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TEOPETHYECKAA YACTDH

1.001mue noHATHS.

KoMmjiekCHBIM CcOeJMHEHHEeM Ha3bIBalOT CIIOKHOE COEIUHEHHE, oOpasylolieecs Npu
B3aHMOHCﬁCTBHH Ooiee IMPOCTBIX HCU3MCHHBIX YaCTHUI] (aTOMOB, HOHOB WU MOJ'IeKy.]'I),
KaX/1asi U3 KOTOPBIX CIIOCOOHA CYIIIECTBOBATh HE3aBUCUMO B OOBIYHBIX YCIOBUSX.

Peaxiuu, B pe3ysbTaTe KOTOPBHIX 00Pa3yIOTCsl KOMIUIEKCHBIE COSTUHEHHUS, HOCST
Ha3BaHUE peaKUHil KoMILIekcooOpa3oBanus. [IpuMep peakuun KoMIIeKCO0Opa3oBaHus —
B3aumozeiicteue Fe(CN), u CN ¢ nonydeHreM CiI0KHOTO KOMILJIEKCHOTO aHHOHA
[Fe(CN)e]* :

Fe(CN), + 4CN~ = [Fe(CN)e]*

KomMmruiekcHble coeTMHEHUS] Ha3bIBAIOT YacTO KOOPAMHANMOHHBLIMHM COEIUHEHUSIMU,
MOJYEPKUBasi TEM CaMbIM CIIOCOOHOCTH MPOCTBIX HEM3MEHHBIX YAaCTHIl ONpEACICHHBIM
0o0pa3oM pacnoiaratscsi (KOOPAMHUPOBATHLCS) IPYT OKOJIO JIpyra B KOMIUIEKCHOM MOHE WU
KOMIUIEKCHOM MOJIEKYJIE.

[Ipupony XuMHYECKHX CBsi3e B KOMIUIEKCaX, HMX CTPOGHHE U TMPUHIUIBI HX
o0pa3oBaHUs OOBSICHAET  KOOPAMHALIMOHHAS  TEOpHUs OCHOBBI ~ COBpPEMEHHOM
KOOPIAMHAIMOHHOH TeopuH OBbLTM WU3TOKEHBI B KOoHIE 19 Beka MIBEHIIapCKUM XHUMHUKOM
Anbsdppenom BepHepom, 00OOHIMBIIMM B €IMHYI0 CHUCTEMY BECh HAKOIMBIIUICS K TOMY
BPEMEHH SKCIIEPUMEHTAIBHBIN MaTepHall 0 KOMILIEKCHBIM COeAMHEHUAM. VIM ObLIIN BBEIACHBI
MOHATHS O HEHTPAJbHOM aToMe (KOMILIEKCOOOpa3oBaTellb) U €r0 KOOPAHHALMOHHOM
yucjae, BHYTpPeHHeill 1 BHellHell c¢epe KOMIUIEKCHOTO COCIUHECHHS, H30MepHH
KOMIUIEKCHBIX COCIWHEHHU, TPEANPHUHSATHI TONBITKA OOBSICHEHUS TPUPOIBI XUMHUYECKOU
CBs3M B KoMmIuiekcax. OOpa3oBaHHE KOMIUIEKCHOTO HOHa WM HEUTPaIbHOTO KOMILIEKCa
MOJKHO MPEACTABUTH ce0e B BHJIC 0OPaTHMON peaKIuu OOIIEero THIIA:

M+nL = [ML,]

rie M — HeWTpalnbHBIM aToM, TMOJOXHUTEIFHO WU OTPHUIATEIBHO 3apsyKEHHBIN
YCIIOBHBIM MOH, 00BEUHSIONINNI (KOOPAUHUPYIOWINI) BOKPYT ce€0sl Ipyrue aTOMbI, HOHbBI WM
Monekyibl L. Atom M monyunsn Ha3BaHHE KOMILJIEKCO00pa3oBaTessi WM HEHTPAJILHOI0
aToma.

B  kommmekcHbix moHax [Cu(NH3)]*', [SiFs]* , [Fe(CN)s]* , [BEs]
KoMIuIekcooOpazoBatensivu  sBisiIoTest Menb(1l), kpemuanii(IV), xenezo(Il), 6op(Il). Yame
BCEro KOMILIEKCOOOpa3oBaTesieM CIIy)KMUT aTOM JJIEMEHTa B TMOJI0KHUTEJIbHOH CTeneHn
okuciaenusi. OTpunaTesbHble YCIOBHBbIE HOHBI (T.€. aTOMbl B OTPHLATEILHON CTENEHU
OKHCJICHHUS) UTPAIOT POJIb KOMILJIEKCOOOpa3oBaTeaeil CpaBHUTENBHO PENKOo. DTO, HANpUMED,
arom azota(-11T) B kaTrone ammonus [NH,]™ n T.11.

ATOM-KOMITJIEKCOOOpa30BaTellb MOKET 00J1a/1aTh HYJIEeBOM CTENEeHbIO OKUCIeHus. Tak,
KapOOHWIIbHBIE KOMIUIEKCHI HUKeENs u kene3a, mMmeromue coctaB [Ni(CO)4] u [Fe(CO)s],
coaepxat atombl HuKeIs1(0) u sxene3a(0).

KoMmmiekcoo0pa3oBaTeib MOXET y4acTBOBaTh B PEAKIUAX IMOIYUYEHUS KOMIUIEKCOB,
Kak Oyay4d OJHOATOMHBIM HOHOM, HallpuMep:

Ag +2NH; = [Ag(NH:3):] ;Ag +2CN = [Ag(CN),]

TaK ¥ HaXOJSICh B COCTaBE MOJIEKYJIbIL:

SiF,+2F = [SiF¢]";

B xommuieKCHOM MOHE WM HEWTpallbHOM KOMILJIEKCE BOKPYT KOMILIEKcOOoOpa3oBaTess
KOOPJIMHUPYIOTCS MOHBI, aTOMbI UM MpocThie MoJiekyJbl (L). Bece aTu yacTuilsl, umeroiue
XUMHYECKHE CBSI3U C KOMIUIEKCOOOpa30BaTesIeM, HA3bIBAIOTCS JIMTaHAAMM (OT JATHMHCKOIO
"ligare" - cBsA3BIBaThH). B KOMIUIEKCHBIX MOHAX [SnCl6]27H [Fe(CN)6]47 JIMTAHJIaMH SIBJISIFOTCS
nonsl CI" u CN, a B HeritpanbHOM KoMmIuiekce [Cr(NH3)3(NCS);] nuranast — monexkyisl NHj
u nonsl NCS .

Jlurangamu MOryT OBITH pPa3NUYHBIE HEOPraHUYECKHE M OpPraHMYECKHe HMOHBI U
MoJieKyJbl. Baxuenmumu nurangamu ssistotess monst CN°, F- ) CI7, Br, I, NO,, OH",
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SOgSz_, C2042_, CO32_, mosiekynbsl H,O, NHj;, CO, kap6amuna (NH,),CO, opranmueckux
coequHennii —  ostunengumamuHa  NH,CH,CH,NH,, 0.-aMHUHOYKCYCHOM  KHCIIOTBI
NH,CH,COOH u stunenauamunTerpaykcycHoit kucnotsl (3[ATA) u apyrue.

Yame Bcero jurasj ObIBAacT CBSI3aH ¢ KOMIUIEKCOOOpA30BaTeIeM Yepe3 OJUH U3 CBOUX
aTOMOB OJHOM JIBYXIICHTPOBON XHMMHMYECKOH CBSI3bl0. Takoro poja IJWTaHIbl MOXYYHIN
Ha3BaHHUE MOHOAEHTATHBIX. K 4HCIy MOHOJCHTATHBIX JUTAH/IOB OTHOCSITCS BCE TaJlOTCHU/I-
WOHBI, [INAaHUJ-UOH, aMMHAK, BOJA U IPyTHE.

Cy1miecTByeT LENbI psAll JIMTaHI0B, KOTOPHIE B KOMIUIEKCAX SBJISIOTCS MPAKTUYECKU
BCerja OMJEHTATHBIMHU. DTO JSTUICHAMAMUH, KapOOHAT-WOH, OKcalaT-uoH W T.n. Kaxnas
MOJIEKyJla WJIH HWOH OHWJCHTATHOTO JHUTaHga oOpa3yeT ¢ KOMILIEKCOOOpa3oBaTeieM JBE
XUMHUYECKHE CBS3U B COOTBETCTBUU C OCOOCHHOCTSIMHU CBOETO CTPOCHHUS:

H,.C-NH,- O0=C-0- L 0-
0=C
. _ \
H,C-NH,- 0=C-0- 0-
SIILTE RO LK QK CUR - OH xapﬁoﬂam—uors

Baxkneiimed  XapakTepUCTUKONM  KOMIUIEKCOOOpa3oBaTessi  SIBISIETCA  KOJIMYECTBO

XUMHUYECKHX O CBSI3eH, KOTOpbIE OH 00pa3yeT C JUTraHJIaMu, WM KOOPAHUHAIIMOHHOE YHCJI0
(KY). Dra xapakTepucTUKa KOMIUIEKCOOOpA3oBaTessl OIpeNeNseTcss TJaBHBIM 00pa3oM
CTPOEHHEM €ro 3JEKTPOHHOU 000JI0UKH U 00YCIOBIMBAETCS BAJEHTHHIMH BO3MOKHOCTSMH
[EHTPATHLHOTO aTOMAa UM YCIOBHOTO MOHA —KOMILIIEKCOO0pa3oBaTens .

Korma xommiekcooOpa3zoBaTesib KOOPAMHUPYET MOHOJAEHTATHbIE JIUTAHIBL, TO
KOOPAMHAIIMOHHOE YWCJIO PaBHO YHCIY TPHUCOCAUHSEMBIX JIMTAaHIOB. A  YHUCIO
MPUCOEANHIEMBIX K KOMILJIEKCOOOpPa30BaTEI0 MOJHAEHTATHBIX JUTAaHJOB BCEr/a MEHbIIE
3HAYEHUS! KOOPAMHALIMOHHOTO YHCIIA.

3HaueHMe KOOPAMHALMOHHOIO 4YMCJIa KOMIUIEKCOOOpa3oBaTeisl 3aBUCUT OT €ro
MPUPOJIBI, CTETIEHU OKHUCIICHUS, MPHUPOABI JIMTAHAOB M YCJIOBUU (TeMIepaTyphl, MPUPOIBI
pacTBOpUTEINIS, KOHIIEHTPAIMK KOMIUIEKCOOOpa3oBaTeNsl U JUTAHIOB U JIp.), MPU KOTOPBIX
MPOTEKAET peaknus KOMIUIEKcooOpa3oBaHus. 3HaueHre KUY MOXET MEHSATbCS B Pa3IHMUHBIX
KOMILJIEKCHBIX COCIMHEHUSX OoT 2 1o 8 u maxke Bbime. Haumbosee pacmpocTpaHEHHBIMHU
KOOPAMHAIIMOHHBIMU YHCIIaMU SIBISIOTCS 4 U 6.

Mexy 3HAUYCHUSMU KOOPIWHAIIMOHHOTO YHCJIA M CTCIICHBIO OKHUCIICHUS 3JIEMEHTa-
KOMIUIEKCO0Opa30BaTes CyIIECTBYET ONpe/e/ieHHAs 3aBUCUMOCTb.

Tak, nns 371eMeHTOB-KOMILIeKCOo00pa3oBarTeJieii, UMEIONIUX CTENEeHb OKUCIeHUs +1
(Ag"", Cu'", Au'", I'" u 1p.) HanGoree XapaKTEPHO KOOPAMHALIMOHHOE YHCIIO 2 — HATPHMED, B
kommekcax tuna [Ag(NH3),]", [Cu(CN),], [IBra] ™.

J1eMeHTBI-KOMILIEKC006pa30BaTe M CO CTeNeHbI0 okuciaenns +2 (Zn'2 Pt Pd™
Cu™ u z1p.) 4acTo 06PA3YIOT KOMILIEKCH, B KOTOPBIX MPOSIBISIIOT KOOPIMHAIMOHHOE YHCIIO 4,
takue kak [Zn(NH;)4]*", [PtCL]*, [PA(NH;),CL]", [ZnL]*, [Cu(NH;)]*".

B akBakommiiexkcax KOOPAMHAIIMOHHOE YHMCIO KOMILIEKcOOoOpa3oBaTelss B CTENEHU
okucieHus +2 damte Beero pasHo 6: [Fe(H,0)s]*", [Mg(H,0)6]*", [Ni(H,0)6]*"

DJieMeHThI-KOMILJIeKc000pa3oBaTesu, 00JalalolUe CTENEHbI0 OKUCIeHus +3 u +4
(Pt+4, A1+3, C0+3, Cr+3, Fe+3), MMEIOT B KOMIUIEKcax, Kak mpasmio, KU 6. Hampumep,
[Co(NH3)6]™", [Cr(OH)s]™, [PtCls]*", [AlF6]™", [Fe(CN)s]* .

N3BecTHBI KOMILIEKCOOOPA30BaTENH, KOTOPhIE OOMAMA0T MPAKTUYECKH MOCTOSIHHBIM
KOOPAUHAIIMOHHBLIM YHCJIOM B KOMIUIEKCax pa3HbiX TUIOB. TakoBbl kKoOanbT(III), xpom(III)
wm wiatuaa(lV) ¢ KU 6 u 6op(Il), mnaruna(ll), namnaauii(Il), 3omoto(Ill) ¢ KU 4. Tem He
MeHee OOJBIIMHCTBO KOMILIEKCOoOoOpa3oBaTeneil HMeeT NEepeMEHHOE KOOPAWHAIMOHHOE
gucio. Hampumep, mist amomuausi(I11) Bosmoxuasr KU 4 u KU 6 B kommekcax [Al(OH)4] u
[AI(H20)2(OH)4]".

Koopaunanmonnsie uncna 3, 5, 7, 8 © 9 BcTpeyaroTcsi CpaBHUTENBHO peako. EcTh Bcero
HECKOJIbKO coeTUHEHnH, B KoTopbix KU paBHo 12 — Hampumep, Takux kak Ko[Bi(NCS);2].



JluraHpl, HEMOCPEICTBEHHO CBSI3aHHBIE C KOMITJIEKCOOOpa3oBaTesieM, 00pazyloT BMECTe
C HUM BHYTPEHHIOI0 (KOOPAMHALMOHHYI0) cdepy komiuiekca. Tak, B KOMIUIEKCHOM
KaTHOHE [Cu(NH3)4]2+ BHYTpPEHHsII cdepa oOpa3oBaHa aTOMOM KOMILIEKCOOOpa3oBaTesis —
veau(Il) u Momekynamm ammmuaka, HETMOCPEICTBEHHO C HHMM cBsi3aHHbIMH. OOo03HadaeTcs
BHYTpeHHsis chepa  kBagpatHeiMu  ckobkami:  [Fe(CN)s]’, [Hgl]*, [SnCls]*.

B 3aBucuMocTM  OT  COOTHOLIEHUS  CyMMapHOro  3apsjia  JIMTaHJIOB U
KOMIUIEKCOOOpa3oBaTeNsi BHYTPEHHSISI cdepa MOMKET HMeTh MOJIOKUTEIbLHBIH 3aps,
nanpumep, [Al(H,0)]’", 1u6o orpunareannsii, Hanpuvep, [Ag(SO5S),]", win Hy.aeBoii
3apsil, HalpuMep, Kak JJis [Cr(NH3)3(NCS)3]0.

Wonbl, HelTpanusyromue 3aps] BHYTpeHHEH cdepbl, HO HE CBS3aHHBIE C
KOMIUIEKCOOOpa30oBaTeieM KOBAJIGHTHO, O0Opa3yloT BHEUIHIOW cdepy KOMILJIEKCHOI0
coenuHeHusi. Hanmpumep, B koMmimiekcHoM coenuHeHuu [Zn(NH;)4]Cl, nBa wmoma Cl°
HaxoJIATCS BO BHEIIHEH cdepe:

NH, 2+

\

n
PAEENRN
NH; ' NH;

]

cr

Bremnecgepusie nmonsl ClT Haxomsarcs Ha 0oJsiee 3HAYMTEIbHOM YAAJEHMM OT
KOMILIEKcooOpa3oBares, yeM MoieKkyasl NHj3, nnaue roBops, paccrosuue Zn — Cl Gonbiie,
YeM JUIMHA XUMHYeCKOM cBa3su Zn — N. bonee Toro, xummyeckass CBsA3b KOMIUIEKCHOIO
karnona [Zn(NH3)s]*" u xnopun-monos Cl° mMeeT HMOHHBI XapakTep, B TO BpeMs Kak
MOJIeKyJibl amMMuaka NHj3;, Bxoasmue BO  BHYTpeHHIOKO  cdepy, o0pa3yroT
KomIuiekcooOpasoBareneM  Zn(Il) koBaleHTHbIE CBSI3M IO  JIOHOPHO-AKLENTOPHOMY
MEXaHU3MY (JOHOPOM HETIO/IEJICHHBIX Map 3JIEKTPOHOB ABJIAIOTCSA aTOMbI a3oTa B NH3). Takum
o0pa3oM, pa3nyue Mexay JHMraHAaMu BHYTpeHHeill cdepbl 1 MOHAMU BHemHell cdepsbl
OUYEHb CYILIECTBEHHO.

