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Precipitate Formation in Fe-Cu Systems investigated by
Computer Simulations — eJoHaNNES ZEMAN!, Kar Krarzer!,
Davip MoLNAR2, and AXEL ArRNOLD! — 1ICP, Universitét Stuttgart,
Allmandring 3, 70569 Stuttgart, Germany — 2IMWF, Universitit

Stuttgart, Pfaffenwaldring 32, 70569 Stuttgart, Germany

At temperatures above 300°C, copper-alloyed bcc-iron relatively
quickly shows the formation of copper nanoprecipitates strongly af-
fecting its mechanical properties. We investigate the kinetics of this
phase transition qualitatively and quantitatively, using a vacancy-
based atomistic kinetic Monte-Carlo simulation [1]. At high super-
saturations, we find that Ostwald ripening is the dominant process,
while at low supersaturations, nucleation determines the overall time
scale of the transition. The time-temperature- transformation analysis
[2] on the whole range of temperatures therefore requires the combi-
nation of brute force simulations and forward flux rare event sampling
[3]. Our simulations show good agreement with the Johnson-Mehl-
Avrami-Kolmogorov (JMAK) theory.

[1] P. Binkele: Atomistische Modellierung und Computersimulation
der Ostwald-Reifung von Ausscheidungen beim Einsatz von kupfer-
haltigen Stdhlen, PhD thesis, University of Stuttgart (2006)

[2] E. J. Mittemeijer: Fundamentals of Materials Science, p. 426,
Springer, Heidelberg (2011)

[3] R. J. Allen, C. Valeriani, and P. Rein ten Wolde: Forward flux
sampling for rare event simulations, J. Phys. Condens. Matter 21
(2009)

MM 15.2 Mon 18:00 Poster E
Grain boundary chemistry in nickel alloys applied in 700°C
coal-power plant — eMiriaM MAaGDALENA Lancel!, SEerary
Borobin', MicHAEL SpIEGEL?, and FRANK UwE RENNER! — Max-
Planck-Institut fiir Eisenforschung GmbH, Department for Inter-
face Chemistry and Surface Engineering, Diisseldorf, Germany —
2Salzgitter Mannesmann Forschung GmbH, Duisburg, Germany

Nickel-based alloys are highly interesting materials for application in
the new technology of 700°C coal-power plants. Compared to conven-
tional power plants the temperature is increased from 600°C to 700°C
at a pressure of 350 bar. During first tests under flue gas atmosphere
and pressurized steam the nickel-based alloys showed significant grain
boundary sulfidation. The grain boundary chemistry before and after
sulfidation under high-temperature working conditions of specific vari-
ants of Alloy 617 and corresponding model casts have been investigated
by means of Auger Electron Spectroscopy (AES), accompanied by con-
ventional surface analysis. Understanding the mechanisms of grain
boundary sulfidation as a result of a specific grain boundary chem-
istry of these materials can help to improve their corrosion resistance
by grain boundary engineering. Initial results on the investigation of
grain boundary chemistry of Alloy 617 before and after sulfidation will
be presented.

MM 15.3 Mon 18:00 Poster E
Projection potentials and total energy convergence in the
KKR method — eRupoLr ZELLER — IAS-3, Forschungszentrum
Juelich

Although the full-potential Korringa-Kohn-Rostoker Green function
method yields accurate results for many physical properties, the con-
vergence of calculated total energies with respect to the angular mo-
mentum cutoff is usually considered to be less satisfactory. This is sur-
prising because accurate single-particle energies are expected if they
are calculated by Lloyd’s formula and because accurate densities and
hence accurate double-counting energies should result from the total
energy variational principle. It is shown how the concept of projection
potentials can be used as a tool to analyse the convergence behaviour.
The key factor blocking fast convergence is identified and it is illus-
trated how total energies can be improved with only a modest increase
of computing time.

MM 15.4 Mon 18:00 Poster E
Mechanical and magnetic properties of Fe-Cu and Ni-Cu
nanocomposites — eToMAs KAnal and Moimir Sop2:13 —
Hnstitute of Physics of Materials, Academy of Sciences of the Czech
Republic, Brno, Czech Republic — 2Central European Institute of

Location: Poster E

Technology, CEITEC MU, Brno, Czech Republic — 3Department of
Chemistry, Faculty of Science, Masaryk University, Brno, Czech Re-
public

Using ab initio calculations, we predict theoretical tensile strength of
Fe-Cu and Ni-Cu nanocomposites consisting of Fe or Ni nanowires
embedded in the Cu matrix along the [100] direction; simulation of
tensile and compressive tests is performed along this direction. We
find that the presence of Fe nanowires enhances the maximum defor-
mation in tension and diminish the maximum stress in compression.
On the other hand, Fe nanowires do not affect the maximum stress
in tension. The preferred mutual magnetic ordering of the nanowires
is antiferromagnetic (AFM) one with parallel orientation of all spins
in each individual nanowire. The energy gain of this AFM ordering
decreases with increasing distance of Fe nanowires. Ni nanowires in
Cu matrix do not affect the maximum deformation but enhance the
maximum stress in tension. No magnetic ordering of Ni nanowires was
found.

MM 15.5 Mon 18:00 Poster E
Cation -Anion interactions, Noncentrosymmetry vs Cen-
trosymmetry : A first-principles study — eABHISHEK KUMAR
Misural, KENNETH V. PoEPPELMEIER?, and UMESH V. WAGHMARE!
— 1Theoretical Sciences Unit, J Nehru Centre for Advanced Scientific
Research, Bangalore-560064, INDIA — 2Departments of Chemistry,
Northwestern University, Evanston, Illinois, 60208-3113

Materials with non-centrosymmetric (NC) structure posses different
technologically important physical properties such as piezoelectricity,
ferroelectricty and pyroelectricity due to their symmetry dependent
properties. These properties make them find applications in different
fields viz. burglar alarms, pollution monitors, thermal detectors, mul-
tifunctional devices, photonics technology. Several interesting inter-
relationships occur between the symmetry-dependent properties and
that is why these materials are of special interest in materials chem-
istry.

We present a theoretical study of structure-property correlation in
noncentrosymmetric KNaNbOF5 and centrosymmetric CsNaNbOF5,
based on first principles calculations followed by subsequent compar-
ison with experiments. We have worked on stability, electronic and
polar properties of these structures and on their solid solutions. Elec-
tronic density of states calculations reveals specific bands responsible
for breaking of centrosymmetry in these structures. Using Berry phase
method we have calculated values of polarization and also reported
electronic dielectric constant values.

MM 15.6 Mon 18:00 Poster E
Investigation of thermal properties of Sil-xGex melts un-
der microgravity conditions — BERND DAMASCHKE!, eYUANSU
Luo!, Suresn M. Cuatnoru!, N.V. ArosmmovZ, M. CzuPALLAZ,
and KoranD SAMWER! — 11. Physikalisches Institut, Georg-August-
Universitit Gottingen — 2Leibniz Institut fiir Kristallziichtung Berlin

Investigation of thermal properties of Sil-xGex melts has been planned
on board of the international space station (ISS) under microgravity
and electromagnetic levitation (EML) conditions, where the absence
of gravity-driven convection and segregation of the components allows
precision measurements for the thermal expansion, surface tension and
viscosity as function of temperature. The semiconductor alloy crystals
for the ISS experiments were prepared by Czochralski growth. For
the preparation, parabolic flights (PF), which provided a microgravity
condition for ca. 20s, were carried out using the samples Sil-xGex
made by arc-melting (x=0, 0.25, 0.5, 0.75 and 1.0). Preliminary data
of their density, thermal expansion and surface tension in the melt
and undercooled state were obtained. The density shows a non-ideal
behavior with x and the highest value occurs at x=0.5, indicating a
strong ordering tendency. We report about sample characterization
and the status of the project concerning the ISS experiments. The ini-
tial results demonstrate that the melts of these alloys can be success-
fully processed in the MSL-EML facility for precision measurements
on board the ISS. We thank DLR and Novespace for the PF cam-
paigns and the MUSC team for the help with experiments. Financial
support from DLR project 50WMO0541 and 50WM1036 is gratefully
acknowledged.
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MM 15.7 Mon 18:00 Poster E
Molecular Dynamic Simulation of atomic deposition between
MnAs cluster — e ANDREAS RUHL and CHRISTIAN HEILIGER — L
Physikalisches Institut, Justus Liebig Universtitdt Giessen, D-35392
Giessen, Germany

MnAs is a promising ferromagnetic material for magnetoelectronic de-
vices, in particular as nano-scaled clusters, providing a great tunability
concerning the shape and position. We investigate hexagonal MnAs
clusters which are separated by a metal. Such structures could be pro-
duced by using a FIB (focused ion beam) two disconnect two touching
MnAs clusters and to deposit a metal between them. Before doing a
molecular dynamic simulation of the problem at hand one needs to
find the corresponding effective potentials describing the interaction of
the MnAs surface with the metal atoms. We did this by fitting the
chosen potential model, here the Embedded Atom Method, to a set of
ab initio data (Force Matching Method).

MM 15.8 Mon 18:00 Poster E
Ab initio calculation of phonon tunneling in Au/Vacuum/Au
by atomistic Green’s function formalism — eSAEIDEH EDALATI
BoosTaN, MicHAEL CZzERNER, MICHAEL BAcHMANN, and CHRIS-
TIAN HEILIGER — 1I. Physikalisches Institut, Justus Liebig University
Giessen, D-35392, Germany

Although phonons require matter to exist recent experimental and the-
oretical papers have shown that phonons can cross vacuum gaps of a
few angstroms wide. This effect is called phonon tunneling [1,2,3]. In
this work we calculate phonon tunneling in Au(111)/Vacuum/Au(111)
by using an ab initio approach based on density functional theory.
The interactions between atoms are modeled by inter atomic force
constants, which are calculated by the abinit software package in the
harmonic approximation. These inter atomic force constants are used
as an input into an atomistic Green’s function (AGF) method in order
to calculate the transmission function of the system as a function of
the thickness of the vacuum gap.

[1] Igor Altfeder et al., Phys. Rev. Lett. 105, 166101 (2010)

[2] Mika Prunnila and Johanna Meltaus, Phys. Rev. Lett. 105,

125501 (2010)

[3] D. P. Sellan et al., Phys. Rev. B 85, 024118 (2012)

MM 15.9 Mon 18:00 Poster E
Mechanical analysis of amorphous solids with large amplitude
oscillatory spectroscopy (LAOS) — eSTEFANIE FINKHAUSER,
CARSTEN MaHN, and KoNRAD SAMWER — 1.Physikalisches Institut,
Georg-August Universitat Gottingen

In the presence of mechanical fields glassy materials are known to re-
veal many interesting phenomena. One of them is a crossover from
a linear behavior in stress-strain dependency to a nonlinear behavior.
To investigate this crossover in detail we use dynamic mechanical ex-
citation with large amplitudes and different frequencies. The sample
is excited with a sinusoidal stress whose amplitude is large enough to
lead to nonlinear strain-responses. The FFT-analysis of these nonlin-
ear responses contains higher harmonic contributions. These can give
further insight into interactions among local plastic events, which lead
to the nonlinear response. We will show first results on PMMA and
amorphous PdCuSi.

Financial support by the DFG SFB937 is thankfully acknowledged.

MM 15.10 Mon 18:00 Poster E
Charge and Spin transport in Turbostratic Graphene
and Graphene Nanoribbons — eNiLs RIcHTER!, SEBASTIAN
ScHWEITZERZ, AT KuMAR PaTRAZ, YENNY HERNANDEZ?, JAKOBA
HemLer?, XinLiane Feng3, PerrR OsTrizek!, and MATHIAS
Kriurt2:4 — lnstitut fiir Physik, Johannes Gutenberg Universitét,
Staudinger Weg 7, 55128 Mainz, Germany — 2FB Physik, Univer-
sitdt Konstanz, Universitéatsstr. 10, D-78457 Konstanz, Germany —
3Max Planck Institute for Polymer Research, Ackermannweg 10, 55128
Mainz, German — 4SwissFEL, Paul Scherrer Institut, CH-5232 Villi-

gen PSI, Switzerland

Single Layer Graphene (SLG), which is a simple 2D honeycomb lat-
tice made of carbon atoms, is still one of the most promising materials
for scientific research and moreover for nanoelectronic and spintronic
devices. Here we present electrical and magnetic transport in two
highly interesting Graphene allotropes: Turbostratic Graphene (TG)
and Graphene Nanoribbons (GNR). TG is a stack of Graphene where
every layer is rotated by a certain angle. Nevertheless it retains im-
portant properties similar to SLG due to electronical decoupling. High

mobilities of 105 cm?/Vs were measured in TG discs [1] and spin injec-
tion in a non-local spin valve [2] has been investigated. Measurements
with atomically precise GNR [3] indicate quantum transport behaviour
at low temperatures and theory predicts magnetic edge states [4].

[1] Y. Hernandez et al., (under review). [2] N. Tombros et al., Na-
ture 448, 571 (2007). [3] Cai et al., Nature 466, 470-473 (2010). [4] O.
Yazyev et al., Phys. Rev. Lett. 100, 047209 (2008)

MM 15.11 Mon 18:00 Poster E
Stability Amnalysis of Intrinsic Colloidal Quasicrystals: A
Recipe for Designing Quasicrystals — eErpAL CeLaL OGuz
and MICHAEL SCHMIEDEBERG — Institut fiir Theoretische Physik
II: Weiche Materie, Heinrich-Heine-Universitdt Diisseldorf, Univer-
sitatsstrafle 1, 40225 Diisseldorf, Germany

A big advantage of studying colloidal quasicrystals is that individ-
ual particle positions are directly observable (eg. by using video-
microscopy) and therefore real-space information is accessible. An-
other advantage is that the interaction between the colloidal particles
in principle can be fine-tuned. In this work, we investigate the ground
state (T=0) stability of colloidal quasicrystals by minimizing the lat-
tice sum. For this purpose, we develop lattice summation techniques
for quasicrystals with 5-, 8-, 10- and 12-fold rotational symmetry. Sub-
sequently, we minimize the potential energy with respect to particle co-
ordinates for various pair interaction potentials with two length scales.
Our goal is to find suitable isotropic interaction potentials that lead
to stable quasicrystalline order.

