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Photoelectron spectroscopy
on simple metal clusters
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What is the correct description of a simple metal parnticle?

High or low symmetry Trapped Fermi gas
Supermolecule (parabolic trap filled
with electrons)



Electron shells: spherical box model
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Shell structure in a real cluster
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Program

Experiment Photoelectron spectroscopy
cluster thermalization

Sodium clusters
Electronic shell structure
Interaction with geometric structure
Cluster shapes: comparison to simple models
Structure of larger clusters
Comparison with potassium clusters

Noble metal clusters
Electronic structure
Geometrical structure
special case: gold clusters
Comparison Na, Cu, Ag, Au

Angle resolved photoelectron spectroscopy
Basics
Results on Na, Ag, Cu



Experiment
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Cluster Thermalization
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internal energy eV

3.5

Very low temperatures

Caloric curve of clusters thermalized in RF-Trap
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Mass spectrum of sodium clusters
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Photoelectron spectroscopy: principle
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PES on hot sodium clusters
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Comparison of cluster anions and cations

Freiburg

negative
Na,,
I T I I I I I
1f -
2p I\|a‘4o
19
— 1 T T °© 1 T T T T
3,5 3,0 2,5 2,0 1,5 1,0 0,5 0,0

binding energy [eV]

40 e-

41 e

positive
N a41
N a42
T T T T T T T T T I T I T
7,0 6,5 6,0 5,5 5,0 4.5 4.0 3,5

Identical DOS despite different geometrical structures!

binding energy [eV]



Temperature dependence of PES
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PES of Na,, : n=20-40
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Cluster deformation: Clemenger-Nilsson-model
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34 electrons: closed shell!
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Quadrupole deformation:

Perturbing potential

V(r.0, ¢) = 1(r) Y (6, 9)
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= mixing of states
with Al=2

— avoided crossing
between 1f and 2p

— stabilization of
deformation



Deformation: the 34 electron case
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Prolate (quadrupole) deformation: mixing between 1f and 2 p stabilizes
nonspherical shape of closed shell structure
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Deformation: the 40 electron case
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Simulated structure of hot Na,,
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Sodium: Mackay / anti-Mackay stacking
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Comparison with theory
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Abrupt structure change at size 305
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Electron shell structure in a large cluster
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Crystal field splitting in clusters
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Symmetry perturbation
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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 potassium clusters
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Comparison of alkali and noble metals
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PES of noble metal cluster anions
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Counting electrons: gold clusters

PES of Au,, n = 58-69
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Comparison Na-Cu-Ag-Au

Very similar !

Strong deviation

only for gold
clusters!
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Electron shell structure in a large cluster
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Basics of angular resolved PES
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Single photon effect on atoms, molecules or clusters:
angular distribution of photoelectrons can be described by ,3-parameter*
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Cooper-Zare formula
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Calculation of 3 for ionization out of an angular
momentum eigenstate (averaged over m))
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Variation of [ with | and o
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Imaging PES: principle

Projection of emitted
photoelectron onto MCP:

Measurement of angular
and kinetic energy distribution
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Imaging spectrometer
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Presentation of the results: projection

Laser polarization

Presentation of spectra as
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Angular distribution of electron shells
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Photon energy dependence
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Extracted beta parameters
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Extracted beta parameters
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Universal behaviour of |-states
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Comparison with model calculations
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Silver clusters

. angular distributions
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Copper clusters: angular distributions

Photoelectron spectrum
Beta parameter

CU55_ T T T T T T v
J\ 19

Na55 Cu

95

beta

Very similar
behaviour!

0.0 0.5 1.0 1.5 2.0

Ekin (eV)



Comparison sodium, copper, silver
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Scaled to

K*R

k: wavevector free electron
R: cluster radius

beta

Universal
behaviour!




Summary
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Sodium clusters: NBa0s Imaging spectroscop

.perfect” shell structure angular resolved
PES of clusters
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