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First-principles study on Exfoliation Energies of Layered Materials
!

Jong Hyun Junig CheotHwan Park, andJisoon lhm’

! Department of Physics and Astronomy, Seoul Natignalersity, Seoul 08826, Korea
2 Department of Physics, Pohang University of Science and Technology, Pohang 37673, Korea
E-mail addressjihml@postech.ac.kr

The exfoliation energy, the energy required to peel off an atomic layer from the surface of a
bulk material, is of fundamental importance in the science and engineerifayevéd
materials. Traditionally, the exfoliation energy has been obtained frotrpfingiples by
calculating the difference in the energy between (i) a sl&blayers N ! 1) and (ii) a slab
of N D1 layers plus dayer separated from the slab. In ttatk, we prove that the exfoliation
energy can be obtainexkactlyas the difference in the energy between a bulk material (per
atomic layer) and a single isolated lay&. The proposed method is (i) tremendously lower
in computational cost than the traditional approach because it does not require calculations on
thick slabs, (ii) still valid even if there is a surface reconstruction of any kind, (iii) capable of
taking into account the relaxation of the single exfoliated layer, and (iv) easily combined with
manybody computational methods. As a proof of principles, cakeulatethe exfoliation
energies of graphene, hexagonal boron nitride, M@®d phosphorenesimg density
functional theory.

Reference
1. J. H. Jung, CH. Park, and J. InmNano Lett (acceptedfor publicatior), DOI:
10.1021/acs.nanolett.7b04201



Toward the first -principles design of rext-generation nanodevices
Yong-Hoon Kim

School of Electrical Engineering arieéraduate School of Energy, Environment, Water, and
Sustainability Korea Advanced Institute of Science and TechnqligyST) Daejeon 305
701, Korea
E-mail: y.h.kim@Kkaist.ac.kr

In the effort to develop advanced electronic, optoelectronic, energy, and bio devices
based on emerging ledimensional materials, firgirinciples orab initio simulations are
playing an increasingly important role by providing atomistic informationdhatot easily
obtainedrom experimentskor this purposd,envision thatkey ingredient that should be still
matured and additionally developed is the capability to treat nonequilbirum junction systems
under finite bias in a firgbrinciples mannetn this talk, | will firstapply the existingnachinery
that combirs density functional theory (DFT) and nonequilibrium GreenOs function (NEGF)
formalismsand predict thaultrahigh negative differential resistan@DR) can be obtained
from the nanowireslerived from recently synthesizeshedimensional halidegerovskites.

Next, | will discuss the limitations of DFNEGF in simulating the finitdbias nonequilibrium
electronic structure of nanoscale junctions artdoducethe novel multi-spaceconstrained
searctDFT (MS-DFT) formalism that we have recently develop&éde MSDFT formulation
goes beyond the standard DNEGF in several aspectandas an application exampleavill
considergraphenébasedwo-dimensionalertical heterosturcture tunneling tegstors, which
show NDR and ara promising platform to realize negéneration OMore MooreO and OMore

than MooreO devices.



First principles phonon calculations for structural materials

|. Tanak&-234" andA. Togd??
D Dept. Mater. Sci. Engrg, Kyoto University, Kyoto, 68601, Japan
2 ESISM, KyotoUniversity, Kyoto 6068501, Japan
3 MI2, NIMS, Tsukuba 3089047, Japan
“NRL, JFCC, Nagoya 458587, Japan
*Corresponding authotanaka@cms.mtl.kyota.ac.jp

We have been working on firptinciples phonorcalculations to elucidatthermal properties,
phasestabilitytransitions,deformation twinning, and others in a number of metallic and insulating
systems. The central software is PHONOPY [1] develdpediogq which is anopen soure
package of phonon calculatidbased on the sepcell approachThe SPGLIB coddy Togo|[2],
another open sourc& library for finding and handling crystal symmetriehas also been
successfully adopted. In order to investigate paramagnetic systems and/or disordered alloys, cluster
expansion method iery powerful. A multi-purpose cluster expansion code, CLUPEBINby Sekog
has been usddr such purposes.

