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Polyoxometallates are capable of including transition metals
in their crystal structures as either discrete cations or
heteroatoms. The title compound crystallizes with triclinic
symmetry and consists of a centrosymmetric [V;,0,5]°~ anion,
a trimeric {[Na(H,O);][Ni(H,0)q][Na(H,0)3]}** cation, an
[Ni(H,0)e)** cation and four water molecules of crystal-
lization. The compound possesses two Ni atoms (each on
independent inversion centres), one as a discrete cation and
one in a disodium-nickel trimeric cation involved in the one-
dimensional polycation—polyanion hybrid polymer. The poly-
mers are bound together via hydrogen bonds to the water
molecules and the nickel(II) hexahydrate cation. Several
structures of decavanadate compounds having transition
metal atoms, monovalent cations and [VmOzg](’* anions in
the ratio 2:2:1 have been reported previously. However, the
present compound differs from these in its arrangement of
monovalent cations and transition metal atoms.

Comment

Several peroxovanadium complexes have attracted attention
as a result of their insulin-mimetic and enzyme-like activities
(Tracy & Crans, 1998; Siegel & Siegel, 1995). In an attempt to
prepare peroxovanadates, the title novel compound, (I), a
nickel sodium decavanadate having no peroxo group, was
obtained as green—orange crystals, and its crystal structure is
presented here.

The structure of (I) consists of a decavanadate anion, three
edge-shared octahedra of Ni and Na, an [Ni(H,0),]** cation
and four water molecules of crystallization (Fig. 1). The
[V10O25]°~ anions and {[Na(H,0)5][Ni(H,0)e][Na(H,0)s]}**
trimeric cations are linked alternately to form a one-dimen-
sional chain (Fig. 2).

The framework of [VmOzg]é’ has been studied in detail
previously (Evans, 1966; Nowogrocki et al., 1997). The deca-

vanadate unit comprises ten edge-sharing VO octahedra with
approximate D,, symmetry. The V—O distances and bond
angles in the decavanadate unit of (I) are comparable with
those in the literature (Evans, 1966).

In the trimeric cation of (I), the Na atoms are surrounded
by one decavanadate O1 atom and five water molecules, and
the Ni atom is surrounded by six water molecules. The Ni
octahedron is sandwiched between two Na octahedra. Atom
Nal coordinates directly to the decavanadate unit at O1. One
of the terminal water molecules on the Na atom positioned
trans to decavanadate atom O1 was refined as disordered over
two positions (O21A4 and O21B). The occupancy factors of
these atoms were refined in the course of the initial calcula-
tions, and were then fixed to the refined values of 0.3 and 0.7,
respectively, in the final calculation. The O1—Nal—021A4
and O1—Nal—O021B angles [160.3(9) and 167.3 (4)°,
respectively] do not differ greatly, which does not conflict with
the disordering.

The Na—O bond distances have a wide range of values,
from 2331 (8) to 2.564 (4) A. The Na—O distances to the
terminal water molecules (Nal—O21A, Nal—0O21B, Nal—
022 and Nal—O023) are 2.44 (4), 2.32(2), 2.359 (8) and
2.376 (6) A, respectively. The length of the Nal—O1 bond
[2.395 (6) A] is similar to these three distances, even though
atom O] also bonds to atom V1. The Na—O distances to the
water molecules bridging to atom Nil [2.544 (6) A for Nal—
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Figure 1

A view of the structure of (I). Displacement ellipsoids are at the 30%
probability level [symmetry codes: (i) 1 —x, 1 —y, 1 — z; (ii) 1 — x, —y,
—z; (iii) —x, 1 — y, —z].
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Figure 2
A polyhedral presentation of the chain structure of (I).

015 and 2.564 (6) A for Nal—016] are longer than those of
the other four Nal—O bonds.

Each —{[Na(H,0)5][Ni(H,0)][Na(H,0)s]}*"~[V1000s]" -
chain is connected via hydrogen bonds through the four water
molecules of crystallization and the water molecules coordi-
nated to Na and Ni, to form the overall three-dimensional
structure. With regard to the two Ni atoms, Nil and Ni2, atom
Nil is involved in the chain as mentioned above, whereas atom
Ni2 is isolated from the chain and plays an important role in
tying the chains together. The Nil—O distances to the water
molecules bridging to Na, viz. Nil—O15 and Nil—016, are
2.067 (5) and 2.107 (5) A, respectively, and that to the terminal
water molecule, Nil—O17, is 2.053 (5) A. The hydrogen-
bonded O---O distances are in the range 2.630 (7)-
3131 (9) A. H atoms were not identified in the difference
Fourier maps and could not be determined.

