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MM 10: Methods in Computational Materials Modelling (methodological aspects, numerics)

Sessions: Atomic Potentials and Phonons

Time: Monday 15:45-18:45

MM 10.1 Mon 15:45 H45
Accuracy vs. efficiency? Towards ACKS2-based polarization
in force fields — ePaTricK GUTLEIN!, KARSTEN REUTER!, HARALD
OBERHOFER!, and JocHEN BLUMBERGER? — 1Technische Universitét
Miinchen, Germany — 2University College London

Electronic polarization poses a minor energy contribution compared to
the formation and arrangement of covalent bonds, yet it crucially influ-
ences both geometric and electronic properties of soft condensed mat-
ter and molecular crystals. Frequently, effective force field techniques
employed to sample the phase space of such systems insufficiently cover
the complex dielectric response to external perturbations. Here, the
recently proposed atom-condensed Kohn-Sham density functional the-
ory approximated to second order (ACKS2) approach promises to be
a computationally undemanding, still accurate electronic polarization
extension to conventional force field methods. It rests on an atom-
centered basis set expansion of the linear responses of both the electron
density and the Kohn-Sham potential.

In order to provide a generally applicable ACKS2 extension to force
fields, we develop a new minimalistic basis set representation composed
of s- and p-type Gaussian functions. We demonstrate the efficacy of
ACKS2 with the new basis set for a range of molecular model sys-
tems including anthracene and tetracene, which are relevant building
blocks in common organic semiconductors. Screening a range of ex-
ternal electrostatic perpurbations, we find very good agreement with
density functional theory references. This marks an important first
step to employ ACKS2 as polarization correction in force fields.

MM 10.2 Mon 16:00 H45
Validation and transferablity of interatomic potentials —
oY URY LysoGoRrskiy, THoMAS HAMMERSCHMIDT, and RALF DRAUTZ
— ICAMS, Ruhr University Bochum, Germany

Interatomic potentials (IP) are widely used in computational materi-
als science, in particular for simulations that are too computationally
expensive for density functional theory (DFT). A large number of IPs
is available for a wide range of chemical elements and their mixtures.
Most IPs have a limited application range and often there is little infor-
mation available regarding their performance for specific simulations.

We performed extensive tests for the majority of the potentials for
unaries that are available from the OpenKIM and NIST repositories
as well as from other sources. The following properties were consid-
ered: energy-volume curves, equilibrium bulk modulus, elastic con-
stants, phonon spectrum and density of states, vacancy formation en-
ergies, transformation paths, surface energies, thermodynamic proper-
ties in the quasiharmonic approximation and thermal expansion. For
accessing the transferability of IPs we cover a wide range of atomic
environments by considering special random structures with one and
two atoms in the unit cell and evaluated their energetic, geometrical
and elastic properties. Two typical cases of IP behavior - high ac-
curacy at the expense of low transferability versus low accuracy but
higher transferability were identified. The results of our calculations
are collected in a specially designed database for further analysis.

MM 10.3 Mon 16:15 H45
Parametrization of classical force fields for single molecule
junctions — eNARENDRA P. Arasu and HECTOR VAzZQUEZ — Insti-
tute of Physics of the Czech Academy of Sciences, Cukrovarnicka 10,
Prague, Czech Republic

In molecular junctions, where single molecule bridges the gap between
metal electrodes, interface geometry under the influence of thermal
fluctuations can be explored from Molecular Dynamics (MD) simula-
tions. Ab-initio methods are accurate but their computational cost re-
stricts the time scale that can be probed in the simulations. Thus, sim-
ulations based on Density Functional Theory (DFT) can be limited to
rather restricted phase-space. On the other hand, Molecular Mechan-
ics (MM) simulations are computationally faster than DFT. However,
careful parametrization of the MM energy functions is required for re-
alistic representation of an MD ensemble. In this work, we propose
a method to parametrize Optimized Potentials for Liquid Simulations
(OPLS-AA) forcefield to run a long time scale (T nanoseconds) MD
simulations. The parameters are obtained by fitting the model energy

Location: H45

functions of short-range interactions to the energies from DFT calcu-
lations. As a prototypical molecular junction, we consider a biphenyl
molecule with three different linker groups having different chemical
binding: Au-C, Au-NH2, and Au-SCH3 to test our parametrization
technique. We compare the statistics of changes in bond lengths, an-
gles and dihedrals obtained from classical MD trajectories to that of
the ab-initio MD simulations. The results show that the parameters
obtained using our method describe well DF'T MD simulations.

