])S|F42HF H)COC|34NH3 ‘H,O
e) ZBa(OH)2 ‘4H,0 p)CI’C|32NH3 -4H,0
3)Ba(OH), -Zn(OH), 1)Co(OH)sKOH -2H,0
H)COC|2'2NH3 2H,0 Y) Nast4’Ti2(SO4)3
K)COCIZNHg 4H,0 (l))NH4C1 ‘BiCl;

3ananue 2

1. IlpuBecTr Ha3BaHUS KOMILJIEKCHBIX COCAMHEHUMN. YKa3aTh KJIacc CO-
eAuHEHHs (OCHOBAHMS, COJIM U T.J.) U PYHKIIMU BCEX YACTHUI] B KOM-
IIJIEKCHOM COEAVMHEHUH.

2. OnpenenuTps BEIMYMHY U 3HAK 3aps/ia KOMIUIEKCHBIX HOHOB (KOM-
IJIEKCOB).

3. Haiitu 3apsi 1 KOOpJIMHAIIMOHHOE YUCJIO0 KOMIUIEKCO0Opa3oBaTesl.

a)[CrCly(H,0),(NH;),]Cl [Pt(CN)2(NH3),] K[AJ(CN),]

0)[PA(CN)2(NH3),] Na[ZnFs] [AJ(NH3),]NO;

8) [CU(CN), (NHs),] K[Cr(NO2)4(H20),] | [Cd(NH3)4]Cl,
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r) [Cu(NH3)3(SCN)]OH [CrBrs(H20),] K,[Cdl,]

1)[Sn(H20)6](OH) [PtCl4(NHs),] Na,[Hgl,]

e)[Co(CN),(H0)4] [PtCI3(NHs)3]ClI Ko[HA(SCN).]

K)[Cr(H,0)6]C15 [CoCl>(NH3)4] [Fe(SCN)](OH),

3) [Cd(NH3)s](OH), [CrCl(NH3)4]Cl Ka[Fe(CN)e]

n) (NHg),[Hg(SCN),] [Cr(CNs)s(NH3)s] Ba[Zn(CN),]

K) [CrCl1,(Hy0)2(NHs)2]Cl | [MnSO4(H20)4] [Zn(NH3)4](OH),

J'I) [CO(NOz)g(NHg)g] [Cr(NH3)4(H20)2]CI3 Na;[Zn(CN)4]

M) [Ni(NH3)s]SO4 [CrCl3(NH3)2(H,0)] | Ko[Ni(CN),]

H) [TiCl;(NH3),] [Pt(CN)2(NH3)4]SO4 | [Ni(NH3)s](OH),

0) [CoCly(H20)4] K[Cr(CN)4(NHs),] | [Cd(NH;)e](OH),

p) K[PtCls(NH5)] [MNn(SCN),(NHz)] | Ks[CU(CN).]

¢) H[AU(CN),] [CoCly(NH3)3(H20)] | [Cu(NH3)4J(OH),

1) [Cr(CN)2(NH3),]ClI [PtCl4(NHs),] Na,[Cd(NHs)4]

y) K2[Ag(CN)s] [MnSO4(NHs),] K>[Cd(NH3)s]

1) [CICl,(H,0),]Cl [MnSO,(NH.)] | Ho[Cd(CN),]
3ananue 2

1. JIms Tex ke KOMIUICKCHBIX COeQuHEeHHui (CM. 3amaHue 1) HamucaThb
YPaBHEHUE IIEPBUYHOM NUCCOLUMAIIMU KOMIUIEKCHOTO COCIVWHEHUs Ha
KOMIUIEKCHBIM MOH ¥ MOH(bI) BHELITHEH Cdephl.

2. Kakue 13 KOMIUIEKCHBIX COEIMHEHHUHN W3 Baliero Habopa He OyayT
SBIISITHCS AJIEKTPOJIMTAMU ?

3. JIns KOMIUIEKCHOTO MOHA U3 MOAYEPKHYTOTO COEAWHEHUS HAMUCATH
YPaBHEHUSI BTOPUYHOM IUCCOLMAIIMU 110 KaXJIOW W3 CTYIIEHEW, UTOTO-
BbIC YPABHECHUS JUCCOLMALIMU Y BBIPAXKEHUA IS KOHCTAHT HECTOMKO-
ctu K oor

3ananue 3
1. Haiitn o cripaBouHMKY (mpriiokeHue 1) 3HaueHus K., A1 kom-
IUIEKCHOTO MOHA M3 MOJYEPKHYTOTO COEIWHEHHUs B BalleM Habope, a
TaKXe I MOAYEPKHYTHIX COEAUHEHUHN U3 MPEIBIAYIIETO U CIEAYIOIIE-
ro HabOpoB (10 BEPTUKAIIN).
2. OT™MeueHHbIE TaKUM 00pa30oM 3 KOMIUIEKCHBIX MOHA PACIOJIOXKHUTH B
NOPSJKE MOBBIIIEHUS NX YCTOWYNBOCTH B BOJIHBIX PACTBOPAX.
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3ananue 4

Berncantes  KoHmeHTpammoo uoHoB  Ag'B 0,1  MpacTtBope
[AQ(NHs),]NOs, coneprxariem B n30biTke 1 Mot/ NHs.

