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BBenenue

[enp npenomaBaHusi XUMUK KOOPAMHAIMOHHBIX COEAMHEHUHN — CPOPMUPOBATH
3HaHUS 00 OCHOBHBIX KJIacCax AITHX COCAMHEHUH, MX 3JIEKTPOHHOM CTPOCHUH,
B3aMMOCBSI3U CTPOCHUSI M YCTOMYMBOCTH, a TAK)KE€ PEAKIIMOHHOM CIIOCOOHOCTH U
BOXHEHIINX XUMHUUYECKUX (PYHKIMOHAIBHBIX CBONCTBAX KOOPJWHAIMOHHBIX
coenqunenuil. [lpemnaraemoe ydueOHOe TOCOOHME COACPKHUT KPATKOE H3JI0KCHHE
OCHOBHBIX BaXHEMIIMX TEOPETUYECKUX AaCIEKTOB, 4YTO IIO3BOJUT Oosee
3¢ (}HeKTUBHO OCBauBaTh MaTepHall Kypca.

Bonbuioe BHUMaHHE Hapsdy ¢ 0a30BBIMH TEOPETUUYECKUMH TMOJOKEHUSIMU
YAENAETCS BBIICHEHUIO B3aMMOCBSI3H CTPYKTYPbl COCIMHEHHUS C MEXaHU3MOM €ro
Ouonoruueckoro (yHKUMOHUPOBAHUS, T.€. B3aUMOCBA3b ''CTpyKTypa-QyHKUHA"
aBisieTcsl GyHAaMEHTAIBHOM MPo0OJeMoil, KOTOpasi UMEET OOIIeHAYYHOE 3HaYEHUE,
O0COOEHHO BaXKHA OHa HJis1 OWOJOrMM M MeAMLMHBbL. TakuM o0pazoM, JaHHOE
nocobue OyAeT IMOJe3HO HE TOJIbKO CTyIECHTaM-XMMHKaM, HO U (apmaiieBTam, a
TaKke oOydarouuMmcsi APYrMX HampaBiIeHUH, KOTOpPbIE B TOM YHCJIE B CBOEH
HayyHOW paboTe OpHEHTUPOBAHbI HAa BONPOCHl XUMHH KOOPIMHAIIMOHHBIX
COCIMHEHUM.

KoopannanronHas XuMHsi — 3TO CAMOCTOSITENbHBIN Pa3Aei XUMUN, UMEIOLINN
MHOKECTBO HAy4HbIX HampapieHud. OOIIMM B 3TUX HAIpPaBJICHUSAX SIBISAETCS
UCCJIEIOBAHUE CBOMCTB U 00pa3oBaHUs KOOPAMHALIMOHHBIX COEIMHEHUM.
Koopaunannonssie (KOMITJIEKCHBIE) COSAUHEHUSI TPEJCTABIISIIOT COO0M OOITUPHBIM
KJIACC XUMHUYECKHX BEIIECTB, KOJMYECTBO KOTOPBIX 3HAYUTEIBHO IPEBBIIIAET YUCIIO
OOBIYHBIX, "MPOCTHIX" HEOPraHUYECKUX COCAMHEHUN. 3HAHUE CTPOCHMS U CBOMCTB
KOOPJMHAIIMOHHBIX COCAMHEHMH, 3aKOHOMEPHOCTH HX 0O0pa30BaHUs MO3BOJISIOT
OpUEHTHPOBATHCSA B BOIPOCAX MPUPOJABI XMMHYECKOW CBSI3U, TEOPUU PACTBOPOB,
CTEPEOXMMHUU HEOPraHMYECKUX BEIIECTB. TaKke BEIMKO NMPAKTUYECKOE 3HAYCHHE
KOOPJMHALMOHHBIX coeanHeHuil. Tak, Hanpumep, KOMIIEKCHl METAJJIOB BXOJST B

COCTaB BaKHEHIINX OWOJIOTMYECKH aKTHBHBEIX



JIEKApCTBEHHBIX BEIIIECTB: TI'eMOIVIOOMHA (KOMILIEKC Kenes3a), XJjopoduiia
(KOMILJIEKC MarHWs), WHCYJMHA (KOMIUIEKC IIMHKAa), BUTaMHHa B12 (komruiekc
KoOanbTa), MCHOJB3YIOTCS B pAlle NpPenaparoB, MPUMEHSIEMbIX MpPU JECUCHUU
OHKOJIOTUYECKUX 3a00J1eBaHMi (KOMILUIEKCHI TUIATUHBI). B opranndeckoM cuHTE3e
MHOTHE KOOPIMHAIMOHHBIC COCIUHEHUS SIBISIIOTCA KaTalW3aTOpaMHu  WIIU
MIPOMEKYTOUYHBIMU TIPOIYyKTaMH (COeAMHEHUsT PTYyTH B peakiuu Kydeposa,
KOMIUJIEKC THUTaHAa MpU TOJUMEpU3aluu OJe(UHOB, COCIUHEHUS MEIU MpuU
OKHUCJICHUH YTIIEBOJOPOIOB U T. 1.). Katanuzaropsl Ha OCHOBE KOOPIMHAIIMOHHBIX
COCTMHEHUIN TEPEXOAHBIX METaNIOB B PANE CIy4aeB IO3BOJSIIOT paboTaTh B
3HAUUTETFHO 0oJiee MSTKUX YCIOBUAX, YEM KJIACCHUYECKHE T'eTEpOreHHbIC
KaTanu3atopel. Yacto OHM OTJIMYalOTCA Oojiee BBICOKOM aAKTUBHOCTBIO W
CEJNICKTUBHOCTHIO. TaKkke KOOPAMHAITMOHHBIC COCAMHECHHS ITMPOKO MCIOJB3YIOT B
KauyeCcTBE pPEAaKTUBOB TMPU KAUYeCTBEHHOM M KOJWYECTBEHHOM aHalIM3e B

AHAJITUTUYECKON XUMUU.



1. OcHOBHBIE TOHATHSA XUMHH KOOPpAMHAIINOHHBIX COCI[I/IHeHI/Iﬁ

1.1. KoopauHaunoHHbIe COeIMHEHMSI M IBOIHbIE COJIH.

B Tedenne qonaroro BpeMeHN XUMUKH CTAIKUBAIUCH C OY€Hb HHTEPECHBIMU
BEIIIECTBAMH, COCTAB M CTPOCHUE KOTOPBIX UM OBLIO TPYIHO O0BICHUTD. [lomyuenue
ATHUX BEUIECTB HAIIOMUHAJIO MTOJYYE€HUE JTBOMHBIX COJICH:

K2SO4 + Aly(SO4)3 = 2KAI(SOy), (0sotinas  conwv),
CuSO, + 4NaCl = Na,SO,4 + Nay[CuCly] (komnnexcuas conv).

Pa3nuna 3akitouaercs B TOM, UTO JBOMHBIE COJIM paCTBOPSSACH B BOJIE, BCET/Ia
pacrajarTcs Ha MCXOJHbIC BellecTBa, Hanmpumep, B pactBope KAI(SO4),; MoxHO
OOHapY>KUTh HOHBI KalWs, ATOMUHUA, CyibdaT-uoHbsl. KoMmruiekcHbIe coiy,
HAa000POT, PACTBOPSACH B BOJIC, JAIOT HOBBIE KATHOHBI WJIM AHUOHBI:

Naz[CuCly] = 2Na* + [CuCl4]*
[Cu(NHS3)4]SO4 = [Cu(N H3)4]2+ +S04

belmn  modydeHbl MHOTOYHCICHHBIE TIPOIYKTHI COCAMHCHHS COJICH W
aMMHaKa, KOTOpbIe ObLIM HAa3BaHbl AMMHAKATAMU:

CuSO, + 4NH3 = CuSO4-4NH3 (umenno mak uzobpadicanu ux popmyny)

Jlo konma XIX Beka KOMIUIEKCHBbIE (KOOPAMHAIMOHHBIE) COCTUHECHUS
OCTaBaJIMCh 3araJkou. JIeHCTBUTENBHO, €CIM MMEIOTCS JIBa COCIUHEHHS C
HACBIIIIEHHBIMU BAJICHTHOCTSIMU, TO 3a4em UM MeHcdy coO0U peazuposams?

O6pa3oBaHne KOMIUICKCHBIX COCIMHEHHUH HE MOXKET OBITh OOBSCHEHO C
TOYKH 3pPEHUS OOBIYHOTO YYCHHs O BAJICHTHOCTH. VX COCTaB COBEpPIICHHO HE
corjacyercss C TEMH 4YHCJIaMU BaJIGHTHOCTH, KOTOPBIE WCIOJB3YIOTCS TPHU
coctaBiieHun ¢Gopmysl 0Oojiee TMPOCThIX «OMHAPHBIX» COEAUHEHHM, TO €CTh
COCTMHECHHM, COCTOSIINX TOJIBKO U3 IBYX 3JICMEHTOB.

B pasznuuHBIX peakmusax, MPOTEKAIONIUX B PacTBOpPE, Mbl OOHApYKHUBaeM
y4acTHe HEU3MEHHBIX TPYIITUPOBOK aTOMOB, BBICTYNAIONIUX JUOO B BHJIE MOHOB
(SO,*, OH", NO,, CO%, NO, u T.1.), 6o B Buze HerTpanbHbix Mosekyn (NH ,

CO, NO wu napyrux). OTH HEW3MEHHBIE TPYNIUPOBKU aTOMOB CIIOCOOHBI K



B3aMMO/JICUCTBUI0O C HOHAMH META/VIOB WM HEWUTPaJbHBIMU MOJEKYJIAMH C
oOpa3oBaHueM Oonee cloxHbIX yactul. Hanpumep, non Cu?" B3auMozeiicTByer B
pactBope ¢ MoJiekyinamu NHs mo oOpaTumoii peakiiuu ¢ 00pa3oBaHUEM CIIOKHOTO

KaTuoHa.

Cu® + 4 NH3 < [CU(NH3)4]2+

et

a uoH Fe<" nerko npucoeaunset noHsl CN°, 00pa3ys CII0KHBIN aHUOH:

Fe?* + 6 CN™ <> [Fe(CN)s]*
Monekyna SnCl, moxer npucoeanuuts a8a noHa Cl” u 0Opa3oBaTh CIIOKHBIN
aHUOH:
SnCly + 2 CI <> [SnClg]*
JIBe monekynsl BF; 1 NH3 moryt B3aumoneiictBoBaTh ¢ oOpa3oBaHueM Oojee
CJIOKHOM YaCTHUIIBI:
BF3;+ NH;3; « [B(NH3)F3]O

MO0>XHO MPUBECTH MHOKECTBO JAPYTUX MPUMEPOB MOJA00HOTO pona. Bo Bcex
ClIydasix 3HaK OOpaTMMOCTH MOJYEPKHBAET, YTO OOpa30BaHME CIOXKHBIX YAaCTHIL
(MOHOB W MOJIEKYJ) HE MPOTEKAET JI0 KOHIIA, B PACTBOPE BCETJa MOKHO HAWTH HE
TOJIBKO MPOAYKTHI PEAKITUN, HO U UCXOIHBIC HOHBI U MOJICKYJIBI.

OOpaszoBaBlIMEeCs HOBBIE COEAUHEHUS NPUOOPETAOT HOBBIE CBOWCTBA,
OTJIMYHBIE OT CBOWCTB COCTAaBIIIOIIMX WX TMPOCTHIX COCAWHEHUN — HampuMmep,
COBEPIIIEHHO UHYIO OKPACKY, PACTBOPUMOCTH M CITOCOOHOCTH B3aUMOJICHCTBOBATD C
paznuuHbiMH peareHtamu. Tax, noaua prytu(ll) B3aumMoaencTByeT B pacTBOpe C
HUTpATOM cepedpa ¢ 0Opa3oBaHEM MaJIOPACTBOPUMOTO HOUIA cepedpa:

Hgl, + 2 AgNO; = 2 Agl + Hg(NOg),
[Tocne 06pa3oBaHUs CIONKHOTO COSTUHEHHS C MOIUOM KaJIus 10 PEaKIuu
Hgl, + 2 Kl = K3[Hgl4]
cBorictBa noaunaa prytu(ll) kak MHAMBUIyaIbHOTO BellecTBA UcYe3aroT. [IpoaykT
coctaBa Ky[Hgls] oOnamaer npyruMu XUMHYECKUMH CBOWCTBAMH, IOCKOJIBKY
oOpasosaBmmiics ammon [Hgly]*> Bemer ce6s B OOMEHHBIX pEAKIMAX Kak

HEPA3PBIBHOC LICJIOC:



K2[Hgls] + 2 AgNO3 = Agz[Hgls] + 2 KNO;

[TonoGHBIE CITOXKHBIE 00pPa30BaHMS MOTYYHIIN HA3BaHNE KOMITJIEKCHBIX HOHOB
WJTA MOJICKYI.

Takum 00pa3oM, KOMIUIEKCHBIM COCIMHEHHWEM Ha3bIBAIOT  CIIOKHOE
coenmnHEeHHe, oOpasyromeecs MpU B3aUMOACHCTBUN 00Jiee MPOCTHIX HEM3MEHHBIX
gacTuil (aTOMOB, HWOHOB WM MOJIEKYJ), Kaxmas €3 KOTOPBIX CIOCOOHA
CYIIIECTBOBATh HE3aBUCUMO B OOBIYHBIX YCIOBHUSX.

KomriekcHple MOHBI 00pa3yloT C HMOHAMHU MPOTUBOIOJIOKHOTO 3apsiia
KOMIUIEKCHBIE coequHeHusa. Tak, kommiekcHbii uoH [Fe(CN)e]> obpasyer ¢
nonamu K* coenunenne Ks[Fe(CN)g], koTopoe BbiiesieTcs M3 BOAHOTO pacTBOpa
IIPY €ro BhITAPUBAHUU B BUJI€ KPHUCTAJUIOB KPACHOTO IIBETA, XOPOIIIO PAaCTBOPUMBIX
B BOJIE.

Komnnekcusrif katnon [Cu(NHz)4]?" o6pasyer ¢ annonamu SO4% coeuHenne
[Cu(NH3)4]SO4-2H,0, BeImenstonmieecss W3 pacTBOpa B BHIE TEMHO-CHHHUX
KPHCTAJUIOB, JIETKO pasJlararoniuxcs Ha BO3AYXE U MPHU HEOOJIBIIIOM HAarpEBaHUH.

B nanbHeiiieM KOMIUIEKCHBIMU COCTMHEHUSIMU, WM TIPOCTO KOMILIEKCaMH,
MBI Oy/IeM Ha3bIBaTh U KOMIUJIEKCHBIE HOHBI, 1 KOMIUIEKCHBIE MOJIEKYJIBI.

KoMriekcHple  COCIMHEHHMS  HA3bIBAIOT  YacTO  KOOPOUHAYUOHHLIMU
COCIMHEHUSIMH, TIOTYEPKUBAs TEM CaMbIM CIOCOOHOCTh MPOCTHIX HEU3MEHHBIX
YacTHUIl ONPEICIICHHBIM 00pa30M pacmnoJiaratbCsi (KOOPAUHUPOBATHCS) APYT OKOJIO

Apyra B KOMINICKCHOM MOHC UJINA KOMILICKCHOM MOJICKYJIC.



1.2. UcTopuyeckue cCBeleHUsI 0 PA3BUTHU XUMHUHM KOOPANHAIMOHHBIX

COeIMHEeHMUIA.

CuuTarot, 4To MEPBbIM KOOPAMHAIIMOHHBIM COEIUHEHUEM, KOTOPOE OBLIO
CUHTE3UPOBAHO YEJIOBEKOM, SIBIIAeTCS OepimHCKas jazypb. OHa ObUia MojgydeHa
Hucbaxom B 1704 r. JlucbGax OBLT TOProBUEM KpackaMu sl OEpIMHCKUX
XYJO)KHUKOB M TMOJIY4YEHHas UM OJlHA M3 TEPBBIX CHUHTETHYECKUX KPaCOK,
MpeACcTaBisABIIas coO0M «cMechy» HuaHuAoB Kanus, skeneza(ll) m xeneza(Ill) B
cootHomieHun 1:1:1 Obuta Ha3BaHa OepiauHCKOM nasyphro. JlucOax Kymui
HEOOBIYHBINA TOTaIl (KapOOHAT Kallus): pacTBOpP ATOrO MoTalia mpu J00aBIICHUU
coJiell kenes3a noiyyancs cuHuM. [Ipu mpoBepke moraiiia 0Ka3ajaoch, YTO OH ObLI
npokajieH ¢ Oblubeil KpoBbio. Kpacka okaszanach MOAXOIsALIEH A OKpallluBaHUSA

TkaHel. B 1749 r. Makep u3 OepJIMHCKOH JIa3ypu MOTYUYNII KEJITYIO KPOBSIHYIO COJIb

K4[F€(CN)6]
B 1798 rony Taccap, npomyckasi aMMHaK 4epe3 pacTBOp XJIopua, KodaibTa
nonyunsli HoBoe coenuHenne coctaBa CoCls:6NH;. ®akt mosydeHus

WHJIUBUAYAJIbHOTO XMUMHUYECKOTO BEIECTBA U3 JIByX BEIIECTB C HACBIIICHHOM
BaJICHTHOCTHIO OKAa3ajcsi BeChMa IMPUMEYATEIbHBIM M CaMO COEAMHEHHE OBLIO
MOABEPrHYTO H3yueHuto. [lozmHee ObUIM TMOMYyYEHBI W JPYrUe aHAJIOTHMYHbBIC
COCIMHEHMSI aMMHaKa C TAJIOTeHUIaMHi MEeTaJlIoB (Tadm. 1).

Taobnuya 1. [lepsonauanvrvie c6edenusi 0 KOMNIEKCAX

Uucno Momnsipaas
CoBpeMeHHast
No Kommiekc LBer OCaKIaeMBIX 3JIEKTPO-
dhopmyia
HMOHOB XJIOpa MIPOBOIHOCTh
1 CoCl; 6NH; JKenrebrii 3 404 [Co(NH:)6]Cl;
2 COC135NH3 HypHypHBIﬁ 2 229 [CO(N H3)5C|]C|2
)7 (0} (S0:18171
3 CoCls-4NHs 1 97 [Co(NH;).Cl]CI
3eneHbIi

4 |rC|3' 3NH; Benrbrii 0 0 [lr(N H3)3C|3]




KonruecTBo ocakgaeMblX MOHOB XJIOpa JIETKO OMPEAEsIOCh MO pPeaKkuu
KOMIUJIEKCHOTO COEJMHEHHUS] C HM30BITKOM pacTBOpa a30THOKHCIOIO cepedpa c
MOCJIEIYIOIMM B3BEIIMBaHUEM ocajka. [lepBoHayanbHO CBOMCTBAa COEIMHEHUN,
yKa3aHHble B Ta0nuile |, BbI3BaJIM HECKOJBKO OCHOBHBIX BOIPOCOB, OTBETHI Ha

KOTOPBIC HC MOT'JIN OBITH JaHBbI C HOBI/IHI/Iﬁ CymeCTBOBAaBIINX B TO BpEMsI TCOpHﬁI

1. Kakum o00pa3oM MOTyT B3aMMOJICHCTBOBATh [IBA BEIIECTBA C YK€

HaCbhIIICHHBIMH BaJICHTHOCTSIMH ?

2. HO‘-ICMy IIpyu HCU3MCHHBIX HMCXOIHBIX COCAMHCHUAX II0OJIYHAIOTCA KOHCUHBIC

BCHICCTBA pPa3JIMYHbIX COCTaBOB?

3. TloueMy KOJIMYECTBO MOHOB XJOpa BO BCEX COCAMHEHUSX OJUHAKOBO, HO
CIIOCOOHOCTh K HWOHHBIM peakiusM oOMeHa TMpOSBISET JHUIIb HUX
onpeneneHHoe koiaudecTBO? IloueMy KoMILIEKCHl 00JIAal0T pa3TuYHON
3JIEKTPONPOBOAHOCTHIO? (Pazymeercs, ONBITBl O U3MEPEHUIO
AJIEKTPONPOBOAHOCTH OBUIM MPOBEJCHBI T03KE, MO0 Mepe pa3BUTHUS

OKCIICPUMCHTAJIbHBIX MCTOIOB B XI/IMI/II/I).

4. Tlouemy mnpu TOJHOW HICHTUYHOCTH COCTaBa M XUMHUYECKHX CBOMCTB
BO3HUKAET pa3inuve B (PU3UYECKUX CBOMCTBaX (IIBET) JIsI HEKOTOPBIX W3

STUX COETNHEHMNI?

Taxum 00pa3om, HCTOPHUS KOOPAMHAIIMOHHON XMMUHU OYCHb JaBHsA. OTHAKO
CUHTE3 9TUX COCIMHEHUN U MHOTHUX JIPYTUX, TOJYYCHHBIX MO3KE, ObUT CITydaiiHhIM
U B TO BpeMsI HETIPEICKa3yeMbIM.

TpeboBanack pa3paboTKa HOBBIX TUIIOTE3 U CO3/IaHUE TEOPUH, OOBSICHSIOIEH
CTPOCHHE U DJKCIEPUMEHTAIBHO TOJIYYCHHBIC IaHHBIE IO CBOMCTBAM HOBBIX

COEIMHEHUM.

10



1.3. Koopaunauuonnasi reopusi Bepuepa. OcHoBHbIe NOHATHSA
KOOPAUHAIMOHHOI Teopun. HekoTopble onpenesieHUst KOOPAUHAITUOHHOTO
coeTMHEeHHsI.

CocTaB MHOTHX XMMHUYECKHX COCIMHEHUN OOBSCHSICTCSA C MO3ULUN TCOPUU
BasieHTHOCTH, Hantpumep: HoO, NH3, HF u T.1. Takue coenrHeHns MOKHO Ha3BaTh
nPOCMbIMU WA cOeOUHeHUsIMU Husuieco nopsaoka. OnHako oOpa3oBaHUE IPYTUX
COCMHEHUMN, a UX OOJBIIMHCTBO, HEBO3MOXHO IMOHSITh UCXOIs U3 MIPEACTABICHUM
o BasieHTHOCTH. OHU Kak OBl COCTABJICHBI W3 JIBYX WIW HECKOJBKHX IMPOCTHIX
coequHeHn. OHM  HaA3BIBAIOTCS  COCOUHEHUAMU  BbiCUle20  NOpSAOKA WA
KOMNJIeKCHbIMU, KOOPOUHAYUOHHBIMU COCOUHEHUSIMU. [Tpumepnt
koopauHanuoHHbIXx coenunenuii: CoClg-6NH;,  AgCIl-2NH3;, Fe(CN);-3KCN,
PtCl;-2KCI, CoCl3-3NH3, PACl,-2NHs.

[IpuBenenusie  sMmupuyeckue  (QOpMyINbI  XapaKTepU3YIOT  COCTaB
KOMILJIEKCHBIX COCIMHEHU, HO HUYETO HE TOBOPSAT 00 UX CTPOCHUHU.

B 1893 r mBeitnapckuii xumuk Anbdpen BepHep npenioxusi TEOpUIo
CTPOEHHUSI KOOPJAMHALMOHHBIX COCAWHEHUW. JTa TEOpHs, MOJYyYMBILIAS HA3BAHUE
KOOPOUHAYUOHHOU meopuu, N0 CHUX TIOp SIBJISETCS OCHOBHOM ISl KOMIUIEKCOB

OIIpCACIICHHOTO BHAA.

BEPHEP (Werner), Anbdpen
12 nexabps 1866 r. — 15 nHos6psa 1919 r.

B 1913 2. Bepuepy 6vina npucyscoena Hobeneeckaa npemus no xumuu
«8 3HAK NPU3HAHUS e20 pabom 0 npupooe ceA3el amomos 8 MOJeKYIax,
KOmMopvle NO3601MU NO-HOBOMY 632JIAHYMb HA pe3yIbmamvl paHee
NPOBEOEHHBIX UCCIe008AHUL U OMKPLIBANU HOBblE BO3MONCHOCU OJA
HAYYHO-UCCIe008aAMENbCKOU  pabomel,  0cobeHHO 6  obaacmu
HeOp2aHu4ecKol Xumuiy.

OcHoeHble noHAMUA KOOPOMHaMUOHHOﬁ meopuu.

1. IlenTpoMm mH000TO KOOPJUHAIIMOHHOTO COCIUHECHUS SIBISCTCS YEeHMPAlbHbII
amom Ui komniexcooopazosamens. OOBIYHO B KAUECTBE IIEHTPAIHHOTO aToOMa

BBICTYIIACT MOJI0KUTEILHBIN HOH MCTaJlJIa, 9alle BCCro, ICpexoaHoro Merajia.
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2. Yactuipl, HEIOCPEACTBEHHO CBSI3aHHBIE C IEHTPAIBHBIM aTOMOM, HA3bIBAIOTCS
aueanoamuy. JIuranmamMu OOBIYHO SBJISIOTCS AHMOHBI WM  HEWTpajbHbIC
MOJICKYJIBI.

3. llenTpanpHbIii aTOM MOXKET 00pa30BBIBATh C JIMTAHAAMHU OIPEACICHHOE YHCIIO
XUMHYCCKHX CBsi3eld. OHO HA3BIBACTCS KOOPOUHAYUOHHBIM Yuciom (K.u).

HanbGonee wuacto BcTpeuaroniyecs 3HAUYCHUS KOOPAUHAIMOHHBIX — YHUCEN,

XapaKTCPHBIX IS HCKOTOPBIX KOMHHCKCOO6p&30BaTeJI€I>’I:

ka.=6  Co(ll), Cr(111), Fe(I11), Fe(11), Rh(I11), Ir(111), Pt(IV).
ka.=4  Zn(ll), Cd(I1), Hg(11), Pt(11), Pd(I1).
ka.=2  Ag(l), Cu(l), Au(l).

4. Ywucio cBsi3elt, KOTOPBIC JaHHBIN JINTAH]T MOKET 00pa30BbIBATH C LICHTPAJIbHBIM

aTOMOM, HA3bIBACTCS €TI0 KOOPOUHAYUOHHOU eMKOCTbIO WA OeHMAMHOCMbIO.
CymectBytoT uranibl MoHoaeHTaTHbIe (H,O, NH3, OH", CI" u np), OuaeHTaTHBIC
(NH,-CH,-CH,-NH,, SCN-, C,0,%), tpunentatusie (NH,-CHp-CHp-NH-CH,-
CH>-NH) u 1.1.

5. LleHTpanbHBIl aTOM BMECTE CO BCEMU JIMTAHJIaMU 00Pa3yIOT HYMPEHHION
KOOPOUHAYUOHHYTO chepy.
Cnenyer wMeThb B BHAY, 4YTO TpU (POPMHUPOBAHUU BHYTPEHHEH cQepbl
KOOPJIMHALIMOHHOE YHCJIO LIEHTPAJIbHOTO aTOMa HACBIIIAETCA, MPEXKIE BCEro, 3a
CUET HEWUTpalbHBIX JIUTAHAOB, a €CIM MX HE XBaTaeT, OCTaBIIMECS BaKaHCUU
3amoJHAIOTCS aHHOHaMHU. [Ipu cocTaBieHnr KOOPAMHAIIMOHHBIX (POPMYIT YaCTHIIHI,
BXOJSIIIIIE€ B COCTAaB BHYTPEHHEH cdepbl, MPHUHATO 3aKI0YaTh B KBaJApaTHHIC
CKOOKH.
6. 3apsn BHyTpeHHEH cepbl paBeH anreOpanyecko CyMMe CTETICHU OKUCIIEHUS
IEHTPAJIBHOTO aTOMa M 3aps0B BCEX JTUTAHJIOB.
/. B Tex cmyuasix, KOorAa 3apsi BHYTpEHHEW cQepbl HE paBeH HyN0, B
COCMHEHUU HMMECTCS GHeWlHssl KOOPOUHAYUOHHAS cghepa, 3apsii KOTOPOU

HEUTpaIM3yeT 3apsi BHyTpeHHEHN chephl.
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PaccMoTpuM KOMIUIEKCHBIC COSAMHEHUS, YMITUPUIECKUE (POPMYIIBI KOTOPHIX OBLIH
MIPUBE/ICHBI BBIIIIE:

» CoCl3-6NH3; mnentpanbHbiii atoM — ko0anbT (+3). KoopauHamwoHHOE YHUCITO
paBHo 6. Buytpennss cdepa [Co(NHs)s]. 3apsa BHyTpeHHEU cdepsl paBeH
[Co**(NH3)s°]*"; coenuHeHne uMeeT BHEIIHIOI KOOPAMHAIMOHHYIO cepy, 3apsn
KOTOpO  HeWTpanu3yeT 3apsii BHyTpeHHed cdepbl. UWrtak, cTpoeHme
paccMaTpUBaEMOI0 COEJIMHEHUS OIHUCHIBACTCS CIENYIOUIEH KOOpAUHAIMOHHON
dopmymoit [Co(NH3)s]Cls;

« AgCl-2NH3s; nentpanbnblil atom — noH Ag+. KoopaunarmonHoe 4ncio paBHoO 2.
Buytpennss chepa [Ag(NH3),]. 3apsan Bayrpenneii cdepsl pasen [Ag (NH 9 I
COCIMHEHHE UMEET BHEITHIOW KoopAuHannoHHY0 chepy [Ag(NH;)]Cl;

« Fe(CN)3-3KCN. LlenTpanbHelii atoMm — o Fe**. KoopauHalnoHHOE YHCiIo paBHO
6. Komriekc He COIepKUT HEUTpaAIbHBIX MOJIEKYJ (Belb B BogHOM pacTBope KCN
MOJIHOCTBIO pacmagaeTcs Ha HoHbl K™ 1 CN7). Takum 00pa3om, BCe MIECTh JIMTaHI0B
B 3ToM coeauHeHnn — aHuoHbl CN°. Buyrtpennss cdepa [Fe(CN)g]. 3apsn
BHyTpeHHel chepsl  paBen -3. [Fe**(CN)¢]* wu coenumenume  mmeer
KoopauHaioHHyI0 dopmyy - Ks[Fe(CN)s];

o PtCl,-2KCl; nentpasibHblii aToM — miatuHa (+4). KoopaArMHAIMOHHOE YHCIIO PaBHO
6. Bce nmuranast — uonsl Cl'. Bayrpennss cdepa [PtClg]. 3apsin BHyTpeHHE#H chepbl
pasen -2: [Pt Cl]%; u coenunenne nmeet koopauHanuoHHyI0 popmyiy - K;[PtCle]
e CoCl3-3NHs. Ilentpanbhbiii atom — kobanbT (+3). KoopauHamuoHHOE YHCIIO
paBHO 6, HO B COCTaBe KOMILIEKCA TOJBKO TPU HEUTPATbHBIX MOJEKYIIBI.
Buytpennsst cdepa [Co(NHs3)sCls]. 3apsag  BHyTpenHe# cdepsr paBer O:
[Co*3(NH3):Cl3]% wu  coemuHeHnMe MMeeT KOOPAMHALMOHHYID —(OpPMyIy -
[Co(NH3)sCls].

e PdCl,-2NH3;. LenTpanpubiii atom — mamtagui (+2). KoopauHAIMOHHOE YHCIIO

paBHO 4. B coctaB xomIuiekca BXOJAT JUiIb J1Be Mosiekysbl NHs. BuyTpenHuss

13



chepa [Pd(NH3),Cly]. 3apsmy BHyTpenHed cdepbl paBeH 0 u  dopmyna
KoopauHanuoHHoro coeauaeHus - [PAd(NH;).Cly].

HecMmoTpss Ha TO, YTO HCTOPHS KOOPAMHAIIMOHHON XMMHH HACUHUTHIBACT
OKOJIO JIBYyX BCKOB, BBIPAOOTAaTh HMCUYCPIIBIBAIOIIEE MOHATHE KOOPIMHAIMOHHOTO
COCJIMHEHUS, KOTOPOE BKIIIOUANO Obl B ceOs BCE BHIBI ITHX COCIMHCHUH, HE
ynanochb. OIHOW M3 OCHOBHBIX NPUYUH 3TOTO SIBJIIIETCS MHOTrOoOpasue THUIIOB
KOOPJIMHAIIMOHHBIX  coeAuHeHui. KoopauHallMOHHBIE COCTUHCHHS BeChMa
pa3zHOOOpa3HbI MO CBOEH CTPYKTYpE, YCTOMUMBOCTH, MPUPOJE U cBoicTBam. Hinke

IIPUBEIEHBI HEKOTOPBIE TPUMEPHI KOOPIUHAIMOHHBIX COCINHEHUI:

[CO(N H3)5] CI3 KOMIIJICKC BEPHCPOBCKOI'O THUIIA.

[Co(CO)g] KapOOHUT KoOanbTa

COEJIMHEHUS BKJIIOUYEHHUS, B3aUMOJICHCTBUE MEXTY OOBEMHBIM

aTOMOM MHEPTHOIO Ta3a M OpPraHUYEeCKOM CTPYKTYpOu

—_— OCYIIECTBIICTCA 3a CYET CHJI MPOMEXYTOYHOIO Xapakrepa

0—( Ar : 0 (BaH-ZIep-BaaIbCOBO B3aUMOJICHCTBHE,

" JUCTIEPCUOHHBIE U JJIEKTPOCTATUYECKHUE CUJIBI U ITPOY. ); TaKOe

B3aMMOJICVICTBUE HA3bIBAIOT B3aUMOJECHCTBUEM THIIA T'OCTh-

xo3sauH. [Ipm »5>TOM MoOIekymna TOCTA BHEAPSETCA B
MEXKPHUCTAJUIMYECKOE IPOCTPAHCTBO XO3IUHA

®depporieH WIm 3°—(IMIUKIIONIEHTa UEHUI )KeNe30.
OTHOCHUTCSL K TaK Ha3bIBAEMBIM COHJIBHYEBBIM COCIHMHEHUSIM
WM METaJIOIleHaM

Kommtekc ¢ NEpCHOCOM 3apsAaaa

Komrtekcrr OpTraHU4YCCKUX COCHHHCHHﬁ, HC COJACpIKalIuX
METaJlI

M 3TO0 TOABKO HECKOJBKO THIOB KOMIUIEKCHBIX COCIMHEHUM. BHIHO, 4TO OHHU
KapJIMHAJIBHBIM 00pa30M OTJIMYAIOTCS APYT OT JIpyra CTPOCHUEM U TUIOJoTHel. B
CBSI3U C OTUM OKa3aIOCh 4YPE3BBIYAWHO TPYAHO [aThb TOYHOE OMNPEAECICHUE

KOMIIJICKCHBIM COCIMHCHHAM.
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Tak, Hanpumep Anumupckuy u  bennmap, OTKazaBIIMCh — AaTh
VCYEPIIBIBAOIIYIO (bopMyIIHPOBKY KOMIIJIEKCHOT'O COCIMHEHHS,
CKOHLICHTPUPOBAJINCh HA TEX COCTABHBIX YAaCTAX OIPEACIECHUS, KOTOPBIC

AOJIDKHO BKJIHOYATh OIIPCACIICHUC KOOPANHAIIMOHHOTO COCANHCHU .

KoopaunaiinoHHoe coeIMHeHUE JI0JDKHO:

® UMETh MPU3HAK KOOPAUHAIIWY, TPU TOM BaXKHO MOAYEPKHYTH T€ (PaKTOPHI,

KOTOPBIE ONMPEAENSIOT TPOCTPAHCTBEHHYIO CTPYKTYPY COECAMHEHHH;

® JMCCOLMMPOBATH B BOJHOM pAacTBOPE IO TETEPOJUTHUYECKOMY THUIIY H

JlaBaTh MOHBI,

¢ XAapaKTCpU30BaATLCA «CJIOKHOCTBIO» COCTaBa. KOOpI[I/IHaHHOHHOe YHCJI0

LOCHTPAJIBbHOI'O HOHA JOJIZKHO IIPCBLIMIATH €T'0 BBICITYIO CTCIICHb OKUCIICHUA

He kacasich aHasiM3a JOCTOMHCTB M HEJOCTATKOB MHOTOYHCIIEHHBIX MTOIBITOK
JIaTh OIPENENIEHNE KOMIUIEKCHOMY COEJIMHEHMIO, OCTAHOBUMCS Ha OIPENIEIICHUH,
MpUBEAEHHOM B padbore «OCHOBHbIE 3aKOHbI XUMumn» (bepesun b. /[, Kpecmog I
A. M.: Hayka, 1999, 95 c.).

«KomnnexcHoe coeduHenue — 3mMo MONEKVIAPHAA Yacmuyd, KOmopas
obpazyemcs U3 CHOCOOHbIX K He3a6UCUMOMY CYWECME0BAHUIO JIUCAHO08 U
YEHMPANbHBIX AMOMO8, UCKII0Uasi NPOMOH, 6cledcmeue obpa3oeanus OOHOPHO-
akyenmopHulx cesazei. OHa obradaem O00CMAMOYHOU YCMOUYUBOCMIBIO K
COLBOIUMUYECKOU OUCCOYUAYUYU 8 NOTAPHBIX PACHEOPUMENAX.

OTO omnpeneneHue CTPOro IMPUMEHHMO K OTHOCHUTEIBHO MPOCTHIM
«KJTACCUYECKUM» KOMIUJIEKCHBIM COEAMHEHUSIM, TaKMM KaK KOOpIWHAIMOHHbBIE
COCIUMHEHUS] METalIOB C  MOJIEKYJSPHBIMM  JIMTAaHAAMH, C aAHUOHAMU
(aIMIOKOMILIEKCHI), C WX KOMOMHalMed BO BHYTpPEHHEW cdepe (CMellaHHbIe
aIMIOMOJICKYJISIPHbIE KOMIUJIEKCHI), C BHYTPUMOJICKYJISPHBIMU AalUI0JIUTaHIaMU

(BHYTPUKOMILIEKCHBIE COJIM). s KaKI0ro M3 3TUX YEThIPEX OCHOBHBIX TPy
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KIIACCUYCCKHX KOMIIJICKCOB HNMECTCA BHYTPCHHSA KHaCCI/I(l)I/IKaHI/Iﬂ 10

CTPYKTYPHBIM THUIIaM, IO TUIIAM XUMUYECKOU CBS3U U T.J.

1.4. Knaccudukanus KOOPAMHANUMOHHBIX COeIUHEHUH
MHoOrounciIeHHbIE KOMIUICKCHBIC COSAMHEHUSI MOTYT OBITh KJIacCU(PHUITUPOBAHEBI 11O

Pa3JIMYHBIM MPU3HAKAM.
|. ITo Ki1accaM XUMHYECKHUX COeTMHEeHUM:
a)  comu [Cu(NHz3)4]Cly, [Ni((NH3)6]SOq;
b)  kucaoter HJAUCI,], Ho[PtClg];
¢) ocuoBauus [Ag(NH3)2]JOH, [Cu(NHs)4](OH),
1. B 3aBucuMOCTH OT 3apsijia BHyTPeHHeil c(epbl:
a) CoenuHeHUs, B KOTOPBIX 3aps]l BHYTPEHHEH cPepbl MOIOKUTEIIEH,
Ha3bIBaIOT kamuonuvimu komniekcamu, [CO(NH3)s]Cls

b) Ecnu 3apsin BHyTpeHHE#H cdepbl oTpUIIaTeNieH, COSIMHEHUST Ha3bIBAIOTCS
anuonnvimu komnaexcamu, Kq[Fe(CN)sg]

c) B Tex cnmyuasx, korja BHyTpeHHssI cepa HeUTpaibHa, Mbl HIMEEM JIETIO C
HeUmpanbHbIMU ~ KOMNAEKCAMU WA KOMNAEKCaAMU-HeINeKmpOoaumamu,
[Pd(NH3).Cl].

I11. B 3aBUCUMOCTH OT PUPOAbI JIUTAH/IOB:

ad) KOMIUIEKCHl THIa JBOMHBIX COJIEM — allUIOKOMILUIEKCHI, B KOTOPBIX BCE
JUraHapl  sABAsAOTCs  aHmoHamu  (ammpmosmrangamu):  Ko[PtCly],
Nas[Cr(NCS)s], Nas[Fe(CN)s];

b)  MOJNEKyIsIpHbIE COCIMHEHUS, B KOTOPBIX BCE JIMTAHJbl SBISIOTCSA
HEHTpaIbHBIMU MOJICKYJIaMH: [Co(H20)6]Cls, [Cu(NH3)4]Cly,
[Ni((NH3)6]SO4, [Fe(CO)s];

C) CMEIIaHHBIE A0 - MOJEKYJSPHbIE COEAUHEHHUSI, B KOTOPBIX JUTaHAaAMU
SIBIIAIOTCS KaK HEHTpaibHbIe MOJIEKYJbI, Tak ¥ aHuOHbI: [Pd(NH3),Cl],
[Co(H20)3Cls], [Cr((H20)2(NH3)2Cl,](NO3).

Kpome mozo, no npupooe nuzandoé pa3iuuaiom KOMNIEKCHI:
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a ¢

azoTcoAepKalllMMM  JIMTaHJaMu:  aMMHakOM  —  aMMUAKarsbl,
OpraHM4YeCKMMHU aMUHAMU — aMUHATBHI,

b) ¢ KucCIOpoACOAEPKAIIMMM JIMTAaHJAMHU: C BOJIOW — AaKBAaKOMILUJIEKCHI,
TUJIPOKCUI-MOHAMU — TUIPOKCOKOMIUIEKCHI, CHUPTAMU — AJIKOTOJIATEHL,
acupamu — 3puparsr;

c)

¢ docdopcoaepxkanuMu TUraHaamMu: opranudeckumu ¢dochunamu PR,

oprannyeckumu pocpuramu P(OR);3;
d) KOMIUIEKCHI

C HCHACBIIICHHBIMHU JIMTI'aHAAMMH.

