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B p860Te onBCbiB810TCH p93YIIbT8Tbl B3M9p9HBII, BblnOIIH&BIIbiX C noMOIIllloiO acjlcpeJ:Ta 

~ecc6ayspa npa aasJ:ax TeMnepaTypax B KOMnneKCIIhiX coeaaaeBaax TBna ~epponaaaaaoB 

Me a [Fe ( CN )8 ] 8 • a R2 0 ( pac, 1), J.iccneaoBanac& o6pa3nhl c pasnB'IIIbiMB MeTan-

118MB Me: Mn, Nl, Co, Zn a Cd. 

0co6eBBOCTbiO KOB81I9HTHOro KOMnii9KC8 Fe ( CN )8 , KOTOp,b!ll o6pasyeTCH B pe3yiibT8-

Te CHIIbHOII XHMH'I9CKOII CBH3R Me~y IIBraaaaMH CN- B neaTp81IbBbiM ROHOM Fe 8+ 
I 

IIBmleTCII CnHB HOH8 )({enesa ( S • 1/2), M81Iblll no cpaBeHeHHIO CO cnHBOM s - 5/2, 

Ha6niOaaeMbiM B 6onbrnaacTBe coeaaaeHaA TpexBaneHTHoro)({enesa. Ha3KocnaaoBaH KOH~H
/1/ 

rypanHH nepexoaBbiX MeTBIIIIOB B KOBBIIeHTBbiX KOMnneKC8X Ofl~HCHHeTCII B p8MK8X MO-

aena KpHCT81IIIH'IeCKOrO nona cnapHB8HHeM 8d -SII9KTpOBOB MeT81III8 B CHIIbHOM 31I9KTpH-

qecKoM none naaaaaoB CN • B sneKTpaqecKOM none Ky6aqecKoll CHMMeTpaa oKTasapaqecKH 

pacnOII0)({9HHbiX IIHraaaOB ypoBeHb 3d CB06oaaoro ~oHa pacmennaeTca Ha TpanneT 

1 a a ( d xv • d u • d v• a ay6neT e 1 ( dxa _ va, d .a ) • B cnyqae naraaaoB CN-

sTo pacmenneaae can&Hee o6MeHHoro B38HMoaellcTBHH sneKTpoHoa, acneacTBHe qero Ha HH

)({91Ie)({a!lleM TpHnneTe o6pa3yiOTCH napbl 31IeKTpOHOB C npOTHBOnOIIO)({HOII OpHeBT8IIH911 CnH-
8+ 

HOB, TaKHM o6pa3oM, aoa Fe B KOMnneKce Fe ( CN) 8 o6naaaeT BH3KocnaHoaoll 

KOH~arypanaell Sd 

a 
~arypanaa ( 1

28 
e 

OflOIIO'IKH ( 
a 

Ia• 

s - 5/2). 

s 1/2) B OTIIH'IH9 OT BhlCOKOCnHHOBOII KOH-

I13MepeHaa xHMH'IeCKHX caaaroa a KBaapynon&HbiX pacmenneHHII c noMom&IO ~~eKTa 
/2-4/ 

~ecc6ayspa aaiOT HH~OpM8UHIO 06 31IeKTpOHHOII CTpyKType KOB81IeHTBbiX KOMnii9KCOB • 

/5,6/ 
CornacHo H3MepeHBRM MarHHTHoll aocnpHHM'lHBOCTH HeKoTopbie ~epponaaaaahl o6na-

aaiOT npH BH3KHX TeMnepaTypaX ~eppOMBrHHTHbiMH CBOIICTB8MH, ~O)({HO 6biiiO O)({Ba8Tb, 

'ITO ao CHX nop 3KCnepHMeHT81IbHO He H861IIOa81IOCb H81IH'IHH ~~eKTHBBbiX MBrHHTHbiX no

nell Ha Rapax )({e1Ie3a a KOMnneKcax. Pacrnapeaae Mecc6ayspoacKax accneaoBaaall Ha ~ep

poMaraaTHYIO ~a3y KOB81IeHTHbiX KOMnii9KCOB flbiiiO HHTepeCHbiM C TO'IKH 3p9HHH HX 31I9KT

TpOHHOII CTpyKTypblo 8 T8K)({e TeopHH npOHCXO~eHHSI BByTpeHHHX ~~eKTHBHblX MBrHBTHblX 

none II, 

J.i3MepeHHSI M9CC6ayspOBCKHX cneKTpOB flb!IIH BbliiOIIHeHbl H8 31IeKTpOM9X8HH'IeCKOII yc-

