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Building blocks for molecular spintronics:
Shuttles on Surfaces — eTHOMAS GREBER
Uncovering Molecular Orbitals by ARPES — eACHIM SCHOLL
Elementary Steps in Surface Reactions: Mechanisms, Kinetics and
Thermodynamics — eSWETLANA SCHAUERMANN

Beyond graphene: silicene and germanene, its silicon and germa-
nium cousins — e¢GUY LE LAY

Understanding STM experiments on single-atom junctions from
first-principles — eSTEFAN HEINZE

The Many-Body Path Towards Quantitative Modeling of Complex
Adsorption Systems — e ALEXANDRE TKATCHENKO

Fundamental mechanistic studies in formic acid decomposition on
transition metal surfaces — eMANOS MAVRIKAKIS

Quasi free-standing graphene — e CARSTEN BUSSE

From organic monolayers to free-standing 2D carbon materials:
Carbon nanomembranes, graphene and their heterostructures —
¢ ANDREY TURCHANIN

Toward a Dynamical Understanding of Surface Chemistry — e ALEC
WODTKE

From C60 to Spin-

Topical Talks of the Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium
Phenomena at the Nano-scale (jointly with HL and TT)
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075

0 15.1

0 28.1
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0 70.1

Mon

Mon

Mon

Tue

Wed

Wed
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10:30-11:00

12:00-12:30

16:00-16:30

10:30-11:00

10:30-11:00

16:00-16:30

10:30-11:00

TRE Ma

TRE Ma

TRE Ma

TRE Ma

TRE Ma

TRE Ma

TRE Ma

Molecular junction transport: some theoretical and computational
considerations — eMARK RATNER, MATTHEW REUTER

Insight into Charge Transport in Molecular Junctions from Ab Initio
Theories of Level Alignment — ¢JEFFREY B. NEATON

Simulating heat transport: from large scale molecular dynamics to
first-principles calculations — eDAVIDE DONADIO

Ultrafast relaxation dynamics of Hubbard nanoclusters — eMICHAEL
BoNITZ, SEBASTIAN HERMANNS, CHRISTOPHER HINZ, DENIS LACROIX
From Rydberg Crystals to Bound Magnons - Probing the Non-
Equilibrium Dynamics of Ultracold Atoms in Optical Lattices —
oIMMANUEL BLOCH

Theory of nonlinear phononics for coherent light-control of solids —
e ANTOINE GEORGES, ALASKA SUBEDI, ANDREA CAVALLERI

Localization at the edge of 2D topological insulator by Kondo impu-
rities — eBORIS ALTSHULER, IGOR ALEINER, VLADIMIR Y UDSON



Surface Science Division (O) Overview

Topical Talks of the Focussed Session: Towards a Quantitative Understanding of Complex Adsorp-
tion Structures: Surface Science goes Organic

0 55.1 Wed 16:00-16:30 TRE Phy Trends in the energies and entropies of adsorbates on single-crystal
surfaces — eCHARLES CAMPBELL

0555 Wed 17:15-17:45 TRE Phy Surface crystallography of organic layers — ¢ GEORG HELD

069.1 Thu 10:30-11:00 HSZ 01 Injection/extraction barriers in donor-acceptor blends on metals
through core-level spectroscopy — eENRIQUE ORTEGA, AFAF EL-SAYED,
PatriziA BORGHETTI, ELI GOIRI, CELIA ROGERO, LUCA FLOREANO, YU-
TAKA WAKAYAMA, JOSE Luis CABELLOS-QUIROZ, DUNCAN MOWBRAY, AN-
GEL RuUBIO, DIMAS OTEYZA

0694 Thu 11:30-12:00 HSZ 01 Core and valence spectroscopy of physisorbed molecules: Role of
substrate — e¢CLAUDIA DRAXL

O 771 Thu 16:00-16:30 TRE Phy Infrared-Spectroscopy applied to ultrathin organic films. — ePETER
JAKOB

Gaede Prize Talk

0 52.1 Wed 12:30-13:00 HSZ 02 Spectroscopy and microscopy of graphene on metals — ¢YURIY DEDKOV

Invited talks of the joint symposium SYMO: Magnetic/organic Interfaces and Molecular Magnetism
(MA jointly with CPP, DS, HL, O, TT)
See SYMO for the full program of the symposium.

SYMO 1.1 Mon  9:30-10:00 HSZ 02 Molecular quantum spintronics with single-molecule magnets —
e WOLFGANG WERNSDORFER

SYMO 1.2 Mon 10:00-10:30 HSZ 02 EPR Studies of Rare-Earth Molecular Nanomagnets — eSTEPHEN
HiLL, SANHITA GHOSH, DORSA KOMIJANI, SALVADOR CARDONA-SERRA,
JOSE-JAIME BALDOVI, YAN DUAN, ALEJANDRO GAITA-ARINO, EUGENIO

CORONADO
SYMO 1.3 Mon 10:45-11:15 HSZ 02 On-surface magnetochemistry of spin-bearing metalorganic
molecules — oePETER M. OPPENEER, KARTICK TARAFDER, EHESAN

AL, NIRMALYA BALLAV, CHRISTIAN WACKERLIN, THOMAS A. JUNG
SYMO 1.4 Mon 11:15-11:45 HSZ 02 Interfacing single-molecule magnets with metals — e ANDREA COR-
NIA, VALERIA LANZILOTTO, LUIGI MALAVOLTI, MATTEO MANNINI,
MAURO PERFETTI, LUCA RIGAMONTI, ROBERTA SESSOLI
SYMO 1.5 Mon 11:45-12:15 HSZ 02 Linking magnetic molecules to themselves, to others and to sur-
faces — eRICHARD WINPENNY

Invited talks of the joint symposium SYSG: Spin Properties of Graphene (HL jointly with DS, MA,
0, TT)
See SYSG for the full program of the symposium.

SYSG 1.1 Tue  9:30-10:00 HSZ 02 Intrinsic magnetism in graphene — eIRINA GRIGORIEVA

SYSG 1.2 Tue 10:00-10:30 HSZ 02 Defect Induced Magnetic Moments in Graphene — eROLAND
KAWAKAMI

SYSG 1.3 Tue 10:30-11:00 HSZ 02 Role of MgO barriers for spin and charge transport in
Co/MgO /graphene spin-valve devices — eBERND BESCHOTEN

SYSG 1.4 Tue 11:15-11:45 HSZ 02 Defect-Mediated Spin Relaxation and Dephasing in Graphene —
MARK LUNDEBERG, SILVIA FOLK, ¢JOSHUA FOLK

SYSG 1.5 Tue 11:45-12:15 HSZ 02 Electron spin relaxation in graphene: resonant scattering off local
magnetic moments — ¢JAROSLAV FABIAN, DENIS KOCHAN, MARTIN GMI-
TRA
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Invited talks of the joint symposium SYMS: Molecular Switches and Motors at Surfaces (O jointly

with BP, CPP)

See SYMS for the full program of the symposium.

SYMS 1.1

SYMS 1.2
SYMS 1.3

SYMS 1.4

SYMS 1.5

Wed

Wed
Wed

Wed

Wed

9:30-10:00

10:00-10:30
10:30-11:00

11:15-11:45

11:45-12:15

HSZ 02 Imaging and manipulation of single functional molecules on surfaces
— oLEONHARD GRILL

HSZ 02  Adiabatic quantum motors — eFELIX VON OPPEN

HSZ 02 Operation of molecular devices and machines on surfaces — eSAW
War Hra

HSZ 02 Driving and Controlling Molecular Surface Rotors with a Terahertz
Electric Field — eRAYMOND DEAN ASTUMIAN

HSZ 02  Unidirectional motion by inelastic electron tunneling — eKARL-

HEINZ ERNST

Invited talks of the joint symposium SYOM: One-dimensional metals: Reality of Fiction (DS jointly
with HL, O, TT)
See SYOM for the full program of the symposium.

SYOM 1.1  Fri  9:30-10:10 HSZ 02 Atomic-scale dopant wires for quantum computer architectures —
eMICHELLE Y SIMMONS
SYOM 1.2 Fri 10:10-10:50 HSZ 02 1+ ¢: Tuning the Dimensionality of Organic Conductors — eMARTIN
DRESSEL
SYOM 1.3 Fri 11:10-11:50 HSZ 02 Spectral and transport properties of one-dimensional correlated
electrons — ¢VOLKER MEDEN
SYOM 1.4 Fri 11:50-12:30 HSZ 02 Atomic nanowires on surfaces: Spectroscopic reality versus theoret-
ical fiction — eRALPH CLAESSEN
Sessions
O11-11 Mon  9:30-10:15 TRE Phy Invited Talk (Thomas Greber)
02125 Mon  9:30-12:15 HSZ 02 Symposium Magnetic/Organic Interfaces and Molecular
Magnetism SYMO (MA jointly with CPP, DS, HL, O, TT)
0 3.1-3.9 Mon  9:30-12:15 ZEU 222 Organic Electronics and Photovoltaics I (DS jointly with
HL, O)
04.1-4.14 Mon  9:30-13:15 BEY 81 Transport: Quantum Dots, Quantum Wires, Point Con-
tacts I (TT jointly with O)
0 5.1-5.11 Mon  9:30-12:30 POT 051 Topological Insulators: Mostly Structure and Electronic
Structure (HL jointly with MA, O, TT)
0 6.1-6.11 Mon 10:30-13:15 TRE Phy Organic/bio Molecules on Metal Surfaces I
0 7.1-78 Mon 10:30-13:15 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale
0 8.1-8.10 Mon 10:30-13:00 GER 38 Electronic Structure and Spin-Orbit Interaction I
0 9.1-9.10 Mon 10:30-13:00 PHY C 213 Surface Chemical Reactions and Heterogeneous Catalysis
1
O 10.1-10.11 Mon 10:30-13:15  WIL A317 Solid-liquid Interfaces I
O 11.1-11.11 Mon 10:30-13:15  WIL C107 Nanostructures at Surfaces 1
0 12.1-12.1 Mon 15:00-15:45 TRE Phy Invited Talk (Achim Schéll)
0 13.1-13.5 Mon 15:00-17:30 HSZ 04 Focus Session: New Trends in Molecular Magnetism (MA
jointly with O, TT)
0 14.1-14.12 Mon 16:00-19:00 TRE Phy Organic/bio Molecules on Metal Surfaces II
O 15.1-15.10 Mon 16:00-18:45 TRE Ma Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale II
0 16.1-16.12 Mon 16:00-19:00 GER 38 Electronic Structure and Spin-Orbit Interaction IT
0 17.1-17.13 Mon 16:00-19:15 PHY C 213 Semiconductor Substrates
O 18.1-18.13 Mon 16:00-19:15  WIL A317 Solid-liquid Interfaces I1
0 19.1-19.12 Mon 16:00-19:00 WIL C107 Graphene: Structural properties
0 20.1-20.13 Mon 16:00-19:15  WIL B321 Nanostructures at Surfaces 11
0 21.1-21.9 Mon 16:00-18:30  HSZ 204 Transport: Quantum Dots, Quantum Wires, Point Con-

tacts IT (TT jointly with O)
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Wed
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Wed
Wed

Wed

Wed

Wed
Wed
Wed
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Wed
Wed
Wed
Wed
Wed

Wed

Wed

Wed
Wed
Wed
Wed
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15:00-18:00

18:00-19:45

9:30-10:15
9:30-12:15

9:30-13:15
10:30-13:15
10:30-13:15

10:30-13:15
10:30-12:45

10:30-13:00
10:00-12:30

15:00-15:45
15:00-16:00
14:00-16:00
18:30-22:00

18:30-22:00

9:30-10:15
9:30-12:15

9:30-13:00
9:30-12:15
9:30-11:15

9:30-12:45

9:30-13:00

10:15-12:00
10:30-13:00
10:30-13:15

10:30-13:15
10:30-13:00

10:30-13:00
10:30-13:00
12:30-13:00
15:00-15:45
15:00-18:15

16:00-19:00

16:00-19:15

16:00-19:00
16:00-19:00
16:00-19:15
16:00-19:15

16:00-19:00

ZEU 222
CHE 91

TRE Phy
HSZ 02

WIL C107
TRE Phy
TRE Ma

GER 38
PHY C 213

WIL A317
POT 081

TRE Phy
BEY 118
HSZ 304

P1

P2

TRE Phy
HSZ 02

HSZ 304
POT 051
POT 151

ZEU 260
BEY 81

POT 006
TRE Phy
TRE Ma

GER 38
PHY C 213

WIL A317
WIL C107
HSZ 02
TRE Phy
ZEU 260

TRE Phy

TRE Ma

GER 38
PHY C 213
WIL A317
WIL C107

WIL B321

Organic Electronics and Photovoltaics II (CPP jointly with
DS, HL, O)

Organic Electronics and Photovoltaics IIT (DS jointly with
CPP, HL, O)

Invited Talk (Swetlana Schauermann)

Symposium Spin Properties of Graphene (HL jointly with
DS, MA, O, TT)

Transport: Graphene (TT jointly with O)

Organic/bio Molecules on Metal Surfaces IIT

Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale IT1
Topological Insulators

Surface Chemical Reactions and Heterogeneous Catalysis
11

Mbolecular Films: Properties and Preparation

Organic Semiconductors: Photovoltaics (HL jointly with
CPP, DS, 0O)

Invited Talk (Guy Le Lay)

Magnetic Adatoms on Surfaces (MA jointly with O)
Transport: Topological Insulators I (TT jointly with O)
Posters: Bio/organic Molecules on Surfaces, Graphene,
Solid/liquid interfaces, Metal Substrates, Electronic Struc-
ture Theory

Posters: Plasmonics, Electronic Structure and Spin-Orbit
Interaction, Semiconductor and Insulator Surfaces, Nanos-
tructures

Invited Talk (Stefan Heinze)

Symposium Molecular Switches and Motors at Surfaces (O
jointly with BP, CPP)

Transport: Molecular Electronics I (TT jointly with O)
Graphene: Transport (HL jointly with MA, O, TT)
Topological Insulators: Theory (HL jointly with MA, O,
TT)

Organic Electronics and Photovoltaics IV (CPP jointly
with DS, HL, O)

Low-Dimensional Systems: 2D - Theory (TT jointly with
0O)

Spintronics I (HL jointly with MA, O, TT)

Plasmonics and Nanooptics I

Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale IV
Scanning Probe Methods I

Surface Chemical Reactions and Heterogeneous Catalysis
111

Oxide and Insulator Surfaces I

Surface and Interface Magnetism I (O jointly with MA)
Gaede Prize Talk

Invited Talk (Alexandre Tkatchenko)

Organic Electronics and Photovoltaics V (CPP jointly with
DS, HL, O)

Focussed Session: Towards a Quantitative Understanding
of Complex Adsorption Structures: Surface Science goes
Organic I

Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale V
Plasmonics and Nanooptics II

Oxide and Insulator Surfaces IT

Metal Substrates 1

Graphene: Electronic Properties (O jointly with DS, HL,
MA, TT)

Nanostructures at Surfaces II1
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Posters: Surface Reactions and Dynamics, Nanostructures
Posters: Scanning Probe Methods

Poster: Surfaces, Interfaces and Heterostructures (HL
jointly with O)

Poster: Graphene (HL jointly with MA, O)

Invited Talk (Manos Mavrikakis)

Graphene-like Materials: Silicene, MoS2 and Relatives (HL
jointly with DY, MA, O, TT)

Spintronics IT (HL jointly with MA, O, TT)

Focussed Session: Towards a Quantitative Understanding
of Complex Adsorption Structures: Surface Science goes
Organic IT

Focussed Session: Frontiers of Electronic Structure Theory
- Non-equilibrium Phenomena at the Nano-scale VI
Plasmonics and Nanooptics ITI

Competition for the Gerhard Ertl Young Investigator
Award

Scanning Probe Methods 11

Surface and Interface Magnetism II (O jointly with MA)
Plenary Talk (Lukas Novotny)

Invited Talk (Carsten Busse)

Focussed Session: Towards a Quantitative Understanding
of Complex Adsorption Structures: Surface Science goes
Organic III

Graphene: Spintronics, Transistors, and Sensors (HL
jointly with DY, MA, O, TT)

Plasmonics and Nanooptics IV

Surface Dynamics 1

Oxide and Insulator Surfaces III

Metal Substrates II

Graphene: Adsorption, Intercalation, Doping (O jointly
with DS, HL, MA, TT)

Nanotribology

Molecular Simulations

Organic Electronics and Photovoltaics VI (DS jointly with
CPP, HL, O)

Poster: Topological Insulators (HL jointly with MA, O)
Poster: Spintronics (HL jointly with MA, O)

Annual General Meeting of the Surface Science Division
Post-Deadline Session

Invited Talk (Andrey Turchanin)
Symposium One-dimentional Metals:
(DS jointly with HL, O, TT)
Topological Insulators (MA jointly with DS, HL, O, TT)
Graphene: Bi- and Multi-Layers (HL jointly with MA, O,
TT)

Micro- and Nanopatterning (DS jointly with O)

Atomic Layer Deposition (DS jpointly with O)
Organic/bio Molecules on Metal Surfaces IV

Plasmonics and Nanooptics V

Scanning Probe Methods III

Surface Dynamics II

Mbolecular Films: Electronics, Photovoltaics and Structure
Graphene: Interaction with the Substrate (HL jointly with
DY, MA, O, TT)

Graphene (DS jointly with TT, MA, HL, DY, O)

Invited Talk (Alec Wodtke)

Reality or Fiction
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Annual General Meeting of the Surface Science Division

Thursday  19:30-20:00 TRE Phy
e Report of the chairman
e Election of the new chairmen
e Presentation of the Gerhard Ertl Young Investigator Award

e Miscellaneous

Post Deadline Session

Thursday  20:00-21:00 TRE Phy
Post Deadline Session followed by the Surface Science Get-Together



Surface Science Division (O)

Monday

O 1: Invited Talk (Thomas Greber)

Time: Monday 9:30-10:15

Invited Talk O 1.1 Mon 9:30 TRE Phy
Building blocks for molecular spintronics: From C60 to Spin-
Shuttles on Surfaces — eTHOMAS GREBER — Physik-Institut, Uni-
versitat Ziirich, CH-8057 Ziirich, Schweiz

After the discovery of Cgg it was immediately realized that the hollow
carbon shell molecules may host atoms or molecules. If such endo-
fullerenes host unpaired electrons, they act as ”spin-shuttles”, where
the spin is protected from the environment by a diamagnetic carbon
cage. Only recently, trimetal nitride cluster fullerenes turned out to
have members in the family of single molecule magnets. It was e.g.
shown that the three molecules DynSc(3_,) N@QCgo (n=1,2,3), all dis-

Location: TRE Phy

play magnetic hysteresis, though the interaction between the dyspro-
sium ions in the cage produces distinct ground states, where the Dy2
case is exchange stabilized and has record remanence time in zero field.
The magnetic moments do not align parallel to an external magnetic
field but remain related to the orientation of the cages and the endo-
hedral clusters. This can be directly seen in the angular dependence
of x-ray magnetic circular dichroism of molecules oriented by surfaces.
By means of resonant photoelectron diffraction it is possible to access
the interplay between conformation, work function and magnetism in
detail. The understanding of this interplay might give rise to new
opportunities in molecular spintronics.

O 2: Symposium Magnetic/Organic Interfaces and Molecular Magnetism SYMO (MA jointly
with CPP, DS, HL, O, TT)

Time: Monday 9:30-12:15

Invited Talk 0 2.1 Mon 9:30 HSZ 02
Mbolecular quantum spintronics with single-molecule magnets
— e WOLFGANG WERNSDORFER — Institut Néel, CNRS, BP 166, 38042
Grenoble, France

We will address the field called molecular quantum spintronics, com-
bining the concepts of spintronics, molecular electronics and quan-
tum computing. Various research groups are currently developing
low-temperature scanning tunnelling microscopes to manipulate spins
in single molecules, while others are working on molecular devices
(such as molecular spin-transistors, spin valves and filters, and carbon-
nanotube-based devices) to read and manipulate the spin state and
perform basic quantum operations. For ex., we have built a novel
spin-valve device in which a non-magnetic molecular quantum dot,
consisting of a Single-Wall Carbon Nanotube, is laterally coupled to a
TbPc2 molecular magnet. The localized magnetic moment of the SMM
led to a magnetic field-dependent modulation of the conductance in the
nanotube with magnetoresistance ratios of up to 300%. Using a molec-
ular spin-transistor, we achieved the electronic read-out of the nuclear
spin of an individual metal atom embedded in a single-molecule mag-
net (SMM). We could show very long spin lifetimes (several tens of
seconds). Using the hyperfine Stark effect, which transforms electric
fields into local effective magnetic fields, we could not only tune the
resonant frequency by several MHz, but we also performed coherent
quantum manipulations on a single nuclear qubit by means of electrical
fields only.

Invited Talk O 2.2 Mon 10:00 HSZ 02
EPR Studies of Rare-Earth Molecular Nanomagnets —
oSTEPHEN HILL!, SaNmITA GHOsH!, DORrsA KOMIJANI', SALVADOR
CARDONA-SERRAZ, JOSE-JAIME BALDOVI?, YAN DUAN?, ALEJANDRO
GAITA-ARINO?, and EUGENIO CORONADO? — !Department of Physics
and NHMFL, Florida State University, Tallahassee, FL 32310, USA
— 2ICM, Universidad de Valencia, 46980 Paterna, Spain

I will discuss the application of multi-frequency EPR to study the static
and dynamic properties of a family of mononuclear Ln(III) (Ln = Ho
or Th) nanomagnets encapsulated in polyoxometallate (POM) cages.
The encapsulation offers the potential for spintronics applications on
surfaces or in devices, as it preserves the intrinsic properties of the
nanomagnet outside of a crystal. A large magnetic anisotropy arises
due to a splitting of the Hund’s coupled angular momentum (J = L+5S5)
ground state in the POM ligand field. High-frequency EPR studies for
the Ho(III) compound (J = 8) reveal an anisotropic eight line spectrum
corresponding to transitions within the lowest m j; = 44 doublet, split
by a hyperfine interaction with the I = 7/2 Ho nucleus. Meanwhile, X-
band studies reveal the presence of a large tunneling gap (A ~ 9 GHz)
within the mj; = £4 doublet. Spin-echo measurements allow studies
of the coherent spin dynamics, including Rabi oscillations. Remark-
ably long T times are found, even for the most concentrated samples.
It is postulated that this is due to the large gap, A, which provides
an optimal operating point for coherent manipulations at X-band such
that the quantum dynamics are relatively insensitive to dipolar fields.

Location: HSZ 02

15 min. break

Invited Talk O 2.3 Mon 10:45 HSZ 02
On-surface magnetochemistry of spin-bearing metalorganic
molecules — oPETER M. OPPENEER!, KARTICK TARAFDER!, EHE-
SAN ALI', NIRMALYA BALLAVZ, CHRISTIAN WACKERLINS, and THOMAS
A. Jung® — 1Uppsala University, Uppsala, Sweden — 2IISER, Pune,
India — 3PSI, Villigen, Switzerland

Planar spin-bearing metalorganic molecules such as metal-porphyrins
and -phthalocyanines are paramagnetic in the gas phase, however
an interface exchange coupling develops when these molecules are
assembled on magnetic surfaces, which induces spontaneous molec-
ular magnetic order at room temperature. To unveil fundamen-
tal origins of the exchange interaction leading to the metalorganic
molecule/substrate spin-interface we use ab-initio DFT+U calculations
with dispersion corrections added. Our calculations provide detailed,
orbitally-resolved insight in the molecule-surface exchange interactions
as well as the spin-switching induced by additional ligation in the free
ligand position of the metal ion by small molecules such as NO and
NH3. We find that on-surface coordination chemistry of planar met-
alorganic complexes gives rise to novel magnetochemical effects, which
challenge the notions of classical coordination chemistry. A key to
these magnetochemical effects is the weak bonding to the surface, i.e.
a “surface” trans effect. Our calculations further reveal that certain
systems, as e.g. Cu-phthalocyanine on Co, are liable to formation of
novel spin-polarized interface states that are expected to be particu-
larly suited for spin-polarized electron injection in metalorganic layers.

Invited Talk O 2.4 Mon 11:15 HSZ 02
Interfacing single-molecule magnets with metals — e ANDREA
CORNIAY, VALERIA LANzILOTTO?, LuiGl MALAVOLTI2, MATTEO
MANNINIZ, MAURO PERFETTI?, LucA RiGAMONTI!, and ROBERTA
SEssoLI?2 — 1Dip. di Scienze Chimiche e Geologiche, Univ. di Mod-
ena e Reggio Emilia & INSTM, Modena, Italy — ?Dip. di Chimica U.
Schiff, Univ. di Firenze & INSTM, Sesto Fiorentino (FI), Italy

Encoding and manipulating information through the spin degrees of
freedom of individual molecules are central challenges in molecular
scale electronics. With their large magnetic moment and long spin
relaxation time, single molecule magnets (SMMs) are of special im-
portance in this field. The electrical addressing of individual SMMs
is now well within reach using scanning probe methods, which require
organizing molecules on electrically conductive surfaces [1,2]. Herein
we present the latest achievements in the deposition of SMMs on metal
substrates, like ultraflat surfaces [3] and nanoparticles [4]. Special em-
phasis is placed on the design of molecular structures that withstand
processing by solution [3,4] or vapour-phase [5,6] methods as well as on
chemical strategies for controlling molecular orientation. Rewardingly,
these efforts have shown that the distinctive property of SMMs, i.e.
slow spin relaxation, can persist in metal-wired molecules [3,4].

[1] S. Loth, et al. Science 2012, 335, 196. [2] A. A. Khajetoorians,
et al. Science 2013, 339, 55. [3] M. Mannini, et al. Nature 2010, 468,
417. [4] M. Perfetti, et al. Small 2013, DOI: 10.1002/smll.201301617.
[5] L. Rigamonti, et al. Inorg. Chem. 2013, 52, 5897. [6] L. Malavolti,
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et al. Chem. Commun. 2013, 49, 11506.

Invited Talk O 2.5 Mon 11:45 HSZ 02
Linking magnetic molecules to themselves, to others and to
surfaces — eRICHARD WINPENNY — University of Manchester, United
Kingdom

We are learning how to link together polymetallic compounds to give
complex structures [1]. During this presentation recent work will be
discussed in two distinct approaches. Firstly, we will describe recent
work creating new hybrid inorganic-organic rotaxanes [2] and in the
second approach we will discuss functionalising polymetallic rings so

that they can act as ligands for other metal complexes and surfaces
[3,4]. We will also describe the use of pulsed EPR spectroscopy to
measure weak interactions between these molecular magnets.

1.G. A. Timco, T. B. Faust, F. Tuna and R. E. P. Winpenny, Chem.
Soc. Rev., 2011, 40, 3067-3075. 2.C.- F. Lee, D. A. Leigh, R. G.
Pritchard, D. Schultz, S. J. Teat, G. A. Timco and R. E. P. Winpenny,
Nature, 2009, 458, 314-318. 3.G. A. Timco, S. Carretta, F. Troiani,
F. Tuna, R. G. Pritchard, E. J. L. McInnes, A. Ghirri, A. Candini,
P. Santini, G. Amoretti, M. Affronte and R. E. P. Winpenny, Nature
Nanotechnology, 2009, 4, 173-178. 4 G. F. S. Whitehead, F. Moro, G.
A. Timco, W. Wernsdorfer, S. J. Teat and R. E. P. Winpenny, Angew.
Chem. Int. Ed., 2013, 52, 9932-9935.

O 3: Organic Electronics and Photovoltaics | (DS jointly with HL, O)

small molecules, hybrid materials

Time: Monday 9:30-12:15

Invited Talk O 3.1 Mon 9:30 ZEU 222
Structure-property relations in perylene bisimids: Charge
mobility, exiton diffusion and singlet exciton fission —
oFERDINAND GROZEMA — Delft University of Technology, Department
of Chemical Engineering, Delft, The Netherlands

Perylene diimides (PDIs) represent a class of materials that is promis-
ing for application as the active layer in field effect transistors and
as an electron accepting material in organic photovoltaic cells. The
electronic properties of PDI-based materials strongly depend on the
supramolecular order in the material. Therefore, a thorough under-
standing of the relation between the electronic properties and the or-
ganization on the molecular scale can result in design rules for the
synthesis of new m-conjugated organic molecules .

To achieve this we have performed a combined experimental and
theoretical study of the electronic properties of a large library of PDI
derivatives that differ in the side chains, resulting in subtle differences
in the crystal structure. By time-resolved microwave conductivity mea-
surements we show a strong correlation between the supramolecular
organization and the charge carrier mobility, with a maximum mobil-
ity of 0.41 cm2/Vs. Singlet exciton fission, a process in which a singlet
excited state is efficiently converted into two triplets, is also found to
be strongly dependent on the supramolecular organization.

This comprehensive study shows that the engineering of the
supramolcular organization in PDIs and conjugated molecules in gen-
eral is viable approach to tailor a variety of electronic properties of
such materials over a wide range.

O 3.2 Mon 10:00 ZEU 222
Influence of morphology on organic solar cell performance
comparing crystalline diindenoperylene (DIP) and its amor-
phous derivative tetraphenyldibenzoperiflanthene (DBP) —
eSTEFAN GROB, MARK GRUBER, ULRICH HORMANN, THERESA LIN-
DERL, and WOLFGANG BRUTTING — University of Augsburg, Germany

The DIP molecule, consisting of seven benzene and two cyclopenta-
diene rings, forms the backbone of the DBP molecule, which has two
further benzene rings and four additional, rotatable phenyl groups.
Compared to the planar arrangement of DIP, these phenyl groups give
DBP a more three-dimensional shape, changing the growth behavior in
thin films completely. While we observe crystalline domains of almost
upright standing DIP, layers of DBP exhibit an amorphous character
and therefore a relatively small exciton diffusion length, being about
ten times shorter than that of its crystalline counterpart. However,
the drawback of the upright standing arrangement of DIP molecules
is the unfavorable orientation of the transition dipole moment result-
ing in a low absorption coefficient and thus a smaller short-circuit
current density. The difference in morphology also leads to differ-
ent coupling between donor and acceptor molecules at the interface.
As a consequence there is an appreciable distinction in the recombi-
nation processes occurring within the solar cell. We investigate this
phenomenon by temperature-dependent j-V-measurements, electrolu-
minescence and photothermal deflection spectroscopy. Based on these
results, we discuss the influence of different film structure and mor-
phology on electrical transport and device performance.

0 3.3 Mon 10:15 ZEU 222

Spray deposition of zinc oxide nanostructured films for appli-

Location: ZEU 222

cations in dye-sensitized solar cells — eKUHU SARKAR!, ERIK V.
BRADEN!, STEFAN POGORZALEK!, SHUN YU?, STEPHAN V. RoTn?, and
PETER MULLER-BUscuBaUM! — 1TU Miinchen, Physik-Department,
LS Funktionelle Materialien, James-Franck-Str. 1, 85748 Garching —
2DESY, Notkestr. 85, 22607 Hamburg

Zinc oxide (ZnO) has emerged as a suitable alternative to titania
(TiO2) in the recent years in the field of dye-sensitized solar cells
(DSSCs). The inorganic metal oxide films for DSSCs are highly desir-
able to have an increased surface for enhanced adsorption of a photo-
sensitizer. Hence, nanostructured films of ZnO are synthesized from
a solution based approach. Different deposition techniques are inves-
tigated to have a significant film thickness for a considerable amount
of light absorption. In this respect, spray deposition is shown to be a
highly efficient and scalable technique to produce films matching the
above-mentioned criteria. Surface as well as bulk morphology of the
films have been studied using SEM and GISAXS. These ZnO films are
successfully shown to provide good performance in a dye-sensitized
solar cell with the highest short circuit current density reported so far.

O 3.4 Mon 10:30 ZEU 222
Extremely Thin Absorber Solar Cells based on Sb2S3 —
eEUGEN ZIMMERMANN, JONAS WEICKERT, THOMAS PFADLER, JAMES
DorMAN, and LUKAS SCHMIDT-MENDE — Universitat Konstanz

The introduction of nanostructured metal oxides as electron acceptor
resulted in the concept of extremely thin absorber solar cells. Thus, low
cost fabricated inorganic semiconductors like Sb2S3 can be utilized as
sensitizer, which typically possess promising properties, such as a tun-
able band gap and high extinction coefficient. However, optimization
of the fabrication process and a detailed characterization of intrinsic
properties is unavoidable in order to find the best device architecture
and suitable material combinations for highly efficient solar cells. For
this purpose, chemical bath deposition conditions and parameters have
been examined and resulted in a detailed recipe for fabrication of high
quality SboS3 coatings. In combination with optimized layer thick-
nesses of P3HT, efficiencies of up to 3.2% could be achieved in flat
heterojunction architecrue. In order to identify intrinsic limitations,
comparative measurements with P3HT:PCBM cells have been, reveal-
ing monomolecular recombination processes of excitons, a potential
dependency of charge separation, and long charge carrier pathways as
main loss mechanisms of fabricated flat heterojunction cells. In addi-
tion, investigation of several hole transport materials (HTM) revealed
a disadvantageous influence on charge generation due to the parasitic
absorption of light by the HTM. Based on these results, the use of
nanostructured metal oxides in combination with transparent HTMs
is proposed to possibly overcome some of the found limitations.

O 3.5 Mon 10:45 ZEU 222
Towards low-temperature synthesis of polymer/titania hy-
brid films for application in photovoltaics — MARTIN A.
NIEDERMEIER!, MONIKA RawoLLe!, ERIK V. BrADEN!, Kunu
SARKARY, Eva M. HErziG2, VOLKER KORSTGENS!, and ePETER
MULLER-BUscHBAUM! — 1TU Miinchen, Physik-Department, LS
Funktionelle Materialien, James-Franck-Str. 1, 85748 Garching —
2TU Miinchen, Munich School of Engineering, James-Franck-Str. 1,
85748 Garching
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In a hybrid solar cell an inorganic matrix, such as titania, is combined
with a hole-conducting polymer to form a so-called bulk heterojunc-
tion. The functionality of such a system depends strongly on the qual-
ity of the polymer/semiconductor interface. A very common approach
to fabricate that interface is the so-called backfilling of the existing
inorganic matrix with the conducting polymer. This approach is gen-
erally a two-step process, as the fabrication of the inorganic matrix
usually involves high temperatures, which destroy all organic material
present in the system. To date the subsequent backfilling of that ma-
trix remains challenging, since a lot of problems have to be overcome.
A workaround to these problems is promised by a low-temperature
sol-gel process, in which the polymer and the inorganic semiconduc-
tor network are fabricated simultaneously. Approaches towards such
low-temperature synthesis of polymer/titania hybrid films for applica-
tion in photovoltaics are presented. These novel routes make use of
special tailored block copolymers as structure directing agent. Film
morphology and device function are investigated.

15 min break

0 3.6 Mon 11:15 ZEU 222
Photoinduced charge transfer in CulnS2 nanocrystal/polymer
composites — eRANY MIRANTI!, YULIAR FIRDAUS2, CHRISTOPHER
KRAUSE!, MARK VAN DER AUWERAER2, HOLGER BORCHERT!, and
JURGEN PaRisi! — 'Univ. of Oldenburg, Dept. of Physics, Energy
and Semiconductor Research Laboratory, 26129 Oldenburg, Germany
— 2Lab. for Photochemistry & Spectroscopy, Div. of Mol. Imaging &
Photonics, Chemistry Dept., Katholieke Universiteit Leuven, Celestij-
nenlaan 200 F B-3001 Heverlee, Belgium.

The photoinduced excited states and the effects properties of charge
transfer in CulnSg (CIS) nanocrystal/polymer composites were stud-
ied by applying quasi steady-state photoinduced absorption (PIA) and
steady state photoluminescense as well as time-resolved photolumi-
nescense. The time-resolved properties and excited state dynamics
of our systems were studied using the time-correlated single photon
counting (TCSPC) technique. We used two different systems of com-
posites with two different kind of polymer, i.e. poly(3-hexylthiophene)
(P3HT) and poly|[2,6-(4,4-bis-(2-ethylhexyl)-4H-cyclopenta|2,1-b;3,4-
b’]dithiophene)-alt-4,7-(2,1,3-benzothiadiazole)] (PCPDTBT). Opti-
cal absorption and emission spectra of thin films of CIS nanocrys-
tal/polymer composites exhibit several interesting features such as lu-
minescence quenching and polaronic photoinduced absorption (PIA)
indicating photoinduced charge transfer. The effect of different or-
ganic ligands surrounding the CIS nanocrystals on the charge separa-
tion process in CIS nanocrystal/ polymer composites will be presented
as well.

O 3.7 Mon 11:30 ZEU 222
Structured growth of ZnO for light trapping enhancement in
organic solar cells — eNIVEDITA YUMNAM and VEIT WAGNER —
Jacobs University, 28759 Bremen, Germany

Organic photovoltaic cells are promising candidates for large-area and
low-cost production of solar cells. However, their performance is lim-
ited due to the short diffusion length of excitons and low absorption
in the active semiconductor layer. The absorption of light can be en-
hanced by incorporating ZnO nanostructures, which act as scattering
centres and hence, they increase the optical path length of light. Our
work focuses on the investigation of light trapping mechanism of solar
cells based on electrochemically grown ZnO nanorod and active layer
of conjugated polymer P3HT and PCBM. The size and the structure

of the ZnO nanorods are varied by changing the parameters of elec-
trochemical deposition. Angle resolved scattering measurements are
employed to investigate the amount of light scattered by the nanorods.
These results are correlated to the performance of the solar cell deter-
mined from electrical measurements.

O 3.8 Mon 11:45 ZEU 222
Temperature-dependent molecular orientation of the organic
semiconductor PTCDI-Cg: Optical and structural prop-
erties — oSEBASTIAN BoMMEL'?, LINUS PITHANZ?, CHRISTOPHER
WEBER?, ANTON ZYKOVZ, GONZALO SANTORO!, STEPHAN V. RoTH!,
JOrRG MEGOW?, and STEFAN KOWARIK? — !Deutsches Elektronen-
Synchrotron (DESY), Notkestr. 85, D-22607 Hamburg, Germany —
2Institut fiir Physik, Humboldt-Universitit zu Berlin, Newtonstr. 15,
D-12489 Berlin, Germany

Optical and structural properties of molecular materials are not only
essential for the rational design of opto-electrical devices, but also
for the understanding of intermolecular interactions. Here, we report
on the structural and optical properties of the organic semiconductor
PTCDI-Cg investigated by temperature-dependent Grazing Incidence
X-ray Diffraction (GIXD) and photoluminescence (PL) measurements.
Our in situ studies yield a large impact of temperature on unit cell pa-
rameters and optical transitions. The energy of the optical transition
E10-Eo1 in the PL spectra shifts from 1.80 eV for 273 K to 1.85 eV for
413 K. Furthermore, a rearrangement of the molecular ensemble was
found, indicated by a large change of the beta-angle of the PTCDI-C8
unit cell from 107° (273 K) to 102° (413 K). The influence of these
structural changes, which are an indication for a change of molecular
orientation with temperature, on the optical properties will be dis-
cussed in detail. Additionally, the structural and optical properties
are supported by temperature-dependent molecular dynamics (MD)
simulation based calculations.

O 3.9 Mon 12:00 ZEU 222
Highly Efficient Silicon/Polythiophene Hybrid Solar Cell
Devices — MATTHIAS ZELLMEIER', JOHANNES FRISCH?, SILVIA
JaNiETZ3, NOoRBERT KoCcH?, JORG RAPPICH!, and NORBERT NICKEL!
— lHelmholtz-Zentrum Berlin, Institut fiir Silizium Photovoltaik,
Kekulestr. 5, D-12489 Berlin — 2Humboldt-Universitét zu Berlin, In-
stitut fiir Physik, Brook-Taylor-Str. 6,D-12489 Berlin — 3Fraunhofer-
Institut fir Angewandte Polymerforschung IAP, Abteilung Polymere
und Elektronik, Geiselbergstr. 9, D-14476 Potsdam

Highly efficient hybrid solar cell devices based on crystalline silicon
with three different solution processed polymer emitter layers are re-
alized. The inorganic part of the device is optimized with a hole-
selective back contact (BSF) and a low defect density hot water ox-
ide (Dj;=2x10"12 eV-lem™2), which provides the necessary wetting
properties for the solution processed emitter layers. The applied poly-
mer materials, e.g. poly(3-hexylthiophene-2,5-diyl) (P3HT), poly(3-
[3,6-dioxaheptyl]-thiophene) (P3DOT), and poly(3-[2,5,8-trioxanonyl]-
thiophene) (P3TOT), differ mainly in the oxygen content in the side
groups. Substituting the alkyl chains attached to the thiophene rings
with ether groups leads to a modified layer formation during spin coat-
ing. The results of the optical, electrical and structural characteriza-
tion of the polymer layers is correlated to the key figures in the final
devices. The open circuit voltage Voc increases from 0.3 V to 0.5
V and the short circuit current jgc increases from 15.2 mA cm™2 up
to 28.3 mA cm? in the sequence P3HT, P3DOT, P3TOT and results
in a power conversion efficiency close to 10 % for a planar Si/P3TOT
device.
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O 4.1 Mon 9:30 BEY 81
Transport through nanostructures: Finite time vs. finite size
— ePETER SCHMITTECKERT!, SAM CARR2, and HUBERT SALEUR34 —
Hnstitute of Nanotechnology, Karlsruhe Institute of Technology, 76344
Eggenstein-Leopoldshafen, Germany — 2School of Physical Sciences,
University of Kent, Canterbury CT2 7NH, UK — 3Institut de Physique
Théorique, CEA, IPhT and CNRS, URA2306, 91191 Gif Sur Yvette,
France — 4Department of Physics, University of Southern California,
Los Angeles, CA 90089-0484

Numerical simulations and experiments on nanostructures out of equi-
librium usually exhibit strong finite size and finite measuring time tm
effects. We discuss how these affect the determination of the full count-
ing statistics for a general quantum impurity problem [1]. We find that,
while there are many methods available to improve upon finite-size ef-
fects, any real-time simulation or experiment will still be subject to
finite time effects: in short size matters, but time is limiting. We
show that the leading correction to the cumulant generating function
(CGF) at zero temperature for single-channel quantum impurity prob-
lems goes as Inty, and is universally related to the steady state CGF
itself for non-interacting systems. We then give detailed numerical
evidence for the case of the self-dual interacting resonant level model
that this relation survives the addition of interactions. This allows the
extrapolation of finite measuring time in our numerics to the long-time
limit, to excellent agreement with Bethe-ansatz results.

