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Abstract

In the title salt, CoNa3[IMo0¢O74]-14H,O, the anion has
the Anderson structure with crystallographic 3m sym-
metry. The unique cation site is occupied by disordered
Na* and Co?* ions. The I—O bond length is 1.890 (4) A.
There are three types of Mo—O distances at 1.711 (4),
1.933 (2) and 2.352(3) A, corresponding to terminal O
atoms, O atoms bridging to other Mo®* ions and those
bridging to I’* ions, respectively. The anions form lay-
ers perpendicular to the ¢ axis which are separated by
double layers of cations.

Comment

The present study was undertaken as part of an investi-
gation of the interaction of transition metals with poly-
oxometalate anions. Elemental analysis indicated one Co
atom per six Mo atoms and the structure determination
was performed to elucidate the role of cobalt in the salt.

The resulting structure (Fig. 1) reveals [IM0gO24]°~
anions with crystallographic 3m symmetry. The anion
has the well known Anderson structure (Pope, 1983),
consisting of a central octahedron surrounded in a
planar fashion by six additional octahedra. The anion
is surrounded by cations above and below the plane of
the anion. The anion structure was originally proposed
for [IMogO241°~ and similar hexametalates (Anderson,
1937) and later confirmed for [TeMogO,4]®~ (Evans,
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1948). For a review of the history of these and other
polyoxometalates, see Baker & Glick (1998). Recent
structural determinations of similar salts include [NH4]4-
[Zn(OH)sMogO)3]-6H,0 (Allen er al., 1997) and [Ga-
(H,0)61[Co(OH)¢MosO, 5] (Panneerselvam er al., 1996).
These salts contain protons on the triply bridging O
atoms, which is typical for Anderson ions with central
atoms having a charge of +3 or +2.

Fig. 1.
showing the numbering scheme. Anisotropic displacement ellipsoids
are shown at the 50% probability level.

View of the utle compound, perpendicular to the ¢ axis,

1T
1T

Fig. 2. Polyhedral representation of the title compound; vertices
represent O atoms.
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12 CoNa3 [IM06024]- 14H20

The structure of Ks[IMogO»4]-5H20 has been re-
ported previously (Kondo et al., 1980). The interatomic
distances and angles for the anion are essentially the
same as reported here. Two other Anderson struc-
tures have been reported in the R3m space group:
K¢Nay [Mn'YWe0,4]-12H,0  (Sergienko et al., 1979)
and K¢Nap[PtY W¢0,41-12H,0 (Lee et al., 1984). These
structures have two crystallographically distinct cation
sites in contrast to the present structure which contains
a unique cation site. The elemental analysis and charge-
balance requirements suggest that, on average, the cation
site is two thirds occupied by both sodium and cobalt
in a 3:1 ratio. Refinement of this model was successful.
The packing of the structure consists of [IMogO24] ™
anions in layers perpendicular to the ¢ axis. These lay-
ers are separated by double layers of cations to form a
BABBAB pattern.

Experimental

MoO; (43.2 g, 0.3 mol) and Na,CO; (10.6 g, 0.1 mol) were
added quickly with stirring to a slurry of NalOs (10.7 g,
0.05 mol) in 50 ml water. Most of the solid dissolved and
the final pH was 6. The solution was filtered and allowed
to evaporate. After two days, 41 g of Nas[IM0¢O:4]-16.5H.O
was collected. The sodium salt was recrystallized twice from
hot water. To a fresh slurry of this material (7.5 g, 5 mmol)
in 20 ml water was added CoCl>-6H,O (1.19 g, 5 mmol). The
mixture was adjusted to pH 6 with acetic acid, stirred for
5 min and then refluxed for about 30 min. The solution was
filtered while hot and allowed to evaporate. After two days,
6.2 g (78.8% yield) of crystals were collected, some of which
were suitable for structural analysis. Elemental analysis (%)
found (calculated) for Na;Co[IM0O2:]-14H>O: Na 4.3 (4.7),
Co 3.1 (4.0), Mo 38.5 (39.3), H,0 18.1% (17.2%).

Crystal data

CoNa3;[IMo0¢0,4]-14H,0 Mo Ka radiatgon

M, = 1466.66 A=071073 A

Trigonal Cell parameters from 8108
R3m reflections

a=11.8769 (1) A
¢ = 23.0394 (4) A
V = 2814.54 (6) A®
Z=3

=2.596 Mg m~>
D,, not measured

Data collection

Siemens SMART CCD
diffractometer

w scans

Absorption correction:
semi-empirical from
equivalents (Blessing,
1995)
Tmin = 0.40, Trax = 0.51

9368 measured reflections

f=217-28.23°
p=334mm™'
T=228(Q2)K
Rhomboid

0.32 x 0.26 x 0.20 mm
Pink

854 independent reflections
795 reflections with

1> 20(])
Rin = 0.024
Omax = 28.23°
h=-15 - 15
k=-15-15
l=-30 — 30

Intensity decay: none

Refinement
w = U[o*(F2) + (0.05P)
+ 32.80P]
where P = (F2 + 2F3)/3
(A/O')max < 0001
Apmax = 1.75 ¢ A'
Apmin = —121 e A™?
Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)

Refinement on F?

