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Motivation: Organic Semiconductors
Angle-Resolved Photoemission Spectroscopy
ARPES from Molecular Layers

Multilayers and Monolayers of p-Sexiphenyl and Pentacene
Reconstruction of Orbital Densities

Conclusion
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IhEEhetoemission Intensity

One-Step-Model
1(0.6: Ban) < Y |(05(0. &1 Eyan)|A - pley)

2

[Feibelman and Eastman, Phys. Rev. B 10, 4932 (1974)]
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IHENEhotoemission Intensity

A simple theory (one-step model + final state = plane wave)
| | 2
I(9~ @* Ekin) X Z ‘(11}(& CP, Ekin) t‘z) X 0 (Ez + P + Ekin o hu))

AYATAVAVAVAY

plane wave

molecular orbital

.. leads to a simple result
1(60.6) o |(A - K)* x [,

AN

Fourier Transform of Initial State Orbital

[Feibelman and Eastman, Phys. Rev. B 10, 4932 (1974), E. Shirley et al., Phys. Rev. B 51, 13614 (1995).]
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o

Llrnltetlons of

The Independent Atomic Centre approximation (IAC)

[W. D. Grobman, Phys. Rev. B 17, 4573 (1978).]

R Ekm Z ZCO: n!mesz Z M Lljffm Ekm YL’LI(E)
@ nlm LM

can be shown to reduce to the PW final state result, if
[Goldberg et al, Solid State Commun. 28, 459-463 (1978),

Puschnig et al., supporting online material to Science 326, 702 (2009)]
All contributing atomic orbitals are of the same type (e.qg.
T-orbitals)
The emission direction is close to the polarization vector

of the incoming photon
The molecule consists of only light atoms (C, N, O) with
small scattering cross sections
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gomparison with DFT

\

Molecular Orbital in Real Space

Hemispherical Cut Through
3D Fourier Transform
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gomparison with DFT

Molecular Orbital in Real Space

Calculation of
the Fourier Transform

K (1) *
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Planar vs. Iwisted
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Binding Energy (eV)

DOS -1 -05 0 0.5 1 1.5
k_(1/A)

G. Koller et al., Science 317, 351 (2007).
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ARPES of: Pentacene

22 Carbons lead to
11 occupied 1torbitals
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S. Berkebile, P. Puschnig, G. Koller, M. Oehzelt, F. P. Netzer, C. Ambrosch-Draxl, M. G. Ramsey, Phys. Rev. B 77, 115312 (2008)
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IBTeIUANEIectron Spectrometer
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Pentacene HOMO

Azimuthal Scans at constant photon energy and constant kinetic energy
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EERIACENEHONO from DFT

Molecular Orbital in Real Space

Hemispherical Cut Through
3D Fourier Transform

Calculation of
the Fourier Transform
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BhEeony Vs, Experiment
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ZiNVismentimiviaps: 6P/Cu(110)
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kX-ky plot with phase

0 [deq]

6P HOMO
from ARPES

Puschnig et al., Science 326, 702 (2009). (published online Sept. 10, 2009)
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FEsLHSUUCIECdNSEXiphenyl Orbitals
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goncliusions and Outlook

Simple theory for PE intensity: works for ...

* Trorbitals of large molecules
« Emission direction close to polarization vector
« Light atoms (C, N, O) with small scattering cross section

« 2D momentum maps provide fingerprints of molecular
orbitals

 ARPES data can be used to identify and quantify molecular
orientations and conformations

« Molecular orbitals can be reconstructed in cases where
unique molecular orientations are present
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