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Abstract—Imidazolium salts with complex anions [COzLiz(PiV)g]z_ are formed as undesirable products of the
reactions of heterometallic compound [Co,Li,(Piv)4(Py),] with N-heterocyclic carbenes ItBu and IPr. The
study of the magnetic properties of complex (HItBu)2[C02Liz(u2—Piv)6(K1-PiV)z] shows that this compound
is a single molecule magnet. Slow magnetic relaxation in the complex occurs due to a combination of the

direct and Raman mechanisms.

Keywords: carboxylate ligands, heterometallic complexes, cobalt(II), lithium(I), molecular structure, mag-

netic properties
DOI: 10.1134/S1070328424600256

INTRODUCTION

The use of carboxylic acid anions as ligands is an
important tool for the solution of a broad range
of problems of the chemistry of coordination
compounds: from the development of fundamental
principles of crystalline packing engineering due to
noncovalent interactions [1—8] to the preparation of
prototypes of materials with photoluminescence [9—
15], magnetic [16], catalytic [17—21], and other func-
tional properties [22—24].

A particular area of coordination chemistry, which
is mainly developed due to the application of carbox-
ylate ligands, is the chemistry of heterometallic com-
plexes [25—27]. Molecular complexes based on Co(II)
and lithium(I) cations should be noted among diverse
classes of heterometallic carboxylate complexes [28].
These compounds are considered as precursors of
materials for lithium-ion batteries [29, 30], prototypes
of extracting agents for selective binding Cs'¥’ cations
[31], and secondary building units for the formation of
heterometallic metal-organic frameworks with a broad
range of practically useful properties [32—37].

The cobalt(Il) carboxylate complexes are actively
studied as single molecule magnets (SMM) [38] and
single ion magnets (SIM) [39—41]. A common draw-
back of the SMM and SIM based on the Co(II) car-
boxylate complexes is their tendency to manifest mag-
netic anisotropy of the “easy-plane” type and slow
magnetization relaxation via the direct and Raman
mechanisms [39—42], whereas anisotropy of the
“easy-axis” type and relaxation via the Orbach mech-

anism are preferred for the design of functional mate-
rials [43, 44]. The strategy that makes it possible to
switch over the “easy-plane” anisotropy and “easy-
axis” anisotropy by the dilution of the paramagnetic
congener of cobalt(Il) pivalate with a close in struc-
ture diamagnetic analog based on zinc(II) pivalate was
proposed [45]. An alternative strategy is the organiza-
tion of diamagnetic dilution at the molecular level due
to the introduction of alkaline and alkaline-earth met-
als, which play an important structure forming role,
into the cobalt(1I) carboxylate complexes [46—49].

We are performing a systematic research on the
synthesis and studies of the properties of transition
metal carboxylate complexes with N-heterocyclic car-
benes (NHC) [50—55]. These objects were unknown
before the publication of our works [56]. It has recently
been shown that the [Co,Li,(Piv)s(IMes),| complex (Piv
is pivalate anion, and IMes is 1,3-bis(2,4,6-trimethylphe-
nyl)imidazol-2-ylidene) is SMM, the slow magnetization
relaxation in which is described by the sum of the Raman
and direct processes [48]. It was of interest to extend the
series of these compounds by the synthesis of similar
derivatives with carbenes I/Bu (1,3-di-fert-butylimid-
azol-2-ylidene) and IPr (1,3-bis(2,6-diisopropylphe-
nyl)imidazol-2-ylidene). However, the attempts to
synthesize these compounds with ligands of
the NHC family resulted in the isolation of com-
pounds of the protonated forms of these ligands with
the [Co,Liy(Piv)g]>~ complex anions.
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EXPERIMENTAL

All procedures associated with the synthesis of the
coordination compounds were carried out in an inert
atmosphere using evacuated glass tubes. Dehydrated
solvents were used for the synthesis. Tetrahydrofuran
(THF) was stored over the sodium complex with ben-
zophenone, and hexane was stored over “sodium mir-
ror” and transferred by vacuum condensation prior to
synthesis. Complex [Co,Li,(Piv)¢(Py),] and NHC
were synthesized using known procedures [34, 57].

The IR spectra of the compounds were recorded in
a range of 400—4000 cm~! on a Perkin Elmer Spec-
trum 65 spectrophotometer equipped with a Quest
ATR Accessory instrument (Specac) using the attenu-
ated total internal reflectance (ATR) mode. Elemental
analysis was conducted on a Euro EA-3000(EuroVec-
tor) automated C,H,N,S analyzer.

