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Abstract—New zinc bis-o-semiquinolate complexes based on 3,5-di-tert-octyl-o-benzoquinone bearing
the N-donor ligand (pyrazine) coordinated to the metal are synthesized. Two different products can
be obtained depending on the synthesis method: coordination polymer (direct oxidation of metallic zinc with
o-quinone (CIF file CCDC no. 2250574 (I)) or polynuclear cluster (exchange reaction (CIF file CCDC
no. 2250575 (II)). The coordination polymer is linear and free of intermolecular π,π interactions between the
aromatic fragments of the adjacent molecules. The magnetochemical study of complexes I and II shows that
intramolecular antiferromagnetic exchange interactions between spins of the o-semiquinolate radical centers
dominate.
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INTRODUCTION
Interest in the o-quinone [1–3] (and related o-imi-

noquinone [2, 4–8]) complexes of the predominant
majority of the known metals appeared more than fifty
years ago and nowadays remains at the same level.
This is not surprising because numerous interesting
phenomena, such as valence tautomerism [5, 9–16],
photo- and thermal sensitivity of a series of molecular
crystals [17–19], fixation of small molecules [20, 21]),
including reversible fixation [21], selective catalysis
[22], activating complexation [23, 24], intramolecular
interligand charge transfer in chromophoric systems
based on the o-quinone coordination metal complexes
[25–32] capable of generating photoinduced high-
spin molecules [33–40], and others, have been discov-
ered to the present time. Note that some aforemen-
tioned discoveries are valid for the nontransition metal
derivatives in spite of the quite justified popularity of
the transition metal compounds in the presented stud-
ies [20–22].

Polyradical metal complexes with redox-active
ligands are also of interest as possible building blocks
for the preparation of molecular magnets [41–47].
o-Quinone and iminoquinone complexes of transition
metals in which two and more organic ligands exist in
the stable anion-radical form were studied in rather
detail and are characterized by superexchange chan-

nels associated with a significant involvement of the
paramagnetic ion of the complexing agent in the
exchange processes [1, 5, 48–50]. However, the study
of simpler systems seems fairly urgent for a deeper
understanding of intramolecular interligand exchange
processes. Polyspin o-quinone derivatives of nontran-
sition metals are especially suitable for the solution of
similar problems. A series of our recent work was
focused on establishing magnetostructural relation-
ships for the o-quinone complexes of Group II metals
[51–53]. The zinc, magnesium, and cadmium com-
pounds with the penta- and hexacoordinate environ-
ment of the metallocenter were studied. Summarizing
the aforementioned data, we can say that the com-
pounds with the square pyramidal environment are
characterized by stronger intramolecular exchanges,
and the octahedral geometry demonstrates more
modern values of the interaction between spins of the
adjacent ligands. An inversely proportional relation-
ship of the distance between radical centers in the zinc
complexes and the exchange interaction was revealed
for a series of the complexes of the same type [52, 53].
The antiferromagnetic intramolecular exchange
between radical centers of the adjacent ligand is char-
acteristic of the most type of the synthesized zinc,
magnesium, and cadmium o-semiquinolate deriva-
tives [52–54]. Among a few exceptions is the series of
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zinc bis-o-semiquinolates with the bidentate N,N-
donor ligands (2,2'-bipyridyl, phenanthroline, and
2,9-dimethyl-1,10-phenanthroline) [51] demonstrat-
ing the unusual (for similar systems) ferromagnetic
interaction between unpaired electrons of adjacent
ligands. However, in all complexes studied by us, the
absolute value of exchange parameters turned out to
slightly differ from zero regardless of the geometric
features of the coordination nodes. This is due to
numerous intermolecular exchanges comparable in
value and most frequently inverse in sign to intramo-
lecular exchanges. Negligible total magnetic effects
are a consequence of similar disguise [51, 53, 55].

A similar intermolecular effect of adjacent mole-
cules can be excluded and true intramolecular
exchanges can be observed due to the real spatial sep-
aration of adjacent molecules at distances that do not
allow intermolecular ligand exchange channels to
appear as it took place in magnesium bis-o-
semiquinolate with the iminopyridine ligand [53]. A
similar concept can also be accomplished by using
o-quinone ligands with strong steric hindrance such as
o-quinone with tert-octyl substituents.