N306paxas popMyiTy KOMIUIEKCHOI'O COEJMHEHUS, BHEITHEC(DEPHBIC HOHBI PACIIONATaloOT
3a KkBaapaTHbIMU ckoOkamu. Hampumep, B coeaunenusax [Cu(NH3)4]J(OH), u Kj[Hgls]
BHeIIHeC(EPHBIMU HOHAMHU SBJIAIOTCS cooTBeTcTBeHHO MoHsl OH™ m K. Bronne monsTHO,
4ro B HeltpamsHeIX Kommiekcax [Cr(NHz);(NCS)s]’ u [PA(NH3),CL]° Buemmsisi cdepa
OTCYTCTBYeT.

2. Knaccudukanus 4 HOMEHKJIATYPA KOMILTEKCHBIX COeIMHEHUI.

o 3apsimy 3apsiay BHyTpeHHEH chepbl KOMIUIEKCHBIE YaCTHUIIBI IEISITCS HA KATHOHHBIE
(KOMIUTEKCHBIN HMOH 3apsDKeH «+»), aHMOHHBbIE (KOMILJICKCHBIC YaCTHIIBI 3apsDKEHBI «-») U
HelTpaJbHbIE.

a) K kaTHOHHBIM KOMITJIEKCHBIM OTHOCSATCSI KOMIUIEKCHI C HEUTPAJIbHBIMU JIUTaHIaMU.

Haubonee pacnpocTpaHeHHBIMH SBIISTFOTCS

| AMMHUHOKOMILJIEKCHI (aMMHaKaThl) -- turang — NHj
AMMUakaTsl 00pa3yroTcs pu B3auMoJieiicTBUH cosieid ¢ n30biTkom ammuaka (NH4OH)
CuSO4 + 4NH3 — [Cu(NH3)4]SO4
u AKBOKOMILIEKCHI -- turanj — H,O
AKBOKOMILJIEKBI 00pa3yIOTCs IPU PACTBOPEHUH O€3BOHBIX COJEH.
CuSO4 + SHZO e d [Cu (H20)4]SO4H20
CoCly + 6H,0 — [Co(H,0)4]Cl

0) K aHMOHHBIM KOMILIEKCAM OTHOCSTCS COCJIMHEHHUS, B KOTOPBIX POJIb JIUTAHIIOB
BBITMOJIHSIOT aHUOHBI.

Haubonee pacnpocTpaHeHHBIMH SIBIISTFOTCS

| TUAPOKCOKOMILIEKCHI -- Turan -- OH”

I'anpokcoMIiekcsl  00pa3yroTcsl MPU  B3aUMOJICHCTBUU THUAPOKCUIOB aM(OTEPHBIX
METAJIJIOB ¢ U30BITKOM HIEJIOYH.

Zn(OH); + 2NaOH — Na,[Zn(OH)4]




u aAlUAOKOMILIEKCHI -- JIUTAH/bI aHHOHBI KUCIOTHOTO ocratka --F-, CI,
Br, T, CN, $*,CN’, CI, SO5™......
AIMTIOKOMITTIEKCH 00pa3yoTCsl MPU B3aUMOACHCTBUU OJTHOTHUITHBIX COSIUHEHUH.
AlF; + 3KF — K;[AlF¢]
PtCl4 +2HCI » H4[PtC16]

B) HeliTpanbHble KOMITIEKCHI 00pa3yloTcs MPU KOOPAMHALMU BOKPYT HEHTpaibHOTO
KOMILJIEKCOOOpa30BaTelisi HEUTPaIbHBIX MOJICKYJI.

[Ni (CO)4] - TeTpakapbonun nukens , [ Fe (CO)s] - meHTakapOoHUI Kene3a

A Taxke HEWTpaJbHblEe KOMIUIEKCHI OOpa3yrOTCsl MPH OAHOBPEMEHHON KOOPAMHALUU
BOKPYT KaTHOHA KOMIUIEKCOOOpA30BaTENs HEUTPAIBHBIX U «-» 3apsHKCHHBIX JTUTaHIOB.

[CI‘ (NH3)3 Clg] [CO(NO3)3(NH3)3]

Jannas kiuaccupukanus JIeKUT B OCHOBE HOMEHKJIATYPbl KOMILJIEKCHBIX

COeIUHEHMHIA.
u Ha3zBanus coelvHEHUN ¢ KOMIUIEKCHBIM aHUOHOM

B Hayane Ha3BaHUS KOMIUIEKCHOTO AHMOHA CTABUTCA HA3BAaHWE JINTAHIOB HEMOHHOIO
XapakTepa, 3aTeéM MOHHOI'O XapakTepa C OKOHYaHMEM-O. UMCIIO JMIraHIoB YKa3bIBalOT
MPUCTABKOW C TPEYECKUMH UYUCIUTEIbHBIMU (MOHO-, 1H-, TPH-, TeTpa- u T. 1A.), Ha3Banue
KOMIUIEKCO00pa30BaTeNs CKIIAIbIBACTCA U3 KOPHS €ro JAaTHMHCKOTO Ha3BaHHs C OKOHYAHHEM-
aT ¥ YKa3aHHEM €r0 CTETICHU OKUCIICHUS PUMCKOH ITU(pPOoil B CKOOKaX.

K3[Fe(CN)s] — rekcammmanodeppar (I11) xamus,

K4[Fe(CN)s] — rexcanmanodeppar (II) kamus.

HasBaHue KOMIUIEKCHBIX KHCJIOT COCTAaBJISIIOT aHAJOTHYHO, J00aBisisi K Ha3BaHUIO
AHUOHAa OKOHYaHWe-Hasi U cloBo KucaoTa. Hy[Fe(CN)s].— rexcanmanodepparnas (1)
KHCJIOTA.

u Ha3BaHue coelMHEHUIN C KOMIUIEKCHBIM KaTHOHOM

Haspanusi KAaTHOHHBIX KOMILUIEKCOB COCTaBISIIOTCS B CIIEIYIOIICH MOCIEA0BATEIHLHOCTH:
CHayvaja Ha3BaHUE BHeIIHEC(EpPHOro aHMOHA B MMEHHUTEIBHOM MaJeke, 3aTeM 0003HAueHUE
JUTAaHJOB B TaKOW JK€ TOCJIEIOBATEIILHOCTH, KaK W JUIsl KOMIUIGKCHBIX aHUOHOB. [lanee
cienyer pycckoe Ha3zBaHue KommiekcooOpas3oBaresnss B pOAUTENBHOM Maeke C yKazaHUEM
€ro CTENEeHU OKHCICHHUS PUMCKOH u(dpoit B CKOOKaX.

[Cu(NH3)4]C1, — xnopun terpaammunmenu (II),
[Co(NH3)sC1]S04 — cynbsdar (VI) nearaammunxiiopokodansta (I11).

[ | HasBaHusa KOMIUIEKCHBIX COEAMHEHUN HEUTPAILHOTO XapakTepa

HaspIBatoT HeHTpaibHBIE KOMIUICKCHI OJHHM CIIOBOM, KOTOpOE COCTaBIISIETCS B
CJIeAyIOUIel MOCIe0BATEIbHOCTU: HAa3BaHHUE JIMTAHJOB HEMOHHOTO XapakTepa C yKa3aHHUEeM
UX YHUCIIa MPHUCTABKOH € TPEYECKUM UHWCIUTENBHBIM, 3aT€M Ha3BaHMS JIHTAHIOB HOHHOTO
XapakTepa C YKa3aHHEM HMX 4YHCIa ¢ OKOHYaHHEM—O, Jajiee CIeIyeT PYCCKOE Ha3BaHUE
KOMIUTIEKCOOOpa30BaTeIs B UMEHUTEILHOM nasiexe. CremnieHb OKHCIICHUS
KOMILJIEKCO00pa30BaTesis CTAaBUTCS B KOHIIE CJIOBA PUMCKOHN (PO B CKOOKaX.

[Pt(NH3),Br4] —aunammunterpadbpomoruiatuna (IV),

[Co(NH3)3C13] — tpuammunTpuxsiopoko6anst (III).

Ecnu xommiekcoobpazoBaTenb KOOPAUHUPYET HECKOJIbKO JIUTaHJIOB OJMHAKOBOIO
XapakTepa, TO MNpPU HUX MEPEYUCICHUH HY>XHO OPHUEHTHUPOBAThCS Ha CIEAYIOWIUNA Ppsij
MOCJICIOBATEILHOCTH: JIMTaHAsl WOHHOro xapakrtepa: [; Br; CI; F; NO3; NO,;;0H-
aurasiasl  HenoHHoro xapakrtepa: NH3; H,O, opranuueckue murangel. Hanpumep:
[Co(NH3)4(H;0),]C13—xnopua rerpaammunrakBokooansTa (111).

3. /Incconuanus KOMILIEKCHBIX COeIMHEHUII B PACTBOPAaX.
BHyTpeHHsss U BHEIIHsAS chepbl KOMIUIEKCHBIX COCIUHEHHH CHIIBHO OTJIMYAIOTCS IO
ycToMunBOCTU. YacTHUIIbI, HAXOIANINECS BO BHEIIHEH cepe CBA3aHbl ¢ KOMIUIEKCHBIM HOHOM




MPEUMYILECTBEHHO 3JIEKTPOCTATUYECKUMU CHUJIAMH U JIETKO OTAEJISIIOTCS IPU PACTBOPEHUH —
3TO nepBUYHAs nuccouranua. OHa MPOTEKAET MO THUILY JUCCOLMAIIUN CUIIBHBIX 3JIEKTPOIUTOB.
K[Ag(CN),] > K"+ [Ag(CN),]

Jluranael, HaxonsmIMecss BO BHYTpeHHEH cdepe, CBI3aHHBIE C HEHTPaIbHBIM aTOMOM
WM MOHOM , 3HAYUTEJIHHO MPOYHEE U OTIICTUISAIOTCS JIMIIb B HE3HAYUTEIILHOW CTEMEHU. JTO
BTOpUYHas  naucconuanus. OHa  HOCUT OOpaTUMBIM  XapakTep M MOAYMHSACTCS
3aKOHOMEPHOCTSIM JTUCCOIUAIINHN CIA0BIX SJIEKTPOJIIUTOB.

[Ag(CN)] < Ag +2CN
— [Ag+]' [CNi]z =10 2!
[4g(CcV), ]

Ky-(koHCTaHTa HecTOHWKOCTH) — 3TO TaONWYHAS BEJIMYMHA, 3aBUCUT OT MPHPOJIBI
MEKTPOITHTA U OT t’, XapaKTepH3yeT yCTOHUMBOCTh KOMILICKCHBIX COCIMHEHHIA, YeM MEHBIIE
Ky, Tem ycroituriBee KOMITJIEKCHBIN HOH.

[Iponecc pacnaga KOMIUIEKCHBIX COEJUHEHUN MPOTEKAET MHOTOCTYIEHYATO C
MOCJIEIOBATEIbHBIM  OTHICIUICHMEM  JMraHjgoB. Kaxpas CTymeHb  XapakTepHU3yeTcs
COOCTBEHHOW KOHCTAaHTOW HECTOMKOCTH. JI7si CpaBHUTENHHOM OIEHKH MPOYHOCTH
KOMIUIEKCHOTO HOHa IMOJB3YIOTCS OOIIeld KOHCTAHTOH HECTOMKOCTH, KOTopas paBHa
MIPOU3BEICHUIO0 KOHCTAHT HECTOMKOCTH HECKOJIBKUX OTJIENbHBIX CTyNeHe! (cTaauit).

H

[4g(cny }ew]
[AZ(CN)] ™ & Ag(CN) + O™ K=" [4o(cN, |-

Ag(CN) < Ag'+CN™

[Ag(CN)y] < 2CN™+ Ag+ K.= -
[Ag (CN), ]
K > K2 K=K K.’
B o0miem Bune:
[MLn ™" < M™ +nL’

BennunHy KOHCTaHTBI HECTOMKOCTH YaCTO MCIIOJIB3YIOT IS pacyera
TEPMOJMHAMHUYECKUX (PYHKIIHH

AGY, =-23R-2981gK, .
AG§98 =AH 398 —TAS 398

0
AH
0
273R1gKHecm = A‘51298 - =
298
BBe,Z[eM IIOHATHUEC Ol — CTCIICHb JUCCOIIHMAIINUN KOMIIJICKCHOT'O MOHA
o, = C()ucc
Yoc

K



Coe = [ M 1= 1
n

[M"]=a C
[L]=na C
Cx - KOHLIEHTpaLUsl KOMIUIEKCHOT'O HOHA.
Ciuc - KOHLIEHTpaNys MPOIUCCOLMUPOBABIINX KOMIUIEKCHBIX HOHOB
Ecnu BHyTpeHHss chepa HeycTOHYMBAa M JUCCOLMUPYET Hameno (o, = 1), To Takue
COEJIMHEHMS Ha3bIBAIOTCSI IBOMHBIMU COJISIMU.
K[AI(SO4),] » K™+ AP+ 2S0,*
IIpuMepamMu JBOMHBIX COJIEU MOTYT CIIy’KHUTh:
K>SO - Al; (SO4)3 - n H,O — anromokanueBbie KBacIlbI
FCSO4 . (NH4)2 SO4 . 6H20 - COJIb Mopa

4. A30Mepusi KOMILIEKCHLIX COeTMHEHM I

HamomamM, 9TO M30Mepueii Ha3bIBacTCS TAKOE SIBJICHWE, KOTZIa BEUISCTBA, MMCIOIIHE
OJIMHAKOBBIM COCTaB, pPa3IMYalOTCsl CTPOCHUEM H, CIIEIOBATENIbHO, CBOMCTBaMU. B xumun
KOMIIJICKCHBIX COCI[I/IHGHI/Iﬁ 3TO SABJICHHUC BCECbMa pacnpOCTpaHeHo " SIBJISICTCS OHHOﬁ n3
NPUYMH  MHOT0OOpa3us KOMIUICGKCHBIX  COCIMHECHHH. Pa3nuvaroT TeoMeTpHuYecKylo,
KOOPAMHAIMOHHYI0, HOHU3ALUOHHYIO U IPYTU€ BUIBI H30MEPUH.

o 'eomempuueckasn (yuc-mpamnc) uzomepus

MPOSIBIISICTCS Ui KOMILJIEKCOB C PAa3sHOPOIHBIMHM JIMTaHIAaMH, Hampumep MAis
coenuHenuii cocraBa [Pt(NH3),Cl4] u [Pt(NH;3),Cly]. JnmamMMuHTeTpaxyioporuiaTuHa
[Pt(NH3),Cl4] cymecTByeT B BUIe IBYX COSTUHEHUN OKTadAPUIECKOTO CTPOCHUS

Cl
cn L
Y B AN i
7 p / 3 HgN&---\’CI
1
yc-u3oMep (OpaHKEBOTO I[BETA) mpanc- n3oMep (GKEITOro IBETA)

B neBoM coeauHEHMH MOJEKYyJbI aMMHaka pacHoOJIOKEHbl B COCEAHHMX BEpUIMHAX
okTadnpa. Takue coenMHEHUS Ha3BIBAIOTCA IMC-U30MEpaMu (Cis— IO OJHY CTOpOHY). Bo
BTOPOM COEIMHEHMHM MOJEKYJbl aMMHaKa pacHoJIOKEHbl B MPOTHBOIIOJIIOKHBIX BEpUIMHAX
OKTas/pa. Takoro TUa CoeAMHEHUsI HA3bIBAIOTCS TPAHC-U30MEPAMH (1rans — 1O Ty CTOPOHY).

e Koopounayuonnasa uzomepus
BBIPAXKACTCSI B PAa3IMYHOM KOOpJIMHALIMM JBYX THIIOB JINTAHAOB OTHOCHTEIHHO ABYX

pa3HBIX KOMILIEKCOOOpa3oBarteieii, Hapumep:
[Co (NH3)s] [Cr (CN)g]  [Cr (NH3)s] [Co(CN)e]

® Honuwuuouuaﬂ uszomepus

MIPOSIBIISIETCS] B HEOJIMHAKOBOM pacIpeIe]IeHN aHHOHOB MEX /1y BHyTpEHHEH 1 BHEIIHEN
chepamu, HapUMep, ISl COSAMHEHUN COCTaBa

[CoBr (NH3)e] S04 [CoSO4 (NH3)6|Br
KpacHO-(hHOIeTOBBIIH KpacHBIN
W3 pactBOpa KpacHO-(hMOIETOBOrO M30Mepa HE yAaeTcs OCaJuTh WOHBI Br °, HO mpu
neiicTBuyn moHamu Ba®” ocaxmaercs BaSO,. B pacTBOpe KpacHOTO M30Mepa, Ha00OpOT, HE
YJAeTcs OCAAUTh NOHBI SQ42', Ho neiictBueM AgNO; ocaxxnaercst Opomun cepedpa AgBr.
e ['uopamnas uzomepusn

00yCJIOBJIeHa HEOJWHAKOBBIM pAacIpe/eIeHHEM MOJEKYJd BOJAbI M BHEIIHEC(HEPHBIX
MOHOB MEXJly BHYTPEHHEH U BHELIHEH cepamu.



