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Abstract The Ni(II) complex, [Ni(H,biim),(PABA),]Cl,-
2H,0, H,biim being 2,2’-biimidazole, PABA being 4-am-
inobenzoic acid has been synthesized and the crystal
structure determined using X-ray crystallography. The
complex crystallizes in triclinic system, space group P — 1
with unit cell parameters a = 8.3920(9) A b= 9.8436(11)
A, ¢ =9.8874(11) A, o = 94.862(2)°, f = 109.142(2)°,
y = 90.992(2)°, V = 767.95(15) A® and Z = 1. The mol-
ecules of the complex in the crystal assemble by way of
N-H-:--Cl, O-H:--Cl, O-H---O hydrogen bonds as well as
n—n stacking interactions to provide a two-dimensional
supramolecular structure.

Keywords Ni'' complex - Biimidazole -
4-Aminobenzoic acid - Crystal structure -
Hydrogen bonding

Introduction

Hybrid inorganic—organic materials have received much
attention because they incorporate the functionality of both
components [1, 2]. Studies related to the design and crystal
supramolecularity of these materials are regarded as being
within the inorganic crystal engineering field [3], which has
allowed the development and exploitation of rational
strategies leading to metal-containing extended supramo-
lecular entities [1, 2]. These strategies have been focused
on the assembly of organic/metal moieties capable of
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driving self-recognition or self-assembly, mainly by com-
plementary hydrogen bonds [1-4] and/or coordination
bonds [5]. In fact, the consideration and utilization of both
supramolecular interactions has generated a great diversity
of metal-based architectures in the solid state [6]. Herein,
we are concerned with the family of hybrid materials in
which a metal centre provides the orientation ability of its
well-known coordination environment, to form inorganic
hydrogen-bonded assemblies. It is frequently argued that
these hydrogen-bonded networks are less robust than
stronger bonds of inorganic analogues. However, the
number and/or the strength of a particular hydrogen bond
may act in concert, in principle, in an assembly robust
enough to withstand, for instance, guest removal [7].
Recently, Beatty [8] has reported an extensive revision on
the crystal engineering of extended systems based on
hydrogen bonded coordination complexes.

A particular organic target for construction of hybrid
materials is the neutral molecule 2,2’-biimidazole (H,biim)
and its monoanionic derivative (Hbiim ™). Both molecular
moieties possess a double property, namely they can be
coordinated to metal centres and can act as a donor in
hydrogen bonding interactions [9]. In the present study we
describe the synthesis, structure and characterization of a
new supramolecular complex [Ni(H,biim),(PABA),]Cl,-
2H,0.

Experimental
Synthesis of [N](szllm)z(PABA)z]Clz2H20
The 2,2'-biimidazole (H,biim) ligand was synthesized

according to the method reported in the literature [10]. To a
solution of NiCl,-6H,O (0.30 mmol) in 50 mL of hot
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water, 0.60 mmol of H,biim was added. To the resulting
mixture, a solution of 4-aminobenzoic acid (PABA,
0.60 mmol) previously dissolved in 30 mL of hot water
was added. The solution was then concentrated to one-third
of its initial volume. The resulting solution was allowed to
evaporate slowly at room temperature. After two months,
blue single crystals of the complex appeared. Yield: 75%.

Anal. Calcd for CogH3oCloN;gOgNi : C, 44.07; H, 4.24;
N, 19.77%; found C, 44.15; H 4.21; N, 19.84%.

Crystal Structure Determination and Refinement

A blue block crystal of the complex was mounted on a
glass fiber and used for data collection. Cell dimensions
and an orientation matrix for data collection were obtained
by least-squares refinement of diffraction data from 3197
reflections with 2.57 < 6 < 27.02 using a Bruker SMART
APEX CCD automatic diffractometer. Reflection data were

Table 1 Crystal data for [Ni(H,biim),(PABA),]Cl,-2H,0

Deposition numbers

Empirical formula

CCDC 628782
Ca6H30C12N906Ni

Color/shape Blue/block
Formula weight 708.21
Temperature (K) 298(2)
Wavelength 0.71073 A
Crystal system Triclinic
Space group P—-1

Unit cell dimensions 8.392009)

a (A) 9.8436(11)

b (A) 9.8874(11)

¢ (A) 94.862(2)

o (°) 109.142(2)
p(©) 90.992(2)

7 (®) 767.95(15)
V(A% 1

Z 1.531

Deate (g cm™) 0.30 x 0.30 x 0.20
Crystal size (mm) 366

F(000) 3790
Reflections collected 2653

Unique reflections 2.08-25.01

0 Range for data collection (°) -9<h<38
Index ranges —11<k<11
Absorption coefficient (mm™") —7<l<11
Data/restrains/parameters 0.864

Final R indices [/ > 20 (I)] 2653/0/206

R indices (all data)
Goodness-of-fit

Largest difference in peak
and hole (e A™3)

R1 = 0.0304, wR2 = 0.0751
R1 = 0.0308, wR2 = 0.0753
1.069

0.274 and —0.283
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collected at 298 K wusing Mo-Ko  radiation
(4 =0.71073 10\). The collected data were reduced using
the program SAINT [11] and empirical absorption cor-
rection was carried out using SADABS 12] program.

