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BBEAEHME

B nacrosiee Bpemsi XMMHUSI KOMIUIEKCHBIX (KOOPJIWHAIIMOHHBIX) CO-
€IUHECHUN OTHOCUTCS K Ba)KHEWIIMM pasznesiam xumuu. lIpencrasnenus o
HEH Kak O pasjelie TOJIbKO HEOPraHUYeCKOW XUMHHM yxe ycrapenu. Cope-
MEHHAsi XUMHUSI KOOPAWHALMOHHBIX COEAMHEHUN paccMaTpPUBAET TaKkKe
npo0ieMbl, paHee TPAAUIIMOHHO OTHOCHBIIHNECS K OPTaHUYECKON U MeTal-
Jgopranudeckoil xumuu. CopepkaHue 3TOM AUCHUIUIMHBI BO MHOIOM CIIO-
coOCTBYET MOHMMAHMIO CTPOCHHS U CBOMCTB OMOKOOPAMHALMOHHBIX CO-
€MHEHUI 1 OMOJIOrMYECKUX MPOLIECCOB C YYAaCTUEM KOMIUIEKCHBIX COEIU-
HeHu wmeTawioB. OCHOBHBIE TMPUHLMIBI XUMHH KOOPJAMHAIMOHHBIX
COEAMHEHNUN MCIOJIB3YIOTCS MPU PACCMOTPEHHUM CIOKHBIX MOJEKYJISPHBIX
CTPYKTYp M pa3paboTKe crnoco0OB CHHTE3a MOJU(QYHKIIMOHAIBHBIX MaTe-
pHAJIOB, HAXOAAIIUX BCE OOJIbIIEE UCTOIB30BAHUE B MPOMBIIIIIICHHOCTH.

Jlekuuu no pucuumiIMHE «XUMHUS KOMIUIEKCHBIX COCIMHEHUN» Mpen-
HA3HA4YEeHBI I 00ecreyeHus! CTyICHTOB YYE€OHbIM MaTepHUalioM MpH U3Y-
YEHUH OJHOMMEHHOIO CIELKypCa.

Jlekiuu OXBaTHIBAIOT OCHOBHBIE Pa3/Esibl XUMUU KOOPAMHALMOHHBIX
COCIMHEHHI B COOTBETCTBUU C YUYEOHOW MPOTpaMMO, B HUX PACCMOTPEHBI
BOITPOCHI HOMEHKJIATYpPbl, U30MEPUH, CTPOCHUS, XMMUYECKOU CBSI3H, ITOBE-
JIEHHAsT B pPAcTBOpaXx M MNPHUMEHEHHsS KOOPAWHALHMOHHBIX COCIWHEHUM.
VY4eOHbIii MaTepHal JIEKIIMOHHOTO Kypca MOXET OBITh HCIIOJIb30BAaH MpPH
U3YYEHUU aHAIMTHYECKOW, METaUIOPraHMYecKo M OHOHEOpraHu4ecKon
XUMUH.

Bce 3amedanus v mokenaHus MO COAEPKAHUIO Kypca OyAyT IPHUHSTHI
aBTOPOM C MPHU3HATEIBHOCTHIO.



Aekuus 1
KOMIAEKCHbIE COEAUHEHUAAL.
KOMITAEKCOOBPA3OBATEAb. AMUTTAHADI,
NX KA ACCMOUKALINA, AEHTATHOCTD.
KOOPAMUHALNOHHOE YN1MCAO
ATOMA-KOMIMAEKCOOBPA3OBATEAI
(MOHA-KOMINAEKCOOBPA3OBATEAS)

CuuTaercsi, 4TO MEPBBIM MOJYUYEHHBIM KOMIUIEKCHBIM COEIMHEHUEM
ob11a conb [Co(NH;)6]Cls, cuntesupoBannas Taccepom B 1798 1. DTy naty
CUMTAIOT TOYKOM OTCUETa, OT KOTOPOU BEAET CBOIO MCTOPUIO KOOPUHALIH-
OHHas XuMusl. B Te ganekue rojibl KOMIUIEKCHBIE COJIM 3aMUChIBAIN B BUJIE
COC13 . 6NH3, 4KCN - FG(CN)z

Brijenenrie XuMun KOMIUIEKCHBIX (KOOPJAMHAIIMOHHBIX) COEMHEHUN B
CaMOCTOATENIbHYIO 00JIaCTh XMMHUYECKOW HAyKd B 3HAUYUTENILHOW Mepe
npuHamanexut JI. A. UyraeBy. bnarogapst ero paboraM XUMHSI KOMIUIEKC-
HbIX COEJIMHEHUI CTaja UHTEHCUBHO Pa3BUBAThHCA.

B 1893 r. A. BepHep BBell B IPAaKTUKY M ONPEAEINI TAKUE MOHATHUS,
KAaK LEHTPAJbHBIA aTOM (MO03KE€ BO3HUKIIO MOHSATHUE «LEHTPAJIbHBIA HOH-
KOMITJIEKCO00pa3oBaTelby), aToM (MOH), KOTOPBIH 00pa3yeT CBsI3U C KOOP-
JTUHUPOBAHHBIMU BOKPYT HETO rpynmnamMy aTOMOB WUJIM MOHOB (JIMTAH/IaMM),
BHYTPCHHSSI M BHENIHSS KOOPJAWHAIMOHHAS cdepa, KOOPIAWHAIMOHHOE
yucio. BepHep ompenenuns Takke MOHSATHUE «KOOPIAMHAIMOHHBIA MHOTO-
TPaHHUK», XapaKTepu3ylollee MPOCTPAHCTBEHHOE PACIOJNIOKEHUE JUTaH-
JIOB BOKPYT LIEHTPAJILHOIO aToMa B KOMIUIEKCAX C KOOPAWHAIIMOHHBIMU
yucinamu 4 u 6. BepHep Takke BBen 3amuch (Hopmysl ¢ 0003HAUECHHEM
BHYTpEeHHEW cdepbl KBaapaTHbIMU ckoOkamu. Hampumep, KoMIUIEKCHOE
coequnenre K[AuCly] Bkirouaer B ce0s:

K" — voH BHEemHe# chepsl;

[AuCly] — BHyTpeHHss chepa;

Au’ — aTOM-KOMILIEKCO06Pa30BaTEb (HOH-KOMILIEKCOOOPA30BATEIb);

Cl — nuraupn;

4 — KOOpAMHALIMOHHOE YUCJIO.

Komnnexkcamu Ha3bIBaIOT COSTUHEHUS, KOTOPBIC OOPa30BAIKNCh MPHU
KOOPJAVMHUPOBAHUU OJHUM aTOMOM, HAa3bIBA€MbIM LIEHTPAJIbHBIM, OJIHOTO U
00Jiee MOHOB WUJIM MOJIEKYJI-JIUTAH/I0B.
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KomMrekebl MOryT OBITh CIEIYIOLUX TUIIOB:

1) katuonnsie  [Ag(NH;),]", [Cr(H,0)6]>";

2) anmonrele  [Ni(CN)4]*, [Co(NO»)s];

3) KAaTHOHHO-AaHUOHHBIC [Pt(NH;)4][PtCly];

4) HeUTpaIbHBIC [W(CO)s], [Pt(NH3),Cl,].

Bo3paxxeHus mNOpoTHB UCHOJb30BAHUS TEPMUHA «KOMILIEKCHBIE
COEIMHEHUS» OCHOBAHbl HA TOM, YTO «KOMIUJIEKCHBIE» O3HAYAET CIIOXK-
HbIE, a CJIOXHBIMH SIBISIOTCS U HEKOTOPBIE COEIMHEHHMS, KOTOPBIE HE
coaepxkat metaiul (Hanpumep, XuHrugpon — CcH4O, - CgH4(OH),). Ilo-
TOMY CUHUTAETCS, YTO KOMIUIEKCHBIE COCIUHEHUS Jy4lle Ha3bIlBaTh KO-
OpJAVHALMOHHBIMH.

Koopounauyuonnsie coeOunenus — COCJUHEHNsI, KOTOPHIE CYLIECTBY-
I0T KaK B KPUCTAILIMYECKOM COCTOSIHUM, TaK U B pacTBope. B OonbinHCTBE
CIIyyaeB KOOPJAMHALIMOHHBIE COECIMHEHUSI MOTYT pacCMaTpUBaThCA Kak CO-
cTosiue u3 00Jiee MPOCThIX, CIOCOOHBIX K CAMOCTOSITENIBHOMY CYILECTBO-
BaHUIO MOJIEKYJI HJIU HOHOB.

KoMmmniekcHble  cOeMHEHMs, COJIEpKalllie€ HECKOJIbKO aTOMOB-
KOMILIEKcooOpa3oBareneil (MOHOB-KOMILIEKCOOOpa3oBartesnei), Ha3bIBAIOT
RONUAOEPHBIMU KOMNIAEKCAMU.

Hanpumep: Ky[(C,04),Cr(OH),Cr(C,0,),]

OH

IR

K4 (C204)2CI'\ -
HO

CI'(C204)2

B XumMuM ITOBOJBHO 4YacTO MCIHOJB3YIOT TEPMHUH «aIIyKT». Penko
€ro ynorpeOisioT 10 OTHOLIEHHUIO K KOMIUIEKCHBIM coequHeHusM. Ha-
opuMep,  aiayKT  HUKPUHOBOM  KHUCJIOTBI ¢  Ha(TUIAMUHOM
HOC6H2(N02)2 : C10H7NH2.

Komnnexkcamu WHOTAa HA3bIBAKOT KJIATPAaTHbIE (BKJIKOYEHHBIE) CO-
€AUHEHMS, B KOTOPBIX MOJIEKYJIBI OJHOTO KOMIIOHEHTA («IrOCTA») BKJIIO-
YEHBI B IMOJIOCTU YCTONYMBOU CTPYKTYPBI IPYyTroro KOMIIOHEHTA («X035H-
Ha»). B Takux coelMHEHUAX B3aMMOAECHCTBUS OINpPEEIAOT cuiibl Ban-
nep-Baanbca.

Kitaccuueckne TOHOPHO-aKLIENTOPHBIE CBSI3W BO3HUKAKOT MEXKIY LICH-
TpaJIbHBIM aTOMOM (MOHOM) — aKLENTOPOM 3JIEKTPOHOB U aTOMaMHM JIMTaH-
JIOB — JIOHOPAaMH JIEKTPOHHBIX Iap. JIMraHabl 1 KOMIIIEKCH! C TAKUMH KO-
OpAVHALMOHHBIMM CBS3AMM XapaKTEPU3YIOTCSA CIEAYIOIIUMH IOHATUSMH:
JIOHOPHBIE aTOMBI, JEHTATHOCTb, aMOUAEHTATHOCTh, TOIMYHOCTb, KOOP/H-
HAallMOHHOE YU CJI0, KOOPANHALIMOHHBIN ITOJIUIP.



MHoroaTomMHbie JIUraHibsl 00Opa3yloT CBSI3M C LEHTPAJIbHBIM aTOMOM
(MOHOM) C TIOMOILbIO aTOMOB, KOTOPBIE JOHHUPYIOT JIEKTPOHHYIO Mapy H
Ha3bIBAIOTCS OOHOPHBIMU.

Jenmamnocms — 4UCi0 JOHOPHBIX aTOMOB JIMTAH/A.

KonndecTBO JOHOPHBIX aTOMOB, C IIOMOIIBK) KOTOPBIX OJHMH JIMIAH]
CBS3BIBACTCS C LICHTPAJIbHBIM aTOMOM, OIIPENEsAeT €ro AeHTaTHOCTh. Ha-
IpuMep:

[Ni(NH3)6]2+ NH; — MOHOJIGHTATHBIN JIMTAH/;

[Ni(NHZCHzCHzNH2)3]2+ NH,CH,CH,;NH, — nunenTatubiii (Ou-
JICHTATHBIN ) JTUTaH/I.

B HekoTOpBIX MOJEKylax JUraHga ObIBaeT TPYAHO OMPEICNIUTh HX
nentatHoctb. Hanmpumep, conb Ileitze — K[Pt(C,Hy)Cl;]. Ecnu cuurars,
YTO IJIaTHHA 00pa3yeT CBSA3M C aTOMaMH yriepoia, TO IEHTaTHOCTh MOJe-
KYyJIbI STHJICHA paBHA JIBYM, a €CJIM pacCMaTPUBATh KOMILUIEKC KaK MPOJYKT
3amelenus noHa xjopa (Cl) Ha Mosekylly 3TUJieHa, TO €€ JIEHTaTHOCTh
paBHa eIMHULIE.

Amobudenmamnocmsp OnpenensieT CIOCOOHOCTh JMIAHAOB, COJEp-
KalMX J1Ba U O0ojiee JOHOPHBIX aTOMa, MPUCOEIUHSITHCS K LEHTPalIbHO-
My aToMy (MOHY) pa3HbIMH crioco0aMM (KOHKYpEHTHas KOOpAMHALUsA).
Hampumep:

M, M
M~N=C=S N=C—S-~M  N=C—S N=C—S.
M ‘M
M....Nzcis....M Nzcis ..'...M Nzcis.... M
Mo
M~N=C—S§_ N=C—S’ M~N=C—S M

AMOUJIEHTATHOCTh XapaKTepHa Il MHOTUX X€JIaTOOOpa3yroIUX JIH-
raH/10B.

Tonuunocmsb — KOIWYECTBO JOHOPHBIX aTOMOB (TPYyINl aTOMOB), KO-
TOpPbIE HE MOTYT KOOPAMHUPOBATHCS OAHUM LIEHTPOM, HO CIIOCOOHBI KOOP-
JUHUPOBATHCS pa3HbIMU LIeHTpaMu. Hanpumep:



Br

me [

N

(éu/ Mj

N
H36 \\@A CH;

Br
M = Co, Ni, Cu, Zn

B aMHHOa30METHHOBOM MakKpOUMKIMYECKOM JIMTaHJE IIECTh JOHOP-
HbIX aTOMOB HE€ MOTYT KOOPJAMHUPOBATHCA OAHUM LEHTPOM BCIEACTBUE
KECTKOW MPOCTpPaHCTBEHHOU (prukcarnuu. [loaToMy Takoi JHrany sIBIASETCS
oumonHbiM 1 00pazyeT OusiiepHbIe KOOPIUHAIIMOHHBIE COSTUHEHMUSI.

Koopounayuonnoe uucno (K49) — xonm4ecTBO JOHOPHBIX aTOMOB, C
MOMOIIIBI0 KOTOPBIX JIUTaH/bl HEMOCPEACTBEHHO CBSI3aHBI C LIEHTPAIbHBIM
aToMOM (KOOpJMHALIMOHHBIE YHUCJa JJIi PAa3HBIX KOMILJIEKCOB OOBIYHO
BapbupyroTCs 0T 2 10 12).

OT KOOpAMHAIIMOHHOIO YKCJIa BO MHOTOM 3aBUCUT (popMa KOOpJIUHA-
HUOHHOTO nonndipa. Koopounayuonunstii noauzdp — 370 TEOMETPUUECKAs
¢urypa (MHOTOIpaHHMK), ONPEEISIONIasl MPOCTPAHCTBEHHOE PaCIooxkKe-
HUE TOHOPHBIX aTOMOB JIUTaHAOB BOKPYT LIEHTpaJibHOro aroma. Konnuect-
BO BEPLIUH MOJIUAAPA PABHO KOOPIUHALIMOHHOMY YHCITY KOMILJIEKCA.

B HEkoTOphIX cilydasix UCHOIb3YIOT NOHSATUE KOOPOUHAUUOHHAA eM-
Kocmb (I€HTaTHOCTBD) JIMTAH/IOB.

Ecnu nurann noiMaToMHbINA, TO OH MOXKET 3aHSATh BO BHyTpeHHEH cdepe
KOMIUIeKca Oosiee OHOr0 KOOpAWHAIMOHHOro Mecta. Hampumep, B KOM-
mexcHoM coeautennn [Co(NH;3)4CO5]Cl kapGonar-on CO;> mposBiser
KOOPJIMHAIIMOHHYIO EMKOCTh, PABHYIO JIBYM, T. €. SIBJISIETCS OMICHTATHBIM:
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AmnanornysHas cuTyanus Ha6J'IIOI[aeTCSI B OKCAJIaTHOM KOMIIJICKCC:

NH,
O—c—o. | _NH
el
0=C—0" | “NH,
i NH,

B HekoTOpBIX ciydasx OMJACHTATHBIN JTUTaH MOXKET BXOJIHUTh B COCTaB
KOMIIJIEKCa KaK MOHOJICHTATHBIH.

B okTasapuyueckux KOMIUIEKCAaX € Pa3HOPOAHBIMHU JIMTAHAAMHU YacTo
pa3inyaroT JBa TUIA KOOPAMHALMOHHBIX MecT. Hampumep, B KOMILIEKCE
K,[VOFs] koopauHanimoHHbIE MECTa, 3aHUMAEMbIE€ YEThIPbMSI JTUranaamu F,,
HAa3bIBAIOT DKBATOPUAIBHBIMU, 4 KOOPJIUHAIITMOHHOE MECTO, 3aHUMaeMOe
murangom F,, — akcuaibHBIM. DTH TEPMUHBI Yallle TPUMEHSIOT MO OTHO-
HICHUIO K TPUTOHAIBHBIM OUIIUPaMUIAM:

@)

SR -
]

F, F,
F

a

[TomuneHTaTHBIN JHUTaHA MOXKET COAEPkKaTh dICKTPOJIOHOPHBIC
(GyHKIIMOHAIBHBIC TPYIIBI PA3JIMYHOTO THUMA — KUCIOTHBIE W OCHOBHBIC
(tabnuna). Kommiekcsl, 00pa3oBaHHbIe TAaKUMU JIMTaHJaMHU, HA3bIBAIOT
komnnexconamu. Hanpumep, koopauHnanronHoe coequuenue meau (1)
C TJTMKOKOJIOM:

]

C~ NH
7 0 - 2\CHZ
Cu |

™~ CH

|
0

HOJIPII[@HT&THBIC OpPraHN4YCCKHC JIMT'aHJAbl UT'PAIOT BAXXHYIO POJIb B XH-
MMUH. OI[HI/IM N3 IHUPOKO M3BCCTHBIX MOJUACHTATHLIX JIMTAHAOB ABJISACTCA
STHIICHAUAMUHTCTPAYKCYCHAA KHUCJIOTA:

H,C

H,C
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OxoHuaHuEe TaOIUIIBI

Honop-
HBIN CrpykrypHas ¢popmyia JleHTaTHOCTh
aToOM
SUNS
|
N Terpanenrar-
HEIE
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S HS _CN
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HOOC~ “cooH
B .
S H H
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[IpuBeneHHbie B TabyMile JUTaHAbl HAauOOJIEE YACTO BCTPEYAIOTCS B
KOMIUIEKCHBIX COeuHEHUsIX. KoopanHAIMOHHOE YHCIIO0 B KOMIUICKCAX C
TaKUMU JINTAHJIaMH OTIPEACIISIIOT JIOHOPHBIE aTOMBI, y4acTBYIOIIHUE B 00pa-
30BaHUU CBS3H.



Aekuusa 2
HOMEHKAATYPA KOMIMAEKCHbIX
COEAMHEHUHA

HomeHnkiaTypy KOMILIEKCHBIX COEIMHEHUN pa3padarbiBaeT Mexay-
HapOJHbIN coro3 Teopetnueckoil u npukiaagHoi xumuu (IUPAC). Cornac-
HO pa3pa0OTaHHONW HOMEHKJAType, (opMyily KOMIUIEKCA 3alHCHIBAIOT B
KBa/IPAaTHBIX CKOOKaX W MEPBBIM CTAaBAT CUMBOJ KOMIUIEKCOOOpa3oBaTessl.
3areM nuuyT GOpMyJibl aHUOHHBIX JIMTAHJOB B all()aBUTHOM MOPSIKE, a 3a
HUMHU, Takke B aa(aBUTHOM MOpsaAKe, GOpMYysIbl KATHOHHBIX U HEUTpasb-
HBIX JIMTaHO0B. B KOHIlE yKa3bIBalOT MOCTHKOBBIE JMIaHAbl (€CIM OHHU
€CThb) B IOPSAJKE BO3PACTaHUS MOCTHMKOBOM €MKOCTH (KOJIMYECTBA COENU-
HEHHBIX 4€pe3 JIMTaH]{ LIEHTPAJIbHBIX aTOMOB).

MocTukoBble JHMranipl 0003HAYalOT TIpedyecKoid OyKBOM LW,, TIe
n=3,4, ... IOKa3bIBa€T KOJUYECTBO COECAMHEHHBIX LIEHTPAIbHBIX ATOMOB,
€CJIN UX OOJIBIIIE YEM [Ba.

IIpu cocraBieHnr Ha3BaHUS KOOPJAWHALMOHHOIO COECIWHEHHUS B 3allU-
CaHHOU (opMyJie CHayajia BBIACISIIOT BHYTPEHHIOI M BHELIHIOK KOOPIU-
HaloHHble cepbl. KoMIieke 3akiovaoT B KBapaTHbIE CKOOKH, €ro Ha-
3BaHUE ONpENENsAeT LEHTPAJbHbI aTOM W JIMTAH[bl, HA3BAHUS KOTOPBIX
OPUBOJAATCS B aIpaBUTHOM MOPSIIKE MEpe]] Ha3BaHUEM LIEHTPAJIbHOTO aTo-
Ma. B Hauvasne nepevyuciisioT aHHOHHBIE JIMTAH/bl, 3aTEM HEUTpasbHbIE (MO-
aexyisipHble) (Taba. 2.1). Ha3Banus HeWTpanbHBIX M KATUOHHBIX JUTAH]IOB,
KaK MPaBWIO, HE OTIIMYAIOTCS OT HAa3BAaHUN COOTBETCTBYIOIIMX MOJIEKYJ U
KaTUOHOB. B Ha3BaHMM KOMIIJIEKCOB JINTaH/bI MUIIYTCS B CKOOKAaX, 3a UC-
KIIOYEHHEM JIMTaH0B: aKBa, aMUH, KapOouun, Hutposun (NO'), KoTopsle
NPUBOJAATCS B HA3BaHUM 0€3 CKOOOK.

Ta6numa 2.1
PexoMeHg0BaHHbIE HA3BAHUS AHUOHHBIX M HEMTPAJIbHBIX JTUTAH/IOB
dopmyna AHWOH Jlurann dopmyna AHMOH Jluranng

F dTopun dTopo OH" I'mppoxenn I'unpoxco

ClI Xnopug Xi0po 0> Okcun Okco

Br bpomun bpomo 0> Ilepoxenn ITepokco

I Homnn Hono Szzf Hucynsdun | Hucynbdpumo
CN™ [uanun [unano S04 Cynbdar Cynsdaro
SCN™ Tuonmonar Tuonmano NOs;~ Hurpar Hurparo
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OxkoHuanue Taoim. 2.1

Popmyna AHUOH Jlurann Popmyna AHHOH Jlurann
NO, Hutput Hutpo CO — KapGonwn
PO;S” | Tuodocdar | Tuodocharo H,O — AxBa
$,0: | Tuocymsdar | Tuocymbdato NH; — AMUH
C,04" Oxkcomnar Oxkconaro PH; — ®Dochun
C0327 Kapb6onar Kap6onaro CeHs - Bensoin

KonndecTBo TeX WM WHBIX JIMTAHJOB B KOOPAMHAIIMOHHOU cdepe
KOMITJIEKCA YKa3bIBAIOT MpeduKcamMu Au-, TPU-, TeTpa- u T. A. B cimyuae
CIIOXKHBIX JIMTAHJOB WU TEX, YTO YK€ COJEp)KaT B Ha3BaHHWH MPEHUKCHI,
OPUMEHSIOT NpeUKCchl Ouc-, TPUC-, TETPAKKUC-, TEHTaKuc- U T. 1. Ha3Ba-
HUSI HEUTPAIbHBIX KOMIUIEKCOB MUIIYT B OAHO cjoBo. Hampumep:

[Pt(NH;),Cl;] — nuxmopoaunamuntatuHa(1l);

[Ni(CO)4] — TeTpakapOOHUIIHUKED;

[Co(NH3)s5(S04)]Cl1 — cynsdaronenraamuakobansT(111) xmopun;

[Pt{P(CHj3);},Cl;] — muxnopobuc(tpumerundochun)mnatuna(ll).

CrereHb OKMCIICHUS KOMIUIEKCOOOPAa30BaTeNsl YKa3bIBAlOT PUMCKUMU
uudpamMu B CKOOKaX.

TpaauunoHHO B Ha3BaHMUSIX KATUOHHBIX U HEUTPAJIbHBIX KOMIUIEKCOB
UCIIOJIb3YIOT PYCCKUE Ha3BaHUA IIEHTPATBHBIX aTOMOB: JKeJe30, Me/lb, IJia-
tuHa. OgHako I[UPAC pekoMeHiyeT MpUMEHSTh JJATUHCKUE Ha3BaHUS LIEH-
TpaJIbHBIX aTOMOB. Hanpumep:

[Fe(H,0)s]* — rexcaaxsadeppym(Il)-roH, miu rexcaaxsaxerne3o(1])-Hom;

[Au{SC(NH,),},]" — murnoxapb6amumaypym(I)-noH, win auTHoKapoa-
Mu130510TO(1)-HOH.

B Ha3BaHMSIX aHMOHHBIX KOMIUICKCOB BBOIAT CYy(DPHUKC -aT, KOTOPBIN
no0aBIseTcs K KOPHIO Ha3BaHUS IEHTpajibHOTO aToma. Hanpumep:

[CuCly]* — terpaxnopokympar(Il)-now;

[Cu{OC(NH;),}Cl3] — tpuxmopoau(xkapobomun)kymnpart(Il)-uown;

Na[Pd(NH;3)BrCIl(NO,)] — Harpuit 6pomonutpoxsopoamunnanagat(ll);

Li[Ti(bpy);] — mutuii Tpuc(OUNUPUINH)TUTAHAT;,

(NH4)2[MoOS;] — ammonnii Tputuomonuoaat(VI).

Ha3BaHusi KOMITJICKCHBIX AJIEKTPOJIUTOB B COOTBETCTBUH C HOMEHKJIATY-
poit IUPAC nyumie naBaTh B MOPSJIKE 3arucy (GOpPMYJIbI, T. €. MEPBbIM Ha-
3BaTh KaTWOH, a 3aT€M aHWOH, HO MOXKHO M HA0OOPOT, T. €. MepPBOHAYATIBHO
yKa3zaTh aHHUOH, 3aTeM KatnoH. Hanpumep: [Ir(py)4(NO,),][Ag(NO,),] — au-
Hutporerpanupuanaupuui(11l) nuaurpoaprentat(l).

KoMIiekCHpIMHA MOTYT OBITh KUCIIOTHI M OCHOBaHMS. B 3TOM citydae B
Ha3BaHUSl KHUCIOT BBOJUTCS CJIOBO KHCJOTA, 3 B HA3BaHUE OCHOBAHMUNA —
cioBo ruapoxkcua. Hanpumep:
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H;[Fe(CN)¢] — rekcanmanodeppaTHas KHUCJIOTa, WIM T'e€KCallMaHOXKe-
Je3Hasi KUCIIOTa;

H;3[P(Mo0501¢)4] — Terpakuc(tpumonubdaaro)docharHas Kuciora, Win
Terpakuc(Tpumosnbdaro)dochopHas KUcaoTa;

[Zn(py)4](OH), — TeTpanupuIuHIIMHK THAPOKCHU;

[Pt(en),(CN)(NO,)](OH), — nuTpormanoOuc(3TUICHINAMUH )IIJ1a-
tuHa(IV) rugpokcu.

B Ha3BaHMSX MONHSIACPHBIX KOMIUIEKCOB TEPBBIMH TMEPEUUCISIOTCA
MOCTHKOBBIE JTUTAH/IbI B MOPSAKE YMEHBIICHUS] MOCTUKOBOWH €MKOCTH (I10-
CJie Ha3BaHUS MOCTHMKOBOTO JIMTAHJA YKa3bIBAETCS MOCTHUKOBBIA aToOM).
Hanpumep:

[{Pt(P(C5H7)3)2}2(SCN)(u-SCN),] — nu-p-trouumanaTo-S-ouc(Tuoima-
Hato(tpunpormindochun))miaruaa(ll):

NCS S ___..--"P(C3H7)3
Pt Pt
(C3H7)31; \ '. SCN

K4[{Co(C;04),}2(n-OH),] — xamuii Jau-uU-rUIpOKCOTETPAOKCATIATO-
xpomart(IIl):

OH
K (CONCI > CrC00),

[{Co(NH3)4}2(u-NH,)(u-OH)J(NO3), —  p-aMu10-U-THIPOKCOOKTA-
aMHHKOOAThTa HUTPAT:

NH,__
H

_

(NH3)4C0\ Co(NH;), |(NO;),

KoopauHaunoHHble COEAUHEHUS C JIMTaHAAMU, SIBJSIONIMMUCS apoMa-
TAUYECKUMH WJIM HEHACBIIIEHHBIMU OPTAaHUYECKUMHU MOJIEKYJIaMU, COJIEPKAT
B Ha3BaHUSX TPEUECKYyl0 OYKBY 1 C HAJCTPOUYHBIM YHCIIOBBIM HHIIEKCOM,
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OTIPEICIIIONTAM TOMOJOTHYECKYIO XapaKTEPHUCTUKY CBSI3CH IEHTPAIbLHOIO
aToMa ¢ JuranaoM. Hampumep:

[Fe(nS—CSHS)Q] — 6I/IC(T]5—I_[I/IKJ'IOHGHTaI[I/IeHI/IJI))KCJ'IGBO;

[Cr(n®-CsHg),] — Guc(n’-6eH30m)XpOM;

[Mo(CO);(/’-C7H,)]Cl — TpukapOOHMI(N) -[UKIOreNTaTPUCHHITHYM)
monuoaeH(l) xnopus.

CokpaieHHbie 0003HAUYCHHUSI M Ha3BaHUS HEKOTOPBIX JUTAHIOB TPH-
BEJICHBI B Ta0J. 2.2.

Tabmuua 2.2
Cokpamennbie 0003HaAYeHHUSA
U HA3BaHMS PACNPOCTPAHEHHBIX JUTAH/I0B
O6o3HaueHNE HaszBanue CucreMaT4ecKoe Ha3BaHUE
Hacac AneTnnaneTod 2.,4-IlenTamnon
Hba Bensounaneron 1-®Oenmn-1,3-0yTanmon
Hea DTaHOJIAMUH 2- AMHHOATaHOJI
Hydea JusTanoaMuH 2,2'-VIMAHO AUATAHOT
cp [ukmoneHTaueHnI [ukmoneHTaueHUT
py [Tupunaun [Tupuann
bpy bunupunnn 2,2'-bunupuaun
pip ITunepuaux ITunepuany
qui XUHOJIUH benzon[bnupuann
en OTUIeHANaMUH 1,2-OranguamMuH
pn [Tponuneninamux 1,2-IIponnaninamux
an ALIeTOHUTPUI —
dmso JluMeTmiicynb(hOKCH T CynphuHmiguMeran
dms Jnmermiicynshua —
tmpa Tpumerundocdar —
ur MoueBrHa -
tu TruomoueBrHa -
dmf Jumernndopmamun —
Ac AneTun —
Bu byTtun —
Bzl benzun —
cy [uknorexkcui —
Ph dennn -
Et OTH —

B cnenuanu3upoBaHHBIX CIPABOYHUKAX MPUBEICHBI COKPAIICHHBIE
0003HaYEHUs M Ha3BaHMS MHOTUX JIpYrux jauraHjaoB. CokparieHHble 000-
3HAYEHUSI MMO3BOJISIOT 3aIUCHIBaTh (POPMYIIbI KOOPIAUHAIMOHHBIX COEIUHE-
HUMN B COKpalIeHHOoU dopme.
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Aekuusa 3
TUMbl KOOPAMHALIMOHHbIX
COEAMHEHUIA. KAACCUDUKALINA

B kmaccudeckolt XMMHHM KOOPAWMHAIIMOHHBIX COEAWHEHUM BBIJCISIOT
TPH THUIIA:

— KOOPJAWHAIIMOHHBIE allU0COCIMHEHUS, BO BHYTpeHHEH cepe KoTo-
PBIX COJIePKATCS TOIBKO aHUOHBI;

— MOJICKYJISIPHBIC KOOPJMHAIMOHHBIC COCJAMHEHUS, BO BHYTPCHHEH
chepe KOTOPBIX coJiep KaTCsl TOJIBKO JTUTaHAbl B MOJICKYJIIpHOU (popme;

— CMEIIIAaHHbBIE AlUI0-MOJIEKYJISIPHbIE KOOPANHAIIMOHHBIE COCMHEHUS.

Opnnako cpear KOOPAMHAIMOHHBIX COCAMHEHUN BCTPEYAIOTCS BeChMa
crenuUIeCcKue uX TUTIBI.

B ocHOBY kiaccudukanuyu KOOpAUHAIMOHHBIX COSTUHEHUHN IO COCTa-
BY, CTPOCHHUIO KOOPAMHAIMOHHOU cdephbl (MOJEKYISPHBIA YPOBEHb Opra-
HU3AIMU) CIEIYET MOJOXKUTh MPUPOAY LIEHTPAIBHOTO aToMa M JIMTaHJIOB,
XapakTep CBS3U MEXAY HUMU. ITU (HaKTOpPhl B MEPBYIO OYEpeab OMpee-
JISIFOT CBOMCTBA COCAUHCHUM.

1. OnHosiiepHbIe COeTMHEHMSI C MOJOKHUTEIHHON CTEMEHbIO OKHCIIE-
HUS IEHTPAJbHOTO aToMa (Kak MPaBUIIO, XapaKTEPHON MJig HEro B COJISIX
ATOT0 aToMa).

Auuookomniekcobl — 3TO KOMIUIEKCHI, B KOTOPBIX JIMTAHIAMH SBJISIOT-
Csl KUCJIOTHBIC OCTaTKH. VX mopasnensror:

— Ha KOMIUICKCBI, B KOTOPBIX JINTAHJbI, CBSI3aHHBIC C ICHTPATHHBIM
aTOMOM, SIBJISIOTCS HACHTHYHBIMH, UX HA3BIBAIOT 2omonenmuunvimu. Ha-
IMpHUMCEP: K3 [AIF6], Na3 [Cr(N02)6],

— KOMIUIEKCHI, B KOTOPBIX JIMTAH/bI, CBSI3aHHBIC C IEHTPAIBHBIM aToO-
MOM, SIBJIIFOTCS Pa3HbIMM aHHMOHAMU, X HA3bIBAIOT 2emepoienmuyHbLMU.
HaanMep: K3 [CY(N02)3(CN)3], N&z[BC(NOz)F3].

T'uopoxcokomniekcol — KOMIUIEKCHI, B KOTOPBIX JIMTAHJAMHU SIBJISIFOTCS
ruapokcua-uonsl. Hanmpumep: K;5[Al(OH)g], Nay[Zn(OH)4].

Coedunenus ¢ HeUMPATbHLIMU TUAHOAMU — KOMITJIEKCBI, B KOTOPBIX
JUTaHJaMU SIBJISIOTCS MOJIEKYJIbIl aMMMaKa, BOJIbI, AuMeTuiIhopMamuia,
dbochunoB, anudaruueckre U apomMaTHUYECKue aMHuHBI U 1p. Hampumep:
[Cr(CO)s], [Al(H20)6]Cls.

2. llonusiiepHble COeAMHEHUS] — COCIUHEHUS, KOTOPHIE COJIEp-
XKaT JIBa W 0OoJee LEHTPaJbHBIX aToMa, CBSI3aHHBIX MEXIYy COOO0W
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MocTukoBeiMU Jura"ngamu. Hampumep: [{Co(NH3)4}2(n-NH3)2](NO3)y,
K4[{Co(C204)2}2(n-OH),].

3. lukauvyeckue COeTUHEHHS] — COSTUHEHUSA, B KOTOPHIX IEHTPAIb-
HBII aTOM U JINTaH]I 00pa3yIoT UK, HA3bIBAEMbIN MeMmaii0yuKIOM.

Xenampl — COETUHEHMS, B KOTOPHIX METAJIJI COSJMHEH C JOHOPHBIMU
aToMaMU JIUTaHja, o0pas3ys MOJIOKUTEIBHO 3apsHKEHHOE ITUKINYECKOE CO-
equnenne. Hanpumep: [Pd(bpy),]*.

Buympuxomniekchole coeounenus — HEUTpaIbHBIC KOMIUICKCHI, 00pa-
30BaHHbIE MoJuAeHTaTHRIMM Jranaamu. Hanpumep, [Cu(NH,CH,COO),] —
komruieke Menu (II) ¢ rmunuaoM:

CH,NH,. _0——C=0
| Cu
0=C——0-  “NH, CH,

[Cr(CH;COCHC(O)CHs;);3] — kommuieke xpoma (I1I) ¢ anerunaiieroHatom:

H3Cm /CH3
|
O\ 0]
H3C\ O—cCr— = CH;
/ /NG
0 Y
\
H,C CH,

Makpouumuuecmte COCOUHEHUA — COCOAMHCHN:A, B KOTOPBIX JIMTAHAOM
ABJEICTCA MAaKPOIUKIL. HaHpHMep, MaKpOIHUKIINYCCKUC JIMT'aAHAbI — ITOAaHAbI:

R

SRPN
"o holog
og HO
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Hanpumep, KOMIIEKCH HOHOB METAILJIOB € (hTaloIMaHUHAMU:

Honumakpoyuknuueckue coeOuHeHus — COEJUHEHUS, B KOTOPBIX JIU-
TaHJIOM SIBJIIETCS OJIMMAKPOIUKINYECKAN JTUTaH]I.

4. Kaacrepbl — COEJUHEHUS CO CBA3SIMHU METAII — METAJUT B KOOPIU-
HarmoHHoit chepe. Harmpumep, ([Pt(NH;)s]* [PtCL]>), u ap.:

NH,

NH,

5. n-KoMmmjiekchl — COCAMHCHUSA, B KOTOPLIX JIMT'AHAAMHA ABJISAKOTCS MO-
JICKYJIbI &JIKCHOB WJIM AJIKWHOB (aHeTI/IJ'ICHOBBIC KOMILJICKCEI pacCIpoCTpaHe-
HBI PCIKEC, YCM allCTUIICHOBLIC UJIM apOMAaTHYCCKHC COGI[I/IHGHI/IH)Z

— -

OC"" s e CH2
H3C\AS CO Cé/
H,C

K YUCIY TT-KOMILICKCOB, B KOTOPBIX JIMT'aHd JOHHUPYCT ABaA JJICKTPOHA,
2+ 2+ +
OTHOCATCS 3TUJICHOBBIE M allCTUJICHOBBIE KOMILIEKCHI Pt , Pd , Ag u ap.
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Mertaniabel 00pa3yloT COEIUHEHMS] ¢ HU3IIUMU OJieMHAMH B TOM Clydae,
KOrJla UMEIOTCA JIMTaHAbl T-IoHOpHOro Ttuma. Hanpumep, monekynsr CO
umn CsHs. Mertanmisl B TakuX COCAMHEHUSX, KaK MPaBWIO, HAXOJATCS B
HU3IIeH cTteneHu okucieHus (+1, +2). B oty rpymnmy mnomnagaror
T-KOMIUIEKCHI C MATUAJIEKTPOJOHOPHBIMU U MIECTUIIEKTPOAOHOPHBIMU JIU-
rangamu: pepporieH — Fe(CsHs), u xpomaudenszon — Cr(CgHg)s.

6. CoenuHeHHUs1 ¢ HYJEeBOl WM OTPULATEJbHOH CTENEHbI0 OKHUC-
JIeHUs1 HEeHTPaJbHOro aroma. KapOoHuisl — Haubojgee MHOTOYUCIICHHAS
rpynna (OKOJIO JABYXCOT COEAUHEHWI) Takux KomiuiekcoB: Fe(CO)s,
Cr(CO)g. bonbimas gacTh KapOOHUIIOB CYIIIECTBYET B BUJE KJIACTEPOB, Ha-
npumep Mn,(CO);o. B 3Ty e rpynny nomnajgaroT CMEIaHHbIE KOMIUIEKCHI:
[Cr(CeHg)(CO);], xommnekesl Tuma Na[Co(CO)4] u ap.

7. CoenuHeHUsi, B KOTOPBIX JUTAHAAMH ABJAIOTCH MoJieKyJabl H,,
N, u O,. ManouucieHHas rpynna KOMIJIEKCHBIX COEAUHECHUH.

8. KoopauHanuoHHBbIC COCIUHEHHUS ¢ AHMOHOM B POJIM LIEHTpa
koopauHauuu. Hanpumep, [Ag;1J(NO;),.

KoopavHannoHHble COeIMHEHUS, CKOHCTPYUPOBAHHbIE U CUHTE3UPO-
BaHHbBIE ISl CO3/IaHHUSI COBPEMEHHBIX MAaTEpHaJIOB, JICKAPCTBEHHBIX Be-
HIECTB U T. JI., 04€Hb pa3HO0Opa3Hbl. OHU SBISAIOTCS MPEAMETOM U3YUECHUS
CYIPaMOJIEKYISIPHON KOOPAMHAIIMOHHON XUMUHU.

B HaHOTEXHOJOTUSIX CTPYKTYPHBIMU 3JIEMEHTAMU CUUTAIOTCS HaHOYa-
ctuubl. KoopanHanmoHHbIE COEIMHEHUSI MOTYT CaMU UMETh pa3Mep HaHO-
YaCTHIIBI WK 00pa30BHIBATH JIUIIb (YHKIIMOHAIBHBIN CIIOW HA HAHOYACTH-
e U3 Kakoro-inubo Hocurtensd. MarepuasaMyd C HAaHO- U MaKpPOCKOMHYe-
CKHM  KOHTPOJIEM  CTPYKTYpbl  MOTYT  OBITh  KPHUCTaJUTMUYECKHE
KOOPJAVHAIMOHHBIE COSAMHEHUS U TIOJTUMEPHI.

CynpaMosiekysipHble KOOPAUHAIIMOHHBIE COCIMHEHUS, B KOTOPBIX 32
OCHOBY B34Thl KaK CIIOCO0 KOOPJMHUPOBAHUS, TaK U UX pasHOMAcCIITaOHas
MPOCTPAHCTBEHHAS CTPYKTYpPa, MOXKHO Pa3eIUTh Ha CIAEAYIONINE TPYIIIbI:

— KOOPJIMHALIMOHHBIE OJIUTOMEPHI;

— TeJIUKAThI;

— TOTIOJIOTUYECKHU CBSI3aHHBIE KOOPAUHAIIMOHHBIE COCTMHEHMUS;

— IEHIPUMEPHI;

— KOOPAVHAIMOHHBIE TTOJIMMEPHI;

— XKUJKUE KPUCTAIUIBL,

— MOHO- Y OJIUMOJICKYJISIPHBIC TIJICHKHU;

— KOOpPAUHAIMOHHBIE COEAMHEHHUS Ha TOBEPXHOCTH TBEPABIX TEII.

B koopauHalMOHHOW XUMUM BbIJIETICHA 1easi TPYyINa XelaTHBIX CO-
CAUHEHUN — KomnjieKcoHamul. JIUTaHIIbl B HUX HA3bIBAIOTCS KOMILJIEKCO-
HAMU U TPEACTABISIOT COOOM CIIOKHBIE OPTaHUYECKUE MOJICKYJIBI, COAEP-
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JKalMe HECKOJIbKO (YHKIIMOHAIBHBIX TPYNN C JOHOPHBIMH aTOMaMH.
Knaccuueckuii npumep komruiekcona — DJITA (HatpueBas coib 3THIICH-
JTUAMUHTETPAYKCYCHON KuCIO0ThI). [IpuMep KOMIUIEKCOHAaTa ¢ MATHIO Xe-
JATHBIMU LUKJIAMU:

H,C— CH,
J \
H2C7/N
\ H,C “CH, \
o L
/Q O/ 0

IIpu cuHTE3€ KOMIUIEKCOHATOB CIEYET PYKOBOACTBOBATHCS NPABULOM
yuxnos Yyeaesa: KOMIUIEKCHBIE COCIUHEHUSA, B KOTOPHIX UMEIOTCSA LIUKJIN-
YECKHE TPYNIUPOBKU, MPU OJMHAKOBBIX YCJIOBHUSAX OOBIYHO OTIMYAOTCS
OoJpIel CTENEHbIO MPOYHOCTH, YeM IOJ00HBIC COCAMHEHUS, HE COIEp-
)arue 1ukioB. Hanbosee ycTOWYMBBIME B KOMIUIEKCAX SBIISTFOTCS ITHKJIBI
13 IISTH U ISCTH 3BCHBEB.



