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FROM ABUNDANCE SPECTRA TO CLUSTER ENERGIES
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We derive a simple but accurate relation between evaporative activation energies and abundances in
ensembles of large, hot clusters. The relation is compared with simulated abundance spectra,

Evaporative processes are frequently used as a tool
to probe the internal structure of clusters. These
studies allow one to obtain information about both
thermal and energetic quantities. This work is con-
cerned with the problem of extracting information
from abundances in the special but experimentally
easily realized situation of an ensemble of large and
evaporatively hot clusters. In an ensemble of this
type, the abundances will reflect activation (separa-
tion) energies. The connection is unambiguous as far
as local variations in the relative separation energies
are concerned. Knowing the relation, it is possible
to invert abundance spectra to obtain the relative
separation energies. These in turn, combined with
a reasonable parametrization of the scale, essentially
amount to a complete knowledge of the individual
cluster energies.! The results here are developed for
application to the electronic shell structure in metal
clusters,” but are by no means restricted to these
systems.

The scenario is as follows: (i) the clusters are ini-
tially hot and cool only by evaporation (hot means
that their initial temperature must be more than
10-20% higher than the final),* (ii) the abundance
distribution is broad. It is only possible to find vari-
ations in the separation energy which occurs over a
size range small compared to the width of the enve-
lope of the abundance distribution; (iii) the evapora-
tion rate should be reasonably close to the Arrhenius-
like expression, ky = wN?/2 exp{—Dy /T), where we
have included a surface term, and the temperature is
defined as the mean excitation energy per degree of
freedom. The separation energy, Dy, will be iden-

tified with the evaporation activation energy. The
phrase “reasonably close” includes, for example,
phase-space theories based on the harmonic approx-
imation for the level densities ® Furthermore, we will
only treat the case of large clusters for which the
distribution of internal energies is so narrow that we
can consider the temperature a delta function.? We
will restrict the treatment to systems where the rel-
ative variation in separation energies iz sufficiently
small. The formulation of the solution allows us
to relax the last restriction, but will stick to the
simplest case. These restrictions are stated quan-
titatively below. In spite of all these qualifying re-
marks, we believe that the theory will cover a major
part of the systems that are actually encountered
experimentally.

The requirement that clusters cool only by evap-
oration imposes severe constraints on the possible
shapes of the abundance spectra. The temperature
and the evaporation rate of a given size is determined
in principle by all preceeding evaporation rates. The
temperature is determined simply by requiring that
all the previous average decay times sum up to give
the observation fime:
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Given the separation energies, i.e. the temperature
decrease for each evaporation, this equation relates
in an average way the final temperature, Ty to t.
Equivalently the final rate constant is determined.

*Present address: Max Born Institute, Rudower Chaussee 6, D-12489, Berlin, Germany.
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