An example is the study of thmntinuousevolution of crystal structures in metallic elements
based upon a large set of lattice dynamics calculat@rystal structures are often treated as dense
packing of atomic spheres. Fawentrel cubic (FCC)andhexagonal clospacked(HCP) structures
arefavouredin many metalswe have developedsamplealgorithmfor automated searching of the
phasetransition pathway based upon figinciples calculation$4]. Eigenvalue problems of the
dynamical matrices of theupercell forceconstant matrix at commensuratgoints are solved to
find dynamical insthility. The methods appliedto systematically pursue tle®ntinuousevolution
of crystal structureg-ollowing the algorithm, dynamical stabilignd interrelationships of different
structures generated from a simple cul8€) structureare revealed fosevenmetallic elements
i.e., Na, Mg, Al, Cu, Ti, Zr and Hf. Structures generdted theSC structurere simple hexagonal
(SH), body centeredcubic (BCC),omega FCC, HCP and five different kinds of long period
structures, such a#i6 9R and 12REffects of pressurare examined as well. The powerfulness of
the automated method to investigate tleure of the phase transition and to predicyeds
unknown metastable structuneslemonstrated.

Investigation of atomic shuffling asso@dt with deformation twinning is another example for
the use of first principles phonon calculagoResults will be shown mainly on th&012; twin of
HCP-metals (Be, Mg, Ti, Zr and Hf). Wen shear strain corresponding to 12 twin is
applied, me of the acoustiphononmodeis significantly softened anM-point of the HCP lattice.
With the increase of the shear strain thepdint frequency becomes imaginary implying the
spontaneous collective motion dbes. This should correspond to the atomic shufféegociated
with deformation twinning.
|
REFERENCES

1 A. Togoand I. TanakaScripta Materialial08 (2015) 1.

2. https://atztogo.github.io/spglib/

3. A. Seko, Y. Koyama, and I. Tanaka, Phys. Rev. B(3009)165122.
4. A. Togo and |. Tanak#&hys. Rev. B 87 (2013) 184104.
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Materials nodelling to interpret experimental specti a REAL help!
Kersti Hermanssonkérsti@kemi.uu.ge
Department of ChemistrsngstrSm, Uppsala University, Bo%31, S5121 Uppsala, Sweden

One class of applications where nanomaterials modelling play an undeniable role is in the generation
of images and spectra that mimic those produced by experiment. This is an area where experiment
and modelling meet in a venatural fashion.

In fact, nodelling is sometimes the only way forward for experimentalists to be able to assign
observedspectral features to the propaerderlying struairal feature This mayrequire a post
processing step after the initial generatiomtoimic trajectories other modelling da@ther times the
image or spectral generatioeeds to be integrated with the simulation stage itself. In eithertbese
type of modellings seldom trivialas the underlying physical processes are not trivial to describe.

For nanostructured materiakgprational spectroscopies (IR, IRRAS, Raman, SEGail up as
themost impotantmethodsfor structure determination. will discuss some examples of thse of
modelling to predict vibrational frequeies of a high quality and to identify structymeperty
relations among thenMy examplesystems arenterfaces between waster and ionic malkeri



Ab initio thermodynamics of surface oxide structures under

controlled growth conditions
Taehun Le& Yonghyuk Leé Simone Piccinify andAloysius Soof#

!Department of Materials Science and Engineering, Yonsei University, Seoul, South Korea.
2Consiglio Nazionale delle Ricerche, Istituto Officina dei Materiali (GNBM), c/o SISSA,

Trieste, Italy.

Having a robust and predictivab initio thermodynamic model to examine and
describe the interplay of the oxygen gas and evaporated metal atoms on anaher met
substrate may prove to be very helpful in understanding the surface phase diagrams of
these oxygen/metal systems. In this work, we examine the O/Cu/Au(111) system and
provide a refined atomistic thermodynamic model which takes different definitions of
the chemical potential of the less abundant metal, Cu into account. We argue that the
latter highly depends on the various surface structures (overlayers and alloys) that
forms on the metal substrate under growth conditions. We demonstrate that our
improved thermodynamic model rationalizes new experimentally observed oxide
structures and may pave a systematic way to predict new surface structures of reduced
stoichiometries, which would otherwise be missed by the common practice of taking

only the bulk limits

* Corresponding author. Email: aloysius.soon@yonsei.ac.kr



New 2D and 3DAllotropes of Carbon

Hiroshi Mizusekit and Babu Ram

I Computational Science Research Center, Korea Institute of Science and Technology (KIST)
Seoul 02792, Republaf Korea
Fax: +82-(2)-958-5451E-mail addressmizuseki@kist.re.kr

The search fonew carbon structures Y&been very intriguing in physicghemistry and
materials sciencbecause dtheir scientific as well asechnological importancéhis facthas
triggeredresearch initiatives towardie developmeraf various experimental and theoretical
toolsfor predicing the desired properties ofaterids.

