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Description of Research Program
My research program is broadly focused on the properties and reactions of inorganic complexes and the
directed synthesis of new nanostructured materials and catalysts.

Nanostructured Building Block Solids

We are currently developing the chemistry of the silicate
cube, SigOy. As shown in accompanying illustration, this
building block consists of a cube with silicon at the corners and
bridging oxygens along each of the 12 edges. FEight additional
terminal oxygen atoms extend out from the body of the cube, one
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building block
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The SizO, group is one of the most easily synthesized soluble 003  ~TA
silicates known. We have recently developed several new S
methods of attaching functional groups to this cube and have
Building block catalysts based on the
Siz0,, cube begun to explore its inorganic and organometallic
c..cgi‘/” o Af u chemistry from a number of perspectives. The
Ccll_\:‘j' SigOyy cube can be thought of as a new molecular

platform from which to prepare dentritic or
“starburst” polymers. We are currently investigating
the incorporation of cube into novel metal oxide
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tn MCIX c ’geé(l t.’?’l.,lF m:(M > m=ci matrices such as SigO,y [MCl,]x where M = Si, Al,
bt al, Ti, V, Cr, W, Sn. The catalytic properties of these
SigOy(SnMeg);  MCI, = PCl,, PCI,, o are many other possible combinations of this cube
= Snifle, AICl,, SiCl,, SnCl, with metal oxides are currently under investigation.
“tin cube” FeCl,, TiCl,, VOCI,, VCI,, WCl, Dinuclear (Tiy} building block catalysts ﬂ
Nanostructured building block matrices as 0\ / \ / CI ﬂ \ , N ,
heterogeneous oxidation catalysts CI—/ \ / " ﬂ , \0, \ ﬂ
An extension of the building block concept involves Cl L/ = SnR, \-/
linking different types of building blocks together to make 1) crass linking
completely new catalysts. As shown here, there are many 2 calenation
polynuclear metal oxo complexes such as the Ti,-alkoxide
that can be linked together with the “tin cube”. Between
these two approaches to building block syntheses, we
believe that we can prepare single site, monodispersed e oo
functional groups on silica supports with virtually any o"'Tli_T |
nuclearity desired. This would be a fundamental advance- 0—i~o °o—J°
ment in the area of heterogeneous catalysis. cici o



Members of my group are exposed to a wide variety of synthetic and spectroscopic techniques. Synthetic
techniques include the preparation and handling of the air sensitive organic and organometallic complexes and
materials on vacuum lines and inert atmosphere boxes. All manner of spectroscopic techniques are utilized in the
characterization of the complex s and materials we prepare. Surface area and EXAFS (Extended X-ray Absorption
Fine structure) spectroscopic are used for sol-gel and solid state materials. NMR spectroscopy is of fundamental
importance in the research preformed by the members of my group — from solid state to solution, multinuclear,
multidimensional, variable temperature. X-Ray crystallography is also frequently called upon as a final
determination of the structure for discreet complexes or crystalline materials.

Finally, after synthesis and characterization  mzscarmer. e e -
we also test our catalysts in a variety of reactions 1
including solid acid catalysis, selective oxidation MFCs |
reactions and olefin polymerizations. We have
constructed a gas phase flow micro reactor for ] Saturators
some of our selective oxidation work. A sche- e e - - _':
matic illustration of the reactor is shown here. Analyzer :
The projects described above are intended to m?;nsns‘:;l‘;e I
give students some insight into both ongoing - ——— .
research as well our general fields of interests. In . -
addition to technical and theoretical training, GC vent e Vent
students learn how to frame scientific arguments T4 ' Multiport
and strategies in designing and conducting — |- 1 switching valves
research as well as present their results in public Temperature

§c1ent1ﬁc forums. Students interested in research programmable
in my group are encouraged to consult with myself  catalysis tube reactor
and my research students.
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