The magnetic susceptibility was measured on a
Quantum Design PPMS-9 automated complex for
physical measurements with the option for measuring
magnetic properties. This equipment makes it possible
to measure the magnetic properties in the temperature
range from 1.8 to 300 K in the external magnetic fields
up to 9 T. An alternating magnetic field with an inten-
sity of 1, 3, and 5 Oe in frequency ranges of 10000—
1000, 1000—100, 100—10 Hz, respectively, was used
for measuring the dynamic magnetic susceptibility.
These settings make it possible to both avoid sample
heating at low temperatures (which can take place at
high modulation amplitudes and frequencies) and
obtain the best signal/noise ratio. The dynamic mag-
netic susceptibility was measured and the results were
processed using a standard procedure [58]. The mea-
surements were performed on polycrystalline samples
preliminarily mixed with mineral oil and sealed in
polyethylene bags to prevent the orientation of crystal-
lites under the external magnetic field. The paramag-
netic component of the magnetic susceptibility () was
determined with account for the diamagnetic contri-
bution of the sample estimated by the additive Pascal
equation, as well as the contributions of the sample
holder and mineral oil.

Synthesis of (HI7Bu),[Co,Li,(u2-Piv)e(x'-Piv),]:
0.67THF (). THF was added by vacuum
condensation to a weighed sample of complex
[Co,Li,(Piv)¢(Py),] (0.09 g, 0.1 mmol) preliminarily
evacuated in a glass tube. A minor amount of THF was
condensed from the tube with a solution of the com-
plex to a tube with a weighed sample of 17/Bu (0.036 g,
0.2 mmol), which was preliminarily weighed in a glove
box. After the carbene was dissolved, the resulting
solution was poured to a solution of the complex, and
the reaction mixture was boiled. Then THF was com-
pletely removed by vacuum condensation to get rid of
pyridine. Hexane and a minimum amount of THF
necessary for the dissolution of the precipitate were
added by vacuum condensation, and the reaction mix-
ture was boiled. The resulting solution was concen-
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trated under reduced pressure to form crimson single
crystals suitable for XRD. The yield was 0.048 g (35%
based on the initial heterometallic complex).

For Cg4 6sH119.36N40 16,66 L12CO,
Anal. caled., % C, 57.38
Found, % C, 57.15

H, 8.82
H, 8.78

N, 4.12
N, 4.10

IR (v, cm™Y): 3127 w, 2958 s, 2925 s, 2867 m,
1597 vs, 1564 vs, 1480 vs, 1413 vs, 1359 vs, 1292 w,
1212 vs, 1124 s, 1071 w, 1031 w, 891 s, 793 s, 752 m,
658 m, 605 vs, 563 m, 417 vs.

Synthesis of (HIPr),[Co,Li,(n2-Piv)s(k!-
Piv),]-3THF (II). THF was added by vacuum conden-
sation to a weighed sample of complex
[Co,Li,(Piv)¢(Py),] (0.09 g, 0.1 mmol) in a prelimi-
narily evacuated glass tube. A minor amount of THF
was condensed from the tube with a solution of the
complex to a tube with a weighed sample of IPr (0.077
g, 0.2 mmol), which was preliminarily weighed in a
glove box. After the carbene was dissolved, the result-
ing solution was poured to a solution of the complex,
and the reaction mixture was boiled. Then THF was
completely removed by vacuum condensation to get
rid of pyridine. Hexane and a minimum amount of
THF necessary for the dissolution of the precipitate
were added by vacuum condensation, and the reaction
mixture was boiled. The obtained solution was con-
centrated under reduced pressure to form violet single
crystals suitable for XRD. The yield was 0.012 g (6%
based on the initial heterometallic complex).

For Cyy6H 170N4O19Li;Co;
Anal. calcd., % C, 65.75
Found, % C, 65.48

H, 8.85
H, 8.81

N, 2.89
N, 2.87

IR (v, cm™Y): 3069 w, 2963 vs, 2925 s, 2872 s,
1595 vs, 1562 vs, 1480 vs, 1408 vs, 1357 vs, 1222 vs,
1106 m, 1062 s, 1033 w, 935 m, 894 s, 796 vs, 757 s,
684 s, 607 vs, 568 s, 435 vs.

