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B kHure uanaraiotcs B JOCTaTOYHO AOCTYMHOH (hopme
(6e3 MareMaTHuecKoro anmnapara) OCHOBHBIE IOJIOMEHHUS
TEOPHH MO0JIsi JIHFaHZ0B — OJHOH U3 Haubosee LIHPOKO pac-
NPOCTPAHEHHBLIX B HACTOsLee BpeMst KOHUENUHH TeoperH-
YeCKOH HEeOpPraHHYeCKOM XHMHH.

KHura npeanasnaueHa [J/15 XHMHKOB-HEOPTaHHKOB H
¢usuko-xuMukoB. [IpocToTa H3/M0XKEHHsS nejaeT ee ROCTYIN-
HOH /1A CTYJEHTOB COOTBETCTBYIOLIUX CMENHAJ/IbHOCTER,

Pedaxyusa aureparyper no xumuu



NPEIUCJTOBUWUE ABTOPA

ABTOop cTpeMuJicst AaTb 0030D TEOPHH IOJs JIUTaH/O0B,
KOTOpHIif Obla1 Obl OJHOBPEMEHHO KPATKUM W HeMaTeMaTH-
yecKkuM. B HHTepecax KpaTKOCTH JaH TONBKO MHHHMYM OIH-
caTeJbHOM XUMHY;, u3beras MaTeMaTHUECKHX A0Ka3aTeJ/bCTB,
aBTOpP 4YacTO KEePTBOBAJ TOYHOCTbIO. [ljiss O3HaKOMJeHHS
C MaTeMaTHYeCKMMH MeTOAaMH M T. M. YHTATeNl0 peKOMeH-
nyerca kuura J. S. Q@riffith, The Theory of Transition-
Metal Ions, Cambridge University Press, 1961.

Hacrosuas kHura u kHura I'puddura B3anumMHo gomod-
HAIOT APYr Apyra.

JaHHas KHura npegHasHayeHa He A/1s CHNENUAJIUCTOB B
06J1aCTH TeOPeTHYeCKOH XHMHH, a [/ XHMHKOB-HEOpraHH-
KOB W JIPYIHX XMMHKOB, XKeJaloLHX NOJY4YuTh oblliee Nnpea-
cTaBjaeHHe 00 3TOI CPaBHUTEJNbHO HOBOH 006/1aCTH TeOpHH
BaJIeHTHOCTH. [103TOMYy CCBIJIKM AaHbl TJ1aBHBIM 06pasoM
Ha 06G30pHBIe CTaTbH, XOTA B OTAE/NbHBIX CJy4yasXx IMpHBE-
JeHbl TaKe CCHIJIKM W Ha CYUleCTBEHHble OpPHTHHAJbHbIE
paboThl, Jexallde B OCHOBe H3JlaraeMblX MNpeACTaBJEHUH,
a TakXXe Ha HEKOTOpble HoBelillue pabGoOThl, He MONABILHE
ele B 0630pbl.

BriGop conep:kaHus onpefeasiics TIJaBHBIM 06pa3oM
cOOCTBEHHBIMH HHTeDeCaMM aBTOpPa M OTYACTH JAPYTHMH 06-
crositeibcTBAMHU. Vck/toueHbl Bce pasfedbl, He MPHBOASA-
liMe K CYLIeCTBEHHbIM KauyeCTBEHHBIM BbIBOJAM, KaK Obl
BaXXKHbl OHM HHU Obliu. Teopus BasieHTHbIX cBsA3eil [Tosuura
3lecb He H3jaraercs; 6sarogapsi ero COOCTBEHHBIM KJac-
CUYECKHM TpYyJIaM, IOCBSILEHHBIM 3TOMY BOMpPOCY, Takoe
U3JI0KEHHE H3JIHILIHE.

Sl npusnatenen m-py Tpuddurcy, a-py Kerray u npod.
Jlonre-XuITHHCY 3a MHOTOYMC/IEHHBle LEHHble 3aMeuaHus.

Jd. 0Pl EV
Ilerepxays, Kembpudx
Hione 1959 e.
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[MPEJABAPUTEJIbHBIE 3AMEYAHUNS

1. BBEAEHUE

[IpenMeToM HacTOsllled KHHTH SABJSAIOTCA TEOPETHUE-
CKHe OCHOBBI XMMHH 3JIeMEHTOB OT THTaHa A0 LMHKAa U CO-
OTBETCTBYIOIIMX 3JE€MEHTOB HuKeJexallux nepHoaos. Ta-
Ko#i BbIGOD OGYyCJIOBJEH OIHHMH TOJBKO COOOparKeHHUSIMH
yao6ceTBa. DTH 3/71eMeHThl 00pa3yloT rpymnmny, KOTOPYIo LeJe-
coo6pas3Ho paccMaTpUBaTh C eHHON TOYKH 3peHHS.

Oco6eHHblH HHTepec K MepeXoAHbIM MeTa/J1aM 00yc/0B-
JIeH UX CrnocoGHOCTbIO 06pa3oBLIBATL COENHMHEHHS, B KOTO-
pbIX COXpPaHsieTcsl YaCTHYHO 3anoJsiHeHHasi d-o6osiouka.
ViMeHHOo Hasnuuue He3anosHeHHOH d-060/104Ki 06YyCJIOBIU-
BaeT KakK OKpPacKy, TakK M MapaMarHHTHble CBOHCTBA, KOTO-
poiMH 006/1a1aI0T MHOTHE CO€IMHEHHs! MepexOoNHbIX MeTaJl-
JgoB. bBosee Toro, siBjeHue NepeMeHHON BaJIeHTHOCTH, IpPH-
cyllee 3THM 3/eMeHTaM B GoJibllell CTENeHH, ueM APYTUM
(32 HCk/IIOUEHHEM, BO3MOXKHO, JHLIb aKTHHUAOB), 0GYyCJOB-
JIEHO, KaK Mbl YBHAHM, HEOOBIYHBIMH COOTHOLUEHHSIMH, CY-
LIECTBYIOLUIUMH MeXIy MOCJeI0BATeNbHBIMH MOTEHIHANaMH
MOHHU3alIUHU d-3/1eKTPOHOB.

Hcnonb3yemblit HaMu o6liuil MOAXOM K XHMHH MepPexoj-
HBIX MeTaJ/lJIOB B 3HAUMTENbHOH CTeNMEeHH OCHOBAH Ha TNpH-
6/MXKeHHH, B KOTODOM MBI pacCMATPUBAEM COEAMHEHHUS
MepexoAHbIX MeTaJlJIOB, KaK IOCTPOeHHble W3 WHAMBHAY-
aJbHbBIX aTOMOB HJH HOHOB MeTaJlJ10B, c1abo B3auMOIeil-
CTBYIOILHX APYT C APYrOM H BO3MYLIAeMbIX HX GJMKaHLMINM
OKpyXKeHHeM. YcreX B KOJMUYECTBEHHOM OGDBACHEHHH 3KCIle-
pUMEHTaJIbHBIX (DAKTOB, OTHOCSILMXCS K Pa3/JMUYHBIM KJjac-
CaM COeqMHEeHHH, HeMOCPeACTBEHHO 3aBHCHT OT MpHEM.IeMO-
cTy 3TOoro npubamkenus. Ilo 3Toll mpuuuHe Mbl He Gyaem
paccMaTpuBaTb CaMH MeTaJlJbl, UX CIJ1aBbl, TPOMEXKYTOUHble
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KapOGUABl M HUTPHIBL, a TakkKe APYTHe CUCTEMBI, Xapak-
TepU3ylolluecss CHJbHbLIM B3aUMOJEHCTBHEM MeEXAy aTo-
MaMu MetaJga. Hawmu Mertoabl HauGooee NPHTOAHBI A5
paccMOTPeHHs] HOHHBIX COeJAMHEHHH THNa OKHC/OB, raJjore-
HHIOB, THAPATOB U CYJb(hAaTOB, a TaKKe HEKOTOPBIX APYTHX
KOOPAHHALHOHHBIX COelHHEHHI.

2. ATOMbI U MOHBI MEPEXOHBIX METAJIJIOB

[Tepsas rpynna rnepexoAHLIX MeTaN/a0B HauyHHaercs
nocse Ca, KOrjaa BIEepPBble HAUMHAIOT 3aMOJHATbCS OPGH-
Tol 3d. Mbl He GyaeM CKOJbKO-HMOYAL MOApOGHO paccMar-
puBaTh CKaHAWH, XOTSi ero CcBOOOAHBI aTOM HMeeT 3JeK-
TpoHHYI0 KoHdurypauuio (3d) '(4s)2, Tak Kak XHMHs 3TOTO
3JeMeHTa TOYTH OrpaHuueHa XuMHell TpPeXBaJeHTHOTO
HOHA, HMEIOUIero 3aMKHYTYIO 3JeKTPOHHYI0 KOH(MHIYpaLHio
...(3s)2(3p)s.

Bo Bceil mepBoil mnepexoaHoit rpynne 3sHepruu 3d- H
45-0pOUT y HeHTpPanbHBIX aTOMOB OueHL OJH3KH ApPyr K
npyry. O6blusoit KOHpUrypauHeid OCHOBHOrO COCTOAHHUA AB-
asercs (3d)™(4s)?, HO aTOMBI XpOMa M MeIH HMEIOT KOH-
durypaunn (3d)°(4s)! u coorBetcTBeHHO (3d)!'0(4s)!. Oco-
Gast yCTOHUMBOCTb MOJY3arNoJHEHHOro cocToanua d® (ra. 3)
SBJSETCA JOCTATOUHOH AJs1 TOTO, 4TOObl BbI3BAaTh Nepexol
371eKTpoHa ¢ opOuTh 4s Ha opOuTY 3d, a MO3TOMY B cjyuae
aToMa XpoMa Hu3lee cocTosiHHe KoHpurypauun (3d)3(4s)!
0Ka3bIBaeTCsl YCTOHUMBEe HHU3LIEro COCTOSIHHS KOHGHUrypa-
uun (3d)*(4s)2 Touno Tak ke aJst atoMa Medd KOHQHTY-
pauna (3d)'9(4s)! ycroitunsee koudurypauun (3d)°(4s)2

OTHOCHTeJIbHAS 3HEpPrHsl pa3/UUYHbLIX aTOMHBIX OpPOHUT
33BHCUT OT COCTOSIHHSI MOHM3aLHH pacCMaTPHBAEMOro aTo-
Mma. [To Mepe yBesauueHHs] T0J0XKHTEIbHOrO 3apsa HOHa
nepexoaHoro Meraasta op6ura (n-—1)d ctaHoBuTcs Gosee
yCTOHUHBOl MO cpaBHEHHIO ¢ OpGHTOH ns. B nepsoii mepe-
XOjHOH TpYyMile BCe HOHBI, BCTPeUalolllMecss B TaK HasblBae-
MBIX HOHHBIX COeIMHEHHSIX, T. €. J[BYXBa/JeHTHble H
MHOroBaJeHTHble HOHB # uoH Cuf, HMeIT OCHOBHbIE
COCTOSIHUS, COOTBeTcTBylolue KoHburypauuam dn. Tlo
5TOH TpPHYHHE Mbl MOXEM paccMaTpuBaTb OObIUHDbIE HOHBL
NepexoaHBIX MeTall0B B HMX «MOHHBIX» COeIMHEHHSAX Kak
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HOHB! C KOH(pHUrypauueit tuna d”, Gojee uau MeHee aedop-
MHPOBaHHble HX OKPYKEHHEM.
Ta6ruya 1

floTeHuuansl HOHU3ALLMH MeTaJJOB NEePBOro
nepexoaHOro nepuona, 38
(1 38 = 23,05 kraa/z-amon)

[MepBblil Bropoit Tpetnit

MeTananl noTeHu a1 MOTeHLHA.1 NOTEHLHA A

HOHH3ALHH HOHHU3ALHH HMOHH3aLHH
Ca 6,11 11,87 51,21
Sc 6,56 12,80 24,75
Ti 6,83 13,57 2747
\Y 6,74 14,65 29,31
Cr 6,76 16,49 30,95
Mn 7,43 15,64 33,69
Fe 7,90 16,18 30,64
Co 7,86 17,05 33,49
Ni 7,63 18,15 35,16
Cu Y&p) 20,29 36,83
Zn 9,39 17,96 39,70

B rtaG.a. | npuBeseHbl TpU NepBBIX MNOTEHLHAaJ a HOHH-
3aUMH 3JeMEHTOB OT Ka/bLUHf A0 LUHMHKA. 3aMeTUM IpexKie
BCEro, UTO BTOPOI NOTeHUHaJ HOHH3AUUM MeAHW 3HAUUTE.lb-
HO BbIllle, YeM JJs1 BCEX OCTaJbHBIX 3JIEMEHTOB B paccMmar-
pHBaeMOM PALY. DTO M fABJAETCS OCHOBHOW NMPUUYHMHOMN TOTO,
yto uoH Cu* GoJsiee yCTOHUMB, UeM OJHOBAJIEHTHble HOHbI
IpPYrux MepexojHbIX MeTaJlJoB.

PacrmosnoxuM 3/7eMeHTBl B MOPAAKE BO3PacTaHUs TpeThb-
€ro noTeHuuasna HOHU3AUHMH:

Sc, Ti, V, Fe, Cr, Co, Mn, Ni, Cu, Zn, Ca.

Kak BHIHO, MMEHHO /J1€TrKOCTbIO OTPbIBA TPETLEro 3JeKTPOHA
MOXHO OODBACHHTb OTCYTCTBME COeAMHEHHH [ABYXBaJleHT-
HOro ckaHausi Sc?*; B TO ke BpeMsl BbICOKMMH 3HAUEHHAMH
TPETbero MOTEHLHAa.1a HOHH3AUUU OOBSCHSIETCH TPYAHOCTb
okucaenuss MoHOB Ni%* u Cu2* W OTCYTCTBHe COEAMHEHHH
HoHoB Zn*t. [asa Go.bluell yacTH OCTaJ bHBIX HOHOB NOTEH-
IHaJbl HOHW3aUHMH TaKkKe COIacyloTCs ¢ TPYAHOCTbIO OKHC-
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JeHHsl JBYXBaJEHTHBIX MOHOB 10 TPEXBAJEHTHbIX B BOMIHBIX
¥ J1PYTHX N0J100HBIX cpefax.

[TepemenHasi BaJleHTHOCTb MEePeXOAHBIX MeTaJsJoB obyc-
JIOBJ€HA J0BOJIbHO MJaBHBIM POCTOM MX NOTEHLHAJIOB HOHH-
3alMy NPH YBeJHUEHHH 3apsi OB MOHOB. BHe3anublit ckauok
MeXX1y BTOPbIM H TPETbUM MOTeHLHalaMH MOHU3aLUHK KaJlb-
UHS CJedyeT COMOCTAaBHTb C COOTBETCTBYIOUIMMH H3MelHe-
HUSIMH [/ IPYTHX 3J€MEeHTOB 3TOr0 NepHoa.

Bripouem, moteHuuassl HOHM3ALUMH SBJISIOTCS He elduH-
CTBEHHBIM (aKTOPOM, BJHSIOLIUM Ha JErkKOCTb OKHCJIEHHS
MOHA, KaK 3TO MOXKeT ObIThb MOKa3aHO Ha MpHMepe HOHOB
Co?* u Co®**. B cooTBeTcTBHHU ¢ maHHbIMH Taba. 1, non Co3*.
Ro/KeH OblThb MEHee YCTOHUHMB MO cpaBHeHHIO ¢ HoHoM Co?*,
ueM, Hanpumep, uoH Mn®' no cpaBHeHHIO ¢ HOHOM Mn?*.
B oranune ot kommaekca [Co(HoO)6]**, aMMuubl vona Co3*
BOCCTAHOBHTb He Tak Jerko. Takum o6Gpasom, nmpH onpeje-
JIeIIHBIX KJaccaxX JHraH10B, B TOM yucie aMuHoB, HoH Cod*
CTAHOBUTCS YCTOHUMBLIM B OKTa3APHYECKUX KOMILJIEKCcaX
B TOH Mepe, KOTOpas JOCTaTOuHa [JJs KOMIIEHCAUHH
JIOMOJIHUTEJNbHON 3Hepruu, HeoOXOAMMOH AJs HOHM3AUUH
cBo6oanoro wuoHa Co** 10 TpPEXBaJEHTHOrO COCTOSIHHSA
(rn. 5).

3. JIUTAH/IBI

[Ton TepMHHOM «JuraHa» Mbl OydeM NOHHUMAaThb JOGOH
HOH HJM MOJIeKYJly, Haxoasiliiecs B HENOCPedCTBEHHOH
6,1M30CTH K HOHY MeTaJula M CBsizaHHble ¢ HUM. HauGosee
pacnpocTpaHEeHHbIMH THHNAMM JIMFAHOOB SIBJASIOTCS OMHO-
aTOMHble M MHOTOATOMHble OTpHIATeJbHble HOHBl M Heil-
TpaJibHble TOJsipHble MoJekyabl. K nocjsegHum noutu
BCerjga OTHOCSATCS MOJIEKYJbl, UMEIOIie OAHY WJ/JH HeCcKOJb-
KO HeNojesNeHHbIX nap asekTpoHoB, Hampumep NHj;, H,O
1 CO. CTpyKTypHBle HCCAeAOBAHHUS MOKaszaJjH, uTo, 3a pel-
KHM HCKJIOYEHHEM, NOJsSPHble MOJEKYJbl JUFaHI0B OPUEH-
THPOBaHbl TakMM 00pa3oM, UTO OJHA HeMoOAeJeHHas Mapa
5J1eKTPOHOB HalpaBJeHa HeNnoCpeCTBEHHO K HOHY MeTaJJa.
Cpeau CpPaBHMTEJNbHO HOBBIX THIIOB JMTAHAOB MOXHO YKa-
3aTh Ha HelpefesbHble YIIeBOJOPOALl W MX pajAHKaJbl, Ha-
npuMep aueTH.1eHbl, o/epHHbl, GeH30/1, pajuKaJ/bl LHKIO-
MeHTajneHna U UUKJIOreNnTaTpHeHuNa,
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XenaTHBIMU JIMTaHJaMH HasblBAlOTCsS JIMTaHIBl, COMEp-
XKallue ABe WM Gosblie (QYHKIHOHAJbHble IPYNINb, pacrno-
JIOXKEHHble TaKUM 06pa3oM, YTO OHM MOTYT OJHOBPEeMEHHO
HaXOAUTbCA B INePBOH KOOPAMHAUMOHHOH cdepe OXHOrO H
TOrO JKe HOHa MetTajna. M3BecTHbBIMH NpuMepaMH MOTYT
cayxuth stuaeHanaMud NHy: CHy: CH,- NH,, anuon ate-
tunaneronara [{CH3;-CO.CH.CO.CH;], KaxXabli U3 KO-
TOPHIX MOXKET 3aHHMaTb JBa KOOPAMHAUMOHHBIX I0JOXKe-
HUsl, H MOH 3THaeHAnaMuHTerpaauerata (~O,C-CH;),N-
+CH;-CH;-N(CH:-COs),, KOTOpHIH, BepOSITHO, MOXKeT
3aHMMAaTh BCe LIECTb KOOPAHHALHOHHBIX MOJIOXKEHHH B OKTa-
3APHYECKHX KOMIJIeKcax.

XenaTHble JUraHabl o6pa3ylor Gosee yCTOHYUHBBIE KOM-
MJIeKChl N0 CPaBHEHHIO C KOMIJIeKcaMH, 06pa3OBaHHBIMH
MOJIEKYJIOH, comepxalllell Ty e (YHKUHOHAJbBHYIO TPYMIy,
HO TONBKO OAHY. Tak, aTHIeHAHAMHH o6pa3yeT KOMILIEKCHI
B TAKHX YCJOBHSAX, NPH KOTOPBIX He IPOUCXOAUT 06Gpaso-
BaHHS 3aMEeTHBIX KOJHYECTB KOMIJIEKCOB C aMMHAKOM HJIH
NepBUYHBIMH aMHHaMHU.

B HeckOo/NbKHX cJyyasix MOXKHO OTMETHTb OCOOEHHOCTH
3JIeKTPOHHOH CTPYKTYpPbHI, CBsI3aHHble OOBIUHO C CONpsiKe-
HHeM (Kak, HanpuMep, B aUeTHJAaLETOHATax WJH (eHaHT-
POJIMHOBBIX KOMILJIeKcax), 6Jarofaps KOTOPOMY XejaTHble
coeHHeHHst 00/1a7al0T MOBBILIEHHON YCTOHYHBOCTbIO. ITO,
TEeM He MeHee, SIBJSETCsS CKOpee HCKJ/IOUEHHeM, HeXesu 00-
LIHM TPaBHJIOM, U OOBIUHO AOMNOJHHTENbHAS YCTOHUHMBOCTD
obycsioB/eHa 3HTPOMMAHBIMU 3pdexTaMu. B cayuae peak-
UMY MeXJy HOHOM MeTaJjJja H ABYMs HEe3aBHCHMBIMH MO-
JleKy/JaMu JIMFaHAOB ¢ o0pa3oBaHueM kKommnJjekca ML, Be-
JIHUMHA H3MEHEHHs! SHTPONHHU NPHU PeakUUH COAEPKUT UJIeH,
YVUUTBHIBAIOUIMH TOTEPI0 TPAHCASLMOHHON 3HTPOMHM JABYX
JIUTAH[O0B; eCJU A0 peaKlUH ABHXKEHHs TpeX paccMaTpuBae-
MBIX MOJIEKYJ MOXHO CUMTaTb HE3aBHCHMBIMH, TO TMOCJ]e
peakuUHH OHH BLIHYXKIEHB ABHraTbcsi BMecTe. B aHasoruy-
HOHM peakUuM C yuyacTHeM MoJeKyabl, obpasywoolleil xenart-
HBIl LUK/, yMeHblleHHe 3HTPOMHH COOTBETCTBYET I[OTepe
TPAHC/SILMOHHOH CcTeneHH cBOGOABI TOJbKO OAHOH MOJEKY-
JI0#, TaK KaK B 3TOM cJyuae ABe (yHKLHOHAJIbHbIE TPYMIbl
JUraHjia yxe cBsa3aHbl BMecTe. CKa3aHHOe BbIlE HJJIOCTPH=
pyercs puc, 1.
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Taxoe oObscHeHHe, KOHEUHO, ABJIAETCS OueHb MPUOIH3H-
TeJIbHBIM, Tak KaK Mbl npeHeOperaju MHOTHMM CTeMeHSIMH
cBOGO/LI, He MeHee BaXKHBIMH, UeM TpaHcJAsuHoHHble. Ha-
npuMep, NpPH COEAHHEHHH C MOHOM MeTaj/ja MOXKeT YMeHb-
UWIKMTbCS THOKOCTh XeJqaTHOro Juranga. B pesyabrate mo-
SIBUTCS 3HTPONMHHBIA 3(GdeKkT, NpoTHBOAelCTBYIOWIUH 06-
pa3oBaHHI0 KOMILJIEKCA M MPHUBOASLIME K YMEHbIIEHHIO Xe-
JaTHOro sddexra. B Ko/MUECTBEHHON TEOPHUHU JOJ/IXKHBI GbITh
BBeJEeHbl MONPABKH Ha 3TOT M MHOTMe APYrHe NoLOGHBIe
s pexTh.

-
-

L L
M+ —_— > M

AN

L L
a 6

M + —_— M
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—
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Puc. 1. Bausuie o6pasoBaHis uMKJa Ha H3MEHEHWE TPaHCAALMOHHON
SHTPOMHH B MNpoUecce KOMMIEKCOOOpa3OBaHHS.

B calydyae peakuHd @ TPAHCASUHOHHbIE ABHXEHHS TpPeX HEe3aBHCHMBIX MOJEKYJa 3aMme-
HAIOTCH ABHXKEHHEM OAHOr0 KOMIlJIeKca, B TO BPpeMs KaK NPH pEeaKUHH 6 1o 06p83083
HHS KOMMJIEKCa BO3MOXHbI TOJALKO ABA HE3aBHCHMBIX TPAHCAAUHOHHBIX ABHXKEHHA.

JlonoaHureabras yCTONUMBOCTL 3a CYET XeJaTHOro ag-
(exkTa Ma.o0 CBSi3aHa C YCTOHUYMBOCTBIO KOMILIeKca C Mpo-
CTBIMH JIHTAHZAMH, WMeOLHUMH Te Xe (YHKUHOHAJbHbIE
IPYNNbl, YTO U XeJaTHbI areHT, MOTOMY UYTO XesJaTHbIH 3¢-
$heKT CuAbHee 3aBUCUT OT FeOMeTpUYECKHX (PaKTOpOB, yeM
OT 3JIeKTPOHHOH CTPYKTYpbl. DTO MNPHBOAMT HacTO K He-
JOXHIAaHHBIM CJEACTBHSIM; TakK, HaNpuUMep, YUC-TIAHKOJIH §B-
JISI0TCSt BeCbMa XOPOLIMMH KOMIJIEKcOOOpa3yloUuMMH areH-
TaMH, B TO BpeMs KaK MPOCTble CMHUPTHI MNPOSBJSAIOT JHILDb
cnabylo TeHAEHUHI0O K 00Pa30BaHHIO KOMIJIEKCOB B BOJAHBIX
pacTBopax.

4. IPOCTBIE COENMHEHUS U KOMINJIEKCHI

B onucatesbHON HeopraHu4yecKOH XHMHH OObLIYHO MpH-
HATO pasJjuuaTh TMpocThle COeAMHEHHS HOHa Mera.Ja
v o6pa3yeMble UM KOMILIeKchl. XOTsl Takoe pasjHuue U Mo-
)eT ObiThb HCIONb30BAaHO NMPH KJaacCH(UKaALHH, 3TO He J0Ka-
3biBaeT ero HeOOXOAWMOCTH NpU TNOCTPOeHHH oOuled Teo-
pHH. DJEeKTPOHHble CBOHCTBA COeAMHEHHH MepeXOAHbIX
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MeTaJlJIOB OMpefensitoTcst I1aBHbBIM 06pa3oM MPHPOLOH JH-
raHgOB W TOJBKO B HEKOTOPbIX OCOOBIX cJayyasx OKa3bl-
BAIOTCSl YYBCTBUTEJbHBIMH K 60Jee yAaleHHOMY OKPYXKeHHIO
HoHa MeTaasa. [lo 3TOf npuunHe OZHA U Ta XKe TeOpHsA
YyacTo NpHMeHsieTcs, C OJZHOH CTOPOHBI, K KOMIJIEKCHOMY
katuony tuma [Ni(NHj)el®* wuau K CcOOTBeTCTByHOLIEMY
rugparupoBanHomMy HoHy [Ni(N.O)¢]**, a ¢ apyroi cropo-
Hbl, K TakuM OuHHapHbIM coeauHenusiM, kKak NiO uau NiF,
C OKTasjapuueckoil kKoopauHauueid Bokpyr Ni. Teopus, us-
JIOXKeHHast B TIJ. 2—7 HacTosilled KHUTH, MOXET MpHMe-
HATbCST K cucTeMaM o6oux tunos. Mck/aouenus 6yayT oro-
BOpPeHbl 0c060.

5. YCTOMUYUBOCTH

CJ/l0BO «YCTOHUHBOCTb» SIBJISIETCS OAHMM M3 HauboJiee
pacrnpocTpaHeHHbIX, HArAsiAHBIX M THOKUX BBIpaXKeHHH, KO-
TOpble Mbl BCTPpeYaeM B HEOPraHHUECKOH XHMHH, U OHO Xe,
BEPOSITHO, SIBJIsIeTCSl MOBOAOM [Jiss 60Jiee MHOTOUHCJIEHHBIX
HeJopasyMeHHH, HeXeJll Kakue-J1100 ApyrHe TepMHHBL. Mbl
OyleM cTapaTbCsl HCNOJb30BaTh €ro B CMbIC/e TepPMOJHHA-
MHYECKOH YCTOMUHMBOCTH, ecjaud He CUMTaTb TeX CcCJyyaes,
KOT/Ja KOHTEKCT $IBHO CBHAETE/J1bCTBYET O TOM, YTO MBI MOA-
pasymeBaeM MojJ 3THM CJIOBOM HeuTo HHOe. Tak, Mbl OyneMm
Ha3bIBaTb KOMIJIEKCHbIE HOHBI J1aGUJbHBIMH, HMesl B BHUAY,
YTO OHM JIETKO pearHpyloT B pacTBOpe, HO He GyjaeM  mnpe-
HeOperaTb TakKe BbIDAaXK€HUSIMH THIA «yCTOHYHB B OTCYT-
CTBHE KHCJOpPOAa», KOTOpble AOJIKHBI YKa3biBaTb HaM Ha
peaklHOHHYIO CNOCOOHOCTb JaHHOrO peareHTa.

Henopasymenusi, BO3HHKIIHE B CBSI3H C MHOrO-
3HAYHOCTBIO CJIOBA «YCTOHYMBBIH», TJyOOKO YKODEHHJHCh
B HallleM XHMHUYecKoM MbiisieHud. [locTosiHHO mnpuxo-
auTcst y6exkaaTbCsi B TOM, 4YTO .MpOrpecc B NMOHUMAaHUH
XHMHYECKHX CBOHCTB 3aMelJsieTcsl, eCJd MbI BpeMs OT
BpDeMeHH He clnpawmuBaeM cebs: «YCTOHYHB K AEHCTBHIO
yero?»

6. KOOPAMHALIMOHHOE UMCJIO U BAJIEHTHOCTD

JloBoJibHO TPYAHO AaTb (OopMaJ/ibHOe ONpejeseHHe Ba-
JIEHTHOCTH M TOAOOHBIX ell BblpaxKeHHH, KOTOpoe OblI0 6bl
efMHOOOpPa3HO NpUMeHHMO BO Bceil xumuu. IlogoGHoe
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onpejesieHHe W He OCOOEHHO Ba)KHO, €C/JM TOJNbKO MOAPa-
3yMeBaeMoOe 3HaueHHe sICHO B KaXJOM 4acTHOM cayuyae. MH
6yneM HCMNOJb30BaTh BbIpa)KeHHe «KOODAHHAlLUOHHOE YHC-
JIO» /i yKa3aHus yucaa OJaHKAHIIMX cocelel, CBA3aHHBIX
C HOHOM MeTaJjJja, a Bblpa)KeHHe «BaJIEHTHOCTb» — [1J151
yKazaHUs (GOpPMaJibHOrO MOJOXKHTEJNLHOTO 3apsila Ha HOHe
MeTtaJja. [Tocsennuil onpenesnsiercs myTeM Mojacuera oGbly-
HbIX 3aps0B JIHFAaHILOB M APYTHX dYacTell KpUCTaJdJaa HJIH
paccMaTpHBaeMOro KOMIJIEKCHOTO HOHa M BblYHC/eHHst Hop-
MaJbHOrO 3aps/a, KOTOPbIH 10/1KeH ObITh IPUITHCAH MeTaJy
InJs nosyuenusi GajgaHca 3apspos. Tak, Hampumep, B NiO
Mbl TPUMHCBIBAEM KHCJOPOAY ABE OTpPULlaTe/bHble eAHHHIIbI
3apsija, MOCKOJbKY TNocjdedHHH OOBIUHO paccMaTpHBaeTcs
kKak noH O27, ¥ rOBOpPUM, YTO MeTaJJ AByXBaJjeHTeH. AHa-
Jgoruydo, B cayuae [Mo(CN)g]~ Mbl mpunuceiBaem OHH
oTpuuaTe bHbil 3apan kaxnaoi rpynne CN u roBopum, uTo
MeTaJll MATHBAJEHTEH.

BaJsieHTHOCTb B 3TOM CMbiCJe OMNpefesneHa, ec/lH TOJNbKO
3apaHee 3afaHbl (hopMaJibHble 3apsjbl, CBA3aHHble C KaX-
ObiM JaurauaoM. Ilo 3ToH mnpuHuHHe [Js1 KOMILIEKCOB C
OKHCbIO 430Ta H.JIM KHCJOPOAOM, JJisi KOTOPBHIX He cylile-
CTBYeT $ICHOTO H eAMHOOGpa3HOro coryallleHus o 3apsifax,
BO3MOXKEH Da3HO0Oll NMpH MoAcyYeTe BajeHTHOCTH. Mbl Mo-
xem paccMatpuBaTh kKoMriekc [ (NH;z)sCo—0O;—Co (NHs) 5]
au60 Kak Kommiekc nona Co?*, comepxawuil mosekyay O,
au6o Kak kommiekc noHa Co®t, comep:Kalluii mepoKcorpym-

2~
ny O2”. D710 He NpPHUBOAMT HAC K JIOXKHBIM BbIBOJAAM,
MOCKOJIbKY CylLIecTBYeT JiulIib rpy6ast Koppe/asuus Me-
KAy (GopMajbHOH BaJeHTHOCTbIO MOHA MeTaJja H pacrpe-

ngejeHdeM 3apaia. Mul ropopuM, uto HoH MnOs sBasercs
NPOM3BOAHLIM CEMHBAJEHTHOTO MapraHua, HO MpH 3TOM
MBI He Tofpa3yMeBaeM, KOHEUHO, YTO CYLIECTBYeT HEUTO,
xoTa O6bl OTHaJeHHO HaloMHHawllee CBOOOAHBIA HOH
Mn’™. TlostoMy BpsiAz JiK CTOMUT OCTaHABJHBATbCS HA
HeJ0pa3yMeHHsIX, BO3HHUKAIOWKX MNPU ONpejle/ieHHH Ba-
JIEHTHOCTH HOHa MetaJjJsa. Hac HHTepecyeT 3JeKTpOHHAA
CTPYKTYpa MOJIEKY/, H BbIBONbLI O Heil B KOHEYHOM cueTe
JOJXKHE  ObiTb CHedaHbl U3 3KCMepPHMEeHTaJIbHbIX JdaH-
HBIX, a He M3 TpUHATOrO HaMH OMNpeJe/eHHsl BaJIeHT-
HOCTH.
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OPBUTHI MU SHEPTHUH

1. OPBUTHI

Op6uTH, C KOTOPBIMM MBI BCTPeTHMCs, 0003HaualTCa
6ykBaMH S, p U d, KaK M B aToMiioil cnekrpockonun. f-Op-
OUTBl CYLLECTBEHHDI /15 XHMUH PEKO3eMeNbHbIX U aKTHHUI-
HbIX 3JIEMEHTOB W B 3TOH KHHMre He Oy/JyT AeTajbHO pac-
cMaTpuBaTbcs. IDTO BIOJHE AOMYCTHMO, MOTOMY uTO 6oJsee
BbICOKHE OPOHTHI He UTrpaioT GO.IbLIOH POJNH B COBPEMEHHOH
TeOPeTHYeCKOH XMMHUHU NMepexoiHbIX MeTaJlJIoB.

OnHOo3/eKTPOHHAsT BOJMHOBAasl QYHKLUHsS aTtoMa o6Jjajnaet
BaKHbIM CBOHCTBOM; OHa MOXKeT OblThb IpeACTaBJeHa B
BHJE€ NpPOM3BeJeHHs ABYX (DYHKUHH, OJHA H3 KOTOPHIX 3a-
BHCUT OT paJAHa/JbHOIO paCCTOSIHUS 3JEKTpOHa OT siapa,
a Jpyrasi — TOJIBKO OT YIJIOBLIX KOODIHHAT 3JeKTpOHa. Pa-
JHabHas (YHKLHsS HMeeT OTHOCHTENbHO NPOCTON BHUA AJS
OJIHO3JIEKTPOHHOTO aToMa, HO /51 BceX APYrux 6oJiee Ca0XK-
HBIX CHCTEeM J0JKHa ObITb HalgeHa B yHcaeHHOH (opme niu
annpoKCUMMHUPOBAHA MNOAXOAfLIleH aHaJUTHUECKOH (yHK-
uuell. YrjoBble (YHKUHMH He 3aBUCAT OT THNA paccMaTpH-
BaeMOr0o aToMa; CYUIeCTBYeT TOJbKO OJHO YIJOBOe paclpe-
JesjeHHe AJs BCeX S-3JEKTPOHOB, TPH AAfA Jioboro nabopa
p-3JeKTPOHOB, NATb [A1s JaoGoro Habopa d-3/4eKTPOHOB
u T. 1. Knaccuduxkauua opOUT MO UX YIVIOBBIM (DYHKLHAM
CyllecTBeHHa M/151 MOHUMAaHHS TEOPHU BaJEHTHOCTH, a Mo-
3TOMY MBI DPAacCCMOTPHUM ee INpexKe BCero.

YraoBasi 3aBUCHMOCTb BOJIHOBBIX (DYHKUMH 1Js S-, p- H
d-31eKTPOHOB mpencTaBjeHa Ha puc. 2 11 3. s-OpOutsl noJ-
HOCTBIO C(hepHUECKH CHUMMETPHUHbl, H3MeHeHHe BOJHOBOM
GYHKIUHH NPH yBeJIHYEHHH PACCTOSHHSA OT sipa He 3aBHCHUT
OoT HampaBJeHud. B cayuae p- u d-opOuT, umelollux npen-
NOYTHTEJbHEIe HampaBleHHs B APOCTPAHCTBE, MOJOXKEHHe
HeCKoJIbKO cJjoxHee. CyllecTBYIOT TPH pas3jHuHble He3aBu-
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CHMble p-OpOHTHI C OJHOH M TOH Ke 3Heprued. 31ecb Mbl
HMeeM INpHMep BBIPOXKAEHHS, U BbIOOp OpOUT B TaKUX Ciy-
Yyasix HMKOrZa He fBJSETCS eJMHCTBEHHO BO3MOXKHBIM; TPH
OpOUTBI Kakoro-au6o mnpuemaemMoro Hadopa MOXKHO coue-
TaTb MexXJy cO60fi 6eCKOHeuHbIM UYHCJIOM CnocoboB, MOJy-
yag KaxKAbll pa3 TPH HOBble, B3aUMHO He3aBUCHMble H B
TOH 2Ke Mepe npHeMJieMble opO6uTH. Takum o6pasoM, BbIGOP
Kakoro-au6o OJHOTO 4acTHOro Habopa — 3TO JHUIb BONPOC
yno6erBa. Okasanoch, 4TO HAbOp TpeX 3KBUBAAEHTHbLLX OP-
OuT, H300paKeHHbIX Ha puUc. 2 U 3, 06bIYHO Haubosee yja0-
6eH mnpu pacCMOTPEHUH BONpPOCOB BaJjeHTHOCTH. Cuoenyer
UMeTb B BHAY cJeaylollee:

I. Habop Ttpex p-opOuT, BecbMa MOXOXHX Ha H300pa-
’KeHHble Ha DHCYHKe, HO HaNpaBJeHHbIX BAOJb JIOObIX Tpex
B3aUMHO NEpPHeHAUKYNSAPHbIX Ocel, MOxKeT ObITb MOCTpPOEH
B BHJe JIMHEHHbIX KOMOHHAUWHA OPOUT py, Py U P,

2. dusukH, HHTepecylolivecs npobJeMaMH CTPYKTYpbl
aTOMOB H MOJIeKYJ, HaXoaaT Gosiee yIOGHBIM HCIOJIb30BATD
Habop OpOUT, KJaCCCUPUUUPOBAHHBIX MO TAK HA3blBaeMbIM
MarHHTHbBIM KBAHTOBBIM UHCJAAaM 1M, DTH OPOHTHI, KOHEUHO,
MOTYT ObITb MOCTPOEHBI H3 Px-, Py- H P,-OPOUT, C KOTOPBLIMU
OHH 3KBHUBAJEHTHBI, HO TOJbLKO NPH 3TOM kO3I(D(PHULHEHTHl B
JIMHEHHbIX KOMOMHALHUSAX OKa3bIBAIOTCS KOMNAEKCHOIMU.

[Ipu nepexonme k d-op6utam Bbi6Op Haubo.ee ya0OHOTrO
Habopa nATH JOeHCTBUTEJbHBIX BOJHOBBIX (yHKUUHE MeHee
oueBuaeH. OCHOBHOE 2aTpyAHEHHE COCTOMT B HEBO3MOXKHO-
CTH BBIOpATb NATb TaKUX (YHKUHUH, KOTOpble Oblau Obl He-
3aBHCHMBIMH H OJHOBpPeMeHHO HMesan Obl OAHY H Ty XKe
¢opmy. OkasbiBaeTcsi, UTO Ie1eco00pa3HO COXPAaHHTbL He-
3aBHCHMOCTb BOJIHOBBIX (DYHKUMII 3a cueT BBeAEHHS OPOUTHI
d», Hopma KOTOPOH HECKOJNBKO OTJHUAeTcsi 0T (GOPMBbI Op-
OUT dyy, dyzy Ay U dye_ oo DTO pasiuuue, 0JHAKO, TOJIbKO
Kaxyueeca. Opbura d,» MoxKeT ObITb 3anHucaHa B BHJe
JUHEeHHOH KOMOMHALMK OpPOHT, UMEIOLLUX MOUTH TaKylo XKe
¢opMy, Kak M Apyrue d-opOUTEl, HO KOTOpble He SIBJSIOTCSA
He3aBHCHMBIMHM OT HHUX (Takue OpPOMTLI, OUEBMIHO, MOLYT
ObITb 0603HAUEHbl dz- x2 U dpe_ye).

Bhlllecka3aHHBIM HCUEpNbIBAETCA TO, UTO OTHOCHTCA K
yIJI0BOH 3aBUCHMOCTH BOJHOBLIX (pYyHKLHI. Paguanbnas 3a-
BHCHUMOCTb He MOKeT ObiTb paccMOTpPeHa TaKUM MHpPOCThIM
nyTeM, HO, K CYACTblO, HAM He OUeHb HYKHO €€ paccMaTpu-
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BaTh. M3BecTHbl [Ba OOBLIYHBIX METONA HAXOKJAEHHS MNpH-
O/IMZKEHHbIX pafHaJbHbIX BOJHOBBIX (YHKUHMH B aromax.
[To omHOMYy M3 HHX npeanosaraercsl pelleHHe BOJHOBOTO
ypaBHehusl MetojgoM Xaptpu — Poka, B pesy.abTaTe Yero
noJjyuyaeTrcs pajHagbHasg 3aBUCHUMOCTb B UYHCJEHHOM BHJE.
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Puc. 4. PainanbHble BOAHOBbIE (DYHKIMH aToMa BOJOPOA.

o
Mo ocu abcuuce OT.I0XKEHO paccTosHue (A) oT f.1pa 10 3d.1ekTpoa (no kuure [, Fepi
6epr. AToMHLIe CeKTPLl M cTpoeHite atoMos, M3iarnaant, M., 1948; puc. 18).

Hpyroii Merol 3akJ/iouaercs B HCMNOJAb30BAHHH BOJOPOLO-
NOA0GHBIX aTOMHBIX OPOMT, H3MEHEHHBIX B COOTBETCTBHMH C
TpeGoBaHHAMH 3anaud. Takue NpuOAHKEHHbBIE BOJHOBbIE
(YHKIHMH CYILeCTBEHHBI AJis pPacyeToB CBOHCTB MOHOB Nepe-
XOJHbIX MeTa/1.10B, MOCTPOEHHbIX HA OCHOBE (PyHIaMeHTa/b-
HbIX NDHUHUHNOB KBAaHTOBOH MeXaHUKH. /s Hac e OHH
He HMeloT 6OJbIIOro 3HaYeHHs, MOCKOJAbKY Mbl OyaeM NOJb-
30BaTbCsl MOJY3MNHUPHYECKHM METOAOM H HAaXOAHTb BaKHble
BEJMUHHBI, 3aBHCsLIHE OT pajiHaJbHBIX (YHKUHE d-op6uUT
M3 aHaJM3a aTOMHBIX H MOJEKYISIPHbIX CIEeKTPOB.
Panuanabible BOJHOBble (YHKUHH BOAOPOAONOL00HOTO
aToMa u3oOpaxeHbl Ha puc. 4. 3amerum, uto npu r=0
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(1. e. B siApe) OT HYJsl OTJIMUHB TOJNLKO BOJIHOBbIE DYHKIIHH
119 S-371eKTpoHOB. [laJsee, 4ucja0 y3J0B, T. €. TOYeK, B KOTO-
pPbiX BOJIHOBas (GYyHKLHS MeHSieT 3HAK Ha IMPOTHBOMOJOXK-
HbIH, PaBHO HYJIO, s GYHKUMHM 1S, eduHule — OJs 2,
OBYM — s 3s U T. A. Yucuao ysJjoB p-OopOHT HaA eIHHHILY
MeHble YHcaa y3J0B S-OpOUT C TeM XKe IJIaBHbIM KBaHTO-
BBIM yHCJ0M. Hucno ysnos
d-opOUT Ha elMHHLY MeHb- g
[le 4KcJaa Y3J0B COOTBET-
CTBYIOLIHX p-OpOHUT. ¥
Ha puc. 5 npusesennl
panuaJbHble BOJIHOBbIE ™
GYHKLMH,  pacCUHTaHHbIe
metogom Xaptpu — Poka,
aas 3d- w 4s-op6uT THIIHY- [
HOTO aroMa MepexopHOro /! 2 3 4
metaana. CJeayer 3ame- r~ Amomuuie eouHUUb!
THTb, 4YTO HECMOTPA HA Ppyc. 5 Paguaabhble  QyHkuuu
6.1M30CTh 3Hepruil mnoeege- Xaptpu — Poka Aas HeHTPaIbHOrO
nue 3d- u 4s-opOut cylue- atoma mapranua (Mn(0), 5S).
CTBEHHO pa3JiHyHOe. 1 arowmas  emumMua 0,5 A [Hartree
ATOMHBIE BOJIHOBbBIE D. R., J. Opt. Soc. Amer., 46, 350 (1956)].
GYHKUHM HUIparoT BaxKHYIO
posib B Teopuu. HeoO6Xxoaumo uMeTh B BUAY, UTO 3/1eKTPOHHAs
NJOTHOCTb 3aJaHHOTO0 peasibHOro COCTOSIHHSI MOJIyyaeTcs
BO3BEJeHHEM B KBajapaT COOTBETCTBYIOLLEH BOJIHOBOH (YHK-
muH. DTO O3HauyaeT, 4YTO B OTJHUHE OT CaMOH BOJIHOBOH
(GYHKUMH, 371eKTPOHHAS ILIOTHOCTb OKa3blBaercs BCeraa mno-
JIOKHUTENbHOH, KaK 3TO ¥ JOJXKHO ObiTh B J1I0OOH (PH3HUUECKH
o6ocHoBaHHOK Teopuu. OMHAaKO BO3MOXKHOCTb KOMOMHHPOBA-
HHS OpOMT OOYCJIOBJAMBAETCS CHMMeTPHeH BOJIHOBBIX (yHK-
UMil, a He OTBEUAIOIIHX MM 3JeKTPOHHLIX TMJIOTHOCTEN.
ViMenHo 1o 370l npuunHe opOUTa/bHbEIE BOJHOBbIe QYHKIKH
UrpalT B TEOPETHUECKOH XMMHH TaKyl0 BaXXHYIO POJb.

ES)

2. 3JIEKTPOCTATUYECKAS TEOPUS
KPUCTAJIJIMYECKOTO T0JI4

B 3/1eKTPOCTATHYECKOI TEOPHH KPHCTAJLIHYECKOrO 0.1,
passutoil Bere [I] u Ban ®sexom [2], Mbl paccmaTprBaeM
coe[MHeHHe, HAalpHMep TajoreHuJ MepexoqHOr0 MeTaJjJa
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HJIM COJb THAPATHPOBAHHOrO HOHA IepexojHOro MertaJ.d,
KaK COBOKYMHOCTb HOHOB H MOJEKYJ, B3aUMOAeHCTBYIOLIHX
Ipyr ¢ APYroM 3JeKTpOCTaTHuecKd, HO 6e3 ob6MeHa 3JieK-
TPOHOB, T. €. Mbl MOJIHOCTbIO NpeHe6peraeM BO3MOXKHOCTbIO
06pa30BaHHsl KOBaJeHTHOH CBSA3H.

[Tpexxne Bcero Mbl PAcCMOTPHUM COeHHEHHs, COmepxKa-
iMe MOH NEePeXOoJHOro MeraJsia, OKpY>KeHHbIH NpaBHJIbHBIM
OKTa3APOM H3 OTpHLATENbLHbIX HOHOB MJH IHMNOJbHBIX MO-
JIeKyJ, PachoJIOXKEHHbIX TakHM 00pa3oM, 4YTO OTPHLATENb-
Hble KOHIIBI AMDOJENl HamnpaBjeHbl B CTOPOHY LEHTPabHOTO
uHoHa. K 3710it rpynne oTHOCSATCS MHOrMe MOHHBIE KpHCTaJ-
Jbl 1 OOJILILIMHCTBO COeMHEHHH, paccMaTpuBaeMblX B KJjac-
CHYECKOHl KOODAMHALMOHHOH XHMMHH, MOCKOJbKY Haubosee
4acTo BCTpevaloliHecs JUraHAbl NpHHALNEXKAT K OLHOMY
M3 YKa3aHHbIX KJ/acCOB (3a HCKJ/IOUEHHeM YIJEeBOAOPO/IOB
H, Bepositio, NO u 1. n.).

Ilas GoJblUMHCTBA 3ajay, He CBSI3aHHBIX C JeTaJbHOH
HHTeprpeTaluueil MarHUTHBIX H ONTHUECKHX CBOHCTB, H /s
NoJIyyeHHs] BCEX KAUeCTBEHHBIX XMMHYECKHX BBIBOAOB MOUTH
6e3yCc/10BHO JIOCTATOYHO PACCMOTPETh BJHsSHHE TOJNBKO OJIH-
)KaHmux cocenefl Ha op6uUTHl HOHa MeTaJjJja. Bosee Toro,
NOCKOJNLKY B HOHaX MNepexoJHblX MeTaJJioB Bce OpPOHUTHI,
KpOMe BHEeWIHHX YaCTHYHO 3aMOJHeHHbIX d-op6ut, Ju60 moJ-
HOCTbIO 3amnoJiHeHbl, Ju0O0 NYCThbl, HHTepecylllHe Hac 3¢-
(eKThl, B OTJIHYHE OT PacCMaTPHBAEMBbIX B KJAaCCHUECKOH
HOHHOH TeOopHH, BO3HHMKAIOT TOJBKO B pPe3yJbTaTe B3aHMO-
IeHCTBUSl 3THX d-3JEeKTPOHOB C 3JEKTPOCTATHUECKHM I0JeM
OKpY2KeHHS.

PaccMoTpuM Tenepb BJAMSIHHe TOJS OKTasApa, B BepLIU-
HaX KOTOPOTO HaXOJATCsS OTPUUATENbHble HOHbl HJIH OpHEH-
TUPOBAHHbIE IHMOJH, HA OPOUTHl dy—y: H dyy. VI3 ycnoBuit
CUMMEeTPHM OUEBHIHO, UTO JINTAHMbI, PAaclOJIO’KeHHble Ha
OCH 2, BIHSIOT Ha OPOUTBl dy:—y> U dyxy B OJMHAKOBOH Mepe
(puc. 6). MHoe neno aurangel, pacnoJoKeHHble B MJ0CKO-
cti xy. HanpaBienns MakcHMyMOB NJIOTHOCTH 3apsja op-
O6UTbl dx:—y» OPHEHTHPOBAHBI BOJb OCell X ¥ y MO Hampa-
BJIEHUIO K JIMIaHAaM, TOrAa Kak 1Js1 OpOHTHl dyxy — MO OHC-
CEeKTPUCAM YIJIOB MeXIAy CBA3S MM C COXDaHeHHeM MaKCH-
MaJibHO BO3MOXKHOrO yaaJjeHus oT Jurasnos (puc. 6). Io-
CKOJIbKY, MO INPeaNo.J0KeHHIO, JUTaHIbl 3apsAKeHbl OTPH-
HaTesqbHO MJH, YTO PaBHOCHJbLHO, K LEHTPaJbHOMY HOHY
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HamnpaBJeHbl OTpHIlATe/ bHble KOHLbI AUMOJIEl, 3/1eKTPOH, Ha-
xoasuiicss Ha opOuTe dy— y2 JOJIKEH OTTAJNKHBATHCS JIM-
raHgaMH CUJIbHee, UeM 3JIeKTPOH Ha op6urte dyy. TakuM 06-
pa3oM, BJAHSHHE JIHTaHAOB COCTOHT B TOM, 4TO 06e OpOHTHI
dy— y» ¥ dyy CTAHOBSITCSI MeHee YCTOWUMBBIMH, NMpHUEM Mmep-
Bast B GoJsibliell CTeNeHH, ueM BTopas.

Tenepb paccMoTpuM OpOUTHI dy; M dy,. OHH HUMEIT MOu-
TH YTO Ty ’Ke NPOCTPAHCTBEHHYIO OPHEHTALHIO OTHOCHTE/b-
HO JIMTAHLOB B MJocKocTH xy. OTciola c.eiyer, 4To OHM H
opbura dy, HOKHBL ObITh BhHIpOXKAeHbl. COOTHOLIeHHe Me-
XAy 3Heprueil op6utel d;; ¥ APYrux d-opOUT He OUEBHIHO.

Puc. 6. Opburn dxz—)'? H dxy; BJMSHHE JIMTaHJ0B, PaclONOXEeHHbIX
Ha OCHiX X H y, Ha 3TH OPOUTH HEONHHAKOBO.

[TockosbKy B 3TOM C/yuae 3J4eKTPOHHAS MJAOTHOCTb CKOH-
LIEeHTPHPOBAHA BAOJb OCH 2, YTO CJYZKHT NPUYUHOH CHJIb-
HOro B3aUMOUEHCTBHSl C JIMraHgaMH Ha 3TOH Ke OCH, BIOJ-
He mnpaBAonofo6HO, uTo op6uta d», Kak H dy-y, MeHee
ycToiunBa, Hexeau OPOHTBI dyy, di, U dy,. Kak pacuersl,
TaK U TEOPETHKO-TPYNNOBOE PAacCMOTPeHHEe MOJATBepKAAIoT
5TOT BBIBOJl M MOKa3hIBAIOT, YTO OPOUTHl dyimyr H d» B
OKTa3/pHYeCKOM MOJe NefCTBUTENbHO BbIPOXKIAEHDI.

STOT BLIBOA BO3MOXKHO MNOKaxercs 6osee npabaononob-
HBIM, €CJH yuecTb, uTo opGuTa d MOXKeT OBITh 3anucaHa
B BHJAE CYMMbl OPOUT dpx U da_y.. Kamnas M3 Hux, oue-
BHIHO, aHaJOruuyHa opb6uTe dy—y: W K TOMY JKe sIBJIseTCS
cymMmoii aByx npyrux. Cjenyer yyecTb, UTO 3TO OObsiCHEHHE
TauT B cebe OMACHOCTb, MOCKOJbKY 3HEPTHS JHUHEHHOH KOM-
GuHauuy OpPOMT paBHa COOTBETCTBYOUleH KOMGHHAUMH
3Hepruil TOJIbKO MpPH BBIMOJHEHHH HEKOTOPBIX CleLHaJ/bHbIX
YCJIOBHH.
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OxoHYaTeNbHO MBI NPUXOAHM K CJEAYIOILEMY BbLIBOAY:
B NpPaBHJIbHOM OKTa3qpHuUecKOM MoJje naTb d-opOHT pac-.
ulenasorca Ha ase rpynnsl. OfHA rpynna COCTOMT U3 TpeX
OpOHUT dyy, dyx; M dy,, a apyras — U3 ABYX dw-y H da.
DJIeKTPOHHAS MJOTHOCTb OPOUT NMEepBOil IPYNNbl COCPENOTO-
YyeHa MexXJy JurangamMu. OTH opOUTH OTHOCHTe/NbHO 6oJaee
YCTOHUMBEI, ueM OpOHUTH BTOPOH TpPymnMbl, y KOTOPLIX Tyas-
Has 4acTb 3JeKTPOHHOH MJIOTHOCTH pachoJioxkeHa BOJ/N3Y

dye,dy2 2
2%, 8z%y dpydaydy dzz.yl dzz.dgz
— T
A A dry dzz-ﬂx
dIz,dyz
d,: _ d,y
——— dzz_yadzz
dry ey,
a 6 ] 2

Puc. 7. Cxembl ypoBHeil 3HEpru.

a— a5 OKTa®ApHYCCKOH KOOPAMHALMM; 6 — AAs TeTpasapHueckod M KyOHYecKoii;
6 — AJ KBaXPATHOM MJOCKOIl; 2— a3 cTpyKTypbl [Mo (CN)3|4_.

aurannos. OpOuTHl mepBOil rpynnbl Mbl OyleM Ha3blzaTh
opburamu fyg, a BTOpolt — €. (B murepartype Berpeuatorcs
caelylollle aJbTepPHATHBHblE M 3KBHBaJEHTHble 00O3Haue-
HUs I8 OPOUT Zog v egi I's u I's; 15 1 qs; de M d cOOTBET-
CTBEHHO.)

Ha puc. 7,a npuseneHa cxema paclosioXeHHs ypoBHeH
sHeprun d-opOUT B OKTa3ApHUECKOM oKpyxkeHud. s pac-
CTOSIHHUSI MEXAY 3SHEpPrUfMU OpOMT fog U €g Mbl MCNOJNb3yeM
cumBoa A. (ITa ke BeJHUMHA APYTHMH aBTOpaMu 0003Ha-
yaercs 10Dg uan E, — E;.) 3a Hy/Jb 3HEPrUH Mbl NMPHMEM
CPeOHIo 838eUleHHY0 SHEPTHIO d-OpOHUT, a MO3TOMY SHEPTHH
rpynn fpg M eg paBHbl — 2/sA u cooTBeTcTBEHHO */sA. Takoi
BbIGOp HYyXKJAaercss B nosicHeHHH. MoxHO Obl10 Obl AyMarthb,
YTO 3a HYJb OTCYeTa IHepruu Haubosee yno6HO B3ATb ab-
COJIOTHYIO 3Hepruio d-3.1eKTPOHOB, CKaiKeM, OTHOCHTENbLHO
cBoboanoro asnekrpona. OaHako OKa3blBaeTcs, UTO BCe Be-
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JIUYUHBI, KOTOPbIe MOTrYT ObITb PACCUHTAHBI M3 3JEKTPOCTA-
THUECKOH MOJeJNH KPHUCTaJ/JH4eCcKOoro InoJisi, 3aBHCAT OT pas-
HOCTH 3Hepruu d-opOHT, fyy U €y, @ HE OT UX abCOJIOTHBIX
‘3Hepruil. [lpunsitoe BbllIe YCJIOBHE — CPeAHAS 3SHEPrHs
paBHa HY/1t0 — BOMPOC YHCTO apHdMeTHUecKoro yno6cCTBa,
NOCKOJIbKY MpH BCSKOM APYroM BbIOOpe B pacueTax 3Hepruu
MOABSITCS BEJHYMHBI, KOTOpPble B KOHLEe KOHLOB COKpa-
tATcsa. He coenyer mymarh, 4TO HE3aBMCHMOCTb pe3yJbTa-
TOB TEOPHH KPUCTAMJIHUECKOro 1MoJsi OT abCcOMIOTHON 3Hep-
ruu d-opGHT O3HAYaer, YTO 3Ta SHEPTHsl He sBJISETCS Bax-
Ho#l. HaoGopor, 370 noxasbiBaer, UTo NPUMEHHMOCTb TEOPHH

D\
7%

X

X

Puc. 8 OpOutel dy,_y. 1 dyy B TETPAaAPHUECKOM OKPYKEHHHU.

KPHCTAJIMUeCKOro NoJsl orpaHuueHa TeMu npobjaeMami, Ko-
TOpble He 3aBUCAT OT abCcoJOTHBIX 3Hepruii. K cuacteio, Ta-
KHe npo6JeMbl MpPeJACTaBJASIOT 3HAUUTEIbHBI HHTEpeC.

Tenepr paccMOTpPUM HOH MeTajjla B TETPasApPHUUECKOM
okpyxenuu. Ha puc. 8 conocras/enbl pacnosoxkeHus op-
OUT dyy W dx—y: OTHOCHTENBHO JuranHnoB. Kaxkablit Jjene-
CTOK OpPOUTHI dyy PACNOJIONKEH JOCTATOYHO GJIU3KO K OJHOMY
M3 JIMTaHMIOB, B TO BpeMs Kak JeNecTKH OpOUTHl dy2_y2 Ha-
npaBJeHbl Mo OHCCEKTpPUCAM YIJIOB MeXAy MapaMu JIUTaH-
noB. Pacuerbl nmoATBepiKAalOT OUEBHIAHBLIH BBIBOJ, YTO Op-
6uta dy_y:  OTTAJKHBAETCH JMIAaHAAaMH MeHblEe, YyeM op-
6uta dyy. PaccMoTpeHue CHMMeTpHH, B TOYHOCTH aHAJIOTHY-
HOe NpPHBEJEHHOMY Bbllle AJS OTKTAdAPHUECKHX KOMIJeK-
COB, NOKa3blBaeT, YTO HMEIOTCSl ABE TPYIIMbl BbIPOXKAEHHBIX
OP6HT dxz, dy; C dxy H dzz C dxz_ yo

Mbl onmATb YCTAHOBH.IH, KaK M B CJydae C OKTas3/Jpuue-
CKHMH KOMIJIEKCaMH, UTo OPOUTHl pacllenJsiioTcss Ha Tpym-
ny ©3 Tpex OpOHT, KOTOPYIO MBI 00031HauHuM CHMBOJOM fo,
¥ Ha Tpynny H3 [AByX OPOHT, KOTOPYIO Mbl O0O3HaynuM



24 F'arasa 2

cumBog0oM e. OJHAKO MOPSIAOK PacCo.10kKeHHsl 3THX YPOBHelH
MPOTHBOMNO.10XKEH NOPAAKY [.15 OKTa3IPHUYECKHUX Mo.1ei: ypo-
BEHb £y JIEXKHUT BbIlle, ueM ypoBeHb e. M3 conocrasienus
puc. 6 U 8 MOXKHO NpuiiTH K BBIBOAY, 4TO B TeTpasipHue-
CKHX KOMILJEeKCaX pacliuenenne MeHbLIe, YeM B OKTa’apH-
YyeCcKUX. DTOT BBLIBOJ MOJITBEPsKAAETCA KAaK pacueTamH, Tak
M 3KCMEePHUMEHTAJbHBIMH JaHHBIMH. DJeMeHTapHble BbiuHC-
JIEHHUsI, OCHOBaHHble Ha MpocTeilled 3.JeKTPOCTaTHUYeCKOH
MOJIeJIH, NOKAa3blBAIOT, UTO T0.1e TeTpasipa H3 OTPHLATE]b-
HBIX HOHOB WJH JHMIMOJel COCTaBJseT NMPUMEPHO */y OT mo.is
OKTa31pa U3 3THX HOHOB H.JIH
AUnogell, HaXOAAWUXCH Ha
TOM (K€ CaMOM pacCTOSIHUH
OT LEHTPa/bHOrO HOHA.

Hu B KakoMm 1pyrom Bax-
HOM c.1yyae He Hab.To1aercst
TaKkoe NpPOCTOe paclleneHne
d-opOUT HaA TPYMmbl, Kak
paccMOTpeHHOe HaMH BBILIE.
J19 mocTHOTHI, OAHAKO, yIOo-
MSIHEM, 4TO  pacllellieHHe,
BbI3blBaeMOe KyOHUYEeCKHM O-
JeM BOCbMM JMTaH/J0B, OU€Hb
Noxoxe Ha pacllern/eHde B

Puc. 9. Crpykrypa TeTpasapuyeckoM rno.e. Hau-

[Mo (CN)]*™. GoJjee  BaXKHOE OKpYKeHue

HU3LIeHl CHMMETPHH, C KOTO-

pbiM OOBIUHO BCTPEYalOTCs B XHMHH IMepexOoAHBIX MeTaJ-
JIOB, COCTOMT M3 4eTblpeX .MIaHJ0B, PAaCMO/JI0MKEHHBIX M0
yriaM KBajpaTa, B ILeHTpe KOTOPOro HaXOIHTCA HOH
meTaJssa. Puc. 6 oueHb $CHO MOKa3blBaeT, YTO B 3TOM
cayyae opbuTa dye-y: N01KHA ObITh MeHee YCTOHUYMBOI,
yeM ao6as apyras op6urta. Hescno, oanako, B Ka-
KOM MOpsiiKe AOJIKHBI pacnogaratbcsi OCTaJjbHble OpOUTHI,
MOCKOJLKY BCe OHH B TOH MM MHOH Mepe H30eraroT Jurat-
JIOB, MpHYeM TakK, 4YTO TPYAHO JA0Tanarbcd 00 OTHOCHTEJNb-
HOH BeJHYMHE SHePruil 3JeKTPOHHOrO OTTAJKHBAHUS (eCc/H
He CYMTaThb TOrO, UTO 3TH HEPrHUH OJAMHAKOBLI HJIs1 OPOHT
dy, u dy;). Pacuernl 1le No3BOJAIOT paspelliuTb 3Ty TPYyA-
HOCTbL, MOTOMY U4TO, XOTsi OopOHTa ds_y BCeraa OKasbl-
BAa€TC HauMeHee YCTOHUMBOl, IOPSIAOK PacloOXKeHus
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OCTaJIbHbIX OPOUT 3aMeTHO 3aBHCHT OT BTOPOCTEMEHHLIX He-
tajell BeIOpaHHON Monesad. Tunnuuas cxema pacroJsioXKeHHus
yPOBHel NnokKa3aHa Ha puc. 7,s.

Ha puc. 7,2 nokasana cxema sHepruii opOUT [Jist HHTE-
PECHOH CTPYKTYpPBI (pHUC. 9) ¢ KOOPAMHALUHONHBLIM UYHCJIOM
BoceMb, BcTpeuatoutedics B uoHaXx [Mo(CN)g* w
[Re (CN)gl*~. Mbl Bo3BpatumMcesi K 0OCYZK/AEHHIO TAKOH KO-
opauHaUuK B pasnede 4 ra. 5 (ctp, 87).

3. TEOPUS MOJIEKYJ/ISIPHLIX OPBUT [3]

B Teopun KOBaMeHTHLIX MOJEKY.d, B UaCTHOCTH AJd
[ABYXaTOMHBIX MOJ/IEKY/ H apoMaTH4eCKHX YIJeBO0POj0B,
paspaboTan COBepLIEHHO APYroil MoAXoJ K npobiaeme sHep-
ruit op6uT. B 3Tofi Teopuu nenaercs MonbTKa HalTd Op-
OUTBI, HTPAIoLLIHe B MOJEKYJax Ty Ke pPOJb, UTO M H3BECT-
Hele OpOUTLI S, p, d B atomax. Toraa smnekTpoHHas CTPyK-
Typa MOJEKYJLl MOKeT ObiThb OMNHcaHa, rno KkpaliHeil Mepe
Adst GOJBUIMHCTBA H3BECTHBIX KOBAJEHTHLIX MOJEKYJ, My-
TeM «3acelenns» opOUT 3.1eKTPOHAMH (IO jABa) B MOpsAKe
BO3pacTaHust HX sHeprun. Kak Mbl YBHAHM IN03:Ke, Takasi
npoleaypa He BRoJie YAOBJIeTBOPHTeNbHA I COeAHHeHHMH
MepexXOAHBIX MeTajaJoB, HO TeM He MeHee MeTOjA MOCTpoe-
HHS1 MOJIEKVJISIDHBIX OPOHT ocTaercs MpexHHM.

Korga paccmatpuBaemble MOJeKy.1bl 00/1a1al0T BBICO-
KOH CHMMeTpHed, MeTOH MOCTPOeHHs 3THX OpOUT ypaercs
3HAuUTebHO ynpocTuTb. OOflllee TeOPETHKO-IPYNINOBOe Mpa-
BHJIO IJIACHT, UTO KOMOMHHpOBaThCA ¢ oOpasoBaHneM MoJe-
KYJsipHBIX OPOUT MOTYT TOJIbKO Te OPOHTHI, KOTOPbIE NMpeos-
pasyloTcsl Tak e, KaK OJHHAKOBbie NPEICTABJEHHS Touey-
HOH TpyNnbl CUMMETPHHM AaHHOR MoJeky.abl [4]. Heso, oxa-
nako, o0JeryaeTcs TeM, UTO Mbl MOXeM BBIBECTH BCe BaxK-
Hble pe3yqabTaThl 118 OKTa3IpPHUYECKHX KOMILIEKCOB, He
npuberast K MaTeMaTHUeCKHM BbIKJIaLKaM.

B oTHOUIEHHH KOMIL1eKCOB HOHOR MeTa.l10B CYLUIECTBEH-
HLII Pe3y.JbTaT MPHMEHEHUs] TeOPHH TPYMN COCTOMT B TOM,
YyTO CHMMETPHS OpOHT IEeHTPa.IbHOrO HOHA W JHTaHlda [0.-
;Kia ObITb OAMHaxoBOil. Mbl MPoAEMONCTPHPYEM 3ITO MOJ0-
JKenue npuMepasn 1 He Oyaem GopMyJaHpoBaTh ero mare-
MATHUYECKH TOuHO. Paccmotpum auuefinyio Moaekyay XHp
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(puc. 10). Op6urel 1s artomo H, o6o3HaueHHBIE COOTBET-
CTBEHHO @154 H @isp, MOTYT KOMOMHHPOBAaThbCsi, 06pas3ys Ho-
Bble OpOHTLI,

1
w1 =75 (%, + %,)

1
¢2=—lf—§ (qlsA —cPlsB)’

obsiagalollie Ba)KHbIM CBOHCTBOM, — MPH BLIMOJHEHHH HAL
HUMH omepanuil CHMMeTPUH MOJIEKYJ bl OHH JHGO COBCEM He
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Puc. 10. Op6uter Mosekyanl XH.

a u 6 —cBasbiBaiowtne OpOHTH; 6 — OTCYTCTBMC  BO3MOKHOCTH  B3aHMOACCTBHA
px-opﬁm‘bx ¢ s-opOHTOIl.

U3MeHstoTCesl, JAMGO0 MEeHsIOT TOJbKO CBOH 3Hak *. &) He
H3MeHseTcsl NPU OTpPaKeHWH B MJOCKOCTH, MepneHAUKYaap-

* an MOCTPOEHHH MOJIHBIX MO.JIEKYJISAPHBIX ODGHT KOMIJIeKCa B Ka-
HecTBe InepBoro uiara HCOON0. 1310 HDO()6D33OBaTb opOHTLI JMraHaa B
TaKHe, KOTOpble HMCIH Obl 1y Ke CUMMETPHIO, YTO H ODGHTbI HOHaA Me-
TaJjiaa.
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HOI MOJIEKYJISIPHOM OCH M cojep¥Kalllefl LeHTPaJbHbI aTOM
(MJ10CKOCTb XY), a (o NMPU TAKOH ONepalluy MEHSeT 3Hak.
[TpuBeneHHOe BbIlle MpPaBHJ/IO [OKa3biBA€T, 4TO ¢ MOXKET
coyeraThcs ¢ OpGUTOl S aToMa MeTaJjia, NMOCKOJbKY Ha 3Ty
NOCJIeAHION He BJIUSIET OTPaxKeHHe B MJIOCKOCTH XYy. (g MO-
XeT coyetaTbest ¢ OpOUTOHR p,, KOTOpASA NPH 3TOH Oomepauuu
Mensier 3Hak (puc. 10).

Tenepb BBIICHHM, MOXET JH KOMOHHHPOBaTbCs OpOUTa
px UeHTpasbHoro atoMa c opbutamu Is. Ilpu orpaxenuu
B IJIOCKOCTH yz opbuta p, MeHseT 3HaK, a OpOHUTHl ¢ H
¢, He u3MeHsitorcst. CusefoBaTe/1bHO, B3aHMMOJEHCTBHE 3THX
Op6GHT HEBO3MOXKHO. AHAJOrMYHBIM TYTEM YHTaTeNb JOJ-
)eH yOenuTbes, yTo U3 d-opOHT TONBKO dz2 MOXKET B3aHMO-
JeHCTBOBATbL C ¢;, HO HH OJHA U3 HUX He MOXKET KOMOHWHH-
poBaTbCs ¢ .

B kauecTBe BTOpOro mpocTtoro npuMepa BO3bMeM THMO-
TEeTHYeCKYl0 M10ckylo Mojekyny XHy Pacemorpum Toabko
d-op6uTHl 1EHTpa/JbHOTO HOHAa W BbiepeM HampapJjeHUs
cBA3ell MO OCAM X U Y. Mbl BUOMM, UTO OPOUTH dy, U dy,
NPH OTPaKE€HWH B TJIOCKOCTH MOJEKYJbl Xy MEHSIOT 3HakK
(puc. 3) wu, caenoBaTesqbHO, He MOTYT B3aMMOLEHCTBO-
BaThb ¢ opGutamu S. Kpome toro, op6uta dy, MeHsieT 3HaK
KaK NpU OTpPaXKEHHWW OTHOCUTENBbHO OCH X, TaK H OTHOCH-
TeJbHO OCH Y, a ¢ KOMOUHALUAMHU S-OpOHUT 3TOr0 He MpOHC-
XOAUT (3aMeTHM, OJHAKO, UTO @Ps, 4 95, MeEHsIeT 3HaK MPH
OTPa*KeHHH TO.IbKO OTHOCHTENBHO OCH V).

Opbura dwe-y MOXKET B3aUMOJE{CTBOBATH C JIH-
HellHOH KoMOuHauueili opGHT aToMoB poaopona Yo (¢ +
+ 92— @3 — ¢4). CnpaBeanUBOCTL 3TOT0 HEMOCPEACTBEHHO
BBITEKAeT W3 TOro, uto 06e 3TH OpPOUTHI MOX AEHCTBHEM JIIO-
ObIX onepauluil CHMMETPUM MOJIEKYJbl H3MEHSIOTCs OflHHa-
KOBbIM 006pa3om. Anaaoruyno, op6uta d MOXKeT B3aUMO-
neiicTBoBaTh ¢ KomOMHauued o (@r + @2 + o3 + @4), mO-
CKOJIbKY HM Ha OJHY H3 HHX ONepaluH CHUMMETPUH Mo.e-
KyJbl He Bausitor (puc. 11).

PaccmoTpum Tenepb OKTasapHYecKuil KOMIJIEKC H Npel-
MOJIOXKHM, UTO HOH MeTasas]a ajas 0o06pa30oBaHHUA CBSI3H MO-
XeT npeaocTaBuTb opSuthl ns, np w (n — 1)d, nanpumep,
B NlepBOM Nepexoanom psauy opOutsl 4s, 4p u 3d. B rpade
1 Tabn. 2 nana npunATas B TEOPHH TPYNN KJaaccHDHUKaUKA
op6UT, KOTOPYIO Mbl 3Jechb pacCMaTpUBaeM IMPOCTO Kak
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yno6Hoe KpaTkoe 0603HaueHHe [J151 OPOMT, MEepeuHCaeHHBIX
B rpade 2 stoit Tabauuel. B rpacde 3 npuBeneHbl JHHeHHbIE
KOMOHHALUH c-OPOUT * AUraHL0OB, KOTOpble MOTYT B3aHMO-
JeficTtBOBaTb ¢ op6uTaMu MeTasnna. Pesyabtupyolive (cBsi-
3bIBalOLIHE) MOJIeKy/nsspHble OPOUTHI MOKa3aHbl Ha pHC. 12,

<) e

Puc. 11. Op6urn kommiekca XY,.

a — cBf3biBalolHe KOMOHHALMK ¢ OpOUTOM dxz_yz; 6 ~-caabo cBA3biBaOUAd KOMOHHA-
uua ¢ opéuToi d,o; 6 M 2—0pOHTHI, KOTOPHIC HE MOryT 00pas3oBbIBATL G-CBA3EH,

Bepuemcs Tenepb K BaxKHOMY IOJIOXKEHUIO NMPOCTOH Teo-
pUH MOJIeKyJaspHbIX opOHT. Besakuil pas, Korja Bzaumojei-
CTBHE ABYX OpOHUT NMPHUBOAMT K OOpPa30BAHHIO [Aea0KaJH30-
BAHHBIX MOJIEKYJSIPHBHIX OpOHT, 00pa3yloTcsl jJBe HOBbHIE
op6HUTH, OJHAa M3 KOTOpPbIX GoJsiee yCTOHUMBA, a Apyras Me-
Hee ycToHuuBa, uem .Jw06aa U3 UCXOAHBIX opbut. B obuiem
cayyae UMCJI0 B3aUMOJAEHCTBYIOUIMX OpPOMT paBHO YHCIY

* a-OpOHTEl — 3TO S- HJIH P-OpPOHTBI, OPHEHTHPOBAHHBIC BLOJbL Ha-
npaBJeHUil CBf3U, HaH, B Gosee ofweii ¢opme, aobble opOHTL, 06na-
Jawuige akCHaabHON CHMMETpPHeil OTHOCHTENbHO HanpaBJeHHil CBA3H,



Tabaruya 2

Knaccudurauus OpGHT OKTadAPHYECKHX KOMIIEKCOB Mo cuMMeTpuH. Hymepauus nuranHnos gana
Ha puc. 15. (Op6utbt Tz u Ty, ONyuieHsl)

hg[;gz;; I'pynnosas c-op6HTa JHraHxoB Fpynnosas m-op6uTa JUraHi0B
Ayg | 4 Yo, = f(?1+ﬂ?z+<?s+<e4+?s+%)
1
E 3dp | Yey = 73«(2?5—!-2%—% — P2 95— P4)
I'4
Bda_yo | ey ooy ="l (&1 02— 05—
4P Yy x V~ (o1 —92) T, x = /2 (n3x+n4x+n5x+n6x)
1, 4py Kty y = 72—— (93— 94) Ty, y = o (%, T, T 7))
1
4p. ey, , = %l (95— %6) Tty 2 = o (B, b T, Ty, 4Ty
3d T xy = 1/o (nly — Ty, -+ Ty 1:4y)
Ty 3d ., Tog, xz Yo (T, — T, + s T o)
3dy, Tog, yz T Yz (T3 — ™, + Toy Rﬁy)
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06pa30BaBillUXCs M3 HUX OpOUT, MpPHYEM OJHA M3 HHUX Me-
Hee, a apyras 6ojee ycTOHUHBAa OTHOCHTE/bHO Ji0GOH H3
HCcXonHBIX op6ut. (B stom Goaee obuiem cayyae MBI GOJib-
lIe HHUEro He MOXKCM CKa3aTb 00 OTHOCHTEJbHBIX 3HEpPrusx
op6uT. TObKO neTa/bHbI pacuer MOXKET MOKa3aTb, MOBI-
CHUach WJHW TIOHHU3UJIAaChb 3HEPrus npOMe)KquHou opﬁmbx
B pe3yJabTaTe B3aUMOAEHCTBUS.)

Puc. 12. o-CpssbiBaiouiie OpGHTH OKTA3APUYECKOr0  KOMILIEKCA,
BKJIOYAIOLHE OPOHTHL

a—s;6—p, (py U p,) 6—3d,:a g2 2—3dy.

PyKOBOACTBYSICb 3THMH COOOpaKeHHSMH, Mbl MOXKEM
HauepTHUTb AMArpaMMy YpOBHeH 3Hepruu, NpHBeJeHHYIO Ha
puc. 13. DT1a ouarpaMma He OCHOBaHa Ha pacueTe U B Jyy-
IIeM CcJyuae ee CjelyeT pacCMaTPUBATb KakK MOJY3MIHpHU-
yeckylo. OHa He MPOTHBOPEUYUT MOJIOKEHHAM 3/1eMeHTapHOH
TEOPHHU MOJIEKYJISPHBIX OPOUT M HaXOAHTCS B COOTBETCTBHH
¢ skcrnepuMeHTOM. ITopsimoK pacrnoJioKeHHsi CBSI3bIBAIOLIUX
OpOUT Qyg, tiw U €g HEU3BECTEH, HO, K CUACTbIO, JJIs HalUUX
uesiell 3TO HecyluecTBeHHO. He BbIsicHEeH TakXe M MOPSAOK
pacnosioXKeHHs pas3pbXAsOWUX OpOUT aig U fiu, B BecbMa
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BEpOSITHO, YTO OH H3MeHsleTcss OT COeJHHEHUs K COeluHe-
Huto. Kak Mbl yBHOMM, OCHOBHOI pe3y.bTaT 3aKJIlouaercs
B TOM, UTO Ha fay d-opGuTHl o6pa3oBaHue c-cBsA3€ll He BJIH-
sieT, B TO BpeMsl KaK OpPOUTHI €, MOT'YT B3aUMOMEHCTBOBATD
¢ opbuTamMu JHraHaoB, B pe3yJabTate uyero obpasyworcs
ABa*Kbl BBIPOXK/JIEHHbIE CBSI3bIBAIOLIAST M pPa3pbIXJsioLias
op6utel. Ecan op6utsl sauranaos 0oJee YCTOHYHBB, ueM
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Puc. 13. CxemaTHueckas AuarpaMma ypoBHeH 3HEpruu 1Js OKTasapH-
YECKOro KOMIJIEKCa B PaAMKAaX METOJa MOJEeKYJISADHbIX OpOHT.

opOuTH MeTaJqdsa, cBsidbiBalolasgs opOuTa BKJKOYAET B OC-
HOBHOM OpOHUTY JHraHma, a pas3pbiXxJsiollas — opOUTy Me-
TaJjaa *.