The task on the synthesis of zinc bis-o-semiquino-
late based on 3,5-di-tert-octyl-o-benzoquinone with
pyrazine and the study of its magnetic behavior was
stated in the framework of the above concept.

EXPERIMENTAL
All procedures on the synthesis and study of chem-

ical transformations of the zinc complexes were car-
ried out without air oxygen and moisture access. The
solvents used were purified and dehydrated according
to published recommendations [56]. Commercially
available metallic Zn, pyrazine, and crystalline I2 (all
Aldrich) were used. 3,5-Di-tert-octyl-o-benzoqui-
none was synthesized using a known procedure [57].
IR spectra were recorded on an FSM-1201 FT-IR
spectrometer (suspensions in Nujol, KBr cells). Ele-
mental analysis was conducted on an Elementar Vario
El cube instrument. The magnetic susceptibility of the
polycrystalline complexes was measured on a Quan-
tum Design MPMSXL SQUID magnetometer in the
2–300 K temperature range in a magnetic field of
0.5 T.

Synthesis of ((3,5-tOc-SQ)2Zn·(Pyr)·3C5H12)n (I).
Zinc bis-o-semiquinolate based on 3,5-di-tert-octyl-
o-benzoquinone (3,5-tOc-Q) was synthesized by anal-
ogy to the known procedure for the synthesis of zinc
3,6-di-tert-butyl-bis-o-semiquinolate [58]. A solution
of 3,5-tOc-Q (0.66 g, 2 mmol) in tetrahydrofuran
(THF) on heating was subjected to the reaction with
amalgamated zinc, and the mixture was stirred for 2 h
until the reaction mixture became completely color-
less. The formed solution was filtered from the amal-
gam on the Schott filter no. 4, and an equivalent
amount of 3,5-tOc-Q (0.66 g, 2 mmol) was added to
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
form a bright blue solution. A solution of pyrazine
(0.16 g, 2 mmol) in THF was added to the resulting
solution. The liquid phase was evaporated under
reduced pressure, and the residue was dissolved in
pentane. The obtained solution was stored at –10°С to
form dark blue finely crystalline product I. The yield
of complex I was 1.82 g (89%).

IR (ν, cm–1): 1747 m, 1665 m, 1584 s, 1519 s,
1485 s, 1418 s, 1395 s, 1362 s, 1345 s, 1319 m, 1287 m,
1239 s, 1213 s, 1156 m, 1132 m, 1086 m, 1075 m, 1043 s,
1028 w, 1016 m, 1010 m, 993 s, 974 m, 943 w, 922 m,
886 w, 868 s, 853 m, 826 m, 803 m, 791 m, 770 m,
750 w, 739 w, 700 w, 679 m, 622 m, 576 m, 546 m,
533 w, 518 w, 500 m.

Synthesis of ((3,5-tOc-SQ)2ZnINa(Pyr)(THF))2
(II) was carried out similarly to a published procedure
[59]. A solution of zinc diiodide (0.64 g, 2 mmol) was
prepared by mixing a solution of iodine in THF on
heating above zinc amalgam until the iodine color dis-
appeared completely followed by decanting from the
metal. A solution of 3,5-tOc-SQNa (1.42 g, 4 mmol)
in THF was poured to a solution of zinc diiodide in the
same solvent. Then THF was removed under reduced
pressure, and the residue was dissolved in toluene and
subjected to the interaction with a solution of pyrazine
(0.16 g, 2 mmol) in the same solvent. The subsequent
replacement of toluene by hexane made it possible to
obtain blue finely crystalline product II. The yield of
complex II was 1.96 g (94%).

IR (ν, cm–1): 1623 w, 1608 w, 1582 s, 1518 s, 1484 s,
1455 s, 1412 s, 1393 s, 1362 s, 1343 m, 1320 m, 1286 m,
1238 s, 1213 m, 1182 w, 1148 m, 1130 w, 1121 w, 1082 m,
1065 m, 1056 m, 1026 s, 1008 m, 993 s, 975 m, 943 w,
922 m, 900 w, 887 w, 870 m, 862 m, 853 m, 826 m,
811 m, 794 s, 770 m, 740 w, 680 m, 671 m, 576 m,
549 s, 533 w, 508 m, 500 m.