[Cr(H20)6]C13, [Cr(H20)5C1]C12 .Hzo, [CI‘(HQO)4C12]C1 02H20

5. KBaHTOBOMEXAaHHYECKHE NPEIACTABJEHHS 0  CTPOEHMHM __ KOMILIEKCHBIX
COeIMHEHU.

B mHactosiiiem paszgene paccMaTpUBAIOTCS OCHOBHBIE TMOHSATHSA TOJBKO TEOPHH
BAJIEHTHBIX CBsi3eil (METO/a BAJICHTHBIX CBS3CH) U TEOPUM KPUCTAJLIHYECKOTO TOJIS.

Teopusi BaleHTHBIX cBsI3el

Teopuss BaneHTHBIX CBA3el ObUTa TMEpBOH M3 KBAaHTOBOMEXAHWYECKHX TEOPHUH,
WCTIONb30BAHHOW JUISI TPHOJIMKEHHOTO OOBSICHEHUS XapakTepa XUMHYECKHX CBs3eld B
KOMIUIEKCHBIX COEQUHEHHsIX. B OCHOBe ee MpUMEHEeHHs Jiexana Hiaes O JAOHOPHO-
aKIEeNTOPHOM MeXaHu3Me o00pa3oBaHWs KOBAJCHTHBIX CBS3e€H MEXIy JIMTAaHIOM |
KOMIUTIeKcooOpa3oBaTeneM. JIMrana cuuTaeTcs JOHOPHOI 4YacTuleil, criocoOHOM mepenaTh
mapy OJJICKTPOHOB aKHEeNnToOpy — KOMILJIEKCO00pa30BaTe 0, IPESIOCTABISIONIEMY IS
o0pa3oBaHMsl CBs3M CBOOOJHBIE KBAaHTOBBIE slUCHKH (aTOMHBIE OpOMTAlM) CBOHX
HYHEPreTUYECKUX YPOBHEM.

Jyist 00pazoBaHusl KOBAJICHTHBIX CBSI3eH MEXKIY KOMILICKCOOOpa30BaTeIeM | JINTaH/1aMU
HEOOXO0JMMO, YTOOBI BaKaHTHBIE S-, p- WU d-aTOMHBIE OPOMTAIM KOMILIEKCOOOpa3oBaTens
MOJIBEPTIIUCh THOPHUAM3ANMUM OINPEICICHHOrO TUmNa. [ MOpuaHBIe OpOWTaIM 3aHUMAIOT B
NPOCTPAHCTBE  OMPEJACICHHOE  IOJIOKEHWE, TMPUYEM WX  YHUCIO  COOTBETCTBYET
KOOPIAHHAIIHOHHOMY YHMCJY KOMITJIEKCOOOpa3oBaTers.

I[Ipy >TOM 4YacTo TPOUCXOOUT OO0beIHHEHHE HeCNAPeHHBIX 3JIEKTPOHOB
KOMIUTIEKCOOOpa30BaTesst B Maphl, YTO MO3BOJISET BHICBOOOANTH HEKOTOPOE YMCIIO KBAHTOBBIX
SYEeK — aTOMHBIX OpOHTanel, KOTOpPbIE 3aT€M Y4acTBYIOT B THOpHIM3alMi U 00pa3oBaHUU
XMMHUYECKHX CBS3CH.

Henonenenuele mnapbl 3JE€KTPOHOB JIMFAHAOB B3aUMOACHUCTBYIOT C THOPHIHBIMU
opOUTaNIAMU KOMIUIEKCOOOpa3oBaTessi, U MPOUCXOAUT NepeKpbIBaHUEe COOTBETCTBYIOIINX
opOuTanei KomriekcooOpa3oBaTeisl U JIMTaH/1a ¢ TOSBJIEHUEM B MEXbAEPHOM IPOCTPAHCTBE
HOBBIIIEHHON 3JIEKTPOHHOM IJIOTHOCTH. OJEKTPOHHBIE MHapbl KOMIUIEKCOOOpa3zoBartess, B
CBOIO O4Yepelb, B3aUMOJCHCTBYIOT C BaKaHTHbIMU AaTOMHBIMH OpOUTAIAMH JIUTAHAA,
YHPO4YHSASA CBfA3b IO JAATHBHOMY MeXaHu3My. Takum oOpa3oM, XUMHUYecKas CBSI3b B
KOMIUIEKCHBIX ~COCIMHEHHAX SBISIETCS OOBIYHONW KOBAJIEHTHOM CBS3BIO, JOCTaTOYHO
NPOYHOM U JHEPEeTHYECKH BbHITOHOM.

DJEeKTPOHHBIE Napbl, HAXOAALINECS HAa THOPUIAHBIX OPOUTANIAX KOMIUIEKCOOOpa3oBaTels,
CTpEeMATCA 3aHATh B IPOCTPAHCTBE TAaKOE IIOJOKEHUE, IPU KOTOPOM HX B3aUMHOE
OTT&JIKMBAaHUE OyAeT MHUHMMAIbHO. DTO NPUBOJUT K TOMY, YTO CTPYKTYpPa KOMIUICKCHBIX
MOHOB U MOJIEKYJI OKa3bIBAETCS B OIIPEIEICHHON 3aBUCUMOCTH OT THIIA THOPUAM3ALHH.

PaccmoTpuM 00pa3zoBaHHe HEKOTOPBIX KOMIUIEKCOB C MO3MIMKA TEOPUH BaJICHTHBIX
cBsizeid. [Ipexe Bcero OTMETHM, YTO BaJICHTHBIE OPOUTAIM aTOMOB KOMILIEKCOOOpa3oBareie
ONU3KYU MO YHEPTHH: E1yq = Ens = Enp = Eng

Tun K4 I'eomerpus Tpumeps!
rudpuan3auu KOMILIIEKCa
sp 2 JUHEWHAs [ [C?J%I(\Icl;{lgj%
sp2 3 TpeyroJibHas [Hgls]
[Be(OH),]*
sp’ 4 TETpadap [MnCl,]*
[Zn(NH3)4]*"




[Ni(CN)]*
dsp2 4 KBajpaT [PtCl4]2
[Pt(NH;),CL]°
3. 9 TPUTOHAIbHAS
spd(z°) 5 Sumupammna [Fe(CO)s]
35022 KBaJpaTHast [MnCls]*
P Ay > mpamma INI(CN)sT>
o [AL(H>0)q]™
spd’, [SnCle]™
dzsp3 6 OKTasp [Co (NH3)613+
[Fe(CN)6]™
sp3 . 5 MEeHTaroHaJbHas [V(CN)%]4'
ounupamua [ZrF4]

n
Hanpumep, katuos [Zn(NH;)4]*" Brmouaer kommiekcoobpasosareins nusk(II).
DJeKTpoHHas 000J10YKa 3TOr0 YCIOBHOTO HOHA UMeeET Gopmyity [Ar] 3d" 4s° 4p0 U MOXKET
OBITh YCIIOBHO M300paXkKeHa TaK:

3440 450 1" 40
TATLTLTLTL (& | (4 |4 |4
k: H . :J
s
s * ptptp = g (erpamy)
NH, NH,NH, NH,

BakanTsie 4s- 1 4p-opourany aroma ruaka(Il) 06pasyioT YeTsIpe sp°-rHOPHIHbIE
opOUTaNy, OPUEHTUPOBAHHBIE K BEpIIMHAM TeTpajipa. Kaxaas Monekyna aMMHaKka uMeeT
HETIOJICJICHHYO N1apy IEKTPOHOB y aroMa a30Ta. OpOuTaau aTOMOB a30Ta, COACPIKaILUe
HETOIe/ICHHbIE MTaphl YIEKTPOHOB, EPEKPHIBAIOTCS C Sp°-THOPHIHBIME OPOHTAIAMH
rHaKa(ll), o6pa3zys TeTpasapruecKuil KOMIUIEKCHBINH KaTHOH TeTpaaMMuHIMHKA(1)

2+
[Zn(NH3)4]

NH; 2+
A

./ N

R NN
f————— _".,.___

NH; \ NH,
S IR
L NH, —

N
ockonbky B moHe [Zn(NH3)s]*" HeT HecIapeHHBIX SIEKTPOHOB, TO OH MPOSIBISCT
AHAMATHUTHBIE CBOICTBA.
2-
Terpaxmopomanranat(Il)-uon [MnCly]™ comep>KuT nsiTh HECIIapEHHBIX AJIEKTPOHOB HA
3d-opburann u BakaHTHEIE 4s- 1 4p-opOuTaii. BakaHTHbIe 0pGHTAIH 00PA3YIOT Sp -
TUOpUIHBIE OPOUTAIIH, KOTOPBIE IEPEKPHIBAIOTCS C p-aTOMHBIMU OPOUTAISIMU XJIOPHUI-HOHOB
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34 45" ap’ ad

s + prp+p = sp3 (TeTpasap)
LLJ L1} L1 LLJ
- cr cr cr
IlonydeHHBIi  TakuM  0OpasoM  TeTpasapudeckmii  woHm  [MnCl]*  sBisercs
NMapaMarHUTHBIM, TaK KaK COICPIKUT IATh HECTIAPCHHBIX JICKTPOHOB.

I'mOpuau3zanus opouTaield M CTPYKTYPa KOMILJIEKCOB

[TpuMeHsisi OOBIYHBIA QJITOPUTM TIPEACKA3aHUS THNA THOPUAM3AIUH ATOMHBIX
opouTaneii B paMKax MeETOJa BAJICHTHBIX CBS3€H, MOXKHO OIPEICIIUTh TeOMeTPHI0
KOMILIEKCOB pa3HOro cocraBa. Jljs A3TOro MpexIe BCEro HEOOXOIUMO HaIucarth
AJIEKTPOHHYIO (POPMYITy BaJICHTHOTO YPOBHS M MOCTPOUTH CXEMY pPaCIpE/IEICHNUs SIEKTPOHOB
10 KBaHTOBBIM stueiikam. Hanpumep, 1151 HEHTPaIbHOTO aTOMa HUKEIIS:

N [Ar] 34 47 4p”

34° 45° ap® 4d

AT T LT LT
e sy

[Tepexon 4s-351eKTpOHOB Ha 3d-TIOAYpPOBEHB IPEBpAIlacT MapaMarHUTHbIN aToM Ni’ B
AHAMATHUTHYIO YyacTuiyy Ni*:

Ni* : [Ar] 3¢ 4:° 4p°

34\ 450 4P 40
wlnfrfufn] [a][a]a]a
i E
'
s * prptp = sp(rerparm)

co Co CO CO

[TonyueHnHnble  BakaHTHBIE OpOWTANM  TOJBEPrarOTCS THOpUIU3ANMH, 00paszys
TETPAdIPHUECKYI0 KOHQUTypaiuio. Tak MOCTPOSH TeTpPadApPUUYecKHil JHAMATHUTHBII

komruiekc terpakapbonmimHukens [Ni(CO)s] (KU = 4), KOTOpBIi XapakTepusyeTcs
3HAYUTEIBHOU YCTOMUYHUBOCTBIO.

Ecnu kommiekcoobpazoBatenem ciay)uT Hukenb(Il) ¢ anexkTponHoit koHpuryparueit

[Ar]3d*4s" 4p0, TO HaJOOHOCTP B MTEPEMEIICHUH JJICKTPOHOB C 45-TT0yPOBHS MEPE]T

rubpuan3aIyei oTnanaeT, Tak Kak A peaqu3aliid KOOPAMHAIMOHHOTOo Yicia 4 uMeeTcst
JIOCTAaTOYHOE YHCIIO BAKAHTHBIX OpOUTAIICH:

34 450 4p° 4d°
(A TR I I I S I S S Y
H H H H
s + prptp = o (rerpasgy)

Brr  Br Br Br
Takoe cTpoeHHe HUMEET HEYCTONYMBBIM NAPAMATHUTHBINH KOMIUIEKC
terpabpomonnkenar(Il)-non [NiBry]*. OHaKo npu 00beMHEHIH ABYX SIEKTPOHOB 3d-
MIOJTYPOBHS B TIAPY W MPEBPALICHUN OJJHON M3 KBAaHTOBBIX SYEEK 3TOTO MOTyPOBHS B
BAKaHTHYIO MEHSETCS M TUI F'MOpUIN3aIMH, U XapaKTePUCTHKA IOJIy4aeMOro KOMILIEKca:

11



34 40 4" 4

34 450 —'Ipﬂ 40
RN El Ala

d + s + p+p = dsp®(xeagpar)

(1] . L 1] (1]

CN CN CN CN

2
Tun rubpuansanuu dsp” W TIOCKOKBagpaTHast (opMa KOMIUIEKCA PEaTU3yIOTCs TPH
00pa3oBaHWM YCTOMYMBOTO JAHAMATHMTHOIO KoMIUiekca TeTpanuaHonukenar(ll)-nona
. 2-

[Ni(CN)4]” (KU = 4):

CN CN 2-

K N1 !

s .
! A
r \,

CN CN

Ecnm cuHTE3 1MaHMIHOTO KOMIUIEKCAa BECTH B YCIIOBHUSX H30BITKA JUTaHAA, MOYHO
peanu30BaTh KOOPAUHALMOHHOE YUCIIO 5:
4d°

gpzalninnn[asess

d + s + ptp+p= dp
CN° CN CN CN CN
VCTONHYMBEI AHAMATHHTHBIA KoMmuiekc mnentanpasonukenar(I)-mon  [Ni(CN)s]*

uMmeeT GopMy KBaJpaTHON MUPaMUIBI:

CN 3-
|

N
C‘N// \\\CN
N CN

. . N

Oxrasapuuecknii kommieke Hukemsi(Il) [Ni(H,O)s]*', XoTs M mapamMarHuTeH, HO
JOCTaTOYHO YycToiuuB. Ero oOpa3oBanue 00yCIOBIEHO sp d -TUOpuau3anyeil aTOMHBIX
opOuTaneit HUKEs:

-lpa
A

elofel [e] (o] [afale ke W] [T ]

s + prprp+ d+ d=gpd
LL] L1} L] L1} (1] L1}
HO H0 H,0 H,0 H,0 HO

H
13
N
.

Ecimu B ruOpuamM3anuy yd4acTBYIOT aTOMHBIC OpPOWMTANIM BHEUIHETO d-TIOJyPOBHS,
KOMIUIEKC, KaK TpPaBWJIO, B 3HAYUTEIBHOM CTENICHH MAapaMarHMTeH ¥ Ha3bIBaeTCA
BHEIIHEOPOUTANbHBIM WU BbICOKOCHMHOBBIM. CTpoeHHE TakuX KOMIUIEKCOB MOXET
OTBEYATh THUIy THUOpWAM3ALNHN, HAIPHUMED, sp3d2. Takue xomruiekchl, npu 00pazoBaHUU
KOTOPBIX UMEET MECTO THMOpHIM3aIHMs ¢ y4acTHEM aTOMHBIX OpOWTalied TMpeaBHENIHEro d-
MIOJTyPOBHSI, HA3bIBAIOTCSI BHYTPHOPOMTAJIBHBIMH WM HHU3KOCIHHOBBIMH U, KaK IMPABHIIO
AMAMATHUTHBI WM CJ1a00 mNapaMarHdTHbl (BCE WM TIOYTH BCE  DJICKTPOHBI
KOMILIEKCOOOPA30BaTEs CHIAPEHBI, a THII THOPHIM3AINH, HATpuMep, d-sp° win dsp’). Ipn
paccMoTpeHun komruiekcoB kene3a(ll) oOHapykuBaroTCs W BHEIIHEOPOWTANIBHBIC, H

12



BHYTPUOPOUTAIIbHBIE KOMILJIEKCHI.
Fe’: [Ar] 34 457 4p°
3d° 452 4" 4d0
RO LTI T T

Fe'l: [Ar] 3d° 45° 45°

34 40 40
relraranal’
Ui R

"
s + prprp+ d+ d=spid

F F F F F F

440

EEE

Y

>

Fe'': [Ar] 3d5 45° 45"
4p° 4d°

FTeTs) () Lale (11T

R ~ vy
d+d + =2 '+ p+p+p=d2sp3

CN CN' CN CN CN CN

[IpuBenenHass  cxema  TIOKa3bIBAaeT,  Kak_  oOpa3yloTcs  NMapaMarHMTHbII
BBICOKOCTIHHOBBII Texcapropodpeppar(Il)-non [FeFs]' n amaMarHuTHLBIH HU3KOCTHHOBBIIA
rexcarmanodeppar(ll)-uon [Fe(CN)]*.

Cama mo cebe Teopusi BaJEHTHBIX CBs3ed HE JaeT OTBETa Ha BOMNPOC, KAKOW BHJ
KOMILIEKca 00pa3yercsi B KaXXJIOM KOHKPETHOM ciydae, Tak Kak 3TOT METOJ He yYUTHIBAeT
BIMSHUSA NpuUpoAsl juraHaa. IlosToMy MeTon BaJeHTHBIX CBsi3eH JOJKEH OO0sS3aTeNbHO
JIOTIONTHATHCS JAHHBIMUA O MAarHUTHBIX CBOMCTBAaxX KOMIUIEKCA JIMOO CBEICHHUSIMU O BIIHSHUHU
JWUraHza Ha XapakTep o0pa3yroIIerocss KOMILIEKca.

e

Teopusi KpUCTANIHYECKOTO MOJIS.

B Teopun KpuCTAJUIMUECKOrO MOJSI XMMHMYECKas CBSI3b KOMIUIEKCOOOpa3oBaTellb —
JITAHJl CYUMTAETCA JJEKTPOCTATHYECKOHM. B COOTBETCTBMM C 3TOM TEOpHUEH JUTaH[bI
pacrnoyararoTcst BOKpYT KOMILJIEKCOOOpa30BaTess B BEPIIMHAX MMPABUIBHBIX MHOTOTPAHHUKOB
(moIM3APOB) B BUJIE TOYEUYHBIX 3aps/A0B. PeabHblil 00beM nHranga Teopuell BO BHUMaHue
HE IPUHUMAETCSI.

