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The title compound, [Zn(C15H13N2O)Cl(C15H14N2O)], has a

mononuclear structure, in which the central zinc ion is

coordinated by two benzimidazole N atoms, one phenolate

O atom and a chloride ion in a distorted tetrahedral

arrangement. In the crystal structure, there are intramolecular

�±� stacking interactions between the phenol and benz-

imidazole ring systems; intermolecular �±� stacking interac-

tions between the benzimidazole ring systems of adjacent

molecules are also present. A strong intermolecular OÐ

H� � �O hydrogen bond is also observed.

Comment

In recent years, much attention has been paid to d10 metal

complexes with aromatic N,O-donor ligands, because of their

potential photoluminescent and electroluminescent properties

(Wu et al., 2000; White-Morris et al., 2002; Felder et al., 2001).

For example, zinc complexes with 2,20,200-tripyridylamine,

2,20,300-tripyridylamine and 2,20-dihydroxy-1,10-binaphthalene-

3,30-dicarboxylate have exhibited excellent photoluminescent

properties (Yang et al., 2000; Zheng et al., 2003). Among these,

the neutral complexes have also shown excellent electro-

luminescence, due to better thermal stability and vacuum

sublimation properties (Nakamura et al., 1994; Hamada et al.,

1996, 1997). Some, such as bis[2-(2-hydroxyphenyl)benzo-

thiazolate]zinc (Yu et al., 2003), have even shown excellent

electronic transport character. In our efforts to design and

synthesize the neutral zinc complex with 2-(1-ethyl-1H-

benzoimidazol-2-yl)phenol, to produce a highly photo-

luminescent and electroluminescent compound, we obtained

instead a non-luminescent zinc complex, (I) (Fig. 1).

Compound (I) has a mononuclear structure, in which the

central zinc ion is coordinated by two benzimidazole N atoms,
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one phenolate O atom and a chloride ion in a distorted

tetrahedral arrangement. The two ZnÐN bonds are slightly

different, with distances of 2.021 (3) and 1.989 (3) AÊ , and the

ZnÐO distance is 1.974 (3) AÊ ; these are all similar to litera-

ture values (Yu et al., 2003; Zhang et al., 2004). The ZnÐCl

distance is 2.188 (2) AÊ , which is slightly shorter than docu-

mented values of 2.258 and 2.280 AÊ (Darensbourg et al., 1998;

Quiroz-Castro et al., 2000). Steric hindrance caused by the

ethyl groups forces the ligands to be highly distorted, with

torsion angles of ÿ28.8 (7) and ÿ98.9 (5)� for C1ÐC6ÐC7Ð

N1 and C14ÐC19ÐC20ÐN3, respectively. This non-copla-

narity between phenol(ate) and benzimidazole ring systems is

quite different from other similar mononuclear complexes

(Crane et al., 1995), where the benzimidazole and phenol(ate)

moieties are almost coplanar.

In the crystal structure there are intramolecular �±�
stacking interactions between the phenol and benzimidazole

ring systems, with a distance of ca 3.48 AÊ (Fig. 2). Inter-

molecular �±� stacking interactions between the benz-

imidazole ring systems of adjacent molecules are also present;

the stacking distance is ca 3.36 AÊ . A strong intermolecular

OÐH� � �O hydrogen bond is also observed (Table 2). Both the

�±� stacking and the hydrogen-bond interactions contribute

to the stability of the supramolecular arrays.

The non-luminescent behavior of (I) is probably due to

structural changes and the presence of the heavier coordin-

ated Cl atom. The non-coplanarity of the ligands can directly

reduce the photoluminescent properties. Generally speaking,

the heavy-atom effect will cause the enforcement of inter-

system crossing (ISC), e.g. from the S1 excited state to the T1

excited state. Therefore, the ¯uorescent emission ef®ciency

will certainly reduce. Both these effects are harmful to

photoluminescence. This is in agreement with the observed

behavior of (I).