MM 15.12 Mon 18:00 Poster E
Symmetry and electronic structure study of a predicted car-
bon structure — eToORSTEN WEISSBACH, SiLviA BAHMANN, and
JENs Korrus — Institute of Theoretical Physics, TU Bergakademie
Freiberg, D-09596 Freiberg

A new metastable structure for carbon, which is presented in by the
authors in another contribution, was predicted theoretically. It con-
sists of structural building blocks of diamond and graphite and ex-
hibits tubular pores, similar to the carbon foam class of structures.
Here, we investigate the symmetry of the structure and its reflection
in the calculated electron and phonon band structure. Like graphite,
this new carbon structure exhibits a band crossing at the Fermi level
and zero band-gap. Compared to graphite, the deformation stability
is enhanced by the links between the graphene planes.

MM 15.13 Mon 18:00 Poster E
Characterization of Pulsed CNT Field Emitters for Medical
Imaging — eDaNiELA LEBERLY?, BERNHARD HENSEL?, and SANDRO
Francesco TeEppe! — !Siemens AG, Corporate Technology, Erlan-
gen, Germany — 2Center for Medical Physics and Engineering, Uni-
versity Erlangen-Nuremberg, Erlangen, Germany

Cold electron sources for X-ray applications would be beneficial for
reduced acquisition time and improved image quality compared to
thermionic emitters, today’s state of the art. Carbon nanotubes
(CNTs) are a promising material for field emission applications due
to the high aspect ratio and high electrical and thermal conductivity.
For motion-free 3D image acquisition, short electron pulses of many
individual sources are necessary. Thus it is important to investigate
the field emitter characteristics and stability under pulsed conditions.

Here we report on electrical characterization of multi-walled CNTs
grown by thermal chemical vapour deposition on stainless steel sub-
strates. We studied the dependence of the IV characteristics and emit-
ter stability on pressure, pulse-on time and duty cycle. All investiga-
tions have been carried out on samples with high field emission currents
up to 126 mA (220 mA /cm?) and extremely long lifetimes up to 200
cumulative hours.

We found out that the emitter degradation is an important param-
eter for the application in medical X-ray systems. We discuss poten-
tial degradation mechanisms and present the correlation with thresh-
old field and field enhancement factor, calculated with the Fowler-
Nordheim theory of field emission.

MM 15.14 Mon 18:00 Poster E
Stacking faults in fcc Iron: The Influence of Magnetism —
elvaN BLEskov, TiLMANN HIcKEL, and JORG NEUGEBAUER — Max-
Planck-Institut fiir Eisenforschung GmbH, D-40237 Diisseldorf, Ger-
many

The stacking fault energy is a critical parameter that defines the type
of plasticity mechanism in austenitic high-Mn steels, which are char-
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acterized by a combination of enhanced formability and strength. A
common concept for its description is the generalized stacking fault
energy (7-) surface, which describes the sliding of one part of a perfect
crystal against the other. It provides the energy paths and barri-
ers, which the system needs to overcome to form an intrinsic stacking
fault (ISF). The goal of the present work is to study the influence of
magnetism on the topology of the y-surface. To avoid the influence
of chemical effects, we have focused the investigation on pure fcc Fe.
Density functional theory has been used for calculations of different
magnetic (non-, ferro- antiferro-, and paramagnetic) structures. The
paramagnetic state, which is closest to reality, was approximated by
the disordered local moments (DLM) realized within the coherent po-
tential approximation. Changing to magnetically ordered structures
the ~y-surface is strongly altered. The effects are stronger for ferro-
than for antiferromagnetic configurations. The nonmagnetic y-surface,
however, is in the relevant region in very good agreement with DLM,
and therefore may be used to reduce the complexity in future ISF
calculations.

MM 15.15 Mon 18:00 Poster E
Investigation of the loading state dependent fracture be-
haviour of nanocrystalline PdAu — eCHRISTIAN BRAUN and
RAINER BIRRINGER — Universitat des Saarlandes, FR 7.2 Experimen-
talphysik, Campus D2.2, 66123 Saarbriicken

Numerous experiments exhibited that nanocrystalline materials with
a mean grain size in the range of 10 to 20 nm behave different in com-
pression and tension testing, in agreement with molecular dynamic
simulations. However, investigations with other loading conditions be-
tween these two limiting cases are still scarce.

We used the miniaturized shear compression specimen (m-SCS) to
study the mechanical response of nanocrystalline PdAu samples un-
der different loading states by varying the shear angle. Since the de-
formation of the m-SCS samples is constrained to a cross section of
0.1 mm2, it becomes possible to in-situ observe plastic shear and/or
crack nucleation and propagation using light microscopy. Additional,
post mortem REM-analysis of the fracture surfaces is carried out. We
present results for specimens with shear angles of 45° and 60°. Al-
though, upon loading a specimen, the difference in the hydrostatic
pressure is small between this two sample geometries, they show a
completely different behaviour: while for the 45° specimens a ductile
deformation up to 20% strain is observed, the 60°-samples show brittle
fracture in the transition regime from elastic to plastic deformation.

MM 15.16 Mon 18:00 Poster E
Shear compression specimens - a new approach to study
the pressure and normal stress dependence of plasticity —
o CHRISTIAN BRAUN, PATRICK MARX, and RAINER BIRRINGER — Uni-
versitdt des Saarlandes, FR 7.2 Experimentalphysik, Campus D2.2,
66123 Saarbriicken

The mechanical behaviour of several materials which are currently in
the focus of research, like nanocrystalline metals or metallic glasses,
exhibits a compression-tension-asymmetry, i.e. yielding depends on
the loading condition. While this compression-tension-asymmetry of
yielding is well examined in simulations, experiments are still rare for
various reasons: On the one hand the ductility of these materials is of-
ten limited in a tensile test and on the other hand there are only a few
involved methods to probe other loading states than pure compression
and tension.

A new approach to study the pressure or normal stress dependence of
plasticity is exploiting shear compression specimens (SCS) with differ-
ent shear angles. The sophisticated data analysis of these experiments
based on FEM-simulations allows to extract all components of the
stress and strain tensor and so to relate the state of stress to the ob-
served yielding behaviour. We present a feasibility study with stainless
steel as reference material to demonstrate the potential of this testing
method.

MM 15.17 Mon 18:00 Poster E
Relationship between enthalpy relaxation and shear modu-
lus relaxation below and above the glass transition of metal-
lic glasses — oYURIY MiTrRoFaNov! 2 ANDREY MAKAROVS, VI-
TaLYy Knonik3, ANDREW GRrANATO?, DAVE JoncicH?, and SVETLANA
KHoNik® — lInstitute of Materials Physics, University of Miinster,
Miinster, Germany — 2Department of Solid State Physics, State Tech-
nical University, Voronezh, Russia — 3Department of General Physics,
State Pedagogical University, Voronezh, Russia — 4Department of
Physics, University of Illinois at Urbana-Champaign, Urbana, Illinois,

USA — 5Centre for Joint Research, State University, Voronezh, Russia

Despite decades-long investigations of the enthalpy relaxation in metal-
lic glasses, its nature remains unclear. To understand the nature of the
enthalpy relaxation near Tg, we used an approach, that is based on the
interstitialcy theory. We derived a simple and testable expression for
the heat flow (enthalpy relaxation rate) occurring upon heating of the
glass at a constant rate. This heat flow is mostly determined by the
shear moduli of the glass and the parent crystal. The shear modulus
of the glass is defined by the concentration of frozen-in interstitialcy-
like defects (atomic configurations with two atoms sharing the same
potential well). The relaxation law describes both, the exothermic
heat flow below Tg and endothermal heat flow above Tg and reflects
a generic connection between the elastic properties of the glass and
the parent crystal. An extensive check of the derived heat flow law for
temperatures near the glass transition showed good agreement with
the experiments performed on two Pd-based metallic glasses.

MM 15.18 Mon 18:00 Poster E
Time dependent development of decorated grain boundaries
of severely plastically deformed Al by liquid Ga — eMEHRNOOSH
NADERI, MARTIN PETERLECHNER, GERHARD WILDE, and SERGIY DIVIN-
sk1y — Institute of Material Physics, University of Muenster, Germany

Fast liquid penetration into the grain boundary network of a polycrys-
talline solid is observed for different metallic or ceramic couples. Yet,
the detailed mechanism as well as morphological features or the kinet-
ics of the penetration process are not well understood. Recent models
relate the liquid penetration process to the mechanical properties of
the grain boundaries. In order to investigate the importance of defect
structures and residual stresses at grain boundaries for the liquid pene-
tration kinetics, the penetration behavior of liquid Ga along fine grains
of polycrystalline Aluminum produced by High Pressure Torsion was
studied at room temperature. Scanning Electron Microscopy (SEM)
and the so-called Automated Crystal Orientation Mapping (ACOM)
technique that measures the orientations in a transmission electron
microscope (TEM) have been used for this study. The development
of decorated grain boundaries was investigated by SEM and the thick-
ness of Ga layer at grain boundaries was obtained less than 1.5 nm
from ACOM data as well. The results are discussed with respect of
the underlying mechanism that drives liquid penetration into the grain
boundary network.

MM 15.19 Mon 18:00 Poster E
Rational Tuning and Thermodynamic Characterization of
Lithium Silicides as Electrode Materials for Lithium Ion Bat-
teries — eTHoMAS GRUBER and JENS Korrus — TU Bergakademie
Freiberg, Institute for Theoretical Physics,Leipziger Str. 23, 09596
Freiberg, Germany

Li;Si is a promising anode material for lithium ion batteries due to
its high specific energy density. There are several known stable phases
with different Li/Si ratio. The main goal of our investigation is to sup-
port an understanding of the charging and discharging processes, which
are directly related to the Lit transport. For practical usage of LizSi
in lithium ion batteries a proper understanding of the thermodynami-
cal behavior of the material is required. The Gibbs free energy can be
determined from the calculation of the phonon dispersion, which de-
pends on pressure. We have calculated the isotropic thermal expansion
of Li7Siz and the non-isotropic thermal expansion of LiSi. This gives
access to the thermal expansion coefficients, speci*c heat and other
thermodynamical data. Our theoretical results are then compared to
experimental data measured on these compounds.

MM 15.20 Mon 18:00 Poster E

Understanding the protein-inorganic crystal interaction in
bioinspired syntheses — ¢ ANNALENA WOLFF!, IDIR YAHIATENE!,
WaLip HeTaBa2, NapiNe Min!, Marco WIissBROCK®, STE-
FAN LOEFFLER?, KATRIN EcksTADT!, NORBERT SEwWALD3, PE-
TER SCHATTSCHNEIDER?, and ANDREAs HOUTTEN! — 1Uni Bielefeld,
Fakultdt fiir Physik — 2TU Wien, Institut fiir Festkorperphysik —
3Uni Bielefeld, Fakultit fiir Chemie — 4TU Wien, Service Center fiir

Elektronenmikroskopie

Bioinspired syntheses have sparked great interest in the past years.
Recent studies showed that proteins, involved in nanoparticle forma-
tion within natural systems, can be used to influence materials, not
known to occur within these systems. The engineering process how-
ever remained elusive. Here, cobalt ferrite nanoparticles were synthe-
sized using c25-mms6, a short synthetic version of a protein linked
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to nanoparticle formation in magnetotactic bacteria. The polypeptide
allows the formation of stoichiometric, shape specific nanoparticles,
which cannot be achieved under similar conditions by conventional
chemical synthesis. The particles were studied at different times dur-
ing nanoparticle growth using TEM, HRTEM and EELS to gain a
better understanding of the engineering process. The polypeptide -
inorganic crystal interaction was studied in FCS measurements. The
results suggest that the polypeptide adsorbes onto the (111) face of the
particles,reduces its surface energy, and allows the formation of hexag-
onally shaped nanoparticles. The polypeptides can be easily removed
after the growth process which is advantageous for applications.

MM 15.21 Mon 18:00 Poster E
Influence of the sputter parameters on surface segrega-
tion and silver ion release properties of reactively sput-
tered Ag/TiOx nanocomposites — eJian Xiong!, VLADIMIR

ZAPOROJTCHENKO!, THoMAS STRUNskUs!, ULRICH SCHURMANNZ,

Lorenz KienLE?, Frank LeaManN®, and Franz Faupen! —
Hnstitute for Materials Science-Multicomponents Materials, CAU
Kiel, Kaiserstr. 2, 24143, Kiel, Germany — 2Institute for Materials
Science- Synthesis and Real Structure, CAU Kiel, Kaiserstr. 2, 24143,
Kiel, Germany — 2Dept. of Prosthodontics, Propaedeutics and Dental

Materials, CAU Kiel , Arnold-Heller-Str. 3, 24105, Kiel, Germany

Reactive sputtering of silver/titania nanocomposites is potentially at-
tractive for antibacterial coatings based on the release of silver ions.
Previous studies on such coatings showed strong segregation of silver
towards the surface. Surface segregation leads to rapid depletion of the
Ag in humid invironment and prevents tailoring of the release proper-
ties. In this work, the influence of sputter parameters on the morphol-
ogy and subsequent silver ion release properties of reactively sputtered
silver/ TiOx nanocomposites was investigated. It was observed that
silver surface segregation is largely independent of the oxygen partial
pressure used in the sputtering process and that - unlike in nonre-
active sputtering of TiOx - even sputtering of pure TiOx barriers at
moderate deposition rates is not sufficient to prevent the strong sur-
face segregation. Surface segregation is significantly reduced for silver
filling factors below a critical silver content of 9% and can be further
be reduced by deposition of TiOx barriers with high sputtering rates.

MM 15.22 Mon 18:00 Poster E
Influence of transition-metal alloying on the electro-chemical
properties of (Li)FePO,4 as cathode material for Li-ion bat-
teries — eHaMID REzA HaJjivani, THoMAs HAMMERSCHMIDT, and
RALF DrauTz — ICAMS, Ruhr-Universitdt Bochum, Germany

One of the central challenges in increasing the performance of Li-ion
batteries is the optimization of cathode aterials. The candidate com-
pounds need to provide a technologically acceptable compromise of
energy density, intercalation voltage, as well as structural and thermal
stability during intercalation. A promising approach to achieve this
goal for cathode materials based on FePOy is alloying by partly or
fully substituting Fe with other transition metals (TMs). Here, we use
high-throughput density-functional theory (DFT) calculations in order
to investigate LiMyN(;_)PO4 compounds in the olivine structure. In
particular, we determine the formation energy for various stoichiomet-
ric of different TMs M and N. Systematic screening across the 3d TM
allows us to identify alloying trends with bandfilling and atomic size.
For each binary TM phosphate we consider different levels of Li in-
tercalation. Based on these DFT calculations we estimate the energy
density, the volume expansion during intercalation, the intercalation
voltage, and the thermal stability with respect to oxidation. Our calcu-
lations indicate that the energy density of the binary transition metal
phosphates increase with bandfilling while the thermal stability of the
compounds decreases.

