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The hydrothermal reaction of cobalt acetate, vanadium

pentoxide and 2,5-bis(4-pyridyl)-1,3,4-thiadiazole resulted in

the title complex, [Co(V2O6)(C12H8N4S)(H2O)3], in which the

cobalt(II) cation shows distorted octahedral geometry, coord-

inated by one pyridine N atom, two O atoms from

tetravanadate and three water molecules.

Comment

There has been considerable interest in the coordination

chemistry of oxovanadium polyanions because of their struc-

tural diversity and varied physical properties. The equilibria in

solution between polyoxovanadium(V) species are complex.

The cyclic tetravanadate anion, (V4O12)4ÿ, which consists of

corner-shared VO4 tetrahedra, is one of the main oxovana-

dium species in the pH range 6.5±8 (Zheng et al., 2001; Law et

al., 2000). Our studies have shown that the cyclic tetra-

vanadate and linear divanadate can link via oxygen sharing to

form more complicated V/O polyanions (Zhang et al. 2000).

Besides the synthetic conditions, the structures of coordina-

tion complexes of oxovanadium polyanions are generally

in¯uenced by the presence of organic N-containing ligands, for

example, 4,40-bipyridine, 2,20-bipyridine, 1,10-phenanthroline

and 1,2,4-triazole (LaDuca et al., 2000).

We report here a new coordination complex of the cyclic

tetravanadate anion containing the uncommon ligand 2,5-

bis(4-pyridyl)-1,3,4-thiadiazole (bpydtz), viz. catena-poly[bis-

[triaquacobalt(II)-di-2,5-bis(4-pyridyl)-1,3,4-thiadiazole]-

(tetravanadate)], (I). The asymmetric unit consists of one

cobalt(II) ion, one bpydtz molecule, half a tetravanadate
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anion and three water molecules. The CoII species shows

distorted octahedral geometry, coordinated by one pyridine N

atom, two tetravanadate O atoms and three water molecules

(Fig. 1). Although bpydtz has four potential N-donors, only

one pyridine N atom is coordinated to cobalt in (I). The

tetravanadate anion has a chair-like conformation and is

coordinated to four CoII cations, giving to rise to a chain

structure, as shown in Fig. 2. The coordinated water molecules

and O atoms from tetravanadate participate in hydrogen

bonds (Table 2).

Experimental

A mixture of cobalt acetate tetrahydrate (0.100 g, 0.4 mmol), vana-

dium pentoxide (0.091 g, 0.5 mmol), 2,5-bis(4-pyridyl)-1,3,4-thia-

diazole (0.096 g, 0.4 mmol) and water (7 ml) in a molar ratio of

1:1.25:1:970 was sealed in a 15-ml Te¯on-lined stainless-steel

container, heated to 433 K and held at that temperature for 72 h.

After cooling to room temperature, red block-shaped crystals were

recovered in 60% yield, based on vanadium. Analysis. Calc. for

C12H14CoN4O9SV2: C, 26.15; H, 2.56; N, 10.17; S, 5.82. Found: C,

26.11; H, 2.59; N, 10.13; S, 5.77.

Crystal data

[Co(V2O6)(C12H8N4S)(H2O)3]
Mr = 551.14
Triclinic, P1
a = 8.0562 (18) AÊ

b = 8.2506 (18) AÊ

c = 14.253 (3) AÊ

� = 96.313 (3)�

� = 91.631 (3)�

 = 103.402 (3)�

V = 914.6 (3) AÊ 3

Z = 2
Dx = 2.001 Mg mÿ3

Mo K� radiation
Cell parameters from 86

re¯ections
� = 2.5±25.2�

� = 2.07 mmÿ1

T = 293 (2) K
Block, red
0.28 � 0.21 � 0.12 mm

Data collection

Bruker SMART APEX CCD
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2001)
Tmin = 0.595, Tmax = 0.789

4126 measured re¯ections

3483 independent re¯ections
3035 re¯ections with I > 2�(I)
Rint = 0.020
�max = 26.0�

h = ÿ8! 9
k = ÿ10! 7
l = ÿ14! 17

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.094
S = 1.03
3483 re¯ections
262 parameters

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

2) + (0.0485P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.55 e AÊ ÿ3

��min = ÿ0.40 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Co1ÐO2i 2.019 (2)
Co1ÐO1 2.063 (2)
Co1ÐO2W 2.092 (2)

Co1ÐO1W 2.096 (2)
Co1ÐN1 2.102 (3)
Co1ÐO3W 2.127 (2)

V1ÐO1ÐCo1 165.77 (15)
V1ÐO2ÐCo1i 168.36 (15)

V1ÐO3ÐV2 123.74 (13)
V1iiÐO6ÐV2 128.55 (13)

Symmetry codes: (i) ÿx;ÿy; 1 ÿ z; (ii) ÿx;ÿ1ÿ y; 1ÿ z.

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

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

O3WÐH3WA� � �O4iii 0.92 1.90 2.813 (3) 171
O1WÐH1WA� � �O3iii 0.90 1.82 2.716 (3) 172
O3WÐH3WB� � �O6i 0.86 2.23 3.014 (3) 152
O2WÐH2WA� � �N4iv 0.81 2.03 2.804 (4) 160
O2WÐH2WB� � �O5i 0.91 2.01 2.916 (3) 176
O1WÐH1WB� � �O4v 0.94 1.93 2.867 (3) 173

Symmetry codes: (i) ÿx;ÿy; 1ÿ z; (iii) 1ÿ x;ÿy; 1ÿ z; (iv) 1ÿ x;ÿ1ÿ y;ÿz; (v)
x; 1� y; z.

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

aromatic H-atoms were placed at calculated positions (CÐH =

0.96 AÊ ) and re®ned in the riding-model approximation. The

constraint Uiso(H) = 1.2Ueq(carrier atom) was applied in all cases.

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:

ORTEP±II (Johnson, 1976); software used to prepare material for

publication: SHELXL97.

This work was supported by Shanxi Nature Science Foun-

dation for Youth No. 20041009.
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Figure 1
View of a fragment of (I), showing 50% displacement ellipsoids. H atoms
are drawn as spheres of arbitrary radii. Atoms with suf®x A are generated
by the symmetry operation ÿx, ÿ1 ÿ y, 1 ÿ z.

Figure 2
Part of the chain structure of (I). Symmetry codes are as in Table 1. All
ligand atoms except N1 and all H atoms are omitted for clarity.
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