TouHO Takue Ke PpaccyKAeHHsi MOXKHO MPOBECTH H
B cJyuae KBaJAPaTHOrO IJIOCKOrO KOMILIeKca. YKe oTMeua-
J0Cb, U410 u3 d-op6UT TONbKO dx—y» H dz MoOryT 06paso-
BBIBATb ©-CBSI3M C JurangaMu. [erasbHble pacueThl noka-
3bIBAIOT, UTO HA OPOUTY dx—y» TaKoe CBsI3bIBAHHE OKAa3bl-
Baet ropasnao 6odbliee BJHsHUE, 4eM Ha opbuty dz, H
C/e[0BaTe/]bHO,  pa3phlX/siloliHe  KOMOHHAUMH  OPOHTHI
dy_y: W OpOUT JHraHAa ropasio MeHee YCTOHUHMBBL MO
CpaBHeHHIO ¢ /1060 Apyroi d-op6HTOH. DTOT BHIBOL CHOBA

* D70 c/enyeT H3 TEOPHH, B COOTBETCTBHH C KOTOPOH MOJIEKY.sipHAst
op6uTa, 06pa3oBaBIIAACH H3 ABYX HCXOAHBIX OpPOHT, mojyuaer GO.IbLIHi
BKJ1a4 OT Toii OpOHTHI, Kotopas O.aHzKE N0 SHEPrHH K MOJeKYJISpPHUM,
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Casi3biBaloHe OPOGHTHI BBICOKOCHMMETPHYHBIX MOJIEKYJ
Jlns KOOPAMHAUHMOMHBIX uxcea 2, 3 M 5 B KauecTBe OCH z BBIOpaHa OCh CUMMETPHH MOJEKYJbl BBICIIETO
nopsaka. Brbop oceit B cayuae TeTpasipa, OKTasapa M Kyb6a COBMAJaeT C MCMOJb3YEMBIM B TEKCTE. Crpyk-
Typbl C HU3KOH CHMMeTpUeil He BKJIOUEHBI, NOCKOJIbKY CYMIECTBYIOUIHE METOIbl PAcyeTa s HUX

HE NPUTONHBI

Koopnrna- -
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OKa3biBAeTCsl MAEHTHUHLIM C TeM, K KOTOPOMY TNpPHLLTH
B 3J€KTPOCTATHUECKOH TEOPHH, XOTsl MOJIYUHTH ero, HCXodd
M3 COBEpLIEHHO APYTHX NPeInochl1oK.

[TpuMeHenye 3TOH TEOPHH K T€TPA3APHUECKHM KOMILIEK-
caM oKasbiBaeTcsl 0o.1ee CJI0XKHBIM, XOTS cXeMa paccy/jie-
Huil ocraercs npexkHeit. Mbl He OyaeMm BlaBaTbC B AaJb-
Helllive nmoaApoGHOCTH. 3aMeTHM TOJAbKO, 4TO OPCHTHI 154,
0 KOTOPBIX MOUYTH C YBEPEHHOCTbIO MOXKHO CKas3aTb, 4TO OHH
B GOJIbLION CTeNeHH TUOPHOU30BaHBl ¢ p-OpOUTAMH, MO-
TYyT MPUHHMATh yyacThe B 06pa3oBaHUM o-CBsA3el, a e-opOu-
Thl He MoryT. KaxeTcss BecbMa BepDOSITHLIM, 4YTO AeTaJbHble
pacueThl mnokaszasu Obl, uTo OpOUTHL fod SIBASIOTCS CHJIBHO
paspbixastomiuMy. OnHako 3TO 3aKIlOueHHe He sAB/AeTCs
OYeBHIHBIM, U, CJeI0BATEeNbHO, AapryMeHTalus He CTOoJb
UeTka, Kak /AJds OKTa3ApHYeCKHX WM MJIOCKHX KOMIIEeKCOB.

Yacto mnoJsie3Ho 3HATh, Kakie OpOUTHl MOKHO HCMOJIb30-
BaThb AJs oOpas3oBaHusl cBsidelli B KOMMJeKcax Jio6oi 3ajgaH-
uoii cummerpuu [5]. Hekotopele pesyabrtaTthl ans HauGomaee
YacTo BCTpevaloluXxcs KoHUrypauuit cobpausl B Taba. 3.
ITpn nomoutn 3Toft Ta61ULBI MOKHO ONpPENeNHThb, KakHe op-
OHTB! MeTaJla MOTyT ObITh MCMOJb30BAHBl A5 ¢-CBsseil, a
Kakue 14 m-CBsized (CM. pasmgea 5).

4. MOHBI C OJHMM d-3JIEKTPOHOM.
MOH [Ti (H20)J3*

B kauectBe npocToro mpumepa pacCMOTPHM  HOH
[Ti(H,O)e]** BHAuAMe ¢ TOUKM 3pPEHHS 3JEKTPOCTATHUECKOI
TEOPHH, a 3aTeM C TOUKH 3PEHHS] TEOPHH MOJEKYJsIPHBIX
opOut. B asmexkTpocTaTHueckoii TEOPHMH Mbl HMeeM OJHH
d-3:1eKTPOH, KOTOPBIH JI0J7KEH HAXOAUTbCA JUGO Ha OpGuTe
tsg, ;60 Ha eg. SICHO, UTO B OCHOBHOM COCTOSIHHH JaHHBIH
31EKTPOH HaxOJIUTCsl Ha HU3LWel opOuTe fog, a MO3TOMY HOH
MOXKHO paccMaTpHBaTh COCTOSILUMM H3 OCTOBA ¢ 3aMKHYTOH
3 1€KTPOHHOI 000J04YKOH, BHe KOTOPOTO HMEeTCs OIHH
d-371eKTpOH, HAXOMAUIMICA Ha TPHKABl  BBIPONKIEHHOMH
opOHTe tag.

Kakue npenckasanuss Mbel MoxeM caeaath? [Tpocteii-
llee U3 HUX COCTOMT B TOM, UTO BO3MOXKEH MEPeX0a €eaMH-
CTBEHHOro d-3.1€KTPOHA C fyg Ha MeHee YCTONUHBYIO OpOHTY
C¢ M 4TO 3TO JO.1KHO MNPOH30ITH INpPU yacCTOTe, COOTBET=

3 J1. Opren
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CTBYIOILeil Pa3noCTH 3HEPruH ABYX THNOB op6uT A. [eiicTBH-
Teabno, na onbite B cnektpe [Ti(H,O)sP+ na6aionaercs
TOJBKO OJHA M0J0ca MOrJoUleHusl B BUAUMOR 06.1acTH MpH
5000 A [6] (puc. 14). OtHectu 3Ty mnoJaocy Ge3 AOMOJHH-
TeJbHOIl TNDPOBEPKH K 3JEKTPOHHOMY TMepexoay fyy — eg
Obls10 Gbl ompoMeTynBO. Ho ceffuac MMeeTcs AOCTATOUHO
OCHOBAHHWH JJa TOro, uto0bl clesaTb 3TO 3aKJIOUEHHE
crnpaBeAanBbiM. Takoii BbI-

ok BOJ BBbITEKAeT M3 3MIHUPH-
, YeCKHX NaHHBIX O MOpsiKe

€ BEJHUYHH A, a HMeHHO: AJd
51 [Ti(HyO)el* A  paBHO

20000 cm! uam  OKOJIO
60 xxaa/e-uon *.
, L OGpaTumMcst  Ternepb K
0 1% 18 22 26 30 3 38 OMUCAaHHIO TOTO ¥Ke CaMmoro

cm! HOHa, HO C TOUKH 3pEHHs

Puc. 14. Cnextp nona TEOPHU MOJECKYJAPHBIX Op-
TP

[Ti (H,0)]* ™. O6utr. Mbl GyneM yuHThIBaTh

d-anexktpon B wnoHe Ti%*
H TOJbLKO M0 JBa 3JeKTPOHA OT KaxIOH MOJeKy.aLl BOJIHI,
pacro.JI0XKHUB MOJIEKYJbl OTHOCHTEJIbHO HOHAa TaKuM ofpa-
30M, uToOBbl KaK/jasi napa 3jieKTPOHOB HaxoaMJach Ha
c-op6ure. [1pu MONHOM pacCMOTPEHHH Mbl JOJXKHDLI YUHThI-
BaTh M BCE OCTaJlbiible 3JeKTPOHBI MO.1eKYbl BOAbL. OnHaKO
Ha JadHHOM 3Tame 3TO HACTOJABKO YC/JAOKHW/IO Obl KapTHHY,
YTO HEKOTOpble H3 Haubo/Jee HHTEPECHBIX KauyeCTBEHHBIX
0co0eHHOCTeH 3ajJaud  OKa3agducb Obl  3aTeMHEHHBIMH.
[Tosxke HaMm npujercss pacCMaTpUBaTh M JAPYrHe 3J€KTPOHbI
JUTaHja, a He TOJbKO ClapeHHble o-v/jekTponnl. Ho naxe
M Torga otGop 3JeKTPOHOB Mbl OyaeM MPOH3BOJAHTbL BECbMa
CTporo.

Takum of6pasoM B Halleil 3ajaue Mbl HMeeM TpHIia-
NIaTh 3J1eKTPOHOB, KOTOPBIMH CJelyeT «3acCeinTb» MOJEKY-
JsipHble OpOHTHI, u3o0paxentsle Ha puc. 13. Ouesuano, uro
nepBble JABEHAALATb 3J€KTPOHOB 3amoJjHsIOT cBA3bIBalOLINE

* Mpr Ovies BBIDAXKATL 3ICPTHIO B €UHIHIIAX €M7 KRA.1e-10.26
MIH B 2J1eKTPOHBOJILTAX, B 3aBHCHMOCTH 0T vioGersa. Kovdhduunentsl
MCPCROA W3 OANIN CANHINL B APyTrHe cieayleune; 1 98 = 8068 car! =

= 23,003 Kra./e-mo.te.
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opOuTHl A1y, €5 W tp,, 00pasya MNpH 3TOM LIECTb CBA3EH.
Toraa ocraBlKiicst 31€KTPOH CAEAYET NOMECTHTL HAa OpOH-
Te foy. Kaxk u pawuplite, Mbl MOXEM OXHIaTb MOAB.IEHHS
eJMHCTBEHHOTO 3.JeKTPOHHOrO Mepexola ¢ MaJjoi 3Heprue
B npefenax d-o60J0UKH, MeXIy KaKoi-n1H60 OpOUTOH Iy
¥ onHOH u3 opOuT e, Habmogaemylo Ha onblTe MosaoCy
¢ makcuMymMoM 0Koa0o 5000 A MBI OTHOCHM HMEHHO K 3TOMY
nepexony.

[TpoBeaeHHOe paccMOTPEHHe OTJAMUYAETCsl OT 3J1eKTpocTa-
THUECKOTO TOJIbKO TEM, UTO Tellepb Mbl TOBOPHM O INEPEHOCE
371eKTPOHA C HECBA3bIBAlOWLEH OpOMTHl fyy HA Pa3PLIXIsI0-
wyto e, CUMMeTpHsl U OCHOBHOH XapakTep OpOHMT, KOTOpble
0 MPeANoJOKEHHIO YUYacTBYIOT B Mepexofe 3/]eKTpPOoHa,
0CTalOTCsl HEU3MEHHBIMH, OJHAKO HeyCTOHYHBOCTb OpOUTHI
€g OTHOCHTE.IbHO fog Mbl OOBACHSIEM ee Pa3pbIXJAIOILUM Xa-
pakTepoM, a He MeHee OJaronpusiTHBIM 3.1eKTpocTaTHye-
CKUM B3aHMO/JEHCTBHEM C JHTaHAAMH.

5. BJIMSIHME OBPA30OBAHWS JIBOMHbBIX CBS3EN [7]

Mnes nBoiiHO#l cBA3H, KOHEUYHO, UyXkK/[a 3J]€KTpOcTaTHye-
CKOMY TMOJXOMy B XHMHH MNepexoAHblX MeTasanoB, OgHako
B TEOPUM MOJIEKYJSPHBIX OPOUT OHa $IBJSETCsl eCTeCTBEH-
HbIM pa3BHTHEM KOHUENUHH o-CBSA3H.

Kak u B pasgere 3, paccMOTPHM OKTa3ApPHUECKHH
kommniaeke. Ho rtemepp yutem Takxke o6e opOUTHI T-CHM-
MeTPHH OT KaXXA0ro W3 wecTH Jauradaos. [lepenymepyem
aTOMBI, KaK MOKa3aHo Ha puc. 15, U o6o3Hauum OpOUTY
i-ro atoma m;. JMHaa 3TOro atomMa MJOCKOCTb XYy $B-
JasieTest y3/40Boil. Ecau w-op6uTthl sBIgI0TCA opOUTaMH THUMA
p, TO w;; O3HayaeT TO XK€ CaMOe, UTO H Pi,. ITUM 00bsic-
HA€TCA clelaHHblf HaMu BbOOp o6Go3Hauenuil. OaHako B
Gosee ofliemM cayyae m;; MOXKeT ObITb, CKaxkeM, OpOUTOMH

XZe

B rpade 4 taGa. 2 yxasaubl Juuelilible KOMOGHHALHHU
ABEHAALATH w-OpOMUT JIMTAHAOB, COOTBETCTBYIOULHE CHM-
MeTPHH OKTasapuueckoro kKommaekca. CJelyeT 3aMeTHTb,
uTo 1Be (f1g M {»,) M3 UETBIPEX TPHIKIbI BbIPOMKIECHHBIX
MOJIEKYJISIDHLIN T-0POHT He KOMOHHHPYIOT UM C ORHOH H3
S-, p- uau d-opOHT MeTa/ua, a 1103TOMY OHH He BK/IOUEHBI
B Tabauuy. MosnekyJ/ispuble opOHTHl fg™ MOryT B3aHMOJeH-
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CTBOBATL C pPaHee He CBSI3aHHLIMH OPOHTAMHU fyed, KaK 3TO
MoKa3aHO Ha puc. 16 aas opGuthl dyy. Modekyasipuas op-
6uTa f1y TaKKe UMeeT CHMMETPHIO, MOAXOASIULYIO /15 B3aH-
MOJEHCTBHS ¢ p-opOMTaMu MeTa.1a, HO TIOCJAeIHHE YyKe
yuacTBYIOT B 00pasoBaHHM o-CBs3eil. Mbl npeHeGperaeM
BO3MOXKHOCTbIO 3TOr0 B3aMMOAEHCTBHS, MOCKOJbKY ee He
JIETKO OUEHMTb KauyeCTBEHHO, a Takie MOTOMY, 4TO QHO

—_——N

L,

Lg

Puc. 15 Hymepauus JauraHjioB B OKTa3ApPHUYECKOM KOMILIEKCE.

MaJjo BJAHSIET Ha MHTEpecylollle Hac CBOHCTBAa HOHOB mepe-
XOAHbIX MeTannaoB. [logoOHble B3auMoOmeHCTBHsS caeayer
NpUHUMATL BO BHHMMaHHe MNPH KOJHUECTBEHHBIX pacueTax
Ten,10T 00pa3oBaHusl, SHEPTHH PeLleTKH U T. II.

YTo Kacaercss B3aHMOACHCTBUS fayd-OPOUT, MBI paccMoT-
PHM 11Ba CJOXHBIX cayuas. B cayuae koraa opOHTLI aMrania
He 3aHsATbl H MeHee YCTOMuUHBBI, ueM d-OpOMTBI MeTaJJa,
G.1arogaps  B3aumMojelicTBulo  d-opOHTHl  MeTaglla  cTa-
HOBATCA 00.€ee YCTOHUMBBIMH, a TeM CaMbiM YBeJHUH-
BaeTCs pacllermeHde A MeX1y opOHTaMu fyy H €,
(puc. 17,a). Hanee, npeanos0kKumM, uto d-OpOHTHI JHraH-
jLa Gosee YCTOHUMBBLI, yeM OpOHTHl MeTaJj.la, H 3ano.lHeHbl
s1ekTpoHaMH. Toraa opOUTHl fogd OYAYT Pa3pbIXJASIOUIUMHU
U 3Hepruss HX B pe3ydabTaTe B3aUMOAEHCTBHS BO3pACTET
(puc. 17,6). Bcaeactsue 3TOro 3HaueHue A yMeHbLIHTCH.
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K Jsurannam, nMelomuM He3anoJdHeHHble T-OpOUTH H,
c/e10BaTeNbHO, 06pa3ylOlLHM COCJHHEHHS] C MOBBILUEHHBIMHU
(B pesyJsbTaTe B3aUMOJEH-

CTBHSI) 3HauyeHUsAMH A, OT- 4"{
HOCATCS, B 4aCTHOCTH, (o- <>
chHHBI, apcHHBl W TNOA06-

Hble UM coenuHenusi. O6b-

SICHSIeTC 3TO TEM, 4TO YC- - +

TOHYHBOCTb d-OpGUT Y 5TUX
COeMHEHUH XOTS MU HeAo-
CTaTOYHa A/ 3aMOJHEHHS
MX 3JIeKTpOHaMH, Bce XKe
obecneunBaer BO3MOX-
HOCTb Y4acTHsi 3THX OpOHT
B o6pa3oBaHuu cBs3eil [7].
K surangam ¢ 3anoJiHel-
HbIMH T-OpOUTaMy  OTHO-
csiTcs, HanmpumMep, HOHbl F~ Puc. 16. O6pasoBauue =n-cBa3eit
u O, MoJiekysaa BOMIbI OpOUTOH dyy.
HMmeert OﬂHy 3anOJ']HeHHy}O TOYHO TaKue XC BO3MOXKHOCTH HMETCH H
y opbur d__wd__.
n-0p6uty. Bo Bcex cayuasx xz © Tyz
ofpasoBaHie JABOHHBIX
CBsI3efl B KOMILIEKCaX C 3TUMH JIMTAHAaMH MPHBOAUT K
YMEHbLIEHUIO 3HAUEHUH A.

CgeobodHas
. _Co0600Has
& —_—
] T A
t; AN ty - Jansmas
JaHAman v~ | Sansmas 3ausimast
PoLLLLELSN
3auamas -~
3ansmas
d- Opbumws  MonexysspHoie Heycgzo&'«uaore N d-0pbumor  Monesyaspuvie  Yemoiiuuovie
memanna 6 -0p memanna op6umut Tt-0pbumot Auzandod |
a 6

Puc. 17. Bauanue n-cBA3ei Ha BeauunHy A.

a— s aKIeNnTOPHHX OPOUT JAMraHA0B; 0 — AAf AOHOPHBIX OPOHT JMFaHI0B.

M3BecTHO G0.blIIOE UHCAO MOJIEKYJ, B KOTOPBIX HMEIOTCA
KaK 3aMoJIHeHHble (LOHOPHbIE), TaK W MyCTble (aKUenTop-
Hbie) op6uthl. Hanpumep, LHAHUA-HOH UMEET 3aM0JHEHHYIO
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U TNYCTYIO MOJeKyasapHble w-OpPOUTH, a XJOPHA-HOH —
3aroaHeHHYI0 3pw- U nycTylo 3dm-opOuThl. OGBIUHO MOKHO
npejickas3ath, Kakoe B3auMojeficTBHe OyneT MpeBaJaupo-
BaTb — JIOHOPHOE HWJIH aKLeNTOpHOe. AKLENTOPHOE B3aUMO-
neiictBue ocobeHHo BaxkHOo miss CO u CN-; ans uwona Cl-
IOHOPHOe pm-B3auMoJelicTBHe OOBIYHO CHJ/IbHEE aKIeNnTop-
woro dr, u 1. 1. OnHako caenyer co6./101aTh OCTOPOKHOCTD
B INPHMEHEHHH 3THX BBIBOJOB, TaK KaK MOXET 0Ka3aTbCd,
YTO MOH, SIBJASIOIIKACA T-AOHOPOM B KOMIJIEKCaX C J0OCTa-
TOYHO BBLICOKOH BaJIEHTHOCTBIO HOHa MeTaJsla, CTaHOBUTCS
CHJIBHBIM T-aKLUENTOPOM NMPHU HHU3KOH BaJEHTHOCTH HOHA Me-
TaJasna. M1 Hao60poT, HOH, ABJSIOLLHACA AKLENTOPOM B KOM-
MJeKcax C HHU3KOH BaJIeHTHOCTbIO, MOXeT OBITb JOHOPOM B
KOMIIJIeKCe ¢ BBICOKOH BaJseHTHOCThlo. Tak, B [Mo(CN)g]?-
uoHbl CN- BrosHe MoOryT OblTb AOHOpPaMHM, a He aKlLenTopa-
MH, B TO BpeMsl KaK B HY/bBaJIeHTHBIX KOMIJeKcax raJjore-
Hbl MOTYT OKa3aTbCsl aKILenTopaMu *.

Hakouen 3aMeTHM, 4TO OKHMChb a30Ta M KHCJIODPOA siBJIs-
I0TCS1 MCKJ/JIOYeHHeM Cpead JIUIaHA0B, MOTOMY 4YTO OHH
UMEIOT YaCTHYHO 3amnogHeHHble w-opOuThl. Hanpumep, B
KOMI1eKcax, oO6pa3yeMblX OKHCbIO a30Ta, OJAMH HecHmapeH-
HbIH 3.1eKTPOH JHraHLa BMeCTe C 3JeKTPOHAaMH HOHa Me-
Tall1a MOxeT 00pa3oBaTb MOJEKYJISAPHYIO OpPOHUTY, CHM-
MeTpHsi KOTOpPO#i NpubGAH3UTEIbHO COOTBETCTBYET CHMMET-
puH fe. TakuM 06pa3omM, A1 KOMIJIEKCOB C OKHCbIO a30Ta
cJelyeT OXKHAAaTb JOBOJbHO HEOOLIYHON 3aBHCHMOCTH 3JI€K-
TPOHHBIX CBOHCTB OT m-cBsA3elt **. K 06CyK/Ie€HHIO 3TOr0 BO-
npoca Mbl ellie BepHeMcs B I, 9.

6. MPEABAPUTEJIbHBIM MTOAXOA K BOITPOCY
O XAPAKTEPE CB#I31 B KOMITJIEKCAX IMEPEXOJHbIX
METAJIJIOB

Ha MHorouucsaeHHbIX npuMepax HaM YyHAaJoCb YCTAHO-
BUTb, UYTO KaK 3J€KTPOCTAaTHUECKas TEOPHA, TAK W TeopHus

* PaccmoTpenne 01HOBPeMEHHOrO MLOHOPHOTO H aKUENTOPHOro B3a-
HMOICHCTBHA daHo B Tl 9.

#% OGBIYHO JUIFaHAbl HE HMEIOT JT-3J1eKTPOHOB HJIM HX UHCJO Kak pa3s
MOCTATOUNO 15t 3anoJHCHUS YCTOHUMBBEIX opGuT. B nocrennem cayuae
Yle10 9J1eKTPOHOB Kak pa3 TaKoBO, UTO 11X JIOCTATOMHO M 18 3aCeIeHHS
MOJCKNiapHbIX OPOHT KOMILIEKCa, a MOYTOMY HEe H3MCHACTCA YHCJIO He-
CllapCllLIX 9JICKTPOHOB Houa MeTadlla,
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MOJIEKYASAPHBIX OPOUT MPHBOASAT K CXOJHbIM AHATpaMMaM
YpOBHell 3HePruu opO6UT a5 d-371eKTPOHOB. [1033Ke Mbl yBH-
AUM, 4YTO 3TH JAHArpaMMbl YDOBHEH 3HEPrHH MOrYyT OBITb
HCIO/b30BaHbl /151 CHCTEMAaTHUECKOrO pPacCMOTpPEHHsT MHO-
THX BOIPOCOB XHUMUH NepexoiHbX MeraJqsnos. Craenayer Ji
HaM BBIOpPaTh KakKyko-1u00 OAHY H3 3THX OBYX KOHKYpPH-
PYIOIIUX TEOpHi?

JlaHHble, HaKOMJeHHble 33 IOCJAefHHE NeCsiTh JIET, SICHO
CBUIETENbCTBYIOT O TOM, UTO, NOJIOXKHB B OCHOBY paccyx-
JeHHH TOJIbKO OJWH MEeTOX W TNMOJHOCThIO NpeHeOperasi Apy-
THM, COBEpPLIEHHO HEBO3MOXKHO CO031aTb CTPOHHYIO TEOPHIO
Adaxe HauboJsiee H3YUEHHBIX pa3lesoB XUMHUM H (DHU3UKM Me-
pexonHbIX MeTannoB. [lo 3Toit mpuuuHe B MepBOM, BeCcbM2
rpy6oM npubJIHXKEHHH, MHOrue mnpobsaeMbl 06CyXIal0TCS
MOCPEACTBOM JHarpaMm ypoBHeit 3Hepruu. [lpuuem ans
Hayasa He TaK YK Ba)KHO, KaKOBO NPOMCXOXKAeHHE pPa3HO-
cTeil aHepruil Mexnay pasdanuubiMu d-op6utamu. Hanpumep,
MHTEPEeCcHO HCCJ/eJ0BaTh WM, MO KpalHell Mepe, Mopa3MbiC-
JUTb Hal BOMPOCOM 00 OTHOCHUTEIBbHOIl BaxXHOCTH ofpaso-
BaHHs ©- U T-CBA3€H U O POJIH 3/]1€KTPOCTAaTHYECKHX 3(pdek-
TOB [J1s1 TOTO MJIM MHOTO KJacca COeJHHEHHH; MOXHO Jaxe
PUCKHYTb pacCMOTpeTb COBepLIEHHO HOBblE 3(DQeKTH, 10
HEKOTOpPOH cTemeHH OOBACHSAIOLHE Pa3HOCTH  3SHEepPrui
d-op6ur. MoOXKHO O0XHAATb, UTO Pe3yJabTaThl MOJ0OHBIX
HCCJeJOBAHHH TIO3BOJISIT PACIIMPHTL HMelOLlHecs Kaue-
cTBeHHble coobpaxenus. ONHAKO 3TO He J101KHO TOBJHATD
Ha MX CNPaBeAJHBOCTb, NOCKOJbKY OHH He 3aBUCAT OT Me-
XaHuaMa pacluensenus d-opGur.

Dbl MpeasioXXeH TePMHH «TEODPHS I[0Js JHTaHIOB», MO
KOTOpPBIM TOHHMaercs GoJjlee LIHPOKUE U oOLIMI MeTOA pac-
CMOTPEHHUS] Pa3/JHUUYHBIX BONPOCOB XUMHHM TeEpPeXOdHbIX Me-
TaMJ0B., DTOT TEPMHH MOJYYHJ LIMPOKOE PachnpocTpaHeHHe.
B 3t0fi Teopuu, HampuMmep, Npeano.jaraetcs, 4YTO paclier-
JeHue OpOHT LEHTPadbHOrO HOHa B  OKTa3JApHUeCKHX
KOMILIeKcaX BO3HMKaeT B pe3yJbTaTe COBMECTHOTO Jeii-
CTBHSI MHOTOUHC/IEHHBIX, B KAKOH-TO CTeMeHH He3aBHCHMHBIX,
HO B3aWMOJONOJHSAIOWMX npuunt. [log nmosHbIM pacuiemne-
HHeM Toapa3yMeBaeTcs agarebpanueckass cymMma O60JbLIOTO
UHCJa OTAe/NbHBIX BK/I1a/l0B, BBI3BIBAEMBIX 3JeKTpPOCTATHUE-
ckuMu sbhdexrtaMu, ob6pa3oBaHHeM o- M T-CBsI3eH W T. T
CienyeT OTMETHTb, YTO Aa)€ TakoH MOJ1X01 He sB.IsCTCs
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BIOJIHE yHIOBJeTBOpUTEAbHBIM. HyXHO aymatb, uto Gyner
co3nana Gogee MoJHasi TeOPHs, BOSMOXKHO Ha OCHOBE TeO-
PHH MOJIEKYJSIPHBIX OpGHT, B KOTOPOH OYAYyT YYTeHHl BCe
CYLLLECTBEHHO BaXXHble 3/J€KTPOCTAaTHUECKHe B3auMOjel-
ctBusl. Takass Teopusi BKJAIOUHT B ceGs KakK 371eKTpOcTaTHye-
CKYIO TEOPHIO, TaK H 371eMEHTapHYI0 TEOPHIO MOJeKYJsIpHBIX
OpOUT B KauecTBe BAXKHbIX, HO HHUKOTJIA He peasu3yeMbiX
npefebHbIX CJay4yaes.

Hecko.bKO C/I0B 0 HEMOCPeICTBEHHOM pacueTe paclier-
JieHHil B moJe JuranaoB. PacueTbl, OCHOBaHHble Ha MOJeE/H
JIMTAH/IOB B BH/Je TOUEUHBIX 3apsAJI0B HJIH TOYEUHBIX HIO-
Jeil, BecbMa IMPOCTHI, €CJAM TOJNbKO W3BECTHBI paaualibHble
BOJIHOBBIe (hyHKIHH d-3J1eKTPOHOB. Kak mpasuio, oHd patoT
3HayeHUs1 pacllenjeHu MeHbluue, uyeM HabJaO1aeMble
SKcrepuMeHTanbHo. MOXKHO TNOAYUHTbL Jyullee coraacue
C OMbITHBIMH JaHHBIMH, €CJAH NMPELNoJOXKHTb, UTO JUTaHIbI
B KaKOH-TO Mepe MoJspU30BaHbl MoJeM LEeHTPaJbHOTO HOHA.
OnHako 3aKOHHOCTh TAKOrO POAa MPEANOJIONKEHHH OLEHHUTh
TpyaHo. Booluie ™Mbl mosaraeM, uTo 3JIeKTPOCTATHUECKHE
TEOPHHU NAIOT NMPABUJbHBIHA MOPSIOK BEJHUYHH pacClleneHuH,
HO OHH He 00ecneyHBalOT YAOBJETBOPHTENBHOTO KOJHUe-
CTBEHHOT'O COTJIacHs ¢ 3KCNEepPUMEeHTaJbHBIMH LaHHBIMH.
OueBHAHO, MOMKHO TMOJBICKATb MHOTO Ha MepBbI B3IV
npueMaeMblX OObSCHEHUH HELOCTAaTOYHOCTH 3J€KTPOCTaTH-
yeckux Teopuil. Hanpumep, MOXKHO yJyUIIHTL COOTBETCTBHE
pacyeTHBIX M 3KCHEPHUMEHTAJbHbIX Pe3yJabTaTOB, €CJAH s
JIUraHa0B BbIOpaTbh Monesab ¢ OoJiee peasbHbIM, a He Toyey-
HBIM pacnpenenennem 3apsaa. OAHAKO TPYAHOCTb 3aKJIO-
yaeTcsl IJaBHBIM 06pas3oM B yueTe AOJHM KOBaJEHTHBIX CBS-
3efl ¥ MoJNsipU3allMd — TeCHO CBS3aHHBIX, HO He HJEHTHY-
HBIX MOHSATHH.
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HNOHbI C HECKOJIbKMMHU
d-9JIEKTPOHAMU

1. PACITPEJIEJIEHHWE 2JIEKTPOHOB MEXIY
OPBUTAMU f2g e,

DMeKTpPOHHBIe CBOHCTBA CBOOOAHBIX AaTOMOB M HOHOB
nepexoIHbIX MeTaja 0B YacTHUHO ONPele/sioTCs B3aHMO-
neicTBiieM d-3.16KTPOHOB C IAPOM H 3.71€KTPOHHBIM OCTOBOM
M YaCTHYHO B3aMMOJIEHCTBHSIMH MEXIy CaMHMH d-371€KTpo-
HaMu. Hac B ocHOBHOM OyayT HHTepecoBaTh MOCJIeIHHE H3
YKa3aHHBIX B3aHMO/eilCTBUI, NMOCKOJIbKY XapaKTep B3aMMO-
NEeHCTBUST BHELIHUX d-3JIeKTPOHOB C $1APOM H OCTOBOM JIHIlb
He3HAUHTeJbHO M3MeHsleTcs, KOrja HOH MeTaala CT«HO-
BUTCSl YaCTbIO KPHCTaJla MJIH KOMILTeKCa, M, CJel0oBaTelb-
HO, MaJo BJHsieT Ha o0pa3OBaHHe BaJEHTHLIX CBs3eH.

CyulecTByeT OBa OCHOBHBIX THIA B3aUMO/EHCTBUs Me-
XAy d-3]eKTpoHaMM, W 006a OHH 00YC/JOBJIEHBl B3aHMHBIM
3J1eKTPOCTATHUECKUM OTTaJKHBaHHEM 3.1eKTpoHoB. O1HO u3
HUX MOXKeT ObITb OMNUCAHO Ha OCHOBE KJ/J1aCCHUECKHX TNpen-
CTaBJeHUl. DTO OTTANKUBAHHE MEXIY NBYMs KAQCCUUECKU-
Mu pacnpeleseHUSMH 3apsja, UMEIOLIHMH Takoe e Mpo-
CTPAHCTBENIHOE pacnpele’eHde, Kak M ¢ (KBaapaT BO.IHO-
BOIl (PYHKUHM 3JEKTPOHA, HHTEPNPETHPOBAHHBIN BHILUE Kak
3]1€KTpPOoHHast M10THOCTL). OueBHAHO, UTO TaKoe B3aHMO-
JleiCTBHe MPUBOJAUT K cTabMAU3aUUK COCTOSHUI TeX MHOro-
3JeKTPOHHLIX aTOMOB, B KOTOPBIX 3.€KTPOHBl HaXOAsTCs,
B cpeaHeM, Ha 60.bUIMX PACCTOSHHUSIX MO CPABHEHHIO C TEMH
ATOMAaMH, B KOTOPBIX 3/J1€KTPOHbI Pacrno.10xKeHbl GJAU3KO APYyT
oT Apyra.

Bropbim u Goolee BaM(HBIM THMOM SBJAETCS TaK Ha3bi-
BaeMoe o0MeHHOe B3aHmoieiictBue. Ilas Hero He cyule-
CTBYeT KJacCHUeCKOHl aHa/JOoruH, MOCKOJIbKY BeJqHUHHa
06MEHHOTO B3aHMO1eHCTBISI 3aBHCHT OT OpHEHTALHUH CIH-
HOB pas3/HUHBIX 37eKTpoHOB. B ofuiem cayuae obMeHHOe
B3aHMOJEHCTBHE NPHBOAUT K cTabu/Iu3aUHU aTOMa, DpHYeM
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craGu/an3alls BO3pacTaeT MO Mepe YBeJHUeHHs uucaa He-
CrapeHHBIX 3/eKTPOHOB, HMEIOLIUX MapaJJesbHble CIHHBI.
Takoe moBemenue cocTaBJjsieT OCHOBY mpaBui ['yHia nas
onpeaeNeHuss OCHOBHBIX  COCTOSIHHH ~ MHOTO3JIEKTPOHHBIX
aTOMOB.

PaccvmorpuM uoH, uMelowHit n d-3JeKTPOHOB, Npealo-
Jlarasi, 4To BCe APYrHe 3JeKTPOHBI ClapeHbl B 3aMOJHEHHBIX
oGosioukax. Ecau n <5, To 6aarogapss oOMeHHOMY B3aHMO-
JeHCTBHUIO B OCHOBHOM COCTOSIHUM BCE 3JEeKTPOHbI 00s3a-
TeJbHO JOJIKHBl HMETb NapaJJiesbHble CMuHbL. Ecau umeer-
csi 6o/lee OAHOrO COCTOSIHMS, Y/JOBJETBOPSIOLIEr0 3TOMY
YCJIOBHIO, MPHPOAA OCHOBHOIO COCTOSIHMS 3aBUCHT OT COOT-
HOLIEHHUS KJacCHYecKHX M OOMeHHbIX B3aHMOJelCTBUH
B pa3J/IMUHBIX BO3MOXHBIX cocTOsiHHsIX. Mcnoabsys crau-
OapTHbie CMeKTPOCKOMmHueckKHe oGo3HaueHus * gasg n = 1,2,
3, 4 U 5, MOXHO NMOKa3aTb, YTO OCHOBHBLIMH COCTOSIHHSIMH
apasiorea 2D, 3F 4F, 5D u cootBercTBeHHO 8S.

Ecau umeercs Gosee nsitu d-37eKTPOHOB, 06s3aTeqbHO
IOJIXKHO MNpOM30iiTH crnapuBaHue cnuHoB. Ho B ocHosHOM
COCTOSTHMM YHCJIO HECMapeHHBIX 3JeKTPOHOB JOIKHO ObITh
MaKCHMaJbHbIM, a TaKXe [0/KHbI ObITb BBINOJHEHBI Tpe-
Gosauus npuHuuna Ilayau **. das xkoudurypauuit d, d7,
d® d° u d'° TakUMH OCHOBHBIMH COCTOSIHHMSIMH SIBJAIOTCS
5D, 4F, 3F, 2D u cooTBeTcTBEHHO 'S

Ocobass yCTOHUHBOCTbL MOJNY3alNOJHEHHBIX H TOJHOCTBIO
3aMoJIHEHHBIX d-3J€KTPOHHBIX 0060,104eK TEeCHO CBsi3aHa
¢ o6MeHHO# 3Heprueii. Koria x uoHy ¢ kondurypauueii d*
no6aBasieTcsi MATHIH 3JeKTPOH, €ro CMUH A0JKeH OblTb na-
paJssiesieH CMHHAM yKe HMEIOIIMXCsl YeTbipeX 3JeKTPOHOB.
baaronaps o6MeHHOMY B3aHMOJEHCTBHIO 3TOT 3.1€KTPOH
cu/bHO cTabuausupyercsa. C apyroffi cTOpOHbI, CIMH LECTOro
3]eKTPOHA J0JIKeH ObiTb aHTHNapaJJeseH BCeM CIHHAM
yXKe TMPUCYTCTBYIOIUHUX 3/J€KTPOHOB, H TMO3TOMY LIECTOM
3J1eKTPOH BOBce He cTabusnusupyercd. M3 artoro c.ieayer,
yTo AJs JI060ro HOHa ¢ KOHdUrypauueil d° Kak OTpPHIB, TaK
M TIpHCOeIMHEHHe 3JeKTpoHa TpeOyeT 3aTpaTthl DOBOJBHO

* Iln Hamux uenefi JOCTATOYHO HAMOMHHTL, YTO JEBHI BEpXHHIt
HHJeKc, BCTpeYalollniics B 3TUX o0o3HauyeHusax, pase n + 1, rae n—
YHCJIO HECNapeHHBbIX 3.1eKTPOHOB.

** [Mpunuun ITayau raacut, uTo Ana 3JeKTPOHA ¢ OJUHAKOBBLIM CIH=
HOM He MOTyT 3aHHMaTb OJHY H Ty e OpOHTY.
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Go/b1ION HEepPTHH: MOH ¢ Koudurypanueii d® kak Gbl compo-
THBJISIETCS] HApyWEHHIO CBOel MOJy3anoJiHEeHHOH 060J0UKH.
Mmenno sto moapasdymeBaercs MOA «yCTOHYMBOCTBIO MOJY-
3aMOJHEHHOTO COCTOsIHMA». 3aMeTHM, OJHaKO, uTo 3Ta
YCTOHUMBOCTb HU B KOell Mepe He CBfi3aHa ¢ CHJIOH B3aHMO-
neficTBUSI MeTassa ¢ aurasHiamud. bogee Toro, 3T B3aumo-
nefictBusi ocoGeHHOo c¢jabbl B BbICOKOCITHHOBBIX KOMIJIEK-
cax ¢ xoudurypanueii d AHaJOrHUHBIM 0GPa3oOM MOXKHO
paccMOTpeTh H MOHBI ¢ KoHpurypauuei d'°,

[TpenrosoxumM Tenepb, 4TO HOH MePEXOAHOr0 MeTaJjJa
HaXOOUTCSl B OKTa3ApHUecKOM TnoJe JurannoB. Kak moka-
3aH0 B npeablayuieli raase, d-opGUTHl paclIenasioTcs Ha
HU3WIYIO fog U BLICIUYIO ez opOUThl. Tak ke Kak U B ApYrux
Mo.JeKysnax cBOGOAHblE 3JeKTPOHBl OYIyT CTPeMHTbCsl 3a-
MOJHUTL Npexj1e BCEro HU3UIHe OPOUTH frg U TOJBLKO MoOcJe
3TOTO HAYHYT 3aMNOJHATLCA OPOHTH €4

Ecnu nmeroTcss aBa MM TPH 3/7eKTPOHA, OHH MOTYT 3a-
NMOJHUTL OPOHUTY fpg TaK, UTO HX CNHHBI OYAYT mapaJjJeb-
Hol. [Ipy 3Tom oaHOBpeMeHHO OYAYT BBINOJHEHBl Kak Tpe-
GoBanue 10C/ae10BaTe/1bLHOr0 3amnoJjHeHuss opOUT, HauuHas
¢ HauOo/iee YCTOMUMBBIX, TAaK M YCJI0BHE MaKCHMaJbHOTO
BbIHrpbllia OOMEHHOH 3Hepruu. B cayuae, ecaum uucao
d-saextponoB paBHo 8, 9 uau 10, MBI OMATL-TAKH MOXKEM
VIOB1€TBOPUTL TpeGoBaHUs ONTHMAJbHOTO OOMeHa H OMTH-
MaJbHbIX 3HaueHW# 3Hepruil opOuT, nomectuB 6 3jekTpo-
HOB Ha OpPOHUTLI f9¢ H, COOTBETCTBEHHO, 2, 3 W1y 4 — Ha
opouTy ey (cM. Taba. 4).

B Ttom cayuae, Korna umcao d-3/eKTPOHOB paBHO 4, 5,
6 uau 7, BO3HHKAET HOBast W MHTepecHas cutyauus. Mel
MOXKeM AHOO0 MOLAep)KHBAaTb MaKCHMaJ/bHbIM UYHCJIOM He-
crapeHHbIX CHHOB, Kak B cBOGOAHOM HOHe, JiubO pa3me-
CTHTb MAaKCHMaJbHOEe YMCJI0 3.1eKTPOHOB Ha opOuTax fag;
HO Mbl He MOXeM cAesnaTb M TO M JPYroe OLHOBPEMEHHO.
BosHikaeT cBoero pona KOHKYPEHUHS MeXAy OOGMEeHHbIMHU
CHJaMH, CTPEMSILIHMHCA COXPaHHTb CTpPOeHHe CBOGOIHOrO
MOHA C MAaKCHMaJ/bHbBIM UYHCJOM MapaJfJesbHblX CIMHHOB, H
rnosieM JIMTaHAOB, CTPEMSIUHMCH BBLITECHHUTb 3J€KTPOHbI Ha
OpOMUTY [Iyg, YErO MOXKHO AOOHTLCS TOJIBKO CMapHBaHHEM
CMUHOB. DTO WJIIOCTPHUPYeTCs AaHHBIMH TalbJa. 4.

EcrecTseHHo, uTO B NoAOGHOH CHTyauHH onpeaesenue
JoMuHupyloulero sddexkta Hen30eXKHO CBOAHMTCH K KOJHUe-
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cTBeHHBLIM pacueraM. OnHako Mbl MoxKeM ObIThb BIOJHE
yBepeHbl B TOM, UTO €C.JH [MOJ€ JIHFAaHA0B OOCTATOYHO
CUAbHO, OHO 0053aTelbHO TpeojoJaeeT OOGMEeHHble CH.Ibl, U
TOr1a KOMIJEKC CO CNapeHHbIMH CIOHHAMH, WJH, B Oo.ce
obuleii gopme, HH3KOCTIMHOBBLIN KOMIJIEKC, OKaxKeTcss 6o.1ee
ycToiiuuBbiM. [lo 3TOH NMpuuuHe KOMMJIEKChl C MOHHKEHHbBIM
YHCJAOM HECMapeHHblX 3/JeKTPOHOB YacTO Ha3bIBalOT KOM-
nJaeKcaMH CHJALHOrO MmoJsl, a YC/J0BHS HX CYLIeCTBOBAHHA
HA3bIBAlOT YCJOBUSIMH CHJBHOrO M0Jd. TOUYHO TaKiKe Mbi
MOXeM ¢ yBEePEeHHOCTbIO CKa3aThb, UTO B JA0CTAaTOUHO cJ1albLiX
NoadX JIMTAaHILOB MOJXKHLI Mpeobianatb OOMEHHbLIE CH.bI,
MOCKOJbKY B INMpeaesabHOM cJdyuae, Korja cilia MoJs JWraH-
IOB CTPEMUTCH K HYJIO, aTOM HWJIH HOH MOXHO CUHTATH
cB060AHBIM, CoOe1nHeHHUsT HOHOB MePexOAHbIX MeTal10B ¢
MAaKCHMaJbHO BO3MOXHBIM UHCJAOM HeCMapeHHBbIX 3.71¢K1)o-
HOB HM3BECTHbl K4aK coeauHeHHdA caaboro moJs.

Ta6runa 4

Pacnpenenedue d-3MeKTPOHOB B OKTAdAPHYECKHX KOMILJIEKCAX

n — YHCJI0 HECMapeHHBbIX CIHHOB, W — NpeaCKasbiBaeMbli
YHCTOCMHHOBLI MOMEHT (B MaruetoHax Bopa)

Yucan Pacuoamxenune Pacnosoxenne
d-37CKTPO- B caadom moJae n [ B CHILHOM MoJe n w
nos JHMraH 108 JNFanion
t e t e

1 A — 1] 1,734 — 1173
2 M — 2] 2834+ 4 — 21283
3 A — 31387 |4 4 & — | 3]387
4| b4 480 4yt o4 — 2| 283
5 ok MoLS ] 592 Nt — | U] L7
6 N PoA 4] 490 NN — 100

7 NN A3 38T PN f LT3
8 NNN P A 2]28 I NN Y ] 2]28
9 NN NN TR NN N LT3
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MoJeKkyabl ¢ HecmapeHHBIMH 3JeKTPOHAMH ABISIOTCH,
Kak MpaBHaO, NMapaMarHUTHbIMH. B mepBoM npub.iHKeHuH
napaMarHHTHBIH BKJaad B MOJHVIO MAarHUTHYIO BOCTIPHHMUH-
BOCTh  nponopuuonated  4S(S + 1) =n(n -+ 2), rae
S = n/2 — pe3y bTUPYIOWMH CNHUH 7 HEeCHapeHHBIX 3.eK-
TpoHOR (cM. monoanenue). OTcloaa c/eayer, 4To NMpPHHAI-
JEeKHOCTh KOMILIeKCa K BBICOKOCITMHOBOMY MM HH3KOCIH-
HOBOMY THIY MOXeT ObITb BbIsiBJeHa MOCPEJICTBOM H3Mepe-
HHSl €r0 MarHHTHOR BocmpHuMuuBocTH. B T1aba. 4 npuse-
OeHbl OXKHJaeMble MaTHHTHble MOMEHTDbI, BBIUHCJEHHDbIE
Ha OCHOBe  BblIIENPHBEIEHHOrO  MPOCTOro  COOTHOLIE-
HHUS.

Unrare. b, 3HakoMbiii ¢ pabortoir [loaunra «Maruntusrii
KPUTEepUl THMa cBsi3u», 6€3YCA0BHO BCIIOMHHT, UTO 3MIHPH-
yecKHe KPHTEPHH, HCrNoab3oBaHHble IloanHrom aasa Toro,
yToOBl pAa3NHUHTL HOHHblE M KOBAJEHTHble CBS3H, BecbMa
HalnoOMHHAOT KPUTEpHH, MOCPeACTBOM KOTOPOrO Mbl OT.IH-
uaeM COEAHHEeHHs CHJIbHOTO MOJs OT coelHHeHHH c.1ab0ro
noas. B nocienylounx pasjaenax ¢ Lediblo MPOBEPKH crpa-
BeAJHMBOCTH NpuMeHeHHss KpuTepus [lounra mpl of6cyaum
COOTHOUIEHHE MeXAYy CHJOH TNoJst  JMraHios H o cTe-
NMeHbl0 KOBAJEHTHOCTH  cBsidel, o0OOpPa3oBaHHBIX  HOHOM
Meraava.

B okrasapuuecknx kommiaekcax ¢ 5 wau 6 d-siekTpo-
HaMll, KpOMe BbICOKOCTIMHOBBIX M HH3KOCMHHOBBLIX KOH(HIY-
pauuii, MOXET OCYLLeCTB/ASTHCS MPOMEKYTOUHas KOH(Ury-
palus ¢ TpeMs HecMapeHHbIMH CMHHAMK /1715 HOHOB C KOH-
burypauneil d® u gByms aas wouos db,

Xopomo paspaGoranHas TEOPHs CMapHBaHHs CHHHOB He
Mpe1cKa3blBaeT BO3MOXKHOCTH OCYLIECTBJEHHSI TakKMX MNpo-
MEXYTOUHBIX KOH(MHrypauuil [asg HOHOB, HaXOAALLHXCS
B MpaBHIbHOM OKTasipuuyeckoM node [1]. Oanako Takue
NPOMEXKYTOUHblE KOH(MUTYPAaUHMH MOTYT  OCYLIECTBHTLCH
B NJOCKHX WJH OKTa3APHUYECKHX KOMIMJIeKcaxX, HO C HeCKOb-
KO HapyuleHHOH cHMMeTpHell pacro’oXeHHs JHraHl10B.
Tak, nanpumep, usyuexue (PTaNOUMAHHHOBBIX KOMIIEKCOB
noua Fe?* mertoaoMm mapamariutHOro pesonaHca ¢ OueHb
00ABUWIOR BEPOSTHOCTBLIO CBHIETEILCTBYET O TOM, YTO HEKO-
TOpPble U3 HHX AEHCTBHTCJIbHO HMEKT TPH HecrnapeHHbIX
cnuHa [2).
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2. NIOPSIOK BEJIMUMHBI A

B stoM pasnese Mbl OTKJIOHMMCs OT MOCJeA0BATE]bHOrO
M3JI0XKEHHS] TEOpPUH TOJIs1 JIHFaHAOB H BOCNOJAb3yeMCst lie-
KOTOPBIMH pe3VibTaTaMH, AeTanbHoe o0CyrKAeHHe KOTOPbIX
6y1eT MpoBeleHO B MNoc’aeayiolux raasax. Mcecaenosanue
3JEKTPOHHBIX CMEKTPOB MOIJVIOWEHHsT OKTa3pHUYECKHX KOM-
M1€KCOB HMOHOB METa/JJ0B [aeT BO3MOXKHOCTb OINpe/e]HThb
3HaueHue A, Kak npaBu’o, 1714 J1000ro HoHa Meraala H
Jo0oro nadopa saurangoB. (Mbl yxke BHAeaH, KaK 3TO je-
Jaetcs 1151 HOHA ¢ oanuM d-aiekTpoHoM. O1nako B o6lIeM
cayuyae Ttpebyercs ropasngo Oogee ray6oxoe 3HaHHE Teo-
puu.)

B xo1e uccrenoBaHusi ONTHUYECKHX CMEKTPOB MO.TyUEHBI
MHOTOUMCJAEHHble 000OLLEHHS M KaueCcTBeHHble BLIBOAB!, a
HMeHHO:

1. 3Hauenus A AJ5 KOMIJIEKCOB MOHOB, MpHHALIEXKa-
LIHX K OAHOMY M TOMY e psly [epHOAMYecKCH Ta0. ulibl
¥ HaXOAsIUXCS B OAHHAKOBOM BaJIEHTHOM COCTOSIHIIH, Je-
KaT B BecbMa y3kuX npeiesax. Tak, HanpiMep, 3Hauenue
A I THApPATOB ABYXBAJEHTHbIX HOHOB MEPBOTO MEPEXol-
Horo psiza usmensierca ot 7800 cm™' mas wona Mn?t po
npu6ausutensio 11000 cu™! naa wuona Cr2t.

Boo6uie 1.8 BBICOKOCTTHHOBBIX KOMIJEKCOB C MsATbIO
d-s1eKTpOHaMH XapakTepubl GoJee csaalble M0JS JHTAHAOB,
yeM /s KOMIL1E€KCOB COCEIHHX 3JeMEeHTOB MepPHOIUYeCKOM
CHCTEeMBl, DTO CBS3aHO C H3MEHEHUeM HOHHbIX pajAuyCcOB
B psily NepexoaHbIX MeTaJlJoB.

2. Ina KOMILICKCOB ¢ 3aJaHHbIMU JHranaaMH 3Hauelue
A 10BOIBLHO GLICTPO VBEJIMUMBAETCSt N0 Mepe pocTa BaJeHT-
HOCTH Houa metanga. Tak, HanpuMmep, AJsl THAPATOB IBYX-
BanedTHblx HoHoB A=<10000 cm~! 3unaueHus ke A ajd
TpexBaJeHTHbIX HOHOB MEpPBOTO NepPeXOLHOro psiia cocTa-
BasioT okoao 20 000 cu™!.

Ho 3TuMM KaueCTBEHHBIMH BBIBOJAAMH cJ€AVeT MO0Jb30-
BaTbCsl € ocTopokiocThlo. Hanpumep nocnennee o6obile-
HHe TPHMEHHMO K KOMIJIEKCAaM HOHOB C «HOPMAaJbHBbIMH»
panentHoctaMu 2, 3 u 4. B kommnjekcax HOHOB ¢ Ouehb
HH3KOI  BaJeHTHOCTbIO Mpe0n6.1aMaloUlVI0  POTb  MOWKET
WrpathL o6pazoBaHHe MABOHHBIX CBsi3edl, U MO Mepe VMeHb-
[UEeHH BaJEHTHOCTH CHJA KPHUCTAMNHUECKOTO MG/ MOXKET
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BO3pacTaThb, Kak, Hanpumep, B (EHaHTPOJHHOBBIX KOM-
IleKcax HOHOB C BaleHTHOCTLIO, PaBHOl Hy.aIwo Han — 1.

3. B coorBercTByIOUIMX KOMM1eKcaX MeTadl 0B pasaiuu-
HBIX MepexoIHbIX PsiloB A Bo3pactaeT (UacToO MPHMEPHO HA
30%) no Mepe mepexoja OT MepBOro MePEXOIHOTO MepHOAA
KO BTOPOMY H MPUHOJIM3HTEIBHO HA TV JKC BEJIHUMHY MPH
nepexo/je OT BTOPOTO K TPETbEMY MEPHOILY.

4. OGblutible JUraHjabl MOXKHO PAacCloJI0XKHTh B MOPsIKe
BO3pacTaHus CHIbI MOt 3THX JHFAH10B, @ MO3TOMY VBeIH-
yeHHe A NpH mepexole OT OAHOTO uJleHa psiia K JAPYromy
He 3aBHCUT OT INPHUPOIKl HoHa MeTaJtna. Takum obpasom,
OTHOCHUTE/IbHOE 3HaueHue A MOXKEeT CJAYXKHTb XapaKTepHCTH-
KOH .1Mrasia.

M 3710 KauectBenHOe 000OCLIeHHe CJel1yeT HCIO.Ib30BaTh
0cTOpOoXKHO. Bo-nepsbIX, U3BeCcTHBl (XOTs U B OUeHb HE(O.1b-
IIOM YHCI€e) HCKITIOUeHHA JaXe Cpeld KOMIIEKCOB ABYX-
M TpexBajeHTHBIX HOHOB. Tak, wuanpumep, y HeKOTOPHIX
KOMII.1IEKCOB 3THX HOHOB € JHTFaHIaMM, CTOSILHUMH O0.1H3KO
B 3TOM PA1y, oGHapyKeH MOPsI0K H3MCHEHHS BeTHUHH A,
NPOTHBONOJIOKHBIH  0xknlaenomy. Bepositno, eute Gotee
cepbe3Hble 3aTPYAHEHUsT BOHHKHYT MPH M3YYEHHH KOMILIeK-
COB HOHOB, CMOCOGHBIX HAaXOAHTbCS B HEOOLIYHBIX Ba.TEHT-
HbIX COCTOSIHMSIX. Tak, B H3YUYeHHbIX BBICOKOCMHHORBIX
KOMIL1eKCaXx C aMMHAaKOM H (EHAHTPOIHHOM BEIHUYHHB A
ouenb OJIM3KH Mexay cofoii. B denantpoimioBbIX KOM-
NJeKcaXx HOHOB ¢ HYJE€BOH BajJdeHTHCCTBIO OUeHb BaXKHVIO
pOJb 10/KHO urpath oOpaszopaHue IBOIHBIX cBazeil. [lo-
3TOMY MOXKHO OXHaTb, UTO B TAKHX KOMILTEKCaX 3HaueHHs
A 6yayr ropasio 6OJbUIMMH, 4eM B COOTBETCTBYIOLUHX
KOMILIeKCaX C HeCcOMpPSIKeHHBIMH aMHHAMH (eC1H TaKHe
KOMI1eKChl BoOOLLe MOTyT ObITh MO.TYUEHDI).

IDMIUPHUECKH HalileHo, uTO OObIYHbIE .IMraHabl, oOpa-
3yl0lUHe KOMILTeKChl ¢ HOHaMH MeTal10B B HX HOPMa/bHBIX
BaJEHTHBIX COCTOSIHMSIX, MOXKHO PAacno’JoXKHTb B CJeAVIO-
LK psaa1 Mo Mepe Bo3pacTaHus A:

I7, Br™, CI7, F7, C,H;0H, H,0, NH,, stuaentinamun, NO;, CN7.

B anteparype mMoxno naiiti suaueuns A\ w CLISU APYTHX
airanaoB. Ho aanuble metoctaTouno Tounsl 1158 BHECEHHS
3THX JIHTAH10B B BblLeYKasauuulil psiA. B taba. 5 npuse-
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IeHBl KOJHYECTBEHHble OLEeHKH A (HalileHHble U3 CMEKTPOR)
A5 MHOTMX Han0o.ee TULATEIbHO H3YUEHHBIX JIMIaH0B.

Ta6auya 5

3HaueHdsl paculenjeHHsi B noje JHraHA0B A
3nauvenus A pas cucteM ¢ koudburypauusmu d* v d° nocsar
' IpUGAHKEHHbIH XapaKTep
(KypCiHBOM jaHbl 3HaY€HHs s 1H3KOCIHHOBBIX KOMIIJIEKCOB)
(C. K. Jorgensen, nucceprauus, Copenhagen, 1957)

6Br ™~ €C1™ ¢H,O GNH, 3 en | 6CN
3d' | Turan (I1I) — — 120300 — — _
3d? | Bawmanuit (III) —- — 17700 — — _
3d* » (1 — — |12¢00] — —
Xpom (III) — 113600 | 17400 | 21 60| 21 LOG| 26 300
443 | Moau6en (IlI) — 19200 — — — —
3d* | Xpom (1) — — 1300 — — —
Mapraneu (ill) — — 21000} — — —
3d5 » dn — — 7800 — & 910¢ —
Keaeso (II) — — 13700 — — —
3d5 > (I — — 10400 — — 133000
KoGaant (III) — — | 18600 23000| 23 500, 34000
4d5 | Poxuit () 18500 20 300 | 27 600 | 33 900, 34 400} —
5d° | Mpnzui (I10) 2310024 00| — — |[41200] —
[Maatuna (IV) 24000129000 — — — —
3d7 | Kobaabt (1) — — 9300 10 100 11 000] —
3d® | Huxeap (1) 7000{ 7300| 850010800 11600 —
3d® | Mcap (11) — — [ 12600 15100| 16 400] —

Caeayer 3aMeTHTb, UTO MOPSIIOK BO3pacTaHHsg A corJga-
cyeTcsl ¢ HHTYHTHBHBIM TpeicTaB’IeHHeM 00 YBeJlUYeHHH
CTeNeHH KOBAaJeHTHOCTH CBsidel, oOpa3yeMbiX /JHraH1aMH,
pacnoJoXeHHBIMH B npaBoil uyactd psjga. OnHaxko 3TOro
HeIb3sl CKa3aTb 0 HOHaX raJjoredos. [loie uranaa ycu.iu-
BaeTcss MpH nepexole OT HOAWI-HOHA K (TOPHI-HOHY,
& CTemelb KOBAJEHTHOCTH CBSI3H, Kak OObIUHO CUHTAIOT,
yMeHbITaeTcst.

4 JI1. Opiea
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3. JIE'KOCTb CIMTAPMBAHMUS CITUHOB
B OKTA3JIPHUUYECKMUX KOMITJIEKCAX

B sToM pasiere Mbl paccMOTPUM BOAPOC O TOM, MOYEMY
HEKOTOpble MOHbl MepexoaHblX MeTaJ/10B 06pa3yloT HHU3KO-
CIHHOBLIE KOMILIEeKChl Jerue, yeM apyrie Hounl. Mbr npo-
BeIeM OuYeHb YIPOLIEHHOe paccMOTpeHHe 3TOr0 BOIpoca,
KOTOpO€e BCe K€ MO3BOJIUT HAM AaTh MNOJYKO.JTHUECTBEHHYIO
OLEHKY MNpHUHH, OnpenensiolHX CMOCOOHOCTL MOHa obpa-
30BbIBATH KOMILJIEKCH TOr0 WJM HHOro tuma. Pe3yibrarthl
3TOr0 paccMOTpPeHHs, MO KpaliHell Mepe KauecTBEHHO, CO-
riacyloTes ¢ pe3ysabTataMu 6o/ee TOUHBIX KOJHUECTBEHHBIX
pacueTos.

PaccmoTpuM BHauasne 3Heprid OpOHT B KOMIIEKcax
cJaboro ¥ CHJABbHOrO MOJsl, HEHTPaJbHBIH MOH B KOTOPBIX
HMeeT n d-3.1eKTPOHOB. Kax Mpl yke 3HaeM, opOuTajbHbIE
3Hepruu Aas n = 1,2,3 Kak B caaboM, TaK U B CHJAbHOM
nose cosnajatooTr, Ho npu 4 <A <7 OHH pa3nuyHbl (CM
1aba. 4). B of6uiem cayuae opOutanbHas sHeprus Koubu-
Typallui B CHJAbLHOM TI0Jde paBHa —2/snA piad n < 6 H
— 2/sA + 3/5(n —6)A aas n>6. Heckoabko TtpyaHee
HaiiTh noaoOHble O0UIWe BbIPAXKEHUA AJ5 3Heprui Koudbu-
rypaunit B caabbix noasx. OHu paBHbl — 2[sA, — /5A
(npubausutenbuo), — 8/5A, —3/sA, 0 cooTBeTCTBEHHO 5
n=1umm6, 2um 7 3um 8 4 umu 9 ud u 10

PacemorpuM Teneph OOGMEHHYIO 3HEPrui0 1Js pasJuu-
HBIX KOHGurypauuit. He BBINOMHSAS 1€TajbHBIX PacueTos,
NpennosoXKUM, YTO Kaxjas OTAe]bHas Mapa 3JeKTPOHOB
¢ mnapananelbHbIMH CIOUHAMH BHOCHT OJHHAKOBOe KoJiuue-
CTBO cTabuausupylolleii o6meHHoit sueprud. [py6o rosops,
310 U HabaogaeTcs Ha caMom aede. Koaccuueckoii suep-
ruefl  OTTajJKHBAHHS MEXAY 3JEKTPOHAMH MOMKHO Mpe-
HeGpeub, MOTOMY 4YTO 3Ta 3HEPTUs, KAk NPaBHJO, OYeHb
Maj0 MU3MeHseTcsl NpH Nepexoae U3 COCTOSHHSA C HeclapeH-
HBIMH CIHHaMH B COCTOSIHHE CO CHApeHHBIMH CNHHaMHU.
Paccmotpeniie koMIjiekcoB ¢ KoHdurypauuein d” He MOxeT
ObITb MPOBEAEHO TAKUM NPOCTHIM nyTeM. Dodee aeradniblii
aHa’ii3 MOKAa3hBAET, YTO 3TH KOMILIEKCL cnocoBHbl ¢llapH-
BaTL CMHHBL, NOTS M HE Tak Jerk0, KakK KOMILTEKChl ¢ KOH-
¢durypauneil ¢, oxnaxko .erue, uem Komiaekcw d¥ {1].
[TonoxeHue eille OGosiblie OCJAOKHSETCA H3-32  CHJLHOLO
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spdekra fua — Teasepa, KOTOpbIl HMEET MeCTO B KOMIi-
JIEKCaX CO CMapeHHbIMH CMHHAMH.

B BHICOKOCTIHHOBBLIX KOMIJIEKCAX ¢ 1< O BCE JE€KTPOHBI
HMEIOT MapaJieqLHble CIIHHBI, H, TAKUM 00Da30M, Mbl HAMeeM
n(n—1)/2 nap 371exTpoHOB. B Tex e KoMmmjaexcax, HO
¢ n>5 uMeercsd MsITb 3JE€KTDOHOB ¢ OJHMM HanpaB/JeHHEM
CMHA H 1 — 5 ¢ MNpoTHBONOJA0XKHBIM. CaenoBaTebHoO,
YHCJI0 Map 3JeKTPOHOB C MapaJJ/elbHbIMH CMHHAMHU PaBHO:

5(5—1) n (n=5)(n—6) _ 1y (n—=5)(n—6)
2 2 2

AunajsoruuHoe paccMoTpeiine MOKa3bIBAeT, UTO B HH3KO-
CIIMHOBBLIX KOMMJeKkcax ¢ 4, 5, 6 u 7 aqekTpoHaMu 1mMeercs
cootBetcTBenHo 3, 4, 6 H 9 map a7eKTPOHOB ¢ Mapanniedb-
HbIMH critgaMu. Ecau Mbl 0603HAyHM CpeiHIoln oOMeHHYIo
SHEPTUI0 115t OAHOCH Mmapbl 3J1eKTpPOHOB uepe3 K, Mbl moJay-
yuM oOMeHHble 31eprHM, NpHBeaeHHble B Talad. 6.

Ta6auya 6

Op6utanbHble ¥ OOMeHHble dHEePruH d-3JMeKTPOHHbLIX
KOH(Hrypauuh B OKTadApHYeCKHX KOMILIeKcax

N — uuci0 pasaHYUMBIX NAp 3JEKTPOHOB C NApalJielblbiMil CIHHAMH
o6MeHHas 3Heprus pasHa npubansurenabHo NK

Brinrpeiiu
Yucao Pacmoaoxcuire Pacmoaoxcuue opbutann-
d-saex- B ciabom none N B CHAbHOM IOJe N HOIT aHep-
TPOH OB ANraH108 JAMTaH10B FHIL B CHAb-
HOM 10.Je
tag g tog g
1|4 — 1 o] & —1 0 0
2 4 — 1 A — 1 0
At - Pt — 3 0
4 1t ? S I - 3 A
5 |t 4+t ORON I R I 2 - 4 PAY
6 N1t 1 AMAL IO IN NN - 6 24
T NN MAL IO IN NN ) 9 A
8 IMNNMN A BN HNYN ] 18 0
9 INNN N6 NN N I6 0

4#
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W3 3-i1, 5-it u 6-it rpad taba. 6 MbI MOXKeM Onpee/HTh,
HAaCKOJbKO BEIHKO N0.J1KHO OblTb A (B eauHuuax K) aas
KaxX10# KOH(MHIYpaUUU 3J]eKTPOHOB /s TOro, 4ToOBI MpO-
M30LLI0 crnapHBanue cnuHoB, M3yueHue cnexkTpagbiblX
JAHHBIX MO ATOMHBIM CHEeKTpaM MOKa3blBaeT, UTO AJs JaH-
HOTO psida MNepexoiHbIX MeTaJ 0B H [J5 HOHOB, Haxods-
LIUXCS B OJHOM M TOM K€ BA/JEHTHOM COCTOSIHMM, 3HaueHHs
K HM3MeHSIOTCs1 He OueHb CHJbHO, Mo KpailHeHd Mepe npH
nepexojie K coceaHeMy 3jeMeHTy. Otciona Mbl MOXKeEM cfe-
JaTh OueHb BAXKHOE 3aKJIOUeHHe, a UMEHHO: KOH(HUrypauus
d® noaxHa o0pa3oBbIBaTb HHU3KOCIIHHOBBlE KOMIJIEKCHl MpPU
ropasaio MeHbUIMX 3HAueHHAX A, yem KOHdHrypaunu d* win
d5 Haa 3THUX ABYX MOC/AeNHHX KOHGUIYpalUuil OTJuuHe
B J€rKOCTH CMapHBaHHs CIIHHOB HE CTOJb BEJHKO.

M3a0xkenne paccy:KIeHHs MO3BOJIAIOT HAM clenaTb cie-
JyIOLIHEe BBIBOJIblI O JT€rKOCTH CMapUBaHHs CIHHOB B OKTa-
31pHYECKHX KOMIJIeKcax.

1. Jl1s 1aHHOrO HOHa MeTasaja HMEEeTCsl KPUTHUecKoe
3HauyeHHe CH/bl 1051 JIHTaHI0B, MPH KOTOPOM 3/J1€KTPOHHAs
KOH(PHUTypaUulsas OCHOBHOTO COCTOSIHHMsI H3 BBICOKOCTHHOBOMH
M3MEHsIeTCs1 B HHU3KOCMHHOBYIO. Takum ‘oO6pasoM, B psay
JHMTaHA0B, Paclo/OXKeHHbIX B MOPsiIKE BO3pacTaHHs CHJIBI
noJast Jurasjaa, riae-to J0/)kKHa ObITh I'paHHIla, BIPaBO OT
KOTOpOiH BCe JMraHAbl [OJIXKHBl BBI3bIBATb CMapUBaHHe
CMHUHOB, a Te€ JHraHIbl, KOTOpble pAaclojOXKeHbl cjeBa OT
5TONl TpaHMIbl, MO/DKHBl OCTaBJsSTb OCHOBHOE COCTOsIHME
¢ MaKCHMaJ/IbHOH CHHHOBOH MYJbTHIJIETHOCTBIO.

Crporoctb 3TOro BblBOAA A0 HEKOTOPOH CTeNeHH npeyse-
JIHUeHa, MOCKOJbKY B CAMOM HayaJse Mbl peHeOperau B/HSA-
HUeM KOBAaJeHTHOH CBfI3H Ha YyMeHblleHHe OTTajlKHBaHUA
MeXay d-3JeKTpPoHaMH, 4To MoxKeT 00/eruuTb crmapHBaHue
CTMUHOB. DTOT 3¢ deKkT no/mKeH ObITb 0COOEHHO 3aMeTeH /L1
HOHOB C BBICOKOIl Ba/IeHTHOCTBIO M, BEPOSITHO, TaKXe W LJs
MOHOB METAa.J1IOB BTOPOTO M TPeTbEro MepexomHbiX MepHo-
10B. Yuer 370ro adexkTa MOXKeT UMEeTb CYLLECTBEHHOE 3Ha-
yeHHe MPH KOJHUECTBEHHBLIX pacueTax, HO OH, BHAMMO, He
BJHseT Ha KauyeCTBEHHYIO CIPaBEAJHBOCTb CIeJaHHBIX BbI-
BO/0B.

2. B npenenax naHHOro nepexomaHOro fnepHoia U HOHOB
¢ OIMHAKOBOH BAaJEHTHOCTbIO JHUTaHABI CO CPABHHTEJIbHO
c1a0bIMH TOJASMH MOTYT NPHBECTH K CHNAapHBAaHHIO CIIHHOB
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y HOHA C WecTblo d-3JeKTPOHAMH, B TO BpeMs Kak MpH
CNapHBaHHM CIHHHOB Yy APYTHX HOHOB MpeANoJsaraercs
MPUCYTCTBHE JIUTAHIOB, PAaclOJOXKEHHBIX npaBee B pALY
JWIaHIOB, pacloJ0XKeHHbIX M0 Bo3pacTawollell cujie UX
nouJisi.

3. Moubl MeTa/IslIOB BTOPOTO W TPeThero MepHogoB Xa-
pakTepusdyoTcs Oo.ibliefl TeHleHUHel K CMapHBAHHUIO CIIH-
HOB, ueM HOHbI METaJ/lJ10B MMepPBOro MepHoaa. JTO 3ak/ioue-
Hlle BbITEKaeT M3 TOro (akrta, uTo BEJAHUYUHBI A A/ MOHOB
MeTaJ/J10B BTOPOrO H TPeTbero mnepHoioB MoBbilieHbl. OHO
NOATBEPXKAAETCS TaKXKe pe3yqabTaTaMH, MOJYYeHHbIMH [MpH
M3YVUEHHH aTOMHbBIX CMEKTPOB: AJst OGOJbLINX HOHOB Mmepe-
XOAHBIX METa/lJI0B BTOPOTO U TPETbero MepHOAOB CHJBI OT-
TaJKUBaHHs MeX1y d-3J]eKTPOHAMU MeHblle, YeM /15 HOHOB
nepBOro nepuoaa. ApyrumMu cjgoBaMH, CHJBI, CONPOTUBAAIO-
ujuecs CNapuBaHUIO CMMHOB, YMEHbLIAIOTCA [0 Mepe mepe-
X0/a OT MepPBOro Mepuoaa K MocaedyIOLHM.

Kaxabiii U3 3THX BBHIBOLOB MOATBEpKAaeTcss MHOTOYMC-
JIEHHBIMH ONBITHLIMY NaHHbIMU. Hanpumep, non Fe?* o6pa-
3yeT BbICOKOCTHHOBble KoMmmaekcnl ¢ F-, H,O, anndaruue-
CKUMH aMHHAMH W T. M., @ HU3KOCMHHOBbIE KOMILIEKChl —
¢ (eHAaHTPOJIMHOM H UHaHUI-HOHOM. Takum o6pa3oM, KpH-
THUecKasi rpaHulla B PsiAy JMIaHIOB, PacnoJ0XKeHHBIX M0
CHJlEe CO31aBaeMOro HMH MOvisi, B KOTOPOH MPOHUCXOJMUT U3-
MeHeHHe KOHMHUTypalWH, HaXOAHTCA FAe-TO MeX]1y aMMHua-
KoM u denantpoannom. C apyroit cropoubl, uvon Mn?* cna-
pHBaeT CNMHBI MpU OOGPA30BAaHUU CBSA3U TOJbKO C LHAHMI
MOHAMH, T. €. C HOHAMH, XapaKTepH3YIOWHMMHCH caMbiM
CHJIBHBIM T0JeM. ITO CcOTJacyercss ¢ 3ak/JI0ueHHeM, 4To
HOHbl d® TpeGyloT GoJiee CHJAbHBLIX [OJ€H JHUTaHAOB JL5
06pa3oBaHus HH3KOCMHHOBBIX KOMIM/JEKCOB, ueM HOHBI db.

AnasioryuHasi CHTyalHs BO3HHMKAaeT M y TPeXBaJeHTHBIX
HOHOB. Y HoHa Fe’* cmapuBaHue ClIHHOB MPOUCXOAUT TObLKO
Mpy HAJIMUYHK CBSI3W C JIMFaH1aMH, XapaKTepHU3YIOLHMHCA
OTHOCHTEJIBHO CHJbLHBIMU TOASIMH, B TO BpeMs Kak Hon Co3*
MMeeT CMapeHHble CMHHbBl BO BCEX IO CHX 0P H3YYEHHBIX
KoMIlleKkcax, 3a Hckaouenuem uoHa [CoFglP~. [Mlocaennni
NnpUMep ellle pa3 HJJOCTPHPYET JIETKOCTb CMAPUBAHHS CMH-
HOB Y HOHOB C Kon¢purypauuei db.

CpaBHeHHe MepBOro NMepexoaHOro nepuoia ¢ Mocjaeayio-
ILIUMH 0epHoJaMU NOJHOCTBIO MOATBEPKAAET HAll BHIBOA 3.
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B 1o BpemMs Kak B TMepBOM MepHOLe BHICOKOCTHHOBBIE
KOMIIJI€KChl BCTPEUAIOTCs CTOJAb JKe 4acTo, Kak H HH3KO-
CHHUHOBbIE, BO BTOPOM M TPEThEM MepPEXOHbIX Mepuoaax OHu
SIBJASAIOTCA  HCKIlOueHneM. Hamnpumep, coeluHeHUs TpexBa-
JIEHTHOTO OCMHSI B MPOTHBOIMOJI0XKHOCTL aHAJOTHUHBIM KOM-
TeKcaM TpPeXBaJeHTHOro »eje3a OObIUHO HWMEIOT CcrapeH-
Hble cnuubl. C APYroii CTOPOHBI, KOMMJAEKCH d® fBJSIOTCS
HOPMAaJbHBIMH H NapaMarHWTHBIMH He TO.JIbLKO YV HOHOB Mep-
BOIO MEpPHO/a, HO U Y HOHOB BTOPOTO H TPETbEro IepHoIoB.
DTO TOBOPHUT O TOM, UTO Mbl JEHCTBHTEJIbHO HMEEM M1eJ0
C ABJEHHEM ClapHBAHHsI CMTHHOB B KOHburypaunsax d4, dd u
d® a ne ¢ KakuM-1u6Go APyruM 3¢ dekToM, 06yCaOBAECHHBIM
O0JbIIHMH aTOMHBIMH HOMepaMH.

B 3akaioueHue ykakeM, uTO H3J0MKeHHas 3/ech Kaue-
CTBEHHAs TeOpHUs sBJAsieTcsl MPHOAHKeHHeM K Gosee KOJH-
YeCTBEHHOH TeopuH, pa3paboTaHHOH HE3aBHCHMO MHOTHMH
astopamiu [1, 3]. Dta nmocseaHss TeOpUs MO3BOJSIET pPacCuu-
TaTb KpPHTHUECKOe 3HaueHHe A, HeoOX01uMMpe [/ clapuBa-
HUS CIMHOB Ja1060r0 uona. HalineHo, uto 3TH paccuuTaHHble
3HaueHus A, B TOH Mepe, KaK 3TO MOXEO Obl10 0XH/1aTb,
COrJ1acyloTcst € 3KCINEepHUMEHTa/bHBIMU 3HaueHHsIMH A 174
JUraHao0B, PacloJ0KeHHBIX HauGosee GJM3KO K TpaHHLAM
nepexoja OT BBICOKOCIHHOBBIX K HU3KOCIHHOBBIM KOMIIJIEK-
cam.

4, CIAPMBAHHUE CITMHOB B HEOKTA3APHUYECKHUX
KOMITJNIEKCAX

[Tpo6siema cnapuBaHus CIHHOB B TeTpPasIpHUECKHX KOM-
TJIeKCaxX KauyecrBeHHO CXOHila C PacCMOTPEHHOH Bbllle AJd
OKTa3JpHueckux Komnaexcos. KoHbl, umelouine 6osblue
IBYX M MeHblle CeMH d-3JeKTPOHOB, MOTYT HAXOMHTbCs B
OMIHOM M3 JBYX Pa3JHUHBIX OCHOBHBIX COCTOSIHHH, B 3aBHCH-
MOCTH OT CHJIbI KpHCTadanuyeckoro nojs. OQHO H3 HHUX CO-
OTBETCTBYET OCHOBHOMY COCTUSIHHIO CBOOOANOro HOHA C Ma-
KCHUMaJbHbIM YHCJOM HECNapeHHbIX 3JeKTPOHOB; ETOpOE Xa-
pPaKTepH3yeTca HaJIMuMeM MaKCHMaJbHOTO UMCJ1a 3JeKTpPo-
HOB Ha OpOHUTE € U COOTBETCTBEHHO MEHBLIUMM UYHCJIOM He-
cnapeHublx cnuHoe (cm. tada. 7).

Onnako ¢ KOJNMUeCTBEHHOH TOUKH 3peHHs1 06e CTepeoxH-
MHUecKHe KOH(UrypauHu CHILHO OTJAHYAIOTCA OjHa OT
Ipyrofl, MOCKOJbLKY B TEeTPasApPHUECKHX KOMILIEKCax noJe
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JUraijoB ropazao cJjaabee, uyeM B OKTadJIpHUECKHX. ITO
NOATBEPXKIAAeTCsl KaK H3yueHHeM 3/JeKTPOHHBIX CIEeKTPOB,
Tak U pacuetamu. B nacrosiliee BpeMsi HeT [J0Ka3aTeJbCTB
cnapuBaHusl CIOHHOB HU B OJHOM TETPasApHUYECKOM KOMII-
JIeKCe HOHa MepBOro mepexogHoro nepuona.

Tabauya 7

PacnpeneiieHue d-3JeKTPOHOB B TeTPadpHUECKHX KOMIJeKcax
(n — 4uca0 HecnapeHHbIX CIIHHOB)

Yucno e 1c .

daneipo- | PTQIOREIIE BEWON | P e |

e t e t
1 0 — Lo - 1

2 |t — 2 |t -
3 Pt A SNt — 1
4 bt At 4 oA — 0
5 (. o 5 oA 0 1
6 N4 P 4 N M2
7 N ot 3 NN D
8 NN Nt 2 NN R
9 NN N 1 Ny R

OueBuano, uro HanOo.1ee 0.1arOMPHATHBLIMH YCJOBUSAMH,
CnocoOCTBYIOIUMMH  CNIaDUBAKHIO CIIHHOB HOHA, SBJSETCS
Ha/Jnyue B KOMILIEKCE:

a) Jaurapja c 60.bllIo# CUJ0H noJs;

6) HOHa MeTaJ/jla TPeTbero NepexoaHOro nepioja, npej-
NOUTHTEJNbHO C BbICOKOIl BaJEeHTHGCTHIO,

B) LEHTPAJbHOIO HOHA € 3/JeKTPOHHOH KOH(Urypauue,
NpH KOTOPOil HanboJiee JIerKo AOCTHraeTcs CllapuBaHHUe CMH-
HOB.

Konourypauueit, y KoTopoif cnapuBaHuHe CIHHOB B Te-
TPas3APHUYECKOM IOJe NPOTeKaeT HauboJsee JIerko, siBJSeTCs
Konourypauns d* D10 00DBACHIETCH TeM, UTO YHC/IO 3.eK-
TPOHOB B 3TOIl KOH(HUrypalHil KaKk pa3 JOCTATOUHO 15 3a-
noJHeHus: VCToHunBon opdutel ¢ {(cp. ¢ KoHdurypauueit db,
UMelouleil 3amo/JHeHHYI0 opOUTy fyg B OKTA3APHUECKOM
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noJsie). 31ech cJefyeT OTMETHThb, YTO COeAMHEHHSI COCTaBa
MReCl,; (rae M — wesiouHo# MeTans) muamarduTHbl. Ecgu
B pe3ysabTaTe PEHTreHOCTPYKTYPHOrO HccjefoBaHus Gyaer
YCTaHOBJIEHO, UTO 3TH COeAMHEHHsl COJeprKaT TeTpasjapuue-
ckuil uon [ReCly], oHu oKaKyTcst MepBLIM MPUMEPOM TeTpa-
3JAPHUYECKUX KOMIJIEKCOB CO CHAPEHHLIMH COMHAMHU *.