MM 10.4 Mon 16:30 H45
Parametrization of a bond-order potential for Ti — e ALBERTO
FERRARI, MALTE SCHRODER, YURY Lysocorskiy, Jurta Rogar,
Marous Mrovec, and RaLrF DrauTz — Interdisciplinary Centre
for Advanced Materials Simulation, Ruhr-Universitdt Bochum, 44801
Bochum, Germany

Ti alloys are attractive structural materials, featuring remarkable stiff-
ness/weight and strength/weight ratios, exceptional corrosion resis-
tance, good creep properties, and biocompatibility. In addition, many
Ti alloys exhibit shape-memory and superelastic properties, and the re-
cently discovered gum-metals are also based primarily on Ti. Atomic-
scale studies of Ti-based metals often employ first-principles methods
such as density functional theory, with maximum system sizes that
are limited to a few hundreds atoms. To perform large-scale and/or fi-
nite temperature simulations, empirical potentials or machine-learning
potentials are usually fitted. However, the transferability of these po-
tentials to properties or environments not included in the training is
limited. In this contribution, we present a newly developed bond-order
potential (BOP) for Ti derived by coarse-graining the tight-binding
approximation to the electronic structure. The BOP model shows an
unprecedented transferability to various bulk as well as defective Ti
structures. We demonstrate the excellent predictive power of our po-
tential for a number of structural and thermodynamic properties that
are relevant for the structural stability, phase transformations, and
defect behavior in Ti-based materials.

MM 10.5 Mon 16:45 H45
Learning to use the force: DFTB repulsion with Gaussian
Process Regression — ARTUR ENGELMANN, ¢CHIARA PANOSETTI,
JoHANNES T. MARGRAF, and KARSTEN REUTER — Chair for Theo-
retical Chemistry, Technische Universitdt Miinchen, Germany

Density-Functional Tight Binding (DFTB) is increasingly popular
among computational modellists as it provides comparable accuracy
to DFT at a fraction of the cost, enabling large scale simulations while
retaining direct access to electronic structure properties. Yet, a bot-
tleneck to this day remains the difficulty to parametrize the interac-
tions for large subsets of atoms across the periodic table, let alone
an extensive, universal parametrization. Especially challenging is the
parametrization of the pairwise repulsion: an unescapable N? effort,
and a cumbersome one. Most schemes involve fitting the repulsion to
some analytical potential by e.g. minimizing force residues. However,
this presents a number of limitations, such as constraints on the refer-
ence geometries, and the necessity of projecting forces along the bonds.
Further, any predefined functional form not only carries a certain de-
gree of arbitrary bias in its very choice, but may also lack the flexibility
to capture subtle features around equilibrium distances (where the “re-
pulsive” potential may as well be attractive). We thereby propose to
rather machine-learn the repulsive force, using Gaussian Process Re-
gression similarly to the generation of GAP potentials [1]. We discuss
a proof-of-principle application on carbon, showing how such an ap-
proach removes all the above limitations at once.

