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S@EPPOMAIrHUTHLIE KOMIMJEKCbI ASOMETUHOBbIX NUraAHQOB

O6oSutens! U CUCMeMAMUSUPOSatnl Ganhbe N0 (DEpPOMEZHUMMHLIM KOMIUTEXCEM, NOMYYEeNHLIM UCXOGR U3 SI0MEMUNOSLIX il
2andoe (B-amunosununumunos U ocrosanull Wugpdga). Paspaboman Hoaul Nodxod K CUNMESY (eppo- U aHMUMDEPDOMAEHLIMNGIX
HOMIENCOS, OCHOBEHHLIT HA PALIUOHANLHOM OU3AUHE BIOMEMUNOBLIX NULaHIHLIX cucmes. [Tanyvens: MPpu Muna HoesX heppPoMa-
LHUMNBIX GUADEPHBIX MEGHLIX XQNAMOS C 830, COPY= U XNOPHLIMU MENMEMENbHEIMU MOCMTIUIEMU.

The experimental data on the feromagnetic complexes derived from azomethine ligands (B-aminovinyles and Schiff bases) are

summarized and systematized. The novel approaches to the synthesis of ferromagnetic and antiferromagnetic

based on the

complexes
rational design of ligand systems have been elaborated. The three new ferromagnetic binuciear copper chelates containing the nitrogen,

sulfur and chiorine intermetallic bridges were prepared.

DeppOMarHUTHLIE KOMMNEKCh! RBMNAIOTCH BAXHEALLWMM
yHKUMOHaNBHLIMK MaTepuanami [7; 5; 11; 13; 17-18].
Orin nonyuensl Ha ocHoBE Uannaeix [7; 11; 13; 18, 18; 25),
aswaHeix [7; 16), ncesporanorenmassix [21], kapBokcunar-
Hbix [4; 8; 9; 11] n pagukanshsix [6; 7, 9;18)] nuranaos.

Cpean MOnexynspHoix (DepPPOMBIHETUKOB LIWPOKD
npeacrasnessl xenatsl ocHosawui Lwchda. B xowue
70-x — wauane 80-x rr. XX B. waBecTHbIA paHLy3ICKuA
marHetoxumuk O, Kan cospan MOgenbHbil a30MeTHHO-
Bbit NWraKa TMNa 1, KOTOPLIA MNOCNYNWN OCHOBOA ANA
nonyueHus pasHoobpasHbix reTeposaepHbIX KOMNNexcos
2 ¢ deppo- 1 BHTM(HEPPOMArHMTHLIM B3AMMOAEHCTENEM
[12; 14; 15).

Mopens Kawa ¢ ycnexom WCNonbLIoBanacs W 8noc-

THNAUSTOHATEMH NAHTAHOWAOB, MPUBOAAWMM K reTepo-
GuagepHuim xenatam Tuna 4 [22].
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nepcrewu [10; 11; 18; 19; 23; 25]. [pyrwe nym k (eppo- Cu-VO -l*-'+ll!icm"l
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Hamu paspaboTas HOBBIW NOAXOA X CHHTE3y deppo-
MarHMTHbLIX TOMOMETANNHYECKHX KOMNNEKCOB, OCHOBAH-
HbIA Ha PAUMOHENLHOM AW3ANHE B30METUHOBLIX NUTAHA-
Heix cucrem [24; 3). B nocnegnux 5-7 8apbmposanwcs
anspermambie (ketonnsie) dparmests (R', Ar, Het), ao-
Hopuwie atomsi (X, Y) u 3amectwrenu npu N-aTome
C=N-cansu (T.A. Kysumesxo, J1.H. flusaesa, 10.8. Kouw-
eHko, HUK ©0X PY).

