
metal-organic papers

m3188 Liu et al. � (C3H5N2)2[NiNa2Mo6O18(OH)6]�2H2O doi:10.1107/S1600536806045168 Acta Cryst. (2006). E62, m3188–m3190

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Poly[bis(imidazolium) hexahydroxooctadeca-
oxodisodiohexamolybdonickelate dihydrate]

Bo Liu,a* Shi Zhou,a Chuan-Bi Lia

and Hong-Gang Zhangb

aDepartment of Chemistry, Jilin Normal

University, Siping 136000, People’s Republic of

China, and bBoDa Institute, Jilin Normal

University, Siping 136000, People’s Republic of

China

Correspondence e-mail:

boliu.chem@yahoo.com.cn

Key indicators

Single-crystal X-ray study

T = 296 K

Mean �(C–C) = 0.008 Å
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The title compound, (C3H5N2)2[NiNa2Mo6O18(OH)6]�2H2O,

features inversion-generated hexamolybdonickelate anions

(Ni site symmetry 1). The anions are linked by the octa-

hedrally coordinated sodium cations into a three-dimensional

network containing one-dimensional channels. The imidazo-

lium cations are embedded in the channels and interact with

the inorganic framework by way of N—H� � �O hydrogen

bonds.

Comment

The introduction of inorganic or organic cation in the syntesis

of polyoxometalate (POM) clusters has been demonstrated as

an efficient stratergy for obtaining new POM family (Liu, Li et

al., 2006). To extend our most recent work, where hexamo-

lybdonickelate units are linked by Na+ and guanidinium

cations forming a three-dimensional network (Liu, Zhou et al.,

2006), we obtained the title compound, (I), by the introduc-

tion of imidazole into the reaction system, in which the anions

of these two compounds are isostructural.

The title compound, (I), is composed of

[Ni(OH)6Mo6O18]4� anionic clusters, sodium cations, imida-

zolium cations and uncoordinated water molecules, as shown

in Fig. 1. The [Ni(OH)6Mo6O18]4� cluster adopts a �-type

Anderson structure, made up of seven edge-sharing octa-

hedra: six cis-Mo(OH)2O4 groups arranged hexagonally

around the central Ni(OH)6 octahedron (Ni site symmetry 1).

The Ni—O and Mo—O distances vary between 2.024 (3)–

2.043 (3) Å and 1.705 (3)–2.276 (3) Å, respectively (Table 1).

Bond-valence sum calculations (Brown & Altermatt, 1985)

yielded BVS values of 5.90–6.04 for the Mo atoms and 1.91 for

Ni, in agreement with the expected values of 6 and 2,

respectively.

The Na+ cation is bonded to six terminal O atoms from

three neighbouring [Ni(OH)6Mo6O18]4� polyanions to result



in an NaO6 octahedron. Thus, the polyanions and Na+ cations

form a three-dimensional framework containing one-dimen-

sional channels (Fig. 2) propagating in [100]. The imidazolium

cations occupy the channels and interact with the inorganic

framework by way of N—H� � �O hydrogen bonds. The unco-

ordinated water molecule interacts with nearby cluster O

atoms by way of O—H� � �O hydrogen bonds and also accepts a

similar link from the hydroxyl group of the adjacent

[Ni(OH)6Mo6O18]4� unit (Table 2).

Experimental

Na2MoO4
.2H2O (1 g, 4 mmol) was dissolved in water (25 ml) with

stirring. NiSO4�6H2O (0.050 g, 0.2 mmol) and imidazole (0.014 g,

0.2 mmol) were added to the mixture and the pH was adjusted to

about 2.5–2.6 by adding 6 M HCl. The mixture was refluxed at 353 K

for 3 h and then cooled to room temperature. Slow evaporation of the

solvent at room temperature led to prismatic crystals of (I) suitable

for X-ray diffraction after three weeks.