The structure was solved by direct methods (SHEL-
XS97), refinement was done by full-matrix least-squares on
F? using the SHELXL97 program suite [13]. In final
cycles, all nonhydrogen positions were refined by aniso-
tropic temperature factors. The hydrogen atoms were
included in the ideal positions with fixed isotropic U values
and were riding on their respective nonhydrogen atoms.
The hydrogen atoms of the water molecule were located
from the difference Fourier and included as such in the
refinement and were riding on water oxygen. A summary
of the crystal data, experimental details, and refinement
results is given in Table 1. Crystallographic data for the
structure reported in this paper have also been deposited
with the Cambridge Crystallographic Data Center (No.
628782).

Result and Discussion
The structure of the complex is depicted in Fig. 1. Sig-
nificant bond parameters are given in Table 2.

The asymmetric unit contains one half of [Ni(H,biim),
(PABA),]** cation with the nickel ion located on an

P :

03A§7

Fig. 1 Molecular structure of [Ni(H,biim),(PABA),]Cl,-2H,0,
showing the atomic numbering scheme. Displacement ellipsoids are
drawn at the 30% probability level for non-H atoms
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Table 2 Selected bond lengths (A) and angle (°) for [Ni(H,biim),(PABA),]Cl,-2H,0

Bond d (;A) Bond d (A) Angle w (°)
Ni(1)-N(1) 2.0828(15) C(6)-C(5) 1.355(3) N(5)-Ni(1)-N(5A) 180
Ni(1)-N(4) 2.0966(16) C(5)-N(@3) 1.364(3) N(1)-Ni(1)-N(1A) 180.00(9)
Ni(1)-N(5) 2.2102(16) N(3)-C(4) 1.338(3) N(4)-Ni(1)-N(4A) 180
C(13)-0(1) 1.317(3) C4)-C(3) 1.442(3) N(1)-Ni(1)-N4) 80.37(6)
C(13)-0(2) 1.208(3) C(3)-N(2) 1.334(3) N(D-Ni(1)-N(5) 85.97(6)
N(4)-C(6) 1.369(3) N(2)-C(2) 1.364(3) N(4)-Ni(1)-N(5) 92.15(6)

Symmetry codes: (A) -x, -y, -z+2

Fig. 2 Hydrogen-bonded
2D-network (hydrogen bonds
are shown as dashed lines)

inversion centre, one CI~ anion and one water molecule of
crystallisation. In the complex cation [Ni(H,biim),
(PABA),]**, the central metal atom nickel allows the
formation of a distorted octahedral coordination environ-
ment with four nitrogen atoms of two Hbiim ligands
arranged trans to each other. Two nitrogen atoms of two
PABA, axial to the metal-biimidazole plane, occupy the
remaining coordination sites. The N(1)-Ni(1)-N(4) bite
angle generated by the chelating of the biimidazole is
80.37(6)°, which lies in the range [78.7°-80.9°] [14]
registered in the CSD so far. The Ni-N(H,biim) lengths
and the average angles and distances in the biimidazole
ligands also are comparable with those previously reported
in the CSD [14]. The Ni-N(PABA) Ilength is

2.2102(16) A, also comparable with that reported previ-
ously [15]. The two imidazole rings are almost coplanar
with the dihedral angle of 5.5°.

Figure 2 shows the 2D hydrogen-bonded network of
the title complex wherein neighbouring cations, anions
and water molecules are interconnected by the two kinds
of synthons Ré (7) and Ri (12) as well as O-H---Cl
hydrogen bonds (Table 3). The R} (7) ring is formed by
the hydrogen bonds between Cl~ and H,biim, which is
similar to that reported before [16]. The Rj} (12) ring is
formed by the hydrogen bonds between PABA and water
molecules. The network is further stabilized by n—=
interactions among benzene rings with the face-to-face
distance of 3.503 A.
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Table 3 Hydrogen bonding parameters for [Ni(H,biim),(PABA);]

Cl,2H,0
D-H---A DA (A) D-H(A) H--AA) D-H--A ()
N(3)-H(4)---CI(1A) 3.2019(18) 0.86 2.4 155.2
NG)-H(8)---CI(1)  3.3628(18) 0.9 2.46 176.4
N(2)-H@3)---CI(1A) 3.1080(19) 0.86 2.3 157.7
O@B)-H(15)---CI(1)  3.0995(19) 0.72 2.38 1763
0O(3)-H(14)---O(2B) 2.7893) 0.76 2.03 1717
O(1)-H(13)---0(3C) 2.603(3)  0.82 1.79 1725

Symmetry codes: (A) —x, —y+1, —z+2; (B) x,y+1,7; (C) —x+1, —y, —z
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