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Schedule of Events 

 

Sunday, November 2, 2014 

6:30 pm - 8:00 pm  Registration & Reception 

 

Monday, November 3, 2014 

8:30 am -  Registration 

9:00 - 9:10 am Opening session 

Session 1      Chair: Satoshi Watanabe (University of Tokyo) 

9:10 - 9:40 am Feng-Chuan Chuang (National Sun Yat-sen University) 

 Prediction of Two Dimensional Topological Insulators in 

Honeycomb Structure 

9:40 - 10:25 am Andrew M. Rappe (University of Pennsylvania) 

 Using Electronic Structure Methods to Predict New 

Topological Materials 

 break (10:25 - 10:50 am) 

Session 2      Chair:  Mei-Yin Chou (Academia Sinica) 

10:50 - 11:20 am Yuan Ping Feng (National University of Singapore) 

 First-Principles Design of Spintronic Materials 

11:20 - 11:50 am Ji Hoon Shim (Pohang University of Science and Technology) 

 Anisotropic Dirac Fermions in Bi Square Net System 

11:50 am - 12:20 pm Emi Minamitani (University of Tokyo) 

 DFT+NRG Studies on Novel Kondo Effects in Single 

Molecules on Metal Surfaces 

 Lunch break (12:20 - 2:00 pm) 

Session 3      Chair: Kee Joo Chang (Korea Advanced Institute of Science and 

Technology) 

2:00 - 2:30 pm Xin-Gao Gong (Fudan University) 

 Computational Inverse Design and Understanding of Novel 

Solar Energy Materials 

2:30 - 3:15 pm Matthias Scheffler (Fritz Haber Institute) 

 Big Data of Materials Science from First Principles - Critical 

Next Steps 
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Poster Session 1 

3:15 - 4:30 pm Posters MON-01 ~ MON-49 

Session 4      Chair: Zhong Fang (Institute of Physics, Chinese Academy of 

Sciences)  

4:30 - 5:00 pm Gun-Do Lee (Seoul National University) 

 Stability and Dynamics of Defects and Dopants in Graphene 

5:00 - 5:30 pm Kazuyuki Uchida (University of Tokyo) 

 Ultra-Large Scale Density-Functional Calculations for Twisted 

Bilayer Graphenes 

5:30 - 6:00 pm Gunn Kim (Sejong University) 

 First-Principles Electronic Structure Calculations of Bilayer 

Graphene Strongly Coupled by Interlayer Stacking and 

External Fields 

 

Tuesday, November 4, 2014 

8:30 am -  Registration 

Session 5      Chair: Tamio Oguchi (Osaka University) 

9:00 - 9:30 am Ryotaro Arita (RIKEN) 

 First-Principles Study on the Mott Transition and 

Superconductivity in Alkali-Doped Fullerides 

9:30 - 10:15 am Feliciano Giustino (University of Oxford) 

 Quantum Nuclear Effects on the Electronic Structure of 

Molecules and Solids 

 break (10:15 - 10:40 am) 

Session 6      Chair: In-Ho Lee (Korea Research Institute of Standards and Science) 

10:40 - 11:10 am Kiyoyuki Terakura (National Institute of Advanced Industrial 

Science and Technology)  

 Mechanism of Covalency Induced Polarization within 

Framework of Maximally Localized Wannier Orbitals 

11:10 - 11:40 am Yousung Jung (Korea Advanced Institute of Science and 

Technology) 

 Modeling Non-Covalent Interactions in Density Functional 

Theory: Non-empirical and Empirical Approaches 

11:40 am - 12:10 pm Cheng-Rong Hsing (Academia Sinica) 

 The Quantum Monte Carlo Studies of Low Dimensional 

Systems 
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 Lunch break (12:10 - 2:00 pm) 

Session 7      Chair: Atsushi Oshiyama (University of Tokyo) 

2:00 - 2:30 pm Xinguo Ren (University of Science and Technology of China) 

 Beyond the GW Approximation: A Second-Order Screened 

Exchange Correction 

2:30 - 3:15 pm Georg Kresse (University of Vienna) 

 Diagrammatic Methods for Solids: True Ab-Initio Calculations 

Poster Session 2  

3:15 - 4:30 pm Posters TUE-01 ~ TUE-49 

Session 8      Chair: Xin-Gao Gong (Fudan University) 

4:30 - 5:00 pm Sang Soo Han (Korea Institute of Science and Technology) 

 Modern Alchemy: An Innovative Route for Designing Novel 

Functional Alloys based on First-Principles Calculations 

5:00 - 5:30 pm Sheng Meng (Institute of Physics, Chinese Academy of 

Sciences) 

 Electron Dynamics at Photovoltaic and Photocatalytic 

Interfaces 

5:30 - 6:00 pm Fumiyasu Oba (Kyoto University) 

 Point Defects in Functional Oxides and Nitrides: 

Understanding and Prediction toward Full Utilization of 

Material Functionalities 

6:00 - 8:00 pm Banquet 

 

Wednesday, November 5, 2014 

8:30 am -  Registration 

Session 9      Chair: Cheng-Rong Hsing (Academia Sinica) 

9:00 - 9:30 am Kee Joo Chang (Korea Advanced Institute of Science and 

Technology) 

 Inverse Design of Si Crystals with Direct Band Gaps 

9:30 - 10:00 am Taisuke Ozaki (University of Tokyo) 

 Theoretical and Experimental Exploration of Two-Dimensional 

Silicon Structures 

 break (10:00 - 10:20 am) 
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Session 10    Chair: Yong-Hyun Kim (Korea Advanced Institute of Science and 

Technology) 

10:20 - 10:50 am Chih-Piao Chuu (Academia Sinica) 

 Computational Studies of Two-Dimensional Graphene-like 

Materials 

10:50 - 11:20 am Yong-Sung Kim (Korea Research Institute of Standards and 

Science) 

 Environment-Dependent Quasiparticle Bandgap and 

Properties of Point Defects in Single-Layer MoS2 

11:20 - 11:50 am Wei Ji (Renmin University of China) 

 Few-Layer Black Phosphorus: A Promising 2D Electronic and 

Optical Material 

11:50 am - Noon  Closing session 
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< List of Poster Presentations (98 presentations)> 

  

- Poster Session on Monday, November 3, 2014 - 

  

MON-01   Eunjung Ko (Yonsei University)  

                  Tunneling properties versus electronic structures in Si/SiO2/Si junctions 

from first principles 

MON-02   Satoshi Hagiwara (Tokyo University of Science)  

                  Positron State at Lithium Adsorbed Al(100) Surface: Two-Component 

Density Functional Theory 

MON-03   Sang-Kon Kim (Hongik University) 

                  Carbon Nanotube of Electron Beam: Molecular Dynamics Study 

MON-04   Han Seul Kim (Korea Advanced Institute of Science and Technology) 

                  Effect of universal "extended metal" on energy level alignments and 

charge injection properties in metal-organic interfaces 

MON-05   Tatsuya Shishidou (Hiroshima University) 

                  Efficient mixing scheme for self-consistent all-electron charge density 

MON-06   Tatsuya Shishidou (Hiroshima University) 

                  Electronic structure and phonon modes of SmB6 

MON-07   Hosik Lee (Ulsan National Institute of Science and Technology)  

                  Origin of Poor Cyclability in Li2MnSiO4 from First-Principles 

Calculations: Layer Exfoliation and Unstable Cycled Structure 

MON-08   Kyung-Hwan Jin (Pohang University of Science and Technology) 

                  Band structure engineering of mixed-dimensional topological insulator 

heterostructure 

MON-09   Yu Kumagai (Tokyo Institute of Technology)  

                  Electrostatics-based finite-size corrections for first-principles point defect 

calculations 

MON-10   Geun-Myeong Kim (Korea Advanced Institute of Science and 

Technology) 

                  The effects of C and F impurities on the Schottky barrier height and 

effective work function at TiN/HfO2 interface 

MON-11   Yoshihiro Ueda (Tokyo University of Science)  

                  Time-Dependent Density Functional Theory Simulation of Electron 

Scattering with Nanostructures 

MON-12   Ji-Young Noh  (Sookmyung Women's University)  
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                  Native Point Defects and Impurities in Single-layer MoS2 

MON-13   Yu-Hui Huang (National Chung Cheng University)  

                  Quantum Confinement Effect in Armchair Graphene Nanoribbons: Effect 

of Strain on Band Gap Modulation Studied Using First-Principles 

Calculations 

MON-14   Jinwon Cho (Korea Institute of Science and Technology)  

                  Importance of Ligand Effect in Enhanced Dehydrogenation of HCOOH on 

the Bimetallic Pd/Ag Catalyst from First-Principles 

MON-15   Hu Sung Kim (Korea Advanced Institute of Science and Technology) 

                  First-principles calculations of the phonon transport in carbon atomic 

chains based on atomistic Green's function formalism 

MON-16   Darwin Barayang Putungan (National Taiwan University)  

                  Hydrogen molecule adsorption on Li-decorated, single-layer MoS2 

nanosheet for storage applications: First-principles calculations 

MON-17   Jejune Park (Kyung Hee University) 

                  Computational Study on Structural, Electronic, and Vibrational Properties 

of Two-Dimensional Phosphorene Oxides 

MON-18   Yong Youn (Seoul National University)  

                  Development of an efficient scheme to generate amorphous structures 

MON-19   Shih-Yang Lin (National Cheng Kung University)  

                  Geometric and Electronic Properties of Graphene Oxide with Epoxide-

Stripe Structures 

MON-20   Kyo-Hoon Ahn (Korea University) 

                  Dynamical Mean Field Studies of La-doping Effects in Sr2RhO4 

MON-21   Chia-Hsiu Hsu (National Sun Yat-Sen University)  

                  The nontrivial electronic structure of Bi/Sb honeycombs on SiC(0001) 

MON-22   Jae-Hyeon Parq (Seoul National University) 

                  First-principle Calculations of Elastic Properties of CO2 Polymorphs at 

High Pressure 

MON-23   Janghwan Cha (Sejong University) 

                  First principle study of atomic and electronic properties for bulk and 

stacked structures of PbVO3 

MON-24   Zhi-Quan Huang (National Sun Yat-Sen University)  

                  Hydrogenated ultra-thin tin films predicted as two-dimensional 

topological insulators 
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MON-25   Hyeonwoo Jeon (Sungkyunkwan University) 

                  Surface Modification of Sr0.75La0.25TiO3 Ultrathin Film under Geometrical 

Restriction Using GGA-PBE 

MON-26   Kyungmee Lee (Hanyang University) 

                  Magnetic Properties of 3d Transition-Metal Impurities in Aluminum 

MON-27   Chunping Hu (Tokyo University of Science) 

                  Performance of the Casida Ansatz on the TDDFT Calculation of Matrix 

Elements Between Excited States 

MON-28   Jaehoon Kim (Korea Advanced Institute of Science and Technology) 

                  Recursive polynomial expansion for efficient density matrix computation 

using line-search 

MON-29   Minkyu Park (Korea Research Institute of Standards and Science) 

                  Lattice Thermal Conductivity Crossover from the Nanowire to Bulk 

Silicon 

MON-30   Tomoya Ono (University of Tsukuba)  

                  First-Principles Simulation for Oxidation Process of 4H-SiC 

MON-31   Jung-Min Hyun (Sookmyung Women's University) 

                  Density functional theory calculations on adsorption sites and diffusion 

pathways of In adatom on the In/Si(111) surface 

MON-32   Kanghoon Yim (Seoul National University) 

                  High-throughput Screening for New High-κ Dielectric Materials Using 

First-principles Calculation 

MON-33   Shigeru Iwase (Osaka University) 

                  Efficient treatment of the surface Green's function based on real-space 

finite-difference scheme 

MON-34   Imran Khan (Pukyong National University)  

                 Magnetic anisotropy of C and N doped bulk FeCo: First principles study 

MON-35   Jinwoo Park (Sejong University) 

                  Assessing latest Van der Waals interaction theories for bulk solids with 

BCC, FCC, and Diamond structures 

MON-36   Amol Deshmukh (Academia Sinica) 

                  Computational study of hydrogen storage using transition metals 

decorated boron doped Tetrahedral Silsesquioxane Framework 

MON-37   Bongwook Chung (Sungkyunkwan University) 

                  Enhanced Photon Absorption of Titanate Nanosheets 
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MON-38   Kwan Ho Ko (Korea Advanced Institute of Science and Technology) 

                  Charge Transport at the Interfaces between Carbon Nanotube and 

Wetting Metal Leads Mediated via Topological Defects 

MON-39   Takao Kotani (Tottori University) 