Jluranael, Kak TOYEYHBIE 3apsAIbl, CO3JAIOT BOKPYT KOMIUIEKCOOOpa30oBaTEINs
JIeKTpPocTaTHYeCKoe moJje (“KpUCTaUTMYecKoe TMojie”, €CIM paccMaTpuBaTh KPUCTAJLT
KOMILJIEKCHOTO COEAMHEHUS, WIM IoJie JIMTAHI0B), B KOTOPOM SHEPreTHUYECKHE YPOBHU
KOMIUIEKCO00pa30oBaTeyisl U MPEXJIE BCETO d-MOAYPOBHH PACHICIUIAIOTCH, U UX SHEprus
U3MEHAETCSA. XapaKTep PacLIEIUICHHUs, YHEPTHsl HOBBIX SHEPreTHYECKUX ypOBHEH 3aBUCUT OT
CHMMETPHUM DACIIOJIOKEHUS JIMTaHI0B ( OKTa3apHUYECKOE, TETpaj’pHuecKoe WIM HHOE
KpucTtamnueckoe mone ). Korma B kadecTBe JIMTaHAOB KOOPAWHUPYIOTCS MoOiekynsl H,O,
NH;, CO u apyrue, ux paccMaTpUBalOT KaK JMIIOJIH, OPUEHTUPOBAHHBIE OTPULATEIbHBIM
3apsI0M K KOMITJIEKCOOOpa30BaTeio.

PaccmotpuM citywait OKTa’IpudecKOro pacrojoKEeHUs JTUTaHA0B (Hampumep, [CoFe]*
15R105 [CO(NH3)6]3+). B 1enTpe okTasapa HaXOAWTCS aTOM-KOMIUIEKCOooOpazoBatenb M(+V) ¢
SJICKTPOHAMH Ha d-aTOMHBIX OpPOWTANIAX, a B €r0 BEPIIMHAX — JIMTAHIbI B BUJE TOYECUHBIX
OTpUIIATENBLHBIX 3apsA70B (Hampumep, MOHbI F~ wim momspHele MoJekynsl Tuma NHjz). B
YCIIOBHOM MOHE M(+V), HE CBS3aHHOM C JIMTaH/IaMH, SHEPTUU BceX MATH d-AQO OIUHAKOBBI
(T.€. aTOMHBIE OpPOUTAIIN BBIPOKAEHHBIE).

OpHako B OKTa3/IpUueCcKOM IoJie JuranioB d-AQO xomiekcooOpa3oBaTess MonajamT B
HepaBHOLEHHOE TIOJIOKeHHe. AToMHbIe opbutamd d(z°) u d(x’— y*), BBITSHYTHIE BIOJIb Oceil
KOOpAMHAT, OJMMKE BCEro MOAXOMAAT K JUraHaaM. Mexay 3TUMH OpOUTaIsIMU U JIMTaHAaMU,
HaXOJIAIIMMHUCS B BEPIIMHAX OKTad/Ipa, BO3HUKAIOT 3HAYUTEIHHBIC CHJIbI OTTAJKUBAHMS,
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NPUBOAINE K YBEITHUCHHUIO SHEPTHH opOuTaneil. lHadue roBopsi, JaHHBIE aTOMHBIE OpOUTAIH
MOJIBEPTAIOTCSI MAKCHMMAJIbHOMY BO3JEHCTBHIO MOJS JHUraHaoB. PU3NUECKON MOIEIbIO
TaKOr0 B3aMMOJEHCTBHSI MOJKET CIIY’KUTh CUJIBHO CKaTasl Py KUHA.

0. ® @ xorsmnekcoodpaszoBarens
@ mrann
- AToMHbie opoHTAIH
<@ y

dzyn d (xz—y])

z

Hpyrue tpu d-AO — d(xy), d(xz) u d(yz), pacnoyio)KeHHbIE MEXKIY OCSIMU KOOpPAMHAT U
MEXTy JINTaHIaMH1, HaXOIATCs Ha 00Jiee 3HAYUTESIILHOM PAaCCTOSIHUM OT HUX. B3anmoiericTBre
Takux d-AQO ¢ nTuraHgaMu MUHUMAJBHO, a CJIe0BATeNbHO — dHeprus d(xy), d(xz) u d(yz)-AO
MTOHIKAETCS TI0 CPABHEHHIO C MCXOTHOM.

] KOMITIEKC000pAa30BaTeNh

THraHg
, @

ATonHan opouTamm 4(xy)

Taxum 06pa3oM, NATHKPATHO BBIPOKACHHBIE d-AO KOMILIEKCO0Opa3oBaTes, momnasjas B
OKTajApuuecKoe ToJjie JUTAHA0B, TOIBEPrafOTCsS PACHIENUIEHHI0 Ha JIBE TPYIIBI HOBBIX
opOuTaneil — TpeXKPaTHO BBIPO:KIEHHbIE opOuTaNu ¢ O6oyee HU3KOM dHEpruei, d(xy), d(xz)
u d(yz), © ABYKPAaTHO BBIPOXKJAeHHbIe OpOuTaau ¢ Oojee BBICOKOW JHepruei, d(z°) u
d(xz—yz). OTU HOBBIE TPYMIBI d-opOuTaneii ¢ 00Jiee HU3KOI U 0ojiee BLICOKOI IHeprueit
0003HavaoT de U dy:

35 A

ST

JI71st TeTpa’ApuUecKoro OKpyKEHHUsI KapTHHA paciieruieHns OyaeT oopaTHoii. B atom
ciydae HanOonee Onu3ku kK nurangam d(xy), d(xz) u d(yz) opburtamu. CrnenoBaTenbHO, 3TU
3JIEKTPOHBI UCTIBITHIBAIOT GOJIBIIIEE MIEKTPOCTATHIECKOE OTTaNKiBanue, yeM d(z”) n d(x*-y?)
aneKTpoHsbl. [loaromy d(z%) u d(x*-y?) opGuTany 061aga0T HU3KOA, a opbuTank d(xy), d(xz)
u d(yz) 6omee BeicOKOM sHeprue. [ TeTpasapudeckoro okpyxenus A coctasisieT 4/9 A
OKTa’IpU4eCcKOro OKpYKeHUS (Arerp =4/9Aokr.).

Pa3HocTh 3Hepruii 1ByX HOBBIX MOJYPOBHEH de W dy moNy4ynia Ha3BaHHWE MapaMeTpa
pacuenieHus Ag: E,—E =\

Crenuguka Kaxa0ro W3 JMTaHIOB CKa3bIBA€TCA B TOM, KAaKO€ IOJI€ JAaHHBIM JIUTaH]
CO37acT — CHJIbHOE UIH cjJadoe. UeM cuiibHee moJie JIMTaHJIOB, YeM O00JIbIE 3HAYCHHUC
napaMerpa pacuenjieHusi Ao. M3ydyenne napamerpa paciieruieHus], Kak IpaBUIO, OCHOBAaHO
Ha CHEKTPOCKONMUYECKHMX HCCIeAoBaHUAX. B crerpockonuu MOpUHATO XapaKTepu3oBaTh
UCITyCKaeMblii aTOMOM CHEKTp WJIM JJMHOM BOJHBI A, WM BEIMYMHOW, OOpaTHOW JUIMHE
BOJIHBI, Ha3bIBAEMBIM BOJTHOBBIM YHCIIOM Vo ( HE yTaTh C YaCTOTOM KOICOaHH V).

JUIMHBI BOJIH MOJIOC MOTJIOLIEHUs] KOMIUIEKCOB A B KPUCTAJNIMYECKOM COCTOSIHUU WUJTU B
pacTtBope, 00yCIIOBJICHHBIE MTEPEXOIOM 3JIEKTPOHOB C de- Ha dy-AQ, CBsI3aHBI C MapaMeTPOM
(3Heprueii) pacuenieHus Ay cieayrmuM o0pa3om:
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V=

x| =

Y No=Er—Er=hxv=hx(c/N)=hxexvo,
C

rae nocrosinHas [lnanka 4 paBHa 6,626 x 107 Jix " c; CKOPOCTBb CBETa ¢ = 3 X 10" em/e.
Takum oOpasoM, mapamerp (3HEprusi) pacuieruieHust Ay MOXET U3MEpPAThCS HE TOJBKO B
K J[>K/MOJIb, HO M KaK M BOJIHOBOE 4rciIo B M i eM (1 M'=0,11972 kJIx/Moib).

ITapameTp pacumenjieHusi, IOMUMO THUIA JUTAHIA, 3aBUCUT OT CTeNeHH OKHMCJIEHHUS U
npupoabl  KoMmIulekcooOpa3oBaTens. B KOMIUIEKCHBIX  COEAMHEHMSX, BKIIOYAIOIIMX
KOMILIEKCO00pa30BaTeI OAHOTO U TOTO K€ MEPHO/ia U B OJJUHAKOBOM CTETIEHU OKHCIICHHS, C
OIHUMHU U TE€MH K€ JIMTaHJaMHU, MapaMeTp paclleIuieHUus MpUMEpHO onuHakoB. C pocTom
CTETIEHU OKHCJICHUS KOMIUIEKCOOOpa3oBarens 3HaYeHHe A¢ yBeJuuyuBaercsi. Tak, s
akBakommuiekcos  [Mn(H,O)s]*" u [Fe(H,0)s]*" s3HaueHme mapamerpa pacIieILICHHs
cocrasiasier 7800 u 10400 cm ', a mus [Mn(H20)6]*" u [Fe(H,0)s]*" — 13700 u 21000 cm™
COOTBETCTBEHHO.

[Ipu yBeqmyeHMHM 3apsijia siApa aToMa-KOMIUIEKCooOpas3oBaTenss Ay TOXe pacTer.
Karnoust rexcaammuuko6ansta(lll) [Co(NH;)s]*", rexcaammuupomus(Ill) [Rh(NHs)e]*",
rexcaammuaupuus(111) [Ir(NH3)]*" (Z = 27, 45 u 77) XapaKTEepU3yIOTCA MapaMeTpaMu
pacmeruienusi, paBabiMu 22900, 34100 1 41000 em™.

3aBucuMOCT, A¢ OT TPHUPOIBl JIMTAaHAOB Oojee pa3zHooOpa3sHa. B  pesynbrare
UCCJIETOBAaHUSI MHOTOUYMCIICHHBIX KOMIUIEKCHBIX COEIMHEHMH ObUIO yCTaHOBJEHO, YTO II0
CHOCOOHOCTH YBEJIMUYMBATh IapaMeTp pacIICIUICHUs MeETaJUIOB-KOMIUIEKCOOOpa3oBaTenei,
HaXOJSIIMUXCS B CBOMX OOBIYHBIX CTEMEHSAX OKHUCIICHUS, Haubojiee pacnpoCTpaHEHHbIE
JUTaHbl MOYKHO PACIOJOXKHUTh B CICAYIOIUI CNEKTPOXUMHMYECKUH PSA/I, BIOJIb KOTOPOTO
3HaYeHHe Ay MOHOTOHHO PacTeT:

I’ <Br <CI'*NCS <<NO3; <F <OH <H,O~H <NH3;<NO, <CN ~NO = CO.

Takum  oOpazom, Haumboiee CHUJIBHOE  SJIEKTPOCTATHYECKOE  TOJE  BOKPYT
KOMILJIEKCOOOpa3oBaTesisi ¥ caMoe CujibHOe pacmierienne d-AQO BbI3BIBAIOT JIUTAH/IbI
NO,, CN u CO.

Paccmotpum pacnpenenieHre 3IE€KTPOHOB O de- U dy-OpOUTAISIM B OKTadIPUYECKOM
MoJIe JIMTaHAOB. 3aceleHue de- W dy-opOUTANe MPOUCXOIUT B TOJHOM COOTBETCTBHH C
npaBwioM I'ynaa v npunuunom Ilaymu. [Ipu sTomM He3aBHCHMO OT 3Hau€HUs MapameTpa
pacIIerieHusI IEPBBIE TPH AIEKTPOHA 3aHIUMAIOT KBAHTOBBIC TYCHKH dE-TTOypOBHS:

-~ OO 4 OO 5,00
ROOONOO OO0,

-1

d' d? d’

Ecnu 4ncio >mekTpoHOB Ha d-MOMYypOBHE KOMIUIEKCOOOpazoBaTensi OOJbIIe Tpex, AJs
PasSMCIICHHUA UX 10 PACHICIITICHHBIM ITOAYPOBHAM MOABJISICTCA ABE BO3MOKHOCTH. HpI/I HU3KOM
3HAUEHUU MapaMmeTpa pacuierieHus: (cnaboe Monie JUraHAoB) SJIEKTPOHBI MPEOJ0JIEBAIOT
SHEPTreTUYECKU Oapbep, pa3Aeigionil de- U dy-opOuTanu; 4eTBEPTHI, a 3aTEM W MATHIN
JJIEKTPOHBI 3aCENSIIOT KBAaHTOBbIE sS4YEHKU dy-moaypoBHA. llpu cuibHOM TMolie JIMTaHIIOB U
BBICOKOM 3HAU€HHUU A( 3aceleHHue YEeTBEPThIM M TMSATBIM DIEKTPOHOM  dy-TIOTypOBHS
UCKJTIOYCHO; TPOUCXOUT 3aMOTHEHHE dE-0pOUTANICH.

TOOEFEOO,
Caaboe nome
HO OO

COCTOHHIC
d’ d-

IIpu cnabom moJie JIMTaHIO0B 3aCEISIOLINE KBAHTOBBIE AYEHKU 4 WIM 5 DIIEKTPOHOB
MMEIOT MNapaJjllelbHble CIHHUHbI, IO3TOMY IIOJIy4aeMblii KOMIUIEKC OKAa3bIBA€TCS CHIIBHO
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mapaMmarHuTecH. B cuibHOM moJie JIUTaHI0B 06pa3y10TcsI OaHa, a 3aTEM IABC 3JICKTPOHHLIC
Iapbl Ha dS—HO,[[ypOBHe, TaK 4TO NapaMarHeTu3M KOMIIJICKCa OKa3bIBA€TCA ropasao ciabee.

CHasHoe moae
COCTOAHIC dE dﬁ
d* d’

[lectoi, ceapMOil 1 BOCBMO JIEKTPOHBI B CIydae CIa0doro MoJjisi OKa3bIBAIOTCS CHOBA
Ha de-TIolypOBHE, TOTIOIHAS KOH(PHUTYpaIMH 710 JIEKTPOHHBIX Nap (OAHOI B ciydae &, JIBYX —

d’ v tpex — d):
dy @XD dy dy 0
i i OO
d-f-

d’ d°
B cnydae cuiapHOTO MOJS JIMTAHIOB IIECTOM 3JIEKTPOH 3acensieT de-AO, mpuBOAS K
AHAMATHETU3MY KOMILIEKCa, TIOCe Yero CebMOM U BOCBMOM 3JIEKTPOHBI MOCTYHAIOT Ha dy-

0]y POBEHB:
dy (I) dy @ dy @@
& PO O®®

dﬁ

d? dS
OI‘ICBI/IHHO, HpI/I BOCLMHBJIGKTpOHHOﬁ KOH(bI/IpraI_[I/II/I pa3J1H'lHH B CTpoeHHH Me)KIIy

KOMIIZICKCaMH C JIMI'aHAaMH ¢J1a00ro u CHJIBHOIO MOJISI MCYe3al0T. 3acelicHue Op6I/ITaJ'IeI7I
ACBATBIM U ACCATBIM 3JICKTPOHOM TAKIKE HC pa3JINYaCTCA IJIs1 KOMIIJICKCOB 000X THUIIOB:

D O
CrasHoe 1 ctaboe
ToJe AHr RHN 0B de d&
dg

d!El
BepHemcs K paCCMOTPEHHIO 3JIEKTPOHHOIO CTPOCHHS OKTa’APHUYECKUX KOMILIEKCHBIX
: -
HMOHOB [Co(NH3)6]3 1 [CoF¢]>". B cooTBercTBuy ¢ pacmoiOKEHUEM B CIIEKTPOXUMHYECKOM
psny, ammuak NH3; OTHOCHTCS K YHCIy JIMTaHIOB CHJIBHOrO moJisi, a ¢gropun-mon F —
ciaadoro mojs. CrenoBaTenbHO, 3aCEICHUE 3JEKTPOHAMHU AaTOMHBIX OpOHUTajed B JaHHBIX

KOMITIEKCaxX OyIeT MMPOUCXOAMT IO CXEME:
r 3

E

[CoF,F-, 348
— T T[T T T

GO O—

de

B anmone [C0F6]3_ murangel F- cozpator cmaboe kpucraminyeckoe mone (A o = 13000
cM '), ¥ BCe DIIEKTPOHBI HCXOIHOM 3d°-AQ pasMemaroTcs Ha de- i dy-0pOouTasix 6e3 Kakoro-
6o crmapuBaHus. KOMITJICKCHBI WOH SIBISETCS BBICOKOCHHUHOBBLIM U COICPKHUT YCTHIPE
HECTIapEHHBIX AJIEKTPOHA, TOSTOMY OH MAPAMATHUTEH.
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e OO !

