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TEMWP (lll) ACOCUOAIUN TETEPOBUMETAJIJIMK OKCO-KAPBOKCUNATITAPHUHI
ANNIEKTPOH NAPAMAITHUTUK PE3OHAC CNEKTPJTAPU

ELECTRONIC PARAMAGNETIC RESONANCE SPECTRA OF IRON (lll) BASED ON
HETEROBIMETALIC OXO-CARBOXILATES

CMNEKTPbI JIEKTPOHHOI'O MNAPAMAITHUTHOIO PE3OHAHCA
FEETEPOBUMETAJNTIMHYECKUX OKCOKAPBEOKCUITATOB HA OCHOBE XEJE3A (llI)

Abdulloev Shakhobidin Khasanboevich'

TAbdulloev Shakhobidin Khasanboevich — Candidate of Chemistry Sciences, Professor  Andijan
State University.

AHHOMauus
D-Fe3 2M2110 (RCOQO) 6 (H20) 3 ¢popmyna - nH20 (M = Mn, Ni, Co, Cu) Heisenberg-Dirac-van-Fleck
moldenubytiuya 4.2-300 K xapopam opanufuda ynyaHzaH ea bupukmanap m3-OKCOKCOKacmep my3unuwuza 32a
9KaHMU2UHU KypcameaaH.
Annotation
Parameters of antiferromagnetic exchange values between paramagnetic ions based on the analysis of electron
paramagnetic resonance spectra of heterobimetallic oxo-carboxylates with the general formula of
[Fe32M?*O(RCO0)s(H20)3/-nH20 (M=Mn, Ni, Co, Cu) measured in the temperature range 4.2-300 K according to the
Heisenberg-Dirac-van-Fleck model evaluated and showed that the compounds have an ps-oxocluster structure.
AHHOMauus
OueHeHbl napamempsbl 8efIUHUH aHMuUgheppoMazHUMHoO20 obMeHa Mex0y napamazHUMHbIMU UOHaMU Ha OCHO8e
aHanu3a Criekmpos 3/1eKMPOHHO20 fnapamMazHUMHO20 pe3oHaHca eemepobuMemariiudeckux OKcokapbokcunamos ¢
obwetli popmynoti [1Fe312M210 (RCOO) 6 (H20) 311 - nH20 (M = Mn, Ni, Co, Cu), usmepeHHble 8 UHMepsarse
memnepamyp 4,2-300 K 8 coomeemcmeuu ¢ modenbio [elseHbepea-Lupaka-eaH-Prieka, Komopble Mokasasnu, 4mo
COEOUHEHUST UMEOM [13-0KCOKIIacmepHyo CmpyKkmypy.

TassH4 cy3 ea u6opanap: memup (Ill), aucemam, zanozeH, auemamu, OSl1P-cnekmpu, s-OKcoKknacmep,
anMauwuHy84u uHmeezpai, g-omMusl.

Keywords and expressions: iron (Ill), acetate, halogen acetate, EPR-spectrum, us-oxocluster, exchange
integral, g-factor.

Knroueenie cnoea u ebipaxkeHusi: xene3o (lll), auemam, auemam zanozeHa, AP-cnekmp, 3-0Kkcoknacmep,
0b6MeHHbIU UHmMezpar, g-gpakmop.

In the study of the structure of heterogeneous oxo-carboxylates of intermediate metals, their
electron paramagnetic resonance (EPR) spectra provide valuable information. Early EPR-
spectroscopic studies focused mainly on complex compounds [M3:O(RCOOQ)s(H20)s]* containing
CroFe, FeoCr, or Fes [1-4].

It was synthesized on fine crystalline heterobimetallic oxo-carboxylates [5] with the general
formula of [Fe*>,M?**O(RCO0)s(H20)3]-nH.0 (where M = Mn, Ni, Co, Cu; R = CH3, CH.CI, CH2Br,
CHoal). Their electron paramagnetic resonance (EPR) spectra were measured in RE-13-01 and
ERS-230 spectrometers in the temperature range of 4.2 K to 300 K. The parameters of EPR
spectra measured at 4.2 K of some iron (lll) based oxo-centered heterobimetallic carboxylates are
given in Table 1.

