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The benzene-1,2,4-tricarboxylate trianion in the polymeric

title compound, [Cd3(C9H3O6)2(C10H8N2)2(H2O)2]n, uses the

carboxylate groups in the 1,2-positions to chelate to a

bipyridine-chelated Cd atom, which is simultaneously chelated

by the 4-CO2 group of an adjacent trianion. The O atoms of

the 1,2-CO2 groups that are not involved in chelation to the

®rst Cd atom are each bonded to water-coordinated Cd atoms

that lie on centres of inversion. The trianion links the Cd

atoms to form a three-dimensional network structure, which is

further consolidated by hydrogen bonds involving the water

molecules.

Comment

The cadmium derivative of benzene-1,2,4,5-tetracarboxylic

acid has previously been authenticated as the water-coordi-

nated 1,10-phenanthroline complex (Shi et al., 2001). The Cd

atom is chelated by a carboxyl ±CO2 group, as well as by the

heterocycle, and the six-coordinate geometry includes the O

atoms of the carboxyl group of an adjacent tetrananion, as

well as that of a water molecule, in a geometry described as a

trigonal prism. The polymeric compound forms ribbons. The

corresponding cadmium derivative of benzene-1,2,4-tricar-

boxylate, (I), exists as a polymeric three-dimensional network.

The benzene-1,2,4-tricarboxylate trianion of (I) uses the

carboxyl ±CO2 groups in the 1,2-positions to chelate to a

bipyridine-chelated Cd atom. This atom is also chelated by the
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4-CO2 group of an adjacent trianion. Meanwhile, the O atoms

of the 1,2-CO2 groups that are not involved in chelation to the

®rst Cd atom are each bonded to water-coordinated Cd atoms

that lie on centres of inversion (Fig. 1). The geometry of the

chelated Cd atom is distorted octahedral (Fig. 2). The trianion

links the Cd atoms to form a three-dimensional network

structure (Fig. 3), which is further consolidated by hydrogen

bonds involving the water molecules (Table 2).

Experimental

A mixture of cadmium nitrate hexahydrate (140 mg, 0.4 mmol),

benzene-1,2,4-tricarboxylic acid (85 mg, 0.4 mmol) and 2,20-bipyrid-

ine (79 mg, 0.5 mmol) in water (20 ml) was placed in a Te¯on-lined

stainless-steel Parr bomb, which was then heated to 393 K for 36 h.

The bomb was cooled to room temperature over 36 h. Colourless

crystals of (I) were isolated in about 30% yield.

Crystal data

[Cd3(C9H3O6)2(C10H8N2)2(H2O)2]
Mr = 1099.83
Triclinic, P1
a = 7.683 (4) AÊ

b = 11.341 (8) AÊ

c = 11.344 (5) AÊ

� = 82.12 (2)�

� = 71.01 (2)�


 = 79.56 (3)�

V = 916.0 (9) AÊ 3

Z = 1
Dx = 1.994 Mg mÿ3

Mo K� radiation
Cell parameters from 8585

re¯ections
� = 3.1±27.5�

� = 1.80 mmÿ1

T = 295 (2) K
Block, colourless
0.1 � 0.1 � 0.1 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: multi-scan,

(ABSCOR; Higashi, 1995)
Tmin = 0.594, Tmax = 0.840

9039 measured re¯ections

4131 independent re¯ections
3756 re¯ections with I > 2�(I)
Rint = 0.015
�max = 27.5�

h = ÿ7! 9
k = ÿ14! 14
l = ÿ14! 14

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.023
wR(F 2) = 0.091
S = 1.29
4131 re¯ections
276 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0511P)2

+ 0.4079P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.52 e AÊ ÿ3

��min = ÿ0.62 e AÊ ÿ3

Extinction correction: none
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Figure 1
The coordination of the Cd1 atom in (I), with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 70% probability level
and H atoms are shown as small spheres of arbitrary radii. The Cd1 atom
lies at (1

2,
1
2,

1
2). [Symmetry/translational codes: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z; (ii) x

ÿ 1, y, z; (iii) 2 ÿ x, 1 ÿ y, 1 ÿ z.]