                  Quasiparticle self-consistent GW method based on the augmented plane-

wave and muffin-tin orbital method 

MON-40   Jae-Hyeon Ko (Korea Advanced Institute of Science and Technology) 

                  First-principles study of surface chemistry on PbS and PbSe colloidal 

quantum dots for imporving air-stability 

MON-41   Joohee Lee (Seoul National University) 

                  Oxygen Vacancy Calculations of Various Oxide Materials by High-

throughput Approach 

MON-42   Shen-Lin Chang (National Taiwan Normal University) 

                  Physical properties of curved zigzag graphene nanoribbons 

MON-43   Mancheon Han (Yonsei University) 

                  Continuous-Time Quantum Monte Carlo implementation of Dynamical 

Mean Field Theory 

MON-44   Yea-Lee Lee (Seoul National University) 

                  Manifestation of axion electrodynamics through magnetic ordering on 

edges of topological insulator 

MON-45   Hiromu Fujii (Tokyo University of Science) 

                  Electronic Structure of Graphene Nanomeshs with Triangular Nanoholes 

MON-46   Jae Nyeong Kim (Pohang University of Science and Technology) 

                  First Principle Investigation for Thermoelectric Properties by Mixing Two 

Thermoelectric Materials: Bi2Te3 & GeTe 

MON-47   M. Umar Farooq (Pukyong National University) 

                 Thickness dependent optical properties of multilayer BN/Graphene/BN 

MON-48   Shusuke Kasamatsu (The University of Tokyo) 

                  Symmetric tensor decomposition-configuration interaction method applied 

to BeH2 

MON-49   Sehoon Oh  (Yonsei University) 

                  Spin-orbit effects in MoS2-WSe2 layered structures
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- Poster Session on Tuesday, November 4, 2014 - 

  

TUE-01   Young-Joon Song (Korea University) 

                Strong Magnetocrystalline Anisotropy in Insulating Antiferromagnet eg
1 

KOsO4 

TUE-02   Megumi Shimada (Tokyo University of Science) 

                DFT Study on Charge-Transfer Excited States by a Perturbative Approach: 

A Planewave Pseudopotential Implementation 

TUE-03   Yoon Su Shim (Korea Advanced Institute of Science and Technology) 

                Relaxation effect of Charge Puddle of Graphene on amorphous - SiO2 by 

depositing HTC self-assembled monolayer: First Principles Study 

TUE-04   Seoung-Hun Kang (Kyung Hee University) 

                Phase Changes and Metal-Insulator Transitions in Single-Layers of 

Transition Metal Dichalcogenides 

TUE-05   Zhufeng Hou (Tokyo Institute of Technology) 

                Effect of Nitrogen Doping on the Migration of Carbon Adatom and 

Monovacancy in Graphene 

TUE-06   Sunghyun Kim (Korea Advanced Intitute  of Science and Technology) 

                Finite-size supercell correction scheme for the formation energy of charged 

defects in silicon nanowires 

TUE-07   Shi-Hsin Lin (Academia Sinica) 

                Application of Two-dimensional Materials to Hydrogen Evolution Reaction 

TUE-08   Cheol-Woon Kim (Kyung Hee University) 

                Negative Thermal Expasion Behavior of α-, β- and γ-Graphyne 

TUE-09   Woo Hyun Han (Korea Advanced Institute of Science and Technology) 

                The electronic properties of oxygen interstitial defects in amorphous In-Ga-

Zn-O semiconductors 

TUE-10   Te-Hsien Wang  (National Tsing Hua University) 

                First-principles Study on Electronic Structure and Thermoelectric 

Prpoerties of Bi2Te3/MoS2 Superlattices 

TUE-11   Youngjoo Tak (Yonsei University) 

                Ab initio thermodynamics of Pt nanoskins on TiN(100) for fuel 

TUE-12   Kiyoyuki Terakura (Tokyo Institute of Technology) 

                Hydrogen Peroxide Formation at Graphene Edges: New Mechanisms and 

Active Sites 
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TUE-13   Arqum Hashmi (Pukyong National University) 

                Metal free half metallicity in 2D system: structural and magnetic properties 

of g-C4N3 on BN 

TUE-14   Liu Kai (Korea Institute of Science and Technology) 

                Ab-initio Study on the Effects of Oxygen Adatoms on Ge Surfaces 

TUE-15   Umit V. Ucak (Korea Advanced Institute of Science and Technology) 

                Linear soft damping in Dispersion Correction 

TUE-16   Kengo Takashiama (Tokyo University of Science)  

                Quantum Transport in Disordered Graphene Nanoribbons with Randomly 

Distributed Edge Vacancies 

TUE-17   Jaehong Park (Korea Institute of Science and Technology) 

                Ab-initio Study on the Interface Structure of a-ZnSnO3/a-SiO2 

TUE-18   Jiyeon Lee (Hiroshima University) 

                Ferroelectricity in Atomically Thin MoS2 

TUE-19   Su-Hyun Yoo (Yonsei University) 

                Electronic structure and band alignment of zinc nitride, Zn3N2 

TUE-20   Christopher Kirkham (Osaka University) 

                Effect of SiC Stacking on the Electronic Properties of the SiC/SiO2 Interface 

TUE-21   Nayoung Song (Pusan National University) 

                Structural phase transition and polarization analysis of ferroelectric phases 

in AGaO3/A’GaO3 cation ordered superlattices 

TUE-22   Youngho Kang (Seoul National University) 

                Microscopic origin of the persistent photoconductivity in ZnO :  Oxygen 

vacancy vs. Zinc vacancy 

TUE-23   Kanako Yoshizawa (The University of Tokyo) 

                Hydrogen state in oxide semiconductors with rutile structure MO2 (M=Si, 

Ge, Sn, Pb, Ti, Zr, Hf) 

TUE-24   Eui-Sup Lee (Korea Advanced Institute of Science and Technology) 

                Scanning Seebeck Microscope Simulations Based on the Heat and Electron 

Transport 

TUE-25   Hyo-Sun Jin (Korea University) 

                Nature of Relativistic Mott Insulator BaCrO3 

TUE-26   Kento Tada (Tokyo University of Science) 

                G-mode modulation of graphene by mechanical strain 
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TUE-27   Junsu Lee (Sejong University) 

                First-principles study of the heterostructures consisting of graphene and 

polyphenylene superhoneycomb network 

TUE-28   Liang-Zi Yao (National Sun Yat-Sen University) 

                Prediction of Large-Gap Two-Dimensional Topological Insulators 

Consisting of Hydrogenated Bilayers of Group III Elements with Bi 

TUE-29   Myung-Chul Jung (Korea University) 

                Electronic, Magnetic, and Phononic Structures of Metallic Cubic 

Perovskite BaOsO3 

TUE-30   Eun-Ha Shin (Sookmyung Women's University) 

                Role of O atoms and O2 molecules in robust topological surface state with 

the pristine and the defected Bi2Se3 (111) surface 

TUE-31   Xiaoyan Ren (Zhengzhou University) 

                Comparative studies of NO adsorption on different Transition (Nobel) 

metals (M=Ag, Cu, Au) decorated WO3 (001) Surface 

TUE-32   Hanmi Kim (Sungkyunkwan University) 

                Reaction Pathway of Methane Dissociation on Ni Surface from First 

Principles 

TUE-33   Hochul Song (Seoul National University) 

                Ab-initio calculation on electronic structures of Amorphous InGaZnO-SiO2 

Interfaces 

TUE-34   Yang-hao Chan (Academia Sinica) 

                First-principles study of the Charge Density Wave in TiSe2 

TUE-35   Thao Phuong Nguyen (Pohang University of Science and Technology) 

                Picene - toward a new air stability p-type semiconductor with high mobility 

TUE-36   Hanjin Park (Kyung Hee University) 

                First Principle Study on Structural Properties and Phase Transitions of 

Phase Change Materials 

TUE-37   Yoshiyuki Egami (Hokkaido University) 

                First-principles study on time-dependent electron-transport properties of 

molecular junctions 

TUE-38   Xiaoping Han (Sungkyunkwan University) 

                Key Roles of Oxygen Vacancy and Multivalent Pr in Enhancing 

Ferromagnetism in Pr-doped CeO2 
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TUE-39   Tao Hu (Pukyong National University) 

                Magnetic and Optical Properties of G-C4N3 Nanotubes: A First-Principles 

Study 

TUE-40   Hyeondeok Shin (Konkuk University) 

                Interlayer Binding of Bilayer α-graphyne : Quantum Monte Carlo Study 

TUE-41   Ngoc Thanh Thuy Tran (National Cheng Kung University) 

                Shift-enriched Electronic structures of Bilayer Graphene 

TUE-42   Kye Yeop Kim (Seoul National University) 

                Charge compensation mechanism on LaMnO3(001) surface 

TUE-43   Kyung-Ah Min (Sejong University) 

                Ab-initio Study of Ni(111)-MoS2 Interface 

TUE-44   Hideki Misawa (The University of Tokyo) 

                First-principles study of structures and magnetic anisotropy energy at the 

interface between Nd2Fe14B main phases and Nd oxides in Nd sintered 

magnets 

TUE-45   Gijae Kang (Seoul National University)  

                Influence of Wavefunction Updates in Quasiparticle Band Structure of 

Titanates 

TUE-46   Sungwoo Lee (Seoul National University) 

                Controlling Magnetic Properties of Graphene using Iron Dopant Pair: A 

First-Principles Study 

TUE-47   Mitsuaki Kawamura (The University of Tokyo) 

                Anisotropic superconducting gaps in YNi2B2C: a first-principles 

investigation 

TUE-48   Jongmin Yun (Yonsei University)  

                Surface phase diagram of Sn/Cu(100) 

TUE-49   Min-Cheol Kim  (Yonsei University)  

                Density-Corrected Density Functional Theory: Solving abnormality in 

Density Functional Theory 
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[Invited talk: 9:10 am - 9:40 am, Nov. 3, 2014] 
 

Prediction of two dimensional topological insulators in 
honeycomb structure 

 
Feng-Chuan Chuang 

 
Department of Physics, National Sun Yat-Sen University, Kaohsiung 804, Taiwan  

email: fchuang@mail.nsysu.edu.tw 
 

Band topology of strained buckled honeycomb consisting of different elements (VI, V 
and III-V) as well as those placed on a variety of semiconducting and insulating 
substrates are systematically investigated using first-principles calculations [1-4]. 
Topological phase diagrams of these free-standing bilayers are generated to help 
guide the selection of suitable substrates. The insulating hexagonal-BN is identified 
as the best candidate substrate material for supporting nontrivial topological 
insulating phase of bilayer thin films. In addition, some metal induced reconstructed 
substrates which have the metallic bonding and are semiconducting can be used as 
templates to grow 2D topological insulators. Furthermore, the bonding between 
honeycomb structures and substrates can be realized as H-passivation to 2D TIs. This 
opens up new opportunities for the scientists in the field of surface science. 

 

[1] Z. Q. Huang, F. C. Chuang*, C. H. Hsu, Y. T. Liu, H. R. Chang, H. Lin*, and A. 
Bansil, Phys. Rev. B 88, 165301 (2013). 

[2] F. C. Chuang*, C. H. Hsu, C. Y. Chen, Z. Q. Huang, V. Ozolins, H. Lin* and A. 
Bansil, Appl. Phys. Lett. 102, 022424 (2013). 

[3] F. C. Chuang*, L. Z. Yao, Z. Q. Huang, Y. T. Liu, C. H. Hsu, T. Das, H. Lin*, 
and A. Bansil, Nano Lett. 14, 2505 (2014)  

[4] Z. Q. Huang, C. H. Hsu, F. C. Chuang*, Y. T. Liu, H. Lin*, W. S. Su, V. Ozoilns, 
A. Bansil, New J. of Physics, 16 (2014).  
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[Invited talk: 9:40 am - 10:25 am, Nov. 3, 2014] 
 

Using electronic structure methods to 
predict new topological materials 

 
A. M. Rappe1, S. M. Young1, S. Zaheer2, J. C. Y. Teo2,  
J. A. Steinberg1, Y. Kim1, C. L. Kane2, and E. J. Mele2 

 
1The Makineni Theoretical Laboratories, Department of Chemistry,  

University of Pennsylvania, Philadelphia, PA 19104-6323, USA 
2Department of Physics and Astronomy,  

University of Pennsylvania, Philadelphia, PA 19104-6396, USA 
email: rappe@sas.upenn.edu 

 
In a Dirac semimetal, the conduction and valence bands contact only at discrete 
(Dirac) points in the Brillouin zone (BZ) and disperse linearly in all directions around 
these critical points. Including spin, the low energy effective theory around each 
critical point is a four band Dirac Hamiltonian. In two dimensions (2D), this situation 
is realized in graphene without spin-orbit coupling [1]. 3D Dirac points are predicted 
to exist at the phase transition between a topological and a normal insulator in the 
presence of inversion symmetry [2, 3]. 
 