In this presentation, we will introdu@new methodology fothe prediction of new carben
based structuresusing combination of multistart local search approach and atomistic
simulationg1] by Tersoff potential and firgtrinciples calculationNext, we will discusghis
approachby giving an example ofarbon allotropeand checkingits efficiencyfor the large
system as well.

Using this approach, evhave been able to prediew carbon allotropesamedCses (2D) [2]

and Hig (3D) [3]. Interestingly, thesallotropes arsemiconducting in natusndpossessome
interestingmechanicalelectronicand optical properties, whichightfind their applicatios in
nanoelectronicdevices. We further confirm their thermal and dynamical stabilitieky
performingphononandab initio molecular dynamicsimulatiors.

We are grateful for the financial suppfmem the Korea Institute of Science and Technology
(Grant No. 2E2800@Z0556(. This research was supported by the Nano Materials Research
Program through the Ministry of Science and ICT (gramhberNRF2016M3A7B4025402).
This study was also partly gported by the computational resources of the HPCI system
(Project ID: hp180036).

References
1. ZhenZzhen Li, JianTao Wang, Hiroshi Mizuseki, and Changfeng Cherbmitted
2. Babu Ram and Hiroshi Mizuselgubmitted
3. Babu Ramand Hiroshi Mizuseki, undeareparation



Geometric effects in nanocarbon thermoelectrids
Junichiro Shiomi

Department of Mechanical Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo, 113-8654, Japan
National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, 305-0047, Japan
RIKEN Center for Advanced Intelligence Project, 1-4-1 Nihombashi Chuo-ku, 103-0027 Tokyo, Japan
Fax: +81-(3)-5841-6283 E-mail address: shiomi@photon.t.u-tokyo.ac.jp

|

Thermal properties of nanocarbons such as carbon nanotubes and graphenes have been widely
studied aiming to use them for high thermal conductivity materials such as thermal interface
materials and nanofluids in forms of films and composites. There, thermal conductivity of
nanocarbons was found to be sensitive to geometrical effects, such as defects and mechanical
deformation, which were a drawback. However, as nanocarbon thermoelectrics have caught
attention as a flexible energy harvesting device, the geometrical effects have become a merit
since thermoelctrics requires thermal conductivity to be low. Here, geometrical effects also
influence electrical properties, in general in unfavorable way, and thus the major game is to
identify and use geometrical effects that reduce thermal conductivity more than electrical
conductivity. This also implies that the uncontrolled geometrical effects in nanocarbons such
as defects that are omnipresent in usual as synthesized nanocarbon materials are important for
the material performance. This motivates the studies on the response of thermal and electrical
conduction to geometrical variation of nanocarbon, where numerical simulation is naturally
useful. In this talk, we will introduce some works in this course, covering case studies with
defects [1,2], bending/buckling [3.4], encapsulation [5,6].

References

[1]! M. Ohnishi, T. Shiga, J. Shiomi, Physical Review B 95, 155405 (2017).

[2]' M. Yamawaki, M. Ohnishi, S. Ju, J. Shiomi, Science Advances, 4, caar4192 (2018).

[3]! F. Nishimura, T. Shiga, S. Maruyama, K. Watanabe, J. Shiomi, Japanese Journal of Applied
Physics, Vol. 51, 015102 (2012).

[4]! A. Volkov, T. Shiga, D. Nicholson, J. Shiomi, L. Zhigilei, Journal of Applied Physics, 111,
053501 (2012).

[5]! T. Kodama, M. Ohnishi, W. Park, T. Shiga, J. Park, T. Shimada, H. Shinohara, J. Shiomi,
K. E. Goodson, Nature Materials, 16, 892—897 (2017).

[6]! M. Ohnishi, J. Shiomi (to be submitted).



Controlling Wave Transport in Periodic and Quasiperiodic Structures

Kahyun Hur

Computational Science Research Center, Korea Institute of Science and Technology,

Seoul 02792, Republic of Korea

Controlling the wave transport properties of materials provides opportunities for
improving material properties for a variety of applications including photonics,
thermoelectrics, acoustics, and electronics. In particular, translational symmetry of
materials strongly governs transport properties of every form of waves such as
electron, photon, and phonon since the waves having a wavelength commensurate
with crystal’s periodicity can transmit without losses. In this talk, I will discuss
photonic and phononic properties of periodically structured nanomaterials derived
from bottom-up type block copolymer self-assembly. Peculiar wave transport
behaviors of quasiperiodic structures, ordered and well-defined structures without any

translation order, will be further discussed.