Aekuus 4
M3OMEPUSA KOMIMAEKCHbIX COEAMHEHUIA

H30mepamu Ha3bIBAIOT XUMUYECKUE COCIUHEHMSI OJHOTO M TOTO K€
COCTaBa, HO OTJIMYAIOIINECS CTPOSHUEM U CBOMCTBAMU.

B XuMuM KOMITJIEKCHBIX COCIWHEHUN BBIACISIOT CIICTYIONINE THIIBI
WU30MEpUHU:

1) reomerpuueckas H30MeEpUS;

2) omnTuYecKas U30Mepus;

3) ruapartHas (CojibBaTHAs) U30MEPUSL;

4) KOOpAWHAIIMOHHAS U30MEPHUS U TTOJIMMEPHS,;

5) cBs3eBas U3OMeEpUsL;

6) MOHM3AIMOHHAS U30MEPHUS;

7) TpaHchOopMalMOHHAS U30MEPHUSI;

8) xoH(]opMaIMOHHAs U30MEPUSI;

9) dbopmanbHas usomepus;

10) BaneHnTHas u3oMepus;

11) annoroHaibHAsg U30MEPUS U JIP.

I'eomempuueckan uzomepusa SBISETCSA CIECICTBUEM Pa3IMYHOIO pac-
MIOJIOKCHUS JIUTAHIOB B KOOpAWHAIIMOHHOM Tonmaape. [Ipu Hamudwu B co-
CTaBe KOMIUIEKCA pa3HBIX JIMTAHAOB WX T'€OMETpUYEeCKas KOH(UTryparms
MOJKET MPETEPIEeBaTh CUIbHOE UCKAXKEHHE.

JIJi1 KOMITJIEKCHBIX COCTUHEHHH ¢ KOOPIWHAIMOHHBIM YHCIOM 6 BO3-
MO>KHBI BApUAHTHI CTPOCHUS: TUIOCKHUH IMIECTUYTOIBHUK B OKTAdIP.

B cinywae miockoro mectuyronbHuka tThna MA4X, CylecTByoT Tpu
THUIIa TEOMETPUUYECKUX U30MEPOB:

A A X
A A A A A
A X A A A A
X X X
opTo- MeTa- napa-

st oktasapa cocraBa MA4X,; BO3MOXKHO CYIIECTBOBAaHUE JUIIb JBYX
uzomepoB: yuc- u mpanc-. Hanpumep: [Co(NH;3)4(NO,),]Cl — yuc-
koOansT(II)iuaUTpOTETPpaaMUH  XJOPUA  (APKO-KENTHIA), mpaHc-
kobanbT(IIl)muHUTpOTETpAaMUH XJIOPH (OpAHKEBBIN).
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Jluranasi: A — NH;, X — NO,. Ix B3auMHO€ pacrojioKEeHUE MpUBE/Ie-
HO HIDKE:

A A
X A X A
X A A X
A A
Yuc-u30o0Mep mpanc-u3oMep

OxkTtasapuyeckue KOMIUIEKChl cocTaBa MA;3;X; nomycKaroT CyIIECTBO-
BaHue JByXx wu3oMmepoB. Hampumep: [Pt(NH;3);CL]JClI — mer-uiatu-
Ha(IV)Tpuxmnoporpuamun xjaopua (3eIeHoBaTo-KenThli) (meridional — me-
puauoHaNbHBIN (pebepHbit)), fac-mmatuna(IV)TpuxiopoTrpuaMuH XJIOpHUT
(6nemno-xenThIi) (facial — nuiieBo¥ (rpaHeBbIit)).

Jluranger: A — NH;, X — Cl. Ix B3auMHOE pacmoJioKEHHUE MOKa3aHO
HUXKE:

X A
A X X X
M M
A A A A
X X
MepHIUOHANBHEIH (meridional), nuteBoi (facial),
WU peOepHBIN WJTU TpaHEeBbIN

OkTasgpuueckrne KOMIUIEKCHI coctaBa MA,X, UMEIOT TakHhe K€ M30-
MEpBbI, YTO U KOMIUIEKCHI cocTaBa MA4X,. ¥V koMmiuiekcoB coctaBa MAXs
HET U30MEPOB.

Kommnekcobl coctaBa MA,X; ¢ KOOpJIUHAITMOHHBIM YUCJIOM 4 UMEIOT
au00 KBaJpaTHOE, JIMOO TETPadIPUUECKOE CTPOCHHUE. Y TEeTpadApUUeCKuxX
KOMIIJIEKCOB HET MU30MEpPOB B OTJIMYME OT KBaJpaTHBIX. Tak, MIOCKOKBAJI-
patHbIi KoMIuleKC MA,X, MOXKET CylIeCTBOBAaTb B BUJE YUC- U MPAHC-
HU30MEPOB, KOTOPBIC OYyAyT OTIIMYATHCS IO IBETY, PACTBOPUMOCTH, OTHO-
HICHUI0O K XMUMHUYECKUM peareHtam Hu T. 1. CieayeT MOMHUTh, YTO yuc-
H30MepBI 00JIee MOJISPHBI, YeM MPAaHC-U30MEPHI:

Cl NH, Cl NH;
Pt Pt
Cl NH, NH, Cl
yuc-u30Mep mpanc-u3oMep
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[IpumepoM KBazpaTHOro Komiuiekca MoxkeT ciyxkuTh [Pt(NH;),Cl,],
OJIHAKO KBaJPATHbIC KOMIUIEKCHI MOTYT 00pa30BbIBaTh U HoHbl Pd™", Au’”,
Ni*", Cu’", Ag’. Terpasapmueckue KOMIUIEKCHI 0OPasylOT HOHBI Zn ',
Ni*", Co™", AI’" u gp. YCTOHYMBOCTh KOMILIEKCOB 3aBHCUT OT IIPHPOIBI
JUTAaHJIOB U Jaxke pacTBopuTeis. HOTIa KBapaTHBIA U TETPAdIpUIECKUI
KOMILIEKCHI OJITMHAKOBOT'O COCTaBa HAXOSITCSl B TAyTOMEPHOM PaBHOBECHH.

Kommekebl coctaBa MAX(Y-Y) ¢ KOOpJWHAIIMOHHBIM YHUCIOM 4,
IpY HAJUYWH B HUX OMJICHTATHOTO cuMMeTpudHoro ymranna (Y-Y) (Ha-
npumep, NH,—CH,—CH,—NH,), xak kBagpaTHble, TaK U TE€TPa’ApUUYECKHUE,
HE UMEIOT u3oMepoB. [Ipu HanmMuMu OMAEHTATHOTO HECUMMETPUYHOTO JIHU-
raiga (Y-Z) (manpumep, NH,—CH,—-CH,—COQO") mnosiBiasieTcsi BO3MOX-
HOCTb CYIIECTBOBAHUS ABYX U30MEPOB:

C C

d M a d M b

b a

Onmuueckasa uzomepus Kak BUJ 3€pKaJIbHON U30MEPUU JIJISl TETPAdI-
PUYECKUX KOMILUIEKCOB C YETHIPbMSI Pa3HBIMU MOHOJCHTATHBIMU JIUTaHIa-
MU HE M3BECTHA, TaK KaK IMOJ00HBIC KOMILIEKCHI HE ToyiydeHbl. OHaKo
CYIIECTBYIOT KOMIUIEKCHI B BUJI€ ONTUYECKUX M30MEPOB, CoJepKaIiue ou-
neHTatHele uradasl. Hanpumep, mon [Coen,NH;CI*" — xmopoamuH-
ouc(arunenanamut))ko0ansT(IIl) Moxer naBath yuc-, mpanc-u30Mepbl, HO
ONTUYECKAs] U30MEPHUSI BO3MOYKHA TOIBKO IS YuUC-U30Mepa:

NH
En 3
NH;
En En
Cl
En Cl
yuc-u3omep mpaHc-u30Mep
En En
NH3 NH3
Cl
En Cl En

ONTHUYCCKUC N30MCPEBI
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B nHacTosiiiee BpeMsi MOdy4eHO OOJIBIIOE YUCIIO ONTUYECKH AESTENb-
HBIX KOMILJIEKCHBIX COCIMHEHUHN OKTadipuyeckoro tumna. Kak npasuio, 3tu
COCAMHEHUS COAEPKAT NUKINYecKue nuranabl. Hambosee M3BECTHBI CO-
eAMHEHUS C TPEeMs UUKJIMYECKUMHU JIMTaHAaMU TUIA:

f /N N\
L/ N

T'uopamnasa (conveamnasn) uzomepusn ONPENEIICTCA CyIIECTBOBAHU-
€M M30MEPOB, B KOTOPBIX MOJIEKYJIBI BOJIbI (MOJIEKYJIBI IPYTOTO pacTBOPH-
TeNs1) BXOJAT KaK BO BHYTPEHHIOIO KOOPAMHAIIMOHHYIO cepy, Tak U BO
BHEIIHIOW. KiaccmyeckuM MpUMEpPOM TUAPATHOM H30MEPUU  SIBISIOTCS
komruiekchl coctaBa CrCls - 6H,0, KoTopble OTIMYAOTCS 1O LBETY U dJIeK-
TPONPOBOJIHOCTH:

[Cr(H,0)6]Cl5 — xpom(Ill)rekcaaksa xiopua (po30BbIif);

[Cr(H,0)sCl1]Cl, - H,O — xpom(IIl)xstoporieHTaakBa XJIOpHI MOHOTH/I-
paT (CuHui).

[IpumepoM CONBBATHOW WM30OMEPHH MOTYT CIYKUTh H30MEpPHI
[Pt(py).Cl4] - 2py u [Pt(py)4Cly] - Cl, (ipu ucmosib30BaHUYM MUPUIUHA B Ka-
YECTBE PACTBOPUTEIIS (COTBBEHTA)).

Koopounayuonnas uzomepusn u noaumepus XapakTepuszyercs cylie-
CTBOBAaHHWEM KATHOHHO-aHUOHHBIX KOMIUIEKCOB, B KOTOPBIX IICHTPAJIbHBIC
aTOMBbI MOTYT OOMEHHUBATHCS JIMTaHJAaMU 0e3 U3MEHEHHs OOIIero cocTana.
Hanpumep: [Cu(NH3)4][PtCly] u [Pt(NH;3)4][CuCly] 7M1 |
[Pt™(NH;)sCL][Pt *Cly] u [Pt 2(NH;),][Pt™Clg].

KoopauHaryionnbsle CoeIMHEHUs, CYIIECTBYIOIUE KaK B BHJE TMPO-
cTeieit (opMbl, TaK U B BUJIE TUMEPOB, TPUMEPOB U T. JI., ONIPEACTSIOT KaK
koopauHaronHyo noaumeputo. Hampumep: {[Co(NH;3);(NO,)s]}, (n=1) u
[CO(NH3)6] [CO(N02)6], NN [CO(NH3)4(N02)2] [CO(NH3)2(N02)4] (l’l = 2),
{[Pt(NH3)2CL ]}, (n = 1) i [Pt(NH3)4][PtCL], mmm [Pt(NH;);CI][Pt(NH;)Cl3]
(n=2).

Ceénzesana uzomepusn NPOSABIIAETCS B KOOPJAUHAIMOHHBIX COEIUHE-
HUSIX B T€X CllydasiX, KOTJa JINTaHJ MOXET KOOPJHMHUPOBATHCS K ICH-
TPaJILHOMY aTOMY HECKOJBKHMHU CIOCOOaMU, OCTaBasiCh MPU 3TOM MO-
HOJeHTaTHBIM. CBsi3eBas M30MEpPHsS BCTpPEUACTCS B KOOPIWHAITMOHHBIX
COeUHEHUS X ¢  aMOWJeHTaTHbIMH  Jurangamu.  Hampumep:
[Co(NH3)sNO,(autpo)]Cl, (Co—NO,) u [Co(NH3)sONO(auTpuTto)|Cl,
(Co—O-N=0).
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Ponanun non SCN koopUHHpYETCS K KOMILIEKCOOOpa30BaTEIO JIH-
00 aToMOM cepbl (B THOLIMAHATHBIX KoMIUIekcax M—S—C=N), nubo atomoM
a30Ta (B M30THOIIMAaHATHBIX KoMIuiekcax M—N=C=S).

Honuzayuonnaa uzomepusa xapakrepHa TOJbKO ISl KOMIUIEKCOB Ka-
THOHHOTO THUMa. V30Mephl KOOPAMHAIMOHHBIX COCIUHEHUN DPA3INYalOTCs
MOHAMH, KOTOpbIE MOTYT HAXOJUTHCSA B OJTHOM H30MEpE BO BHYTPEHHEM
cdepe, a Bo BTopoM — Bo BHemHel chepe. Hanpumep: [Pt(NH;),Cl,|Br; u
[Pt(NH3)4BI'2]C12

Tpancghopmayuonnas uzomepusa CBsi3aHa C XUMUYECKUMH TIpeBparlie-
HUSIMU JIMTaHJI0B. B TakuX KOOpIMHALIMOHHBIX COEMHEHUSX COCTaB OAMHAKO-
BBII, HO Xapakrep nuradmoB pazmmieH. Hampumep: (NH4),[Pd(SCN),] u
[PA{NH,C(S)NH,}»(SCN),] wmu [PtCI(CCI=CCl,)(PPh;),] (smextpomut) u

Kongopmayuonnaa uzomepua nabmonaercs B KOOPAUHAIIMOHHBIX
COCMHEHUSIX, COJCPKAIUX JIMTAHJIbl, KOTOPbIe CITIOCOOHBI 00pPa30BBIBATH
KOH(OpPMAITMOHHBIE COCTOSIHUS (HAmpUMEp, ILUKJIOTeKcaH oOpaszyeT JBa
KOH(OPMAIMOHHBIX COCTOSIHUS «KPECIIO» U «BaHHay»). KoHdopmalonHbie
M30MEpPhI YACTO BCTPEUAIOTCS B XEJIATHBIX KOMIUJIEKCAX.

Dopmanvnasn uzomepusa. Hekotopbie KOMILJIEKCHI MOKHO paccMaTpu-
BaTh KaK M30MEPHBIC, XOTS OHU HE CBS3aHBI MEKIY COOOW FeHETUYECKU U
HE MOTYT nepexonuTs npyr B Apyra. Hanpumep: [Pt(NH;3)(NH,C,Hs)CL] u
[Pt(NH,CH;),Cl,].

Banenmnas uzomepusn nposiBISETCA B CyIIECTBOBAHUU KOOPAUHAIIU-
OHHBIX COCIMHEHUI OJIMHAKOBOI'O COCTAaBa, HO COJIEPXAIIUX MOHBI METal-
JIOB B pasHbIX cTemeHsx okucienus. Hampumep: Cu'[Mo”(CN)s] u
Cu[Mo™(CN)].

Annozonanvnaa uzomepus ONpenesieTcs CyUIECTBOBAHUEM KOMILIEK-
COB, UMEIOIIUX MPU OJMHAKOBOM COCTaBE€ pa3HOE MPOCTPAHCTBEHHOE CTPOE-
Hue (paszusiidi monmdp). Hampumep, [Ni(PPh,Et),Br;] Mmoxer cyiectBoBath
KaK KBaJpaTHbI TEMHO-KOPUYHEBBIM M KaK TETPadAPUUYECKUIl TEeMHO-
3eJeHbld KoMmIuieke. oH [MO(CN)8]4_ HAaXOJIUTCS B PACTBOPE B BUJIEC KBa-
paTHOM aHTUIPU3MBI, a B TBEPIOM COCTOSIHUH — B (popMe 0AeKadIpa.



Aekuusa 5
AUTAHADbI KOMMAEKCHbIX
COEAMHEHUHA

B xoopauHAMOHHONW XMMHUU BCTPEUYAIOTCS KOMIUIEKCHI ¢ Pa3HOOOpas-
HBIMH JIMTaH/IaMH, KOTOPbIE OTIMYAOTCS MO CBOMCTBAM M cTpoeHuto. OHu
OTHOCSITCS K Pa3JINYHBIM KJIaCCaM XMMHMUYECKUX COCIUHEHHM, U BCE JKE Cpe-
I HUX BBIJEJSIOT JIBa KJIAcca JUTaHI0B.

Jlucanowl nepeoeco Knacca XapakTepHU3YIOTCS AJIEKTPOJIOHOPHBIMU aTo-
MaMH BBICOKOM AJIEKTPOOTPHULIATENIBHOCTU. Y JOHOPHBIX aTOMOB JIMTaHIOB
MMEETCsl HEINOCIICHHAs 11apa JIEKTPOHOB, HO OTCYTCTBYIOT BaKaHTHBIE Op-
Outann. Takue JNUraHzabl SBIAIOTCA TOJIBKO G-AoHOpamMH. CTaOMIIBHOCTH
CBSI3U TaKUX JINTAHJIOB C KOMIUIEKCOOOpa30BaTeNEM YBEIMUUBAETCS IO MEPE
pocTa MOHHOIO MOTEHIMAajIa LEHTpaIbHOro aroma. (Mounvii nomenyuan —
OTHOIIICHHE 3apsJia MOHAa MeTaJlIa K ero paauycy.) K uucity Takux JurasioB
otHocat: F , Cl, Br, I, NH;, H,O, ciupTsl u ap.

Jlueanovl 6mopozo Kiacca XapaKTepU3YIOTCS 3JIEKTPOJOHOPHBIMU
aTOMaM{ HU3KOM JJIEKTPOOTPULATEIBHOCTH, HO UMEIOT HApPsAY C HENOJe-
JICHHOM Mapoy 3JEKTPOHOB BaKaHTHbIE OPOUTANU U ABISAIOTCA G-TOHOPAMHU
u m-akuentopamu. K trakum smrangam otnocsat: CO, CN .

Hexoropeie nuranapl, Hapsay C HENOJAEICHHON IapOd JJIEKTPOHOB,
oOpa3yroliel 6-CBsI3b, UMEIOT JIEKTPOHBI, KOTOPhIE MOTYT Y4acTBOBAaTh B
00pa30BaHUU T-CBSA3H, T. €. BJISIOTCS G- U T-TIOHOPAMU 3JIEKTPOHOB.

B 0coOblil k1acc BBIIEISIOT JIUTaHAbl, UMEIOLINE T-2JIEKTPOHHYIO CHC-
TeMy (Hampumep, O€H305, ATWIEH, alleTUJIEH, LUKIONEHTAIUEHWI HOH
(CsHs)).

MouiekyJibl BOABI M T'MAPOKCHI-MOHBI. Boa Kak yHHMBEpCAJIbHBIN
COJIBBEHT CIOCOOHa 00pa30BBIBATH B OJHMUX PACTBOPAX T'MIPOTHUPOBAHHBIC
WOHBI, B IPYTUX PACTBOPUTENSIX — COJbBAaTUPOBaHHbIE MOHBL. IIpm pac-
CMOTPEHHH COJIbBATALIMM MOHOB BBIJEISIIOT IIEPBUYHYIO COJIBBATHYIO (TH.I-
patHyio) cepy. Cunraercs, yTo B 3TOM chepe HaXOAUTCA CTPOTO OMpee-
JIEHHOE YHCJIO MOJIEKYJ PACTBOPUTEIS, KOTOPHIE NMPOYHO YIECPKUBAKOTCA
KOMIUIEKcooOpa3zoBareneM. Takyro KOOpAMHALMIO JIMTAH/IOB HAa3bIBAIOT
KOOPJIMHALIMOHHOM cosbBaTanuen (ruAapoTanueii), WHOTAa HUCHOJIb3YIOT
TEPMUH «OJMXKHS» coyibBaTanus. MoJieKyJibl pacTBOpUTENs (BOMbI), pac-
MOJIOKEHHBIE 32 MpeaeiaMyu OJMKHEN CObBATHOM 000JIOUKH, CO3JAI0T J10-
HOJIHUTENIbHYIO COJIbBAaTHYIO 000JIOUKY.
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Kommnekcoobpa3oBaHre HOHOB METaJljIa C MOJIEKYJIaMU PAaCTBOPUTENS
OTBEYAET NEPBUYHON COJIbBATALIMM, CIIEIOBATEIbHO, COJbBATHPOBAHHBIE
MOHBI METAJIJIOB SIBJISIFOTCS KOMIUIEKCHBIMU COEMHEHUSIMH, B CITy4ae BOIbI —
aKBAKOMILIEKCAMHU.

[TonsipaocTs cBsizu (H-O) B Mosiekysie BOJbI IOBOJIBHO Malia, €€ DJIeK-
Tpruecknii MomenT aumonst w(H-O) pasen 0,534 - 107°° Kit - M, HO i1ek-
TPUUYECKHiT MOMEHT JIMIIONS MOJIEKYJIbI BOMbI cocTapmsieT 6,14 - 10 K - m.
Cuuraercs, yTo cToJib BhicOKOE 3HaueHue W(H,O) oOycnoBieHo BkIagoM
JIBYX HEMOJEJIEHHBIX AJIEKTPOHHBIX Map, 32 CYET KOTOPHIX MOJIEKYJIa BOJIbI
SBIIETCS G-JTOHOPOM.

AKBaKOMIIJIEKCHI B KPUCTAJUIOTUIpATaX UMEIOT T€ )K€ CTPYKTYpHbIE
o0pa3oBaHUs MOH MeTajla — BOJA, YTO U B BOAHBIX pacTBopax. Okpy-
KEHHE MOHOB METAJVIOB MOJIEKYJIaMHU BOJbl B KPUCTAIIIMYECKUX THIpa-
Tax OMpeJeNsieTcsl He CTOJNBKO TPeOOBaHUAMM IJIOTHON YMaKOBKH Yac-
THI] B KPUCTAJJIE, CKOJIBKO OCOOEHHOCTSIMU B3aUMOJIEHCTBUSL HOH — MO-
JEKYJbI BOJBI.

B KOMIIJIEKCHBIX COEAMHEHUSX BOAa ObIBA€T JABYX THIOB: KOOpAHHA-
LIMOHHO CBSI3aHHAsl M KpHUCTAJUIM3allMOHHAsA. B mepBoM ciydae Boja siBIs-
eTCsl TUTaH/JI0M, BO BTOPOM HE MMEET HEMOCPEACTBEHHOM CBSI3U C MOHOM
Metamia. KpucramiuzanuoHHas BoJia 4Yallle BCETO 3aHMMAaeT MYyCTOTHI B
KpucTayummueckon pemerke, Harpumep [Pt(NH;)4]Cl, - H,O.

B kpucramtoruapare Na,SO, - 10H,O a1 nonos Na' xapakTepHo Ko-
OpAMHALIMOHHOE YKCIIo, paBHOE 6. B MeaHoM kymnopoce CuSO, - SH,0 ue-
THIPE MOJIEKYJIBI BOJBI BXOAST B KOOPAMHALMOHHYIO cepy mona Cu’’, a
0JTHa 00pa3yeT BOJOPOIHBIC CBSI3H.

[TpuHIIMTIMATFHO MOJEKYJIBI BOABl U MOoHBI OH MOTyT BBICTYIATh B
PO MOCTHUKOBBIX JIMTAH/A0B, MOJIEKYJIbI BOJIBI — 3@ CUET JABYX HEIO/EIICH-
HBIX Map 3JIEKTPOHOB, a HoHbl OH ™ — 3a cuer nubo NBYX, TMOO Tpex Hemo-
JIEJICHHBIX Map 3J1EKTPOHOB:

O—_
AT
B MocTukoBBIX MOJICKYJAaX BOJAbBI aTOMBI BOAOpPOAA ITOABCPIarOTCA
CUJIBHOMY JJICKTPOCTATHYCCKOMY BJIMAHHUIO MoJICH ABYX ITOJIOKUTCIIbHBIX

+
MOHOB METAJUIOB, YTO IPUBOJUT K OTIIECIJICHUIO NPOTOHA H' M nosBieHnto
BMECTO MOCTHKOBOM MOJIEKYJIbI BOJBI MOCTHKOBOTO HoHAa OH .
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B orTnmume oT ruapokcokommiekcos tuma [Zn(OH),]™, [AI(OH)e]™,
KOMILIEKCHBIE COCJIMHEHMS, B KOTOPHIX MOCTUKOBBIE MOHBI OH  cBsi3bIBa-
IOT JBa WM OoJice MOHOB METaJlla, HA3LIBAIOT 0J08bIMU COCOUHCHUSIMU.
[Iporecc oOpa3oBaHUsl OJOBBIX COCAMHEHUN M3 aKBaCOCAMHEHWN Ha3bIBa-
10T o1auueu.

[Ipu BBICOKHMX 3apsiax MOHOB MeTajjla MOXKET HAOII0aThCs MPOIIECC
OTILIEIUICHUSI MPOTOHA H" or moctukoBsix oo OH . Taxwue MIPOLECCHI
HA3bIBAIOT MPOLIECCAMU OKCOIAUUU:

H

| .

O < n+ /O\ n+
n+ / \ n+ M M
M M

+ Hf

OTmiernyieHne MPOTOHA MOXKET MPOUCXOIUTH OT KOOPAMHUPOBAHHOTO
OHUM KoMIUIeKcooOpaszoBarenem noHa OH ¢ oOpasoBanmem KpaTHOM
CBSI3H, €CJI METaJUT UMEET BHICOKUN TTOJIOKUTEITHHBINA 3apsI;

FsW—OH < H" + FsW=0.

MoctukoBbsie noHsl OH MOTYT mpHCYTCTBOBAaTh B IUMEPHBIX U JIPY-
rux koMmiuiekcax. Hampumep, B coenunenuu [(NH;)sCr—OH—-Cr(NH;)s]Cls
BanentHslir yron Cr—OH—Cr pasen 135°, B terpamepe [(CH3),AuOH],,
KOTOpPBI MMEET CTpOeHHe, ONU3KOEe K IJIOCKOMY, BaJEHTHBIH yroiu
Au-OH-Au - 111°:

H;C CH,
\ Au/ CH
H.C— Au — LIy
3 \ \OH e /
HO OH

OH
HC—Au~  Au—CH,

H,C CH;

Haubonee pacnpocTpaHeHbl THAPOKCOMOCTUKOBBIE KOMIUIEKCHI ¢ KOH-
burypanuei 4eTbIpexXuIeHHOr0 LUK

g
HO —M
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[IpumepoM Apyrux KOMILIEKCOB MOTYT CIIYKUTh CIEAYIOIIHE COEIU-

HEHUS:
[Coy(NH3),,(OH)]*"

Co(NHs3),

/ N\

HO OH

\/

HO— Co—OH

/

(NH;),Co—HO OH—— Co(NH,),
[(CH3)3PtOH]4

HO Pt(CH3)3

|
|

(CH;);Pt : OH
|

i

HO Pt(CHs);

[Sns(OH),J**

[(NH3);Co(OH);Co(NH3);]*"
3+
_—OH~_
(NH;);Co—OH— Co(NH;),
N OH/
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AKBa- ¥ THAPOKCOKOMIUIEKCH 00pa3yloT MPAaKTUUYECKU BCE DJIEMEHTHI
MEPUOJUYECKON CUCTEMBI.

Amunbl. Hannumne HenoaeneHHOM napbl B aMMHaKe U aMUHaX 00yCIIOB-
JIMBAET UX IOHOPHBIE CBOMCTBA. OCHOBHOCTHh AMUHOB B ONPEIEIIEHHON Mepe
SBJISIETCS XapaKTEPUCTUKON CITOCOOHOCTH K 00pa30BaHMIO KOMIUIEKCOB: YeM
OHa BBIIIIE, TEM MPOYHEe aMUHHBINA KoMmIulekc. Benuunna pK, = —1gK, (K, —
KOHCTaHTa JMCCOLMALMKA OCHOBAHUS) ONPENEISIET CHIIy COOTBETCTBYIOLIE-
IO OCHOBAHMUS B pANY:

NH; N(CHs); NH,CH; NH(CH3),
pK, = 4,75 4,20 3,38 3,23

Cuna oCHOBaHMI B IPUBEIECHHOM PSAY BO3PACTaET.
B psiny 3TUiaMuUHOB yCUJIEHHE OCHOBHOCTH HAOJIOAETCA B CIEAYIO-
HIEM MOPSIKE:

NH; NH,C,Hs N(C,Hs); NH(C;Hs),
pK, =475 3,37 3,13 3,07

B apomaTnyeckoM aMHUHE — aHUJIMHE YIOJI MEXKIY IIIOCKOCTAMH, B KO-
TOPBIX PACIOJIOKEHBI OCH30IbHOE saApo U rpymma NH,, cocraBuser 45°.
[Ipu TakoM yrie HeNmoJeNeHHas Iapa JJIEKTPOHOB aTroMa a30Ta OpH-
€HTUPOBaHA B MPOCTPAHCTBE IIOYTH NAPAUIEIBHO T-3JIEKTPOHHOU
CHUCTEME apoOMaTHYeCKOro sifjpa. ITO O00ECIEUUBAET €€ CONPSIKEHUE C
T-CUCTEMOW. B pesyibTrare CONMpsSIKEHUsS HEMOAECICHHOU 3JEKTPOHHOU
nmapbl a30Ta € M-CHUCTEMON OEH30JbHOTO KOJIbl[a OCHOBHOCTh aHUJIMHA
MOHMXKAETCS 10 CPABHEHUIO C aMMHUAKOM M allupaTHIECKUMHU aMUHAMU.
[To yka3aHHOI NPUYMHE AHWIJIMH MOYTH HE BBICTYIAET B POJIM JUTAHIA
B KOMILJIEKCAX:

B rereponuknnueckoM amune — nupuande CsHsN snexktponnas mapa
aToma a30Ta BCTYIIA€T B COIPSDKEHHUE C T-CUCTEMOW IeTePOLUKIMYECKOTO
sapa, HO MOUPUAUH MOXET 00pa3oBbIBATh C KOMILIEKCOOOpa3oBaTeieM
G-ZJOHOPHYIO U T-aKUENTOPHYIO CBSI3U IO CIEAYIOLIEN CXEME:
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oS

CnocoOHOCTh UpUANHA 00pa30BbIBATH JBE CBSI3U C KOMILIEKCOOOpa-
30BaTEIEM HAXOAUT OTPAKEHHUE B IPOUYHBIX MUPUANHOBBIX KOMILJIEKCAX.

B Hacrosiiee BpeMs HE U3BECTHO HU OJHOTO KOMILJIEKCA, B KOTOPOM
ruapasud NH,—NH, (auamun) oOpa3oBbiBan Obl TPEXUJICHHBIA MK, HO
KOMIUIEKCHI, B KOTOPBIX TMJIPa3vuH BBICTYNAET MOCTUKOBBIM JIMTAHIAOM, U3-
BECTHBI:

H H
H \\N—N//H
¥ <
M M

I'mppokcunamun NH,OH B kommiiekcax Bcerja BBICTYHAeT B POJIH
MOHOJEHTAaTHOT'O JIMTaH/AA 3a CYET JOHOPHOI'O aToMa a30Ta, XOTs B THIPO-
KCUJIAMHHE UMEIOTCSI TPU HEMOJAEJICHHBIE TTaphl 3JIEKTPOHOB: JIBE€ HA aTOME
KHMCJIOPOJIA ¥ OJTHA HA aTOME a30Ta:

i
H L]
NG
H

[Ipu oTmIeTUIEHNN OT MOJIEKYJI aMMHAaKa MPOTOHOB 00Pa3yIOTCsS aMU/I-
— 2_
nonsl NH, u umua-monsr NH

N AN
H H

AMUI-MOHBI BXOJAT B COCTaB KOMIUIEKCOB JIMOO KaKk MOHOJCHTATHBIE,

100 KaKk MOCTHKOBBIE NUICHTATHBIC JIMTaHAbl (Hampumep, Na,[Pt(NH,)q]

(rexkcaamunomnatuHat(IV) Hatpus)). [IpumepoM KoMmIuiekca ¢ MOCTHKOBBIM
aMHJI-MOHOM MOKET ¢y uTh coenuHerne [(NH;)sCo—NH,—Co(NH;)s]Cls.
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Nmun-uon NH? Tak *e, Kak 1 ruapokcua-uon OH , umeet Tpu Herno-
JIeJICHHBIE TIaphl AJEKTPOHOB. [103TOMY OH TakXke MOKET BhICTyNaTh B Ka-
YECTBE MOCTHUKOBOTO AWACHTATHOTO WJIM TPUIEHTATHOrO JuraHia. XOTs
KOMIIIEKCHI, B KOTOPBIX HOH NH” ™ sIBIISIeTCS TPHACHTATHBIM JIMTAHIOM, HE
W3BECTHBI.

Oprannuyeckne HUTpWIbI. Opranndeckue HUTpUIbl R—C=N umerot
JIBa JIOHOPHBIX LIEHTPA: HEMOJEJICHHYIO AJIEKTPOHHYIO Mapy aTroMa a3oTa
(RC=N:—M) u TpoilHy1O CBS3b

RC=N

M

3a CYEeT KOTOPOM 00pa3yIoTCsl T-KOMILJICKCHI.

[IposiBneHre TOHOPHOU CHOCOOHOCTH MOJICKYJOW HUTpPUIIA TTOCPEI-
CTBOM TOTO WJIM MHOTO JOHOPHOTO LEHTpa 3aBUCUT OT psga oOCTos-
TeJIbCTB. OJHUM U3 OCHOBHBIX SIBJISIETCS MPUHIUMII MaKCUMAaJIbHOTO IIE-
pekpbiBaHusl opOuTaiei moHopa M akuentopa. CorjacHo JaHHOMY
NPUHLKIY, JOHOPHO-aKIENTOpHAasi CBA3b 00pa3yeTcs ¢ y4yacTHEM TOro
JIOHOPHOT'O IIEHTPa, KOTOPBII 00ecreynBaeT MakCUMyM IEPEKpPbIBAHUS.
BepositHO, B ciiy4yae HUTPWIOB DTOT IIPUHIUI B OCHOBHOM M OIIPEAEIIAET
y4dacTue JOHOPHOIO LIEHTpA.

Jlis GONBIIMHCTBA M3YYEHHBIX KOMIUIEKCOB, 00Opa3oBaHHBIX TOHOP-
HBIM LEHTPOM — HEMNOJEJIEHHOW JJIEKTPOHHOW IMAapoWd aToMa a30oTa, yrodl
Mexy cBsi3siMu M—N—C 6mm30k k 180°.

B nmreparype onmcaHo Malo KOMIUIEKCOB, B KOTOPBIX OPTaHUYECKHE
HUTPWJIBI KOOPAWHUPOBAHBI 10 TPOMHOM CBsA3UM 1o 7w-tuly. [Ipumepom
KOMIUIEKCOB JTAHHOTO TAMIA  MOXET CIIY’KUTb COEAMHEHNE
[Pt(Phs),(NCCF5)]:

c /CF3
Ph3P\Pt s H
Ph,p N

®ochunbl, apcuHbl, cTUOUHBI. Baxxneimmm cBoiicTBOM (hochUHOB,
apCUHOB, CTUOUHOB SIBJISIETCSI UX CIIOCOOHOCThH CTAOMIIU3UPOBATH KOMILIEK-
Chl C HEOOBIYHBIMU CTENIECHSIMU OKHUCJIEHHUS MOHOB MeTaiuioB. Ctabuinza-
L{As1 KOMILJIEKCOB, B KOTOPBIX METAJUI HAXOAUTCS B HYJIEBOU CTEIIEHU OKHUC-
aeHusi, 1y GocHUHOBBIX JIMTAHAOB XapaKTepHa MOYTH B TAaKOW K€ Mepe,
KaK U JUI1 KapOOHUJIbHBIX KOMILJIEKCOB.

®dochurHOBBIE IUTaHIbl CTAOMIU3UPYIOT BBICOKHE CTETIEHU OKHCIICHUS
MeTauioB B komiuiekcax, Harpumep [Ni(PEt;),Brs].
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®dochrHOBBIE (ApPCUHOBBIC, CTUOMHOBBIE) KOMIUIEKCHI IIHUPOKO HC-
MOJIB3YFOTCS B KAUECTBE KaTAIM3aTOPOB Pa3HOOOPa3HBIX PEaKITH.

B otnuumne oT amMuHOB aHanoruuHele ¢GocPuHbl 007a7aI0T TOpa3ao
MEHbIIIEH OCHOBHOCTBIO. JTO CBA3aHO C MEHBIIEH AIEKTPOHHOU MIOTHO-
CThIO BaJICHTHBIX opOuTaniel atoma ocdopa U ero MeHbIIEH DIEKTPO-
OTPULIATEILHOCTHIO IO CPAaBHEHHIO ¢ aToMOM a3zoTa. Kpome Toro, B oT-
auyre oT a3ora, pochop mMmeeT BakaHTHBIE d-opOutanu. I[Ipu obGpaso-
BAHWU KOOPJMHAIIMOHHOW CBSI3M OHU MOTYT NPUHHUMATH JJIEKTPOHBI
C 3aIlOJIHEHHBIX d-opOWTaNieli MOHA MeTamia. TakuMm o0pa3oM, Kpome
o-cBsi3u (ocuHBl MOTYT OOpa30BHIBATH JOTOJHUTEIBHYIO CBSI3b IO
n-tutty. Ha ocHOBaHMHU pacueToB AJIEKTPOHHOW CTPYKTYpPHl KOMIUIEKCA
mpanc-[Pt(PH;)(NH3)Cl,] m-coctaBnstomas cBs3u Pt—P paBHa Bcero
muub 15% ot 6-cocTaBisronien.

[TockonbKy OCHOBHBIE CBOMCTBA ()OC(MHOB BBIPAKEHBI Cl1a00, TO AJIs
BTOPHYHBIX (POCHHHOB CTAHOBATCS 3aMETHBIMH KHUCJIOTHBIE CBOMCTBA!

R,HP <~ R,P  +H".

HNonbl RQP_ MOT'YT BBICTYIIATb B KAQUCCTBC MOCTHUKOBBIX JIMT'AHIOB!

Et,

Et3P\Pd - P\Pd /Cl

cr~ P~ PRt
Et,

Tpuaaxuadochursl. Tpuankundochursr (RO);P — adupst hochopu-
CTOM KUCHOTHI. 3-32 BIUSHUS aTOMOB KUCJIOPOJa 3JIEKTPOHHAS MIIOTHOCTh
Ha arome Qocdopa oka3bIBaeTCs MOHMKEHHOW K OCHOBHBIE CBOWMCTBA HE
nposiBisitorea. Ho goHOpHBIE CBOMCTBA 1O OTHOLIEHHUIO K HOHAM METAJlJIOB
COXpaHSIOTCS B JocTarouHoi creneHu. Kak m B docuHax, y TpUaIKui-
¢dochUTOB B KOMIUIEKCAX YETKO MPOSBISAETCS T-IaTUBHOE B3aUMO/IEICTBHE
METAaJUI — JIUTaH/I, TPUBOAIIEE K yIIPOUHEHUIO KOOPAMHAIMOHHOM CBS3H.

CepoBonopoa, MepkanTanbl, THOI(PUPHI U cYyIbPOKcUabI. B cepo-
Bojopoze, Mepkantanax u tuodpupax (H,S, R-SH, R—S—R) aTom cepni
UMEET JBE HETOACTICHHBIC SJICKTPOHHBIE Taphl. 3a CYET HUX CEPOBOIOPO,
MEpKanTaHbl U THOA(PUPHl MOTYT OBITh KaK MOHOJEHTATHBIMH, TaK U OH-
JIeHTaTHBIMH JuraHgamu. Kommiekcos, B koTopeix H,S — nurann, odeHb
Maigo. B kadecTtBe TOpPUMEPOB  MOXKHO  TPUBECTH  KOMIUIEKCHI
[(CO)sW(H.S)], [Ru(NH;)s(H2S)](BF)..

Tuosupsel, MepkanTaHbl Kak JIUTaHAbl Yallle BCETO BBHICTYNAIOT B POJIU
OMICHTATHBIX MOCTHKOBBIX JINTaH 10B, Harpumep [Pt, {S(C,Hs), },Bry]:
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R,

BI‘\ / S\ / Br
/Pt\ Pt
Br RN Br
R,

B nacrosimee Bpemsi 00JbIIOE BHUMaHHE B KauyeCTBE JIMTAHIOB IPH-
BJIEKAIOT OpraHuyYecKkue cyibpokcuapl. MIHTEpeC kK HUM BO3pOC, Korja
ObUIO YCTaHOBJIEHO, YTO CaMbIM JIETKMH M3 HUX — JUMETHICYJIb(POKCHU]
(AMCO) — sBnsieTcst MCKIIOYUTENBHBIM 10 CBOMCTBAM allpOTOHHBIM OUIIO-
JSIpHBIM pacTBopuTesieM. KpoMe Toro, oka3anock, 4TO TSXKENbIE CyIb(OK-
cubl 001a1al0T EHHBIMU SKCTPAKIIMOHHBIMU CBOMCTBAMM 110 OTHOILIEHUIO
K TSDKEJIBIM U [IBETHBIM MeTaiuiaM. Baknetimreit ocobennocteio [IMCO kak
pacTBOpUTENs SIBIIETCS caadasi coiabBaTallsl aHHOHA COJIM. B anpoToHHBIX
pactBopuTENsX, kKakuM spisgerca U JJMCO, BogopoaHas CBA3b OTCYTCTBY-
eT W, CIeAO0BaTelIbHO, COJbBATAIMsl aHWOHOB CWIIBHO ocnabmisercs. Kax
IPaBUJIO, KaTHOHBI MO CBOMM pa3MepaM ropas3/io MEHbIIE aHWOHOB, YTO
IPUBOJUT K O0Jiee CUIIbHOMY HOH-IUNOJIbHOMY B3aumojaencTeuo JJMCO c
KaTHOHAMHM TI0 CPaBHEHUIO ¢ aHMOHamH. KpomMe TOro, Ha MOH-TUTIOIBHOE
B3aMMOJICWCTBHE HAKJIA/IBIBAETCA KOMILJIEKCOOOpa30BaHUE, KOTOPOE BHO-
CHUT 3HAUNTENbHBIN BKJIAJ B SHEPTUIO COJIbBATALIMU KaTHOHA.

Cas3b cepa — kucsopo B JIMCO 00bIYHO ONUCBIBAETCS TPEMS CTPYK-
TypaMu:

RQS+—O_ RzS:O R, S_EO+

Koopaunanust cyiabdokcuga OKOJIO MOJIOKUTEILHOIO MOHA MeTasuia
aTOMOM KHUCJIOpOJa JOJDKHA OCHIa0NATh CBS3b p;—d;, YTO COIJIACYETCs C
skcriepuMenToM. Koopaunanms JIMCO u npyrux cyiab()OKCHIOB MOXKET
IPOUCXOJIUTH KaK MOCPEJACTBOM aToMa KUCJIOPOJia, TaK U C MOMOIIbIO aTo-
Ma cepbl. [ImaTHOBBIE METAIBI MPEXK]IE BCETO KOOPIAUHUPYIOT CYJIb(OK-
CUJIbI IOCPEJICTBOM aTOMa CEPBHI.

Oxcua yraepoaa (II). KapGoHuiabHbIE KOMIUIEKCH MTPAlOT BaXKHYIO
pOJIb B MIPOMBILUIEHHOM CHHTE3€ Ha ocHOBe yriepojaa (II). B kommiekcax
monekyina CO cBsizZaHa C MOHOM MeETajla G-CBSI3bIO 3a CUET JIOHOPHO-
aKIIENTOPHOIO B3aUMOJICHCTBUSI HEMOJICICHHOW Maphl 3JIEKTPOHOB aToMa
yriiepoja u CBOOOIHOM OpOUTaIN KOMILJIEKCOO0pa30BaTes:

@M@ Tt 2C=0: — @M ~=HC=0:

Kpome toro, oOpa3yercst m-CBs3b 3a CUET JATUBHOTO B3aUMOJEHCTBUSA
3aMOJHEHHON d-OopOUTaNM KOMIUIEKCOOOpa3oBaTeisl € M-pa3phIXJsSioniei
OpOUTaANTBIO OKCHIA YTIIEPOa:
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[Ipu oOpa3oBaHuU T-JATUBHOW CBS3M METAJI — JIMTAHJ IEPEHOC
3JIEKTPOHOB OT METajllIa Ha paspuIxisftomyto opoutans CO nenaer 310T
Jaurasj 0oJiee 3JIEKTPOOTPULATEIbHBIM, B PE3YJIbTATE YETrO MOBBIIIAETCS
G-JJOHOpHAsi CIOCOOHOCTh Yriepojaa, T. €. YBEJIMYUBACTCA MPOYHOCTh
cBs3M yriepoa — MeTtai. C Apyroi CTOpoHsI, epenada 3JIEKTPOHOB OT
yriepoaa K MeTajuly NPUBOAUT K YMEHBUICHHUIO 3JIEKTPOHHOM IUIOTHO-
CTH Ha JHUTaHAe, M, CIeI0BaTeIbHO, OYIyT YBEIWYUBATHCS €r0
T-aKLENTOPHBIE CBOMCTBA.

