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Overview of Invited Talks and Sessions
(Lecture rooms BAR 205, IFW A, IFW B, and IFW D; Poster P4)

BAR 205
BAR 205

BAR 205

BAR 205
BAR 205

BAR 205

BAR 205

Liquid-liquid transition in metallic melts — eRALF BUscH

From weakened chemical bonds to materials breakdown: An ab
initio perspective — eMIRA TODOROVA

Integration of Grain Boundary Mechanics and Migration — eDAVID
SROLOVITZ, JIAN HAN, SPENCER THOMAS, VACLAV VITEK

Diffusion in liquid metals and alloys — eFLORIAN KARGL

Small scale deformation behavior of high performance materials -
Advanced mechanical testing meets high end microstructure char-
acterization — eVERENA MAIER-KIENER, IRMGARD WEISSENSTEINER,
BENJAMIN SCHUH, ANTON HOHENWARTER, HELMUT CLEMENS
Revealing the mechanism of Z-phase formation in 12% Cr ferritic-
martensitic steels — eDANIEL F. URBAN, CHRISTIAN ELSASSER
Microstructural refinement, rate sensitivity and structural sta-
bility of Cu-X solid solutions after severe plastic deformation —
oKARSTEN DURST

Invited talks of the joint symposium SYLI
See SYLI for the full program of the symposium.

SYLI 1.1

SYLI 1.2

SYLI 1.3

SYLI 1.4

SYLI 1.5

Mon

Mon

Mon

Mon

Mon

9:30-10:00

10:00-10:30

10:30-11:00

11:15-11:45

11:45-12:15

HSZ 02

HSZ 02

HSZ 02

HSZ 02

HSZ 02

Interfacial challenges in solid- state Li ion: some perspectives from
theory — eALAN LUNTZ, SASKIA STEGMAIER, JOHANNES V0SS, KARSTEN
REUTER

Will solid electrolytes enable lithium metal anodes in solid state
batteries? — ¢JURGEN JANEK, DOMINIK WEBER, WOLFGANG ZEIER

Hybrid Electrolytes for Solid-State Batteries — eHANS-DIETER
WIEMHOFER
Neutron diffraction on solid-state battery materials — eHELMUT

EHRENBERG, ANATOLIY SENYSHYN, MYKHAILO MONCHAK, SYLVIO INDRIS,
JoAcHIM BINDER
Sulfate-based Solid-State Batteries — ¢YUKI KATOH

Invited talks of the joint symposium SYBM
See SYBM for the full program of the symposium.

SYBM 1.1

SYBM 1.2

SYBM 1.3 Tue

Tue

Tue

9:30-10:00 HSZ 02

10:00-10:30  HSZ 02

10:30-11:00 HSZ 02

New twists in biological photonics: circular polarisation and be-
yond. — ePETE VUKUSIC, LUKE MCDONALD, EWAN FINLAYSON
Bio-inspired materials and structures for technology and architec-
ture — o¢THOMAS SPECK

Cellulose bio-inspired hierarchical structures — eSILVIA VIGNOLINI
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SYBM 1.4

SYBM 1.5

Tue

Tue

11:15-11:45

11:45-12:15

HSZ 02  Strong Flexible Bioenabled Nanocomposites for Sustainable Sensing
— oVLADIMIR TSUKURUK
HSZ 02 3D laser nano-printing of rationally designed materials — eMARTIN

WEGENER

Invited talks of the joint symposium SYNS
See SYNS for the full program of the symposium.

SYNS 1.1

SYNS 1.2

SYNS 1.3
SYNS 1.4

SYNS 1.5

Wed

Wed

Wed
Wed

Wed

15:00-15:30

15:30-16:00

16:00-16:30
16:45-17:15

17:15-17:45

HSZ 02 The Limits to Lithography: How Electron-Beams Interact with Ma-
terials at the Smallest Length Scales — eKARL K. BERGGREN

HSZ 02 High precision fabrication for light management at nanoscale —
®SAULIUS JUODKAZIS, ARMANDAS BALCYTIS

HSZ 02 Directed self-assembly of performance materials — ePAUL NEALEY

HSZ 02 Nanometer accurate topography patterning using thermal Scanning
Probe Lithography — e ARMIN W. KNOLL

HSZ 02 High resolution 3D nanoimprint lithography — eHARTMUT HILLMER

Invited talks of the joint symposium SYES
See SYES for the full program of the symposium.

SYES 1.1
SYES 1.2
SYES 1.3
SYES 1.4

SYES 1.5

Sessions

MM 1.1-1.1
MM 2.1-2.5

MM 3.1-34
MM 4.1-4.4
MM 5.1-5.5
MM 6.1-6.4
MM 7.1-7.10

MM 8.1-8.6

MM 9.1-9.6

MM 10.1-10.6

MM 11.1-11.7
MM 12.1-12.1
MM 13.1-13.12

Fri
Fri
Fri
Fri

Fri

10:30-11:00 HSZ 02
11:00-11:30 HSZ 02
11:30-12:00 HSZ 02
12:00-12:30 HSZ 02
12:30-13:00 HSZ 02
Mon 9:30-10:00
Mon 9:30-12:15
Mon 10:15-11:30
Mon 10:15-11:30
Mon 10:15-11:30
Mon 10:15-11:15
Mon 10:30-13:00
Mon 11:45-13:15
Mon 11:45-13:15
Mon 11:45-13:15
Mon 11:45-13:30
Mon 15:00-15:30
Mon 15:00-18:15

Going Beyond Conventional Functionals with Scaling Corrections and
Pairing Fluctuations — e¢WEITAO YANG
Multi-reference density functional theory — ¢ ANDREAS SAVIN
Density functionals from machine learning — ¢ KIERON BURKE
Taming Memory-Dependence in Time-Dependent Density Functional
Theory — eNEEPA MAITRA
Quantum Embedding Theories — eFRED MANBY
BAR 205 Invited talk Busch
HSZ 02 SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - Invited talks
BAR 205 Topical Session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Seg-
regation and Embrittlement I
IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses I - Structural
Transitions
IFW B Computational Materials Modelling: Materials at finite tem-
peratures
IFW D Structural Materials
GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - 1
BAR 205 Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Seg-
regation and Embrittlement IT
IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses IT - Under-
cooled Melts
IFW B Computational Materials Modelling - Accelerated Ap-
proaches
IFW D Biomaterials
BAR 205 Invited talk Todorova
GER 38 Electronic Structure Theory: New Concepts and Develop-

ments in Density Functional Theory and Beyond - 11
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MM 14.1-14.6  Mon 15:45-17:15 BAR 205 Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling -
Electro- and mechno-chemical coupling

MM 15.1-15.4  Mon 15:45-16:45 IFW A Symposium SYLI: Interfacial Challenges in Solid-State Li Ion
Batteries - Interface-dominated behaviour

MM 16.1-16.4  Mon 15:45-16:45 IFW B Computational Materials Modelling - Novel Materials

MM 17.1-17.5  Mon 15:45-17:00 IFW D Functional Materials I

MM 18.1-18.4  Mon 17:30-18:45 BAR 205 Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Ex-
perimental Characterization

MM 19.1-19.3  Mon 17:15-18:00 IFW A SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - sulphate- and phosphate-based electrolytes

MM 20.1-20.5 Mon 17:00-18:15 IFW B Computational Materials Modelling - Defect structure and

formation
MM 21.1-21.6 Mon 17:15-18:45 IFW D Functional Materials 11
MM 22.1-22.41 Mon 19:00-20:00 P4 Poster session I

MM 23.1-23.1  Tue 9:30-10:00 BAR 205 Invited talk Srolovitz

MM 24.1-24.5  Tue 9:30-12:15 HSZ 02 Bioinspired Functional Materials: From Nature’s Nanoarchi-
tectures to Nanofabricated Designs

MM 25.1-254  Tue 10:15-11:30 BAR 205 Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Struc-
ture and Deformation I

MM 26.1-26.5  Tue 10:15-11:30 IFW A SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - NMR studies

MM 27.1-27.4  Tue 10:15-11:15 IFW B Computational Materials Modelling - Electronic structure
approaches

MM 28.1-28.6 Tue 10:15-11:45 IFW D Transport I - atomic transport

MM 29.1-29.9  Tue 10:30-13:00 GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - I1I

MM 30.1-30.5  Tue 11:45-13:00 BAR 205 Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Struc-
ture and Deformation II

MM 31.1-31.4  Tue 11:45-12:45 IFW A SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - Structure - property relationships I

MM 32.1-32.6  Tue 11:45-13:15 IFW B Microstructure and Phase Transformations - detection meth-

ods
MM 33.1-33.4 Tue  12:00-13:00 IFW D Transport II - charge transport
MM 34.1-34.42 Tue 18:30-20:30 P4 Poster session I1

MM 35.1-35.12 Tue 18:30-20:30 P2-OG4 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond

MM 36.1-36.1  Wed 9:30-10:00 BAR 205 Invited talk Curtin

MM 37.1-37.5  Wed 10:15-11:45 BAR 205 Topical session: Data driven materials design - defect engi-
neering

MM 38.1-38.5  Wed 10:15-11:30 IFW A SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - defects, structure and thermodynamics

MM 39.1-39.4  Wed 10:15-11:15 IFW B Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Struc-
ture and deformation II1

MM 40.1-40.4  Wed 10:15-11:15 IFW D Transport III - thermal transport

MM 41.1-41.9  Wed 10:30-13:00 GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - IV

MM 42.1-42.4  Wed 12:00-13:15 BAR 205 Topical session: Data driven materials design - high through-
put

MM 43.1-43.4  Wed 11:45-12:45 IFW A SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - hybrid and structured electrolytes

MM 44.1-44.6  Wed 11:30-13:15 IFW B Topical session: Interface-Controlled Microstructures: Me-
chanical Properties and Mechano-Chemical Coupling - Nano-
porous materials

MM 45.1-45.1  Wed 15:00-15:30 BAR 205 Invited talk Kargl

MM 46.1-46.13 Wed 15:00-18:15 GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - V
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MM 47.1-474  Wed 15:45-17:00 BAR 205 Topical session: Data driven materials design - ab initio ma-
terials design

MM 48.1-48.5  Wed 15:45-17:15 IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses III - plasticity
and hetererogeneities

MM 49.1-49.4  Wed 15:45-16:45 IFW B Microstructure and Phase Transformations - shape memory
alloys

MM 50.1-50.4  Wed 15:45-16:45 IFW D SYLI: Symposium Interfacial Challenges in Solid-State Li Ion
Batteries - Structure - property relationships I1

MM 51.1-51.3  Wed 17:15-18:00 BAR 205 Topical session: Data driven materials design - databases

MM 52.1-52.4  Wed 17:00-18:00 IFW B Microstructure and Phase Transformations - phase stability

MM 53.1-53.1  Wed 18:30-19:00 BAR 205 Invited talk Maier-Kiener

MM 54.1-54.1 Thu 9:30-10:00 BAR 205 Invited talk Urban

MM 55.1-55.6 Thu 10:15-11:45 BAR 205 Topical session: Data driven materials design - structure
maps

MM 56.1-56.4  Thu 10:15-11:30 IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses - kinetic tran-
sitions

MM 57.1-57.4  Thu 10:15-11:15 IFW B Microstructure and Phase Transformations - transformation
kinetics

MM 58.1-58.6 ~ Thu 10:15-11:45 IFW D Nanomaterials I

MM 59.1-59.13 Thu 10:30-13:45 GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - VI

MM 60.1-60.5  Thu 12:00-13:15 BAR 205 Topical session: Data driven materials design - machine
learning

MM 61.1-61.5  Thu 11:45-13:15 IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses V - dynamical
response

MM 62.1-62.5  Thu 11:45-13:00 IFW B Microstructure and Phase Transformations - nucleation ki-
netics and pressure effects

MM 63.1-63.6 Thu 12:00-13:30 IFW D Nanomaterials I1

MM 64.1-64.1 Thu 15:00-15:30 BAR 205 Invited talk Durst

MM 65.1-65.3  Thu 15:45-16:30 BAR 205 Topical session: Data driven materials design - uncertainity
approaches

MM 66.1-66.5  Thu 15:45-17:15 IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses VI - mechan-
ical properties

MM 67.1-67.4  Thu 15:45-16:45 IFW D Mechanical Properties I

MM 68.1-68.9 Thu 16:00-18:30 GER 38 Electronic Structure Theory: New Concepts and Develop-
ments in Density Functional Theory and Beyond - VII

MM 69.1-69.6  Thu 17:30-19:00 IFW A Topical session: Dynamics, relaxation and deformation in
deeply supercooled metallic liquids and glasses VII - ther-
modynamics and structure

MM 70.1-70.5  Thu 17:00-18:15 IFW D Mechanical Properties 11

MM 71.1-71.5  Fri 10:30-13:00 HSZ 02 Frontiers of Electronic-Structure Theory: New Concepts and
Developments in Density Functional Theory and Beyond

Annual General Meeting of the Metal and Material Physics Division
Wednesday 19:30-20:30 BAR 205
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MM 1: Invited talk Busch

Time: Monday 9:30-10:00

Invited Talk MM 1.1 Mon 9:30 BAR 205
Liquid-liquid transition in metallic melts — eRaALF BuscH —
Saarland University, Chair of Metallic Materials, Campus C6.3, 66123
Saarbriicken, Germany

Recently polymorphic transitions within the liquid state termed
polyamorphisms have been observed or proposed. In this contribu-
tion experiments on kinetics, thermodynamics and structure of molten
bulk metallic glass forming alloys in the equilibrium state as well as in
the undercooled state are presented

In the case of Zr41.2Ti13.8 Cul2.5Ni10.0Be22.5 (Vitl) we observe
sudden changes of viscosity of 2 orders of magnitude [1] that are as-
sociated with a latent heat in the absence of crystalline reflexes under

Location: BAR 205

synchrotron radiation. These effects are observed upon cooling and
heating and exhibit a pronounced hysteresis. The results suggest that
the Vit 1 liquid alloy undergoes a weak first order phase transformation
likely from a short range ordered fragile state at high temperatures to
a medium range ordered strong state at low temperatures [2]. This
behavior is also clearly observed in Zr58.5Cul5.6Nil12.8A110.3Nb2.8
(Vit106a) [3]. The change in fragility can be quantitatively linked to
structural changes that are observed by synchrotron radiation [4].

[1]*C. Way, P. Wadhwa, and R. Busch, Acta Materialia 55 (2007)
2977%2983. [2]*S. Wei et al. Nat Comm. 4 (2013) 2083. [3]*M. Stolpe
et al., Phys. Rev. B 93, 014201. [4]*S. Wei et al., Appl. Phys. Lett.
106 (2015) 181901.

MM 2: SYLI: Symposium Interfacial Challenges in Solid-State Li lon Batteries - Invited talks

Time: Monday 9:30-12:15

Invited Talk MM 2.1 Mon 9:30 HSZ 02
Interfacial challenges in solid- state Li ion: some perspectives
from theory — eArLaN LunTz!, SAskia STEGMAIER!, JOHANNES
Voss!, and KarsTeEN REUTER? — !Stanford University, Stanford,
CA, USA — 2Technical University of Munich, Munich, Germany

Unfortunately, interfacial challenges severely limit power and cycle life
in all solid- state Li ion batteries. We use theory to investigate some of
the origins of these limitations with both continuum theory and DFT.
The obvious ones are electrochemical stability of the electrolyte at the
anode/cathode interfaces and mechanical issues relating to maintaining
interfacial contact during cycling while inhibiting Li dendrite growth.
We are especially trying to understand if any fundamental limitations
exist from the structures of the double layers that form at the solid
electrolyte- electrode or other interfaces in the solid-state stack. These
can be quite different than in conventional liquid Li ion batteries. We
use Li3OCI as a prototypical Li ion superionic conductor and discuss
its properties and discuss its interface with model electrode interfaces.

Invited Talk MM 2.2 Mon 10:00 HSZ 02
Will solid electrolytes enable lithium metal anodes in solid
state batteries? — ¢JURGEN JANEK, DoMINIK WEBER, and WOLF-
GANG ZEIER — Institut fiir Physikalische Chemie, Justus Liebig-
Universitat, Giefsen, Germany

In order to achieve solid state lithium batteries with higher energy den-
sities [1], lithium metal anodes are one of the primary options. How-
ever, reversible and morphologically stable plating of thick lithium
metal films is difficult, as void formation and dendrite growth may
occur - leading to impedance growth and/or short-circuits. Ceramic
electrolytes are considered as a potential solution to this problem. In
this lecture the interface between solid electrolytes and lithium metal
anodes will be discussed in depth, and the occurrence of both ther-
modynamic and kinetic instabilities will be highlighted. In particular,
the existence of SEI (”solid electrolyte interphases”), forming between
lithium metal and the solid electrolyte, will be demonstrated for a
number of solid electrolytes. It will also be shown that the growth of
these SEI layers follows a typical square-root law-type behavior in SEI
formation in liquid electrolytes.
[1] J. Janek and W. Zeier, Nat. Energy 1 (2016) 16141

Invited Talk MM 2.3 Mon 10:30 HSZ 02
Hybrid Electrolytes for Solid-State Batteries — eHANs-DIETER
WIEMHOFER — Inst. Inorganic & Analyt. Chem., WWU Miinster —
Helmholtz-Institute Miinster

Rechargeable lithium batteries with largely increased energy and power
densities are a primary goal at present world wide. At the same time,
enhanced safety concerns cause the need to replace current liquid elec-
trolytes by new high performance electrolytes combining higher me-
chanical, thermal and electrochemical stability. Finally, this leads to
the development of hybrid electrolytes. The primary idea is to con-
struct electrolytes fulfilling a multitude of requirements based on a
combination of components and phases, often coupled with approaches
to achieve stable meso or micro porous networks down to chemically
designed nanostructures. Starting from ion conducting inorganic solids

Location: HSZ 02

and glasses, the combination with polymers and salt-in-polymer sys-
tems opens a wide range for possibilities for chemical design, tailoring
and fine tuning of electrolyte properties of such hybrid systems. The
concept will be illustrated with a number of examples, for instance,
self organized block-copolymer networks acting as porous containers
for fast ion conducting channels. Future all solid state batteries are
expected to profit from hybrid concepts as well. For instance, volume
changes during charging/discharging of active electrodes need an elas-
tic polymer network acting as a glue and stabilizing a good contact and
charge transfer kinetics of solid electrolyte/solid electrode interfaces.

15 min. break

Invited Talk MM 2.4 Mon 11:15 HSZ 02
Neutron diffraction on solid-state battery materials
— eHeLMUT EHRENBERG!, ANATOLIY SENYSHYN?, MYKHAILO
Moncuak!, Syvio Inpris!, and Joacuim BinDER! — 'Karlsruhe
Institute of Technology (KIT), Institute for Applied Materials (IAM)
— 2Heinz Maier-Leibnitz Zentrum (MLZ), Technische Universitaet

Muenchen, Garching, Germany

Solid-state batteries are a promising approach to safer electrochemical
energy storage and higher energy densities. Bottle necks are interface
reactions and transport limitations in the solids. Advanced and opti-
mized materials must provide dedicated properties, for example a good
Li-ion conductivity for sufficiently high current densities and only small
volume changes to preserve mechanical integrity. Neutron diffraction
offers unique features to elucidate the underlying structure-property
relationships, which determine the resulting performance parameters
on cell level. Selected examples are shown, which demonstrate the
capabilities of neutron diffraction to reveal Li-ion diffusion pathways
as in the Lij 3Alp.3Ti1.7(PO4)3 (LATP) superionic conductor, Li oc-
cupation numbers at intermediate states of charge as for LiCoPOy4 or
a comparison of volume changes between commercial and alternative
zero-strain electrode materials. The capabilities of solid-state batteries
are discussed.

Invited Talk MM 2.5 Mon 11:45 HSZ 02
Sulfate-based Solid-State Batteries — eYUki Karoun — Toyota
Motor Europe NV /SA, Hoge Wei 33, Zaventem, Belgium

Large-scale batteries are in high demand for applications such as plug-
in electric hybrid or electric vehicles, and smart electric power grids.
The all-solid-state battery is the most promising candidate for future
battery systems, due to the high energy density obtaining by direct-
series-stacking of the battery cells. However, the poor electrochem-
ical characteristics of the all-solid-state battery, due to higher cell-
resistivity than conventional liquid electrolyte batteries, still remain
as an unsolved issue. We will demonstrate an all-solid-state battery
with extremely high power performance that employs the superionic
conductors having the Lil0GeP2S12-type crystal structure. The bat-
tery can operate over a wide temperature range with extremely high
current drains of 3 mAcm-2 (-30 C), 100 mAcm-2 (25 C), and 1000
mAcm-2 (100 C). Careful electrochemical examination of the all-solid-
state battery with the same battery configuration as a liquid electrolyte
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system revealed that the rate characteristics are simply dependent on
the difference in state of electrolyte. The vert high power character-

istics of solid state battery comes from intrinsic ion transportation
mechanism of solid electrolyte.

MM 3: Topical Session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Segregation and Embrittlement |

Time: Monday 10:15-11:30

Topical Talk MM 3.1 Mon 10:15 BAR 205
Tensile strength in ab initio simulations: stability of mod-
els with planar defects — ePETR SEsTAk!:2, MirosLav CERNYD:2,
Monika Vsianskal:2, and Mosmir Sosl2:3 — lnstitute of Physics
of Mater., Academy of Sci. of CZ, Brno, CZ — 2Central European
Institute of Technology, Brno, CZ — 3Faculty of Science, Masaryk
University, Brno, CZ

Ab initio simulations represent an efficient way how to study material
properties in those cases where experimental methods are too expen-
sive or impossible to use. However, periodic boundary conditions em-
ployed in such simulations impose severe limitations to the size of the
simulation cell that can contain just a few hundred atoms at the most.
Correct design of appropriate computational cells and simulation mod-
els is then a crucial issue in applications of ab initio approaches in
simulations of defects.

Here we provide a critical comparison of several models often used
for determination of the tensile strength of crystalline systems with
planar defects (such as the ¥3 (111), X5 (210), ¥5 (310) and X11
(311) grain boundaries in fcc nickel) and interfaces in selected compos-
ites. Special attention is paid to differences in predictions of individual
models and to their sensitivity to the size of the simulation cell (i.e.
to different density of defects).

MM 3.2 Mon 10:45 BAR 205
Engineering the chemistry of grain boundaries in Mo-Hf
alloys — eDANIEL ScHEIBER!, KATHARINA LEITNER?, REINHARD
Pippan?, PETER Puscunic?, and LoreENnz RoMANER! — 1Materials
Center Leoben, Austria — 2Department of Physical Metallurgy and
Materials Testing, Montanuniversitét Leoben, Austria — 3University
of Graz, Institute of Physics, Austria — “Erich Schmid Institut of
Materials Science, Austrian Academy of Sciences, Leoben, Austria

Molybdenum alloys are known for their outstanding material proper-
ties like low thermal expansion coefficients and high strength at el-
evated temperatures. However, many Mo alloys are prone to brittle
intergranular fracture at room temperature, which is attributed to low
grain boundary (GB) cohesion. GB engineering searches for ways to
counteract the low GB cohesion, e.g. by alloying with elements that
segregate to the GB and enhance GB cohesion. In this study, Mo sam-
ples with different Hf contents are investigated, which exhibit a change
from intergranular fracture to transgranular fracture with increasing
Hf content. To reveal the underlying effects of this change in fracture
mode, different experimental and theoretical methods are applied. A
detailed atom probe tomography (APT) study shows the change in
GB chemistry for the alloys and clarifies that not Hf, but rather segre-
gated B and C atoms lead to the increase in GB cohesion. Subsequent
ab-initio simulations of a GB observed in APT allows for comparison
of the GB chemistry with experiment. With the agreement at hand,
the simulations explain the change in GB chemistry and provide rec-
ommendations for Mo alloys with reduced intergranular fracture.

MM 3.3 Mon 11:00 BAR 205

Location: BAR 205

Influence of hydrogen on grain boundary cohesion in nickel —
eMarous Mrovec!2, DavipeE D1 STEFANO?, BENEDIKT ZIEBARTHZ,
and CHRISTIAN ELsisser? — 'ICAMS, Ruhr-Univeritdt Bochum —
2Fraunhofer IWM, Freiburg

The presence of hydrogen in metals often leads to marked lowering
of their ductility, fracture strength and fracture toughness - a phe-
nomenon commonly known as hydrogen embrittlement (HE). One of
possible HE mechanisms is related to segregation of hydrogen at grain
boundaries (GBs) that weakens the GB strength and results in easier
intergranular decohesion. It has been observed that the susceptibility
to hydrogen-induced intergranular embrittlement varies for different
microstructures and hydrogen concentrations. However, quantitative
knowledge of key quantities such as hydrogen binding energies at vari-
ous GBs or critical hydrogen concentrations for fracture is still limited.

In this theoretical study, we explore the interaction of H with sev-
eral grain boundaries in Ni at the atomic scale using first principles
calculations based on density functional theory (DFT). We calculate
H diffusion barriers and segregation energies in the vicinity of the GBs
and relate these quantities to the geometrical characteristics of struc-
tural units composing the GBs. In addition, we also investigate the
influence of H concentration on the cohesive behavior of the investi-
gated GBs and compare the theoretical predictions with existing ex-
perimental results.

MM 3.4 Mon 11:15 BAR 205
Effects of alloying elements on H embrittlement of C seg-
regated grain boundaries in bcc Fe — eArarna P. A. Sus-
RAMANYAM, ABRIL AzocArR GuzmaN, Xiang Huang, REBEcca
JaniscH, and ALEXANDER HARTMAIER — ICAMS, Ruhr University-
Bochum, Bochum, Germany

The cohesion of grain boundaries (GBs) is dependent on their chemical
composition and structure and greatly influences the mechanical prop-
erties of the material. It is well known that H prefers segregating to
the GBs (and other defects). H enhanced decohesion is one important
mechanism of H embrittlement. Therefore it is necessary to under-
stand the effects of alloying additions on the segregation behaviour of
H and on the embrittling mechanism.

The embrittling effects of H in the presence of alloying elements Mn,
Cr, V and C at the £5(310)[001]36.9° STGB and for selected cases,
$3(112)[110] STGB in a-Fe was investigated by performing spin po-
larized DFT calculations with respect to a varying number of alloying
elements and H atoms at different segregation sites of the GBs. The
impact of co-segregation of Mn-C-H, Cr-C-H, V-C-H on GB energy,
work of separation and theoretical strength has been studied. Uni-axial
tensile tests were performed perpendicular to the GB and theoretical
strength was determined from energy-displacement data fitted using
the universal binding energy relationship. The thermodynamic model
of Rice and Wang was used to determine the (cohesion enhancing or
weakening) nature of the segregated elements. Based on our results,
we discuss the alloying strategy to prevent H embrittlement of GBs.
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MM 4: Topical session: Dynamics, relaxation and deformation in deeply supercooled metallic
liquids and glasses | - Structural Transitions

Time: Monday 10:15-11:30

Topical Talk MM 4.1 Mon 10:15 IFW A
Structural transition upon vitrification in viscous metallic lig-
uids — eANDREAS MEYER — Institut fiir Materialphysik im Wel-
traum, Deutsches Zentrum fiir Luft- und Raumfahrt, Koln

We investigate vitrification of bulk-glass forming Zr-Ni-Cu-Ti-Be and
Zr-Cu-Ni-Al-Nb liquids from the equilibrium melt to the glass tran-
sition in-situ with container-less processing. Electrostatic levitation
gives access to the measurement of temperature, density and in com-
bination with X-ray diffraction to the total structure factor. Free radi-
ation cooling of the sample allows the measurement of the specific heat
over constant emissivity of the sample, which exhibits a pronounced
peak in the deeply undecooled melt. This comes along with a change in
the temperature dependence of the position of the first sharp diffraction
peak, whereas the thermal expansion of the sample does not exhibit
a detectable change over the entire temperature range. In addition,
indirect information on the specific heat of the sample is obtained by
precise measurement of the required heating laser power. All measure-
ments reveal a consistent onset of changes in the total structure factor
and the specific heat with no detectable cooling rate dependence. Re-
sults are discussed in the context of liquid-liquid phase transitions and
the mode coupling theory of the liquid to glass transition.

MM 4.2 Mon 10:45 IFW A
Identifying structural changes in the medium range order of
metallic glasses by Fluctuation Electron Microscopy (FEM)
— eDomiNik TOnNIES, LiNn Tr1aN, and CyNTHIA A. VOLKERT — In-
stitute of Materials Physics, University of Gottingen, Germany
The structural heterogeneity of a metallic glass (MG) is known to
have tremendous impact on many important properties of the sys-
tem, such as the mechanical performance and the formation of shear
bands. While it is commonly understood how to qualitatively alter the
structure by thermal and mechanical treatments, it is still extremely
difficult to precisely quantify the subtle changes in the real-space order
induced by structural alterations. For the characterization of medium
range order (MRO) of an amorphous system, the method of Fluctu-
ation Electron Microscopy (FEM) has been found useful in the past.
In this method, very small volumes of the MG structure are probed
by an electron beam in the Transmission Electron Microscope (TEM).
Information about changes in the MRO is subsequently inferred from
pixel variances of diffraction patterns taken at many different sample
sites. We have used this technique to characterize the structure of a
Pd77.5CugeSi16.5 MG at different structural states induced by thermal
annealing, cooling to cryogenic temperatures, and mechanical rejuve-
nation. The results will be compared with nanoindentation pop-in
studies to understand the influence of structure on the onset of me-
chanical deformation.

MM 4.3 Mon 11:00 IFW A

Location: IFW A

Signature of the atomic structure in the thermophysical prop-
erties of flint and metallic glasses — SiMoN HECHLER!, ISABELLA
GaLLino!, Moritz StoLPe!, FRANK-THOMAS LENTEsS?, and RALF
Buscu® — University of the Saarland, 66123 Saarbriicken, Germany
— 2Schott AG, 55122 Mainz, Germany

Flint glasses are silicates with large lead oxide content. From the
experimental point of view, these glasses are the ideal network glass
formers to compare metallic glasses with as they exhibit comparable
glass transition temperatures. Metallic glasses are multicomponent
atomic glass formers. The structure of these two types of glasses is
completely different. Flint glasses build networks by connecting sili-
con and lead over bridging oxygen atoms with covalent or even ionic
bondings. Metallic glasses have non-directional metallic bonds and a
less ordered clustered structure. The differences in the structure of
these materials manifests in their thermophysical properties like the
specific heat capacity and viscosity. For understanding the structure
property relationship in glasses, three flint glasses with different lead
content are investigated in terms of specific heat capacity and viscosity
and compared to metallic glass formers.

MM 4.4 Mon 11:15 IFW A
Structural reordering in CuZr-based metallic glass via
short term sub-Tg annealing — eBARAN SaARac!, ANDREA
BEerNAsconi?, JoNaTHAN WRIGHT?, Minar Stoica?, and JURGEN
Eckerr! — 1Erich Schmid Institute of Materials Science, OeAW,
Leoben, Austria — 2Dept. of Chemistry University of Pavia, Pavia,
Italy — SESRF-The European Synchrotron, Grenoble, France —

4ETH Zurich, Department of Materials, Ziirich, Switzerland

This work highlights the structural reordering and nanocrystalliza-
tion behaviour of a recently in-house developed Cu46Zr44A18Hf2 bulk
metallic glass upon short term sub-glass transition annealing. This
special type of heat treatment process generated work hardening con-
firmed by three-point bend tests. Structural reordering is investi-
gated via high energy synchrotron X-ray diffraction (A = 0.01239 nm),
and compare the results with the structural modifications obtained
from transmission electron microscopy (TEM) and conventional X-ray
diffraction with Co Ka radiation (A = 0.01789 nm). 2D diffraction im-
age displays remarkable diffraction spots from different phases, where
the total structure factor S(Q) tends to decrease upon heat treatment.
Real-space pair distribution function (PDF) analysis reveals the peak
shifts and thereby, changes within the short- to medium-range order-
ing. The changes in the average coordination number and distances
between atom pairs upon annealing is studied from the first coordina-
tion shell of the radial distribution function (RDF), where the Gaussian
fitting provided us the dominant atom pairs within the as-cast state
and the annealed metallic glass.

MM 5: Computational Materials Modelling: Materials at finite temperatures

Time: Monday 10:15-11:30

MM 5.1 Mon 10:15 IFW B

Accurate electronic free energies of the transition metals at
high temperatures — X1 Zuanc!, BLazes GraBowskI', FRITz
Ko6rMANN2| CurisTorH FrEYSoLDT!, and JORG NEUGEBAUER! —
IMax-Planck-Institut fiir Eisenforschung GmbH, D-40237, Diisseldorf,
Germany — 2Department of Materials Science and Engineering, Delft

University of Technology, Mekelweg 2, 2628 CD Delft, Netherlands

Free energies of bulk materials are nowadays routinely computed by
density functional theory. In particular for metals, electronic excita-
tions can significantly contribute to the free energy. Neglecting non-
adiabatic contributions, electronic free energies can be obtained at
relatively low computational cost, e.g., from the electronic density of
states (DOS) at T'= 0 K or by utilizing the Sommerfeld approxima-
tion. However, the actual error introduced by such approximations
and the electron-phonon coupling effect at elevated temperatures is
rarely known, even though it could affect, e.g., theoretical phase sta-

Location: IFW B

bility predictions. In order to clarify these issues we have computed
the electronic free energies for all 3d, 4d, and 5d transition elements
in the bcc, fcc, and hcp structures. For selected elements we have
performed ab initio molecular dynamic simulations to investigate the
electron-phonon coupling effect. We provide an analysis of the ob-
served chemical trends in terms of the electronic DOS and the canon-
ical d band model. The error in the approximate methods as well as
the specific validity ranges for their application are clarified. The elec-
tronic heat capacities of all investigated elements as well as the error
analysis within the Sommerfeld model are also presented.

MM 5.2 Mon 10:30 IFW B

Sampling of the magnetic structure in bcc and fcc iron

using bond-order potentials — eMARTIN StAaaDT!, JUuTTA

RoacaL!, TiLmann Hicker?, Tuomas HamMEerscuMmIDT!, JORrRG

NeuGeEBAUER2, and RaLr DrauTz! — lInterdisciplinary Centre for
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Advanced Materials Simulation, Ruhr-Universitat Bochum, Germany
— 2Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany

The phase transition between bcce and fcc iron is well known for its im-
portance in manufacturing and processing of steels. We use a Metropo-
lis Monte Carlo sampling algorithm with a non-collinear magnetic
bond-order potential to sample the magnetic structure of bcc and fcc
iron at various temperatures. Our approach includes simultaneous
sampling of atomic and magnetic degrees of freedom and therefore
implicitly accounts for magnon-phonon coupling. We show that we
achieve a sensible description of the magnetic phase transformation
and discuss the structural first order bee-fee phase transition. We will
also present inital work on the prediction of temperature dependent
local magnetic properties at grain boundaries and bcc-fcc interfaces.

MM 5.3 Mon 10:45 IFW B
Hot carriers Relaxation Dynamics in Hybrid Perovskites —
eMoHAMED EL-AMINE MADJET — Qatar Environment and Energy
Research Institute(QEERI), Hamad bin Khalifa University(HBKU),
Doha, Qatar

Hybrid organic-inorganic perovskites, such as methylammonium lead
iodide CH3NH3PDbI3, have attracted a lot of attention as promising
new absorber materials for solar energy. Recently, perovskite-based
solar cells reported a conversion efficiency of more than 22%. How-
ever, many fundamental processes related to the photophysics of these
materials remain not fully understood. The excitation of electrons
from the valence band to conduction band results in the formation of
hot electrons and holes. Right after this photo-excitation an ultrafast
thermalization of the hot carriers takes place driven by electron-phonon
interaction.

A mixed quantum-classical approach based on trajectory surface
hopping is used in order to investigate the process of non-radiative
carrier relaxation in perovskite. Results will be presented for different
perovskite materials depending on their structures and compositions
and will discuss ways how the thermalization time could be enhanced.

MM 5.4 Mon 11:00 IFW B
Dynamical Material Parameters in Molecular Dynamics
Simulations of Laser Ablation — eJonannes Roru!, EUuGEN
EisFELD!, STEFAN SCHARRINGZ, MARcO PaTrizio®, HANS-ALBERT
Ecker?, and MikHAIL PovarniTsyn? — 1FMQ, Universit\’at
Stuttgart — 2DLR Stuttgart — 3TU Darmstadt — 4JIHT, RAS
Moskau

Laser ablation is studied with classical molecular dynamics simula-
tions. The interaction of the laser with the free electrons in the metal-
lic material is modeled with a two-temperature model with separate
temperatures for the electrons and the atoms. The properties of the
electrons, heat capacity and conductivity and the electron-phonon-
coupling as well as the reflectivity of the laser are model as constants
for femto-second pulses since they do not change during the short time
of interaction. This assumption is no longer valid for pico- and nano-
second pulses. We have implemented wide-range models for the elec-
tronic parameters similar to the work of Povarnitsyn [1] which describe
the transition from the metal to the plasma state. The reflectivity
is calculated dynamically with the Fresnel equations and the absorp-
tion with the help of the Helmholtz equations instead of the simple
Lambert-Beer law. The improved results are compared to simulations
carried out by hydrodynamic simulations.
[1] Povarnitsyn et al., Appl. Surf. Sci \textbf{258} (2012) 9480.

MM 5.5 Mon 11:15 IFW B
Investigation of low temperature features in the heat ca-

pacity of metals — eANkiT GupTal, BENGU Tas Kavakpasi?,

BiswanatH Durtal, Brazes GraBowski', TiLMANN Hickerl,
SEraIY Divinski?, GERHARD WILDE?, and JORG NEUGEBAUER! —
IMax-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany —

2Inst. of Materials Physics, Univ. of Miinster, Miinster, Germany

Heat capacities are often used to assess the predictive capability
of computational thermodynamics, since they are experimentally di-
rectly accessible and as second derivatives very sensitive to energy
changes. Finite-temperature first-principles calculations have accu-
rately described the heat capacity of various material systems up to
the melting point. In contrast, their assessment for the competition
and coupling between the electronic and vibrational excitation mech-
anisms in the low-temperature regime is still in its infancy.

In this work, we explore this competition and coupling in the heat
capacity Cp below 20 K for the example of Al and AlzSc. In order
to enhance the sensitivity with respect to low temperature features,
we analyze Cp/T" for n = 0,...,3. We show that, density functional
theory successfully resolves all the features observed in the recent ex-
perimental calorimetric data, including the low-temperature limit and
localization effects in the heat capacity. The relevance of peaks in the
phonon density-of-states beyond the Debye level and non-adiabatic
electron-phonon coupling phenomena are evaluated. All mechanisms
are found to be described accurately at the level of semi-local exchange-
correlation functionals.

MM 6: Structural Materials

Time: Monday 10:15-11:15

MM 6.1 Mon 10:15 IFW D
Ordering and thermodynamic properties of refractory
NbMoTaW alloy from first-principles — eFriTz KORMANNT,
ANDREI V. RuBan?3, and MArRceL H.F. Svuiter! — Materials
Science and Engineering, Delft University of Technology, Delft, Nether-
lands. — 2Materials Science and Engineering, KTH Royal Institute
of Technology, Stockholm, Sweden. — 3Materials Center Leoben,
Leoben, Austria.

Some refractory high entropy alloys (HEA) exhibit high-temperature
mechanical properties that exceed modern Ni-based super alloys. How-
ever, little is known about their fundamental physical properties such
as, e.g. ground states, degree of chemical ordering at elevated tem-
peratures or thermodynamic properties. We present a combined first-
principles and Monte Carlo (MC) study to investigate ordering at ele-
vated temperatures in the prototype BCC HEA NbMoTaW [1]. Chem-
ical interactions have been computed from first-principles by means of
the coherent potential approximation in combination with the screened
generalized perturbation method. Local relaxations have been consid-
ered by explicit super cell calculations. Surprisingly, the NbMoTaW
solid-solution at elevated temperatures does not originate from the
small magnitude but rather from the highly frustrated long-ranged
nature of the chemical interactions. The role of the chemical interac-
tions and ordering on thermodynamic properties is examined in detail
[2]. [1] F. Kérmann, A.V. Ruban, M.H.F. Sluiter, Materials Research
Letters (2016), DOI 0.1080/21663831.2016.1198837 [2] F. Kormann,
M.H.F. Sluiter, Entropy 18, 403 (2016).