OKCHUJIOM yTriepoja
KapOOHWJIbHBIE KOMILJIEKCHI, STHUJICHOM U €ro MPOU3BOAHBIMHU, AlIETUIICHOM

" €ro NMporn3BOAHBIMH, APOMATUICCKUMHU COCAINHCHUAMU,
e)

f)

TUAPUIHBIC KOMIIJICKCHI, B KOTOPBIX JIUTAHIOM SABJIACTCA THAPHUA-NOH H_,

KOTOPLBIC

BHYTPUKOMIUIEKCHBIE COEIWMHEHUs WM XenaTHele (oT aHri. chelate —
KJICIITHS), oOpa3zyrorcs

C TMOJUAECHTAaTHBIMU JIMTaHAAMH,
COJEpKalIUMH KaK HEWUTpaJibHble, TaK WU OTPHULATEIBHO 3apsSKEHHbIC
AIIEKTPOHOJAOHOPHBIE TPYIIIbI, HATPUMED:

F.J
B! F" 1 \“:_\_
L L= ‘
C-0, 0-C . R
TN o O N=q
A5 ] ~H Ry W =
W £ ! \ =N~ e Y
r_\: rﬂ‘:r_\ ‘;“_ ‘_\ ("1
f=0 S= R,
= R,
I

Takue COCAMHCHNA COACPKAT aTOM MCTAJllIa, BKJIFOUCHHBLIN B MOJICKYITY

KOMILJIEKCa TIOCPEJICTBOM JBYX THIIOB CBSI3€Hl — OOBIYHONW XWMHUYECKOW CBSI3M H

CBA31, 06paBOBaHHOfI C ITIOMOIIIBIO I[OHOpHO-aKLIeHTopHOFO MEXaHU3MaA.
9)

Kommnekcnl ¢ MAaKpOOUKIWMYCCKUMHU JIMI'AHJaMHU, B Ka4€CTBC KOTOPBIX

UCTIOJNB3YIOT NOPGUPHUHBI, (PTATOLMAHUHBI, KpayH-3(DUPHI U JAP.
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CH=CH:2 CHs

HsC CH=CH:
HsC CHs

CIZHz QHz

CH: CH:

COOH COOH

. Kob6anbToBbIif KOMIUIEKC TaToluaHHA
KobGanpToBbIi KOMILIEKC poTonopdupuHa-IX

IV. B cocraBe koMmIuiekca MOTYT HaXOIWUTHCS OJMH, JIBA WM HECKOJIBKO HOHOB
MeTaia. B 3aBUCMMOCTH OT 3TOT0 KOMIUIEKCHI ObIBAIOT 00HOs0epHble, OusioepHbie
U MHO2OsI0epHble.
Busoepnuvle komnnexcvt MOTYT pa3uvaThCs 1O CBOEMY COCTaBY U CTPOEHHUIO:
a) Kbl MOH MeTasuia o0pa3yeT OTACIbHYI0 KOOPAUHAIIMOHHYIO cdepy.
[Ipu 5TOM BO3MOKHBI JBA CIIy4das:

e OJWH MOH BXOJUT B COCTaB KOMILJIEKCHOTO KaTHOHA, a JPYyrol — B COCTaB

KOMIUTIEKCHOTO annoHa, HanpuMmep: [Pt(NH3)4][PtCly4];

e 00a HOHAa HAXOJATCA B COCTAaBE KOMIUICKCOB — HEIJIEKTPOJIUTOB
[Pt(NH3)2Br4]-[Pt(NHs3)2Br-]. Takue KOMILUICKCHI HA3bIBAIOTCS
MOJLEKYIISIPHBIMU.

06) O6a moHa MeTa/ula HAaXOJATCA B COCTAaBE OJIHOM KOOPJAMHAIIMOHHOW CQeEpBhl.
XapakTtep CBs3€H U B JAHHOM CITy4ae MOKET ObITh Pa3JIMYHbIM:
e HWOHBI METaJJIa CBSI3aHbI MKy COOOH C MTOMOIIBIO MOCTHKOB, HAITPUME:

4+

Takue KOMILJIEKCHI Ha3bIBalOT MOCHUKOBLIMIU.

e HOHBI CBA3aHbl MCKIY coOoi HCTIOCPCACTBCHHO 3a CUCT CBS3EH MeETallI-

Metai. OOpa3oBaHuEe MPOYHBIX KOOPJIWHAIMOHHBIX COCIMHEHUH CO CBSI3bIO
18



M — M mnaubosee xapakTepHo s nepexoaubix metaioB VIb , VIIb , VIIIb

IPyNN B HU3KHX cTereHsx okucienus, Hanpumep: (CO)4Fe=Fe(CO), Takoii
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BHJl CBS3M HMMEET MECTO B KldacmepHuix coequHeHusx (oT aHri. cluster-
CKOILUICHHE, TPO3/Ib).
V. m-Komnnekcot:

® TT-KOMNJIeKCbl MemaJjiios

— H ‘,_":
ClL. okt — N
Pt CH; dN gy}
ClsTT o 20 : N SO EDN
~ - 7\ \'\..,_,-l")
(}
. y 5, A
H"' ‘:.: .-““ ) —L:\ \le.
Cho-- =23 SN Fe
el S !
g Lo ¢ L
U= I"H; F £ R P
) / "-.I“ S .l". it =, e
f oy R J E— v i —
l:_‘f"j_\"ﬁl:f —;—\-(\:\:‘I:\J \—/
Komnnexcol ¢ smunernom Komnnekc ¢ mempayeHom ¢€pp01/;€H

Komriekcel TaKoIo THIIA CoacpiKar MHOTI'OOCHTPOBBIC Op6I/ITaJII/I.
KOOpI[I/IHaHI/IOHHaH CBA3b B TAKHUX CJIY4HasaX HA3BIBAIOT 2anmo-CeA3bio. CTpOGHI/Ie

TaKUX KOMILJIEKCOB M MX CBOMCTBA TPAKTYIOT ¢ o3unuu teopun MO.

° OpZCZHM'lQCKuep'KOMI’UleKCbZ

CH
" CT':‘”J E Ea-“: AN £t
«{ i .gr‘-"ﬁ | ‘ i ]IE 1
£ N FL. “ . _,s
NCY TR e vl
WCH,

B Takux xomrimekcax nmpoucxonut nepekpeisanne B3MO nonopa 1 HBMO
akuenropa. X Ha3pIBalOT TakKe KOMIUIEKCAaMHU € mepeHocoMm 3apsana. K Hum
OTHOCATCS — KOMIUIEKChI apOMAaTHYECKUX COECAMHEHUN C raJloreHaMu, KaTHOHaMU
cepebpa u prytH; 1,3,5-TpUHUTPOOEH30JI0M, MUKPUHOBON KHUCIOTOM, XJIOPAHUIIOM.
KoMriuiekebl TanoreHoB WM TeTpaluaHOA3TUIIEHA C N-JA0OHOpaMH (CIUpTamu,
MPOCTHIMU d(PUpaMu) WU p-TOHOPaMU (JTKEHAMU MW aJTKUHAMH ), TAKIKE CIICTyeT

paccMaTpuBaTh Kak KOMITJIEKCHI ¢ IEPEHOCOM 3apsiaa
V1. B 3aBUCHMOCTH OT reOMeTPUYECKOil KOH(PUTYpaAIUM KOMILJIEKCA:

a) JMHCEHHBIC KOMILICKCHI;

b) TerpadapUUYECKHE KOMILIEKCH;
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C) IUIOCKOKBAJPATHBIE KOMILJIEKCHI;

d)  OKTadaApUYECKUE KOMIUIEKCEL.
['eomerpuyeckas KoHPHUTYypamysi KOMIUIEKCA 3aBUCHT OT AJICKTPOHHOU CTPYKTYPHI
LIEHTPAJIbHOTO aTOMa M THUMAa TUOPUAM3ALMMN SJIECKTPOHHBIX OpOUTaneil mnpu

00pa30BaHUU KOMILIEKCA.

1.5. HomeHKJIaTypa KOOPAMHANMOHHBIX COeTUHEHNI

[Tpumensiemass OOBIYHO HOMEHKJATypa OCHOBaHa Ha PEKOMEHAAIMIX
Komurera 1mo HOMEHKIaType HEOPraHMYECKUX COCIMHEHUN MeXITyHapOoIHOro
coro3a 1o Teoperudeckoit u npukiaaHoit xumuu (IUPAC).

B ¢opMynax KOMIUJIEKCOB Ha TIEpBOM MeECT€ CJieBa CTOUT CHMBOJ
[IEHTPAJIILHOTO aToMa, 3aTeM CJIeAYIOT (OpPMYJbl HEUTPAIbHBIX M AHUOHHBIX
nuranoB, Hapumep, [Co(NH3)3Cls].

[TockonbKy (OpMyJIbI MHOTMX JIMTAHJOB CJIOKHBI, UX OOBIYHO 3aMEHSIOT
YCIOBHBIMU 00O3HAUEHUSIMU, HauOoyiee 4YacTO BCTpPEYAIOIIMECsS IPUBEACHBI B
Tabnuie 2.

Ha3Banue BHyTpeHHEW cQepbl KOMIUIEKCA COCTaBJSETCS B CIEAYIOLIEM
nopsiake. Ilpexnae Bcero, ykasblBalOT allUAOIUTaHIbl, IPU 3TOM K MX OOBIYHBIX
Ha3BaHusAM mnpubasisercs cypdurc "o" — Cl- - xmopo, CN- - mmano, NSC- -
tronuanato, OH™ - tugpokco, SO4% - cynbdaro. [lepen Ha3BaHUMEM KaXJOTO BUIA
AlUIOJIUTaH/IOB YKAa3bIBAETCS UX KOJIMYECTBO I'PEYECKUM YUCIUTENbHBIM: 2 — 1, 3
— TpH, 4 — TeTpa, 5 — neHra, 6 — rekca, 7 — renta, 8 — okra. [locne aHMOHHBIX
JIUTAaHJ0B HA3bIBAIOT MOJIEKYJIBI M UX KOJIMYECTBO. JIJisl HEUTpaNbHBIX JINTAHJOB, B
OCHOBHOM, COXPAHSIOTCS MX 00bIYHbIe Ha3BaHus. Mckmtouenus coctapiustor: HyO —
akBa, NH3 — ammun, CO — kap6ormn, NO — HUTpO3HII.

Ecnu Ha3BaHue Mraiaa sBIISIETCS CJI0KHBIM WIIA COIEPKUT MPUCTABKU "o,
"rpu" wim "terpa", Hanpumep, "numetwicyiabdokcun”, "tpudenundochun”, To

KOJIMYECBO TAKUX JIMTAH/IOB YKa3bIBaeTCs Tak: 2 — Ouc, 3 — tpuc, 4 — TETpaKuc.
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Tabauya 2.Dopmynst u 0003HaAUEHUSL HEKOMOPBLIX OP2AHUYECKUX TUSAHO08

YcnosHoe

Ne ®opMyita nurasaa Ha3BaHUE
o003HaueHHe

1 NH2CH2CH>NH2 STUJICHINAMUAH en
2 CsHsN IUPUTMH Py
3 (CHz3)2S JUMETHICYITb(OUT JIMC
4 (CH3).SO JTUMETHIICYIIb(POKCHT JIMCO
5 SC(NH2)2 THOMOYEBHHA Thio
6 HCON(CHz3): JUMETHI(OPMaMUT JIM®DA
7 P(CeHs)3 tpudenundochun PhsP

[Tocne Toro, Kak Bce JIMTAHIIbI HAa3BaHbI, HA3BIBAIOT IIEHTPAIBHBIA aTOM U B
CKOOKax pUMCKOMU (PO €ro CTereHb OKUCICHUSI.

[TopsiioK COCTaBJICHUS MOJIHOTO HA3BaHUSI KOOPIUHAIIMOHHOTO COCTUHCHHUS
UMEET HEKOTOPbIE 0COOCHHOCTH B 3aBHCUMOCTU OT TOTO, SIBJISIETCS JIU KOMILICKC
HEHTPaTbHBIM, TIOJOKHUTEIIHHO WM OTPHUIATEILHO 3apsKECHHBIM.

a) Heiimpanvhnviii Komniexc Ha3bIBACTCS OJHUM CJIOBOM B HWMEHUTEIBHOM
najiexe, MPUYEM CTEIICHb OKUCIICHUS IICHTPAILHOIO aTOMa HE YKa3bIBaeTCH.
[Mpumepsr: [Cr(H20)3(OH)3] — tpurnapokcorpuakaxpom, [Pt(PhsP).Cly] —
auxyopoouc(tpudenundocduH)miaTuHa.

b) [TomHOE Ha3BaHUE KAMUOHHO20 KOMNIEKCA HAYMHACTCS C aHMOHOB BHEIIHEH
chepsl — xjopua, cyibdar, HUTPAT U T.A. KOMIICKCHBI HOH Ha3bIBACTCSI
OIHUM cJIoBoM B poautenbHoMm manexke. [Ipumepsl: [Co(NH3)s](NOs3)s —
autpatr  rekcammuukoOanpra  (III),  [Pt(NH3)sBr2]JCl, —  xmopun
auopomoreTpaMMUHILIATUHBI(IV).

¢) B Ha3zBaHuu awnuonnoco romniexca BHayYale YKa3bIBACTCS KOMILUICKCHBIN
aHnoH ¢ cydpdukcom — "ar", a 3aTeM B POAUTEIHLHOM TMAJEKE KATHOHBI
BHelHeW cdeprl. Ha3BaHWe IIEHTpaIbHOTO aToMa, BXONAIIETO B COCTaB
aHMOHA, MOXET OBITh KaK pyCCKUM, TaK U JaTuHCKUM. [Ipumepsr: Nay[PdCls] —
terpaxyioponayuianar (II) marpus, Ks[Fe(CN)g] — rexcarmmanodeppar (III)

KaJIus.
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JInst HEKOTOPBIX KOMIUIEKCHBIX COCIMHCHHUH HCHONB3YIOTCS  TPaJAUIIHOHHBIC
Ha3BaHUs, HAIIPUMED:

[Pt(NH3)4][PtCls] — 3enenas cons Maruyca;

K4[Fe(CN)g] — xenrast KpoBsiHasi COJIb;

Ks[Fe(CN)s] — kpacHast KpoBstHast COJIb

NH4[Cr(NCS)4(NH3),] — conn Peiineke;

K3[Co(NO2)s] — conp Duiiepa;

H[PtNH3Cl;s] — xuciora Koca.

1.6. Peaknum cMHTE3a KOOPAMHAIMOHHBIX COeTUHEHM I

B Hacrosimee BpeMss B CHHTE3€ KOOPAMHAIIMOHHBIX  COCAMHEHUUN
HCITOJTB3YIOTCSI XMMHUYECKUE PEAKIIMU BCEX M3BECTHBIX THUITOB. KOOpauHAIIMOHHBIC
COCTMHECHMSI MO’KHO CHHTE3MPOBATh B BOJHBIX M HEBOAHBIX PacTBOpax, paciiaBax,
a TaKke B TBEpIOHM M ra3oBod ¢aszax. 31ech JHIIb KPAaTKO OXapaKTepu3yeM
OCHOBHBIC pEaKIMU, TMPUMEHSEMbIC i1 TIOJYyYCHHsS KOOPIMHAIIMOHHBIX
COEUHEHHU.

e  Henocpeocmeennoe e3aumooeiicmeue peazeHmos, HaIpUMEp, CUHTE3
KapOOHWJIOB METAJIOB U3 METAJIJIOB M OKCHJIA YTIIEepo/ia:

Fe + 5CO = Fe(CO), 1
Jlpyrue XapakTepHbIE TPHMEPHI: B3aUMOJCUCTBUE THUIPOKCUIOB METAJUIOB C
KOHIICHTPUPOBAHHBIMU PACTBOPAMH IICIIOYCH WIIM B3aMMOJICHCTBHE TaJIOTCHHIOB
HEKOTOPBIX METAJIJIOB:

Co(OH); + 2NaOH = Nay[Co(OH),4] 2
Hagl, + 2Kl us6um — K2[Hgl4] 3
e  OobMmen nuzanooe — HTH peakiiu HanOOJIEE PACTIPOCTPAHCHBI ISl CUHTE3a
KOMILUIEKCOB cO BpeMeH A. Bepnepa. Tak, nampumep, moiydeHue MPOIYKTOB
NPUCOCIMHEHN aMMHaka K pa3HbIM COEIMHEHMSIM CBOAMUTCS K JIEUCTBHUIO €ro
M30bITKa HA BOJHBIC WJIM HEBOJHBIC PACTBOPHI COJell MeTamioB. CHHTETHYECKHE
OOMEHHbIE PpEaKIMU HCIMOIb3YIOTCA HE TOJBKO JJIi OoOMeHa BHYTpUC(hEpHBIX

JINTaHOO0B.

23



[Ni(H,0)6]Cl, + 6NH3 — [Ni(NH3)s]Cl, + 6H,0, 4
HO U JUTsl 0OOMEeHa BHENTHEC(EPHBIX AaHUOHOB:

[Co(NH3)6]Cl; + 3KI — [Co(NHs)s]ls + 3KCl, 5

e  Peakyuu oOeoitnozo ob6mena — peakuuu OOMEHa JUTAHIOB TpHU
B3aUMOJEMCTBUM KOMILJIEKCOB, 0Opa30BaHHbBIX Pa3HBIMU METAJJIaMH U JIMTAHAAMHU.
[Ipu HarpeBaHUM B TEUEHHE HECKOJIBKHUX YACOB PACTBOPA MEHTAIUECHUIIATA HATPUS
U XJIOpuJa jKeje3a B TeTparuapodypaHe peakius ABOWHOTO oOMeHa IPUBOJUT K

00pa3oBaHUIO OUIIMKIIONIEHTAIMEHUIILHOTO KOMILIEK A xene3a ((peppolieHa):

—
£,
AT o
FAR T

\ T 17 5
H Na

Fr
-";_:I—::\

° OKucnumenbHo-60CCHMAHOBUMEIbHbLE peaxkuyuu. O6pa3013aHHe

KOOpAMHAOIWMOHHBIX COCI[I/IHCHI/Iﬁ MOXCET COIMMPOBOKAATHCA PCAKIUAMU OKUCIICHUA-

BOCCTAHOBJICHU .
Zn + 2NaOH + 2H,0 = Na[Zn(OH)4] + Ha 1 7
Au + 2HCI + Cl, = Hy[AuCly] 8

Koopaunanmonunsie coenunenust kodanpra(lll) momyuaror u3 coneit kodbanbra(ll).
Ecnu okucnsats kobanst(Il) kucmopoaom Bo3myxa, a aydliie NIEPOKCUIOM BOAOPOAA
B MPUCYTCTBUU aMMHMaKa, TO MOYHO MOJTYYHUTh COCIMHEHUS
rexkcaammuakoo6ansTa(Ill):

4COC|2 + 4NH4C| + 20NH; + O, = 4[CO(NH3)6]C|3 + 2H,0 9
He wmenee ycnemHo NPOXOAUT OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIM CHUHTE3 B
pacruaBax coisieid. Hanpumep, BiCls B npucyTcTBUM XJjopuja aatOMUHHUS MOXKHO
BOCCTAaHOBUTH METAIUIMYECKUM BUCMYTOM I10 YPaBHEHHUIO:

BiCl; + 3AICI; + 2Bi = 3BIi[AICl4] 10
. Domoxumuueckue peakyuu. OoTtoakTuBalys, T. €. AKTUBALMUSA, BbI3BAHHAA
MOTJIONIEHUEM KBaHTa CBETA, MOXKET MO-PAa3HOMY HCIIOJIB30BATHCS IS MOTYUYEHUS

HOBBIX KOOPAWHAITNOHHBIX COCﬂHHCHHﬁ:
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1. poroxumuueckoe pasnoxkeHue (doToauccoIMals) COCAUMHEHHH  C

YaCTHYHBIM OTHICIIJICHUCM JINTAHA0B:

2Fe(CO)s —MY5 Fe(CO)s + CO 11
2. PeaKHI/II/I OKHCIICHHA-BOCCTAHOBJICHUA .
hv
2[Fe(C,0,),]* —— 2[Fe(€ @) J* + 2CO + Cz04* 12

3. peaknuu oOMEHA; B BO30YK/IEHHOM COCTOSIHUU KOMILJIEKCHBIC COCTUHEHUS

CTAHOBATCS 00Jiee TaOUIbHBIMMU

[Fe(CN) ]+ + N- —V, [Fe(CN) (N)]* + CN- 13
6 3 5 3

[Fe(CN) ]+ + HO —"Y, [Fe(CN) (H O)]* + CN- 14
6 2 5 2

4. ¢oromszomepuzanysi KOMIUIEKCOB, HAIpPUMEp, paleMH3AMsl ONTHYCCKU
aktuBHBIX GopM [Cr(C204)s]*;
5. yuc-mpanc-u3oMepu3aIusl, Harpumep, npeoOpa3oBaHKe yuc-
[Cr(en)2(H20),]*" npu o6myuennu ceetom (11 = 370 HM) B mparnc-u3oMep.
Peakyuu memnnamnozo cummesa; Wi peakuud Ha warpunax. CunTtes
JUTaHJOB OCYIIECTBISIETCS B IIpoliecce KoMmIuiekcooOpa3oBanus. Hampumep,
KOOpJIMHAIIMOHHBIE coeAuHeHus: ¢ ocHoBanusmu [lludda mnomyuaror wu3
apOMaTHYECKOTO O-TUIPOKCHANBACTHAA W aJKWJIaMHUHA B TIPUCYTCTBUHM MeTajlia-
KOMILIEKCO0Opa30BaTeIs:
20-OHCsHsCHO + 2C;HsNH2 + Co?* — [Co(0-OHCsH4CHN(C2Hs))z]* + 2H.0 + 2H* 15
bonbiioe  3HaueHWe ~ UMEET  MEeMAAAMHbIUL  CuHme3 AN TIOJTY4YEeHHS
KOOPJIMHAITMOHHBIX COCIWHEHUN METANIOB C MAaKPOIMKIMYCCKUMU JIMTaHIaAMH —
noppupunamu (a) u dranonnannHamu (0). B mpuBeneHHBIX CHUHTE3aX MOTYT
y4acTBOBaTh W JAPYTHE  PEarcHTHI-TIPEKYPCOPHI (TIpeaIecTBEHHNKH )

TCTPAIMUPPOJIbHBIX MAKPOIUKINYCCKUX XCIIATHBIX JIMTaHOOB.
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R R R R
R R by H o o - -
2/ \S + RCHO ——> ., R >
NH Cu(OAc)zR R R R
rR "R R R R R
a

0O
M(OAC):
NH + P —
\ RCH,COOH 550 -350° &
O
M=2Zn,Cd
0

Puc. 1. Cxema cuHTe3a KOMIUIEKCHBIX COeIMHEHUH NOpGUPUHOB (a) U PramonnanuHoB (0)

1.7. CuHTe3bl HEKOTOPHIX KOOPAUHALMOHHBIX COeIMHEHUI

o Jlueuopam mempazcuopoxcobopama nampusi Na[B(OH)4] 2H,0
B TepmMoCTOIIKOM XHMHYECKOM cTakaHe eMKocThio 250 mi mpuroroBbTe 20 T
KOHILICHTPHUPOBAHHOTO pacTBopa ruapokcuaa Hatpus (w = 50%), ucnosb3ys
TBEPIBIA TUAPOKCUI HATpUs W Boay. K mojydeHHOMY pacTBOpY NPH YMEPEHHOM
HarpeBaHWM J00aBbTE MPUTOTOBIICHHBIN B IPYrOM CTaKaHE PacTBOP, COACPIKAIIUNA
13,70 r 6opHoit kucaoTel 1 17 mit Boasl. Oxmaaute cMech. HabmrogaliTe BenageHue
KpUCTAJUIMYECKOro ocajaka. [IpoaykT otTaenuTe OT MAaTOYHOIO —pacTBOpa
BaKyyMHBIM (DUIIBTPOBAHUEM M BBICYIINTE HA BO3IyXE.
Buumanue! I'uopokcuo nampus - eoxoe eujecmeo, He npukacamscsi pykamu!

o [excaxnoponnombam(Il) ammonuss (NH4)2[PbCleg]
Buecure B ¢apdoposyro crynky 5,00 r xmopuma cBuHma(Ill) m 10 wmn
KOHLIEHTPUPOBAHHOW XJIOPOBOJOPOIHON KUCIOTHI (W = 37%) U pacTupaiite cMech
10 oOpa3oBaHus cycrieH3uu. [lonydeHHy0 CyCleH3UI0 TEPEHECUTE B KOHUYECKYIO

kon0y emkocThio 300 mu. ComepkuMoe CTYNKH HECKOJIbKO pa3 oOpaboTaiite
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KOHILICHTPUPOBAHHOM XJIOPOBOJOPOJHOW KHUCJIOTOW, IO JOCTHKEHUS ITOJHOIO
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nepeHoca cycmneHsun B konOy. Mcxomuwiii pearent xmopun cBuHna(ll) momken
OKa3aTbCsi BO B3BEIIEHHOM COCTOSSHUM B 70 M KOHUEHTPUPOBAHHOM
XJIOPOBOJOPOJAHOW KHCJIOTH. B TOMy4eHHYIO CYCHEH3HWIO TPOITyCKAaWTe TOK
ra3o00pa3HOro XJjopa, MpU 3TOM COJECPKUMOE KOJIObI-pEaKTOpa MEPUOIUYECKU
B30anThIBaiiTe. [IpuMepHO Yepe3 yac mociie Hayaja MPOIYCKaHHUsS XJOopa CMECh
OKpAIIIMBACTCS B JKEITHIN I[BET BCIICCTBUE 00pa3oBaHus rekcaxjaoporuromoaTa(lV)
BOJOPO/Ia [0 PEAKIUU:
PbCl, + Cl, + 2HCI = H2[PbC|e]

Otnenmure mpuMech Hempopearupoasiiero xjopuna cBuHIa(Il) ot pactBopa
BaKyyMHBIM GuiabTpoBanreM. OunbTpaT oxsnaaure JbaoM. OTIeIbHO MPUTOTOBLTE
¥ OXJIAJIUTE JIHJIOM pacTBop, coaepxamuii 2,00 r xaopuma ammonus u 10 M1 BOIBI.
JloGaBbTe K OXJIAXKIECHHOMY pacTBopy rekcaxjoporuirombara(lV) Bomopona
OXJIQXKJICHHBIN PACTBOP XJIOPHJIAa AMMOHUS, YTOOBI POBECTU PEAKITUIO:

H,[PbCls] + 2NH4Cl = (NH,4)2[PbClg] + 2HCI
Peakumonnyto cmech BoiiepKuTe B TeueHue 4-6 yacos mipu 0 °C (B neasHOM OaHe),
MOCJIE Yero OcCaJ0K OTIEIUTe OT pacTBOpa BaKyyMHBIM (UIBTPOBAHUEM H
BBICYIIINTE HA BO3TYyXE.
Buumanue! Pabomy cnedyem eecmu 6 GbIMANCHOM WKAQY NpU BKIHOUEHHOLU
senmunayuu! Konyenmpuposarnas xnoposooopooHas KUCI0OMA - e0Koe 8eulecmao,
2a3000pasublil.  XJI0POBOOOPOO  00/1a0aem  CUNbHLIM — pa3opadcarwum u
NPUNCULAIOWUM OeticmBUeM, ONACeH O] ObIXAMeNbHbIX nymeti!

o Jlueuopam xnopuoa ouxiopomempaaxeaxpoma(lll) [Cr(H20)4Cl;]Cl . 2H,0
Buecute B TepMocToiikuit XuMudeckuit crakad eMkocThio 250 mit 10,00 r okcuaa
xpoma(VI), no6aBsTe 40 M1 KOHIICHTPUPOBAHHOM XJIOPOBOIOPOAHON KHCIOTHI (W
= 35%), HaKpoiTe CTakaH YaCOBBIM CTEKJIIOM M KHUIISITUTE Ha BOJSHOU OaHe B
teuenue 1-1,5 gacoB. 3arem no6aBpTe eme 40 M KOHIIEHTPUPOBAHHOMU
XJIOPOBOJOPOAHON KUCIOTHI U CHOBA yIapbTe COJAEPKUMOE CTaKaHa J0 MOSBICHUS
Ha TIOBEPXHOCTH KHUAKOCTH TUICHKH KpUCTAUIOB. Omneparuio ymnapuBaHUS C

KUCJIOTOM MOBTOPUTE €1IE ABAXKIbL. B 3aKiltoueHrne ropsiuuid pacTBOpP MPOIYCTUTE
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yepe3 (QUIbTp CO CTEKISHHOM TMOPHUCTOM TMEeperopogkoil M  OCTaBbTE
KPUCTANIU30BaThCsl B KoJiOe Ha 3-4 yaca. BelaenuBrivecss KpUCTAIIbI MPOIYKTa
OTJENUTE OT MAaTOYHOTO PacTBOpa BaKyyMHBIM (PHIIBTPOBAHHEM, MEPEHECUTE BO
B3BEIICHHBI OIOKC M BBICYIIUTE B HKCUKATOPE HAJ| KOHLIEHTPUPOBAHHOWU CEpHOMN
KUCJIOTOM J10 TOCTOSIHHOM Macchbl B TeueHue 2-3 cyTok. boiee nmurenbHOE
BBIJICPKMBAHUE HAJ CEPHOM KHCIOTOM MOYET IPUBECTH K IIOTEPE YacTu
KPUCTAIIN3AMOHHON BOJBI.
Buumanue!  Vnapusanue  cmecu  peacenmos ¢ = KOHYEHMPUPOBAHHOU
XJIOPOBOOOPOOHOU KUCIOMOU BeCmMU 6 BbIMANCHOM WKAQDY Npu BKIHOUEeHHOU
BEHMUNAYUU.

o Tempacuopoxcoyunxam(ll) nampus Na[Zn(OH),]
BHecute B TEpMOCTOMKMI XUMHMUYECKMH CTakaH eMmKocThio 250 ma 19,50 r
TUApOKCUaa HaTpus U 14 M OQuCTWIIMpPOBaHHOM BoAbL. lloiydeHHBIN pacTBOp
JIOBEJIUTE JI0 KUIEHUST U OCTOPOXKHO J00aBbTe K Hemy 5,60 r okcuaa HHMHKA.
['opstumit pacTBOp B Ciiydae HEOOXOAMMOCTH MPOPHIBTPYHTE Yepe3 CTCKISTHHBIN
bunbTp M 3aTeM OXJIaJUTE J0 KOMHATHOW Temreparypbl. OOpa3zoBaBuIMecs
KpUCTAJUIbl MPOAYKTa OTAEIUTE OT MaTOYHOIO pacTBOpa BaKyyMHbBIM
buIbTpOBaHMEM, WCHONB3YS BOPOHKY C TOPUCTBIM JHOM, M TPOMOITE
KOHLEHTpUpOBaHHBIM (W = 50%) BOJHBIM pacTBOPOM THAPOKCHIA HATPUS.
I'0TOBBIN MPOAYKT BBICYIIUTE A0 IMOCTOSHHOW MAaCChl B OKCUKATOPE.
Ocmopooicno! T'uopokcuo Hampus - eOkoe U ONACHOE Beujecmen, K HeMy Helb3sl
npukacamvcs pykamu!

o [excazuopokcoxynpam(ll) cmponyus Sro[ Cu(OH)g]
Buecute B xoHmveckyro kosi0y eMmkoctbto 500 mu 2,50 r 6pomuna menu(Il) u
pacTBOpUTE MPU KOMHATHOW TeMIeparype B 25 Mil BOJIbl. 3aTeM J100aBbTE K ITOMY
pactBopy 100 mut kornenTpupoBanHoro (W = 50%) BogHOT0 pacTBOpa rMIPOKCHIA
HaTpus, 3apaHee oxjiaxaeHHoro a0 5 °C. IlosyyeHHBIN pacTBOpP, COIAEpIKAIIMI
rexcaruapokcokymnpat(ll) Hartpus, HarpedTe 10 KUIEHUS U OCTOPOXKHO, IPH

TIIATEIIBHOM TIEpEeMENUBaHNM 100aBbTe pacTBOp, comepkamuii 7,00 T HUTpaTa
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ctpoHist U 20 mia Boael. [lpum B3aMMOAEHCTBHMM KAaTHOHOB CTPOHIUS U
reKCaruApoKCOKYIpaT-uOHOB B KOJIOE BBINIAJAET 0CA/IOK. BBICTpO oTaenuTe ero ot
pacTBopa IMyTeM BaKyyMHOro (GUIBTPOBaHHUS dYepe3 (QUIbTp CO CTEKISHHOMH,
MOPUCTON  IJIACTUHKOM, TMpoMoWTe Ha GUIbTpe HEOOJIBIIMM  00bEMOM
OXJIQXKJICHHOT'O alleTOHA 1 BBICYIIUTE Ha BO3/1yX€ B OIOKCE UJIM HA YACOBOM CTEKIJIE.
ITomy4deHHBIN NPOLYKT B3BECHTE.

Ocmopooicno! Tuopoxkcuo nHampusi - edkoe U OnacHoe 8ewecmeon, K Hemy Hejlb3sl
npukacamscs pykamu!

o  Monoeuopam cynvgpama mempaammunumeou(ll) [CU(NH3)4]SO4-H,0O
Bnecute B xummnueckuii crakad eMkocTbio 100 M 5,00 r mentaruapara cynbdara
menu(Il) u pacTBOpHTe NpH YMEPEHHOM HarpeBaHUHM B HeOoJbIIOM 00Beme (5-6
MJI) BOJbL. PacTBop clerka oOxJaguTe M MOCTENEHHO, NpU  TIIATEIHHOM
[IEPEMEIIMBAHAN TIPUJIEHTE K HEMY KOHILEHTPUPOBAHHBIM BOJHBIM PacTBOP
aMMHuakKa 10 IOJIHOTO PacTBOPEHHUs BbHINAJAIOIIETO0 BHAayajue roiyOoro ocaaka
cynbdara rugpokcomenu(Il). K nmomyyeHHOMY TEMHO-CHHEMY pacTBOpY cylbdaTa
terpaammunaMenu(Il) no6aBere 5 mut sTanona. CTakaH co CMEChIO OXJIaIUTE B OaHe
co apaoM. OTnenuTe BBHIMABIIME KPUCTALIBI OT pPAacTBOpa BaKyyMHBIM
(UIBTPOBAHMEM M TPOMONTE UX Ha (UIBTPE CMECBIO 3TAaHOJNA C PACTBOPOM
ammuaka (1:1 mo o6bemy). Beicyimre mojydeHHy 0 cojib pu Temmepatype 50-60
°C, oXJaauTe 10 KOMHATHOW TEMIIEPATYpPhl U B3BECHTE.

Buumanue! Pabomy eéecmu 6 6blmajicHOM wKagy npu Ki04eHHOU eHmuaayuu!
o Xnopuo eexcaammunnuxens(ll) [Ni(NHs3)s]Cl,
Buecute B xumnueckuit crakad eMkoctbio 100 Mt 5,00 r rekcaruapara xjaopuia
nukensa(Il) u pacTBopuTe pU KOMHATHOM TeMIiepaType B HeOobIoM o0beme (5-6
mu1) Bojiel. [Tpuneiite k pacTBopy 25 Mi1 KOHIIEHTpUpoBaHHOTO (W = 25%) BogHOTO
pacTBOpa aMMHUaka, a 3aTeM J100aBbTe 6,50 I KPUCTAIUTMYECKOTO XJIOPUIa AMMOHHS.
TmarenpHO nepeMemanTe cMech 10 ITOJIHOTO pacTBOpeHus conu. [lomydeHHbli
pPacTBOp OXJIAJIMTE B BOJISIHOM OaHe. BhinaBiine KpucTamibl OTASIUTE OT pacTBOpa

BaKyyMHbIM (DUIBTPOBAHUEM U MIPOMOMTE MX Ha (UIBTpE
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HEOOJBIIUM 00BEMOM KOHIEHTPHUPOBAHHOTO BOAHOIO pacTBopa ammuaka. [locne
OXJIQXKJICHHS 10 KOMHATHOM TeMIIepaTypbl B3BECHTE MPOIYKT.
Buumanue! Pabomy eecmu 8 8blmsajicHOM wKagdy npu KioueHHol eHmuaayuu!

o Jlueuopam mpuuooonmomoama(ll) xarus K[Pbls] 2H,0O
Buecute B TepMOCTOMKHIT XUMHUYeCKHid cTakad eMKkocThio 100 mir 4,00 r HuTpaTa
ceuHUa(Il) u pacTBOpuTE IpH YMEpEHHOM HarpeBaHuu B 15 mu1 Boabl. B npyrom
CTaKaHe TakKe MPU YMEPEHHOM HarpeBaHuu pactBopute 15,00 r monnna kanus B
15 mut Bompl. 3arem, HE OXJIaXJasi PaCTBOPOB, MPU THIATEIBHOM IEPEMEIINBAHUN
npuieiite Kk pactBopy Hutpara cBuHua(ll) pactBop momuna xanus. HabGmronaiite
BBIJICJICHHE KEJITOr0 ocajaka moauaa cBuHUA(Il), KOTOpBIA IO Mepe OXJIaXKIACHUS
CMECU pearupyer ¢ H30bITKOM HOAMAA Kalus, HaXOIAUIMMCS B pPacTBOpE, C
oOpa3oBaHHEM CBETJIO-KenToro auruapara tpunonorunromOara(ll) xamus. [locne
OXJIQXK/ICHHsI Ha BOJSHON OaHe MOJyYeHHBIH MPOIYKT OTAEIUTE OT KUAKON (a3bl
BaKyyMHBIM (pUIbTpOBaHHEM (0€3 TPOMBIBKH!) U BBICYLIUTE HAa BO3AYXE, B3BECHTE.
1.6.9. Tpurunpat tpuokcanaroxpomata(lll) kamms Ks[Cr(C,04)3] - 3H,0
Buecute B TepMOCTOMKHM XUMUYECKUI cTakaH eMKOCThio 250 mi1 9,00 r nuruapara
masesieBoi kuciotel U 4,00 r okcanara kanms. PactBopure 3TH BeliecTBa Npu
HarpeBaHuu U nepememnBanuu B 140 mu Boasl. B apyroMm XuMHU4YecKOM CTakaHe
eMkocThto 100 MJI OpPUTOTOBBRTE NPU YMEPEHHOM HArpeBaHUU PacTBOD,
coaepxamuii 4,00 r nuxpomara kanus u 42 mu Boasl. K pacTBopy miaBeneBoi
KHCJIOTBI M OKCajlaTa KaJIsl MEJUIEHHO, NPU MHTEHCHUBHOM IE€PEMELIMBAHUU I10
KaluisiM MpubaBbTe€ pacTBOp Auxpomara kanus. I[lonydeHHyr0 cMmech BIEeWTE B
dapdopoByr0 wyaliky M BbIIapUBaiiTe BOAY NPU YMEPEHHOM HAarpeBaHUH [0
NOSIBJICHUS] HA MIOBEPXHOCTHU KUJKOCTU KpucTaiuioB. [locne 3Toro oximaaure cmech
B OaHe co JibJIOM. BblnaBiive npu OXJIaKIEHUN KPUCTAILIBI OTJEIUTE OT pacTBOpa
BaKyyMHbBIM (PMJIbTPOBAHHEM U BBICYIINTE HA BO3IYXE.
1.6.10. Terparuapat rekca(tuonnanaro)xpomaTa(lll) kamus K3[Cr(NCS)g] - 4H.0
Buecute B TepMmocToiikuii xumuueckuit crtakaH emkocThto 100 mum 5,00 r

nonekaruapata cynbdara xpoma(lll)-kamus w 6,00 r THommanara Kamws,
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PacTBOPHUTE TH BEIMIECTBA B HEOOIBIIOM (5-6 MiI) 00beMe BOJBI IPH YMEPEHHOM
HarpeBaHuM. 3aTeM MEPEHECUTE MOIYUYEHHBIM pacTBOp B (papdopoByro yallKy U
yHapbTe €ro npu YMEpEeHHOM HArpeBaHUU /10 MOSIBJICHUSI KPUCTAJIOB, MTOCJE YEro
n00aBbTe B YaliKy 25 MJ 3TaHona. [IoCKonIbKy MoiaydaeMblii KOMIUIEKC XOpPOIIO
pPacTBOPHUM B 3TaHOJIE, a CyIb(dar Kamus (BTOPOI MPOAYKT PEAKIINN) MPAKTHICCKH
HepacTBOpuUM, OyaeT HaOmoaaThcsl 0OpazoBanue AByX(da3Hoi cmecu. BakyyMHBIM
GUIBTPOBAHMEM OTIEIHTE KUIKYIO a3y, COoJepiKalllyl0 KOMIUIEKC, OT OcCajka
cynbdara cynabdara kamus. Ocanok oTOpockTe, a (QUILTpaT CHOBAa yMaphTe B
dapdopoBoil Hallike NMpyU yMEPEHHOM HArpeBaHUM M 3aTEM OXJaJUTE B OaHE CO
Ip70M. BpimaBmme KpuUCTAIbI OTAEIUTE BAaKyyMHBIM (UIBTPOBAHUEM OT
MAaTOYHOT'O PACTBOPA U BBICYIIUTE HA BO3IyXE.

o  Monocuopam ouuooouooama(l) kanus K[I(1)2]-H,O
Buecute B TepMOCTOMKNN XUMUYECKU cTakaH eMKocThio 100 M 16,60 r noauaa
KaJIisi, paCTBOPUTE 3Ty COJIb IIpU HarpeBanuu B 10 mi1 Bojabl. 3aTeM J00aBbTE K
ropsaueMy pactBopy umoauzaa kamus 25,40 r TmATENBHO PacTEpTOrO B CTYIIKE
KPUCTAINIMYECKOTO MOJa U MEPEMEIIANTE 10 MOJIHOIO €ro pacTBopeHus. Oxiaaure
cMmech 110 0 °C B 6aHe co Ib10M. BeiienuBiiecs: KpUCTauibl OTACIUTE OT pacTBOpa
BaKyyMHBIM (GUIbTpOBaHHEM (0€3 MPOMBIBKH) M BBICYIIMTE B JKCHUKATOPE Ha
okcugoM gocdopa(V). B3pecbTe noayueHHbIN TPOAYKT.

o Tempaxnopoyunxam(ll) ammonusi (NHz)2[ZnCl4]
Brecure B XuMudeckuii TepMoCcTOMKHi cTakaH emMkocThio 250 it 70,00 T xmopuma
uunka, 30,00 r xsnopuga ammonust 1 30 mu1 Boabl. PacTBopuTe KpUCTauibl B BOJIE
IpU MEpEeMEIIMBaHUN U YMEPEHHOM HarpeBaHuu. OXJIaIuTe PEaKIIMOHHYI0 CMECH.
BrimaBuime Kkpucramibl  OTAEIATE OT MATOYHOIO PacTBOpa BaKyyMHbBIM
(GUIBTPOBAHMEM HA BOPOHKE C IOPUCTOM CTEKISTHHOM MJIACTUHKOM.

o Tempauooomepxypam(Il) meou(l) Cuz[Hgl4]
BHaecnTe B xumudeckuii ctakad eMKOCcThio 250 mi 6,60 T noauma kanus, 50 M1 BOJbI
u 9,00 r nonuna pryru(ll). [lepememaiite cmech 10 0Opa3zoBaHMs PaCTBOPUMOIO

npoaykTta - Terpanoaomepkypara(ll) kanus. [lonyueHHbI pacTBOP

32



nepeHecure B KoiOy-peaktop (puc.65), B Ty ke KoiOy BHECHUTE 3apaHee
IPUTOTOBJICHHBIN B APYTOM CTaKaHE pacTBOp, coaepsxkamuit 16,00 r nenTaruapara
cynbara megu(Il) m 30 ma Bogsl. CoOpaB yCTaHOBKY, MPOIMyCKaWTe B KOJIOy-
peaKkTop TOK ra3o00pa3HOro IJUOKCHAa cepbl M3 KoyObl Bropma; perynupyiite
CKOpPOCTh TOJJayd raza C I[OMOIIbI0 KpaHa KalellbHOM BOPOHKHU C
KOHIIEHTPUPOBAHHON cepHOM kucioTod. HabmiomaliTe BblIeneHuEe BbIACIICHUE
CBETJIO-KPACHOI'0 OCa/IKa IPOYKTa, 00pa3yIOLIErocs Mo peakiuu:

CuSO, + Kz[Hg|4] + SO, = CUQ[Hg|4] + K>SO,
[Ipomyckanue AUOKCHAA CEPbl BEAUTE 0 MPEKPALEHUs BBIICICHUS Oca/iKa. 3aTeM
0CaJI0K OT/EIUTE OT PaCTBOPa BAKyYYMHBIM (DUIIBTPOBAHUEM, TPOMOITE Ha (HPUIBTpPE
BosioM 1 BeicymuTe npu 50 °C.
Buumanue! Pabomy eedume 6 blmsdxicHOM wKady npu KIH0UeHHOU eeHmuaayuu!
Omxo0bl coeOuHeHUti pmymu (8KI0UAsL CMblEbL C NOCYObl) cledyem cooupams 8
cneyuanvHyo mapy 0Jisi nepepadomxu.

o [excazuopam buc(cyrvpamo)xynpama(ll)ammonus (NH4)2[Cu(SOy),]-6H,0
Bhaecute B TEpMOCTOMKHMII XMMHYECKHH cTakaH eMmKocTbio 250 mm 25,00 T
nenrtaruapara cyibdara meau(Il) u 26,40 r cynbdpara ammoHus1, 100aBbTe 45 Ml
BOABI M PACTBOPUTE KPUCTAUIBI B BOAE MPU IMEPEMEUIMBAHUNM W YMEPEHHOM
HarpeBaHUM. 3aTeM OXJIAJUTE pacTBOpP. BblaenuBIIMecs KpUCTAUIbl OTAECIUTE OT
pacTBOpa BaKyyMHBIM (UIBTPOBAHMEM M BBICYIIUTE B CYIIWJIBHOM IIKady HpH
50°C.

o Jlueuopam ouoxcanamoxynpama(ll) xanus Ko[Cu(C,04)2] - 2H,0
Bhnecure B TepMmocTOWKMH XuMHYeCcKHi cTakaH emkocTtero 100 mm 5,00 r
nentaruapata cyibdara menu(ll) u 10 Ma Boabl; pacTBOpUTE KPUCTAJUIBI B BOJIE;
Harpeiire pactBop 10 90 °C. BHecute B apyrol XMMUYECKHUN CTaKaH €MKOCTBHIO
100 M 7,30 r MOHOTHApaTa OKcanaTa kKainus 1 20 M1 BOJIbI; pACTBOPUTE KPUCTAIIIBI
B Bojie U Harpeite pactBop A0 90 °C. He oxnaxnas pacTBOpPOB, NMPUJIEHUTE MPHU
MHTEHCHUBHOM TiepeMelnnBaHuu pactBop cynbdara meau(ll) k pactBopy okcanara

kanusg. CMmech oxnaaute B BoasHoW OaHe mo 10 °C, BHOCH B
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Boay jen. HabGmionmaiite kpuctamumzanuio npoaykra. OTAenuTe KpUCTAUIbl OT
pacTBOpa BaKyyMHBIM (prutbTpoBanueM U BeicymuTe mipu 50 °C.

o  Xnopuo xnoponenmaammunxodanrema(lll) [Co(NH3)sCI]Cl,
Bnecure B koHMUecKyro koj0y eMkocThio 100 mi 5,00 r rekcaruapaTta HUTpaTa
kobaneTa(ll), 7,00 r xmopuaa amMmMoHus M 7 M BOJbl. PacTBopuTe KpHCTaIbI
peareHToB B BOJIE MpH c1aboM HarpeBaHuu. J[00aBbTE K PEaKIIMOHHON cMecH 25 MIT
KOHIIEHTPUPOBAHHOTO (W = 25%) BOAHOTO pacTBOpa aMMHaKa, a 3aTeM IO KarisiM
IIpU HENPEpPHIBHOM NEpPEMEINIMBAaHUU 7 MII KOHLEHTpupoBaHHoro (w = 30%)
BOJHOT0 pacTBopa nepokcuia Bojgopoa. Oxucnenue kodansTa(ll) mo kobansTa(Ill)
moJ1 AeHCTBHEM Ilepokcuaa Bogoposaa ¢ oopazosanreM [Co(NHj3)sCl]?* cumraiite
3aKOHYEHHBIM, KOTJ1a paCTBOP MPUOOPETET MyPITyPHO-KPACHBIH LIBET, & pa3I0KEHHE
U30bITKAa TEpPOKCHJIAa BOJOPOJA C BBIICICHHEM Ta3000pa3HOTO KHUCIOpOJa
npekpatutcs. llocie 3TOro mnpoBenuTe HEWTpaIM3alMiO H30BITKA aMMHUaka,
n00aBIiAs MO KarsaM 35 MII KOHIEHTpUpPOBaHHON (W = 35%) XJIOPOBOJOPOAHOM
KUCJIOTBI. PacTBOp Harpewrte 10 KUIICHUS, a 3aTEM OXJIAJAUTE JIbAOM. Bblmasiine
KpPUCTaJUIBl OTJENIUTE OT pacTBopa BaKyyMHbIM (QuiabTpoBaHueM. OYUCTKY
KOMILIEKCHOM COJIM IPOBEAUTE MYTEM MEPEKPUCTAIUIM3AUNH. J[JIs1 3TOr0 KpUCTAILIIBI
POJyKTa Ha (PUIBTpE pacTBOpPUTE B ropsueM pazdamieHHOM (W = 2%) BogHOM
pactBope ammuaka. K mnoisydeHHOMY pacTtBOpy A00aBbTE€ IO  KaIlisAM
KOHIIEHTpUpoBaHHyt0 (W = 35%)  XJOpPOBOJOPOJHYI  KHUCJIOTYy 1O
CUJIBHOKUCIOTHON peakuuu cpeasl (pH < 3, KOHTpoJib 1O yHUBEpCalIbHOU
WHIUKATOPHOW OyMare) W HarpeBaiiTe Mmpu Temreparype KUIEHUs B TeueHue 15
MUHYT. 3aTeM OXJIaJIMTe PacTBOP B KOJIO€ MPOTOYHOM BOJOM. BeimenuBmmecs
KPUCTAJIBI  MPOJYKTAa OTACIUTE OT MAaTOYHOTO pacTBOpa BaKyyMHBIM
(bUIBTPOBAHHEM, ABAXKIHI IPOMOWTE Ha (DUIBTPE BOJOM, OXJIAKICHHOU JIHJIOM, U
ATAHOJIOM, a 3aTEM BBICYILIUTE HA BO3yXE.
Brumanue! Pabomy eecmu 8 8b1msAdCHOM WKAQDY NPpU BKIIOUEHHOU 6eHMUNAYUU!

o Monozuopam okcocyrvgpamomempaaxeasanaous(lV)

[V(H20)4(S04)0]-H,0

34



B xonbe emxoctrio 300 mur mpuroroBbTe 100 M1 pa3dbaBIeHHOTO pacTBOpa CEPHOU
kuciotel (W = 2%) u BHecuTe B ATOT pactBop 5,00 r okcuaa Banaaus(V).
IlepemermaiTe peakIIMOHHYIO CMECH M YEPE3 MOTYUYECHHYIO CYCIIEH3UIO ITPOIyCKANTe
ra3oo0pa3Hblii AHOKCHA cepbl (CM. puc.64) n0 moJiydeHHs B KojOe-peakTope
MPO3pPayHOTO PACTBOpPA CHHETO LIBETA. DTOT pacTBOp nepeHecute B hapdopoByto
Yallky M YyIapuBaiTe Ha BOJSHOM OaHe 10 Hayala KPUCTALIM3ALMM; 3aTEM
oxmaautre a0 0 °C npaom. BelmaBimiye KpUCTAUIBI OTIAEIUTE OT pacTBopa

BAKYYMHBIM (DUJITPOBAHUEM U BBICYLIUTE B IKCUKATOPE HAJ XJIOPUIOM KaJbIIH.

2. Ilpupoaa XuMH4YeCKOM CBSI3H B KOOPAMHALIMOHHBIX COeIMHEHMSIX

Ko BpemeHu BO3HUKHOBEHHsI KOOpAMHAIMOHHOW Teopuu (1893r) He
CYILLIECTBOBAJIO OIPEACIICHHBIX MPEACTABICHUM O NPHUPOAE CHUI XHMHYECKOIO
B3aumonercteus. Jlumb 20 ner cmycTs ObUIM HaMe4YeHbl KOHTYpPbI YYEHUS O
CTPOECHHMU aTOMa W XMMHUYECKOW cBsi3u. B 1916 r moutu onHOBpEMEHHO ObLIU
IpeI0AKEHBI J1BA MOAX0Aa K O0BbSICHEHUIO XMMHUECKOT0 B3auMoieicTBus. OuH u3
HUX TpakTOBaJl XUMHUYECKOE B3aMMOJCHCTBUME Kak Mpouecc o0pa3oBaHUs H
HOCJIEAYIOLIETO JIEKTPOCTATUYECKOTO B3aUMOJEUCTBUS MOHOB. ABTOPOM TaKOIo
noaxonaa Obul  Bamerep Koccenb. pyroit mnoaxoxa, chopmMyInpoBaHHBIN
Jxuinb0epTom JIbroucom, CBOAMIICSA K TOMY, UTO @TOMBI COETUHSIOTCS MEXKIY COO0M
C MOMOIIBI0 0000IIECTBICHHBIX JEKTPOHHBIX nap. [lepBblit moaxon mpeBpaTHiics
B JJaJIbHEUIIIEM B YYEHUE 00 UOHHOI (2emeponoisipHolL) c853uU, a BTOPON — B YUEHUE

0 KOBAEHMHOU (20MEONONAPHOL) CBA3U.

2.1. DueKkTpocTaTH4YeCKNe NMpeacTaBIeHUs!

CyTb 2JEKTPOHHOW TEOPUU CTPOEHUS aTOMOB M MOJIEKYJI, MPEII0KEHHON
KocceneM, cocrosina B CIeIyIOLIEM:
1. AToMbI 0JaropoAHbBIX ra30B 001aJal0T OCOOCHHO YCTOMYNBOI, COCTOSALICH U3

JBYX WJIA BOCBMH 3JIEKTPOHOB 000JIOUKOM.
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2. ATOMBI IpYTHX 3JIEMEHTOB 00JIaJal0T MEHBIIIUM YUCIIOM 3JIEKTPOHOB, IO3TOMY
UX 3JICKTPOHHBIE 000JIOUKH MEHEE YCTONYHBBI.

3. OOpa3oBaHuEe MOJEKYJ] MPOUCXOAUT BCIEACTBUE MNEpeAayd ONPEIEeSIEHHOIO
Yucia AJMEKTPOHOB OT aTOMa OJHOTO 3JeMEHTa (MeTajlia) K aTroMy JIPYroro
arieMeHTa (HemeTaiuia). B pe3ynbTare Takoi nepenadn KaKablii aToM JOJDKEH
npuoOpeTaTh YCTOWYMBYIO BHEIIHIOK OO0OJOYKY, HIECHTHYHYIO OO0OJIOUKE
OJaropoiHOTO rasa.

[Tpu 5TOM aTOM METaNIa CTAHOBUTCS MOJIOKUTEIHHBIM HOHOM, & aTOM HeMeTalia —
OTPHUIATEIEHBIM HOHOM.

B cooTtBercTBUM ¢ 3ak0oHOM KyloHa MOHBI IPUTATHUBAIOTCS APYT K IPYTY 3a
CYET JEKTPOCTATHUECKOTO B3aUMOICHCTBUS. Takass XuMUYeCcKas CBsI3b Ha3bIBACTCS

UOHHOU.

[TockonbKy MOHBI CO3JAIOT NEKTPUUECKOE T10JIE, OHU 0053aTEIbHO JTOJIKHBI
MPUTIATUBATH HOHBI IPOTHBOIIOJIOKHOTO 3HAKA M OTTAJIKUBATH OJHOMMEHHBIC HOHBI.
Koccenpb nokaszasn, 4To npu B3auMOIEHCTBUN POTUBOIIOJIOKHO 3aPsKEHHBIX HOHOB
HanboJiee yCTOMYMBOE COCTOSIHUE, T.€. 00JIa/1al0llee MUHUMYMOM MOTEHIMATbHON
SHEPTUM CHCTEMBl BOBCE HE COOTBETCTBYET CIIy4ar0, KOrja K N-3apsaHOMy
MOJIOKUTEIBHOMY HOHY TPUCOEIUHSIOTCS N OJHOBAJEHTHBIX OTPUIATENIbHBIX
MOHOB, KaK MOXXHO OBLIO OXHJATh C TOYKW 3PEHHUS] KJIACCHUYECKOTO YYCHHS O
BaJCHTHOCTH. TeM caMbIM OBLIO JAaHO SHEPreTHYEcKOe OOOCHOBAHHE SIBICHUIO
KOMILJIEKCOOOpa30BaHUsI.

OTOT BBIBOJ MOXKET OBITh MPOWJUIIOCTPUPOBAH Ha MpuMepe OoOpa3oBaHMS
KOMILIEKCHOTO MoHa [Agly] (puc. 2).
Cuna mpuUTSHKEHHUS MEXIy OTPHUIATCIBHBIM W TOJOXHUTEIbHBIM HOHAMH,

corjacHo 3akoHy Kyiiona paBHa:
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Puc. 2. Cxema 3J€KTPOCTaTHUECKOTO B3aMMO/ICHCTBHsI COCTaBHBIX yacTeil nona [Agla]”.

Cwua B3aMMHOTO OTTaJIKMBAaHUS MOHOB | paBHaA:

F
eZ eZ omm e2 e2

=0.25

—; sz

F o= - .
M (2R)?  4R? Foun 4R2RZ

Takum 06pa3zoM, OTHOIIIEHUE CYMMbI CUJT TPUTSHKEHUS K CYMME CHJT OTTAJIKUBAHUS
JUTAHJOB cocTaBisieT Juiib (.25 cuibl OPUTSAKEHHUS, MOITOMY OOpa3oBaHUE
Komiutekca [Agly] sSBasIeTCS SHEPreTUYECKH BBITOHBIM.

JanbHenmue pacudersl, nposeneHHble Koccenem, a 3arem Marnycom,
BCKPBUIA (PU3NUECKYIO CYINTHOCTh KOOPAMHAIIMOHHBIX uKcesn. OHaKO pe3yybTaThl
pacueToB OKa3aJduCh HEJOCTATOYHBIMH. B 4YacTHOCTH, OHU HE OOBSICHSIU
cnenuUKd pa3IUYHBIX HWOHOB, OOJAJAIONUX OJMHAKOBBIMHU 3apsijamMH U
paguycamu. OCTaBaJIoOCh TaKXe€ HEMOHSITHBIM, TOYEMY METaulbl MOOOYHBIX
MOATPYTII SABJISIOTCS 60JI€€ THTUYHBIMHA KOMIUIEKCOOOPAa30BaTEIISIMU 110 CPAaBHEHUIO
C MeTajulaM{ TJIABHBIX MOJrPYIIN. OTO SBUJIOCH CJIEACTBUEM CHIEJIIAHHOTO
JOMYIIEHUS, UTO JIMTAHIbl MO’KHO PACCMAaTPUBATh KaK HECKUMAeMbI€ IIapuKu. J{is
OoJiee MOTHOTO TTOHWUMAaHUS SIBJICHHUS KOMILIEKCOOOpa30BaHUSI HEOOXOIUMO OBLIO
MPUHUMAThH BO BHUIMaHHUE OCOOCHHOCTH AJIEKTPOHHBIX 000JI0YEK OT/ICJIbHBIX HOHOB,

a TakXKe W3MEHEHHUS, TMPETEpPIIEBAEMbIE HWOHAMU W JHUIOMSAMH MpPU KX
B3aUMOJIEUCTBHUM.

B cBsi3u ¢ 3TUM OBLIM BBIABUHYTHI HOAAPUZAYUOHHBIE NPEOCMmABIeHUs,

COTJIaCHO KOTOPBIM, paccMaTpuBas B3aUMOJCHCTBUE MexAy dacTuuamMu A u B,
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HCO6XOI[I/IMO YUUTBIBATH HE TOJBKO 3aps/abl Amn B, HO TaKXK¢€:
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a) B3alMOJICMCTBUE HOHA A C TUMIOJILHBIM MOMEHTOM, UHIYLIUPOBAHHBIM B HOHE B
oJ ACMCTBUEM MOJIS MOHA A,
0) B3auMoIciCTBHE 3apsia MOHA B ¢ MUTTOBHBIM MOMEHTOM, HHIYITUPOBAHHBIM B
HoHEe A 10J1 JeMcTBUEM NoJid noHa B,
B) B3aUMOJICHCTBHE 000MX JUTIOIBHBIX MOMEHTOB,
I') SHEPTUIO BO30YKIEHUS UHIYIITUPOBAHHBIX JIUTIOJCH,
1) B3aUMHO€ OTTaJKMBAHUE JICKTPOHHBIX 000JI0YEK COTUKAEMBIX YACTHII.
O4eBUIHO, YTO PACUEThl, YUYWUTHIBAIOUIME BCE MEPEUYUCIICHHBIE (PAKTOPHI,
OYEHb CJIOKHBI U MOTYT OBbITh BBITIOJTHEHBI JIUIIb MIPU ONMPEICICHHBIX JTOMYIICHUSX.
Tem He wMeHee TMONAPU3ANMOHHBIC IIPEACTABICHUS TO3BOJMIM OOBSCHUTH
HEKOTOPBIE CBOMCTBA KOMIUICKCHBIX COCIMHEHUM:
1. Craa  KaueCTBEHHO  IIOHATHOM  pa3HMIIAa B  CIIOCOOHOCTHM K
KOMILUIEKCOOOpPA30BaHWIO HMOHOB, Pa3JIMYAIONIUXCS CTPYKTYpOH AJICKTPOHHBIX
000/I0YEK.
2. Crajo TNOHATHBIM, IIOYEMY OJHHM KATHOHBI OOJbIIE CKIOHHBI K
KOMILIEKCOOOpa30BaHUIO C BOJIOM, a IPYTHE - C aMMHAKOM.
3. Cranmo MOHSATHBIM, IMOYEMY JIMTAHABI MO MPOYHOCTH CBS3eH, 00pa3yeMbIX C
Hg(1I), Pt(IT), Pt(IV), Au(IIl) pacnionararotcs B psig F- < CI'< Br< I, a ¢ merayuiamu,
He 00J1a1af0IIMMHU 3HAYUTEILHON MOJISIPU3YEMOCTBIO, 3TOT psix oopamaetcs: F> CI°
>Br>1I.
4. OHM criocoOCTBOBAJIHM BBIICHEHHIO MEXaHW3Ma B3aMMHOTO BIIUSTHHS JIUTAHO0B.
B 1menoM, 3I€KTpOCTATUUECKHN TOAXOH C Y4YE€TOM TMOJSPU3ALHOHHBIX
MPEJACTABICHUH TI03BOJIMII  OOBSICHUTh HEKOTOphIe (DaKThl, OJIHAKO MHOIOE
OCTABAJIOCh HESICHBIM, HAalpUMEp, MarHUTHBIE CBOMCTBA, TI€OMETPUYECKas

KOH(UTypalys, IBETHOCTh KOOPAUHAIIMOHHBIX COEAUHEHUH U T.I.

2.2. MeToa BaJIeHTHBIX CBA3eil

[IpencraBienuss 0 KOOPJAUHAIIMOHHON (JOHOPHO-AKIENITOPHOM) CBSI3U JIETIU

B OCHOBY TEOPHUH BAJIEHTHBIX CBSA3EH, yCIEIHO pa3BuTou Jlaitmycom [lonuHrom u
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CIIOCOOCTBOBABIIIEH MPOTPECCyY B UCCIEIOBAHUSIX KOMIUICKCHBIX cOoeAuHeHuil. B
HACTOSIIEE BPEMSI 3Ta TEOPHUSI UMEET B OCHOBHOM UCTOpPUYECKOE 3HaUeHue. OqHaKko
JOCTOMHCTBOM Teopuu [lonnHra B €€ ymnpoleHHOM BapuaHTe SBJSETCS OOblas
HaIJISIAHOCT.

CornacHo metoy BajieHTHBIX cBsazeit (MBC):

1. B o6pa3oBaHuU CBSI3U YYACTBYIOT TOJBKO 3JEKTPOHBI BHEIIHEW 3JICKTPOHHOM
000JI0YKH aToMa (BaJICHTHBIE AJIEKTPOHBI).

2. Xumudeckas CBS3b 00pasyeTcsi JByMsl BaJCHTHBIMH JJIEKTPOHAMH
Pa3IMYHBIX ATOMOB C aHTUIIAPAIUIEIbHBIMY clIMHaMH. [Ipu 3TOM npourcxoaut
HEPEKpPbIBAaHUE 3JIEKTPOHHBIX OpOUTAIEH M MEXIy aToMaMy MOSBISETCS
00JIaCTh C TOBBIIIEHHON AJIEKTPOHHON IUIOTHOCTBIO, OOYCIOBIIMBAIOLIAs
CBA3b MEXY SpaMu aTOMOB.

3. XuMuyeckasi CBSI3b OCYUIECTBIIIETCS B TOM HAIpaBJIEHUU, B KOTOPOM
oOecrnieunBaeTcst HaMOOoJbIlIEE EPEKPHIBAHUE ATOMHBIX OPOUTAIIEH.

4. VI3 HECKONBbKUX CBsI3eW JAHHOTO aToMa HauOoJiee TMPOYHOU OYyIEeT CBS3b,
KOTOpasi MOJIyYHJIaCh B PE3YJIbTaTe HAUOOJBIIETO MEPEKPhIBAHUS ATOMHBIX
opOuTanei.

5. Ilpu oOpa3oBaHMM MOJIEKYJ SJIEKTPOHHAs CTPYKTypa (Kpome BHEIIHEH
ANIEKTPOHHOM 000JIOUKM) U XUMHUYECKasi UHIWBUIyaIbHOCTh KaXKJJOr0 aToMa,
B OCHOBHOM, COXPaHSFOTCSI.

OO0pa3oBaHue KOBAJIEHTHOM CBSI3M MOXKET OCYIIECTBIISATHCS 3a CUET y4acTus B
HEel JBYX 3JIEKTPOHOB C aHTUIAPAIUICIBHBIMU CIUHAMU — 1O OOHOMY OM KAHCO020
amoma (0OMeHHbI Mexanuzm) W 3a CUYET HenooelenHou napvl (T.€. HE
y4acTBYIOIIEH B 0Opa30BaHUM JIPYTUX CBsI3€W) OJTHOTO M3 aTOMOB M 8AKAHMHOU
opoumanu npyroro atomMa (0OHOPHO-AKYENMOPHBLIL MEXAHU3M).

JIOHOpHO-aKIIENTOPHBIN MEXaHU3M 00pa30BaHMs KOBAJICHTHOU CBSI3U UTPACT
pemarouyo pojib Mpu O00pa30BaHMM KOMIUIEKCHBIX coequHeHud. Tak, 1o

OIIPCACIICHUTIO b. B. HeraCOBa, KOMNJIEKCHbIMU HA3bl6AIOMCA CO€0UH€HU}Z,
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Komopble 00pas3yiomcs U3 COCMAGHbIX Yacmeu 6e3 BO3HUKHOBEHUS HOBbIX
9/IeKMPOHHBIX Nap.

Llenmpanvnviti amom AGNAemMCss AKYenmopom 3JIeKMpPOHHbIX nap, UMest
He3aHAThIE OpOuTaNU. Jlueanov: O00JATAIOT HETOICICHHBIMH 3JICKTPOHHBIMU
napamMu W sensomcs  O0oHopamu. Koauvecmgo ceszell, Komopvle Modcem
obpazoeamsv JUcAHO — €20 OeHMAMHOCHMb ONpeoensemcs YUuciom OOHOPHBIX
amomos, T.e. aTOMOB, HWMEIOIIMX HETOJCICHHbIC JJICKTPOHHBIE TMaphl. Tak,
MOHO/ICHTATHBIE JINTAHBl UMCIOT OJMH JJOHOPHBIN aTOM:

RiHg + H,O L :Cle
OUJIEHTaTHBIC JIMTaH/Ibl — JBA JIOHOPHBIX aTOMa, HAl[PUMEP, STUICHIUAMUH
e
NH, CH, CHz NH;
TPUACHTATHBIC JINTAH LI — TPH JTOHOPHBIX aTOMa, HAITPUMED, AUITUIICHTPUAMUH
oo
NH,~CH, CH2 NH— CHz CH2 NH;

AMOUWIEHTAaTHBIC JIMTaH/Abl, TaKWe KaK THOIMAHAT-UOH COJAep)KaT JBa
noHOpHBIX atoma :S-C-N:, HO SBIAIOTCS, Kak TMPaBUIO MOHOACHTATHBIMU
muragaamu. [Ipy 3TOM OHM MOTYT COEAWHSTHCS C JBYMS Pa3HBIMH aTOMaMH
MeTajuIa, CTAaHOBSCh MOCTUKAMH MEXKTy HUMHU.

BaxxHoe 3HaueHWE B TEOpUM BAJCHTHBIX CBSI3¢H HMMEET KOHIICTIIUS
eubpuouzayuu amomuvlx opoumaneu, upennoxennas JI. ITlomuarom u [l
CrneiitrepoM. [ ubpuonvie opbumanu, BOZHUKAIOIINE B pe3yJIbTaTe B3aUMOJICUCTBUS
Pa3IUYHBIX aTOMHBIX OpOWTaIeii UMEIOT OAMHAKOBYIO ¢opMmy. OHU BBITSIHYTHI B
CTOPOHY COCEJHHMX aTOMOB, TO3TOMY JOCTHTaeTcs 0oJiee TMOJHOE MEepEeKPhIBAHUE
AIIEKTPOHHBIX OpOUTasei.

[Ipouiecc TuOpuaM3anuu CBSI3aH C 3aTPATON OMPEEICHHOTO KOJIHYECTBa
SHEPTHUU. DTY 3aTpaTy KOMIIEHCUPYET H30BITOK SHEPTHH, KOTOPas BBIACISICTCS TIPH
oOpa3oBaHMHM OoJyiee MPOYHOM XHMHYECKOHM CBSI3M 3a cuUeT OoJiee ITOJTHOTO
NepeKpbIBaHUS THOPUAHBIX opOuTanei. TakuM o0paszoM, eubpuousayus npueooum

K YMeHbUWleHUl0 JHepeuu oopasyrouencs MOoaeKkyibl — K ee Ooabuiel
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yemouyugocmu. OCHOBHBIE IPHUHIIMIIBI, ONPEAEIAIONINE poLece THOPUAN3aly,
CIIEYIOIIHE:

1. VyactBytomye B rHOpUAN3aIMH aTOMHBIE OPOUTAIN JOKHBI UMETH OJTM3KHUE
3HAYEHUs SHEPTUH.

2. Yucno ruOpuaHbIX opOuTaneil MOKHO OBbITh PaBHBIM YHUCIY HCXOJIHBIX
aTOMHBIX OpOUTAaJIEH.

3. ['uOpunnpie aToMHBIE OpOUTANM TPEACTABIAIOT COOOM  JIMHEWHBIE
KOMOMHALIUM HUCXOJHBIX (TOJY4YEHHbIE IIyTEM CJIOXEHUS M BBIUUTAHUS)
opOuTanei.

4. I'mOpuHple OpOUTANM PpACIOJAraloTCs B MPOCTPAHCTBE TaK, YTOOBI
o0ecneunTh MEXJIy HUMU MHUHUMAJIbHOE OTTAJKUBAHHUE, T.€. KAaK MOXKHO
Janbliie Jpyr OT Apyra.

B 3aBucumocTu OT BHAAa M uucia opOuTaliel, BCTYNAIOLIUMX B TMOPHUIM3ALINIO,
pa3ianyaloT HECKOJIbBKO OCHOBHBIX THUINOB TuOpuauzauuu. Kaxgomy tumy
rUOpUIN3ALMKA COOTBETCTBYET OIPEACIICHHAs CTPYKTYypa TMOpUIHBIX OpOUTaliel U
oTpesiesieHHasl reoMeTpruiecKasi KOHPUrypauus MOJIEKYJI.

Ecau ruGpuanbsie opouTanu o0pa3yroTcsi B pe3yJibTaTe B3auMOJICUCTBUS S U
OJIHOM p-opOWTanu, TO TOBOPAT O SP-ruOpuauzauuu. J[Be rubpuaHbie Sp-
opOUTaNIU pacmnoiararTcs B MOJIE siipa Tak, 4TOObl B3aUMOJCHCTBIE MEXKy HUMU
OBLIO MUHUMAJIBHBIM, T.€. o] yriioM 180°. B cayuae sp-eubpuouzayuu mMonex)vl
umerom nunetinyro gopmy. llpu B3auMOJIEHCTBUU OAHOM S- U JIBYX p-opOuTanein
UMEET MeCTO sp>-rubpuausanus. O6pasyromuecss TpU THOPUIHEIE Sp°-OpOUTAIH
pacroiararoTcs B OHOM MIIOCKOCTH, YToJl MeXy HUMH paseH 120°. B ciyuae sp?-

2ubpuouU3ayUU MOIEKYbl UMerom Gopmy npasuivbHo2o mpeyeoivHuka (puc. 3.).

A0

Puc. 3. sp- ¥ sp>-THOPUIN3ALHS AaTOMHBIX OpOHTAJIEHA.

42



sp3-rubpuan3anys BOSHUKAET IIPY B3aUMOICHCTBIU OJIHOM S- U TpEX p-OpOUTAJIEH.

B cnyuae sp®-rubpuansanum Mojiexyna uMeet popmy Terpasapa (puc.4.)

Puc.4. sp3-rubpuu3anus aToMHBIX opouTaneii

Ecnu B rubpuansanuu ydacTByroT oaHa d-, oHa S- U JIBE p- OpOUTAIH, TO OHH
00pasyroT uerelpe dsp’-opourtanu. Takue OpOUTaIM HANpABIEHBl K BEPIIMHAM
kBajpara. TakuM o0pa3oM, B ciaydae dsp’- TMOPHAN3ALMU MOJEKYJbl MM HOHBI
UMEIOT KOH(PUTYpaIHIo TJIOCKOTO KBajpaTa (puc. 5).

Jlerko mpeacTaBUTh, KAKME aTOMHBIC
OpOHUTaANTH U3 HECKOJIBKUX BO3MOYKHBIX
MPUHUMAIOT Y9aCcTHE B THOPHUIU3AINY.
Ecnu B mitocko-kBaipaTHOM KOMITJIEKCE

IMIPOBCCTHU OCH, KaK 3TO IIOKAa3daHO Ha

puc.5, To U3 Tpex p- opouraneit (px, Py,

pz) Ilo monoxkeHuto B IpoCTpaHCTBE
opOUTaH px U Py B HAUOOJBILIEH

Puc. 5. Pacnonoxxenue p-opburaneir merania .
B KBAJPATHOM KOMILICKCE CTETNIEHU COOTBETCTBYIOT TMOPUTHOM

dsp?-opourann.

U3 nsatu d-opburaneit (dyy, i, dyz, d,: d. .) opburans d. .~ mo cuMMeTpun

aHaJIOTMYHa THOPUAHON U TO3TOMY OHA BKIIIOYAETCS B THOPUIU3AIIHIO.

Ecnu B ruOpuausanuu ydactByroT aBe 0-, ofHA S- ¥ TpU p-OpOHUTAIH, TO
oOpasyromuecs, TakuM 00pa3oM, B ciaydae 0%Sp3-rubpumusanuu MOJEKyIbl KA
MOHBI UMEIOT KOHUTYpaIuio okralapa (puc.6) U3 pucynka BuaHO, 9To U3 nsiTH d-

opOuTasnell HEHTPaJIBHOIO aroMa B TMOpUIN3allMM y4acTBYOT opOutamu d,. . H

d..

z
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Puc. 6. Pacnionoxenune d- opouraneii Metaia
B OKTa3/IpM4E€CKOM KOMILIEKCE

PaccMoTpuM ¢ mo3unuMii  MeTOJla BaJIEHTHBIX CBsi3ed  oOpa3oBaHHE
HEKOTOPBIX KOOPAMHAITMOHHBIX COCTUHEHUN.
1. Hon [Ag(NH3)2]*

DexTpoHHas (popMyIia IeHTpaasHoro nona Ag*: 4d0

DNEeKTPOHHO-CTPYKTYypHas popmyia:

11

Ly

by

4d ;
LT o

NI,

B mnpenenax BajgeHTHOH 000JI04KM WOHA Ag" HMMEIOTCS BaKaHTHbIE 5S- W Sp-
OopOUTaH, OHU SBJISFOTCS AKIIEITOPAMU HETIOICTICHHBIX YJIEKTPOHHBIX TIap MOJICKYJT
aMMuaka. OTH opOuTanu o0pa3ylT JBe THOpUIHBIE SP- OpOUTAIM.
Komnnexc[AQ(NHs).]" sersnemces nunetinovim.

NIL; Ag™ NII;

2. Wom [Zn(NH3).?*
DnektpoHHas GpopMyia nona Zn?*: 3d°

DNEeKTPOHHO-CTPYKTypHas popmya:

Ap
- 44
Jd § s i
i [ [
WL = Ku, Wi, N,
NIT,
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B manHOM ciydae akmenTopaMu SJEKTPOHHBIX Tap SIBISIOTCS OpOWTANb 4S U BCE
Tpu 4p-opburamu. OO6pasyloTcs 4eThIpe sp-rubpHaHbIe opOuTamu. Kommekc

umMeeT popMy TeTpaspa.

NTI;
S
."lr \ !
;_,"le;ﬁ_f,e’.’./;qlﬁ
! ,/ |
_.-"l .i_. — _‘ NH:
NH,
4.Wion [Co(NH3)e]*
DnekTpoHHOE cTpoeHue noHa Co®*: 3d°
A1y

4y

JLH ]

Js1st oOpa3oBaHus ¢ TUraHaaMu 0ojiee MPOYHBIX CBS3EH YHEPreTUUECKH BHITOAHBIM

OKa3bIBaeTCs ClIapuBaHME 3JIEKTPOHOB Ha 3d- opOuTanm:

dn

dy

3d X

T[], _T‘ I 'rlim«. ilCHL
NIL

—t-

NH; W,
B stom cnydae nBe 3d- opOurtanu, opoutanp 4S- U Tpu opOUTAIH 4p- 00pa3yroT
mwecTh TUOpUIHBIX opOmTaneil d?SpP®, HanmpaBIEeHHBIX K BEPIIMHAM OKTadpa.

KomnnexcHuliil kamuon umeem oKmas’opuyeckyto KoHpueypayuro:

NG
4: .I'.:\\‘\.
/”f I‘-". \‘\
H:N » NH;
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5. KommiekcHbrii annon [CoFg]*
B oTiMuMe OT MpEABIYyNIEro KOMIUIEKCAa, B JaHHOM Ciydae JHTaHIaMH
ABJIAIOTCS MIECTh MOHOB F. DTO MPUBOAUT K U3MEHEHHIO BUJIA THMOPHAN3AIMU —

3ACCHh HC IIPOUCXOANT CIIapUBAHHA 3JICKTPOHOB!

4d

4p
4s LAY

,Tll..jrf-

.-

B rubpuansanuu npu oOpa3oBaHWM 3TOr0 KOMIUIEKCA ydacTBYIOT 40- opOuTaimy,
T.€. d-opburanu BHemHero yposHsa. Tun rubpumusanuu — Sp°d?. Kommiekcsl,
o0pa3oBaHHbIC THOPUIHBIMH OPOMTAISIMA C YYacTHEM BHEIIHUX O-opOuTaiiei,
Ha3pIBAIOTCS eHewneopoumanvivivu. Komrieke [Co(NH3)s]**, B obGpasoBanuu
KOTOPOTO YYacTBYIOT OpOWTAIM BHYTPEHHETO DSJEKTPOHHOTO ypoBHS — 3d,
Ha3bIBACTCSI 6HYMPUOPOUMATILHBIM.

O4eBHIHO, YTO XapaKTep TMOPHIM3AIMUA 3aBHUCHT OT MPUPOJBI JTUTAHIOB.
Bmecre ¢ Tem, kommuekc [CoFgls- tak ke kak [Co(NH3)s]** wumeem
OKMA30pUYecKyio KOH@Uaypayuio.

Takum 00pa3oMm, METOJ BaJICHTHBIX CBS3eH TO3BOJIACT TpPEICKa3aTh HE
TOJIbKO T€OMETPUICCKYI0 KOH(PUTYPAIMIO KOMIUICKCA, HO ¥ YHCIIO HECHapeHHBIX
AJICKTPOHOB H, CJICIOBATEIbHO, MAarHUTHBIC CBOMCTBA. OJHAKO 3TH NPEICKa3aHHS
MOXKHO CJeJaTh, JIWIIb TMPHHSAB THUIOTE3Y O 6HEeWHe- U GHYMPUOPOUMATbHOU
ruOpuIU3aIu OpOuTalieH, KOTOpas HEOCTATOYHO 00OCHOBAHA WIIM TTPEIIOIOKHB
WOHHBIM XapakTep KOMIUIEKCOB, YTO YacTO MPOTUBOPEUUT IKCICPUMEHTAILHBIM
JTAHHBIM.

HexoTopsle Jaurasisl coaepskaT MOMHUMO HEIOJICICHHBIX JJICKTPOHHBIX Map
BakaHTHBIC opOuTanu. K HuM oTHOCSTCS coenuuenus (ocdopa u cepsl, B aToMax
KOTOPBIX €CTh mycThie 3d-opOuTanu, a TakkKe MHOTOYMCIICHHBIC HEHACBIIICHHBIC
oprannyeckue coenunerus (CO, 3TUIICH U €ro POU3BOIHBIC U JIp). Takue JuraH bl
0o0pa3yloT C MEHTPaJbHBIM aTOMOM TOMHMO OOBIYHOW JOHOPHO-

aKHGHTOpHOﬁ CBs3U BTOPYIO CBA3b 3a CUHCT CMCIICHUA G)JIGKTpOHHOI\/'I IINIOTHOCTH C
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3aMOJHEHHOW THOPUIHON OpOWTaIM MeTaula Ha BaKaHTHYIO OpOWTab JIUTAHIA.
Takast CBA3b HA3bIBACTCS P-OAMUBHOU CEA3DBIO.

Ozpanuuenus memooa 6ai1eHMHBIX CEA3CII.
MBC 00BsICHAET TEOMETPHUIECKOE CTPOCHHUE N3BECTHBIX KOMILIEKCOB, HO:
1) He UMeeT MpecKa3aTeIbHON CHUIbI; 2) HE ONMKMCHIBACT MArHUTHBIC CBOMCTBA
KOMIUIEKCOB; 3) HE OOBSICHICT OKPACKY KOMIUIEKCOB; 4) HE 0OBSCHSET Pa3InIHYIO
YCTOMYMBOCTh KOMILJIEKCOB. 5) HE YUUTHIBAET P-CBSA3bIBAHKE; 0) HE UMEET

OHCPICTHYCCKUX XaAPAKTCPUCTHUK.

2.3. Teopusi KPUCTANIMYECKOTO MOJISI

B Tpuanareix rogax XX Beka B KOOPAMHAUMOHHOW XMMHH BO3HHMKJIO HOBOE
HaIlpaBJEHUE, KOTOPOE SBUJIOCH PA3BUTUEM HA HOBOM YPOBHE 3JIEKTPOCTATHYECKHUX
MpEACTABICHUM.  DTO  HampaBlICHWE  TMOJYyYWJIO  Ha3BaHHE  meopuu
kpucmaniuueckozo noaa (TKII). Teopuu KpUCTaTMYIECKOTO OIS B OTIUYUN OT
MBC He onepupyeT NOHATHEM TUOpUAM3aUMU oOpOuTanel u oOpa3zoBaHUEM
JOHOPHO-AKIENTOPHBIX CBSI3EH.

OcHoOBHBIE Uen 3ToU Teopuu, chopmynupoBanHbie bere nu dan-drnexowm,
COCTOAT B TOM, YTO OJJEKTPOHHBIE YPOBHHU IEHTPAIBHOTO aroMa MOTYT
[IpeTepIeBaTh U3MEHEHUS 10/ BIMSHUEM OKPYXKAIOIIUX €ro JUraigoB. OCHOBHBIE
MPUHLUIIBI TEOPUH KPUCTAIIMYECKOTO TOJISI COCTOAT B CIEAYIOIIEM:

1. PaccmatpuBaetcs YHCTO AIIEKTPOCTATUYECKOE B3aMMO/JICHCTBUE
LEHTPAJIBHOIO aTOMa C JINTaHJaMHU.

2. [lpuaumaroTcss Bo BHUMaHue Toibko d-opOurtanmu (wmm f) meHTpambHOro
aToMma.

3. JIuranapl paccMaTpUBAIOTCS KaK OTPHUIATEIbHO 3apsyKEHHBbIE TOUKH, HUX
ANEKTPOHHAs CTPYKTYpa HE MPUHUMAETCS BO BHUMAHHE.

4. PaccMaTpuBaeTCsi 3JIEKTPOCTATUYECKOE BJIMSHUE TOJsI JIMTaHaoB Ha d-

OpOUTaNIH LIEHTPAIBHOIO aTOMA.
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Ecin 8 MBC npeanonaranoch, 4To KOMILIEKCOOOpa30BaHUE MPOUCXOJUT,
KOTJ1a OpOMTaNIN JIMTaH 1a U LIEHTPAJIbHOTO HOHA METaJljla HallpaBJIEHbI APYT K APYTY
U NepeKpbIBatoTCs, 00pa3ys c-cBsa3u, To B TKII npunaTo odpaTHOE, CUMTAETCS, UTO
B KOMIUIEKCHOM COEIMHEHHHM OpOMTAIM LIEHTPAJbHOTO MOHA OTTAJKHBAKOTCS OT
TOYEYHBIX 3aPAJI0B JIMTAHAA U IO3TOMY CTPEMSTCS PACIIONOKUTHCS B IPOCTPAHCTBE
TaK, 4TOObI X B3aUMOJIEHCTBUE ObUIO MUHHUMAJIbHBIM. Takum 00pa3oM, B OCHOBY
TKII 1monoxeH npuHUKUII yyeTa 3JIEKTPOCTATUYECKOIO0 OTTAIKUBAHUS DJIEKTPOHOB
JIMTaHJIOB U LEHTPAJIBHOrO HOHA. KOBaJIeHTHBIE B3aUMOACICTBUS HE YUUTHIBAIOTCSL.