[Co(NH,)P*. 34° hg = 22900 car!
N

de N

B none [CO(NH3)6]3+ muranasl NHz co3naloT cuiibHOE KpHcTalIMdeckoe moie (Ag =
22900 cm '), Bce 3d’-3eKTPOHBI pa3MEIIAIOTCS HA GOJNee SHEPreTHHeCKH BBITOXHOM de-
opourtanu. Ilepexom HIEKTPOHOB C de- HaA dy-OpOMTAIM HEBO3MOMKEH W3-32 CIUIIKOM
BBICOKOI0 JHepreTudeckoro dapnepa. [losToMy AaHHBIN KOMIUIEKCHBIN KAaTHOH SIBIISIETCS
HHU3KOCIMHMHOBBIM, OH HE COJICP)KUT HECITAPCHHBIX JICKTPOHOB M JUAMATHHUTEH.

AHaJIOTHYHBIM 00pa30M MOTYT OBITh MPECTABIICHBI CXEMBI PACIIPEICICHUS YICKTPOHOB
+ —
M0 OpOUTANIAM B OKTadAPUUYECKOM II0JIE AJI1 HOHOB [Fe(H,0)6]*" 1 [Fe(CN)]*:

A
E
[Fe(H,0)s ", 34

mmm PYY N RN RN

[ Y

[Fe(CN)g]*. 34° / g = 33000 em™!

SN O I A
m

Jluranasr H,O co3naroT ciraboe mosie; 0OMeH 3JIeKTPOHAMH MEXAY de- U dy-opOuTansiMu
HE BBI3BIBAET 3aTPYAHEHUN U MOTOMY YKCIIO HECTIAPEHHBIX 3JIEKTPOHOB B KOMILJIEKCHOM HOHE
TaKO€ ke, KaKk U B YCJIOBHOM HOHE Fe™'. [Tony4aemblil aKBaKOMILJIEKC — BHICOKOCIIUHOBBIH,
napaMarHuTHBIN.
HaobGoport, nmuranaer CN™ BbI3BIBAIOT 3HauuTENbHOE pacuierienne d-AO, cocTaBisiomiee
33000 cm . Dro 3HAYUT, YTO CYILIECTBYET CHJIbHAS TEHACHUMS K pa3MeELleHHI0 Bcex
IJIeKTPOHOB Ha de-opOuTaNsaX. BBIUIPHIII IHEPTHH, TONyYaeMbIi TIPU TaKOM 3aCEJICHUU
opOuTasneii, MHOTO OOJIbIlIE SHEPreTHUYECKUX 3aTpaT, OOYCIIOBJICHHBIX CHapUBaHUEM
3JIEKTPOHOB.

IIBeTHOCTH KOMILIEKCHBIX COEMHEHU

MHorve KOMIUIEKCHBIE COEIMHEHNS B KPUCTAIUIMYECKOM COCTOSSHUM M BOJHOM pacTBOPE
OTJIMYAIOTCS SIPKOM OKpackoul. Tak, BOAHBIM pacTBOp, COAEPKAIIUNA KATUOHBI [Cu(NH3)4]2+,
OKpAIIEeH B MHTEHCHBHO chHMiT Bet, Katnons! [Ti(H20)s]’ npuaator pactBopy droneToByro
OKpacKy, a KaTHOHBI [Co(NH;)sH,01*" — KpacHyro. Teopus KpHUCTAIUIMYECKOIO IO
NO3BOJISIET OOBSICHUTH MOSBJICHUE TOM MM UHOW OKPACKU Y KOMIUIEKCHBIX COCTUHEHUH.

Ecnu dyepe3 pacTBop WM KPHUCTALIMYECKHH OOpasell BellecTBa IPOIYCKAaTh CBET
BH/UMOI YaCTH CNIEKTPA, TO B IPUHIIMIIE BO3MOXKHBI TPU BapHaHTa (PU3MUECKOT0 OBEICHUS
o0Opa3ua: OTCYTCTBHe MOIJIOIIEHUs] cBeTa 000 UIMHBI BOJIHBI (OOpaser BelecTBa
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O0ecuBeTeH, XOTSA MOXET HMETh IMOJIOCHI TOTJIOMEHHS B YJIbTPa(UOIETOBOH 0ONaCTH
CIIEKTpa); MOJIHOE TNOIJIOIIeHHe CBeTa BO BCEM HHTepBaie JUIMH BoJIH (oOpasen Oyner
Ka3aThCsl YePHbIM); HAKOHEI, MOIJIOLIeHHe CBETA TOJHKO OMNpeAesIeHHOH IJUHBI BOJHBI
(Torma obpazer; OyJeT UMeTh BT, AONMOJHHUTEIbHbI K MOIJIOIEHHOMY Y3KOMY y4YacTKy
criektpa). Takum 0Opas3oM, BET pacTBOpa WIIM KPUCTAIJIOB OINPEIEISeTCs] YaCTOTOM I10J10¢
NOIVIOIEeHHs] BUJIUMOIO CBETa:

JlauHa BOJIH, HM CrnekTpajbHbIH IIBET JlonoJTHUTEbHBIA IBET
400-435 DHONETOBKIN 3e1eHOBaTO-KENTHIN
435-480 Cunnit Kénterit
480-490 3eJ1eH0BaTO-CUHUI OpaHxeBbIil
490-500 CuHe-3eEHbIN KpaCHBII
500-560 3enéHblii [lypnypHblit
560-580 JKEnro-3enéHprit ®dunoJIeTOBEIN
580-595 Kenteii Cunnii
595-605 OpaHxeBblii 3eJIeHOBaTO-CUHUN
605-730 Kpacubiit CUHE-3€JIEHBIN
730-760 Ty pIypPHBII 3eJIEHBIN

[Tornomenne KBaHTOB CBETa KOMIUIEKCAMHU (HAmpuMep, UMEIOIIMMHU OKTa3apHUyYecKoe
CTpOeHHUE) OOBSICHIETCS B3aUMOJCHCTBHEM CBETa C 3JEKTPOHAMH, HAXOAAIIUMHCA Ha de-
[OJTypOBHE, COITPOBOXK/IAEMOE UX MEPEXO00M Ha BaKaHTHbIE OpOUTAIIN dy-TIOypOBHSI.

Hamnpumep, mpu npomyckaHuu cBeTa 4epe3 BOJHBIM PacTBOP, COJAEPKALIMA KaTHOHBI
rexcaaxsarurana(Ill) [Ti(H,0)s]’", oOHapyKHBaeTcs Mmomoca IOTTIONMEHHS CBETA B JKEITO-
3eJIeHOM O00JIaCTH  CIIeKTpa. OTO CBA3aHO C IEPEXOJOM EJUHCTBEHHOI'O 3JIEKTPOHA
KoMIuiekcooopazoBatens ¢ de-AO Ha dy-ioIypOBEHb:

“E

[Ti(H,0),P*, 34" Ay = 20300 car!

de

[ostomy pactBop, comepxkamuii [Ti(H,0)]’", mpuoGperaer dromeToBEIi IBET
(IOTOJTHUTENBHBIN K MOTJIOMEHHOMY JKEITO-3€JICHOMY ).

PactBop comu Banamms [V(H,O)6]Cls; umeer 3enenslii BET. DTO TakXe OO0YCIIOBIEHO
COOTBETCTBYIOIIMMHU TMEPEX0JaMU JJIEKTPOHOB TPHU TMOTJIOMEHUH HMH 4YacTH SHEPTUU
CBETOBOTO Jiydya. B OCHOBHOM COCTOSTHUU, TIPH AJIEKTPOHHOM KoHpurypamuu Banaausi(111) 34,
JIBA HECTIAPEHHBIX JIEKTPOHA 3aHUMAIOT de-TTOIyPOBEHb:

JiE

[V(H,0)F", 34
— | T | T

-

\.o.— ‘

ds

CymiecTByeT BCEro ABa BapHAHTA Iepexoja JABYX 3JeKTPOHOB Ha dy-TIOAYypOBEHB:
1100 00a 31eKTpoHa 3aHUMaroT dy-AQO, MO0 TONBKO OAUH U3 HUX. JIF0ObIe Ipyrue nepexoabl
9JIEKTPOHOB,  CBA3aHHBIE C  yMEHBIICHHEM  CYMMapHOrO  CIMHA,  3alpemieHbl.

18



VYkazaHHBIM TIEpEX0JaM 3JEKTPOHOB, MOJYUYHBIIUX H30BITOYHYIO DHEPTUIO, COOTBETCTBYET
nojoca morJjomeHuss okono 400 HM B CHEKTpe TMOIJIOLIEHHUS pacTBOpa XJOpuia
rexcaakBaBanamusi(I111). Ilormomenne mypmypHO-pHoNEeTOBOM 007acTH CHEKTpa JaeT
JIOTIOJTHUTENBHBIHN LIBET paCTBOPA — SIPKO-3eJ1eHbIii.

EcH KOMIIIEKCOOOPa30BaTElh UMEET 3MEKTPOHHYI0 KoH(uryparmio d° wm d'’, To
nepexo/ibl IEKTPOHOB C de- Ha dy-TIOAYPOBEHb WIM HA00OPOT HEBO3MOKHBI JTMOO M3-3a
OTCYTCTBHMA JJIeKTPOHOB, OO WU3-32 OTCYTCTBUS BaKaHTHBLIX opoOuTaneii. IlosTomy
pacTBOpPBl KOMILIEKCOB € TakUMH KomiuiekcooOpaszoBatemsmu, kak Sc(IIl), Cu(I), Zn(ID),
Cd(II) u 1.11., HE TIOTJIONIAIOT PHEPTUU B BUIUMON YaCTH CIIEKTPA U KAXKYTCS 0eCHBETHBIMMU:

3

E dy A
[Se(H,0),F*, 37 2o
ds
¥ | F dy -
[Zn(H,0),F*, 34'° 8
R R AR AR
“EEO—
ds

N36mpaTensHOCTh MOTJIONMICHHS CBETA 3aBUCHT HE TOJIBKO OT KOMILIEKC000pa3oBaTeist
U CTeNmeHH ero OKHCJIEeHHMs, HO W OT BHJAA JHUraHmaoB. [Ipu 3amMeHe B KOMIUIEKCHOM
COCIMHEHUH JIMTAHJOB, HAXOMAALIMXCS B JIEBOH YaCTH CIIEKTPOXMMHYECKOTO psiia, Ha
JIMTaH/IbI, CO3JIAI0NINE CHIIbHOE DICKTPOCTATUYECKOE I0JIe, HAOII0JacTCs yBeJIudeHne 1071
DHEPTUH, TOTJIOMAEMON JJIEKTPOHAMH U3 TMPOXOMISIIETO CBETa M Kak CIEJCTBUE —
yMeHbIIIeHHe JUTHHBI BOJHBI COOTBETCTBYIOIICH MOJIOCH TIOTJIONICHHS. Tak, BOJHBINA pacTBOp,
comepxamuii karnousl Terpaaksamenu(I) [Cu(H,0)4]>", okpamen B roxy6oif 1BET, a pacTBOP
cynbeara Terpaammuamenu(1l) [Cu(NH3)4]*" MMeeT HHTEHCHBHO CHHIOIO OKpacky.

HOPUMEPHI TECTOB JUISA TPOBEPKYW 3HAHUI

Tect Nel
1. Dueprus pacumensieHusi 00JblIe I KOMILJIEKCO00pa3oBaTeJieil, colepKalux.. .

1) 3d-smexTpoHsl
2) 4d- >nexTpoHbI
3) 5d- anexTpoHsI
4) 6d- 57eKTpOHBI
5) sHeprus paculeruieHus Uil BcexX KoMILIekcooOpa3oBaTenel, cogepxamux d
AJICKTPOHBI, OJINHAKOBA.
2. Kakue u3 nepeyncjeHHbIX KOMILIEKCHBIX HOHOB MapPaMATHUTHBI?

1. [IrCI]* 2. [PtCI* 3. [Co (NH:3)s’" 4. [Fe(H,0)e]*"

1) 173747
2) 2,34,
3) 1,2,3.
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4) 1,24.
5) Bce mapamarHuTHBI
3. Kakoe koMIJIEKCHOe cOeIMHEHNE SIBJISIETCH MPOAYKTOM peakuuu?
1Zn(OH),+NH4OH 56—
KakoBo ero HomeHKJIaTypHOe HA3BaHue?
1) (NHa)2[Zn(OH)4]-TeTparuapokcouuskart (I1) ammonust
2) [Zn (NH3)4](OH),-runpokcun tetpaamunimaka (1)
3) [Zn(H;0)4](OH),-runpoxcun tetpaakBoruuka (II)
4) [Zn(NHs3)2(OH),]-muamunauruapokcounsk (II)
5) Takas peakmus HEBO3MOXHa, T.K. Zn(OH), TpyaHOpacTBOpuMOe COeIUHEHNE
4. Kakoii n3 JaHHBIX KOMILUIEKCHBIX HOHOB 0o0Jiee YCTOMYUB M NoYemMy?
1. [Fe (CN)¢]* 2. [FeFe]*"

1) 1. T.K. pa3Mep Iuranjga MeHblle

2) 2. T.K. 00pa3yloTcs MPOYHBIE CBSI3M 3a CUET BHYTPUOPOUTAIBHOW TI'MOpUAM3aLUU
aTOMHBIX OpOHTasei

3) 2. T.K. pa3Mep JUTraH]a MEHbILIE

4) 1. T1.k. oOpasytorcs Ooyiee TpOYHBIE CBSI3W 32 CUYET BHYTPHOPOUTATHHOMN
ruOpuan3aly aTOMHBIX opOuTanen

5) peaknuOHHBIE CIOCOOHOCTH KOMILIEKCOB OJIM3KH

5. Kakoii 00bém 4M BoaHOro pactBopa ammmaka Haao ao6aButh k 0,717 r. AgCl,
4TO6BI MOJHOCTHIO PACTBOPHTH 0CAMOK. BHIUMC/INTE KOHIEHTPANMIO HOHOB Ag' B
KkoHeunoM pactBope. K, nonos [Ag(NH;),]" pasna 6,8-10°°.

1) 125m1  1,6:10°
2) 2,5m1  3,2:107
3) 5 M 7,410
4) 25m1  8,5-10°
5) 125m1  4,7-107

Tect Ne2.

1. HauOoablee pacuienyieHue o JHePrum BbI3bIBAKOT:
1) murasapl Majbie 10 00bEMY
2) nuraHabl 6onbiIre M0 00BEMY
3) nura"nsl ¢ GOIBIIUM MOJIIOKUTEIHHBIM 3aPSAOM
4) Bepnbl 1 u 3
5) BepHBI 2 U 3
2. Kaxosbl Tun rudpuausannu A-O Co u Zn 1 CTPYKTYpa CJeayIINX KOMINIEKCHBIX
nonoB: [Co(NH:3)e]*" u [Zn(NH;)s]*
1) d’sp® oxraszp, dsp” kBagpar
2) sp’d® okraszp, sp® Terpasap
3) d’sp’ okTasmp, sp° TeTpadap
4) dsp” kBazpar, dsp® kBagpar
5) sp’ Terpasap, sp° d* okrasap
3. TI'le npUMEeHSIOT KOMILIEKCHbIE COeINHEHN s ?
1) B aHATUTHYECKON XUMHH
2) B Ka4eCTBE CTUMYJATOPOB OMOXMMHUYECKUX MPOIIECCOB
3) mus ycTpaHeHHs KECTKOCTH BOIBI
4) U1 OMyYeHHUs METAJUIOB BBICOKON CTETIEHH YUCTOTHI
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5) Bce OTBETHI BEPHBI

4. Kakoe KOMILIEKCHOe COeJHHEHHE TIOJYYHTCS B  pe3yJbTaTe peakiuu

CO(OH)2+NH3+NH4C1—>
1) [Co(NHj3)6]Cl, xnopua terpaamunkobanbta (11)
2) [Co(NHj3)s]Cl; xnopun Terpaamuakodansta (I11)
3) [Co(NHj3)eCls] rpuamunaTpuxmopokodanst (111)
4) (NH4)4[CoClg] rexcaxmopoxobanst(Il) ammonmst
5) Takas peakuus He IpUBEIET K 00Pa30BaHUIO KOMILIEKCHOTO COSTUHEHHS

5. Bbluncaute Konnentpanuio Ag B 0,01M pacteope [Ag(NH3):]NOj;, KoTopbIii

Copep:xur 1 moab NH3 B u30bITKe. K;; KOMIZIEKCHOT0 HOHA paBHA 6,8-10'8.

1) 1,3-10"
2) 2,7-10*
3) 6,810
4) 4,5:107

Tect Ne3.

1.

s pacTBoOpa HEKOTOPOro KOMIIJIEKCHOI0 COCIWHCHUS HOHDbI cepeﬁpa 0CaXKAAI0T

TOJBbKO TPH XJIOPHA-UOHA. M3 3Toro ciaeayer, uTro (])opMy.na KOMII. COCIMHCHUSA :

1) [Pt(NH;3)4CL]Cl,
2) [Pt(NH;);Cl5]Cl
3) [Pt(NH;)sCIICls
4) [Pt(NH;3)6]Cls
5) K[Pt(NH;)Cls]

Kakwue u3 NEePEIYNCICHHBIX KOMIIJICKCHBIX COEIII/IHBHI/Iﬁ ABJAKOTCH JTMAMArHUTHbBIMU

1) K;3[CoFg]
2) Na[AgCl;]
3) Ks[Co(CN)¢]
4) 2u3

5) 1u3

o +
KakoBa cTpykTypa u TN ru0puan3aniu aTOMHBIX OpOuTAaJieli HOHA Co’" B anuone
rexcanuanokodaabTa (II1), ecivd 3T0 HU3KOCIMHOBBIH THAMATHUTHBIA KOMILJIEKC?

