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A considerable advance in the study of clusters has 
been possible due to the development of techniques for 
producing both cold ionic and neutral cluster beams. Si, Ge 
and GaAs negative clusters ions have been produced recently 
in direct laser vaporization (1) and cooled by a subsequent 
free supersonic expansion. Ions of a particular mass are 
selected and studied by laser photodetachment and 
photodissociation followed by time-of-flight mass analysis. 
Figure 1 depicts schematically the apparatus used in these 
studies. 
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Fig. i. Schematic of the experimental arrangement. A 532 nm 
laser (30 mj/pulse, 5 ns pulse width) is used to evaporate a 
semiconductor disc placed at a supersonic nozzle throat. 

Electron affinities(EA) of the clusters are explored by 
measuring the dependence of the detached electron intensity 
upon the probing laser fluence. Using several discrete 
laser wavelengths, we have been able to roughly determine 
the EA's of various GaAs clusters up to 30 atoms in size. The 
evolution of the EA as a function of the cluster size for 
GaAs is shown in Fig. 2. In these measurements the clusters 
studied are those with approximately an equal number of Ga 
and As atoms. The EA's of Ga rich or As rich clusters have 
also been studied. As expected for GalAs. with x+y constant, 
the EAincreases with increasing ratio ol Y~o x. It is clear in 
Fig. 2 that GaAs clusters with an even number of atoms have 
lower EA's than their neighboring odd ones. A similar 
even/odd alternation in the ionization potentials (IP) of 
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GaAs clusters has been observed previously (2) where even 
clusters have higher IP's than the odd ones. This suggests 
that clusters with an even total number of atoms have fully 
paired singlet ground states with no dangling bonds on the 
surface while the odd clusters have the unpaired electron in a 
non-bonding frontier orbital. 
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Fig. 2. Estimates of the electron affinity of clusters with 
nearly stoichiometric GaAs. 

Photodissociation processes are found to be quite 
competitive with photodetachment for GaAs negative cluster 
ions. Both electrons and fragmentation products are observed 
with the electron signals always much more intense. For Si 
and Ge anions it is found that the relative importance of 
detachment and fragmentation depends strongly upon the laser 
wavelength. Generally speaking, the bonding energies of Si x- 
and Ge x- are lower than the electron affinities. One-photon 
detachment and one-photon dissociation can be observed 
simultaneously when the photon energy is just above the 
detachment threshold of the clusters with the fragmentation 
signals dominating the electron signals. As the photon 
energy is increased, electron signals become larger than 
those of the fragmentation daughters. Presumably, if the 
photon energy-is much larger than both D e and EA, electron 
detachment will be totally dominant. 

The fragmentation channels of Si and Ge negative 
cluster ions observed are nearly the same (although the 
relative intensities of the daughters are not equal) between 
Si and Ge, implying that si and Ge clusters have almost 
identical structures. Both si and Ge anions fragment by 
fissioning into only a few channels, mainly in the 5 to 10 atom 
size range with the 6-atom and, especially, the 10-atom 
negative ions being the favored daughters. In contrast, GaAs 
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anions are found to fragment like metals by a non-fissioning 
process: they can lose one, two, or more atoms, indicating a 
fundamental difference in chemical bonding between GaAs 
clusters and Si or Ge clusters. Fig. 3 shows the 
fragmentation patterns of Si20- and Ge20-. No dependence of 
the fragmentation patterns upon the photon energy is 
observed in the range of our study. For example, Si20- only 
produces Sil0- when irradiated with 2.48 eV, 2.81 eV, 2.99 
eV and 3.51 eV photons. 

Some negative ions of Si and Ge fragment only into ions 
of l0 atoms, e.g. Sil7- and Si20- , while other ions have 
several daughters. For example, Sil8- and Gel8- produce 
daughters of 5, 6, 9, i0, ii, and I~ atoms independent of 
laser frequency. The explanation for this behavior may be 
that there are large changes in the structure of the 
cluster with cluster size. The 10-atom negative ion appears 
to be a favorite daughter suggesting the existence of a 
special structure for i0 atoms. 
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Fig. 3. Fragmentation 
patterns of Si2Q- and 
Ge20-. The horizontal 
axls is the flight time 
from the extraction 
region to the detector. 
The vertical axis is the 
difference between the 
ion signals with the 
probing laser on and off. 
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