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0 59.1 Wed 17:45 Poster Bl
Monte Carlo simulations of nucleation processes on pre-
patterned surfaces — eSTEFAN FRIEDER HorPP and ANDREAS
Heuer — Institut fiir Physikalische Chemie, Universitdt Miinster,
48149 Miinster, Germany

The properties of template-directed nucleation are studied on a mi-
croscopic level by applying the kinetic Monte Carlo method. In this
context, the conditions for full nucleation control as well as the pro-
gression of cluster growth with increasing coverage are investigated.
The shape and the height of the clusters are discussed for 1D and 2D
patterns with reference to the experimental observations.

It is shown that the simulation results of a continuous Monte Carlo
algorithm can be approximated quite well using a discrete Monte Carlo
technique based on the lattice gas model. In the course of this approach
the latter algorithm is modified by the introduction of barriers depend-
ing on the particular diffusion process on the surface. Furthermore, the
underlying discrete pair potential is adjusted to the Lennard-Jones po-
tential. The application of the discrete method leads to a dramatic
reduction of simulation time and thus allows in particular a more de-
tailed comparison with experimental data.

0 59.2 Wed 17:45 Poster Bl
Analysis of surface nucleation processes with a coarse-grained
Monte Carlo (CGMC) method — eTanja Mues and ANDREAS
HEeUER — Institut fiir physikalische Chemie, WWU Miinster, 48149
Miinster, Germany

The properties of template-directed growth on surfaces are the topic
of this work. The theoretical study of the nucleation process has been
performed via a particle based method (Monte Carlo (MC)) and with
the help of a concentration field (finite-difference scheme (FD)) in our
working group. We introduce a new CGMC method, combining four
sites of a square lattice to one coarse-grained cell. Thereby we con-
nect the MC method with the FD method, which differ in time and
length scale. In other CGMC methods [1] boundary effects, which
are necessary in the simulation of nucleation processes, are neglected.
Therefore, we use fine-grid simulations to compute the average jump
rate between two neighbouring cells by numerical sampling (before the
MC-simulation) regarding boundary effects of every cell. With this
new method, we analyse the nucleation behaviour via the radial dis-
tribution function g(r) and the nucleation density.

[1] Markos A. Katsoulakis and Dionisios G. Vlachos. Coarse-grained
stochastic processes and kinetic monte carlo simulators for the dif-
fusion of interacting particles. The Journal of Chemical Physics,
119(18):9412-9427, 2003.

0 59.3 Wed 17:45 Poster Bl
The height of size selected Ag clusters on Cgg films — eNATALIE
MirosLawskIi!, NikLas GRONHAGEN!, KorLija MENDE!, STEFANIE
Durre!, BERND VON ISSENDORFF?, MICHAEL MOSELER?3#, and
Heinz Hover! — 1TU Dortmund, Experimentelle Physik I —
2Universitit Freiburg, Fakultét fiir Physik — 3Fraunhofer Institut fiir
Werkstoffmechanik, Freiburg — “Freiburger Materialforschungszen-

trum

Mass selected clusters from Ag;5 to Ag1+38i2 were soft landed at 77 K
on Cgo/Au(111) and imaged with STM at 77 K. We observed ex-
tremely narrow cluster height distributions. The cluster heights are
constant up to Agg'0 which can be explained assuming an icosahedrical
shape for Ag;r5 and the formation of caps of silver atoms at the rim of
the clusters for larger sizes. A remarkable change in height occurs be-
tween Agg'o and Ag;g8 clusters. An additional monolayer formed at the
top cluster facet might be responsible. Agz{s and Agg5 have the same
height, Agi’38 4o is larger and corresponds to the height of the closed
shell icosahedral cluster Ag'l‘;l7 4o- It was possible to deposit different
cluster masses onto one sample. Although the deposition spots were
deposited in close proximity, we were able to separate them clearly.

Location: Poster Bl

Experiments with scanning tunnelling spectroscopy (STS) at 5 K hint
to notable differences between our measurements on Cgo/Au(111) and
previous measurements on Cgo/HOPG.

O 59.4 Wed 17:45 Poster Bl
Deposition of silver nanoparticles on to thin films of ionic lig-
uid on SiO2 — eE. Pacuomow!, O. Ho6FFT?, M. MARSCHEWSKI',
W. Maus-Friepricus!, and F. Exnpres? — lIntitut fiir Physik und
Physikalischen Technologien, Technische Universitat Clausthal, Leib-
nizstr. 4, 38678 Clausthal-Zellerfeld — 2Institut fiir Mechanische Ver-
fahrenstechnik, Technische Universitit Clausthal, Arnold-Sommerfeld-

Str. 6, 38678 Clausthal-Zellerfeld

Ionic liquids(IL) are a highly interesting group of solvents for elec-
trochemical processes - mainly due to the combination of their high
electrical conductivity, their electrochemical stability and their abil-
ity to dissolve a wide range of compounds[l]. Due to the low va-
por pressure ionic liquids can be used in UHV. In this work the
influences of ionic liquid films on the growth of silver nanopar-
ticles on SiO2 were investigated. Here, monolayers of 1l-ethyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)amide [EMIM]|T{2N on
Si02 were produced by vapor deposition. On these layers silver was
evaporeted. The chemical composition and electronic strucrure of
the silver-IL-SiO2 interface was characterized by metastable induced
electron spectroscopy(MIES) and photoelectron spectroscopy(XPS,
UPS(Hel)). The particles size distribution was determined with AFM.
We compare these resultes with measurements on silver deposited on
pure SiO2. We find that due to the ionic liquid films the particles size
is increased. [1] F. Endres, S. Zein El Abedin, Phys. Chem. Chem.
Phys., 8(2006)2101

O 59.5 Wed 17:45 Poster Bl
THECLA - Setup of a THErmal CLuster Apparatus —
eSABRINA HENNES, STEFANIE DUFFE, and HEINZ HOVEL — TU Dort-
mund, Experimentelle Physik I, Otto-Hahn-Str. 4, 44221 Dortmund,
Germany

THECLA is a THErmal CLuster Apparatus which produces clusters
by supersonic nozzle expansion [1,2]. It enables optical spectroscopy of
clusters in a free jet and of the same clusters deposited on substrates
or in a matrix material. A hot-cathode plasma ionisation [3] and a
moveable Faraday cup for ion-current measurement are installed for
an in-situ determination of the cluster mass. Using the cluster veloc-
ity of the supersonic expansion, the ion-displacement by an electric
field perpendicular to the cluster beam can be used to determine the
cluster mass. In addition time-of-flight measurements can be used to
analyse the cluster velocity and mass [1]. In first experiments we stud-
ied the plasmon resonance of Ag clusters deposited on SiO2 in vacuum
and exposed to air. Using the same samples it is planned to perform
XANES measurements of the L-absorption edge at the synchrotron
radiation source DELTA to gain detailed information about the struc-
ture, the chemical environment and changes of the unoccupied density
of states of those clusters [4,5].

[1] O. F. Hagena, Z. Phys. D 20, 425 (1991). [2] H. Hovel et al.,
Phys. Rev. B 48, 18178 (1993). [3] I. M. Goldby et al., Rev. Sci.
Instrum. 68, 3327 (1997). [4] O. Sipr et al., J. Synchrotron Rad. 6,
770 (1999). [5] A. Bzowski et al., Phys. Rev. B 49, 13776 (1994).

O 59.6 Wed 17:45 Poster Bl
Photoconductivity of metal nanoparticle ensembles sup-
ported by localized surface plasmon polariton resonances
(LSPPRs) — eELENA VasHCHENKO!, TIGRAN VARTANYANZ, FRANK
TRAGER!, and FrRank HuBeENTHAL! — 1Universitit Kassel, 34132
Kassel, Germany — 2SPbSU ITMO, 197101 Saint-Petersburg, Russia

Owing to their specific properties, various kinds of dispersive systems
attract great interest of researchers. Intriguing examples of such sys-
tems are metal nanoparticle ensembles (MNESs), which exhibit superior
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optical properties. Recently, the electric properties of such MNEs have
found increasing attention. MNESs represent interlinked systems, which
can be used as light driven electric devices.

In this contribution we demonstrate a LSPPR driven photoconduc-
tivity in silver and sodium nanoparticle ensembles. For this purpose
MNEs were prepared on dielectric substrates and afterwards charac-
terized by extinction spectroscopy and atomic force microscopy. The
extinction spectra of the MNEs showed pronounced LSPPRs at wave-
lengths below the threshold of the external photo effect in the corre-
sponding bulk metal. Subsequently a voltage has been applied to the
MNEs and the current has been measured. We found that the current
through the illuminated MNEs is more than one order of magnitude
higher compared to the current without illumination. The strongest
increase is obtained for wavelengths that are in resonance with the
LSPPR of the MNEs. A theoretical interpretation of the observed
phenomena based on the reduction of the tunneling barrier for the
photoexcited electrons is provided.

0 59.7 Wed 17:45 Poster Bl
Photochemical particle growth in ordered two-dimensional
arrays — eAXEL SEIDENSTUCKER!, THoMAs HARTLINGZ, ALFRED
PrerTL!, PHiLLip OLk?, PauL Ziemann!, and Lukas Enc? —
LUniversitdt Ulm, Institut fiir Festkérperphysik, 89069 Ulm (Ger-
many) — 2TU Dresden, Institut fiir Angewandte Photophysik, 01062

Dresden (Germany)

A novel procedure is reported which allows the controlled manipu-
lation of the size of metal nanoparticles. The technique is demon-
strated here on two-dimensional particle arrays of gold nanoparticles
(diameter 10 nm), fabricated by means of diblock copolymer micelle
lithography (BCML), but can in principle be applied to any kind of
ordered structures. The particles are used as nucleation centers in
seed-mediated photochemical metal deposition, whereby the particle
diameter increases. Repeatedly combining photochemical growth with
annealing steps facilitates controlling the particle shape as well as their
uniformity.

0 59.8 Wed 17:45 Poster Bl
Characterization of Fe;Os-Nanotubes prepared by ALD —
eMarkus SproLL!, ULF WiepwaLD!, CHRISTIAN PFAHLER!, AL-
FRED PLETTL!, PAUL ZIEMANN?!, and JULIEN BAcHMANNZ — lInstitut
fiir Festkérperphysik, Universitat Ulm, D-89069 Ulm — 2Institut fiir
Angewandte Physik, Universitat Hamburg, D-20355 Hamburg

Metallic nanoparticles from a micellar technique or colloidal
polystyrene (PS) particles with diameters of 100 nm are used to gen-
erate nanomasks on Si and SiO2. Dip-coating the latter ones onto a
pre-treated substrate permits the deposition of monolayers over areas
up to 20mm?. Anisotropic separation and subsequent isotropic etch-
ing in an oxygen plasma reduces the size of the PS-particles down to
the desired diameter. In case of the metallic Nanoparticles, the diame-
ter can be varied by photoseeding [1]. Using both types of particles as
a mask for anisotropic reactive ion etching (RIE), arrays of nano-pores
can be fabricated with variable depth and diameter [2].

An Atomic Layer Deposition (ALD) process with ferrocene is used
to refill the pores. After removing the top layer on the substrate,
the remaining magnetic nanotubes can be investigated. In a furnace
or a hydrogen plasma the FexOg3 tubes are reduced to Fe3O4 or even
metallic Fe. SQUID measurements of all these states will be presented.

[1] A. Seidenstiicker - poster at this conference,
[2] A. Plettl et al., Adv. Funct. Mater. 19, 3279 (2009).

0 59.9 Wed 17:45 Poster Bl
Enhanced LED emission by ordered metallic nanoparticle ar-
rays — eTiNo GOHLER!, DavID GOoTTWALD!, STEFAN GRAFSTROM!,
JURGEN MoosBURGER?, and Lukas M. Enc! — lInstitut fiir Ange-
wandte Photophysik, Technische Universitdt Dresden, D-01062 Dres-
den — 20SRAM Opto Semiconductors GmbH, D-93055 Regensburg

The external quantum efficiency of light-emitting diodes (LEDs) based
on AlGaAs is limited by the total internal reflection because of the
high refractive index (typically between 3 and 4) of the semiconduc-
tor. Metal nanoparticles (MNPs) can be used as dipole scatterers in
order to enhance this LED emission. We investigated arrays of MNPs,
produced by Fischer pattern nanolithography [1] on top of both high-
index substrates and on the LED itself. Light that would otherwise
remain trapped inside the substrate is coupled out by both grating
coupling and resonant plasmonic scattering. Here, we present 2D and

3D calculations based on the multiple-multipole method [2] of the light
output produced by an array of MNPs of different sizes and distances,
and then compare these findings with our experimental results.

[1] U.Ch. Fischer and H.P. Zingsheim, J. Vac. Sci. Technol. 19
(1981) 881

[2] C. Haffner, Post-modern Electrodynamics:
MaXwell Solvers. Wiley, (1999)

Using Intelligent

0 59.10 Wed 17:45 Poster B1
Exploring the CoPc@HOPG interface: STM and STS study
— eoLARs SMyKALLA, MARIUS TOADER, PAVEL SHUKRYNAU, and
MicHAEL HieTscHoLD — Chemnitz University of Technology, Insti-
tute of Physics, Solid Surfaces Analysis Group, D-09107 Chemnitz,
Germany

Using an UHV VT-STM, we report results obtained on a submono-
layer of cobalt(II)-phthalocyanine (CoPc) grown on Highly Oriented
Pyrolytic Graphite (HOPG) by OMBD. The very low deposition rate
has allowed the formation of large defect-free self-assembled organic do-
mains, mainly governed by the molecule-molecule interaction, where
sometimes different orientation of the molecules with respect to each
other leads to the development of relatively new type of structure.
Nevertheless, the reported coexistence of molecular multi-phases has
to be discussed in terms of the epitaxial relation between the or-
ganic adlayer structure and substrate surface orientation. Tip-sample
distance-dependent scanning tunneling spectroscopy studies have been
addressed in order to understand the electronic properties at the
organic-inorganic interface. The observed shift in the molecular levels
induced by the current set point variation is discussed and compared
with the energy level diagram obtained by single molecule DFT calcu-
lations.

0O 59.11 Wed 17:45 Poster Bl
Exploration of critical parameters in production of nano
structures with Focused Ion Beams — oSTEFaAN BaLk!, Lukas
ParryarcHA!, KARL BAUER!, AxEL RuDzINSKIZ, LARS BRUCHHAUS?,
and HeiNz HoVEL! — 1TU Dortmund, Experimentelle Physik I —

2Raith GmbH, Dortmund

Surface defects on highly orientated polycrystalline graphite (HOPG)
were produced with Focused Ion Beams (FIB) in a pattern of squares
with varying ion doses using the ionLiNE FIB-Tool (Raith GmbH).
Thereafter the sample was oxidized at 500 °C for a duration of 200
minutes with 2% Oz. Only defect-rich areas oxidize completely and
form nanocavities, which are nanopits deeper than 10 mono layers
(ML). The gallium ions have a dose independent maximum penetra-
tion depth of about 50 nm at 25 keV. STM and AFM measurements
show the existence of a critical ion dose at 20 uAs/cm? where the tran-
sition from nanopit to nanocavity appears. Below 20 pAs/cm? only a
few ML deep nanopits are formed. Above 20 pAs/cm? nanocavities
with an increasing depth up to 50 nm were detected. The results have
a good match with TRIM simulations of the produced defect density.
The critical defect density is 6,25 - 1073 defects//i:‘. We plan to use
these results to realize isolated nano structures of HOPG by treatment
of thin films of HOPG on insulator materials.

0O 59.12 Wed 17:45 Poster Bl
Electrodeposition of free-standing regular arrays of metal-
lic nanowires using template synthesizing technique — eNina
WINKLER, YONG LEI, and GERHARD WILDE — Institut fiir Material-
physik, Westfilische Wilhelms-Universitat Miinster, Wilhelm-Klemm-
Str. 10, 48149 Miinster

The fabrication of free-standing metallic nanowires with a template
synthesizing method is investigated.

Magnetic nanowires may serve as high density perpendicular record-
ing hard disks to avoid the superparamagnetic limit of nanometer-sized
metallic structures.

Due to the high pore regularity of porous anodic alumina mem-
branes, they serve as templates for the electrochemical growth of metal-
lic nanowires. The alumina membranes were fabricated by a two-step
anodization process of aluminum foils in oxalic and sulfuric acids. The
insulating alumina barrier layer should be removed for electrodepo-
sition of metallic nanowires. A method for perforating this barrier
layer is presented in this work. A voltage pulse profile is applied for
the electrodeposition processes with a potentiostat to achieve regu-
lar nanowires. The total time for the deposition is depending on the
desired length of the nanowires.

After the deposition of the metals, the alumina membranes are re-
moved by acidic etching to realize free-standing metallic nanowires.
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Their magnetic properties are investigated.

0O 59.13 Wed 17:45 Poster Bl
One-dimensional ZnO nanostructures and their property in-
vestigation — ePETER Hrss, YonGg LEiI, and GERHARD WILDE —
Institut fiir Materialphysik, Westfélische Wilhelms-Universitdt Miin-
ster

One-dimensional (1-D) ZnO nanostructures were systematically inves-
tigated concerning their micro-structures and properties. The main fo-
cus of this work is on the assembly of thin and well-aligned nanowires to
investigate their optical properties. The ZnO 1-D structures were pre-
pared using a Chemical Vapour Deposition (CVD) system with ZnO/C
mixtures as sources, Au-coated silicon or sapphire as substrates, and
an argon and oxygen gas flow as a distributor and oxidation source.
Depending on the conditions during the CVD process, different kinds
of ZnO nanostructures were obtained. The morphology of the ZnO
nanostructures was checked by SEM while the optical properties (pho-
toluminescence) were investigated using a spectrometer. Additionally,
the crystalline structures, the growth direction, and the lattice spac-
ing of ZnO nanostructures were characterized using TEM. First ex-
periments were also conducted using porous alumina membranes as
templates to obtain very thin and well-aligned ZnO nanowires.

0 59.14 Wed 17:45 Poster Bl
Growth and photoluminescence of carbon-nanotubes lay-
ing on silicon substrates — ePrETER LOPTIENY2 SHIGERU
MoritsuBo!, Tomoakr Murar!, and Yuichmiro K. Karo! —
nstitute of Engineering Innovation, University of Tokyo, Tokyo 113-
8656, Japan — 2Institute of Applied Physics, University of Hamburg,
Jungiusstr. 11, 20355 Hamburg, Germany

Carbon nanotubes are self-assembled one-dimensional systems with
exceptional electronic properties. Depending on their structure they
are either metallic or semiconducting. In this project, semiconduc-
ting carbon nanotubes were investigated with photoluminescence spec-
troscopy. Starting with a bare silicon wafer, islands were defined by
e-beam-lithography. Cobalt acetate with silica nanoparticles were de-
posited as islands acting as catalysts in the chemical vapor deposition
growth process. The obtained nanotubes on and in between the is-
lands were revealed by scanning electron microscope images and Ra-
man spectroscopy. According to our photoluminescence data and pre-
vious results, there is a signal from air-suspended carbon nanotubes,
but no signal from carbon nanotubes laying on the wafer in between
the islands. The samples were treated with surfactants in an attempt
to obtain micelle-encapsulated nanotubes showing photoluminescence
even when they are in contact with the surface.

0 59.15 Wed 17:45 Poster Bl
Structural and electronic properties of Au induced nanowires
on Ge(001) — eTws MockiNGg, DaaN KOCKMANN, ARIE VAN
Houserr, BENE PoELSEMA, and HAROLD ZANDVLIET — MESA+ in-
stute for Nanotechnology and University of Twente, Enschede, The
Netherlands

The structural and electronic properties of Au induced self-organized
nanowires on Ge(001), prepared by different procedures, are investi-
gated with scanning tunnelling microscopy and spectroscopy at room
temperature and 77 K [1]. The Au induced nanowires are comprised
of dimers that have their bond aligned in a direction perpendicular
to the nanowire. The dimers are buckled, leading to a 2x periodic-
ity along the nanowires. Dimers located at anti-phase boundaries are
dynamic and flip back and forth between two buckled configurations.
The troughs between the nanowires have a depth of several atomic
layers. Finally, the differential conductivities of the nanowires and the
troughs are very comparable in magnitude.