B n3onupoBaHHOM razoo0pa3HOM MOHE WIH B CPEPUUYECKU CUMMETPUUYHOM
nojie Bce maATh O-opOWTaNeii MMEIOT OJHY W Ty XK€ DHEPTUI0, MHBIMHU CIIOBAMH,
ypoBeHb d-opOutaneit nsamuxpamno evipodcoen. OIHAKO B KOMIUICKCHBIX
COCAMHEHNAX HAIWYME JINTAHJIOB NPHUBOAUT K MOHMKEHUIO CUMMETPHUH, d 3TO
BBI3BIBACT pdacujenjieHue SHepeemuyeckux ypoeHeu. XapakTep pacUICIUICHUS

3aBUCHUT OT TOI'O, KaK pacCIIOJIOKCHBI JTUI'aH/bI.
l. Pacmenﬂeuue 6 oxmaadpuuecxom noJie 1uzanooe

[Ipn nonxonsiieM BbIOOpPE CHCTEMBbI KOOPAMWHAT BCE IIECTh JIMTAHAOB B
OKTaIpU4E€CKOM KOMIUIEKCE OyAyT pacnojlararbCcss Ha OCsIX M OyIyT CHIIbHEE

OTTaJIKUBATh JICKTPOHBI, HAXOIAMINECS HA OPOMTAsIX d. . U d .. IIpeObiBaHne

2

Z

AJIEKTPOHOB HA JITHX OPOUTAISIX CTAaHET HEBBITOAHBIM, WM JIPYTUMHU CJIOBAMH,
DHEPTHUsS JTHX opOWTanell yBeauuMBaeTcs. B To ke Bpems opOuTaiH,
PaCIoJIOKEHHBIE MEXy OCSIMH, ToJBepraioTcs Oosee ciabomMy BO3CHCTBHUIO
JUTAHJIOB M OKAa3bIBAIOTCA OOJIee MOCTYIHBIMU JJIsi DJIEKTPOHOB, T.€. UX DHEPTHUS
yMeHbIaeTcs. Takum o0pa3oM, B OKTadIPUUYCCKOM TIOJIE€ TATh 3KBUBAJICHTHBIX
opOuTanei pactieruIsIFOTCsl Ha ABE TPynMbl (puc. 7).

Paznuna sHepruii BepXHETO M HUKHETO COCTOSHUN oOo3HadaeTcs [[ (B
OKTarApuyeckoM Komiuiekce J[lo) wmmm 10Dq u  Ha3piBaeTcss napamempom

pacujenyieHus. DHEPTUsl UCXOIHOTO YPOBHS HE JIEXKHUT TOYHO MOCEPEIUHE MEXKITY
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pacCHICTUICHHBIMU YPOBHIMU. ECiM MpUHATH 3a HYJIb CPETHEB3BEIICHHYIO YHEPTHIO
d-opOutaneit, To mns tyy sHeprum paHbl —2/5/o, a mia eq +3/5o. Torma
(-2/510)-3+(3/510)-2=0. Taxoii BEIOOp HYJIs 00YCIIOBJICH YHCTO apu(PMETHUCCKUMU
yA00CTBaMH M JIOMYCTUM, T.K. BCE€ BBIBOJBI TCOPUU KPUCTAIUIMYECKOTO ITOJIS

OCHOBBIBAIOTCS] Ha PA3HOCTH SHEPIUi tog U €y, @ HE X aOCOIIOTHBIMU 3HAYCHUSIMU.
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Puc.7. Pacuiennienne d-opOuraneii B OKTadApUIECKOM MOJIE

[http:/mvww.chem.msu.ru/rus/teaching/shevelkov2.pdf]

Takum oOpa3om, IBa)/abl BBIPOXKJIEHHBbIE €3 OPOUTAIM IOBBIIIAIOT CBOIO

sHepruto Ha Benuuuny 3/5o (6Dq), a Tpmxasl BEIPOKACHHBIE tpg MOHMKAIOT HA

2/57T0 (4Dq).

Il. Pacuiennenue 6 memparopuueckom noie 1uzanoos

B caywae Tterpadapuueckol KOHGUTypanud  KOMIUIEKCA  JIMTAHIbI
pacrojararTcs He Ha KOOPAMHATHBIX OCSX M IMOTOMY CHJIbHEE NeCTaOMIU3UPYIOT
OpOuTaNIH, HAXOIAIINECS MEXIY OCSIMH, T.€. Oy, dx;, dy,. Pacmernuienne ypoBHeit

aTOMHBIX OpOUTaJIel MOKa3aHo Ha puc. 8.

Takxum 006pa3oM, nmomydaercs CTaOMIM3UPOBAHHOE ABYKPATHO BBIPOKICHHOE
COCTOSIHUE M 0ojee BBICOKOIHEPIreTHUECKOE TPEXKpPaTHO

BBIPOKACHHOC  COCTOSHHUC. HOJIG, CO3JaBacMO€ IMECThIO  OKTaAPHYCCKHU
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PAaCIOJIOKCHHBIMHA JIMT'AHJAMHW CUJIBHCC II0JIA YCTBIPCX JIMTTAHAOB B TCTPA3APC,
IIO3TOMY IIApPaMCTp PACHICIVICHUA B OKTASAPHUYCCKOM IIOJIC YINNIE mapamMecTpa

pacmieruienus /| B rerpadapudeckux komriuiekcax: /It = 4/9]1o

T
=

h d“‘"' : ..
<

«

.IQ“T -— 7 - : ) ) /
- = | d\
Puc.8. Pacrieruienue d-opouraeii B TeTpasApruuecKoM moJie
[http://www.chem.msu.ru/rus/teaching/shevelkov2.pdf]

1. Pacuennenue npu keaopammuoit Koopounayuu

[Ipn kBagpaTHOM KOOpPAMHAIIMM JUTAaHIbl L pacmonoxeHsl Ha OCSAX X U Y.

HooToMy cuibHEE BCEro JecTabuin3upoBana opoutans d, .. Heckombko crabee

OTTAJIKUBAETCSI OPOUTAIIb, PACIIONOKEHHAs MEXAY OCIMH X U y. boiee HU3KOM

JHEPrucii 00JIaIar0T IBAXKIbI BRIPOXKIICHHBIC YPOBHU Uy, U dy;
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b, %
b1 - e dx g2
- da .
eq - dz? -y2
’ Sheve, ay ay
o dﬂ—y? 72 e g b
‘ %2 d:2 ™ et
/'/ dxy ______
e T et e bttt t—) ——————————— fa» -
=N b, S 29 . g
T d, dz2
“ rzu af dXV v
h——— __e- f-’,; )
dly, g R o s S o — __i
dys vz d —
Xz, y& dx‘-_ w2
0, o Dy Dsy
[M™] [MX] [MXY] [MX,Y.] [MX4]
cepa oKTasap TeTparoHanbHas NAOCKMIA
6nnnpamnna KBaapar

Puc. 9. Pacieruienue d- opouraneii MeTaia mpyu pasIdndHON KOOPAMHAIIUH JTUTaH 0B

llapamemp pacwennenus ]| ABISETCA KOJIUYECTBEHHOU XAPAKTEPUCTUKOM.
Benuuuna /[ 3aBUcUT OT cieayronux GakTopos:
1. Om esanemmnocmu yeumpanvHo2o amoma. JlJid TUAPATHUPOBAHHBIX
IBYXBaJICHTHBIX HMOHOB DJEMEHTOB nepBoi gekansl J=10000 cm?t. Jlns
TpexBaneHTHbIX HOoHOB J[=20000 cmt. (1eB = 23kkan/mons umu 8068 cm™).
2. Om nonodceHus sn1emeHmo8 6 nepuooudeckou cucmeme. Ilpu mepexoae oT
AIIEMEHTOB TiepBOM Aekansl k smeMmentaMm |l u 11l mexkan /[ yBenmnuuBaercs Ha 20
- 30% (mpu Tex K€ TUTaH/Iax).
3. Om npupoowvl nueandos. Ilo BenuuuHe paCIICIUICHUS B OKTadPHUYECKUX

KOMILICKCAaX JIMTaHAblI PacCIiojIararoTcda B TakK Ha3bIBaCMbIN CneKn’ZPOXMMMLleCKMIZ

pany (pso Llykuoa):
I-<Br<Cl< NO3‘ <F <OH <I"'<ONO <RCOO < HZO <NCS <Py ~NH ;

<en < NG,” << CN" ~ CO (cnexmpoxumuueckuii psio —moavko 0 3d memainnos)
d-DeKTpOHBI CTPEMSITCS 3aHATH MOJI0KCHHS, IIPH KOTOPBIX SHEPTUs MUHMMAJIbHA.

Ilepexon 31EKTPOHOB Ha COOTBETCTBYIOIINE YPOBHU COITPOBOXKIAETCS BbIICICHUEM
SHEPruM, Ha3bIBAEMOU IHeEpzuell cmadunu3ayuu Kpucmaiiudeckum nojem
(OCKII). OCKII Tem BbIiie, 4yeM 00JIbIIIe 3JEKTPOHOB HAXOAUTCS Ha YpPOBHE tyg 1O

CPaBHEHHUIO C eg. B Tabnuie 3. naHo pacnpenenenue
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QJICKTPOHOB IIO YPOBHAM B OKTAJAPHUYCCKOM IIOJIC JUIA PA3HBIX LCHTPAJIbHBIX

atoMoB. Tam ke npuBoasarcs 3Hauenus: DCKII.

Tabnuua 3. Pacnpedenenue 0-31ekmponos 6 0Kmazopuueckux KOMnieKkcax

J7nekKT. IlenTpanpHBIE Cmaboe mone CuipHOe one
oHpUryp ATOMBI the e, SCKIL the e SCKIL
AL[HA ,\ - = em. A - £ em. A
d° |sc.ca” 0 0
a Tit.vT 1 04 |4 0.4
d- [Ti. VT b 08 |1 J 0.8
d IvT.o” I L 12 |4 44 1.2
d* o v N 3 06 |[+T4 4 1.6
d° [ Mn" Fe’” I Ll ol 0 (LTI 2.0
d® |Fecom 1t [T | N 04 [LTITIT 24
d’ | Co™.Ni”™ LT N 0.8 [LTITIT d 1.8
& NIRRT UL (L) 1.2 (I bl 1.2
d’ |cu”Ag” N NN 06 |[4TITLT [T 0.6
40 Zniir:‘dji 5 U U A I g 0 |JTITIT T 0

Ag Hg™

3anonHeHue opOUTanel IEKTPOHAMHM NMPOUCXOIUT B MOPSJIKE YBEIMUYCHUS
WX DHEPTUU U B COOTBETCTBHH C TipaBuiioM XyHnaa. Ecim komudecTBo d-371€KTPOHOB
MEHBIIIE WM PABHO YUCITY OpOUTAaJIeH, 3JIEKTPOHBI pacoiaraloTcsi B COOTBETCTBUU
¢ mpaBwiioM XyHaa 10 ogHoMy. Ecim uncino d-3rekTpoHOB HAauMHAET MPEBBINIAT
YHCIIO CTAOUIIM3UPOBAHHBIX 1o ypOBHEH, TO BO3HUKAIOT JIBa BapUaHTa: YETBEPTHIM
AJIEKTPOH MO0 MOCTYMAET Ha YPOBEHb C OOJBIIEH 3HEPTUEH ey, TMO0 OCTaeTCs Ha
YPOBHE lpg, CTapUBasCh C OJHUM M3 YXKE UMEIOIINUXCS TaM 3JIEKTPOHOB.

Jliisa mepeBojia 3J€KTpOHA Ha OpOUTalb, I/I€ YK€ UMEETCS OJIMH DJIEKTPOH
HY>KHO 3aTPaTUTh HEKOTOPYO 3Hepruro P. IIpu 3Tom BO3MOXKHBI 2 citydast:

1. OCKII < P, t1.e. 3arpara sHEpPrud Ha CHAapUBaHUE AJIEKTPOHOB OOJIbIIE
sHepruu cradunuzanuu. CrnapuBaHUE SJEKTPOHOB HE MPOUCXOAUT, SJIEKTPOHBI
3aHHUMAIOT T€ K€ OpOUTAIH, UYTO U B CBOOOJHOM aToMe. Takoe COCTOSTHUE HAa3bIBAIOT

6bICOKOCRUHOBBIM.
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2. OCKII > P. Berpsli 3Hepruu 3a cueT cTabuian3aluuu KpUCTALTHUYECKUM
noJieM OOJIbIIIE SHEPTUH, TPeOYyeMOi /ISl criapuBaHus AIEKTPOHOB. OOpasyromuecs
KOMIUJIEKCHI SIBJISTIOTCS] HU3KOCHUHOBBIMU.

W3 Tabauipl BUAHO, YTO BBICOKOCIMHOBOE M HU3KOCIMHOBOE COCTOSIHUS
OKTa>IPMYECKHX KOMILIEKCOB BO3MOXKHBI Ipu KoHurypauusx d* - d’. Ilepssiii
cllydaili UMEET MECTO B Cllydae c1ab02o nojisi aueanoos, Koraa Mpeodsagatoniim
SIBJISICTCS B3AUMHOE OTTAJIKMBAHHUE SJICKTPOHOB — YE€TBEPTHIH U-3JICKTPOH MOCTYIACT
Ha YPOBEHb €y — [I0JIy4aeTCsl BBICOKOCIIMHOBBIN KoMILIeKe. B ciyuae cunbrozo nons
JU2an008, TIPEOJIOJIETh KOTOPOE TPYIHO, DJICKTPOH CIIAPUBACTCA C OJHUM U3
AJIEKTPOHOB Ha YpoBHE 1y, B KauecTBe HpUMEpPOB MOMKHO B35ITh KOMILJIEKCHI
[Co(NH3)s]** u [CoFe]*, xoTopsle MBI paccMaTpHBaIM II0 METOLY BaJE€HTHBIX
ceszeit. g nona Co® sHeprus HeoOXoAuMMas 1S CIAPUBAHMS DJIEKTPOHOB P =
250,8 xJI>x/MOIIb.

B CcoOTBeTCTBHMM C TOJNIO)KCHHUEM B CHEKTPOXMMHYECCKOM psxy s F
I = 155,1 xJIx/momb, a muas NHs I = 275,0 x/x/Monb. Takum oOpasom,
HIOATBEPKAAETCA BBIBOJI, CAeIaHHbIi Ha ocHoBanuu MBC: kommiekc [CO(NH3)s]*
- muamarauteH, a [CoFg]® - mapamarauten. JleiicTBHE TOMS JIMTAHI0B OKA3bIBAET
BJIMSIHUE HA camble pa3Hble CBOMCTBA KOMILJIEKCOB. CBS3aHO ATO C TEM, YTO B T0OJIE
JAUraHaoB  O- DJIEKTPOHBI  CTpeMSTCS UW30eraTh  ONPENCICHHBIC  O0JIACTH
MPOCTPAHCTBA U TPEANOYUTAIOT OJHU opoutanmu aApyruMm. Hecdepuueckoe
pacripenenenrue 0-3JeKTpOHOB, B CBOIO OYepe/ib, BIMACT HA KOOPAWHAIIMOHHOE

OKpYKEHHE HEHTPAIbHOIO HOHA.

H3zmenenue uoHHbIX paouycoe 08yx3apa0HbIX UOHOE MEMal108

Ha puc. 10 nokazana 3aBUCUMOCTb HOHHBIX PAINYCOB JIBYX3apsIHBIX HOHOB

IICPBOI0 psAaa IMICPCXOAHBIX DJICMCHTOB OT aTOMHOI'O HOMCpaA.
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The, Thoodhe Db Db - M JE L M D 2
Ca Se¢” Tt V" Cr" Mn Fe Co Ni Cu Zn
Puc. 10. OTHOCUTENBbHBIE 3HAYEHHSI HOHHBIX PaJInyCOB

Yepes TOYKH, COOTBeTCTBylomue uoHam Ca**, Mn?* wu Zn** ¢

0.0 3.2 60
KOH@)HrypauH;IMlxtzgeg, g€y ¥ ~ €, MOXHO NPOBECTH ILIABHYIO KpHBYI0. Bo

tg g
BCEX TpeX CIIyvasx pacmpesaciienue - aIeKTpoHOB sBisieTcs cepruyeckum, T.K. d-
opOutamu 31ech JMOO TMmycThle, JHOO TIOJHOCTBIO 3aHATHL. BceneacTBue
HEJ0CTAaTOYHOTO JKPaHUPOBAaHUS O-3JIGKTPOHOB OT sApa C POCTOM AaTOMHOTO
HOMEpa HWOHHBIM paguyC YMEHbIAeTcs. 3HAUCHUS PaJuyCOB BCEX OCTAIBHBIX
AIIEMEHTOB JIEKAaT HIDKE TUIABHOW KPHUBOM, TakKO€ OTKJIOHCHHE OOBSCHACTCS

HECHMMETPUYHEIM pacrpenencHueM d- 3JIeKTPOHOB B yKa3aHHBIX noHax. Mon Ti%*

MMEET KOH(UTYypautio tZg' DTO 3HAYUT, YTO OTPHIATENBHBIA 3apsa AByX d-

AJIEKTPOHOB CKOHIICHTPUPOBAH B OOJACTH, YJAJICHHOW OT JIMHUW CBSI3U METaJlI-
aurang. CremoBaTelbHO, JBa - 3JIEKTPOHA JIMINB B MAJOH CTEIEHU 3aCOHSIOT
OTPHUIIATEJIBHO 3aPSKCHHBIC JIMTAHAbl OT TIOJIOKUTEIIBHO 3apsHKEHHOTO HMOHA
MeTajula — JIMTaH/JaM yAaeTcsl MPUOIN3UTHCA K IEHTPATHbHOMY HOHY B OOJBINICH

CTEIICHHU, YeM B CJIydae CUMMETPUYHOTO pacrpesesieHus d-31eKTpoHOB. Y HOHA

V2" 510T 5(deKT BBIpaxkeH B elle GONbIIEH CTENEHU. T.K. TPHU t2 - JJIEKTPOHA
g

SKpaHMPYIOT MOH MeTama eme ciabee. Janee ciaemyror monsl Cr?* u Mn?', y
KOTODPBIX IIOSBISIOTCS JOMOJHUTENBHBIE JJIEKTPOHBI Ha OpOuTanmu eg. Ha sTmx
OpOUTAIAX DIEKTPOHHAS IUIOTHOCTh MOBHIMIEHA MEXIY LEHTPAIbHBIM HOHOM U

aurasgaMi. 1103Tomy eg-351eKTpOHBI CUIIBHEE SKPAHUPYIOT MOH METAJIIA ¥ MOHHBIN
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paanyc BO3pacTaeT. AHaJOTWYHAS KapTHHA HAOIIOJACTCS BO BTOPOW TOJOBUHE
3TOrO pAja.

dddexr SAna-Temrepa

OCKII Mo)keT cTaTh NPUYUHOW MCKAXKEHUS T€OMETPUU KOOPIMHAIMOHHBIX
coenquneHuid. B 1937 r. SIn u Temiep nokaszanu, 4To «BBIPOXKACHHOE AJIEKTPOHHOE
COCTOSIHUE BCSIKOW MOJIEKYJIIPHON HEJTMHEWUHON CUCTEMBI SIBJISIETCS HEYCTOMYNBBIM,
MO3TOMY CHCTEMa MOJIBEPracTcsl UCKAKEHUIO, MOHIKAIOLIEMY €€ CUMMETPUIO U
CHUMAIOIIEMY BBIPOXKICHHUEY.

Ecnmu uncio anekTpoHOB Ha O-OpOUTANsSX paBHO KPATHOCTH BBIPOXKIICHHS
(W1 yABOEHHOM KPaTHOCTH), TO O0JIAKO CUMMETPUYHO U HE BHI3bIBAET UCKAKEHUN
KOMIUIEKca. B cirydae oKkTasipuyecKux KOMILJIEKCOB TAKOE MOJIOKEHUE UMEET MECTO
B KOMILIEKcax ¢ KoHpurypanuei neatpansaoro nona d°, d3, d®, d® u d¥°. B npyrux
CllydasX HepaBHOMEpPHOE pacrpeaeiieHue 0-3JeKTPOHOB MPUBOJUT K TOMY, YTO
HEKOTOpBIE JIMTAH Il UCTIBITHIBAIOT OOJIbIIIEE, YEM JPYyTHE, OTTATKUBAHUE.

Paccmotpum B kauectBe npumepa uon Cu?* (d°) puc. 11. Pacrpenenenue

3JIEKTPOHOB MO MATH O-OpOUTANSIM B OKTa’JAPUYECKOM KOMILICKCE MPUBOIUT K

693.

CTpyKTYpe tJ 0%

IlockonbKy Ha eg-OpOMTANIIX HAXOAATCA TpPU DIIEKTPOHA,

BO3MOXHBI JIBa CIIOCO0A UX PACTONOXKEHUs: 28 Ha OpOUTaIH d . . U OJUH — Ha
X -y

opOuTamu dZZ wim le Ha d. . W 26 Ha opOuTaIHM d:. OuyeBHAHO, YTO B

y

OKTa’ApUYECKOM TI0JIE ATH JIBa Crloco0a pachpeiesieHUs] paBHOLICHHbBI, TO3TOMY U
BO3HUKAeT BBIpOXKACHHOE coctosiHue. Ilo Tteopeme Sna-Tennepa BBULY
SHEPreTUYECKOW BBITOJHOCTU CHSTHS BBIPOXKACHUS CUCTEMA HCKaKAECTCA.
Hanpumep, n1Ba paccrosaaus B Cu?* - muranj B OKTasape MOTYT CTaTh KOpOYEe UIIH
JUTMHHEE, YeM YeThIpe APYrux. Tak BO3HMKAET TeTparoHajbHas OuNupamMuia, B
KOTOpOM aKCualbHble JMraHAbl OyAyT yAajJeHbl OT LIEHTPaIbHOTO HOHA,
COOTBETCTBEHHO Ha OoJibllie€ WM MEHBbIIEE PACCTOSHUE, YEM JIMTaH[bI

HaxXoAAIMMueCs B BKBaTOpI/IaJIBHOﬁ IIJTIOCKOCTH.
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Puc. 11. Pacuennenne d- opouraneii nona Cu?* (d°)
[http://www.chem.msu.ru/rus/teaching/shevelkov2.pdf]

Takum o00Opa3oM, acUMMeTpHsi 3amojHeHus d-opOuTaned MopoKaaeT
aCUMMETPUIO KOMIUIEKCOB. CHIIBHOE HCKa)KeHHE OBIBAET B TEX CIydasX, KOIJa €g
OopOWTallid 3aMoOJHEHbl HEOJMHAKOBO. JTO HMMEET MECTO JJIsl BBICOKOCITMHOBBIX
KOMILIEKCOB ¢ KoHpurypamusmu d* m d° u ans HU3KOCHMHOBBIX, MMEOIIMX

xoHpurypanuio d’ umm d°,

Oxkpacka KOMILIEKCHBIX cOeAuHeHU. CIIeKTPbI MOTJI0OLCHUA

MHoOrue KOMIUIEKCHBIE COEJUHEHUS] B KPUCTALUIMUYECKOM COCTOSIHUU H
BOJIHOM PacTBOPE OTIUYAIOTCS SIPKOM oKpackoi. OqHO U3 OCHOBHBIX JTIOCTHKEHUM
TKII — oOBsicHeHHE MPOUCXOKACHUS IEKTPOHHBIX creKTpoB nornomnieHus (JCII)
KOMIUJIEKCHBIX COEUHECHUMN.

Ecnu depe3 pacTBop WM KpUCTAUTMYECKUM 00pa3ell BelecTBa MpomycKaTh
CBET BHJMMOI 4YacTH CIEKTpa, TO B NPUHIMUIIE BO3MOXHBI TpU BapUaHTa
dbu3uYecKoro MoBeeHus 00pasiia: OTCYTCTBHUE MOTJIOIMICHUS! CBETA JIIOOOM JIJTUHBI
BOJIHBI (0Opa3el] BemecTBa OECIBETECH, XOTS MOXKET UMETh MOJIOCHI TIOTJIOMICHUS B
yIbTpaduoIETOBOM 00JIaCTH CHEKTpa); TOJHOE TMOIJIOLIEHUE CBETa BO BCEM
WHTEpBaJIe JUIMH BOJIH (00pa3ell OyAeT Ka3aThCs YEPHBIM); HAKOHEL, MOTJIONIECHNE
CBETa TOJILKO OMPEEICHHON JJIMHBI BOJIHBI (TOrma obOpaser OyneT MMeTh IIBET,

JIOTIOJIHUTENBHBIN K TOTJIOMIEHHOMY Y3KOMY YYacTKy CIeKTpa). Takum oOpazom,
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I[BET PacTBOpa WM KPUCTAJUIOB OMPENESETCS YacCTOTOH TOJIOC TOTJIOMEHUS
BHJIMMOTO CBETA.

OCII B BumuMoON W ynbTpadrONETOBONH OOJACTAX OOBIYHO OOYCIIOBIICHBI
nepexogamu  d-anextpoHoB. Ilpocreiimmii  kommiekc [Ti(H20)e]** comepxur
TOJILKO OJTMH 0-3JIeKTPOH. B criekTpe 3Toro Komruiekca B BUAMMOMN 00J1aCTH UMEETCS
ozHa nosoca ¢ MakcuMymoM ripu 500 v mmm 20300 cm™t (puc. 12). DToT MakcuMyM
OTHOCHUTCS K MEPEX0.y MEKTpoHa ¢ fry opOuTamn Ha OpOUTalIb €y

DHeprusi MorjionaeMoro kBanta ceetra JlE=hc/n nojkHa ObITh TOYHO PaBHOM
napametpy pacmerienus [[. Takum oOpa3om, 3Has JUIMHY BOJHBI MTOTJIONIAEMOTO
CBETa, COOTBETCTBYIOIIYIO OKpacke KOMIUIEKCAa, MOKHO pacCUMTAaThb YacTOTY
KoJieOaHUM H, clienoBaresibHO, mapameTp pacmiemienus . Ilpu sTtom crnemyer
YUUTBHIBATh, YTO OKpACKa KOMILJIEKCA ONPEIETISAETCS JUTMHON BOJIHBI HPONYCKAEMO20

ceema (T.e. JOITIOJIHUTCIBHOT'O K HOFJIOHI&GMOMY).

EEITO-
EENTAA OYR IV pHAT
sEIleHAA S
CHHAA

Tax mna xommiekca [Ti(H20)s]** chekTp COOTBETCTBYET MOITIOLIEHHIO

3€JICHOTO CBETa, a OKpacka KoMiuiekca — ¢puoneroBas, o=57 kkaa/MoIb.

Ve = 20 300 em™

Absarbance

25000 20000 15 000

wfem

Puc. 12. Cnekrtp nornomenus akBanona tutana(lll)
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[TpuBeeHHBIA BBIMIE PSJT JIMTAHJIOB HA3bIBACTCS CICKTPOXHMHUYECKUM,
MIOTOMY YTO CHJIA ITOJISI JIUTAaH0B BIUSET Ha IIBET KOOPIUHAIIMOHHOTO COSTMHCHUSI.
[Ipy 3amMeHe B KOMIUIGKCE OJIHOTO JIMTaHIa JAPYTHM, pACIOJIOKCHHBIM B
CIIEKTPOXMMHUUYECKOM psAy TMpaBee (T.e. oOdamaromdM OOJbIICH CHIOW TOJIs)
3HaueHHe J| BO3pacTeT M KOMIUIEKC MOTJIOMIAET CBET ¢ MEHBIIEH JJIMHOW BOJIHBI.
Tax, nanpumep, kommiekc [Co(NH3)sONOJ]?* -kpacHOro mBera, a €ro M30Mep
[Co(NH3)s NO,]?* - sentoii. B pany xommiekcos Cu?* npu nepexone ot [CuClg]*
k [Cu(H20)4]** u [Cu(NH3),]?" uBeT MeHseTCs OT 3eJIEHOr0 K FoyOoMYy, a 3aTeM K
cuHe-¢puoneToBoMy. Ecim mepexomabl 0-3J€KTPOHOB HEBO3MOXKHBI, KOMILIECKCHI
OecIBETHBI. DTO UMEET MECTO B TeX CIydYasx, Korja Ha d-opOMTasX 3JICKTPOHBI

otcyTcTByIOT (Ca?*) mbo OHM IOJHOCTEIO 3aI0IHEHE (Zn?Y).

OKHCIUTEIbHO-BOCCTAHOBUTE/IbLHbIE CBOIiCTBA

Hcxons u3 TeOpun KpUCTAILTUYECKOTO MOJISt MOKHO OOBSICHUTh CITIOCOOHOCTh
KOOPAWHAIIMOHHBIX COCIMHEHUNM K BOCCTAHOBICHUIO WM OKHUCIeHU0. Tak,
M3BECTHO, YTO B BOJAHBIX pacTBopax HoH Co® ABseTcs cUIbHENIIMM OKUCIIUTENIEM,
1.e. noH [Co(H,0)e]®* cTpemMurcs mpHcoeqvHHTL SIEKTPOH M NPEBPATHTHCS B
rugparupoBanubiii BoH kobansTa (II) [Co(H20)6]>". B TO ke BpeMs KOMILIEKCHI
Co(II), conepskatrie Bo BHyTpeHHEHN chepe aMMHUaK UM aMUHBI, 00J1aJJal0T CUJIHHO
BBIPDAKCHHBIMA ~ BOCCTAHOBUTEIBHBIMH ~ CBOWCTBAMH, T.€.  CTpPEMSTCA K
NPEBPAILCHUIO B KOMILJIEKCHl TPEXBAJIEHTHOT'O KOOANbTa. ITO CBA3AHO C TEM, YTO B
CHJILHOM MOJIE aMMHaKa M aMuHOB MoH Co?* HaxomuTcs B HU3KOCIIMHOBOM
COCTOSTHUM U COJIEP>KUT OAMH DJIEKTPOH Ha eg-opOuTanu. [lepexon kobansta (II) B
Co>* BHEpreTHYECKH BBITOJIEH, T.K. B PE3yJIbTATE OTPhIBA DIEKTPOHA C Eg-OpOHUTAIIN
o0pa3yercsi KOMILIEKC, B KOTOPOM Bce MIeCTh O-3JIEKTPOHOB HAXOJATCS Ha tog-
opouransx. B 1o xe Bpems B akBa-none [Co(H,0)s]** LeHTpanbHbIi HOH HAXOAUTCS
B BBICOKOCIIHHOBOM COCTOSIHHU, COJCP)KUT HecmapeHHble O-37eKTpOoHbI Ha o

OpOUTANISIX U OXOTHO MMPUHUMAET 3JIEKTPOH.
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Ocooennoctu TKII

Meton TKII npocT 1 00BACHSIET U MpeICKa3bIBALT:

1. T'eoMeTpuueckoe U ANEKTPOHHOE CTPOCHHE KOMILIEKCOB

2. MarauTtHsle CBOMCTBA KOMILIEKCOB

3. Okpacky KOMILJIEKCOB

4.  CTrabuiam3aiuio onpeIeICHHbIX BAJICHTHBIX COCTOSTHUI

Meron TKII He 00BSICHSET U HE IPEACKA3LIBACT.

1. TlosoxeHHe METAIIJIOB U JINTAHIOB B CIIEKTPOXUMUUYECKHUX Psaax
2.  OOpasoBanue KpaTHbIX cBsi3eit M-M u M-L

TKII He paccmaTpuBaeT 0COOEHHOCTH CTPOCHUS JIMTaHI0B

2.4. Teopus 1moJist JIMTaH/I0B

Teopus monst murannoB (TILJI), paspadorana Ban ®drnekom u pa3Buta
Oprenowm, Meprencenom u banbxay3zenom. OHa HCTIONB3yET NPEACTABICHNS TEOPUI
MO (meTona monekymsipubix opoutaneit) u TKII.

MMO nJ11 KOMILIEKCOB:

1. YHuBepcasneH (OMUCHIBAET BCE CBOWCTBA KOMITJICKCOB)

2. Cnoxen (TpebyeT 3HaHME KBAaHTOBOW MEXaHUKH W TEOPUU TPYII), IS
pacueToB HEOOXOAUMO BBEJCHHUE OMPEICICHHBIX OTPAaHUYEHUI.

3. YuurtbIBaeT KOBAJCHTHOE B3aUMOJICHCTBHE

1-e npudanxkenue MMO 1151 KOMILIEKCOB:

1. IlpuHuMaeTcs BO BHUMaHUE TOJbKO y-CBsi3b M-L

2.  Bce cBs3M cunTaroTcsa AByX JIEKTPOHHBIMU

3. YUuThIBaIOTCS TOJIBKO BaJICHTHBIC OpOUTATTU

ToyHOCTP pacueTa NpU 3STOM YCTYNMAET TOYHOCTU HKCIEPUMEHTA, I[O3TOMY

CYILIECTBEHHO OOJibllieé BHUMAHUE B HACTOAILEE BpeMs YIEISETCs pacdeTram I0

noaysmnupudaeckomy  meroxy  TIDJI, KoOTOpeiM  OoTimMyaercs OT  YHUCTO

Teopetuueckoro MO  HUCHONB30BAHMEM HKCHEPUMEHTAIBHBIX JaHHBIX IS

HCKOTOPBIX PACHCTHBIX ITAPaMETPOB.
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OcHogHble NONIOMCEHUA meopuu nojin JIU2AHO08:

1.

B ormmune ot TKII npunumaercs, 4to oOpa3oBaHHE KOMILJIEKCHBIX
COC/IMHCHUH, COMPOBOXKIAMOIIEECS CHATHEM BBIpOXKIeHUss ¢ d-opOuTaineit
LEHTPAIBHOIO0 MOHA, MPOUCXOUT HE TOJBKO 32 CUET ANEKTPOCTATUYECKHUX CHII,
HO TJIaBHBIM 00pa30M 3a CUET MEepPEKPhIBAHUS OpOUTAJIE LIEHTPAIbHOIO HOHA
Y JINTaH]1a — KOBAJIEHTHOTO B3aUMOJECHCTBUS.

B3aumopeiictBue nByx aroMubix opoOurtaneil (AO) — HEHTpaJTbHOIO MOHA U
JUTaHja — IPUBOJAT K 00pa30BaHUIO ABYX MOJIEKYJSIpHBIX opOutaneit (MO).
Opnna u3 HUX (cesasvigarouas) nexxut Hke AO, MmeHblIel no uepruu. pyras
MO (paspvixasaiowas) JeXUT BblIE 10 D3HEPrUHM, YEM BTOpas W3
B3aumojeicTpyromux AO.

Cornacuo TIIJI B3ammopmeicTBOBaTh MOTYT TOJNBKO AQ, OIWHAKOBBIE IO
cumMerpuu. Eciim AO [EHTpaJBHOIO HMOHAa HE HMEKOT MNOIXOIAIIUX II0
CUMMETPUHU TApTHEPOB cpeau opoOutaned auranga, To 3tu AO ocrarorcs
Hec@A3b18aoWUMU — OHU HE U3MEHSIIOT CBOUX HEPIeTHUYECKUX XapaKTEePUCTUK
1 HE BOBJIEKAOTCS B CBS3b.

B TIUI cobmonatorest mpuniun [aynu u npaBuio XyHaa.

PaccmoTpuM  TOpSIIOK  TOCTPOEHHSI  DHEPTETHYECKUX  Juarpamm

OKTa3APHUUCCKHUX KOMIIJIICKCOB MOHOB IICPCXOJHBIX MCTAJLJIOB, PACIIOJIOKCHHEBIX B 4

MIEPUOE TIEPUOANYECKON CUCTEMBI.

BaneHTHBIMU OpOUTAIAMU 3TUX MOHOB SBISIFOTCS: 4S, 4Py, 4Py, 4Pz, 3 Ay e

3d,., 3dyy, 3dx, u 3dy, — Bcero 9 opbuTaneii (puc 13).

60



Metal Ligands Metal Ligands (o)

8 i
:t,l,~"l ‘ 8 B '

o.'l,
4 4
. dey

Puc. 13 Op6I/ITaJ'IBHOG B3aHMOﬂeﬁCTBHe HOHa METaJlJIa B OKTa3ApHUICCKOM KOMIIJIICKCE C IICCThIO
oIMHAKOBLIMH Jinrangamu  [http://www.chem.msu.ru/rus/teaching/shevelkov2.pdf]

Eciu BbIOpaTh cucreMy KOOpPAMHAT, KaKk IpPU PacCMOTPEHUH paclleIUICHUs
HHEPreTHUECKUX YPOBHEH B OKTAdAPUUIECKOM I10JIC JTUTAHIO0B, BCE IIECTh JIUTaHIOB
OyAyT HaXOIWUTHCA HAa TPEX KOOPAMHATHBIX ocsixX. Torma, Ucxoas U3 CUMMETPUU
opburaneii, B oopazoBanun MO Moryt yuyacTBoBaTh opOuTanu: 4S, 4px, 4py, 4p:,

3d,. ,., 3d,.. Ocranbupie opburanu: 3dyy, 3dx; u 3dy;, KOTOpbIE HE MOryT

y4acTBOBaTh B 00pazoBaHuu MO, SIBISIOTCS HeC8A3b18aI0UUMU.

Monekynspasie opouTamu koMiuexcHoro nona [Ti(H,0)e]®*" npencrapnens:
Ha puc.l4. CmpaBa Moka3aHO PAaCIOJOKEHWE IIECTH OpOUTAICH JMTaHAOB, Ha
KOTOPBIX HAXOAATCS 12 3JIEKTPOHOB.

CneBa moKasaHbl J€BATh BAJCHTHBIX opOuTtaned mona Ti%*, Ha KOTOpBIX

HaxomuTcst oauH d-35ekTpoH. B pesynbraTe B3aMMOIEHCTBHSI IIECTH OpOUTAIICH
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MUra"aoB ¢ wecTblo 02spi-rubpumueiMu opbutansmu moHa Ti" obGpasyrorcs

ABCHAAIATb MOJICKYJIAPHBIX Op6HTaHCﬁ2 mMECTh CBA3BIBAIOIIIUX MW IICCTD

Pa3pBIXIAIONINX, HA KOTOPBIX JTOJDKHBI PA3MECTUTHCA 13 3JIEKTPOHOB.

4 paspuixaaoijue MO
] -
d"Sp -opéumanu

4]) - - A
4s — MHECGEB’MG(HGIHH{Z Opé:‘!!”(ﬂ”

dxl—_vl dz? dx}.- dxz ({3.-2
BdTeHINHbIE Opﬁ”’f”(ﬂf(

=
~ |yermpansroco wona sase a2 a2k an
i
g o )2 LT opouUmant u2aHoo0e
= ;

o = easviearojue MO

O A

X V.I

Puc.14. O6paszosanue MO nona [Ti(H20)6]*".

[Ipu obpazoBanuu MO HIEKTPOHBI TEPSIOT CBOK HWHIWBHAYaJbHOCTh WU
9Hepeusi IPUHAIJICKAT MOJIEKYJIEC B IIEJIOM, HO JJIsl IPOCTOTHI MOYKHO CUUTATh, YTO
Bce 12 DBIEKTpPOHOB, NPUHAICKABIIME PpaHEE JUTaHIaM, IMEepeXOolAT Ha
ca3piBaronue MO, KOTOpbIE 3alONHSIOTCS MOJHOCTHIO.  EJIMHCTBEHHBIM
OCTaBILMNACS AJEKTPOH MEPEXOIUT Ha OJHY U3 HECBSI3bIBAIOIMX opOuTanei. Bee
Pa3pBIXJISIONINE OPOUTAIM OCTAIOTCS MYyCTHIMU. DJIEKTPOHHAS KOHPUTYpaIysi nOHA

[Ti(H20)e]**:

B kommiekcax [MLg]**, rue meHTpanbHbEIMU MOHamH siBisitores Ti%*, V2,
Cr?*, comepsxarcs COOTBETCTBEHHO 2, 3 1 4 d-3nexTpona. Bee 5T 211eKTpOHBI Oy Iy T
HAXOJUTHCS Ha HecBs3bIBAIOMIUX Oyy, Oxz, Oy~ opOuramsx. [lpu nepexome k
xomiuiekcam Fe?*, comepsxamiero mects d- 3JIEKTPOHOB, BOSHHKAIOT JIBa CIOC00a
pasMEIleHHs. ATHX DJIEKTPOHOB HA MOJIEKYISPHBIX OpOMTalsx. PaccMoTpuMm B

xauecTBe npuMepos kommiekchl [Fe(H,0)6]*" u [Fe(CN)g]* (puc. 15).
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Ecomm osHepretmuecknii wuHTEpBan [ MeXIy HECBA3BIBAIOIIMMHU W

Pa3pLIXJIAOITNMHA Op6I/ITaJI$IMI/I HCBCJIUK, J3JICKTPOHBLI PACHpPCACILIIOTCA II0 HHM

oJ00HO TOMY, KaK 3TO ObLIO B CBOOOHOM KaTHOHE, T.€. CTPEMSITCS 3aHSITh BCE MATh

opbutaneil. B stom cnydae sHeprus, HeoOxoaumas il 0Opa30BaHUS HOBBIX

ANEKTPOHHBIX Map, mnpeBbimaeT J[ u oOpasyronuiicss KOMIUIEKC OKa3bIBaeTCs

8bICOKOCNUHOBbIM (CNUH—C80000HbIM). Ecimu ke »HepreTuueckuil uHTepBan /|

IMPCBLIIIACT SHCPIUIO CITAPHUBAHUA SJICKTPOHOB, OHHU OKA3bIBAIOTCA CIIAPCHHBIMU Ha

HUKHEM MOJTYPOBHE — 00pa3yeTCsl HUZKOCNUHOBbLU (CRUH-CRAPEeHHblll) KOMILIEKC.

— == DA3PLIXAAIOULUE

MO
A
-+ =+ DA3DBIXTAIOUUE
I opouman
= = & Heceazbiearotiflie £ 9 HeCeAsbiediolflle
d-opéumanu d-opbumanu
[Fe(H0)e]*" [Fe(CN)g]"

Puc. 15. BeICOKOCTMHOBEIE 1 HU3KOCITHHOBBIC OKTasApUICCKUC KOMIIJICKCHI C d6-

KOH(UTyparuen.

