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Abstract—The crystal and molecular structures of bis(2-methylimidazolium) tetrabromocuprate(Il) are deter-
mined. The linear dependences of the degree of distortion of the CuBrj~ coordination polyhedron on the pro-
tonation constant of the organic cation are revealed for the structures with 8 < 140°. The dependence of the
hydrogen bond parameters (distances H---Br and N---Br, angle NHBr) on the degree of distortion of CuBrj~ is

shown. The degree of distortion of CuXj (X = Cl, Br) is determined by the type of the organic cation and is

almost the same for the CuBrj~ and CuCl;~ polyhedra. The empirical equations relating the degree of distor-
tion of CuX%~ (X = CI, Br) and the position of the Cu <— X ligand-to-metal charge-transfer band (VLMCT)

are obtained.
DOI: 10.1134/S1070328409070069

INTRODUCTION

It is known that the complex copper halides are used
actively as catalysts for organic reactions. Their cata-
lytic activity is determined by the structure of the coor-
dination polyhedron, which changes (for tetracoordi-
nate copper) from a square to a tetrahedron. The struc-
ture of the complexes and specific features of their
properties can be determined by the dependence of the

degree of distortion of the CuXi_ polyhedron on the

nature of the organic cations and spectral characteris-
tics of the complexes.

The present article continues the series of works
devoted to the synthesis, structures, and spectral char-
acteristics of the anionic chloro- and bromocuprate(II)
complexes containing organic nitrogen-containing
bases as counterions [1-5]. The generalization of the
obtained experimental and literature data on the crystal-
lographic and spectral properties of the tetrah-
alo(chloro, bromo)cuprate(Il) anions made it possible
to construct correlations that could be used for the esti-
mation of the degree of distortion of the coordination
copper(Il) polyhedron by the spectral characteristics of
the isolated polycrystalline complexes.

EXPERIMENTAL

Synthesis of (HL),[CuBr,] (I) (HL cation of 2-
methylimidazolium H,N,C;(CHj3)). A weighed sample
corresponding to 5 X 10~ mole of 2-methylimidazolium
was dissolved in a minimum volume of ethanol. An eth-
anolic solution of copper(Il) bromide containing 2.5 X
10~ mole of Cu?* ions was added along with a concen-
trated solution of HBr, which was added dropwise to
pH 1-1.5. The reaction mixture was stored in a water
bath for 30 min at 50°C. The single crystals formed
after cooling were filtered off and dried over P,Os to a
constant weight. The yield was 45%. The violet crystals
of complex I were unstable in polar solvents. The com-
position of complex I was determined by X-ray diffrac-
tion analysis.

X-Ray diffraction analysis. The crystals of com-

plex I are monoclinic, space group P1, a=7.903(2),b =
8.350(2), ¢ = 12.997(3) A, o. = 90.74(3)°, B = 103.97(3)°,
y=100.14(3)°, V = 817.9(3) A3, pcaled = 2.231 g/em?,
Z= 2. The experimental data were obtained on an
Enraf-Nonius CAD-4 automated four-circle diffracto-
meter (MoK, radiation, graphite monochromator, 6/20
scan mode, 0,,,, = 25.47°). The total number of mea-
sured independent reflections was 3240 in the index
range: -9<h<9,0<k<10,-15<[<15. In calcula-
tions, 3031 independent reflections with I > 26(I) were
used. The structure was solved by a direct method and
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refined by least squares in the full-matrix anisotropic
approximation for non-hydrogen atoms. The coordi-
nates of hydrogen atoms were revealed from the differ-
ence Fourier synthesis and included into the refinement
with the fixed coordinates and isotropic thermal param-
eters. The final R factor values were R = 0.0391, wR, =
0.0910 (for reflections with I >2c([)), the goodness-of-
fit being 0.888. All calculations were performed by the
SHELX-97 program package [6]. The coordinates of
atoms and other parameters of structure I were depos-
ited with the Cambridge Crystallographic Data Centre
(no. 711 564; deposit@ccdc.cam.ac.uk).

Electronic absorption spectra were recorded in
the interval from 50000 to 15000 cm™ on a Specord
UV-VIS spectrometer as a suspension in Nujol.

RESULTS AND DISCUSSION
According to the X-ray diffraction data (Fig. 1a), the

structural units of complex I are the CuBrf[ anion in

the partial position in the 2-fold axis and two indepen-
dent 2-methylimidazolium cations (HL*). The coordi-
nation polyhedron of the Cu?* ion is a distorted tetrahe-
dron. The Cu-Br distances are nearly aligned, being
2.3590-2.3963 A. The BrCuBr angles vary from
100.02(5)° to 131.64(5)°. The imidazole cycle proto-
nated at the nitrogen atom is almost planar, and its geo-
metric parameters are close to the corresponding
parameters of the 2-methylimidazolium cation [5].

The cations and anions in the crystal are joined by
the NH--Br hydrogen bonds into infinite ribbons

(Fig. 1b). Each CuBrif anion is linked with four
organic cations, and each cation is bound to two anions
(Table 1).

The electronic absorption spectrum of polycrystal-
line sample I has a broad absorption band with a maxi-
mum at 16800 cm™' corresponding to the Br—=Cu

ligand-to-metal charge-transfer band (LMCT), which is
absent from the spectrum of imidazole.

