
metal-organic papers

Acta Cryst. (2005). E61, m925–m927 doi:10.1107/S160053680501161X Wang et al. � [Co(C12H8N2)(H2O)4]2(C10H2O8) m925

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Bis[tetraaqua(1,10-phenanthroline-j2N,N000)-
cobalt(II)] 1,2,4,5-benzenetetracarboxylate

Dao-Yong Wang,a Gang Liu,b Bo

Zheng,a Jun Lua* and

Huai-Ming Hua

aDepartment of Chemistry, Northwest

University, Xi’an 710069, People’s Republic of

China, and bInstitute of Chemistry, Chinese

Academy of Sciences, Beijing 100080, People’s

Republic of China

Correspondence e-mail: chemhu1@nwu.edu.cn

Key indicators

Single-crystal X-ray study

T = 293 K

Mean �(C–C) = 0.004 Å
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The title compound, [Co(C12H8N2)(H2O)4]2(C10H2O8),

consists of discrete tetraaqua(1,10-phenanthroline)cobalt(II)

cations and 1,2,4,5-benzenetetracarboxylate anions. The CoII

atom is octahedrally coordinated by two N atoms of the 1,10-

phenanthroline ligand and four O atoms of water molecules.

The anion lies on an inversion centre. A two-dimensional

hydrogen-bonding network is formed by O atoms of benzene-

tetracarboxylate and the coordinated water molecules.

Comment

Polycarboxylate ligands are of considerable theoretical and

practical interest. 1,2,4,5-Benzenetetracarboxylate has four

carboxylate groups and can act as a versatile bridging or

chelating ligand, leading to extended metal-organic networks.

It can coordinate to metal cations in numerous ways, in one-

atom bridging, three-atom bridging and chelating modes. It

can also form hydrogen bonds with uncoordinated or coord-

inated water molecules (Zou et al., 1998). Many coordination

compounds with new interesting structures have been

reported, such as [C10H2Ag4O8]n and [C10H6Ag4O10]n (Sun et

al., 2004), [C12H6Co3O14]n (Li et al., 2003), [C22H18Co2N8O8]n

(Zhang et al., 2003), [C20H20Co4O24]n.4nH2O (Kumagai et al.,

2002), and [C20H10Nd2O18]n (Sun et al., 2002). In this paper, we

report the crystal structure of the title compound,

2[Co(phen)(H2O)4](btc), (I), where phen is 1,10-phenan-

throline and btc is 1,2,4,5-benzenetetracarboxylate.

The structure of (I) consists of CoII complex cations and btc

counter-anions (Fig. 1). In the cation, the CoII atom is

coordinated by two N atoms (N1 and N2) from the phen

ligand and four O atoms (O1, O2, O3 and O4) from the water

molecules. The average Cu—N and Cu—O bond lengths are

2.130 (2) and 2.090 (2) Å, respectively, which are comparable

to the values found in the compounds [Co(H2O)6](H2btc)

(Kumagai et al., 2002) and [Co2(phen)2(H2btc)2(H2O)2]n (Hu
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et al., 2004). Although the O atoms of the carboxylate ligands

do not coordinate to the CoII atom, they form a two-dimen-

sional hydrogen-bonding network with the O atoms of the

coordinated water molecules (Fig. 2).

Experimental

An ethanol solution (10 ml) of cobalt(II) acetate tetrahydrate (25 mg,

0.1 mmol) was carefully layered with a mixed solvent solution (10 ml,

ethanol/water, 25:75) of sodium 1,2,4,5-benzenetetracarboxylate

(34 mg, 0.1 mmol) and phenanthroline (18 mg, 0.1 mmol). Red

needle-shaped crystals suitable for X-ray diffraction determination

were formed after several days. Analysis found: C 45.78, H 3.69, N

6.18%; calculated for C17H17CoN2O8: C 46.80, H 3.93, N 6.42%.

Crystal data

[Co(C12H8N2)(H2O)4]2(C10H2O8)
Mr = 872.52
Triclinic, P1
a = 7.3184 (4) Å
b = 9.8767 (6) Å
c = 12.5639 (7) Å
� = 76.600 (3)�

� = 88.384 (3)�

� = 79.414 (3)�

V = 868.28 (9) Å3

Z = 1
Dx = 1.669 Mg m�3

Mo K� radiation
Cell parameters from 6047

reflections
� = 2.2–27.4�

� = 1.04 mm�1

T = 293 (2) K
Needle, red
0.38 � 0.12 � 0.12 mm

Data collection

Rigaku R-AXIS RAPID IP
diffractometer

Oscillation scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.693, Tmax = 0.885

6047 measured reflections

3866 independent reflections
3295 reflections with I > 2�(I)
Rint = 0.031
�max = 27.4�

h = �9! 9
k = �12! 12
l = �16! 16

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.087
S = 1.03
3866 reflections
278 parameters
H atoms treated by a mixture of

independent and constrained
refinement

w = 1/[�2(Fo
2) + (0.0453P)2

+ 0.4128P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.38 e Å�3

��min = �0.39 e Å�3

Extinction correction: SHELXL97
Extinction coefficient: 0.0101 (15)

Table 1
Selected geometric parameters (Å, �).