Location: IFW D

MM 6.2 Mon 10:30 IFW D
Micromechanical behavior in dependence of the microstruc-
ture of nickel-based superalloys — eRoBERT LawiTzki!, JoNas
WosTE2, MicHAEL HorMaNN3, CHRISTIAN KREMPASzZKYZ, DI
Wang?, Guipo Scumitz!, and Juria WaceNer! — !Universitit
Stuttgart, Institut fiir Materialwissenschaft, 70569 Stuttgart — 2TU
Miinchen, Lehrstuhl fiir Werkstoffkunde und Werkstoffmechanik,
85748 Garching — 3TU Miinchen, FRM 1II, 85747 Garching — 4KIT,
Institut fiir Nanotechnologie (INT), 76344 Eggenstein-Leopoldshafen

Nickel-based superalloys have a huge field of applications, particularly
in the high-temperature regions of gas turbines. For those applications
the reliable knowledge of residual stresses on different length scales is
crucial since they affect the material properties strongly. Beside macro-
scopic stresses, which influence directly the life time of components,
intergranular strains should be taken into account as well, since they
always superpose the macroscopic stress state. Those type II stresses,
which reflect the micromechanical material behavior, are strongly de-
pendent on the microstructure of the samples.

In this contribution, we present results of mechanical in-situ neu-
tron diffraction tests on the two nickel-based superalloys Inconel 718
and Haynes282. Our data show, that the micromechanical behavior
and thus the mechanisms of plastic deformation differ for IN718 and
Haynes282. The neutron diffraction results will be discussed in de-
tail with respect to the different observed microstructures, which were
characterized in detail by means of electron microscopy like SEM and
TEM.
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MM 6.3 Mon 10:45 IFW D
Microstructural investigation on the Na2SO4 - NH4Cl salt
spray tested Alloy 602CA sheets subjected to different sur-
face modification techniques — oSa1 Rajesuwari K, GERHARD
WiLbE2, Viay K. VasupeEvan3, and SANKARAN S! — 1Department
of Metallurgical and Materials Engineering, IIT Madras, Chennai, In-
dia — 2Institute of Materials Physics, University of Miinster, Germany
— 3Department of Chemical and Materials Science Engineering, Uni-
versity of Cincinnati, USA

Alloy 602CA is a high temperature corrosion resistant nickel base su-
per alloy with high creep strength in carburizing and oxidizing atmo-
sphere. Alloy 602CA contains 5% (by volume) of Cr23C6 precipitates
which act as reservoirs for the formation of a protective Cr203 coat-
ing in the event of high temperature exposure to oxidation or cor-
rosion. Hence, it is extensively used in thermal, petrochemical and
power plant equipment. Corrosion due to Na2SO4 salt deposition is
a major challenge and involves high cost.An attempt is made to im-
prove the high temperature corrosion resistance and fatigue proper-
ties of the Alloy 602CA sheets through two surface modification tech-
niques namely, High Reduction Cold Rolling (HRCR) and Ultrasonic
Nanocrystal Surface Modification (UNSM).Microstructural and corro-
sion behavior investigations employing Scanning Electron Microscopy
and Energy Dispersive Spectroscopy of HRCR and UNSM treated alloy
602CA sheet samples subjected to Na2SO4 :NH4CI (80:20)salt spray
tests for varying duration of 20, 40 and 60 hours at 925°C will be
discussed in detail.

MM 6.4 Mon 11:00 IFW D

Tungsten fiber reinforced tungsten (Wf / W) produced
by CVD and CVI — eLroNArRD RaumANN!, JaN WILLEM
CoENEN', JoHAN RiescH?, Hanns GieTL2, and CHRISTIAN
LinsMEIER! — lInstitut fiir Energie und Klimaforschung Plasma-
physik, Forschungszentrum Jiilich GmbH, 52425 Jiilich — 2Max-

Planck-Institut fiir Plasmaphysik, 85748 Garching b. Miinchen

Due to excellent thermal and hydrogen retention properties, tungsten
is the main candidate for first wall and divertor materials in future
fusion reactors. However, the intrinsic brittleness of tungsten is a con-
cern regarding high transient heat loads and neutron irradiation in
the fusion environment. To overcome this drawback, tungsten fiber
reinforced tungsten (Wf/W) composites are being developed relying
on an extrinsic toughing principle. One processing route is the chem-
ical vapor deposition and infiltration of tungsten fiber fabrics. The
major challenge for this route is to prevent voids within the compos-
ite, which can easily occur if the tungsten film growth separates not
yet infiltrated domains from gas flow supply. To achieve fully dense
materials the underlying principles have to be fully understood. To
asses this process parameters are varied in simplified experimental set-
ups to bring a simulation model in line with the experimental data.
The model is taking into account the kinetics for adsorption of the
reactants, surface reactions, film growth and desorption of the side
products. All are influenced by temperature, pressure, gas mixing ra-
tio and gas flow velocity as well as the substrate geometry and related
transport mechanisms. First experimental and theoretical results will
be presented.

1

MM 7: Electronic Structure Theory: New Concepts and Developments in Density Functional
Theory and Beyond - |

Time: Monday 10:30-13:00

MM 7.1 Mon 10:30 GER 38
DFT wants U: Embedded-cluster calculations of surface
oxygen vacancies at TiO; with Hubbard-corrected DFT —
eMarTHIAS Kick, KARSTEN REUTER, and HARALD OBERHOFER —
Technische Universitat Miinchen

Surface oxygen vacancies, in particular their nature as charge trap-
ping centers, play an inportant role for many oxide materials proper-
ties. However, addressing them with first-principles density-functional
theory (DFT) computations remains a challenge. At least Hubbard
corrected DFTHU is required to achieve an appropriate electron local-
ization. At the same time, the large dielectric constant of polarizable
oxides like TiO2 leads to a strong polarization response. As a result
supercells of increasing size are necessary in order to avoid spurious in-
teractions between periodic images in case of charged defects, render-
ing the conventional periodic boundary condition supercell approach
impractical.

Full DFT+U functionality has been implemented in the all-electron
electronic structure code FHI-aims. Combined with the solid state
(QM/MM) embedding functionality in FHI-aims, this yields a numer-
ically most efficient approach to treat aperiodic aspects at oxide sur-
faces. We illustrate this by calculating neutral and charged states
of the surface oxygen vacancy at rutile TiO2 (110). We systemati-
cally assess the reliability and computational efficiency by comparing
to hybrid-level DFT calculations and calculations performed in con-
ventional supercells.

MM 7.2 Mon 10:45 GER 38
Hubbard interactions from density-functional perturbation
theory — elurnt Timrov, MarTeEo Cococcioni, and NicorLa
MarzARl — Theory and Simulation of Materials (THEOS), and
NCCR-MARVEL, Ecole Polytechnique Fédérale de Lausanne, CH-
1015 Lausanne, Switzerland

DFT+U, together with its V and J extensions, is a simple and powerful
tool to model systems containing partially-filled manifolds of localized
states [1]. However, the Hubbard parameters are often - and in our
view incorrectly - treated semi-empirically. Conceptual and practical
methods to determine e.g. the Hubbard U parameter have neverthe-
less been introduced long ago, based either on the constrained random-
phase approximation (cRPA) or on linear-response theory [2]. These
approaches make DFT+U a fully first-principles and self-contained

Location: GER 38

method, but are often overlooked due to their cost or complexity.
Here, we introduce a computationally inexpensive and straightforward
approach to determine the linear-response U, hitherto obtained from
the difference between bare and self-consistent inverse electronic sus-
ceptibilities evaluated from supercell calculations. By recasting these
calculations in the language of density-functional perturbation theory
we remove the need of supercells, and allow for a fully automated
determination of susceptibilities and Hubbard parameters. Such de-
velopments open the way for deployment in high-throughput studies,
while providing the community with a simple tool to calculate consis-
tent values of U for any system at hand. [1] V. Anisimov et al., PRB
44, 943 (1991), [2] M. Cococcioni et al., PRB 71, 035105 (2005).

MM 7.3 Mon 11:00 GER 38
Time-evolution using full configuration interaction quantum
Monte Carlo — eKar GurHErR!, WERNER DoBrauTz!, OLLE
GunNaRssoN?!, and ALt Aravil:2 — Max-Planck Institute for Solid
State Research, Stuttgart, Germany — 2University Chemical Labora-

tory, Lensfield Road, Cambridge CB2 1EW, United Kingdom

We report on a new method to perform real-time quantum evolution
of a fermionic system using the full configuration interaction quantum
Monte Carlo method [1]. To stabilize the algorithm, a slow simulta-
neous imaginary-time evolution is performed, yielding properties for
times slightly rotated into the complex plane.

We employ this technique to compute Green’s functions and there-
fore by means of analytic continuation also spectral weight functions.
We demonstrate the applicability of the algorithm using the examples
of the 2D-Hubbard model and the carbon dimer, showing that the al-
gorithm can in principle be used as an Anderson solver for DMFT and
is capable of obtaining photoemission spectra of ab-initio systems.

[1] G.H. Booth, A.J.W. Thom and A. Alavi, J. Chem. Phys. 131,
054106 (2009)

MM 7.4 Mon 11:15 GER 38
Laplace-transformed MP2 with localized Resolution of Iden-
tity for molecular and periodic systems — eARrviD IHRIG, IGOR
YiNneg ZHANG, and MATTHIAS SCHEFFLER — Fritz-Haber-Institut,
Berlin, Germany

The self-interaction error is a well-known problem in (semi)local func-
tionals in density-functional theory (DFT) and to a lesser extend also
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in hybrid functionals. It leads to a quantitatively and sometimes even
qualitatively wrong description. One possible remedy is the 2nd order
Moller-Plesset perturbation theory (MP2) and the double-hybrid DFT
methods based on it. However, the time and memory requirements
prevent their routine-usage for large molecular and condensed-matter
systems.

In this work we combine our localized Resolution of Identity (RI-LVL)
[1] and its favourable memory requirements with the low-order scal-
ing of the Laplace-transformed MP2 (LT-MP2) [2]. Our highly paral-
lelizable LT-MP2 implementation in a numeric atom-centered orbital
(NAO) framework allows us to treat both cluster and periodic models
in the same computational environment. We demonstrate the accu-
racy and other features of our implementation for examples of water
clusters and TiOs surfaces with small absorbed molecules. We further-
more present a way how the distance-dependent integral screening [3]
from the Ochsenfeld group can be generalized to periodic systems.

[1] Thrig et al., New J. Phys. 17, 093020 (2015)

[2] P. Ayala et al., J. Chem. Phys. 110, 3660 (1999)

[3] S. Maurer et al., J. Chem. Phys. 136, 144107 (2012)

MM 7.5 Mon 11:30 GER 38
Bond Disproportionation in Rare-Earth Nickelates: Describ-
ing Lattice Distortions within DFTH+DMFT — eALEXANDER
HampPEL and CLAUDE EDERER — Materials Theory, ETH Ziirich,
Switzerland

Perovskite rare-earth nickelates, RNiO3, display a rich and only par-
tially understood phase diagram, where all compounds with R from
Pr to Lu undergo a metal-insulator transition (MIT), that is accom-
panied by a structural distortion. This distortion breaks the symme-
try between formerly equivalent Ni sites and can (in the simplest pic-
ture) be understood as a charge disproportionation of the Ni3* cations
into Ni?2T and Ni*t. Here, we use density functional theory (DFT)
and its extensions (DFT+U, DFT+DMFT) combined with symmetry-
based distortion mode analysis to explore the interplay between lattice
distortions, magnetic order and electronic correlation effects in rare-
earth nickelates. Thereby, we want to explore the capabilities of the
DFT+DMFT method to describe complex materials with coupled elec-
tronic and structural degrees of freedom by comparing with DFT+U
results and available experimental data.

MM 7.6 Mon 11:45 GER 38
Density matrix embedding theory for coupled fermion-boson
systems — oTEREsA E. REINHARD!, ULiANA MorpovINAl, HEIKO
AppeL!, Josnua S. KrETcuMER?, GARNET K. L. CuAN?, and AN-
GeL Rubto® — IMax Planck Institut fiir Struktur und Dynamik
der Materie, Hamburg — 2Division of Chemistry and Chemical En-
gineering, California Institute of Technology, Pasadena — 3Nano-bio
Spectroscopy Group and ETSF, Departamento de Fisica de Materiales,
Universidad del Pais Vasco UPV/EHU, San Sebastian

We analyze strongly correlated fermion-boson systems by extending
Density Matrix Embedding Theory (DMET) from the purely elec-
tronic case [1] to coupled fermion-boson systems. DMET is a novel
embedding theory which uses the Schmidt decomposition to divide the
treated system into an impurity and a bath part. We project the bath
part into the part of the Fock space that contains the entanglement
with the impurity region and then solve this much smaller entangled
system with exact diagonalization and DMRG.

With this technique, we treat lattice systems of Hubbard-Holstein
type, where fermions and bosons are coupled by a bilinear Froehlich
coupling. As we choose coherent states for the bosonic basis set, it
is convenient to apply our approach to electron-phonon as well as to
electron-photon systems.

By using a DMRG solver for the DMET algorithm, an accurate
treatment of 2 dimensional systems becomes feasible.

[1] G. Knizia, G. K.-L Chan, Phys. Rev. Lett 109, 186404, (2012)

MM 7.7 Mon 12:00 GER 38
Vertex function of homogeneous electron gas — eYAROSLAV
Paviyukn — Department of Physics and Research Center OPTI-
MAS, University of Kaiserslautern, P.O. Box 3049, 67653 Kaiser-
slautern, Germany — Institut fiir Physik, Martin-Luther-Universitét
Halle-Wittenberg, 06120 Halle, Germany

We present a systematic study of the vertex function correction in
homogeneous electron gas at metallic densities [1]. Contrary to a pop-
ular belief the vertex function not only provides corrections to the
well known plasmon or particle-hole pair scatterings, but also gives
rise to new physical processes such as generation of two plasmon ex-

10

citations or the transformation of the initial one-particle state into a
two-particles-one-hole state. Using a merger of the many-body per-
turbation and scattering theories, which is a distinct feature of our
method, it is shown that additional scattering channels are respon-
sible for the bandwidth reduction (as observed in photoemission ex-
periments on bulk sodium), appearance of the secondary plasmonic
satellite below the Fermi level and lead to a substantial modification
of the electron spectral function.

[1] Y. Pavlyukh, A.-M. Uimonen, G. Stefanucci, R. van Leeuwen,
Phys. Rev. Lett. 117, 206402 (2016)

MM 7.8 Mon 12:15 GER 38
Coupled-Cluster approaches for molecules and solids in the
numeric atom-center orbital framework — eTONGHAO SHEN,
Icor YiNG ZHANG, and MATTHIAS SCHEFFLER — Fritz-Haber-Institut
der MPG, Berlin, DE

As a well-established and successful wave-function theory hierarchy in
quantum chemistry, the coupled-cluster (CC) ansatz is attracting in-
creasing attention in computational materials science [1]. However,
compared to traditional density-functional approximations, CC ap-
proaches face much greater challenges regarding numerical implemen-
tation, bassis-set accuracy and efficiency, in particular for solids [2].
In this report, we present a highly parallel implementation of the CC
approaches with singles, doubles and perturbative triples, CCSD(T),
in the numeric atom-center orbital (NAO) framework. This imple-
mentation allows CCSD(T) simulations to be carried out using both
cluster and periodic models in a single computational environment.
Taking some popular quantum-chemistry test sets (S22, ISO34, and
CYCONF), we demonstrate that CCSD(T) with correlation-consistent
NAO basis sets [3] can provide accurate reference data for molecu-
lar properties. Our solid-state examples include elemental and binary
crystals, as Ne (fcc), C, Si (diamond), LiF, MgO (rocksalt), and BN
(zincblende).

MM 7.9 Mon 12:30 GER 38
Implementation of the SU(2) Symmetry in FCIQMC us-
ing the Graphical Unitary Group Approach — eWERNER
DosrauTz! and ALt Avavi'2 — TMax-Planck-Institut fiir Festkor-
perforschung — 2Department of Chemistry, University of Cambridge

The Full Configuration Interaction Quantum Monte Carlo (FCIQMC)
algorithm [1] is a projector QMC method, previously formulated in
the total anti-symmetric space of Slater Determinants, based on the
imaginary-time Schrodinger equation to obtain the ground state of a
system in the long-time limit.

By formulating the method in eigenfunctions of the $2 spin-operator
via the Graphical Unitary Group Approach [2] we can make use of the
block-diagonal form of spin-preserving, non-relativistic Hamiltonians
for different values of the total spin. This allows us to lift possible
near degeneracies of low-lying excitations of different spin sectors, cal-
culate spin-gaps more easily and obtain the physical correct ground-
state, without spin-contamination, and identify its total spin quantum
number.

Our method does not rely on expanding the spin-eigenfunctions in
linear combinations of Slater Determinants and thus does not hit an
exponential bottle neck and can be applied to system sizes larger than
previously reachable with similar approaches.

[1] G. Booth, A. Thom and A. Alavi, J. Chem. Phys. 131, 054106
(2009)

[2] I. Shavitt, Int. J. Quantum Chem. Symp., 11: 131 (1977); Int. J.
Quantum Chem. Symp., 12: 5 (1978)

MM 7.10 Mon 12:45 GER 38
A study of the dense uniform electron gas with high orders of
coupled cluster — eVERENA ANDREA NEUFELD and ALEX JAMES
WirLiaM THoM — University Chemical Laboratory, Lensfield Road,
Cambridge CB2 1EW, United Kingdom

We used the recently developed stochastic coupled cluster method
[Phys. Rev. Lett. (2010) 105, 263004 and J. Chem. Phys. (2016) 144,
084108] to benchmark the dense uniform electron gas (UEG). The aim
was to make predictions about what truncation level of coupled cluster
is needed to reach sufficient accuracy in electronic correlation energies
for a range of electron densities. This will aid our future studies of
solids with stochastic coupled cluster.

We take advantage of sparsity in wavefunctions by doing coupled
cluster stochastically. In this study, we used coupled cluster truncation
levels up to CCSDTQ5, that includes single, double, triple, quadruple
and quintuple excitations directly. We considered the 14 electron UEG
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with Wigner-Seitz radius in the range 0.5 to 5.0 a.u.. We applied cou-
pled cluster truncations from CCSD to CCSDTQ5 and extrapolated
to the complete basis set size limit. By comparing the differences in
energy calculated with CCSD to CCSDTQ5, we learn what trunca-
tion level is necessary for sufficient accuracy. What truncation level is

needed, is dependent on the level of correlation, which decreases with
electron density. We are therefore able to relate the degree of correla-
tion linked to electron density to the level of coupled cluster needed for
accuracy. This information will prove valuable when tackling periodic
solids that can be approximated by the UEG.

MM 8: Topical session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Segregation and Embrittlement Il

Time: Monday 11:45-13:15

MM 8.1 Mon 11:45 BAR 205
Atomistic study of Hydrogen embrittlement of grain bound-
aries in Nickel — eArLr TeEHrRANCHI and WiLLiaM A. CURTIN —
Laboratory for Multiscale Mechanics Modeling, EPFL, CH-1015 Lau-
sanne, Switzerland

The Hydrogen ingress into a metal is a persistent source of embrittle-
ment. Fracture surfaces are often intergranular, suggesting favorable
cleave crack growth along grain boundaries (GBs) as one driver for
embrittlement. Here, atomistic simulations are used to investigate the
effects of segregated hydrogen on the behavior of cracks along vari-
ous symmetric tilt grain boundaries in fcc Nickel. The results of the
simulations are compared with the theoretical predictions of Rice and
Griffith theories. Both simulations and theoretical calculations showed
that the presence of segregated hydrogen atoms cannot transform the
ductile behavior of an intrinsically ductile crack to brittle behavior.
For the intrinsically brittle cracks, hydrogen atoms decrease the crit-
ical cleavage load. Thus cleavage-like failure observed in the experi-
ments are presumably caused by mechanisms involving H diffusion or
dynamic crack growth.

MM 8.2 Mon 12:00 BAR 205
Defect generation in Palladium by Hydrogen loaded Nio-
bium layers — eVLADIMIR BURLAKA, VLADIMIR RODDATIS, MARIAN
BonNGERs, and AsTRID PuNDT — Institut fiir Materialphysik, Univer-
sitdt Gottingen, Germany

In this paper, we use layers with high hydrogen affinity to influence
the defect structure of an overlaying catalytic layer. It will be shown
that pre-existing defects can be healed out by a low-pressure hydro-
gen treatment and, opposite, additional defects can be generated by a
higher pressure treatment. In our study Pd/Nb/Al1203 double layers
are studied during hydrogen gas exposure at room temperature by us-
ing Scanning Tunneling Microscopy (STM), X-ray diffraction (XRD)
and environmental transmission electron microscopy (ETEM). [1] STM
results show hydrogen-induced topography changes at the Pd/Nb in-
terface. The XRD measurements demonstrate that the topography
changes in the Nb-H film result in microstructural changes in the over-
laying Pd layer. ETEM measurements on cross-cut lamellas show that
the modification of the Pd top-layer occurs due to the precipitation
and growth of the hydride phase within the Nb underlying film: gen-
eration of new defects and interface roughening are observed. We con-
clude that these changes in the Pd layer can be varied by changing the
Nb-film thickness. [2]

Financial support by the DFG via PU131/9 and PU131/12 and
the beamtime provided by DESY and ESRF are acknowledged. [1]
V.Burlaka, S.Wagner, M.Hamm, A.Pundt, Nano Letters 16 (2016)
6207. [2] V.Burlaka, V.Roddatis, M.Bongers, A.Pundt, submitted.

MM 8.3 Mon 12:15 BAR 205

Confined topological impurity segregation at faceted Si grain

boundaries — CHRISTIAN LIEBSCHER!, ANDREAS STOFFERS!,
OANA CoJocARU-MIREDINZ, BApTISTE GAULT!, CHRISTINA SCHEU!,
GerHARD DraM!, and Dierk RaaBe! — !Max-Planck-Institut

fiir Eisenforschung GmbH, 40237 Diisseldorf, Germany — 2RWTH
Aachen, Institute of Physics (IA), 52056 Aachen, Germany

Coincident site lattice (CSL) boundaries and trace impurities of Car-
bon (C) and Iron (Fe) are degrading the electrical performance of mul-
ticrystalline Silicon (mc-Si) by promoting charge carrier recombina-
tion. Our study provides unprecedented insights into the connection of
the faceted nature of grain boundaries in mc-Si and confined impurity
segregation. The direct correlation of atomic resolution aberration-
corrected scanning transmission electron microscopy (STEM) and 3D
atom probe tomography (APT), obtained by probing exactly the same
specimen position in both instruments establishes segregation of Car-

11

Location: BAR 205

bon (C) and Iron (Fe+N) to linear junctions of merging grain boundary
facets. Both, the segregation patterns of C and (Fe+N), as observed
by APT, form linear segregation tubes that decorate facet junctions
of a 33 grain boundary with a facet length between 2 and 10 nm. By
observing the atomic structure of a X9 grain boundary with a facet
length of 10 to 50 nm on an APT needle by STEM followed by sub-
sequent 3D chemical analysis directly verifies the confined impurity
segregation that is driven by the grain boundary topology.

MM 8.4 Mon 12:30 BAR 205
stInvestigations on Grain boundary Segregation in
Nanocryalline Materials with Atom Probe Tomography —
eROvya DuraN and Guipo ScHMITZ — Institut fiir Materialwis-
senschaft, Universitdt Stuttgart

Nanomaterials are not just opening new opportunities for improvement
of materials, but also challenges in characterizing and understanding
the changed atomic structures and the chemical and physical behav-
ior within the material. Grain boundaries have the major influence
on the properties. An important property is the segregation at these
defects. The grain boundary interacts with solute atoms which change
their chemical composition and change the boundary and so, the ma-
terial properties. In this work, the temperature and concentration
dependence of grain boundary segregation in Cu/Ni thin films is in-
vestigated. For the analysis the Atom Probe Tomography (APT) is
used. With the APT a very high spatial resolution in all three dimen-
sions is achieved which makes the analysis of such a fine defect more
precise. Since the APT allows chemical analysis in single atom sensi-
tivity, segregation to grain boundaries can be easily identified. With
the knowledge of the chemical composition, concentration profiles can
be formed from which the widths and also the amplitudes of the seg-
regation zones can be determined. With a new evaluation method the
data will be extracted by using a model function for the defect which is
fitted to the point data to increase the spatial resolution and to avoid
artefacts.

MM 8.5 Mon 12:45 BAR 205
Macroscopic and microscopic investigation of Sulphur - in-
duced embrittlement in Copper — ¢ THORSTEN MEINERS, ZIRONG
PeEng, CurisTiaAN H. LieBscHER, and GERHARD DEHM — Max-
Planck-Institut fiir Eisenforschung GmbH, Diisseldorf

Sulphur (S) is a common impurity element, which has a very low solu-
bility in copper alloys (Cu) and is attributed to cause grain boundary
(GB) embrittlement by segregating to the boundaries. In our study,
macro-tensile tests at room temperature (RT), 200 °C and 400 °C are
applied to investigate embrittlement of polycrystalline Cu alloys con-
taining 14, 27 and 7900 ppm of S, named alloy 1, 2 and 3 here. Alloy
1 shows a reduction in ductility of 18% from RT to 400 °C. Compared
to that, alloy 2 shows a reduction in ductility of 29% at RT and 70%
at 400 °C and alloy 3 58% at RT and 67% at 400 °C. The grain size
was determined to about 2 mm using electron backscatter diffraction.
Alloy 1 is free of precipitates and high resolution transmission electron
microscopy (TEM) and atom probe tomography reveal no segregation
of S to random GBs. In alloy 2, small precipitates on the order of 50nm
can be established at the GBs and within the grains with scanning elec-
tron microscopy. Alloy 3 shows a dendritic structure where large low
chalcocite Cu2S precipitates (several micro meters) are located at the
dendrites and small precipitates (about 50 nm) are located in interden-
dritic regions. For the alloys 2 and 3 high-resolution TEM does also
not confirm segregation of S to the random GBs and the embrittlement
of the alloys is mainly related to the presence of precipitates.

MM 8.6 Mon 13:00 BAR 205

Silver segregation induced nanofaceting of an asymmetric tilt
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grain boundary in copper — eNicorLaAs J. PETER, CHRISTIAN
H. LieBscHER, RAHELEH HaDIAN, BLazEs GrRABOWSKI, CHRISTOPH
KirRCHLECHNER, and GERHARD DEHM — Max-Planck Institut fiir
Eisenforschung GmbH, 40237 Diisseldorf, Germany

Grain boundary faceting is a thermally activated process. It can be
suppressed on experimental time scales depending on temperature and
driving force. We show here that chemistry can be used to intentionally
trigger faceting.

The present study investigates the segregation of Ag to an asymmet-
ric tilt boundary in Cu. Aberration-corrected high-resolution scanning
transmission electron microscopy reveals that annealing the Ag coated
bicrystal at 800°C for 120 h results in the formation of nanometer-

sized, regularly spaced, symmetric Sigma 5 (210) segments within the
overall asymmetric boundary. We confirm that reference samples with-
out Ag, annealed under the same conditions, show no thermally acti-
vated faceting, even down to the atomic level.

Our observations oppose an anticipated trend to form coarse facets
or change the overall boundary plane orientation to lower energy Sigma
5 (210) or (310) planes. Atomistic simulations on specifically chosen
reference boundaries support the experimental observations and reveal
the atomistic mechanisms of the chemically induced nanofaceting.

Migration paths and atomic column occupancies are extracted over
time to allow for a first quantification approach of such a system,
thereby showing the stability of the induced Ag containing nanofacets.

MM 9: Topical session: Dynamics, relaxation and deformation in deeply supercooled metallic
liquids and glasses Il - Undercooled Melts

Time: Monday 11:45-13:15

MM 9.1 Mon 11:45 IFW A
Short range order in liquid metals — Guy Makov! and eEvaL
YangeL? — Materials Dept, Ben-Gurion University of the Negev, Beer
Sheva, Israel — 2Physics Dept, NRCN, Beer Sheva, Israel

Evolution of short range structure in liquid metals as a function of tem-
perature in the regime from supercooled to high temperature melt is
studied within the quasi-crystalline model of liquid structure. Exper-
imental data on elements of groups IV and V, many of which exhibit
anomalous thermophysical properties are compared with molecular dy-
namics generated data on model systems.

The quasi-crystalline model allows quantitative characterization of
the short range order in liquids by identifying a reference structure. It
is found that the liquid pnictides are characterized by a short range
order which reflects a Peierls distorted structure. This distortion de-
creases as the elements progress down the periodic table column V
and explains the large change in coordination number from 3 to 8.
Surprisingly the distortion is found to increase with temperature and
correlates with the appearance of a sound velocity maximum with re-
spect to temperature. Column IV elements exhibit a very different
short range order which is found to remain constant with tempera-
ture, possibly indicating that the origin of the sound velocity anomaly
in these systems is not related to any structural rearrangement of the
liquid unlike in the pnictides. Simple models allow supercooling into
the glassy state with modification of the short range order into inter-
mediate states between the liquid and solid phases.

MM 9.2 Mon 12:00 IFW A

Influence of the Chemical Short-Range Order on the
Atomic Dynamics in Binary Glass-Forming Melts —
eBeENEDIKT Nowak!, Dirk HorrLanp-MoriTz!, Fan Yancl,

THoMAas VoiaTMANN!, ToBias KorpeL!, THomas HAaNseEN?, and
b 9 b

ANDREAS MEYER! Institute of Materials Physics in Space, Ger-
man Aerospace Center (DLR), 51170 Cologne, Germany — 2Institut
Laue-Langevin (ILL), 38042 Grenoble, France

The dynamical behaviour of atoms and their short-range order are cru-
cial for understanding the glass-forming ability of metallic melts. To
investigate the short-range order (SRO) we measured partial structure
factors for the melts of Zr-Ni by combining electrostatic levitation with
neutron diffraction and isotopic substitution [1]. Mode coupling the-
ory (MCT) allows us to establish structure-dynamics relations using
partial structure factors as an input [2]. The self-diffusion coefficients
derived by MCT show the same trends with respect to composition
and temperature dependence compared to experimental results.

MCT results highlight that diffusion is partly coupled, exhibiting a
distinct composition dependence of the ratio of diffusion coefficients.
Compared to a hard-sphere model, we show that such a composition
dependent decoupling is due to the strong chemical interaction be-
tween Zr and Ni atoms. This can be understood by the fraction of
different atomic nearest-neighbour pairs, derived from the measured
partial structure factors.

[1] D. Holland-Moritz et al., PRB 79, 064204 (2009) [2] Th. Voigt-
mann et al., EPL 82, 66001 (2008)

MM 9.3 Mon 12:15 IFW A

Self-diffusion in liquid gold-silicon investigated using quasi-
elastic neutron scattering — eZacH Evenson!, FAN Yanc?, Gio-
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VANNA SiMEONI!, and ANDREAS MEYER? — ! Maier-Leibnitz Zentrum

(MLZ) and Physik Department, Technische Universitat Miinchen —
2Institute for Materials Physics in Space, German Aerospace Center,
Cologne

‘We use incoherent quasi-elastic neutron scattering to study the atomic
dynamics of gold in a eutectic Au81Sil9 melt. Despite the glass-
forming nature of this system, the gold self-diffusivity displays an Ar-
rhenius behavior with a low activation energy characteristic of simple
liquids. At high temperatures, long-range transport of gold atoms is
well described by hydrodynamic theory with a simple exponential de-
cay of the self-correlation function. On cooling towards the melting
temperature, structural relaxation crosses over to a highly stretched
exponential behavior. This suggests the onset of a heterogeneous dy-
namics, even in the equilibrium melt, and is indicative of a very fragile
liquid.

MM 9.4 Mon 12:30 IFW A
Ni-diffusion in a liquid and undercooled NiSi alloy — eFraANzZ
DeEMMEL — ISIS Facility, Rutherford Appleton Laboratory, Didcot,
0OX11 0QX, UK

Understanding the dynamics of liquid metals and alloys can be rele-
vant for technological applications like solidification and welding. Here
the Nickel self-diffusion coefficient was measured in a Ni75Si25 alloy
in the liquid and undercooled state covering a temperature range of
1400K to 1900K. Quasielastic neutron scattering on a 2.7 mm diameter
spherical sample was used to deduce the Ni self-diffusion coefficient.
The experiment was performed by applying aerodynamic levitation
with CO2 laser heating. That containerless technique allowed an un-
dercooling of about 100K over 4 hours of measurement time. The
temperature dependence of the diffusion coefficients follows an Arrhe-
nius type behavior. The derived activation energy for the diffusion
process is about 10% larger than in pure Nickel and is probably the
reason for the moderately slower self-diffusion coefficients compared
to pure Ni. Surprisingly, molecular dynamics simulations predicted a
change in dynamics from an Arrhenius-type behavior to a power-law
for temperatures as high as twice the glass transition temperature [1].
Our data are compatible with a power-law behavior for the Ni self-
diffusion [2]. [1] Y.J. Lu, H. Cheng and M. Chen, J. Chem Phys 136
214505 (2012) [2] F. Demmel, L. Hennet, S. Brassamin, D.R. Neuville,
J. Kozaily and M. Koza, Phys Rev B 94 (2016) 014206

MM 9.5 Mon 12:45 IFW A
Dynamic viscosity of Ge-Sb-Te alloys in liquid and super-
cooled liquid state — Hans WEBER'2, MATHIAS SCHUMACHER?,
PaL Jovarr*, WERNER SKROTzKI?, RICCARDO MAZZARELLO®, and
oIvaNn KaBan! — 1IFW Dresden, Institute for Complex Materials,
Germany — 2TU Dresden, Institute of Structural Physics, Germany
— 3RWTH Aachen University, Institute for Theoretical Solid State
Physic, Germany — “Institute for Solid State Physics and Optics, Bu-
dapest, Hungary
Dynamic viscosity of binary Ge-Te and ternary Ge-Sb-Te alloys is mea-
sured by the oscillating-cup method and calculated by ab-initio molec-
ular dynamics (AIMD) simulations. Binary alloys around Gel5Te85
eutectic composition show a strong deviation from Arrhenius plot at
about 100-150 K above the melting temperature. In contrast, viscosity
of GeTe and Ge-Sb-Te alloys shows Arrhenius behavior in the liquid
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and weakly supercooled liquid state, whereas it seems to be strongly
non-Arrhenius at larger supercoolings. Atomic dynamics and glass-
forming ability will be discussed in relationship to the structure of the
alloys studied.

MM 9.6 Mon 13:00 IFW A

Self-diffusion in liquid Al-Ge investigated with quasi-
elastic neutron scattering — eSaNDRO SzaBo''? and ZACHARY
Evenson!:2 — 1Research Neutron Source FRM II, Garching, Ger-

many — 2Technische Universitdt Miinchen, Munich, Germany

Self-diffusion of atoms in liquid metals can be investigated on an abso-
lute scale with quasi-elastic neutron scattering (QENS). For the Al-Ge
system accurate modeling of solidification processes and mass trans-
port in general suffers due to the lack of experimentally determined
temperature-dependent diffusion coefficients. We investigate the self-

MM 10: Computational Materials
Time: Monday 11:45-13:15

MM 10.1 Mon 11:45 IFW B
An on-the-fly parameterized redundant internal coordinate
preconditioner for quasi-Newton geometry optimization in
atomistic calculations — eCurisTorH FrREYsoLDT and JORG
NEUGEBAUER — Max-Planck-Institut fiir Eisenforschung GmbH, Diis-
seldorf, Germany

We propose a variant of quasi-Newton geometry optimization for atom-
istic calculations, using an approximate Hessian in terms of internal
coordinates (bond lengthes, bond angles) as a preconditioner for a
BFGS-type cartesian-coordinate quasi-Newton scheme. The key idea
is to parameterize the Hessian on the fly. By automatically classifying
all interatomic bonds according to bond length and elements involved,
and treating all similar bonds equal, we arrive at a very small number
of parameters that can be determined from few displacements, often
only one. The superior performance for supercell calculations com-
pared to a standard cartesian-coordinate optimizer is demonstrated.

MM 10.2 Mon 12:00 IFW B
Implementation and testing of a temporal acceleration
scheme for kinetic Monte Carlo simulations: The case of CO
methanation on stepped metals — eMitE ANDERSEN and KARSTEN
REUTER — Theoretical Chemistry, Technische Universitat Miinchen,
Germany

The efficiency of kinetic Monte Carlo (kMC) simulations is limited by
the disparity of the timescales for the processes included in the mi-
crokinetic model. A novel algorithm has been developed to overcome
this problem by the automatic detection of fast, reversible processes
and the scaling of their rate constants with respect to the slower ir-
reversible processes [1]. We have implemented this algorithm in our
in-house kMC code ’kmos’ [2] and assessed its efficiency and accuracy
for the case of CO methanation on stepped metals. By making use of
a scaling-relation based approach, we cover the trends over the entire
transition metal series, which makes for a range of different test cases
for the algorithm. While the algorithm overall performs well, we point
out some limiting cases where the algorithm breaks down and discuss
strategies for overcoming these issues.

[1] E. Dybeck, C. P. Plaisance, M. Neurock, submitted to J. Chem.
Theory Comput. (2016) [2] M. J. Hoffmann, S. Matera, K. Reuter,
Comput. Phys. Comm. 185, 2138 (2014)

MM 10.3 Mon 12:15 IFW B
Defect migration in metals by atomistic-continuum coupling
— eLiaM HuUBER, BLazE] GrABOwsSKI, and JORG NEUGEBAUER —
Max-Planck-Institut fiir Eisenforschung GmbH, Diisseldorf, Germany

Atomistic simulations provide important insight into the underlying
mechanisms which control material behaviour, and are an important
part of knowledge-based design for new alloys. However, experimental
time- and length-scales often lie beyond the reach of classical molec-
ular dynamics (MD), even with modern advances in computational
power. One approach to extend the length-scales accessible is to cou-
ple MD to a less expensive continuum model, typically represented us-
ing finite elements (FE). We present improvements to the FE-atomic
(FEA®t) coupling scheme which allow the MD-domain to track the mi-
gration of planar, line, and point defects at finite temperatures. By

diffusion of Ge in liquid Al-Ge in a wide temperature range at and
below the melting point of the respective pure elements. QENS mea-
surements were carried out at the multi-disc chopper time-of-flight
spectrometer TOFTOF at the research neutron source Heinz Maier-
Leibnitz (FRM II). The QENS results show a standard deviation of
the self-diffusion coefficients of only 4 %, which is significantly more
precise when compared to classical measurements in long capillaries.
In all investigated Al-Ge alloys, the self-diffusivity of Ge follows an
Arrhenius behavior over the entire investigated temperature range. At
the melting point of pure Ge, the self-diffusivity of Ge in the investi-
gated alloys is higher by some 22-28 % than that of pure Ge. This is in
line with existing findings concerning dendrite growth in this system
during solidification. Accurate calculations of mass flow, which were
previously impeded by the lack of accurate diffusion data, might now
be possible.

Modelling - Accelerated Approaches
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dynamically adapting our MD/FE domain partitioning through refine-
ment and coarsening, we keep defects fully atomistically resolved while
maintaining the cost-advantage of the coupled method. We apply this
method to study grain boundary migration in Al and the nucleation
and motion of dislocations during Al nano-pillar compression.

MM 10.4 Mon 12:30 IFW B
Nested sampling for alloys — eRosert J.N. BaLpock!,
CHRISTOPHER SuTTON?, and Luca M. GHIRINGHELLIZ — 1Theory
and Simulation of Materials (THEOS), and National Centre for Com-
putational Design and Discovery of Novel Materials (MARVEL), Ecole
Polytechnique Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
— 2Theory Department, Fritz Haber Institute of the Max Planck So-

ciety, Berlin, Germany

We present a new nested sampling algorithm that enables the calcu-
lation of complete composition-temperature phase diagrams of alloys
in a single simulation. Multicomponent phase diagrams are obtained
in both the semi-grand ensemble, and at fixed overall composition, as
a simple post-processing of the same simulation. We demonstrate the
method by calculating the fixed pressure phase diagram of an eutectic
binary Lennard-Jones system with fully continuous configuration space
and an eutectic Ising model. Finally we showcase the approach by cal-
culating the first principles phase diagram of a prototypical transpar-
ent conducting oxide (wide bandgap) material, (ZnIMgl_z) O, using
a lattice model derived from density functional theory.

