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High resolution metal cluster photoelectron spectroscopy

B.v.Issendorff

Why clusters?

Study of the size dependence of bulk properties

e crystal structure

* electronic structure
* optical, magnetic, chemical properties

Model systems

» simple metal clusters: finite electron gas in a parabolic trap
« study of few particle dynamics, finite system thermodynamics, ...
« test for theory
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Electron shells: spherical box model
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Shell structure in a real cluster
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Experiment
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Mass spectrum of sodium clusters
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PES on hot sodium clusters
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Electron shell structure in a large cluster
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Crystal field splitting in clusters
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Size dependence of spectra
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Spectra of Na,;” with
n=210-270:

strong variation with size

highly structured spectra
indicate high symmetry!
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Fourier Transform PES
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Comparison with theory
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Double magic cluster
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Sodium: Mackay / anti-Mackay stacking
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Band structures

d-Band




PES of noble metal cluster anions
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Symmetry perturbation
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Counting electrons: gold clusters

PES of Au,, n = 58-69
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Development of the electronic bands of metal clusters
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Photoelectron spectroscopy on Hg,-clusters:

Nonmetal-metal-transition

Cluster anions:
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Photoelectron spectroscopy on small Zn--clusters
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Free electron shells in larger Zn clusters
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Comparison
with spectra
of sodium
clusters
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Other divalent metals
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Comparison of PES of small Sr, Mg and Zn
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PES of big Sr clusters

Electronically
magic sizes:

No bandgap!
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Bandgaps of Hg, Zn, Mg and Sr

Atomic s-p gap
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MCP

Imaging Photoelectron

Spectrometer:

P hv
Measurement of angular i /
and kinetic energy distribution &

»ouperatom* behaviour ?

308 nm
laser
Na,s3~ polarization
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raw data LJAbel” transform



Angular resolved PES

nanosecond
laser pulse
308 nm

laser
polarization

p-character of outgoing
electron wave in
all cases !

Atomic s-character
visible?




Summary
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Sodium clusters:
perfect shell structure
(only) for liquid clusters

Noble metal clusters:
strongly perturbed shell structure;

high degeneracy only for high symmetry.

And:
Gold is different!

Divaent metals;

Nonmetal/metal transition as afunction
of Size

Hg and Sr are special!
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