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Abstract—The structure and magnetic properties of the single crystal of bis{1-[4-(4-pentyloxybenzoyl-
oxy)phenyl]-1-amino-3-pentylprop-1-en-3-onate}copper(Il), which shows nematic mesomorphism, were
studied by X-ray diffraction and electron spin resonance spectroscopy.
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INTRODUCTION

Metallomesogens are liquid crystals (LCs) formed
by coordination compounds. The presence of a metal
ion gives rise to interesting combinations of physical
properties typical of both metal compounds (electri-
cal, magnetic, and optical properties) and liquid crys-
tals (combination of fluidity and anisotropy). The
ability of metallomesogens to self-assemble into
supramolecular structures and respond to weak exter-
nal stimuli makes them promising materials for elec-
tronics. Metallomesogens are used as multifunctional
materials, because they can combine the liquid-crys-
talline state with photo- and electroluminescence,
which makes them useful for optoelectronics, power
engineering, and biomedicine [1, 2]. An important
task of the molecular design of metallomesogens is to
elucidate the relationship between the structure and
liquid-crystalline properties. It is necessary to take
account of the effect of metal ion on the geometry of
the chelate unit, which determines not only physical,
but also liquid-crystalline properties [3]. The most
useful method for structure determination is X-ray
diffraction analysis, because the crystals possess
strictly periodic structure and act as a diffraction grat-
ing for X-rays. Also, reliable data on the structure of
the local environment of the metal ion in the complex
and on the conformation of the chelate unit can be

gained by electron spin resonance (ESR). A combina-
tion of X-ray diffraction with ESR spectroscopy pro-
vides the most accurate and reliable structural infor-
mation about coordination compounds.

Previously, a homologous series (C;H;—CoH o) of
liquid-crystalline  bis{1-[4-(4-alkyloxybenzoyloxy)-
phenyl]-1-amino-3-pentylprop-1-en-3-onate}cop-
per(IT) complexes has been prepared [4]. It was shown
that the presence of the ester group in ligands of this
type results in decreasing melting point and increasing
width of the nematic mesophase compared to their
biphenyl analogues. Amorphous powders, oriented
melts, and solutions of these compounds in toluene
(g =g, =2.039+£0.005; g, =2.205+0.005, 4, = A4, =
40 + 5 MHz; A, = 490 £ 10 MHz) were investigated by
ESR. The chelate unit of these complexes was found to
have a square planar structure, which enables the for-
mation of a liquid-crystalline texture [5]. In this study,
the structure of bis{1-[4-(4-pentyloxybenzoyloxy)-
phenyl]-1-amino-3-pentylprop-1-en-3-onate}copper(II)
(I), demonstrating nematic isomorphism (Cr 128 N
209 I), was investigated by ESR spectroscopy and
X-ray diffraction. The structure and ESR parameters
of single-crystalline complex I are presented. Cop-
per(1l) complex I is shown in Scheme 1.
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EXPERIMENTAL

Complex I was prepared by a reported procedure
[4]. A single crystal of the complex was prepared by
slow evaporation of a solution of the complex in a
CH,Cl, : (1,4-dioxane) : EtOH solvent mixture (1:2: 1)
for 14 days. The plate-like light green crystals were col-
lected on a filter, washed with EtOH, and air dried.

For C52H64N208Cu
Calcd., % C, 68.72 H, 7.05 N, 3.08
Found, % C, 68.68 H, 7.00 N, 3.02

Single crystal X-ray diffraction study of I was car-
ried out on a Bruker Smart Apex II CCD automated
X-ray diffractometer (MoK, graphite monochroma-
tor, L = 0.71073 A, w-scan mode) at 296 K. Data col-
lection and editing and refinement of unit cell param-
eters were performed using the APEX2 program [6].
The structures were solved by the direct method and
refined by the least-squares method, first in the iso-
tropic and then in the anisotropic approximation (for
all nonhydrogen atoms) using the SHELXL program
[7]. The coordinates of hydroxyl hydrogen atoms were
revealed from electron density difference plots; the
coordinates of other hydrogen atoms were established
using stereochemical criteria and refined in the corre-
sponding riding models. All calculations were carried
out on a PC using the WinGX software [8]. Analysis of
the intermolecular interactions was performed and the
drawings were made using the PLATON [9] and Mer-
cury [10] programs. The crystallographic characteris-
tics and X-ray experiment and structure refinement
details are summarized in Table 1.

The full set of X-ray diffraction parameters for
complex I is deposited with the Cambridge Crystallo-
graphic Data Centre (CCDC no. 2211696; www.
ccdc.cam.ac.uk/data_request/cif).