1) xBagpar dsp’
2) mupamuza sp’
3) okrasap d’sp’
4) Terpasup sp
5) oxrasap sp>d’

B o0pa3oBaHuM JOHOPHO-AKIENTOPHBIX CBA3El B KOMIJIEKCHBIX COeIUHEHUSAX MOTYT
y4acTBOBATh:

1) TonBKO S-opOuTanu

2) TONBKO p-OopOuTaIU

3) TONBKO S- ¥ p-OpOUTAITH
4) us-u p- u d-opbutanu
5) TombKO p- 1 d-opOuTaNH

KoncTanTa HeCTONKOCTH KOMIIJIEKCHOTO MOHA [Cd(CN)4]2' paBHa 1,4-10'17.
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BoiunciinTe KOHIEHTPALMIO HOHOB Cd* B 0,1M pactBope K>[Cd(CN)4].
1) 0,543-107 M
2) 1,45:10*M
3) 2,37-10"M
4) 0,687-10"' M
5) 0,887-10" M

Tect Ne4.

1. Koopauuamuonnoe umcio aasi Cr’* B KOMILUIEKCHBIX COeHHEHUSX:
1) TOCTOSIHHO M paBHO 6
2) TOCTOSIHHO U paBHO 4
3) MOCTOSIHHO W paBHO 2
4) wmoxeT ObITh 6 1 4
5) Moxer ObITh 6,4 1 2

2. Kakyw u3oMepuio nposiBasT KomiiekcHble coequHeHusi: [Cu(NHz)4][PtCly] wun
[Pt(NH3)4] [CuCly].
1) reomerpuueckas
2) KOOpAWHAIIMOHHAS
3) ruapaTtHas
4) WOHU3AIMOHHAS
5) HeT BEpHOro OTBETA

3. M3seecrno: K, [Cu(NH3)4*'=5-10"", K, [Cu(CN)4*=5-10",
K, [Zn(NH3)4*"=3,5-10-10", K,, [Zn(CN),4]*=2-10""".
U3 sToro cnenyer:

1) mo othHomenuto K wuoHam CN  Menp 3HauuTENbHO Oojee  CHUJIBHBIN
KOMILIEKCOOOpa30BaTEIb

2) mo otHomeHnr0 K woHaM CN°  IIMHK 3HAYUTEIBRHO OOJiee  CHUJIBbHBIN
KOMILIEKCO0Opa3oBaTeb

3) HOHBI IMHKAa U MU IO OTHOHICHUIO K MOJICKYJIC aMMHAKa MPOABJIAIOT Pa3IMYHYIO
CKJIOHHOCTb K UX KOOpJAWHAlINKU

4) [Cu(CN)4]* menee ycroituus, gem [Zn(NHs),]*
5) [Cu(NH3)4]*" 6omee yeroitaus, uem [Zn(CN)4]*

4. C 4eM cBsi3aHa BbICOKas ycToiiunBocth [Ni(CN)4]>.

1) Ni B cTeneHu oKUCIeHUs +2

2) 3apsn voHa 2-

3) BHyTpeHHeii dsp” — ruGpuIM3aLHCi
4) BHemHeii sp d*-rubpunu3ammeii

5) wuoH [Ni(CN)4]* Heycroiiuus

5. Umeem 0,05M pactBop K;[Cd(CN)4g ¢ 0,1 moap KCN. KakoBa no/xHa ObITh
KOHLIEHTPalUsd HOHOB s* 1Jis1 o0pa3zoBanus ocaaka CdS?

P=3,610", K,[Cd(CN)s]*=1,4-10""
1) 2,6:10"
2) 0,38107"
3) 3,1-10%
4) 6.6:10"°
5) 51077
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Tect Nes.

1. B kakuXx U3 nepevyucjJeHHbIX KOMILJI. HOHOB ATOMHbIE OPOUTAJIN
KOMILIEKCO00PA30BaTe sl HAXOAATCS B SP d>-rHGPHIHOM COCTOSIHHH:
1) [Co(NH3)s]™"
2) [Zn(H:0)e]*"
3) [FeCL]*
4) [P{CN)I”
5) [Zn(NH;),]”

2. Kakoii KOMIIEKCHBII HOH He MMeeT OKPACKU:
1) [Ti(H,0)e]*"
2) [Co(NH3)e]*"
3) [Cr(H,0)e]™
4) [Fe(CN)gl™
5) [Ag(CN)J

3. Mexay A-TeTp. 1 A-OKT. HMeeTCs COOTHOLLICHHUE:
1) A-terp=2/3A-okT
2) A-tetp=A-oKT
3) A-tetp=4/9A-okT
4) A-oxt=2/3A-TeTp
5) A-oxt=4/9A-TeTp
( TeTp.-TeTpa’ApuuecKasi, OKT.-OKTadJpuyecKas , A-d3Heprus paclleruieHns)

4. Omnpeneaunrte cTeneHb OKUCJEHHS U KOOPIAMHANMOHHOE YHCJI0 LEHTPAJILHOr0 MOHA
ciaeayromux koMmiuiekcHbIx coennHenuii: K[Rh(NH3),Cly] n [Cr(C,04)(NH3)4]NOs.

1) +2-4 -1-4
2) +3-6 +3-6
3) 34 +1-1
4) +5-7 -3-7
5) 42 +3-5

5. Ckoabko rpamm NaCl nHeoOxomumo nodasuts B 0,5 1 0,5 M pactBopa K[Ag(CN),],

4TOGBI MOJIYYHTH 0CAT0K XJI0pHaa cepedpa. K, [Ag(CN),|=1-10",
HP(AgCl)=1,6'10'1°, 0o0e oM B pacTBOpPe IMCCONMUPOBAHBI MOJIHOCTHIO.

1) 0,023r

2) 0,71r

3) Ir

4) 0,094r

5) 034r

HNPUMEPBHI PEHNEHWUA TUITIOBbIX 3AJIAY

IIpumep 1. Hanummre MOJIEKYISIPHOE U HOHHO-MOJICKYJISIPHOE YPABHEHHUE PEAKIIUH C
00pa3oBaHNEM KOMILIEKCHOTO COSIMHCHHUS.

+
AgCll«+NaZS2O3(H36mT0K)_’ K.4. Ag =4
K KaKOMY TUITY OTHOCHUTCH o6pa3yIOIueeC}I KOMIIJICKCHOC CO@I[I/IHGHI/IC?

Pemenne. Onpenennm coctaB 00pa3yIoIerocsi KOMIIEKCHOTO COSANHEHUSI.
+ o
BuyTtpenHnioro cdepy oOpazyeT HOH Ag ', KOTOPBIH SABISETCS KOMIUIEKCOOOpazoBaTeem, u 2
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muranga-uoHel $,057: [Ag(S203).]7.
BrentHiow cdepy KOMITIEKCHOTO COeMHEH s 06pa3yioT HoHbI Na' .
dopmya 00pa3yronierocs KOMILIEKCHOTO coeanHeHus - Naz[Ag(S,03),].
MounekynsipHOE YpaBHEHHE PEaKIuu-
AgCll+2Na28203(m6mox)= Naj [Ag(8203)2] +NaCl
HoHHO-MOJNEKYIIpHOE ypaBHEHUE PEAKIINH-
AgCl|+2S,057 = [Ag(S,03),]> +CI
O6pa3zytolieecs KOMIUIEKCHOE COSAMHEHHUE TIPEICTABIIAECT COO0N KOMILJIEKCHYIO COJIb,

KOMIUIEKCHBI HOH-OJJTHOPOJIHBIM aHUOHHBIN alluIOKOMILICKC.

Mpumep 2. Borancauts konnenTparuio nouos Fe*' B 0,001M pactsope K4[Fe(CN)g] u
0,001M pacreope FeCl,. K, kommnekcroro nona [Fe(CN)g]* pasra 1,0-107". Bo ckomnbko pa3
KOHIICHTpalUs HOHOB Fe’ B pacTBOpe KOMIUIEKCHOM COJIM MEHBIIIE, YEM B pacTBOPE IIPOCTON
conu?

Pemenne. 3anuiiemM ypaBHEHUE EPBUYHON U BTOPUYHON JUCCONMUAIIMU KOMIUIEKCHOTO
COEIMHEHUS U BBIPAKEHNE KOHCTAHTHI HECTOMKOCTH :

K4[Fe(CN)s]=4K +[Fe(CN)q]*
[Fe(CN)s]¥ == Fe’+6CN
0,001-x X 6x
[Fe™ ]-[CN"]°.

[Fe(CN), 1~

O06o3HaYUM MOJIIPHYIO KOHICHTPAIUIO KOMILJICKCA, paClIaBIICTOCA Ha CBOU

cocTaBisonre yepe3 X. Torna KOHIEHTpalus KOMIOHEHTOB B MOMEHT PaBHOBECHS
[Fe’']=x, [CN']=6%, [[Fe(CN)s]*]=0,001-x.
[Toacrapisist 3TH 3HAYEHUS B BhIpakeHne Ky, momyanm
x-(6x)° _
O 540
(0,001—x)
Pemras ypaBHeHue, HaxoguM, 4To x=4,2 107 u [Fe2+] =4,2-10'7 mois/n. FeCl, aBasasce
CUJIBHBIM DJIEKTPOJIUTOM, TIOJTHOCTHIO JUCCOLMUPYET Ha HOHBI

FeClL,=Fe*'+2CI
CrnenoBaTenbHO, KOHUEHTpauus [F ez+] '=10"mounb/1

[F€2+]l ~ 107

[Fe**] 4,2-107

IIpy 0HOM M TOM K€ KOHLEHTPALUU COJIEW B PaCTBOPE KOMIUIEKCHOM COJIM KOHLIEHTPALUS

=2400

2+ o
noHoB Fe BO MHOI'0O pa3 MCHbIIC, YEM B paCTBOPC MPOCTOU COJIH. 910 CBUACTCIILCTBYCT 00

OYEHb CIa00H CTCIICHH Jucconuan KOMIIJICKCHBIX MOHOB.

IIpumep 3. Onpenenuts cTeneHb qucconnanuu KomruiekcHoro uoxna B 0,01 M pacrsope
[Ag(NH;),]Cl. Kak u3MeHUTCS CTENeHb AWCCOIUAINK, €CIM JAaHHBIA PACTBOP COACPIKHUT
n30BITOK aMMHaka B KoimdecTse 1 Mmoab/n? Ky [Ag(NHg)z]C1=5,89-10'8.

Pemenne. 3anuiiieM ypaBHEHUE MEPBUYHON M BTOPUYHOW THUCCOLMAIMKA KOMIUIEKCHOTO
COCTMHEHUS

[Ag(NH;),]Cl=[Ag(NH3),] +CI

——

[Ag(NH3),]" *==  Ag'+2NH;
0,01-x X 2x
Crenenp nucconpanuy KOMIUIEKCA pPaBHA OTHOLIEHWIO KOHLIEHTPALMM PaclaBLINXCA
noroB  [Ag(NH3),]" K HX HCXONHOH KOHIEHTpamumM B pacTBope.  KoHIeHTpamms
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pacnaBmmxcs noHos [Ag(NH3),]” paBHa koHIeHTparmn noHoB Ag'. M3 3HaUEHUs KOHCTAHTHI
HECTOMKOCTH KOMILJIEKCa HaXOIUM [Ag+]. O603HauNM [Ag+] yepe3 X . Torma KoHLEHTpanus
NH; Gyzer paBHa 2X, a KOHIIEHTpaIHs Hepacnapmumxcs noHos [Ag(NH;),]™-0,01-x.

_[4g"]'[NH,] s_ X (2x)°
[[Ag(NH)]'] 0,01-x)
Pemias ypaBHEeHHE, HAXOIUM,YTO X=5,3~10'4 H, CJIEIOBATEIbHO [Ag+]=5,3~ 10™*monb/1.
Torna

5,89-10

+ -4
[Ag ] - — 573 1_9 :5 3 10—2
a=[[4g(NH;)]"] 10

b

i 5,3%

U3 3mavenms K, Haiiném koHmenTtpammio moHoB Ag' B pactBope [Ag(NH3),]Cl,
conepskamiem NHj B konmuecTBe 1 MoIb/I:

+ 2
5,89-10‘52%; [Ag 1=5,89-107"" monb/m.

Torna
5,89-107"
a:—
1072

B pactBope, conepxaieM n30sTok NHi, cTenenp nucconyanuu KOMIUIEKCa 3HAYUTEIHHO
menbie (~B 10°pa3 ) BCIIeACTBHE CMEICHHS PABHOBECHS BICBO

[Ag(NH3),]” ==  Ag'+4NH;

-100=5,89-10"% .

IIpumep 4. 13 pactBopa kommiekcHoit comu CoCls -5NH; Hutpar cepebpa ocaxmaer
TOJILKO %3 coJiep Kalerocst B Heil xjopa. B pactBope conu He 0OHapyKeHO HOHOB KOOaJIbTa U
CBOOOAHOTO aMMuaKa. V3mMepeHne 3J1eKTpudecKol MPOBOIUMOCTH pacTBOpa MOKA3bIBAET,u4TO
COJIb pacraaaercs Ha Tpu MoHa. KakoBO KOOpAMHAIIMOHHOE CTPOCHUE 3TOTO COSTUHEHUS ?

Hamnmcars ypaBHEeHHE qucconualuy KOMIIJIEKCHON COJIH.

Pemrenme. OTCYTCTBHE B PACTBOPE YKa3aHHOMN comi HOHOB Co”' M CBOGOIHOTO aMMHAKa
03HayaeT, YTO 3TU KOMIIOHEHTHI BXOAAT BO BHYTPEHHIOIO C(epy KOMIUIEKCHOTO COEIMHEHUS.
Kpome Toro, BO BHYTpeHHIOIO cepy BXOAUT OJIWH XJIOPHUA-HOH, He ocaxkmaembli AgNOs.
Clle/I0BaTeIIbHO, COCTAB BHyTpeHHEH chepsl cooTBerctByeT (hopmyte [Co(NH;z)sClJ* .

Bo BHemHe# cdepe HaxomsATCA OBA XJIOPHI-MOHA, KOMICHCUPYIOIIME 3apsii BHyTpEHHEH
chepbl KOMILTIEKCA [Co(NH3)sCI|Cl,. duccormarusi KOMIUIGKCHOH COJM B PacTBOpE
IIPOTEKAET 10 CXEME

[Co(NH3)sCl]ClL= [Co(NH3)sCI]*" + 2CT,
YTO COINIaCyeTCd € JaHHBIMU I10 BHCKTpI/I‘leCKOﬁ MpOBOANMOCTH.

Ipumep 5. BbruuciuTh  3apsiibl CIEAYIOMIMX KOMIUIEKCHBIX HOHOB, OOpa30BaHHBIX
xpomom (II1): a) [Cr(H20)sCl]; 6) ) [Cr(H20)4ClL2]; B) ) [Cr(H20)2(C204)a].
Pemenne. 3apsin nona xpoma(lll) mpuHUMaeTcs paBHBIM +3, 3apsii MOJIEKYJIbI BOJBI PaBEH

HYJIIO, 3apsibl XJOPUI- M OKCalaT-WOHOB COOTBETCTBEHHO paBHbl -1 u -2. CocraBiseM
anredpanvyeckue CyMMBbI 3apsiioB JUIsl KaXI0T0 M3 YKa3aHHBIX COCAUHEHMH : a) +3+(-1)=12;
0)+3+2(-1)=*1; B) +3+2(-2)=-1.

Mpumep 6. Koncranta necroiikoctn nona) [Ag(CN ,]” cocrasmser 1-107'. Borancauts
KOHIIEHTpaIuto noHoB cepedpa B 0,05M pactBope K [Ag(CN ;] , conepkaiieM, KpoMe TOTO
0,01 moms/1 KCN.