[1] P. Schmitteckert, S. C. Carr, H. Saleur, arXiv:1307.7506

O 4.2 Mon 9:45 BEY 81
Towards steady state currents on finite systems — oTIM
CoLLET! and PETER SCHMITTECKERT? — ITheoretical Condensed
Matter physics, KIT — 2Institute for Nanotechnology, KIT

The determination of transport properties of strongly correlated quan-
tum systems by quenches in the charge imbalance is a well established
technique. However, the achievable time scales are limited by the sys-
tem size inducing a finite transit time. Here we present a technique
in the spirit of absorbing boundary conditions. This allows to obtain
steady states on a finite system and to overcome said limitation from
finite transit times. We discuss the application of this concept in the
context of transport through quantum impurities.

0 4.3 Mon 10:00 BEY 81
Kwant - a software package for quantum transport —
oMICHAEL WIMMER!, CHRISTOPH GROTH?, ANTON AKHMEROV!, and
XAVIER WAINTALZ — ITU Delft, The Netherlands — 2CEA Grenoble,
France

Computing transport properties numerically is a problem that appears
in many different areas of physics. I will present a wave-function based
approach to computing transport properties in non-interacting tight-
binding systems that scales more favourably than standard algorithms
such as the recursive Green’s function algorithm.

We have implemented this method in an open-source software pack-
age Kwant based on the python language. It allows for an easy defini-
tion of arbitrary tight-binding problems using intuitive concepts (”like
writing the problem on the blackboard”), and allows to compute trans-
port properties such as the conductance, but also local properties such
as electron densities. The software package itself together with exten-
sive documentation, tutorials and examples of research where Kwant
has already been used can be found at www.kwant-project.org.

[1] C. W. Groth, M. Wimmer, A. R. Akhmerov, X. Waintal.
arXiv:1309.2926 (2013)

O 4.4 Mon 10:15 BEY 81
Non perturbative approach to transport through Anderson
quantum dot: the influence of charge fluctuations — eDAVIDE
MANTELLI and MILENA GRIFONI — Institut fir Theoretische Physik,
Universitdt Regensburg, D-93040 Regensburg, Deutschland

Transport through a strongly interacting Anderson quantum dot is an-
alyzed for tunneling couplings I' comparable or larger than the thermal
energy k7. In this regime the commonly used sequential tunneling
approximation, where tunneling rates are calculated to the lowest order
in I'; breaks down. By accounting for charge fluctuations accompany-
ing the transfer of one electron onto the dot, “dressed” tunneling rates
and the associated current across the dot can be calculated [1]. The dif-

Wires, Point Contacts | (TT jointly with O)
Location: BEY 81

ference between the standard lowest order theory and the “dressed” one
is carefully analyzed in the weak (I"' <« kgT'), intermediate (I' ~ kgT)
and strong (I' > kpT) coupling regimes. At low temperatures features
typical of the Kondo resonance are recovered.

[1] J. Kern and M. Grifoni, Eur. Phys. J. B 86, (2013) 384

O 4.5 Mon 10:30 BEY 81
Energy current cotunnelling features for the Anderson quan-
tum dot — eNIkLAS M. GERGs!, CHRIsSTOPH B. M. HORIG!, DIRK
ScHURICHT!, and MAARTEN R. WEGEW1IS2:3:4 — lInstitute for Theo-
retical Physics, Utrecht University, Netherlands — 2Institute for The-
ory of Statistical Physics, RWTH Aachen University, Germany —
3JARA-Fundamentals of Future Information Technology — *Peter
Griinberg Institut, Forschungszentrum Jiilich, Germany

We discuss the particle and energy current through an Anderson quan-
tum dot with a strong Coulomb interaction U subject to both voltage
and temperature bias. A diagrammatic perturbation theory up to sec-
ond order in the tunnel rates I' is set up in Liouville space. We find
that pair tunnelling features show up in the particle and energy cur-
rent, while pure inelastic cotunnelling spinflip features are absent in
the energy current. The latter cotunnelling processes do appear how-
ever when assisted by sequential tunnelling (COSET). Therefore, the
energy current contains more distinctive features than the particle cur-
rent. Thus one can use the energy current for enhanced spectroscopy
of quantum dot systems.

0 4.6 Mon 10:45 BEY 81
Non-equilibrium transport through a Josephson quantum dot
— JAN FREDERIK RENTROPL:2, SEVERIN JAKOBSs)2, and VOLKER
MEeDEN!2 — Mnstitut fiir Theorie der Statistischen Physik, RWTH
Aachen University, Germany — 2JARA Fundamentals of Future In-
formation Technology, 52056 Aachen, Germany

We investigate a quantum dot featuring Hubbard interaction coupled
to superconducting leads. Applying a bias voltage across the system
leads to a time-dependent periodic Hamiltonian. This implies that
the observable, namely the current through the system, aquires a pe-
riodic time-dependence (AC Josephson effect). The non-equilibrium
feature of so called Multiple Andreev Reflections (MAR), known from
the non-interacting case, is observed in the static component of the
current.

The self-energy on the dot is calculated with the functional renormal-
ization group method. The derived first and second order truncation
schemes allow for a ”quasi-static” (i.e. allowing for the periodic time-
dependence but not more) approximation of the self-energy. Model
and method allow for asymmetric choices of the super-conducting gaps,
the lead temperatures, the lead-dot couplings, tuning of the Hubbard
interaction, shifting of on-site energy and applying a magnetic field.
Numerical results are presented for symmetric choices at zero magnetic
field and zero temperature, while lead-dot coupling, on-site energy and
Hubbard interaction are tuned. Also, first order self-consistent pertur-
bation theory results are presented as a benchmark.

We discuss limitations that the MAR physics impose on any pertur-
bative scheme that expands in small orders of the interaction.

0 4.7 Mon 11:00 BEY 81
Magneto-electric spectroscopy of Andreev bound states in
Josephson quantum dots — eNiLs WENTZELL!, ToBIAS MENG2,
VOLKER MEDEN®, SABINE ANDERGASSEN!, and SERGE FLORENS* —
LUniversity of Vienna — 2University of Basel — 3RWTH Aachen Uni-
versity — CNRS Grenoble

We theoretically investigate the behavior of Andreev levels in a single-
orbital interacting quantum dot in contact to superconducting leads,
focusing on the effect of electrostatic gating and applied magnetic field,
as relevant for recent experimental spectroscopic studies. In order
to account reliably for spin-polarization effects in presence of strong
correlations, we further extend here two simple and complementary
approaches that are tailored to capture effective Andreev levels: the
static functional renormalization group and the self-consistent Andreev
bound states theory. We provide a systematic analysis of the Andreev
level spectroscopy for the full electric and magnetic tuning available in
quantum dot devices.
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O 4.8 Mon 11:30 BEY 81
In gap and out of gap features in the cotunneling spec-
troscopy of a superconductor coupled quantum dot — eSASCHA
RATZ and MILENA GRIFONI — Institute for Theoretical Physics, Uni-
versity of Regensburg, D-93040 Regensburg, Germany

We present a nonequilibrium real-time diagrammatic theory for the
systematic investigation of low temperature quantum transport prop-
erties of a superconductor contacted quantum dot in an individual
single wall carbon nanotube. In the low temperature regime par-
ticle transport is dominated by cotunneling and Andreev reflection
processes. As recent experiments show, elastic/inelastic cotunneling
features are clearly visible inside the Coulomb blockade regime, sharp-
ened by the superconducting leads. The proximity induced higher
order Andreev reflection processes result in subgap features, however.
Temperature dependent measurements show in addition rich features
inside the superconducting gap which can be attribute to thermally
excited quasiparticles. More detailed experimental investigations and
theoretical calculations are in progress to understand the experimental
findings.

0O 4.9 Mon 11:45 BEY 81
Unconventional superconductivity in quantum dot systems
— BJORN SOTHMANN!, eSTEPHAN WEISS?, MICHELE GOVERNALES,
and JURGEN KONIG! — 1Departement de Physique Theorique, Uni-
versite de Geneve, Switzerland — 2Theoretische Physik, Universitit
Duisburg-Essen and CENIDE, Germany — 3School of Chemical and
Physical Sciences, Victoria University of Wellington, New Zealand

Conventional superconductivity of electrons is well described in terms
of the BCS theory. Fermi statistics dictates the overall symmetry of
e.g. the order parameter. The single ingredients could take either
symmetric or antisymmetric properties, hence spin as well as spatial
degrees of freedom and time might independently change sign and un-
conventional pairing amplitudes emerge [1]. We show how quantum
dot setups may be used to create unconventional pairing between elec-
trons. Brought into proximity to a conventional SC, Cooper pairs
tunnel into the double (quadrupel)-quantum dot (DQD/QDD) system
[2,3]. Locally, manipulations of the electronic state is possible by tun-
ing electric and/or magnetic fields. An inhomogeneous magnetic field
between the dots breaks the SU(2) symmetry of the spin. This results
in nonzero unconventional order parameters. We study the emergence
and decay of even/odd singlet and triplet order parameters in different
geometries. For DQD and QDD setups spectroscopic properties and
signatures of unconventional correlations in the Andreev current are
studied.

[1] F. S. Bergeret, et al., Rev. Mod. Phys. 77, 1321 (2005).

[2] M. Governale, et al., Phys. Rev. B 77, 134513 (2008).

[3] J. Eldridge, et al., Phys. Rev. B 82, 184507 (2010).

O 4.10 Mon 12:00 BEY 81
The interplay of the proximity and Kondo effects in spin-
resolved transport through quantum dots — eKRrzyszTOr P.
Woicik and IRENEUSZ WEYMANN — Faculty of Physics, Adam Mickie-
wicz University, Umultowska 85, 61-614 Poznan, Poland

Transport properties of hybrid quantum dots coupled to ferromagnetic
(FM) and superconducting (SC) leads are studied by means of the nu-
merical renormalization group method [1,2]. By constructing the full
density matrix of the system [3], the linear conductance and respec-
tive spectral functions are calculated. Aiming to emphasize the role
of Andreev processes in transport, we model the quantum dot coupled
to the superconductor by an effective Hamiltonian in the limit of large
superconducting gap [4]. First, a three-terminal setup is considered,
for which we study the proximity effect on the spin-dependent current
flowing between the two FM leads. Then, the transport properties in
a two-terminal setup, with one FM and one SC lead, are analyzed. In
this case we focus on the interplay of the exchange field induced by FM
lead, the Kondo effect and the Andreev processes. We show that the
conductance generally depends on the ratio of these three quantities,
leading to nontrivial transport behavior.

[1] K. G. Wilson, Rev. Mod. Phys. 47, 773 (1975).

[2] We use the open-access Budapest NRG code, O. Legeza, C. P.
Moca, A. I. Toth, I. Weymann, G. Zarand, arXiv:0809.3143 (2008).
[3] A. Weichselbaum, J. von Delft, Phys. Rev. Lett. 99, 076402
(2007).

[4] Y. Tanaka, N. Kawakami, A. Oguri, J. Phys. Soc. Jap. 76, 074701
(2007).

O 4.11 Mon 12:15 BEY 81
The electroluminescence of the transmission line driven
by a biased quantum point contact — eJINSHUANG JIND:2:3
MICHAEL MARTHALER?*, ANDREAS HEIMES?#, and GERD ScHONZ*
— !'Karlsruhe Institute of Technology (KIT), Institute of Nanotech-
nology, Karlsruhe, Germany — 2Institut fiir Theoretische Festkorper-
physik, Karlsruhe Institute of Technology(KIT), Karlsruhe, Germany
— 3Department of Physics, Hangzhou Normal University, Hangzhou,
China — 4DFG-Center for Functional Nanostructures (CFN), Karl-
sruhe Institute of Technology, Karlsruhe, Germany

A transmission line resonator driven by a biased quantum point con-
tact is investigated. The quantum point contact (QPC) is not only an
efficient detector but also a light emission device. We find that the ex-
cited photon number in the resonator is monotonically increased with
the bias voltage for eV > hw, with V the applied bias voltage and hw;
the frequency of the resonator. The linewidth and the height of the
emission spectrum are sensitive to the parameters of the QPC, such as
the tunneling rate, the applied bias voltage, and the coupling strength
between the QPC and resonator. Moreover, we demonstrate that the
noise spectrum of the current through QPC has characteristic features
showing peak and dip, which is closely related to the excited photon
dynamics of the resonator.

O 4.12 Mon 12:30 BEY 81
Accumulation of spin anisotropy in a nanoparticle in the
mesoscopic Stoner regime — ePHILIPP STEGMANN!, BJORN
SoTHMANN?, and JURGEN KONIG! — 1Theoretische Physik, Univer-
sitdat Duisburg-Essen and CENIDE, 47048 Duisburg, Germany —
2Départment de Physique Théorique, Université de Genéve, CH-1211
Geneve 4, Switzerland

We theoretically discuss the accumulation of spin-quadrupole mo-
ment [1, 2] in an isotropic system giving rise to a large spin anisotropy
although the spin-dipole moment remains strongly suppressed. Our
system is a nanoparticle weakly tunnel coupled to two ferromagnetic
leads. For such system, it has been demonstrated that the spin fluc-
tuations give rise to enhanced shot noise [3]. Here, large positive spin-
quadrupole moments are generated by abruptly switching off the bias
voltage for parallel leads‘ polarizations. Moreover, applying an oscil-
lating bias voltage results in large negative spin-quadrupole moments
for parallel or antiparallel polarizations.

[1] B. Sothmann, and J. Konig, Phys. Rev. B 82, 245319 (2010).

(2] M. M. E. Baumgértel, M. Hell, S. Das, and M. R. Wegewijs, Phys.
Rev. Lett 107, 087202 (2011).

[3] B. Sothmann, J. Konig, and Y. Gefen, Phys. Rev. Lett. 108,
166603 (2012).

O 4.13 Mon 12:45 BEY 81
Overhauser effect in spin blockaded double quantum dots-the
case of dual hysteresis — eBHASKARAN MURALIDHARAN and SID-
DHARTH BUDDHIRAJU — Electrical Engineering Department, Indian
Institute of Technology Bombay, Mumbai, India

In the spin blockade transport regime through GaAs double quantum
dots (DQD), experiments [1] revealed that the hyperfine interaction
with host nuclei can have profound consequences on the electron-spin
dynamics. One of which, is the observation of bistablity and flat-
topped behavior in the current versus applied DC magnetic-field char-
acteristics. In this talk, we will first explain the essence of this flat-
topped hysteretic behavior using a simple six-state model that captures
the multiple-feedback mechanisms that are involved. We will then con-
sider a more detailed model that elucidates the role of the physical pa-
rameter space of the DQD set up and a feedback mechanism involving
the difference Overhauser field caused by the two separate nuclear spin
baths of the DQD set up.

(1] K. Ono and S. Tarucha, Phys Rev Lett., 92, 256803 (2004).

O 4.14 Mon 13:00 BEY 81
Fixing the Energy Scale in Scanning Tunneling Microscopy
on Semiconductor Surfaces — GERHARD MUNNICH!, ®ANDREA
DONARINIZ, JascHA REPP!, and MARTIN WENDEROTH? — lInstitute
of Experimental and Applied Physics, University of Regensburg, 93053
Regensburg, Germany — 2Institute of Theoretical Physics, University
of Regensburg, 93053 Regensburg, Germany — 3IV. Physikalisches In-
stitut der Georg-August-Universitat Gottingen, Friedrich-Hund-Platz
1, 37077 Gottingen, Germany

In scanning tunneling experiments on semiconductor surfaces, the en-
ergy scale within the tunneling junction is usually unknown due to
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tip-induced band bending. Here, we experimentally recover the zero
point of the energy scale by combining scanning tunneling microscopy
with Kelvin probe force spectroscopy. With this technique, we re-
visit shallow acceptors buried in GaAs [1]. Enhanced acceptor-related
conductance is observed in negative, zero, and positive band-bending
regimes. An Anderson-Hubbard model is used to rationalize our find-

ings, capturing the crossover between the acceptor state being part of
an impurity band for zero band bending and the acceptor state being
split off and localized for strong negative or positive band bending,
respectively.

(1] G. Miinnich, A. Donarini, J. Repp, and M. Wenderoth, Phys. Rev.
Lett. 111, 216802 (2013)

O 5: Topological Insulators: Mostly Structure and Electronic Structure (HL jointly with MA, O,
TT)

Time: Monday 9:30-12:30

O 5.1 Mon 9:30 POT 051
InAs/GaSb compound quantum wells for electrically tun-
able topological insulator devices — eGEORG KNEBL!, MATTHIAS
DALLNER!, ROBERT WEIH!, SVEN HOFLINGY2, and MARTIN Kampl —
Universitdt Wiirzburg, Deutschland — 2University of St Andrews,
Scotland

InAs/GaSb compound quantum wells (CQW) sandwiched between two
AlSb layers and a front/back gate were proposed by Liu et al. [1] to
show a topological insulator phase. The advantage of this structure is
the possibility to tune the phase transition from a normal to a topo-
logical insulator via the front and back gate voltage. In addition, this
material combination allows the use of established III/V semiconduc-
tor technology for epitaxy and device processing.

We present results on the growth of InAs/GaSb CQWs via molecu-
lar beam epitaxy on GaSb and GaAs substrates using different buffers.
Furthermore, we will discuss device fabrication on InAs/GaSb layer
structures, which requires special care since oxidation or process in-
duced damage can lead to the formation of conducting surface chan-
nels. Electrical characterization of Hall bars and the tunability of the
transport properties via gates will be reported.

[1] C. Liu, et al., Phys. Rev. Lett. 100, pp. 1-4, (2008)

O 5.2 Mon 9:45 POT 051
Resolving the linear dispersion relation of topological insu-
lator nanowires — eJOHANNES GOOTH, BACEL HAMDOU, AUGUST
DORN, ROBERT ZIEROLD, and KORNELIUS NIELSCH — Institute of Ap-
plied Physics, Universitat Hamburg, Hamburg, Germany

Due to the linear dispersion relation, charge carriers in the surface
states of a topological insulator (TI) behave like relativistic parti-
cles described by the Dirac equation for spin-1/2 particles leading
to exotic new physics and applications. In bulk topological insula-
tors the linear dispersion relation at the surface has been resolved by
angle-resolved photoemission spectroscopy (ARPES). On nanostruc-
tures ARPES measurements have not been successful, due to the lim-
ited sample size. Instead magnetoelectrical transport measurements
became the most common way to indicate the existance of surface
states in nanomaterials. However, the linear dispersion relation has
not been directly resolved in nanostructures to date.

Here, we show that the linear dispersion relation on the surface of a
BizTes nanowire can directly be deduced from gate dependend magne-
tototransport measurements. Further carrier concentration, mobility
and effective mass of the dirac fermions are determined as a function of
gate voltage. It can be shown that at 2K the transport in the surface
states is dominated by electron-electron interaction.

0O 5.3 Mon 10:00 POT 051
Temperature-dependent surface band gap of Dirac fermions
observed at the (111) surface of the crystalline topological in-
sulator Pb-Sn-Se — ePARTHA S. MANDAL!, GUNTHER SPRINGHOLZZ,
GUNTHER BAUER?, VALENTINE V. VOLOBUEVZ, ANDREI VARYKHALOV!,
OLIVER RADER!, and JAIME SANCHEZ-BARRIGA! 1Helmholtz-
Zentrum Berlin — 2Johannes-Kepler-Universitét Linz

Using angle-resolved photoemission, we studied (111)-oriented epi-
taxial films of Pb-Sn-Se grown by molecular beam epitaxy. The
topological-to-trivial-insulator phase transition [1] is monitored prob-
ing the bulk valence band as a function of Sn concentration and temper-
ature between 30 K and room temperature. In the topological phase,
the topological surface state opens a band gap indicating a mass aqui-
sition that is not caused by broken time reversal symmetry. We discuss
this phenomenon in comparison to conventional topological insulators
[2] protected by time-reversal symmetry.

[1] P. Dziawa, B. J. Kowalski, K. Dybko, R. Buczko, A. Szczer-

Location: POT 051

bakow, M. Szot, E. Lusakowska, T. Balasubramanian, B. M. Wojek,
M. H. Berntsen, O. Tjernberg, T. Story, Nature Mat. 11, 1023 (2012).

[2] T. Sato, K. Segawa, K. Kosaka, S. Souma, K. Nakayama, K. Eto,
T. Minami, Y. Ando, and T. Takahashi, Nature Phys. 7, 840 (2011).

O 5.4 Mon 10:15 POT 051
Surface-Dominated Transport on a Bulk Topological In-
sulator — eLisA KUHNEMUND!, LucAs BARRETO2, FREDERIK
EpLER!, CHRISTOPH TEGENKAMP!, JIANLI M13, MARTIN BREMHOLM3,
BO BRUMMERSTEDT IVERSEN®, CHRISTIAN FRYDENDAHLZ, MARCO
Biancui?, and PuiLip HOFMANN? — 1Leibniz Universitit Hannover,
Inst. f. Festkorperphysik — 2Aarhus University, Dep. of Physics
and Astronomy, iNANO — 3Aarhus University, Center for Materials
Crystallography, iNANO

Topological insulators are guaranteed to support metallic surface states
on an insulating bulk, and one should thus expect that the electronic
transport in these materials is dominated by the surfaces states. Alas,
due to the high remaining bulk conductivity, surface contributions to
transport have so-far only been singled out indirectly via quantum
oscillations, or for devices based on gated and doped topological in-
sulator thin films, a situation in which the surface carrier mobility
could be limited by defect and interface scattering. Here we present
a direct measurement of surface-dominated conduction on an atom-
ically clean surface of BixTeaSe. Using nano-scale four point setups
with variable contact distance, we show that the transport at 30 K is
two-dimensional rather than three-dimensional and by combining these
measurements with angle-resolved photoemission results from the same
crystals, we find a surface state mobility of 390(30) cm?V~1s~! at 30 K
at a carrier concentration of 8.71(7)x 102 cm™2.

O 5.5 Mon 10:30 POT 051
Room temperature high frequency transport of Dirac
fermions in MBE grown SbyTes; based topological insulators
— oT. HERRMANN!, P. OLBRICH!, S.N. DaNiLOV!, CH. WEYRICHS, J.
KAMPMEIER?, G. MUSSLER3, D. GRUTZMACHER3, L. PLUCINSKI®, C.M.
SCHNEIDER®, M. EscuBacu®, L.E. GoLus?, V.V. BEL’kKovZ2, and S.D.
GANICHEV! — !University of Regensburg, Regensburg, Germany —
2]Joffe Institute, St. Petersburg, Russia — SPeter Griinberg Institute
(PGI) & Jiilich Aachen Research Alliance (JARA-FIT), Research Cen-
ter Jilich, Jilich, Germany

We report on the observation of terahertz (THz) laser radiation in-
duced currents in epitaxially grown SbaTes based topological insula-
tors (TI) [1]. We demonstrate that the excitation of the sample with
linearly polarized THz radiation results in a photoresponse solely stem-
ming from the surface states of the 3D TI. Our analysis shows that the
photocurrent is caused by the photogalvanic effect [2], which emerges
in the surface states but is forbidden in the centrosymmetric bulk ma-
terial. As an important result our measurements demonstrate that the
high frequency transport can be obtained in the Dirac fermion system
even at room temperature.

[1] Plucinski et al.; J. Appl. Phys. 113, 053706 (2013)

[2] Weber et al.; Phys. Rev. B 77, 245304 (2008)

O 5.6 Mon 10:45 POT 051
Topological Insulator Nanowires by Chemical Vapour Depo-
sition — ePIET SCHONHERR and THORSTEN HESJEDAL — Department
of Physics, Clarendon Laboratory, University of Oxford, Oxford OX1
3PU, United Kingdom

Topological insulators (TIs) are a new state of quantum matter which
insulates in the bulk and conducts on the surface. The study of bulk
TIs has been hindered by high conductivity in the bulk, arising from
crystalline defects. Such problems can be tackled through composi-
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tional engineering or the synthesis of TI nanomaterials. We combined
both approaches in a systematic study of various growth parameters to
achieve uniform, high purity nanowires with high substrate coverage.

The highlight of this study is the development of a new growth route
for nanowires, based on a TiOs catalyst rather than the conventional
Au. Comparative studies demonstrate that Au significantly contam-
inates the nanowires, whereas TiOg stays well separated. Details of
the Au and TiO2-catalysed growth mechanism were investigated. For
Au it was found that the growth mechanism is vapour-liquid-solid.
For TiOg nanoparticles, in contrast, the growth mechanism can be
described in the vapour-solid scheme.

Nanowires of the doped compound (Big.78Sbo.22)2Se3 were stud-
ied using synchrotron radiation. It was discovered that the material
mainly adopts an orthorhombic phase known from SbaSez. The Ra-
man spectrum is reported and matched with the structural information
for the first time. Furthermore, a method to control the length and
diameter of BigSes nanowires through laser-cutting was developed.

Coffee break (15 min.)
0 5.7 Mon 11:15 POT 051

Optoelectronic flow trajectories in topological insulators —
ePAUL SEIFERT!, CHrisTOPH KaSTL!, TONG GUANZ, Kenur WuZ2,
X. Y. HE?, YONGQING Li12, and ALEXANDER W. HOLLEITNER! —
IWalter Schottky Institut and Physik-Department, Technische Univer-
sitat Miinchen — 2Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China

We report on the optoelectronic properties of thin films of the topolog-
ical insulator (BigzSbi—_g)2Tes grown by molecular beam epitaxy. In
spatially resolved experiments, we observe photocurrent patterns with
positive and negative amplitude [1]. We interpret the patterns to origi-
nate from a local photocurrent generation due to potential fluctuations
[1]. Exploiting the local photocurrent generation in combination with
a sub 100-nm lithography, we visualize the current flow in nanoscale
circuits based on topological insulators [2].

[1] C. Kastl, T. Guan, X. Y. He, K. H. Wu, Y. Q. Li, and A. W.
Holleitner, Appl. Phys. Lett. 101, 251110 (2012). [2] C. Kastl et al.,
(2014).

We gratefully acknowledge financial support from the DFG-project
HO3324/8 within the SPP 1666 on topological insulators.

O 5.8 Mon 11:30 POT 051
Polarization-controlled picosecond spin currents in topolog-
ical insulators — eCHRIsTOPH KASTL!, CHRISTOPH KARNETZKY!,
HeELMUT KARLZ, and ALEXANDER W. HOLLEITNER! — 1 Walter Schot-
tky Institut and Physik-Department, Technische Universitdt Miinchen,
85748 Garching, Germany — 2Institute of Physics, University of Augs-
burg, 86135 Augsburg, Germany

Controlling spin currents in topological insulators may lead to appli-
cations in future spintronic devices [1]. Here, we show that surface
currents in Bi2Se3 can be controlled by circularly polarized light on
a time-scale of a picosecond with a fidelity near unity even at room
temperature. We reveal the temporal interplay of such ultrafast spin
currents with photo-induced thermoelectric and drift currents in opto-
electronic circuits [2].

[1] C. Kastl, T. Guan, X. Y. He, K. H. Wu, Y. Q. Li, and A. W.
Holleitner, Appl. Phys. Lett. 101, 251110 (2012).

[2] C. Kastl et al., (2014).

We gratefully acknowledge financial support from the DFG-project
HO3324/8 within the SPP 1666 on topological insulators.

0 5.9 Mon 11:45 POT 051
Scanning Tunneling Microscopy of Ultrathin Topological
Insulator SbsTes Films on Si(111) grown by Molecular
Beam Epitaxy — eMARTIN LaNiUs, JORN KAMPMEIER, GREGOR
MUSSLER, and DETLEV GRUTZMACHER — Peter Griinberg Institut,

Forschungszentrum Jiilich, Germany

Topological insulators (TIs) are a class of materials in the field of con-
densed matter physics. In addition to the fascinating electronic proper-
ties, the Van der Waals growth mode of T1Is, i.e. the TI epilayer is only
weakly bonded to the substrate, which allows the use of substrates with
high lattice mismatch, is of high interest. In this case we have studied
the nucleation and growth process of the TI SbaTes on Si(111) sub-
strates by STM (Scanning Tunneling Microscopy) and AFM (Atomic
Force Microscopy). The thin films from several nanometers thickness
down to one quintuple layer thickness have been grown by molecular
beam epitaxy. To determine the thickness and composition of the films
we used x-ray reflectivity and x-ray diffraction. Further investigations
of GeaSbaTes, which is a phase-changing material and a topological
insulator, and the comparison to the growth mode of SbaTes will be
presented.

0 5.10 Mon 12:00 POT 051
Transport of Dirac fermions in the presence of spin-orbit im-
purities — ePIERRE ADROGUER', DiMITRI CULCER?, and EWELINA
HANKIEWICZ! — lInstitute for Theoretical Physics and Astronomy,
Wiirzburg University, Wiirzburg, Germany — 2School of Physics, Uni-
versity of New South Wales, Sidney, Australia

The recent exprimental realizations of three dimensional topological in-
sulators (3DTI) have provided a new tool to investigate Dirac physics.

Indeed, these materials exhibit an insulating bulk and a single metal-
lic surface state described by Dirac fermion physics.

In the regime of weak scalar disorder, Dirac fermions do not
backscatter because of time-reversal symmetry. Further, this absence
of backscattering leads to a weak antilocalization correction (an in-
crease in conductivity in the absence of magnetic field, due to quantum
interference of conjugated paths) [1,2].

In this presentation, we will review these phenomena, and show how
these features are modified when there are spin-orbit impurities in the
Dirac fermion systems.

We acknowledge financial support via grant HA 5893/4-1 within
SPP 1666.

[1] G. Tkachov and E. M. Hankiewicz, Phys. Rev. B 84, 035444
(2011)

[2] P. Adroguer, D. Carpentier, J. Cayssol, and E. Orignac, New
Journal of Physics 14, 103027 (2012)

O 5.11 Mon 12:15 POT 051
Oscillatory surface dichroism of the insulating topological in-
sulator BigTepSe — oSusMiTA BASAK!, MADHAB NEUPANEZ, HSIN
LiN', N. Avniboust?, S.-Y. Xu2?, CuanG Liv2, I. BELOPOLSKI?, G.
Bian2, J. Xiong2, H. Ji3, S. Jia3, S.-K. Mo#%, M. BISSEN®, M.
SEVERSON®, N. P. ONG?2, T. DURAKIEWICZ®, R. J. Cava®, A. BansiL!,
and M. Z. HASAN?2 — 1Department of Physics, Northeastern Univer-
sity, Boston, Massachusetts, USA — 2Joseph Henry Laboratory and
Department of Physics, Princeton University, Princeton, New Jersey,
USA — 3Department of Chemistry, Princeton University, Princeton,
New Jersey, USA — %Advanced Light Source, Lawrence Berkeley Na-
tional Laboratory, Berkeley, California, USA — 5Synchrotron Radia-
tion Center, Stoughton, Wisconsin, USA — 9Condensed Matter and
Magnet Science Group, Los Alamos National Laboratory, Los Alamos,
New Mexico, USA

‘We present a study of the effect of angular momentum transfer between
polarized photons and topological surface states of the insulating topo-
logical insulator BizTeaSe using circular dichroism-angle resolved pho-
toemission spectroscopy. The photoelectron dichroism demonstrate a
dramatic sign flip with the change of photon frequency and we show
that this is a consequence of a strong coupling between the photon
field and the spin-orbit nature of the initial Dirac states on the sur-
face. Our studies reveal the intrinsic dichroic behavior of topological
surface states and point toward the potential utility of bulk insulating
topological insulators in opto-spintronics device applications.
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O 6: Organic/bio Molecules on Metal Surfaces |

Time: Monday 10:30-13:15

O 6.1 Mon 10:30 TRE Phy
Deposition and Characterization of Large Magnetic
Molecules on Surfaces — eJupniTH NIEDENFUHR!, BASTIAN

FELDSCHERZ, JAN-PHILIPP BROSCHINSKI?, THORSTEN GLASERZ, AN-
DREI POSTNIKOV3, and DANIEL WEGNER! — 1 Westfilische Wilhelms-
Universitédt, Miinster, Germany — 2Universitit Bielefeld, Bielefeld,
Germany — 3Université de Lorraine, Metz, France

A key to building functional devices on the basis of single molecule
magnets (SMMs), be it for potential high-density memory storage or
molecular-electronics applications, is the ability to deposit and manip-
ulate these nanomagnets on surfaces in a controllable and reproducible
way. The typical evaporation process is not applicable, because it
would lead to dissociation of these large organic molecules. We used
two different unconventional preparation techniques, namely pulse in-
jection and rapid heating, for in-situ deposition of the Cus-triplesalen
complex onto a Au(111) surface. These complexes are the building
blocks for a new generation of promising SMMs, which combine a high-
spin ground state with a large magnetic anisotropy. The comparison of
both techniques allows us to evaluate their advantages and drawbacks.
The Cugz-triplesalen molecules have been studied using a combination
of scanning tunneling microscopy (STM) and spectroscopy (STS). We
discuss details of the electronic structure and its consequences on the
internal spin coupling and compare these with first-principle calcula-
tions within the framework of the density-functional theory. The com-
parison is also done for the slightly modified Cus-triplesalalen complex
which is designed to exhibit an enhanced ferromagnetic coupling.

0 6.2 Mon 10:45 TRE Phy
Addressing the metal centers in multi-spin-center macro-
molecule on Au(111) — eMACIE] BAZARNIK!, BERNHARD
BUGENHAGEN?, ANNIKA FRANK?, JENS BREDE!, MARC H. PROSENC?Z,
and ROLAND WIESEDANGER! — !Institute of Applied Physics, Univer-
sity of Hamburg, D-20355 Hamburg, Germany — 2Institute of Inor-
ganic Chemistry, University of Hamburg, D-20146 University of Ham-
burg, Germany

The use of magnetic molecules opens a gateway to a flexible design of
novel spintronic devices to store, manipulate, and read spin informa-
tion at the nanoscale. Crucial is the precise knowledge of molecular
properties at the interface towards an electrode. Progress in this field
relies on resolving and understanding the physics at the relevant in-
terfaces. In particular the role of individual molecular constituents
and the impact of the atomic environment on molecular properties
determine device relevant parameters, such as conductance and spin
polarization.

Here, we applied scanning tunneling microscopy to address individ-
ual metallic centers of multi-spin-center macromolecules. The anal-
ysis focuses on different triplesalophene molecules which have been
deposited in vacuo on a Au(111) substrate by either using thermal sub-
limation or electrospray deposition. The triplesalophene constitutes of
three organic salene-like ligands and can be functionalized with various
metal ions in order to modify, e.g. the molecular spin state, and/or
termination groups to manage the molecule-molecule interactions. We
will discuss the influence of terminal groups on the physicochemical
properties of the molecules.

0 6.3 Mon 11:00 TRE Phy
Tuning the electronic structure of metal-organic com-
plexes at the molecule-substrate interface — ePASCAL RAPHAEL
EweN', JAN SANNING', Nikos DorrsiNis?, CRISTIAN ALEJANDRO
STRASSERT!, and DANIEL WEGNER! — IPhysikalisches Institut,
Westfalische-Wilhelms Universitat Miinster, Deutschland — 2Institut
fir Festkorpertheorie, Westfélische-Wilhelms Universitdt Miinster,
Deutschland

The coupling of molecules at surfaces ranging from the weak (ph-
ysisorption) to the strong interaction regime (chemisorption) plays a
crucial role both in the physical and chemical behavior. Fundamental
processes such as conformal changes, dissociation and charge transfer
have been observed upon adsorption. A systematic investigation of
the adsorption and the electronic structure of slightly differing phos-
phorescent Pt(II) complexes offers information about the influence of
ligands and substituents on their interactions with neighbors and the
substrate. We have studied the impact of molecule-surface and in-

Location: TRE Phy

termolecular interactions on the self-assembly and electronic structure
of Pt-complex monolayers on Au(111) using scanning tunneling mi-
croscopy (STM) and spectroscopy (STS) at low temperature. By de-
termining energies and spatial distributions of several frontier orbitals,
we are able to evaluate the impact of coupling and hybridization on
the molecular electronic states.

O 6.4 Mon 11:15 TRE Phy
Electronic structure and relaxation behavior of a thin Fe(II)
spin-crossover film — eERrIiCc B. Lubpwic!, HOLGER NAGGERTZ,
MATTHIAS KALLANE!, SEBASTIAN ROHLF!, ERIK KROGER!, ALEXAN-
DER BANNWARTHZ, ARNDT QUER!, KAl ROSSNAGEL!, Lutz Kipp!,
and FELIX Tuczek? — lInstitut fiir Experimentelle und Angewandte
Physik, Universitit Kiel, D-24098 Kiel — 2Institut fiir anorganische
Chemie, Universitat Kiel, D-24098 Kiel

Coordinative Fe(II) complexes are model systems for organic
molecules, whose optical, electronic and magnetic properties can be
manipulated by external stimuli. Moreover, the temperature- and
irradiation-dependent spin transitions observed in a number of these
materials may provide a suitable testbed toward the development of
future spintronic devices.

Here, we present a ultraviolet photoelectron spectroscopy study on a
vacuum-deposited thin film of Fe(Habpz)2 (phen) on Au(111). Spectral
features sensitive to the spin transition can be identified via compar-
ison of the results of density functional calculations with the results
of valence band measurements at different temperatures and varying
irradiation conditions.

Our results provide evidence for a VUV-induced spin-state trapping
effect at low temperatures. Furthermore, a high optical photon flux
seems to stabilize the metastable high-spin state far above the LIESST
transition temperature. The overall high- to low-spin relaxation be-
havior, however, shows similarities to amorphous samples of a related
system.

O 6.5 Mon 11:30 TRE Phy
Fe on metalloporphyrin arrays: Site-selective adsorption,
atomic switching and modification of magnetic moments —
SARANYAN VIJAYARAGHAVAN! eWILLI AUWARTER!, DaviD Eciial,
KNUD SEUFERT!, UTA ScHLICKUM?3, MARKUS ETZKORN?3, STEFANO
RusPoNI®, PARDEEP K. THAKUR?®, SEBASTIAN STEPANOVZ, TORSTEN
HOUWAART®, PHILIPPE SAUTET®, MARIE-LAURE BOCQUET®, HAR-
ALD BRUNE3, and JoHANNES V. BARTH! — !Technische Univer-
sitdt Miinchen, Department of Physics, E20, Garching, Germany —
2Max Planck Insitut fiir Festkdrperforschung, Stuttgart, Germany —
3Ecole Polytechnique Fédérale de Lausanne, Institut de Physique de la
Matiére Condensée, Lausanne, Switzerland — *European Synchrotron
Radiation Facility, Grenoble, France — ®Ecole Normale Supérieure de
Lyon, Laboratoire de Chimie, Lyon, France

The confinement and ordering of nanoscale objects as individual atoms
or molecules on substrates has gained widespread attention in recent
years leading to the realization of individually addressable quantum ar-
rays. Here, we use highly regular metalloporphyrin (Co-TPP) arrays
on a Ag(111) support as template for the site-specific adsorption of
Fe. Our multi-technique approach combining scanning tunneling mi-
croscopy, X-ray magnetic circular dichroism and complementary den-
sity functional theory calculations reveals an interaction between the
Fe and the Co center of the porphyrin, reviving the magnetic moment
of the latter, which was quenched upon adsorption. Furthermore, in-
dividual Fe atoms can be switched between four equivalent positions
on the porphyrin macrocycle, reflecting the molecular saddle-shape.

O 6.6 Mon 11:45 TRE Phy
On the role of Entropy in conformational molecular switching
of porphyrins on Cu(111) — STEFANIE DITzE*, MICHAEL STARK?,
FLORIAN BUCHNER?, ANDRE AICHERT!, NORBERT Jux?, NICOLA
Luckas®, ANDREAS GORLING®, WOLFGANG HIERINGER®, JOACHIM
HORNEGGER!, HANS-PETER STEINRUCK?, and @ HUBERTUS MARBACH*
— 1Lehrstuhl fiir Mustererkennung — 2Lehrstuhl fiir Organische
Chemie IT — 3Lehrstuhl fiir Theoretische Chemie — “*Lehrstuhl fiir
Physikalische Chemie II, Universitdt Erlangen-Niirnberg, Egerlandstr.
3, 91058 Erlangen

We observe and induce conformational switching of individual
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molecules via scanning tunneling microscopy (STM) at and close
to room temperature. 2H-5,10,15,20-Tetrakis-(3,5-di-tert-butyl)-
phenylporphyrin (2HTTBPP) adsorbed on Cu(111) forms a peculiar
supramolecular ordered phase: the molecules arrange in alternating
rows, with two distinct appearances in STM, which are assigned to
concave and convex intramolecular conformations. Around room tem-
perature, frequent bidirectional conformational switching of individual
molecules from concave to convex and vice versa is observed. From the
temperature dependence, detailed insights into the energy barriers and
entropic contributions of the switching processes are deduced. With
this contribution, we demonstrate that entropic effects can be a de-
cisive factor for the self-assembly and the conformational switching
behaviour of molecules at these temperatures.