[1]. D. Kockmann, A. van Houselt, T.F. Mocking, B. Poelsema and
H.J.W. Zandvliet, Journal of Physical Chemistry C 113, 17156 (2009).

0 59.16 Wed 17:45 Poster B1
Investigation of the geometric structure of one-dimensional
Au nanowires on the Ge(001) surface with STM and LEED
— oSEBASTIAN MIeTKE!, MELANIE KLINKE!, TaTJANA PoODLICH!,
RENE MATZDORF!, CHRISTIAN BLUMENSTEIN?, JORG SCHAFER2, SE-
BASTIAN MEYER?, and RALPH CLAESSEN? — Fachbereich Naturwis-
senschaften, Experimentalphysik II, Universitidt Kassel, 34132 Kassel,
Germany — 2Physikalisches Institut, Universitit Wiirzburg, 97074
Wiirzburg, Germany

The deposition of Au on a clean Ge(001) surface yields one-dimensional

(1D) structures, so-called nanowires. Using the techniques of low-
temperature scanning tunneling microscopy (LT-STM) and low-energy
electron diffraction (LEED), it could be demonstrated that the result-
ing surface reconstruction exhibits excellent ¢(8 x 2) long-range order.
Since the wires are confined to atomic dimension, this system renders
an ideal playground for the study of 1D physics, such as the charge
density wave (CDW) or a Luttinger liquid. Experimentally, we find in
addition to the ¢(8 X 2) structure that a fourfold superstructure along
the wire direction exists over a wide temperature range. As the origin
of the superstructure, the appearance of a CDW could be excluded
by using scanning tunneling spectroscopy. By studying occupied and
unoccupied states with the STM it could be shown that the nanowires
consist of Au chains of single atom dimension.

0 59.17 Wed 17:45 Poster Bl
Micromanipulation of individual InAs nanowires — KiL-
AN FLouRrR!, eMarcus LieBmann!, KamiL Svapek?, HILDE
HARDTDEGEN?, THOMAS ScHAPERSZ, DETLEV GRUTZMACHER?, and
MAaRKUS MORGENSTERN! — 1II. Institute of Physics, RWTH-Aachen
University and JARA-FIT, 52074 Aachen, Germany — 2Institute
of Bio- und Nanosystems (IBN-1), Jiilich Aachen Research Alliance
(JARA), Forschungszentrum Jiilich, 52425 Jiilich, Germany

We investigated methods to manipulate InAs nanowires using micro-
manipulators, an optical microscope as well as atomic force microscopy
with the goal to produce InAs tips for scanning tunneling microscopy.
Within the optical microscope, the InAs wires with diameters of ap-
proximately 100 nm and length up to 12 um can be identified as col-
ored stripes (1000 magnification) due to the diffraction of light. The
wires, which have been grown by metalorganic vapor phase epitaxy
(MOVPE) on a GaAs wafer without catalyst, could be picked up in-
dividually using the sharp corner of a doubly cleaved wafer exploiting
adhesion forces. Later, the wires are placed onto a desired position
at the edge of another wafer. Contacting of the wires is accomplished
using indium microsoldering [1], which leads to a two-point resistance
down to 1.5 k2. First STM measurements, however, did not reveal
a tunneling current probably due to oxidation of the tip. Different
etching procedures have been tested in order to remove the oxide of
the wire.
[1] C. O. Girit and A. Zettl, Appl. Phys. Lett. 91, 193512 (2007).

O 59.18 Wed 17:45 Poster Bl
Nanoline templates for single atom wires on Si(001)
— eSIGrRUN A. Koster!, James H. G. Owen!, Frangols
Bianco!, DaNiEL Mazur!, Aivaro Ropricuez-PrieTo?, Davip R.
BowLER?, and CHRisoPH RENNER! — !Université de Genéve, Section
Physique/DPMC, Quai Ernest-Ansermet 24, 1211 Genéve 4, CH —
2London Centre for Nanotechnology (LCN), University College Lon-
don, UCL 17-19 Gordon Street, WC1H 0AH, London, UK

Low dimensional structures are of wide scientific and technological in-
terest. The physics of single atom metallic wires is already described
in detail by theory, but a more systematic experimental verification
is still desirable. The experimental problems are mainly caused by
the difficulties of growing electronically isolated wires which is neces-
sary to test the expected properties from existing theories. Here we
introduce templates on a Si(001) surface which enable the growth of
self-assembled single atom wires on top of them. The main template
consists of a Si reconstruction called the Haiku structure|[1] which de-
velops underneath self-assembled Bi nanowires|2]. By hydrogenation
the Si surface can be passivated and additionally the Bi dimers are
stripped off while the underlying reconstruction of the Si surface re-
mains intact. In addition the Bi nanowire by itself can be considered
as a template[3].

[1] J.H.G.Owen, K.Miki, H.Koh, H-W.Yeom and D.R.Bowler, Phys.
Rev. Lett. 88, 226104 (2002) [2] J. H. G. Owen, K. Miki, and D. R.
Bowler, J. Mater. Sci. 41, 4568 (2006) [3] J. H. G. Owen and K. Miki,
Nanotechnology 17, 430 (2006)

0 59.19 Wed 17:45 Poster B1
Iron-Induced Reconstructions on the Ge(001) Surface:
a Scanning Tunneling Microscopy Study — eMICHAEL
LocuNeEr"?2, CHRISTIAN BLUMENSTEIN!, J6rc ScuAFER!, and
RaLPH CragssEN! — !Physikalisches Institut, Universitit Wiirzburg,
97074 Wiirzburg — 2Fachbereich Naturwissenschaften, Universitit
Kassel, 23132 Kassel

Low-dimensional systems can be realized by self-organized arrays of
adatoms on semiconductor surfaces. In the last years, significant ad-
vances have been made in the growth and spectroscopy of nanowire
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systems, especially on Ge(001). A fascinating and still open question
is whether one can grow such structures with magnetic atoms, which
might lead to spin-ordered chains.

Here we study the growth of Fe atoms on Ge(001) by scanning tun-
neling microscopy (STM). Deposition of Fe at ~ 400°C substrate tem-
perature leads to formation of two different Fe-induced reconstructions:
A (2x1) reconstruction exhibiting chain-like character, and a c(4x2)
reconstruction that shows a two-dimensional architecture. The struc-
tural features for both phases as seen in STM, as well as their occurence
in the phase diagram will be discussed in detail.

0 59.20 Wed 17:45 Poster B1
Conductive AFM on Supramolecular Assemblies — ¢ CARSTEN
HentscHEL!, DaNiEL EBeLiNg!, Lin Jianc!2, HaraLp Fuchs!,
and LireNe Cui' — !Center for Nanotechnology (CeNTech) and
Physikalisches Institut, Westfalische Wilhelms-Universitdt Miinster,
Germany — 2present address: School of Materials Science and En-
gineering, Nanyang Technological University, Singapore
Based on the continuous reduction of electronic device sizes there is an
increasing interest in conductors of molecular dimensions. As a result
of these molecular dimensions the atomic force microscope (AFM) has
developed for a suitable standard tool for surface analysis in this range.

However, among the mechanical characterisation it is possible to
measure electrical properties of samples by this technique. Therefore,
a conductive cantilever tip is scanned over a sample surface while a
bias voltage is applied between tip and sample. With an external cur-
rent amplifier the local current between tip and surface is measurable
[1-2].

Here we will present a method to perform conductivity mea-
surements with nanoscopic resolution on supramolecular assemblies.
Therefore, the topographical images and current maps are simultane-
ously recorded in order to study the electrically behaviour on a length
of about several micrometers.

[1] H. Dai, E. W. Wong, C. M. Liebert, Science 272 (1996)

[2] P. J de Pablo et al., Phys. Rev. Lett. 83 (2002) 036804

O 59.21 Wed 17:45 Poster Bl
Pentacene on insulators and the growth of nanocrystals:
an STM study with submolecular resolution — e ALEXANDER

KaBakcHIEV!, Kraus KunNke!, THeresa Lurz!, and Kraus

KernD2 — 1Max Planck Institut fiir Festkorperforschung, Stuttgart,
Germany — 2Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland

Pentacene has become the drosophila of single molecule imaging.
Molecular orbital maps in conjunction with tunneling spectroscopy
provide new insight in the local electronic structures of model adsor-
bates. We use the dewetting of Pentacene films on thin insulating
layers to grow nanocrystals a few nm high and base dimensions of sev-
eral 100 square nanometers. Scanning tunneling microscopic (STM)
topography reveals steep crystal edges reaching down to the bare in-
sulator. Submolecular spatial resolution allows to image molecular
orbitals on top of the crystal and to determine the local molecular
structure. We demonstrate that in contrast to thin film structures so
far found on insulators, the crystallites forming on KCI layers below
room temperature exhibit a bulk-like phase with the long molecular
axis oriented parallel to the surface. Comparison of scanning tunneling
spectroscopy for the crystal phase with isolated molecules on the insu-
lator layer indicates a shift of the molecular orbitals to lower binding
energies.

0 59.22 Wed 17:45 Poster Bl
Ion induced surface topography evolution of Cu — eMARIA
Lentus!, ReiNER KrEE2, and CyNTHIA A. VoLkerr! — !Institut
fiir Materialphysik, Georg-August-Universitit Gottingen — 2Institut
fiir Theoretische Physik, Georg-August-Universitat Gottingen

Ton beam sputtered surfaces develop complex patterns that depend on
crystal and ion beam parameters. The patterns are controlled by the
interplay of various mechanisms such as surface curvature dependent
sputtering, channelling effects, anisotropic and temperature dependent
diffusion as well as ion induced diffusion processes and are not fully
understood.

This work systematically considers the influence of crystal orienta-
tion dependent surface energy as a driving force. The sputter erosion
profiles of Cu grains with various crystal orientations have therefore
been investigated as a function of dose and ion beam incidence using a
focused ion beam microscope. The resulting patterns with amplitudes
up to 150 nm and wavelengths of about 0.5 um were characterized us-

ing SEM, AFM, and EBSD. Those investigations provide indications
that surface energy minimization has an impact on pattern formation.

O 59.23 Wed 17:45 Poster Bl
Focused electron beam induced processing in UHV:
"nanowriting" with an electron-beam as a pen and precur-
sor molecules as ink — FLORIAN VOLLNHALS, MARIE-MADELEINE
WaLz, MICHAEL ScCHIRMER, THOMAs Lukasczyk, HANs-PETER
STEINRUCK, and eHUBERTUS MARBACH — Lehrstuhl fiir Physikalis-
che Chemie II and Interdisciplinary Center for Molecular Mate-
rials (ICMM), Friedrich-Alexander-University Erlangen-Nuremberg,
Egerlandstr. 3, 91058 Erlangen

In this contribution we aim towards the generation of arbitrarily
shaped naonostructures with well defined chemical composition by fo-
cused electron beam induced processing (FEBIP) of either adsorbed
precursor molecules or the substrate itself. The electron beam irradia-
tion of adsorbed precursor molecules results in the local decomposition
and thus the deposition of non-volatile fragments (electron beam in-
duced deposition, EBID). In our distinct "surface science approach" to
EBID we could show that working in an ultra clean environment, i.e.
in ultra high vacuum (UHV), is advantageous in terms of cleanliness
and partially size of the generated deposits. Recently we could also
explore the localized activation of an oxide surface by an focused elec-
tron beam, such that Fe(CO)s dosed after the exposure is decomposed
at the irradiated area, resulting in clean iron deposits. Results and
principles of the described techniques will be presented and discussed
as an engineering tool to generate or modify nanosized objects. This
work was supported by the Deutsche Forschungsgemeinschaft under
grant MA 4246/1-1.

0O 59.24 Wed 17:45 Poster Bl
Characterization of Plasmonic Nanoantennas for Enhanced
High Harmonic Generation by 2P-TOF-PEEM — eSoo Hoon

Cuew!, ADRIAN WIiRTH?, FREDERIK SUssMANNZ, NiLs WEBER3,
1

MarTHIAS ESCHER®, SERGEY ZHEREBTSOVZ, JURGEN SCHMIDT!,

MicHAEL HorsTETTER?, MarTHIAS KLING?, MARK STOCKMAN?,
Ferenc Krausz!2, and ULr KLEINEBERG! — IDepartment of
Physics, University of Ludwig-Maximilians, Garching, Germany —
2Max Planck Institute of Quantum Optics, Garching, Germany —
3Focus GmbH, Hiinstetten Kasselbach, Germany — “*Georgia State
University, Altanta, USA

Metallic bowtie nanostructures have recently been demonstrated to
enhance high harmonic generation from noble gases attributing to
resonant plasmon field enhancement in the vicinity of nanostructures
driven by femtosecond laser pulse excitation. Two-photon photoelec-
tron emission microscopy (2P-PEEM) is a powerful tool to image the
near field enhancement and "hot spot" photoemission from plasmonic
nanostructures. Besides imaging the spatial electron distribution, the
photoelectrons kinetic energy distribution within the nanostructures
can be mapped using a time-of-flight (TOF') detector coupled to the
2P-PEEM. We have characterized various plasmonic nanoantennas by
means of 2P-TOF-PEEM using a ps diode laser. Our ultimate goal
is to characterize the nanoplasmonic fields not only on a nm spatial
scale but also on ~100 as temporal scale. Therefore, the concept
of as field microscope utilizing a TOF-PEEM in combination with fs
optical-pump/as XUV-probe experiment will be discussed.

O 59.25 Wed 17:45 Poster Bl
Excitation of plasmonic gap waveguides by nano antennas
— oJing WEND2, PeTER BANzER!'2:3, DaNIEL PLoss!?, ARIAN
Kriescu'2, and ULr PrscHEL!23 — lnstitute of Optics, Informa-
tion and Photonics, University Erlangen-Nuremberg — ?Max Planck
Institute for the Science of Light — 3Cluster of Excellence *Engineering

of Advanced Materials’ at the University of Erlangen-Nuremberg

We experimentally demonstrate the excitation of plasmonic gap waveg-
uides by nano antennas. The excitation is shown to be both spatially
and spectrally dependent which can potentially be used for the selec-
tive excitation of plasmonic nanostructures. Due to its small size the
antenna can be easily integrated into plasmonic circuits.

The simulated optimized coupling efficiency of exciting with antenna
is 10.6% which is 129 times as large as the case without antenna. In
experiments, the coupling of the far field to the plasmonic waveguide
can only be successfully achieved when the optical beam is on the an-
tenna and at resonant wavelength with the right polarization direction.
The measured sum of the coupling efficiency and antenna absorption
reaches up to 20% compared to the simulated optimum value of cou-
pling efficiency of 10%. The offset between the simulated coupling
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efficiency and the experimentally determined lack of power is quite
likely due to absorption in the antenna or a higher coupling efficiency
than expected.

0 59.26 Wed 17:45 Poster Bl
Near field and far field excitation of plasmonic waveguide ar-
rays — eARriaN Kriescab23 Jing WEND2, and ULF PescHELZ:34
— IMPI fiir die Physik des Lichts, Erlangen, Germany — 2Friedrich-
Alexander-Universtitdt Erlangen-Nirnberg, Erlangen, Germany —
3Erlangen Graduate School in Advanced Optical Technologies (SAOT)
— 4Cluster of Excellence Engineering of Advanced Materials (EAM)

Recently it was demonstrated that highly birefringent materials can
show negative refraction and self-imaging with sub-wavelength resolu-
tion. An array of metallic stripes with sub-wavelength periodicity can
serve as such kind of metamaterial. It provides a negative permittivity
for electric fields pointing along the stripes and a positive polaris-
ability perpendicular to the lines. It also forms a system of coupled
plasmonic waveguides thus transferring the concept of optical discrete-
ness to the nano-world. Here we report results on the pointwise ex-
citation of nanoscale plasmonic waveguide arrays with nanoantennas.
We fabricated respective structures, using nanostructuring techniques.
We found much stronger coupling between the waveguides than it is
achievable and reported for arrays made from dielectrics, thus allow-
ing for a much faster energy transport. Using a scanning near field
optical microscope (SNOM) and highly focused beams propagating,
waves were excited in the arrays. The experimental examination of
coupling between neighbouring waveguides promises new insights into
the processes of discrete diffraction and negative refraction on previ-
ously unmatched small spatial scales. A further goal is to achieve the
formation of discrete spatial solitons in such a nanoarray.

O 59.27 Wed 17:45 Poster Bl
Interactions in electrically and magnetically coupled stere-
ometamaterials — eLuTz LaNccuTH!, RALF VOGELGESANGZ, and
HaRALD GiesseN! — 14th Physics Institute, University of Stuttgart,
Germany — ?Max Planck Institut fiir Festkorperforschung, Stuttgart,
Germany

We consider metallic metamaterials which consist of stacked split-ring
resonators. Upon twisting of two vertically adjacent split rings, the res-
onance frequencies of the coupled system change [1]. In split-ring res-
onators, both electric as well as magnetic interactions are present. Be-
sides dipole interactions, also higher-order modes such as quadrupoles
or octupoles play a significant role. We take an analytical model for
the electric and magnetic dipole interactions and analyze the spatial
dependence of both interactions in the quasistatic limit as well as in the
dynamic case. We investigate the distance and the angle dependence
of the coupled split-ring modes and find an intriguing behavior, espe-
cially at points in space where one or both of the dipole interactions
are extremal. Our work explains this behavior in a dipole approxima-
tion, points out how to evaluate the strength of higher-order modes
and will lead to a better theoretical modelling of the optical properties
of stereometamaterials. [1] N. Liu et al., Stereometamaterials, Nat.
Phot. 3, 157 (2009)

O 59.28 Wed 17:45 Poster Bl
Nanoparticle-based Photothermal Control of the Catalytic
Activity of the Enzyme HRP — JAN BRETSCHNEIDER!, MAXIM-
ILIAN REISMANNZ, eMALTE LINN?, GERO VON PLESSEN?, and ULRICH
Simon! — lInstitute of Inorganic Chemistry, RWTH Aachen Univer-
sity, Germany — 21. Inst. of Physics (IA), RWTH Aachen University,
Germany

The optical excitation of particle plasmons in a gold nanoparticle by
laser irradiation induces a temperature rise in the nanoparticle and
its immediate surroundings. This effect can be exploited to control
temperature-sensitive chemical reactions in a contactless and highly
localized manner. In this work, this photothermal effect is utilized
to control the catalytic activity of an enzyme. For this purpose, the
enzyme horseradish peroxidase (HRP) is bound to the surface of gold
nanoparticles which are suspended in water. The HRP catalyses the
oxidation of the diazonium compound ABTS to ABTS*. A resonant
excitation of the HRP-functionalized nanoparticles by cw-laser light
with a wavelength of 532nm leads to a heating of the nanoparticle
environment.

We show that this photothermal heating reduces the rate of the
catalytic conversion process. For this purpose, the reaction kinetics is
spectroscopically monitored via a color change of the colorless reactant
(ABTS) transformed into the greenish product (ABTS™).

0 59.29 Wed 17:45 Poster B1
Optical Properties of Plasmonic Planar Septamer Nanostruc-
tures — eMario HenTscuen!2, Na Liu!, and HArRALD GIESSEN®
— 14, Physikalisches Institut, Universitit Stuttgart — 2Max-Planck-
Institut fiir Festkorperforschung, Stuttgart

Planar septamer nanostructures are supposed to show interesting cou-
pling effects. Mirin et al. [1] predicted a plethora of symmetry-
dependent spectral features. For instance, the symmetric mode takes
in-phase oscillations of all particle plasmons into account, whereas the
antisymmetric mode allows for phase shifts of pi.

We fabricated a variety of septamer structures by high-resolution
electron beam lithography and varied coupling as well as symmetry
parameters. Coupling distances as small as 12 nm have been achieved.