ESR spectra were recorded in the X range at a tem-
perature of 300 K on an EMX/plus Bruker spectrom-
eter. The angular dependence was studied using an
ER 218PG1 Bruker programmable goniometer. The
spectra were analyzed using the Easyspin program
package [11].

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 49

RESULTS AND DISCUSSION

According to X-ray diffraction data, complex I
forms plate-like crystals (Fig. 1a). The structure was

solved and refined in the triclinic space group P1. Two
molecules of the complex are located in special posi-
tions (centers of symmetry) of the triclinic unit cell, so
that two halves of the molecules are independent. The
complexes have a square planar structure of the che-
late unit, which is responsible for their mesomorphic
properties (Fig. 1b). The copper ions are coordinated
by two nitrogen atoms and two oxygen atoms of two
ligands, i.e., the donor environment is N(2)O(2); the
distances from copper atoms to the oxygen and nitro-
gen atoms in molecules A and B are as follows:
N(1A)—Cu(1A) 1.894(4); O(3A)—Cu(1A) 1.914(3);
N(1B)—Cu(1B) 1.878(4); O(3B)Cu(1B) 1.932(3) A.

The geometries of the two molecular complexes are
markedly dissimilar, first of all, this is related to differ-
ent rotation angles of the aromatic rings and confor-
mations of alkyl substituents. A conventional superim-
position of two molecules of the complex is shown in
Fig. 2.

The key structure-forming function in the crystals
of compound I is performed by C—H...O type non-
classical hydrogen bonds and C—H...wt electronic con-
tacts involving the aromatic moieties of the molecules;
the contact parameters are given in Table 2. Note that
the NH groups of the complex molecules do not par-
ticipate in any interactions, apparently, due to steric
hindrances. Owing to the centrosymmetrical position
of Cu(Il) complex molecules in the crystal, all the
existing intermolecular interactions are identical on
both sides of the elongated molecule; hence, multiple
C—H...w contacts of aromatic moieties (H...Cg (cen-
ter of the ring) distances are in the 2.60—3.00 A range)
(Fig. 3a) bind the molecules to one another to form an
infinite chain along the 0a crystallographic axis
(Fig. 3a). The C—H...O type hydrogen bonds between
molecules connect the chains into two-dimensional
supramolecular motifs, that is, layers of H-bonded
molecules arranged parallel to the Oab crystallo-
graphic plane (Fig. 3b).

Generally, the packing of molecules in the crystal
of complex I represents a parallel arrangement of the
above supramolecular 2D structures along the Oc crys-
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Table 1. Crystallographic characteristics and structure refinement details for complex I

Parameter Value
Molecular formula Cs,Hg4N,04Cu
Crystal shape Prismatic
M 908.59
Temperature, K 296(2)
System Triclinic
Space group Pl
Crystal size 0.02 X 0.33 X 0.70 mm
Z,7' 2,1
a, A 9.789(3)
b, A 11.247(4)
¢, A 22.412(8)
o, deg 81.381(4)
B, deg 88.377(4)
v, deg 84.890(5)
v, A3 2429.7(14)
F(000) 966
p(calced.), g/cm? 1.242
u, mm-~! 5.04
Range of 0 angles, deg 1.930 <6 <£27.946
Number of measured reflections (R;,,) 19346 (0.0535)
Number of unique reflections 10594
Number of reflections with / > 26([) 4393
Number of refined parameters 555/12

R,/wR, (reflections with 7 > 26([))
R, /wR, (for all reflections)

GOOF on F?

Residual electron density (max/min), (e A=)

0.0729/0.1758

0.1791/0.2271
0.969

0.707/—0.520

tallographic axis (Fig. 3c). With this packing, a high
density is not attained: the calculated Kitaigorodsky
packing index is 0.641, which is lower than the values
typical of organic crystals (0.65—0.75), although the
total size of voids in the crystal potentially accessible to
a solvent is not very high, being 65.9 A3. It is notewor-
thy that two independent molecules, which markedly
differ in the geometry, form separate layers in the crys-
tal (Fig. 4), while the largest-area face of the plate-like
single crystal coincides with the (001) crystallographic
plane (Fig. 1a), which accommodates the terminal
groups of the alkyl chains. Thus, this surface should
exhibit noticeable hydrophobic properties, while the
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crystal itself should possess a marked anisotropy of
physical properties.