MM 15.23 Mon 18:00 Poster E
Cluster expansion study of Ni—Pt alloys — eMARTIN LEITNER,
Davip REITH, and RAaiMUND PobpLoucky — Department of Physical
Chemistry, University of Vienna

The Cluster expansion (CE) is a state-of-the-art tool for exploring the
configuration space of multi-component systems with the accuracy of
density functional theory (DFT) calculations. Based on the figure set
of a converged CE Monte-Carlo (MC) simulations are performed in
order to derive temperature dependent phase stabilities.

This CE+MC approach — as implemented in the UNCLE package
[1] — is applied to study the Ni-Pt alloy system, for which the for-
mation of ordered phases at low temperatures is under debate. DFT
studies focussed on three ordered phases, namely NiPt3 and NizPt

with Llg structure and NiPt with L1 structure. A CE study pre-
dicted an additional stable Pt-rich phase of NiPt7 composition, which
was not confirmed by recent DFT studies and experiment. A further
DFT study predicted a Ni-rich NigPt phase with D022 ordering to be
energetically more favorable than the L1s structure.

Based on DFT calculations performed with VASP an extensive
CE+MC study was done for the whole composition range. The re-
sults will be critically compared to the existing data. Furthermore,
calculated short range order intensities are compared to very recent
X-ray Photon Correlation Spectroscopy (XPCS) experiments in the
Ni-rich regime.

Supported by FWF, project nr. F4110 (ViCoM).
[1] D. Lerch et al., Modelling Simul. Mater. Sci. Eng. 17 (2009),
055003

MM 15.24 Mon 18:00 Poster E
DFT studies of the lattice thermal conductivity of ther-
moelectric materials — eRENE Moskr!, MinexiNe CHENZ, and
RamMunD PobprLoucky! — !Department of Physical Chemistry, Uni-
versity of Vienna — 2Department of Physics, University of Wisconsin-
Milwaukee

Thermoelectric materials are of technological and scientific interest be-
cause of their ability to convert a temperature gradient directly into
electric energy. The efficiency of this process is defined by the figure-
of-merit Z = T'S%0/k which contains the Seebeck coefficient S, the
electrical conductivity o and the thermal conductivity ~ at a given
temperature 7. A large Z is achieved by a large S and a small k,
which properties one tries to optimize. The total thermal conductiv-
ity K = Ke; + Kpn is the sum of the electronic contribution x¢; and
the phonon mediated lattice thermal conductivity xp,. Here we focus
on the first-principles modelling of ;5 by a density functional (DFT)
theory approach for the electronic structure and phonon properties in
combination with Boltzmann’s transport theory. Results are presented
and discussed for a selection of thermoelectric materials.

Supported by FWF, project nr. P24380.

MM 15.25 Mon 18:00 Poster E
Matrix-induced in situ growth of plasmonic Au nanoparti-
cles for biological sensor devices — ePuiLipp Navsok!, CHRIs-
TIAN Karzer!, PETER MicHAaLowsKI!, FRANK ScHMIDL!, MARKUS
WESTERHAUSEN!, GABRIELE ScHMIDL?, ROBERT MUELLER?, JAN
DEeLLITH2, CHRISTA SCHMIDT?, JACQUELINE JATscHKAZ, and WoOLF-
GaNG Fritzscue? — llnstitut fiir Festkorperphysik, Friedrich-
Schiller-Universitat Jena - Helmholzweg 5, D-07743 Jena, Germany
— 2Institute of Photonic Technology (IPHT), Albert-Einstein-Str. 9,
D-07745 Jena, Germany

In the past years different methods such as wet chemical synthesis
where established to fabricate metal nanoparticles which can be used in
bio-photonic sensor devices. In order to overcome the multiple prepa-
ration steps and typical solution based problems like aggregation of
particles, new in-situ methods of preparation directly on the substrate
surface are highly favoured. The authors present a novel in-situ method
of fabricating crystalline gold nanoparticles by self-organization using
two different thin film matrices (YBazCu3zO7_s and SrTiO3z). We will
show that the interaction of nanoparticles and thin film matrix al-
lows controlling not only the size (between 10 and several hundreds
of nm) and distribution of gold nanoparticles but also their shape. A
subsequent dissolution process of the matrix enables us to extract the
nanoparticles to receive immobilized crystalline particles directly on
a substrate surface. The spectral characterization of those particles
will be presented based on microspectroscopy. [1] C. Katzer et al., J.
Nanopart. Res. 14, 1285 (2012)

MM 15.26 Mon 18:00 Poster E
Coulomb drag in monolayer graphene — eJoNATHAN Lux —
Institut fiir theoretische Physik, Universitat zu Koln

Coulomb drag measurements provide an interesting possibility to study
interaction effects between two adjacent layers. If a current is driven
in one of the layers, called the active layer, via Coulomb interaction,
momentum can be transferred to the other layer, called the passive
layer. This can induce a voltage drop in the passive layer, which can
be measured. The ratio of the voltage drop in the passive layer and
the current in the active layer is called the drag resistance.

We have calculated the drag resistivity in MLG using Boltzmann
kinetic theory, taking into the two relevant modes for both particles
and holes in each layer. In the Fermi liquid (FL) regime of monolayer
graphene (MLG), the drag resistivity is, up to numerical prefactors,
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identical to the one in the 2 dimensional electron gas, and independent
of the impurity configuration.

Near charge neutrality, Coulomb interaction is able to relax the cur-
rent, due to the particle-hole symmetry of the low energy Dirac theory
of MLG. This defines a new regime, which is not accessible in FLs. We
found that here the result depends on the ratio of the scattering times
of Coulomb and impurity scattering. In the very clean limit, when the
impurity density reaches zero, the drag resistivity assumes an universal
finite value, although the individual conductivities diverge.

MM 15.27 Mon 18:00 Poster E
Stacking fault energy of a binary Fe;Mn;_, mixed crystal cal-
culated by combing cluster expansion and DFT — eSEBASTIAN
ScHWALBE, TORSTEN WEIssBACH, and JENs Korrus — Institute of
Theoretical Physics, TU Bergakademie Freiberg, D-09596 Freiberg

Physical properties like mechanical stability and ductility of highly al-
loyed steels play an important role in material science. The stacking
fault energy (SFE) [1] is a powerful instrument for the characterization
of such systems. Both cluster expansion (CE)[2] and the calculation
of the SFE can be expressed with the Ising-model formalism. The CE
relies on the division of the lattice into different geometrical clusters,
and calculating their total energy (e.g. using LAPW|3]). This enables
the calculation of total energies for mixed crystal models. The aim of
this work is to exploit the combination of DFT and CE for the special
case of SFE computation.

[1] Vitos,L., Nilsson, J.-O. & Johansson, B.: Acta Materialia (2006),
54, 3821-3826.

[2] A. van de Walle: Calphad Journal (2009), 33, 266.

[3] Blaha, P.,Schwarz, K., Madsen, G. K. H., Kvasnicka, D., Luitz, J.:
WIEN2k, Techn. Universitat Wien, Austria, 2001.
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Investigation of possible solid state reaction in the Fe-Al-
O system based on density functional theory. — eLiLiT
AMIRKHANYAN, T'ORSTEN WEISSBACH, and JENS Korrus — Institute
of Theoretical Physics, TU Bergakademie Freiberg, D-09596 Freiberg

Particles in a metallic melt can be filtered out using ceramic filters,
which are often based on corundum. From experiments it is known
that new phases (e.g. FeAloOy4) can be formed during the filtering pro-
cess. We study several solid state reactions using density functional
theory (DFT) calculations. By varying the volume and calculating
the corresponding total energy we obtained the equation of states for
a-Alx O3, metastable k-Al2O3, Fea AlO4, FeAloOy4, FeAlO3, FeO.

This allows to discuss possible phase formation mechanisms based
on energy differences obtained from DFT. In particular we will focus
on the possibility to form hercynite FeAloOy4.

MM 15.29 Mon 18:00 Poster E
High Throughput Preparation and Scanning of a Complex
Perovskite Oxide Library for Light-driven Electrocatalysis
— eHELGE STEIN, ANDREAS BLUMENSTEIN, JULIUS ScHOLZ, JORG
HorrMaNnN, and CHRISTIAN Jooss — Institut fiir Materialphysik,
Friedrich-Hund Platz 1 37077 Gé&ttingen, Deutschland

With respect to development of novel materials for sunlight driven pho-
tocatalysis, high-throughput preparation and characterization meth-
ods are preferable because of the broad chemical search space. We
have designed a system for the screening and production of ternary and
quaternary oxide compounds in order to find promising compositions
which have a well-matched electronic band structure and sufficient
complexity to enable a multi-step charge transfer reaction. As a model
system we have prepared a multi-component La-Sr-Fe-Co (LSFC) ox-
ide library for testing oxygen evolution under sunlight irradiation. This
system is mostly of perovskite type and shows a broad doping ability
as well as a complex electronic structure. The samples were deposited
on glass using an ink-jet printing technique with nitrate precursors.
By post-annealing in air for 4 hours at 480°C Oxide phase formation
was performed. Electrocatalytic measurements were made by high
throughput cyclic voltametry in darkness and under illumination. The
Crystallographic structure and surface morphology of the samples was
determined by x-ray and SEM techniques.

MM 15.30 Mon 18:00 Poster E

Grain boundary free energies from the reweighted path en-
semble — eJurTA RoOGAL and RaLr Drautz — ICAMS, Ruhr-
Universitdt Bochum, 44780 Bochum, Germany

The grain boundary free energy and mobility are important quantities

in describing grain growth and thus the evolution of the microstructure
in polycrystalline materials. In this study we use transition path sam-
pling (TPS) to investigate the transformation of one particular grain
orientation into another via the migration of a grain boundary within a
Lennard-Jones system. The trajectories describe the entire transition
including the initial formation of the grain boundary. By reweighting
the path ensemble it is then possible to extract the free energy as a
function of any arbitrary order parameter and thus determine the grain
boundary free energy at various temperatures. Since all trajectories in
the path ensemble are true dynamical trajectories of the system the
path ensemble also contains information about the mobility as well as
the migration mechanism of the grain boundary.

MM 15.31 Mon 18:00 Poster E
High-Performance LFP Thin Film Electrodes — eFRANK
BERKEMEIER, MATHIAS KOHLER, LEA LUKEN, and GUIDO SCHMITZ
— Universitdt Miinster, Institut fiir Materialphysik, Wilhelm-Klemm
Str. 10, D-48149 Miinster

Thin films of lithium iron phosphate (LFP) are prepared by reactive
ion beam sputtering, with a thickness between 50 and 500 nm. The
structure and morphology of the layers is investigated by X-ray diffrac-
tion measurements and transmission electron microscopy, while their
electrochemical properties are characterized by means of cyclic voltam-
metry (CV), electrochemical impedance spectroscopy (EIS), and the
galvanostatic intermittent titration technique (GITT). It is observed
that the electrochemical performance of the layers strongly depends on
the preparation conditions during sputtering. Thus, using optimum
deposition conditions, a reversible capacity of 104 mAhg~! is found,
and a cycling stability at 1 C rate which allows to perform more than
1700 cycles before observing a capacity loss of only 20%. In addition,
the lithium diffusivity is measured by EIS and GITT, and is found to
be in the range of 10713 cm2?s~!. This quite high diffusivity value is
attributed to the strong texture of the deposited LFP films.

MM 15.32 Mon 18:00 Poster E
V205 thin films for Li-ion battery applications — eToBiAs
GaLLascH, FRANK BERKEMEIER, and GUIDO ScHMITZ — Institut fiir
Materialphysik, Westfdlische Wilhelms-Universitat, Wilhelm-Klemm-
Str. 10, 48149 Miinster, Germany

Ion beam sputtered V2Os thin films (thickness 10 nm - 200 nm)
are investigated electrochemically via cyclic voltammetry and chrono-
potentiometric measurements. Within these measurements a capacity
of about 400 mAh/g for reversible lithium storage is reached. In addi-
tion, Lit diffusion coefficients are determined by different approaches
and compared to each other.

Structural changes between as-prepared, partially charged and cy-
cled thin films are evaluated in detail by HR-TEM and EELS and the
lithium signal is evaluated, directly, depending on the state of charge.

Thus, in this work the link between Li intercalation processes and
morphological changes is worked out combining modern techniques of
electrochemistry and analytical TEM.

MM 15.33 Mon 18:00 Poster E
Percolated Pd thin films for hydrogen sensors — eMacaNUs
HamMm, STEFAN WAGNER, and ASTRID PuNDT — Institut fiir Materi-
alphysik, Friedrich-Hundt-Platz 1, D-37077, Goettingen, Germany

It’s easy accessibility and high chemical energy density makes hydrogen
interesting as a future energy carrier. In addition hydrogen allows a
CO2 free energy production by its reaction with oxygen to water. How-
ever one major drawback of hydrogen is its dangers when in contact
with oxygen. At concentrations in the regime of 4% to 94% hydrogen
is highly flammable and explosive, which makes it difficult to store and
transport. Out of these reasons effective hydrogen sensors are needed
for a large scale hydrogen energy network. In this work the up-to-date
development of hydrogen sensors is presented and compared to a new
type of thin film palladium sensor. We deposited thin Palladium films
on Sapphire substrates. Later the film was fractured by Joule heating.
This leads to a percolated surface which shows large resistivity effects
when contacted with hydrogen. The Sensor shows good reversibility
at slow reaction and decay times in the minute range. However the
resistivity changes up to 6000% when contacted with hydrogen and the
minimal detection limit lies at 10-20 mbar, values which both exceed
other hydrogen sensors. Financial support by the DFG via PU131/9
and SFB602 is gratefully acknowledged.
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Electrochemical Hydrogenography of Palladium, Magnesium
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and Titanium — eJArRA KURSCHNER and AsTRID PUNDT — Institut
fir Materialphysik, Universitdt Gottingen, Germany

The storage of hydrogen in metals is a safe and volumetrically de-
sirable way. Rapid determination of the hydrogen concentration cg
in gas-phase loaded metal thin films can either be done by resistiv-
ity or transmission measurements as the electronic structure of the
metal changes during hydrogenation. Since some years, the optical
transmission 7" is applied in a technique named "Hydrogenography"
to determine the hydrogen concentration in thin alloy films. A linear
relationship ¢y o< In (T/Tpretal), as predicted by the Lambert-Beer
law, is commonly assumed although it holds the assumption of the free
lattice gas model.