We are going to discuss the optical spectra as a function of structure
sizes, geometry, and neighbor-neighbor distance and find interesting
coupling effects. A simple dipole-dipole coupling picture between the
electric dipole moment of particle plasmons can be utilized to visual-
ize the energy levels as well as the oscillator strength of the optical
spectra.

[1] Nikolay A. Mirin et al., J. Phys. Chem. A 113, 4028-4034 (2009)

0 59.30 Wed 17:45 Poster B1
Calculation of the up-conversion efficiency of Er3t ions
near noble-metal nanoparticles — FLoRIAN HALLERMANN!, JAN
CurisToPH GoLDpscHMIDT?, STEFAN FiscHER?, PHILIPP LOPERZ,
oCHRISTIAN MaaseM!, and GeEro vonN PLessen! — llnstitute of
Physics (1A), RWTH Aachen University, 52056 Aachen, Germany —
2Fraunhofer Institute for Solar Energy Systems, Heidenhofstr. 2, 79110
Freiburg, Germany

In conventional silicon solar cells, the near-infrared part of the solar
spectrum could possibly be exploited by making use of up-conversion
processes. For instance, electrons could be excited from the ground
state to a final state via intermediate states through sequential ab-
sorption of infrared photons. The radiative relaxation of the electrons
from the final state generates photons whose energy is high enough to
be absorbed in the silicon.

In this work, we show on the basis of model calculations how the
up-conversion efficiency of Er3t ions can be enhanced using spherical
gold nanoparticles. The changes of the excitation rate in the vicinity of
nanoparticles are computed for Er3t ions homogeneously distributed
around a single gold nanoparticle using Mie theory and a rate equation
system. In addition, the relaxation rates of all involved excited states
of the ions are changed due to additional radiative and nonradiative
decay channels provided by the metallic nanoparticle. Using experi-
mentally accessible transition rates of Er3t ions, we semi-analytically
calculate the effects these changes have on the up-conversion efficiency.

0 59.31 Wed 17:45 Poster Bl
Near-field phase and flux controllability in the near-field —
eG10ovANNI PIREDDA, CAROLINE GOLLUB, REGINA DE VIVIE-RIEDLE,
and AcHim HarTrscHUH — Physikalische Chemie, Department Chemie
und Biochemie, Ludwig-Maximilians-Universitdt Miinchen

Ultrafast nanooptics is an emerging field that combines the concepts
and tools of ultrafast spectroscopy with those of near-field optics [1]. A
basic form of coherent control in the near-field is the ability to concen-
trate the linear optical flux at a desired location with sub-diffraction
resolution. This task requires polarization pulse shaping of the incident
electric field [2]. We show, using simple examples, that the presence of
quick spatial variations of the phase (“near-field phase”) is an essential
ingredient for the controllability of linear flux in the near-field. The
near-field phase, that does not depend on propagation, is almost al-
ways present when light interacts with a nanostructure [3]. We analyze
a nanoparticle and incident field configuration in which near-field spa-
tial variations of the phase are almost completely absent to highlight
the fact that without them control of flux localization cannot succeed.
In addition we present our first results of control of second-harmonic
generation from rough gold films in a near-field optical setup.

[1] MLI. Stockman et al., Phys. Rev. Lett., 88, 067402 (2002).

[2] T. Brixner et al., Phys. Rev. B, 73, 125437 (2006).

[3] R. Carminati, Phys. Rev. E 55, R4901 (1997).

0 59.32 Wed 17:45 Poster B1
Acousto-Plasmonic Properties of Single Metal Nanoparti-
cles — eKa1 KraTzer!2, THORSTEN SCHUMACHER!'2, and MARKUS
LippiTz! 2 — Max-Planck-Institut fiir Festkérperforschung, Stuttgart
— 24. Physikalisches Institut, Universitit Stuttgart
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Acoustic vibrations of a single metal nanoparticle are detectable via the
particle’s plasmonic properties because mechanical oscillations cause
a periodical variation of the electron density and thus a periodically
changing plasmon resonance. Ultrafast pump-probe spectroscopy al-
lows us to measure these small variations and to characterize a sin-
gle nanoparticle by analyzing the acoustic breathing mode on a pico-
second timescale.

Metal nanoparticles show a diverse behavior as they vary in shape,
size and coupling to the substrate. To overcome this inhomogeneity it
is necessary to measure single particles. We demonstrate these varia-
tions by a series of experiments on the single particle level and show
the influence of deviations from spherical shape and the coupling to
the substrate.

O 59.33 Wed 17:45 Poster Bl
Temperature dependence of antenna-like plasmon resonances
of gold nanowires in the Infrared — eJ6rG BocHTERLE!, FRANK
NeuBrecH!, Hoanc Vu Cuunc!, DomiNik ENDERs?, TADAAKI
Nacao?, and ANNEMARIE Puccr! — 'Kirchhoff-Institute for Physics,
Heidelberg University, Germany — 2National Institute for Material
Science, Tsukuba, Japan

Quantitative knowledge about conductivity parameters in metal
nanostructures is of high practical interest in nanotechnology. Since
contacts for direct current measurements mostly are problematic,
contact-free spectroscopic measurements would be preferable. In fact,
plasmonic resonance spectra are determined by the conductivity pa-
rameters. Unfortunately, except few special cases, the relation between
metal conductivity and plasmonic particle resonance is complicated
and it is important to get systematic experimental data.

We therefore study infrared plasmonic excitation of lithographic gold
nanowires at various temperatures between 30 K and 600 K. The exper-
iments were performed under UHV conditions to realize LHe cooling
down to 30 K without formation of thick adsorbate layers. Electron
impact heating was used to control the amount of energy transferred
to the sample holder, thus being able to approach various tempera-
tures in the desired range. With decreasing temperature a decreasing
number of phonons in the gold nanowires is expected and therefore a
lower relaxation rate of conducting electrons and accordingly a change
in the plasmonic resonance curve.

O 59.34 Wed 17:45 Poster Bl
Third harmonic generation from gold nanostructures us-
ing a femtosecond laser scanning microscope — ®SIEGFRIED
WEISENBURGER" 2, ToBias Utikar!?2, HaraLp Giessen?, and
MaRrkus Lippitz'»2 — Max Planck Institute for Solid State Research,

Stuttgart — 24th Physics Institute, University of Stuttgart

There are different competing mechanisms of third harmonic gener-
ation from gold nanostructures on a dielectric substrate: First of all
third harmonic light generated at the dielectric-air interface is Rayleigh
scattered at the metal structure. Furthermore the strong field enhance-
ment in the vicinity of the plasmonic nanostructure increases the di-
electric bulk third harmonic generation. Last but not least there is
third harmonic generation from the particle itself due to a nonlinear
potential of the metal’s conduction electrons caused by the finite size
of the structure. We look into the question, which of these mechanisms
dominates in which size regime the third harmonic generation from the
nanostructures.

We use a titanium-sapphire laser system producing 8 fs pulses that
are strongly focussed onto the samples by a reflective Cassegrain objec-
tive. The third harmonic signal at 4.6 €V is collimated by an immersion
glycerin quartz objective and detected by an UV photomultiplier. The
focussing properties of the Cassegrain objective and the influence of
the Cassegrain on the ultrashort laser pulses are investigated experi-
mentally and by numerical simulations. We will show the principle of a
femtosecond laser scanning microscope setup as well as first experimen-
tal results on the third harmonic generation from gold nanostructures.

0 59.35 Wed 17:45 Poster Bl
Second-harmonic generation at thin gold films: Comparison
of experiment and theory — ePHILIPP REICHENBACH, ANDREAS
HiLLE, STEFAN GRAFSTROM, and Lukas M. Encg — Technische Uni-
versitdt Dresden, Institut fiir Angewandte Photophysik, George-Béahr-
Str. 1, 01062 Dresden

The existence of optical second-harmonic generation (SHG) at metallic
surfaces has been well known for a many years in experiment [1] as well
as in theory, where several electron gas models exist [2-4]. Further in-
vestigations have dealt with SHG at thin metallic films [5, 6], for which

these models have been compared with experimental measurements.
In our work the SHG signal from thin gold films of various thicknesses
was measured. The experimental results are compared with a simple
and fundamental classical model: an extended Lorentz model taking
second-order corrections into account. The model was implemented
into a discontinuous Galerkin algorithm [7]|, which provides higher
spatial resolution in time domain than other common methods such
as FDTD and FVTD.

[1] F. Brown et al., Phys. Rev. Lett. 14, 1029 (1965)

[2] S. S. Jha, Phys. Rev. 140, A2020 (1965)

[4] J. E. Sipe et al., Phys. Rev. B 21, 4389 (1980)

[5] J. C. Quail and H. J. Simon, Phys. Rev. B 31, 4900 (1985)
[6] C. S. Chang and J. T. Lue, Surf. Sci. 393, 231 (1997)

[7] J. S. Hesthaven and T. Warburton,

Nodal Discontinuous Galerkin Methods, Springer (2008)
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Controlling the Third-Harmonic Generation in a Metal-
lic Photonic Crystal Coupled to a Waveguide — eREINOLD
Pobpzimski!, MarTHias REeIcHELT!, ToRSTEN MEIER!, ToBIAS
UtikaL2, and HARALD GiEssEn? — !Department Physik und CeOPP,
Universitat Paderborn, Warburger Str. 100, D-33098 Paderborn,
Germany — 2Physikalisches Institut, Universitit Stuttgart, D-70550
Stuttgart, Germany

The behavior of waveguide plasmon polaritons is studied employing
ultrafast coherent control like schemes for a gold lattice coupled to a
photonic waveguide, see Ref. [1] for the structure. Different models to
describe the third-harmonic generation are presented and the resulting
equations are solved numerically. [2] The calculations are compared
to recent experimental data and show good agreement for the most
prominent features in the time-integrated third order intensity. [3]

[1] T. Utikal et al., Phys. Rev. B. 76 , 245107 (2007).

[2] T. Meier, P. Thomas, and S.W. Koch, Coherent Semiconductor
Optics, Springer (2007).

[3] R. Podzimski, Modellrechnungen zur Erzeugung und Kontrolle
der dritten Harmonischen, Bachelor Thesis, University of Paderborn
(2009).
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Coupled surface plasmon polariton - exciton modes for ab-
sorbing and pumped excitons — eSTEPHAN SCHWIEGER, DAvID
LerroLp, and EricH RUNGE — Institut fiir Physik and Institut fir
Mikro- und Nanotechnologien, Technische Universitdt Ilmenau, 98693
Ilmenau, Germany

The coupling of surface plasmon polaritons (SPPs) at metal gratings
and excitons in optically excitable media can potentially be used to
compensate the large SPP-losses found at metal gratings [1,2]. This
coupling leads to very much increased propagation lengths and new
device concepts such as SPASERS proposed by Bergman and Stock-
man [3]. The coupled modes are investigated theoretically for a model
system that consists of a gold-nanowire array and a semiconductor
quantum-well (QW) structure. Properties of the coupled modes as,
e.g., their dispersion relations, their group velocities, and the coupling
to propagating far-field modes are discussed. The cases of absorbing
QW and optically pumped QW are compared.

[1] P. Vasa, R. Pomraenke, S. Schwieger, Yu. I. Mazur, Vas. Kunets,
P. Srinivasan, E. Johnson, J. E. Kihm, D. S. Kim, E. Runge, G.
Salamo, and C. Lienau, Phys. Rev. Lett. 101, 116801 (2008).

[2] S. Schwieger, P. Vasa, and E. Runge, Phys. Stat. Sol. (b) 245,
1071(2008).

[3] D. J. Bergman and M. I. Stockman, Phys. Rev. Lett. 90, 027402
(2003).
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Surface plasmon polaritons in a gold double-grating structure
— oSTEVE LENK, STEPHAN SCHWIEGER, and ErRicH RUNGE — Insti-
tut fiir Physik und Institut fiir Mikro- und Nanotechnologien, Tech-
nische Universitat Ilmenau, 98693 Ilmenau, Germany

We investigated theoretically the near- and the far-field distribution of
a gold double-grating structure with two overlapping lattice periods.
Under illumination by a plane wave, surface plasmon polaritons (SPPs)
can be excited at the resonance angle and the resonance frequency. For
single-grating structures, the detection signal is a mixture of directly
reflected and re-radiated light from the SPPs. The double-grating
structure allows the detection of the SPPs at novel angles compared
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to the angles of the single-grating. Thus, detection angles may be
found where the SPP character dominates the signal and information
on the SPP (lifetime, intensity, ...) can be obtained in the far field. For
our calculation, we solved Maxwells equations in time-domain (FDTD)
and frequency-domain (FEM). We compared our results with recent
experimental studies.

0 59.39 Wed 17:45 Poster Bl
Simulation of the behaviour of surface plasmon polaritons
on C3 symmetric nano-holes arranged as C; symmetric ar-
rays — eDAvID LEIPOLD, STEPHAN SCHWIEGER, and EricH RUNGE
— Institut fiir Physik und Institut fiir Mikro- und Nanotechnologien,
Technische Universitdt Ilmenau

Surface plasmon polaritons (SPPs) can couple to propagating light,
e.g., via a grating. We perform FDTD simulations to obtain insight
into the coupling via arrays of nano-holes cut into a silver film. In
particular, we investigate the influence of nano-holes with three-fold
symmetry, which is incompatible with the four-fold symmetry of the
whole array. These studies are motivated by earlier experiments[1] that
revealed unexpected dependencies of the reflectivity on the direction
and the polariziation of the incident light. Our simulations reproduce
many aspects of these findings and give insight into the behaviour of
the near fields and, in particular, their relation to the excitation of
SPPs.

[1] B. Ashall, M. Berndt, and D. Zerulla, App. Phys. Lett. 91,
203109 (2007)
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Goos-Hinchen-Effect for a SPP — eFELIXx HUERKAMP! 2, ALEXEI
MARADUDIN?, and Tamara Leskova? — !Westfilische Wilhelms-
Universitit, Miinster — 2Univerity of California, Irvine

When a beam of finite cross section is incident from an optically more
dense medium on its planar interface with an optically less dense
medium,and the angle of incidence is greater than the critical angle
for total internal reflection, the reflected beam undergoes a lateral dis-
placement, as if it is being reflected from a plane in the optically less
dense medium parallel to the physical interface. This lateral displace-
ment of the reflected beam is the Goos-Hdnchen effect .

We show that a surface plasmon polariton beam can also display a
Goos-Héanchen effect. The system we consider consists of vacuum in
the region z3 > 0, a metal whose dielectric function is €1 (w) in the re-
gionsx1 < 0, z3 < 0,and z1 > L, z3 < 0, and a metal whose dielectric
function is ez (w) in the region 0 < 1 < L, 23 < 0 (Je1(w)| < |e2(w)])-
By means of an impedance boundary condition, and solution of the
integral equations for the scattering amplitudes to which its use gives
rise, by a purely numerical approach and by the Wiener-Hopf method,
we determine the reflected surface plasmon polariton beam when a
surface plasmon polariton beam is incident from the region z; < 0 on
the interface 1 = 0 at an angle that is greater than the critical angle
for total internal reflection. The system where L tends to infinity is
also studied in this way. In both of these systems the reflected beam
undergoes a lateral shift along the xo direction whose magnitude is a
few times the wavelength of the incident beam.
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Influence of Cgp-Adsorption on Surface Plasmon Polari-

ton Properties — ePIERRE KirscuBauM, NiEmma M. Buck-
ANIE, MicHAEL HorN-voN HoEGEN, and FraNk-J. MEYER zU
HERINGDORF — Universitdt Duisburg-Essen, Fakultat fiir Physik,

Lotharstrafie 1, 47057 Duisburg

Surface Plasmon Polaritons (SPP) are collective excitations of the
free electron gas in metallic systems that propagate along nanopar-
ticle surfaces. In our experiments, SPPs are optically excited at the
edges of Ag-Islands. These SPPs can be imaged by nonlinear Photoe-
missions Electron Microscopy (PEEM), using ultra short femtosecond
laser pulses for illumination. The observed periodic pattern in PEEM
relates to a time integrated superposition of the exciting laser pulse
and the excited SPP-wave (beating pattern). Defects and adsorbates
manipulate the observed pattern.

Here, the influence of Cgp-adsorption on the properties of surface
plasmon polaritons is discussed. Under illumination with femtosecond
laser pulses we observe a decrease of the photoemission yield with
increasing coverage. Furthermore, the beating pattern wavelength
changes because of a modified effective surface dielectric function. Our
findings imply that the SPP-wavelength becomes shorter as a result.
Finally, we observe a decrease of the intensity of the beating pattern
maxima compared with the intensity of the first maximum with in-

creasing Cgo coverage. Accordingly the damping becomes stronger,
which means the propagation length decreases.
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Acoustic surface plasmons on Au(111) and Au(788) — eU.
Kriec!, L. Varruone?, M. SMERIERI?, M. Rocca?, H. PrNUR!,
and C. TEGENKAMP! — lInstitut fiir Festkdrperphysik, Leibniz Uni-
versitdt Hannover, Appelstrasse 2, D-30167 Hannover, Germany —
2Dipartimento di Fisica and IMEM-CNR, Universita di Genova, I-
16146 Genova, Italy

The Acoustic Surface Plasmon (ASP), was predicted theoretically long
ago but due to its relatively low cross section it eluded observation un-
til it was firstly observed on Be(0001) and eventually also on Cu(111).
We show here that the ASP exists also on Au(111) and on its vici-
nal surface Au(788). The experiment was performed using ELS-LEED
which allows for a high momentum resolution and easy investigation of
azimuthal anisotropy of Plasmon dispersion. Interestingly, we find for
Au(111) two dispersion branches for ASP. One is nearly isotropic in
k-space with slope of 3.8 éVA, whereas the other has roughly twice the
slope and is visible only along the ' M direction. Although Au(788)
exhibits a quasi one-dimensional partially occupied surface state, the
plasmonic dispersion for ASP measured here is two-dimensional and
even nearly isotropic. The periodic step structure, however, leads to
strong Umklapp scattering so that the multiple branches seen here can
actually all be derived from only one dispersing ASP. These results will
be discussed taking into account the Rashba split surface bands as well
as the role of the reconstruction on flat and regularly stepped Au sur-
faces. Theoretical ab initio calculations are needed to achieve a full
understanding of this complex behaviour.
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Probing Exciton Propagation and Localization in Single-
Walled Carbon Nanotubes — ¢ CARSTEN GEORGI, MIRIAM BOHM-
LER, and AcHiM HARTScHUH — Department Chemie und Biochemie
& CeNS, Ludwig-Maximilians-Universitdt Miinchen, Germany

Tip-enhanced near-field photoluminescence (PL) microscopy providing
nanoscale spatial resolution has been mainly used to image localized
emitters, such as single molecules [1,2]. Semiconducting single-walled
carbon nanotubes are photoluminescent 1D-nanostructures with highly
mobile excited states (excitons). We study exciton propagation by
combining near-field PL. measurements and numerical simulations de-
scribing exciton diffusion and the imaging process. Hereby, we can
extract e.g. the exciton diffusion range [3]. In some cases, highly
confined and exceptionally bright PL is observed and attributed to
exciton localization. This localization results from strong exciton en-
ergy gradients exceeding 2 meV /nm, evidenced by energy-resolved PL
imaging. Numerical simulations of exciton diffusion in the presence of
energy variations support this interpretation predicting strongly en-
hanced PL at local energy minima. Our results indicate that the PL
intensity along a single nanotube is determined by the complex inter-
play between exciton mobility, localization and quenching sites.