Here we show that 3D Dirac points can also be protected by crystallographic 
symmetries in particular space-groups and enumerate the criteria necessary to identify 
these groups. [4,5] This reveals the possibility of 3D analogs to graphene. We provide 
a systematic approach for identifying such materials and present ab initio calculations 
of metastable β-cristobalite BiO2 which exhibits Dirac points at the three symmetry 
related X points of the BZ. [4]  We extend this study by showing how charge and 
valence characteristics influence distorted spinels, leading to identification of spinels 
that host 3D Dirac points. [6] 
 
Crystalline symmetries also play a fundamental role to resolve topological phases of 
materials. Recently, a new type of topological phase associated with a reflection 
symmetry, termed topological crystalline insulator (TCI), has been predicted and 
observed in the SnTe material class. In this talk, we will address a possible route 
toward finding new classes of TCI phases and their DFT realization with van der 
Waals layers. 
 
[1] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 226801 (2005). 
[2] S. Murakami, New J. Phys. 9, 356 (2007). 
[3] S. M. Young, S. Chowdhury, E. J. Walter, E. J. Mele, C. L. Kane, and A. M. 
Rappe, Phys. Rev. B 84, 085106 (2011). 
[4] S. M. Young, S. Zaheer, J. C. Y. Teo, C. L. Kane, E. J. Mele, and A. M. Rappe, 
Phys. Rev. Lett. 108, 140405 (2012). 
[5] Z. Wang, Y. Sun, X.-Q. Chen, C. Franchini, G. Xu, H. Weng, X. Dai, and Z. Fang, 
Phys. Rev. B 85, 195320 (2012). 
[6] J. A. Steinberg, S. M. Young, S. Zaheer, C. L.  Kane, E. J. Mele, and A. M. Rappe, 
Phys. Rev. Lett. 112, 036402 (2014). 
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[Invited talk: 10:50 am - 11:20 am, Nov. 3, 2014] 
 
 

First-principles design of spintronic materials 
 

Yuan Ping Feng,1 Lei Shen,1,2 Sandhya Chintalapati1, Zhaoqiang Bai1*, Minggang 
Zeng1, Tiejun Zhou3 and Guchang Han3 

 
1 Department of Physics, National University of Singapore, Singapore 

2Engineering Science Programme, National University of Singapore, Singapore 
3Data Storage Institute, A*STAR, Singapore 

*Present address, Department of Physics and Astronomy, University of California, 
Irvine, USA 

email: phyfyp@nus.edu.sg 
 

Spintronics is considered a promising technology for future electornic devices. To 
realize spintronic devices, however, a series of new materials that allow us to generate, 
control and detect spin current are required. First-principles method based on density 
functional theory can play an important role in exploration of spintronic materials. 
We have been using first-principles method to study properties of advanced materials 
and to design new materials for spintronic applications. Some of our recent work will 
be discussed. We have successfully predicted room temperature magnetic 
semicodnuctots using 2p light elements (carbon, nitrogen, etc.) as dopants. Recently, 
we extended the study to low dimensional systems and topoplogical insulators. Based 
on the calculated unique spin-dependent electron transport property of zigzag 
graphene nanoribbons (ZGNRs) which allows control of spin polarized current 
through the ZGNRs by a bias voltage and/or the magnetic configurations of the 
electrodes, we propsed theoretical design of a complete set of spin logic gates. 
Calculations were also performed to study materials for high density magnetic data 
storage. We propose a number of high performance giant magnetoresistance and 
tunneling magnetoresistance devices. 
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We have investigated the anisotropic Dirac fermions in Bi square net system: AMnBi2 
(A=alkaline earth).[1] Linear band dispersion is induced by Bi square net with the 
checkerboard arrangement of A atoms above and below. SrMnBi2 contains highly 
anisotropic quasi-2D Dirac valleys, while CaMnBi2 shows different behavior in the 
electronic structure. By using a first-principles calculation and a tight binding method, 
we show that such behavior is strongly correlated with the stacking type of A 
atoms.[2] We also investigate the valley-polarized current of Bi square net under 
magnetic field as well as the control of its valley degeneracy.[3] We suggest that the 
Bi square net provides a platform for the interplay between anisotropic Dirac valleys, 
spin-orbit interaction and magnetic field. 
 

[1] Joonbum Park et al., Phys. Rev. Lett. 107, 126402 (2011). 

[2] Geunsik Lee et al., Phys. Rev. B 87, 245104 (2013). 

[3] Y. J. Jo et al., Phys. Rev. Lett. (In press).  
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The Kondo effect[1,2] originating from the interaction between the local magnetic 
moment and the conduction electron gives rise to the characteristic ground state 
called Kondo singlet state which changes the magnetic state and the conductivity 
drastically. Therefore, the Kondo effect is a fundamental problem to solve toward 
application of the magnetic molecules to electronic and/or spintronic devices.  

To elucidate several kinds of Kondo effects emerging in single molecules on metal 
surfaces, I have carried out theoretical studies combining two methods, density 
functional theory (DFT) and numerical renormalization group (NRG). In this talk, I 
will introduce recent studies on two molecular systems: 1) Fe-phthalocyanine (FePc) 
on Au(111); 2) Mn-phthalocyanine (MnPc) on Pb(111).   

In the first system, the scanning tunneling 
spectroscopy (STS) spectrum taken at the 
Fe atom in FePc adsorbed at ontop site of 
Au(111) shows characteristic peak structure 
as shown in Fig. 1b). The DFT+NRG 
studies reveal that the peak structure is 
attributed to the Kondo effect arising from 
the combination of the spin and orbital 
degrees of freedom due to the orbital 
degeneracy in Fe d-orbitals in the ontop 
configuration [3]. In the second system, the 
interfacial charge transfer forms unique 
collective S=1 spin state in which the 
magnetic moment in the Mn atom and the 
ligand π orbitals are coupled. The Kondo 
screening of this collective spin state results 
in the spatially extended and underscreened 
Kondo state. 

   I thank Dr. N. Tsukahara, Prof. N. Takagi, 
Prof. M. Kawai, Dr. Y. Fu, Dr. Y. Kim, Dr. 
D. Matsunaka, and Prof. S. Watanabe for 
discussions and collaboration in the works 
presented in this talk. 

 

[1] J. Kondo, Prog. Theor. Phys. 32 (1964) 37. 

[2] A. C. Hewson, The Kondo Problem to Heavy Fermions, Cambridge U. P., 1993. 

[3] E. Minamitani et al., Phys. Rev. Lett. 109 (2012) 086602. 

Fig. 1 a) Scanning tunneling microscope  
image of FePc/Au(111). b) STS 
spectrum at the Fe atom of FePc in ontop 
configuration. c) Electrostatic potential 
difference before and after adsorbed on 
Au(111). d) Calculation results of the 
density of states projected on Fe dzx/dyz 
orbital.  
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  With the rapid development of the modern computational techniques, computational 
studies on the condensed matter, including understanding physical mechanism, 
simulating specific dynamics processes and designing desired materials, have played 
a more and more important role. A direct design of materials with desired properties, 
so-called inverse deign, has been a long-standing dream in computational materials 
science.  
  In this talk, I will show our newly developed algorithm for the inverse deign of 
materials (IM2ODE: Inverse Design of Materials by Multi-Objective Differential 
Evolution). As an example, I will demonstrate how one can obtain a direct-gap carbon 
or silicon phase that is proper for the solar absorbers with this package.  Furthermore, 
I will present some our recent results on the halide perovskite ABX3, stability, defects 
and band alignment. 
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Using first-principles electronic-structure codes, a huge number of materials has been 
studied in recent years. The amount of already created data is immense. Thus, the 
field is facing the challenges of “Big Data”, which are often characterized in terms of 
the “four V”:  Volume (amount of information), Variety (heterogeneity of the form 
and meaning of the data), Veracity (uncertainty of the data quality), and Velocity at 
which data may change or new data arrive.  

Obviously, the computed data may be used as is: query and read out what was stored. 
However, for achieving deeper and novel scientific insight, the four V should be 
complemented by an “A”, the Big-Data Analysis. Calculating properties and functions 
for many materials, (e.g. efficiency of potential photovoltaic, thermoelectric, battery, 
or catalytic materials) is the necessary first step. Finding the actuating mechanisms 
(the “causes”) of a certain function is the desired science. In fact, such scientific 
understanding is needed for deciding what new materials should be studied next as 
most promising novel candidates and for identifying interesting anomalies.  

For first-principles computational materials science and engineering, the two key 
concerns are the big-data veracity and analysis. These are at the focus of this talk: 

1. Big-Data Veracity: Besides numerical issues of advanced electronic-structure 
theory calculations, which can and must be tested, uncertainties concern the 
Born-Oppenheimer approximation, the pseudopotential approximation (if 
used), and, in particular, the exchange-correlation functional. Interestingly, in 
materials science we do not have the methodology for properly assessing the 
accuracy and range of validity of these issues, so far.  

 I will discuss where we are on the route for improving this situation.  

2. Big-Data Analysis: Obviously, the nuclear numbers and stoichiometry 
uniquely identify the many-body Hamiltonian and its results. However, in 
order to reveal the (microscopic) mechanism(s) that govern the desired 
material’s property or function and for exploiting the information of the big 
materials data, one needs to employ statistical-learning techniques. Here the 
identification of a causal (!) descriptor, which classifies the actuating 
mechanism(s) and the materials, is the key and so far unsolved step. The talk 
will discuss the difficulties and the possible routes for improving this situation. 
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Graphene is a wonderful material which has been a subjct of study in many science 
and engineering fields. Defects and dopants in graphene have become subject of 
intensive investigation because those affect the mechanical and electronic properties 
of graphene. In order to observe and control the defects and dopants in graphene, 
many state-of-the-art techniques such as high resolution transmission electron 
microscopy (HR-TEM) have been devoted to the study of the structure and formation 
process. However, it is very difficult to observe the detail of the dynamical process 
even within the state-of-the-art microscopy methods because the dynamics is 
completed in very short time. Various simulation methods have been employed to 
elucidate the hidden process in formation and dynamics [1]. In this study, we 
performed the tight-binding molecular dynamics simulation and density functional 
theory calculation.  
Our simulation studies on the charge density variation of linear armchair defects in 
graphene [2], the formation of  rippled graphene by addition of dislocations [3], and 
hydrogen-free graphene edges [4] are in excellent agreement with recent HR-TEM 
results. Most recently, we studied the tetravacancy structures in graphene and the 
most prevalent tetravacancy structures, while not necessarily having the lowest 
formation energy, are found to have a local energy minimum [5]. Our theoretical 
analysis demonstrate that the bridging atoms in graphene enable the low energy 
reconfiguration of these defect structures [6]. We will also introduce our recent results 
on metal dopants in graphene which show interesting magnetic property [7].  
 
[1]  G.-D. Lee*, C. Z. Wang, E. Yoon, N.-M. Hwang, D.-Y. Kim, and K. M. Ho, 
Phys Rev Lett 95 205501 (2005) 
[2]  J. H. Warner*, Y. Fan, A. W. Robertson, K. He, E. Yoon, and G.-D. Lee, Nano 
Lett. 13 4937 (2013).  
[3]   J. H. Warner*, G.-D. Lee*, K. He, A. W. Robertson, E. Yoon, and A. I. Kirkland, 
ACS Nano 7 9860 (2013). 
[4] K. He, G.-D. Lee, A. W. Robertson, E. Yoon, and J. H. Warner*, Nature 
Communications 5:3040 (2014). 
[5]  A. W. Robertson, G.-D. Lee* , K. He, E. Yoon, A. I. Kirkland, and J. H. Warner*, 
Nano Letters, 14, 1634 (2014) 
[6]  A. W. Robertson, G.-D.Lee*, K. He, E. Yoon, A. I. Kirkland, and J. H. Warner*, 
Nano Letters, 14, 3972 (2014) 
[7]  Z. He, K. He, A. W. Robertson, A. I. Kirkland, D. Kim, J. Ihm, E. Yoon, G.-D. 
Lee*, J. H. Warner*,  Nano Letters, 14, 3766 (2014) 
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    A twisted bilayer graphene (tBLG) is composed of two graphene layers. They 
are stacked, and twisted to each other in their basal planes. Moiré patterns appear in 
the atomic arrangement and become more prominent as the twist angle θ becomes 
smaller. The purpose of this work is to clarify how the Moiré patterns influence the 
atomic and electronic structures of tBLGs from first-principles. 

