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Introduction

Heteropolyanions with the general formula [XM,O0,]79~ (M
=W, Mo, Nb, V, ..; X=S8ij,P,B, Co, Fe, Cu, ...), known for
well over a century, constitute a large fundamental class of
inorganic compounds that in recent years have become of
increasing interest and relevance to several disciplines due to
their topological and electronic versatility.! Most of them have
discrete clusterlike structures of definite sizes and shapes formed
by closed and highly symmetrical networks of MOg octahedra
sharing edges, corners, or faces.

Structures of extended heteropolyanions showing chain- or
layerlike networks have been observed very rarely.>? Taking
advantage of the ability of polyanions to act as ligands, it is
possible to form cation—polyanion complexes of increasing
nuclearities which may exhibit low-dimensional structures. This
is the case of the complex formed from the heteropolyanion
[UMo1204;]3~ and Th**, in which the polyanion acts as a
hexadentate ligand forming chains of UMoj; units? linked by
Th**. A second example? is provided by the complex formed
from the isopolyanion (MogO2]®~ and Eu**. In this case, two
adjacent MogO»7 units are linked by two Eu3* ions to give an
infinite chain.

We report here a novel example of an extended heteropoly-
anion showing a chainlike structure: the cobalt-containing
heteropolyanion [(Co(H;0)4)2(H2W12042)1,6*". To our knowl-
edge, this is the first example in which the paradodecatungstate
[H,W1204;]1°" ion acts as a ligand.

Experimental Section

Preparation of Ks[CO(HzO)d2[H2W12042]‘14H20. This compound
was obtained as an insoluble pink material during the preparation of
salts of the substituted Keggin anion [CoCoW1,04]® following Baker’s
procedure.* By recrystallization of the impure potassium salt of the
Keggin anion in acid solution (pH = 5.50), pink-purple needle-like
crystals of this compound were deposited after several days and
separated mechanically from the olive green crystal cubes of [Ks-
(CoCoW;104]'17H;0. Thermogravimetric analysis (Perkin-Elmer
TGA 7) was used for the determination of water of crystallization
(7.2%). Anal. Found (calcd): K, 6.52 (6.46); W, 60.68 (60.79); Co,
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Table 1. Crystallographic Data for
Ks[Co(H,0)4]2[H;W1,04,]'14H,0

fw 3629.01 space gp P2i/n

a, A 14.990(5) T,°C 20

b A 10.352(7) wavelength, A 0.710 73
¢, A 18.760(5) #(Mo Ka), cm™! 252.62
B, deg. 93.08(3) R(F) 0.027

v, A 2907.1 Ru(F)b 0.038

z 2

“R = Z[|Fo| = |FeVZ|Fol. * Ry = [Ew(|Fo| = [F)ZwFo1"2. w
= 4FH[0¥(|Fo|) — (0.06|Fo/%)].

3.19 (3.28); H, 1.36 (1.28). Characteristic IR absorption data, v/cm™*
(KBr): 3399 vs, 1628 s, 937 5, 876 m, 699 m, 527 w, 495 m, 422 w.

X-ray Crystal Structure Determination. A crystal of approximate
dimensions 0.2 x 0.2 x 0.4 mm? was mounted on an Enraf-Nonius
CAD4 diffractometer equipped with graphite-crystal-monochromated
Mo Ka radiation (1 = 0.71073 A). The cell constants and an
orientation matrix for data collection were obtained from least-squares
refinements, using the setting angles of 25 centered reflections in the
range 10° < 26 < 18°. The intensities were collected using the 6—26
scan mode. The measurement of three standard reflections every 60
min revealed no intensity fluctuations. One set of reflections was
collected up to 26 = 52°. The intensities were corrected for Lorentz—
polarization effects, and an empirical absorption® was applied to
isotropically refined data. The structure was solved by direct methods
using MULTANS and the solution developed using full-matrix least-
squares refinement and difference Fourier syntheses. Anisotropic
thermal parameters were refined for all non-hydrogens atoms, except
one oxygen atom of the anion (O4), the four water molecules
coordinated to the cobalt, and the disordered water molecule (two
positions with occupancy factors 0.5), which are refined isotropically.
Maximum features in final difference Fourier syntheses: +2.01/—0.47
(the two most intense peaks found in the final difference Fourier
syntheses were less than 1.1 A from W). Scattering factors and
correction for anomalous dispersion were taken from ref 7. The
drawings were made with ORTEP? and STRUPLO.® All calculations
were performed with the MolEN programs!® on a Digital Micro VAX
3100. Crystal data and positional atomic coordinates are given
respectively in Tables 1 and 2.