O 6.7 Mon 12:00 TRE Phy
Switching and charging of a ruthenium dye — eNADINE
HAUPTMANN!, CHRISTIAN HAMANN!, Hao TANG2, and RICHARD
BERNDT! — lInstitut fiir Experimentelle und Angewandte Physik,
Christian-Albrechts-Universitdt zu Kiel, 24098 Kiel, Germany —
2CEMES/CNRS 29, rue Jeanne Marvig, B.P. 94347, 31055 Toulouse
Cedex, France/ Université de Toulouse, UPS, 31055 Toulouse, France
The ruthenium dye N3 (cis-bis(isothiocyanato)bis-(2,2’-bipyridyl-4,4’-
dicarboxylato)-ruthenium(II)), is deposited on metal surfaces by ultra-
high vacuum electrospray ionization and is investigated using low-
temperature scanning tunneling microscopy. Scanning tunneling spec-
troscopy of single molecules reveals vibronic excitations that are re-
lated to the lowest unoccupied molecular orbital. Switching of N3
molecules attached to Ag(111) step edges may be induced and modi-
fies the energy of the negative ion resonance as well as the vibrational
progression. Moreover, charging of the molecule is induced at reversed
bias. This data suggests a surprisingly weak electronic coupling of N3
to the Ag substrate. A double-barrier model reproduces the essential
spectral features.

0 6.8 Mon 12:15 TRE Phy
Charge switching in a self-assembled acceptor-donor com-
plex — ePauL StorL!, JaniNna N. LapentHIN!, ToBias R
UmMBAcH!, CHRISTIAN LOTzE!, ISABEL FERNANDEZ TORRENTE!, NA-
cHO PascuaL?, and KATHARINA J. FRANKE! — Fachbereich Physik,
Freie Universitit Berlin — 2CIC NanoGUNE, San Sebastian

The switching mechanisms between metastable states in molecules is
based on fundamental quantum physics and is potentially valuable
for future applications in molecular electronics. We investigate the
charge-transfer complex tetracyanoethylene (TCNE) and tetrathiaful-
valene (TTF) on a Au(111) surface using low temperature scanning
tunneling microscopy and spectroscopy. The molecules self-assemble
in highly ordered islands with different stoichiometries. The TCNE
molecules are found in two different charge states that are identified
by the presence or abscence of a Kondo resonance. The rates of the
random switching between these states are controlled by the tunneling
current and the applied bias.

0 6.9 Mon 12:30 TRE Phy
Diarylethene molecules on a Ag(111) surface: stability and
electric field-induced switching of single molecules — eNINO
HatrTer!, JonAs WirTHZ, ROBERT DRrOST!, ToBIAS R. UMBACH!,
SARA BARJA', MARC ZASTROW?, KAROLA RUCK-BRrAUN?, JosE 1.
PascuaL?, PETER SAALFRANKZ?, and KATHARINA J. FRANKE! —
Hnstitut fiir Experimentalphysik, Freie Universitit Berlin, Ger-
many — 2Institut fiir Chemie, Universitit Potsdam, Germany —
3Institut fiir Chemie, Technische Universitit Berlin, Germany — 4CIC
nanoGUNE, Dondostia-San Sebastian, Spain

Diarylethene derivatives are photochromic molecular switches, existing

in two different forms, a ring-closed one with a conjugated 7 electron
system and a ring-opened, where the conjugation is broken. Light ir-
radiation can induce a reversible ring-opening/closing reaction, as has
been shown for molecules in solution and bulk crystals. However, little
is known about their switching behaviour when adsorbed on surfaces.

We present a combined approach of scanning tunneling mi-
croscopy /spectroscopy (STM/STS) and density functional the-
ory (DFT) calculations of 4,4’-(4,4’-(Perfluorocyclopent-1-ene-1,2-
diyl)bis(5-methylthiophene-4,2-diyl)dipyridine (PDTE) adsorbed on
a Ag(111) surface. The STM measurements show only one isomer
present on the surface after evaporation of PDTE which can be
switched by controlled manipulation with the STM tip. Comparison
to the DFT calculations suggests that the manipulation with the tip
induces the ring-closure reaction.

0O 6.10 Mon 12:45 TRE Phy
STM Induced Light Emission from Organic Molecules on
Surfaces — eMAREN C. CoTTIN, EBRU OzEN, ToBIAs Roos, DORIS
STEEGER, DETLEF UTzAT, WILLY PLATZ, ROLF MOLLER, and CHRIS-
TIAN A. BOBISCH — Faculty of Physics, Center for Nanointegration
Duisburg-Essen, University of Duisburg-Essen, 47048 Duisburg, Ger-
many

Most STM techniques rely on the elastic part of the tunneling cur-
rent. In contrast, STM induced light emission (STM-LE) experiments
analyze the excitation mechanisms in the tip sample junction due to
inelastic tunneling processes. Laterally resolved photon maps reveal
the specific sites of excitation [1,2], while spectra of the overall light
intensity as a function of bias voltage as well as energy resolved spec-
tra of the emitted light can be used to characterize and identify the
involved radiative decay channels [3]. Here, we use STM-LE to charac-
terize various organic/metal interfaces. E.g., we present intermolecu-
larly resolved photon maps of the archetype molecule Cgg on different
substrates. From energy resolved spectra of the emitted light we try
to identify the involved decay channels.

[1] R. Berndt et al., Science 262, 1425 (1993).

[2] C. Chen et al., Phys. Rev. Lett. 105, 217402 (2010).

[3] R. Berndt et al., Ultramicroscopy 42 — 44, 355 (1992).

O 6.11 Mon 13:00 TRE Phy
Investigation of novel partial charge-transfer compounds
based on triangulene derivatives by ultraviolet photoelec-
tron spectroscopy (UPS) and near-edge X-ray adsorption fine
structure (NEXAFS) — oALisA CHERNENKAYAD2, K. MEDJANIKZ,
M. Kivara3, P. NAGeL*, M. MErz?*, S. ScHUPPLER?, T. SHUBINA®,
M. BAUMGARTEN®, K. MULLEN?, and G. SCHONHENSE? — !Graduate
School Materials Science in Mainz, 55128, Mainz, Germany — 2Inst.
fir Physik, JGU, 55128, Mainz, Germany — SMPIP, 55021 Mainz,
Germany — 4KIT, Inst. fiir Festkorperphys., 76021 Karlsruhe, Ger-
many — ?Comp.-Chem.-Cent., 91052 Erlangen, Germany

A new class of donors and acceptors is represented by derivatives of the
(4,4,8,8,12,12-hexamethyl-4 H,8 H,12 H-benzo[1,9]quinolizino[3,4,5,6,7-
defglacridine) [1], so-called triangulene. We present UPS and NEXAFS
results for molecular beam deposited thin films of triangulene and its
trimethoxy derivative donors in complexes with the strong F4-TCNQ
acceptor in comparison with density functional theory (DFT) cal-
culations. The whole information about density of states (occupied
valence states and unoccupied ones as well) in these charge-transfer
systems is provided by these techniques as previously shown for pyrene
derivatives [2]. We also compared CT complexes formation and film
growth mechanisms in two systems that differ in three methoxy groups
only.

Funded by DFG (Transregio TR49).

[1] M. Kivala et. al., Chem. Eur. J., 19, 8117-8128 (2013).

[2] K. Medjanik et. al., JACS 134, 4694-4699 (2012).
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O 7: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium Phenomena
at the Nano-scale

Non-equilibrium processes such as charge and heat transport are central to electronic and thermoelectric
applications. Understanding these phenomena at the nanoscale challenges both theory and experiment.
Basic theoretical issues are related to the role of quantum mechanics, the interplay of ballistic, diffusion
and hopping processes, the importance of dissipation, the effect of electronic correlation, and the sig-
natures of unusual quantum states. On the experimental side devising measurements to unravel these
phenomena in a controlled way poses severe difficulties. In this regard, optical lattices of cold atoms are
emerging as a powerful laboratory to test theoretical models and discover unforeseen phenomena.

This symposium will cover current issues in the field by bringing together scientists working in dif-
ferent specific areas with the aim of fostering interdisciplinary discussion, assessing current theoretical
understanding, and indicating future goals with emphasis on electronic structure theory.

Organizers: Roberto Car (Princeton), Kristian S. Thygesen (Lyngby) and Matthias Scheffler (Berlin)

Time: Monday 10:30-13:15

Topical Talk O 7.1 Mon 10:30 TRE Ma
Mbolecular junction transport: some theoretical and computa-
tional considerations — eMARK RATNER! and MATTHEW REUTER?
— 1Chemistry, Northwestern University, Evanston Illinois 60208 USA
— 2Chemistry, Northwestern University, Evanston Illinois 60208 USA

Following the development of break junction techniques, and very ele-
gant measurements by many labs worldwide, the understanding of the
community for single molecule transport junctions on the experimental
side has been very nicely unified. While there are still challenges, inter-
pretations of the transport (and indeed of some second-order response
properties) is now quite sophisticated.

There have been major advances in the computational approaches
also, and in many cases, computations and measurements can be com-
pared quantitatively. But there are some remaining difficulties in the
computational and theoretical approaches, and this talk will discuss a
few of them.

The topics addressed will be: single molecule aspects, histograms
and their usage, time-dependence of the transport, and ghost trans-
mission and computational accuracy.

O 7.2 Mon 11:00 TRE Ma
On the description of biased nanocontacts from ab initio
— oSTEVEN ACHILLES!, JURGEN HENK!, MICHAEL CZERNER2, CHRIS-
TIAN HEILIGER?, and INGRID MERTIG! — !Institute of Physics, Mar-
tin Luther University Halle-Wittenberg, D-06099 Halle, Germany —
21. Physikalisches Institut, Justus Liebig University, D-35392 Giessen,
Germany

A suitable description of arbitrary shaped and biased nanocontacts is
very important for investigating and predicting physical effects of ma-
terials on the nanometer scale. In particular, the electronic transport
properties under finite bias voltages are of great interest.

To account for systems under finite bias we extended our Korringa-
Kohn-Rostoker Green’s function method [1] to the Keldysh formal-
ism [2]. The method was developed for different types of geometries,
i.e. planar junctions [3] and embedded real-space clusters [4]. Both
implementations include a self-consistent treatment of the electronic
structure under external bias using the nonequilibrium density.

We present ab initio results of voltage drops, the charge relaxation
under finite bias voltage and current-voltage characteristics for differ-
ent types of geometries.

[1] R. Zeller, P.H. Dederichs, B. Ujfalussy, L. Szunyogh, and P. Wein-
berger, Phys. Rev. B 52, 8807 (1995).; P. Zahn, I. Mertig, R. Zeller,
and P.H. Dederichs, Mat. Res. Soc. Symp. Proc. 475, 525 (1997).

[2] L.V. Keldysh, Sov. Phys. JETP 20 (4), 1018-1026 (1965).

[3] S. Achilles et al., Phys. Rev. B 88 (12), 125411 (2013).

[4] S. Achilles et al., to be published

O 7.3 Mon 11:15 TRE Ma
Elasticity changes in molecular junctions under bias: an ab-
initio study — eCLOTILDE S. CuciNOTTA!, MEILIN Baib2, Ivan
RUNGGER!, SHMIN HouZ2, and STEFANO SANVITO! — 1School of
Physics and CRANN, Trinity College Dublin, College Green, Dublin 2,
Ireland — 22Key Laboratory for the Physics and Chemistry of Nanode-
vices, Department of Electronics, Peking University, Beijing 100871,
China

Non-conservative current induced forces are at the origin of a rich va-

Location: TRE Ma

riety of dynamical processes, including vibrations, rotations, phonon
energy flow, desorption and reactions. The ability to simulate these
phenomena paves the way for crucial advances in interface physics and
in molecular electronics. New insights into how the presence of non-
conservative forces can affect the vibrational spectrum of prototypic
Au-H2-Au nano-junctions are obtained by the Non Equilibrium Green
Functions approach combined with Density Functional Theory as im-
plemented in the Smeagol code [1]. The modification of the phonon
spectrum of the junction in the presence of an external bias is for
the first time analysed, in terms of charge redistribution caused by the
electron flow, potential drop and differences in an average distance col-
lective variable. Phonon modes changes are related to a change in bias
of some of the elastic constants. The importance of electric field vs. cur-
rent effects is compared. The elasticity changes of the molecular junc-
tion with bias are interpreted in terms of the current flowing through
the system. [1] http://www.smeagol.tcd.ie/SmeagolDownloads.htm.

O 7.4 Mon 11:30 TRE Ma
Carbon nanotubes decorated with magnetic clusters: mag-
netism, electron transport and gas sensing — eZEILA ZANOLLI!
and JEAN-CHRISTOPHE CHARLIER? — lForschungszentrum Juelich,
PGI and IAS, Juelich, Germany — 2IMCN, Université catholique de
Louvain (UCL), Belgium

In this work, first-principles techniques and non-equilibrium Green’s
function approaches are used to investigate magnetism and spin-
polarized quantum transport in carbon nanotubes (CNTs) decorated
with transition metal magnetic nanoclusters (NC).

For small cluster sizes (< 1 nm), ab initio calculations predict a con-
siderable local magnetic moment that induces spin polarization in the
host CNT due to a strong mutual interaction with the magnetic NC.
Such a huge local magnetic perturbation can be tailored by molecular
adsorption on the metallic NC, thus modifying both the magnetization
and the spin-dependent conductance of the hybrid CNT-NC system.
The adsorption of benzene on Ni- or Pt-decorated metallic CNTs has
been investigated as a test case. The ab initio simulations demon-
strate that the magnetization change due to the absorption of a single
CeHg molecule should be large enough to be detected experimentally
using either magnetic-AFM or SQUID magnetometer. Consequently,
the present research suggests a novel approach for single molecule gas
detection, based on local magnetic moment measurements in CNT-NC
hybrid systems [1].

[1] Z. Zanolli, J.-C. Charlier, ACSnano 6 (2012) 10786-10791.

15 min. break

Topical Talk O 7.5 Mon 12:00 TRE Ma
Insight into Charge Transport in Molecular Junctions from
Ab Initio Theories of Level Alignment — eJEFFREY B. NEATON
— Molecular Foundry, Lawrence Berkeley National Laboratory, Berke-
ley, CA, USA — Department of Physics, University of California,
Berkeley, Berkeley, CA — Kavli Energy Nanosciences Institute, Berke-
ley, CA

Recent scanning tunneling microscope-based break-junction experi-
ments of molecular junctions — devices formed by trapping organic
molecules between macroscopic metallic electrodes — have reported
robust conductance, thermopower, switching behavior, quantum in-
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terference effects, spin-filtering phenomena, and even nonlinear effects
such as rectification, establishing such junctions as unique and reveal-
ing windows into the physics of charge transport at the molecular scale.
In this talk, I will summarize a predictive approach to compute and
understand the transport properties of molecular junctions with good
accuracy. Our approach includes important exchange and correlation
effects missing in standard DFT Kohn-Sham junction level alignment,
building on self-energy corrections within a GW approximation. Ad-
vantages and limitations of our approach will be discussed quantita-
tively in the context of a direct comparison with recent photoemission
and transport measurements. I will also describe applications of this
approach to select junctions exhibiting novel trends in conductance,
thermopower, and nonlinear IV characteristics, where new physical in-
sight is obtained by relating computed transport phenomena to junc-
tion structure and chemistry.

O 7.6 Mon 12:30 TRE Ma
Towards First-Principles Modeling of Solvent Effects in
Photo-Catalytic Water Splitting — eSTEFAN RINGE, HARALD
OBERHOFER, SEBASTIAN MATERA, and KARSTEN REUTER — Techni-
sche Universitat Miinchen, Germany

In the context of solar energy conversion the search for new materials
for photo-catalytic water splitting has received new impetus. While in
general powerful, computational screening approaches are struggling
with the complexity of the underlying physical processes at the solid-
liquid interface. Recent work points in particular at the necessity to
include at least an efficient description of solvent screening effects to
compute meaningful descriptors even in simple computational hydro-
gen electrode approaches. To this end, we present an implementation
of the modified Poisson-Boltzmann (MPB) implicit solvation model
in the highly parallel and numerically efficient all-electron DFT code
FHI-aims. Optimally integrating into this code environment, we solve
the MPB equation in a novel approach based on an expansion of the
electrostatic potential in the localized basis functions of FHI-aims. In
contrast to common numerical multi-grid solvers this approach can di-
rectly make use of the optimized integration schemes used to reach
self-consistency and removes the need for numerical interpolation be-
tween different grids. We demonstrate the approach and its efficiency
for a range of molecular test systems, and show first results for catalytic
water splitting on gold nano-clusters.

O 7.7 Mon 12:45 TRE Ma
Towards a combined QM /MM and implicit solvent descrip-

O 8: Electronic Structure

Time: Monday 10:30-13:00

O 8.1 Mon 10:30 GER 38
Depending on how you look at it - (un)conventional spin
topology in the unoccupied band structure of Bi/Ag(111)
— oSUNE N. P. Wissing!, ANKE B. ScHMIDT!, CHRISTIAN
R. Ast?, HOSSEIN MIRHOSSEINI?, JURGEN HENK?, and MARKUS
DoNaTH! — Westfilische Wilhelms-Universitit Miinster, Germany
— 2Max-Planck-Institut fiir Festkorperforschung Stuttgart, Germany
— 3Johannes Gutenberg-Universitit Mainz, Germany — *Martin-
Luther-Universitdat Halle-Wittenberg, Germany

We report on the challenge to determine the spin of the electronic
structure out of a spin-polarized (inverse) photoemission experiment.
For this purpose, we present a study on the unoccupied electronic
structure of Bi/Ag(111) with spin- and angle-resolved inverse photo-
emission. Above the Fermi level, we identify several states with distinct
spin character.

We focus our attention on the two pzy-derived surface states. For
the downward dispersing m; = 1/2 state, theoretical calculations [1]
predict a complex spin topology, where the spin polarization changes
sign at the band maximum. Our experimental findings, however, indi-
cate a spin splitting compatible with the conventional Rashba model.
To shed more light on this issue, we investigated the spin topology
with the help of first-principles electronic-structure and photoemission
calculations. We will discuss the dependence of the measured spin
topology on the polarization of the emitted light and the symmetry of
the involved electronic states.

[1] G. Bihlmayer et al., Phys. Rev. B 75, 195414 (2007)

tion of photoelectrochemical processes — eMARKUS SINSTEIN?,
DANIEL BERGER!, RAN Jia2, VOLKER BLUM3, HARALD OBERHOFER!,
and KARSTEN REUTER! — !Technische Universitat Miinchen, Ger-
many — 2Jilin University, P.R. China — 3Duke University, USA

Photoelectrochemical systems are widely explored to drive energy-
relevant redox reactions like water splitting or CO32 reduction. The de-
tailed analysis of the involved elementary processes via first-principles
calculations is challenged by the necessity to simultaneously account
for the extended semiconductor photocatalyst and the liquid elec-
trolyte. Especially for charge (proton and/or electron) transfer steps
traditionally employed periodic boundary condition approaches involve
charged supercells with difficult to control finite size errors. To this
end, we present a solid state QM /MM embedding approach, in which
only a finite cluster model of the photocatalyst surface is treated quan-
tum mechanically and the correct Madelung potential of the periodic
system is obtained by embedding into a charge field. For the efficient
modeling of photoelectrochemical processes we combine this approach
with an implicit solvation scheme within the DFT package FHI-aims.
Finally, we also show early test results of the combined QM/MM im-
plicit solvent model.

O 7.8 Mon 13:00 TRE Ma
Ab-initio Simulation of Molecular Networks on the Surface
of Water — eRALPH Ko0ITZ, MARCELLA IANNUZZI, ARI P SEITSONEN,
and JURG HUTTER — University of Zurich, Zurich, Switzerland

Molecules adsorbed on surfaces play an important role in catalysis, sur-
face science, and nanotechnology. Traditionally, research has focused
on various adsorbates atop metals and metal oxides using computa-
tional and surface-science techniques. More recently, however, it was
demonstrated that ordered monolayer networks can also be formed
on the surface of liquid water by using metal ions to bind together
multidentate precursor molecules. As these assemblies are difficult to
characterize, computational methods can provide valuable insight into
their formation and structure.

In this contribution we present large-scale DFT-based molecular dy-
namics simulations of the formation of a network of tris-terpyridine-
derived molecules (TTPB) on a water slab. In particular, we focus on
the structure of the molecule on the surface, the mechanism of Zn2+t
ion insertion from the solution and the subsequent linking of molecules
into aggregates. We employ the metadynamics method to quantify the
free energy surface of the involved processes. Our results provide de-
tailed insight into on-surface and subsurface diffusion in this system
and chemical reactions of TTPB on the surface of water.

and Spin-Orbit Interaction |

Location: GER 38

O 8.2 Mon 10:45 GER 38
Spin-flip scattering in the surface bands of BiAg>/Ag(111)
— oGUSTAV BIHLMAYER!, LyDiA EL-KAREHZ, MATTHIAS BODE2, and
STEFAN BLUGEL! — 1Peter Griinberg Institut and Institute of Ad-
vanced Simulation, Forschungszentrum Jilich and JARA, D-52425
Jiilich, Germany — 2Physikalisches Institut, Experimentelle Physik II,
Universitat Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany

Since its discovery, the surface alloy BiAga/Ag(111) has attracted con-
siderable attention due to the ’giant Rashba’ splitting in the occupied
surface bands. Recently, also the unoccupied part of the spectrum
was investigated by scanning tunneling microscopy. But, although
theory predicted a rather complex spin-texture of these bands [1],
the quasiparticle interference patterns seem compatible with a con-
ventional Rashba-type spin-polarization of these bands [2]. Close ex-
amination of the spin- and orbital resolved bandstructures obtained by
density functional theory show, that the orbital structure allows spin-
flip scattering processes that can reconcile experimental evidence with
theoretical predictions. Our calculations and experiments show that
this behavior is not only characteristic for the Bi-based surface alloy,
also in the PbAgs/Ag(111) system these spin-flip scattering events are
observed. The same mechanism also blocks quasiparticle interference
in forward scattering, while other scattering events are explicitly for-
bidden by time-reversal symmetry.

[1] G. Bihlmayer et al., Phys. Rev. B 75, 195414 (2007)

[2] L. El-Kareh et al., Phys. Rev. Lett. 110, 176803 (2013)
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0 83 Mon 11:00 GER 38
Rashba-split surface states of (v3 x v/3)Pb/Ag(111)R30° —
oLyDIA EL-KAREH!, GUSTAV BIHLMAYER?, ARNE BUCHTER3, HEN-
DRIK BENTMANN3, FRIEDRICH REINERT?, STEFAN BLUGEL?, and
MaTTHIAS BoDE! — Physikalisches Institut, Experimentelle Physik
II, Universitat Wiirzburg, Am Hubland, D-97074 Wirzburg, Ger-
many — 2Peter Griinberg Institut and Institute of Advanced Sim-
ulation, Forschungszentrum Jiilich and JARA, D-52425 Jiilich, Ger-
many — 3Physikalisches Institut, Experimentelle Physik VII, Univer-
sitdt Wiirzburg, Am Hubland, D-97074 Wiirzburg, Germany

We report on a combined low-temperature scanning tunneling spec-
troscopy (STS), angle-resolved photoemission spectroscopy (ARPES),
and density functional theory (DFT) investigation of the (v3 x
Vv3)R30° Pb/Ag(111) surface alloy which provides a giant Rashba-
type spin-splitting [1,2]. By means of STS and quantum interference
mapping we determined the band onsets, splitting strengths, and dis-
persions for two Rashba-split bands. The unambiguous assignment of
scattering vectors is achieved by comparison to ARPES measurements.
The detailed analysis of the spin and orbital character of both bands
as obtained by DFT calculations allows to solve an apparent deviation
between experimentally observed scattering events and the theoreti-
cally predicted spin polarization [3].

[1] D. Pacilé et al., Phys. Rev. B 73, 245429 (2006).

[2] G.Bihlmayer et al., Phys. Rev. B 75, 195414 (2007).

[3] L. El-Kareh et al., Phys. Rev. Lett. 110, 176803 (2013).

084 Mon 11:15 GER 38
The Unoccupied Band Structure of Pb/Ag(111) —
oKATHARINA T. RITTER, SUNE N. P. WISSING, ANKE B. SCHMIDT, and
MARKUS DONATH — Physikalisches Institut, Westfilische Wilhelms-
Universitdt Minster, Germany

Surface alloys of heavy elements on noble metal fcc(111) surfaces are
known to exhibit strongly Rashba-split band structures. Especially
the surface alloys with (\/?: X \/g)RSOO reconstruction have been in
the focus of theoretical and experimental reasearch. So far, most ex-
perimental data result from photoemission experiments and hence are
limited to the occuppied electronic states.

Here, we perform spin- and angle-resolved inverse photoemission to
access the unoccupied band structure of Pb/Ag(111). Above the Fermi
level, we identify several states with distinct spin dependence. We de-
termine their nature concerning symmetry, bulk vs. surface character,
energy vs. momentum dispersion, and spin character. As we recently
also investigated the related surface alloy Bi/Ag(111), we will compare
the results of both systems and analyse systematic changes accompa-
nying the reduction of the number of valence electrons of the adsorbate
by one.

0 8.5 Mon 11:30 GER 38
Bulk and surface Rashba states in ferroelectric GeTe: com-
bined experimental and theoretical SX-ARPES study — H.
Vorroval, J. KrEMpAskY?, H. DiLL?, V. Strocov?, J. BRaun', H.
EBerT!, K. HricovINI®, R. CALARCO®, R. BERTACCO?, S. Picozzi®,
and eJAN MINAR! — 'LMU Munich, Munich, Germany — 2PSI, Vil-
ligen, Switzerland — 3PDI Berlin, Germany — “Politecnico Milano,
Italy — CNR-SPIN L’Aquila, Italy — 8Universite de Cergy-Pontoise,
France

The recent theoretical investigations of Picozzi et al. [1] predicted a
huge Rashba effect originating from bulk states in ferroelectric GeTe,
which spin polarisation can be switched by reversing its ferroelectric
polarisation. However, detailed experimental and theoretical studies
of the electronic structure by means of the angle resolved photoemis-
sion (ARPES) are until now missing. Here we present a combined
theoretical and experimental study of the electronic structure of GeTe
investigated with the aid of the bulk sensitive soft X-ray (SX)-ARPES
[2]. It will be shown that a proper description of the photoemission
process is necessary to understand the experimental results. These ef-
fects are included in the one-step model of photoemission implemented
in the SPR-KKR package [3], which presents clear evidence for the pre-
dicted bulk Rashba state. [1] Di Sante et al., Andvanced materials 25,
509 (2013) [2] A. Gray, J. Minar et al., Nat. mat. 10, 759 (2011) [3]
H. Ebert et al., Rep. Prog. Phys. 74, 096501 (2011)

O 8.6 Mon 11:45 GER 38
Chiral magnetism of magnetic adatoms from Rashba elec-
trons — eJUBA Bouaziz!', MANUEL DOS SANTOS Dias!, ABDELHAMID
ZIANE2, MOULOUD BENAKKI?, STEFAN BLUGEL!, and SAMIR Lounis!
— 1Peter Griinberg Institut and Institute for Advanced Simulation,

Forschungszentrum Jiilich and JARA, D-52425 Jiilich, Germany —
2Laboratoire de Physique et Chimie Quantique, Faculté des Sciences,
Université Mouloud Mammeri, 15000 Tizi-Ouzou, Algeria

We investigate chiral magnetic long-range interactions among adatoms
mediated by surface states spin-splitted by spin-orbit coupling. Using
the Rashba model, the tensor of exchange interactions is extracted
wherein a two-ion anisotropy term is found besides the usual isotropic
exchange interaction (J) and the Dzyaloshinskii-Moriya interaction
(DM). The inter-adatom distance controls the strength of these terms
which we exploit to design chiral magnetism in Fe nanotructures on
Au(111) surface. In contrast to [1], we include without approximation
the contribution of the integrable singularity observed at the extremum
of the dispersion curve. When the magnetic moments are out-of-plane,
we demonstrate within a simple approach that J and DM are respec-
tively related to superpositions of the out-of-plane and in-plane com-
ponents of the skyrmionic magnetic waves induced by the adatoms in
the surrounding electron gas [2].

This work is supported by the HGF-YIG Programme VH-NG-717
(Functional Nanoscale Structure and Probe Simulation Laboratory).
[1] H. Imamura et al. Phys. Rev. B 69, 121303 (2004)

[2] S. Lounis et al. Phys. Rev. Lett. 108, 207202 (2012)

O 8.7 Mon 12:00 GER 38
Quasiparticle spin-interference by scattering off magnetic
atoms on metal surfaces with spin orbit coupling — ePHILIPP
RUsSMANN, PHIVOS MAVROPOULOS, NGUYEN H. LoNG, Davip S. G.
BAUER, and STEFAN BLUGEL — Peter Griinberg Institute and Insti-
tute for Advanced Simulation, Forschungszentrum Jilich and JARA,
D-52425 Jiilich, Germany

We present density-functional calculations of the quasiparticle interfer-
ence at surfaces due to scattering off magnetic adatoms. Our focus is on
3d impurities on Au(111) where the spin-orbit coupling (SOC) causes
a Rashba-type splitting of the surface state. The spin polarization of
the quasiparticle waves shows a non-collinear texture because of SOC.
We investigate the dependence of the polarization on the orientation of
the impurity magnetic moment. We compare to previous model-based
results [1] and discuss the relation to the scattering properties of the
impurity, taking into account the non-zero probability of time-reversed
transitions due to the magnetic moment. In our calculations we em-
ploy the KKR-Green function method for the electronic structure and
scattering properties at defects [2]. We acknowledge financial support
from the DFG (SPP-1666) and from the Virtual Institute Topological
Insulators of the Helmholtz Association and computational support
from the JARA-HPC Supercomputing Center at the RWTH Aachen.
(1] S. Lounis, A. Bringer, and S. Bliigel, Phys. Rev. Lett. 108, 207202
(2012).

(2] S. Heers, PhD Thesis, RWTH Aachen (2011); D.S.G. Bauer, PhD
Thesis, RWTH Aachen (2013).

O 8.8 Mon 12:15 GER 38
Giant splitting of unoccupied surface resonant state on
T1/Si(111) — eSEBASTIAN D. STOLwLK!, KAZUYUKI SAKAMOTO?,
ANkE B. ScuMipT!, PETER KRUGER?, and MARKUS DoNaTH! —
I Physikalisches Institut, Westfilische Wilhelms-Universitit Miinster
— 2Department of Nanomaterials Science, Chiba University, Chiba
263-8522, Japan — 3Institut fiir Festkorpertheorie, Westfilische
Wilhelms-Universitat Miinster

The T1/Si(111)-(1 x 1) surface features outstanding properties - a
unique spin pattern in momentum space and an unoccupied surface
state with giant spin splitting at the K point [1,2]. In this contribu-
tion, we focus on the unoccupied surface electronic structure along the
T'M direction. Spin- and angle-resolved inverse photoemission exper-
iments with sensitivity to the in-plane and out-of-plane components
of the spin polarization vector are conducted with the help of our re-
cently developed ROtatable Spin-polarized Electron source (ROSE).
Along T'M only in-plane polarization is found. Moreover, we identify
a spin-orbit-split surface resonant state, which exhibits a Rashba-type
splitting. Remarkably, the size of the Rashba splitting is comparable
to the giant splitting found for the Bi/Ag(111) surface [3].

(1] K. Sakamoto et al., Phys. Rev. Lett. 102, 096805 (2009)

[2] S. D. Stolwijk et al., Phys. Rev. Lett. 111, 176402 (2013)

[3] C. Ast et al., Phys. Rev. Lett. 98, 186807, (2007)

0 8.9 Mon 12:30 GER 38
Spin-split surface states in the unoccupied electronic struc-
ture of TI1/Ge(111)-(1x1) — ePHILIPP EICKHOLT!, SEBASTIAN
D. Storwnk!, ANKE B. ScuMmipT!, PETER KRUGER?, and MARKUS
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DoNATH! — Physikalisches Institut, Westfilische Wilhelms Univer-
sitdt, Miinster, Germany — 2Institut fiir Festkorpertheorie, Westfalis-
che Wilhelms Universitat, Miinster, Germany

The unoccupied electronic structure of T1/Si(111)-(1x1) exhibits a
unique spin-orbit-split surface state with rotating polarization vec-
tor and giant energy splitting at the K point [1]. Here, we present
spin- and angle-resolved inverse-photoemission results on the unoccu-
pied electronic structure of the isoelectronic T1/Ge(111)-(1x1) surface,
which is expected to show similar properties [2]. In fact, along the
TK direction, a similar spin-orbit-split surface state is found with
comparable properties as observed on T1/Si(111). Differences between
the two surfaces can be seen along I'M, where a Rashba-type spin-
split surface state on the T1/Ge(111) surface lies well within a band
gap, while it is degenerate with the bulk bands on the Si substrate.
Remarkably, our measurements feature a spin asymmetry directly at
the M point where spin degeneracy should prevail.

[1] Sebastian D. Stolwijk et al., Phys. Rev. Lett. 111, 176402 (2013)
[2] Y. Ohtsubo et al., J.Phys.: Condens. Matter 24, 092001 (2012)

O 8.10 Mon 12:45 GER 38
Hysteretic melting of a soliton lattice in a commensu-
rate charge modulation — eTo0BIAS MAUERER!, PIN-Jur Hsul,

MarTHIAS VOoGT!, J.J. YANG?, YOON SEOK On?, S-W. CHEONG?:3,
MATTHIAS BODE!, and WEIDA WU3 — 1Physikalisches Institut, Ex-
perimentelle Physik IT, Universitat Wiirzburg, Am Hubland, D-97074
Wiirzburg, Germany — 2Laboratory for Pohang Emergent Materials
and Department of Physics,Pohang University of Science and Technol-
ogy, Pohang 790-784, Republic of Korea — 3Rutgers Center for Emer-
gent Materials and Department of Physics and Astronomy,Rutgers
University, Piscataway, New Jersey 08854, USA

We report on the observation of the irreversible transition of a commen-
surate charge modulation in IrTegs from transport and scanning tunnel-
ing microscopy (STM) studies. Below the transition (T¢ ~ 275K on
cooling) a ¢ = 1/5 charge modulation was observed, which is consistent
with previous studies [1,2]. Additional modulations [g, = (3n + 2)7!]
appear below a second transition at 7g ~ 180 K on cooling. The coexis-
tence of various modulations persist up to T¢ on warming. The atomic
structures of charge modulations and the temperature-dependent STM
studies suggest that 1/5 modulation is a periodic soliton lattice which
partially melts below Tg on cooling. Our results provide compelling
evidence that the ground state of IrTes is a commensurate 1/6 charge
modulation, which originates from periodic dimerization of Te atoms
visualized by atomically resolved STM images.

[1] J.J. Yang et al., Phys. Rev. Lett. 108, 116402 (2012).

(2] S.Pyon et al., J. Phys. Soc. Jap. 81, 053701 (2012).
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0 9.1 Mon 10:30 PHY C 213
In-situ investigation of the growth and oxidation of
Mo>C/Mo(100) using high-resolution X-ray photoelectron
spectroscopy — eUDO BAUER, CHRISTOPH GLEICHWALD, CHRISTIAN
Paprp, and HANS-PETER STEINRUCK — Lehrstuhl fiir Physikalische
Chemie II, Universitdt Erlangen-Nirnberg, Egerlandstr. 3, 91058 Er-
langen

Molybdenum carbide has been proposed as a noble metal free cata-
lyst for a variety of reactions. We used our supersonic molecular beam
setup to carburize a Mo(100) single crystal. Ethylene adsorption at 900
K and subsequent oxidation of the carburized system at 1200 K were
followed in-situ in the C 1s and Mo 3d core levels by fast X-ray pho-
toelectron spectroscopy (XPS) performed at the synchrotron facility
BESSSY II. We observed three different species in the C 1s core level
during the CoHy deposition. Starting with the growth of a precursor
carbide, surface and bulk carbide species arise and saturate after an
exposure of 1200 L. Subsequent annealing to 1300 K removed excess
carbon, resulting in the desired Mo C stoichiometry. Oxidation of the
molybdenum carbide revealed a very fast diffusion of bulk carbon to
the surface, refilling empty sites occurring due to CO desorption.

0 9.2 Mon 10:45 PHY C 213
Etching of Graphene on Ir(111) with Molecular Oxygen —
oULRIKE A. SCHRODER!, ELIN GRANAS?, TiMM GERBER!, MOHAM-
MAD A. ARMANZ, KARINA ScHULTE?, JAN KNUDSEN23, JESPER N.
ANDERSEN2-3, and THOMAS MICHELY! — lUniversitit zu Koln, II.
Physikalisches Institut, Germany — 2Lund University, Division of Syn-
chrotron Radiation Research, Sweden — 3Lund University, MAX IV
Laboratory, Sweden

Although oxidation of carbon has been studied for decades, it remains
unclear how oxygen attacks and oxidizes closed and submonolayer
graphene on the atomic scale level. We provide new insights by us-
ing the well-defined system graphene on Ir(111) and exposing it to
molecular oxygen.

Using scanning tunneling microscopy (STM), X-ray photoelectron
spectroscopy (XPS), and thermal desorption spectroscopy (TDS), we
find that etching is a thermally activated process and depends on tem-
perature and Gr morphology. For submonolayer Gr films, etching sets
in at 550 K. The molecular oxygen dissociates on the free Ir(111) sur-
face. Real time STM measurements reveal that oxygen then attacks
Gr via the edges. Free edges are preferentially etched, compared to
Gr bound to Ir steps. Perfectly closed Gr films are remarkably sta-
ble against oxygen etching, which only starts above 700 K. At this
temperature, 5-7 defects stemming from the Gr growth process act as
dissociation sites for the Oz molecules. At higher etching tempera-
tures, large hexagonal etch holes are visible in the STM: Zigzag edges

Location: PHY C 213

are more stable against etching than armchair edges.

0 9.3 Mon 11:00 PHY C 213
From qualitative to atomistic: First-principles kinetic model-
ing of Pd surface oxide reduction by CO — eMaX J HOFFMANN
and KARSTEN REUTER — TU Miinchen, Germany

Obtaining detailed atomistic insight into oxide formation and reduc-
tion at metal surfaces is a key step to understand and ultimately en-
gineer the function of these surfaces in a multitude of applications,
not least in oxidation catalysis. On the modeling side, the analysis
of kinetic measurements in terms of reaction rate laws is traditionally
employed to extract qualitative information. First-principles calcula-
tions, on the other hand, describe the microscopic processes underlying
the actual phase transition. First-principles microkinetic models offer
the prospect to join these two strands and subject atomistic models
to scrutiny against measured kinetic data. We illustrate this approach
with first-principles kinetic Monte Carlo (1p-kMC) simulations of the
reduction of a (v/5 x v/5)R27° surface oxide on Pd(100) in a CO at-
mosphere, and reference against kinetic data derived from X-ray pho-
toelectron spectroscopy [1]. In full agreement with the experimental
rate law analysis our atomistic simulations demonstrate that the re-
duction process can not occur via a homogeneous decomposition of the
oxide phase. We overcome prevalent limitations to lattice-based 1p-
kMC through a novel multi-lattice approach and present a mechanistic
model that includes the full transformation from oxide to metal. This
model fully rationalizes the measured data and proves that under the
investigated gas-phase conditions the reduction is a phase-boundary
controlled process. [1] V.R. Fernandes et al., Surf. Sci. (in press).

0 9.4 Mon 11:15 PHY C 213
Cu/ZnO nanocatalysts in response to environmental con-
ditions: Surface morphology, electronic structure, redox
state and CO2 activation — Luis MARTINEZ-SUAREZ!, e JOHANNES
FrRENZEL!, BERND MEYER!2, and DoMINK MARX! — !Theoretische
Chemie, Ruhr—Universitdt Bochum,44780 Bochum, Germany —
2ICMM and CCC, Uni Erlangen-Niirnberg, 91052 Erlangen, Germany

By performing extensive DFT calculations in combination with a ther-
modynamic formalism we establish an atomistic understanding of gas
phase-induced changes of surface morphology, redox properties and
reactivity of ZnO supported Cu nanocatalyst [1] which shows strong
metal-support interactions (SMSI) [2-7]. Being subject to electronic
charge transfer processes across the metal-support interface [7,8] we
explore surface stabilization and site dependent redox state of both
catalyst components in response to the redox properties of the sur-
rounding gas phase . Further, ab initio molecular dynamics unveils
the vital nature of the deposited metal which, besides reduced Zn in
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the ZnO support, enhances CO2 activation over Cu.

[1] Martinez-Suérez, L., Frenzel, J., Meyer,. B., and Marx, D., PRL
110, 086108 (2013) [2] Tauster, S. J., Fung, S. C., Baker, R. T. K.,
and Horsley, J. A., Science 211, 1121 (1981). [3] Clausen, B. S., et
al., Top. Catal. 1, 367-376 (1994). [4] Wagner, J. B., et al., J. Phys.
Chem. B 107, 7753 (2003). [5] Wilmer, H., and Hinrichsen, O., Catal.
Lett. 82, 117-122 (2002). [6] Behrens, M., et al., Science 336, 893
(2012). [7] Frost, J. C., Nature (London) 334, 577 (1998) [8] Liao, F.,
et al. Angew. Chem. Int. Ed. 51, 5832 (2012).

0 9.5 Mon 11:30 PHY C 213
Complex surface structure determination through first-
principles global geometry optimization: ¢(2 x 2)-RuQO2(100)
— oToNGYU WANG, DENNIS PALAGIN, SASKIA STEGMAIER, and
KARSTEN REUTER — Technische Universitat Miinchen, Germany

”Ruthenium” catalysts exhibit a remarkable change of CO oxidation
activity with reactant pressure [1]. Current understanding rationalizes
the high activity at near-ambient conditions with a change of oxidation
state. The enigmatic deactivation observed under oxidizing conditions
is in turn assigned to a microfacetting of (otherwise highly active)
RuO2(110) facets into an inactive ¢(2 x 2)-RuO2(100) phase [2]. A
detailed structural model of the latter phase would be an important
step towards understanding (and possibly suppressing) the deactiva-
tion mechanism. Yet, despite detailed experimental characterization,
such a model could not be established to date. To this end, we perform
density-functional theory based global geometry optimization using a
basin hopping approach. Combined within ab initio thermodynamics
we assess the relative stabilities of the obtained structural candidates
and discuss their properties in light of the existing experimental data.
[1] H. Over, Chem. Rev. 112, 3356 (2012); [2] J. Assmann et al.,
Angew. Chem. Int. Ed. 44, 917 (2005).