   We have performed ultra-large scale DFT calculations for a series of twisted 
bilayer graphenes [1]. The number of C atoms in the unit cell is 22,708 for θ = 0.76°, 
which is the largest system we have calculated in this work. We have found that the 
graphene layers are corrugated reflecting the Moiré pattern for θ < ~10°: The inter-
layer distance is largest at the locally AA stacking region, and is shortest at the locally 
AB-stacking region [Fig. 1 (a)]. The Fermi velocity vF also shows a drastic change as 
a function of θ [Fig. 1 (b)]: the vF is essentially the same as that in single layer 
ghraphene for θ ~ 30°, and is substantially reduced toward zero for θ < ~5°. This 
reduction in the Fermi velocity is in accord with a previous experiment [2], and is 
shown to be not monotonic: the vF vanishes for θ ~ 1.08°, and slightly increases for 
the smaller twist angle [inset of Fig. 1 (b)]. The results show that the sensitivities to 
the Moiré pattern of the atomic structure and of the electron wave are different.  This 
Moiré Physics has not been addressed, obtained only by using our newly-developed 
real-space scheme (RSDFT [3]) optimized for massively parallel supercomputers. 
 
 
 
 
 
 

 
 
 
 
 
 
 
Fig. 1: (a) Corrugated atomic structure of a twisted bilayer graphene with the twist 
angle θ = 0.99°. (b) Fermi velocity vF as a function of  θ. 
 

[1] K. Uchida, et al., in press.                 [2] A. Luican, et al., PRL 106, 126802 (2011). 

[3]  J. –I. Iwata, et al., J. Comput. Phys. 229, 2339 (2019). 
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Massive Dirac fermions in bilayer graphene (BLG) exhibit an energy gap that is 
tunable by applying a perpendicular electric field (E-field) [1]. This has been 
demonstrated by angle-resolved photoemission [2] and transport measurements [3]. 
However, transport measurement leaves an unsolved problem on the minimal 
conductance in the BLG, which cannot be explained by the naive picture of thermally 
activated carrier transport, as in the case of conventional doped semiconductors [3]. 
 

In fact, the electronic properties of BLG can be significantly altered by symmetry 
breaking, which may induce minimal conductance for such a complicated system. In 
AA-stacked BLG, Dirac circles are observed, whereas for rotated BLG, an notable 
spectral asymmetry related to AA stacking has been reported using angle-resolved 
photoemission spectroscopy (ARPES) [4]. The AA′ configuration is also introduced 
in the AB/BA stacking boundary of BLG [5]. 
 

In this talk, we present stacking-dependent gap-opening properties of symmetry-
broken BLG using first-principles calculations and highly accurate tight-binding 
methods. An energy gap can be opened depending on stacking under a perpendicular 
E-field. Detailed bandgap-opening properties with slight deviations from AA-, AA′-, 
and AB-stacking configurations were analyzed: Small translations from AA stacking 
with an applied E-field can change the degenerate point of a sublattice-symmetric 
translation so that BLG with near-AA stacking is either strictly metallic or 
semiconducting. In AA′ stacking, each Dirac cone opens, but opening the energy gap 
requires a critical E-field because of the cones’ different energy levels. Unlike AA- or 
AA′-stacked BLG, AB stacking with small translation always creates an energy gap 
with a perpendicular E-field. 
 

[1] E. McCann, Physical Review B 74, 161403 (2006).. 
[2] T. Ohta, A. Bostwick, T. Seyller, K. Horn, and E. Rotenberg, Science 313, 951 
(2006). 
[3] J. B. Oostinga, H. B. Heersche, X. Liu, A. F. Morpurgo, and L. M. Vandersypen, 
Nature materials 7, 151 (2008). 
[4] K. S. Kim, A. L. Walter, L. Moreschini, T. Seyller, K. Horn, E. Rotenberg, and A. 
Bostwick, Nature materials 12, 887 (2013). 
[5] M. Koshino, Physical Review B 88, 115409 (2013). 
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Doped fullerides A3C60 (A=alkali metal), which turn superconducting with a 
maximum transition temperature (Tc) of ~40K, have attracted increasing attention. 
Since the energy scale of the band width, the Coulomb correlations, and the phonon 
frequencies are comparable, the validity of the conventional Migdal-Eliashberg 
theory has been questioned [1].  
 

Recently, we formulated an ab initio downfolding scheme to derive effective low-
energy Hamiltonians for electron-phonon coupled systems [2]. We applied it to A3C60 
and constructed an effective low-energy model for the t1u band. We then solve the 
model by means of the extended dynamical mean field theory. We explicitly treat the 
anomalous Green’s function and calculated Tc as a function of the volume of the unit 
cell. We also determined the phase boundary between the metallic phase and the Mott 
insulating phase. We show that the obtained phase diagram agrees well with the 
experiment (right panel [3]) quantitatively.  
 

This work was done in collaboration with Yusuke Nomura (Univ. Tokyo), Shiro Sakai 
(RIKEN), Kazuma Nakamura (Kyushu Inst. Technology) and Massimo Capone 
(SISSA). 
 

[1] M. Capone et al., Rev. Mod. Phys., 81 943 (2009). 

[2] Y. Nomura, K. Nakamura and R. Arita, Phys. Rev. Lett. 112 027002 (2014). 

[3] Y. Kasahara et al., in prep. 
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During the past few decades electronic structure calculations have experienced 
tremendous progress in terms of efficiency, accuracy, and availability of reliable 
software packages. The combination of methods based on density-functional theory 
and many-body perturbation theory can now yield highly accurate band structures, 
energy levels, and optical spectra. Yet, despite these successes, the majority of current 
electronic structure calculations still rely on a simplified description of the nuclei, 
which are most commonly treated as classical particles clamped at their equilibrium 
positions. As we move towards predictive calculations and materials discovery, it is 
becoming increasingly important to overcome such simplifications and incorporate 
the physics of quantum nuclear dynamics. 
In this talk I will argue that quantum nuclear effects and electron-phonon 
renormalizations are not as small as one might think at first. Using the examples of 
bulk and nanoscale diamond I will show that quantum nuclear effects yield a strong 
renormalization of the energy gaps, and, in the case of diamondoids, a dramatic 
modification of the optical absorption lineshape [1, 2]. Starting from these examples I 
will discuss an efficient methodology for including quantum nuclear effects in first-
principles electronic structure calculations. Our method is based on importance 
sampling Monte Carlo integration, and can easily be used in conjunction with any 
electronic structure package as a post-processing tool. I will conclude the talk by 
discussing the connection between the Allen-Heine theory of temperature-dependent 
band structures in solid-state physics and the Franck-Condon principle in chemistry. 
 

[1] C. E. Patrick and F. Giustino, Nat. Commun. 4, 2006 (2013). 

[2] F. Giustino, S. G. Louie, and M. L. Cohen, Phys. Rev. Lett. 105, 265501 (2010). 
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It has been well established that covalency enhances the electric polarization 
produced by the ionic displacement for ferroelectric perovskite transition metal 
oxides (TMO) [1].  However, its detailed mechanism has not been clearly explained.  
Recent experimental and theoretical works on the organic ferroelectrics TTF-CA 
(tetrathiafulvalene-p-chloranil) have revealed that the covalency induced polarization 
is one to two orders of magnitude larger than that of the ionic polarization and that the 
two contributions are in the opposite direction [2-4]. 
 
Here we propose a new formulation to analyze the detailed mechanism of the 
covalency induced polarization within the framework of maximally localized 
Wannier orbitals [5].  We give a general framework of the formalism and apply it to 
an organic exotic ferroelectrics, TTF-CA [6] and typical ferroelectric perovskite 
TMOs, BaTiO3 and PbTiO3 [7].  This formalism clarifies the electronic processes in 
the polarization and discriminates four components in the electronic contribution to 
the polarization.  The first one corresponds to the point charge model, the second the 
electron transfer between atoms in a unit cell, the third the intra-atomic polarization 
and the fourth comes from the electron transfer between unit cells.  Although the first 
three contributions are related to changes in the electron density distribution (EDD), 
the last one has nothing to do with the EDD.  For the three systems treated in the 
present work, the last one is the most important contribution. 

 
[1] K. M. Rabe and P. Ghosez, in Physics of Ferroelectrics, Eds. by K. Rabe, Ch. H. 

Ahn and J.-M. Triscone (Springer-Verlag, Berlin, Heiderberg, 2007). 
[2] K. Kobayashi, S. Horiuchi, R. Kumai, F. Kagawa, Y. Murakami and Y. Tokura, 

Phsy. Rev. Lett. 108, 237601 (2012). 
[3] G. Giovannetti, S. Kumar, A. Stroppa, J. van den Brink and S. Picozzi, Phys. Rev. 

Lett. 103, 266401 (2009).  
[4] S. Ishibashi and K. Terakura, Physica B 405, S338 (2010). 
[5] N. Marzari and D. Vanderbilt, Phys. Rev. B 56, 12847 (1997). 
[6] S. Ishibashi and K. Terakura, J. Phys. Soc. Jpn. 83, 073702 (2014). 
[7] K. Terakura and S. Ishibashi, in preparation. 
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Double hybrid density functionals (DHDF) significantly improve the density 
functional descriptions of molecular properties by including the non-local interactions 
between the occupied-virtual Kohn-Sham orbitals as well as the occupied-occupied 
interactions, mainly by empirical fitting of the expansion coefficients using various 
benchmark databases. Here, we present a general framework for developing density 
functionals based on the polynomial expansion of the adiabatic connection 
function[1]. In particular, we show that the quadratic approximation to the adiabatic 
connection (QACF-2) yields a statistical error of 2.03 kcal/mol for a large chemical 
database without empirical parameterization. Higher order effects beyond quadratic 
truncation are estimated to be 0.28 kcal/mol, lowering the overall error to 1.75 
kcal/mol. The high accuracy of the present simple analytical functional suggests that 
quadratic λ-dependence is a promising approximation to the exact adiabatic 
connection function.  
 
In the second part, I will also talk about a more pragmatic approach to describe 
dispersion, namely by using empirical 1/r6 correction. In particular, we introduce a 
new linear soft damping (lsd) function that can capture medium-range correlations 
more effectively than existing damping functions by design[2]. I will also briefly 
discuss the aspect of overfitting when parameterizing the damping functions that is 
often neglected in literature. 
 
 
[1]"Analytical double-hybrid density functional based on the polynomial series 
expansion of adiabatic connection: A quadratic approximation", Jaehoon Kim & 
Yousung Jung (submitted). 
[2] “Linear Soft Damping in Empirical Dispersion Correction”, Umit Ucak, Hyunjun 
Ji, and Yousung Jung (submitted). 
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With the rapid development of computers, the density functional theory (DFT) has 
been extensively used to study the physical and chemical properties of materials for 
many years. However, the major challenge for DFT approaches is whether the 
approximated exchange-correlation (XC) functionals can describe the system 
correctly. It is therefore vital to use the highly accurate diffusion Quantum Monte 
Carlo (DMC) method[1] to examine the accuracy of the presently available XC 
functionals. In this talk, we will focus on the following two subjects: (i) the 
adsorption of CO on the late transition metal (111) surfaces; (ii) the interlayer 
interaction of bilayer systems, such as BN/BN, Silicene/Graphene and Silicene/BN. 
For CO adsorption on Pt(111) surface, it is well known that the LDA and GGA 
results predict the preference of FCC site[2]. However, the diffuse-LEED experiment 
concluded that CO adsorbed on atop (88%) and bridge (12%) site[3]. The current 
DMC results agree with the experimental findings. In order to investigate the failure 
of LDA and GGA predictions, the DMC calculations are also performed to study the 
CO adsorption on other (111) surfaces (Rh, Ir, Cu, Ag and Au). It is intereting to 
observe that GGA predicts similar adsorption energies on the atop site as DMC, but 
overestimates the adsorption energy for the other adsorption sites (bridge, HCP and 
FCC), except for the Ag and Au surfaces. The results explain why GGA tends to 
favor the higher coordination adsorption sites on Pt, Rh and Cu surfaces. For the 
bilayer systems, we have used different DFT XC functionals including van der Waals 
correction methods to study their interlayer interaction. These calculations show large 
discrepancies among various DFT XC schemes. The DMC methods are employed to 
study the interlayer interaction of BN/BN, Silicene/Graphene and Silicene/BN. These 
DMC results provide a benchmark to estimate the accuracy of the various DFT XC 
functionals.  

