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The novel title polyvanadate(V), poly[[octa-�-aqua-dodeca-

aqua-�4-octacosaoxidodecavanadato-hexasodium] tetrahy-

drate], [Na6(H2O)20(V10O28)�4H2O]n, contains [V10O28]6ÿ

anions which lie about inversion centres and have approx-

imate 2/m symmetry and which are linked to [Na3(H2O)10]3+

cations through two terminal and two �2-bridging O atoms.

The structure contains three inequivalent Na+ cations, two of

which form [Na2(H2O)8]n chains, which are linked via NaO6

octahedra involving the third Na+ ion, thus forming a three-

dimensional framework.

Comment

Owing to their unusual topological properties and economic-

ally important applications in ®elds such as analytical chem-

istry, materials science and catalysis, nanotechnology, chemical

sensing, luninescence, and medicine, polyoxometalates have

aroused more and more attention in the past decade (Tanie-

lian, 1998; Ouahab, 1998; Sadakane et al., 2000). Of the large

polyoxometalate family, the most interesting class is poly-

oxovanadates, which are known to exhibit interesting physical

and chemical properties with relevance to catalysis,

biochemical processes and materials science (Zheng et al.,

2005; Yang et al., 2003; Law et al., 2000). In recent years, a

number of polyoxovanadate clusters exhibiting diverse

topologies and interesting structural and electronic properties

have been reported (Chen et al., 2005; Laye & McInnes, 2004).

Although many compounds constructed from the [V10O28]6ÿ

polyoxoanion have been extensively studied, only a few

complexes with three-dimensional frameworks have been

reported (Zhang et al., 2004; Lee & Joo, 2003). We describe

here a novel framework compound, Na6(H2O)20(V10O28)�-
4H2O, (I), prepared from V2O5, NaOH and HCl in solution.

The basic unit of (I) contains one [V10O28]6ÿ polyanion with

2/m symmetry and two noncentrosymmetric [Na3(H2O)10]3+

cations (Fig. 1 and Table 1). The decavanadate anion is

composed of ten VO6 octahedra combined via shared edges

and shared corners. The bond lengths and angles of the
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Figure 1
The crystal structure of (I), showing 35% probability displacement ellipsoids. H atoms have been omitted for clarity. See Table 1 for symmetry codes.



[V10O28]6ÿ anion are similar to those in the analogous

compound Li6(H2O)16V10O28 (Xie & Ma, 2005). Bond-

valence-sum calculations (Brown & Altermatt, 1985; O'Keeffe

& Navrotsky, 1981) con®rm that all the V atoms are in the +5

oxidation state (with bond valence sums in the 5.00±5.06

range).

There are three independent Na+ cations in (I). Atom Na1

is in a distorted octahedral coordination involving four O

atoms (O20, O23, O24 and O15B) from coordinated water

molecules, one O atom (O1) from the [V10O28]6ÿ anion and

one �2-O atom (O12B). Atoms Na2 and Na3 are both coor-

dinated by six O atoms from water molecules that form

distorted octahedral environments. Atoms Na2 and Na3 are

linked by two �2-O atoms (O16 and O18) to form dinuclear

cations that are further linked to form [Na2(H2O)8]n chains in

which the Na3� � �Na3A, Na2� � �Na2A and Na2� � �Na3

distances are 3.368 (3), 3.563 (3) and 3.448 (2) AÊ , respectively.

In the packing of (I), each [V10O28]6ÿ anion acts as a �4-

bridge, linking four Na1 cations through two terminal and two

�2-O atoms (Fig. 2). The decavanadate anions and the

[Na2(H2O)8]n chains are linked to each other through Na1O6

octahedra to form a three-dimensional framework. To the best

of our knowledge, a similar three-dimensional structure has

not been described previously. In Na6V10O28.18H2O (Durif et

al., 1980), decavanadate anions and trinuclear cations,

[Na3(H2O)9]3+, link together to form a two-dimensional layer

structure. In the related compound, K2Na4[V10O28]�18H2O

(Lee, 2006), chains of edge- and face-sharing KO9 and NaO6

polyhedra are interconnected by decavanadate anions to form

a different three-dimensional network.