[1] A. Hartschuh, Angew. Chem. Int. Ed. 47, 8178 (2008)

[2] T. Taminiau et al., Nature Photon. 2, 234 (2008)

[3] C. Georgi et al., phys. stat. sol. (b) 246, 2683 (2009)
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FDTD Simulations of Near-field Mediated Semiconductor
Molecular Optical Properties — Da1 Zuang, MARCUS SAKROW,
eJosip MiHALJEVIC, and ALFRED J. MEIXNER — Institute of Physical
and Theoretical Chemistry, University Tiibingen, Auf der Morgenstelle
8, Tibingen
The optical properties of molecules can be dramatically altered when
they are in a close proximity of an excited metal antenna. In order
to get insight into how the antenna generated near-field influences
the optical properties of low quantum yield molecules, we carried out
FDTD simulations of a sharp laser-illuminated Au tip approaching
to a semiconductor thin film. The time-averaged field distribution
between the semiconductor thin film and the tip antenna is calculated
regarding to different distances. Owur calculation demonstrates that
the coupling between the localized plamon at the tip apex and semi-
conductor polariton can be achieved building up a distance-dependent
high field enhancement. Our experimental results show that such a
high field strength enhances not only the excitation process by a fac-
tor of 104, but alters the radiative : non-radiative decay rate giving
approx. 15 times stronger photoluminescence emission.
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One-dimensional analytical model for strong-field photoelec-
tron emission from metal nanostructures — eSERGEY YALUNIN,
REINER BORMANN, ALEXANDER WEISMANN, MAX GULDE, and CLAUS
RoprPeRrs — University of Gottingen, Courant Research Center Nano-
Spectroscopy and X-Ray Imaging, Friedrich-Hund-Platz 1, 37077 Got-
tingen, Germany

Ultrashort electron pulse generation from nanostructures has attracted
significant interest, due to its potential for time-resolved electron ex-
perimentation. Alongside numerical models of the associated nonlinear
emission processes, an analytical model can provide important insight
in the physical principles.

Here, we present an analytical quantum mechanical model for non-
linear photoelectron emission that takes into account multiple emis-
sion channels. The model describes both multiphoton and optical field
(i.e. tunneling) emission in the presence of arbitrary static and laser
fields. Several limiting cases are correctly reproduced. In the multi-
photon regime and without a static field, the model yields the usual
power law for the emission current. In the absence of a laser field, the
Fowler-Nordheim equation is obtained. For the optical tunnel regime,
the results coincide with the adiabatic approximation.

O 59.46 Wed 17:45 Poster Bl
Modeling the Optical Response of Metallic Nanostructures
in the Discontinuous Galerkin Time-Domain Method —
eCHRISTOPHER ProuM!, MicHaeL Konig!2, Jens NiecEMannD2,
and Kurr Busca!?2 — llInstitut fiir Theoretische Festkorperphysik,
Karlsruher Institut fiir Technologie — 2DFG Forschungszentrum Cen-
ter for Functional Nanostructures (CFN), Karlsruher Institut fiir Tech-
nologie
The discontinuous Galerkin time-domain method (DGTD) combines
the highly flexible spatial discretization of finite-element methods
with the possibility to investigate nanophotonic systems in the time-
domain. Here, we investigate the interaction of three-dimensional
metallic nanostructures with an incoming light field. In particular,
we discuss the linear modeling of the dielectric function of metals via
a combination of Drude and Lorentz terms. Furthermore, we present
some results on the nonlinear modeling of the metallic response by
using a hydrodynamic model.

O 59.47 Wed 17:45 Poster Bl
Ultrafast optical response of metal surfaces — eMaTHIAS WAND,
ARNO SCHINDLMAYR, YEVGEN GRYNKO, TORSTEN MEIER, and JENS
FORSTNER — Department Physik and CeOPP, Universitat Paderborn,
33098 Paderborn, Germany

We present a numerical method for calculating the dynamics of surface
electrons in metals. This will enable us to simulate the linear or non-
linear response of complex plasmonic nanostructures, e.g., metamate-
rials built from split-ring resonators. As shown by Rudnick and Stern
[Phys. Rev. B 4, 12 (1971)], the motion of electrons perpendicular to
the surface requires a quantum-mechanical treatment due to nonlocal
effects. As we aim to incorporate the ultrafast material response into a
Maxwell solver, it is highly desireable to have a time-domain descrip-
tion of the surface electron dynamics. This can be achieved by using
the time-dependent density-functional theory (TDDFT), which is able
to describe the time evolution of the charge density of a quantum-
mechanical many-body system. The charge density along the normal
direction of the metal surface is resolved on an Angstrém scale and
propagated in time on a secondary grid. The current density can be ex-
tracted from the TDDFT simulation and incorporated into Maxwell’s
equations as a nonlinear source current. To illustrate the capabilities
of TDDFT we further present optical conductivities of selected simple
and noble metals extracted from ab initio calculations of the linear
response function.

O 59.48 Wed 17:45 Poster Bl
Time-Domain Simulations of Semiclassical Radiation Dynam-
ics in Photonic Nanostructures — ePaoLo Lonco, JENS NIEGE-
MANN, and Kurr BuscH — Institut fiir Theoretische Festkorper-
physik, Karlsruhe Institute of Technology

Versatile numerical techniques have become indispensable in the field
of photonics. In particular, the Discontinuous Galerkin Time-Domain
Method (DGTD) [1] combines key benefits from both classical finite
element and finite-difference approaches such as adaptive meshing, a
local coupling of neighboring elements and an explicit time-stepping
scheme.

Within this framework, we go beyond the widely spread purely
classical models of light-matter-interaction and investigate radiation
dynamics in photonic systems by simultaneously evolving Maxwell’s
equations and quantum mechanical equations of motion in time. In a
first step, matter is modeled as an ensemble of two-level systems which
results in the well-known Maxwell-Bloch equations [2]. Such semiclas-
sical models automatically incorporate back-action effects, e.g., the
non-Markovian radiation dynamics of emitters in photonic band-gap
media.

[1] Niegemann et al., Photonics and Nanostructures: Fundamentals
and Applications 7, 2 (2009)

[2] L. Allen and J. H. Eberly: Optical Resonance and Two-Level
Atoms, Dover Publications (1987)

O 59.49 Wed 17:45 Poster Bl
Cantilever based Scanning Near Field Optical Microscopy
probes as platform for optical antenna sensors — eBERNHARD
Scuaar!, Marc SaLomo!, JENNIFER LINDEN!, DANIELA BAYER!,
JENs NiEGEMANN?, MicHAEL KoNIG2, CHRISTOPHER PROHMZ, MAR-
TIN AescHLIMANN', KurT Buscu?, and EGBERT OESTERSCHULZE!
— 1Technische Universitit Kaiserslautern, 67663 Kaiserslautern, Ger-
many — 2Institut fiir Theoretische Festkdrperphysik, Universitit Karl-
sruhe, 76128 Karlsruhe, Germany

Scanning Nearfield Optical Microscopy (SNOM) is a powerful tool to
investigate the electron dynamics in metallic nanostructures. An AFM
cantilever based SNOM probe is presented exploiting a hollow pyra-
midal tip as platform for the integration of an nano-antenna onto the
very tip. As a prerequisite, various types of antennas were fabricated
on planar substrates to investigate their spectral resonance behavior.
In the next step antennas are placed onto the pyramidal tips using
FIB milling as well as e-beam lithography as high precision fabrication
tools. The probes aim at the investigation of the excitation of e.g.
collective electron oscillations like localized surface plasmons (LSPs).
For this purpose, metallic nanostructures are prepared on planar glass
or silica substrates. Measurements on the farfield and nearfield perfor-
mance of the probes and samples as well as coupling of both regimes
are presented as function of the impinging field amplitude distribu-
tion and the polarization state. Simulations of the spatial as well as
temporal field distribution were conducted to get insight in the probe
performance and in future also into the coupling of probe and sample.

0 59.50 Wed 17:45 Poster B1
Lateral manipulation of surface plasmons by hollow struc-
tures — eMicHAEL LuTz, STEPHEN RIEDEL, PAUL LEIDERER, and
JoHANNES BoNEBERG — Universitdt Konstanz

A frequency doubled Nd:YAG pulse (10ns,532nm) is splitted into three
beams of equal intensity. The beams are recombined on a thin gold-
film under specific angles which define the periodicity of the resulting
interference pattern. We observe the formation of hollow structures
with diameters between few microns and few hundred nanometers.

The structures originate from thermal expansion upon melting of
the surface which occurs only in regions of high intensity. This gen-
erates a shift of the centre of mass off the surface. The motion of the
centre of mass causes the liquid lamella to lift off. After resolidification
a nanostructured surface with hollow bumps has formed.

We show how these structures can be used to manipulate surface
plasmons laterally.

0O 59.51 Wed 17:45 Poster Bl

Golden Nanocones for Near-Field Optical Applications —
oCHRISTIAN ScHAFER!, BasTiaN ZEEB!, PETER NILL!, ALEXANDER
F. F. WEBER-BaRGIONIZ, STEFANO CABRINIZ, MONIKA FLEISCHER!,
and DieTER P. KErn! — !University of Tiibingen, Auf der Morgen-
stelle 10, 72076 Tiibingen — 2Molecular Foundry, 1 Cyclotron Road,

Berkeley, CA94720, USA

Manipulating light by means of the enhanced electromagnetic field of
metallic nanoparticles has become an interesting and well developed
method for microscopic imaging in several branches of study. Through
external electromagnetic excitation particle plasmons can be gener-
ated, and the resulting field enhancement can be used for near-field
imaging as well as for tip enhanced Raman-Spectroscopy. Here two
different processes for the fabrication of sharp-tipped golden nanocones
are presented. In the first process we use electron beam lithography to
structure a layer of hydrogen silsesquioxane (HSQ) coated on a gold
surface, which can be evaporated thermally on different kinds of sub-
strates. The structured layer of HSQ is then used as mask in the
following Argon-ion etch step which forms the golden nanocones. In
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this way fields of nanocones with tip radii of less than 10 nanometers
can be produced in parallel. In the second method, which is partic-
ularly useful for non-planar surfaces, we use electron beam induced
deposition to structure an etch mask. For that purpose the precursor
tetra-ethyl-ortho silicate is brought next to the gold surface. Silicon
oxide is deposited via decomposition by the focused electron beam and
serves as etch mask in the following Argon-ion etch step.

0 59.52 Wed 17:45 Poster Bl
Signal-to-background ratio in scattering-type Scanning Near-
Field Microscopy (s-SNOM) — eJ6n Martis HorrMann?,
JoN ScHULLER?, MARK BRONGERSMA2, STEFANIE BENsMANN?, and
Tuomas Tausner!'3 — 1. Physikalisches Institut (IA), RWTH
Aachen — 2Stanford University — 3Fraunhofer-Institut fiir Lasertech-
nik

The scattering-type Scanning Near-Field Optical Microscopy (s-
SNOM) surpasses the diffraction-limit and provides the possibility of
non-destructive microscopy and the analysis of material properties at
the nanometer scale [1]. This allows, for example, the identification
of different polymers [2] or the analysis of viruses [3]. Furthermore,
the combination of s-SNOM with a broadband light source gives the
possibility to record a full spectrum with a single measurement [4].

One limiting factor of the s-SNOM is the signal-to-background ratio.
This is getting more crucial for the probing of weakly-absorbing sam-
ples and especially for the the use of broadband lasers, which offer less
power. In our current research project, the possibility of increasing the
sensitivity of s-<SNOM by using resonant probing-tips will be worked
out. Therefore, as a first step, commercially available tips will be char-
acterized with respect to their scattering properties, in the far-field and
the near-field.

[1] F. Keilmann et al., Phil. Trans. R. Soc. Lond. A, 787 (2004)

[2] T. Taubner et al., Appl. Phys. Lett. 85, (2004)

[3] M. Brehm et al., Nano Lett. 6, 1307-1310 (2006)

[4] S. Amarie et al., Opt. Express 17, 21794-21801 (2009)

O 59.53 Wed 17:45 Poster Bl
Shadow nanosphere lithography of nanospirals — eBETTINA
Frank, JuN ZHao, and HARALD GieEssEN — Universitdt Stuttgart,
Deutschland

We fabricated a hexagonal densely packed monolayer of polystyrene
nanospheres (Langmuir-Blodgett film) with 450nm diameter. Coat-
ing a 1em? glass substrate with such a monolayer resulted in a good
evaporation mask for nanopinhole lithography [1] of high quality. We
deposited planar gold nanospirals inbetween the nanosphere mask by
polar and azimuthally stepper-motor controlled sample rotation during
the evaporation process. Large-area samples of very high quality were
obtained. Measuring reflectance spectra by FTIR-spectroscopy yields
good agreement with FDTD simulations. We modified gap width and
wire length of the spiral structure and studied the dependence of the
optical spectra on these parameters. Such structures are useful for
broadband optical nanoantennas that radiate preferentially into the
third dimension.

[1] M. C. Gwinner, E. Koroknay, L. Fu, P. Patoka, W. Kandulski,
M. Giersig, and H. Giessen, Small 5, 400 (2009).

O 59.54 Wed 17:45 Poster Bl
Pump-probe apertureless near-field microscopy - a Tool for
time resolved Nanooptics — eMarcus RomMmELD2, STEPHANIE
Essic!3, RaLF VocELcEsaNc!, and Markus LippiTz!3 — 1Planck
Institute for Solid State Research, Stuttgart, Germany — 2Department
of Experimental Physics 5, University of Wiirzburg, Wiirzburg, Ger-
many — 34th Physics Institute, University of Stuttgart, Stuttgart,
Germany

We develop a pump-probe apertureless scanning near-field optical mi-
croscope (PPaSNOM) to analyze plasmonic structures. This setup
allows us to detect the temporal and spatial dependence of localized
surface plasmon resonances (LSPR) as well as propagating SPRs. One
of the first applications of this instrument will be the investigation of
acoustic vibrations in single plasmonic particles of different shape.

As LSPR’s depend sensitively on the electron density, the changes
in volume due to GHz acoustic oscillations can be tracked with time-
resolving pump-probe experiments [1]. The optical near-field indirectly
contains information on the structure’s acoustic oscillation. This al-
low us to extract nanoscale Chladni figures, i.e., maps of the acoustic
vibration amplitude on the particle surface.

[1]M. A. van Dijk, M. Lippitz, M. Orrit, Detection of acoustic os-
cillations of single gold nanospheres by timeresolved interferometry,

Phys. Rev. Lett. 2005, 95, 267 406.
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LEEM/LEED investigation of Fe3O4 thin film growth on
a Pt(111) substrate: morphology, growth and atomic ter-
mination — eALESSANDRO SaLA, HELDER MARCHETTO, THOMAS
ScuMmipT, and Hans-JoacHiM FREUND — Fritz Haber Institut der
Max Planck Gesellschaft, Berlin, Germany

Iron oxide is widely used as a catalyst and as a support for catalyti-
cally active systems. Although the system has been intensively studied
with various techniques, controversies arise in the literature regarding
the surface termination and structural inhomogeneities. This clearly
hinders the direct linking of surface electronic and structural prop-
erties to chemical properties. Our aim is therefore a comprehensive
and consistent characterization of the Fe3O4 film growth on a Pt(111)
substrate with well defined preparation conditions by using the unique
SMART instrument. This Low Energy and Photo-Emission Electron
Microscope (LEEM/PEEM) is specially designed to obtain chemical
and structural information with high lateral resolution.

0 59.56 Wed 17:45 Poster B1
Growth of nanostructures on fcc(110) metal surfaces at
the atomic scale — eOrkc V. STrEPANYUK!23 Nikoray N.
NecuLyaEVZ, PaverL A. IeNaTIEV®, WoOLFRAM HERGERTZ, and
ALEXANDER M. SALETsky! — !Faculty of Physics, Moscow State
University, 119899 Moscow, Russia — 2Fachbereich Physik, Martin-
Luther-Universitit, D06099 Halle, Germany — 3Max-Planck-Institut

fir Mikrostrukturphysik, D06120 Halle, Germany

We report on an unusual mechanism of atomic-scale structures growth
on fcc(110) metal surfaces, which is promoted by interface intermixing
of deposited and substrate atoms. We investigate a self-assembly of
1D and 2D nanostructures during thermal deposition of 3d atoms on
Pd(110) [1] and Cu(110) [2] surfaces at different temperatures. Diffu-
sion barriers of basic atomic events are calculated by means of den-
sity functional theory. Incorporation of deposited 3d atoms into the
topmost substrate layer is found to be energetically and kinetically
feasible in the examined interval of temperatures (120-350 K). Kinetic
Monte Carlo model for atomic self-organization demonstrates that sur-
face nanostructures consist mainly of expelled substrate atoms, while
deposited 3d magnetic atoms are embedded into the topmost surface
layer |1, 2]. Recently our theoretical predictions have been confirmed
by experiments [3]. Magnetic properties of novel nanostructures are
also discussed.

[1] Stepanyuk O.V., et al., Phys. Rev. B 78, 113406 (2008). [2]
Stepanyuk O.V., et al., Phys. Rev. B 79, 155410 (2009). [3] Wei D.H.,
et al., Phys. Rev. Lett. 103, 225504 (2009).
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Adatoms with character: Co and Pt atoms on Pt (111) —
e ANDREAS GARHOFERD2, Zuzana BorrLoval, MicHAEL ScHMID!,
PETER VARGA!, and Joser REDINGER'? — !Institut f. Angewandte
Physik, TU Wien — 2Center for Computational Materials Science, TU
Wien
Surface diffusion of Co adatoms on Pt(111) has been studied by first
principles DFT methods, implemented in the program package VASP
and STM. A diffusing Co adatom jumps over bridge sites between two
surface Pt atoms from stable fcc to hep sites and vice versa. The calcu-
lated barrier of 0.194 €V is in good agreement with recent experiments
(0.200 V) [1]. Adding a second Co adatom at the largest separation
possible on a (5x5) surface unit cell reveals a repulsive interaction be-
tween the Co adatoms, presumably due to unfavorable relaxations im-
posed on the Pt substrate, while magnetic interactions could be ruled
out. Only if the two Co atoms come close together a stable dimer
is formed. Both theoretical findings agree well with our STM obser-
vations. Mimicking the onset of growth of Co layers, calculations for
three Co adatoms confirm our STM experiments by predicting a tri-
angular Co adatom configuration to be most stable. Surprisingly, the
results for three (four) Pt adatoms on Pt(111) are different. In contrast
to Co, Pt adatoms behave "strange" and prefer linear configurations
instead of maximizing the number of nearest neighbor bonds.

[1] P. Buluschek, thesis No. 3944, Ecole Polytechnique federale de
Lausanne (2007)
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Ultrathin Epitaxial Molecular Cgy Layers on Bi(111):
Morphology, Strain State, and Order-Disorder Phase Tran-
sition — eHicHEM HATTAB, DENNIS MEYER, GIRIRAJ JNAWALI, and
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MicHAEL HorN-voN HoOEGEN — Faculty of Physics, University of
Duisburg-Essen, Lotharstr.1, 47048 Duisburg, Germany

Using Spot Profile Analyzing Low Energy Electron Diffraction (SPA-
LEED) we have studied the order-disorder structural phase transition
[1] of Cep(111) films on a Bi(111) surface. Initially a smooth Bi(111)
base film was prepared on Si(001) [2]. Sub-monolayer coverages of Cgo
were adsorbed at 80 K and annealed to 450 K. These molecular adsor-
bate layers exhibit a moiré pattern with a periodicity of 5 nm which is
determined by the lattice mismatch of the Cgo adlayer and the Bi(111)
virtual substrate. The coverage of the Cgo film was subsequently in-
creased by additional deposition of Cgg at 450 K. For each step LEED
spot profiles were recorded at 80 K. Comparing these profiles, we con-
clude that the initial (1x1) phase changes into the disordered (2x2)
phase as soon as the coverage is increased beyond a single layer of
Cgo. The formation of the second molecular Cgg layer is accompanied
by a sudden relaxation of the lateral lattice parameter of the Cgo ad-
layer. We have additionally confirmed that Cgo films thicker than 1
BL show the temperature dependent surface orientational-disordering
phase transition from (2x2) to (1x1) at 235 K in analogy to previous
studies [1].
[1] A. Goldoni et al., Phys. Rev. B 54, 2890 (1996)
[2] G. Jnawali et al., Phys. Rev. B 74, 195340 (2006)
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Properties of ultrathin In layers on the Ni(001) face —
o ALEKSANDER KRUPSKI, MACIE] GORAL, and WoJCIECH PAWLOWSKI
— Institute of Experimental Physics, University of Wroclaw, pl.
Maksa Borna 9, 50-204 Wroclaw, Poland

The atomic structure and morphology of ultrathin In layers on the
Ni(001) face deposited in ultrahigh vacuum at the substrate temper-
ature ranging from 145 K to 900 K were investigated with the use of
Auger electron spectroscopy (AES) and low-energy electron diffraction
(LEED).