Experimental

The title compound, (I), was synthesized by a multi-step reaction

based on literature methods (Anthony & Philip, 1981). Firstly, the

ligand 2-(1-ethyl-1H-benzoimidazol-2-yl)phenol was synthesized via

a two-step reaction from a mixture of salicylic acid (0.138 g, 1 mmol)

and o-phenylenediamine (0.108 g, 1 mmol) in syrupy phosphoric acid

at ca 520 K for over 5 h (yield ca 10%). The crude product was then

further reacted with bromoethane under re¯ux conditions to give 2-

(1-ethyl-1H-benzimidazol-2-yl)phenol in ca 70% yield. Secondly, (I)

was synthesized under hydrothermal conditions. A mixture of zinc

acetate dihydrate (0.1 mmol, 0.022 g), the synthesized ligand

(0.2 mmol, 0.055 g) and water (10 ml) with a pH value of ca 10

controlled by the addition of small amounts of KOH and hydro-

chloric acid solutions, was sealed in a Te¯on-lined 23 ml stainless steel

container, heated at a temperature of 433 K for 4 d, and then cooled

to room temperature at a rate of 5 K hÿ1. Analysis found: C 62.46, H

4.58, and N 9.69%; calculated for C30H27ClN4O2Zn: C 62.51, H 4.72,

and N 9.72%.

Crystal data

[Zn(C15H13N2O)Cl(C15H14N2O)]
Mr = 576.38
Monoclinic, P21=c
a = 11.6509 (10) AÊ

b = 18.0743 (17) AÊ

c = 16.5092 (16) AÊ

� = 128.360 (2)�

V = 2726.0 (4) AÊ 3

Z = 4

Dx = 1.404 Mg mÿ3

Mo K� radiation
Cell parameters from 1612

re¯ections
� = 2.2±25.9�

� = 1.03 mmÿ1

T = 293 (2) K
Block, colorless
0.17 � 0.10 � 0.10 mm

Data collection

Bruker SMART APEX area-
detector diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.844, Tmax = 0.904

15264 measured re¯ections

5582 independent re¯ections
3103 re¯ections with I > 2�(I)
Rint = 0.061
�max = 26.5�

h = ÿ11! 14
k = ÿ21! 22
l = ÿ20! 11
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Figure 2
The �±� stacking interactions in the crystal structure.

Figure 1
View of the molecule of (I), with displacement ellipsoids drawn at the
50% probability level. H atoms are drawn as spheres of arbitrary radii.



Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.063
wR(F 2) = 0.163
S = 1.01
5582 re¯ections
346 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0715P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.62 e AÊ ÿ3

��min = ÿ0.44 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Zn1ÐO1 1.974 (3)
Zn1ÐN1 1.989 (3)

Zn1ÐN3 2.021 (3)
Zn1ÐCl1 2.1876 (16)

O1ÐZn1ÐN1 91.60 (14)
O1ÐZn1ÐN3 106.26 (13)
N1ÐZn1ÐN3 112.01 (14)
O1ÐZn1ÐCl1 114.14 (12)

N1ÐZn1ÐCl1 116.60 (11)
N3ÐZn1ÐCl1 113.81 (11)
C1ÐO1ÐZn1 116.3 (3)

C1ÐC6ÐC7ÐN1 ÿ28.8 (7) C14ÐC19ÐC20ÐN3 ÿ98.9 (5)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O2ÐH2� � �O1i 0.82 1.86 2.679 (4) 179

Symmetry code: (i) x; 1
2ÿ y; 1

2� z.

The H atoms were placed in calculated positions (CÐH = 0.93 AÊ

for all aromatic ring H atoms, 0.96 AÊ for all methyl H atoms, 0.97 AÊ

for all methylene H atoms, and 0.82 AÊ for the hydroxyl H atom). They

were re®ned using the riding-model approximation, with Uiso(H) =

1.2Ueq(C) for all aromatic ring H atoms and methylene H atoms, and

Uiso(H) = 1.5Ueq(C) for all methyl H atoms and the hydroxyl H atom.

Data collection: SMART (Bruker, 2001); cell re®nement: SAINT

(Bruker, 2001); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL (Sheldrick, 2000); software used to prepare material for

publication: SHELXL97.
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