[1] A.P. Bartok et al., PRL 104, 136403 (2010)

MM 10.6 Mon 17:00 H45
A Neural Network Potential for Lithium Manganese Ox-
ides — eMaRrco Ecknorr!, PETER BLocHL?, and JORG BEHLER!
— Universitat Gottingen, Institut fiir Physikalische Chemie, The-
oretische Chemie, Tammannstrafie 6, 37077 Gottingen, Germany —
2Technische Universitiat Clausthal, Institut fiir Theoretische Physik,
Leibnizstrafe 10, 38678 Clausthal-Zellerfeld, Germany

The lithium manganese oxide spinel LizMn2Oy4, with 0 < z < 2, is an
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important cathode material in lithium ion batteries. Its accurate de-
scription by density functional theory (DFT) is far from trivial due to
several energetically close electronic and magnetic states. In extensive
benchmark studies we find that the hybrid functionals PBEO, HSEO6,
and PBEOr yield energetic, structural, electronic, and magnetic prop-
erties in good agreement with experiment. Building on such hybrid
DFT data, we are able to extend the time and length scales of molecu-
lar dynamics simulations of Li, MnsO4 using a high-dimensional neural
network potential, which provides a first-principles quality description
of the potential energy surface at a fraction of the computational costs.

15 min. break

MM 10.7 Mon 17:30 H45
Machine learning for training lattice based models —
eMarTias ANcqvisT, ERIK FRANSsON, J. MaaNus Ranm, and PAuL
ErRHART — Chalmers University of Technology, Department of Physics,
Gothenburg, Sweden

Creating lattice based models for studying configurational and vibra-
tional effects has now become possible with little technical effort. The
basic idea is that the models will be trained using reference data which
commonly comes from expensive density functional theory calcula-
tions. If the training goes well the model will both accurately predict
the training data but may also predict unseen data and do so at a
fraction of the computational cost. The training is evaluated by cross
validation by splitting up the reference data into testing and training
sets. The number of optimization algorithms that one may choose to
do the training with are very numerous. In this talk I will present how
the different optimization algorithms perform when training these so
called lattice based models both with respect to error estimation and
to the prediction of e.g. thermodynamic quantities.

MM 10.8 Mon 17:45 H45
Reliable methods for combining tight binding models based
on maximally localized Wannier functions — eJAr-Mo Lium
and CHEOL-HwAN PARK — Department of Physics, Seoul National
University, Seoul 08826, Korea

Maximally localized Wannier functions (MLWFs) form a set of local-
ized orthogonal basis functions of a periodic system which accurately
represent given Bloch states. [1] MLWFs are commonly used as build-
ing blocks for large-scale tight-binding calculations. For example, ML-
WFs generated from ab initio calculations on the bulk and a thin slab
of a given material may be used to construct a tight-binding model
for a thicker slab, or a semi-infinite slab. However, the corresponding
MLWFs of different systems are not identical to their partners. This
discrepancy may cause artifacts in the physical quantities calculated
from the combined tight-binding model if not properly taken care of.

In this work, we propose two post-processing methods that correct
the differences between the MLWFs in two different systems. First, we
describe a minimal correction which is simple and efficient, but fails
in complex systems. Next, we propose a more accurate and generally
applicable correction method based on the hopping parameters. We
demonstrate the utility of our correction methods by applying them
to real materials. We also compare the corrected MLWFs with the
Wannier functions constructed without maximal localization.

[1] N. Marzari et al., Rev. Mod. Phys. 84, 1419 (2012)

MM 10.9 Mon 18:00 H45
Phonon-Related Properties in Metal-Organic Frameworks
from First Principles — eTomas KAMENCEK!, SANDRO WIESER!,
EcBERT ZoJER!, and NaraLia Bepova-Marrinez!:?2 — llnstitute
of Solid State Physics, NAWI Graz, Graz University of Technology,