The model does neither imply non-homogeneous hydrogen distribu-
tions as occurring during phase transitions of many metal-hydrogen
systems, nor stresses, plastic deformation and film buckling which are
often arising in clamped thin films.

This study analyzes the dependency between optical transmission
and hydrogen concentration for clamped and quasi-free palladium,
magnesium and titanium thin films. Via electrochemical hydrogen
loading, the hydrogen concentration is independently controlled and
the applicability of the Lambert-Beer law can be tested.

Financial support by the DFG via PU131/9 and PU131/10 is grate-
fully acknowledged.

MM 15.35 Mon 18:00 Poster E
Influence of hydrogen on Ta(110) surfaces — @SEBASTIAN
SCHLEICHER, SARA WANJELIK, and MATHIAS GETZLAFF — Heinrich-
Heine-Universitat

Hydrogen in metals has attracted a lot of attention in the past decades.
On the one hand this is caused by the technical application as hydrogen
storage. On the other hand metal hydrogen systems are of great inter-
est from a fundamental point of view.The goal of our investigations is a
study of hydrogen absorbtion in a Ta(110) crystal. Careful cleaning of
the Tantalum surface is essential as preparation for any measurement.
The cleaning procedures are similar to those already discussed in var-
ious publications, involving flashing to high temperatures close to the
melting point to remove H and O absorbates, and heating in an oxygen
atmosphere to remove residual carbon impurities. Measurements are
performed by means of scanning tunneling microscopy (STM) and low
energy electron diffraction (LEED) in ultra-high vacuum conditions.
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Second-Harmonic Generation in Silver Nanorod Arrays —

eFABIAN PaTROVSKY!, VERA HOFFMANN!, PHILIPP REICHENBACH!,

AnprEAs HiLLe!, ReNE KuiLock?, and Lukas M. Eng! —
nstitute of Applied Photophysics, TU Dresden, Germany —
2Department of Experimental Physics 5, University of Wiirzburg, Ger-

many

Second-harmonic generation (SHG) in metal nanoparticles is a promis-
ing new field combining nanotechnology with nanooptics [1]. Previous
studies excellently proved the SHG effect of single nanoparticles at-
tached preferentially to nonconductive surfaces. Similar to Raman
scattering [2], the SHG efficiency can be considerably increased when
coupling two such nanoantennas in the optical near-field region [3].
In the present study we investigate the generation of second-harmonic
radiation from silver nanorod arrays as a function of different geo-
metric parameters (volume, rod length, distance) including also the
angle of incidence. Correlations between linear and nonlinear optical
properties are found.

[1] M. D. McMahon et. al. Physical Review B 73, 041401(R) (2006)
[2] P. Olk et. al. Nano Lett. 7 (6), pp 1736-1740 (2007) [3] R. Jin et.
al. J. Am. Chem. Soc. 127, 12482 (2005)
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Electric field gradient at the A site in selected MAX phase
solid solutions studied with perturbed -y angular correlation
— eCHurisToPH BRUsEwITZ!, DANIEL JURGENS!, ULRICH VETTER!,
Hans Horsiss!, and MicHEL W. Barsoum? — 1. Physikalisches In-
stitut, Georg-August-Universitdt Gottingen, Friedrich-Hund-Platz 1,
D-37077 Gottingen, Germany — 2Dep. Mat. Sci. & Eng., Drexel
University, Philadelphia, PA 19104, USA

MAX phases represent a class of complex carbides and nitrides which
combine prominent features of both metals and high performance ce-
ramics. They are good electric and thermal conductors, thermal and
mechanical shock resistant, and easily machinable. Perturbed ~-v an-

gular correlation (PAC) offers, using implanted '1In as probe atom, an
insight into the local environment of the probes at the A-sites of many
MAX phases by studying the electric field gradient (EFG). Starting
with Tig AlC, the variation of the EFG caused by systematic replace-
ment of half of M atoms with V, A atoms with In, and X atoms with
N is investigated. Additionally, these results are compared with the
EFG of the corresponding end members Vo AlIC, TigInC, and Tia AIN.
The existence of a single phase is confirmed through XRD. This work
is supported by the DFG under contract HO 1125/19-2.

MM 15.38 Mon 18:00 Poster E
Electrochemical lithiation/delithiation analysis of silicon as
anode material for lithium-ion batteries — eGiBaek Lerl?2,
STEFAN L. ScHwEIZERZ, and RALF B. WEHRsPOHNY'2 — 1Fraunhofer
Institute for Mechanics of Materials — 2Martin-Luther-University
Halle-Wittenberg

It has been known for some time that silicon can incorporate large
amounts of Li with a specific capacity of 4200 mAh/g, about a factor
of 11 larger than for state of the art graphite anodes. However, silicon
and silicon-based negative electrodes exhibit huge volume expansion
(ca. 270%) during lithiation/delithiation, resulting in mechanical dis-
integration of electrode and rapid capacity fading. Therefore, relax-
ation of the stress caused by the expansion and contraction of Li-Si
alloy materials is important to obtain a good cyclability.

In this study, we prepared oriented silicon nanowire arrays (SiNWs)
on n-type silicon substrate by metal-assisted chemical etching in aque-
ous HF solution containing AgNO3. The electrochemical properties
of the SiNWs electrode were systematically investigated. The mate-
rial characteristics have been analyzed by Cyclic voltammetry (CV),
XRD, SEM and TEM. The performance of SiNWs electrode have been
examined by galvanostatic charge/discharge cycling. In addition, to
compare the battery cycle behavior of the different structure of silicon
anode material, we have investigated the characteristic and transfor-
mation of other types silicon anode such as black silicon and macro-
porous silicon obtained by reactive ion etching (RIE) etching and elec-
trochemical etching, respectively.

MM 15.39 Mon 18:00 Poster E
Phase-field crystal approach to model interfaces and crystal

nucleation in binary alloys — eMUHAMMAD AJMAL CHOUDHARY?!,

Juria Kunpin!, MartiN OrerTeEL?, and Hreike EMmMERICH! —
1Lehrstuhl fiir Material- und Prozesssimulation, Universitat Bayreuth,
D-95440 Bayreuth. — 2Institut fiir Angewandte Physik, Universitat
Tiibingen, D-72076, Tiibingen.

In general, the properties of a material are strongly related to the nucle-
ation and patterning of its microstructure. Phase-field crystal (PFC)
modeling is widely used to address the nucleation and microstructure
evolution phenomena. We used a binary alloy system to study the
equilibrium properties of liquid-solid interfaces as well as the nucle-
ation barriers. We proposed the method of determining interfacial
energies for a curved liquid-solid interface by stabilizing the circular
solid seed in the surrounding liquid phase as well as the liquid droplet
in the solid phase for various seed sizes in a finite system. We also
derived the free energy barriers for the nucleation and investigated the
system size effects on the equilibrium properties of liquid-solid interface
and nucleation barriers. Furthermore, we compared the simulation re-
sults with the existing theories as well as the predictions based on the
classical nucleation theory.

MM 15.40 Mon 18:00 Poster E
DFT calculation of cleavage energies and +y-surfaces in
Mo2BC hard coatings — eTobias KLOFFEL!, SANDRA KORTEZ,
and BERND MEYER! — !Interdisziplindres Zentrum fiir Molekulare
Materialien und Computer-Chemie-Centrum, Universitdt Erlangen-
Niirnberg — 2Lehrstuhl fiir Allgemeine Werkstoffeigenschaften, Uni-

versitdt Erlangen-Niirnberg

The unusual combination of high stiffness and moderate ductility
makes Mo2BC a very interesting material for application as hard pro-
tective coating of cutting tools. In order to obtain more detailed in-
sights into the properties of dislocations and plastic deformation in
Mo2BC we have calculated the y-surfaces for several crystallographic
crystal cuts using density functional theory. For many simple fcc and
bce metals a detailed atomistic understanding of dislocation properties
has been gained on the basis of Peierls-Nabarro models and calculated
7y-surfaces. However, such an approach has not been attempted yet
for more complex compounds such as Mo2BC. Here, the first results
on the shape and properties of the vy-surfaces will be discussed. It will
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be shown that it is not possible to conclude from the decohesion en-
ergy which crystallographic plane will be the active plane for plastic
deformation. Finally, the results for the critical Peierls stress and the
preferred shear planes will be compared to experimental observations
in mechanical tests on micrometer-sized Mo2BC pillars.

MM 15.41 Mon 18:00 Poster E
First-principles calculations and kinetic Monte Carlo simula-
tions of screw dislocation motion in dilute W alloys — eLEILI
GHARAEE!, ALEXANDER STUKOWsKI?, JAIME MARIAN®, and PauL
ErHART! — 1Chalmers University of Technology, Gothenburg, Swe-
den — 2Technische Universitdt Darmstadt, Darmstadt, Germany —
3Lawrence Livermore National Laboratory, Livermore, California

Tungsten is being considered as a candidate material for structural
applications in fusion reactors. The performance of the pure material
is, however, limited by a high ductile-to-brittle transition temperature
(DBTT), which can be lowered by alloying for example with small
amounts of Re. These alloys are, however, not suitable for applications
in fusion environments due to neutron activation of Re, which moti-
vates the search for alternative alloys. The present work addresses the
potential of dilute W-Ti alloys to accomplish a lowering of the DBTT.
To this end, we have studied the elastic properties of intrinsic defects
and substitutional alloying agents in body-centered cubic tungsten as
well as their direct interaction with screw dislocations using density
functional theory. In this fashion we determined deformation volume
tensors and interaction strenghts for each of these entities. The thus
obtained information was subsequently employed to parametrize a ki-
netic Monte Carlo model for screw dislocation motion that takes into
account the elastic interaction between dislocation segments and point
defects. This approach enabled us to study systematically the effect
of various defects on the mobility of screw dislocations as a function
of shear, temperature, and defect density.

MM 15.42 Mon 18:00 Poster E
Highly ordered metal nanowire arrays as active substrate of
SERS — eYong-Tag Kim!, STeraN L. Scuwrizer!, and RALF.
B. Wenrspoun!2 — Martin-Luther-University Halle-Wittenberg —
2Fraunhofer Institute for Mechanics of Materials

Metallic nanostructured materials have fascinating potential applica-
tions in the nanodevices, especially as an efficient substrate for surface-
enhanced Raman scattering (SERS). In SERS, as one of the most
promising optical sensing techniques, the Raman signal can be ampli-
fied by several orders of magnitude by the use of metallic nanostructure
substrates. 1-dimensional metallic nanostructures show some advan-
tages associated with their anisotropic architecture and enable to be
employed as highly active substrate of SERS.

The key obstacle for the practical use of SERS devices is the lack
of robust and facile fabrication strategies for reproducible SERS sub-
strates with stable enhancement. Although traditional SERS sub-
strates such as colloidal nanoparticles, metal islands, and fractal film
provide significant SERS enhancement, the well ordered 1-dimensional
metallic SERS substrates with reproducible and deterministic geome-
tries are needed for detection of trace level molecules in gases or liquids.

In this study, single- or multi-segmented 1-dimensional highly or-
dered metallic nanowire arrays composed of nickel, silver, and gold
have been fabricated by simple pulsed electrodeposition in the pores
of anodic aluminum oxide (AAO). Various 1-dimensional metallic
nanowire arrays with different diameter, length, and sequence of metal
segments are tailored as active substrate of SERS.
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Auf Pt/peO — TiO, /Ti basierender Hy-Generator — eOMER Ca-
KABAY, MHAMED EL AcHHAB und Kraus ScHIERBAUM — Heinrich-
Heine-Universitat Diisseldorf, Institut fiir Experimentelle Physik der
kondensierten Materie, Abteilung fiir Materialwissenschaft, Universi-
tatsstraffe 1, 40225 Diisseldorf

Wir berichten iiber die Entstehung einer elektromotorischen Kraft an
Platin-bedeckten plasmaelektrolytisch oxidierten Titanfolien, die bei
Raumtemperatur von einem Wasserstoff-Sauerstoff-Gemisch bestréomt
werden [1]. Bei diesen Bedingungen kann man entweder eine Spannung
V < 465 mV zwischen Platin und Titanfolie messen, wobei der Pla-
tinkontakt gegeniiber dem Titankontakt positiv ist, oder einen Kurz-
schlufsstrom; wir haben Proben hergestellt, bei der die Kurzschlufi-
stromdichte Werte von bis zu 20 mA /cm? aufweisen kann, wenn der
Wasserstoffgehalt 3,5 Vol-% in Luft betrigt und die Probe in einer
Stomungsapparatur mit einem Gasstrom von 100 ml/min tiberstromt
wird. Stromabwéirts beobachtet man eine Verringerung der Wasser-

stoffkonzentration und eine Erhéhung der Feuchtekonzentration, die
die katalytische Oxidation von Hz am Platin beweist. In dem Beitrag
werden diese Messungen quantitativ ausgewertet; sie bestatigen auch
das einfache physikalisch-chemische Modell dieses Chemogenerators,
das in [1] vorgeschlagen wurde. Wir berichten auch iiber praparative
Moéglichkeiten zur Erhéhung der Stromdichte dieses Chemogenerators.

[1] K. Schierbaum and M. El Achhab, Phys. Status Solidi A 208, No.
12, 2796-2802 (2011) / DOI 10.1002/pssa.201127400
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Influence of defects on hydride formation in thin metal films
— eMARC WANINGER, SONKE ScHMIDT, and ASTRID PunpT — In-
stiute of Material Physics, University of Goettingen, Friedrich-Hund-
Platz 1, D-37077 Goettingen, Germany

Some metals are capable of absorbing hydrogen in the interstitial sites
of the lattice. Additionally, microstructural defects (vacancies, grain
boundaries, dislocations etc.) offer sites for hydrogen with binding en-
ergies, different from that of the interstitial sites[1].On the one hand
hydrogen preferentially dissolves at these defects and they act as hy-
drogen traps. On the other hand, the incorporation of hydrogen in
defects changes their mobility and reduces their repulsive interaction.
For dislocations this is known as HELP mechanism, which is important
for the hydrogen embrittlement.

In this study, indentation and argon ion bombardment are used to
artificially create defects in thin metal films. Indentation is done by
using the tip of an atomic force microscope (AFM) and results in dis-
location rich volumes underneath the indent. Ar-ion bombardment
results in a high density of interstitials and vacancies. These defect
rich films are loaded with hydrogen from the gas phase. It is investi-
gated by in-situ AFM, resistivity measurements and x-ray diffraction,
if and how the defects affect the hydrogenation behavior of the films.