XRD of single crystals of compounds I and II were
carried out on a Bruker D8 Venture Photon X-ray dif-
fractometer (MoKα, λ = 0.71073 Å, ϕ and ω scan
modes, Incoatec IμS 3.0 microfocus X-ray radiation
source) at 150 (for I) and 100 K (for II) at the Center
for Collective Use of Physical Methods of Investiga-
tion at the Kurnakov Institute of General and Inor-
ganic Chemistry (Russian Academy of Sciences). The
primary indexing and refinement of unit cell parame-
ters and integration of experimental reflection intensi-
ties were performed using the Bruker APEX3 software

For C48H76N2O4Zn·3C5H12

Anal. calcd., % C, 73.68 H, 10.99 N, 2.73
Found, % C, 73.38 H, 10.94 N, 2.72

For C104H168N4O10I2Na2Zn2

Anal. calcd., % C, 60.49 H, 8.20 N, 2.71
Found, % C, 60.26 H, 8.24 N, 2.70
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Table 1. Crystallographic data and selected structure refinement parameters for complexes I and II

Parameter
Value

I II

Composition C48H76N2O4Zn·3C5H12 C104H168N4O10I2Na2Zn2

FW 810.47 2064.93
Crystal system Orthorhombic Tetragonal
Space group Ccca I41/a

a, Å 23.5481(14) 35.682(2)
b, Å 30.2146(18) 35.682(2)
c, Å 14.8464(9) 17.0518(10)
α, deg 90 90
β, deg 90 90
γ, deg 90 90

V, Å3 10563.2(11) 21710(3)

Z 8 8

ρcalc, g/cm3 1.019 1.264

μ, mm–1 0.502 1.073

Crystal sizes, mm 0.090 × 0.070 × 0.070 0.090 × 0.060 × 0.020
Scan range over θ, deg 2.193–30.564 2.088–25.057
Number of measured/independent reflections 78005/8096 63230/9604
Rint 0.0591 0.0614
Number of ref lections with I > 2σ(I) 8096 9604
Number of refined parameters/restraints 260/0 674/351

R (F 2 > 2σ(F 2)) R1 = 0.0439,
wR2 = 0.1125

R1 = 0.0484,
wR2 = 0.1088

R (for all data) R1 = 0.0722,
wR2 = 0.1254

R1 = 0.0714,
wR2 = 0.1168

S (F 2) 1.033 1.059

Residual electron density (mах/min), e/Å3 0.684/–0.496 0.646/–0.692
[60]. Absorption corrections of reflection intensities
were applied using the SADABS program [61]. The
structures of complexes I and II were solved by direct
methods [62] and refined by full-matrix least squares
for F 2 [63] in the anisotropic approximation for all
non-hydrogen atoms without any restraints to thermal
or geometric parameters of the structure in the case of
complex I. In the case of complex II, the disordered
carbon atoms of the tert-butyl groups, carbon and oxy-
gen atoms of the coordinated THF molecules, and
nitrogen and carbon atoms of partially disordered pyr-
azine were refined using the corresponding restraints
to the geometric (SADI, FLAT instructions) and ther-
mal (SIMU, RIGU instructions) parameters of the
model. The residual electron density in the structure
of complex I assigned to the solvate disordered over
numerous positions solvent was removed from the
model using the SQUEEZE procedure [64]. Hydro-
gen atoms were placed in the calculated positions and
RUSSIAN JOURNAL OF CO
refined in the riding model with Uiso(H) = 1.5Ueq(C)
for the hydrogen atoms of the methyl groups and
1.2Ueq(О) for all other hydrogen atoms. The calcula-
tions were performed using the SHELXTL software
[62, 63] in the OLEX2 medium of structural data pro-
cessing and visualization [65]. The crystallographic
data and XRD experimental and structure refinement
parameters are given in Table 1. Selected bond lengths
and angles are given in Table 2.