0 9.6 Mon 11:45 PHY C 213
From macro to micro: Kinetics of HCIl oxidation on
RuO>(110) — eFaRNAZ SOTOODEH!, PATRICK GUTLEIN!, TRENE M.
N. Groot?, JoosT W. M. FRENKEN?, and KARSTEN REUTER! — 'TU
Miinchen, Germany — 2Leiden University, Netherlands

A large portion of Cly is used in industries that produce HCI as a
waste byproduct [1]. The catalytic conversion of waste HCI back to
high purity Clz through oxidation (Deacon process) is thus highly de-
sirable. However, the current process is expensive since it requires the
precious metal Ruthenium. As this process is important to most in-
dustries, even small improvements in its efficiency will have a global
economic and environmental impact by extending catalyst life time
and stability. Therefore, designing an active and stable catalyst in the
sustainable Clg production is extremely valuable. Optimizing the cata-
lyst activity under often “harsh” industrial implementations, requires
an in-depth understanding of reaction kinetics over a wide range of
operating conditions. Here, macrokinetic models including power-law
and Langmuir-Hinshelwood are applied to measured activities. On the
way towards microkinetics, the Langmuir-Hinshelwood kinetics is scru-
tinized closely by looking at elementary steps on RuO2(110) surface,
with reaction barriers and binding energies of surface species calculated
using DFT. The adaptability of the examined models are compared to
available ones [2] where the model parameters were estimated by fitting
to a restricted range of operating conditions.

[1] H. Y. Pan et al., Ind. Eng. Chem. Res. 33, 2996 (1994).

[2] D. Teschner et al., J. Catal. 285, 273 (2012).

0O 9.7 Mon 12:00 PHY C 213
Simulation of Ni/CeO; surfaces for CO: catalysis —
eKONSTANZE HAHN! and JURG HUTTER? — !University of Cagliari,
Monserrato, Italy — 2University of Zurich, Zurich, Switzerland

Combined metal-metal oxide systems are important materials for nu-
merous technological applications such as microelectronics, photo-
voltaics, gas sensors and in particular in oxide-supported metal cat-
alysts. Deposition of small metal particles on metal oxides such as
Al303, CeO2 and TiO2 has led to enhanced catalytic activity, for
example, for the water gas shift reaction or CO oxidation. Metal ox-
ide supported materials are also promising catalysts for hydrocarbon
production from COa, a reaction process interesting for alternative en-
ergy production since it provides high energy density fuel from COg
which is omnipresent in our environment. In fact, CeOz-supported Ni
particles have proven to be promising materials for the activation of
methanation of CO2. Here, density functional theory within the Gaus-
sian and plane waves formalism has been used for the simulation of Ni
cluster formation on CeO2(111) surfaces. Stabilization of Ni particles

has been observed with increasing cluster size up to ten atoms. It has
been found that O diffusion from the subsurface layer of CeO2(111)
to the surface layer is facilitated in the presence of Ni particles on the
surface. Furthermore, the adsorption and dissociation of COg2 has been
investigated on clean CeO2(111), on non-supported Ni clusters in the
gas phase and on the Ni/CeO2(111) system. This study gives funda-
mental insight into the metal-metal oxide interactions and its function
for CO2 catalysis.

0 9.8 Mon 12:15 PHY C 213
Combining High-Resolution Scanning Probe Microscopy
Studies with Reactivity Experiments — eSTEFANIE STUCKEN-
HOLz, CHRISTIN BUCHNER, HENDRIK RONNEBURG, GERO THIELSCH,
MARKUS HEYDE, and HANS-JOACHIM FREUND — Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

We use thin metal supported MgO films as a model system to un-
derstand the correlation between morphology, electronic structure and
reactivity of heterogeneous catalysts on the atomic scale.

For investigation of our samples we operate a scanning tunnelling mi-
croscope (STM) and noncontact atomic force microscope (nc-AFM).
With the dual mode microscope we study the sample morphology
and perform spectroscopic measurements, such as field emission reso-
nance(FER) and Kelvin probe force microscopy (KPFM). The influ-
ence of a thin MgO film on the Mo(001) local work function, as well
as differences between pristine terrace sites and line defect sites will
be discussed.

To connect the findings of the dual mode microscope with reactivity
studies we are setting up a new temperature programmed desorption
(TPD) experiment. Here, desorption of gaseous species, e.g. CO from
MgO surfaces, will be studied. This reaction serves as a model for the
interaction of CO with an ionic surface.[1, 2] First results of the low
temperature TPD setup will be presented.

[1] R. Wichtendahl, et al., Phys. Status Solidi A 173, 93 (1999)
[2] M. Sterrer, et al., Surf. Sci. 596, 222 (2005)

09.9 Mon 12:30 PHY C 213
Near ambient pressure XPS investigation of the interaction
of ethanol with Co/CeO2(111) — eSANDRA KRICK CALDERON!,
OVARI LAszLG2, LYKHACH YAROSLAVAL, LiBUDA JORG!, ERDOHELYI
ANDRAS3, PAPP CHRISTIAN!, Kiss JAN0s?3, and STEINRUCK HANS-
PeTER! — !Physikalische Chemie II, University of Erlangen-Niirn-
berg, Egerlandstr. 3, 91058 Erlangen, Germany — 2MTA-SZTE Reac-
tion Kinetics and Surface Chemistry Research Group, H-6720 Szeged,
Rerrich Béla tér 1, Hungary — 3Department of Physical Chemistry
and Materials Science, University of Szeged, H-6720 Szeged, Aradi
vértanuik tere 1, Hungary

The adsorption of ethanol on a CeO2(111) surface and a Co/CeO2(111)
model catalyst was studied with near ambient XPS at pressures up to
1 mbar. The main species adsorbed on the surface was found to be
ethoxide, formed by dissociative adsorption. Upon ethanol exposure
on pristine ceria at 300 K a gradual reduction with increasing pres-
sure was observed; reduction was even further enhanced by heating
to 600 K at 0.1 mbar. This effect was attributed to increased diffu-
sion of the Ce31 centers or lattice oxygen at elevated temperatures.
Partial reduction of the ceria layer upon Co deposition was observed.
Ethanol strongly reduced the Co particles leaving almost solely metal-
lic Co on the concurrently reduced CeO2 surface at 600 K. While no
coke formation occurred during reaction with the pristine CeOg layer,
carbonaceous species were observed at 600 K on the Co/CeO2 model
catalyst.

0 9.10 Mon 12:45 PHY C 213
Imaging mass transfer limitations in in-situ model cata-
lyst studies — eSEBASTIAN MATERA!, SARA BLOMBERG2, MAX
J. HorrMANN', JOHAN ZETTERBERG2, JOHAN GUSTAFSON2, ED-
VIN LUNDGREN?, and KARSTEN REUTER! — !Technische Universitit
Miinchen, Germany — 2Lund University, Sweden

A central goal in in-situ studies of defined model catalysts is to es-
tablish a correlation between surface micro-structure and observed re-
activity. In corresponding near-ambient environments this observable
reactivity may be intricately influenced by macroscale heat and mass
transport limitations in the reactor. We investigate such effects with
a first-principles based multi-scale modeling approach integrating ki-
netic Monte Carlo simulations into a fluid dynamical treatment [1].
Recent methodological advances [2] allow the full consideration of the
experimental reactor geometry, which we illustrate with the applica-
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tion to recent Planar Laser Induced Fluorescence measurements [3] of
CO oxidation at Pd(100). Experiment and theory consistently reveal
strong mass transfer limitations under near-ambient operation condi-
tions. Intriguingly, the detailed comparison of calculated and measured
gas-phase concentration profiles offers an unprecedented route to draw

conclusions on the prevalent surface phases and reaction pathways. [1]
S. Matera and K. Reuter, Catal. Lett. 133, 156 (2009); Phys. Rev. B
82, 085446 (2010); J. Catal. 295,261 (2012). [2] S. Matera, M. Maestri,
A. Couci, and K. Reuter, in preparation. [3] J. Zetterberg et al., Rev.
Sci. Instrum. 83, 053104 (2012)
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0 10.1 Mon 10:30 WIL A317
On the stability of strained Cu overlayers on Pt(111),
Au(111) and Au(100) electrodes under low potential condi-
tions and in presence of CO and CO2 — eCHRISTIAN SCHLAUP
and SEBASTIAN HORCH — Center for Individual Nanoparticle Function-
ality (CINF), Department of Physics, Technical University of Denmark
(DTU), DK—2800 Kongens Lyngby, Denmark

Copper is known for its outstanding catalytic activity for the electrore-
duction of carbon dioxide. However, a tremendous overpotential in the
order of 1 V needs to be overcome in order to drive this reaction. An
approach to tune the reactivity of copper surfaces is to introduce strain
into the surface, yielding in different binding situations of the involved
reaction species.

A convenient experimental access to such strained copper surfaces
is the electrodeposition of pseudomorphic films on electrodes with a
bigger lattice constant. Yet, their stability under the desired reaction
conditions is of crucial importance. By means of in-situ STM, the in-
fluence of CO2 and the important reaction intermediate CO has been
studied under low potential conditions. For the Pt(111) substrate, a
CO induced restructuring, driven by attractive Pt-CO bindings was
found. In contrast, Au-CO bindings are much less attractive, however,
for Au(111) the stability of Cu films is limited by desorption of coad-
sorbed anions at low potentials. For Au(100) neither effect was found,
instead an surface alloy forms under the desired reaction conditions.

O 10.2 Mon 10:45 WIL A317
Structural degradation of PtRu model electrodes during CO
electrooxidation and its influence on the reaction characteris-
tics — @ ALBERT K. ENGSTFELD, JENS KLEIN, SYLVAIN BRIMAUD, and
R. JURGEN BEHM — Ulm University, Institute of Surface Chemistry
and Catalysis, D-89069 Ulm, Germany

The stability of an (electro-)catalyst under reaction conditions is im-
portant for the proper understanding of the underlying (electro-) cat-
alytic processes. In this work we present the structural modifications
of a PtRu model electrode during the electrooxidation of CO and the
resulting changes in the electrocatalytic behavior.

The electrodes are prepared by deposition of Pt (< 1 ML) on
Ru(0001) under ultra high vacuum (UHV) conditions, leading to Pt
monolayer islands with different sizes and densities. Subsequent to the
structural characterization by scanning tunneling microscopy (STM),
the samples are transferred to a pre-chamber equipped with an electro-
chemical laminar flow cell. The electrochemical/-catalytic properties
of the PtRu electrodes were characterized by base cyclic voltammetry
in 0.5 M H2SO4 (potential range of 0 V to 0.9 V or 1.25 V) and by
evaluating their activity for CO bulk electrooxidation. Subsequently,
the samples were transferred back to the UHV to study modifications
of the electrode surface structure by STM. After exposure to higher po-
tentials the surface shows pronounced modifications of the Ru(0001)
surface and small Pt islands, which influences the CO oxidation in
a distinct way. Correlations between electrode structure / structure
modification and reactivity will be discussed.

0 10.3 Mon 11:00 WIL A317
Photoelectrochemical CO2 reduction on silicon electrodes
functionalized with pyridine — Q1 Li', SEBASTIAN LINDNER!,
ANTON TosoriNi!, KATRIN BIcker!, SiMON FILSER!, KONRAD
SCHONLEBER!, IGNAZ HOHLEIN?, BERNHARD RIEGER2, IRENE GRILL3,
REGINA WYRwICH3, JOOST WINTTERLIN®, and KATHARINA KRISCHER!
— !Nonequilibrium Chemical Physics, Physics Department, Techni-
cal University Munich, Germany — 2WACKER-Lehrstuhl fiir Makro-
molekulare Chemie, Chemistry Department, Technical University
Munich, Germany — 3Chemistry Department, Ludwig-Maximilians-
Universitdt Munich, Germany

Solar driven CO2 conversion to fuels or basic chemicals could provide

Location: WIL A317

an exciting new energy storage pathway. Attempts of creating such a
photochemical solar cell have to deal with the large activation barrier
of CO2 reduction which leads to low yields and efficiencies. Bocarsly et
al. reported that in the presence of dissolved pyridine, CO2 can be elec-
trochemically reduced to methanol at illuminated p-GaP electrodes at
a comparably low overpotential [1]. We demonstrate that a functional-
ized p-Si electrode constitutes a promising interface for CO2 reduction.
The interface consists of pyridine molecules which are immobilized via
an electrografting process to the Si-surface. Modified electrodes have
been characterized using electrochemical methods and XPS. Besides
its protective attributes against surface oxidation, the pyridine layer
on top of the p-Si electrode shows increased electrochemical reactivity
towards CO2 reduction. [1] E. Barton, D. Rampulla, A. B. Bocarsly;
J. Am. Chem. Soc., 2008, 130, 6342-6344

O 10.4 Mon 11:15 WIL A317
Implicit solvation model for the first-principles description of
methanol electro-oxidation on Pt electrodes — eSUNG SAKONG
and AXEL GROSS — Institut fiir Theoretische Chemie, Universitit
Ulm, 89069 Ulm, Germany

Within a conventional density functional theory (DFT) framework,
the atomistic description of the electrochemical reactions in a direct
methanol fuel cell often ignores the presence of the aqueous environ-
ment or the dispersion interactions between reaction intermediates and
electrode that can be crucial for a realistic modeling. Recently, Arias
has introduced a joint scheme to treat solute/solvent simultaneously
with combining DFT calculations and an implicit solvent based on the
polarizable continuum model [Modelling Simul. Mater. Sci. Eng. 21
(2013) 074005], which allows to assess electrochemical systems includ-
ing the electrolyte within a first-principles approach.

Using the method, we address the electro-oxidation of methanol on
Pt electrodes and compare it to the corresponding reaction steps at Pt
in vacuum. Practically, we model the electrode as a Pt(111) surface
and investigate the energetics of the reaction intermediates with and
without implicit solution. Furthermore, we test the influence of an ex-
plicit water bilayer at the interface in addition to the implicit solution
on the energetics. The contribution of dispersion interaction to the
stability of reaction intermediates and the height of reaction barriers
in both vacuum and an aqueous environment will also be addressed us-
ing a correction scheme suggested by Tkatchenko and Scheffler [Phys.
Rev. Lett. 102 (2009) 073005].

O 10.5 Mon 11:30 WIL A317
The structure of water at metal interfaces — ¢ TANGLAW ROMAN
and AXEL GROSS — Institute of Theoretical Chemistry, Ulm Univer-
sity, D-89069 Ulm/Germany

The structure of water and adsorbed ions at the interface between a
metal electrode and an electrolyte solution directly impacts the elec-
trode potential, and vice versa [1]. Although water has been the sub-
ject of countless experimental and theoretical investigations, the de-
tails of its structure at electrochemical interfaces are still the subject
of debate [2]. In this talk, we will discuss ab initio molecular dynamics
investigations for interfaces involving Cu, Pt, and Ag. Water is intro-
duced using different surface area densities through supercells that are
unbiased to the formation of bilayers. Dispersion corrections are added
to energies obtained using the RPBE functional which is necessary in
order to obtain the correct wetting behavior of water [3].

[1] S. Schnur and A. Gro8, New J. Phys. 11, 125003 (2009). [2] T.
Roman and A. Grof8, Catal. Today. 202, 183 (2013). [3] K. Tonigold
and A. Gro8, J. Comput. Chem. 33, 695 (2012).

O 10.6 Mon 11:45 WIL A317
Development of a Neural Network Potential for Protonated
Water Clusters — eSURESH KONDATI NATARAJAN, TOBIAS MORAW-
1ETZ, and JORG BEHLER — Lehrstuhl fiir Theoretische Chemie, Ruhr
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Universitdt Bochum, D-44780 Bochum, Germany

Protonated water clusters are important model systems for the dissoci-
ation of water, proton transport and acids in aqueous solution. Many
classical force fields are not applicable to the dissociation of water or
proton transport due to their inability to describe the making and
breaking of bonds. Recently, high-dimensional neural networks (NNs)
[1-2] have been introduced as an efficient way to represent interatomic
potentials based on electronic structure calculations. Here, we present
a NN potential for protonated water clusters with up to eight water
molecules. The results are discussed and compared to density func-
tional theory data.

[1] J. Behler and M. Parrinello, Phys. Rev. Lett., vol. 98, p.146401,
2007.

[2] J. Behler, Phys. Chem. Chem. Phys., vol. 13, p.17930, 2011.

0 10.7 Mon 12:00 WIL A317
The electrostatic double layer of Pt/water interfaces from
first principles molecular dynamics. — e¢CLOTILDE S. CUCINOTTA
and STEFANO SANVITO — School of Physics and CRANN, Trinity Col-
lege Dublin, College Green, Dublin 2, Ireland

The formation of the electrostatic double layer is the most basic phe-
nomenon taking place at electrified interfaces. However, even in the
relatively simple case of a Pt/water interface, none of the current the-
oretical approaches provides a realistic microscopic view of this dou-
ble layer (DL), accounting for electronic, polarization and solvent re-
organization effects. Here we provide for the first time a comprehensive
description of the DL of a Pt-water interface, based on ab initio com-
putations, including charge polarization effects at both sides of the
interface, explicit solvent and its rearrangements upon changing the
electrode polarization. This interface has been modeled with up to
1000 atoms. A simple, fully dissociated salt in solution has been ex-
plicitly included. Varying the relative number of cations and anions
provides a way to control the charge on the electrode, controlling, in
turn, the applied potential. The proposed approach allows to provide
a detailed description of the structure of the Pt/water DL reproducing
the localization of electric field and potential energy drop within a mi-
croscopic distance from the metal surface. An a posteriori calibration
of the relation between charge and potential is performed, analyzing
the potential energy profile vs. the distance from the electrode for any
given charge, providing for the first time a realistic ab initio determi-
nation of the interface capacitance and the point of zero charge.

O 10.8 Mon 12:15 WIL A317
Ab initio molecular dynamics approach to adsorption pro-
cesses of water molecules on Pt surface — eMARYAM NADERIAN
and AXEL GROSS — Institute of Theoretical Chemistry, University of
Ulm, D-89069 Ulm, Germany

The processes involved in the interaction of water with surfaces play
a very important role in the fields of electrochemistry and surface sci-
ence. We perform ab initio molecular dynamics (AIMD) simulations
to address the adsorption process of water molecules on Pt(111). The
AIMD simulations are based on periodic density functional theory
calculations using the RPBE funtional in connection with disperssion
correction, as the correct wetting behavior of water on close-packed
metal surfaces is reproduced by using the RPBE-D3 aproach [1]. Spe-
cial attention is paid to the role of the internal degrees of freedom of
the water molecules upon impinging on the Pt substrate, as temporary
kinetic energy from the center-of-mass motion might be transferred
into vibrations and rotations thus leading to a more efficient energy
dissipation which is crucial for molecular adsorption [2]. Furthermore,
the sticking probability will be presented as a function of initial kinetic
energy of water and/or water coverage. Also the initial processes of
the water network formation on metal surfaces shall be addressed
based on AIMD trajectories.

[1] K. Tonigold and A. Gro8, J. Comput. Chem. 33, 695-701 (2012) .
[2] A. GroB et al, Surf. Sci. 539, L542-L548 (2003).

0 10.9 Mon 12:30 WIL A317

Copper (110) surface in thermodynamic equilibrium with

water vapor - Entropy effect — ®AMIRREZA BAGHBANPOURASL!,
KURT HINGERL!, and WoLF GERO ScuHMIDT? — !Johannes Kepler
University Linz — 2University of Paderborn

In this contribution we study the interaction of Cu(110) surface with
water vapor in a wide range of environment conditions. Theoretical
and experimental studies for determining the adsorption structures
of water on Cu(110) surface, are mostly performed for/in UHV and
low temperature condition. For extending the validity of the studies
to higher pressure and temperature it is needed to include the ther-
modynamic properties of water in the environment and the effect of
vibrations of adsorbed molecules in the calculation of free energy. We
applied Density Functional Theory on a relatively large group of known
structures of locally stable water/Hydroxyl on Cu(110) surface, as a
starting point, to calculate different contributions to adsorption free
energy, coming from electronic interaction, zero point and thermal vi-
brations. The study shows that vibrational effects are negligible on the
phase diagram. The net effect of zero point and thermal vibrations is
increasing the temperature of the phase transition (for each pressure)
with about 20 K.

0 10.10 Mon 12:45 WIL A317
First-principles study of the water structure on flat and
stepped Pb surfaces — eXIAOHANG LIN and AXEL GROsS — In-
stitute of Theoretical Chemistry, Ulm University, D-89069 Ulm, Ger-
many

The geometric structure and electronic properties of single water lay-
ers on flat and stepped Pb surfaces have been addressed by periodic
density functional theory (DFT) calculations. Pb is often used as an
electrode material in electrochemical applications such as the electro-
chemical atomic-scale quantum conductance switch [1]. As a first step
in the modeling of this switch, we had considered Pb deposition and
diffusion processes on stepped Pb surfaces. As the next step, we study
the interaction between water and and flat and stepped Pb substrates
which is important for an understanding of the switching processes.
Because of the large lattice constant, water layers on Pb surfaces ex-
hibit completely different structures than, e.g., on transition metals
such as Au, Ag and Pt [2, 3]. In order to understand the structure
formation and the Pb-water interaction, the electronic structure of
water layers on Pb surfaces, in particular on stepped surfaces, will be
discussed.

(1] F.-Q. Xie et al., Phys. Rev. Lett. 93, 128303 (2004).
[2] X. Lin and A. Gro8, Surf. Sci. 606, 886 (2012).
[3] S. Schnur and A. GroB8, New J. Phys. 11, 125003 (2009).

O 10.11 Mon 13:00 WIL A317
Insights on the Microscopic Mechanisms of Anisotropic
Growth of Gold Nanorods from Molecular dynamics simu-
lations — eSANTOSH MEENA and MARIALORE SULPIZI — Condensed
Matter Theory, Institute of Physics, Johannes Gutenberg University,
Staudingerweg 7, 55128 Mainz, Germany

Gold nanorods are normally prepared using seed-mediated growth
technique, which require gold seeds, ascorbic acid and aqueous
cetyltrimethylammonium bromide (CTAB) solution of HAuCLA4.
Crystal twinning of seeds results into formation of pentatetrahedral
nanorod structure with different facets[1]. Although possible mech-
anism have been proposed, the microscopic understanding of the
anisotropic growth is still missing. We provide the first atomistic model
of adsorption of CTAB on different surfaces, namely (111), (110) and
(100) in growing electrolyte solution. We find that on all the investi-
gated surfaces, the CTAB form a layer of distorted cylindrical micelles
where channels among micelles would provide direct ions access to the
surface. In particular, we show how AuCl2- ions, can freely diffuse
from the bulk solution to the gold surface[2]. Furthermore, we inves-
tigate the effect of halide ions (X= Cl- , Br- and I-) on adsorption of
CTAX on the (111) surface and we provide a rational for the influence
of halide ions on anisotropy of gold nanoparticles.

[1] C. J. Murphy, T. K. Sau, A. M. Gole, C. J. Orendorff, J. Gao, L.
Gou, S. E. Hunyadi, T. Li, J. Phys. Chem. B 2005, 109, 13857-13870

[2] S. K. Meena, M. Sulpizi, Langmuir 2013, DOI: 10.1021/1a403843n
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O 11.1 Mon 10:30 WIL C107
Two Dimensional Square-like Bismuth Oxyiodine Nanosheets
with High Efficient Visible-Light Driven Photocatalytic Ac-
tivity — eYAN Mi, MIN ZHOU, L1IAOYONG WEN, and YONG LEI —
Ilmenau University of Technology, Institute of Physics & IMN Macro-
Nano(ZIK) Prof. Schmidt-Str. 26, 98693 Ilmenau (Germany)

Two dimensional (2D) square-like bismuth oxyiodine (BiOI)
nanosheets with thickness of about 10 nm and exposed {001} facets
are obtained by a facile hydrothermal route without any surfactant
and speical solvent. The photocatalytic performance of as-prepared 2D
square-like BiOI nanosheets are evaluated by the photodegradation of
rhodamine-B (RhB), methyl orange (MO) and phenol under visible-
light irradiation. The products show highly efficient photocatalytic
performance and good photostability and recyclability under the vis-
ible light irradiation. The efficient visible-light driven photocatalytic
activity can be ascribed to the thin 2D square shape nanosheet with
exposed {001} facet, which provides appropriate diffusion length and
self-induced internal static electric fields direction of BiOIl, improves
the separation efficiency of photoinduced electron-hole pairs in BiOI
nanosheets.

O 11.2 Mon 10:45 WIL C107
Tandem nanostructure for solar water splitting — eSTEFAN
BOSEMANN, LiaAoyOoONG WEN, FABIAN GROTE, and YANG XU — Ilme-
nau University of Technology, Institute of Physics & IMN MacroNano
(ZIK), Prof. Schmidt-Str. 26, 98693 Ilmenau (Germany)

A promising solution to challenge the problems of renewable energies
like absence of sufficient storage facilities and energy transportation is
offered by water splitting. In order to separate water into hydrogen
and oxygen, a theoretical energy of 1.23 eV is needed, which can be up
to 1.6 - 2.4 eV considering overpotentials. Besides, the minimum of the
conduction band of the active semiconductor has to be lower than the
redox potential of H4+/H2 and the maximum of the valance band has
to be higher than the redox potential of O2/H20. Furthermore, lights
absorption and material stability in electrolytes are very important
aspects in regarding to efficient solar water splitting. To fulfill these
requirements with only one absorber, a semiconductor with a large
bandgap is necessary and thus can only absorb a small fraction of the
incident sunlight. Hence, it is essential for an efficient water splitting
system to be constructed of more than one absorbing material with
different bandgaps to utilize a larger fraction of the incoming light and
generate O2 and H2 in a single device. We have developed a tandem
structure consisting of two-sided ordered semiconductor nanorods by
using anodic aluminum oxide (AAO) templates. The two-sided ordered
tandem architecture enables not only the complete water splitting but
also a large surface and consequently an increased light absorption and
a high surface reaction area.

O 11.3 Mon 11:00 WIL C107
Ab-initio simulations of copper-modified titania photocata-
lysts — eNIcOLA SERIANI — The Abdus Salam ICTP

Titania modified with transition or coinage metals has a great poten-
tial as a photocatalyst for the conversion of water and carbon dioxide
into hydrocarbons. In particular, copper is interesting for its positive
effect on the activity of the system. Still, it is not clear yet what the
role of copper is in the overall mechanism, for the photoabsorption,
for charge separation and for the chemical reactions taking place on
the system. To shed light on these aspects, first-principles simulations
based on density functional theory have been performed in three cases:
copper doping in bulk titania, small copper clusters on titania surfaces
and large particles on titania surfaces. The (101) and (100) surfaces
of anatase were considered. Regardless whether copper is present in
the bulk or at the surface of titania, its presence has an effect on the
local atomic structure of the semiconductor, as well as on the elec-
tronic structure of the system. The presence of copper can lead to
changes in the edges of valence and conduction bands, but also to the
appearance of mid-gap states, depending on the atomic structure of
the cluster and the coordination of the copper atoms. Finally, water
dissociation has been investigated. These results give an insight over
the role of copper in the photoabsorption and in the subsequent steps
of the photocatalytic cycle.

Location: WIL C107

O 11.4 Mon 11:15 WIL C107
Large scale ordered binary nanopatterns via pre-patterned
anodic aluminum oxide — eL1AOYONG WEN, YAN M1, CHENGLIANG
WANG, FABIAN GROTE, HUAPING ZHAO, MIN ZHOU, and YONG LEI —
Ilmenau University of Technology, Institute of Physics & IMN Macro-
Nano* (ZIK) Prof. Schmidt-Str. 26, 98693 Ilmenau Ilmenau, Ilmenau,
Germany

Multicomponent nanopatterns, such as binary superlattices, consist of
two or more kinds of materials or morphologically dissimilar nanocom-
ponents.  Unlike single component counterparts, multicomponent
nanopatterns offer enormous diversities in the pattern shape, material
composition and corresponding functionality. Nevertheless, there are
very few simply lithographic techniques capable of constructing such
nanopatterns in one single domain area. Nanoporous anodic aluminum
oxide (AAO) has been intensively exploited as a template technique
for the preparation of many kinds of nanostructures. However, the
existing AAO only consist of single-sharp, monodisperse nanopores.
Herein, we develop a novel selective etching approach to address this
limitation and successfully generate ordered binary nanopores. The
size of the binary nanopores is independently tunable without influ-
encing the pattern periodicity and the well-established etching meth-
ods are scalable to arbitrary large area processing. More importantly,
combing with other growth or deposition techniques, the ordered bi-
nary pores can act as a template to realizing different kind of ordered
binary nanopatterns, such as binary nanowires, tubes or dots array.

O 11.5 Mon 11:30 WIL C107
Structure and Self-assembly of Two-dimensional Manganese
Gallium Quantum Height Islands and One-dimensional
Atomic Chains on Wurtzite GaN (0001) — eJEONGIHM PAK,
MENG SHI, ANDRADA-OANA MANDRU, ABHUIT CHINCHORE, and
ARTHUR SMITH — Nanoscale and Quantum Phenomena Institute, De-
partment of Physics and Astronomy, Ohio University, Athens, OH
45701 USA

We describe the spontaneous formation of five and six-monolayer quan-
tum height manganese gallium islands and atomic chains on gallium-
rich, nitrogen polar GaN(0001). From ex-situ MOKE measurements at
room temperature, we expect these MnGa islands to be ferromagnetic.
The structural evolution is followed from the beginning of growth using
reflection high energy electron diffraction, in which a dotted 2x pattern
is observed to form. In-situ scanning tunneling microscopy is also used
to investigate the islands* structures with atomic resolution. Based on
all the observations, we propose possible bulk and surface models for
the islands. A possible bonding structure at the substrate/island in-
terface is also discussed in which Mn atoms substitute for Ga atoms
within the Ga adlayer thus bonding with nitrogen, making the MnGa
islands bonded directly to the last GaN bilayer. The atomic chain
model on the six-layer island surface is also discussed. STM observa-
tions of atomic-chain interconnection on the six-layer island surface in-
dicate a dynamic system at room temperature. The models presented
here should serve as useful starting points for theoretical calculations.

O 11.6 Mon 11:45 WIL C107
Tunable superradiance in porphyrin chains on insulating sur-
faces — oSEBASTIAAN VLAMING and ALEXANDER EISFELD — Max
Planck Institute for Physics of Complex Systems, Dresden, Germany

Recent experiments have shown that it is possible to synthesize col-
lections of effective one-dimensional chains of non-covalently bound
porphyrins on various surfaces.[1,2] We provide a study of the optical
absorption properties of these systems, and we show that generally
one expects the appearance of multiple superradiant transitions which
can be both redshifted or blueshifted with respect to the monomer
transitions. In addition, porphyrin chains can simultaneously support
both redshifted and blueshifted features in the absorption spectrum.
The energies, oscillator strengths and polarizations of the excitonic
transitions can be understood in terms of Davydov splitting of chains
with one transition per molecule. A distribution over chain lengths
is proposed as a mechanism for the broadening of the superradiant
transitions.

[1] S. Maier et al., Small 4, 115 (2008); Th. Glatzel et al., Isr. J.
Chem. 48, 107 (2008). [2] C. Troppner et al., Phys. Rev. B 86, 235407
(2012).



Surface Science Division (O)

Monday

O 11.7 Mon 12:00 WIL C107
Structure formation of lipophilic molecules on surfaces: a
computational study — ePRITAM KUMAR JANA and ANDREAS
HEUER — Institute of Physical Chemistry, University of Muenster,
Corrensstr. 28/30, Muenster, Germany

Understanding of STM images of different adsorbed molecules and
the mechanism of structure formation is a very important aspect in
the field of surface science due to its technological relevance. Here
we are interested in the structure formation of lipophilic molecules,
containing a nucleobase as the head group. Recently the group of
Prof. Lifeng Chi has observed that N9-substituted adenine deriva-
tive in solution form two different types of structures (intercalation vs.
stripe patterns) on the surface[l]. Repeating this experiment for va-
por deposited molecules, an additional impact of deposition rate and
substrate temperature on structure formation can be seen.

We present kinetic lattice Monte Carlo simulations where the
molecules are represented in a minimum fashion, keeping the key prop-
erties of hydrogen bonding and van der Waals chain-chain interaction.
Most model parameters can be taken from quantum-chemical calcula-
tions[1]. The quality of structure formation in dependence on flux and
temperature as well as the relative fraction of both phases is analysed
and compared with the experimental data.

[1] Z. Mu, O. Rubner, M. Bamler, T. Blomker, G. Kehr, G. Erker,
A. Heuer, H. Fuchs, and L. Chi, Langmuir 29 (2013) 10737-10743.

O 11.8 Mon 12:15 WIL C107
Electrostatic interaction between colloids trapped at an elec-
trolyte interface — e ARGHYA MAJEE, MARKUS BIER, and SIEGFRIED
DIETRICH — Max Planck Institute IS and University of Stuttgart, Ger-
many

Self-assembly of stably trapped colloidal particles at electrolyte inter-
faces has attracted much interest in recent years. For large separations
between the charged particles, the repulsive part of the interaction can
be compared to a dipole-dipole interaction. However for distances close
to the particle this simple dipolar picture cannot be applied. In this
contribution we will consider the case of colloids situated very close
(750-100 nm) to each other at an electrolyte interface by going beyond
the superposition approximation [1]. Within an appropriate model ex-
act analytic expressions for the electrostatic potential as well as for the
surface and line interaction energies are obtained. They demonstrate
that the widely used superposition approximation, which is commonly
applied to large distances between the colloidal particles, fails qualita-
tively at small distances and is quantitatively unreliable even at large
distances. Our results contribute to an improved description of the
interaction between colloidal particles trapped at fluid interfaces.

[1] ”Electrostatic interaction between colloidal particles trapped at
an electrolyte interface” by A. Majee, M. Bier, and S. Dietrich (sub-
mitted).

O 11.9 Mon 12:30 WIL C107
Nanocomposites with functions of biomedical nanorobots —
elEVGEN PYLYPCHUK and PETRO GORBYK — Ukraine, Kyiv, Gen.
Naumov str. 17

The modern level of nanotechnology permits creating unique means
for medicine and biology. Their introduction into practice is the basis
of the contemporary progress in diagnostics and therapy, in particular,
at the cell and genetic levels. Researchers® interest in magnetosensi-

tive biocompatible nanoparticles arises from the possibilities to control
their motion in biological medium by external magnetic *eld, use for
targeted drug delivery, form local hyperthermia zones, create new types
of adsorbents, means for early diagnostics of diseases, etc.

Recent advances in cross-disciplinary nanoscience and nanotechnol-
ogy have led to further and rapid developments of new *nanohybrids*
as probes for molecular imaging, MRI, neutron capture therapy(NCT),
targeted drug delivery, different kinds of therapy which are sensitive
to pH, magnetic field, neutron irradiation etc. All of these parametres
inherent to biomedical nanorobots.

Developed methods of immobilization of different bio-compounds on
to surface of nanosized magnetite. Nanocomposites was characterized
by vibrating sample magnetometry, IR-spectroscopy, X-ray diffraction
and X-ray photoelectron spectroscopy etc.

O 11.10 Mon 12:45 WIL C107
Large-scale Replication of Optical Nanostructures Inspired
by Blue Morpho Butterflies — eCLAUDIA ZEIGER, NORBERT
SCHNEIDER, ALEXANDER KOLEW, MARC SCHNEIDER, RADWANUL H.
SIDDIQUE, HENDRIK HOLSCHER, and MATTHIAS WORGULL — Institute
of Microstructure Technology (IMT), Karlsruhe Institute of Technol-
ogy (KIT)

Morpho butterflies show an impressive iridescent blue color which does
not originate from pigmentation but from sophisticated nanostruc-
tures. The ”Christmas-tree-like” morphology of these structures has
been investigated for a long time since numerous technical applications
could benefit from the large-scale replication of Morpho-like structures,
ranging from pigment-free colors to thermal imaging sensors and chem-
ical sensors. However, the large-scale replication of sophisticated 3D
micro- and nanostructures faces difficulties even today.

We developed a technology to overcome this problem and to fabri-
cate such structures on large scales in a cost-effective way. Our unique
combination of hot embossing and microthermoforming allows the easy
implementation of other non-optical features like superhydrophobicity
and self-cleaning as well. Hot embossing is applied to imprint nano-
structures in a polymer foil which is subsequently shaped on the micro-
scale by microthermoforming. This process enables the replication of
structure sizes several orders of magnitude smaller than conventional
thermoforming. We demonstrate the features of this technique by man-
ufacturing optical structures inspired by Morpho butterflies as well as
refractive gratings.

O 11.11 Mon 13:00 WIL C107
Parallel Fabrication of User Defined Patterns Using Scanning
Particle Lens Array — e¢WEI Guo — Manufacturing Technology
Research Laboratory, B38f Sackville Street Building, School of Me-
chanical Aerospace and Civil Engineering, The University of Manch-
ester, Manchester, M13 9PL

Direct laser writing of parallel patterns over a large area is achieved
by an efficient and low-cost technique using scanning particle lens ar-
ray. With near-field enhancement created by particle lenses, a single
laser beam can be split into millions of nano laser jets. By scanning
the laser beam at various angles, user defined patterns such as lines,
curves and even letters can be generated simultaneously. Up to 100
million periodic features with nano or sub-micro scale can be produced
within tens of seconds over an area of 5 mm * 5 mm. In addition, over-
writing same patterns on previous locations can be performed without
any relocation or misalignment issues.
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Invited Talk O 12.1 Mon 15:00 TRE Phy
Uncovering Molecular Orbitals by ARPES — eACHIM
ScHOLL — Experimentelle Physik VII, Universitit Wiirzburg, 97074
Wiirzburg, Germany — Karlsruher Institut fiir Technologie (KIT),
Gemeinschaftslabor fiir Nanoanalytik, 76021 Karlsruhe, Germany

Electrons are responsible for the structural, chemical and physical
properties of materials. As one of the fundamental concepts of quan-
tum mechanics, electrons in molecules are described by molecular or-
bitals. Consequently, visualizing these wave functions experimentally
has been highly desired ever since quantum mechanics was established.

I will demonstrate how Angle Resolved Photoelectron Spectroscopy
(ARPES) can provide unprecedented information on molecular orbitals
by mapping the angle dependent intensity patterns of photoelectrons

Location: TRE Phy

with a Photoelectron Emission Microscope (PEEM). The full poten-
tial of this tomographic technique becomes obvious by providing three-
dimensional images of orbitals in real space. While this has already
been proposed theoretically, I will demonstrate how 3D-imaging of
molecular orbitals is feasible for the first time by momentum mapping
with a PEEM and synchrotron radiation. This allows reconstruction
of the molecular orbital in momentum space from the hemispherical
k-space tomograms. The phase information, which is usually lost in
the experiment but mandatory for the Fourier transformation of the
orbital data into real space, can be derived from experiments with cir-
cular light polarization. In consequence, the full molecular orbital can
be uncovered in 3D in real space, thus providing fascinating insight
into the properties of electrons in molecules.

O 13: Focus Session: New Trends in Molecular Magnetism (MA jointly with O, TT)
Organizers: J. Schnack (U. Bielefeld), O. Waldmann (U. Freiburg)

During the past 25 years molecular magnetism has developed into a broad field. Today’s major research
directions include applications in quantum computing or as quantum simulators as well as the use as
sub-Kelvin magnetic refrigerants. For direct manipulation as part of spintronic systems molecules are
deposited and manipulated on surfaces. The progress of this interdisciplinary field is intimately related to
the ability of coordination chemists to synthesize unprecedented molecules, to the ability of experimental
physicists to characterize them as well as to the ability of theorists to model their properties.

Time: Monday 15:00-17:30

Topical Talk O 13.1 Mon 15:00 HSZ 04
Spin dynamics in Molecular Nanomagnets — STEFANO CAR-
RETTA — Dipartimento di Fisica e Scienze della Terra, Universita’ di
Parma, 1-43124 Parma, Italy

Molecular nanomagnets (MNMs) have been test beds for addressing
several quantum phenomena. In particular, one of the major current
objectives is to exploit their coherent spin dynamics for quantum infor-
mation processing (QIP). We show that recently developed instrumen-
tation yields the four-dimensional inelastic-neutron scattering function
and enables the direct determination of the spin dynamics [1]. We use
the Cr8 antiferromagnetic ring as a benchmark to demonstrate the po-
tential of this approach, which allows us, for instance, to examine how
quantum fluctuations propagate along the ring. We show that param-
eters of the spin Hamiltonian can be reliably calculated ab-initio. In
particular, we present a flexible and effective ab-initio scheme to build
many-body models for MNMs, and to calculate magnetic exchange
couplings and zero-field splittings [2]. We have applied this scheme
to three paradigmatic systems, the antiferromagnetic rings Cr8 and
Cr7Ni and the single molecule magnet Fe4 and have found excellent
agreement with experimental results. At last, we discuss the dynamics
of ensembles of spin systems coherently coupled to microwave photons
in coplanar waveguide resonators. We introduce a scheme to perform
QIP that is based on a hybrid spin-photon qubit encoding [3].

[1] M. Baker et al, Nature Physics 8, 906 (2012); [2] A. Chiesa et
al, Phys. Rev. Lett. 110, 157204 (2013); [3] S. Carretta, et al, Phys.
Rev. Lett. 111, 110501 (2013).

Topical Talk O 13.2 Mon 15:30 HSZ 04
Exchange interaction in lanthanides — eLi1viu CHIBOTARU, LiviUu
UNGUR, NAOYA IWAHARA, and VEACESLAV VIERU — Theory of Nano-
materials Group, KU Leuven, Heverlee, Belgium

Using ab initio, DF'T and model calculations we analyze the main fea-
tures of exchange interactions in lanthanide complexes.

Andersons superexchange model is applied for analytical derivation
of exchange interaction between total magnetic moments J; and Jo
corresponding to ground atomic multiplets of two exchange-coupled
lanthanide ions. Despite the common belief that the exchange interac-
tion is of ~ J; - Jo form, we find it strongly anisotropic. If the crystal
field (CF) on Ln sites exceeds significantly the exchange splitting, the
exchange interaction between low-lying CF doublet states generally
becomes of non-collinear Ising type.

