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Research Topics:Research Topics:

Structural, Electronic, and Optical Material Properties 
of Organic SemiconductorsOrganic Semiconductors (Experiment and Theory)

The Early Days ...
Graz, AustriaGraz, Austria
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Hybrid Organic/Inorganic Devices

Lighting
OSRAM, 7.4.2008

Display
available from SONY

RFID and FETFET
Holst Center, 6.2.2008

Photovoltaics
Fraunhofer ISE Freiburg, 1.2.2008 

Organic ElectronicsOrganic Electronics:: Interface PropertiesInterface Properties::
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- Charge-carrier traps
- ...
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DFT studies of SAMs on Metals

P.Cyganic et al., J. Phys. Chem. B 108, 4989 (2004).
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D. Riposan et al., J. Phys. Chem. B 110, 23926 (2006).
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Interest in and Application of SAMs
Hydrophopic/philic surfaces
Nanolithography
Chemical sensing
Organic electronics
Molecular electronicsMolecular electronics
...

Corrosion protection
Biocompatible Surfaces
Functional surfaces

J. Park et al., Nature 417, 722 (2002). H. Akkerman et al., Nature 441, 69 (2006).
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Methodology
DFT bandstructureDFT bandstructure

VASP, SIESTA
PAWs, norm-conserving
Troullier-Martins Pseudo-Potentials
Plane-waves or LCAO basis set
Standard GGA functionals (PW91, PBE)

Quantum chemistryQuantum chemistry
Gaussian03

Implementation and Coding (SIESTA)Implementation and Coding (SIESTA)
Surface Green‘s functions and transport
COOP, fragment orbitals, ...

Data analysis & electrostatic modelsData analysis & electrostatic models
Mathematica, Fortran90, shell-scripts
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Establish Links to Experiment
Adsorption/Desorption energies
STM images
Structure
Core-level shifts
Infrared spectra
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K. Heister et al., J. Phys. Chem. B 105, 6888 (2001).
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Workfunction and Level Alignment
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The SAM as a Dipole Layer
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Phys. Rev. Lett. 96, 196806 (2006).
Phys. Rev. B 77, 045113 (2008). 
Acc. Chem. Res. 41, 721 (2008).
Surf. Interface Anal. 40, 371 (2008).
Adv. Func. Mater. 18, 3999 (2008).
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Nano Lett. 7, 932 (2007).
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Interfacial Potential-Energy Steps
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The Final Picture
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∆Φcalc = -1.5 eV
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L. Romaner et al., Phys. Rev. Lett. 99, 256801 (2007).
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electron accumulationelectron accumulation
electron depletionelectron depletion

Charge Flow vs. Orbital Occupation
( )monolayer
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N. Koch et al., Phys. Rev. Lett. 95,  237601 (2005).
L. Romaner et al., Phys. Rev. Lett. 99, 256801 (2007).
L. Romaner et al., Small 2, 1468 (2006).

Reminiscent of 
CO on Ni(100):

σσ metalmetal
metal metal ππ**

R. Hoffmann, Rev. Mod. Phys. 60,  601 (1988).
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Stretching Molecular Junctions I
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Stretching Molecular Junctions II
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L. Romaner et al., Small 2, 1468 (2006). L. Romaner et al., Phys. Rev. Lett. 99, 256801 (2007).
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DFT-based Ballistic Transport
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Summary

Interfaces in self-assembled monolayers
Level-alignment and work function

Metal/molecule charge-transfer systems
Molecular distortion and (back)donation

Fermi-level pinning in molecular junctions
Break junctions and (neutral) radicals
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