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In the past 9 months since submitting my last progress
report, we have accomplished a considerable amount of research on
a number of fronts. I will briefly summarize some oOf the
highlights here.

supersonic Cluster Source

We obtained our first cluster signals from this new source

just a few weeks ago. Figure 1 shows the negative jon spectrum
generated from a carbon target. Carbon clusters of the form CN~
are observed at least out to N = 30 confirming that cluster

formation is occurring in the high pressure wwaiting room" of the
source. This can be stated unequivocally, since only up to N =
13 is observed by direct laser desorption of a carbon target in
the absence of supersonic expansion. In fact, two studies on the
chemistry and the collision-induced dissociation of Cy~ clusters
for N = 2-13 have peen reported and we are expanding these
studies beyond N = 25 as our first paper from the source.

While we have not had major success in geperating transition
metal cluster ions yet, we believe we knoQ what instrumental
modifications.will pe necessary based, once again, on Smalley’s
work and these improvements should be shortly forthcoming.

Collaborations

As I mentioned in my last progress report, starting about
two years ago we began a numper of collaborative projects just by
coincidence. This trend has certainly continued over this last
period. The most profitable and exciting of these collaborations
has to be our interactions with the well renowned theoretician

Charles Bauschlicher at NASA Ames Laboratory at Moffett Field,
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california. Since starting our metal ion work about ten years
ago, I have off and on tried to interest theoreticians into
"pecoming involved", with relatively little success due to the
complication of performing the calculations. Such calculations
take enormous computing power, the type available at NASA. In
addition, of course, it takes a skilled practitioner like Charles
Bauschlicher to analyze the quality of the data and provide a
meaningful interpretation. Two papers, which have resulted from
our collaboration this perioed, started off with unusual
observations in our laboratory. First, in our pioneering studies
of the gas-phase chemistry of doubly charged metal ions, Dorothy
Hill in my group observed that alkanes can displace alkenes on
sc2t which runs contrary to all previous ligand-exchange studies
on singly charged metal ions. Ssecond, Lisa Roth in the group
found that the bond energy of Mg* to Fe in MgFet was
significantly lower than the photod155001atlon threshold results
would indicate. In fact, photod155001atlon favored formation of
Fet and Mg, rather than the thermodynamlcally preferred pathway
of Mgt and Fe. Both of these observations have been confirmed by
theory providing a pasis for a complete understanding of these
important fundamental properties.

Choosing a second example from the several available, our
collaboration with Professor Graham Cooks_at Purdue on the charge
transfer reactions of M2+ (M = Nb, Ta, and La) with W(CO)g has
also yielded significant fundamental information. We recently
adapted a method originally used in conjunction with conventional

ion cyclotron resonance (ICR) instruments for determining the
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kinetic energy release resulting from ion-molecule reactions.

This new methodology works very well with FTMS. our first

published method involved determining the kinetic energy release
in the charge transfer reaction of Nb2t with benzene to form the
singly charged ions Nbt and benzenet. We learned that not all of
the energy available from the large exothermicity of this
reaction, - 5eV, went into kinetic energy, which arises largely
from the coulombic repulsion of the two singly charged products.

In fact, in a subsequent study on V2t and Ta2t with benzene, it
could be surmised that -3ev of the energy went into generating
penzene cation in one of its low lying electronic states. A more
detailed approach for obtaining information on the product
internal energies is to use what have pbeen termed "thermometer
molecules." W(CO)6+ is an example of such a molecule utilized
extensively in the cooks’ group. simply explained, since the
thermochemistry for sequential 1loss of CO from W(CO)6+ is known
precisely, one can determine the internal energy distribution of
a newly born W(CO)G+ parent ion from the distribution of W(CO)N+
(N = 0—6).obsepved. Clearly, the higher the internal energy., the
more COs will Dbe lost. Using the methodology developed in our
laboratory for measuring kinetic energy release with that of the
thermometer molecule W(CO)g developed in Cooks’ laboratory, Wwe
have been able to obtain some of the most detailed information on
energy partitioning in ion-molecule reactions to date.

IR Photodissociation

Although Beauchamp recently published two fascinating papers

detailing the multiphoton IR photodissociation of a metal ion
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containing complex, only one other study (also from Beauchamp'’s
group) has appeared involving Fet-pentene isomers. we have made
a good start in greatly expanding the scope of these studies.
currently underway is a systematic investigation of a wide
variety of MY-CpH, species with n = 2-10 and M = first and
second row transition metal ions. In addition we will shortly
apply this methodology to doubly charged ions and metal cluster

ions. All indications are that this area will be highly

productive.
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