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Three crystallographically independent Na atoms and four

pairs of water molecules occupying general positions form the

link between the other two independent Na atoms occupying

special positions on the inversion centres in the crystal of

tetradecaaquatetrasodium hexaaquanickel(II) decavana-

date(V) trihydrate, Na4Ni(V10O28)�23H2O. In this way, the

in®nite chains made up of the Na atoms and water molecules,

and stretching along the (011) direction, are formed. Each of

the two independent Na atoms, which occupy centrosym-

metric sites, are coordinated by one of the vanadyl atoms of

one of the two independent centrosymmetric [V10O28]6ÿ

hexaanions, thus effectively linking the chains into in®nite

layered structure. The layers are further integrated into a

three-dimensional network through numerous hydrogen

bonds involving water molecules, including those which are

part of the sodium chains, as well as those which belong to

[Ni(H2O)6]2+ coordination octahedra and those which are not

coordinated by any metal (lattice hydrate molecules).

Comment

The title compound, which has the empirical formulation of

Na4Ni(V10O28)�23H2O, is related to the water-soluble mineral

huemulite, Na4Mg(V10O28)�24H2O (Gordillo et al., 1966).

Both compounds feature the polyhedral [V10O28]6ÿ hexa-

anion, whose structure has been well documented: it contains

eight terminal, 14 �2-bridging, four �3-bridging and two �6-

bridging O atoms linking ten V atoms into a D2h point-

symmetry hexa-anionic species (Capparelli et al., 1986).

In the crystal structure of the title compound, the Ni atom is

coordinated by six water molecules in the [Ni(H2O)6]2+ dica-

tion (Fig. 1). Three Na atoms (which are in general positions)

and four pairs of bridging water molecules constitute a link

between the two other independent Na atoms (which are

located at the crystallographic inversion centers), and this unit

then continues on to form in®nite chains in the (011) direction

(Fig. 2). Each of the Na atoms in general positions, along with

the four contacts with bridging water molecules, has two

terminal water ligands; however, the Na atoms on the inver-

sion centers, along with four bridging coordinations, are

additionally coordinated to the vanadyl atoms (O14 and O16)

of each of the two independent [V10O28]6ÿ anions (Figs. 3

and 4), these interactions linking the chains into layers. The
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numerous hydrogen bonds connect these negatively charged

layers, as well as the otherwise isolated [Ni(H2O)6]2+ dications

and lattice water molecules, into a three-dimensional network.

Decavanadates having an aklylammonium cation as the

counter-ion are also known; these are synthesized by the

reaction of an amine with vanadium pentoxide (Averbuch-

Pouchot, 1995; Averbuch-Pouchot & Durif, 1995).

Experimental

The title compound was the unexpected product of the reaction of

equimolar amounts of ammonium metavanadate (0.12 g, 1 mmol),

nickel nitrate hexahydrate (0.29 g, 1 mmol) and 1,2,4-benzenetri-

carboxylic acid anhydride (0.19 g, 1 mmol) in several ml of 50%

aqueous ethanol. The pH of the solution was adjusted to approxi-

mately 8 by the addition of sodium hydroxide solution. Pink poly-

hedral crystals separated from the solution after one week.

Crystal data

Na4Ni(V10O28)�23H2O
Mr = 1522.44
Triclinic, P1
a = 8.925 (2) AÊ

b = 13.862 (3) AÊ

c = 18.341 (4) AÊ

� = 91.81 (3)�

� = 91.85 (3)�

 = 104.32 (3)�

V = 2195.5 (8) AÊ 3

Z = 2
Dx = 2.303 Mg mÿ3

Mo K� radiation
Cell parameters from 25

re¯ections
� = 12.8±13.9�

� = 2.62 mmÿ1

T = 298 (2) K
Block, pink
0.50 � 0.25 � 0.11 mm

Data collection

Enraf±Nonius CAD-4
diffractometer

! scans
Absorption correction:  scan

(North et al., 1968)
Tmin = 0.245, Tmax = 0.290

9182 measured re¯ections
8594 independent re¯ections
6270 re¯ections with I > 2�(I)

Rint = 0.027
�max = 26.0�

h = 0! 11
k = ÿ17! 16
l = ÿ22! 22
3 standard re¯ections

frequency: 60 min
intensity decay: none
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Figure 1
ORTEPII (Johnson, 1976) plot of the hexaaquanickel cation, with
displacement ellipsoids drawn at the 50% probability level. H atoms are
drawn as spheres of arbitrary radii.

Figure 2
ORTEPII (Johnson, 1976) plot, showing the fragment of the in®nite chain
of coordinated Na atoms in the crystal of the title compound.
Displacement ellipsoids are drawn, illustrating the octahedral geometry,
at the 50% probability level. H atoms are drawn as spheres of arbitrary
radii.

Figure 3
ORTEPII (Johnson, 1976) plot of one of the centrosymmetric
decavanadate anions, with displacement ellipsoids drawn at the 50%
probability level. H atoms are drawn as spheres of arbitrary radii.

Figure 4
ORTEPII (Johnson, 1976) plot of the other centrosymmetric decavana-
date anions, with displacement ellipsoids drawn at the 50% probability
level. H atoms are drawn as spheres of arbitrary radii.
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Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.040
wR(F 2) = 0.100
S = 1.02
8594 re¯ections
748 parameters
Only coordinates of H atoms

re®ned

w = 1/[�2(Fo
2) + (0.0427P)2

+ 1.0711P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.53 e AÊ ÿ3

��min = ÿ0.56 e AÊ ÿ3

The H atoms of the coordinated water molecules were located and

re®ned, subject to the following restraints: OÐH = 0.85�0.01 and

H� � �H = 1.39�0.01 AÊ ; Uiso(H) = 1.2Ueq(O). Of the three lattice water

molecules, one is disordered over two sites with equal occupancies.

One of the H atoms, corresponding to one of the disordered sites,

occupies a center of inversion.

Data collection: CAD-4 Software (Enraf±Nonius, 1988); cell

re®nement: CAD-4 Software; data reduction: XCAD4 (Harms, 1997);

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

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: ORTEPII (Johnson, 1976); software used to

prepare material for publication: SHELXL97.
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