JJ151 MOJIHOTBI yIIOMsIHEM O MJOCKMX KOMIJeKcax co cra-
pPEHHBbIMH CIIHHAMM HOHOB THMa d’ u d8. JlerajbHO OHH pac-
cMartpuBaloTcst B ciaenyioulefi raase. Kak Mbl yKe BHAeaH,
B MJIOCKOM KOoMNJeKce opbuTa dy:—y: ropasiao MeHee YCTOM-
yHBa, yeM Jiobas apyras d-op6uta. [Ipu 3ToM s HOHOB
¢ BOCEMblO d-3JeKTpOHaMH, Takux, Kak Ni%t, Pd?*, Pt Au®+
¥ p., MOXKHO 0XHJaTb 06pa30BaHUsl MJIOCKHX KOMIJEeKCOB
C TNOJIHOCTHIO 3aMOJHEHHBIMH OPOUTAMU dyy, dyyy dy, 1 d2
NPH YCJIOBHH, UYTO PaA3HOCThL 3HEPrHil 3TUX OPGHT W OPOHTHL
Ux—y JIOCTATOYHO BeJIMKA, YTOOBl BbLI3BATH CNAapHBaHHE
CcnUHOB. AHasOrMuHbIM 06pa3oM HOHbI d7 MOTYT TakxKe
MMETb BCE€ 3JeKTPOHBl Ha CBOMX YeTblpeX HHU3LIHX OpOHTaX.
[TpeoGaamanne NJa0CKHX KOMIJIEKCOB HOHOB d® co cmapeH-
HBIMH CIIMHAMM B HHXKHUX NEPEXOAHBIX MEePHOAAX W MPAKTH-
yeckoe OTCYTCTBHE TaKHX KOMIJIEKCOB y HOHOB MeTaJJ0B
NepBOro MNepexojHOro MepHoAa MOXHO OOBSCHHTb TOUHO
Tak Xke, Kak 00bsiCHsieTcst OOJblIas TeHAEeHUHs K clapuBa-
HUIO CMUHOB B OKTa3JPHUECKHX KOMMJeKcaXx HOHOB 3THX
HHXKeJexalluX NepexoaHblX MepHOLOB.

JUTEPATYPA
O630pHble paborst

PaboTbl, UHTHPOBAHHBIE K pasfeny 2 B I, 2, TakxkKe HMEIOT OTHO-
UICHHC K MaTepHasnay JIAHHOH TJaBbl. CM. TakxKe:
Pa3zpnea 2
Jorgensen C. K., Proceedings of the 10th Solvay Congress in
Chemistry, Brussels, 1956, p. 355.

I Griffith J. S, Inorg. and Nucl. Chem., 2, 229 (1956).
9 Griffith J. S., Faraday Society Discussions, No. 26, 81 (1958).
3. Orgel L. E., J. Chem. Phys., 23, 1819 (1955).

“ Kak ycranosieno B Hacrosulee spems, coelinenns MReCl, conep
aar nMeprble rpyansl ReeCls uau tpumepnsie rpynnsl ResCliz co cs
sivn Re—Re, a me TeTpasapuueckue uonbl [ReCls)~. — lpum. ped,
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CTEPEOXUMMUSI

1. MOHHBIE KOOPJIMHALIMOHHBIE MHOTOTPAHHUKHU

[Ipexkge uem o06cyXaaTb OCOGEHHOCTH CTEPEOXMMHH
KOMIIIEKCOB NEPeXOAHBIX MeTaJ/lJlOB, paCCMOTPUM HEKOTOpBIE
pe3yabTaThl, KOTOpLIE MOXKHO MOJNYUHTh W3 CHJALHO YMpo-
nieHHoil MOHHOH Teopuu. Ilpeamosoxkum, uro:

1. Moubl $BASIIOTCA 3apsXKEHHBIMU, HECXKHMAEMbIMH H
HenoJsipu3yeMbIMH cepaMu.

2. PacnosioxkeHue HOHOB OIHOrO 3apsiia BOKDPYr HOHA
¢ MPOTHBONOJIOXKHBIM 3apAA0M fIBJseTcs YCTOHUHBBIM TOJb-
KO B TOM C.yuae, €C/H LUeHTPabibli HOH HAXOAUTCH B KOH-
TaKTe C KaxXAbIM H3 CBOMX coceleil. ITO ycJoBHE AJs1 Ka-
JKIOT0 THIA KOOPAMHALMOHHOTO MHOTOT'paHHMKA oOlpeje-
JisleT HUXKHHE Npeies OTHOLIEHHs pajadyca LEeHTPAJbHOro
HOHA K paJaMyCy OKpYyXKalolKX HOHOB. lpyrumu cjoBamu,
€CJIM LIeHTPaJbHbIH HOH OKaKeTcsl CJAUIIKOM MaJeHbKHUM, OH
6yner Kak Obl npbiraTh OT OAHO TpPyNIbl JUFAHAOB K ApY-
roii. [TocKOJIbKY M0J0KUTeNbHblE HOHBI MOUTH BCEraa MeHb-
lle COMYTCTBYIOLIHX UM B KpHCTaJ/dJax OTpULATeNbHbIX
HOHOB, 3TO OrpaHHuYeHue (pakTHUECKH O3HAYAeT, YTO KOOPIH-
HALMOHHOE YMCJIO0 MaJeHbKHX HOHOB MeTaJjJa IJaBHbiM 006-
pasoM onpenessieTcs NpaBUIOM OTHOLIEHMS PaiHyCOB, B TO
BpeMs KaK KOOpDJHHALMOHHOE YMCJIO aHHOHOB BECbMa PeIKO
onpenenserTcss 3THM NPaBUJOM.

3. KoopanHHaLMOHHOE YMCJIO  SIBJASETCH MaKCHMaJbHO
BO3MOKIbBIM, U €ro 3HaueHue orpanuyeHo ycsaoBuem 2. Ko-
HEeuHO, KOOPAMHALMOHHOE UYHCJIO MOXKET 3aBUCeTb TaKXe U
OT COCTaBa BelIeCTBA, €CJHM 3TO BELLeCTBO HAXOLHUTCS B BH-
lle OTAeJAbHBIX MoJex\vi, Kak, Hanpumep, TiCly B rasopoit
dase.

4. Jlurauabl  KOOpIHMIIHPYIOTCS OKOJ0 LEHTPaJJbHOr0
HOHA TaKuM 00pa30M, UTO 3HEPrus 3JEKTPOCTATHYECKOro
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OTTAJKHBAMHIIS MeZK/AY JHTaHAAMU sIBJISETCHd N0 BO3MOYKHO-
CTH MHIHMAIbHOIL.

M3 ycaoBus 4 caeayer, 4To MA€a. bHbIH HOHHBIH KOM-
niaekc tuna AB, pomken ObiThb JHHEHHBIM, MOCKOJBKY B
3TOM cJydyae paccrosinue B — B maxcumasnbHo BO3MOKHOE
H, CJeJOBATeNbHO, SHEPTHS 3JeKTPOCTATHYECKOTO OTTaMNKH-
BaHHS MexAay rpynnamu B mMuHuMmasnbHa. AHaJOTHYHBIM 06-
pasoMm, 3HEprus OTTaJKHBAHHSl Mexnay rpynmnamu B B KoM-
maexcax tuna AB; 6Gymer MHHUMAJIbHOH, eCIH MOJIEKYJa

X
x % x
D — ) T M
a z é
x
x
M
x x
x
2
X

Puc. 18. CumMeTpis MOHHBIX KOODIHHALMOHHBIX CTPYKTYP.

a—anueitnas  MX,; 6 —paBuocToponHuii  Tpeyroabunk MXg 8 —rTeTpasnp MXg
2 —okTtasanp MX.

mJocKasi, a rpynnel B HaXoasitcs B BeplIHHAaX PaBHOCTO-
poHHero TpeyroabHHka. MoXXHO ykasaTb ellle Ha ABa CJay-
yas, KOrja TpeanouTHTesNbHasi KOHQGUIYpalUHs 3aBHCUT
TOJBKO OT cuMMeTpHH. Peub ujger o kommiaekcax tuna AB,
1 ABg, 1J5 KOTOPBIX cJ/leflyeT NpennosoxHTb NPaBH/AbHYIO
TETPA3APUUECKYI0O M COOTBETCTBEHHO MPABMHJbBHYIO OKTa3[-
pHueckyio KoH(purypauunu. Bce 3T onpenessieMble CHMMe-
Tpuell KoH(Hrypauun n3oOpaxeHbl Ha puc. 18.

Bo Bcex ocTajbHBIX BaXHBIX cJayuasx ONTHMaJbHas
Kondurypauus omnpejesasiercs He TOJbKO OJHHUMH coobpa-
JKEHHSIMH CHMMETPHH. XOTa M MOKHO PAacloJIOXKHTb BOCEMb
0JMHAKOBHIX Ipynn B B Bepwunax Ky0Ga, NpaBHIbHO ODHEH-
THPOBAHHOTO BOKPYT LieHTpasbHo# rpynnet A (puc. 19, a),
3Ta KoH(Urypaums, OIHAKO, He COOTBETCTBYET MHHHUMYMY
5HEPTHH 3JeKTPOCTATHUECKOrO OTTAJNKHBAHUS MeXKAy TpyI-
namu B. Hanpumep, KBaapatHasg aHTHIPH3Ma, H300paXkeH-
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Has Ha puc. 19, 6, saBaserca Gosee GaaronpusaTHON KOH(H-
rypauueil.

EnnHCTBeHHBIMM KOH(MHIYpaNUsMU KOMIJIEKCOB THIA
AB;, AB; u AB,, y10BJIeTBOPSIIOLINMH YCJOBHIO 3KBHUBA-
JIEHTHOCTH BceX cBsizeil AB, aAB/SIOTCA 3HEpreTHYeCKH HEeBBI-
roansle mjockue kKoHdurypaunu. Ha puc. 20 nsobpakeHbl
HEKOTOpble KOH(UrypaluH, KOTopble obecneuuBaloT CpaBHHU-
TeJIbHO BLIFOJHYIO SHEPTHIO 3J]EeKTPOCTATHUECKOTO OTTaJjlKH-
BaHusl. JIBymMs HauboJsiee BaKHbIMH KOH(HIypalUsIMH THIA
AB;s siBasOTCS KBajpaTHasi nupaMuja W TPHrOHa/AbHAs OH-
NUpPaMHJa; 3HEPTHH 3JIEKTPOCTATHYECKOrO OTTaJKHBAHUSA
IJ1 3THX KOH(Urypauuil ouenb GJU3KH Mexi1y cOOOMH.

Puc. 19. Ky6uueckas u kBajpaTHas aHTHIPH3Mbl Aas rpynn MXs.

Jo cHx mop Mbl N0OJb30BAJNUCh YCJaAOBHeM 4 s onpeje-
JIeHUs HaeasbHOll KOHQUrypaumu KoMmmJdekcoB Tuna AB,.
Tenepb ONmpejienM 3HAUEHMs OTHOLIEHMH paHyCOB ra H
rg HOHOB A u B s Kaxa0oro KoopaHHaUMOHHOrO YHcJa,
KOTOpbie corsacoBaauch Obl ¢ ycaosusimu 1 u 2. OueBnpHo,
YyTO JHHelHas CTPyKTypa kKommiekca AB. ynosnerBopsier
YCJOBHIO 2 mpii /060N 3HAUEHUH OTHOLUEHMS paJHyCOB.
C npyroii CTOpOHBI, 3J1eMeHTapHble reoMeTpHYeCKHe pac-
Cy»JleHHs TOKa3blBalOT, YTO B IIJIOCKOM KOMILJIEKce THIa
AB; non A 6yner kak Obl mpbiraTh BHYTPH TpeyroJibHUKa
13 HOHOB B, ecsu OTHOUIEHHE r4/rp OKa:KeTcsl MeHblle, ueM
0,155. Takum oGpa3on, COraacHo YCJ10BHIO 2, OUYeHb MaJeHb-
kuil HoH A ne moxer obpasoBath Kommaekc ABjz ¢ 60iib-
MM HoHoM B, a ByMecTo 3TOrO mM0s12K€H 06pa3zoBaTh KOM-
nnekc AB,. TouHo Tak zKe MOXKNO NPHIITH K BHIBOAYV, UTO
komiieke ABs Oyner ycTOHUnBBIM TOJIbKO B TOM CJyuae,
€C/M  OTHOLUCHME paJuycoB  YAOBJIETBOPAET  YCJIOBHIO
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0,155 Lralrpg <0,225, nockoabKy, ecau ra/rg > 0,225,
VCTOHUMBON OKasblBaeTcsl TeTpasipHueckas KOHuUrypauus.
[TotyueHHble TaKUM MyTeM Npede.abl OTHOLIEHHS PadHyCOB,
Y/0BJIETBOPSIOLLHE KaxXX[AO0MYy THIy KOODAHHALHH, NpPHUBeE-
IdeHel B TabJ. 8.

z z
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Puc. 20. Hekoropble Haubosee BHIFOAHBblE 5-, 7- U 9-uneHHble KOOp-
JMHALHOHHBIE CTPYKTYPBL
a — TpuroHaabuas Ounupamuiaa; 0 — KBajipaTHas NHPAMHIAA; 8 — KOOPAHHALKA THNa 4—3;

2—7-uleHHA KOOpPIMHAUMA; O — 9-ujeHHAS KOOPAMHALUA. ATOMbBI, PACHONOXKCHHbIE
BbILIe M HHXKE [NOCKOCTH yepTexa, 0003HAYAIOTCH COOTBEETCTBEHHO 3HakamMu + u (.

Tenepb, yuuTbIBasi ycsaoBHSI 2 H 3, paccMOTPHUM KOM-
nanekc AB;. B tpuronasibHON Gunupamuze yroa Mexay oce-
BbIMH M paauaJbHbIMH cBs3siMu pasen 90° T. e. paccTosiHue
B — B He MmeHblue, yeMm B OkTasape. Takum oOpasom, M3
yCJ0BHA 3 MOXKHO 0XKH1aTb, UTO OKTa3ApHuyecKas KOHGUTY-
pauus Oyner OoJsee NpeaNoOUTHUTENbHOH, YeM TPUrOHaJbHas
6unupamuaa. Toyno Takum ke 06pa3oM MOXKHO MOKa3aTh,
YTO OKTa3ApHYeckas KOOPAMHALUSA ONATb-TaKH 6oJjee Bbl-
rofHa, uem Kpajapartnasa nupamnia. OTciona MOKHO cle-
JlaTh BBIBOJA, UTO Koopaunauus tuna ABs mosmkna ocyuie-
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CTBJISAATBCS TOJIBKO B H30JHPOBaHHBIX (CBOOOAHBIX) MOJEKY-
Jax WM HOHaX.
Ta6ruya 8

[IpesenbHble COOTHOWEHHUS PAAMYCOB AJSI Pa3JHYHSIX
KOOPAHHALMOHHBIX MHOrOrPaHHHKOB

MuHuMaabHOe

. Koopnuua- 3HaueHue

Muororpannnk nHonNoe OTHOLICHHS

YHCI0 pa1nycos
PaBHOCTOPOHHUH TpeyroabHUK 3 0,155
Terpaszp 4 0,225
Tpuronanbnas OGunupamuia 5 0,414
KBanpartHasi nupamizia 5 0,414
Oxrasnp 6 0,414
ApxuMesnoBa KBajpaTHas aHTH- 8 0,645

npusMa

Ky6 8 0,732

[TpoBenennoe oOcy:KaeHHe MoKasblBaer, 4TO BCTpevalo-
iKecs 4acTo MPaBHJbHBIE TETPASAPHUECKHE H OKTA3APHUE-
CKHe KOMIJIEKChl HOHOB MET4JJ0B He TpefyloT creinalb-
HOro OODBACHEHMS C BBe/leHHEM TAaKUX MOHATHEH, KakK rHbpu-
ausauus csgsefl W T. n. OgHAKO ApyrHe CTPYKTYPbI ¢ KO-
ODAMHALMOHHBIMHM YHCJIaMU 4 W 6 Hy:KZalTCsl B NoaoGHOM
o0bscHeHHH. B KauecTBe mpuMepa MOYKHO MPHUBECTH XOpO-
IO H3BECTHble MJIOCKHe KOMILIeKcel HoHOB NiZt, Pd2+ u Pt2+

[IpuBeneHHble cooOparkenusi, 3aUMCTBOBAHHBIE U3 3J€K-
TPOCTATHUECKOH TeopuH, GopMadbHO NPHMEHUMBI TOJALKO K
CO€HHEHHAM, COCTOALIHM H3 OIHOATOMHBIX HOHOB. OmHAKO
MOXXHO AYMaTb, YTO KAUECTBEHHO OHHM MPHUMEHHMBI H K 60-
Jee WIMPOKOMY K.accy BellecTB. Tak, Hampuyep, XOTs1 3TO
M He/lb3s J0KasaTh B oflleM BHJAe, BECbMa BepPOSTHO, uTO
npaBHJibHble OKTa3]1pHuecKHe U TeTpasJApHUECKHE KOOpIH-
Hallu¥ ABJAAIOTCA TaKiKe NPEANOUTHTENbHBIMH H I 6O.Jb-
WIHHCTBA JUTaHA0B — AUNOJbHBIX MO.JIEKYJ HJIH MHOrOaToOM-
HbIX aHHOHOB. Takye KoOpJHHAlIMW SBJIAIOTCA HauboJee
NPOCTBIMH; PACCTOSHHE MeXK 1y JHTaHZaMH MaKCHMAaJbHO
BO3MOXKHOE, H, C/1eJ0BaTC.1bHO, IHEPrust HX B3aHMHOIO OT-
TajKuBanua MuHUMagabHa, [lpeanosarate ocyliecTs/ieHue
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3THX KOH(HUTypaluil cleayer B TOM c/yuae, ecjad pacnpe-
Jeselile 3apaaa LEHTPAJbHOrO HOHA MOXKHO CYHTaTh cde-
puueckH cHMMeTpuuHbiM. Tak, M3 Qakxra CyllecTBOBaHHS
okrayapuueckoro komniaekca [Co(NHj)e)** ewwe nenbsa cue-
JaTh 3aKJ/IOUEHHs, YTO CBSI3U B HEM HUMeloT 6oJiee KOBaJIeHT-
HbIfl XapakTep, ues, cKaxeM, CBsi3u Mexay uoHom Nat u
OKpY2KalollMMH ero B BujJe okTtasapa uonamu Cl- B NaCl.
C npyroii CTOpOHBI, AJasi OOBSCHEHHS NJIOCKOIN CTPYKTYPbI
kommaekca [Pt(NHj)4** moryr ObITb MCHOJIB30BAHBLI Te XKe

coo6parkeHus, UTo U NpH OOBACHEHHH CTPYKTYPbl MJIOCKOTQ
vona [PtClyJ*-.

2. 9PPEKT SIHA — TEJIJIEPA B OKTA3/IPHUYECKHX
KOMIIJIEKCAX

Mgl yxke 3HaeMm, 4TO MPABHJAbHOE OKTa3JpHUECKOoe OKpY-
JKeHHe LIeCcTbl0 OTPHLATeJNbHbIMH HOHAMM WJH ILECThblO AHU-
MOJbHBIMHM MOJEKyJdaMH aBJseTcss Haubosee O.1aronpusr-
HBIM AJ51 MOJIOXKHTEeNbHOTO HOHA €O C(epuuecKd cumMe-
TPUYHBIM pacnpejesneHnemM 3apsna. Temepb Mbl MO3HAKO-
MHMCsl C TOpa3no 0oJiee yAUBUTEABHLIM (DAKTOM, a, HMEHHO,
YTO /51 HEKOTOPBbIX HOHOB C YaCTHYHO 3aMOJIHEHHBIMU
d-060/0UKaM¥ MPaBUAbHOE OKTa31pUUYECKOe OKpPYKeHUe He
SIBJSIETCS yCcTOUuusbiM. 31eChb HET MPOTHBOPeuHs, MOCKOJb-
Ky, Kak Mbl YBHIHM T[O3Ke, pacnpejeneHude 3apsaa y
HOHOB € YaCTHYHO 3aMOJHEHHbIMH d-000/04KaMiH Ha CaMOM
neje He sIBAAETCS C(HEepPHYECKH CHMMETPHUYHBIM.

O611YI0 TEOPHIO 3TOrO SIBJEHHS Jyullle BCEro MpOUJIIIO-
-CTPHPOBATb HAa KOHKPETHOM IMpuMepe, HanpuMep, Ha HOHE
Cu?, Koudurypauus d-sJ1eKTPOHOB B 3TOM HOlie CJerylo-
uias: (f2¢)%{cg)3; B OKTA31pHYECKOM MOJ€ OCHOBHOE COCTOS-
HHe JBaXjbl BbIPOXKJEHO, MOCKOJbKY BO3MOXHBI JBa pas-
JHUHBIX pacrpejeseHus 3.1eKTPOHOB Ha opbOute eg: (d)?
(dxz_ y?)l 48 (dzz )1 (dxz_. y2)2.

[Mpeanosoxkum, uro wuod Cu?t ¢ KoHdurypaunei
(£26)8(d22)? (dx2—y2 )! HAXOLHTCSE B MPABHJBLIOM OKTadApHue-
cKOM OKpy:Kenuu. Ham n3BecTHO, 4TO pacnpejeienue 3a-
psiaa B noHe d'° o6aanaer cdepuueckoil cummerpueil. Pac-
cyatpusaeMblil Hayu Hon d oranuaerca oT hona d'? e,
UTO y Hero Y/aJeH Ol 3J1¢K1pol ¢ opoUTLl dy:oye  1o-
_CKOJIbKY ~3JICKTPOHHAs [JIOCKOCTb 9TOH OPOMTHL CKOHLeH-
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TPUPOBAHA BAOJbL HampaB/JeHHH CBS3H B MJAOCKOCTH XY, HO
He MO OCH 2, MOXKHO G€IeJaTb BBIBOA, UTO ecau opbdura
dy:—y: 3a00jHEHa JHIIb YaCTHYHO, JHIaHAbl B MJIOCKOCTH
Xy UDPUTATHUBAIOTCA K SIAPY CHJbHEE, 4eM JIMFaHAbl BAOJb
ocit 2. HMuaue roBops, yjhajeHHe 3J€KTPOHA € OpOUTHI
d,:—y: MOHA ¢ KoHourypa- z

uueit d'° npuBOASIT K TOMY, z
yto o6pa3oBaBUWIMHACA HOH >

yXKe He sBJAeTCs IOJHO-
CTblO CchepuuecKH CHMMET- g z
puunbiM. B pesyabrate
3TOrO MO OCSIM X W Y SIAPO
3KpaHUPOBAHO 3J€eKTPO-
HaM{ MeHbllle, ueM 10
ocu z. [Tlockosabky cusia
B3aUMOJENCTBUS HOHA C
JIUTAHJ0M MPONOPLUHOHAIb-
Ha 3apsay sapa, a 3TOT z
3apsan Tem Oo.blile, ueM
MeHbllle OH 3KpaHHpOBal
3/€eKTPOHAMH, TO JUTAHAb X< x
B IJIOCKOCTH XYy MpPUTATH-
BalOTCs K f1py ¢ 6o.bliel
CHJIOH, ueM JWTraHAbl, pac-

8 Q8

X
TOJIOXKEeHHble TI0 OCH 2 (CM.
puc. 21). z
EcTecTBeHHLIM pe3yilb- 6

TaTOM TaKOrO HEPABHOUECH-  pyc, 21, Wckaxenne, BO3MHKA-
HOro TNPHTSKCHUA SBJAACT-  Hiee NpH yaajleHuH 3JeKTPOHA d 5 _
¢d TO, 4TO PAaBHOBECHO€ wmau d,, u3 3aMKHYTOH 060s0uKIl 410
MeXbAAepHOe pacCTOAHHE  pceaeacTsue addekra Slna— Teanepa.
AJig JIMranloB B TIOCKO-  g—p pesyabraTe MCubwicii SkpannpoBku
CTH X OKa3HIBAETCA MeHb-  LIoC e e L npimasenns altranton,
UM 1O CPABHEHHUIO C Jiil- PACMON0KEHHBIX MO OCH 2.
raHjlaM¥, paclo/JOXKeHHbI-

MH [0 OCH 2. Hanommm, UYTO PAaBHOBECHBIM MEXDbAAAEPHBIM
pacCTOTHHEM Ha3blBAETCS TaKCe paccTosHHe, HA KOTOPOM
CUJBI OTTAJKHBAHUA, BO3HHKAKOLIHe B pesyJ/ibTaTte nepexphl-
BAaHHWA 3JIEKTPOHOB JHIraHia co CQ)GPH‘JECKH CHMMETPHUHbIM
pacnpeneJeHHeM BHYTPCHHHX 3JeKTPOHOB OCTOBAa HOHa Me-
Tadda B TOYHOCTH CKOMIEHCIIPOBAHLI CILIaMH MPHTsIZKENHs,
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00yc/10B1€HHBIMI 00pa30BaHHEM KOBAJEHTHBIX H 3J€KTPO-
cTatHueckux cBsized. Taxkum 06pa3oM, H0AXKHBI CYLLECTBO-
BaTb YeTbipe KOPOTKHE CBA3H, B MJIOCKOCTH KOTOPBIX HAXO-
IMTCA aTOM MeTaJJa, W JBe [JIHHHblE; B3sTble BCe BMeCTe
3TH CBA3H 00pasyloT HCKaxKeHHbIl oKTasap {(puc. 21).
C apyrofi CTOpPOHBI, €CJaH He XBaTaeT OJHOrO 3/JeKTPoHa Ha
opbute d>:, Xapakrtep HcKaeHHst GyAeT MPOTHBOMONOXKHbIM,
a MMEHHO: BO3HHKHYT JIB€ KOPOTKHE CBSI3H, PAacMOJOXKeHHbIe
Ha OJHOI NpsIMOM, 1 ueTbipe 60Jiee NJUHHbIE CBSI3H B MJOCKO-
CTH, NepNeHJUKYAAPHON HanpaBJ/eHHI0 KOPOTKHX CBs3edl.

dJeMeHTapHas TeOpHs He B COCTOSIHMM MpelncKa3aTb, KO-
TOPOE M3 3THX MCKaXXeHuil npuBOAMT K 6o.bllell crabu.u-
3allik KoMmM.lekca. Mpl nonajem B elle 6ojee TPYAHYIO CH-
Tyauuio, KOrja BO3MOXHBI Apyrue 0oJee CJ0XKHbIE HCKa-
JKEeHHs, HallpUMep, KOrjla yaalsieMblii ¢ OpOUTHI ey 3/1eKTPOH
ONMHUCBLIBAETCS BOJHOBOH (DVHKLHEH, npeacTaBJsiouiell co60H
JUHEeHHYI0 KoMOHHALHIO OpOUT dy» U dy—y». Becbma TOu-
Hble pacuetvl dnuka u [lpaiica [I] maoT ocHoBaiue npen-
NOJOKHTb, UTO KOOPAHHALHS C UYETbipbMs KOPOTKHMH CBfl-
3iMH BO BCEX CJy4asix J0MKHA ObiTh 6Gojee ycTOHUMBOM.
Oxnako 3TOT BBIBOJ ObIJ MGABEPTHYT COMHeHHIO JIMpoM H
Banbxaysenon [2]. B cienyioliem pasgese Mbl yBALHM, 4TO
Ha onbiTe, Kak MpaBHJ/0, HabJal0daeTcsi KOOpAUHALHS C ue-
THIPbMs KOPOTKHMH H IBYMs AJHHHBIMH CBA3AMM, H B Ha-
CTOsilllee BpeMsl U3BECTHO JHLIb OAHO HCKJOYelHe. DTO Npu-
Mep JI06GOMBITHONH M BecbMa XapaKTepHOH /5 TeOpHH MOJf
JIUFAHJ0B CHTyalHH, KOTAAa Mbl MOXEM C YBEpPeHHOCTbIO
npeackKasaTtb, UYTO OKTadApHUYECKOe OKpY:Keline 1eycToii-
YHBO, HO NIPH 3TOM HE MOKeM BbIAeJIUTb Haubosee yCTOMi-
UHBYIO M3 MCKa)XKEeHHBbIX KOH(HTYpauui.

[anbHeiilllee MOHUMaHHe TMPHPOABI MCKAMKeHHIl OKTasI-
pHUECKHX KOMIJIEKCOB HOHOB d° MOXKHO MOJIYYHTb, HCCJe-
Jlysi XxapakTep H3MeHeHHsi ypOBHeil d-3JeKTPOHOB NpH repe-
X0le OT NMPaBH/bIIOrO OKTad1pa K HcKaxKeHHoMmy. [lpenno-
JOKHM, UTO Mbl VKOPOTH.IM U€Tbipe CBSI3H B MJOCKOCTH XY
M YIAJHHHJII ABe CBs3W B HanpasjeHuu 2. OueBHIHO, 4TO
OpH 3TOM YCTOHUHBOCTE OPOMTHl dy:.v: MOHH3HTCHA, A dz
NOBBLICHTCS, KAK 9TO NOKa3aHO Ha puc. 22. YAJHHeHHe CBA-
3ell B MJOCKOCTH XY C OJHOBPEMEHHDLIM YKOpOUellHeM CBS-
3efl no ocu z crabuausyer opéuTy de-ye 32 cueT OpOH--
Tol d:. Teopus moxkasbiBaeT, 4TO B NePBOM NPHOJHKEHHH
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cTabu/au3alua oJHOH opOuTh paBHa AectabuaM3auUu ApPY-
rofi. Ecau Mbl DOJKHBI pa3MecTHTb Ha opOHTaxX €g TPH
3JIEKTPOHA, TO, MoMellas ABa U3 HHUX Ha YCTOHUUBYIO OpPOUTY
M OJMH HA MeHee YCTOHYHMBYIO, MOJYUYHM BBIUIDbILI B 3HEP-
TMH OpPOMT MO CPaBHEHHIO C 3HeprHeil HOHA B HEHCKaXKeH-
HOH KOOpAMHALMM, PaBHBIH 1,3, rme § o3Hauaer pasHHUIly
3Heprufl dxi—y» U d . ViMEHHO 3TOT BBLIMIpBILI B 3HEPTHI

A

-

Pacmsixncenue Cacamue
4-X KONAQHAPHLIX 4-X KONNGHAPHOIX
cas3eu cosizeu

Puc. 22. 3asucuMOCTb 3Hepruil op6urt dy_yo M d, OT BEAHUHHBI
MCKaXKE€HHfl MPaBHJbHOH KyOHUECKOH CHMMETpHH.

OpOHT sIBJAsIeTCS NPHUYHHOH BO3HHKHOBEHHS CHJ, NPHBOJSA-
HIHX K HCKaXXeHHIO.

Jlo cux mop Mbpl paccMaTpHBAJIU KOMILJIEKChHI ¢ HEUETHbIM
UUCJIOM 3JIEKTPOHOB Ha opOuTax ey Takx, Hanpumep, MOKHO
OXKHIaTh, UTO HApYLIEHHs NPHUBEIVT TaKKe K UeTblpeM KO-
POTKHM M ABYM AJMHHBIM CBS35iM B KOMIJIEKCaX CJeaylo-
ILHX YacTO BCTPeYaIOLLIUXCS HOHOB MeTaJll0B:

dt (4% (et Cr?*, Mn* ¢ BBICOKHM CHHHOM
d’ (t,)°(e,)t  Co®*, Ni’* ¢ HuBKHM CnHHOM
d®  (,,)°(e,)* Cu’*, Ag?*.

[Tpexxjme ueM NOAPOOGHO O3HAKOMHTBLCS C 3KCIEPHMEH-
TaJbHBIMH JaHHBIMH, CJ1e1VeT, BEPOSITHO, yKa3aTh, 4TO M.10-
CKHe KOMIJIEKCHI MOZKHO paccMaTpHBaTh Kak MNpejebHblil

5 JI. Oprea
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clyyall MCKaX<€HHbIX KOMMJIEKCOB, y KOTOPbIX MOJIHOCTBIO
yaaJjeHbl ABa Haubojee cnabo cBs3aHHBIX Juranpa. [losxe
Mbl YBHIHM, B KaKOH Mepe TeOpHs, M3J0XKEHHAs B 3TOM
pasfeJe, COrJacyeTcsi ¢ 3aMeuyaHUsiMH O MJOCKUX KOMILJIEK-
cax MOHOB d! U d®, clenaHHBIMH Hamu B pasjenie 4 ria. 3.

Cpenu HMOHOB, Yy KOTOPHIX OGHApYKHUBAIOTCS CHJbHbIE
MCKaXKeHHusi, HauboJsee uccaenosad won Cu?t. [Ias Hero xa-
pakTepHbl OKTa3JpHuUecKue W IJIOCKHe KOMIJIEKChI, XOTS H3-
BECTHO M HECKOJbKO TeTpa3JpHUYecKHX, Kak, Hanpumep, B
Cs,CuCly, CuMMeTpHss OKTa3ApHUYECKHX KOMILJIEKCOB, KakK
MpaBMJIO, HapylleHa, U BO Bcex cayuasix, kpome KyoCuF,,
nOHapy:KeHbl  YeTbipe KOPOTKHE KONJaHapHble CBS3H.
B KoCuF, Haligens nBe KOpOTKHe W ueTblpe AJHHHblE CBSi-
3u * [3].

XoTsi pa3pab6oTaHHasi HaMH TeOopHs Gblla HCMOJb30BAHA
st OObSACHEHHS MCKaKeHHH B OKTa3ApPHUYECKHUX KOMIJIEeK-
cax, OYEBHJHO, YTO OCHOBHble MPHHLMNOBLI 3TOH TEOPHH MpH-
MEHHMBl H K IPYruM KoopauHauusm. Ecau «abipka» B 060-
Jouke d HAXOAUTCSA Ha opbute dxz—y2: TO CBA3H B MJOCKO-
CTH Xy OYIYT OTHOCHTEJNbHO NpOYHEEe, YeM CBS3H MO OCH 2,
Iaxke B cJyuyae HEOJHHAKOBLIX Juranaos. Ha ocHoBe 3toro
NOJIOXKEHHS] MOXKHO MOHSATb CTPYKTYPY APYrux 6oJsee ClOK-
HbIX coeluHeHHMil AByxBajeHTHOIl Mmeau. Has uamocrtpauuu
o6UlKX M0J0KeHUil Teopuu B Tab.a1. 9 Mbl cobpasan HeKOTO-
pble CBelleHHsi O CTPYKType COeJIHHEeHHIl JBYXBaJeHTHON
MeJIH.

Vayuenbl MHorue coefnHeHuss Mn3*, B toM uucse MnF;,
non [MnFs]*- u Mn;O4. B KaXaoM M3 3THX cIydyaeB TakkKe
o6HapyKeHo, YTO W3 LIeCcTH CBA3eH LEeHTPaJbHOrO HOHA ye-
ThIpe KOPOTKHe, a aBe Gosee asnuunble. ColictBa noHa Cr?
usyuasauch B coennHenuu CrFo, KoTOpoe, Kak oKasaJoch,
HMeeT TaKyl0 Ke HCKaXKeHHYI0 CTPYKTYpPy pyTHJIa, Kak H
CuF,. HMon Ni®* uccaenoBascss B HEKOTOPBIX KOMIJIEKCHBIX
okcuaax, Takux, kak NaNiQO,. YCTaHOB/J€HO, UTO OH HMeeT
B 3TOM COeJMHEHHH HHU3KOCIHHOBYIO KOH(HTYpaUHMIO H CBH-
3al ¢ MOHAMH KHCJOpPOJA 4YeTbipbMsl KOPOTKMMH H IBYMs
OJHHHBIMY cBsidsiMu. Mon Co?* o6bIuHO BCTpeyaeTcs B Bbl-

* CoBceM HEIAABHU Ubidn Vunup,AECHbL  cite IBA CJIyd4ast Takoro
vwckaxenus B coeanHenuax MCrF; u MCuF; rae M — weaounoii me-
TaJjll.
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MeaTOMHble PacCTOSAHHS B HEKOTOPbIX coefHHeHHsX Cu?+

Coenunenne

o
Ha paccrosuuu, A

CuO

CuCl,

CuBr,
CsCuCl,

CuF,

(CrFy)
K,CuF,

Cu, (OH),CO,
CuCl, - 2H,0

K,CuCl, - 2H,0

Cu (auerar), - H,O

Cu (dopmuar), - 4H,0

Cu (npoauH), - 2H,0
CuCly (nupuaun),

Cu (NH;),S0, - H,0

C u-IUMETHITTHOK CHM

Cu (NH,;), Cl,
Cu (NHs), Br,

5*

1,95

(nnockas KBagpar-

Had -KOHQHUrypanus)
2,30

)

2,95
2,40
3,18
2.30
2,64
1,93
2,27
1,98—2,01
2,43
2,08
1,95
1,98
271
2,01
2,31
2,98
2,01
2,29
2,93
1,97
2,30
2,64
2,00
2,36
1,99
2,03
2,52
2,02
2.28
3,05
2,05
2.59
3,37
1,94
243
1,95
276
203
2,88
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COKOCIHHOBBIX KOMIJIeKcax. M3yueHHble HU3KOCTHIIOBLIE €ro
KOMIIJIEKChl CUMTAIOT TJIOCKHMH, XOTSl PelTIeHOCTPYKTYp-
HBIM aHaJ/JqU30M 3TO 10 CHX MOp He MOATBEpPEHO.

Taxkum o6pa3oM, Bce Te HOHbI, AJsi KOTOPBLIX HAa OCHOBE
MPOCTOi MOZesH Oblla MpejcKa3aHa BO3MOXKHOCTb MCKaiKe-
HHs1, Obl1M HaleHbl 100 B criellu(PUUecKd HCKAaKeHHbIX OK-
Ta3ApHUYECKHX KOMIJIeKcax, JUb0 B MJAOCKHX KOMIJIEKcax.
Moxer nokasatbes, YTO M3 OOWHPHOH JUTepaTyphl MO XH-
MUK KOOPAHHAUHOHHLIX CO€AMHeNHIl Mbl BbIOpaJ/H JUIbL Ta-

KHe TpUMepbl, KOTOpble Mof-
Ti TBepXKIalOT [MOJyUueHHble Ha
OCHOBE MPOCTOi TEOPHH BBHIBO-
Abl. To, UTO 3TO He TaK W 4TO
CTPYKTYpa KOMILJIEKCOB JeH-
CTBHTEJBHO onpeesnsercs
CTPOEHHEM 3JeKTPOHHBIX 060-
JOoueK HOHOB, CTAHOBHTCS siC-
HbIM, eCJH paccMaTpHBaTh
psil  aHAJOTHUHBIX COedHHe-

Puc. 23. Crpyxktypa pytuna.  yuii. Hanpumep, Bce GToOpuabI

nonoB Fe?*, Co?*, Ni** u Zn?*
UMeIOT CTPYKTYypy pyTuaa (puc. 23), a dropuan Cr?* u
Cu?* — cTPYKTYPY PyTH.1a, HCKAXKEHHYIO OMHCAHHLIM BhILUE
o6pa3oM. IDTO paszJjuyHe B CTPYKTYpax BPsid JH CBSI3aHO C
YIIaKOBKOH B KPHCTaJJ/E, MMOCKOJIbKY YCJOBHSI YIAKOBKH A/
BCeX 3THX HOHOB OAMHaKOBbl. Cefiuac M3BECTHO MHOTO IpY-
rux Takux psapos, HanpuMmep CrFs;, MnF; u FeF; B koto-
pOM TOJbKO (PTOPHI MapraHia HMeeT HCKaxKeHHYIO CTPYK-
Typy. Ciofia ke OTHOCHTCS OOJIbLION PSi/I CMelIaHHLIX OKHC-
JIOB, HMEIOLHX CTPYKTYPY IIMHHEIH, KOTOpasi HCKaKena,
ecJIM OKTa3/pHUECKHE MOMOoKeHHA 3aHATLl HoHamu Cu®t niu
Mn®* (uau, KaK Mbl YBHAMM MO03XKe, €C/lH TeTPasipHuyecKue
nosioxeHus 3aHaThl HoHaMmu Ni** u Cu?*). Orcrona, No-BUIU-
MOMY, C YBEPEHHOCTbIO MOXHO 3aK/iOUHTb, YTO B CTEPEOXH-
MUUYECKOM CMbIC/Je HOHbI ¢ KoHdurypauusiMmu d*, d’ u d°
JNeHCTBUTENbHO OTJIMYAIOTCS OT JAPYTHX HOHOB MEePeXOAHbIX
MeTa.1.10B. MHOro Apyrux NpUMepoB, MOATBEPXKAAIOLIUX 3Ty
TOUKY 3pelusi, MOXKHO HalTH B 00630pHbBIX paboTax, nepe-
YHCJIEHHBIX B KOHUE 3TOIl IVlaBbl.

B stom paspede Mbl [IOBCEMECTHO HCNOJAb30BANM 3JEK-
TpocTaTHueckylo uHTepnperauiio s¢gdexra Ana — Teanepa.

Ti
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CpenaHo 3T0 6bLIO TOJALKO A/s1 YAOGCTBA H3J10:KeHHS. Mbl
NMOMHHM, 4TO B TEOPHH MOJEKYJIAPHBIX OPOUT paspbIXJsio-
ILHMH ABJASIOTCS OPOUTHL €4; OPOUTA dyx2y2 MOXKET B3aUMO-
JeficTBOBaTh C JUraHAaMH B MJOCKOCTH Yy, B TO BPEMs KakK
opbuta d. naunbosee 3¢(PeKTHBHO B3aUMOAEHCTBYET C JIH-
raHlaMH, pacrnoJ/oxkeHHbIMH BIOAbL ocH 2. OTclona chienyer,
uto, ecau Ha opbute d; HAXOAATCA ABa Pa3phIXJsIOLUX
9/1eKTpOHa, @ Ha opOuTe -y TOJBKO OJHMH, KAK Yy HOHA
Cu?*, cBsi3u OyayT HanboJsee NPOUYHBIMU C JIMFAHAAMH, pac-
NOJOKEHHBIMM B MJ0cKocTH xy. CJjefoBaTesNbHO, Kak H B
3J1eKTPOCTATHUCCKON TEOpHH, MBI 0XKHMIAaeM OCYLIeCTBJEHHS
B TaKOM KOMIIJIEKCE YeTblpeX KOPOTKHX KOIJIaHAPHBIX CBA-
3ell U ABYX MJIHHHBIX 1O OCH 2. HuTaTeab MOKeT Jerko ybe-
IUTbCS, UTO BO BCeX PACCMOTPEHHBIX NMpPHMepax TEOpHs MO-
JIeKYJISIDHBIX OpOMT NMPUBOAMT K TeM XKe pe3yJabTaTam, uTo
1 uoHHas Teopus. Takum 06pa3oM, cTepeOXHMHUUECKHe CO-
o6parkeHHs He JalOT HMKAKHX YKa3aHHH O CTeleHU KOBa-
JIEHTHOCTH CBsi3ell, 06pa30BaHHBIX 3THMH HOHAMH.

PaccmorpuM Tenepb HOHBI ¢ pa3JHYHbIM UHUCJIOM d-3J€K-
TPCHOB B OKTasapuueckoMm mouse. [Ipexne Bcero saMeTum,
YTO 3anoJilieHHble W TMOJYy3anoJHeHHble 060J0UKKH d-3JeK-
TPOHOB He MOTYT IPHBECTH K MCKaxKeHHl0. Bo3bMeM, HAMpH-
Mep, HOH C JByMs 3JeKTpOHaMHu Ha opOuTax e, B Haubo-
Jlee YCTOHYMBOM COCTOSTHHUM 3TH 3JEKTPOHbI OYIyT HMeTb
napaJJe/bHble COHHBI, U O3TOMY OJAMH H3 HUX MOJIXKEH 3a-
HUMAaTb opbuty dx- , a apyroit opbury d*. Torma skpa-
HUpPOBaHHe OCTOBA LEHTPAJbHOrO HOHA OyIeT OAUHAKO-
BbIM BJIOJIb BCEeX OCEH X, Yy U 2, U UCKAXKEHHs He BO3HUKHYT.

Mbl nosyuHM TOT »Ke caMblil pe3ysabTaT, paccMaTpu-
Bas 3HEPrui0 ABYX d-3JeKTPOHOB B TNOJe ¢ HapylleHHOH
cumMerpuell (cM. puc. 22). [lpu ycjoBuH napaJJesbHOCTH
CIIMHOB 3TUX 3JEKTPOHOB OJHH W3 HHX CTAHOBHUTCS MeHee
YCTOAUMBLIM B TOH 2Ke CTeleHM, B KaKOH JpYyroil CTaHOBUTCS
6oJiee YCTOHUMBBIM, TAaK YTO He BO3HHMKaeT HUKAaKOro 3Hep-
rerHueckoro sgdexra, a, cJAefOBaTeNbHO, W TEHACHUHUA K
HCKayKeHHI0 OTCYTCTBYeT. B TOuHOCTH TakHe e paccyxie-
HUSl NOKa3bIBAlOT, 4TO KoHurypauus (f,,)° ycroiiunsa B
OKTa3ApH4YecKOM moJe.

MpI NPUXOAHM K 3aKJIIOYEHHUIO, YTO B Mpefesax HCMOJb-
3yeMoro HaMmu npubankenus, npewebperas cnuH-opOUTANb-
HbIM B3auMOJeCTBHEM, CJAedyeT O0XKHAaTb OTCYTCTBHUSA



70 F'arasa 4

HCKaXKCHMH KaK Yy BBICOKOCIHHOBBIX KOMIJIEKCOB d3, d® uan
d8, Tak W Yy HU3KOCMHHOBBIX KOMmaekcoB d®. U peficTBu-
TeJbHO B 3THX KOMIIJIEKCAX 3KCIEepHMEHTa/JbHO He OOHa-
PYKEHO HUKAaKHX HCKaxKeHHH.

Hakoren, Mbl IOJMXHBI PaccMOTpPeTb HOHBI C 060J10Y-
KaMHU fsg, KOTODble He SIBJAAIOTCH HH MOJIHOCTbLIO 3aMOJHEH-
HbIMH, HM TOJY3aNOJHEHHLIMU. Peub HIeT O BbICOKOCIHHO-
BbIX Kommjekcax d', d% d® u d” U O HM3KOCTIHHOBHIX d* U
d®. Puc. 6 (ctp. 21) nokassiBaer, uTo OpOUTHI f2z B3aUMO-
JefCTBYIOT € JHraHaaMu ropasjo cJjabee, ueM OpPOUTH eg.
ITo atoit npHuMHe HCKaKeHHs, BbI3bIBaeMble HECHMMETPHY-
HBIM 3aMoJIHeHHEeM OPOHT fg4, AOJKHBI ObITb [OPa3ao MeHb-
IIMMH, YeM HCKaKeHUsf, CBs3aHHble C BbIPOXKJAEHUEM OpOUT
eg. TloppoGHoe paccMOTpeHHe MOATBEPXKLAeT M YCHJIHBAET
3TO 3aKJI0YeHHe, XOTsd, BEPOATHO, CTOMT 3aMETHTh, UTO B
cjydyae JUraHaos, ClocOoOHbIX 00pa3oBaTh NpPOYHble ABOH-
Hble CBSI3M, MOXKHO OXHIATh M HECKOJbKO OOJIbIIMX HCKa-
)KeHuil. HenpoTtuBopeunBble 3KCIepUMEHTaJIbHbIE JaHHbIE
06 sdpdekrax fdua — Teasepa B TAKHX HOHAX OTCYTCTBYIOT.
OnHako HEKOTOpble M3 HMeIOIHUXCs HAabM0de Uil CBUIeTeNb-
CTBYIOT O BO3MOXKHOCTH BO3HUKHOBEHHMS HeOOJbLUHX HCKa-
:kenuit. IlpencraBasiercss MaJjoOBEpPOATHBIM, UYTOOBI HCKaKe-
Husl u3-3a sapdekra fIna — Tennepa, BbI3bIBaEMble 3JE€KTPO-
HaMH fog, MOIJIM ObITh MPHYHHOH CHJBHEIX OTKJOHEHHH OT
CTepeOXMMHUYECKHX BbIBOJOB, CAEJaHHbIX Ha OCHOBE HOHHOH
TEOPHH.

3. MJIOCKHUE HU3KOCTIMHOBLIE COEAWMHEHHUA d®

B pasgene 4 rn. 3 mpl y6eaHaUCh, 4TO 1/151 0ObSICHEHHUS
CYLLECTBOBAHUS TJOCKHX cOeduHeHHH MOHOB d’ u d® nocra-
TOYHO MOHSATb, YTO OPOHTA dy2-y> B IVIOCKOM OKpYXKEHWH
ropasao MeHee YyCTOHUMBa, ueM Jio0ble apyrue d-opOHTH.
B nocsenneM paspene 6bl10 MOKa3aHO, YTO B OKTasapuue-
CKOM OKPYXKEeHHH HU3KOCIIHHOBble HOHBI NeHCTBHTEIbHO NPO-
SIBJSIIOT CHJIBHYIO TEHJEHLHIO K MCKa)KeHH!o, BILIOTb A0 00-
pa3oBaHHUsl MJOCKHX KOMILIEKCOB, TOTJA KaK BBbICOKOCIHHO-
Bble HOHHl d® B TakOM :Ke NoJe JUraHA0B 3TOf TeHIEeHLHH
He NposiBAstoT. HH3KOocnHHOBble MpaBHJbHblE OKTadApHUe-
CKHe KOMILIeKChl ¢ KoHdurypauweii d® cyliecTBoBaTh He
NCaKHBL, B panunom pasjese Mbl 00J€e BHHMaTe/bHO pac-
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CMOTPHM 3TH [B€ CHTyalHH C LeNbl0 HAHTH NMPHYHHBI CTOMb
OTYeT/IHBO BbIPAKEHHOH pa3HHLbl B MOBEJEHHHU.
PaccMoTpuM cHayasna BJMsiHHE HCKaXKeHHsl OKPYIKeHHs
HoHa d® Ha ero ypoBHH 3Hepruu. Hauuusuee cocrosinue B
NpaBHJIBHOM OKTa3APHYeCKOM I[OJIe COOTBETCTBYyeT KOH(H-
rypauny (f2¢)% (d2)' (dx- y2)' ¢ MapasiebHBIMH CIHMHAMH He-
CrapeHHbIX 3JeKTPOHOB. EcTb M apyrue cocTosiHusi ¢ TOH

Cunenemo

Tpunaem (dz29)'(d;2)’

Uckaacenue —

Puc. 24. CxemaTuueckas JHarpaMma SHEPrun COCTOAHHUIl (f54)° (£4)?
B HCKQXEHHBIX OKTa3ApHYECKHX (MJAHM MIOCKHUX) OKPYXKEHHSAX.

e opOMTaNbHOH 3Hepruel, uMelollHe KOHGHUTYpaALHU
(t26)8(d2)* M (f2)8(dr2-y2)>. Ho mockoibkKy B Kaxkaoil u3
HHUX MMeIOTCS [Ba 3JEKTPOHA €g C aHTHNApaJliedbHbIMH CIH-
HaMH, TO OOMEeHHasi SHePTHs B ITHX KOHDUTYpaLUAX MEHbIIE,
[Ipu HCKa)KeHHH MOJIeKyJ bl OopOuTasbHas 3HEPrus OCHOB-
HOTO COCTOSIHHSI OCTaeTcsi HeHM3MEeHHOH, OfHaKO 3TO HCKa-
XeHHe CHJIBHO BJHAET Ha 3HEPrui0 HeKOTOphX BO30y-
XKIEeHHbIX cocTosiHHHA. Ecam MBI yKOpPOTHM ueThipe CBf3H H
VIJHHAM [Be, TO YCTOHUMBOCTb KoH(Qurypauuu (d2)* yse-
avuutcs Ha 8(2-1/28), a woudurypaunu (di-yz)? ymeHb-
IUMTCA Ha Ty Ke BEeJHYHHY, KaK 3TO MOKa3aHo Ha pHC. 24
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(cp. ¢ puc. 22). Mo mMepe ycuseHHs1 HCKaXKEHHUs] 3HAUEHHE J
pacter. B Konlle KOHLOB 3HaueHHe & MAOJIKHO I[PEBLICHTb
pasHocTb B OOMEHHOH SHePruu MexKAY COCTOSIHHEM C ABYMS
napaJjJeJbHbIMH HECNapeHHBIMH CIHUHAMH d-3JeKTPOHOB H
HAWHU3IUKUM (1HaMarHUTHBIM) COCTOsIHHEM. B 3TOoT MOMeHT
KOH(Urypauns MOJEKYJbl MeHsieTCsl OT BbICOKOCTIHHOBOH K
HU3KOCITHHOBOH.

MBI BHAMM, UTO B KOMIJIEKcaX d® He cjeayeT 0XKHIaThb
nosiBAeHus Heboavwux uckaxkenuil. Hckaxkenne npencra-
BJder co0Oi npouecc THMA «RCe WJAH HHUEro»; MPOUCXOAHUT

E E
!
O J
pPt- I
3
4 z 51
[
P -----
Uckaxcenue —_— Uckaxcenue  —
a ]

Puc. 25. KpuBble norteHuiaabioi sHepru, MoKasplBalLIHe:

@ — YCTOWYHBOCTb BHICOKOCITHHOBOTO KOMMJACKCA € HEHCKAXKEHHOH CHMMeTpHel; 6 — BO3-

MOXHOCTb 00pa30BaHHs HH3KOCIMHOBOrO OCHOBHOTO COCTOSIHHSA. Cnenyer HUMeTb B BHLY,

4TO0 HCKdXKE€HHE Be/JAHKO, €CJH KPHBbIe MepeceKaloTcsi, H paBHO HYJI0O B MPOTHBOMOOX
HOM cJyuae.

MCKa)KeHne HJIH He NPOUCXOJHMT, 3aBHCHT OT TOrO, OKa3sbl-
BaeTcs JM 3HEPrHs BepXHero YpOBHS CO CHADEHHLIMH CIH-
HaMH HHZKe SHEeprHH HEHCKa)KeHHOTO OKTa3APHYeCKOr0 KOM-
njekca NpPH ero paBHOBECHOM MeXDbsiePHOM PacCTOSHHH
WJIH He OKasbiBaeTcst. ATO nokazano Ha puc. 25. [Ipusenen-
Hasi cxeMa OTJHUYAeTcsl OT CXeMbl HAa pHUC. 24 TeM, YTO B mep-
BOH yuTeHa 3HepPrus OTTAJKMBAHHUA MEXJY 3aloJHEeHHBIMH
000./104KaMH.

flcHo, uTO mpuuuMna HCKaXKeHHH B KOMILIeKcax d® xors
W HMeeT HeKOTOpble 0COGEHHOCTH, TECHO CBsi3aHa C NPHUH-
HaMH HCKaKeHHil B Kommaekcax d° B nepeom cayuae Bce
n30biTOYHAss OOMEHHAst 3Heprusi BbICOKOCIHHOBOrO COCTOA-
HHs1 JO’KHA ObITb CKOMIEHCHpOBaHA, Npexjae YeM HCKa-
JKellasi CTPYKTypa cTaHeT YCTOIUMBOIM, N MO3TOMY MHHH-
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MaJbHO JONYCTHMOe HCKaxKeHHe NOJIKHO ypaBHOBELIMBATH
onpejeJieHHYI0 oTepto oOMeHHOH 3Hepruu. Bo Bropom cay-
yae eIMHCTBEHHOH CHJOI, NMPOTHBOAEHCTBYIOLLEH HCKaXKe-
HHIO, fiBJsieTcsl OObIYHAsA CHJIa OTTAJKHBAHUSI MexKiy 3a-
NOJHEHHBIMH 000JIOUKaMH, @ TaK KakK 3Ta CHJa MpONOpLHO-
HaJbHa CTENEHH MCKaXKEHHsl, BO3MOXKHbI HCKaXKEHHs J1H060ro
nopsnka.

Bosspaumasce tenepb K HOHaM d?, Mbl BHJIHM, 4TO CUTya-
1IN OKa3biBAETCS HECKOJbKO CJO0XKHee, ueM Mbl yKa3biBaJiu
paHbllle. ¥ HOHOB CO CMapeHHbIMH CNHHAMH JOJKHbl Ha-
6/1104aTbCSl  UCKA’KeHHs, a [OCKOJNbKY MPH HCKAXKEHUH He
NPOUCXOAUT TNOTepH OOMEHHON 3HepPruH, CTeNeHb HCKaxe-
HUsl He orpaHHueHa cHu3y. C Apyro#l CTOPOHBI, KOMIJIEKCHI,
KOTOpble B OCHOBHOM COCTOSIHHH He MMEIOT CMapeHHbLIX CMH-
HOB, BCe€ JKe MOTYT BCTPeyaThCsl B BHJAe MJIOCKHX KOMIJeK-
COB CO CMapeHHbIMH CNHHAMH, ecau cTabuJM3alisi, BbI3BaH-
Has MCKa)XeHHeM, MpeBbllIaeT PA3HOCTb B 3HEPrHH MeXAy
HEHCKaXKEHHbIMH BbICOKOCTTHHOBBIMH H HH3KOCIHHOBBIMH CO-
crosHusiMH. Takum o6pasom, HOHbI d7, B CBSI3H C BO3MOXK-
HOCTBIO HX CVLIECTBOBAHMUsSI KaK B HM3KOCMUHOBBIX, TakK H
B BHICOKOCIHHOBBLIX MPaBH.IbHbLIX OKTA3[APHUECKHX KOMIJIEK-
cax, N0 UX TEeHIEHUHMHU K HCKA/KeHHUIO YaCTHYHO HANOMHHAIOT
HOHbl d7, a yacTHYHO — uotpl d®. Takasi cHUTyauus He BO3-
HHKaeT HM [/ KaKOH Apyro#l KOH@UrypauuH.

4. UICKAJKEHHS B TETPA3JIPUUECKUX KOMITJIEKCAX

McKakeHusi B TeTpasapHuecKHX KOMIJIEKCax He CTOJb
CYLLeCTBEHHBI, KAK UCKaXKeHHsl, OMHCaHHble Bbiule. [I.1a moJ-
HOTbl laJUM JOBOJIbHO C2KaToe H3JOoXKeHHe Teopuu. Kak Mbl
BHJeJH B IJ. 2, HeycToHuuBble OPOHTHI f B TeTpasapHue-
CKHX KOMIIJIEKCaX B3aMMOMEHCTBVIOT C JIMFAHAAMHU CHJIbHEE,
yem opOutbl e. CienoBaTesbHO, GOJIbIINX HCKAXKEHHHA MOXK-
HO OXKHJAaTb TOJIbKO TOraa, Korpa opOuThl f2 3acesieHbl O[:
HUM, ABYMS$l, YeTbIPbM$sl HJIH NSITIO 3JEKTPOHAMH, T. €. Y BbI-
COKOCITHHOBBIX KOMTJIeKcoB d3, d*, d® u d°.

Mmeerca nebGosblioe yucsao paGor mo u3yueHHIO TeTpa-
31pHUYECKHUX KOMILIEKCOB ¢ TOYHOCTbIO, JOCTATOYHOH aJs 00-
HapyKeHHus McKaxeHHil. Ciona OTHOCSITCS KOMIJIEKChl HOHOB
¢ KoHpurypauusmu d® u d° a umenno wonos Ni%* u Cu?+.
B kaxpaom cayuae naGionaemoe uckaxceHue OblIO TakuM,



74 TF'rasa 4

YTO COXpaHsJach TeTparoHalbHasi cuMMmerpus (puc. 26).
ITostoMy MBI paccMOTPUM TOJBLKO 3TOT THII HCKa)KeHUH.
CHaua/ia Mpeiano/oXKUM, YTO HMeeTCs TOJIbKO OAHH 3/1eKTPOH
(1M yeTblpe 3/eKTpoHAa) Ha opOuTe fp. Ecau HanpaBuTb
OCb 2 110 TeTParoHaJbHON OCH, TO d-3/1eKTPOH JO/KeH HaXo-
IMTbC Ha opbure dy,. OtTcioga cieaver, 4TO TeTpasap
NOJI’KeH VYAJNMHHTLCS, KaK MOKa3aHO Ha DPHCYHKe, NOTOMY
UTO 3JEKTPOH dy2-y: OTTAJKHBAET - IHTAHIbI.

6

Puc. 26. TeTparoHanbHble HCKaXEHHUA TETPA3APHUYECKOIO OKPYNKEHHUS,

a — yAAMHEHHEe TeTPasapa B MPHCYTCTBHH OHOTO fp-31€KTPOHA AAS KOHPHUTypauuii d3
H d8; 0 —cnaouuBaiMe TEeTPadapa NpH HAMHYMH LBIPKH B 000/0uKe f; AAst KOUQHIY=-
paunit d* u do.

Ecnu opbura £, 3acesena AByMa (MJH NATbIO) 3JEKTPO-
HaMH, CUTyalHsl OKasblBaeTcsi Heckosabko uHOH. st coxpa-
HeHMsl TeTPAroHa/bHOH CHMMETPHM 3TH [Ba 3/€KTpPOHa He-
06X0MMO pa3MecTHTb Ha OpOHTaX dy, u dy,. Torma orras-
KHBaHHe MEXAY 3JeKTPOHAMU M JIMTAHZAMH NPHBOAHUT K
CILJIOLIHBAHHIO TeTPa’ipa BIJOTh A0 BLIPOXKAEHHA €ro B
NJOCKOCTb. DTO 3aKJ/JOUeHHe CTaHeT OUeBHIHBIM, €CJH BCIO-
MHHTb, YTO [Ba 3JeKTPOHa Ha opburax dy, HIU dy, KBU-
BaJIEHTHbl MOJIOXKHTEJNbHOH «AbIpKe» Ha opbure dyy, IO-
CKOJIbKY TpPeX 3JIeKTPOHOB JOCTAaTOUHO [JIsl 3alloJIHeHHs1 KakK
pas3 Ha NoJOBHHY opOuT fo. Takas MONOXKHTeJbHAS «ABIP-
Ka» OyJeT NPUTATCHBATH JIMTAHIbl, KaK 3TO MOKAa3aHO Ha
puc. 26, 6.

DKCrnepUMeHTaNLHO YCTAHOBJEHO, YTO TeTPasap HOHOB
Cl- B xomnaekce {CuCly*~ cnarowen, a B [CoCl4J*~ ropasno
6/112Ke K NpaBUJIbHOMY TeTpasapy. TouHo Tak ke, TeTpasu-
puueckoe okpyKenue nona Cu?t B CuCryO4 coarocHyTo, B
NPOTHBOMNOJIOKHOCTb ~ AHAJIOTHYHBIM  OKPYXK@HHAM HOHOB
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Co* wn -Zn?>. C ppyroil ctopoHbl, okpyxehue Ni®* B
NiCrs0s kak 6yato Obl siBJsieTCst BBITAHYTBIM, KaK 3TO H
caefyeT W3 TEOPHH.

B 3akaiouenne 3aMeTHM, YTO BO3MOXKEH HHOH, OTJIMUHbLHA
OT NpHUBEJEHHOr0 B MpejblAylieM pasiene, MOAXOA K IJIO-
ckuM kommgekcaMm Cu?. Mx MoxHO paccmaTpuBaTh Kak
OuYeHb CHJIbHO HCKaXKeHHble TeTpasApHuUecKHe KOMIJIEeKChI.
OnHako mpaKTHYECKH 3TO HHYEro CYLIECTBEHHO He H3Me-
HseT.

5. JIMHEVMHASI KOOPAHMHALNWSA HMOHOB d'°

M3 npocrefiliei MOHHOH Teopuu cieayer, uto GOJblUHE
HoHBI, Takie Kak Ag*, Au* u Hg?*, no/xkHbl Bcerjga BeTpe-
YaThCAd B OKPYXKEHHSIX C BBICOKHM KOOPIHHALHOHHBIM UHC-
aoM. Kpucraagorpaduueckue wucciaenoBaHusi, OAHAKO, MO-
KasblBaloT, 4To MHorue coennHeHus Cu*, Ag* u B ocobeH-
Hoct Au* w Hg?" comep:kaT MOHBI MeraJjia B JIHHEHHOMN
KoopauHauuu. Tak, Hanpumep, B HgCly kaxablit non Hg?*
OKpY?KeH ABYMSI KOJJIHHEAapHbIMH C HUM HOHAMH XJopa H
ellle YeTbIPbMS COCEAAMH, HAXOASHUMHUCA HA ropas3fo GoJb-
wux paccrosiusx. [Tono6ubiM ke o6paszom Cu,O u Ag.O
MUMEIOT YHHKAJbHYIO KPUCTAJJHUYECKYID CTPYKTYpY, B KOTO-
poil HOHBI MeTaJja HaxXxoAATCs B JHHEHHON KOOpPAHHALHH.
HMon Hg?* oueHb TpyaHo (ecau 3T0 BOOOLe BO3MOXKHO)
HalTH B NPaBHUJILHOM OKTa3ApPHUECKOM OKPYKEHHH, XOTS
TeTpas’ApHuecKue KOMIJIEKCHl 3TOTO HOHA BCTpeualoTcsl He-
penKo.

YacTo roBopAT, UTO JHHeHHas KOOPAMHALMUS yKa3biBaeT
Ha o6Opa3oBaHHe KOBAJEHTHBIX CBfi3ell Npu THOPHAM3AUHUU
sp, a He Ha oOpa3oBaHHe HOHHBLIX cBsizell. Ecau Takoe 06b-
SICHEHHE CUMTATb YIOBJETBODHUTE/NbHBIM, 3ajaiiTe cefe BO-
npoc, nouemy, Hanpumep, Hg?* o6pasyer npeuMyllecTBEHHO
cBaA3u Sp, a Zn?* u Cd?* ux ne o6pasyior.

s-Opbuta y pryTH 6e3yc/JOBHO ycTOHUYMBee 3TOl OPGUTHI
y umHka u kaamusg. Camo no ceGe 3To He G6.JaronpusTt-
CTByeT 00pa30BaHHUIO SP-CBsi3eil N0 CPABHEHHIO C OKTa’3apu-
uecKol KoopAWHAUHMeH, a NOJKHO NPHBCAHTH K 6ojee HIU
MeHee pPaBHOMEDHOMY TOBBILIEHHIO YCTOHUYHBOCTH OOOMX
pacroJ/oXeHHu; pasHuLa B SHEPrUsiX S- U P-ypPOBHeH y pTy-
TH TakxXe BeJuKa. Doublioe 3HaueHHe 3TOH pas3HHLb
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JL0/12KHO, KOHEeYHO, O6J1aronpusTCTBOBAaTE 06Gpa30BaHUIO He-
60JbLIOTO YHucaa cBA3eld ¢ GOJbUIHM BKJAAJOM COCTOSIHHUS §
B KaXAYI0 CBsi3b, @ He GOJIbLIOMY YHCJY CBsi3el, HO C MaJbl-
MM BKJ/alaMH COCTOsIHHA S. PasHOCTb aHepruil s- u p-opGuT
B Cu*, Ag*, Au* u Hg?" Mexuy TeM HenaMHOro GoJblue,
4eM B JPYruUX pOACTBEHHbIX HM MOHaX, W, MO MHEHHIO

4 zZ

A

b
© y
s §-d,z
aat a S+d,2

Puc. 27

a—opOuThl dye 1 s; O —rubpuanbie OpOUTHI THNA S—d,z M s+ dg.

aBTOpa, He HaCTOJIbKO BE€JIHKA, YyTOOB! TOJIbKO 3THM MOXHO
OblJ10 OOBSICHKTL 3HAuUTEeJbHbIE pasauyusg B HX CTEPEOXH-
MHUYeCKOM IIOBedEeHHH.

Ta6auya 10

JHeprus HU3WHX COCTOSIHUI KoHdurypauuu d°s no cpaBHEHHIO
¢ 3Heprueil OCHOBHOro coctosiHua d'°, 36

zn?t Agt ca?* Aut Hg? ™t T3+

4,8

ds 2,7 ‘ 9,7

10,0 1,9 ‘ 53 9,3

Bropeim M, BeposiTHO, Gosiee BaKHBIM (HAKTOPOM $IB-
nsercs cMetiedue d- u S-opOuT. B tada. 10 npuBeaeHsl 3Ha-
yeHHst paccTofHuil d —s Agsi 06biunbX HOHOB d'C. Caenyer
3aMeTHTb, UTO CHJIBHO BbIpa:KeHHas TeHIeHIHs K JHHeliHOH
KOOpAHHALMK BCErjga accouuupyercst ¢ HeGOJIbIUMM 3Haue-
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HHeM pasHocTH sHeprun d — S. Mbl cunrtaem, uto AelcTBH-
TeJdbHasi MpHUHHA 3TOrO COCTOHT B TOM, UTO CMelleHUe
(ruGpuausanusi) opOouT d M S MOXKET NPHBECTH K TaKOMY
pacnpejeneHnio 3apgaaa, KOTopoe 6.1aTrONPHSATCTBYET JHHEH-
HOMY pacro.10KeHHIC, MOCKO.1bKY yaaJnasieTcs 3apsiiu3 obaa-
CTH MeXAy JuraHIaMi H HOHOM MeTaJjaa. Ha puc. 27 cxema-
THYHO H300GparkKeHLl opOUTHl d U § M ABa rubpuaa Tuna d—s.
B pesyuabrarte nepenoca ABYX 3/€KTPOHOB, OGBIYHO 3aHH-
Mawwux B lone d'% opOuty 2, Ha TUOPUAHYIO OpOUTY
I/VQ(a'Zz — §) 3apsiL NePexXo/INT ¢ OCH Z Ha IIOCKOCTb XY.
STO MOXKeT NMPHBECTH K 00Pa30BaHHIO OUEHb CHUJBHBIX CBf-
3eil Broab ocu z. OaHako AJds TOro, utoObl OCYLLECTBHTb
TaKOe CMeUIeHHE, HeoOXOAHMO MepPeHeCTH 3/eKTPOHbI C Op-
O6uThl d Ha cael1yIoUlyl0 opOUTY S, TAaK UTO BeChb Npoliecc ne-
peneceHHsl U HCKaxKeHHs 3HEPreTHUeCKH BBITOJMEH TOJbKO
TOrJa, KOrjla paccTtosiHHe MexKay d- M S-yPOBHSMH jocTa-
TOYHO MaJo.

B neficTBHTEIBHOCTH JMHefiHble KOOPIAMHALUMU H CMelle-
HHe d- M S-opOHUT TecHO cBsizaHbl ¢ 3ddekrom fHa — Tes-
Jepa, peub O KOTOPOM IIJIa B MPEeAbIAYIIUX pa3jenax, U Teo-
pusi 3Ta MOxKeT ObITb pa3BHTAa TOUHO TAKUM ke 00pasoMm.
OpnHako ciaeayeT 3aMeTHTb, UTO MEXIY 3THMH IBYMA 3(-
(deKTaMH Bce ke MMeIOTCSl CyLIeCTBEHHble pa3/uuus, odcy-
JKJleHHe KOTOPLIX MOXKHO HaliTu B suteparype [4].
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HMOHHDBIE PAJUYCbHI 1 YCTOMUMUBOCTD
COEOAMHEHWW TIEPEXOIHBIX METAJIJIOB

1. MOHHBIE PAIUYCHI

Ecan orcyTcTBYOT 3ddekTr, 06yca0B/AeHHble KpHCTAJl-
JIMYECKHUM TM0JeM, MOXHO OMHAATb, YTO PAAMYChl MOCJeI0-
BaTe/JbHBIX HOHOB MePEXOAHBIX MeTaJ/J0B OYNyT HEYKJOHHO
yMeHbllaThcsl, POUHO TAK Ke, KaK paaHyChl pelKO3eMesib-
HbIX 3/JeMEHTOB YMEHbUIAITCS OT JaHTaHa K JIOTeLHIO.
310 00bACHAETCH TEM, UTO A0GABOYHBIH d-3J1eKTPOH Heno-
CTATOUYHO 3KPAHHPYeT ApPYrHe d-3JeKTPOHLI OT BO3POCLIEro
3apsiia f/pa NpH yBe.IHYeHHH aTOMHOrO HOMEpa, M NO3TOMY
B psAly NepexOQHbIX MeTaJss0B d-OpOUTH AOJKHBI COKpa-
wartbest. Ban CaHTeH u BaH BupuHren nepebMH yKaszagawu
Ha TO, YTO OTKJ/OHEeHHs1 HabJ/i0laeMblX pPalHycoOB OT 3TOrO
MPOCTOr0 TMpaBHaa MOTYT OBITb J€rKo OGBACHEHBI Kaue-
CTBEHHO, €C/JM YuecTb YIJIOBOe pachpefesneHHe pPasjiHyHbIX
d-saextpouos [1].

DAeKTPOHBl f»g B3AUMOAEHCTBYIOT C JHraHgaMu H OT-
TaJKHBAIOT MX He TaK CHJbHO, KdaK 3JeKTPOHbl eg. OTciona
cledyeT, 4TO €CJM NpPH Nepexofe OT HOHA MeTaJsla K ero
cocely Mo psily YBEeJHUHTb AAePHbIH 3apAn Ha OAHY elH-
HULY ¥ A100aBHUTb 3J€KTPOH fag, Mbl A0JKHBI 0XHAATb GoJsee
CHJIBHOTO yMeHbLIeHHss HOHHOTO pajanyca, yeM npH nobGasJe-
HHUHU 3.eKTpoHa ez TakuM 06pa3oM, B BbICOKOCIHHOBBIX KOMI-
Jekcax 0o.bliMe yMeHbIUIEHHsI paauyca OXKHIAKTCsl MNpH
3aMoJIHEHHH OpOMT ¢y, MepBbLIMH TpeMsi 3JeKTpoHaMH. 3a-
TeM IIPH 3aNoJIHEHUH OPOHT €4 UeTBEPTHIM M MATHIM 3JeK-
TPOHAMH paAMyC COKpalllaeTcsi MeHblle M [aKe MOXeT
yBequuuTbca. Ta ke KapTuHa NO/KHa HAbJAOAATbCA W NpH
106aB.1eHH (MO0 OAHOMY) CJeAYIOLWHX MSATH 3JeKTPOHOB.
W3 puc. 28 BHAHO, 4TO PaiuVChl H3MEHSIOTCS HMEHHO TaK.
Caenyer 3aMeTHTb, OAHAKO, YTO CMbICJ PaAHyCOB HOHOB C
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KoHpurypauussmu d* u d° He siCeH, MOCKOJIbKY 3TH HOHBI He
BCTPEYAIOTCS B IPaBHIbHBIX OKTA3APUYECKHX KOOPAHHA-
uuax. O1HAKO MOXKHO He COMHEBAaTbCS B TOM, UTO pPafMyChl
HOHOB Mn?* u Fe3* nexar Hajg oxHA2eMOH MJAaBHOH KpH-
BOH, KaK 3TO M [10JKHO OBITb COMVIACHO TEOPHH MOJS JIH-
TaH/0B.

AT coolpaKeHHss MOTyT ObITb pAacnpoCTpaHeHBl W Ha
HHM3KOCTIHHOBble KOMMJEKCHl. [T0CKO/IbKY YHCJO eg-3/1eKTpPO-
HOB YMEHbllIaeTcss MO Mepe Mepexoga OT BLICOKOCMHHOBOMH
K HH3KOCMHHOBOH KOH(MHIypalHH, HOHHLI pajHyc TOXKe
JOJKEeH YMeHbLIaTbCsl. YMeHblIeHHe NO/MKHO ObITh OUeHb
3aMeTHbIM B KOMIMJeKcax ¢ KoHpurypauusmu d> u db.
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@ — PacCTOAHHA MCXKAY MCTAMIOM M KHCJAOPOLOM B OKHCJIAX MeTaanoB (2|; 6 — HOHHble
panuychl TPeXBAaJEHTHbLIX MOHOB MEpPexOlHHX MeTaanos (1.

OOpbsicHeHHe 3THUX Ke (DaKTOB C TOUKH 3DEHHs TEOpHH
MOJIEKYJISIPHBIX OPOMT TakxKe npeacraBaser uHrepec. [lo-
CKOJIbKY OpOHuTa fy SIBISI€TCS HECBSI3bIBAOLLEH, TO MOXKHO
0XHJaTb, YTO 3aMOJIHEHHE ee 3JeKTPOHAMHU He CKaXKeTcs
Ha NMPOUYHOCTH CBA3H. Takum o6pa3oM, Mo Mepe NPOABHNKE-
HUsi BAOJb NEePHOLOB MEPHOJHUECKOH CHCTEMbl, KOria a.s
KOMIEHCAUUH YyBeJHUeHHsl 3apsila sapa poGaBasieTcss fog-
3/1eKTPOH, HOHHBIE PaAHYyChl MOJXKHBI BCeria yMeHbLIaThCH.
OaHako opOuTa ey ABJsSETCA PaspbiX/AIOLENd U NPH 3ano.-
HEHUH ee 3JeKTPOHAMH MPOYHOCTb CBSI3H [JOJIKHA YMelb-
iwaTtecsi. TO NPUBOAHT K YAJHHEHWIO CBS3H MeTaJa— Ji-
ranj, KOTOpoe MOXeT ObITb (a MOXEeT U He ObITb) GOJbIIHM,
yeM CcpelHee yMeHblleHHe HOHHOro pajauyca, Habgalogaemoe
npu mnepexoae  MeXKAy MOC/JeN0BaTeJbHbIMH 4/JeHaMu
pasa. Ecam 3T0 yasuHeHue Gosblue, TO HMOHHBIA pajaMye
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C pOCTOM AaTOMHOro HoMepa (aKkTHUECKH YyBeJIHYHBaeTcs,
B NPOTHBHOM C.Jyyae OH yMeHblIaeTCs, HO B MeHbLIEH cTe-
neuu, yuem oObluHO. [lomoGubin ke oGpa3omM sBJeHHe clia-
pPHBaHUSl CIIHHOB BCerila COMPOBOKI1AETCS IIEePEHOCOM 3./1€K-
TPOHOB C pPa3peIXJIAIOLINX OpOUT Ha HecBA3bIBalollHe H,
c/J1ef0BaTe1bHO, NPUBOAHT K YBEJHUEHHIO MOpPsAKa CBA3H,
4yTO BJeueT 3a CcOOOH yMeHbIGHHe KaXKYyLLerocss HOHHOTO
paauyca.

2. CTABWJIM3ALMS TTIOJIEM JIMI'AH/10B

Kpucraaauueckoe nosie 6e3yca0BHO BJAUSIET HA 3HAUYEHHS
HEpPruil pelleTOK HOHHBIX COeAMHEHUH MepexoaHblXx MeTall-
JIOB M TenJaoT o6pa30BaHUs KOMILJIEKCHBIX HOHOB. OQHAKO
MeTOJbl MPSAMOro M3MepeHus cTabuIu3auuu no.leMm JHurat-
JIOB OTCYTCTBYIOT, IMOCKO.IbKY BC/JAHUYHHA CTAaOWJIH3aUWH $§B-
JisleTCsl Pa3HOCTbIO MexKay (akTHueckoil Tem10Toil 06pa3o-
BaHHS H TeNI0TOH, KOTOpas ume’aach Obl B OTCYTCTBHE KDH-
cTaaanueckoro mnoad. Mbl MOXKeM  H3MEDHUTh MepBYIO
BeJMUHHY, HO, OUCBUIHO, He MOJKEM H3MEpPHTb BTOPYIO.

[TosTOMy Ham ocTaeTcss BOCMNO.Ib30BATLCS KOCBEHHOH
METOAMKOH, OCHOBAHHOH Ha oueHKe CTaOWJIM3ALUK TI0JEM
JMTaHAOB 110 3HaueHHAM A, onpelessevMbiM U3 CIEKTPOB.
Mbl 3HaeM, 4TO 3Hepruu OpoOUT fsy U €g U3MEHEHbl MO CpaB-
HEeHMIO CO CPeJHHM 3HaueHHeM 3HepruH d-3/7eKTpoHa B OKTa-
3APHYECKOM OKPYXKEHHH, COOTBETCTBEHHO Ha —2/;A H
3/;A. Takum 06pa3oM, ec1M OCHOBHOE COCTOSIHHE HMeeT KOH-
burypauuio (f24) 7 (eg)9, 3Heprusi ero B noJe JAuranaos Oy-
aetr npocto (—2/sp + 3/sq)A. Tlpn OTCYTCTBUM OpPHEHTALHH
3/1€KTPOHOB B [O.€ JHFaHI0B cTaOHAH3aUHH, €CTEeCTBEHHO,
He Oyner, Tak Kak Torja Ha opOuTe fog Oyaer 3/sn aaek-
TPOHOB, a Ha opbute ez OyneT %5 n 371eKTpoHOB. Takum 06-
pasoM, ¢ HEKOTOPLIMH OrOBOPKAMH, Ha KOTOPLIX Mbl OcTa-
HOBHMCSA HHXKE, MOXHO CKa3aTb, UTO BelHuuHa (—2/sp +
+ 3/5g) A sBageTcs Mepoi crabuausanuu, 00yCsaOBJEHHON
1o1eM JHTaHA0B B OKTa3APHUYEeCKUX KoMMilekcax. B ta6a. 11
NpHUBelCHbl 3HAUEHHUs! 3TOH BEJIWYMHBLI 1Js Pa3/jHyHbIX BbI-
COKOCIIMHOBBIX KOH(UTypauuii, KaK 118 OKTa3ApPHUecKoro,
Tak W JJad TeTpasipuHueckoro oxpykenus. Cioedyer 3ame-
THTb, YTO 3TH BEeJIHUHHBI OMpeEI1eIsTHCh B MPEINOJOKEHHH,
4TO MpU Beex Koudurypauusx Ha opdurax fyg H €g Haxo-



Honnvle paduycol u ycroifuusocts coeOureruit 81

AMTCH 11eJ0€ YHCJAO 3JeKTPOHOB. [103TOMY OHM HECKOJIbKO
HETOUHBI /151 HOHOB C KOH(pHUrypauusiMu d? u d’ B OKTa3ApH-
YeCKON KOOpAMHaluH W HOHOB d® u d® B TeTpasapHuecKo#
KoopAHHaUHu (cM. 1. 6).

Ta6auya 11

CtaGuau3aludy B noJje JUraHaoB Aas
OKTA3APHYECKHX H TeTpadipHyeCKHX

OKPY)XXeHHH

Yucao Oxrasapuyecknii | Terpasapuueckuii
d-anempouos KOMITJIeKC KOMIINIEKC

1,6 —2/5A — 35

2,7 —4/A —6/:A

3,8 —%/5A —/sA

4,9 —3/54 —2/5A

0, 5 10 0 0

Bennuunel, npuseiennvie B Ta6sa. 11, aBasiorcs mpH-
6/1MXKEHHBIMH W MO APYroil npuuuHe. Mpl NMpPeANOJNOKHIH,
yto crTabuaM3aunuss B KPHCTA/JHYeCKOM TI0.e Tpefd-
cTaBasieT cOGOH TMOJHYI0 3HEPTruio B MMOJe JUraHI0B, Bbl-
YUC/JAEHHYI0 Ha OCHOBAaHMH OMNTHUECKUX JMAAHHBIX. DTO He
COBCEM TOYHO, MOCKOJBKY Mbl NpeHeOperaau B/JAUsAHMEM CTa-
OuJaM3aluy B MoJe JHWTaHAOB Ha HOHHble paauychbl. PakTu-
YeCKH 4YacTb 3SHEepruu I0.]s JMIaHIOB pacxXoayeTcst Ha
npeofo/JeHHe OOBIYHBIX CHJ OTTAJKUBaHHsS B KpHCTaJ.le,
YTO MPHUBOJUT K HeGO/IbLIOMY YMEHbLIEHHIO HOHHBIX pauy-
coB. ATOT 3heKT MoxKeT ObiTh OUEHb MalbiM U 00CYKAaThb
€ro KOJIMUeCTBEHHO OYeHb TPYAHO [2].