B Hekotopeix ciaydasx CO MoOKeT BbICTyHaThb B POJIM MOCTHKOBOIO
nuranaa. [Ipumepom koMmIuiekca, B KOTOPOM KapOOHMIIbHAS TpyMIa CBS3bI-
BaeT TPU aTOMa METaJlJIa, SBJISICTCS COSAUHEHUE [Nig(nS-C5H5)3(CO)2]:

O

I'anorenna-uonsbl. {715 raloreHu1-MOHOB XapaKTepHa JIEKTPOHHAS
KOH(pUTypanus, T. €. OHU UMEIOT YEThIPE HEIMOJICJICHHbIC Maphl JIEKTPO-
HOB. [lo3TOMYy OHM MOTYT BBICTYNAaTh B POJIM HE TOJBKO MOHOJIEHTAT-
HBIX, HO W TMOJUJCHTATHBIX JUTaHA0B. B mocnegHem ciyuae oHU OynyT
MOCTHUKOBBIMH.

["ajioreHu1-MOHBI KaK MOCTUKOBBIE JUTaHAbl MOTYT OOpa30BLIBATH
cBO€OOpa3Hble KOMILJIEKCHI KOJIOHYATOTO THMA C Pa3IMYHOM CTEMEHbIO
OKHCIICHHSI LICHTPAIbHBIX aToMoB, Harpumep [Pt (NH;),Br, [Pt (NH;),Bra].
CTpykTypa 3THX COCIMHEHHIM COCTOUT U3 KOJIOHOK, B KOTOPBIX YepeayIOT-
Cs TJTIOCKOKBAJIPATHBIE U OKTa3IPUUYECKHE KOMILJIEKCHI:
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Br NH3 NH3

‘/ b |/ \/ ‘/

Pt Br—pt—Br---Pt---Br—Pt—B
A T

NH; Br NH; Br NH;Br NH; Br

NH,

Takue coenuaeHN 00pa3yeT MIATHHA U TAJUIATUH.
B terpamepe [(CH;);PtCl]y xmopua-uoHbl SABIASIOTCS TPHUACHTAT-
HBIMU:

(CH;);Pt Cl
; /
|
cl L P(CH),
|
1
| G Pt(CH,);
e /
(CHs)sP t7 Cl

Huanua-nonbl. [[uaHuga-wOHBI SBISIOTCS aMOWJICHTATHBIMU JIUTAH-
JlaMU, TaK KaK y aToMma yriepoja U y aroMa a30Ta UMEIOTCS HeIOIeJICHHbIE
napbl 3JIEKTPOHOB; KPOME TOTO, 3T aTOMBI CBA3aHBI MEXIY COOOM TpOu-
HOU CBSI3bI0 (OJTHOW G- M IBYMS T-CBSI3SIMH) M MOTYT KOOPJIWHUPOBATHCS
CIEAYIOIUM 00pa3oM:

M—CN M—NC M—CN—M
M M N
>CN >CN M M<||

[TpeumyiecTBeHHass KOOpAMHALIMS IIUAHU]I-MOHOB IOCPEJICTBOM aTO-
Ma yriepoja sBJISETCS CIEACTBUEM paclpe/esieHusl JIEKTPOHHOH MJIOTHO-
cti. KBaHTOBO-MEXaHMYECKHMMH pacueTaMH IMOKa3aHO, YTO SJEKTPOHHAs
IUIOTHOCTh Ha aTOMe yriepoja B 3 pa3a Oosiblue, yeM Ha atome azota. On-
HAKO JIaBHO JO0KAa3aHO, YTO CYIIECTBYIOT KOMILIEKCHI, B KOTOPBIX LIMAHUJ-
MOHBI KOOPJWHUPOBAHBI KaK MOCPEICTBOM aTOMOB a30Ta, TaK U C TOMO-
IIBIO aTOMa YTJIepo/a.

ApPTyMEHTHI B TIOJIb3Y CYIIIECTBOBAHHSI ABYX U30MEPHBIX (OPM ITUAHU-
1a cepedpa B )KUIKOM aMMHaKe
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OBLIM MOJYYEHbI METOJIOM CIIEKTPOCKOIHUH.
KoMriekebl ¢ MOCTUKOBBIMU LIMAHUAHBIMU JIMTAHAAMH JOBOJIBHO pac-
IPOCTPAHEHBI:

r_ %
R—Au<—N=C— AﬁuR
i

N C
Y |
R—Au—C=N—>Au—R

| |
R R

KoopauHupoBaHHBIN LIHMAHUI-UOH TaK ke, kak u Mojekyiaa CO,
001a/1aeT T-aKIENTOPHBIMHU CBOMCTBaMU. OH MOXET MPUHUMATDH DJICK-
TPOHHYIO TNIOTHOCTh ¢ d-opOuTaiell MeTasia Ha CBOU CBOOOJHBIC pas-
peixastomue opoutanu. OmgHako B oTiauuue oT mMojekyn CO muaHua-
HBIM JIMTAHJ — WOH C 3apsjioM —1, MO3TOMY €ro m-aKUEeNTOPHBIE CBOM-
CTBa IMOHMKCHBI.

Hurpur-non. CB0OOOJHBII HUTPUT-UOH UMEET YIIIOBOE CcTpoeHue. Jlis
HEr0 YCTaHOBJICHBI IIECTh CIIOCOO0B KOOPAUHAIIUHN:

.- 0]
0
MoN M~O/N\) Mo
\O AN O/
I 11 111
0 M
7 N O
M N\\ 0 M N—M
O0—M N NS
~0 O
1\Y Vv VI

Yarre Bcero BCTpeyaroTCs MEepBhIC IBA THIA KoopauHaiuu nona NO, .
KoMmIiekcel, B KOTOPBIX 3TOT JIMTaHJ KOOPAMHUPOBAH IO MEPBOMY THILY,
Ha3bIBAIOTCSI HUTPOKOMILJIEKCAMHM, a TI0 BTOPOMY — HUTPUTOKOMILIEKCAMH.
Croco6 KOOpauHAILIMM JTUTaHA0B B KOMIUIEKCAX, cojepkamux HoHsl NO; |,
ONPEEIISAIOT METOIaMHU CIEKTPOCKOIIHH.
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Kapo6okcuaar-uon. KapbokcunaTHeie 1 0COOEHHO alleTaTHbIE COEIU-
HEHHUSI U3BECTHBI ISl OOJIBIIMHCTBA SJIEMEHTOB MEPUOANYECKON CUCTEMBI.
Bonbiioit nuHTEpEC K ITUM COCTMHEHUSIM 00YCIOBJIEH MUPOKUM HUCTOJIb30-
BaHMEM YKCYCHOM KHCIIOTHI B KauecTBE peareHTa u pactBoputens. Kap-
OOKCHJIaT-UOHBI MOTYT OBITh KOOPJIMHUPOBAHBI B KOMILJIEKCAX CIEAYIOIIUM

obpazom:

O\
R— C\\ M
\\O/

I

//O—>M
R% C\

O—»M
IV

OCHOBHBIM METOJIOM HCCIIEIOBAHUS CTPYKTYPbl KOMILIEKCOB SIBJISIET-
ca UK-cnekrpockonus, xota Ha ocHOBaHUM WK-CIIeKTpoOB TpyAHO CyauTh
0 CTPYKTyp€ KOMIUIEKCA, OAHAKO IO CPAaBHEHMIO C APYTMMH METOAAMU
HK-cnexTpockonusi cHocOOCTBYET BBIOOPY ONMPEIEIEHHBIX CTPYKTYD.



Aekumga 6
KOMIMAEKCHbIE COEAMHEHUNA
C PABHbIMU KOOPAMHALMNMOHHbLIMU
YUNCAAMU

Komnnexcuvle coeOunenusn ¢ KOOpOUHAUUOHHBIM YUCAOM 2 N3BECT-
HbI JJ11 MIOHOB Ag+, Cu’, Au’. OHH UMEIOT JIMHEHHOE CTPOCHUE, KOMILICK-
cooOpa3oBaTelb HAXOAUTCS B COCTOSIHUU Sp-TuOpuauzauuu. Hampumep:
[Cu(NH;),]Cl, K[Ag(CN);,].

Komnnekchvle coeOunenusn ¢ KOOpOUHAUUOHHBIM Yuciom 3 BCTpEYa-
10Tcsl peiko. KoMIuiekCHbIM MOH nMeeT KOHGUTYPAIUIO II0OCKOTO TPEYToJib-
HHKA ¢ Sp -rHOpuaM3aLueii entpansHoro aroma. Hanpumep: K[Cu(CN);].

B mocnenHue rojpl moyiydeH psl KOOPAWUHAIIMOHHBIX COCIMHEHHI
nepexoubix MetauioB Il mepuona ¢ nurangamMm — MOHaAMU reKcaMeTH-
nenpucunnnamuga (CHs);Si—N'=Si(CH3); mmm RN, Komruiekcel
Sc”, Ti, V7, Cr”, Fe” nmeror cocraB [M(NR»);], [M(NR,),PPh;]",
[M(NR,)(PPh3),]*". B HuX, KaK [MOKa3ald HCCICAOBAHMUS, CBSI3H METAT —
JIUTaH]T JIeKAT B OJHOU IJIOCKOCTH.

Komnnexcuwle coedunenusn ¢ KOOpOUHAUUOHHBIM Yuciom 4 noc-
TaTOYHO XOPOIIO U3YUYEHBI U MOTYT UMETh JIUOO TETpa’ApuiecKoe, Jubo
IUTOCKOKBaJIpaTHOE cTpoeHne. KomruiekcooOpa3oBaTellb B TaKUX COEIUHE-
HUSIX HAXOMHMTCS B COCTOSHHH dsp’-ruOpuamsaimu (KBapaT) H Sp -THO-
punuzaiuu (terparap). Hanpumep: [Pt(NH3),Cl;] u Ky[Zn(OH),]:

O )
M
(©)
o O
dsp*-rubpuamsanys Sp -THOPUAH3ALHS

XUMHSI KOMNJIEKCHBIX COCOUHEHUTl ¢ KOOPOUHAUUOHHBIM YUCTIOM 5
B HACTOsIIee BpeMs pa3BUBaeTCs OypHbIMH TemMnamMu. OcobeHHO OoJbIIoe
YHUCJIO TAKUX KOMIUIEKCOB MOJIYYEHO JIJIsI HOHOB Fe+2, Co+2, Ni". Ux reo-
METPUYECKON KOH(UTYypaIueil sBiseTcs TpUrOHaJdbHas OWUMUpaMHIa WU
TeTparoHajgbHas nmupamMuaa. Bo MHOTUX KOMILIEKCaX 3TH I€OMETPUUECKHE
(Gurypsl CUIIbHO UCKa)KEHBI.
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Hawubosnee pacnpocTpaneHbl KOOPIUHAIMOHHBIE COEIMHEHUSI C MOHO-
nerratueivu urangamu (L u X) tama: [ML;X,], [ML4X]", [MLs]*, roe
X — anuonsl, a L — monexkynsl P(CH3); unu P(C¢Hs); (moHOpHBINM aTomM —
hocdop).

Tpunentatupie auranasl (L), Bxomsmme B cOCTaB MOJYYEHHBIX
MATUKOOPJAMHUPOBAHHBIX KOMIUIEKCOB [MLX,], coaepxaT IOHOpHBIE
atombl azota, (ocdopa u cepsl: Ph,P—CH,—CH,—S—CH,—CH,—PPh,,
(CH;),N—CH,—CH,-NH—-CH,—CH,—N(CH3;),.

UsBectHbl kKommiekest Co ™2, Ni™? [MLX]" ¢ TeTpa/ieHTaTHBIMH JINTaH-
JaMU: N(CHZ_CHZ_P(C6H5)2)3 u thP_(CH2)3_S_(CH2)3_S_(CH2)3_PPh2, a
TaKoke Kommiekesl [ML]™ ¢ HeHTaneHTaTHBIMY THTaHIAMH, HATIPHMED:

S
H,C CH,
/CHzf CH,— P(C¢Hs), /CHzis S—C{{z
N— CH,— CH,—P(C¢Hs), CH, CH,
CHzi CH2 o P(C6H5)2 ‘ ‘

C\I_Iz /(jH2
P(CgHs), (CeHs),P
M CH,—CH CH—CH
@CHN/ ? g2 > N—CH M
OH HO j

@opMy HCKa)KEHHOM TETPAaroHaJIbHOM NMUPAMHUABI UMEIOT KOMILIEKCHI
[PAL;Br,], tne muramg L — 1,2-Ouc-(mudenundocdunosran), 1,2-Owuc-
(mupennnapcunostan), 1,2-6uc-(audennnctTuOnHoITan):

Br

Tennmennuss K 0O0pa30BaHUIO TMATUKOOPAMHAIIMOHHBIX COCIMHECHUIN
YBEJIMYHUBAETCS B PsAY JOHOPHBIX aToMoB N — P — As — Sb.

Eme omHuM npumMepoM MSTUKOOPAMHAIIMOHHBIX KOMILJIEKCOB SIBIISIOT-
Csl ITWJICHOBBIE U AlleTUJICHOBBIE KOMIIJICKCHI:
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H;C \C6H5

Kak npaBuiio, B pacTBopax MATUKOOPAHMHAIIMOHHBIE KOMIUIEKCHBIE CO-
enuHeHns Tuna [MLs]"" ¢ MOHOJEHTATHBIMH JIMTaHIAMH UMEIOT CTPOCHHE
TPUTOHATHLHOUW MAPAMHU/TBI.

Komnnekcuvie coeounenus ¢ KOOpOUHAUUOHHBIM YUCIOM 6 XOPOIIIO
W3BECTHBI. [J1aBHBIM 00pa3oM dTO KOMIUIEKCHI C MOHOJICHTATHBIMHU
JuraHaaMu. Takue KOMITIEKCH HMEIOT pa3HOE CTPOCHHE, B TOM YHCIE U B
dopme oxrasmpa. Hampumep: [Fe(CN)6]>", [AI(OH)]>, [Pt(TO)s]*" (TO —
tokcan S(C,H,)O) wmmu [Pt(IDC)4«(TO),]"" (ADC — amdTmicymbduz
(C,H5),S). BozmorkHbIe (hOPMBI TTOTUAAPOB 1711 KOMIUIEKCHBIX COCIMHEHUN
C KOOPJMHAIMOHHBIM YHCJIOM 6: a) TUIOCKUH IIECTUYTOJBHUK; 0) TpHUTro-
HaJIbHAS TIPU3Ma; B) OKTadP:

a 9] 8

Komnnexcuvie coeOunenusn ¢ KOOpOUHAUUOHHBIM YUCAOM 7 BCTpE-
yaroTcs peako. Jid Takux KOMIUIEKCOB BO3MOKHBI CIIEIYIOIINE CTPYKTY-
pBI: a) IIAOYHAs TPUrOHATbHAsS mpu3Ma [TaF;]>; 6) mamodmsrii OKTaBI[p
[MoCly,(CO),{P(CH;),C¢Hs}]; B) menraronansaas 6unupamuga [UO,Fs]’

(menTadTOPUIHBIN KOMILUIEKC YpaHUIIa UO?) :
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a 0 8

B coenuHeHNM CEMHKOOPAMHAIMOHHOIO OKCUXUHOJUHOBOTO (OX)
koMmriiekca ypanmwia H[UO,(Ox);] ogHa MolieKyjia OKCUXHWHOJIMHA KOOP-
JUHUPOBAHA JIMIIb 32 CYET aToMa a30Ta, a aTOM BOJIOPOJia CBSI3aH BOJIO-
POJTHOM CBSI3BIO:
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Komnnexkcuvie coeOunenus ¢ KOOpOUHAUUOHHBIM YUCAOM 8 UMEIOT
JIOCTATOYHO IHPOKOE pacipocTpaHenne. Xapakrepusl pia Y, La®, Ta"™,
M0+4, Mo+5, W+4, W+5, Nb" u ap. s KOMIUIEKCOB ¢ KOOPAWHALIMOHHBIM
YUCJIOM 8 CBOWCTBEHHA BBICOKAs CTENEHb OKHCIICHHS HEHTPAJIBHOI'O aTo-
Ma ® CleAaylolue KOH(pUTypalMu: a) TeTparoHajlbHas aHTUIIPHU3Ma
[TaFs]’; 6) BepTHKANbHO-ABYXIIAIOYHAS TPUTOHAIBHAS IPH3Ma; B) TOPH-
30HTAJIBHO-JIBYXIIIAIIOYHAsl TPUTOHAJIbHAS MPU3Ma; T') TeKcaroHajabHas Ou-
nupamuza; 1) gogexasap [Mo(CN)]*, [W(CN)s]*:

a o 8 2 0

Jlnst 06pa3oBaHUSI KOMHJIEKCHBIX COCOUHEHUIl ¢ KOOPOUHAWUOHHBIM
yucaom 9 uMerOT OOJBIIOE 3HAYEHUE pa3MeEphl MEHTPATHLHOTO aToMa U
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JIOHOPHBIX aTOMOB JUraHjoB. KoMIiekcaM NpUIUCHIBAIOT CTPOEHUE:
a) TOPU3OHTAJILHO-TPEXIIAIOYHOW TPUTOHATBHON MPHU3MBI; 0) MIANOYHON
kBagpaTHoU anTunpusMbl [Nd(H,0)](BrO;);:

a o

Komnnexcuvie coeounenusn ¢ Koopounayuonuovim uuciom 10 u evi-
uie PAKTUYECKU HE U3BECTHBI JJIsI MOHOJICHTATHBIX JINTAHJIOB, a TIOJIUJICH-
TaTHBIC JINTAH]IBl 00Pa3yIoT: a) ABYXIIAMOYHYIO KBAJIPaTHYIO aHTUIIPU3MY;
0) IBYXIIAMTOYHBIN JTOJEKA3IP; B) TOACKAdIP C Pa3IBOCHHOM BEPIIIMHOM:

Takue KOOPpANMHAIIMOHHBIC COCAMHCHNA 9aCTO OTHOCAT K KJIACTCpaM.



Aekuuga 7
XUMUNYECKAA CBA3b
B KOOPAMHAUMNOHHbBIX COEAUHEHUNAX

DJIeKTpOoCcTATHYECKHE TIPeAcTaBjeHusi. B ocHOBe 3iekTpocratuye-
CKHUX IPEACTaBICHUN B TEOPUH XUMUUYECKOUN CBSI3U JIEXKUT CTPEMIICHHUE J0-
HOPHBIX aTOMOB JIUTAHJIOB MMETh 3aBEPUICHHYIO BOCHMHUAJIEKTPOHHYIO
000JI0UKYy 3a CYUeT OTJauyd WIM MPUCOEIUHEHHUs 3JIEKTPOHOB. braronaps
CUJIaM DJIEKTPOCTATUYECKOTO B3aUMOJICHCTBUS MOJIOKUTEIBHBIX U OTpHUIIA-
TEJIbHBIX HOHOB 00Pa3yIOTCsl COSTUHEHHUS.

Pa3BuTre TEOpHM DIEKTPOCTATUYECKUX IMPEJICTABICHUN IPHUBEIO K
BBIBOJIaM, 4TO cucTema [ML;;] Oosiee ycToiunBa, yeM cUCTEMa ML,
rie L — onHozapsaneiil vwoH. [loreHnmanbHas sHeprust cucremsl [MLp ]
MeHbIIIe, ueM cucteMbl M 'L, , cie/ioBaTenbHO, e 00pa3oBaHUe U3 YaCTHI]
ML, u L BBITOIHO SHEPTeTHYECKHU.

Paccmorpum wmon [Agl,] nmHeliHOro crpoeHus. CoriacHO 3aKOHY
Kynona, cuna mputskenuss | K IEHTpaibHOMY aTOMy OIPEIEseTCs
ypaBHernueMm F, = € / r’, rae I — paccTostHME MexXIy HOHOM I ¥ HOHOM
Ag'. Cuna pacTankuBaHHs MeXIy MOHAMHU | XapakTepusyeTcs ypaBHe-
nuem F, = & / 4r2, torma F, = 0,25F,. Jma xomuiekca [AgI3]27
TpeyronbHoro crpoerns F, = 0,58F;. Jlas xommuekca [Agl,]’” kak kBaz-
paTHOTro, TaKk U TeTpa3ipuyeckoro crpoenus F; = F,. C yBeanuenuem 3a-
psana siapa MOH MOXET yJepKUBATh BO3Jie ceOst OOJIbIlIee YUCIIO JIUTaH OB,

[Ipyn HanmMuuu B KOMIUIEKCE HEUTpPAIbHBIX JIMTAHJOB 3JIEKTPOCTA-
TUYECKHE MPEACTABJICHUS CBOJAWIIMCh K PAaCCMOTPEHHUIO B3aUMOJICH-
CTBUH OTPHUIATEIBHBIX MOJIOCOB JHUIOJEH MOJIEKYJ C ILEHTPaJlbHBIM
aTOMOM.

MeToa BajJleHTHBIX cBfizeil. B 3TOM MeToae XHUMHUYECKas CBSI3b
paccMaTtpuBaeTCs Kak pe3yiabTaT o00pa3oBaHUs DICKTPOHHON TMaphl.
OOmiast »JeKTpOHHAs TMapa MOXET ObITh 0Opa3oBaHa IO CIHH-
BasieHTHOMY (H:- + ‘H) wim nmo AOHOPHO-aKUENTOPHOMY MEXAHHU3MY
(:NH; + BF; — H3NBF; + 171 x/x).

B oOpa3zoBaHnM KOMIUIEKCHBIX COCIWHEHUN JTOHOPHO-aKIECTITOPHBIN
MeXaHU3M O0pa3OBaHUs CBS3M UTPAET BaXXKHYIO poib. B Komruiekcax, kak
MPaBUJIO, aKLEITOPOM BBICTYNAIOT UOHBI METAJIOB, UMEIOIINE BaKaHTHBIC
opOuTaly, YTO XapaKTEepPHO JJI MOHOB MEPEXOJHBIX METAUIOB 3a CUET Ha-
anuns d-opOuTaet.
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CornacHo metrony BaneHTHBIX cBsizeil (BC), oOpazoBaHue KOMILIEKC-
HBIX COEJMHEHUN OCYIIECTBIISIETCS 32 CYET JOHOPHO-AaKIENTOPHOIO B3au-
MOJICHCTBUSL MEXKAYy KOMIUIEKCOOOpa3zoBaTelieM W JuraHiamu. BHemrHss
KOOpAMHALIMOHHAs cdepa yIep:KUBAaeTCs BO3J€ BHYTPEHHEU cdepbl KOM-
IUJIEKCHOTO COEIMHEHHUS CUJIaMU 3JIEKTPOCTATUYECKOr0 B3aMMOACHCTBUS, a
BO3ZHMKAIOIAS CBSI3b 10 XapaKTepy NPUOIHKAETCS K MOHHOU CBS3H.

KomrmtekcooopazoBatens (M) uMeeT CBOOOJHBIC OpOMTATN M SIBIISICTCS
aKIETITOPOM HEMOJENICHHBIX IEKTPOHHBIX Map JMUraHI0B — TOHOpOB (:L), ko-
TOPBIMU MOTYT OBITh KaK HEUTpaJIbHbIE MOJIEKYJIbI, TaK M HOHBL. OOpa3oBaHue
KOMIUIEKCHOTO HOHA MOXKET OBITh OTpakeHo cxeMoi: M™" + x(:L) = [M(:L),]""
i M" + x(:L"™) = [M(L),]"™. TIpn 3ToM BO3HHKAIOT G-CBSI3H, B KOTOPBIX
MOT'YT Y4acTBOBATb 71S-, np-, nd- 1 (n — 1)d-opOuTanu KOMIIEKCOOOpa3oBaTes.

[IpoyHOCTH CBSI3U 3aBHCHUT OT CTETNEHH MEpPEKPBhIBaHMs OpOUTameil.
MaxkcuManbHOe NepeKpbiBaHue OpOUTalIell BOZMOKHO B HallpaBJIeHUH 00pa-
30BaHus CBs3H. [IpOYHOCTPH CBSA3M 3aBUCUT TAK)KE OT OTHOCHUTEIBHOM 3HEp-
MU YPOBHEH B3aUMOCHCTBYIOIIUX OPOUTAJICH METaILT — JIUTaH/, €CITU pas-
HUL]Aa MEXAYy SHEPrusiMU ypOBHEH BENUKa, TO JAXK€ MPU OTHOCUTENILHO
OOJIBLION CTETIEHH MEePEKPhIBaHUS OpOHUTAICH CBA3b MOXKET OBITH CIIa0O0H.

Meton BC npu paccMOTpEeHHHM CTPOCHHUSI KOMILJIEKCOB HCIOJIb3YET
IpeACTaBlIeHUs 0 THOpUAN3aLUU OpOUTaIel KOMIUIEKCOOOpa3oBaTessl.

BonHoBbie ¢yHKIMM \y; THOPUIHBIX OpOHTanIEi MaTeMaTHYeCKU
BBIUMCIISIIOTCS.  CJIO)KEHHEM BOJIHOBBIX (YHKIUH Y BCEX MCXOJHBIX
ATOMHBIX opOuTaseil. Hampumep, B ciaydae sp’-rHOpPUAN3ALHN BOTHOBBIC
GYHKIMH y THOPHUIHBIX OpOHUTANIel pacCUUTHIBAIOTCS IO (hopmyIie

Vi = Wy + W, + GV, + GV,
rnei=1, 2,3, 4.
KoaddummenTsr cy;, ¢y, €31, C4; TOAOUPAIOT C TAKAM PACUECTOM, YTOOBI

BCE YEThIPE BOJTHOBBIC QYHKLIMU 1, Yy, W3 U Y4 MOTYUUIIUCH OJJUHAKOBDI-
MU (32 MCKJIIOYEHHEM HamlpaBlIeHHOCTH). B paccmarpuBaemMoMm mpumepe
MaTEMaTUYECKHUE BHIPAXKEHHSI COOTBETCTBYIOMUX (QYHKIIUMA CIEAYIOIINE:

1 1 | |

V=5 Vs +§\lfpx +§Wpy +§sza
1 1 1 1

Vs ZE\VS +§\Vpx +E\pry +5szﬂ
1 1 1 1

V3 ZE\VS +§pr +§\pr +§\sz:

1 1 1 1
‘*|j4 ZEWS +§\ijx +§\|jpy +§‘“|ij'
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B npyrux ciaydasx ruOpuam3aniiyd pacueT BOJHOBBIX (DYHKITUH BeACT-
Cs TI0 ATOMY K€ TPHHIHMY. 3Ha4YCHUS KOIPPUIUEHTOB Cy;, Cajy C3ip C4i M
APYrUX GyIyT, KOHEUHO, HHBIMH, YeM IIPU Sp -THOPUIU3ALIHH.

Pacuetsl mo merony BC cioxHBI qaxke sl TPOCTEHITNX MOJEKY,
OJIHAKO Ka4yeCTBEHHBIC OICHKH, MOJydaeMble Ha €ro OCHOBE, HIUPOKO
npuMenstorcsi. Meroq BC BBOAUT W HIMPOKO HCMOJB3yeT KOHIIEI-
U0 THOpUAM3AIMU aTOMHBIX OopOuTaneld. ITa KOHIENIUA TO3BOISET
IPOCTHIM CIIOCOOOM HHTEPIPETUPOBATH CTPYKTYPHI MOJIEKYJT U KOM-
MIJIEKCOB.

Tun ruGpuanzanuu opOuTaneil MEHTPaIbLHOTO aToMa IMpu oOpa3oBa-
HUW KOMILUTEKCOB OIPEACIISIET NX Te€OMETPUUSCKYIO KOH(pUTrypanuro. B tad-
JUIE TPUBEACHBI TUIBI TUOPHIHBIX opOuTanell u oOyCIOBICEHHBIE HMH
IPOCTPAHCTBEHHBIE KOH(PUTYPAIIUN COCTMHCHHI.

Tun rudpuausanum opouTaJieil HEHTPAJIBLHOI0 ATOMA
U MIPOCTPAHCTBEHHbIE KOH(UTYPAIIUMN COeTUHEHUM

Tun Mmonekyisl Tun Korduryparms TTpnvepsi
WJIM HOHA TUOpUAM3AIIH

MX, sp Jluneiinas [Ag(CN),]

MX; sp2 TpeyronbHas [Cu(CN); 1>

MX, sp’ Tetpasnpuueckas [HgL]*
dsp2 [TnockokBaapaTHas [Pt(NH;)s]*

MX, sp’d, dsp’ TpuronansHOOUTMpPAMUIATHHAS [Fe(CO)s]
alzsp2 TerparoHanbHONMpPaMKUIAIbHAS IFs

MXe sp’d®, d’sp’ OxkTtasipudeckas [Fe(CN)6]*

PaccmoTpuM cTpoeHHE M T€OMETPHYECKYI0 (POpMY KOMIIIEKCOB, B
KOTOPBIX KOMILIEKCOOOpa3oBaTelb MMEET CBOOOIHBIE BHEIIHHUE IIOJ-
ypOBHU: 1S, np, nd. K HUM, B 4aCTHOCTH, OTHOCSTCA KOMILIEKCHI 3Jie-
menToB II B rpymmsr (Zn®", Cd*', Hg”"), a taxxe 1 B rpynmsr (Cu’, Ag”,
Au’) ¥ KOMIIIEKCHI 3JIeMEHTOB Apyrux rpymim, Hanpumep [Hg(CN)* u
[A(OH)e]".

Tak, B cBoGomHOM moHe Hg®' pacmpenesneHne 31eKTPOHOB Clie-
ayrolee:

Hg...5d"° [1L]1L[1L[1L[1l]  6s° 6p’

B xommiekce non Hg® ™ o6pasyer gersipe o-cBsi3u ¢ nonamu CN
[Hg(CN)."...5d" |11 [1L[ 14| TL[TL] 6s L] 6p [L]L|L
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Jlurauner (L) — wmonst CN  — noHupyloT Ha Os-opOuTanb U TpH
6p-opOuTaI CBOM HEMOJEICHHBIE JJIEKTPOHHBIE Maphbl, YTO OINpPEACIISIET
sp3-rn6pnnn3aumo opOutanei Hg2+ U TETPAdAPUUECKOE CTPOCHUE KOM-
miekcroro nona [Hg(CN),]*

DneKTpoHHOE cTpoeHne Hona Al’" ciemyromee:
Al"...35° 3p° 3d

B xommiekce non Al o6pasyer mects 6-cBsizeit ¢ monamu OH
[AI(OH)s]>...3s [L| 3p |L|L|L| 3d |[L|L

Jlurauger (L) — wonmsl OH — poHMpyrOT Ha 3s-opOutanb, TpHU
3p-opburtanu u nBe 3d-opOUTall CBOM HETIOICIICHHBIC YJIEKTPOHHBIC MapPHI,
4TO OmpeneNsier sp d -rubpuamsanmio opbutateii AI’T u oxtasgpuueckoe
cTpoenue koMiuiekcHoro nona [Al(OH)e]

KomMrinekesl 0HON U TOM e TE€OMETPUYECKON KOH(GUTYpallud MOTYT
00pa3oBBIBATHCS THOPUIHBIME OPOUTAISIMU C YYAaCTHEM BHYTPEHHUX WITU
BHELIHUX d-opbutaneii, Hanpumep sp°d- win dsp’, sp°d umu dsp’. Kom-
IUICKCHI, 00pa30BaHHBIC THOPUIHBIMU OPOUTAIIMH C y9acTHEM BHYTPEH-
HUX d-opOuTanel, Ha3bIBAIOTCS GHYMPUOPOUMATbHLIMU, A& C Y4aCTHEM
BHEIIHUX d-opOutaniel — eHewHeopoumanvuvimuy. Hampumep, BHYTpUOD-
outansHbi Kommieke [CrClg]’

Crr.3d |11 4s" 4p°

[CrCle]...3¢°| 1 |1 |1 |L|L| 4s |L| 4p |L|L|L
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Jluranget (L) — nonsr CI .

Tun rubpuamsaimn — d-sp>. OKTasIpUYecKHil KOMILIEKC.

[IpumepoM BHEUIHEOPOUTATBHOTO KOMILIEKCA MOXKET CIIYXUTh KOM-
mekc [FeFg]

Fe*"..3d8° |11 1111 14s°]  [4p° 4’

[FeFe]..3@° | 1 | 1|11 |1 |4s|L|4p/L|L|L|4d|L|L

Jluranne! (L) — nonst F .

Tun rubpuamsamu — sp d”. OKTas IPUYeCKHil KOMILICKC.

Hekoropbie KOMIUIIEKCH MOTYT OBITh 00pa30BaHbl JUTAHIAMU, JOHOP-
HBI aTOM KOTOPBIX MMEET B BaJEHTHOW 00OJIOYKE AIEKTPOHHYIO Tapy U
BaKaHTHbIE d-OpOUTANIN, TIOATOMY OH MOXKET OJJHOBPEMEHHO OBITh U JOHO-
poMm u akuentopoMm. Hampumep, B mosekyne dochuna atom ochopa, Ha-
pAoy C HENOJENEHHON >3JEeKTPOHHOM Mapoil, mMeeT BakaHTHbIE 3d-0p-
6uramu (P...35*3p°3d"). Ecin MeTaln B KOMIUIEKCE HMEET BAKaHTHYIO
d(x2-,2)-OpOUTAIL M 3aNOJHEHHYIO d,-OpOUTaNb, TO MEXIYy METAUIOM M
dbochopom, KpoMe TOHOPHO-AKLIENTOPHON G-CBsI3u (hocdop (HoHOP) — Me-
Ta/l (aKIenTop), MOXKET 0Opa30BBIBATHCS BTOpasi JTOHOPHO-aKLENTOPHAs
T-CBs3b MeTaill (oHop) — dhocdop (akuenTop). Takyro TBOWHYIO JOHOPHO-
aKIETITOPHYIO CBA3b YACTO HA3BIBAIOT 0OPAMHOU 0AMUBHOU T-CE53b10, WIH
T-0amuBHOll C653b10. ATOM MeTallla SBISETCS T-TOHOPOM, a aToM (ocdo-
pa — T-aKUIENTOPOM:

P <> M

JlaTuBHBIE CBSI3M MOTYT 0Opa3OBBIBATLCSA U 3a cueT p-opoutaneit. On-
HAKO d-opOuTaIM BCIEACTBUE OJIArONMPUSITHONW MPOCTPAHCTBEHHOM HaIpaB-
JICHHOCTH 00€CTIeUMBAIOT JIydlllee MepeKpbhIBaHHe OpOUTaeil u, cienoBa-
TeIhHO, 00pa3oBaHue 00JIee MPOYHBIX CBSI3CH.

B xoopauHAIMOHHBIX COSAMHEHUSX KPOME G- U T-CBSI3€H BCTpEUaAETCS
U 0-CBsI3b. JTa CBsI3b UPE3BBIYAWHO XapaKTepHA NJIsi KOOPAMHAITMOHHBIX
COCTMHECHHH CO CBS3SIMHU METaJT — METAJL.
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KoHuenuusi oTTajlKMBaHUA JJIEKTPOHHBIX Nap BaJIEHTHOW 000-
Jouku. PaccMoTpeHHas Teopusi THOPUAN3ALMN OpOUTAIECH LIEHTPATBHOTO
aToma IOJIE3HA MPHU KaYE€CTBEHHOM OINMCAaHMM JIOKATU30BAHHOTO XapakTepa
XUMHUYECKON CBSI3M BO MHOTMX COEOUHEHHUSIX, UX HAIPABJICHHOCTH B IPO-
ctpanctBe. OgHaKo rudpuIU3alKs aTOMHBIX OpOUTaIeil He eJMHCTBEHHbIN
dbakTop, onpeACIAIOMUA reoMeTpuueckyo Gopmy Mosekyia. Kpome amek-
TPOHHOW COCTABJISIFOILLEH B ITOJIHYIO SHEPTUIO MOJIEKYJIbl, MUHUYM KOTOPOU
COOTBETCTBYET PAaBHOBECHOW T'€OMETPUYECKON KOH(DUTYpalMK, BXOIUT
DHEPTHUS MEXbBSIICPHOTO B3aUMOJICHCTBHUSA, M €€ BKJIA] MOXKET OBITh TIPE00-
JaJar0IIHM.

P. I'mnnecnin n P. HalixoiMm NpemIoXKuiIn KOHLENIUIO PAaCTAIKUBA-
HUSI JICKTPOHHBIX TMap BAJICHTHOM 00OJOYKM aTOMOB. XOTS 3Ta TEOpUs
TaK)K€ HE YUUTHIBAET MEXbSAJACPHBIE B3aUMOJICUCTBUS, OHA TIOJIE3HA MPHU
OOBSICHEHUU W TIPEJICKa3aHUU TE€OMETPUYECKON CTPYKTYpHI psija MoJie-
KyJl. DTy TEOpHIO JIETKO MOHATh HA mpumepax ctpoeHus mojuekyn BeCl,
u SnCl,. Monekyna BeCl, (ra3) B cuny sp-ruOpuan3anuu UMeeT JIMHEen-
HO€ CTPOCHHUE C BAJICHTHBIM YoM Mexay cBs3simu 180°. ATom osioBa B
BAJICHTHOM cJioe MoJieKyJbl SnCl, UMeeT Tpu 3JIeKTPOHHBIE Mapbl, U3 KO-
TOPBIX XUMUYECKYIO CBSI3b OCYILIECTBIISIIOT TOJBKO JABE, a TPEThS SIBJISICT-
csa HemojenaeHHOW. BceieacTtBue Oonblero pacTaJKMBaHUS HETOCIICH-
HOU Mapbl CO CBSI3€BBIMU OPOUTAISIMU IO CPABHEHHIO C PACTAIIKUBAaHUEM
CBSI3EBBIX OpOUTanIeld MeXJIy CcOOOW Yrojll MEXIy CBSI3IMU HECKOJIBKO
MeHb1ie 120°:
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PaccmoTpum BiMsiHUE HETOJENEHHBIX 2JIEKTPOHHBIX Map Ha CTPOCHUE
MOJIEKYJ, MOHOB. B cirydae rubpuamnzanuu opOuTaneid eHTpaaIbHOTO aTo-
Ma, ONpEeAeNsoIed UX HalpaBiIeHHOCTh K BEpIIMHAM TPUTOHAJILHON Ou-
nupamMuibl M OKTad[pa, BO3MOXHBI CJIEAYIOIIUE BapUAHTHI CTPOCHUS:
a) [Fe(CO)s] — tpuronansnas Ounupamunaa; 0) TeCly — Ouchenounn;
B) CIF; — T-xondurypanus; 1) ICl, — nuHeliHas MoJiekya:

Bepumnbl TpuroHaiabHOM OunMpamMubpl HE HSKBUBAJIECHTHBL. DKBATOpH-
aJIbHBIE TIOJI0XKEHUS B HEHM OTJIMYAOTCsI OOJIBIIUM MTPOCTOPOM (OOJIbLIeH cTe-
NEeHbI0 CBOOOIBI), yeM akcuanbHble. [loaToMy Oonee 0ObeMHbIE THOPUIHbIE
HETIO/IeIEHHBIE Mapbl OYIyT 3aHUMATh SKBATOPUATIEHYIO TNIOCKOCTb.

Jlisa okTasapa BO3MOXKHBI CIEAYIOUINE BapHAHTHI PACIOJIOKEHUS Op-
ouraneii: a) PFg — okrasap; 0) IFs — Terparonansnas nupamuna; B) ICly —
KBaJlpar:

B cnydae 3anoJIHEHHBIX BEpPLIMH OKTaj’[pa BCE CBS3M PABHOLICHHBI.
Ecnn y neHTpambHOrO aroMa INpPU OKTadAPUYECKOW HAIpPaBICHHOCTHU
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TUOpUIHBIX OpOUTaNel MOSBISAETCA OJHA HECBS3bIBAIOIIAs OpOUTANb, TO
BTOpasi HECBSI3bIBAIOIIAS OPOUTANTh B CHJIY PACTAIKHUBAHUS M CTPEMIICHHS
CUCTEMBI K CHMMETPHH JIOJDKHA 3aHATHh aKCHAIBHOE TOJIOKEHHUE, YTO TPH-
BOAUT K 00pa30BaHUIO KBAJIPATHOU CTPYKTYPHI.

Konnenuuys oOTTaJIKUBaHUSI D3JEKTPOHHBIX Tap BaJEHTHOM O00O0JIOUKH
pUMEHUMA U JUIsl PACCMOTPEHUS CTPOCHUSI KOOPIUHAIIMOHHBIX COSAMHEHUHN
MEPEXOAHBIX METAILIOB. Y 3TOr0 TUIIA COCAUHEHUN BAXKHEUILIEW 4EpTOM SIB-
JSIETCS. HAJIMYKE AJIEKTPOHOB Y IIEHTPAIILHOTO aToMa Ha d-OpOUTaNIAX, KOTO-
pbIe MOTYT B3aMMOJICHCTBOBATH C HEIOICTICHHBIMU JIEKTPOHHBIMH ITapaMH U
CBsI3eBbIMH opOuTansimu. Eciu d-anekTpoHHas 000J09Ka KOMITIEKCO00pa3o-
Baress cepruuecku cummerpuuna (d, &, d°, d'°), ona He OKa3bIBACT BIMSHHS
Ha PACTOJI0KEHHUE CBA3BIBAIOIINX AJIEKTPOHHBIX IMap BHEITHEH 000104KH. To-
rla TEOMETPUYECKOe CTpoeHue OyJIeT OTBeYaTh JIMHEHHOMY CTPOCHHIO
[Ag(NH;3),]" (Ag'...4d"), terpasapuueckomy crpoennio [ZnCly]*
(Zn*"...3d"), oxrasapuueckomy crpoennto [FeFq]’ (Fe’"...3d").

Ecim Ha d-0601104Ke 371eKTpOHOB Mano (d', d°, d°), mbo oHa Mao oT-
JIMYaeTCs OT cUMMeTpHuHOi (d', d°), To B3aMMOJIEHCTBHE ee ¢ IIEKTPOHa-
MU, 00pa3yIoLUMMHU CBA3H, cunTaercs ciaadbbiM. Kondurypanus Moiaexybl,
noHa OyJIeT JUIIb ClIeTKa UCKaKeHa M3-3a OTCYTCTBUS y d-000709KHU cde-
pudeckoit cummerpun. OJHAKO, €CIHM AJIEKTPOHHAsT KOH(UTyparus IeH-
TPAIBHOTO aTOMA COIEPXKHUT d , d° U d’ DIEKTPOHOB, TO d-060I0UKA CHIBHO
B3aMMOJICUCTBYET CO CBS3BIBAIOIIMMU DJICKTPOHHBIMU MMapaMHU, YTO CKa3bl-
BaeTCs Ha X PACIIONIOKEHUHU B IpocTpaHcTBe. CUUTAETCS, YTO B ATOM CIIy-
yae d-000709Kka TPUOTU3UTEIIEHO UMeeT (POPMY BBITSIHYTOTO WMIIH CILITIOC-
HYTOTO JJUTATICOU/IA.