0O 59.60 Wed 17:45 Poster Bl
Properties of Ultrathin Pb Layers on the Ni(001) Face
— oKATARZYNA MIiSkow, Macies GOraL, WoJciEcH Pawrowski,
Tomasz Krasnicki, Tomasz KosMALA, ZBIGNIEW JANKOWSKI, and
ALEKSANDER KRUPsKI — Institute of Experimental Physics, Univer-
sity of Wroclaw, PL.Maksa Borna 9, Pl 50-204 Wroclaw, Poland

The atomic structure and morphology of ultrathin Pb layers deposited
on the Ni(001) face in ultrahigh vacuum at the substrate tempera-
ture ranging from 145 K to 900 K were investigated with the use of
Auger Electron Spectroscopy (AES) and Low-Energy Electron Diffrac-
tion (LEED). AES results indicate that the growth of lead layer on the
Ni(001) face depends on substrate temperature. The analysis of AES
measurements shows that the two-dimensional growth of the first Pb
monolayer takes place for the substrate temperature from 145 K to
900 K. After the completion of the first lead monolayer, the three-
dimensional growth of Pb is observed. Over the range the Stransky -
Krastanov growth was observed. The Pb-Ni alloy formation was not
observed. Above T > 600K, desorption of lead atoms is observed. The
ordered LEED patterns corresponding to p(1x1) and ¢(2x2) structures
have been observed.

0 59.61 Wed 17:45 Poster Bl
General aspects of surface alloy formation — eANDREAS
BERGBREITER!, ANDRAS BERKO?Z, ALBERT K. ENasTFELD!, RaLF T.
RoTTER!, HARRY E. HosTER!, and R. JURGEN BeEnM! — llInstitute
of Surface Chemistry and Catalysis, Ulm University, D-89069 Ulm,
Germany — 2Permanent address: Institute of Nanochemistry and
Catalysis, of CRC-HAS, University of Szeged, H-6720 Szeged, Hun-
gary
Surface confined alloys are excellent model systems for studies of
structure-property relationships of bimetallic surfaces. They are
formed by deposition of a guest metal B onto a substrate A, fol-
lowed by annealing to a temperature, where place exchange between
adatoms and atoms from the underlying surface layer becomes pos-
sible and diffusion into the bulk is sufficiently slow. We exemplarily
confirmed by scanning tunneling microscopy and Auger electron spec-
troscopy for PtRu/Ru(0001) [2], PdARu/Ru(0001) [3,4], AuPt/Pt(111),
AgPt/Pt(111), and AgPd/Pd(111), surface alloys are obtained for sys-
tems where metal B has a negative surface segregation energy within
metal A [1]. By exchanging A and B, however, AB surface alloys
are most likely overgrown by metal B, which we will demonstrate for
RuPt/Pt(111) [5,6] in comparison to PtRu/Ru(0001) [2].

[1] A. Christensen et al., Phys.Rev.B 56(10), 1997, 5822.

[2] H.E. Hoster et al., Phys. Chem.Chem.Phys. 10, 2008, 3812.
[3] H. Hartmann et al., Surf.Sci. 603, 2009, 1439.

[4] N. Rougemaille et al., Phys.Rev.Lett. 99, 2007, 106101.

[5] A. Bergbreiter et al., Vacuum 84(1), 2009, 13.

[6] A. Berko et al., Surf.Sci. 603, 2009, 2556.
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Temperature-induced modifications of PdZn surface alloys
on Pd(111) and first results for Ga on Pd(111) — eWERNER
STADLMAYR, CHRISTOPH RAMESHAN, SiMON PENNER, BERHARD
KroTzER, and NoRBERT MEMMEL — Institut fiir Physikalische
Chemie, Universitdt Innsbruck, Innrain 52a, 6020 Innbruck, Austria

Pd-Zn and Pd-Ga alloy films on Pd(111) are model systems aiming
for a microscopic understanding of the mechanisms in Pd-Zn and Pd-
Ga based catalysis for methanol steam reforming. The temperature-
induced compositional and structural changes of these films are inves-
tigated in the catalytically relevant temperature range. We find that
upon heating from 550 K to 630 K the alloy films change from a multi-
layer PdZn system to a "monolayer” situation due to diffusion of sub-
surface Zn into the Pd bulk. The change in subsurface stoichiometry
triggers an inversion of the surface corrugation from Zn-out/Pd-in to
Pd-out/Zn-in. This modification in surface geometric (and electronic)
structure provides an explanation for the recently observed drastic
changes in catalytic selectivity.

Furthermore, first results for Ga on Pd(111) are presented. Similar
to Zn/Pd(111) we observe, that in the temperature window around
500 K an alloy with a 1:1 surface composition is formed. However in
contrast to the Zn/Pd system no long-range order is observed in the
alloyed state, while the short range order is preserved.
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Transport-measurements of electro-chemically fabricated
metallic contacts under laser illumination — eBastian Kopp!,
Markus ScumoTz!, DANIEL BENNER!, CHRISTIAN OBERMAIRZ,
FaNcQING XiE?, THomas ScHiMMEL?, PAuL LeIDERER', and ELKE

Scueer! — 1Universitit Konstanz — 2Universitit Karlsruhe

Aim of this work is to study the effects of laser illumination on metallic
point contacts. So far lithographically fabricated Mechanically Con-
trollable Breakjunctions (MCBs) [E. Scheer, Phys. Rev. Lett. 78,
3535 (1997)] as well as Gate-Controlled Atomic Quantum Switches
(GQS) [F.-Q. Xie, Phys. Rev. Lett. 93, 128303 (2004)] were used
to create atomic point-contacts. MCBs operate at ambient conditions
whereas GQS use the electrochemical deposition and dissolution of
metal atoms to create these contacts.

Previous work on illumination effects on MCBs showed dependences
on the wavelength, the position, the size of the contacts [D. C. Guhr,
Phys. Rev. Lett. 99, 086801 (2007)] and the optical properties of the
substrate material [unpublished]|. The latter result points to the possi-
ble influence of thermal expansion besides the photo-assisted transport
due to the excitation of high-energy quasiparticles [J.K. Viljas, Phys.
Rev. B 75, 075406 (2007)] and the excitation of surface plasmons.

In order to minimize the influence of thermal expansion we now
investigate the effect of light on GQS. We will present first results ob-
tained under light irradiation on GQS and discuss possible mechanisms
including photochemical reactions.
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Dealloying below the critical potential: Cu-Au and Cu-Pd —
Frank UwWE RENNER, e SHILAN MEIMANDI, and APARNA PAREEK —
MPI Eisenforschung, Diisseldorf

Corrosion causes a loss of more than 3% of GDP to society. Deal-
loying is an important corrosion process occurring at alloy surfaces
immersed in electrolyte, and which are composed of elements with
a large difference in Nernst potentials. The dealloying behaviour of
the model system Cu3Au in 0.1M H2SO4 was previously investigated
using in-situ X-ray diffraction [1] and we will present here recent ex-
situ measurements using scanning Auger electron spectroscopy with a
lateral resolution of less than 10 nm. We reported the formation of
an ultra-thin epitaxial passive Au layer at lower overpotentials with
a reversed stacking sequence, which transforms to thicker Au islands
and finally to porous Au at higher overpotentials (critical potential for
dealloying). For the in-situ X-ray diffraction studies we developed re-
cently an UHV compatible electrochemical chamber in order to study
more reactive samples and electrolytes which we recently adapted for
use with ionic liquids as electrolytes [2]. The research on dealloying
is now extended to the system of Cu-Pd alloys and we will present
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first results by in-situ XRD, scanning Auger electron spectroscopy and
atomic force microscopy (AFM).

[1] Renner et al., Phys. Rev. B 77 (2008) 235433 [2] Borrisov et al.,
submitted to PCCP

0 59.65 Wed 17:45 Poster Bl
Atomic structures of absorbed Zn(ll) phthalocyanine on an
iodide modified Cu(100) electrode — eTHuanuHAI PuaN!, HAHN
Uwer?, Taomas Torres?, and Kraus WanpeELT! — !Institute of
Physical and Theoretical Chemistry, University of Bonn, Wegeler-
str.12, 53115 Bonn, Germany — 2Departamento de Quimica Organica
c-i-305, Universidad Autonoma de Madrid, Campus de Canoblanco,
28049 Madrid, Spain

Combined Voltammetric and in-situ STM studies were employed to
gain information about the structures of partially water-soluble Zn-
PcPyMe molecules covered on an iodide template. The flat-lying
molecules form a square-lattice on a ¢(p x 2)-I superstructure mod-
ified Cu(100) within the double layer regime. The distance between
molecules was estimated to be (1.95 £ 0.2) nm based on line-profile
measurements. This molecular lattice is rotated by (62 £+ 2)° with re-
spect to the [011] direction of the substrate, i.e. the commensurate
direction of the iodide under layer. This clearly excludes a template
effect of the substrate surface, but rather hints to a molecular self-
assembly. Detailed molecular models are also proposed for two phases
obtained in perfect agreement with the experimental observation.
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Competitive Adsorption of Viologen Species on a Chlo-
ride Modified Copper (100) Surface — eMARTINO SARACINO!,
NcuvyEN Tui Minu Har?, Perer BroekMmaNN?, and KrLaus
WAaNDELT! — lInstitut of Physical and Theoretical Chemistry, Uni-
versity of Bonn, Wegelerstr. 12, 53115 Bonn, Germany — 2Interfacial
Electrochemistry Group, Department of Chemistry and Biochemistry,

University of Berne, Freiestr. 3, 3012 Berne, Switzerland

A number of technological relevant processes involve charge trans-
fer reactions at electrified solid\liquid-interfaces. Their microscopic
understanding requires the study of the electrode surface under in
situ reactive conditions, for instance STM and cyclic voltammetry.
The competitive adsorption of Diphenyl- (DPV) and Dibenzylviolo-
gen (DBV) on a Cl~ modified Cu(100) surface was chosen as model
system for similar N-containing aromatic molecules, which play a sig-
nificant role as additives in metal plating. Upon adsorption DPV?2+
is reduced even at most anodic potentials to the monocationic radical
DPV™** and forms a full monolayer of a hydrophobic 7-stacked stripe
phase which, however, does not prevent further redox reactions to take
place. Lowering the electrode potential to the DBV2* reduction po-
tential at -250mV [RHE] leads to the replacement of the DPVT* phase
by a w-stacked stripe phase consisting of the produced monocationic
DBV**. Conversely, returning to the DPV1* oxidation potential at
-100mV [RHE] leads to a re-substitution of the DBV T*- by the initial
DPV™**-stripe phase. In contrast to mono-viologen systems no stable
dicationic phases have been observed at all.
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Deposition of thin films of Ionic Liquids - Access to the
IL/Solid-interface — eMicHAEL STARK!, TiLL CrEMER!, CLAUDIA
KoLBECK!, FLORIAN MAIER!, PETER WASSERSCHEID2, and HANs-
PeTER STEINRUCK! — !Lehrstuhl fiir Physikalische Chemie 1T —
2Lehrstuhl fiir Chemische Reaktionstechnik, University of Erlangen-
Nuremberg, Egerlandstr. 3, 91058 Erlangen

Tonic Liquids (ILs), salts with melting points below 100° C, have at-
tracted a great deal of interest in the last few years due to their promis-
ing physico-chemical properties. Important phenomena such as surface
passivation, charge transfer and wetting behavior are determined by
the IL/solid interface.

To access such interfaces by means of XPS, ultra thin IL films are
prepared by physical vapor deposition (PVD) under ultra high vacuum
conditions, as has been shown earlier.!

In this study, thin layers of selected ILs were deposited on well de-
fined Au (111) single crystal surfaces in order to obtain a more detailed
understanding of IL/substrate interactions. The main aspects thereby
are the electronic interactions between the gold surface and the IL and
the growth behavior of the films.

This work was supported by the DFG through SPP 1191 "Ionic
Liquids" and by the "Cluster of Excellence ’Engineering of Advanced
Materials’".

Literature: ' T. Cremer, ChemPhysChem, 2008, 9, 2185-2190
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Structural transitions of heptyl viologen adlayers on Cu(100)
— an electrochemical and in situ STM study — eMiN Jiang,
KnNup GENTz, and KLaus WaNDELT — Institute for Physical and The-
oretical Chemistry, University of Bonn, Wegelerstr. 12, 53115 Bonn

The redox behaviour and potential dependent adsorption structure of
heptyl viologen (abbreviated as DHV?1) on a Cu(100) electrode have
been investigated in a chloride-containing electrolyte solution by in
situ electrochemical scanning tunneling microscopy (EC-STM). After
injecting DHV?2% molecules into the KCl electrolyte solution, a highly
ordered 2D dot-array structure in STM images emerges on a ¢(2 X 2)
chloride modified Cu(100) electrode surface. DHV?* molecules spon-
taneously arrange themselves with their molecular planes facing to the
electrode surface and their long molecular axis parallel to a step edge.
Such adsorption structure can be described by mirror domains and
rotational domains which stably exist between 200mV and —100mV.
One-electron reduction of dication DHV?T around —150mV causes a
phase transition from a dot-array assembly to a stripe pattern in STM
images which has a bilayer structure. With a decrease of the ap-
plied electrode potential, the structure of DHV®* adlayer undergoes a
change from a loose stripe phase to a more compact stripe phase, and
a subsequent decay of the compact structure, and then a formation
of new dimer phase. A further electron transfer reaction at —400mV
causes the appearance of an amorphous phase on the electrode surface.
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Chemical Charaterization of Porphyrin Adsorbed on Anion
Modified Copper Electrodes: An SXPS Study — eSTEPHAN
Breurr!, Knup GenTz!, Duc TuanH Puam!, Taanag Har Puan?,
Tuomas MaveEr?, PETER BROEKMANN3, and Kraus WANDELT!
— !Universitit Bonn, Institut fiir Physikalische und Theoretische
Chemie, Wegelerstrafe 12, D-53115 Bonn — 2Technische Univer-
sitdt Darmstadt, FB Materialwissenschaft, Petersenstrafe 23, D-64284
Darmstadt — 3Universitit Bern, Departement fiir Chemie und Bio-
chemie, Freiestrafe 23, CH-3012 Bern

Several Anions adsorb specifically from aqueous solution on copper
electrodes. In case of copper single crystals, the electrode acts as a
template for the anion adsorption and well ordered superstructures
are observable. These, negatively charged, anion layers are used as
secondary templates for the adsorption of cationic organic molecules.

The adsorption of TMPyP (Tetramethylpyridiniumporphyrin) has
been extensively studied by in-situ EC-STM [1] which provides struc-
tural and electrochemical data, but there are less data about the chem-
ical composition of the adsorbate layer. We have characterized (ex-
situ) the chemical composition of the adsorbed TMPyP molecules on
halide and sulfide modified Cu(100) and Cu(111) using XPS at the
synchrotron radiation facility BESSY II.

[1] N.-T.M. Hai, B. Gasparovic, P. Broekmann, K. Wandelt, Surf.
Sci. 601, 2007, 2597-2602.
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Electrospray Ion Beam Deposition of Molecules and

Nanoparticles — eGorpoN RINKE!, NicHA THONTASEN!, ZHI-

ta0 DEeENG!, NikoLa MaLinowski!, STEPHAN RAUscHENBAcH!,
and Kraus Kern':2 — 1Max Planck Institute for Solid State Re-
search, Heisenbergstrasse 1, 70569 Stuttgart, Germany — 2Institut de
Physique de la Matiere Condensee, Ecole Polytechnique Federale de

Lausanne, 1015 Lausanne, Switzerland

The vacuum deposition of complex molecules and nanoparticles is
an important technological step towards applications, for instance in
molecular devices or as surface functionalization. Vacuum based pro-
cessing assures well defined and clean structures in contrast to de-
position under ambient conditions or from solution. A possibility to
deposit non-volatile particles is given by electrospray ion beam deposi-
tion (ES-IBD) [1]. In-situ sample preparation, beam preparation, and
sample analysis by scanning tunneling microscopy (STM) allows full
control over all deposition parameter [2]. Here, we present recent re-
sults of the deposition of molecules and nanoparticles by ES-IBD. We
demonstrate the control of coverage, cleanliness, deposition energy, and
beam composition and give examples for the in-situ characterization
by STM.

[1] Small 2 (2006), 540-547

[2] ACS Nano 3 (2009), 2901
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Electronic properties of metal-organic coordination bonding

— eCHRisTOPH LiMmBacH!, RoBERT DrosT!, NiLs HENNINGSEN?,
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Riccarpo RURALIZ, KATHARINA J. FrRANKE!, and NacHo Pascuar!

— 1Freie Universitét Berlin, Berlin, Germany — 2Institut de Ciéncia
de Materiales de Barcelona (ICMAB), Barcelona, Spain

Metal organic networks are a promising system for tuning the elec-
tronic and magnetic properties of single metal atoms. Using low tem-
perature scanning tunneling microscopy and spectroscopy (STM/STS)
we investigate the coadsorption of di-metacyano azobenzene (DMC)
molecules and cobalt atoms on a Au(111) surface leading to metal-
organic chains. dI/dV spectroscopy and conductance maps plotting
the distribution of unoccupied resonances are used to localize and char-
acterize the coordination bonds between Co adatoms and DMC. We
find that Co-molecule coordination bonds are formed distinguishably
at different intramolecular sites, i.e. at the lone-pair electrons at the
cyano termination and the di-azo bridge (-N=N-). Density functional
theory simulations find a different degree of charge transfer and hy-
bridization of the atomic and molecular orbitals for the two different
sites, thus sustaining the experimental observations.
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Ab initio investigation of surface adsorption phenomena:
from pyridine gold complexes to larger system — DOREEN
MOLLENHAUER, JOHANNES FLoOss, eELENA VoLOsHINA, and BEATE
Paurus — Institut fiir Chemie und Biochemie - Physikalische und
Theoretische Chemie, Freie Universitdt Berlin, Takustrafte 3, 14195
Berlin, Germany

The investigation of the adsorption of organic molecules on metal
substrates plays an important role for the understanding of multi-
valent interactions. Due to the enhancement of the adsorption new
architectures of multivalent molecules can appear on metal surfaces.
Taking into account recent molecular electronic experiments involving
molecules linked via N-heterocycles to gold electrodes and nanoclus-
ters[1], pyridine derivates are seen to be interesting objects for theo-
retical studies. The interaction of the parent compound pyridine and
some substituted derivates with a single gold atom has been investi-
gated. Different quantum-chemical methods and basis sets have been
used to find a reliable description. We plan to extend our studies to
gold clusters, gold nanoparticles and para-linked pyridine derivates.
The main purpose is to analyze the nature of multivalent bonding in
comparison to monovalent interaction.