The substantial anisotropy of magnetic properties
of the crystals was evidenced by ESR data. Figure 5
shows the angular dependences of the experimental
spectra for two crystal orientations at 300 K. Analysis
of the integrated intensity of the ESR spectra provides
the conclusion that easy axis magnetic anisotropy
exists in the crystal, parallel to the Oab plane of the sin-
gle crystal unit cell. When this axis is arranged along
the magnetic field of the spectrometer, not only the
spectrum “collapses” to one line, but also the inte-
grated intensity of the signal increases (Fig. 5¢).

No. 11 2023
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(001)
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Fig. 1. (a) Photograph of the single crystal of complex I and Miller indices of the main crystal faces; (b) geometry of the molecular
complexes in the crystal. The nonhydrogen atoms are represented by the thermal probability ellipsoids (p = 30%); hydrogen atoms
are shown as spheres of an arbitrary radius.

Fig. 2. Conventional superimposition of two molecules of complex I (the two symmetrically independent molecules are shown
in different colors; the hydrogen atoms are not shown).
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Fig. 3. Several projections of the system of intermolecular C—H...O hydrogen bonds (lilac dashed lines) and C—H...t contacts
(blue and light blue dashed lines) in the Cu(II) crystal: a view along the (a, c) Oa crystallographic axis and (b) 05 crystallographic

axis.

Fig. 4. Two projections of the packing of moleculles of I in the crystal; two independent molecules are shown in different colors.
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Table 2. Geometric parameters of intermolecular contacts in the crystals of complex I*

D—H--A angle

Distance, A

Angle

D—H

D—H-A,

deg

C(18B)—H(18B)--O(15A)
C(21A)—H(210)--O(15A)

0.93
0.93

2.59
2.57

3.493(6) 165
3.406(6) 149

C—H-r contact (Cg is the center of gravity of the ring)

Distance, A

H...Cg

C..Cg

C—H...Cg
angle, deg

C(14A)—H(14A)-Cg(C(9B)—C(14B))iil
C(21B)—H(211)-~Cg(C(16A)—C(21A))

2.76
2.60

2.72
2.58

155
153

* Symmetry codes: B —-x, 1=y, 1—-z fig —-x,—y, 1 —z; iiix, —1+y,z v_q +x,1+y, 2z
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Fig. 5. Angular dependences of the ESR spectra of the single crystal for the magnetic field H (a) oriented parallel to the Oab crys-
tallographic plane and (b) in the perpendicular plane; (c) diagram of the angular dependence of the integral intensity of the spec-

tra for both crystal orientations.
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Fig. 6. Experimental (black lines) and simulated (red lines) ESR spectra for two mutually perpendicular orientations of the crystal
for the magnetic field H oriented parallel to the Oab crystallographic plan.

The observed angular dependences of the ESR line
shape can be interpreted in terms of the model of
weakly coupled spin .S = 1/2 chains with allowance for
the uniform Dzyaloshinskii—Moriya interaction and
anisotropic Zeeman interaction [12, 13].

The dominant exchange interaction parameter J of
closely located (4.89 A) copper ions along the Oa axis
appears to be not higher than ~2.8 K [14, 15]. The
exchange interaction J' between ions located in differ-
ent chains should be much lower: J'/J < 0.01 [13, 16].
Unfortunately, simulation of the spectra does not
allow unambiguous determination of exchange inter-
action parameters. For more in-depth understanding
of the properties of the system, measurements of tem-
perature dependences of the magnetic susceptibility of
the crystals are required.

Nevertheless, fitting of the experimental and simu-
lated spectra resulted in determination of the parame-
ters characterizing the symmetry of the copper local
environment in the crystal packing: g, = g, = 2.045 +
0.005, g, = 2.180 £ 0.005, 4, = A4,= 30+ 5MHz, 4, =
360 = 10 MHz (Fig. 6). These values are characteristic
of a copper ion in the square planar environment [5,
17]. The obtained g-factor anisotropy for the crystal
amounting to 0.135 is in good agreement with Ag =
0.130—0.142 found previously for powders of these
compounds [5]. The decrease in A4, for the single crys-
tal compared to that in disordered media may be
attributable to the deviation of the complex geometry
from planarity. Unfortunately, because of ESR line
broadening caused by the dipole—dipole and exchange
interactions in the single crystal, it was yet impossible
to reliably separate the two types of copper centers
identified by X-ray diffraction.

Thus, the structure of bis{1-[4-(4-pentyloxybenzoy-
loxy)phenyl]-1-amino-3-pentylprop-1-en-3-onate-cop-
per(1l) was studied by X-ray diffraction, its crystallo-
graphic characteristics were described, and the magnetic

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

parameters of the Cu(ll) local environment were
determined on the basis of the ESR spectra.
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