MM 10.5 Mon 12:45 IFW B
Controlling the energy of defects and interfaces in the am-
plitude expansion of the phase-field crystal model — eMaRrco
SawvaLacLiol, RAINER Backoren!, AXeEL VoiaT!, and KEN ELDER?
— lInstitute of Scientific Computing, Technische Universitit Dresden,
01062 Dresden, Germany — 2Department of Physics, Oakland Univer-
sity, Rochester, 48309 Michigan, USA

The Phase-Field Crystal (PFC) approach describes the dynamics of
local atomic probability density on atomic length and diffusive time
scales. It generally requires a fine spatial discretization, which limits
the application of the method to small systems. The so-called ampli-
tude expansion of the PFC model is known to solve this issue, account-
ing for the slowly-varying amplitudes of periodic probability densities.
However, some restrictions exist in the quantitative description of ma-
terial properties. In this work, we address the tuning of the interface
and defect energy within the amplitude expansion of the PFC model.
We extend the standard approach by including an additional energy
term accounting for changes in the order of the solid phase. Its effects
are investigated by FEM calculations. First, the control of the solid-
liquid interface energy is considered as well as the changes induced in
the interface morphology. Then, the tuning of the energy of defects
is illustrated. The influence of the additional energy term on the dy-
namics and annihilation of defects is also discussed. We focus here on
2D systems involving crystal lattices with triangular symmetry. The
connection of the considered approach to the description of realistic
materials is shown for the technology-relevant graphene structure.

MM 10.6 Mon 13:00 IFW B

Ab initio determination of phonon lifetimes at elevated tem-
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peratures — ®ALBERT GLENSK!, BLazes GRrRaBowski!, TILMANN
HickeL!, Jore NEUGEBAUER!, PascaL NEIBECKER?, JURGEN
NeuHAUSZ, MicHAEL LEITNERZ, KLAauDIA HrRADILZ, and WINFRIED
PeTRY? — !Max-Planck-Institut fiir Eisenforschung GmbH, Max-
Planck-Strafe 1, 40237 Diisseldorf, Germany — 2Heinz Maier-Leibnitz
Zentrum (MLZ), Technische Universitdt Miinchen, Lichtenbergstr. 1,
85748 Garching, Germany

The experimental measurement of phonon dispersions is well estab-
lished. The corresponding phonon lifetimes (i.e., inverse linewidths)
are - in contrast - assessed experimentally only for a handful of mate-
rials and are usually restricted to room temperature where anharmonic
effects are small. Standard theoretical methods applying perturbation

theory have shown to successfully describe the underlying phonon-
phonon interactions at low temperatures. However, significant dis-
crepancies to experiment (7100%) are found at elevated temperatures
where the phonon broadening due to anharmonicity becomes large
[1-2]. Applying the recently developed Local Anharmonic approxima-
tion [3] we determine ab initio values for phonon lifetimes in Al for a
temperature range up to melting. We discuss its performance in com-
parison to previous perturbative approaches and our own experimental
assessments for this temperature range.

[1] J. Pang et al., PRL 110, 157401 (2013).

[2] X. Tang et al., PRB 84, 054303 (2011).

[3] A.Glensk et al., PRL 114, 195901 (2015).

MM 11: Biomaterials

Time: Monday 11:45-13:30

MM 11.1 Mon 11:45 IFW D
Macromolecular HPMA-based drug delivery system - be-
havior in protein environment — eX1A0HAN ZHANG!, BART-JAN
NieBuur!, PETR CHYTILZ, ToMas ETrRycH?, SERGEY K. FILIPPOVZ,
ALExEY KIKHNEY3, FLORIAN WIELANDS, DMITRI I. SVERGUNS, and
CHRISTINE M. Papapakis! — !Technische Universitat Miinchen,
Physik-Department, Fachgebiet Physik weicher Materie, Garching,
Germany — 2Institute of Macromolecular Chemistry, Academy of Sci-
ences of the Czech Republic, Prague, Czech Republic — 3European
Molecular Biology Laboratory, DESY, Hamburg, Germany

Copolymers based on N-(2-hydroxypropyl)methacrylamide (HPMA)
having cholesterol side groups self-assemble into ellipsoidal nanoparti-
cles (NPs) in aqueous solutions [1,2]. The core and the shell are formed
by cholesterol and by HPMA, respectively. They have been proposed
as drug carriers. However, little is known on their behavior in human
blood environment.

We use synchrotron small-angle X-ray scattering (SAXS) to inves-
tigate HPMA copolymers in an aqueous solution of human serum al-
bumin(HSA), which is very abundant in human blood, to investigate
the influence of HSA on the NPs’ structure. The length of the NPs is
reduced even if very small amounts of HSA are present. We speculate
that HSA binds to cholesterol groups and removes them from the NPs.

[1] S. K. Filippov, et al., Biomacromolecules, 2012, 13, 2594

[2] S. K. Filippov, et al., Biomacromolecules, 2013, 14, 4061

MM 11.2 Mon 12:00 IFW D
Dealloying-based nanoporous metallic materials for or-
thopedic implant applications oluya OxuLov!, ARTEM
OkuLov!:2, BERENGERE LUTHRINGER®, JURGEN MARKMANN!,
RecGINE WILLUMEIT-ROMER?, and JOrc WEIsSMULLER! — 1HZG,
Institute of Materials Research, Division of Materials Mechanics, Ger-
many — 2Institute of Metal Physics, Ural Branch of RAS, Russia —
3HZG, Institute of Material Research, Division of Metallic Biomateri-
als, Germany

The close match of stiffness between orthopedic implant material and
bone is critically important to ensure fast healing of injured tissues.
Here, we propose a design strategy to develop metallic materials pos-
sessing Young’s modulus matching that of human bone using lig-
uid metal dealloying (LMD). LMD is a process of selective dissolu-
tion of one or several elements from the solid precursor into the lig-
uid metal, while the remaining elements simultaneously organize and
form a porous structure. To demonstrate our strategy, we developed
interpenetrating-phase Ti-Mg composites and microporous TiZr alloys
by LMD. The Young’s modulus of the microporous TiZr alloys is ad-
justable in a range of 3.2 to 15.1 GPa by controlling metal fraction.
The Young’s modulus of the Ti-Mg composites can be as low as 25
GPa. These low values of Young’s modulus become interesting in a
view of high yield strength of the microporous TiZr and the Ti-Mg
composites reaching up to 480 MPa and 450 MPa, respectively. This
strongly suggests opportunities as future advanced implant materials
will significantly enhanced performance.

MM 11.3 Mon 12:15 IFW D
In-situ SEM / TEM fracture tests on (modified) pine sap
wood — eMoNA-CHRISTIN Maass!, MaxiMiLIAN WENTzEL?, HoL-
GER MiLitz2, and CyNTHIA VOLKERT! — lInstitute of Materials
Physics, Georg-August-University of Gottingen, Friedrich-Hund-Platz
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Location: IFW D

1, Géttingen, Germany — 2Wood Biology and Wood Products, Georg-
August-University of Gottingen, Blisgenweg 4, Gottingen, Germany
There is evidence that intrawall failure of wood occurs at the inter-
face between the S1 and S2 cell wall layer. However, up to now, the
fracture mechanisms of the cell wall remain unexplored. Therefore, we
performed fracture tests of pine wood tracheid cell walls which are im-
portant because pine — mostly made of tracheid cells — is very common.
Our experimental setup enables us to create a crack in the cell wall and
to observe the crack propagation in-situ with an electron microscope.
We have observed that crack propagation is not continuous, but
intermittently starts and stops accompanied with a change in propa-
gation direction. We attribute this intermittent behavior to the abrupt
change of the microfibril angle at the interface between the S1 and S2
cell wall layer and propose that the resultant increase in toughness is a
driving force for the natural adaptation of the layered structure. Addi-
tionally, we will investigate pine sap wood that has been heat-treated
or modified with a methylol resin. The treated wood has higher resis-
tance against fungi but reduced bending and tensile strength relative
to untreated wood. Here, the goal is to understand the reasons for the
poorer mechanical properties on the basis of the crack behavior.

MM 11.4 Mon 12:30 IFW D
Nanoscale mechanical properties of wood: Effects of heat
treatment and sample preparation — eSaLIMEH SALEH!, Do-
MINIK ToNNiEs!, MaxiMiLiaAN WENTzEL2, HoLGER MiLiTz2, and
CyNTHIA VOLKERT! — lInstitute of Materials Physics, University of
Gottingen, Germany — 2Department of Wood Biology & Wood Prod-
ucts, University of Gottingen, Germany

The mechanical properties of wood depend on both the complex hi-
erarchical cellular structure and on the mechanical behavior of the
constituent materials. Here, we use nanoindentation to investigate the
local mechanical properties of the cell walls, with the goal of under-
standing how they contribute to the bulk mechanical behavior of wood.
Quantitative nanoindentation studies require however a smooth spec-
imen surface. Up until now, this has usually been achieved by using
specific embedding materials that unfortunately enter the cell wall,
thereby changing their mechanical properties. Here, we investigate
methods to prepare suitable nanoindentation specimens using (ultra)
microtome from Pine wood and Eucalyptus wood that is either un-
embedded or embedded with materials such as paraffin that do not
enter the cell walls. The Eucalyptus wood is an untreated state and
heat-treated at various temperatures and water vapor pressures. We
observe that the wood samples become highly heterogeneous after heat
treatment: In some regions the elastic modulus is high (7100 GPa),
while in other regions it is low (75 GPa). A possible explanation is
that the cellulose becomes spatially localized after heat treatment.

MM 11.5 Mon 12:45 IFW D
Electrospinning biopolymer nanofiber mats for medical and
biotechnological applications — eSarRaH VaNEssa HoMBURa,
Timo GROTHE, NILs GRIMMELSMANN, and ANDREA EHRMANN —
Bielefeld University of Applied Sciences, Faculty of Engineering and
Mathematics, Bielefeld, Germany

Electrospinning enable creating nanofiber mats from diverse polymers
by ”dragging” fibers from a polymer solution by a high electric field
and depositing them on a substrate. Fiber properties can be controlled
by spinning and solution parameters.
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While several polymers need toxic or other hazardous solvents,
biopolymers can often be spun from aqueous solutions. Additionally,
several biopolymers can be used in diverse medical and biotechnologi-
cal applications, e.g. for tissue engineering, enhanced wound healing,
or controlled drug release, but also as filters in different industries. On
the other hand, water-soluble nanofiber mats necessitate an additional
crosslinking step for most applications.

The presentation gives an overview of the electrospinning principle,
spinnable biopolymers and the challenges of crosslinking water-soluble
fibers. Possibilities of co-spinning different polymers allowing fiber
creation from unspinnable polymers are shown. Physical and chemical
properties of nanofibers from different polymers and polymer blends
are given.

MM 11.6 Mon 13:00 IFW D
Impact of coordination on the mechanical behavior of poly-
meric structures — eHuzarra SHABBIR! and MarRKUS HARTMANN?Z
— 1Faculty of Physics, University of Vienna, Boltzmanngasse 5, 1090
Vienna, Austria — 2Faculty of Physics, University of Vienna, Boltz-
manngasse 5, 1090 Vienna, Austria

(Reversible) cross-linking is a common strategy to specifically tailor the
mechanical properties of polymeric systems. Often, these cross-links
are weaker than the covalent bonds holding the structure together.
The reversibility of cross-links provides self healing.

In the current study, Monte Carlo simulations are used to study the
influence of the coordination of cross-links on the mechanical proper-
ties of polymeric systems. In the simulations, the number of monomers
participating in one cross-link defines its coordination. Recent theoret-
ical and simulation approaches deal mostly with two fold coordinated
cross-links only [1,2]. Here we aim at closing this gap by explicitly ma-
nipulating the coordination of cross-links using an effective description
with REBO like interactions.

The results show that the presence of cross-links dramatically in-
crease the stiffness and toughness of the investigated structures. Com-

pared to two-fold coordinated structures, three-fold coordinated cross-
links show smoother load-displacement curves and show in general a
much richer mechanical behavior due to the increased number of pos-
sible bond topologies.

[1] Nabavi et al., Soft Matter 12, 2047 (2016) [2] Nabavi et al., Phys.
Rev. E 91, 032603 (2015)

MM 11.7 Mon 13:15 IFW D
Surface, interface and bulk sensitive x-ray absorption spec-
troscopy probed by total electron yield in liquid cell —
eDaNiELA Scuonb2) Jie Xiao!, Ronny Gornak!, Marc F.
TescH!, and EMaD F. Aziz1:2 — lInstitute of Methods for Material
Development, Helmholtz-Zentrum Berlin fiir Materialien und Energie,
Albert-Einstein-Strasse 15, 12489 Berlin, Germany — Z2Freie Uni-
veristdt Berlin, Department of Physics, Arnimallee 14, 14195 Berlin,
Germany

Total electron yield (TEY) is often adopted as a probing method for x-
ray absorption spectroscopy (XAS). One electrode connecting to sam-
ple surface and measuring sample drain current is a common practice
to obtain TEY-XA spectra, which makes the TEY method surface
sensitive, owing to the short mean-free-path of photoelectrons. In this
study, we demonstrate that the interface and bulk sensitive XAS can
be individually probed by TEY as well when two electrodes are con-
nected to the front and back sides of a liquid cell. The interfacial
dipole layer is argued to be the key factor that separates the x-ray ex-
cited electron-hole pairs at interface and generates the resulting electric
current which is eventually detected by ammeter as the TEY signal.
The mobility and long-distance transportability of positive ions in lig-
uid provides an indispensable assistance to realize the current flow in
the liquid bulk. In the two-electrode connection scheme, the acquired
current signal produces intensity peaks and dips for the interface and
bulk species, respectively, upon the resonant excitations at their cor-
responding absorption edges.

MM 12: Invited talk Todorova

Time: Monday 15:00-15:30

Invited Talk MM 12.1 Mon 15:00 BAR 205
From weakened chemical bonds to materials breakdown: An
ab initio perspective — eMIirA ToporRova — Max-Planck-Insitut
fir Eisenforschung, Diisseldorf, Germany

Materials failure mechanisms originate at the microscopic scale. Den-
sity functional theory (DFT) calculations have proven to be a versatile
tool, providing access to the most fundamental level of forming, weak-
ening or breaking of chemical bonds. A major challenge in the practi-
cal realization is the structural and chemical complexity of real-world
materials. As will be discussed, fully ab initio computed chemical po-

Location: BAR 205

tentials open a powerful way of transferring the inherently microscopic
DFT results to the engineering/device scale. It will be shown that
these potentials can be utilised to successfully address various phe-
nomena related to materials failure. The presentation will exemplify
this by outlining the steps and the insight which can be achieved by
applying these approach on two key failure mechanisms - liquid metal
embrittlement [1] and corrosion of galvanized steels [2].

[1] K.-D. Bauer, M.Todorova, K. Hingerl, and J. Neugebauer, Acta
Mater. 90, 69 (2015).

[2] M.Todorova and J. Neugebauer, Farad. Discussions 180, 97
(2015).

MM 13: Electronic Structure Theory: New Concepts and Developments in Density Functional
Theory and Beyond - 1l

Time: Monday 15:00-18:15

Invited Talk MM 13.1 Mon 15:00 GER 38
Towards efficient orbital-dependent density functionals for
weak and strong correlation — eIGor YING ZHANG!, PATRICK
Rinke!2) Joun P. PERDEWS3, and MATTHIAS SCHEFFLER! — !Fritz-
Haber-Institut, Berlin, Germany — Z2Aalto University, Finland —
3Temple University, USA

We present a new paradigm for the design of exchange-correlation
functionals in density-functional theory [1]. Electron pairs are corre-
lated explicitly by means of the recently developed second order Bethe-
Goldstone equation (BGE2) approach [2]. Here we propose a screened
BGE2 (sBGE2) variant that efficiently regulates the coupling of a given
electron pair. sSBGE2 correctly dissociates Ho and H;‘ , a problem that
has been regarded as a great challenge in density-functional theory for
along time [3]. The sBGE2 functional is then taken as a building block
for an orbital-dependent functional, termed ZRPS, which is a natural
extension of the PBEO hybrid functional. While worsening the good
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performance of sSBGE2 in Hy and H;‘, ZRPS yields a remarkable and
consistent improvement over other density functionals across various
chemical environments from weak to strong correlation. [1] IY Zhang
et al., Phys. Rev. Lett. 117, 133002 (2016); [2] IY Zhang et al., New
J. Phys. 18 073026 (2016); [3] AJ Cohen et al., Chem. Rev. 112 289
(2011).

MM 13.2 Mon 15:30 GER 38
Towards a functional for strong correlation via semiclassical
model for the indirect energy and local interpolation along
the adiabatic connection — eSTEFAN Vuckovic and PaorLa Gori-
Groral — Department of Theoretical Chemistry and Amsterdam Cen-
ter for Multiscale Modeling, FEW, Vrije Universiteit, De Boelelaan
1083, 1081HV Amsterdam, The Netherlands

Finding an approximate XC functional that is able to capture strong
correlation effects is a big, unsolved DFT challenge. Even a bigger
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challenge is to find a functional able to treat any correlation regime
successfully. We attempt to construct an XC functional that has no
bias towards a particular correlation regime by using a local interpola-
tion along the adiabatic connection between the weak and the strong
coupling limit of DFT. [1] In addition to this approach, I will also
present our semiclassical model for accurate indirect energies. I will
discuss how this model can be used for a construction of XC function-
als, exploiting its XC energy density in the conventional gauge, the
one of the electrostatic potential of the XC hole.

1. Stefan Vuckovic, Tom J. P. Irons, Andreas Savin, Andrew M.
Teale, and Paola Gori-Giorgi, Journal of Chemical Theory and Com-
putation 2016, 12 (6), 2598-2610

MM 13.3 Mon 15:45 GER 38
Benchmark of GW approaches for the GW100 test set —
ePaTRICK RINKE!, MAaTTHIAS DAUTHZ, FABIO CARUSO®, and MICHIEL
vAN SETTEN? — 'COMP Centre of Excellence, Aalto University, Fin-
land — 2University of Bayreuth, Germany — 3University of Oxford,
England — *Université Catholique de Louvain, Belgium

Many-body theory in the GW approach has become the method of
choice for calculating charged excitations in solids. Now it is increas-
ingly being applied to molecules, but fundamental questions regard-
ing its modus operandi and its accuracy remain. To address both
of these aspects, we present a comprehensive assessment of different
GW methodologies for the recent GW100 test set [1] of molecular
ionization energies [2]. We compare our GW calculations to coupled-
cluster singles, doubles, and perturbative triples [CCSD(T)| reference
data for GW100. We find ionization energies of fully self-consistent
GW and quasiparticle self-consistent GW in excellent agreement with
CCSD(T), with discrepancies typically smaller than 0.3 eV and 0.2 €V,
respectively. For partially self-consistent and perturbative GW the
deviation from CCSD(T) is strongly dependent on the starting point.
An optimal starting point is found by minimizing the deviation from
the straight-line error [3], which concomitantly yields a systematic im-
provement of the ionization energies. [1] M. J. van Setten, P. Rinke,
et al., J. Chem. Theory Comput. 11, 5665 (2015), [2] F. Caruso, M.
Dauth, M. J. van Setten, and P. Rinke, J. Chem. Theory Comput.
12, 5076 (2016), [3] M. Dauth, F. Caruso, S. Kiimmel, and P. Rinke,
Phys. Rev. B 93, 121115(R) (2016).

MM 134 Mon 16:00 GER 38

Addressing electron-hole correlation in core excitations of

solids: A first-principles all-electron approach based on
many-body perturbation theory — eCHRISTIAN VORWERK,
CaTeERINA CoccHi, and CrLaubpia DraxrL — Institut fiir Physik,

Humboldt-Universitéit zu Berlin, 12489 Berlin, Germany

In the framework of an all-electron implementation of many-body per-
turbation theory, we investigate K, La 3, and My absorption edges of
three exemplary solids, spanning a broad range of transition energies
from a few hundred to several thousands eV. We find that transitions
from deep core states, such as the Ti 1s states in TiO2 and the Pb
3d states in Pbla, are ruled by the long-range electron-hole attraction.
Spin-orbit coupling and local fields play only a minor role for these
excitations, which occur at several keV. The exchange interaction be-
tween the excited electron and the core hole becomes more relevant
for smaller transition energies, as exemplified with the Ca L2 3 edge
in CaO. The overlap between Ca 2p and 3d states calls for a careful
treatment of local field effects in order to describe these excitations.
Our results, in good agreement with the available experimental data,
are thoughtfully analyzed with advanced visualization tools in order
to further gain insight into the electronic contributions and the spatial
extension of the resulting electron-hole pairs.

MM 13.5 Mon 16:15 GER 38
Non-linear-screening contributions to photoemission spec-
tra — eMAaRILENA TzavaLal?, Craupia Roprl23, and Lucia
REININGD2 — !Laboratoire des Solides Irradiés, Ecole polytechnique,
CNRS, CEA, Université Paris-Saclay, 91128 Palaiseau, France —
2European Theoretical Spectroscopy Facility (ETSF) — 3Institut fiir
Festkorpertheorie und -optik, Friedrich-Schiller-Universitat Jena, Max-
Wien-Platz 1, 07743 Jena, Germany

The state-of-the-art approach to calculate photoemission spectra of a
broad range of materials is many-body perturbation theory in the GW
approximation, sometimes combined with a cumulant expansion. The
effective interaction that appears in these approaches is screened within
the linear-response approximation. However, the photoemission of a
core electron or a localized valence electron may be a strong perturba-
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tion, which suggests that non-linear screening effects could be impor-
tant. We propose a formulation of the functional relations between the
one-body Green'’s function and the screened interaction which is an al-
ternative to Hedin’s equations and which explicitly displays non-linear
screening. Using a simple model, we show that exchange-correlation
contributions are crucial in order to capture the non-linear effects. We
also discuss how to apply the scheme to real materials using time-
dependent density-functional theory (TDDFT).

MM 13.6 Mon 16:30 GER 38
Dynamic LDA for electronic excitations — eMarco Vanzini!»2,
MartEo Gartit?3, and Lucia ReNiNg'2 — lLaboratoire des
Solides Irradiés, Ecole Polytechnique, CNRS, CEA, Université Paris-
Saclay, 91128 Palaiseau, France — 2European Theoretical Spec-
troscopy Facility (ETSF) — 3Synchrotron SOLEIL, L’Orme des
Merisiers, BP 48 Saint-Aubin, 91192 Gif sur Yvette, France

Density Functional Theory is an extremely useful tool for dealing with
ground state properties such as the density or total energy. Kohn—
Sham eigenvalues are often considered as approximated electronic ex-
citations, but the resulting spectra are poor.

We propose a generalization of the Kohn—Sham approach to address
in an exact framework electron addition and removal spectra. They
can be measured by photoemission experiments, and can be evaluated
using a computationally expensive non—local Self Energy. Our method
is instead based on a frequency—dependent local potential [1], which
significantly reduces the computing time of an ab—initio calculation.

To find this spectral potential in practice, we propose a jellium—
based dynamical local density approximation (dynLDA): it relates the
unknown potential to its homogeneous counterpart, via a non—trivial
connector in space and frequency, which is based on physical insight.

In this talk, I will discuss the achievements and the limits of
dynLDA, using models and real solids.

[1] M. Gatti et al., Phys. Rev. Lett. 99, 057401 (2007).

MM 13.7 Mon 16:45 GER 38
Recent developments of the Sternheimer-GW method —
eMaRTIN ScuLIPF!, HENRY LamBERT!2, and FrLIcIANO GrusTiNO!
— IDepartment of Materials, University of Oxford, Parks Road, Ox-
ford OX1 3PH, United Kingdom — 2Department of Physics, King’s
College London, London WC2R 2LS, United Kingdom

The GW many-body perturbation method is an important tool to ac-
cess accurate band gaps from first principles calculations. The con-
ventional implementation determines the Green’s function and the
screened Coulomb interaction by a summation over unoccupied states
tedious to converge. Giustino et al. demonstrated an alternative
method to obtain these quantities by solving Sternheimer linear re-
sponse equations. In this poster, we present our Sternheimer-GW
software implemented in the Quantum Espresso framework and high-
light some recent advances regarding the precision and stability of the
method. We present our results for a small set of semiconducting ma-
terials and compare these to results obtained with conventional GW
codes. We illustrate on selected examples the complete frequency de-
pendent self energy, which is a natural product of the Sternheimer-GW
method, and can be directly compared to experimental angle-resolved
photoemission spectroscopy (ARPES) experiments.

MM 13.8 Mon 17:00 GER 38
Calculating electronic correlations in the CASTEP ab ini-
tio code — eVINCENT SacksTEDER! and EvGeEny PLEKHANOVZ —
1W155 Wilson Building, Royal Holloway University of London, Egham
Hill, Egham, TW20 0EX, — 2Kings College London

We present new DMFT and GW features in the CASTEP DFT code.
These features are designed to provide more accurate treatment of
correlations between localized orbitals, of electronic screening, and of
excited states. In present benchmarks on Cerium Oxide, the gamma
phase of Cerium, and Silicon. We discuss the calculation of atomic
forces within the GW framework.

MM 13.9 Mon 17:15 GER 38

Efficient GoWjy using localized basis sets: a benchmark for

molecules — ePETER KovaLl'2, MaTHias PER LJUNGBERG!, and
DanNieL SANcHEZ Portanb2 — Donostia International Physic Cen-
ter, San Sebastian, Spain — 2Centro de Fisica de Materiales, San

Sebastian, Spain

Electronic structure calculations within Hedin’s GW approximation
are becoming increasingly accessible to the community. In particular,
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as it has been shown earlier and we confirm by calculations using our molecules from the second-Born self-energy — eMICHAEL
MBPT _LCAO package [1], the computational cost of the so-called ScutLER! and Yarosrav Paviyvukub2 — lInstitut fiir Physik,

GoWy can be made comparable to the cost of a regular Hartree-Fock
calculation. In this work, we study the performance of our new GoWy
implementation based on a contour deformation technique to repro-
duce the ionization potentials of all 117 closed-shell molecules belong-
ing to the G2/97 test set, using a pseudo-potential starting point pro-
vided by the popular density-functional package SIESTA [2]. More-
over, the ionization potentials and electron affinities of a set of 24
acceptor molecules [3| are compared to experiment and to reference
all-electron calculations.

[1] http://mbpt-domiprod.wikidot.com; [2] Soler J. M., etal J.
Phys.: Condens. Matter 14 (2002) 2745; [3] Knight J. W., etal J.
Chem. Theory Comput., 12 (2016) 615.

MM 13.10 Mon 17:30 GER 38
A dynamic exchange correlation kernel derived from recent
results for the homogeneous electron gas — eMARTIN PaAN-
HOLZER, MATTEO GaATTI, and Lucia REeINING — Laboratoire des
Solides Irradies UMR 7642, CNRS-CEA /DSM, Ecole Polytechnique,
Palaiseau, France

Time-Dependent Density Functional Theory (TDDFT) is a method
of choice to calculate the dynamic structure factor of a wide range of
materials. Even in the simplest Adiabatic Local Density Approxima-
tion (ALDA), plasmon spectra are generally well described. However,
several shortcomings remain. In particular, the onset energy of the
spectrum is underestimated [1], and dynamical effects such as lifetime
damping and double plasmon excitations are absent [2].

In this work we investigate recent results for the dynamic response
of the homogeneous electron gas (HEG)|3| to extract an exchange cor-
relation kernel for TDDFT. In order to get an estimate of the validity
of such an approach we compare our results for the dynamic kernel
fre(q,w) for the HEG with different kernels and known exact proper-
ties. We implemented this kernel with the simplest connection between
the HEG and the real material, the mean density approximation. We
compare results on simple metals, such as Na and Al, with experiments
and ALDA. In order to explore the validity of such an approach we
also applied the kernel to Si.

[1] G. Onida et al., Rev. Mod. Phys. 74, 601 (2002)

[2] M. Cazzaniga et al., Phys. Rev. B 84, 075109 (2011)

[3] H. M. Bshm et al., Phys. Rev. B 82, 224505 (2010)

MM 13.11 Mon 17:45 GER 38

Benchmark calculations of the electronic structure for

Martin-Luther-Universitat Halle-Wittenberg, 06099 Halle, Germany
— 2Department of Physics and Research Center OPTIMAS, Univer-
sity of Kaiserslautern, P.O. Box 3049, 67653 Kaiserslautern, Germany

The non-equilbrium Green’s function (NEGF) formalism provides a
state-of-the-art tool for modeling modern spectroscopic experiments.
In particular, time-dependent problems can be treated based on the
Kadanoff-Baym equations. The underlying approximation to the self-
energy has to be consistent with the treatment of the initial state -
as captured by the Matsubara formalism - in order to guarentee the
basic conservation laws. One of simplest non-trivial approximation to
the self-energy is the second-Born approximation (2BA), which has
been employed in numerous time-dependent studies. Systematic tests
on the accuracy of the 2BA for various molecules has, however, been
lacking so far. In our contribution we fill this gap by benchmark cal-
culations for the 2BA for small molecules from the well established G2
test set. We demonstrate that the accuracy of the 2BA for predicting
ionization potentials and electron affinities can compete with accurate
quantum chemistry methods such as the Mgller-Plesset perturbation
theory and the coupled-cluster method. We also apply our method to
a class of larger molecules, the diamonoids, which are in the focus of
recent experiments and theoretical studies.

MM 13.12 Mon 18:00 GER 38
Performance of the GW approximation at reproducing key
features in exact Kohn-Sham potentials — eJAck WETHERELL',
LeoroLp TarLirz!, Marr Hobpason?, and Rex Gobsy! —
LUniversity of York, York, United Kingdom — 2Max Planck Institute

of Microstructure Physics, Halle, Germany

One of the major goals of the GW method is to improve the accuracy
of charge densities produced by density functional theory (DFT). In
this work we test the applicability of one-shot GW from various DFT
starting Kohn-Sham orbitals. Also we implement and test the fully
self-consistent GW method. We test the applicability of these meth-
ods by using them to compute densities for simple model 1D systems
from which the exact density can be obtained by the direct solution
of the Schrodinger Equation. We choose a set of test systems that
are either dominated by exchange or correlation, or contain non-local
steps in the exact exchange-correlation potential. Also we analyse sys-
tems dominated by electronic interaction. We can also investigate how
accurate the exchange-correlation potentials associated with the GW
densities are, using our reverse-engineering algorithm.

MM 14: Topical session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Electro- and mechno-chemical coupling

Time: Monday 15:45-17:15

MM 14.1 Mon 15:45 BAR 205
Electrocapillary coupling at metal surfaces from first prin-
ciples — eANjA MicHL!, Jorec WEISSMULLER?3, and STEFAN
MoLLER! — Hamburg University of Technology, Institute of Ad-
vanced Ceramics — 2Hamburg University of Technology, Institute of
Materials Physics and Technology — 3Helmholtz-Zentrum Geesthacht,

Institute of Materials Research, Materials Mechanics

The surface stress f of metallic surfaces reacts sensitively to excess
charge ¢q. This response can be characterized by the electrocapillary
coupling parameter ¢ = df/dg. Due to their high surface-to-volume
ratio, nanoporous metals respond with a macroscopic deformation to
electric charging in electrolyte, which makes these materials interesting
alternatives to conventional actuators. Exploiting a Maxwell relation,
we have determined ¢ in terms of the response of the work function
to in-plane strain for several metal surfaces, focusing mainly on the
response of sp-bonded metals. It is found that aluminum surfaces ex-
hibit positive coupling coefficients, whereas the other sp-bonded metals
show the usual negative sign known from previous experimental and
theoretical studies of clean transition metal surfaces. In addition, we
investigate the impact of excess charge on surface structure and bond-
ing via ab-initio simulation of metal surfaces in an external electric
field in order to gain further insight into the underlying mechanisms.
Both the direct effect on the surface stress via charging of the bonds
and the indirect effect resulting from the charge-induced relaxation will
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be analyzed and discussed in relation to the trends of the determined
coupling coefficients.

MM 14.2 Mon 16:00 BAR 205
Curvature induced stress and phase-boundary diffusion —
eRAPHAEL ScHIEDUNG, REzA KamacuaLl, INGO StAINBACH, and
FarHoLLAH VARNIK — Ruhr Universitdt Bochum, Interdisciplinary
Centre For Advanced Materials Simulations, Bochum, Deutschland

The multi-phase-field approach is generalized to treat diffusion, driven
by mean curvature, parallel to surfaces between a condensed phase
and its vapor as well as diffusion parallel to boundaries between con-
densed phases, 'phase-boundary diffusion’. Additionally, we present a
treatment of surface-tension/energy for elastic bodies within the multi
phase-field framework. The model is validated against the Young-
Laplace law for the pressure gradient across the interface of spherical
bodies and the prediction of Neumann’s triangle relation for the force
equilibrium at triple junctions. It is applied to thermal grooving and
to the solid state sintering process of two spheres.

MM 14.3 Mon 16:15 BAR 205
Grain boundary diffusion of ions and electrons through a
film or scale — eMAaRKUs TauTscHNIG, NicHOLAS HARRISON, and
MicHAEL FinnNis — Imperial College London, London SW7 2AZ, UK

A model for ionic and electronic grain boundary transport through
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thin films, scales or membranes with columnar grain structure is in-
troduced. The grain structure is idealized as a lattice of identical
hexagonal cells - a honeycomb pattern. Reactions with the environ-
ment constitute the boundary conditions and drive the transport be-
tween the surfaces. Time-dependent simulations solving the Poisson
equation self-consistently with the Nernst-Planck flux equations for the
mobile species are performed. The model is used to interpret alumina
membrane oxygen permeation experiments. The simulation results
provide a complete description of the measurements and insight into
the microscopic processes underpinning the oxygen permeation of the
membrane. Most notably, the hypothesized transition between p-type
and n-type ionic conductivity of the alumina grain boundaries as a
function of the applied oxygen gas pressure is observed in the simula-
tions. The range of validity of a simple analytic model for the oxygen
permeation rate, similar to the Wagner theory of metal oxidation, is
quantified by comparison to the numeric simulations. The coupling
between the defect fluxes and the stress state at the grain boundaries
is discussed. The three-dimensional model we develop here is readily
adaptable to problems such as transport in a solid state electrode, or
corrosion scale growth.

MM 14.4 Mon 16:30 BAR 205
Oxygen adsorption on strained transition metal surfaces: An
ab initio study of mechano-chemical coupling — eGREGOR
FELDBAUER, ANJA MicHL, and STEFAN MULLER — Hamburg Uni-
versity of Technology, Institute of Advanced Ceramics, Germany

Mechanical deformation can affect the adsorption and reaction pro-
cesses of reactants on surfaces. Thus, by straining catalytically active
surfaces their reactivity as well as selectivity can be influenced, which is
of high importance, for example, in the field of heterogeneous catalysis.
Here, transition metal surfaces, like Pd(111) and Ir(111), interacting
with atomic oxygen are used as model systems. At first, the adsorp-
tion characteristics, e.g. the energetics, are investigated within the
framework of density functional theory (DFT). The most favourable
adsorption configurations are identified via the cluster expansion ap-
proach using DFT input data. Secondly, for various favourable oxygen
configurations at the transition metal surfaces biaxial strain is applied
in the surface plane to obtain the response of the adsorption energetics.
Particularly, the coupling parameter between strain and adsorption en-
ergies is of interest to allow for a comparison with experiments. The
coupling parameter is affected by the oxygen coverage as well as the
occurrence of oxygen incorporation.

MM 14.5 Mon 16:45 BAR 205
Electrical modulation of the Poisson’s ratio of nanoporous

metals eLukas Lours!, Birrne MULLER', and JORrG

1,2 1

WEISSMULLER Institute of Materials Physics and Technology,
Hamburg University of Technology — 2Institute of Materials Research,
Materials Mechanics, Helmholtz-Zentrum Geesthacht

Nanoporous metals exhibit significant surface induced property modifi-
cations that are rendered possible by their large surface area to volume
ratio. Among these materials nanoporous gold (NPG) appears an ideal
model material due its high chemical stability and tunable surface area.
Owing to its decisive electro mechanical coupling, electrical modula-
tion of the strength and flow stress, elastic modulus, creep behavior
and crack propagation have been demonstrated. However, the reliance
of the lateral deformation behavior of NPG towards electrical tuning
remains unclear.

In this contribution we study the influence of electrical modulation
on the transverse mechanical coupling of NPG by the investigation of
a metal/electrolyte hybrid material. We present experiments of NPG
under compression testing in 1 M HClO4 while varying the applied
electrical potential, E. Our results show considerable changes of the
plastic Poisson’s ratio, vp, with E. We link these findings to the sur-
face tension, v, a capillary force that promotes a tension/compression
asymmetry in the material. As v depends on E, we show that the
plastic lateral expansion behavior is governed by surface effects. In
this line of argument we interpret the earlier reported ligament size
dependence of vp.

MM 14.6 Mon 17:00 BAR 205

Size effects on hydrogen electrosorption in nanoporous

Pd-Cu alloys — eSHAN SHIM2, JURGEN MarkMANND2 and
Jore WEIssMULLER!"2 — lInstitut fiir Werkstoffforschung, Werk-
stoffmechanik, Helmholtz-Zentrum Geesthacht, Geesthacht —

2Institut fiir Werkstoffphysik und -technologie, Technische Univer-
sitdit Hamburg-Harburg, Hamburg

Nanoporous (np) metals made by electrochemical dealloying exhibit
a three dimensional metal network with high specific surface area,
which couples the entire material behaviour to surface effects and
specifically to electrocapillary effects that induce stress in the network.
Electrochemical hydrogen electrosorption into bulk and surface of np-
palladium-copper (np-PdCu) alloys results in reversible macroscopic
expansion/contraction which can be monitored by in-situ dilatometry.
This has been demonstrated to be an actuation mechanism and will
be used to study the thermodynamics of the Pd-Cu-H system. Here,
we fabricated mm-sized homogeneous monolithic np-PdCu samples by
electrochemical dealloying. By thermal annealing after the synthesis,
the characteristic ligament size was adjusted between 10 nm and 300
nm. Then we explored the influence of ligament size on both actuation
performances (response time and strain amplitude) and thermodynam-
ics (hydrogen solubility and hysteresis).

MM 15: Symposium SYLI: Interfacial Challenges in Solid-State Li lon Batteries -
Interface-dominated behaviour

Time: Monday 15:45-16:45

MM 15.1 Mon 15:45 IFW A
Interfacial double layers in all-solid-state Li-ion batteries:
theoretical insights — eJoHANNES Voss!, SAskiA STEGMAIERZ,
KARrRsTEN REUTER?, and ALan Luntz!}2 — 1SLAC National Accel-
erator Laboratory, Menlo Park, CA, USA — 2Stanford University,
Stanford, CA, USA — 3Technische Universitit Miinchen, Germany

Neglecting potential electrochemical and mechanical stability issues of
the interface between battery electrode and solid Li-ion conducting
electrolyte, we present a theoretical study of charge double layers at
ideal solid-solid interfaces. Based on DFT calculations for LisOCI, we
discuss ionic charge carrier stabilities and interactions in the bulk and
at interfaces to electrodes. We furthermore employ continuum mod-
els parametrized with DFT energies to understand charging at both
the anode and cathode interfaces, respectively, and discuss how spacer
materials could mitigate related potential interfacial issues.

MM 15.2 Mon 16:00 IFW A
Separation of Intra Grain and Grain Boundary Processes
in Solid Electrolytes by High-Resolution Impedance Spec-
troscopy — ¢ ANDREAS MERTENS, SHICHENG YU, DENIZ GUENDUEZ,
HerMANN TEMPEL, RoLAND ScHIERHOLZ, HANs KuncL, RUDIGER-
A. EicHEL, and JosEF GRANWEHR — Forschungszentrum Jiilich, In-
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stitute of Energy and Climate Research, IEK-9, D-52425 Jiilich, Ger-
many

Solid electrolytes are intensively researched for the next generation
lithium-ion batteries. Yet their ion transport mechanisms must be
better understood to improve their still too low ionic conductivity.
Especially distinguishing between contributions from intra grain and
grain boundary processes proved to be particularly challenging. This
is mainly due to similar time constants of both processes at room tem-
perature, leading to a strong overlap of their impedance contributions.