In the case of exchange-coupled lanthanide ion (J) and isotropic

Location: HSZ 04

magnetic center (S) the exchange interaction is found not to be of the
form ~ J - S, as supposed before, but again very anisotropic. When
the CF splitting on Ln exceeds the exchange splitting, the exchange
interaction between the low-lying CF doublet on Ln and the isotropic
spin generally becomes of collinear Ising type.

Finally, we give arguments why the mixed Ln-TM complexes are
more efficient SMMs than pure Ln ones despite less anisotropic mag-
netic ions involved.

Topical Talk O 13.3 Mon 16:00 HSZ 04
Cool molecules — eMARCO EVANGELISTI — Instituto de Ciencia de
Materiales de Aragén, CSIC - Universidad de Zaragoza, Departamento
de Fisica de la Materia Condensada, 50009 Zaragoza, Spain

The recent progress in molecule-based magnetic materials exhibiting a
large magnetocaloric effect at liquid-helium temperatures is reviewed.
Advanced applications and future perspectives in cryogenic magnetic
refrigeration are also discussed.

Topical Talk O 13.4 Mon 16:30 HSZ 04
Bulk and submonolayer studies of novel single-ion molecular
magnets — oJAN DREISER — Ecole Polytechnique Federale de Lau-
sanne, Institute of Condensed Matter Physics, 1015 Lausanne, Switzer-
land — Swiss Light Source, Paul Scherrer Institut, 5232 Villigen PSI,
Switzerland

Single-ion magnets (SIMs) [1,2] contain a single transition-metal or
rare-earth ion embedded in an organic ligand. In contrast to many
other mononuclear molecular magnets, SIMs exhibit long magnetiza-
tion relaxation times at low temperatures ranging from milliseconds to
more than hours. In order to exploit their properties in possible ap-
plications they should be organized and addressable one-by-one [3]. A
promising path to achieve this goal is the deposition of submonolayers
of SIMs on to surfaces.

In this talk I will report on our recent studies of the Er(trensal)
SIM [2] in which the Er(III) ion is seven-fold coordinated to the very
robust tripodal ligand. In addition to the investigations of the bulk
phase I will present first results obtained on (sub)monolayer deposits
on metallic surfaces using X-ray magnetic circular dichroism and scan-
ning tunneling microscopy.

[1] N. Ishikawa, M. Sugita, T. Ishikawa, S.-y. Koshihara, Y. Kaizu,
J. Am. Chem. Soc. 2003, 125, 8694; [2] K. S. Pedersen, L. Ungur,
M. Sigrist, A. Sundt, M. Schau-Magnussen, V. Vieru, H. Mutka, S.
Rols, H. Weihe, O. Waldmann, L. F. Chibotaru, J. Bendix, J. Dreiser,
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submitted; [3] D. Gatteschi, A. Cornia, M. Mannini, R. Sessoli, Inorg.
Chem. 2009, 48, 3408.

Topical Talk O 13.5 Mon 17:00 HSZ 04
When Organic Materials Interact with Ferromagnetic Sur-
faces: A First-Principles Perspective — eNICOLAE ATODIRESEI
— Peter Griinberg Institut (PGI-1) and Institute for Advanced Sim-
ulation (IAS-1), Forschungszentrum Jiilich and JARA, 52425 Jiilich,
Germany

The adsorption of m-conjugated organic materials on ferromagnetic
surfaces offers the possibility to merge the concepts of molecular elec-

tronics with spintronics to build future nanoscale data storage, sensing
and computing multifunctional devices. Based on the density func-
tional theory, we performed theoretical studies to understand how to
tailor the magnetic properties of organic-ferromagnetic interfaces. For
such hybrid systems, the magnetic properties like molecular magnetic
moments and their spatial orientation, the spin-polarization and the
magnetic exchange coupling can be specifically tuned by an appropri-
ate choice of the organic material and ferromagnetic surface. [1] N.
Atodiresei et al., Phys. Rev. Lett. 105, 066601 (2010); [2] N. Atodire-
sei et al., Phys. Rev. B 84, 172402 (2011); [3] K. V. Raman et al.,
Nature 493, 509 (2013); [4] M. Callsen et al., Phys. Rev. Lett. 111,
106805 (2013).

O 14: Organic/bio Molecules on Metal Surfaces Il

Time: Monday 16:00-19:00

O 14.1 Mon 16:00 TRE Phy
Adsorption behavior of porphycenes on a Cu(111) surface:
A scanning tunneling microscopy study — eMICHAEL STARK,
STEFANIE DITZE, MICHAEL LEPPER, JOHANNES TRAG, LIANG ZHANG,
HANS-PETER STEINRUCK, and HUBERTUS MARBACH — Lehrstuhl fiir
Physikalische Chemie II and Interdisciplinary Center for Molecular
Materials (ICMM), Universitat Erlangen-Niirnberg, Egerlandstr. 3,
D-91058

The knowledge of the adsorption behavior of large organic molecules,
like porphyrin derivatives, on surfaces is a prerequisite to engineer
their supramolecular architecture and to finally utilize their functional
properties. Herein, we expand the surface science studies of porphyrins
to their constitutional isomers, the so-called porphycenes. We investi-
gate 2H-2,7,12,17-tetraphenylporphycene (2HTPPc) and 2H-2,7,12,17-
tetrakis-(4-tert-butyl)-phenylporphycene (2HTTBPPc) on Cu(111)
with scanning tunneling microscopy (STM) under ultra-high vacuum
(UHV) conditions. Thereby, we found a dominant registry of the
porphycene core with the substrate, regardless of its peripheral sub-
stituents and the actual supramolecular structures formed. Different
supramolecular structures were identified depending on the peripheral
substituents of the porphycenes. A particular interesting behavior is
observed for 2HTPPc which assembles in highly ordered rows sepa-
rated by rather loosely arranged molecular rows. In the latter we also
observe occasional rotation of individual molecules at room tempera-
ture. The results will be presented and discussed addressing the role
of specific molecule-molecule interactions.

O 14.2 Mon 16:15 TRE Phy
Interplay of hydrogen bonding and molecule-substrate in-
teraction in self-assembled adlayer structures of tetra(p-
hydroxyphenyl)porphyrin on Ag(110) — eLARS SMYKALLA!,
PAVEL SHUKRYNAU!, MicHAEL HieTscHoLD!, CAROLA MENDEZ?, and
HEINRICH LANG2 — lTechnische Universitdt Chemnitz, Institute of
Physics, Solid Surfaces Analysis Group, D-09107 Chemnitz, Germany
— 2Technische Universitit Chemnitz, Institute of Chemistry, Inor-
ganic Chemistry, D-09107 Chemnitz, Germany

The construction of desired molecular architectures on surfaces can
be achieved by the self-assembly of molecular building blocks. The
arrangement of adsorbed molecules is mainly controlled by a complex
interplay between intermolecular interactions, such as hydrogen bonds,
dispersion and electrostatic interactions, and the molecule-substrate
interaction, that is the adsorption on favourable positions on the sub-
strate lattice. We report on the adsorption and self-organisation of
5,10,15,20-tetra(p-hydroxyphenyl)porphyrin molecules on the highly
anisotropic Ag(110) surface. One-dimensional molecular chains as well
as three molecular structures with large unit cells, each containing a
different number of molecules, were observed using scanning tunnelling
microscopy. The molecules in the arrangements form hydrogen bonds
and, additionally, show 77 stacking of phenyl-groups. The difference
between the unit cells is the number of hydrogen bonds per molecule
and correspondingly a different epitaxy. Density Functional Theory
calculations are presented to explain the complex adsorption and epi-
taxial behaviour of these molecules on Ag(110) in detail.

O 14.3 Mon 16:30 TRE Phy
Fabrication of chemical templates for the selective adsorption
of functional molecules by Focused Electron Beam Induced
Processing — eMARTIN DROST, FAN Tu, ESTHER CARRASCO, FLO-

Location: TRE Phy

RIAN VOLLNHALS, HANS-PETER STEINRUCK, and HUBERTUS MARBACH
— Lehrstuhl fiir Physikalische Chemie II, Universitat Erlangen-Niirn-
berg, Egerlandstr. 3, D-91058

The fabrication of well-defined nanostructures is usually realized by
choosing one of the two main methods: the bottom-up approach, e.g.
the self-assembly of supramolecular structures on surfaces, and top-
down methods like electron beam lithography. We target at combin-
ing both methods such that local surface modifications by focused
electron beam induced processing (FEBIP) act as a template for
the adsorption of functional molecules, here 2H-Tetraphenylporphyrin
(2HTPP). First, the adsorption behavior of 2HTPP on metal surfaces
like Cu(111) and Rh(110) with and without adsorbed oxygen was stud-
ied. Second, the feasibility of locally altering the surface by FEBIP, e.g.
by local electron induced oxygen desorption for the directed adsorp-
tion of 2HTPP, was investigated by a combination of Scanning Electron
Microscopy (SEM), Auger Electron Spectroscopy (AES) and Scanning
Tunneling Microscopy (STM). Latest results will be presented and dis-
cussed.

This work was supported by the DFG via grant MA 4246/1-2 and
MA 4246/2-1.

O 14.4 Mon 16:45 TRE Phy
Adsorption geometry and intramolecular conformation of
Ni(II)-tetraphenyl-benzoporphyrin on Cu(111) — eLIANG
ZHANG, MICHAEL LEPPER, MICHAEL STARK, STEFANIE DITZE, HANS-
PETER STEINRUCK, and HUBERTUS MARBACH — Lehrstuhl fiir
PhysikalischeChemie II and Interdisciplinary Center for Molecular Ma-
terials (ICMM), Universitdt Erlangen-Niirnberg, Egerlandstr. 3, D-
91058

Self-assembly of molecular building blocks on well-defined surfaces by
supramolecular coordination provides a promising approach for the
bottom-up fabrication of two-dimensional nanostructures with out-
standing properties. In this respect, porphyrins are particularly at-
tractive because of their distinct chemical and physical properties.

In this presentation, we expand our scanning tunneling microscopy
studies to the adsorption of Ni(II)-tetraphenyl-benzoporphyrin
(NiTPBP) on Cu(111) under ultra-high vacuum (UHV) conditions,
mainly at room temperature (RT). NiTPBP shows a peculiar in-
teresting adsorption behavior with coexisting domains of different
supramolecular structure and individual molecules exhibiting deviant
orientation within a particular supramolecular arrangement. The ob-
served supramolecular assemblies, the corresponding intermolecular in-
teractions and the dynamic behavior of the molecules will be discussed
in detail.

O 14.5 Mon 17:00 TRE Phy
Controlling intramolecular hydrogen transfer — eTAKASHI
KuMAGAI!, FELIX HANKE2, SYLWESTER GAWINKOWSKI®, JOHN
SHARP?, KONSTANTINOS KOTs1s?, JACEK WALIK®, MATS PERSSON?#,
and LEONHARD GRILLY® — 1Fritz-Haber Institute, Berlin, Germany
— 2University of Liverpool, Liverpool, UK — 3Polish Academy of
Science, Warsaw, Poland — “Chalmers University of Technology,
Goteborg, Sweden — ®University of Graz, Graz, Austria

Although the local environment of a molecule can play an important
role in its chemistry, rarely has it been examined experimentally at
the level of individual molecules. We report the precise control of
intramolecular hydrogen transfer reactions (i.e. tautomerization) in
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single porphycene molecules using low-temperature scanning tunnel-
ing microscopy (STM) [1]. Single porphycene molecules adsorbed on a
Cu(110) surface were imaged by STM at 5 K and found to have only
cis configuration in which the inner H-atoms located on the one side
in the cavity. The cis-cis tautomerization is induced either by STM
via inelastic electron tunneling process at 5 K or thermal activation at
elevated temperatures. We found that the tautomerization can be pre-
cisely tuned up and down by placing a Cu adatom nearby a molecule.
The adatom is controlled using the STM manipulation.
[1] T. Kumagai et al. Nature Chemistry, accepted.

O 146 Mon 17:15 TRE Phy
Copper Phthalocyanine Monolayers and Multilayers on
Ag(110) and Ag(111) surfaces — oKATHRIN SCHONAUERZ
MARTIN WILLENBOCKEL!2, BENJAMIN STADTMULLER!:2, CHRISTIAN
Kumprb2 SERGEY Sousarcu>?, and STEFAN Tautz!:2 — 1Peter
Griinberg Institut (PGI-3), Forschungszentrum Jilich, 52425 Jiilich,
Germany — 2JARA - Fundamentals of Future Information Technol-
ogy, Germany

Organic semiconductors and their potential for applications in elec-
tronic devices such as solar cells and organic light emitting diodes make
them interesting for fundamental research. Especially interfaces be-
tween different organic layers, e.g. PTCDA and CuPc, are subjects of
experiments. To create a basis for the understanding of heteroorganic
systems, the corresponding homomolecular phases are investigated re-
garding their geometric and electronic structure upon adsorption on
a metal surface. While homomolecular phases of PTCDA on different
noble metal surfaces are well-studied, less is known about adsorption
and ordering of CuPc. Here we present a combined study employing
(SPA)LEED, STM, STS and ARUPS to CuPc monolayers and multi-
layers adsorbed on the Ag(110) and Ag(111) surfaces.

O 14.7 Mon 17:30 TRE Phy
Charged adsorbates among each other: Simulating inter-
molecular interactions of free-base porphine on coinage metal
surfaces — eMORITZ MULLER, REINHARD J. MAURER, KATHARINA
DILLER, and KARSTEN REUTER — Technische Universitdt Miinchen

Designed through the process of evolution, porphine naturally serves
as a basic unit in hemeproteins and chlorophyll. Functionality and
robustness of these compounds suggest potential applications tackling
photovoltaics, nano-catalysis, data storage, and drug design. Many
technical realizations require controllable surface engineered coating
of ordered molecular films on two-dimensional boundaries. Adsorbed
to coinage metal surfaces, porphine overlayers exhibit a variety of dif-
ferent superstructures [1], depending on the coverage. We report mod-
eling of free-base porphine on clean Ag(111) and Cu(111) surfaces in
the framework of dispersion-corrected semi-local Density Functional
Theory. The lateral interactions determining the overlayer structure
can be expressed as two competing forces: attractive van-der-Waals in-
teractions and repulsive electrostatic interactions between the charge-
transfer-induced adsorbate dipoles. Our investigations of the adsorp-
tion geometries and the electronic structure display, in agreement with
experiment, a substantial amount of charge-transfer to the molecule
upon adsorption. Based on our ab-initio calculations a simple inter-
action model is introduced and corresponding conclusions are drawn
towards the coverage-dependent supermolecular arrangement and the
effects of adsorbate functionalization.

[1] F. Bischoff et al., ACS Nano, 7, 3139 (2013)

O 14.8 Mon 17:45 TRE Phy
Chiral Conflict among Different Helicenes Suppresses Forma-
tion of One Enantiomorph in 2D Crystallization — eJOHANNES
SEIBEL!, OLIVER ALLEMANNZ, JAYy S. SiEGEL?, and KARL-HEINZ
ErnsT!?2 — 1Empa, Swiss Federal Laboratories for Materials Sci-
ence and Technology, 8600 Diibendorf, Switzerland — 2Department
of Chemistry, University of Ziirich, 8057 Ziirich, Switzerland

Intermolecular chiral recognition plays a key role in the spontaneous
resolution of enantiomers in crystallization or diastereomeric salt crys-
tallization, a common technique for enantiomer separation in indus-
try. Diastereomeric interactions in 2D crystals formed at solid surfaces
serve as excellent models to study the underlying molecular recognition
processes, where scanning tunneling microscopy provides submolec-
ular resolution. The adsorption of a [5,6,9,10]-dibenzopentahelicene
(db[5]H) racemate on Au(111) leads to 2D conglomerate formation,
i. e. homochiral mirror domains containing only one enantiomer are
observed, which is in contrast to previous results obtained for [7]H
on Cu(111l). Upon mixing M-[7]H into the monolayer, the balance

between the mirror domains shifts gradually, until only the P-db[5]|H
enantiomorph is left in a monolayer containing 26% M-[7|H. This is
explained by a preferred diastereomeric interaction between different
helicene species of opposite handedness, suppressing the formation of
the pure P-db[5]H enantiomorph by capturing P-db[5]H in non-ordered
areas. These results show that dispersive forces can act in a manner
comparable to polar forces in chiral discrimination at surfaces.

O 14.9 Mon 18:00 TRE Phy
Effect of crystal packing on the electronic properties of free
base porphyrins — eMARGHERITA MARSILI}, PAOLO UMARI!, AN-
DREA GOLDONI?, and MADDALENA PEDIO? — !Dipartimento di Fisica -
Universita di Padova- 35131 Padova Italy — 2Sincrotrone Trieste, Area
Science Park, 34149 Basovizza, Trieste Italy — 3IOM-CNR, TASC
Area Science Park Buil., 34149 Basovizza, Trieste, Italy

Porphyrins, a group of organic aromatic molecules, are involved in
important biological processes such as oxygen transfer in red blood
cells, or light harvesting in plants. Similar functions can be exploited
in artificial devices, therefore the understanding and control of their
electronic properties is of great interest.

In this work we present the combined theoretical and experimen-
tal study of metal free H2OEP and H2TPP, addressing the electronic
properties from single molecule to molecular solids. Thin films have
been investigated combining valence band photoemission, inverse pho-
toemission spectroscopy and XAS, and the results compared with iso-
lated molecule gas phase spectra and state-of-the-art GW calculations.

O 14.10 Mon 18:15 TRE Phy
From Benzenetrithiolate Self-Assembly to Copper-Sulfide
Adlayers on Cu(111): Temperature-Induced Irreversible and
Reversible Phase Transitions — THOMAS SIRTLY2, eMATTHIAS
LiscHKA'2, ATENA RASTGOO-LAHROOD!:2, JOHANNA EICHHORNDZ,
THOMAS STRUNSKUS?, WoLFGANG M. Heckr!:24, and MARKUS
LACKINGERD24 — 1Department of Physics, Technische Universitit
Miinchen, James-Franck-Str. 1, 85748 Garching — 2Center for
NanoScience (CeNS), Schellingstr. 4, 80799 Munich — 3Institute for
Materials Science - Multicomponent Materials, Christian-Albrechts-
Universitit zu Kiel, Kaiserstr. 2, 24143 Kiel — *Deutsches Museum,
Museumsinsel 1, 80538 Munich (all Germany)

Self-assembly and thermally activated surface chemistry of 1,3,5-
benzenetrithiol on Cu(111) are studied under ultrahigh vacuum con-
ditions. Low energy electron diffraction patterns acquired at room
temperature and during subsequent heating reveal irreversible and re-
versible phase transitions between in total four different long-range or-
dered phases. X-ray photoelectron spectroscopy of the different phases
facilitates to identify major chemical changes for the phase transitions.
The structural characterization of each phase is carried out by high
resolution scanning tunneling microscopy and adsorption geometries
of the phenyl rings are derived from C 1s near edge x-ray absorption
fine structure. Combination of the results from this array of experi-
mental techniques leads to a consistent picture from benzene thiolate
monolayer to copper sulfide superstructures and underlying processes.

O 14.11 Mon 18:30 TRE Phy
Structural phase dynamics and intermolecular coupling stud-
ied by energy-dispersive NEXAFS — eMARKUS ScHoLz!2:3,
CHRISTOPH SAUERY2, MICHAEL WIESSNER!2, THAN-NAM NGUYEN'2,
Acumv ScuOLL!:2, and FriepricH REINERTH2 — 1Universitit
Wiirzburg, Experimentelle Physik VII, Am Hubland, D-97074
Wiirzburg — 2Karlsruher Institut fiir Technologie (KIT), Gemein-
schaftslabor fiir Nanoanalytik, D-76021 Karlsruhe — 3Present ad-
dress: Institut fiir Experimentalphysik, Universitdat Hamburg, Luruper
Chaussee 149, D-22761 Hamburg

We study the formation of a 3D geometric structure in molecular
films, which emerges from an initially amorphous layer by the means
of energy-dispersive near edge x-ray absorption fine-structure spec-
troscopy. This novel technique allows NEXAFS experiments with full
spectroscopic information on the time scale of seconds. On the ex-
ample of NTCDA multilayer films, we identify several sub-processes
involved in the structure formation and quantify thermodynamic pa-
rameters [1]. In a particular transient phase, which exists only for
several minutes during the structure formation, we observe peculiar
changes of the line shape and energy position of the C K-NEXAFS
signal with respect to the bulk and gas phase spectra. By a compar-
ison to a theoretical model based on a coupling of transition dipoles,
which is established for optical absorption, we demonstrate that the
observed spectroscopic differences can be explained by an intermolec-
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ular delocalized core hole-electron pair [2]. [1] M. Scholz et al, New J.
Phys. 15, 083052 (2013). [2] M. Scholz et al, Phys. Rev. Lett. 111,
048102 (2013).

O 14.12 Mon 18:45 TRE Phy
Self-assembly of de-novo synthesized functionalized pyrenes
on coinage metal surfaces — oTo0BIAS KAPOSI!, SUSHOBHAN
Josur', Tosias Hon', ALissA WIENGARTEN!, TOMAS MARANGONIZ,
DAVIDE BoNIFAzZI23, KNUD SEUFERT!, DAvID EcijA FERNANDEZ!,
WILLI AUWARTER!, and JOHANNES V. BArrH! — !Physik Depart-
ment E20, Technische Universitdt Miinchen, Garching, Germany —
?Dipartimento di Scienze Chimiche e Farmaceutiche and UdR INSTM,
Universita di Trieste, Trieste, Italy — 3Department of Chemistry and
Namur Research College, University of Namur, Namur, Belgium

Supramolecular architectures on metallic surfaces provide multiple

prospects for the engineering of novel nanostructured materials. Of
particular interest are building blocks with inherent functional prop-
erties, such as single molecule magnets or photoactive groups.

Here we report a scanning tunneling microscopy study on the self-
assembly of a family of pyridil- and phenyl-functionalized pyrenes, in-
cluding an optically active backbone molecule already used in com-
mercial dyes, on Ag(111) and Cu(111). By systematically changing
the molecular functionalization and symmetry, different supramolec-
ular synthons are expressed. Phenyl-substituents result in a uniform
pyrene distribution on the surface, whereas pyridil-terminations drive
the formation of different regular 2D networks, that may surprisingly
include metal-organic binding motifs engaging Ag adatoms. The elec-
tronic features of these systems were probed by scanning tunneling
spectroscopy.

O 15: Focussed Session: Frontiers of Electronic Structure Theory - Non-equilibrium Phenomena
at the Nano-scale Il

Time: Monday 16:00-18:45

Topical Talk O 15.1 Mon 16:00 TRE Ma
Simulating heat transport: from large scale molecular dy-
namics to first-principles calculations — eDAVIDE DONADIO —
Max Planck Institute for Polymer Research, Mainz, Germany

The necessity to design materials and devices able to harness ther-
mal energy, and possibly convert it into more amenable energy forms,
has stimulated a major effort in the scientific community to under-
stand heat transport at the mesoscale and the nanoscale. In this talk I
will discuss different atomistic approaches to simulate nanoscale heat
transport, ranging from large scale molecular dynamics simulations
with classical empirical potentials at equilibrium and non-equilibrium
conditions, to lattice dynamics calculations with force-constants com-
puted by first principles. Applications will include silicon and carbon
nanostructures, phase-change materials and molecular junctions.

O 15.2 Mon 16:30 TRE Ma
First principles study of thermal conductivity cross-over
in nano-structured Zinc-Chalcogenides — eANKITA KATRE!,
ArsusHl Toco?, RALF Drautz!, and GeEorc K. H. MADSEN! —
1ICAMS, Ruhr-Universitit Bochum, 44801 Bochum, Germany —
2ESISM, Kyoto University, Sakyo, Kyoto 606-8501, Japan

Nano-structured Zinc-Chalcogenides are interesting for thermoelectric
applications due to their low thermal conductivity.[1] A simple model
study has reported how the thermal conductivity of ZnS, ZnSe and
ZnTe can potentially show a cross-over as a function of the maximal
mean free path of the phonons.[2] We have applied the Boltzmann
transport equation in the relaxation time approximation to verify this.
We find that thermal conductivity of ZnS crosses ZnSe and ZnTe and
explain this in terms of the different contributions of phonon modes
in these materials. Furthermore, the cross-over is found to be strongly
influenced by isotope scattering. The calculated thermal conductivity
is found to be strongly dependent on the volume and we explain the
observed differences between LDA and GGA calculations. We compare
further calculated thermal properties, such as the thermal expansion
coefficient, to experiment to validate our approach.

[1] L.Zhen, S.Qiao, D.Y.Xiang, H.Z.Zhong, and Q.L.Gao, J. Mater.
Chem. 22, 22821 (2012). [2] N.Mingo and D.Broido, Phys. Rev. Lett.
93, 246106 (2004).

O 15.3 Mon 16:45 TRE Ma
Density-functional perturbation theory for lattice dynam-
ics with numeric atom-centered orbitals — eHONGHUI SHANG,
CHRISTIAN CARBOGNO, PATRICK RINKE, and MATTHIAS SCHEFFLER —
Fritz-Haber-Institut der MPG, Berlin

The response of the electronic structure to atomic displacements gives
rise to a variety of interesting physical phenomena, which can be
probed by experimental techniques such as infrared or Raman spec-
troscopy or neutron diffraction. The response can be conveniently
computed from first principles by means of density-functional pertur-
bation theory (DFPT). Here we present our implementation in the
all-electron atom-centered numeric orbital code FHI-aims [1]. Our
approach combines the accuracy of an all-electron full-potential treat-
ment with the computationally efficiency of localised atom-centered

Location: TRE Ma

basis sets that is necessary to study large and complex systems. We
verified the accuracy of our DFPT implementation by comparing the
vibrational frequencies to finite-difference reference calculations and
literature values. Due to the atom-centered nature of the integration
grids in FHI-aims, the portion of the grid that belongs to a certain
atom also moves when this atom is displaced. Here we demonstrate
that, unlike for first derivatives (i.e. forces) [2], this moving-grid-effect
plays an important role for second derivatives (i.e. vibrational fre-
quencies). Further analysis reveals that predominantly diagonal force
constant terms are affected, which can be bypassed efficiently by in-
voking translational symmetry.

[1] V. Blum et al. Comp. Phys. Comm. 180, 2175 (2009)

[2] B. Delley, J. Chem. Phys. 94, 7245 (1991).

O 154 Mon 17:00 TRE Ma
Breakdown of Fourier law in layered materials — e ANDREA
CEPELLOTTI!, GIORGIA FUGALLO?, FRANCESCO MAURI®, and NIcoLA
MAaRzARI! — 'THEOS, Ecole Polytechnique Fédérale, Lausanne —
2IMPMC, Universite Pierre et Marie Curie, Paris — 3LSI, Ecole Poly-
technique, Paris

We compute the thermal conductivity in crystalline layered materi-
als by solving the Boltzmann Transport Equation (BTE) for phonons
[1], with the phonon-phonon collision rates obtained from density-
functional perturbation theory. We find that in 2D materials, such
as graphene and related compounds, and even in 3D layered materi-
als, like bulk graphite, the single-mode relaxation time approximation
(SMRTA) cannot describe heat transport correctly, underestimating by
one order of magnitude or more thermal conductivities and phonons’
mean free paths. Instead, we show that the exact self-consistent solu-
tion of the BTE provides results in excellent agreement with experi-
mental measurements [2]. The shortcomings of the SMRTA lie in the
assumption that heat flow is transferred only by individual phonon
excitations, whereas in layered materials the transport can only be ex-
plained in terms of collective phonon excitations. The characteristic
length of these collective excitations is often comparable with that of
the experimental sample - as a result, Fourier’s law become question-
able, since its statistical nature makes it applicable only to systems
larger than a few mean free paths.
[1] G. Fugallo et al., Phys. Rev. B, 88, 045430 (2013).
[2] A. A. Balandin, Nat. Mater. 10, 569 (2011).

O 15.5 Mon 17:15 TRE Ma
High Temperature Thermal Conductivity from First Princi-
ples — oCHRISTIAN CARBOGNO', RAMPI RAMPRASAD?, and MATTHIAS
SCHEFFLER! — !Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin — 2Chemical, Materials & Biomolecular Engineering, Univer-
sity of Connecticut, Storrs, USA

In spite of significant research efforts, a first principles determination
of the thermal conductivity at high temperatures has remained elu-
sive. Under such conditions, Boltzmann transport techniques [1] that
include anharmonic effects only perturbatively become inaccurate or
even inapplicable. In this work, we overcome this limitation by per-
forming first-principles Green-Kubo simulations [2], in which all orders
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of anharmonicity are incorporated by the means of ab initio molecular
dynamics. The thermal conductivity is then assessed from the auto-
correlation function of the heat flux in thermodynamic equilibrium.
We discuss the details of our implementation and the definition of
our heat flux that is based on the virial theorem. We validate our
approach by presenting calculations for ZrO2 that also showcase the
importance of higher order anharmonic effects in materials with low
thermal conductivities. Eventually, we discuss how our technique can
be coupled to multi-scale models to achieve a computationally efficient
and accurate description of the thermal conductivity at the nanoscale.
[1] D. A. Broido et al., Appl. Phys. Lett. 91, 231922 (2007).

[2] R. Kubo, M. Yokota, S. Nakajima, J. Phys. Soc. Jpn. 12, 1203
(1957).

O 15.6 Mon 17:30 TRE Ma
Accurate Modelling of the Polymorphism and Elastic Re-
sponse of Molecular Materials from First Principles —
e ANTHONY REILLY and ALEXANDRE TKATCHENKO — Fritz-Haber-
Institut der MPG, Berlin, Germany

Molecular materials are of great fundamental and applied importance
in science and industry, with numerous applications in pharmaceuti-
cals, electronics, sensing, and catalysis. A key challenge for theory has
been the prediction of their stability, polymorphism and response to
perturbations. While pairwise models of van der Waals (vdW) interac-
tions have improved the ability of density functional theory (DFT) to
model these systems, quantitative and even qualitative failures often
remain. Here, we show how a many-body description of vdW inter-
actions can dramatically improve the accuracy of DFT for molecular
materials, yielding quantitative description of stabilities and polymor-
phism for these challenging systems. Moreover, the role of many-body
vdW interactions goes beyond stabilities to response properties. In
particular, we have studied the elastic properties of a series of molecu-
lar crystals, finding that many-body vdW interactions can account for
up to 30% of the elastic response, leading to quantitative and qualita-
tive changes in elastic behavior. We will illustrate these crucial effects
with the challenging case of the polymorphs of aspirin, leading to a
better understanding of the conflicting experimental and theoretical
studies of this system.

O 15.7 Mon 17:45 TRE Ma
Surface chemistry on nanostructured oxides: do we have to go
beyond hybrid DFT? — eDANIEL BERGER, HARALD OBERHOFER,
and KARSTEN REUTER — Technische Universitat Miinchen, Germany

Nanostructured oxide surfaces are promising candidates for a wide
range of energy and catalysis applications. For first-principles mod-
eling of corresponding surface chemical reactions the current state-of-
the-art is generally defined by hybrid-level density-functional theory
(DFT). Systematic work assessing the achieved accuracy at this level
is nevertheless scarce, also owing to the fact that higher-level reference
methods are often not available for standard periodic boundary con-
dition supercell calculations. To this end, we present a study bench-
marking semi-local and hybrid DFT against (renormalized) second-
order perturbation theory (MP2,rPT2) as recently implemented in the
FHI-aims package [1]. We make the efficient usage of the latter theories
for oxide surfaces possible through a solid-state embedding framework,
in which a central cluster region is described quantum mechanically,
the long-range electrostatic interactions in the oxide are accounted for
through a polarizable monopole field, and a shell of norm-conserving
pseudopotentials correctly connects the two regions. We illustrate the
performance of the various levels of theories using the water-splitting
reaction at ideal and defected TiO2(110) surfaces as showcase. [1] X.
Ren et al., Phys. Rev. B 88, 035120 (2013)

O 15.8 Mon 18:00 TRE Ma
Atoms-in-solids perspective on polarizabilities and van der
Waals coefficients in semiconductors — eGUO-XU ZHANG, AN-
THONY M. REILLY, ALEXANDRE TKATCHENKO, and MATTHIAS SCHEF-
FLER — Fritz-Haber-Institut der MPG, Berlin, Germany

The calculation of response properties of solids including their polariz-
abilities and van der Waals (vdW) coefficients usually requires the

knowledge of the full electronic bandstructure. For non-covalently
bound solids, such as noble-gas and ionic crystals, atoms-in-solids
model can be successfully utilized to define their polarizabilities. Here
we critically assess the atoms-in-solids model for covalently-bound
solids, ranging from wide-gap (10 eV) to narrow-gap (below 1 eV)
semiconductors. We model their response by assigning a single quan-
tum harmonic oscillator to every atom, where the parameters of the
oscillators are defined as functionals of the electron density, following
the Tkatchenko-Scheffler method [1]. The response function is then
calculated by solving self-consistent screening equations of classical
electrodynamics, without any explicit information about the electronic
bandstructure [2]. The calculated polarizabilities and vdW coefficients
for 23 semiconductors are compared with TDDFT and experimental
benchmark data, revealing an overall agreement within 10%. The effi-
ciency of our method and the accuracy of the calculated vdW param-
eters allows us to demonstrate the crucial role of vdW interactions in
the cohesive properties of the 23 semiconductors. [1] Tkatchenko and
Scheffler, PRL (2009); [2] Tkatchenko, DiStasio, Car, Scheffler, PRL
(2012).

O 159 Mon 18:15 TRE Ma
Adsorption at semiconductor surfaces - an energy analy-
sis method — eRALF TONNER and MARC RAUPACH — Fachbereich
Chemie & Materials Sciences Centre, Philipps-Universitat Marburg,
Germany

The chemical bond is one of the most fundamental concepts in chem-
istry. Classifications such as covalent, ionic or metallic bonding are
central in discussing trends in different compounds and predicting new
reactivity. Several very helpful concepts and methods were developed
to understand the chemical bond at surfaces.[1] The question about en-
ergetic contributions to surface chemical bonds on the other hand did
not receive great attention although energy changes are the ultimate
driving force in bond formation.

Starting from preliminary work by Philippsen and Baerends,[2] we
implemented all terms of an Energy Decomposition Analysis (EDA)
to obtain quantitative data about energetic contributions to chemical
bonding in periodic systems. This periodic EDA method was applied
to questions of chemisorption of organic molecules at semiconductor
surfaces where it can shed light on the nature of the surface-adsorbate
bonds.

[1] a) A. Nilsson, L. G. M. Pettersson, J. Ngrskov, Chemical Bond-
ing at Surfaces and Interfaces, Elsevier, Amsterdam, 2007; b) A. Gro8,
Theoretical Surface Science, Springer, Berlin, Heidelberg, 2009. [2] P.
H. T. Philipsen, E. J. Baerends J. Phys. Chem. B 2006, 110, 12470.

O 15.10 Mon 18:30 TRE Ma
Non-local density functionals meet many-body dispersion: A
hybrid approach for van der Waals interactions — eJAN HER-
MANN, MATTHIAS SCHEFFLER, and ALEXANDRE TKATCHENKO — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany

Different approaches to treating van der Waals (vdW) interactions in
density-functional theory can be loosely divided into the atom-based
and the ones based on non-local functionals. The first type comprises
a range of methods from atom-pairwise additive schemes by Grimme
to many-body dispersion (MBD) approach of Tkatchenko et al. Usu-
ally, these methods require precalculated atomic parameters and thus
rely on information not explicitly contained in the electron density.
The other category consists of nonlocal functionals either of the Lan-
greth and Lundquist or the Vydrov and van Voorhis (VV) type. In
these approaches, the vdW interaction is obtained as a functional of
the electron density and at most a few tuning parameters are needed.

Here, we show that these two contrasting approaches can be syn-
ergistically combined. We use the polarizability from the nonlocal
functional of VV within the MBD method of Tkatchenko et al. Such
a combination is worthy for several reasons. First, it is an atom-
centered approach with no atomic parameters. Second, it puts aside
the problem of partitioning electron density between atoms, which can
be problematic in some cases. Third, it enables more direct compar-
ison of so far unrelated methods. Fourth, it highlights the idea of
combining working elements from different approaches.
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O 16.1 Mon 16:00 GER 38
Anisotropic two-dimensional electron gas at SrTiO3(110)
protected by its native overlayer — oZHIMING WANG!,
ZHICHENG ZHONG2, XIANFENG HAO!, STEFAN GERHOLD!, BERNHARD
STOGER', MICHAEL SCHMID', JAIME SANCHEZ-BARRIGA®, ANDREI
VARYKHALOV®, CESARE FRANCHINI4, KARSTEN HELD2, and ULRIKE
DieBoLD! — !Institute of Applied Physics, Vienna University of Tech-
nology, Vienna, Austria — Z2Institute of Solid State Physics, Vi-
enna University of Technology, Vienna, Austria — 3BESSY, Albert-
Einstein-Str. 15, D-12489 Berlin, Germany — “*Faculty of Physics
and Center for Computational Material Science, University of Vienna,
Vienna, Austria

Two dimensional electron gases (2DEGs) at oxide heterostructures are
attracting considerable attention, as these might substitute conven-
tional semiconductors for novel electronic devices. Here we present a
minimal set-up for such a 2DEG — the SrTiO3(110)-(4x 1) surface, na-
tively terminated with one monolayer of chemically-inert titania. Oxy-
gen vacancies induced by synchrotron radiation migrate underneath
this overlayer; this leads to a confining potential and electron doping
such that a 2DEG develops. Our angular resolved photoemission spec-
troscopy (ARPES) and theoretical results show that confinement along
(110) is strikingly different from a (001) crystal orientation. In partic-
ular the quantized subbands show a surprising “semi-heavy” band, in
contrast to the analogue in the bulk, and a high electronic anisotropy.
This anisotropy and even the effective mass of the (110) 2DEG is tun-
able by doping, offering a high flexibility to engineer properties of this
system. This work is supported by ERC Advanced Grant and FWF.

O 16.2 Mon 16:15 GER 38
Electronic structure of a- and e-FexO3 nanoparticles: spin
state and satellite structures — JORG HAEBERLE', eMATTHIAS
RIcHTER!, PETR BRAZDA2, MASSIMO TALLARIDA!, and DIETER
ScHMEISSER! — !Brandenburg University of Technology Cottbus-
Senftenberg, Applied Physics and Sensors, K.-Wachsmann-Allee 17,
03046 Cottbus, Germany — 2Department of Inorganic Chemistry, Fac-
ulty of Science, Charles University in Prague, Czech Republic

We report on spectroscopic investigation of o- and e-FeaoO3 nanopar-
ticles. a-FeaOgs is commonly used as photocathode for water splitting
for the hydrogen production. On the other hand e-FexOs3 is of interest
because of its magnetic properties. For both well-defined nanoparticles
we analyze the electronic structure and determine the partial density
of states for the valence and conduction bands. From these data we
can derive a band scheme and compare it with recent (band structure)
calculations. The resPES data at the Fe2p absorption edge spectra
are analyzed to give evidence about the involved spin states in both
phases. We find that for the e-FeaOs the majority is due to Fe3d®
HS state. Contributions of the corresponding LS state are small and
are found to be higher for the a-FexO3 phase. In a-FexO3 prepared
by ALD we identify in addition a LS 3d%L state. In addition, a loss
process can be identified upon resonant excitation at the Fe2p edge.
It appears predominantly in the e-FeoOz phase. We give a model to
describe that loss process. It is used to also explain the appearance
of the Fe2p core level satellites that are different for a- and e-FeaOg
phases.

0O 16.3 Mon 16:30 GER 38
Electronic structure of the Co oxide catalyst for OER —
eMATTHIAS RICHTER and DIETER SCHMEISSER — Brandenburg Univer-
sity of Technology Cottbus-Senftenberg, Applied Physics and Sensors,
K.-Wachsmann-Allee 17, 03046 Cottbus, Germany

The electronic structure of the cobalt oxide based catalysts is analyzed
using synchrotron radiation photoelectron spectroscopy. Cobalt oxide
is used in photoelectrochemical cells for photocatalytic water splitting
in order to produce solar fuels. We discuss our resonant data in terms
of the partial density of states of the valence and conduction band.
For the individual Co3d states, we determine their configuration, their
spin, and their energy level relative to the Fermi energy. At resonant
excitation we find the Co2p partial DOS to exhibit sharp features next
to the VBM for increased cobalt oxidation state instead for a broad
emission at around 6eV below Er for a low oxidation state. The for-
mer are found in LiCoO2 and other Co-oxide systems with a Co3t
ground state. We attribute such sharp features to the low spin (LS)

Location: GER 38

configuration of Co3t and deduce that in the Co oxide catalyst layers
with increased thickness there is evidence for the corresponding LS
contributions. In contrast, our data prove the Co?t ground state for
thin pristine cobalt oxide films and demonstrate that it is exclusively
in the Co3d” high spin state. In addition, both cobalt oxide configu-
rations Co?t in a HS state and Co®% in a LS state have characteristic
oxygen to Co charge transfer states in the band gap. We attribute
the trivalent charge transfer state to be the active state for the oxygen
evolution reaction.