B 1o Bpemsi Kak A4 OOJbLWIMHCTBA HOHOB 3HAueHHSA
ctabuau3zaumii B no.ge JUraHaioB, npuBeideHHble B Tab.1. 11,
HernocpeACTBEHHO CBf3aHbl ¢ HaO0JIOAaBUIMMUCS TEPMOIHU-
HaMHUECKHMH BeJMYHHAMM, NMPUH KOHPUrypauusx HOHOB d*
1 d® B OKTa3/]pHUECKOH KOOPAMHALHHU TAaKOrG COOTBETCTBHUS
HeT. [le10 B TOM, UTO 3TH MOHBI elle CTaOUJIM3UPYIOTCA J0-
NoJHHTeIbHO Gaaronaps adoexty dua — Teanepa. Caeno-
BaTe’IbHO, 3G (eKTb KPHCTAIIMUECKOro MOJs, NPUBEIEHHbIE
B tab.1. 11, a1a BaXHBIX cayuyaeB — woHos Cr2* uy Cu?t —
3aHHMKEHBl Ha BeJAMUMHY, KOTOpas B HacToslliee BpPeMsl He
MOXKeT ObiThb paccuuTaHa. \

6 J. Ouwiea
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O6patasch Ternepb K 3KCNePUMEHTAbHBIM JaHHBIM, Mbl
HaXx0AMM, YTO TEM.10Thl TMApPAaTalliH ABYXBAJEHTHbIX HOHOB
MepexoJHbIX METa 1.10B pacroJsaraloTcsl He Ha MJaBHOH KpH-
BOH, a MpOSABJAIOT SICHO BbIpaKEHHbIH MHHHMyM Ias Mn?*
[Tockoabky a4 HoHa Mn2* xapakTepHBl TakKxe H MHHMU-
MaJbHble 3HAUEHHs IHEePruM MOJis JUTaHI0B, MOMKHO Mpej-
MOJIOKUTb HaJAHUYMe CBA3H MeXAY 3THMH ABYMS SBJEHHUAMHU.
Oka3zasoch, 4TO €C/JH BbIUECTb BEJHUHHBI CTAaGUJAH3ALHH
B KPHUCTAITHUECKOM TOJe, PACCUMTAHHbBIE H3 CIEKTPOCKOIH-
YeCKHX 3HauyeHHH A, U3 3HaueHU# 3Heprui rUapatauuu, TO
MoJyueHHble B pe3yJbTaTe 3HePrud rujapatauuu (nocse
BHECEHHs MOMPAaBOK Ha BJHUSHHE MOJs JUTAHAOB) AeficTBH-
TeIbHO pacrogaralpTcs Ha 6ojee MNJaBHOH  KPUBOM
(puc. 29,a). das TpexBaseHTHBIX HOHOB CTOJb e JaBHAsA
KpHBasl TakxXe I0JydyaeTcsl TOJbKO MOCJe BHECEHHs MONpa-
BOK Ha BJMsSIHMe KpHCTaJauueckoro noas (puc. 29,6).

Iti HabaofeHHs NPHBOAAT K cJeaylolllell runorese.

B orcyrtcTBHe mo.is JMIaHI0B TePMOJAMHAMHUECKHe CBOIl-
CTBa COeIMHEHHH MepexoAHbIX MeTaJlJiOB, WJIH MO KpaiHei
Mepe HX TemyuoThl 00pa3oBaHMsA, A3MEHAAHChL Obl MAaBHO
BIO.1b MepexoiHoro psina, Hanpumep ot Ti?* k Zn?*,

Cuenyer 3aMeTHTh, YTO Mbl He yTBeprkiaeM, OyATO Gbl
BCE pa3J/MuHsl Mex/J1y HOHAMH BBI3BIBAIOTCS CcTabu/u3a-
uMel B KpHCTaJJdueckoM novse. Tak, HanpuMmep, ycToHYHu-
BOCTb H NOCAE BHECEHUS NONPABOK HA 6AUAHUe NOAA
Auean0o8 HeYKJIOHHO nobluiaetcs ot Ti?t k Zn?*. 310, He-
COMHEHHO, CBfI3aHO C YyMeHblLIeHHeM HOHHOro paauyca H ¢
OJHOBPEMEHHbLIM BO3pacTaHHEM 3JeKTPOOTPHUATENbHOCTH MO
Mepe MPOABHXKEHHS BAOJb pafa. 3a cueT 3PpdeKToB 11041
JHFaH0B MOXHO OTHECTH TOJAbKO pAa3pbiBbl HENpPEepbIBHO-
CTH B PaBHOMEDHOM M3MEHEHWH Temqa0T ruAapaTauiu U T. I
Crtporo roBopfi, M 3TO fABJAAETCA A0 HEKOTOPOH CTeNeHH
CTIOPHBIM; HHXKe Mbl BEDHEMCSI K 3TOMY BOINpPOCY.

BpeMeHHO jJomyckas CnpaBelJiHBOCTb  BbICKA3aHHOIM
HaMH THIOTe3bl, Mbl MOXKeM Ternepb NOHATb, MOYeMy <«ABY-
ropGasi» KpuBas, MNOJyuyeHHas 114 3HEPrHH THApaTauuH
HOHOB, MOJIY4aeTcsl TakkKe W 18 3HePrufi pelreTok 60Jib-
LIOrO YMCJa COeNUHEHHH MepeXOAHbIX METaJJoB, KaK 3TO
MOKa3aHo MpH MOMOLIH HECKONbKHX U30pPaHHbIX NMPUMEPOB
Ha puc. 30. '
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B Terpasapuueckux Kommiekcax 3ddektn cTabuan3a-
UMM NPOSABAAIOTCA ropa3fo cJaalbee, yeM B OKTa3APHUCCKHX.
O6bsicHsieTcst 3TO OYeHb GOJbLUIMM OTJIHYHEM B BeJHUHHAX
pacluenseHus B KPUCTAJIMUECKOM MNO.1e A151 3THX reoMeT-
puueckux KoHpurypauuid. Kpome toro, A/18 0KOHYaTeJbHOrO
CyXKJeHUs: HMEIOLLHUXCS 3KCIepUMEeHTaJbHblX J[AaHHBIX He-
pocrtatouHo. B pasgese 4 Mbl yBHAMM, YTO HMMeIOTCS, O[-
HaKo, OGOCHOBaHHble KauecTBeHHble /aHHble, TOBOpSILLKE
0 TOM, 4YTO cTabu.1M3alus B 10.]e JUFaHJOB CYLIeCTBEHHA
TakXe U OpH TeTPasAPHUECKOM OKpPYIKeHHH.

Tabauga 12

JHepruu CTAOHIH3aLHH MOJEKYJSIPHbBIX OPOUT [Jsi NPOH3BOJbHO
OpPHEHTHPOBAHHbIX JEKTPOHOB M AJs peatbHbIX KOHHrypauui
IIpeanonaraercd, 4TO Ha CBA3BIBAIOILMX OPOHTAX €, HAXOLATCH
4 31eXTpOHa, W 3Heprus CTabHAH3aLMH CBA3BIBAIWIEH €g-OPOUTDI
paBHa 3HEPruu AECTabMIM3AUMH PA3PBIXJAAOMEN €g-0POHTHl 1 paBHa A
(opBura fy, — HecBA3LIBaOWAs)

CraGuausanns Mode-
KyAAPHOIT OpOUTHI Crabuausauns mone-
Yucno B cayuae NpOH3BOAD- KYASpHO# OpOHTHI Crabuausauus
d-371eKTPOHOB HOTl OpHeNnTaLMK B Cayuyae peaibHoil | B N0Je JHraHi10B
d-31CKTPOHOB KOHQHTypauiH
0 4A 4A 0
1 18/ A 41 2/ A
2 16/, A 4A /A
3 1477 4A 6/5A
4 12/:A 3A 3/5A
5 24 24 0
6 8/.A 24 2/ A
7 6/,A 24 1A
8 4754 2A 6/5A
9 2/.A A 8/:A
10 0 0 0

B npowoM BO3HHKJIO HEKOTOPOEe HelOopa3yMeHHe, CBsi-
3aHHOe C TeM, UTO IIpH olleHKe 3(dekTa cTabHIU3aLUHK OH
He Obl1 oOHapyxXeH 114 uoHa Mn?*. Orclola BO3HHKJIO
ownGouHoe NpeacTaB.IeHHe, YTO B MO/IEKY.151pHO-OpOHTaMb-
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HOM BapHaHTe TEOPHH MO/AS JHraHAOB d-OPOHTBl He BHOCST
HHKAKOro BKJaja B oOpa3oBaHMe cBf3ed. IDTO HeBepHO,
MOTOMY 4TO Ha CBsA3blBalolllell OpOHUTe ez HMeEIOTCs yeThipe
3/71€KTPOHA, a Ha pa3phiXx.Jsiolell — Toa1bKo nBa. B ta6.a. 12
NPHBENEHbl 3HepPruu CTabWIM3aluy, pacCUHTaHHble B paM-
Kax MeTola MOJIEKY/ISPHbIX OpOUT AJds pPa3/UYHbIX 3JeK-
TPOHHBIX KOH(HIypauu#, BCTpPeYalOWMXCsd B OKTasapHue-
CKHX OKDYXXEHHUSIX, a TaKXKe 3HepruH, paccuuTaHHble AJ5
HOHOB C MpPOM3BOJBHO OPHEHTHPOBAHHBIMU d-3/1eKTPOHAMH,
T. €. NPH OTCYTCTBHH KPHCTAJJHYECKOTro MOas, HO B TOM
xKe OKpymxeHun. Kak BHAHO, MOC/elHHEe BeJHUHHbI J1aBHO
H3MEHSIOTCSl Ha MPOTSI)KEHHH BCero psijaa, M 1103TOMY €CTb
BCE OCHOBAaKHs MPU PacCMOTpPeHHH 3(PGHEeKTOB MOJAst JHTaH-
J0B BK/IOUMTb HX B DaBHOMEpHOEe YBeJHYeHHe YCTOHUYHMBO-
CTH BHOJb psina. MmeHHO no 3Tofi nmpuudHe MBI He MOJ-
HOCTbIO NPHHHMAaeM MX BO BHHMaHHe MpPH OOCYXIEHHH
BJIMSIHUS d-3.16KTPOHOB Ha TePMOAMHaMHUeCKHe CBOHCTBA
KOMIIJIEKCOB.

3. IOMOJIHUTEJBHAS YCTOMUUBOCTD
HU3KOCITMHOBBIX KOMITJIEKCOB

OO6GbLIYHO  CYMTAIOT, 4YTO HM3KOCIHHOBBIE KOMIlJIEKChI
HoHOB d® n db GoJsiee YCTOHYMBBI, UeM COOTBETCTBYIOLLHE
BBICOKOCTIMHOBBIE KOMIJIEKChl. DTO BEpPHO, OAHAKO He0o0Xo-
auMo GoJsee TLIATeNbHO MNpPOAHAJM3HPOBATL I0JOXKEHHE,
yTOOB! Pa3/MYUTh BCe BUHAOLIHE (PAKTOPHI.

Bo-nepsbixX, cyllecTBYeT YHCTO KHHETHYeCKHil (akTop.
[To npuunHam, Ha KOTOPBIX MbI OCTAHOBHMCS MOAPOGHO
B TIJa. 7, OKTasApHueCcKHe HHU3KOCMHUHOBble KOMILIEKCHI
HOHOB d® 0COGEHHO HHEPTHBI KaK MO OTHOLUEHHIO K peak-
UUAM 3aMelleHHs, TaK M IO OTHOIIEHHIO K OKHCJHTEJbHO-
BOCCTAHOBHMTEJbHBIM peakiiaM. B pesyabTate uacto BO3-
HMKAaJ0 BlleyaT/eHHe, YTO TaKHe COeJHHEHUs TepMOAHHAMHU-
yeckd 6o0Jlee YCTOHUYMUBBI, 4YeM 3TO €CTb Ha CaMOM [eJe.
C apyroit cTOpOHBI, yxXKe caM ¢akT, UTO OCHOBHOE COCTOS-
HHe KOMIJeKca HMeeT HH3KOCIIMHOBYIO KOHGHUIypaluio,
rapasTupyer emy O0JblUYI0 YCTOHYHBOCTb, MO CPaBHEHHIO
¢ Toi, KoTopast Obl1a Obl NMpPH HAJIUYMH HECMapeHHbIX CIH-
HOB, MOTOMY UYTO BBICOKOCMHHOBOE COCTOSIHHE MO 3HEPrHH
pacroJaraercsl Bbllle OCHOBHOTO COCTOSIHUS.
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HononHuTtebHas YCTOHUHBOCTb COCTOSIHMS CO CMapeH-
HbIMH COHHAMHU MOXKeT ObiThb HeHaMHoro Goublue kT, T. e.
HeHaMHOro 00.blle HeCKOJbKHX KuJokagopui. OgHako
nocJe Tnepexoja TOYKH ClIAPUBAHHsI CMHHOB [AOMOJHHTE/b-
Has cTtabuauM3auusi KOMILJIeKca €O CHapeHHbIMH CIHHaMH
ObicTpo Bo3pacrtaet. Hanpumep, usGeitounas craGuan3aius
B [0/le JIUTaHJOB IJs1 HOHa ¢ KoHdurypauueii db pacrer
Kak 2A, a nosToMy (aKTHUeCKH B GOJbIIMHCTBE CJyyaen
3¢ dexkT okasbiBaeTcsl OLYTHMBIM. MckialoueHue cocraBiasier
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Puc. 3l. KpuBble noTeHUHaNbHOH 3HEPTHH KOMINEKCOB.

E——

@ — BbICOKOCNIHOBbIX; 6 — PaBHOBECHbBIX; 8 — HU3KOCNHHOBbIX KOMIJIEKCOB

non [Co(H,0)eP*, KOTOPBIE XOTSI M MMeeT CrapeHHbie CIH-
HBI, HO PacloJ/ioxKeH HAaCTOMbKO GJIH3KO K TMepeXOJHOi Touke,
4TO eaBa JM cTabuau3upoBaH GoJiee, yeM Ha 5 KKa4.
BoJsiee nosHoe obcyxaeHHe BJMSHHSA CNapuBaHHs CHH-
HOB Ha YCTOHYMBOCTb NpeianoJ/araer yuyeT H3MEHEHHs HOH-
HOrO pajuyca, a, CJeJOBaTe/]bHO, W BEeJIMYHHBI A, KOTOpO?
MPOUCXOAHUT MPH H3MEHEHHH KOH(UIYpaUHH OCHOBHOTO CO-
crosiiusi. KpuBble MOTEHUHAJbHON 3HEPIUH 5 BHICOKOCHH-
HOBBIX U HH3KOCTMHHOBBIX KOMIIJIEKCOB MPHBEJEHbI HA pHC. 31.
(Cnenyer o6paTuTb BHHMaHHe Ha TO, UTO HH3KOCIIHHOBOE
COCTOSIHHE BCerja MMeeT MHHHUMYM 3HEPTHH NMPH MeHbIUIEM
MeXbsAJepHOM pacCTOSHUH, YeM BBICOKOCIIHHOBOE COCTOSI-
Hue.) Ha puc. 31l,a u 8 mnpencras/eHbl NMPOCTble CJYyuaH,
KOT/la OCHOBHBIM COCTOSIHHEM $iBJsieTcsl JMOO BLICOKO-, J1HGO
HU3KOCMUHOBOe cocTossHHe. Ha puc. 31,6 nokasaH uHTepec-
HBIl MPOMEXKYTOUHBI] c/ayuaif, Korga MHHHMYMBI SHEPruH
BBICOKO- H HMU3KOCTHHOBBIX COCTOSIHMH HAXOASTCS HACTOIbKO
6.1M3K0 Opyr OT ApYyra, yTo NPH KOMHATHOH TeMmepartype



Honnble paduycor u ycroduusocts coedunenud 87

BO3MOXHO paBHOBecHe MeXAy HUMH. B 3rom ciayuae mar-
HUTHbIE CBOHMCTBa H CHEKTPbl MOrJOLWEeHHsT aHOMaJibHO U3-
MeHsw0TCA ¢ TeMnepaTtypoll. Takue adpdekThl Habua101aaUCh,
B YaCTHOCTH, 1/ Pa3HOOOPA3HBIX NMOP(HUPHHOBBIX MPOH3-
BOAHBIX HOHOB Fe?t u Fe¥* u nas okucaos Codt,

Mpr BuzeaH, UTO (MOYTH MO ONpEeIeJNeHHIO) HH3KOCIH-
HOBBIH KOMIJIeKC CTaOH/IM3HPYETCsl BCJEACTBHE CIApPUBAHUSA
cnuHoB. Hy»XHO, 0aHaKo, HMeTb B BHAY, Y4TO 3a 3TaJOHHOE
COCTOsIHME Obl10 BBIGPAHO THMOTETHUECKOE BBICOKOCMHHO-
BOEe COCTOsiHMe TOro e caMoro kommiaekca. He caenyer
AyMaTb, YTO HHU3KOCIHHOBBIA KOMIJIEKC TepMOJAHHaMHuye-
cKH Gouiee yCTOI:'ILlPIB, 4yeM BBICOKOCIHHOBBIE KOMIIJIEKCHI Apy-
THX HOHOB MeTaJa.

4. OTHOCHTEJIbHASl YCTOMUYMBOCTb
TETPASAPUYECKHUX H OKTA3JIPHMYECKHX
KOH®UTYPALIMM [3, 4]

CorsacHo ofl1eit Touyke 3peHus, Pa3BHTOH B 3TOM Tyase,
npejanoJiaraercsi, uTo MPH OTCYTCTBHM BJIMAHHS KPHCTaJl-
JIHUECKOTO 101 OTHOCHTE]IbHAsh YCTOHYHBOCTb OKTa3[pH-
YeCKHX M TeTPasApHUECKHX KOMIMJEKCOB [JOJIKHA MJaBHO
U3MEHATbCA BJOJb JOOOr0 psiia BbBICOKOCIHHOBBIX KOM-
IJIEKCOB MepeXoHbIX MeTa/10B. B TOM, UTO 1e710 06CTOUT He
COBCEM TakK, MOXHO YyOeIHTbCs, paccMOTpeB MOCJea0Ba-
teabHOCTb HOHOB Co%*, Ni%*, Cu?* u Zn?. Hou Zn?* npo-
ABJsleT OYeHb CHJBHYIO TEHAEHLHIO K TeTpasApHuecKoi
KOOpAMHALHH, HAa YTO yKa3blBalOT 06pa3yeMblie HM TeTPasi-
puueckde OkHCb, amMuakaT [Zn(NHs)s** u nekortopble
apyrue kommaekcol. Mon Cu?* usBecTen B TeTpPasApHUYECKOIi
KoopauHauuu ToAbkKo B [CuCls?-, a TakXKe B HECKOJbKHX
CMELIaHHbIX OKHcjax. TouHo Tak ke HOH Ni?* o6pasyer
TeTPasApHuYecKHe KOMILIEKChl TOJbKO B HCKJIOUMTE/IbHbIX
cayuasix. [lpumepamu  Moryt cayxuTb (PPhs)oNiCly,
NiCr;O, u TerpadenunapconueBasi conap HoHa [NiCly]2-.
Opnnako non Co?* ob6pasyer TeTpadApHyeCKHe KOMIJIEKChI
BecbMa Jerko. IloutH BO BCeX CHHHX COeAHHEHHAX
Co?* HOH MeTaJjila HaXOQUTCs B TETPa3APHUECKOH KOOop-
NHHAIHH,

DTOMY MOXKHO .1€TKO 1aThb KauecTBEHHOe OObBsICHEHHe,
BOCHoJb30BaBuCch Taba. 11. Crabuausauus B moJe JHray-
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[IOB B OKTa3ADHUCCKHX KOMIJIEKCaX 3THX HOHOB JOCTHraer
makcumyMma y Ni** (d®), a B TeTpasApuUYECKHX KOMIJIEKcax
y Co?* (d7), 3ateMm npu nepexole kK Ni%** cHuxKaeTcs Ha 2/5A.
Takum oGpa3om, MOCTOSHHO Bo3pacTalolllasi TEHAEHUHS K
06pa3oBaHHIO TeTPasAPHUECKHX KOMILIEKCOB, OueBHIHAs H3
cpaBHenus Mn®* ¢ Zn?*, HU ONMH M3 KOTOpbIX He MNOABEp-
eH BJIMSHHIO KPHCTAJJMUECKOrO MOJs, NpepbiBaeTcs Mpu
nepexose ot Co?* k Ni?*. ®akTHUeCKH B 3TOH TOUKe BKJal
noJsi JUraHJ0B B pPa3HOCTb 3IHEPrHU MeXJy OKTasapHue-
CKHMH M TeTpPasApHUECKUMH KOMIJIEKCAMH H3MEeHsieTCsl Ha
2/5(A0HT + A’rﬂp)-

3HaueHWe A A5 OKTA’APHYECKOH KOOpAMHALHM Ha-
CTOJIbKO CHJbHO MpeBblllAaeT 3HaueHue A 178 TeTpasapH-
UecKOH KOOpAMHAUMM, YTO OHO OOBIYHO npeol.afaer Had
«3Heprueil MpeanoOdTHTEILHOTO pacrnosoxkeHns», OxHAaKO B
cayuyae uoHa Co?* sHeprus craGuiu3alvd B TeTpasfpHye-
CKOH KOOpIHHAlUK BCe Ke [OBOJBHO 3HauuTe/bHa. 3Ty
TEOPHIO MOKHO MOABEPTHYTb BECbMa CEPbe3HOMY HCIbITA-
HHIO, paccMaTpHuBas pacrpeieseHde KaTHOHOB B  LIMH-
HeJsX.

HlnuuensiMu Ha3bIBAIOTCS KOMMNJEKCHBIE OKHC/bI COCTABA
M2tM3"0,, rae M2t moxkeT 6biTh Mg#, Mn2+, Fe2*, Co?*,
Ni2t, Cu?*, Zn? u gpyrue, a M3 —sa10 Ald*, Cré, Mn3+,
Fe3*, Co% u apyrue. [lpaBuibHass CTPYKTypa COCTOMT H3
MOYTH MJO0THO YIAKOBaHHON peuleTKH WOHOB KHCJ0poOaa, B
KOTOpO#l !/3 HOHOB MeTaJjJ/a pacrnoJaraercst B TerpasapHue-
CKHX AbIpKax, a ocTaJibHble B OKTasApuueckuHx (puc. 32).
Ulnunens HasbiBaetcs: 1) HOpMaJbHOMH, ecau HOHbL M?** 3a-
HUMAIOT TeTpayipuyecKue MoJOKeHHs, a HOHbl M3* — okra-
sapuueckue, 2) obpallleHHOl, ecad HOHbl M3* 3aHuUMaIOT
TeTpasApHUecKHe U IM0JOBHHY OKTa3APHUECKHX MOJIOXKEHUH,
a HOHbl M2+ ocTajibHble OKTA3ApPHUECKHE TMOJOXKEHHS, H
3) uactuyHo oOpallleHHOH NpU BCeX APYLHX pachpenelie-
HUAX KATHOHOB.

Veranosneno, uanpumep, uto  MngO4(Mn2*Mn;* O,)

o . 3+
apJdseTcss HopMaJabHo# winuheabto, a FesO4(Fe?*Fey ™ O4) —

oGpateHHoii. Mbl MOXeM NOHATb 3TO, eC/H BCMNOMHHUM, YTO
HoH Mn3* (Ho He HOH Mn?*) crabuaH3upyeTcs KpHCTaJ-
JHYECKUM MOJeM M, CJ1e10BaTe/]bHO, CTPEMHUTCH PACIoONo-
WHTbCSl B [OJOKEHUAX C MakKCHUMaJabHOH cTaOHAM3auHeld
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B KPHUCTAJJHUECKOM MoJe, T. €. B OKTA3APHUECKHUX AbIPKaX.
C npyro#t ctopoubl, Fe?* uyBCTBHUTE/€H K KPUCTAJJIHUECKHM
noasaMm, a Fe* geuyBcTBHTENeH, a CJel0OBATeNbHO, B 3TOM
c/lydyae JBYXBaJieHTHble HOHBI CTPEMSITCS 3aHSTb OKTas’l-
puueckue nosoxkeHust. Takum oGpasom, B Mil30, Tpexma-
JIeHTHble HOHbl 3aHHMAlOT OKTa3JApHYeCKHe TMOJIOXKEHHs, a
B Fe;O4 mosoBHHY M3 HMX 3aHMMAIOT HOHBI Fe?t,

Puc. 32. CrpykTypa WIMHHETH.

Ecau BeJWUHHB A H3BECTHBI C AOCTATOYHOH TOYHOCTHIO
IJs pa3/M4YHBIX paccMaTpHBaeMbIX HOHOB H /s 06GOHX
THMOB pacnpejesaeHHil, NnpyvBeJleHHble Bblllle KayeCTBEHHbIE
paccyX/aeHHs MOXHO H3J/0XKHTb TNOJYKOJHYeCTBEHHO uepe3
3Hepruy NpeNNouTHTENIbHOro pacnpeleneHus. [lpu oueHke
SHEePruu NpPeANouUTHTE/bHOro paclpelieseHds Mo 3Haue-
HHAM, HaiileHHbIM U3 CMEeKTPOB, MOXKHO MOJYYUTb AOBOJIBHO
Xopolllee COOTBETCTBHE MeXKAYy pacueTHbIMH U HabJaoaae-
MBIMU CTENEeHSIMH MHBEDPCHH.

Mgl BHAMM, uTO BCJ€ACTBHE BJHSIHHS MOJs JHTAHAOB
KOMILJ1eKC MOKeT NMPHOOPECTH TaKyl CTepPeoXUMHIO, MPH KO-
TOPO# HMOH MeTaJja HMMeeT KakK pa3 CTOJbKO YCTOHUHBBIX
opOHUT, CKOJIBKO HX HYXKHO AJSl pa3MelleHHUsl BCeX ero aJjek-
TpOHOB. B cBsI3u ¢ 3THM oco6eHHO HHTepecHa CTPYKTypa
noa [Mo(CN)s]* (puc. 9, crp. 24). PacnosoxeHnne HOHOB
CN~ TakoBo, UuTo H3 BCeX d-OpOUT cTaOUIU3UPYETCS TOMBKO
oaHa (puc. 7,2, ctp. 22). Buaumo, UMEHHO MO 3TOH MpH-
ypHe Takasi CTPYKTypa XapakTepHa TOJbKO A5 HOHA Me-
Ta11a C OAHUM HJIH ABYMS d-3.1€KTPOHAMH.
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5. BJINSIHUE 3JIEKTPOOTPULIATE/IBHOCTH [5, 6]*

Brime npu o6cyKaAeHHH YCTOHYHBOCTH COEJHHEHHH nepe-
XOJHBIX METaJjJIOB Mbl JHILIb MEJbKOM YNOMSHYJH O BJIHA-
HHH 3JIEKTPOOTPHLATENBHOCTH. DTO TpPYAHAsT TeMa, HO, K
COXKaJIeHHto, ee HeOOXOAMMO KOCHYTbCS, uTOGBl Jydlle MO-
HATb CMbICJI HeJaBHHX MAHCKYyCCHH 00 YCTOHUMBOCTH KOM-
MJIeKCHLIX HOHOB B pacTBOpax. Te e camble ofuiue pac-
CYK/JEeHHSl OKa3blBalOTCs NMPHMEHUMBIMH U K APYTHM paHee
006CYyXKJeHHBIM BOIpOCAM, TaKHM, Kak 3SHEpPruH peLIeToK
HT. ML

[Tockonbky o6pa3oBaHHe CBsA3ell MeXAy HOHAMH Me-
TaMJOB M JIHTAHAAMH BbI3bIBAeTCsl MEPeX0JOM 3JEeKTPOHOB
OT JIMTAHJOB K HOHY MeTa.j1a, MOXXHO 0XKHAaTh, 4TO MPOU-
HOCTb CBSI3H JHUTaHA — MeTanaa OyleT BO3pacTaTb MpH
yBEeJHUEHUH CIOCOOGHOCTH HOHA MeTaJ/ja MPHHHMATh 3.eK-
TPOHBI. B coyuae coeauHeHHiT MepexOAHbIX MeTaJ10B 3JeK-
TPOHBl MOTYT 3ace]siTb OPOHTHI d, S MJK p, a MO3TOMY (ak-
THUECKM MOYKHO TOBOPHTb O Tpex BHAAX CPOACTBA K 3JeK-
TpoHy. Paau mpocToThl pacCMOTPHM TOJbLKO d- H S-OpPGHTHI.

Ta6aruga 13

CpOIlCTBO K 3JEeKTPOHY ABYXBAJEHTHbIX HOHOB INepeXxoniibiX
MeTaJJIoB JJiss ABYX S-3JIEKTPOHOB H OJAHOTO d-anempoua, 38

CpoactBo Cpoactso CpoacTso Cpoactso
K S-3JeK- K d-snek- K S-3JIeK- K d-anek-
TPOHY TpoHy Tpoiy TPOHY
Ti?t 20,46 135 Co®* 24,91 17,0
\a 20,94 14,2 Ni?t 25,78 18,1
cr?t 22,2 16,49 cu®t 27,5 20,3
Mn?* 23,07 13,4 zZn*™* 27,35 —
Fe?™* 24,08 16,0

B ta6a. 13 npuBeseHbl 3HEPTHH HEKOTOPBIX HHTEPECYIo-
[IMX HaC 3JeKTPOHHBIX MpPOLECCOB, a HMeHHO: M2*(dn) +
+ 2e — M(d"s?) aast cpoicTBa S-OpOHTHl K 37JeKTPOHY H

* Cum. rawse cratoio . K. Coipsuna, Ycnexu xumun, 31, 397
(1962). — [pust. ped.



Honnble paduycol u ycTodusocTe coedurenud 9l

M2+ (dn) + e—> M*(dn+!) nasa cponctBa d-OopOUTHL K 3JeK-
TPOHY. DHEeprus nepBoro npouecca He ABJASETCS HaWJIyulleH
XapaKTEPUCTHKOH CpoAcTBa AJs  S-37ekTpoHa. [lostomy
HHOrZla BMECTO 3TOT0 IMpolecca pacCMaTpUBAOT ApYroi:
M2 (dn) + e — M*(d"s) ¢ yuaCTHEM OJHOro S$-3/JeKTPOHa.
AToT BOMpOC JeTaldbHO 06CYyXKeH B autepatype [5, 6]. Cae-
IyeT OTMETHTb, YTO 3Heprusi mnpouecca M?2*(dn) + 2¢ —
M (dns?) sB/asieTcs MPOCTO CyMMOH MepBBIX ABYX MOTeHUHA-
JIOB MOHM3aUMH HEHTpaJbHOrO aToMa ¢ KOHGHUrypauuein
dns?. OHAaKO OHa HEeCcKOJIbKO OT/HYaeTcsi OT MocJiefHed Be-
JUUMHBL /51 XpoMa M MedH, KOTOpble HMEIT, COOTBeT-
CTBeHHO, KoHburypauuu dis u d'%s.

MOXHO OTMETHTb, YTO CPOACTBO K S$-3J€KTPOHY paBHO-
MepHO Bo3pactaer B paay ot Ti** k Cu?t u quwb cJjerka
nonuxkaercs y Zn?*. CpoAcTBO Ke K d-3/J€KTPOHY JOCTH-
raeT pe3ko BbipaxkeHHOro MakcuMmyma y Cr?*(d') u MoHo-
TOHHO pacTeT y 3aJeMeHToB oT Mn?*(d®) k Cu?*(d?). Teneps
Mbl BIIpaBe 3amaTbh cefe BONPOC, BO3MOXKHO JiM, 4TOGBI Ka-
Kas-HHOYIb UacTb HJH Ke BCS 3HEPTHs cTaGWIM3allH, KO-
TOPYIO MBI MPUMHCBIBATY BJAMSHHIO KPUCTAJJHUYECKOTO MOJS,
B JeHCTBUTEJIbHOCTH Obl1a 00yCJOBJeHA BJHMSIHHEM 3J€K-
TPOOTPHLUATENBHOCTH, NMOCKOJIBKY CPOACTBO K d-3/JeKTpPOHAM
MHHUMAJbHO A8 KOHdUrypauuud d° W MakcMMaJjbHO [Jf
KoHdurypauuit d* u d°.

Touxka 3peHust aBTOpa 3akKJjluyaeTcsi B TOM, UTO, XOTS
BJMsSHHUE 3JEKTPOOTPHLATEIbHOCTH HMEEeT OuUeHb Ba)HOe
3HayeHue, 00.blIasi YacTb 3TOTO BJHSHUS YUYHTbIBaeTCs
yXKe MNpH pPacCMOTPEHHH MOHOTOHHOTO H3MEeHeHHsl HCMpaB-
JIeHHBIX TemaoT o6pa3oBaHuss otT Mn?* no Zn?*. Buausinue
KPHCTA/JIMUECKOTO [O0Js1 CYLIECTBEHHO B  COEAMHEHUsAX
noHos Fe?*, Co** u Ni*f u urpaer riaBHYIO POJb B COELU-
Henusix uoHa Cu?t. Jta TOUKa 3peHUs, OAHAKO, HE SBJSETCH
0oOUIENPHHATOH.

6. KOMITVIEKCHBIE MOHbI B PACTBOPE

[Tpu obcyxneHHH YCTOHUMBOCTH KOMIJIEKCHBIX HOHOB
B BOJHOM pacTBOpe Hac OyleT HHTepecoBaTh He 00pa3oBa-
HHEe 3THX MOHOB H3 HX KOMMOHEHTOB, a peaklHH 3aMeLleHHs

IM (HyO)g|"" + pL —> [M"" (H,0), L,]+ 6 — ¢) H,0,
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NpY KOTOPBIX OlNpeJeeHHOe 4YKUCJa0 MO.eKy ] JUraHaa Bbl-
TeCHSIeT PaBHOE HJIM MeHbllee YHUCJO MOJeKyJa BOAbl U3 Mep-
BOH KOODAMHAUHMOHHOH cdepbl HOHa MeTadja.

TensnoTy 3TOH peakuuu MOXKHO paccMaTpHBATb Kak CO-
CTOAILY0 M3 AByX uyacTeit. [lepasi — 310 HchpaBJ/eHHad
TelI0Ta peakUHH *, KOoTopas NOJKHA H3MEHATbCS MOHO-
TOHHO MO BCEMY PS/AYy KOMIJIEKCOB MEPEXOAHBIX METaJJ0B
C JAHHBIMH JHMIaHAAMH B OTCYTCTBHE BJMSIHHSI MOJs JHTaH-
JOB M 3/eKTPOOTpHUaTenbHOCTH. BTOpas uactb — 3t0 pas-
HOCTb MEXKAY 3Heprued KpHCTAJJIMUeCKOro [oJs B ruiaparte
M KOMIIJIEKCHOM HOHe (a Takxke Jqwo0as Apyras 3Heprud,
o0yc/IOB/IeHHAs] BJHSAHHEM 3JeKTPOOTPHLATEJ]bHOCTH U HE
VUTeHHasl B NepBOH yacTH).

M3 cambix ofuiux coolpaKeHHi BbITEKaeT, UYTO BJIHS-
HHe KPHUCTAJJIHUYECKOro nous 6JaronpusiTCTBYET peakiusiM,
€CJIH 10Je JIHTAHAOB — peareHToB CH/bHee Mno.s, ofpasye-
MOTO MOJIEKYJaMH BOJbBl H €CJH HOH MeTa.lsa YyBCTBHTeJeH
K crafuau3auud B KpHcTadauueckoM mnoJde. CucTeMbl ¢
MoHaMu Mn?* u Zn2*, Ha KOTOpble He BJMSIOT paclueNeHHs
B [M0Je JHUTaHAOB, SIBJSIOTCS, Kak NPaBuJ0, YI10OHBIMM Na-
paMu cHCTeM, Ha KOTOPbIX MOJXKHO NPOCJeAHTb OOLLYI0 TeH-
JEeHUUI0O H3MeHEeHHs MCMPaBJeHHBbIX TeMJ0T peakUuui BO
BCEM IIepBOM I1epexOJHOM INepHOJe.

Jluranae!, KOOpAMHUPYIOLIHECS Uepe3 HMelolLluecss y HHUX
aTOMbl KHCJOPOAa, OOBIUHO MOPOXKAAIOT KPHCTaJMJHUeCKHe
noJis, CXOAHblEe C MOJSIMH, CO3aBaeMbIMH MO.eKyJaMu BO-
nbl. [TosTOMy moJs JUraHioB MaJjo BJHAIOT Ha YCTOHYH-
BOCTb KOMIIJIEKCOB C TaKMMM JIMFTAHAAaMH, B TO BpeMs Kak
KOMIJIeKChl ¢ aMHHAMH U JAPYTHMH JHUTaHAAMH, MOPOKAAIO-
LWIMMH CHJbHblE MOJd, MOTYT ObITb CHJbLHO CTAaOH/JIM3HPOBA-
Hbl B moJe Juranuaos. Tak, HanpUMep, MOXKHO 0XH/AaTb, UTO
noH Ni%*, KOoTOpbIii cTaOUJAH3MPYeTCsl CHIbHee, yeM J1000H
ApYyrofi MOH B MPaBUJbHBIX OKTa3’ApPHYECKHX KOMIIeKcax,
Oyner nposieasiTbh OueHb 60.bllIOe CPOACTBO K aMUHAM [0
OTHOIIEHHIO K BOME, MO CpaBHeHHIO, cKaxeM, ¢ Mn?*, He
MOABEPXKEHHBIM BJIHSAHUIO [OJs JHUTAHAOB. DTO W [pyrue
noao6Hble KauecTBeHHble 3aKJOYeHHss MOXKHO MpOBEPHTb

* anl 3THM MBI ITOApasvMeBaeM pPAa3HOCTL MEKAY HCIIpAaBJeHHBIMH
Tenaotamy o0pa3oBaids  KOMILIeKca W rujpara (Kak 3TO  OIMCaHQ
B pasjene 2).
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9KCTMepUMeHTa 1bHO, HampumMep, aMuubl Ni%* ropasno Gousee
YCTOAUMBLI B OTHOLIEHHH THAPOJIM3a, YyeM aMHHbl Mn?*

Ko/snuecTBeHHble JaHHble AJ51 MPOBEPKH TeOPETHYECKHX
npeacKas3aHuii MOXHO MOJYYHTb TOJbKO KOCBEHHBIM MyTEM.
BansiHue noss JUraHi10B BHOCHT BKJaA B TeNJ0Ty 06paso-
BaHUsA KoMmmaekca Afl; HO GOJBLIMHCTBO 3KCIEPHMEHTaJb-
HbIX JIaHHBIX OTHOCHTCA K KOHCTAHTaM paBHOBECHS M5
peaklHu B BOAHOM pacTBOpe, U3 KOTOPbIX MOXKHO Herocpes-
CTBEHHO TMOJYYHTb 3HaueHuss AF paaa peakunit. UToO6bl
MCMO/b30BaTh 3TH MOCJEJHHE BEJHUHHBl [JIs CPaBHEHHS C
pacueTaMu O TEOPHHU IO.Js JUTaHAOB, HEOOXOIHMO clenaTh
HeKOTOpble JONyIleHHss O TOM, KakuM o006pasom H3Me-
HSeTCA 3HTPOMHUS peakUUH AJs COOTBETCTBYIOLIHX peakuuil
pa3/JHuYHbIX HOHOB. [lpeAmosioxkUM, UYTO MpH MPOBOIHUMBIX
HAMH CpPaBHEHHAX 3THMH H3MEHEHHSMM MOXKHO TmpeHe6-
peub.

B Tta6a. 14 npuBegeHbl HEKOTOpPble THIIHYHble 3HAUYEHUS
IJIsl NOCJeN0BaTeNbHbIX KOHCTAHT O0pa3oBaHUsA KOMIJeK-
COB [IBYXBaJIeHTHbIX HOHOB MEPBOro MepexOAHOro NepHoaA.
BHauyase Mbl 00GCYyIHM HEKOTOpble OTJMUMTE/bHblE Kaue-
CTBEHHble 0COOEHHOCTH 3THX AaHHBIX. OG6GBIYHO MOcJenoBa-
TeJbHble KOHCTAHTBl YCTOHUHUBOCTH TMPH OOPA30BAHHU KOM-
NJeKCOB JaHHOTO HOHA MeTaJJja C AAHHBIMH JUTaHZaMU
MOHOTOHHO yMeHblatoTcest oT Ky K Kg. Hactuuno 3to o6yciio-
BJEHO CTaTHCTHYECKUM 3 PeKTOM, COCTOSILLHM B TOM, UTO Ha-
JUYHOE YKCJO MOJIEKYJ BOJbI, KOTOpPble MOTYT 3aMellaThCsl
JUTaHJaMH, YMeHbIlIaeTcss M0 Mepe YBeJHYEHHS YHC/aAa MO-
JIeKyJ1 JIMTaHAOB, YXKe HaXxoAasuluxcs B KoMmiekce. OnHaKo
3THUM CTaTHCTHUYECKHUM 3 deKToM He 0OBSICHsETCS BCe sBJe-
HHe TOJHOCTBIO, H CJeVeT NPEANOJIOKUTh TaKXKe HaJHuHe
sdeKTa HACBILEHHA B TOM CMBICJe, UTO KaX/[blH JIUTaHL
B KOMILJIEKCE YBEJHUHBAeT TPYAHOCTb 3aMelleHUs] HOBBIX
MOJIEKYJ/1 BOABl TeMHU xe Jurauaamu. [lo camoi coeil cyul-
HOCTH 3TOT 3(deKT A0MKeH ObITb 3JeKTPOHHbIM. [lo-Buau-
MOMY, MOXHO CKa3aTh, 4TO CHJbHO KOOPAMHHPYIOLLHECH
JIUTaH1bl, TAKHe KaK aMMHaK, OTAal0T 3JeKTPOHbl HECKOJib-
KO Jerue, yeM Boja. Ilocsae TOro, Kak HeCKOJNBKO MOJEKY.
TaKHX JAUTAaHA0B 3aMECTHJIH COOTBETCTBYIOILEe UHCJIO MoJe-
KyJad BOJBI, CPOACTBO MeTall1a K 3J1eKTPOHaM OKa3biBaercs
yIOBJETBOPEHHBIM B HECKO/bKO 0o0.1blleil Mepe, ueM B TH1-
paTe, ¥ NO3TOMY MPEUMYLLECTBO, KOTOPOE AAET KOODAHHALHS
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Ta6auya 14

KoHCTaHTBHl YCTOHYHBOCTH HEKOTOPbIX KOMIJEKCOB MeTaJlJioB
B BOJHOM pacTBOpe

Jluraua Mn2t | Fe2t Co?* NiZt | cu?* Zn2t
NH; K, 2,11 | 2,79 415 | 2,37
K, 1,63 | 2,24 3,50 | 2,44
K; 1,05 | 1,73 2,89 | 2,50
K, 0,76 { 1,19 2,131 2,15
Ks 0,18 | 0,75 | —0,52
Ks —0,62 | 0,03
ITHAEHAHAMHH K, 2,73 | 4,28 589 | 7,52 | 10,55 | 5,71

Ky | 2,06 | 325 483 | 6,28 9,05 | 4,66
K; | 0,88 1,99 3,10 | 426 |—1,0 1,72

Mmuzason K, 4,37 | 2,58
K, 3,57 | 2,37
K, 285 | 2,23
K, 2,06 | 2,02
Okcanaar K, 382 | 47 47 85 4,68
K2 y ) ) ” 2,36

Canvuuaanbaerun K, 3,73 | 4,22 4,67 | 522 7,40 | 4,50
K, | 3,056 | 340 3,63 | 397 591 | 3,60

Inapokcna K, 2,83 3,6 3,8 7.8 4,5
CaanuunaoBas «u- | K, 10,6
caoTa

HOBBIX MOJIEKY!, §IBJSIOIUXCS GOJlee CHJIbHBIMH JOHOpaMH
3.1€KTPOHOB, YMeHblIAeTCs.

Moun Cu?* HeoOblYeH B TOM CMBbIC.1€, YTO Y HEro BHe-
3aMHO TPOMUCXOAMT pe3KOe MajeHHe YCTOHUYHBOCTH MeXIy
Ks u Ks. D10 HecoMHeHHO cBsid3aHo ¢ 3¢dexktoMm HHa —
Teanepa, 1. e. ¢ TenfeHuueii uona Cu?* o06pasoBbIBATbL
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yeTblpe NpPOYHble CBSA3HW B MJOCKOCTH H ABe GoJjee cJjabble
NJs1 3aBeplieHHs UCKaXKeHHOTo oKTasapa. B cBA3um ¢ 3TUM
NpeACTaBJAIOT HHTepec NpPOBeJeHHble HeAaBHO HCCJeN0Ba-
HUs aMMuakatoB HoHa Cr?*, moka3aBllHe, YTO MU B 3TOM
c/lydae MepBble UeTbipe KOHCTAHThl H3MEHSIOTCS HOPMaJib-
HBIM oGpa3om, a npu nepexofe ot Ky k K; Habaonaercs
pe3koe mnajeHHe. DTH (DaKTbl TPYAHO OOBSCHUTb, €CAH He
VYUTBIBATb XapaKTepHble HCKaXKeHHus s HOHOB d* u d°
BcaencTBie apdexrta Ha — Tennepa.

He MeHee moGonbiTHas aHoMmasus HabJalonaercs y aM-
muakaToB Zn?t., Koncraura yeeauuuBaercd ot K; k Kj, 3a-
TeM yMeHblllaeTcss nocje K, NpuHueM 3TO NajeHHe MpoTe-
KaeT ropasfo OblcTpee. DTO sBJEHHEe TaKxke OOBsSCHIETCs
CTEepeOXUMHUYECKUMH TeHAeHLHSMH paccMaTpPUBaeMOro HOHA
MeTanana. M3 Bceit atoii rpynnbel HOH Zn?* HauGoJiee YCTOM-
YUB B TETPa3qpPUUECKOM OKpYXXKeHHH. B BOAHBIX pacTBopax
Kak Gyaro 6wl npeoGaanaer Kommiekce [Zn(HpO)e]** (uTo,
BEpPOSITHO, OOBACHAETCS TPOMAaAHBIM  HM30BITKOM  BOJbI).
Cpenn aMMuakatoB HauboJjee YCTOHUMBBLIM $IBJsIeTCS
[Zn (NH3)4J**, x0T npM A0CTATOYHO BBICOKHX KOHIEHTpa-
uMsiXx aMMHaka MoxeT o6pasoBatbest M [Zn(NH;)ef**.

[TockoabKy OKTasapuuyeckasi KOHQHUrypauHs yCTOHYHBA
B OTCYTCTBHE aMMuaKa, a TeTpasapuHueckas —B MPHCYT-
CTBHH YeTblpex MOJIEKYJ aMMHaKa, Mbl BIpaBe Mpeano.o-
XKHTb, UTO IO Mepe YyBeJHUeHHs YHCAa MOJeKyJ aMMHaka
OyleT MPOUCXOJHTb MOHOTOHHOE H3MeHeHHe OTHOCHTe/bHOH
YCTOHUMBOCTH OKTA3APHYECKHX M TEeTPa3APHUECKHX OKpYy-
KeHud. Tenepb BCIOMHHM, UTO BO BceX OOBIYHBIX MeToaax
onpejeseHHst 3THX KOHCTAHT DaBHOBECHS H3MepSIOT CyMMY
KOHCTaHT 00pa3oBaHus AJs TeTpasApHYeCKH H OKTa3ApH-
YeCKH KOODJHHMPOBAHHBIX KOMIJIEKCOB, coOJep:Kaliux ¢u-
KCHPOBAHHOe YUCJIO JUTraHaoB. B cayuae uoHa Zn?* MOXKHO
npeanosoXuTh, 4yto K coctout u3 AByx uacteil. [lepsas,
KeoxT yMenbwaetcst or K; K K¢ U COOTBETCTByeT OGBLIYHOH
peakuuu:

[Zn?* (HyO)g] + nL —> [Zn2* (H,O);_ L, |+ nH,0.
Bropas, KTeTP, Bo3pacTaer OT MaJoro 3HaueHus aaa K, 1o
Gosibliero 3HaueHus K, MOCKOJbKY OHa COOTBETCTBYET pe-
aKUHH:

[Zn?* (H0,6 + nl — [Zn*" (Hy0)y_,L,] + (2 + 2) H,0,
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M Mbl OXHJaeM, UTO OTHOCHTe/]bHasl YCTOHYMBOCTb TeTpa-
31pHYecKOd KoHpUrypaunn OyaeT BO3PacTaTh ¢ POCTOM 1.
Tenepp Mbl MOXKeM NOHATH HaGJIOLAaeMOe MOBeleHHe CYM-
mapHo#i K nasi Zn%*. Veeauuenue K mexnay K, u Ky u
mexay K, u K3 npoucxoaut Gjaroaapsi NOBBILIEHHIO YCTOM-
YMUBOCTH TeTPa’APHYECKOro KOMIJaeKca [0 CpPaBHEHHIO C
OKTasJpHueckuM. Pe3koe nagenue nocae K; oObsicHsfeTcs
TeM, uto Ks; u K 00A%HbL COOTBETCTBOBAThL OKTa3Apuue-
CKHM KOMILTEKcaM.

TeMu xe npuuunamu oOycJa0BI1eHbl MHOTHe ApYyrdHe aHoO-
maauu. Hanpumep, nas ammuaxkato Ag* K, Gosblie, ueM
Ky, M3-3a quHelHOH CcTpyKTypsl HMona [Ag(NHj),J*, otTaunu-
HOH OT CTepeOXHMHU TrHapaTHpoBaHHOoro uona Ag*. [lono6-
HbIM e 00pasoM BTOpble KOHCTaHTBI KHCJIOTHOH AHCCO-
LIHaLUHU THApPAaTHPOBaHHBIX HOHOB Hg?* u In®* Go.ablue, ueM
nepBble, BUAMMO MOTOMY, UYTO B MPOTHBONOJIOXKHOCTb THA-
patupoBaHHbiM HoHam Hg2* u TP+ wuonwm [Hg(OH),] u
[In(OH).]* umetoT suHeliHyI0 CTPYKTYPY, XapaKkTepHyo Ans
HeKOTOPbIX HOHOB C KOHburypauuei d'°.

s KosmMuecTBEHHOH NMPOBEPKU TEOPHH NOJs JIMTaHLOB
cJefyeT ONpefesHTb M3 CIeKTPOCKOMHYECKHX NaHHBIX 3Hep-
ruy ctabGuan3aluu B MnoJde JUTauloB TMAPAaTHPOBAHHBIX H
KOMIIJIEKCHBIX HMOHOB. PasHocTb 3TUX 3Heprud Jgact HaMm
BK.1aJ KDHCTAJJIMUECKOro MoJsi B Tem’aoTy o6pa3oBaHHs
Komr1ekca. [lpu stom cienyer 0XuAaTb, UTO HCIpaBJ/eH-
Hble TakuM 00pa3oM TemJ10Tbl peakiUHii W/, ecau Ipe-
HeOpeub SHTPONHHHBIM 3(QPeKTOM, HucnpaBJaeHHble cBOGOI-
Hble 3HePruH peakuuil, AOMXKHBI MJaBHO BO3pacTaTb OT
Mn? k Zn?". Mo0XXHO NPHBECTH JIHIIbL HECKOJbKO CJyyaes,
KOrja H3BeCTHbl BCe HeoO6XOAMMble 3KCIEePHMEHTaJbHbIE
JdaHHble. B Hacroslllee BpeMsi JOCTATOUHO MOJIHO H3YUeHb
TOJBKO 3THJAEHAHAMHHOBBIE KOMILJIEKCHl M [AJd  HOHA
[Co(En)s** cootBeTcTBHe MexAy Teopuell M 3KCIepPHMEH-
TOM He oueHb Xxopouwee. YroObl MOHATb, YeM BHI3bIBAIOTCA
5TH PacXOXKIAEHHSs, BJAUAHHEM 3/1eKTPOOTPULATEJbHOCTH HJIH
Ke KaKHMH-TO JPYTUMH NMPHUMHAMH, HEOOXOLNMbl AaJbHCI-
lIHe HCCe10BaHUsA TaKOro pojia.

B To Bpemsa Kkak BONpOC O MpPanH.1bHOCTH OOBACHEHHH
H3MEHEeHHs] YCTONUMBOCTH KOMIIEKCHBIX HMOHOB INpH nepe-
X0j€e OT O1HOTO MeTaalla K JAPYronMy ocTaeTcst OTKPBITHIM,
SMIIHPHUECKHIT MOPAI0K YCTCHUMBOGCTH I1IOUTH He BbI3LIBAeT
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COMHeHHMH: Kak nokasaaun KaneBuH m Meabxuop [7] u Hp-
BUHT ¥ Buabamc [8], ycTOAUHBOCTL KOMIIJIEKCOB IIOUTH €O
BCEMH JIHT@HIaMH HM3MeHseTcsl OJMHaKOBLIM 00pa3oM:

Mn2+ < F62+ < Co?+ < Ni?+ < Cu2+ > Zﬂ2+.

Penkue HCKIOUEHHs] M3 3TOTO MpaBuja OObIYHO 06BAC-
HSIOT CapHBaHUEM CIIHHOB, KOTOPOE, Kak ¥ B TBEPIBIX Te-
Jax, MOXKeT IPHUBECTH K JMAOMOJHHTEJbHOH CcTabu/IH3aUNHH
HU3KOCIIMHOBOH KOH(UTypalHH.
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JUATPAMMbDBI YPOBHEN SHEPTHHU
1 CIIEKTPBI

1. IMATPAMMBI YPOBHE¥M SHEPTUU
BbICOKOCITMHOBBIX KOMIIJIEKCOB

Mbl Buzieau, 4TO BJMSIHHE OKTa3APHYECKOTO OKPYKEHHS
Ha d-opOMTHl HOHA MepPeXOJHOro MeTaJslla MOXHO paccMart-
pUBaThL KaK paculensieHHe HUCXOAHOH TPYMNMbl U3 MSATH OpOUT

A

Puc. 33. luarpaMma ypoBHei 3Hepruu jaas Hona dl.

Ha TpU HU3LIME [y, M ABe BbHICLIME “OPOHUTHI €g, pa3jelieH-
Hele sHeprueir A. DTo MOXHO NPEACTABHUTb OYEHb MPOCTO
npy MOMOLUM JHarpaMMbl YPOBHeH 3HEDPTHH, MOKA3aHHOH Ha
puc. 33, rie usobpakeHa 3aBHCHMOCTb 3HEPTHH OPOHUT OT
BEJIHUMHBI A, XapaxkTepH3ylollell NPUJIOXKeHHOe 10Jle JHral-
nos. JluarpaMMa ypoBHeH sHepruu [Js KoHdurypauuu d°
(puc. 34) moxoxa Ha MpeAbAYyLLYlO, HO OHa Kak Obl ofpa-
lleHa 110 CpPaBHEHHIO ¢ AuarpaMMoil A/s OAHOro d-3JjeK-
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TpoHa. HuXHUH ypoBeHb B 3TOM c/Jyuyae COOTBETCTBYET KOH-
durypaunu  (f4)%(eg)3, a  BepXHMH — KOHOHUTypauUHH
(f2g)°(eg)*. VHaue rosopsi, B NMepBOM COCTOSIHHM HMeeTcs
«bIpKa» Ha OpOHTe ez, a BO BTOPOM — «JAblpKa» Ha OpOH-
Te f5. OGo3nauenus 2D B JeBOH uyacTH JMarpaMm Ha
puc. 33 ¥ 34 OTHOCATCA K OCHOBHBIM COCTOSIHHAM HOHOB d!
H d° B OTCYTCTBHeE MOJIs1 JIMTAHIOB.

Bo Bcex cayuasx, Korga HMeeTcss GoJsibllle OLHOTO H
MeHbllle NeBATH d-3JeKTPOHOB, JHarpaMMa YypOBHe# 3Hep-
FMM OKa3blBaeTcst ropasao cioxHee. [laxke cBOGOAHbIH HOH
¢ 3amaHHOl KoOH(purypauueid d-3JeKTPOHOB MOXKET Haxo-
IWTbCS B PasHbIX COCTOSIHMSIX, U MHOTHe W3 HHX paclien-
JSI0TCA ToJeM Jaurannos. [eranu aTux Gosee CJIOXKHBIX
AMarpaMM MOJXKHO BBbISICHUTb TOJIBKO B pe3yJ/bTaTe KBaHTO-
BOMEXaHHUECKHX PacyeToB, YTO He BXOAHT B 3afauyu [aH-
HOH KHHMIH. Mbl monbiTzeMcsi OOBSICHUTL TakHe JHArpaMMbl

(tay)’(eg)*

(tz) 6(6’9) ’
3 -

Puc. 34. luarpaMma ypoBHeit sHepruu jpas.noHa d°

KauecTBEHHO, a 3aTeM IOKaXKeM, KaK MOXHO HCIIOJb30BaTh
KX AJA NOHMMAaHHUA CHEKTPOB COeJHHEHHH MepPeXOJHbIX Me-
TaJlJI0B.

Ha puc. 35 BocnpousseneHa MNoJHAasi gHarpaMma ypoB-
Hell sHepruu Asa voHa Ni%?* (6e3 yueTa CMHH-OPOHTAJbLHOTO
B3aUMOJEHCTBUSI) B OKTasipHueckoM moJie. B kpaiiHeil Jse-
BO{l 4aCTH AHAarpaMMbl NpPUBEAEHbl YPOBHHM 3SHEPrHH AJA

T*
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cBobonHoro atoMa (A=0). 3F—3To OCHOBHOE COCTOSIHHE, a
BO30YXIeHHbIMH aBAdAl0Tes 3P, G, 'D u 'S. Duepruu 31uX
COCTOAHMH TMOJMyd4eHbl M3 aHa/ju3a AaTOMHBIX CIIEKTPOB.
B 0CHOBHOM COCTOSIHHH W B COCTOSIHHH 3P HMeeTcs 1Ba He-

CMapeHHBIX 3JeKTPOHA, B ADYTHX XKE& COCTOSHHSAX BCE 3JeK-
TPOHBI CITaPEHBL.

2 (t25)* ()"

20000 (ty)* (e)*
‘ (52‘9)5 ( eg) }
10000
( t23)5 (33)3
3 (tsg) ? (e )3
b3 g J
:~ (tz'g) ° (ey) :
3 0
g 5
('% (ny) (33)3
-10000 (tzg)° (e9)*
-20000
( teg) s (gg) 2
1 ) |
5000 10000 15000
a,cm

Puc. 35 Jnarpamma yposueii swepruu aas mona d°(Ni*t).

CocTosinue 'S pacnoJoxeno B o6sacTd 6onee BbICOKHX 3HEPTHil H 1109TOMY HA PHCYHKE
He usolpaxeHo.

Ecau cu/ia KPUCTaNJIHUECKOro IMoJs OTJAHYHA OT HYJ,
HEKOTOpble YDPOBHH pAaCIIENJSIOTCS Ha HECKOJbKO KOMMO-
HEHTOB NMPHUMEPHO TakK JXKe, KaK pacluensasercs ypoeeHb 2D
y HOHOB C OJHUM HJ/IH AeBATbIO d-3/eKTpoHaMu. B ymepen-
HBIX KPHUCTAJJIHUECKHX MMOJSX 3HEePIHu 3TUX obpasyloluxcs
COCTOSIHMH, KaK NPaBH/O, He H3MEHANTCA JIMHEHHO ¢ CHJOH
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MoAsi, OAHAKO B JOCTATOUHO CHJbHBIX KPHCTaJJHYECKHX
AQJSIX YPOBHU 3HEPruil 3aBUCAT OT A JIMHEHHO.

It daktel 06bsACHATCA caeayomuM obpasoMm. Co-
CTOSIHUSI ¢BOGOAHOrO aToMa MOJIHOCTbIO ONpefensioTcs
B3aHMO/IEHICTBUEM MeEXJYy d-3/JeKTPOHAMM, a HX BOJHOBBIE
GyHKIMH OOBIUHO He COOTBETCTBYIOT I€TOUHCJEHHOMY 3a-
MOJTHEHHIO TeX OpOUT, KOTOpble B OKTA3JpPHUYECKOM OKpY-
JKEHHU JOJKHBl NPEBPATHTbCSI B OPOUTHI fog U eg. OQHAKO
€cJM 3HEeprust noJs JUraHJ0B JOCTATOUHO BeJHKa MO cpas-
HEHUIO C 3Hepruell B3auMOJEHCTBUst Mexay d-opOuTami,
nocsaenHed MOXHO npeneOpeub MPH PacCMOTPEHHMH paclpe-
neJeHust 3.1eKTpoHoB. Torna HanHU3WMH MO 3HEpPruH Ha6Gop
cocTosiHMi OyneT 6e3ycsa0BHO COOTBETCTBOBATb MAaKCHMaJb-
HOMY 3all0JHEHHIO OPOUT faog; OPOUTH frg CJEAYIOLIero Ha-
G6opa OyayT uUMeTb Ha OAMH 3JEKTPOH MeHblle u T. A. Ha-
npuMep, B cHUcTeMax ¢ KoHdurypauuei d® ¢ npedeasro cuns-
HOM TOJe Mbl OyieM HMeTb Psia COCTOSHHE (f9g)6(eg)?,
3aTeM PsJ COCTOSHHH (f24)%(ey)® W, HaKoHel, psiA COCTOS-
Huil (f2g)*(eq)*.

Haksou sHepreTHueckux ypoBHe# Mpu npeaedbHo G0Jb-
KUX 3HAUEHHUAX A, OUEBHIHO, paBeH — 2/sp + 3/s(n — p) (Ha
opbute ¢y HAXOAUTCS p 3JEKTPOHOB, a OCTa/bHble pasMe-
1eHbl Ha €g). OObACHAETCS 3TO TEM, UTO, MOCKOJbKY UHCJO
3J€KTPOHOB, CINOCOOHLIX pPa3MeCTHTbCcsl Ha opbuTe, BIOJHE
onpenesneHHoe, U3MeHeHue o0uled 3Hepruu opOUT (B 3aBHU-
CHUMOCTH OT A) B TOYHOCTH PaBHO CyMMe H3MeHEHHH 3Hep-
MM Ka)XJOro 3JeKTPOoHa. DTO H3MeHeHHe COCTaBJseT —?/s
0151 tog-3J€KTPOHOB M 3/5 AJs eg-3/1eKTPOHOB. Takum 06-
pasoM, B cJyuyae CHJAbHBIX TNOJeH JUraHAO0B MO HAaKJOHY
YPOBHS 3HEPTHH PacCMaTPHBAEMOrO COCTOSIHHS MOXKHO Jier-
KO ONpellesHTb ero KOH(UIypalHlo, Kak 3TO MOKa3aHo B
npaBoi yactu puc. 35.

CocTosiHUSl, 3HEPTrHM KOTOPbIX H3MEHSIIOTCS JIMHEHHO
BIIOTb A0 Ma.blX 3HaueHHil A, OTHOCATCS K TaKHUM, KOr/a
YMCJI0 3JE€KTPOHOB Ha OpOMTaxX LieJoe AaKe s OuYeHb CJa-
6bIX TMOJeH JUrauios; APYTMMH CJIOBaMH, 3TO TaKHe CO-
CTOSIHHUSA, AJ5 KOTODBIX HaKe OueHb caaboe KpUCTasHue-
CKOe MoJie OKasblBaeTcs JAOCTAaTOUYHBIM, uTOOb 06pa3oBa-
Jach uucTass KOHGHUrypauus (fog)"(eg)™ THMA CHJIBHOTO
no.ast. IlpuMepomM MoXKeT CJAy:KHTb OCHOBHOe COCTOsSIHUE
noHa Ni%*. C npyroii cTOpPOHBI, COCTOAHKS, IHEPTrHsT KOTOPHIX
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Npd HeOOJbIIMX 3HAauYeHHUsX A H3MEHSAETCH HeJHHEeHHbIM
o6pa3oM, OTBEYalOT TAKUM COCTOSHHAM, 3JeKTPOHHAasd
CTPYKTypa KOTOPBIX COOTBETCTBYET «CMeEIUaHHBIM» KOH(HU-
rypaunusM CHJbHOTO MOJs NpH cAabblX KPHCTaJJHYeCKHX
noasix. OHH «pacCOPTHPOBHIBAIOTCS» TOJbKO TOTJa, KOria
noJle JIMFaHA0B NpeojoJieBaeT MeXK3JeKTPOHHOe OTTaJIKHBa-
uue. Tak, nas Ni%* cocrosiHue 3P u caMblif BepXHUIl TepM

fe)’(t,)° ; ;
A (tz)’ ()

20000 | / o
"J'(tzg) (89)

10000
(e)’(t;)*
0
(€)3(t,)*
-10000

(tsg)*(eg)’

(fzg)s(ey)z

=20000 Tempaadp O0xmaadp
(e)*(t;)°

| 1 i L 1 1
-15000 -10000 -5000 QO 5000 10000 15000 20000
4,cm-1

Puc. 36. lnuarpamma ypoBHeil anepruu aas uoHa d7 (Co?t).

cocTosiHus 3F B c/1a0blX KPHCTAJIJIHUECKUX TMOJSAX SBJSIOTCA
rubpuaaMu Konurypauuit (f24)%(eg)? u (f2)°(eg)® u auib
npu 60/bIUKHX 3HAYEHUSAX A MPUONHKAIOTCA K UHCTBIM KOH-
¢durypauusiM CHJIbHOTO MOJS.

Ha puc. 36 nokasaHbl ypOBHM 3HEepPruH MJs COCTOSHHH
C MakKCHMaJ/bHOH MYJbTHIJIETHOCTbIO 1/ HOHOB C KOH(HU-
rypauueit d’. VMIMeHHO 3TM ypOBHH ONpenessIOT OCHOBHbLIE
0COGEHHOCTH CMEKTPOB NOTJOLIeHHs. 3aMeTHM, UTO B HOHAX
d” 3Heprusl OCHOBHOTO COCTOSIHHA He H3MEHSeTCH JIMHEHHO
¢ usMmeHenueM A. Taxum o6pas3oM, OCHOBHOe COCTOSIHHUE,
nanpumep nona Co?* B OKTa3ApHUECKOM KOMIJEKCe, He CO-
BCEM TOYHO COOTBETCTBYET KOHGHUrypauuu (f:4)%(eg)?, Kak
3TO Mbl HHOr1a npednoJaraau. OIHaKo NPH KaueCTBEHHOM
PacCMOTPEHHH A5l TAKHX CH.JIbHBIX MOJIed JHMFaHAOB, Kak B



Juazpammo. yposHeii snepeuu u cnekrpol 103

OKTasapHuyeckux kKomisekcax Co?*, OTK/JIOHEHHEM OT KOH-
Gurypauuy CHJAbHOTO MOJS MOXKHO BIOJIHe NpeHeGpeub.
Juarpamma ypoBHeH 3Hepruu s KoHdurypauuu d°
(puc. 37) ocobeHHO MHTepecHa MO ABYM MpHUHHaM. Bo-
MepBbIX, Ha 3HEPTHI0 OCHOBHOrO COCTOSIHMSI (NpH AaHHOM

IJnepausn

2 3
4T2g (tzg) (eg)
— 4
50000 Tig (129)’(ey)3
B I’F 4__——‘/1’/-\
45000 | s = (t,)’ (¢g)*
40000 ‘T,
() (e)°
5 35000 | ‘E
5 "D _ 9 (tZg)J(eg)z
S *p 4T 3 2
30000 —X\ | () (%),
A (fzg) (eg)
25000 |-
4T 2 . ,
20000 |- (t29)" (&)
| 4T'9 4 '
15000 (t2)" (¢9)

1 | | 1 |
2500 5000 7500 10000 12500
4,cm™!

Puc. 37. NQuarpaMma ypoBHell sHeprum mis uoHa d(Mn2t).

SHeprm{ OCHOBHOI'O cOCTOsIHHA 88 NnpHHATA 3a HAa4yaJJOo OTCYeTa.

BbIlLIe OMpEJeJEHUH HYJSl OTCUeTa SHEPIHH) COBEpLIEHHO He
BJHMSIeT KpHUCTaanuyeckoe mnoJse. [lpuumHa 3TOrO 3ak.io-
yaeTcss B TOM, 4TO AJsl COXPaHEHHsl MapaJenbHOCTH CIH-
HOB Ha opOuTe f5y NOMKHO ObLITL POBHO TPH 3JEKTPOHA, a
Ha opOute e, — aABa. Torga sHeprus mnoJis JIMFaHIOB paBHa
HyJ10. BO-BTOpBIX, A/1s KOHdHrypauuu d HeT APYrHX co-
CTOSIHUH, KOTOpble HMesH Gbl TO Ke cCaMOe UHCJIO HeClapeH-
HBIX 3JIEKTPOHOB, UTO M OCHOBHOe cocTosiHMe. Kak Mbl yBH-
JUM T03XKe, 3TO BaXKHO MpH ONpefejeHHH XapakTepa 3JeK-
TPOHHBIX CIEKTPOB KOMIIJIEKCOB [JBYXBaJIEHTHOIO Maprasua
M TPeXBa.leHTHOTO XeJse3a.
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Hakownen, cienyer 3aMeTHTb, 4YTO HU3LIMH YPOBEHb
KBapTeTa [OJIKEH MO Mepe YBeIHueHHs A B KOHLle KOHIIOB
nepeceyb ypOBE€Hb OCHOBHOIO COCTOSIHHSA; (DaKTHUECKH XKe
NepBbIM OCHOBHOTO COCTOSIHHSI JAOCTHraeT YpOBeHb AyO.era.
Pacuernl ypoBHell 3Hepruu Takoro THNa JaloT HauboJjee
yIOBJIETBOPHTE/IbHBIH METOA A5 KOJMUYECTBEHHOTO MOAX0/a
K npo6.1eMe crlapuBaHUs CIHHOB.

Her Hy»abl NpHBOAUTDH JAeTajbHble [HAarpaMMbl YpOBHeH
SHEPrUU Ui OCTajdbHbIX KOHburypauui d?, dé, d* u dS, mo-
CKOJIBKY HX COCTOSIHHSI C MaKCHMAaJIbHOH MYJIbTHILJIETHOCTBIO,
KOTOpble HanOosiee Ba)KHbl MAJS TOHHMAaHHs CIIEKTPOB IIO-
[JIOLEHUs], BeAYyT ce0si TOYHO TakK »Ke, KaK H aHaJOTHYHbIE
coCTOstHUSA B KOH(urypauusax d’, d8, d° u d' coOTBeTCTBEHHO.
Takum o6pasom, puc. 33—36 KauecTBEHHO NPUMEHHUMBI H
K KoHdurypauusm db, d*, d® u d2 (EctecTBeHHO, paccrosi-
HUS MEX/JYy aTOMHBIMH COCTOSTHUSIMH HECKOJbKO OT/JIHYaI0TCs
LIS Pas3JiHyHBIX HOHOB, H TO3TOMY KOJIHUECTBEHHble Xapak-
TEePUCTHKH AHMArpaMM He MIAEHTHYHBl [Js IPOHU3BOJBHOMH
napsl HOHOB.)

JuarpaMmbl ypoBHeH 3HEpruu /s TEeTPAdAPHUECKHX
noJleit JIMraHAOB MOXHO ClelLHaJbHO He o6cyxaaTtb. Kak
MBI BHJE/H, pacilenJeHdss B KPHCTaNIHUECKOM 110J1€ HMEIOT
NPOTHBONOJ/IOXKHblE 3HAKH B OKTa’APHUECKOM M TeTpasiApH-
YeCKOM KOMIJeKcaxX, M, KaK CJAeACTBHE 3TOTO, MOXKHO TO0Ka-
3aTb, UTO AMarpaMMa YpOBHell 3HEPTHH AJs TeTpasjpuue-
CKOTO KOMIIJeKca HOHa ¢ KoHpurypauueit d™ B o01eM HaeH-
THYHA JMarpaMMe OKTa3ApHUECKOro KoMmjaekca dlo—n,
Takum o6pasom, uon Co®* B TeTpasapHUECKOM MOJe MMeeT
JuarpaMMy ypoBHell 3Hepruu, nofoGHYI0 TAKOBOH /s HOHA
d® nau d8, ckaxem Ni2* B OKTasgpHUeCcKOM TMoJje H T. [I.
B 3toM MoxkHO yOGeauTses, HampuMep, TIpH CpPaBHEHHH
puc. 35 u 36.

2. 3AMEUAHHS O HEKOTOPbBIX PA3JIMUHbBIX
THUIIAX 3JIEKTPOHHBIX MEPEXOJ0OB

[Tpexkpae uem MPOAOJKATL OOGCYIKICHHE CMEKTPOE, IHa\l
HeoOX0IUMO TMO3HAKOMHTBCSI C HECKO.IBKHMMH OOLIMMH pe-
3\JbTaTaMH, KOTOpble 3Jecb Mbl He MoxeM BbiBeCTH. OHu
OTHOCSATCSI K TaK Ha3blBaeMblM NpaBuaam oT0opa, onpe/ie-
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JAI0HM, KakKHe H3 3JeKTPOHHBIX I[1epeX0J0B BbI3bBBAIOT
OINTHYECKOe TNOTJIOLIeHHe, a KaKhe He BbI3bIBAlOT ero.

B cBoGoaHOM aToMe 3/1eKTPOHHble MepexoAbl, MPH KO-
TOPBIX MEHSIETCSI YHC.10 3JIE€KTPOHOB C HecrnapeHHbIMU CHH-
HaMH, 3ampelleHbl, 1 B KpaflHeM cJyuae OHH MOTYT JHIIb
NPOSBUTLCST B CHEKTpe MOIJIOUIeHHs B BHAe OueHb CJaGbIX
JuHui. MBI TOBODHM, UTO TakHe Nepexoibl 3anpelleHbl M0
MyJbTHIJIeTHOCTH. Ellle 60/ee cyllleCTBEHHOe NMPAaBHJIO OT-
6opa rsiacut, UTO 3anpeulleHbl Nepexoibl, BKJOUAKOLHE Te-
pepacnpele/seHuss 3/JeKTPOHOB B OIHOM KBAHTOBOM CJIO€;
TakK, HallpuMep, He Ha0JI0AAI0TCS MePexoabl MEXAY pasJHy-
HBIMHM COCTOSIHUSIMH KOHdHTrypauunun d*. D10 cayuai Tak
Ha3bIBaeMOro npasusa ort6opa Jlanopra.

Ecan 661 npasuio orGopa Jlamopra O6bl10 crnpasemsu-
BbIM U /11 HOHOB NMEPeX0JHOro MeTasda B HX COeHHEHHsX,
Mbl He Hab6./10aanu Gbl MOJOC MOIJIOLULEHHS, BbI3bIBAEMbIX
nepexojgamu B npeaenax d-o060s0uki. OqHaKO 0Ka3bIBaeTcH,
YTO Mepexoibl, CTPOro 3amnpelleHHble npaBuiom Jlanopra
A5t cBOOOAHBIX HOHOB, CTaHOBATCS cJ1a00 paspellieHHbIMMU,
KOrla HOH BXOJHUT B COeAMHeHHe WM KoMmieKc. [Ipoucxo-
JUT 3TO MO ORHOH W3 ABYX NpuuuH. Ecau okpy:xkeHue uoua
He UMeeT LEeHTpPa CHMMETPHUH, TO opOuTh d u p (uau f) cBo-
6OQHOrO0 HOHAa B KakKOH-TO cTerneHu cMewaHsl. [Ipu 3Tom
MOKeT 0Ka3aTbCsl, UTO Mepexo, KOTOPbIH B CBOGOHOM HOHE
npeanoJarasa Gbl MepeHoc 3JeKTpPOHa ¢ OAHOH d-OpOUTHL HA
APYTylo, B C/yuae, KOTJa HOH SIBJSIETCS 4acTblo COeAHHe-
HUs, KaK Obl BKJIOYaeT H HeGOJbUIYIO J0JI0 NepeHoca aJjek-
TpoHa ¢ d- Ha p-opOuty. IlockosbKy nepexox ¢ d-OpOHTHI
Ha OpOUTY p SIBJAAeTCS pa3pelleHHbIM, TO MOTYT HabJlo-
naTbcst M OOBIYHO 3amnpelleHHble MepexoAbl, XOTs H C MaJjo#
HHTEHCHBHOCTBIO, KOTOpasi INDHUMEPHO MpPOMNOpLHOHAJbHA
cTerneHU cMelleHusl (rubpuausdauuu) d- u p-opOuT.

Ecin nod mnepexoaHoro Merassa HaXOAHTCS B LEHTpe
CUMMETDHH €ro OKpYKeHHs, TO op6UThHl d M p yKe He MO-
TyT cMewlaTbCcsl TakuM obpasoM. B sTom cayuae ans o6bsc-
HeHUs HapylleHWs npaBu/ia ot6opa Jlamopra MOXHO wc-
NoJab30BaTb BTOpOe, XOTs1 U MeHee 3 (deKTHBHOe OOBscHe-
Hue. B mpouecce MOeKyJIAPHBIX KoseGaHHH HOH MeTaJsia
YyacTb BPEMEHH I[IPOBOJMT BHe IOJIOXKEHHs PaBHOBECHS; B
5TH MOMEHTBI OH yXe He siBJseTCs LeHTPOM CHMMETpPHH, H,
cl1efoBaTeqbHO, OpOUTHl MeTadsta d M p MOTYT CMELIH-



106 F'raea 6

BaTbcsl. Takum o00pa3oM, MNOIJOLIeHHe CBETa MOXET MNpo-
H30#TH, KOrja HMOH He HaXONWUTC B LEHTPe CHMMETPHU
KOMIJIeKca. DTO KJIacCHYeCcKoe OnucaHue HapylUeHHs mnpa-
BUla ot6opa Jlanmopra BcaedcTBHe KOJeGaHHH MOATBepK-
aaeTcsl KBAaHTOBOMeXaHHUeCKMMH pacyetaMu. [IpaBuso or-
00opa no MyJbTHUNJIETHOCTH, B OTJHYMe OT NpaBu/aa otbopa
Jlanopra, MoOYTH OHHAKOBO CIpaBelJHBO KaK /s cBOGOI-
HBIX HOHOB, TaK W AJd ux coeauHeHud. OHO NMPHBOAMT K
TOMY, 4TO HHTEHCHUBHOCTb 3alpEeLIeHHbIX [0 CIHHY MO0J0C
Yy HOHOB IePeXOAHbIX METaJJsOB INepPBOro MepexohHOro rme-
puoja, Kaxk INpaBuJo, NMPUMEPHO B CTO pa3 MeHblle, YeM
HHTEHCHBHOCTb COOTBETCTBYIOLIHX I10.10C, pa3pelieHHbIX [0
CIUHY. ¥ GoJiee TsKeJbIX HOHOB CIIHHOBOE MpaBu/o oTGopa
MeHee CTpPOro, W WHTEHCHUBHOCTH TI10.10C, 3alpellleHHbIX MO0
CIIHHY, HE TaK YK CHJbHO OTJHYAIOTCS OT HYTEHCHBHOCTEi
pa3peulieHHbIX M0J0C.

YuuteiBast 3TH JBa MNOJIOXKEHHS, Ha OCHOBAHHM TEOPHH
c/ellyeT OXHAaTb, UTO B OKTAa3[ApHUECKUX KOMIJeKcax BcCe
nepexoabl d — d NOKHBI ObITh CJAa0bIMH, a Mepexoisl, 3a-
IpelileHHble MO CMUHY, AOJKHBI GbITh ropasno ciabee Apy-
rux. B TeTpasapuuecknx KOMILJIEKCaX UHTEHCHBHOCTb Mepe-
x0n0B d — d n0/KHA ObITb CYLECTBEHHO GOJbllel, MOTOMY
YTO MOH MeTaJjsa He HaXOAUTCsl B LEHTpe CHMMETPHH, HO
BCE e MHTEHCHBHOCTb T0/KHAa ObITb HAMHOTO MeHblIIEe, UeM
IUIsl IPYTHX pa3pelleHHbIX MepexoioB.

W neficTBUTENBHO, CIEKTPBI THITHUHBIX KOMILJIEKCOB Mepe-
XOIHbIX METaJJiOB BO MHOTHX CJyuyasix COAEpKAaT CepHulo
ca1a6bix moJsoc npu GoabLIMX AJMHAX BOJMH. HaGuaionaemoe
3HAYEHHE Eyare (MAKCHMAJbHOTO KO3 (UIMEHTa 3SKCTHHK-
UMH) [Jsg TakKux nosaoc oOblyHO MeHbule 50, T. e. HAMHOrO
MeHbllle, YeM [.s1 MOJIHOCTbIO pa3pelleHHOro nepexoja, AJs
KOTOPOTO €yaxe 06bIUHO HMeeT mopsnok 10* — 10%. OnwbiT no-
KasaJjd, YTO 3TH JAJUHHOBOJIHOBble TMOJIOCHl MOIVIOLLEHHS
MOXKHO MHTEpPNPETHPOBAThL Kak 0OyCJOBJeHHble Mepexoaa-
MU d — d, T. e. nepexoaaMu MeXAY YPOBHIMU OLHOH W TOMH
Ke KoHpurypauuu d*. PakTHYeCKM OKpacka GOJIbLIHH-
CTBa, HO He BCeX COeIHHEeHHH NepeXOAHbIX METa. /0B CBS-
3aHa ¢ stuMu d — d mepexoJaMu.

[Ipu Go.lee KOPOTKHX AJMHaX BOJH HalbJ/l0ogaercs upes-
BblUafiHO MHTEHCHBHOE TIOIJIOUleHHe, KOTOpOe 6e3yC/10BHO
COOTBETCTBYET pa3pelleHHbIM 3J€KTPOHHBIM  MepexoaaM.
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HMmeercsi MHOro pasjinuHBIX THIOB pa3pelleHHBIX TMepexo-
noB. M3 HHUX HauGo.lee MHTEPECHBIMH C TOYKH 3pPEHHS XH-
MHUH SIBJSIIOTCS Tepex0bl C IepeHoCOoM 3apsaa, o6CyKaeHHe
KOTOpPbIX OGyaeT npoBefeHo B pasfese 5. Cefiuac 10CTaTOUHO
yKa3aTb, U4TO, XOTS HMEEeTCs MHOTO pPa3JHUHBLIX THIOB TMepe-
X0J0B, OGbIYHO OKa3blBaeTCs BO3MOXKHBIM OTJHUHTL C 60Jb-
lled WJAM MeHbLUeH [OCTOBEPHOCTbIO MNepexoabl d —d OT
IpYTHX TepexonoB JaubG0 MO MX HHTEHCHBHOCTH, JHGO Ha
OCHOBAHHMU JOMNOJIHUTE/bHBIX TEOPETHUECKUX CO06paKeHH.