This research is kindly supported by SFB602, B12 and DFG
PU131/9.

[1] A. Pundt, R. Kirchheim, Annual Review Materials Research*36*
(2006) 555 - 608.
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Large Scale Atomistic Simulations on Nanostructure Evolu-
tion — eJEFFREY KELLING!'? and KarRL-HeiNz HENig! — nstitute
of Ton Beam Physics and Materials Research, Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany — 2Institute of Physics, TU-
Chemnitz, Chemnitz, Germany

The Kinetic Metropolis Lattice Monte-Carlo (KMC) method is a
means of performing atomistic simulations of self-organization pro-
cesses in solids at by far larger scales than those accessible via Molec-
ular Dynamics (MD). GPUs currently provide the highest peak pro-
cessing performance regarding both cost and energy consumption. We
present a GPU implementation of KMC achieving up to two order
of magnitude higher performance than a sequential reference imple-
mentation on a single core of a modern CPU. This enables atomistic
simulations at experimental spatiotemporal scales.
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Simulation of the elastic properties of nanomechanical res-
onators — eKRISTIAN ScHoLz, DANIEL MUTTER, MARKUS RING,
RALF ScuMID, MARTIN VOGELE, and PETER NIELABA — Physics De-
partment, University of Konstanz, Germany

The oscillation behaviour of Silicon nanomechanical resonators in the
form of doubly clamped beams is investigated by Molecular Dynam-
ics simulations using the Stillinger-Weber interaction potential. After
setting up the initial structure using a diamond lattice and a (2x1)
symmetric dimer surface reconstruction, the end points of the beams
are fixed and a constant force is applied over all atoms in order to
achieve a transverse deflection. The force is then turned off resulting
in a free oscillation of the beams. Besides varying the size of the beams,
the effects of temperature, external stretching fields and cavities are
explored. The results show a decrease of the oscillation frequencies
and an increase of the damping coefficient with rising temperature, a
strong increase of the frequencies with external stress (stretching), a
decrease of frequencies with length and an increase of the damping
coefficient when adding cavities to the structures. It is also possible to
observe the dissipation of energy from the collective oscillation of the
beams into thermal energy of the degrees of freedom of the constituting
atoms. Other materials (e.g. NiTi memory alloys) and membranes are
explored as well. In order to explore quantum effects in the low tem-
perature regime Path Integral Monte Carlo simulations are performed.
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Advanced electronic structure calculations of transparent
conducting oxide materials — HEmaANT DixiT, RoLaNDO SANIZ,
Dirk LAaMOEN, and eBART ParToENS — CMT and EMAT, Depart-
ment of Physics, University of Antwerp, Groenenborgerlaan 171, 2020
Antwerp, Belgium

Transparent conducting oxides (TCO) constitute a unique class of ma-
terials which combine two physical properties together - high optical
transparency and high electrical conductivity. TCOs are widely used
in commercial applications such as liquid crystal displays, touch-screen
devices, solar cells etc. Thus it is imperative to search for high per-
formance novel TCO materials system. An accurate description of
electronic band structure lies at the heart of advanced materials de-
sign. Despite of the success demonstrated by ab-initio density func-
tional theory in describing ground state material properties, the key
physical property of TCO i.e. the band gap, is poorly described with
the standard local density approximation or generalized gradient ap-
proximation. Here we will discuss the electronic band structure of
prototype TCO materials using advanced electronic structure meth-
ods, namely, the state of the art GW approximation and Tran-Blaha
modified Becke-Johnson potential scheme. The results obtained for
the key physical properties namely the band gap and electron effective
mass are discussed along with the position of the ‘d’ orbitals in the
electronic band structure. Such a systematic comparison provides use-
ful insights into the electronic band structure of complex oxide systems
and also suggests a recipe for high-throughput materials design.
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Atom Probe Tomography of Polyelectrolytes and Metall
Compounds — eMARTIN LUTKEMEYER — Institut fiir Material-
physik, Miinster, Germany

Laser Assisted Atom Probe Tomography (LA-TAP) with femtosecond
lasers has the potential to give chemical and structural information of
organic materials like polymers at an atomic scale. We are able to mea-
sure and identify poly(acrylic acid) and poly(allylamine hydrochloride)
which are deposited on the apex of tungsten tips. The deposition is
done by the Layer by Layer technique, in which the tungsten tips are
consecutively dipped into poly-anion and poly-cation solutions so that
a polyelectrolyte multilayer (PEM) system is build. This procedure
enables us to investigate metallic nanoparticles in a new way with the
LA-TAP by simply embedding them into the PEM’s by dipping the
polymer coated tungsten tips into a solution of colloidal nanoparticles.
However, due to complex mass spectra and difficult evaporation be-
haviors of both PEM-matrix and nanoparticles the measurement and
reconstruction of these tips is challenging. To demonstrate that it is
indeed possible to get chemical and structural information of those
materials at such a small scale with the LA-TAP, reconstructions of
Au-nanoparticles embedded in PEM’s, and corresponding composition
profiles and mass spectra will be presented.
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Origin of the p-type and n-type conductivity in novel spinel
transparent conducting oxides ZnXs04 — MozHGAN AMINI, HE-
MANT DixiT, RoLaANDO SANI1Z, DIRk LAMOEN, and e BART PARTOENS
— CMT and EMAT, Department of Physics, University of Antwerp,
Groenenborgerlaan 171, 2020 Antwerp, Belgium

ZnM30O4 (M=Co, Rh, Ir) spinels are one of the promising p-type trans-
parent conducting oxide (TCO) systems, while ZnAloO4 (Gahnite) is
considered as a possible n-type TCO. We report the formation en-
ergy of acceptor-like (in ZnM2O4) and donor-like (in ZnAl>Oy4) defects
using first principles calculations with an advanced hybrid exchange-
correlation functional (HSE06) within the density functional theory
(DFT). For ZnM20O4 spinels we present results for the cation vacancy
and the antisite defect, which are the leading sources of disorder in
the spinel structures. We also discuss the band alignments in these
spinels.

Further, we have investigated the formation energies of intrinsic de-
fects in ZnAlaO4 which include the Zn, Al and O vacancy, and the
antisite defects: Zn at Al site (Zn,;) and Al at Zn site (Alz,). The
antisite defect Alz,, has the lowest formation energy and acts as a shal-
low donor, indicating possible n-type conductivity in ZnAlyO4 spinel
by Al doping.
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Large-area structuring of nanorod arrays by laser interfer-
ence lithography — eEric Jeunes!, VEra HorrMmann!, RENE

KuLLock?, GUNTHER ScHEUNERT®, and Lukas M. Enc! —

IDepartment of Applied Photophysics, TU Dresden, Germany —
2Department of Experimental Physics 5, University of Wiirzburg, Ger-
many — SDepartment of Physics and Astronomy, Queen’s University,
Belfast, UK

Metal nanorod arrays grown in anodic aluminum oxide show distinct
plasmonic resonances, which can be tuned via the rod length, diame-
ter and spacing of the rods [1,2]. However, the influence of structuring
(e.g. parallel lines of rods) on the plasmonic properties has not yet been
investigated. The work we present concerns the preparation of such
structured arrays. To arrange the rods, laser interference lithography
is used. This method is able to deliver high-quality periodic photoresist
patterns with low defect densities over an area of several em?2. To inte-
grate the structuring process into the nanorod fabrication, lithography
is combined with wet etching and physical vapor deposition. The re-
sulting structures are expected to show new optical properties that can
be used to increase the tunability of the plasmonic resonances. Hence,
structured arrays find applications in optical waveguides and sensors
both for the visible and near infrared range. Furthermore, our tech-
nique provides the basis for the low-cost integration of optoelectronic
and storage devices based on such nanorod arrays.

[1] R. Kullock et al., Optics Express 16, 21671 (2008) [2] R. Kullock
et al., J. Opt. Soc. Am. B 27, 1819 (2010)

MM 15.51 Mon 18:00 Poster E
Molecular Dynamics Simulations on the Coherency of
Cu Nano Precipitates in BCC Fe — eDavip MoLNARDZ,
FaBiaN MaIer!, PeTER BINKELE!, and SIEGFRIED SCHMAUDER!:2
— llnstitute for Materials Testing, Materials Science and Strength
of Materials (IMWF), University of Stuttgart — 2Stuttgart Research
Center of Simulation Technology (SRC SimTech), SimTech Cluster of
Excellence, University of Stuttgart

The mechanical behaviour of steels is strongly related to their under-
lying atomistic structures which evolve during processing or thermal
treatment and during their life cycles. In copper-alloyed a-iron, pre-
cipitates form within the iron matrix, especially when operated at
higher temperatures of above 300°C, yielding a change of the mate-
rial’s mechanical properties. During growth, the approximately spher-
ical precipitates perform a structural transition from bcc to fcc, thus
increasing the incoherency between bcc matrix and precipitate. The
detailed analysis of this transition on the atomistic length scale by
means of Molecular Dynamics simulations is crucial with respect to
sequential multiscale coupling with Phase Field Methods and Dislo-
cation Dynamics which are able to simulate particle growth, particle
coarsening and the interaction of dislocations with large obstacle fields,
respectively. Structural transitions are found to nucleate in the pre-
cipitate’s centre while the surface is still forced to remain bcc. We will
investigate the structural transition of Cu precipitates and the effect
on residual stresses and obstacle strength.
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Full-Scale Modeling of APT Measurement Data — e CHRISTIAN
OBERDORFER, SEBASTIAN MANUEL EicH, and Guipo Scumitz — In-
stitut fiir Materialphysik, Miinster, Deutschland

The application of simulation enables a complementary approach to
the interpretation of measurement results in atom probe tomography
(APT). A very first approach to APT simulation was introduced by
Vurpillot et al. The approach makes use of an iterative solution of the
Laplace equation on a regular grid. Atoms of a modelled field emitter
structure are consecutively detached from the surface and respective
ion-trajectories are calculated. Consistent with the experimental con-
dition in which a position sensitive detector is placed in front of the
emitter sample, the simulated data result in the lateral hit positions
of the ions on a simulated detector plane.

The present contribution depicts recent results which were obtained
from an extended simulation approach for APT. Founded on an elab-
orated grid of irregular shaped Wigner-Seitz cells, the potential distri-
bution can be solved without any constraints on the possible emitter
geometry. Conceivable emitter structures consist of distinguished lat-
tice types and orientations which reflect realistic atomic distributions.
Even the analysis of amorphous structures is possible. Additionally,
an adaptive grid of support points allows to extend the simulation
space decisively. Ion trajectories with flightlengths of about 10 cm
are enabled. — The respective “TAPSim” simulation package is freely
offered.
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Atomistic simulation of a severe plastic deformation-
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induced ”high-energy’” state of grain boundaries — eLisa
NEeier!, Sercry Divinski!, ANANTHA PADMANABHANZ2, MARTIN
PETERLECHNER!, and GERHARD WiLDE! — lInstitut fiir Ma-

terialphysik, Westfélische-Wilhelms-Universitat, 48149 Miinster —
2University of Hyderabad, India

A comparison of microstructures and properties in materials subjected
to the later stages of severe plastic deformation or steady-state super-
plastic flow indicates several unexpected similarities especially with
respect to the interface response on the deformation, such as grain
boundary (GB) sliding events, which lead to a suppression of disloca-
tion activity. Making use of this idea, we propose to describe the exper-
imentally observed ”high-energy” (or “non-equilibrium”) state of gen-
eral high-angle GBs in SPD-processed materials in terms of the concept
of shear localization in the interfaces and choosing oblate spheroids of
a few atomic diameters size as the basic units of sliding. Atomistic sim-
ulations of these special GBs are performed. In this approach, the GB
is generated, oblate spheroids are defined, extra free volume is intro-
duced, and the oblate spheroids are sheared by a given amount. After
this preparation, the whole simulation box is sheared. The GB energy
as a function of the extra free volume is determined and the arrange-
ment of the (extra) free volume in the grain boundary is analyzed. The
simulation data are compared with experimentally available HRTEM
images via calculation of HRTEM images corresponding to simulated
GBs and subsequent geometric phase analysis of the local strain fields.
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Precipitate redissolution in Al-Cu-Li- alloy AA 2195 —
eJupiTH LEEsE!, KaTHRIN KoLoTzEK!, MELANIE MARKGRAF?, and
FERDINAND HAIDER! — 1Universitdt Augsburg, 86159 Augsburg —

2Premium Aerotec GmbH

A decrease in density of about 3 wt% for every wt% of Lithium com-
bined with an increase in Youngs modulus of 6 % [1] made the straight
path to many applications in aeronautics for Al-Cu-Li alloys. The al-
loy AA 2195 keeps its superior mechanical properties even at cryogenic
temperatures [2]. The strength of this age hardenable Al-Cu-Li alloys
is mainly controlled by volume fraction and size of the hardening pre-
cipitates like ©’, 6’ and T1. Different processes during processing in
industry can influence the microstructure of the peak-aged alloy via
an short term heat input. The decrease in strength can be assigned to
growth and dissolution reactions of the strengthing precipitates. The
current study aims to resolve the microstructural processes during heat
input for the commercial aluminum alloy AA 2195 at three different
temperatures (250°C, 350°C and 510°C). The heating periods were
varied from a few seconds to two hours. Vickers hardness measure-
ments characterize the strength of the alloy. DSC measurements allows
to monitor further kinetic reactions and TEM was used to record the
correspondent changes in microstructure like size and distribution of
the relevant precipitates. The combination of the different techniques
prooves several reactions like dissolution and Ostwald Ripening dur-
ing heating. [1] Material Science and Engineering,1980,44(2),213 [2]
Journal of Materials Engineering and Performance,1998,7(5),682
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Ultra thin LiPON layers as an electrolyte for solid-state
thin film batteries — eSusaNN Nowak, FRANK BERKEMEIER, and
Guipo ScHmITz — Universitdt Miinster, Institut fiir Materialphysik,
Wilhelm-Klemm-Str. 10, 48149 Miinster
Despite LiPON (lithium phosphorus oxynitride, LigNyx(PO4)1—x) is
widely discussed as a suitable electrolyte for all solid-state thin film
batteries, there are only a few publications reporting on films that
exhibit a thickness below 1 pm. Therefore, in this work we investi-
gate the properties of LIPON films with a thickness between 50 and
500 nm prepared by reactive ion-beam sputtering of LisPOy4, using
argon as sputter gas and nitrogen as reactive additive and the char-
acterization of the films by temperature-dependent electrochemical
impedance spectroscopy (EIS) and transmission electron microscopy
(TEM). Temperature dependent measurements of dc-conductivity by
EIS give a conductivity of 5%10~7 S/cm at 30° and an activation
enthalpy of (58 £+ 2) kJ/mol, and hence allow to operate the LIPON
films in all-solid state batteries at room temperature, with a reason-
able charge/discharge performance. Additionally, thin film batteries
have been prepared by depositing a LIPON layer between two metal-
lic electrodes (e.g. Pt and Ag), which are forming a complete elec-
trochemical thin-film cell during the first cycle of cyclic voltammetry
measurements.
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Ion diffusion in lithium titanate thin films — eFABIAN WUNDE,
Frank BERKEMEIER, and Guipo ScHMITZ — Institut fiir Material-
physik, Miinster