TILI no3BoiisieT paccMaTpuBaTh CTPOCHUE KOMIUJIEKCOB € TT-CBsI3sIMU. Ecnu B

IINIOCKOCTH Xy Ha AOHOPHOM aTOMC JIMI'aHda CCTb p-Op6I/ITaJ'II>, TO OHaA MOXCT

B3aUMOJICUCTBOBATh C Uy-OpOHTANIBIO KATHOHA METaia ¢ 00pa3oBaHUEM T-CBS3U

(puc. 16).
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1) ML, L M ML, L
T-I0OHOP —

M-aKIeIITop

a §)
Puc. 16. Bousaue m-nuranga Ha nojgoxkeHue MO B KOMILJIEKCHOM
coequrennun [http://www.chem.msu.ru/rus/teaching/shevelkov2.pdf]

[Tpu Hamuuuu Ha p-opOWTANTH JIUTAHA HETOCICHHON Maphl SJICKTPOHOB U
BaKaHTHOW WJIM HETIOITHOCTHIO 3aHATOU AJICKTPOHAMU Cyy- OpOUTAIH LIEHTPAIBLHOTO
HMOHA BO3HHUKACT JOHOPHO-AKIICITOPHAS TT-CBSI3b.

Tak KaKk OOBIYHO JIUTAHJIBI UMCIOT OOJIBIIYIO 3JICKTPOOTPHUIIATEIIBHOCTD, YeM
IIEHTPAJTBHBIA aTOM, BO3HUKAOIIAs TPU TaKOM B3aWMOJCHUCTBHUU 0oJiee HU3KO
pacnonoxenHas MO noxoxkxa Ha AO nuranzaa (cBsi3piBarouias tg-opOutansb), a
00J1ee BRICOKO pacrojIoKeHHas MOJIEKYJIsipHast opoutais — Ha AO KaTHOHA MeTallIa
(paspexisttomas trg-opourans). BosHUKHOBEHHE TAKOTO poAa TT-CBSI3U («IOHOpHAs
WIH «TIpsIMast» T-CBsI3b, pUC. 16 a) MPUBOAMT K MOBBIIICHUIO SHEPTHH trg-opOuTaneit
MeTajyla ¥ yMEHbIIeHHI0 BenmuuHbl [lo. OpOutanm ty IEHTpanIbHOrO HOHA
MEPECTalOT OBbITh HECBS3BIBAIOIIMMH, KaK B KOMILIEKCAX TOJBKO C G-CBSI3SIMHU.
Takoro pona m-B3aMMOJCHCTBHE PEaTU3yeTCs], €CIIM JIMTAHIaMHU SIBJISIFOTCS MOHBI
rayorenoB, H,O, ciupThl, CyabGUI-HOHBI U PSIT APYTHX.

B Tom cirydae, eciim cBoOOHBIE OpOUTANIH, YIaCTBYIOIINE B 00Opa30BaHUU T~

CBSI3M TPUHAAJNIEKAT JIUTAHIY, & JOHOPHBIE AJIEKTPOHBI - lyg-opOuTanu KaTHOHA
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MeTajuia, T-CBS3b HA3bIBAETCS «OOpAaTHOW» («IaTHBHOW» CBs3bIO, puc. 16 0).
CaszpiBatoriast MO obpa3zyercs u3 AO noHa mertasmia, a paspsixisitornias MO Onmxe
no xapakrtepuctukaM Kk AO nuranpa. JlatuBHas cBs3b yBenuuuBaeT o, Tak Kak
opbutanu tyy UEHTPaIbHOIO HMOHA BOBJEKAIOTCS B O0pa30BaHHE CBS3U H
AHEPreTUYECKUM YPOBEHb UX MOHUKAECTCS 10 cpaBHEHUIO ¢ AO, WM KOMILIEKCaMu
B KOTOPBIX UMEIOTCS TOJBKO G-CBSI3U. BO3ZHUKHOBEHUE TATUBHOW CBSI3U MPUBOIUT
K POCTY MOJIOKUTEIILHOTO 3aps/ia Ha [IEHTPaJbHOM HOHE, YTO YBEIMYMUBACT BKJIA B
ANEKTPOCTATUYECKUX CHJI B KOMIUIEKCOOOpa3oBaHUE, a TaKKe YIPOUYHSET
KOBAJIEHTHYIO COCTAaBJISIIOIIYI0O KOOPAMHALIMOHHOW CBSI3M: OpOUTanu tyy U €y emie
6onee ynamstoress apyr ot apyra. Jluranast CO, CNcnocoOHbl y4acTBOBaTh B
00pa30BaHMM JATUBHBIX CBSA3€H 3a CUET CBOOOJHBIX Pa3phIXJISAIOIUX p-OpOuTaieu
Ha yriepoje, a ranoreaua-anuonsl (Cl, Bro, I') — 3a cueT cBOOOIHBIX U JOBOJIBHO
HU3KO PaCIOJI0KECHHBIX d-opOuTaiei.

B kadecTBe mpumepa JMTraHlIOB, CIIOCOOHBIX BCTyHaTh B OOpa3OBaHUU T-

JATUBHBIX CBS3€M, MOXKET CIY>KUTh OKUCH yriepoja (puc. 17).

A \IO
AO — AO
DI
S A S
- *
2 RS
P e
2 g ™
v = 2p
| 2s e S .
5 nani U LT
o
C CO O

Puc. 17. Dneprernueckas quarpamma MO MoJeKyJbl OKUCH yTIIEpOAa.

Bonee anexkTpoorpuniarensHbiid kucaopox Moisekyiasl CO B Gomblieit Mmepe

CKJIOHEH K MPHUCOCIMHEHHUIO JJEKTPOHOB, YeM yriepo] (opOurtanmu HHUKe
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pacmnojoxkeHsl y Kuciopona). [1oaTromy BO3HUKAaeT acCUMETPHs 3JEKTPOHHOTO
obnaka, cBs3biBaromiero atoMbl C 1 O. HekoTopas mojsipHOCTh CBSI3U OOBSICHSIET
OOJBITYI0 peaKkHOHHYI0 CcrocoOHOCTh CO MO CpaBHEHHWIO C HW303JEKTPOHHOU

MOJIEKYJIOU Nj.

BakaHTHble pPaspuIXJIAIOIME 7°- U 7 - OpPOMTaIM MPENOCTABIIAIOTCS

y X
MOJIEKYJIAaMH OKHMCH YIJIEpOZa JJI 3all0JIHEHUS 3JIEKTPOHAMU LIEHTPAJIbHOIO aTOMa
(voHa). Bo3HuKaromas m-gaTUBHASA CBSI3b YNPOYHSIET KOOPAMHALMIO JUTAHIIOB B
KOMIUIEKCHOM cOeAMHEHUU. IMEHHO MO3TOMY B3aMMOJECHCTBYIOT C 00Opa30BaHUEM
KOMIUIEKCOB ~ CTa0WJIbHbIE B  OOBIYHBIX YCIIOBUSIX PpEareHTbl, HalpUMep

METaJUTMISCKUI HUKEIb (3KEJIe30):

Ni + 4CO= [Ni(CO)

3. B3auMHoOe BJIUsIHME KOOPAMHHPOBAHHBIX JIMTAHI0B

KoopaunannonHas teopust BepHepa, sSBISIrOIascs TEOPETUYECKON OCHOBOM
XUMHH KOMIUIEKCHBIX COCIMHEHUH, HE pacCMaTpuUBajia BO3MOXHOCTH B3aMMHOI'O
BIIMSIHUSL JIUTAHZIOB BO BHYTpeHHew cdepe. JI.A. Uyraes BepBble yCTAaHOBUII, UTO B
HUTpokomIuiekcax maTuHbl (II) TOBBIIIEHHONW pPEaKIMOHHOW CIIOCOOHOCTHIO

06naaa}0T JIMTaH/Ibl, HAXOOAIIHUECCA B TPAHC-TIOJIOKCHUH K HUTPOI'PYIIIIC.

JleB Anekcanaposuy Uyraes
Bpems u mecmo nayunoti oesmenvnocmu —
nauano XX 6., Poccus

Tax npu HarpeBanuu komiuiekca [Pt(NH3z)sNO2]JNO; otmierisiercss mojekyia
aMMHaKa, KOTopasi KOOpIMHUPOBaHA B TPAHC-TIOJIOKEHUU K HUTPOTPYIIIIE:

F\THB 1, N NO NHﬂ

[ 2
N, vo, Fr

NO, 4)’!3 +
}”OA NH; [NH} NO,
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B nanbpHeiilieM cHCTEMaTUYE€CKUE UCCIEAOBAHUS HHUTPOKOMIUIEKCOB
matunbl (I11) npoBogunuce .M. YepHseBbiM. Pe3ynbraTtoM 3THUX HCCIEIOBAHUN
SIBUJIOCH OTKPBITUE 3aKOHOMEPHOCU MPAHCEIUAHUS.

B 1926 rony UepnseB chopmyaupoBa 3aKOHOMEPHOCTb TPAHCBIUSHUSA -

Anuomnsi, Haxooswuecs 60 GHYMpeHHel cghepe KOMNIEKCd, OKa3vle8aiom
nabunuzupyrowue oelicmeue Ha aAueanobl, HAX00AWUECs N0 OMHOULEHUIO K HUM 8
MPAHC-NOSIONCEHUU.

3aKOHOMEPHOCThH TPAHCBJIUSHUS MMO3BOJIMIIA OOBICHUTh HEKOTOPHIE TIPaBUiIa
KOOPAVMHAIIMOHHON XHWMHH, YCTAHOBIICHHBIE HKCHEPUMEHTAJIbHO 3aJ0JII0 10
OTKPBITHUSI TPAHC-BIUSHUS.

B pesynbTaTe CHCTEMATHYECKUX WCCICAOBAHUN pPEAKIMKA 3aMEIICHUS B
KOMIUIEKCAax IuiaTuHel B 50X T.I. yJajgoch MOCTPOUTH CHEAYIOLIUNA PsiA
TPAHCBIIUSIHUS JIUTaH/O0B:

CN>C,H,>CO, N02'>Thi0>RZS, R3P, I'>Br'>CI'>NH3, RNH2>OH'>HZO

3aKOHOMEPHOCTh TPAHCBIIHMSHUS ObLJIa OTKPHITA B PE3YJIHTATE U3YUCHHS PEAKIIUN C
y4yacTueM KomiuiekcoB miatuHbl (II) u cTana pykoOBOISAIIMM NPUHIUIIOM TIPU
BBIOOpE TyTell CHHTE3a HOBBIX KOMIUICKCHBIX CcoOeAuHEeHUH. JlanmpHeHIuMu
UCCJICIOBAHUSIMU OBLJIO YCTAHOBJICHO, YTO TPAHCBIIMSIHUE JUTAHJIOB MPOSBISETCS
Takke B koMmiuiekcax miaatuel (IV), mammanus (II), ko6ansra (III), xpoma (III),
poaus (III), upuausa (III) u HekoTOphIX Ipyrux metaiuioB. [IpaBaa, psiabl TUraHIOB
M0 UX TPAHCBIUSHUIO JJII Pa3HBIX METAIOB HECKOJIBKO pasziuuaroTcs. Kak yxe
OBLJIO OTMEYEHO, 3aKOHOMEPHOCTh TPAHCBIIUSHHS BHadajie Obuta OOHAapyKeHa Ha
OCHOBaHUU NPEnapamueHblX OAHHbIX, T.€. MyTeM XHMHUYECKOTO HCCIIEIOBAHUS
peakiuii 3amenerus. Jlanee pa3aMyHbIMU YYSHBIMU ObLUTA MPEINPUHSTHI OMBITKH
KOJMYECTBEHHO OXapaKTEPU30BaATh TPAHCBIIUSHHE C TOMOIIBIO PA3IMYHBIX (DU3HKO-
XUMHUYECKUX MeTonoB. lIpexxae Bcero, cleayeT OTMETUTh Pe3yJIbTaThl

KUHemu4eckux uccie0o6anui.
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4. N3omMepusi KOMILIEKCHBIX COeIMHEHUI

Cpean KOMIUIEKCHBIX COEAMHEHMH, TaK )K€ KaK U B OPraHUYECKOW XHWMHH,
IIMPOKO pacCHpOCTPAaHEHO sABJIEHHE u3oMepuu. Ilox wH3oMepueld NOHMMAIOT
CIIOCOOHOCTb BELIECTB O0O0pPa30BBIBATh HECKOJIBKO COEIMHEHUN OJIMHAKOBOTO
COCTaBa, OTJIMYAIOLIMXCS B3aUMHBIM PACIIOJIOKEHHEM AaTOMOB B MOJIEKYJIE, a
CJIEIOBATEIILHO, PA3INYAIOIIUXCS 10 CBOMCTBAM.

VY KOMIUIEKCHBIX COEITMHEHUN SIBIIEHUE U30MEPUH 00YCIIOBIIEHO:

e Pa3IMYMUAMHU B CTPOCHUHU U KOOPAWHALIMH JIMTaH/OB;

* pa3JIMYUSIMU B CTPOCHUH BHYTPEHHEN KOOPAMHALIMOHHOM Cephl;

e pa3HBIM pacHpe/ieIEHUEM YacTHI] MEX]ly BHYTPEHHEW U BHELIHEN c(hepoil.
OcCHOBHBIE BHIBl HM30MEPUU KOMIUIEKCHBIX COEIUHEHUM — TIeOMETpUYecKas,

OIITHYCCKAas, COJIbBATHAasA (I/IJ'II/I FI/II[paTHaH) W MOHHAas.

4.1. N3o0Mepusi TUTaHI0B

W3oMepust TUraHa0B MOAPA3ACIACTCS Ha CBI3EBYIO (KOTOpask OMpeaesIeTCs
pa3HbIM TUIIOM KOOPAWHAIIMH OHOT'O U TOTO XK€ JIMTaH/a), U COOCTBEHHO H30MEPHIO
JIMraHa.

[TprMepaMu CBS3€BOI M30MEPHH MOYKET CIY)KUTh CYIIIECTBOBAHHE HUTPO- U
HuTpuTOo-KoMiuiekcoB kobanpTa(Ill) cocraBa K3[Co(NO,)s] u K3[Co(ONO)s], B
KOTOPBIX KoopauHais juranga NO; OCyHmIeCTBIsSETCS, COOTBETCTBEHHO, 4Yepes3
aTOM a30Ta MIIM aTOM KHcIIopoa. J{pyroi mpuMep — KOOpIMHAIKS THOILIMaHAT-HOHA
NCS- uepes aTom a30Ta WK Yepe3 aTOM Cepbl, ¢ 00pa3oBaHUeM THOIMaHaTO-N- Hin
THOLIMAHATO-S-KOMIUIEKCOB.

KpoMe TOro, Jurasiibl CIIO)KHOTO CTPOCHHS (HAIpUMEpP, aMHHOKHCIIOTHI)
MOTYT caMHu 10 ceOe 00pa3oBBIBATh W30MEPHI, KOOPAMHAIMS KOTOPBIX BEIET K

O6p8,30BaHI/II-0 KOMIIJICKCOB OJMHAKOBOI'O COCTAaBa C pa3HbIMU CBOMCTBAMM.

4.2. Teomerpuyeckasi usoMepus
['eomeTprueckass H30MepUsi BbI3BaHA HEOJAWHAKOBBIM  pa3MeEIICHUEM
JWraHA0B BO BHYTpeHHeH cdepe oTHOCUTEnbHO Apyr apyra. HeoOxomnmbim

68



YCIOBHEM TE€OMETPUYECKOM W30MEPUHU SBJIACTCS HalW4yue BO BHYTPEHHEU
KOOpPAMHALIMOHHOW chepe HE MEHee BYX Pa3JIMYHbIX JUTaHIO0B. ['eomeTpuyeckas
M30MEPUS MPOSBILIETCA NPEUMYIIECTBEHHO Y KOMIUIEKCHBIX COCIWHEHHH,
UMEIOIINUX OKTa3JpPUYECKOE CTPOEHUE, CTPOCHHE IUIOCKOIO KBajapaTa WU
KBaJpaTHOM IUPaMU/IbI.

KoMIuiekcHbIE COEMHEHNS € TETPAIAPUIECKUM, TPEYTOJIBHBIM U JIUHEUHBIM
CTPOCHHEM TEOMETPUYECKHX H30MEpPOB HE HMEIOT, IIOCKOJIBKY MecTa

PaCIoOJIOKCHUS JIMTAaHJA0B ABYX PAa3HbIX BHAOB BOKPYI' HCHTPAJIBHOIO aTOMa

PaBHOIOCHHBI.

IF—M-Lr A . 1 I"‘\.,I‘ ‘-i'_‘rr

KOMHH@KCBI, HMCIOIMUEC CTPOCHHUC INIOCKOI'0 KBaJpara, IPru HAJIUYHUK JABYX

pas3HbIX auranaoB L' u L y:xke MOTyT UMeTh JiBa n3omepa (1Mc- U TPaHC-):

1! T T T
A 2 1. I
RITTTTT TR mom——---—-=7
r»‘ ., - 4 “J - A
- ’ ; - f
;.M S oM
} - ! i -~ o
_____________ ¢ el |
Lf Lff Lf L:.r
YLic-ESumMop Lijeleb el sEUS T

HpI/IMepOM KOMILUICKCHOI'O COCAMHCHMNA, MMCIOIICIO MUC- U TPAHC-U30MCPbI, MOXKCT

CyKuTh auxiyiopoarammunimatuaa(ll):

H:N Ci Cl H-N
ot ST
i “ i 7 j: ‘ 4 f___..-" ’
LT N AT NG
H,N Cl H.N Cl
LI -FERIRPICH MpraHC -FI30RIEE
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OtmeTuM, 4TO KOMIUIEKCHOE coequHenue coctaBa [ML'3L"] co ctpykTypoit
IUIOCKOTO KBajJpaTa HE MOXET HMMETh H30MEpPOB: INOJIOKeHUe Jswuranga L
PaBHOBEPOSITHO B J000M yriy KkBaapara. Korjga ke MHosBISETCS JBa pa3HbIX
JWTaHJa, TO YK€ BO3MOXKHO CYIIECTBOBAaHHE JIBYX HM30MEpOB (IIUC- M TpaHC-),
oTiMyaronmxcsi 1o cBoiictBam. Tak, wuc-guxnopoanammuniuiatuna(ll) —
OpaH)KEBO-KEJITbIE KPUCTAJUIBI, XOPOUIO pPAacTBOPUMBIE B BOJAE, a TpaHC-
muxiaoporuammuHiuiatuHa(ll)  —  kpuctamisl  GEIHO-)KENTOro  LBETA,
PacTBOPUMOCTb KOTOPBIX B BOJIE HECKOJIBKO HUXKE, YEM Y IIUC-U30MEPA.

C yBenn4eHHeM YuCIia Pa3IMyHbIX JIMTAaH/I0B BO BHYTPEHHEH cepe pacTeT
YHCIIO rE€OMETPUYECKHUX U30MEPOB. Has XJIOpUaa
HUTPO(TUAPOKCUIIAMUH ) aMMUH(TTpUAnH )IutaTuHbI(11)

[Pt(py)(NH3)(NH20OH)(NO,)]Cl monydeHnsl Bce Tpu H30Mepa:

[ HN NO, |+ [HN NHLOHF [HN  NH,0HM
\\Pt/ o \Pt/
N N N

Py NH,OH| | py NO;, | |ON Py |

OxTa’gpuyecKue KOMIUIEKCH MOTYT MMETh MHOYKECTBO M30MepoB. Eciin B
KOMIUIEKCHOM COE€IMHEHUU TaKOTO poja BCE IIECTh JUTaHA0B OAMHAKOBBI ([M6OL])
WIN OTJIMYAETCS OT BCEX OCTANbHBIX TONBbKO oauH ([ML"5L']), To BO3MOXXHOCTh
Pa3IMYHOTO PACHOJIOKEHHS JIUTAH/I0B IO OTHOUIEHUIO APYT K JAPYTY OTCYTCTBYET.
Hanpumep, y okrasapudeckux coenuuenuit [ML"5L'] mo0oe nonoxeHnue aurasaa
L" 1o OTHOIIEHUIO K OCTAIBHBIM MSTH JUTaH1aM L' Oy/1eT paBHOIIEHHBIM U IIOATOMY
M30MEPOB 371€Ch HE JTOJDKHO OBITh:

Lr

Lr
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[lossBnenne nByx JmragaoB L” B OKTa’ApUYECKUX KOMIUIEKCHBIX
COEAMHEHUAX MNPUBEIAET K BO3MOKXHOCTH CYIIECTBOBAHMS JIBYX IF€OMETPUYECKHUX
M30MepoB. B 3TOM cilydae MOSBISAIOTCS J1Ba Pa3jiM4HbIX CIIOCO0A PaCcHOIOKEHHUS
aurasgoB  L”  gpyr  OTHOCUTENBbHO — Jpyra. Hanpuwmep, KaTHUOH

muruapokcoterpaammutkooansTa(lll) [Co(NHs)4(OH),]" umeer nBa nzomepa:

NH,, 0OH
H.N NH, H.N NH,
; Co / s Co
HN“""""] ‘XJOH HN “ B NH;
OH OH
z)e:u,c -I’I?OMEP mprHC-H"EOMCI)

[Tpu moMBITKE HAWTH KaKOS-HUOYIb CIlle B3aMMHOC PACIOIOKCHUE JINTAHIOB
HsN u OH', koTopoe oTiruanoch Obl OT yKa3aHHBIX BBIIIE, MBI BCEIIa IPHUIEM K
CTPOEHHUIO OJTHOTO U3 Y)KE MPUBEACHHBIX.

[Ipy yBenmMYCHHMH B KOMIUIEKCE 4YHCIIA JIMTAHAOB, HMMEIOIINX Pa3HbIH
XMMHAYECKMI COCTaB, YHUCIO T'€OMETPHUYECKHX H30MEPOB OBICTPO pacteT. Y
coeaunenuii Tuma [ML,L ,L ;] Oymer deThipe mM30Mepa, a y COCAUHCHHIA THIIA
[MLIL2L3LALOL®], comepxamux mecTh pa3sHbIX JMTAHIOB, YUCIO FEOMETPUYECKUX
n3omepoB pocturaet 15. [logoOHBIE KOMIUJIEKCHBIE COCIMHEHUS TOKa eIle Majio
U3yUYCHBI.

['eomMeTpruecKUe H30MEPhI CYIIECTBEHHO OTIMYAIOTCS 10  (U3UKO-
XMMHAYECKMM CBOWCTBAM, TaKHM KakK I[BET, pPaCTBOPHUMOCTh, IUIOTHOCTD,
KpUCTA/UTNYeCKast CTPYKTypa U T.1I.

4.3. OnTuyeckasi u3omMepus

Onrryeckast ©30MEPHS CBA3aHA CO CIIOCOOHOCTHIO HEKOTOPBIX KOMITIEKCHBIX
COEIMHEHUI CYIIEeCTBOBATh B BUAE ABYX (OPM, HE COBMEIIAEMBIX B TPEXMEPHOM
MIPOCTPAHCTBE M SIBJISIONIUXCS 3epKaIbHBIM OTOOpaKEHUEM IPYT Apyra, Kak JeBast
pyka u mpaBas. II03TOMy ONTHYECKYH0 H30MEPHIO HA3bIBAIOT MHOTJA €IIle

3epKajgbHOM n3omepueil (puc. 18).
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Puc.18. Ontuueckue n3oMepbl — XUpaJbHbIE, JIEBO- U IPABOBPALLAIOIINE MOJIEKYJIbI,
SIBJISTFOIIMECS 3€PKAIBHBIM OTPAaKEHUEM JPYT Apyra

Hamnpumep, TEMHO-3CJICHBIC KPHUCTAILIBI TPUTHIPATA
tpuokcanaTokobanprata(Ill) ammonus (NHz)s[Co(0X)s] 3H20 cymiecTBytoT B Buje
JIBYX  ONTHYCCKUX  HM30MEPOB, KOMIUICKCHBIM aHHOH KOTOPHIX  HMEET
OKTadIpHUECKOE CTPOCHHUE.

0 0

(.
~—0-C-C-0-

[TockonbKy MOJHOE N300pakeHne OUIEHTATHOTO OKCAJIaTHOTO JIMTaHAa HEYT00HO,
€ro 4acTo 0003HaYaloT B BUE JIyTH, COSAUHSIIONIEH BEPILIMHBI OKTa3pa.

Kak BUAHO U3 CXeMbl, PACIOIIOKEHUE JIMTAHIOB B ONTHYECKUX H30Mepax
xoMIuIekcHOro anuoHa [Co(0x)3]® TakoBo, YTO aHMOHBI COOTHOCATCS MEKIY CO0Oit
KaK TPeIMeT U ero 3epkaibHoe n3o0pakeHne. Kak Obl MbI HE TIOBEPHYJIM aHUOHBI,
UX COCTaBHbIE YAaCTH HUKOT/A MOJHOCTHhIO HE COBMAIYT, TaK YK€ KaK HE COBIAAeT
JeBast pykKa ¢ IpaBO.

OnTuueckue M30MEpbl OTJIMYAIOTCS TEM, UYTO HX PacTBOPBI CHOCOOHBI

BpallaTb INIOCKOCTH IIOJIpHU3allii CBCTOBOI'O JIy4a. OI[I/IH HU30MCPD BpamacT
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MJIOCKOCTh TOJIIPU3AIMKA BJIEBO M TIO3TOMY HasbIBaeTcs L-m3omepom, Apyroi —
BIIPAaBO U HasbiBaeTcs D-m3omepoMm. AHanOrW4Has cucrteMa 0003HAYCHUMN
MPUMEHSETCS ISl K30MEPOB OPTaHUYECKUX COCTUHCHUM.

B 00BIYHOM CBETOBOM JIy4e AJIEKTPOMArHUTHBIC KOJICOAHHS COBEPIIAIOTCS B
Pa3IMYHBIX IOCKOCTAX. ECITN Tako# JTyd MPOITyCTUTh Yepe3 CUCTEMY CTICIIHATLHBIX
ONTHYECKUX MPHU3M, TO OH CTaHET IJIOCKOMOJsipu30BaHHbIM. Ha puc.16 (a, 0, B, T)
TOYKON 0003HAuUeH Jy4 CBETa, a CTPEJIKAaMHU IOKa3aHO, B KaKWX HaIPaBIICHUSIX
POUCXOMAT AJIEKTPOMAarHUTHBIE KOJEOaHMWs; a - YroJl BpalleHHUs IUIOCKOCTH

MOJISIPU3ALIN Y.

Puc.19. IInockononsipr30BaHHbIN TyY cBETA.

[Io cBoMM (U3HKO-XMMUYECKHMM CBOMCTBAM ONTHYECKHE H30MEpHI
MPAKTUUECKH HE OTJIMYAIOTCS APYT OT APYTa, U UX pa3/ielIeHue MPeCTaBIsIeT COOOH
OYEHb TPYJIHYIO TEXHOJOTHUECKYIO 3a7auy. SIBI€HHE ONITHYECKON M30MEPHUM Yallle
BCEr0 BCTPEUYAETCSA Y KOMIUIEKCHBIX COEAMHEHUI C KOOPANHALMOHHBIM YUCIIOM 6.

Yo kacaeTcs KOOPAMHAMOHHBIX COEUHEHUN ¢ KOOPAUHAMOHHBIM YHCIIOM
YEThIPE, TO 3/1€Ch BO3MOYKHOCTU IIOSIBJICHUS ONTHUYECKOW H30MEPUM BEChbMa
OrpaHHYEHbl. B cilyqae TeTpaj’aprUyYecKux KOMILJIEKCOB ONTHYECKAas W30MEpUU
TEOPETUYECKH BO3MOJKHA TOJIBKO B TEX CIIy4asX, KOrJa BCE YEThIpE JMTaHAA,

CBA3AaHHBIC C ICHTPAJIbHBIM dTOMOM, PAa3JIMYHBI.
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J1J14 TIIOCKOKBAAPATHBIX KOMIIEKCOB HE MOKET OBITh ONITUYECKUX M30MEPOB
JAXKe IIPU YETHIPEX PA3IUYHBIX JTUTaHAAX.

B 10 e BpeMsi KOMIUIEKCHI ¢ KOOPJAMHALMOHHBIM YUCIOM 4 MOryT 00J1aaaTh
ONTHUYECKONM AKTMBHOCTBIO B TEX ClIy4yasx, KOTJa OHM COAEpXkKaT OINTHYECKHU

AKTHUBHBIC JIMT'aH/bI.

4.4. ConbBaTHas1 (TUAPATHAN) H30MePHUS

ConbBaTHast  (TuapaTHas) M30MEpHUS  3aKJIIOYAaEeTCsl B Pa3IMYHOM
pacupeesieHuy MOJIEKYJ PaCTBOPUTEIS MEXAY BHYTPEHHEN U BHELIHEN chepamu
KOMIIJIEKCHOTO COEJIMHEHUS, B PA3TUYHOM XapaKTepe XUMUUYECKON CBSI3U MOJIEKYI
BO/IbI C KOMILIEKCOOOpa3oBaTeieM.

Krnaccudeckum mpuMepoM THAPATHOW HM30MEPHUH SBJSICTCS CYIIECTBOBAHHE
TpexX U30MepHBIX THapaToB xyopuaa xpoma(lll) ¢ obmeit popmynoit CrCl . 6H 2O

[MepBerit uzomep, [Cr(H20)6]Cl; — xmopu rekcaaksaxpoma(Ill) — npencrasnser
cO00M KpPHUCTAIBI CEPO-CHPEHEBOTO IIBETA, KOTOpPBIE MPH PACTBOPEHHH B BOJE
o0Opa3yroT ¢GuoNeToBbIN pacTBOp. Takyl OKpacKy pacTBOpPY MPHUAAIOT KATHOHBI
[Cr(H,0)6]**. U3 pactBOpa mox aeiicTBueM HMOHOB Ag' 0CakJaloTcsi BCe TPU
XJIOpU/I-aHUOHA!

[Cr(H20)6]Cls + 3 AgNO3 = [Cr(H20)6](NO3)3 + 3 AgCI

Bropoit  um3zomep — [Cr(H20)sCI]Cl,-H,O, Monoruapat  xmopuaa
xynoponenTaakBaxpoma(lll), mpugaer pacTBOpy rory00oBaTO-3€JICHBIN 1BET, a HOHBI
AQ" ocakaaroT TOJIBKO J1BA XJIOPHI-HOHA:

[Cr(H20)sCI]Cl; + 2 AgNO3 = [Cr(H20)sCI](NO3), + 2 AgCI

Haxownen, tpetnii uzomep — [Cr(H20)4Cl2]C1-2H,0, nurmapar xmaopuaa
nuxyiopoterpaakBaxpoMa(Ill), okpammBaeT pacTBOp B TEMHO-3€JICHBIM ILIBET, a
HOHBI Ag" OCaKIar0T U3 €ro pacTBOPa TOJBKO OJMH XJIOPH/I-HOH:

[Cr(H20)4CI2]Cl + AgNO3 = [Cr(H20)4Cl,]NO; + AgCl
[Ipu BeICYIIMBAaHUU ABA MOCIEAHUX U30MEPA TEPSIOT BHEUTHEC(HEPHYIO BOTY.
MokHO NOOUTHCS MOCTENEHHOTO B3aUMHOT0 NEpexoaa U30MEPOB, U3MEHSS

pH n1ubo temneparypy pactBopa. [Ipm 3TOM BBeneHHE H30BITKA KHUCIOTHI U
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OXJI&XJIEHUE CIIOCOOCTBYIOT OOpa30BaHUIO IEPBOTO HM30MEpa, a HArpeBaHHE —

Mepexoay KO BTOPOMY U TPETbEMY U30MEPY.

4.5. Nonnas nuzomepust

HNonHast mM3oMepusi CBSi3aHA C PA3JIMYHBIM pacHpeesieHUEM 3apsKEHHBIX
JUTAH/IOB MEXK/y BHEIIIHEW U BHYTpeHHEH cepamMu KOMIUIEKCHOTO COeIMHEHMS.

HonHble M30MepHl MO-pa3HOMY JMCCOLIMUPYIOT B BOAHOM pacTBope. Tak,
Hutpat auxioporerpaammuakoOansra(lll) [Co(NH3)4Cl2]JNO;s mpu pactBopennu B
BOJI€ JUCCOLMUPYET HAa HOHBI:

[Co(NH,),CI,INO, = [Co(NH,),CL,]* + NO,

[Ipu no6aBnenun k Takomy pactBopy AgNOs3 ocanka xjopuaa cepedpa He
oOpasyercsi. HoHHBIM H30MEp YHNOMSHYTOTO BBIINIE KOMIUIEKCA, XJIOPHUT
autparoxjoporerpaammuakodansTa(lll) [Co(NH3)4sCI(NO3)]Cl, nmpu pacTBopeHHH
B BOJIC TUCCOLIMPYET MHAYE:

[Co(NH3)4CI(NO3)]CI = [Co(NH5),CI(NOs)]* + CI
U3 storo pactBopa mpu qodasineHnn AGNO; Beiensiercs ocagok AgCI.

Hpyrou IIpUMeEDp VIOHHBIX U30MEPOB — opomua

nuxsoporerpaaMmmMuHIUIaTUHBI(IV) 1 x70pua nuépomorerpaammuHTIaTUHBI(IV):
[Pt(NH3)4Cl;]Br; u [Pt(NH3)4Br,]Cl;
B mnactosimiee BpeMsi M3BECTHO OOJBIIOE YKMCIO KOMIUIEKCHBIX COCIMHEHUH,

HMCIOMIKUX MOHHBIC NU30MCPHI.

5. KommiekcHble coeTUHEHHUS B PACTBOPax

Kommnekcubie COCIMHCHUA KAaTHMOHHOI'O M aHMOHHOI'O THUIIAa 4Yalluc BCCTO
pacTBOpUMBI B BOAC, B HUX BOJHBIX PACTBOPAX YCTAHABJIMWBAIOTCA XHUMHUYCCKHC
pPaBHOBCCHA, HMHOIrJa AOBOJIbBHO CJIOXKHBIC. Kommnekcnr - HCOJICKTPOJIUTBI, KaK
IMpaBujI0, MAJIOPaCTBOPHUMBI B BOJC, PACTBOPUBIIAACA HYACThb KOMIIJICKCOB BCACT

ceOst Kak CJIa0blid ANEKTPOJIUT.
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B HeBogHBIX pacTBOpax KOMIUIEKCHBIX COCIMHEHUA MOTYT TaKKe
IPOUCXOJIUTHh PA3HOOOpA3HBIEC CIOKHBIE MPEBPAILICHUS, ONpeesieMble TPUPOAOH
KaK CaMOro KOMIUIEKCHOTO COETUHEHUS], TaK U PACTBOPHUTEIIS.

3T0, BO-TIEPBBIX, JUCCOLMAIIMS HAa KOMIUIEKCHbIE U BHEUTHEC(HEPHBIE NOHBI,
3aTeéM — JHUCCOIMAalMs KOMIUIEKCHOTO HOHA WM HEUTPaIbHOTO KOMILJIEKCaA,
COTIPOBOXAAaeMasi 3aMEIIEHHUEM JIMTaHJa BO BHYTpPEHHEHW cdepe Ha MOJEKYJIbI
PacTBOPUTEIIS.

Kpome TOro, KOMIUJIEKCBI MOTYT YYacTBOBaTb B Pa3HOOOpAa3HBIX
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX MTPOIIECCAX, €CIU B COCTAB KOMILJIEKCHOT'O MOHA
W PACTBOPHUTENS BXOMAT HWOHBI WA MOJIGKYJBI C SPKO BBIPAKCHHBIMH
OKHUCJIUTEIbHBIMU UM BOCCTAHOBUTEIILHBIMU CBOMCTBAMH.

KomMriekcHble cOeTMHEHNsS MOXKHO YCJIOBHO pa3leiuTh Ha JBE OOJbIINE
TPYNINBL: 3JIEKTPOJIUTHI U HEAIEKTPOIUTHL. K HEdNIEKTpoIuTaM OTHOCAT MPEXKIE
BCEr0 BHYTPUKOMIUIEKCHBIE COCIUHEHMS (WJIM XEJNaThl), 3aTeM — KapOOHWUJIBI
METAJJIOB M P-KOMILIEKCHI M HEKOTOPBIE JPyTHE.

PacTBOprMbIE KOMITJIEKCHBIE COCIMHEHUS, HE MMEIOIUE BHEIIHEH CQephl,
BEIIyT ce0sl B pacTBOpax Kak cIadbie dJIEKTPOIUTHI.

5.1. Iuccounanusi MOHOB BHelIHeH cdepbl

KommuiekcHple coemMHEHUs, HMMEIOIINe HWOHHYI0 BHEIIHIOI cdepy, B
pacTBOpe MOABEPTAIOTCS JAUCCOIMAIIMA HA KOMIUICKCHBI MOH M WOHBI BHEIIHEH
cheprl. OHu BenyT cebst B pa30aBICHHBIX PaCTBOPaX KaK CHUIILHBIC DJIEKTPOJIUTHI:
JAUCCOITMAIS POTEKAaeT MOMEHTAJIBFHO M MPaKTUYEeCKH Haiemo. [IpumMeps! Takoro
pona:

[Cu(NH3)4]SO4 = [Cu(N H3)4]2+ +S0,%
Ks[Fe(CN)e] = 3 K* + [Fe(CN)g]*

Ecnu Bo BHenIHeH chepe KOMIUIEKCHOTO COSIUMHEHUSI HAXOASATCS THAPOKCH/I-

MOHBI, TO 3TO COEIMHEHUE — CHJIbHOE OCHOBAaHHUE (Juccoluanus uaet Hameno, pH

>> 7). [Ipumep coeMHEHUS FTOTO TUMa — TuApoKkcua TerpaaMMuHimHKa(Il):
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[Zn(NH,),](CH), = [Zn(NH,),]** + 2 OH-
KomMrinekcHble coetuHeHus ¢ BHEITHeC(hepHbIMU KaTHOHAMH BOAOPO/Ia (THITA
rekcapropocusiikata BOJIOpoJa WM TeTpadTopoOopara BOAOPOJa) B BOIHOM
pacTBOpPE HALEJO MMOABEPTAOTCS NPOTOAN3Y. OHU SBISIOTCA CUIIBHBIMU KACIOTAMU:

H[BF4] + H,0 = [BF,] + H;O"

5.2. O6paTumasi JUCCOUMANUS KOMILJIEKCOB

OnHako Ha JUCCOIMAIMM  BHEHIHEC(EpPHBIX HOHOB TMPOLIECC HE
3akaHynBaeTcsa. KoMIuiekcHbIe HOHBI, B CBOIO OYEPE/lb, MOJBEPratoTCs 00paTUMOn
AIEKTPOIUTUUECKOMN TUCCOIUAIINY, YKE KaK cadble JIEKTPOIUTHI, TI0 CXEME:

[MLn] = M+nlL

Takas guccouuanusi, pa3yMeeTcsi, NPOTEKAaeT CTYNEHYaTO: JIMTaH]IbI
YAQIAIOTCS W3 BHYTPEHHEW c@epbl MOCTENEHHO, OAWMH 3a JpYyruM (TOYHEE,
MPOUCXOJUT PEAKIIUS 3aMEUICHHUS JINTAH/1a Ha MOJIEKYJIbl PACTBOPUTEIS - BOJIBI).

Jlnst ynipolieHust 3arycy B Ka4eCTBE TpUMepa B3SIT He3apsHKEHHBIN KOMIUIEKC,
a TPOAYKT IUCCOLMALMY MTPEACTABIICH B HETUIPATUPOBAHHOM BUJIE.

AHanoruyHbIM 00pa3oM MPOUCXOAUT U OOpaTHBIN Tpoliecc — oOpa3oBaHUE
koMmiiekca. CHavana BO BHYTpPEHHEHW cdepe MOSBISECTCA OIWH JIMTaHd, 3aTeM
BTOPOM, TPETUN U TAK AAJEe:

M+L = [ML]
[ML]+L = [MLg]
[MLZ] +L = [MLg]

[MLe-p] + L == [MLy]

[Ipomnecc KOMILJIEKCOOOpa30BaHUsl  3aBeplIaeTcs, KOTJa  YHCIIO
MPUCOEAUHUBIINXCS ~ MOHOAEHTAaTHBIX  JUraHgoB L cTaHeT  paBHBIM
KOOPIMHAIIMOHHOMY  9YHCIy  KOoMIUiekcooOpazoBatens M. Ilpm  3ToM
yCTaHABJIMBAETCS TMHAMUYECKOE PAaBHOBECHE, MOCKOJIBKY Hapsay ¢ 0Opa3oBaHuEM

KOMIIJIICKCOB MACT U UX JUCCOLNAIIMA.
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5.3. CryneHuyaTasi ¥ IOJIHAs KOHCTAHTHI 00Pa30BaHUSA

CocTostHue  paBHOBECHS  peEaKIUil  KOMIUIEKCOOOpa3OBaHUS ~ MOXKHO
0XapaKkTEepU30BaTh CTYNEHYaTOM KOHCTaHTOW oOpa3oBaHus Ki(oOp) xomiuiekca, a
MMEHHO:

M+L = [ML]; Ky(o6p) = [ML]/{[M]r [L]}
[ML]+L == [MLz]; Ka(06p) = [MLo]/ {[ML]r [L]}
JIJist n-o¥i CTyNeHH KOMILIEKCOOOpa30BaHusl CTyNeHUYaTas KOHCTaHTa 00pa30BaHus
K, paBHa:
[MLep]+L === [MLy]; Kn(06p) = [MLn] / {[ML(-p)] T [L]}

CymecTtByeT W JApyroil  cmoco0®  omucaHusi  paBHOBECHS  IPH
KOMITJIEKCOOOpPa30BaHUM — C TIOMOIIBIO TMOJHBIX (WM CYMMAapHBIX) KOHCTaHT
oOpa3oBaHus TaHHOTO KoMILIekca bi(o0p):

M+L == [ML]; bi(o6p) = [ML]/{[M] r [L]}
M+2L = [ML,]; ba(o6p) =[ML2]/{[M]r[L]*}
M+3L == [MLs]; bs(o6p) = [MLs]/ {[M] r [LT*}
M+nL == [ML];bn(o6p)=[MLN]/{[M]r[L]"}

5.4. KoHcTaHTBI 00pa30BaHUs M MPOYHOCTh KOMILIEKCOB

[lonHast KoHcTaHTa o0O0Opa3oBaHUA KOMIUIEKCa bny(00p) XapakTepu3yeT
YCTOMYMBOCTh KOMIUICKCHOTO COCAMHEHHUS: YeM OoJibllle 3HaueHue bn(o0p), Tem
0ojiee ycTOMYMB KOMIUIEKC JaHHOTO cocTaBa. Hampumep, cpaBHHMBasi KOHCTAHTBI
oOpazoBanus kaTuoHa nuammuacepeopa(l) m nummanoaprenrar(l)-mona:

(1) Ag*+2NH; == [Ag(NHs),]"; bo(06p) = 2,5 - 10°

(2) Agt+2CN == [Ag(CN),]; ba(o6p) = 1,2 - 10%
C/eJIaeéM OYEBHJIHBIN BBHIBOJ O OOJIBIIIEH MPOYHOCTH BTOPOTO KOMILIEKCA — aHHOHA
[Ag(CN);]" , mockobKy, cyas MO OOJbIIEMY 3HAYCHHIO KOHCTAHTBI 00pa30BaHMsI,
paBHOBecCHE B peakiuu (2) cuiibHee CABUHYTO BIIPaBo, 4yeM B (1).