B xommiexcax [PACl,]> u [NiCly]* ¢ amexrpoHHOi kKoH(HTypameii
nonoB Pd*" u Ni** (nd®) mabmomaercs peskoe pasiuume B CTPOCHHH:
[PACL,]* — muockokBampatHbii kommieke, a [NiCl]” — Terpasapudeckuii
KOMIDIEKC. [IepBbIii KOMILIEKC — TMaMarHUTHBIN (a’2 o dzyz, &, d, doxz,yz), 2J1-
JIMIICOUIHAsE d-000JI0YKa BBITSHYTA BIOJIb OCH Z, I MUHUMAJILHOE B3aUMO/ICH-
CTBHE C HEll CBS3BIBAIOLINX AJIEKTPOHOB OYAET MPOUCXOIUTh, €CIH JIMTAHIbI
(Cl') obpasyroT cBs3M B ILIOCKOCTH X) (OpOuTab dOXLyz). I'eomerpuieckoe
CTpOEHHUE KOMILIEKCa [PdCl4]2_ OMPEJICNIACTCS CHIBHBIM B3aUMOJICHCTBUEM
AIIEKTPOHHBIX AP CBS3EH C BHITSIHYTOM IUTUIICOUTATBHON d-000JI0UKOM.

B mapamMarHUTHOM HHKEJIEBOM KOMILIEKCE, BO3MOKHO, CYIIECTBEH-
HYIO POJIb UTPACT HAJTUYNE HECIIAPEHHBIX AJIEKTPOHOB, d-000J0UYKa 3aroJ-
HEHa 3JeKTpoHaMu Oosee paBHOMEpHO. B 3TOM ciydae reomeTrpuyeckas
KoH(pUTypanusi 00yCIOBJICHA YK€ HE B3aUMOJICHCTBUEM DJICKTPOHHBIX Tap
JUTra"aa ¢ opOuTanblo d-000704YKH, a 0oJiee CHIBHBIM pacTaJKUBaHUEM
YETBIPEX CBA3BIBAIONINX TApP JEKTPOHOB H SBISICTCS TETPAdAPUISCKOM.
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Aekumsa 8
XUMUYECKAA CBA3b.
TEOPUA KPUCTAAAMNYHECKOTI O INOAA

Jlnst oObsICHEHUSI CTPOEHUS KOMILIEKCOB d-3JIEMEHTOB, Y KOTOPBIX
uMeeTcsl HezaBeplleHHbIN (n — 1)d-nonypoBensb, ucnonb3yor meron BC,
JOTIOJIHEHHBIM TEOPUEN KPUCTAIUIMYECKOro nons. Teopus Kpucmaniuue-
CK020 noJA pacCMaTpPUBACT B3aMMOJCHCTBHE KOMILIEKCOOOpa3oBaTelns U
JIMTaHJIOB KaK AJIeKTpocTratnyeckoe. IIpu 3ToM ydnThIBaeTCs BIHSHUE JIN-
TaH/I0B Ha HHEPreTHUECKOE COCTOSHHUE JJIEKTPOHOB d-MOIYyPOBHS KOM-
ieKcooOpa3zoBarersi.

B cBo6ogHOM aToMe MM MOHE PHEPrus BceX NATH d-opOurtanei
OJIMHAKOBA, T. €. d-MOAYPOBEHb IMATUKPATHO BBIPOXKJEH. JIuranasl kak
TOYEYHBIE OTPULATEIbHBIE 3apsAbl B3aUMOJECHCTBYIOT C LEHTPAIbHBIM
MOHOM, MPUTATUBASACH K €r0 SIAPY U OTTAJIKUBASCh OT €ro 3JIEKTPOHHBIX
opbutaneit. Takoit 3pdhexT oTTaNKUBaHUS BO30YXKIAMOIIE ACHCTBYET HA
d-opOuTanu KomIIeKcooOpa3oBaTeis, U3MEHssI UX dHepruto. biamxaii-
e K JMraHgaM opOWUTalM HUCHBITHIBAIOT OoJiblee OTTAJIKUBAHHUE H,
cJeoBaTeNbHO, 0oJiee CHIIbHOE BO30YKJAEHHUE, UX DHEPTHUsl MOBBIIIACT-
cs. YaneHHble OpOUTAIM UCIIBITHIBAIOT MEHbIIIEE OTTAJKMBAHUE, U TIO-
3TOMY UM COOTBETCTBYET MEHBIIIEE 3HAUYECHUE DHEPTHMU.

Takum oOpazom, moj AEUCTBUEM 3JIEKTPOCTATUUYECKOTO WM KpH-
CTAJUIMYECKOTO TOJISl JINTAaHJOB paHee €IUHBIM, MATUKPATHO BBIPOXK-
JICHHBIA HPHEPreTUYECKUN ypOBEHb d-opOuTaneil pacuieruisieTcss Ha He-
CKOJIBKO YPOBHEW SHEPTHUM.

Paccmotpum pacuierienne d-nogypoBHs KOMIUIEKCOOOpa3oBaTess B
OKTa’ApPUYECKOM M TETPadPUUECKOM PACIOJIOKEHUH (TOJIE) JIMIaH0B.
B okrasapuyeckux komiuiekcax (KU = 6) Oosblliee OTTaNIKUBAIOINIEE JIEH-

CTBHME CO CTOPOHBI JIMTAHIOB UCIBITBIBAIOT d(,2_,2- U d,2-opOurtanu pac-

TIOJIO’KEHHBIC TI0 OCSIM KOOPJMHAT M HETOCPEJICTBEHHO HalpaBlieHHbIC HA
JUTaH/BI B yIiax okTayapa (puc. 8.1).

DNEKTPOHBI, 3aHUMAIOIIUE OTH OpOUTaIU (MX 0003HAYAIOT d,), IMEIOT
Oouspnryro Hepruto. Opouramu d,,, d.., d,., HAOOOPOT, HANIPABIIEHBI B IIPO-
CTpPaHCTBE MEXIY JMTaHJIaMH, 9TO CHIIKAET OTTAJIKHUBAIOINIEE BO3JCHCT-
BHE JINTAH]IOB.
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a 7] 8

Puc. 8.1. Opburamu d,>_2(a); d2(0); d.-(8)
B OKTa3APUYCCKOM II0JIC JIMTaHI0B

Pacmennenue d—HOI[ypOBHSI B OKTa3ApUICCKOM I10JIC JIUTAHJOB!

d do_p
E a = A . (dY)

d -

\ dxy v dxz dyz (dS)

DNEeKTPOHBI, HAXOJANIUECS HAa ITHX OpOMTAIsIX (WX 00o3HAYAKOT d),
o0nagaroT MeHblIeld sHeprue. B pesynbrare pacuiemyieHus 3HEpPrus

d2_,2)- ¥ d.2-opOuTaliell CTAHOBUTCS BBILIE, & dyy-, dy.-, d,-OpOUTAsIeii —

HWKE IO CPAaBHEHMIO C TEM BBIPOKIEHHBIM COCTOSIHHEM, KOTOPOE OHH
uMenH Obl B c(hepruiyecKoM T0JI€ JIUTaH I0B.

OHepreTudecKas pasHoOCTh d,- U dg-ypOBHEH HAa3bIBACTCSA DHEPrUEH
pacmieruiennst © o6o3HauaeTcs A (Ayr YKa3bIBaeT Ha XapakTep MOJs JIH-
raijioB). PasHuna sHepruii BepXHEro M HUXKHETO COCTOSHUU Ay, WIH
10Dg, Ha3biBaeTCS napamempom pacujeniieHus. JHEPTUul paclleTICHHbIX
d-AO (aToMHBIX OpOHWTaNCH) TaKOBBI, YTO B CyMME OHH JIalOT CPEIHIO0
sHepruio AO B THIOTETHYECKOM C(PepuyecKoM TMoJie, MPUHATYIO 32 HYJIb
(Touky orcuera). TakuM 00pa3oM, IBaKIbl BBIPOKACHHBIE d,~OpOHUTAIIN

3
MOBBIIIAKOT CBOK) SHEPTHUIO HA BEJIUYUHY EA’ nnu 6Dq, a TpUXKAbI BBIPOXK-

2
NEHHBIE d:-OpOUTAIH MOHMUXKAIOT SHEPTUIO HA 3 A, wiu 4Dgq.
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[TapameTp pacuierienust A ABisi€TCS KOJWYECTBEHHON XapaKTEPUCTHU-
KOW pacUICIUICHUSI U 3aBUCHUT OT CHUMMETPUM KOMIUIEKCA, MPUPOIbI LEH-
TPaJbHOrO aTOMa W MPUPOJIBI JINTAHAOB. 3HAY€HUE A JJIsi HOHOB MeETAaJl-
JIOB, UMEIOIIMX pazinuunbie d-AQO, yBenuuupaetcs no psay (HMeprencen) B
CHEAYIOUIEM MOPSIAKE:

Mn (II) < Co (II) <Ni (II) <V (II) < Fe (II1) < Cr (IIT) < Co (III) <
<Mn (IV) < Mo (IIT) < Rh (III) < Ir (IIT) < Re (IV) < Pt (IV)

[Tpu mepexoqie oT KOMIUIEKCOB MeTallioB 3d K 4d u 5d mapameTp pac-
HierieHus: A pu OJMHAKOBBIX JuraHjax Bo3pacraeT Ha 30-80%. B Heko-
TOPOW CTEMEHU ATO OMPEACIICHO TEM, YTO 0OJiee TSKEIble MOHBI UMEIOT
Oombire 3¢(HEKTUBHBIE PAJANYChl U BBICOKYIO TIOJIApU3yeMocTh. [Tapamerp
pacIIeTUICHUs BO3PACTaeT NPH YBEIUYCHUH CTCTICHH OKUCIICHUS KOMILICK-
cooOpazoBateis.

3nauenue A (mpu (UKCUPOBAHHOM KOMIUIEKCOOOpa3zoBaresne) TeM OoJiblie,
YeM CUJIbHEE IoJie, CO3/laBaeMoe JIMTaHaaMu. JIuranapl Mo cujie co3jaBae-
MOI'0 UMH TIOJISI pacloJiaraloTcsl B TaK HAa3bIBAEMOM CHEKHMIPOXUMUYECKOM
PAOY TU2AHO08:

CO>CN > NHz(CHz)zNHz >NO, >NH;>H,0>C0 i_ >0H >F >SCN >CI>Br >1
Cnaboe none CunvHoe none

Kak u3BeCTHO, 3JIEKTPOHBI pacrojaraloTcs Ha OpOUTaIsiX B COOTBETCT-
BUU C TIPaBWJIOM XYHJa — IO OJJHOMY 3JIEKTPOHY Ha KXy OpOUTAlb. JTO
OOBSICHSIETCS TEM, YTO AJICKTPOHBI, HAXOMSAIIUECS HA OJHON OpOWTaNIH, pac-
TAJIKUBAIOTCA W TIPU HATUYUHM CBOOOIHON OpOUTANIU, 00UHAKOBOU NO IHEp-
euu, ee 3anumaem oouH 3nekmpon. llpu pacnpenereHun 3IEKTPOHOB IO
d-opOuTtasiM KOMIUIEKCOOOpa30oBaTessi B COOTBETCTBYIOIIEM TT0JIE€ JIUTaHIO0B
HEOOXOJAUMO YUUTHIBATh COOTHOIIEHUE BEJIMYMH SHEPIUH paciierieHus (A)
Y SHEPTUH PACTATKUBAHUS JICKTPOHOB, HAXOISAIIUXCS HA OJHON OpOHTAIIH.

B rommutexce [CoF]*™ (F~ — nuramns ¢1aboro mojist) SHEPIHst MExKIICK-
TpOHHOTO OTTanKuBaHus (251 kJ[/Mo0b) OKa3bIBaeTCs OOJIbIIE, YEM DHEP-
rust paciieruieHus (Ao = 155 kJx/Moub) d-opouraneiit Co’ (...3d%4s"4p"),
MOATOMY d-DJIEKTPOHBI PACIIONIATal0TCs HA MATU d-OpOUTaAX (Ha OJHOU —
napa 3JeKTPOHOB, Ha OCTAJIbHBIX — 10 OJTHOMY):

E | T (dy)

i 1 T (d.)
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CBsi3U ¢ HEMOJIEJICHHBIMU MMapaMu HOHOB F OyyT 0Opa3oBBIBaThH 0J1-
Ha 4s-, Tpu 4p- u e 4d-opouTanu (BHEITHETO CII0s):

Co .38 (It 1114 |4p° 4d’

B xommekce [CoFg]’” muranmst F~ 6yayT 06pa3oBbIBaTh MIECTh G-CBS-
9] 3+
3eil ¢ nonom Co™ :

[CoFe’..3d° |11 [ 1|11 4s°|L|4p° L|L|L|4d°|L|L

Tun rubpuamsanmu — sp’d-.

Kommexe [CoFg]’™ 6yner ssicokocnumosbim (Tak Kak 9HCIO HecIa-
PEHHBIX 3JIEKTPOHOB y KOMILUIEKCOOOpa3oBaTessi Ipu 0Opa30BaAHUM KOM-
MJIEKCa HE U3MEHSIETCS) U 8HEeULHeOpOUMAIbHBIM.

[Tpu OonbimX 3HAUEHUSX Ay (JIMTAHABI CHIIBHOTO MOJISI) DHEPrHsl pac-
HICTUICHUS MIPEBBIIIACT YHEPTUIO MEKIJICKTPOHHOTO PaCTAIKUBAHUS, TTOITOMY
CHayaJjia TIOJIHOCTBIO 3aIlONHSIOTCS 0ojiee HU3KUE 10 DHEPTrUM d.-OpOUTaiH,
00pasysi HU3KOCIIMHOBBIe KoMiuiekchl. B kommiekce [Co(NH;)]" st nona
Co™" (...3d°4s°4p") sneprust paciervieHust B OKTadAPUIECKOM II0NE MOJIEKYIT
NH; (surang cuiabHOTO mosisi) coctaBisieT 275 kJ[x/Momb, 94To O0JbIIEe SHEP-
MM pacTalKuBaHUs 3JEeKTpoHOB (251 xJlx/Moinb). [loatomy d-3neKTpoHbI
yora Co’" pacrionaraiorest Ha Tpex 60J1ee HU3KHX T10 SHEPTUH dy-OpOUTATSIX:

E A (dy)

ot w
5 A i

CBs13u ¢ HemoieTIeHHBIMU TTapamMu Mosiekyll NH; OyayT o0pa3oBhIBaTh
nBe 3d- (BHYTPEHHETO CJ10s1), OJIHA 4s- U TpHU 4p-opouTanu:

Co’"..3d° 1111111 4s" 4p° 4d

3+
B kommiekce [Co(NH;)s]” nuranast monekynsl NH; OynyT o6paso-
BBIBATh IIECTh G-CBs3eii ¢ HoHoM Co’':

[CoNHa)e]™"...3@°| | 1|[1L|1LIL | L |4s| L |4p| L |L | L |4d

Tun rubpuamsammn — d-sp’.

Kommeke [Co(NH;)s]*" Gymer nuskocnunosvim (B KOMILIEKCE Y KOM-
TUIEKCO00pa3oBaTeNsi Ha OPOUTANISAX CHAPEHHBIC dJIEKTPOHBI) U 6HYMPUOD-
OUMANbHBIM.
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Takum 00pa3oM, OMH U TOT K€ KOMILIEKCOOOpa30BaTeNlb ¢ JTUTAaH 1A~
MU CHJIBHOTO M CJIa0O0TO IOJISI MOYKET 00pa30BhIBAaTh KaK HU3KO-, TAK U BHI-
COKOCIIMHOBBIE KOMILJIEKCHI.

B TeTpasapudeckux komimiekcax (KU = 4) kapTtuHa pacmieruieHus 0y-
JIET 0OpaTHOH MO OTHOIICHHIO K OKTadApUYECKUM KoMiniekcam. OpOuramu
KOMILIEKCO00pa3oBatTels d.,, dy., d,. pacloJI0KeHbl ONMXKe K JIMTaHAaM U

MMEIOT 0oJlee BBICOKYIO DHEPIUI0, a opouramu d,2_ 2 u d.2 Haxomarcs

-y
JAJbIIe OT JIUTAH0B U UMEIOT 00Jiee HU3KYIO dHepTHio (puc. 8.2).

a o

Puc. 8.2. Opburanu d,, (a) u d,> (6) B TETPadAPUYECKOM I10JIE JTMTaHI0B

Pacmienienue d-noaypoBHs B TETPAdJPUUECKOM I10JI€ JIUTAHIO0B:

E A dxy dxz ‘fl’yz (de)

d ATeTp

\ d: dep v (d,)

B Terpasape derbipe nuranga coznaroT Oojee ciaaboe CHIIOBOE MOJie,
YeM IIECTh JIMTAHJOB B OKTa’Jpe, OITOMY SHEPIHsl paclleIUIeHus] TeTpa-
SIPUYECKUM T0JIEM Aqer, BCETAA MEHBIIE, YEM OKTadApUdYecKUM. PacdeTs

4
MOKAa3bIBAIOT, YTO Ajerp = 5 Aoger.

. 2—
Paccmorpum ctpoenue komriekcHoro nona [NiCly]” . B sTtom mone
JUTaHAbl CO3IAI0T TETPAdAPUUECKOE TIOJIE:
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Hon Ni*" uMeer crenyroliee 3IeKTpOHHOE cTpoeHHue ...3d 4s'4p":
Ni*".3d (LUt 1] 1 ] 4 4p°

HNon Cl — muranpg cmaboro mojs — BI3IBACT HE3HAYMTEIBLHOE pac-
IIEIUIEHUE d-NOLYPOBHSA, 3HAYEHUE Aqer, MalIO. JIMUTaHABI 00PA3yIOT YETHI-
pe G-CBSI3M, UX HETOJEJICHHBIC Taphl MJIEKTPOHOB 3aHUMAIOT OJHY 4s- U
TpH 4p-op6uTany nona Ni*':

[NiCL]*...3@° ({11114t 11| 4s |L| 4p |[L|L|L

i (dy)
vl

Tun ruGpuanzanum — sp3. BpICOKOCTIMHOBBIN KOMILIEKC.

Oo6pazoBanue komiiekcoB ¢ KU = 4, kak nmpaBuiio, IpuBOJIUT K TETpa-
pApUYECcKOi (hopMe, OHAKO JIMTAH/bI CUIIBHOTO TOJISI MOTYT 00pa30BBIBATh
ILIOCKOKBA IPaTHbIE KOMILIeKch, Harmpumep [Ni(CN),]* :

[Ni(CN),]*"...3d° [{1[It1I1{T|L| 4s |[L| 4p |L|L

Tun rubpuamsaimu — dsp”. HU3KOCITIHHOBBIH KOMILIEKC.

Teopus KpHUCTAIUIMYECKOTO TOJIS IMO3BOJISIET OOBSCHATH MarHUTHBIC
cBoiicTBa. [lo xapakTepy B3auMOAECMCTBUSI C MATHUTHBIM TOJIEM pa3iihya-
I0T MapaMarHUTHbIE W IMaMarHUTHBIE BeulecTBa. [lapamacnumuvie euye-
Ccmea BTATHBAIOTCS B MAarHUTHOE TIOJIE, OUAMACHUMHbIE — BBITAIKUBAIOTCS
uM. Pa3nuunst B MarHUTHBIX CBOMCTBAX CBSI3aHBI C DJICKTPOHHBIM CTPOEHU-
em BemecTBa. Eciam B MoJekyse, HOHE BCE AJIEKTPOHBI CHapeHbl (UX Mar-
HUTHBIE MOMEHTBHI B3aMHO KOMIIEHCHUPYIOTCS M CyMMAapHBIN MarHUTHBIN
MOMEHT paBeH HYJI0), TO Takas YacTuia AuaMmarHuTHa. [lapamarnerusm
MIPOSIBJISIIOT YaCTHIIbI, KOTOPBhIE UMEIOT HECMApEHHBIC JIEKTPOHBI, TaK Kak
CYMMapHbI MarHUTHBI MOMEHT TAKOW YaCTULbl HE PABEH HYJIIO, U C yBE-
JMYEHUEM YHCIIa HECTIAPEHHBIX AJIEKTPOHOB OH BO3pacTaeT.

Takum 00pa3oM, KOMIUIEKCHBIE MOHBI C CHIIBHBIM OKTadApUYECKUM
T0JIeM JIMIAHI0B, HMEIOIHE SICKTPOHHYI0 KoHdurypauuio d°, d°, d°, d'°
KOMILIEKcooOpa3zoBarensi, OyayT TuaMarHUTHBIMH, TaKk Kak He OyIyT co-
JepKaTh HecIapeHHble d1eKTpoHbl, Hampumep [Co(NHi)e*", Co’ (d):
[Fe(CN)s]*, Fe*'(d°).
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Ecnu xommekcooOpazoBarenb OyAeT UMETh 3IEKTPOHHYIO KOH(pUTY-
patmio d°, d'°, To 1 B cnaGoM OKTa’APHYECKOM IOJIE JIMTAHIOB OH OyIeT
nuaMarHuTHbIM, Hampumep [ScEq]”, Sc* (d™).

Kpome nepedyncienHbix ciydaeB, OCTalbHbIE KOMIUIEKCHI Oy IyT mapa-
MarHUTHBIMH.

Pacmennenune d-AO kommiiekcooOpazoBaTesst B APYruX MOJSAX JTUTaH-
JOB (MpY TOHMKEHWM CUMMETPUM) HOCHUT 00Jiee CJIOKHBINM XapakTep U
MMEET CJIEAYIOIIUNA BU:

E d2

\ZA u
5

dXZ’ 8244 (

III dxz’ dyz :)
IV dxz, dyZ
\Y

I — rerpasapuueckoe nosne; 11 — chepuueckoe nose; 111 — okrasaprueckoe noie;
IV — TerparonansHoe nosue; V — INIOCKOKBAaAPATHOE 110JIE

OTtHocHTeNbHAsT SHEPIHsl 00pa30BaBIIMXCS PACIIEIUIEHHBIX YpPOBHEU
3aBUCHUT OT IPUPOABI KOMILIEKCOOOpa30BaTelIs.

JHeprus craduau3anuu Kpucrauamdeckum mnouaem (ICKII).
PaccMoTpuM 3Hepruro crabuiau3alud KPUCTAUIMYECKUM IIOJIEM Ha
NpUMepax OKTa’JApUUYECKUX KOMIUIEKCOB. B ciydae kommiekcos, oOpa-
30BaHHBIX JIMTAHJIaMHU cJ1a0oro mossi, pasHUlla B YHEPIUAX CTAOMIN3H-
pPOBAHHOIO d.- U JNeCTaOMIM3UPOBAHHOIO d,-ypOBHsA A HeBeIUKa U
MEHbIIE CPEIHEN IHEPTUM CIApUBAHUSA INEKTPOHOB (E.;). CocTosiHME C
MaKCHUMaJIbHBIM CIIMHOM SIBJISIETCSI OCHOBHBIM U1 KOMILIEKCOOOpa3oBa-
Tens. BausHue nurangoB Ha opOUTanu d-ypoBHS pacCMaTpUBAETCA Kak
HEKOTOPOE BO3MYILIEHHUE.
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B cnyyae xoMIuiekcoB, 00pa30BaHHBIX JIMTAHIAMHU CUJIBHOTO MOJS,
pa3HUIA B SHEPIUAX CTaOUIU3UPOBAHHOTO dg- U AECTAOMIM3UPOBAHHOIO
d,~ypoBHs A OoJibllle CpEelHEN PHEPIHH CIAPUBAHUS DIIEKTPOHOB (Egy).
[ToaToMy 00pa3yroTcss HU3KOCIHUHOBBIE KOMILUIEKCHI, d-3JIEKTPOHBI KOM-
IIeKco00pa3oBaTesss NPEANOUYTUTENBHO 3aHUMAIOT MOJIO0KEHHUs, IPU KO-
TOPBIX UX OTTAJKUBAHUE OT JIUTAHJOB MHHUMAJIBHO, T. €. CTAOMIM3UPO-
BaHHbBIC YPOBHU. YBEIUUCHUE DHEPTUU CBS3H, KOTOPOE JOCTUTACTCS MPHU
3TOM, Ha3bIBACTCA IHEpuell cmaduIu3ayuu KpucmaiiuiecKum nojiem
(3CKII).

Pacnipenenenne d->neKTpOHOB KOMILIEKCOOOpa3oBaTenst Mo opOuTa-
JSM B OKTa3JApUUYECKUX KOMIUIEKCax M OoTHocuTenbHOe 3HaueHue DCKII
IPUBEJICHBI B TAOJINLIE.

PacnpenesieHue d-371eKTPOHOB KOMILIEKCO00Pa30BaTe/isi 10 OPOUTAISAM
B OKTa3IpMYeCcKUX KOMILJIEKCAX M OTHOCHTebHoe 3HayeHue JCKII

Dek- Ca0oe moJjie TUraHgoB CuiipHOE 1I0JIE JIUTaH0B
Té)ooHHq})IIilfI Tpumep ds-op- d,-op- | DCKII dg-op- d,-op- | OCKII
Ourtanu | OuTanm A, ouranu | Ouramu | A,
rypanus
d S¢*,Ca® | ——— | —— 0 —— | —= 0
d' Ti3+, V4+ r—— _ 0.4 — — 04
& TiZ, V| 11— —— 0,8 11— —— 0,8
& v et ot —— 1,2 111 —— 1,2
d__|C M| 111 | = | 06 | NPT | == | 16
d Mo Fe'| 111 | 11 0 | NNt | == | 20
d | F,Co™ | ti1t | 11 04 | PN | —— | 24
d | CoNIT | 1yt 11 0.8 |t 1— 1.8
d | N&LPET 1] 1 12 [ttt 11 1,2
d | Cu’ A [ 1L 1T 0,6 | 1ML 1L | 06
d° | Cu,Zn® [ 111 L1 0 [ttt | 11l 0

C Mo3uIMu TEOPUU KPUCTAIIUYECKOTO MOJISI XOPOIIO OOBICHIIOTCS
OKHUCJIUTENIbHO-BOCCTAHOBUTEIbHBIE CBOWCTBA HEKOTOPBIX KOMILIEKC-
HbIX CO€AUHEHUU. TakK, U3BECTHO, YTO B BOJHOM PAacCTBOPE HMOHBI Co™"
NPOSIBIISIIOT CUJIBHBIE OKUCIUTEIbHBIE CBOMCTBA, CTAHIAPTHBIN OKHUCIIHU-
TeIbHO-BOCCTAHOBUTEIbHBIH MoTeHIuan cuctemsl Co’  + e = Co™,
E° = 1,82 B. B BogHOM pacTBope axBaTHpoBanHbIe HoHbl Co> i Co” pac-
cMmarpuBarorest kak kommiekcbie [Co(H,0)s]’" u [Co(H,0)s]*". Homsr
[Co(H,0)s]”" He ycroitumBsl u crpemsres mepeiit B nost [Co(H,0)s]™,
moutekyiel H,O — nuransl cnaboro moss:
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Co>"..3d%s%4p° 11| 11|11 1| DCKII-04A

Co*"...3d"4s"4p° 111111111 |1 | DCKII-0,8A

B ciydyae npaHuAHBIX 1 aMMUAYHBIX KOMIUIEKCOB 00Jiee YCTONYMBBI-
Mu OynyT komriekcbl kobanbta (III), wem kobanwra (I1). JIuranaer more-
Kyl NH; 1 monsl CN co3/1a10T CHIIBHOE TIOJIE:

Co>"...3d%s%4p° |11111[1] DCKII - 2,4A

Co*"...3d"4s%4p° 11111 I11L] 1 DCKII - 1,8A

[Co(NH3)6]*" + ¢~ = [Co(NH3)e]*", E’=0,1B;
[Co(CN)6] + ¢ =[Co(CN)s]*, E’=-0,83 B.

BenuunHbl CTaHIAPTHBIX OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX IMOTEH-
[IMAJIOB MO3BOJISIIOT CAEJaTh BBIBOJ, YTO KOMILIEKChl kKobanbTa (I1) — crib-
HbI€ BOCCTAHOBUTEIIH.

DJIEKTPOHHBIE CHEKTPbl. DJIEKTPOHHBIE CHEKTPbl KOMILJIEKCHBIX CO-
eIMHEHUH B BUAUMOI U yIbTpaHOIETOBOI 001acTIX 0OBIYHO 00YCIIOBIIE-
HBl TepexoJamMHu d-3JeKTpoHOB. [l cucteM ¢ HECKONbKUMH d-3JIEK-
TPOHAMHU CIIEKTPHI YCIOKHEHbI M3MEHEHHUSMH, CBSI3aHHBIMH C MEXKAJIEK-
TPOHHBIM PaCTAIKUBAHHEM.

CriekTpanbHbIe TaHHBIC TTO3BOJISAIOT CYIUTh O Pa3HUIIC B SHEPTHUH IIIe-
JI MEXKJTy 3aHATBIMU U CBOOOJHBIMU d-OpOUTAIISIMU KOMILJIEKCOOOpa3oBaTes
B KOMIIJIEKCE, Jal0T HHPOPMAIHIO O CHMMETPUH TIOJIsI JTUTAH/IOB.

JUliHa BOJIHBI MOTJIOUIEHHOI'O CBETa MPHU BO30Y)KIEHUU 3JIEKTPOHA C
OJTHOTO d-ypOBHsI Ha JIPYroi 4acTo JEKUT B BUAUMOM 00JIACTH, YTO OIpe-
JIeNeT OKpacKy MHOTHX KoMIUIekcoB. Hampumep, kommtekcst Ni*™ — 3ere-
ubie, Cu’” — cunne, Co”” — posossie, Cr'” — hHOIETOBBIE.

YroObl MOJIEKyJla MOTJia MOIJIOTUTh U3JIy4€HHE, OHO JIOJDKHO MMETh
4acTOTy V, YJIOBJIETBOPSIONIYIO0 ycinoBuio AE = hv. Pa3znuuus B sHepruu
3aHATHIX U CBOOOJHBIX d-OpOHUTaiell B KOMIUIEKCaX d-3JIEMEHTOB MPUBOIST
K TOMY, YTO OHH TOIJIOIIAIOT CBET B Pa3HBIX YACTSIX BUAUMOH oOnactu
cnektpa. OKpacka COeIMHEHHI ONpeesieTcs] IPOoIyCcKaeMbIM cBETOM (0e3
ydeTa TMOTJIOMIEHHOTO U3TyUYCeHHS).



Aekumsa 9
XUMUNYECKAS CBA3b.
METOA MOAEKYASAPHbIX OPEUTAAEN

Meton MonekyssipHbix opourtaneit (MO) UCXOAUT U3 TOrO, YTO B3aH-
MOJEHCTBYIOMIME aTOMHbIE opouTaiu (AO) KoMILIEKCOOOpa3oBaTeNs U JIK-
TaH/I0B 00pa3yIoT €IUHYI0 MOJIEKYJSIpHYI0 opOuTanb. [Ipu B3aumoaeicT-
BUM JIBYX aTOMHBIX OpOHUTaIel MeXay coOoil 00pa3yroTcs JIOKaJIM30BaH-
Hbl€ MOJIEKYJIApHble opOutanu. Eciau B3auMopaeiicTBUE OXBaThIBAET
OoJIbIIIEe YUCIIO aTOMHBIX OpOUTaNed, TO TOBOPSAT O MHOTOIIEHTPOBBIX MO-
JICKYJISIPHBIX OPOUTAIIAX.

[TockoabKy 2JIEKTpOHAM IEHTPaJIbHOTO aToMa M JIUTaHAaM COOT-
BETCTBYIOT ONpEeIeHHbIE BOJHOBbIE (PYHKIIMU, BO3MOXHOCTh BO3HUK-
HoBeHUsI MO u3 ganasix AO 00yciOoBI€Ha COOTBETCTBUEM CUMMETPUU
Y SHEPTUMU.

B ciydae 60abIINMX MOJNEKYISIPHBIX CUCTEM — KOMIUIEKCOB MIEPEXOIHBIX
METAJIJIOB — IS PELICHUSI YPABHEHUM, ONMCBIBAIOIINX COCTOSIHUE JJIEKTPO-
HOB, OOBIYHO HCIIOJIB3YIOTCS BaJICHTHBIE MPUOIMKEHUS], COTIIACHO KOTOPBIM
BHYTPEHHUE 3JIEKTPOHBI aTOMOB MOJOral0T JIOKAIU30BAHHBIMU BOJIU3U OT-
JEJIbHBIX SI/IEP, @ UX BKJIAJ B 00Opa30BAHHE XUMUYECKUX CBSI3EU M DHEPreTH-
Ky KOMIUIEKCOB CYMTAIOT HECYIIECTBEHHBIM, YUUTBHIBAETCS TOJIBKO BKIIAJ
B3aMMOJCHCTBYIOINX OpOUTaIe KOMILJIEKCOOOpa30BaTes U JIUTaH a.

6-MO B KOMILUIEKCHBIX COeJHMHEHHsIX. PaccMOoTpuM mpumMeHeHue
METO/Ia MOJIEKYJISIPHBIX OpOuTaneil 1isi 0ObICHEHUS KOMIUIEKCOB OKTad/I-
pudeckoro crpoernst [MLg]"":

N
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CUMTasl, YTO JTUTAHBI MOTYT 00pPa30BBIBaTh TOJIBKO G-CBSI3U C KOMILIEKCO-
oOpazoBareneM. B 3Tom ciiydae MOJEKyIspHbIE OpOUTANIbHBIE CHUCTEMBI
MO>KHO MOCTPOUTH CIAEAYIOIIUM 00pa3oM: B3aUMOJACHCTBYIOIINE OpOUTATIN
JOJDKHBI OBITh CUMMETPHUYHBI OTHOCUTEJIBHO JMHHUM, COECIUHSIOUICH JH-
raHJ ¢ LEHTPaJIbHBIM aTOMOM, IPU 3TOM BOJIHOBBIE (pyHKIMKH MO nuran-
JI0B HE JJOJDKHBI MEHATh CBOM 3HAK NP BPAIIEHUH BOKPYT CBSI3M METAILT —
aurang. Ilostomy MO kommekca MOryT ObITh 00pazoBanbl MO nuranios
1 cnenyromumMu AO KOMIUIEKCO0OPAa30BaATENS: S, Py, Py, Pz, dy—y2, d2.

Jluneitnas koMOuHarusi c-opOurtanei nurangoB (MO aurasmoB)
JOJKHA UMETh Ty K€ CUMMETpUIO, uTo 1 AO MeTaia.
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B coorsercTBuM ¢ 31TMM s-AQO MeTajia UMEET OJUMHAKOBBIM 3HAK I10
BCEM HANpaBJICHUAM M MOKET KoMOMHUpoBaTh ¢ MO nurannos, oOpasys
MO xommzekca, 0003Ha4a€MyI0 Ha DHEPIETHYECKHUX TUarpaMmax Kak op-
ouTans aj,.

Jus ceaspiBaronield MO KoMILIEKCa d, TUHEHHAs KOMOMHAIMA MMEET
BUJL

Vi(os) = 1y + (o) + 6, + 03 + 64 + 65 + O¢).

Jus paspeixisitomeit MO komIekca a+, IMHEHHAs KOMOUHALNS BbI-
TJISIAUT CIIEAYIOIIUM 00pa3oM:

y*1(05) = 1y — ¢2(0) + 6, + 63 + 64 + 05 + Gp).
IIpu BeIpakeHnu ocTaLHBIX MO KOMIIIEKCA HEOOXOINMO YUUTHIBATH
y
3HaKu p- U d-AO KoMIuiekcooOpa3oBaTesi, TaKk Kak IMpHU MEpexoe Yepes
HayaJio KoopaAuHaT p- U d-AQO MEHSIOT 3HaK.

Jluneiinas komOuHauus p,-AO u G-opOuTaneil TUraHaoB COOTBETCT-
ByeT MO komIuiekca, o003Ha4aeMbIX Kak t, (cBsi3biBaronue MO) u ¢+,
(pazpeixastomue MO):

V2(0y) = c3y,e + (01 — 03),

Y*2(0y) = 3y — Ca(01 — 03),
Jlajiee aHaJIOTHYHO

V3(0)) = ey, + ca(02 — 04),

V*3(0)) = C3Wp, — €4(02 — O),

V4(02) = C3y,: + c4(05 — O),

V*4(02) = c3y,: — c4(05 — Gp).

AO d,>,» Mmoxxer komMOnHMpoBath ¢ MO ymrannos (6, — 6, + 03 —

— 04). [ ceaseiBaromeit MO KoMILIEKCa e; UMEET BUJL
Vs5(0x22) = CsWar—2 + ¢6(61 — 62 + 63 — O4),
i paspeixiitoniei MO koMiiiekca ex, —
Y#5(Gx2-12) = CsWYaxz2 — C6(O1 — O + O3 — Gy).

AO d,» komIuiekcooOpa3oBaresis B3aUMOJICHCTBYET CO BCEMH IIIECTHIO
c-opOuTtansaMu aurasaoB. [1o TpeGoBaHUSIM CHMMETPHUH X JTUHEHHAS KOM-
OmHanus 11 cBs3piBaronielr MO koMIuiekca e, IMEET BUJ

V6(0-2) = Csy2 + (05 + O — O] — G2 — 63 — Oy).

Jus pasperxirtromeir MO koMIieKca e*, BBITIAIUT TakK

\|l*6(GZZ) =CsY2 — 06(05 + Og — 0] — 0 — O3 — (54).
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N3 Teopuun KpUCTATUIMYECKOTO TOJIS CIEAYET, UTO B OKTAdAPE TPH Py-,
Dy~ p--~AO KomIutekcooOpazoBaTenss HMEIOT OAMHAKOBBIC DHEPIHU U IIPH-
HAJUIEKAaT K OJHOMY BBIPOXKICHHOMY COCTOSHHMIO, d,2 d2-AO —

K IPyTOMY JBYXKPATHO BBIPOXKJICHHOMY cocTosiHuio. [lepeuncnenusie AO
UMCIOT OJIMH THUII CUMMETPHH, TO € caMoe MOXXHO cka3zath 0 MO KoM-
TIeKCa iy, Y3, Y4 U1 0 MO komruiekca s, Y. 9Tt MO 0003Ha4aroT Kak ¢,
U €, COOTBETCTBEHHO.

Tpu BanenTHBIE OpOUTANM KOMILIEKCOOOpasoBarens d., d,., d,, B pac-
CMOTPEHHOM G-TIPHOIMKEHUN SBIISTFOTCST HECBSI3BIBAIOIIIMMHI M MIMEIOT OJTU-
HAKOBYIO 2Hepruto. OHM 0003HAYAIOTCS KaK £, (MO KoMILIeKca Y7, s, o).

DHepretnueckas guarpamma MO OKTadApUYECKOTO KOMIUIEKCA
[MLg]"" nMeeT caemyromuii BU:

£

2\ -
=y7) 7
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/ \
4 \
(n+D)p / \
7 d al*g \
i / \
\ ¥ \\
} \ A\
e; \\ \\
(n+1)sy \ \
\l b v\
v W/ A
\ A A
V { N
nd X | be(d,.,d,.,d.,)\ \\\
Y 4 ° \ \\
\\ \ \ \\
\\ \ \ \
Y ™
\‘ W\
| \
A\
\ZRY, o
\\ eg( 2oyl jz—l,a—////
\7 i) g e
\ lu px’ py’ pz 7
\lE' v
VU a7
AO meramna MO xommekca G-0pOUTaIIN JIMTaH 0B
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OHeprust ypoBHeil AO KOMIJIEKCOOOpa3oBaTeNsl BO3PACTAET B PSAY
Enqa < Eg + 1)s < En + 1. OpOuTamu nuranioB 0ObIYHO 00JIee 3IIEKTPOOTPH-
narenabHbl, yeM AO KoMIIeKCooOpa3oBaTels U pacrojiaraloTcsl Ha dHEpTre-
TUYECKOU auarpamme Huxe. CoryiacHO MPUHIUMITY HAMMEHbIIEH SHEPTHUH, B
JAHHOM cjydae Bce cBsi3piBaromme MO komiuiekca OyayT 3alOTHCHBI
AJIEKTPOHAMH, a 3aCEJICHHE JPYTUX opOuTayiell OyaeT 3aBUCETh OT JJICK-
TPOHHOM KOH(UTYpaAIIN KOMILIEKCOOOpa3oBaTersl.

n-MO B KOMILIEKCHBIX coeJuHeHusX. /[ oOpazoBaHus m-cBsA3eil B
OKTa3JIPUYECKUX KOMIIIEKCAX NPUTOAHBI dy.-, d.-, dy,-OpOUTAIH KOMIIIEK-
cooOpazoBatensi. B cooTBeTcTBUM ¢ TpeOOBAHUSIMU CUMMETPHUH, MPUME-
HaBmumucs panee 114 6-MO, AO d,., d,., d,, komOunupyrot ¢ MO nuran-
0B, 00pazys n-MO koMmIuiekca.

N

%
¥,

BonHoBbie ¢yHknuu cBa3piBaromux 7n-MO KOMILIEKCOB OyIyT
UMETb BUJ

WIO(Tcxy) =Wy TG (pyl TP~ Pys—Da ),
v (m,,) = C7W 4y, T Cg (pzl TPs—Ps P ),
WlZ(Tcyz) = C7‘*|jdyz + CS(pZZ + pyS - pz4 - pyé)'

Ot MO KomIiekca UMEIOT OJMHAKOBYIO SHEPTUIO B OKTAdIPHUECKOM
T0JI€ JIMTaHJI0B U Ha3bIBAIOTCS t5,-OpOUTAISIMU.

1-MO KOMIUIEKCOB MOTYT 00pa30BbIBaTh U p-AO KoMILIEKCOOOpa3oBa-
tensi. CooTBETCTBYIONIME CBs3bIBatoHe T-MO KOMITIeKca Ha3bIBAIOTCA £,
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Vi3 =GV pr +010(Px2 TPaTDsT pxé)a
Vig = GY,, + C1o(py1 TPyt P "‘pye),
Vis = GV, + CIO(le TPt Pt pz4)'

ITonoOHBIE ypaBHEHUSI MOXKHO COCTAaBUTH JUIS PA3PBIXJIAIOIINX %)~ H
t*1,~OpOuTaeH.

Kaxxnprit murana Mo>keT o0pa3oBbIBATh T-CBSI3U C KOMILIEKCOOOpa30Ba-
TeseM nocpeAcTBOM Byx AQO, u ux o0Iiee Yuciao J0KHO ObITh paBHO 12.
OcraBuivecs MeCTh U3 HUX HE UMEIOT COOTBETCTBHUS 110 CUMMETPHUH, B pe-
3yJIbTaTe YEro OCTarTCsa HecBsasbBaromumMu MO (¢, 1 1,).

DHepreTuyeckas auarpaMmma OKTa’JApUYeCKOro KOMILJIEKCa MpU Hajo-
*eHuu 6- u 1-MO umeet cinoxubiid Bull. lllupokomy npuMeHEHUIO TEOpUH
METO/Ia MOJICKYJIIPHBIX OpOUTaeii MEIaroT TPYIHOCTH B HATISITHOM H30-
OpaXeHUH pe3yJIbTaTOB €€ MPUMEHEHHS, OCOOCHHO B MPUJIOKECHUHU K KOM-
IJIEKCHBIM coeAnHeHus M. TeM He MeHee Teopust MO mupoKo UCTONIb3YeT-
Cs XUMUKaMU-TEOPETUKAMU 11 OMUCAHUSI XUMUUYECKUX CTPYKTYpP pa3iany-
HOM CJII0KHOCTH.

Pacuersl mo metony MO mMenee TpynoeMku, yeM no meroay BC. Bme-
CT€ C TeM TpaauUMOHHBIN MeTod MO naet MeHee TOYHBIE Pe3yJIbTaThl pac-
4yeTa SHEPTUU CBS3H.

Opnnako, ecnu B Metog MO BHeCTH mapaMeTpbl, YUUTHIBAIOIINE BCE
BO3MOJKHBIE B3aUMOJICHCTBUS, C YUETOM HAJIOKEHUS Pa3IMYHbIX KOHPUTY-
pauuii, a B Mmetoa BC n00GaBUTh MOHHBIC COCTABJISAIOIIME, TO 00a METO/aa
JTAIOT OJMHAKOBBIC PE3yJIbTATHI.



Aexkuus 10
PABHOBECUSA B PACTBOPAX
KOMITAEKCHbIX DAEKTPOAUTOB

Kommmiexkcurle COCAMHCHUSA UCIIOJIB3YIOTCA B PA3JIMYHBIX TCXHOJOTHUAX
M HAYYHBIX UCCICIOBAHMAX, Yalll€ BCCTO B BUJIC paCTBOPOB.