Co1—O1 2.0750 (17)
Co1—O2 2.0350 (18)
Co1—O3 2.1016 (15)

Co1—O4 2.1524 (15)
Co1—N1 2.1397 (16)
Co1—N2 2.1204 (18)

O1—Co1—O2 91.32 (9)
O1—Co1—O3 86.90 (7)
O1—Co1—O4 93.85 (7)
O1—Co1—N1 95.59 (7)
O1—Co1—N2 173.67 (7)
O2—Co1—O3 173.48 (6)
O2—Co1—O4 86.87 (7)
O2—Co1—N1 95.98 (7)

O2—Co1—N2 90.37 (9)
O3—Co1—O4 86.99 (6)
O3—Co1—N1 90.44 (6)
O3—Co1—N2 92.07 (6)
O4—Co1—N1 170.07 (6)
O4—Co1—N2 92.33 (6)
N1—Co1—N2 78.17 (7)

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

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H1A� � �O22 0.82 (3) 1.83 (3) 2.646 (3) 173 (4)
O1—H1C� � �O1i 0.80 (3) 2.39 (3) 2.874 (3) 120 (3)
O1—H1C� � �O23ii 0.80 (3) 2.44 (3) 2.979 (3) 126 (3)
O2—H2A� � �O24iii 0.82 (3) 1.81 (2) 2.623 (3) 168 (3)
O2—H2C� � �O21iv 0.82 (3) 1.90 (3) 2.670 (3) 157 (3)
O3—H3A� � �O23v 0.82 (3) 1.90 (3) 2.705 (2) 168 (3)
O3—H3C� � �O21 0.82 (3) 1.86 (3) 2.682 (2) 177 (4)
O4—H4A� � �O23v 0.82 (2) 1.96 (2) 2.740 (3) 157 (4)
O4—H4B� � �O22i 0.82 (3) 2.27 (3) 2.919 (2) 137 (3)
O4—H4B� � �O24iii 0.82 (3) 2.17 (3) 2.845 (3) 140 (3)

Symmetry codes: (i) �xþ 1;�yþ 2;�z; (ii) �xþ 1;�yþ 1;�z; (iii) xþ 1; y þ 1; z;
(iv) xþ 1; y; z; (v) x; yþ 1; z.

Water H atoms were located in a difference Fourier map and

refined with restrained O—H bond lengths [0.82 (2) Å] and fixed

isotropic displacement parameters (0.08 Å2). Other H atoms were

placed at calculated positions and refined using a riding model, with

C—H = 0.93 Å and Uiso(H) = 1.2Ueq(C).

Data collection: RAPID-AUTO (Rigaku, 2001); cell refinement:

RAPID-AUTO; data reduction: RAPID-AUTO; program(s) used to

solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to

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

XP (Siemens, 1994); software used to prepare material for publica-

tion: SHELXTL (Siemens, 1995).
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Figure 2
The packing diagram of (I), showing the hydrogen-bonding scheme as
dashed lines.

Figure 1
The molecular structure of (I), showing 30% probability displacement
ellipsoids and the atom-numbering scheme. H atoms have been omitted
for clarity. Atoms with the suffix A are generated by the symmetry code
(�x, 1 � y, �z).



References

Higashi, T. (1995). ABSCOR. Rigaku Corporation, Tokyo, Japan.
Hu, M. L., Xiao, H. P. & Yuan, J. X. (2004). Acta Cryst. C60, m112–m114.
Kumagai, H., Kepert, C. J. & Kurmoo, M. (2002). Inorg. Chem. 41, 3410–3422.
Li, Y. G., Hao, N., Wang, E. B., Lu, Y., Hu, C. W. & Xu, L. (2003). Eur. J. Inorg.

Chem. pp. 2567–2571.
Rigaku (2001). RAPID-AUTO. Rigaku Corporation, Tokyo, Japan.
Sheldrick, G. M. (1997). SHELXL97 and SHELXL97. University of

Göttingen, Germany.

Siemens (1994). XP. Version 5.03. Siemens Analytical X-ray Instruments Inc.,
Madison, Wisconsin, USA.

Siemens (1995). SHELXTL. Version 5.0. Siemens Analytical X-ray Instru-
ments Inc., Madison, Wisconsin, USA.

Sun, D. F., Cao, R., Bi, W. H., Weng, J. B., Hong, M. C. & Liang, Y. C. (2004).
Inorg. Chim. Acta, 357, 991–1001.

Sun, D. F., Cao, R., Liang, Y. C., Shi, Q. & Hong, M. C. (2002). J. Chem. Soc.
Dalton Trans. pp. 1847–1851.

Zhang, L. J., Xu, J. Q., Shi, Z., Zhao, X. L. & Wang, T. G. (2003). J. Solid State
Chem. 173, 32–39.

Zou, J. Z., Liu, Q., Xu, Z., You, X. Z. & Huang, X. Y. (1998). Polyhedron, 17,
11–12.

metal-organic papers

Acta Cryst. (2005). E61, m925–m927 Wang et al. � [Co(C12H8N2)(H2O)4]2(C10H2O8) m927


	mk1

