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The first polyoxomolybdenum carbonate has been
synthesized and its single crystal structure as well as its
IR, UV-vis and *C NMR spectra have been determined.

The design and synthesis of polyoxometalates have generated
significant interest not only for their molecular and electronic
structural diversity, but also because of their significance in
quite diverse disciplines, e.g catalysis,! medicine,! materials
science! and molecular magnetism.” There has been a great
deal of research activity aimed at the polyoxomolybdenum-
derivatives with inorganic ligands,such as phosphates,® arsen-
ates,* halides,’ nitrosyls® ezc. Among these derivatized polyoxo-
molybdates containing inorganic components, there are no
such examples with carbonate as inorganic ligand. This is
unexpected since the environmental impact of the industrial
CO, output has led to a greater interest by environmental
chemists, geochemists, oceanographers and biologists in the
applied aspects of metal-carbonate chemistry.® Herein we
describe the synthesis and structural characterization of the
first polyoxomolybdenum carbonate compound 1, containing
six molybdenum(v) atoms arranged in a planar circular array
with MoY-Mo" single bonds alternating with long MoY-Mo"
nonbonding contacts and templated by a p,-CO,*~ anion.

A saturated aqueous solution (~20 mL, pH = 9) of
NH,HCO; (~82 mmol) was added in one portion to a stirred
solution of MoYCl; (1.7 mmol) in ~8 mL (pH ~ 0) concentrated
HCI-H,O (1 : 2 v/v). Upon addition of NH,HCO, the dark red
colour of the solution immediately changed to light red and
an orange-brown precipitate was formed and the pH of the
solution changed to ~8. The solution was filtered and red
well-shaped hexagonal crystals of 1 suitable for single-crystal
X-ray structure analysis were obtained by vapour diffusion of
methyl alcohol into the filtrate. { Yield, 0.05 g (15%) based on
molybdenum. The electronic spectrum of 1 in H,O consists of a
shoulder in the visible and two peaks and a shoulder in the
ultraviolet region, namely: A, /nm (e,/M~' cm™'); 446 (sh)
(185), 302 (12950), 218 (sh) (28400), 193 (35100). The infrared
spectrum of 1 exhibited bands at 3132s (br), 1540s, 1456s,
1400s, 1328s, 1099s, 966s [W(Mo=0)], 831m, 730s, 517w, 489m
and 396w cm™'. With reference to the vibrational frequencies of
the carbonate ion in the free” and coordinated states,” the
infrared data suggested that the carbonate groups in 1 were
involved in at least two different modes of coordination.

The low yield (15%) in the synthesis of 1 is probably due
to the high solubility of 1 in water. However, we succeeded
in isolating the crystalline polyoxomolybdenum(v)-carbonate
derivative in significantly higher yield (32%) in the presence
of high electrolyte concentrations (NaCl ~ 0.8 M), which
presumably reduces drastically the solubility of 1.8
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Fig.1 Molecular drawing of 1.

The molecular drawing of the anion of 1 as well as its
ORTEP plot are shown in Figs. 1 and 2 respectively. The
main structural unit in 1 is a [(Mo,"0,);(CO;*"),(OH),]*"
cluster, which has a three-fold axis passing through C(1).
The six molybdenum(v) atoms lie in a plane in a pseudo-
hexagonal arrangement and display alternating bonding and
nonbonding Mo—Mo contacts. There are four carbonate groups
in 1. Three of these carbonate groups are on the periphery of
the cluster and each has a terminal oxo-group, while the unique
central carbonate group, which defines a plane parallel to and
above (0.94 A) the Mo, plane provides three p-oxygen bridges
so as to join each pair of molybdenum(v) centers. There are two
crystallographically independent molybdenum atoms in an
asymmetrical unit, as shown in Fig. 1. The two molybdenum
atoms have identical coordination environments and each is
coordinated in a severely distorted octahedral geometry
(ignoring the MoY-MoY interaction), by two p-O*", one u-OH™
and two carbonate (one p- and one pg-) oxygen atoms as well
as an oxo group. The carbonate groups (3u- and one pg-) and
the three “syn” p-O*" oxygen atoms lie on one side, and the
terminal oxo, the three “anti” n-OH™ and the remaining three
“anti” u-O*" oxygen atoms on the other, such that the
[(Mo0,Y0,),(CO;*),(OH),]’" cluster takes the shape of an
adorned crown. The three symmetry related (Cj; axis) H atoms,
H(60), H(60A) and H(60B) hydrogen-bond to O(4"), O(4A")
and O(4B’) of an adjacent anion to give a centrosymmetric
six-fold hydrogen bonded dimer (Fig. 3).