Austria — 2Materials Center Leoben, Austria

Metal-organic frameworks (MOFs) are crystals consisting of metal-
lic and organic constituents, which form open and porous structures.
These materials have been extensively studied during the last years due
to their numerous possible applications exploiting the large amount of

internal surface area (e.g. catalysis, storage, capture and separation of
gases). Phonon-related properties of MOFs, despite their importance
for describing practically relevant quantities as thermal conductivity
or thermal expansion, are still largely unexplored. Moreover, the huge
number of building blocks and ways of connecting them to assemble a
MOF opens the possibility to design materials with tailor-made prop-
erties. This calls for developing an in-depth understanding of phonons
and phonon-related properties in MOFs. Therefore, we studied the
influences of different constituents on the (an)harmonic phonon prop-
erties by means of atomistic simulations. Starting from MOF-5 we have
systematically varied metallic nodes and organic linkers in order to de-
duce reliable structure-to -property relationships for phonon properties
in MOFs. Our simulations have been performed in the framework of
density functional tight binding theory with a focus on predicting elas-
tic constants, phonon dispersions relations, and deduced quantities.

MM 10.10 Mon 18:15 H45
Phonon filters in molecular junctions — eArvaro Ro-
DRIGUEZ MENDEz!2, LEONARDO MEDRANO SANDONAS'2, RAFAEL
GuTierrez!, Jesus UcaLpe®, Viapimmiro Muisica?, and Gianau-
rELIO CuniBeERTIH® — lInstitute for Materials Science and Max
Bergmann Center of Biomaterials, TU Dresden, 01062 Dresden, Ger-
many — 2Max Planck Institute for the Physics of Complex Systems,
01187 Dresden, Germany — 3Kimika Fakultatea, Euskal Herriko Unib-
ertsitatea (UPV/EHU) and Donostia International Physics Center
(DIPC); P.K.1072; 20080 Donostia; Euskadi (Spain) — % Arizona State
University, School of Molecular Sciences, Tempe, AZ 85287, USA. —
5Dresden Center for Computational Materials Science (DCMS), TU
Dresden, 01062 Dresden, Germany

We provide computational support to the intriguing idea that het-
erogeneous molecular junctions, consisting of molecular wires bridging
two different nano-contacts, can act as a phonon filter. The filtering
effect is ultimately due to the asymmetric nature of the contacts that
translate into different interfacial energy transferring properties. The
most important finding is the appearance of gaps on the phonon trans-
mittance spectrum, which are strongly correlated to the properties of
the vibrational spectrum of the molecule in the junction. This filter-
ing effect may have very important technological implications for the
design of smart nano-devices and nano-materials that can be used to
control the asymmetric transmission of heat.

MM 10.11 Mon 18:30 H45
Phonon spectrum, phase stability and thermodynamic prop-
erties of the cubic pi-phase in the IV-VI monochalcogenides -
formation and effect of a phonon band gap — eURI ARGAMAN,
Ran AButBuUL, and Guy Makov — Materials Engineering Depart-
ment, Ben-Gurion University of the Negev, Beer Sheva 84105, Israel.

The pi phase is a recently discovered cubic phase in the IV-VI
monochalcogenides with theoretical and technological interest (ref. 1).
In this work, the phonon frequencies were calculated ab-initio in the
cubic pi-phase of the monochalcogenides in four materials: SnS, SnSe,
GeS and GeSe. All four were found to be mechanically stable, and a
phonon band gap appears in their spectra. The phonon spectra of all
these systems exhibit phonon band gaps in the optical phonon spec-
trum with widths of 0.7-2 THz. The origin of the phonon band gap
was examined through an analysis of the normal modes. The contribu-
tions of the geometry of the bonds and mass differences to the phonon
spectrum and, in particular, to the band gap are discussed and ana-
lyzed. We found differences in the relative motion of the two types of
atoms and the rigidity of the bonds in this low symmetry structure.
The effect of the phonon band gap on the thermodynamic properties
is discussed. In addition, Raman experiment supported the existence
of the phonon band gap in pi-SnS and pi-SnSe.

1. Abutbul, R. E., Segev, E., Argaman, U., Makov, G. and Golan,
Y. (2018), Monochalcogenide Semiconductors: n*Phase Tin and Ger-
manium Monochalcogenide Semiconductors: An Emerging Materials
System. Adv. Mater., 30: 1870310. doi:10.1002/adma.201870310



