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The structureand energeticsof free radicals,ions, and clustershave
been investigatedby photoelectronphotoioncoincidence (PEPICO)and analyzed
with ab initio molecularorbital and statisticaltheory RRKM calculations. In
these experiments,moleculesare prepared in a molecular beam so that their
internal as well as translationalenergiesare cooled to near 0 K. The
coincidenceconditionbetweenenergy analyzedelectrons and their
correspondingions insuresthat the ions are energy selected. The primary
experimentalinformationincludes ionizationand fragment ion appearance
energies,and the ion time of flight (TOF) distributions. The latter are
obtained by using the energy selectedelectron as a start signal and the ion

as the stop signal. These t_pes of expeTimentsallow us to measure the ion
dissociationrates in the 10" to I0T_" range. Such ions are commonly
referred to as metastable ions. In addition,the TOF peak widths are related
to the release of translationalenergy in the ion dissociationprocess.

Summaryof Major Results:

Perhaps the most importantadvanceduring the past year has been in the
study of cluster photoionization. We have developedan experimentalmethod
for differentiatingsimilar,mass cluster ions produced by the reactions:

(ABn --> (AB) . (1)
(Ab)n+m --> (_B)n. + (AB), (2)

This method is based on the kinetic energy of the ions measured by TOF.

One of the major problems in the study of clusters is the determination
of the size distribution. Aside from spectroscopic identification of clusters
which works well for dimers and trimers, mass analysis by mass spectrometry is
virtually the only method for obtaining this information. However, there is a
fundamental problem in this analysis which is that cluster ions can dissociate
in the ionization process and produce ionic clusters of lower mass. This is a
particularly severe problem in electron impact ionization in which the
electron energy is ill defined. However, the problem also exists in
photoionization where the photan e_ergy is narrow and variable. Thus, the
cluster ion aistributicn may Ilot re'?lect the neutral size distribution. The
problem is particularlydiffic,J!tLo deal with when the ion dissociatesby
loosingone of the neutral molecularunits, because then the (AB)n*ions from
reactions (1) and (2) cannot be distinguished.

+

The method for distinguishingthe productionof a cluster ion.,(AB)n ,
from either the parent (AB)n, or the higherorder cluster, say (AB) by
dissociativeionizationis based on the kineticenergy of the ion. _old
molecules and clustersprod,ced in a skimmedmolecular beam have exceedingly
low translationalenergies in a directionperpendicularto the molecularbeam

• axis. Thus, the ion time of flight distributionof an ion producedfrom such
a cold precursormolecule is exceedinglynarrow. On the other hand,
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dissociativeionizationis invariablyassociatedwiththe releaseof
translationalenergy,whichis oftendistributedIsotropically.Thus,TOF
peaksof such ionsare broad We have foundthatthe TOF peak of an (AB)n+
clusterion producedby dissociativeionizationfroma higherorderneutral
clusteris at leastan orderof magnitudebroaderthana similarmass ion
producedby non-dissociativeionization.

FigureI showstheTOF distributionsfor acetyleneionmonomers,dimers
and trlmers. The monomerionsignalis narrow. Itswidthof 13 ns indicates
that the temperatureof themolecularbeam in directionperpendicularto the
beamaxis is about4 K. On the otherhand,the dlmerand trlmerionpeaksare
broadbecauseof the translationalenergyreleasedin the dissociative
ionizationof higherorderclusters.The translationaltemperaturesof the
dimerand trlmerions,assumingMaxwell-Boltzmanndistributionsof
translationalvelocities,are80 'andI00K, respectively.The GaussianTOF
distributionis, in fact,goodevidencethatthe translationalenergyrelease
is statisticaland welldescribedby a translationaltemperature.

The TOF spectrain FigureI indicatethatno acetyleneclustersare
ionizeddirectlyto thecorrespondingion. Rather,all arerproducedby
dissociativeionizationof higherorderclusters.This is true evenat the
verylowestphotonenergiesinvestigated.

Studieson severalothersystems,includingethyleneclusters,
methylchlorideclusters,andmethanolclustersindicatethatessentially100%
of the clusterionsproducedat or nearthe ionizationonsetcome from
dissociativeionizationof higherorderclusters. Thismeansthat
determinationsof, for instance,ionizationenergiesof clustersby measuring
the photoionizationonsetare unreliable.Theyrepresentonly upperlimits.

The non-observationof directionizationof clusterslies in the
structuresof the neutraland ionicclusters,that is, in the Franck-Condon
factorsassociatedwith the ionizationprocess. Thishas beendiscussedby a
numberof workers. Wehave carried out, as others have, ab fnitio
calculations on someof these clusters and their corresponding ions. In the
case of acetylene, we have found that the trimer ion is totally unstable when
we begin with a geometry corresponding to that of the neutral. The ion
dissociates to a dtmer ion, which has a structure that is neither dimer like,
nor like any other C4H4+ ion knownso far.

Other studies in our laboratory are dealing with the role o6 rotational
energy in the dissociation process. The cold samplesmakepossible the study
of rotational effects in dissociation reactions. The dissociation onset for a
reaction is shifted to higher energies whenthe molecule is cooled to 0 K.
The shift is equal to the internal vibrational energy plus any rotational
energy that can be used to overcomethe dissociation onset. Looseand tight
transitionstatesare thoughtto differin the numberof rotationaldegreesof
freedomthatcan contribute.However,quantitativedata for thiseffectare
lacking.
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