Pemenue. Bropuynas guccouuanusi KOMIUIEKCHOTO HOHA IPOTEKAET 10 YPaBHEHUIO:
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[Ag(CN,] = Ag'+2CN
B mpucyrctBum u36wsiTka moHoB CN', co3maBaeMoro B pe3yjbTare OdUCCOILUAIIN
KCN(koTOopyt0 MOXHO CUMTATh IMOJIHOM), 3TO PaBHOBECHE CMEIICHO BJIEBO HACTOJBKO, YTO
konuyecTBoM HOHOB CN’, oOpasylomuxcs TpH BTOPHUYHOHW JHUCCOIMALAHA, MOXKHO
npenedpeus. Torma [CN] =Cgen=0,01 momp/n. Ilo TOl ’xe npUYMHE paBHOBECHAS
koHueHTparuss uoHOB [Ag(CN ;,]° moxer OBbITh TpHpaBHEHAa K OOIIEH KOHIIEHTpAIUU
koMIuiekcHou conu (0,05 Moutb/i).

o ycnosuro 3anauu:

+ -12
_[Ag ]'[CN] :1’1.10—21

" [[4g(CN),T]
OTcIo/1a BEIPaXkaeM KOHIIGHTPAIIHIO HOHOB Ag :
L1107 -[[4g(CN),]"] 11-107'-0,05
[CN ™ 0,012
IIpumep 7. PactBopbl mnpocThIX cojeil kaaMus oOpasyloT cO IIeJ0oYaMU  OCaZoK
ruapokcuaa kaamus Cd(OH),, a ¢ cepoBomopomom- ocanok cyinbduma kaamus CdS. Uem
00BSICHUTB, uTO TipH nobaBneHuu meénouu Kk 0,05M pactBopy Ko[Cd(CN)4], conepxkamemy 0,1
moub/1 KCN, ocamok He oOpasyercsi, Torja Kak IpH TPOIMYCKaHWH 4Yepe3 ATOT PacTBOP
cepoBoopoa BeimagaeT ocagok CdS? Kowucranty Hecroiikocts noHa [CA(CN)4]* mpuHsTh
pasHoii 7,8-107'%,
Pemenue. YcinoBue o6pazoBanus ocagka Cd(OH), m CdS wmoryT OBITH ONHCaHBI
CIIeTyIOIINM 00pazoM:
[Cd*'][ OH>TIP cq0omp=4,5-10"
[CA[S* > TTPas=8-107
B pacTtBOpe KOMIUIEKCHOW COJM TIPU 3aJaHHBIX YCJIOBHSX KOHLEHTPAIMS HMOHOB Ccd*
BBIUUCIISIETCS 110 YpaBHEHUIO(CM. mpumep 3):
[[Cd(CN),T"] _7,8:107%-0,05
[CNT* - 0,1*

[Ag'] =5,5-10"" monw/ 1

[Cd*]= R eon =3,9-10"° monw/ 1

Torpa xoHueHntpanusi noHoB OH', nocraTtouHas s OcCaXkIE€HUsSI THIPOKCUAA KaaMus,
HalIETCS U3 HEPABEHCTBA:

IIP, 4,5-107"
[OH ]~ Cd(z(iH)z =_[= — ~lmonv/ n
[Cd™] 3,9-10
Taxum oOpa3omM, B paccMaTpUBacMOi CHCTEME MpHU KOHLEHTpanuu noHOB OH MeHbIIunX,

yeMm IMonb/1, paBHOBECHE: [CA(CN)]*+2 OH *= Cd(OH),|+4 CN  cmemeHo B
CTOpOHY 00pa30BaHMs KOMIUIEKCHOTO HOHA.

VYcnoBue oOpazoBaHusi ocaika Ccynbduaa KaaMus M3 33JaHHOTO  PacTBOpa
TETpaIlaHOKaIMaTa KaJlusl BBIPA3UTCSI HEPABEHCTBOM:

1Py 80-107

[Cd*] 3,9-107

CJ‘IeI[OBaTeJ'IBHO, JAaXKe IIPU MAJIBIX KOHOCHTpALIUAX CyHB(bI/I,Z[—I/IOHa paBHOBECHUC
[CA(CN),*+S* == CdS+4CN

MMPAKTUYCCKHU IMMOJTHOCTBIO CMCIICHO B CTOPOHY O6pa30BaHI/I}I CYJIB(i)I/I,I[a KaaMusi.

~2-10™" monw/ 1.

[S™]

SAJTAYN UTA CAMOCTOATEJIBHOI'O PEINEHWA

26



1. Omnpenenure CTEIEHD OKHUCJIEHHUS u KOOPJIMHAIIMOHHOE YHCII0
KOMIUIEKCOOOpa3oBaTeNss B CICAYIONIMX KOMIUIEKCHBIX COEAMHEHUSX U MPHUBECTH HX
Ha3BaHUE:

a) K[AuBry] ¢) K[Pt(NH;)Cls]

0) Ko[Cd(CN)4] k) H[Co(H20)2(CN)4]

B) Ca[ZrFq] 3) [Pt(NH;)sCI]CLs

r) Naz[Ag(S203)1] u) Nay[FeNOy(CN)s]

1) [Pt(NHj3),Cl;] K) K[Cr(SO4);]
2. Omnpenenuth BeNMMYMHY M 3HAK 3apsga KOMIUIEKCHBIX HMOHOB. CocTaBUTH (HOPMYIIBI
KOMIIJICKCHBIX COCI[I/IHCHI/Iﬁ C MPUBCACHHBIMHA KaTUOHOM M aHHMOHOM!:

a) [Bi"L] e) [Cr(H,0)4Cl]

6) [Cr(NHs)sCl] %) [Co”(NH;3)2(NO2)]

B) [Pd”(NH;)2(CN),] 3) [Zr*(OH)q]

r) [Fe"Fg] ) [Ag"(CN),]

n) [Hg™(SCN)4] k) [Fe(H0)sBr]
3. Hamucatp koopauHarmoHHbie GOPMYJIIBI CIIETYIOMNX KOMIUICKCHBIX COSIMHEHUN 1
IMPUBCCTH UX HA3BAHUA:

a) 3NaF-AlF; 3) 3NaCl-IrCl;

0) SiF4-BaF, n) 3KCN-Fe(CN);3

B) 2Ca(CN),'Fe(CN), k) Cd(OH),"4NH;

r) 2Ba(OH),-Cu(OH), 1) KCI-PtCly-NH;

1) CoCly4NHs-H,0 M) KCN-Co(CN);-2H,0

¢) 2KNOs;-HNO5 Au(NO3); 1) NH4;CN-Cr(CN);2H,0

k) 2NH4Br-CuBr; -2NHj;

4. Hanmcars KOOpIMHALMOHHBIE (POPMYJIBI CIEAYIOIIUX KOMIUIEKCHBIX COETMHEHUNH 1
IMPUBCCTH UX HA3BAHUA:

a) PtCly6NH;5- r) PtClsy3NH;35

06) PtClsySNH;- n) PtCly2NHj3

B) PtCls4NH;5

5. Nwmes BBUIyY, uTo KoopauHaimonHoe unciao Co(Ill) paBHo mectu, Hanucathb
KOOpAMHALIMOHHBIE (YOPMYIIBI CIEIYIOMNX KOMIUIEKCHBIX COETUHEHUI:

a) CO(N02)3.'6NH3 B) CO(N02)3 -3NH;

6) CO(N02)3'KN02'ZNH3 F) C0m02)3'KN02
6. Hamnucars ypaBHEeHHE TUCCOIMAIMU B PACTBOPE KOMIIEKCHBIX HOHOB CJIETYIOLIUX
COCTMHEHUH BBIPAXKEHUSI KOHCTAHT KOMIUIEKCHBIX HOHOB:

a) K;[Fe(CN)g] n) K[VFs]

6) [CO(HZO)Z(NH3)4]C13 e) Ba[BFs]

B) [CO(HQO)(NH3)4C1]C12 )K) Naz[MOFg]

r) Cs[Ag(CN),] 3) Ky[Zr(OH)4]
7. N3 KakuX BaJICHTHOHACKIIIEHHBIX MOJIEKYJI COCTOAT CIAEAYIOIINE KOMIUIEKCHBIE
COCIMHEHMUSL:

a) K,[PdBr] 6) Bay[Co(OH)s]
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B) Na, [NI(CN)4] }K) [CI‘(NH3)4C204] Cl

r) [Cr(NHs);(H,O)Cl;]Cl 3) Cs[AuCly]

1) H[Co(H20)2(CNy)] 1) Na[Pt(OH)g]

e) (NH4)2[F€(SO4)2] K) [Cr(NH3)3(H2O)3]C13
8. N3BecTHO, uTO M3 pacTBOpa komruiekcHou conu CoCls-6NH; HuTpar cepedbpa

ocaxKaaeT Bech xJiop, a u3 pacteopa CoCls-5NHj ronbko 2/3 xmopa. Hanmcatsb
KOOpAMHALIMOHHBIE (DOPMYIIBI 3TUX COJIEH U ypaBHEHUS UX TUCCOLUAIINY.

9. PacTBOp cynbhaTta Meaun 00pa3yroT 0CaaKH ¢ paCTBOPAMH €IKOTO HATpa H Cybhuaa
amMmoHus. PactBop cynbdara TeTpaaMMHHEMEIH 00pa3yOT 0CaI0K TOIBKO C CYIbhuIoM
amMmoHust. OOBSICHUTD ITH SIBJICHUS, I0Ib3Yysch Tabmumamu TP u Kyeer..

10. Kaxkoit KOMIIJIEKCHBIN MOH MPOYHEE:

a) [Zn(NH3)4]*" win [CA(NH3)4]*"

6) [Co(NH3)4]*" umu [Co(NH3)]**

OtBeT MOTUBHPOBATE. COOTBGTCTBYIOT JIM BEJINYUHLI KOHCTAHT HECTOUKOCTU
CIEIaHHBIM BBEIBOIOM?

11. Kaxkoit komriekcoobpazoBartelb JOJDKEH JaBaTh 00Jiee MPOYHbIE KOMITJICKCHI:
a) Pt*" wm Pt
6) Ca® wmm Zn*"
B) Mg”" mwmm Ni**
r) Zn*" wm Cd*

OrtBer MOTHUBHUPOBATD.

12.  Hanwmcats rpaduyeckre GopMyIIbI IEC- U TPAHC-U30MEPOB
TeTpaxjopanaMMuHIUIaTUHEI (IV)..

13. CymiecTBYIOT 1Ba KOMIUIEKCHBIX COCTMHEHHS KOOAIbTa OMHAKOBOTO COCTABA!
CoCISO4-5H,0. PacTBop 0/1HO# comu Ja€T 0CaJ0K ¢ paCTBOPOM XJIopua Oapwsi, HO HE
B3aUMOJICUCTBYET C pacCTBOPOM HUTpaTa cepedpa. PacTBop npyroit conu ga€t ocaaok ¢
HUTPATOM cepebpa, HO He B3aUMOJICHCTBYET ¢ XJopuaomM Oapus. Hanucars
KOOPJMHAIIMOHHBIC (POPMYITBI 000MX COCTUHCHHIA.

14. OmnpenenuTb BO3MOXKHBIN THUIT THOPUAM3ALINYN CBSI3U B KOMIUIEKCAX, YUUTHIBAs UX
MarduTHBIE CBOMCTBA:

a) [Co(NHs)s]’ -napamarauren
6) [Co(NHs)s]* -muamarauren

15.  Kakoit Tun rubpuan3anny 1 COOTBETCTBEHHO MPOCTPAHCTBEHHAs! KOH(UTYpALUs
MOHOB JIOJDKHA ObITh y KOMIUTEKCHBIX gacTri [Zn(NHz)4]* 1 [Ni(CN)4]*?

16.  Hanumure MOJEKYJIIpHBbIE U HOHHO-MOJIEKYJISIPHBIE YPaBHEHUS CIAEAYIOUX PEaKUi
¢ 00pa3zoBaHMEM KOMILJIEKCHBIX coeuHeHuil. Ha30BHUTe NoTydYeHHbIE KOMILICKCHBIE
COCIUHEHMUS:

1) AI(OH)3l+NaOH(H36LIT0K)—>(K-I’I- A13+:4);
2) Zn(OH),|+NaOHusguron—(K.9. Zn'=4);
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3) ZnCly+KOH (gumon— (k. 4. Zn>'=4);

4) Ni(OH), | +NH4OH (600 —(K.4.Ni*'=6);
5) AgyO+NH4OH 00— (.4, Ag”'=2);

6) FeSO4+KCN o — (k.4 Fe*'=6);

7)  Zn(OH)y+NH4OH (us6umor) —(.9.Zn>"=6);
8) CuSO4+NH4OH usgmron) —(K.4.Cu>"=4);

9) Cu(OH)2 ) +NH4OH (us6umor) — (k.9.Cu*=4);
10) Hglo+ K usosmon) — (k1. Hg®=4);

11) Cd(OH), | +*NH;OHussu1m0) —> (k4. Cd*'=4);
12) Cr(OH)3 | +NaOH (s60m00) — (k.9.C1°'=6);
13) FeCl,+K;3[Fe(CN)s] —

14) Fe(SO4)5+K4[Fe(CN)s] —

15) AgCIH+HClsmmon) — (k. 9.Ag> =2).

17. Brruncnute koHneHTpamumio noHoB Ag' B 0,1 M pactBope [Ag(NH;),]NOs,
coneprkamnieM B m30bITke 1 Moyib/m NH3. KoHCTaHTa HECTOMKOCTH KOMIUIEKCHOTO KaTHOHA
[Ag(NH3),]" paBHa 5,89-107.

18. Bsrunciute KoHneHTpanuio noos Cd> B 0,1M pacteope Ko[Cd(CN)4], conepxatem
6,5 r/m KCN. KoHcTaHTa HeCTOMKOCTH KoMIuiekcHoro anuona [ Cd(CN)4]> pasna 1-10"7.

19. KoncranTa Hecroiikoctu noHa [Ag(CN),] cocraisiet 1,4-10°°. BRIUHCIUTD
KOHIeHTpamuio noHoB Ag' B 0,05 M pactope K[Ag(CN),], comepskaiieM oTHOBPEMEHHO
0,01 Momw/m.

20. KoncranTa HECTOMKOCTH MOHA [CdI4]2' cocrasiseT 7,94 107, Bol4uciuTh
KkoHIeHTpanuio noHoB kaamus B 0,1 M K,[Cdly, cogepxarmiem B pactBope 0,1 monb/n KI.

21. Brruucnure KOHIICHTPAIMIO HOHOB 7n*' B 0,5 1 0,5 M K;[Zn(CN)4], conepxariem
0,05 mona KCN. Kaxkymascs crenens nucconpaunu KCN paBHa 85%, a KoHCcTaHTa
HecToiikocTH KoMmuiekcHoro nora [Cd(CN),]* cocrasmser 1,0-107°.

22. KoHcTanTa HECTOMKOCTH KOMILJIEKCHOT'O HOHA [Fe(CN)6]3' KH=10'44. Brrunciure
KoHLeHTpamuo noHos Fe’™ (monb/1) B 0,1 M pactBope K3[Fe(CN)y].

23. Kax n3meHuTcs KOHIIEHTpalysl HOHOB pTYTH Ipu npudasienuu k 1 1 0,01 M
pactBope Nay[Hgls] 0,01 mona Nal? Koncranra HecToiKOCTH HOHA [HgI4]2' paBHa 1,5 1077,

24, Cxounbko moneit KCN nomkno comepxathes B 1 1 0,01M pactBopa Ko[Ni(CN)4],
YTOOBI KOHIIEHTPALIMS HOHOB Ni** cocrapsna 1,0 102 monb/n? KoHCTaHTA HECTOMKOCTH
noHa [Ni(CN),]* pasua 1,8-107.

25.  KoHCTaHTa HECTOHKOCTH KomIuiekcHoro nona [Ag(NH;),]" pasma 5,9-10°. Kaxue
3HAYCHMSI PUMET CTETIeHb TUCCOIMAIIMN KOMIUIEKCHOTO HOHA MpH pa3dasieHuu 0,1 M
pactBopa [Ag(NH3),]NOs:

a) B 10 pasz;

6) B 100 pas.

o + -
26. KoHcTaHTa HecToiikocTn KoMuiekcHoro nona [Cu(NH;)s]*" pasra 9,3-10™"°. Kakue
3HAYCHUS IPUMET CTETICHB JUCCOIMAIME KOMIUIEKCHOTO HOHA Tpu paszbasienuu 0,1M
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pactBopa [Cu(NH3)4]SO4:

a) B 10 pasz;
6) B 100 pa3.
217. Onpenennte BO3MOXHOCTh B3aUMOJICUCTBHUS B BOAHBIX PACTBOpAX CIEIYIOIINX
BEILECTB U HAIIUIIUTE YPABHEHUS PEAKLUN B COKPALIEHHOM MOJIEKYJIIPHO-UOHHOM BHUJIE:
1) K4[Fe(CN)g]+NaNO, 4) K [Ag(CN),]+NH,OH
2) K;[Fe(CN)s]+NH,OH 5) K[Ag(NO)]+NH4OH
3) K[Ag(CN):]+NaNO; 6) K[Ag(NO,),]+KCN
28. Onpenenutb BO3MOKHBI JIM PEAKIIUU 3aMELICHUS JIMTAHI0B B CIEAYIOLINX
KOMILIEKCAX:
1) [HgBry*+F 4) [HgBrs)*+CN
2) [HgBrs]*+CI 5) [HgBrs* +NH,"

3) [HgBry*+I

29. [Ipenckaxkute MarHUTHBIE CBOMCTBA MOHOB: a) [AI(H,0)]*"; 6) [Zn(H,0)4]*";
B) [Cu(H,0)4]*"; 1) [Fe(H,0)6]™; 1) [Fe(H20)6]*; €) [Cr(H,0)6]™".

30. WNonunzanuonHas n3oMepusi KOMIJIEKCHBIX COETUHEHUH 3aKII0YaeTCs B pa3IMuHOM
pacrpeieIecHu HOHOB MEXIy BHYTpeHHEH U BHenTHel chepamu. CieacTBHE ATOTO
MPOSIBIISIETCS. B PA3IMYHOM XapaKTepe IUCCOLUALMNA KOMIUIEKCHBIX COEIMHEHUI Ha HOHBI.
Tak, BemectBo coctaBa CoSO4Br(NHj3)s cymecTByer B BUe IByX H30MEPOB: OJIUH C
HUTpaToM cepebpa naét ocanok Ag,SOs, apyroii —AgBr; npu neiictBum xiaopuaa 0apus oJuH
naét ocanok BaSOy, npyroit He oOpasyeT ocazika; BOAHBIC PACTBOPHI OJTHOTO H30Mepa UMEIOT
OOJIBIIYIO AIEKTPOTPOBOIMMOCTh. Hanmummmre KoopAuHAIIMOHHBIE (DOPMYIIBI H30MEPOB,
YUUTHIBAs], YTO KOOPAUHAIIMOHHOE YUCIIO KOOaIbTa paBHO 6.