[1] M. J. Crossley and J. K. Prashar, Tetrahedron Lett. 38, 6751
(1997).
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What encodes the diversity and ordering of self-organized
monolayers? — oCARSTEN RouR!, MARTA BALBAS GAMBRAZ,
KaTHRIN GRUBER!, EDWIN C. ConsTABLE?, ERWIN FREYZ, THOMAS
Franoscu?, and Bianca A. HerMANN! — !'Walther-Meissner-
Institute (WMI) of Low Temperature Research of the Bavarian
Academy of Science and Center for Nano Science (CeNS), Germany
Walther-Meissner-Strasse 8, 85748 Garching b. Miinchen — 2Arnold
Sommerfeld Center for Theoretical Physics (ASC) and Center for Nano
Science (CeNS), Department of Physics, LMU Miinchen, Theresien-
strake 37, 80333 Miinchen, — 3Department of Chemistry, University
of Basel, Spitalstrasse 51, 4056 Basel, Switzerland

The a priori prediction of patterns formed by molecular self-
organization is of crucial importance for the deliberate application of
monolayers in functionalizing surfaces. We used scanning tunneling
microscopy (STM) to image self-organized monolayers of Fréchet den-
drons, which display a large variety of 2D ordering motifs. The order-
ing of the different phases was simulated by molecular mechanics (MM)
energy optimizations. We conceived a coarse-grained interaction-site
model, which condenses the essential molecular properties determined
by MM modeling. In a Monte Carlo (MC) approach based on this
interaction site model placed on a lattice allowing discrete m/3 rota-
tions the various ordering motifs were successfully predicted. With
this model we could confirm that geometry as well as a few salient
interaction sites encode the observed variety of structural motifs.
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Hydrocarbon contamination of different ruthenium surface
orientations — eTuANH-NAM Ncuven!, SiNa GUSENLEITNER!,
Marius ErnsT!, HoLGER WETzZSTEIN!, DIRK EHM?2, and FRIEDRICH
REINERT! — !University of Wiirzburg, Experimental Physics VII, Am
Hubland, 97074 Wiirzburg — 2Carl Zeiss SMT AG, Rudolf-Eber-Str.
2, 73447 Oberkochen

Multilayer mirrors for Extreme Ultraviolet (EUV) Lithography appli-

cations are threatened by various damaging processes. During expo-
sure, the dominating contamination processes are carbonization and
oxidation due to adsorption of hydrocarbons and oxygen and their re-
action with the mirror surface, reducing the mirror lifetime. One possi-
bility to limit these lifetime risks is to coat the mirror with a dedicated
capping material, such as Si, Ti, Mo, Pd, Ru, or their oxides. To study
the general interaction mechanisms of adsorbates with the capping ma-
terials, organic model molecules are used. In this work, the interaction
of 3,4,9,10-perylene tetracarboxylic dianhydride (PTCDA) with sin-
gle crystalline Ru(0001) and Ru(1-100) surfaces as well as evaporated
thin Ru films is presented. PTCDA molecules are deposited on the Ru
surfaces by organic molecular beam epitaxy. The structural and elec-
tronic properties of the resulting interfaces are investigated by various
surface analytical techniques, including low energy electron diffraction
(LEED), scanning tunnelling microscopy (STM), X-ray photoelectron
spectroscopy (XPS) and ultraviolet photoelectron spectroscopy (UPS).
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A Nanocalorimeter for Adsorption Studies of Organic
Molecules — eH.-J. DrESCHER, F. BEBENSEE, O. LyTkeN, H.-
P. STEINRUCK, and J. M. GoTTFRIED — Lehrstuhl fiir Physikalische
Chemie II, Egerlandstrafie 3, 91058 Erlangen

Surface nanocalorimetry (SNC) is an UHV based technique for the
measurement of adsorption enthalpies on well defined substrates. It
is the only technique that provides access to adsorption enthalpies
in cases of non-reversible adsorption, i.e., if decomposition occurs at
lower temperature than desorption. Typical examples are large or-
ganic molecules on metal substrates. SNC relies on the direct measure-
ment of very small temperature changes induced by the adsorption of
molecules on single-crystal surfaces. Its outstanding sensitivity in the
nanojoule and picomole regimes is achieved by pyroelectric detectors
in combination with pulsed molecular beams and highly accurate flux,
sticking probability and reflectivity measurements. The adsorption en-
thalpy is a direct measure for the strength of the adsorbate-substrate
interaction and thus one of the most important parameters for the
quantitative characterization of chemical bonds at surface and inter-
faces. We focus especially on metal/organic interfaces, which occur
in organic electronic devices. The character of the interfacial bond
determines crucial parameters for the device performance, such as the
charge injection rate. A setup of an advanced adsorption calorimeter is
presented, which is optimized for the studies of m-conjugated molecu-
lar semiconductors on metal single-crystal surfaces. It features several
new technical developments, which lead to improved sensitivity and
accuracy.
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Electron Spectroscopy of Organic Heterointerfaces:
SnPc/PTCDA /Ag(111) — eMicHAEL GREIF', MarRc HAMING!,
MicHAEL WIEsSNER!, AcHiM ScHOLL!, and FRIEDRICH REINERT!:2
— Universitdt Wiirzburg, Experimentelle Physik VII, D-97074
Wiirzburg — 2FZK Karlsruhe, Gemeinschaftslabor fiir Nanoanalytik,
D-76021 Karlsruhe

Heterointerfaces between different organic molecules are an issue of
great technologic relevance. However, structurally well-defined ultra-
thin interfaces which are suited for the investigation with surface sensi-
tive techniques are difficult to prepare. In order to exploit its potential
as a model system in this respect we have investigated hetero-layers
consisting of tin-phthalocyanine (SnPc) and perylene-tetracarboxylic
acid dianhydride (PTCDA) deposited on clean Ag(111) surfaces with
photoelectron spectroscopy (XPS and UPS), x-ray absorption and low
energy electron diffraction (LEED). The spectroscopic signatures of
the two compounds can be distinguished unambiguously in the core
and valence spectra. For ultra-thin SnPc layers deposited on a sin-
gle layer of PTCDA on Ag(111) structural information can be derived
from angle resolved XPS and NEXAFS. The data indicates that a
closed monomolecular layer of flat lying SnPc is established. This is
corroborated by the UPS spectra which show a characteristic split-
ting of the SnPc HOMO signal due to dimer formation only for SnPc
coverages beyond one layer. Moreover, LEED was applied in order to
investigate the lateral ordering.
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Self-assembled metal-organic networks of tripyridyl-triazine
on Au(111) and Cu(111) surfaces — eHENDRIK MOHRMANN,
CHRISTIAN LoTzE, KATHARINA J. FRANKE, and Jose I. PascuaL
— Institut fiir Experimentalphysik, Freie Universitit Berlin

Self-assembled metal-organic networks have lately attracted a lot of in-
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terests since they possibly provide arrays of spins which have promis-
ing properties for applications in molecular electronics. We investi-
gate the coadsorption of tripyridyl-triazine (t4pt) and Cobalt on noble
metal surfaces by low and variable temperature scanning tunnelling
microscopy and spectroscopy (STM/STS) in ultrahigh vacuum.

On Au(111), several highly ordered structures with a wide range of
Co-N bond lengths and packing densities, depending on the Co/t4pt
deposition rates and annealing temperatures, are observed. We also
observe double layer islands in which Co atoms are coordinated in a
3-dimensional complex.

When deposited on Cu(111) t4pt forms a long-range ordered honey
comb nanomesh. This structure is stabilized by coordination bonds
of the lone-pair electrons of the pyridil groups to Cu adatoms as evi-
denced by conductance maps.
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Surface assisted oxidation of flat lying organic molecules

- a real-time STM study — eTHoMAs WALDMANN!, DANIELA
KoNzEL?, MicHAEL Roos!, Acmmm Brerrruck!, Harry E.
HosTer!, AxeL Gross?, and R. JUrRGEN Beum! — lInstitute of

Surface Chemistry and Catalysis, Ulm University, D-89069 Ulm, Ger-
many — 2Institute of Theoretical Chemistry, Ulm University, D-89069
Ulm, Germany

Using time resolved scanning tunneling microscopy (STM), we tested
the interaction of Oz from gas-phase with ordered adlayers of the
Bis(terpyridine) derivative 2,4-BTP [1,2] on Au(111) [3], Ag(111) [3,4]
and graphite (HOPG) [1-3,5] surfaces at T = 300 K. At an Oz pressure
of 1075 mbar, the adlayers on Ag(111) undergo chemical and struc-
tural changes. These include modifications of the 2-pyridyl rings of
individual 2,4’-BTP adsorbates and rearrangements of the hydrogen
bonded adlayer. Since we do not observe similar changes on HOPG
and Au(111), we assume that Ag(111) acts as catalyst for the underly-
ing processes. Based on our STM data in combination with DFT cal-
culations, we conclude that the observed reaction is pyridyl-N-oxide
formation. Furthermore, we derive reaction yields, enantiomeric ex-
cess, reaction rates and reaction orders from the time-resolved STM
data.

[1] U. Ziener et al., Chem.FEur.J. 8, 2002, 951.

[2] C. Meier et al., J.Phys.Chem.B 109, 2005, 21015.

[3] H.E. Hoster et al., Langmuir 23, 2007, 11570.

[4] M. Roos et al., Phys.Chem.Chem.Phys. 9, 2007, 5672.

[5] M. Roos et al., Phys. Chem.Chem.Phys., DOI:10.1039/b920481d
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Multi-molecular networks on Ag(111l) displaying a novel
bonding scheme — eWoLrcaNG KRENNER!, Dirk KUHNE!, FLO-
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and Jonannes V Bartu! — !Physikdepartment E20, TU Miinchen,
Miinchen, Germany — 2Institute of Nanotechnology, Forschungszen-

trum Karlsruhe, Karlsruhe, Germany

The combination of different types of molecular building blocks pro-
vides a wide range of possibilities for the hierarchic construction of
molecular networks on metallic surfaces via self-assembly. We present
a UHV, low-temperature scanning tunneling microscopy study of the
formation of multi-molecular networks constructed with two different
bonding schemes.

After deposition of the two building blocks, namely dicarbonitrile
polyphenyl (A) and diphenyl oxalic amide (B), at room temperature
onto Ag(111), hydrogen-bonded networks formed by molecular self-
assembly can be observed. The shape of the molecular networks de-
pends on coverage and stoichiometry.

By tuning the growth conditions highly regular molecular networks
can be achieved providing rhombic cavities of an approximate size of
8 nm?. The elementary binding motif features a hydrogen bond from
a carbonitrile group of molecule A to the amine group of molecule B.
This type of hydrogen bond has not been observed so far for surface
confined self-assembly.

O 59.80 Wed 17:45 Poster Bl
A photoelectron diffraction investigation of vanadyl ph-
thalocyanine on Au(111) — Davip Duncan?, eWERNER
UNTERBERGER!, TsENoLo J. LEroTHOLI?, KiRsTY HocaNn3, CHRIs-
TINE LaMoNnT®, and PuiLLiP WooDRUFFH2 — 1Fritz-Haber-Institute
— 2Physics Department, University of Warwick — 3Deptartment of

Chemical and Biological Sciences, University of Huddersfield

Scanned-energy mode photoelectron diffraction (PhD) is a well-

established method to determine quantitatively the local structure of
adsorbates at surfaces. Here we describe its application to adsorption
of vanadyl phthalocyanine (VOPc) on Au(111) which was used as a
model system for vanadyl species (V=0) on the clean V203 surface.

VOPc was dosed at 130°C on the clean Au(111) surface and a cover-
age of approximately 0,015ML was reached which is half of that found
by STM experiments (Hipps et. al.). O 1ls and V 2p scanned-energy
mode photoelectron diffraction has been used to investigate the ad-
sorption structure of VOPc. The V=0 vanadyl bond is found to point
out of the surface with a bondlength of 1.604-0.04 A. Relative to bulk
VOPc, the V atom is pulled down into the approximately planar region
defined by the N and C atoms by 0.52 (+0.14/-0.10) A.
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Thin vacuum deposited films of charge transfer compounds
on the Au(111l) surface investigated by SPA-LEED —
eBENJAMIN FIEDLER, OLIVER BAUER, and MORITZ SOKOLOWSKI —
Institut fiir Physikalische und Theoretische Chemie der Universitét
Bonn

Thin films of different charge transfer compounds were prepared on
the Au (111) surface and studied by spot profile analysis LEED (SPA-
LEED). For tetrathiafulvalene / tetracyanoquinone (TTF/TCNQ) the
films were obtained via two different routes. In the first, we prepared
the films by vacuum sublimation from a single crucible containing the
charge transfer compound. In the second, the single components (TTF
and TCNQ) were evaporated from two different crucibles. Findings of
both preparation methods are compared with each other. From the
LEED patterns a unit cell of the monolayer was derived and is com-
pared with those unit cells concluded from earlier STM investigations
[1,2]. We also studied the larger molecule tetrathiatetracene (TTT) as
donor component in combination with dimethyl-dicyanoquinondiimine
(DCNQI) and TCNQ as acceptors. First results are presented.

[1] M. D. Ward, J. Am. Chem. Soc. 1994, 116, 6306

[2] J. I. Pasqual, Phys. Rev. Lett. 100, 156805 (2008)

O 59.82 Wed 17:45 Poster Bl
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DosseL!, Mava Lukas!, ALEXANDRINA STUPARU}, CHRISTOPHE
Strou!, KariN Fink!, MarceL Mavor»2, and HILBERT VON
LOHNEYSEN®4 — Mnstitut fiir Nanotechnologie, KIT, D-76021 Karl-
sruhe — 2Department of Chemistry, University of Basel, CH-4056
Basel — 3Physikalisches Institut, KIT, 76128 Karlsruhe — 4Institut
fiir Festkorperphysik, KIT, 76021 Karlsruhe

In recent years the conductance of organic molecules has been inves-
tigated in a growing number of scanning tunneling microscopy (STM)
experiments since STM is capable of characterising the investigated
system with (sub)molecular resolution. However, conductance mea-
surements with the current along the long axis of a wire-like molecule
are difficult to achieve by STM because the molecules have the ten-
dency to "lie” with their long axis parallel to the surface. We investi-
gate the electronic properties of taylor-made organic molecules: While
one wire-like part of the molecule is lying with the long axis parallel
to the surface another identical wire is sticking out freely from the
surface, accessible by the tip of our STM. We used scanning tunnel-
ing microscopy and scanning tunneling spectroscopy to investigate the
molecules’ position and surrounding on the surface and the electronic
properties at low temperature (30K). Due to the special geometry of
our molecules we are able to investigate and compare the transport
across the wire as well as along the wire in the same experiment with-
out altering further parameters which might otherwise influence the
conductance behaviour.
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Cobalt porphyrin and phthalocyanine complexes on Ag(111)
and Au(111l): Interfacial coordination interactions — eYun
Bal, MARTIN ScHMID, MICHAEL SEKITA, THOMAS BiscHoFr, HANs-
PeTER STEINRUCK, and MIicHAEL GOTTFRIED — Universitit
Erlangen-Niirnberg, Lehrstuhl fiir Physikalische Chemie 11

Metalloporphyrins and metallophthalocyanines are of increasing tech-
nological interest due to their potential applications in heterogeneous
catalysis, sensor systems, photovoltaics and organic electronics. In
most of these applications the interfacial electronic interactions and
the chemical bonds between the metal complexes and a solid substrate
(metal or oxide) plays an important role. To obtain fundamental in-
sight especially into the contributions of the coordinated metal centers
to the surface chemical bond, we studied monolayers of cobalt(II)-
phthalocyanine (CoPc), cobalt(II)-octaethylporphyrine (CoOEP), and
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cobalt(II)-tetraphenylporphyrine (CoTPP), adsorbed on Ag(111) and
Au(111), using XPS and UPS. On Ag(111), uniform core level shifts
and the appearance of a new valence state indicate that the Co ions
interact strongly with the substrate and that the interactions are lat-
erally homogenous, i.e., virtually all Co ions interact in a same way
with the Ag substrate. On Au(111), however, a split Co 2p3 /5 signal
suggests the presence of two different cobalt species in the monolayer.
This observation is discussed in the context of the herringbone recon-
struction of the Au(111) surface, which leads to lateral variations of
geometric and electronic structure and thus potentially different ad-
sorption sites. Supported by the DFG through SFB 583.
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stitut fiir Experimentalphysik — 2Theory Department, Fritz-Haber-

Institut der Max-Planck-Gesellschaft

The adsorption of dimetacyano-azobenzene (DMC) evaporated onto
Cu(100) and Au(111), as well as on CoO/Ag(100), was studied at dif-
ferent substrate temperatures in order to ascertain the influence of
substrate and coverage. Angle-dependent NEXAFS spectroscopy was
used to resolve the adsorption geometry of the molecules. By XPS
the formation of additional bonds between the molecules and surface
was investigated. For the adsorption on Au(111) at room temperature
(RT), and on Cu(100) at 150 K, we find the molecules physisorbed in
a planar conformation parallel to the surface. In the case of molecules
adsorbed at 100 K on CoO/Ag(100), we observe a change in the an-
gle dependence of the 7* resonances of the N-K edge NEXAFS. After
annealing the Cu(100) substrate to RT, the angle dependence and
intensity of the 7* resonances change significantly. From the peak
assignment derived from DFT-based simulation of the NEXAFS spec-
tra, we conclude that chemisorption takes place at the azo-nitrogen on
Cu(100) at RT, whereas a mixed phase of physisorbed and chemisorbed
molecules is found on CoO/Ag(100) at 100 K, and on Cu(100) at 150
K. In contrast, only the physisorbed phase was found for DMC on
Au(111) at RT. This work has been supported by Sfb 658.
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Technology Laboratory, National Institute of Standards and Technol-
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The conditioning of metal surfaces via self-assembled monolayers
(SAM) of molecules anchored by a sulfur endgroup is a widely stud-
ied issue in the field of organic electronics. In particular the electronic
properties of the interface between electrode and subsequent functional
organic layer in organic light emitting diodes (OLED), thin film tran-
sistors (OTFT) and photovoltaic devices (OPV) can be altered in order
to promote charge transfer and improve the overall device efficiency.
In our study we investigated the growth and electronic structure of
dithiol-based monolayers on a Au(111) surface. We focus on the influ-
ence of this linker chemistry on the energy level alignment of the SAM
and the workfunction change of the gold substrate. FTIR measure-
ments were employed to verify the film formation while the electronic
structure was further investigated by photoelectron spectroscopy. Not
only did we derive the coverage and film perfection from XPS mea-
surements but could also show a distinct charge rearrangement in the
molecular layer while UPS measurements revealed a considerable low-
ering of the workfunction. DFT calculations have been employed in
order to describe these phenomena.
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universality of the amino acid
2D zwitterionic bonding scheme? — eJoacHIM REICHERT!3,
AcusTiN ScurrFRINZ, WILLI AUWARTER!, ALEXANDER WEBER-
BARGIONI], MATTHIAS MARSCHALL!, MARTINA DELL’ANGELA?,
DeaN CveTko?, GrREGOR Bavbek?, ALBano Cossaro?, ALBERTO
MorcanTE?, and JonanNEs V. Bartu!3 — 1Physik Department
E20, TU Miinchen, Germany — 2Max-Planck-Institut fiir Quantenop-
tik, Garching, Germany — 3Department of Physics & Astronomy, Uni-
versity of British Columbia, Vancouver, Canada — *C.N.R.-INFM,

Laboratorio Nazionale TASK, Trieste, Italy

L-tyrosine on Ag(111):

We present a combined study of the adsorption and ordering of the L-
tyrosine amino acid on close-packed noble-metal surfaces in ultra-high
vacuum by means of low-temperature STM, XPS and NEXAFS spec-
troscopy. Our high resolution topographical STM data reveal noncova-
lent molecular dimerization within the highly ordered one-dimensional
nanostructures, which recalls the geometrical pattern already seen in
the L-methionine/Ag(111) system and supports a universal bonding
scheme for amino acids on the Ag(111) surface. XPS measurements
reveal a zwitterionic adsorption, whereas NEXAFS experiments show
a tilted adsorption configuration of the phenol moiety. This enables the
interdigitation between aromatic side-chains of adjacent molecules via
parallel-displaced Pi-Pi interactions which, along with the hydrogen-
bonding capability of the hydroxyl functionality, could provide an
explanation for the emergence of the self-assembled supramolecular
nanoribbons.
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Coordination networks of the charge transfer compounds
TTF and TCNQ on Pb(111) — eMARIO KONSCHAKE, ISABEL
FERNANDEZ-TORRENTE, KATHARINA FRANKE, and Jose Ianacio
PascuaL — Freie Universitat Berlin, Berlin, Germany

The charge transfer complex TTF-TCNQ has recently attracted con-
siderable interest due to its electronic and magnetic properties when
adsorbed on a Au(111) surface [1|. Here, we use low-temperature scan-
ning tunnelling microscopy and spectroscopy to investigate the influ-
ence of a different substrate, i.e. Pb(111), on the adsorption properties.