Experimental

The title compound was prepared by hydrothermal treatment of

V2O5 (0.3861 g, 2.1 mmol) and NaOH (0.0672 g, 1.7 mmol) acidi®ed

to pH 5.8 with aqueous HCl. The reaction mixture was heated for

20 h at 393 K. The ®ltrate was kept at room temperature and block-

shaped orange±yellow single crystals formed after one week.

Compound (I) is air-stable both in the solid state and in solution at

room temperature. The FT±IR spectrum of (I) shows two strong

bands at 957 and 989 cmÿ1 that can be assigned to the stretching of

the terminal VÐO bonds. The antisymmetric modes of the VÐOÐV

bridges possibly correspond to the bands at 750 and 848 cmÿ1, while

the symmetric modes are probably at 558 and 605 cmÿ1. The broad

band at 3467 cmÿ1 is due to the coordinated and solvent water

molecules. Thermogravimetric analysis shows that the crystals lose

28.15 wt% in the temperature range 358±595 K. This is consistent

with the number of coordinated and solvent water molecules in the

molecular formula (28.28 wt%).

Crystal data

Na6(H2O)20(V10O28)�4H2O
Mr = 1527.72
Triclinic, P1
a = 10.5834 (3) AÊ

b = 11.3803 (3) AÊ

c = 11.6367 (3) AÊ

� = 108.682 (4)�

� = 103.775 (2)�


 = 111.674 (3)�

V = 1128.19 (5) AÊ 3

Z = 1
Mo K� radiation
� = 2.16 mmÿ1

T = 223 (2) K
0.30 � 0.24 � 0.20 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Tmin = 0.542, Tmax = 0.649

11109 measured re¯ections
4088 independent re¯ections
3529 re¯ections with I > 2�(I )
Rint = 0.028

Re®nement

R[F 2 > 2�(F 2)] = 0.033
wR(F 2) = 0.104
S = 1.01
4088 re¯ections
379 parameters
36 restraints

H atoms treated by a mixture of
independent and constrained
re®nement

��max = 0.48 e AÊ ÿ3

��min = ÿ0.46 e AÊ ÿ3

The coordinates of all H atoms were determined from a difference

Fourier map. The H atoms were included in the ®nal cycles of

re®nement, with OÐH and H� � �H distance restraints of 0.85 (1) and

1.39 (1) AÊ , respectively; Uiso(H) values were set at 1.5Ueq(O) for the

coordinated water molecules and re®ned freely for the solvent mol-

ecules.

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

(Siemens, 1994); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

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

SHELXTL (Bruker, 1997); software used to prepare material for

publication: SHELXL97.
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Figure 2
Two-dimensional packing diagrams of (I), viewed along (a) the a axis and
(b) the c axis.



The authors thank the Natural Science Foundation of

Fujian Education Committee (grant No. JA05304) and the

Project of Fujian Science and Technology Committee (grant

No. 2006 F5067) for supporting this work.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BC3048). Services for accessing these data are
described at the back of the journal.

References

Brown, I. D. & Altermatt, D. (1985). Acta Cryst. B41, 244±247.
Bruker (1997). SHELXTL. Version 5.03. Bruker AXS Inc., Madison,

Wisconsin, USA.
Chen, L., Jiang, F. L., Lin, Z. Z., Zhou, Y. F., Yue, C. Y. & Hong, M. C. (2005).

J. Am. Chem. Soc. 127, 8588±8589.
Durif, A., Averbuch-Pouchot, M. T. & Guitel, J. C. (1980). Acta Cryst. B36,

680±682.
Law, T. S. C., Sung, H. H. Y. & Williams, I. D. (2000). Inorg. Chem. Commun. 3,

420±423.
Laye, R. H. & McInnes, E. J. L. (2004). Eur. J. Inorg. Chem. 14, 2811±2818.
Lee, U. (2006). Acta Cryst. E62, i176±i178.
Lee, U. & Joo, H.-C. (2003). Acta Cryst. E59, i122±i124.
O'Keeffe, M. & Navrotsky, A. (1981). Editors. Structure and Bonding in

Crystals, Vol. II, p. 1. New York: Academic Press.
Ouahab, L. (1998). Coord. Chem. Rev. 178, 1501±1531.
Sadakane, M., Dickman, M. H. & Pope, M. T. (2000). Angew. Chem. Int. Ed.