Lithium titanate (LTO) is used as an anode material in lithium ion
batteries, as it reveals both, a high ionic conductivity and the capabil-
ity to reversibly intercalate/deintercalate lithium ions. In our work we
use rf-ion beam sputtering to prepare LTO thin films. X-ray diffrac-
tion and transmission electron microscopy show, that the layers are
crystalline and exhibit a strong orientation in (111) direction, a dense
structure, and smooth interfaces. These properties open the possibility
to integrate the LTO thin films in all-solid-state lithium ion batteries.
On the other hand, the films can be used to study fundamental mate-
rial properties like lithium ion hopping rates or diffusion coefficients,
which are difficult to obtain in case of powder material. In this scope,
galvanostatic intermittent titration technique (GITT) is used to deter-
mine the chemical diffusion coefficient of lithium within the LTO films.
Due to the thin film geometry of the samples, it is possible to reliably
evaluate the GITT results via the thin film approach and to determine
the lithium diffusivity as function of the lithium concentration.
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Resonant Photoemission at the Ols threshold to characterize
In;O;3 single crystals — eJOrG HAEBERLE!, MATTHIAS RICHTER!,
DIETER ScHMEISSER', ZBIGNIEW GarLazka?, and CHRISTOPH
JanowiTz3 — 1BTU Cottbus, Applied Physics, Konrad-Wachsmann-
Allee 17, 03046 Cottbus, Germany — 2Leibniz-Insitut fiir Kristal-
lziichtung, Max-Born-Strafe 2, 12489 Berlin, Germany — 3Humboldt-
Universitdt zu Berlin, Institut fiir Physik, Newtonstrafe 15, 12489

Berlin Germany

We report on spectroscopic investigations on In2Os single crystals.
We focus on the detailed analysis of the Ols resonance profile by reso-
nant photoelectron spectroscopy (resPES). From these we analyze the
electronic structure and assign the O2p- and In5sp-state to build the
valence band and the conduction band in different contributions, re-
spectively. This is deduced from constant final statespectra on the
O-KLL-Auger along the O K-edge and In My 5-edge and a compari-
son to the corresponding X-ray absorption spectroscopy data. We also
identify several types of defects. A broad band of oxygen derived de-
fects is identified in the valence band and extends throughout the gap.
Small polarons are attributed to cause an anti-resonance in the con-
stant initial states around the Ols threshold. In addition, an Auger
decay separated by the O-KLL is present at O-K resonance and indi-
cates the existence of localized charge transfer states which involves
In5sp states. Finally, we are able to distinguish two different oxygen
species from the resPES data. One corresponds to theintrinsic InoO3
structure and the other is a non-corresponding species.
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Characterisation of residual stress in steel components

with non-destructive evaluation methods — eSascua Raarz!,

Farip HENDRY!, ANGGa GINANDJAR!, MicHAEL Kaack?, PETER

StarON3, MicHAEL HorMaNN?, and KATHARINA THEIS-BrOHL! —
LUniversity of Applied Sciences Bremerhaven, 27568 Bremerhaven
— 28Salzgitter Mannesmann Forschung GmbH, 47259 Duisburg —
3Helmholtz-Zentrum Geesthacht, 21502 Geesthacht — 4Forschungs-

Neutronenquelle Heinz Maier-Leibnitz, 85747 Garching

In industrial application non-destructive evaluation methods are
widely used to determine residual stress to prevent failure under load.
Magnetic Barkhausen noise (MBN), harmonic analysis and ultrasonic
are favoured due to their simple onsite applicability with portable de-
vices. But all those techniques have different limitations and require an
independent calibration by an absolute evaluation method like X-ray-
and neutron-diffraction. In our study we compare all those techniques
to determine the residual stress in steel components. The chosen sam-
ples are low-alloy steel pipes with different levels of a straightening
process which leaves a visible helix on the surface. This helix is mea-
surable with MBN and harmonic analysis which are sensitive on the
skin of the surface. We used synchrotron- and neutron-diffraction to
get absolute values in the bulk of our samples. The residual stress cor-
relates with the MBN results, the levels of straightening and changes
its value up to 400 MPa through the wall-thickness. We acknowledge
funding by BMBF, DESY, FRM II and HZG. The samples were pro-
vided by our industrial partner SZMF.
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Elastic-to-plastic transition: waiting time analysis of long
term creep measurements — JoN-OLar KRrispoNEIT!, KARINA
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E. AviLaZ, eSEBASTIAN PrTikaris!, STEFAN KUCHEMANN!, AN-
9 9 b

TJE KrUGER!, and KoNrAD SaMwER! — 1. Physikalisches Institut,
Georg-August-Universitat Gottingen, Friedrich-Hund-Platz 1, 37077
Gottingen — 2Department of Physics and Astronomy, Ohio Univer-
sity, Athens, OH, 45701, USA

We studied the elastic-to-plastic transition of the bulk metallic glass
Pd77.5CugSiie.5 under uniaxially applied tensile stress. The crossover
from initially elastic behavior via small plastic events to cooperative
processes resulting in the emergence of macroscopic shear bands and
even catastrophic failure is a very interesting phenomenon from both a
materials science viewpoint and in fundamental physics. In theory, the
statistic properties of avalanche-like slip events are studied intensively.

We recorded long term creep measurements (up to one week) un-
der constant stress. Although single slip events-like activations of
a shear transformation zone-are undetectable in macroscopic exper-
iments, their cooperative avalanche-like motion is reflected in waiting
time statistics. A numerical waiting time analysis was implemented
and power-law behavior was found in the frequency distribution of
waiting times. In addition, also power spectra have been analyzed.
The results are discussed in terms of a transition from uncorrelated
slip avalanches to the formation of shear bands.

We acknowledge financial support for this work by DFG via SFB
602 and FOR 1394.
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Phase field modeling of interdiffusion microstructures in Ni-
base superalloys — eLESLIE MUSHONGERA, MicHEAL FLECK, and
Heike EMMERICH — University of Bayreuth

The effect of the refractory element rhenium(Re) on the kinetics of
coarsening in negatively misfitting ni-based superalloys during heat
treatment is studied. A multicomponent phasefield model coupled with
inputs from thermodynamic and kinetic databases to provide the rel-
evant driving forces is developed. In order to realistically capture the
complex nature of interdiffusion, the CMSX4 and CMSX6 superalloys
with well-defined weight percent contents are analyzed.

Microstructural evolution is first studied in the presence of a lattice
misfit with inhomogeneous elastic constants. Cuboidal precipitates ar-
ranged in a square array are formed. We then study the system under
external load along a cubic axis. It is observed that the precipitates
become anisotropic and the orientation differs depending on the sign
of the applied stress. Simultaneously, we determine the mechanism by
which Re reduces coarsening. It is seen that Re additions substantially
reduce the rate of precipitate coarsening by keeping their shape almost
cuboidal, which is the interfacial energy minimizing configuration. Re
also reduces coarsening by hindering the growth of the rafts. In ad-
dition,we derive stereological measures to characterize the kinetics of
coarsening.
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KKRnano: Improvements in efficiency and order-N scal-
ing for use on massively parallel computers — eELIAs RABEL,
RupoLF ZELLER, and STEFAN BLUGEL — Peter Griinberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jiilich and
JARA, D-52425 Jiilich

Petascale high-performance computers open completely new opportu-
nities for the first-principles treatment of materials problems. The
recently developed code KKRnano [1] implements the screened KKR
Green’s function method for DFT calculations of unit cells with thou-
sands of atoms. It targets modern supercomputing architectures,
which requires being able to utilise more than 100000 processors.

The KKR method considers multiple scattering of partial waves up
to a maximum angular momentum ¢max. We investigate the structure
of matrices with sparse block structure occuring in the treatment of
very large unit cells. A distance dependent angular momentum cutoff
is employed to reduce the effective matrix size with little compromise in
accuracy. The special case of neglecting all partial waves at reasonably
large distances leads to an O(N)-scaling method.

Usage of an iterative solver necessitates an appropriate precondition-
ing strategy. A block-circulant preconditioner has been proven to be
highly effective in the case of uniform block sizes. Solution strategies
for the case of the distance dependent ¢-cutoff, where one has to deal
with variable block sizes, are currently under investigation.

[1] A. Thiess et al., Phys. Rev. B 85, 235103 (2012)
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Investigation of ionic surfactants capability in dispersion of
multi-walled carbon nanotubes in an aqueous solution —

eMAaRyAM KHAZAEE!2, ANINDYA MAJUMDER?, LARYsA BARABAND,

Joera OpiTz!3, and GianaureLio CuNiBERTI* — !Institute for ma-
terials science and max bergmann center of biomaterials, TU dresden,
01062 dresden, germany — 2Leibniz institute for crystal growth,12489
berlin, germany — 3Fraunhofer institute IZFP dresden, 01109 dres-
den, germany — *Division of IT convergence engineering, POSTECH,
pohang, korea

‘We present a comparative investigation of a dispersion of multi-walled
carbon nanotubes (MWCNTSs) in various ionic surfactants including
three anionic and two cationic ones. The optimum sonication condi-
tions for the dispersion of MWCNTs have been determined. Among
these surfactants- Sodium dodecyl sulfate (SDS), Sodium dodecyl-
benzenesulfonate (SDDBS), Sodium cholate (SC), Dodecyltrimethy-
lammonium bromide (DTAB) and Decyltrimethylammonium bromide
(CTAB)- SDDBS and DTAB provided maximum and minimum dis-
persion susceptibility, respectively, which has a good agreement with
their chemical structure properties. Dispersion efficiency of CN'Ts was
quantified via determining extinction coefficients of these MWCNTs,
derived from UV-Vis spectra. The dispersion efficiency of MWCNTs
was characterized by transmission electron microscopy (TEM), UV-
Vis spectroscopy and atomic force microscopy. These results serve as
future guide for utilization of MWCNTs in their different applications
such as nanocomposits, nanoelectronics, biosensor, etc.
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Crystal growth and characterization of BagNi3 5Gego 100y 4 —
oSTEPHAN PoHL, CELINE GRIMM-ALLIO, CAROLA DIETRICH, KLAUS-
DieTEr LuTHER, FrRaNz RITTER, WoOLF Assmus, and CORNELIUS
KRELLNER — Physikalisches Institut, Goethe-Universitat Frankfurt,
60438 Frankfurt am Main, Germany

The clathrate BagNis 5Geq2.10p 4 possesses interesting thermoelectric
properties [1]. On the one hand it features a high electric conductivity,
on the other hand it has a low thermal conductivity. These properties
are due to the specific crystal structure with Ba guest atoms in a Ni-
Ge host lattice and might be promising towards technical applications.
Neutron scattering techniques are well suited to investigate the phonon
dispersions to unravel the underlying microscopic origin of the ther-
moelectric characteristics. However, large single crystals are required
for that kind of research. Here, we show that the crystal growth of
BagNi3 5Ges2.10p.4 can be achieved by the crucible-free Czochralski
pulling method. We particularly present the crystal growing achieve-
ments with a tungsten single crystal as a seed and the results of x-ray
investigations on the obtained single crystals.

[1] L. T. K. Nguyen et al., Dalton Trans. 39, 1071 (2010).
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Optimization of Fe/MgO /Fe Interfaces by Atom Probe To-
mography — eRaABAB BaHABRY, TORBEN BoLL, Ryora GEMMA,
and TavLaar Ar-KassaB — King Abdullah University of Science &
Technology, Division of Physical Sciences and Engineering, Thuwal,
23955-6900, Kingdom of Saudi Arabia

As part of an emerging nanotechnology, devices based on the Tunnel
Magneto-Resistance (TMR) effect have promising applications. The
metal/oxide interfaces govern the magnetic properties of such multi-
layer structures. Hence, Atom Probe Tomography (APT) and STEM
investigations help clarifying any chemical or structural inhomogene-
ity of these layer structures. In this paper Fe/MgO/Fe layer structures
were deposited on Si-microtip coupons and W-tips by various ion beam
sputtering techniques. Results obtained on several samples with dif-
fering deposition conditions utilizing the local electrode atom probe
LEAP 4000 HR, which was installed recently at the King Abdullah
University of Science & Technology. Results are presented and dis-
cussed in view of the influence of deposition conditions on the quality
of prepared multilayer stacks.
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Ab-initio prediction of the critical thickness of a coherent pre-
cipitate — SANKARI SAMPATH, e REBECCA JANISCH, and ALEXANDER
HarrMmaIER — ICAMS, Ruhr-University Bochum

Segregation and precipitation of second phases in metals and metallic
alloys are complex phenomena with a high influence on the mechanical
properties of the material. Models exist that describe the growth of
coherent, semi- and incoherent precipitates. One of the parameters of
these models, namely the energy of the interface between matrix and
precipitate is investigated in more detail in this project.

Our example is a metastable Mo-C phase, the body-centered tetrag-
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onal structure, which has been observed experimentally by high-
resolution electron microscopy as a semi-coherent precipitate [1]. It
is assumed that it is stabilized by the precipitate interface energy.
Furthermore, this interface is supposed to change from coherent to
semi-coherent during the growth of the precipitate. We predict the
critical thickness of the precipitate by calculating the different con-
tributions to a semi-coherent interface energy by means of ab-initio
density functional theory calculations. The parameters in our model
include the elastic strain energy stored in the precipitate as well as a
misfit-dislocation energy that depends on the dislocation core width
and the dislocation spacing. Our predicted critical thickness agrees
well with experimental observations.

[1] J.M. Pénisson, M.Bacia, M.Biscondi, Phil.
(1996).