T8HOBKe C CHHyCoHaBIIbHblM pe)({HMOM aBH)({eHHSI , i1CTO'IHHKOM 14,4 K3B r8MM8-KB8HTOB 
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cnyJKan Con B M&Tpane MeTannaq8cKoro xpoMa, HR3KOT8MD8paTypaMe H3M8pea•• npOR3-

BOnRnHCb B M8T&nnRqeqKoM KpROCT8T8 , KOTOp~ft o6ecD8qRB&II onaoponay~ T8MD8p8Typy 
0 0 0 

nornoTHTenei! c ToqaocT&JO ! 0,8 K B naana30B8 T8MD8paTyp OT 4,2 K no 30 K. T8unepa-

Typa H3MepBII8Cb r8pM8BHeBbiM T8pMOM8TpOM CODpOTHB/IeBHHo 

flonyq8HBbi8 BaMH npa T8MnepaTyp8 4,2°K M8cc6ayapoBCKH8 cn8KTpbi «!>epponaananoB 

M&praRUa, M8nH H HHK8/IH o6nana~T 388MaBOBCKOi! CTpyKTypoft (pHC, 2), qTO CBHn8T8/IbC,_ 

syeT 0 aanHqHH a«<>«!>eKTHBBbiX MarHHTRbiX nonei! Ra snpax lKe/le3a, a TaKlK8 0 MarRHTJIOM 

ynopHnoqeRHH KOMD/18KCSbiX HOBOB, 

TeMnepaTypbi K~pH T 
0 

onpenenBIIHCb H3MepeaaeM nponycxaaaa 14,4 KSB rauua-KBAR

TOB B aaBHCHMOCTH OT T8MDepaTyphl llpH HyneBOi! CKOpOCTR HCTOqBBKa, KaK BRnBO H3 pHC, 81 

c ysensqesaeu T8MDepaTypbi a npx6naJKeBHeM K Toqae K~pH nponycaaaa8 yMea&manoc& 

H BbiUie STOll TO'IKH CTaHOBHnOCb DOCTO!IHSbiM, 

B Ta6nane 1 conocTaBneRbi pe3y n&TaTbi saUIHX H3M8peaai! T 0 c pe3yn&TaTaMH 
/5/ /6/ 

fon&nesa a np. a Bo30pTa H np. • flpa'IHHbi pacxoJKneaai! ae BCSbi H MOryT 6biTb 

CBII3aHbi, HaDpHMep, C pa3nH'IHbiM, He BDOnHe CTeXHOM8TpH'IeCKHM ConepJKaHReM BOnbi B HC-

cnenosaHHbiX coenaaeaaax. 

BenH'IHHbi MaraHTSbiX none A, yKa3aHHbie s Ta6nanel onpenen!InHc& sa paccTOHHH!I Kpai!

sax naxos B cneKTpax. B «!>epponsaaanax llHHKa a KanMHH npa TeMnepaType 4 12°K ae aa6-

n~nanoc& MarBHTHOro pacmenneHHII, 'ITO, llO-BHnHMOMy, CBII3aHO C nsaMarHeTH3MQM HOHOB 

Zn~+ a Cd ~+ 0 B Ta6nane 1 yKaaaHbi aaaqesaH Kaanpynon&HbiX B3&HMonei!cTBHII I'M 

nnH aTHX o6paanos npa TeMnepaTyp8 4 12°K, a nn!I ocTan&HbiX - npa TeMnepaTypax aeMaoro 

BbiUie TeMnepaTyp K~pa. 

Hansqae rpanaeaTa aneKTpaqecKoro nonH sa Hnpe aoaa B KOBaneTHOM KOMnneace 

Fe (CN le nerKO o6~HCHH8TC!I B paMKaX MOnenH KpHCTannH'I8CKOro DOnH DpHcyTCTBH-

eM aneKTpoaaoi! nbipKH B t
11 

-o6ono'IK8 ypOBHII 3d flpH HCKalKeHHH Ky6aqecKOi! CHM-

MeTpaa OKTaanpsqecaoro KoMnneaca aoaaMa MeTanna a MoneaynaMa eonbi, pacnonoJKeHHbiMH 

CTaTHCTH'I8CKHM o6pa30M B M8JKnyy31IHHX peUieTKH, BblpOJKn8HH8 TpHDneTa CHHMa8TCII, H 3a-

ceneaae op6aTanei! d xy , d x• , d Y• 3aBHCHT OT HX 3H8pr8THqeCKHX paCCTOHBHi! H OT 