HNuaexc N 'y KOHCTaHTBI 00pa30BaHUs KOMIUIEKCA paBeH KOOPAMHALMOHHOMY
YUCTy LIEHTPAJbHOIO aroMa B TOM KOMIUIEKCHOM COEIUHEHUH, KOTOpPOe

OLICHMBACTCHl.
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Herpynno 3ametuth, uTOo BenmuumHa bn(00p) CBA3aHA CO CTYNEHYATHIMH
KoHCTaHTaMu 0OpaszoBanus Ki(oOp) cooTHOImEHHEM:

bn(00p) = K1(06p) 1 K2(06p) T K3(00p) T ... T Kn(00p)

5.5. KoHCcTaHTBI HECTOMKOCTH KOOPAUHALIMOHHBIX COeTMHEH Ui

Ecniu BMecTo paBHOBecHss B peakIUsaX o0pa3oBaHUs KOMILIEKCOB
paccMaTpuBaTh OOPATHBIN MPOIECC — PEAKIUU JUCCOIUAIMNA KOMIUICKCOB (WM
peaknuu OOMEHa JIMTAHJOB Ha MOJIEKYJIBl PAaCTBOPUTENS), TO COOTBETCTBYIOIINE
KOHCTaHThl OyAyT HOCHTh HAa3BaHHUE CTYMEHYATHIX KOHCTAHT HECTONKOCTH
KOMILIEKCOB:

[ML] = M+L; Ky(uect)=[M] - [L]/[ML]

[ML;] == [ML]+L; Ky(mecr)=[ML]"[L]/[ML,]
[ML)] == [ML@.y] + L; Kn(reer) = [MLn.y] - [L]/ [ML.];
¥ 00IIMX (CyMMapHBIX) KOHCTAHT HECTOMKOCTH KOMILJIEKCOB:

[ML] == M+L;bi(aect)=[M] - [L]/[ML]
[ML;] == M +2L;by(uect)=[M] - [L]*/[ML;]
[MLs] == M +3L;bsmect)=[M]-[L]}/[ML3]
[ML,] == M +nL,;bp(aect)=[M]-[L]"/[ML,]

Crynenyartsie 1 O0IHE KOHCTAHTHI 00pPa30BaHUS M HECTOMKOCTH KOMITJIEKCOB

COOTHOCSITCSL IPYT C IPYTOM KaK OOpaTHHIC BETUIHHBIL:

bn(06p) = 1/ bp(aect); Kq(00p) =1/ Kn(HecT),
MO3TOMY JUISI CpPaBHEHHS TIPOYHOCTH KOMILJICKCOB MOTYT HCITOJIb30BATHCS
CIIPaBOYHBIE JaHHBIC KaK MO 3HAYCHUSIM KOHCTAaHT 0Opa30BaHUs, TaK U KOHCTaHT
HECTOMKOCTH.

CryneH4yatoe  KOMILIEKCOOOpAa30BaHHE  MOXHO  MPOMJUIIOCTPUPOBATH
IPUMEPOM B3auMoJeiicTBus noHa Hg?* (kak KoMILIekcooOpa3oBarens) ¢ HOHAMU
Cl" (kak muranmom):

Hg?* + ClI- == [HgCI]*; Ki(o6p) = 1,85 - 10°
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[HgCI]* + CI- == [HgCl,]; Kx(06p) = 3,2 - 10’
[HgCly] + CI- == [HgCl3] ; Ks(o06p) = 14
[HgCls] + CIF === [HgCl4)? ; K4(0o6p) = 10
Yem Oonbllle KOHUEHTpaUWs XJIOPUAHBIX MOHOB, TEM C OOJBIIUM
KOOpPAMHALIMOHHBIM YHCIIOM 00pa3yeTcsi KOMIUIEKCHOE coequHeHue. Kak Toibko
Oyzaer JNOCTUTHYTO MaKCUMAJIBHO BO3MOKHOE JUISL JAHHOTO
KOMIUIEKCOOOpa3oBaTeNil  KOOPJAMHALMOHHOE  YHCJIO, O0O0pa30BaHUE  HOBBIX
KOMIUIEKCHBIX COEITMHEHUH TPUOCTAHABINBACTCS, U IPH JATbHEHUIIEM YBEIUYECHUN
KOHLEHTpAllMX JINTaHAAa HAOJIONAETCs IOCTENIEHHOE HMCUYE3HOBEHUE B PAcTBOPE
KOMIUIEKCHBIX YaCTUL] C MEHBIIMMH KOOPIANHALIMOHHBIMU YUCIIAMM.
N3 puc. 20 BUIHO, YTO YK€ IPU KOHLUEHTPALUN XJIOPUI-UOHOB, paBHOU 1-10°
5

MOIB/JI, B PacTBOPE MOIHOCTBIO HCYE3al0T KaTuoHel Hg?* m o6pasyrorcs

IpeuMyIIeCTBeHHO HelTpanbHbie dacTuilsl [ HgCly].

: g He

g &

a’E

: g |

=2 HeCLlT !
h;_% [He 1._/_!;

10°% 1078 107%

[C1]", mom/n

Puc. 20. Pactipenienenue xinopuanbix kommiekcoB ptytu (I1I) B 3aBucumoctu ot MoIsipHOM
KOHILEHTPALUU XJIOPUI-HOHOB

[Ipu koHueHTpanuu xjopuA-uoHoB okojo 0,1 ™Momws/m B pacTBOpe
npucytctyioT kommiekcsl [HgCly], [HgCls] u [HgCly]%.

[Tpu xonunenTpaunu noHoB CI” cBbIie 1 MOJIB/TT B pacTBOpE MPUCYTCTBYIOT
Tonbko Tterpaxnopomepkypar(ll)-monsr [HgCly]*, KOTOpBIE IOBONBHO JIETKO
JUCCOLIMUPYIOT, OTILEIISAS XJIOPUIHBII JIUTaH ], HO 00Ja1at0T JOCTATOYHO BBICOKOM

MOJTHOM KOHCTaHTOM 00pa3oBaHUs:

ba(06p) = K1(06p) - K2(06p) - K3(06p) - Ka(00p) =
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=(1,85-10°) - (3,2-10") 14 -10=8,3 - 10*

Taxum 006pa3oM, MmosHas KOHCTaHTa 00pa30BaHuUs 1aeT BO3MOKHOCTh CY/IUTh
00 OTCYTCTBUM CKJIOHHOCTH KOMIUIEKCA K MOJHOW AMCCOLMAINM, a CTyleH4YaTas
KOHCTaHTa 00pa30BaHUsl CBUJICTEIBCTBYET 00 YCTOMYMBOCTH OTACIBHBIX (HopM
KOMIIJIEKCHBIX MOHOB MJIM HEUTPAJIBbHBIX KOMILIEKCOB.

Kak npaBuiio, cTyneH4aTble KOHCTAaHThI 00pa30BaHUsl YMEHBIIAIOTCS IO MEpPE
BO3pAacTaHus  4YWCJIa  JIMTaHaoB.  Hampumep,  B3auMMOIEWCTBHE  TAaKOIO
KOMILTIEKCO0OpasoBaresis, kak non Cd?*, ¢ MoJIeKyIaMu aMMHaKa, BBIIOIHAFOIMMU
(yHKUMU TUTaHa, IPOTEKAET MO3TAMHO, C IOCTENIEHHBIM YMEHbBIIEHUEM 3HAUCHHUS

CTYIEHYATON KOHCTaHThl 00pa30BaHMUS:
Cd?* + NH; == [Cd(NH3)]** ; Ki(0o6p) = 450
[CA(NH3)]* + NH; == [Cd(NHs),]*" ; Kx(06p) = 126
[CA(NH;3),]?* + NHz == [Cd(NH3)s]*"; K3(o6p) = 27,5
[CA(NH3)3]** + NH; == [Cd(NH3)4]?** ; K4(06p) = 8,5
[CA(NH3)4)?" + NHz; == [Cd(NH3)s]**; Ks(o6p) = 0,47
[CA(NH3)s]?* + NH; == [Cd(NHs)s]** ; Ks(06p) = 0,02

Onrako OBIBAIOT W UCKIIOYCHHS, HANpUMEp, YK€ YKa3aHHBIC BBIIIC
xjopuaabie Komiiekesl pTyTu(1l).

Cpean mnpuYMH 3aKOHOMEPHOTO YMEHBIIICHUS 3HAYEHUH CTYMEHYAThIX
KOHCTaHT 00pa30BaHUs C YBEIMUYCHUEM YHCIIA JIMTAHIOB MPEXK]IC BCETO BHIICISIOT
BO3pacTaHWE MPOCTPAHCTBEHHBIX  3aTPyJHEHWH B  pPa3MCIICHHMH  BOKPYT
KOMILJIEKCOOOpa3oBaTesiss Bce OONBINETO YMCa JIMTAHJOB M DJIEKTPOCTATHYECKOE

OTTAJIKMBAHUC OAHOMMCHHO 3apPs’KCHHBIX JIMTaHIO0B.

5.6. Ilpumepsl 00pazoBaHus U pa3pylIeHUs] KOMILIEKCHBIX COeIMHEeHN I

PaccMoTpuM  HEKOTOpbIE TIpUMEphl  O0pa3oBaHWsI ¥ pa3pyUICHHS
KOMIUJIEKCHBIX COEJMHEHUH B pACTBOPE.

[Ipu pactBopennu ¢ropuaa kanus B xentoM pactBope FeCl; Habnronaercs
oOeclIBeUMBAaHUE IOCTEIHEr0 BCIEACTBUE O0pa3oBaHHUs OYEHb IMPOYHOTO
rekcadpTopoeppaTHOro aHUOHA:
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[Fe(HO)s]** +6 F == [FeFg]* + 6H.0

B oToil peakuuu KOMILJIEKCOOOpPa30BaHUSA MPOUCXOJUT 3aMEIICHHE B
KOMIUJIEKCHBIX aKBa-KaTHOHAX C€Ja00 CBS3aHHBIX C KOMILUIEKCOOOpa3oBaTesieM
MOJIEKYJT BOJAbI Ha (TOPUI-MOHBI C OOpa30BaHHEM OYEHb YCTOWYHBOTO
KOMIUIEKCHOTO aHUOHA.

[Ipyn noGaBieHUM BOJHOTO pacTBOpa aMMHakKa K OEJIOMYy OCaJKy XJIOpHIa
cepedpa(l) o6pasyercs 6ecrBeTHBIN ycTOoMUMBLIN HOH AuamuHcepeopa(l), mpu 3Tom
ocanok AgCl pactBopsiercsi:

AgCI(t) + 2 NH; - H,O == [Ag(NHz3)2]* + CI"+ 2 H,0

B aToMm citydae KOHIICHTpalus HOHOB Ag”, MPUCYTCTBYIOIINX B HACBIIIICHHOM

pactBope AgCl 3a cueT pazoBoro paBHOBECHS

AgCl(t) = Ag"+ClI,
OyZeT yMEHbIIAThCsl M3-32 WX CBA3BIBAHUA B BHUJAC JOBOJBHO MPOYHBIX
KOMILIEKCHBIX KaTHoHOB auamuncepeopa(l) ¢ by(o6p), pasmoit 1,6 - 107. B
pe3ynbrare npousBeneHue KoHmeHTpauid Ag' u ClI” cTaHOBUTCS HUXKE 3HAYCHHS
npousBeaeHus pactsopumoctu AgCl, u ocaok pacTBopsieTcs.

[Nomy6oit ocamok rumpokcuaa menu(ll) mon geiicTBueM BOAHOTO pacTBOpa
aMMHaKa TaKXe TEePeXOJUT B PacCTBOPUMOE KOMIUIEKCHOE COCIMHEHHE CHUHEro
I[BETA:

Cu(OH), + 4 NH3 - H,0 = [Cu(NH3)4]*" + 2 OH + 4 H0,
Tak kak moH menu(ll) oOpazyer oueHb MPOYHBIN KOMIUIEKCHBIM KAaTHOH COCTaBa
[Cu(NH3)4)?*, ¢ xoHcTanTOM 06pa3zoBanus by(06p), pasuoit 7,9 - 1012 . IIpouecc
o0pa30BaHMsI KOMILJIEKCA OTBEYAET CIAEAYIOLUIUM PEaKIIUIM:

CU(OH)(1) = Cu?+2OH
Cu*+4 NHs - H,O — [CU(NH3)4]2+ + 4 H,0,

B pactBope, coaepxkameM KommuiekcHble kaTuoHbl [ CU(NH3)4]?,
KOHIIeHTpanusa KaTuoHoB Cu?’ BecbMa Mala M HENOCTATOYHA /IS JOCTHIKECHHUS
3Ha4YeHHus Npou3BeeHus pactsopumocTu ruapokcuaa meau(Il) (ITP = 5,6 - 10°%0),

Ho npu no6asnenuu k pactBopy [CU(NH3)s]*" pactBopa cynbpuga aMMOHHs
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BbITIajiaeT 4depHbid ocamok CuS (TIP = 1,4 - 10%%), a xoMmeKkcHbIi HOH

paspyIaercs:
[CU(NH3)4]2+ == Cu®+4 NH; - H,O

Cu* +S* +== CuS(1)

[CU(NH3)4](OH)2 + (NH4)28 +4 H,0 = CUS(T) + 6 NH;5 - H,O

CnemoBarensHo, KoHHeHTpamus HoHoB Cu?',  o6pasylommxcs mpH
JMCCOIMAINK KoMIUIeKca — noHa TeTpaaMMuaMenu (1), ssensercs noctarouHon aJis
JOCTIKEHUs TipousBeieHus: pactBopumoctu cyibduaa meau(ll). Cynbhumn-uonsl
CBSI3BIBAIOT HOHBI MEIU B OCAJ0K, MPAKTUYECKH HEPACTBOPUMBIN B BOJIE,
koHnentpamus Cu?* nonwkaerca, u paHoBecwe muccomuanuu [Cu(NHz)s]?!
CMEILIAaeTCsl BIIPABO, YTO MPUBOJUT B KOHEYHOM CYETE K PA3pyLICHUIO KOMILIEKCA.

O6pazoBanue OJHOro 00Jiee MPOYHOTO KOMILJIEKCHOTO COCAMHEHUS MOXKET
MPUBECTH B TOJHOW AUCCOIMALIMM U Pa3pyUICHUIO JPYroro, MEHee IPOUYHOIo
KoMIuiekca. Hanpumep, peakuusi:

[Ag(NH3)2]Cl + 2 KCN + 2 H,0 = K[Ag(CN)2] + KCI + 2 NH3 - H,0
SABJISIETCSI TIPAKTUYECKH HEOOpaTHUMON u3-3a OOJBIIOr0 3HAYCHHUS KOHCTAHTHI
oOpazoBanusi nunuaHoapreHtar(l)-uona. IlosHble KOHCTaHTHI OOpa3oOBaHUs
katuoHa nuammuHcepeopa(l) u qunmanoaprentat(l)-uoHa paBHBI COOTBETCTBEHHO
1,6 10" u 7,1 10%. Dro 3Hauur, uto KoMIuekcHbii noH [Ag(CN),] mpounee, yem
[Ag(NHs)2]".

W3 mnpuBeAeHHBIX TPUMEPOB BHUIHO, UYTO BO3MOXHOCTH OOpa30BaHUS
KOMIUIEKCHOT'O COCJIMHEHUS B 3HAYUTEJILHOW MEpe 3aBUCHUT OT 3HAUYCHUsS MOJIHOU
KOHCTaHTHI 00pa3oBaHus by. Uem oHO OoJIbIle, TEM MEHBIIE B PACTBOPE CBOOOTHBIX
MOHOB KOMILJIEKCOOOpa30BaTeisl, TEM IIPOYHEE, yCTOMYMBEE K BO3ICHUCTBUIO IPYTUX
BEILIECTB OyJIeT JaHHBIM KOMILIEKC.

YCTOMYMBOCTh KOMIUIEKCHBIX COCIMHEHWW 3aBUCAT OT IPOYHOCTH

XUMHYECKOM CBSI3U MCIKIAY KOMHJI@KCOO6paBOBaTCJICM " JIMTraHdaMu, IMO3TOMY B
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3dBUCHUMOCTH OT HPHUPOJbI IOCICIHUX 3HAYCHHUC KOHCTAHTHI 06paBOBaHI/I$I

MCHJCTCA B IIMPOKUX IIPCACIIAX.

Ta6auna 4. Koncrantel 00pa30BaHusi HEKOTOPBIX KOMILICKCHBIX HOHOB (25 °C)

Peakunn komriekcooOpa3oBaHus by,

Agt+2CHsCOO = [Ag(CHsCOO),] 4,4
Co?* +6NH; == [Co(NHs)e]?* 2,5-10*
Ag'+2NH; == [Ag(NHa).]* 1,6-107
Cu?*+4NH; == [Cu(NHs)? 7,9-10%
Agt+2CN = [Ag(CN).] 7,1-10%
Co®* +6NH; == [Co(NHs)s]** 1,6-10%
Fe2*+6 CN- == [Fe(CN)]* 7,9-10%
Fe3*+6 CN- == [Fe(CN)e]* 7,9-10%

Pe3ynpTarhl MHOTOUHCIIEHHBIX UCCIEIOBAHUMN MTOKA3AJIM, YTO YCTOMYHUBOCTh
KOMIUJIEKCHBIX COEIMHEHUN B psiy KoMIuiekcooOpaszoBatenerr mapranen(ll) —
wene3o(Il) — kobansT(Il) — Hukens(Il) — mean(Il) yBenuuuBaercs, HE3aBUCUMO OT
NpUPOAbl JIMTAHJA U KOOPJAWHAIIMOHHOTO 4YHCJA. OJTO TaK Ha3bIBaeMbIH
“ecTeCTBEHHBIN MOPSI0OK YCTOWUUBOCTH .

ToNbKO B HEMHOTHX CiIy4dasXx OOHApYy>K€Hbl OTKJIOHEHHS OT 3TOTO psja.
Pacnionoxute mogoOHbIM 00pa3oM Jpyrue KOMILIEKCOOOpa3oBaTelid OKa3aloCh
HEBO3MOKHBIM.

[Ipu KpucCTAIIM3AIMKU U3 PACTBOPA CMECH HEKOTOPBIX COJIEH ¢ OJIMHAKOBBIMU
aHMOHAMU O0pa3yrOTCsS TaK Ha3bIBaCMbIC JIBOMHBIC CONM. Tak, MPH OXJIAKICHUU
BOJTHOTO PAaCTBOpPA, COJACPIKAIIECTO XJOPUJIBI Kajdus W MarHus, KpPUCTaJUIU3YeTCs
KapHAJTUT — ABoMHas coiib coctaBa KCl-MgCl,-6H,0, koTopasi B BOJJHOM pacTBOpE
JTUCCOLMUPYET COTJIACHO YPABHEHUIO PEAKIINU:

KCI1-MgCl,-6H,0 + 6 H,0 = [K(H,0),]* + [Mg(H,0)]** + 3 CI
To4yHO Tak € Nmpu PacCTBOPEHUHU B BOJE JABOMHOW COJIM — AIFOMOLIE3UEBBIX

kBacioB coctaBa CsAl(SOy)2' 12H20 nporcXxoauT moiHas JUCCOIHALIHS

CsAI(SO4),2-12H,0 = [Cs(H20)6]" + [Al(H20)5]3+ + 2 S04*
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U B pacTBOpE, ¥ B KPUCTALTUIECKOM COCTOSIHUHU (B Y3JIaX KPUCTAITMIECKOM
PCILIETKH) Y 3TOrO COCAUHEHHUs oOHapykuBatoTcs akBakoMiuiekchl [Cs(H20)6]" n
[Al(H,0)6]**. ITosTOMy KOOpAMHALMOHHYIO (POPMYIY 3TOTO COCAMHEHHS CIEHLYET
sanmuceiBath Kak [Cs(H20)6][Al(H20)6](SO4)2, a Has3wiBaTh ero cynbdarom
reKcaakBaaTlOMUHHSI-TEKCaakBaie3us. UTo ke KacaeTcs KapHAIUTa, €ro TOYHOE
Ha3BaHHE XJIOPUJ] TeKcaakBamMaraus-kamus, a popmysna — K[Mg(H,0)g]Cls.

B T0 ke Bpems ipu 0XJIaXACHUHM BOJTHOTO PacTBOPA, COAEPIKAIIETO XJIOPHIBI
kamus u meau(Il), kpucrammsayeTrcsi coeIMHEeHNE, KOTOPOE B B KPUCTAILUTHICCKOM
COCTOSIHUM, M B PAacTBOPE COJIEPKUT KoMILIeKCHbIM anmoH [CuCly]*, mommas
KOHCTaHTa 00pa3oBaHus by(06p) kortoporo pasha 1,6-10°. CremoBaTenbHo,
(dopMyITy KPUCTAIUTU3YIOMIETOCS B 3TOM CITydae COCTUHEHHS HAJ0 3alMChIBaTh KaK
K2[CuCl,] — rerpaxiopokympat(Il) kamus.

Takum oOpa3om, paznuuue MEXIy KOMIUICKCHBIMH COCJIMHCHUSMU U
JBOMHBIMH COJISIMA COCTOUT B TOM, YTO IOCJICTHUE HE KOOPAWHHUPYIOT WM OYCHb
c1ab0 KOOPAWHUPYIOT AHWOHHBIE JIMTAHIbl, U HOCHUT YHUCTO KOJIMYCCTBCHHBIN

XapaKTep — OHU OTJIMYAIOTCS 110 3HAUCHUSIM TMOJHBIX KOHCTAHT 00pa30BaHMUS.
5.7. Xenaruslii 3¢ et

JLLA. Yyraes B 1906 r BriepBbie chOpMyIUpOBaAT NPABUIO YUKIO8, COTIACHO
KOTOPOMY  XenamHuvle CcoeOuHeHus, T.e. COJAep)Kallue OWJIEeHTaTHbIe WU
MOJIMICHTATHBIC JIUTAHIBl SBJISIIOTCS 0o0Jiee TMPOYHBIMM IO CPAaBHEHUIO C
KOMIUIEKCAMH, HE COJEepX alUMMH LHUKIOB. Ha OCHOBaHHMM 3KCIEPUMEHTATbHBIX
JAHHBIX OH CJenall BBIBOJA, 4YTO HAWOOJee MPOYHBIMU SIBISIOTCS TMSTH- H
MIECTUYICHHBIE IUKJIBL. [IpuMepaMu TakuX MPOYHBIX KOMIUIEKCOB MOTYT CIIYKHUTb
coeauHenus Hukensd (II) ¢ aTuieHIMaMuHOM U TPONUIEHAMAMUHOM

24 2+

CHZ_HN\ _/NH—CHz CH2—HN NH—CH:
¢H Ni | u | CH N NI/ \CH;
SN - -
2—HN NH CH CH, HN \NH_CH2
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HepBoe COCOAUMHCHUC COACPKHUT IIATH-, a4 BTOPOC — MCCTHYWICHHBIC ITHUKIIBIL.
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[IpaBuio nukiIoB ObUT0 CHOPMYITHPOBAHO HA OCHOBE KAYECMBEHHbIX TAHHBIX O XO/1€
XUMHUYECKUX PEAKIUH.

Konuuecmeennvie Oannvle, XapakTepU3yIOLIWE MPOYHOCTh XEJIATHBIX
coequHeHu, Obun momydeHbl B 40 - 50x romax XX B. M3BectHo, dYTO
TEPMOJAMHAMHYECKAS YCTOMYMBOCTh KOMIUJIEKCOB XAPAKTEPU3YETCS BEIUYMHAMMU
KOHCTAHT YCTOWYHMBOCTH (WM KOHCTAaHT HecTohkocth). IlIBaprienbax HazBau
PA3HOCIb MEHCOY 02APUPMAMU KOHCIAHM YCMOUYUBOCMU XENAMHO020 KOMNIEKCA
U KOMNIEKCa, He CO0epicauje2o YuKio8, XeiamHuuim 3¢hghekmom.

JLy1st IIpUBENEHHOTO BhINIE KomIuiekca [Nieny]?* morapudm o01meil KOHCTaHTHI
yCTOWYMBOCTH paBeH 14,2, a 1mud BTOPOro KOMILIEKCA, COAEPKALIErO
nponuwieHauaMuH, - 13,7. B TO ke BpeMs aMMHAyHbIl KOMIUIEKC C TEM XK€
KOOpAUHAMOHHBIM urciioM [Ni(NHz)4]?*

XapakTepusyercss BeNMYUHOM, paBHOWM 8,3. Takum oOpa3oMm, XelaTHBIC
KOMILJIEKChI HUKEJIS SIBJIIFOTCS] HA MHOTO TIOPSIKOB 00J1€€ TPOYHBIMU IO CPABHEHUIO
C aMMHAKaTOM.

BwmecTe ¢ TeM cpaBHEHHUE JBYX NEPBBIX YNCEN MTOKA3BIBAET, UTO MSATHUIICHHBIE
LUKJIbl HECKOJIBKO MPOYHEE MECTUYIEHHBIX. LIUKIIbI, coaepxkanime 4eToipe, a TeM

Oosee TPH 3BCHA, ABJLAIOTCA HAIIPAKCHHBIMU U IIOTOMY — MCHCC YCTOﬁqHBBIMH.

6. daemenTsl [lepuoanueckoii cucrembl [I.1. Menneneena:

CIMOCOOHOCTH K 00Pa30BAHUI0 KOMILIEKCOB

CrocoOHOCTh XUMHUYECKOTO 3JIEMEHTa 00pa30BBIBATh KOMITJIEKCHI SIBIISCTCS
OJHUM W3 €r0 BAXXHEUIIMX CBOMCTB M ONPEAENSAETCS B OCHOBHOM CTPOCHUEM
AIIEKTPOHHON O00OJIOUKH, T.€. TIOJIOKEHHEM djieMeHTa B lleprogudeckoit cucreme
J.N. MengaeneeBa. Ilon crmocoOHOCTBIO 3JIEMEHTAa K KOMILIEKCOOOPA30BaAHUIO
MOXHO TIOHMMAaTh KaK yCTOWYHUBOCTH OOpa3yeMbIX HMHU KOMIUIEKCOB, TaK W

pazHoo0Opasue X TUIOB.
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s Ka4eCTBEHHOU CPaBHUTEIBHOU XapaKTepUCTUKH
KOMILJIEKCOOOpasyrolieid CriocOOHOCTH JIEMEHTOB Iiefiecoo0pa3Hee UCIOIb30BaATh
CIIOCOOHOCTh  AJIEMEHTOB JlaBaTh HAWOOJbIIEE KOJIMYECTBO KOMILUIEKCHBIX
COCIMHEHUI OCHOBHBIX THUIIOB. DJIEMEHTHI, 00pa3yIOlIUe JIUIb OTJAEIbHBIC THUIIbI
KOMILUIEKCHBIX COCIMHEHU, Ooynem Ha3bIBATh HETUTTHYHBIMH
KOMILIEKCOO0OPA30BaTEISIMHU.

Hwxe mpuBomuTcs KpaTKuii 0030p KOMILIEKCOOOPA3yroIell CrocoOHOCTH

9JICMCHTOB B COOTBCTCTBHH C UX PACIIOJIOKCHUCM B HGpHOI[H‘I@CKOfI CHCTCEMC.

6.1. D1eMeHTHI IJIaBHBIX HOATPYIIT

S-DNeMEHTBl HE€ OTHOCATCSA K THUIIMYHBIM KOMILIEKCOOOpa3oBaTesiM (3a
HCKJIIOUEHHUEM OepHIUIUsI U OTYacTU MarHus). [ns Oepusiinst u3BeCTEH MIUPOKUMA
KPyr KOMIUIEKCHEIX HOHOB, Hampumep [BeF;]%, [Be(OH)s)%, [Be(COz).]*, u
BHYTPUKOMIUIEKCHBIX COSTMHECHHH, TPUYEM B OOJIBIITMHCTBE KOMIUIEKCOB OCpUILIHUS
BO BHYTPEHHIOIO cPpepy BXOJAT KUCIOPOACOICPKAITUE JTUTaAH/IbI.

CrocoOGHOCTB K KoMITIeKcooOpa3oBaHuto Bo IIA-rpymime pe3ko yMeHbIaeTcs
no pany Be > Mg > Ca > Sr> Ba > Ra u yxe KaJIblIii, KaK U IIEJI0YHbIE JIIEMEHTHI,
MPAKTUYECKA HE UMEET YCTOMYUBBIX KOMILJIEKCHBIX COCTUHECHUIA.

p-DJeMEeHTHI MOTYT ObITh, B 3aBUCUMOCTH OT MoJjiokeHus B [lepuoanueckoit
CUCTEME, U TUITUYHBIMU KOMILIEKCOOOPA30BaTEISIMU UITH CITY>KUTh JIMTaHIaMHU.

Jlns  ramoreHoB Oojiee  XapakTepHa poab JurasgoB. OpgHako B
aHMOHTAJIoreHaTax Takue sneMeHThl VIIA-rpynmsl, kak At, I, Br BeIIOTHSIOT 1
(GYHKIMK KOMILIEKCOOOpa3oBaTeien.

Y  osnementoB  VIA-rpynmbel -  XaJbKOI€HOB -  CIOCOOHOCTh K
KOMILJIEKCOOOPA30BaHUIO YBEJIIMYMBACTCS OT KHUCJIOPOJa K TOJIOHHIO, TIO Mepe
YBEIIMYCHUS METAJIJIMYHOCTH. Tennyp u MTOJIOHU M SIBJISTFOTCS

KOMIUIEKCOOOpa30BaTeIISIMK B pa3IMIHbIX arupokomiuiekcax tumna Cs[TeBrg].
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Cpenu »onementoB VA u IVA-rpynn HauOomnblIe CKIOHHOCTBIO K
KoMILUIeKcooOpa3oBanuto obOnamaror Sb, Bi, Sn u Pb, npudem 3Ttu s1eMeHTHI
00pa3yroT 1 pa3IuIHbIC MHOTOSIEPHBIC KOMITJIEKCHBIC COCTMHCHHUSI.

Bcee SJIEMEHTBHI [11A-o0namaror JIOCTATOYHO BBICOKOU
KOMILUIEKCOOOpa3yroImieid  CocOOHOCThI0.  MUHHMManbHAs  CIIOCOOHOCTh K

KOMIUIEKCO00pazoBanuio HabmoaeTcs y anemenToB VIIIA-rpynmsi.

6.2. Dy1eMeHTHI NOOOYHBIX OATPYNII

d-DnemMeHTHI, Kak MIPaBUJIO, SIBIISTEOTCS TUTTUYHBIMA
KOMIUIEKCOOOpa3oBaTeNIAIMU,  MPUYEM  MaKCHUMallbHas  CIIOCOOHOCTh K
KOMILIEKCO0Opa3oBaHuto mnpuHagiexxutr 3neMmeHtam VIIb-rpynmel. BooOie
TOBOPSI, JJIs 0-371eMEHTOB M3BECTHBI MOYTH BCE TUIBI KOMIUIEKCHBIX COCAMHEHHN.

XapakTepHOl OCOOCHHOCThIO O-DIIEMEHTOB SBJISIETCS HMX CIHOCOOHOCTH
00pa30BBIBATH MPOYHBIE KOMITJIEKCHI HE TOJIBKO C aHUOHHBIMU JIMTAH/IaMH, HO U C
HeHWTpaabHbIMU, HantpuMmep, ¢ Mosiekynamu CO, NHs, H,O, NO, HeHachIIIeHHBIMU
YIAEBOIOPOAAMH U T.JI.

Bo MHOrux KOMIUIEKCHBIX COEIMHEHUSX d-3IeMEHThl HAXOIATCS B HU3IIEH
CTENEHU OKHCIeHUs: (4acto — HyneBoi). lloHmkeHHass CTeneHb OKHUCIIECHUS
aJIEeMEHTa-KOMILIeKcooOpa3oBaTelis cradmmsupyercs HamuureM d(p)-p(p)-cssu ¢
y4acTHEM 3alOJHEHHBIX JJIEKTPOHAMM OpOHTalell KOMILJIEKCOOOpa3oBaTeis u
BaKaHTHBIX OpOUTAaJIEH JIMTaHIOB.

f-Onementsl Ilepuonuyeckodl CHCTEMBbI, TOJOOHO OOpPY W AJIIOMUHHUIO,
o0pa3yloT pa3iMyHble KOMIUIEKCHBIE COEAMHEHUS, KOTOpble, OJHaKo, Ooisee
yCTOWYMBBI, yeM IipousBoaHble B u Al. Oco0eHHo XxapakTepHbIMU 151 f-371€eMEeHTOB
SBIITIOTCS. KOMITJIEKCHI ¢ KHCIIOPOACcOoAep amuMu Juranaamu. Ho, B otimuue ot d-
AJIEMEHTOB, JIAHTAaHOUIBI (4f-deMeHTBI) 00pa3yrT CpPaBHUTEIHLHO HEOOJBIOE
YHCJIO KOMIUIEKCOB. DTO OOBSICHIETCS HECTIOCOOHOCTHIO BHYTPEHHUX f-opOuTaneit
K THOpHAM3alMM, KOTOpas Morja Obl TPHUBECTH K TIOSBICHUIO MPOYHBIX
KOBaJICHTHBIX CBSI3€H, a Takke Ooyiee 3HAYUTENBHBIMH pa3MepaMH HOHOB 4f-

OJIEMCHTOB II0 CPAaBHCHHUIO C HMOHaAMH d-s;memenTOB. YBenuueHue pPasMEpoOB
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WOHOB  TIPUBOAWT K  OCJAOJIGHUIO  DJIGKTPOCTATUYECKOTO  MPUTSHKCHUS
KOMIUTIEKCOOOpa3oBaTelid W JUraHaoB. B kKoMmiuiekcax ¢ ydactuem 4f-ameMeHTOB
CBSI3U METAJUI-JIUTAH]] HOCSIT MOYTH UCKIIOYUTEIIPHO NOHHBIA XapaKTep.
AxTtuHOUbI (S5f-37eMeHThI) 0oJiee CKIOHHBI K 0Opa30BaHHUIO KOMILJIEKCOB,
4yeM JaHTaHou bl (4f-37eMeHThI). ITO pa3inuyuue BbI3BaHO yyacTtueM Sf-opOutaneit
B THOPHIN3aIAN C 00pa30BaHUEM KOBAJICHTHBIX CBS3CH C JiMraHaaMu. JHeprus Sf-
, 6d-, 7s- u 7p-opOuTaieil CpaBHUMBI MEXIy COOOH M, CICI0BATEIBHO, MMEPEXO.
AJIEKTPOHOB C OJHOW aTOMHOW OpOUTaIM Ha JPYrylo HE TpeOyeT CYIEeCTBEHHOU
3arpatsl dHepruu. [ToaTomMy wacTo mis Sf-nIeMeHTOB HEBO3MOKHO TOYHO yKa3aTh,
KaKue UIMEHHO OpOUTAIIM y4aCTBYIOT B 00pa30BaHUU CBA3EH B KOMILIEKCAX, a TAKXKE

OIIPCACIINTE XapaKTCp IIaHHOﬁ CBSI3M KaK MOHHOM MJIA KOBAJICHTHOM.

7. MeToabl HCCJIeTOBAHUS CTPOEHUSI KOOPAUHAIIMOHHBIX
coeUHEeHUuH

[IepBbIM BTariOM HCCIENOBAHUS XUMHUYECKOTO COCIUHEHUS SIBJISICTCS €ro
DJIEMEHTHBIM aHaiu3. KadeCcTBEHHBII MW KOJMYECTBEHHBIN aHaIW3 KOMILIEKCa
MTO3BOJISIET YCTAHOBUTH €T0 COCTaB, T.€. BBIICHUTb, KAKHWE DBJIEMEHTHI U B KaKHUX
KOJIMYECTBEHHBIX COOTHOIICHUSX BXOJAT B €ro cocTaB. BmecTe ¢ TeM pe3ynbTarhl
aHAJIN3a HUYETO HE TOBOPAT O CTPOCHHUM KOMILIEKCA, T.€. O TOM, KaKHE€ YaCTHUIIbI
BXOJIAT B COCTaB BHYTpPEHHEH cdepbl, a KaKue — HaXOIATCS BO BHEIIHEH cdepe.

JInsg  BBISICHEHMST  CTPOCHMSI  KOMIUIEKCOB  IIUPOKO  MPUMEHSIOTCS
pa3zHoOOpa3Hble XUMHUYECKHE U (PUBHKO-XUMUUYeckue Metonbl. [lozHakomumcs c
HanboJsiee PACTPOCTPAHCHHBIMA XHUMHYECKUMU ¥ KOHIYKTOMETPHUUYECKUMU
METOJaMH.

bynem wucxomuth W3 TOro, 4TO LEHTPAIBHBIA aTOM CBA3aH CO BCEMH
JUTAaHJAMU JOCTAaTOYHO MPOYHO. DTO MMEET MECTO BO MHOTMX KOMILIEKCax
IJIaTUHBI, TaUIaaus, KoOajapTa, Xpoma, XKejle3a M JAPYrux MeTaioB. B Takux
ClIy4dasix B pacTBOpax NPUCYTCTBYIOT TOJIBKO KOMIUIEKCHBIA HOH W HOHBI,

HAXOJMBILIKECS BO BHELIHEH cdepe.
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7.1. XuMn4ecKu MeTo/1

PaccMoTpuM B KauecTBe IpuMepa KOMIDICKCHOE COCIMHEHHE KoOanbra,
aHaJIM3 KOTOPOTO MO3BOJIMI YCTAHOBUTH ero sMmupuueckyto Gopmyiay CoClz-SNHs.
M3BecTHBIE KaYeCTBEHHBIC PEAKIMH IMOKA3alH, YTO B PAaCTBOPE HET CBOOOHBIX
MOHOB KOOajJbTa M MOJICKYJ aMMHaka. DTO CBUICTEIbCTBYET O TOM, YTO OTH
YacTUIBl BXOJSAT B COCTaB BHYTpeHHe#l cdeprl. Bmecte ¢ Tem no0aBieHue K
pacTBOpy KOMIUIEKCA COJIM cepedpa MPUBOIUT K MTHOBEHHOMY BBITIJICHUIO 0€JI0TO0
ocanka AgCl. CaenoBarensHo, nonsl Cl” Haxonumch Bo BHemHeH cdepe. Terneps
MPOBEJIEM KOJUYECTBEHHBIN OMBIT. PacTBOpHMM B BOJEC HABECKY KOMILICKCA U
n00aBUM K pacTBOpY M3OBITOK HUTpara cepedpa. BrmaBmmii ocamox xjopuia
cepebpa OTPMIBTpYyeM, BBICYIIMM H B3BeCHMM. PacueT mokaxer, 4yTo 1 MOJb
koMIuiekca jaet 2 moiib AgCl. 3HauuT U3 TpeX XJIOPUA MOHOB, COJEPKAIIMUXCS B
KOMILJIEKCE, TOJBKO JIBa HaxonsATcsi BO BHemHeill cdepe. KoopaunarmmonHas
dopmyna komriekca [ CO(NH3)sCI]Cly, a ero B3aumopeiicTBue ¢ HUTpaToM cepedpa

OIIMCBIBACTCA YPABHCHHCM!

[Co(NH3)sCI]Cl, + 2AgNO3 = [Co(NH3)sCI](NO3), + 2AgCI

7.2. KonaykromeTprnueckuii MeTo/

Konoykmomempueu Ha3bIBaIOTCS METOJbl MCCIEAOBAHMS, OCHOBAaHHBIE Ha
U3MEPEHUH DJJICKTPUYECKOW TMPOBOJAMMOCTA PACTBOPOB C IMOMOIIBIO MPUOOpa,
HAa3bIBAEMOT'O KOHOYKMOMEMPOM.

[IpoBOAMMOCTE PACTBOPOB DJICKTPOJIUTA 3aBUCUT OT KOHUEHTpAIMU U
MMOJIBUKHOCTH MOHOB. B COOTBETCTBHUM € 3aKOHOM HE3aBUCUMOCTH JBUKEHUSI MIOHOB
npeaenbHas MOJIIpHask MMPOBOJUMOCTD 3JIEKTPOJIMTA Jip paBHA CYMME MPEACTbHBIX
MOJIBUKHOCTEN KATUOHOB Jlg,+ U QaHUOHOB JIg. :  Jlo = Jlo+ T JIg-

B Tabn. 5 nmpuBeneHbl SKCIEPUMEHTAILHO HAWICHHBIE TIPe/IeIbHbIC TTOABHKHOCTH
HEKOTOPBIX KAaTHOHOB W aHWOHOB. M3 TaOMUIbI BUIHO, YTO BCE OJTHOBAJICHTHBIC
MOHBI-KAaTUOHBI M aHWOHBI 3a uckimodeHnemM H+ u OH-, oGnanaroT mpenenbHON

noxswkHocTei0 40-80 Cwm-cm?-moms?. Orcroga ciemyer, 4TO pacTBOPBI BCEX
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COJIEH, JMCCOUMUPYIOUIMX Ha [Ba HOHA, HUMEIOT MPEAEIbHYI0 MOJSPHYIO

IPOBOIUMOCTS, paBHYIO 80- 150 Cm-cM? Mosb ™,

Tadauna 5. [IpeaenpHbie MOABMKHOCTH KATHOHOB Jo,+ U @aHUOHOB Jp,.- TIpu 25°C

Katnon o, + Katuon o, + AnnoH 10,- Anvion 10,-

Cm-cM? Mot Cm-cm?monpt Cm-cm?monpt Cm-cM? monpt
Li* 38.6 ca* 119.0 F- 55.4 COs” 138.6
Na* 50.1 Mg 106.0 ClI- 76.3 SOz* 144.0
K* 73.5 Sre* 119.0 Br 78.1 SO4~ 160.0
Rb* 778 Ba™" 127.0 I- 76.1 CrO4* 166.0
Ag’ 61.9 AP 189.0 NO=- 714 [Fe(CN)e]* 297.3
Cs* 77.3 Fe* 204.0 SCN- 66.0 [Fe(CN)e]* 444.0
H 349.8 La*" 208.8 OH- 197.6

W3 npuBENEHHBIX TaHHBIX TAKXKE CIEIYET, UTO COJIM, paclajarniecs Ha 3
MOHA, XapaKTEPU3YIOTCS BEMUYMHON MPEAENIBHON MOJSIpHOM npoBoguMoctr 200 —
270 Cm-cm? Momp ™,

B kauecTBe WILIIOCTPALIMM PACCMOTPUM pPsJi KOMIUIEKCHBIX COEIMHEHUMN
wiatubbl (IV), kotopbli HaumHaeTcs ¢ aHuoHHOTOo KoMmiuiekca Ko[PtClg] u B
pe3ysibTaTe€ IMOCTENEHHOTO 3aMEUICHHS] XJIOPUIHBIX JIMTAHAOB MOJIEKYJAMHU
aMMMaKa 3aKaH4YMBaeTCs KaTHOHHBIM KoMmiuiekcoM [Pt(NH3)g]Cls. Takue psizbi
KOMILJIEKCOB HAa3bIBAIOTCS nepexooHuimu psoamu Bepnepa-Muonamu. 1lo mepe
3aMEUICHMs] aHHOHOB HEUTPAIbHBIMU MOJIEKYJIAMU U3MEHSETCS 3aps]l KOMILIEKCa, a
3HAQYUT YKCIO HMOHOB, HAa KOTOpPbIE OH JIUCCOLUMHPYET M BEIMYMHA MOJISIPHOMU
poBOAMMOCTH. B Ta011.6 . mpuBeAeHBI COeAUHEHUSI, 00pa3yrolIre NEePEXOHbIN Pl
Bepuepa-Muonatn, W HaWJEHHBIC OIBITHBIM IIYT€M 3HAYCHUS IPEACIbHOU
MOJISIPHOU IIPOBOJAUMOCTH.