XRD of single crystals of complexes I and II was
conducted on a Bruker D8 Venture diffractometer
equipped with a CCD detector and a monochromatic
radiation source (MoK,, A = 0.71073 A, graphite
monochromator) using standard procedures [59]. A
semiempirical absorption correction was applied for
both structures [60, 61]. The structures were solved by
a direct method and refined in the full-matrix aniso-
tropic approximation for all non-hydrogen atoms. The
structures were refined using the DFIX, ISOR,
RIGU, and SADI standard restraints taking into
account the partial disordering of the CHMe, and
CMe groups and THF molecules. The calculations
were performed using the SHELX-2018/3 [62, 63] and
Olex2 [64] programs. The geometry of the metal atom
polyhedra was determined using the SHAPE 2.1 pro-
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Table 1. Crystallographic parameters and structure refinement details for compounds I and II

Value
Parameter
| 1I

Empirical formula C64.68H 119.36N4016.66Li2C02 CIO()H 170N4019Li2C02
FW, g/mol 1351.53 1936.19
T,K 100(2) 100(2)
Space group; Z P2,/n;2 P2,/c;2
a, A 12.5864(7) 22.118(3)
b, A 17.2898(13) 11.2825(15)
¢, A 17.6946(12) 23.611(3)
B, deg 95.292(2) 112.141(3)
v, A3 3834.2(4) 5457.5(13)
Peater &/cm’ 1.171 1.178
u, mm™! 0.494 0.368
0, deg 1.91-26.00 1.99—30.57
Ranges of indices 4, k, | —15<h<15, —27<h<3l,

—21< k<21, —12<k<16,

—21</<21 —33<17<33
Number of reflections: measured/independent 30410, 7500 60970, 16715
Number of observed reflections with 1> 26(/)/refined parameters 3227/451 10362/717
R 0.1914 0.0682
T in/ Tonax 0.3027/0.3812 0.3408/0.3812
S 0.956 1.030
Ry, wRy (I226(]) 0.0806, 0.1316 0.0661, 0.1579
R, wR, (all values) 0.2109, 0.1316 0.1194, 0.1854
AP i/ AP ras /A3 —0.072/0.622 —0.590/0.704
gram [65]. The crystallographic parameters and struc-
ture refinement details are given in Table 1.

The coordinates of atoms, thermal parameters, and
all reflections were deposited with the Cambridge
Crystallographic Data Centre (CIF files CCDC nos.
2311574 (I) and 2311575 (IT); deposit@ccdc.cam.ac.uk
or http://www.ccdc.cam.ac.uk/structures). ‘J 4
| . WA
The powder XRD pattern of complex I was -

detected on a Bruker D8 Advance X-ray diffractome- " S -
ter equipped with a Ni monochromator (AM(CukK,,) = . ) ) ) ) ) |
1.54060 A) and a LynxEye position-sensitive detector. 5 15 20 25 30 35 40
The detection increment was 0.02° 20, and the detec- 20, deg

tion range was 5°—40° 20. The PXRD pattern (Fig. 1)

was simulated in the TOPAS 4 program. The unit cell
parameters were optimized in refinement, the effects
of predominant crystallite orientation were described

Fig. 1. Theoretical (red line) and experimental (blue line)
PXRD patterns of complex I and their difference (gray
line).
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by spherical fourfold harmonics, and the line broad-
ening was refined by the Williamson—Hall method.

RESULTS AND DISCUSSION

Anionic carboxylate complexes are met in the lite-
rature rather rarely. A significant part of these com-

pounds was published fairly long ago [66—71]. The
(HI#Bu),[Co,Liy(u*-Piv)¢(x'-Piv),] (I) and (HIPr),-
[Co,Li,y(u2-Piv)4(k'-Piv),] (II) complexes were syn-
thesized by the reactions of the earlier prepared com-
pound [Co,Li,(Piv)s(Py),] with two equivalents of
NHC (Scheme 1).

[Co,Liy(Piv)e(Py),] +2NHC CTG:': (HNHC),[Co,Li,(Piv)s]
NHC = 17Bu, IPr
- —
IBu = %NVN% IPr= N\“/N
Scheme 1.