All the known molybdenum compounds, which contain the
hexanuclear planar Mog-polyoxo unit, have been synthesized in
acidic aqueous media*>'* and hydrothermal techniques were
most commonly used to prepare such compounds.®® Thus, the
preparation of 1 in alkaline aqueous medium represents the
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Fig. 2 ORTEP! plot of 1. View down the three-fold axis in the
[(M0,Y0,);(CO;*"),(OH"),]*" anion. The ring of six edge-sharing
MoYOy octahedra are bridged internally [C(1)] and externally [C(2),
C(2A) and C(2B)] by carbonate anions. Displacement ellipsoids are
plotted at 50% probability level. Averaged bond lengths (A): Mo=0,
1.674(4); Mo-O(u-0*"), 1.948(4); Mo-O(u-OH "), 2.094(3); Mo-O(u-
C0O;%), 2.070(4); Mo—O(us-CO;*7), 2.355(3); Mo(1)-Mo(2), 2.5884(6),
Mo(1)-Mo(2B), 3.548(6); C-O(terminal), 1.212(8); C-O(u-CO;*"),
1.301(6); C-O(ue-CO;*), 1.284(4).

Fig. 3 Drawing of the {[(Mo0,70,);(1-CO;*)(u-CO;*)5(u-OH )1},
dimer. Hydrogen bonds connecting the two anions are shown as broken
lines. Mo, light grey; C, grey; O, dark grey; H, white.

first example of isolation of planar (Mo,"0,); polyoxo unit in
such an environment and of course under very mild conditions.

Compound 1 is diamagnetic and EPR silent but NMR active.
In D,O solution, the *C NMR spectrum of 1 showed two
major peaks at 160 and 165 ppm with a 1 : 3 intensity ratio,
together with three minor resonances at 160.5, 164.5 and 165.5
ppm. The two major peaks were assigned to the pg- and
u-bridged carbonates respectively. The minor resonances are
tentantively attributed to decomposition products. The “C
NMR spectrum of 1 in D,O containing eight equivalents of
Na,CO, showed that none of the three minor resonances were
due to the free carbonate anion and in addition their intensity
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was substantially reduced compared to the intensity of the two
major peaks.

In conclusion, we have prepared, under mild conditions,
the first polyoxomolybdenum carbonate compound, by simply
mixing MoYCly with NH,HCO;. In marked contrast to all
planar Mog" oxometalates, which were prepared in acidic
aqueous solutions, compound 1 was isolated in aqueous
alkaline solution. The preparation of 1 further emphasises the
great ability of the seemingly pedestrian carbonate anion to act
as a template in the self-assembly of metal-anionic aggregates.
Efforts to synthesize and characterize various polyoxo-metal
carbonate compounds are in progress.
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Notes and references

I Crystal data for 1: (NH,)[(Mo0,"0,);(CO;*"),(OH");]-0.5CH,OH:
C,sHysMogNsO,,5, M, = 1164.94, rhombohedral, space, R3, a =
21.9946(4), ¢ = 12.4171(4) A, V = 5202.1(2) A%, Z = 6, peye = 2.231 g
cem™, T =293(2) K. Of the 7650 reflections collected, 1654 symmetry-
independent reflections were used to solve the structure. Based on all
these data and 142 refined parameters R1 = 0.0560 (all data), wR2 =
0.1831, and goodness-of-fit on F?* is 1.059. Data were collected on a
Siemens SMART system. A crystal of dimensions 0.10 x 0.10 % 0.10
mm® was sealed in a glass capillary with the mother liquor to avoid
decomposition. CCDC reference number 171184. See http://
www.rsc.org/suppdata/dt/b1/b108430p/ for crystallographic data in
CIF or other electronic format.
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