[INs NONYSeHUA NUTTHPYIOWMX CoeAMHEHNA 5—T G-
MM NpoBefeHbl MHOroCTaanAHbie CUHTEdbI Mpu aTom
B-aMUHOBHHUNUMUKL! 5 NONYHEHBI WCXOAR U3 (eHnnyk-

4

cycHoi (R' = Ph) unu dypauxapbonosoi (R' = NO,, ve-
pes wwrposasne a,f-awbpom-f-hopMunakpunosol knc-
notw) kucnot, Ocvosanns Wndda 6-T7 cuHTeanpoBaHsl
8 pesynsTare B3aMMOASWCTBMA  TPYAHOAOCTYRHOMO
N-roaunamumo (X = NTs) wnm cammumnosoro (X = O)
ansaerMaos ¢ apoMaTudecknmn 6 unn reTepounknniec-
KMMKH 7 NepBnyHbIMKA aMHUHaMK.
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Bapwuposanme Y, oTeercreenHOro 3a (hopmupoBanue
PA3MNHBIX MENMETANLHLIX MOCTHKOB, NPOM3BEAEHO B pe-
IYNLTATE MCNONL3DBAHWA B KAYECTBE MMKHHOR COCTBRANMIO-

wed  2-N-anxun(thenmn)saMeweniux  S-uuTpoanuniHa
6(Y = NR), o-amurocpesona (Y = 0) u o-ammHoTvodeHona
(Y = S) wnm 7 — N-ammno-2'-amwnoanxun (Y = NR) u
2-mo (Y = S) Genanmmpasonos. Coctas 1 CTpoerMe niwrana-
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8 9: R =H,NO,; X = NTs, Y = NMe, NEt, NBu (a);

X=0,Y=NEt(d); X=NTs, Y =5 (&)

AanHbie 3INEMEHTHOID aHANW3a KOMNNEXCHBIX coean-
HEHWI, NOMYNEHHBIX METOAOM HENOCPeACTBEHHOMD B3aw-
MOAGACTBMA NraTHpyowmx coeamnenmit (LH,) w conei
MeTannos, yxasmisaor wa cootHowenwe L:M = [:1, 1. e.
obpasosanne BusgepHix XenaTos M;L;-Tuna (8-10),

XenarHoe crpoexwe GuaaepHbix xomnnexcos 8-10 ao-
¥A3aHO METORaMK PEHTIEHOCTPYKTYPHOIO aHanuia (dnew-
xoppecnonaent M.IO, Awtunun, KA. Neicewko, MHIOC
#M.  AH. Hecmenwosa PAH, Mocxea), EXAFS
(B.I'. Bnacewxo, W.B. [ wpor, U® PrY. Pocros-na-flowy),
NP (un-xopp. PAH B K. Yepkacos, M.M. byGuos, MH30C
Wi, A Pasysaesa PAH, Hwwwwid Hosropon) u FIMP-
cnextpocxonu (I”.C. Bopoakus, M.C. KopoBoa, HAWM ®OX
PrY, Pocros-na-fowy). B mx UK cnextpax no cpasHenmio co
CREKTDaMU NUraHADE HABMONAETCR UCHBIHORSHWE Moo
BanexTHbix koneGamuwit OH- u NH-rpynn, noHusenue ua
10-15 cm™' wacror BanesTHx koneGanmi C=N-rpynn, cu-
MMETDMMHBLIX W SCUMMETPHUHLIX KoneBanui SOyrpynn
nosbiienme 1a S0 cw™' koneBanwd Ph-O (cpaswm [1]).

MarkuTHbie u3Mepenus KoMnnexcos 8-10 Buinonwexs!
Ha SQUID-marvetometpe dupms "Quantum Design* 8
uHTepeane remnepatyp 2-300 K & marwuTHOM none 5 k2.
Mpw pacuetax napamaruuTHoR COCTaBNAIOWER MarHuTHOM
BOCNPUMMYMBOCTM KOMNNEKCOB % YWMTHIBANCA anaMTMB-
HbIA QWaMarHNTHBIA BKNAA MOHOB B COOTBETCTBME C KOHC-

HbiX CMCTEM [0OKA3aHO Ha2 OCHOBAHWW AEHHLIX 3NEeMEeHTHOo
anarmaa, 'H w °C SIMP u MK-cnextpockoniu. Mpu B3anmo-
NedcTeMA nMraxnos 5-7 ¢ xnopuaom (komnnexc 8) unu aue-
TaTom (9, 10) mean Guinm nonyviexs Buraeprsie BKC ¢ pas-
NMYHLIMK B30METHHOBLIM NUTBHAHLIM OKDYXKEHWEM W pa3-
HbHIMWA  MEXMETANDHLIMY  MOCTHKOBbLIMK  (hparmeHTamm
(TA. Wecraxosa, W.E. Ybnawa, PITIY, Pocros-Ha-floHy).