O 16.4 Mon 16:45 GER 38
The role of spin-orbit coupling in the electronic structure of
bulk and thin film CalrO3 — eKERSTIN DORR, YURIY MOKROUSOV,
STEFAN BLUGEL, and MARJANA LEZAIC — Peter Griinberg Institut,
Forschungszentrum Jilich and JARA, 52425 Jilich, Germany

Transition-metal oxides (TMO) feature a multitude of interesting prop-
erties, such as metal-insulator transitions or high-temperature super-
conductivity. Furthermore, Mott physics plays a major role, with an
enhanced onsite Coulomb repulsion U driving the system into an in-
sulating state. While this is true for well-studied 3d TMOs, in 5d
TMOs the situation is different owing to larger extent of d-orbitals
and reduced values of U. On the other hand the large atomic number
of 5d elements promotes strong spin-orbit coupling (SOC). The inter-
play between strong SOC and small Coulomb repulsion can drive the
5d TMOs into a novel spin-orbital Mott state. Here, we investigate
these effects in Iridium-based TMOs from first principles calculations
using the full-potential linearized augmented plane-wave method [1].
In particular, we focus on the perovskite and postperovskite phases of
CalrOs3 and investigate the modifications of their bulk bandstructures
in thin films.
(1] www.flapw.de

0O 16.5 Mon 17:00 GER 38
A combined LEEM/PEEM study on ferroelectric domains in
perovskite crystals — eHATICE DoGANAY!, INGO KRUG!, DANIEL
GorrLob2, STEFAN CRAMM?, and CLAUS M. SCHNEIDERY2 — 1Peter
Griinberg Institut (PGI-6), Forschungszentrum Jiilich — 2Fakultt fiir
Physik, Universitdt Duisburg Essen

We investigated the local electronic structure in domains of Ba-
TiO3(001), which is considered a model perovskite-type ferroelectric
oxide with potential for technological applications [1] due to its large
dielectric permittivity, spontaneous polarization, piezoelectricity, and
nonlinear optical responses. Polarized x-rays and variable photon en-
ergy enables photoelectron microscopy (PEEM)with element selective
contrast and nanospectroscopy of the electronic structure differences
between the ferroelectric domains. AES and LEED show that the sur-
face is BaO terminated with a (2x2) reconstruction. For a clean sur-
face the MEM-LEEM transition shift between different ferroelectric
domains was 300 mV. Such a significant value is related to opposite
polarizations perpendicular to the surface, pointing either outwards
(P+) or inwards (P-). Equally important, in order to study the charge
anisotropy with spatial resolution, XAS measurements have been per-
formed. Accordingly, we were able to image the ferroelectric domains
with the help of performed and calculated XLD Spectra, recorded at
our UE56/1-SGM beamline (BESSY-II, Berlin) with an aberration-
corrected LEEM/PEEM. [1] Shimizu et al. J. Phys.: Condens. Matter
25 (2013) 132001

O 16.6 Mon 17:15 GER 38
The origin of TiOs shallow gap states evidenced from res-
onant photoelectron spectroscopy (RPES) and AFM on
anatase single crystal (101) surface, nanocrystalline anatase

films and ALD titania ante and post annealing — ePHILIP
RECKERS', MARIEL DIMAMAY', SARA TRrOST2, THOMAS RIEDLZ,
THOMAS MAYER!, and WOLFRAM JAEGERMANN! — !Technical Uni-

versity of Darmstadt, Surface Science, Germany — 2Wuppertal Uni-
versity, Electronic Devices, Germany

Transparent, conductive and catalytic active TiOg with all its poly-
morphs is of high interest as it is used e.g. for water splitting, in
DSSC and OSC. Gap states in TiO2 play a crucial role as they in-
fluence e.g. charge transport and act as recombination centers. We
investigated TiO2 samples with respect to gap states by the use of res-
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onant photoelectron spectroscopy. We detected two different band gap
states. Deep gap states (DGS), that are attributed to oxygen defects
are found around 1.3 eV and shallow gap states (SGS) are occupied
from the Fermi level to about 0.35 eV binding energy. On a single crys-
tal (SC) anatase (101) surface only SGS were detected. DGS and SGS
states are observed on sintered nanocrystals (NC). Together with im-
ages from AFM we were able to ascribe the SGS to under coordinated
Ti sites. The measured DOS fits well to the calculated DOS tailing into
the energy gap inherent to NC as 1D line defects of under coordinated
Ti sites form at (101) intersections!l]. Similar defects are located at
edges of terraces on SC surfaces that form along the (101) direction.
[1]F.Nunzi, F.De Angelis, E.Environ. Sci.,2013,6,4,1221-1229

O 16.7 Mon 17:30 GER 38
SPLEED at metallic and adsorbate-covered surfaces —
oSTEPHAN BOREK!, DMYTRO KUTNYAKHOVZ, CHRISTIAN LAN-
GENKAMPER3, CHRISTIAN THIEDE3, JAN MINAR!, JURGEN BRAUN!,
GERD SCHONHENSEZ, HANS JoAcHIM ELMERS2, MARKUS DONATH3,
and HUBERT EBERT! — !Ludwig-Maximilians-Universiat Miinchen
— 2 Johannes-Gutenberg-Universiit Mainz — 3 Westfilische-Wilhelms-
Universitat Minster

The development of SPLEED (Spin-Polarized Low-Energy Electron
Diffraction) as a surface-sensitive method has been pushed dramati-
cally in theory as well as in experiment during the last decades. In
particular, it is a very important tool for the study of the geometry of
crystal surfaces as well as the surface potential barrier. Within the de-
velopment of a multichannel-vector-spin polarimeter at BESSY various
sensor materials have been investigated. Starting from this we perform
fully relativistic SPLEED calculations using the SPRKKR package to
investigate the resulting spin-dependent reflectivity in dependence on
the energy and the scattering angles (polar and azimuthal). We present
SPLEED calculations for various materials (W(001), Fe(001), Fe(001)
p(1x1) O) and show their characteristics in view of reflectivity, asym-
metry and the figure of merit. A comparison between experiment and
theory will be made. Funded by BMBF (05K13UM1, 05K13WMA).

O 16.8 Mon 17:45 GER 38
Efficient photoemission spectroscopy via a MHz high-
harmonic light source — eANDREAS TRUTZSCHLERY2, MICHAEL
Hurn!, CHENG-TIEN CHIANGY2, JURGEN KIRSCHNER!:2, and WOLF
WipDRAZ! — Max-Planck-Institut fiir Mikrostrukturphysik, Wein-
berg 2, D-06120, Halle(Saale), Germany — 2Institute of Physics,
Martin-Luther-Universitat Halle-Wittenberg, Von-Danckelmann-Platz
3, D-06120, Halle(Saale), Germany

We demonstrate an efficient photoemission setup by combining time-
of-flight (ToF) spectroscopy with a laboratory MHz pulsed light source
with photon energies from 16 to 40 eV. The light is provided by high-
order harmonic generation driven by a compact fiber laser system.
The high flux of 10° photons per second (at 25 eV) at the sample
position together with the efficient collection of photoelectrons using
ToF spectroscopy allows rapid band mapping of the electronic band
structure. As an example we demonstrate photoemission experiments
on Ag(100), which reveal the valence band electronic structure within
10 seconds measurement time without remarkable space-charge effects.

O 16.9 Mon 18:00 GER 38
Electron pair emission detected by time-of-flight spectrom-
eters: new perspectives — eMICHAEL HuTH!, CHENG-TIEN
CHIANGY2, ANDREAS TRUTZSCHLERY2, WoLF WIDDRAZ'L, FRANK O.
SCHUMANN!, and JURGEN KIRSCHNERD2 — IMax-Planck-Institut fiir
Mikrostrukturphysik, Weinberg 2, D-06120, Halle(Saale), Germany
— 2Institute of Physics, Martin-Luther-Universitit Halle-Wittenberg,
Von-Danckelmann-Platz 3, D-06120, Halle(Saale), Germany

We present results for electron coincidence spectroscopy obtained by

using two time-of-flight (ToF) spectrometers. Electron-pair emission
from a Cu(111) surface detected in coincidence and excited by electron
impact allows to resolve the dispersion of the Shockley surface state in
the momentum distribution. By combining the two ToF spectrometers
with a high-order harmonic generation light source opens up new per-
spectives to enable (v,2e) spectroscopy in the laboratory that required
synchrotron radiation in the past. Utilizing this setup we report re-
sults for (v,2e) on NiO(001) on Ag(001) excited with light at 30 eV
photon energy.

O 16.10 Mon 18:15 GER 38
Energy relations in positron-electron pair emission — eFRANK
O. ScuHuMmanN!, Iurr S. BRANDT!, ZHENG WEI!, and JURGEN
KIRSCHNERY'2 — IMax-Planck Institut fiir Mikrostrukturphysik,
Halle, Germany — 2Martin-Luther Universitit, Halle, Germany

The impact of a primary positron onto a surface leads to the emis-
sion of a correlated positron-electron pair. By means of a lab-based
positron beam we studied this pair emission from a Ag(100) surface.
We analyzed the energy spectra in a symmetric emission geometry.
We found that the available energy is shared in an unequal manner
among the partners. On average the positron carries a larger fraction
of the available energy. The unequal energy sharing is a consequence
of positron and electron being distinguishable particles. We provide a
model which explains the experimental findings.

0 16.11 Mon 18:30 GER 38
Spin-orbit-induced spin polarization on W(110) — eHENRY
WORTELEN!, JURGEN HENK2, ANKE B. ScuMmIDT!, and MARKUS
DonaTH! — Physikalisches Institut, Westfilische Wilhelms-
Universitit Miinster, 48149 Miinster, Germany — 2Institut fiir Physik,
Martin-Luther-Universitat Halle-Wittenberg, 06120 Halle, Germany

Despite W(110) being nonmagnetic, its electronic structure exhibits
spin-polarized states due to spin-orbit interaction, e.g., a spin-polarized
Dirac-cone-like surface state below the Fermi level [1,2]. We report
on the unoccupied electronic structure of W(110) investigated with
spin-resolved inverse photoemission experiments and calculations. We
compare results for I-N and I'-H, which are inequivalent due to the
two-fold symmetry. A complex spin structure is observed for the sur-
face states, which even depends on the photon detection angle. This
shows that the measured spin polarization does not necessarily resem-
ble the spin structure of the respective electronic state.

[1] K. Miyamoto et al., Phys. Rev. Lett. 108, 066808 (2012)

[2] H. Mirhosseini et al., New J. Phys. 15, 033019 (2013)

0 16.12 Mon 18:45 GER 38
Spin-split surface state above the Fermi level on Ta(110) —
eBERND ENGELKAMP!, HENRY WORTELEN!, JURGEN HENK?, ANKE
B. ScumipT!, and MARKUS DonarH! — !Physikalisches Institut,
Westfilische Wilhelms-Universitat Minster, 48149 Miinster, Germany
— 2Institut fiir Physik, Martin-Luther-Universitit Halle-Wittenberg,
06120 Halle, Germany

Recent experimental and theoretical photoemission studies on W(110)
have been focused on a spin-polarized Dirac-cone-like surface state
within a spin-orbit-induced symmetry gap [1, 2]. Browsing the peri-
odic table for another heavy element with bcc structure yields only
tantalum. On Ta(110), with one valence electron less compared to
W(110), the spin-orbit-induced symmetry gap is expected above the
Fermi level.

Using spin- and angle-resolved inverse photoemission we identified
a spin-split surface state along the I'-H direction. We present our ex-
perimental results in combination with spectral density calculations in
both high-symmetry directions I'-H and I'-N.

[1] K Miyamoto et al. Phys. Rev. Lett. 108, 066808 (2012)

[2] H Mirhosseini et al. New J. Phys. 15, 033019 (2013)
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O 17.1 Mon 16:00 PHY C 213
Structural sensitivity of the electromechanical coupling
at Si surfaces — eSaNDRA Hoprpr!, ANja Micur!-2, JOrG
WEISSMULLER?:3, and STEFAN MULLER! — !Institute of Advanced Ce-
ramics, Hamburg University of Technology, Germany — 2Institute
of Materials Research, Materials Mechanics, Helmholtz-Zentrum
Geesthacht, Germany — 3Institute of Materials Physics and Tech-
nology, Hamburg University of Technology, Germany

Electromechanical coupling describes a relation between a material’s
mechanical and electronic properties. It has been found for various
metal surfaces that an applied strain leads to a change in the work func-
tion. While this phenomenon has been studied for silicon nanowires
and silicene, surprisingly, no results are available for clean silicon sur-
faces. We investigated the electromechanical coupling at the silicon
(100) and (111) surfaces via density functional theory by calculating
the response of the ionization potential and the electron affinity to
different types of strain. The highest occupied and the lowest unoc-
cupied molecular orbital (HOMO and LUMO) were obtained from the
surface states within the surface band gap. We find large negative
response parameters and a high sensitivity of the strain response to
surface relaxations. This can be attributed to the directional bonds in
covalent semiconductors and discussed in terms of volume and surface
contributions to the response of the surface dipole potential and the
electronic structure to strain. While we find a considerable volume
influence on the dipole potential, the response of HOMO and LUMO
seems to be dominated by the local reconstruction geometry.

O 17.2 Mon 16:15 PHY C 213
Simultaneous nc-AFM/STM characterization of subsurface
defects on B:Si(111)-v/3xv3 surface — eEVAN SPADAFORA!,
JAN BERGER!, PINGO MuroMmMBo!, MYKOLA TELYCHKO!, MARTIN
ONDRACEK!, MARTIN SVEC!, ZsorLT MAJzIk!, ALASTAIR Mc LEANZ,
and PavEL JELINEK! — !Institute of Physics, Academy of Sciences
of the Czech Republic, Prague, Czech Republic — 2Department of
Physics, Queen’s University, Kingston, Ontario, Canada

B:Si(lll)-\/gxx/g surface has gained a lot of interest in surface science,
due to its prominent electronic and structural properties. Compared
to bare silicon surface, this system has reduced chemical reactivity,
which makes it a suitable candidate for deposition of molecular com-
plexes without a risk of their decomposition. Here we will report com-
bined nc-AFM/STM measurements using gPlus sensor with atomic
resolution of the B:Si(111)-v/3xv/3 surface supported by total energy
DFT calculations. STM reveals slight modulation of the tunneling cur-
rent over surface area, which we attributed to presence of subsurface
boron defects. We combine KPFM and lock-in STS measurements
with large-scale DFT calculations to characterize position of boron
subsurface defects and their influence on surface electronic structure.

O 17.3 Mon 16:30 PHY C 213
In situ Scanning Tunneling Microscopy investigation of
layered superlattices [(VSe2)n]1.06[(TaSe2)n] — ePAVEL
SHUKRYNAU!, RYAN ATKINS?, DAVE C. JOHNSON?, and MICHAEL
HierscuoLDp! — !Institute of Physics, Technische Universitat Chem-
nitz, Reichenhainer Strafle 70, D-09107 Chemnitz, Germany. —
2Materials Science Institute and Chemistry Department, University
of Oregon, Eugene, Oregon 97403, USA

Variable Temperature Scanning Tunneling Microscopy (VT STM) was
used to investigate local structural and electronic properties of the
cleaved surface of [(VSe2)n]1.06[(TaSe2)n| layered compound. The
original uppermost layer dissipates into small domains of 50x50 nm in
size or more. In a region where three domains are in contact, a small
triangular area with a side up to 5 nm is usually found, exhibiting a
dark depression. The detailed inspection of the interior of the domain
reveals a local ordering in a hexagonal-like pattern with rare inclina-
tion of surface defects. The observed structure is somehow similar
to those obtained previously on other transition metal-chalcogenide
surfaces. We were not able to identify unambiguously the chemical
identity of the surface layer in STM scans. However, tunneling spec-
troscopy measurements distinctly show the dominance of the metal
atoms in the topmost layer rather than the chalcogen ones.

O 17.4 Mon 16:45 PHY C 213

Location: PHY C 213

Adsorption of Tetrahydrofuran and Diethylether on the
Si(001) surface studied by means of STM, XPS and UPS
— eMARCEL REUTZEL!, GERSON METTE!, MIicHAEL DURRD2, UL-
ricH KOERT?, and ULricH HOFER! — Fachbereich Physik und Zen-
trum fiir Materialwissenschaften, Philipps-Universitat, D-35032 Mar-
burg — 2Institut fiir Angewandte Physik, Justus-Liebig-Universitit
Giessen, D-35392 Giessen, Germany — 3Fachbereich Chemie, Philipps-
Universitat,D-35032 Marburg

A promising possibility to compete with the challenges of miniaturiza-
tion in semiconductor device physics is the functionalization of inor-
ganic semiconductor surfaces with organic molecules. It is thus impor-
tant to understand the basic adsorption mechanisms of different classes
of organic molecules. In this contribution, we investigate the adsorp-
tion properties of tetrahydrofuran and diethylether on the Si(001) sur-
face as representatives for the functional group of ethers. We find a
complex adsorption scheme which is similar for the two molecules.

At 50 K, a dative bond is formed via the donation of electron den-
sity of an oxygen lone pair into the Dgown orbital of the c(4x2) re-
constructed Si(001) surface. Heating the sample to 300 K leads to
a surface mediated ether cleavage which results in covalently bonded
adsorbates on two neighboring dimer rows. While the ring opening
reaction of tetrahydrofuran leads to a bridging Si-O-(CHz2)4-Si config-
uration, the linear diethylether is cleaved and leads to Si-O-C2Hs and
Si-CoHs adsorbates. The scission of diethylether further enables a tip
induced intrarow hopping of the (-C2Hs) fragment.

O 17.5 Mon 17:00 PHY C 213
Switching single molecules by STM voltage pulses on the
Si(100) surface — e ANJA NICKEL!, JORG MEYER!, ROBIN OHMANN?,
CHRISTIAN JOACHIM2, GIANAURELIO CUNIBERTI', and FRANCESCA
MoRrgsco! — lInstitute for Materials Science and Max Bergmann
Center of Biomaterials, Center for Advancing Electronics Dresden,
TU Dresden, 01062 Dresden, Germany — 2CNRS, CEMES, 29 rue
J. Marvig, 31055 Toulouse, France

For the development of electronics down to atomic scale, it is of funda-
mental importance to build atomic-size interconnections in a planar ge-
ometry and to be able to controllably switch between different connec-
tion paths. Dangling bond wires build on the H:Si(100) are presently
intensively investigated as promising candidates to build such intercon-
nections. In this frame, we have investigated by scanning tunneling mi-
croscopy (STM) at low temperature Acetylbiphenyl molecules on the
Si(100) surface. STM images show that the molecules adsorb along the
dangling bond rows of the silicon. By applying voltage pulses with the
STM tip, we demonstrate that single Acetylbiphenyl molecules can be
reversibly switched between two different configurations. The experi-
ment shows that Acetylbiphenyl is a suitable molecule to be used as
molecular latch on a dangling bond based atomic scale circuit.

O 17.6 Mon 17:15 PHY C 213
Initial-stage oxidation products on Si(111)-(7x7) in AFM and
STM — Jo ONODA!, eMARTIN ONDRACEK2, AYHAN YURTSEVER?,
PavEL JELINEK!':2, and YosHIAKI SuGIMOTO! — !Graduate School of
Engineering, Osaka University, Suita, Osaka, Japan — 2Institute of
Physics, Academy of Sciences of the Czech Republic, Prague, Czech
Republic — 3The Institute of Scientific and Industrial Research, Osaka
University, Ibaraki, Osaka, Japan

Studying the defects that form on a silicon surface in the initial stages
of oxidation is important from the technological point of view and
resolving the existing controversies regarding the structure of these
defects can also contribute to better understanding the experimental
techniques that were used in the studies. We investigated structures
that appear in the initial oxidation stage of the Si(111)-(7x7) surface
using the combined techniques of non-contact atomic force microscopy
(AFM) and scanning tunneling microscopy (STM). We identified the
defects resulting from initial oxidation as the insx 1 and insx 2 struc-
tures (1 or 2 oxygen atoms in backbonds of Si adatom) and the sec-
ondary oxidation product as the ad-insx 3 structure (3 oxygen atoms
in the backbonds and 1 on top). We excluded the presence of adsorbed
O2 molecules on the surface. We used ab initio simulations with a di-
verse range of tip models to interpret the experimental data and to
clarify the mechanisms that lead to the observed forces and tunneling
currents.
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O 17.7 Mon 17:30 PHY C 213
In situ study of water adsorption on InP(100) surfaces —
eMATTHIAS M. May!2, HaNs-JoAcHIM LEWERENZ'3, and THOMAS
HANNAPPEL!"4 — 1Helmholtz-Zentrum Berlin, Institute of Solar Fuels
— 2Humboldt-Universitét zu Berlin, Institut fiir Physik — 3California
Institute of Technology, Pasadena, USA — 4TU Ilmenau, Institut fiir
Physik, Fachgebiet Photovoltaik

Photoelectrochemical water splitting with semiconductors promises to
harvest solar energy directly and efficiently in the form of chemical en-
ergy. The most critical part of potential devices is the solid-electrolyte
interface, which has to enable efficient charge-transfer and simultane-
ously block corrosion.

III-V semiconductors such as GaP or InP are an interesting light
absorber material class, but their surface has to be designed appro-
priately for solar water splitting applications.[1] We perform water
(oxygen) adsorption experiments on atomically well-defined InP(100)
surfaces prepared by metal-organic vapour phase epitaxy. Monitor-
ing the adsorbate-induced surface modifications of different surface
reconstructions with reflection anisotropy spectroscopy and photoelec-
tron spectroscopy, we aim to develop criteria for the design of III-V
electrode surfaces.[2] We find that In-rich, (2 X 4) reconstructed and
p(2 % 2)/c(4 x 2) reconstructed, P-rich surfaces exhibit a distinctly dif-
ferent initial interaction with the adsorbates, which could explain why
In-rich InP(100) photocathodes perform so well.

[1] Hannappel et al., in Photoelectrochemical Water Splitting, RSC
Publishing (2013). [2] May et al., New J. Phys. 15:103003 (2013).

O 17.8 Mon 17:45 PHY C 213
Frustrated self-assembly of shape-persistent star molecules
on HOPG — eSTEFAN-S. JESTER, EvA SiGMUND, Lisa M. ROCK,
and SIGURD HOGER — Universitat Bonn, Kekulé-Institut fiir Organ-
ische Chemie und Biochemie, Gerhard-Domagk-Str. 1, 53121 Bonn,
Germany

Star-shaped organic molecules with a rigid backbone and flexible side
chains adsorb at the solution/solid interface to form self-assembled 2D
nanopatterns. Scanning tunneling microscopy yields a submolecularly
resolved insight into the adsorbate structures and thus an insight on the
driving forces of their formation. We investigate the role of alkoxy side
chain length on the adsorption patterns: Different dense and porous
adsorbate patterns are observed, and for chain length n = 12, frus-
trated self-assembly leads to hierarchically organized superstructures.
Up to 10 molecules form triangular aggregates which pack densely into
hexagonal patterns with very large (15.5 nm) lattice constants. [1] S.-
S. Jester, E. Sigmund, L. M. Rock, S. Hoger Angew. Chem. Int. Ed.
2012, 51, 8555.

O 179 Mon 18:00 PHY C 213
Ultra-thin ZnO on Metal Substrates as ZnO Surface Model
— eBJOERN BIENIEK, OLIVER T. HOFMANN, PATRICK RINKE, and
MATTHIAS SCHEFFLER — Fritz Haber Institut der MPG, 14195 Berlin

In the context of catalysis and hybrid inorganic/organic systems, metal
supported ultra-thin ZnO can be used as model systems. However, it
is not clear to what degree the ZnO films resemble the surfaces of ZnO
or whether they exibit significantly different properties. We investi-
gate the structure of ultra-thin ZnO films (1 to 4 layers) on the (111)
surfaces of Ag, Cu, Pd, and Pt by means of density-functional theory.
The free-standing ZnO monolayer adopts an a-BN structure. This
structure prevails on the metal substrates, and we obtain coincidence
structures in good agreement with experiment [1, 2, 3]. Thicker ZnO
layers adopt a wurtzite structure. The films exhibit a large random
corrugation, which can be regularized by hydrogen adsorption. A hy-
drogen overlayer with 50% coverage is formed at chemical potentials
that range from low vacuum to ultra-high vacuum Hg pressures. For
the Ag substrate both a-BN and wurtzite ZnO films are accessible in
this pressure range, while for Cu wurtzite films are favoured. The sur-
face structure and the density of states of these hydrogen passivated
ZnO thin films agree well with those of the bulk ZnO(0001)-2x1-H sur-
face. [1] C. Tusche et al. PRL 99, 026102 (2007) [2] Y. Martynova et
al., J. Cat., 301, 227-223 (2013) [3] G. Weirum et al. J. Phys. Chem.
C, 114 (2010)

O 17.10 Mon 18:15 PHY C 213
A photoelectron diffraction study of the Fe/GaAs(4x2)-
interface — eDOMINIQUE HANDSCHAK, FRANK SCHONBOHM, TOBIAS
LUuR, CHrisTOPH KEUTNER, ULF BERGES, and CARSTEN WESTPHAL
— Exp. Physik 1/DELTA, TU Dortmund, Otto-Hahn-Str. 4, 44221
Dortmund

In this study we investigate a system of a (4x2)-reconstructed
GaAs(001) substrate with an Fe adsorbate. This system is applied
in the field of spintronics, which use the GMR (giant magneto resis-
tance) effect. Especially the interface between this two layers has a
strong influence on the efficiency of the effect. The method of x-ray
photoelectron diffraction (XPD) is an excellent tool for investigating
this system, because it is chemical and interface sensitive. The angle-
resolved measurement yield structural information due to scattering
and diffraction effects of the photoelectron. The GaAs substrate is
found in the well ordered (4x2)-reconstructed structure. XPD pattern
of Ga 3d and As 3d reveal that the reconstruction is not lifted due to
the Fe deposition. The Fe/GaAs interface is formed by a pyramid-like
structure of the iron layers. The strongest lateral shift is found in the
first Fe-monolayer with regard to the GaAs substrate and decreases
evenly to zero with every additional monolayer towards the surface.
Thereby the topmost layers are well bce-ordered with the Fe-lattice
constant of a(Fe) = 2.866A.

O 17.11 Mon 18:30 PHY C 213
Epitaxial growth of the topological insulator BisSe3 on
Si(111): Growth mode, lattice parameter, and strain state
— oM. VysHNEPOLSKY'2, C. KLEIN!, A. HANISCH-BLICHARSKI',
and M. HORN-VON HOEGEN! — lDepartment of Physics, Univer-
sitat Duisburg-Essen, Lotharstr. 1, D-47057 Duisburg, Germany
— 2Present address: Lehrstuhl fiir Physikalische Chemie I, Ruhr-
Universitdt Bochum, D-44780 Bochum, Germany

The epitaxial growth of BiaSes films on Si(111), prepared by co- depo-
sition of selenium (Se) and bismuth (Bi) at 200-250°C, was studied by
in-situ high resolution spot profile analysis low energy electron diffrac-
tion (SPA-LEED), ex-situ atomic force microscopy (AFM) and x-ray
diffraction (XRD). The first BiaSes layer grows as complete quintuple
layer and covers the Si substrate before the next layer nucleates. Its
lateral lattice parameter is increased by 1% compared with the value
of aj = 4.136 A for a 6-nm-thick film. With increasing film thick-
ness, a continuous change of the lattice parameter is observed to an
asymptotic value of a||,00 = 4.134 A, which is explained by a van der
Waals-like bonding between the BisSes film and the Si substrate [1].
The films are atomically smooth without small angle mosaics or small
angle rotational domains. The precise determination of thus deter-
mined lateral and the vertical lattice parameter of ¢ = 28.65 A reveal
that films grown at higher temperature exhibit smaller lattice param-
eters which is attributed to an increased density of Se vacancies. Bulk
defects in the film cause a parabolic increase of the width of the diffrac-
tion peaks in XRD. [1] M. Vyshnepolsky et al., Appl. Phys. Lett. 103,
111909 (2013)

O 17.12 Mon 18:45 PHY C 213
STM study of thin terbium-silicide layers on Si(111) —
eMARTIN FRANZ, ROBERT KOHLHAAS, and MARIO DAHNE — Technis-
che Universitit Berlin, Institut fiir Festkorperphysik, Berlin, Germany

The growth of rare earth silicides on silicon surfaces leads to the for-
mation of very interesting structures such as self-organized metallic
nanowires on the Si(001) and the Si(557) surface [1]. On Si(111), the
formation of nanoclusters is observed at very low coverages [2], while
at higher coverages two- and three-dimensional layers form [3].

In this work the growth and the atomic structure of Tb silicide
films on Si(111) in the coverage regime from submonolayers to several
monolayers were studied using scanning tunneling microscopy. In this
regime various superstructures were identified. At submonolayer cov-
erages first nanoclusters form before a 2v/3 x 2v/3 superstructure is
observed. For Tb coverages exceeding 0.5 ML the 1 X 1 superstruc-
ture of the TbSiz monolayer appears additionally, and at coverages
exceeding one monolayer the three-dimensional Tb3Sis-multilayer is
observed. Furthermore, elongated islands showing a 2 X 1 reconstruc-
tion on top are found.

This work was supported by the DFG through FOR 1282 project D.
(1] M. Déhne and M. Wanke, J. Phys.: Condens. Matter 25, 014012
(2013).

[2] M. Franz et al., Surf. Sci. 609, 215 (2013).
[3] I. Engelhardt et al., Surf. Sci. 600, 755 (2006).

O 17.13 Mon 19:00 PHY C 213
Surface characterization of arsenic terminated Si(111) sub-
strates pre-pared in MOVPE for III-V nanowire solar cells
— eWEIHONG ZHAO!, AGNIESZKA PAszUK!, MATTHIAS STEIDL!, SE-
BASTIAN BRUCKNER!, OLIVER SuppPLIE', ANJA DoBricu?, PETER
KLEINSCHMIDT!3, and THoMAS HANNAPPEL!2:3 — 1Technische Uni-
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versitdt Ilmenau, Institut fir Physik, Fachgebiet Photovoltaik, D-
98684 Ilmenau — 2Helmholtz-Zentru Berlin, Institut fiir Solare
Brennstoffe und Energiespeichermaterialien, D-14109 Berlin — 3CiS
Forschungsinstitut fiir Mikrosensorik und Photovoltaik, D-99099 Er-
furt

III-V nanowires grown on Si(111) substrates by metal-organic vapor
phase epitaxy (MOVPE) enable a promising new solar cell concept
meeting the demands of high-quality-low-cost photovoltaics. GaP
buffer layers grown on Si(111) substrates represent suitable quasi-
substrates since GaP is almost lattice-matched to Si. Apparently,

preparation of atomically flat Si (111) surfaces is an essential step for
adjacent GaP het-ero-epitaxy. However, little is known about prepa-
ration and surface prop-er-ties of Si(111) surfaces in MOVPE with H2
ambient. A contamination-free transfer system enabled us to study
the MOVPE prepared surfaces with numerous UHV based surface sci-
ence tools. A dedicated wet-chemical pretreatment is crucial to obtain
atomically flat Si(111) surfaces. Varying the Si(111) surface prepara-
tion could control the polarity of the adjacent GaP layer. With the
confirmation of FTIR, STM and LEED, we successfully established a
controlled arsenic termination procedure during the epitaxy.

O 18: Solid-liquid Interfaces Il

Time: Monday 16:00-19:15

O 18.1 Mon 16:00 WIL A317
Changes in Potential During Pulsed Galvanostatic De-
position of Zinc Oxide on Gold — eMARTINA STUMPP and
DERCK SCHLETTWEIN — Institute of Applied Physics, Justus-Liebig-
University Giessen, Germany

Zinc oxide (Zn0O) is a promising electrode material for the application
in various devices in the fields of chemistry, optics and electronics.
Electrochemical deposition is an environmentally-friendly and energy-
efficient technique for the deposition of crystalline ZnO. As a solution-
based technique, it allows to prepare films on temperature-sensitive
substrates and independent on substrate shape leading to a variety
of optional device geometries. Electrodeposition of ZnO was carried
out under pulsed galvanostatic conditions from aqueous zinc nitrate
solutions on Awu wires, sheets, microstructured bands or Au-coated
polyamide threads. The voltage-time curves attained during these ex-
periments were analyzed and three significant stages were observed for
all depositions regardless of the geometry of the substrate despite lim-
itation of the reaction by diffusion processes. The three stages were
discussed under variation of the pulsating current density, the deposi-
tion time, but also by polarization of only one of two sets of microstuc-
tured band electrodes. A correlation between an abrupt drop in the
potential and the completed coverage of the Au electrode surface was
seen. The detailed characterization of each stage in the potential-time
curves allows to prepare thin compact ZnO films without pinholes on
a given substrate.

O 18.2 Mon 16:15 WIL A317
Current-time characteristics of the electrochemical deposi-
tion of zinc-oxide on microelectrodes and a finite element
simulation of the diffusion control — eCHRISTIAN LurPO and
DERCK SCHLETTWEIN — Institute of Applied Physics, Justus-Liebig-
University Giessen, Germany

Zinc oxide (ZnO) films were prepared by electrochemical deposition
on interdigitated microstructures of gold band electrodes. Electrode-
position was realized at constant electrode potential from an oxygen-
saturated aqueous zinc chloride solution in the presence of the xan-
thene dye FosinY. The composition of the solution, the deposition
time, the interdigital electrode size, gap width and the number of elec-
trode bands were varied. The current during reduction of Oz and the
subsequent growth of ZnO was measured and correlated with results of
scanning electron microscopy and of simulations by the finite element
method (FEM). The close match of the observed chronoamperometric
curves confirms the diffusion-controlled behavior of the oxygen reduc-
tion and of the subsequent deposition of ZnO. Furthermore the FEM
simulation can be used to discuss an influence of an increasing surface
area during film growth on the diffusion-limited precipitation reaction.
Such application of the FEM to electrochemical deposition reactions
can provide useful contributions to the further development towards a
controlled electrochemical growth on electrodes with different geomet-
ric features on the microscale.

0 18.3 Mon 16:30 WIL A317
Understanding the crystal growth inhibition: role of ac-
etate at the calcium oxalate/water interfaces — oLEILA SAL-
MI PARVANEH!2, DAVIDE DONADIO', and MARIALORE SULPIZI®? —
IMPI for Polymer Research, Mainz — 2Physics Department, Johannes
Gutenberg University, Mainz

Calcium oxalate occurs widely in kidney stones and among a variety of
living organisms[1]. The presence of bio-polymers such as polygluta-

Location: WIL A317

mate during the formation of calcium oxalate crystal has a great impact
on the crystalline phase, morphology and growth rate[2].We have per-
formed DFT-based Born-Oppenheimer Molecular Dynamics (BOMD)
simulations to understand the structural and dynamical properties of
the interfaces between calcium oxalate dihydrate (COD) (100) and
(101) and water. Our study reveals differences in the coordination of
calcium ions at the surface with water. We also characterize the inter-
action between biomolecules and different surfaces of COD. As a first
step we consider acetate as a minimal model for glutamate side chain.
We estimate the binding free energy on different surfaces and compare
it to the binding free energy of calcium and acetate in solution[3]. We
also discuss binding structure at different coverage. Preferential bind-
ing of carboxylate to the (100) surface is found, providing a rational for
recent experimental results on anisotropic growth of COD crystals in
the presence of biopolymers|[2]. [1] E. L. Prein and C. Frondel, J. Urol.
57, 949, 1947. [2] V. Fischer, K. Landfester and R. Munoz-Espi, Cryst.
Growth Des. 11, 1880, 2011. [3] J. Kahlen, L. Salimi, M. Sulpizi, C.
Peter, D. Donadio, 2013 (submitted).

O 18.4 Mon 16:45 WIL A317
Microscopic characterization of the CaF2 / water interfaces.
— eREMI KHATIB!, MARIA J. PERREZ-HARO?, MiscHA BONN?, ELLEN
H.G. Backus?, and MARIALORE SuLpizi' — !Johannes-Gutenberg
University, Mainz, Germany — 2Max Planck Institute for polymer
research, Mainz, Germany

From biological membranes to heterogeneous catalysis through atmo-
spheric chemistry, interfaces involving liquid water are common on
Earth. Vibrational Sum Frequency Generation (SFG) is a spectro-
scopic technique which allow a selective characterization of interfacial
water. In order to rationalize the experimental results obtained for
CaF2 / water interfaces, a theoretical approach has been used, based
on first principles molecular dynamics simulations.

In particular Born-Oppenheimer Molecular Dynamics (BOMD) have
been used on different model systems to describe a wide range of pH
of the aqueous solution. Different tools, like the Velocity Density of
States (VDOS), Radial Distribution Function (RDF), were employed
to analyze the data. The preliminary results are promising: a *free
OH* peak measured by SFG under basic conditions can certainly be
explained by a substitution of F- by HO- at the interface. Moreover a
microscopic characterization of the water species and dynamics at low
pH is also provided.

O 18.5 Mon 17:00 WIL A317
Nanoconfinement Effects on Hydrated Excess Protons in Lay-
ered Materials — eDANIEL MUNOZ-SANTIBURCIO, CARSTEN WIT-
TEKINDT, and DOMINIK MARX — Lehrstuhl fiir Theoretische Chemie,
Ruhr-Universitdt Bochum, 44801 Bochum, Germany

Nanoconfined water has been widely studied in both wire-like and
two-dimensional environments. A feature of particular interest in such
systems is the behavior of excess protons. While proton transfer in
bulk water has been widely studied, almost all efforts in studying ex-
cess protons in confined water systems are devoted to water wires due
to their importance in biological systems and in view of technological
applications such as fuel cells, whereas investigations of hydrated pro-
tons at liquid/solid interfaces are scarce. Following our previous work
[1] on nanoconfined water between sheets of mackinawite minerals,
FeS, which form layer-like superstructures, we address the behavior
of hydrated excess protons in this layered material [2]. Even extreme
nanoconfinement is shown to not affect the fluxional nature of the
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topological defect, thus not localizing the excess protons but conserv-
ing the efficient structural (Grotthuss) diffusion process known in bulk
water. Yet, depending on the width of the slit pore, the defect can
bridge the bilayer water structure, thus forcing the excess proton into
the water depleted region between the bilayers.

[1] C. Wittekindt and D. Marx, J. Chem. Phys. 137, 054710 (2012).
[2] D. Muiioz-Santiburcio, C. Wittekindt and D. Marx, Nat. Com-
mun. 4:2349 (2013).

O 18.6 Mon 17:15 WIL A317
Wetting Transition in a solid/water/oil system mediated by
ion and surfactant -adsorption induced interface interactions
— eBIJOYENDRA BERA, IGOR SIRETANU, MICHEL H.G. DuITs, MAR-
TIEN A. COHEN-STUART, DIRK VAN DEN ENDE, and FRIEDER MUGELE
— Physics of Complex Fluids (PCF) Group, TNW, University of
Twente, Enschede, The Netherlands

Enhanced oil recovery (EOR) processes rely upon wettability alteration
in sandstone rock (silica and clay materials). In this study, by changing
the salt (NaCl or CaClz), concentration (1 mM to 1000 mM) and pH,
we observe wetting transition on mica in an oil (n-Decane) phase. At
all pH and concentration of NaCl, contact angles below macroscopic
detection limit (around 1.59) are observed, implying complete wetting.
For CaClsy, we observe finite contact angles (up to 10°) above a criti-
cal concentration of 50 mM. When we add polar amphiphilic molecules
(stearic acid) in n-Decane, this wetting transition is more pronounced
since for CaCly solution, contact angles are as high as 70°. In presence
of stearic acid, dynamic effects such as autophobing and self-propelling
of drops on mica are also observed.

We explain such wetting transition with an ion-adsorption model,
causing surface charge reversal at mica/water interface for divalent
cations. This proposition is supported with experimental calculations
of zeta potential. Based on these values, we calculate surface charge
and subsequently, the interaction potential between mica/water and
oil/water interfaces. The minimum of this potential corresponds to
the film thickness of aqueous phase, which we confirm with ellipsome-
try.

O 18.7 Mon 17:30 WIL A317
Activation of surfaces with ultrasound (US): from physical ef-
fects to chemistry — eMATTHIEU VIROT!, SERGUEI I. NIKITENKO!,
THOMAS ZEMB!, and HELMUTH MOHWALD? — 1ICSM Marcoule, Bag-
nols sur Ceze (France) — ?MPI-KG, Potsdam (Germany)

US propagation in liquid media may lead to acoustic cavitation which
is the nucleation, growth, and rapid implosive collapse of vapor filled
micro-bubbles. At collapse, these bubbles create extreme transient
conditions of several thousand of degrees and hundreds of atm., and
possibly light emission (sonoluminescence). At the vicinity of an ex-
tended solid surface, these conditions go with the generation of shock
waves and micro-jets striking the surface with a high velocity. Non-
equilibrium conditions therefore generated at surfaces may offer new
alternatives to activate surfaces. Recent investigations carried out at
surfaces from the macro- to the nanoscale brought to light new physico-
chemical properties and possibilities never reported before: (i) Soni-
cated (20 kHz, 10-20°C, Ar) silica glass and crystalline Si surfaces were
characterized by their unusual physical and chemical transformations.
(ii) Spectroscopic investigations performed at the vicinity of a soni-
cated (Ce0.9Tb0.1)PO4 pellet surface revealed for the first time that
acoustic cavitation can be used as an in-situ source of excitation for
photoactive species contained in an extended solid phase via sonolu-
minescence, while solubilized Ar was found to be excited during the
sonication of crystalline Si via mechanoluminescence. (iii) The reduc-
tive dissolution of refractory CeO2 was found to be catalyzed by the
sonochemical deposition (20-40°C) of Pt NPs at the surface of ceria.

0O 18.8 Mon 17:45 WIL A317
Self-Assembly of Alkyl Phosphonic Acids at a-Al2O3(0001)-
Solvent Interfaces — CHRISTIAN MELTZER, WOLFGANG PEUKERT,
and eBJORN BRAUNSCHWEIG — University of Erlangen-Nuremberg; In-
stitute of Particle Technology (LFG), Cauerstrasse 4, 91058 Erlangen

Molecular self-assembly of octadecylphosphonic acids (ODPA) on a-
Al2Os3 is studied with vibrational sum-frequency generation (SFG)
in-situ and in real time. A detailed analysis of SFG spectra shows
that both intensity and relative contributions of methylene and methyl
bands are excellent indicators for coverage dependent changes in the
molecular structure of ODPA self-assembled monolayers (SAMs). Con-
centrations between 0.1 and 5 mM ODPA in propanol lead to slow ad-

sorption where a SAM is formed over several hours. For concentrations
< 1 mM, SAMs with low coverage and possibly flat lying molecules
are formed even after prolonged adsorption times. For concentrations
>1mM an equilibrium can be reached, but vibrational spectra still
show substantial contributions from gauche defects. Dewetting of these
SAMs in N2 gas leads to an increase in SFG intensity that is accom-
panied by a substantial decrease in SFG contributions from gauche
defects. After re-immersing of dried samples in 2-propanol with 5 mM
ODPA, SFG spectra remain unchanged and are representative of well-
ordered ODPA SAMs. From these observations we hypothesize that
before de-wetting coverage and molecular order are already very high,
but final improvements in molecular order are accomplished only at
the solid-liquid-gas three phase line.

