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The title compound can be formulated as [Cr(H2O)6]-

[Na2(H2O)10][IMo6O24]�8H2O. The anion has the I atom on

an inversion centre and has close to 3m symmetry, with IÐO

bond lengths in the range 1.881±1.890 (2) AÊ and MoÐO bond

lengths in the ranges 1.697 (3)±1.714 (3), 1.915 (2)±1.948 (2)

and 2.317 (2)±2.357 (2) AÊ .

Comment

This work forms part of an investigation into the interaction of

transition metal cations and polyoxometalate anions. The

[IMo6O24]5ÿ anion lies on a crystal inversion center, in an

orientation such that the cell is pseudo-body-centered. Its

non-crystallographic symmetry is close to 3m and its dimen-

sions are very similar to those of the anion in CoNa3-

[IMo6O24]�14H2O (Rosu & Dickman, 1999) and in

K5[IMo6O24]�5H2O (Kondo et al., 1980). The Mo atoms are

coplanar to within 0.007 (1) AÊ . Whereas in CoNa3-

[IMo6O24]�14H2O, the Co2+ and Na+ cations are coordinated

to the anion, the Na+ ions in the present structure are present

in discrete centrosymmetric [Na2(H2O)10]2+ units, and despite

the preparation at 373 K, O atoms of the anions have not

replaced water in the kinetically inert [Cr(H2O)6]3+ groups.

Experimental

The pH of a slurry containing 15 g Na5[IMo6O24]�16.5H2O (Rosu &

Dickman, 1999) and 4 g Cr(NO3)3�9H2O in 100 ml water was adjusted

to 6. The mixture was heated to re¯ux for 30 min and ®ltered while

hot. The ®ltrate was allowed to evaporate at room temperature for

3 d to give 11.7 g of violet crystals. Found (calculated) for

CrNa2[IMo6O24]�24H2O: Na 2.8 (2.8), Cr 3.2 (3.2), Mo 35.5 (35.6),

H2O 26.7% (26.7%). The crystal used for data collection was glued to

a glass ®bre.

Crystal data

Na2Cr[IMo6O24]�24H2O
Mr = 1616.87
Monoclinic, P21=n
a = 10.3829 (7) AÊ

b = 14.0871 (12) AÊ

c = 14.9994 (14) AÊ

� = 102.931 (9)�

V = 2138.2 (3) AÊ 3

Z = 2

Dx = 2.511 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 14.0±14.9�

� = 2.82 mmÿ1

T = 295 K
Block, violet
0.29 � 0.23 � 0.18 mm

Data collection

Enraf±Nonius CAD-4 diffract-
ometer

!±2� scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.480, Tmax = 0.545

6570 measured re¯ections
6210 independent re¯ections
4697 re¯ections with I > �(I)

Rint = 0.011
�max = 30.0�

h = ÿ14! 14
k = 0! 19
l = ÿ20! 21
3 standard re¯ections

every 300 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R(F ) = 0.034
wR(F 2) = 0.050
S = 1.86
6210 re¯ections
276 parameters
H atoms not re®ned
w = 4Fo

2/[�2(I) + (0.020I)2]

(�/�)max = 0.022
��max = 1.21 e AÊ ÿ3 (1.07 AÊ from I)
��min = ÿ1.11 e AÊ ÿ3 (0.79 AÊ from

Mo1)
Extinction correction: Zachariasen

(1967)
Extinction coef®cient: 5.5 (2) �

10ÿ7

Table 1
Selected geometric parameters (AÊ , �).

IÐO1 1.890 (2)
IÐO2 1.885 (2)
IÐO3 1.881 (2)
Mo1ÐO1 2.317 (2)
Mo1ÐO2 2.353 (2)
Mo1ÐO4 1.701 (3)
Mo1ÐO5 1.915 (2)
Mo1ÐO6 1.711 (3)
Mo1ÐO7 1.948 (2)
Mo2ÐO2 2.331 (2)
Mo2ÐO3 2.337 (2)
Mo2ÐO5 1.930 (2)
Mo2ÐO8 1.694 (3)
Mo2ÐO9 1.697 (3)
Mo2ÐO10 1.926 (2)
Mo3ÐO1i 2.331 (2)
Mo3ÐO3 2.347 (2)

Mo3ÐO7i 1.935 (2)
Mo3ÐO10 1.923 (2)
Mo3ÐO11 1.714 (3)
Mo3ÐO12 1.697 (3)
CrÐO13 1.968 (3)
CrÐO13A 1.93 (3)
CrÐO14 1.969 (3)
CrÐO14A 1.90 (3)
CrÐO15 1.968 (3)
CrÐO15A 1.93 (3)
NaÐO16 2.378 (4)
NaÐO17 2.435 (3)
NaÐO17ii 2.437 (3)
NaÐO18 2.377 (4)
NaÐO19 2.449 (3)
NaÐO20 2.451 (3)