31. BemectBo coctaBa PtSO4(OH),(NH3)4 oOpa3yeT ABa HOHH3AIMOHHBIX U30MEpa.
Bonanblit pacTBOp 0AHOTO U3 HUX HEUTpaJieH, pacTBOP APYTOTro H30Mepa MOKa3bIBACT
HICJIOYHYI0 PeaKIuio cpeabl. Hamummre KoopauHaIMoHHbIe (POPMYIIBI H30MEPOB, YIUTHIBAS,
YTO KOOPAMHAIIMOHHOE YHCIIO IIATHHBI PaBHO 6, a MOH SO4* B TaHHOM COCMHEHUH
3aHUMAET MECTO JIBYX JIMTAHJ0B (OMIEHTATEH).

: 2+ o
32. PactBop [Ni(H20)6]" umeeTt 3enényto okpacky. OObACHUTE, IOYEMY HCUYE3aeT
OKpacka npu BBeZieHMH HOHOB CN'.

JJABOPATOPHAS PABOTA

Oo0pazoBanne aMm(poTepHBIX THAPOKCHIOB U HX PACTBOPEHHE B KMCJI0TaX U IIeJI0Yax

Omnsrr 1.

B npoGHpKy HATHTB [0 2-3 MII paCTBOPOB COJNeH ( [0 peKOMEH/IALMH TperogaBares) Zn®
AP, Sn*", Cr’",Cu®" u npubGasuth pacTBOp mENOUH 10 06PA30BAHMS OCAIKA.
OO6pa3zoBaBiuecs 0CaJIki THAPOKCUIOB Pa3iuTh B 2 NPOOUPKH U B OJHON M3 HUX OCAIOK
pacTBOpUTH B U30BITKE peakTHBa. B pe3ynbTare peakiuu o0pazyroTcs KOMIUIEKCHI,
conepxamue uousl [Zn(OH)4], [AI(OH)4] ", [Sn(OH)4]*, [Cr(OH)]*, [Cu(OH)4]*.

Ko Bropoii yactu ocaaka npubasuth pactsop 2H HCI unu 21 pactBop HNO;. Ocanku
pactBopstoTcs. HamucaTh B MOJIEKYJISIPHOM U MOHHOU (hopMe ypaBHEHHsI peaKIMU MOTyYCHHUs
THJIPOKCUOB U UX PACTBOPEHUS B KMCIIOTaX U IEJI0Yax.
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O0pa3oBaHne aMMHAKATHBIX KOMILICKCOB B pacTBOpe
OmnbIT 2.

K 2-3 mn 0,58 pactBopa NiSOs4 no6aButh mo KamisiMm  25%-HbIi pacTBOp aMMHaka.
HaOmogaTh oOpasoBanue ocanka guruapokcuna Hukens Ni(OH),. Ipunute u30BITOK
pacTBOopa aMMHaka 0 TOJHOTO pAcCTBOPEHHUS OcCaaka C OOpa30BaHHEM PaCTBOPUMOTO
ammuakara Hukens [Ni(NH3)e](OH),. OTmeTuTs Bce HaOMIOACHMS M HAIIMCATh BCE YpAaBHEHUS
peakiuii B MOJEKyJIsipHOW u HMOoHHOU (popme. Kakoe ocHoBaHme siBiisieTcs Oosee CHUIBHBIM
anekTponutoM Ni(OH), unu [Ni(NH3)s](OH),?

OneiT 3.

K 2 M1 0,51 pacTBOpa cynsdaTta Mean 700aBUTh 1O KarusiM 1H pacTBop ammuaka. HaGmronaTs
oOpa3zoBaHHe 3eleHOBaTO- roiayboBaroro ocaaka ocHoBHoW conu (CuOH), SO4. Hamucats
ypaBHEHHE PEaKIMM B MOHHOM BHJE. 3aTeM MO KalusiM MpuOaBUTh HM30BITOK pacTBOpa
NH4OH. OcHoBHast conb pactBopsieTcs ¢ obpazoBanueM ammuakata menud [Cu(NH3)4]SOs.
Hanummre ypaBHeHUE peaKIIHH.
PactBOop ammmakara menu pasnuTh B 2 npoOupku. B oxny u3 Hux npuiaute 1-2 mu 0,5H
pactBopa (NH4),S, B npyryto-1-2 miu 2,51 pactBopa NaOH. Habmtonate BeIajeHUE 0CaIKOB
U OTMETHUTH UX OKpacky. [Ipoucxoaut paspylieHre KOMIUIEKCa M0 YPAaBHEHUSM PEaKIIHIA:
[Cu(NH3)4]*+20H=| Cu(OH),+4NH;
[Cu(NH;)s]* +S%=| CuS+4NHs.

OneiT 4.

K 2-3 mn 11 pactBopa nuxinopuna kobansta CoCL, no6aButh paBHblii 006€M 1M pacTBOpa
ruapokcuaa kanuss KOH. Habmogate oOpazoBanue ocanka Co(OH),. ITpubaBuTh K ocaiky 1o
KarsiM 25%-sb1ii pactBop NH4OH 1o pactBOopeHus ocaaka BeleICTBHE — 0Opa3oBaHMSA
koMriekcHoro coeauHeHusi coctaBa [Co(NH3)4](OH),. Otmerutrs Bce HaOMIOAEHUA U
COCTaBUTh BCE YPAaBHEHHUS PEAKLUMN B MOJIEKYJIAPHOM M MOJEKYJSPHOM M MOHHOH (opme.
Kaxkoe ocnoBanue siBisiercst 6osiee cuiabHbIM 3JiekTposiutoM Co(OH), mmu [Co(NH3)4](OH),?

OneIT 5.

K 2-3 ma cynbpara xagmuss CdSO4 nobGaButh mo kamisiMm 25%-HbIf pacTBOp aMMHuaka
NH4OH. Hab6mrogate oOpa3zoBaHMe Ocajka OCHOBHOM CONM THIPOKCHIA-CyTb(haTa KaJaMUs
[Cd(OH)]2S04.K ocaaky mpuimuTh H30BITOK pacTBOpa aMMHUaKa JI0 ITOJIHOTO €0 PACTBOPCHHUS
BCJIE/ICTBUE OOpa3oBaHMsS pacTBOpUMOro ammuakata kaamus coctaBa [CdA(NH;)4](OH),.
OTMETUTh BCE€ HAOJIOJNEHUS U COCTABUTh MOJICKYJSIDHbIE M HOHHBIE ypaBHEHUS
COOTBETCTBYIOIIUX PEAKLIUH.

OﬁpasoBaHne ANUTOKOMIIJICKCOB

OnelIT 6.

K 1-2 mn HaceimenHoro pactBopa CoCl, mpuGaButh 1-2 M1 HaCBIIIEHHOTO pacTBOpa
NH4CSN. O6pa3zyercsi pactBopumoe komruiekcHoe coemuHeHue (NHy),[Co(CSN)4] sipxo-
cuHero 1BeTa. HanucaTh ypaBHeHHE peakiuii B MOJIEKYJISIpHOW U MOHHOH (opme.

Onebit 7.

K 2-3 mn 0,11 pactBopa aunutpara ptytd Hg(NOs), m06aBuTh MO KamisiM 2H pacTBOP
rnomuna xamust KI. OtmeTuTh 1BeT obOpasyromierocs ocanaka auiomuma prytu Hglp. 3atem
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MIOCTENIEHHO TNPWINTh HM30BITOK pacTBOpa 10 MOJHOro pacTBopeHus ocanka Hgl, wu
oOpa3oBaHus auugokomiuiekca prytu coctaBa Ko[Hgls]. Otmeruts Bce HaOmroneHUs u
COCTaBUTbh MOJIEKYJISIPHbIE U HOHHbBIE YPAaBHEHUS pEaKLIUH.

OneoitT 8.

K 1-2 mn 1H pactBOopa muxjopuia KoOalbTa M00aBUTh KOHIICHTPUPOBAHHYIO COJISTHYIO
KHUCIIOTy JO TIOJIHOTO W3MEHEHHUS OKPacKu UCXOJHOTO pacTBopa, OOYCIOBICHHON
oOpa3oBaHMEM KOMIUIEKCHOM KHCIOTHI  koOambta coctaBa Hp[CoCly]. Hamucats
MOJICKYJISIPHOE YpaBHEHHUE PEaKIMH Mepexoa MCXOIHOTO aKBaKOMIUIEKCa KOOalbTa cocTaBa
[Co(H,0)6]Cl, B xommekcuyto kuciaotry Hp[CoCly]. Otmetuts Bce HaOMIOIEGHUS B XOJIE
BBITIOJIHCHUS OIIBITA. OHBIT HGOGXOIII/IMO BBITIOJIHSATH B BBITSIZKHOM LHKa(I)y

OnbIT 9.

K 2-3 M 1H pacTBOpa auxyiopuaa Meau OCTOPOKHO JO00AaBUTHh KOHIIEHTPUPOBAHHOU COJISTHOMN
KHUCJIOTHI 10 TIOTHOTO M3MEHEHHsI OKPACKU BCIEACTBHE 0O0pa30BaHUs KOMILJIEKCHOW KHCIIOTBHI
menu coctaBa Ho[CuCly]. CocTaBUTh MOJIEKYIISIPHOE YPaBHEHHE PAKIIUHU TIEPEX0/1a UCXOTHOTO
akBakomruekca meau [Cu(H,0)4]Cl, B koMIiekcHyto kucnoTy coctaBa Hy[CuCly].

Ongit 10.

K 2-3 mn 0,5H pacTBOpa TpUHHUTpATa BUCMYTa T0OOABUTH IO KAIJIIM 2H pacTBOp HOAWIA KU
KI nmo Bemmagenms ocaaka Tpuiioguaa BucMmyTta Bils, 3aTeM mocTteneHHO MpWiInBaTh W30BITOK
pacTBopa MoAMIa Kaus 0 MMOJHOTO PACTBOPEHUS OCajKa Hoauaa BUCMyTa € 0Opa3oBaHHEM
KOMILJIEKCHOTO coeMHEeHHs BHUCMyTa cocTaBa K|[Bils]. OTtmeruTs Bce HaOmomeHus u
COCTaBUTbH MOJICKYJISIPHBIE M HOHHBIEC YPAaBHEHUS PEAKIUH.

Onwit 11.

K 1-2 M pa3basienHoro pactBopa xsopuna xene3a (+3) FeCls npubaButh paBHBIN 00BEM
pactBopa xénroit kpoBsHoi conu K4[Fe(CN)s]. HaGmromate oOpa3zoBaHHE CHHEro Ocajka
oepnuHckoit nasypu coctaBa FeqFe(CN)gls. JlanHast peakumsi  SIBIsICTCS KadeCTBEHHOM
peakuMel OTKPBITUS HMOHOB TPEXBAJIEHTHOro ejie3a. HamucaTe ypaBHEHMsI peakuuii B
MOJICKYJISIPHOW U HIOHHOH (opme.

OnoIT 12.

K 1-2 mn pasbaBieHHOTO pacTBOpa cyibdaTa aByxBajeHTHOTo xene3a FeSOs mpumuth
paBHbIl 00bEM KpacHOM KpoBsiHOM comu Kis[Fe(CN)g]. Habmionare oOpa3zoBaHHME CHHETO
ocajaka TypHOyneBoi cunu coctaBa Fes[Fe(CN)gl,. manHas peaxius sBisieTCsl Ka4eCTBEHHON
peakiuell OTKpBITHS HOHOB JIBYXBAJICHTHOTO jkene3a. Hamumcare ypaBHEHHWsI peakiuid B
MOJIEKYJISIPHOM U HIOHHOH (opme.

Onenka ycTOMYHMBOCTH M pa3pyllIeHHe KOMILNICKCHBIX HOHOB
OmnsiT 13.

[Momyunte ammmakar kaamus [Cd(NH;)4](OH), B3ammoneiictBuem 2-3 Mi lH paTtcBopa
CdSO4 ¢ paBHbIM 00bEMOM 25%-Horo pactBopa NH4OH. [lomyueHHslil pacTBOp pas3nuTh B
Tpu TpoOupKH: B oaHy no0aBuTh 1-2mi 2H pactBopa KOH, B mpyryto-1-2 mMi1 HaCHIIIIEHHOTO
pacTBOpa Cyib(puIa aMMOHHs, B TPETbIO-2H PAacTBOpa COJSIHOM KHCIOTh. OTMETUThH BCe
IPOUCXOAIINE W3MEHEHUs, HalucaTh MOJIEKYJsipHbIe ypaBHeHHs peakuuii. Ha ocHoBe
pe3yJbTaTOB MPOBEAEHHBIX ONBITOB CIENAaiTe BBIBOA O MPOYHOCTH KOMILUIEKCHOIO KaTHOHA
[Cd(NH3)4]2+. Hanucatp ypaBHEeHHS peakiMil JUCCOUMAIMN KOMIUJIEKCHOM COJIM KaJAMUS U €r0
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KOMIIJICKCHOI'O MOHA.

OngoIT 14.

B oany npoOupky HanuTh 2-3 MJ pacTBOpa TPUXJIOPHUAA XKeje3a, a B IPYTYI0-TaKo ke 00bEM
rexcarmanodeppara (3+) kamusi  K;[Fe(CN)g]. B 006e mpoOupku H00aBUTH MO HECKOJIBKO
Kamenb pactBopa pomanuaa kamust KCNS. B kakoif u3 mpoOupok Habio1aeTcs U3MEHEHUE
OKpacKH BCIIEJICTBHE 00pa3oBaHUs KOMIUIEKCHOTo coeamHeHusi coctaBa K [Fe(CNS)4]?
caenatb BbIBOJ 00 ycroiumBocTH KomruieKCHBIX HOHOB [Fe(H,O)6]Cls um Kj3[Fe(CN)g].
CocTaBUTh B MOJIEKYJIAPHON M HOHHOM (hopMe ypaBHEHUS peaKIuii.

Onwit 15.

K 1-2 mu paz6aBiennoro pactsopa HuTpara cepedpa AgNO; npunuts 2-3 M pactBopa HCl u
HabmonaTh obpazoBanue ocagka AgCl. Ocagok B300ATaTh W pa3leNuTh Ha JIBE MPOOHPKH,
OJIHy OCTaBUThH I CPaBHEHUS, B APYTyto-nipubaButh 25%-Hb1il pactBop ammuaka NH4OH no
MOJTHOTO PACTBOPEHHS OCaJKa BCIEACTBHE OOpa30BaHUS aMMHAYHOTO KOMILIEKca cepedpa
[Ag(NH3),]Cl. B npobupky ¢ stum KomruiekcoM mpubaButh pactBop HNOs (1:1) mo
nosiBieHus ocanka AgCl u cpaBHUTBH €ro ¢ 0CaJKoOM B MCXOJTHOM mpoOupke. B mpucyrcrun
HNO; npoucxoant cMeIieHre paBHOBECHSI TUCCOIMAIIMA aMMHUAYHOTO KOMIUIEKca cepedpa. B
pacTBOpe TOSBNSIOTCS cBOGoMHBIe HOHBI Ag U Cl', mpon3BeaeHNe KOHIEHTPAHH KOTOPHIX
CTAHOBHTCSI OOJbllEe NPOM3BEACHUS PacTBOPUMOCTU IIPa,ci, 4TO NMPUBOAMT K BBHINAAECHUIO
ocanka AgCl B pactBope. Hanucath ypaBHeHHsI BCEX peakIlHii B pacTBOpE.
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BAPUAHTHI 3AJAHUM

Bapuant

NoNe 3agay

1(a), 4(a), 11(a), 24

1(6),4(6),11(0), 25(a)

1(), 4(8),11(8),25(0)

1(r), 5(a) ,11(r),26(a)

1(m), 5(6),12, 26(6)

1(e),5(),13, 27(a)

1(x),5(r),14, 27(6)

1(3),6(2),15, 27(8)

1(n),6(0), 16(a), 27(r)

1(x),6(B),16(0),27(:1)

2(a), 6(r), 16(8), 27(e)

2(6),6(n),16(1), 28(a)

2(B),6(e),16(11),28(6)

2(r), 6(x),16(¢),28(B)

2(1m),6(3),16(x), 28(T)

2(e),7(a),16(3),28(m)

2(x),7(6),16(n),29(a)

2(3),7(8),16(x),29(6)
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2(n),7(1), 16(11),29(B)

)
el

2(x),7(m),16(m), 29(1)
21. 3(a),7(e),16(1),29(n)
22. 3(6),7(x),16(0),29(e)
23. 3(8),7(3),16(1m), 30
24, 3(r),7(n), 17, 31
25. 3(m),7(x), 18, 22
26. 3(e), 8,19, 21
217. 3(x), 9, 20, 7(a)
28. 3(3),10(a), 21, 16(a)
29. 3(n),10(0), 22, 16(6)
30. 3(x), 5(a), 23, 32

34



