DOE/ER/13950--T1

DE92 014124

THE ENERGETICS AND DYNAMICS OF FREE RADICALS,

IONS, AND CLUSTERS

PROGRESS REPORT

Aucust 1, 1991 - March 31, 1992

ROUP
7

i oc
SEOR

.DATE

/
7

/g N -O-R. PA

PUB
BY
PREPARED FOR THE U.S. DEPARTMENT OF ENERGY

APPROVED FOR RELEA
ATIO
BT

Tomas BAER
CHEMISTRY DEPARTMENT
UNIVERSITY OF NORTH CAROLINA
CuarPeL HriLL, NC 27599-3290
MArcH 1992

‘joarayy £ousle Aue 1o JuswoisA0

34 Jo 3s0q) 130Y31 10 yeIs A[Uessacou jou Op uloray possaidxs sioyine ‘«w u“ww_waﬂoaw._w
SMala 34 Joasayy Lousde Lue 1o Juowrersaon s3e1S patun) Q1 £q Suuoaej Jo .mom.,.m_u:uE
-Ho31 JuawasIopus syt Ajdwi Jo ayninsuoo Ajuessaodu jou sa0p uwir_u&o 10 dEEu.u.:EuE
“Iewapen ‘suren apen Aq 3J1AI35 10 “ss3001d “yonpoid [erosswmiod uWUo% Aue 0 ura13y 30U
-13J3y 's1q3u paumo Apdjeaud a3uujur jou pnom asn SIt ey} swasaxday 10 .uowo_ww..v ssa001d
Jo ‘npoid ‘snjeredde ‘soneuniojm Aue jo ssau[njasn 1o ‘ssaua19idwos ‘Aoeindoe uﬁ. 10] Anp

-Isuodsar 1o Aniqer [e8ay Aue ssumsse 1o ‘paydun 1o ssaxdxs ‘Kuesrem Kue SINBW ‘s3940 n_wh
gy jo Aue sou ‘Joarayy Kouse Kue ou 1USWUISA0L) SIIBIS Paliy, \

1 3Y3 I2GUBN  JHIUWILIIA
SRS pauu() 3y jo KousBe ue Aq parosuods }1om jo junooce ue se poredaid sem podal m.mw

AHATVIDSIA

MASTER
Vs

S UNLIMITED

UNDER GRANT NUMBER DE-FGOS-BBER-13950

OISTRIBUYION @F THIS DOCUMENY |

-r

"Ma-u

V VYUY Y -

Fvgrw W




THE ENERGETICS AND DYNAMICS OF FREE RADICALS, IONS, AND CLUSTERS
DE-FGO5-88ER 13950

Tomas Baer, Principal Investigator
Progress Report March, 1992

The structure and energetics of free radicals, ions, and ciusters have
been investigated by photoelectron photoion coincidence (PEPICO) and analyzed
with ab 7nitio molecular orbital and statistical theory RRKM calculations. In
these experiments, molecules are prepared in a molecular beam so that their
internal as well as translational energies are cooled to near 0 K. The
coincidence condition between energy analyzed electrons and their
corresponding ions insures that the ions are energy selected. The primary
experimental information includes ionization and fragment ion appearance
energies, and the ion time of flight (TOF) distributions. The latter are
nbtained by using the energy selected electron as a start signal and the ion
as the stop signal. These tzpes of experiments allow us to measure the ion
dissociation rates in the 10" to 107 sec’' range. Such ions are commonly
referred to as metastable ions. In addition, the TOF peak widths are related
to the release of translational energy in the ion dissociation process.

Summary of Major Results:

Perhaps the most important advance during the past year has been in the
study of cluster photoionization. We have developed an experimental method
for differentiating similar mass cluster ions produced by the reactions:

(ABn --> (AB)* (1)
(Ab)n+m --> (RB) * + (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 i11 defined. However, the problem also exists in
photoionization where the photon energy is narrow and variable. Thus, the
cluster ion distributicn may not reflect the neutral size distribution. The
problem is particularly difficult to deal with when the ion dissociates by
loosing one of the neutral molecular units, because then the (AB)n’ ions from
reactions (1) and (2) cannot be distinguished.

The method for distinguishing the production of a cluster ion, (AB)n*,
from either the parent (AB)n, or the higher order cluster, say (AB)..,, by
dissociative ionization is based on the kinetic energy of the ion. 601d
molecules and clusters produced in a skimmed molecular beam have exceedingly
low translational energies in a direction perpendicular to the molecular beam
axis. Thus, the ion time of flight distribution of an ion produced from such
a cold precursor molecule is exceedingly narrow. On the other hand,



dissociative ionization is invariably associated with the release of
translational energy, which is often distributed isotropically. Thus, TOF
peaks of such ions are broad. We have found that the TOF peak of an (AB),
cluster ion produced by dissociative ionization from a higher order neutral
cluster is at least an order of magnitude broader than a similar mass ion
produced by non-dissociative ionization. :

Figure 1 shows the TOF distributions for acetylere ion monomers, dimers
and trimers. The monomer ion signal is narrow. Its width of 13 ns indicates
that the temperature of the molecular beam in direction perpendicular to the
beam axis is about 4 K. On the other hand, the dimer and trimer ion peaks are
broad because of the translational energy released in the dissociative
jonization of higher order clusters. The translational temperatures of the
dimer and trimer ions, assuming Maxwell-Boltzmann distributions of
translational velocities, are 80 'and 100 K, respectively. The Gaussian TOF
distribution is, in fact, good evidence that the translational energy release
is statistical and well described by a translational temperature.

The TOF spectra in Figure 1 indicate that no acetylene clusters are
jonized directly to the corresponding ion. Rather, all are produced by
dissociative ionization of higher order clusters. This is true even at the
very lowest photon energies investigated.

Studies on several other systems, including ethylene clusters,
methylchloride clusters, and methanol clusters indicate that essentially 100%
of the cluster ions produced at or near the ionization onset come from
dissociative ionization of higher order clusters. This means that
determinations of, for instance, ionization energies of clusters by measuring
the photoionization onset are unreliable. They represent only upper limits.

The non-observation of direct ionization of clusters lies in the
structures of the neutral and ionic clusters, that is, in the Franck-Condon
factors associated with the ionization process. This has been discussed by a
number of workers. We have carried out, as others have, ab initio
calculations on some of 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 dimer ion, which has a structure that is neither dimer like,
nor like any other CH," ion known so far.

Other studies in our laboratory are dealing with the role of rotational
energy in the dissociation process. The cold samples make possible the study
of rotational effects in dissociation reactions. The dissociation onset for a
reaction is shifted to higher energies when the molecule is cooled to 0 K.

The shift is equal to the internal vibrational energy plus any rotational

energy that can be used to overcome the dissociation onset. Loose and tight

transition states are thought to differ in the number of rotational degrees of
{reedom that can contribute. However, quantitative data for this effect are
acking.
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