B BOJHBIX pacTBOpax KOMINJICKCHBIC COCIMHCHUSA (BHCKTpOHI/ITH) JAHC-
COOMUPYIOT KaK CHIIBHBIC 3JICKTPOJJMUTBI HAa MOHBI BHENIHEN U BHYTpCHHefI
chepol. IIpu 3ToM gucconuanusi MpoTeKaeT B pa30aBICHHBIX pacTBOpax
IMPAaKTHYCCKH 10 KOHIIA.

Hampumep:

Ko[Agl] — 2K' + [Agls]”,
+ —
[Cu(NH;),]SO, — [Cu(NH;),]*" + SOZ".

KomruiekcHbple MOHBI M HEKOTOPBhIE KOMIUIEKCHBIC HEIJIEKTPOIUTHI
JTUCCOIMUPYIOT B PACTBOpaAx Kak ciIabble ANEKTPOJIUTHI, T. €. M0 CTYHEHSIM
1 00paTuMo.

Hampumep, 11d KOMIUIEKCHOTO HOHA [HgI4]2* CTYIIEHYATYI JIHUCCO-
UALNI0 MOXHO IPOWIIIOCTPUPOBATH CIECAYIOIINMU YPABHEHUSIMU:

a([Hel] ) a()
a([HeL,]")
[Hel] > [Hgh] +T, K, = o([1eT ) C_I(I_) = 1,66 10

" af[He] )
a([Hel]" ) a()
a([HeL,] )

2+ -
(Hel] o Hg + T, k, =2HE)al) _ ) 55 490,

a([HgIT)

2+ 41—
Mgl o He* + 41, K, =20 ) )

a([HgI4]2_)

[Hgly)” o [HglL] + 1, K, = =5,90-107;

[Hgl] < [Hel] + T, K, = =1,12-10";

1,5-107°°
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OTH paBHOBECHS KOJMYECTBEHHO XapaKTEPU3YIOTCS KOHCTaHTAMHU
paBHOBECHSI, KOTOpBIE HA3BIBAIOTCA CHMYNEHUAMbIMU KOHCMAHMAMU He-
cmouxkocmu KomIuiekca. OOmiasi KOHCTaHTa HECTOMKOCTH CyMMapHOTO
mpoliecca AUCCOLMAlUA KOMIUIEKCAa paBHA MPOU3BEACHUIO KOHCTAHT BCEX
CTYNEHEH TUCCOUaIuu.

[Iponeccsl 06pa3oBaHus KOMILIEKCOB B pacTBOpax MOXKHO paccMmart-
puBaTh Kak oOpaTHBIE MpolieccaM CTyleH4daTtou auccoruamnuu. [Ipu Ha-
NMMCAaHUU ypaBHEHUN 00pa30BaHUS KOMIUIEKCOB OOBIYHO HE YKa3bIBAIOT
KOOpJIMHUPOBaHHbIE MOJIEKYJIbl pacTBoputelns. Ilo cymiecTBy ke peak-
MU KOMIUIEKCOOOpa30BaHUS SBISIIOTCS PEAKIMSAMHU 3aMEIICHUST KOOPIH-
HUPOBAHHBIX MOJIEKYJ PACTBOPUTENS HA BCTYMAIOIIMK B pPEAKIUIO JIU-
rang. Hampumep, B3aumoneiictBue Ni(NO;z), ¢ amMMuakoM B BOJHOM
pacTBOpe cie0BaNo OBl 3aMKUcaTh Tak:

[Ni(H,0)s]*" + NH; <> [Ni(NH;)(H,0)s]*" + H,0,
[Ni(NH;)(H,0)s]*" + NH; <> [Ni(NH3),(H,0)4]*" + H0,
[Ni(NH;),(H,0)4]*" + NH; > [Ni(NH;);(H,0):]*" + H,0,
[Ni(NH;);(H,0);]*" + NH; > [Ni(NH;)4(H,0),]*" + H,0,
[Ni(NH;)4(H,0),]*" + NH; > [Ni(NH;)s(H,0)]*" + H,0,

[Ni(NH;)s(H,0)]*" + NH; > [Ni(NH;)s]*" + H,0,

[Ni(H,0)4]”" + 6NH; < [Ni(NH;)]*" + 6H,0.
CymMapHbIi nporiecc o0pa3oBaHUs KOMILJIEKCA KOJTUYECTBEHHO Xa-

paKkTepu3yeTcsi KOHCTaHTOW oOpasoBaHus K., (MHOrza 0003HA4aroT
B,). Kaxxnasi crynmenb o0pa3oBaHUs ONMKMCHIBACTCS KOHCTAHTOM [3; IO Be-
1

JUYUHE, PAaBHOU _K , Tne K; — KOHCTaHTa HECTOUKOCTH I-U CTYIECHU
H

JTUCCOLMAITUY.
B o0uiem Bujie mpoiiecc 00pa3oBaHUsl KOMILIEKCAa MOXKHO MTPEACTABUTh
CIeAYIOIUM 00pa3oMm:

a(ML)
+ K =2
M+ L < ML, = 28080
a(ML,)
Ky=——22":
ML + L < ML,, 2 a(ML) a(L)
a(ML, )

4+ K,= :
Mbo-i L ML a(ML, ) a(L)
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CymMapHblii nipoliecc:

M +nL < ML, Kogp= _aML,)
a(M) a"(L)

Koncranra oopaszosanus 3, = K K,...K, = Kqgp.

YeM MeHbIIIe KOHCTAaHTa HECTOMKOCTH KOMIUIEKCA, TEM MPOUYHEe KOM-
IUIEKC M, HA0OOpOT, YeM MEHbIIE KOHCTaHTa YCTOMYMBOCTH, TEM MEHEE
IIPOYHBIN KOMIUIEKC.

Hcxoas u3 TOro, 4To BEPOSATHOCTH MPHUCOCAMHEHHS JIMTAHAA TPO-
NOpPIIMOHATFHA KOJWYECTBY CBOOOTHBIX MECT, @ BEpPOSTHOCTh OTPHIBA
JUTaHJa — KOJMYECTBY 3aHITHIX MECT B KOOPJIWHAIIMOHHON chepe KOM-
IIeKca, MeXJy KOHCTAaHTaMHU COOTBETCTBYIOIIMX CTyleHel oOpasoBa-
HUS KOMILUIEKCOB C MOHOJCHTATHBIMH JIUTAaHAAMU CYIIECTBYET Clie-
IyIOIIee COOTHOILIEHHUE:!

1

K :(n—i+1)(i+1)

b

K (n—1i)i
1€ 7 — YUCJIO JIMTAHJ0B B KOMIIIEKCE; [ — HOMEP CTYICHHU.
JUid KOMIUIEKCa C KOOPAMHALMOHHBIM YHUCIOM A = 6 IOJIydaeM

KI/KZ = 2,40, Kz/Kg, = 1,88, K3/K4 = 1,78, K4/K5 = 1,88, K5/K6 = 2,40 OI[-
HaKO, IMIOCKOJIbKY Ha YCTOﬁqHBOCTB KOMIIJICKCOB B paCTBOpPAx BJIMACT MHO-
To CbaKTOPOB (HpI/IpOI[a pacTBOpUTEIIsL, HCHTPAJIbHOI'O aTOMa W JIMI'AHIOB,
B3aNMMHO€ BJIUAHUC JIMTAHI0B U I[p.), MPUBCACHHOC COOTHOMICHUC HC ABJIA-
€TCA TOYHBIM.

I[OCT&TOIIHO pacipoCTpaHCHHBIM (baKTOpOM ABIISACTCA U3MEHCHHE KO-
OpPAMHAIMMOHHOI'O ITOJIU3ApPa (KOOpI[I/IHaL[I/IOHHOFO IH/ICJIEl) B pCaKIusgaX KOM-
HHCKCOO6pa3OBaHI/IH, HaImpuMmcep:

[M(Solv)e] + 4L < [ML4] + 6Solv.

B 3aBuCMMOCTH OT NpPUPOABI PACTBOPUTEIIA, LEHTPAIBHOTO aroMa H
JUrasHja KOOpAUHALMOHHOE YUCJIO MOXKET U3MEHAThCS B PEAKIMU HA pas-
HBIX CTYIICHSX IPUCOCIUHEHUS JTUTaH0B.

[Tpu oOpa3oBaHHMK KOMIUIEKCOB B PacTBOpax MOTYT (OpMHUPOBATHCSA
CMEILIaHHbIE KOMIUIEKCHI, B KOTOPBIX OJHUM M3 JIUTaHOB SBISAIOTCSA MOJIE-
KyJbl pactBopuTelnsi. KoMIIeKCHbIE COEIMHEHMs, BO BHYTpPEHHEH cdepe
KOTOPBIX HaXOJATCS Pa3JINYHbIC JINTAH/IbI, Ha3bIBAIOTCS CMEIIaHHbIMU. Ec-
J¥ BO BHYTpPEHHEH cepe HaXOAATCA ONMHAKOBBIC JTUTAH[BI, TAKUE KOM-
IJIEKCHI Ha3bIBAIOTCS OJJHOPOAHBIMH.

PaccmoTpum B3aMMOCBSI3b MEXAY KOHCTAHTAMU PABHOBECHS OJHO-
POAHBIX M CMEMIAHHBIX KOMIUIEKCOB. J[OIyCTMM B pacTBOpe NHPHUIAHA
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. 2+ o
umeetrcs komriuieke [Ni(NH;3),Py;]”", koHCTaHTa yCTOWYMBOCTU, OTBEYAIO-
111as1 PaBHOBECHIO

Ni*" + 2NH; + 2Py < [Ni(NH;),Py,]*,
BBIPAKACTCA YPABHCHUCM

, . a([Ni(NH,), Py,
B(INIONH,), Py ) = a(lii%)az(;m)aap)y)'

Takoil cMelaHHbII KOMIUIEKC MOXKET OBITh MOJYyYEH B PacTBOPE B pe-
3yJbTaTe PEAKUHUH MEXAY OJHOPOJHBIMH KOMIUIEKCAMH (peakuus COmpo-
NOPLHUOHUPOBAHUS):

UL [Ni(NH3)4]*" + 'A[NiPy4]*" < [Ni(NH;),Py,]*".
KoncTraHnTa cCOnponopuoHupoOBaHus paBHa
. a([Ni(NH,),Py, ")
comp a"? (Ni(NH3)4]2+ ) a"? ([ NiPy4 ]2+) :

Koncranta oOpa3oBaHus KOMILIEKCA B([Ni(NH3)2Py2]2+) MOXET

OBITH BbIpa’KCHA 4YCPEC3 KOHCTAHTBI O6paSOBaHI/I$I OIHOPOAHBIX KOMIIJICKCOB!:

a([Ni(NH3)2Py2]2+)= K

comp

a? ([Ni(NH3)4]2+ ) a'? ([NiPy4]2+ )
[IpoBenast cCOOTBETCTBYIOIINE TPEOOPA30BAHUS

) 24\ _ Kconp a" ([Ni(NH3)4]2+)a1/2 ([NiPY4]2+)
B([Ni(NH,), Py, " ) = (NP Ja? (NHy ) (Py)

IOy YUM

. . 2 . 2 172
B(INICNH,),Py, ") = Kooy {B([NICONHL), T JB([NiPy, T )}
B o6mem Buge ans kommiekca MX;Y,, ucxoas us npouecca
JMX,, + IMY,, <& mMX}Y,,
KOHCTAHTa yCTOﬁ‘lHBOCTM BBIpa)KaCTCSI ypaBHeHI/ICM
BOMX,Y) = Keorp B (MX,,)B"" (MY 1),

rae m=j +i.
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Ecnu B3anmHOE BIusiHUE BHYTPUC(HEPHBIX JUTAHIOB OTCYTCTBYET U
OHU BeOyT ceOs He3aBHCUMO APYT OT APYra, TO KOHCTAaHTa COIPOIIOp-
IIMOHUPOBAHUS OMPEICIACTCS JIMIIh UX CTATUCTUYECKUM PaCIpeIeIICHU-
€M U paBHa

m!

Kconp = rh
JL

MexaHu3M peakiuu oOMeHa JTUTaHI0B 10 PeaKIuu
[ML,]+Y < [ML,.;Y]+L

MOYKHO OXapaKTEPU30BaTh C HOMOUIBIO Pa3HBIX MOJIEIICH.

Accouyuamuenstii mexanuzm (A). B peakunsix oOMeHa, TPOTEKAIOIINX
M0 acCOIMaTUBHOMY MEXAaHU3MY, Ha MEPBOM 3Tare oOpa3yeTcsl BHEIIHE-
chepubiii acconmat ML, - Y, KOHIIEHTpaIMsi KOTOPOTO OMpPEEseTCs ero
KoHcTaHTOM K,.. Ha BTopoM sTame obpasyercs mpoMeKyTOUHBIA KOMILIEKC
[ML,Y] ¢ noBbIILIEHHBIM KOOPAMHAIIMOHHBIM YUCIOM. Bech npoliiecc Moxk-
HO IIPEJCTABUTH CIEAYIOIIEH CXEMOM:

OBICTpO MeIJICHHO OBICTpO

[ML,]+Y < [ML]-Y < [MLY] < [ML,Y]+L

CKOpOCTh peakiuii, MPOTEKAIINUX MO0 aCCOLMATUBHOMY MEXAaHU3MY,
omnpenensieTcss caMoil MeIJIEHHOM CcTaaueu, T.e. craaueid oOpa3oBaHUs
MPOMEKYTOYHOro KomIuiekca [ML, Y] ¢ OBBIIEHHBIM KOOPAMHALIMOHHBIM
YHUCIIOM.

Juccouuamuenwviii mexanuzm (D). B peakiusx oOMeHa, MPOTEKaro-
IIMX TI0 JTUCCOIMAaTHBHOMY MEXaHM3MY, Ha MEPBOM JTare 00pa3yeTcs: KOM-
miekc [ML,-;] ¢ MEHbIIMM KOOPAMHAIIMOHHBIM YMCJIOM, YeM UCXOAHBIN. Ha
BTOpOM dTarne odpazyercs komiieke [ML,-;Y]. Cxema miporiecca UMeeT BUJT

OBICTPO OBICTpO

[ML,]+Y <  [ML.]+Y+L o [ML,_ Y] +L

KpoMe 3TuX rpaHM4YHBIX MOAENEW, MEXAHU3Mbl MHOTMX PEAKLIHN 3a-
MEILEHNSI MOKHO OXapaKTEpU30BaTh KaK CUHXPOHHbIU Npoyecc TPUCOEIN-
HEHHsI HOBOT'O JIMTAH/A U YIAJIEHUs CTaporo, 3ameniaeMoro jguranaa. Cus-
XPOHHBII MEXaHU3M C ONEPEKAIOIINM NPUCOESTUHEHUEM 0003Havaercs [, u
Ha3bIBAETCSA CUHXPOHHO-accoyuamueHvim. CUHXPOHHBIA MEXAHU3M C OIle-
pexarolel qucconnanueil KoMiuiekca o0o3Havaercs /; 1 Ha3bIBAeTCs CUH-
XPOHHO-OUCCOYUAMUBHBIM.

Peakiuu ¢ CHHXpOHHBIM MEXaHHU3MOM 3aMEILEHUs MOKHO pacCMaTpHu-
BATh KaK TPEXCTAAUNHBIN MPOLIECC:
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1) [ML,]+Y < [ML,]-Y;

3) [ML,Y] < [ML,, Y] + L.

Ha mepBoii ctagun ObIcTpo oOpasyercst MaJOCTOMKUM BHelHechep-
HBIH accormar (HanpuMmep, nonHas mapa (ML,)" - Y™), koHIleHTparus Ko-
TOPOro ONPEAETAECTCI €ro KOHCTaHTOU K,.. BTopon camon melieHHOU
CTaJuel, ONMpeestonieil 00IIyI0 CKOPOCTh PEAKIUU, SBISETCS CUHXPOH-
HOE 3aMeleHHue C 00pa30BaHHEM MPOMEKYTOUHOro Komruiekca [ML,Y].
TpeTbst cTramus mHpeBpalieHus MPOMEKYTOUYHOro Komiuiekca [ML,Y] B
koMmriieke [ML,—; Y] npotekaer 6picTpo. CKOpOCTh Mpoliecca onpeenser-
Cs BTOPOU MEJIJICHHOW CTaJIUEH.

B ciyuae o6pa3oBanus KOMIUIEKCA C OUACHTATHBIMU JIUTaHIaMU TIPH-
COEIMHEHHE JINTaHJa UJIeT, KaKk MpaBWio, B ABa dtamna. CHayana oOpasyer-
Cs CBSI3b MEXIY LIEHTPAJbHBIM ATOMOM M OJHHUM JIOHOPHBIM aTOMOM JIH-
TaH/1a, 3TOT IPOLECC COMPOBOKAACTCS 3aMEIIEHUEM OJIHOU MOJIEKYJIBI pac-
TBOPUTENSA. 3aTeM MPUCOEAUHSAETCS BTOPOMl JTOHOPHBIA aTOM, 3aMBIKAETCA
XEJIATHOE KOJIBIO, MIPU 3TOM BBIACISETCS BTOPas MOJIEKYJIa PaCTBOPUTEIIA.
Cxema mporiecca BBITJISIIAT CISAYIOMNUM 00pa3oMm:

MSolv, + L-L — [MSolv,]L-L — BHemHechepHbIii accoruat
A vt
MSolv, - L-L — nepexoaubIii koMruiekc I

vt

| o
' L-LMSolv,, | + Solv — nurany, nprucoeTMHECHHBII MOHOICHTATHO

N

_>MSolv,, | — nepexoanbid komuieke 1. 3ampikanue nukia

’L _~>MSolv,_,|t Solv — nurana, NpucoeIMHCHHBINA OUICHTATHO

o o

|

|

|
Y

VYBenuueHne CKOPOCTH peakiuu o0pa3oBaHUsA KOMIUIEKCOB C OWCH-
TATHBIMH JIMTAHJAMHU B BOJIHBIX PACTBOpaX OOBSICHSET MeXAHU3M C 00pa-
308aHUEM GHYMPUKOHbIOZUPOBAHNH020 cocmoanua. OOpa3oBaHHE KOM-
IUIEKCOB 110 3TOMY MEXaHU3MY MPOTEKAET CIEAYIOIUM 00pa3oM.

Ha nepBoii ctaguu o6pa3zoBaHue accolMara JUTraHjia ¢ akBaKaTHOHOM
MeTajijia MPOUCXOJUT 3a CUET CHIIBHOW BOJOPOJHOM CBA3U MEXKIY MPOTO-
HOM MOJIEKYJIbI BOAbI B aKBAKATUOHE U IOHOPHBIM aTOMOM Juranjaa. Jlanee
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Ha0II01aeTCsl 3aMelleHue JPYTruM JOHOPHBIM aTOMOM OWJIEHTATHOTrO (T0-
JUACHTATHOIO) JIMTaHAAa MOJIEKYJIbl BOAbl B aKBaKaTHOHE MeTallja. 3aTeM
NEPBBIM JOHOPHBIM aTOM JMIaH/a 3aMEIIAeT MOJEKYIY BOJAbI, C KOTOPOH
OBbLJT CBSI3aH BOJIOPOIHOM CBSI3bIO, M MMPOUCXOIUT 3aMbIKaHUE LIUKIIA.

Takolt MexaHuU3M OOBACHSAET YCKOPEHUE PeaKIIMU 00pa30BaHUs Xe-
JaTOB 3a CYET «B3aMMOIIOMONIIMW» JOHOPHBIX aToMOB. [lepBwIil JOHOp-
HBI aTOM, 3aKpEIUISIICh HAa aKBaWOHE, NI€JAeT CTOJKHOBEHHUE BTOPOTO
JIOHOPHOT'O aTOMa C aKBAaWMOHOM Ooliee BEPOSATHBIM U S(PGHEKTHBHBIM.
BTopoit moHopHBI!I aToM, 00pa3oBaB KOOPAMHAIIMOHHYIO CBSI3b, MPO-
CTPAHCTBEHHO 3aKpEIUIseT MEepPBBI JOHOPHBIA aTOM JIMTaHJa BOJIHU3H
KoMIuieKkcooOpaszoBatens. bonbmas 3¢p(GeKTUBHOCTh B3aMMOACHCTBUS
BTOPOTO JOHOPHOT'O aToMa oOyCIOBIEHa TeM, 4TO oOpa3oBaHHE Mep-
BBIM aTOMOM IMPOYHOW BOJAOPOJHOM CBSI3M C BHYTPHUC(HEPHON MOJIEKY-
JIOW BOJABI MOJSPU3YET MOCIEIHIO U YCUIIUBAET €€ BIUSHUE Ha peak-
U1 0OMEHa JPyTruX MOJIEKYJ BOJbI BO BHYTpEeHHEN chepe LeHTpaIbHO-
ro aroma. Hanmpumep:

H,O
Hzo |
H,O
HO | N msnine-OHy N
O | — TS LU S, g
Hzo,.-ﬁ:::‘.‘.‘..l\./.[.__“ﬁ"(;{ OH, + N> H,O | o-H N‘)
| ? H,0 H
H,O
l—HzO
H,O H,O
H,O H,O N
““““ =N TV P
11\‘1‘_'...1\./.[.'.’::5;2:}3' -— H, O.nu'.‘.‘.-.-M____ —\
H,0 = OH, b ‘ O H——N
H,0 H,o H
-H,O N
H,O N
H,0 J gz ~N STHICHIUAMUH
i M ':“
H,O s |.-:mN )
H,O
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MeToabl U HEKOTOpPbIE 3aKOHOMEPHOCTH CHHTE3a KOMILJIEKCHBIX
coeqnHeHMid. B cuHTE3e KOOPIMHAIIMOHHBIX COCIUHEHUIN HCIOIb3YIOTCS
XUMUYECKUE PEaKIMU MPAKTUIECKHU BCEX TUIIOB, OCYIIECTBIISIEMBIE BO BCEX
arperaTHbIX COCTOSTHUSX.

1. Henocpeocmeennoe e3aumooeiicmeue peazeHmog, HapuMep CUH-
Te3 KapOOHUJIOB METAJIJIOB:

M + nCO — M(CO),.

[pyrue npuMepsl CHHTE3a KOMILUIEKCOB HEIMOCPEICTBEHHBIM B3aUMO-
JIEWCTBUEM PEAr€HTOB IIPUBEIACHBI HUKE:

(CHZ)m
R~ R rog R/ XR
N—(CH),—N__+MA,—> N N
R R " PN RN
R~ R
MA

n

R=H, Alk, Ar;m,n=2+4; R'=M, Et

0N o0

+MA, - (O M’ Oj A

o 0 T

R R
=0 Q.0
2 HeMAROL(C M) +2HA
o Y0 0
R K R
R = Alk, Ar

2. Obmen nuzandoe. DTN peakluu Hambojee pacipOoCTpPaHEHBI s
cuHTe3a KoMIuieKcoB. CoJIbBAaTHPOBAHHBIE HOHBI METAJLIOB, 00pa3yomue-
Csl TIPU PaCTBOPEHUHM COJIEH, B3aMMOJICUCTBYIOT C COJIbBATUPOBAHHBIMU JTHU-
raggamu. Hanpumep, cuates [Ni(NH;)s]Cl, B BogHOM pactBope:

[Ni(H,0)s]*" + 6NH; — [Ni(NH;)s]*" + 6H,0.

OOMEHHBIE peakiiu HCIONB3YIOTCS HE TOJIBKO JJIi OOMEHa BHYTpPH-
c(hepHBIX JUTaHIOB, HO U JUIsl OOMeHa BHEITHEC(hEePHBIX aHUOHOB:

[Co(NH;)]Cl; + 3KI — [Co(NH;)4]I; + 3KCI.
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IIpu cuHTE3€¢ KOOPAMHALMOHHBIX COEAUHEHUN MOXHO HCIIOJIb30BATh
HE TOJBKO PEAaKIMW 3aMEIICHUS JIMTaHJAOM MOJIEKYJl PacTBOPUTENS BO
BHYTpEHHEH cdepe, HO U 3aMelIeHUe JPYyroro JUranjaa. IToT MeToJ yAo00-
HO NPHUMEHATh B OTCYTCTBHE YCTOWYMBBIX PACTBOPUMBIX COJIEH MeETasuia.
Hampumep, coam MHOTMX METAJJIOB B CTENEHAX OKHUCIeHUs +3 u Oomblie
OYEHb TUTPOCKOMUYHBI U OBICTPO THUAPOIM3YIOTCS B BOJHBIX PAaCTBOpax.
Bmecte ¢ TeM 3Tu coiii 0OBIYHO MaJIOPACTBOPUMBI B MAJIOIOJISIPHBIX pac-
TBOpHUTENIX. B Takux ciydasix jjisg CHHTe3a TpeOyeMoro KOMIIeKca BhIOU-
paroT APyrod KOMIUIEKC HY)KHOTO METaJljla U TMPOBOJST pEakiuu oOMeHa ¢
BBIOpAaHHBIM JIMTAHJIOM B HEBOJAHOU cpene. Hampumep:

R R’ M M R R’ B

L) = [T
NN TN dol NN gﬁ:>
H M M B MI//Z |

R, R’ =H, Alk, Ar

3. Peaxyuu 0601in020 06mena. Ity peakiiuu ocodeHHo d(HPeKTUBHEI, ec-
JIM PAcTBOPBI COJIEH BCIEICTBHE TUAPON3a (COIMbBOJIM3A) HE YCTOMUMBBI WK
HE yJaeTcsl MoJ00paTh pacCTBOPUTENb. ITOT METOJI YaCTO MPUMEHSIOT [T 00-
MEHa IIEIOYHOI0 METalljla Ha NIEPEXOAHbIN B KOMIUIEKCAX Pa3INYHbIX THUIIOB.
B xumun xenatoB 3TOT MeTo 0COOEHHO YacTo ucnonbiyercs. Hanmpuwmep:

7 NS = NS
n + MA —> + nMA
YON g,
7,
X.~M XeorM 02

—n

M = Na, K; M’ = Mn, Fe, Co, Ni, Zn; A = Hal

XNa

/N\
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+ MAc,

MOH
t

Xeee 1}/[1/2

N
Z AL

M =Co, Ni, Zn; X =S, Se

+ 2NaAc



LiX
R N{l@.&
2 R’E + MCl, —> ‘ + 2LiCl

= —2

X =8, Se, Te; M =Zn, Cd, Hg

4. OKucaumenbHo-60CCMAHOBUMEIbHBIE PEaAKYUU, BKIHOYAS DIICK-
Tpoxumuyeckue. OOpa3oBaHHE KOOPJIMHALMOHHBIX COECIUHEHUN MOMKET
COMPOBOXKAATHCS pEAKIUSAMU OKUCIEHUsA-BOccTaHOBIeHHs. Hanpumep:

4CoCl, + 4NH4CI + 20NH; + O, — 4[Co(NH;)4]Cl; + H,0.

OKMCIIUTEIIbHO-BOCCTAaHOBUTEIILHBIC MponHeccChl, IMPOTCKAOIIHUC Ha
QJICKTpOAAX, HMIMPOKO HCIIOJIB3YIOTCA IJII CMHTC3a KOMIIUICKCHBIX COCIUHC-
HUU C Pa3HbIMU CTCIICHAMMA OKHUCJICHHUA ONCHTPAJIBHOT'O ATOMaA.!

[Rh(PR3);]" + e + PR3 — [Rh(PR3)4],
[Co{P(OR3)}4] —e — [Co{P(OR3)}4].

OKHCIUTEIIFHO-BOCCTAHOBUTEIIHLHBIC p€akun, MTIPUMCHACMLBIC IJIA
CHUHTC3a KOMINJIICKCOB, MOI'YT IIPOXOJAUTH IO Pa3HbIM MCXAaHU3MaM. CpeI[I/I
HUX HMCIOTCS p€aKIuH, KOTOPBIC IMPOTCKAKOT C IMEPECHOCOM LCHTPAJIBLHOI'O
aToMa MCTaJla:

[Cr' (H,0)6]*" + [Cr(H,0)sCl]* < [Cr (H,0)sCl]" + [Cr(H,0)]*",
nu peaKHI/II/I, KOTOpBIe HpOTeKa}OT C HepeHOCOM BJIGKTpOHOB:
[Cr(H,0)6]*" + [IrClg]* > [Cr(H,0)]>" + [IrClg]” .

OKHCIUTENBHO-BOCCTAHOBUTEILHBIE CBOMCTBA PA3JIMYHBIX CUCTEM OII-
pedeNaoTCs BEIMYMHAMM BJIEKTPOJIHBIX MOTeHIUanoB. Jlrobas okuciu-
TEJIbHO-BOCCTAHOBUTEbHASL PEAKIMS MOXKET ObITh MPEJACTaBICHA B BUIE
JBYX IOJIypPEaKLUN:

m Ox; + ne <> Red,,

n Ox, + ne <> Red,,
mOx; + nRed, <« nOx, + mRed,.

Jns mostypeakiiuii  OKUCIUTENIbHO-BOCCTAHOBUTEIBHBIE TOTCHIIAATIBI
MOTYT OBITh pPacCCUMTaHBI 110 YpaBHeHUIO0 HepHcTa:
RT a
E=E"+—=— In—0x,
nkF ARed
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TA€ Aox, dred — AKTUBHOCTH COOTBETCTBEHHO OKHCJIEHHOM M BOCCTAHOBJICH-
HOU opM.

Pacuer moTeHIMaNOB CUIBLHO YHPOIIAETCS, €CJIM MPU BHIOPAHHBIX yC-
JIOBUSIX 00paszyercs TOJBKO OJIHO KOMIUIEKCHOE coeanHeHue tuma [ML,].
Torna mosrypeakuust UMEET BUT

[ML,] +ne =M +xL,
RT 1

0
n dmL,

OKUCIUTENbHO-BOCCTAHOBUTEIIBHBIC TOTEHIHATBI CUCTEM MOXKHO
JIOBOJIBHO CHJIBHO M3MEHSTh, CBS3bIBAasl OJHY U3 POpM (OKHUCICHHYIO WU
BOCCTAHOBIICHHYI0) B MajopacTBOpUMoe coenuHenue. lIporexanue
OKHCITUTEIPHO-BOCCTAHOBUTEIBHBIX PEAKIIUNA OMPEACIICTCS BEIMUYNHON
AIIEKTPOJBUKYIIEH CUITBI, KOTOPAsi paCCYUTHIBAETCS 1O Popmyiie

AEO:EOOK_EOBOC'

OKHCTUTENIbHO-BOCCTAHOBUTEIILHBIE PEAKIIMK MOXKHO pa3OUTh Ha IpyIl-
Ibl: PEaKIMM OKHUCJICHUS WM BOCCTAHOBJIEHUS KOMILIEKCOOOpa3oBaTes,
uaymnme 6e3 U3MEHEHUs! KOOPIMHAIIMOHHOTO YHCiIa KOMIUIEKCOOOpa3oBaTelts,
HarpuMmep:

2+ - _ 3+
[Co(NH3)s]™ —e = [Co(NH3)¢]™,
[Fe(CN)s]™ + ¢ = [Fe(CN)q]",
Y PEaKUUH, MPOTECKAIIME C U3MEHEHUEM KOOPAUHAILMOHHOIO YKCia KOM-
IeKcoo0pa3oBaTessi, HalpuMep:
2- - 2- +
[PtCly]” —2e + H,0 =[PtCl4(OH),]” +2H",
[PACI¢]* + 2¢” = [PACl]* + 2CI".

Peakruu 6e3 m3MeHEHUS KOOPIWHAIMOHHOTO YKCJIa KOMIUIEKCOOOpa-
30BaTelis MPOTEKAIOT OBICTPO U SABIAIOTCS oOpaTUMbIMH. Peakiuu ¢ u3me-
HEHUEM KOOPAMHAIIMOHHOTO YKCIIa CBSI3aHbI C Pa3pblBOM MM 00pa30BaHU-
€M XMMHUYECKUX CBA3eH. Takume peakuuu NpoTEKarT C MEHBIIEH CKOpO-
CTBIO U MOTYT OBITh HEOOPATUMBIMHU.

PeaKHI/II/I OKUCIIUTCIIBHOTO IPUCOCAUHCHUA IMPOXOOAT C U3MCHCHUCM
KOOPAWMHAIMOHHOTO YMUCJIa, HAIIPHUMCP:

[Pt(NH;),]*" + CL, = [Pt(NH;),CL]*".

OKHCIIUTEIIBHO-BOCCTAaHOBUTEIILHBIC MpCBpalicHuA KOOPpIWMHHUPOBAH-
HBIX JIMTAHAOB IMPHUBCACHBI HMIKC!

[PtEn(NO,),] + 12(H) + 2HCI — [PtEn(NH;),]Cl, + 4H,0,
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rae (H) — aromapnsiit Bogopos (Zn + HCI).

5. Peakyuu memniaamnuozo cunmesa. CUHTE3 JTUTAHIOB OCYIIECTBIIS-
€TCsl B TIpoliecce KOMIUIeKcooOpa3oBaHus. [IpuMepoM MOXET CIyKHUThb
CHUHTE3 M3 apOMaTHUYECKOT0 O-THIPOKCHAIBJCTUIa U aJKWJIaMHUHA B MPH-
CYTCTBUM MOHA METaJlJIa-KOMILIEKCO00pa30BaTeIIs:

20-HOC6H4CHO + 2RNH2 + Mn+ —
— [M(0-OC¢H,CHN(R)),]" 2" + 2H,0 + 2H".

BiusiHMe HEHTPANBHOIO0 AaTOMA W JIMTAHA0B HA PeaKIuM KOM-
miekcooopazoBanusi. OOpa3oBaHWe M CBOWCTBAa KOMILUIEKCOB METAJIOB
3aBUCAT OT MHOTHX (DAKTOPOB: MPUPOJIBI METAJIA, JTUTAHOB, PACTBOPUTE-
751 ¥ ycnoBu# npotekanus npouecca (P, 7, C).

YcTaHOBIEHBI AMIUPUYECKUE 3aBUCHUMOCTH MEXAY (HDU3UKO-XUMHU-
YECKMMHU CBOWCTBaMHU KOMILJIEKCOB U 3apsiioM fJipa IEHTPAJILHOIO aroMa.
Tak, yCTOMYMBOCTh KOMILIEKCOB METAJIOB, 00pa3yIOIMIUX MOHBI OJUHAKO-
BOT'O 3apsiia, YMEHBIIIAETCS C POCTOM HOHHOTO pajilyca WM CHUKECHUEM
MOHHOTO MOTEHIMajla, PABHOTO OTHOIICHUIO 3aps/ia MOHA K €ro paguycy.
C yBenMYEeHHEM HMOHHOTO pajnyca KOMIUIEKCOOoOpa3oBaTensi pacTeT CTa-
OWJIBHOCTH KOMILIEKCOB C OOJIBIIIUM KOOPIUHAIIMOHHBIM YHCIIOM.

VY cToHYnMBOCTh KOMILJIEKCOB 3aBUCUT OT PAa3MEPOB U MPUPOJIbI JIUTaH-
JOB. XapaKTepUCTUKH JIUTAHIIOB, KOTOPBHIC BIHUSIOT Ha OOpa3oBaHUE U
CBOMCTBA KOMILIEKCOB, TPUBEICHBI HUXKE:

— THUII JOHOPHOTO aToMa (JIOHOPHBIX aTOMOB);

— HaJIMYUe CUCTEMBbI COTIPSIKEHHBIX CBSI3EH;

— JIEHTAaTHOCTb;

— IPOCTPAHCTBEHHOE CTPOEHUE JIMTAH/OB;

— MOJINTOITHOCTD JINTaHOB;

— PacCTOSIHUS MEKy JIOHOPHBIMU aTOMaMH;

— CTEPEOXUMUYECKAs KECTKOCTh JINTAH]IOB;

— TUIPOPMITHHOCTB-TUAPOGHOOHOCTD JTUTAH/IOB.

Bo3pacranue ycTOWYMBOCTH KOMILUIEKCOB C OHMJICHTaTHBIMU JIMTaHIa-
MU IO CPAaBHEHUIO C MOHOJICHTATHBIMU JIMTAHJAAaMU HA3bIBACTCS XeNamHbIM
aghexmom.

KommnuectBenHoii mepoit xenatHoro s¢dexra (AEye,) SBISETCA pas-
HOCTh JIOTapU(MOB KOHCTAHT YCTOMUYMBOCTU KOMIUIEKCOB C OJHUM U TE€M
YK€ JTUTaHJ0M U KOMILIEKCOOOpa3oBaTeaeM, HO B OJTHOM JIUTaH/ BeJeT ceOs
KaK OUJICHTATHBIN, a BO BTOPOM — KaK MOHO/ICHTATHBIN:

AE, ., =1gBy 1 — 1gBML2°
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OpxHako U3BECTHBI ClIydyan 00pa30BaHUsl MEHEE YCTOMUMBBIX XEIaTHBIX
KOMILJIEKCOB IO CPAaBHEHUIO ¢ KOMIUIEKCAMH, B KOTOPBIX JIUTaHJ BEACT ce-
05 KaK MOHOJECHTATHBIH.

VYcTaHoBIEHHE 3aKOHOMEPHOCTEW, ONPENEAIONIMX HaIlpaBICHUE pe-
aKIMI MIPU CUHTE3€ KOMIUIEKCHBIX COEMHEHNN, OCYIIECTBIIOCH Ha KJIac-
CHYECKUX 00pa3lax — Ha COCJAMHEHHSX TUIATHHBI, a 3aTeM YXe MpoBeps-
JOCh HAa JPYTrUX KOMIUIEKCHBIX cOoeMMHEeHMsX. OTIUYuTenbHas Croco0-
HOCTb KOMIUIEKCHBIX COEAMHEHHUM TUIAaTUHBI — YCTOMYMBOCTh UX BHYTPEHHEN
cdepbl 0 OTHOILIEHUIO K pacTBopuTeto. Kpome Toro, HOHBI Pt*" u Pt*" cro-
COOHBI KOOPJIMHUPOBATH PA3IMYHBIEC JIUTAH/IBI.

Oco0eHHOCTH peaKIuii KOMIUIEKCHBIX COCIMHEHUI 0000IIeHbI B BUJIE
HEKOTOPBIX 3aKOHOMEPHOCTEMN.

1. IIpaeuno Ileiupone. Cymnocts npaBuna lleiipone coctout B
TOM, YTO 3aMEIlIEHHUE B allUJOKOMIIJIEKCE IBYX KOOPJAUHUPOBAHHBIX KHU-
CIIOTHBIX OCTATKOB aMMHAKOM WJIM aMHUHAaMH MPUBOJUT K 00OpPa30BaHUIO
yuc-uzomepa. Tak, ecnu K pacTBopy TerpaxioporuiatuHata(ll) xamus
K,[PtCly] moGaBuTh amMmMuak WM KakoW-HUOyIb amMuH (A) (ruapasuH
N,H,4, mupuaua CsHsN, metunamud CH;NH, u T. 11.) B COOTHOLIEHUH
2 MOJIb aMHHa Ha | MOJb alUIOKOMIUIEKCA, MPOUCXOAUT CIEAyromas
peakuus:

K,[PtCl,] + 2NH; — [Pt(NH;),C1,] + 2KCl,

Cl
‘ Cl \ / NH3
Kp|Cl—Pt—Cl |+ oNH, — | Pt + 2KCl,
| Cl NH,
Cl
WJIN B OOII[EM BUIIE:
Cl cl Cl
K, Pt~ + 2A—> Pt< + 2KCI,
ca’ al cl

rae A — NH;, amum.

JlanpHel1Iee BEITCCHEHNE KUCIOTHBIX OCTaTKOB M30BITKOM aMMHa-
Ka TnpuBener K oOpa3oBaHuto xjopuaa TterpaamMuHniaaTuHbI(ID)
[Pt(NH;)4]Cl,. Ecnu no0GaBuTh K pacTBOPY JIUXJIOPOIUAMMMHILIATHHBI
[Pt(NH;),Cl;] B u30bITKe KakoW-mub0 aMuH, TO oOpasyercs yuc-hopma
«CMEIIIaHHOT0» KOMIIEKCa:
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Cl NH, A NH,

1~ NH, A T NH

3

2. Ilpasuno Hepzencena. OnipesieIecHHON 3aKOHOMEPHOCTH MOIYUHS-
€TCAd HE TOJIbKO 3aMEIIEHHE KHUCIOTHBIX OCTAaTKOB B alldJIOKOMILIEKCax
aMUHAaMH ¥ aMMHaKOM, HO W OOpaTHBIM Mpoliecc — IMepexo] aMHHOKOM-
IJIEKCOB B allAOCOeAMHEHUs. Tak, mpu B3auMOAEUCTBAH | MOJIb XJIOpUIa
terpaammuHIIaTHHBI(IT) [Pt(NH3),4]Cl, ¢ 2 MOnb CoONsIHON KHCIOTHI 00pa-
3yeTcst mpauc-u3oMep (mparc-IuxXaopIuaMMUHILIATHHA):

HN_ NH, B Pt ¢l

Pt~ Cl, + 2HCl—> + 2NH,CL
a” Ny

~
HN~  NH,

H;

JlanpHeliliee BHITCCHEHHE aMMHaKa M3 BHYTpPEHHEH cdepbl KHUCIIOT-
HBIMH OCTaTKaMH IPUBOJUT K 00Pa30BaHHIO TETpaIUI0CcOeIMHEeHUA. B 3a-
BUCUMOCTH OT IIPUPOALI KOOPAMHUPOBAHHOTO aMHUHA, a CJIEIOBATEIbHO, U
CTEIMEHH TPOYHOCTHU €T0 CBSI3H C LEHTPAIbHBIM aTOMOM 3TOT IPOILIECC MPO-
XOJIUT OOJIee I MEHEE JIETKO.

Ecaiu  nmonyyeHHBIH  KOMIUIEKC — mpaHc-AUXIJIOPANAaMMUHILIATHHBI
[Pt(NH;),Cl,] obpabotath u30BITKOM Kakoro-ambo amuHa, oOpasyercs
mpaHc-PpopMa «CMEIIaHHOTO» KOMILIEKCa:

Cl H
+2A —>

H sN A
\Pt/

N
3 op
AT SwH

CL,.
a” >

NH, .

3nas npasuna llefipone u HMeprencena, MOXXHO MOJYYUTh yuc- WIA
mpauc-gopmuvl «CMEIIaHHBIX» aMUHOKOMILJIEKCOB.

3. 3akonomepnocmov mpanc-eauanusn. CymHOCTb €€ 3aKII0YaeTCA
B TOM, YTO MPOYHOCTb CBSI3M MEXJYy JIMIaHIaMUd U HMOHAMHU-KOMILIE-
KCOOOpa30BaTENIsIMU 3aBUCUT HE TOJIBKO OT UX IPUPOIbI, HO U OT MpPHU-
pOIBI TUTaHa, HAXOISIIIETOCs B mMpaHC-TION0KEHUN K IEPBOMY JIUTaH-
ny. Ilpupona mpanc-nuraiga UMEET OCHOBHOE 3HAYEHHE IJIs1 OTHOCH-
TEJIbHOW MPOYHOCTU CBSI3M C KOMIUJIEKCOOOpa3oBaTeiaeM TOW WM MHOU
TPYIIIHL.
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3aKOHOMEPHOCTh mMpaHc-BAUSHUSA Obllla YCTAHOBJICHA MPU HU3YUYEHUU
IIPEBPALCHUN COECIUHEHUN Pt*'. BriociieacTBHH GBLIO TIOKA3aHO, YTO OHA
IIPUMEHNMA TAKXXE K COEIUHEHUAM Pt*, Pd*, Ir'*, Co’ u HEKOTOPBIM IpYy-
I'MM. OTa 3aKOHOMEPHOCTh NMPUHIUIINAIBHO MOAXOAUT KO BCEM KOMIUIEKC-
HBIM COEIMHEHUAM, KOTOPbIE UMEIOT IIJIOCKOE WIM OKTA3IPUYECKOE CTPOE-
HUE (KOOPAMHAIMOHHOE YUCIIO LIEHTpaIbHOro atoMa 4 uiu 6), T. €. Korjaa
JIMraH/pl, HAXOIAIIUECS B MPAHC-TIONOKEHUU APYT K APYry, Pa3feicHBbI
LEHTPAJIbHBIM AaTOMOM. YCTaHOBJIEHHME J3TOHW 3aKOHOMEPHOCTH HMMEET
OoJbllIOEe 3HAYEHHE JIJISI XMMHHM KOMIUIEKCHBIX COEAMHEHMH, TaK Kak JaeT
BO3MOKHOCTb MPEAYTraJblBaTh MOPALOK IIPOTEKAHUS PEAKLIMM 3aMEILCHUS B
HEOJTHOPOIHOM BHYTpPEHHEH cepe U CO3HATENBHO BHIOUPATD ITyTH CUHTE3a
IPOCTPAHCTBEHHBIX M30MEPOB, a TaKkKe OOBACHATH MEXaHU3M PEaKIUil C
Y4aCTHEM KOMIUIEKCHBIX COEIMHEHHH. 3HAaHUE 3aKOHOMEPHOCTH MPAHC-
BIIMSIHUS TTO3BOJISIET CUHTE3UPOBATh KOMIUIEKCHBIE COEIMHEHHS C YETHIPh-
Ms WA AK€ MIECTHIO PA3JIUYHBIMU JIUTAHIAMMU.