Self-Assembled Binuclear Cu(ll)-! -Histidine Complex in the Gas Phase
for Chiral Differentiation of Naproxen Drug
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Multiscale Modelling of the Oxygen Chemistry of Ce@ Nanoparticles

Byung-Hyun Kim *, Matthew J. WoHf;, Jolla Kullgreri, Kersti HermanssdhandPeter Broqvist

! Platform Technologyaboratory, Korea Institute of Energy Research
2 Department of Physics, University of Bath

3 Department of Chemist®mngstrsm Laboratory, Uppsala University

Ceria (CeQ, cefum oxidg is areducible metal oxide with a unique oxygen chemistry which makes use of
various different technological applications, includathreeway catalysta ceramic electrolyte in solid oxide

fuel cells and chemical sensors [1]. These applications primarilpiefpe oxygen storage capacity of CeO

which can be interpreted as a redox capability enabled by which oxygen vacancies may be formed, healed and
diffuse in the crystalline lattice.

Synthesizedceria is often foundin the form of agglomerates of nankystallites[2-4]. The agglomeration of
nanoparticles (NPs) results in the formation of specific interface, which obviously affects the catalytic activity in
ceria. In this work, weaddresghat stable cerigeria interface structures formed betwegglomerated ceria

NPs wil show unique oxygen redox properties, which are very different from those of either the bare surface or
the bulk material, in padular those related to the increased oxygen storage capacity found for small ceria
nanoparticleswith d < 5nm). B]

Here, we applied a miidcale simulation approach combining three different lewéltheoryin the typical
simulation hierarchy: The reactive force field (ReaxFF) [6], the approximate density functional methed, (self
consistent chargeensity functional based tight binding, S©ETB) [7], and finally Hubbard augmented
density functional theory (DFAU). We will present the stable interface structures and the effect of interface

formation on the oxygen chemistry.
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Theoretical Study on Electrocatalytic Activity
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We introduce the density functional theory (DFT) based computational approaches to the
study of various electrochemical reactions (hydrogen evolution reaction (HER), oxygen evolution
reaction (OER), oxygen reduction raaat (ORR), lodion reduction reaction (IRRyccurring on
heterogeneous catalysis surfaces. A detailed computational approach to the theoretical interpretation
of electrochemical reactions and structaatalytic activity relationships for graphehased
catlysts will be discussed. The electrocatalytic activity of catalysis can be theoretically evaluated by
overpotential value determined from free energy diagram (FED) of electrochemical reactions. By
comparing electrocatalytic activity of systematically daesd graphenbased catalysts, we will
discuss the structw@atalytic activity relationships, especially the electronic and geometrical effects

of heteroatom dopants.
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First-Principles Guided Discovery of Novel Bimetallic Catalysts for
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The direct synthesis of hydrogen peroxide (H202) from H> and O represents a potentially
atom-efficient alternative to the current industrial indirect process. And, Pd has been currently
used as an efficient catalyst for direct H>O- synthesis, although it has not been commercialized
yet due to its expensive cost and still unsatisfied catalytic performances. In this regard, it is
imperative to discover an inexpensive alternative with a superior catalytic property. For this
purpose, we have designed several bimetallic catalysts replacing Pd through first-principles
calculations, in particular, a high-throughput approach combining a calculation automation.
Moreover, the designed catalysts were experimentally confirmed.

Electronic structure of a material is one of key features to determine catalytic properties as like
d-band center theory. In the extension line of the theory, we screened 4350 bimetallic alloys by
first-principles calculation and calculated similarities of their electronic densities of states
(DOS) by comparing with that of Pd. Then, we filtered 10 potential catalysts
(thermodynamically miscible) with the highest DOS similarities. And then, we synthesized the
10 candidates and experimentally measured their catalytic properties for H2O> direct synthesis.
After the experimental confirmation, it is found that, of the 10 candidates, three bimetallic
alloys indeed show similar or superior catalytic properties to Pd. In addition, we suggest a new
design scheme using “immiscible” bimetallic systems based on first-principles calculation, and
the scheme is also successfully confirmed by an experiment. In this talk, I will also discuss the
scheme.
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