Takum 00pa3om, OMpenesvB 3KCHEPUMEHTAIBHO MPEIEIbHYI0 MOJISIPHYIO
MPOBOAUMOCTH KOMIIJIEKCA, MOYKHO YCTAaHOBUThH KOJIMYECTBO MOHOB, HAXOSAIIUXCS
Bo BHemHell cdepe. Tak, ecaM NPUrOTOBUTH paszdaBieHHbld (5-10% - 1-107°
mous/am3) pacteop xommiekca COClz- 5NH3, KOTOpBIi HCCIEI0BAIN XMMUYECKHMMH

MCTOAaMH, U ONPCACIUTL €0 MOJIIPHYIO IMMPOBOJUMOCTL, OHA OKAXKCTCA paBHOﬁ
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243 Cm-cM? MonIb ™, uTO Gy/IET MOATBEPKAECHUEM NIPABUIBHOCTH yCTAHOBIEHHOMN

koopauHarnronHoM hopmyibel [Co(NH3)sCI]Cl..

Tabauua 6. [IpenenapHas MoJsipHAs TPOBOMMOCTH KOMILIICKCOB

Coennuenue 3aps KOMILIEKca Yucino HOHOB 110,-
CMm-cM? Monb

Ko[PtCle] -2 3 256.0
K[Pt(NH3)Cls] -1 2 108.0

[Pt(NHz)2Cls] 0 0 15
[Pt(NH3)3Cls]ClI +1 2 97.0
[Pt(NH3)4Cl2]Cl2 +2 3 229.0
[Pt(NH3)sCI]Cl3 +3 4 404.0
[Pt(NHz3)e]Cl4 +4 5 523.0

Kpome KOHIYKTOMETpUYECKOTO METOJa CYHIECTBYET Psii APYrux (U3HKO-
XUMUYECKUX METOJIOB OMNPEACIICHUS CTPOCHMSI M  Pa3JIUYHBIX  CBOWCTB
KOOPJIMHAIIMOHHBIX ~ COCJUHEHUMN:  TMOTEHIMOMETPUs, CHEKTPOPOTOMETpHS,

HN3MCPCHUC PACTBOPHUMOCTH, HOHHpOFpa(i)I/IH u ap.

8. HpaKTI/I‘IeCKOC IIPUMCHCHUEC KOOPANMHAIIMOHHBIX COeITMHEHU M.

1. Ananumuuecxkue peazenmut. bOITEITMHCTBO aHATTUTUYECKUX METOIUK
OMHMpaeTCsl Ha peakIuio KomruiekcooOpa3oBanus. Ilpu stom mmbo camu
aHAIMTUYECKHE pEeareHThl SBISIOTCS KomIuiekcamu (peaktuB Heccrnepa,
rekcananHodepparbl W rekcanuaHoGeppuThl Kaius W MOpod.), JTHO0
aHANMM3UPyeMblii OOBEKT B Hayajle IePEBOAUTCA B KOMIUICKC, a 3aTeM
MIPOUCXOJIUT €r0 KOJUYECTBEHHOE OIpe/eNieHne, CBI3aHHOE ¢ IPUMEHEHUEM

PA3JINYHBIX XUMHUUYCCKUX U (1)H31/I‘ICCKI/IX METOOOB.

[IpumeHnenne KOMIUIEKCOOOpAa30BaHUS B  AHAJUTHYECKONW  XUMUU
OCHOBAaHO Ha KapJMHAIHHOM W3MEHEHHH CBOWMCTB aHAIM3UPYEMOTO OOBEKTA,
Cpear KOTOPBIX:

a) PacTBOpHMOCTB (3KCTpaKUMs U BBIAEIEHUE, TPABUMETPUS).
b)  OxuciaUTENbHO-BOCCTAHOBUTENBHBIE CBOMCTBA. (OB-TUTpOBaHME).
c) Bemuuuna 3apsma wWOHA, TO €CTb DJIEKTPUYECKHE CBOMCTBA

(kynonomeTpus, mojsiporpadus).
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d) U3menenue okpacku (poTOMETpPUs, CIIEKTPOMETPHUS).

2. Memannypzuueckaa npomviuinennocms. KomiuiekcooOpazoBaHUe
IPU-MEHSIOT JIJIsl Pa3AeNieHUs] U OYMCTKUA METaJJIOB, B OCOOEHHOCTHU LIEHHBIX.

N3BeCTHO, HaIIpUMEp, YTO 30JI0TO U3BJIEKAIOT YEPE3 HIUAHUIHBIN KOMIUIECKC.

[IpuMeHeHHEe  KOOPAMHAIIMOHHOM  AKCTPAKIMHM  JaeT  CJICIYIOIINE
MIPEUMYIIECTBA TEXHOJOTUUECKUX TTPOIIECCOB:

a) HemnpepbIBHOCTB 3KCTpaKkuu

b) IlpocTora annapaTypHOro opopMIeHHU

¢) KomnakTtHOCTb anmaparypsl

d) bBecmrymHOCTS (Tak Kak paboTa MPOU3BOJUTCS C KUIKOCTIMU)

e) BO3MOXHOCT,  pasliefiecHHs  TPYIHOPa3IeIIeMbIX METAaJLIOB,
Hanpumep, Zr/Hf, Ta/Nb, nanTaHOUIBI 1 AKTUHOUIBI.

f) Bricokas uncrora IMOJIYy4aCMBIX ITPOAYKTOB.

g) Bo3MOXHOCTH paboOThI ¢ palOAKTUBHBIMU METAJUIAMH — YPaHOM,
TOPUEM, IIITyTOHUEM.

[Ipy »5>TOM UCHONB3YIOTCS TakWe JUraHabl, Kak OyTtuidocdar,
(C4H90)3PO, (CgHi5)PO, mummpunun, (C4HyoO)sN—O. Crenyer OTMETHTh,
YTO HKCTPAreHT MOAOUPAETCS] B OCHOBHOM MPAKTUIECKUM TOJO0POM, TaK KaK

Teopusl B TaHHOW 00JIaCTH elle He pa3paboTaHa.

oy DL o)

3. Homnooomennvie cmonwvt. llpu ouncTke BOJBI HCHOJIB3YIOT
MOJINMEPHBIE JIMTaHAbl, 00Pa3yIOIKE XENaThl C 33JJaHHBIM HOHOM.

B Takux  HMOHOOOMEHHBIX  CMOJiaX  yYacCTBYIOT HE  TOJIBKO
ANEKTPOCTATUYECKUE CHIIBI, HO U JIOHOPHO-AKLENTOPHOE CBA3BIBAHUE, YTO
MPUBOANUT K TOBBIIICHUIO 3HAYECHUH KOHCTAaHT OOMEHAa W CEJICKTUBHOCTH
MOHUTOB. HekoTopble W3 TakuX HMOHUTOB BKIHOYAOT mnojudochaTel U
MMOJIMAMUHOKUCIIOTBI, SIBIISIFOIIMECS OCHOBOM JKMBOTHBIX W PACTUTEIBHBIX

OEJIKOB.
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4. Dnekmponumuueckoe ocaxcoenue memannoe. B ciydae mpsiMoro
ANEKTPOJIMTUYECKOTO OCAXKICHUS METAJIOB U3 UX MTPOCTHIX COJIEH (HaIpumep,
HUKEJIUPOBAaHUE, XPOMUPOBAHHME) TMOKPHITUE TMOJIYYaeTCS PBIXJIBIM U
JUIICHHBIM KaKUX-TO MOTPEOUTENHCKUX KauecTB. B ciydae ucmosib30BaHUs
MCTOYHUKA MeTajla KOOPJAUHAIMOHHBIX COCIMHEHUI yIaeTcCsl CyllIECTBEHHO
MOBBICUTB IMTPOYHOCTh U TJIOTHOCTh OCAJIKOB, YTO, B CBOIO OYEPE/Ib, TOBHIIIACT
UX 3amuTHble cBoiicTBa. (OpHako, B  HACTOSIIEE BPEMS  COCTaB

ANEKTPOJIUTHUECKUX BaH nmonOupaeTcss B OCHOBHOM SMITUPUYECKUM MTyTEM.

HoBsiM HaIIPaBJICHUCM B 9TOM 0071aCTH SIBJIICTCS OCaXXJACHUEC MCTAJJIOB U3

HCBO/IHBIX CPC/I U IMMOJYUCHHUC CIIJIABOB 3JICKTPOJIN30M.

5. Kama.zuwamopu Op2AHUYUECKO20 cunmesd. KommekcHblie

COCAUMHCHUA HMMCIOT OIpPOMHOC 3HAUYCHHUC B KATAJIUTHUYCCKUX IIpOLECCaX H
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TCXHOJOIuAX: OpFaHI/I‘-ICCKI/Iﬁ CHUHTC3, IOJIMMCpHU3alus, IMITOJUKOHIACHCAIIHA,

AJKWJIMPOBAHUC, ATUIIMPOBAHNC U ITPOYHC.

A) Kamanuzamopuwl norumepuzayuu. Luraep u Hatra ycTraHOBWIH, UTO C

IIOMOIIBIO  KOMIUIEKCHBIX ~ COCAWHCHWUH  TeTpaxjiopujaa  THTaHAa  C

ankwiraoreangamu (TiCl-AICI (Alk)  m=2,3; n+m=3) MoXHO IOJIy4aTh
4 n m

HOJIMATUIICH C BBICOKMM MOJICKYJSIDHBIM BecoM. [Ipu 3TOM mpuMeHeHHe

KaTaJu3aToOpOB L[I/II‘JIepa — Harra AacT CIICAYIOIHUC ITPCUMYIICCTBA!

e YHUBEpPCAIBHOCTh  (KaTaJU3UPYIOTCA  MPOIECCH  MOJUMEPHU3ALNU

MPAKTUYCCKH BCEX HEMPEACIbHBIX YIIIEBOIOPOJIOB).
e CrepeocneniupuuHOCTb.

e Bo03MOXHOCTH IMPOBCACHUC PCAKIHWH IIPHM HU3KUX TCMIICpATypax H

HaBJICHHUHU, 9YTO YACHICBJIACT IIPOJYKT.

b)  Kamanuzamopwr  eudpuposanuss  (npucoeounenue  Hj) u
kapbonunuposarnust (npucoeounenue CO) nenpedenvhvix coeounenuii. Ilpu sTom

B KAUCCTBC KaTaJIM3aTOPOB IIPHMCHAIOTCA Kap6OHI/IJ'II:HI>Ie KOMIIJICKCHI

[COZ(CO)S] )41 [HCO(CO)4]

B) Ayunuposanue u arkunuposanue. B peaxuuu @punens — Kpadrca B
KaueCTBE KaTajau3aTropa UCIOJIL3YIOT KOMIUIEKC amtomMuHus. Kak u3BecTHO,
pEareHToOM CIY>KUT CMECh allUJIUPYIOIIETO areHTa (areTUiIXJIopul, YKCYCHBIN
aHTUAPUT) U 0€3BOJHOTO XJIOPH/Ia aTFOMUHUSA B XJIOPOPOPME UM XJIOPUCTOM

MCTHJICHC:

Kommnekcubie COCANMHCHHUA M CaMH PCAKIUHU KOMHJ’IGKCOO6paSOBaHI/I${

UTPAIOT OOJIBIIIYIO POJIb B IPYTUX PEAKIIUSAX OPTaHUYECKOTO CUHTE3A!
o KapOoHunupoBaHus HENpeIEeIbHBIX COSAUHEHU;
o ['maparanus HEmpeaenbHbIX COCINHEHN;

o Karanurtuueckoe OKUCIIEHUE YIIEBOA0POIOB B IPUCYTCTBHH coneii Co*2,
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o JlernmpupoBaHue B IPUCYTCTBUM conei Pt

6. Pabouue mamepuanvt 6 nazepnoii mexnuxe. KoopauHallmOHHBIC
coelMHEeHUs (TOYHEe, WX KOHIIEHTPUPOBAHHBIE PACTBOPHI) MOTYT
MPUMEHSThCA Kak paboune MaTepuanbl B ja3epHOM TexHuke. Hampumep, B
KQ4eCTBE TAKOBBIX HAILIM IIUPOKOE MCIOJb30BAHUE B-IMKETOHATHI
nantanousioB (Eu, Lu, Er). IlosBienue »5Toil oOjacTd MNpUMEHEHUS
KOMILJIEKCOB ~ PEIKO-3€MEJIbHBIX 3JIEMEHTOB CIIOCOOCTBOBAJIO  BCILIECKY
MHTEepeca K HUM. M3y4yaroTcs UX ONTHUYECKHUE, DJIEKTPUUECKUE U JIPYTHE
CBOICTBA KAaK B PBCTBOPE, TAK M B MOJMKPUCTAIUIMYECKOM COCTOAHUU. OHU
TAK)K€ MCIOJB3YIOTCS B SAJCPHOM TEXHHUKE JJISI TEPMOIICKTPUUECKOIO

npeoOpa3oBaHUs YHEPTUH.

7. Coedunenus co cneyuaibHvle ceolicmea. MHOTHE KOMILICKCHI
001aIaloT CIeNUaIbHBIMA CBOHCTBAMH W MOTYT CIY)KHTh B KadecTBE
TIOJTYIIPOBOTHUKOB:
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eexcamemunoen3o.- Komnnekcol ¢ monexynsapuvim uooom
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R o L 4 ‘
- I R T CH
H
Humuoamuoamuvl memannog Opzanuueckue p-KOMNIeKCbl
Takme xommiekcsl mpu Temnepatype 1 - 3 K mepexomstr B
CBEPXIIPOBOAIIECE COCTOSTHUE.
8. Ilpupoonvie  coeounenusn. KoOOpAVHALMOHHBIE  COCIMHEHUS
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pacnpocTpaHeHsl B npupojie. Hanpumep:
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reMOIJI00NH

Xopodun

- I/IHCYJ'II/IH — KOMIIJICKC IUHKAa

" Ca54H337Ng5O75S6ZN

NH,

Corrin ring

H.N

Buramun B12 (nrnanokoOanaMuH)

9. Jlexapcmeennvie npenapamoi. KOMIUIEKCHBIE  COCAMHEHUS
WCMOJIB3YIOTCS B KA4E€CTBE JICKAPCTBEHHBIX NPEINAPATOB, CTUMYJISTOPOB

PoOCTa, MUIICBLIX ,ZIO68,BOK, B TOM YHCJIC K KOpMaM.

Hampumep komrmiekcsl tuiatuabl ( Hanmpumep [APtX;], roe A = NHs, X

= Cl) obmagaroT aHTUPAKOBOW aKTHBHOCTBIO.
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10. Mamepuanst ¢ o0cobbimu ceolicmeamu  (PNCKTPUUICCKUMHU,
MarHUTHBIMH, ONTUYECKUMHU). B 0COOEHHOCTH UHTEPECHBI

METAJJIOTIOJIUMEPBI, HAIIPUMED:

—{ Jr—o_ o—{{ IH-CH o~ SN

—1

11. Kpacumenu. ITpumep: HadTOIOBBIN 3€IICHBIM

NRS{)}\L = =
|
X “HC!\
N\‘ ,,,.fFf-’/g
O

12.  Cmabunuzamopel  nonumepos: HaUpUMEp,  alCTHAICTOHAT
TUTPETOYTUIT-0JIOBA.
B;C\ CaFo , CHz
I O0—"
7 - __.f"f
_\_O/ | \\-\. G ﬁ_{yf
B:C CaFs CI
13. Tepmo- u ceemocmadbunuzamopsvt — KOMIIOHEHTHI, 0€3 KOTOPBIX
HEBO3MOXXHO  pa3BUTHE  KOCMHUYECKOM  TexHUKM. OHM  3alluiiaroT
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MOBEPXHOCTh KOCMHYECKUX KOopalieil ot uzmydenus. [Ipumep — Komriekc
xenesa. [IpousBogHoe depporiena:

Sy M
‘v ‘j__f "-v\
a oIl
Fe
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9. Pemienue TMNOBBIX 3aJaHui 10 TeMe «KoopauHaumoHHbIe
coeIMHEHHUA»

IMpumep 1. Ha3ath coeauHeHus, coiepKaiine KOMIUIEKCHBIC KATHOHBI W
AQHWOHBI

a) Ka[Fe(CN)g]; 6) Ks[Fe(CN)g]; B) Naz[Zn(OH)4]; r) [Ni(NH3)s]Cly;

1) [Ag(NH3),]OH; k) [Cr(NH3)s] [Co"(CN)g]; 3) Hs[Fe(P0s)2].
Pewenue:

a) rekcarmanodeppat (1) xanus;

0) rekcananodeppar (III) kanus;

B) TETParupOKCOIIMHKAT HATPWSI;

r) xstopuj rekcaammuaaukens (11);

1) tuapokcun nuammuacepeopa (1);

k) rexcaranokoOanbrat (11I) rekcaammunaxpoma (111);

3) nuoprodocdarodeppar (I11) Bogoposa.

IMpumep 2.Ha3Batb coeuHEHUSI, HE SBISIONUECS DIEKTPOIUTAMHU:
a) [CoCl3(NHs)s]; 6) [Ni(CO)4]; B) [PtCI2 (NH3),].

Pewenue:
a) TpuaMmMuHTpUxJI0pokoOanbT(Il); 6) TeTpakapOOHUIIHUKEND;

B) nuamunauxyiopomtarura(ll).

IIpumep 3. BriBecTH BeipakeHrEe OOUUX KOHCTAHT HECTOMKOCTH KOMILIEKCHBIX
nOHOB. CpaBHUTBH YCTOMYMBOCTh KOMILJIEKCOB (IIPH OTBETE UCIIOJIb3YIUTE
CIIPaBOYHBIE JAHHbIE).

a) [Cd(NH3)4)?*; 6) [CdJs)*; B) [Ni(NH3)e]**; r)[Ni(CN)4]%.
Pewenue.

Buumanne. CpaBHUBATh yCTOWYUBOCTb KOMIUIEKCHBIX HOHOB MOKHO TOJIBKO

AJI1 HOHOB, ITIOCTPOCHHBIX OJHOTHIIHO. MO>KHO CONOCTaBIATh YCTOI\/'IIII/IBOCTLC

a) [Ag(NHs)2]", [Ag(CN)2]", [AgCL]", [AgBr];
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6) [Cu(NHa)a]**, [Zn(NH3)a]**
Ho Henp3s cpaBHUBATh YCTOWYMBOCTD ATHX JABYX IPYII HOHOB MEXIY COOOM.

a) [Cd(NH3)4]2+ > Cd2+ + 4NH;,

Cd2 ][NH T* + -
< oA ) Py = N ([CANHe) )= 7,56-10™

4 [Cd(NH,), I ]

6) [CdJa]> < Cd?* + 4J,

> _[Cd*1D°T* ¢ ([CdJ %) =8,00-107;
KHecml—4 ([Cd‘]4] ) W necml-4 4

B) [Ni(NH;3)s]** < Ni?* + 6NH3 ,

: [Ni®][NH_]° : 2+ 9
Ko (INi(NH ) %) = >, Kieemr-s ([Ni(NHg)s] ) =1,86-10 ;

eemt—6 36 [INi(NH ) ;]*]

r) [Ni(CN)s]?* <> Ni** + 4CN-,
2~ _[NiIZJ[CN-T* (INi(CN) 1*)=1,8-10;
Kuecml—4 ([NI(CN)4] ) W necmlI-4 4

Jnis penieHust Bonpoca 00 yCTOWYMBOCTH KOMIUIEKCHBIX HOHOB CPAaBHUBAIOT
3HaueHUe K,eem 2, 0 U T, yCTOMUMBOCTh YMEHBIIAETCS B pANlY: I™>a>0, CONOCTABIISTh

YCTOﬁqHBOCTB HOHa 6 C MOHAMH d, O ¥ 2 IO OTUM JaHHBIM HE603MOJIHCHO.

Ipumep 4. Beranciuth KOHIIEHTpaIUi0 HOHOB cepedpa B 0,1 M pacTBope
[Ag(NH5),]CI conepxkaiiem B 1 11 pactBopa 0,1 moss NHs.
Pewenue:

[Ag(NH3)2]+ < Ag++2NH3

Kicer 12 ([AQ(NH3)2]") =[AgTTINH]*/[[Ag(NHz)2]"],

Cagh) = Kucer 12 ([AG(NH3)2]* ) [[Ag(NH3)2] 1/[NHs]?

Ciags =9,3108:(0,1)%/0,1 = 9,3 « 10"Mob/m.

Nonunzanus xomiuiekcHoro nona [Ag(NHs),]* B pacTBope amMmuaka moaaBiIsieTCs.
[ToaToMy , Kak W B cllydae HOHHM3AIMU CIAOBIX DJIEKTPOJUTOB, MPUHUMAEM

C[Ag(NH3);]* m C(NHs3) paBHOWi HuX HCXOOHBIM KOHICHTpAIllUsAIM B
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pactBope.3HaueHne Kyeer 12 ( [AQ(NH3)2]") BeiOMpaeM n3 Tabnuibl (CripaBOYHbIC
JTaHHBIC).

Omeem: 9,3 * 10" "MoB/1.
ITpumep 5.Bo3MOXKHO JIH B CTAHIAPTHOM COCTOSTHUU:
a) 3aMeIeHHUE JINTaHI0B B IMHUTPOAPTCHAT-HOHE HA [IHAHH/I-HOHBI
0) IeHTpaIbHOTO aToMa B TeTpannanokoOanpTat(ll)-noHe Ha KaTHOH KagMusl.
Pewenue:
OTBETHTh Ha IIOCTABJICHHBI BOMPOC MOKHO, CPAaBHHUB 3HAYCHUS KOHCTAHT
HECTOMKOCTH JAHHBIX KOMILICKCHBIX MOHOB: 3aMEIICHHE BO3MOXXHO, €CJIM BHOBb
00pa3yronmics KOMIUIEKCHBI MOH 0Oo0Jjiee MPOYHBINA, T. €. 3HAYCHHE KOHCTAHTHI
HECTOMKOCTH 00pa3yroIerocsi HoHa MEHBIIIE.
a) muEATpoapreHaT-uoH: Kieer 12 ([AG(NO,),] ) = 1,48-10%3
nunuanoapreHar-uoH: Kieer 12 ([Ag(CN),] ) = 1,41- 10,
3amemmenne Bo3MOkKHO, T. K. Kieer 12 ([AG(CN)2] ) < Kieer 1.2 ([AG(NO,)2] ).
0) TeTpanaHoko6anbTaT-noH: Kieer 14 ([CO(CN)4]* ) = 8,13-10°%
TeTpanraHokanMuaT-uoH: Keer 1-4 ([CA(CN)4]% ) =7,76-10718
3amereHue HeBO3MOXKHO, T. K. Kyeer 14 ([CA(CN)4]%) > Kicer 14 ([CO(CN)4]%).

IIpumep 6. B kakom pactBope (Mpu paBHOM MOJISIPHOUM KOHIICHTPAIIUU ), OOJIbIIIE
HOHOB Ag".

Koncrantel HecToifkocti kommiekcHbIX 1oHOB: [AQ(NO,),; [Ag(NH,),]*;
[AQ(S,0,),]* coorercTBenHo pasusl 1,3 - 103, 6,8 - 108, 1,0- 10

Pewenue:

YeM MCHBIIEC 3HAYCHHUE KOHCTAHThI HECTOWKOCTH, TEM MECHBIIE B PacTBOPE

KOHLCHTPpAM:A JUT'aHJI0B 1 KOMHJ’ICKC006pa30BaTeHH.

Bounbiie nonos Ag* B pactBope, coaepxariem noHbl [Ag(NO,), .

IIpumep 7. B xakom HarpaBieHuu OyAeT IPOTEKATh MPOLIECC U MoUYeMy?

Ko[Hgls] + 4KCN < Ko[Hg(CN)4] + 4K
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Kieer = 1,38 -10°% Kieer =6,03 -10710
Pewenue:
peakus Bceraa MpoTeKaeT B CTOPOHY 00pa3oBaHUs 00Jiee MPOYHOTO COCTUHCHHSI,
y KOTOPOTr0 3HaY€HUE KOHCTaHThl HECTOMKOCTH MEHbIIE. B TaHHOM citydae mpolecc

MPOTEKAET BJIECBO («— ).

IIpumep 8. PaBHoBecue peakiuu:
[Zn(NH3)4](NO3), + 4AKOH 2 K3[Zn(OH).] + 2KNO3 + 4NH31
cMeleHo BapaBo. Kakast 3 KOHCTaHT HECTOMKOCTH OOJIbIIIE :
8) Kueor. [ZN(NHg)] % 6) Kueer [ZN(OH).] Z
Pewenue:
YeM MEHbIIIE 3HAYEHHE KOHCTAHThl HECTOMKOCTH, TEM KOMIUIEKCHOE COEIUHEHUE
OoJjiee MpoOYHOE, a peakius BCerja MPOTeKaeT B CTOPOHY oOpa3zoBaHusi Oosee

poOYHOro coeauHenus. B nannom ciydae 6ombime Kieer, [ZN(NH3)4] .

Ipumep 9. ITpu 25°C Kieer 14 ([CA(CN)4]%) = 7,76+ 1078, Beruucanre usmenenue
sueprun I'm66ca npouecca: [Cd(CN)4]> < Cd?* + CN-.

Pewenue:

BEIMUMHA W3MEHEHUE OSHepruu [u00ca CBf3aHA C BEJIMYMHOM KOHCTAHTBI

HecToWKocTu cooTHomenueM: A G° = - 2, 3RT-1g Kuec

AG® =-23-8,31-298" 1g7,66-10718 = 97,7 kJ{x/MOb.

Ipumep 10. Kakoe u3 yka3aHHBIX BEIECTB JIy4Yllle BbIOpATh JJIA pa3pyLICHUs
xomiutekcHoro noHa [Ag(CN),] (Kyeer. = 1,0-10°%)

a) AgoCO;3 (Ks =6,15-10712) 6)AgsPO, (Ks =1,8-10718) B)Ag,S (Ks =
5,7-10°%)

Pewenue:
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KOMIUIEKCHBIA MOH pa3pyllaeTcs, €Ci 00pa3yeTcsi MajlopacTBOPUMOE BEIECTBO,
HauOoJiee MOJHO YJAISIoNee MOHBI M3 pacTBopa, T. €. UMEIoIee HauMEHbIIee

3nauenue Ks B manHOM ciydae 3To OTBET: B) AgsS.

IIpumep 11. Onpenenure, YyeMy paBeH 3aps] KOMIUIEKCHOIO HOHA M CTENEHb
OKHCJIEHUSI KOMILJIEKCOOOpa30BaTes B Cleayromux coeaunenusx: a) Mg[Culy], 0)
[PA(NH3)4]SOa, B) [Al(H20)sCI]Br.

Pewenue:
a) B coequnenun Mg[Culs] Bo BHelIHEN cpepe HaxXoaAUTCa ABYX3apsiAHbINA

katroH Mg?*. CyMMapHbIii 3apsil MOHOB BHEIIHEH C(ephbl U KOMIUIEKCHOTO MOHA
JOIDKEH OBITH paBeH Hymo. [lo3ToMy KOMILIEKCHBIM HOH uMeeT 3apsn —2: [Culs]? .
KommiekcoobpazoBateneM B pacCMaTpUBa€MOM COSAMHEHUU SIBISIETCS MOH ME/IH, a
aurasgamMu — uoauna-uonsl I- ¢ 3apsgmom —1. Cymma cTeneHM OKHMCIEHHUS X
KOMIUIEKCO00pa30oBaTelis U CyMMapHOTo 3apsija BCeX JIMTaH0B J0JKHA PaBHATHCS

3apsAy KOMIUIEKCHOTO MOHA:
X+4-(-1)=-2,

OTKyJla X=2, T.€. CTENeHb OKUCJICHHS KOMILUIEKCOOOpa3oBaTes paBHa +2 (MOH
Cu?).

OtBeT: -2, +2.
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KonTpoabHbIe BONIPOCHI

K nepeoii 2nage:

1. Kakue XUMHUYECKHE COSAMHECHUS Ha3bIBAIOTCS KOOPIUHAIIMOHHBIMU?

2. Tlepeunciute OCHOBHBIC MOJIOKEHUS KOOPIMHAIIMOHHOM Teopun BepHepa.

3. Kak MoxHO Ki1accupunupoBaTh KOMIUIEKCHBIC COSAMHEHUS B 3aBUCHUMOCTH
OT 3aps/ia BHYTpEHHEHN cepbl?

4. Kak MOXHO KJIacCU(PUIIMPOBATh KOMIUJIEKCHBIE COEIMHEHUS IO KJIaccam
XUMUYCCKUX COCTUHEHU?

5. Kak xknaccuunmpyrorcs KOOpIMHAIIMOHHBIE COSAMHEHUS B 3aBUCUMOCTH OT
MIPUPOBI TUTAHAOB?

6. Uro Ha3piBaeTCs  KOOPJAMHALMOHHBIM  YHCIIOM,  KOOPJAMHALMOHHOU
€MKOCTBIO?

7. Kaxue coemuHeHns Ha3bIBAIOTCS XEIATHBIMU?

8. Hanwummre koopauHanimoHHbIe (GOPMYITBI CIASAYIONIUX COSTMHEHU:
a) Hutpat nuxnoporerpaammuniatuabi(1V);
0) TuOpPOMOTMaMMHHITAIIIA M
B) TeTpakuc(TrorronaTo)kobansrat (1) Harpus;
) JUXJI0POOUC(AUMETUICYIb(POKCHUI )TaIIaIAN;
n)cynbdar xynopornenrammuHakBaxpoma (111);
e) Terpaxiopoaypar (I11) mHatpus.

9. Hasosure cienyroiue koopauHanuonubie coenquaenus: Ko[HJ(SCN)4J;
[Cr(H20)4C|2]N03, N&g[PtC'gNOg], [PtEﬂzCle](NOg)z, [Pd(Ph3P)gBrg]

10.Hanumute koopAuHAIIMOHHBIE (OPMYJIBI BCEX BO3MOXKHBIX COCIUHEHUN
matuHb (1), B KOTOpBIX TUTaHAaMu SBISIOTCS OPOMUT- HOHBI U MOJICKYJIbI
aMMHaKa.

11.31eMeHTHBII aHAIM3 MOKa3aJl, YTO KOMILJICKCHOE COSAMHEHNE NMEET COCTaB
Pt(NH3)4Cl2(NO3),. Kak MOXXHO YCTaHOBHTH, KaKWe KHCIOTHBIE OCTaTKH

HAXOJSATCS BO BHYTpEeHHEH cdepe?
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12. YkaxxuTe BHYTPCHHIOIO W BHEIIHIOI C(Epbl, KOMIUIEKCOOOPa30BaTeIb
(meHTpalbHBI aTOM) ¥ JIMTaHALI B CICAYIONIMX COCAUHEHMUSX:
[Zn(NH3)4](NO3)2; Nas[Co(NOz2)e]; [Cu(H20)6]SO4; K[Ag(CN)2], Cr(CO)e.
Hazosure nx no nomenxkiarype MIOITAK.

13.ITpuBenuTe MpUMeEpPsl MOHO-, OW- U TTOTUACHTATHBIX JIUTAHIOB.

14.CoctaBbTe (hOpMYIIbl U MPUBEINTE Ha3BaHHS KOMILJIEKCHBIX HOHOB XpoMa
(III), ecniu KOOPAMHALIMOHHOE YUCIIO €T0 PaBHO 6, a B KAU€CTBE JIMTAHOB
BeicTynatot H2O, OH", NH3, F.

15.Kakue u3 HMKe MPUBEICHHBIX YacTHUI] 00JIalal0T CBOMCTBAMM TUITUYHBIX
JIMTaHJIoB, a Kakue - KoMIutekcooopasopareneii: a) H2O, OH, H"; CO, COy,
CF4; 6) NHs, PHs, HS, HI; B) K, Be?*, Ba?*, Fe®*, Cu?*; 1) F, o, F, HF;

1) N2, NHz, NH4+, NO, NOS‘?

16.Kakoe MecTo B MEPUOAMYECKON CHCTEME 3aHHUMAIOT DJIEMEHTBI CO
CBOWMCTBAaMH THUIIMYHBIX KOMILIeKcooOpa3oBareneii? Kak OOBSCHUTH
CKJIOHHOCTh aTOMOB 3THX 3JIEMEHTOB K KOMIUIEKCOOOPa30BaHUIO?

17.Tlo pesynbpTaTam »dJIEMEHTHOTO aHajiM3a BEHIECTBO HWMEET COCTaB
Co(SO,4)CI-5NHs;. Eciii B BOHBII pacTBOp 3TOT0 BEHISCTBA BHECTH M30BITOK
xjopuaa Oapus, oOpasyercs Oenblii OCajoK, a MPU BBEJICHWHM HUTpaTa
cepeOpa ocaok He Bblnagaer. Hanuimmre KoopaAuHAUIMOHHYIO GOpMYITy U

Ha30BHUTC 3TO BCIICCTBO.

K0 emopou 2naee:
18.Ilepeunciure OCHOBHBIE TIOJIOKEHUS METO/1a BaJICHTHBIX CBSI3CH.
19.B 4em cocToUT CyITHOCThH JOHOPHO-aKIIENTOPHOTO MEXaHU3Ma 00pa3oBaHus
KOOPJAMHAIMOHHOW CBSA3U?
20.Kakpme  KOMIIJIEKCHBIC COCIMHEHHUS  Ha3bIBAlOTCA  BBICOKO- U
HU3KOCUHOBBIMU? [IpuBeAUTE IPUMEPHI.

21.YTo Takoe CIEKTPOXUMHUYECKUH Psifl IUTaH0B?
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22.Kakne Bpl 3Haere ciayyaum TruOpHUIM3aldd aTOMHBIX OpOUTanei mpu
o0Opa3oBaHWHM KOOPIWHAIIMOHHBIX coenuHeHui? Kakuwe reoMerpuyueckue
KOH(UTYpaIi KOMIIEKCOB UM COOTBETCTBYIOT?

23.B 9eM COCTOMT CYIIHOCTh T-IaTUBHOU cBsi3u? Kak BimseT ee oOpa3oBaHHe
Ha 3 PEKTUBHBIN 3aps]] IEHTPATHHOTO HOHA?

24 . Tlepeuncnute OCHOBHBIC MOJOXKEHHS TCOPUU KPUCTATLTUIECKOTO TOJIS.

25.M300pa3uTe cXeMaTHYeCKHd paciiericHue O-opOutameii  Meramia B
OKTadIpHUUECKOM, TETPAdIPHUIECKOM U KBAJPATHOM IIOJISIX JIUTAHIOB.

26.YTto Ha3pIBaeTcs mapamMeTpoM pacuieruieHna? Kak ero MoxxHo onpenenuThb
dKCHEPUMEHTABHO? OT yero 3aBUCUT BemmuuHa [[?

27.Tlouemy [Co(NH3)e]** nmamarmuren, a [Co(NH3)s]?* - mapamarauten?
O06BsicauTe 370 ¢ o3uiuii Meroga BC u Teopuu KpUCTALITUYECKOTO TOJIA.

28.B dgem 3akmiouaetcs addekr Ana-Temnepa? [ns KakuxX KOMILIEKCOB OH
XapakTepeH?

29.Kak ¢ mo3unuii TeoOpur KPUCTAJLUTMYECKOTO TOJIsI OOBSICHAETCS I[BETHOCTh
coenunennit? [louemy kommiekcsl Cu® 6ecusernsl, a Cu?* - oxpamens?

30.IlepeuncanTe OCHOBHBIE TIOJIOKEHHUS TEOPHUH TIOJIS TIUTAHOB.

31.Kakue  MoONeKynsipHbIE  OpOWTaNM  HA3BIBAIOTCS  CBS3BIBAIOIIMMU,
Pa3phIXJIAIOIIMMHI, HECBSI3bIBAIOIIUMHU?

32.1300pasuTte cxemaTudecku oOpa30BaHUE MOJICKYJISIPHBIX OpOUTasIeii HOHOB:

[VClg]*, [Cd(NH3)4]**, [PtCl4]?

K uemeépmoii 2naee

33. Onpenenure TUI U30MEPUH B HAOOPaX KOMILIEKCHBIX COSAMHEHUI:
a) [Cr(H20)6]Cl5 u [Cr(H20)sCI]Cl,-H,0

0) [Co(NH3)sBr]SO4 u [Co(NH3)sSO4]Br

B) [Pt(NHS3)sCI]Cls u [Pt(NH3)4(Cl)2]Cl,-NH3

r) Tpanc-[Cr(en)2(Cl)2]Cl u uuc-[Cr(en)2(ClI),]ClI

1) [Pt(NH3)4SO4](OH); u [Pt(NH3)4(OH)2]SO4
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e) [Co(py)2(Cl)-]Cl u [Co(py)Cls]-py
)K) HHC-Kz[Pt(Cl)z(NOz)d " Tp&HC-Kz[Pt(C')z(NOz)d
3) [Co(NH3)4CI(NO3)]Cl u [Co(NH3)4(Cl)2]NO;

34. CocraBbre (GOpMYJIBI BCEX BO3MOXKHBIX KOMIUICKCHBIX COCTUHEHUH,

xomOuuupyst oauH Co'"', XNH3, YNO, u (pu Heooxoaumoctn) zK* (s aroma Co
KY = 6). HazoBute 3Tu coeAMHEHUS.

35. U3 BonmHoro pactBopa, coaepskamiero 0,04 Moib KOMIUIEKCHOTO COEAMHEHUS
coctraBa PtCly-3NHs, npu no6asnennn AgNO3 ocaxnaercs 0,04 monbs AgCl. Ilo
pe3ynbTaTaM 3TOTO OIBITAa COCTABhTE KOOPAMHAIMOHHYIO (hOPMYITY HCXOIHOTO
COEJIMHEHUSI.

36. U3 BogHoro pactBOpa, coaepxamiero 0,2 MoOJb KOMIUIEKCHOTO COCAMHEHHS
coctaBa CoBrs:5NHs, npu no6asienun AgNO; ocaxnaercs 0,4 mons AgBr. Tlo
pe3yibTaTaM 3TOr0 OIbITa COCTaBbTE KOOPAWMHAIMOHHYIO (POPMYITY HCXOIHOTO
COCTMHEHUSI.

37. Jlma ocaxkmeHHWs XJIOPUA-HOHOB, COCTaBIIONIMX BHEIIHIOK  cdepy
KoMIuiekcHoro coeauHenus coctaBa CrCls-5H,0, u3 100 m 0,02M ero pactBopa,
notpedoBanoch 20 ma 0,2M pactBopa AgNOs. Ilo pe3ynbrataM 3TOTO OIBITa
COCTaBbTE KOOPJIUHAIMOHHYIO (POPMYITY UCXOJTHOTO COCTMHEHHS.

38. CoctaBbTe (POPMYIIBI BCEX BO3ZMOMXKHBIX KOOPAMHAIMOHHBIX U30MEPOB, UCXOIS
u3 coctaBa {Co(NO)s;:3NH3},, rme mis atoma Co KU = 6. HasoBure stH
KOMILJIEKCHBIC COCTMHCHHUSI.

39. CocraBbTe NPOCTPAHCTBEHHBIE W300pPAKEHUSI IIUC- W TPAHC-U30MEPOB
CJIEYIOIINUX KOMILIEKCOB:

a) [Pt(NH3)2(N2H.),]

6) [Co(NCS)3(NO,)s]*

B) [Co(NH3)4(NO),]

r) [Co(en)a(Br).]*

1) [Cr(NH3)a(Cl)2]*

e) [Pt(NHs)2(NCS).]
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%) [Ph(py)sCls]
40.  KommutekcHoe — coemmuenue  [Pt(NH;)2(Cl)2(NO2),] UMEeT  TITh

I'COMCTPHUUCCKUX U30MCPOB. CocraBbTe UX Fpa(l)H‘IEECKI/IC I/1306pa)K€HH5L

80NPOCHL K NAMOIL 2lage
41. PaccmoTpuTe BO3MOXKHOCTH AJIEKTPOJIUTHYECKOW AMCCOLMALMUA B BOJAHOM
pPacTBOPE KOMIUIEKCHBIX COCIMHEHUIA:
a) runpokcua nuammuncepeopa(l)
0) terpaxsoporutatuHat(ll) kamus
B) I C-AUXJIOPOAMAMMHUHILIATHHA
I') TpaHC-AUXJIOPOANAMMUHITIATHHA
n) rekcarpanodeppat(Il) kamus
e) rerparuapokconunkat(Il) Harpus
) OMC(IIMKIIOTIEHTAIUEHIT)KOOAIBT
[Touemy HEKOTOpBIC W3 ATUX COCIWHECHUN MWCCOIMHUPYIOT MOJTHOCTHIO, a JAPYTHE
MIPAKTUYECKU HE JUCCOIMUPYIOT?
42. YkaxuTe, Kakue U3 KOMIUIEKCHBIX COCTMHCHUM SIBIISIFOTCSA HEIJICKTPOJIUTAMU U
CUJIBHBIMH 3JICKTPOJINTAMH B BOJTHOM PacTBOPE:
a) K3[PtClg]; [Pt(NH3)2Br4]; Ks[Fe(CN)g]
6) [Pt(NHz)2(OH)-]Cl2; [Co(NH3)s(NO2)s]; H2[SiFe]
B) [Cr(H20)sCI]Cly; [Ag(N2H4)Br]; Naz[Zn(CN),4]
r) [Cu(NH3)4](OH)2; [Ag(NHs)]Br; [Fe(CsHbs).]
JUIs  CUJBHBIX  AJIGKTPOJIUTOB  COCTABbTE  YpPaBHEHUS  DJICKTPOIUTHUYECKON
JVICCOTIMALINH.
43. CocraBbTe YpaBHEHHS CTYNEHYATHIX PEaKIMil 00pa30BaHUS KOMILIEKCOB U
3aMMIINATE TSI HUX BRIPAKECHHS CTYNIEHYAThIX KOHCTAHT ycToiunBoCcTH Kn:
a) trerparuapokcoruHkat(Il)-non
0) Terpanonomepkypat(ll)-non

B) katuoH auammunmeu(I)
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) KaTuoH Tpuc(3TuneHauaMuH )aukens(Il)

1) ouc(tuocynnaro)aprentar(l)-non

[Tonb3ysiCh CHOPABOYHHUKOM, NPHUBEAUTE 3HAYECHHS CTYNEHYATbIX KOHCTAHT
ycroiunBocty (lg Kn) 3TUX KOMILIEKCOB M cJenaiiTe BbIBOA 00 YCTOMYMBOCTU
KOMILJIEKCOB - PEareéHTOB U MPOIYKTOB.