N3ydeHneM CTENneHu mpanc-BIUSHUSA OJHUX JUTAHAOB Ha JApyTrue 3a-
HUMAJIUCh MHOTHE UCCIIe0BaTeNd. B pe3ynprare noiy4eH psij IUraiios B
nopsiake yObIBaroIen mpanc-akTUBHOCTU:

CN > NOz_ >] >Br >Cl] > RNHZ > NH3 > HzO,

rane RNH, — amMunBbI.

UeMm BblIIE mMpaHCc-aKTUBHOCTH JIMTAH/IA, TEM MEHEE MPOYHA CBA3b C
KOMILIEKCOOOpa3oBaTeeM ero mpauc-mapTHepa U TeM JIierde MOCIeTHUM
3aMeNaeTCs IPYTUMU JINTaH1amMu. Tak, B COeIMHEHUN

H,N Cl
S TG
HN-"  SNH,

MOJIEKyJla aMMHaKa, pacloyioKEHHas M0 OJHOM AMAaroHalIu ¢ XJopoMm, 0o-
Jee moABMXHA (JIaOWJIbHA), YeM JBE JPYTUe €ro MOJIeKYJbl. B3anmonerct-
BHE TAaKOTO COCJIUHEHUS C COJITHOM KHCIOTOW MPUBOJIUT K 0OpPa30BaHUIO
TOJIBKO mpaHc-u3oMepa. Tak 3aKOHOMEPHOCTh MPAHC-BIUSHUS OOBICHSIET
npaBuio Meprencena:

H:N Cl H.N Cl
’ >Pt< Cl+ HCI —| Pt~ + NHCL
H;N NH, c” NH
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AHaNOTUYHO MOKHO OOBSICHUTH M 3aMEIEHUE XJIOpa aMMHUAKOM IO
npasuiy Ilelipone. B coenqunenun cocrasa

Cl NH
Sp

c” al

K

HMOHBI XJIOpa, JCKAIIUC Ha KOOPAMHATC XJIOp — IUIATHMHA — XIJIOp, Oonee
IIOABUIKHBI (J'Ia6I/IJ'IBHbI), 49CM HOHBI, mpaHC-TIAPTHEPOM KOTOPLIX SABJISACTCA
aMMUaK. HOSTOMy peakuuAa 3aMCIICHUS NOHOB XJIOPpAa aMMHWAKOM IIPOUCXO-
JUT C O6pa3OBaHI/ICM yuc-u3omMepa:

Cl NH Cl
3 NH
> Pt~ FNH,—= | Pt

ca” al 1~ SNH,

K + KCL

Bo Bcex ciydasx NPOUCXOAMUT B IIEPBYKO OUYepellb 3aMEILICHUE TOro
JUTaHJa, mpaHc-TIapTHEP KOTOPOro HanboJiee aKTUBEH. 3aMeIlleHUe MoJie-
KyJ aMMHaKa U3 BHyTpeHHEU chepbl cCoeTuHEHUS

H;N \Pd - Cl

H3N/ ™ Cl

MpoUCXOaAUT MEAJICHHCC, YEM M3 COCIMHCHUA

H;N - SBr

TaKk Kak OpOM mpaHc-aKTUBHEE, 4YeM XJOp, U aMMHUaK B mMpauc-
NOJOKEHUM K OpoMy OoJiee MOJIBUXKEH, YEeM B KadyeCTBE mpPAaHC-
napTHepa K XJ0py.

3+ -

B xommnekchbix coenuuenusx Co’ uwoH NO, mnposiBiser Oosbliee
mpanc-Bausiaue, 4eM noH CNS . [TosToMy npu peakuuu Mexay TeTpaHUT-
ponunammuHokoOansTaToM(IIl) aMMoHMsa W pogaHUAOM aMMOHHUS OTMeEda-
€TCs 3aMelIeHNEe TOIbKO BYX HOHOB NO, Ha noHbl CNS :
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B NH3 | B NH3
02 N02 O CNS
2
NH, +2NH,CNS — NH, m +2NH,NO,.
ON NO, ON CNS

BBenenune u30ObITKa pogaHWIa aMMOHHS HE BBI3BIBACT JATBHEUINETO
3amenieHuss noHOB NO, B KoMIIIeKce, Tak Kak moHbI CNS 0oiee mon-
BIKHBI. B TO ke Bpemsi Onarogaps Oonblleil mpaHc-aKTUBHOCTH MOHOB
NO, 1nerko npoucxoauT oOpaTHBIN Ipoliecc:

NH; ] NH,
0, CNS 0, NO;
NH, +2KNO,—> K| +NH,CNS+KCNS.
O,N CNS O,N NO,
i NH; | i NH,

Ecnu peakuust oOMeHa OAHUX JIMTaHIOB B KOMIUIEKCE HA JAPYTrHUe Mpo-
TeKaeT OBICTPO, TO TAKOM KOMIUIEKC HA3bIBAIOT JIAOUIbHLIM, B TIPOTUBHOM
CIIy4ae — UHEepMHbIM.

YacTo ycTOMUYMUBBIE KOMIUIEKCHI MEJIEHHO PEAarupyroT ¢ HOBBIMH JIH-
raHjaMu, a HeycToiumBble — ObicTpo. Tak, kommieke [Fe(CN)g]*™ nnept-
HBIiT U ycToHunBbIi, a kommekce [Fe(H,0)q]”" mabuibHbIi 1 MeHee YCTOH-
yuBblil. OJIHaKO HE CJEeNyeT CUYUTATh WHEPTHOCTH OIPEAEIIEHHOIO KOM-
wiekca abcomroTHOW. CBOICTBAa KOMIUIEKCa 3aBUCSIT OT YCIOBHUH, B
KOTOpBIX OH Haxomurcs. Tak, unepTHsii komrmiekc [Co(NH;)s]’" B Heii-
TPaJbHBIX U IIEJIOYHBIX CPEAAX pearupyeT ¢ BOAOU B KUCIION Cpee:

A[Co(NH;)s]*" + 20H;0" + 6H,0 < 4[Co(H,0)¢]*" + 24NH," + O,.
DTOT K€ KOMILIEKC SIBJISETCS JTaOUIbHBIM B TPUCYTCTBUHU HOHOB CN :
[Co(NH;)s]" + 6CN™ «> [Co(CN)s]>~ + 6NHs.

Ponv pacmeopumenn. CBoiicTBa pacTBopuTelnel, Kak (hU3nUEeCcCKHe
(TemIiepatypbl KUIIEHUS U IJIaBJIEHUS, BA3KOCTh, IJIOTHOCTD U Jp.), TaK U
XUMHYECKUE (KUCITOTHO-OCHOBHBIE CBOICTBA, COJIbBATUPYIOIIAsl CIIOCO0-
HOCTh), U3MEHSIOTCS B IIMPOKOM auana3oHe. Ha xon peakuuid Biauser
TaK)K€ KOHILIEHTpanus peareHToB. C poCTOM KOHUEHTpALMU BEIIECTB U3-
MEHSETCS UX COJIbBATAllMsS: COKPAIIAETCA KOJIMYECTBO MOJIEKYJ PacTBO-
puUTENs, CBSI3aHHBIX C MOJIEKYJIaMU PACTBOPEHHOI'0O BELIECTBA, U3MEHSIET-
Cs CTPYKTypa pacTBOPOB. BciencTBue yMEHbIIEHUSI CPEIHECTATUCTHYE-
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CKOTO PacCTOSHUS MEXITy MOJIEKyJaMH (MOHAMHU) PAaCTBOPEHHOTO BEIIECTBA
IpU YBEIWYEHUU €r0o KOHIIEHTPAIIMH PACTET BEPOSTHOCTh 0Opa3oBaHUs
accoIMaToB. JTO BIMSIET HA PEAKIMOHHYIO CIOCOOHOCTh W TOJIOKEHHUE
paBHOBECHUH peakIuil ¢ y4acTHEM PAaCTBOPEHHBIX BellecTB. Moauduiu-
pOBaTh CBOMCTBA pacTBOPA MOKHO HE TOJBKO M3MEHEHUEM COCTaBa pac-
TBOpUTEJIEH, HO U JOOABIEHUEM DJIEKTPOIUTOB WIM ONpPEIEICHHBIX HeE-
JJIEKTPOJIUTOB.

B ocHoBe knaccudukanuu pacTBOpUTENICH JIeKaT TaKUE UX CBOMCT-
Ba, KaK:

— accouuaTuBHOCTh. OmpenenseTcss HATMYUEM CUIIBHBIX BOJOPOIHBIX
CBsi3eil 1 00yCIIOBIMBAET TUAPOPOOHBIE B3aUMOCHCTBHS;

— NoNApHOCTh. [0 3TOMY NpU3HAKY PACTBOPUTEIH JENATCSA HA MOJISp-
HbIE U HETOJISIPHBIE (CUIIBHOIOIPHBIE, MAJIOTIOJSIPHBIE);

— MIPOTOHOIOHOPHOCTDH ¥ TIPOTOHOAKIIENITOPHOCTb.

CuHTEe3 MHOTHX KOOPJIWHAIIMOHHBIX COEJWHEHHUN MPOBOIAT B He-
BOJHBIX PAacTBOPUTENSAX. B BOAHBIX pacTBOpax MOpPOH MOITYUYHUTh KOM-
MJIEKCHI M3-3a TUIAPOJIU3a WIH U3-3a MaJOd pacTBOPUMOCTH HEBO3MOX-
HO. B Hacrosmiee Bpemsi HaKOMMIOCH JOCTATOYHO JAHHBIX, KOTOpPBIE
MOKa3bIBAIOT BIUSHUE PACTBOPUTENS HE TOJBKO Ha CKOPOCTh peaKIui,
HO M Ha WX HampasiieHue, MexaHu3M. JlJis mepeBoja KoMmIjieKkca B pac-
TBOpP HEOOXOJIUMO YUYHUTHIBATh, YTO PACTBOPUMOCTh B BOJE ONPEAECIISIOT
crenyromme GakTops:

1) oTHOILIEHNE panyCOB MOHOB, COCTABISAIOIIUNX JAHHYIO COJb, JOJK-
HO MPUOIMKATHCS K OMpPENeICHHOMY 3HAYeHHIO, XapaKTepHOMY JJisl JaH-
HOTO THUIIa COJU. DTa BeIMYMHA Konebaercs B mpeaenax ot 0,7 mo 1,2. Us-
MEHEHHE PacTBOPUMOCTH NPHU W3MEHEHUU OTHOIICHHUS PaJlyCOB HMOHOB
TEM pe3ue, YeM BBIIIIe 3apsAbl HOHOB, COCTABJISIONINX JAHHYIO COJIb;

2) yem BbIIIE 3apsAIbl KOMIUIEKCHBIX KaTHOHOB, TEM MEHbINIE PaCTBO-
PUMOCTB COJIEH TPU MPOYNX PABHBIX YCIOBUSAX;

3) MOHBI HE JOJDKHBI COAEPKaTh TPYMI, CIIOCOOHBIX K 0Opa30BAHUIO
BOJOPOJIHOM CBS3U C MOJIEKyJIaMu BOAbI (THUIPOKCUIIbHAS U KapOOKCUIIbHAs
rpynmna, aMuHOTpymmna).

B cnoxHOM opraHMuYecKOM JHUraHje HaIUYue THIPO(GUIBHBIX WIH T0-
JSIPHBIX TPYIII CIIOCOOCTBYET PAaCTBOPUMOCTH KOMILIEKCOB B BOJIE€ WJIH I1O-
JSIPHBIX PacTBOpPUTENsAX. TakUMM Tpynnamu, HalpuMep, MOryT OBITb
-80;7, -PO;*, -COO ", ~OH, ~NH.,.

B cl0XHBIX OpraHMYecKuX JUTraHjax, Kak MpaBuio, HApALY C THAPO-
(GUIBHBIMU TPpyNIIaMH MPUCYTCTBYIOT ruaApodoOHbIe. ['uapodoOHbIe TpyII-
bl OOJIBIIIOTO pa3Mepa MOTYT SKPaHUPOBATh THAPO(PUIBLHBIE U TEM CaMbIM
MOHIKATh PACTBOPUMOCTD B MOJISIPHBIX PACTBOPHUTEISIX.
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CuHTE3 MHOTMX KOMILJIEKCOB BEIYT YEPE3 CTA/INI0O 00pa30BaHUs aKBa-
KOMILJIEKCA C MOCJIEAYIOUIUM 3aMEIIeHUEM MOJIEKYJ BOJBI Ha JPYroM Ju-
ranj. [Ipu 3amene pactBoputens (BOJbl) HA APYroM, HAPUMEP OpraHuye-
CKHMI1 PacTBOPUTENb, CKOPOCTh PEAKIMU 3aMEILICHHS JUTaHAa 4acTo PE3KO
MTOHUKAETCS.

B npenapaTuBHOI NpakTUKE YacCTO MPUXOJUTCA «UCKATh» Hamboliee
NOAXOJSIINANA PACTBOPUTEND JUIsl IPOBEACHUS CUHTE3a, €r0 YCKOPEHMS NN
YBEJIMYEHHMS BBIXOJIa KOHEYHOro nponaykra. Tak, Hampumep, Ui MOdyde-
uust mpanc-[PtPy,Cl;] u3 [PtPy,]Cl, B Bone Tpebyercs IIUTENbHOE KHUIIs-
yenue B npucyrctsuu HCl, a B tumermndopmamuie npouecc UaeT Mrao-
BEHHO M CAaMOIIPOU3BOJIBHO.

[Io MHEHHIO MHOTHX HCCIIEOBATENEH, KOMIUIEKCHI, JIMTAHbl KOTOPBIX
CKJIOHHBI 00pa30BBIBaTh BOJAOPOIHYIO CBS3b, JOJKHBI OBITH HA MHOTO CTa-
OWJIbHEE B ANpPOTOHHBIX PACTBOPUTEISIX [0 CPABHEHHIO C IMPOTOHHBIMH.
[TpOTOHOAOHOPHOCTHh M MPOTOHOAKIIENTOPHOCTh PACTBOPHUTENST HEOOXOIH-
MO YUYHUTBIBaTh MPU UX UCIOJIb30BAHUU.

KonmnuecTBeHHONM MeEpOW BIMSHHS PACTBOPUTENS HA PEAKIUU KOM-
IJIEKCOOOpa30BaHUs  SIBISIIOTCA  TEPMOJAMHAMHYECKUE XAPAKTEPUCTUKHU
npoueccoB. BnusiHue pacTBopuTeseil Ha peakuuu KOMILIEKCOOOpa30BaHUs
OTpa)aroT BEJTUYMHBI KOHCTAHT oOpa3oBanus K. [Tokaxem 310 Ha npume-
pe o6pazoBannst kommiekca [CdI4]* (I’ — TaloreHHA-HOH) B Pa3HBIX pac-
TBOPUTEIISX.

PactBopurens Jlurann K K> Ks K4
cr 38,5 4,4 1,5 -
Bona Br 57,0 3.9 9,5 2,4
I 121,0 5,0 137,0 40,0
Cl 16,0 - 10° 75,2 430,0 52,0
Jumetuincynbhokcny Br 850,0 71,0 600,0 44,0
I 150,0 27,0 830,0 15,0

B BomHbIX pacTBopax ycroitunBocTh yBenuuuBaetrcs ot Cl x I, B au-
METHIICYJIb(POKCHUIE YCTOMYMBOCTh PACTET B OOpAaTHOM HAMpaBICHHUH, YTO
0OBsICHSIETCS pa3HbIM BKJIAJOM 3HEPTUU cojbBaTaluu. B oboux pacTBopu-
TEJSIX HaONIOAI0TCA CYIIECTBEHHBIE OTKJIOHEHHS BEIMYMH KOHCTAHT IO
CTYNEHSIM YT OT JApyTa.

W3 npuBeNEeHHBIX JaHHBIX CIEIYET, YTO PACTBOPHUTENH PAIAUKAIBHO
BJIUSIET HA PaBHOBECHUs pEAKUUN 0Opa3oBaHUs KOMIUJIEKCOB, U3MEHSS Bbl-
XOJ IPOYKTa U €T0 COCTAB.
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Bnuanue snexmponuma na npomexanue peaxkyuii ¢ pacmeopax. Pe-
aKLMM B pacTBOpax MPOTEKAIOT MPHU pa3HbIX 3HaueHUsX pH u KoHIEeHTpa-
Ui 3JIeKTpoauToB. Eciu paccMoTpeTh peakinio oOpa3oBaHUs KOMILIEKCA
U3 HOHOB METaJlJIa U JIMTaH/a

M" +xL™ = [ML,]"™,

TO B BEJIMYHUHY CBOOOJHOW JIHEPTUM OOpa30BaHUSI KOMIUIEKCOB BHOCST
BKJIAJ] HE TOJBKO B3aMMOJECHCTBUS MOHOB METAJUIA W JINTaHAA, HO U HUOH-
HbI€ B3aMMOJICHCTBUSL B PACTBOPE MEXAY KOMILIEKCOOOpa3yIOIUMHA HOHA-
MU U MOHaMH (HPOHOBOTO 3ieKTposuTa. OOpa3zoBaHHE KOMIUIEKCA IO IMpH-
BEJICHHOM peaklMK COMPOBOXKAACTCS CYIIECTBEHHBIM MOHUKEHUEM OO0IIei
KOHIICHTPAIIMM B3aWMOJICUCTBYIOIINX HWOHOB M BBI3BIBAET 3HAUYUTEIIHBHOE
YMEHBILICHUE MEXKHOHHOTO B3auMoAeUcTBUs. lIpoucxomur wu3MeHeHue
VOHHOW CWJIBI pacTBOpA:

w= 1/2(C1212 =+ C2Z22 + ...+ C,'Zl-z),

rae C; — KOHLIEHTpaIus i-ro MOHA; Z; — 3aps[ i-ro UOHa.

HonHas cuna pacTtBopa 3JEKTPOIMTA ompenenser Kodh(UIHUEeHT ak-
TUBHOCTHU MOHA, a CJIEOBATEIbHO, €r0 aKTUBHOCTh. CpeqHuil Koappuim-
€HT aKTUBHOCTH 3JIEKTPOJINTA, JUCCOLMUPYIOLIETO Ha HOHBI C 3apsa/iaMu z,
Ul Z;, OTIUCHIBAETCS (POPMYIIOif

12
Az .z

e/ )= ™

rne A = (2nN, - 107°)"?; B — ko3(GUIMEHT IpONOpIHOHAIBHOCTH, d —
paccTosiHue MaKCUMAalbHOTO COMMKEHHS B3aMO/ICHCTBYIOIINX HOHOB, OII-
penensieMoe SMIUPUIECKH.

AKTHUBHOCTh KOMIIOHEHTOB B PAacTBOPE PACCUMTHIBAETCS KaK MPOU3BE-
JIEHUE €T0 KOHIIEHTpAIMU Ha KOA(P(UIIUEHT aKTUBHOCTH.

BnusHue HeOONMBIIMX M Majlo U3MEHSIOUUXCS KOHIIEHTpAIUU 3JIeK-
TPOJIUTOB HA aKTUBHOCTHU HEDJIEKTPOJIMTOB B MEPBOM NPHOTMKEHUU TIEpe-
JIaeTCsl 3aBUCUMOCTBIO

lng = ks Cv:

rae fy — KO3(QQPUIMEHT aKTUBHOCTH HEDIEKTPOIUTa; k; — KOA(P(UIIUEHT
nponopiuoHanbHOCTH; Cy — KOHLIEHTPALUS AIEKTPOJINTA.

Ecnu k; nmeeT monoxuTensHOe 3HaU€HUE, TO aKTUBHOCTH HEJIEKTPO-
JUTa YBEIUYMBAETCS M €ro COCTOSHHE B PacTBOpE JEeCTaOMIU3UPYETCH.
[TpoucxoauT CHUKEHHE PACTBOPUMOCTH HEDJIEKTPOIUTOB, UX BHITECHEHHE
AIIEKTPOJIUTAMH U3 BOAHOH (pa3bl. DTOT 3¢ deKT Moxyynsa Ha3BaHUE 6blCa-
Jiueanue.
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Oddexr, oOpaTHbII BbICATIMBAHUIO, HA3bIBACTCS BCATUBGAHUEM.
B sTom ciyuae k; ©MeeT OTpULIATENbHOE 3HAYECHHE, a CIIeI0BATEIbHO, 00Y-
CJIOBJIMBAET CHUXEHUE KOA(DPUIMEHTOB AaKTUBHOCTHU HERJICKTPOJIUTOB B
MPUCYTCTBUM AJIEKTPOJIMTOB B PACTBOPE U CTAOMIIM3ALIUIO HEIJIEKTPOJIUTOB
B PacTBOpE.

3aKOHOMEPHOCTH BJIUSHUS COJIEH Ha aKTUBHOCTH HEDJIEKTPOJIUTOB Tie-
penatorcs kodpduimeHTaMu k;, KOTOpble OOBIYHO PACHOJAratoT B pAJl MO
BEJIMYHMHE BhICAIMBaHUs. PaccMoTpuM Takou psij 1ist 6eH3o0ua:

Comb ks Coin ks Coib ks Coin ks
Na,SO4 | 0,529 KCl1 0,166 | NaClOy4 0,106 PhCOONa —0,052
BaCl, 0,334 | NaBr | 0,155 Nal 0,095 PhSOs;Na —-0,090

NaOH | 0,256 LiCl 0,141 CsCl 0,088 MesNBr —0,149
NaF 0,254 | RbCl | 0,140 HCI 0,048 Et4NBr —0,248
NaCl 0,198 KBr 0,119 Csl —0,006 PryNBr —0,408

Psnbl BeICamMBaHMS COXPAHSIIOTCSA JUISI PA3HBIX HEDJIEKTPOJIMTOB, 32
UCKITIOUCHUEM HECKOJIbKUX TIEPECTAHOBOK. Y BEIMUEHUE PAJNYCOB HOHOB U
OCOOCHHO HaJIM4YHME y HUX TUAPOPOOHBIX OEH30JBbHBIX WJIN AJIKUIBHBIX
(GbparMeHTOB CABUTAET kg B CTOPOHY OOJIBIITNX OTPHIIATCIIHHBIX 3HAYCHHH.



Aekuus 11
YCAOBUA PASPYWLWEHUA N1 OBPA3OBAHWUA
KOMIMNAEKCHbIX COEAMHEHUM

Peakunu koMIIekcooOpa3oBaHus MOKHO PacCMaTpHUBATh KakK MPOLIECC
o0Opa3oBaHMs YCTOWYMBOM MOJIEKYJISIPHON YacTHIIBI, CBSI3b B KOTOPOH OCY-
LIECTBIIAETCS 10 TOHOPHO-AKLENITOPHOMY Mexanu3my. Hanpumep:

Al(SO,); + 12NaOH — 2Na;[Al(OH)s] + 3Na,SO.,
A"+ 60H — [AI(OH)s]™;

>

CuSO, + 4NH; — [Cu(NH;),],
Cu®" + 4NH; — [Cu(NH;)4]*";
FeCl, + 6KCN — K4[Fe(CN)q] + 2KCl,
Fe*" + 6CN™ — [Fe(CN)q]".

PaBHOBecCus, CylIECTBYIOIHE B PACTBOPAX KOMIUIEKCHBIX DJIEKTPO-
JUTOB, MOTYT OBITh HapyIIEHbI IyTEM BBEJEHUS HEUTPaAIbHBIX MOJIEKYII,
€CJIM OHHU SIBJIAKOTCS JIUTaHJAMM, UM JJIEKTPOJINTA, KOTOPBIA CONEPKUT
VOHBI, OJTHOUMEHHBIC JIMTaH/1aM. Y BEJIMYECHUE KOHLIEHTPAlUUH JINTaH/IA B
pacTBope, coAepKalleM KOMIUIEKCHBIA MOH U MPOAYKTHI €ro CTyleHYa-
TOM IHUCCOLIMALUM, BBI3BIBAET CMEUIEHUE PABHOBECUS B CTOPOHY HMCXOM-
HBbIX BellecTB. B pe3ynprare KOHIEHTpauHs HENpOIUCCOLMUPOBABIINX
KOMIUIEKCHBIX MOHOB PAacTeT, a KOHUEHTPALUs MPOJYKTOB €ro pacrnaja,
B TOM YHUCJI€ U HOHOB KOMILIEKCOOOpa30BaTeisd, yMEHbIIAETCA (TPUHLIUI
Jle Illarenbe). Ene oqHUM U3 yCIOBHI CMENIEHUS] PABHOBECH ABISETCS
IIPUCYTCTBUE B PAaCTBOPE APYTMX MOHOB, KOTOPBIE MOT'YT 3aMellaTh JIH-
ra’jbl, BXOJAIIME B COCTaB MCXOJHBIX COEIMHEHHUH, 00pa3ys Apyrou,
0osee ycTOMUYMBBIN KOMILIEKC. B 3TOM cilyyae conocTaBieHUEe KOHCTAHT
HECTOWKOCTH Pa3HbIX KOMIUIEKCOB MO3BOJIET ONPEAECIUTh HANPABICHHE
cMmemenus. Hanpumep:

Kz[HgCI4] + 4KI < Kz[HgI4] + 4KC1,
[HgCL]* + 41 « [HgL]* +4Cl.
B HpHBCI[GHHOfI pPC€aku paBHOBECUC ITOJIHOCTBIO CMCHIACTCA B CTO-

pony obpazoBanust komriekca Ky[Hgl,], Tak kak 3TOT KOMIUTEKC Goree yc-
Toituus (K, = 1,48 - 10", yem xmopumsiii (K, = 6,03 - 107'%).
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Ta xe 3aKOHOMCPHOCTD JIC)KUT B OCHOBC CMCIICHUA paBHOBCCHﬁI

[Ag(NO,),] + 2NH; < [Ag(NH;),]" + 2NO;,
K,=148-10° K,=1,0-10"
[HgBr,]*” + 4CN™ - [Hg(CN),]* + 4Br .
K,=1,0-107 K,=1,0-10""

B mpuBeneHHbIX npuMmepax oOpa3yoUUMHCcs KOMIUIEKC MpOYHEee HC-
XOJTHOTO.

Ha peakiiuu koMIiekcooOpa3oBaHus BIUSET KUCIOTHOCTh PacTBOPA.

PaccmoTpum peakuuio ruapoTanuu xioporneHraammunkooOanbTa(lll)
noHa. B HeWTpanbHOM M KHUCIOM BOJHOM pacTBOpe 0oOpasyercs, XOTs U
MeIeHHO akBaneHTaaMmMuukoOansTa(lll) vnon:

[Co(NH;)sC1]*" + H,O < [Co(H,O)(NH;)s]* + CI".

Ecnmu co3mate mienodnyro cpemy, TO OBICTpO 00paszyercs KOMILIEKC
2+
[Co(NH;3)sOH]"". Eme Oonee cHIbHOE BIMSHHE OKAa3bIBAaCT KHUCIOTHOCTH
Ha TMpEeBpaIieHUs] KOMIUIEKCOB, B KOTOPBIX JINTAHIAAMH SIBJISIFOTCS aHHMOHBI
cnabpix kuciot. Hampumep, npu neitctBun HCN Ha moHsI 1mHKa Zn”'
MPOTEKAET CIEAYIOMIAst PEAKIIHS:

Zn*" + HCN « [Zn(CN)4]* + 4H".

Yem menbiie pH pactBopa, TeM TpyaHee oOpasyercs MOH TeTpalua-
HOIIMHKA, TaK KaK B PacTBOPE CHUKAETCS KOHLEHTpalus LIMAHWU]I-WOHOB
u3-3a noAasieHus npouecca nuccounanuu HCN.

AHaNOTUYHO BIMAET KUCIOTHOCTh PAacTBOpa M Ha oOpa3zoBaHue ¢ro-
puaabix koMiuiekcoB (HF — cnabas kucnoTa), Torza kak Ha peaxiuio

[Fe(H,0)s]’" + 4Cl” < [FeCL] + 6H,0

B mpexaenax uaMeHeHuss pH or 0 qo 3 mpakTU4YeCKH HE BO3JAEHCTBYET.
B cucreme [Fe(H,0)s]’" — nCl™ cocraB xommnekcos 3asucut ot pH. Ilpu
pH > 4 u onpeneneHHBIX COOTHOWICHUSX KOHLEHTPALMN KOMIIOHEHTOB
MoxeT o0pazoBeiBaThecsl kKomiuieke [FeCl;OH(H,0),] . [Toeimenue pH 1o 4
MIPUBOJIUT K 00pPa30BaHUIO aKBAaruIPOKCOKOMILIEKCA [Fe(HzO)sOH]2+.

Wonsr omnosa (II) ¢ sTunenanamunTeTpaanerar-noamu (Y* ) o6pasy-
I0T YCTOWYHUBBIA KOMILJIEKC, COCTaB KOTOporo 1pu pH = 3—6 cooTBeTCTBYET
dopmyne [SnY]*. Ipu pH = 1,0-1,5 cymecTByer Apyroif KOMILIEKC
[SnH,Y].

Eme cunsuee pH pacTBOpoB BAMSIET Ha cOCTaB KoMILIEKcOB skene3a (I11),
kobanbta (II), ckanaus (III) ¢ Taprpar-, nuTpar-, canMUUIAT- U APYTUMH
aHMOHAMHU OpPraHMYECKHX OKCUKHMCIOT. DTH JIMTAaHAbl B KHUCJION cpene
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00pa3yroT KOMIUIEKCHI 0€3 3aMelIeHUs HOHOB BOJOPOJia B THAPOKCOTPYI-
nax, T. €. MPOTOHHUPOBAHHBIE KOMILUIEKCHI. TOra Kak B HEUTPaJIbHOW, U TEM
OoJiee, MIETOUYHON cpefax 00pa3yrTCs KOMILIEKCHI C 3aMEIIEHUEM MPOTO-
HOB B 3TUX IpYIIIax.

XOTSl COOTHOILIEHUE JIUTaHJ — METaul B MPOTOHUPOBAHHBIX U HEM-
TPAJIbHBIX KOMILJIEKCAX MOXET OBbITh OJIMHAKOBBIM, UX CBOWCTBA pa3ivya-
F0TCSL.

B menouHoil cpee koMiuieke mmeer cocras [Fe(Sal);], B kucioii —
[Fe(HSal);(H,O);]’, a B HeiiTpambHO#l cpeae 0OpasyrOTCS KOMIUIEKCHI C
MEHBIIIEH CTENEHbIO MPOTOHMPOBAHUS JIMTAH/IOB [Fe(Sal)x(HSal)y(H20)3]3_y ,
raex<3wuy<3.

Bnusuaune xucnornoctu (pH) pacTBOpoB Ha peakimu KOMILIEKCOOOpa-
30BaHUs CBSI3aHO KaK C MPOTOJUTUYECKUMHU PABHOBECHUSIMU JIUTAHJOB, TaK
U CO CIIOCOOHOCTHIO aKBAWOHOB K TUJIPOJIU3Y.

[Tporecchl rusiposn3a, KOTOpble MPOTEKAIOT B BOAHBIX pacTBOpax, Co-
JepKaliux akBaKOMILIEKChI METaJJIOB C 3apsiioM z > +2, MpUBOAST K o0pa-
30BaHMIO CJIOKHBIX TUpoKcokomIuiekcoB. Cesizu O—H B Moiiekynax Boabl,
KOTOpbIE NMPUCOEIUHEHBI K HOHY METajla B aKBAKOMILIEKCE, SIBJISIIOTCS He-
PAaBHOLIEHHBIMH, IOATOMY KOOPJWHUPOBAHHBIE MOJIEKYJIBI BOJIBI JIEerye
JTUCCOIIMUPYIOT C OTIIEIUICHUEM MPOTOHOB U OOpa3oBaHUEM THIPOKCO-
KOMILIEKCOB. B 3aBucuMoctu ot pH pacTBOpOB cOCTaB TMAPOIN30BAHHBIX
HOHOB (+2) 63 y4eTa MOJIEKyJI BOABI MOXKET ObITh ciaemyrommm: M,OH™,
M,(OH),*", M4(OH),*", M(OH)s*" u mp. OmHako ciexyer MOMHHTB, 4TO
npu pH > 7 MoryTt npoTtekatb 1 peakiiui oOMeHa MOJIEKYJ BOJbl HAa TUAPO-
KCH/JI-UOHBI.

N3yueHne KMHETUYECKUX MapaMeTpOB peakinii oOMeHa BOJbI B aKkBa-
¥ MOHOTUJIPOKCOAKBAMOHAX HEKOTOPHIX KOMILJIEKCOB HOHOB MeTaiioB (I11)
MoKa3ajio, 4To THIAPOKCHUI-UOH, HAXOJIAIIUNUCS BO BHYTpPEeHHEH cdepe
aKBaMOHOB, YCKOpsieT 0OMeH MOJeKya BoAbl. CKOPOCTh peakiuu oome-
Ha Bo3pacTaeT NMpuUOIM3UTEIbHO Ha JiBa mopsiaka. Jljas Bcex MeTallioB
HaOJIF0aeTCsl MEXaHNU3M CHHXPOHHOTO OOMEHa C MOBBIMICHWEM BKJIaaa
JUCCOLIMATUBHOM KOMIIOHEHTHl W C YBEJIUYEHHEM HOMEpaA CTaJuU.
B xommiekcax nonos »xene3a (I11) nporucxoaut usMeHeHue MexaHu3ma ot
CUHXPOHHO-AaCCOIIMATUBHOTO (/,) 4O CHHXPOHHO-IUCCOMATUBHOTO (/;) B
TUJIPOKCOAKBaMOHAX.

CwmernieHue paBHOBECUM MOXKET MPOUCXOAUTH TaK)Ke IPU 00pa30BaHUU
MaJIOPACTBOPUMBIX COEUHEHUMU.

Hanpumep, 3Hasi KOHCTAHTY YCTOWUYMBOCTH MU HECTOMKOCTHU KOM-
mexca [Ag(NO,),]” (K, = 1,48 - 107°), a Takxe 3HAYCHHS IPOU3BELC-
HUSI PAaCTBOPUMOCTH MaJlOpaCTBOPUMBIX TaJOT€HUIOB cepedpa, MOKHO
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OPUNATH K BBIBOJY, UTO B pacTBOpPE, COJAEPKAIIEM JaKe HE3HAUUTEIbHOE
konuuecTBo HoHOB [Ag(NO,),] , KOHIEHTpalus HOHOB Ag' OyaeT aoc-
TaTOYHOW ISl JOCTHKEHUSI TPOU3BEACHUS PACTBOPUMOCTU XJIOpPHUIA
cepeGpa (ITP(AgCl) = 1,8 - 107'%). Takum o6pasom, mpu K0GaBICHHH
XJIOPUA-UOHOB B PACTBOP MPOUCXOAUT pa3pyllieHue KOMIJIeKca u oopa-
30BaHME MaJI0pacTBOPUMOro Xjopujaa cepedpa:

[Ag(NO,),] +CI” — AgCl+ 2NO;.

Ammuaunsii kommaekce [Ag(NH;),]" mpu mocTaTouHOM M30BITKE aM-
MHaKa yCTOWYMB MO OTHOILIEHHUIO K XJIOPHUJ-MOHAM, HO paspyliaeTcsl Mpu
neiictBun  6pomug-monos (IIP(AgBr) = 53 - 107°) u womug-moHOB
(IIP(Agl) = 8,5 - 107'7).

Pa3zpymienue u oOpa3zoBaHue KOMIUIEKCHBIX COEIMHEHUNA MOXKET Ha-
OMoaThCsl TakKe B pe3yJbTaTe MPOTEKaHUS OKHUCIUTEIhbHO-BOCCTAHO-
BUTEJIbHBIX peakuui. Hampumep:

1) 4Ag + 8KCN + O, + 2H,0 — 4K[Ag(CN),] + 4KOH,
4Ag + 8CN ™ + O, + 2H,0 — 4[Ag(CN),] + 40H ;

2) 2K[Ag(CN),] + Zn — K,[Zn(CN),] + 2Ag,
2[Ag(CN),]” + Zn — [Zn(CN),]* + 2Ag;

3) Au+ HNO; + 4HC] — H[AuClL] + NO + 2H,0,
Au+4H +NO; +ClI' — [AuCly] + NO + 2H,0;

4) 2K4[Fe(CN)q] + Cl, — 2K;[Fe(CN)e] + 2KCl,
2[Fe(CN)s]* + Cl, — 2[Fe(CN)¢]*™ + 2CI .

3a cuer 06p3.30BaHI/I§I KOMIIIICKCOB MOXKCT IMPOUCXOJHUTL PACTBOPCHHUC
MaJIOPAaCTBOPHUMBIX COJICH:

1) Hglh| + 2KI — Ky[Hgly],
Hgl,| + 21" — [HgL]";

2) Cr(OH); + 3KOH — K;5[Cr(OH)q],
Cr(OH);] + 30H — [Cr(OH)s]*".

Ecau B pactBOp, copepKalmii 0CaioK MajopacTBOPUMOTO 3JIEKTPO-
JUTa, BBECTH JOCTATOYHOE KOJIMYECTBO MOHOB WJIM MOJIEKYJI, CIIOCOOHBIX
CTaTh JMIaHJaMU B YCTOMYMBOM KOMILUIEKCE, MPOUCXOJUT PACTBOPECHUE
ocanka. Hanpumep:

AgCl+2NH; — [Ag(NH;),]" + CI,
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[IP(AgCH)=1.8-10", K,=1,0-107".

PaBHOBecue mporecca CMELIEHO BIPaBO, TaK KAaK M30BITOK aMMMaKa
NPUBOJUT K CBSI3BIBAHUIO HOHOB cepedpa B KOMIUIEKCHBIN HOH, T. €. HaOJro-
naetcst pactBopeHue ocanka. Tak, AgBr xopomo pactBopsiercst B 25%-Hom
pacTBOpe aMmMHaka, a Agl — B pacTBope THOCYyIb(aTa HATPUS:

Agl +28,07 — [Ag(S,0:),] +T1,
IIP(Ag)=8,5-10", K,=3,5-10"

Peakunu camocoopkn. OCOOEHHOCTBIO 3TUX PEAKIUM SBISETCSA yda-
CTHE B HUX OOJIBIIOTO KOJMWYECTBA KOMIIOHEHTOB, MHOTOCTaJMMHOCTh U
OoJbIIasi 3aBUCUMOCTb OT MPUPOJBI PACTBOPUTEN U Temmeparypsl. M3-3a
CJIOKHOCTH MX MPOBEJIEHUS HCIOJIb30BaHUE peakluil caMOoCcOOpKH HaMHO-
ro omnepekaeTr pa3paboTKy WX TEOPUH (TEPMOAMHAMUKY U KUHETHKH).

CuHTe3 cynpaMoJIEKYJISIPHBIX COEIMHEHUN ONPEIEIEHHOrO MPOCTPaH-
CTBEHHOTI'O CTPOEHMS (OTHOMEPHBIX LIENEH, IBYX- WM TPEXMEPHBIX MACCH-
BOB) — OJIHA U3 AKTyaJbHBIX 33Ja4 KOOPAMHALMOHHON XWMHH, OINpeJe-
JSOIIasicss HEOOXOAMMOCTRIO CUHTE3a MaTepPHalIOB C TPeOyeMbIMU ONTHYE-
CKMMH, MAarHUTHBIMHM, D3JEKTPUYECKUMHU U JAPYTMMH CBOWCTBamH.
KoopnHallMoOHHbBIE COEIUHEHUsT CIIOCOOHBI B3aMMOJIEHCTBOBATH MEXKIY
co00H 3a cueT MEXMOJIEKYJIAPHBIX CHUJI, BEIUYMHA U THI KOTOPBIX MOXKET
pEeryaupoBaThbCsl MPUPOJION MeTalljla, COCTABOM M CTPOCHHEM JIMTaHIOB,
YCJIOBUSIMH MPOBEICHUS CUHTE3A.

Peakiuu croHTaHHOTO 00pa30BaHUSI CYINPaMOJIEKYJSPHBIX CTPYKTYP
U3 MOJIEKYJISIPHBIX COEAMHEHUI U HAHOYACTHI] 3@ CUET MEXMOJIEKYIISPHBIX
B3aMMOJICHCTBUI TIOIYyYUSId Ha3BaHUE peakuyuii camocoopku (selfassem-
bling).

MexMonexkysipHble B3aUMOAEHCTBUSI, OOYCIOBIMBAIOLINE MPOXOXK-
JIEHUE peakluii caMOCOOPKHU, MOTYT UMETh Pa3HYyIO MPUPOAY U, COOTBETCT-
BEHHO, Pa3HYI0 PHEPrui0. DTO MOTYT ObITh cialble yHHBEpCaIbHbIC BaH-
JIep-BaaJIbCOBCKUE B3aMMOJICUCTBHS ¢ dHeprueit 1-5 xJx/mMoib, Bogopo-
HbIE ¥ Pa3HOTO THUIA AJIEKTPOCTATUYECKUE CBSI3U C 3Hepruen e domnee 10—
15 k//Monb, KOOpAWHALMOHHBIE WM JOHOPHO-aKLENTOPHBIE CBS3H,
AHEPrus KoTopbix MoxkeT gocturath 100 kJx/Moib.

B o0pazoBanuu cynpamosieKyIsipHOTO aHCcaMOJisi MOXKET Mpeo0JiaiaTh
OJIMH THUIl MEXMOJIEKYJIAPHBIX B3aUMOJECUCTBUH, TOT/1a HAOIIOJAETCS 00-
HOK0006as, U 00HOMUNHAA, CAMOCOOpKa. B TpOTUBHOM cily4ae roBO-
PAT O MHO20K0006011 camocoopke.

PaccMmoTpum mipumepsl peakiuii caMmocOOpKH, B KOTOPBIX ABUXKYIIEH
CUJION SIBIIIETCSI 00pa30oBaHUE KOOPIUHAIMOHHBIX CBA3EH.

91



Hunautpostuwinenauamuniatuia(ll) u takoil xe koMIuiekc mania-
nust (II) pearupyror ¢ 1,4-benun-ouc(y-stunnupuguaom) (L), oOpa3ys
JBa KOOPIWHAIMOHHBIX COCAWHCHMS: OWSICPHBIA MaKpOMETAJUIOIIHKII
[M,(en)4(NOs),L;] u kaTeHaH, 0Opa30BaHHbBIN JBYMsI TAKUMH MaKpOMETAIIIO-
nukiaamu (puc. 11.1, a). IIpu B3aumopeiicteun [Pd(en),(NOs),] ¢ aAByms u-
rapgamu: 1, 4-6udenmn-6uc(y-ormimuprmuaom) (L)) u  vy,y'-6urmpumm-
HoM (L?) Taroke 06pasyercs IBa KOMILIEKCA: OHSICPHBIH MAKPOMETAIIOLHKT
u kateHaH (puc. 11.1, 6).