In this work we use a distribution of relaxation times analysis (DRT)
in two dimensions (2D-DRT) to increase the resolution of impedance
data measured at Lil.3Al10.3Til.7(PO4)3 (LATP) solid electrolyte
samples sintered between 950°C and 1100°C. The second dimension
of the 2D-DRT is given by data measured at varying temperatures be-
tween 10°C and 50°C. With the 2D-DRT it is possible to quantify the
resistances and thus the activation energies of the intra grain and the
grain boundary ionic charge transport processes under realistic bat-
tery operation conditions. Moreover, the ionic conductivity within the
grain and the grain boundary could be determined.

MM 15.3 Mon 16:15 IFW A
Microstructural Properties of Li1l.3A10.3Til1.7(PO4)3 Solid-
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State Electrolyte

Cman  GunDUZ RoLanD
ScuierHOLZ!, SHICHENG YU ANDREAS MERTENS!2,  HER-
MANN TeEmpPEL!, Hans Kuncr!, and RuUpiger-A EicueLl:2:3
IForschungszentrum Jiilich, Institute of Energy and Climate Research,
IEK-9, 52425 Jiilich, Germany — ?RWTH Aachen University, Insti-
tute of Physical Chemistry, 52074 Aachen, Germany — 3 Jiilich-Aachen
Research Alliance, Section JARA-Energy, Germany

Lithium-ion batteries are important in daily life. One task is to replace
liquid electrolytes by solid ones and Li1.3A10.3Ti1.7(P0O4)3 (LATP) is
a promising candidate exhibiting high ionic conductivities. For fur-
ther development it is important to understand the influence of the
microstructure on the ionic conductivity. Solid state electrolytes have
been mainly investigated via means of electron microscopy (Scanning
Electron Microscopy as well as Transmission Electron Microscopy).
Here we combine these techniques with Laser Scanning Microscopy
(LSM) to study the microstructure, such as grain size, grain bound-
ary width, porosity and secondary phase content and distribution of
LATP pellets sintered at different temperatures; and draw a relation
to impedance measured on these pellets.

MM 15.4 Mon 16:30 IFW A
Development of Bulk-type All-Solid-State Lithium-ion Bat-
tery Based on Phosphate Backbone Materials — eSHICHENG

Yu, HERMANN TEMPEL, ANDREAS MERTENS, DENIZ C1HAN GUNDUZ,
SvENJA BENNING, RoLAND ScHiERHOLZ, FLORIAN Hausen, HaNs
KuncL, and RUpiceER-A EicHEL — Forschungszentrum Jiilich, Insti-
tute of Energy and Climate Research, IEK-9, D-52425 Jiilich, Germany

Considerable efforts have been devoted to the development of thick-
film solid-state batteries while less achievement has been published
owing to the poor interfacial compatibility between electrodes and
electrolytes as well as low lithium ion transfer kinetics in solid ma-
terials. Here, we demonstrate the fabrication and performance of
thick-film monolithic all-phosphate ceramic solid-state Li-ion batteries
with high power density and cycling stability at ambient temperature
based on LiTi2(PO4)3/C//Lil.3A10.3Ti1.7(P0O4)3//Li3V2(PO4)3/C.
Theoretically, due to the crystal structure matchup of LiTi2(PO4)3,
Lil.3A10.3Ti1.7(P0O4)3 and Li3V2(P04)3, the solid-solid interface be-
tween Lil.3A10.3Til.7(PO4)3 electrolyte and LiTi2(PO4)3 anode is
expected to facilitate smooth contact while partially matched on
the other side for the solid-solid contact of solid electrolyte and
Li3V2(P0O4)3 cathode. Besides, the operation voltage of the electrode
pair is highly matched with the electrochemical window of solid elec-
trolyte. Excitingly, by optimizing the morphology of electrode mate-
rials and composition of each layer, the all-solid-state lithium-ion bat-
tery, which has a controllable thickness from 0.7 up to 2 mm, showed
high capacity and more than 300 stable cycles.

MM 16: Computational Materials Modelling - Novel Materials

Time: Monday 15:45-16:45

MM 16.1 Mon 15:45 IFW B
Ab initio derived phase stabilities for the design of novel
Ce-based hard-magnetic materials — eHALIL IBRAHIM SOZEN,
Fritz KOrRMANN, TiLMANN HicKEL, and JORG NEUGEBAUER — Max-
Planck-Institut fiir Eisenforschung, Diisseldorf, Germany

Due to the developments in electrical transportation and renewable
energies, hard magnetic materials composed of rare earths (RE) and
transition metals (TM) have gained increasing importance in the last
decades. Recently, there are attempts to develop alternative hard
magnetic materials, RE-TM-X (X=Ti, W, Mo, Si, Al), that lift the
dependence on a small number of RE elements. In order to support
the efforts to find alternative materials concepts for hard magnetic
applications, we performed ab initio calculations of finite temperature
phase stabilities of Ce-based alloys. The Helmholtz free energy F(T,V)
is calculated for all relevant competing phases using a sophisticated set
of methods capturing vibrational, electronic, magnetic and configura-
tional entropy contributions. The study includes unary Ce, binaries
of Ce-Fe and Fe-Ti phases, and ternary Ce-Fe-Ti phases, for which
the performance of our approach for rare-earth metals is tested. We
observe that the presence of the CeFe2 phase retards any formation of
promising Ce-Fe-Ti alloys. The study has therefore been extended to
the impact of fourth alloying elements such as Cu and La, in order to
provide strategies to solve this challenge.

MM 16.2 Mon 16:00 IFW B
Possible Gating on the Surface of a Weak Topological Insu-
lator: Bil4Rh3I9 — eMapHAv Prasap GHIMIRE! and MANUEL
Ricuter'? — lLeibniz Institute for Solid State and Materials Re-
search, IFW Dresden, P.O. Box 270116, D-01171 Dresden, Germany
— 2Dresden Center for Computational Materials Science, DCMS, TU
Dresden,D-01069 Dresden, Germany

Recently synthesized Bil4Rh3I9 was predicted to be a weak topo-
logical insulator. Scanning tunneling microscopy confirms this with
a signatures of one-dimensional conducting states in the band gap
at step edges of [(Bi4Rh)3I|2+ (2DTI) surface layers. However, the
surface-layer gap is found 0.25 €V below the Fermi level (EF). Trans-
port experiments are expected to be biased by intrinsic n-doping at
the surface. Using density functional theory slab calculations we re-
solve this issue to shift EF into the surface layer gap without losing
its topological properties. We perform chemical modification on the
surface of Bil4Rh319: sparse layer of Iodine atoms is added onto the
2DTTI surface. Investigation shows that deposition of one I atom per
surface unit cell onto 2DTI surface opens a surface gap of 0.1 eV at
EF, if simultaneously one I atom is removed from the dorsal spacer
layer. The same effect with reduced gap size (0.08 e€V) is observed for
adding/removing I atoms in two fold higher concentration. Compar-
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ing our results with the experiment [ACS Nano, 2016] we predict that
Fermi level can be shifted to the surface gap by deposition of I atoms
onto the 2DTI surface in an appropriate range of concentration.

MM 16.3 Mon 16:15 IFW B
High Throughput searching for new topological materials —
eZrvING ZHANGD 2 Yugur Yao?, and HoNgBIN ZuaNc! — lInstitute
of Materials Science, TU Darmstadt, 64287 Darmstadt, Germany —
2Beijing Key Laboratory of Nanophotonics and Ultrafine Optoelec-
tronic Systems, School of Physics, Beijing Institute of Technology,
Beijing 100081, China
The bottleneck of current studies on topological insulators is to identify
better materials which can be fabricated into devices more feasibly. To
search for novel topological materials, we developed a high through-
put framework which can be utilized to screen over compounds with
known crystal structures. We have applied our methods to ternary
compounds of Bi and nitrides, with crystal structures obtained from
Materials Project. For the moment, we focus on systems with small
band gaps and with time-reversal symmetry. To characterize the topo-
logical properties including the surface states and topological invari-
ants, the Wannier functions are constructed in an automated manner
using a {\it poor-man’s} algorithm, where the partial density of state
from the first principles calculations is integrated in order to determine
the proper projections and the energy windows. For the materials with
inversion symmetry, we can easily get the topological invariants by
counting the number of occupied states with odd parities. Till now,
we have found two new topological compounds, and will discuss their
topological properties in detail.

MM 16.4 Mon 16:30 IFW B
Charge transport in organic semiconductors: Towards an
ACKS2-based polarizable force field — ePaTrick GUTLEIN!, Lu-
cas Lang!, KARSTEN REUTER!, JooHEN BLUMBERGER!?, and HAR-
ALD OBERHOFER! — !Technische Universitat Miinchen, Germany —
2University College London, UK

Charge carrier transport, an integral part of diverse reactions and de-
vices, is generally subject to the response of the surrounding environ-
ment. Especially in organic semiconductors the accurate theoretical
treatment of the electronic rearrangements in the medium is a complex
task. The high anisotropy and comparatively low dielectric screening
require system sizes that challenge even efficient first-principles ap-
proaches like density-functional theory (DFT). In this situation the
recently proposed atom-condensed Kohn-Sham density functional the-
ory approximated to second order (ACKS2) approach|1] could repre-
sent a computationally undemanding, yet accurate alternative. In this
approach, the linear response of the electron density and Kohn-Sham
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potential are captured by an atom-centered series expansion up to sec-
ond order. For a range of molecular model systems we systematically
compute the ACKS2 parameters with DFT and analyze their depen-
dence on the intra-molecular degrees of freedom. We show that parts
of the ACKS2 response can be approximated analytically, with the

remaining parameters not varying strongly with respect to molecular
motion. This represents an important first step in making ACKS2 ap-
plicable as a polarizable force field. [1] T. Verstraelen et al., J. Chem.
Phys. 138, 7 (2013); ibid 141, 19 (2014).

MM 17: Functional Materials |

Time: Monday 15:45-17:00

MM 17.1 Mon 15:45 IFW D
Fabrication of perovskite nano-rods in nanoporous anodic-
aluminum oxide and their light harvesting characteristics —
eMirkO GABskl, MARTIN PETERLECHNER, and GERHARD WILDE —
Institute of Materials Physics, University of Miinster, Germany

Anodic-aluminum oxide (AAO) membranes consist of a highly ordered
uniform hexagonal pore arrangement with pore diameters from ~10 to
~200 nm, and a thickness between ~10 nm and >100 pum [1]. AAO
membranes are comparably cheap and easy to synthesize, thus excel-
lent for the synthesis of quasi-one-dimensional nano-rods.
Organometal-trihalide perovskites are organo-metal salts which are
used as sensitizer in dye-sensitized solar-cells and as a light harvester
in solid-state thin-film perovskite solar-cells,

with efficiencies up to ~20 % [2].

The aim of this work is the fabrication of light harvesting devices,
consisting of an ordered array of perovskite nano-rods that operate
as quasi-one-dimensional perovskite solar-cells in parallel circuit. The
nano-scaled confinement should result in preferred direction for charge
carrier transport. Deposition conditions and resulting structures are
studied, applying co-evaporation or precipitation from a highly con-
centrated perovskite solution. Optimum process parameters leading
to a maximum filling of the AAO are deduced.

References:

[1] Y. Lei, W. Cai, G. Wilde, Prog. Mater Sci. 52 (2007) 465-539

[2] H. Snaith, J. Phys. Chem. Lett. 2013, 4, 3623-3630

MM 17.2 Mon 16:00 IFW D
Fabrications of Nanoporous Film and Nanowire Arrays with
High Gas-Sensing Performances — eSHIPU XU, HUAPING ZHAO,
Rur Xu, Liaovone WEN, and YonGg LEir — Institute of Physics &
Institute of Micro- and Nanotechnologies (ZIK MacroNano), Ilmenau
University of Technology, 98693 Ilmenau, Germany

Gas sensing has an important effect on many aspects in our society,
and has gained much progress by nanostructuring materials. Herein,
nanoporous film and nanowire arrays were respectively fabricated on
the device substrate and directly used as the sensing platform. Differ-
ent kinds of N- and P-type sensing materials (e. g., SnO2, Fe203 and
NiO) were independent or composited with graphene to serve as func-
tional materials. Given by the intrinsic advantages of nanostructuring
(e. g., large specific area and rich active sites), as-prepared sensors
had exhibited high-sensitive and rapid sensing response in the ambi-
ent atmosphere even at room temperature. Furthermore, the pristine
sensing property could be manipulated by their nanostructures, such
as surface pore size of porous film or the length of nanowire arrays,
to meet the requirements of the practical applications. Obviously, the
way to improve and manipulate the sensing property that based on the
nanostructuring (e. g., nanoporous film and nanowire arrays) enables
the feasibility of next-generation gas-sensor.

MM 17.3 Mon 16:15 IFW D
Compact Nanowire Sensors Probe Microdroplets — Ju-
LIAN ScuUTT!, BERcor IBarLUceEal:2, Rico Irning!?, FELIX
ZoERGIEBELY'2, SeEBAsTIAN PrECGL'2, Dawniro Nozakil, WAaL-
TER WEBER?3, THOMAS MikoLaJick?3, Larysa BaraBan?, and
GIANAURELIO CUNIBERTI' 2 — 1Max Bergmann Center of Biomate-
rials and Institute for Materials Science, Dresden — 2Center for Ad-

vancing Electronics Dresden — 3Namlab GmbH, Dresden
Here we demonstrate a first combination of droplets microfluidics with

the compact silicon nanowire field effect transistor (SiNW FET) in the
microfluidic channel for in flow electrical detection of aqueous reactor-
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drops. Apart from detection events, we chemically probe the content
of numerous droplets in a row as independent events (up to 10°4),
and resolve the pH values and ionic strength of the solution, resulted
in a change of a source-drain current ISD through the nanowires. We
demonstrate the capability of the novel droplets based nanowire plat-
form for bioassay applications and carry out a glucose oxidase (GOx)
enzymatic test for glucose detection. Optic-less and noninvasive mea-
surements of these parameters in aqueous droplets have a great im-
pact on the area of biodetection and bioanalytics as a HTS tool for
pathogens, drug assays, and evaluation of the enzymatic activities.

MM 174 Mon 16:30 IFW D
Multiplexing of imperceptible temperature sensor arrays
for on-skin applications — eTETIANA VOITSEKHIVSKA, JURGEN
FassBENDER, and DENYS Makarov — Helmholtz-Zentrum-Dresden-
Rossendorf e.V., Dresden, Germany

Beside the direct temperature measurement resembling the standard
health indicator, the access to the body core temperature and its tem-
poral variations provides the information, which is absolutely crucial
to assess the psycho-physiological conditions of the patient, e.g. level
of stress. To measure spatial and temporal temperature gradients,
multiple temperature sensors have to be attached and processed on
the human body surface [1, 2].

Here, we introduce a thermal characterization technology for real -
time monitoring the human body temperature using arrays of highly
compliant on-skin temperature sensors, realized on 6-micrometer-thick
polymeric foils, which are haptically not perceived when worn on the
skin. Beside the realization of the arrays of imperceptible temperature
sensors, we put strong emphasis on the integration of a multiplexing
unit on flexible foils in order to achieve measurements with mapping
capabilities.

[1] R. Chad Webb et al., Nature Materials 12, pp. 938-944 (2013).

[2] Tomoyuki Yokota et al., PNAS 112, pp. 14533-14538 (2015).

MM 17.5 Mon 16:45 IFW D
Diamondoid-based materials for sensors, nanopores, and
molecular devices — BIBEK ADHIKARI!, GANESH SIVARAMAN!,
Frank C. MaiEr!, Robrico G. AMorim?:3, RaLpa H. SCHEICHERZ,
SuENG MENG?, and eMAaRriA Fytal — !Institute for Computational
Physics, University of Stuttgart, Germany — 2Department of Physics
and Astronomy, Materials Theory, Uppsala University, Sweden —
3Universidade Federal Fluminense, Departamento de Fisica, Volta Re-
donda/RJ, Brazil — “Institute of Physics, Chinese Academy of Sci-
ences, Beijing, China
Diamondoids are tiny hydrogen-terminated diamond-like cages which
can assume a variety of sizes, have tunable optoelectronic properties,
and can be selectively modified. Based on these properties, we investi-
gate the used of diamondoids as functionalization molecules. First, we
prove that small diamondoids can form measurable hydrogen bonds to
small molecules, such as DNA nucleobases and can render nanopores
highly biosensitive. We next investigate different molecular anchors,
thiols and carbene molecules, to functionalize metal surfaces, with a
prospect to use these in field emitting devices. We extend this study by
examining diamondoid-based molecular break-junctions and link their
efficiency to their exact microstructure and the relevant experimen-
tal conditions. Our investigations are based on quantum-mechanical
calculations together with the non-equilibrium Green’s functions for-
malism and the evaluation of the electronic and quantum transport
properties of the diamondoid-based materials. We discuss the rele-
vance of our results in using diamondoids in novel applications.
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MM 18: Topical session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Experimental Characterization

Time: Monday 17:30-18:45

Topical Talk MM 18.1 Mon 17:30 BAR 205
Experimental investigations on the relationship between
crystallographic character of grain boundaries and their func-
tional and mechanical properties in various engineering ma-
terials. — eSTEFAN ZAEFFERER, DAYONG AN, ZHANGQI WANG,
Fapy ARcHIE, and GUILLAUME STECHMANN — Max-Planck-Institut
fiir Eisenforschung

Grain boundaries are important defects in crystalline solids because
they influence a large number of properties, like strength of ductile
materials, fracture resistance and corrosion resistance of various met-
als, or efficiency losses in polycrystalline solar cells. The exact corre-
spondence between the properties and the crystallographic nature of
grain boundaries is in many cases not well understood which is mainly
due to the fact that grain boundaries are characterized by 8 degrees
of freedom, namely 5 rotational parameters and 3 translational ones.
The translational parameters are very difficult to measure and it is
not clear whether they are independent of the others. The rotational
parameters, that is the grain boundary misorientation (3 parameters)
and the grain boundary plane, can however be measured using 3D or
pseudo-3D orientation microscopy. With these techniques we are able
to study the influence of all parameters on grain boundary properties.
In the presentation we will introduce the various techniques and show
application examples. In particular we will present results on the cor-
rosion of grain boundaries of austenitic stainless steels in aqueous acid
solutions and in salt melts, on fracture resistance in DP steels and on
the influence on the performance of CdTe solar cells.

MM 18.2 Mon 18:00 BAR 205
Mechanical Testing of Copper Alloy Micropillars Containing
a Twin Boundary — eSEBASTIAN KRrauss, JAN PHILIPP LIEBIG,
Matnias GOKEN, and BEnoiT MERLE — Department of Materials
Science and Engineering, Institute I, Friedrich-Alexander-University
Erlangen-Niirnberg, Germany

Nanotwinned metals are a promising class of modern materials combin-
ing a very high strength with a high ductility and excellent electrical
properties. This remarkable strength is connected to the very good ef-
ficiency of twin boundaries as obstacles to dislocation motion. In order
to further characterize these interactions, micropillars containing sin-
gle twin boundaries with different orientations were compressed with
a flat punch, and subsequently investigated in the scanning electron
microscope. The investigations concentrated on copper and a-brass,
which is a low stacking-fault energy alloy exhibiting a high density of
recrystallization twins. Coherent twin boundaries were selected from
an EBSD orientation mapping of the sample and oriented by means of
a custom sample holder. FIB-milling at these interfaces provided mi-
cropillar samples containing a single twin boundary. Single crystalline
reference samples were obtained from the bulk of the grain located on
both sides of the twin boundary. The microcompression tests allowed
quantifying the influence of the twin boundary barrier on the strength
of the sample. The activated glide systems were subsequently identi-
fied from slip trace analysis and STEM mapping of lamellas obtained
by lift-off from the bulk of the tested micropillars.

MM 18.3 Mon 18:15 BAR 205
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Interface Nanolayer Analysis in Al-Cu FSW Lap Joints
eROLAND MARsTATT!, MARKUS KRUTZLINGER?, JOHANNES
Luperscumip!, FERDINAND HapER! und MicHAEL F. Zapn? —
LChair for Experimental Physics 1, University of Augsburg, Univer-
sitaetsstrafie 1, 86159 Augsburg, Germany — 2Institute for Machine
Tools and Industrial Management (iwb), Technical University of Mu-

nich, Boltzmannstrafte 15, 85748 Garching, Germany

Friction Stir Welding (FSW) is a suitable technology to join dissimi-
lar materials. The material does not exceed the solidus temperature
during FSW and the heat effect is much lower compared to fusion
welding processes. So FSW can produce high quality joints between
dissimilar metals with a minimum of deleterious intermetallic phases.
Interfacial phases can cause embrittlement, but also lower the electri-
cal and thermal conductivity through the interface. While intermetallic
nanometer scaled layers in friction stir welded dissimilar metal joints
were mentioned in literature, the quantitative understanding of the
correlation of process parameters and interface structure is still a sub-
ject of research. In this study, the formation and atomic structure of
the nanometer scaled intermetallic layers at the bonding interface of
aluminium copper lap joints were analysed. These layers play a key
role for the joining mechanism. The thickness of an intermetallic layer
highly depends on the process temperature, which can be controlled by
the welding parameters. The obtained results lead to a better under-
standing of the correlations and therefore enable process control and
predictability. Supported by the DFG as part of SPP 1640.

MM 18.4 Mon 18:30 BAR 205
Experimental determination of interface strength and tough-
ness in multi-layered thin films — Rutn KoneTscunik!, Dar-
JAN Kozic?, RONALD SCHONGRUNDNER?, HaNs-PETER GANSER?,
Roranp BrUNNER?, and eDanieL KieNer! — lDepartment Mate-
rials Physics, Montanuniversitiat Leoben, Austria — 2Material Center

Leoben Forschungs GmbH, Austria

In recent years, ongoing miniaturization has led to increasingly com-
plex thin film combinations and geometries. As macroscale tests are
not applicable, miniaturized tests are suggested to study the materials
response in state of the art and future devices at small length scales.
Here, we concentrate on the local determination of interface strength
and toughness in layered thin films also taking into account the residual
stresses. The materials investigated are sputter deposited Cu-W-Cu
and W-Cu-W trilayer systems, with an individual layer thickness of
500 nm, on a Si substrate. Samples with different geometries such
as notched bending beams, double cantilever beams, and miniatur-
ized shear specimens are fabricated via cross section polishing and
focused ion beam (FIB) milling to quantitatively test individual in-
terfaces. Subsequently, miniaturized fracture experiments parallel and
perpendicular to the interfaces are performed in-situ in the SEM to ob-
tain comprehensive knowledge of the fracture and interface toughness.
We emphasize the importance of elastic and plastic incompatibilities
and residual stresses when addressing fracture mechanical quantities
of multi-layered thin film systems and discuss challenges and benefits
of our different approaches.
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MM 19: SYLI: Symposium Interfacial Challenges in Solid-State Li lon Batteries - sulphate- and
phosphate-based electrolytes

Time: Monday 17:15-18:00

MM 19.1 Mon 17:15 IFW A
Aliovalent substitution in garnet type solid-state electrolytes
for solid-state lithium-ion batteries — eANJA PauLus!, MAIKE
Wirrz!, SaBrINA HEUER!, PETER JaKEs!, Hans KuncL!, and RUDI-
GER ALBERT EicHer'? — !Fundamental Electrochemistry (IEK-
9), Institute of Energy and Climate Research, Forschungszentrum
Jiilich GmbH, D-52425 Jiilich, Germany — 2Institut fiir Physikalische
Chemie (IPC), RWTH Aachen University, D-52074 Aachen, Germany

Conventional lithium-ion batteries consist of an electrolyte containing
toxic, flammable organic liquids which lead to several safety issues such
as leakage and burning of the battery. In order to overcome these safety
issues solid-state electrolytes could be an alternative to obtain powerful
lithium-ion batteries. The garnet type electrolyte Li7TLa3Zr2012 shows
promising properties in terms of high lithium-ion conductivity and a
good stability against lithium. There are two modifications known for
this material, on the one hand a tetragonal one which is thermody-
namically stable at room temperature and on the other hand a cubic
high temperature modification. The cubic structure shows a lithium
conductivity of two orders of magnitude higher than the conductivity
of the tetragonal one. One possibility to stabilize the cubic structure at
room temperature or lower temperatures is by aliovalent substitution.
Aluminum substitution on the lithium site shows a lithium conductiv-
ity of 3.41*10-4 S*cm-1 for Li6.4A10.2La3Zr2012 at room temperature
[1]. Our focus is to study the influence of aliovalent substitution on the
properties of garnet type solid-state electrolytes by various techniques.
1.C.Tsai et al., J. Electroceram., 2015, 35, 25-32.

MM 19.2 Mon 17:30 IFW A
Defect chemistry of solid electrolyte LisP2Sg by first-
principles calculations — eMARCEL SADOWSKI, SABRINA SICOLO,
and KARSTEN ALBE — Institute of Materials Science, Technische Uni-
versitiat Darmstadt, Jovanka-Bontschits-Str. 2, 64287 Darmstadt, Ger-
many

Glassy, glass-ceramic and crystalline lithium thiophosphates have at-
tracted interest as solid electrolytes for all-solid-state batteries. De-
spite similar structural motifs, these materials exhibit a wide range
of compositions, structures and ionic conductivities. For the glass-
ceramic consisting of crystalline LigP2S¢ and glassy LigP2S7, for ex-
ample, contradictory ionic conductivities were reported. In this contri-
bution we present density functional theory (DFT) calculations on the
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defect thermodynamics and kinetics of crystalline Li4P2Sg. [1] Despite
the existence of low energy diffusion paths, the overall conductivity is
inhibited by high defect formation energies. This supports the hypoth-
esis that the conductivity of the LigP2S7/LisP2Se composite material
is determined by the relative amount of glassy and crystalline phases.

Furthermore, thermodynamics predict the instability of LigsP2Sg
against metallic lithium. Corresponding interface models for differ-
ent surface terminations of LigP2Sg show the barrierless formation of
an interphase reminiscent of LiaS, which might act as a passivating
layer and protect the electrolyte from further decomposition.

[1] C. Dietrich, M. Sadowski, S. Sicolo, D. A. Weber, S. J. Sedlmaier,
K. S. Weldert, S. Indris, K. Albe, J. Janek, W. G. Zeier, Chem. Mater.
DOI:*10.1021/acs.chemmater.6b04175 (2016).

MM 19.3 Mon 17:45 IFW A
Systematic Search for Lithium Ion Conducting Compounds
by Screening of Compositions Combined with Atomistic
Simulation — eDanieL MurTerRD 2, DaNIEL UrBANZ, and CHRIS-
TiaN ELsisser!? — lFreiburger Materialforschungszentrum (FMF),
Albert-Ludwigs-Universitat Freiburg, Stefan-Meier-Strafe 21, 79104
Freiburg — 2Fraunhofer Institut fiir Werkstoffmechanik (TWM), Woh-
lerstrafe 11, 79108 Freiburg

Solid state electrolytes (SSEs) with high Li conductivity can signifi-
cantly improve Li ion accumulators in terms of electrochemical effi-
ciency, thermal and mechanical stability, and environmental compat-
ibility, leading to an enhanced range of applications for these high
energy density batteries. Compounds crystallizing in the structure of
NaZrz(PO4)3 (NZP) are regarded as promising SSEs, mainly because
of their three-dimensional diffusion network enabling fast transport of
Li ions through well defined channels. Starting from LiTiz(POy4)3, we
analyzed a large variety of NZP compounds by systematically screening
the relevant parts of the periodic table, replacing atoms on the Ti and
P sublattices by isovalent elements. The influence of these elemental
substitutions on structural stability, preferred Li sites, ionic mobility,
migration paths and diffusion mechanisms were analyzed by means of a
combined approach of multiple computational methods with different
levels of accuracy, ranging from static energy landscape and molecu-
lar dynamics simulations with ionic bond valence potentials to density
functional theory calculations combined with the nudged elastic band
method.

MM 20: Computational Materials Modelling - Defect structure and formation

Time: Monday 17:00-18:15

MM 20.1 Mon 17:00 IFW B
Prediction of Morphologies at Inorganic/Organic Interfaces
with Machine Learning on the Example of TCNE/Cu(111) —
eMICHAEL SCHERBELA, LUukAs HORMANN, VERONIKA OBERSTEINER,
and OLIVER T. HoFMANN — Institute of Solid State Physics, NAWI
Graz, Graz University of Technology, Austria

Many properties of thin films, such as their solubility or conductivity,
depend strongly on the crystal structure of the adsorbed molecules. A
major step towards designing new materials is therefore understand-
ing and predicting the polymorphs that form at interfaces. This could
in principle be done by finding low energy structures using ab-initio
methods. However, the many degrees of freedom lead to a rich poly-
morphism that prohibits an exhaustive search for the global minimum.
We show on the example of Tetracyanoethylene/Cu(111) that this chal-
lenge can be tackled with a combination of coarse-graining and machine
learning:

First we determine adsorption geometries that isolated molecules
adopt on the substrate. We then build supercells by combining these
isolated adsorption geometries to generate a set of possible ”guess
polymorphs”. This discretizes the configurational space to a huge,
but finite size. Using optimal design methods we select a small, repre-
sentative subset, calculate its energies using DFT and extract effective
interactions between adsorbates. This provides an efficient energy pre-
diction for all remaining guess polymorphs which is exploited by sam-
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pling the energetically most promising structures and iterated relearn-
ing. For TCNE/Cu(111), we predict stable polymorphs for different
coverages and explain an experimentally observed phase transition.

MM 20.2 Mon 17:15 IFW B
Ab-initio study of the interplay of hydrogen and microstruc-
ture in Ni-based superalloys — ePourumi DEY, ZAHRA TARZ-
IMOGHADAM, Dirk PoNgE, Eunan McENIRy, TiLmMANN HICKEL,
Dierk RaABE, and JORG NEUGEBAUER — Max-Planck-Institut fiir
Eisenforschung GmbH, D-40237 Diisseldorf, Germany

Ni-based superalloys with their excellent corrosion resistance are at-
tractive for applications where exposure to hydrogen is inevitable such
as sour gas environments in oilfields. The adverse impact of hydrogen
on the desired mechanical properties of these alloys, however, often re-
stricts the acceptable strength levels of these materials. In the present
work, we perform ab-initio calculations to establish the fact that the
delicate behavior of hydrogen sensitively depends on microstructure
features present in the superalloy. In particular, we consider the vol-
ume fractions of different precipitate phases which can be experimen-
tally adjusted by annealing and aging conditions. With the aid of
density functional theory (DFT), we perform a quantitative analysis
of the hydrogen solution enthalpies within the precipitates and their
interface to the matrix material. The study thus provides crucial in-
formation about the impact of chemistry and crystal structure on the
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hydrogen solubility and diffusivity at the interfaces as well as possible
nucleation points for hydrogen-induced fracture in the material.

MM 20.3 Mon 17:30 IFW B
Embedded-atom study of low-energy equilibrium triple junc-
tion structures and energies — eSEBAsTIAN EicH and Guipo
ScaMITZz — Institut fiir Materialwissenschaft, Universitat Stuttgart

We present an atomistic study of the structures and defect energies of
iron triple junctions (TJs) in polycrystalline materials. Line energies
of bulk TJs (merging three grain boundaries (GBs)) and surface TJs
(merging one grain boundary and two surfaces) are found to be very
low. In absolute value, they amount to only a few 10710 Jm~1. Re-
markably, defined as a correct excess energy relative to the GBs, the
bulk TJ energy is determined to be negative in all studied configura-
tions with an average value of —2.8 x 10710 Jm~1. These quantitative
results are in contrast to various experimental attempts, but they fully
agree with simple geometric estimates.

Finally, we relate the negative TJ line energies to the excess segre-
gation at TJs in a realistic Fe—Cr model system.

[1]: S. Eich, G. Schmitz, Embedded-atom study of low-energy equi-
librium triple junction structures and energies, Acta Mater. 109 (2016)
364-374.

[2]: S. Eich, D. Beinke, G. Schmitz, Embedded-atom potential for
an accurate thermodynamic description of the iron—chromium system,
Comput. Mater. Sci. 104 (2015) 185-192.

MM 20.4 Mon 17:45 IFW B
Heterogeneous nucleation at prestructured seeds in Ni —
eGRISELL Diaz LrINES, RALF DrAuTz, and JurTA ROGAL — Ruhr-
Universitdt Bochum, Universitétsstrasse 150, 44801 Bochum, Germany

The fundamental principles of crystallization and polymorph selection
in metals are largely determined during the early stages of nucleation.

The presence of impurities and the crystallization conditions influence
directly the microstructural evolution of the material. In this work we
investigate the influence of small prestructured seeds on the nucleation
mechanism during solidification in nickel. We employ transition path
sampling simulations to enable the investigation of nucleation on the
atomistic level. The analysis of the transition path ensemble obtained
from our simulations indicates that, in comparison to homogeneous nu-
cleation the presence of fcc and hcp seeds enhances the nucleation rate
and determines the structure of the growing nuclei. Icosahedral and
bce seeds on the other hand have no effect on either the mechanism or
the nucleation rates. Furthermore, we demonstrate that different con-
ditions of undercooling and pressure determine the amount of hcp and
fcc coordinated atoms that compose the growing nuclei and therefore
the selected polymorph. Our results provide atomistic insight into the
process of seeded heterogeneous nucleation at different crystallization
conditions and shed light on the principles of polymorph selection in
Ni.

MM 20.5 Mon 18:00 IFW B
Electrons and phonons on equal footing: Band renormal-
ization in Diamondoids — ePaBLO RisueEno, PEnag HaN, and
GABRIEL BEsTER — UHH, Grindelallee 117, Hamburg, Germany

Recent work on electron-phonon coupling has considered the renor-
malization of the electronic states due to the interaction with the vi-
bronic degrees of freedom. The complementary effect that electrons
have on phonons has been mostly ignored. In turn, these renormalized
phonon energies have a renormalization effect on the electronic states,
which calls for a self-consistent treatment of electrons and phonons,
treating both on equal footing. We will show how this self-consistent
effect can be incorporated into the calculations and quantify its im-
portance. We show results for small carbon clusters known as di-
amondoids, which are relevant in technological applications and are
computationally tractable by our numerical approach.

MM 21: Functional Materials Il

Time: Monday 17:15-18:45

MM 21.1 Mon 17:15 IFW D
Hydrogen induced defects in the palladium/rutile titanium
dioxide model system — eMAaRrIAN DaviD BoNGERs!, MoHSEN
SoToupkH?, VLaDIMIR RoppaTis!, JaAkuB éfZEKS, CARSTEN
Nowak!, MartTiN WENDEROTH?, PETER BLOCHL?, and ASTRID
Punpr! — lnstitut fiir Materialphysik, Univ. Gottingen —
?Institute for Theoretical Physics, Clausthal Univ. of Technology —
3Department of Low-temperature Physics, Charles Univ. in Prague,

Czech Republic — 4IV. Physikalischen Institut, Univ. Gottingen

The palladium (Pd)/titanium dioxide (TiO2) system is used in a
range of applications where in particular the interaction with hy-
drogen (H) is of interest. We use in-situ transmission electron mi-
croscopy (ETEM) and electron energy loss spectroscopy (EELS) on
cross-sectional Pd/TiOz2 lamella focusing on the interface. The EELS
studies show a small change of the Ti L edge signal in the 3nm close
vicinity of the interface, for hydrogen gas pressures of about 10~ ! mbar.
These small changes can be attributed to a shift in the density of states
(DoS) by about 1€V, by the presence of hydrogen. This is supported
by projector augmented wave (PAW) code simulations using the local
hybrid density functional PBEOr [1]. We suggest interstitial hydrogen
to be the dominant hydrogen induced defect in bulk, while it is the
oxygen-vacancy filled with hydrogen nearby the interface. These de-
fects determine the corresponding Fermi level position in bulk and at
the interface. This work is supported by the Deutsche Forschungsge-
meinschaft via SFB1073, project C06 and CO03 as well via the Heisen-
berg grant PU131/9-2. [1] M. Sotoudeh, M. Bongers, et al., submitted

MM 21.2 Mon 17:30 IFW D
Magnetocaloric properties of melt-spun NiCoMnAl Heusler
ribbons eBruUNo WEIsE!, NicLas TEICHERT2, ANDREAS
Becker?, Lars HeLmicH?, Maria Kraurz!, ANDREAs HOUTTENZ,
and ANja Waske!3 — 1IFW Dresden, Institute for Complex Mate-
rials, Dresden, Germany — 2CSMD, Department of Physics, Bielefeld
University, Bielefeld, Germany — 3Institute of Materials Science, TU
Dresden, Dresden, Germany

Within the group of magnetocaloric Heusler alloys NiCoMnAl is a
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promising alloy system for magnetic refrigeration. It is rare-earth free,
non-toxic and none of the constituent elements is short on stock. In
thin films of NiCoMnAl, an entropy change of up to AS = 17.5 J/kgK
for a magnetic field change of AugH = 5 T was observed [1], hence
thin films can be used as a model system to test new materials. This
subsequent study applies these results to bulk materials.

Samples of the nominal composition NigoCo19Mn3zgAlzg have been
produced by melt spinning to achieve near net shaped thin plates for
the use in a refrigeration bed. The ribbons were annealed for up to 50 h
and the structure was checked with XRD. With electron microscopy
the microstructure of the ribbons was studied. An optimal heat treat-
ment time for highest entropy change was found and the adiabatic
temperature change for this annealing time was determined.

[1] N. Teichert et al., Phys. Rev. B 91, 184405 (2015).

MM 21.3 Mon 17:45 IFW D
In-situ dehydrogention and positron annihilation spec-
troscopy of Mg2Fe thin films — eTHU TraNG TriNHDZ, MAR-
cieJ OskAR LiEDKE?, ANDREAS WAGNER?, RENE HELLER?, HERMAN
SCHREUDERS®, BERNARD Dam?3, KonTa Asano?, and Kay PoTzcEr?2
— 1Technische Universitit Dresden, 01062 Dresden, Germany —
2Helmholz-Zentrum Dresden Rossendorf, 01328 Dresden, Germany —
3Delft University of Technology, 2629HZ Delft, Netherlands — 4AIST,
Tsukuba 8565, Japan

Mg2Fe hydride belongs to the most promising candidates for appli-
cation as light weight storage material in a future hydrogen economy.
Recently, it has been shown that due to chemochromism, Mg2Fe is also
a low-cost and rare-earth-free candidate for switchable mirrors upon
hydrogen loading. However, the interaction between defects and hy-
drogen on the atomic scale remains not completely understood, despite
the fact that the behaviour of hydrogen in metals is strongly affected
by the presence of defects. Due to the positive binding energy between
hydrogen and vacancy, the hydrogen atoms get trapped at existing
defects which thus play an important role for the hydride formation.
We present a comparative and systematic study on the defects in
Mg2Fe and their interaction with hydrogen by means of positron an-
nihilation spectroscopy (PAS). We present first results of the tem-
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perature dependence of the open volume defects during annealing of
Mg2FeH6 thin films, which was performed by an unique high vacuum
system for defect manipulation and analysis (AIDA) at the positron
beamline at the Helmholtz-Zentrum Dresden-Rossendorf.

MM 21.4 Mon 18:00 IFW D
Compliant on-skin compass for artificial magnetoception —
oGILBERT SANTIAGO CANON BERMUDEZ, JURGEN FASSBENDER, and
DENYs Makarov — Helmholtz-Zentrum-Dresden-Rossendorf e.V.,
Dresden, Germany

Flexible electronics has inspired novel concepts like electronic skins|1]
and more recently, magnetosensitive skins|2], i. e., artificial skins which
allow humans to perceive magnetic fields. This ability to detect and
respond to magnetic fields, commonly referred to as magnetoception,
has sparked several legends since the old sailing times. Back then, it
was believed that compass rose tattoos would allow sailors to always
find the way home. Here, we present a flexible electronics platform
to turn this ancient belief into a functional on-skin compass system.
The highly compliant compass is prepared on 6-micron-thick polymeric
foils and relies on the anisotropic magnetoresistance (AMR) effect in
magnetic thin film sensors. Its response is tailored to be linear and
possess maximum sensitivity around the earth’s magnetic field by us-
ing a barber pole scheme, which forces the current in the sensor to flow
45 degrees skewed with respect to the easy axis of the AMR stripes.
We envision that this on-skin compass could support research efforts
on biomagnetic orientation and novel magnetic interactive devices. In
the latter case, the applications span a plethora of tasks from virtual or
augmented reality systems to touchless security systems and magnetic
tags.
[1] D. H. Kim et al., Science 333, 838 (2011).
[2] M. Melzer et al., Nature Commun. 6, 6080 (2015).