 

[1] W.M.C. Foulkes, L. Mitás, R.J. Needs and G. Rajagopal, Rev. Mod. Phys. 73, 33 
(2001) 

[2] P. J. Feibelman et al., J. Phys. Chem. B 105, 4018 (2001).  

[3] G. S. Blackman, M.-L. Xu, D. F. Ogletree, M. A. Van Hove, and G. A. Somorjai, 
Phys. Rev. Lett. 61, 2352 (1988) 

 



 

31 
 

[Invited talk: 2:00 pm - 2:30 pm, Nov. 4, 2014] 
 

Beyond the GW approximation: a second-order screened 
exchange correction 

 
Xinguo Ren,1 Noa Marom,2 Fabio Caruso,3 Matthias Scheffler,4 and Patrick Rinke4 

 
1Key Laboratory of Quantum Information, University of Science and Technology of 

China, Hefei, 230026, China 

2Department of Physics and Engineering Physics, Tulane University, New Orleans, 
LA 70118, USA 

3Department of Materials, University of Oxford, Parks Road, OX1 3PH, United 
Kingdom 

4Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, 
Germany 

email: renxg@ustc.edu.cn 
 
Motivated by the recently developed renormalized second-oder perturbation theory 
[1] for groundstate energy calculations, we propose a second-order screened exchange 
correction (SOSEX) to the GW self-energy. This correction follows the spirit of the 
SOSEX correction [2] to the random-phase approximation for the electron correlation 
energy, and can be clearly represented in terms of Feynman diagrams. With an 
efficient implementation in the FHI-aims code [3], we benchmarked the performance 
of the perturbative G0W0+SOSEX scheme for a set of molecular systems, including 
the G2 test set of quantum chemistry, benzene, and TCNE molecules. We find that 
this G0W0+SOSEX approach improves over GW for the energy levels of the highest 
occupied and lowest unoccupied molecular orbitals, and can resolve some of the 
difficulties encountered by the GW method for relative energy positions as 
exemplified by benzene where the energy spacing between the valence orbitals is 
severely underestimated within G0W0, and gets considerably improved within 
G0W0+SOSEX. 
 
[1] X. Ren, P. Rinke, G. E. Scuseria, and M. Scheffler, Phys. Rev. B 88, 035120 
(2013). 
[2] J. Paier, X. Ren, P. Rinke, G. E. Scuseria, A. Grϋneis, 
 G. Kresse, and M. Scheffler, New J. Phys. 14, 043002 (2012). 
[3] V. Blum, R. Gehrke, F. Hanke, P. Havu, V. Havu, X. Ren, K. Reuter, M. Scheffler,  
 Comp. Phys. Comm. 180, 2175 (2009). 
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Ab initio density functional theory has been exceedingly successful over the last five 
decades. However, for many problems it is difficult to obtain highly accurate and 
truly predictive answers using local or semi-local approximations for the density 
functional. This talk will summarize recent developments going beyond density 
functional theory. The considered approaches are usually based on many body 
perturbation theories and involve diagrammatic expansions of the many electron 
wavefunctions in terms of groundstate mean field orbitals. This allows to account for 
the non-locality of correlation in an elegant and accurate manner. The talk will try to 
discuss the underlying principles in a simple and transparent way. 
 
The covered methods are the random phase approximation to the correlation energy 
for fast but often very accurate predictions [1,2] and coupled cluster methods, which 
are shown to yield chemical accuracy for solid, as well as, “exact” solutions of the 
many electron Schrödinger equation using full configuration interaction methods[3]. 
Recent advances towards low scaling algorithms allowing to treat several hundred 
atoms in few hours using simplified diagrammatic methods will be discussed as well 
[4,5]. 
 
[1] J. Harl and  G. Kresse, Phys. Rev. Lett. 103, 056401 (2009). 
[2] L. Schimka, J. Harl, A. Stroppa, A.  Grüneis, M. Marsman, F. Mittendorfer, and  
G. Kresse, Nature Materials 9, 741 (2010). 
[3] George H. Booth, Andreas Grüneis, Georg Kresse, and  Ali Alavi, Nature  493, 
365-370 (2013). 
[4] M. Kaltak, J. Klimes, and G. Kresse, JCTC 10, 2498–2507 (2014). 
[5] J. Klimes, M. Kaltak, and G. Kresse, Phys. Rev. B 90,  075125 (2014). 
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In this talk, we will report an innovative route for desiging novel functional alloys 
based on first-principles calculations, which is an isoelectronic metal solid solution 
(ISS) of two metal elements to create new characteristics that are not notive to the 
constitute elements. Neither Rh nor Ag exhibits hydrogen storage properties, whereas 
the Rh50Ag50 ISS exhibits properties similar to Pd; furthermore, Au cannot dissociate 
H2, and Ir has a higher energy barrier for the H2 dissociation reaction than Pt, whereas 
the Ir50Au50 ISS can dissociate H2 in a similar way to Pt. In the periodic table, Pd is 
located between Rh and Ag, and Pt is located between Ir and Au, leading to similar 
atomic and electronic structures between the pure metals (Pd and Pt) and the ISS 
alloys (Rh50Ag50 and Ir50Au50). From a practical perspective, the Ir-Au ISS would be 
more cost-effective to use than pure Pt, and could exhibit catalytic activity equivalent 
to Pt. Therefore, the Ir50Au50 ISS alloy can be a potential catalyst candidate for the 
replacement of Pt. 
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Using density functional theory (DFT) and real-time time-dependent DFT (TDDFT) 
we could probe real-time electron dynamics of the excited states at interfaces and thus 
establish the quantitative relationship between interface atomic structures and their 
functionality for energy conversion and photocatalysis. Two examples are presented:  
(i) We uniquely determine the binding geometry of donor-π-acceptor organic dye on 
titania surface, in particular, the quantitative proportion of competing adsorption 
geometries. The direct link between atomic structure features and the photovoltaic 
performance of fabricated solar cells is established. Real time TDDFT simulations 
directly probe interface electron injection and recombination dynamics, and relate 
electron lifetimes to individual binding configuration of each single dye. 
Consequently, all key processes are treated based on parameter-free first principles 
approaches and a set of algorithms are developed to predict solar cell efficiency with 
an accuracy of 1-2% compared to experimental values.   We also study electron 
injection and recombination dynamics at the perovskite/titania interface in the 
presence of defects and interface field. 

(ii) Orientational dependence of catalytic activity for water splitting reaction on gold 
clusters supported on MgO/Ag(001) has been identified. Strong oscillations are found 
for the adsorption energy of water molecule, the dissociation barrier, and binding 
energy of the dissociated H atom, with two different orientational patterns in space. 
These two patterns correlate selectively with the wavefunction symmetry of the 
frontier orbitals of quantum well states (QWS). We could also tune the excited state 
reaction barriers and lifetimes by material design. The finding reveals the role of 
orbital symmetry in catalytic reactions, and is promising for potential applications to 
engineer chemical reactions using the orbital degree freedom of QWS.  
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Because of decisive roles of point defects in the functionalities of oxides and nitrides, 
a fair amount of experimental research has been devoted to their characterization in 
previous decades. However, the understanding of the point defects is still limited for 
many systems, particularly at the atomistic and electronic level. One difficulty results 
from the fact that the point defects often show complex behavior associated with off-
symmetric atomic relaxation and electron localization, in addition to the diversity in 
defect species and charge states. Accurate and systematic understanding and 
prediction of such behavior of point defects are required for efficient design and 
control of the properties of oxides and nitrides.  
 

In this talk, I will present some new insights into the atomistic and electronic structure 
of point defects in functional oxides and nitrides obtained from first-principles 
calculations. Examples include the prediction of local octahedral rotation around the 
oxygen vacancy and its induced electron localization in SrTiO3, indicating a strong 
defect electronic state-lattice coupling and a relevance to a variety of physical 
properties of perovskite oxides [1, 2], and the formation of a Ce dopant-B vacancy 
complex in cubic BN that leads to blue luminescence, predicted via systematic first-
principles calculations and accompanied by experimental confirmation [3]. Also 
discussed are computational approaches recently developed toward an accurate 
prediction of defect properties, including efficient finite cell-size corrections for 
charged defects [4] and a precise determination of valence and conduction band 
positions [5]. 
 

Acknowledgments: This work was supported by the MEXT Elements Strategy 
Initiative to Form Core Research Center and JSPS KAKENHI. 
 

[1] M. Choi, F. Oba, Y. Kumagai, and I. Tanaka, Adv. Mater. 25, 86 (2013). 
[2] H. Akamatsu, Y. Kumagai, F. Oba, K. Fujita, K. Tanaka, and I. Tanaka, 

Adv. Funct. Mater. 23, 1864 (2013). 
[3] R. Ishikawa, N. Shibata, F. Oba, T. Taniguchi, S. D. Findlay, I. Tanaka, and 

Y. Ikuhara, Phys. Rev. Lett. 110, 065504 (2013). 
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In condensed matter physics, based on quantum theory, understanding and 
predicting the physical properties of materials composed of atoms are very 
challenging. In the conventional approach, electronic properties are calculated for 
materials with known structures, lattice constants, and compositions. As the 
counterpart for materials design, the so-called inverse method has recently drawn 
much attention, in which specific electronic properties are initially assigned and target 
materials are subsequently searched hereby. 

In this work, we develop a new scheme for the inverse design of functional 
materials, in which a conformational space annealing (CSA) method is used for 
global optimization and the internal or enthalpy energy is optimized by first-
principles density functional calculations. We apply our scheme to search for Si 
crystals with specific electronic properties and report for the first time the discovery 
of Si crystals with direct band gaps. Several direct and quasi-direct gap crystals 
exhibit photovoltaic efficiencies comparable to those of best-known photovoltaic 
materials, with good lattice matches with the Si diamond structure. 
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Although it is believed that two-dimensional honeycomb structures consisting of 
silicon atoms do not exist experimentally due to relative instability of its hybridized 
sp2 orbitals, a recent experiment clearly demonstrates that silicene, honeycomb 
structure of silicon atoms, can be fabricated on ZrB2 (0001) thin films [1]. Here, we 
report on detailed studies on geometrical and electronic structures of silicene on ZrB2 
and a related two-dimensional structure by means of electronic structure calculations 
based on density functional theories (DFT), guided by close collaboration with 
experiments [1-6]. Theoretical chemical shift of Si-2p states [1] and band structure 
calculations [4] strongly support the formation of silicene having a planar-like 
structure. The stability of the planar-like structure over the regularly buckled structure 
can be understood by interaction between states of the silicene and surface states 
consisting of the d-orbital of the top Zr atoms [2]. We also propose a possible 
mechanism for the formation of the domain structure of silicene on ZrB2 [1,5].  It is 
inferred that the domain structure is induced by an instability of a phonon having a 
nearly zero frequency, and is formed in such a way that the k-points having the zero 
frequency can be removed from the first Brillouin zone. The mechanism is verified by 
performing large-scale total energy calculations.  We further explore a possible 
structure of multi-layer silicene, and find that the MoS2 structure consisting of silicon 
atoms is stabilized with atoms in the inner layer having a sixfold coordination, which 
results in cigar-shaped nematic orbitals originating from the Si-sp2 orbitals [6]. 
 
[1] A. Fleurence, R. Friedlein, T. Ozaki, H. Kawai, Y. Wang, and Y. Yamada-

Takamura, Phys. Rev. Lett. 108, 245501  (2012). 
[2] C.-C. Lee, A. Fleurence, R. Friedlein, Y. Yamada-Takamura, and T. Ozaki, Phys. 

Rev. B 88, 165404 (2013).  
[3] A. Fleurence, Y. Yoshida, C.-C. Lee, T. Ozaki, Y. Yamada-Takamura, and Y. 

Hasegawa, Appl. Phys. Lett. 104, 021605 (2014). 
[4] C.-C. Lee, A. Fleurence, Y. Yamada-Takamura, T. Ozaki, and R. Friedlein, Phys. 