CtpoeHue KOOPIMHAIMOHHBIX COCAWHEHUN, OOpa3yloIIUXCcS MpHU
B3aumojiericTBuu conn xkene3a (II) ¢ TpuTonmHbIM TUTaHIOM, TMOKA3aHO
Ha cxeme (puc. 11.1, g). IIpu HarpeBanuu comneit xxeneza (II) ¢ Takum
JUTAaHJIOM B ATUIICHTIWKOJIE 00pa3yroTcs KaTeHaHbl. Eciu uncxomHoi
conwto sBiasiercs FeCl,, oOpa3yercss maTusiepHbId KaTeHaH — KaTUOH C
aHnoHoMm Cl B kadecTBe TeMIJIaTa, paclojaralolIuMcsl B LIEHTPE LIHUK-
JIMYECKON CTPYKTYphI M cTabmmusupyomeii ee [MsLsC1]°". Ecin wc-
x0JHOU conbto saBisieTcs FeSO,, o0pa3yeTcs mecTusiiepHblidi KaTeHaH —
KaTHOH [M6L6]12+.

Y
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M M
N* =N N N7 N 'N¥
H, U Y N Y
N, .ONO;
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N ONO, )
H;
X
N, N =N
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, WY
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Puc. 11.1. Cxema 06pazoBaHusi METAJJIOLMKIIOB U KATEHAHOB (OKOHYaHHE CM. Ha ¢. 93):
a, 6 — OWsIIepHBIA MAaKPOMETAJUIOIUKI M KAaTCHAH

92



N
FeCl, / aTHIIEHTIHKOIB,
170°C
N
N
FeSO, / 3TUIIEHIIUKOIIb,
170°C
N -
N

Puc. 11.1. Oxonuyanue (Hauanao cM. Ha c. 92):
6 — TIOJUSAICPHBIA KaTCHAH

Peakimuu camocO0Opku HCCIEAYIOTCS OY€Hb HMHTEHCHUBHO, HO TOKA HET
JOCTaTOYHOTO KOJIMYECTBA KHHETUIECKUX U TEPMOJINHAMUIECCKIX JaHHBIX,
MO3BOJISIONTUX 00CYK/IaTh MEXaHU3MbI KX 00pa30BaHUS U IPOTHO3UPOBATH
KOHCTAHTHI pAaBHOBECHUI 3TUX pEaKIUi.

I'enukamut. Tlo peakumsiMm caMOCOOPKH CHHTE3UPOBAHO OOJBIIIOE KO-
JMYECTBO SHAHTHOMEPHBIX CYNPaMOJICKYJISIPHBIX COCIWHEHUH — TenKa-
ToB. X mpuMeHeHHne B cTepeocnenuuueckoM KaTalu3e M B PEAKIUIX
pacrno3HaBaHus 00YCIIOBUIN MHTEHCHUBHBIC UCCIICIOBAHUS B 3TOM HaIpaB-
neHuu. Pa3Hbpie BapuaHThl CTPOCHUSI MOHO- U OUSIEPHBIX JIMHEWHBIX TeIr-
KaTOB MPUBEJCHBI HA puc. 11.2.

bunentatHeie nuraHABl 00pPa3yIOT MOHOSIEPHBIC TEIHKATHI C METa-
JaMu, TPENOYUTAIOIUMH TETPAdAPUUYECKYIO WIH OKTAdIPUUYECKYI0 KOOP-
nuHaIMoo. TpUACHTaTHBIC JUTAHABI C METaUIaMH, MPEIMOYHTAOIIIMHI
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TETPa’APUUYECKYI0 KOOPAMHALUIO, OOpa3ylOT TeIMKAaThl C JBYXTSKEBOU
CHUpaJIblO. DTHU K€ JIMTAHbl C METAIUIAMH, NMPEANOYNTAIOIUMH OKTa3IpH-
YEeCKyI0 KOOPAMHALIMIO, 00pa3yroT TEIMKaThl C TPEXTSIKEBOW CIUPAIIBIO
(puc. 11.2, a). AuTtonHble Turanabl 00pa3yroT OusepHbIEC ABYX- U TPEXTS-
JKeBbIe renukarsl (puc. 11.2, 6).

o &> B BR e v

a

&

Puc. 11.2. CxemaTndeckoe n300pakeHue MOHO- (@) U OUsAIEPHBIX (O) TEIIMKATOB

J{nst cuHTe3a TeIMKATOB MIMPOKO MPUMEHSIOTCS OJIMTOMEPHbIC JTUTaH-
16l Ha ocHOBe 2,2'-Ounupuavna u 1,10-dbenantponuna. [Ipumepsr TpuTon-
HBIX JIMTAHJOB U COOTBETCTBYIOUIUX TPEXBAAEPHBIX CYNPAMOJIEKYISPHBIX
KOOPJIMHALIMOHHBIX COEAMHEHUH (IBYXTSKEBBIX T€IMKATOB) IIPEICTABIICHbI

Ha puc. 11.3.
cu% Cu( cua)z‘ﬁ%
o 0 (o ]

Fe (IT) Cu (ID) Fe (1I)

o 0 [o I s ] L ¥
Cu (M Cu (Hi)% Cu (W

[CuFe(LY]" [Cus(LYLH]® [CusFe(L),]*

\bpy terpy

e
p—
[m]

e AN e o M

a 6

Puc. 11.3. CocTaB 1 cxembl CTPOEHUS TPEXBAIEPHBIX PA3HOMETAJUIbHBIX IUHEHHBIX
T'eJIMKATOB (a) ¥ UX JTUTaHIOB (0)
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Mertanibl, NpeanoYnuTaONINE JIMHEHHYI0, TPUTOHAIIBHYIO WJIU TETpa-
TOHAJIBHYIO TIJIOCKOCTHBIE KOOPAUHAIIMU, HE 00pa3yIOT reJIMKaTOB.

[Ipu ompeneneHHOM MPOCTPAHCTBEHHOM CTPOCHHUH JIMTAHJIOB MOTYT
00pa3oBaThbCsl IUKINYECKUE TeNUuKaThl. DOPMHPOBAHUIO ATHUX CTPYKTYD
OJIarONPHUSATCTBYIOT MOJICKYJIBI-TEMILIATHI, O0pa3yIoIIHe COSTUHCHHS I10
TUITY «XO35IUH — rOCThY». [IpuMephl TUTaH0B U COCTaB COOTBETCTBYIOIINX
HUKJINYECKUX TeIMKATOB MPUBEACHBI Ha puc. 11.4.

Ag.L, Fe,L, Fe, L

AgﬁLt
C08L512

z Z

N ; N7
| 3 N '~
ip) >‘ g B GT/DN

Puc. 11.4. ITpumMepsl HUKINYECKUX TETUKATOB (@) U UX JTUTAHJOB (0)

N
N
[ ] MY N N
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Tononozuuecku ceazannvle coeounenus. Kamenanor (nat. catena —
LEeNb) — COCIUHEHUS, KOTOPBHIE COCTOST U3 HECKOJBKUX LHUKINYECKHUX
MOJICKYJI, COCIMHEHHBIX MEXAy CO0OW Kak 3BeHbs 1enu. KareHaHbI
IIPUHAUIEKAT K KIJIACCY TOMOJIOTMYECKH CBA3AaHHBIX COeIMHEHMM. JlBa
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KOJIblIa B KaT€HAHE HEJb3sl pa3/euTh 0€3 WX pa3pylIeHHUs, TaK KaK OJHO
KOJIBIO MPOJIETO B APYTOE.

I[pyrI/IMI/I THUIIaMH TOIIOJOIMYCCKH CBA3aHHBIX COC}II/IHCHI/Iﬁ SABJIAROTCA
PomaKkcaHsvl U y3Jibl. PoTtakcansbl O6p&3YIOTC}I OUKINYCCKHUM COCIMHCHHUCM,

CKBO3b KOJIBIIO KOTOPOTO IMPOACTA JIMHEHWHAsT WU yIrJioBass MOJICKYJIa ApPY-
roro COCAMHCHUA. Tonojyornyueckass CBI3b BO3HHUKAET 3a CUET TOI'0, 4TO K

KOHIIAM HCIHUKINYCCKOI'O COCAMHCHHA ITPHUCOCINHCHBI 00BbEMHEIC TPYIIIIEI,

KOTOpBIE HE MOTYT MPOUTH 4yepe3 Koyblo. OO BUA KaTeHaHOB, POTaK-
CaHOB U y3JIOB MOKa3aH Ha puc. 11.5.

D 00 &

poTakcaH y3en

KaT€HaH

Puc. 11.5. O6muii BUa TOMOJIOTHYECKH CBI3aHHBIX MOJICKYJT

CoenuHeHue THUMa KaTE€HAaHA IMOJYYEHO SIMOHCKUMHU XHUMHKaMH TpHU
B3auMoielcTBuu 1,4-0uc(4-nupuanmiMeTi )0eH301a ¢ AUHUTPATOITUIICH-
JUAMUHIUIATUHOW M JUHUTPATOATWICHINaMUHIAIaaneM. CxeMa peakiuu
Y COCTaB MPOAYKTOB MPUBEAECHHI Ha puc. 11.6.

H»  0oNo,
N. = N =
Y + Ny PN
N™"0NO, 4 Z
H,

M = Pd, Pt HO

2
— 14"
=

H, d | H,
N. .Nx "N'M"N] 4NO;
NN TR Z NN
H2 | iz . 1 H2

|

Puc. 11.6. Cxema 006pa3oBaHuss MOHOLUKINYECKOTO KOOPAUHAIIIOHHOTO
COCIMHEHUS U KaTeHaHa (OKOHYaHHE CM. Ha ¢. 97)
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8NO;

Puc. 11.6. Oxonuyanue (Hadanao cM. Ha c. 96)

Cxema cuHTE3a KaTEHaHOB M POTAKCaHa C MOMOILBIO PEAKIUM camo-
cOopku mokazaHa Ha puc. 11.7 u 11.8. bnarogaps ¢uxcupoBaHHOU Ha-
MPaBJICHHOCTA TPSIMOYTOJBHBIX IUKJIOB, MPUBEIECHHbIE KAaTEHAHBI MOTYT
CYILLECTBOBATh B Pa3HbIX YHAHTHOMEPHBIX (BUJ U30MepHUH) popmax.

(NO;)s

Puc. 11.7. Cxema cuHTe3a KaTeHaHOB (OKOHYAHUE CM. Ha C. 98)
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(NO;);

Puc. 11.7. Oxonuyanue (Hadanao cM. Ha ¢. 97)

/\/\

N N

Cu(MCN),BE, / CH,Cly, MCN, 23°C

Puc. 11.8. Cxema cuHTe3a poTakcaHa (OKOHYaHHE CM. Ha ¢. 99)



CuL'L?

Puc. 11.8. Oxonuanue (Hayano cM. Ha c. 98)

[Tpu cMmemmBaHUM peareHTOB B BOJHOM pacTBOpe o0pa3yeTcs paBHO-
BECHasi CMECh JIByX KOOPJWHAIMOHHBIX coeAuHEHU. OTMETUM, YTO MHpHU
KOHIICHTpAIlMU Tauiaaus MeHbie 2 mM paBHOBecre 0Opa3oBaHUsI KOM-
IUIEKCA CMEILAETCs BJIEBO, T. €. B CTOPOHY O0Opa30BaHUs OJHOKOJIBIIEBOTO
npoaykTa. [Ipu 60abmux KOHIIEHTpalusIX peareHToB (>50 mM) obpazyer-
Csl IPEUMYILECTBEHHO KaTE€HaH.

AHaNOrMyHble COEMHEHMs TUIATUHBI MMEIOT Jpyrue cpoiictBa. [lpu
KOMHATHOM TeMIiepaType 00paszyercs UCKIIOYUTEIHHO OJJHOKOJIBIIEBOM MPO-
nykr. [lpu HarpeBanuu B BogaHoM pactBope 10 100°C HeoOpaTmMo obpasyer-
Csl KaT€HaH, BBICTISIONINIACS TIPY OXJIAXKICHUHU B KPUCTAJUTMYECKOM BUJIE.

Tonosiornyeckoe COeIMHEHUE, KaK U COEIMHEHUE C MTOMOIIbI0 XUMHU-
YeCKUX CBfA3eH, oOecrneunBaeT B3aMMHYIO MPOCTPAHCTBEHHYIO (UKCAIUIO
COCTaBJISIOMMX (PArMEHTOB CYNEPMOJIEKYJIbl U MPOCTPAHCTBEHHOE CTpOe-
HUEe Marepuana B 1enoM. Kpome Toro, cuHTe3 mojoOHBIX COEIMHEHUH C
00pa3oBaHMEM KOOPAMHAIMOHHBIX CBS3€M OKa3ajcsi HaMHOro OoJjee Jier-
KMM, YEM CUHTE3 OPTraHUYECKUX coeauHeHMU. [loaToMy Ha ceromHsIIHUMN
JIEHb MHOTHE TMOMBITKU CHUHTE3a TOIMOJIOTHYECKH CBS3aHHBIX COEAMHEHUM
YCHENIHbI, U CYIIECTBYIOT XOPOIIINE MEPCIEKTUBBI UX TPUMEHEHUSI.

Jlenopumepewl. Jlenipumepbl — MaKpOMOJIEKYJIbI, OTJIMYAIOIIUECS JIBY-
Msl IPUHIUIUATBHBIMA YepTamMu. Bo-nepBbIX, 3TO CUJILHO pa3BETBIICHHBIE
nonumepsl. [ cMHTE3a AEHAPUMEPOB HUCIOIb3YIOT MOHOMEPHI COCTaBa
AB,, tne B — nmonumepusytonuiics ¢hbparMeHT; n, Kak MpaBUio, PaBHO 2
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uiu 3. Takue MOHOMEpPBI 00pa3ylOT CUIIBHO Pa3BETBJIICHHBIC MOJUMEPHI B
OTJINYME OT MOHOMEPOB cocTaBa AB, 00pa3yrouux JUHEHHBIE MOJTUMEPBHI.
Bo-BTOpBIX, CUHTE3 ACHAPUMEPOB MPOBOAUTCS CTYNEHYATO, YTO JOCTHUTA-
eTcsl BBIOOPOM KOHIIEHTpalMil peareHToB. Kaxkjaas cTyneHb CHHTE3a Ha3bl-
BaeTcsa reHepanueil. binarogaps crneuuduike cuHTE3a U CTPOCHUIO JICHIPU-
MEpbl UMEIOT JAPEBOINOAOOHYIO0 (OpMY, YTO U OOYCIOBMIO MX Ha3BaHUE.
[lepeuncnennbie 0COOEHHOCTH CTPOEHUS U CHHTE3a JEHAPUMEPOB MPUBO-
JT K 00pa3oBaHUI0 MOHOJIMCIIEPCHBIX MOJMMEPOB. B mporecce cuHTe3a
00pa3yroTcs MOJIEKYJIbl JICHAPUMEPOB ¢ OJMHAKOBOW Maccoil. DTO MpHH-
[UIIAATIBFHO OTJIMYAETCA OT TEXHOJIOTHM CHHTE3a OOBIYHBIX MOJMMEPOB, HE
MO3BOJIAIOUIUX MPAKTUYECKU JOCTUYb MOHOAUCIIEPCHOCTH.

Jlenopumepvl — 3TO CUJIBHO Pa3BETBJIEHHBIE MOHOJMCIEPCHBIE MO-
JUMEPHI, UMEIOIHE APEeBONOa00HYI0 dopmy. OHE 00pa3yrOTCs CTYICH-
4aTo M UX MOJIEKYJISIpHAsl Macca ONpeesieTCs] KOJTMYECTBOM CTYIEHEH —
2eHepayuil.

OO6mias cTpyKTypa JeHIApUMEpPOB Moka3aHa Ha puc. 11.9. Yacts nenn-
puMepa, o0pa3oBaHHAsI OJTHOW BETKOH MOHOMEpPA, HA3bIBAETCS JICHIPOHOM.
Hannune nonocreil B CTpyKType AeHApUMEpPA NPUBOAUT K BO3MOKHOCTH
00pa3oBaHMs COETUHEHUHN TUTIA «XO3IUH — TOCThY.

Jennpon

Touku
BETBJICHUSA

[ToBepxHOCTB r

I'enepauun

Puc. 11.9. O6mmee cTpoenue neHapumepa
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Jenapumepbl MOryT 0Opa3oBbIBaTh aJCOPOLMOHHBIE CIOW — IJIEHKH
Ha MOJUIOKKAX M3 Pa3HbIX MAaTE€pUalIOB, a TAKXKe aJCOpOMpPOBaTH HEOOIb-
LIME MOJIEKYJIBI Ha CBOEU MOBEPXHOCTU. DTH CBOMCTBA, Pa3yMEETCsl, 3aBU-
CAT OT COCTaBa MMOBEPXHOCTHBIX TPYyMNIl AeHIApuMepa. Pazmepsl U, COOTBET-
CTBEHHO, MOJIEKYJISIpHAsl Macca JEHAPUMEPOB PETYIUPYIOTCS KOJINYECTBOM
reHEepalni.

B ocHOBe cuHTE3a KOOPJIWHALMOHHBIX JCHIPUMEPOB JIEXKAT pPeaKklUun
caMOCOOpKH, KOTOpPBIE YK€ pacCMaTPUBAIUCH KaK OOLIMI METOJl CHHTE3a
cynpaMoieKyJsipHbIX cuctem (puc. 11.10).

Y N
PasserBnenunii Metamn KoneuHslin i

TPUTOITHBIN JIUTAH] JIUTaH[ ‘5\,.

1T : 3 = 3

4 9 6 % T e
Al
Neoo 600
10 : 21 12 ‘r. T

I

Puc. 11.10. [IpuHiunuaneHas cxeMa CUHTE3a
KOOPJMHAIIMOHHOT'O IEHAPUMEpPA Ha OCHOBE PEAKIIMU CaMOCOOPKH:
a — HyJIeBasi TeHepalys; 6 — repBasi TeHepalys; 8 — BTopasi reHepalys
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Paszmep aenapumepa (KOIMYECTBO T€HEpaIlUil) 3a1aeTcsl JUIb OTHO-
CUTEIbHBIMHA KOHILICHTPALUSAMH COJIM METAJUIA U JIMTAaHA0B. MeTaul B 3TOU
CXEMe MOXXET ObITh B BHUJIE COJbBATa WU JPYTUX KOMIUIEKCOB C JIAOWJIIb-
HbIMU JIMTaHJAMH, JIETKO 3aMEelIalolIMMUCS JIMraHIaMu, oOpa3yroIluMHU
JOEHAPUMED.

Jlennpumepbl HaxoIAT Bce Oonee MMpoOKoe npumeHeHue. [loaromy
XUMUS JEHAPUMEPOB U, B YACTHOCTH, XUMHSI KOOPJAMHALMOHHBIX NEHAPHU-
MepoB OypHO pa3BUBAETCS. DTU COECAMHEHUS MEPCIEKTUBHBI B MOJIEKYJISP-
HOW 3JIEKTPOHUKE KaK MOJEKYJSpHbIE MEPEeKIouaTeNt, CBETOnpeoOpas3o-
BaTeNd U (POTONPOBOJHUKH. JleHApHUMEphl OKa3aluCh TaKKe MEPCIEeKTHB-
HBIMU KaTaJIM3aTOPaMHu.

IIpocTpaHCTBEHHOE CTPOEHHUE U CBOMCTBA KOOPAWHALMOHHBIX ACHIPHUME-
POB MIPOEKTUPYIOTCS ITyTEM CHELHAIBHOIO BEIOOpA METAIIOB U JIMTAH/IOB.

YeThplpexbAAepHbIl KOOPAWHALIMOHHBIA JEHAPUMED IPUBEACH Ha
puc. 11.11.

_ o °
v N Ru () Os (1)
=N 7\
7N 7N Ny
N N—”> m Al
2, 3-dpp - bpy‘ biq A
a
i
I E : 3
N
Qe
NN

Puc. 11.11. YeTsipexbsaepHbIii KOOPAMHAIIMOHHBIN AeHIpruMep (OKoHYaHue cM. Ha ¢. 103):
a — 0003HaUYEHUS aTOMOB U JIUTAaHA0B; O — (hopMyIa neHapumepa
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Puc. 11.11. Oxonuanue (Hayano cM. Ha c. 102):
6 — CXEMBI TIEPEHOCA SHEPTUU B ICHIpPUMEPE

B paccMoTpeHHOM mpuMepe MPUBEIEH COCTaB HECKOJBKUX JIUTaH-
0B (MOCTHUKOB, COCIUHSIONINX Pa3HbIE METANIbI, U KOHIEBBIX JINTaH-
T0B, OJIOKUPYIOMUX JAaTbHENUy0 nmoauMepu3sanuio) (puc. 11.11, a). Pe-
aKIMA CaMOCOOPKHU TO3BOJISIOT CHHTE3UPOBATh PA3HOMETANIIBHBIE JICHI-
puMepsl C TpeOyeMbIM B3aWMMHBIM PACTOJIOKCHHEM IIEHTPATbHBIX
atoMoB (puc. 11.11, 6). Ilpuyem B 3aBUCUMOCTH OT COCTaBa KOOPIUHAIIM-
OHHBIX IIEHTPOB B YETHIPEXBAACPHOM JICHIPUMEPE BO3MOXKHBI pPa3HbIC Ba-
puaHThI iepeHoca sHepruu (puc. 11.11, ).

CxeMblI nepeHoca HEpruu B ICKasJAEPHBIX JICHIPUMEPAX PA3HOTO CO-

craBa (puc. 11.12), comepxamux Os (II) m Ru (II), mokazansl Ha
puc. 11.13.

Puc. 11.12. [lekasaepHblii AeHAPUMED
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Puc. 11.13. CxeMsbl nepeHoca S3HEPrUM B JEKASIEPHOM IEHAPUMEPE

- <
5Y o
it

JlenapumMepsl ¢ IMraHjaMu, COAEpKallluMU apoMaTuyeckue (hpparmeH-
Thl, TOTJIOIIAIOT M3JIyYeHHE B YJIbTpaduoIeTOBOM yacTu crnekrpa. Kom-
IJIeKCO00pa30BaHKUe MPUBOAMT K IMOTJIOMICHUIO TaKKE U B BUAMMOM 4acTH
CIIEKTpa, YTO 00YCIIOBJIEHO 00pa30BaHUEM YpOBHEH MepeHoca 3apsija ¢ Me-
Tajuia Ha uranj. Eciu oGpa3yeTcst pa3HOMEeTalIbHbIA KOMILIEKC, BO30YK-
JIEHHBIE COCTOSIHUSI KOOPAMHAIIMOHHBIX LIEHTPOB C PA3HBIMU METajlllaMu
UMEIOT pa3Hyl0 SHEPTHUI0, U SHEPrusi BO30YyKJeHUs Oe3bI3TydyaTesbHO Iie-
PEHOCHUTCS ¢ IIEHTpa ¢ OoJjiee BBICOKOW DHEpPrueil Ha IEHTP C MEHbIIeH
sHepruei. OTMETHM, YTO SHEPTUsl KOOPAUHALMOHHOIO LIEHTPA 3aBUCUT KaK
OT MeTaJlla, TaK U OT JIMTaH/I0B.

HccnenoBanust moaumoppUPUHOBBIX ACHIPUMEPOB TaKkKe MOKa3allu
UX BBICOKYIO 3()()eKTHUBHOCTH B MPOIIECCaX HAKOIUICHUS U MEPEeHOCca CBETO-
BOH 3Hepruu. B aennpumepe, cocTosieM U3 ISATH MOJEKYI nopPupuHa, B
KOTOPOM LEHTpabHbIA MOPGUPUH CBOOOJHBIN, a YeThIpe NepUPEPUITHBIX
CBsI3aHbl C ITUHKOM, HaOmogaeTcs noutu 100%-HbIN MepeHoC PHEPTruu OT
YeThIpeX BO30YKIEHHBIX (pparMeHTOB Nop(dUpruHATa HUHKA K [EHTPATbHON
Mosekyie nopdupuna (puc. 11.14). Takue cBoicTBa ONpenenstoT XOpo-
M€ MEePCHNEKTUBBI TPUMEHEHUS MOJUNOPPUPUHOBBIX JIEHIPUMEPOB B MO-
JIEKYJISIPHOM AJIEKTPOHUKE.

KoMmmiekcsl MeTaioB, HaXOASIIUMECs Ha MOBEPXHOCTU JEHAPHUME-
POB, MOTYT IPOSIBJIATh BBICOKYIO KaTaJUTHYECKYIO aKTUBHOCTb. Cyrmpa-
MOJIEKYJIBI IEHAPUMEPOB JOCTUTAIOT Pa3MEPOB HAHOYACTHUII, U MaTepua-
Jbl HA UX OCHOBE MOTYT OBITH BBICOKOJAMCIEPCHBIMH KaTalu3aTopaMu
(puc. 11.15).
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Puc. 11.14. CTpoeHne neHaprUMepa HA OCHOBE HOHOB Zn”
U JIUTaHI0B — MOJIEKYJT TopduprHa

H-N NH
2 \_\'N,—fr 2

I I
HZNJJ NH, o G;q)\ \
R
9]
CHZCIZ*EIEN tg; “l &h&‘\
492

Puc. 11.15. Cxema cuHTe3a U CTPOCHUE JEHAPUMEPA
C IPUBHUTHIMH HA TIOBEPXHOCTH IPyTIaMu GepporicHa
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Puc. 11.16. ®parMeHT CTPYKTYpbl KOMIUIEKCHOTO AEHApPUMEpPA:
a, 6 — BOBMOXKHBIE KOOPAWHAIIMOHHBIE Y37Ibl; [—3 — TeHepaluu

[IpenMyIIecTBO AEHAPUMEPOB COCTOUT B TOM, YTO MX CHHTE3 I03BO-
JA€T TOYHO 3HATh CTPOCHUE KATAIUTUYECKOTO LICHTPA U, CJIEN0BATEIIBHO,
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U3MEHATh €ro. B yacTHOCTH, W3BECTHO, YTO (eppolEeH U KapOOHUIIbHBIE
KOMILJIEKCHl METAJUIOB CUUTAIOTCS 3(D(PEKTUBHBIMU KaTaTU3aTOPAMHU B PAIE
peakuuii. JleHapuMepsl ¢ MPUBUTHIMU Ha MOBEPXHOCTH (HEPPOLIEHOM HIIU
KapOOHWJILHBIMU KoMIUIeKcaMH (cM. puc. 11.15 u 11.16) sBugroTcs KOH-
KpPETHOM peanu3anueil CMHTe3a KaTajlu3aTopoB ¢ TpeOyeMbIMHU KaTaluTH-
YEeCKMMH LIeHTpaMu. Marepuaibl Ha OCHOBE 3TUX JCHIPUMEPOB ACHCTBU-
TEJIbHO MPOSIBUIIA BBICOKYIO KATAIUTUYECKYIO AKTUBHOCT.

Koopounayuonunvie noaumepwpr. Cienyer pasiauyarb KOOPAUHAIU-
OHHBIC TOJUMEPHI U KOOPAWHAUUOHHBIE COEJUHEHUS C MOJUMEPHBIMU
JIMTaHIaMH.

Koopounayuonnvimu nonrumepamu Ha3bpIBalOT MOJIMMEPHI, 00pa30BaH-
Hbl€ U3 KOMIUIEKCOB-MOHOMEPOB M MOCTHKOBBIX JIMTaHJOB. Peakiuei
KOMIUIEKCOOOpa30BaHus SBISETCS peaklus MOJTUMEPHU3aIIH.

Koopounayuonnwvie coedunenus ¢ nonumepuvimu 1ueanoamu — 310 co-
eMHEHUs, 00pa3yemMble JUTAHIaMH-TIOIUMEPAMH C LIEHTPAJIbHBIMH aTO-
MaM{ WM KOMIUIEKCaMH. PeakluusMu KOMILIEKCOOOpa30BaHUs SIBIISIOTCS
BCE PEAKIMU, KOTOPbIE€ CBOMCTBEHHBI KOOPAMHAIIMM HETOJIUMEPHBIX JIHU-
TaH/IOB U HE SIBJISIOTCS PEeaKIUSIMU MOJIMMEpU3aIiu.

KoopnuHannoHnHble mojJuMepbl 00pa3yloTcs MpHU  B3aUMOJEHCTBUU
MOHOMEPHBIX KOMILUIEKCOB C JIMTaH/IaMU, CITIOCOOHBIMH BBICTYIIATh B Kaue-
CTBE MOCTHKA. XOpPOILIO H3Y4YEHbI IOJHMMEPBI, B KOTOPBIX MOCTHUKOBBIE
$ynkupy  BbIMOMHAIOT 1MaHUA-HOHBL: (CN)sM —CN-M(CN), —CN...

(M =Fe, Cr, Co, Ni u ap.). OpranuyecKkue JUraHabl TaKkKe IMHUPOKO UCTIOIb-
3yIOTCSl 11l CUHTE€3a KOOPAMHALMOHHBIX MOJMMEPOB pazHOOOpPa3HOro Co-
ctaBa U crpoenus. Hampumep, 4,4'-OunupuinH JaBHO NMPUMEHSIOT KaK JU-
TOMHBIN JINTaH]T JJI1 CUHTE3a KOOPAMHALMOHHBIX MOJIUMEPOB U OJMTOMEPOB.

Takue nmonuMepHbIE COEAUHEHUS, KaK MOJUMETAKPHIOBAas KUCIOTa
(monomep CH,=C(CH;)—COOH) u mnoaudTWiIeHNUPUIUH (MOHOMEP
CH,=CH-py), MoryT 00pa30BbIBaTb KOMILIEKCHl C METajjlaMU 3a CUEeT
HaJM4yus B ATUX MOJEKYJaX KapOOKCHJIBHON WM NMUPUIUHOBON (yHK-
HUOHAJIBHBIX Tpyni. KoopAnMHAaMOHHBIE COEIUHEHUS C MOJIUMEPHBIMU
JUTaHJaMH HE CJEeAYeT Ha3blBaTh KOOPAWHAIIMOHHBIMU MOJIUMEpPaMHU.
CtpoeHre KOOpPAWHAIMOHHOIO COEIUHEHUS, B KOTOPOM IMOJIUMEPHBIM
JUTAHJOM SIBJSIETCS MOJUATWICHIUPUIUH, MoKa3aHo Ha puc. 11.17, a.
KoopamHanmoHHOE COEAMHEHHE C JBYMS MOJHMMEPHBIMU JUTIaHIAMH
npuBeaeHo Ha puc. 11.17, 6. Kak Bunum, B 3TOM ciydae MeTasll CIIMBa-
€T IOJIUMEPHbIE MOJIEKYJIbl, 00pa3ysi KOOPAUHAIMOHHBIN MOJUMED.

Ha cxeme mpencTaBieHO CTpOeHHE KOMILJIEKCa, 00pa3oBaHHOTO
[Co(NHj3)s] v noauMepHbIM JIMTaHI0M MOJIMATHICHIHpUAUHOM (puc. 11.17, a),
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Y KOMIUIEKCa KOOPIMHAIIMOHHOTO noumepa, oopazoBanHoro [Co(NH;),] u
nByms urasgamu (puc. 11.17, 6).

NH; NH,
HsNa | «NH; HyNo | NH;
#LO
H;N" 7 "NH; H:N" | "NH;
N"‘\. N“n ""’f | |
N7 %

N N
H3N.., l .I.NH3 H3NL l

l-NH3
.Co X
HsN"| " NH; HsN" | NH;

N r[,Nm

»L Oy
H3N | NH3 H3N I NH3
NH; NH;

a o

Puc. 11.17. Cxematuyeckoe cTpoeHHE KOMIUIEKCa, 00pa30BaHHOTO
OJIHUM NOJIMMEPHBIM JINTaH/IOM (@), IBYMsI OJIMMEPHBIMU JTUTaHaMu (6)

PaccMoTpum npuMepsl CHHTE3a KOOPAMHALMOHHBIX ITOJIMMEPOB.

[lone3Hple CBOMCTBA KOOPAMHALUMOHHBIX IMOJIUMEPOB C YUAHUOHBIMU
JUaHOamu CTIOCOOCTBOBAIM POCTY MCCIEAOBAaHUM MO WX cuHTe3y. [lomu-
MEpHBIE KOMIUJIEKCHI C IIMAaHUJHBIMU MOCTHKAMH 00pa3yloTcsi, HapUMeED,
P B3aUMOJECHUCTBUM KATMOHHOIO KOMIUIEKCA METaJIa, B KOTOPOM Jia-
OWIbHBIC JTUTAHBl MOTYT OBITh 3aMEIIEHbI [IMAaHUOM LIMAHUIHOTO aIuI0-
xommiekca. Cxema oOpa3zoBaHus moiauMepa u3 komruiekcos [Pt(NH;), )™ u
[Fe(CN)s]’ mpencrasnena na puc. 11.18.

CN CN 13- H;N NH; 1** [ CN CN Hs;N E\IH3 CN CN s
M & Q‘;\ § -.S:
| J‘a\\ \ .:S? & \ # &
2 INC —Fe —CN | + Pt —»|NC -Fe —CN —Pt — NC —Fe —CN

\\\w

o
o

i /" IERNANN4

CcN ] [N NH;|  [NC oN N NH; NCON

Puc. 11.18. Cxema cuHTE3a KOOPAUHALIMOHHBIX ITOJIUMEPOB
C IIMAaHUHBIMU MOCTHKaMU (OKOHYaHHE cM. Ha ¢. 109)
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N Y A A Y A S Y £

CN H;N NH; CN H;N NH3 CN Hs;N NH3

‘j{ i

Puc. 11.18. Oxonuanue (Havano cM. Ha c. 110)

CrtpoeHue KOOPIMHAIMOHHBIX TOJMMEPOB, OOpa3yIOUINX pa3HbIe
CTPYKTYpPHBIE MOTHBBI, pUBEAEHO Ha puc. 11.19.
Y (‘rN

“%N

; NC\.[;N qu C\[:

i¥ oN 2o
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u C /' _telfu gy

o : 3
o

Puc. 11.19. IIpocTpaHCTBEHHOE CTPOCHHE KOOPANHAIIMOHHBIX TTOJIUMEPOB:
a — {Ni(en),Pd(CN)y4)}, Tunrt zecmnuya; 6 — {Eu(dmf)4Ni(CN)4}, Tamn cemxa

Ipu B3aumozeiicteun xommiekcos [Ni(en),Cl] u [Pd(CN),]*~ o6pa-
3yeTcs JIMHEWHBIN ToMMep Tuma tecmuuya. [lonumep Takoro e Tumna o0-
pasyercs npu 3amere [PA(CN),]* Ha [Pt(CN),]*". IIpu B3ammojeiicTBHI
koMmiiekcoB [Ni(en),Cl,] u [Eu(dmf)4(CN),] obpa3yercsi pa3BeTBIEHHBII
MOJINMEP THUTIA CemKd.
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Aekuus 12
XNAKHUE KPUCTAAADI

KUIKOKpUCTALUIMYECKHE BEIIECTBA, OTKPBIThIE B KOHIE XIX B., Ha-
IIUTA CETOAHS TUPOKOE MpUMEHeHHe. JJocTaTouHO Ha3BaTh JUIIL OAHY 00-
JaCTh MX HWCTOJB30BaHMS — pabodee BEIIeCTBO TUCILICEB, YTOOBI 00OCHO-
BaTh 3aTpaThl Ha UX HcciaeaoBaHue. Kpome Toro, mpuMeHEHUE 3TUX Be-
MIECTB JUIsi 00pa30BaHMs CAMOCTPYKTYPUPYIOIMIUXCS TOHKHUX TUICHOK HMEET
HE MEHbIIIEE 3HAUYCHHUE B MOJICKYJISIPHOM 3JIEKTPOHHUKE.

Monexkyabl XKUAKOKPUCTALIMYECKUX BEIIECTB 00pa3ylOT B KUIKOM
COCTOSIHUU CTPYKTypupoBaHHbIEe (pa3bl (Me3odasbl). XKuakokpucraminyde-
CKHE BEIIECTBA Pa3INYaloT JIUOMPOnHble, 00pa3yIoIIUecs MPU pacTBOpE-
HUU TBEPJABIX KPHUCTAIJIOB B PACTBOPUTENSX, U mepmomponHsie, oOpa-
3YIOIIUECS MPH TJIaBJICHUU TBEPIbIX KPUCTALIMYECKUX BellecTB. Me3oda-
3p] B 3aBHUCHUMOCTH OT CTPYKTYpbl TOAPA3AEISIOT HAa HeMAmMUKU,
CMeKmuKu, xoaecmepuku, kononuamele u 1p. [lepBoie aBe da3pl xapak-
TEPU3YIOTCS PACIIOI0KEHUEM JIMHEUHBIX MOJIEKYJ B OJHOM HaIlpaBIICHUU.
OTnuMyaroTcsi OHU T€M, YTO B HEMATHYECKOH (ha3e YMmopsiioueHHOE pacrio-
JI0’KEHUE MOJIEKYJI-MAIOYEK IOCTUTAETCS JIUIb B OJTHOM U3MEPEHUHU.

B cMekTuke nuMeercsi IByMepHOE YIOPSJOUYCHHE, T. €. MOCI0IHOE pac-
MOJIO’KEHHE OJITMHAKOBO HAIMIPABIICHHBIX JTUHEHHBIX MOJICKYI:

Xonecrepuyeckne Me30(}ha3pl yHOpsSI0UEHBI B IBYX U3MEPEHHUAX U Xa-
PaKTEPU3YIOTCS CIUPAJIEBUIHBIM PACIIONOKEHUEM MOJIEKYJI:
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Monekynabl KUIKOKPUCTATIMYECKUX BEIIECTB SIBISIOTCS OUQUIb-
HBIMHU U COCTOSIT, KaK MPABUIIO, U3 MOJISIPHON CTEPEOXUMHUYECKH KECTKOU
4acTU W HEMOJSPHOM, OOBIYHO aJKWIBHOW TpyNnmbl. YMOPSAOYEHHOE
pPacloNOKEHUE MOJEKYJ OCYIIECTBISETCA 3a CUET MEXKMOJIEKYJISPHBIX
B3aMOJENUCTBU.

[IpumeHeHne KOOpAMHALIMOHHBIX COEAWHEHUN KaK KUJIKOKPUCTAJ-
JMYECKUX MATEPHUAJIOB, C OJHOU CTOPOHBI, OTKPHIBAET HOBBIE BO3MOXKHO-
CTU JUISI UX HCIIOJBb30BaHUs, a C APYrOM CTOPOHBI, PaCIIUPSIET BO3MOXK-
HOCTU JHM3alHAa XUJAKOKPUCTAJUIMYECKUX BELIECTB I TPaAULMOHHBIX
obnactelt ux npumeHeHus. JXUIKOKPUCTAINIUUECKHUE BEIIECTBA, SIBIISIO-
myecs KOOPAMHAUMOHHBIMUA COEIMHECHUSIMH METAJJIOB, HA3bIBAIOT Me-
maniome302eHamu.

PaccMoTpum mpuMepsl METAINIOME30I€HOB Pa3HOr0 COCTaBa U CTPOE-
Hus. bputaHckue uccienoBaTeNy CHUHTE3UPOBATU OUDUIbHBIC JTUTAHIBI,
MOJIsIpHAasl 4acTh KOTOPBIX COCTOsIa M3 TUOKPAYH-3(DUPOB, a HEMOJsIpHas
4acTh 0Opa3oBBIBATIACh AIKWJIBHBIMU PaJUKalaMU — FEKCUJIOM WU OKTH-
JIOM 3(DPMPHBIX TPYII #-TUIAPOKCUOCH3OMHOM KUCIOTHI:

m
RO{EC\/E}OR Ro{z S} OR

O 0 OCH
kR S oca, % o

[Tpu B3aumopeiictBuu komiiekca [Pd(MeCN)4](BF,), B cmemannom
pactBoputene MeCN — CH,C1, ¢ 3KBUMOJIIpHBIMH KOJIWYECTBAMU 3THUX
JUraHaoB W nepekpuctamum3auun u3 cmecu MCN — Et,O obGpa3syrorcs
xkenteie Kpuctaummueckue BeniectBa: [Pd{(RO),[14]aneS,}|(BF,), wu
[PA{(RO),[16]aneS,} (BF,),. Ilpu miaBieHUHM MNOJYYEHHBIX KOMILIEKCOB,
KaK TOKa3ajly HaOMIOAEHUS! C TOMOIIBIO MOJSPU3ALUOHHOTO MUKPOCKOIIA,
B 3aBUCUMOCTH OT T€MIIEpaTyphbl pacijiaBa o0pazyercss HeMaTudyeckas Wiu
cMekThueckas mezodasza. CamMu Juranabl KUAKOKPUCTAIIMYECKUX (a3 He
00pa3yIor.

VYyeHble pa3HBIX CTpaH HE3aBUCUMO HM3ydYalid CIOCOOHOCTH pslia CO-
Jed, COCTOSIIUX W3 JUIMHHOUEMOYEUYHBIX AJKWINUPUANHUEBBIX U AJIKWJI-
AMMOHHEBBIX KAaTMOHOB M AHHOHHBIX TETPAAMIOKOMIUIIEKCOB JIBYXBa-
JICHTHBIX METAJIOB, 00pa30BhIBaTh Me30(a3bl B paciiiaBe.
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SInoHCKUE U UTATIBSIHCKUE XUMUKHU UCCIIEA0BAIN TEPMOTPOITHBIE JKU/I-
KOKPHUCTAJUIMUYECKHUE CBOMCTBA U 00Opa30BaHUE CMEKTHYECKOU mMe30(]a3bl B
paciiiaBax COJIeH: [(C18H37)(CH3)3N]2MC14, [(C18H37)2(CH3)2N]2MC14 n
[(C16H33)(pY)]2MC14 (M = CO, Nl, CU., ZI’I, Cd)

Okazanock, B yacTHOCTH, uTo coeauHenue [(CigH37),(CH;),N],CoCl,
o0Opa3yeT mpu HarpeBaHUM CMEKTHYECKYI0 Me30(ha3y B HEOOBIYHO HIMPO-
KoM TemriepatypaoM unrepsaie 45—115°C. B aroit paze coenunenune nme-
€T CIIOUCTYIO CTPYKTYpY, B KOTOPOM YepEeAyIOLIMECcs CJIOU MOIy4YaroTCs U3
AHMOHOB aIUJIOKOMIIJIEKCA U THOKUX YTIIEBOJIOPOIHBIX IIETIEH.

Nnesa nuzaiiHa TEPMOTPOINHBIX KUAKOKPUCTAIIMYECKUX BELIECTB, HC-
X0/ U3 OJTHOIIETIOYEYHBIX JIMHEWHBIX KOOPIUHAIIMOHHBIX TTOJUMEPOB, ObI-
Ja mpoBepeHa amepukaHckumu xumukamu. Coenunenue [CuBry(py),], aB-
JISIETCS TIOTMMEPOM, B KOTOPOM 00pa3oBaHUE IEMH 00YCIOBICHO MOCTHUKO-
BbIMU (DYHKLIHSIMHU Opoma:

65 0 0 0

N N
| #Br. | «Br. | TgBr...CI J_.;Br

Cu u. u-. u
‘Br” <1 Br” | Br” |
Br” | Br N N

b0 9 9

[ns npugaHus ’TOMy COEAMHEHUIO CBOWMCTB KUIAKOKPUCTATNIMUECKUX
BEILIECTB aBTOPHI BMECTO MUPHUANHA UCIIOIb30BAIM B KAUYECTBE JIMTAH/IA aJl-
KWJIAMUIbl U30HUKOTUHOBOU KHUCIIOTHI:

N/ EN-(CHy,—CH,

HccnenoBanus mnokasainy, 4TO 3Ta 3aME€Ha JIEUCTBUTEIBHO NPUBENA K
00pa30BaHMIO COEIMHEHHM CO CBOMCTBAMM >KHUJIKOKPUCTAJUIMYECKUX Be-
miectB. CmekTuyeckass Me3odasza o0pa3oBbIBajlach B paciljlaBax COEIUHE-
HUU NpY 3HAYEHUSIX n = 8—14.

O6pazoBanue Me30(a3 3aBUCUT OT CPABHUTEIBHO CIA0OBIX MEKMOJIE-
KYJISIpHBIX B3aumojiercTBuid. [loaToMy cBoiicTBa Me30(a3 oueHb 4yBCTBU-
TEJIbHBI K COCTABY BEILIECTB.