3. CIIEKTPBI BbICOKOCITMHOBBIX KOMIIJIEKCOB

Mbl y:xe Buaenau, uto HoH Ti3* B OKTa3ApHUECKHUX KOMII-
JleKcax, TaKHX, KaK ero THapat, HMeeT OAHY MO0.J0CYy MOrJo-
LleHHss B BHAMMOH 00J1aCTH, COOTBETCTBYIOLLYIO TMepexoay
tyg — €g €ro efHHCTBEHHOro d-3jekTpoHa. [lo 3Toil ke npH-
YHHE MOXKHO OXKHAaTb MOSBJEHUs OAHOH MOJOCHI MorJjoLlle-
HHsl M B CMEKTpax OKTa3ApHUecKUX KommiaekcoB d°. OaHako
3TO TNpeJCcKa3aHHe He/lb3sl NPOBEPHUTb, NOCKOJIbKY CHMMeET-
pus Bcex KommsekcoB Cu?* oriMuaeTcs OT NMpaBHJIBHON OK-
Tasapuyeckoil cummerpuu. Ha camoM faese moutu Bce KOM-
miaekcsl Cu?t uMeloT AeHCTBHTENLHO OAHY MOJOCY MOrJotle-
HUs B BHOUMOH 06JacTH, HO OHa HeoObluHO lIHMpoka. Ecth
BCe OCHOBAHMs CUMTATb, YTO 3Ta CJOXKHas mosoca obs3aHa
nepexofaM C pasJUyHbIX 3aHATBHIX d-OpOMT Ha OpOHUTY
dy:_y2, KOTOpasi, KOHEYHO, SIBJISIeTCS eJMHCTBEHHO He [oJ-
HOCTbIO 3aHATOH d-OpOHUTOIL.

Ha puc. 38 BocnpousBenen cnektp HoHa [Ni(HyOgl?+.
On umeer Tpu noJsocsl norjoulenus npu 8500, 13 500 % u
25300 cm~'. Ilna npoBepKH COOTBETCTBHSI 3TOTO CIEKTpPa C
NpeACKa3aHUsIMH, OCHOBAHHBIMH Ha HAlUKX Jauarpammax
YPOBHE}I 3HEPTHH, HEOOXOAUMO BBISICHUTb, UMEeTCs JIH TaKoe
3HauyeHHe A, KOTOpoe MNo3BoJfJ0 Obl Npeackasatb TPH IMO-
JIOCHI TOIJIOWIeHUsT NPH 3THX SHepruax. Ecaum npeanono-
JKUTb, UTO HH3ILIEH MoJoce MOIJOLIeHHS COOTBETCTBYeT A =
= 8500, T0 ocrasbHble MOJOCH, OTHOCSILIHECS K paspellieH-
HBIM TIO CIHHY TlepeXoAaM, [dOJI)KHbl HMeTb MaKCHMYMbl

* Orta noJoca pacuienasercs Ha OBe 3a CUeT CHHH-OPOHTANBLHOTO
B3auMoeiicTBHs. TouHas HHTepNpeTalHs 3TOrO SIBJEHHSI BECbMa CJI0XKHA,
HO paspa0oTaHa B HacToOsllee BPeMs AOCTaTOYHO XOPOLLO.
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noraoutexus 1npu 14000 u 27 000 cxu~!, uto HAXOANTCA B 10-
CTATOYHO XOPOILUEM COOTBETCTBHH C 3KcHepHMeHTOM. B sToM
CMEeKTPe MOXKHO Tak:Ke OOHApYKHTb cjeabl Oosee cjaalbiX
M0J0C MOTJOLIEHHSI, KOTOphle, KaK ceHuac H3BECTHO, COOT-
BeTCTBYIOT MepexojaM, 3anpeuleHHblM 110 CIHHY, T. €. mepe-
XomaM M3 cocTosnusl 34, B pasiuyHble CHHIJIETHbIE COCTOSI-
HUS.

[Toaock!, 3anpelleHnble N0 CHHHY, XOTsl MHOTIA H MOTLYT
ObiTh OOHapyXKeHbl faXke B NPHCYTCTBUM GoJiee CHIBLHBIX,
paspemeHnLix no cnuuy, d — d-noJaoc, HCCJAeA0Balbl Jyulle
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Puc. 38. Cnextp [Ni(H;0))*".
|Holmes, McClure, J. Chem. Phys., 26, 1686 (1957)).

Bcero y Komijekcos nona Mn?*. 31ech HeT paspeilenHbiX
no cnuny d — d-nepexoaos, a MepBble Mepexoibl ¢ MNepeHo-
com 3apsaa Haba1al0TCs JA0BOJALHO 1aJeK0o B y.IbTpaduo-
JaetoBoi ofjactu. OTCYTCTBHe pas3pelleHHbiX N0 CIOUHY Ie-
PexXon0B MpPOsiB/IsSeTCs BO BHELIHEM BHJe COeJHMHEHHH ABYX-
BaJjeHTHoro mapranua. OHu OJegHO-PO30Bble H OKpalleHbl
ropasjfio MeHee HHTEHCHBHO, ueM COeIHHEeHHs J11060ro Apy-
roro ABYyXBaJEHTHOTO HOHa MepeX0jHOro MeTaJa.

Ha puc. 39 npusenen cnextp wona [Mn(HyO)el** B BoOn-
Hom pactBope. Hucio nosoc W HX OpHOAH3HTENbHbIE M0J0-
JKEHHS MOXKHO 0CTaTO4YHO XOPOHIO OODLACHHTb, NPeanoJo-
JKHB, UTO A Ha guarpamme yposueil suepruu (puc. 37) pas-
Ho 7800 cm~'. Hduaa cpasuenuss Ha puc. 39,6 npusenen
cnektp Gessoanoro MnFe. Bumskoe cxoactso 06OHX chek-
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TPOB IIOYTH He OCTaBJ/sieT COMHEHHSI B TOM, UTO 3JIEKTPOH-
Hble  CTPYKTypbsl  uoHa  Mn?* B [HCKpPeTHOM HOHe
[Mn (H,O)6]** u B GespoaHoM OuHapHOM GTOpHAE OYEHb
CXOJHBI.
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Puc. 39. Cnekrpsl:

a—[Mn (HZO)(SIQ'F [J¢rgensen C. K., Acta Chem. Scand., 8, 1505 (1954)}; 6 — MaPF,
(no pabore Stout, B meuyaTh).

Cefiuac umeeTcs oOGIIMpHAs JHTepaTypa MO CHeKTpam
TMOIJIOIUEHHs] COeIMHEHHl NepeXOAHBIX MeraJ10B. Ony6.u-
KOBaHO MHOTO TeopeTHyecKHx paGoT ¢ OTHeceHHeM 10.10C,
pacyeToM HMHTEHCHBHOCTeH, MO HHTepPNpeTaudH UIHPUH
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noJjoc u T. A. B cieaymouem pasgene Mbl o6cynum Godee fne-
TaJIbHO HEKOTOPble MOJ0XKEHHSI TEOPHH. 31eCh e Mbl XOTHM
HANOMHHUTb O TOM (akTe, KOTOPBIM Mbl yXK€ BOCIIOJb30BA-
Jgucb B ra. 3. JIurauabl MOXKHO DPAcCIOJIOXKHUTL B TAaKOM [O-
psaake: 1=, Br-, CI, F-, ROH, H,0, NHsj, stunenaunamus,
¢denanTposnn, NOg, CN-, uTO, JIMIIbL 3a HECKONbKMMH HC-
KJIOUeHHsIMH, A BO3pacTaeT cjeBa HalpaBo MO BCEMY Psiiy
LIS BCeX MOHOB MeTaJssa. DTOT Pl Obla 0GCYXKAEH 3MITH-
puuecku LlyTnpo#i 3ago.iro 10 TOro, Kak ero paccMOTpeNH
C TOYKM 3peHus pacllennenus B nose auranaos. C tex mop
OH H3BecTeH Kak cnekrtpoxumuueckuil psang Llyruas [1]. Kak
NpaBuJIO, SHEPrusi MepBOH MOJOCH MOTJOLEHHUs BO3pacTaer
BJIOJIb NPHUBENEHHOrO psijfa AJs KOMIJIEKCOB JaHHOI'O HOHA
MeTaJsja, 3a HCKJAOUEHHEM HOHOB d° Yy KOTOPHIX 3HEprus
MepBOTO  IMepexofa yMeHblIaeTcss ¢  yBeJauueHHeM A
(puc. 37). Muorue u3 HauboJjiee HHTepeCHbIX 0co6eHHOCTeH
CIEKTPOB TMOIJIOLIEeHUS HOHOB MepPeXOJHbIX MEeTa/J0B U KOM-
IJIEKCOB MOXKHO TOHSTh HA OCHOBAHHWH AHArpaMm ypoBHefl
SHEPTHH W crekTpoxumuueckoro psaa Llyruas. Hanpumep,
u3MeHeHue okpacku ot GjemHo-rony6oit aasi CuSO,-5H,0
M BOXHBLIX pacTtBopoB noHa Cu?* go ropasgo 6ojee HHTEH-
CUBHOH CHHe-(DHOJETOBOH OKPAaCKH aMMHAYHBIX PacTBOPOB
MeaH ¥ MeJHOAMMHAUHBIX coJiell 00YCJOBJEHO YCHJIEHHEM
nons Jsurangos npu 3ameutenun HoO na NHs C npyroit
cTopoHbl, 6e3sognas CuSO, GecuBeTHa, MIOTOMY YTO T'PYNIHI
SO~ co3nalT HACTOJBKO c/1aboe MoJje JHraHIOB, YTO TO-
Joca noraouienus d — d nonanaer B MHGpakpacHyio 06J1acTb.

WccnenoBanus CNeKTPOB HOHOB B TETPAIPHUECKUX OK-
pyXKeHHsIX pasBHUBAJHCb MeJJIeHHee, 4YeM B cJydyae OKTa-
3apuueckix KommiaekcoB. OfHako Anas crnekTpos HoHoB Co?t
u Ni%t 6bwiM manbl 6oJiee WIH MeHee JOCTOBEpHble OTHece-
Husa. VHTepecHO OTMETHTb, YTO HHTEHCHBHOCTb MEPEXOXOB
d—d B [CoCly]* u B nonoGHBEIX eMy HOHaX IeHCTBUTENbHO
HamMHoro 6oJblle HHTEHCUBHOCTEH COOTBETCTBYIOUIUX MO-
agoc B [Co(Hy0)6]2* u 1. m. OTueTqHBOE OT/NHYHE B OKpaACKe
GJeHO-KPaCHbIX pacTBOPOB THIPATHPOBAHHBIX COJEH KO-
GajJbTa M HHTEHCHBHO-CHHMX PACTBOPOB TaJOreHHIHBIX
cojlel B  OpraHMUYeCcKHX pAacTBOPHTeNssX OOGYyCJOBJEHO
CTePEOXUMHUYECKMMH H3MEHEHHSIMH, NPHUBOASLIMMH K YBeJIH-
UEHHIO MHTEHCHBHOCTH morsiollenusi. [lypnypHas okpacka
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HEKOTOPbLIX HHKEJEBLIX CTEKOJ, CTOJb PE3KO OTJHYAILasics
oT 6JieHO-3e/leHOll OKpacKH OOJIBIIMHCTBA COeIMHEHUH HO-
Ha Ni?*, OKpyXKeHHBbIX aTOMaMH KHCJI0pOna, OGbsCHseTcs
HeoObluHbIM O06pa3oBaHUeM TeTpasApHUECKH KOOpAHHHPO-
BaHHBIX HOHOB Ni2+ [2].

B cBoe Bpemss BHHMaHUe HccJaenoBaTeseldl MpUBJEKNA
HHTEpINpeTalus CleKTPOB MIOCKHX Kommiaekco. OnHako sta
3ajlaya 0Ka3aJsach 3HaUHTEJIbHO TPYJHEE, UeM 1JIs OKTadpH-
YyeckMX H TeTpasapuueckux coenuHeHuil [3]. Peulenune 3710
3afayd MOXKET [1aTb MHOTO MOJIE3HBIX XHMHUECKHX CBeJeHHI.

4, JAJIbHEMIIME IMOAPOBHOCTH O d — d-NMEPEXOJAX
a) Mlupuna noaoc

[TpumeuaTebHO, YTO TOTAA KaK caMble CHIbHBIE MOJOCH
norsouleHus, obycaoB/JeHHble d — d-nepexofaMu, Bcernaa
JNOBOJIbHO LIMPOKH M OOBIYHO He HMEIOT HHKaKHX CJe0B
TOHKOH CTPYKTYpHl, UMeeTcsl 0OJbLIOe YHCJIO HOHOB, KOTO-
pble KpOMe 3THX MOJOC HMEIT Takxke cjaabble y3KHe MO-
JIOChbl TOTVIOILIEHHS, HHOTAA IMOUTH TaKHe XKe Y3KHe, KakK H
aTOMHble clekTpanbHble auHuU. Haunbosee spxum npume-
poMm MoxKeT cayxuTb HOH Cr3*, cnekTp coefHHEHMH KOTO-
poro OoObIYHO COCTOMT M3 ABYX ILUMPOKHMX MOJOC H HECKOJb-
KHX OUEHb PE3KHX, HO cJ1abOMHTEHCHBHBIX JIMHUU Mepen mep-
BOH M3 3THUX IOJIOC.

Cnabasi MHTEHCHBHOCTb JIMHHH 3acTaBJ/sieT NpennoJo-
JXKUTb, YTO OHH CBSI3aHbl C NEPEXOoJaMH, 3alpelleHHbIMH 10
MYJbTHIJIETHOCTH, 4YTO M TOATBEpPKAAeTCs JeTaJbHbIMU
pacueramu. OfHako HeKOTOpble TMepexonbl, 3anpellieHHbie
N0 MYJbTHIVIETHOCTH, NAIOT CTOJb K€ LIMPOKHE MOJOCH,
KaK ¥ paspelleHHble nepexoibl. Heo6xonuMo OGBACHHUTH,
noueMy HEKOTODble, HO He BCe TMOJOCHI, 3anpelleHHble M0
CNUHY, Y3KH, B TO BpeMs Kak BCe MO0JOChl, pa3pelleHHble Mo
CHHHY, LIHPOKH.

OcHoBHasl MpUuHHA 3TOrO pasJjMyus CBs3aHa C MpPUHLH-
nom ®panka—Konnona. Bce mepexonbl, paspeuieHHble MO
CMHHY, BKJIOYAIOT MepeHoC 3JeKTPOHOB C OpOUTH fyy Ha &g
1 no3tomy (pasnen 1) nmpuUBOASIT K BO3OYXKIEHHBIM COCTOSI-
HUSIM, V¥ KOTOPbIX PaBHOBECHble MeX'bsilepHble PaCCTOSHHSA
Gosble, ueM 1718 OCHOBHOro coctosiiusi. Takum o6GpasoM,
HOH MeTa/Jsa B ero BO30YXK/IEHHbIX COCTOSIHHA! B3aHMO-
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AeficCTByeT ¢ OKpYXKeHHeM HHaue, yeM TOT K€ HOH B OCHOB-
HOM cOCTOsIHHH. Ecai okpyKeHHe B KaKOH-TO cTelneHH H3-
MeHseTcst, UTO HMeeT MecTO B pacTBOpax, TO 3Heprus mnepe-
X0Ja 3aBUCHT OT MTHOBEHHBIX IOJIOXKEHHH COCelHUX
MOJIEKYJ, H, CJe/J0BaTeJbHO, camMa HEMHOTO H3MeHseTcs.
DTO MPHUBOAHT K PACLIMPEHHIO MOJIOCkl norjouenus. B o6-
LieM cJayudae, MOCKOJbKY NMpPH ONTHUECKOM BO30YXKIEHHU He
MOKEeT MPOH3OHTH H3MEHEeHHs MeXbsAepHbIX pacCTOSHHUI,
BO30YXK/JeHHas MoJsieky/aa obpasyeTcsi ¢ TeMH Ke AJHHAMH
CBs3eH, UTO MU B MOJeKyJe B OCHOBHOM cocTofHuu. [Hpy-
I'MMH CJ0BaMH, MO.JeKyJda MepexoauT B KosebaTelbHO-BO3-
Oy»aeHHOe cocTosiHHe. B 3TOM csyyae MHOrHe JIMHUH, CO-
OTBETCTBYIOLHE PAa3/JHUYHBIM 3JEKTPOHHO-KOJdeOaTeNbHbIM
nepexoiaM, pacrnoyoxeHbl HacTONbKO 6JM3KO APYT OT ApY-
ra, 4To HX HEBO3MOXXHO pa3JHuUThb, U Mepexo] MopoxkKaaer
B CNEeKTpPe LIKHPOKYIO 110J0CY, a He JIMHHUIO.

[Ipu HexkoTOpBHIX mepexoiax, 3amnpelleHHbIX 10 CHHHY,
[IPOCTPAHCTBEHHOE pachnpejesieHHe 3JEKTPOHOB He H3Me-
HSIeTCsl, a MEeHseTCs TOJNBKO OTHOCHTeJdbHAs OpHEHTALHs MX
cnuHoB. Tak, Hanpumep, A/as HOHOB ¢ KoHGurypauuein dé,
nanpumep Cr®t, HauHuswue AyOJeTHbIe COCTOSIHHS, KaK U
OCHOBHOE COCTOsIHHE, UMEIOT TPU 3JeKTPoHa Ha opbuTe Iy
B rtakux cayuasix B3aHMOJelCTBHe HOHA C ero OKpy:kKeHHeM
MOXKeT He M3MEHHUTbCS BO BpeMs Mepexoia, H, CJeloBd-
Te/bHO, 06e NMPHUHHDLI, NPHBOASILIME K YLUIHPEHHIO MOJOCH,
MOTYT HCUe3HyThb. Torpa nosiBASIOTCS OueHb Y3KHe JHHHH.

B cayuae noHa Mn?* MOXKHO NpPOBECTH HHTepecHOe Co-
nocrapjeHue ¢ TeopHeil. JlBa HAWHHU3LIHX MEPeXOna, Kak
MOXKHO BHJIeTb M3 pHC. 39, COOTBETCTBYIOT Mepexony OT
KoHburypauun (fg)%(eg)? ¥ KoHurypaunu (fag)?(eg) *.
[To >3Toit npuuuMHe JBe TMepBble TOJOCHI B  CHEKTpe
[Mn(Hy0)6]** u MnF, (puc. 39) wupokue. Caeayiomas
napa npejacKa3biBaeMbiX Mepexo10B HAaXOAMTCS IMOJHOCTbIO
B npenesnax KoHourypauuu (fy)%(eg)?, M u3 mpoctoil Teo-
PHHU CJelyeT, UTO 3TH MePeXO/bl SBJSIOTCH BbIPOKIAEHHBIMH.
Caenylouiasi nojoca MNOTJIOUEHHST COCTOHMT M3 IBYX DE3KHX
MHKOB, PaCNoJIOXKeHHbIX OueHb GJIM3KO IAPYr K APYry, 4TO
TaKXKe HaXO1HUTCs B COOTBETCTBHH C TeOpHeil.

* 3amecTbTe, UTO B 3THX MCPCX0/1aX, 3aNpPCLICHHBIX MO MY/JbTHIJET-
HOCTH, 3/1CKTPOH NEPEHOCHTCH ¢ OpOHTH €g Ha OpOHTY fag.
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Hsnoxennass Boiule Teopuss Gbla ynpolueHa, Tak Kak
Mbl TIpeHeGperau HcKa:KeHHeM BO30OY)KAEHHBIX COCTOSIHU
BcencTBie sddexra fna — Teanepa, 4To MoXKeT ObITh
OnpaBlaHO TOJbKO NMPH KauecTBEHHOM paccMmotpeHud. Ecan
Obl Hac MHTepecoBaJa, Hanpumep, opma MoJoc MNOrJoLLe-
HHsf, Takoe ynpouleHHe Obl10 6Ll HEBO3MOMKHbBIM.

6) Paccroanus menOy aroMHbIMU COCTOAHUAMU
8 KpUCTAAAE UAU KOMNAEKCE

[Ipy nocrtpoeHun amarpaMM ypoBHeH SHepruW B pas-
Jene 1 Mpl mpeanoJsiaraju, UTO PACCTOSIHUS MeXIy aToM-
HbIMH COCTOSIHHSIMM B KDHCTaJjJe TOUHO TakHe Ke, KakK H
B CcBOOOJHOM HOHE C TeM e 3apsfnoM. ITO He COBCEM
TOYHO M TNPHUBOAUT K HEKOTOPBbIM paCXOKIEHHSAM Mexay
IKCMEepHMEHTANbHBIMH M PAaCCUMTAHHBIMH 3HEPTHSIMH mnepe-
XO/IOB; XOTH 3TH PACXOXKIEHHS H He 00eclUeHHBAIOT OTHece-
HHS [epexoJ0B K 110/J0CaM NOINIOLEHHS, OHHU JexkaT JajeKo
3a npejgeaaMu owu6ox onbiTa. [TouTH Bce 3TH pacXoxXKAeHHA
MOXKHO OOBSCHHTB, [PELNONOKHB, YTO PACCTOSAHHUS MEXAy
YPOBHSIMM HOHA B KpHCTaJje MeHblue, yeM B CBOGOIHOM
aroMe. ITO PABHOCHJIBHO YTBEPIKJIEHHIO, UTO OTTAJKHBAHHE
Mex 1y d-371eKTPOHAMH B KPUCTaJJle HJIH KOMIIEKCe yMeHb-
weHo. Hanb6osee oTyeTIMBO 3TO MOMKHO IPOIAEMOHCTPHPO-
BaTh Ha npumepe uwona Mn?*. M3 puc. 37 BHAHO, UTO 3Hep-
TSl TpeTbero rnepexojpa B coeauHeHusx Mn?* no/mkHa OblTb
B TOUHOCTH paBHa 3Hepruu nepexona 8S—'G B cBoGonHOM
voHe. Ha camom nene oHa siBHo MeHbule. B ruapare, Ha-
npumep, 3ta sHeprus pasHa 25000 cul, a nna cBoGoAHOrO
noHa oHa coctaB.sieT 26 800 cau~l.

OG6BIUHO MPUHSTO CUUTATH, UTO 3TO NMOHHIKEHHE OTTaJKH-
BaHHSI Mex1y d-3JeKTPOHAMM, MPOUCXOJsllee NpH mepe-
Xoae OT CBOGOJIHOrO HOHA K COEAMHEHHIO, CBSI3aHO C [eJs0-
KaJu3aluueil TOr0 WJIH HHOTO BHAA, PACIIHPSAIOLIEH BOJHO-
Bble (DYHKUMU d-3J1IEKTPOHOB. IDTO TMepBOe KOJHYeCTBEHHOe
yKa3aHHe Ha HaJHYyHe KOBAJEHTHLIX CcBs3eH. Mbl BepHeMcs
K HeMy B I 8.

5. MEPEHOC 3APSTA Y CIEKTPBI

Bo mMHorux coeaunenHusx [epexoIHbIX 3JIeMeHTOB AJHHBI
BOJIH MePBbIX HHTEHCUBHLIX MMOJIOC MOTJIOUIEHHA H3MEHATCA
BeCbMa HHTEPECHbIM H XadpaKTePHbIM O6p'cl30M B 3aBHCH-

8 J1. Oprea
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MOCTH OT MNpHpOAbl aurangoB. Hanpumep, ecnu ™Mbl pac-
CMOTPHUM DPsi1 KOMIJaekcoB HoHa Fe®, To MX cHabHble MO-
JIOCHI TIOTJIOLIEHHS CABUTAlOTCA B JJIMHHOBOJIHOBYIO 00/1aCTh
npu nepexofe K 6oJjiee JIETKO OKHCJASIOUIMMCS JHMaHAaM.
AuasioruunbiM o6pa3oM, B psiny ranorenunnon [Co (NHs) sXJ**

4,0
501
w
ASsd
201
Lo
Br'f 1
i
:NH.s
20000 30000 40000
cm?

Puc. 40. CnekTpbl HOHOB [Co(NHs)SX]H, rie X — rajJoreHuIHbIH
uon [Linherd, Wiegl, Z. anorg. Chem., 226, 49 (1951)].

GbTopua HAuMHAET CHAbHO MOIMJIOWIATE B JajleKOoH yJbTpa-
tdbuosneToBoil 06aacT, NpUOJH3HTENLHO TaM XKe, Tle U HOH
[Co(NHj)el**; oanako, Kak 3to BuaHO U3 pHc. 40, xJaopuf,
GPOMHA W MOAHI HMEIOT CHJbHbIE MOJOCH, IJIHHBI BOJH
MaKCHMYMOB [OIJVIOWEHHS KOTOPHIX NOCTeNeHHO pacTyT, H,
HaKOHell, y HMOIHAa OHM YyKe CHJbHO HAKJIaAbIBAIOTCH Ha
Gosee caabble d — d-nepexoibl.
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[Tonocwl morsouleHust, MJHHB BOJAH KOTOPLIX 3aBHCAT,
TakiM 00pa3oM, OT JIerKOCTH OKHCJeHHs JuraHga, 6es-
YCJIOBHO CBsi3aHbl ¢ (POTOXHMHYECKHMH OKHCJIHUTENbHO-BOC-
CTaHOBHTENbHBLIMH mpoueccaMu. [IpyruMH cJA0BaMH, 3TH MO-
JIOChl COOTBETCTBYIOT MNepexoly 3JeKTpoHa OT JHraHaa
K HOHYy MeTaJjlja, UjH, 6oJiee TOUHO, Ha MOJIEKYJSPHYIO Op-
6MTy, KOTOpasi B OCHOBHOM CKOHLEHTPHpPOBaHa y HOHA Me-
TaJjsaa.

Ecnn MBI paccMOTpPHM KOMMJEKChl pasHbIX MeTajloB
C MaHHBIMH JUTaHAAMH, TO OKa3blBaeTCsl, UTO, XOTSI IHEpPrud
NepBoro mnepexoja C MepeHocoM 3apsaa M 3aBHUCHT B He-
KOTOPBIX OCOOBIX CayuasXx OT JeTaJjiell 3J1eKTPOHHOH CTpyK-
Typbl MOHA MeTaJgJsa, B 06lleM MOXKHO CKa3aTh, UTO IMOJOCHI
CABUTAIOTCS B AJHHHOBOJIHOBYIO 06JacTh MO Mepe BoO3pa-
CTaHHS OKHCJHMTeNbHOH cnocoGHOCTH MOHOB MetaJsna. Kpo-
Me TOro, y OJHHX M TeX e KOMIJIEKCOB HOHOB MeTaJssoB
pPa3/IMUHBIX MepeXOJHbIX PSL0B TOJOCHl CABHTAlOTCA B KO-
POTKOBOJIHOBYI0 06J1acTh 110 Mepe Mepexoja OT IepBOro rne-
pHOa K HIDKeJeXalluM nepuogaM. HanpaBsieHnue 3Toro us-
MeHeHHs1 HaXOAHTCSl B COOTBETCTBHUU C YyBeJHUEHHEM YCTOii-
YHBOCTH COCTOSIHMII BBICOKOH BaJIEHTHOCTH B HHXKHHUX MepHO-
nax. Hoseiiline cBeneHusi Mo TEOPHH MOJIOC MOTJIOLIEHUSE
MOXHO HaiiTh B pabore HMepreHceHa [4], a paHuue u 6o-
Jlee KaueCTBeHHble NaHHble coGpaHBl BO MHOrMX o630pax.

Mbl BUAEH, UTO NPU HAJHUHK HOHOB METaJ/JlOB — OKHC-
JIUTeJIeH — ¥ OKHCJsieMbIX JIMTaHA0B, HabJ01aeMble MOJ0CHI
riepeHoca 3apsiia COOTBETCTBYIOT NepexojiaM, NMPH KOTOPbIX
MOH MeTaJssa BOocCTaHaB/HBaeTcs. B ciayuyae MOHOB MetaJ-
JIOB, HAXOASLIUXCS B HU3KUX BAJEHTHBIX COCTOSIHHSIX H CBA-
3aHHBIX C JHTaHJaMM, HMelWHMH O6O0JbllIoe CPOACTBO K
3J1eKTPOHY, MOXHO Habmwoaarbe obpaTHblit npouecc. Hawu-
6oJiee H3BECTHBIM MPUMEPOM MOTYT CJYXKHTb (PEeHAHTPOJH-
HoBble Kommiekchl Cut u Fe?*. OHM oOYeHb HHTEHCHBHO
OKpalleHbl H, CJel0BaTeJNbHO, NMPEACTABASIOT HHTEpec Js
aHaJUTHUYecKOH xuMuu. [lpoucxonsimive mepexoibl CBsI3aHbI
C MepeHOcoM 3JEeKTPOHOB Ha T-OpOUTHI JIHTAHIOB.

DOMbIIHHCTBO aHAMUTHUECKHX PEAKTUBOB, BAXKHLIX A5
KOJIODUMETPHUYECKOro aHa/ju3a M HCMoJab3yeMblXx AJs1 o6Ha-
pyKeHHs HOHOB TepexogHbIX METajJoB, SBJSIOTCH, Kak
npaBuJo, JIMraHiamu, 06pasyoUIMMU KOMIJIEKCh C CHJb-
HbIMHM TOJIOCaMM TNepeHoca 3apsnaa. [IpuBeneM HeCKOJbKO

8*
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npuMepoB. M3BecTeH THOUMAHATHBLIH METOH AJs Ofpeaese-
HUs HOHOB Fe®*; masa obHapyxenus Ti‘* noabsytorest mepe-
KHCbIO BOJOpOJa, a JJas onpeaenenus Fedt, Cu?t u Titt
NPUMEHSIIOT pas3J/uuHble (eHOJNbl. IDTH METOAbl CBSI3aHBI
c obpaszoBanueM KommiekcoB Fe¥*CNS-, Ti**—O,H- u co-
orBerctBeHHO Mm*—O—R~. AnanornuHeiM o6pasoM, Ka-
THOHbBI-BOCCTaHOBHTeMH, HanpuMep Cu* u Fe?*, moryt 6biTh
OOHapy:KeHbl HJIM OMpejesieHbl KOJHUECTBEHHO C MOMOLIbIO
(eHaHTPOMMHOBBIX HJIH AMMUPHINJABHBIX KOMIJIEKCOB.

Murtepecna cBsi3b Mexay cnekTpaMH MepeHoca 3apsna
M OKHCJHTeJNbHO-BOCCTAHOBITENbHbIMH peaklusiMi. B He-
KOTODBIX Cayuasx BcJel 3a lepeHocoM 3apsaa obpasylores
cBOOOLHbBIE paAMKaJbl, KOTOpPble MOXHO OOHApyXHUTb MO
HX MOCJEeYIOUIUM peakuusiM, Hanpumep

Fe’*Cl™ —> Fe?* -+ ClI.

Onnako uale 31eKTPOH, CMeCTHBLIHIICS BO BpeMs Mepe-
Hoca, BO3BpalllaeTcst B CBOe MepBOHAauaJbHOe MOJOXKeHHe,
a MO3TOMY XUMHUYecKas peakLHsl He MPOMCXOAHT.

Mo:kHo yKasaTb ellle Ha OJHY HHTEPEecHYIO, XOTS H Me-
Hee HeNOCPeACTBEHHYIO 3aBucHMocTb. Ecau mosoca, coort-
BeTCTBYIOLlasl MepeHocy 3apsia, pacnoJoxeHa MpH JAocTa-
TOYHO AJIMHHBIX BOJIHAX, 3TO 3HAUMT, YTO 3HEPrUs, KOTO-
pylo HeoO6XOOMMO 3aTpaTHTb MJs AOCTHHKEHHS CTabHJbHOM
OKHCJIMTENbHO-BOCCTAHOBHTENBHOI peaklud, Mmana. Takum
06pa3oM, KOMIIJIEKC C JIEFKO OKMCJAsieMbIMH aHHOHAMH MoO-
JKeT ObITh NMOJBEP:KEeH CIOHTAHHON peakuuH. DTO AEHCTBHU-
TeJbHO HMeeT MecTo B 0oJjblIioM udcjae cHcreM. HoHbl
Cuz*Cl- u Cu*Br- umeloT mnoJjochl IlepeHoca 3apsjga B
JJHHHOBOJIHOBOH 4acTH CHeKTpa, O 4eM CBHAETeJbCTBYeT
TEMHbIl LBeT KOHIIEHTPUPOBAHHBLIX DACTBOPOB [aJIOTEHU0B
JAByXBajeHTHOH Menu. [lo6aBka K TakoMy pacTBOpPY HOHOB
I- npuBoaur x BoccraHosjexuto Cu2?t 10 OJHOBAJIEHTHOTrO
coctosinua. AnagsoruunbiM o6pasoM, Kommiaeke Fe3*(CNS)-
CHJIbHO OKpallleH, B TO BpeMsi Kak HoH Fe®* ouenb ObICTPO
okucaser [-, mo-BuauMomy, uepe3 obGpasoBaHHe eppHHO-
JUAHOrO KOoMIsekca. HenocTosHcTBO MHOrMX HauboJsiee WH-
TEHCHBHBIX OKPACOK, BO3HHKAIOLIMX [PH PeakUHaX OKHC/e-
HHS HOHOB MePexXOAHbIX MeTaJ /0B, OObACHAETCH JIETKOCTbIO
CaMOIIPOH3BOJIBHOTO 3apOsK/1eHHst OKHCJAHTeNbHO-BOCCTaHO-
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BHTEJbHBIX peakluil B cHCTeMax, UMeWUIUX [MO0JIoChl nepe-
HOCa 3apsja MNpPH CTOJNb HH3KHX 3HEPrusaX, 4TO OHH TNpO-
SIBJIAIOTCH B BHAMMON 06J1aCTH CIIeKTpa.
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MEXAHW3MBbI 1 CKOPOCTH PEAKLMWH

1. OBMEH JIUTAHJ10OB B OKTA®JPHMUECKUX
KOMIIJIEKCAX

CucremaTHueckKoe U3yueHHe KHHETHKH TPOCTEHLINX
peakuuit o6pa3oBaHHs HeOPraHWYeCKHX KOMIIIEKCOB Haua-
JIOCh Iopa3fo no3aHee, 4yeM H3yuyeHHe KHHETHKH OpraHuye-
CKHX peakUHil. DTUM, BEePOSATHO, U OObSCHSETCS MOYTH MOJ-
HOe OTCYTCTBHE COIVIACOBAHHBLIX MHEHMH O MeXaHH3Max
NPOTEeKaHHsl peakUuit U O NMPHUpOLe MepeXoAHbIX COCTOSHHMIL.
3/leCh Mbl JIHLIb OUEHb KPATKO YKaXKeM Ha HEKOTOpble Teo-
peTHyecKHe TeHAeHLHH, KOTOPble CO BpeMeHeM, BO3MOXHO,
NMOMOTYT CO3[aThb palHoHajbHOe OObsICHEHHEe YAMBUTEIbHO
pasHooOpa3HOro KHHETHUeCKOro TMOBeleHHS KOMIIJIeKCOB
Metanaaa. IlpekpacHoe W CcOBpeMeHHOE H3JIOXKeHHe 3TOro
Bonpoca 6bly10 faHo beiicoso u [TupcoHom.

BepoaTHo, HauGoJsee BaXKHbIM HOCTHXKEHHEM IOCJHEIHUX
JieT sIBHJICS BbIBOJ, OCHOBAHHBIA Ha TNHOHEpPCKOH pabote
Tay6e, o TOM, 4TO BBICOKOCIHHOBbIE OKTa3ApUuecKHe KOM-
NJeKchl C OJHUM, ABYMSI Hiau Gojee ueM TpeMs d-3JeKTpo-
HaMH, Hen30exXXHO OKa3blBalOTCs JaOUJIbHBIMU, B TO BpeMd
KaK HH3KOCIIMHOBble KOMIMJEKCH M KOMILJIEKCHl HOHOB ¢
TpeMsi d-3JeK1pOHaMH, KaK MPaBHIO, 4aCTO CPaBHHUTENbHO
HHepTHBI. B 4acTHOCTH, HOHBI C TPEMS H IIECTbIO d-3JeKTpo-
HaMH Ha op6HuTax fy; 06blUHO 00pa3ylOT KOMIJIEKCHl, AJs
KOTOPBIX peaklWu oOMeHa JIMFaHAOB B pacTBOpe MpOTe-
KaloT oueHb MeayeHHO. PakTbl, HA KOTOPBIX OCHOBAHO 3TO
o6ob1ieHre, MOJYy4YeHbl MpH H3YUeHHH TIJIaBHbBIM 00pa3oM
KOMIIJIEKCOB HOHOB MepBOro nepexonHoro psina. Hanpuwmep,
ZlaBHO M3BecTHO, uTo HoHbl Cr3*(d3) u Co® (d%) natoT 6oJb-
1I0€ YHUCJIO pa3HOOBpa3HbIX Jerko 06pa3ylouluxcst KOMIJIeK-
coB. Co6CTBEHHO B 3TOM COCTOHT MpHYHHA, 1O KOTOPOH
B GOJIbUIHHCTBE PAOOT, MOCBSALLEHHBIX CBOHCTBAM KOMIJEK-
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COB M KHHETHUECKOMY HCCJeJOBaHHIO peakuuit obpasosa-
HUsI KOMIJIEKCOB, UCNOJb3YIOT HMEHHO 3TH HOHHBI.
CaMbIM BajKHBIM M OpUTMHAJAbHBIM BKJaanoM Taybe B 3TOT

BOTNPOC SIBUJIOCh 3aKJ/IOUEHHE,
HOCTb H TEDMOJMHAMHYECKAST YCTOHYH-
BOCTb KOMIIJIEKCOB MeTaJj/1a He 06s13a-
TeJbHO CBfiI3aHbl ApYyr C Jpyrom.
Ammunpr Cré* He oco6eHHO YCTOHUUBH
B TEPMOAMHAMHUYECKOM CMbICJe, XOTS
KHHETHUECKH OHH CKOpee HHEpTHHbI.
TeM He MeHee WX Jerue U3yuaTb, Ha-
npumep, B BOAHOM pacTBOpe, YeM H3y-
YaTb KOMIJIEKCHI HOHOB JADYTHX Me-
TaJlJIOB, KOTOPble, XOTSl TePMOAHHAMH-
yeckd M GoJee yCTOMUYMBBI, HO B TEX XKe
yc/I0BUAX OblcTpee passaralorcs.
Jlerko MOHATb, MOUeMY HOHBI C
KOHGbuUrypauusmu (fsg)% n (f24)® npu-
BOAAT K HHEPTHBIM KOMIlJIeKcaM, a
MOHBI C KOH(UrypalHUsAMH, BKJIOYalo-
IHMU €g-3JIeKTPOHBI, T. €. BbICOKOCIH-
HOBble KOMILJIEKChl, 06pa3yloT MeHee
yCTOHUMBLIE KOMILIeKchl, Mbl paccmo-
TPUM IOCJIe0BAaTENbHO [Ba THIA pe-
akuuii. Bo-nepBuix, peakuuio tuna Sy2,
COCTOSILLYI0O B TOM, 4TO OKTa3japuue-
CKHI KOMILIEKC aTaKkyeTcsi CeabMbIM
JIMTAHJOM C TOCJEeAYIOIIUM BbITECHE-
HHEM OJHOro M3 MepBOHAYAJIbHO CBSl-
3aHHBIX JIMTAHJ0B, a 3aTeM pEeaKIuio
tuna Syl, T. e. IHCCOLMAUMIO OKTA3A-
pHUECKOrO KOMIlJIeKca [0 KOMIJeKca

YTO peakKUHOHHasd

C1oco6-

R

]

]

1
Puc. 41. Mpubauxe-
HHE CeIbMOrO JHWraHpa
K OKTasApHyeckomy

KOMIIEKCY.

-+ o0nacTh
tzg.op(’)my
(dzz), KOTOpasi CKOHUGHTPH -
pOBaHa BLOJb JHHHU MNpH-
Oamxenus. CaeayeT HMeTb
B BH1y, 4TO B KauecTBe
oCH 2 Bbibpana ocb TpeTbero

nopsika.

3alwTpUXOBaHHAS
npeiacTaBaseT

C KOOPAHHAUHWOHHBIM UYHCJIOM 5, KOTOprﬁ 3aTeM IMnpuCcOedHu-

HfAET HOBbIC JIMTAHABl U3 pacTBOpa.

Ataka ceabMOil Ipynmbl B cayuyae OKTa3ApHUeCKOro KOM-
MJieKca A0JIKHa, MO-BUAHMOMY, HAYHHATHLCS MOAXOA0M 3TOH
rpymnnbl K OAHOMY H3 CBOOOAHBIX YYacTKOB B NPOCTPaHCTBE
BOKPYr HOHa MeTaJjia. TouHbl IyTb 101X0Ja He siCeH, HO
11 WIJIIOCTPATHBHLIX Liesell MPeanosoxK1UM, UTo OH GJIH30K
K OCH TpeTbero nopsjika B okrtasape (puc. 41). Hasa Toro,
yToObl HauaJacb XHMHUecKas peakius, npubanxaiouascs
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rpynna JO/MKHA HOCTHYb TaKOil CTEMEHH CBS3H C HOHOM
MeTaJuia, Kotopas Obl1a Obl paBHA CTeNeHH CBSI3H BbITeC-
HfieMOro JUrasja.

Hns mpumepa paccMOTpUM B3auMOJeHCTBHE CeIbMOTO
JIUraHga ¢ HOHOM MeTaJljla, MMelollero BbICOKOCIHHOBYIO
KOHOpuUrypauuo d5. IToT HOH uMmeeT cepUuecKH CHMMET-
puYHOe pacnpejesieHde 3apsia, M MNOITOMY MM JOCTHKe-
HUsl NPUOJM3UTENBHOrO paBeHCTBA CBsI3ell MexXay YKe
HUMeloIMMCs M HOBBIM JIMTAHAOM MOCJeNHHH caelyeT Mo-
MeCTHTb NPUOJH3UTENbHO Ha TOM K€ PacCTOSHHM OT HOHA
MeTaJssa, Ha KOTOPOM HAaxoAATCs paHee KOODJAMHHPOBAH-
Hble JIMTaHAbl. DJIEKTPOHHAs CTPYKTypa 3THX HOHOB He
MMeeT HUKaKHX OCOOEHHOCTel, NMpOTHBOAEHCTBYIOWKUX MpH-
O6/HKEHHIO peareHra, a Mo3ToMy ¢GopManbHO paccMaTpH-
BaeMasl peakiusi nofo6Ha aHAJOTHUHON peakUHH, HO C HO-
HaMH HernepexoAHbIX MeTaJssoB. B 3TOM OTHOLIEHHH MOXKHO
cpaBHHTL Mn2t ¢ Mg? u Fe® ¢ Al**. Peaxuuu c yuyactuem
HoHoB Mg?t u Al®* 06blUHO MpPOTEKaOT OueHb GBICTPO, CJe-
JOBaTeJNbHO, 3TO K€ JAOJKHO ObiTh CHpPaBelaHBO M LJs HO-
HOB Mn2* u Fed*.

Tenepp paccMOTpuM elle OZHH NpelesbHBIl cayyail —
peaklUuio 3aMelleHuss 1751 HH3KOCITHMHOBOrO MOHA C KOH(H-
rypaureii db. Pacnpenenenne 3apsiia, COOTBETCTBYIOLlee
koudurypauun (fz6)6 oTauuaercss ot cdepUUecKH CHM-
MeTPHYHOTro B Oousibliell Mepe, 4eM Aas JOOOH APYrof KoH-
Gurypauum, TeM, uTo MJIOTHOCTL d-31€KTPOHOB MAaKCHMailb-
Ha BAOJb OCH TPeTbero nopsjika OKTasJipa H paBHa HYJIO
BJOJIb HanpaBJjeHuil cBsa3u (puc. 41). Ilpex e uem nputau-
JKAIOIINICST peareHT CTaHeT 3KBUBAJEHTHBIM C JIOGbIM H3
MCXOAHBIX JIMTAHAO0B, OH 10/IKeH BBITCCHHTb 3JEKTPOH ¢ Op-
OUTHI fog HA OHY U3 OPOUT eg. [l 3TOro HeoGXOAHMO 3a-
TPAaTHUTb GOJbLIYIO 3HEPrHio, NpHYeM NPHOJIHKEHUIO Cellb-
MOro JIMraHia Ha paccTosiHie, OTBevalollee CBSI3H, CHJbHO
NPOTHBOAEHCTBYET CHJa, onpeiensiioulasics OCOOEHHOCTAMH
NPOCTPAHCTBEHHOrO pacrnpejieneHns d-3JeKTPOHOB.

JIlBa yKa3aHHbLIX cjyuas siBJASIOTCS NpefesbHbIMH, HO Ta-
KUM Ke 006pa3oM MOXKHO pPacCMOTPeTb U JpyTHe CHTYaUHH.
Hcu Cr3* ¢ koHburypauunei (fo4)° umeer MHOro obuiero
Cc uoHaMH (f2)5. Peaxuun moOHIyT B TOM cayuae, eciu
c op6uThl fyg OyLeT BbITeCHEH 3JEKTPOH HJHU NPOH30HIeT
cnapuBaHue ABYX 3JeKTpoHOB. C Apyrod CTOPOHbI, HOHBI
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C OJIHUM H ¢ ABYMs d-3JIeKTPOHAMH BCErja MMelT OJHY He-
3aHATYIO d-opOUTY, MPUrOAHYI0 HJs o6GpasoBaHHs CBsized
C peareHTOM, a NO3TOMY 3TH HOHBI He HAlOT TaKUX HHepT-
HbIX KOMIJIEKCOB. BbICOKOCIMHOBBIE KOMIJIEKCHl, HMelouiue
GoJibllle Tpex M MeHbllle BOCBMH (-31€KTPOHOB, BCerja Mo-
ryT o6pa3oBaTb HOBble CBA3H, [0 MPOYHOCTH pPaBHbIE CTa-
pbiM, 06e3 mNeperpynnupoBKH 3JeKTPOHOB, U T. A. Dosee
CNOXKHOE NosioxkeHHe y uoHa Ni?*, moToMy uTO OH MOXeT
pearupoBaTb TOJbKO T[OC/Ae CYIIeCTBEHHOH NepecTpOKH
3JIEKTPOHHOH KOH(HrypauuH, ¥ Bce )Ke HECMOTps Ha 3TO,
coeaunenus: Ni2* pecbMa HeycrtoiiuuBbl, BeposiTHo, 3TO yKa-
3bIBA€T Ha TO, UTO eCJd Ha CcpOHTAX €z UMEIOTCS 3JeKTpo-
Hbl, CBSI3M MeTaJ/J1— JUTaHA 0caabJsiloTcsi, U MO3TOMY JH-
TaHj BbITeCHsieTCs Jerye, uyeM IpH APYTHX OOCTOATENb-
CTBax. DTO MPHUBOAUT K yMEHbLIEHHIO SHEPTHU MepecTPOHKU
d-31eXTPOHOB, HEOGXOAMMOI 151 TOCTHKEHHS NepPex0JHOro
COCTOSIHUSI.

Ta6aruga 15

dHepruu aKTHBAUMH AJs peakuuu Sy2, paccyHTaHHbIe
B NPUOJHKEHHH KPHCTANJIHYECKOro MoJs
(Mo Betficono u IMupcony)

OxTasgp —— NeHTaroHaabHas GunupaMuua
Koudgm CHJbHBIE TOJS caabvie noJs
rypauus
Y i i ENCC A R it IS

d° | ODgq 0Dgq 0Dg | 0Dg 0Dg 0Dgq
d! 4 5,28 —1,28 4 5,28 —1,28
d? 8 10,56 —2,56 8 10,56 —2,56
a3 12 7,74 4,26 12 7,74 4,26
a 16 13,02 2,98 6 4,93 1,07
ds 20 18,30 1,70 0 0 0
ds 24 15,48 8,52 4 5,28 —1,28
dr 18 12,66 5,34 8 10,56 —2,56
ds 12 774 426 12 7,74 4,26
d°® 6 493 ! 1,07 6 493 1,07
av 0 0 1 0 0 0 0
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[IpuBeneHHble pacCy:KieH!s sBJSIOTCA KauecTBeHHBIMH
M BKJIOYAOT MHOro ponyuleHuil. Bosee crporuii noaxon
TpeGyeT pacueTa SHEPTUH MOJS JUTAHAOB AJs MepexoaHOTro
COCTOSIHHSI U ONpefesleHHsi BKJajda MoJs JUTaHIOB B 3Hep-
THIO aKTHBAUMH. DTO TPy[Has 3ajauya U OHA TaKkKe BKJIO-
yaeT MHOro JONMYylleHWd u npubaukenuil. B ta6a. 15 npu-
BeJEeHbl BKJAJAbl MOJs JHIaHIOB B 3HEPrHi0 aKTHBAaLHWH,
paccuuranHubie beficono u IMupconoM. Kak BumHo, oHu co-
OTBETCTBYIOT KauyeCTBEHHBIM DacCyKAeHHSIM, NMPOBeAeHHBIM
HaMH, HampuMep, B NMpelcKa3aHUH HHePTHOCTH KOMIJIEKCOB
voHoB d3 u d°b.

[Ipu paccMoTpeHuu peaxkuHil NeperpynnupoBKU THIA
Syl MBI MOXKeM paad MpOCTOTbI MPeANOJNOXKUTb, UTO TMepe-
XOJHOe COCTOsIHHE MpeacTaBasieT co6oil KBaLpaTHYIO Mupa-
MHIY ¢ KOOpPAHHAUUOHHBEIM YHcaoM 5. M B 3TOM cayuae Mbl
MOXKeM pacCuMTaTh TMOTEPIO 3HEPrHH MOJs JIMFaHAOB TpH
nepexoje OT OKTasJpa K KBaJpAaTHONH NMHpaMHie; KaK NMoKa-
3aHo B rpace 3 Tabia. 16, oHa oKa3biBaeTcsl MakCHMaJbHOI
AJisl KoMIieKcoB d® u dB. TaGauga 16

SHepruu aKTHBAUMH AJs peakuuu Syl, paccUHTaHHbIe

B NPHUGJHIKEHUH KPUCTAJIHYECKOro nons
(Mo Beiicono u ITupcony)

OxTasap —> KBaApPaTHAs NMUpPaMHIA
Kondu- CHJBIIBIC MOJA cnabue noas
rypauus
ourassp | AT | 8E, | ocmasnp| MmN | o,

d° 0Dgq 0Dgq 0Dgq 0Dq 0Dg 0Dgq
d! 4 4,57 —0,57 4 4,57 —0,57
d? 8 9,14 —1,14 8 9,14 —1,14
d? 12 10,00 2,00 12 10,00 2,00
d? 16 14,57 1,43 6 9,14 —3,14
ds 20 19,14 0,86 0 0 0
ds 24 20,00 4,00 4 4,57 —0,57
da’ 18 19,14 —1,14 8 9,14 —1,14
ds 12 10,00 2,00 12 10,00 2,00
d°® 6 9,14 —3,14 6 9,14 —3,14
d'° 0 0 0 0 0 0
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2. OBMEH JIUTAHJIOB B IJIOCKHUX KOMITJIEKCAX d8

[Tnockue komm/eKkchl HOHOB ¢ KOHQUrypauuei d8, Takue,
kak [Pt(NH;)4?**, okasbiBaloTcsi Gosiee HHEPTHBIMH, ueM
OKTasjpuiyeckue KommiaekKchl HOHOB Co’* unu Cré*, Kaue-
CTBEHHO 3TO MOXKHO CBA3aTh C TeM (axkTOM, yTo opOHTa

R R

b |

Puc. 42

Q@ — BO3MOXXHbl€ NYTH NepBOHAYA.IbHOTO npuéﬂumeﬂuﬁgearenra K MJIOCKOMY KOMIIJBEKCY;

6 — BO3MOXHOE MEPeXONHOe COCTOSHHE I peakuuH Sp2, HAMOCTPHpYIOllee yAaldeHde
3apsiia OT MecTa aTakH 3a cyeT 00pa30oBaHMA ABOHHON CBA3H.

de-y» He 3aHATA, a Ha opOuTe d,» HMeeTCs [Ba 3JEKTPO-
Ha. ATakylolMil JMrasa B peakuuu Sy2 HOMKeH NpubJIH-
XKaTtbesl AMO0 BAOAb OCH Z, NGO MO JIMHHH, NapasienbHol
OCH 2, NPOXOAslled yepe3 BhITeCHseMbl Jurawa (puc. 42).
B swb6om cayuae nas Toro, 4to0bl peakuHs TOLLIA.
peareHT [0.K€H Bbi3BaTb 3HAYHTEJIbHYIO 3€KTPOHHYIO Nepe-
TPYNNUPOBKY M BBITECHHTb 3J1EKTPOH C OpOUTH dz2. B ana-
JIOTHYHOM CO€JIHHEeHHH HOHa d° HCXOAHAs acHMMETpHsl pac-
npejesieHUs 3apsia BOKpPYr aToMa MeTaJjja ropasfio MeHb-
ule, MOCKOJIbKY H Ha OpOHTe dy_y YIKe HMEETCsl 3JIeKTPOH,
B TO BpPeMsa KakK B KOMIJekce HoHa d7 6o opbura dz yxKe
CONEPKHUT OJUH 3JIeKTPOH, JUGO HMeeTcsl HH3KOJexKallee
H [103TOMY JIerKO JOCTyNmHOe BO30YXKAEHHOE COCTOSHHE,
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B KOTOpPOM opbOHuTa d2 3aHATA TOJNBLKO OAHUM 3JIEKTPOHOM.
HMcexons W3 M370KEHHOTO, JerKo MOHSTh UpPe3BbIYAHHYIO
YyCTOMYMBOCTh IMJIOCKMX HOHOB d8. YKaxKeM Ha OOHY 3aMme-
YyaTeJNbHYI0 OCOGEHHOCTb B KHHETHUYECKOM TNOBEIEHHH KOM-
niekcos Pt?*, koTopasi mnpuB/ieksa 60JblIOe BHUMaHHE.
Peub uaer o TOM, YTO HEKOTOphle JMTaHAbl B MJIOCKHX CO-
eVHeHusAX MoHa Pt?* menaior 6GoJsiee MOABHIKHBIMH TPYIINbI,
HaxoAsilllhecss B TPAHC-TIOJOXKEHHHM K HHM caMuM. Tak,
B 0OMEHHOI peaKIlHH 3aMellleHHsi XJOPHA-HOHA:

[RPtCl,]™ + X —> [RPtCL,X] -+ CI™

HEeKOTOpBle JHraHabl R, HanpuMep 3TH/JeH H OKHUCb YrIile-
poaa, scerma cnoco6cTBYIOT Gosee GbICTPOMY 00pa30BaHHIO
TPAHC-TIPOAYKTA 10 CPaBHEHHUIO C YUC-TIPOAYKTOM. TPAHC-
BuausHue Bozpacraer B cieyIOLIEM MOpsiJIKe:
H,0 < OH™ < NH; < Mupuann < ClI7 < Br™ < NCS™ ~1™ =~
=~NOy =~ SOzH™ =~ PR3 =~R,S =~ SC (NH,), < NO <
<CO=~C,H,~CN",

HenaBHo ycTaHOBJNEHO, 4YTO IOPSILOK BO3pacTaHUs
TPAHC-BJAUSIHUS COBMAfaeT ¢ MNOPSIAKOM YBeJHUEHHS CIIO-
co6HOCTH K 00pa3oBaHHUIO JBOHHOI CBSI3H 3a CUeT aKLel-
TOPHBIX CBOHCTB Jurauga. Has oGbsicHeHHsT 3TOi 3aKOHO-
MepHOCTH ObLJIO BBLICKA3aHO MpeANoJoXKeHHe, UTO B mepe-
XOJHOM COCTOSIHMHM KOMIJIeKCa C HOHA MeTajja MA0JIKeH
6bITb yjaaneH 3apsn, 4ToObl 0CBOGOJUTL MeCcTO AJs Npubau-
)Katoulerocs Jauranna. Okaszanoch, uto Juraupi, ofpasyio-
Ui OBOMHBIE CBSI3H, OTTSATMBAeT 3apsij CHJbHee OT
yuacTKoB, OJM3KHX K TPAHC-AUTaHLY, UYEM OT YYacCTKOB,
6.1M3KHX K yuc-nuranmam (puc. 42). MMmetotcsa TakKe Heko-
TOPble 3KCMepHMeHTaJlbHble JAaHHble, CBUAETEJbCTBYIOLIME
O TOM, UTO MPOYHOCTbL CBfI3U, HaXonxAUleHcss B TPAHC-TOJO-
JKEHHH K TaKuUM JUraHaaM, KaK aTH/eH, paKTHYeCKH ocaab-
JleHa. DJeKTPOHHOe 00bsicHeHHe 3Toro 3ddexTa HescHO.

3. OKMCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIE PEAKLIMHU

M3yueHyue KHHETHKM peaklHii MOKa3blBaeT, YTO HMEIOT-
csl KoJloccasibHble OTJIMUYMSI B CKOPOCTSAX, C KOTOPBIMH HOHDI
pPas3JIMuUHbIX MeTaJJIOB TNpeTeprneBaloT Kak OyaTto Obl aHa-
JIOTHYHblE  OKHCJIMTEJNbHO-BOCCTAHOBUTEJbHbIE  IPOLECCHI..
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OnHako, HeCMOTpPst Ha GOJIbLIOE YHCJIO SKCHEPUMEHTaJbHBIX
paGor, 0 MexaHH3Me [aXKke TAKOH CPaBHHTENbHO MNPOCTOH
peakuuHu, Kak oO6MeH 3JeKTPOHAMH Mexay uoHamu Fet u
Fe®* B BoaHOM pacTBOpe, H3BeCTHO oueHb Mano. CpaBHH-
TeJIbHO MHOTO CBeJEeHHH O NMpHpOLe NepexodHbIX COCTOSHHH
MMeeTCsl JIMUIb AJs peaklHuil, BK/IIOUAIOWHX HHEPTHbIE KOM-
naekcol Cr3* y Co3*. DTH JNaHHBIe MOJNydYeHbl IVIaBHBIM 00-
pasom TayGe.

[Tomexn ObicTPOMY mepeHOCY 3JIEKTPOHOB MEXKAY KOM-
TJleKcaMH MeTasJioB B pacTBope, 0OYCJOBJHMBAIOLIME Ma-
JYI0O CKOPOCTb HEKOTOPBIX peaKkuHUi, YaCTHUYHO CBSA3aHbI
C NMPOCTPAHCTBEHHBIMU 3aTPYAHEHUSIMH B JOCTHXKEHUH nepe-
XOJHOTO COCTOSIHHS, a YaCTHYHO C BHICOTOH aKTHBALMOHHBIX
6apbepoB. BuicTpele peakuuu nepeHoca 3JeKTPOHOB He MO-
TyT NPOUCXOJAHUTb, €CJAM pearupylolllie BellecTBA He Haxo-
JAATCS B TECHOM KOHTaKTe, JJOCTATOUYHOM [JI51 «OILYyTHMOTO»
B3aHMOJEHCTBHSl JOHOPHOH OpOGUTHI BOCCTAHABIHBAIOLILETO
peareHTa c akuentopHoii op6uroil oxkucautens. B Hacros-
lee BpeMsi 3aBHCHMOCTb CKODOCTH peakUHH OT CTeleHH
cOJIMXKEHUs] peareHTOB He $ICHA, [O0CKOJbKY HEBO3MOXKHO
KOJIHYEeCTBEHHO OLEHUTb 3aBUCHMOCTb CKOPOCTH peaKLHH
nepeHoca 3JeKTPOHOB OT MPHPOAbI MOJEKYJ, HaXOASLIHXCH
MeXJy HOHaMMu MeTasnoB. MckaloueHueM $IBASIOTCS peak-
uud B rasoBoii (asze. OgHako TeopeTHueckH Kak OYyATO Obl
SICHO, 4TO CcOJIMXKeHHe A0 MaJoro paccTOsHHS, BEepOsITHO,
HrpaeT MeHee BaKHYIO pOJib, ueM 3JeKTPOHHAsi CTPYKTypa
MOJIEKYJ, HaXOAALIMXCSH MEXKAY pearHpylouiMd HOHAMH.
Mo:KHO noJaratbe, 4TO CONPSIKEHHbIE W JIErKO MOJsIpH3ye-
Mble JIHFaHAbl OYAYT «MPOBOJUTE» 3JEKTPOHBI Jyullle, 4eM
HacbllleHHble W caabo noaspuayemble Juranabl. Kak Mbl
YBHIUM, CNpaBelJUBOCTb 3TOrO BhIBOJA MOJATBEpKIaercs
GOJBLINM YHUCJIOM TaHHBIX.

DHepruy axkTHBAlHK, 3HAHHE KOTOPLIX TaKXKe MOMOraeT
CYAHTb O CKOPOCTSIX OKHCJHTENbHO-BOCCTaHOBUTEJbHBIX
peaxkuuii, HHTepnpeTupytotes serue. K Teopuu OKHCAHTENb-
HO-BOCCTAHOBHUTE/bHbIX peakUHii MOXKHO MPUMEHUTb MpPHH-
uun Ppanka — Kongona. M3 Hero BhITeKaer, UTo BeposT-
HOCTb OOMEHa 3JEeKTPOHOB, COMPOBOXK/AaeMOro 3aMeTHbIMH
MIHOBEHHBIMH H3MEHeHHSIMH TOJIOXKeHH{ suep, upe3Bbluai-
HO MaJa. 2TO 3HAYUT, UYTO OCMEH 3/eKTPOHOB MOXKET
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NPOM30HTH TOJBKO TOTAa, KOrja siipa HaXOASTCS B IOJAXO-
ISIIIUX [OJIOXKEeHHUAX.

PaccMOTpUM THIOTETHUECKUH MNpPOLECC HENOoCpeaCTBEH-
Horo obmeHa 3/aekTpoHoB Mexay HoHamu [Cr(NHs)e]** u
[Cr(NH;)¢]’*. PaBnoBecHas KoHdurypauus IOC/IeIHETO
HOHa MNpaBUJIbHAs OKTasApHueckas, a KOHpUrypauusa nep-
BOr0 HMe€eT BHJ MCKaXX@HHOTO OKTa3Apa; CpelHssl NJHHA
CBSI3M B KOMIJIEKCe [ABYXBAJEHTHOIO WOHAa 3HAYHTEJNbHO
6osbllle, ueM B KOMILIEKCe TPexBaseHTHOTrO uoHa. Ecau 6ol
OOMEH 3/JeKTPOHOB NPOHUCXOJAMJ MNPH PaBHOBECHLIX KOHGH-
rypauusix KaxkJI0oro KOMIJIEKCHOIO HOHA, NPOAYKTaMH peak-
uud Oblin Obl CH/IBHO HCKaXKEHHBIA W PacCTSAHYTHIE KOM-
nnexc wona Cr¥ y HeMcKa)KeHHBIH, HO CIKATHIA KOMILIEKC
nona Cr?*. CieznoBaresbHO, 3TOT IpoOliecC Neperoca 3apana
TpebyeT Takoif 3aTpaTtbl 3HEPrHH, KOTOpasi AOCTATOYHA [Js
MOJY4YeHHsT NMPOLYKTOB B HX HEPaBHOBeCHBIX KOHUrypa-
LUHSIX, YTO MOXKET ObITb AOCTHTHYTO TOJbKO JuGO (POTOXH-
MHUECKHM IyTeM, JHOO C O4eHb OCJbIIOH 3JeKTPOHHOH
3Heprueldl akKTHBALMH.

Uto6sl TpebyemMast sHepPrua akTHBalUM NpPH TAKOM Tepe-
HOCe 3JIEKTPOHOB Oblla MHHHMAaJbHOH, Npex/e Bcero Heob-
XOAHMO HCKa3uThb o6a HOHAa TakuM o06pa3oM, 4TOGLl OHH
MMeJIH OIHY U TY 2Ke KOH(HrypalHio, TpOMexKYyTOUHYIO Me-
Ky KOHOGHUTypaUHsSIMH HCXOAHBLIX BemlectB. Hust atoro Tpe-
6yetcs ropasjio MeHbllas SHEPTHUA AKTHBALWH, YeM JIs He-
NOCPeJCTBEHHOTO MepeHoca 3JeKTPOHA, H yXK KOJb TaKas
NPOMEXKYTOUHAsA KOH(HUIYpALHs ACGCTUTHYTA, MEPEHOC 3JIeK-
TPOHA, MpPH YCJOBUH NOCTATOYHO TECHOTO KOHTAKTa MEXIY
060MMH HOHAMH, MOKEeT MPOWU30HTH MPaKTUYECKH MIHO-
BEHHO.

DKCNepHUMEHTAJIbHO YCTAHOBJEHO, UTO pEaKUUH Iepe-
HOCA 3JIEKTPOHOB OOBIYHO MPOTEKalT OLICTPO, €CAU pPaBHO-
BeCHble KOH(UTYpallUy pearHpyloLlUX BelIeCTB MaJjo H3Me-
HAIOTCS B MPOLECCe PeaKUHH, H MeAJeHHO — NPH 3HAUHTEIb-
HbIX H3MeHeHusiX. M3 toro dakra, uTo €g-371€KTPOHBI OKa3bl-
BaloT GoJiblllee BJAHsSHME HA HOHHBIH DAaaNyC, ueM fpg-3J€K-
TPOHBL (C YYETOM CTeleHH HCKaKeHHs BcJaeAcTBHe dddekTa
dna — Tesasepa, BbI3BAHHOTO €g-3J1EKTPOHAMH), MOXKHO Clle-
JaTb BBIBOJ, UTO CaMble MeAJeHHble OKHCJAUTENbHO-BOCCTA-
HOBHTE/bHBlE pPeaklUMH MeXJAy OKTa3ApHYECKUMH KOMIJIEK-
CaMy JOJRKHBI BKJIOYATh NEPEHOC eg-3/JEKTPUHOB. DTO He-
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COMHEHHO CNpaBefJHBO, Hanpumep, anas cucreM Crzt — Crd+
u Co** — Co®; oHAKO MOXKHO yKa3aTh Ha HEKOTOpbe HC-
KJIOUeHHus U3 3Toro npasusa. Hampumep, oOMeH B cucreme
Mn?" — Mn3* nporekaer B BOJHOM pactBope ObicTpo. [Jo-
CKOJIbKY HCTHHHBIII MeXaHH3M 3TOrO MepeHOca BCe e He-
H3BECTEH, TPYAHO CKa3aTb, HACKOJbKO CYLIECTBEHHO 3TO HC-
KJIoueHHe.

TuatenbHOE H3YUYeHHe OMpeje/eHHbIX OKUCAUTENbHO-BOC-
CTAHOBHTE/IbHBIX DeakLUHil [1ajJ0 BO3MOXKHOCTb YCTAHOBHTb
NoJie3Hyl0 KJacCH(HKAUHMIO UX MexaHu3MOB. Ecau npouecc
nepeHoca 3JeKTPOHA MPOUCXOAHT MeXKIY KOMIJIEKCHBIMH
HOHaMH, He MMEUIMMHU OGLIero Jurauga, TOBOpAT, UTO peak-
LMs NpOTeKaeT uepe3 BHelllHe-c(hepHble aKTHBHbIE KOMIIJIEK-
col. [To TexHHuecKuM NmpHyHHAM 0coboe BHHMaHUe OblI0 00-
palleHO Ha peakUMH, He MPUBOASIIHE K Pe3YyJbTHPYIOLEMY
XMMHUYECKOMY H3MEHEeHHI0, HampuMep Ha OOMEH 3JIeKTPOHOB
B TaKHX OKHCJHMTEJIbHO-BOCCTAHOBHUTE/IbHBIX CHCTEMAaX, Kak
MnO; — MnO2-,  [IrClgP- — [IrClg]*-, [Fe (CN)gl*- —
—[Fe(CN)g)*-, [Mo(CN)g]*- — [Mo (CN)s}?-, [Fe (dbenanrpo-
aut) st —[Fe  (dpenanrpoaun)sP* u  [Co(aa’-aunupu-
aun)sf2t — [Co(aa’-aunupuaua),*. 3a nporekaHueMm 3TuX
peakuuil 0GBIYHO CJAEIST C MOMOLbIO PaAHOAKTUBHBIX HHIH-
KaTopoB. Hampumep, MOXKHO NPUIOTOBHUTE «TOpsAUHii» BOC-
CTaHAaB/MBAIOWUH peareHT H NMPUOABHTL €ro B «XOJOIHbIH»
pacTBop oOkucaswLlero peareHtra. Ilocse Heo6Xx0AHMOTr0
BpeMeHH TIPOU3BOASAT pa3jeseHHe OKHCJIEHHON W BOCCTAHO-
BJIEHHOH (OpM M 3aTeM HM3MepsIOT KOJIHUYECTBO aKTHBHOCTH
B oOKuciaeHHOH ¢opme. TakuM myTeM MOXKHO OMNpeLesNuThb
CKOPOCTb 0O6MeHa 3/1eKTPOHOB, B HEKOTOPHIX c/yuyasix MOXKHO
MCMOJIb30BaTh U JAPYTHe MeTOAbl HCC/AeNOBaHHsI TAKUX peak-
unii. B yactiocTH, oyenb GbicTpble PeakUUH MOXKHO H3yyaTb
MOCPEACTBOM H3SIIHOH TeXHUKH MapaMarHUTHOroO pe3oHaHca,
KoTopas He TpebyeT pasjeseHHs NMPOAYKTOB peakIUH.

TiaTenbHO H3yUyeHO JHIIbL OYeHb MAaJio CHCTEM, peaKIHH
B KOTOPBIX JefiCTBUTEJIbHO MPOTEKAIOT uepe3 BHelllHe-chep-
Hble aKTHBHbIE KOMILIEKChbl, 8 MO3TOMY MOYTH HEBO3MOXKHO
chenaTh Kakue-i1n60 HamexHble 060061eHus. Bece ke B c00T-
BETCTBHH C M3JIOXKEHHOH 3[ech TeopHed MOXKHO AyMaTh, UTO
OLICTPBIH TepeHoC 3JeKTPOHOB 0O.eruaercs:

1) ecau B Apouecce NPOTeKAaHUs peaKIMH pas3Mepbl MO:
JEKYJ H3MEHAIOTCA He3HaulTe/bHO; i
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2) ecsau 3JeKTPOHBI MNepexoAsiT OT MeTasdjaa K pea-
TeHTY uepe3 CONPSKEHHYIO CHCTeMY HJH uepe3 OJHH
aToM.

Hanst Broporo k/aacca peakuu#l mepeHoc 3JeKTpoHa OCy-
LIeCTBJASIETCS 4Yepe3 MOCTHKOBYIO TPYMNNY, T. €. aKTHBHBIM
KOMIIJIEKCOM SBJIeTCs IBYXbsAepPHbIH Komnieke. MocThko-
Basi rpynmna Moxert ObITb OJHOATOMHBIM HOHOM, KaK B

[(HsN)s Co—CI—Cr (H,0)5]*F,

HJIM OHa MOKeT ObITb 60Jiee CI0XKHOH COMPAXKEHHOH CTPYK-
Typoii, Takoii, kak TepedTaeBas KHUCAOTA, KOT1a aKTHBHBI
KOMIIJIeKC HMeeT B!

" (HgN); Co3+—0 _ 0 3+
( 3 ).) o \C_/ \_C/

o/ M7 No_cret (1,0)

Mwveercs Takke J0CTaTOYHO JAHHBLIX, MO3BOJAIOUIUX YT-
BepKIaTh, UTO: 1) MepeHOC 3JeKTPOHa NpOTeKaeT € AOCTa-
TOUHOH CKOPOCTbIO Yepe3 MHOrOATOMHYIO MOJEKYJY TOJbKO
B TOM cCJyuyae, €C1M OHa HMMEET CONpsKeHHble CBA3H, H 2)
peaklnHd, BKJIOUalollHe 3HAUYUTeJbHble H3MeHeHHsl pa3Mme-
POB MOJIEKYJ, NPOTEKAIT MCIJEHHO.

M3ayuenne 3THX BaKHBLIX peakuuil W CO3laHUe TeopuH,
ofbsicHAOLLEll UX BecbMa pasJiduHbie CKOPOCTH, — 3TO OUEHb
HHTEpeCHble acleKThl XHMHH [epPeXOIHbIX MeTasJIoB ¢ 1a-
JeKO HAYLIMM TpHMEeHEeHHeM IOJyYaeMbIX pe3yJbTaTOB B
TaKHX Pa3.JIHYHBIX 006.1acTAX, KaK TEOPHs MOJYNpOBOAHHKOB
M MexanuaM GHOXHMMMUECKOH nepenauu sHepruu. BepositHo,
HeT JAPYTHX TNPUMEpPOB, KOorja pas/iuuus B 3JeKTPOHHOH
CTPYKTYp€ COCEeHUX MepeXOAHbIX MeTaJJIOB WJM J1axe pas-
JHUUHBIX KOMIIJIEKCOB OJHOTO M TOTO 2Ke MeTaJjlja NPHBOIUJIH
Obl K CTOJb 3HAYUTEJNbHBIM MmocieacTBHaM. K coxane-
HHIO, Mbl He MOKeM GoJbllle OCTaHaBIHBATLCS Ha 3TOH
TeMe H BLIHYXK/EGHBI 0TOCIaTh UMTATEld K MPEBOCXOAHBIM
oG3opam Tay6e u beiico1o u Ilupcona, a Takke K He-
KOTOPBIM [JOCTYIIHBIM CTaTbhiM NO pPaccMOTPEeHHOH Bbllle
TEOPHH.
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KOBAJIEHTHAS HMJIM MOHHAS CBS3b?

1. 4YTO MbI MOJIPA3YMEBAEM
oA «KOBAJIEHTHOW CBA3blI0» B XMMIMHU
[MEPEXOJHbIX METAJIJIOB?

B nmpeabiayluiux raaBax Mbl MONBITAJHCh NOKa3aTbh, Kak
paccuuTaTth HJM, MO KpailHeill Mepe, KaK MOXHO TOJKO-
BaTh pe3y/JbTaThl HEKOTOPbIX BHOJIHE OMNpeIeJeHHBIX JKCIe-
pUMEHTaJbHbIX H3MepeHHH CBONCTB coeMHEeHHIT MepexoaHbIX
MeTaJlJIoB, HaNpHMep ONTUYEeCKHX, MarHUTHBIX, TePMOAMHA-
MHYECKHMX M KuHeTHuyeckuX. Llesb HacTosiuiedl ruaasbl HHas
1 Gosee obwnpHasi. Mbl nonbiTaeMcs BbICKA3aTh HEKOTOPbIE
CYX/IeHHs] O CTelleHH KOBAJIEHTHOCTH HJIH HOHHOCTH CBs3eH
B PAa3JMYHBIX KJaccaX CoelHHeHHi. DTOT BONPOC BechbMma
3amyTaH, ¥ HesCHOCTb OTYACTH CBsi3aHa C OTCYTCTBHEM TOUY-
HOTO ONpejeseHusl MOHATHH «KOBaJ/IeHTHBI» H «HOHHBIA», a
YaCTHYHO C TPYAHOCTbIO 3KCMEPUMEHTAJbHOIO H3MepeHus
pacrnpeseeHUsi 3J1eKTPOHHOH MJIOTHOCTH B MoJeKyqaax ¢
IIOMOILbIO AUGbPaKLUHK 3JeKTDOHOB H PEHTTEHOBCKUX JyuyeH.

st 1pOCTOTH PACCMOTPUM BIOJIHE OMpPejieeH b Kaace
moJsiekya uau uonos, Hanpumep [Cr(NHj)el**, [Co(NH;)el**
M T. [., U 3aaJUMCsi BOINPOCOM O TOM, KaKOH CMBICJ Mbl
BKJaabiBaeM B YTBEpPXKAEHHe, 4YTO CBS3H MeTaJJ — a3oT
KOBAJEHTHbl H KaKHe 3KCIePUMeHThl Mbl MOTJIM Obl B MpPHH-
uune npoBecTH, 4TOOGbl YCTAHOBHTb CIPABEAJHBOCTb HJIH
JOXKHOCTb 3TOro yrBep:kaeHus. Cuaeayver cpady oTOPOCHTh
HEKOTOpble M3MepeHHUsl, KOTOpble HHUEro He FOBOPST O CTe-
MeHH KOBAJEHTHOCTH, XOTsl B MPOLIJIOM OHH HHOrma pac-
CMaTpPUBAJUCh Kak noaxoasiive Kputepuu. Oxrasapuue-
cKoe pacno.oxkeHHe obecrnevyuBaeT HaWJIyyllle YCJOBHS
YIAKOBKH NMOUYTH [Js JIOOBIX LIECTH MOJSAPHBIX MOJEKY.] BO-
Kpyr atoMa Mertajsa. Bo MHOrux ciaydasx oHo Obl10 OGHa-
PYKEHO B TAKHX pa3HOOOpa3HBIX cHCTeMaXx, Kak, Hampuyep,
kpucraaanueckuit  NaCl, uon [Mg(H:O)¢** u Ounapubie
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(GTOPUABI NEePeXOAHbIX METaJsJ0B, TaK UTO BPSA JH Ha 3TOM
OCHOBAHMU MOXKHO CYAHTb O KOBAJ€HTHOCTH CBsi3eH, HalpH-
mep, B [Cr(NHj)e]**. CnapuBanve cnuHOB, NpHBOAsillee K
nunamarterusmy uoHa [Co(NH;)6]**, kKak Mbl BUAEJiH, MOXKET
ObITh BBI3BAHO JIOOBIM MEXaHH3MOM, IO KOTOPOMY Mpearno-
Jlaraercs AOCTATOYHO CHJbHOE paclliernyieHue B KPHCTaJJH-
YeCKOM IM0Jie ¥, KOTOPBIH, cJe0BaTeNbHO, NPUBOJUT K KH-
HeTHYeCKo# ycroHuuBoCcTH 3TOro HoHA. Takum obpasom, H
3TH CBOHCTBA He MOTYT ObITb HCIOJIb30BAHBI AJS CYKAEHHS
O CTeleHH KOBAJIEHTHOCTH CBfi3efl MeTaJ — JIHFaHMd, M[o-
CKOJIbKY, KaK Mbl y2Ke 3HaeM, BeJIMUMHA pacCLUeNJeHHs B NO-
Jie JITAHAOB BO3pacTaeT He TaK, KaK 3TO MOMKHO OblIO Obl
0XHAATh, eci Obl paclienyeHne 3aBUCeJO OT CTelNeHH KO-
BaJIeHTHOCTH cBsi3eil; HanpuMep, F~ nmopoxkaaer 6o.lee cHilb-
Hoe mouJie, ueM [~

Yro xe ciaeayeT HU3MepATb, €C/AM Mbl XOTHM IMOJYUYHUTb
CBeIeHHs O CTeNeHW KOBAJeHTHOCTH cBs3el? Ha mepsblit
B3IJIsA KaeTcsl, UTO Jyulle Bcero Oblao Obl ONpPEesUThb
OueHb TOYHO pacnpejeseHHe 3JeKTPOHHOH MJOTHOCTH B
MoJiekyse. B Hacrosiiiee BpeMsi 3TO HEBO3MOXKHO MO TEXHH-
yecKUM npuuuHaM. OnHako uToObl MOHATH NMPHPOAY BO3HH-
KaIOWUX TPYAHOCTeH, NpPeANONOXKHM, UYTO B pe3ysabrarte
KaKOTro-TO 3HaYUTEJbHOTO AOCTHXKEeHUsS B 06/1aCTH PEHTreHO-
CTPYKTYPHOTO aHaJ/M3a Mbl MOXEM HalTH paclpejneseHHe
3J€KTPOHHOH IJIOTHOCTH C HeoOXOAMMOH TOYHOCTbIO. Pe-
IIaeT JM 3TO pa3 M HaBcerga npobJeMy KOBaJEeHTHOCTH?

Ha sT0oT BONpOC NPHXOAHMTCS OTBETUTb OTPHLATENLHO,
XOTSl TOJyUeHHble CBeJeHHs OKa3aJucb Obl UYpe3BbIUAHHO
LUEeHHBIMH LJIs1 APYTHX Hesed. UTo6Bl MOHATb MPHUUHY 3TOrO,
HeoOX0AMMO BCIIOMHHTb, YTO MOHSITHE «KOBAJIEHTHOCTL» HHU-
Korjga He OBLJIO ONpefeseHo A0CTaTouHO cTporo. CMblc
3TOTO IOHSATHA HMHTYHTHBHO OUYEBHJAEH B CJyuae MOJIEKYJIbI
H,, ¥ yacTo cuntalor, Kak caMo co60l0 pasymerolleecsi, YTo
3Ta KOHLEMUHS MoxeT OblTb HCIIOJNB30BaHA B TOM XKe Ca-
MOM cMbIc/Te U B OoJee o6iiem cayuae. C LeJblo NOKA3aTh,
YTO 3TO COBCEM He 00f3aTebHO, NMPEANOJOKHM, UTO 3JeK-
tponHaa miotvocth B [Cr(NHj)e]**, usmepennas B Hamem
THNIOTETHYECKOM 3KCIepPHMeHTe, OKa3aJjgach TOUHO TAKOH Ke,
KaK H pacCuHTaHHas B NPEeANOJOXKEHHH CYNeprno3UILUH 3JIeK-
TPOHHBIX IJIOTHOCTeH cBoGomHOro HOHa Crd* u miecTH Mo-
JIeKyJl aMMHaKa, KaxfAas M3 KOTOpPbIX 3aHHMaeT COOTBeT-

g*
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CTBYIOLEe MOJI0KEHHe B MpocTpaHcTBe. FICHO, YTO 3TO NO.-
HOCTBIO MMOATBEPAM.I0 Obl Npe1CKa3aHusi HOHHOH TeopuH, He
Tpebya Aazke BBeJEHHA Kakoil-1MOO moaspu3allMi JUrasja.
OnHako Heab3sl CKa3aTh, YTO CBSI3M HE SBJAIOTCH XOTA Obl
YacTUUYHO KOBAJEHTHBIMH, NOTOMY UYTO Oadrogapsi CHJIbHOMY
repeKpbIBaHUIO aKUENTOPHBIX CBS3bIBAIOWIUX OPOUT HOHA
Cr3* ¢ JOHOpPHBIMH OpPOMTAMHM AaTOMOB a30Ta, Mbl BIIpaBe
CUMTaTh, YTO 3JEKTPOHBI NOCACAHHX BHOCAT BKJIAA B 3J€K-
TpOHHYIO maoTHOCTH HoHa Cr?*. «IlepekpbiBaowniics 3a-
psid» MOXKHO paccMaTpuBaTb Kak MNpHHAAJIeKalluil o6oum
napTHepam Mo CBA3H, U HA30BEM JIM Mbl CBS13b KOBaJeHTHOH
HJIM MOHHOI, B KaKOH-TO CTEMEeHH 3aBHCHUT OT TOrO, KaKMM
00pa3oM Mbl pELIHM MOAeJHTb NMepeKpbliBaloluiics 3apsi
MeXKIY CBA3aHHBIMH aTOMaMM. DTO TOJNbKO OJHA M3 L&10T0
psiaa aHasOTHUUBIX TPY/HOCTell, CBA3aHHbIX C HeoNpesesaeH-
HOCTBIO J1I0OLIX METOAOB [AE€JCHHS 3apsila MeXJy B3auMO-
JeHCTBYIOLLMMH aToMaMH B CBs3H. B KauecTBe noc/aenHero
napajokKca MOXHO IN0Kas3aTb, YTO NPH COOTBETCTBYIOULMM
obpasoM npeaybekaeHHOH TOUKe 3peHuss BeCh 3apf] NPOU3-
BOJIbHOH CBA3M MOXKHO NPHNHCATbL A000MYy U3 B3auMOLeH-
CTBVIOIIHX aTOMOB.

