
metal-organic papers

Acta Cryst. (2005). E61, m147±m148 doi:10.1107/S160053680403288X Ding et al. � [Zn2(C6H8O4)2(C12H8N2)2(H2O)2] m147

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Di-l-adipato-j6O,O000:O000000;O:O000,O000000-bis[aqua-
(1,10-phenanthroline-j2N,N)zinc(II)]

Cai-Feng Ding,a Shu-Sheng

Zhang,b* Mei Zhu,b Xue-Mei Li,b

Hong Xua and Ping-Kai Ouyanga

aCollege of Life Sciences and Pharmaceutical

Engineering, Nanjing University of Technology,

210093 Nanjing, Jiangsu, China, and bCollege

of Chemistry and Molecular Engineering,

Qingdao University of Science and Technology,

266042 Qingdao, Shandong, China

Correspondence e-mail:

zhangshush@public.qd.sd.cn

Key indicators

Single-crystal X-ray study

T = 293 K

Mean �(C±C) = 0.003 AÊ

R factor = 0.024

wR factor = 0.065

Data-to-parameter ratio = 13.3

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2005 International Union of Crystallography

Printed in Great Britain ± all rights reserved

In the title compound, [Zn2(C6H8O4)2(C12H8N2)2(H2O)2],

each Zn atom is six-coordinated in the ZnO4N2 form in a

distorted tetragonal±bipyramidal geometry. The water mole-

cules act as donors in OÐH� � �O hydrogen bonds, connecting

the molecules into chains. The packing is further stabilized by

intermolecular CÐH� � �O interactions.

Comment

Increasing interest in inorganic±organic hybrid framework

assemblies has resulted in a great amount of research effort

focused on the development of new functional materials with

various potential applications in catalysis, electrical conduc-

tivity and magnetism (Wang et al., 1995; Hagrman et al., 1999).

In recent years, rigid ligands with N-donor 1,10-phenanthro-

line and its derivatives have been extensively investigated in

both analytical and preparative coordination chemistry

(Olenyuk et al., 1998). Adipate, a ligand with ¯exible stereo-

chemistry, exhibits a variety of modes of binding to metal ions.

Its complexes have been extensively studied, due to their

unique ability to form stable chelates in diverse coordination

modes (Zheng et al., 2003). We present here the crystal

structure of the title binuclear complex, (I).

The asymmetric unit of (I) contains one half of the dimeric

complex (Fig. 1), the other half being related by an inversion

centre. The ZnII atom is six-coordinated by two N atoms from
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Figure 1
The structure of (I), showing the atom-numbering scheme. Displacement
ellipsoids are drawn at the 50% probability level and H atoms have been
omitted for clarity. Unlabelled atoms are related to labelled atoms by ÿx,
ÿy, ÿz.



one o-phenanthroline ligand and four O atoms from two

adipate anions, and one water molecule. This ZnO4N2

coordination forms a distorted tetragonal±bipyramidal

geometry. One axial position is occupied by atom O1 from one

adipate ligand, with a ZnÐO distance of 2.016 (1) AÊ . The

other axial position is occupied by atom N1 from the o-

phenanthroline ligand. The Zn1ÐN1 distance is 2.216 (1) AÊ ,

longer than that of the Zn1ÐN2 bond [2.125 (1) AÊ ].

The short O1� � �C10 distance of 3.029 (3) AÊ indicates a

possible intramolecular CÐH� � �O hydrogen bond. The mean

planes of the two o-phenanthroline groups are parallel to each

other. Atoms Zn1/N1/C12/C11/N2 form a ®ve-membered

planar ring, with a maximum deviation from the mean plane of

0.062 (4) AÊ for atom Zn1. This plane is coplanar with the o-

phenanthroline ring and perpendicular to the Zn1/O1/C16/O4

plane, with dihedral angles of 0.74 (6) and 85.81 (8)�, respec-

tively.

In the crystal structure, the water molecule acts as a donor

to form O1WÐH1WB� � �O4 and O1WÐH2WA� � �O2

hydrogen bonds (Table 2). These hydrogen bonds link the

molecules into chains along the b direction (Fig. 2). The

packing is further stabilized by intermolecular CÐH� � �O
interactions (Table 2).

Experimental

To a solution of 1,10-phenanthroline (1.80 g, 1 mmol) and adipic acid

(1.46 g, 1 mmol) in ethanol (10 ml) was added zinc acetate (1.24 g,

1 mmol) in distilled water (10 ml). The mixture was stirred and

re¯uxed for 3 h. The hot solution was then ®ltered into another ¯ask

containing ethanol (10 ml). Pink crystals of (I) appeared over a

period of 20 d by slow evaporation at room temperature.

Crystal data

[Zn2(C6H8O4)2(C12H8N2)2(H2O)2]
Mr = 407.71
Triclinic, P1
a = 8.1984 (4) AÊ

b = 9.7549 (5) AÊ

c = 11.8636 (6) AÊ

� = 70.971 (1)�

� = 75.508 (1)�


 = 72.077 (1)�

V = 841.48 (7) AÊ 3

Z = 1
Dx = 1.609 Mg mÿ3

Mo K� radiation
Cell parameters from 3889

re¯ections
� = 2.3±26.0�

� = 1.49 mmÿ1

T = 293 (2) K
Plate, pink
0.54 � 0.15 � 0.08 mm

Data collection

Siemens SMART 1000 CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.500, Tmax = 0.890

4743 measured re¯ections

3228 independent re¯ections
3094 re¯ections with I > 2�(I)
Rint = 0.009
�max = 26.0�

h = ÿ10! 10
k = ÿ10! 12
l = ÿ14! 13

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.024
wR(F 2) = 0.065
S = 1.08
3228 re¯ections
243 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0373P)2

+ 0.2537P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.34 e AÊ ÿ3

��min = ÿ0.27 e AÊ ÿ3

Table 1
Selected bond lengths (AÊ ).

Zn1ÐO1 2.0161 (13)
Zn1ÐO1W 2.0361 (13)
Zn1ÐO4 2.0663 (12)

Zn1ÐN2 2.1249 (14)
Zn1ÐN1 2.2162 (14)
Zn1ÐO3 2.4441 (15)

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

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

C10ÐH10� � �O1i 0.93 2.49 3.030 (3) 117
O1WÐH1WB� � �O4i 0.77 (2) 2.06 (2) 2.750 (2) 148 (3)
O1WÐH1WA� � �O2i 0.85 (3) 1.74 (3) 2.588 (2) 173 (3)
C3ÐH3� � �O3ii 0.93 2.52 3.402 (3) 158
C9ÐH9� � �O3iii 0.93 2.50 3.142 (3) 126

Symmetry codes: (i) ÿx;ÿy;ÿz� 1; (ii) ÿx� 1;ÿy;ÿz; (iii) ÿx;ÿy� 1;ÿz.

All H atoms were located in difference Fourier maps. The water H

atoms were freely re®ned, while the remaining H atoms were re®ned

using a riding model, with CÐH distances in the range 0.93±0.97 AÊ

and with Uiso(H) = 1.2Ueq(C).

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

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

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL, PARST (Nardelli,

1995) and PLATON (Spek, 2003).
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Figure 2
A packing diagram for (I), showing the hydrogen-bonded (dashed lines)
chains.
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