O 18.9 Mon 18:00 WIL A317
EFFECT OF SONICATION TIME ON THE SELF-
ASSEMBLY OF SOLVENT MOLECULE ADSORBED ON
HOPG (0001) SUBSTRATE STUDIED BY SCANNING
TUNNELING MICROSCOPY AT THE LIQUID-_SOLID
INTERFACE — eNGUYEN THI Ncoc HA!, THIRUVANCHERIL G.
GOPAKUMAR?, and MICHAEL HIETScHOLD! — lInstitute of Physics,
Solid Surfaces Analysis Group,Technische Universitat Chemnitz, Ger-
many — 2Indian Institute of Technology, Kanpur, India

Self-assembly at the liquid-solid interface depends on several experi-
mental parameters such as temperature, chemical nature of the solvent,
functional groups of the solute molecule, concentration of dissolved
molecules, etc. which can influence on the interactions between adsor-
bate, substrate and solvent. The molecular concentration in a solvent
has been shown to be a useful control parameter for self-asssembled
molecular pattern formation out of solutions on a crystalline substrate.
Sonication treatment of the solutions has been demonstrated to be an
efficient method to change these concentrations. The adsorption of
TMA (trimesic acid)-undecanol mixture on a HOPG substrate has
been investigated. It reveals an adsorption pattern consisting of alter-
nating stripes made of TMA and undecanol solvent molecules which
changes in dependence on sonication time. There has been found self
-assembled deposition also from pure solvents leading to different pat-
terns which can be controlled by sonication also. These types of studies
will give better insight into the adsorption process and may also offer
exciting opportunities for nano-patterning.

O 18.10 Mon 18:15 WIL A317
Temperature-controlled 3d self-assembling of benzene-1,3,5-
triphosphonic acid observed by scanning tunneling mi-
croscopy (STM) at the liquid-solid interface — eCHAU YEN
NcuYEN Doan!, Ncoc Ha NGUYEN THI', MICHAEL MEHRING?, and
MicHAEL HieTscHOLD! — 1Solid Surfaces Analysis Group, Institute
of Physics, TU-Chemnitz, Chemnitz, Germany — 2Institute of Chem-
istry, TU-Chemnitz, Chemnitz, Germany

Benzene-1,3,5-triphosphonic acid (BTP), which is the phosphonic acid
analogue of trimesic acid (TMA), forms a columnar packing in the
crystalline solid state that is characterized by strong hydrogen bonds
and w-stacking involving the aromatic rings. Therefore, BTP is an
interesting intermediate to design both 3D supramolecular hydrogen-
bonded architectures and organic-inorganic hybrid frameworks. The
2D or 3D crystal engineering of molecular architectures on surfaces
requires controlling various parameters related respectively to the sub-
strate, the chemical structure of the molecules, and the environmen-
tal conditions. We investigate here the influence of temperature on
the self-assembly of BTP at the undecanol-HOPG interface using am-
bient STM. The geometry adsorption of the 3D self-assembled BTP
can be precisely tuned by adjusting the substrate temperature from
20°C to 60°C. STM images at different substrate temperature reveal
the different co-adsorption structures as well as different packing den-
sity of BTP and undecanol solvent molecules. Based on these results,
temperature-control has been proven to be a versatile tool to adjust
the polymorphism of molecular patterns deposited out of solutions.

O 18.11 Mon 18:30 WIL A317
Molecular Dynamics Simulations of the Dissolution of Lac-
tose Crystals — eBERNA DOGAN, JULIAN SCHNEIDER, and KARSTEN
REUTER — Technische Universitdt Miinchen, Germany

Apart from its widespread use in food industry, Lactose is commonly
applied in the pharmaceutical industry as an excipient for drug for-
mulations. This application demands an efficient dissolution of its
crystalline alpha lactose monohydrate (alpha-LM) phase to enable a
fast uptake of the active pharmaceutical ingredient. Seeking for an un-
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derstanding of the underlying molecular porcesses, we aim at comple-
menting the available dissolution experiments with force-field molec-
ular dynamics (MD) simulations of the alpha-LM/water interface at
the atomistic level.

At near-equilibrium conditions, dissolution is expected to primarily
take place at kink sites within step edges. The dissolution velocity of
a step edge can then be derived from the kink free energy, as well as
the rate constant of the molecular detachment process [1]. Instead of
approximating the defect free energies by potential energy differences
of rigid crystal arrangements [1], we aim at a precise calculation, in-
cluding entropic contributions and explicit solvation. We, therefore,
present a modification of binding free energy methods of molecular
ligand/receptor complexes towards an application to surface defects.
Moreover, we show how the molecular rate constants can be calculated
at the same level of precision from accelerated molecular dynamics sim-
ulations.

[1] R. C. Snyder and M. F. Doherty: Proc. R. Soc. A, 465, 1145,
(2009)

O 18.12 Mon 18:45 WIL A317
Exploring the formation, lifetime and dissociation statistics of
acid-amine bonds — eSANGEETHA RAMAN and MARKUS VALTINER
— Department of Interface Chemistry and Surface Engineering, Max-
Planck-Institut fiir Eisenforschung GmbH, D-40237, Diisseldorf, Ger-

many

Understanding the scaling of single molecular interaction forces to-
wards an integral interaction between extended surfaces interacting
simultaneously through a large number of molecular bonds is a key
objective in order to model or predict interactions in realistic situa-
tions. Here we study the scaling of interaction forces arising from acid-
base bond at both, the single molecular level using force spectroscopy
with atomic force microscopy (AFM) and the macroscopic level us-
ing surface forces apparatus experiments (SFA). The single molecule
experiments reveal two distinct regimes of interaction forces as a func-
tion of the bond-loading rate - the equilibrium desorption regime and
the force-dependent bond dissociation regime. SFA measurements re-

vealed, that the forces measured in the equilibrium regime using AFM,
scale linear with the number density of acid base bonds at the inter-
face. We show that a combined approach of AFM and SFA allows for
a detailed understanding of both kinetic aspects of the bond forming
and breaking as well as equilibrium scaling of the interaction forces.
AFM allows to directly measuring lifetimes of bonds, while SFA al-
lows to directly studying the equilibrium interactions between specific
bonds. Our results provide complementary information to predict and
model realistic situations of bond forming and breaking.

O 18.13 Mon 19:00 WIL A317
The Theoretical and Experimental Study on the Dynamic
Ice-making system Using Supercooling Water Based on the
Nano-fluorocarbon Coating Material — e¢HONG WANG — School
of civil engineering, Henan Institute of Engineering, Zhengzhou city,
China

Supercooling water is used as a superior method to generate ice slurry
for its high efficiency and energy conservation. However, the ice block-
age occurred in the supercooling heat exchanger is a prominent prob-
lem that reduces the efficiency of the ice generation system. In order
to avoid or retard ice blockage, a fluorocarbon coating with super-
hydrophobicity was applied onto the surface of the supercooling heat
exchanger to continuously make ice slurry without any additive. The
characteristics of the coated surface with fluorocarbon coating was de-
termined and analyzed relatively. The results showed that the nano-
fluorocarbon film in the average thickness was only 9.7nm. It was the
very thin film made the solid surface superhydrophobicity with the
contact angle of 163.01°. This film not only has a good property in
anti-icing but also anti-scale. Compared with the uncoated surface, the
process of water freezing on the coated surface with nano-fluorocarbon
was slower which demonstrated that the icing on the coated surface
was restrained in the experiment. It was also found that the super-
cooling degree in the coated supercooling heat exchanger was higher,
the supercooling state was longer, and the time of ice blockage was
delayed. Thus, more ice production can be obtained accordingly and
the efficiency of the whole ice-making system was enhanced.

O 19: Graphene: Structural properties

Time: Monday 16:00-19:00

O 19.1 Mon 16:00 WIL C107
Vertical height of quasi-free standing monolayer graphene on
SiC(0001): an XSW study — eJ. Srorzint!, T. Denic?, T. L.
Lee3, C. Kumpr!l, S. Susacu!, U. StarkE2, F. C. BocQUET!, and
F.S. Tautz! — Peter Griinberg institute (PGI-3), Forschungszen-
trum Jiilich, 52425 Jiilich, Germany — ?Max Planck Institute for
Solid State Research, Heisenbergstrafle 1, 70569 Stuttgart, Germany
— 3Diamond light source ltd, Harwell oxford, Didcot, Oxfordshire,
United Kingdom

We investigated a quasi-free standing monolayer graphene sample[1] on
SiC(0001) obtained by decoupling the buffer-layer from Si-terminated
surface by hydrogen intercalation. We used X-ray Standing Wave tech-
nique (XSW), combining dynamical diffraction and X-ray photoelec-
tron spectroscopy, to detect the coherent distribution of the chemically
different species (Si and C) at the interface. Our analysis shows two dif-
ferent carbon species (C in the graphene layer and C in the SiC bulk);
we find that the adsorption height of the graphene layer is slightly
higher than theoretically predicted. The discrepancy, attributed to
the very weak graphene-substrate intercation, is still challenging for
theory[2].

[1]Riedl, et. al., PRL, 103, 246804 (2009)

[2]Deretzis , et. al., Nanoscale, 5, 671-680 (2012)

0 19.2 Mon 16:15 WIL C107
Epitaxial graphene nanostructures on SiC — eALEXANDER
STOHR!, STIVEN FORTI!, ULRIKE WAIZMANN!, THOMAS REINDL!, JENS
BARINGHAUS?, ALEXEI ZAKHAROV3, CHRISTOPH TEGENKAMP2, and
ULRICH STARKE! — !Max-Planck-Institut fiir Festkorperforschung,
Stuttgart, Germany — ZInstitut fiir Festkorperphysik, Leibniz-
Universitit Hannover, Hannover, Germany — 3MAX IV Laboratory,
Lund University, Lund, Sweden

In recent years a lot of effort was put into the realization of graphene
devices, in view of their unique electronic properties and the potential

Location: WIL C107

application in logical circuits. However, for the use in logical elec-
tronics a band gap would be required. This can be achieved by con-
fining the electrons into quasi-onedimensional graphene stripes, called
graphene nanoribbons. When patterning graphene, the altering of the
electronic properties by the mechanical attack on the ribbon edges as
well as residual resist is always an issue. For that matter we chose
to structure the SiC-samples before growing graphene, using electron
beam lithography and reactive ion etching. Subsequently, the graphene
was grown at elevated temperatures, which also removed the residual
resist. As a result onedimensional stripes could be obtained and were
decoupled from the substrate by intercalation of hydrogen. Charac-
terization by low-energy electron microscopy and angle-resolved pho-
toemission spectroscopy proves the development of quasi-free standing
monolayer graphene ribbons.

0O 19.3 Mon 16:30 WIL C107
Moiré-induced Brillouin zone backfolding of graphene
phonons on Ir(111) — eMICHAEL ENDLICH!, ALEJANDRO MOLINA-
SANCHEZ?, HENRIQUE MIRANDA2, LUDGER WIiRTZz2, and JORG
KROGER! — 1lInstitut fiir Physik, Technische Universitat Ilmenau,
D-98693 Ilmenau — 2Physics and Material Sciences Research Unit,
University of Luxembourg, L-1511 Luxembourg

The moiré superstructure of graphene on Ir(111) leaves its character-
istic footsteps in the phonon dispersion. Replica of the phonon disper-
sion branches of singly oriented graphene on Ir(111) have been deter-
mined throughout the entire surface Brillouin zone with angle-resolved
inelastic electron scattering. These replica are rationalized in terms of
phonon backfolding induced by the graphene moiré superlattice.

0O 19.4 Mon 16:45 WIL C107
Back Focal Plane Imaging of Raman Scattering from
Graphene — eHARALD BUDDE, XIAN SHI, NICOLAT HARTMANN, and
AcHIM HARTSCHUH — Department Chemie und CeNS, LMU Miinchen,
Germany
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Raman Scattering Spectroscopy is a powerful technique for studying
graphene and other sp2 carbon materials [1]. We combined Raman
Spectroscopy with back focal plane (BFP) imaging , a method used
to visualize the angular distribution of emitted or scattered light. As
an example BFP imaging allows to determine the orientation of sin-
gle dipolar emitters [2, 3]. For graphene on glass Raman BFP images
mainly reflect the polarization characteristics of the different phonon
modes. On thin gold films emission from graphene leads to the exci-
tation of propagating surface plasmon polaritons.

[1] A. Ferrari, D. Basko, Nat. Nanotech 8, 235-246, 2013.

[2] M. Lieb, J. Zavislan, L. Novotny, J. Opt. Soc. Am. B 21,
1210-1215, 2004.

[3] N. Hartmann, G. Piredda, J. Berthelot, G. Colas des Francs, A.
Bouhelier, A. Hartschuh, Nano Lett. 12, 177-181, 2012.

0 19.5 Mon 17:00 WIL C107
Ion Irradiation of Metal-Supported Graphene: Exploring
the Role of the Substrate — eCHARLOTTE HERBIG!, HARRIET
AHLGRENZ, SABINA SIMON!, CARSTEN Bussk!, JANI KOTAKOSKIZ3,
ARKADY V. KRASHENINNIKOVZ4, and THOMAS MICHELY! — 1II. Phys.
Inst., Universitat zu Koln, Germany — 2Dept. of Phys., University of
Helsinki, Finland — 3Faculty of Phys., University of Vienna, Austria
— 4Dept. of Appl. Phys., Aalto University, Finland

Ton irradiation effects on 2D materials are an emerging subject, trig-
gered by graphene’s (Gr) potentials in applications. For supported Gr
the effect of the substrate on ion beam damage and annealing is impor-
tant. We investigate the behavior of high quality Gr, weakly coupled to
Ir(111), to low energy noble gas ion irradiation by scanning tunneling
microscopy (STM), molecular dynamics simulations, and density func-
tional theory (DFT). For a freestanding layer, sputtered atoms leave
the layer either in forward or backward direction. For metal-supported
Gr, only C atoms carrying backward momentum are sputtered while
atoms carrying forward momentum are trapped. As evident from STM
and DFT, trapped C atoms form nm-sized Gr platelets at the interface
upon annealing at 1000K, assisted by substrate defects. The incorpo-
ration into the Gr layer is suppressed due to high migration barriers,
while diffusion into the Ir is energetically unfavorable. By measuring
the area fraction of the platelets, we obtain the trapping yield, i.e., the
number of trapped C atoms per incident ion. Interestingly, compared
to the sputtering yield, the trapping yield for Gr on Ir(111) displays a
distinctly different dependence on the ion beam angle of incidence.

0 19.6 Mon 17:15 WIL C107
Ab initio study of graphene on O-intercalated Ir(111) sur-
face and its functionalization via molecular adsorption —
oVasILE CAciuc, NICOLAE ATODIRESEI, and STEFAN BLUGEL — Pe-
ter Griinberg Institut (PGI-1) and Institute for Advanced Simulation
(IAS-1), Forschungszentrum Jiilich and JARA, 52425 Jiilich, Germany

To integrate graphene in molecular electronics and spintronics devices
it is crucial to understand how the strength of the graphene—metal
electrode interaction can be specifically tuned. One possibility to loose
or strengthen this interaction is to intercalate adatoms with different
chemical reactivity between graphene and the metal surface in ques-
tion. We will analyse this approach from first principles by considering
the case of the O-intercalated graphene on Ir(111) [1]. Another path
is to analyse how the adsorption of m—conjugated organic molecules
can affect the electronic structure of a quasi-freestanding graphene
layer. We investigated this issue by performing spin-polarized density
functional theory (DFT) for a trioxotriangulene-derivate molecule [2]
on graphene. Importantly, as already demonstrated in [3], for such
systems it is mandatory to include the dispersion interaction and in
our ab initio study these long-range van der Waals interactions were
considered at a semi-empirical [4] or first-principle [5] level.

[1] E. Granés et al., ACS Nano. 6, 9951 (2012).

[2] Y. Morita et al., Nat. Mater. 10, 946 (2011).
[3] C. Busse et al., Phys. Rev. Lett. 107, 036101 (2011).
[4] S. Grimme, J. Comput. Chem. 27, 1787 (2006).
[5] M. Dion et al., Phys. Rev. Lett. 92, 246401 (2004).

0 19.7 Mon 17:30 WIL C107
From two to three dimensions: The effect on the Coulomb
interaction by increasing the dimensionality in layered mate-
rials — eM. ROSNER!, E. SasiocLu?, C. FRIEDRICH2, S. BLUGELZ,
A1 LicuTeNSTEIN®, M.I. KATSNELSON?, and T.0. WEeHLING! —
nstitut fiir Theoretische Physik and Bremen Center for Compu-
tational Materials Science, Universitdt Bremen, Bremen, Germany
— 2Peter Griinberg Institut and Institute for Advanced Simulation,

Forschungszentrum Jiilich and JARA, Jiilich, Germany — 1. Institut
fiir Theoretische Physik, Universitat Hamburg, Hamburg, Germany —
4Radboud University Nijmegen, Institute for Molecules and Materials,
AJ Nijmegen, The Netherlands

We study the Coulomb repulsion and the dielectric screening in mono-,
bi- and tetralayer graphene as well as in graphite. We discuss the tran-
sition from 2D systems to the bulk structure in layered materials with
regard to the (non) local Coulomb interactions. Therefore, we use ab
initio constrained random phase (cRPA) calculations to get reliable
data in a first step. By tailoring the resulting Coulomb interaction
in classical electrostatic models afterwards, we find the following: In
addition to the effective height of each layer especially the direction
dependence and the non-locality of the dielectric function are the keys
to understand the screening effects in these structures. Thereby, we
discuss models to estimate the Coulomb interaction of the 2D systems
by using exclusively the bulk data as input. We apply these rules to
calculate the Coulomb interaction in graphene on iridium and find a
very good agreement with ab initio data.

0 19.8 Mon 17:45 WIL C107
Graphene nanolithography with 2.5 nm precision: combining
bottom-up and top-down techniques — ¢ ANTONIO J. MARTINEZ-
GALERAL:2| IvAN Brmmuecal3, ANGEL GUTIERREZ-RUBIO!, TOBIAS
STAUBERY3, and Josi M. GOMEZ-RoODRIGUEZ'*3 — 1Departamento
Fisica de la Materia Condensada, Universidad Auténoma de Madrid,
E-28049 Madrid, Spain — 2Present address: II. Physikalisches Institut,
Universitat zu Koln, Zilpicher Strafle 77, 50937 Koln, Germany. —
3Condensed Matter Physics Center (IFIMAC), Universidad Auténoma
de Madrid, E-28049 Madrid, Spain.

The selective modification of pristine graphene represents an essential
step to fully exploit its potential. The work presented here overcomes
one of the remaining challenges key for the comprehensive integra-
tion of graphene in real devices: the realization of lithography below
10 nm sizes. Specifically, we have developed a perfectly reproducible
nanolithographic technique for graphene that allows, by means of an
STM tip, to modify with 2.5 nm accuracy the electronic properties
of graphene monolayers epitaxially grown on Ir(111) surfaces. This
method can be carried out also on micrometer sized regions and the
structures so created are stable even at room temperature. As a re-
sult, we can strategically combine graphene regions presenting large
differences in their electronic structure to design graphene nanostruc-
tures with tailored properties. Therefore, this novel nanolithography
method could open the way to the design of nanometric graphene-
based devices with specific functionalities. In particular, we explore
here the possibility of developing a new platform for plasmonics.

O 19.9 Mon 18:00 WIL C107
Relaxation of compressive stresses in graphene through
mobile nanoripples — ePETER KLAVER, SHOUEN ZHU, MARCEL
SLUITER, and GUIDO JANSSEN — Delft University of Technology, Delft,
Netherlands

Graphene monolayers have a far smaller thermal expansion coefficient
than the Cu substrates on which they are often grown through CVD
at high temperature. Once the Cu substrate and graphene mono-
layer are cooled down to room temperature, the Cu contracts 1.5-
2.0% more than the graphene. Yet various experiments do not show
graphene layers on Cu to be under significant compressive stress. We
present molecular dynamics simulations that show that under com-
pressive stress, small ripples of just a few nm wide appear that absorb
the excess graphene area. These ripples are quite mobile, even at
room temperature. Their movement offers a mechanism to remove the
compressive stress in graphene while keeping it flat, by absorbing the
ripples into larger ripples (like those that have formed around bunches
of step edges) or by eliminating the ripples at the edges of graphene
islands. The relaxation of stresses through the movement of nanorip-
ples is somewhat analogous to flattening out a red carpet by gradually
moving a wrinkle away to the carpet edge instead of pulling the entire
carpet all at once. The ease with which stresses in graphene relax, is
not directly determined by the corrugation energy.

0O 19.10 Mon 18:15 WIL C107
Epitaxial graphene nanoflakes on Au(111) and Ag(111) —
eJuLia Tescu!, PuiLipp LeicHT!, LUKAS ZIELKE!, RIKO MORONI!,
BERND ILLING!, LucA GRAGNANIELLO!, FELIX BLUMENSCHEIN!,
ELENA VOLOSHINAZ, LUKAS HAMMERSCHMIDTS, LUKAS MARSONER
STEINKASSERER®, BEATE PauLus®, YURlY DEDKOV?, and MIKHAIL
FONIN! — 1Fachbereich Physik, Universitit Konstanz — 2Institut fiir



Surface Science Division (O)

Monday

Chemie, HU Berlin — 3Institut fiir Chemie und Biochemie, FU Berlin
— 4Fritz-Haber-Institut der MPG, Berlin

In zig-zag edge terminated graphene nanoribbons or nanoflakes
(GNFs), confinement of electrons is predicted to give rise to edge
states with magnetic moments. However, the experimental observa-
tion of edge effects is impeded by the inevitable presence of substrates
that interact with the flake edges, hence masking the GNFs’ intrinsic
properties. In the attempt of reducing the graphene substrate inter-
action, we use an entirely UHV based approach for the preparation of
GNFs on Au(111) and Ag(111) surfaces allowing for flake sizes down
to 10 nm. GNFs on Ir(111) are prepared by temperature programmed
growth [1] and subsequently covered by deposition of several nm of
Au or Ag. After post-annealing, the flakes diffuse through the Au or
Ag film and form embedded or floating graphene flakes. In scanning
tunnelling microscopy (STM), the edges of floating GNFs are found to
be singly hydrogen terminated and entire flakes can be laterally dis-
placed with the STM tip on both Au and Ag surfaces, suggesting a
considerable reduction of graphene-substrate interactions compared to
other metals. [1] Coraux et al., New J. Phys. 11, 023006 (2009)

0 19.11 Mon 18:30 WIL C107

Scatttering and electronic structure in graphene nanoflakes

on Au(111l) — ePmmiep LeicuT!, LUKAS ZIELKE!, SAMUEL
BouvroN!,  Junia TescuH!, FELIX BLUMENSCHEIN!, Luca
GRAGNANIELLO', LUKAS MARSONER STEINKASSERER?, BEATE

PAuLUS?, ELENA VOLOSHINA®, YURIY DEDKOV?, and MIkHAIL Fonin!
— 1Fachbereich Physik, Universitiat Konstanz — 2Institut fiir Chemie
und Biochemie, FU Berlin — 3Institut fiir Chemie, HU Berlin —
4Fritz-Haber-Institut der MPG, Berlin

Confinement of electrons in graphene quantum dots and nano ribbons
with atomically well defined edges represents an exciting field of re-
search, owing to predicted peculiar electronic and magnetic properties.

Here, we present scanning tunneling microscopy (STM) investiga-
tions of graphene nano flakes (GNFs) prepared by temperature pro-
grammed growth on Ir(111) [1] and subsequent intercalation of Au for
electronic decoupling. The electronic properties of the graphene flakes
are addressed by scanning tunneling spectroscopy. Within our atomi-
cally resolved constant-energy maps we can probe the electronic states
of the graphene electrons exploiting the intervalley scattering. The
hereby obtained dispersion relation shows a linear behavior and can
be unambiguously discriminated from the parabolic dispersion rela-
tion of the Au(111) surface state electrons. The intervalley scattering
of graphene electrons forms discs in the Fourier transforms of constant-
energy maps, which include additional scattering features compared to
monolayer graphene.

[1] Coraux, J. et al., New J. Phys. 11, 023006 (2009)

0 19.12 Mon 18:45 WIL C107
Improved effective theories for edge magnetism — e CORNELIE
Koopr and MANUEL SCHMIDT — Institut fiir Theoretische Festkorper-
physik, RWTH Aachen University, Deutschland

We consider the effective interaction between edge states in graphene
nanoribbons. Low-energy edge states come along with a strongly
enhanced density of states near the graphene edges, which makes
electron-electron correlation important and gives rise to the so-called
edge magnetism. In a pristine nanoribbon in first order, there is a
direct ferromagnetic intra-edge coupling and an antiferromagnetic in-
teraction between opposite edges. We study the coupling by means of
an effective model yielding a separation between edge and bulk states.
In particular we investigate the influence of the bulk states on the
effective edge state theory via a second order Schrieffer-Wolff trans-
formation. Using both numeric and analytic methods, we calculate
various correlation functions. We discuss the results for the effective
correlations between smooth edges as well as between the strongly lo-
calized states at rough edge structures.

O 20: Nanostructures at Surfaces Il

Time: Monday 16:00-19:15

O 20.1 Mon 16:00 WIL B321
3d nanoparticle deposition on a W(110) surface — eHENDRIK
BETTERMANN, MATTHIAS WERNER, and MATHIAS GETZLAFF — Insti-
tute of Applied Physics, University of Duesseldorf

Nanoparticles and clusters are interesting objects both from a fun-
damental perspective and for technological applications due to their
unique electronic and magnetic behavior. These properties are signif-
icantly influenced by size and structure of the particles. Our contri-
bution is focused on FeNi alloy nanoparticles deposited on a W(110)
surface, additionally in comparison with other magnetic 3d nanopar-
ticles. The particles are generated by a UHV compatible continously
working Arc Cluster Ion Source (ACIS) and subsequently mass se-
lected in a static electric field. Scanning Tunneling Microscopy (STM)
is our main method to study these objects. We will report on size and
structural properties of FeNi nanoparticles with diameters between 4
and 15 nm which satisfy softlanding conditions at kinetic energies well
below 0.1 eV per atom.

O 20.2 Mon 16:15 WIL B321
FeRh on Cu(100): Cluster substrate interaction in terms of
band structure — eIVAN BAEV!, TORBEN BEECK!, KARI JANKALAZ,
MICHAEL MARTINS!, and WILFRIED WURTH! — lInstitut fiir Experi-
mentalphysik, Universitit Hamburg — 2University of Oulu

Very small clusters are an important subject for a detailed understand-
ing of emerging physical properties such as catalytic behavior or mag-
netic moments. Theoretical models are often limited to small scales
because of their complexity. But band structure calculations of metal-
lic crystals have already been performed since the 1960’s and are by
now well understood. This forms an ideal reference for experimental
measurements.

We will present measurements of the Cu(100) band structure along
the I'X direction measured by photoelectron spectroscopy and the in-
fluence of small FeRh clusters deposited via soft landing on the copper
surface. Changes to the band structure are very strong and depend on
the size and the type of clusters atoms involved.

The hybridization of the clusters with the substrate is distinct and

Location: WIL B321

affects the copper band in a symmetry adapted way. We will show
how it is able to change the substrate band structure atom by atom.
Ideally this will enable the tailoring of perfect systems for each given
application by tailoring atomic orbitals: e.g. for magnetism a high
density of states at the Fermi edge with high spin polarization is de-
sirable while for catalytic materials a matching of molecular orbitals
with the surface electronic states is more favorable.

This work is supported by the collaborative research center SFB 668.

O 20.3 Mon 16:30 WIL B321
Fabrication of nanoscaled Fe deposits by focused electron
beam processes as catalyst for C-nanostructures growth —
oESTHER CARRASCO, FAN TU, MARTIN DROST, FLORIAN VOLLNHALS,
HANS-PETER STEINRUCK, and HUBERTUS MARBACH — Lehrstuhl fiir
Physikalische Chemie II, Friedrich-Alexander Universitit Erlangen-
Nirnberg, Egerlandstr. 3, D-91058, Erlangen, Germany

The fabrication of clean iron nanostructures under UHV conditions is
feasible via the technique of electron beam induced deposition (EBID)
[1]. Fe is also successfully employed as a catalyst for the growth of
carbon nanotubes (CNTs) by chemical vapor deposition (CVD) [2].
Control of the structure and location of individual CNTs with litho-
graphic precision over large substrates is desired for their applications
in electronic devices. By using EBID, we are able to design an arbi-
trary distribution of metal nanostructures, which can be used as a tem-
plate for the fabrication of secondary C-nanostructures by CVD. The
objective is twofold: i) a controlled fabrication of novel carbon nanos-
tructures via catalytic growth from the structured EBID deposits. ii)
the fabrication of single wall carbon nanotubes (SWCNTs) with spe-
cific characteristics from localized iron dots with diameters below 8
nm. Latest results will be presented and discussed. This work was
supported by the DFG via grant MA 4246/1-2, MA 4246/2-1, Fun-
cos FOR 1878 and the Cluster of Excellence Engineering of Advanced
Materials of the FAU Erlangen-Niirnberg.

[1] T. Lukasczyk et al., Small 4 (2008) 841

[2] C. Mattevi et al., J Phys. Chem. C 112 (2008) 12207

0 20.4 Mon 16:45 WIL B321



Surface Science Division (O)

Monday

STXM and NEXAFS study of the autocatalytic growth
of EBID precursors — eFLORIAN VOLLNHALS, FAN Tu, MAR-
TIN DROST, ESTHER CARRASCO, ANDREAS SPATH, HANS-PETER
STEINRUCK, and HUBERTUS MARBACH — Lehrstuhl fiir Physikalis-
che Chemie II, Friedrich-Alexander Universitdt Erlangen-Niirnberg,
Egerlandstr. 3, D-91058, Erlangen, Germany

Electron beam induced deposition (EBID) is a technique for the di-
rect fabrication of nanostructures on surfaces with full lithographic
control.[!] In EBID, a metal-organic precursor is adsorbed on a sur-
face and locally decomposed by a highly focused electron beam. Non-
volatile fragments form a deposit while volatile ones are pumped off.

The generally low purity of the deposits is a major challenge. In
the case of Fe(CO)s, the high attainable purity of 95+ %at. is linked
to autocatalytic decomposition and subsequent growth of the Fe seeds
at RT.[2] To study this behavior, which is also expected for other pre-
cursors, we prepared EBI deposits from Fe(CO)s and Co(CO)3NO on
SigN4 membranes in UHV and used STXM and NEXAFS to find that
Fe(CO)s5 gives rise to linear growth of nearly pure Fe, while the be-
havior of Co(CO)3NO is complex and yields oxygen rich CoC;N,O..

Supported by the DFG via grant MA 4246/1-2, MA 4246/2-1,
the excellence cluster Engineering of Advanced Materials of the FAU
Erlangen-Niirnberg and two granted beamtimes at the PolLux STXM
at the Swiss Light Source.

(1] W. van Dorp et al., J. Appl. Phys. 104 (2008), 0801301.

[2] M.-M. Walz et al., Angew. Chem. Int. Ed. 49 (2010), 4669.

0O 20.5 Mon 17:00 WIL B321
Electron Quantization Effects in Pristine and Isophorone-
Modified Gold Nano-Islands on MgO Thin Films —
oCHRISTIAN STIEHLER, WOLF-DIETER SCHNEIDER, NIKLAS NILIUS,
and HANS-JOACHIM FREUND — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany

Electron quantization is a fundamental phenomenon that accompanies
the transition from bulk metals to nanoclusters. The associated open-
ing of a gap at the Fermi level crucially affects various properties of the
nanostructures, e.g. its electrical and optical behavior and its perfor-
mance in catalytic reactions [1]. By using low-temperature STM and
related spectroscopy, we have investigated the electronic structure of
2D Au islands on MgO/Ag(001) thin films, containing between 50-200
atoms [2]. The bare islands exhibit characteristic quantum well states
(QWS), arising from the spatial confinement of the Au-6p-orbitals. To
explore the impact of molecular adsorption on this quantized struc-
ture, we have attached small quantities of isophorone (C9H140) onto
the Au islands. For ultra-small aggregates, we find a formation of Au-
isophorone hybrid structures with clear fingerprints for the formation
of covalent bonds between the two species. For larger islands, preferen-
tial adsorption of the molecules along the cluster perimeter is observed
as well as a rigid downshift of the Au QWS that can be understood in
terms of electron donation to the isophorone.

[1] M. Valden, X. Lai, D. W. Goodman, Science 281, 1647 (1998)

[2] C. Stiehler, Y. Pan, W.-D. Schneider, P. Koskinen, H. Hakkinen,
N. Nilius, H.-J. Freund, PRB 88, 115415

0O 20.6 Mon 17:15 WIL B321
From insulator to conductor: infrared reflectivity of inverted
fishnet designs — eSTEFANO DE ZUANI', MARCUS ROMMEL?, HELGA
KuMRrIic!, AUDREY BERRIER!, JURGEN WEIs?2, BRUNO GOMPF!, and
MARTIN DRESSEL! — 1. Physikalisches Institut and Research Center
SCoPE, Universitat Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart,
Germany — 2Max Planck Institute for solid state research, Heisen-
bergstrasse 1, 70569 Stuttgart, Germany

Metallo-dielectric nanocomposites at the insulator-to-metal transition
show a discontinuity in their static conductivity and real permittivity
in the infrared region that can in principle be described by percolation
theories, assuming a random distribution of the metallic inclusions in-
side the insulating matrix. But what happens in ordered structures
when random percolation is suppressed? We perform a systematic
study on nearly closed, 20 nm thick gold films made of periodically
arranged gold squares of size a separated by 10 nm gaps on a dielec-
tric substrate. We perform reflectivity and spectroscopic ellipsometry
investigations from the visible to the infrared range, increasing the
gold filling factor f by changing the size of the squares a from 100 to
3600 nm. Our measurements reveal that square arrays with f around
0.9 exhibit a strongly decreasing reflectivity in the near-infrared range
when a is decreasing. Solving Maxwell’s equations under the full 3D
boundary conditions leads to a reasonable agreement between theory
and experiment. Regions of very large near-field enhancement in the

gaps can be seen over a large frequency range and are responsible for
the trapping of the incident light in the patterned structure.

0O 20.7 Mon 17:30 WIL B321
Field effect and charging in layered 2D materials — e THOMAS
BrRUMME, MATTEO CALANDRA, and FRANCESCO MAURI — Institut de
minéralogie et de physique des milieux condensés, Université Pierre &
Marie Curie, Paris, France

In recent years, materials with reduced dimensionality such as
graphene, dichalcogenides or chloronitrides have attracted a lot of at-
tention because of their interesting physical properties. Particularly
challenging is the possibility of doping these systems by using a field-
effect transistor (FET). In an ion-liquid based FET configuration the
charging of the nanolayers is substantial and thus allows for the in-
vestigation of the transition from a band insulator, to a metal and,
eventually, to a superconductor [1]. Despite the extensive use of such
FETSs, many questions remain open. It is, e.g., unclear what changes
are induced in the nanolayer by the large electric field. Furthermore
the distribution of the induced charge is usually obtained from simple
Thomas-Fermi models, that can be inappropriate. In this work [2],
we develop a first-principles framework to describe nanolayers in FET
configuration. We include the external electric field and the charging
in the calculations of the geometric and electronic structure of differ-
ent nanolayer systems. In the case of ZrNCl we show that the charge
doping profile in the nanolayer is very different from what has been
proposed in previous analysis based on simple screening models.

[1] Nat Mater 9, 125 (2010). Science 338, 1193 (2012).

[2] T. Brumme, M. Calandra, and F. Mauri, in preparation.

0O 20.8 Mon 17:45 WIL B321
STM-induced Doping on Si(553)-Au — eINGO BARKE!, STEFAN
PoLger!, PauL C. SNUDERS?, STEVEN C. ERWIN3, FRANZ J. HIMPSEL?,
and KARL-HEINZ MEIWES-BROER! — 1University of Rostock, Insti-
tute of Physics, 18051 Rostock, Germany — 2Materials Science and
Technology Division, Oak Ridge National Laboratory, Oak Ridge,
Tennessee 37831, USA and Department of Physics and Astronomy,
The University of Tennessee, Knoxville, Tennessee 37996, USA —
3Center for Computational Materials Science, Naval Research Labo-
ratory, Washington, DC 20375, USA — 4Department of Physics, Uni-
versity of Wisconsin-Madison, Madison, Wisconsin 53706, USA

One-dimensional systems are notoriously difficult to dope because the
dopant atoms interrupt the continuity of the quantum wires. Here we
propose an alternative route based on transient doping, where charge
injection from the tip of a scanning tunneling microscope drives the
quasi one-dimensional system Si(553)-Au into an excited structural
phase [1]. Time-dependent measurements enable access to the sys-
tem’s dynamics revealing rapid fluctuations due to a competition be-
tween excitation and decay. The current-dependent lifetimes hint at
a barrierless decay of the excited (i.e. doped) state, letting the sys-
tem behave like an optically excited molecule in close analogy to an
excimer.

[1] Polei et al., PRL 111, 156801 (2013).

0 20.9 Mon 18:00 WIL B321
Do you believe in thermodynamics? Towards a predictive
modeling of adsorbed clusters. — eCHIARA PANOSETTI, DENNIS
PALAGIN, and KARSTEN REUTER — Technische Universitdt Miinchen,
Germany

Materials applications generally require the stabilization of engineered
atomic clusters at solid surfaces. For metal-doped M@Si,, cages this
can be achieved either via controlled deposition of preformed clusters or
direct silicide formation at Si surfaces. Particularly for the latter, tech-
nologically appealing approach quantitative theory could effectively aid
experimental design by predicting deposition conditions at which de-
sired cluster structures form spontaneously at the surface. We propose
to approach this problem by suitably combining configurational sam-
pling within an ab initio thermodynamics framework. Hereby, the sta-
bility of globally optimized geometries of different stoichiometry can be
compared through evaluation of thermodynamic functions. Our results
demonstrate the possibility of a qualitative prediction of experimental
mass-spectra abundances of isolated M @Si,, clusters, suggesting ther-
modynamics to primarily rule cluster formation in the cluster source.
The possibility of extending this equilibrium picture towards cluster
formation at extended surfaces will be critically evaluated.

0 20.10 Mon 18:15 WIL B321
Cluster Nucleation and Growth from a Highly Supersatu-



Surface Science Division (O)

Monday

rated 2D Phase: Ag/Fe304(001) — eROLAND BLIEM', LUKAS
PERNECZKY!, ZBYNEK NoOvOTNY!, DAVID FOBES?, ZHIQIANG MA0O?,
MICHAEL ScHMID!, ULRIKE DIEBOLD!, and GARETH PARKINSON! —
Vienna University of Technology, Vienna, Austria — 2Tulane Uni-
versity, New Orleans, Louisiana, USA

The nucleation and growth of Ag clusters at the (v/2 x v/2)R45°-
Fe304(001) surface was studied using scanning tunneling microscopy
(STM). This surface functions as a robust adsorption template, stabi-
lizing a complete array of Ag adatoms with a nearest-neighbor distance
of 0.84 nm to temperatures as high as 670 K. As the coverage exceeds
1 ML, the number of Ag adatoms exceeds the number of available ad-
sorption sites and the system enters a supersaturated state. Cluster
nucleation occurs spontaneously at room temperature and, with mild
annealing, the nuclei grow at the expense of the surrounding material.
This behavior cannot be reconciled with any of the established growth
modes. From an analysis of the denuded zones, or “vacancy trails”,
associated with each cluster, three distinct growth processes are dis-
cerned. Cluster nuclei are mobile and diffuse to step edges, capturing
otherwise stable Ag adatoms encountered along their path. With the
clusters immobilized, adatom diffusion and capture takes over as the
dominant process. Above 720K, the (\/i X \/i)R45° reconstruction is
lifted, and the system evolves rapidly to large (>10nm) nanoparticles,
consistent with the thermodynamic preference for 3D crystallites.

0O 20.11 Mon 18:30 WIL B321
Unraveling structural and catalytic properties of Au-Pt
nanoalloys — eLINN LEPPERT!, RODRIGO Q. ALBUQUERQUE?, ADAM
S. FosTER?, and STEPHAN KUMMEL! — 1Theoretical Physics IV, Uni-
versity of Bayreuth, Germany — 2Institute of Chemistry of Sao Carlos,
University of Sao Paulo, Sao Carlos, Brazil — 3COMP /Department
of Applied Physics, Aalto University School of Science, Aalto, Finland

The high catalytic activity of Au nanoparticles (NPs) is a prime ex-
ample for the special properties of metal clusters. By alloying, e.g.
with Pt, the properties of Au NPs can further be significantly im-
proved. However, the fundamental question of why alloying improves
the NP properties is still poorly understood. Moreover, there is an
ongoing debate on the mixing patterns of these systems. While the-
ory predicts core-shell NPs, homogeneously mixed NPs are observed
in experiment. In this contribution we address structural and elec-
tronic properties of Au-Pt NPs using density functional theory and
semi-empirical molecular dynamics simulations. We show that the
discrepancy between theory and experiment might have its reason in
a misinterpretation of x-ray diffraction patterns. Furthermore, we dis-
cuss that special catalytic properties of Au-Pt NPs are expected based
on general considerations, i.e., inherent properties of the Au and Pt
component, respectively.