10: X = NTs (), O (4)

TakTamu lMackann. OdeKTHBHLIA MArHUTHBIR MOMEHT
8 3ABUCHMOCTI OT TEMNEPaTYPLI BLIMUCNANM NO hopMyne:

olT) = 3k xyT m ~(8yT)"

Np?

rae N, k v [} — cootsercreento ykcno Aeoragpo, nocTo-
AxHas Bonsumana v marHeToH bopa. Teopetvueckoe mo-
ACNUPOBaHME NONYYEHHLIX JBBUCUMOCTER BbLiNg BHINON-

HEHD C WCnonbiosanvem ypasHewuma BnuHnn — Bayspca
ANA MAarHUTHOR BOCNPUMMMNBOCTH Anvepa [13]:
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Puc. 1. TemneparypHan 3aBMCHMOCTE MATHUTHOTO MOMeHTa komnnexca 8 (R = NO,);
CNNOWMHAA NIMHKSA ~ TEOPETHYECKM PACCHMTAHHARA KpWBan

B cnyvae xenaros TMNa 9 xapakTep MarHuTHOro 06-
MEHHOTO B3aMMOASRCTBMA 3aBrenT ot npupoas R, X, Y
— (hparMeHToB NUraHAHLIX CUCTEM, 8 TaKKe 3aMecTuTe-
nefd npW aTOME 83073, BXOAALIEro B MEeXMeTansHbid
moctuk. [ina paccmarpusaembix BKC npu R = H w»
X = Y = S xapakrepeH CMNbHbIA apTudeppoMarHuTHoIR
obmeH, NPUBOARWMA K AMAMArHeTUIMY. 3TOT pesynsTar
MOXHO CBR3aTh C BECHMA XapPakTepHuIM BOCCTaHoBUTe-
nbHsim npoueccom Cu(ll) — Cu(l), koTopeiit nerko npo-
TEK2ET B NpUCYTCTBMK cepbl. OAHaKD, [aHHbie pewTre-
HOCTPYKTYpHOro ananusa u 'H SMP-cnextp oanoaHau-
HO NOATBEPXASIOT CTPOBHWE AMaMArHWTHOIO BusaepHo-
ro xenava MeAu B CTeneHW OKMCneHwsa (2+) xomnnexc
9(R=H, X =Y =8). BKC 9 (R = NO;) nposanser xax
¢heppo-, Tak W anTuEppoMarHuTHuie ceoncrea, Moka-
3aTensLHO CpPaBHeHWE TEMNEPaTYPHOro MarHetToxummuye-
CKOTO MOBEAEHNA 3THX KOMMMEKCHBIX COAMHEeHWA NpW
pa3nbix X = NTs u X = O n 0gMHaKoBbiM MOCTUKOBBLIM
dparmentom Y = NEL [MMepesiit asnserca cnabuim
deppomarneTurom (puc. 2, J = 4.03 cm™'), BTopoi npo-
fanAeT cnabule aHTMdEeppoOMarHTUTHeIE CBOACTEa (pWC.
3,J=-10cn).
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Puc. 2. TemMnepaTypHan JasncHMOCTs 3pdexTHBHOrO

MArHHTHOTO MomexTa coaamuenma 9 (X = NTs, Y = NE1)

25 ¢
20 +

15+

D5 2.000 -

n D A L /| 1 L i 1

Puc. 3. TeMnepatypHan 338MCHMOCTE 3gxPeKTURHOTO
MarHMTHOrO MomenTa coenwnenna 9 (X =0, Y = NE1)

deppomarHiTHuIA ob6men xapakteped v ans 9
(R = Me, /=3 cm”'). Beenenmne emecto NR (parmenta 8
kavectse X unu Y aroma kwcnopoaa npueoanT k antude-
ppomarkuTHiM xomnnexcam 9 (X unn Y = O). Mpu stom
ANK xenatos ¢ kucnopoaksm moctukom (Y = O) sennun-
wa oBmennoro napemetpa Gonswe (J = -217 cu'), vem
ans BKC canmumnngesmmunaros (X = 0, J = -89 om™).
[ina xoMnnexcHbix coeguHesnil Twna 10 xapaxTepex cna-
Buid peppomarneTiam; npu X = NTs senwuuna J cocras-
naet + 8.4 ey (puc. 4), B cnyyae X =0 - 68 cm ™.