The EPR spectra of the substances under study consist of a complex and wide signal at
room temperature. As the temperature decreases, the spectral shape becomes much simpler,
turning into a slightly less asymmetric signal at 4.2 K. For example, Figure 1 shows the EPR
spectrum of a complex compound containing [Fe**>Co?*"O(CH:BrCOO0)s(H20)s] measured at
different temperatures.
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Table 1. Parameters of EPR spectra of some iron (lll) based oxo-centered
heterobimetallic carboxylates measured at 4.2 K.

Ne Compound g. 10,01 | g, £0,01 AH, E Main
Status

1. [Fe¥2Mn2*O(CH3COO)s(H20)3]12H20 2,07 2,07 1990 -

2. | [Fe3*2Ni2*O(CHsCOO0)s(H20)3]2H20 2,16 2,16 1440 E(1, 0)

3. [Fe32C02*O(CH3C0O0)s(H20)312H20 4,03 4,03 880 E(1/2, 0)

4, [Fe?*2C0?*O(CH2CICOO0)s(H20)3]1H20 4,65 2,84 1050 E(1/2, 0)

5. | [Fe3*2C0%*O(CH2BrCO0)s(H20)s] 4,88 2,54 1515 | E(1/2, 0)

6. [Fe?2C0%"O(CH21CO0)s(H20)3] 4,12 2,44 1355 E(1/2, 0)

7. | [Fe¥2Cu2*O(CH21CO0)s(H20)s] 1,97 1,97 450 E(1/2, 1)

H,s

TO00 2000 3000

Figure 1. EPR spectrum of a complex compound with [Fe3*,Co?*O(CH.BrC00)s(H.0)s]
content measured at different temperatures: T= 81K (a); 52K (6); 26K (8); 4,2K (2);v = 9,3 Hz.

The temperature dependence of the spectral shape is explained by the exchange interaction
of metal ions in three-core oxo-centered clusters. According to the Heisenberg-Dirac-Van Fleck
(HDVF) model [6,7], the spin-Hamiltonian (exchange Hamiltonian) of a system under the influence
of mutual electron exchange is expressed as follows, excluding the intermolecular exchange
interaction:

L

H,=2)"J,8:S, (1)
Lj

Here Jij- and j are the parameters (exchange integrals) representing the effect of exchange
between the numeric Sand Sj-spin paramagnetic ions. If J;> 0, the exchange effect is of the
ferromagnetic type, in the other case, it has an antiferromagnetic character. For three interacting
ions it has the following character.

H,=-2J,8,5,~2J,,8,8,-2J,,5,8S, (2)

Assuming that the molecular structure of three-nucleated oxo-carboxylate complexes
containing a single heterometallic ion based on iron(lll) has the same p3-oxocluster structure as
the structure of other ternary carboxylates, the expression of the exchange Hamiltonian for the
Fe3*,M?* triad (Figure 2) is simplified:
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H, =-2J,5,5, —2J,(5,$,+85,5,) (3)
Because: J13= J1 , J12 = J2,3 = J2.

@ I .@
S;

Figure 2. Determination of electron exchange interaction parameters J; and J; in the
triad Fe*,M?.
Hamiltonian (3) has the following energy levels:

E(SJS*] - _jl[S*(S* + 1]_ (51(51 + 1) - 53 (53 + 1:1] -

—LSE+1) =575 +1)-5,(5;, +1)] (4),
where S1=S3— spin of iron(lll) ions; S,— heterometal M ion spin; S* is called the intermediate spin
and takes the values S1+S3, S1+S3-1, ..., 0, ..., IS1-Ssl; S is the full spin S*+S3, S*+S3-1, ..., IS* -Sal.
According to the HDVF model, the exchange interaction separates a large number of spin
spikes into springs that are energetically close to each other (Fig. 3). As most molecules move to
triggered states at high temperatures, the EPR spectrum has a complex structure, and as the
temperature decreases, the proportion of triggered states in the spectrum decreases. At 4.2 K, the

EPR signal, which is mainly energy dependent, depends on the ground state [2].
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Figure 3. Fe**,Co?* Correlation diagram of spin states for a triad system.
S$1=83=5/2; S,=1/2; J1=J3#J
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The absence of a signal of the system Fe®'; in the spectrum confirms the purity and
individuality of the heterobimetallic complexes under study.