MM 21.5 Mon 18:15 IFW D
Photoemission Spectrscopy of Type-II Weyl Semimetal Can-
didate MoTe2 — e ANDREW PaTTOoN WEBER!Z, NaN Xul2, STE-
FAN MUrr!2, Mauro Fancrurnib?, ARNAUD MAGREz!, PHILLIPE
Bucnon!, HELmuTH BErGER!, BQ Lv3, Bin Bin Fu2:3, CHRISTIAN
MarT2, JoEL MEsoT!:24, Hone Ding3, Minc SHIZ, and JaN Huco

DiLb2 — lnstitute of Physics, Ecole Polytechnique Fédérale de Lau-

sanne, Lausanne, Switzerland — 2Swiss Light Source, Paul Scherrer In-
stitute, Villigen-PSI, Switzerland — 3Beijing National Laboratory for
Condensed Matter Physics and Institute of Physics, Chinese Academy
of Sciences, Beijing, China — “Laboratory for Solid State Physics,
ETH Zurich, Zurich, Switzerland

Topological matter can often be identified by signatures presented by
the surface electron-structure. Type-II Weyl semimetal candidates,
in which surface Fermi arcs can overlap with the projection of bulk
Fermi pockets, have proven to be more difficult to characterize by
these means, leading to controversies. The present work clarifies the
situation for the case of the octahedral polytype of MoTe2 through
temperature-dependent spin- and angle-resolved spectroscopy experi-
ments. It is found that the appearance of large spin-polarized Fermi
arcs (extending over more than 12% of a reciprocal lattice vector and
exhibiting nearly full spin-polarization), occurs as a consequence of the
transition from the inversion-symmetric 1T’ structure to the inversion-
symmetry-breaking Td structure. Moreover, helical spin-textures are
found to be absent near the large Fermi arcs. These results indicate a
topological origin for Fermi arc-like states.

MM 21.6 Mon 18:30 IFW D
Identifying detrimental effects for multi-band superconduc-
tivity - Application to SroRuO, — eALINE RAaMIRES! and MAN-
FRED SI1GRIST2 — !Institute for Theoretical Studies, ETH Zurich, 8092
Zurich, Switzerland — 2Institute for Theoretical Physics, ETH Zurich,
8093 Zurich, Switzerland

We propose a general scheme to probe the compatibility of arbitrary
pairing states with a given normal state Hamiltonian by the introduc-
tion of a concept called superconducting fitness. This quantity gives a
direct measure of the suppression of the superconducting critical tem-
perature in the presence of key symmetry-breaking fields. A merit of
the superconducting fitness is that it can be used as a tool to identify
nontrivial mechanisms to suppress superconductivity under various ex-
ternal influences, in particular, magnetic fields or distortions, even in
complex multiorbital systems. In the light of this concept we analyze
the multiband superconductor SroRuO4 and propose a new mechanism
for the suppression of superconductivity in multiorbital systems, which
we call interorbital effect, as a possible explanation for the unusual lim-
iting feature observed in the upper critical field of this material.

MM 22: Poster session |

Time: Monday 19:00-20:00

MM 22.1 Mon 19:00 P4
Nano-scale grain substructure as a factor determining trans-
port properties of ceramic manganites — eANAsTAasiIA No-
VOKHATSKA and GENNADIY AkKIMOV — Donetsk Institute for Physics
and Engineering named after A. A. Galkin of the National Academy
of Sciences of Ukraine, Av. Nauky 46, Kyiv, 03680, Ukraine

We present a new method for obtaining nano-scale grain substructure
in La0.65(Ca,Sr)0.35MnO3 manganite ceramics sintered at 1500 °C
by means of excess manganese from 10 and 20 % as well as the study
of its structure and magnetoresistive properties. With results of the
scanning electron microscopy research, it is shown that the presence
of excess manganese allows to sinter ceramics at temperatures of up
to 1500 °C while maintaining the chemical and phase composition.
The ceramic samples consist of manganite grains with sizes 100 pm
and Mn304 hausmannite grains. Moreover, investigations of ther-
mally etched cleaved surfaces of ceramics grains together with X-ray
diffraction data showed that manganite grains have internal layered
structure with the layer size of 70-140 nm where each layer is a perfect
single crystal of manganite of the stoichiometric composition. It is
found that the emergence of a nano-scale substructure of grains is ac-
companied by the resistivity drop (two orders of the magnitude) and
by reduction of the slope of its temperature dependence. Moreover,
the metal-insulator transition temperature is shifted towards a lower
temperature and the value of the magnetoresistivity (at the applied
magnetic field of 5 kOe) increase in 2.5 times.

MM 22.2 Mon 19:00 P4
Electrochemical studies on single particles of active electrode
materials for lithium-ion batteries (LIBs) — eMARKUS SEBAS-

T1aN Friepricu!, SimoN BURKHARDT!, LiMel CHEN', MATTHIAS
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Traomas ELm!2, and PeTeErR JENs KLarR! — !Heinrich-Buff-Ring 16,
35392 Giessen — 2Heinrich-Buff-Ring 17, 35392 Giessen

Lithium intercalating and deintercalating materials such as
Li(NigzCoyMnj_gz—y)O2 (NCM) have been widely investigated. These
materials are of interest for lithium-ion batteries due to their
high theoretical capacity and high reversibility of the intercala-
tion/deintercalation processes. Most of the studies were carried out on
composite electrodes, which not only contain the pure NCM material,
but also organic binder and conductive agents. These influence the
electrochemical properties of the electrode significantly. To examine
the influence of the active electrode material’s structure on energy
storage and energy conversion of a cell system, a deeper understand-
ing of the intrinsic properties of single (active) particles is needed.
Besides widely used microelectrode setups, we developed a technique
to contact individual particles in an electrochemical cell and perform
measurements like CVs and EIS techniques, to characterize the pris-
tine NCM particles with focus on conductive properties. To prepare
our samples we used photolithography for structuring a photoresist
on an FzSnO2 (FTO) coated glass substrate, to form holes of well
defined size to trap single particles of NCM.

MM 22.3 Mon 19:00 P4
Electrochemical properties of hierarchically structured C-
coated LiFe,Mn;_,PO4 — eEnzo MoreTTI!, CHRISTOPH NEEF!,
ErisaA Tuauger!, and RopicErR KLINGELER!? — Kirchhoff Institut
fiir Physik, Universitit Heidelberg — 2Centre for Advanced Materials,
Universitdt Heidelberg
High-purity LiFe;Mn;_,PO4 with various doping levels x = 0.1 - 0.5,
different carbon contents, and variable primary particles size have been
synthesized by a combination of solid-state synthesis, optical floating
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zone treatment, and ball milling. The obtained nanosized materials
were assembled to larger, i.e. micrometer-sized, hierarchically struc-
tured entities by thermal treatment and usage of different organic ad-
ditives. Applicability of the resulting hierarchically structured product
for cathodes in lithium-ion batteries is investigated by means of cyclic
voltammetry and galvanostatic cycling. The effect of both the pri-
mary and secondary particle size and the carbon ratio is studied in
particular. In parallel, the obtained doping series is used to study
the evolution of antiferromagnetic order at low temperature as well as
the average magnetic moment per metal ion, i.e. the mean electron
configuration.

MM 22.4 Mon 19:00 P4
Design of Ti-based alloys with austenitic Ni-Ti nanoprecip-
itates — eSascua B. MaiseL!, Won-Seok Ko2, JiaLl ZHANGS,
Brazes GraBowskI!, and Jore NEUGEBAUER! — !Max-Planck In-
stitut fiir Eisensforschung, Diisseldorf, Germany — 2Ulsan University,
Ulsan, Republic of Korea — 3Massachusetts Insitute of Technology,
Cambridge, USA

The properties of Ni-Ti nanoparticles differ from the properties of
bulk Ni-Ti, yet they retain their characteristic shape memory effect.
Austenitic Ni-Ti nanoprecipitates can be dispersed in metallic matri-
ces and it has been speculated that this may lead to transformation-
based strengthening due its intrinsic shape-memory property. Such
an approach is considered promising to confer so-called “self-healing”
features to alloys. Here, we present a combined experimental and the-
oretical study of such nanoprecipitates embedded coherently in Ti-V
matrices. Using our knowledge of the Ni-Ti-V phase diagram based on
a combination of density-functional theory and CALPHAD methods
we were able to synthesize such alloys. Preliminary SEM investigations
suggest nanoparticles of &~ 200nm can form in Ni-V matrices with
~ 45at. % V. Despite this progress, making samples large enough for
mechanical testing remains a challenge. Thus, we study the properties
of the compound using three-dimensional atomistic simulations based
on the modified embedded atom method. We determine the conditions
under which the martensitic transformation of such nanoparticles is
triggered, which depends on the size of the particle, the composition
of the surrounding matrix, temperature and strain state of the system.

MM 22.5 Mon 19:00 P4

Improved anodisation of aluminium thin films for flex-
ible plasmonic applications — eMaTTHIAS BOHM!, FaBIAN
PaTrovsky!, SusaN DERENKO', VERA FIEHLER!, STEPHAN BARTHZ,
HaceEN Barrzscu?, PeTER Frace?, and Lukas M. Eng! —
Hnstitut fiir Angewandte Physik, TU Dresden, Deutschland —
2Fraunhofer-Institut fiir Organische Elektronik, Elektronenstrahl- und

Plasmatechnik Dresden (FEP), Dresden, Deutschland

The future of optics heavily relies on reliably and easy-to-fabricate
plasmonic materials that allow for the manufacturing of novel and ver-
satile products and devices. Nanorod arrays (NRA), for instance, are
fabricated by anodising aluminium thin films with acidic solutions [1].
However, large scale manufacturing of such structures so far has mostly
shown not to be very reliable and reproducible [2].

We present an easy-to-use protocol [3] that firstly allows for the
reliable substrate-bound anodisation of aluminium thin films and sub-
sequent pore filling of anodised alumina matrices, while secondly easily
promoting the NRA integration into mechanically flexible plasmonic
devices. Replacing the template with an elastic material yields a novel,
flexible and mechanically stretchable plasmonic composite, which al-
lows for reproducible spectral tunability in the visible wavelength range
[4].

[1] A. Eftekhari, "Nanostructured Materials”, Wiley-VHC, (2008).

[2] M. Es-Souni and S. Habouti, Front. Mater. 1, 35706, (2014).

[3] F. Patrovsky et al., Thin Solid Films (2016) submitted.

[4] M. Bohm et al., Opt. Mater. Express (2016) submitted.

MM 22.6 Mon 19:00 P4
Theory of Polaron Band Narrowing and Phonon Renormal-
ization due to Quadratic Electron-Phonon Coupling — ePaBLO
Garcia Risueno, Qianc Fu, and CrLaubpia DraxL — Humboldt Uni-
versitdt zu Berlin, Physics Department and IRIS Adlershof

We present a novel theory of electron-lattice interaction beyond the
linear-coupling regime. Based on the solution of a Holstein-Peierls-
type model for quadratic electron-phonon coupling, we derive explicit
analytical expressions for the eigenvalue spectrum of the Hamiltonian,
resulting in a narrowing of bands as a function of temperature. Be-
ing nonperturbative, our formalism also applies in the strong-coupling
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case. It provides a starting point for potential applications to real
materials by supplementing it with ab initio parameters.

MM 22.7 Mon 19:00 P4

Synthesis and functionalization of LioMnSiO4 and
LiFeg.1Mng oPO, for Li-ion batteries — eKgeviN HAuser!,
CrrisToPH NEeEr!, Hans-PETER MavEr2, and RUDIGER

KrLinGELER! — Kirchhoff-Institut fiir Physik, Universitit Heidelberg,
D-69120 Heidelberg, Germany — Z2Institut fiir Geowissenschaften,
Universitdt Heidelberg, D-69120 Heidelberg, Germany

Two classes of materials are studied with respect to their applicabil-
ity and optimisation for usage in Li-ion batteries. For hydrothermally
synthesized LiFeg.1Mng 9POy4, the effect of the primary particle size
and of hierarchical structuring of the nanosized active materials into
micrometer-sized agglomerates by usage of organic additives and post-
synthesis treatment is investigated. In contrast, LioMnSiO4 was syn-
thesized by an all-acetate precursor sol-gel process. Various carbon
additives were tested to determine the optimal way of creating an em-
bedding carbon nanomatrix to functionalize the materials. For both
classes, the materials are characterised by SEM and XRD studies. The
electrochemical properties are investigated by means of galvanostatic
cycling and the influence of primary particle size and carbon structur-
ing is discussed.

MM 22.8 Mon 19:00 P4
Complex Main-Group Halide Semiconductors Related to
Perovskite: Aiding the Rational Design of Photovoltaics
eAnNa J. Leuner!, Doucras H. Fapmi?, Havypen A.
Evans?, CLAIRE-ALICE HEBERT?, HENGBIN WaNG?:3, MICHAEL L.
CuaBINYc?, and RaM SEsHADRI?Z — !Fraunhofer IWM, Freiburg, Ger-

many — 2MRL, UCSB, USA — 3MC-CAM, UCSB, USA

Hybrid organic-inorganic lead halide perovskites have emerged as very
promising materials for optoelectronic applications. It is interesting
to ask whether related compounds, ideally containing less toxic heavy
metals, can also show those remarkable properties.

Here we present our comprehensive approach of preparing, struc-
turally and spectroscopically characterizing as well as computation-
ally modeling the electronic structures of various lead-free complex
metal halides using density functional theory methods.[1] We present
bismuth halides and materials with optoelectronically active organic
constituents and discuss distinguishing features for these functional
materials, such as a defect-tolerant electronic structure and proximal
lattice instabilities. By studying the correlations of composition, crys-
tal structure and electronic structure of these compounds we focus on
deepening the understanding of complex main-group metal halides’ op-
toelectronic performance and provide a starting point for the design of
new functional materials.

[1] Lehner, A.J., Fabini, D.H., Evans, H.A., Hébert, C.A., Smock,
S.R., Hu, J., Wang, H., Zwanziger, J.W., Chabinyc, M.L., Seshadri,
R. Chem. Mater. 27 (2015) 7137-7148.

MM 22.9 Mon 19:00 P4
Melting and solidification behavior of In nanoparticles em-
bedded in crystalline Al and amorphous AlYFe — eMARK
STRINGE, MARTIN PETERLECHNER, HARALD ROSNER, CHRISTIAN SI-
MoON, and GERHARD WILDE — Institut fiir Materialphysik, WWU
Miinster

A reduction of the sample dimension to the nanoscale typically causes a
reduction in thermal stability due to an increasing relevance of the sur-
face contribution to Gibbs free energy. Free standing metallic nanopar-
ticles show a melting point depression [1] whereas coherently embedded
nanoparticles show an increase in transformation temperatures.

In the present work In nanoparticles are embedded in different ma-
trices using the melt-spinning technique. The thermal behavior of
these particles is analyzed using calorimetric measurements. Struc-
tural analysis is performed via transmission electron microscopy.

Focusing on the influence of interfaces between particle and matrix,
nanoparticles are embedded in both an amorphous phase showing no
coherent interfaces and a crystalline matrix showing (semi-)coherent
interfaces. By systematic variation of cooling rates the amount of
undercooling is deduced to obtain the activation energy for crystal
nucleation. Nanoparticles embedded in the amorphous phase behave
more like free standing nanoparticles showing a larger undercooling
than nanoparticles embedded in a crystalline phase.

[1] Buffat P, Borel J-P. Phys Rev A 13, 2287 (1976)
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Numerical studies of the nucleation kinetics associated with
interfaces in fcc binary systems — oM. AjmaL CHOUDHARY and
Juria KunDIN — Department of Engineering Sciences, Universitét
Bayreuth

The phase-field crystal (PFC) technique is a widely used approach
for modeling crystal growth phenomena with atomistic resolution on
mesoscopic time scales. We use a two-dimensional PFC model for a
binary system based on the work of Elder et al. [Phys. Rev. B 75,
064107 (2007)] to study the effect of the curved, diffuse solid-liquid
interface on the interfacial energy as well as the nucleation barrier.
The calculation of the interfacial energy and the nucleation barrier
certainly depends on the proper definition of the solid-liquid dividing
surface and the corresponding nucleus size. We define the position of
the sharp interface at which the interfacial energy is to be evaluated by
using the concept of equimolar dividing surface (re) and the minimiza-
tion of the interfacial energy (rs). The comparison of the results based
on both radii shows that the difference re*rs is always positive and
has a limit for large cluster sizes which is comparable to the Tolman
length. Furthermore, we found the real nucleation barrier for small
cluster sizes, which is defined as a function of the radius rs, and com-
pared it with the classical nucleation theory. The simulation results
also show that the extracted interfacial energy as function of both radii
is independent of system size, and this dependence can be reasonably
described by the nonclassical Tolman formula with a positive Tolman
length.

MM 22.11 Mon 19:00 P4
DFT Modelling and Size Evolution of Precipitate Clusters —
eToBIAS STEGMULLER and FERDINAND HAIDER — Universitat Augs-
burg, Institut fiir Physik, 86135 Augsburg

One of the key roles in the manufacturing of modern metal alloys is
the understanding of precipitation processes taking place during ther-
mal treatments and their influence on many material parameters like
hardness or corrosion resistance. While a lot of these processes are
qualitatively well understood their quantitative control is still covered
by empirical approaches.

One approach for the theoretical modelling of precipitation is the
so-called cluster dynamics, by which the temporal evolution of the size
distribution of precipitates can be simulated. This model was applied
successfully in literature for several times to the formation of a single
phase with spherical precipitate shape.

Our aim is to extend the model to more complex systems. One first
step is the adaption to non spherical precipitate shapes, which needs an
energetic modelling of the configurational space of all possible shapes.
To perform this task we use DFT based Monte Carlo simulations and
incorporate the results into the cluster dynamics formalism.

In our contribution we will show the results of our approach for the
formation of the well known plate shaped Guinier Preston zones in
AlCu.

MM 22.12 Mon 19:00 P4
Transmission electron microscopic examination of the precip-
itation growth in aluminium 2195 — eJOHANNES LUDERSCHMID,
CHRrISTIAN FELBER, and FERDINAND HAIDER — Universitat Augs-
burg, Institut fiir Physik, 86135 Augsburg

For aerospace applications the aluminium alloy 2195 is due to its alloy-
ing elements and microstructure one of the most interesting materials,
as it shows a high strength and simultaneously a low density. Espe-
cially the formation of precipitates (T1 phase (Al2CuLi) and 6’ phase
(Al2Cu)) controls the strength of the material. The formation of pre-
cursors like solute enriched regions (Guinier-Preston Zones) at room
temperature is a further ability of the aluminium alloy 2195. In this
study the influence of different pre-treatment (natural aging, direct
quenching) and different annealing conditions (time, temperature) af-
ter the solution annealing is studied with respect to the T1 and 6’
precipitation growth. In particular the influence of natural aging is in-
vestigated, as here precursor phases are formed, which already reduce
the chemical driving force for the further precipitation growth during
the heat treatment. The kinetics of precipitate formation and growth
were investigated using transmission electron microscopy and differ-
ential scanning calorimetry. The temperature and the time are the
critical parameter for a diffusion process like the precipitate growth.
For that reason these parameters were modified for the heat treatment
in order to identify a difference in the growing of the precipitations.

MM 22.13 Mon 19:00 P4

Synthesis of nanostructured ZnO-based gas sensing devices

26

— eHANAA SESO, STEFAN OSTENDORP, MARTIN PETERLECHNER,
and GERHARD WILDE — Institute of Materials Physics, Westféalische
Wilhelms-University, Wilhelm-Klemm-Str.10, Miinster, Germany

Solid state sensing devices for detecting gases and determining their
composition gain increasing interest in recent years. Applications exist
in many different fields as e.g. industrial emission analysis or vehicle
emission control. In the present work, the well-known chemo-resistive
effect of ZnO is used. Which is found in the presence of an oxidizing
or reducing gas species. In combination with a 3d nano-structuring
procedure based on anodic-aluminum-oxides, a large sensor surface is
obtained to enhance the sensitivity compared to a flat 2d sensor struc-
tures. ZnO nano-tubes with different diameters and wall thicknesses
were prepared by atomic layer deposition within the pores of porous
anodic alumina membranes (PAAMs). Gold electrodes for electrical
read-out were fabricated by physical vapor deposition. The morphol-
ogy of the ZnO-based CO sensors were investigated by electron mi-
croscopy and atomic force microscopy, and functionality was charac-
terized using a custom-build test station. Structural differences were
tried to correlate to the sensing response of the sensor structure un-
der different ambient temperatures and different CO concentrations.
The results are analyzed systematically to draw conclusions on the
underlying physical mechanisms.

MM 22.14 Mon 19:00 P4

Perfectly-Ordered Nanostructure Arrays as Potentially
Promising Building Blocks for Constructing High-
Performance Devices — eHuaPiNG ZHao, Rur Xu, Max Sowm-

MERFELD, LiviNg Liance, MIN ZnHou, YanGg Xu, and YoNG LEI —
Institut fiir Physik & IMN MacroNano* (ZIK), Technische Universitét
Ilmenau, Ilmenau, Germany

Nanostructure arrays of functional materials have drawn great current
attentions for different device applications. Among the various tech-
niques developed for fabricating arrayed nanostructures of functional
materials, template-based nanostructuring technique with porous an-
odic alumina membrane as template becomes more and more attractive
owing to the superior geometrical characteristics. Herein, we demon-
strate the utilization of perfectly-ordered porous anodic alumina mem-
brane as template for the preparation of perfectly-ordered nanostruc-
ture arrays of functional materials. By employing the perfectly-ordered
porous anodic alumina membrane as template, the as-obtained nanos-
tructure arrays have highly-controllable and perfectly-ordered struc-
ture features in large scale, which enable them to be of great advantage
for the performance improvement of devices, especially for the energy
conversion and energy storage devices, including solar water splitting
cells, supercapacitors, and batteries, etc.

MM 22.15 Mon 19:00 P4
Measurement and Modelling of the Efficiency of ortho/para
Catalysts for Hydrogen — eSEBASTIAN Mirz, FLORIAN AL-
TENBRAND, ROBIN GROsSLE, and BENNET KrascH — Tritium Labo-
ratory Karlsruhe (TLK), Institute for Technical Physics (ITEP), Karl-
sruhe Institute of Technology (KIT)

The equilibrium ratio between ortho and para hydrogen is 3:1 at room
temperature, whereas para hydrogen would be the only present species
at absolute zero. The conversion between these two species is sup-
pressed with time constants of the order of thousand hours in the gas
phase and ten hours in the liquid phase, but can be catalytically ac-
celerated. The TLK develops an analysis system for the hydrogen iso-
topologue concentration in the liquid phase in a cryogenic distillation
collumn, based on IR absorption spectroscopy. An ortho/para cata-
lyst is needed for the calibration of this system, due to the influence
of the ortho/para ratio on the IR spectra. Therefore, an experiment
is installed for the investigation of ortho/para catalyst performance
at temperatures between 77 K and 400 K, to provide the necessary
data for the design of this catalyst. The unique application of a Ra-
man spectroscopy system enables the model-free real-time monitoring
of the ortho/para ratio during conversion. This allows the extraction
of the catalyst efficiency and additionally the distinction between ph-
ysisorption and chemisorption processes. This contribution presents
results of the measurement and modelling of the catalyst performance
of an iron oxide catalyst.

MM 22.16 Mon 19:00 P4

Influence of metal oxides on sulfation kinetics of sodium chlo-

ride and chlorine induced corrosion — eSEBASTIAN PENTZ!,
DanieL OTT!, FERDINAND HAIDER!, and RAGNAR WARNECKE?

— 1Univ.  Augsburg, Inst. f.  Physik, 86135 Augsburg —
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High temperature corrosion leads especially in waste-to-energy-plants
to massive problems. At prevalent temperatures around 500° C-600°C
corrosion is mainly chlorine induced. Responsible for the supply of
chlorine at heat exchangers like superheaters or boiler walls is in ma-
jority a local release of chlorine through sulfation of solid alkali chlo-
rides. This reaction requires an atmosphere containing SO2, H20, O2
and releases HC1/Cly. In this work the sulfation kinetics for different
parameters, like temperature, gas stream, gas components or the influ-
ence of catalytic additives is examined. The conversion rate is strongly
dependent on the transformation of SO2 to SO3, which is catalyzed by
the presence of iron oxides like FeoO3 or Fe3sO4. Further experiments
are done with AloO3 which is supposed to be inert in the sulfation
reaction or with CaO in order to examine whether a desulphuriza-
tion process can be detected. In addition to the study of the reaction
rate it is possible to characterize the metal loss of samples simulta-
neously. Furthermore the behaviour of chlorine during the process of
the corrosion was investigated. Principles of the reaction conditions in
waste-to-energy-plants, especially at the superheaters, are shown and
laboratory experiments regarding the kinetics of sulfation reactions are
presented.

MM 22.17 Mon 19:00 P4

Crystallization of coated nanoparticles — e CHRISTINE WALTER!,

CHRISTIAN  KLEIN', INDRANATH CHAKRABORTY?, WOLFGANG
Parak?, and CorneLius KRELLNER! — !Physikalisches Institut,
Goethe-University, D- 60438 Frankfurt am Main, Germany —

2Department of Physics, Philipps-University of Marburg, D-35037
Marburg, Germany

Nanoparticles and nanoparticle assemblies display a range of proper-
ties that can diverge from classical observed properties in the colloidal
regime [1]. Gold Nanoparticles coated with w-functionalized alkane thi-
ols, also called nanoions, can be crystallized in a diamond-like lattice
, if their functionalized layers carry opposite surface charges [2]. This
novel type of metamaterial presents a well-ordered three-dimensional
assembly of crystalline nanoparticles with lattice parameters of about
20 nm. However, so far no electrical or magnetic characterizations of
these nanoparticle crystals have been performed.

In this contribution, we report on the technique of nanoparticle crys-
tallization following the recipe given in [2] and we will discuss the in-
fluence of different parameters like temperature and solvent on the size
of the nanoparticle crystals and discuss first magnetic measurements
on these crystallized nanoparticles.

[1] B. A. Grzybowski, CrystEngComm 16, 9368 (2014). [2] A.M.
Kalsin et al., Science 312, 420 (2006).

MM 22.18 Mon 19:00 P4
The new Lithography Scanner of BL1 at DELTA
eJENNIFER BoOLLE!, MicHAEL PAuLus!, CHRISTIAN STERNEMANN',
Grorc JULicHER!, THORSTEN WiTT!, JoAcHM ScuuLz?, THOMAS
BreckeNBAcHZ?, PascaL MEYER?, and METIN Toran! — Fakultét
Physik/DELTA, TU-Dortmund, D-44221 Dortmund, Germany —
2microworks GmbH, Schnetzlerstr 9, 76137 Karlsruhe, Germany
— SKarlsruhe Institute of Technology, Institute of Microstruc-
ture Technology, Hermann-von-Helmholtz-Platz 1, 76344 Eggenstein-
Leopoldshafen

There is a great demand for increasingly smaller micromechanical com-
ponents. Deep X-ray lithography is a process to produce high quality
microstructures with a lateral resolution in the pum-range, high aspect
ratio and low sidewall roughness [1,2]. The structures are transferred
by a shadow projection to a photosensitive resist [3]. At beamline 1 of
DELTA synchtrotron source a new X-ray lithography scanner (Jenop-
tik scanner (DEXO01)) provided by BESSY was implemented and com-
missioned. The setup was characterized using test structures, exploit-
ing different filters, bottom doses, and thermal conditions. This way
optimized exposure parameters were determined and finally structures
of industrial quality standards were produced. [1] A. Risse, /Ferti-
gungsverfahren der Mechatronik, Feinwerk-und Prézisionsgerédtetech-
nik/, Springer, 503 (2012); [2] A. del Campo, C. Greiner, /Journal
of Micromechanics and Microengineering /17(6), R81 (2007); [3] G.
Feiertag et al., /Applied Physics Letters /71(11), 1441 (1997).

MM 22.19 Mon 19:00 P4
Morphology of lithium-ion containing block copolymer elec-
trolytes for rechargeable lithium-ion batteries — eYIiNoNG
ZHANG, EzzeLDIN METwALLI, BERNHARD SPRINGER, and PETER
MULLER-BuscuBauM — TU Miinchen, Physik-Department, LS Funk-
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tionelle Materialien, James-Franck-Str. 1, 85748 Garching

Block copolymers (BC) electrolytes have been recently investigated as
solid-state membranes for lithium-ion batteries. Nanostructured BC
electrolyte contains both, the ionic conducting as well as the high-
tensile polymer domains, enabling both, high ionic conductivity and
improved mechanical stability. Since the diffusion path of the lithium-
ions only follows the percolation path of the ionic conducting domain,
the morphology of the BC electrolyte is an essential parameter. The-
oretical studies have recently reported that the BC electrolyte phase
diagrams significantly deviate from the conventional BC phase dia-
grams due to electrostatic interactions between polar chains and the
alkali metal-ions. The morphology of ion-containing BC electrolyte
was investigated using SEM and SAXS. In the current study, morpho-
logical deviation compared with that of the conventional BC phase
diagrams in consistent with the theoretical studies is experimentally
proved. Conductivity measurements of the Li-salt containing BC hy-
brid films were examined for different morphologies using impedance
spectroscopy.

MM 22.20 Mon 19:00 P4
Multiplexed sensing of small molecules with silicon nanowire
field effect transistors — eSTEPHANIE KLINGHAMMER!, TETIANA
VorrsekHIvska?, CLEMENS KirscHBAUM3, LARysa BaraBan!, and
GiaNaURELIO CunNiBERTIV'? — lInstitute for Materials Science and
Max Bergmann Center of Biomaterials, TU Dresden, 01062 Dresden,
Germany — 2Institute of Electronic Packaging Technology, TU Dres-
den, 01062 Dresden, Germany — 3Department of Psychology, TU
Dresden, 01062 Dresden, Germany — “Center for Advancing Elec-
tronics Dresden, TU Dresden, 01062 Dresden, Germany

The simultaneous detection of multiple targets within a single chip
on a point-of-care device is attracting great attention within bio-
and nanotechnology areas for more than decade[l]. Here, we demon-
strate a multiplexed, label-free and real-time detection platform for
small molecules like hormones, steroids, and viruses based on silicon
nanowire field effect transistors (SINW FETs). SINW FETs are con-
nected to a CMOS chip enabling the simultaneous readout of up to 32
FETs [2]. We particularly focus on the sensitive and selective bind-
ing of the target cortisol by using aptamers as receptors - allowing
high sensitive screenings in more physiological conditions[3|. Finally
we show the working principle in form of the biochipboxwhich serves
as a portable, electro-microfluidic device facilitating the versatile and
reliable detection of multiple samples on only one single sensor device.
(1) Patolsky, F. et al., Nanomed. 2006, 1 (1), 51-65.; (2) Voitsekhivska,
T. et al., IEEE, 2014; pp 173-178.; (3) Romhildt, L. et al., ACS Appl.
Mater. Interfaces 2013, 5 (22), 12029-12035.

MM 22.21 Mon 19:00 P4
Equilibrium shapes of large nanoparticles: Wulff-
construction on the atomic scale — eMacaNus RauMm and PauL
ErHART — Department of Physics, Chalmers University of Technol-
ogy, Gothenburg, Sweden

Finding the equilibrium shape of nanoparticles is a great challenge.
While the classical Wulff construction provides a solution given a set
of pre-defined surface energies in the continuum limit, the predictions
are unreliable for medium sized nanoparticles when edge and corner
sites have a sizeable effect the total energy. On the other end, numer-
ous efforts have been made to find the global minimum shape without
restrictions to crystal lattices, yet the complexity of the resulting opti-
mization problem limits predictions to nanoparticle sizes of a few hun-
dred atoms or less. Here, we explore the middle ground between large
nanoparticles, which can be captured using the Wulff construction and
very small nanoclusters. To this end, a computational technique based
on Monte Carlo sampling in the variance-constrained semigrand canon-
ical ensemble has been developed. We apply the method to a number of
transition metals and demonstrate the flatting of the energy landscape
with increasing particle size and describe its transition to the Wulff
construction in the continuum limit. The method is also applied to
particles with icosahedral symmetry, which are shown to have a much
more rugged energy landscape and thus are more likely to exhibit a
discontinuous size distribution.

MM 22.22 Mon 19:00 P4

Abnormal coarsening of nanoscale microstructures goes frac-

tal — eCHRISTIAN BrauN!, JuLEs M. Dakg?, CarL KRriLrL?, and
RAINER BIRRINGER! — !Experimental Physics, Universitit des Saar-
landes, Germany — 2Institute of Micro and Nanomaterials, Univer-

sitdt Ulm, Germany
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Despite the supposed rarity implicit in its name, abnormal grain
growth (AGG) appears to be a rather common mode of coarsening in
nanocrystalline materials, regardless of composition or synthesis route.
In inert-gas-condensed nanocrystalline Pd90Aul0, thermally induced
coarsening fulfills the criteria for AGG, but with an unusual twist:
here, the subpopulation of abnormally growing grains sends offshoots
in many directions into the surrounding matrix, much like a tumor
spreading into nearby tissue! The resulting irregular growth fronts
manifest a fractal-like morphology instead of the smooth interfaces
observed in conventional samples. We have captured this phenomenon
using orientation imaging based on electron backscatter diffraction and
obtained a fractal dimension of about 1.2 for the grain perimeter, which
is reminiscent of percolation processes, the migration of domain walls
in a random field of pinning centers or fractal lines on ranked surfaces.

MM 22.23 Mon 19:00 P4

ArF-excimer laser irradiation of gold coated float glass - for-
mation and implantation of gold nanoparticles — e MAXIMILIAN
Heinz!, MaNrFReD DuBIEL!, LEON AvAakYANZ, ARAM BUGAEVZ,
LusEGEN Bucarev?, JURGEN IHLEMANN®, and JOrc MEINERTZ® —
Martin Luther University Halle-Wittenberg, Von-Danckelmann-Platz
3, D-06120 Halle (Saale), Germany — 2Southern Federal University,
Zorge Str. 5, 344090 Rostov-on-Don, Russia — 3Laser-Laboratorium
Gottingen e.V., Hans-Adolf-Krebs-Weg 1, D-37077 Gottingen, Ger-

many

In this study, plasmonic Au nanostructures in soda-lime-silicate float
glasses have been generated by gold coating and ArF-excimer laser ir-
radiation (193 nm) of the glass surface. The formation of Au nanopar-
ticles could be verified by the surface plasmon resonances between
530 and 600 nm, which were obtained by optical spectroscopy. Fur-
thermore, the implantation of these nanoparticles into the glass as a
consequence of melting of the glass surface by the laser has been in-
vestigated by means of electron microscopy (SEM and TEM). Here
the absorption of the glass at the laser wavelength plays an impor-
tant role. The implantation of the nanoparticles into the glass is an
important condition to generate corrosion resistant laser marks, for
example micro patterns, which are of specific interest for applications
of nanoplasmonics, nanoantennas and labeling by holograms.

MM 22.24 Mon 19:00 P4
Planarization and pattern transfer at ultra-smooth alu-
minium surfaces — eJENs BAUER, FrRank Frost, and THOMAS
ARrNoOLD — Leibniz-Institut fiir Oberflichenmodifizierung, Permoser-
strafe 15, D-04318 Leipzig, Germany

Metal mirrors are of increasing interest for the technological progress
in EUV/XUV lithography, x-ray and synchrotron optics. Recently, we
have presented a direct surface figuring technology, which is based on
reactive ion beam etch (RIBE) processing. The use of sub-aperture
ion beams allows the deterministic machining of optical Al surfaces
while preserving the surface roughness almost in its initial state. Now
we apply this promising technique for an advanced customization of
the Al surface topography. Two cases are distinguished: 1) Surface
planarization experiments are performed applying a sacrificial resist
layer. Typically, several hundred nanometres of resist allow for a ge-
ometrical levelling of disturbances within the surface micro-roughness
and waviness. This smooth resist topography is then transferred into
the Al surface. RIBE process optimization is performed by variation
of the gas composition and ion beam machining geometry to achieve
a resist/Al selectivity in the order of unity. 2) Al surfaces are struc-
tured by topography transfer of a patterned resist layer via RIBE. The
proportional pattern transfer is controlled by the resist/Al selectivity.
The engraving of regular ultra-shallow grid patterns into aluminium is
performed by a damped proportional transfer. The processes are eval-
uated by AFM and WLI topography measurements. A PSD analysis
allows for the quantitative assessment of topography features.

MM 22.25 Mon 19:00 P4
Modeling the electrocaloric effect in ferroelectric solid so-
lutions — e ANNA GRUNEBOHM!, TAakEsHI NisHIMATSUZ, and RALF
MEYER? — !Faculty of Physics and CENIDE, University of Duisburg-
Essen, Germany — 2Institute for Materials Research, Tohoku Univer-
sity, Japan — 3Department of Mathematics and Computer Science,
Laurentian University, Sudbury, Canada

The electrocaloric effect (ECE) is the adiabatic temperature change of
a material in a varying external electrical field. The ECE is promising
for novel cooling devices [1]. However, in many ferroelectrics the large
ECE is restricted to a narrow temperature interval. Solid solutions
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such as BagzSr;_,TiO3 are promising to tune the operation range. We
discuss possible routes of modeling disordered solid solutions by means
of ab initio based molecular dynamics simulations [2,3]. Furthermore,
we present direct simulations of the ECE for BagSr1_,TiOs [4].

[1] X. Moya, et al., Nature Mater. 13, 439 (2014).

[2] T. Nishimatsu et al., J. Phys. Soc. Japn. 85, 114714 (2016).

[3] S. Tinte et al., J. Phys.: Condens. Matt. 16, 3495 (2004).

[4] M. Marathe, et al., Phys. Rev. B 93, 054110 (2016).

MM 22.26 Mon 19:00 P4
Tuning of the optical properties from alloy nanoparticles with
varied compositions sputtered from one target — eWIEBKE
REICHSTEIN!, ALEXANDER VAHL!, JuLIAN STROBEL?, OLEXANDR
Poronskyr!, THoMas STRUNskUs!, Lorenz KIENLEZ, and FrRaNz
FaupeL! — Christian-Albrechts University at Kiel, Institute for Ma-
terials Science, Chair for Multicomponent Materials, Kaiserstr. 2,
24143, Kiel, Germany — 2Christian-Albrechts University at Kiel, In-
stitute for Materials Science, Chair for Synthesis and Real Structure,
Kaiserstr. 2, 24143, Kiel, Germany

Optical properties like particle plasmon polaritons of elemental noble
metal nanoparticles were well studied over the past years. Recently, al-
loy metal nanoparticles have generated increasing interest due to their
additional functionalities. In this work the optical properties of mul-
tiple stacks of silver-gold alloy nanoparticles in a transparent matrix
are investigated. Nanoparticles were deposited using a Haberland type
single DC magnetron gas-aggregation-source and are incorporated into
a silicondioxide matrix (pulsed reactive DC magnetron sputtering).
UV-vis transmission spectra were obtained on samples where the gold
concentration in the nanoparticles was varied from 60 to 75 at% lead-
ing to corresponding shifts of the plasmon resonance peak positions.
Furthermore, the influence of nanoparticle agglomeration on the ap-
pearance of the plasmon absorption band was analyzed which could
allow optical control of the deposition process.

MM 22.27 Mon 19:00 P4
Nano Structuring with New High-Resolution and Longtime-
Stable Liquid Metal Ion (Alloy) Sources — oTORSTEN
ScHNEIDER-RAHDERY2, AcHIM NaDzZEYKA2, LARs BRUCHHAUSZ,
SVEN Baugrpick?, PauL Mazarov?, MicHaEL Kanr?, and
ANDREAS-DIRK WIECK! — !Lehrstuhl fiir Angewandte Festkorper-
physik, Ruhr-Universitit Bochum — 2Raith GmbH, Dortmund

To generate structures on scales of micro- or nanometers, metal ions
and clusters can be used, because their de Broglie wavelength is much
smaller than that of light. This allows a higher resolution also of struc-
tures smaller than the wavelength of light. In fact, the resolution limit
is more on the side of the instrumentation than due to the de Broglie
wavelength, being of the order of only A = h/v2mE = 20 fm (mass
70 amu, E = 30 keV). Metal ions emitted by liquid metal ion sources
(LMIS) are bundled to a focused ion beam (FIB). Most of the commer-
cial applications use Gat ions; here drawbacks exist due to unwanted
implantation. Thus the fundamental goal of the current project is to
investigate alloys consisting of different other metals, which show a eu-
tectic behavior and are suitable to achieve a longtime-stable operation
of the LM(A)IS. First, the sputtering yield of a LMAIS emitting Au™,
Autt and SitT ions will be analyzed according to the beam current
and the dwell time. For these measurements, samples of Si, Cr, Au
and others will be used. Subsequently, more parameters will be varied
in order to maximize the removal rate and the resolution. Similar in-
vestigations will be conducted using other alloys containing different
metals (basically Bi) to optimize their operating conditions as well.