O1ÐIÐO2 86.61 (9)
O1ÐIÐO3 93.20 (9)
O2ÐIÐO3 87.31 (10)
O1ÐMo1ÐO2 67.34 (8)
O1ÐMo1ÐO4 94.93 (12)
O1ÐMo1ÐO5 81.69 (9)
O1ÐMo1ÐO6 156.75 (11)
O1ÐMo1ÐO7 72.65 (8)
O2ÐMo1ÐO4 160.98 (12)
O2ÐMo1ÐO5 72.86 (9)
O2ÐMo1ÐO6 91.20 (11)
O2ÐMo1ÐO7 82.04 (9)
O4ÐMo1ÐO5 98.66 (12)
O4ÐMo1ÐO6 107.32 (14)
O4ÐMo1ÐO7 99.70 (12)
O5ÐMo1ÐO6 101.06 (12)
O5ÐMo1ÐO7 149.48 (10)
O6ÐMo1ÐO7 96.46 (11)
O2ÐMo2ÐO3 67.68 (8)
O2ÐMo2ÐO5 73.14 (9)
O2ÐMo2ÐO8 159.21 (12)
O2ÐMo2ÐO9 93.43 (11)

O2ÐMo2ÐO10 81.22 (9)
O3ÐMo2ÐO5 81.04 (9)
O3ÐMo2ÐO8 92.74 (12)
O3ÐMo2ÐO9 159.62 (11)
O3ÐMo2ÐO10 73.31 (8)
O5ÐMo2ÐO8 97.76 (12)
O5ÐMo2ÐO9 101.36 (12)
O5ÐMo2ÐO10 149.08 (10)
O8ÐMo2ÐO9 106.83 (16)
O8ÐMo2ÐO10 100.38 (12)
O9ÐMo2ÐO10 97.08 (12)
O1iÐMo3ÐO3 67.27 (8)
O1iÐMo3ÐO7i 72.54 (9)
O1iÐMo3ÐO10 81.39 (9)
O1iÐMo3ÐO11 156.65 (11)
O1iÐMo3ÐO12 95.37 (11)
O3ÐMo3ÐO7i 82.26 (10)
O3ÐMo3ÐO10 73.11 (9)
O3ÐMo3ÐO11 91.01 (11)
O3ÐMo3ÐO12 161.15 (11)
O7iÐMo3ÐO10 149.51 (10)
O7iÐMo3ÐO11 97.01 (11)
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O7iÐMo3ÐO12 100.01 (12)
O10ÐMo3ÐO11 101.04 (12)
O10ÐMo3ÐO12 97.88 (12)
O11ÐMo3ÐO12 107.16 (14)
O13ÐCrÐO13Aiii 35.5 (9)
O13ÐCrÐO14 90.54 (13)
O13ÐCrÐO15 89.30 (12)
O13AÐCrÐO14A 82.6 (13)
O13AÐCrÐO15A 85.3 (12)
O14ÐCrÐO15 90.36 (13)
O14AÐCrÐO15A 94.8 (15)
O16ÐNaÐO17 89.23 (13)
O16ÐNaÐO17ii 82.65 (13)
O16ÐNaÐO18 172.90 (19)
O16ÐNaÐO19 91.67 (13)
O16ÐNaÐO20 93.98 (13)
O17ÐNaÐO17ii 86.09 (11)
O17ÐNaÐO18 86.03 (13)
O17ÐNaÐO19 89.44 (10)
O17ÐNaÐO20 173.20 (11)

O17iiÐNaÐO18 91.74 (14)
O17iiÐNaÐO19 172.81 (11)
O17iiÐNaÐO20 88.37 (10)
O18ÐNaÐO19 93.57 (13)
O18ÐNaÐO20 90.20 (13)
O19ÐNaÐO20 96.46 (10)
IÐO1ÐMo1 103.58 (9)
IÐO1ÐMo3i 103.10 (9)
Mo1ÐO1ÐMo3i 91.61 (8)
IÐO2ÐMo1 102.46 (9)
IÐO2ÐMo2 102.55 (9)
Mo1ÐO2ÐMo2 89.71 (8)
IÐO3ÐMo2 102.45 (9)
IÐO3ÐMo3 102.82 (9)
Mo2ÐO3ÐMo3 89.54 (8)
Mo1ÐO5ÐMo2 118.43 (12)
Mo1ÐO7ÐMo3i 118.22 (12)
Mo2ÐO10ÐMo3 117.94 (12)
NaÐO17ÐNaii 93.91 (11)

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

The intensity data were corrected for absorption (azimuthal

scans). Structure solution used an SIR92 E map (Altomare et al.,

1994). Alternative positions were found for the three independent

water molecules bonded to Cr, and for two non-coordinated waters.

Atoms other than minor-occupancy water molecules were re®ned

anisotropically. H atoms of water molecules could not be located with

con®dence and no attempt was made to model them. The value of a

secondary extinction parameter was re®ned.

Data collection: CAD-4/PC Diffractometer Software (Enraf±

Nonius, 1993); cell re®nement: CAD-4/PC Diffractometer Software;

data reduction: TEXSAN (Molecular Structure Corporation, 1997);

program(s) used to re®ne structure: TEXSAN; software used to

prepare material for publication: TEXSAN.
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