The full sets of XRD parameters for compounds I
and II were deposited with the Cambridge Crystallo-
graphic Data Centre (CIF files CCDC nos. 2250574
(I) and 2250575 (II); ccdc.cam.ac.uk/structures).

RESULTS AND DISCUSSION

By analogy to the earlier studies of the biradical
derivatives of Group II metals based on 3,6-di-tert-
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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Table 2. Selected bond lengths (Å) and angles (deg) for complexes I and II*

Bond
I II

d, Å

Zn(1)–O(1) 2.0271(11) 2.015(3)
Zn(1)–O(2) 2.0425(11) 2.079(3)
Zn(1)–O(3) 2.040(3)

Zn(1)–O(4) 2.082(3)

Zn(1)–I(1) 2.5836(6)

Zn(1)–N(1) 2.234(2)

Zn(1)–N(2) 2.396(2)

Na(1)–O(2) 2.320(3)

Na(1)–O(4) 2.406(3)

Na(1)–O(5) 2.42(2)

Na(1)–I(1) 3.1960(15)

Na(1)–N(1) 2.630(5)

Na(1)–O(4A) 2.503(3)

O(1)–C(1) 1.2850(18) 1.262(5)

O(2)–C(2) 1.2791(19) 1.277(5)

C(1)–C(2) 1.472(2) 1.467(5)

C(2)–C(3) 1.441(2) 1.406(6)

C(3)–C(4) 1.375(2) 1.361(6)

C(4)–C(5) 1.431(2) 1.436(6)

C(5)–C(6) 1.370(2) 1.354(6)

C(1)–C(6) 1.413(2) 1.447(6)

С(7)–С(8) 1.465(5)

С(8)–С(9) 1.403(5)

С(9)–С(10) 1.361(5)

С(10)–С(11) 1.437(5)

С(11)–С(12) 1.364(6)

С(12)–С(7) 1.434(5)

Angle ω, deg

O(1)Zn(1)O(2) 81.80(4) 79.92(10)

O(1)Zn(1)O(2A) 98.07(4)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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* Symmetry transforms used for the generation of equivalent atoms: (A) –x + 3/2, –y + 1, z; (B) x, –y + 1, z + 1/2; (C) x, –y + 1, z – 1/2 (I).
(A) –x + 1/2, –y + 1/2, –z + 3/2 (II).

Angle
I II

ω, deg

O(1)Zn(1)O(1A) 178.14(6)

O(1)Zn(1)N(1) 90.93(3)

O(1)Zn(1)N(2) 89.07(3)

O(1)Zn(1)O(3) 91.54(11)

O(1)Zn(1)O(4) 143.07(11)

O(1)Zn(1)I(1) 110.72(8)

O(2)Zn(1)O(3) 139.55(11)

O(2)Zn(1)O(4) 84.16(10)

O(2)Zn(1)I(1) 111.76(8)

O(2)Zn(1)O(2A) 172.31(6)

O(2)Zn(1)O(1A) 89.07(3)

O(2)Zn(1)N(1) 93.85(3)

O(2)Zn(1)N(2) 86.15(3)

N(1)Zn(1)N(2) 180.0

O(3)Zn(1)O(4) 79.41(10)

O(3)Zn(1)I(1) 108.26(8)

O(2)Na(1)O(4) 72.31(10)

O(2)Na(1)O(5) 90.8(4)

O(2)Na(1)N(1) 101.00(13)

O(2)Na(1)I(1) 174.27(10)

O(2)Na(1)O(4A) 97.75(10)

O(4)Na(1)O(5) 96.6(6)

O(4A)Na(1)N(1) 96.6(6)

O(4)Na(1)I(1) 102.00(8)

O(4)Na(1)O(4A) 74.58(10)

O(4A)Na(1)O(5) 165.0(6)

O(4A)Na(1)I(1) 81.07(7)

O(4)Na(1)N(1) 168.03(14)

N(1)Na(1)I(1) 84.72(10)

O(5)Na(1)I(1) 91.1(2)

O(5)Na(1)N(1) 93.4(6)

O(2)Na(1)O(4A) 97.75(10)

Zn(1)I(1)Na(1) 73.68(3)