Brraucnuts KOHIICHTPALMIO MOHOB KaJIMUs B 0,1
MpactBopeK,[Cd(CN),], conepxaiem, kpome Toro, 6,5 r/m KCN.

Haiitu maccy cepeOpa, Haxojsiierocs B Buje nonoB B 0,5 1 0,1 M
pacTBopa au(THOCyIb(]aTo)apreHTaTaHaATPuUs,COAEPKAIIEM, KPOME
toro, 0,1 Mmonb/n THOCYIB(DAaTa HATPUSI.

PaccunTaTh KOHIICHTpALIUIO HOHOB ITMHKa B 0,1 M
pactBope [ZN(NH3),]Cl..

KowurertpaumoZn® B 0,01 M pacteope [Zn(NH3)4](NOs),, conep-
KaIeM 2 MOJIb/JI U30BITOYHOrO aMMHUaKa

KakoBa xonnenTpanus nonoB pryta B 0,05 M pactropeK,[Hgl4],
coaepskariem, kpome toro, 0,01 momsa KI?

KakoBa konuentpanus nonoB meau B 0,05 M pactBope
K3[Cu(CN),], cogepsxariem, kpome toro, 0,05 moass KCN?

KakoBa koHIIEHTpaIus HOHOB Kajaus U HoHOB cepedpa B 0,02 M
pactope K,[Ag(CN);]? Korcranra Hecroiikoctn nona [Ag(CN)s]*
cocraBiseT 2,8-10 ",

Koucranra Hecroiikoctu nona [Cd(CN),]* cocrasmsier 7,8-107°.
BbI4ucanTh KOHIIEHTpAIH0 HoHOB Kajmus B 0,1 M pactBope
K,[Cd(CN),], conepxariem B u30biTKe 0,1 Mo KCNB nutpe pac-
TBOpA.

Koncranta Hectoiikoctr nona [Ag(CN),] cocrasmser 1,4-10°%°.
Brraucianuth KOHIIEHTpaIMio HOHOB cepedpa B 0,05 M pactBopa
K[AgQ(CN),], conepxariem, kpome Toro, 0,01 Mo KCNpactBopa.

KoncranTa HecToiikoctr noHa [Ag(S,03),]° cocrasmster 3,5-107.
CkoapKO rpaMMOB cepedpa coaepkuTcs B Buje noHoB B 1 11 0,1 M
pactBopa Naz[Ag(S,03),], comepskarem, kpome Toro, 25 r
Na28203' 5H,0.

KakoBa koH1eHTpaius HoHOB cepedpa B 0,08 M pacTtBope
[Ag(NH5),]NO3, comepkarem, kpome Toro, 0,8 MOJIb aMMHUaKa.

KakoBa koHuenTpanus nonoB meau B 0,05 M pactBope
K3[CUu(CN)4]?

Konmnentpanuio nono NO;  nonHoB cepedpa B 0,01 M pactBope
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[Ag(NH3),]NO;

n | KakoBa koHueHntpauust HoHoB cepedpa B 0,05 M
pactBopeK,>[Ag(CN)3], comepkariem, kpome toro, 0,05 Mot
KCN? 2KOHCTaHTa necroiikocru nora [Ag(CN)z]* cocrasmser
2,810,

p | KakoBa koHnenTpanus nonos Hukens B 0,01 M pactBope
[Ni(NH5)6]SO4?

¢ | KakoBa xonuentpaius noHoB xkene3a B 0,05 M pacTtBope
Kg[Fe(CN)G]’)

T | KakoBa koHuenTpaius nonoB Hukens B 0,01 M pactBope
[Ni(NH3)s]SOy4, comeprkarero takxe 17r aMMuaka B 1 IUTpe 3TOro
pactBopa’?

y | KakoBa xonuenrpamus nonos xene3a B 0,05 M pactBope
Ks[Fe(CN)g], conepxkarniero Takxe 065 KCN B 100 mut aToro pac-
TBOpa?

¢ | KakoBbl KOHIIEHTpanu HOHOB Kainus U cepedpa B 0,01 M pactBope
K3[Ag(S,05)]?
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[Tpunoxenue 1

KoHcTaHTBI HECTOMKOCTH HEKOTOPbLIX KOMILICKCHBIX HOHOB

KomiuiekcHbIM Kieer Kommiekc- Kieer
HOH HBIH HOH
[Ag(CN),] 110" | [Fe(SCN)]*" 510
[Ag(NH,),]" | 710° [Fe(CN)e]™ 110"
[Ag(S:091" | 1107 | [HY(SCN)J” 110
[Cdl,]” 810 [Hgl* 110
[Cd(CN)4]22'+ 1-10';7 [N!(CN)4]2'2+ 3-10‘_196
NH;)e]*" 810 Zn(CN),]* 2'10°
[E:Cdé(NHB)(S] 7F 2103 [Zn(CN).] 2F 4100
3)4] ; 1 5 [Zn(NH3),]
[Cu(CN),]* 510