Engl. 39, 2914±2916.
Sheldrick, G. M. (1996). SADABS. University of GoÈ ttingen, Germany.
Sheldrick, G. M. (1997). SHELXS97 and SHELXL97. University of

GoÈ ttingen, Germany.
Siemens (1994). SAINT. Siemens Analytical X-ray Instruments Inc., Madison,

Wisconsin, USA.
Siemens (1996). SMART. Version 4.0. Siemens Analytical X-ray Instruments

Inc., Madison, Wisconsin, USA.
Tanielian, C. (1998). Coord. Chem. Rev. 178, 1165±1181.
Xie, A.-L. & Ma, C.-A. (2005). Acta Cryst. C61, i67±i68.
Yang, W. B., Lu, C. H., Zhang, Q. Z., Chen, S. M., Zhan, X. P. & Liu, J. H.

(2003). Inorg. Chem. 42, 7309±7314.
Zhang, X. M., Wu, H. S. & Chen, X. M. (2004). Chin. J. Struct. Chem. 23, 407±

412.
Zheng, S. T., Zhang, J. & Yang, G. Y. (2005). Inorg. Chem. 44, 2426±2430.

inorganic compounds

Acta Cryst. (2007). C63, i51±i53 Guo and Yao � Na6(H2O)20(V10O28)�4H2O i53

Table 1
Selected geometric parameters (AÊ , �).

V1ÐO1 1.594 (2)
V1ÐO4i 1.822 (2)
V1ÐO5i 1.886 (2)
V2ÐO12 1.689 (2)
V2ÐO7i 2.112 (2)
V3ÐO9 1.606 (2)
V4ÐO5 1.816 (2)
V5ÐO14 1.820 (2)
Na1ÐO24 2.328 (3)
Na1ÐO20 2.348 (3)

Na1ÐO23 2.393 (3)
Na1ÐO1 2.455 (3)
Na1ÐO15ii 2.508 (3)
Na1ÐO12iii 2.948 (3)
Na2ÐO21 2.320 (3)
Na2ÐO19 2.352 (3)
Na2ÐO16 2.420 (3)
Na3ÐO18 2.334 (3)
Na3ÐO22ii 2.397 (3)
Na3ÐO16 2.445 (3)

O1ÐV1ÐO4i 104.20 (12)
O1ÐV1ÐO10 102.55 (12)
O4iÐV1ÐO5i 91.57 (10)
O4iÐV1ÐO12 155.93 (10)
O5iÐV1ÐO12 81.88 (9)
O5iÐV1ÐO7i 77.13 (8)
O24ÐNa1ÐO20 151.00 (12)
O20ÐNa1ÐO23 111.43 (11)
O20ÐNa1ÐO1 81.30 (9)
O23ÐNa1ÐO1 91.56 (11)
O20ÐNa1ÐO15ii 82.00 (9)
O23ÐNa1ÐO15ii 89.50 (11)

O24ÐNa1ÐO12iii 81.98 (10)
O23ÐNa1ÐO12iii 166.07 (11)
O15iiÐNa1ÐO12iii 82.62 (8)
O19ÐNa2ÐO18 84.58 (10)
O21ÐNa2ÐO16 89.89 (10)
O17ÐNa2ÐO16 100.36 (10)
O19ÐNa2ÐO17iv 92.11 (10)
O16ÐNa2ÐO17iv 166.64 (11)
O22iiÐNa3ÐO20 91.32 (9)
O22iiÐNa3ÐO16 178.15 (10)
O18ÐNa3ÐO15 95.80 (10)

Symmetry codes: (i) ÿx;ÿy;ÿz� 2; (ii) ÿx;ÿy� 1;ÿz� 1; (iii) ÿx;ÿy;ÿz� 1; (iv)
ÿx� 1;ÿy� 1;ÿz� 2.