Zn(1)O(4)Na(1) 99.09(11)

Table 2. (Contd.)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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butyl-o-benzoquinone [58], the zinc bis-o-
semiquinolate complex ((3,5-tOc-SQ)2Zn(THF)2)
based on 3,5-di-tert-octyl-o-benzoquinone was syn-
thesized via Scheme 1. The synthesized zinc bis-3,5-
di-tert-octyl-о-semiquinolate was subjected in situ to
the reaction with pyrazine in a ratio of 1 : 1 to form a
bright blue solution of metal-organic framework

(MOF) I (Scheme 1). The crystals of polymer com-
plex I suitable for XRD were isolated upon a prolong
storage of the reaction system in pentane at –10°С.
The molecular and crystal structures of complex I
were determined by XRD. The molecular structure of
the unit of complex I and the crystal packing fragment
of MOF I are shown in Figs. 1 and 2, respectively.

Scheme 1.

The molecular structure of complex I was deter-
mined by XRD. The coordination environment of the
zinc atom in complex I is a distorted octahedron with
the O(1), O(2), O(2A), and O(1A) atoms in the equa-
torial plane and the N(1) and N(2) atoms at the verti-
ces (Fig. 3). The N(1)Zn(1)N(2) angle is 180.0, and
the O(1)Zn(1)O(1A) and O(2)Zn(1)O(2A) angles are
178.14(6)° and 172.31(6)°, respectively. The planes of
the diolate ligands deviate toward one of two pyrazine
molecules due to which the Zn(1)–N(1) and Zn(1)–
N(2) bond lengths are inequivalent being 2.234(2) and
2.396(2) Å, respectively. The C(1,2)⎯O(1,2) bond

lengths are 1.2850(18) and 1.2791(19) Å and are char-
acteristic of the sesquilateral С–О bonds in the
o-semiquinolate metal complexes [51, 53, 58, 66]. The
Zn(1)–O(1,2) bond lengths (2.0271(11) and
2.0425(11) Å, respectively) lie in the range of values
typical of zinc o-semiquinolates [52, 67]. The diolate
ligand exhibits quinoid alternation characteristic of
the anion-radical form of the o-quinone ligand [68].
The polymer chains in complex I are parallel to each
other (Fig. 2). Short π,π contacts, which are rather
abundant in similar systems [51, 53], are not observed
between the aromatic fragments in complex I. As
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Fig. 1. Molecular structure of the unit of MOF I. Thermal
ellipsoids of 30% probability are given for the key atoms.
Hydrogen atoms are omitted for clarity.

N(2)

N(1)

N(2)

Zn(1)

Zn(1)

O(2)

O(2A)O(1)

O(1A)C(2)

C(1)C(6)
C(5)

C(4)
C(3)
expected, this is associated with the long and bulky
tert-octyl substituents in the o-quinone ligands.
Remarkably, all the four tert-octyl substituents are
arranged at one side from the plane of the o-semiqui-
none ligands maximally efficiently shielding the
RUSSIAN JOURNAL OF CO
SQ2Zn fragments from each other in the framework of
one polymer chain.

The exchange reaction of sodium 3,5-di-tOc-o-
semiquinolate [59] and zinc diiodide (Scheme 2) was
conducted as an attempt to prepare the same polymer
product by the counter synthesis. However, the
expected precipitation of sodium iodide from the reac-
tion mixture does not occur even after the repeated
dissolution of the obtained product in toluene. The
addition of a pyrazine solution in toluene to the result-
ing mixture followed by the replacement of the solvent
by hexane led to the formation of crystalline tetranu-
clear cluster complex II, which includes, according to
the XRD data, the double contents of the following
fragments: zinc bis-o-semiquinolate, sodium iodide,
THF molecule, and pyrazine coordinated via the
monodentate mode. The molecular and crystal struc-
tures of complex II were determined by XRD. The
molecular structure of complex II is shown in Fig. 3.
Selected bond lengths and angles in complex II are
listed in Table 2. It is noteworthy that the unexpected
involvement of sodium iodide in the formation of the
polynuclear complex in the synthesis of the o-quinone
metal derivatives is observed for the first time and is
related, most likely, to the presence of the branched
tert-octyl substituents that shield, to a high extent, the
internal sphere of the polynuclear complex thus
inducing the solubilization effect for NaI.
Scheme 2.