The analysis of the published data on the structures
and spectra of the copper(Il) halide complexes made it
possible to examine the change in the average value of
the trans-XCuX angle (0) for the Cqu{ structure (X =
Cl, Br) (Table 2). The plot of the degree of distortion of

the CuXif coordination polyhedron vs. the halide ion
(Fig. 2) is linear, and the O values for CuCli_ and

CuBri_ are similar for the structure with the same

counterions. Therefore, it can be concluded that the
degree of distortion of the coordination polyhedron
depends slightly on the halogen (CI, Br) nature and is
mainly determined by the nature of the organic cation.

As known, the frans-angle value close to 109° corre-
sponds to the tetrahedral configuration (7,) of the
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Table 1. Hydrogen bond geometry in the structure of com-
pound (HL),CuBr,

Distance, A Angle

N-H---Br* NHBr,
H-N | H-Br| N--Br deg
N(2)-H(2)--Br(2)"! 092 | 249 | 3.370(6) 162
N(5)-H(5)---Br(4)*? 093 | 2.57 | 3.376(6) 145
N(8)-H(8)--Br(3)"! 0.91 244 | 3.302(6) 159
N(11)-H(11)--Br(3)¥ 0.91 2.55 | 3.320(6) 143

* Coordinates of the Br atoms: *! 0,81531(%)%, 0.59763(9), 0.69756(6);
#2 0.47301(9), 0.42186(10), 0.82640(6); ™ 0.26778(9), 0.65861(8),
0.61318(7).

CuB rif ion, whereas the flattening of the structure to

the D,, configuration increases 6 to 180°. The analysis
of the dependence of the degree of distortion of the

CuB ri_ polyhedron on the protonation constant of the

organic cation (Fig. 3) suggests that for the structure
close to tetrahedral (8 =100°-140°) the degree of distor-

tion of the CuB ri_ coordination polyhedron increases

with an increase in the basicity of the organic base. We
failed to reveal the character of the dependence at larger
trans angles.

The relationship between the geometry of the anion
and hydrogen bond geometry is discussed using the tet-
rachlorocuprate complexes as an example [26]. The
authors [26] believe that almost no hydrogen bonding is

observed between the CuCLz[ ions and organic counte-

rions in the structure close to tetrahedral with the angles
0 < 132°. The enhancement of the hydrogen bonds elon-
gates the corresponding coordination Cu—Cl bond and
increases the degree of distortion of the tetrahedron,
i.e., results in the flattening of the inorganic anion struc-
ture.

The hydrogen bond characteristics and the Cu-Br
bond lengths for some compounds are given in Table 2.
The constructed graphical correlations of the hydrogen
bond parameters (r(H-Br)/r(N-Br) (Fig. 4a) and angle
NH---Br/0 (Fig. 4b)) are linear and similar to those for
the tetrachlorocuprate(Il) complexes [5]. Thus, the
determining factor for hydrogen bond formation is the
type of the outer-sphere organic cation in the
(HL),CuX, compounds rather than the nature of the
inorganic ligand (Cl, Br).

Although a restricted number of compounds with
the known crystal structures was accessible for analysis
of the position of the Cu<—X LMCT band (Table 2),
the correspondence of the frequencies of the LMCT

bands and the degree of distortion of the Cqu[ coor-

dination polyhedron is distinctly seen in Fig. 5. As
mentioned above, the coordination polyhedron of
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(a)

Fig. 1. (a) Molecular and (b) crystal structures of (HL),CuBr, (L is 2-methylimidazole); hydrogen bonds are shown by dotted lines.
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Fig. 2. Plots of the degree of distortion of the CuXLZf coor-

dination polyhedron vs. inorganic anion nature: M are liter-
ature data, and A are the data of the present work.

CuX‘z[ should be the same for the chloride and bromide
complexes containing identical cations (organic bases).

The analysis of the data in Fig. 5 made it possible to
obtain the empirical dependences of the degree of dis-
tortion of the Cu Xf[ polyhedron in the (HL),CuX,
structure on the position of the Cu<—2X vy ycr: for the
(HL),CuCl, 6 =0.0272v; picp — 544.56 at the approxi-
mation reliability R? = 0.9718, whereas for (HL),CuBr,
0 =0.001v| yor + 113.97 (R? = 0.9963).
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Fig. 4. Selected characteristics of hydrogen bonds in the
(HL),CuBry structures: (a) the dependence of the H---Br dis-
tance on N--Br and (b) the dependence of the degree of dis-
tortion of the coordination polyhedron (6) on the N-H---Br
angle in the hydrogen bonds of the (HL),CuBry structure; ¢
are literature data, and A are the data of the present work.
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Fig. 3. Plots of the degree of distortion of the CuBr?[ coor-

dination polyhedron vs. protonation constant of the organic
counterion pKj: W are literature data, and A —are the data of

the present work.
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Fig. 5. Plots of the position of the Cu<—2Br and Cu<— Cl
charge-transfer bands (v yjct) vs. degree of distortion of
the coordination polyhedron in the (HL),CuX, complexes
(X =Cl, Br): m are literature data, and A are the data of the
present work.
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Taking into account the equal degree of distortion of
the (HL),CuX, coordination polyhedron (X = Cl, Br),
the relation between the v y;cr in the electronic absorp-
tion spectra of the complexes for the same counterion is
expressed as follows:

Vimer(CuBr; ) = 272V, yer(CuClLy ™) — 658530.
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