0 20.12 Mon 18:45 WIL B321
Nanooxidation - Oxidation kinetics of small Rh nanoparticles
— ePATRICK MULLERY:2, HEsHMAT NoEr1»2, THoMmAs F. KELLER!,
BJORN ARNDT!:2, PETER WOCHNER®, ROBERTO FELICI*, and AN-
DREAS STIERLE!2 — ! Deutsches Elektronen-Synchrotron, 22603 Ham-
burg, Germany — 2Fachbereich Physik, Universitit Hamburg, 20355
Hamburg, Germany — 3Max-Planck-Institut fiir Festkorperforschung,
70569 Stuttgart, Germany — “European Synchrotron Radiation Fa-
cility, 38043 Grenoble, France

Metal nanoparticles (NPs) are used in many technical fields such as
heterogeneous catalysis and biosensors. Although the oxidation be-
haviour of transition metal surfaces was studied in depth in the past,
the oxidation kinetics of small NPs is poorly understood. The tradi-
tional oxidation theory proposes different growth laws for single crystal
surfaces, but does not take into account the properties of NPs like their
shape. In recent studies the oxidation theories were modified to also
comprise geometrical aspects as the curvature of the NP by using a
spherical model [1,2]. Our experiments focused on the systematic study
of the size dependence of the oxidation kinetics of half spherical Rh
NPs with particles sizes from 2 to 12 nm on sapphire at 573 K and 103
mbar oxygen pressure. The experiments were carried out at the MPI
beamline at ANKA and beamline ID03 at the ESRF. We employed
x-ray reflectivity and grazing incidence small angle x-ray scattering.
Our results demonstrate a dramatic change in the oxidation kinetics
for the smallest NPs. [1] A. Ermoline, E. L. Dreizin, Chem. Phys.
Lett. 505, 47 (2011);[2] A. T. Fromhold Jr., J. Phys. Chem. Solids 49,
10 (1988)

0O 20.13 Mon 19:00 WIL B321
Structural Changes of Cobalt Nanoparticles during Chemi-
cal Reactions: A RHEED Study — eSTEPHAN BARTLING, INGO
BARKE, HANNES HARTMANN, STEVE JAGER, and KARL-HEINZ MEIWES-
BROER — University of Rostock, Institute of Physics, 18051 Rostock,
Germany

Size-selected cobalt oxide clusters deposited on amorphous alumina
films can act as selective and efficient nanocatalysts for the dehydro-
genation of cyclohexane [1]. In this contribution we present a new
setup for reflection high energy electron diffraction (RHEED) under
reactive conditions up to a pressure of 10~3 mbar. Soft-landed Co
clusters of sizes in the nm range are exposed to oxygen and heated
during the experiment. The evolution of RHEED patterns shows that
the particles significantly change their structure at a critical tempera-
ture. The contributing phases are discussed in view of expected cobalt
oxide stoichiometries and morphologies.

[1] E.C. Tyo et al., ACS Catalysis 2 (11), 2409 (2012)

O 21: Transport: Quantum Dots, Quantum Wires, Point Contacts Il (TT jointly with O)

Time: Monday 16:00-18:30

O 21.1 Mon 16:00 HSZ 204
A two-atom electron pump — BENOIT ROCHE!, ROMAN-PASCAL
Riwar!, BENOIT VoIsIN!, EvA DUPONT-FERRIER!, ROMAIN WAQUEZ3,
MAUD VINET®, MARC SANQUER!, eJANINE SPLETTSTOESSERZ?, and
Xavier JEHL! — 1SPSMS, UMR-E, CEA Grenoble, INAC, Greno-
ble, France — 2MC2, Chalmers University of Technology, Géteborg,
Sweden — 3CEA, LETI, MINATEC, Grenoble, France

In recent years there has been a lot of interest in time-dependently
driven quantum systems, such as quantum-dot pumps, both in the adi-
abatic regime of slow driving as well as in the high-frequency regime.
However, all experiments so far were carried out in either one of these
regimes, but were not subsequently tuned to both. I will present an
experimental realization [1] of electron pumping through two phospho-
rus donors in series implanted in a silicon nanowire. While quantized
pumping is achieved in the low-frequency adiabatic regime, remarkable
features are observed at higher frequency, when the charge transfer is
limited either by the tunnelling rates to the electrodes or between the
two donors. We model the transitions between quantum states in-
volving a Landau-Zener transition, allowing to reproduce in detail the
characteristic signatures observed in the non-adiabatic regime. Inter-
estingly, the breakdown of the adiabatic limit can thus accurately be
associated to the relation of the respective time-scales of tunneling to
the electrodes or between the donors, compared to the time-scales of

Location: HSZ 204

the driving. Consequently, information on the time-scales can be ex-
tracted from a detailed inspection of the pumping signal.
(1] B. Roche, et al., Nat. Commun. 4, 1581 (2013)

O 21.2 Mon 16:15 HSZ 204
Functional renormalization group in Floquet space and its ap-
plication to periodically driven quantum dots — eKATHARINA
Eissing!2, STEFAN GOTTELD2, DANTE MARVIN KENNES'2, and
VOLKER MEDENY2 — lInstitut fiir Theorie der Statistischen Physik,
RWTH Aachen University, 52074 Aachen, Germany — 2JARA Fun-
damentals of Future Information Technology, 52056 Aachen, Germany

The functional renormalization group (RG) was recently extended to
study interacting, low-dimensional systems out of equilibrium. This in-
cludes correlated quantum dot setups with explicitly time-dependent
Hamiltonians as e.g. realized in quantum quenches or in the presence
of time-dependent bias voltages [Phys. Rev. B 85, 085113 (2012),
Phys. Rev. B 85, 245101 (2012)]. However, following this route peri-
odic pumping processes, which are of particular interest in e.g. nano-
electronics and quantum information science, can only be described in
an inefficient way. Taking advantage of the periodicity, we combine
the Floquet theorem with the functional RG. This allows us to trans-
form the double-time self-energy and Green functions in the Floquet
basis [J. Phys.: Condens. Matter 20 085224] and the functional RG
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treatment resembles the stationary formalism. This makes it feasi-
ble to study transport in periodically driven systems. In my talk, I
will shortly introduce this Floquet theorem based functional RG and
present first results on transport through a quantum dot described by
the interacting resonant level model.

O 21.3 Mon 16:30 HSZ 204
Interplay of edge state polarization and a Zeeman split quan-
tum dot — eBENEDIKT PROBST!, PAULI VIRTANEN2, and PATRIK
RECHER! — !Institute for Mathematical Physics, TU Braunschweig,
Braunschweig, Germany — 20.V. Lounasmaa Laboratory, Aalto Uni-
versity, Finland

Topological insulators are a novel state of matter showing interesting
physics. One of the effects realized in these materials is the quantum
spin Hall effect in which electrons with different spin propagate in dif-
ferent directions on the edge of the system. Applying a bias to the
system therefore leads to a spin bias for the edge state. We consider
a system in which a quantum dot in the Coulomb blockade regime is
attached to a helical Luttinger liquid. This quantum dot is treated
as a localized spin, which can be manipulated by a magnetic field.
The dynamics of the dots are described by setting up a general master
equation. From the steady state of the system the polarization of the
dot and the differential edge conductance is calculated. We discuss
a regime in which the dot polarization exhibits a strong bias depen-
dence and a regime in which the transport shows a characteristic bias
asymmetry which allows to identify the relative orientation of the spin
polarization in the edge state with respect to the magnetic field.

15 min. break.

O 21.4 Mon 17:00 HSZ 204
Entanglement detection in an interacting beam-splitter de-
vice — ®ALEXANDER SCHROER!, BERND BRAUNECKERZ, ALFREDO
LEVY YEYATI®, and PATRIK RECHER! — lInstitute for Mathematical
Physics, TU Braunschweig, Germany — 2Department of Theoretical
Condensed Matter Physics, Universidad Auténoma de Madrid, Spain
— 3School of Physics & Astronomy, University of St Andrews, UK

We investigate a tunnel contact between two Luttinger liquids, e.g. re-
alized as two crossed one-dimensional nanowires. When injecting one
of two electrons with opposite spin in each wire, the current measured
behind the crossing differs for singlet, triplet or product states. This
is an apparent non-Fermi liquid feature because the current has been
shown to be independent of spin-entanglement for Fermi liquid beam-
splitters before. It can be understood in terms of collective excita-
tions and by taking spin-charge separation into account. This behavior
may offer an easier alternative to traditional entanglement detection
schemes based on current noise, which turns out to be suppressed by
the electron-electron interaction.

O 21.5 Mon 17:15 HSZ 204
Hierarchical Equation of Motion Investigation of Decoher-
ence and Relaxation Dynamics in Nonequilibrium Transport
through Interacting Quantum Dots — eRAINER HARTLED2, Guy
CoueN?, DaviD R. REicHMAN®, and ANDREW J. MiLLis? — lInstitut
fiir theoretische Physik, Georg-August-Universitat Gottingen, Gottin-
gen, Germany — 2Department of Physics, Columbia Universtiy, New
York, USA — 3Department of Chemistry, Columbia Universtiy, New
York, USA

A recently developed hierarchical quantum master equation approach
[1,2] is used to investigate nonequilibrium electron transport through
an interacting double quantum dot system in the regime where the
inter-dot coupling is weaker than the coupling to the electrodes. The
corresponding eigenstates provide tunneling paths that may interfere
constructively or destructively, depending on the energy of the tunnel-
ing electrons [3]. Electron-electron interactions are shown to quench
these interference effects in bias-voltage dependent ways, leading, in
particular, to negative differential resistance, population inversion and
an enhanced broadening of resonances in the respective transport char-
acteristics [2]. Relaxation times are found to be very long, and to be
correlated with very slow dynamics of the inter-dot coherences. The
ability of the hierarchical quantum master equation approach to access
very long time scales is crucial for the study of this physics.

[1] J. Jin et al., J. Chem. Phys. 128, 234703 (2008).

[2] R. Hartle et al., arXiv:1309.1170 (2013)

[3] R. Hértle et al., Phys. Rev. B 87, 085422 (2013)

0 21.6 Mon 17:30 HSZ 204
Detection of the decay rates in interacting quantum dots —
eJENS SCHULENBORG!Y2, L. DEBORA CONTRERAS- PULIDO®, MICHELE
GOVERNALE?, and JANINE SPLETTSTOESSER!''2 — !Department of Mi-
crotechnology and Nanoscience (MC2), Chalmers University of Tech-
nology, Géteborg, Sweden — 2Institut fiir Theorie der Statistischen
Physik, RWTH Aachen University, Germany — 3Institut fiir Theo-
retische Physik, Universitét Ulm, Germany — 4School of Physical and
Chemical Sciences, Victoria University of Wellington, New Zealand

Over the past years, potential applications in nanoelectronics, metrol-
ogy and quantum information sparked great interest in studying the
dynamics of time-dependently driven quantum dots. Recently, the re-
laxation rates in the dynamical response of an interacting single-level
quantum dot, weakly tunnel coupled to an electronic reservoir and
brought out of equilibrium by a step pulse, have been investigated [1].
This theoretical work focuses on the readout of these relaxation rates
with a capacitively coupled sensor quantum dot (SQD). Using a gen-
eralized master equation approach for the combined system of dot and
SQD, we investigate the measurability of the dot relaxation behavior
via the SQD current, especially accounting for back-action effects.
Our results reveal parameter regimes in which back-action leads to
a decrease of the dot decay rates and to a mixing of relaxation modes
that decay independently in the absence of a measurement. However,
avoiding these regimes, we show that the original dot rates can still be
extracted from the SQD current.
(1] L. D. Contreras-Pulido et al., Phys. Rev. B 85, 075301 (2012).

O 21.7 Mon 17:45 HSZ 204
Hybrid Microwave Cavity Heat Engine — CHRISTIAN
BERGENFELDT!, PETER SAMUELSSON!, eBJORN SOTHMANN2, CHRIS-
TIAN FLINDT?, and MARKUS BUTTIKER? — !Physics Department,
Lund University, Box 118, SE-22100 Lund, Sweden — ?Département
de Physique Théorique, Université de Geneve, CH-1211 Geneéve 4,
Switzerland

‘We propose and analyze the use of hybrid microwave cavities as quan-
tum heat engines. A possible realization consists of two macroscop-
ically separated quantum dot conductors coupled capacitively to the
fundamental mode of a microwave cavity. We demonstrate that an
electrical current can be induced in one conductor through cavity-
mediated processes by heating up the other conductor. The heat en-
gine can reach Carnot efficiency with optimal conversion of heat to
work. When the system delivers the maximum power, the efficiency
can be a large fraction of the Carnot efficiency. The heat engine func-
tions even with moderate electronic relaxation and dephasing in the
quantum dots. We provide detailed estimates for the electrical current
and output power using realistic parameters.

(1] C. Bergenfeldt, P. Samuelsson, B. Sothmann, C. Flindt and M.
Biittiker, arXiv:1307.4833v1 (2013).

O 21.8 Mon 18:00 HSZ 204
Vibration-induced thermoelectric effects in quantum dots —
oMATTI LAAKSO and VOLKER MEDEN — Institut fiir Theorie der Statis-
tischen Physik, RWTH Aachen, Aachen, Germany

We study the thermoelectric transport through a quantum dot cou-
pled to a single vibrational mode described by the Anderson-Holstein
model. We use analytical methods in the linear response regime as
well as the functional renormalization group (FRG) in the non-linear
regime. We predict relatively large thermoelectric effects in the param-
eter regime where the phonon-mediated electron-electron interaction
dominates over the bare Coulomb repulsion.

O 21.9 Mon 18:15 HSZ 204
Superexchange transport and blockade in triple quan-
tum dots — eRAFAEL SANcHEz!, GHISLAIN GRANGER?, FER-
NANDO GALLEGO-MARCOS!, SERGEI A. STUDENIKIN2, ANDREW S.
SACHRAJDA?, and GLORIA PLATERO! — lInstituto de Ciencia de Mate-
riales de Madrid, CSIC, E-28049 Madrid, Spain — 2National Research
Council Canada, Ottawa, ON K1A 0R6 Canada

We present recent experimental evidence of long range transport in
triple quantum dots. Superexchange is responsible for the spin-
dependent indirect coupling of the two outer quantum dots, mediated
by virtual transitions through the middle one. They are manifested in
the form of sharp current resonances at the degeneracy points of states
with left-right symmetric charge distributions [1,2]. The transition can
take two paths: two electrons in different dots tunnel simultaneously
[1] or a single electron tunnels twice [2].



Surface Science Division (O)

Monday

We analyze a configuration where the two paths with different vir-
tual intermediate states are possible and lead to quantum interference.
Remarkably, we find conditions where the destructive interference of
these transitions completely cancels the transport, what we call su-
perexchange blockade [3]. Spin correlations play an essential role by
avoiding certain transitions. This effect, known as spin blockade, leads

to the suppression of certain resonances whose observation gives a mea-
sure of spin decoherence times.

[1] M. Busl et al., Nature Nanotech. 8, 261 (2013).

[2] R. Sénchez et al., submitted.

[3] R. Sénchez, F. Gallego-Marcos and G. Platero, submitted.

O 22: Organic Electronics and Photovoltaics Il (CPP jointly with DS, HL, O)

Simulations, Polymers, Solar Cells

Time: Monday 15:00-18:00

O 22.1 Mon 15:00 ZEU 222
Quantumchemical Calculation of Zn-Porphyrine-
Indolocarbazole-Conjugates — oKSENIA KORSHUNOVA and
WICHARD J. D. BEENKEN — Technische Universitdt Ilmenau, Institut
fir Physik, Ilmenau, Germany

We have investigated the structure of Zn-porphyrin-indolocarbazole
conjugates with a different number of indolocarbazol meso-substituents
without and with THF and DMF axial ligands by quantumchemical
methods in order to interpret experimental data such as Absorption
spectra, fluorescence lifetime and quantum yields in different solutions.
Contrarily to our expectations, we found very weak deformation the
Zn-porphyrin macrocycle under the in uence of axial THF and DMF
ligands, which only tend to pull the central Zn-atom out of its equi-
librium position in the macrocycle plane. This means that the very
different fluorescence yields for Zn-porphyrin-indolocarbazoles in tolu-
ole, THF, and DMF cannot be explained by a conformational change.

0O 22.2 Mon 15:15 ZEU 222
Estimating Coulomb model parameters in organic molecules
from first principles — eIRINA PETRESKA'2, Ljupco PEJoVZ,
Liupco KocaREV®?, and GERTRUD ZWICKNAGL! — lInstitut fiir
Mathematische Physik, Technische Universitdat Braunschweig, 38 106
Braunschweig, Germany — 2Faculty of Natural Sciences and Mathe-
matics, Ss. Cyril and Methodius University, 1 000 Skopje, Republic
of Macedonia — 3Macedonian Academy of Sciences and Arts, Skopje,
Republic of Macedonia — *Faculty of Computer Science and Engi-
neering, Ss. Cyril and Methodius University, 1 000 Skopje, Republic
of Macedonia

The Coulomb parameters are estimated from electronic structure cal-
culations based on Density Functional Theory (DFT). Of particular in-
terest are phenylene ethynylene oligomers exhibiting electric-field con-
trolled conductance switching. The charge transport properties are
analyzed adopting a simplified two-site model accounting for Coulomb
correlation effects. The Coulomb parameters are deduced from a pop-
ulation analysis. The DFT calculations employ a combination of the
Becke’s three parameter adiabatic connection exchange functional (B3)
with the Lee-Yang-Parr correlation one (LYP). The Kohn-Sham SCF
equations are iteratively solved using the LANL2DZ basis set, for or-
bital expansion, on an ”ultrafine” grid for numerical integration.

O 22.3 Mon 15:30 ZEU 222
Theoretical Study of Simultaneous Electron- and Excitation
Energy Transfer in a Fullerene-Chromophore Complex —
eTHOMAS PLEHN, JORG MEGOW, and VOLKHARD MAY — Humboldt-
Universitat zu Berlin, Germany

Mainly during the last decade fullerene based molecular systems have
been of increasing interest with regard to future components in dye sen-
sitized solar cells and artificial photosynthetic systems. This theoreti-
cal study focuses on the characteristic photoinduced charge separation
process in a supramolecular complex containing a single fullerene and
six pyropheophorbide-a molecules. For this purpose the excitation en-
ergy transfer processes are treated among the six chromophores. Simul-
taneously electron transfer takes place from the excited chromophores
to the fullerene. The whole investigation uses molecular dynamics sim-
ulations of the highly flexible complex in explicit solvent environment.
The transfer phenomena are described in terms of a special mixed
quantum-classical version of the Forster- [1] and the well-known clas-
sical Marcus rate. Finally the charge separation process is computed
concerning an ensemble of complexes. The resulting dynamics are in
very good agreement with appropriate experimental data [2].
[1] J. Megow et al., ChemPhysChem 2011, 12 645-656

Location: ZEU 222

[2] M. Regehly et al., J. Phys. Chem. B 2007, 111, 998

Invited Talk 0 224 Mon 15:45 ZEU 222
Controlled crystallization of semiconducting polymer thin
films — oSABINE LuDpwIiGs — Institute for Polymer Chemistry, Uni-
versity of Stuttgart, Germany

The talk will give an overview over current activities in my team on
the morphological control of semiconducting polymers for applications
in polymer electronics. Different methods to induce and control crys-
talline order over large areas in thin films will be presented. These
include swelling and deswelling in defined solvent vapour atmospheres
of good solvents and crystallization under confinement and with exter-
nal fields. Regarding polymer materials we are currently extending our
studies from conventional p-type semiconductors based on pure thio-
phenes like P3HT|1] to high performance p-type low bandgap polymers
such as PCPDTBT]2] and n-type polymers such as PNDI20D-2T][3].
The control of molecular orientation over macroscopic distances allows
us to study the relationship between the polymer microstructure and
the resulting charge transport properties along specific crystallographic
directions.

[1] E. Crossland, K. Tremel, F.S.U. Fischer, K. Rahimi, G. Reiter,
U. Steiner, S. Ludwigs, Adv. Mater. 2012, 24, 838. [2] F.S.U. Fis-
cher, K. Tremel, A.-K. Saur, S. Link, N. Kayunkid, M. Brinkmann, D.
Herrero-Carvajal, J. T. Lopez Navarrete, M. C. Ruiz Delgado, S. Lud-
wigs, Macromolecules 2013, 46, 4924. [3] K. Tremel, F.S.U. Fischer, N.
Kayunkid, R. DiPietro, R. Tkachov, A. Kiriy, D. Neher, S. Ludwigs,
M. Brinkmann, Charge Transport Anisotropy in Highly Oriented Thin
Films of the Acceptor Polymer P(NDI20D-T2), submitted.

15 min break

O 22.5 Mon 16:30 ZEU 222
Conjugated oligomers near surfaces with different physical
and chemical nature: MD simulation of adsorption layers
— oOLGA Guskova! and JeNS-UwWE SoMMER'? — 1Leibniz-Institut
fiir Polymerforschung Dresden e.V., Hohe Str. 6, D-01069 Dresden
— 2Techische Universitédt Dresden, Institut fiir Theoretische Physik,
Zellescher Weg 17, D-01062 Dresden

Atomistic molecular dynamics simulations are used to explore some
general principles of 2D supramolecular organization of conjugated
oligomers on adsorbing substrates. Two systems are studied: (i) termi-
nally substituted dicyanovinyl quaterthiophenes, prototypic absorbers
for small molecule organic solar cells on a silica surface [1] and (ii)
2,5-dialkoxy-phenylene-thienylene-based oligomers on epitaxial mono-
layer graphene [2]. We demonstrate that the driving force of molecu-
lar orientation on substrate is embodied by the chemical nature of the
surface and the character and position of functional groups the con-
jugated molecule bearing, i.e. the underlying balance of forces defines
the spatial orientation - standing upright or lying-down molecules on
substrates. This force balance clearly allows isolated molecules to ex-
plore flat, bent or twisted molecular conformations and to exploit force
anisotropies to maximize their interactions when crystals are growing.
[1] O.A. Guskova et al. // J. Phys. Chem. C 2013. V. 117. P. 17285.
[2] R. Shokri et al. // J. Am. Chem. Soc. 2013. V. 135. P. 5693.

0 22.6 Mon 16:45 ZEU 222
Frank elastic constants in nematic mesophases of poly-
meric semiconductors — ePATRICK GEMUNDEN, KURT KREMER,
and Kostas CH. DaourLas — Max Planck Institute for Polymer Re-
search, Mainz

Liquid crystalline (LC) mesophases of polymeric semiconductors[1] can
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facilitate material processing. We develop a particle-based modeling
approach considering poly(alkylthiophenes) as a test system for study-
ing nematic mesophases. The method uses “soft tube” representations
of chains where non-bonded potentials are defined by soft, directional
interactions.[2,3] Here, we focus on Frank elastic constants (FC). Cal-
culating FCs is important for comparing material properties from the
soft model with experiments, studying theoretical questions related to
FCs in polymer nematics and linking particle-based and continuum
descriptions of LCs. We calculate FCs related to bend, splay and
twist deformations from the fluctuations of the local nematic direc-
tor. Indeed, the magnitudes of the FCs from our simulations agree
with experiments on polymer nematics. We study the dependence on
system parameters, e.g. chain length, and compare with predictions
by analytical field theory.[4] Eventually we study local density fluc-
tuations in the nematic samples, which, as predicted by theory, lead
to an anisotropic scattering pattern and can be related to the elastic
properties.

[1] Ho et al., Macromolecules 43, 7895 (2010) [2] Gemiinden et al.,
Macromolecules 46, 5762 (2013) [3] Daoulas et al., J. Phys.: Condens.
Matter 24, 284121 (2012) [4] Le Doussal & Nelson, Europhys. Lett.
15, 161 (1991)

O 22.7 Mon 17:00 ZEU 222
Modeling LC mesophases in polymeric semiconductors with
soft directional interactions — PATRICK GEMUNDEN, CARL POELK-
ING, KURT KREMER, DENIS ANDRIENKO, and eKOSTAS DAOULAS —
Max Planck Institute for Polymer Research, Mainz

Often in Soft Matter mesoscale behavior couples across a hierarchy of
scales to details of molecular architecture and interactions. When mod-
eling such materials, features accounting for the latter must be included
even in drastically coarse-grained (CG) representations. Focusing on
liquid crystalline (LC) mesophases of polymeric semiconductors, we
highlight a top-down strategy for developing such models, projecting
classical density functionals on particle-based representations. Poly(3-
alkylthiophenes) (P3AT) are considered as an example. Two different
CG models are developed, representing: a) the polymer chain with a
”soft” flexible tube [1] and b) each alkylthiophene as a plate-like object
[2]. The first describes uniaxial nematics and the second captures bi-
axial nematic ordering, mimicking effects of anisotropy in microscopic
interactions and chain architecture. We demonstrate that the model
reproduces realistic material properties in nematic mesophases. In bi-
axial morphologies we discuss how collective orientation and planariza-
tion of molecules affects the lengths of conjugated segments, defined via
conjugation-breaking torsional defects [3]. First results on the inter-
play between nematic ordering and phase separation in blends of P3AT
with nanoparticles are presented.[1] Daoulas et al, J. Phys.: Condens.
Matter (2012) 24, 284121 [2] Gemiinden et al, Macromolecules (2013)
46, 5762 [3] Riihle et al, J. Chem. Phys. (2010) 32, 134103.

0O 22.8 Mon 17:15 ZEU 222
Correlating structural order and morphology with transport
properties in donor-acceptor block copolymers for organic
photovoltaics — eGAURAV GupTal, CHETAN RAJ SINGH?, RUTH
LOHWASSER?, PETER MULLER BUSCHBAUM?, MUKUNDAN THELEKKAT3,
HarALD HoppPe?, and THOMAS-THURN ALBRECHT! — !Martin-
Luther-Universitat Halle-Wittenberg,Germany — 2Technische Uni-
versitiit Ilmenau, Germany — 3University of Bayreuth,Germany —
4Technische Universitat Miinchen,Germany

Microphase separated donor-acceptor block copolymers are promising
systems for morphology control in OPV’s. A nanostructure on exciton
diffusion length scale, crystalline order and percolating pathways for
charge transport are pre-requisites for obtaining good device proper-
ties. We here present a systematic study of the correlation between

structure and charge transport in thin films of P3HT-b-PPerAcr af-
ter different thermal treatments. Combining AFM, microscopy and
GISAXS we show that films annealed in the melt state above the melt-
ing temperatures of both components form typical microphase sepa-
rated structures oriented parallel to the substrate, while films crystal-
lized from the disordered state as obtained from spin coating show no
well-defined microphase separated structures. GIWAXS measurements
reveal that crystallization from the ordered state leads to strongly tex-
tured samples. Charge carrier mobilities as measured by SCLC were
improved by 2 orders of magnitude in films crystallized from the disor-
dered state, the unfavorable orientation of the microphase morphology
in melt annealed films resulted in poor device performance.

0 22.9 Mon 17:30 ZEU 222
Origins of Reduced Nongeminate Recombination in
P3HT:PCBM Organic Solar Cells — eMicHAEL C. HEIBER!,
JULIEN GORENFLOT!, VLADIMIR DYAKONOV!>2, and CARSTEN DEIBEL!
— lExperimental Physics VI, Julius Maximilian University of
Wiirzburg, 97074 Wiirzburg — 2ZAE Bayern, 97074 Wiirzburg

Understanding the nongeminate recombination processes that are the
dominant loss mechanisms in organic solar cells is critical to improving
device performance. In P3HT:PCBM blends, nongeminate recombi-
nation has been found to be significantly slower than expected from
Langevin theory and also exhibits super-second order kinetics. Several
theories for this behavior have been proposed, but a complete model
has not yet been reached. To shed light on this problem, we have used
a combination of transient absorption spectroscopy experiments and
kinetic Monte Carlo simulations. By modeling the temperature de-
pendence of the polaron transients measured in both neat PSHT films
and annealed P3HT:PCBM blend films, we demonstrate the effects of
phase separation, carrier trapping, and charge transfer states on the
magnitude of the recombination rate. Furthermore, we show that while
neat P3HT films exhibit second order recombination and mobility be-
havior indicating a Gaussian density of states (DOS), P3HT:PCBM
blends are complicated by super-second order recombination that is
indicative of an exponential DOS and mobility measurements that are
consistent with a Gaussian DOS. To unify these observations, we show
that a separate distribution of charge transfer states must be included.

0 22.10 Mon 17:45 ZEU 222
Model systems for interchromophoric interactions in con-
jugated polymer materials — oTHOMAS STANGL!, DANIELA
ScumiTz?, KLAAS REMMERSSEN?, DoMINIK WURSCH!, FLORIAN
STEINER!, SIGURD HOGER2, JAN VOGELSANG!, and JoHN LupTON!
— 1Universitit Regensburg, Regensburg, Deutschland — 2Universitét
Bonn, Bonn, Deutschland

A set of pi-conjugated oligomer dimers templated in molecular scaf-
folds is presented as a model system of the interactions between chro-
mophores in conjugated polymers. Single-molecule spectroscopy was
used to reveal electronic aggregation between two oligomers with dif-
ferent well-defined distances and single polymer chains. It is concluded
that the model systems can be used to investigate the impact of H-
aggregation as a function of interchromophoric distance by simultane-
ous measurement of lifetime and single-molecule spectra. This reveals
a strong heterogeneity in coupling strengths even for identical single
molecules. Further, it is shown that the coupling strength varies over
time on a single molecule, leading to the conclusion that electronic ag-
gregation has to be understood as a dynamic property. In bulk polymer
films, such interchromophoric coupling impacts the functionality, e.g.
the emission color and the migration of excitation energy to quench-
ing sites. Realizing the presence and dynamics of such interactions is
crucial for understanding limitations in quantum efficiency of larger
conjugated polymer materials.



Surface Science Division (O)

Monday

O 23: Organic Electronics and Photovoltaics Il (DS jointly with CPP, HL, O)

Time: Monday 18:00-19:45

O 23.1 Mon 18:00 CHE 91
Studying the electric potential of organic solar cells —
eMICHAEL SCHERER':23, ToBias JENNE!:2:3, REBECCA SAIVED23,
FELIX ScHELLY:23,  RoOBERT LovrINcic!:23, and WOLFGANG
KowaLsky!:2:3 — lInnovationLab GmbH, Heidelberg — 2TU Braun-
schweig — 3Universitit Heidelberg

Despite steadily increasing efforts in the research on organic semicon-
ductors, many of the models applied in the field are restricted to
small clusters of molecules or model systems only, thus lacking pre-
diction when it comes to full devices. With scanning Kelvin probe
microscopy (SKPM) accompanied by device simulations we try to ac-
cess the physics of entire OSC devices and bridge the gap between the
molecular and the macroscopic understanding.

Our scanning probe station is placed within the vacuum of a scan-
ning electron microscopy (SEM)/focused ion beam (FIB) cross beam
system. We prepare OSC cross sections with the FIB and place the
cantilever under SEM observation right at the cross section. Thus we
are able to investigate the potential distribution of OSCs in situ with
SKPM.

The SKPM measurements are backed by IV characterization and
device simulations. Varying the parameter of the active layer/contact
interface, we investigate their impact on the potential distribution and
the device characteristics of the OSC. In IV measurements and cross
sectional SKPM measurements we check the validity of the applied
models and identify loss mechanisms and their localization in the solar
cell device.

0 23.2 Mon 18:15 CHE 91
Correlation of electric properties and interface band align-
ment in organic light-emitting diodes — eMAYBRITT KUHN2,
Eric MANKELY2, CHRISTOF PFLUMM3, THOMAS MAYER!>2, and WOLF-
RAM JAEGERMANND2 — ITechnische Universitit Darmstadt, Insti-
tute of Materials Science, Surface Science Division — 2InnovationLab
GmbH, Heidelberg — 3Merck KGaA, Darmstadt

Organic light-emitting diodes consist of several functional organic lay-
ers sandwiched between two electrodes with different work functions.
At the current onset voltage the applied electric field is high enough
that charge carrier injection and transport begins. In some device
structures the onset voltage increases with increasing thickness of the
emission layer. We present a detailed study on this up to now un-
predictable phenomenon by combining IV-measurements and interface
investigations using photoelectron spectroscopy (XPS/UPS). We focus
on two isomers synthesized by Merck that serve as matrix material in
the emission layer-one showing the changes in onset voltage the other
not. The complex device architecture was reduced to a model device
system using NPB as hole-transport layer and the undoped isomers
as emission layer. The shift in onset voltage can still be observed in
the model devices as well in hole-only devices derived from the model
system. By stepwise evaporation of the respective isomer onto NPB
we performed PES-interface experiments and analyzed the band align-
ment between NPB and the isomers in an integrated UHV system. It
was found that the hole injection barrier is larger by about 200 meV
in case of the isomer showing the observed shift in onset voltage.

O 23.3 Mon 18:30 CHE 91
Temperature dependent exciton diffusion length in ZnPc —
eBERNHARD SIEGMUND!, JOHANNES WIDMER!, SIMONE HOFMANN!,
MoriTz RIEDEZ, and KARL LEO! — !Institut fiir Angewandte Pho-
tophysik, Dresden, Germany — 2Current address: Clarendon Labora-
tory, Oxford, England

The photo-current of organic solar cells is the result of a multi-step
process. It includes the generation and diffusion of excitons as well
as their separation into free charge carriers, the transport to the elec-
trodes, and their final extraction. One bottleneck for highly efficient
devices is the short exciton diffusion length in organic materials.

In this work, the singlet exciton diffusion length ¢q;¢ in the absorber
material ZnPc is studied. For this purpose, the photo-current of or-
ganic solar cells, incorporating ZnPc and Cgg in a flat heterojunction
architecture, is measured and modelled as a multi-step process. £qig is
extracted from a thickness variation of the absorber layer, as not yet
encountered in the context of modelling the photo-current to determine
Lqig before. Measurements at varying temperature between 200 K and

Location: CHE 91

370 K reveal a thermal activation of the diffusion length above 310 K.
This is interpreted as promotion of the excitons to higher energies with
a density of states allowing for enhanced hopping transport. The ac-
tivation energy is considered as a measure for the energetic disorder
of the excitonic states. These investigations aim for a better under-
standing of exciton migration in order to design materials with longer
exciton diffusion lengths for highly efficient organic solar cells.

O 23.4 Mon 18:45 CHE 91
The effect of gradual fluorination on the opto-electronic
properties of F,,ZnPc/Cgo bilayer cells — oM. BRENDEL!, A.
STeINDAMM!Y, A. Topczak!, and J. PrLaum>2 — 1Exp. Phys. VI,
JMU Wiirzburg, 97074 Wiirzburg — 2ZAE Bayern, 97074 Wiirzburg

The respective position of energy levels at the donor/acceptor hetero-
junction is crucial for the resulting parameters of an organic solar cell.
For instance the open circuit voltage (Voc) is correlated to the energy
difference between the highest occupied molecular orbital (HOMO) of
the donor and the lowest unoccupied molecular orbital (LUMO) of the
acceptor, the so-called effective band gap (Egcrf). To gain insights
into this correlation, tailoring of energy levels by chemical modification
is a powerful approach. In this contribution, we investigate the impact
of gradual fluorination of zinc phthalocyanine on the opto-electronic
properties of F,,ZnPc/Cgo (1=0,4,8,16) bilayer cells. Upon fluorina-
tion, HOMO and LUMO levels are shifted towards lower energies. The
gain in Vo for F4ZnPc/Ceo and FgZnPc/Cgo by 11% and 23% respec-
tively, compared to ZnPc/Cegp, confirms qualitatively the expected en-
ergy level scheme. Besides, the differences between e - A V,. and
AEg crs hint at the occurrence of dipoles and their gain in strength
with increasing degree of fluorination. As will be shown, this dipol can
be correctly accounted for in a plate capacitor geometry, considering
image charges at the interface induced by electronegative fluorine in
the immediate vicinity of Cgg molecules. We thank S. Sundarray and
P. Erk from BASF for providing F4ZnPc. Financial support by the
DFG (program SPP1355) and the BMBF (GREKOS program).

0O 23.5 Mon 19:00 CHE 91
Effect of Counter-Anions During Electrodeposition on the
Charge Transport Dynamics in Sensitized ZnO Solar Cells —
eCHRISTOPH RICHTER, MAX BEU, and DERCK SCHLETTWEIN — Insti-
tute of Applied Physics, Justus-Liebig-University Giessen, Germany

Thin porous ZnO/FEosinY films have been electrochemically deposited
from oxygen-saturated aqueous solution. During the electrochemical
deposition chloride or perchlorate as different counter-anions have been
used. After the removal of EosinY with KOH the films have been
sensitized with the indoline dye D149. These electrodes were used
in dye-sensitized solar cells (DSCs) and the charge transport dynam-
ics were studied with electrochemical impedance spectroscopy (EIS),
intensity modulated current/voltage spectroscopy (IMPS/IMVS) and
IV-curves. Doping of the ZnO films by C! alters the charge transfer dy-
namics by filling of otherwise unoccupied states in ZnO and changing
the concentration of available trap states. By changing the counter-
anion to perchlorate well-reproducible results could be obtained which
open the way to further improvements in DSCs.

0 23.6 Mon 19:15 CHE 91
Efficiency roll-off in organic light-emitting diodes: influence
of emitter position and orientation — eCAROLINE MURAWSKI',
PuiLipp LieaM!'2, SIMONE HOFMANN', KARL Lio!, and MALTE C.
GarHerb? — lnstitut fiir Angewandte Photophysik, Technische
Universitit Dresden, 01062 Dresden, Germany — 2present address:
SUPA, School of Physics and Astronomy, University of St Andrews,
St Andrews KY16 9SS (UK)

In this contribution, we study the efficiency decrease of organic light-
emitting diodes (OLEDs) at high brightness (so-called roll-off).[1]
We find a strong influence of the emitter-cathode distance and the
transition dipole orientation of the emitter molecules on the roll-
off by comparing two phosphorescent emitters (Ir(MDQ)2(acac) and
Ir(ppy)3).[2] The measurements are modeled using triplet-triplet-
annihilation (TTA) theory. A comparison of experiment and theory
reveals the critical current density and the TTA rate constant and
shows that the differences in roll-off behavior are predominantly caused
by a change of the decay rates inside the OLED cavity. In order to
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provide guidelines for designing OLEDs with optimal high-brightness
efficiency, we model the roll-off as a function of the emitter-cathode
distance, emitter dipole orientation, and radiative efficiency.
[1] C. Murawski, K. Leo, and M.C. Gather, Adv.
10.1002/adma.201301603 (2013).
[2] C. Murawski, P. Liechm, K. Leo, and M.C. Gather, Adv. Funct.
Mater. 10.1002/adfm.201302173 (2013).

Mater.

O 23.7 Mon 19:30 CHE 91
Solution-based planarization layers for organic solar cells
on flexible silver nanowire transparent electrodes — eJAN
LupwiG BORMANN', FRaNZ SELZER!, NELLI WEISs?, LARS MULLER-
MeskAMP! ) and KARL LEo! — !nstitut fiir Angewandte Photophysik,
TU Dresden — 2Physikalische Chemie, TU Dresden

Flexible transparent electrodes made of silver nanowires (AgNWs) are

an emerging research field for different optoelectronic devices such
as organic transistors, organic light emitting diodes (OLED) and or-
ganic photovoltaics (OPV). They exhibit excellent electrical and opti-
cal properties (sheet resistance of 11 Ohm/sq at 85% transmittance)
and are suitable for the application on flexible substrates. These trans-
parent electrodes show high roughness and therefore require a pla-
narization layer for fabricating efficient small molecule devices.

In this work, solution-based organic materials are processed with
spin coating to planarize the AgNW electrode. A solution processed
small molecule layer acts as planarizing layer and as hole transport
layer in organic solar cells with a bulkheterojunction comprising the
fullerene C60 as acceptor and different small molecule donor layers
(oligothiophenes and phtalocyanines) . The efficiency of these devices
is comparable or even better to reference devices with indium tin oxide
(ITO) as transparent electrode.

O 24: Invited Talk (Swetlana Schauermann)

Time: Tuesday 9:30-10:15

Invited Talk 0241 Tue 9:30 TRE Phy
Elementary Steps in Surface Reactions: Mechanisms, Kinet-
ics and Thermodynamics — eSWETLANA SCHAUERMANN — Fritz-
Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany

Atomistic-level understanding of surface processes is a key prereg-
uisite for rational design of new catalytic and functional materials.
In our studies, we investigate mechanisms, kinetics and thermody-
namics of heterogeneously catalyzed reactions and adsorption pro-
cesses on nanostructured model supported catalysts to provide fun-
damental insights into the surface chemistry. By employing pulsed
multi-molecular beam techniques, IRAS and synchrotron-based spec-

Location: TRE Phy

troscopies on Pd/Fe304/Pt(111) model surfaces, we study mechanistic
details of complex multi-pathway surface reactions, such as hydrocar-
bon transformation in presence of hydrogen or selective hydrogenation
of multi-unsaturated hydrocarbons. The ultimate goal of our research
is obtaining detailed correlations between reactivity, selectivity and
the particular atomistic structure of the catalytic surface. Comple-
mentary, single crystal adsorption calorimetry is employed to address
thermodynamics of adsorption processes and surface reactions, such as
e.g. adsorption and reaction of oxygen and CO. Specifically, we focus
on the particle size dependence of adsorption and reaction energies to
obtain a fundamental-level understanding of how the nanometer scale
confinement of matter effects the energetics of surface reactions.

O 25: Symposium Spin Properties of Graphene (HL jointly with DS, MA, O, TT)

Time: Tuesday 9:30-12:15

Invited Talk O 25.1 Tue 9:30 HSZ 02
Intrinsic magnetism in graphene — eIRINA GRIGORIEVA — School
of Physics and Astronomy, University of Manchester, UK

I will review our recent experiments on inducing and controlling mag-
netic response in graphene via introduction of point defects such as
vacancies and adatoms. Graphene is hailed as potentially an ideal
material for spintronics due to its weak spin-orbit interaction and the
ability to control its electronic properties by the electric field effect.
We have demonstrated that point defects in graphene - both vacan-
cies and adatoms - carry magnetic moments, leading to pronounced
paramagnetic behaviour that dominates graphene’s low-temperature
magnetism. Even better, we show that the defect magnetism is itin-
erant (i.e. due to localisation of conduction electrons) and can be
controlled by doping, so that the induce