Compounds I and II crystallize in the monoclinic
crystal systems with space groups P2,/n and P2,/c,
respectively, and represent ionic complexes consisting
of the dianionic fragment [Li,Co,(Piv)s]?>~, two
[HNHC]" cations, and solvate THF molecules. In
both complexes, the dianionic [Li,Co,(Piv)g]>~ frag-
ment is centrosymmetric, and the inversion center is
localized between two central Li(1) atoms. The Co(1)
and Li(1) atoms are bound by three bridging carboxyl-
ate groups, one of which performs an additional bridg-
ing function linking two lithium atoms by one oxygen
atom (Fig. 2, selected bond lengths and angles are
given in Table 2). The central Li,O, fragment corre-
sponds to a distorted square (Li(1)—O(7) 1.938(9),
2.022(10) A, Li(1)O(7)Li(1) 89.5(4)°, O(7)Li(1)O(7)
90.5(4)° for I; Li(1)—O(4) 1.968(4), 1.979(4) A,
Li(1)O(4)Li(1) 89.77(17)°, O(4)Li(1)O(4) 90.22(17)°
for II). The coordination environment of the cobalt
atoms surrounded by four atoms of the carboxylate
anions corresponds to a distorted tetrahedron in com-
plex II (S, = 0.883) and a more distorted tetrahedron
in compound I (S, = 2.918). This distortion is caused
by the orientation of the fourth monodentate-coordi-
nated carboxylate group: in complex I, the orientation
is close to the chelate one (Fig. 2a; Co(1)...0(6)
2.560 A, Co(1)O(5)O(6) angle 74.73°); in complex I1,
the group is directed along the Li(1)Co(1)O(7) vector
(Fig. 2b; Co(1)...0(8) 4.113 A, Co(1)O(5)0(6) angle
167.27°). Contacts C—H...O are formed between
the oxygen atoms of the carboxylate groups in
[Li,Co,(Piv)g]>~ and the imidazole fragment protons
of the outer-sphere organic cation: in I: two vicinal
protons are involved in interactions with the O(4) and
O(6) atoms of one [Li,Co,(Piv)g]*~ fragment and the
proton at the C(21) atom interacts with the O(5) atom

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 50

of another [Li,Co,(Piv)g]>~ fragment (Fig. 3, Table 3);
in II: two vicinal protons form hydrogen bonds with
the O(1) and O(8) atoms and the proton at the C(21)
atom forms a hydrogen bond with the O(1S) atom of
the solvate THF molecule (Fig. 4, Table 3). In com-
plex I, the hydrogen atoms of the ferf-butyl groups of
the HI/Bu* cation also participate in intermolecular
contacts with the oxygen atoms of the solvate THF
molecules.

The crystal of complex II exhibits intermolecular
C—H...O contacts between the protons of the phenyl
fragments (C(26), C(40)) of the HIPr" cations with
the oxygen atoms of the carboxylate groups (Table 3)
and C—H...mw contacts between the protons of the
methyl group in HIPr* (C(46)/C(46A)) and the phe-
nyl cycle of the adjacent HIPr* cation (Table 4). Thus,
the intermolecular noncovalent binding of the
[Li,Co,(Piv)¢]>~ anions and [HNHC]" cations leads
to the formation of layered supramolecular structures.

The magnetic susceptibility in a direct current field
of complex I was measured at a magnetic field inten-
sity of 5000 Oe in a temperature range of 2—300 K to
determine magnetochemical purity (Fig. 5). At 300 K
xT = 5.77 cm® K mol~!, which is substantially
higher than the spin-only values for two noninteract-
ing cobalt(II) ions (3.79 cm® K mol™!, *F; ,, S = 3/2,
L= 3) [72, 73]. This can be explained by a consider-
able orbital contribution. As the temperature
decreases, the values of y T'decrease smoothly, and the
slope of the x 7(7T) dependence increases appreciably
when 40 K was reached. The minimum value of 7T
equal to 2.51 cm?® K mol~! is achieved at 2 K. This
magnetic behavior is related, most probably, to a sig-
nificant magnetic anisotropy or to the Zeeman effect
(saturation) in the magnetic field [43].
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(@)

(b)

1~

Fig. 2. Structures of dianions [Li,Co,(Piv)g
groups are omitted).

The data on measurements of the temperature
dependences of the static magnetic susceptibility and
the field dependences of the magnetization of com-
pound I are presented in Figs. 5 and 6, respectively.

The experimental x7(7) and M(H) dependences
were approximated using the PHI program according
to the spin-Hamiltonian (SH) [74]:

A = gu HS + D[S‘f —%S(S+l)}

+ E(S87 - 87) - 28J,,5,,

where g is the Bohr magneton, H is the magnetic
field intensity, .S'is the total spin, D and F are the split-

ting parameters in the zero field, S is the spin opera-
tor, and J, is the exchange interaction parameter.