Tenepb A0/MKHO ObITb SICHO, YTO AEHCTBHTENBHO HHTe-
pecyilollas Hac 3KcNepHMeHTajgbHas BeJAHUMHA — 3TO pac-
npejeJeHre 3/JeKTPOHHON MNJOTHOCTH M UTO HCTHHHAs 3a-
laya TeOpHM 3aKJI4aeTcsi B HAXOX/JEHHH OpOMT, COOTBET-
CTBYIOLIMX 3TOH 3JeKTPOoHHOH nmaoTHoctH. [1pu nmpoBenenun
KOJHUECTBEHHbIX PacuyeToB Mbl (DPaKTHYECKH OJKHLI Mbi-
TaThes, NM0A0HPAT NOAXOAsLLHE BoJNOBLIE MYHKLHH, Hccde-
J0BAaTL CTeMelb JeJ0KaJMU3aIH  ONPC ledeHlbIX  3JCKTPO-
HOB, @ He CcTapaThesl OnpelesHTh KOBAJCHTHOCTb BCEro Co-
enuHenns B uenom. Ilocse aToro caenver 3amymartbest Haf
BOIPOCOM, KaKHe PakTopbl 6JaronpUATCTBYIOT, @ Kakue 1O0-
JaBJSI0T JeJ0KaJIU3alu0 [aHHOH ollpeledeHNoil Tpynnol
3/]1eKTPOHOB. B mnpuHIuMNe MOXKHO HATH HHBIM NVTeM: MHC-
N01b30BAaTh 3IKCIICPHMEHTAJbHO ONpejeasdeMbple pacnpeje-
JeHHst d-3]1eKTPOHOB /I HAXOXKIEHHS BKJIAJ0B Ne10Ka.liH-
3alMH B 3HEPrHIo cBsA3l. 1o cHX nop, 01HAKO, MaTeMaTHue-
CKHe TPYAIOCTH NPensTCTBOBATH NPOBEICHHIO TaKHX pac-
UeToB.

Ca0BO «KOBAJICHTHOCTLY MO0 HCNOIb30BATh NPH Ka-
4ecT6eHHbIX OOCYIKIEHHAX, H Mbl OyAeM HepPelKO HM [0.b-
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30BaThCsl B OCTAaNbHOH 4acTd KHUIH. Korja Mbl FOBOpHM,
YTO Takasl MOJeKyJaa, KakK KapOOHMJ HHKe/s, KOBaJIEHTHA,
5TO 3HAYMT, YTO ee CBOHCTBA HAXOAATCS B COOTBETCTBHH
C BBICOKOH CTeleHbl0 JeNOKaJu3aluu 3JeKTpoHoB. Mul Ha-
deemcs, UTO KOrla-HUOYAb OKaXKeTcsi BO3MOXKHbBIM BbIPA3UTh
3Ty HesiCHyI0 (OPMYyJHPOBKY 6ojee KOJHUeCTBEHHO, HaNpH-
Mep TOUHO ONpelesqHB NPHPOAY 3aHATHIX opour. Ilosromy
Halla cJeaylolliasi 3ajaya COCTOMT B OINMCAHHM 3KCIepH-
MeHTaJIbHbIX MeTONOB; 6oJsblllasi YacTb UX BO3HHKJA JHIIb
HellaBHO, U NOCPeACTBOM 3THX METOAOB MOKHO MOJYYHTb
6osee uIM MeHee NoapoOHYI0 HHOpMAUHIO O CTENEHH He-
JIOKAJIM3alUH 3JIEKTPOHOB, XOTs Obl JaxKe AJs OrpaHHYeH-
HOTO KJlacca COeAMHEHHH.

2. 3KCIMEPHMMEHTAJIbHBIE METO/IbI
HEIMOCPEACTBEHHOI'O MSMEPEHMWS PACIIPENEJIEHUA
DJIEKTPOHOB

B nactosiliee BpeMs oObluHble AMGDPAKIIMOHHBIE METO/bI
He TMO03BOJSIIOT HalTH paclnpejieneHue 3JeKTPOHOB C TOY-
HOCTbO, NOCTATOYHOH AJS YCTAHOBJIEHUS CTeNeHU [eJoKa-
JIH3AIlHH 3JIEKTPOHOB B COENHHEHUSIX, COJeprKallluX Takue
TsKeJble 3JeMeHTHl, Kak MepexoaHble Meranaabl. [lo atoil
NpUYMHE Mbl BBbIHY?K/AEHbl MOJb30BATbCS METOJAaMH, OCHO-
BAHHBIMH Ha MarHUTHBIX CBOHCTBAX HeCMNapeHHbIX 3JEKTPO-
HOB. DTH MeTOJbl HMEIOT PsJ HeAOCTATKOB, MOCKOJbKY C HX
NOMOUIbIO Mbl MOXKEM H3V4aTb TOJbKO d-3JeKTPOHBLI nepe-
XOJHBIX METaJIJIOB B HEKOTODPLIX MapaMarHHTHBIX COeuHe-
HHAX W He MOXKeM HCCJel0BaTb HU JHaMaTHHTHble COemH-
HEHHsl, HU ClapeHHble 3JeKTPOHbl JUIaHAOB, KOTOpble BHO-
cT Takoll Oosbluofli BKJal B oO6pasoBaHue cBs3ell paxe
B COGAHHEHHsIX ¢ HecnapeHHsIMH cnuHaMu. C apyrofi cro-
POHBI, BaXXHBIM MPEUMYLIECTBOM 3THX METOAOB $IB/seTCS
BO3MOXKHOCTh H3yU€HHSl TOJIbKO OJHOTO HJH He6OJbLIOro
Yy{csaa  3JeKTPOHOB, MNOCKOJNBKYV HNPHCYTCTBHEM O0OJbILOTO
YHCJa CMApPEeHHBIX 3JIeKTPOiOB, HE3HAUWTEJIbHO BJIHSIOLUX
Ha pe3y.abTaThl MAaTHUTHBLIX H3MepeHHUi, MOXKHO NnpeHebpeub.
ITO OpeHMYLLeCTBO OCOOEHHO Ba)KHO MNOTOMY, UTO 3JeK-
TPOHBI, KOTOPble MOJKHO HCCJICAOBATDH ITUM MYyTEM, ABIAIOTCS
M Haubo/Jee WHTEPECHBIMH C TOUYKH 3PeHHs XUMHH Mepexo/-
HbIX MeTaJl10B.
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[lepBuiit u Hanbosee NMpsiMOl MeTOHN, KOTOPLIA B MpHH-
uune Moxker 0OeCNeuuTb MOCTATOYHO TOYHBIE H3MEpeHHs!
NJOTHOCTEll HECIIAPeHHBbIX 3JeKTPOHOB, OCHOBAH Ha AHdpak-
unu ueiitpoHoB [1]. TTockonbKy HEHTPOH MMeeT MarHUTHBIH
MOMEHT, HO He HMMeeT 3apsiia, CTeleHb pacCesHUs ero Ha
3JEKTPOHAX CYLIeCTBEHHO 3aBUCHT OT HAaNpaBJ/eHHs CIHHA
ajekTpoHa. baaroaaps 3ToMy pacnpenesieHde HecrnapeHLbIX
3JeKTPOHOB B COEJAMHEHHH MOXKeT OBITb ONpejeJeHO J0CTa-
TOYHO TOYHO M3 JAaHHBIX MO paccesHHO0 HelTpoHOB. Ilo Ha-
CTOSILLETO BPEMEHW 3TOT MeTOA Obll NMPUMEHEH JHIb B
HECKO/bKHX CJyuasix, YTO He JaeT HaM BO3MOXHOCTH o06cCy-
IHTb ero jaeranbHo. OnHAko oH ofelaer GbITh OYeHb MO-
JIE3HLIM B HEKOTOPbIX 0COOBIX CJaydasix.

Haubosee BaxkHble pe3y/bTaThl NOJyYeHb NOCPEACTBOM
HCMOIb30BAHUSl  SIBJIEHHS] 3JEKTPOHHOro NapaMarHUTHOTO
pesoHaHca M, B MeHblIeHl CTeNneHH, sAepHOro pe3oHaHca.
Teopusa 3THX MeTOI0B BecbMa TPYJHA M H3VU€HHEe ee Tpe-
6yeT XOpollero 3HaHHsl KBaHTOBOIl MeXaHHKH. Mbl MOSICHUM
ofllMe MPUHUMMBl HA THIOTETHUECKHX MNpHMepax, MpHueM
Oynem npeHeOperatb BCEMH OCJ0XKHEHHAMH, BO3HHKAIOLWHMHU
TIOUTH BO BCEX PEaJbHbIX CHCTEMAaX, COJAEPXKalMX HOHbBl Me-
raana. CjenyeT NnpeaynpeiuTb UWTaTes]s, 4TO AaJjbHellline
naparpadbl HU B Koell Mepe He OTpakKalOT BCel CJI0XKHOCTH
npoGJjemMbl HHTEpNpETalHH 3KCNEPHMEHTAJbHbIX pe3yJbTa-
TOB, TOJIyYaeMbIX NpH HCCJEJOBAaHHH KaKOH-1H0O CHCTEMBH,
npeacTaBJsOLLell HiITepec.

B skcnepumeHTax ¢ mapaMarHUTHbLIM PE30HAHCOM M3Y-
uyaeMblii o0pasell nomelllaeTcss B CHJIbHOe OLHODOLHOe Mar-
HutHoe noJde H. Ecaun Mojekyna colepXHT OAHH HeclapeH-
HBbI 3/1eKTPOH, €r0 MArHUTHBIE MOMEHT e MOXeT pacro-
JOXKUTBCS  Ju60 MapaJdiienbHo, JHG0 aHTHNApaJelbHO
noo. Torpa MarHuTHass 3HEPrus 3J4eKTpPOHAa paBHa —p.H
unn +p.H, B 3aBHCHMOCTH OT OpHEHTALUMH ero MOMEeHTa.
MnetoTes, KOHeyHO, 3/1eKTPOHBI C OOEMMH OpHEHTALUsIMH,
HO, B COOTBETCTBHH C OOJbLMAHOBCKHM pachpejeseHueM,
3JEKTPOHOB € OpHeHTalHel, COOTBeTCTBYMOLlell Hu3LIed
sHepruu, Oyaer HeckosbKo Goablie. Ecan coobwuth o6pas-
LV 3JeKTPOMArHUTHOe H3JydeHHe C TaKOH 4acToTOH vy, uTO
hv = 2u.H, 10 obpasen OyneT MNOrJOWATh SHEPTHIO B INpO-
1lecce M3MEHCHHMS OPHEHTAlUH CIHHOB 3.J1eKTPOHOB OTHOCH-
TeIbHO HaNpaB/JeHHsd CTaTHYEeCKOro noas (cm. puc. 43). Uay-
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yeHHe TAKOTO THMA Mepex0j0B OTHOCHTCS K 00JacTH mapa-
MarHUTHOH pe3OHaHCHOH chekTpockonuu. Hanps:xenHocTb
nosass H u3MeHsITb Jerye, yeM 4acToTy v, a MO3TOMY OOBIYHO
paGoTaloT MpH MOCTOSHHOH uyacToTe, noabupasg 3Haue-
Hua H. Hanpumep, B MarHUTHOM I0Jie C HampsXKeHHOCTLIO
npuMepHo 3500 ec cBOOOAHBIA 3/M€KTPOH crocobeH K peso-
HAHCHOMY TOIJOLEHHIO B o6aacti 3 ¢M, T. e. Ha YNLOOHBIX
MHKDPOBOJIHOBBIX 4aCTOTaX.

o cux mop Mbl He YYUTBHIBAJIHM, YTO MHOTHE fpa MMEIOT
TaKKe MarHuTHble MOMeHThl. Ec/iu HHTepecyloulee Hac A1po

Cnun ¢

Ca060dnuiii Brusnue maznum- BausHue sdepHozo
3/16KMPOH H020 noas MA2HUMHO20 MOMEHMQ

\

Puc. 43. YpoBHM 3Hepruu 3JeKTPOHA B MArHUTHOM TMoJe, HJJIO-
CTpHpYIOLlME BJHSHHE B3AUMOJEHCTBHS AAEPHOrO H  3JEKTPOHHOrO
CIHHOB.

CnaowHbie BEpPTHKAIbHbIE JUHHH H300paXkaloT paspelueHHble Nepexoibl.

MMeeT MOMEHT pj;, @ CHHH '/, OHO TOXKe GyaeT OpUEHTHPO-
BaTbcsa MO0 MO MNOJIO, JUOO MPOTHB MOJA C SHepruei
= w;H. Toraa MarHUTHBIE MOMEHT 3JeKTpoHa Oy/leT B3au-
MOeHCTBOBATb C MOMEHTOM fipa, npuueM NpUOJH3UTEILHO
TakK, KaK B3aMMOJEHCTBYIOT JABa CTepPXKHEBBIX Maruura. Mol
MOKeM PasiHUHTb YeTbIpe Ciyuad, a HMEHHO: 25, =,
&, T, rle HUXKHAA CTpeJKa MOKa3blBaeT HallpasJ/enie
CMHMHA 3JIEKTPOHA, a BepXHsAs — cnuHa aapa. MarHutHbii
BKJIaZl B SHEPTHIO, 3aBHCAILHI OT MapaJesbHOCTH HJIH aH-
THIApa/eJbHOCTH CIHHOB, NMPONOPUHOHAJEH == Uept; H SAB-
JsieTcsl JOMOJHHTENbHBIM K 3HEePruH 3.JeKTpoua H s1pa B
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NPUJIOKEHHOM BHellHeM rove *. Koraa crnuH ajekTpoHa Mme-
HsieT CBO€ HamnpaBjeHHe B MArHUTHOM MOJe, COHH sApa He
crenyet 3a HUM **. Takum o6pasoM, ecau silepHbIH H dJ€K-
TPOHHDBIA CMUHBI 10 MNepexoaa OblIM MapaJJesbHbl, MocJe
nepexoja OHH CTAHOBATCA aHTHNapaJljeNbHbIMH, H Haobo-
poT. ITO mnokaszaHo Ha puc. 43, riae Mbl npeHe6perJu
B3aMMOJeHiCTBHEM $IIeDHOrO CIIHHA C MarHUTHBIM [OJIEM,
MOCKOIbKY 3TO B3aHMOJeHCTBHE He H3MEHseTcs BO BpeMs
nepexona. MoXHO 3aMeTHTb, UTO OQUHOUHBIH Mepexoi, npo-
MCXOAALWHUHA NpPH OTCYTCTBUH CHHHA Yy sipa, 3aMeHseTcs
OBYMsi MepexolaMu C 3HEePrusiMH, OT/IHYAlOLLIMMHCS OT 3Hep-
THH MepBOHAUYAJIbHOTO Mepexoda Ha OJHY H TY JKe BeJHUHHY
M pasjejeHHbIMH APYr OT ApPyra paccTosiHHeM, 3aBHUCALIMM
OT BeJHUHHbl B3aHUMOLCHCTBHSI MeXAY CMHHAMH 3JE€KTPOHA
W sapa. DTo pa3fescHHe Ha3blBAIOT MOCTOSIHHON CBEPXTOH-
KOIl s11epHOH CTPYKTVPHL

3HauyeHue 3TOH MOCTOSHHON AJS OJHOTrO 3JEKTPOHA .JIo-
6oro tuna (S, p, d U T. A.) B CBOOOJAHOM aTOME€ MOXHO
onpefejuTb JAUOO MOCPEACTBOM MAarHHTHBIX Pe30HAHCHBIX
usnMepenuii, A160 NMyTeM H3yueHUsl CBEPXTOHKOH CTPYKTYpBHI
ATOMHbBIX ONTHUYECKHX CIEKTPOB, JIHOO pacyeTHbIM MyTeM.
D710 naeT BO3MOMKHOCTb ONpeAedHThb, KaKasa M0Jsl HeclapeH-
HOTO 3JIeKTPOHA HAXOAMTCsl HA JIaHHOM aTOMe CoeJHHeHHs,
MOCKOJIbKY MOZKHO MpPEAnoJd0XKHTb, YTO 3HAUeHHEe IOCTOsH-
HOHl CBEPXTOHKOIl siIepPHOH CTPYKTYpbl, 00YCJOBJEHHOE NaH-
HbIM  sIAPOM, MPONOPLHOHA/JbHO MJOTHOCTH HeclapeHHbIX
3JeKTPOHOB Yy 3Toro aroma. Hampumep, Mbl BhnpaBe OXH-
HaTh, 4TO DacllerJeHHe CBePXTOHKOH CTPYKTYphl, 06yc/0B-
JIeHHOe KamAbIM SAPOM B MoJekyaspxom uoueH,, cocras-

Jsger npubJIH3UTE b0 MOJOBUHY pacllenseHus y atoma H.
PaccMoTpuM HOH Metaasa, Hanpumep Mn?*, okpyxeH-
HbI wecTbio HoHaMu (ropa. Eciu O6bl HOHHas Teopus Oblia

* XoTss 3TO BOBCE M He CJeayeT M3 BbIUIECKA3aHHOrO, Ha CaMOM
Jlele OCYLIeCTBJSIOTCS TPH MNapasienbHbIX M TOJbKO OAHO aHTHmapad-
JeapHoe cocTosinne. [IBe W3 BbilleyKa3aHHbIX KOHGHrypauuii ¢ NpoTHBO-
N0.10KHO HanpaBJIeHHbIMM CIIHHAMH 1aI0T BMECTe OJHO Napasie]bHoe H
0AHO aHTHMAPaIIe]bHOC COCTOsIHHUE.

** Dto He Beceria Tak. HMuoria Mo:kHO Habawl1ath oueHb c.aabbie
JUHHU-CIYTHHKH, BO3HMKAalOUlHe B pe3y.abTaTe ONHOBPEMEHHOTO H3Me-
HeHHUs Hanpas.JeHHa cnuna u sjipa H saexktpona. Ho sto — peakoe siBje-
Hue,
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MOJIHOCTBIO CNpaBeJiHBOH, CJael0BaJio Obl OXKHIAATb MOSAB-
JIEHHs1 CBEPXTOHKOM CTPYKTYDHI 33 CYeT siipa MapraHiua, HO
He 3a cueT ajep HMOHOB (Topa. Ha camom mese cBepxToHKast
CTPYKTypa ropaszno 6o/ee CJI0XKHA H ee MOMXKHO OODbACHHTD
TOJILKO B TOM CJydyae, ecju MpPeANoJ0XKHTh, YTO HA CBEpX-
TOHKYIO CTPYKTYPY MapraHila HakJ/alblBaeTcsi CBepPXTOHKas
CTpyKTypa, oOycJoB/JeHHasi MOHaMu (rTopa, B TakoH cre-
neHH, Kak Oyato Obl Ha Ka)kaoM HoHe F~ Haxomutcs mpu-
6/1M3UTeIbHO [Ba MNpOIlleH-

Ta HECMapEeHHOTO 3JeKTpPOo- —~756~

Ha. ToyHas HHTeprpeTauus
3THX AaHHBIX GoJlee CJ0XK-
Ha [2].

Bonee npocthiM npume-
pom sBasietcst uoH [IrClg]?,
KOTODBI HMeeT OJIHH He-
crapeHHBI ajekTpoH. Ha y

PHC. 44 TOKa3aH CMEKTp Puc. 44. CnexTp napamarnuTHoro
apaMariuTHOrO PEe30HAH-  pesoyanca NaylrClg (tBepablii pa-
ca uona [IrClg~ B pa3- creop B Na,PtClg), nasoctpupyio-
6aBJIeHHOM TBepAOM pac- LA CBEPXTOHKYIO CTPYKTYpY, 06y-
TBOpe B NaQPtCIG. CprK' CJOBJICHHYIO siIpAMH XJopa U HpH-
Typa CHNeKTpa B BHIE «eJ0- ) i

YKH» MOXKeT ObiTb MOHSTA [G“mths‘].f}(.,Eé'.GO,“i)eGI‘({;J'5~'g{.OC' Roy. Soc,
TOJIBKO B TOM CJyudae, ecjH

MPeANONOKHThb, UTO HECMapPeHHbIH 3jaeKTpoH 1posoauT 70%
BpeMEHH Ha siipe Hpuaus, a 5% BpeMeHH Ha KaxKa0M
sape xjopuaa [3].

B sutepaType umeioTcs cooGUIeHHST O MHOTOYMCJIEHHBIX
HCC/E0BAHHAX TAKOro THHA A (TOPHCTHIX COeIHHEeHHIT
u 06 OJIHOM HJ/IM ABYX HCCJeNOBaHuaX XJOpHAOB. [aabHeil-
LIMX BaXXHbIX PE3yJIbTaTOB MOYKHO OXKHIATh MPH HCMOJbL3O-
BaHHW M30TONHO oforallleHHsIX Jauraumos. Ha puc. 45, a no-
Ka3aH HaburonaeMblit 06b1uHO [4] cnektp wona [Mo (CN)g)3-,
a Ha puc. 45,6 — crexTp TOro e HoHa, rpynns CN- ko-
Toporo o6orauteHbl C!3, snepHbIi CNHH KOTOPOrO, B OTJH-
yne or C'2, pasen !/o. SIpko BbIpaxkeHHast CBepXTOHKad
ctpykrypa na C!3 B mocsieHeM CleKTpe CBUAETEeJbCTBYeT
O CHJBHOM 1eJ0KalM3alUHH HecnapeHHbIX 3JEeKTPOHOB Ha
atoMax C'!3. TlogoGHble 3KCMEePUMEHTBI € MCNOJb30BaHHEM
H30TOMNOB a30Ta MOKAa3bIBAIOT, YTO MJOTHOCTb HeclapeHHbIX

Noznow,enue
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37eKTpoHoB Ha atomax N' mana. Tloutn ¢ yBepeHHOCTbIO
MOJKHO CKa3aTb, YTO 3TO SBJ/sETCS INepBbIM 0(eCcCcnopHbIM
KOJIMUECTBEHHBIM [OATBEPXKAEHUEM [1e/0Kadu3alulu 3J€eK-
TPOHOB B «HOHHBIX» COEJHHEHHSIX METaJJIOB.

BTOpbIM MAariHTHBIM METOLOM H3YUeHHS pachpeieseHus
3JIEKTPOHOB  fBJsIeTCA silepHas MarHWTHAsi pe3oHaHcHas
CIIEKTPOCKOMUSI. DTUM METOAOM H3YUaioT IHEepruio, HeoOXo-
IUMYIO JI1sl H3MEHEeHHsl OpPHEHTAUHWH fAAePHOro CIHHA BO
BHELIHEM MAarHHTHOM MoJe.
HOns saapa ¢ S ="', B o1-

CYTCTBHE 3J1eKTPOHHBIX
3¢ heKkToB, 3Ta  3Heprus
N o 6yner npocto 2u;H, rae

Wy — SIAepHbIi  MarHHTHBIA
MomeHT. OlHaKo B Mode-
a KyJe TMoJe, KOTOpoe BO3-

© 7] JeHcTBYeT Ha s1po, OTJ/H-
yaeTcss OT MAaKpoCKonuye-
CKOTO TMPUJIOIKEHHOr0 MoJs.
O6bluHO MpUMeHeHUe sxep-
HOH MarHUTHOH CMeKTpo-
CKOMUU B XHUMHH 3aBHCHUT
OT MarHUTHOTO MmoJst Y

_6_._. saapa, CO34aHHOro [aBHXKe-
H HUHEM CIIapeHHbIX 3J€eKTpO-

Pic. 45 Cnextp napamaruutHoro HOB H M3MEHEHHOTO MpPHJO-
pesonanca [Mo (CN)B]S_. KEHHBLIM MoJieM, HeoOXOAH-

a — ccTecTBeHHOe coaepikanue Cl% 6 — obo- MbIM 17151 HOJIY'-leHHFl" pe3o-
ramen Cl2, HaHca NpM 3a]1aHHOl yac-

tote. Mamepsas tpebGyemble
H3MeHeHHs1 NPUJIOKEHHOTO MoJsl, MOXKHO H3Yy4aTb 3J]EKTpPOH-
HOE OKPY’KeHHEe paccMaTpUBaeMoro sjpa.

Ecau B MOJeKyJse HMeeTcs HecrapeHHKH 3JeKTPOH, AJs
JOCTHIKEHHs pe3oHaHca TpebyeTcs nojoOHOe e, HO ropas-
10 6Gouiblliee H3MEHCHHE MPHIOKEHHOTOo noJas. Hecnapeuubrit
3JeKTPOH uallle OpHEHTHPYeTCs NapaJilesbHO, HeXesad aH-
THIAPAJJeIbHO TPHJIOKEHHOMY MAarHMTHOMY MOJI0, a I0-
sToMY J1060e 51po, BGJM3M KOTOPOTO OKasbiBaeTcs 3TOT
5.1eKTPOH, HAXOAUTCS MOJA BJMAHHEM He TOJbKO BHELIHEro
MoJs, HO TaKXKe H 0] BJHSHHEM I0Js, CO31aHHOTO CIHHO-
BLIM MOMEHTOM HECIIAapPEeHHOro 3JeKTpPoHa. (VY cHapeHHbIX
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3J1eKTpPOHOB 06a HampaBJ/eHHs CIIHHOB PAaBHOBEPOSATHHI, a,
c/l1el0BaTe/IbHO, HHKAKOH aHaJOTHUHBIA 3(D@PeKT B UHCTOM
BHIe HeBO3MOXKeH.) Ec/au 3/eKTPOH HAXOAMTCA y OAHOrO
i1pa, OH OKa3blBaeT OYeHb GOJIbLIOE BJHsSHHE HA MarHUTHOE
noje B6/au3M 3TOrO AApa. Ecau ke OH MpPOBOAUT Ha sape
TOJIbKO YacThb BPEMEHM, ero BJIMsSIHHE HAa MarHUTHOe ToJe,
Heo6XonuMoe [JIs MOJIyYeHHsl pe3OHaHca, MPOMOpLHOHAJb-
HO MJIOTHOCTH HEeCTapeHHbIX 3JIEKTPOHOB, KOTOpPAsi TAKHUM
o6pa3oM MOxKeT ObITb OMNpeneseHa 3KCIepHUMeHTaJabHO.

Meton siiepHOrO MarHWTHOTO pe30HaHCa B MpHHIUINE
0aeT CBeJleHHs], NMOJHOCTbIO 3KBHBAJIEHTHbIE CBEJEHHAM, IO-
JiydyaeMblM MPH HCCAEN0BAHHAX MapaMarHUTHOTO Pe30HaHCa.
Hns TeX HeMHOTHX CHCTeM, KOTOpble HCCJeLO0BaJHCh 000-
HMMH METOJAMH, COOTBETCTBHE MeXK/]Y MOJYUEHHBIMH pe3yJib-
TaTaMu O0Kasajoch HCKJMUUTENbHO Xopownm [5]. Ommnako
M0 TeXHHUYECKMM TMpPHUHHAM 3TH METOAHl SIBJISIOTCS B3aHMHO
INONOJIHSIIOIHUMH. MeToa f/1epHOr0 MarHHTHOrO pe3oHanca
No3BOJIsSIeT OOHAPYXKHUTb TaKHe MJIOTHOCTH 3JEKTPOHOB Ha
3alaHHBbIX sipaX, BeJHYHHA KOTOPBIX CJAHLIKOM MaJja, YTo-
6b 00ecneyuTb [JOCTATOUHO pa3pelleHHYI0 CBEPXTOHKYIO
CTPYKTYpPY B MapaMarHUTHBIX pE30HAHCHBIX CMeKTpax, a
npu OGOJIbIIOA MJIOTHOCTH HECNapeHHbIX 3JeKTPOHOB TPYI-
HOCTH YacTO BO3HHKAIOT H3-32 HE3HAUHUTEJNbHON [IUPHHBI
CHTHAJ/OB $1/1€PHOTO MAarHHTHOTO pe3oHaHca. Cpeau cHcrTeM,
M3yUeHHbIX METOJOM INPOTOHHOTO pe30HaHCa, UMEKTCsl pas-
HooGpasHble Ouc-UHUKJIONeHTaAHeHunbl MeTanajos (ra. 10),
takue kak Ni(Cs;Hj;)e, xoTophlil, Kak ycraHosjeno [6], xa-
pakTepH3yeTcsl 3HAUUTEJNbHOH AeaoKau3alueil 3JeKTPOHOB,
¥ HekoTopbie aleTunauneronarts, Hanpumep V(CH;:CO-.
-CH-CO-CHsj)s, y xotoporo ofHapy:KeHa 3HAauHTeJbHas
MJIOTHOCTb HecmapeHHbIX 3JeKTpoHoB Ha rpynnax CHs wu
CH [7].

[To-BuaHMOMY, 3AeCh NOJE€3HO OOCYAHTL JeJ0KaJJH3aLHIO
3JIEKTPOHOB C TOUKH 3peHHs TONYJspHOH cpeau aBTOPOB,
MNULIYIIUX O MarHUTHOM pe3oHaHce. IlpocTeitnit u HanGo-
Jee OUEBHAHBIH MeXaHM3M J[eJ0KaJH3alHH — 3TO pacrnpo-
CTpaHeHHe HeclapeHHBbIX d-3JeKTPOHOB Ha MmycTble OpOUTHL
JIMTaHl0B. YKa3aHHOe, BEPOSATHO, NMPOUCXOAHUT y LHAHHIOB,
¢ochHUHOB W T. M., HO B OCHOBHOM OrPaHHUYEHO 3JEKTPO-
HaMH, YYacCTBYIOLIMMH B T-CBS3SX, T. €. [gg-3JEKTPOHAMH
B OKTa3JApHYecKHX Kommiekcax. BoaMoskHo, ropasao Gosee
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BaxKHble 3G (eKTh [eJ0KaJIH3aLHH, H3ydyeHHble MeTOLOM
MAarHWTHOrO pe3oHaHca, 3TO Te, KOTOpble, MO-BUAHMOMY,
06ycJIOBJIEHbl MEPeX0J0M 3/JeKTPOHOB C JMraHaoB Ha Me-
taaa. PaccMoTpuM, HanpuMep, ¢hTopHa MeTadla, Takol, Kak
MnF,. Ecaun saekTpoH suranina nepexoiMT Ha OpOUTY eg
voHa Mn?*, TO CniMH ero fo/KeH ObiTb @HTHMAPAJJENbHBIM
cnuny d-3JeKTpoHoB Metassa. [Ipu atom y HoHa ¢ropa
OCTaeTcsl 3JEeKTPOH C TeM ’Ke CIHHOM, YTO H 3JeKTPOH Me-
Taja; APYTHMH CJOBaMH, KOHEUHbIH pe3y/bTaT aHaJOru-
YyeH JleJOKa/JM3alHH HeclapeHHOro 3JeKTpOoHA MeTaJJa.
STOT MexXaHH3M IOJNHOCTbIO 3KBHBAJ/JEHTEH MPOBEeIEHHLIM
BBILIE PACCYXKOAEHHSM, OCHOBAHHBIM Ha METOLe MOJEeKYJsp-
HbIX OpOHUT (ri1. 2). OgHAaKo MHOrAA OH MNoJie3eH NMpu obCy-
Kaenun 6oJee CHOXKHBIX MPOLECCOB [eM0KaIN3aLNH,

3. 1PYTUE ®U3UYECKUE M3MEPEHMS,
CBUIETEJ/IbCTBYIOIIME O AEJTOKAJIM3ALIMH
QJIEKTPOHOB

BepositHo, HanGojee Ba)KHBIM METOAOM MOJYKOJHYECT-
BEHHOTO ONpefeseHHs CTeleHH Ie10KaJU3aluH B KOMILJIeK-
cax MeTaJq/10B sIB/SIETCS HCC/e0BaHHe ONTHYECKUX CITEKTPOB.
HanoMHHM, UTO XOTSI HOHHAsi MOLeJb H YAOBJETBOPHUTEJbHO
00BbACHSIET UMCA0 H MPHOJIH3UTEIbHbIE JHEPTUH Pas3JIHUHBIX
BO30YXK/EHHbIX COCTOSIHMI KOMIIIEKCOB MeTaJlJIOB, BCE XKe
MeX<1y TeOpHel ¥ IKCIePUMEHTOM MMEIOTCs YHCJeHHble pac-
xoxeHnsi. HauGosee spKUM NPUMEPOM MOXKET CJYKHTb
pasjuuue MexJ1y SHeprued nepBOil  Y3KOH MOJOCH Y
[Mn(H;O)¢]** u sHeprueil moJsockl, COOTBETCTBYIOLLEl Mepe-
xony 8§ — %G B cBoGoaHOM HOHe Mn?*, KOTOpHIH HOJKeEH
NPOHCXOANUTHL NPHU TOI Ke caMol 3Hepruu. Ha camom peue
TiIATe bilble  HCCJAEAOBAHUS  MOKa3aJdH, 4YTO IMepexon
6S — 4G (A, E) npoUCXOAHT B Pa3JHUUHBIX COEAHHEHHSIX MpH
HECKOJAbKO OTJIHYAIOUIUXCS SHEPrusX. DTO CBHIAETEJNbCTBYET
0 TOM, 4TO pa3/JH4YHOEe OKpYKeHHe OKa3blBaeT HeolHHa-
KOBOe BJHsIHME Ha pajHaJjbHOe pacrpeieseHie d-3gek-
TPOHOB.

O6uienpuHsitoe 0GbsCHEHHE 3TOTO M POJCTBEHHBIX pe-
3yJbTAaTOB COCTOMT B TOM, 4TO 00/1aKO 3apfia d-3JeKTpo-
HOB pacTATMBAeTCsl B pe3y/bTaTe KOBAJEHTHbIX B3auMOIeH-
CTBHH TOrO MJH HHOrO BMAA, M, CJAeNOBaTe/1bHO, OTTAJKH-
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BaHHe MeXIy pasJHullbIMH d-3/7eKTpoHaMIl YMeHbllaeTcs.
ITO NpUBOAHT K CO.JIHIKEIil0 BCEX MO0J0C B CIEKTPE.

HeTanbhble Hec1e10BaHUs NOKA3aJ/H, YTO JHIAHIbl MOXK-
HO pacnoJsloKUTh B MOCJAe/0BATEJbHOCTH, Ha3biBaeMoil He-
(hesloayKCeTHUECKIIM Ps10M, HJ1H B MOC/]1€/10BaTeTbHOCTH, CO-
OTBETCTBYIOLLEH CTEMeHH «pacluHpeHHus 3.1eKTPOHHBIX ofbaa-
KoB» [8]:

F-, H,O, mouesina, NHj, (Ox2~, stuaenznamun),
SCN~, (CI”, CN7), Br™.

DTa nocaegoBaTeIbHOCTb, KAK U PACMOJI0XKEHHE 110 CHIIE
MoJIs1, CO3/1aBAEMOr0 JIHIAH1aMH, 32 HEeCKOJLKHMH HCKJIoue-
HUSIMH OJ1MHaKOBa 151 BceX HOHOB MeTaaqoB. MHrepecHo,
UTO B NPOTUBONONONHOCTH NOCACAOBATCALHOCTIL NO CUAE
noas au2andog HedesoayKceTHUeCKHi psaja [A0BOJILHO XO-
poIIO corJlacyeTcsi ¢ MHTYMTHBHBIMH MPEACTABJACHHSIMU O
CTelMeHH KOBAJEHTHOrO CBA3bIBAHHS B pPa3JIMUHBIX KJjaccax
KOMI/1eKCOB.

C sddexranmn, NposBAAIOLINMHUCA B 3JEKTPOHHBIX CIIEK-
Tpax, TECHO CBsI3aHO TaK Ha3blBacMoOe yMeHblUIeHHe CIHH-
op6utraabioro Baaumopneficteus B kKommiaekcax [9]. Crun-
opOHUTaILHAS CBA3L BO3HHKAET BCJEACTBHE B3aHMOIEHCTBHS
CMHHA 3JeKTPOHA C MArHHTHBIM I10.1eM, CO3JaHHbIM ero op-
OHTaJbHBIN jBHKEHHeM. []as Hawux uesefl HHTEPECHO TO,
yto yeM OOJabllle pacTArMBaercs 3JeKTpoHHoe obaako (Jau-
60 W3-3a nepeHoca K JHuraujiam, Jubo B pesysabrarte obLlero
paculMpeHHsl BOJIHOBOH (YHKUUH), T€M MeHblle CTAHOBHTCS
MOCTOsIHHAsA CNHH-OPOHTAJBHOrO B3auMmoneilctBua. B pe-
3yJbTaTe HCCJAEJOBAaHHH MapaMarHuTHOro pe3oHaHca ycra-
HOBJEHO, YTO B COeAMNEHHSIX 4acTo HabJl0faeTcsi yMeHb-
lIeHHe KOHCTAHT CNHH-0POMTAJbHOTO B3aHMOICHCTBHA Ha
10—30% mno cpaBHEHHIO CO 3HAUEHHSIMH [J8 CBOGOAHOTO
HoHa. JTO yMeHblieHHe 0COBEHHO BeJIUKO B CHCTeMmax, B KO-
TOPBIX Ha OCHOBE Y’Ke H3/0XKEHHBIX HAMH PaCCyXKIeHHH UIU
Gogee obmux coobpaKeHui, MOXKHO mpelno’ararb 3HauyH-
TeJALHYIO J1CJ0KaIH3AIHIO.

Mubl nepeiijen Temepb K HeKOTODBIM (akTaM, KOTOpble
B NPOTHBOMNOJOKHOCTb YVIKe H3JOKeHHBIM, H3BECTHBI B Teye-
Hue MHoOrux Jet. Mcropuuecku OHH SBH.IMCb MEpPBBIM He-
MPOTHBOPEUMBBLIM 10Ka3aTe1bCTBOM CVIECTBOBAHHA «HOH-
HBIX COeAMHeHHH», Hampuyep (TOPHIAOB H OKHCEll MeTal-
J0B, KOTOpble, 04HaKo, He MOr.id OblTb 00bsiCHeHbl Oe3
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rUnoTe3bl 0 Kakoi-an6o aesnoxkanusauud. Mbel cocpenoToynm
Halle BHUMaHWe Ha OJHOH IpyMne coeluHEHHH, xoTsa o6Cy-
XKIaeMoe fBJeHHe HMeeT BecbMa oOwWmi xapaktep [10].
Ecnin u3MepsiTb MarHuTHble BOCIPHHUMUHBOCTH OKHCEH
MnO, FeO, CoO u NiO npu [I0CTATOYHO BBLICOKHX TeMIle-
paTypax, TO OKa3sblBaercs,
4TO OHM BeAyT cebsa BMoJ-
He HOpMaJsbHO M B COOT-
BEeTCTBHH C OXHJIaeMbIM
UHCJIOM HecNapeHHBIX CMH-
HOB. ONHAaKO NpH oXJsax-
JeHHHM KaXnoe coegnHeHUe
NP XapaKTepHOH [J1s1 Hero
TeMIepaType npeTepreBaer
(asoBoe mnpeBpalleHHe, BO
BpeMsi KOTOPOro MarHuT-
Hasi BOCIIPUHMYMBOCTH BHe-
3allHO Majaer, M IocJe
3TOr0 yXe He MOAUYHHSIETCS
00blYyHOMY 3aKoHy Kiopu—
Beiicca. Huxe Ttemnepa-

TYpbl TAaKOro nepexona Ma-
Puc. 46. HanpaBaeHis cnuHOB yp P

B aHTH(beppOMaI‘HHTHle OKHCJaax Tepua.n HasbIBAETCH AHTH-
METaJI0B. (beppOMarHHTHBIM.
Honb KHCa0poaa pacmoJoxkKeHbl Mexny y}Ke ﬂ‘aBHO H3BeCTHO’
napaMd HOHOB MCTajla C MPOTHBOMOJAONK- yTO MNpH ammpeppomar-
HbIMM CIIHHAMH, KaK 3TO [OKAa3aHO TOJAbKO
LSl BEPXHEro Caod. HUTHBIX rnepexoaax HOHbBbI
He TepsloT CBOUX OObLIUHBIX
MAarHUTHLIX MOMEHTOB, @ 3TH MOMEHTbl ODHEHTHPYIOTCA MO
BCEMY KpHCTaaay TakuM 006pa3oM, YTO IMOJIOBHHA OPHEHTH-
poBaHa B OJHOM HalpaBJieHHH, a APYyras NoJOBHMHA — B NPO-
THBOMO./10KHOM. KakK roBopsit, BO3HHKAIOT [Be MOApPELIeTKH
C TIPOTHBOMOJIOXKHBIM HaMarsuuMBanueM. Henasuo sto He-
MOCPeACTBEHHO MOJATBEPKAEHO C MOMOULbI0 AH(PaKUHHU Hel-
TpoHoB. Takue okucabl uMmetoT cTpykTypy tuna NaCl, a
NO3TOMY JIerKO MOKa3aTb, YTO Pacllo/OXKeHHe CIIHHOB HeJlb3d
00bACHUTL HENOCPEeACTBEHHBIMH B3aHMOIECHCTBHAMH MeXIy
G.IHXKaUIKUME COCeHUMH HOHAMH MeraJgqaa. Hanpotus, cie-
IyeT MpPeInoJOoXKUTh, UTO NepPeXo] BbI3bIBaeTCsi B3aHMOMAEH-
CTBHEM MeX1y napaMH HOHOB MeTaJJa, pasJieseHHbIMH
HOHOM Kuc.1opoaa (cM. puc. 46).
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[eranu sToro B3auMoaeACTBHS BCe elle OCTAOTCS CIOp-
HbiMH. OIHAKO MOYTH HET COMHEHHMH B TOM, 4TO JeHCTBH-
TeNbHBIl MeXaHH3M [OJI’KEeH BKJ/0YaTb HaJHuHe CTPYKTYPhI
TAaKOro THIa, KOTOpbIl H3o6paxeH Ha puc. 47. Oauy 3Jjek-
TPOH MEepexoJHT ¢ HOHa KHcCJI0poxa Ha d-opOMTY MeTalaa,
npuuem 06s13aTeJI1bHO CO CNHHOM, NPOTHBOMNOJOXKHBIM CIHHY
d-371eKTPOHOB MOHA MeTajasa. Takum o6pa3oM, HeclapeH-
HbI#l 3JIEKTPOH KHCJIOPOJA MMEeT TOT Ke CIHH, 4TO H 3JeK-
TPOHBI MEPBOrO HoHa MmeraJdaa (cp. ¢ paszeqnom ). 3atem

a é
2+ 2- 24 e 2
M 0 M M2t 0~ M2
-
Cnunul uowos M?* opuenmupo- — — -
8aHLI 6ecnopsdoyHo M 0~ M2+
Puc. 47.

@ — OCHOBHAs CTPYKTypa, H300paxaioulas cOCeINIO Mapy HOHOB MeTaila B OKHCae
co cTpykTypoit NaCl; 6 —CcTpyKTypa, M@asii BKAad KOTOPOil MPHBOAMT K aHTH(EPpoO-
marieTudmy. Hanpas.ienne cnUHOB HOKA32HO CTPEJKaMM.

HOH Kucaopoaa obpasyeT ¢Bsi3b MyTeM CHAPHBAHUSA 3Je€K-
TPOHA C HecNapeHHbIM 3JeKTPOHOM BTOPOTO HOHA MeTaJJa.
310 NPHBOAHT K TOMY, UTO Yy BTOpPOro HOHA MeTaJja Ha-
npaBJ/eHUs CIIHHOB NMPOTHBOMOJIOXKHBI CIHHAM MEPBOr0 HOHA
meTraJJa *.

Co3aTh KOJIHYECTBEHHYIO TEOPHIO aHTH(eppOMarHeTH3-
Ma Ha OCHOBE 3THX COOOparKeHUH MOKa He yAaJoch, OJHAKO
Oblin BBISICHEHBI HEKOTOpble HHTepecHble (akTbl. Hanpumep,
TemllepaTypbl nepexoza Bospacraior B psaay MnO, FeO,
Co0, NiO. 310 HaXOAHTCH B COOTBETCTBHH C POCTOM 3JIEK-
TPOOTPUUATEIBHOCTH d-3/1EKTPOHOB, 00YC/JA0BINBAIOLIAM T10-
BhILIEHHE POJH CTPYKTYypbl, H3006pakeHHo#l Ha puc. 47, 6.
Oco6enHo  uHTepecHbIM OblJIO HCCJAeJOBaHHe B3aHMOIEH-
crBus mexay wonamu [IrClgl>~. OHo nokasaso, 4TO Hecna-
peHHble 3JeKTPOHbI, AeJ0KaJH30BaHHble MexAy Ir u HOHa-
mu Cl-, nefictBuTenbHO Moryt cjaabo cnapuBaTbecsi ApYT
¢ ApyroM, o6pa3sys  «KOBA/JEHTHYIO  CBA3b»  MeX1y

* He cneayer aymaTh, 4To 3Ta CTpyKTypa MpeiacTtas’iser HCTHHHOE
pacnpenc.ciie I€KTPOHOB: CKOpee OHA SBJSCTCH HEOOJbLIMM BKJIAL0M
B OOLLYI0 BOJHOBYIO (YHKLHIO,
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KOMIL1eKCHbIMH HOHaMH. DTo crnocolGeTBYeT aHTH(eppomar-
HUTHOMY B3auUMOJeHCTBHIO MexX1y wHoHamu Ir**, ocyute-
CTBJSIEMOMY U€pe3 JBa HaXOAALIMXCH MeXK1y HHMH HOHA
xaopa [11].

BeposiTHO, HET HHUYEro CTPaHNOro B TOM. 4TO MHOTHE CO-
€MHEeHHs, KOTOpble MO TEeOPHH MNOJs JIHraHJOB AOJKHBL
OBbITb MapaMarHUTHbLIMH, He HMEIOT HOPMAaJ bHbIX MarHHUTHBIX
BOCHPHUMYHBOCTEH M3-3a aHTH(eppOMarHuTHHIX 3(QeKToB.
Crnieyer oueHb OCTOPOXKHO OTHOCHTBCS K BBIBOAAM 00 3J€K-
TPOHHOM CTPYKTYpe, MOJYUEHHBIN HaA OCIHOBAHHH H3MepeHHUH,
BBIMOJHEHHBIX HA MAarHHTHO «KOHLEHTPHPOBAHHBLIX» TBeEp-
IbIX ofpasuax.

4. KOCBEHHBIE OOKA3ATEJIBCTBA JIEJIOKAJIH3ALKU

MMeercss MHOTO yike NaBHO MPU3HAHHBIX 1aHHBLIX, CBH-
JeTeNbCTBYIOUX O J1eJ0KaJIM33aUMH MJIH KOBAJeHTHOCTH
cBsizell. 371€echb Mbl MOKEM JHIIL KPaTKO M3/0KHUTh CCHOB-
Hble BBIBOJABI. HekoTopble M3 HMX Mbl paccMOTpHM MOAPOO-
Hee Npu OOCYXAEHHH OTAEIbHBLIX TPYMN COeAHMHEHHUH.

a) Has coeannenuii mepexoIHLIX MeTa1.10B XapakTep-
Hbl OTKJOHEHHS 3Heprufl pelmeTok HOHHBLIX KPHCTANIOB OT
3HaueHHH, HalileHNbIX MPH MOMOLLK MPOCTOHl 3JeKTPOCTATH-
YECKOH TeopHH. AHAJOrMUilo TeMJIOTLl THpaTallii HOHOB
NepexoqHbIX MeTas/10B He COr1acyloTesl ¢ TerJ10TaMU ruapa-
Tauuy ABYXBAJETHBIX HOHOB MeETaJJ0B NoArpynn A mnpu
UCMOJIb30BAHUH NMPOCTO! 3/eKTPOCTATHUECKOI MOodeau. DTOT
(hakT paccMaTpuBagM Kak yka3aHHe Ha KOBAJIeHTHOCTb CBSi-
3eil. Bo3aMok110, 4TO 3TO H Tak, OAHAKO TPV/AIO OUEHUTHb
COpaBeJIHBOCTL 3TOrO MNPEIMOJIOXKEHHS HJIM Jake BbIpa-
3UTh ero 6oJjee TOuHO, OCOGEHHO eCJaH YyuecTb NpoBejeHioe
obcyxaeHue cTabWau3alMW B 10Je JHTAaHJO0B, BJHSHHE
3.1€KTPOOTPULLATETLHOCTH U T. 1.

6) MexXbsigepHble paccTOSAHHS 4YacTO CHJIbHO OT.IH-
YaloTCs OT CVMM dTOMHDBIX HJIM HOHMILIX pagHVCOB, ocobelilio
B KOMILIeKcax ¢ ABOMHbIMH cBa3siyu. Otciona Obl1 c1elan
npapiibHbIT BLIBOA, YTO 3TO CBI/ETCJIBCTBYET O 3HAUHTE.Ib-
HOM KOBA.1€HTHOM XapakTepe cBsi3zeil.

B) Ha nenokaansaunio 4acto ykasblBaeT 3dMETHOe
BJHsiHHE HOHA MeTaJlsla Ha CHIOBble MOCTOsIHHbBIC CBSI3eil B
auranie. Tak, Hanpumep, yMeHbllieHle BaJCHTHbIX 4YacToT
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C—O B kap6oHU.1aX METAIIOB MOXKET OMpeaesiTbCs HaJH-
upeM m-CBa3ed.

r) B komnsekcax wmera.10oB ¢ (opmaabHOfl BaJEHTHO-
CTbIO, PaBHOH HYJIO, CBSI3H JOJIKHBI ObITL KOBAJEHTHBIMHU.
[Tout wer comHewuit B TOM, UTO KapOOHUJBI, KOMIJIEKCHI
C aUeTHJeHOM M T. . B OCHOBHOM KOBAJIEHTHBI.

n) CsoficTBa KOMIJ1€KCOB, 00pa30BaHHBLIX HOHAMH Me-
TaAJ0B ¢ adudaTHUeCKMMH aMHHAMH, CYLLeCTBEHHO OTJH-
YalTCsl  OT CBOMCTB KOMILIEKCOB C TeTepOLHKINYeCKHMH
amuHamu. Hanpumep, xomniaekcs Fe?* ¢ sTHaeHAMaMHHOM
BBICOKOCITHHOBbIE, B TO BpeMs Kak ¢ (peHaHTPONTHHOM — HH3-
KOCIIHHOBLIe, DTO CBH1eTeIbCTBYET O GOJbLUIOM BJAMSHHHU 00-
pasoBaiiis ABOHHBLIX CBfi3ell Ha 371eKTPOHHYIO CTPYKTYPY.
Ha 310 xe yKkasblBaeT M CyUieCTBOBaHHe TAKHX COeIHHeE-
vuil, kak [Tito-penantpoaun)s)’ u [V (o-penantponu),]-.
B autepaTtype ecTh MHOro yKa3aHMil Ha CYLIECTBEHHYIO PO.Ib
T-CBA3€ll B KOMIJ1eKcax MeTaqaioB ¢ pochUHaMH, apCHHAMU
H T. . B caenyiowefl raase 6yayT npuBeJeHbl HEKOTOPbIE
H3 OTHOCSILLUXCS Cl01a Pe3ybTaTOB.

5. TEOPETMUECKHE COOBPAKEHMUSI O KOBAJIEHTHOM
CBA3N

M3zaio61ennolt  TeMoll TeopeTHUecKoll XMMMH sB.sieTcs
ofCcyXKACHIe YCJI0BHH, 6.1aronpHsTCTBYIOWHX 00pa3oBaHuIo
KOBaJIEHTHBIX CBA3C¢H. 371ech Mbl O4eHb 0ersao MoXKeM yKa-
3aTh TOJbKO Ha /ABa OCHOBHBIX BbIBOAA, H TO .1Hlb B TOH
Mepe, B KOTOPOH OHH OTHOCSITCA K XHMHH MNEPEeXOJHBbIX Me-
TaJJ0B.

a) Kpurepuii nepexpotsanus

Kak npaBu.10, cHIbHas KOBaJleHTHas CBsA3b MOXeT o6pa-
30BATLCST TOJABKO B TOM CJViae, ec/li BajJeHTHble aTOMHble
OpOHTHI 0OOUX aTOMOB CHJIbLHO MepPeKPbIBAIOTCA. ¥ CTAHOBJIE-
HO, YTO 3ano.HenHble 3d-0pOGHTH (GOJILUIMHCTBA HOHOB Mepe-
XOIHBIX MeTA/LIOB 1ICPBOroO psala Tak ke, Kak 4s- u 4p-op-
OUTBI, CJAHLIKOM Mallbl, UTOOBI MCPEKPBLIBATLCS C THNHUHBIMH
c-op6uTaMH JIUrani1os. Bel10 BbickaszaHo mpeanosoxKeHue,
YTO  AJTKHIBL MePeNOIHBIX MeTaT0B BCTPEYaloTcs peako
MMCHHO H3-32 3TOrO MaJoro nepekpubiBaHus, U B COOTBET-

10 1. Oprea
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CTBHH C 3THM OOJBIIHHCTBO CHHTE3HPOBAHHBIX aJKHJOB
AEHCTBUTEIbHO COAepKaT HOHbl  MeTa 0B, HMelolHe
Hauboasuiue d-opOuTthl. OLHAKO PacXOXKIeHUS B BeJHUMHE
HHTErpasjoB MepeKkpbiBaHHA HE OUeHb Be.IHKH, H OUeHb MOXKeT
ObiTb, UTO TPYAHOCTb NOJYUEHUS] ITHX aJKUJIOB OObSICHAETCS
MX peakUHOHHOCIIOCOOHOCTBIO, a He TePMOAMHAMUUECKOH He-
YCTOHYUBOCTBIO.

Ycaosus 06pa3oBaHus 10HOPHO-aKUENTOPHBIX CBsi3ell He
6blJIH MCCe0BaHbl AOCTATOUHO MOJHO, HO OMNSATh-TAKH Ka-
JKEeTCsl COBepLIeHHO $ICHBIM, YTO KPHTepHH NepeKpbIBaHHS
JIOJI?KeH W 3]1ecb MrpaTb BaKHVIO poJb. MoXKHO aAymarthb, UTO
S- U, BEpPOATHO, p-opOUTHl MeTaJ1a 0osdee 3PeKTHBHBI A5
o6pa3zoBaHus cBsi3el, yeM d-OpOUTbl, HO HEHAMHOro, 0CO-
6eHHO ec. 1M yuecTb 00Cy:KaaeMblil HHXKe KPUTepHil IHepruu.

[lepexpriBanue mexay d.-opb6uTamu HOHa MeTanja H
D.- uan d_ -opbuTaMu JHUr3aHIO0B OYeHb MaJiO 3aBHUCHT OT
pa3MepoB 3TuX opOuT. C TOUKH 3peHHs KPHUTepus MNepeKpbl-
BaHus JBOHHble CBsI3H, oOpa3oBaHHble MaJbiMH d-Op6u-
TaMi MeTaJJa W 3HAYUTeJILHO OOJbLIMMH OPOUTAMM JHTaH-
A0B, NO/KHBI ObITH A0CTAaTOYHO 3(PHEKTHUBHBIMH. DTHM, Be-
pPOSITHO, OODBSICHSIETCS OTUeTJHMBOe BJaksiHHe cBA3u d, — d.
Ha CcBOHcTBA afKHI(OCHUHOBBLIX KOMIIJIEKCOB METaJlJoB, He-
cMOTpsi Ha OGoJblloe pa3juude B pa3Mepax OpOMT, MpUHU-
MalOLLUX yyacTHE B CBAI3H.

6) Kpurepuii anepeuu

31ech Mbl pacCMOTPHM KPHUTEDHH SHEpPruu TOJbKO a8
cJiyuasi JOHOPHO-aKLeNTOPHBIX H/IH KOOPAHMHALHOHHBIX CBS-
3eH, T. €. TaKUX CBA3ell, KOTopble 00pa3yloTcs 3a cueT op-
MaJbHOTO TNepeHoca O0OHMX 3JeKTPOHOB OT OJHOrO aToMma
u.1u noHa. O6pa3oBaHUI0 NPOYHOH KOBAJEHTHOH cBsi3u GJsa-
rOMPUATCTBYIOT NMPH 3TOM MaJblil NOTeHLUHa] n Gosblias Mo-
JAFpPU3YEMOCTb JOHOPHOH MOJIEKYJbl W 00JblIOe CPOLCTBO
HOHA akKLeNnTopa K 3JeKTPOHY.

MoO2KHO 0’KHM1aTh, YTO CTelleHb KOBAJEHTHOCTH OAMHap-
HbIX CBsided OyleT yBeJHUHBATLCA:

a) ¢ VBeJHUeHHeM BaJeHTHOCTH MOHA MeTaJsaa,

6) ¢ BO3pacTaHHeEM 3J1EKTPOOTPHLATEJIbHOCTH HOHA Me-
Taja’da B Npelaesax OJHOTO H TOrO Ke pada MepHOIHYECKOll
TaOHLLbI,
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B) C pOCTOM TMNOJISIPU3YEMOCTH JIMFaHAa, Halnpumep, oOT
H,O ¥ NHj u ot F- x Cl-.

Mbl BHIENH, YTO 3KPAHUPOBAHUE JIMTAHJOB OT HOHA Me-
TaJ//Ja yMeHbLUAeTcsl NMPH Mepexofe OT BLICOKOCIIHHOBOrO K
HU3KOCMHUHOBOMY KOMIIJIEKCY, UYTO 3KBHBAJIEHTHO YyBeJHue-
HHIO 3G ()eKTHBHON 3JEKTPOOTPULATENbHOCTH. MbI MO3TOMY
OXHAa€eM, UTO HHU3KOCIHHHOBbIe KOMIJIEKCHl JOJKHBI ObITb
6csee KOBaJIEHTHBIMH, UeM COOTBETCTBYIOLIHE BbICOKOCIH-
HOBble. DTOT BBIBOJ COBNAjAaeT ¢ TeM, KOTOpPbI Oblj mosay-
YyeH Ha OCHOBe TEOpPHH BaJeHTHbIX cBsized. OaHaKO Mbl TpH-
UM K HeMY COBepLUEHHO APYTHM MyTeM.

Ecau ycTofiuMBOCTL KOMIJIEKCA YACTHUHO OmNpefessierTcs
o06pa3oBaHHEM JATHBHbLIX m-CBSA3€H, HalpaBJIeHHbIX OT Me-
Ta/lJa K JUTaHAam, BJHsSIHUE 3JEeKTPOOTPULATEIbHOCTH MO-
XKeT ObITb COBEPLIEHHO HHBIM. IJTO OOBSCHSETCS 3aBHUCH-
MOCTbIO YCTOHUHBOCTH OT 0asaHca JOHOPHBIX M aKUeNTop-
HbIX CBOHCTB JuraHnoB. MoxkeT cJAydUTLCS, UTO yCHJEHHe
T-CBA3H, aCCOUHHPYeMOe C BO3pacCTaHHEM 3JeKTPOOoTpHla-
TeJbHOCTH JuraHnaa, 6ojiee yeM JOCTAaTOYHO KOMIIEHCHpPYeT
noTeplo AoHOpHOH cnocobuocTu. Kak Mbl yBUOMM, 3TO crpa-
BeJIHBO, B UACTHOCTH, /ISl KOMIJIEKCOB, 06pa3yeMbiX MeTal-
JlaMH B MX HH3LIKWX BaJieHTHbIX coctosiHuX; PF3; obpasyer
6oJiee yCTOHUHBBIE KOMIIJIEKCHI C HYJIbBAJEHTHBIM HHUKeJ/eM,
yeMm P(CHg)s

6. COMOCTABJIEHWE C TEOPUEM BAJIEHTHBIX
CBSA3EM *

B Teopuu BaJileHTHBIX CBsi3efl mpeamnoJiaraercs HaJjuuHe
JBYX CYLUECTBEHHO OTJIMYAIOLIHXCS THUIOB KOMIIJIEKCOB Me-
TaJJIOB — C HOHHBIMH H C KOBaJ€HTHBIMH CBsi3siMH. B #oH-
HBIX KOMIJeKcax OpOUTBHl MeTas/a He HCNOJb3YIOTCs MJd
o6pa3oBaHHs CBsi3el; MOHBI paccMaTpUBAlOTCS Kak 3aps-
XeHHble chepbl, B3aUMOAENCTBYIOIIHE TOJBKO MOCPEACTBOM
3JIEKTPOCTATHUYECKUX CcUJ. B KOBa/JIleHTHBIX KOMIJIEKCaX UHC-
JIO CBsi3ed, paBHOe UYHCJY JIMraHIoB, o6pa3yeTcss B pe3yJb-
tate TruOpHAM3auuM OpPOUT MeTas]sa, HanpuMep CBS3H
d?sp® B OKTa3ApHUYECKHX KOMNJEKcax M CBsI3H dsp?

* Kunaccuueckoe usiodienne stoit teopuu aawo B ra1. I u VII kuu-
ru Ilaynunra «Ilpupopa xumuueckoii cssisu», M.—JI., Tocxumu3zar,
1947.

10*
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B IJIOCKUX KOMIJekcaXx. OpOuthl, HUCMoab3yeMble B pa3Jiny-
HBIX THNAaX ruOpuauM3anuu, npuseneHsl B Taba. 3. Ose d-op-
OUTBl, HCNOAb3yeMble B OKTa3APHYECKHX COEIMHEHHSX,
COOTBETCTBYIOT B HallMX 0003HaueHUsiXx opOUTaM egz a B
MJIOCKUX KOMILIeKcax HCrosb3yercss opouta dy-y:. JloOble
d-op6UTHI, He yuacTByloliHe B 06pa30BaHUU CBsI3ed, MOTYT
HCIIOJIb30BAThCs  AJ51 pa3MellleHuss d-3/71eKTPOHOB, HMeB-
IIKXCsl MepBOHavyaJdbHO y Mertasana. Hanpumep, B okTasapu-
YeCKHX KOMIJIeKcax MAJas1 3THX lesded MOTYT CJAyXKHTb
OpOUTHI fag.

Takum ofpasoM, onucaHue KOMIIEKCA C TpeMs HJIH
MEHbIIHM UHCJAOM d-31eKTPOHOB (MM HU3KOCMIHIIOBOTO CO-
e[MHEeHHs], MeHee ueM C LIeCTbl0 d-3JEeKTPOHAMH) B TEOPHH
BaJIEHTHbIX CBfi3ell OueHb 6JM3KO K OMNHCAHHIO, NMPeNJ0KeH-
HOMY Bblllle. DJEKTPOHHAs CTPYKTYpa MOKeT OBITh 3ami-
caHa caenyolny oGpasom: (£y,)" (d2sp3)'?, uro, 3a uCcKJo-
yeHHeM BTOPOCTENeHHbIX aeTaJjell NMpPH HHTepNnpeTaluMH, K-
BHBAJIEHTHO paccMOTpeHHio caydas ¢ |2 sjekTpoHaMu Ha
CBSI3BIBAIOLIUX OpPOUTAX H C OCTAJbHBIMH 7 d-3J1€KTPOHAMH
Ha HEeCBA3bIBAIOLLHUX OPOHTAX fig B paMKax TEOPHH MOJIeKY-
JApHBIX OpOUT. DakTuyecku o6e TEOPHH CXOASITCA B TOM,
uT0 deg-0opOUTBI MeTad/aa [0 TOH WM MHOH NMpHUMHe Ha-
XOASITCS MOJ TaKUM BO3JeHCTBHEM JIHTAHAOB, UTO OHH
OKa3bIBAIOTCSl TPYAHO AOCTYMHBIMH AJs pa3MellleHus 3Jjek-
TPOHOB MeTaJgja, U 3TO sBJseTCS MPUUHHON ClapUBaHHS
CITHHOB.

TeopHH HAUWHAIOT PAaCXOAHTbCS, KOTAa MBI paccMaTpH-
BaeM BBICOKOCIHHOBble KOMIJEKChl 6oJee uyeM ¢ TpeMs
3JeKTPOHAMH, WJIH HU3KOCIMHOBbIE KOMIJIEKCH C ceMblo d-
sjektpoHaMu. [lo Teopuu moJst JHraHAOB, 3JEKTPOIib(, KO-
TOpble YKe He MOIYT Pa3MecTHTbCH Ha opOHUTax fpg, MOCTY-
nalT Ha OpOHUTHI ey, B Pe3yqabTaTe Uero MPOUHOCTb CBs3el
MeTa.l 1 — JUraHjg mnocTterneHHo ocaab.asiercsd. Tak, Hanpu-
Mep, B MOHax ¢ KoHdurypauueit d* d-3J1eKTPOHBI BCe elle
BHOCSIT CYLIeCTBEHHbIIl BKJaa B oOpasoBanue cBsi3el, H 1a-
Ke B HOHax d® TepseTcsi TOJABKO I0J0BHHA CBsI3bIBalOLlei
CNoco6GHOCTH d-3.1€KTPOHOB, TaK Kak pas3phiXJsiollne Op-
6UTbl 3aMOJHEHbl JUILb HAnoJsoBHHY. B TeopHu BaJeHTHBIX
cBA3el nMeeTcsl pe3KHHl CKauOK MeXKAy KOBaJeHTHOH M HOH-
HOl CBfI3AAMM C MOJIHOH roTtepeil 3HepPrHH KOBaJEHTHOH CBs-
31 op6uT 3d npu nepexoje OT COeAHHEHHH HOHOB C KOH(H-
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rypauueii d*® K BBICOKOCIMHHOBBIM COEJHHEHHSIM HOHOB C
KoHpurypaunsimu d* uau d° *.

Haunbosee oueBnaHble pacXxoKAEHHsT MeXAy 3THMH Teo-
pPUSMH MPOSABJSAIOTCS NPH PaCCMOTPEHHH KOMIIJIEKCOB HOHOB
¢ koHdurypaureit d°. Corsacno Teopuu BaJeHTHBIX CcBsizell,
npu 310l KoHpurypauun y Cu®* poJxeH o6pasoBbiBATbCA
NJOCKHH KOMIJeKC 3a cyeT rubpdauszanuu dsp-opbut. 1o
3HAYMT, UTO OAMH d-3JIEKTPOH A0JKeH MepeliTH HA KAKYIO-TO
BO30YKIEeHHYIO OpOUTY, Hanpumep Ha op6uTy 4p,. YkasaH-
HOe He OYeHb NPaBAONOA06HO ¢ XHMHUECKOH TOUKHM 3peHHs,
nockosbky HoH Cu?* ¢ 6OJbIIHM TPYAOM TMOALAeTcs AaJb-
HelllleMy OKHCJEHHI0. DTO He COOTBETCTBYET TaKxkKe MHOro-
YUCJEHHBIM  HCCJAEJOBAaHHSIM METOLOM MNapaMarHUTHOro
pe3oHaHca, KOTOpble ONpeleleHHO YKa3blBaloT, YTO WOH
Cu?* uMeer neBATb d-3JeKTPOHOB.

Hepnocratok o0blyHOH TeopHH BaJIeHTHbIX CBsi3eHl BecbMma
oueBHJeH. B 3Tofl TeopuM He yuMTBIBAIOTCA pas3pbiXJsio-
uHe opOuTHl dfez), U NMO3TOMY TEOpPHs HEBEPHO OMHUCHIBAET
MOJIEKYJbl, B KOTOPbIX 3TH OpOMTH 3aHATbH. HeBo3moxkHO,
Hanpumep, OOBSCHUTb TMPHUHHY HCKaxKeHHH KyOHUuecKoH
CUMMETPHH y HOHOB ¢ KoHpurypauusmu d* wau d° u 1. I.
HecoMHeHHO, OT 3THX HeAOCTAaTKOB MOXHO H30aBHUTbCS, HO
TOJIbKO 3a CUeT 3HAUMTEe/AbHON NMOTePH UHTYUTHBHOH NpHBJe-
KaTeJlbHOCTH TEOPHH B ee HACTOsILleM BHIe.

Bbi6op MexKay TeopHsiMM Bcerga A0JKeH OcTaBaTbes A0
HEKOTOPOIi cTeneHH BONpOcoM JHuHOro Bkyca. C Haulell Tou-
KH 3peHHs pa3BHTHE TEODHH BAJIEHTHBIX CBfA3€ll MNpHBesO
K GOJbLIMM YycllexaM B KauyeCTBEHHOM MOHHMAaHHH XUMHH
nepexopHbIX MeTaJ/J/0B 3a MocJefHHe ABaALaTb — TPHALATH
Jger. OgHaKo OHa HempuUMeHHMa MAJS KOJUUYECTBEHHBIX pac-
4eTOB MATHHTHBIX H ONTHUECKHX CBOHCTB. BesyciaoBHoO, ecan
MbITATbCS XOTS1 Obl KadyecTBEHHO OODBSACHUTL HOBeHlIMe pe-
3YJbTATHl HCCJAEA0BAHUI cTepeoXxuMuH HoHoB d* u d°, crek-
Tpbl napamariutHoro pesoHanca Cu?t u T. M. ¢ NMOMOIIbLIO
3TOH TeopuH, OHa JODKHA ObITh CYLIECTBEHHO YCOBepLIeH-
cTBOBaHa. MHe Kaxkercs, 4TO TeOPUs MOJSA JHIAHJOB MOPO-
XKOaeT MeHblUe TeOPeTHUECKHX TPYAHOCTeH, ueM TeopHus

* DTo B DaBHOH Mepe CNpaBelIHBO H 18 HECKO.JIbKO H3MEHEHHOTO
BapHaHTa MEPBOHAYAJbION TEOPHH BAJEHTHBIX CBs3eil, KOTOpbi He Tak
naaBHO o6cyKaasjcs IToaunrom,
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BAaJIEHTHBIX CBsi3ef, U B HACTOsillee BpPEMsi OHa [03BOJSET
0oOBACHUTb 0O0Jlee WIHPOKHHA Kpyr siBieHuil. Jlyulie e Bcero,
€CJIH BaM M3BeCTHbI 00e 3TH TEOpHH.

7. OBILVE BbIBO/IBI

B To BpeMsl Kak HaM MaJlO YTO M3BECTHO O AeHCTBUTE/b-
HOIl JeJOKa/H3alUUM CHapeHHbIX 3JIEKTPOHOB B MOJIEKyJax,
O pacnpeje/eHHH HeCnapeHHbIX 3JEKTPOHOB Mbl 3HaeM JO-
BOJIbHO MHOro. Mbl MOXKeM Tak:Ke MNOJYUHTh KOe-Kakue Koc-
BeHHble JaHHble O [eJ0Ka/JH3alluM CIapeHHbIX d-3JeKTpPO-
HOB H3 OINITHYECKHX CMNeKTPoB. Bce kosmnuecTBeHHbIE U MOJY-
KOJIMUECTBEeHHble [aHHble YKa3blBAIOT Ha OJHO H TO XKe, a
HMEHHO Ha 3HauyuTeNbHYIO CTelleHb KOBAJEHTHOCTH HaXxe
B HauboJiee HOHHBLIX COeJHHEHHUSX, TaKHX, Kak OGuUHapHBIE
(¢TopHAbl ABYXBaJEHTHbBIX MeTaJ/10B. B kKommiekcax ¢ 0o-
Jiee TMOJSPU3YIOLIUMHUCST JMIaHAaMU CTeleHb J1eJ0KaJju3a-
uyd Bbie u gocruraer yacro 20—30% nss aByX- W Tpex-
BAJIEHTHBIX HOHOB,

B uesom KosuMyecTBEHHble HCCJ/ELOBAHUs MOATBEp-
JKAAIOT HHTYMTHBHOe BleyaT/JeHHe O CTelleHH KOBaJeHTHO-
CTH cBs3ell, 0O6pa30BaHHBIX pa3JUUHBIMHU JHraHAaMH, 4YTO
HaXOJHUT, B YACTHOCTH, CBOE OTparkeHHe B «He(des0ayKceTH-
yeckoM psiny» HepreHcena. Teopernueckue coobpaKeHHs
M HMelollHecsi 3KCIIepUMEHTabHble JaHHble TOBOPAT O TOM,
YTO CTelleHb KOBAJIEHTHOCTH CHJbHO BO3pacTaeT NMPH YBeJH-
UeHHH BaJIeHTHOCTH HOHa MeTaaqaa. Ecaum d-371ekTpoHbl B
NPOM3BOJIHBIX [BYXBAJEHTHBIX HOHOB YK€ B 3HAUHTENbHOH
CTeNeHH MeJOKaJJU30BaHbl, 3TO J0JKHO ObiTh ellle Oojee
cnpaBenauBbiM aast novos VOI~, CrO3~ u MnOj. Onnako
3lecb, KaK M MOBCIOAY, HAaOM0aeTCst MOCTEeNeHHbIH Nepexos
oT 60Jiee HOHHOH K 00Jiee KOBaJEHTHOH CBS3H.

CessblBalolle CBOHCTBAa OPOHT fog M €, BecbMma pas-
JINUHBL, © B COOTBETCTBHH C NPOCTbIMU NpPeACKA3aHUSMH TeO-
PHH NOJsI JIMTAHMIOB, o-CBA3bIBAIOLLHE Cg-OPOHTBI 0OBIYHO 60-
Jee JeJ0KaJ1U30BaHbl, UeM T-CBA3bIBAIOLLHE fy-0pOUTHL. TeM
He MeHee cTeleHb NeJOKaAH3alUH fyg-3J1€KTPOHOB 3a CueT
m-cBsidell Bce ke 6oJbllle, YeM 3TO OObLIYHO Npeanosaralor.

M3 nmerolwnxcst LaHHBIX O [€J0KaJH3alHH d-3JeKTPO-
HOB MOXKHO MOJYYMTb CBE1eHHs O AJIOKaJH3alUHH H APYTuX
op6ut. IlockosibKy BO3MOXHOCTell 4/ 00pa3oBaHHs CBA3eH
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y d-opOUT He GoJibliie, 4eM y S- H p-OpOHT MeTaJ1a, pa3yMHO
NPEeINnoJI0XKHTb, UTO MOCAeAHHe MUMeIOT He MeHblle [IAaHCOB
LJs1 feqoKanudalumui. TakuM o6pa3oM, Mbl JOJKHBI CUHTATH,
YTO, KaK H B ciayuae d-OpOHT, MOKET NPOUCXOAUTb HHTEH-
CHBHBIH Mepexo 3.J1eKTPOHOB JIMTaHAA U HA S- U P-OPOUTHI
MeTraasa, XOTs cefiuac W OTCYTCTBYIOT 3KCIepHMeEHTaJjbHble
METO/(bl AJ151 HelOCPEACTBEHHOTO H3MepeHHs: 3THX 3(P(PeKTOB.

KonnyecTBeHHble HCC/EAOBAHUA JeJOKAJH3ALHN  3JIEK-
TPOHOB TOJIbKO HauuHaloTcs. Bynem Haneatnes, 4uTo mo Mme-
pe HaKONJeHHs CBeleHHil, MOJyyaeMblX MeTOAOM MATHHT-
HOro pe30HaHCa W APYIHMH, H C yBeJUUEHHEM HaldeXHOCTH
MHTEpPNpeTallid  SKCTepDHUMEHTAa bHbIX  pe3yJbTaTOB OKa-
JKETCsl BO3MOKHBIM MHOTHE KauecTBEHHble MOHATHS O KOBa-
JIEHTHBIX CBSI351X 006pATHTb B MOJNYKOJHUYECTBEHHbIE CBeJeHHS
0 pacnpejieieHUH 3JeKTPOHOB, 3HEPrusx Ae10Kaau3auuu
u 1. n. Ceffuac e Mbl JOJKHbI MO JOCTOMHCTBY LEHHTb
TO, 4YTO MHOTHe M3 HaHGoJee BaXKHbIX XapaKTepHCTHK
B XMMHHM NEPEXOAHBIX MeTa/JJ0B B MX NMPOMEKYTOUYHBIX Ba-
JIEHTHOCTAX MOXKHO NOHSITb B pamMKax obluell Teopuu, KOTO-
«pasi HU B KOeil Mepe He MpeAonpejensieT CcTeleHb KOBAJeHT-
HOCTH CBsi3efl MeTaJ/ljla C JIHFaHAAMH.
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HU3IIME BAJIEHTHOCTH TTEPEXOJHBIX
METAJIJIOB

1. BBEAEHME

Haunusmwasn crenenb OKHC/IEHMS NMePEeXOAHBIX MeETaJJoB
NepBOro MepPexXogHOro Mmepuoaa OOBLIYHO paBHA OABYM.
Hckatouenue coctaBaser Melb — OHa 06pa3yeT MHOTO OueHb
YCTOHUMBLIX CO€JMHEHHI OJHOBaJeHTHOH Meau. B 3Tofl
rjaBe Mbl PACCMOTPHM MeTaslibl B HX HH3LIMX CTEMeHsX
OKHCJIeHH .

Cnenyer, BepOsATHO, MOAUEPKHYTb, UTO HAUIK MOHATHSA
06 yCTOHUHBOCTH B KaKOH-TO Mepe SIBJASIIOTCSH CJeNCTBHEM
NPUBBIYHBIX AJ HAc XHUMH4YeckMX (pakToB. Ecan Obl Boaa
6bl1a le CTOMb pacnpoCTPAHEHHBIM BELLeCTBOM, a aTkio-
chepHbie yCJI0BHA ABJASANCL B 00Jbliell Mepe BOCCTAHOBH-
TeJbHBIMH, KapOOHWJABI paccMaTpHBaJHCL Obl, BEPOSATHO,
KaK THIHYHbBIE COEJHHEHHs MepexXOdHbIX MeTa./JoB, a
TMApaThl, BBLICWIME OKHCAbl W T. I.— KaK XHMHUECKHE
Kypbe3sbl.

$lcHo, uTO ecam Mbl XOTHM 00CyaUTh HabJalonaemMble CO-
CTOSIHHSl OKHCJEHHS HOHOB MeTa.l10B (0Jce paluOHAJbHO,
Mbl AOJI2KHBI MOMBITAThCsl OTBETHTb HA TPH BOMpoca:

a) HMmetorcs an xakue-10 0cOGEHHOCTH B 3JEKTPOHHOMN
CTPYKType cBOOOJHOrO HOHa MeTaJsa, KOTOpble npejppacno-
Jlaralot ero Kk o6pasoBaHHUI0 COeJUHCHUH KaKOH-JHOO OQHOU
oTnpefieJleHHOH Ba/JIeHTHOCTH BHe 3aBHUCHMOCTH OT OKpYyiKe-
HHS?

6) Wmetorca nn Kakue-To 0COGEHHOCTH Yy JAHHOTO JIH-
raHga (uam B obllem cJayyae y JJaHHOrO KJjacca OKpyzKaio-
IUX TPYNN), npejipacro.laraolibe MeTa bl K OCylLlecTB.Ie-
HHUIO COCTOSIHHH OKMCIEHHS, XapaKTepHbIX [.1s COeAHHEeHHS
¢ stuMH rpynnavu? [louemy HekoTopble rpynnsl 6.aro-
NpenATCTBYIOT  BBLICUIMM, a ApYyrde HH3WIHM CTeMeHaM
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OKMCJIEHHS TIepPeXO[HblX MeTaJlJIoB, He3aBHCHMO OT KOHKpeT-
HOro MeTasagaa?

B) Kakue 0COOEHHOCTH 3/1€KTPOHHOH CTPYKTYphbl HOHA
MeTaJJia H ero OKpyKeHHsi OOYCJNOBJMBAIOT B3auMofell-
CTBHUs, 00bACHAIOILINE Pa3/JUuUs B XHMHUYECKOM I[OBeleHUH,
KOTOpble HeJb3sl OOBACHUTb CBOHCTBAMHM CBOOOJHOrO HOHA
MeTaJjsa M OOLUHMH XapaKTepUCTHKAMU JIMFaH10B?

B ra. | Mbl mokasaau, B Kakoil Mepe YCTOHYHBBHIE CTe-
NeHu OKUCJeHUsl MeTaJsJsa ONpele/siloTCs ero noTeHuuasamMu
MOHH3aUHWHU, ¥ B HacCToslllee BPeMs Ha BOIPOC «a» HeJb3sd
natb 6oJiee MNOJHOrO OTBeTa. DTOT MOAXOJ OKAa3blBAeTcs He
OuUeHb yNa4YHbBIM NPH H3yUEHUH COeJMHEHHH B HHU3LIUX CTe-
MeHsIX OKUCJEeHHUsl, BO3MOXKHO, NOTOMY, YTO AJs KapOOHHUJ/OB
H POJCTBEHHbIX BelLUeCTB pa3J/iMuus B MepBblX MOTeHUHAJaAX
MOHH3aUUU MeTaJslJlOB MeHee BaXKHbl, HexxeJd apyrue Qax-
TOpbl, KOTOPble OYAYT PacCMOTPEHbl B CBSI3H C BONPOCOM «B»
[B uacTHOCTH, «yCTOHUHBOCTBb» OOOJIOUKM MHEPTHOro rasa
(pasnen 7)]. [To mepe HakomIenusi cBeleHUl O APYrux ps-
Nax COeHHEeHHIl ¢ MeTaJslJaMH B HU3IIHUX CTEeMeHAX OKHUCJe-
HHsl, HanpuMep MPOU3BOAHBIX AUNUPUAMIA U (eHaHTpo-
JIHHA, MOXKHO OXHJAAaTb OOHApYXKeHHs BJIUSHHS pas3JHuUi B
NOTeHLlHasaX HOHH3aUHUH.

s orBera Ha Bompoc «B» HeOGXOAMMO 6oJsiee AeTaNb-
HOe H3yueHHe ONpeae/]eHHbIX NPHMEPOB HA OCHOBE TEOPHHU
MOJIEKYASIPHBIX OPOUT MM Teopuu noJs jauranpoB. Ceiluac
Ke Hac 6oJiblle HHTepecyeT BONpoc «O».

