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Developing predictive design strategies to prepare inorganic

cluster compounds has attracted much research interest, due in part

to the potential applications of these novel matedatdNVe present
a potentially new synthetic strategy for preparing discrete inorganic

clusters, and we use this strategy to prepare the first crystalline

example of an inorganic tridecameric Ga cluster. By using Ga-
(NO3)3(H20)6 as a nitrate source for the conversion of nitrosoben-
zene to nitrobenzene, which is known to proceed using nitric acid,
robust crystals of the nitrate-deficient gallium cluster {§&&-OH)s-
(#-OH)15(H20)24](NO3)15 are formed. To the best of our knowledge,
this is the first synergistic use of a simple organic reaction to
mediate the formation of a polynuclear inorganic cluster compound.
Studies on polycationic metal oxo- and hydroxo- aggregates of
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Figure 1. Polyhedral (a) and ball-and-stick (b) representations of the crystal

gallium and aluminum have centered around understanding their structure of the polycation [Ge{uz-OH)s(t2-OH)18(H20)24] 15*.

environmental impact (e.g., soil science, water treatnfen),
determining their biological relevance (e.g., toxicity and transport
of metallic species}®and preparing new materials (e.g., catalysis,
magnetism, porous solids}.12 In this context, agueous complexes
of gallium(lll) have received less attention than their aluminum
counterparts, largely due to difficulties in preparing stable single
crystal forms of these clustet<Solid-state and solution investiga-
tions on the formation of inorganic gallium clusters reveal that the
majority of the compounds are polyoxycations based upon the

of this reaction, in which nitrate oxidizes nitrosobenzene at a slightly
acidic pH29-22|n effect, as a result of consumption of some of the
nitrate counterions of Ga(Ng», the remaining gallium-containing
species must form a higher nuclearity cluster where the ratio of
nitrate to gallium(lll) is less than 3:1. In this case, the stoichiometry
descends to 15:13. In this redox process ong; Glaster must be
producedper 24 nitrosobenzene molecules oxidized.

The crystal structure of the mixed hydroxo/aquo clusteveals

modified Keggin structure, which possesses octahedral peripheralthat the compound does not crystallize as the modified Keggin

gallium cations bridged to a central tetrahedral Ga{ff: While

structure seen in the related;Abr MAI 1, clusterd324but rather is

the presence of chelating organic ligands stabilizes a range of similar to Gaj clusters stabilized by supporting ligands, where the

polynuclear clusters and allows for their crystallizatiéri15the
structural characterization of purely inorganic Ga(lll) clusters
analagous to the Ad clusters is lacking.1® We report the single-
crystal structure of an inorganic Gecluster1!’ prepared using a
simple organic reaction to drive the formation of the crystalline
inorganic cluster.

Robust crystals up to 15 niin volume of [Gaas(us-OH)s(u2-
OH)15(H20)24(NO3)15:6H,0, 1, (Figure 1) were obtained from slow

central gallium is octahedral, not tetrahed®Each tridecamer
consists of a central Ga(lll) bridged via hydroxyl groups to six
surrounding gallium cations forming an inner core of seven edge-
shared Ga(Q)polyhedra. The six inner polyhedra are further vertex-
shared to six peripheral tetrahydrated Ga(lll) ions generating a
disklike compound with an effective diameter of ca. 1.81 nm and
a thickness of ca. 1.03 nm. The central, inner Ga(lll) lies at a special
position on the 3axis of the unit cell and is coplanar with respect

evaporation at room temperature of a methanolic solution of {g the six surrounding edge-shared Ga(@lyhedra (mean plane

hydrated Ga(Ng)s in the presence of nitrosobenzeddn this

deviation of 0.06-0.07 A). The distances between edge-shared

process the nitrosobenzene acts as a scavenger of nitrate ions an&allium cations and the corresponding oxygen ataif@a—us-

facilitates the nucleation of Gaclusters via a redox process in
which the nitrosobenzene is oxidized into nitrobenzene with
concomitant reduction of some of the nitrate counterions. High-
pressure liquid chromatographynass spectrometry (LC-MS) and

OH) are in a range of 1.96 to 2.15 A. The six external Gg(O)
polyhedra are bonded to the inner core of seven Ga(lll) each via

two vertexes with corresponding distan@&a—u,-OH) of 1.91
to 1.92 A. The peripheral Ga(lll) are each coordinated to four water

IH NMR spectroscopic data prove that nitrobenzene is indeed ligands with distances(Ga—OH,) in a range of 1.98 to 2.01 A.

formed in the crystallization proce$%Furthermore, it is known
that nitric acid can oxidize nitroso derivatives into the corresponding
nitro compounds; this procedure simply represents a milder form

T University of Oregon.
* Chemica Technologies, Inc.
§ Academy of Sciences of R. Moldova.
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The peripheral tetrahydrated gallium centers deviate from the
mean plane of the inner core formed by the seven edge-sharing
cations by ca. 30 and they are positioned alternatively above and
below the plane of the Gaore. The main difference with respect

to the structure of [A(OH),4(H20)24]Cl 15 13H,0 lies in the crystal

packing adopted by (Figure 2): the Gg clusters crystallize in a

10.1021/ja043520t CCC: $30.25 © 2005 American Chemical Society
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Figure 2. Crystal packing of the polycations [Gfus-OH)s(u2-OH)1g-
(H20)24)*%" in 1 representing the stacking of sheets in an ABCABC mode
orthogonal to the-axis (a) and orthogonal to thyeaxis (b); hydrogen atoms,

nitrate counteranions, and uncoordinated water molecules have been omitted

for clarity.

hexagonal array. The polycationic units arrange in layers parallel
to [001] and repeat in an ABCABC mode along thaxis with an
interlayer separation of 6.12 A. Clustiris a highly hydrophilic

compound with a surface lined with hydrogen bond donors and
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In the structure of the related aluminum tridecamer reported by Seichter

et al.16 not all hydrogen atoms positions could be determined. Therefore,

charge balance considerations based on the number of chloride counterions

were used to determine the number of hydroxo versus aqua ligands, and
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were located in the Fourier difference map, corroborates this result.
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