The best approximation of the experimental data
was achieved at the following SH parameters: g = 2.3,
D=505cm™!, E/D=1.5,J,=—0.054, and Yp;p =
22 x 1073 (R2=1.2 x 107?).
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in complexes (a) I and (b) II (thermal ellipsoids with 30% probability; methyl

The dynamic magnetic susceptibility was studied to
determine whether complex I had slow magnetic
relaxation. The frequency dependences of the imagi-
nary part of the dynamic magnetic susceptibility %" (V)
of complex I in the zero magnetic field show signals
negligible compared to the real part. The application
of direct current magnetic field Hpc results in the
appearance of significant signals on the %"(v) depen-
dences, which indicates the contribution of the effect
of quantum tunneling of magnetization (QTM) to the
relaxation. The variation of Hp- made it possible to
determine the optimum magnetic field (500 Oe), the
application of which resulted in the arrangement of the
maxima on the respective dependences )"(v) at the
lowest frequencies corresponding to the longest relax-
ation times.

The isotherms of the frequency dependences of the
dynamic magnetic susceptibility were measured in a
temperature range of 2—2.75 K to determine the tem-
perature dependence of the relaxation time in the opti-
mum magnetic field (Fig. 7). The magnetization
relaxation times were determined by the approxima-
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Table 2. Selected bond lengths, distances between the central atoms (A), and angles (deg) in complexes I and II

I 11
Bond
d, A

Co—-0O 1.966(3)—2.050(4) 1.9401(19)—1.9651(17)
Li—O 1.902(9)—2.022(10) 1.906(4)—1.979(4)
C-0O 1.255(6)—1.281(5) 1.238(3)—1.277(3)
C—N(Pz) 1.328(7)—1.381(7) 1.326(3)—1.379(3)
N—C(Ph; CMey) 1.479(7), 1.501(7) 1.449(3), 1.455(3)
Li...Li 2.789(18) 2.785(8)
Co...Li 3.043(09) 3.241(4)

Angle ®, deg
0CoO 96.50(15)—145.23(15) 96.08(8)—119.62(8)
OLiO 90.5(4)—127.5(5) 90.22(17)—121.8(2)
ColLiLi 122.5(5) 123.6(2)
OCO 121.3(5)—124.9(5) 122.7(3)—125.1(2)

tion of the dependences of the imaginary part of the
dynamic magnetic susceptibility on the frequency
using the generalized Debye model. These data were
used to deduce the dependences of the relaxation time

(Fig. 8).

on the inverse temperature t(1/7) for complex I

The t(1/7) dependence of complex I deviates
appreciably from linearity in the semilogarithmic

Fig. 3. Fragment of the packing of complex I (intermolecular interactions C—H...O are shown by dashed lines; solvate molecules
and hydrogen atoms at the methyl groups are omitted).
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Table 3. Geometric parameters of hydrogen bonds in complexes I and II
O Distance, A Angle
C-H H...O C..0 C-H...0, deg
I
C(19)—H(19A)...0(4) 0.98 2.57 3.502(8) 160
C(21)—H(21)...0(5) 0.95 2.23 3.178(7) 174
C(22)—H(22)..0(4)1/2+x,3/2—y,1/2+ z 0.95 2.43 3.061(7) 123
C(23)—H(23)...0(6) 1/2+x,3/2—y,1/2+z 0.95 2.59 3.499(7) 159
C(27)—H(27C)...0(15) 3/2 —x,1/2+y,3/2 — 2 0.98 2.51 3.43(2) 156
C(29)—H(29C)...0(1S) 0.98 2.36 3.32(2) 167
11
C(21)—H(21)...0(1S) x, 1/2 —y,1/2 + £ 0.95 2.12 3.014(4) 157
C(22)—H(22)...0(1) 0.95 2.24 3.179(3) 170
C(23)—H(23)...0(8) 0.95 2.18 3.084(3) 158
C(26)—H(26)...0(5) x, -1 +y,z 0.95 2.57 3.426(3) 151
C(40)—H(40)...08) 1 —x, —1/2+y,3/2 —z 0.95 2.37 3.214(3) 148
C(464A)—H(46B)...08) 1 —x, —1/2+y,3/2 —z 0.98 2.57 3.538(5) 168

Table 4. Interactions C—H...x in the crystalline packing of complex II (Cg; centroid phenyl cycle; H/C...Cg is the distance
from the centroid to the atom, H—Perp is the shortest distance from the H atom to the cycle plane, 7 is the angle between
the Cg,—H vector and normal to the ith plane, C—H...Cg angle)