MM 22.28 Mon 19:00 P4
Ferrite filled carbon nanotubes vs. ferrite nanoparticles as
anode materials for lithium ion batteries — eLucas MOLLER!,
ALEXANDER OTTMANN!, RUDIGER KLINGELER!'2, RasHA GHUNAIMS3,
and SiLKE HampPEL® — 1Kirchhoff Institute of Physics, Heidelberg
University — 2Centre for Advanced Materials, Heidelberg University
— 3Leibniz Institute for Solid State and Materials Research (IFW)
Dresden

Various nanosized ferrite MFeoO4 (M = Fe, Co, Ni) materials incor-
porated into multiwalled carbon nanotubes (CNT) have been studied
as anode materials for Li-ion batteries. Electrochemical measurements
by means of cyclic voltammetry (CV) and galvanostatic cycling with
potential limitation (GCPL) were carried out in Swagelok-type two-
electrode cells against Li/Lit. In order to evaluate the benefits of
the CNT shells, the results are compared to pristine ferrite MFeaOy4
nanoparticles. The CVs show typical redox activity associated with the
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conversion reaction MFeoOy4 + 8LiT + 8~ +» M + 2Fe + 4LiyO. For
the functionalised nanotubes, the data show in addition signatures of
Li de-/intercalation into the CNTs. GCPL measurements reveal bet-
ter cycling stability of the CNT-incorporated compared to the pristine
ferrite nanoparticles.

MM 22.29 Mon 19:00 P4
Characterization of different para-quinones as electrode
materials in Li-ion batteries oCHRISTINA SCHMIDT!,
YuquaNn Wul, SesasTiaN Hann?, FeLix HiNkeL?, and RUDIGER
KLINGELER!?2 — 1Kirchhoff Institute of Physics, Heidelberg Univer-
sity, Germany — 2Centre for Advanced Materials, Heidelberg Univer-
sity, Germany

The applicability of various para-quinones as electrode materials in
lithium-ion batteries has been studied by means of cyclic voltammetry
and galvanostatic cycling. The aza-para-quinones under study have
been synthesized by classic condensation reactions with established
procedures. Particular emphasis is given to the preparation of the solid
electrodes and to the influence of the electrolyte. Our data imply that
up to 3 Lit-ions per molecule can be stored electrochemically, which,
in the example of 5,7,12,14-tetraaza-6,13-pentacenequinone (TAPQ),
are associated with reversible redox reactions at potentials between
1.8 and 3.0 V vs. Li/LiT. Except for the first few cycles which show
relatively high capacities above 300 mAh/g, the electrodes suffer from
strong fading effects. No significant improvement of the cycling stabil-
ity is observed when using different carbon additives or an ether-based
electrolyte.

MM 22.30 Mon 19:00 P4
Grain boundary and triple junction segregation: Comparison
between atom probe experiments and atomistic simulations
— RUva Duran, DaNIEL BEINKE, eSEBASTIAN EicH, and Guibo
ScaMITz — Institut fiir Materialwissenschaft, Universitat Stuttgart

In nanocrystalline materials, the volume fractions of grain boundaries
(GBs) and triple junctions (TJs) gain significance, justifying these de-
fects as a major research topic. Excess solute segregation at those de-
fects generally reduces the free energy of the system and may inhibit
grain growth and lead to stabilization of nanocrystalline materials.

Atom probe tomography (APT) is a state-of-the-art technique with
nanometer accuracy in order to obtain 3D information of the spatial
chemical distribution, allowing conclusions about GB segregation am-
plitude and GB compositional width.

However, both the field evaporation process in APT experiments
and the reconstruction algorithm eo i¢pso imply artifacts in the recon-
structed sample, e.g. drastic differences of atomic densities in the GBs
as compared to the bulk.

By comparing experimentally investigated two-component nano-
sized samples with realistic computer-simulated tricrystals, subjected
to subsequent simulated evaporation, we reveal influences of the ac-
tual evaporation process on the reconstructed tip. Density fluctua-
tions can directly be linked to different evaporation fields, which result
from structural effects (e.g. different bonding in GBs) and/or different
chemical species.

MM 22.31 Mon 19:00 P4
Viscoelastic and structural relaxation processes in Bom-
byx mori silk fibers studied by in situ X-ray scattering ex-
periments — eJaN RosiGkeIT!, Icor Krasnov!, and MARTIN
MUULLER?®! — llnstitut fiir experimentelle und angewandte Physik,
Christian-Albrechts-Universitit zu Kiel — 2Institut fiir Werkstoff-

forschung, Helmholtz-Zentrum Geesthacht

The mechanical properties of silk fibers are studied using an in situ
combination of tensile tests with X-ray scattering experiments. We
report our results about the vicoelastic relaxation. Structural relax-
ations in silk fibers exposed to tensile stress have been observed to take
place on a very wide range of time scales from a few milliseconds to
several hours. The phenomena can be well described by models based
on fractional calculus. The time-dependence of the measured tensile
force following a quasi-instantaneously applied external strain on the
fibers can be understood in terms of a fractional viscoelastic relaxation
function introducing memory effects by which the mechanical state of
a fiber depends on its tensile history. The relaxation behavior could
be well described with the fractional viscoelastic theory.

MM 22.32 Mon 19:00 P4
Optical characterization of thin-film electrode materials
during electrochemical measurements — eTim THEIL, NELLY
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SANCHEZ, Yuc JosHl, SusaNN Nowak, and Guipo ScHMITZ — In-
stitut fiir Materiawissenschaft, Universitat Stuttgart

Thin-film battery electrodes are mainly characterized using electro-
chemical methods like cyclic voltammetry and chronopotentiometry.
Using optical measurements additional insights into processes happen-
ing in the electrode materials or at the interfaces during cycling can be
gained. Monitoring in-situ during lithiation and delithiation can give
insight into chemical reactions or thickness changes. The approach is
proven using lithium cobalt oxide (LCO) as an example for a cathode
and lithium titanate (LTO) as an example for an anode. Both materi-
als were prepared by ion beam sputter deposition on platinum coated
silicon wafer with oxygen as reactive gas. LCO was crystallized by
post annealing at 600°C whereas LTO was in situ annealed at 600°C.
For the measurement a liquid cell with a three electrode setup was
used where the used electrolyte was 1 molar LiClO4 in EC:DMC, the
counter and the reference electrode was pure lithium metal. During
cycling the sample was illuminated in a 45° angle by a tungsten source
and each second a reflectance spectrum was acquired at 90° to the in-
coming beam. The reversible dependence of the optical properties on
the charge state of the materials can be clearly shown.

MM 22.33 Mon 19:00 P4
Electrochemical Strain Microscopy for mapping ionic conduc-
tivity with high spatial resolution — eNiNo ScuoN!2, SVENJA
BeNNING'2, RoLAND SchieErRHOLz', and FLORIAN Hausgen!:2
1 Forschungszentrum Jiilich, Institute of Energy and Climate Research,
IEK-9, 52425 Jiilich, Germany — 2RWTH Aachen University, Insti-

tute of Physical Chemistry, 52074 Aachen, Germany

Devices for energy storage play an important role in our daily life but
also in tackling fundamental problems towards a sustainable energy
landscape. Currently challenging is the ability to store surplus en-
ergy and release it on demand. All-solid-state Lithium-Ion-Batteries
(ASSLiB) present an attractive solution with high potential for further
development. To realize improved solid state batteries, it is of utmost
importance to understand the electrochemical and charge transport
properties of promising energy materials at a relevant scale, especially
the correlation between microstructure and local Li-Ion conductivity.
Within this contribution we introduce Electrochemical Strain Mi-
croscopy (ESM) as a method to investigate ionic conductivities with
very high spatial resolution. ESM is based on Atomic Force Mi-
croscopy, a powerful tool to get insights into the surface characteristics
at the nanometer scale. The Underlying principle of ESM is the link
between the Li-Ion concentration and the molar volume. Ionic con-
ductivity can be detected indirectly by applying a localized voltage
pulse and inducing Li-Ion movement the resulting material strain can
be quantified with subnanometer resolution. Hence, ESM allows for
direct correlations between ionic conductivity and microstructure.

MM 22.34 Mon 19:00 P4
A detailed atomic investigation of the clustering and pre-
cipitation on a Friction-Stir-Welding simulated Al-Cu-Li(-
Mg) alloy (AA2198) — eDaNNY PETscHKE, FrRANK LOTTER, and
ToRsTEN STAAB — Lehrstuhl fiir Chemische Technologie der Materi-
alsynthese, Rontgenring 11, 97070 Wiirzburg

Al-Cu-Li-(Mg) alloys find wide applications in aviation and aerospace
technology due to the reduction of weight and their high strength at
the same time. After rolling sheets of these alloys, a defined heat
treatment, following the solution annealing, leads to the formation
of mainly T1-precipitates (Al2CuLi). These precipitates are highly
efficient in blocking dislocation movements and, therefore, are re-
sponsible for the high strength of the alloy. When these sheets are
joined by Friction-Stir-Welding (FSW), temperatures occurring in the
Weld-Nugget (WN) are close to the material’s solution treatment tem-
perature (490-510°C). Hence, the T1-precipitates are completely dis-
solved in this region, which results in a significant hardness-drop of
25%. Obviously, only GP-zones/GPB-zones and CuMg-clusters of
several Angstrém in size are formed directly after welding by diffu-
sion processes not understood in detail, yet. We followed the precip-
itation kinetics directly after Friction-Stir-Welding with DSC, SAXS
and Positron-Annihilation-Spectroscopy (PAS). Therefore, a Welding-
Simulator was developed to reproduce the temperature profile in the
welded material.

MM 22.35 Mon 19:00 P4

Characterization of materials for all-solid-state batteries pre-
pared by ion-beam sputtering — eSusann Nowak!, FaABIAN

WunNDE?, JuLIANE MOURTER!, GiurLio CALcAGNO!, PRIANYKA
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SHAarRMAl, Yuc Josar!, Tim Tae!, and Guipo ScHMITZ

Heisenbergstr. 3, 70563 Stuttgart — 2Wilhelm-Klemm-Str. 10, 48149
Miinster

1 1

All-solid-state batteries are discussed as a solution for the challenges
lithium-ion batteries are facing in the moment. An all-solid-state bat-
tery is a complex system consisting of a cathode, an electrolyte, an
anode and different current collectors. For the purpose of creating an
all solid-state battery different materials for all of these components
have to prepared and characterized. This contribution presents the
properties of different battery materials which were successfully pro-
duced using ion-beam sputtering. In particular, the fabrication and
properties of LFP, LMO, LCO, Sn, Si and LiPON as thin films are
shown. All-solid-state batteries which were prepared using these ma-
terials are shown and were characterized by temperature dependent
cyclic voltammetry and TEM investigations. It is shown that the cy-
cling stability is largely dependent on the chosen anode material, when
lithium and tin are compared.

MM 22.36 Mon 19:00 P4
Understanding chemical ordering in intermetallic clathrates
— eMarTias ANcqvisT and PAuL ErRHART — Department of Physics,
Chalmers University of Technology, Sweden

Clathrates are periodic structures that provide a framework that
can trap large, loosely bound species. Intermetallic clathrates often
have low thermal lattice conductivity and high electric conductivity,
which makes them interesting candidates for thermoelectric applica-
tions. These materials exhibit a great variability with respect to ele-
mental composition and the distribution of the species, which provides
flexibility for tuning properties but also poses a challenge with regard
to developing a comprehensive understanding of these systems. Here,
we demonstrate a method that can both accurately and efficiently sam-
ple this compositional space. We use density functional theory calcula-
tions to parametrize alloy cluster expansions (CE) to obtain ab-initio
accuracy in Monte Carlo simulations that can exhaustively sample the
compositional space. We apply this methodology to study the chemi-
cal ordering and related effects in the binary clathrates BagAlg;Siqs— 2,
BagAl, Gegs—, BagGazGegs—o, and BagGaySige—, in terms of com-
position and temperature. We validate our method by predicting the
site occupancy factors (SOFs) and achieve excellent agreement with
experimental results. This validation enables us to provide a rationale
for the extreme SOF behavior with varying Al content by looking at
the actual interactions found in the CE. Finally, we address the con-
tributions of chemical ordering on heat capacity and lattice expansion.

MM 22.37 Mon 19:00 P4
In situ functionalization and spectroelectrochemical charac-
terization of gallium nitride surfaces for novel hybrid sens-
ing platforms — ePRriNnciA SALVATORE, EUGEN SPEISER, and NOR-
BERT EsseEr — Leibniz-Institut fiir Analytische Wissenschaften - ISAS
- e.V., Schwarzschildstr. 8, 12489 Berlin

Inspired by the existing semiconductor technology and encouraged by
the unique set of optical and electronic properties of gallium nitride
(GaN), the integration of such a material in novel sensing platforms has
been attempted proceeding through a solution-based in situ modifica-
tion of GaN surfaces via a phosphonic acid (PA) linkage. In contrast
to other harsher functionalization routes, this approach offers the op-
portunity to prepare samples in solution with no need of removing
oxide layers, and to exploit the side/end groups of PA derivatives for
GaN surfaces terminating with different chemistries. PA adsorbates
based on terpyridine are under investigation with the aim of exploring
robust surface-confined layers for metal ions chelation and sensing in
solution. A dual investigation by interfacial electrochemistry and op-
tical spectroscopy (Raman and photoluminescence analysis), referred
to as spectroelectrochemistry, serves to verify efficiency of the surface
modification scheme and sensitivity of the sensing route, which applies
to functionalized GaN crystals as planar or nanostructured surfaces.
Under a monochromatic light excitation and bias, insight into interfa-
cial processes (surface assembly, charge transfer, band bending, etc.)
is gained towards the creation of novel hybrid sensors, based here on
the highly controlled deposition of PA derivatives on GaN electrodes.

MM 22.38 Mon 19:00 P4
Investigation of molecular orientation in individual metal-
organic nanowire by polarized raman spectroscopy and sim-
ulation — eYanLonc Xinc!, Eucen SprisEr!, Duerras Ku-

MAR SINGHZ, PETRA DirTrRICH?, and NoRBERT Esser! — !Leibniz-
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Institut fiir Analytische Wissenschaften, ISAS e.V., 12489 Berlin, Ger-
many — 2Department of Chemical Physics, Jacobs University, 28759
Bremen, Germany — 3Department of Biosystems Science and Engi-
neering, ETH Ziirich, 8093 Ziirich, Switzerland

To study the molecular self-organization in conductive metal-organic
nanowire, single gold-tetrathiafulvalene (Au-TTF)nanowires were
analysed using non-destructive polarized Raman spectroscopy at room
temperature. A first investigation was done for neutral tetrathiafulva-
lene (TTF) crystal. Based on the density functional theory calculation
of molecular Raman tensor and simulation of depolarization ratio, the
orient of TTF molecules in a single TTF crystal was revealed. The high
correlation between the results from this work and that of reported
work proved the efficiency of the proposed method in this work. After-
wards, both the experimental and simulation method for TTF crystal
was applied to study a single Au-TTF nanowire. It was indicated that
there were at least two different molecule configurations in the wire,
both tilted with respected to the long axis of the wire. The 3D model of
sing Au-TTF wire showed a vivid image of molecular configurations in
the wire. Compared to the proposed mechanism in reported work, this
improved model can better explain the growth mechanism of Au-TTF
wires with various morphologies.

MM 22.39 Mon 19:00 P4
Mechanical alloying of Ti-25Ta for biomedical applications:
Effect of milling parameters — evaNrFEI Sui', MARIANA CALIN',
SErRGIO ScupiNo!, CHUNMING Zou2, Zunjyie WEI?, and JURGEN

EckerT® — IFW Dresden, Institute for Complex Materials, 01171

Dresden, Germany — 2National Key Laboratory for Precision Heat
Processing of Metal, Harbin Institute of Technology, Harbin 150001,
China — 3Erich Schmid Institute of Materials Science, Austrian

Academy of Sciences, Jahnstrafte 12, A-8700 Leoben, Austria

The influence of milling parameters, such as milling time (10h-80h),
milling speed (200rpm, 250rpm, 300rpm), as well as the initial powder
morphology, have been investigated. The microstructure of the milled
powder has been characterized by scanning electron microscopy, cou-
pled with X-ray diffraction. The results indicate that, the interval
milling mode that carried out with a speed of 250rpm, shows opti-
mized mechanical alloying effect. At the initial stages of ball milling a
significant broadening of the diffraction peaks was observed, which can
be linked to phason strain of the quasilattice. With increasing milling
time, the diffraction signals belonging to 3 phase were no longer ob-
served, indicating a complete transformation of S phase to « phase.
The milled powder can be further used to synthesize compacts with a
low elastic modulus for biomedical applications.

MM 22.40 Mon 19:00 P4
Mechanical alloying of Ti-25Ta for biomedical applications:
Effect of milling parameters — evaNFEI Suil, SERGIO ScupINOl,
CHUNMING Zou?, ZuNJyiE WEI?, MariaNa CaLiN', and JURGEN
Eckierr® — 'IFW Dresden, Institute for Complex Materials, 01171
Dresden, Germany — 2National Key Laboratory for Precision Heat
Processing of Metal, Harbin Institute of Technology, Harbin 150001,
China — 3Erich Schmid Institute of Materials Science, Austrian
Academy of Sciences, Jahnstrafte 12, A-8700 Leoben, Austria

The influence of milling parameters, such as milling time (10h-80h),
milling speed (200rpm, 250rpm, 300rpm), as well as the initial powder
morphology, have been investigated. The microstructure of the milled
powder has been characterized by scanning electron microscopy, cou-
pled with X-ray diffraction. The results indicate that, the interval
milling mode that carried out with a speed of 250rpm, shows opti-
mized mechanical alloying effect. At the initial stages of ball milling a
significant broadening of the diffraction peaks was observed, which can
be linked to phason strain of the quasilattice. With increasing milling
time, the diffraction signals belonging to 8 phase were no longer ob-
served, indicating a complete transformation of S phase to « phase.
The milled powder can be further used to synthesize compacts with a
low elastic modulus for biomedical applications.

MM 22.41 Mon 19:00 P4
An Improved Method for Point Deflection Measure-
ments on Rectangular Membranes — eBenoiT MERLE!, KyLE
Nicuorson!, Erik HERBERT?, and MaTHIAS GOKEN! — Materials
Science & Engineering 1, Friedrich-Alexander-University Erlangen-
Niirnberg (FAU) — 2Department of Materials Science & Engineering,
Michigan Technological University

The point deflection method has recently emerged as a possible alter-
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native to current micromechanical techniques for measuring the me-
chanical properties of thin films. A point deflection experiment consists
into deflecting a clamped membrane in its center with a nanoindenter
tip. The widespread availability of the required equipment makes the
method very promising for future applications. These outlooks were
further enhanced by the recent extension of the evaluation theory to
rectangular membranes, which - unlike circular ones - are easily fab-
ricated by standard lithographic techniques. In this work, the recent
theoretical advances were critically reviewed and an improved experi-

MM 23: Invited

Time: Tuesday 9:30-10:00

Invited Talk MM 23.1 Tue 9:30 BAR 205
Integration of Grain Boundary Mechanics and Migration
— eDaviD SroroviTz, JiAN HAN, SPENCER THoOMAS, and VAcLav
ViTEK — University of Pennsylvania, Philadelphia, PA USA

Most grain boundary (GB) properties are modeled as if they were asso-
ciated with isolated phenomena; these include GB mobility, GB sliding,
GB interactions with lattice dislocations, GB roughening, GB shear

mental method based on the measurement of the contact stiffness was
implemented. The new method was applied to the measurement of the
residual stress of 100-nm thick SiNx and TiO2 membranes. The ac-
curacy of the point deflection experiments was assessed by testing the
same samples a second time with the bulge test reference technique.
It is shown that the new experimental method dramatically improves
the reproducibility of the measurements, and suggestions are made to
improve the current evaluation scheme.

talk Srolovitz
Location: BAR 205

coupling,... The result of these efforts has largely been phenomenolog-
ical models with little quantitative predictability. In this presentation,
I will outline an approach that has its foundations in grain boundary
bicystallography which, when coupled with, some simple statistical me-
chanics ideas, show how these phenomena are intimately coupled. The
presentation will outline the underlying theoretical ideas and demon-
strate these with molecular dynamics and Monte Carlo simulations.

MM 24: Bioinspired Functional Materials: From Nature's Nanoarchitectures to Nanofabricated
Designs

Time: Tuesday 9:30-12:15

Invited Talk MM 24.1 Tue 9:30 HSZ 02
New twists in biological photonics: circular polarisation and
beyond. — ePETE Vukusic, LUKE McDonaLD, and EwaN FiIN-
LAYSON — University of Exeter, Exeter, UK.

The evolution of structural colour mechanisms in many biological sys-
tems has given rise to many specialised and often highly functional
optical effects both in animals and in plants. Recent scientific works
yielded several examples that are being developed for use across tech-
nology. Among many thousands of biological systems, a distinctive
example involving circular polarisation (CP) was described by Michel-
son himself: the scarab beetle Chrysina resplendens. Its exoskeleton
has a bright, golden appearance that reflects both right-handed and
left-handed CP light. The chiral nanostructure responsible for this is a
helicoid comprising twisted birefringent dielectric planes. This presen-
tation revisits the C. resplendens beetle, correlating details of its CP
reflectance spectra directly with detailed analysis of its morphology
that includes a chiral multilayer configuration comprising two chirped,
left-handed, helicoids separated by a birefringent retarder. The sys-
tem’s optical behaviour is modelled using a scattering matrix simula-
tion, where the optical roles of each component of the morphological
substructure are elucidated. The C. resplendens’ model is presented
here, alongside summaries of other inspirational biological structural
colour generation strategies, as a key example of highly adapted optical
design.

Invited Talk MM 24.2 Tue 10:00 HSZ 02
Bio-inspired materials and structures for technology and ar-
chitecture — eTHoMAS SPEcK — Plant Biomechanics Group &
Botanic Garden, University of Freiburg

Biological structures and materials are typically multi-layered, hier-
archically structured, finely tuned and highly differentiated based on
the combination of a few basic molecular components. This leads to
materials and structures that are characterized by multiple networked
functions and (often) possess excellent mechanical properties, a pro-
nounced adaptability to changing environmental conditions and many-
fold self-x-properties.

During the last decades biomimetics, i.e. using living organisms
as inspiration for technical developments products, has attracted in-
creasing attention as well from basic and applied research as from
various fields of industry. Biomimetics has a high innovation potential
and offers the possibility for the development of sustainable technical
products and production chains. On the one hand, novel sophisti-
cated methods for quantitatively analyzing and simulating the form-
structure-function-relationship on various hierarchical levels allow new
fascination insights in multi-scale mechanics and other functions of
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biological structures, materials and surfaces. On the other hand, re-
cent developments in computational design and simulation together
with new production methods enable for the first time the transfer
of many outstanding properties of the biological role models into in-
novative biomimetic products for reasonable costs which makes them
interesting for applications in many fields of technology and building
construction.

Invited Talk MM 24.3 Tue 10:30 HSZ 02
Cellulose bio-inspired hierarchical structures — eSivia Vig-
NoLINI — Lensfield Road Cambridge CB2 1IEW UK

Nature’s most vivid colours rely on the ability to produce complex
and hierarchical photonic structures with lattice constants on the or-
der of the wavelength of visible radiation. A recurring strategy design
that is found both in the animal and plant kingdoms for producing
such effects is the helicoidal multilayers. In such structures, a series
of individual nano-fibers (made of natural polymers as cellulose and
chitin) are arranged parallel to each other in stacked planes. When
distance between such planes is comparable to the wavelength of light,
a strong polarised, colour selective response can be obtained. These
helicoidal multilayers are generally structured on the micro-scale and
macroscopic scale giving rise to complex hierarchical structures.

Biomimetic with cellulose-based architectures enables us to fabri-
cate novel photonic structures using low cost materials in ambient
conditions. Importantly, it also allows us to understand the biological
processes at work during the growth of these structures in plants. In
this talk the route for the fabrication of complex bio-mimetic cellulose-
based photonic structures will be presented and the optical properties
of artificial structures will be analyzed and compared with the natural
ones.

15 min break

Invited Talk MM 24.4 Tue 11:15 HSZ 02
Strong Flexible Bioenabled Nanocomposites for Sustainable
Sensing — eVLADIMIR TSUKURUK — School of Materials Science and
Engineering, Georgia Institute of Technology, Atlanta, USA

I discuss recent results from our research group on designing flexible
and strong responsive polymer and biopolymer nanocomposite materi-
als and structures for advanced flexible sensing and electronic applica-
tions. Ultrathin silk fibroin proteins and chemically modified cellulose
nanocrystals were assembled in order to control intimate assembly with
graphene oxide sheets with controlled surface chemical composition on
planar and curved substrates. We demonstrated flexible laminated
bionanocomposites with developed biointerphases that facilitate ex-
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tremely high elastic modulus, bending flexibility, and toughness. Both
experimental and computational methods were undertaken to address
silk fibroin adsorption at heterogeneous surfaces of graphene oxide with
different degrees of oxidation. Graphene oxide and reduced graphene
oxide sheets at various levels of oxidation were compared with sili-
con dioxide (SiO2) as a benchmark substrate. We concluded that
silk fibroin readily forms single molecule proto-nanofibrils with S-sheet
structures on oxidized graphene oxide surfaces but aggregated globu-
lar structures on the hydrophobic surfaces. Finally, electrochemical-
assisted photolithography has been utilized for high spatial resolution
conductive patterning of these nanocomposites with high local elec-
trical conductivity, sharp boundaries, and optical transparency. Some
peculiar features of these flexible bionanocomposites can be explored
for tactile recognition, remote sensing, and low-noise SERS substrates.

Invited Talk MM 24.5 Tue 11:45 HSZ 02

3D laser nano-printing of rationally designed materials —
eMARTIN WEGENER — Karlsruhe Institute of Technology, Karlsruhe,
Germany

Broadly speaking, 3D structures and materials can be designed by
using the human brain, computer-based (topology) optimization, or
inspiration from nature. Regardless of how a 3D blueprint has been
obtained, it eventually needs to be manufactured. 3D laser printing
on the micro- and nanometer scale has become a versatile and reliable
workhorse for accomplishing this task. Here, we review recent exam-
ples from our group. This includes micropolar metamaterials with
behavior beyond ordinary continuum mechanics, metamaterials with
effectively negative thermal expansion from positive constituents, and
electrical metamaterials with unusual direction and sign of the Hall
voltage.

MM 25: Topical session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Structure and Deformation |

Time: Tuesday 10:15-11:30

Topical Talk MM 25.1 Tue 10:15 BAR 205
Atomistic Studies on the Role of Interface Curvature on De-
formation and Failure of Interface-Controlled Materials —
eERIK BIrTzEK — Department of Materials Science and Engineering,
FAU Erlangen-Niirnberg

Since processes like crack nucleation and intragranular propagation as
well as dislocation nucleation, absorption, transmission or pinning take
place at the atomic scale, atomistic simulations have played a key role
in studying grain- and interphase boundaries (GBs, IPBs). However,
so far most of the studies on the deformation and failure of interface-
dominated materials have been performed on simulation setups with
planar interfaces.

Here we give an overview on our recent atomistic studies on inter-
granular fracture and dislocation-interface interactions, with the focus
on non-planar boundaries and more realistic GB topologies. Examples
include the importance of interface curvature on the misfit disloca-
tion network in realistic microstructures of Ni-base superalloys, stud-
ies of slip transmission through curved GBs and the overemphasis or
completely suppression of deformation mechanisms in nanocrystalline
samples with different degrees of GB curvature.

MM 25.2 Tue 10:45 BAR 205
Machine learning of grain boundaries for property prediction
from atomic structure and insights into their atomic building
blocks — eEric HoMmER!, CoNrRAD ROsENBROCK?, Gus HART?, and
HunTER Erickson! — 1Brigham Young University, Department of
Mechanical Engineering, Provo, USA — 2Brigham Young University,
Department of Physics and Astronomy, Provo, USA

Big data is a hot topic and is driving innovation in healthcare, logis-
tics, telecommunications, and the automotive industry. It is used in
materials science to search for new materials and alloys with unique
combinations of properties. We present results of machine learning
applied to a large dataset of grain boundaries (GBs) to predict ther-
modynamic and kinetic properties of materials, including GB energy,
temperature-dependent mobility trend, and shear coupling. The ma-
chine learning examines the local environment of the atoms and de-
termines similarity metrics, from which it can make predictions. Pre-
dictions of GB energy are reasonably accurate, though the accuracy
of predictions for the kinetic properties of mobility and shear coupling
are lower. Nonetheless, the approach makes reasonable predictions of
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kinetic properties based solely on the minimum energy structure of
GBs. Analysis of the trends in the machine learning data also provide
insight into the possible building blocks of GBs, which appear to be a
finite set.

MM 25.3 Tue 11:00 BAR 205
Coupling between grain boundary sliding and migration:
misorientation dependence — eASKAR SHEIKH-ALI — Institute
of Rheotechnologies LLC, 161-1 Kozhamkulova, 050026, Kazakhstan

Grain boundary sliding behavior has been studied in zinc bicrystals
with symmetric tilt boundaries slightly deviated from 123.75°<10-
10>Sigma=9 coincidence misorientation. The boundaries span a nar-
row range of misorientation of 123.6°-131.7°. All investigated bound-
aries except 131.7°<10-10> boundary demonstrate coupling between
grain boundary sliding and migration predicted by DSC-dislocation
model. The ratio between boundary sliding and migration is almost
the same for all boundaries experiencing coupling between these pro-
cesses. Sliding along 131.7°<10-10> boundary is not accompanied by
regular boundary migration. The transition from coupling to migra-
tion free sliding occurred at deviation angle determined by Brandon
criterion and was interpreted as a transition from special to general
boundaries. Within the accuracy of the experiment, the transition an-
gle remains constant up to the maximum investigated temperature of
400°C (0.97Tm, where Tm is the melting point).

MM 25.4 Tue 11:15 BAR 205
Coupled grain boundary motion driven by elastic anisotropy
in FCC Cu — eCHRISTIAN BRANDL — Institute for Applied Materi-
als, Karlsruhe Institute of Technology, Karlsruhe, Germany

Shear-coupled grain boundary motion is one mechanism, where the
plastic shear deformation is linked to the microstructure changes by
grain growth at low homologous temperatures. The prevailing notion
on the driving force on the coupled grain boundary exclusively ascribes
a shear stress in the grain boundary as the driving force. Here, we
present molecular dynamics simulation to demonstrate coupled grain
boundary driving by elastic anisotropy for a general large-angle asym-
metry grain boundary in copper. The observed mechanisms is dis-
cussed in the framework of general driving forces of interface motion
as the reduction of the total free energy grain linked to the defect
migration.
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MM 26: SYLI: Symposium Interfacial Challenges in Solid-State Li lon Batteries - NMR studies

Time: Tuesday 10:15-11:30

MM 26.1 Tue 10:15 IFW A
Investigation of the Li ion conduction behavior in the solid
electrolyte Lil0GeP2S12 by multidimensional NMR — eMaRrc
Paurus!, Macnus Grar!, PETErR NoTTEN'?, RUDIGER-ALBERT
EicueL’3, and Joser GrRaNnwenrb? — 1FZ Jiilich, Institut fiir
Energie- und Klimaforschung , D-52425 Jiilich, Germany — 2RWTH
Aachen, ITMC, D-52074 Aachen, Germany — 3RWTH Aachen, IPC,
D-52074 Aachen, Germany — “Department of Chemical Engineering
and Chemistry, TU/e, 5600 MB Eindhoven, The Netherlands

The biggest challenge to overcome in solid electrolytes is the relatively
slow and still poorly understood lithium ion migration at solid elec-
trolyte/electrode interfaces as well as at grain boundaries in solid-state
electrolytes. Lil0GeP2S12 is one of the best Li-ion conductors and
therefore an interesting candidate as electrolyte material in Li-ion bat-
teries. To link lithium migration mechanisms with different structural
features of LGPS by correlation of spin lattice relaxation and spin
alignment echo NMR a pulse sequence with two independently var-
ied evolution times was developed. The obtained data was processed
with an algorithm for discrete Laplace inversion. The resulting spin
lattice-spin alignment correlation map of LGPS provided several signal
components that were assigned to different morphologies and dynamic
regions in LGPS. In addition, the experiment facilitated a direct dis-
tinction between relaxation-controlled and mobility-induced compo-
nents in the 7c distribution. Further analysis of the spectral NMR
dimension in comparison with SEM and XRD measurements yielded
a diverse model of lithium motion for the LGPS powder sample.

MM 26.2 Tue 10:30 IFW A
Solid-state MAS and in-situ NMR spectroscopy for study-
ing battery systems — WOLFRAM MUNCHGESANG!, VIKTOR
KOROTEEV?, TATIANA ZAKHARCHENKO®, DannL M. ITkis?, DIrRk
C. MEever!, and eANasTAasiA VvarLiku! — llnstitut fiir Experi-
mentelle Physik, TU Bergakademie Freiberg, Freiberg, Germany —
2Nikolaev Institute of Inorganic Chemistry SB RAN, Novosibirsk, Rus-
sia — S3Department of Material Science, Moscow State University,
Moscow, Russia — %Department of Chemistry, Moscow State Uni-
versity, Moscow, Russia

Current research efforts in the field of energy storage are directed to-
wards improving cost and performance of lithium ion batteries as well
as evaluating post lithium ion concepts. Deep understanding of elec-
trochemical processes requires quantitative information on a molecu-
lar level, on the one hand, and with temporal resolution, on the other
hand. In our studies we apply ex-situ analysis using high-resolution
magic angle spinning (MAS) NMR in combination with in-situ NMR,
in order to characterize the electrochemical intermediates and reaction
products as well as to monitor the formation of solid electrolyte inter-
face (SEI) and surface microstructures in operating cells. The NMR
results demonstrate the structural transformations in lithium ion bat-
teries based on vanadia composite and 13C-isotop enriched carbon
electrodes.

MM 26.3 Tue 10:45 IFW A
"Li NMR studies of lithium ion dynamics in 70Li2S-30P>S5
materials — eMicHAEL Haaks!, STEVE MaRTINZ, and MICHAEL
VogeL! — llnstitut fiir Festkorperphysik, TU Darmstadt, Germany
— 2Department of Materials Science and Engineering, Iowa State Uni-
versity, Ames, USA

Rising energy demand makes it important to improve the performance
of lithium ion batteries. For this purpose it is important to understand
the dynamics of lithium ions, in particular, in heterogeneous materials,
which are used in modern strategies for material optimization. With
combination of "Li NMR spin-lattice relaxation, diffusion measure-
ments, line-shape, and stimulated-echo analyses it is possible to inves-
tigate lithium ionic motion in wide range of time and length scales in
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0.5Li2S-0.5(xGeS2-(1-x)GeO2)[1] and 70Li2S-30P2Ss5 glasses[2]. We
exploit there capabilities to ascertain the effect of ceramization in
70Li2S-30P2S5. We find that the large variety of lithium environments
results in broad distributions of correlation times for the jump motion
of the lithium ions. Our results for 70LisS-30P2Ss allow us to relate
the enhancement of electronic conductivity under ceramization|3] to
faster lithium ion dynamics on various length scales.

[1] Gabriel et al., Solid State Nuclear Magnetic Resonance 70, 53
(2015)

|2] Haaks et al., work in progress

[3] Mizuno et al., Advanced Materials 17, 918 (2005)

MM 26.4 Tue 11:00 IFW A
Combined DFT and solid-state NMR study of ionic mobil-
ity in Li4Ti5O12 — eSiMoNE K&cHERY2, ANDREAS GARHAMMERZ,
HenbpRrIK HEENENZ, MaaNUS GRAF!, Joser GRANWEHR!, RUDIGER-
A. EicueL!, KarsTEN REUTER?, and CHRISTOPH SCHEURERZ? —
1EK-9 - Fundamental Electrochemistry, Forschungszentrum Jiilich,
Jiilich, Germany — 2Chair for Theoretical Chemistry and Cataly-
sis Research Center, Technische Universitat Miinchen, Garching, Ger-

many

Nuclear Magnetic Resonance (NMR) spectroscopy is a powerful tool
to gain detailed understanding of the ionic mobility in battery materi-
als. Notwithstanding, experimental spectra of novel high-capacitance
electrodes such as the configurationally disordered defect spinel ox-
ide LiyTisO12 (LTO) are highly complex. Support by independent
first-principles based calculations is indispensable to achieve an unam-
bigious interpretation. We establish a corresponding framework for 7Li
spin-alignment echo NMR studies of LTO by providing first-principles
reference values for chemical shielding and quadrupolar coupling from
density-functional theory calculations. A detailed comparison of ex-
perimental and theoretical data suggests that a local Li ion mobility
faster than the experimental time resolution must have a consider-
able impact on the observed NMR quantities. We present first steps
towards accounting for this local dynamics in the simulation of the au-
tocorrelation function of the NMR experiment within a kinetic Monte
Carlo model.

MM 26.5 Tue 11:15 IFW A
Li-ion batteries cathode materials from extended Hubbard-
corrected functionals — eMarTEO Cococciont and NicoLa
MarzARl — Theory and Simulations of Materials (THEOS) and
NCCR-MARVEL, EPFL, Lausanne, Switzerland

Predictive modeling of the atomistic structure and electronic proper-
ties of transition-metal (TM) compounds is essential for the develop-
ment of several emerging technologies. This is particularly true for
materials explored as electrodes in Li-ion batteries. Unfortunately,
most approximate energy functionals fail to capture the localization
of electrons on TM ions during the charge/discharge transients, thus
compromising the energetics of these systems and the assessment of
their performance.

Hubbard-corrected DFT functionals (DFT+U) improve significantly
the description of localized valence electrons and have become the stan-
dard choice to the modeling of these TM compounds when computa-
tional efficiency is required (e.g., for screening large numbers of com-
pounds). This work shows that an extended formulation of DFT+U,
including on-site (U) and inter-site (V) interactions, improves the de-
scription of mixed valence materials. Focusing on LixMPO4 (M = Fe,
Mn, Ni, Co) we discuss their equilibrium structure and electronic prop-
erties in dependence of Li content. Contradicting a common practice,
we provide theoretical justification to using computed interaction pa-
rameters. We also show this is crucial to reliably compare the energy of
different phases, to assess the thermodynamic stability of intermediate
compositions and to evaluate the voltage of the resulting battery.
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MM 27: Computational Materials Modelling - Electronic structure approaches

Time: Tuesday 10:15-11:15

MM 27.1 Tue 10:15 IFW B
A Compressed-Sensing Approach to Select Accurate Atom-
Centered Basis Functions for Advanced Density Function-
als and Quantum Chemistry — eNikLas MEenzeL!, Luca M.
GHIRINGHELLI', GITTA KUTYNIOK?, and MATTHIAS SCHEFFLER!3 —
1 Fritz-Haber-Institut der MPG, Berlin, DE — 2Technische Univer-
sitdt, Berlin, DE — 3UC Santa Barbara, USA

The choice of basis sets is a crucial factor in density functional the-
ory and quantum chemistry, determining the accuracy and computa-
tional cost of the calculation. Commonly used basis sets are not suffi-
ciently accurate to represent the eigenfunctions for advanced exchange-
correlation treatments. This leads to basis set extensions, such as the
correlation-consistent basis sets by Dunning [JCP 90, 1007 (1989)].
We have developed a new approach to select basis functions based
on compressed sensing (CS), a recently developed signal processing
technique. CS provides a simple and efficient framework for basis set
selection based on ¢1-norm regularization. Our CS-based approach is
applicable to all atom-centered basis sets. As introductory example,
we demonstrate the selection of Gaussian-type basis functions (GTO).
The number of chosen contracted or uncontracted GTOs can be tuned.
We calculate the total energy for atoms from H to Ar and compare
the results with Dunning’s correlation-consistent basis sets, which give
similar results. Our new approach enables us to determine accurate
basis sets for heavier atoms including d- and f-elements.