Fe®,Co?" is similar to the spectrum of polycrystalline samples with full spin S = % on the
EPR spectral shape of triad complexes and having a g-factor value close to symmetry on the axis.
The values of g-tensors correspond to a separate Co?* ion in the axial curved octahedral field.

The spectra of nickel and manganese heterobimetallic oxo-acetates consist of a single broad
signal at 4.2 K. For a manganese complex, the value of H is large, while the average value of the
g-factor is relatively small.

The anomalous parameters of the EPR spectra of the oxo-carboxylates under study are
explained by the presence of exchange interactions between paramagnetic ions, explained within
the isotropic interaction of the HDVF model for the C,, symmetry of the triad system symmetry.

Correlation diagrams of spin states for alternating interacting triad systems Fe®*,Co?,
Fe® ;:Ni**and Fe**,Co**are shown in Figures 3-5.

Given the spin-orbital interaction of the Co?* (d”) ion in tetragonal symmetry, the main
position is the spin doublet, and the energy distance to the nearest triggered level is around 100
cm™ [8, 9]. Therefore, assuming that the EPR spectrum was measured at 4.2 K, the spin of the
Co?* ion was assumed to be S;=1/2 when constructing the correlation diagram (Figure 3).

From the correlation diagram, in the case of antiferromagnetic exchange, the basic state of
the system Fe®*,Co?* can be E(1/2, 0) or E(1/2, 1), depending on the ratio of parameters J; and Ja.
Indeed, the experimental results suggest that the full spin of the underlying condition is S=1/2. The
intermediate spin S* can be determined based on the value of the g-tensor.

Yablokov Yu.V. and co-authors [1,10] for doublets with two lower, full spin S = 1/2, one
separated from the other by & (6>>g3H).

B(5,57) i
_J2 L A7)

W
20
E(S, &)

10 F
Bl4, 4)

-0

=20 I

-30 T A : ‘9(9

OI 1 I 2 J,/3,
Figure 4. Correlation diagram of spin states for a triad system Fe**;Ni**. S; = S; = 5/2;
32 = 1,' J1 =J3 # Ja.
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-1,6 -0,8 c; 0,8 1;6 T /9,
Figure 5. Correlation diagram of spin states for a triad system Fe**,Mn?*. S; =S, =S; =
5/2,' Ji=Jds#Ja

It showed that the value of the g-factor is determined by the following equation:

. S (5 +1)—s* (5" 1) —5(5+1
g(§,8)=g,+(g;, — g1)- 25(5+1) ( :]- (5)

Accordingly, for a Fe*;Co?interchangeable system, the g-factor magnitude differs
significantly for S* = 0 and 1 doublets:
9(1/2,0) = g1 = gco>+:(6)
.g(lfz;{]] = Gco?+ T (Gcozt — Grez+) - (—413). (7)
Since the g-factor values determined experimentally for cobalt us-oxoclusters correspond to
the value calculated by equation (6), it can be confidently confirmed that their basic spin state is
E(1/2, 0) doublet.

Analysis of the correlation diagram of a system with triad Fe**,N** shows that the lowest
spin level of such complexes is two with full spin S = 1, in other words, E(1, 0) or E(1, 2) indicates
that either former or later is one of the cases. To determine the value of the intermediate spin S* it
is also necessary to compare the g-factor values calculated in formula (5) and determined
experimentally based on the measurement of the EPR spectrum. For both cases:

g(1,0) = g, = gy:2+(8)
g(1,2) = gyt + (Gyiz+ — Grezt) - (—302). (9)

This reveals that the main spin state of the triad Fe®*2Ni?* is E(1, 0).
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The EPR spectrum of complex Il, which contains the Mn?* ion, is a very broad signal and
does not provide sufficient information about the nature of the underlying condition.

Thus, the study of the EPR spectra of carboxylates of intermediate metals also confirms that
they have a us-oxocluster structure.
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