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The symmetry of the hexatungstoplatinate(IV) anion in

Na8[PtW6O24]�26H2O is Ci (1), which is different from the

D3d (3m) and S6 (3) symmetry found in K6Na2[PtW6O24]�-
12H2O and (CH6N3)8[PtW6O24], respectively. However, this

change in symmetry does not signi®cantly affect metal±metal

and metal±oxygen distances in the anion.

Comment

Some salts with A-type Anderson±Evans heteropoly-

oxotungstate structures (Anderson, 1937; Tsigdinos, 1978)

have been reported in which the [Xn+W6O24](12ÿn)ÿ anion

contains heteroatoms in high oxidation states. In

K6Na2[MnIVW6O24]�12H2O (Sergienko et al., 1979), K6Na2-

[PtIVW6O24]�12H2O (Lee et al., 1984) and K5Na2[SbV-

W6O24]�12H2O (Lee & Sasaki, 1988), the anions have the ideal

D3d (3m) point symmetry. However, the point symmetry of the

anion is reduced to Ci (1) in Na8[MnW6O24]�18H2O (Nolan et

al., 2000), S6 (3) in (CH6N3)8[PtW6O24] (Lee et al., 2003) and

Ci (1) in Na6[TeW6O24]�22H2O (Schmidt et al., 1986). The

species having an ideal symmetry is only found in the A-type

Anderson±Evans heteropolyoxomolybdate, viz. CoNa3[IM-

O6O24]�14H2O (Rosu & Dickman, 1999). But the point

symmetries of [IMO6O24]5ÿ are C1 (1) in K5[IMo6O24]�5H2O
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Figure 1
The [PtW6O24]8ÿ anion and surrounding Na+ cations in Na8[Pt-
W6O24]�26H2O, with displacement ellipsoids drawn at the 30% prob-
ability level. H atoms and atom O25 are not shown. [Symmetry codes: (i)
1 ÿ x, 1 ÿ y, 1 ÿ z; (ii) 1 ÿ x, 2 ÿ y, 1 ÿ z; (iii) x, 1 + y, z; (iv) 1

2 ÿ x, y ÿ 1
2,

3
2 ÿ z.]



(Kondo et al., 1980) and Ci (1) in Na2Cr[IMo6O24]�24H2O

(Rosu & Weakley, 2000). The point symmetry of

[TeMo6O24]6ÿ is Ci (1) in (NH4)6[TeMo6O24]�Te(OH)6�7H2O

(Evans, 1974).

In Na8[PtW6O24]�26H2O, the [PtW6O24]8ÿ anion has inver-

sion symmetry, as shown in Fig. 1. The O atoms are classi®ed

into Oc (O1±O3), Ob (O4±O6), Ot (O7±O12) and Ow (O13±

O25), as described previously (Lee et al., 1984). The average

bond distances and angles in the [PtW6O24]8ÿ anion are very

similar to those in K6Na2[PtW6O24]�12H2O (Lee et al., 1984)

and (CH6N3)8[PtW6O24] (Lee et al., 2003).

All Na+ cations are coordinated by the O atoms of the

[PtW6O24]8ÿ anion and water molecules in a distorted octa-

hedral geometry. Fig. 2 shows the two-dimensional network of

[PtW6O24]8ÿ anions with [NaO6] clusters. The polyanion is

enclosed by the cluster ring of 16 [NaO6]. The polyanion is

connected to the ring of [NaO6] cluster by two O8 and

two O9 atoms. The octahedra [Na1O6]� � �[Na2O6],

[Na3O6]� � �[Na4O6] and [Na4O6]� � �[Na2O6] (symmetry code

for the last Na2 atom: 1
2 ÿ x, y ÿ 1

2,
3
2 ÿ z) are connected by

edge-sharing, and the octahedra [Na1O6]� � �[Na3O6] and

[Na2O6]� � �[Na3O6] are connected by corner-sharing. The two-

dimensional planes are connected to each other by hydrogen

bonds.

It is worth noting that atom O25, belonging to a water

molecule, does not show any interaction with the metal ions

and only forms hydrogen bonds to other O atoms. All the O

atoms of the anion form hydrogen bonds with water mol-

ecules, except for atoms O8 and O9, which are coordinated to

two Na+ ions. Donor±acceptor distances less than 3.1 AÊ for

possible hydrogen bonding are listed in Table 2.