Rev. B 90, 075422 (2014). 
[5] C.-C. Lee, A. Fleurence, R. Friedlein, Y. Yamada-Takamura, and T. Ozaki, 

submitted to Phys. Rev. Lett.;  arXiv:1408.2588. 
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Two-dimensional atomic thin layers are intriguing materials and building blocks fot 
the development of micro-electronic devices. Due to the improved techniques in 
crystal growth, materials with few layers or a single layer showing quite different 
electronic properties compared to the bulk can be realized in laboratory. We discuss 
two systems in this talk, which are isostructural derivatives of graphene: hybrid h-
BNC monolayer and the monolayer of silicene and germanene on graphene [1]. 
 
We have performed first-principles calculations for these two systems. In the former, we 
examine the phase stability, formation energy, band gap opening, and the 
modification in the electronic structure and Fermi velocity upon the introduction of h-
BN segments into the graphene lattice. The electronic properties are also evaluated by 
considering the electron self-energy within the many-body perturbation theory in 
order to provide an accurate description of the quasiparticle spectra. The pattern of B-
N domains in the dilute limit will be discussed in detail based on the geometric size 
and shape, symmetry consideration, co-doping concentration, formation energy, and 
interface effects. For the latter, we study the effect of substrate interaction on the 
physical properties of these systems. Of particular interest is the induced change in 
the electronic structure, the modification of the Fermi velocity, the gap opening, the 
charge doping from the substrate, and the stability of the combined system. The 
energetics of forming the 2D silicone structure on a substrate is carefully evaluated in 
comparison with possible three-dimensional cluster structures. 

 

[1] Y. Cai, C.-P. Chuu, C. M. Wei, and M. Y. Chou, Phys. Rev. B 88, 245408 (2013). 
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2D semiconductors are manifested by strong Coulomb interaction inside. The strong 
Coulomb interaction gives remarkable effects on various properties of the 2D 
semiconductors, including (i) large exciton binding energy (electron-hole), (ii) large 
quasi-particle self-energy (electron-electron), (iii) large scattering cross section in 
carrier transports by charged defects (electron-charged defects), (iv) deep defect 
transition level (bound electron-charged defects), and (v) strong interaction between 
charged defects (charged defects-charged defects). The ground state, optical, and 
transport properties are then largely affected by the dielectric environments 
surrounding the 2D semiconductors, because the Coulomb interaction is effectively 
screened by the dielectrics. We investigate the electronic band structures of a single-
layer MoS2, as a prototype 2D semiconductor, with a variety of dielectric 
environments by using density-functional-theory (DFT) and GW calculations. We 
also study the electronic properties of native point defects and dopant impurities in 
single-layer MoS2 [1], and find that the transition levels are changed, and even show 
deep-to-shallow level transition for some cases, by the dielectric screening effects. 
 

[1] J.-Y. Noh, H. Kim, and Y.-S. Kim, Phys. Rev. B 89, 205417 (2014). 
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Two-dimensional crystals are emerging materials for nanoelectronics. Development 
of the field requires candidate systems with both a high carrier mobility and, in 
contrast to graphene, a sufficiently large electronic bandgap. Here we present a 
detailed theoretical investigation of the atomic and electronic structure of few-layer 
black phosphorus (BP) in order to predict its electrical and optical properties[1]. This 
system has a direct bandgap, tunable from 1.51 eV for a monolayer to 0.59 eV for a 
5-layer sample. We predict that the mobilities are hole-dominated, rather high and 
highly anisotropic. The monolayer is exceptional in having an extremely high hole-
mobility (of order 10000 cm2V-1s-1) and anomalous elastic properties which reverse 
the anisotropy. Light absorption spectra indicate linear dichroism between 
perpendicular in-plane directions, which allows optical determination of the 
crystalline orientation and optical activation of the anisotropic transport properties. 
Strain-engineering of monolayer BP are also discussed in terms of electronic 
structures and optical properties[2]. These results make few-layer BP a promising 
candidate for future electronics. 
 

[1] Jingsi Qiao, Xianghua Kong, Zhi-Xin Hu, Feng Yang, and Wei Ji, Nature 
Commun. 5, 5475 (2014). 

[2] Qian Jia, Ju Li, Wei Ji, Strain-engineered optical absorption of few-layer black 
phosphorus, in preparation.  
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Using first-principles calculations, we study tunneling properties and electronic 
structures of Si(001)/SiO2/Si(001) junctions in a wide energy range covering the local 
energy gap in the SiO2 regions. We show that the tunneling spectra T(E) as functions 
of energy E have overall similarity to the projected densities of states (PDOS) at the 
centers of the SiO2 regions, but T(E) and PDOS have significant difference in their 
dependencies on the SiO2 thickness. From the energy dependencies of T(E) and 
PDOS, distinctive energy ranges are recognized in the valence and conduction bands, 
reflecting the local electronic structures in the SiO2 region induced from the Si 
regions. From the difference in the SiO2-thickness dependencies of T(E) and PDOS 
and from eigenchannel analysis, we find that the tunneling wave function inside the 
SiO2 region decreases with a decay rate which itself decreases as the tunneling 
distance increases, resulting in a smaller averaged decay rate per length for a thicker 
SiO2 region. These results provide a rich picture for the SiO2 barrier in the aspects of 
tunneling and local electronic structures, and a theoretical framework generally 
applicable to other tunneling barriers. 
 
References 
[1] E. Ko, K.-R. Lee, and H. J. Choi, Phys. Rev. B 84, 033303 (2011). 
[2] E. Ko, K.-R. Lee, and H. J. Choi, Phys. Rev. B 88, 035318 (2013).  
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  The positron is the first known antiparticle, discovered by C. D. Anderson in 1932 
[1]. It has negative work functions for many metal surfaces [2], which is a very 
important property for positrons near the surfaces. The positrons that are slowly (~10 
eV) incident to metals are immediately thermalized by plasmon, phonon and/or other 
excitations. Thus, the positrons return from the bulk to the metal surface via thermal 
diffusion, resulting in the trapped state of the surface image potential. The trapped 
positrons are found to annihilate with surface electrons, generating some γ-rays that 
manifest the surface electronic states. For this reason, the positron is a very powerful 
tool for the surface analysis. However, the surface states of the positron have not been 
fully investigated and are still little known. In particular, the theoretical studies with 
the first-principles simulation are very few. In the present study, we aim to understand 
the basics of positron surface states of metal surfaces with adsorbed lithium (Li) 
atoms by the first-principles calculation.  
Our surfaces are Al(100) surface with and without Li adatoms (0.25, 0.5, 0.75, 1.0 

ML). The surfaces are represented by the slab model. The computational method is 
based on the two-component density functional theory in the conventional scheme [3]. 
The electronic state calculations are performed by the projector augmented-wave 
method framework [4] within the generalized gradient approximation.  We used the 
program package ABINIT [5] and implemented the image potential effect for positron. 
The electron-positron correlation potential in the slab model is represented by the 
corrugated mirror model [6]. We first calculate the electronic states of Al(100) 
surfaces with and without Li adatoms in the absence of positron, and then determine 
the positron states using the surface electronic states. At the end, the positron surface 
lifetime (PSL) is computed with the electron and positron densities obtained above.  

Our result of PSL at clean Al(100) surface is 579 ps, which is in good agreement 
with the experimental one, 580 ps for Al(110) surface [7]. The PSL is found to 
decrease with increasing the Li coverage. We successfully interpret the coverage-
dependent PSL in terms of the electron density transfer caused by Li adsorption. We 
will discuss the details in the presentation. 

 
[1] C. D. Anderson, Phys. Rev. 43, 491 (1932). 
[2] Y. B. Tong, Phys. Rev. B 5, 1436 (1972). 
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[5] X. Gonze et. al., Comput. Phys. Commun. 180, 2582 (2009); www.abinit.org. 
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Since carbon nanotubes (CNT) have demonstrated exceptionally strong mechanical 
properties, CNT enables potential nanosystem functions such as large nonlinear 
deflections in nanotube supported structures and resonant sensors with molecular 
level mass sensitivity. Electron to carbon nanomaterials is expected to become a 
technique to tailor the structure with desirable properties, so that the understanding of 
the atomic level behaviors of the materials under electron irradiation is indispensable 
to realize the precise structure control.  

In this study, properties of electron-irradiated single-walled carbon nanotubes 
(SWCNT) are studied with the simulation. The interaction between a carbon atom and 
an incident electron is introduced based on the binary collision theory using the Mott 
cross section. The collision atom in the graphene is randomly selected. The motions 
of the carbon atoms under electron irradiation are calculated with the molecuar 
dynamics simulation.The simulations show the capability of mechanical modification 
of CNTs to a variety of vibrational modes by electron irradiation.  
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Understanding the electronic properties of interfaces between metal and organic 
semiconductor (π-conjugated molecules) has been an important research topic for 
decades with critical implications for the organic device applications such as organic 
light emitting diodes, organic photovoltaics, and organic thin film transistors. Even 
though there have been several important progresses, not only the fundamental 
understanding but also the implication on device characteristics of the interface-
related-phenomena still remains unclear. In this work, we apply a density-functional 
theory-based non-equilibrium Green’s function approach to study the energy level 
distributions and charge injection characteristics of ideal models consist of various π-
conjugated molecules adsorbed on metal electrodes. We observe the modification of 
energy level alignment and broadening on the molecular adsorption on metal. It is 
also found that such modified surface acts as “extended metal”, by observing the 
energy level alignment and charge injection capacity of modified metal-additional 
adsorbate interface. This indicates that, the concept of metal can be extended by 
considering the efficient tunneling through metal-organic interface as an important 
charge transport mechanism. Our findings provide the formal background in recent 
experimental understanding on the extended metallic states of molecular 
adsorbates[1][2], and suggest a new design rule for improved organic device 
applications.  
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In ab initio density-functional theory calculations, an iterative self-consistent 
approach is normally used.  Starting from an approximate charge density ρ (e.g., 
superposition of atomic charge densities), ρ is gradually updated by using the “input” 
and “output” densities of the current and previous iteration steps.  Pulay mixing [1] 
has been one of the most popular methods.  It expresses an “optimal” input density 
ρopt=Σ αi ρi

in by a linear combination of the input densities of the iteration sequences.  
The “residual” of ρopt is predicted within the linear approximation, Ropt=Σ αi (ρi

out –
ρi

in), where the parameters αi are found by minimizing Ropt| Ropt with the constraint 
of electron-number conservation Σ αi=1.  The new input density for the next iteration 
is given by ρnew=ρopt +c Ropt with mixing parameter c (0<c<1).  This procedure 
usually accelerates the convergence satisfactorily.  In large-scale metallic systems, 
however, the “charge sloshing” phenomenon originating from the long range nature 
of the Coulomb interaction often occurs and significantly impacts the convergence.   
The following two treatments are known to suppress the sloshing, both of which are 
represented in the reciprocal space: (i) In the Pulay optimization process, one may use 
a wave-dependent metric in calculating Ropt|Ropt. Kresse and Furthmüller [2] 
proposed the inverse Kerker metric, A|B=Σ fqAq

*Bq with fq=(q2+q0
2)/q2, which 

weights the problematic low q (long wavelength) components preferentially. (ii) In 
the mixing procedure, one may apply Kerker-type preconditioning [2,3], ρq

new= ρq
 opt 

+c (q2/(q2+q0
2)) Rq

opt, which filters out the low q components.  In all-electron 
methods, where the charge density does not have a converging Fourier representation, 
treatments equivalent or similar to (i) and (ii) have not been described so far.  In this 
work, we show that, by going through the calculation of the Hartree [4] and screened 
Hartree potentials [5], which are typically cheap to calculate, one can accomplish the 
procedures (i) and (ii) without entering the reciprocal space.  Actual test calculations 
are done with the FLAPW method.  
 

[1] P. Pulay, Chem. Phys. Lett. 73, 393 (1980).  

[2] G. Kresse and J. Furthmüller, Phys. Rev. B 54, 11169 (1996).   

[3] G. P. Kerker, Phys. Rev. B 23, 3082 (1981).   

[4] M. Weinert, J. Math. Phys. 22, 2433 (1981).   