MM 27.2 Tue 10:30 IFW B
High-order path integrals made easy — eVENKAT KaPIL!, JORG
BeHLERZ, and MicHELE CERIOTTI! — !Laboratory of Computational
Science and Modelling, Institute of Materials, Ecole Polytechnique
Fédérale de Lausanne, Lausanne, Switzerland — 2Lehrstuhl f ur The-
oretische Chemie, Ruhr-Universit at Bochum, Bochum, Germany

The precise description of quantum nuclear fluctuations in atomistic
modelling is possible by employing path integral techniques, which
involve a considerable computational overhead due to the need of sim-
ulating multiple replicas of the system. Many approaches have been
suggested to reduce the required number of replicas. Among these,
high-order factorization of the Boltzmann operator are particularly
attractive for high-precision and low-temperature scenarios. Unfortu-
nately, to date several technical challenges have prevented a widespread
use of these approaches to study nuclear quantum effects in condensed-
phase systems. Here we introduce an inexpensive molecular dynamics
scheme that overcomes these limitations, thus making it possible to
exploit the improved convergence of high-order path integrals without
having to sacrifice the stability, convenience and flexibility of conven-
tional second-order techniques. The capabilities of the method are
demonstrated by simulations of liquid water and ice, as described by a

Location: IFW B

neural-network potential fitted to dispersion-corrected hybrid density
functional theory calculations.

MM 27.3 Tue 10:45 IFW B
New Dynamical Mean-Field Theory capabilities in CASTEP
— eEvVGENY PLEKHANOV!, VINCENT SACKSTEDER?, PHIL Hasnip3,
Mart ProBerT®, STEWART CLARK?, CEDRIC WEBER!, and KEITH
REFsoN2 — 1Department of Physics, Faculty of Natural and Mathe-
matical Sciences King’s College London Strand, London, WC2R 2LS,
UK — 2Department of Physics, Royal Holloway University of London,
Egham, Surrey TW20 0EX, UK — 3Department of Physics, University
of York, Heslington, York YO10 5DD, UK — #Department of Physics,
University of Durham, Durham DH1 3LE, UK

We present the first implementation of Dynamical Mean-Field Theory
in UK’s major ab-initio code CASTEP [1|. This implementation: i)
is modular; ii) allows great flexibility in choosing local basis set for
downfolding/upfolding of self-energy; iii) permits wide choice of im-
purity solvers (including external solver libraries); and iv) gives the
user a possibility to use several self-consistency schemes and calculate
total energy and forces. We explain in details the theoretical frame-
work used. We benchmark our implementation on several strongly-
correlated insulating systems with d- and f-shells: v-Ce and Ce203 by
using Hubbard I and CTHYB-QMC solvers. Our results appear to be
in excellent agreement with the reference data published previously in
the literature [2,3,4].

[1] E. Plekhanov, et al. in preparation (2016). [2] L. Pourovskii, et
al. Phys. Rev. B 76, 235101 (2007). [3] B. Amadon, et al. Phys. Rev.
B 77, 205112 (2008). [4] J. Kunes, et al. Phys. Rev. Lett. 99, 156404
(2007).

MM 27.4 Tue 11:00 IFW B
Analytical continuation of Green’s functions using Padé ap-
proximants — eJoHAN ScHoTT — Uppsala University, Uppsala,
Sweden

A critical step to obtain physical observables for many Green’s func-
tion based methods is the ill-posed analytical continuation problem.
We propose to remedy the known instability problems of the Padé ap-
proximant method by averaging several continuations, using different
number of Padé approximant coefficients and input points. In our ar-
ticle [Phys. Rev. B 93, 075104 (2016)] we also show including negative
Matsubara frequencies further improves the peak resolution possibil-
ity. The importance of high numerical precision, even for very noisy
input data, is systematically presented. Lastly, the presented method
is compared to a number of other analytical continuation methods,
showing good performance.

MM 28: Transport | - atomic transport

Time: Tuesday 10:15-11:45

MM 28.1 Tue 10:15 IFW D
Volume diffusion in high-entropy Al,;CoCrFeNi alloys —
eJosua Kortke!, Simon TruUBEL!, MarTHIAS WEGNER!, Louils J.
SaNToDpONATOZ, SERGIY V. DIivinski!, and GERHARD WILDE! —
Hnstitute of Materials Physics, Unversity of Miinster, Germany —
2Department of Materials Science and Engineering, The University of
Tennessee, Knoxville, USA

High-entropy alloys, i.e. multicomponent alloys with a large number
of constituting elements in equiatomic or nearly equiatomic composi-
tion, attract an increased attention as potential structural materials
due to their favorable mechanical and physical properties, especially
at elevated temperatures. In the present study, the tracer diffusion of
Cr, Co, Fe, and Ni is measured in the Al,CoCrFeNi alloys at 1000°C
and 1100°C applying the 51Cr, 37Co, 59Fe and 93Ni radioisotopes, re-
spectively. The addition of Al to the CoCrFeNi FCC alloy is known
to induce the appearance of a two-phase, FCC+BCC, microstructure
which is examined using EBSD and EDX analyses. A correlation be-
tween the phase decomposition tendency and the tracer diffusivities of
constituent elements is discussed.
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MM 28.2 Tue 10:30 IFW D
Novel method to predict effects of structural changes on en-
ergy barriers in NASICON materials — eKausTuBH BHAT, STE-
FAN BLUGEL, and HANS LusTFELD — Peter Griinberg Institut (PGI-
1) and Institute for Advanced Simulation (IAS-1), Forschungszentrum
Jiilich GmbH, D-52425 Jiilich, Germany

Among ionic conductors, NASICON [1] materials are receiving re-
newed attention because of their compositional diversity, particularly
for large-scale energy storage applications. We first use the Nudged
Elastic Band (NEB) method for calculating the energy barrier for
sodium ion transport in NagSca (PO4)6, Small changes in structure
cause changes in the energy barrier. We model this using the second-
order force constant matrices at the ground state and at the saddle
point, and have developed a method to calculate the new ground state,
the new saddle point state and thus the new energy barrier without
performing a new NEB calculation. We propose a method to find the
new force constant matrices and their corresponding eigenvalues at
the new extrema. We validate this method using several materials eg.
NagScy (SiO4) (PO4)5 2]
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[1] H.Y.P. Hong, Mat. Res. Bull. 11, 173-182 (1976).
[2] M. Guin and F. Tietz, J. Power Sources 273, 1056 (2015).

MM 28.3 Tue 10:45 IFW D
Chemical and tracer diffusion in the Fe-Ga binary couple
— eBENGU Tas-Kavaksasi!, ALOKE PAuL?, IGOR STANISLAVOVICH
GoroviN®, GERHARD WILDE!, and Sercry V. DiviNskI!
Hnstitute of Materials Physics, University of Miinster, Germany —
2Department of Materials Engineering, Indian Institute of Science,
Bangalore, India — 3National University of Science and Technology
“MISiS”, Moscow, Russia

In the present study, Manning's “sandwich interdiffusion” approach is
applied to the Fe-Ga binary system and the interdiffusion measure-
ments are directly combined with a tracer diffusion experiment. The
55Fe radioisotope is deposited on the outer surfaces of a Fe-8Ga/Fe-
24Ga interdiffusion couple (the concentrations are given in at.%) and
on the initial interface between the two alloys. The couple was sub-
sequently annealed at 900°C. The interdiffusion coefficient at 900°C
is determined using electron probe profiling and the standard Sauer-
Freise analysis. A strong composition dependence of the interdiffu-
sion coefficient was found and its dependence on the molar volume
is evaluated. The composition dependence of the %°Fe tracer diffu-
sion coefficient in the Fe-8Ga/Fe-24Ga interdiffusion couple has been
determined, too.

MM 28.4 Tue 11:00 IFW D
Diffusion and ionic conductivity from ab initio non-
equilibrium molecular dynamics — eSErGEI SiMak — IFM,
Link6ping University, SE-58183 Link6ping, Sweden

Even fast diffusion and ionic conductivity in solids are too slow for
studies from accurate ab initio equilibrium molecular dynamics (MD).
The use of the nonequilibrium color-diffusion algorithm allows one to
substantially speed up the simulations. Our recent implementation of
the algorithm has been applied to the problem of oxygen diffusion and
ionic conductivity in doped ceria, a promising electrolyte material for
intermediate temperature solid oxide fuel cells (IT-SOFCs). The appli-
cation of the methodology speeds up the simulated oxygen transport
by a factor 60 compared with standard equilibrium MD. The calcu-
lated conductivity values agree with the available experimental data,
and the experimental temperature trend is well reproduced [1-2]. The
developed methodology might be useful for a large number of problems
related to diffusion.

REFERENCES.

1. J. Klarbring, O. Yu. Vekilova, J. O. Nilsson, N. V. Skorodu-
mova, and S. I. Simak, ”Ionic conductivity in Sm-doped ceria from
first-principles non-equilibrium molecular dynamics”, Solid State Ion-
ics, 296, 54 (2016).

2. J. O. Nilsson, O. Yu. Vekilova, O. Hellman, J. Klarbring, S.

I. Simak, and N. V. Skorodumova , "Ionic conductivity in Gd-doped
CeO2: Ab initio color-diffusion nonequilibrium molecular dynamics
study”, Phys. Rev. B 93, 024102 (2016).

MM 28.5 Tue 11:15 IFW D
Grain boundary diffusion and segregation of ?”Co in high-
purity copper: Radiotracer measurements in B- and C-
type diffusion regimes — eDANIEL GAERTNER, GERHARD WILDE,
and SErRGIY Divinski — Institute of Materials Physics, Westfalische
Wilhelms-Universitat Miinster, Wilhelm-Klemm-Str. 10, 48149 Miin-
ster

Grain boundary diffusion of 57Co in high-purity polycrystalline cop-
per is investigated using the radiotracer technique in Harrison’s B-
(850 — 1150 K) and C-type (550 — 950 K) kinetic regimes. The triple
product P = s -4 - Dgy, (s is the segregation factor and ¢ the grain
boundary width) and the grain boundary diffusion coefficient Dy, of
Co in Cu are determined to obey the Arrhenius laws with the activa-
tion enthalpies of Qgp, = 66.2 kJ/mol and Hyy, = 100.9 kJ/mol, respec-
tively. Using the experimental estimate of §, 6 2 0.5 nm, Co is found
to segregate strongly at Cu grain boundaries and the corresponding
segregation factor follows an Arrhenius dependence with the segrega-
tion enthalpy of Hs = —34.7 kJ/mol . Co-diffusion experiments with
the °7"Co and 10™Ag isotopes support a ’sub-interface’-type of grain
boundary segregation of Co in Cu.

MM 28.6 Tue 11:30 IFW D
Modeling hydrogen diffusion in amorphous and polycrys-
talline thin films of tungsten trioxide — eSiMoN BURKHARDT!,
MarTHias THomas ELm!'>2, and PETER JENs KLAR! — Heinrich-
Buff-Ring 16, 35392 Giessen — 2Heinrich-Buff-Ring 17, 35392 Giessen

The mandatory development of efficient energy management also will
advance the commercialization and industrialization of electrochromic
fenestration. Most of these devices are based on the electrochromic
behavior of thin films such as tungsten trioxide (WO3) induced by re-
versible insertion and extraction of ions and electrons into the films.
A consistent fundamental understanding of the coloration processes is
still lacking up to now but is needed to systematically enhance device
performance and to increase their cyclability. To elucidate the trans-
port behavior of protons and electrons in WO3 thin films, we performed
spatially and temporally resolved in situ transmission measurements
on lithographically structured samples during electrochemical hydro-
gen insertion into amorphous and polycrystalline thin films. The ex-
perimental results show a significant influence of film morphology on
lateral hydrogen diffusion and are compared with different simulations
of theoretical models. These models are based on one dimensional
diffusion problems in different continuous media and describe the ex-
perimental data qualitatively very well.

MM 29: Electronic Structure Theory: New Concepts and Developments in Density Functional
Theory and Beyond - 11l

Time: Tuesday 10:30-13:00

Invited Talk MM 29.1 Tue 10:30 GER 38
Including spin effects in the strong-coupling limit of DFT —
ePaoLa Gori-Giorait, Jurt Grossit, DERk PIETER Koor!', KLaas
GiesBERTZ!, MIcHAEL SEIDL!, ArRoN Counen?, and PauLa Mori-
SancHEZ? — !Vrije Universiteit Amsterdam, The Netherlands —
2University of Cambridge, UK — 3Universidad Autonoma de Madrid,
Spain

The exact strong-coupling limit of density functional theory (DFT) re-
veals a different mathematical structure with respect to the one of tra-
ditional approximations for the exchange-correlation (xc) functional:
instead of the local density, local density gradients, or quantities re-
lated to the Kohn-Sham orbitals, some integrals of the density appear
in this limit. In the recent years, xc functionals directly inspired to
this mathematical structure have been constructed and implemented
in an efficient way. However, the leading terms (exact or approximate)
in the strong-coupling limit of DFT are intrinsically semiclassical and,
as such, do not incorporated the spin dependence. In this talk, I will
present the first study on the incorporation of the spin-dependence in
the exact strong-coupling limit in simple one-dimensional cases. I will
then discuss approximations for our findings and routes to the con-
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struction of spin-dependent xc functionals for strong coupling. Com-
parison with exact calculations for the Hohenberg-Kohn functional in
the strong-coupling regime confirms the accuracy of our expressions
for the leading terms.

MM 29.2 Tue 11:00 GER 38
Strong correlation from the Random Phase Approximation
and beyond — eTHoMAs OLSEN and KRISTIAN THYGESEN — De-
partment of Physics, Technical University of Denmark

We assess the performance of the Random Phase Approximation
(RPA) for strongly correlated systems and discuss different routes to
venture beyond RPA. It is well-known that RPA reproduces the disso-
ciation curve of molecular H2 correctly and thus accurately captures
the strong static correlation inherent in the dissociation limit. It is thus
natural to ask whether RPA is able to describe the strongly correlated
Mott insulators as well. In particular, the accurate description of anti-
ferromagnetic systems is complicated by the fact that the magnetic
order often emerges from a detailed interplay between direct exchange
and super-exchange couplings, which are respectively exchange and
correlation effects. Whereas DFT+U, semi-local and hybrid function-
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als are often capable of describing either exchange or super-exchange
accurately, RPA is shown to give an accurate account of both. We will
finally show that RPA can be improved by either including non-local
kernel in the framework of TDDFT or including electron-hole interac-
tions in the irreducible response function. Only the latter approach
improves the description of strong correlation, whereas the former ap-
proach improves atomization energies significantly compared to RPA.

MM 29.3 Tue 11:15 GER 38
Surface and adsorption energy calculations within the ran-
dom phase approximation — ePErR ScuMIDT and KRISTIAN
THYGESEN — Technical University of Denmark, DK-2800 Kongens
Lyngby, Denmark

The application of density functional theory (DFT) to the calculation
of adsorption and surface energies is ever increasing and as a theory,
it has the potential to e.g. guide experiments in the search of better
catalysts. However, a previous study[l] shows that with standardly
used semi-local functionals, DFT is not able to accurately predict sur-
face and adsorption energies simultaneously. By tuning the functional,
either the predicted surface or adsorption energies can be improved
at the expense of the other. For a few cases however, it has been
shown[1]| that the many-body approach, the random phase approxi-
mation (RPA), yields both excellent surface and adsorption energies.

In this work we expand the use of the RPA method to eight adsorp-
tion reactions over 20 transition metal surfaces using the electronic
structure code GPAW. We report the difference in surface and ad-
sorption energies compared with the standard DFT functionals: PBE,
RPBE and BEEF-vdW. We find that RPA does in general predict less
stable surfaces, in better agreement with experiments and the aver-
age change in adsorption energies varies between + 0.5 eV. The RPA
values could be used to guide construction of new density-functionals
aimed at improving surface science calculations.

[1] L. Schimka, J. Harl, A. Stroppa, A. Griineis, M. Marsman, F.
Mittendorfer, and G. Kresse, Nature Materials 9, 741 (2010).

MM 29.4 Tue 11:30 GER 38
Large-scale cubic-scaling RPA correlation energy calculations
using a Gaussian basis — eJAN WiLHELM and JURG HUTTER —
University of Zurich, Winterthurerstrasse 190, 8057 Zurich, Switzer-
land

The random phase approximation (RPA) for computing the electron
correlation energy has emerged as an accurate tool for predicting the
properties of molecules and condensed phase systems. RPA combines
a number of attractive features, most importantly that long-range van
der Waals interaction is included, in contrast to semilocal density func-
tionals. The drawback connected with RPA is the computational cost:
For canonical implementations of RPA, the numerical effort grows as
quickly as O(N?) with the system size N. We present an algorithm
for computing the RPA correlation energy in a Gaussian basis requir-
ing O(N?3) operations and O(N?) memory. The cubic-scaling RPA
method is based on the resolution of the identity (RI) with the overlap
metric, a reformulation of RI-RPA in the Gaussian basis and imaginary
time as well as the use of sparse linear algebra. We report a massively
parallel implementation which is the key for the application to large
systems. As first benchmark of the method, we show the RPA correla-
tion energy of thousands of water molecules in a high-quality cc-TZVP
basis. For a comparison, the canonical RPA method is restricted to
500 water molecules using the whole Piz Daint supercomputer for two
hours. Our RPA algorithm enables the application of RPA to large
systems where van der Waals interactions play an important role, e.g.
for predicting the adsorption energy of large molecules on surfaces.

MM 29.5 Tue 11:45 GER 38
Semi-local exchange functionals showing ultranonlocal re-
sponse: the hope to replace exact exchange — eTHILO ASCHE-
BROCK and STEPHAN KUMMEL — Theoretical Physics IV, University
of Bayreuth, D-95440 Bayreuth, Germany

The widespread success of Density Functional Theory (DFT) is
based on a favorable ratio of accuracy to computional cost, espe-
cially with semi-local approximations to the exchange-correlation en-
ergy. However, functionals such as the local density approxima-
tion (LDA), generalized-gradient approximations (GGA) or meta-
generalized-gradient approximations (meta-GGA), typically miss im-
portant exact exchange features related to the derivative discontinu-
ity. These are essential for accurately describing long-range charge
transfer processes. The electrical response of molecular chains, which
is dramatically overestimated by local and semi-local density func-
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tionals, is a prime example. The key to its correct description is a
term in the Kohn-Sham exchange potential that counteracts the ex-
ternal field and has been named "ultranonlocal". We here present how
these field-counteracting properties can be incorporated into semi-local
DFT on the meta-GGA level. Thereby we show that by utilizing the
kinetic-energy-density, it is possible to model ultranonlocal effects in
the Kohn-Sham potential by virtue of a semi-local energy expression.

MM 29.6 Tue 12:00 GER 38
(De)stabilizing dispersion interactions via external elec-
tric charges eANDRII KLeEsHcHONOK! and ALEXAN-
DRE TKATCHENKO LFritz-Haber-Institut der Max-Planck-
Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany — 2Physics and
Materials Science Research Unit, University of Luxembourg, 1-1511
Luxembourg

1,2

Van der Waals (vdW) or dispersion interactions play a central role in
the structure, stability, and reaction mechanisms in large variety of
molecules and materials. However, in many situations of interest in
material science and biophysics, vdW interactions should account for
the coupling with external (in)homogeneous electric fields. In this work
we address the effect of external static charge field on long-range elec-
tron correlations. By using the quantum Drude oscillator model, we
derive analytical expressions of the charge induced dipole-quadrupole
dispersion energy, that is accounted neither in standard DFT methods,
nor in popular vdW correction schemes. Analysing the scaling laws of
this dispersion term, we conclude that positive charge stabilizes dis-
persion interactions, while a negative charge has an opposite effect.
Benchmark over S22 molecular dataset estimates the induced disper-
sion to be in the range of 20-300 % of conventional electrostatic energy.
Our findings could have broad potential implications, including exfoli-
ation of 2D materials, chemical reaction rates in charged droplets, and
biological membranes.

MM 29.7 Tue 12:15 GER 38
An optimisability proof for self-consistent constrained DFT,
and its implications for constraint-based self-interaction er-
ror correction — GLENN MovyntHAN!, GiLBERTO TEOBALDI??, and
eDavip D. O’REcan? — !School of Physics, CRANN and AMBER,
Trinity College Dublin, Ireland. — 2Stephenson Institute for Renew-
able Energy and Department of Chemistry, The University of Liver-
pool, U.K. — 3Beijing Computational Science Research Center, China.

We develop the connection between constrained DFT energy deriva-
tives and response functions, providing a rigorous assessment of the
uniqueness and character of cDFT stationary points while accounting
for electronic interactions and screening [1]. In particular, we provide a
non-perturbative proof that stable stationary points of linear density
constraints occur only at energy maxima with respect to their La-
grange multipliers, generalizing the proof of Ref. [2]. We demonstrate
that multiple solutions, hysteresis, and energy discontinuities may oc-
cur in cDFT, and we provide necessary conditions for the optimizabil-
ity of multi-constraint cDFT. We show that the applicability of cDFT
in automating symmetry-preserving self-interaction error corrections is
limited by a fundamental incompatibility with non-linear constraints.
We circumvent this by utilizing separate linear and quadratic correc-
tion terms, which may be interpreted either as distinct constraints,
each with its own Hubbard U type Lagrange multiplier, or as the com-
ponents of a generalized, two-parameter DFT+U functional [3]. [1]
Phys. Rev. B 94, 035159 (2016). [2] Phys. Rev. A 72, 024502 (2005).
[3] Phys. Rev. B Rapid Comms., Accepted (2016), arXiv:1608.07320.

MM 29.8 Tue 12:30 GER 38
Density-based local hybrid functional for interfaces — ePEDRO
Borripo!, Sivana BorTi!, and Micuer. MarqQues? — !nstitu fiir
Festkorpertheorie und -optik, Friedrich-Schiller-Universitat Jena, Max-
Wien-Platz 1, 07743, Jena, Germany — 2Instiut fiir Physik, Martin-
Luther-Universitat Halle Wittenberg, D-06099 Halle, Germany

Hybrid functionals in density functional theory have become the state-
of-the-art for the calculation of electronic properties of solids. The key
to their performance is how and in which amount a part of Fock ex-
change is mixed with semi-local exchange-correlation functionals. We
propose here a material dependent and local mixing parameter which
is a functional of the electron density alone, through an estimator of
the local dielectric function inspired by the work done in Phys. Rev. B
83, 035119 (2011). This new functional is by construction an approxi-
mation of the GW self-energy and it enables therefore calculations of
quasiparticle energy levels of comparable quality as GW, but at the re-
duced cost of a hybrid density functional. In contrast with other recent
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self-consistent schemes for the mixing parameter, our approach does
not require to calculate the dielectric function and leads to a negligible
increase of the computation time.

MM 29.9 Tue 12:45 GER 38
On the hunt for better functionals in DFT: a new quan-
tum embedding scheme — eULiaANA MorpoviNal, TEresa E.
ReINHARD!, HEiko AppPEL!, and ANGEL Rusio'? — Max Planck
Institute for the Structure and Dynamics of Matter, Hamburg, Ger-
many — 2Nano-bio Spectroscopy Group and ETSF, Departamento
de Fisica de Materiales, Universidad del Pais Vasco UPV/EHU, San
Sebastian, Spain

We propose a new systematic technique to derive functionals for stan-
dard density functional theory (DFT) in an ab-initio fashion. This
technique origins in the recently developed density-matrix embedding

theory (DMET) [1]. DMET is a quantum-in-quantum embedding
method, which is based on finding a projection between the high-
dimensional wave function of the full system and a lower-dimensional
wavefunction living in the active space of the embedded system, which
is then solved exactly. In the original DMET scope, the projection
is improved via optimization of the reduced one-body density matrix.
We replace this optimization by a density inversion, exploiting the one-
to-one mapping between electronic density and Kohn-Sham potential.

Not only the DMET scheme is improved by the uniqueness of the
density-potential mapping, the proposed density-embedding also al-
lows for finding accurate Kohn-Sham potentials. Moreover, unlike in
usual DFT, we can systematically improve the description by increas-
ing the size of the active space.

We show benchmark results of our method for molecules in 1D.

[1] G. Knizia, G. K.-L Chan, Phys. Rev. Lett 109, 186404, (2012)

MM 30: Topical session: Interface-Controlled Microstructures: Mechanical Properties and
Mechano-Chemical Coupling - Structure and Deformation Il

Time: Tuesday 11:45-13:00

MM 30.1 Tue 11:45 BAR 205
Low angle grain boundaries induced buckling in nanoscale
copper films — eXi1aoru ZHANG!, Jian HaN?Z, DaviD SrRoLoVITZZ,
and Joun BorLanp! — 'CRANN, Trinity College Dublin, Dublin 2,
Ireland — ?Department of Materials Science and Engineering, Univer-

sity of Pennsylvania, 3231 Walnut St., Philadelphia, PA 19104 USA

Scanning tunneling microscopy is used to study the grain boundaries
that emerge at the surface of nearly coplanar copper nanocrystalline
films with (111) surface orientations. At symmetric low angle grain
boundaries the film is found to buckle so as to form valleys com-
prised of dissociated edge dislocations and ridges where dislocations
have recombined. Geometry analysis shows that buckling is induced
by the out-of-plane grain rotation driven by the favorable energy of
dislocation-dissociation, and confirmed by simulations. Due to the
symmetry of the FCC slab, both the type of emergent grain bound-
aries (dissociated or recombined) and the film buckling sense are forced
to toggle whenever grain boundaries shift direction by 600, producing
a novel buckling pattern. These results indicate that it is impossible
to form perfectly flat two dimensional nanoscale films of copper and
indeed other metals that exhibit low dislocation-dissociation energies.

MM 30.2 Tue 12:00 BAR 205
Tensorial elastic properties and stability of interface states
associated with ¥5(210) grain boundaries in Niz(Al,Si) —
eMaRTIN FriAkD2, MonNika Vsianki21, Davip HoLec3, and Mo-
smir Sos21:4 — lnstitute of Physics of Materials, Academy of Sci-
ences of the Czech Republic, Brno, Czech Republic — 2Central Euro-
pean Institute of Technology, CEITEC MU, Masaryk University, Brno,
Czech Republic — 3Department of Physical Metallurgy and Materials
Testing, Montanuniversitit Leoben, Leoben, Austria — 4Department
of Chemistry, Faculty of Science, Masaryk University, Brno, Czech
Republic

Grain boundaries (GBs) represent one of the most important types of
defects in solids. They are challenging for theoretical studies because
of their distorted atomic structure. We use ab initio methods to as-
sess tensorial elastic properties of interface states associated with GBs.
Focusing on the ¥5(210) GBs in NizAl intermetallics as a case study,
we evaluate the mechanical stability of the interface states by check-
ing Born-Huang’s stability criteria. The elastic constant Css is found
three- /five-fold lower than in the bulk and, as a result, the mechanical
stability of interface states is reduced. The tensorial elasto-chemical
complexity of the interface states is demonstrated by a high sensitivity
of elastic constants to the GB composition. In particular, we study
elasticity changes induced by Si atoms segregating into the atomic lay-
ers close to the GBs and substituting Al atoms. If wisely exploited,
our study paves the way towards solute-controlled design of GB-related
interface states with tailored stability and/or tensorial properties.

MM 30.3 Tue 12:15 BAR 205
Grain boundary strain accommodation mechanisms in
ultrafine-grained Pd — eYuLia Ivanisenko!, NARIMAN A.
Enikeev?, and Kesing Yana® — !nstitute of Nanotechnology, Karl-

sruhe Institute of Technology, 76021 Karlsruhe, Germany — 2Institute
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of Physics of Advanced Materials, Ufa State Aviation Technical Univer-
sity, 450000 Ufa, Russia — 3Robert Bosch GmbH, AE/EAI2, D71701
Schwieberdingen, Germany

The role of non-crystallographic deformation modes such as grain
boundary sliding and rotation in plasticity of ultrafine-grained materi-
als (UFG) is still a matter of discussion. In general, it is assumed that
such strain accommodation is considerable at grain sizes in the range of
a few tens of nanometers while for the larger grains dislocation-based
mechanisms operate. In situ SEM compression test was performed on
UFG Pd sample with a mean grain size of 135 nm and orientations
of statistically sound sampling of grains were monitored. In order to
separate the effects related with dislocation slip, the modeling of the
evolution of grain orientations under compression using the methods
of crystal plasticity simulation were performed. The analysis of the re-
sults shows that grain boundary sliding and non-crystallographic grain
rotations contribute considerably to the plasticity of UFG materials.
The grains tend to slide and to rotate in a group mode, which testifies
to collective character of grain boundary deformation mechanisms in
UFG Pd. It was proposed that such grain rotations provide a mech-
anism for the accommodation of the strain incompatibility between
neighboring grains arising during straining.

MM 30.4 Tue 12:30 BAR 205
Energetics of deformed As, Sb and Bi and local deformation
of overlayers at interfaces with various substrates — MARTIN
ZouHAR! and eMoimir Sosl'2:3 — 1Central European Institute of
Technology, CEITEC MU, Masaryk University, Brno, Czech Repub-
lic — 2Institute of Physics of Materials, Academy of Sciences of the
Czech Republic, Brno, Czech Republic — 3Department of Chemistry,
Faculty of Science, Masaryk University, Brno, Czech Republic

We present a comprehensive density-functional theory study of total
energy and structural properties of As, Sb and Bi in their A7 ground-
state structure and in the bec, fec and simple cubic (sc¢) modifications.
We also investigate continuous structural transitions between these
structures. The total energies of deformed structures are displayed
in contour plots as functions of selected structural parameters and/or
atomic volume; these plots are then used for understanding and inter-
preting structural parameters of As, Sb and Bi overlayers on various
substrates. Our calculated values of lattice parameters for (0001) thin
films of Bi on Si(111) and Ge(111) substrates agree very well with
available experimental data. In analogy with that, we suggest to in-
vestigate (0001) overlayers of As on Ti(0001), Co(0001), Zn(0001) and
Rh(111) substrates, of Sb on C(0001), Zn(0001), Al(111), Ag(111) and
Au(111) substrates and of Bi on Co(0001), Al(111), Rh(111), Ba(111)
and Pb(111) substrates. For these cases, we also predict the lattice
parameters of the films. A large part of our results are theoretical
predictions which may motivate experimentalists for a deeper study of
these systems.

MM 30.5 Tue 12:45 BAR 205
Deformation behavior in multilayered thin films with dif-
ferent interface structures under sliding contact — e ANKUSH
Kasuiwar!, Zuao-Pinag Luo?, Ruta ScHWAIGER!'3, and CHRISTIAN
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KuBeL'"® — 1Karlsruhe Institute of Technology, 76344 Eggenstein-

Leopoldshafen, Germany — 2Shenyang National Laboratory for Ma-
terials Science, Shenyang 110016, China — 3Karlsruhe Nano Mi-
cro Facility, Karlsruhe Institute of Technology, 76344 Eggenstein-
Leopoldshafen, Germany

The presented study aims at investigating the deformation structure
under sliding contact in multilayered systems with different interface
structures. Cyclic sliding experiments were performed on sputtered
nanocrystalline metallic multilayers with semi-coherent (Au/Cu) and
incoherent (Cu/Cr) interfaces. The deformed microstructure was in-

vestigated using automated crystal orientation mapping (ACOM) in
a transmission electron microscope. It is revealed that Au/Cu multi-
layers with a high density of twins deform by de-twinning and grain
growth with a simultaneous vortex-like co-deformation and mechanical
intermixing between Au and Cu layers. In case of Cu/Cr multilayers, a
significant grain growth is observed in all the Cu layers and the grain
size increases with the increasing number of loading cycles, whereas
there is no noticeable change in the grain sizes in the Cr layers. Unlike
Au/Cu multilayers, the phase maps show sharp boundaries between
Cu and Cr layers, indicating no intermixing between the layers.

MM 31: SYLI: Symposium Interfacial Challenges in Solid-State Li lon Batteries - Structure -
property relationships |

Time: Tuesday 11:45-12:45

MM 31.1 Tue 11:45 IFW A
Hierarchically Structured Electrode Materials for Lithium-
Ion Batteries — eMicHAEL FiscHER, X1ao Hua, PrREsTON Sut-
TON, and ULLRICH STEINER — Adolphe Merkle Institute, Chemin des
Verdiers 4, 1700 Fribourg, Switzerland

We present a facile synthetic approach for the fabrication of hierar-
chically structured electrode materials for lithium-ion batteries. Am-
phiphilic block copolymers are known to form well-defined morpholo-
gies on a mesoscale. By confining sol-gel chemistry to one of the blocks
of the polymer these structures can be transferred to various inorganic
materials, including functional materials that find use in batteries.
Blending the sol-gel precursor/block copolymer mixture with a ho-
mopolymer induces phase separation and leads to structure formation
on a secondary (micrometre) scale. Following this method, we synthe-
sized mesoporous microspheres of TiO2 and Li4Ti5012/C as anode
materials and hollow LiFePO4/C nanospheres as a cathode. These
compounds suffer from intrinsically low ionic and electronic conductiv-
ities but are of great interest due to their inherent stability and safety.
The aforementioned morphologies circumvent this drawback by pro-
viding shortened solid-state diffusion distances, facilitating ionic trans-
port. In addition, we can tune the mesopore size by employing block
copolymers of different chemical composition and molecular weight.
Studying the relationship between pore size and electrochemical per-
formance enables us to identify design principles for the optimization
of electrode architectures.

MM 31.2 Tue 12:00 IFW A
Comparison of different thin-film solid-state battery systems
— oSuUsANN Nowak, JULIANE MURTER, and GUIDO SCHMITZ —
Heisenbergstr. 3, 70563 Stuttgart

Different systems of thin-film batteries will be compared in respect to
their suitability of being used as a reasonable combination of materials
in an all-solid-state battery. As the cathode lithium iron phosphate,
lithium cobalt oxide and lithium manganese oxide are compared. The
used electrolyte is LIPON and as the anodes tin, silicon and lithium are
tested. All cells are prepared by ion-beam sputtering resulting in an
overall thickness of one micrometer or less for the whole cell. Electro-
chemical and TEM investigations are used to evaluate the changes at
the interfaces and in the electrodes during cycling and to show mech-
anisms of capacity loss in the system. The behavior of lithium iron
phosphate is very different from the one of lithium cobalt oxide when
covered with LiPON. The capacity of the LFP covered with LiPON
is exponentially increasing with the temperature and reaching its the-
oretical value at around 70°C. In the case of all-solid-state batteries
with other anodes than lithium, the capacity becomes dependent on
the chosen balancing ratio of the cells.

MM 31.3 Tue 12:15 IFW A
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Ion transport and phase transformation in thin film LiFePO4
intercalation electrodes — eGuipo ScumiTz!, FABIAN WUNDEZ,
and FRANK BERKEMEIER? — !Institut fiir Materialwissenschaft, Univ.
Stuttgart, Heisenbergstr. 3, 70569 Stuttgart — 2formerly: Institut fiir

Materialphysik, Univ. Miinster

Thin film battery materials have an important potential to be applied
in all-solid-state batteries. From the view point of physics, they offer a
clearer model geometry than the usual particle-binder-compound elec-
trodes. The phase diagram of LiFePO4 predicts a phase separation in
the Li intercalation. However, it is controversial whether phase sep-
aration might be suppressed in nanosystems due to elastic or kinetic
constraints.

We study the intercalation kinetics of thin films under variation of
the intercalation rate over more than 4 orders of magnitude. Also the
layer thickness has been systematically varied. We show i) that the
miscibility gap of the bulk system is essentially understood by elastic
interaction, ii) that nanometric thin films clearly reveal phase separa-
tion and therefore undergo significant plastic relaxation, iii) that the
grain boundaries represent fast transport paths with the electrochemi-
cal characteristics of an ion-conductor and iv) how the classic Randles-
Sevcik analysis has to be modified in the case of a phase-separating
material to derive proper diffusion coefficients.

MM 31.4 Tue 12:30 IFW A
First-Principles Calculations on Structure and Reactivity of
Amorphous LiPON — eSaBrRINA SicoLo and KARSTEN ALBE
— Institute of Material Science, Technische Universitdt Darmstadt,
Jovanka-Bontschits-Str. 2, 64287 Darmstadt, Germany

Despite their increasing popularity as solid electrolytes, the struc-
ture/property relationship of Lithium Phosphorus Oxynitrides has not
yet been clarified. Theoretical work offers an invaluable insight into the
atomistic properties of solids, provided the availability of valid struc-
tural models. The simulation of glassy structures represents a main
challenge from a computational point of view, and is further compli-
cated by their non-trivial composition. In this contribution, a new
approach to the ab-initio simulation of amorphous structures of virtu-
ally any desired composition is described. A realistic composition has
been suggested by experiments recently conducted by academic part-
ners. The defect thermodynamics of LiIPON suggests its instability
against metallic lithium. [1] The formation of a solid-electrolyte inter-
phase (SEI) at this interface has been recently observed and quantified
experimentally. Following up on this result, the interfacial structural
and electronic properties have been investigated with a special focus
on reactivity. This work does not only describe a novel approach to the
simulation of a more realistic electrolyte, but also provides unprece-
dented insights, supported by experimental results, into its stability
and reactivity under operational conditions.
[1] S. Sicolo, K. Albe, J. Power Sources 331, 382-390 (2016).
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MM 32: Microstructure and Phase
Time: Tuesday 11:45-13:15

MM 32.1 Tue 11:45 IFW B
In situ investigation of the Microwave-Assisted Solvothermal
Synthesis process by Small-Angle X-ray Scattering — eEIKE
GERICKE!, ROBERT WENDT!, ARMIN HOELL2, DRAGOMIR TATCHEV?,
SiMoNE Raoux?, and KLaus RADEMANN! — 'Humboldt-Universitét
zu Berlin, Berlin, Germany — 2Helmholtz-Zentrum Berlin, Berlin,

Germany — 3Bulgarian Academy of Sciences, Sofia, Bulgaria

Microwave-assisted solvothermal syntheses (MWASS) improve well-
established solvothermal syntheses for the preparation of monodisperse
and crystalline metal and metal oxide nanoparticles. MWASS allows
a precise control of pressure and temperature inside a sealed reac-
tion vessel. The advantage in contrast to conventional heating is the
efficient internal heating by direct coupling of MW energy into the
precursor solution, allowing high heating rates with small thermal gra-
dients. Hence, the reaction times are decreased significantly and can
be described by the Arrhenius law. Understanding the reaction mech-
anisms inside a MWASS reactor is important to influence and optimize
the reaction process accordingly. The reaction kinetics are in a scale
of seconds. So, the nucleation and growth processes taking place in
a sealed high-pressure reactor have to be monitored under extreme
conditions. A sample environment, elegant adjusted to these condi-
tions will be presented, usable for in situ SAXS. Extension by WAXS
and XAS or UV-vis and Raman are possible. It resists harsh chemical
conditions and pressures above 30 bar. Results from experiments at
Elettra and ESRF will be presented allowing unique insights in the
particles growth mechanisms during a MWASS.

MM 32.2 Tue 12:00 IFW B
Time resolved diffraction on cooling of Ti-Fe alloys solidified
from different undercooling levels — eOLcA SHULESHOVAL, IvAN
Kapan!, Dirk HoLLAND-MoRriTz?, JAN GEGNER?, JUNHEE HAN',
NoRBERT MATTERN!, and JURGEN EckerT® — lInstitute for Com-
plex Materials, IFW Dresden, Germany — Z2Institute of Materials
Physics in Space, DLR, Cologne, Germany — 3Montan-University
Leoben, Austria

Melt undercooling is a necessary precondition to begin solidification.
With help of the containerises processing, realised in different levi-
tation techniques, undercoolings of the order of several hundreds de-
grees are easily achieved in many pure metals as well as in metallic
alloy systems. With increasing undercooling a profound effect of so-
lute trapping have been observed in alloys. Time resolved diffraction
of synchrotron X-rays on levitated metallic droplets allows to quan-
titatively analyse the level of supersaturation present in the sample
immediately after solidification and trace its further evolution as sam-
ple is cooled down. Applied to the Ti-Fe system this method have
shown a non-intuitive results due to coupling with other effect of un-
dercooling - the microstructure refinement. Financial support by DFG
under project No. SH 578/1-1 is gratefully acknowledged.