Experimental

Crystals of the title compound were prepared by the reaction of

Na2WO4�2H2O and Na2[Pt(OH)6] at about pH 7.2, as described in a

previous report (Lee et al., 1983).

Crystal data

Na8[PtW6O24]�26H2O
Mr = 2334.53
Monoclinic, P21=n
a = 10.873 (1) AÊ

b = 11.785 (1) AÊ

c = 18.116 (1) AÊ

� = 93.56 (1)�

V = 2316.9 (3) AÊ 3

Z = 2

Dx = 3.346 Mg mÿ3

Mo K� radiation
Cell parameters from 39

re¯ections
� = 9.6±16.2�

� = 18.04 mmÿ1

T = 298 (2) K
Block, pale yellow
0.25 � 0.19 � 0.13 mm

Data collection

Stoe Stadi-4 diffractometer
!/2� scans
Absorption correction: numerical

(X-SHAPE; Stoe & Cie, 1996)
Tmin = 0.034, Tmax = 0.114

5299 measured re¯ections
5299 independent re¯ections
4017 re¯ections with I > 2�(I)

�max = 27.5�

h = ÿ14! 14
k = 0! 15
l = 0! 23
3 standard re¯ections

frequency: 60 min
intensity decay: 4.3%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.051
wR(F 2) = 0.082
S = 1.67
5299 re¯ections
296 parameters
H atoms not located

w = 1/[�2(Fo
2)]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 2.79 e AÊ ÿ3

��min = ÿ2.25 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00172 (3)

Table 1
Selected bond distances (AÊ ).

PtÐO1 2.012 (9)
PtÐO2 2.009 (9)
PtÐO3 2.004 (9)
W1ÐO1 2.138 (9)
W1ÐO2 2.152 (9)
W1ÐO5 1.962 (9)
W1ÐO6 1.946 (9)
W1ÐO11 1.75 (1)
W1ÐO12 1.765 (9)
W2ÐO1 2.139 (9)
W2ÐO3 2.177 (9)
W2ÐO4 1.938 (9)
W2ÐO6 1.97 (1)
W2ÐO9 1.771 (9)
W2ÐO10 1.78 (1)
W3ÐO2 2.155 (9)
W3ÐO3i 2.151 (9)
W3ÐO4i 1.96 (1)
W3ÐO5 1.96 (1)
W3ÐO7 1.767 (9)
W3ÐO8 1.76 (1)
Na1ÐO8 2.51 (1)
Na1ÐO8ii 2.57 (1)

Na1ÐO9i 2.35 (1)
Na1ÐO13 2.38 (1)
Na1ÐO14 2.41 (2)
Na1ÐO15 2.35 (1)
Na2ÐO8 2.42 (1)
Na2ÐO9iii 2.50 (1)
Na2ÐO15 2.42 (1)
Na2ÐO16 2.36 (1)
Na2ÐO17 2.36 (1)
Na2ÐO18 2.45 (1)
Na3ÐO14 2.41 (1)
Na3ÐO18 2.44 (1)
Na3ÐO19 2.47 (2)
Na3ÐO20 2.52 (1)
Na3ÐO21 2.41 (1)
Na3ÐO22 2.41 (1)
Na4ÐO16iv 2.36 (1)
Na4ÐO17iv 2.40 (1)
Na4ÐO20 2.55 (2)
Na4ÐO22 2.33 (1)
Na4ÐO23 2.37 (1)
Na4ÐO24 2.51 (2)

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

2;
3
2ÿ z.
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Figure 2
Two-dimensional network of [PtW6O24]8ÿ anions with [NaO6] clusters.
[Symmetry codes: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z; (ii) 1

2 ÿ x, y ÿ 1
2,

3
2 ÿ z; (iii) x,

y ÿ 1, z; (iv) 1
2 + x, 3

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



Table 2
Hydrogen-bonding D� � �A distances (AÊ ).

