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We have been characterizing special group 13 metal-oxide (a)!
(b)!
clusters that contain hydroxo-bridged ligands and have a
structural
formula
of
[M13(µ3-OH)6(µ2OH)18(H2O)24](NO3)15, where the metal, M, is typically Al
or Ga. We call these “M13” clusters, as a shorthand name.
The clusters all possess a flat tridecameric metal-oxide
arrangement where the metal atoms are in (distorted) sixcoordinate geometry. Since the clusters are composed of
quadrupolar nuclei (such as aluminum or gallium, nuclear spin
3/2, respectively), (e)!
these can
(c)! I = 5/2 and (d)!
present a substantial challenge in acquiring high resolution NMR spectra.
Combining high field magnets (13.9T and 21.1T) with ultra-fast spinning (33kHz and 62.5kHz), the
characterization of the pure gallium [Ga13(µ3-OH)6(µ2-OH)18(H2O)24](NO3)15 cluster was recently reported.1
ring!
core!
This study has now been augmented with CASTEP calculations to examine
the EFG’smiddle
of the
metal sites.outer ring!
There are mixed metal analogues containing gallium and indium with substitution of specific sites by In of
the same type: [M13-xInx(µ3-OH)6(µ2-OH)18(H2O)24](NO3)15 with compositions that span the range from
M12In1, M11In2, to M7In6. The clusters are capable of being prepared on a gram scale from aqueous solution
syntheses2, and structural studies via 69Ga NMR of a series of these has also been published recently3. With
the possibility of multiple isomers, the use of first principles calculations has been employed to help
elucidate the resulting NMR lineshapes of the heterometallic clusters.
The cluster solutions can be easily spin-coated onto substrates to produce high-k-dielectric thin films.4 Under
certain conditions, the resulting films have an almost atomically flat surface which contains little to no
defects, making them strong candidates for thin film applications. Monitoring the coordination environment
and characterizing the metal sites allows for important structural information to be gained on understanding
the transformation of the cluster precursors to thin films. Preliminary thin film data will be presented on this
system as well.
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