As individual components, TTF and TCNQ exhibit very distinct
bonding properties with the substrate. TTF adsorbs with its molec-
ular skeleton perpendicular to the surface, giving rise to domains of
m-stacked molecular islands. TCNQ, on the other hand, remains in
a flat adsorption configuration and leads to an intriguing network,
which is stabilized by Pb adatoms and their coordination bonding to
the lone-pair electrons of the cyano terminations.

The coadsorption of TTF-TCNQ gives rise to a variety of phases
with or without lead adatoms. Indications of a negative charging of
the TCNQ molecules can be found in those forming metal-organic co-
ordination networks.

[1] I. Fernandez-Torrente et al. PRL 101(21):217203, 2008
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Porphyrin based molecular switches and quantum corrals —
FeLix BiscHorr, eWiLLI AUWARTER, KNUD SEUFERT, DANIEL HEIM,
and JoHANNES V. BarrTH — Physik Department, E20, Technische
Universitdt Miinchen, James-Franck Str. 1, D-85748 Garching, Ger-
many

Porphyrin molecules exhibit an intriguing variety of functional prop-
erties, which are exploited in both biological and artificial systems.
Hereby, particular interest lies on the porphyrin macrocycle, which
can act as a chemical pocket and host either two hydrogen atoms or a
metal ion. Here, we present first results on the tautomerization of free-
base tetraphenylporphyrin molecules (H2-TPP) anchored on a Ag(111)
surface. STM experiments proof that the switching of the two H’s in
the porphyrin pocket can be induced by voltage pulses. This process is
directly monitored by current versus time (I-t) spectra, which exhibit
two characteristic current levels. In addition, a tip induced process
can be applied to remove one H atom from the porphyrin pocket. As
a result, the remaining H atom can be switched between four possible
positions (the four nitrogen atoms of the macrocycle).

In a different set of experiments, we show that the TPP’s chemical
pocket plays a non-neglibible role for the interaction of the porphyrin
with the electronic structure of the supporting surface. By STM ma-
nipulation, individual TPP molecules are removed one-by-one from
highly ordered TPP arrays on Ag(111), to construct artifical struc-
tures confining the Ag(111) surface state electrons. Hereby, the chem-
ical nature of the corral walls, i.e. the use of either H2-TPP or Co-TPP
arrays, affects the electron confinement and the coupling of resonators.
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Diffusion of 1,4-butanedithiol radicals on Au(111l) and
Au(100): A DFT-based comparison — ANDREAS FRANKE and
eEcKkHARD PEHLKE — Institut fiir Theoretische Physik und Astro-
physik, Universitat Kiel, 24098 Kiel, Germany

Organic molecules chemisorbed on surfaces hold the perspective of sur-
face functionalization. The 1,4-butanedithiol radical chemisorbed at
the Au(111) or Au(100) surface serves as a model system for the S-Au
molecule-substrate bond. Density functional total-energy calculations
have been carried out for the chemisorption of the radical on the unre-
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constructed Au surfaces, which are both known to be stabilized under
electrochemical conditions [1]. Local minima with close-by energies in-
dicate multi-valley potential-energy surfaces, which originate from the
interplay between the two S-Au adsorbate-substrate bonds and the in-
ternal degrees of freedom of the butanedithiol radical. Diffusion paths
of the radical on both Au surfaces have been calculated within DFT
using VASP [2]. The diffusion barriers for translation and rotation
of the radical differ. They can be fine-tuned by varying the applied
potential in the electrochemical cell. This is considered theoretically
by inspecting the variation of the dipole moment along the reaction
paths. Consequences for the dynamics of succeeding diffusion hops are
discussed.

[1] M. Schneeweiss et al., Appl. Phys. A 69, 537 (1999). H. Striegler
et al., J. Electroanal. Chem. 471, 9 (1999).

[2] http://cms.mpi.univie.ac.at/vasp
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STM study of the structual formation of Cgp on a thiol teth-
ered Au(111) surface — ePATRICK MEHRING, AXEL BEIMBORN,
and CARSTEN WESTPHAL — Fakultdt Physik - Technische Universitét
Dortmund, Otto-Hahn-Str. 4, D 44221 Dortmund, Germany

Since the discovery of fullerenes and their unique properties a large
variety of potential applications was predicted. Different structures of
fullerenes including ring, ball, and tube variations attracted attention
especially in the fields of molecular electronics and nanotechnology.
The understanding of the structural formation on different substrates
is important for future applications of these carbon molecules. The
influence of a methylthiol tethered Au(111) surface on the self assem-
bly of Cgo buckyballs was investigated by means of scanning tunneling
microscopy. Methylthiol arranges in several structures on Au(111) de-
pending on the monolayer coverage. Cgog was prepared by evaporator
deposition on two different striped phases of CH3S. Both exhibit do-
mains with 3 distinct orientations but different line spacing between
single molecule rows. Instead of the typical hexagonal orientation of
Cgo on noble metals, domains of a striped phase can be found. Single
domains show 6 possible orientations on the CH3S monolayer. The
spacing between Cgo molecules varied depending on the orientation of
the methylthiol layer. They are clearly located on top of the CH3S
rows.
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Scanning Tunneling Microscopy and Spectroscopy of Ph-
thalocyanine Molecules on Insulating Films — eCHRISTOF
UHLMANN, INGMAR SWART, TOBIAS SONNLEITNER, and JAscHA REPP
— Institute of Experimental and Applied Physics, University of Re-
gensburg, 93040 Regensburg, Germany

Ultrathin insulating films on metal substrates can be used to elec-
tronically decouple individual molecules from the metallic substrate.
As electrons can still tunnel through the films, scanning tunneling
microscopy can be used to characterize these molecules. This geom-
etry represents a double-barrier tunneling junction, in which at the
resonances in conductance spectra, an electron is temporarily added
to or removed from the molecule. Here we present a study of Cu-
phthalocyanine molecules on different substrate systems. For a neutral
Cu-phthalocyanine molecule the lowest unoccupied molecular orbital
(LUMO) and the LUMO+1 are degenerate. By varying the substrate
system, and thereby also varying the work-function, it is possible to
permanently charge the molecules. Consequently, either the former
LUMO or the former LUMO+1 is occupied with one electron. Due to
the Jahn-Teller effect, the degeneracy of these orbitals is lifted. This
manifests itself in a lowering of the symmetry as deduced from STM
images.
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Morphology, geometric and electronic structure of ul-
tra thin films of perylene bisimide dyes on Ag(111) —
eMaRrkuUs Scuorz!, RUDIGER ScHMIDT?, AcHiM ScHOLL!3, FRANK
WUORTHNER?, and FriEDRICH REINERT!3 — 1Universitit Wiirzburg,
Experimentelle Physik VII, 97074 Wiirzburg — 2Universitit
Wiirzburg, Institut fiir Organische Chemie, 97074 Wiirzburg —
3Gemeinschaftslabor fiir Nanoanalytik, Forschungszentrum Karlsruhe,
76021 Karlsruhe

Perylene tetracarboxylic acid bisimides dyes (PBI) are among the best
n-conducting organic materials. The molecular structure and elec-
tronic properties of these molecules can be tailored by halogen sub-
stituents attached to the perylene core which induces a twist angle in
the planar perylene backbone. We studied the morphology, geomet-

ric and electronic structure of ultra thin epitaxial films of the planar
PBI — Hy, the slightly twisted PBI — F> and the strongly twisted
PBI — Cl4 on Ag(111) substrates. At coverages below one molecular
layer a long range order was observed at room temperature. From the
characteristic LEED patterns we deduced real space models for each
sample. Incommensurate superstructures were found were the size of
the unit cell increases from PBI — H4 to PBI — Cl4. Moreover, the
bonding at the interface and consequently the electronic structure is
significantly influenced by the molecular conformation thus providing
a possible route for tailor the properties of metal-organic interfaces.
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Impact of central metal atoms and F-substituents on the ad-
sorption geometry of phthalocyanine molecules on Cu(111) —
eCurisToPH BURKER!, Takuva Hosokal!, ALEXANDER GERLAcH!,
STEFFEN DunHMZ2, NorBERT KocH?, HIROYUKI YAMANE?, and FRANK
ScHREIBER! — 1Universitit Tiibingen — 2Chiba University — 3HU

Berlin — 4Institut for Molecular Science

The adsorption geometry of large organic molecules on metal surfaces
is essential for understanding and controlling the interface electronic
structure, thin film structure and growth mechamism. The X-ray
standing wave (XSW) technique is one of the most precise methods
to determine the vertical positions of specific atoms relative to the
substrate and can therefore establish the adsorption geometry of or-
ganic molecules.

Metal Phthalocyanines (MPc) as typical organic semiconductors are
one of the most suitable systems for XSW experiments due to their
chemical stability, high structural symmetry and variability of both
the central metal atom and substituents. Using the XSW technique
we show how fluorination and a central metal atom affect the ad-
sorption geometry of Pc molecules. We compare the structural dif-
ferences of metal-free Pc (H2Pc), zinc-Pc (ZnPc) and perfluorinated
ZnPc (F16ZnPc) on Cu(111l). The XSW data reveal significant devi-
ations for both the bonding distance and molecular distortion. These
results indicate an interaction strength of each atom with the surface
depending on its chemical vicinity.
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”Unbinding” an adsorbed organic molecule: K plus PTCDA
on Ag(110) — eOrivErR Baurr!, GiusEPPE MERCURIO?, SERGEY

SuBacu?, CuristopH H. Scumirz!, BENJAMIN FIEDLER!, FRANK

STEFAN TauTz2, and MoriTz SokorLowski! — lInstitut fiir
Physikalische und Theoretische Chemie, Universitit Bonn — 2Institut

fir Bio- und Nanosysteme 3, Forschungszentrum Jiilich

We have doped the well-known brick-wall structure of pristine PTCDA
which is present in the monolayer on the Ag(110) surface with
potassium (K) and investigated the induced structural and electronic
changes at the interface. SPA-LEED measurements reveal that the
structural order of the PTCDA molecules is strongly altered upon K
dosing: A variety of co-existing binary phases is observed within the
monolayer. In addition we have conducted XPS and NIXSW measure-
ments on K + PTCDA / Ag(110). The photoemission experiments
indicate that the K atoms preferentially interact with the carboxylic
groups of the co-adsorbed PTCDA molecules. This interpretation is
further supported by the NIXSW results: The adsorption geometries
of the carboxylic and the anhydride oxygen (O) atoms are highly in-
fluenced by the presence of K on the surface, the bonding distances
are extended. The adsorption height of the perylene core is also in-
creased by K doping. Hence we conclude that the local Ag-O bonds
at the interface are partially lifted by the co-adsorbed K and that K
and Ag atoms compete for the interaction with the carboxylic groups
of PTCDA while the bonding across the interface is weakened. Sup-
ported by the DFG and the ESRF.
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Kondo effect on a mixed Na-TCNQ layer — eToBias R. Um-
BACH, [sABEL FERNANDEZ-TORRENTE, ROBERT DrRoOsT, JOSE 1. Pas-
cuAL, and KATHARINA J. FRANKE — Institut fiir Experimentalphysik,
Freie Universitat Berlin, Animallee 14, 14195 Berlin, Germany

Mixing organic molecules with dopant atoms is a key issue in the field
of organic electronics, as charge transfer processes may be used to tune
the electronic properties of the compound. Here we report, by means
of low-temperature scanning tunneling microscopy and spectroscopy
measurements (LT-STM, STS), the doping of TCNQ by Na on a
Au(111) surface. The addition of NaCl to previously formed TCNQ
domains breaks the hydrogen network structure of the pure molecu-
lar island, leading to the formation of a new ordered Na-TCNQ phase
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with a bidimensional *wind-mill*-like structure. This self-assembling
provokes a lateral electron transfer from the alkali metal to the organic
molecule, inducing the localization of an unpaired spin on TCNQ. This
free radical state can be demonstrated by the observation of a Kondo
resonance arising in the Na-TCNQ unit cell. By STS we can plot the
Kondo intensity of this unpaired spin: the Kondo resonance exhibits a
different height along the Na-TCNQ layer, being largest at the center
of the *wind-mill*structure and smaller at the center of the molecule.

0 59.96 Wed 17:45 Poster Bl
DFT Studies on the Interaction of Sulfur with Transition
Metal Surfaces — ePorNTIP SEEMA, JORG BEHLER, and Do-
MINIK MARX — Lehrstuhl fiir Theoretische Chemie, Ruhr-Universitit
Bochum, D-44780 Bochum, Germany

The interaction of sulfur atoms with transition metal surfaces plays an
important role for example in the poisoning of heterogeneous catalysts
and the formation of self-assembled monolayers of thiolates. In the
present work, the sulfur adsorption on Cu(111), Ag(111) and Au(111)
surfaces has been studied within the framework of density-functional
theory (DFT). Calculations have been carried out for a variety of ad-
sorbate phases, and the sulfur binding sites and binding energies have
been investigated systematically as a function of coverage at ideal sur-
faces as well as at defects. We find that the order of the adsorption
energies of the sulfur atoms on the different defect-free metal slabs
is Cu(111) > Ag(111) > Au(111). This result is independent of the
coverage of the surface.

0 59.97 Wed 17:45 Poster Bl
Vibrational Spectroscopy of Adsorbate Molecules on Rough-
ened Cu(111) — HeINER MAsLOsz, eJAN PiscHEL, OLAF SKIBBE,

and ANNEMARIE Pucct — Kirchhoff-Institut fiir Physik, Im Neuen-
heimer Feld 227, D-69120 Heideberg

In order to close the so-called material gap between pristine low-index
single crystal surfaces and rough surfaces we study slightly roughened
copper surfaces. The roughness is introduced by evaporation of small
amounts of copper to the cooled Cu(111) surface. Vibrational spec-
troscopy (HREELS and IRRAS) has shown in the past several in-
teresting findings regarding the interaction of the roughened surface
with adsorbed molecules (e.g. [1,2]). In this study, we present high-
resolution electron energy loss spectroscopy (HREELS) measurements
of the system O2/Cu/Cu(111). We found already at oxygen exposures
of 0.01 Langmuir spectral features that we attribute to atomically ad-
sorbed oxygen. Since the sticking probability for oxygen on the smooth
Cu(111) surface is quite low, this system provides a sensitive tool to
quantify the introduced roughness.

[1] O. Skibbe, M. Binder, A. Otto, and A. Pucci. J. Chem. Phys.,
128:194703, 2008.

[2] O. Skibbe, D. Vogel, M. Binder, A. Pucci, T. Kravchuk, L. Vat-
tuone, V. Venugopal, A. Kokalj, and M. Rocca. J. Chem. Phys.,
131:024701, 2009.
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Interaction of Fe and Fe>O3 with HO and CO — eKarl
VoraMmann!, AnseLm Haun!, FrLorian VoicTs!, and WoLFcaNG
Maus-Friepricus!2 — !Institut fiir Physik und Physikalische Tech-
nologien, TU Clausthal, Leibnizstr. 4, 38678 Clausthal-Zellerfeld —
2Clausthaler Zentrum fiir Materialtechnik, TU Clausthal, Leibnizstr.
4, 38678 Clausthal-Zellerfeld

Basic investigations have been done on the interaction of Fe and Fe2O3
with molecular oxygen!. MIES/UPS and XPS measurements revealed
that a passivating oxide layer has been formed and inhibits a further
oxidation. The scope of this work is to examine the interaction of Fe
and FeoO3 with water and CO. This is a further step towards a ba-
sic data set for further research on the photocatalytical processes on
hematite surfaces found under Martian conditions.

Iron and Iron(III) oxide films are investigated by means of their in-
teraction with HoO and CO. These reactions have been studied with
photoelectron spectroscopy. X-ray photoelectron spectroscopy is used
to determine stoichiometry of the samples, while Ultraviolet photoelec-
tron spectroscopy and Metastable Induced Electron Spectrocopy are
used to analyse the valence band region and to gain information about
changes in workfunction due to reactions on the surfaces.

1K.Volgmann, F. Voigts, W. Maus-Friedrichs, The interaction of
oxygen molecules with iron films studied with MIES, UPS and XPS,
Surface Science, submitted
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Adsorption of CO on clean and oxidized Pt3Ti(111) —
eMaRrRco Moors!, SEvERINE LE Moar23, Jan Markus Essen',
CoNRAD BECKER?, and KLaus WaNDeLT! — lInstitut fiir phys. und
theoret. Chemie, Universitdt Bonn — 2Centre Interdisciplinaire de

Nanoscience de Marseille — 3Technische Universitét Miinchen

The adsorption of CO on Pt3Ti(111) before and after its oxidation has
been investigated by AES, TDS, LEED and HREELS. The adsorption
of CO has clearly been evidenced on clean Pt3Ti(111). The LEED
patterns exhibit either a diffuse or a sharp c(4x2) structure (stable
up to 300 K) attributed to CO depending on the adsorption temper-
ature. Remarkably, the adsorption / desorption behavior of CO on
clean Pt3Ti(111) exhibits similarities to that previously reported for
CO on Pt(111). Our results clearly evidence a partial CO decompo-
sition on Ti sites and molecular adsorption of CO on on-top Pt sites.
Therefore, the clean surface can not be terminated by a pure Pt plane
as previously discussed in the literature. Lowly oxidized Pt3Ti(111)
surfaces (< 135 L O2 exposure at 1000 K) exhibit a CO adsorption
/ desorption behavior similar to that of the clean surface with again
a c(4x2) structure (stable up to 250 K) attributed to CO adsorption.
These results indicate that some areas of the substrate remain non-
oxidized upon low oxygen exposures. Highly oxidized and therefore
completely oxide covered Pt3Ti(111) surfaces (> 220 L O2 exposure
at 1000 K) allow no CO adsorption at sample temperatures over 100
K.
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Electron beam induced effects in ice on Pt(111) — eDANIEL
ScHwARz, HERBERT WORMEESTER, and BENE PorLsEma — Solid
State Physics, IMPACT, University of Twente, The Netherlands

The interactions at the water-solid interface determine a wide range
of physical and chemical properties, relevant in nature and technology.
The growth of a thin water layer on Pt(111) is considered a model
system for studying this interaction. A series of complex crystalline
structures were found as a function of the thickness of a thin ice film on
this metal surface when grown at temperatures above 135K [1]. Below
this temperature strongly amorphous ice growth is found. The thin ice
layers (1-50ML) form a delicate structure. A fast restructuring of the
film under the influence of an electron beam was found [2]. These en-
ergetic electron induced changes prohibit a detailed structural analysis
with LEED. Although some lateral lattice structure determination is
reported, an IV analysis is beyond the capabilities of a standard LEED
system.

Electron induced phenomena can be reduced by using MCP-LEED
which allows to use much lower electron current densities compared to
conventional LEED. This does not only allow to measure in detail the
development of the lattice parameter parallel to the interface with ice
thickness, but also opens the possibility for a more detailed analysis via
IV-LEED. A quadrupole is used to identify kinetics and composition
of the desorbed species after prolonged electron bombardment.

[1] A. Glebov et al., J. Chem. Phys. 106 (1997) 9382

[2] J. Harnett et al., Surface Science. 528 (2003) 15
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Particle Size Dependent Heat of Adsorption for CO on sup-
ported Pd Nanoparticles — eJAN-HENRIK FiscHER-WOLFARTH!,
JosE MANUEL Frores-CamacHo!, JasoN FarMmER2, CHARLES
CampPBELL?, JENS HARTMANN!, SWETLANA SCHAUERMANN!, and
Hans-Joacuim Freunp! — 1Fritz-Haber-Institute of the Max-
Planck-Society, Faradayweg 4-6, 14195 Berlin, Germany —

2Department of Chemistry, University of Washington, Seattle, USA

The particle size dependence of the heat of adsorption for carbon
monoxide on supported Pd nanoparticles has been investigated at
300 K with a new single crystal microcalorimeter and compared to the
heat of adsorption on Pd(111). The average Pd particle size was varied
systematically in the range of 100 to 4900 Pd atoms, i.e. 2 to 8 nm
diameter. All nanoparticles were supported on Fe304(111)/Pt(111).
The initial heat of adsorption was found to decrease monotonically
with decreasing particle size below 4 nm. The correlation of the heat
of adsorption with a particle size dependent reduction of the particle
lattice constant [1] will be discussed.

