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The structural unit of the title compound, poly[[hexa-�2-

hydroxohexa-�3-oxoundecaoxochromiumhexamolybdenum]-

�-oxo-[tetra-�2-aquahexaaquatrisodium]-�-aqua], [CrMo6-

Na3O18(OH)6(H2O)11]�2H2O, consists of an Anderson B-type

heteropolyoxoanion [CrMo6O24H6]3� with approximate D3h

point symmetry, an [Na3(H2O)11]3+ cation chain and two water

molecules of crystallization. The [CrMo6O24H6]3� anions are

connected via Mo—�-O—Na bonds to the [Na3(H2O)11]3+

groups to form one-dimensional double chains extending

parallel to the c axis.

Comment

Since Anderson-type heteropolyoxometalates were structu-

rally confirmed by Evans (1948), these compounds have

received increased attention because of their applications in

homogeneous and heterogeneous catalysis (Hernandez-Perez

et al., 1994). In the present communication, we report a novel

heteropolyoxometalate containing an Anderson B-type anion,

viz. [Na3(H2O)11][CrMo6O24H6]�2H2O, (I).

The structure of (I) is composed of an Anderson B-type

heteropolyoxoanion [CrMo6O24H6]3� with approximate D3h

point symmetry, an [Na3(H2O)11]3+ cation chain and two water

molecules of crystallization (Fig. 1). Anderson-type hetero-

polyoxoanions can be divided into two groups according to the

different valence and ionic radius of the central atom X, and

the presence of protonated O atoms. The first type with

general formula [Xn+M6O24](12�n)� (X = Te6+, I7+, etc., M =

Mo6+, W6+) is described as an A-type polyanion, whereas the

second type [Xn+M6O24H6](6�n)� (X = Cr3+, Co3+, etc., M =

Mo6+, W6+) is referred to as a B-type anion (Xiang et al., 2002).

Based on the bond valence model (Brown & Altermatt, 1985),

the bond valence sums of atoms O19–O24 range from 1.12 to

1.27, suggesting that every O atom is additionally bonded to a

proton which confirms that the anion of (I) belongs to the B-

type.

Figure 1
The asymmetric unit of the title compound drawn with displacement
ellipsoids at the 30% probability level. All H atoms have been omitted for
clarity.



In the heteropolyoxoanion, each metal atom is coordinated

by six O atoms to form a distorted octahedron. The six

different MoO6 octahedra share edges with each other and are

arranged around the central CrO6 octahedron with which they

likewise share edges (Fig. 1). According to the different

manner of oxygen coordination, three kinds of O atoms exist

in the heteropolyoxoanion: terminal atoms Ot (O1–O12) with

bonds to one Mo atom, bridging atoms Ob (O13–O18) with

bonds to two Mo atoms, and central atoms Oc (O19–O24) that

have bonds to the central Cr atom and two Mo atoms.

Each of the three Na+ cations exhibits a distorted octa-

hedral coordination (Fig. 1 and Table 1). Na1 is surrounded by

four O atoms from four water molecules and two terminal O

atoms from two parallel heteropolyoxoanions. The coordina-

tion environment around Na2 includes six O atoms from six

water molecules, and Na3 is coordinated by five O atoms from

five water molecules and a terminal O atom from another

heteropolyoxoanion.

The [CrMo6O24H6]3� heteropolyoxoanions are connected

via Mo—�-Ot—Na bonds with the [Na3(H2O)11]3+ triple

octahedra to form one-dimensional double chains of the type

[CC,AA,CC,AA] (C and A stand for cation and anion chain,

respectively) extending parallel to the c axis (Fig. 2).

The geometry of the heteropolyoxoanion in (I) is very

similar to that in the structure of the related compound

Na3[CrMo6O24H6]�8H2O (Perloff, 1970). Because of the lower

water content of the latter, the coordination of the Na atoms

and the connection of the single building blocks are different

from those in (I).

Experimental

All reagents and solvents were used as obtained without further

purification. Na3[CrMo6O24H6]�nH2O was synthesized according to

the procedure given by Perloff (1970). Na3[CrMo6O24H6]�nH2O

(3.8 g) was dissolved in water (10 ml) to which a methanol–water

(20 ml) solution in a volume ratio of 5:3 was added. The pH of the

resulting solution was adjusted to 3.5 with acetic acid. The resulting

solution was filtered and slowly evaporated at ambient temperature.

Pink crystals of (I) were collected after a few days.