O13� � �O7ii 2.72 (2)
O13� � �O19v 2.75 (2)
O13� � �O12vi 2.84 (2)
O14� � �O3i 2.76 (2)
O14� � �O25vi 2.99 (2)
O15� � �O19 2.72 (2)
O15� � �O4iii 2.83 (1)
O16� � �O25 2.82 (2)
O16� � �O12vii 2.90 (2)
O17� � �O11viii 2.73 (2)
O17� � �O10iii 2.85 (2)
O18� � �O5 2.75 (2)
O18� � �O10viii 3.04 (2)

O19� � �O11viii 2.82 (2)
O20� � �O7ix 2.82 (1)
O21� � �O4x 2.87 (2)
O21� � �O23 2.93 (2)
O21� � �O24x 2.76 (2)
O22� � �O1 2.80 (2)
O22� � �O23x 2.82 (2)
O23� � �O2ix 2.74 (2)
O24� � �O10 2.83 (2)
O24� � �O25iv 3.09 (2)
O25� � �O6vii 2.77 (2)
O25� � �O12 2.79 (2)

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

2;
3
2ÿ z; (v) ÿx; 2ÿ y; 1ÿ z; (vi) xÿ 1

2;
3
2ÿ y; z ÿ 1

2; (vii) 3
2ÿ x; 1

2� y; 3
2ÿ z;

(viii) 1
2ÿ x; 1

2� y; 3
2ÿ z; (ix) xÿ 1; y; z; (x) ÿx; 1ÿ y; 1ÿ z.

The highest peak in the difference map is 0.84 AÊ from Pt and the

deepest hole is 1.46 AÊ from O4.

Data collection: Stadi4 (Stoe, 1996); cell re®nement: Stadi4; data

reduction: X-RED32 (Stoe, 1996); program(s) used to solve structure:

SHELXS97 (Sheldrick, 1990); program(s) used to re®ne structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3

(Version 1.07; Farrugia, 1997) and DIAMOND (Brandenburg, 1998);

software used to prepare material for publication: SHELXL97.

This work was supported by Pukyong National University

Research Fund in 2003.

References

Anderson, J. S. (1937). Nature (London), 150, 850.
Brandenburg, K. (1998). DIAMOND. Version 2.1. Crystal Impact GbR, Bonn,

Germany.
Evans, H. T. Jr (1974). Acta Cryst. B30, 2095±2100.
Farrugia, L. J. (1997). J. Appl. Cryst. 30, 565.
Kondo, H., Kobayashi, A. & Sasaki, Y. (1980). Acta Cryst. B36, 661±664.
Lee, U., Ichida, H., Kobayashi, A. & Sasaki, Y. (1984). Acta Cryst. C40,

5±7.
Lee, U., Jang, S.-J., Joo, H.-C. & Park, K.-M. (2003). Acta Cryst. E59, m116±

m118.
Lee, U., Kobayashi, A. & Sasaki, Y. (1983). Acta Cryst. C39, 817±819.
Lee, U. & Sasaki, Y. (1988). Bull. Korean Chem. Soc. 9, 1±3.
Nolan, A. L., Burns, R. C., Lawrance, G. A. & Craig, D. C. (2000). Acta Cryst.

C56, 729±730.
Rosu, C. & Dickman, M. H. (1999). Acta Cryst. C55, 11±13.
Rosu, C. & Weakley, T. Jr (2000). Acta Cryst. C56, e170±e171.
Schmidt, K. J., Schrobilgen, G. J. & Sawyer, J. F. (1986). Acta Cryst. C42, 1115±

1118.
Sergienko, V. S., Molchanov, V. N., Porai-Koshits, M. A. & Torchenkova, E. A.

(1979). Sov. J. Coord. Chem. 5, 740±746.
Sheldrick, G. M. (1990). Acta Cryst. A46, 467±473.
Sheldrick, G. M. (1997). SHELXL97. University of GoÈ ttingen, Germany.
Stoe (1996). Stadi4, X-RED32, and X-SHAPE. Stoe & Cie GmbH, Darmstadt,

Germany.
Tsigdinos, G. A. (1978). Top. Curr. Chem. 76, 36±40.

inorganic papers

i88 Lee and Joo � Na8[PtW6O24]�26H2O Acta Cryst. (2004). E60, i86±i88


	mk1