44, CocrtaBbTe YpaBHEHHMsI CTYIEHYATBIX peakluil 0O0pa3oBaHUS KOMILIEKCOB
ceuHna(Il) u 3anummTe 17151 HUX BBIPaKEHUS CTYTIEHYAThIX KOHCTAHT YCTOMYHUBOCTH
Khn:

a) Tpudroportomoat(ll)-non

0) rerpadroporuirom6aT(Il)-non

B) TpudToporuiromoOar(Il)-ron

r) Tpuc(tronuanato)miroMoar(Il)-uon

n) Tpuxioporuttomoat(ll)-non

e) terpanonorutromoar(ll)-mon

K) Terpakuc(tuonuanaTo)miromoar(ll)-uon

[Tonb3ysiCh  CIPaBOYHUKOM, TPHUBEAUTE 3HAYCHHUS] CTYNEHYATHIX KOHCTAHT
yctorunBocTh (Ig K,) 3TMX KOMIUIEKCOB W CHACIAalTe BBIBOJ 00 YCTOWYHMBOCTH
KOMILJIEKCOB -- p€areéHTOB U MPOAYKTOB.

45. CocraBbTe YpaBHEHMsI CTYNEHYAThIX peaKIMil 00pa30BaHUS CIIEIYIOUIUX
KOMIIJIEKCOB M3 KATHOHOB LIEHTPAJIbHBIX aTOMOB U JIMTAH/IOB U 3alUIINTE JJI1 HUX
BBIPKEHUS OOIIMX KOHCTAHT YCTOWYMBOCTH BN:

a) katroH TerpaammuaMenn(1l) n katnon ouc(aTrnenauamus )meau(11)

0) rexcaumanodeppart(Ill)-uon u rexcanmanodpeppat(ll)-non

B) Tpunonomepkypat(ll)-uon u rerpanogomepkypat(ll)-uon

r) rerpanogokanmar(ll)-non u rerpanonounnkat(Il)-ron

Kakoit u3 koMIiekcoB Kaxaoro Habopa Oonee ycrowumB? Ilpu oTBete
UCIIOJIb3YWTE CIIPABOYHbBIC TAHHBIE.

46. Tlonp3ysich CIPaBOYHBIMM JIAHHBIMU, OMPENEIUTE YCTOMUHUBOCTD CIEAYIOIINX

KOMIIJICKCOB:
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a) [Co(NH3)s]** u [Co(en)s]**

6) [Ni(N2H4)s]?" u [Ni(en)s]*

OObsiCHUTE IPUYUHY PA3IUYMs] B YCTOMUUBOCTH KOMIUJIEKCOB B KaXJ0M Habope.
47. B BOoy BBOJSAT CJIEYIOIINE KOMIUIEKCHI:

a) katuoH terpaMmmuaMeu(Il)

0) TerpadbpomoruTromo6at(Il)-non

B) rekcaruipokcoxpomat(I1l)-uon

') KaTuOH rekcaammuHkoOanbTa(ll)

n) terpanononuukat(Il)-uon

e) rekcakuc(tuoranaro)deppat(lll)-uon

[IporekaroT peakiyd akBaTaluu (3aMEIIECHUE JIMTaHAa MOJEKYJIaMH BOJIBI).
VYkaxkutre HamboJiee BEPOATHBIE IO COCTAaBY MPOAYKTHI peakiuu. Bamn BbIOOp
000CHYWTE CIIPaBOYHBIMH JTAHHBIMHU.

48. CocrtaBbTe MOJICKYJSIPHbIC W WOHHBIC YPaBHCHHSI PEAKIHUHA ITOJHOTO
3aMeIEeHUS JINTaHIOB B BOJIHOM PacTBOpE:

a) [Fe(H20)6](ClO4)3 + NayC,04 =

0) [Co(NH3)4Cl;]Cl + en =

B) [Ni(H20)6]SO4 + NH3-H20 =

r) [K(H20)6][Cr(H20)6](SO4)2 + NaOH =

n) [Cd(en)2]Cl; + NaCN =

¢) (NH,4)[PtBr,] + KOH =

B kakux yCIOBHIX peakIiy 3aMEeIICHUS JTUTaHI0B TIPOXOIAT TOoTHee?

49. TIpoBoasATCS CIAEAYIONINE PEAKIIUU 3aMEIICHUS JINTAHI0B B BOJHOM PacTBOPE:
a) [Zn(H20)4]SO4 + NH3-H,0 —

0) [Cu(H20)4](NO3), + NH3-H,0 —

B) [Be(H20)4](ClO4), + KF —

r) [In(H20)6](NO3)3 + NaBr —

1) [In(H20)6](NO3)3 + NaCl —

e) [In(H20)6](NOs)s + Nal + NaF —
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Ykaxure, o0pa3oBaHNe KaKuX MPOAYKTOB Hambojee BepositHO. [Ipu oTBete
WCIIOJIB3YUTE CIIPABOYHBIC TAHHEIE.

50. CocraBbTe ypaBHEHHS PEAKIMI MOJHOTO 3aMEIICHUS JMTaHI0B B BOJHOM
pacTBope:

a) K3[RhClg] + K2C204 =

0) [Co(NH3)sCI]Cl, + en =

B) [Ni(H20)6]** + NH3-H,0 =

r) [Cr(H,0)6]*" + OH" =

1) [Ni(en);]SO4 + KCN =

e) Ky[PtCly] + NoHy4 =

51. B xakowm HampaBiieHuU OYyT MPOTEKaTh MPOIIECCHI U TTOYEMY?
[Ag(NH3)2]NO;s + K3S,03 < K[AQ(S203)] + KNO;3 + 2NH3

K, =5,89-10° K =1,0-1018

52. B xakom HampaBiieHUH OYJET MPOTEKATh MPOIIECC U modemy?
K[Ag(CN). + K,5,03 < K[Ag(S:03)] + 2KCN
K,=10-102 K, =1,0-1018

53. PaBHOBecHe peakiuu

[CA(NH3)4]SO4 + 4KCN 2 K3[Cd(CN)4] + K2SO4 + 4NH371

CMeIEHO BIpaso . Kakas U3 KOHCTaHT HECTOMKOCTH MEHBbIIIE:

a) Ky [Cd(NH3)4)?* ; 6) Ky, [CA(CN)4]*

54. T'mapokeun menu (II) pactBopsiercs, a cynbbun meau (I1) He pacTBopsieTrcs B
KOHIIEHTPUPOBAHHOM pacTBope aMMuaka. OObICHUTH HaOII0JaeMOE SIBJICHHE.

55. KoHcTaHTBI HecTolkocTH KomrulekcHbIXx HoHOB [Co(CN)4]%, [Hg(CN)4]%,
[CA(CN)4]* coorBercTBenHo paBusl 8-10%°; 4.10% ; 1,4-10°Y. B xakoM pacTBope,
coliepKalleM 3TH HMOHBI (IIPU PAaBHOM MOJSPHOM KOHUEHTpaluu), MoHoB CN-
Oonpiie? Hamummre BbIpaXkeHHs AJII KOHCTAHT HECTOMKOCTH YKa3aHHBIX

KOMIIJICKCHBIX HOHOB 1 (I)OpMy.HBI COCHHHCHHﬁ, COACPIKAIUX O3TH NOHBI
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HNPUJIOKEHHME

OO0mme KOHCTAHTHI HECTOMKOCTH KOMIIJIEKCHBIX HOHOB

Jlurang-ammuak, NH3

Ag*K_,=5,89-10%

Co? K1-6:4,07' 107

Hg2+ K1-4:5,01 102

Cdz K_,=2,75-107

Co® K1-6=6, 17-1036

Ni2* K14=3 ,39' 108

Co? K1-4=8,5 1-10°

Cu? Kis=1 ,07' 1012

Zn* K1-4:8,32‘ 1010

Jlurang-nogua-moH, |-

Bi%* K1.6=7,94- 10%°

H92+ Kis=1 ,48 1030

Pb2* Kis=1 ,20‘ 10

Jlnrana-nmanua-nod, CN-

Ag+ Kio=1 ,4 1-10%°

Co3* Ky4=1,0-10%

Fe* Ki6=1,26-10*

Au* K;2=5,01-10

Cu* K1-4:2,0‘ 10'30

Ni2* Ki14=1,0- 103t

Cd# K1-4:7,76' 1018

F92+ Kis=1 ,26 1 0_37

Zn%* K14=2,40-1 02

Co* K;.6=8,13-10%°

Jlurann-¢ropun-uon, F

Al Ki6=2,14-1 02t

Fe3* K1.6=7,94 10t

JIurana-tuornmanat-unon, SCN-

Ag+ K12=5,89- 107

Co? Ki13=1,581 072

Fedt K1.6=5,89- 10

Bid* K1.6=5,89- 10°

Cu? K1-4:3,02' 1077

Hg2+ K1-4:6,3 1-10%

Jlurana-tap

rpat-nion, -OOC—CH(OH)—CH(OH)—COO-

Co? K1-2:9,77' 1010

Fe3* K1,=1,38-1012

Jlurana- HuTpuT-MoH,NO-2

Ag*K,_=1,48103

Cd? Kis=1 ,5 5-10%

Jlurana- 6pomua-uoH,Br-

Bi3* K,_=3,02-10

Hg** Ki=1-10*

Pt2* Kiag= 3,16 104

Jlurana- xnopua-uon,Cl-

Bi®* K_=3,80-107

Pt K14=1,0-1 016

Jnrana- DJTA,(COO-CH2)2N-(CH2)2-N(CHz-COO)?

Kommiekcsl coctaBa 1:1

Al 3,16107 Co™ 2,51-10% Mg”™  7,59-10™
Ba  1,66-10%8 cr 3,98:10% Mn~* 9,12-10
Bi** 3,98-10% Cu” 1,58-10° Pb** 9,12-10"°
Ca®™ 257-101 Fe” 6,31-10%° TI* 2,95-107
Cd**  347-107 Fe* 5,89-10% T 1,58-10%
Co™* 490107 Hg~* 1,58-:10% zZn** 5,50-10Y7
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[HosicuuTeIbHASA 3aIIUCKA

eab caMoCTOATEIBLHOM PA0OTHI.

1. CuctemaTu3npoBaTh COBPEMEHHBIE MPOLECCH MHTErpalud Poccuiickoro BBICHIETO
oOpa3oBaHus B 00IIEEBPOIIEHCKYIO U MUPOBYIO 00pa30BaTEIbHYIO TPAKTUKY; PACKPHITH
CYIIHOCTh  MpOOJIEeM  OpraHu3aluu  y4yeOHO-BOCIMTATENLHOIO  Tpoliecca  Ha
COBPEMEHHOM 3Tare pa3BUTHS BBICIIETO 00pa30BaHMS.

2. TlomoOpaTh TakoWl NHUOAKTUYECKUI MaTepuan JJs CaMOCTOSTENbHON paboTh
CTYJICHTOB, KOTOPbIN Obl MO3BOJIMJ MPUMEHUTH MOJTYYEHHbIC 3HAHUS HA MPAKTUKE U
pa3BUBATh UHUITMATUBY, AKTUBHOCTh U TBOPUYECKHUE CTIOCOOHOCTH.

3. Ilomoup oOydaromuMcsi B GOPMUPOBAHUHU Y HUX OOOCHOBAHHOM TYMaHUCTHUECKOMN
UJICOJIOTUH, B OCMBICJICHUU C OTUX TMO3UIMHA HOBATOPCKUX U TPATUIUOHHBIX
MeJarorMYeCKUX CUCTEM U MEIaroru4eckoro OIbITa.

[InanupoBaHre BpeMEHH Ha CaMOCTOSATENIbHYIO paboTy, HEOOXOAMMOTO Ha

M3yUYCHHE HACTOSIIEH NUCIUIUIMHBI, CTYJIEHTaM JIy4llleé BCEro OCYILIECTBIISITh HA BECh
ceMecTp, IMpeaycMaTpuBas MpH DTOM PETYJSIPHOE TOBTOPEHHE MPONIEHHOTO
MaTtepuana. Marepuai, 3aKOHCTICKTUPOBAHHBIA Ha JICKIUSAX, HEOOXOAUMO PEryJIsipHO
JIOTIONTHSATH CBEICHUSIMHU U3 JIUTEPATYPHBIX MCTOYHHUKOB, TIPEJICTABICHHBIX B paboueit
porpaMMe AUCHUILIMHBI « BhIcOKOMOIIEKYIIsipHbIE coeuHEHUs». [0 Kaxaoi U3 Tem
JUTSL CaMOCTOSITEIBHOTO M3YYEHUS, PUBEIEHHBIX B paboyeil mporpamMme JTUCIUILTAHBI
CJIelyeT CHayaja MpPOYMTaTh PEKOMEHIOBAHHYIO JIMTEPATYpy W MPH HEOOXOAMMOCTU
COCTaBUTb KpPAaTKUKA KOHCIEKT OCHOBHBIX IIOJIOKEHHUM, TEPMHUHOB, CBEICHUU,
TPEOYIOIINUX 3aMIOMUHAHMS U SIBIISIOMIMXCS OCHOBOTIOJATAIONIMMHU B 9TOM TEeME U JUIsl
OCBOEHUS MOCIEAYIOIIMX PA3AEI0B Kypca.

OcHoBHBIMU (hpopMaMu PadOTHI ¥ KOHTPOJIA SBIISIOTCS:

KoHTposabHasi padora - ¢opM IPOBEPKU U OLEHKU YCBOCHHBIX 3HAHWM, IMOITYYECHHUS
uHdopMaIuu 0 xapakrepe MO3HABATEIbHON NEeATEIbHOCTH, YPOBHS
CaMOCTOSATEILHOCTH M aKTUBHOCTH CTYJIEHTOB B Y4eOHOM rmpoiiecce, 3pPeKTuBHOCTH
METOJI0B, (hOPM U CIIOCOOOB y4eOHOU NEATEIHPHOCTH. DTa (opMa CaMOCTOSTEIHLHON
paboThI CTY/ICHTA BBHISBIISIET YMEHHUE IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha MPAKTHUKE,
MOMOTAaeT MPOBEPUTH YCBOEHUE Kypca Mepe]] 7K3aMEHOM (3a4ETOM).

CobecenoBanue - popma yueOHOMU eATENbHOCTH, ClIeIaibHas Oeceia mpemnoaaBaTeis
CO CTYJICHTOM Ha TE€MbI, CBS3aHHBIE C HM3y4yaeMOUW AUCIUILIMHON, pacCUMTaHHAs Ha
BBISICHEHHE 00bEeMa 3HAaHUN MO OMNpEACIIEHHOMY pasjelly, Teme, mnpodjieMe u T.II.,
MO3BOJIAIONIAs OLICHUTh MX YMEHHUE apryMEHTHPOBATh COOCTBEHHYIO TOUYKY 3PCHMS,
MpernoJiaramIias BCECTOPOHHEE 00CYKIEHUE KaKoTo-ITu00 BOIpoca, MpoOeMbl WIN
COIMOCTAaBJICHUU UH(OpMAUK, UIeH, MHEHUN, TPEIJIOKEHH.

PedepaT — pacKkpbITHE CYIIHOCTH HCCIEAyeMOM mpoOaeMbl, BKIIoUaroliee o0palieHe
K Pa3JIMYHBIM TOYKaM 3PEHUSI Ha BOTIPOC, a TAK)Ke U3JI0KEHHE COOCTBEHHBIX B3IJIS/IOB
Ha Hee.

I[J'IH IIOATOTOBKH K K&)K,Z[Oﬁ TEMC CICAYCT MH3YYUThb W 3aKOHCIICKTHPOBATDH
PCKOMCHAOBAHHBLIC HCTOYHHKH W HAYYHYIO JIMTCPATypy M Ha HX OCHOBAaHUHU
MNOATOTOBUTHCA K YKA3aHHBIM B MCTOIMYCCKHUX MaTCpUuaiax BOIIPOCaM IJIsd 06CY)KI[GHI/I$I.



[Ipy mOATOTOBKE K OTBETY CTYACHTY TMPEAOCTABISIETCS TMPaBO  IOJIH30BAHUS
YKa3aHHBIMH KOHCIICKTaMH.

[Tpu poBepke 3a1aHus], OICHUBAIOTCS:

° aKTUBHOE ydacTue B paboTe;

YBEPEHOE BIIAJICHUE MAaTEPUATIOM;

YMEHHUE YETKO U JIOTUIHO M3JIaraTh CBOM MBICIIH:

YMEHHUE TBOPUYECKH MOAXOIUTH K PEIICHUI0O OCHOBHBIX BOIIPOCOB TEMBI;
CaMOCTOSTEILHOCTD MBIIIUIEHUS,

TIOJIHOE COOTBETCTBHE KOHCITEKTa YCTaHOBJICHHBIM TPEOOBAHHMSIM;
CaMOCTOSITeNIbHAST ~ yCTHas  pedb, TMOJHOCTBIO  pacKphIBAaIOIas  CyTh
npoOJIeMaTHKH COOCEIOBaHMS.

PedepaT — packpbITHE CYIIHOCTH HCCIEAyEMOM MpoOaeMbl, BKIIOYaloLiee 00palieHue
K Pa3JIMYHBIM TOYKaM 3PEHUS Ha BOTPOC, & TAKKE M3JI0KEHUE COOCTBEHHBIX B3TJISI0B
Ha Hee.

CTpykTypa u coaep:kanue pedepara

Crpykrypa pedepara BKIFOYAET B ce0s CISTYIONTNES AIEMEHTHI:

- TUTYJIbHBIN JIUCT;

- OTJIaBJICHUE;

- BBEJICHUE;

- OCHOBHAsl YacTh;

- 3aKJIFOYEHUE;

- CIIUCOK JINTEPATyphl U UCTOUHUKOB,;

- MPUIIOKEHHUE.

TumynvHoui aucm — 3To WHGOPMAIMS O BBIXOJHBIX MAaHHBIX Baimed pabotel. OH
ABJIIETCS TEPBOM CTpaHULEH HaydyHOM pabOThl M 3amOJIHIETCS IO CTPOro
OINpEENCHHBIM MpaBuiiaM. TUTYIbHBIN JTUCT HE HyMEpYyeTCsl.

B oenasnenuu tekcta mocineoBaTelbHO M3JAraroTCs Ha3BaHUsS IMYHKTOB pedepara c
yKa3aHUEM CTPaHUIIbl, C KOTOPOH HAYMHAETCS KaK/IbIi MyHKT. 3ar0JOBKU OTJIaBJICHHUS
JIOJKHBI TOYHO MOBTOPSITH 3arojIOBKU B TekcTe. CoKpalaTh WM AaBaTh UX B APYrou
(bopMyIUpOBKE, TMOCIEAOBATEILHOCTH M COMOAYUHEHHOCTH TIO CpPaBHEHUIO C
3aroJIOBKaMU B TEKCTE HENb3s. 3arojOBKM OJMHAKOBBIX CTyNEHEW pyOpuKaruu
HEOOXOJMMO pacmojiaratb JIpyr MOJ APYroM. 3arojIOBKM KaKIOW MOCIeqyromen
CTYNEHU CMENIAl0T Ha TPU—IIATh 3HAKOB BIPABO IO OTHOUIEHUIO K 3arojoBKam
npeapiayiel cTyneHu. Bee 3aroloBKM HAYMHAIOT ¢ MPOMHUCHONW OYKBBI 0€3 TOUKH Ha
koHue. IlocienqHee ClIOBO — KaXXIOro  3arojloBKa  COEAUHSIIOT  OTTOYHEM  C
COOTBETCTBYIOIIUM €MY HOMEPOM CTPaHUIIbI B PABOM CTOJIOIE OTJIaBICHHUS.
Beeoenue k pabome. 3nech 00bIYHO 000CHOBBIBAIOTCS AKTYaJIbHOCTH BBIOPAHHOMN TEMBI,
1Heldb U COJEpKaHUE TMOCTaBJICHHBIX 3a1ad, (OpPMYITUPYIOTCS OOBEKT U MpeaMeT
UCCJIEI0BAHMS, YKA3bIBAETCSl M30paHHBIM METOJ (MJIM METO/Ibl) UCCIIEIOBAHUS.
Cooeporcanue 2nas 0CHO8HOU yacmu AOIKHO TOUHO COOTBETCTBOBATh TeMe pedepaTa U
MOJIHOCTBIO €€ pacKpbIBaTh. JTU TJIABbl JIOJDKHBI MOKa3aTh YMEHHE aBTOpa C¥Karo,
JIOTUYHO M apryMEHTHPOBAHO H3j]ararb marepuan. BaxHo MOHMMAaTh, 4TO KaxKias
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rJlaBa J0JIKHA MPEJCTaBIATh CO00M 3aKOHUEHHOE Mpou3BeieHne. E€ cienyer HaunHaTh
IIOCTAaHOBKOM paccMaTpUBaeMoOM 3aJ1a4H, a 3aBEPIIATh YETKUMH, apIyMEHTUPOBAHHBIMA
BbIBOJIaMU. Bce mpuBoanMbie B paboTe HaHHBIE 005S3aTENbHO CIIEAYET COMPOBOXKAATD
MOACTPOYHOM CCBUIKOM HAa MCTOYHMK, OMHUCAHUE KOTOPOTO JOJKHO IMPUBOJUTHCS B
COOTBETCTBUM C TpeOoBaHusAMH Oubiuorpaduueckux crangaptoB. Kak mpaBuio,
OCHOBHAsl 4acTh pedepara cOCTOUT U3 2—3 TJiaB, KOTOPbIE B CIy4ae HEOOXOAUMOCTH
pa3ouBaroTCs Ha naparpadgul.

Pedepar 3akanumBaeTCs 3aKIIOYUTENBHON YacThiO, KOTOpas TaK M Ha3bIBACTCA
«3aKkaioueHuey. ITOT CUHTE3 — IMOCIEN0BATEIbHOE, JIOTHYECKH CTPOMHOE HU3JI0KECHHE
MOJIYYEHHBIX UTOTOB M UX COOTHOIIEHHE C OOIIEH 1EeNbl0 U KOHKPETHBIMU 3a/1a4aMu,
NOCTaBJICHHBIMU U C(POPMYJTUPOBAHHBIMU BO BBEJICHUH.

[Tocne 3akimroueHuss TOMENIACTCS OubIUOZPAPUUECKUN CRUCOK UCNOTIb30BAHHOLL
aumepamypwvl, Kyla BKIIOYAIOTCS OpPUTMHAJIBHBIE TEKCThl, MOHOIpaduyecKkue
UCCIIEIOBaHMsI, Hay4Hble CTaThbU, yueOHble mocoOus u ap. Kaxnaplil BKIIOYEHHBINH B
TaKOW CIIUCOK JINTEPATYPHBIN HCTOYHHK JIOJKEH UMETh OTpakKeHHE B TEKCTE pedepara.
Ecnau aBTOp pedeparta genaeT CChUIKY Ha KakuMe-TMOO 3aMMCTBOBAHHBIC (PAKThl WIIU
LHUTUPYET padOTHI IPYTUX aBTOPOB, TO OH JOJKEH 00513aT€IBHO YKa3aTh B MOJACTPOYHOM
CCBUIKE, OTKyJa B3SThl NpUBEACHHbIE Marepuanbl. CIHCOK JHUTEpaTypbl JTOJKEH
BKJII0YaTh HE MeHee 10 NCTOYHUKOB.

O0bem pedeparTa JOIKEH COCTAaBIATh HE MeHee 20 cTpaHHIl MAIIMHOMMCHOTO TEKCTA.
OO0beM NPUIOKEHUI HE OTPAHUYNBACTCS.

O0mue TpedGoBanus Kk ogpopmiieHn0 pedepara

Tekcr pedepara nokeH ObITh Hame4yaTaH Ha OJHOW CTOPOHE CTAHIAPTHOTO JIMCTA
oenoii Oymaru ¢opmara A4 (210x297 mm) depe3 mositopa uHTepBasia (14 kerim) c
IIPUMEHEHUEM YEPHBIX YEPHUI C MOJISIMU BOKPYT TekcTa. Pazmep smeBoro nomns 30 mwm,
npaBoro — 10 mm, BepxHero — 20 mm, HuxHEro — 20 mm. [lpu Takux momsax kaxkjaas
CTpaHHMIIA AOJDKHA conepxkaTh npuoimsuTensHo 1800 3HakoB (30 cTpok, no 60 3HaKoB
B CTpPOKE, CUMTas KaXIbli 3HAK MpENUHAHWUs M IpoOes MEXAy CIOBaMM TaKXke 3a
MEYATHBIN 3HAK).

TekcT mepenedaTbiBaeTCs B CTPOTO MOCIEAOBATEIbHOM mopsake. He nomyckarorcs
pPa3HOro pojAa TEKCTOBBIE BCTABKM M JONOJHEHUS, IOMENIAEMble Ha OTAEJbHBIX
CTpaHUIaX UJIM Ha OOOPOTHOM CTOPOHE JIMCTA, U MEPEHOCHl KYCKOB TEKCTa B JAPYTUE
MecTa. Bce CHOCKM M NOJACTPOYHBIE NMPUMEYaHUs MEpenedyaTbiBaloTCs (4epe3 OAMH
WHTEpBaJI) HA TOM CTpaHUIIE, K KOTOPO OHM OTHOCATCS. Bece crpanuisl Hymepyrores,
Ha4YMHas ¢ TUTYJIbHOTrO JucTa. [{udpy, 0003Hayaromyo NopsaKOBbIA HOMEP CTPAHULIBI,
CTaBAT B MPABOM YIJIy BEPXHETO MOJis JUCTa (Ha MepBOil U BTOpPOM cTpaHule nudpy,
0003HavaloIYyI0 MOPSIKOBBI HOMEP, HE CTaBST).

[Ipunoxenue myia pedepaToB SBISIOTCA KENaTeNbHBIM, HO HEOO0S3aTeNbHBIM
aJIeMEeHTOM. B npusokeHne oObIMHO BXOMST Pa3iMyHbIE TAONUIIbI, TPAPUKU, CXEMBI,
pucyHkn u T.n. [lpunokeHuss NOMENIAOT TMOCI€ CIUCKAa HMCIOJIb30BAHHBIX
oubnuorpaduyecKux MCTOYHUKOB B MOPSAIKE MX YINOMHUHaHHUS B TekcTe. Kaxmoe
IPUWIOKEHUE CIEAYET HAUMHATh C HOBOrO JUCTa. [IpuioxeHue He BXOJUT B NapaMeTphl
MUHUMAaJIBHOTO 00BbeMa paboThI
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KpuTtepun oneHKH cCaMOCTOATEIbHONH PadOThHI CTYAEHTOB

3amaHusi, BBIHOCHUMBIE Ha CaMOCTOSITENIbHYIO paboTy, OILIGHMBAIOTCS IO IIKaJle
«OTIIMYHOY, «XOPOILO», KyAOBIETBOPUTEIBHO» U «HEYAOBIETBOPUTEIILHOM.

OneHKa «OTJMYHO» BBICTABISETCS CTYIEHTY, €CIU OH TNIyOOKO U NPOYHO YCBOMII
IIPOTPAMMHBIM MaTEpHaJl, WCUEPHBIBAKOLIE, IIOCIECAO0BATENBHO, YETKO M JIOTMYECKH
CTPOMHO €r0 M3JIaraeT, yMeeT JeJaTh BBIBOJbI OTHOCUTEIBHO BO3MOKHOIO MEXaHU3Ma
peakuuu, MpUYEM HE 3aTPyIHSETCS C OTBETOM IIPU IPOTHO3UPOBAHUM HE TOJBKO
CTPYKTYPHBIX, HO M IPOCTPAHCTBEHHBIX PE3YJIbTATOB BAKHEHIINX PEAKLIUN C y9aCTHEM
OPTraHWYECKUX COECIAMHEHUM, IOKAa3bIBAET BBICOKMM YPOBEHb BIAJCHHS OCHOBHBIMHU
METOJAaMH ONPENEIICHUS] IPOCTPAHCTBEHHOIO CTPOEHMS BEIIECTB B COOTBETCTBUHU C
IPOrpaMMHBIMM TPEOOBAaHUSMU, OTBETHl Ha BOMNPOCHI JIOTMUECKH BBICTPOEHBI H
yOeAUTEbHBI.

OneHKa «Xopo10y BBICTABIAECTCA, €CIIU CTYIEHT TBEPJO 3HAET MaTepHall, IPAMOTHO U
N0 CYILIECTBY HCIOJb3YET NPHUHIMIBI KOHPUTYPALMOHHOTO M KOH(OPMAIMOHHOIO
CTPOCHMUS MOJIEKYJ, HE JOIYCKas CYLIECTBEHHBIX HETOYHOCTEH, IEMOHCTPUPYET
BBICOKMM YPOBEHb BIIaJICHHUsS HABBIKAMM HU3YyUYECHHUS MEXaHU3Ma PEAKLHUH HAa OCHOBE
COBPEMEHHBIX (PU3UKO-XUMHUYECKUX METO/OB.

OneHKa «y10BJIeTBOPUTEIbHO» BBICTABIISICTCSA, €CJIA CTYJICHT IIOKa3bIBAET HEOOIBIIIOE
KOJIMYECTBO OIIMOOK, HE MPENSATCTBYIOLUX 0011IeMy TOHUMAHUIO MEXaHU3Ma PeaKIuy,
WCIIOJIB3YET U 3HAET B3aWMOCBA3b MEXKIAY MPOCTPAHCTBEHHBIM CTPOCHUEM MOJIEKYJ U
MEXaHU3MOM pEaKIUi, OTBEYAET Ha BOMNPOCHI B OCHOBHOM IIOJIHO MpHU CJIaboii
JIOTUYECKON O(POPMIIEHHOCTH BbICKA3bIBAHUS.

OneHKa «Hey0BJIETBOPUTEIBLHO» BBICTABISICTCA CTYACHTY, KOTOPBIA HE 3HAET
3HAQYUTEJIIBHOM YacTW IIPOIPAMMHOIO MaTepuajia, JOMYCKAeT CyIIECTBEHHbIC
TEOPETUYECKHE OIMOKH, HE MOXKET JIOTHYECKH MPAaBUIBLHO NEpeaaTh HHPOPMALIHIO.

Bonpocsl 1J1 caMOCTOATEIbHOM NOATOTOBKH:
Tema: «OcHOBHBIE OHATHS XUMHUH KOOPAHUHAIMOHHBIX COEUHEHUID)
1. Kparkas uctopust pa3BUTHS XUMUH KOOPAMHAIIMOHHBIX COSTUHEHHUH.
2. O01ue cBeICHUS M TIOHATHUS O KOOPIUHAIIMOHHBIX COSTMHEHUSX.
3. LleHTpasibHBIN aTOM — KOMIUIEKCOOOpa30BaTEeb, JIUTAH b, BHYTPEHHSISI U BHEIIIHSIS
KOOPJAUHAIMOHHBIE ChEepHI.
4. CteneHb OKUCIEHUS U KOOPAUHAIIMOHHOE YHMCIIO IEHTPAIbHBIX HOHOB.
5. JIeHTaTHOCTH JIMTAH/IOB.
6. Knaccuduxkanus u npaBuiia HOMEHKJIATYPhl KOOPIUHAIIMOHHBIX COCTUHEHUH.
7. leTranbHble, MOJHBIE U COKpaIIeHHbIE POPMYIIbl KOOPIUHAIIMOHHBIX COCTUHEHHM.
8. NM3omepuss  KOMIUIEKCHBIX  COCIMHEHUH:  THApaTHas, HWOHHU3AIMOHHAS,
KOOpAWHAIMOHHAS (B T.4. KOOPAWHAIMOHHAS TOJIUMEpPHs), CTPYKTYpHas, U30MEpUs
CBSI3U, TEOMETPHUYECKasl, ONITUYECKast U KOHGOPMaIMOHHAS.
9. BausHue THNAa HW30MEPUU KOOPJWHAIIMOHHOTO COEJUWHEHMs] Ha €ro (Pu3muko-
XUMHUUYECKHE CBOMCTRBA.

Tema: «XumMu4eckas CBsi3b B KOOPANHAINHOHHBIX COCAHHCHUIX>»
1. MoaenbHble TOAXOABI K 00BICHEHHUIO napamMEeTpoB XHMHUYCCKOI'O CBA3bIBAHHA B
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KOOPJAMHALIMOHHBIX COEIMHEHMSIX.

2. DNEeKTPOCTaTUYECKUH TOAXOJ: MOJEIb MYJBTHIONBHBIX B3aUMOJCHCTBUN U
KOHIIEMIIHS 3JICKTPOHEHTPaIbHOCTH.

3. Teopus KpUCTANINYECKOTO OJISL.

4. OOBsCHEHHE CIIEKTPAIBHBIX U MArHUTHBIX CBOMCTB KOMILJIEKCOB.

5. [Ipobnema cTabunHM3aIy COCTOSHUN OKHCIECHUSI KOMITJIEKCOOOpa3oBaTeen.

6. Oddexr Ana-Temrepa.

/. MeTos1 BaJIGHTHBIX CBA3EM.

8. Huzko- 1 BBICOKOCITMHOBBIE KOMILIEKCHI.

9. BHyTpu- 1 BHEITHEOPOUTATIHLHBIE KOMILJICKCHI.

10. Teopwus most IMraHAOB KaK Pa3BUTHE TEOPUU KPUCTATUTMYECKOTO MOJIA.

11. Ananu3 BO3MOXKHOCTEHW W OTpaHUYEHUN MPUMEHEHHS MOIXOJO0B K OMUCAHUIO
XUMHUUYECKOM CBSA3U B KOMIUIEKCHBIX YaCTHUIIAX.

Tema: «Komiiekcoo0pa3oBaTesin U JJUTAHIbD)

1. O630pHBIM aHAIN3 KOMILIEKCOOOPA3YIOMIMX CBOMCTB XUMHYECKUX JJIEMEHTOB:
3HAYEHHUS KOOPAMHAIIMOHHBIX YMCEJ, XapaKTEepHbIC JIUTaHJbl, YCTOMYMBOCTH W
reoOMETPUsI KOMIUIEKCOB, HauOoJiee aJeKBaTHBIE MOJICJIM CTPOSHUSI KOMILJIEKCOB.

2. O6mmas kaccuuKanys JUTaHI0B.

3. Jluranmbl MOJIEKYISPHBIX KOMILJIEKCOB: aTOMBbI, MOHBI, JUTOMO-, TIOJUTOMO- H
reTePOsIICPHbIC HEOPTAHUYECKUE MOJICKYJIbl, OpPraHUYECKUE COCTUHEHUS.

4, AMONIEHTATHOCTD JINTAH/IOB.

5. XenaTHbI€ TUTAHbI, TOHATHE O XEJIaTHOM M MOJuxenaTHOM 3¢ deKTax.

6. MakpoIuKIn4ecKre JIUTaHIbI, UX KIacCH(PUKANS 110 SIUMUPCKOMY.

7. Makporukinueckuit 23 heKT.

8. Jluranapl KOMIUIEKCOB C MHOTOIICHTPOBBIMH KOOPAMHAITMOHHBIMU CBS3SIMH.

9. JIuranasl 11- ¥ TOJIUSICPHBIX KOMILJICKCOB.

10. Monekybl pacTBOPUTENEH KaK JIMTAHbI COJIbBATOKOMILIEKCOB.

Tema: «TepmoguHaMUKa KOMILIEKCO00OPA30BaAHUS

1. TepmonuHaMUYeCKHE XapaKTEPUCTUKU PEAKIMM KOMIUIEKCOOOpa3oBaHUs, WX
B3aUMOCBS3b.

2. KoHCTaHThI yCTOWYHUBOCTH KOOPAMHAIIMOHHBIX COSTUHEHUH.

3. Pacuetsl paBHOBECHI KOMILJIEKCOOOPA30BAHMSL.

4. OcHoBHBIC (PAKTOPBI, BIUSIIONINE HA YCTOMYMBOCTh KOMITJIEKCOB.

5. P UpBuHra-YumnbssamMca 171 N30XOPHO-U303aPSHBIX HOHOB.

6. 3akOHOMEpPHOCTM W3MEHEHHsI TMOCIEAOBATEIbHBIX KOHCTAaHT YCTOHYMBOCTH
(ctatuctuueckass W "XUMHUYECKass" KOMIIOHEHTBI, BJIMSIHUE MPUPOJbI JIUTaHA,
CIIMHOBOT'O COCTOSIHHSI, THOPUAN3ALIIIH).

7. TepMoHaMHKa XEIaTHOTO, TIOJIMXEIATHOTO U MAKPOITUKINIECKOTO 3PHEKTOB.

8. BrnusHue pacTtBOpUTENs KaKk Cpeasl M XMMHYECKOTO  peareHTa Ha
KOMILIEKCOOOpa30BaHue.
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Tema: «CuHTE3 U peaKIMOHHAS CIIOCOOHOCTH KOOPANHAIIMOHHBIX COeINHEHUI»

1. Ctparerusi cuHTE3a KOOPAMHAIIMOHHBIX COSTUHEHUH.

2. [Ipsimble 1 KOCBEHHBIE TTyTH CUHTE3A.

3. TepMoMHAMHYECKN U KHHETHYECKH KOHTPOJIUPYEMbBIC PEAKIIUN CUHTE3A.

4. Tlpumepbl CHHTE3a KOOPJUHAIMOHHBIX COCAMHEHUNW C MOHOJICHTATHBIMHU,
XEJIATHBIMU Y MAKPOUHUKINYECCKAMU JTUTAHIaMHU.

5. Oco0eHHOCTH CHHTE3a MONUAIEPHBIX COSTMHEHUH.

6. TemmiaTHBIA CUHTE3 KOMITJIEKCHBIX YaCTHII.

/. Merogsl  cuHTE3a, CBA3aHHBIE C  3aMOpPaXHBAaHUEM  PaBHOBECHM
KOMILIEKCOOOpa30BaHUsl.

8. OkucineHue WIM BOCCTAHOBJIEHHE JOMHUHHMPYIOLIETO KOMIUIEKCA B CHUCTEME
KOMILJIEKCHBIX YaCTHII.

9. Knaccudukanus peakunii KOMIUIEKCHBIX YaCTHII.

10. ®opmanbHasi KHHETUKA OTIMCAHUS PEAKIIUH.

11. TloHATHE O KUHETUYECKON YCTOMUNBOCTH KOOPANHAIMOHHBIX COCTUHEHMIA.

12. MexaHU3MBbI peaKINii 3aMEIIEHUS JINTAI0B.

13. DddexTr TpaHC-BAUSHUS B KBAAPATHBIX U OKTAdIPUUECKUX KOMITJIEKCAX.

Tema: « DU3MKO-XUMHUYECKHE METOAbI B KOOPAMHAIMOHHOM XUMUM

1. O6mas cTparerusi mpuMeHeHus1 PU3NKO-XUMUYECKUX METOJIOB B KOOPAMHAITMOHHON
XUMHH.

2. [ludpakunronHbie METO B! (peHTreHorpadus, dneKTpoHorpadusi, HeTpoHorpadus).
3. Cnekrpockonmueckue wmeronasl (AMP, OIIP, SAKP, KP, vy-pe3onancHas,
abCcopOIMOHHAs B IIUPOKOM JUarna3oHe JJIMH BOJH (0T Y® 10 paano4acTOTHOM U JIp.).
4. DNEKTPOXUMUYECKUE METOIbI (TOTEHIITMOMETPHS, TIoJsiporpadus).

5. DKCTpaKIIMOHHBIE METO/TBI.

6. KamopumeTpruueckne MEeTObI, B T.4. METOJIbI TEPMHUYCCKOTO aHAIN3A.

/. UccrnenoBanust paCTBOPUMOCTH.

8. MoHOOOMEHHBIE METOEI.

9. KomnbroTepHOE MOJICTUPOBAHHKE.

Tema: «IIpukiagHble acCEeKTbl XUMHHM KOOPAMHAIIMOHHBIX COeMHEHN I

1. KoopauHallMOHHBIE COEMHEHUS B )KUBBIX OpraHU3Max.

2. llonsitTue o0 OWOKOOPAMHAIIMOHHONW XWUMHHU. BUKOMIUIEKCHI M OHOKJIACTEpHI.
buokoMmIiiekChl ¢ aHMOHAMU  HEOPraHWYECKUX  KHUCIOT. bBHOKOMIUIEKCHI ¢
aMUHOKHCJIOTaMH U OesikaMu. buokoMIuiekcel ¢ nopdupuHamu.

3. TOKCHYHOCTH METAJIOB: POJIb KOMILJIEKCOOOPa30BaHMUSI.

4. OCHOBHBIE aCIIEKThI IPUMEHEHUSI KOOPANMHAIMOHHBIX COSMHEHUM.

5. KoMmInekcHbie COeIMHEHHMS TUIATUHBI KaK TPOTUBOOIYXOJIEBbIE TPenaparhl.

6. Martepuaibl Ha OCHOBE KOMILJIEKCHBIX COSMHEHUN: TIOMUHECIICHTHBIE, MATHUTHBIE,
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(bOTOXPOMHBIE U TIp.
7. KoMIiekchbl B raJlbBAHOTEXHUKE, aHATUTUYECKOW XUMUU U JIp. 00JIacTsIX.

IIpuMep KOHTPO/ILHOI PadoOTHI
Bapuant 9

1. KommnekcHble coequHenns. CocTaB U XapaKTEPUCTHKA KOMIUIEKCHBIX YaCTHII.

2. Peakuuu 00pa3oBaHNs KOMIUIEKCHBIX YaCcTHUIl B coequHeHu. [IpumMepsl peakiuit
C YYaCTHUEM KOMILUIEKCHBIX COCIMHEHU.

3. Boansrii pactBop coenunenusi cocraBa Pt(SO4)(OH)2-4NH3 umeer pH > 7. 250
M 0,05M pacTtBopa 3TOr0 coearHeHus Moxket 3ameHuTh S0 mi 0,5H pactBopa
niesnoun. OnpenenuTe KOOPAUHAITMOHHYIO (POPMYITy COEIMHEHHUS.
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