Hcnonw3yst pa3Hbie MPOU3BOAHBIE H30HUKOTUHOBOUW KUCIOTHI, aBTOPBI
MOKa3aJid, 9TO Ha 00pa30BaHUE M TEMIIEPATypPHBIN JAMAMa30H CYIIECTBOBA-
HUS Me30(a3 CUIBHO BJIMSET BO3MOXKHOCTh OOpa30BaHUS MEKJIUTaHIHBIX
BOJIOPOJHBIX CBSA3EH:
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Kpome TOro, BBISICHWUIIOCH, UYTO MEXJIMUTAHAHBIE BOJOPOJHBIE CBSI3U
OKAa3bIBAIOT CYIIECTBEHHOE BJIMSHUE M HAa CBOMCTBA MOCTHMKOBBIX CBSI3€H
Cu—Br—Cu, Bo3aeiicTBys, TakuM 00pa3oM, HEMOCPEJACTBEHHO Ha CBOWMCTBA
KOOpAUHAIMOHHOM cdephbl. B 4acTHOCTH, OT MEXJIUTaHJIHBIX B3aUMOJICH-
CTBUU ¥ OOIIETO CTPOCHUS ATKUIN30HUKOTUHOBBIX JINMTAHOB 3aBUCHUT, KaK
noka3zaym ucciuenoBanus P u UK-crexkTpoB, AjiMHA MOCTUKOBBIX CBS3EH
Y BEJIWYMHA TETPArOHAIbHOTO HMCKAXKEHUSI KOOPJAWHAIMOHHOTO MOJU3Ipa
meau. [TosTomy cremyeT oxXuaaTh, YTO JTU3AWH JUTAHIOB B TIOJIOOHBIX CO-
€AVMHEHUSX TO3BOJIUT HAIPABICHHO BIIMATh HAa TAKWE WX CBOMCTBA, Kak
pacnpeneneHne CIMHOBOM MIJIOTHOCTHA U MarHeTU3M, ONITUYECKUE CBOMCTBA,
BEPOSITHOCTH (POTOTIEPEHOCA YHEPTUN BO3OYKACHUS U JIp.

SINOHCKHE XMMHMKHM MCCIIENOBAIN KUIKOKPUCTAJUIMYECKUE CBOWCTBA
MPOU3BOJIHBIX (eppolieHa. DTU COCIMHEHUSI B 3aBUCUMOCTU OT TeMIlepa-
Typbl U JUIMHBI JIKHJIBHOM 1enu 00pa3yloT pasHbie Me3o¢asbl. B yactHo-
CTH, IPU Pa3HbIX TeMIepatypax u n = 5—12 oOpasyrorcs 1ub60 HeMaTuye-
ckasi, 1100 oHa u3 cMekTuueckux mezodas (tun C). [lpu n =11, 12 o6pa-
3yeTcs Apyras cMekTudeckas ¢asa (tum F).

Hwxe npuBeneH cocTaB v CTPOCHHE MTPOU3BOAHBIX (eppolieHa:

@—%—O(CHz)no@—go@ocm
Fe O O
cho{,}o—ci;@omm)no-g@
0 0
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[TponsBoaHbIe (heppolieHa OTINYAIOTCS OT PACCMOTPEHHBIX BBIIIEC CO-
SIMHEHUI TeM, YTO HEMOJISPHBINA (hparMEHT BCTPOEH B CEPEANHY MOJICKYIIbI-
Me30reHa. B KpHCTAITMYECKOM COCTOSHUM 3TO COCIWHCHHE HMEeT He
S-popMy, kak TmoKazaHo BhIIIE Ha pucyHke, a U-o0pa3nyro hopmy, B KOTO-
poit 0OKOBBIE TPYHIIBI (DEPPOIICHA BHITSIHYTHI B OJJHY CTOPOHY.

MeTtamioMe30reHbl, 00pa3yroIIre KoJIOHYaThle Me30(]as3bl, HCCIIeno-
BaHbl AaMEPUKAHCKUMHU XUMHUKaMH. OHU CHHTE3UPOBAIM U M3YyYHIIH ME30-
T€HHBIE CBOMCTBA Pa3HOJMIAHIHBIX JUKAPOOHWI-B-TUKETOHATHBIX KOM-
IJIEKCOB poaus u upuaus (puc. 12.1).

L
k
N
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R R
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M' —
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a

Puc. 12.1. CocraB meramiome3orena R = O—(CH,),H, M =Ir, Rh (@)
U CXEMBbI 00pa30BaHus KOJOHYATON Me30(]a3bl MpH MOBBIIMICHUH TEMIEPATYPHI (0)
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Oxkazanock, 4To 3TU COoeAUMHEHUS 00pa3zyroT Me30(a3bl KOJIOHYATOTO
cTpoeHud. TeMrepaTypHble 00JaCTH CYIIECTBOBaHUS Me30(a3 3aBUCAT HE
TOJILKO OT JUITMHBI YIJIEBOJOPOAHBIX paauKajioB (n = 4—18, TONbKO YETHBIC
3HA4YE€HUs1), HO U OT MeTasuia. KoMIuIekChl Upuans HAXOAATCS B )KUJIKOKPH-
CTAJZIMYECKOM COCTOSIHUM B 0oJiee IIMPOKOM TEMIIEpATypHOM HHTEpBAJE,
4eM KOMIUIEKCHI poAus. DTO OAYEPKUBACT OYEBHUIHOE IPEUMYILECTBO Me-
TaJUIOME30T€HOB 110 CPaBHEHUIO C OPraHWYECKHMH COEIUWHEHUAMH. Bo3-
MOKHOCTh BapbUpOBaHMsI MeTajula 0e3 HM3MEHEHHs OOIIeH CTPYKTYphl
KOMIUIEKCA SIBJISIETCSl JOMOJIHUTEIbHBIM (PAKTOPOM CO3/IaHHUS JKUJIKOKPH-
CTAJUIMYECKHUX BELIECTB C 33JaHHBIMU CBOMCTBAMU.

OOpamiaroT BHUMaHHEe HU3KUE TEMIEpaTypbl 0Opa30BaHUS U CYIIECT-
BOBaHUs Me30¢a3: mpu n = 6, 8, 10 KoMIIIEKCH 000MX METAJIJIOB 00pa3yloT
me3odasbl yxxe mpu temmeparype 0°C. Ilpu pa3HbIX TemrmepaTypax yrma-
KOBKa MOJIEKYJI KOMILIEKCOB B Me30(a3e HECKOJIbKO n3MeHsiercsi. C MoBbI-
HIEHUEM TEMIIEPATYPHI ITIOTHOCTh YIIAKOBKH CHUKaeTcs (cM. puc. 12.1, 0).

OOpa3oBaHue MNpoCTEHIIe KOJIOHYATOW CTPYKTypol (puc. 12.2, a)
IPOUCXOAUT MPU HAJIOKEHUU KOOPAMHALMOHHBIX cep coennHeHuit. Cra-
OunM3anusl TakOM CTPYKTYpPBbl OCYIIECTBISETCS COEAUHEHUEM JBYX CTOJO-
1oB (puc. 12.2, 6). BaxxHo, yToObI aJKUIIBHBIE PAJMKaIbl B3aUMHO 3aroJ-
HSUIM ITyCTOTHI, CYIIECTBYIOIIME B CTPYKTYpe a. JlanpHeilee o0bequHEeHNE
CTPYKTYp @ U 6 B T€KCArOHAJIbHYIO CTPYKTYPY 6 IPOUCXOAMT IO TAKOMY K€
npuHuumny. CTpyKTypHbIe napameTpsl /, 4, D u COOTHOLIECHUS MEXy HUMU
TaKXe MPHUBEJEHBI Ha pucC. 12.2.

o
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Puc. 12.2. Cxema oOpa3oBaHus KOJIOHYATOU KUJIKOKPUCTAIUTMIECKON CTPYKTYPHI:
a — mpocTeHias CTpyKTypa KOMIUIEKCa; 6 — COeIMHEHUE TPOCTEHIITUX CTPYKTYD;
6 — KOJIOHYaTasi CTPyKTypa
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MoHoMo/1eKyIsIpHbIE U MHOTOCJIOHbIE MJIeHKH. MOHO- U MoJu-
MOJIEKYJIIPHBIE CJIOM HA TBEPJBIX MOJJI0KKAX UCCIEIYIOTCS C LEJIbI0 HC-
MOJIb30BaHUS YIABTPATOHKUX (MOJIEKYJISIPHBIX) TJIEHOK JJIsl XUMHYECKOU
MOAU(DUKAIIMU IEKTPOJOB, sl 00pa3oBaHUsSl CEJEKTUBHBIX MeMOpaH,
XUMHUYECKUX CEHCOPOB, (POTOPE3UCTOB, MaTepHUATIOB MOJEKYJISIpHOU ¢o-
TOHHKH.

VYABTPATOHKHUE CIOM CHUIIBHO W3MEHSIOT CBOMCTBA MaTE€pPUAJIOB MOJJIO-
*KeK. MOJIeKyJIIpHBIE CIIOH, BO-IIEPBBIX, U3MEHSAIOT CBOMCTBA ITIOBEPXHOCTH,
BKJIOYAsl YCTOWYUBOCTb K XUMHUYECKUM M (PU3UUYECKUM BO3ACUCTBUSM,
ruapoduIbHOCTh (THAPOGOOHOCTE) U Jp. BO-BTOPHIX, CTPYKTypUpOBaH-
HbIE aHCaMOJIM BEIECTB Ha MOBEPXHOCTH O0JIAAIOT YHUKAIbHBIMU CBOM-
CTBaMH, KOTOPbIE MOKHO U3MEHATH 0I00POM COCTaBa MOJIOKKU U HaHe-
ceHHoro cnos. MccaenoBanusi mokasajiy, 4To (paKkTopaMu, ONpeaessIoniu-
MU CBOMCTBA IUICHOK, SIBJSIOTCSI OPUEHTALIMSI MOJIEKYJI, X pacipeeieHue
Y TIOJIBM>KHOCTH HA TOBEPXHOCTH.

Oco0eHHO crienu@UUHbl PeaKlMK, NPOXOAUIME HA MOBEPXHOCTH MO-
pUCTBIX MaTepuanoB. Hapsany ¢ cocTaBoM U XUMHYECKUMU CBOMCTBAMM al-
cop0aToB M cOopOEHTa MCKIIOYUTEIBHYIO POJb MOTYT UIpaTh pa3Mepbl U
dbopma nop. ['eomeTpust mop, B KOTOPOH MPOUCXOAAT XUMUUYECKUE MPOIEC-
Chbl, CO3MaeT crnenu(pUUecKylo cpedy Ulsd peakUui U OIpeaesseT Bce HX
CTaJIMM U IapaMETPbI, @ UMEHHO: COCTaB ITPOJYKTOB U MX BBIXOJI, CKOPOCTb
Y YCJIOBUS MPOTEKAHUS peakuil. Ba)kHEUIIIMM CBOMCTBOM SIBJISIETCSI TAKXKE
Mopdosorust copoeHra.

JlnzaiiH MOBEPXHOCTEH, CEJIEKTHUBHO CBS3BIBAIOIIMX MOJEKYJIbl Be-
IIECTB, — OIHA U3 UHTEHCUBHO pa3pabaThIBaeMbIX MPOOIIEM.

I'pynmma BaKHBIX BOIIPOCOB CBSI3aHA C JU3AMHOM IOBEPXHOCTEH, CEH-
CUOMIIM3UPYIOIIUX BO3JEHCTBHE BUIMMOIO CBETA HA MOJYNPOBOAHUKOBBIE
Matepualbl. ITO JOCTUTaeTCsl BHIOOPOM IMOIJIOMIAIOIIETO B BUAUMON 00-
JaCTH KOOPJAUHALIMOHHOTO COEMHEHUs, KOTOPOE AOJKHO MPH B3aUMOJIEH-
CTBUHU C MaTE€pUAJIOM IOJUIOKKHA 00pa3oBaTh TaKyl0 CHUCTEMY SHEpreTuye-
CKHMX YpOBHEH B KOMILJIEKCE COPOEHT — ajicopOat, 4ToObl KBAaHT BUAMMOTO
CBETA MOT IEPEBECTU BJIEKTPOH MOJIYNPOBOAHUKA B 30HY MPOBOJUMOCTH.
Pemenune stux mpo0Osem 1mo3Boauio Obl CO3/aTh UCKYCCTBEHHBIE ()OTOCHH-
TETUYECKUE CHCTEMBI U TEXHOJIOTMM KOHCEPBALMK M MCIOJb30BAHUS COJI-
HEYHOU SHEPTUHU.

[IneHouHbIE MaTEpHAIIBI TIPUMEHSIOT JIUIsl U3TOTOBJICHUS ONITUYECKHUX U
NEKTPOTEXHUYECKHUX ETAIIEW COBPEMEHHONU MOJIEKYJISIPHOW JJIEKTPOHUKH.
[Ipu cuHTE3€e CBEPXTOHKHX IUICHOK (CyOMHKPOHHBIE TOJIIHUHBI) HEOOXO-
JUMO PEryJMpoBaTh HE TOJBKO MX COCTaB, HO W TOJUIMHY, U B3aUMHYIO
OPHUEHTALUIO MOJIEKYL.
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[Tomo6HO JNHUMHUIHBIM OHUCIIOSAM BIHATH HA JABYMEPHYIO CTPYKTYpPY
aJICOPOLIMOHHOIO CJI0SI MOKHO BapbHpPOBaHUEM cOCTaBa (MPUPObI) KOM-
noHeHTOB. CTpyKTypa cJI0sl 3aBUCUT OT COCTaBa MOJJIOKKH, YCIOBUN €ro
o0pa3oBaHusl, T. €. TEMIEPATYPbl, CKOPOCTH U TEXHUKWU HAHECEHHUs CJI0S Ha
NOJIOXKKY. J[711 HAaHECeHHs] MOHOMOJIEKYJISIPHBIX CI0€B OOBIYHO MCIIOJIb3Y-
etcst Mmeton1 JIsurmiopa — biokeTT, 4To ¥ AaeT Ha3BaHME MOJYyYEHHBIM Ta-
KHM CIIOCOOOM TIJICHKAM.

Ocoboe MecTo cpert METO/IOB CO3/IaHMS CTPYKTYPHUPOBAHHBIX IJICHOK
Ha TBEPJOW MOBEPXHOCTH 3aHUMAET XUMHUYecKas Moaudukarus (PpyHkK-
[IUOHAIIA3AITHS ).

Peaknmm camocOOpKM TakKe yCHENTHO MPUMEHSIOTCS U1 CUHTE3a
CyIpaMOJIEKYJISIPHBIX KOOPAMHAIIMOHHBIX COSTUHEHUW B BHJIE MOHOMO-
JEKYJISPHBIX WM MHOTOCJOWHBIX TUIEHOK. Peakuu camocOopku mpoBo-
AT B ATOM CJly4a€ Ha CHEUHAIbHO MOAOOpAaHHBIX MaTepuaiax — IMOJ-
KJIaJiKkax. B kadecTBe MOAKIAIOK MOTYT OBITh METAJUIbI, KEpaMHKa, IO0-
JUMEPBI, CTEKIO.

OnuH U3 METOJIOB CUHTE3a MHOTOCIIOMHBIX IJIEHOK OCHOBAaH Ha MO-
CTENIEHHOM HAaHECEHUWU Ha TMOMJIOKKY OJHOrO MOJIEKYJISPHOTO CJIOS
3a apyruM. lIpu cuHTe3e mieHKH, HampuMep, Ha AITIOMUHUEBOW MOJ-
J0KKe Ha mepBoM dTamne (puc. 12.3, a) MOXXHO HCTIOIB30BaTh KapOOHO-
Bbie kucnotel CH3(CH,),COOH (n = 6—18), conp — momenuicyibdar,
3,4-nuankokcubenszoinbie kucinotel C¢Hy((CH,),COOH), (n = 12, 15,
16) u np. 3aTreM Ha Hee HAHOCAT ClOM OMUIBLHOTO peareHTa (MM MOTYT
OBITH TE XK€ KapOOHOBBIE KHCJIOTHI), KOTOPBIA TUAPO()OOHON YacThIO
CBSI3BIBAETCSA C MOJJIOKKON, OCTABISAS THAPODUIBHYIO KOMILIEKCOOOpa-
3YIOIYI0 9acTh cBoOomHOMU (puc. 12.3, 6). Ha tpeTweit craguu ruapo-
GWIBbHYIO TUIEHKY KOHTAaKTHUPYIOT C PAacTBOPOM COJIM WJIM KOMILIEKCa
Metaiia. llocnenHuii, B3aMMOAEUCTBYSI C AOHOPHBIMU TpPyINaMu 3a-
KPEIUICHHBIX Ha MOJJI0KKE JIUTaHJIOB, MEPEXOJUT U3 PACTBOpA B IICH-
Ky, 00pa3ys meramicoaepxamuii cioit (puc. 12.3, ). 3aTemM MIEHKY
KOHTaKTUPYIOT ¢ pacTBopoM nuranga. [Ipu sTom nurana oOpasyer
HOBBIM CIIOM, NPUCOENMHSASICH K 3aKPEIUIEHHBIM aToMaM MeTajia
(puc. 12.3, 2) u 1. 1. B paccMOoTpeHHOM MpUMEpE CIOU COETUHEHBI KO-
OpPJIMHALIMOHHOU CBS3bIO.

JIns cuHTe3a IJIEHKU Ha KPEeMHE3eMe MCIOIb3YIOT APYTUe PEaKIluu.
[TockoibKy Ha TOBEPXHOCTH KpEMHE3eMa HMEIOTCS THAPOKCHUIBHBIC
TPYMIBI, UX UCTIOJB3YIOT JJIs1 KOBAJICHTHOTO CBSI3BIBAHUS MOJIEKYJ HAHO-
cumoro cios. Kak u B mpeapiaymeM npuMmepe, CHHTE3 MPOBOMISIT B He-
CKOJBKO cTanuil. PaccmoTpum peakiuu oOpa3zoBaHUs [UPKOHUHATIKHII-
dbocdarnoro cios.
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Puc. 12.3. O0miast cxema CHHTEe3a TOBEPXHOCTHBIX IIJICHOK:
a — CO3JJaHuE CJIOS Ha TOJIOKKE; 6 — CO3/IaHNue THAPODUIBLHOTO CIIOS,
6 — CO3JJaHMEe METAJICOIEPKAIIETO CIIOSI; & — CO3/IaHUE HOBOTO CJIOS

CHavana NpoOBOAAT PEAKLUMIO MNPUCOEAMHEHUS MOJIEKYJ alKHiI(oc-
dbopHOI KUCTOTHI. 3aTeM MOIYUYEHHYIO TUIEHKY 00pabaThiBalOT pacTBOPOM
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COJTM IMUPKOHMJIA U TIOCJE 3TOTO — PacTBOPOM ainkmiaudochopHON Ku-
cnothl. JloGaBnenue ankuinaudocdopHOl KUCIOTH 00ecCTeuuBaET BO3-
MOHOCTh HapallMBaHUS TOJIIMHBI TUICHKH 3a CUET MOBTOPCHUS peak-
Ui KoMIJIeKcooOpa3oBanus. [I0BEpXHOCTh TUICHKH B 3TOM CiIydyae SB-
JsieTCs TUAPOPUIHLHON M CIIOCOOHOW JajbIlie CBA3BIBATH METAJUIBI HIIH
kuciaoTel. Mcnonb3oBanue ankuidocdopHoOil KUCIOTHI TuApodhoOu3yeT
MOBEPXHOCTh U J€JIaeT HEBO3MOXXHBIM MPOJIOJKEHUE PEAKIINI KOMILIEK-
cooOpazoBanus (puc. 12.4). [IpumeHeHne HaxoasaT 00a pacCCMOTPEHHBIX
BapHaHTA.
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Puc. 12.4. Cxema nosy4eHuss MHOTOCJIONHOMN IJIEHKH:
1—3 — craguu mpoiiecca

B npyrom nmpumepe ciou o0pa3yroTcst 0 peakiuy caMOoCOOpPKH, B KO-
TOPOM y4acTBYIOT JIMTAHAbI, COCTOSIIINE U3 [3,0-AM3aMeIeHHOro nophupu-
HOBOT'O MAaKpOILMWKIAa W HOHOB Naljaaus. BOKOBBIMH 3aMECTHTENSIMU B
nopupuHe ABIAOTCA NUpUANH (murana obo3nauaercs TPyP) unu xapOo-
HOBas kucioTa (iurang odo3znayaercss TCPP). Jlns oOpa3oBaHust mepBoro
CJIOSI HA MOJIOKKY HAHOCSIT PACTBOPBI CONM nayuiaaus u auranaa TPyP B
SKBUMOJISIPHBIX COOTHOIIEHUSX. B pe3ynpTaTe peakiuum camocOOpKd Ha
HOJIKJIaZKe 00pa3yeTcsi MOHOMOJIEKYJISIPHBIM CJIOHM, COCTOSIIIMNA U3 KOOpIU-
HanoHHoro nojsumepa PATPyP (puc. 12.5).
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Puc. 12.5. Ctpykrypa cioeB, 00pa30oBaHHBIX MOJTMMEPHBIMU
koopauHanroHHbIMU coeauHeHussiMu PATPyP u PATCPP

ITocne mpOMBIBKM Ha ITOJYYEHHBIM CJIOM HAHOCST PacTBOPBI COJIU
nasaauss u guranjga TCPP B skBuMosisipHbiX cooTHouieHusx. CHoBa
IPOXOAUT peakiusi caMocOOpKH ¢ oOpa3oBaHHMEM BTOPOTO CIOS, CO-
CTOSIIIETO M3 KoopJauHanuoHHoro noauMepa coctaBa PATCPP. Onucan-
HYIO TPOLEAYpY MOXKHO MOBTOPUTH J0 OOpa3oBaHUS MHOTOCJIONHOMU
IJIEHKU TpeOyeMOoro cocTana.

KoopauHaunoHnHble coeIMHEHNs] HA MOBEPXHOCTH TBEPABIX TeJl.
Cy1iecTByeT MHOXKECTBO MIPUPOJIHBIX U CUHTETUYECKUX MAaT€pUAIOB C BBbI-
COKOpPA3BUTON MOBEPXHOCTHIO, COJAEPKAIIUX HA MOBEPXHOCTU (YHKIIHO-
HaJIbHBIE TPYIIIBI C Pa3HbIMU JIOHOPHBIMU aroMamu. MIHTEHCHBHO Hccie-
JYIOTCSl PEaKIMU KOMILJIEKCOOOpa30BaHUs M CBOMCTBA KOMIUIEKCOB Ha MO-
BEPXHOCTHU TAaKUX BEIIECTB.

bonbiiol mHTEpEC HCcenoBareed K MOPUCTBIM U BBICOKOIUCIIEPC-
HBIM MaTepuajgaM OOBSCHAETCS TE€M, YTO OHHM NMPUMEHSIOTCS B CaMbIX pa3-
HBIX 00JIACTSAX: KaK COPOSHTHI JIJIs1 BBIJICIICHUSI M pa3/IeNIeHNs METAJIJIOB, Ka-
TaNIU3aTOPBl Pa3HbIX THUIIOB, JIEMEHTHI CEHCOPOB, (OTOMpPEeoOpa3oBaTEIH
SHEPTUH U JIP.

HoBoe HampaBieHue B MaTepHajJOBEACHUU — @PYHKUUOHATbHbLE
Mamepuanpl, BOSHUKIIEE HA CTHIKE Pa3HbIX pa3leloB XUMHH, COIEp-
KUT pa3Hble acMeKThl [U3aliHa U CUHTE3a MaTepUaioB HOBOI'O MOKOJIE-
HUS, KOTOpbI€ MPEIHA3HAUYECHBI ISl PEIICHUS] COBPEMEHHBIX 3ajJlady Hay-
ki U TexHukd. Cpeau (QPyHKIMOHAIBHBIX MaTEpUANOB 3HAUYUTEIHbHOE
MECTO 3aHMMAaIOT MOPUCThIE MaTepUasbl ¢ PYHKIMOHATU3UPOBAHHBIMHU
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noBepxHocTaAMU. Llens GyHKIMOHANIU3aUMKU — CO3JaTh HA MMOBEPXHOCTH
nop pyHKUMOHAJIBHBIE TPYIIbI, CIIOCOOHBIE CEIEKTUBHO 00pPa30BhIBATH
KOMIIJIEKCHI ¢ METAJNIAMU U OpPTaHUYECKHUMU MoJsieKyJamMu. KoMmiaeKchl
Ha MOBEPXHOCTH TBEPAOIrO TEJa MPOSBISIOT HE TAKHWE CBOMCTBA KakK B
pacTBOpax WM B KPUCTAJNIMYECKOM COCTOSHUU U JOJIKHBI OBITH OT-
JEJIbHO UCCIIEJOBAHBI.

IIpoxoxkIeHrne XUMUUYECKUX PEAKIUN HAa MTOBEPXHOCTU UMEET CBOU
0COOEHHOCTHU. [[71 MHOTMX KPEMHE3€MOB C KOBAaJEHTHO 3aKpEIJICHHbI-
MU JIMTaHJAaMU yCTAHOBJIEHO OOpa3oBaHUE JUIIb KOMIUIEKCOB COCTaBa
M:L=1:2.

Cxema cTpoeHMs] KOOPAMHALMOHHOW cephl MeIu ¢ MPUBUTHIMU Ha
NOBEPXHOCTH KpEMHE3eMa 2-3THJIAMHUHOXWHOJIMHOM IpUBEIECHA I MpU-
Mepa HIKE:

Si0,

OyHKIMOHAIBHBIE TPYMIIBI HOCUTES, HAIPUMEP TPYNIIBI KPEMHE3€EMA,
MOTYT JOMOJHITh KOOPAMHAIIMOHHYIO cepy KOMIUIEKCa. Y CTaHOBJIEHO,
YTO Pa3HOJMIaHJHBIN KOMIUIEKC, B KOOPAMHALIMOHHYIO cepy KOTOporo,
Hapsiy C MPUBUTHIM Ha MOBEPXHOCTH AJTKUIAMUHOM, BXOJST TakKe (PyHK-
[IMOHAJIbHBIC TPYMIBI KpeMHE3eMa, 00pa3yeTcsl Pu B3aUMOJICHCTBUU He-
BoAHbIX pacTBopoB Cu(BF,), ¢ kpemHezemoM, MOAUPUITUPOBAHHBIM AJTKH-
JJAMUHOM:
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HaJBHBIX TPYNN 00pa3yloTCsl KOOPAWHALIMOHHBIE COEAUHEHHUS, KOTOPhIC B
JanabHenIeM OyyT ONpeesiTh CBOMCTBA MOBEPXHOCTH.



Aekuma 13
NMPUMEHEHUE KOMIMAEKCHbIX
COEAMHEHUHA

KommniekcHble coelMHeHHs] B aHAJIMTHYeCKO xumuu. Kommiekc-
HbI€ COCJIMHEHUS HAIUIM IIUPOKOE MPUMEHEHUE B aHAJIUTHUYECKON XUMUU
JUTS KaYECTBEHHOT'O OTKPBITHSI 3JIEMEHTOB M KOJIMYECTBEHHOTO WX OMpese-
JICHUSI, & TAKXKe JIIsl pa3/IelIeHUs SJIEMEHTOB.

[Ipn nmericTBUM BOJHOIO pacTBOPA aMMHAKa HA CMECH PA3JIMYHBIX CO-
Jei OONBIIMHCTBO KaTHOHOB KOJUYECTBEHHO OCAXKIAIOTCS B BHUJE THUAPO-
kcusioB. MoHbl Menu, cepebpa, IMHKA, HUKEN M KoOanbTa o0pa3yloT Xo-
pOILIO PAcCTBOPUMBIE COEIUHEHHUS, COJEPKAIIME KOMIUIEKCHBIE HWOHBI
[Cu(NH;3),J"", [Ag(NHs)]", [Zn(NH;),]"", [Ni(NH3)]*" 1 [Co(NH;),]™"

Hekoropble KOMIUIEKCHbIE aMMHUAaKaThl XapaKTEPU3YIOTCSI WHTEHCHB-
HOWM OKpacKod M MOTYT HCIOJIb30BaThCs AJIsI KOJIUYECTBEHHOIO ONpelie-
JeHus 3ueMeHToB. Hanpumep, 1is onpeaesieHuss Meu Ha pacTBOP CMECH
coJiel, conepx aliux OeCIBETHbIE MOHBI WJIM JAIOIIUX HEPACTBOPUMbIE
TUAPOKCHUABI, NEUCTBYIOT pacTBOpoM aMmuaka. Ocagok OT(HUIBTPOBBI-
BAIOT ¥ B PHIIBTPATE, OKpAIIEHHOM B rony6oii riBet nonom [Cu(NH;)4]*",
KOJIOPUMETPUUECKUM METOJOM ONPEACNIIOT KOJIH4ecTBO Menu. MHTeH-
CHUBHOU CHHEW OKpackol 00yiafjaeT TakKe KOMIUIEKC MEIU C dTaHOJIaMU-
#om [Cu(H,NCH,CH,OH),]*". O6pasyercst oH Hpu ACHCTBHH HM30BITKA
ATaHOJIAMKHA Ha PACTBOP COJIEH MEI U IPUMEHSIETCS B KOJIOPUMETPUIECKOM
aHanu3ze. U3 Apyrux HeOpraHMYeCKUX PEaKTUBOB CIEAYET YIOMSHYTh: peakK-
TiB Ha HWOHBI Kamus — Naz[Co(NO,)¢], peaktuB Ha noHbI >kene3a (II) —
K4[Fe(CN)g], peaktuB Ha nonsl ruaka — (NH3),[Hg(CNS)4] u T. 1.

Bonbiioe 3naueHne st KOJIMYECTBEHHBIX ONPEAEICHUI HOHOB METall-
JOB MMEIOT BHYTPUKOMIUIEKCHbIE coeAuHEeHHUs. OHU THIAPOJUTHUECKU
BEChbMa YCTOMUMBBI, MOUYTH HE JUCCOLMUPYIOT HA MOHBI, 4YaCTO UMEIOT UH-
TEHCUBHYIO OKpAacCKY.

KoMmiiekconbl (HanmpuMep, TPUIOH-B) Har0T UCKIIOYUTENBHO YCTOM-
YUBBIE KOMIUIEKCHBIE coequHeHUs. OHU PacTBOPSIOT TaKHUE MaJlOpacTBO-
pHUMBIE B BOJIE COJIM, KaK OKcajlaT Kaiblus, cynbdar Oapus u ap. Tpunon-b
UCTIONB3YIOT ISl KOJMYECTBEHHOTO OMNpEIENTCHNUs KaTHOHOB METAlJIOB
TUTpoBaHuEM. KOMIUIEKCOHBI TMPUMEHSIOT TakKe M I ONpeeICHHS
AHMOHOB, JAIOIINX HEPACTBOPUMBIE OCAIKU C HOHAMHU METAJJIOB, YTO TO-
3BOJIIET PACCUUTATH KOJMYECTBO AHMOHOB.
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KoMmnjiekcHble coeqMHEHUs] TMPH TMOJYYEHHHM TaJbBAHHYECKHUX
NOKpbITHI. [Ipy MCIOIB30BaHWM PACTBOPOB MPOCTHIX COJICH raabpBa-
HAYECKHE TOKPBITHS IOJYYAIOTCS B KPYMHOKPHCTAIIWYECKOM BHIE,
UMEIOT TJI0XO0€ CIEIUIEHHEe W ochimarTcs. K Tomy ke mpu ocaxiaeHuu
HEKOTOPBIX METAJIOB, HallpUMep MPHU MOKPBITUH KeJie3a MeJlblo, Jac-
THYHO MPOTEKAeT XMMHUecKas peakmusi 3amemenus Fe + Cu”™ —
— Fe*" + Cu, yXymmamomas KadecTBO MOKPHITHA. [IpH HCIOIb30BAHHUH
pPacTBOPOB KOMILJIEKCOB TOJYYAlOTCSl IUIOTHBIE MEIKOKPUCTALTUYECKUE
raJIbBAHUYECKUE TTOKPBITHUA.

Yacto myis MONMy4YeHUs TaIbBAaHUYECKUX TOKPBITUH TPUMEHSIOTCS
IIUAHUHBIC JIEKTPOJIUTHI, COJIEPIKAIINE HAPSATY C IHAHUIAMH IIETOYHBIX
MeTaJUIOB Takue KomiuiekcHble coiu, Kak Ky[Cu(CN)z], Nay[Zn(CN)4],
K[Au(CN),].

BcenmencTBrue SA0BUTOCTH ITMAHUIHBIX SJIEKTPOJIMTOB B HACTOSIIEE
BpEMS MX CTaparoTCs 3aMEHsTh. Hampumep, 11 oMeTHEHNS HAYWHAIOT UC-
MIOJIB30BATh AJEKTPOJUTHI, COAEPIKAIINE dTAHOJIAMIUHOBBIA KOMIUICKC MEIH
[Cu(H,NCH,CH,OH),]*".

IMonyyenue MeranioB. KOoMIUIEKCHbIE COCTMHEHUSI 4acTO MPUMEHS-
10T TIPH DJIEKTPOIUTHYECKOM TOJTydYeHUn MeTajiiioB. Hanmpumep, npu momy-
YEHUU ATIOMUHUS JIEKTPOIIM30M JJIEKTPOIUTOM SIBIISIETCS PACIlIaB CMECH
ALO; u kpuonuta Nas[AlF¢]; npu nonmyyeHuun HUOOUS, TaHTaJIa, TOPUS U
MarHusi MCIOJIb3YIOT paciuiaBbl KoMIuieKCHBIX coneit K [NbF;], Ky[TaF,],
K[ThFs], K[MgCl3]. 9Tu coiu 1Mo CpaBHEHHIO C MPOCTHIMU COJISIMA MEHEe
JeTyuu, 00Jiee YCTOWYMBEI U HE TaK CUJIBLHO MOABEPTAIOTCS THUAPOIU3Y IMa-
pamu BOJIBL.

[Ipy monydeHWH TOPOIIKOB METAJIJIOB BBICOKOW CTETMEHH YHUCTOTHI
(xpoMm, MOTuOAEH, BOJIb(paM, peHUH, KeIe30, HUKEIb U JIp.) IPUMEHSIOT
X KapOOHWJIbHBIE KOMILUIEKCHI, KOTOPBIC MPU HATPEBAHWW Pa3NIaraloTcs C
00pa30BaHUEM METAJIIOB:

[M(CO),] — M + nCO.

[TockonbKy 3Ta peakuusi MPOUCXOIUT B ra3oBoi (aze Mmpu TeMIepary-
pe, MEHBIIEeH TeMIepaTyphl IJIaBIEHUS METAJUIOB, TO OHHM BBIACISIOTCS B
BUJIE MEJIKOAMCIIEPCHBIX MOPOLIKOB.

JUig mosrydeHusi YUCTHIX IIEJOYHBIX METAJUIOB MCHOJB3YIOT MX KOM-
IUIEKCHI C KpayH-3dupamu.

C uenbio pa3feneHus JIAaHTAHOWJIOB PaHbIIE MPUMEHSIN (PaKIUOH-
HYIO0 KPUCTaJNIM3alMI0 KOMIJIEKCHBIX HUTPATOB U cylb(aToB. B mocnennee
JECSTUIIETUE HCTONB3YIOT 3KCTPAKIIMOHHBIA U MOHOOOMEHHBIN CIOCOOBI.
[Ipu pazneneHun JNaHTAaHOMIOB HAa MOHOOOMEHHBIX CMOJIAX MPUMEHSIOT
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AIOEHTBI, COJAEPKAILME TAKUE JIUTaH Ibl, KaK IUTpaT-, TapTpat-, Cylbdoca-
JULWTIAT-, aleTUIAleTOHAT-, HUTPWIOTpUAIeTaT-, STUJICHIUaMUHTETpa-
areTaT-uoHbl U Jip. [lpu mpombIBKE MOHOOOMEHHHMKA C COPOMPOBAHHBIMU
JJAHTAHOUJAMH PACTBOPAMM, COJEPKAIIMMH OMPEIEICHHbIE JTUTaHbl, 3-3a
Pa3IMYHON YCTOMYMBOCTH KOMIUIEKCOB JJAHTAHOUJIOB C 3TUMHU peareHTaMu
MPOUCXOJIUT pa3ienbHasi AeCOpPOIUs JIIEMEHTOB.

KomniekcHble coefuHeHHs] MPH 3allUTe METAIOB OT KOPPO3HH.
Bbonbiioe 3HaueHne uMeeT KOMIUIEKCOOOpa30BaHUEe MPH 3alUTe METAIIJIOB
OT Koppo3un. Hannuue B pacTBOpe BEIIECTB, NAIOIIUX C IPOJYKTAMHU KOP-
pO3UU PaCTBOPUMBIE WJIM HEPACTBOPUMBIEC BEIIECTBA, OKA3BIBAET OOJBIIOE
BIIMSHUE HA KOPPO3UOHHBIN MPOILIECC, YCKOPSISl WM 3aMEeJIsAs €TO.

OOpa3zoBaHue CTOMKUX W HEPACTBOPUMBIX KOMIIJIEKCHBIX COCTUHCHUM,
oOJjaaomux Xopolei aaresueil K MeTamly, pe3ko 3aMeiieT KOppOo3H-
OHHBIU MpOoLECC.

OnHuM U3 pacpoCTpaHEHHBIX 3aMeIJIUTeNIel aTMOC(hEepHON KOPPO3UH
U KOPPO3UHU B HEUTPAJIBHBIX BOJHBIX PACTBOpPAX SIBJISIETCS OCH30aT HATPUS
CgHsCOONa. Ilpu xpaneHuu cTajid B pacTBOpax OeH30aTa HATpUs Ha TO-
BEPXHOCTH XkeJje3a o0pa3yeTcsi HeBUIMMas I1a30M 3allUTHas TJIEHKA TeK-
cabenzoara xene3a(Ill) [Fe(C4dHsCOOH)s](OH);. Hannune Takoi mieHKH
MO>KHO JI0Ka3aTh 3JIEKTPOHOTPAPUIECKUM METOIOM.

Koopaunanuonnbie coeTuHeHUs] B OPraHUYeCcKOM CHHTe3e M KaTa-
autndeckux peakmusix. Kommiekcuoie ruapuabl Li[AlH,], Na[BHy] mm-
POKO NPUMEHSIOT B OPraHUYECKOM CUHTE3€ B KAUECTBE BOCCTAHOBUTEIIEH.

Kommnekc H[Co(CO)4] ucnonb3ytoT npu NoayuyeHUN KapOOHOBBIX KH-
CJIOT ¥ X MPOU3BOIHBIX U3 OJIC(PUHOB:

C2H4 + CO + H20 — CHQ_CHQ_COO.

B kauecTBe karamm3aTopoB MPUMEHSIOT U APyTHUe MOJUKApOOHHIME-
TaJlTbI.

dTaNoNMaHUHBl TPOSBIISIOT KAaTATUTUYECKYI0 aKTUBHOCTH B Pa3HBIX
peaxiusax, HampuMep TpU pa3iioKeHUH MEPOKCHIa BOJOPOIa, MypaBbHHON
KHCJIOTHI, OKUCJIICHUH yTIICBOIOPOIOB U JIp.

Posib KOMIJIEKCHBIX COeTMHEHUI B JKU3HU PACTEHUIl U )KUBOTHBIX.
B opranusme >KMBOTHBIX M PACTEHUN KOMIUJIEKCHBIE COCIUHEHHUS BBITIOJ-
HSIOT CaMble pa3HOOOpa3Hbie (DYHKIIMH: HAKOTUICHUE U TIepeMEIleHre pas-
JMYHBIX BEIIECTB M SHEPTHH; OOMEH M OJOKMpoBaHUE (PYHKIIMOHATHHBIX
TPYII; Y4aCTUE B OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKITUSIX; 00pa3o-
BaHUE U PACIICIUICHNE XUMUYIECKUX CBS3CH.

[Ipexxne Bcero cienyeT ckaszath 0 xjopoduiie u remornooune. Pac-
TEHUs COJAEpX)aT HECKOJBKO BHUIOB MOJEKYN xjopodwmmia. ['eMorioouH
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COCTOMT W3 OejKa TJI00MHA U OKPAIIEHHOTO COEIMHEHHUsI, Ha3bIBAEMOIO Te-
MOM. MeXIy CTPYKTYPHO-COCTABIISIONIUMHU XJIOpO(HWIIa ¥ reMOorIoonHa
CYIIECTBYeT OOJBIIIOE CXOJICTBO. ATOMOM-KOMIUIEKCOOOpa30BaTEIEM B
XJIopouIIIe ABIISETCS MarHWid, a B TeMOTjo0OnHe — keje30. JKene3o, kak
U3BECTHO, CPABHUTENIBHO JIETKO MEHSIET CTCIICHb OKHUCIEHUSA. DTUM U 00b-
SICHSETCSI CIIOCOOHOCTh IeMOTJIOOMHA JIETKO KOOPAUHUPOBATHCS C KHUCIIO-
POJOM M OTJIaBaTh €TI0 TKAHSM.

KoopauHaunoHHble coelMHeHHs] B HOBBIX TeXHoJIorusix. B mo-
clIeHHE TOAbl XMMHYECKHE COECOUHEHHS CTAHOBATCS CAMOCTOSITEILHBIM
TEXHUYECKUM H3JISJIUEM — MarHUTOM, SYCHKON MaMsTH, THOJIOM, TPaH3H-
CTOpOM U T. 1. Ho B oTiiMYMe OT MPUBBIYHBIX MAaKPOCKOTIMYECKUX U3ICTUI
OHH UMEIOT MOJICKYJISIPHBIE Pa3MEpHI.

B doTtoxumMudecKknx TEXHOJOTHUAX HCIOJIB3YETCS CIOKHOE COEIUHE-
HUE, KOTOPOE COCTOWT M3 YEThIPEX KOMIUIEKCOB ITMHKA C TOPPUPHHOM, CO-
CIMHEHHBIX MEXKITy c000H A eHUIAICTHICHOBBIMA MOCTUKAMH:

CBsi3aHHBIE MEXIy COOOM KOMIUIEKCHI SIBJISIIOTCS JOHOPHOM 4YacThIO
(ZnPorf,), koTopasi, ToTJIomas CBET, HOHU3UPYETCS C IEPEHOCOM JJICKTPO-
Ha CHayaja Ha MOCTUKOBBIM ()parMeHT HE CBA3aHHOIO B KOMIUIEKC MOpQu-
puHa (Porf) u nanpuie Ha akuenTopHsiil pparment pysiepena (Cep).

KoMmniekcHble COeUHEHUsI MIMPOKO HCHOJIB3YIOTCS MPHU MOJTYYEHUU
KUJKAX KPUCTAILIOB, JIOMUHOGOPOB, MOHO- U TMOJUMOJEKYISPHBIX TLIE-
HOK C ONpeJeIeHHbIMU CBOWCTBAMH, Pa3IMYHbIX CEHCOPOB U np. Tak, of-
HUM M3 MUHTEPECHBIX M MEPCHEKTUBHBIX HAMPABIECHUNH COBPEMEHHBIX CEH-
COpPHBIX TEXHOJIOTHUH SIBJIETCS PAClO3HABAHME 3allaXxOB U BKYCOB, T. €.
IPUJIAHUE CEHCOpaM OPraHOJENTUYECKUX CBOMCTB. JTO JTOCTUIAETCS OJ-
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HOBPEMEHHBIM HCIIOJb30BAHUEM HECKOJIBKMX CEHCOPOB C MHMKPONIPOLEC-
COpHOI 00pabOTKOI cUTrHaNA.

CuHTe3upoBaHbl KOMIUIEKCHI, 4yBCTBUTENbHBIE K CO. [Ipumepom
MOKET CIYXUTh B3aumojeicTeue komiuiekca Ru (II) ¢ okcumom yrie-

poxaa (II):

Ph, Cl Ph,
Pa |l A° o
W i “yyy -
oV |
[
pyr(H,C), (CHy)4pyr
/ (CH2)4pyr
O
oC \ C|IO / PPh,
Ru
CO \ !
- Ph,P \\"“ l ""f! co
CO
O

pyr(H:C)s «~

D

JlromuHOQOpPOM B 3TUX KOMIUIEKcax siBisiercs nupeH. Kommeke 6e3
KOOPJAMHUPOBaHHBIX MoJieKyldl CO mMMeeT JIFOMUHECUEHIMIO [[BETA CHHETO
unauro. Ilocne npucoenunenus monexkys CO 1BeT IIOMUHECLCHIUU CTa-
HOBHUTCSI CUHE-3€JIEHBIM, YTO MCIOJIB3YETCS B TaTUNKAX.
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