MM 32.3 Tue 12:15 IFW B
Positron-ym-beam for the Coincident Doppler Broadening
Spectrometer at NEPOMUC — eTHoMAS GIGL, MARCEL DicK-
MANN, MARKUS REINER, BENJAMIN RIENACKER, MATTHIAS THAL-
MAYR, and CHRISTOPH HUGENSCHMIDT — Heinz Maier-Leibnitz Zen-
trum (MLZ) and Physik Department E21, Technische Universitét
Miinchen, Lichtenbergstr. 1, 85748 Garching, Germany

The positron beam facility NEPOMUC (Neutron induced Positron
Source Munich) at the neutron source FRM II provides a mono-
energetic positron beam with high intensity of 109 moderated positrons
per second. A new CDB spectrometer was set into operation which
enables defect studies by conventional Doppler broadening spec-
troscopy (DBS) and element-specific measurements with coincident
DBS (CDBS) at the near surface and in the bulk of a sample with
a positron implantation energy of up to 30keV. According to first spa-
tially resolved measurements the CDB Spectrometer provides a lateral
resolution of 200 pum. With an additional 100 nm thin Ni(100) remod-
eration foil in transmission geometry a resolution of 50 pum could be
measured. In order to achieve a high yield of re-emitted moderated
positrons, the Ni foil has to be annealed and surface contaminations
such as C and O have to be removed. For this purpose the foil was
heated to about 400°C in a H-atmosphere of about 10~3 mbar. After
this procedure and cooling down to room temperature, the modera-
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tion efficiency of the Ni(100) foil could be measured to about 10%.
Financial support by BMBF (project no. 05K10WOB) is gratefully
acknowledged.

MM 32.4 Tue 12:30 IFW B

The lattice strain in single-phase high-entropy al-
loys — eJunuee Han!, PramoTeE THIRATHIPVIWAT!'2) JENS
FREUDENBERGER!, JozZEF BEDNARCIK®, NORBERT MATTERN!, and

TroMmas GeEMMING! — IFW Dresden, PO Box 270116, D-01171
Dresden, Germany — 2TU Dresden, Institute of Materials Science,
01062 Dresden, Germany — 3DESY Photon Science, Notkestrafe 85,
22607 Hamburg, Germany

The formation of single-phase solid solutions in high-entropy alloys
(HEAS) consisting of multiple principal elements has led to the propo-
sition that the lattices of HEAs must be severely distorted. Severe
lattice distortion constitutes one of the key features characterizing
high-entropy alloys and their enhanced mechanical properties. How-
ever, quantitative determination of the lattice distortions have only
rarely been investigated. In order to address this issue, we employed
means of X-ray diffraction (XRD) studies to investigate both long-
range and atomic-scale distortions in the fcc-structured HEA and its
binary, ternary and quaternary subsystems. The long-range and the
local lattice strain were determined from the peak broadening analysis
of X-ray diffraction and pair distribution functions (PDF). Particu-
lar attention is paid to the relative difference in the lattice distortions
between the HEA and their subsystems including unary fcc-Ni. The
HEA exhibited only slight changes in the long-range and local lattice
strain compared to those of the subsystems. The results in this study
indicate that the lattice strains in the equiatomic HEA is only slightly
distorted away from the average fcc structure.

MM 32.5 Tue 12:45 IFW B
Imaging and kinetics of MgH2 formation oEFI
HabirxeNnopHONTOs!, MANUEL RousseL!, TovyoTo SaTo?, PATRICK
STENDER!, SHIN-1cHI ORIMO23, and Guipo ScumiTz! — !Institut
fiir Materialwissenschaft (IMW) University of Stuttgart, Heisen-
bergstrasse 3, 70569 Stuttgart GERMANY — 2Institute for Mate-
rials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai
980-8577 JAPAN — 3WPI-Advanced Institute for Materials Research,
Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577 JAPAN

Storage in metal hydrides is presented as one of the solutions to solve
the hydrogen storage problem. MgH2 is one of the ideal materials,
studied intensively for the hydrogen fuel based economy. This re-
versible system has however some drawbacks. Hydrogen and Mg are
strongly bonded by a H bond, and this makes the stable compound
unpractical for commercial use. During this work Mg thin films will
enable us to monitor the growth process of the hydride and study the
mechanism of hydride formation. Pd is used as a catalyst coating for
decreasing the pressure and temperature of hydrogenation to 5bars and
100°C. The hydride formation has been followed by in-situ XRD char-
acterization. Microscopic imaging of the co-existence of MgH2 and Mg
is presented by SEM and TEM. The microstructure change is clearly
visible in the micrographs, despite the fact that electron microscopy
damages the hydride phase. These combined techniques are a great
way to follow the kinetics of hydride formation within the layer,and
study further the diffusion coefficients and mechanism of hydrogena-
tion at 200°C and 300°C and at different pressures (1-100bars).

MM 32.6 Tue 13:00 IFW B
Trajectory-based reconstruction in atom probe tomography
— eDANIEL BEINKE, CHRISTIAN OBERDORFER, and GUIDO SCHMITZ
— Institut fiir Materialwissenschaft, Universitat Stuttgart

Atom probe tomography provides detailed three dimensional chemi-
cal information of a wide range of materials by the field evaporation
of needle-shaped specimens. The field-evaporated ions are accelerated
towards a detector and the time-of-flight as well as the hit position is
measured. The reconstruction of the recorded detector events is criti-
cal in order to access the three dimensional information of the analyzed
material. The standard reconstruction approach, introduced by Bas
et al. [1], is based on a linear point projection between the measured
detector position and a projection point located on the tip axis. The
most remarkable success of this technique is the ability to recover lat-



Dresden 2017 — MM

Tuesday

tice planes. However, characteristic artifacts occur, especially in the
case of significantly different evaporation fields, i.e. near grain bound-
aries or in multicomponent layer structures. In this work, a concept
for a reconstruction technique based on the calculation of realistic ion
trajectories is presented. In a first step, the approach is tested on a

MM 33: Transport
Time: Tuesday 12:00-13:00

MM 33.1 Tue 12:00 IFW D
Combined resistivity and Hall effect study on Na(Fe,Rh)As
single crystals — FraNk STECKEL!, eFEDERICO CAGLIERIS!,
RoBerT Bgeck!, Maria RosLova?, Dirk Bowmbor!, Icor
Morozov!}3, SaBiNe WurMesL!'4, BErRND BuceNeEr'*5, and
CurisTIAN Hessh® — !Leibniz-Institute for Solid State and Materi-
als Research, IFW-Dresden, 01069 Dresden, Germany — 2Department
of Chemistry and Food Chemistry, TU Dresden, 01062 Dresden, Ger-
many — 3Department of Chemistry, Lomonosov Moscow State Uni-
versity, 119991 Moscow, Russia — 4Institut fiir Festkrperphysik, TU
Dresden, 01069 Dresden, Germany — ?Center for Transport and De-

vices, Technische Universitat Dresden, 01069 Dresden, Germany

Electrical transport measurements are used to study the Rh-doped
NaFeAs superconductor series with a focus on the tetragonal phase.
The resistivity curvature has an anomalous temperature dependence
evidencing in the phase diagram two crossover regions of changes in
the scattering rate, the effective mass as well as of the charge carrier
density. The first crossover region is directly connected to the struc-
tural transition and resembles the onset of resistivity anisotropy. The
second crossover region can as well be deduced from the temperature
dependent Hall coeffcient. A comparison to literature NMR data sug-
gests this region to be connected with nematic fluctuations far above
the tetragonal to orthorhombic phase transition.

MM 33.2 Tue 12:15 IFW D
Temperature dependence and lateral distribution of bias volt-
age driven charge transport through thin tantalum oxide
films — eJAN PuiLipp MEYBURG!, DETLEF Diesing!, and AcHiM
WALTER HasseL? Hnstitut fiir Physikalische Chemie, Universitit
Duisburg-Essen — 2Johannes Kepler Universitéit Linz, 4040 Linz, Aus-
tria

The temperature dependence and the lateral distribution of currents in
tantalum oxide (3-4 nm) based metal-insulator-metal devices induced
by an applied voltage bias is studied from 80 K to 500 K. The sensi-
tivity of the devices to a temperature change strongly depends on the
polarity of the applied bias voltage. When the bias voltage weakens the
internal field, the current increases by 4 orders of magnitude (Tempera-
ture increased from 400 K to 500 K). With bias voltages strengthening
the internal field the current increases only by several 10 %. This
asymmetry of the temperature dependence is strongly correlated with
the asymmetry of the tunnel barrier and cannot be understood within
the established Poole-Frenkel conduction or Schottky emission models.
A new model presented here which fully includes the carrier transmis-
sion through a tilted barrier shows that tunnel emission explains the

rigid lattice [2]. Afterwards, the technique is expanded in order to deal
with a limited detector efficiency and an unrestricted set of possible
positions for the reconstruction of single atoms.

[1] P. Bas et al., Appl Surf Sci 87 (1995) 298-304. [2] D. Beinke et
al., Ultramicroscopy 165 (2016) 34-41.

- charge transport
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temperature dependences at different bias voltages.

MM 33.3 Tue 12:30 IFW D
Investigation of the conductivity-(micro-)structure corre-
lation in Rectorite — eWOLFRAM MUNCHGESANG!, ANASTASIA
VyaLiku!, JuLIANE WEISE!, MARIA T. ATaNasova?3, WALTER W.
Focke?, GREGor MaLr?, and Dirk C. MeYER! — !Technische Uni-
versitdt Bergakademie Freiberg, Institut fiir Experimentelle Physik,
Freiberg, Germany — 2Council for Geoscience, Pretoria, South Africa
— 3Institute of Applied Materials, Department of Chemical Engineer-
ing, University of Pretoria, Hatfield, South Africa — *National Insti-
tute of Chemistry, Ljubljana, Slovenia

The mixed-layer structure of Rectorite (Rt), made up of alternating
nonexpandable (mica) and expandable (smectite) layers in a 1:1 ratio,
can be used to transport and intercalate mobile ions like Na™, Lit,
Sr2+ and Mg*. Therefore Rt is in principle suitable as solid electrolyte
and electrode in batteries. Starting from a crystallographic point of
view, the changes of the temperature-depending complex conductivity
of Rt with different by hydration replaced mobile species are discussed
and correlated to structural and chemical data from solid-state nu-
clear magnetic resonance (NMR), powder diffractometry (PXRD) and
X-ray photoelectron spectroscopy (XPS) measurements.

This work is financed by the Federal Ministry of Education and Re-
search (BMBF) within the project SyNeSteSia (grant no 05K2014).

MM 33.4 Tue 12:45 IFW D
Platinum atomic contacts: from tunneling to contact —
eLLiNDA ANGELA ZoTTI and RUBEN PEREZ — Departamento de Fisica
Teorica de la Materia Condensada, Universidad Auténoma de Madrid,
Madrid, Spain
We present a theoretical study of the electronic transport through Pt
nanocontacts. We show that the analysis of the tunnelling regime re-
quires a very careful treatment of the technical details. For instance,
an insufficient size of the system can cause unphysical charge oscil-
lations to arise along the transport direction; moreover, the use of
an inappropriate basis set can deviate the distance dependence of the
conductance from the expected exponential trend. While the conduc-
tance decay can be either corrected by employing ghost atoms or a
large-cuto-radius basis set, the same does not apply to the corruga-
tion, for which only the second option is recommended. Interestingly,
these details were not found to have a remarkable impact in the con-
tact regime. These findings are important for theoretical studies of
distance-dependent phenomena in scanning-probe and breakjunction
experiments.

MM 34: Poster session Il

Time: Tuesday 18:30-20:30

MM 34.1 Tue 18:30 P4
The DFT (TB-mBJ) calculation of structural, electronic,
elastic and vibrational properties of Mg2X(X=Si,Sn) —
eMARFOUA Braum!, LIDJICI Hamzal3, and LAGHOUN
BraHiM? — lLaboratoire étude et développement des matériaux
semi-conducteurs et diélectriques, Université de Laghouat, Route de
Ghardaia B.P.37G. Laghouat. Algérie. — 2Laboratoire de physique
des matériaux, Université de Laghouat, Route de Ghardaia B.P.73G.
Laghouat. Algérie. — 3Laboratoire des Matériaux et Procédés, Uni-
versité de Valenciennes et du Hainaut-Cambrésis, Z.I du Champ de
Abbesse 59600 Maubeuge, France

The semiconductors with the formula Mg2X (X= Si and Sn), have at-
tract attention as potential high-performance thermoelectric materials,
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Location: P4

and their electonic, vibrational and thermal properties have extensively
investigated [1-4]. They are an indirect band gap semiconductor [5-
6]. We carried in this work an ab initio study based on the density
functional theory to calculate structural, electronic, elastic and vibra-
tional properties of Mg2X(X=Si and Sn). The FP-LAPW method
was used with different form of exchange-correlation potential (LDA,
GGA, PBEsol and mbj). TB-mBJ give the best result for the lattice
parameter, and the best estimation of the band gap energy. Our re-
sults are in good agreement with experiment data available and other
theoretical results.

MM 34.2 Tue 18:30 P4
Synthesis and analysis of electrodeposited Ni-P nanoglass
— FArRNAZ ABDOLLAHZADEH DAVANI, STEFAN OSTENDORP, ¢ M ARTIN
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PETERLECHNER, DANIEL (GAERTNER, SERGIY Divinskiy, and GER-
HARD WILDE — Institute of Materials Physics, Universitdt Miinster,
Miinster, Germany

Nanoglasses, i.e. glassy materials characterized by two different nano-
scaled glassy structures have recently been discovered. As yet, their
structure, dynamics and stability are a matter of controversy. In the
present work, electrodeposited amorphous Ni-P thin films with a gran-
ular sub-structure were chosen as a model system and layered granular
structures were grown by applying pulsed voltages. Due to the rela-
tively simple synthesis route and cheap costs the system is an excel-
lent candidate for future studies on the nanoglasses. Using transmis-
sion electron microscopy and energy-dispersive X-ray spectroscopy it
is shown that phosphorous-rich layers are fully amorphous. The glass
transition was investigated by means of differential-and fast-scanning
calorimetries. The bimodal structure and the broad glass transition
signal are indications that the pulse-deposited Ni-P thin film is a nano-
glass, according to the definition given in the literature. Thus, multi-
layerd nanocrystalline-nanoglassy systems can be prepared by pulsed
electrodeposition and subsequent aging. The results are discussed with
respect to the structure and stability of Ni-P nanoglass.

MM 34.3 Tue 18:30 P4
Nucleation Kinetics of deeply undercooled Germanium melts
— oMANOEL DA Siva PiNnTo, CHRISTIAN SIMON, and GERHARD
WILDE — Institut fiir Materialphysik - Wilhelm-Klemm Strafie 10,
48149 Miinster

In the classical nucleation theory the initial event of solidification is
the stochastically formed metastable nuclei in the melt, which turn to
be stable after exceeding the critical energy barrier. The statistical na-
ture can be observed by the measurement of melting and solidification
temperatures upon thermal cycling. By treating nucleation events as
an inhomogeneous Poisson process, it is possible to estimate the nu-
cleation rates from the undercooling values. Even an estimation of the
interfacial energy applying classical nucleation theory is possible. The
present work studies the nucleation of liquid germanium and estimates
the nucleation rate and interface energy. We use differential thermal
analysis to obtain sufficient big and accurate data sets. To avoid ex-
ternal nucleants and expel possible metal oxides from the sample, an
inorganic glass is used as a fluxing agent and embedding medium.*
A large undercooling is observed in pure germanium. The Gibbs free
energy and the kinetic prefactor suggest a nucleation of heterogeneous
nature. The geometric factor can be estimated and compared to the
suggested value for this lattice system.

MM 34.4 Tue 18:30 P4
Friction under active control — eVicTor PranL!, WALTER
ArNoLD?, and KoNraD SAMWER! — 11. Physikalisches Institut, Uni-
versitat Gottingen — 2Department of Materials and Materials Tech-

nology, Saarland University

Dissipation of mechanical and kinetic energy at a sliding contact
strongly depends on the topological structure and chemistry of the
contact and on the dissipation mechanism of the underlying material.
Instead of varying these mechanisms we are using external acoustic
excitations and/or temperature variation to control friction actively.

Friction is measured with the lateral force microscopy (LFM) mode
of an atomic force acoustic microscope (AFAM) and by studying micro-
sliding in AFAM mode using acoustic excitation of the contact reso-
nance frequency.

We investigated the reduction of friction of Si, amorphous PdCuSi
and LaSrMnO as a function of amplitude of the cantilever at different
temperatures. We can report a reduction of friction up to 100% on
every system.

Due to a metal-metal transition near 350K temperature dependent
measurements on LaSrMnO are interesting. The damping of the can-
tilever oscillations caused by micro-sliding of the cantilever tip on the
surface decreases with temperature parallel to the increase in resistiv-
ity of the thin film. The behavior of the cantilever damping constant
demonstrates that there is a direct coupling between mechanical fric-
tion and mobility of the electrons in the LSMO film.

We would like to thank the DFG for funding CRC 1073 Project Al.

MM 34.5 Tue 18:30 P4
Finite size corrections for periodic coupled cluster theory —
Ke Liao! and eAnDREAs GROUNEISD? — IMax Planck Institute for
Solid State Research, Heisenbergstrasse 1, 70569 Stuttgart, Germany
— 2Department Chemie, Technische Universitit Miinchen (TUM)
Lichtenbergstrasse 4, D-85747 Garching, Germany
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We present a method to correct for finite size errors in periodic cou-
pled cluster theory calculations of solids. The newly developed method
shares similarities with electronic structure factor interpolation meth-
ods used in quantum Monte Carlo calculations [1]. However, in the case
of coupled cluster theory no explicit calculation of density matrices is
needed [2]. We discuss the asymptotic behaviour of the correlation
energy with respect to the total number of k-points used to sample
the first Brillouin zone. Furthermore we present results showing that
chemical accuracy in the convergence of coupled cluster correlation en-
ergies per atom can be achieved using two atomic unit cells and 3 x 3
x 3 k-point meshes only.

[1] M. Holzmann, R. C. Clay, M. A. Morales, N. M. Tubmann, D.
M. Ceperley, and C. Pierleoni, Phys. Rev. B 94, 035126 (2016).

[2] K. Liao, and A. Griineis, J. Chem. Phys. 145, 141102 (2016).

MM 34.6 Tue 18:30 P4
The Mg(111)/H20O interface studied by empirical poten-
tials and density functional theory using automated tools
— ®SUDARSAN SURENDRALAL, MIRA ToDoOROVA, and JORG NEUGE-
BAUER — Max-Planck-Institut fiir Eisenforschung GmbH, Max-
Planck-Strafe 1, 40237 Diisseldorf

Modern supercomputers have made efficient electronic structure and
atomistic simulation methods commonplace. Integrated computa-
tional materials design involves the combination of computational data
associated with different length and/or time scales to aid materials
discovery and the understanding of materials properties. However, the
combination of different methods is often tedious in practice, since
input and output of the employed methods have usually different for-
mats. Our in-house python based computational materials library Py-
Iron, handles this problem with the use of a database backend and the
hierarchical HDF5 data storage format, which provides a user friendly
interface to popular simulation packages. The capabilities of Pylron
will be demonstrated using the Mg(111)/water interface, which is of
interest for electrochemical applications. Water structures obtained by
molecular dynamic simulations performed using an empirical TIP3P
potential are easily integrated to provide a good starting configura-
tion for the water structure used within the ab-initio calculations of
the Mg(111)/H2O interface. The then computed electronic structure
provides insight into bonding and interactions at the metal water in-
terface.

MM 34.7 Tue 18:30 P4
Spatially resolved in-situ defect spectroscopy with a positron
beam during tensile tests — eMarTHIAS THALMAYR, THOMAS

GicL, MARCEL DickMANN, BENJAMIN RIENACKER, and CHRISTOPH
HuceNnscHMIDT — Heinz Maier-Leibnitz Zentrum (MLZ) and Physik
Department E21, Technische Universitat Miinchen, Lichtenbergstr. 1,
85748 Garching, Germany

The positron beam facility NEPOMUC at the Research Neutron
Source FRM II provides the worlds most intense mono-energetic
positron beam with an intensity of 109 moderated positrons per sec-
ond. The CDB spectrometer at NEPOMUC enables depth dependent
and spatially resolved defect studies by using Doppler broadening spec-
troscopy (DBS), and measurements with coincident DBS. Among the
numerous techniques applied for characterizing solids, (C)DBS is non-
destructive and has an outstanding sensitivity on open volume defects
like vacancies, dislocations and nano-voids. A novel device is presented
that enables both, in-situ tensile tests and simultaneously spatially re-
solved high resolution defect spectroscopy of the specimen in the sam-
ple chamber of the upgraded CDB spectrometer. While recording the
stress-strain curve of the specimen being deformed during conventional
tensile tests, the changes of the lattice and in particular the formation
of lattice defects and the increase of the defect concentration can be
studied by analyzing the observables of the electron-positron annihi-
lation process. With the new setup it will be possible to image the
distribution of lattice defects at the annihilation site with an antici-
pated resolution in the micrometer range.

MM 34.8 Tue 18:30 P4
Comparing interatomic potentials for Si and Mo — eYURy
LysoGgorskiy, THomas HAMMERSCHMIDT, and RALF DraAuTZ —
ICAMS, Ruhr-Universitat Bochum, D-44801 Bochum, Germany

Interatomic interaction potentials are widely used in computational
materials science for simulations at the atomistic level. Nowadays a
large number of interatomic potentials is available for a wide range
of chemical elements and their mixtures [1,2]. We compare the most
prominent interatomic potentials that are available for two prototyp-
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ical elements, Si and Mo, with respect to predictions from density
functional theory calculations. The comparison of the potentials is
done at two levels. First, a number of properties of the potentials are
evaluated. This includes the cohesive energy, atomic volume, elastic
coefficients, vibrational properties, thermodynamic potentials, and de-
fect formation energies for relevant crystal structures. From this a fin-
gerprint characterisitic of the performance of the potential is derived.
Second, the data is used to qualify a given potential for situations that
were not explicitly tested at the first step, i.e. to assess the transfer-
abilty and predictive capability of a potential. We illustrate the very
different behaviour of the potentials and relate this to the functional
form of the potential as well as the purpose for which the potential
was originally fitted.

[1] E. B. Tadmor, R. S. Elliott, J. P. Sethna et al. Knowledgebase
of Interatomic Models (KIM). https://openkim.org, 2011

[2] C.A. Becker, et al. Curr. Opin. Solid State Mater. Sci., 17,
277-283 (2013).http://www.ctcms.nist.gov/potentials

MM 34.9 Tue 18:30 P4
Ab initio study of planar defects in Ni and Co based superal-
loys — eAPARNA P. A. SUBRAMANYAM, THOMAS HAMMERSCHMIDT,
and RaLr Drautz — ICAMS, Ruhr University-Bochum, Bochum,
Germany

Single-crystal Ni-based and Co-based superalloys are used in high tem-
perature applications in land-based turbines and jet engines. These
alloys exhibit resistance to deformation at high temperatures due to
precipitates of L12-Ni3zAl type. One important deformation mecha-
nism of plastic deformation is dislocation shearing of the precipitates
by the formation of planar defects.

In this study, we investigate the structural stability of superlat-
tice intrinsic and extrinsic stacking faults (SISF, SESF), anti-phase
boundaries and complex stacking faults in the L1a phase of NizAl and
(Co/Ni)3Al using density functional theory calculations. The segre-
gation of alloying elements to the stacking faults is analysed for the
technologically important alloying elements Re, W and Cr. These re-
sults are compared to the segregation to twin boundaries in NigAl and

Cos(Al/W).
MM 34.10 Tue 18:30 P4

Effect of Al alloying on the martensitic temperature in Ti-
Ta shape memory alloys — eALBERTO FERRARI, JUTTA ROGAL,
and RAaLF DrauTz — Interdisciplinary Centre for Advanced Materials
Simulation, Ruhr-Universitat Bochum, 44780 Bochum, Germany

Ti-Ta-based alloys are promising candidates as high temperature shape
memory alloys (HTSMAS) for actuators and superelastic applications.
The shape memory mechanism involves a martensitic transformation
between the low-temperature o/’ phase (orthorhombic) and the high-
temperature § phase (body-centered cubic). In order to prevent the
degradation of the shape memory effect, Ti-Ta needs to be alloyed with
further elements. However, this often reduces the martensitic temper-
ature M, which is usually strongly composition dependent. The aim
of this work is to analyze how the addition of a third element to Ti-
Ta alloys affects Ms by means of electronic structure calculations. In
particular, it will be investigated how alloying Al to Ti-Ta alters the
relative stability of the o’/ and S phases. This understanding will
help to identify new alloy compositions featuring both a stable shape
memory effect and elevated transformation temperatures.

MM 34.11 Tue 18:30 P4
Deformation Mechanisms in Magnetron Sputtered Thin
Film Metallic Glasses — eMARLENE MUHLBACHER!, CHRISTOPH
GaMMER?, RurHn KoNETSCHNIK!, THOMAS SCHOBERLZ?, CHRISTIAN
MrtTERER!, and JURGEN Eckert!?2 — !Montanuniversitit Leoben,
Franz-Josef-Strasse 18, 8700 Leoben, Austria — 2Erich Schmid Insti-
tute for Materials Science, Austrian Academy of Sciences, Jahnstrasse
12, 8700 Leoben, Austria

Amorphous metallic coatings have recently emerged as promising thin
film materials due to their excellent chemical stability, good wear re-
sistance and exceptionally high strength. Their mechanical behavior,
however, is fundamentally different from their crystalline counterparts,
due to the disordered structure lacking dislocations as carriers of plas-
tic deformation. To investigate the different deformation mechanisms,
we have synthesized Pd-based crystalline/amorphous multilayer sys-
tems by unbalanced dc magnetron sputtering. Hardness and Young’s
modulus of the multilayer systems are assessed by nanoindentation.
Indents are evaluated by atomic force microscopy and scanning elec-
tron microscopy for a quick estimation of the coatings’ response to
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plastic deformation. Micromechanical samples of selected systems are
prepared in a focused ion beam instrument. Deformation mechanisms
and their dependence on layer arrangement are then investigated with
a particular emphasis on in-situ tensile testing and bending in the
electron microscope. This approach allows for a direct comparison of
plastic deformation through the movement of dislocations and shear
bands in the crystalline and glassy layers, respectively.

MM 34.12 Tue 18:30 P4
Ab initio investigation of Re-Re interactions in Ni-base
superalloys — eMaxiMiLIAN GraBOwskKI, JuTrta RocaL, and
RaALF DrauTz — ICAMS, Ruhr-Universitat Bochum, 44801 Bochum,
Deutschland

Ni-base superalloys are widely used in high-temperature applications
e.g. in turbine blades for jet engines of aeroplanes. In these appli-
cations, the materials have to perform at high temperature and high
stress. Ni-base superalloys have a complex composition where one of
the key ingredients is Re, which significantly improves the mechanical
behaviour.

Using density functional theory (DFT) calculations we investigate
the Re-Re interaction in Ni with a particular focus on the role of mag-
netism. The nearest neighbour Re-Re interaction in the nonmagnetic
and in the ferromagnetic configuration exhibit a qualitatively different
behaviour from strongly repulsive to weakly attractive. We show that
this is mainly due to a decrease of the Ni magnetic moment in the
vicinity of Re and discuss possible consquences for the clustering of Re
in Ni-based superalloys. In a next step we investigate the mobility of
Re in Ni in concentrated Ni-Re alloys. As a basis for our dynamical
simulations, we use a cluster expansion (CE) to evaluate the energies
of the binary Ni-Re and the ternary Ni-Re-Vacancy system. DFT cal-
culations are used to determine the effective cluster interactions (ECI)
for the CE. We will also report on our progress of a CE for the diffu-
sion barriers, which -when converged- enables us to predict diffusion
in concentrated Ni-Re alloys from first-principles calculations.

MM 34.13 Tue 18:30 P4
Implementation of nonlocal van der Waals functionals into
the LAPW method — eFaBIEN TrAN, JuLiA STELZL, and PE-
TER BLAHA — Vienna University of Technology, Institute of Materials
Chemistry, A-1060 Vienna, Austria

The so-called van der Waals density functionals (vdW-DF) [1], which
are much more reliable than the traditional semilocal functionals for
systems where the dispersion forces play a major role, are nonlocal
in the sense that they consist of a double integration over the space.
Therefore, the implementation of vdW-DF is much more involved and
the computational time is higher compared to semilocal functionals.
For plane-wave pseudopotential methods, an efficient algorithm pro-
posed by Roman-Pérez and Soler [2] based on fast Fourier transform
was proposed, such that the vdW-DF are nowadays widely used in the
pseudopotential community. However, for all-electron densities, the
scheme of Romén-Pérez and Soler can not be applied efficiently, since
a plane-wave expansion of the all-electron density would require an ex-
tremely huge number of terms. In this work, a smoothing procedure of
the all-electron density in a region around the nucleus is applied, such
that the scheme of Roméan-Pérez and Soler can be applied efficiently.
This is done in the framework of the all-electron linearized augmented
plane-wave (LAPW) basis set as embodied in the WIEN2k code. The
obtained results are compared with results from the literature.

[1] M. Dion et al., Phys. Rev. Lett. 92, 246401 (2004).

[2] G. Roman-Pérez and J. M. Soler, Phys. Rev. Lett. 103, 096102
(2009).

MM 34.14 Tue 18:30 P4
Impact of magnetism on the stability of Laves phases in
Fe-Nb alloys — eAL1 ZENDEGANI', ALvIN N. Lapines?, THOMAS
HaMMERSCHMIDT2?, RALF DrauTzZ, FriTz KORMANN!, TILMANN
HickeL!, and J6rRG NEUGEBAUER! — ! Max-Planck-Institut fiir Eisen-
forschung GmbH, Max-Planck-Strafie 1, 40237 Diisseldorf, Germany —

2ICAMS, Ruhr-Universitit Bochum, 44801 Bochum, Germany

Ferritic steels containing Fe-Nb Laves phases have a number of indus-
trially relevant high-temperature applications, e.g., for automotive in-
dustry. The Laves phases play a decisive role for the high-temperature
strength of these materials. To tailor their mechanical characteris-
tics, e.g., via heat treatments, a precise knowledge of the Laves phase
thermodynamic stability is essential.

We have investigated the phase stability of the three different Laves
phases in Fe-Nb alloys, i.e. hexagonal C14 and C36, and cubic C15,
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combining density functional theory and thermodynamic concepts.
The ground state energy as well as finite temperature entropy contribu-
tions of these structures are evaluated for various magnetic configura-
tions, ranging from non-magnetic simulations over selected ferro/ferri-
magnetic ones to fully paramagnetic calculations. We discuss the chal-
lenges and methodological advances developed for such computations.

MM 34.15 Tue 18:30 P4
Properties of mechanically intermixed Cu-Ta alloys —
eREGINA Post, Nazar IBRAHIM, SERGIY Divinski, and GERHARD
WiLDE — Institute of Materials Physics, University of Miinster, Ger-
many

Copper and tantalum are known to be fully immiscible and do not form
an alloy by cooling from the liquid state. They can however be forced
to mix by severe plastic deformation methods, such as high pressure
torsion (HPT). Using HPT on a stack of alternating Cu and Ta thin
foils, different mixing states can be created.

The present study is focused on the evolution of the microstructure
with increasing number of revolutions of the HPT process by com-
parison of the cross section and plain view structures via orientation
imaging microscopy applying the EBSD analysis. The microstructure
of copper-rich grains is found to be remarkably stable even after anneal-
ing at high temperatures of about 95% of the copper melting point.
The appearance of the Cu-Ta solid solution is investigated by TEM
analyses and the results are discussed in terms of the mixing mecha-
nism.

MM 34.16 Tue 18:30 P4
Quantitative High-resolution TEM Imaging of Perovskite
Interfaces — eToBias MEevER!, PaTrick PERETzZKI!, BENEDIKT
IrLAND?, BIRTE KRESSDORFZ, CHRISTIAN Jooss?, and MICHAEL
SeiBT! — 11V. Physical Institute, University of Géttingen, Germany

— 2Institute for Materials Science, University of Gottingen, Germany

The Shockley-Queisser limit for single junction solar cell efficiencies
is based on energy losses due to the transmission of low energy pho-
tons with energies below the band gap and the thermalization of hot
charge carriers. In strongly correlated perovskite materials, which ex-
hibit polaronic charge carriers, these losses can be reduced at the same
time by harvesting long-living intraband excitations. Indeed, during
the last decade the efficiency of halide perovskite based solar cells has
been increased from 2% to 20 %. However, the underlying materials
are relatively instable — particularly under light illumination. In con-
trast to halide perovskites, transition-metal oxides are rather stable
but their junctions exhibit lower photovoltaic energy conversion effi-
ciencies. Since the electrical transport properties of these materials
are highly dependent on the structure, a thorough understanding of
the latter close to the interface is exceedingly desirable in order to
tune perovskite junctions for photovoltaic applications. We investi-
gated the structure of transition-metal oxide heterojunctions, i.e. the
oxygen positions, in an image corrected high-resolution TEM. In order
to enhance the contrast of the light oxygen columns, we used optimized
conditions for the spherical aberration.

MM 34.17 Tue 18:30 P4
In-situ Electron Microscopy Studies of Electric Field Assisted
Sintering of Oxide Ceramics — eDANNY SCHWARZBACH, MAX
STEINBRUCK, and CyYNTHIA A. VOLKERT — Institut fiir Material-
physik, Georg-August-Universitdt Gottingen
A wide range of studies show a dramatic effect of applied electric fields
or currents on the sintering behavior of oxide ceramic powders. How-
ever, the mechanisms accounting for these strong effects remain elusive
despite the wide application potential.

By using in-situ scanning and transmission electron microscopy, ma-
terial changes during sintering of model oxide ceramics (e.g. ZnO) will
be directly observed. The evolution of microstructure and morphology,
including grain/void morphology, segregation, and precipitation, will
be tracked, both with and without applied fields and currents. The
results will be compared to models to determine the dominant driving
forces and mechanisms for sintering, and how these are affected by
fields and currents. In addition, in-situ high resolution and electron
holography studies, EELS, and in-situ studies under oxidizing and re-
ducing atmospheres will be used to gain insight into the atomic origins
of sintering behavior, as well as of high conductivity states that occur
in conjunction with flash events during field-assisted sintering.

Due to the fact that this project has just started, the focus of this
poster is to present the above-mentioned methods and to provide an
overview of the current state of research. Nevertheless, some initial
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results are already expected.
Support of SPP 1959 by the DFG is gratefully acknowledged.

MM 34.18 Tue 18:30 P4
Mechanical Analysis of Metallic Glasses in the Non-Linear
Regime — oCLEMENS GARVE, BIRTE RIECHERS, and KONRAD
SAMWER — Georg-August-Universitat Gottingen

Amorphous metals are used in various applications, however the
strongly temperature dependent viscoelastic behavior under deforma-
tion is not fully explained yet. To gain more understanding we deform
a Palladium-based metallic glass using oscillatory stresses with ampli-
tudes sufficiently high to drive the system beyond the Hookian regime
of linear response.

Following experimental approaches used in dielectric spectroscopy
[1] an oscillating mechanical stress was applied, which was switched
from a low to high stress amplitude and back using a dynamical me-
chanical analyzer. By using Fourier analysis, we were able to sepa-
rate our data into nonlinear contributions at fundamental and higher
harmonic frequencies. While deforming with high stresses and in the
following low stress section, the nonlinear contributions show time-
dependent behavior, which was characterized to extract the time-scale
of structural recovery [2]. The temperature and stress dependence of
nonlinear contributions regarding amplitude and timescale were inves-
tigated.

We acknowledge support by DFG Research Unit FOR1394.

Citations: [1] Huang and Richert. ”Dynamics of glass-forming
liquids...” J. Phys. Chem. 124.16 (2006) [2] Riechers, Samwer, and
Richert. ”Structural recovery in plastic crystals by time-resolved non-
linear dielectric spectroscopy.” J. Phys. Chem. 142.15 (2015)

MM 34.19 Tue 18:30 P4
system identification for nanodevices based on anodic alu-
mina oxide (AAO) templates — eJesus AvLaN CALDERON
CHAVARRI', MIN Znou?, and Yong Ler® — 'TU Ilmenau, Ilmenau,
Germany — 2TU Ilmenau, Ilmenau, Germany — 3TU Ilmenau, Ilme-
nau, Germany

Nanodevices based on AAO templates (like nanotubes, nanorods, and
nanowires) have interesting properties which can be described by a
mathematical analysis in order to propose mathematical modelings
based on linear behavior. In this scenery, it can be demonstrated math-
ematically, some of their characteristics which are controllability and
stabillity. Therefore, as it is shown in this work, it is proposed corre-
lations among characteristics of nanodevices based on AAO templates
with mathematical operations to identify physical properties of them
through linear range of work. Furthermore, it can be tested different
System Identification methodologies in order to get physical param-
eters, or to identify response of these nanodevices in front of input
excitation signals. As a consequence, it is possible to design different
algorithms to get optimization and predictions of physical properties,
because of this system identification based on correlations proposed.

MM 34.20 Tue 18:30 P4
Mechanically tuned stress state of palladium thin films on
rutile titanium dioxide — eMAXIMILIAN LITSCHAUER!, MARIAN
Davip BongErs!, DANIEL HARDING2, ALEC WODTKE?, and ASTRID
Punpt! — !nstitut fiir Materialphysik, Univ. Géttingen — 2Institut
fiir Physikalische Chemie, Univ. Gottingen

The mechanical stress state of epitaxially grown palladium (Pd) thin
films on Al2Og3 single crystals can be varied by the film thickness [1].
This stress state may also affect the surface conditions, for example
by modifying the distance between the Pd surface atoms. This should
result in a modified surface reactivity as suggested for example by the
d-band model of Mavrikakis et al. [2]. In this study the stress states of
differently prepared Pd films on titanium dioxide (TiOz2) is presented
and the binding energies (BE) of carbon monoxide (CO) on these sur-
faces is determined. Therefore, the deposition temperature and film
thickness of Pd thin films are varied. The films are deposited by mag-
netron sputtering on pretreated TiO2(110) substrates. The stress state
is characterized by X-ray diffraction via the Pd(111) peak shift. The
related BE are addressed by using a novel ion imaging technique to
directly measure the microsecond lifetime of CO on the surface [3].
The results are discussed with respect to the mechanical stress states.

This study is supported by the Deutsche Forschungsgemeinschaft
via SFB1073, project C06 and C04 as well via the Heisenberg grant
PU131/9-2. [1] S. Wagner et al., Acta Materialia 114 (2016) 116; [2] M.
Mavrikakiset al., Phys. Rev. Lett. 81 (1998) 2819; [3] D. J. Harding
et al., J. Phys. Chem. A 119 (2015) 12255
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We present the plug-in of the all-electron DFT code FLEUR [1] to
AiiDA [2] (Automated interactive Infrastructure and database for ma-
terial science) and our first established workflows to calculate electron
binding energies and core level shifts (CLS) of X-ray photoelectron
spectroscopy (XPS) of pure materials for surface science.

One workflow calculates CLS in the initial state approximation of
bulk and slab geometries. Another workflow uses super cell core-hole
calculations to extract binding energies. Their first application will be
on materials relevant for research on plasma wall interaction in fusion.
First results of different methods are compared to recent experimental
data.

We acknowledge partial support from the EU Centre of Excellence
"MaX Materials Design at the Exascale" (Grant No. 676598).

[1] www.flapw.de
[2] G. Pizzi, et al. Comp. Mat. Sci. 111, 218-230 (2016)
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Hydrogen in metals like Magnesium changes the physical properties of
the host material, such as the optical properties.[1] The optical light
transmission can be used to determine locally the Hydrogen content,
or to differentiate between phases (Hydrogenography).[2] For the Mg-
H system, two phases are relevant at 300 K: the metallic a-phase and
the transparent MgHs-phase.

In this presentation, the hydrogen-induced optical change of thin Mg-
films is investigated using electrochemical loading via a Pd-gate.[3]
By this, the lateral diffusion and the MgHg formation can be directly
seen and the formation kinetics can be studied. The influence of 