Mag. A 73, 859
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Influence of Quenching & Partitioning on the Volume Frac-
tion of Austenite Phase in Steel using X-ray Diffraction —
eKARIN RUSTER!, ANDRE STEFFEN!, MICHAEL PauLus!, CHRISTIAN
STERNEMANN', METIN Toran!, Niko Grosse-HeiLMANNZ, CHRIS-
TIAN KRONHOLZ2, and ANDREAS PETERs? — lFakultdt Physik /
DELTA, Technische Universitdt Dortmund, 44221 Dortmund, Ger-
many — 2Benteler Tube Management GmbH, 33104 Paderborn, Ger-

many

Steel is a common material in our daily life. Macroscopic character-
istics (e.g. hardness, tensile properties) of steel are affected by the
crystalline structure, i.e. austenite and martensite phase, which is
changed during heat treatment. During the process of Quenching and
Partitioning carbon diffuses from martensite to austenite and thereby
stabilises the phase of austenite. This way a microstructure with re-
tained austenite is produced. To investigate the material’s charac-
teristics XRD-experiments have been carried out at beamline BL9 of
the synchrotron light source Delta, in Dortmund. A gain of retained
austenite with increasing holding time is observed ex situ in pre-treated
samples. Changes of the volume fraction of austenite during the pro-
cess of heating and cooling were analyzed in situ. The stabilisation of
austenite and an increase of the lattice constant both induced by the
carbon diffusion was observed.
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An apparatus for the synthesis of cluster-based materials
— oARNE FiscHER, HERBERT GLEITER, and HorsT Haun — Karl-
sruher Institut fiir Technologie, Institut fiir Nanotechnologie, 76344
Eggenstein-Leopoldshafen, Germany

A new cluster deposition system for the synthesis of materials com-
posed of mass-selected clusters embedded in matrices of other mate-
rials as well as cluster-decorated surfaces was constructed and first
deposition experiments were performed.

The system covers a large range of cluster sizes from single atoms up
to clusters consisting of several thousands of atoms and the resulting
cluster beam has a narrow size distribution. During the deposition
the number of clusters as well as their impact energy is well defined.
Hence this approach can open pathways to a new class of materials
with tailored electronic, magnetic or catalytic properties.

As a first experiment iron clusters were deposited into a silver ma-
trix. The immiscible system Iron-Silver is a well-known GMR material.
In contrast to the production via e.g. MBE where only the composi-
tion is defined with our approach we have on top control over the size
of the embedded clusters. Hence it allows studying the GMR effect as
a function of cluster size and density in the material. Various samples
with cluster sizes from 500 to 2000 atoms and different concentrations
of clusters were produced and characterized with a SQUID magne-
tometer. The first results look promising and prove the exceptional
capabilities of our new cluster deposition system.
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In detail 3D Atom Probe investigation of Tantalum capped
CoFeB layers — ePATRICK STENDER, HoUARI BoucHIKHAOUI, and
Guipo ScHMmITZ — Institut of Materials Physics, WWU, Miinster,
Germany

The tunnel magnetoresistance (TMR) is an important physical effect
used in current technology. The TMR ratio is influenced by various pa-
rameters. Very high TMR ratios can be obtained in CoFeB/MgO based
magnetic tunnel junctions. However, the TMR is strongly influenced
by the capping material. Choosing Tantalum as a capping material,
the TMR can be increased drastically, after a defined heat treatment.
We present an atom probe study of a model MgO/ CoFeB/Ta sys-

tem. In the as-prepared state, the CoFeB layer exhibits an amorphous
structure Different Isochronal and isothermal annealing sequences have
been carried out to investigate the structural changes and reactions.
Observed diffusion and segregation processes of Boron have been iden-
tified and quantified.
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A molecular dynamics study of crack/void interaction in
a-Iron — eTianxiaNG Liu, SEBASTIEN GRroH, and ABDOLHAMID
ArTARAN — Institute for Mechanics and Fluid Dynamics, TU
Bergakademie Freiberg, Lampadiusstr. 4, 09596 Freiberg, Germany

When a crack front interacts with an array of a second-phase inclu-
sions, it bends to an angle before it moves furthers. Depending on
the strength of the inclusions, the crack front either remains relatively
straight or bows between inclusions and moves deeply along the easy
path. The resistance to crack growth is therefore changed by the pres-
ence of inclusions.

In this paper, we are presenting a study on crack/void interaction
using molecular dynamics. a-iron modeled with an EAM potential was
considered. Three distributions of void were considered: (i) void po-
sitioned at varying distance normal to the crack tip, (ii) void inserted
at varying distances along the crack-tip and (iii) void placed in such
a way that dislocations nucleated at the crack tip reached the void
when moving. The data obtained for the different configurations were
compared to the ones obtained in a void free specimen.

Depending on the configuration, elastic shielding or anti-shielding
was observed as a function of the temperature and strain rate. The
increase in temperature would augment the shielding effect in all the
configurations. The anti-shielding effect was detected in the first con-
figuration. This effect diminished as the void was moved away from
the crack tip as expected by elasticity.
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SrRuOs3/Prg 7Cag 3sMnO3 epitaxial multilayers: A HAADF-
STEM, EDX and image simulation study — eEckHARD
PippEL!, REINALD HILLEBRAND!, IoNELA VREJOIUZ, and DIETRICH
Hesse! — !Max Planck Institute of Microstructure Physics, Weinberg
2, D-06120 Halle (Saale), Germany — 2Max Planck Institute for Solid
State Research, Heisenbergstrafe 1, 70569 Stuttgart, Germany

The electrical and magnetic properties of perovskite multilayer struc-
tures strongly depend on the interface morphology between the sin-
gle layers. We study the interfaces of PLD-grown epitaxial mul-
tilayer stacks of SrRuO3/Prg.7Cap.3MnO3 (SRO/PCMO) by means
of probe-corrected (Cs;=0) scanning transmission electron microscopy
(HAADF-STEM) including energy dispersive X-ray analysis (EDX). It
is possible to clearly distinguish different chemical terminations of the
single layers as well as varying degrees of intermixing, if image simu-
lations are utilized. The interfaces are evaluated by matching the in-
tensities of the related atomic columns with simulated HAADF-STEM
patterns of crystallographic super-cell models, supported by atomically
resolved chemical analysis (EDX). All these techniques proved the in-
terfaces to be affected by intermixing over two (PrO-terminated) or
one (SrO-terminated) lattice planes. In practice, a series of anneal-
ing experiments of the SRO/PCMO specimens was performend to find
out the temperature stability of these perovskite multilayers. The tem-
peratures applied were between 725°C and 1200°C. In summary it is
stated that already Z-dependent HAADF-STEM images offer a fairly
good atomically resolved insight into intermixing phenomena.
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Mechanical influences on lithium ion battery electrodes
— eTosias KirzLER!, JURGEN MARKMANN'2, and JORG
WeissMULLER2 — 1Helmholz-Zentrum Geesthacht, Institut fiir
Werkstoffmechanik, Werkstoffforschung — 2TU Hamburg-Harburg,

Institut fiir Werkstoffphysik und Werkstofftechnologie

Lithium ion batteries have drawn major attention during the last years.
One very promising attempt to get batteries with better performance
is to reduce the structure size of the electrodes which leads to very
high surfaces and therefore improved kinetics. Besides this, down-
scaling seems to be a promising way to omit crack formation due to
volume change which is the most important capacity loss mechanism
in lithium alloy negative electrodes. On the other hand, downscaling
leads to mayor stress evolution due to volume change, which according
to the thermodynamic Maxwell relations, changes the electrochemical
potentials. This influence has been observed in different experiments,
but was not yet quantitatively measured. Here a setup is presented
which allows to quantitatively measure the influence of uniaxial strain
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on the electrochemical properties of lithium ion electrodes. Therefore,
dense and nanoporous Au films, synthesised by sputtering of pure Au
and Au32Ag68, followed by an electrochemical dealloying process re-
spectively, on a polyimide substrate were oscillatory strained and the
corresponding change of the chemical potential recorded and analysed
with respect to its impact on the kinetics of the loading and unloading
processes as well as microstructural changes of the electrode itself.
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Transmission electron microscopy study of defects in BiFeO3
thin films — eHAkAN DENIZ, AKASH BHATNAGAR, ECKHARD Pip-
PEL, MARIN ALEXE, and DieTRIcH HEssE — Max-Planck Institute of
Microstructure Physics, Weinberg 2, D-06120, Halle (Saale), Germany

A wide class of oxide materials with perovskite crystal structure has
been in the focus of intense research efforts lately due to fascinating
properties they posses; such as ferroelectricity, colossal magnetoresis-
tance, superconductivity, etc. Bismuth ferrite (BiFeO3) among them
is the leading contender in the research of multiferroic compounds with
both ferroic order parameters well above room temperature. It is of
vital importance to grow defect-free high quality thin films in order to
better understand/correlate structure-property relationships of these
materials. Single crystal BiFeO3 thin films grown by pulsed laser de-
position on scandate oxide substrates (TbScO3, GdScO3, etc.) have
been investigated in high-resolution TEM (HRTEM) and high angle
annular dark field scanning TEM (HAADF-STEM). Defects having a
layered structure, similar to bismuth-oxide layered perovskites, with
a chemical composition different from the rest of the film have been
observed. Fast Fourier transform (FFT) analysis and image processing
were used to elucidate the nature of these defects. They correspond
to a new unknown phase in BiFeO3 thin films. Understanding their
origin will help to grow higher quality virtually defectless films. This
work is supported by the FP7 project IFOX.
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In situ transmission electron microscopy study of the
crystallization of bits in Ag4In3Sb67Te26 — eMANUEL
BorNHOFFTH2, ANDREAS KALDENBACHS, MaTrTHIAS WUuTTIG, and
JoacuiM MavEr'? — !Central Facility for Electron Microscopy,
RWTH Aachen University, Aachen, Germany — 2Ernst Ruska-Centre,
Forschungszentrum Jiilich, Jiilich, Germany — 3I. Physikalisches In-
stitut (IA), RWTH Aachen University, Aachen, Germany

The understanding of crystallization kinetics of phase-change materi-
als is mandatory to develop reliable and fast phase-change data-storage
devices, which can surpass actual data-storage technologies. A topic of
interest is the role of nucleation and growth in phase-change materials
at different conditions.

In this work in situ-methods in a transmission electron microscope
are used to observe the crystallization of round amorphous marks (bits)
in a crystalline matrix of the phase-change material Ag4In3Sb67Te26.
The in situ-methods employed are based on crystallization by in situ-
heating and in situ-irradiation by the focused electron beam in the
microscope. The bits with 0.6 pm in diameter are produced by laser
irradiation of a 30 nm thick crystalline layer of the phase-change mate-
rial. The phase-change layer is embedded in a 160 nm thick supporting
multilayer stack. The supporting layers are amorphous and the phase-
change layer is crystallized through ex situ-heating.

The results are compared with experimental observations on
Ge2Sb2Te5 and give important insight in the crystallization mecha-
nisms and the underlying thermodynamic processes.
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TEM study of annealed ~-Al>O3-coatings for cutting tools
and of 7-AlxO3-coated cutting tools after the use in cutting
tests — eMERLIN G.J. MULLER!, JoacHIM MAYER!, SusanNE E.
CorpEes?, KirsTEN BozIN3, NazLiM Bacorvan®, Mara EwWERINGS,
and Ricarpo H. BruaNara® — 1Central Facility for Electron Mi-
croscopy, Aachen, Germany — 2Laboratory for Machine Tools and
Production Engineering, Aachen, Germany — 3Surface Engineering
Institute, Aachen, Germany

Among the transition aluminas, the -AlpO3s-phase has a high po-
tential for the use as hard coating in many technological applications,
because it exhibits excellent properties e.g. high hot hardness and high
thermal stability. It can also be deposited by means of physical vapor
deposition at lower temperatures (below 700 °C) than the stable a-
Al20O3 phase, deposited by means of chemical vapor deposition (about
1000 °C). Thus, even temperature sensitive materials can be coated
and the resulting alumina layer is rather fine-grained which should

lead to better mechanical properties. The phase transformation of the
metastable v-AlaOs-phase into the stable a-AlaO3-phase at high tem-
peratures can cause cracks or even the delamination of the coating.
To investigate the phase stability of v-AlaO3-coatings, the structure
of annealed samples and of samples after the use in cutting tests were
characterized by Transmission Electron Microscopic-methods. The ~-
AlyO3-coatings were deposited by means of Magnetron Sputter Ion
Plating on cutting inserts with a (Ti,Al)N-interlayer or directly onto
Si-wafers.

