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Final Report
March 31, 2006

Structure and Energetics of Macromolecular Systems: POSS, Metal Clusters and
Other Oligomeric Molecules

AFOSR Grant F49620-03-1-0046

Michael T. Bowers
Department of Chemistry and Biochemistry

University of California
Santa Barbara, CA 93106-9510

I. Progress has been made on the objectives listed below since the grant was initiated on
January 1, 2003. Work that was discussed in previous reports (Sept. 1, 2003, Sept 1,
2004 and Sept. 1, 2005) will not be repeated here. In addition, a renewal proposal was
submitted in February, 2005 that both summarized work completed and gave updated
descriptions of work in progress. That work also will not be repeated here. Only new
work initiated or completed since September 2005 will be discussed.

11. Objectives

A. Structure and Characterization of Polyhedral Oligomeric Silsesquioxanes (POSS)

B. Organic Oligomers
C. Metal Clusters: Structure and Ligand Energetics

I11. Progress and Accomplishments

As noted above, there have been detailed annual reports filed giving progress up to
September, 2005. Here we will briefly summarize work done between September 1 and

December 31, 2005.

A. POSS

We have nearly completed studies on a series of R;T3-POSS monomers, in which fluoride
ion is trapped in the POSS cage as demonstrated by both NMR chemical shifts and mass
spectroscopy. These derivatives are prepared easily by reacting equi-molar amounts of the
neutral POSS with tetramethylammonium fluoride in THF under rigorous anhydrous
conditions. X-ray studies have shown that the F” ion is situated in the center of the cage
when R = phenyl and vinyl. The Edwards group has synthesized new well-characterized
POSS systems with R = isobutyl, styryl, phenyl, trifluoropropyl, fluorohexyl, fluorooctyl,
and fluorodecyl, in addition to these previously known phenyl and vinyl species. We have
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negative ion ESI studies on all of these monomers and positive ion MALDI and ion
mobility data (fluoride species cationized to R;Ts-POSS (HF)-Na' ) were obtained for
several of these species. Experimental cross-sections agree within 2% with x-ray
structures and with modeled structures (see Tables 1 and 2).. Fluoride ion is also
incorporated into cages in the presence of water, but side reactions occur which open cages
and create a complicated series of oxo-anions. We have been able to determine many of
these oxo-structures and model them. The fluoride monomer work is being written up for

publication.

The momomer results are potentially very significant if the fluoride ion can be
incorporated routinely into the POSS cage of oligomers. This simple derivatization would
allow us to observe these systems and measure their cross sections. We have in hand a
phenyl-POSS PMA 8-mer with one or two fluoride ions trapped in the POSS cages. We
are in the process of characterizing it.

Table 1. Collision Cross-Sections (A?) of the POSS Fluoride Monomers.

Species Mass X-ray® ESI (MALDI) Theory
[(CF3CF2)3(CH2)2JsTsF 376 368
StysTsF 343 346 343
PhgTsF 1051 260 268 260
VigTeF 651 168 165 167
VioT1oF 809 189 190

Vi TF 967 210 212,214°
i-BusStyTsF 937 216
i-BugSty, TsF~ 985 258 257"
i-BusSty; TsF 1032 272 2714
i-BuySty,TsF" 1076 282 2844
(CF;CH;CH,)sTsF 251 256

Vi = vinyl; Ph = phenyl; Sty = styryl; i-Bu = i-butyl; Tg = SizO,

a. Structures obtained from Dr. Tim Haddad at ERC Inc., Air Force Research Laboratory
b. Calculated value for the neutral species.

¢. Values correspond to two possible isomers.

d. Values identical for all possible isomers within experimental error.

Table 2. Collision Cross-Sections (A?) of the Sodiated POSS Fluoride Monomers.

Species X-ray MALDI (Na*) | Theory (Na")
Na'StysTg -HF 321 325
Na'PhgTg-HF 263° 254 257
Na'VigTg-HF 168° 165 167

Vi = vinyl; Ph = phenyl; Sty = styryl; i-Bu = i-butyl; Ty = Sig0,
a. Structures obtained from Dr. Tim Haddad at ERC Inc., Air Force Research Laboratory
b. Calculated value for the neutral species.



B. Metal Clusters

The work on gold clusters has now been completed and a manuscript is in draft form.
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