2. CTABWJIM3ALIMST HU3LIMX CTETEHEM
OKMCJIEHHA

YCTOHYHBOCTL COeAHHEHHH MOJIOKHUTENbHO 3apsikKEeHHBIX
MOHOB YaCTHYHO 00YCJOBJ/EHA 3JE€KTPOCTATHUECKHM B3aHUMO-
JIeficTBHEM MeXK1y HOHOM MeTaJslla H MOHHLIMH HJIH JMIOJb-
HBIMM JIMFaHAaMH, a YacTHYHO — oOpa3oBaHHEM KOBaJeHT-
HBIX cBs3efl. Mbl 31ech OTBJeUeMCs OT TOTO, UTO COOTHOLIe-
HHEe MeXAYy OTHOCHTEJbHOH pOJbl0 3THX HABYX 3P(HEKTOB He
[OCTOSIHHO M 4TO MX [aXKe HeJb3si MOJHOCTbIO Pa3nesUTh.
Koraa »bl paccyartpuBaem coeMHeHHs MeTagana ¢ HyJeBOH
WJIH OTpHULATEbHOH CTENeHbI0 OKWCJIEHHMs, HET OCHOBAHHM
OTHECTH 3HAYMTEJIbHYIO 4aCTb VCTOHUMBOCTH 3a CueT KJac-
CHUECKMX 3JeKTpocTaTHueckux cuJ. [loatomy Takue coemu-
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HEHHsl, OUEBHAHO, JOJKHBI OBbITb B OCHOBHOM KOBAaJeHT-
HeiMH. Ho npu 3TOM MBI HeMeaJleHHO MonagaeM B 3aTpyAHHU-
TeJbHOE MOJIOXKEHHEe, TAK KaK OOBbIYHO CUHTAIOT, YTO CBSA3HU
MeXJAy JUICaHJaMH U HOHOM MeTaJl1a 06pasyloTcsi B pe3yiib-
TaTe nepexoja 3JEeKTPOHOB C 3aMOJHEHHbIX OPOMT JHUraHAa
Ha nycTble OpOMTBHI MeTaJJsa. ITOT NpPOLECC MOXKeT H Ha
caMOM JieJsie JOJI’KeH [PHBECTH K 3HAUHTEe/JIbHOH HeHTpaJsu-
3alHW 3apsifa, eCAM HOH MeTaJJa 3apsiZKeH MOJOXKUTEJNbHO;
HO ecJi MeTaJlJ1 NepBOHauaJbHO Obl1 HeHTpaJibHBIM, TAKOH
npouecc IOJ:KeH NPHUBECTH K MOSIBJEHHIO W Ha HeM OTPH-
natenbHoro 3apsaa. OAgHako OTTaJKHBaHHE 3JEKTPOHOB
JleaeT MaJOBEpPOSITHBIM HaJiHuHe Y Kakero-iubo atoma
60JIbLIOrO OTpUIlAaTEJNbHOTO 3apsifna. [IpyruMu cJ0BaMHu, TeH-
JleHIMS K HaBeleHHIO OTPHLATEIbHOrO 3apsijia pe3Ko orpa-
HUYMBAET BO3MOXHOCTb 00pa3oBaHus KOBAJEHTHBIX CBsi3el
H, CJIeJ0BaTEIbHO, MPensTCTBYeT 06pa30BaHHUI0 YCTOHUHBBLIX
COeMHEeHHH HYJbBAaJEHTHBIX 3JeMEHTOB.

YMeHbUHTb HAKOIJEHHe OTPHLAaTeJbHOI'0 3apsiga MOKHO
JUIIb OJHHM IYyTeM — CO3/laHHEM MexaHu3Ma JJs obpart-
HOTO MepeHoca 3apsja ¢ HOHA MeTaJJa Ha Jurasia. B atom
MeXaHu3Me He MOTYT Y4acCTBOBATb ¢-CBSI3H, MOCKOJAbKY G-0Op-
6UTHl Yy BCeX MOJeKyJ JuraHaoB 3anosHeHbl ¥, CienoBa-
TeJbHO, aKUENTOPHOH OpPOUTOH JHrauaa LOJXHa ObITh Ka-
Kasi-nmu60 M3 m- WK 3-OpOHT.

B rtab6a. 17 npuBeneHbl HauboJee BaKHble JIHTAHIH,
KOTOpble, KaK YCTAHOBJIEHO 3KCIIEPUMEHTAJbHO, CTalUJIHU-
3UPYIOT HauboJsiee HU3KHE CTEMeHH OKHCJEHHs IepeXoIHbIX
MertaJsgoB. K HUM MOxHO Takxke oTHectH HOoH CN-, Koro-
pbifi He MeHee 3ddexTHBeH B 3TOM OTHowleHuH. Cuaenyer
34MEeTHTb, YTO KaxKJbld 13 3TUX JHTFaHAOB HMeeT aKuen-
TOpHBIE OPOHTHI, AOCTYNHble 15 T-3JeKTPOHOB, U UTO APY-
rde JIMTAHABl, CXOJHbLIE BO BCeX OCTaJbHbIX OTHOIIEHHSX,

* Ecau Obl Ha 0-op6uTax HAXOAHJIOCH MO OAHOMY 3JEKTPOHY, MH
He OMMChIBaIM Gbl TaKOE COEAHHCHHE, Kaik HaXoAslleecs B HY.JIEBOM CO-
cTosHun okuc1enus. Hanpumep, M(CHs), onucbiBatoch 6bl Kak coeauke-
Hue [ABYyXBaJeHTHoro Meraana., Lo CHX mop HEXOCTATOUHO BHHMaHHs
yAeas70Ch BO3MOXKHOCTH o6pasoBaius CBsi3efl 3a cueT Mnepexoia »3Jek-
TPOHOB MeTaJs1a Ha NycTble O-OPOUTH JHFaHI0B, XOTs TEOPETHUECKH 3Ta
BO3MOXKHOCTb Kak-6yato Obl He Hckawouena. [To-BHAHMOMY, K coeduHe-
HusaM Takoro THma oTHocutes [1] Co2(CO)s- AlCly 4, BO3MOXKHO, uTO
coeaunenus: cocraBa AsM:BF; wuan AsM: AlR; Takke okaxyres
yCTOHYHBBIMH.
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HO He HMelOlllHe 3THX aKUENTOPHLIX OpOUT, SIBJAAIOTCA TO-
pasno MeHee 3(QGhEKTHBHBIMH CTAaOHIM3aTOPaMH HH3KHX
BageHTHocTell. Tak, deHaHTPO/HH cO CBOGOAHBIMH T-OpGH-
TaMH W apCHHbl C He3anoJHeHHbIMH d.-opOuTaMu GoJee
¢ pekTHBHO CTAOUIH3UPYIOT HU3LUHE CTeNeHH OKHCJIEeHHs,
yeM STHJAEHAMAMHH WJIH ajudarthuyeckhe aMHHBDI.

Ta6auya 17

BaneHTHble OPGHTHI HEKOTOPBIX JHTFAHAOB, CTAGHIU3YIOWHUX
HH3IIHE COCTOSHHUS OKHCJEHHS MepexXoJHbIX MeTalljoB

dddexTus-
Jlurana Ilonopuasa opbuta Axuentopnas opOHTa [HOCTb JHraHaa
Kai g-10HOpa
CO G Ha yraepoje ~Ha CuO Manas
R—N=C G Ha yraepone =HaNuC »
R;P sp® na docdope | d. Ha pocthope |YMepeHHas
R;As sp? Ha MbllIbsiKe | d. Ha MBILbIAKE »
a, o-Junipuina sp? Ha asote p--opbutnl neno- | Boabuias
KaJH30BaHHblE
deHaHTpOIHH sp? Ha asoTe p..-OpOUTHI Jelo- »
KaJH30BaHiible
Henacbiuetnble 3anoaxeHnsie ne- | [lycroie 1enoka- Manas
OpraHuyeckue ! JIOKaJIH30BaH- JH30BaHHbIE T-
MOJIEKY bl || wHble =-0p6HTH opOHTHl

3. KAPBOHWJ/IbI METAJIJIOB

MoutekyasipHble OpOMTBL OKHCH yIJCpOja MOKa3aHbl B
cxemaTuyiioM Bujge Ha puc. 48. Hmelorcsa Tpu 3ausrtwe
c-0p6UTHl, COOTBETCTBYIOLLME HEMOJe/eHHbIM NapaM Ha aTo-
Max yr.iepojia M KHCJ0POIa U o-CBSI3H Mex1y HuMH. Kpome
TOro, MMEIOTCS YeTbipe 3.JeKTPOHA Ha JABax]Ibl BbIPOKIEH-
HbIX CBA3bLIBAIOUIUX T-OpOUTAX, KOTOpble BHOCST 60/ bLIONH
BK.1a] B MPOYHOCTb CBA3M. IlycTbiMU OpOHTaMH sBJIIOTCS
OueHb CHJILHO Pa3pbiX.asiiollas o-OpoHTa M CHJIBHO paspbiX-
Jasioulas w-opOuTa.

MOXKHO 0penoJoAKUTL, UTO Jd00as M3 Tpex 3aHAThIX
OpOHT MOKET OKa3aThes LOHOPHOI OpOHTON KOMIJIEKCa, HO
NOCKOJIbKY 3JAeKTPOOTPHLATe/bHOCTb KHCJI0pOJa Tropasio
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6oJibllle, YeM y YIJaepoja, Mbl, KOHEUHo, NpejrnogaraeM, uto
KOOpAMHALHs 3a cueT CBOOOAHOH Mapbl 3.1€eKTPOHOB KHCJO-
poja OKa)Kercst MeHee IIpPeANOYTHTE/IbHOH, ueM uepe3
3JeKTpoubl yraepoaa. TakuMm o6pa3oM, uMeloTcs JBe Mpe-
Jle/bHble BO3MOMKHOCTH, a HMEHHO: NepeXxOld c-3.1eKTPOHOB
yriepoaa, B pe3ydbTaTe KOTOPOro oGpasyercs JuHeHHBI

C 0 c 0 )

Puc. 48. Cxemaritueckoe nzo6paxkeHue MOJEKYISAPHbBIX OPOUT OKHCH
yraepozia.

a —Henoieaexnas napa atoma C; 6 —uenojedennas napa atoma O; 8 — cBa3biBaouwas
c-0opOuTa; 2z— paspuixasiowas c-op6uTa; O — cBA3biBaiowlas w-0pOMTA (BbIPOX 1€HHas);
e — pa3phixagiomas ©-op6MTa (BbIpOXKICHHAR).

komniieke M—CO, uan nepexon w-3/JeKTPOHOB, UYTO IPHBO-
IuT K cTpykType |

o
M—|
o}

I

BeposiTHBl Tak)Ke W CTPYKTYPhl, MPOME)KYTOUHbIE MEeXIY
3THMH JIBYMS NpeNeJbHbIMH. DKCIePHMEHTAdbHO YCTAHOB-
JIeHO, UTO B KapOOHHJIAaN OCYULIeCTBJSIOTCH TOJbKO JIHHEH-
Hble CTPYKTVPBI, H TOT (aKT, UTO HEKOTOpLIe JHraHbl, H30-
3JeKTPOHHble C OKHCbIO Yriepojaa, HanpiaMep alleTHIeH U
AJKHIUMAHUIB, 00pa3yloT KOMILJIEKCH CO  CTPYKTYpOH
tuna I, mo-BuauyMomy, He HMeeT 3Hauenus (cm. ra. 10).
OueBHAHO, UTO aTOM \rJepoja B OKHCH \r.iepoaa o06-
Jagaer caalbblMH  J1OHOPHBIMH  CBOHCTBAMH, TOCKOJIBKY
OKHCb VYriepoja He sIBJSIeTCss OCHOBAHHEM, H eCaH KOMII-
Jekchbl 00pas3yioTea ¢ TAKHMH  THIHYHBIMII aKIenTopaMH,
KakK TraJoreHujibl  00pa, HMCIOIMUIMH  HVCTbIe OPOHTLI, TO
NPOUMHOCTB 3THX KoMILieKcoB mada. [Tloyrowmy ne vausu-
TeIbHO, YTO He H3BECTHbI KapOOHU.bl TOJIbBKO TeX MeTaJlJloB
(3@ HCKIIOYEHHEM CHJIbHO OT.IMUYANOLUHMXCS  COeLHHEHHuH
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IleJCYHBIX MeTaJsJs0B), KOTOPble He HMelOT Ha d-opburtax
3/JE€KTPOHOB, TNPHIOAHBIX A5 06pa30BaHUs ABOHHBIX CBA3EH.

M3 nByx nycTsix opbut B 06pa3oBaHHH NBOHHOH CBs3H
MOKeT NPHHHMATb YydacTHe TOJbKO paspbIXJsAOILasi w-0p-
6uTa, TakK Kak paspblxJsiollas c-op6uUTa, He roOBOpPs yxkKe
0 ee oueHb HeOJAronpusiTHOM 3HepPruu, HeAOCTYNHA [Jd
3JIeKTPOHOB MeTaJsa. 34eCh Mbl MPHHUMAaeM KaK YCTaHOB-
JEeHHbIH ¢dakT Ha6JloJaeMyl0 3KCIepUMEHTaJbHO TreoMert-
PHUECKYIO CTPYKTYpYy KapOOHMJIOB, O KOTOpPOH OblIO CKa-
3aHO NPH OOCYXKJEHHH T-CBAA3EH.

Puc. 49. BsaumopeHcTBHE a,,-0opOMTBI MeTanla C Ppas3pbiXJsioLIeH
OpOHTOH OKHMCH Yraepoja.
3ausTas opOUTAa MeTanna 3alITPUXOBAHA.

[TycTble m-OpOMTBl MOJIEKYJbl OKHCH yrjepoaa MOTYT
B3aMMOJEHCTBOBAThL ¢ d-opOUTaMU MeTaJJja, Kak 3TO MOKa-
3aHo Ha puc. 49. Takue d-opGUTHl Bcerja HMEIOTCS, HO HX
UHCJIO 3aBHCUT OT CTPYKTYPBl paccMaTpUBAEMOro KOMII-
Jekca. B okTasapuueckoM KOMIJeKCe HMH SBJASIOTCS Op-
OuThl fog(dyy, dx; M dy;), @ B TETPa3APHUECKOM KOMILJIEKCE
B 06pa30BaHUM NBOHHBIX CBsi3edl MOTyT NMPHHHUMAaTb ydyacTue
Bce d-opOUTHI, XOTs OPOHUTHI e 6oJjiee 3D PEKTHBHBI, YeM Op-
6uThl fo. B TpHroHaabHON NUpaMuaaabHOH CTPYKTYpe, TAKOH,
kak Fe(CO)s, ABOIHBIE CBA3M C aKCHAJbHBIMH U 3KBATOPH-
aJbHBIMH  JIHFAQHAaMH HECKOJIbKO OT/IMYaloTCs APYr OT
Apyra — aKkcHaJ/ibHble CBSI3H 00pa3yloTCs TOJIBKO 3a cyeT
OpOHT dy, U dy;, @ 3KBATOPHAJbHbIE CBA3H — 3a CYeT OpOHUT
dys, dyzy dxy ¥ diaye. (B KauecTBe ocn 2 Mbl BbIGpanau och
TpeTbero nopsika.)

[TepeHoc 3/€KTPOHOB € MeTalsna Ha pasphbIXJsIOLLYIO
T-OpOUTY, €CTeCTBEHHO, MOHH)KaeT MpoyHocTb cBaA3d C—O.
St1o naunboJiee OTUETJIHBO I[POSIBJsIETCS B KojedaTesbHbIX
4acToTaX MPOCTHIX KAPOOHW/IOB, KOTOpble JIeXKaT OKOJIO
2000 cm™', 1. e. Ha 170 cm~! Huxke uyactorel CO, paBHO#
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2170 cm™' un HaligeHHO#H y camoll okucH yraepoaa. C mo-
MOLLbIO HHPPAKPaCHOH CMNEKTPOCKONMHH Heab3sl CYAHTb
O BJIMSIHHH [BOMHOH CBSI3M HA MPOYHOCTh CBSI3H MeTaJjJ —
yrJaepoa, MOCKOJbKY Mbl He 3HaeM, Kakoi Obl Oblja CHJIO-
Basi KOHCTAHTAa B cJyyae OQHOH TO/NbKO o-cBsidu. C Apyro#
CTOpPOHbI, pPEHTTeHOCTPYKTYPHble HCCJeNOBAHHs MOKa3bl-
BAIOT, UTO AJIMHA CBSI3W MeTaJjJ — yrjiepoi 3HAUYHTEJbHO
MeHbllle CYyMMbl PaJHyCOB B ODAMHApPHBIX CBfI3AX, YTO TaK-
JKe CBHIETEJNbCTBYeT O CHPaBeAJHBOCTH MPeANoJOKeHH:
O CYULeCTBEHHOM BKJaJe ABOHHOH CBS3H.

Ho cux nmop Mbl 0OCYXKAaJH o- H T-CBS3H OT/EJbHO.
XOTs1 3TO ¥ NPUBOIHUT K YJIOBJETBOPHUTEJIbHOH KaueCcTBEHHOMH
KapTHHe, HauboJee BaXKHbIM SIBJASETCS BONPOC O B3aUMO-
OEeACTBUSX MeXKAY HMUMH. Mbl BbICKa3aJau NpeanoJoKeHHe,
YTO pPOJib T-CBsI3€fl COCTOMT B yJaJ€HUH H3OBLITOUHOrO 3a-
psila, CO3JaHHOTO Ha LEHTPaJbHOM HOHE JOHOPHBIMH
o-cBs3siMu. CaenoBarenbHo, 6marogapsi o06pa3oBaHUI0 w-CBA-
3eil NepeHoC 3JEKTPOHOB B o-CBSI3sIX MOXKET NPOHCXOMHTE
B Gosblied Mepe, ueM 6e3 m-cBsizeil. M Haobopor, Hakome-
HYe OTPULATENbHOro 3apsila Ha UEHTPaJbHOM HOHE CTH-
MyJaupyer 6ojee WHTEHCHBHBIH Nepexoji 3/JeKTPOHOB Ha JH-
FaHabl, UYTO MNPUBOAMT K oOpa3oBaHuio OGoJiee MNPOUYHBIX
n-cBA3ell. JlpyruMu cioBamH, cCOBMeCTHbIH ahdekT AByX Me-
XaHU3MOB 00pa30BaHus CBA3H ropasno GoJblie, yeM CyMMa
5 PeKTOB OTHeNbHBIX MeXaHU3MOB, B3SThIX MOPO3Hb, MO-
CKOJIbKY B Ka)KAOM H3 HUX MNPEANOJaraercs YHHUTOXKEHHe
He6JaTONPUSATHOTO  HAKOIJIEHHst 3apdia, C03/1aBaeMoro
JIPYrUM.

STOT INBYXCTOPOHHMH mpouecc MoXeT ObITb OIMNHCaH
MHBIM 00pa3oM, €C/H HCIOJb30BaTb TOJbLKO HeHTpaJibHble
BO30OYy K/IEeHHble COCTOSIHMSI MeTaJjJ/a W JIUraHJoB. 3aMeTHuM,
YTO OIHOBPEMEHHbIHi NepeHOC 3JeKTpPoHa C o-OpOHUTHl MO-
aekyasl CO Ha MeTtaan u ¢ Metanana Ha m-opouty CO nepe-
BOAWUT HefiTpaabHyto Mogekyny CO B Bo36yXKiIeHHOe CcO-
CTOsIHME, WJEHTHYHOe C BEepXHHM COCTOSHUEM I[epexoaa
n—mw, NPH KOTOPOM 3JEKTPOH MepeXOAUT H3 HerlojeseH-
HOW o-mapbl aToMa yrjepoaa Ha pa3pbIXJSIOLLY0 T-OpOHUTY.
[Topo6HbIM :Ke 06pa3oM MeTads OKasbiBaeTcss B BO3DYK-
JeHHOM COCTOSIHMH, KOTOPOe 06pa3oBaJsoch MyTeMm HepeHoca
d-3/IeKTPOHA HA OIHY M3 paHee MYCTOBABLIMX Pa3pPbIXJSIO-
wux opOuT d,; Takum o6pa3oM, Mbl NpeanoJaraem, 4To
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B cayyae KapGOHHIOB METAI10B BOJHOBAast (YHKUHS MOJe-
KyJbl, KpoMe OOBIUHBIX UJ1eHOB, COOTBETCTBYIOLIHX 3apsi?KeH-
HBIM CTPYKTypaM, BO3HHKAIOWHM B pe3y.abTate MepeHoca
3apsja B OJHOM HamnpapJeHHH, COIEeP:KUT Takyke cCylle-
CTBEHHBIH BKJal, COOTBETCTBYIOUIMH CTPYKType, Mogayuel-
HOH U3 BbICOKOBO3OYIKAEHHBLIX COCTOSIHHII Kak MeTaJia,
TaK M JMraHjia, B3auMOAeHCTBHE Mex Yy KOTOPBIMH MOXKeT
NpUBECTH K 06Pa30BaHHIO OueHb [IPOYHON CBA3HU.

ITO anbTepHATHBHOE OMNMCAHKE, XOTs HHTYHTHBHO H Me-
Hee TMpPHBJIEKATEJbHOE, HMEeT OllpejedeHiible MperumMyilie-
CTBA NpH KBAHTOBOMEXAHHUYECKOM paCcCMOTpPEHHH CBS3H.
B Hem He TOJBKO VKa3blBaeTcss Ha XapakTep B3anMojeil-
CTBUSI ©- H T-CBSI3eH, HO OHO TakKKe [JaeT BO3MOXHOCTh
COMOCTABHTbL TEHAEHLHIO K 00pa30BaHHIO YCTOHUHBBIX KOM-
JTEKCOB C 3HEPTHSIMH BO30YIKAEHHBIX COCTOHUH paccMaTpH-
BaeMbIX MogekyJs. Tak, HanpuMmep, BaKHOe BepxHee 1 — m-
cocrosiine CO nineerT 3uepruio oxkolo 6 3s, a y Ny oHa
paBHa 7,3 36; 3TO OAHA M3 NMPHUHII rOPa310 MeHblIell peak-
LHOHHOH crnocoOHOCTH a30Ta (MO CpPaBHEHHIO € OKHCbIO
yriepoja), KoTopblil ne odpasyeT coeaMHEHHI], NOAOOHBLIX
kapOoHuaaMm Mmeta 108, CpaBHHBAs BO30Oy:K/eHHble T — T-
cocrosiing CO 1 N, 3Heprus KOTOpPBIX paBla COOTBET-

N
cTBeHHO 7—8 1 6-—8 38, mpuxoaumM K BbIBOAY, uTe M— ||
N
siBjasieTcs GoJsiee MPEANOUTHTEIbHOH KOHMHrypauuell 1o
C
cpaBuernio ¢ M—N=N, uem M— || no cpasHcHHIO
)
¢ M—C =0, xoT1s Mbl U He 3HaeM, KaKasl U3 KOHpUTypaLHil,
N
M— || um M—N=N, saBaserca 6ojee yCTOHUHBOIL
N

B a0COJIIOTHOM CMbICJe.

Hawe paccymorpende cBA3M MeTadd — JUTaH] gBJgeTCs
ype3BhIuaiiHO  ynpollenHeN. B uacTiocTH, XOoTs nepexon
3JeKTpoHa OT MeTasd1a Ha nyctyio opOHTy JHraHia v CcBO-
IHTCS. B OCHOBHOM K T-B3aHMO1eiiCTBHIO, ClejyeT MOMHHTh,
UTO BJAHSIHHE MeTa.l.1a ﬂ])IIBOI[HT K CcMelllenHo cra3biBalo-

HHX H HecssizbBaoWHX w-0poutT CO. DTO BLI3bIBAET MOBLI-



Hu3wue 6a.1eHTHOCTU nepexodrbix MmeTaa.108 161

lleHHe CTeNeHH [ABOECBA3HOCTH CBA3M MEXKIY MeTaJJoM H
YIJ1ePOAOM.

Ta6 ruga 18
Kap6onunibl meTannos

a

daevent Kap6onia

Cr, Mo, W | Cr(CO), Mo (CO), W (CO),

Mn, Re Mn, (CO),o, [Re (CO)l,

Fe, Ru, Os Fe (CO);, Ru(CO);, Os(CO),,
Fe, (CO)g, Ruy (CO),, Os, (CO),
Fe; (CO)yy, Ruy (CO)yy

Co, Rh, Ir Co, (CO)g, [Rh (CO), ], [Ir (CO), 1,
Co, (CO)y3, [Rh (CO)s],, [Ir (CO)s)
a rakwe [Rh, (CO), ),

Ni Ni (CO),

8 Coscey HemasHO 6bia HPUFOTOB.ICH rekcakap6onira Banaans. {Hveiotes ykasa.
uus na noayuenue Ti(CO), u Hf (CO),. — ITpuu. nepes.|

B raba. 18 npuBeleHbl H3BecTHbE KapOGONNIbLI MeTal-
JaoB. Kpome 3THX coeanHeHHil, OblL1M MOJyueHbl MHOrOYMC-
JIEHHble CMellaHHble KapOOoHH.Ibl, cO/ep:kallliie Takue pas-
HooOpa3Hble JHTaHAbl, KaK aMHHbI, GOCPHHBI, OKHCb a30Ta
H apomaTHyYecKHe yrJaeBOAOPOAbl. 31eChb Mbl MOXKeM 06Cy-
IUTb JIMUIb HEKOTOpble H3 Hanfo.lee MPOCTHIX COeNHHEeHUH.

Onnosinepuble KapGoiIpl MeTal10B, 32 OueHb HeGOJb-
IWIHMH HCKJIOYEHHSIMH, NOAUHHAIOTCH MPaBHaAY, IJacslleMy,
yTo oflLlee UYHCIO 3JEKTPOHOB, HMEIOUIHX BO3MOXKHOCTb
nepefiTH Ha MeTall (B MPEANOJOAEHHH, YTO KaxKaas H3
mosekys1 CO npelocTaBisieT ABa 3J1eKTPOHA), PaBHO UHMCIY
3JIeKTPOHOB, HEOOXOAMMOMY AJAd NOJyueHHs  06O0JIOUKH
CJEAYIOLIero 3a MeTaJjJJoM HHEPTHOro rasa. Tak, M3BeCTHBH
Ni(CO)4, Fe(CO)s, Cr(CO)s 1 cOOTBETCTBYIOUIHE COEAHHE-
HUSi MHOTHX 3.1€MEHTOB HH3LIHMX NepeXxodHblX neproaos. Cpe-
IU CMellaHHBIX KapOOHH.10B H3BeCTHbl TakHe pa3HooGpas-
Hble COeIMHEHHS C 3]1€KTPOHHON KOH(HUIypauHell «<HHePTHOTO

11 J1. Oprea
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rasza», Kak (C5H5)Mn(CO)3 (C5H5)V(CO)4, Co (CO);;NO,
Fe(CO)3(NO),, Ni(aakuaodochun)s(CO),,  Cr(anxu.o-
dochun)3(CO)s 1 T. A

B 3TOM OTHOLIEHHH OKHCL YrJepoaa sBJseTCst [MOUTH
VHHKAJbHOH Cpefll OCTaJbHbIX JMFAHIOB, TaK Kak [axe
MOH LHaHHAa, aJKHJIQOCOhHHB], TeTePOUHKIHYECKHC aMHUHB,
Hanpumep (eHaHTPOIHH, apoMaTHYyecKHe \IJIeBOAOPO/IbI,
HanpuMmep O0€H301 H UHUKJIONEeHTA1HeHIVIbHBIN pamukaa H
T. 1., 6oJee HJII MeHee yacTo BCTPEUaloTCst B COEIHHEeHHsIX
C HecDapeHHbIMH 3jekTpoHaMu. (AuernieH u osjeduHbI,
NO-BHAMMOMY, CXOKH C OKHMCbIO yIJepoja, O11aKo HeT 10-
CTATOUYHBLIX OCHOBAHH{l ObITH VBEDEHHbIM, UTO COeAMHEHUS
C HecmapeHHbIMIl 3JeKTPOHAMH SBJIAIOTCS B 3THX CJydasx
HeoObIUHbIMH.)

[lekcakapbonn1t xpoma Cr(CO)s fBIAETCS THMHUYHBIM
Kap6ouujaom rpynnel 6A. Bel10 nokazaHo, 4To OH KMMeeT
NpaBHJAbHYIO OKTA3JPHYECKVIO CTPYKTVPY, KakK U CJef0BaJo
0)KHJaTh, HCXOAsl NMOYTH 13 J11060i Teopuu. ITO yCcTOHUH-
Boe, OeclBeTHOe, TBepjOe BeLIeCTBO. €ro Mnepmas MNoJoca
MOTJIOLLeHHST HAXOAHTCA B YabTpaduoaeroBeil 06.aacTH.
Ero snaekTpoHHas CTPYKTYpa, OUYeBHAHO, OCHOBaHa Ha KOH-
durypauuu aroma meradaa (fy.)% U CBA3M MeTasT — yr-
Jgepon o6pa3yioTca 3a cuet opOUT d(eg), S H p (oObluHas
d?sp3-rubpunusauus). KoHeyHo, mpouecchl nepeHoca 3aps-
Jla, KOTOpble Mbl Ve 06CyXK/Ja.1H Bbllle, HECKO.IbKO H3Me-
HSIIOT 3JIEKTPOHHVIO CTPYKTYPYV.

Oco6eHHO HHTepecHbIM SABJASETCS OTCYTCTBHE BO30YXK-
JIEHHBIX COCTOSIHHIT NpH HH3KHX IHEepPrHsiX; 3TO MOKAa3bIBAET,
UTO paccTOsiHHe MeXKAV 3aHATBIMU f,-OpOHTAMM M NYCThI-
MH eg-0pOMTaMH MCTaJ 7da 3HAUYHTEJbHO O0OJbllUe, yeM, Ha-
npumep, v coeaunennit Cr(lll) n Co(Ill). Ito Bpsix sun
00yCJIOBJEHO TO.1bKO G-CBA3SIMH, MOCKO.IbKY paclieneHue
A 1pu HaJu4yHH o-CBA3ell CHJIbHO YyMeHbLIAeTCA MPH IOHH-
JKEHHH CTeleHH OKHCJIeHHsi MeTaJsaa H NpH yMelbLieHHU
JIOHOPHOH cMocoGHOCTIt HraHa10B. [1o3ToMY Mbl TOJIKHBI
NpeanoaoX)uTb, 4To o6Gpa3oBaHHe [BOHHLIX cBs3edl (Kak
HEMOCPEeJCTBEHHO, TAK H uepe3 VIpOuHeHHEe o-CBA3el) mpH-
BOMMUT K CHHXEHHIO OpOUTHI fsg NO KpaliHell mMepe Ha 2 98
(46 kkaa), a, BO3MONKHO, gaxke 1 OoJblUe.

Kap6ouua nukeas, Ni(CO),4, HyeeT nNpaBHIbHYIO TeTpa-
3APHUECKYIO CTPYKTYpPY. B OCHOBe ero 3.1eKTPOHHOH CTpyK-
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TYpHl JIEXKHT KOH(HUrypaluss atoma Mera/na d!% cBsizau-
HOTO C 4YeTbIpbMsi 3KBHBAJEHTHBIMH MOJEKYyJaMH OKHCH
yriaepona npu NMOMOIUHM OpOUT 48 WU 4p (ruOpHAHBIE CBSI3H
sp3). Fe(CO)s npeacraBaser ocoObifi uHtepec. Teoperuye-
cKue coobparKeHHst He Nal0T BO3MOXKHOCTH NPUIUCATb 3TOMY
COeNIMHEHHIO OJHY H3 JABYX BO3MOXKHBIX CTPYKTYp — TPHIO-
HaJbHYl0 OMNHPAMHAY HJIM TETpParoHaJbHYI NHpPaMHIY.
Peanusyercss kak 6yaTo Obl mepBasi CTPYKTypa, H, CJaelo0-
BATeJbHO, Mbl JOJIAKHBI NMPEANOJOKHThL, UTO BOCEMb d-3JieK-
TPOHOB 3aHHUMAIOT OPOUTHl dyy, drr—ye, dy: M dy:, OCTABJAS
d-op6UTY MNycTOH M AOCTYMHOH 1158 06pa3oBaHHsA CBSA3H.
B o6pasoBaHuu nsTH cBA3elt yyacTBYIOT OpOUTHI dz2, S H P.

MapraHen u kKo6anbT He MOryT oGpasOBbLIBATb OIHO-
silepHble KapOOHHJbl CO BCEMH CIIAPEHHBbIMH 3JIEKTPOHAMH,
NOCKOJIbKY OHM HMeIOT HeyeTHOe YHCJIO 3J1eKTpoHOB. [list
HUX HM3BeCTHbl pa3HooOpa3Hble ORNHOSIAEPHble MPOH3BOAHBIE
KapOOHUJIOB, KOTOpbie JIst JOCTHXKEHHUS 3JEeKTPOHHOH KOH-
¢urypauuud uHepTHOro rasa npuobperalor H06aBOUHKIA
3JEKTPOH TeM HJH HHBIM nyTeM. [IpocTefilliuM BO3MOXKHBIM
Npou3BOAHBIM Takoro tuna ssasiercs HoH [Co(CO) 4,
u303aekTpoHHblil ¢ Ni(CO)y M uMeloUH, Mo-BHAMMOMY,
TETpasApHUYECKYI0 CTPYKTYpYy. To e 4YMCIO 3JeKTPOHOB
uMeer ruapui kapbonuna koGanbra Co(CO).H, kortophiit
sIBJsieTCsl BecbMa YCTOHUMBBIM coequHeHHeM. TpeTbUM Xo-
powo H3BecTHbIM npousBoaHbIM siBasercs Co(CO);NO,
Yy KOTOpOro MOOABOYHBHIH 3JEKTPOH MOSABJASETCS B pe3yJb-
TaTe 3aMellleHHsi OJHOH M3 MOJEKYyJ OKHCH yrjepoja Ha
OKHCb a30Ta.

STH TpU NyTH npuobpeTeHusi NOOABOUHBIX 3JIEKTPOHOB
SIBASIIOTCST BecbMa oOwWuMH. Tak, H3BECTHO CcOelHHeHUe
H,Fe(CO)4, nonnl [Fe(CO)4H]- u [Fe(CO)4* u coeaune-
nue Fe(CO)2(NO)s, coOTBeTCTBYIOLIME OAHOSIAEPHOMY
kapGouuany Fe(CO)s;, a Takke pa3HooOpasHble CMelUaHHbIe
UMKJIONEHTaIMeHHJHUTPO3HIKAPOOHUILl NMEPEXOAHBIX  Me-
TaJJOB, HMeIOUIHe 3JeKTPOHHYI0 KOHGUTYypaUHIO HHEpT-
HOro rasa.

B TO BpeMs Kak NMpHHUHIbI, ONpeAesiOllHe CTPYKTYpPY
OQHOSIAEPHBIX KapOOHU/IOB, OYeHb NPOCTHI, (haKTOpbl, Ompe-
nensiolie CTPYKTYPY MHOTOsIEPHBIX COelHHEeHHH, OCTaloT-
Csl HesiICHBIMH. }I3BeCcTHBIMH IBVXbAJIEPHbIMH KapGoHH/A-
MM nepBoro mnepexoiHoro psga sBasioTcs  Coy(CO)s,

1=
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Fe;(CO)s u Mny(CO)jo. MX cTpyKTYpbl MCCAENOBaHb H
npuBeaeHbl Ha puc. 50. B mepBhIX ABYX COeIMHEHHSX aTO-
Mbl MeTajaa COedMHEHbl MOCTMKOBBIMH KapGOHHJbHbIMH
rpynnamMi, a y TOC/JeJHero OCYIIeCTB/sIeTCsl Hemocpenl-
CTBEHHAsl CBSI3b MeXJAy aToMaMH MeTaJja. denanuch no-
NBITKH OOBSCHUTb Pas3jiHyHe MeXIy 3THMH CTPYKTypaMH Ha
OCHOBAHHM TEOPETHYECKHX 3HAUEHHI 3HEPTHH CBSA3H WU MPO-
MOTHPOBAHHS, OHAKO COBPEMEHHOE COCTOsSIHHE TEOpPHH BCE

0
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Puc. 50. CtpykTypsl:
a— F92 (CO)Q; 60— Co2 (CO)B; 8 — MnéCO)m.

JKe OCTAeTCs HeyJOBJIETBOPHTENbHBIM: OHa He HMeeT mpe-
cKasaTeJbHOH CHJIbl. Mbl J0JKHB ObiTh YIOBJETBOPEHHI,
€cJM HaM yaacTess pa3yMHO OOBSICHHTb HEKOTOpble H3
CBOHCTB NPOCTEHIINKX COeAMHEHUH C y2Ke U3BECTHbIMH CTPYK-
TypaMmH.

Oo6bluHo npeanoaaratwt, 4yto y Fey(CO)g Kammass KOH-
LeBasi MOJeKyJa OKHCH yriaepojaa MOCTaBJ/sieT COeIHHEH-
HOMY C Hell aToMy MeTajsa ABa 3JEKTPOHAa, a Kaxaas
MOCTHKOBAsi MOJIeKYyJa MpefoCTaBJsieT 10 OJHOMY 3JeK-
TPOHY KaxXAOMY aToMy MertaJjJga. TakuM o6pasoM, KakAbli
aToM JKeJse3a MpPHHHMAaeT OT JHUIAaHAOB AeBSIThb 3/JeKTPOHOB,
YTO BMeCTe C €ero COOCTBEHHBIMH BOCEMbIO 3J€KTPOHAMU
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cocTaBasieT 17 3jekTpoHOB. IlocKOMbKY MOJEKYJda guamar-
HUTHA, TO MPEeNo.Jaraercs, YTO «HeuyeTHbIe» 3JEKTPOHbI Ha
o60MX aToMax Kesae3a CNapHBalOTCsg, 00pa3ys KOBAJIeHT-
HYIO CBSI3b METajJd — MeTaJ/l1. DTO COrJIACYeTCsl ¢ KOPOTKHM
paccrosnuem Fe—Fe, yCTaHOBJEHHbIM MpPH peHTreHorpa-
(buyeckoM Hccaea0BaHUH CTPYKTYPhl Fep (CO)y.

Mpl MoXKeM MOAOHTH K paccmMaTpuBaemMol npobaeme u
C TOUKH 3peHUs TeOpHH MoJsd JAuraHaoB. Mbl 3ameyaem, uTo
OKpY»KeHHe KaKAOro aTroMa MeTaana NpHOIH3HTENBHO
OKTa3apuyeckoe, a MO3TOMY BIIOJTHE eCTeCTBEHHO MpPearnoJo-
XHTb, 4TO B 06pa30BaHUH LIECTH o-CcBA3el ¢ Mosieky.1amu CO
HCMOAb3YI0TCsl OpOGUTHl de, (BMecTe ¢ opbutamu 4s u 4p).
Ecan Mmbl npeanooxkum, utc modekynasl CO nocraBasior
B 1eJOM 18 3.1eKTPOHOB, TO KaK/blH aTOM Kejge3a MOJy-
yaeT 9 M 10/’KeH BHECTH g8 oOpa3oBaHHsl LIECTH o-CBsidel
eute 3 asektpoHa. OcTagabHble 5 3J€KTPOHOB KaMXKAOrO
aToMa JKeje3a pasMelleHbl HAa OCTaBIUMXCS Tpex d-opOuTax,
KOTOpble MOXHO CONOCTaBHTb ¢ OPOUTAMH £y B OKTa3apH-
YeCKUX KOMILIeKcax.

PaccmoTpum Tenepb OpGUTHI 34, MPUHSIB OCb TPETHETO
nopsiika oxKraszapa 3a ocb 2. Ilpu 3tom onuoil u3 opGuT
;o okasbiBaercst opOuTa dzz, a ABe ApPVIHE MPEACTABJSIOT
co6OH 3KBHBajJeHTHble KOMOHMHAUUK OpPOUT dy,, dy:, dyy 1
d,:_y. EcTecTBeHHO, OHH SIBJSIIOTCS B TOYHOCTH TaKHMH
Ke opbuTaMH, KaK H H3BeCTHble HaM OPOUTHI dyy, dy: U
dy,, HO OHHM NPUHUMAIOT Apyrue (GOPMBbI, YeM B TOM C.JIyuae,
KOrJa 3a OCb 2 NMPHHATA OChb yeTBepTOro nopsiaxka (ra. 10).
Ecan Mbl paccMoTpuMm B3auMmoneiicTBHMe OpOHT IBYX aTo-
MOB 2KeJjie3a, TO CTaHeT $iCHO, UTO OpOuTHl dx» CHIABHO mepe-
KPBLIBAIOTCS, & Apyrie opOHTHI MePeKphiBAIOTCS 3HAUHTE/b-
Ho ciaabee. TakuMm o6pa3oM, Mbl MosyuaeMm CXeMy YpOBHeil
SHEpruM, M300paKeHHYI0 cxemaTHueckd Ha puc. 31. [pex-
moJiaraercsi, uYTo CBs3biBalollas KoMmOuHanus opbut d.,
3amoJiHeHa, a paspbiXJadolias — nycras, 4to OObsCHseT
IMaMarHeTH3M H CBsI3b MeEXAy aToMaMH MeTa.ljal

Takoit nogxox NMPHBOAMT K VICBJIETBOPHTENbHOMY OOb-
sicuennto cBofictB Fey(CO)g, u anagdoruuynbiM o6pa3oM Mo-
et ObITb paccMmoTrpeHa Ttakixe moaeky.1a Co,(CO)s. Ho
He cJelyeT AyMaTh, YTO npob.JeMa pellleHa OKOHUATeJbHO.
B ayuwewm cayuyae 3TO naeT JIHlIb OueHb rpyboe onucauue
3/6KTPOHHOM CTPYKTYPbl; BO3MOXKHO, UTO OHO JAa)ke He
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BEePHO M Kak npubJauxennoe. unamaruetrusam Fey(CO)g ne
Tpebyer Haauuus npouHoil cBs3u Fe—Fe, a moxer OhITb
COrJIacoBaH H C OTHOCHTEJBHO CJ1alhiM B3auMojelicTBHEM
HeCTapeHHbIX CHMHOB, KOTOPOE MOXKET OCYIIECTBHTbCH He
HEINOCPEe/ICTBEHHO, a, HAaNpHUMep, uepe3 KapOOHHUJbHble MO-
ctukd, TouHO TakK Ke KOpOoTKoe paccTosiiHe Fe — Fe,
AIBJIsSISICb UHTEpPECHBIM (DAKTOM, MOUTH HUYEro He JdaeT 4.9
NOHUMAHHUA  JEKTPOHHOH
CTPYKTYPBI, TMOCKOJBKY Y
HaC HeT CXOAHBIX COefH-
HeHHA 1/  CpDaBHEHHS.
e,( )"’i TakuMm o06pa3oMm, Mbl He
MOXeM MOJHOCTBIO HCKJI0-
UHTb BO3MOXKHOCTb KaKOIO-
Jau60 HHOTO pacnpeiesne-
HUSl 3JeKTPOHOB Ha MoJe-
KyJ/JsiDHBIX OpOHTaXx.
OnucaHue  CTPYKTYpPhI
Mny(CO)jp  oka3sbiBaercs

Paspuixasioulas d,.

3 X X X X CPaBHUTEJIBHO MPOCTHIM,

tZg i,dp‘yaue tzg-opéumb, tZg Kaxnas MoJeKy.1a CO,
——— OUEeBHAHO, [OCTaB/sIET [1Ba
3/JeKTpPOHa, TakK 4TO TPyn-

ne Mn(CO)s Tpebyercd

Cosizvisarowas d,: TOJILKO OIHH 3JeKTPOH AJs

XX MOCTPOEHHS 060/104KH

HHEepTHOTO  rasa.  3T0T
3/J€eKTPOH  MOsiBJAsieTCs B
Puc. 51. Onepruu fyg-opbur u  pesynbrate 06pa3oBaHus
pacmpejeleHne  «fy»-3J1E€KTPOHOB HEHOCpelICTBEHHOﬁ " CBSI3H
8 Fe (CO)s. Mn — Mn.

[Ipn wu3yueHHU CTPyK-
Typ KapOOHUIOB MeTOAAMM HHOPAKPACHOH CHEKTPOCKOIHH
OyeHb NO0.J1e3HBIM O0Ka3aJcs TOT 3SMMHPHuUECKuil (akT, 4To
MOCTHKOBble TpPYNMbl HMEIOT 3HAYHTEJIbHO G60Jee HHU3KHE
yacTOThl Ba.1eHTHbIX KoJeGaHuii CO, yeM KOHLeBble TPyl
O6bsicHeHHe 3TOro fBJEHHS C TOYKH 3PEHHs 3.1€KTPOHHOM
CTPYKTYpPbl NoKa He sicHO. Bo3amoxkHO, uTo 3TO 0OBsICHSIETCS
NPOCTO TOHHIXKEHHEM CTeleHH [BOECBSI3HOCTH B TeX CJay-
uasx, Korga Mojekyna CO coexuHsiercss ¢ JAByMsi aTOMaMH
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metaaaa. Ho He uck.aioueno, uto m-op6uTH Modekyas CO
yuacTBYIOT B 06pa30BaHHH CBA3eH KaKHM-TO HHBIM 00pa3oM.

AJKHA- ¥ apHIM30LHAHHABI H303.J1eKTPOHHB C OKHChIO
yr.leposa W oBGpasyloT COBEpIIEHHO aHaJorHyiible COedHHe-
HHS ¢ MeTaJlaMH, BK.I1IO4aiollie CBSI3M MeTa.l.l-—— yrJaepoi.
Huauua-uon takxe nzosiexktporcH ¢ CO u Moxker obpa-
30BbIBaTh TaKHe ke cBf3d. Ho Taxk kak oH yxKe oTpHlia-
TEJIbHO 3apsi:KeH, TO sABJfeTcs ropas3ilo Gogee caadbiM
akuentopoM 3JeKTpoHoB. C.le10BaTeqbHO, A5 HEro NOJdK-
Hbl ObITh 00Jiee XapaKTepHbl COeiiHeHHs C HOHAMH MeTaJ-
JIOB B HECKOJbKO (0.1€e BbICOKHX CTeMeHsX OKHCAeHus
(2 u 3), XOTS 13BECTHO HECKOJAbKO IIHAHHIOB OJHO- H
HY/JbBAJEHTHBIX META.l10B.

4. ®OCOHHOBBIE IMPOI3BOIHBIE METAJIJIOB

CgoficTBa (OCHHHOB Kak JIHFAHAOB OueHb OTJIHYAIOTCS
OT CBOHCTB OKHCH \yTiepoia H n3ounaninzos. Pocohuusl
HMeIOT KakK NycTble aKLeNnTopHble OpOHTHI Adsl T-3JEKTpPO-
HOB, a HMeHHO 3d-OopOHTHI, TaK M Napy 3.71€KTPOHOB, CMO-
coOHY10 00pa30oBbIBaTh NpOUHble o-CBA3H. Takum ob6pasom,
¢ochHHBl SBJISIIOTCS BecbMa CHJIBHBIMH OCHOBAHHSIMH H B
HEKOTOPOM CMBbIcJe coyeTalT B cebe CBOiicTBa rpynn, 06-
pasyolHuX NPOYHbIE J1OHOPHbIE 5-CBA3H, TAKIX, KaK aMHHbI,
CO CBOHCTBAMH AaKLENTOPOB T-3J€KTPOHOB, KaK OKHCb
yraepona. [loatomy dochunbl ABASIOTCA OueHb HHTepec-
HBIMH JIMTFaHJaMH, CHOCOOHbIMH  CTabWaH3HpPOBATb  Kak
BbICIUHE, TaK W HH3LIlie CTeMeHH OKMUCJIEHHS TNepeXOaHbiX
MeTaJlJIoB.

Cam ¢ocoun obpasyeT KOOpAHHALHOHHBIE CO€IMHEHMNA
He oyeHb Jerko. HecomHenno, ato B Kakoii-to Mepe 00bsc-
HsieTcs 0O0JIbLIOH TNOJABHKHOCTBIO aTOMOB BOAOPOJA, KOTO-
pasi NPUBOAHUT K Pa3HoOOpa3HbiM BTOPHYHBIM H3MEHEHHSM,
HEBO3MOMKHBIM B aJKil1- 1M1 B apu1¢pOoc(hHHOBBIX COeIHHe-
HHAX. MoXKHO yKa3aTb TakXe Ha CYLleCTBeHHOe pas.uuue
B OCHOBHOCTH 3aMeLIeHHbIX M He3aMelleHHbIX (OCHHHOB,
CBSI3aHHOE, BEPOATHO, C pas3JHuMeM B Ba.1eHTHbIX yraax
¢ BBITEKAIOLIHM OTCl0Ia pa3.iHuleM B rMOPHIH3aUHH C He-
noxenenkoil napoit. B ¢ocdine yron H—P—H aunwe cnerxa
npesbimaer 90°, a nosroamy TpebyeTcs 10BOIBHO MHOTO 3Hep-
HH 1718 Takoil MePecTpoiKH MOJEKY/bl, YTOOb OHa MoOr.Ja
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o6pa30BbiBaTh yeTbipe Oojlee HJAM MeHee 3KBHBA.leHTHble
CBS3H, COCTaBJAOLIMe APYr C JAPYyroM TeTpasApHueckue
yrael. ¥ adakuagoconnos yrol C—P—C 6.1aroxaps crepH-
YecKOMY OTTa.JIKHBaHUIO Go.lblUe, Cle10BaTebHO, A5 nepe-
CTPOHKH MO.1eKY. bl TPeOYeTCA MeHbLUe SHePTHH.

TaGaaya 19

HekoTopbie THNHYHble NMPOM3BOjJHbIE HYJbBaleHTHbIX
MeTa08B, coaepmaiie GocdiHbl

Meraaa Coce utHeHHs
Ni . Ni(PCly),, Ni(CO), (anxkuadocditu),
Pd Pd (PR;)s
Pt Pt (PPhy),, Pt (PPhy),
Cr, Mo, W | M(CO), (PR3)s—, n 00blutio He mpesbiuiaer 3

B tab6a. 19 npuBeseno HCCKOILKO THIHUHBLIX ocdiino-
BLIX MPOH3BOAHBIX MeTa.1/10B B HH3LIUX CTENEHsIX OKHC.Ie-
HHus. OcoOeHHO XOpowlMil JAHTdHLAMH ABJSIOTCS  Ol/eH-
TaTHbie AHGOChHHBI, KOTOpble 00pa3yloT HeoObIuaHHO YCTOM-
uynBble cceauietinst. Kak bl VBHAHM, BO MHOTHX CaydasX
OKHCb VrJaepoga MozkeT ObITL 3aMelleHa (OCHHHOM, UTO
NPUBOAUT K 00pPA30Balli0 COeIANHEHH HY.IbBAJCHTHOIC
MeTaJsad.

Wutepecno, uto vogaexy.asl PXs, r1e X —rajgores, Koop-
OUHHPYIOTCA € HYJIbBAJCHTHBIMK MeTaJlaMM Jerue, uyeM
aakuadocouubl.  [lo-Buanmonmy, A48 TOro 4YTOObl  MOTIH
06pa3oBaTbCsl HY 1bBAIEHTHbIE KOMILIEKCHI, JHIaH1 10.14KeH
HMeTb HeOOLIYHO YCTOIUHBYIO MVCTVIO aKIenTtopHyw 3d.-
op6uty. Bousitie 31€KTpooTpHLATE TLHOCTH aTOMOB raJore-
na, HanpuMep B PF;, BbizbiBaloulee oc1adaenne JA0OHOPHBIX
CBOHCTB Hemnoje/1eHHOl mapbl Ha ¢ocdope (uTo T0.1bKO Orpa-
HHUMBAET CMOCOOHOCTH .1Hraiila K KOOPAMHAUWHH), MeHee
BAXKHO, UeM BJHAHHC 3J1eKTPOOTPHUATE1bHOCTH, BhI3bIBalO-
uiee yBedHueHie CPOIACTBA MVCTHIX d_-OPOHT K 3.J1€KTPOHY.
[Tostomy PF; o0pasyer 0octee yCTOHUHBbIE KOMMIEKCDI, YeM
P (CHj)s.
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9. PEHAHTPOJIHMH W POJACTBEHHbIE JIMTAH/IbI

Taxkne surauabl, Kak (PeHAHTPOJHH H a, a-IHIHPUILHI,
B HEKOTOPbIX OTHOLIEHHSIX HAMOMHHAIOT JMTaHIbl, PaccMo-
Tpentble Bbitie. OHY 00pa3yiOT KOMILIEKCh, O YCTOHUMBO-
CTH CpaBHHMble C KOMIJEKCAMH STHJEHIMaMHHA C HOHAMHU
nepexoJHbIX MeTa]1.10B B HX HOPMaJbHBIX CTeleHsX OKHC-
aenusi. OgHakKo B OT.MUYME OT HACBILLEHHBIX AaMHHOB OHH
06pasyloT Takzke KOMIIJEKChl ¢ MeTaaJaMH B HU3LIHX cTe-
neusix oxkucaenns [2], skawouas Tit, Ti0, V2, V+ VO V-,
Cr2+, Cr*, Cr® u Cot.

Y CTOHUHBOCTL 3THX COEIMHEHHH HeCOMHeHHO 00ycJ/IoBJIe-
Ha odpasoBaliueM CBsideH, NMPH KOTOPBIX 3JEKTPOHbLI Mepe-
HOCATCSt € c-opOUTHl atoMoB N Ha nyctele d(eg)-, S- U p-op-
OuThl MeTadana, H ¢ d{fy,)-opOUT MeTassa Ha NYCTble T-MO-
JIeK\. IsipHble OpOUTBHl COMPSIXKEHHOro aMuHa.

Bce ¢eHaHTPOJIHHOBBIE TPOM3BOJAHbIE SIBJSIOTCS HH3KO-
CMHHOBBIMH. ITO Heab3s Obl10 Obl OOBACHHTH TOJBKO 00-
pa3oBaHUEM o-CBsA3eil, MOTOMY 4TO, KaK Yy»Ke H3BECTHO, B
3TOM c’ydae moJde JHranfos O6blCTPO BO3PactaeT C I[OBbI-
eHiieM creneHn okhc/aeHus. [1oCKOJABKY (eHaHTPOJHUH He
cmocoOCTBYyeT cnapuBaHuto crnuHoB Yy [Mn(phen)s]**, on
TakXKe BPsiA JM BbI30BeT cnapuBaHue u y [V (phen);)°. O6pa-
30Batie m-cBs3eii obJjeryaer cnapHBaHHe CIHHOB OTYACTH
3a cuerT 1enocpeacTBEHHOrO YyBesaudeliuss A, a YacTHUHO 3a
cuer JeJ0KaaH3auud d-37eKTPOHOB, OJarofapsi yMeHblie-
HUIO OOMEHHOH 3Hepruu, Kotopas OsaronpustTcTayer obpa-
30BAHHIO BBICOKOCIIIHOBOI'O COCTOSTHHUS.

Ha s/1eKkTpoHHO-aKLenTopHble CBoiicTBa (DEHAHTPOJHHA
VKa3blBAIOT TakxKe 00JblUue JIHHLI BOJH M0JOC NMepeHoca
3apsiga, HabgaionaemMble BO MHOMMX ero komnJgekcax. Tak,
HanpuMep, MHTEHCHBHOE IOr.JouieHue B BUOHUMOH o00.JacTu
y [Fe(phen);}** u y [Cu(phen),]* cBfizaHo ¢ npoueccamu
nepeHoca 3apsiia. AKLeNTopHble CBOMCTBA 3THUX aMHHOB,
KaK 3TO CJeAVyeT M3 HX CINEKTPOB MnepeHoca 3apsjad, cpas-
HHTEJIbHO MaJ0 3aBHCAT OT HAJIMUU apOMaTHUYECKHX KO-
Jel, a ONpelesslOTCH CKOpee HaJHYHeM 4YeTblpeXaTOMHOMN
CONPSI’KEHHOIl CHCTEMBI

HN=CH—-CH=NH.
Tax, auumuHOBble Kommiekchl [Fe(RNCHCHNR);P** Bo
MHOTHX OTHOLUEHHfX OYeHb MOXOXKH Ha Jyulle H3y4YeHHble
KOMII.1eKChl ¢ (peHaHTPOTHHOM [3].
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6. OKMCb A30TA, KUCJOPOA M POJICTBEHHBIE
JIMTAHObI

OkHch a30Ta W KHCJAOPOA SIBJSIIOTCS VHHKAIbHBIMH M-
ranjaMu BCJIeICTBHe TOrO, YTO OHHM COJep:KaT HecrmapeHHble
3]1eKTpoHbl. MX 371eKTpPOHHble CTPYKTYpbI MOJYUalOTCA U3
CTPYKTYPBI OKHCH yrjepoaa Ro6aBjeHHeM OAHOTO H COOT-
BETCTBEHHO ABYX /OMOJHHUTEJNbHBIX 3J€KTPOHOB HAa pa3pblX-
SiSOUYI0 T-opO6UTY. HamoMHHM, 4TO MMEHHO 3TH pa3pbliX-
Jaqioliue  w-0pOHTBI  B3aUMOAEHCTBYIOT C  [Iyg-opOHTaMH
MeTaJsa, o6pa3ys ABOWHBIE CBA3M B KapOOHHJaxX MeTatl/0B.
CrnefoBarteibHO, OKTa3APHUYECKHI HH3KOCITHHOBbLIH KOMIIJICKC
C OZHOH MOJIEKYJIOH OKHCH a30Ta MOZKET UMEeTb JIeKTPOHHYIO
KOH(UTVPaLUHI0O «<MHEePTHOro ra3a», eciiu ¢ opoMT fyy MeTamIa
Oyaer yaaJjeH ofuH 3JEKTPOH, H T. A.

ITH paccyXK/JeHHUst He CBS3aHbl C MepexOp0M 3JIeKTpo-
HOB C OKHCH asoTa Ha Meraaa uian od6patHo. OHH BbiTe-
KaloT MNPOCTO H3 CHMMETPHUH paccMaTpiBaeMbiX OpOHT.
B xomniekcax HH3KOBAJIEHTHBIX MeTaJ 0B <«CllapHBaHHe
CMHHOBY» 3/JEKTPOHOB MeTagasaa M JIMraHl1a CONpPOBOXKIaeTcs
MepeHocoM 3apsija C JMraHia Ha MeTa.ll, a B KOMILleKcax
MeTa1J0B B 0ojce BBICOKHX CTeNeHAX OKWUCJEHHS Mnepenoc
MOXKET TNPOHCXOAHTb B I[POTHBOMOJIOXKHOM Hamnpab./eHIH.
Taxum o6pa3om, BOMPOC O TOM, JO/DKHBlL 1M Mbl paccMma-
TPHBATb OKHCb a30Ta B KOMIL1€KCaX MeTal’l10B, KaK HaXois-
wytocst B Buae NO*, NO, NO-, uiu gaxe B BHIe CMeCH
3THX dopM, aBIdeTcss CYry6o KO.HUECTBEHHBIM BONPOCOM,
KOTOPBIH JAOJKEH pelaTbCsi OTAeIbHO A8 Ka)KAoi MoJe-
KY. 1Bl

Jlo cux mop Mbl nmpeanoJgaradu, uTo OKHCb a3oTa Koop-
JHHUpOBaHa ¢ MeraJsdom auneiino, kak 1 CO. dto Gesyc-
JOBIO Tak B cJyuyae WHKJONEHTaAHeHHIbHbIX COelHHEHHH

(}—Ni(NO)

(r1. 10), Ho HecmpaBeaduBo B odulem cayvuae. Mwmeiotes
ykasanus [4], uto HexkoTopble mnpousBoanbie CoZ* HyewT
clejyiollee NPOCTPAHCTBEHHOE PACIOIOKeHHe:
O
N/

|
Co
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310 Kak 6bl KOMIPOMHCC MeEXAY CTPYKTVPOH THUMHY-
HOro Kap6oHMJa MeTasasaa H CTPYKTYpOH THIHUYHOIO oJje-
(hUHOBOrO MM alleTHJIEHOBOTO KoMmimiekca (ra. 10).

Komnaekcol ¢ Op MeHee IOHSITHBI, XOTsl OHH MHOTO H3y-
Yya/uch, BBHAY UX 3HAUEHHUA s pelleHHss OHOJOrHYeCKHX
BONPOCOB.

Tabruya 20

HEKOTopble KHCJaOopoAcoAepXKalHe KOMIIEKChI

Hon CooTHOw eHHE c .
MeTanna metana — O, ocaHHeHns

Fe2+ 1:1 OkcureMorao6uH, OKCHMHOTA06HH

Kncnoponsble aiiyKThl NPOH3BOIHBIX HMHI-
aszoadepponopdipuHa

Kncaoponusiit agiyKT OKCHMHBIX MPOHM3BOJL-
Hblx Fe?+

3:1(?) pHTPOKPYOPHH

Co?+ 2:1 MHorouncaeHHble aMHHO- H JpYyriie Ipous-
BOAHBIE, HAmpHMep
(NHy); Co2+—0,—Co?+ (NH,),

Cod+ 2:1 Buramun B, (?)

Niz+ 2:1 Tax HaspiBaeMble MpPOH3BOIHbIE YETHIPEXBa-
JEHTHOrO HHKeas (?)

Cu* 2:1 OKCHreMOLHaHUH H PA3/HYHbIE «OKHCAEHHbIE»
9H3HUMBI MEJH

B ra6.. 20 npuBemenbl OCHOBHbIE THMBI paccMaTpHBae-
MBIX KOMMJIEKCOB. CTPYKTypbl OJHOSIZEPHBIX NPOU3BOMHBIX
HEeM3BECTHbl, HO OHH MOTYT ObiTb, HampUMep, TAKHMH:

0o
M—0—0 0 M—07
I M— | 11
o)

II

[TpoBeaenHoe HelaBHO oueHb HHTepecHoe HCCJeA0Ba-
HHe CNeKTPa MNapamMarHHTHOrO pe3oHaHca KOMIIEKCHOrO
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wona [(NHj3);Co02Co(NH;)5*, KoTOpblii MOxHO mno.y-
yuth okucaenneM [(NHsz);CoO,Co(NH;)5]4*, nokasano, uto
MJIOTHOCTb HeclapeHHbIX 3JeKTPOHOB Ha 060HX siapax Ko-
GaabrTa oauHakoBa [d] (Tak ke Kak M HeU3BECTHas paHee
CNHUHOBAsA MJOTHOCTh Ha Modaekyade Op). ITo nepBoe ompe-
fie/leHHOe 0KA3aTeldbCTBO «PE30HAHCHOr0» BbIpABHHBAHHS
cTeneHell OKHC/JEHHs MeTasJ 0B B COEJHHEHHH CO CMellaH-
HOIl CTeneHbld OKHCJAEHHS. (TaKOC coegHHeHHe MOXKHO C
TeM JKe MPaBOM paccMaTpuUBaTh Kak Npon3BojaHoe nona Oy,

HO CO 3HAYHTE/JbHOI JejoKa.Ju3auueil 3JeKTpoHOB.) PeHT-
TeHOCTPYKTYPHble HCCJeJ0BaHIs I[0Ka3blBAKOT, UTO MOJe-
KyJ/ja KHCJ10pOJa CBfI3aHa C aTOMaMH MeTaJla Tak, Kak 3TO
MpeacTaBjgeHo Ha pHC. 2.

""’\\CO/ BN
NH3/ \\NH3 NHs// O\NH

NHj

Puc. 52. Pacnosoxenue aToMOB MeTaina M KiCJAOPOJa B HOHe
[(NHj3)s CoO,Co (NH3)s)>™ (uacTHoe coobuien:e Ebbsworth) *.

HaGatonaercs uHTepecHasi, HO He BIIOJIHE SICHasl aHaJO-
rHs MeXAY KOMIJIEKCaMU C OKHCbIO a30Ta M AHa30HHEBLIMH
kommiaekcaMu. Kartuon auasonuss CgH;—N=N* no s.iek-
TPOHHOH CTPyKType oueHb 6.1130K K HOHY NO*, u popmadib-
HO B TaKOM Ke OTHOLUEHHH MexX 1y coO0l HaXoAATCs pafuKa.l
Cs¢Hs—N=N (runorernueckuit) u NO. Takum obpasom,
HEYCTOIUHBbIE MPOMEXKYTOUHble NPOAYKTbl B HEKOTOPBIX AH-
a3oHMeBbIX peakuusx, Hanpumep CsHs—No—CuCl, u 1. 11,
oyeHb O.M3KH K H3BeCTHbIM KoMmiekcay ¢ NO.

¥ MeloTea Gogee Mo3iMie daHHble 0 10M, uto rpynna O—O pac-
MoJ10XKE€Ha TNepNeHAUKYJIAPHO JHHHH, MpOXOoJslled uepe3 ABa aToMa
Co. — [Ipum. peo.
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7. KOHOUTYPALIUA UHEPTHOTO ['A3A

CoctaB noutH Bcex KapOOHHJIOB MeTalJ0B M UX NPOU3-
BOAHLIX TAKOB, YTO €CJIH MOJeKY.Ibl OKHCH yI/Je[oda M[o-
CTABJISIIOT Ha BaJieHTIible OpPOHTBHI MO ABa 3JeKTpPOHa, BO-
KPYr aTOMOB MeTaJJsa HaxXOAHTCA [0 BOCEMHAJLATH 3ieK-
TpoHoB. HauboJjee ycToliuuBble apoMaTHUECKHE KOMIJIEKCH
merasanoB (ra. 10) Toxe MMEIOT MO BOCEMHAJLATb BaJeHT-
Hbix  3JjektpoHoB, Hanpumep Cr(CeHg)e, Fe(CsHs)e,
{Co(CsHs) ) u [(CsH7) Mo (CO),Jt. Onnako u3 npaBugaa o
TOM, UTO HauboJee YCTOHUMBblE COeJHHEHHUS MNepPexoaHbIX
MeTaJJIOB MMEIOT YHUCJIO0 3JeKTPOHOB, COOTBETCTBYIOLIee
CTPYKTYypPe HHEPTHOrO rasa, UMeITCS MHOTOYHCJEHHble HC-
KJIIOUEHHsl, HampuMep TMJAOCKHe KOMMIekcsl Pd# u Pt
uan dochuHoBble npousBoaHble Pd® ¢ Tpems KoopauHHpO-
BaHHBIMH JHTAHAaMH C LIeCTHAAUATblO  3/JeKTPOHAaMH.
Kpome Toro, npaBu/io KOHGHTYpaUHH HHEPTHOro rasa
HEPUMEHUMO K 3JieMeHTaM B BbICIUHX CTEMNeHsIX OKHC-
JIeHUS.

B Hacrosilllee BpeMs HET KOJIMYECTBEHHOIO TeopeTHue-
CKOTO OObSICHEHHS npaBuja KOHPUrypauuH HHEPTHOTO rasa.
B Jayuliem cJayyae Mbl MOXEM KauyeCTBEHHO OODBSICHHTD,
NnoyeMy KOMIIJIEKCHBII HOH C [JaHHOH CTepeOXHMHeH HMeeT
onpejiejleHHOE 4YHCJIO BaJIEeHTHbIX 3JeKTpoHOB. OcHOBHOE
NOJI0XKeHHe 3aK/JI04aeTcss B TOM, UYTO UYHCJIO YCTOHUYHMBBIX
op6HUT, NPUHUMAIOUINX yyacTHe B 0Opa30BaHUM KOBaJIEHT-
HBIX CBf3ell, onpejeasercs TJaBHBIM 00pa3oM TeoMeTpH-
uecKo#l CTPYKTYpOH KOMIJeKca MepexogHOro Merasna H B
MeHbleH CTeneHH NMPUPOAOH MeTaJJa M JHTaHIOB.

O6bluHo d- M S-OpOUTHI MeTajna HAacTOJNBKO YCTOHUH-
Bbl, UTO, KaK MNpPaBHJO, OHH 3aNOJHeHbl, a P-0pOUTBHl — Ny-
CThl, B TO BPeMA KakK o-OpOMTHl JHMraHJa YCTOHYMBHL, a ak-
HenTopHbole w-opOUTH HeycToiuuBbl. [IpH B3anMmoneicTBHH
IBYX OpPOHMT, U3 KOTOpPbIX OXHa WK 06e ycTOHuWBHI, obpa-
3yloTCcsl OQHa YCTOHYHBAss M OJHA HeYCTOHUHWBAaf MOJIeKy-
Jaspuble opbuthl. OTcloga caepyer:

1) uto umeroTcst yCTOHYHBBIE OpGHTBHI, COOTBETCTBYIO-
mue Kaxaod Hu3 natu d-op6ut Mmeranana. OHH sBJISIOTCA
©-CBSI3bIBAIOLIMMU OPOHTAaMU MOCTOJbKY, NOCKOJIbLKY CTEPEO-
XMMHMYECKH BO3MOXKHO o0O6pa3oBaHHe o-CBs3efi 3a cuer
d-op6uT; oOcCTa.bHble d-OpGHTHl ABJAIOTCS HECBS3bIBAIO-
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IWHMH  (Mad  w-CBA3blBaloluMu). Hanpumep, B oxTasapu-
YeCKMX KOMILIeKCcax Mbl HMeem KOMOHHAIMM CBSI3bIBAIO-
LIUX OpOGUT €y ¢ OpOUTaMH JHCAHAOB M HECBsI3bIBAlOLIHE
OpOUTHI a4,

2) uTo BCerga mMmeetcsl cBsi3blBawollas opOGHUTA, COOTBET-
cTBywOILas s-opOHTe. ITO crnpaBeldddBO A5 J0O6OH crepeo-
XHUMHUECKOH KOH(HTypauuy;

3) 4TO B HEMJOCKHX KOMIJIEeKCaX HMMeloTcss TPH YCTOH-
YHBble CBfI3blBalOLiMe OPOHTHI (0Opa3oBaHHbie M3 P-OpOUT),
YCTOHUMBOCTb KOTOpbIX obecneuuBaercss raBHbBIM 06pasom
JUraHgaMH W B MeHblllell cTeleHH aToMoM MeTaJs.a. B mio-
CKHX KOMIIJIEKCAX COXPAHAITCS TOJbKO JBE W3 3THX OpOHT,
NOCKOJIbKY p-0pOHTa, MeprneHAHKYyAsipHast NJIOCKOCTH MoJle-
KyJbl, HEAOCTaTOYHO YCTOHYMBA [/ CaMOCTOSITEAbHOTO
NPHUTSAXKEHHST 3JEKTPOHOB, U OTCYTCTBYIOT OPOMTHI JIMraa,
C KOTOpbIMH 3Ta op6ura Morsaa Obl coueratbes. CienoBa-
TeJIbHO, OOBIYHO B HENJO0CKHX KOMIJEKCaX UMEKTCS YCTOH-
yHBble OPOHTHI /151 BOCEMHAALATH 3JEKTPOHOB, 4 B I.10-
CKUX — AJ51 LecTHaaUuaTH.

XOTsi Mbl M MOXKeM MO0Ka3aTbh, UTO YHCJIO YCTOHUHBBLIX
opOHT MOXKET OODBSACHHTb KAk KOHGHUIYpalLHI HHEPTHOro
rasa, Tak M CTPYKTYpPy IJOCKMX KOMIJEKCOB C ILIecTHa-
ALATbIO 3/1eKTPOHAMM, MBI BC€ XK€ He BIOJIHe [OHUMaeM,
noyeMy HEKOTOpble JIHraHAbl 06pasyloT KOMIJEKCH, KOTO-
pble MOAYMHAIOTCA MNpaBUJy KOHGMUTYPAUUH HHEPTHOrO
rasza, a Apyrue Jurahibl He o6pa3ylOT TAKUX KOMILIEKCOB.
Kap6ouunbl nouTH Bcerga HMeT KOH(MUIYpPauUHI0 HHEepT-
HOro rasa; aTa ke CTPYKTypa XapakTepHa W AJs HauboJsee
yCTOHUMBBLIX LUKJAONeHTaaneHna08. OLHAKO H3BECTHO MHOTO
coeJMHEeHHl, He MONUUHAIOIHUXCS 9TOMY npaBuay. Pochutsl
M (EeHaHTPOJHHBl NPOSBJAAIOT XOT H 3HAUUTEJIbHO IOHH-
JKEHHYI0, HO BCe Ke ellle 3aMeTHYIO TeHIeHLHI0 K o6paso-
BAHHIO KOMIJIEKCOB C BOCEMHAMILA3TbI0 BaJEHTHBIMH 3.€K-
TpoHaMH. ['MapaTsl 1 aMMHHBI KaK 6yaTo Obl BOBCe He MOA-
UHHSAIOTCS NPaBUJAy KOH(QHrypauuum HHepTHOro rasa. Oue-
BHJAHO, 4YTO 3TH pas3JHYHsl OMpenessloTCs OTHOCHTeNbHOMH
crocOoGHOCTbIO JIMIAaHAOB K TPOSIBJIEHHIO ©-JOHOPHBIX H
T-aKUenTopHbIX cBoficTB. OnxHako g0 CHX Top He OblIO
NpefJIoKeHO HHKAKOH KOJHYeCTBEHHOH TeOopHH.
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KOMITJIEKCBI C HEIMPEE/TbHBIMU
YIJIEBOAOPOJAMU

1. BBEJEHUE

B teuenue nocjesHux necsiTH Jer GbLIO MOJAYUEHO MHOTO
CBeJleHHH O HOBOM psiJe€ COeJHHEeHHIl — O KOoOpAHHALHOH-
HbIX COEIMHEHHSAX C HEeHaCbIIeHHBIMH H apOMAaTHUECKHMHU
vraesogoponamu. Panee Obl1M  noJgyuenbl  ogeiHOBbIe
KOMIIeKchl HOHa Pi** u rpynnma cogeil mogaudeHunIxpona,
OHAaKO CTPYKTypa 11X Obl1a (aKTHUECKH HeH3BeCTHa.
B ta6sa. 21 npuBeaeHbl HEKOTOPble Npe1CTaBUTEIH HaHbo1ee
BaXXHBIX TPYNI 3THX COeIMHEHHII.

Tab6 auya 21

HeKOTOpre NpHMepbl KOMNJIEKCOB € OJleCpHHaMH,
aueTHJIeHAaMH H apOMAaTHYE€CKHMH COCAHHEHUAMH

Jlurana Koymaeke

JTHIEH [(C,H,) PtCl;3]™
Auetuaen C,H,Co, (CO),
Byranuen C,Hg¢Fe (CO);
Lukno6yranuen [1, 3] (C,H,) AgNO; (?)

(C,Me,); Ni,Cl,
HunkaoneHTapienia (CsHs), Fe

(CsHs) Mn (CO),
Benzoan Cr (CgHyg),

(CeHg) Cr (CO)s
LlnkaoneHTaTpHeHHA [(C;H;) Mo (CO),)
LlnkaookTaTeTpaeH (CgHg) Fe (CO),
BensoxnHon (C¢H,0,) Fe (CO),

LliKaoneHTaneHoH

(CsH,0) Fe (CO),
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CBeneHusi O CTPYKTYype 3THX COeJIMHEHHH HH B KOEM
cJyyae He SBJSIIOTCS HCUEPNBIBAIOLIMMH, XOTS YyCTaHOB:Ie-
Hbl HEKOTOpble BaKHble (akThl. B mpocThIX o/leHHOBHIX H
41IeTHJIEHOBBIX KOMIJIeKcax [ABa aTtoMma yrjaepoga ABOHHON
WIH TPOITHOH CBSI3M HAaXOAATCH HAa PaBHBIX PACCTOSHUSAX OT
HoHa MeraJJsa. B onedHHOBEIX KOMIJIEKcaX NBYXBaJeHTHOMH
NJaTHHBl TPH JAPYTHX auraxza u uenrp cssizu C—C obpa-
3VIOT NpPsIMOYTOJIbHOE M.10CKOE OKpYyXKeHHe BOKPYT MeTaJ.la
co cBsizplo C—C, nepneHAHKYJSPHOH MJIOCKOCTH MOJeKy-
Jibl, KaK 3TO MOKa3aHO Ha pHuc. 53, a.
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Puc. 53. Crpykrypsl:

@ — KOMIIEKCOB  MeTa.110B € O.1edHHAMH; 6 — 6uc-uMK.JIOMEHTAaAHEHHI0B  METaJ110B;
| 8 — 140eHn30aaxpoma.;

B 6uc-nuukaoneHTajuMeHnJIaX MeTaJJ0B, HAaNpuMmep B
Fe(CsH;), atoM Meransa HaxoOmMTCS MeXAY ABYMS HHK-
JIOTIEHTAAMEHUJIbHBIMH KOJIbLLAMH, a [03TOMY OH OKas3sbl-
BaeTcsl Ha pAaBHBIX pPACCTOSIHUAX OT KaxKJIOro M3 [ecsTH
atomoB yriaepopa. B kpucraanuueckom Fe(CsHs), Kosbua
pacrnoJsioKeHbl Tak, KaK 3TO OKa3aHo Ha puc. 53,6, HO BO3-
MOXKHO, UTO 3TO He SBJSETCS CYLIeCTBEHHOH XapaKTepUCTH-
KOl C3HABHYEBOH CTPYKTypbl, mnockoabKy B Ru(CsHs)e
KoJblla HecKoabKo cMelleHbl. Ctpykrypa Cr(CeHg) ouenn
N0X0XKa Ha CTPYKTYypYy (eppoleHa, K4aK 3TO BHIHO H3
puc. 53,6.

M3yueno jpocratouHo Gosibluoe YMCAO U GoJjiee CIOXKHBIX
CTPYKTYP UMKJIONEHTAAUEHUJOB NepeXOdHBIX MeTaJlJoB,

12 J1. Oprea
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[ToutH BO Bcex ciayuasix NATHYJIEHHOE KOJbLO CBSI3aHO C
MeTaJIOM TaK, KaK 3TO [0Ka3aHO BbILle, XOTA HHOr1a
BCTpeualwTcs ¥ APYTHE PacrogokKeHHs.

2. OJIE®@MHOBBIE H AUETHJIEHOBBIE KOMITJIEKCBI

DJ1eKTPOHHBIE CTPYKTYPHl 0.1eUHOBLIX H al€TH.IEHOBBIX
KOMIIIEKCOB TOPa3flo Npolie CTPYKTYp KOMIIJIEKCOB ¢ JIO-
ObIMH JApPYTHMH yraeBogopogamu. O6pa3oBaHHe cBaA3ell B
TaKHX KOMIJeKCax onpeiensieTcss B3aUMOAEHCTBHEM T-Op-
6uT yraesogopoaa ¢ op6utamu meraqaqaa. [loatomy Mbl moka
He OydeM yUHTBIBaTb B.IMSIHUE o-3;1EKTPOHOB VI.1€BOAOPOAA.

CH

Puc. 54 =-Op6uthl sTH/IEHA.

a—3andrtas cBa3biBaoulas op6uTa; 6 — nycTast paspbixasiouas opoura.

JBe m-MO/1eKyasipHble OpOUTHI 3THJIeHAa OCOGEHHO Mpo-
ctol (puc. 54). B OCHOBHOM COCTOSIHHH CBOGOJHOIH MOJIEKY-
Jbl 3THJEHa cBs3blBaioulas opOuTa ¢p 3aHsATa ABYMS 3JeK-
TpOHaMH, a paspbixaswoolias opéuta ¢4 nycras. Opbura ¢p
HMeeT B OCHOBHOM TaKyl0 € CHUMMETPHI0O OTHOCHTEJbHO
«CBSI3U» MeTaJsJ — JIMraHf, Kak U opOuTa NpPOCTOro JMraH-
na. CaenoBaTes bHO, OHA MOXET MOCTAaBUTh 3/1€KTPOHBI He-
MOCPEeJCTBEHHO aTOMaM MeTaJja, Tak e Kak W B cjydae
0ObIYHOH KOOPAHHALHOHHOH CBSI3H.

Ho rtaxoii mpouecc He sB/seTCS €1HHCTBEHHBIM HCTOY-
HUKOM YCTOMUYMBOCTH 3THX KOMILJIEKCOB. IJTO BBHITEKaeT W3
cleaylomux gaHHbIX. OuseduHbl SBJAAIOTCA Ype3BbIYAHHO
c/1aGbIMH OCHOBAHHUSIMH U He 00pa3yroT NPOYHBIX KOMILJIEK-
COB C THNMYHBIMM aKUENTOPHBIMH Mousiekysnamu. Onaeduno-
Bble M alleTHJIEHOBble KOMIIJIEKCH H3BECTHBI TOJABKO M5
OrpaHHUYeHHOHl TpyNnbl HOHOB MEPEXOAHBIX MeTa.1/oB, Ha-
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npumep AJs HOHOB ¢ KoHpurypauueit d'°, Cu*, Ag*, Hg?*,
Pt°, u o5 uoHa ¢ KoHburypauueit d® Pt?*. M3BecTHbl Takxke
CMelllaHHble KOMIMJEKChI MeTaJjs10B B HX HY/JIbBa.eHTHBIX
coctosinusx, HarnpuMmep Coq (CeHs) (CO)s.

Tor ¢axt, uto HOHB d!0 ABISAOTCA J1YYLUIHMH KOOPIM-
HUPYIOIUMH areHTaMu JJsi oJe(HHOB, CBHJETEJbCTBYET
0 TOM, UTO A1 COeJHHEHHH 3TOro THna MnycTble d-OpOUTHI
He HYXHBbIL. Jlerko NmpHATH K BBIBOAY, Y4TO Ui TNOJYYEHUS
VCTOHUMBBIX COeIMHEHMH HOH MeTaJjsa AO0JKeH 006/1a4aThb
crnocoGHOCTbIO 0TdaBaTs d-37eKTPOHBI Ha MNYCTYI0 OPOHTY
oledpuna. Kak BuaHo Ha puc. 54, opbuta ¢a HMeeT Kak
pa3 Takyi CUMMETpHIO, KOTOpass HeoOXOAMMa 1151 B3aHUMO-
NedcTBUSA ¢ dy.-OpOHTON MeTa.a.