Spectroscopic and Magnetic Measurements. IR spectra was
recorded on a Perkin-Elmer 882 IR spectrophotometer. EPR spectra
at 4 K where recorded with a Bruker ER 200D spectrometer equipped
with a continuous-flow cryostat. The magnetic measurements were
carried out with a magnetometer (905 VTS, SHE Corp.) equipped with
a SQUID sensor.

Results and Discussion

The presence of insoluble “pink cobaltous tungstates” during
the preparation of the cobalt(Il)-containing anion [CoCoW;;O4J8~
was already noticed by Baker et al., but the identity and
composition of this precipitate were unknown.* Single-crystal
X-ray analysis allows us to identify this precipitate as the
potassium salt of the polymeric anion [(Co(H20)4)(H:-
W20:2)1.8~. The structure of this anion is formed by
paradodecatungstate ions [H2W12042]'°~ linked by Co?* ions
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Notes

Table 2. Fractional Coordinates and Equivalent Isotropic Thermal
Parameters

atom X y z B Al
w1 0.16565(4) 0.11394(6)  —0.14736(3) 0.93(1)
w2 0.04049(4) —0.10113(7)  —0.23590(3)  1.03(1)

W3 —0.11683(4) —0.23958(6) —D.04494(3)  (.03(])
W4 —D07985(4)  0.1252((6) —0.12137(3)  0.88(1)
ws 0.10762(4)  —0.20097(6)  —0.04950(3)  0.84(1)
W6 024036(4)  0.01405(7)  0.03385(3)  0.97())
Co 0.1510(2) 0.46523)  —0.1191(2) 2.66(6)
Ol  —00684(7)  -0.044(1) —0.1632(6) 1.3(2)
02 —0.09327) 0.025(1) —0.0152(6) LL(2)
03 0.0182(8)  -0.084(1) —0.1260(5) 1.1(2)
04  —0.1121(7) 0.253(1) —0.0504(5) 0.0(2)*
05 —00074(7)  —0.259(1) —0.1996(6) 1.4(2)
06  —0.2123(7) 0.073(1) —0.1154(6) 1.2(2)
07 02347(7)  —0.135(1) -0.0209(6) 1.4(2)
08 0.2145(7) 0.114(1) —0.0538(5) 1.1(2)
09 0.1517(7) 0.172(1) 0.0789(5) 1.3(2)
010 0.0794(8) 0.071(1) —0.2265(6) 1.5(2)
ott 0.0371(7) 0.140(1) —0.0980(6) 1.3(2)
012 ~00108(7)  —0.21%1) ~0.0597¢5) 1.3(2)
013 0.1343(1)  —0.172(1) —0.2717(6) 17(2)
014  —~0.0328(7)  —0.082(1) —0.3089(5) 1.3(2)
oI5  —0.121%8)  —0.403(1) —0.1214(6) 1.72)
O16  —0.189%8)  —0.236(1) —0.2208(6) 1.8(2)
017  —0.0966(8) 0.217(1) —0.1983(6) 1.7(2)
018 0.2588(7) 0.063(1) —0.1898(6) 1.5(2)
o1 0.353%(8) 0.038(1) 0.0505(6) 2.0(3)
020 0.1457(8)  —0.346(1) —0.0836(6) 1.5(2)
021 0.1642(8) 0.280(1) —0.1614(6) 1.4(2)
022 0.2756(7) 0.505(1) —0.1463(5) 0.9(2)*
023 0.201(1) 0.394(1) ~0.0196(7) 2.903)*
024 0.1004(9) 0.531(1) —0.2223(7) 2.3(2)*
025 0.0242(9) 0.438(1) —~0.0826(7) 2.5(3)*
K1 —0.2024(3) 0.0332(5) 0.7129(3) 2.0(1)
K2 —0.3876(3) 0.1764(5) 0.8443(2) 3D
K3  —04673(3) 0.1998(S) 0.2075(3) 34(1)
Olw  —0.2036(9) 0.231(1) 0.1769(7) 29(3)*
O2w  0.224(1) 0.117(2) 0.4081(8) 434y
O3w  0.368(1) 0.049(2) 0.2316(9) 47(4y*
Od4w  0.891(1) 0.192(2) 0.618(1) 6.1(5)*
Osw  0.430(2) 0.176(3) 0.896(2) 11.5(9)*
06w 0.539(2) 0.082(3) 0.076(2) 11.4(9)*
Otw 0421} 0.725(5) 0.008(3) 9(1)*
Ofw  0.398(3) 0.485(5) ~0.010(3) 8(1)*