RIF* > 20(F)] =

wR(F?) = 0.102

S=1.17

854 reflections

50 parameters

H atoms were not included
in the refinement model

0.033

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

ch = (1/3)212,U'ja’o’a,.aj.

X ¥ 2z Ueq

1 0 0 0 0.0165 (2)
Mo 0.28020 (4) 0 0 0.0256 (2)
Nat 0.56784 (15) 0.1357 (3) 0.11689 (14) 0.0432(7)
Cof 0.56784 (15) 0.1357 (3) 0.11689 (14) 0.0432(7)
Ol 0.0769 (2) —x —0.0449 (2) 0.0233 (8)
02 0.1580 (2) —x 0.0396 (2) 0.0295 (9)
03 0.3956 (4) 0.0611 (4) 0.0534 (2) 0.0424 (10)
o 213 173 0.0548 (4) 0.049 (2)
ow 0.4733 (3) ~0.0534 (6) 0.1767 (2) 0.0521 (14)
o3w 0.7638 (2) 1 —x 0.1694 (2) 0.0410(13)

1 Site occupancy = 0.50.  { Site occupancy = 0.17.

Table 2. Selected geometric parameters (A °)

I—01 1.890 (4) Na—O03 2,301 4)
Mo—O03 1.711 (4 Na 03w 2.352(4)
Mo—02 1.933(2) Na—O2W 2.383 (N
Mo—O1 2.352(%) Na—O1wW 2.485(7)
O1'—1—01 87.1(2) 03" —Mo—0!1 92.9(2)
01"—1—01 92.9(2) —Mo—O0lI 72.80 (12)
Ool1—I—01" 180.0 02—Mo—O01" 81.58 (15)
03—Mo—03" 107.8 (2) 0O1—Mo—01"* 67.3(2)
03—Mo—02 97.2(2) [—01—Mo 102.80 (13)
03" —Mo—02 100.8 (2) Mo—O1—Mo' 90.06 (14)
02—Mo—02" 149.2 (2) Mo'—02—Mo 118.8 (2)
03—Mo—O01 158.6 (2)

Symmetry codes: (i) ¥, —x + ¥, —2
(lV) X—=Y,—y

(1) —y, x — ¥, 5 (i) —x, =y, =2
= (V)x =y x,—2

Crystal decay was monitored by recollection of the first 50
frames after data collection was complete. The data were
corrected for absorption and other systematic errors (Blessmg,
1995). Three peaks had absolute values greater than 1.0 e A3

in the final difference Fourier synthesis, with values of 1.74,
1.19 and —1.21e A3, The first two were 1.42 and 2.66 A
from O2W, respectlvely, and the last (negative) peak was
0.84 A from the I atom.

Data collection: SMART (Siemens, 1996). Cell refinement:
SAINT (Siemens, 1995). Data reduction: SAINT. Program(s)
used to solve structure: SHELXS86 (Sheldrick, 1990a). Pro-
gram(s) used to refine structure: SHELXL93 (Sheldrick, 1993).
Molecular graphics: SHELXTL (Sheldrick, 1990b). Software
used to prepare material for publication: SHELXTL.
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Abstract

The structure of KAuBrs, previously reported to be
an isotype of KAuCly, has been determined in the
centrosymmetric space group P2;/c. The monoclinic cell
contains four Au atoms (two Aul and two Au2). The
AuBr4 anions are nearly square planar, with oAul—Br
bond lengths of 2.4096 (15) and 2.4146 (15) A, Au2—
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Br bond lengths of 2.4016 (17) and 2.4172(15) A, and
Br—Au—Br angles of 90.31 (5) and 90.87 (6)° for Aul
and Au2, respectively.

Comment

X-ray powder diffraction studies of anhydrous KAu-
Cl;_,Br, (0 < x < 4) solid solutions (Omrani, 1979)
have demonstrated that these compounds are isotypes
of potassium tetrachloroaurate(IIl) and potassium tetra-
bromoaurate(Ill). For anhydrous KAuCly, the space
group (P2/c) and cell parameters were originally re-
ported by Cox & Webster (1936). A complete crystal
structure determination of the KAuCl, compounds was
recently published by Jones & Bembenek (1992). In
the present work, we report the crystal structure de-
termination of the KAuBr, compound. KAuBr, crystal-
lizes in the monoclinic system in the P2,/c space group.
Both Au atoms lie on centres of symmetry (Fig. 1). The
AuBr4 anions are thus exactly planar. There is only one
independent K atom; it is coordinated by nine Br atoms
at distances in the range 3.274 (4)-3.756 (4) A.

Br3

Br4

Bra¥

Br3¥

Fig. 1. View of KAuBr4, with displacement ellipsoids shown at 50%
probability levels.

Experimental

Crystals of KAuBr, were prepared by dissolving commercial
powders of KAuBrs (Fluka ‘purissiumum’) in aqueous HCI
(M/10). The solution concentration was 0.005 mol 1=' in
KAuBr; and the solution was slowly evaporated in a furnace at
353 K. After complete crystallization, dark brick-red crystals
were obtained and were kept in a desiccator over P4Oy. A
single crystal was then sealed in a Lindemann glass capillary.

Crystal data
KAuBr4 Ag Ko radiation
M, = 55571 A =0.5608 A
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