[5] F. Tran and P. Blaha, Phys. Rev. B 83, 235118 (2011).  
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   Being predicted as a Z2 topological Kondo insulator [1,2], SmB6 has been drawing 
revised attentions.   Density-functional theory and related calculations show [2,3] that 
the d–f hybridization leads to the parity-switching band inversion at X, making this 
material being topologically nontrivial. Extensive efforts have been paid to observe  
the topologically-protected metallic surface states. Although Dirac-cone like 
dispersion is not seen,  several experiments indicate the existance of metallic (001) 
surface states, which form Fermi surface around X in the surface Brillouin zone and 
show temperature-dependent evolution being connected with the onset of d–f 
hybridization in bulk[4]. Very recently, the chiral spin texture of this surface states 
has been identified[5].  It seems that the long-standing issue of the exotic temperature 
dependence of SmB6 conductivity can be resolved by admitting the temperature 
evolution of surface states. A decade ago, Ogita et al. have measured Raman 
scattering spectra for the RB6 series (R= rare earth element) and found an anomaly in 
SmB6 [6], whose origin has not been discussed well.  In this talk, based on the first-
principles calculatuions, we will discuss the electronic structure and phonon modes of 
SmB6. We employ all-electron FLAPW method with a relativistic LDA+U 
approximation.  Phonon modes are to be obtained by the frozen phonon approach.   
We will focus on the possible connection between the topological electronic structure 
and phonon anomaly.   
 

[1] T. Takimoto, J. Phys. Soc. Jpn. 80, 123710 (2011).  

[2] F. Lu, J. Z. Zhao, H. Weng, Z. Fang, and X. Dai,  Phys. Rev. Lett. 110, 096401 
(2013).  

[3] J. Kim, K. Kim, C.-J. Kang, S. Kim, H. C. Choi, J.-S. Kang, J. D. Denlinger, and 
B. I. Min,  Phys. Rev. B 90, 075131 (2014).  

[4] N. Xu, C. E. Matt, E. Pomjakushina, X. Shi, R. S. Dhaka, N. C. Plumb, M. 
Radović, P. K. Biswas, D. Evtushinsky, V. Zabolotnyy, J. H. Dil, K. Conder, J. Mesot, 
H. Ding, and M. Shi, Phys. Rev. B 90, 085148 (2014).  

[5] N. Xu et al., Nat. Comm. 5, 4566 (2014).   

[6] N. Ogita, S. Nagai, N. Okamoto, M. Udagawa, F. Iga, M. Sera, J. Akimitsu, S. 
Kunii,  Phys. Rev. B 68, 224305 (2003). 
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Good cyclability is essential for the potential application of cathode materials. Here, 
we investigate the structural stability of two-dimensional (2D) Li-layered and three-
dimensional (3D) structured polymorphs of Li2FeSiO4 and Li2MnSiO4 using the 
density functional theory calculations. We find that all 2D Li-layered polymorphs of 
both materials are unstable upon full delithiation owing to layer exfoliation, which 
can lead to an amorphous structure. However, in contrast to the fact that the 
amorphization of Li2FeSiO4 can be prevented by the formation of the 3D cycled 
structure that is energetically stable, the 3D cycled structure of Li2MnSiO4 is found to 
be unstable during delithiationlithiation cycling. As a result, Li2MnSiO4 easily 
undergoes amorphization and shows a poor cyclability. 
 
 
This work is published in Chemistry of Materials (2014). 
 

 
 



 

49 
 

[Poster: MON-08] 
 

Band structure engineering of mixed-dimensional 
topological insulator heterostructure 

 
Kyung-Hwan Jin and Seung-Hoon Jhi 

 
Department of Physics, Pohang University of Science and Techonology, Pohang, 

Korea 
email: gazzing20@postech.ac.kr 

 
For design of materials with tailor-made properties, the band structure engineering is 
a powerful and cost-effective tool. Its strategic validity undoubtedly prevails in 
particular in exploring new types/structures of topological insulators (TIs). For 
example, it may provide primary information of resolving issues regarding prompt 
application of TI materials hampered not only by materials issues of surface and bulk 
imperfections but also by the robustly protected nature of their surface states itself.  
Here, using first-principles calculations, we illustrate a promising way of 
manipulating topological surface states in heterostructures of 2D and 3D topological 
insulators. Utilizing single Bi and Sb bilayer and various TI substrates, we 
demonstrate that the surface states evolve in very peculiar but controllable ways. We 
show that a strong hybridization between Bi (Sb) bilayer and TI substrate causes the 
topological surface states transferred to the bilayer. The insulating thin layer on 3D TI 
surface hosts a new spin-helical state, replacing the original topological surface state 
with different dispersions and spin characters. Difference in the work function of 
constituent layers and the strength of hybridization govern the character of newly 
emerged Dirac states. 
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Fig. 1. Defect formation energies estimated 
with supercells containing around 100 
atoms with respect to the extrapolated 
energies to the infinite interdefect distance 
limit. Numbers of atoms before introducing 
a defect are shown in brackets.  
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Point defects in semiconductors and insulators play a decisive role in determining 
material properties, and first-principles calculations have emerged as a valuable tool 
for the study of defects in recent years. The calculations for solids usually adopt 
three-dimensional periodic boundary conditions, and the energies of charged defects 
can then include huge errors up to several eV owing to the size limit of supercells. 
Recently, Freysoldt, Neugebauer, and Van de Walle (FNV) proposed a scheme to 
accurately construct the finite-size correction energies a posteriori without additional 
first-principles calculations [1]. The original FNV correction scheme is, however, 
applicable only to cubic systems because the long-range Coulomb interaction is 
assumed to be screened by a dielectric constant. In addition, it adopts a planar-
averaged electrostatic potential for determining the potential offset between the 
defect-induced potential and model charge potential which can not be readily applied 
to defects with large atomic relaxation. 
    In this study, to overcome the 
shortcomings above, we propose to use 
the atomic site potential as a potential 
marker, and extend the FNV scheme by 
rewriting the formalism using an 
anisotropic form with a dielectric matrix 
[2]. The corrective capability was 
systematically assessed with a wide 
variety of charged defects. First-
principles calculations were performed 
using projector augmented-wave method 
[3] as  inplemented in vasp [4] and 
atomic relaxation is considered in all 
cases. As shown in Fig. 1, our extended 
FNV scheme excellently corrects the 
defect formation energies within the 
errors of less than 0.2 eV for the supercells containing 64 to 128 atoms. 

[1] C. Freysoldt et al., Phys. Rev. Lett. 102, 016402 (2009). 

[2] Y. Kumagai and F. Oba, Phys. Rev. B 89, 195205 (2014). 

[3] P. E. Blöchl, Phys. Rev. B 50, 17953 (1994). 

[4] G. Kresse and J. Hafner, Phys. Rev. B 47, 558 (1993). 
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With the replcement of poly-Si/SiO2 gate stack by high-k/metal gate stack in metal-

oxide-semiconductor field-effect transistors (MOSFETs), many problems, such as 
gate leakage, poly-Si depletion, and threshold voltage instability, can be solved. 
However, in high-k/metal gate stacks, controlling the metal work function still 
remanis one of the important issues, The metal work function varies with deposition 
condition. In conventional MOSETs, the effective work function should be close to 
4.05 and 5.15 eV in n-channel and p-channel devices, respectively. Although the 
Fermi level pinning is affected by intrinsic metal-induced gap states, the extrinsic 
effects of defects and interface bonding play an important role in determining the 
metal work function.  
In this work, we investigate the effects of carbon (C) and fluorine(F) impurities on 

the p-type Schottky barrier height (p-SBH) and the effective work function(EWF) at 
TiN/HfO2 interface through first-principles density functional calculations. We 
consider two interface structures between TiN and monoclinic HfO2, which consist of 
either Ti-O or N-Hf bonds at the interface. We generate various configurations of the 
C and F impurities near the interface and calculate the p-SBH. The EWF is estimated 
by including quasiparticle GWO corrections to the band gap and the valence band 
edge state of HfO2. We find that substituntial C atoms at the N sites or interstitial F 
atoms tend to decrease the p-SBH, resulting in the p-type shift of the work function. 
On the other hand, the work function is shifted to the n-type in the presence of 
interstitial C atoms or substitutional F atoms at the O sites. 
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Time-dependent density functional theory (TDDFT) [1] has become a standard tool 
for studying the electronic states of excitations and non-equilibrium processes for 
many electron systems. Great achievements have been made, especially in the 
derivation of linear response properties such as optical absorption spectra [2] and 
non-adiabatic couplings [3], as well as simulations of real time nonlinear electron 
dynamics under strong electric fields and lasers [4]. However, there still remains an 
issue for TDDFT regarding electron scattering with atoms, molecules and matter [5]. 

We recently have developed a new method for TDDFT simulations of electron 
scattering, which involves representing the incident electron as a wave packet (WP) 
and evolving it using the time-dependent Kohn-Sham equations. The simulation is 
carried out in real time and real space, and the calculation procedure is a mimic of the 
experimental process for nano-scale low energy electron diffraction (NanoLEED) [6]. 
The present TDDFT method considers a full dynamic description of both the target 
and incident electron, which is necessary for modeling nanostructures. Compared 
with the conventional scattering theory, the TDDFT method has an advantage in that 
multiple and inelastic scatterings are automatically included in the TDDFT 
framework [7].  

We have obtained diffraction patterns of various graphene flakes that show not only 
the regular features of NanoLEED for structures with periodicity but also special 
features resulting from the local atomic inhomogeneity. Signatures of π  and σπ +  
plasmon excitations upon electron impact on a graphene flake have also been 
observed and found to show dependence on the incident angle of the WP. 

We further performed the NanoLEED simulations of multilayer graphene, atomic 
chains and aperiodic structures, and started the analysis on secondary electron 
emission and transmission electron microscopy (TEM) of nanostructures. The 
NanoLEED and TEM patterns have time-dependence due to the transient nature in 
the scattering process. We discuss our recent results on these various topics that 
emerge from electron-scattering dynamics simulations in the presentation. 

[1] E. Runge and E.K.U. Gross, Phys. Rev. Lett. 52, 997 (1994).   
[2] K. Yabana and G.F. Bertsch, Phys. Rev. B 54, 4484 (1996). 
[3] C. Hu, H. Hirai, and O. Sugino, J. Chem. Phys. 127, 064103 (2007). 
[4] D. Utsugi, C. Hu, and K. Watanabe, Appl. Phys. Express 5, 5101 (2012). 
[5] M. van Faassen, A. Wasserman, E. Engel, F. Zhang, and K. Burke, Phys. Rev. 

Lett. 99, 043005 (2007). 
[6] J. Onoda, T. Kanaoka, M. Kumon, and S. Mizuno, e-J. Surf. Sci. Nanotech. 10, 
292 (2012). 
[7] K. Tsubonoya, C. Hu, and K. Watanabe, Phys. Rev. B 90, 035416 (2014).
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Atomically thin MoS2 has attracted great attention recently due to its possible 
application of large-area high speed thin film transistors. The bulk MoS2 has a layered 
atomic structure, from which a single-layer (SL) MoS2 can be fabricated by, for an 
example, mechanical exfoliation.[1-2] The bulk and few-layer MoS2 have indirect 
band gap, and the SL MoS2 has a direct band gap, which is optically measured at 1.9 
eV.[3] The SL MoS2 has large electron mobility up to ~200 cm2V-1S-1 in 
HfO2/MoS2/SiO2 stacked thin film transistors and high current on/off ratio of ~108.[2]  
In this work, we carry out first-principles calculations on the atomic and electronic 
structures of various native point defects (VS, VMo, Si, Moi) in the SL MoS2 and 
investigate the formation energies and transition levels of the defects. The spurious 
electrostatic interaction between image charges in supercell is rigorously treated and 
eliminated. We find that the VS and the Si (in the form of a S adatom) hold low 
formation energies among the native defects. The Si is found to be a neutral defects, 
while the VS is a deep single acceptor. In contrast, the Mo-related native defects of 
VMo and Moi are found to be high in formation energy. The VMo is a deep single 
acceptor and the Moi is a deep single donor. Based on these results, we conclude that 
the native defects act as deep trap centers for electrons and holes rather than efficient 
dopants in a single-layer MoS2. [4] We also investigate Re and Nb impurities in SL 
MoS2, which have been considered to be present in natural molybdenites.[5] The Re 
and Nb are found to have deep transition levels in SL MoS2. 
 

[1] K. S. Novoselov et al., Science 306, 666 (2004).  

[2] B. Radisavljevic et al., Nature Nanotech. 6, 147 (2011). 

[3] A. Splendiani et al., Nano Lett. 10, 1271 (2010). 

[4] J. –Y. Noh et al., Phys. Rev. B 89, 205417 (2014). 

[5] C. A. Miller et al, Geochim. Cosmochim. Acta 75, 7146 (2011). 