TeMnepaTypbi, 3acn8pHMeHTan&ao l:J.t oqea& can&ao aaBHCHT OT TeMnepaTypbi B np8n8nax 

300-100°K (pHC, 4), npH llOHHJKeHHH TeMDepaTypbi, Korna HacTynaeT aaceneaae an8KTpOHHOI! 

nhipKH caMOrO Bb!COKOrO ypOBRH TpHDII8Ta 1~ 1 , l:J.t CTaHOBHTCH nOCTOHHHbiM, 

JilaTepnp8TanHII eenH'IHH a«<>«<>eKTHBHbiX MarBHTSbiX none!!, sa6n~na8MbiX B JK8/1830ilHa

ssnax, 6onee cnoJKHa!I, Teopaa npoacxoJKnesaa MaraaTSbiX nonei! sa Hnpax1 paaBHTa!I BaT-
/7 8/ 

COSOM H <l>pHM8SOM ' 1 OCSOBbiBanaCb Sa pac'leTaX aneKTpOHHbiX BOnHOBhlX «<>YSKilHII CBO-

6onSbiX HOHOB, CornaCRO STOi! TeOpHH OCHOBShlM MexaHH3MOM B03HHKBOB8HHH H0 Ba Hll-

pax lK8/183a !IBnB8TCH KOHTaKTSOe B3aHMOJl8i!CTBHe anpa C an8KTpOSaMH BByTp8SRHX I -
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o6onoqea, KOTOpbie non!Ipaay~Tca B p8ayn&TaTe o6Measoro B3aRMonei!cTBHH c B8cnap8aawux 

aneKTposaMH Sd o 3Ta T80pH!I xopoUio o6~acageT eenaqasbi H
0 

nopallKa 500 t 550 xa, 

sa6n~naeMb!8 A/III HOSOB FeB+ C BbiCOKOCilHSOBOi! KOR«!>srypanaei! 5 • 5/2, CoOTBeT

CTB8SSO aaaqeaae a«!>¢eKTHBsoro nona oT onsoro aecnapeaaoro cnaaa B 3d - o6onooaxe1 xax 

B cnyqae KOMilneKCa Fe ( CN) e , MOJKHO OJKHnaTb paBSbiM OKono 100 .; 110 KS, qTo 

aaa'laTen&ao MeH&Uie aa6n~naeMbiX HaMH none A ( 200 7 270 Ka). 

TaKoe pacxoJKneaae, no-sanaMoMy, cesaaao co aaaqaTen&HbiM H3M8HeSH8M panaan&HbiX 

BOnSOBbiX «<>YHKilHi! 3d- o6onoqKH ROSa B KOMilneKC8 no cpaBH8HII~ C «<>YHKilHHMH llnB CBO-

6onsoro aosa, MeTon MoneKynapabix op6HTan8i! o6~1ICS!IeT nenoKanaaana~ Sd - sn8KTpoao8 
/9,10/ 

npH noMOUIH CB!I3ei! MeJKny op6HTaiiHMH M8Tanna H IIHrasnoB , 8 p83yn&TaT8 llaTHBBOi! 

CB!I3H 3a C'leT nap aneKTpOHOB MeT anna H Op6HTanei! naraHilOB 3 d - 8/18KTpOHhl ll8p8M&
/10/ 

ma~TCII B CToposy naraanos, H, KaK noKa3ami lllyn&Mas a Cyraao , a«<>¢8KTHBBOe qxcno 

3d- anexTpoaoe y uosa Fe 
8 
+ B KOMiln8xce Fe ( CN >e nana8T no 4135, Cornacao pac-

17/ 
'18TaM BaTcoaa a <l>paMeaa c ys8naqeaaeM panayca 3d - o6onoqxH1 T,e, yMea&meaxeu 

nnOTSOCTB 

none H0 

3d -aneKTpoaoB,KOBTaKTB08 s3auMonei!cTBH81 a cnenosaTen&so
1

a a«<>«<>exTBBRoe 

p~cTeT. 