Taxum oBpalOM, BEPLMPOBAHWE NDUPOALI ASOMETWHO-
BbiX NWIAHAOB NO3BONAET nony4ate GusaepHbie deppo-,
aHTUDEPPO- W AMBMATHUTHLIE (CHNbHBIA BHTUEPPOMAIHM-
Thei obmer) xomnnexcel Cu(ll) f-aMuHOBHHHNMMIWHOB
u ocHosaxui LLndda. Paspabotantbil Hamm Noaxon K co-
ANAHWO TOMORAEPHEX (DEPPOMArHWTHLI KOMILNEXCOB B OT-
rwune ot obwenpuraTeix (0. Kahn) nyTei coananna reve-
POMETANNWHECKMX XENaToe C (epPOMArHMTHLIM THNOM
CNMKH-CNMHOBOIO BlauMopencTena BasupyeTca Ha paumo-
HANLHOM QM3RHE A30METHHOBLIX NUTaHAHBIX ceTeM [2].
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Puc. 4, TemneparypHan 3a8HCHMOCTE 2PdeKTHBHOMO
MArHKTHOTO MOMeKTa coanmsakun 10 (X = 0)

Pafiota eminonkeHa npu (PUHEHCOBOR nopAepMXxe npo-
rpamuel Mpesauguyma PAH "Hanpaenentsid cuHTES BelyecTa
C 33[l2HHLIMW CBOWCTBAMM W CO3aHME (DYHKLIMOHANBHBLIX Ma-
Tepuanos Ha ux ocHose” (rema 00-04-17), rpant POOW (06-
03-90892-Mon_a. w rpanTa npeangenTa PO (HLL-4849.20086.3)
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EPR IN MODERN COORDINATION CHEMISTRY.
Spin-Spin interactions within Cu(ll) pairs of polynuclear complexes
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EPR spectroscopy is @ much more sensitive technique
than the measurements of static magnetic susceptibility for
investigating the spin-spin interactions smaller than 1 cm™".
Interactions weaker even by three orders of magnitude
(of 107 - 107 cm™) still lead to a characteristic EPR
spectrum distinctly different than that for the individual
paramagnetic centers.

The splitting of the S = | levels in zero magnetic field
(ZFS) measured by parameter D, for the simplest case of
two interacting Cu(ll) centers with spins S,= 172 and
S:= 172, is demonstrated schematically in fig. 1 for paralle!
orientation of molecular axis towards the magnetic field
direction. Spectra of this kind, consisting of the so-called
fine structure lines, are interpreted in terms of the spin
Hamiltonian that inciudes the ZFS parameters D and E:

H =pBgS + S:A 1+ D{(S, - (13)S(S + 1)} + E(87-S,)}.

MS=S|+ Sg'l
D =D* + D™

D™= 1132 A& haynny— 116 AR g — 116 A8 T 0420
D =— (g7 +1/4g, 2+ 1/4g.%) / P

When the isotropic exchange H = JS,S; between two
Cu(ll) ions is weak, D parameter is usually dominated by
dipolar interactions and experimental D value allow to
calculate Cu-Cu separation,

Unfortunately, the EPR measurements at common
frequencies (corresponding to X- and Q-band) give often
the line overlapping because the resonances are too close;
sameo!ﬁ::mamﬁzggamedbacameofﬁmﬂod
magnetic range being too large compared to
the microwave quantum energy. Such effects, that are
especially onerous for systems with S > [, lead to
ambiguous results of the experimental spectra simulation.

The aim of this report is to present our previous and
recent results on application of X-band and modem HF
(high fieild and high frequency) EPR spectroscopy to
daaiummhﬂmnsmﬁcmnionsmdmupbd
pair of Cu(ll) ions coordinated to the same ligands, to
oh_sewe small differences in the interactions within the
pairs of Cu(ll) ions in dimeric or tetrameric (homo- and

compounds as well as to find uni
structural characteristics of the coordination usntam.m
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