Puc. 55. MoaekyasipHbie OpOUTHI CBS3U METaJa — OaedHH.

a—opbuta o-Tuna; 6 —opb6uTa =-THNA. B CBOGOAHBIX MeTanle M AuWTraHZe 3aHATHIE
OpOHTbI 3alITPUXOBAHbI, @ NyCTbie He 3aMITPHUXOBAHBI.

Ha puc. 55 nokasan xapakrep ABYX opOuT, 06yCJ10B/IU-
BaloWMX o6pa3oBaHHe cCBA3ell MeTaJ/s1— ojedHH. MoxHO
3aMeTHTb, UTO Ha opOuTe ¢ 3apsi] NepeHOCUTCs ¢ ogedHHa
Ha c-0pOMTYy MeTanasa, a Ha opOUTe ¢y 3apsiA MepeHOCHTCs
B NPOTHBOINOJIOXHOM HampaB/JeHUH B KOoMMJekcax Pt c
dy.-OpOUTBl MeTaasna Ha (a-opouTy oseduHa. DTO OUEHb
0.1aronpusTHAas CHTyalusl, KOTOPYIO Mbl yKe OO6CYyXKAaJH
B M. 9, # OHa MOXeT crnocoO6cTBOBaTh 06pasoBaHuio Gosee
NPOUYHBIX CBA3el, 4eM MOXKHO Oblo Obl 0XKHAaTb, paccMmart-
pHBasi OTHeJbHO [OHODHble HJIH aKLeNTOpHBle CBOHCTBA
oJ1epHHOB.

Anetusiedsl B OT/IHYMe OT OJieHHOB HMMEIOT ABAXK/bl
BLIDOXKJEHHbIe CBfI3bIBAIOLIME W pasphixJjsioline OpPOHTHI
¢a ¥ ¢p, oOpa3’OBaHHBle KaK 3a CUET Py, TaK M 3a cyeT
py-opbur aroMa yriepoga. C.enoBaTebHO, OHH MOTYT

12%
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obpa3oBaTh [Be CBSI3M METaJJ] — JUFaHI, PacHoJoXkKeHHbIe,
rpy60 roBops, Nox NPSAMBIMU yIJIaMH APYT K APYTY, KaK 3TO
NOKa3aHo Ha pHUC. SO OJs1 YacTHOro cJayuyas aleTHJeHKap-
GOHUJIBHOrO KOMILJIeKca KobaJibTa.

Haauune woHa Mmeransa 1Mo OAHY CTOPOHY MOJIEKYJbl
oneuHa WM alleTHJIeHa B KOMILJIeKCe MOJKET BbI3BaTb CMe-
LIeHHe o- U w-OpOUT oJeduHa WJM aleTHl1eHa. B atom cay-

0 H 0

)
A\

Puc. 56. [lBe cBfI3W MeTaja— JuraHi, oo6pasyeMble aleTHAEHOM
B (CyH;) Co, (CO)s (cxemaruueckoe 1300paxeHie).

yae cBs3d CH BBIXOAST M3 MJOCKOCTH MOJEKY.Ibl YIVIEBOLO-
poda B HampaBJ/eHHH OT MeTajaqaa. (DTO CnpaBeiJHBO TakK-
Xe U 151 APYTHX KOMIJIEKCOB C YIJ1€BOAOPOAAMH.)

3. MOJIEKYJISIPHBIE OPBUTHI LIMKJIMUECKHX
[NOJIMEHOB U MX KOMITJIEKCOB C METAJIJTAMH

B npeabinyuiem pasgene mMbl IPEANONOXKHUIH, UTO JOHOP-
Hble M aKLeNTOpHble OpOHUTHl JMTaHAa, BCTpeyaiollnecs B
STUJIEHOBBIX W OJe(HUHOBHIX KOMIIEKCaX, XOTs U HMeloT
MHOTO OOMIero C COOTBETCTBYIOLIMMH OPOHTAMU INPOCTHIX
JUTaHIO0B, OTJIHYAIOTCS OT HUX TEM, YTO OHH PaBHOMEPHO
pacnpeneseHbl Mexay o6ouMu aTtoMaMu yriaepona. Ilpu
pPacCMOTpPeHHH YIJEeBOLOPOAHBIX KOMIJIEKCOB C GOJIBLIHMH
KOJIbLIEBBIMHM CHCTEMaMH MBI 000GILMM 3TO NMPEANOJOXKEHHE
M TOKa)XeM, KakuM o6pa3oM IMOoJHas MoJieKyJsipHas op6u-
Ta, OXBaThiBalollas 0OJblIOE YUCJAO aTOMOB Yriepoia, Mo-
XKeT NPHHUMAaTb yyacTHe B 06pa3OBaHHH CBSI3H C aTOMOM
Metasasna. Ho 10 3TOro Mbl JOJKHBI NpeJBapHTENbHO pac-
CMOTpPeTb OPOUTHl LUKJIUYECKHX MOJIHEHOB.

B ta6n. 22 mnpuBefeHbl AuarpaMMbl T-MOJEKYJspPHBIX
OpGHT HEeKOTOPbIX UMKJIHueckKux noaueHos ot CsHz no
CsHs. DHeprusi cOOTBETCTBYIOLUHX MOJIEKY/SIDHBIX OPGHT H



Tabruua 22
MouneryasipHbie OpGHTBHI LUKJIHYECKUX MOJHEHOB

Ludpamu yxasansl ko3pdHUHEHTH, C KOTOPHIMH OTJeJNbHblE aTOMHbIE OPOGHTBI
BXOIST B MOJIEKYJASPHYIO OpOUTY
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Tabauya 23

JHEepruu W 3acesIeHHOCTH MOJEKYISIPHbIX
=-opouT nacckux xogeu C,H,.
C,H,, C4H; u C,Hg umeror no onnoit opéure,
OTBeYawInei COOTELETCTREHHO OJHOMY
H3 KOMNOHEHTOB OPOUT MeTaJJda o, ¢ H ¥

Coenuticie Oponta dueprus 3accacnnocTh
— ‘
C,H, 3 23 2
w —3 1
C,H, 3 23 2
7 0 2
b (1) —23 —
CsH; 3 23 2
© 0,623 3
5 —1,623 —
CoHs s 23 2
T 3 4
4 —3 —_
2 (D) —23 -
C.H, s 23 2
n 1,253 4
[} —0,443 1
% —1,823 -
CgHg o 23 2
= 1,413 4
5 0 2
® —1,413 —
1 —20 -

UX 3acejJedHocTH npupeleHsl n Tta6a. 23*  Ha ana-
rpamMmax OpOHTBI KJAacCHPUIHPOBANb MO HX CHMMETPHH

* [Mapamerp B — 370 Tak HasbiBaemblii COMCHIBIH BHTEIpas. HITA0-
UIMH BAXKIY0 POJb B IEMCHTAPHON TEOpHH MOJEKYJIAPHLIX OPOHT CO-
npsAKCHUBIX YIJI€BOI0P010B, BeauuiHa 3Toro HHTerpa.ja oueHHBaeTcs
npumepio B 20—30 xkaa.
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OTHOCHTEJIBHO CBfI3H, MIAYLLEHl OT LEeHTpPa KOJblla K MPHCO-
eJIMHEHHOMY aTOMy MeTa/1a; APYTMMH CJ0BaMH, CHMBOJIbI
G, ®%, & H T. A. He 0003HayalOT CHMMETPHIO OTHOCHTEJbHO
IVIOCKOCTH MOJIEKY.Ibl, @ CKOpee YyKa3blBAlOT Ha MNPHPOAY
OopOHTBEI MeTaJsiila, KOTOpasy B3auMojeHCTByeT ¢ opOUTOMH
KOJbIIA.

Kak BuaHo, toasko B cayuae CeHg umciao saekTponoB
KaK pa3 JO0CTATOYHO JJs 3aNOJHEHUs YCTOHYHBBIX OpOUT,
T. €. TeX, KoTopble 0osee ycToiiuuBbl, ueM opOuta cBOGOI-
Horo artoma yraepoma. Y CsHs u C;H; omun anmektpon
BbIHY2K/1€H MepeliTh Ha HeYCTOMUHBYIO OpOHUTY, M MO 3TOM
NpHUKHEe Npou3BOAHble KoableBbix cuctemM CsHz u Crly
BcTpeuaiorTea B Buae Katuonos CsRy u C7HF, motepssuinx
HeycToluuBBI 37eKTpoH. CsHs MeeT 01HO BaKaHTHOE MeCTO
Ha YCTOHYHBOH# MOJEKY/IpHOH OpOHTe W B pe3yabTaTe
3TOro uacto beTpeuaerca B ¢opme anuona Cz;H:. Koabio
C4H4, KoTOpOe 6blI0 MOJAYUYEHO JHLIb HEJaBHO, MMeEeT ABa
371eKTPOHA Ha HecBs3bIBaloUleidl MoJeKyJasapHoil opoure. Ilo-
JAo0Has CHTyauus, MO-BUAMMOMY, BCTPEUACTCS H y MJIOCKOM
cucteMbl Cgllg. XoTs caM LHK/IOOKTAaTeTpaeH, KOHEUHO, He
MJ0CKUI, BCE JKe BecbMa BEPOSITHO, UTO HEKOTOpble NpO-
usnsoanble, nanpumep (CgHg)Fe(CO)s, comep:kar miockoe
BOCBMHU/IEHIIOE KO.1bLIO.

PaccmoTpim Temepn MoJeKkyJasipHble OpOHTBI KOMIJIEK-
COB THMa CIHIABHYUA, Y KOTOPBIX MEXAY NBYMS O1MHAKOBHI-
MH KOJBLIAMH TOMellaeTcss HOH MeTasd’la, Kak 3TO ToKa-
3aHO Ha puc. 83,6 u 6. Mol He GyaeMm paccMaTpHBaTh Ka-
KOH-TO onpe1e]eHHbll UHMKIMUeCKHH [OJIMEeH, MOCKOIbKY
u3Jj1araemMas Teoprs HMeeT BecbMa OOLIHH XapakTep. Bo
Bropoil rpade Tada. 24 pasauunble OpOUTLI aTOMa MeTa..1a
KaaccuuuupoBaHel M0 6-, ©- WM 8-THNAM CHMMETPHH OT-
HOCHTEIbHO CBSI3IT MeTaqqd — KOJIbIIO M MO HX IOBEICHHIO
IpH HOBEPCHH OTHOCHTEJILHO LEHTPA CHMMETPHH Y aToMa
meradasa. CnmBo.a1 g o6o3HauaeT, 4To MPH ollepallHy 1HBEp-
Clif 312K OpOHTLI He H3MeHseTcsl, a i — UTO Ol U3MeHsIeTCs
Ha oGpartublii. Haipumep, sce opOuTh, n306paentbie Ha
puc. 58, oTHOCSTCST K THNY g, a BCE p-OPOHTHI — K THIY U.

M3 opOuT ABVX KOJell /TaHHOrO THMA CHMMETPHI Mbl
noJaydaem JABe opOHTLI, 011y g W OAHY u; HalpHMep, G-0p-
61uThl N10OBIX KOABIIEBBIX CHCTEM [al0T og H 0y. B rpade 3

13*
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5TOH Ke Tab/HLbl NPHUBeLeHbl OPOHTBI MeTad1a, C KOTOPbIMU
MOTYT B3aWMOJeHCTBOBaTb OODBEAMHEHHBIE MOJIeKY. IsIpHbIE
op6utel o6Goux KoJgew. CaeayeT 3aMeTHTb, UYTO He BCE
U3 3THX 0p6UT KOoJel HMelTcsl y KaXAoH cuctembl. Hau-
BhiclUMH opOutaMu kotey y CsHs, CsHs u C;H; asas-
IOTCS COOTBETCTBEHHO =, & U ¢. Coenunenue CyH, umeer
JHUIb ONHY KoMnoHeHTy 0pOuTh 8, CeHe — 0aHY koMIO-
HeHTY opOuTH ¢, CgHg — 0AHY KOMMOHEHTY OpOHTHI 7.

Ta6auya 24

Op6HTbl MOJNEKYJ apOMAaTHYECKHX KOMIIJIEKCOB MeTAJI0B

[MonuepxuyThle OPOUTHI YCTOIHUMBLI B Pa3JieleHHbIX KOMIOHEHTax
MOJIeKYIbl. 3Be3/0YKAMH YKa3aHbl IBaxbl BHIDOXIEHHblE OPOHTHI

- CBs3bl- Pa3pbix-
Knaccudukauna no Teopuu OpOuTLHI DBI3
‘ OpduTh MeTaaaa | Bakcuuie asolLe
rpynn Koaeu ! 0pduTHI OpOnTHI
Aig % 3d ., 4s 2 1
Ay Sy 4p, 1 1
Elg 7'g ‘3d\z ‘5{/\'1 1# 1*
Ey ~u 4py, 41’y L# 1#
Toavko  oaHa [ Eyg g 3dvy, 3dyr-ye 1% 1*
KOMIIOHEHTaA
s C,H, E,, o, Hecpasbipawinue u
Hy’CTble,3a HCKJIO-
YyeHHeM, BO3MOXK-
1o, C;H; u CgHg

B rpadax 4 u 5 ykazaHO yHuCJaO0 CBA3LIBAIOLIMX H pas-
PHIXJSIIOIIMX KOMOHHALHH, KOTOpPble MOXHO MOJYUHTb M3
opGut MeTtaJs.1a U koJdel. OpOUTLI KOJell ¢ H y UHTepeca He
NpeACTaBJsIOT, NOTOMY YTO y MeTaJla HeT TakKHX OpOHT,
KOTOpble MOrJH Gbl B3aUMOJ€fICTBOBATb C HHMH; B CBOOOA-
HBIX YIJEeBOAOPOAaX OHH HeyCTOHUMBB M He 3ausTh. [lo
3TOH NpPUYHHE OHHM He BK.IOYeHbl B Tadjuuy. EauuHcTBeH-
HbIl BONpPOC BO3HHKAET B cJyyae OPOHT cgi He COBCEM
SICHO, JOJYKHBI J11 ObiTb YCTOHUMBBIMH OAHA MM JBe OpOH-
Thl. TeopeTHuecKHe cooGpaeHHsl, KOTOpble OYAyT MNpHBE-
JeHbl B CJelVIOleM pa3jiese, MOKa3blBAIOT, YTO HX AOJKHO
OblTh 1Be, U Ge3 BCSAKHX COMHEHHI 3TO Kak pas TO UHCIO,
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KOTOpOe HeOOXOAUMO /51 OOBbSCHEHHS 3KCIEPUMEHTAJbHBIX
JaHHBIX.

OnpeaenumM Tenepb YHCJA0 YCTOHUMBBIX OPGHT y pasJuu-
HBIX C3HABHUYEBBIX MoJeKyJa. [lpy HalWuyMH NATH-, LIECTH-
U CeMHUJeHHBIX KOJell HMEEeTCSl POBHO JeBSITb YCTOHYMBBIX
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Puc. 57. HuarpaMmbl ypoBHeil 3Hepruu opGut deppoueHa.

Op6utbl 0003HaueHBl CHMBOMAMI, MPHHATBIMH NPH TEOPETHKO-TPYNTOBOM PACCMOTPEHHH:
a=g, e,=m7, €3=123.

op6ut (cp. ¢ pasaeaom 7 B ra. 9, ctp. 173). D10 nATh ycTOM -
yuBHIX 3d-0pOMT aTOMa Meraasa, Gosee MJIH MeHee CHJbHO
B3aHUMOJEHCTBYIOWUX ¢ Z-OpOHTAMH JUIaHAOB, TPH YCTOi-
YHBBIX 4-OPOWTLI JIMTAHAOB, B3aUMOJEHCTBYIOIHX C He-
yCTOHYMUBBIMH 4p-0pOMTaMu MeTanna, M, HaKOHel, BTOpas
ycToiiunsas opburta og, MOJy4YeHHaAs U3 S-OpOUTHL aTOMa
MeTaJjula H Gg-0pOUTH Auranaa. (PakTHuecku 3ta mocaen-
HAsa opbuta W d. -opOuTa MeTaasna THOGPUAH3HPOBAHBI.)
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Ha puc. 57 npuBeneHO NPHG/JIU3HUTENbHOE PacloJ0KeHue
YPOBHEH 3HEPruy /s THMUYHOTO cayyas AMLHKJIOMEHTa-
aveHunaa metaasaa. CuaelayeT 3aMeTHTb, UTO KAXI0#H opdute
MeTaJl1a S, p U d COOTBETCTBYeT OJHa ycToliuuBasi opbuta,
a MO3TOMY Ha BCeX YCTOHUMBBLIX OpOMTAx MMeeTcss Kak pas
JOCTAaTOYHO MecTa /.15 BOCEMHAALATH 3.JIE€KTPOHOB KOHGH-
TypauHH HHEPTHOrO rasa. ’

Heckoabko uHas cutyauus HabJaionaercs y CHCTEMB
C3Hs, nockoabky opluTa m CpaBHHTEJIbHO HEYCTOMuMBA, H
NO3TOMY, XOTsl opOMTa, BO3HUKIIAS U3 Tg-OPOUTHl KOJIbLlA H
d-op6uT Meraqna W sIBAsETCS YCTOMUMBOH M 3aHATOH, KOM-
6uHanus opOUTBl T, C p-OpOMTOH MeTassaa, MO-BUAHMOMY,
He 3austa. Takum oGpasom, CsHs, BeposaTHO, UMeeT npyrue
KOMMJeKcoo6Gpasylolle CBOHCTBA, 3HAUUTEJbHO OTJAHYAlO-
LiMecs OT CBOHCTB KoJgell ¢ 0OJbLIMM YHCJIOM aTOMOB. Pa-
nukaa CsHj, BeposiTHO, noJgKeH ObITb BO MHOTHX OTHOUIE-
HUSAX aHaJOrHyYeH OKHCH a3oTa, T. e. J0JKeH 3aHHMaTb
OIHO KOOpPAHHALMOHHOE MECTO OKOJO MeTaJqnaa, HO Mpeio-
CTaBJATh JIBA o- U OJHH T-3/]1eKTPOH. B HacTosllee Bpems
He H3BeCTHBI coeanHeHus ¢ uukaom CsHs, HO MOXKHO mpen-
nojarats cyuecrsoBanue (CgHsg) PtCls, (CsH;)Co(CO); u
(C3H3)CuCl. Mpl He Oyaem moapo6HO O0O6CYKAaTb LHK/]
CgHsg, mOCKOBLKY O €ro C3HIBHUEBBIX COEAHHEHHAX H3BECTHO
MaJo M TEOPHUs TAaKHX COeJHHEeHHH HecKOJbKO OCJO0KHeHaA.

4. OTAEJIbHBIE MPYMEPBHI COEAUHEHUM METAJIJIOB
C HMKJIMYECKWMH TTOJITMEHAMHA

a) Bocemuynennoie Koavya

CaM HMKJOOKTAaTeTpaeH He MJOCKMH M HMeeT KOHQHTY-
pauuio «BaHHBI». HenaBHO OblIO NMpPOBeNEHO HcC/AelOBaHHE
MHPPaKPACHBIX CMEKTPOB H CNEKTPOB sAE€PHOTO pe3oHaHca,
M3 KOTOPOTO MOXHO TMDEANOJIOXKHTb, 4YTO B COEIUHEHHH
CsHgFe(CO);  xouabuo, No-BUAUMOMY, sBJIdeTcss  M.10-
ckum [2].

6) CemuureHnole KOAbUQ

M3BecTHO BCero JHUIL HECKOJbKO COeIHHeHHi ¢ paaHKa-
aoMm C;H;. M3 Hux HauGo.bluuil HHTEpec NpeacTaBIsIOT
coan katuoHa [(C7Hz) Mo (CO)s]. Onn auaMariuTHLL, H HOH
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HUMeeT KOH(HIYpalUMI0 «HHEPTHOTO ra3a» ¢ BOCEMHaJLaTbio
BaJeHTHBIMH 3.ekTpoHamu. (M3BecTHBl TakkKe H30371€K-
TpouHble Mo.ekyiabl (CeHs) Co(COs) u (CsHs)Mn(CO)s.)

8) Illecruunennole koavya *

[TepBpIM ObIJIO MOJYYeHO HeliTpa/bHOe coefnHeHue GeH-
3osa Cr(CgHg)o. D10 AMaMarHuTHOe TBepHOe BEIlECTBO C
BOCEMHAALATBIO BaJeHTHBIMH 3JeKTpoHaMH. Bosppaluasch
K puc. B7, HA KOTOPOM INpHBEIEHbl BO3MCXKHble 3amoJHeH-
Hble YPOBHH NQHOEH30JbHBIX COeIHWHEHWH, HO KOTOpBIH, 01-
HaKO, B APYTUX OTHOIUEHHSIX He MPUMEHHM JaxKe [15 MOJay-
KOJMUECTBEHHBIX OLIEHOK, MBI BHIHM, UTO €CJH HCIOJb3Y-
I0TCS BCe YCTOHUYMBBIE OPOUTHI, TO WeECTb d-3/J1€KTPOHOB
HOJI2KHBL ObITb CrapeHbl Ha OpOHTAX dz, Aoy U Ay (O, Og)
MOCKOJIbKY YCTOHUHBBle Tg-OPOHTHI 32HATLI 3JEKTPOHAMH
auranaos. OTcloga BbiTeKaeT JMaMarHeTH3M COeJHHEHHUS.
OGpasyioluecs CBsi3W BecbMa IMOX0XKH Ha CBSI3H B oJgedu-
HOBBIX KOMIJIeKCaX, HO B pacCMaTpuBaeMOM MpHMepe BepX-
Hsisl 3aHATas opOuTa JuraHaa sisasieTcss w-OpOWTOH, 3.1ek-
TPOHBI KOTOPOIl MepeXOnsiT Ha dy,- U dy-0pOHTHl MeTaJqJaa.
[TepBbIMH NyCTbIMH OpOMTAMU JHFAHAOB SBJIAIOTCA §-0pOH-
Thl, KOTOpPble AOJKHbl MPHUHHMATh 3JEKTPOHBI C 3aMOJIHEH-
HbIX dyimyr U dyy-0pOUT MeTaana. [losyueHnHble Takum 06-

pa3oM opOuTHl Noka3aHbl Ha puc. 58. B atom cayuae MHl
CHOBA BCTpeuaeMcsl C HaCLILIEHHOH MOJIEKYJ/O0H, CB3aHHOH
¢ atoMoM Meraasna OG.aarofnaps OAHOBPEMEHHOMY JOHOD-
HOMY W aKLENTOpPHOMY MeXaHH3MYy, XOTs Ha 3TOT pa3 Hc-
no/b3yloTCst OpOUTHl THMA T U § BMECTO ¢ H T, KaK 3TO
uMeeT MecTo B cayyae CO u oneduHOB.

* JIs KOMIJIEKCOB MeTa 0B C LIECTH- H MSITHYJICHHBIMH KOJbLAMH
B HacTtoslllee BpeMs pa3pafoTaHa KOJHUYEGCTBEHHAs TEOPHs, MO3BOJHB-
1as yCTaHOBHTb MOPSAOK pacno.0xKeHHs OpOGHT Mo 3Heprdu, CTeneHb
[eNOKaNH3aUHH 3JEKTPOHOB Ha Kaxaoi op6ute H pacnpejielenue 3aps-
nos B Momeky.ae, KoauuecTBeHnbie pe3yabTaTbl B HEKOTOPHIX Cayuasx
NOATBEPIKAAOT KauecTBeHHOoe paccmorpenne Opretda, a B JApVIHX OT-
BepraloT pacnpocTpaHeHHbie paiiee MNPEACTABJCHHsS, HANpHMep, O TOM,
yTo HauboJee CYLIECTBEHHBIMH B OUC-UHMKJIONENTAIHENNHIAX MCTAI’i0B
ABJAAIOTCA  KoBasdeHTHule = -cBsizsy. Cym. E. M, Mlycrtoposuy,
M. E. Oarxuua, JAH CCCP, 128, 1234 (1939); 131, 113 (1960);
133, 141 (1960). — IIpum. peo,



188 Taasa 10

AJ]bTepHaTHBHOG OfHCaHue ABYXCTOPOHHEro J0HOpPHOIO
MeXaHu3Ma, IMpPHBeAeHHOe Bbllle A/ KBpéOHHﬂOB meTaJa-
JIOB, [0JIE3HO U B 3TOM cCJiyuae. ﬂepBoe BO36)’)KB.€HHO€ CcO-
cTosiHHe 6eH30413, Jexallee HpHéJll/Bl/lTeJleO Ha 4 36 Bbille

a é
Puc. 58. CesasbiBalomue op6utbt Cr (CgHg)o.

@ —~ X-KOMMOHEHT BHIPOX1EHHONH CBA3bIBAIOWEH T OpOUTbI; 0 — XY-KOMIOHEHT BBIPOMKICH-
HOM cBsI3bIBatoulei 3-0pOHTHI. 3aHATble OPOMTH METaJJa H JHTaHAA 3aWITPHXOBAHBL

OCHOBHOTO COCTOSIHUS, SIBJISIE€TCA TPHUIJIETHBIM € KOHGUrypa-
nuelt o?n®3!. DTo COCTOsSIHHE MOMKET CHJIbHO B3aHMOJEHCTBO-
BaTh C aTOMOM MeTaJ/J/a, HMEIOLIUM [Ba HeCMNapeHHbIX
3JIEKTPOHA, OAMH Ha m-, Apyroil na g-op6ute. Ilpeasnoxken-
HBEIYl BBIILIE ABYXCTOPOHHMH ME€XaHH3M 3KBHBaJIEHTEH THOpH-
IH3alHH HECKOJIbKMX BOJIHOBBIX (PYHKUHII 3TOI BO30YKAEH-
HOH CTPYKTYPHBI C BOJIHOBOH (PyHKLHEH OCHOBHOIO COCTOSIHHSA
MoJIeKyJ/1bl GeH30.1a.

e) IlatuunerHoie KOAbYQ

B HaCToOsllee BpeMsl H3BECTHO HECKOJbKO COTEH IPOH3=
BOAHBIX, Y KOTOprX MeTaJJ CBaA3aH ¢ OAHHM HJIH HECKOJb<
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KUMH LHMKJOMEHTAIHEHUIbHBIMU KOJbIaMH. Mbl He MoxeM
3/leCb paccMaTpUBaTb OPraHHYECKyl XHMHIO (eppoueHa,
KOTOpasi XOTs W [MpPeACTaB/sieT TPOMAAHBIH HHTEpec, HO
BKJIOUaeT HM3/0XKeHHe Npo6/jeM H METOAOB, BeCbMa CHJb-
HO OT/MYalOUIMXCS OT pacCMaTpHBaeMblX B 3TOH KHHTe.

Ta6auya 25

HeKOTOpble COeIHHEeHHd, coAepXKalHe UHKIONEeHTaAHEeHHIIbHbIe

pajguKansl

3Be3n0uKkaMi 0603HAUEHbl MOJEKYJbl, HMEIOIHE OAUH HaH 6O0Jblue

HECMAapeHHbIX 3JEKTPOHOB

Tun coeanunenns [Ipumepn 3amevaHus
6uc-Unknonenranue- | M (CsH;),
HUJ METaJjja M = Ti, V¥ Cr*, Mn*
Fe, Co* Ni*; Ru; Os; Mg
Katuousl Ouc-uukao- | [M (C5H5)2]+ M3BecTHBH «KOBa-
nexraauenuaa me- | M = Ti*, V* Cr¥ Fe* JEHTHbIE» TpO-
TaJjjaa Co; Ru*, Rh; Ir H3BOJAHbIE MHO-
(M (C5H5)2]2+ THX M3  3THX
M=Ti, V¥ Zr HOHOB
Cmemannbie  uukgo- | (CsHg) V (CO), OnucaHo ¥ MHOTO
neuraanenuaxap6o- | (CsHg) Mn (CO), Ipyrux  CO€Lu-
Huapl H uukaoned- | (CsHg) Co (CO), HeHHH

TaAHCHHJAHHTDPO3HJIbI

(CsHg) Ni(NO)

[(C;Hs), Fe (CO),l,
[(CsHs) Mo (CO)s],
(CsHs)s Nig (CO),*

Cuapuabl U anKHab

(CsHs), ReH,
(CsH;) Cr (CO); CHy

CMellaHHble apoMaTH-
4eCKHEe KOMIIEKCHI

(CsH,CH;) Mn (CgHg)
(CsHg) Cr (CsHy)*
[CsHs (CHg)s Fe (CsHs)] ™

B ta6a. 25 npuBedeHO HeCKOJbKO HaHbosiee HHTEpPECHBIX
CMellaHHBIX LUKJIOMEHTAJUEHHJIOB, COJdepXKallux B Kaue-
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CTBE JIMTaH/JOB TaKXKe OKHCb yri1epoja, OKHCh a30Ta H T. I
MOXHO 3aMeTHTb, UTO MOUTH B KaXKJIOM CJyyae BBIMOJHSET-
csl IpaBUJ0 KOHGHUTypalWu HHEPTHOTO rasa, MHOTAA Jdaxe
3a CueT [JHMMepH3allMH, Kak, HanpuMmep, B COENHHEHHH
(CsHs)oMog (CO)6. Ha puc. 59 noxkasaHbl HeKOTOpble HaH-
6oJiee HHTEPECHbIE U3 MU3YUEHHBIX CTPYKTYP.

. fi 0
| Y
c c//
Ni— N —0 /' \\ 7
Fe Fe
/s \ /
C C
¢ % I
0
6
0
c C0 0C
2N
MO{ ------ ; Mo
C ¢/
0 0 ¢
0
4

Puc. 59. CTpyKkTypbl HEKOTOPBIX CMEIIAHHBIX IHKJOIEHTAHEHHALHBIX
COCIMHEHUIT MeTaJJoB.

a—(CgH;) Ni (NO); 6 —(C.H;),Fes (CO)y; 8= (CsHy)y Mo, (CO)s.

K HacrosiieMy BpeMeHH MOJyueHbl OuC-UUK/JIONEHTalHe-
HUJIBl BCEX 3/J1€MEHTOB OT THTAHa [0 HHKeJs H M3yueHBl HX
cBoiicTBa. MIMeHHO MX MBI paccMOTpPUM MOAPOGHO, XOTsI BCe
CKa3aHHOe, BKJIOUasl B HEKOTOPBIX CJayuasix M BayKHbIS KO-
JIMUECTBEHHBble 3aMeuaHus, MPUMEHUMO Kak K KaTHOHaM
[M(CsHs)o]?t, Tak W K ULMKJIOMEHTALHEHHIAM METAJJOB
BTOPOTO U TPETbEro nepexoiHblX PsiIOB.

HMon Mg obpasyer 6uc-uuK.I0NEHTAAHEHUI, HMeloLLHH
TAaKYI0 Ke MOJEKYJASAPHYI0 CTPYKTYDPY, KakK H COeJHHEeHHs
MepexoHbIX MeTaqJa0B. JTO SICHO MOKA3bIBAET, UTO A5 00b-
SICHEHHS! CTEPEOXHMHHU 3TOH TPYMIbl COeAUHEHHH HET HYIXK/bl
NpHBJIEKAaTb CBA3U 3a cueT d-3.1eKTpoHOR. CTpyKTypa 6uc-
IIHKJIOMEHTaAueHNIa MarHus sB/Js€TCs, BePOSATHO, NpHMe-
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pom Haubosee GaaronmpusTtHoi ynakosku rpymn (CsHs)-,
KOT/[a 3/JeKTpUuecKHil 3apsa pPaBHOMEPHO pacrpejeneH Ha
aToMax yrJaepoia Ko.abua H Ha uoHnax Mg?*. Koneuno,
CTPYKTypa ¢ HOHOM Mg?*, pacrnoJsoxeHHbIM 0./11Ke K aTOMY
yriepojaa, HecylleMy eaHHHUHbBIH OTpPHUATEeNbHBI 3apsf,
siBJIsieTcss  3JeKTpocTaTHueckH Gosee BbIrogHoH. OmgHako
3Heprus, HeobxoauMasi /s JoKaJu3aUUd TaKOro 3apsja
Ha KoJblle, JOBOJAbHO Beauka. Kak u B cayuae okrasapuue-
CKHX KOMIIJIEKCOB, MOJeKyJasapHas CTPYyKTypa LHKJONeHTa-
JNUEHH/JI0B TepPexoAHblX MeTa/J0B COBMeCTHMa KakK C 3JeK-
TPOCTATHUECKHM, TaK M C KOBAJIEHTHbIM MOAX0AOM. Mul
JIOJDKHBL OGCYUTb 3JeKTPOHHYIO CTPYKTYPY, B OCOOEHHOCTH
noBefieHHe d-3AeKTPOHOB, Npeldnoaras ocylecTBAeHHe AaH-
HOfl reoMmerTpuuecko# KoHdurypaunu. CreneHb JeJ0KaJH-
3alUK d-3JeKTPOHOB MOXKHO OMNpee UTh 3KCIMepUMeHTa bHO
M3 CMEeKTPOB MarHHTHOIO pe30HaHCa WM Ja)e KOCBCHHLIM
NyTeM H3 KaKHX-IH00 APYruX JAaHHBIX.

Ha puc. 57 n3o0pakeHa noJdysMnupuyeckas auarpamma
VPOBHEl 3SHepruu AJas O6uc-UUKJONEHTaAUEeHHUIbHBIX COelu-
Henuit. s nauana cocpenorouuM BuuManue Ha Fe(CsHs)o,
KOTOpHBIit siBAsieTcss HauboJjee YCTOHUMBBIM MpeACTaBUTE/]EM
paccMaTpuBaeMblx coenuHeHUd. OpOUTHl Gg, Gy H Ty, COCPE-
JOTOUEHHble TJaBHbBIM 00pa3oM Ha KoJabllaX, H OpPOGHUTHI
dz, dye_y u dyy, CKOHIEHTPUPOBAHHBIE B OCHOBHOM Ha
MeTaJlle, 3aHSITBl MOJHOCTBIO W BCE BMECTe COAepiKaT ue-
ThipHAAUATb 31eKTPOoHOB. OcTajibHble UeTbipe 3JeKTpoHa
3aHMMAIOT CHJBHO CBSI3LIBAIOILYIO OPOUTY Tg, AOBOJLHO
paBHOMEpPHO OXBaTblBAlOULYl0 MeTadal H Koabua. Kaue-
CTBEHHO 3Ty CHTYalMI0O MOXHO OMucaTh CJaelaylollum obpa-
30M: aTOM JKeJe3a MepBOHAUaJIbHO HMeJ KOHGUTypauuio
(A= yo)* (dyy)? (d22)? (dx2)! (dy2)'; 06a nuKAONEHTaAHe HHIBHBIX
Kosbla UMean KoHpurypaunio (og)?(ouw)?(mu)*(men) H(wgy) !,
npH CBEJEHWH MX BMeCTe TNPOHCXOAUT oOpa3oBaHHe OBYX
KOBANEHTHbIX CBsI3ell B pesyJbTaTe CNapuBaHus, C Ol-
HOH CTOPOHBI, OPOUT dy; U dy, U, C APYTOH, OPOUT Tgx U Tgy.
Ha puc. 60 nokasana ocHOBHas cBs3biBatoulas opbuta, a
Ha pHuc. 57 — BJaUAHHe 00pa30BaHUsl CBSI3eH Ha AMArpammy
ypOBHeil 3HepruH, NpUBOAsLIee K CH/IbHOMY pacllenJeHHIo
IBYX OpOHT Tg.

Kak n B cayuae Cr(CgHg)s u emy noaoGHBIX, 31ech
TakKe 00pa3yloTcsi pasdHuHble JOMOJHUTENbHbIE CBS3H.
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Bricka3zaHo MHOro TOYeK 3peHHs MO MOBOAY OTHOCHTEJbLHOM
BAXKHOCTH pa3/MuHBIX THNOB cBs3eil. HekoTtopele cuuTalor,
uyTo HauboJee BaXKHbIMU SIBISIIOTCS Tg-OPOUTHI KOJblA; APY-
THEe JKe YKa3blBalOT Ha HEKOTOpble OPOHMTH MeTadna. ITo,
COGCTBEHHO, KOJHYECTBEH-
HBII BOMpOC, KOTOPBIH 10
cHX nop He pemeH. Bcexe
Ka’keTcsl MaJioBepOSiTHBIM,
4TOOBl  NOMNOJHHUTE/bHBIMH
CBSI35SIMU MOXKHO ObL10 Npe-
HeOpeub, MOCKOJbKY B [H-
OeH30aXpoMe Y 6eH30Jb-
HBIX KOJIeLl HeT HeclapeH-
HBIX 3J€KTPOHOB, TaK YTO
BCE CBSI3H JO/IKHBl ObITb
TaKoOro Tuna, Kak JAomnoJ-
HUTEJbHble CBSA3H B (eppo-
unese. B amarpammy ypos-
HeH 3HePru Mbl BKJIIOUHIH
HEKOTOpYI0 yacTb [ONoJ-
HUTEJbHBIX CBsI3€H, HO 3Ta
juarpaMMma He sBJsdeTCS

KOAUYECTBEHHOU.
Puc. 60. OauH "3 KOMMOHEH- OGcyaum Tenepb Heko-
TOB OCHOBHOIi CBA3bIBAOLIEI Topbie  aetanan. Moddur
7-0pGuTE deppoueHa. CyMTaer, 4yto 60.blIOe 3HA-

yeHHe B (eppolieHe HMeeT
rubpuansauus  3d,- W 4s-op6ut  wmeraana. OpGurta

_—Vf (3d»+4S) nMeeT oueHb BBLICOKYIO TMJOTHOCTb BOGJIM3H

1
KOJIEll, BTO BpeMs Kak 0pouTa 375 (3dz —4s) wmMeet AHCKO-

o6pa3HbIl BUA M pacroJioXkKeHa NapaJJebHo Koablam (cp.
¢ puc. 27, ctp. 76). Takum obGpa3om, HemojeneHHas napa
3JIEKTPOHOB MeTaJl/a Ha nocJgejfHeii opOuTe yaasnsercst u3 06-
JactH, 6JH3KOH KoJibllaM, H BCJIACTBHE 3TOrO 3HAYHUTEJIbHO
crabunusupyercs. OcraBuascs KoMOUHAUUA OPOUT d U §
CHJbHO IepeKpbIBaeTCs C 3aloJHeHHOH OopOHTOH KoJjel H
MOxKeT 06pa3oBbIBaTb C HeH YacCTHYHYIO CBSI3b. TakuM 06-
pas3oM, uMelOTcs ABe cTabuibHble c-0pOUTHI. [agee Mod-
¢uT npegnoJaraer, YTo B3auMmodelcTBHe OPOHTHI 4s ¢ op-
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6utoit 3d,» MoHMIKAET MOC/AEHION BMJIOTL A0 TeX Mop, Moka
OHa He OKa)KeTcsi 3HAuuTebHO HHKe OPOHT dre-y U dyy.
Kak ™Mbl yBHAHM, 3TO OUeHb BaXXHO NMOMHHTb NMpH J1060M
00CYXK/IeHHH MarHUTHBIX CBOHCTB pacCMaTpHUBaeMbIX COelH-
HEHHH.

Tabruya 26

MarHuTHbIe MOMEHTbI H YHCJO HeclMapeHHbIX CNHHOB
Ouc-uMKJIONEeHTaAHe HHJIOB

5 . Yucno
Won meTtanna neao MaruuTHbIT MOMEHT, HeCnapeHHbIX
d-SJI@I\‘T[)OHOB MArHeTOHH Bopa 9116}(1-"0"03
Tis* 1 23 1
V4t (nuxaopiun) 1 1,95 1
Ti¢* 2 0 0
V3t 2 2,86+0,6 2
Ao 3 3,78£0,19 3
Cr3+ 3 3,81 3
Cr2+ 4 3,02+0,15 2
Mn2+ 5 (5,9) ? 5
Fe’+ 5 2,26 1
Fe?+ 6 0 0
Co®+ 6 0 0
Co?t 7 1,76 +0,07 1
Ni?* 8 2,86:0,1 2

B rta6a. 26 npuBeaeHbl MarHUTHble MOMEHTH 6uUC-1IHK-
gonentaaneHunoB. Co(CsHs)o nmeer Ha OHH 3JeKTPOH 60J1b-
we, ueM Fe(CsHs)e 1, Mo HalleMy MHEHHIO, 3TOT 3J€KTPOH
3aHUMaeT pa3pLIXJAIOWYI0 OPOHTY g, UTO NPHBOAHT K
OLLYTHMOMY yMEHbIUIEHHIO MPOYHOCTH CBsI3H. [lo-BHAHMOMY,
aBa no6aBouHblXx 3aekTpoHa y Ni(CsHs)e Takke pasmelna-
I0TCS Ha 3TOH ABax/Jbl BBIPOXKIAEHHOH OpOuTe, MpuYeM HX
CIHHBI NPH 3TOM NapaJjiiedbHbl. DTH paclpeleseHus coraa-
CYIOTCSl C MAarHHTHBIMM [aHHBIMH, a TaKXe [OATBEpPK/Ia-
10TCA CJAEAYIOIHMH HalOMI0deHHAMU: KCIIepUMEHTalbHO 06-
HapyXEeHHbIMH YIJHHEHHSMHU CBSI3H MeTaJ/lJl — yrjepoa Mo
mepe nepexona or Fe(CsHs)e k Ni(CsHs)o, TepMoauHamu-
YeCKMMH MU3MEPEHHSIMH, NOAPOOHON HHTeprnpeTalHell CMeKT-
pa Ni(CsHs)z [3] B BuanMoil 06.1aCTH H CXOACTBOM C OKTa-
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SAPHUCCKHMI KOMILIERCAMH, Ha KOTOPOM MEI OCTaHOBHMCSH

HHXe.

Y Ti(CsHs)2, nepsoro uiena 6uC-uNKJI0NEHTA HEHUIOB.,
JBa «HECBSI3BLIBAIOULHX» 3JEKTPOHa ClapeHbl, 0 yeM CBHJeE-

6

Pic. 61. BuiGop oceii 1as o1-
necetnst d-op6uT K 0CH TPETLEro
nop4;isa.

Q — OKTa’1pHUCCKOro KOMMNIEKCa; 6—
¢eppoucna.  Ha upusepe  deppoucha
NoKasara ausdaorug ¢ shdOpoM oced
aaa cayudaqa a.

HecnapeHHbIX 3J1EKTPOHOB.

TEJALCTBYET AHaMarHeTHU3M
sToro coeauHenus. Caenosa-
T b1, HEBBIPOXKAEHHAR Op-
Outa d J01KHA HAXOAHTLCS
3HAUUTEJbHO  HUXKe  OpOUT
dyioy W dyy, TOCKOJIBKY, €CJIH
Obl OAWMH WaH ABa d-3.1€KTPO-
Ha HAXOAMJUCH Ha MOC.J1eIHHX
opduTax, Mbl HMeIu Obl TPH-
M1eTHOE OCHOBHOE COCTOSIHHE.
Omiako vy V(C;H;)y ™Mb

HAXOAHM TP HecrnapeHHbIX
3JeKTPOHA, a He OJHH, Kak
MOKIIO ObL1O OB OXKHAATD.

[Tpinunna srtoro ceitviac scua:
A/ ClapHBaHUA  CMHHOB B
KaKoM-11H00 COeAHHEeHHH HO-
Ha MeTadla ¢ KoHdurypa-
nueit d? noreps oOMeHHOIl
9HePruu npHOJIH3HTENLHO
paBHa K, a 1151 coeldHeHHs
woHa ¢ Koudurypauueir d?
oHa nosbllllaetrcst 1o 2K* (cp.
¢ ra. 3). AHaJOTHUHYIO 3JeK-
TPOHHYIO  CTPYKTYPY HMeeT
Cr(CsHs)o.  CyuiecTBoBaHue
JABYX HeCMapeHHbIX 3JeKTpOo-
HOB MOKHO OOBSICHHTL KOH-
durypaunein (d:2)?(dy, dy:)2
HMhoe NOJ0XKeHHE y
Mn (CsHs)o, umerouiero nfatb

[Toutn 6e3 BCAKOTO COMHCHHA

ero s.JeKkTpoHHast KOHGHUTYpPalUs HMeeT CIeIYIOUHi BHA
(da2) (ds- g2, dxy)2 (“g’)Qr

* OTCi01a BLITEKAIOT BeChbMa oOnpede’cHHble orpauuyeitig 144 pas-
socti suepriii opOuTnl d22 4 opoHT dur—y? 1 dyy.
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U 13-32 60/blIo# OOMEHHOH 3HEePrHH BBHICOKOCMHHOBOH KOH-
¢durypauuu d® nBa 3J1eKTPOHA BLITECHSIOTCS Ha Pa3pbiXJsiio-
Lyio OpOHTY Tg TEM caMbiM oCdabiss CBsI3b NPUOIU3U-
TeJbHO 710 Takoil crenend, Kak Uy Ni(CsHs)o.

B noas3y takoro pacnpejeseHusi 3J1eKTPOHOB TOBOPHT
aHaJOrusa MeXXAYy MarHMTHBIMH H IPYTUMH CBOHCTBAaMH 3THX
coenuiieduil M HEKOTOPBIX OKTa3ApPUUYECKHX KOMILIEKCOB.
Tak, MOXKHO COROCTaBHTh LUMKJ/IOMNEHTAIHEHUIB, paccMaTpu-
Bas HX Kak npowussonnuie aunona (CsHs)-, ¢ dpenantpoan-
HaMHM, U 3aMEeTHTb, UTO B O0OHX CiyyasxX «[oJe JHTaHI0B»
NPUBOAMT K crapuBaHiio cnuHoB B cayuae Fe?* u Co?*, Ho
He Mn?t. (dta anaJorysg pacnpocTpaHseTcss W aaJjblle:
[Fe(CsHs)olt, kax u [Fe(Phen)s]**, uMeer cnapenHbie CrHHbI,
x0T uzosiexkrponnble Mn(CsHs)o u [Mn (Phen);]*+ sBasior-
Csl BHICOKOCTIHHOBBIMU COEJHHEHUSIMH.)

Taxkum o0pa3oM MOXKHO MOAOHTH K OGDBSACHEHHIO OTMe-
4yaeMoro uacTo CXOACTBA MeXAY OucC-UMK/JOMeHTaAHeHU/b-
HBIMH # AUOGCH30JbHBIMH COCIHHEHHAMH, ¢ OAHOH CTOPOHBI,
M OKTa3ApHYeCKHMH KOMIJeKcaMu, ¢ Apyroit. PaccmoTpum
OObIUHBIl OKTa3JpHUeCKHH KOMILIEeKC, HO AJs1 06/erdeHus
CONOCTAaBJEeHHA C UHK/JIMUECKHMH CHCTeMaMu JalWM HOBOE
onpeaeledue d-opOGHTHl OTHOCUTEIbHO OCH TPeThero Mnopsii-
Ka, Kak rnokasano na puc. 61. Kaxk u npexne, umeem Te xe
TPH YCTOHUUBBIE f9g W IBE MeHee YCTOHUHBble OpPOHUTH €4,
HO Tenmepb Mbl MX AOJKHBI 3allMcaThb CJAEAYIOLIMM 06pa3oMm:

dz
‘/—g dy- y? + ‘/—_l; dxz l/— 3 dxz_yz ‘/- ; “

|
Vi Ve | Vi Fe |

Ecan MBI HECKOJIbKO HMCKAa3HM OKTa3/lp, CILIIOWUBAs ero,
HO COXPaHHUM MU 3TOM OCh TPETLEro MOpsijiKa, TO MOJYUHM
auarpaMMy VpOBHeil sHepriu, u3obGpakeHHyl0 Ha pHc. 62.
Ecau 1ickasuTb OKTav1p B AOCTATOUHOIl CTeNeHH, TO MoOJay-
yeHHas JdHarpamMma yposHell 3Hepruu oxazsercs [OUTH
HOEHTHUHOU ¢ AuarpaMMoil 115 6uc-UMKJI0TeHTalHeHU.10B,;
paxe 0e3 MCKaXKeHus CXOACTBO (3a HCKJIOUEHHEM BBIPOXK:
deHust dy- U ABYX APYTHUX f24-OpOHT) NOpasuTeILIOE,
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Mcnonb3oBannble HaMu paHee A0BOAbI MOKAa3biBalOT, 4TO
KaueCTBEHHO CBOHCTBA psila COEIHHEHHH TNepeXOaHbIX Me-
TaJ/10B B Go./blllell Mepe onpenensitoTCs MPUPOIOH OPOUT U
CXeMOH ypOBHeH 3HepruH, yeM MeXaHU3MOM, MPHBOAALIHM
K 37O#t cxeme. ITo 3Toll npuuuHe comepuieHHO (HOPMabLHO
1 6e3 BCAKOro OTHOLIEHHS K MPHUPOJIe CBsi3efl Mbl paccMat-
puHBaeM LHKJONEHTAAHEHUJbl KAaK [MPOU3BOAHBIE HOHA
(CsHs)~, tem Gosee uTo GOMBIIMHCTBO PACCY¥KIEHHH, MPHU-
BEJIEHHBIX /I OKTa3JApHUECKHX KOMIJIEKCOB, MPHMEHHMB! C
HE3HAUYUTE/NbHBIMH H3MEHEHHUSMH U K LHKJOMEeHTAalHeHUIaM,

i e(eq) &

€2
a, (dzz) a,
Oxmasdpuveckoe TpuzoHanvHoe
none ucKaxcenue
a ']
Puc. 62

@ = BAUSIHHE TPUCOHANBHOIU MCKAXXEHHA Ha YPOBHH 3IHCPTHH OKTA31PHYECKOTO KOM-
naexca; 6 — ypoBHH 3Hepruu «d-opOuT» (eppoucHa.

MH He MOXKeM 3[ech BAaBaThbCsl B MOAPOOHOCTH, HO XOUeTcs
CKa3aTb, UTO MOXKHO OXHJaTb NMposiBieHus sddekra dHa —
Tensnepa Jas  COMH-CIAPEHHBIX HOHOB d’, HampuMep
y Co(CsHs)e, Tak e Kak M YyCTOHUHBOCTH CO€AMHEHHH
HOHOB ¢ KoHpurypauueit db, B yactHoctu Fe(CsHs)o, n 1. .

B ¢BS13M ¢ ONTHYECKHMH H MarHHTHBIMH CBOficTBaMHu OuC-
HUKJIOMEeHTa IHEHUAOB MPENCTaBIsgeT HHTepPeC BbIACHHTb OT-
HOCHTEJIbHOE T0JI0XKeHHe OPOUTHI dx U OPOUT diw—y: H day.
MoXH0 0X)HI1aTh, UTO, B TO BPEMs Kak B HeHTPaJbHBIX MO-
Jgekynax rubpuausaunsi 3d. —4s Hrpaer BaxKiylo pOJb,
oHa yMenblaercs B KatHoHax [M(C;Hs),]*, nockoanky ¢
POCTOM 3apsiia Ha HOHe MeTagdda ObICTPO BO3pacTaer pace
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CTOSIHHE MexXAy d- W S-ypOBHAMH. DTO MOATBEPKAAETCSH
napamaruetuamom nona [V (CsHs)o]*, B TO BpeMs kak H30-
afekTpoHHas emy wmoaekysna Ti(CsHs). nuamaruutha. Ilo
Mepe YMeHbleHHs1 CcTelneHH THOPUAH3aUUK S-OPOMTH 3a
CUET BO3PACTAHUA PaAcCTOSIHUA d — S 3Heprus opOUTH d
npubanKaeTcss K 3HEePrun OpOUTH dy—y: *.

0) YeroipexuneHnole KoAbYQ

PeHTreHOCTPYKTYpHBIE JaHHblE MMEITCS TOJNbKO A5
COeMHEHUs], COAepIKalllero LHKI00yTalHeHOBOe KOJbLO*,
¢ Gpytro-gopmyaoii C4(CHj)4NiCly, [4]. dta Mosekyaa

Puc. 63. Crpyxrypa (C,Me,);Ni,Cl, (dacTHoe coobuenue Dunitz).

dbaKkTHUeCKH fIBJIseTCS NUMepOM; ee CTPYKTypa H3o0paxke-
Ha Ha puc. 63. Hexotopoe Bpemsi Hasaa Mpeaioga-
raad yuactie poxactBeHHol Modekyanl [(CqH) Ni(CN)g]
B CHHTEe3e LMKJI00OKTaTeTpaeHa no Penny. OnHako u 10 CHX
Nop ellle He U3BECTHO, YYaCTBYIOT JIH B 3TOH peakUHH Npo-
U3BOJHble LUK I00yTaAKeHa.

* Nuamarnerusm Ti(CsHs), npoTuBopeudT mnocjaemHuM Teoperuye-
ckuMm pacueram [3]. HeoOxoaumer najbHeiiline 3KCIEPHMEHTHI, KOTOpbIe
MO3BOJISIT BLISCHUTh, He SABJAseTCsd Ju HaOJIOAaBLUMHCA AHaMarHeTH3M
CJEACTBlieM IMMEpH3allHH MJH AHTH(PEPPOMACHHTHBIX B3aHMOACHCTBHH
MEXKAY MOJICKY.T1aMH.

** Celjuac onpejeicHa elle o1Ha CTPYKTypa, a MMEHHO TpHKap6o-
nuaTetTpadennantkio0yTaguenxenesa (Schomaker, «Nature», B nmeuart,
1960).

14 1. Opren
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[C4(CH3)4NiCly), MoXKeT cayKuTb MepBbIM MPUMEPOM
YCTOHYHMBOTO KOMIIEKca HOHa MeTa.na C HEeCKOJNbKO He-
0GBLIYHBIM YIJICBOJAOPOJAON B KauecTBe Juraujaa. BepositHo,
MOTryT CYLIeCTBOBATh KOMIJIEKChl ATOMOB M HMOHOB MeTaJ-
JOB M C APYTMMH HEOOBLIUHBIMH YI/I€BOAOPOAHBIMH CTPYK-
TYypaMH.

5. IPYTUE KOOP/IMHALIHOHHBIE COEJIMHEHUWS
METAJIJIOB C ¥YTI'JEBOJOPOOAMHU

Cpean ocTandbHLIX MpoCTefilluX KOMIJIEKCOB METaJJoB
¢ VYrJeBOAOpOAaMH YKaxKeM Ha OyTalHeHOBble NPOU3BOJ-
Hble KapGoHuaa xkededa c¢ ofwell dopmyaoit RFe(CO)s,,

0
oy P
Fe C=0 Fe —C=0
b5 %o
a 0 ]

0

Puc. 64. [Ipeatonaraemble CTPYKTYpHL:
a— (C,H;) Fe (CO); 6 — (CH,40,) Fe (CO)y; 6 —(C;H,0) Fe (CO),.

rjie BMecTo R MOXeET cTOATh MOYTH J11060€e {IPOCTOe MPOoHu3-
BoHoe Oyrtaauena. [lpunepoM MoXKeT CJYXKHTb COeIHHe-
Hue ¢ 1, 3-mnkiorexkcaaueHom. BoamokHasg CcTpykTypa Ta-
KHX COeAMHeHHi H300paxceHa Ha puc. 64. 3anosHeHuble
OopOMTBl AHeHa MPeJoCTaB.IAI0T KaK pa3 yeTbipe 3JIeKTPOHA,
HeoOXOaMMble 115 [O.J1y4eHHsl KOH(HIYypaUWn HHEPTHOro
raza y Fe B paaukaie Fe(CO)s BosamoxHO Takxke obpa-
30BaHME ABOMHBIX CBf3€ll BCJAEJCTBHE HaJHYyHs y JHrasaa
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nycthix m-op6ut. Hefictsuteasuo, rpynna Fe(CO); ob6aa-
JlaeT MHOTHMH CBOHCTBaMH JaueHodu.1a, o0pasys, Hanpu-
Mep, COeTHHEHHsT C 1-XHHOHAMH H ¢ LUMKJIOMeHTalHeHOHaMHU
(puc. 64,6 u 8).

Cefiuac M3BeCTHO 3HAUHTE/LHOE KOJHUECTBO alETH/IHA0B
nepexoaHbIX MeTannoB. OHM BecbMa OTJIMUHBl KaK OT CIHM-
BHUEBbIX MOJEKYJ, TAK U OT aJKu.10B. BeposiTHO, ux ayulle
BCEr0 CPaBHUTb C COOTBETCTBYKOUIMMH HHAHWAAMH, HampH-
mep [Fe(CN)gl*~ ¢ [Fe(C=CR)¢]* u 7. . [5].
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BbICIIHME BAJIEHTHOCTHU MNEPEXOIHDBIX
METAJIJIOB

1. OKTA3JIPUYECKWE COEAMHEHNA

Bricune cTeneHn OKHCJ/EHHSI NMEPEXOHLIX MeTaJJoB {10-
YTH BCeraa BCTPEYalTCs B UX OKHC/JAaX H PTOPUCTBIX cOedu-
HEeHHUX, XOTS U3BECTHO TaKKe HECKO.bKO HHTEPECHBIX KOOp-
JAUHALHOHHBIX COEAMHEHHI HOHOB MeETa 0B B HX BLICUIHX
CTENEeHSIX OKHCJAEHHSl C apCHHAMH U T. M. B Takux coeiimHe-
HHUAX CTeNeHb KOBAJEHTHOCTH NOJkHa ObiTh Beauka. Mior-
ga rubpuausauds d-opOUT MeTasda ¢ APYrHMH OpOGHTaMH
MeTaasna ¥ OpOHTAMM JHUTaHAOB HACTObKO 3HAUHTesbHA,
UTO 3JEeKTPOCTAaTHYEeCKHI MOAXO0J OKa3blBaeTcs NpakTHue-
CKHM HenmpuroiHeiM. B 3Tom cayuae caenyer o6paTurbcs K
TEOPUH MOJIEKYASPHBIX op6uT. OaHaKo B cayuyae OKTa3Ad-
pPHUYECKHX COeIMHEHHH BCe elle [MO0Je3HbIM OKa3blBaeTcs
METO/ MoJsl JIMTaHAOB, B KOTOPOM IJaBHas pPO.Ib OTBOJHTCA
d™-3JIeKTPOHHBIM KOHQUTypauusM HOHA MeTaJjaa.

B kauecTBe mpuMepa coeauHeHHH, K KOTOPbIM MPHMEHH-
Mbl NPOCTbIe MeTOAbl, PACCMOTPUM Tpynny JeTyuux rexca-
¢ropunos WFs, ReFs, OsFg, IrFg u PtFs. MowxHuo cuutars,
uto B WFg MeTasn1 o6pasyer wecTb OObIMHBLIX CBA3€H ¢ JH-
raHamu, B TMOCTPOEHHH MOJEKYIAPHBIX OpPOUT KOTOPBIX
yuactBylot d(eg)-, S- M p-opOuthl Merasna. o-Cpasu B
oCTajJbHbIX COeAHHeHUsiX 06pasyloTcs aHaoruudbiM obpa-
30M, HO Ha opOUTYy foy A0GaBJAseTCA OT OAHOrO A0 4eThipex
3]eKTpPOHOB, B pe3dysbTate uero PtFg oxasbiBaeTca HH3KO-
CTIMHOBBIM KOMIIJIEKCOM.

CnekTpbl BCeX 3THX COEIHHEHUII MOKHO [€Ta.IbHO HH-
TepnpeTHpoBaTh C [OMOLIbIO €IMHCTBEHHOTo NapameTpa
[1]— KOHCTaHTbl CNHH-OPOUTAJIBHOIO B3auMOJeiCTBHUSA, MO-
CKOJbKY 3TH CHEeKTpbl o0YyC/AO0BJeHbl MepexolaMu B mpene-
Jlax KoHHUrypauuu (feg)™, B pacueTe 3HEPrHH KOTOPbIX HE
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noaB.aseTcss pacllensende A B noJe Juranaos *. Teopus
noJisl JMraHaoB MpHMEHHMa 3/eCb B TOH Ke Mepe, KaK H K
JI0GOMY psily COelMHeHHH MeTad]1a B (oJiee HU3KHX CTe-
neHsix okucaenusi. [leao, BepoATHO, B TOM, UTO H3ydaemoe
HaMH CBOWCTBO 3aBHCHT TI/aBHHIM 00pa3oM OT MOBeAeHUS
OpOUT fg, KOTOpBIE YYaCTBYIOT B 00pa30BaHHH T-CBsA3eH
He B TakKOH cTemeHd, Kak OpOHUTbl €g; B 00pa3OBaHUH
c-CBSA3EH.

OkTasipuueckue COeAMHEHHs MeTaJ/JIOB B MX BBICLIHX
CTeMeHs X OKHCJEeHUs, MO-BUAMMOMY, BCerjia sB/SIOTCS HH3-
KOCMHHOBbIMH. DTO CTAHET MOHSITHBIM, €CJAH YyuecTb, UTO
cu’a mnoJs JUraHaoB GbICTPO YBEJNHUHBAETCS C POCTOM cCTe-
MeHU OKMCJEHHs MeTaJlla, a MmapaMeTpbl MeXK3/JeKTPOHHOTO
OTTaJKHBaHUs YMeHbIUAIOTCS BCJAEACTBHE HHTEHCHBHOH Ie-
aokagauzauuu. LiNiOy aBageTcss OAHUM U3 HEMHOTHUX HH3KO-
CIIHHOBBLIX KOMMJIEKCOB HOHA ¢ KoHburypauueit d’ [2]. Coii-
CTBAa COeIMHEHHil, COAepXKalluX HOHBl B BBICOKHX CTeMeHsX
OKHCJEHHsI C OKTa3IpHuecKoif KoopAHHAlLHeH, [0BO/bHO
XOpOLLO COrJacylTcs ¢ MPOCTOH TeOpHeH MO.s JIMraHAOB,
OCHOBAaHHOI Ha KOH(Hrypauusx d" HOHOB MeTa.1J0B INpH
c0o0/I0/IGHUH OTpaHWueHUH, HaKIa/biBaeMblX Ha HHU3KOCMU-
HOBble KOH(UTYpaLHH.

2. TETPA3/IPUYECKHE OKMCJIbI HOHOB
B BbICIIMX CTEIEHAX OKHCJIEHMS

Kak Mbl BHaeaH, OKTasgpHuyecKHe OKHCJ/BI MepeXOmHbIX
MmeTtaanos, HanpuMmep ReOs;, nau xe jeTyune ¢TOPUABI, Ha-
npumep PtFg Moryt ObiTh (hopMasbHO OMHCAHBI TOMellle-
HHEeM OIpeJe/eHHOro uucia d-371eKTPOHOB Ha OPOHTHI fag.
Tako#i moaxod 0Ka3biBaeTcsl MOJE3HBIM MNpPH OODbsSCHEHHH
CTMEKTPOB W MAarHUTHBIX CBOHCTB. KoHeuHo, Gosblioe yua-
cTve B 06pa3oBaHUM CBA3ell MPUHUMAIOT OPOUTHL €4, HO 3TO
He BJMsIeT Ha BO3MOXKHOCTb OMHCAaHHS B paMKax TeOpUH
nossi JuranfoB. UTo xe Kacaercss TeTPasAPUUYECKHX KOMII-

* CnuH-op6uTaabHoe B3anMozelicTsie ObICTPO BO3pacraeT ¢ yBe-
JHYEHHEM aTOMIIOro HOMCPa HOHA M OMnpejde’dsieT OCHOBHblE YepThl 3JeK-
TPOHHOH CTPYKTYPBI KOMILICKCOB HaH00.I€C TsAXKeJablX MeTaj10B mepexon-
Beix nepuojoB. Koueuno, aas npopeiaciis nogoGHBIX PacueToB HEo6Xo-
NKMa [OMNoJHHTeabHas HHGopMmaius 00 3IHEPreTHYeCKUX YPOBHSIX C80-
000HbIX HOHOB,
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JIEKCOB HOHOB BbICIUEH BaJIeHTHOCTH, TO 3/1eChb TGOPHS MOJIs
JIHTAH/I0B TIOKa elie He sBJA4eTCsl TaKOH MO.1e3HOM.

Y TeTpasapHuecKHX KOMIJIEKCOB OpPOUTH f, yyacTBYIO-
e B 006pa3OBaHHH KaK c-, TaK W T-CBA3eH, U OpPOUTH e,
KOTOPBI€ yuacCTBYIOT B 0Opa3oBaHHH TOJbKO mw-CBs3eH, Kak
0y:1T0 Obl 3HAuUHTENbHO [AE10KaJIM30BAHBL. IDTO MPUBOJAHUT
K CTO.1b CEpPbe3HbIM 3aTPyAHEHHAM TpH ONpeleJeHHH ypPOB-
Hell 3HepPruu, YTO U JO CHX MOp elle He COBCEM SICHO, HAaXo-
AUTCS JIH MepBBIH d-3JeKTPOH, MPHCOEAHHEHHBHI K HOHY
MnO; naM K PpOACTBEHHBIM eMY HOHAM, Ha opOuTe e
HJH 19,

YacTHuHO 3Ta TPYAHOCTb MOXKeT ObITb OObsSICHEHa TeM,
YTO HOHBI MeTaJjJjia B TeTPasJApUueckHX COeAHHEeHUsX, HC-
CJ1€70BAHHBIX [J0BOJBHO TUIATEJbHO, HAXOIATCSI B OEHb
BLICOKOIl CTEMeHH OKHC.IeHHSsl, TakK 4YTO 3TH COeAHUHEeHUs
JOKHBL OBITH CYLIECTBEHHO KOBaJeHTHH. K ToMy e, Ma-
Joe YHCI0 JUTaHJd0B CnocoOCTBYCT e/0KaJu3alHH; B Ta-
KHX HOHaX, Kak MnQOj, 3.1€KTPOHeHTPa/IbHOCTH TPYAHO 10-
CTHTHYTb TyTeM TMepeHoca OAHMX TO/JAbKO ©-3,1€KTPOHOB,
TaK KaK Ma.0BepPOATHO, YTOObl MOXKHO ObLIO yAaJdUTbh C Op-
OuTH Kaxaoro wosa O?~ MouTH ABa 3J€KTpPOHA. DTO 3HAUMT,
YTO T-OpOHTBl HCMNOJAB3YIOTCST Ads1 00pa3oBaHHUsl CBsi3ell ro-
pa3ao B GoJsibliell cTerneHH, ueM, HanpHMep, B OKTasapHue-
ckoM coeanHeHnn WOt Elne oaHO Oc/10XKHEHHe CBSI3aHO CO
3HayuTeabHOH d — p-ruOpuausanueii, ocyulecTs.1gmoLLeiics
B TETPa3ApPHUECKHX KOMIJeKcaX. DTO CTAaBUT 101 COMHEeHHE
NIPUMEHHMOCTL TEOPHH, OCHOBAHHON (PaKTHUECKH Ha YHCTBHIX
koudurypauuax dn.

M3-3a 3THX TpyaHOCTeH 00 CHX NMOP OTCYTCTBYET IPO-
cTasi TeOPHS MATHHTHBIX M ONTHUYECKHX CBOHCTB TeTpas1pH-
YeCKHX KOMILIeKCOB. Dyaem HanesTbCs, UTO elle TOJbKO
HayHHalolleecss HCC1e0BAHHEe ONTHUECKHX CBOHCTB H CIEKT-
pOB TNapaMarHMTHOTO pe30HaHca TaKHX HOHOB, Kak
(MnOy4)* u (FeO4)?, moMoxkeT yCTAHOBHTbL CTeNeHb INpH-
MEHHMOCTH TPOCTON TEOpPHH MOJIEKYJASIPHBIX OpOGUT AJs Mo-
JYKO.IHUeCTBEHHOT0 OMMCaHHsI OCHOBHOTO W BO30YIKAEHHBIX
3.1€KTPOHHBIX COCTOsHMIT [3] *.

* Dta najexia yxe ocyiuectsuaacs, Cm. Proc. Roy. Soc., A 254,
101 (1960) u npHBeCHHBIC TaM CCBIJIKH,
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CpaBHuTeNbHO HefaBHO Obliia pa3paorTana aerajbHas
TEODUS CMEKTPa ONTHUECKOro morJsouenus wona MnO; u

M303/JEKTPOHHBIX ¢ HuUM HOHOB [4, 5]. Ilepexoasl B 3TuX
CMEKTpax MaJjio CBfi3aHbl ¢ nepexogaMu tuna d —d (Belb
(hopMasbHO, N0 371eKTPOCTATHUECKOIl TeOopHH, d-3.TeKTPOHOB
HeT), a COOTBETCTBYIOT NMEPEHOCY 3J1eKTPOHOB MeX1y [e0-
Ka/qM30BaHHBIMH MOJeKy spHbiMu opoutaMu. OHu Gouablie
HAaMOMHHAIOT CHEeKTPbl llepeHoca 3apsajia B OKTAdIPHUECKHX
KOMILIeKcaX, ueM nepexoanl tuna d — d. 10, N0-BHAHMOMY,
SIBJSIETCA NPUYHHOH ropasfo 6Gogbllieli HHTEHCHBHOCTH Ca-
MBIX JJIMHHOBOJIHOBBIX TmoJ0c norJaouenus MnO; no cpa-

BHEHHIC, Hanpumep, ¢ MHTCHCHBHOCTBLIO M0.J10C B OKTAa3ApH-
YEeCKHX KOMIlJIeKcax.

3. CTEPEOXMMHS OKMCJIOB METAJIJIOB
B BbICIIMX CTETEHAX OKHMCJ/IEHHWA

[Toutn Bce HH3WIHE OKUCABI MEPEXONHBIX  METaJJOB
MUMEIOT OKTa3ApPHUECKYIO CTPYKTYpPY, TOrjla Kak BbICLINHE
OKHMCJIBl 3THX K€ 3.1eMEHTOB HMEIOT, Kak MpaBHJO, TeTpa-
3]1puueckylo koopauHauuio. Tak, npou3BoaHble HoHOB Mnb*
u Mn™, a umenno MnOj~ u-MnOj, umeloT TeTpasapuue-

CKOe CTpOeHue. B mnepBOoM NepexopHOM MepHode OKHCJbI
HOHOR CO CTeMeHsIMH CKHCJEHHs YeTbipe M HHXKe OOCBIUHO
UMEIOT OKT23/1PHUYECKYI0 CTPYKTYPY, OKHC/AbI [IEeCTH- H CeMH-
BaJEHTHBIX HOHOB — TETPa3APHUECKYIO.

B coeayiownx nmepexoaHBIX TepuHoiax mnpeiel ycTOHUM-
BOCTH OKTa3ApHuUeCKOH KOHDUrypauuu pacliupsiercs, BH-
OUMO, B pe3y.]bTaTe YBeJHUeHHs pa3MepOB ;OHOB MeTaJ-
aos. Nbd*, Tab* Mo® u WO o6pasyior Goaee nan MeHee
npasuiabHble OKTA3JApHUecKHe KOMMIekckl, Ho WO u oco-
G6enHo Mot yacTo BCTpeyaloTCs TakKe ¥ B TeTpasapuue-
CKHX OKPYIKEHHSIX.

Ecay HOHBl MMEIOT TaKHe Pe/HYyChl, UTO OKTa3v1pHdecKHe
¥ TeTPasjaApHUECKHe OKHCABl JO/DKHBI OLIThL He OCOOCHHO
YCTOHYHBBI, TO 4acTO 00pa3yioTcs OKHCIbl C Ouelb HeOoOblY-
HeIMH cTpvkTypaMu. Tak, B VoOs Hod meralla OKpyXKeH
HAaCTOJIbKO HeNnpaBUJbHBIM OKTA’APOM W3 HOHOB KHCJI0POAA,
yTO OGBIUHC KOODIMHALMOHIIOe YUCJA0 CUHTAIOT PaBHBLIM MSATH
(puc. 65). B apyrux coeauHesusix V5 poH MeTansaa HHO-
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r1a HMeeT TeTPas3APHUECKYIO KOOPAHHALHIO, & HHOI[a BCTPe-
yaeTcsl B OKPYXEHHMAX C OuUeHb HU3KOH CUMMeETpHeH, Kak
MPaBHJIO C KOOPIMHALMOHHBIM YHCIOM MSATh.

TwareabHoe ucciegoBaHHe CTDPYKTYD pPa3HooGpasHBbIX
coenunennit Mo®*, W6+ Nb>* u Ta%" nossoanio o6HaPyRHUTb
BeCcbMa OOLIYI0 TeHAEHUHI0 K BO3HUKHOBEHHIO HMCKaXKEHHBIX
OKTasApuyecKux koudurypaunii. Mayuenuble cTpykTyphl ua-

0 CTO MOTYT GBbITb MOJYUYEHBI
U3 MPaBH/JAbLHBIX OKTa3/ApPOB
NMyTeM CMeLIeHHsi HOHa Me-

154 Tanlla U3 LeHTpa KHCJO0-
poAHOro oxrasiapa, a Tak-
188 XKe nyTeM JHWb He3HauH-
/ TeJbHBIX CMEULeHHH CaMHX
v 0 HOHOB KHcJopoaa. MoXKHO
177 >\ Jlax<e pacroJOXHTb HOHbI
' 202
, B pAL MO MOCTENeHHO BO3-
188 0 pacTtatouieil TeHJEHLHH K
0 ¢ OTKJIOHEHHIO  oGpasyeMblX

HMH KOMIIJIEKCOB OT CHM-
METPHH MNpPaBUJbHOIO OKTa-
aipa:

Hf**, Zre* Tit*, Nb5*+, Ta+
0 W6+ Mob+ V5+ Cré+ Mn7*.
Puc. 65 Oxpykenue nona V5T ’ ’ ’ ’

B V,0;. [IpumepHOo B 3TOM Xe

psiAy yMeHbUIaeTcs W pas-

Mep HOHOB, B CBSI3M ¢ 4eM GbLI10 BBICKA3aHO NPe/oJ0KeHue,

UTO MCKaXKeHHble OKTA3ApHUecKue CTPYKTYpbl HAa0/1101a10TCs

IJ1sl TEX HOHOB METaJlJloB, KOTOPble CJAHLIKOM MaJbl A5 00-

pa3oBaHUsi OKHCJOB C MPaBHJAbHON OKTa3ApHUECKOH KOOpAH-

HalKell, HO BCe Ke HeI0CTATOUHO MaJbl AJds 06pa3oBaHHs

TeTpasApUUYeCKUX CTPYKTyp. MoH MeTanna Kak Gbl nmpbiraer
BHYTPH OKTa3/Apa W3 HOHOB Kucaopoaa [6].

CuiencTBHd, BbITEKAIOUIME U3 3TOH TeHAEHUHH K HCKaxKe-
HHMIO, OYeHb BaXXHbl He3aBWCHMO OT JOCTOBEPHOCTH NpHBE-
JNIEHHOTO Bblllle OO0bSCHEHHS CTEPEOXHMHUECKHX (aKTOB.
Baxubie texuuueckue cBoiictBa BaTiO; u apyrux nepos-
CKHTOB, caMoro GOsbLIOrO M OJHOrO M3 HauGojee cylie-
CTBEHHBIX KJacCOB (eppo3TeKTPHUECKHX MaTepHaJ0B, dac-
THYHO OMNpeJe/sl0TCs 3TOl CKJIOHHOCTBIO BBICIIMX OKHCJIOB

2,83
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K HCKa)eHuo. Dblo BbICKA3aHO TaKKe MPEANO.ICKEHHE,
YTO JIIOGOMBITHBIE KJIETOYHBIE CTPYKTYPbl FeT€pPONO.HMOJUG-
[LAaTOB M TeTeporoJHBOAb(PAMATOB ONpeAesIOTCs TeH/IeH-
uMell K MCKaXeHHio npaBuabHbIX rpynn MoOs u WOs [7].
YuuTblBasi pasciHuHYIO TEHAEHLHIO MOHOB MeTaJsJIoB K obpa-
30BAHHUIO MCKAXKEHHBIX TOJH3IPOB, MOXHO [OHATb, MOYeMYy
BBICILIHE OKHCJ/bI 3/1€MEHTOB MmoArpynnsl A o6pas3ylor KOMI-
JIEKCHble aHHOHBI, CTPYKTypa KOTOPBIX ONpeneseTcs JaB-
HbIM 00pa3oM MeTaJ oM.
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JAOMNOJHEHHE

MATHHUTHASY BOCITPUMMUNMBOCTD
COEOAUHEHUWW TIEPEXOIHBIX METAJIJIOB

Pacuer mapaMarHUTHOH BOCTPHHMYHBOCTH COEAMHEHUS
BKJ/IOYaeT ABe cTaauM. Heo0X0aWMO omnpenesuTh 3HaueHHe
MarHHTHOIO MOMEHTa COeAMHEHHsl, a 3aTeM BBIBECTH COOT-
HOUIEHHE MeXAY 3THM MOMEHTOM H BOCIPHHMUYHBOCTbIO.
Huxe mbpl 06cynum a1y npobaeMy TOABKO KayeCTBEHHO. Mubl
He OyfeM paccMaTpUBaTb JHAMATHHUTHYIO BOCIPHHMUYUBOCTD.
YKaxeM TOJAbKO, UTO [MOUTH BCE COEAMHEHHs, Yy KOTOPBIX
OTCYTCTBYIOT HeCllapeHHble 3JE€KTPOHbI, AHAMarHUTHBI,

B ocHoBe Qusuueckoil uaeH, MO3BOJSAIOLLIeH CBSA3aTh
MAarHUTHBIH MOMEHT C BOCNPHUMYHBOCTLIO, JIEXKHT NpejcTa-
BJIEHHE O TOM, YTO MAarHHTHble MOMEHTBI CTPeMsATCS pacro-
JIOKHUTHCS NapaJjiiejJbH0 MarHUTHOMY MOJIO, HO 3TOMY B Ka-
KO#-TO Mepe MpensiTCTBYeT TeN/JOBOe ABHMXKEHHe (HCKJIouast
OYeHb CHJbHBIE MOJ51 MPH OuUeHb HH3KHX TeMIepaTypax).
BocnpuHMYHMBOCTD % MPOMOPUMOHAJAbHA CTeleHH TAaKOH OpH-
eHTallud, OTKYyJAa $ICHO, UTa OHa JO0J/2KHa BO3pacTaTh C poc-
TOM W M yMeHbwatbcs ¢ poctom I. Teopus nokasniBaert,
yTo

y =uv2[3kT.

PaszjnualoT ABa BKJajfa B MapaMaTHHTHBI MOMEHT CBO-
60AHOTO aToMa W — OAMH 3a cyeT CIHHOB 3JeKTPOHOB, a
JApyroii 3a cuer uX opOHTAJbHOrO NABHKEHHA. DTH YacTHY-
Hble MOMEHTbi 00'beAHHSIOTCS BMeCTe BecbMa CJ0XHbIM 006-
pazoM. O1HAKO B cOeOureHusix MepexoAHBbIX MeTaJJoB IO-
JAoXKeHHe o6Jeruaercs TeM, 4YTO OpOUTAJbHOe NBHIXKEHHe
3/1€KTPOHOB YPe3BbIUaiiHO CHJIBHO OrPaHHUEHO OKPYXKeHHeM,
He HMeIOWMM T0JHOol cdepnueckoil cummerpur. [Toatomy,
KaK NpaBH.10, MOXKHO NpeHeGpeub BCEMH COCTaB/SIOUIHMH,
KpoMe BKJsaja, 00yCJa0BJEHHOTO CINMHOBBIMH MOMEHTaMH,
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Uneto KRAaHTOBOMEXaHHUECKOe pacCMOTpeHHe MNOKa3blBaer,
YTO MArHUTHBII MOMEHT CHCTEMBl 7 HECMaPEHHBIX 3JdeKTpo-
HOB paBeH:

p=2VSE+ Due=Vnr+2)p,
eh B3
e o = —,; Ha3biBAIOT MarHeTOHOM Bopa *. 3ta dop-

MyJa BMecTe C INPHBEIEHHON B MpelblayllieM ab3ale ycra-
HABJMBAET MNMPAMYIO CBSI3b MeEX1y H3MEePeHHOH MAarTHUTHOH
BOCIIPUUMUHBOCTBIO H UHCJIOM HECMapeHHBIX 3.1eKTPOHOB.

Xota y GOJbIIMHCTBA COeAMHEeHHII opOUTalbHOE ABHXKe-
HHE 371eKTPOHOB M CHUJIbHO OrpPaHUUEHO (M0/aBJ€HO) Mo.eM
OKpY’KEHHdA, ero BKJal B MarHHTHBII MOMEHT KOMIJIeKca
He BCerjga HacToJbKO Ma., 4TOObl MM MOXKHO GBLIO MOJHO-
ctbio npeHebpeub. IToMHT, MO-BHAMMOMY, NMEPBBIM MOHsI,
UTO 3HAYEHHE BEJHUYMH Ma.blX OpOUTAJbHBIX BKJ1aA0B B Mar-
HHTHBIH MOMEHT OTKPBIBACT iiyTH K pasrajke NPHUPOAbLI OKPY-
XKeHusl MoHa Metadsa [1]. [Tosxe 3Ta maea ObLia LWIKHPOKO
Hcnogab3oBana, ocobenno Huxonmom [2]. OHa oueHb moJes-
Ha, HanpuMep, AJas TOrO YTOGbl OTJAUYHTb TeTpasApHUecKie
Kommaekesl Co?* u Ni%t 0T oKTasapHUeCcKHX.

QopMyaa ajas MAarHUTHOTO MOMEHTa C YUeTOM OJHHX
TOJbKO CIIMHOB NMPHrOAHA B TOM c.aydae, KOrja paclierne-
HHs, BbI3bIBaeMble CNHH-OPOUTAJNBHLIM B3aHUMONEHCTBHEM,
MaJbl 1Mo cpaBHeHHIO ¢ TenqaoBoit sHeprueill (RT). Ilo artoit
MpHUHHE HMelOTCS Ccepbe3Hble OTKJIOHEHHS OT Npeackasa-
HUH MPOCTOH TEOPUH [AJd51 KOMILICKCOB METa /0B HU3IMIUX
MepexoAHBbIX MEpPHOI0OB TNPH KOMHATHOH TemmepaTtype, H
naxe ans coeamuenuin Ti** u 1. M. NpH AOCTATOUHO HH3KHX
TeMrnepartypax.
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TEOPHH,
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