¢ Starred values are for atoms refined isotropically. Anisomopically
refined atoms are given in the form of the isotropic equivalent
displacement parameter: By, = Yi[a?By1+ B*Bun+ciBut ablcos y)b
+ ac(cos BBy + be(cos a)Baal.

to yield a polymer chain running parallel to the [010] direction
(Figures 1 and 3).

In this salt, all the counterions are potasstum ions (three
crystallographically independent sites K1, K2, and K3) which
are coordinated to three water molecules and to three oxygen
atoms belonging to two paratungstate ions from two neighboring
chains.

The structure of the paradodecatungstate ion [HaW ;204,110
is similar to that reported for (NHs)1o[HoW12010)-10H:0.!} This
1on is centrosymmetric and consists of four comer-sharing
groups of two types, each type containing threc edge-sharing
WO, octahedra (Figure 3) in which the W atoms define an
equilatera) mriangle (angles of 59.61, 59.79, and 60.60°) or an
angular open trimer (angle Wga.—Wecnrat—Wege = 115.72°);
in the triangular type the octahedra have onc unsharcd oxygen,
while in the angular type the octahedra have two unshared
oxygens. The two open tnimers are well separated (the minimal
W—W distance is 5.72 A). Tungsten—oxygen distances are

(11y AlMlmann, V. R. Acta Crystallogr. 1971, B27, 1393. Evans. H. T:
Rollins, Q. W. /bid. 1976, B32, 1565.
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Figure 1. Polyhedral representation of the [(HaW(:0:,))'"" anion
showing the coordination to the four cobalt(Il) octahedral sites and the
infinite chain along the [010) direction. Black points represent the
oxygen atoms coordinated to cobalt(ll).

Figure 2. ORTEP drawing of the structure of the Ks[Co(H,0)4l2-
[H2W12042]'14H10 with atomic numbcl’ingA

divided into four groups: (i) tungsten—terminal oxygen, 1.72—
1.75 A; (ii) tungsten—oxygen linked to cobalt, 1.74 A; (i)
tungsten—bridging oxygen, 1.79—2.21 A; (iv) tungsten—internal
oxygen common to three tungsten atoms, 1.89—2.32 A. Inthe
polymer chain this polyanion acts as a tetradentate ligand
coordinating the cobalt(II) ions through the terrminal oxygen
atoms (Figure 2) of four nonadjacent WOs octahedra; two
oxygens belong to the two opposite triangular units, and the
other two, to two terminal octahedra of the angular trimers (see
Figure 1).

The coordination site of the cobalt ions i1s a distorted
octahedron formed by two oxygen atoms in trans positions from
two paratungstate groups and completed by four water mol-
ecules. The six cobalt—oxygen distances are close: Co—0 =
207 A and Co—OH, = 2.10 A. In the chain the cobalt ions
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Figure 3. The paradodecatungstate ligand showing the coordination
polybedra and the four comer-sharing groups.

are well separated, with cobalt—cobalt distances longer than 4
A. This fact leads 10 a good magnetic isolation of Co?* as
demonstrated by the magnetic measurements and EPR spectra.
Thus. a nearly constant value of yex = 4.2 g is observed in
the range of temperatures 4—300 K. On the other hand, powder
EPR measurements at 4 K show a rhombic spectrum with
signals at g, = 6.0, g2 = 4.2, and g3 = 2.8, which arc close to

Notes

those found in other octahedral CoQO4 chromophores.!? Finally,
it should be noted that the topology of the metal cations in the
chain is similar to that reported for ((Eu(H20)s),(Mo0gO27], since
in both chains the polyoxometalate units are linked by twa metal
cations. However, the coordination mode of the polyoxometa-
late higands is differept. Thus, while the 9-coordinate europium
ion is linked by two oxygen atoms of a MogO,7 unit and one
oxygen atom of a neighbouring unit, in the title compound each
cobalt ion is coordinated to two terminal oxygens belonging to
two neighboring paratungstate ions.
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