B CB8Te aaUiei! aarepnp8Tanus 6on&Uiae sena'IHHbi MarsaTswx nonei! sa snpax JKen83a 
/4110/ 

B KOMnneKCax llOnTB8pJKna~ ( T8K JKe K8K H Ma/lbl8 H30Mepabi8 cnBHrB ) ponb naTHB-

aoll CB!I3H B coensaesaax aToro THna, 

B 6nuJKal!Uie8 epeMB aBTOpbi co6apa~TCH npacTynHTb K 6onee TmaTen&aoMy a3yq8BH~ 

npuponbi a«<>«<>eKTHBHbiX M8rBHTHbiX nonei! B KoBaneBTHblX KOMilneKCaX, 

B aaKn~qeaae aBTOpbi JK8na~T BbipaaHT& rny6oKy~ 6naronapaocT& npo«!>8ccopy 

<l>,n. IIJanapo 3a nocTO!IBHbiA HBTepec K pa6oTe, IO,M, OcTaaesaqy 3a noMbm& a ll8BRbi8 

nucxyccaa1 a TaKJKe noKTopy A. Ei!CbiMOBTY B3 JilacTHTyTa XHMBB .Sir8nnoacxoro yaueepcaTe

Ta 38 a3roToeneaae o6paanos. 

Me 

Mn 

Ca 

Nl 

Za 

Cd 

Ta6nsna 

3aaqeaaa TeMn8paTyp K~pa T 
a KBanpyno/lbBbiX pacmenn8aH\ 

1 a«<>«<>eKTHBawx uarRBTHbiX nonei! H0 

(5) 

2 

11 

19 

To ("X:) 

(6) 

11 

16 

27 

l:J.t B «<>8pponxauanax 

H
0 

(Ka) 

1518+0,5 195+ 15 -
1612!015 266+ 10 -
181~17 269+ 10 

5 

l:J.t (wMicex) 

0195~0102 

0181~0,02 

0197+0102 

< o,so 
0,94!0,02 



nxTepaTypa 

1. L. Orgel. Introduction to Transition Metal Chemistry, Methuen, Loudou
1
: 1960 

2. W. Kerler, W. Neuwirth. Za. f. Phya.,,!E176_(1962). 

3. A.Z. Hrynkiewicz, H. Lizurej, J. Sawicki, T. Senkowaki. The Theory aud Structure of Complex Compounda, 

Proceedings of the Symphoaium held at Wroelaw-1962, Perpmon Press-Oxford, WNT-Warazawa, 409 , 

1964. 
4. J. Danon. Techuical Report No 50, IAEA, Vienna, 89, 1966. 

5. A.N. Holden, B.T. Matthias, P.W. Anderaon, H.W. Lewia,Phya. Rev., ll!2, 1463 (1956) • 

6. R.M. Bozorth, H.J. Williams, D.E. Walsh. Phya. Rev., 103, 572 (1956). 

7. R.E. Watson, A.J. Freeman. Phys. Rev., ill, 2027 (1961). 

8. A.j. Freeman, R.E. Watson. Magnetism, vol.llA, Academic Preas, New York, 167,1965. 

9. C.j. Ballhausen, H.B. Gray. Molecular Orbitals Theory, Frontiers of Chemistry, Benjamin, New York, 
1965. 

10. R.G. Shulman, S. Sugaoo. J. Chem. Phys., 42, 39 ( 1965). 

PyKonxc& nocTynHna s H3naTen&eKHA oTnen 
18 asrycTa 1988 r. 

6 

''"·~~--.~ 

0 2+ Me 

Q Fe3+ 

0 CN-

0 H20 

PRe. I. CxeMa 91I&M&HTapaoil sqei!KH ljleppollHBHHnos. 
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Pac. 2, Mecc6ayepgsciHe cneiTpblc cpepponHaRRilOB BRiana, M&llR R Mapralllla npR TeMnepa
Type 4,2 K. Yia3aRhl nonolKeHRR nRIOB IanR6poBo'IHoro cneiTpa Fe 

8 
0 1 • 

8 

) 

104~ 
i t ~tt t ~ t Mn3 [Fet:N}ek3H:z0 

~ 4t 
102~ 

lj\ I Tc ·~ •q$'1< 

t ~ i 

·~~~II i J 
I I I I I 

0 5 X) 15 20 2J 30 

Pao, 3. 

,.,,., 
Cii( 

0. 

q2 

0 

npoDyCI8RR8 y -IB8HTOB C SHeprReA 14,4 ISB npR RyneBOA CIOpOCTR 
RcTO'IRRia B 38BRCRMOCTR oT TeMuepaTyphl, CTpaniR BBepx o6o3R&'Ia~ R3Me
peHRR DpR DOHBlK89MOA TeMnepaType, CTpeniR BHB3 - R3MapeKBR DpB DOBhlmae

MOA TeMDepaType, 

{' 

Ni 

Cd 

50 750 200 

PRe. 4, TeMnapaTypsaa 38BHCRMOCTb IBanpynonhsoro pacmann&HRII 1M a 

Nl 1 [Fe ( CN) 1 18 • S B8 0 R Cda [Fe (CN >e1a • 3 B a 0 • 
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