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White OLED OLED display  Organic Solar Cell

Area = 10x10 cm2 (from HC (from Samsung, ultra-thin (Linz Institute for Solar Cells)
Starck CleviosTM PH510 0.05mm, 4-inch 480x272
PEDOT layer) resolution, 100,000:1 contrast ,
200cd/m?)

Advantages: large areas, mechanically flexible, low cost
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eoonjugated Molecules

Pentacene (C_H_ )
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cirombensity’ Distribution

= Electron density n(r) is the basic variable
= Density Functional Theory (DFT) provides rigorous framework
= Microscopic and macroscopic properties depend on n(r)

Electron Density in a (10,0) single-walled Carbon Nano-Tube
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Kohn=Sham Eguations

1
|:_§v2 + Vext (I‘) + VH(F) + Ve (I‘):| %(I‘) — E'sz (I")
Z / ) s OBw[n(r)]
r |r — r’| 5??,(1‘)
Atomic nuclei  Hartree potential  ,,Exchange-correlation-
potential”
N— 7 N ~ _J
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Overview

Density Functional Theory

Structural Properties

Electronic Structure

%% Optical Properties
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Self-consistent solution of the
Kohn-Sham equations
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EHonBEnzZene to Sexiphenyl

Highest Occupied Molecular Orbital (HOMO)
of a benzene ring (C_H)
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oI Enzene to)Sexiphenyl
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oI Enzene to)Sexiphenyl
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gmaxacllysAligned Sexiphenyl

ARPES Intensity
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2noteoemission Intensity

Fermi's Golden Rule (one-step model)
[0, &; Exin) o Z ‘(ﬁ?’f(ga O Exin)|A - pl)| x 0 (B + ® + By — Tiw)
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Fermi's Golden Rule (one-step model)
[0, &; Exin) o Z ‘(ﬁ?’f(ga O Exin)|A - pl)| x 0 (B + ® + By — Tiw)

VA, e

plane wave

molecular orbital

Approximation: final state = plane wave
L;(0,0) o |(A - K)[* x |4, (k)

AN

Fourier Transform of Initial State Orbital

[Feibelman and Eastman, Phys. Rev. B 10, 4932 (1974).]
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Comparson with DFET

Molecular Orbital in Real Space

Calculation of
the Fourier Transform 5
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gomparison with DFT

Hemispherical Cut Through
3D Fourier Transform

Molecular Orbital in Real Space

(VIT)

Calculation of
the Fourier Transform 5
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somparison with DFET

Hemispherical Cut Through
3D Fourier Transform

Molecular Orbital in Real Space
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Intramolecular Band Structure
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dlanar vs. Twisted
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wisted Sexiphenyl

-/ I __ma 2n/a

Binding Energy (eV)

DO -1 -0.5 0 0.5 1 1.5
k_(1/A)

G. Koller et al., Science 317, 351 (2007).
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Prbitaltlomography

The Toroidal Electron Spectrometer for Angle- /X
Resolved Photoelectron Spectroscopy with
Synchrotron Radiation at BESSY I
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Zi=NMomentum Maps

ARPES
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Raw ARPES data

6P HOMO
from ARPES

BReconstruction of Orbitals

kX-ky plot kX-ky plot with phase

Puschnig et al., Science 326, 702 (2009).
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Reconstiruction of Orbi

HOMO

Filled
LUMO
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goncliusion and Outlook

Angle-resolved photoemission: From reciprocal space to real space
F.J. Himpsel, ]. Electron Spectrosc. Relat. Phenom. (2010), doi:10.1016/j.elspec.2010.03.007
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goncliusion and Outlook

Angle-resolved photoemission: From reciprocal space to real space
F.J. Himpsel, ]. Electron Spectrosc. Relat. Phenom. (2010), doi:10.1016/j.elspec.2010.03.007

* 1D and 2D wave function imaging demonstrated
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goncliusion and Outlook

Angle-resolved photoemission: From reciprocal space to real space
F.J. Himpsel, ]. Electron Spectrosc. Relat. Phenom. (2010), doi:10.1016/j.elspec.2010.03.007

* 1D and 2D wave function imaging demonstrated

* Prospect of 3D imaging through scans of the photon energy
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goncliusion and Outlook

Angle-resolved photoemission: From reciprocal space to real space
F.J. Himpsel, ]. Electron Spectrosc. Relat. Phenom. (2010), doi:10.1016/j.elspec.2010.03.007

* 1D and 2D wave function imaging demonstrated
« Prospect of 3D imaging through scans of the photon energy

* Desireable to do PE experiments on individual nano-objects
(goal IS to reach the focussing I|m|t of soft X- rays 25 nm)
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goncliusion and Outlook

Angle-resolved photoemission: From reciprocal space to real space
F.J. Himpsel, ]. Electron Spectrosc. Relat. Phenom. (2010), doi:10.1016/j.elspec.2010.03.007

* 1D and 2D wave function imaging demonstrated
» Prospect of 3D imaging through scans of the photon energy

« Desireable to do PE experiments on individual nano-objects
(goal is to reach the focussing limit of soft x-rays 25 nm)

« Scanning tunneling microscopy and PE complement each other

Rohlfing et al. PRB 76 (2007) Ziroff et al. PRL (2010)
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Whererto Goin ITheory?

« Structural properties
* Van der Waals interactions: improvements in xc-functional
» Thin film growth: multiscale modelling

 Electronic structure
e Band structure: go beyond DFT

* Photoemission experiments: more accurate description of final
state

» Electronic transport: electron-phonon coupling
« Optical properties

« Excitons: Assess validity of usual approximations in BSE
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