Interaction H..ACg, H—gerp, dtg C_I;éé Cg, C--I-&Cg,
C(42)—H(42A)...Ce(N(1)CQ1)N(2)C(23)C(22)) 2.99 2.32 39.02 | 119 3.578(3)
C(45)—H(45)...Cg(N(1)C(21)N(2)C(23)C(22)) 2.89 2.48 3117 125 3.564(3)
C(46A)—H(46A)...Cg(C(36)-C(41) 1 —x, —1/2+y,3/2—z| 2.9 284 | 1194 | 137 | 3.686(6)
C(42)—H(42)...Cg(N(1)C(21)N(2)C(23)C(22)) 2.92(7) 2.32 37.35 132(6) | 3.578(3)
C(46)—H(46E)...Cg(C(36)-C(41)) 1 —x, —1/2+y,3/2 —z 2.9 2.85 9.94 135 3.658(16)

system of coordinates (Fig. 8). In order to compare
complex I with similar compounds, the high-tempera-
ture part of the relaxation time dependence was
approximated by the Arrhenius equation (T
Toexp{AE/ksT}), which made it possible to estimate
the effective energy barrier equal to 19 K and the fast-
est relaxation time in the system equal to 2.2 x 1077 s.
The approximation of the t(1/7) dependence of com-
plex I by the sum of the direct (T7! = Ay H™4"T)
and Raman (17" = Cg,pan 712" relaxation mechanisms
resulted in a satisfactory correspondence of the experi-
mental and theoretical curves at the following parameters:
Agiret = 1.82 X 1078 £ 432 x 10710 g7 Qg n-direct,

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 50

Agireet =% Craman = 4.76 + 0.09 s! K—nRaman, and
ARaman = 9 (R2 = 09999)

Thus, the imidazolium salts with the
[Co,Li,(Piv)g]>~ complex anions were formed as
undesirable products of the reactions of the heterome-
tallic compound [Co,Li,(Piv)4(Py),] with N-hetero-
cyclic carbenes I/Bu and IPr. The satisfactory yield of
compound (HIfBu),[Co,Liy(u>-Piv)¢(x'-Piv),] (I)
made it possible to confirm its phase purity by PXRD
and to study its magnetic properties. Complex I is a
single molecule magnet. The magnetic relaxation of
this compound proceeds via the cumulative contribu-
tion of the direct and Raman relaxation mechanisms.
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Fig. 4. Fragment of the packing of complex II (intermolecular interactions C—H...O and C—H...w are shown by dashed lines;
hydrogen atoms that are not involved in intermolecular interactions are omitted).

In the previously studied complexes [Co,Li,(Piv)s- MIAN is N-(4-methoxyphenyl)monoiminoacenaph-

(IMes),], [Co,Li,(Piv)s(Ph;P),], [Co,Li,(Fur)¢(Py),]  thenone), slow magnetization relaxation was also
(Fur is 2-furancarboxylic acid anion) and [Co,.  caused byacombination of the direct and Raman pro-
Liy(Piv)s(4-MeOC¢H,-MIAN), | (4-MeOC¢H,-  cesses [48, 49]. The magnetization relaxation time
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204 :
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Fig. 5. Temperature dependence ¥ 7 of complex I (H = 5 kOe). Solid line is the curve calculated using the PHI program.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 50 No.7 2024



IMIDAZOLIUM SALTS WITH HETEROMETALLIC COMPLEX ANIONS [Co,Li,(Piv)g]>~ 531

4+ 4+
m m
; 2F ; 2F
2 K 2 K
e 4K e 4K
ol A 6K ol A 6K
0 4 8 12 16 20 24 28 0 10 20 30 40 50
H/T, kOe/K H, kOe

Fig. 6. Dependences M(H/T) (left) and M(H) (right) at various temperatures for complex I. Solid lines are the theoretical curves
calculated using the PHI program.
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Fig. 7. Frequency dependences of the real (left) and imaginary (right) parts of the dynamic magnetic susceptibility of complex I

at various temperatures; external magnetic field intensity H = 500 Oe. The approximation by the generalized Debye model is
shown by solid lines.

_ 108 increases more than twofold at 2 K on going from the
Tp=2.2x10""s neutral complex [Co,Li,(Piv),(IMes),] [48] to the salt
AE/kg =19 K of the [Co,Li,(Piv)¢]>~ complex anion (complex I),
1074 which can be due to the charge on the terminal ligand.
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