Further, the microcalorimetry technique used to determine the ad-
sorption energies and its performance will be presented.

[1] Nepijko et al. Langmuir 15 1999 5309
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Manipulation of the wetting layer of HoO on Pt(111) —
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eSEBASTIAN STANDOP!, ALEX REDINGER!, MARKUS MORGENSTERN?Z,

TuoMas MicHELy!, and CarsTEN Busse! — !II. Physikalisches In-
situt, Universitit zu Koln, Ziilpicher Strafe 77, D-50937 Koln — 2I1.
Physikalisches Institut (IIB), RWTH Aachen, D-52056 Aachen

Previous LEED experiments unveiled strong effects of electron expo-
sure on the structure of the adsorbed water layer on Pt(111) [1]. A
transition from the v/39 x v/39 R16.1° structure to the simple com-
mensurate v/3 X v/3 R30° arrangement was observed. Upon electron
beam induced restructuring also exposure of bare Pt was found.

Using scanning tunneling microscopy we investigated the influence
of electron dose, energy and scanning parameters on the v/39 x /39
R16.1° overlayer. Our results show that above a threshold electron
energy of about 4eV the high order commensurate phase transforms
into the v/3 x v/3 R30° overlayer through partial dissociation of water
molecules. This superstructure has a higher molecular density than
the initial domains with a v/39 arrangement which explains the occur-
rence of uncovered substrate areas after electron beam manipulation.
We could rule out that the tip electrical field is of relevance for the
structural transition.

[1] J. Harnett, S. Haq and A. Hodgson, Surface Science 528 (2003) 15
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Formation of copper oxide surface structures via pulse
injection of air onto Cu(111) surfaces — eCARMEN PEREZ
Le6N', MicHAEL MaRz!, CurisTorH SURGERs!, and HILBERT
v. Lounneysen’2 — 1Karlsruher Institut fiir Technologie (KIT),
Physikalisches Institut and DFG-Center for Functional Nanostructures
(CFN), D-76131 Karlsruhe — 2Karlsruher Institut fiir Technologie

(KIT), Institut fiir Festkorperphysik, D-76131 Karlsruhe

The pulse-injection method is widely used for deposition of molecules
in solution onto clean surfaces. A potential source of contamination
of the solution in the valve can be the ambient air. Therefore we have
investigated the clean Cu(111) surface after injection of air by Auger
electron spectroscopy and scanning tunneling microscopy (STM). The
results show that mainly oxygen is adsorbed on the copper surface.
The initial stages of oxidation of Cu(111) are governed by the restruc-
turing of the surface, since Cu atoms from the step edges and terraces
are incorporated into the growing surface oxide. The nucleation and
growth of the oxide is strongly influenced by the substrate temperature
during deposition as well as by the oxygen coverage. At submonolayer
coverage three different kind of oxide islands are observed, whereas at
monolayer coverage these are reduced to two. High resolution STM
images reveal that oxidation at room temperature produces poorly or-
dered oxide structures. In contrast, surface oxides produced at higher
temperature (~ 200°C) exhibit additional highly ordered structures
corresponding to the strained CupO(111) lattice that coincides with
the Cu(111) substrate.
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Electronic structure of oxygen/W(110): photoemission study
— MARTIN WESER!, ALEXANDER GENERALOV!'2, KARSTEN HORN!,
and eYuUrly DEepkov! — lFritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin, Germany — 2St. Petersburg State University,
Russia

The study of oxygen interaction with W(110) has been a focus of many
surface-science studies. Thermodinamics of the oxygen adlayer, includ-
ing the phase diagram and critical behavior [1], have been investigated
in series of LEED studies [2] and in later STM study [3]. Because of the
relative simplicity in adsorption behavior, the W(110) surface provides
an ideal surface to study the electronic structure of the initial stages of
the interaction of oxygen with tungsten metal, and this system can be
considered as a model for the consideration of catalysis effects on the
heavy d-metal surfaces. Here we present the results of angle-resolved
photoemission studies of the clean and oxidized W(110) surface. The
both systems are examined via analysis of the electron dispersions at
the particular regions of the Brillouin zone and the effect of the oxygen
chemisorption on the electronic structure of W(110) is discussed.

[1] G. C. Wang et al., J. Chem. Phys. 69, 479 (1978).

[2] M. C. Tringides, Phys. Rev. Lett. 65, 1372 (1990).

[3] K. E. Johnson et al., Phys. Rev. Lett. 71, 1055 (1993).
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DFT studies on the hydrogen adsorption on Pt(111) and
Pt(111)-hydride surfaces — eFEDIR STRYGUNOV and TiMO JAcoB
— Universitat Ulm, Albert-Einstein-Allee 47, D-89069 Ulm, Germany

The catalytic reaction of hydrogen on Pt electrodes is one of the sim-

plest, most fundamental and important reactions in electrochemistry.
However, despite the apparent simplicity of the hydrogen oxidation
and evolution reactions (HOR/HER) and a large numbers of studies,
there is still no consensus about adsorption states of hydrogen on Pt
electrodes.

Using periodic density functional theory in combination with the ex-
tended ab initio atomistic thermodynamics approach [1, 2| the struc-
ture and stability of clean Pt(111) and Pt(111)-hydride electrodes have
been investigated. We find that at low coverages hydrogen prefers
surface positions, but above 2 ML hydrogen also occupies subsurface
tetrahedral positions, leading to the formation of a surface hydride.
The electrochemical surface phase diagram showed that such a surface
hydride might be stabilized with negative electrode potentials. On the
basis of the most relevant surface hydride structures, further studies
will aim on the electrocatalytic hydrogen reactions.

[1] M. SchefHler, J. Dabrowski, Phil. Mag., A 58, 107 (1988).

[2] T. Jacob, J. Electroanal. Chem., 607, 158, (2007).
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DFT Studies on the Oxygen Adsorption at Copper Sur-
faces — eBJORN HILLER, NONGNUCH ARTRITH, and JORG BEHLER
— Lehrstuhl fiir Theoretische Chemie, Ruhr-Universitdt Bochum, D-
44780 Bochum, Germany

Oxide-supported copper clusters are important catalysts used for ex-
ample in methanol synthesis. The surface structures and the mor-
phologies of the copper clusters strongly depend on the composition of
the surrounding gas phase [1], which therefore must have a significant
influence on the catalytic activity and the reaction mechanisms. Using
density-functional theory, we determine the stability of a variety of
possible oxygen adsorbate phases and discuss the consequences for the
equilibrium shape of the clusters under different catalytic conditions.
[1] P.L. Hansen et al., Science, 295 (2002), 2053.
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Surface oxidation of planar and stepped Pt(111) surfaces
studied by DFT — eJocHEN BanpDLOw and TiMo JacoB — Uni-
versitdt Ulm, Albert-Einstein-Allee 44, 89069 Ulm, Germany

The surface oxidation of Pt(111) seems to be a rather basic and quite
simple reaction but nevertheless plays an important role for a wide
range of catalytic reactions in gas-phase surface science and electro-
chemistry. Despite the fact that many experimental studies are fo-
cused on single crystal systems with (almost) perfect surfaces, realistic
catalysts always contain stepedges, kinks, vacancies and other imper-
fections on the surface. Especially these lower coordinated sites are
believed to play a decisive role for surface reactions and the catalytic
performance.

In the present work we investigated the adsorption of oxygen on
perfect and stepped Pt(111) using density functional theory and the
extended ab initio thermodynamics approach. By comparing the (p,T")
phase diagram for the system in contact with a gaseous O atmosphere
with the corresponding electrochemical (p,T,¢) phase diagram, char-
acteristics of the surface morphology under specific conditions were
evaluated. It turned out that the model of a pure and perfect Pt(111)
surface, which is often used to study this reaction, is clearly incom-
plete.

0 59.108 Wed 17:45 Poster Bl
Quantum kinetics of electrons at plasma boundaries — eFrANZ
XaAvER BronoLD, HoLGErR FEHSKE, RAFAEL LEsLIE HEINISCH, and
JoHANNES MARBACH — Institut fiir Physik, Ernst-Moritz-Arndt-
Universitat Greifswald, 17489 Greifswald, Germany

Macroscopic objects in contact with an ionized gas are usually nega-
tively charged. They accumulate electrons more efficiently than ions
leading to the build-up of a quasi-stationary electron film at the plasma
boundary. The plasma is strongly affected by surface charges, via
sheath formation, electron-ion recombination, and secondary electron
emission. A kinetic description of surface charges on par with the ki-
netic modeling of the bulk plasma is however still missing. As a first
step in this direction, we propose a physisorption-inspired model for
the formation of surface charges at plasma boundaries and their inter-
action with the bulk plasma [1]. Besides identifying key issues of the
electronic microphysics at plasma boundaries we also discuss results
of exploratory calculations for clean metallic boundaries focusing in
particular on the electron sticking coefficient s., the thermal electron
desorption rate 1/7¢, and the secondary electron emission coefficient
due to de-excitation of metastable molecules in front of the boundary

v
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[1] F. X. Bronold et al., Eur. Phys. J. D 54, 519-544 (2009).
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Electron-induced emission of correlated electron pairs from
Fe(001) — oFranz GieseLs'2, HerBERT GorLLiscH!, and RoLAND
Feperb2 — ITheoretische Festkorperphysik,Universitit Duisburg-
Essen, 47048 Duisburg, Germany — 2Max-Planck Institut fir
Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany

As an essential prerequisite we have calculated the electronic structure
of the ground state of a thick Fe(001) film by means of an ab initio
Full-Potential Linear Augmented-Plane-Wave method. On the basis of
the ground state spin densities we constructed effective quasi-particle
potentials, which in particular incorporate a spin-dependent mean free
path for the primary electron and the two outgoing electrons. Us-
ing these potentials and a screened Coulomb interaction model, we
calculated (e,2e) equal-energy angular distributions from Fe(001) by
means of a Green function formalism involving Coulomb-correlated
two-electron states. For primary spin up and down these distribu-
tions are resolved according to parallel and antiparallel alignment of
the spins of the primary electron and the relevant valence electron.
For parallel spins the outgoing two electrons are thus correlated by ex-
change and Coulomb interaction, whereas for antiparallel spins there
is only the Coulomb correlation. The central depletion zones, which
we find in the angular distributions, may therefore — with the pro-
viso of some modification by matrix element effects — be viewed as
manifestations of an exchange-correlation hole or a correlation hole in
momentum space. Like in the well-known real-space case, the former
is significantly larger than the latter.

O 59.110 Wed 17:45 Poster Bl
Theoretical investigation of the InN/In203 interface —
oeGiancarLo Cicerol2, ANTONIO ALiaNo!, and ALESSANDRA
CATELLANIZ — 1Chemical Engineering and Materials Science Depart-
ment, Politecnico of Torino, Torino, Italy. — 2CNR-IMEM, Parma,

Italy

Contribution has been withdrawn by the author.
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A quantum-mechanical study of ZnO and TiO2 based
Dye Sensitized Solar Cells — eGiancarLo CICERO!, GIUSEPPE
MacLia2, LEanpro LiBorio?, and NicHoras M HaRRIison2:3
LChemical Engineering and Materials Science Department, Politecnico
of Torino, Torino, Italy. — 2Imperial College London - Thomas Young
Centre - Chemistry Department, London UK — 3STFC, Dares- bury
Laboratory, Daresbury, Warrington WA4 4AD, UK

Since the pioneering work of Regan and Graetzel [1], a great attention
has been paid to dye sensitized solar cell (DSC) as cheap, effective and
environmentally benign candidates for a new generation solar power
devices. Optimization of the DSC is still a challenging task as it is
a highly complex interacting molecular system. Surface properties of
the oxide and in particular proper sensitization with dye molecules
may highly affect the efficiency of these cells. Aim of this study is to
address the binding of cathecol and isonicotinic acid to oxide surfaces
usually employed in DSC, namely ZnO and TiO2, in terms of geom-
etry, stability, electronic structure and band alignment. To this end,
we employ quantum mechanical simulations based on hybrid density
functional theory. Our analysis helps understanding whether the dif-
ference between ZnO and TiO2 in photoeletricity generation efficiency
is due to the changes in the bonding geometry of the dye anchoring
groups or to electronic effects.
[1] B. O. Regan and M. Graetzel Nature, 353, 737 (1991).
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Calculation of GW electronic structure for large systems : ap-
plication to amorphous silica — eDaviD WAROQUIERS!2, MATTEO
Giantomassih 2, Gian-Marco RieNaNEse! 2, and XavieEr Gonzel?2
— 1Unité de Physico-Chimie et de Physique des Matériaux (PCPM),
Université Catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium.
— 2European Theoretical Spectroscopy Facility (ETSF)

For accurate ab initio electronic structure calculations, many-body
perturbation theories such as GW approximation or Bethe-Salpeter
equation are essential. Up to recently, these methods could only be
applied to small systems because of the large computational cost of
these techniques. New theoretical and algorithmic developments (ex-
trapolar method to reduce the number of empty states needed in GW
calculations [1], band parallelism [2], and PAW formalism [3]) now en-

able us to perform GW calculations in supercells with more than 50
atoms within a reasonable amount of CPU time.

We applied these methods [4] to study the electronic structure of
amorphous silica. More than twenty different configurations have been
considered, each of them being obtained by relaxing 72-atom super-
cells at fixed volume. Then, different charged states of atomic hydrogen
have been incorporated and relaxed in the larger voids of the systems.
Defect energy levels have been calculated within the GW approxima-
tion.

[1] F. Bruneval and X. Gonze, Phys. Rev. B 78 (2008) 085125.

[2] X. Gonze et al., Comput. Phys. Comm. 180 (2009) 2582.

[3] M. Torrent et al., Comput. Mater. Sc. 42 (2008) 337.

[4] As implemented in the version 6 of
(http://www.abinit.org).

ABINIT
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Optical switching of sodium nitroprussides — eMirco PoOT-
TER, MIRco IMmrLAU, and MicHAEL RoHLFING — Fachbereich Physik,
Universitat Osnabriick, Barbarastrafie 7, 49069 Osnabriick

The optical switching of the NO ligand groups in sodium nitroprussides
(e.g. Nag[Fe(CN)5NO|-2H20) constitutes a prototypical photoacti-
vation process in solid-state optics. The key issue is the existence
of several (local) minima in the electronic ground-state total-energy
landscape, separated by barriers that do not occur in the photoexcited
states, thus allowing switching via the excited state. Here we present
theoretical investigations aiming at a detailed understanding of the
total-energy landscapes and the transitions between them. Based on
density-functional (DFT) calculations, the excitations are described by
constraint-DFT, as well as by a simplified version of many-body per-
turbation theory. Our results show that in the excited state the energy
landscape is rather flat, thus facilitating the configurational changes
leading to the switching of the NO groups.
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Influence of the XC Functional on Band Parameters of AIN,
GaN and InN — eLuiz Craubpio DE CARVALHO, ANDRE SCHLEIFE,
Frank Fucus, and FriEDHELM BECHSTEDT — Institut fiir Festkor-
pertheorie und -optik, Friedrich-Schiller-Universitiat, Max-Wien-Platz
1, 07743 Jena, Germany

The group III-nitrides have a great potential for optoelectronic devices
operating in the visible spectrum and deep ultraviolet. Therefore, a de-
tailed knowledge of their structural, electronic and optical parameters
is necessary for the interpretation of experimental data and theoreti-
cal results. The most successful theoretical method is the DFT, but
its accuracy depends on the choice of the functional of the exchange-
correlation (XC) energy. Different choices yield slightly varying results
for the structural properties. However, this effect is usually believed
to be small, when comparing the results of ab-initio calculations us-
ing different XC functionals. In this work we investigate the influence
of the structural deviations, introduced by different XC functionals,
on the quasiparticle-band structure. We present our results for AIN,
GaN, and InN, comparing the XC functionals LDA, PBE, and AMO05.
DFT as implemented in the VASP code is used to calculate the lattice
constants, bulk moduli, band-gap energies, volume deformation po-
tentials and hydrostatic pressure coefficients. The quasiparticle band
structures are obtained by GW calculations, using the hybrid XC func-
tional HSEOQ3 as a starting point. We compare our results with experi-
mental data reported in the literature, and discuss the influence of the
XC induced structural changes on the band parameters.
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Non adiabatic effects in photo excited electronic states from
ab initio Green’s function method — eMAaRrcIN KACZMARSKI,
YucHEN Ma, and MIcHAEL ROHLFING — University of Osnabrueck,
Department of Physics, Barbarastrasse 7, 49076 Osnabrueck, Germany

In this work we apply a universal diabatization method by Baer [Chem.
Phys. Lett. 35, 112 (1975)] for the description of electronic excited
states. A diabatization denotes a unitary transformation which allows
for incorporating non adiabatic effects into the quantum Hamiltonian
expressed in the adiabatic representation. A typical example is the oc-
currence of avoided crossings in the potential energy surface as a result
of the Born-Oppenheimer approximation, for instance in the case of
the retinal chromophore. We present analytical and numerical calcu-
lations for the diabatic states in the context of Green’s function based
ab initio many body perturbation theory (density functional theory
plus GW method plus Bethe-Salpeter equation, DFT-GW-BSE). We
present the calculation of the adiabatic and diabatic lowest excited
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electronic states of HeHt and the retinal chromophore molecule.
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Optical spectra of AIN and CaO from first principles —
e ARTHUR RIEFER, FRANK FuUCHS, ANDRE SCHLEIFE, and FRIEDHELM
BecHsTEDT — Institut fiir Festkorpertheorie und -optik, Friedrich-
Schiller-Universitat, Max-Wien-Platz 1, 07743 Jena, Germany

Modern ab-initio calculations can nowadays reliably predict the opti-
cal and electronic properties of semiconductors and insulators, also for
non-equilibrium crystal structures. Recently, AIN has been grown and
characterized by optical ellipsometry also in the unfavored zincblende
structure. Therefore, we compute the electronic and optical properties
for the zincblende and wurtzite polytype from first principles. Fur-
ther we investigate the experimentally well studied CaO employing
the same approach. More precisely we compute the band structure
and its key quantities by applying quasiparticle corrections to the re-
sults of a self-consistent calculation using the nonlocal hybrid HSE03
functional as approximation to exchange and correlation. Based on
the so obtained electronic structure the optical properties including
electron-hole attraction and local field effects are calculated. The so
computed optical spectra and exciton-binding energies are analyzed
and compared to available experimental data.
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Ab initio study of structural stability of InAs nanowires —
oLEILA SAaLmMI}, NAHID GHADERIZ, SEYED Javap HasHEMIFAR!, and

Hap1 AKBARZADEH! — !Department of Physics, Isfahan University

of Technology, 84156-83111 Isfahan, Iran — 2Theory@Elettra Group,
INFM-CNR DEMOCRITOS, c/o Sincrotrone, 1-34012 Trieste, Italy

We have studied the structural stability of InAs nanowires with dif-
ferent diameters by using density functional theory - pseudopotential
computations. The stable structure of bulk InAs is Zinc Blende (ZB)
although under special experimental conditions Wurtzite (WZ) InAs
has also been observed. Due to the high symmetry and low ratio
of dangling bonds, we have considered hexagonal and triangular WZ
nanowires in [0001] direction and hexagonal ZB nanowires in [111]
direction. In order to select facets of the nanowires, we calculated
formation energy of nonpolar surfaces of both structures and found
that ZB(110) and WZ(1010) surfaces are more stable than others. All
nanowires were calculated in the optimized and relaxed supercells. Cal-
culating the cohesive energy of nanowires with small diameters, we
found WZ structure more stable than ZB, in good agreement with
experimental results. The obtained cohesive energy of the small di-
ameter nanowires were fitted by a phenomenological model to obtain
dangling bond energies and then extrapolate the cohesive energy of
large diameter nanowires. The extrapolated results indicate that for
diameters up to 50 Angstrom, the WZ nanowires are more stable than
ZB nanowires while for larger diameters, the contribution of dangling
bonds reduces and the results converge to that of bulk InAs.

The poster O 59.118 has been withdrawn.