2ZnI2,O
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+ tOc O
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O
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, THF
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The zinc atom in complex II has a distorted square substituents are directed toward the opposite side from

pyramidal environment (Fig. 4). The O(1), O(2),
O(3), and O(4) atoms lie in the base of the pyramid,
and the I(1) atom occupies the axial vertex. Zinc is ele-
vated above the plane of the pyramid base by 0.676 Å.
The Zn(1)–I(1) distance is less than the sum of the
van der Waals radii of the elements (2.74 Å) [69, 70]
and is equal to 2.5836(6) Å, which indicates the coor-
dination interaction between the zinc and iodine
atoms. Unlike polymer product I, polynuclear com-
plex II exhibits a different mutual arrangement of the
tert-octyl substituents: three of four branched alkyl
the vertex of the tetragonal pyramid, and one substit-
uent is directed toward Zn–I bond. The
C(1,2,7,8)⎯O(1,2,3,4) bond lengths range from
1.262(5) to 1.277(5) Å and are characteristic of the ses-
quilateral С–О bonds in the metal o-semiquinolate
complexes [51, 55]. The Zn(1)–O(1,2,3,4) bond
lengths (2.015(3)–2.082(3) Å) lie in the range of values
typical of the zinc o-semiquinolate complexes [52,
67]. The diolate ligand exhibits quinoid alternation
characteristic of the o-semiquinolate ligands [68].
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023
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Fig. 2. Fragment of the crystal packing of MOF I. Thermal ellipsoids of 30% probability are given for the key atoms. tert-Octyl
substituents are presented by the first quaternary carbon atom, and hydrogen atoms are omitted for clarity.
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Zn(1)

Zn(1)
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The environment of the sodium atom in polynu-
clear complex II is a distorted octahedron with the
N(1), O(5), O(4A), and O(4) atoms in the plane and
the I(1A) and O(2) atoms at the vertices (Fig. 5). The
I(1A)Na(1)O(2) angle is 174.27(10)°. The Na(1)–
I(1A) distance corresponds to the covalent binding
between the elements (the sum of covalent radii of
sodium and iodine is 3.21 Å [69]) and is equal to
3.1960(15) Å, which is a statistical average of the bond
lengths between the aforementioned elements in the
known complexes [71–78].
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

Fig. 3. Molecular structure of complex II. Thermal ellipsoids of
ents are presented by the first quaternary carbon atom, pyrazine
atoms are omitted for clarity.
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Na(I(1)

O(5)

O(2) O(4

O(4

O(3)

O(1)
The EPR spectrum of polymer I in both the crys-
talline state and a toluene solution represents a broad
unresolved singlet at room temperature and in the vit-
rified matrix of the solvent. This indicates that the
oligomeric structure of the compound is retained in
the solution and the polymer chain is not completely
divided into monomeric pentacoordinate fragments.
The EPR spectrum of complex II in the vitrified tolu-
ene matrix demonstrates a superposition of several sig-
nals characteristic of biradical particles (Fig. 6). A
similar spectrum was observed [79] for related zinc
  Vol. 49  No. 11  2023
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Fig. 4. Fragment of complex II (coordination environment of the Zn(1) atom).
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C(11)C(12)

O(1) O(3)
bis-3,5-di-tert-butyl-o-semiquinolate. The superposi-
tion of numerous signals in the EPR spectrum of com-
plex II can be explained by its polynuclear organiza-
tion. The molecular structure of compound II
assumes a possibility of three different dipole–dipole
interactions between the radical centers: the first
interaction occurs between the o-semiquinone ligands
coordinated on one metal, and two interactions take
place between unpaired electrons of the o-semiquino-
late ligands bound to different zinc atoms. In addition,
intermolecular contacts due to hydrogen bonds
involving the uncoordinated nitrogen atom of pyra-
zine should not be excluded.