Crystal data

[CrMo6Na3O18(OH)6-
(H2O)11]�2H2O

Mr = 1320.87
Triclinic, P1
a = 10.968 (2) Å
b = 11.686 (2) Å
c = 14.895 (3) Å
� = 72.10 (3)�

� = 70.99 (3)�

� = 66.90 (3)�

V = 1624.5 (6) Å3

Z = 2
Dx = 2.700 Mg m�3

Mo K� radiation
� = 2.73 mm�1

T = 293 (2) K
Block, pink
0.22 � 0.18 � 0.13 mm

Data collection

Rigaku R-AXIS-IV CCD
diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.585, Tmax = 0.718

5549 measured reflections
5549 independent reflections
4842 reflections with I > 2�(I)
�max = 25.0�

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.100
S = 1.11
5549 reflections
433 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0611P)2

+ 2.0611P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.80 e Å�3

��min = �1.24 e Å�3

Table 1
Selected bond lengths (Å).

Na1—O2W 2.359 (5)
Na1—O5 2.387 (4)
Na1—O3W 2.392 (4)
Na1—O1i 2.412 (4)
Na1—O1W 2.447 (5)
Na1—O4W 2.508 (5)
Na1—O12i 2.905 (5)
Na2—O8W 2.371 (4)
Na2—O4W 2.385 (4)
Na2—O7W 2.391 (4)
Na2—O5W 2.412 (5)
Na2—O6W 2.419 (5)
Na2—O3W 2.425 (4)
Na3—O9W 2.346 (5)
Na3—O10Wii 2.395 (5)
Na3—O11W 2.399 (4)
Na3—O7W 2.429 (4)
Na3—O8W 2.458 (4)
Na3—O7iii 2.464 (4)
Cr1—O23 1.968 (3)
Cr1—O20 1.969 (3)
Cr1—O19 1.970 (3)
Cr1—O24 1.971 (3)
Cr1—O21 1.973 (3)
Cr1—O22 1.981 (3)
Mo1—O1 1.694 (4)
Mo1—O2 1.709 (4)
Mo1—O13 1.907 (3)
Mo1—O14 1.951 (3)
Mo1—O21 2.260 (3)
Mo1—O20 2.294 (3)

Mo2—O3 1.708 (3)
Mo2—O4 1.719 (4)
Mo2—O15 1.903 (3)
Mo2—O14 1.956 (3)
Mo2—O21 2.263 (3)
Mo2—O22 2.302 (3)
Mo3—O6 1.685 (3)
Mo3—O5 1.696 (4)
Mo3—O16 1.934 (3)
Mo3—O15 1.945 (3)
Mo3—O23 2.301 (3)
Mo3—O22 2.372 (3)
Mo4—O7 1.695 (3)
Mo4—O8 1.707 (4)
Mo4—O16 1.919 (3)
Mo4—O17 1.940 (3)
Mo4—O23 2.289 (3)
Mo4—O24 2.305 (3)
Mo5—O9 1.703 (4)
Mo5—O10 1.710 (3)
Mo5—O18 1.918 (3)
Mo5—O17 1.946 (3)
Mo5—O24 2.288 (3)
Mo5—O19 2.301 (3)
Mo6—O12 1.696 (4)
Mo6—O11 1.699 (4)
Mo6—O18 1.931 (3)
Mo6—O13 1.959 (3)
Mo6—O20 2.293 (3)
Mo6—O19 2.295 (3)

Symmetry codes: (i) �x;�y;�z þ 1; (ii) �xþ 1;�yþ 1;�zþ 2; (iii)
�x þ 1;�yþ 1;�zþ 1.

The H atoms of the water molecules were placed in calculated

positions with an O—H distance of 0.85 Å. They were refined in the

riding-model approximation with Uiso(H) = 1.5Uiso(O). H atoms of

the OH groups (O19–O24) could not be located or placed geome-

trically and were excluded from the refinement. The deepest hole in

the final Fourier map is 0.93 Å from Mo1.

Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine-

ment: PROCESS-AUTO (Rigaku, 2002); data reduction: Crystal-

Structure (Rigaku/MSC, 2004); program(s) used to solve structure:

SHELXS97 (Sheldrick, 1997); program(s) used to refine structure:

SHELXL97 (Sheldrick, 1997); molecular graphics: WinGX (Farrugia,
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Figure 2
A polyhedral representation of the one-dimensional double chains
extending along the c axis. Water molecules of crystallization and all H
atoms have been omitted for clarity. Red: MoO6 octahedra; yellow: CrO6

octahedra; green: NaO6 octahedra.



1999); software used to prepare material for publication:

SHELXL97.
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