A number of decavanadate compounds with transition
metal atoms, monovalent cations and [Vmozg]"’* anions in the
ratio 2:2:1 have been reported previously (Wickham, 1972),
two of which have been structurally analyzed, namely
K,Zn,V,y0,5-16H,O  (Evans, 1966) and (NHy),Co,.
V100,5-16H,0 (Nowogrocki et al., 1997); these compounds are
isostructural. However, the overall structure of (I) differs from
the structures of these two compounds. The structure of
M MY V,,0,5-16H,0 consists of a [V10028]6’ anion, two
isolated octahedral [M"(H,0)4]*" cation groups, two M' ions
and four water molecules of crystallization. The cations and

water molecules surround the polyanion, forming hydrogen
bonds between them. Therefore, there is no direct connection
between the cations and the polyanion, in contrast with (I),
where the {[Na(H,O)3][Ni(H,0)c][Na(H,0);]}** trimeric
cation is bound directly to the decavanadate. This difference in
structures may be caused by the difference in size and beha-
viour of the monovalent cations. It is noteworthy that the
formula of (I) can be written as Na,Ni,V;(0,5-22H,0,
whereas that of the compounds mentioned above is MiIMY-
V100,5-16H,0; the different number of water molecules in the
formulae clearly plays an important role in the overall struc-
tural differences.

Experimental

V,05 (0.4652 g, 0.0025 mol) and 6 NaOH (5.0 ml, 0.03 mol) were
added to water (ca 20 ml). The mixture was stirred in an ice bath,
producing a clear yellow solution. To this solution, 30% H,O, (0.5 ml)
was added and the pH of the solution was adjusted to 4.10 with 6 M
HNOs;. The volume of the solution was then made up to 25 ml with
water. An aqueous solution of 1M Ni(NO;),-6H,O (5 ml, 0.005 mol)
was added to this solution, followed by the addition of ethanol
(7.5 ml). The final molar ratio of H,O,:V:Na:Ni was 1:1:3:1. Prismatic
green—orange crystals of (I) appeared after about 12 h, usually
together with prismatic deep-orange crystals, which were most
probably sodium decavanadate.

Crystal data
[Ni(H,0)q]o[Na(H,0)s],- Z=1
[V10025]-4H,0 D, =2404 Mgm™>
M, =1517.15 Mo Ko radiation
Triclinic, P1 Cell parameters from 25

a=10836(2) A reflections

b =12.606 (2) A 6 =16.8-17.5°

¢ =83310 (10) A w=315mm™"

o =93.19 (2)° T=293(2)K

B =99.83 (2)° Prismatic, green—-orange

y = 109.65 (2)° 0.50 x 0.18 x 0.05 mm

V =1048.1 (3) A’
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Table 1 .
Selected interatomic distances (A).
Nil—017 2.053 (5) V3—07 2.046 (5)
Nil—015 2.067 (5) V3—06' 2.323 (5)
Nil—016 2.107 (5) V4—012 1.602 (6)
Ni2—018 2.050 (5) V4—010 1.834 (5)
Ni2—019 2.062 (6) V4—03 1.866 (5)
Ni2—020 2.092 (5) V4—014 1.877 (5)
V1—-01 1.603 (5) V4—08' 2.062 (5)
V1—-02 1.810 (5) V4—06' 2.340 (5)
V1—-03 1.856 (5) V5-013 1.614 (5)
V1—04 1.984 (5) V5-011 1.817 (5)
V1—05' 2,022 (5) V5-014 1.822 (5)
V1-06' 2241 (5) V5—-04 1.995 (5)
V2—07 1.683 (5) V5—05 2.006 (5)
V2—08 1.695 (5) V5—06' 2219 (5)
V2—05 1.913 (5) Nal—O021B 2323 (16)
V2—04 1.941 (5) Nal—022 2.358 (7)
V2—06' 2.117 (5) Nal—023 2377 (6)
V2—06 2.125 (5) Nal—O1 2.395 (6)
V3—09 1.602 (5) Nal—0214 2.44 (4)
V3-010 1.826 (5) Nal—015 2.544 (6)
V3—011 1.879 (5) Nal—016 2.564 (6)
V3—02 1.897 (5)
Symmetry codes: (i) 1 —x,1—y, 1 —z.
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Data collection

Rigaku AFC-5R automated four- 3399 reflections with [ > 20(1)

circle diffractometer Ri, = 0.048
w/26 scans Omax = 30°
Absorption correction: ¥ scan h=0—15

(TEXSAN; Molecular Structure k=-17 — 16

Corporation, 1995) I=—-11—-11

Tnin = 0.553, Tpax = 0.854
6109 measured reflections
6109 independent reflections

3 standard reflections
every 200 reflections
intensity decay: 0.3%

Refinement

Refinement on F?

R[F? > 26(F?)] = 0.058

wR(F?) = 0.152

S =1.07

6109 reflections

301 parameters

H-atom parameters not defined

w = 1/[0*(F,?) + (0.0315P)*
+9.2497P]
where P = (F,” + 2F.%)/3
(A/0)max = 0.001
Apmax = 089 ¢ A3
Apumin = =081 e A™3

Data collection: MSC/AFC Diffractometer Control Software
(Molecular Structure Corporation, 1993); cell refinement: MSC/AFC
Diffractometer Control Software; data reduction: TEXSAN (Mole-
cular Structure Corporation, 1995); program(s) used to solve struc-
ture: SHELXS97 (Sheldrick, 1997); program(s) used to refine
structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPII (Johnson, 1976); software used to prepare material for
publication: SHELXL97.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: 1Z1023). Services for accessing these data are
described at the back of the journal.
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