Crystal data

(C3H5N2)2[NiNa2Mo6O18(OH)6]�-
2H2O

Mr = 1244.57
Monoclinic, P21=c
a = 7.1305 (7) Å
b = 14.0039 (14) Å
c = 14.7479 (15) Å
� = 102.874 (1)�

V = 1435.6 (2) Å3

Z = 2
Dx = 2.879 Mg m�3

Mo K� radiation
� = 3.32 mm�1

T = 296 (2) K
Prism, green
0.25 � 0.21 � 0.14 mm

Data collection

Bruker SMART APEX-II CCD
diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 2002)
Tmin = 0.445, Tmax = 0.630

7331 measured reflections
2814 independent reflections
2703 reflections with I > 2�(I)
Rint = 0.029
�max = 26.0�

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.028
wR(F 2) = 0.069
S = 1.01
2814 reflections
206 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0206P)2

+ 9.957P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.80 e Å�3

��min = �0.92 e Å�3

Extinction correction: SHELXL97
Extinction coefficient: 0.0231 (5)

Table 1
Selected bond lengths (Å).

Ni—O3 2.024 (3)
Ni—O2 2.037 (3)
Ni—O1 2.043 (3)
Mo1—O10 1.705 (3)
Mo1—O6 1.727 (3)
Mo1—O12 1.915 (3)
Mo1—O9 1.947 (3)
Mo1—O2i 2.225 (3)
Mo1—O1i 2.238 (3)
Mo2—O11 1.713 (3)
Mo2—O8 1.719 (3)
Mo2—O4 1.936 (3)
Mo2—O9 1.953 (3)
Mo2—O3i 2.215 (3)

Mo2—O1i 2.253 (3)
Mo3—O7 1.711 (3)
Mo3—O5 1.722 (3)
Mo3—O12i 1.934 (3)
Mo3—O4 1.953 (3)
Mo3—O3i 2.213 (3)
Mo3—O2 2.276 (3)
Na1—O10ii 2.302 (4)
Na1—O6iii 2.363 (4)
Na1—O11iii 2.386 (4)
Na1—O7 2.402 (4)
Na1—O8 2.417 (4)
Na1—O5iv 2.471 (4)

Symmetry codes: (i) �x;�yþ 1;�zþ 1; (ii) �x; y� 1
2;�zþ 3

2; (iii)
�x þ 1; y� 1

2;�zþ 3
2; (iv) x;�yþ 1

2; zþ 1
2.

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

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

O3—H3� � �O13W 0.91 1.77 2.659 (5) 166
O13W—H2W� � �O4v 0.86 2.09 2.725 (5) 130
O13W—H1W� � �O6vi 0.85 2.14 2.932 (5) 156
O13W—H1W� � �O10vi 0.85 2.39 2.938 (5) 123
N1—H1N� � �O9iii 0.86 1.87 2.712 (5) 165
N2—H2N� � �O6v 0.86 2.14 2.965 (6) 161

Symmetry codes: (iii) �xþ 1; y� 1
2;�zþ 3

2; (v) �xþ 1;�yþ 1;�z þ 1; (vi)
x;�y þ 3

2; z� 1
2.

The C- and N-bound H atoms were positioned geometrically (C—

H = 0.93 Å, N—H = 0.86 Å) and refined as riding with Uiso(H) =

1.2Ueq(carrier). The O-bound H atoms were located in difference

maps and refined as riding in their as-found relative positions (O—

H = 0.80–0.91 Å) with Uiso(H) = 1.2Ueq(O).
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Figure 1
A fragment of the polymeric structure of (I) showing the metal
coordination polyhedra. Displacement ellipsoids are drawn at the 30%
probability level, and H atoms and uncoordinated water molecules have
been omitted for clarity. [Symmetry codes: (i) �x, 1 � y, 1 � z; (ii) �x,
y � 1

2,
3
2 � z.]

Figure 2
The packing of (I) viewed down [100] in polyhedral representation.
Colour key: Ni(OH)6 octaheda green, Mo(OH)2O4 yellow, NaO6 blue, C
atoms white, H grey, O red, N blue.



Data collection: SMART (Bruker, 2002); cell refinement: SAINT

(Bruker, 2002); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Bruker, 1997); program(s) used to refine

structure: SHELXTL; molecular graphics: DIAMOND (Branden-

burg, 1999); software used to prepare material for publication:

SHELXTL.
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