Figure 2
The coordination of the Cd2 atom in (I), with the atom-numbering
scheme. Displacement ellipsoids are drawn at the 70% probability level
and H atoms are shown as small spheres of arbitrary radii. The Cd2 atom
lies on a general position. [Symmetry code: (iv) 2 ÿ x, 1 ÿ y, 2 ÿ z.]

Figure 3
The �4 bonding mode of the benzene-1,2,4-tricarboxylate trianaion in (I).
Displacement ellipsoids are drawn at the 70% probability level and H
atoms are shown as small spheres of arbitrary radii.



Table 1
Selected geometric parameters (AÊ , �).

Cd1ÐO1 2.347 (2)
Cd1ÐO1i 2.347 (2)
Cd1ÐO4ii 2.244 (2)
Cd1ÐO4iii 2.244 (2)
Cd1ÐO1w 2.330 (3)
Cd1ÐO1w i 2.330 (3)

Cd2ÐO2 2.235 (3)
Cd2ÐO3 2.286 (3)
Cd2ÐO5iv 2.370 (3)
Cd2ÐO6iv 2.349 (3)
Cd2ÐN1 2.301 (3)
Cd2ÐN2 2.332 (3)

O1ÐCd1ÐO1i 180
O1ÐCd1ÐO4ii 84.6 (1)
O1ÐCd1ÐO4iii 95.4 (1)
O1ÐCd1ÐO1w 87.8 (1)
O1ÐCd1ÐO1w i 92.2 (1)
O4iiÐCd1ÐO4iii 180
O4iiÐCd1ÐO1w 91.2 (1)
O4iiÐCd1ÐO1w i 88.8 (1)
O1wÐCd1ÐO1w i 180
O2ÐCd2ÐO3 82.7 (1)
O2ÐCd2ÐN1 107.1 (1)
O2ÐCd2ÐN2 99.0 (1)

O2ÐCd2ÐO5iv 95.1 (1)
O3ÐCd2ÐO5iv 109.5 (1)
O2ÐCd2ÐO6iv 138.4 (1)
O3ÐCd2ÐO6iv 81.4 (1)
O3ÐCd2ÐN1 87.1 (1)
O3ÐCd2ÐN2 158.0 (1)
O5ivÐCd2ÐO6iv 55.5 (1)
O5ivÐCd2ÐN1 153.9 (1)
O5ivÐCd2ÐN2 92.3 (1)
O6ivÐCd2ÐN1 110.2 (1)
O6ivÐCd2ÐN2 109.8 (1)

Symmetry codes: (i) 1ÿ x; 1ÿ y; 1ÿ z; (ii) x ÿ 1; y; z; (iii) 2ÿ x; 1ÿ y; 1ÿ z; (iv)
2ÿ x; 1ÿ y; 2ÿ z.

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

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

O1wÐH1w1� � �O2 0.85 (1) 1.79 (2) 2.624 (3) 164 (8)
O1wÐH1w2� � �O6v 0.85 (1) 2.00 (2) 2.836 (4) 170 (6)

Symmetry code: (v) 1ÿ x; 1ÿ y; 2ÿ z.

The C-bound H atoms were placed in calculated positions [CÐH =

0.93 AÊ and Uiso(H) = 1.2UeqC] and were included in the re®nement in

the riding-model approximation. The water H atoms were located in

a difference map and re®ned with a distance restraint of 0.85 (1) AÊ .

Data collection: RAPID AUTO (Rigaku Corporation, 1998); cell

re®nement: RAPID AUTO; data reduction: CrystalStructure

(Rigaku/MSC, 2002); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976);

software used to prepare material for publication: SHELXL97.

The authors thank Dr Shan Gao of Heilongjian University
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BoHai University, Nankai University and the University of

Malaya for supporting this work.
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