The experimental dependences μeff(Т) for the crys-
talline samples of complexes I and II are shown in
Fig. 7. For complex I at 300 K, μeff = 2.48 μB and is
well consistent with a theoretical spin-only value of
RUSSIAN JOURNAL OF CO

Fig. 5. Fragment of complex II (coordination environment
of the Na(1) atom).

O(2)

O(5) O(4)

O(4A)

I(1A)

Na(1)

N(1)
2.45 μB for two paramagnetic centers with the spins
S = 1/2. With decreasing temperature μeff decreases
first gradually and below 70 K more sharply reaching
0.84 μB at 5 K. A decrease in μeff with decreasing tem-
perature indicates the predomination of exchange
interactions of the antiferromagnetic character. The
model of exchange-bonded dimer (H = –2JS1S2)
unsatisfactorily describes the experimental data
(Fig. 7a, red curve). It is most likely that antiferromag-
netic interactions occur not only in the (3,5-tOc-
SQ)2Zn bis(chelate) fragments but also between them
in the polymer chains via the π orbitals of the bridging
pyrazine molecules. The sensitivity of the exchange
interactions between spins of the o-semiquinolate
ligands to the electronic structures of the additional
ligand has been shown previously [80, 81]. The theo-
retical curve taking into account both the exchange
interactions J1 in the (3,5-tOc-SQ)2Zn bis(chelate)
fragments and the J2 interactions between them
describes well the experimental data (Fig. 7a, green
curve). The optimum values of parameters J1 and J2
obtained by an analysis of the μeff(Т) dependence are
–9.8 ± 0.1 and –8.4 ± 0.1 cm–1, respectively.
ORDINATION CHEMISTRY  Vol. 49  No. 11  2023

Fig. 6. EPR spectrum of complex II in the frozen matrix of
the solvent (toluene–CH2Cl2, 150 K). 
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Fig. 7. Dependences μeff(Т) for (a) I and (b) II. Solid lines are theoretical curves. 
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For complex II at 300 K, μeff = 3.17 μB, which is
slightly lower than the theoretical spin-only value
(3.46 μB) for four paramagnetic centers with the spins
S = 1/2. With decreasing temperature, μeff decreases
first gradually and below 150 K more sharply reaching
a plateau of ~0.45 μB below 15 K. In the case of com-
plex II, the μeff(Т) dependence is well described by the
model assuming only exchange interactions J in the
(3,5-tOc-SQ)2Zn bis(chelate) fragments with allow-
ance for monomer impurity p, which causes the non-
zero value of μeff at low temperatures. For an analysis
of the experimental data using the four-spin exchange
cluster model (spin-Hamiltonian H = –2J(S1S2 +
S3S4), the optimum values of parameters J and p are
‒52.0 ± 0.1 cm–1 and p = 1.9%, respectively. Taking
into account additional exchange interactions between
spins of o-semiquinones of the adjacent bis(chelate)
fragments in the molecule of complex II exerts almost
no effect on the value of parameter J but results in
transparametrization. Note that the exchange param-
eters in the octahedral (I) and square pyramidal (II)
complexes turned out to be close to those for the
already known zinc compounds with a similar envi-
ronment of the metallocenter, respectively [51,
52, 55].

As assumed, the introduction of the sterically hin-
dered substituent, such as the tert-octyl fragment, into
the organic ligand affected the fact that the magnetic
properties of the synthesized compounds began to be
determined, to a high extent, by the intramolecular
exchange interactions. As a result, interchain or inter-
molecular exchange interactions can be ignored when
analyzing the μeff(Т) dependences for complexes I and
II. The significant differences in the magnetic behav-
ior of the complexes are due to specific features of the
arrangement of the paramagnetic ligands in the coor-
dination nodes. For instance, a decrease in the angle
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
between the o-semiquinolate planes in the (3,5-tOc-
SQ)2Zn bis(chelate) fragments leads to an increase in
the energy of exchange interactions, and the cluster
form with the square pyramidal environment of the
metal demonstrates much stronger antiferromagnetic
exchanges than the polymer form with the octahedral
environment of the metallocenter. It is interesting that
different synthetic approaches to the synthesis of the
compounds make it possible to prepare complexes of
different types: polymer chains or polynuclear clus-
ters.
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