MM 15.75 Mon 18:00 Poster E
Ultrathin TEM lamellae for low voltage Cs-corrected STEM
— oANDRIY LoTNYkK, Davip PoprpiTz, ULricH Ross, JURGEN W.
GERLACH, ERIC THELANDER, and BERND RAUSCHENBACH — Leib-
niz Institute of Surface Modification, Permoserstr. 15, 04318 Leipzig,
Germany

For high-resolution aberration-corrected (Cs-corrected) low voltage
scanning transmission electron microscopy (STEM) the quality of in-
vestigated TEM samples is crucial. The TEM specimens should be
thinner as 10 nm. Nowadays, widely used focused ion beam (FIB)
preparation techniques cannot be employed in fabrication of thin TEM
samples with a thickness less than 10 nm. In the present work, we in-
vestigate the preparation of different thin film materials and interface
structures for analysis in low voltage Cs-corrected STEM using FIB
lift-out method followed by low energy Ar-ion polishing (less than 1
kV) in a NanoMill low energy ion mill system. Using this approach we
are able to routinely prepare large area TEM lamellae with thicknesses
below 10 nm. The resulting TEM specimens are suitable for low volt-
age STEM. We have demonstrated atomic resolution by Cs-corrected
STEM at 80 kV.
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Study of Solid Solution Strengthening of Nickel by transition
metal solutes using Diffusion couples and Nanoindentation
— eHamAD UR REHMAN, MaTHIAS GOKEN, and KARSTEN DURST
— Institute of General Materials Properties, Department of Material
Science, FAU erlangen-Niirnberg

Diffusion couples are often used for the determination of phase dia-
grams. In the present work, nanoindentation was used on diffusion
couples to measure solid solution strengthening in Nickel based alloys.
By combining Nanoindentation with the chemical composition, mea-
sured by EDX a very high spatial resolution is achieved in the Interdif-
fusion zone. It was applied to the development of Nickel based super
alloys, which have more than 15 alloying elements. While some of these
are gamma prime formers, others act as solid solution strengtheners for
the matrix. Therefore, it is important to understand the contribution
of these alloying elements on solid solution strengthening. Ni-NiX (X
= Ta, W, Re, Ir and Pt) diffusion couples were used to study the in-
fluence of transition metal elements on solid solution hardening (SSH)
of Nickel. The SSH was evaluated using Labusch theory. It was found
that the solid solution hardening coefficient is dependent on the size of
the solute elements and their atomic number. These results show that
the solid solution strengthening depends on the atomic radius and the
corresponding electronic structure of the solute elements. This com-
binatory approach allows us to determine the SSH coefficients as a
function of the composition of the solid solution hardening element.
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Characterizing the origin of the collapse of the channeling cir-
cle in aberration-corrected HRTEM — ¢ ALEXANDER SURREY D2,
Darius Pour!2, Lupwic Scuurrz!?, and BERND RELLINGHAUS! —
HFW Dresden, Helmholtzstr. 20, D-01069 Dresden, Germany. — 2TU
Dresden, Institut fiir Festkorperphysik, D-01062 Dresden, Germany

Calculations of the complex electronic exit wave functions (EWFs) of
model structures utilizing multi-sclice algorithms in combination with
HRTEM contrast simulations reveal that the amplitudes and phases
of these reconstructed EWFs lead to a collapse of the channeling circle
when "real" samples are investigated under realistic microscopy con-
ditions. As a consequence, the reconstruction of the 3D structure of
the samples by means of the acquisition of focal series of HRTEM im-
ages becomes impossible. A detailed analysis shows that this collapse
is caused by the accumulation of contributions from (i) the modula-
tion transfer function of the camera, (ii) slight misorientations of the
sample, (iii) inelastic absorptions, (iv) amorphous overcoats or sub-
strates, and (v) equilibrium as well as athermal phononic excitations.
The collapse becomes most easily evident from a significant lack in the
phase signal derived from the EWFs. Whereas the phase shift asso-
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ciated with moving along the channeling circle in the Gaussian plane
should successively grow to the full range of 27, the phases determined
from the EWFs frequently amount to only fractions of 7. This limited
phase range is confirmed by the EWF recontructions determined from
experimental through focus series of thin Au nanostructures acquired
with an aberration-corrected FEI Titan3 80-300 microscope.
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Investigation of metal droplets on dilute Bi-containing III-
V semiconductors — eEDUARD STERZER, NikoLAal KNAUB, PETER
Lupewia, WoLrcang Storz, and KERSTIN VoLz — Material Sci-
ences Center and Department of Physics, Philipps-University Marburg,
Germany

Dilute bismuth (Bi)-containing III-V semiconductors are interesting
from the application point of view, as Bi increases the spin-orbit split-
ting in conventional III-V semiconductors. The epitaxial growth of
these materials is a big challenge due to the formation of metal droplets
on the surface. In order to grow droplet free layers a better understand-
ing of the formation process of these droplets is necessary. In this study
the surface morphologies of Ga(BiAs)/GaAs structures grown by metal
organic vapor phase epitaxy are investigated by scanning electron mi-
croscope and atomic force microscope (AFM). Energy dispersive X-ray
spectroscopy was used to determine the composition of the droplets.
Furthermore the crystal structure was analysed by transmission elec-
tron microscopy (TEM). In dependence on the V/III ratio as well as
the growth temperature we observe pure Bi- droplets or mixed Ga-Bi
droplets. The investigation of the morphology using AFM gives an
indication of the droplets moving on the surface during growth. The
crystal structure around the droplets and the structure of the droplets
itself was investigated with transmission electron diffraction as well as
high resolution TEM and will be correlated to the growth conditions.
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TEM dark-field characterization of anti phase domain bound-
aries in GaAs on Ge — eLuUkas NATTERMANN, TATIANA WEGELE,
and KERsSTIN VoLz — Structure and Technology Research Laboratory,
Materials Science Center and Faculty of Physics Philipps-Universitit
Marburg, Germany

The use of GaAs on Ge in multijunction solar cells requires a high crys-
tal quality and a defect-free GaAs/Ge interface. For the characteriza-
tion of the GaAs-layer and the GaAs on Ge boundary we used transmis-
sion electron microscopy (TEM). Additionally we compared GaAs on
Ge to GaP on Si with respect to the anti phase domain (APDs) bound-
aries. In order to investigate the influence of such growth-parameters
as temperature and the atom types in the monolayer between GaAs
and Ge, three MOVPE (metal organic vapour phase epitaxy)-grown
GaAs/Ge - samples were examined by using the TEM dark-field (DF)-
technique. To verify APDs with the help of contrast reversal we used
the (002)- and (00-2)-DF-reflections. We study specimens in three dif-
ferent zone axes, [001], [110] and [1-10], to get an idea of the three di-
mensional shape of the anti phase domains. We can show the difference
of the shape of APDs in GaAs on Ge and GaP on Si and the influence of
the insufficient pretreatment of the Ge-substrate. Moreover we deter-
mine the directions of the propagation planes of the APD-boundaries
and analyze the size of the APDs.
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Quantitative study of electron-radiation damage by in situ
EFTEM investigations of the phase transformation from
CaCO3 to CaO at 80 kV, 40 kV and 20 kV — eWERNER
ScuwrIGERT!, UTE GoLrLA-ScHINDLER!, GERD BENNER?, and UTE
Kaiser! — Group of Electron Microscopy of Materials Science, Cen-
tral Facility of Electron Microscopy, 89081 Ulm, Germany — 2Carl
Zeiss NTS GmbH, Application TEM / Materials Analysis, 73447
Oberkochen Germany

The TEM investigation showed that under electron irradiation a phase
transformation from CaCO3s to CaO occur. (This is the transforma-
tion route for CaO (quicklime) production out of calcite, taking place
at elevated temperatures of 900 °C.) The phase transformation is ac-
companied by a strong volume loss of the particles. We developed a
method for measuring quantitatively the volume loss in dependence of
the particle thickness and the accelerating voltage of the microscope.
The determination of the volume is divided in two parts. Our method
for segmenting the image into vacuum and particle is an edge detection
process based on the canny algorithm. The thickness can be measured
with the log-ratio method. The TEM investigations were performed
on the SALVE (Sub-Angstréom Low-Voltage Electron) prototype mi-

croscope equipped with an image-side Cs-corrector, a field emission
gun, a monochromator and a corrected in-column OMEGA energy fil-
ter. TEM studies were performed at 20, 40, 80 kV. We found that the
volume-loss is dose-rate dependent and increases with lower voltages;
the contrast however is increasing.
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Electron irradiation effects on QDs in TEM and SEM —
eTrnomas KisTER, UTE GoLLA-SCHINDLER, and UTE KAISER —
Group of Electron Microscopy of Materials Science, Central Facility of
Electron Microscopy, Albert-Einstein-Allee 11, 89081 Ulm, Germany

Monodisperse CdSe/CdZnS QDs, which are capped with trioctylphos-
phine oxide (TOPO), have a high fluorescence quantum yield. They
are for example supposed to be used in the near future as marker for
biological matter in medicine. Up to now the chemical and structural
constitution on the atomic level is not well known. Unfortunately, in
the initial investigation it was indicated that QDs are losing their flu-
orescence abilities dramatically by electron irradiation already at low
dose rates. Therefore we started systematic studies of radiation dam-
age dependence on dose, dose rate and accelerating voltage. For the
experiments the TOPO-capped QDs, which are suspended in hexane,
are deposited on carbon and silicon oxide filmed TEM-grids. The flu-
orescence of the QDs is measured before and after electron irradiation
with an optical microscope (Zeiss Axioscope 2 mot plus). A Philips
CM20 TEM and a Zeiss NVision 40 SEM are used for the electron
irradiation investigations. Through these experiments we hope to get
a better understanding of the interaction and irradiation mechanisms
taking place during the electron microscopy studies.
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Reduction of Radiation Damage in Ultrathin MoS; — eMonNa
SEpIGHI, SIMON KuUrAscH, GERARDO ALGARA-SILLER, and UTE
Kaiser — Central Facility for Electron Microscopy, Group of Elec-
tron Microscopy of Materials Science, University of Ulm, 89081 Ulm,
Germany

Previous high-resolution transmission electron microscopy (HRTEM)
experiments [1] on free-standing single layer MoSsz reported that, at an
acceleration voltage of 80 kV, the material suffers from knock-on dam-
age via removal of sulfur atoms from the beam exit surface. Similar
to earlier work on graphene [2] it is possible to extract the sputtering
cross section from atomically resolved HRTEM time series.

Here we report that, covering the electron exit surface of the free-
standing single-layer MoS2 by single-layer graphene serves to minimize
the radiation damage. Moreover, comparing the response to high elec-
tron irradiation of free-standing MoS2 to top-side covered and bottom-
side covered MoSsy allows separating the effect of ionization and chem-
ical damage from the total damage that initially was attributed only
to sputtering.

[1] H. Komsa et al., Phys. Rev. Lett 109, 035503 (2012)

[2] J. Meyer et al., Phys. Rev. Lett 108, 196102 (2012)
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Voltage contrast in SEM for revealing charge trans-
port through metallic nanowire transparent electrodes —
®STEFANIE SPALLEK', JoHANNEs KRraNTz?, PeTER KuUBIs?, Jo-
HANNES HorLzMAIR3, SiLkE CHRISTIANSEN?, CHRISTOPH J. BRABEC?,
BeNnJaMIN BuTtz!, and ERpMANN SpiEckER! — YCENEM, University
of Erlangen-Niirnberg — 2I-MEET, University of Erlangen-Niirnberg

— 3MPI for the Science of Light, Erlangen

Metallic nanowire (NW) transparent electrodes are of special inter-
est in research and economy due to their cheap and scalable printing
production process, their high optical and electrical quality and their
application possibility to flexible devices. However charge transport
through metallic NW networks is not yet well understood. Here, we
report on a voltage contrast dependent scanning electron microscopy
(VC-SEM) study of metallic NW electrodes near the electrical perco-
lation threshold. As the properties of NW junctions within the net-
work directly lead to the properties of the whole electrode, e.g. sheet
resistance, they are of special interest in this study. NW junctions
are insolating until the voltage threshold is reached, whose value pre-
sumably is depending on the insulating layer of process residues. By
exceeding the voltage threshold the NW junction seems not to balance
the amount of charge carriers on both sides, though. Therefore, the
contrast mechanism of VC-SEM of metallic NWs was studied to quan-
tify the voltage difference. In addition we show a VC-SEM study of
metallic NW electrodes ready for application with which a potential
drop of 0 to 8 Volts over a distance of several microns was observed.
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Freely suspended membranes from epitaxial graphene on sil-
icon carbide — eCurisTiaN DorLe!, BEnjamin Butz!, DaNIEL
WaLDMANNZ, HEiko WEBER?, and ERDMANN SpieckER! — !Center
for Nanoanalysis and Electron Microscopy (CENEM), Universitét
Erlangen-Niirnberg — ?Lehrstuhl fiir Angewandte Physik, Universitit
Erlangen-Niirnberg

We present a route to produce freely suspended graphene membranes
by thermal decomposition of SiC(0001) at 1760° C under reduced inert
gas atmosphere yielding a mean of 1.2-1.5 layers of high crystalline-
quality graphene. Laser-assisted electro-chemical removal of the SiC
substrate in KOH at lithographically predefined areas allows us to tai-
lor the number and shapes of the membranes with sizes up to at least
500 pm2. We carried out a thorough characterization of the freely-
suspended membranes employing Raman spectroscopy, SEM, low-kV-
STEM and plan-view TEM. The powerful tool of abberation-corrected
TEM can resolve the spatial distribution of one up to four graphene
layers on the membranes and contrast variation in dark-field imaging
allows a straightforward and facile assignment of the number of lay-
ers. One of the great benefits of the preparation procedure is the high
cleanliness of the samples, allowing high resolution imaging even with-
out the need of precedent heat treatment although the membranes
withstand in-situ thermal exposure up to 1000° C in vacuo without
mentionable damage.
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Structural Analysis of Nickel Doped Cobalt Ferrite Nano

Particles Prepared by Coprecipitation Method — MaH-
BUBE Housuvar!, eALr Avrmoust!, ZOHRE ASKARI', ZAHRA
Jarari!, and FaremMe ZesH1?> — !Shahid beheshti,Tehran,IJran —

2Semnan,Semnan,Iran

in this research nano particles of cobalt ferrite ,nickel cobalt ferrite and
nickel ferrite have been synthesized using coprecipitation method. size
of the every particles have been obtained by XRD and analyses of UV

, FTIR , SEM , DLS and VSM have been done on the nano powders
and the size , light absorption , dynamic light scattering , coercivity
, retentivity and saturation magnetization of the particles have been
compared.
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In-situ and ex-situ ACOM-STEM analysis of the direction
dependent deformation behavior of nanotwinned copper —
eAaroN KobLeEr!?, M. Funk®, C. Eserr?, A. Hopce?*, HorsT
Haun'2, and CuristiaN KUBEL! — 'Karlsruhe Institute of Technol-
ogy (KIT), Institute of Nanotechnology, 76021 Karlsruhe, Germany —
2Technische Universitit Darmstadt (TUD), KIT-TUD Joint Research
Laboratory Nanomaterials, 64287 Darmstadt, Germany — 3Karlsruhe
Institute of Technology (KIT), Institute of Applied Materials, 76021
Karlsruhe, Germany — *University of Southern California, Depart-
ment of Aerospace and Mechanical Engineering, Los Angeles, Califor-
nia 90089-1453, USA

Nanotwinned (nt) metals as a class of nanostructured materials
have been receiving considerable attention as they combine the high
strength of nanocrystalline (nc) metals with a higher ductility and
higher thermal stability compared to the corresponding nc metals.
Face-centered cubic metals with low stacking fault energy like Cu have
the tendency to develop this kind of nt structure. Although twin
boundaries are thermodynamically more stable than random grain
boundaries, they can become unstable under mechanical load. The
deformation behavior of magnetron sputtered nt Cu was studied us-
ing ex-situ and in-situ TEM techniques combining classical BF/DF-
TEM analysis with the recently developed automated crystal orien-
tation mapping (ACOM-TEM). Two straining directions were tested
in-situ, one parallel to the twin plane and one perpendicular to it
and compared to the ex-situ deformation parallel to the twin plane on
~20pm thick bulk samples. The straining experiments show a signif-
icant difference between bulk and thin film deformation as well as a
strong orientation dependence in the thin film.