 

54 
 

[Poster: MON-13] 
 

Quantum Confinement Effect in Armchair Graphene 
Nanoribbons: 

 Effect of Strain on Band Gap Modulation Studied Using 
First-Principles Calculations 

 
Siow Mean Loh1, Ken-Ming Lin1, Yu-Hui Huang1, W. S. Su2, B. R. Wu3, and  

T. C. Leung1  
 

1 Department of Physics, National Chung Cheng University, Chiayi 621, Taiwan 
2 National Center for High-Performance Computing, Taichung 40763, Taiwan 

3 Division of Natural Science, Center for General Education, Chanu Gung University, 
Tao-Yuan, Taiwan 

Email : tcleungtw@gmail.com (T. C. Leung ) 
 

Quantum confinement effect may play an important role in the gap modulation of 
armchair graphene nanoribbons (AGNRS) under strain. Using the phase accumulation 
model, we have investigated the energy dependent phase shift φ(ε) at the Γ point of 
AGNR under various strains using first-principles calculation. The calculation results 
show that although the energy dispersion of the phase shift is modified by strain, the 
phase shift near the Fermi level is close to 0.75π, for AGNR under various x-strains. 
Due to the structural similarity between AGNRs and zigzag carbon nanotubes 
(ZCNTs), the electronic properties of AGNRs should be similar to those ZCNTs. The 
quantization condition of the wave vector of ZCNTs governed by the periodic 
boundary condition along the circumference direction is similar to that of AGNRs 
except that the phase shift is equal to zero φ(ε) = 0. Using the zone folding (ZF) 
method, we can calculate the band gap of any strained AGNR (ZCNT) from the phase 
shift φ= 0.75π (φ = 0) and the electronic structure of the strained graphene. The 
AGNR shows a zigzag behavior of the dependence of the band gap on strain which is 
very similar to the ZCNT. The zigzag patterns are significantly shifted by different 
phase shifts. The peak value of the band gap and the period of the pattern decreases as 
the width of the ribbon increases. For a given AGNR, the peak value and the period of 
the pattern increase as the strain increases. All these observations can be understood 
easily from our ZF calculations. 
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The critical role of the Ag-Pd ligand effect (which is tuned by changing the 
number of Pd atomic layers) in determining the dehydrogenation and dehydration of 
HCOOH on the bimetallic Pd/Ag catalysts was elucidated by using the spin-polarized 
density functional theory (DFT) calculations. Our calculations suggest that the 
productivity and selectivity to H2 production from HCOOH on the bimetallic Pd/Ag 
catalysts strongly depends on the Pd atomic layer thickness at near surface. In 
particular, the thinnest Pd monolayer in the Pd/Ag system is responsible for 
enhancing the dehydrogenation of HCOOH toward H2 production by reducing the 
surface binding strength of specific intermediates such as HCOO and HCO. The 
dominant Ag-Pd ligand effect by the substantial charge donation to the Pd surface 
from the subsurface Ag [which significantly reduce the density of state (particularly, 
dz

2
–r

2 orbital) near the Fermi level] proves to be a key factor for the enhanced kinetics 
of dehydrogenation, whereas the expansive (tensile) strain imposed by the underlying 
Ag substrate plays a minor role. This work hints on the importance of properly 
engineering the surface activity of the Ag-Pd core-shell catalysts by the interplay 
between ligand and strain effects. 
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We report on the development of a non-equilibrium Green’s function theory-based 
computational tool for atomistic thermal transport calculations of nanojunctions. We 
utilized first-principles calculation with localized atomic basis sets to calculate 
interatomic forces. Next, we report on its applications to carbon chain systems, 
polyethylene, polyene, polyyne, and cumulene. The validity of our code was 
confirmed by the results from well-known systems, polyethylene and polyene. 
Calculated phonon dispersion of polyyne and cumulene were well-matched with 
theoretical explanations. In addition, we considered the strain effect on the phonon 
dispersion on the carbon chain systems. The applied strain enhanced bond-length 
alternation (BLA) and decrease force interaction range. Finally, even and odd carbon 
atomic chains bridging two zigzag graphene nanoribbons were investigated. Increase 
in thermal conductivity was found in case of even carbon chains with proper amount 
of strain. 
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The potential of Li-decorated, single layer MoS2 nanosheet as a stable hydrogen 
storage material is investigated via first-principles calculations with van der Waals 
correction. The Mo top site is found to be the most stable binding site for Li atoms, 
with binding energy surpassing that of Li-graphene system and Li cohesive energy [1], 
suggesting that clustering can be largely supressed. Four hydrogen molecules can be 
adsorbed per Li atom for the case of one Li adsorbed on each side. In contrast to 
graphene, Li adsorption at high coverages can be achieved on both sides of MoS2 
nanosheet. Two hydrogen molecules can be adsorbed per Li atom on the full Θ = 1 Li 
coverage with considerable adsorption energy, with a gravimetric capacity of 4.4 
wt.% that is sufficient for most general applications. Besides exploring the viability of 
Li-MoS2 system as a promising quasi two-dimensional (2D) substrate for stable and 
reasonably high capacity hydrogen storage material, our results reveal that quasi 2D 
materials can be an even more effective substrate, than graphene, to disperse metals 
for adsorption-related applications. 

 

[1] C. Ataca, E. Aktuk, S. Ciraci and H. Ustunel, Appl. Phys. Lett. 93 (2008) 043123. 
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Since its recent synthesis, a new two-dimensional layered material called 

phosphorene[1,2] has attracted much attention due to its potential usage for electronic 
or optoelectronic devices. Because of a lone pair of electrons on each phosphorous 
atom,  however, pristine phosphorene may be extremely reactive with air, 
especially with oxygen, and thus the oxidation of phosphorene would be unavoidable 
during synthesis and/or fabrication processes unless they were done in a vacuum 
environment[3].  
To investigate various properties of phosphorene oxides (POx), we perform ab initio 

density functional calculations(DFT) with POx, where a few values are selected 
between 0 and 1 for x. For every given x of POx, diverse configurations are 
considered and optimized to find its equilibrium structure to know whether such a 
phosphorene oxide can be formed or not, and its electronic property. It is found 
that the band gap tends to increase with the oxygen composition of x<0.5, and then 
decrease with x>0.5. We also investigate the strain effects on the electronic structure 
of fully oxidized phosphorene, PO. It is found that intriguing metal-semicondutor 
transition occurs at a particular strain.  
We further use the finite displacement method to calculate the phonon dispersions of 

partially and fully oxidized phosphorene, and extract infrared (IR) spectra of the 
phosphorene oxides as an indicator to distinguish these phosphorene oxides. The IR 
modes of phosphorene oxides are activated at high frequency compared with those 
of pristine phosphorene, which are only at low frequency.  

 

[1] S. Rodin, A. Carvalho, and A. H. Castro Neto, Phys. Rev. Lett. 112, 176801 
(2014). 

[2] H. Liu, A. T. Neal, Z. Zhu, Z. Luo, X. Xu, D. Tomanek, and P. D. Ye, ACS Nano, 
8(4), 4033 (2014).  

[3] S. P. Koenig, R. A. Doganov, H. Schmidt, A. H. Cas- tro Neto, and B. Ozyilmaz, 
Appl. Phys. Lett. 104(10), 103106(2014). 
 



 

59 
 

[Poster: MON-18] 
 

Development of an efficient scheme to generate amorphous 
structures 

 
Yong Youn, Youngho Kang, and Seungwu Han 

 
Department of Materials Science and Engineering, Seoul National University, Seoul, 

Korea 
email: yybbyb@snu.ac.kr 

 
Recently, not only the good stability and well-defined physical preperties of 

crystalline materials but also the metastability of amorphous structures leads to useful 
applications. For example, a-Si has been widely used in electronic devices and 
amorphous chalcogenides materials are used for phase change memory. In order to 
make the amorphous configuration theoretically, various methods have been 
proposed; most favored method is a melt-quench (MQ) method based on molecular 
dynamics which resembles expreimental procedure. Although the ab-initio approach 
based on the density functional theory (DFT) could be used in various system, the 
computation cost is too expensive that typical supercells comprise only about 100-200 
atoms. To obtain the more realistic properties of amorphous structure, it is criticalt to 
simulate on the large cell. 
In this work, we propose a new scheme for generating the amorphous configuration 

based on the local geometry obtained from DFT-MQ. It is faster than the 
conventional DFT-MQ method by more than ten times.Although amorphous 
configuration do not have long-range periodicity, they maintain the atomistic length 
scale ordering such as coordination number and bond properties. By considering the 
local order, we can quickly generate a reasonable amorphous configuration and only 
short time annealing would be required to refine the structure. The reliability of the 
scheme is confirmed by comparing with the results of DFD_MQ in amorphous Si, 
SiO2, Ge2Sb2Te5, and InGaZnO4. Furthermore, the usefulness of the method is 
verified by estimating the mobility edge for amorphous GeSe with 512 atoms. 
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Graphene oxides with epoxide-stripe structures are investigated with the density 
functional theory; their optimal geometric structures are revealed to be in ripple forms. 
The curvature effect and the epoxide bond compete with each other to determine the 
electronic properties. Various charge distributions, bonding configurations, band 
structures, and densities of states strongly depend on different oxygen coverages, 
ripple curvatures and periods. A semi-conducting behavior is shown by the first type, 
of which the gap can be tuned by the geometric structure. For the second type, the 
characteristic appears to be semi-metallic, and the number of free carriers, a direct 
reflection of the oxygen coverage, strongly depends on the ripple curvature. The 
energy bands exhibit rich features, such as the destruction of Dirac cone, the newly 
formed critical points, and the quasi-flat bands. Their originations are detailedly 
studied through the analysis on the charge distribution and the bonding configurations. 
There exist certain important similarities and differences between the graphen oxides 
and pure graphene ripples. 
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The doping effects on Sr2RhO4, a novel correlated metallic system with substantial 
spin-orbit coupling (SOC), will be discussed. Recently, La-doped Sr2RhO4 has been 
synthesized and shows a magnetic ordering at T=20K in the 20% La-doping level.[1] 
To investigate this system, we consider the effects of electron doping and SOC within 
both LDA+U and the dynamical mean-field theory (DMFT). The Fermi liquid 
behavior and mass enhancement effects on La-doped Sr2RhO4 are discussed for 
various doping level, in order to investigate effects of the electron doping on the 
magnetic and electric properties. In particular, our results suggest that the 20% doping 
system is a new unconventional superconductor related with magnetic fluctuation, 
requiring further research. 
 
Acknowledgements: We acknowledge C. Kim for providing their experimental data 
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The nontrivial electronic structures of two-dimensional (2D) topological insulators 
(TIs) based on planar Bi/Sb honeycomb on SiC(0001) substrate using first-principles 
computations in a greater detail. We will show that when the Bi/Sb planar 
honeycombs are supported on a semiconducting SiC(0001) substrate, the nontrivial 
band topology is maintained with a band gap as large as 0.56 eV, and a Dirac cone 
with its node lying within the band gap. In comparison, the hydrogens are adsorbed in 
the ratio of one hydrogen atom per bismuth or antimony atom either on just one side 
of the planar honeycomb or they are adsorbed alternately on the two sides of the 
honeycomb structure. These hydrogenated honeycombs exhibit topologically 
protected edge states for zigzag as well as armchair edges, with a wide band gap of 
1.03 eV and 0.41 eV in bismuth and antimony films, respectively. Our findings pave 
the way for using planar bismuth and antimony honeycombs as potentially new 2D-TI 
platforms for room-temperature applications. 
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Upon compression, CO2 in the Earth’s and planetary interiors is subject to successive 
phase transitions from molecular fluids at 1 atm into dense solid polymorphs, similar 
to those observed in crystalline SiO2. The structural transitions lead to the changes in 
their thermo-mechanical and transport properties. Knowledge of the elasticity of CO2 
polymorphs is essential in understanding their mechanical properties and elastic wave 
velocities under compression, yielding atomistic into seismicity in the planetary 
interiors. Despite its these geophysical implications and fundamental importance in 
condensed matter physics, direct estimation of the elastic constant of CO2 polymoprhs 
is experimentally challenging. Here, we report the calculated elastic constants of 
CO2(V) (tetragonal, cristobalite-like phase) and CO2(II) with varying pressure up to 
~40- GPa using ab inito calculations based on LDA and GGA within the density 
functional theory. Considering the pressure-dependence of elastic constants, we 
cacluated elastic moduli and wave velocities of the high pressure CO2 phases using 
the known-relationship between elastic constants and moduli based on gernalized 
Hooke’s law. The calculated elastic constants and the elastic moduli increase with 
increasing pressure. Partcularly, the pressure-induced changes in C33 for CO2(V,) is 
most preminent varying from ~ 300 GPa at 1 atm to  ~500 GPa at 39 GPa. In contrast, 
only a slight inrease (~30 GPa) in C66  were estimated, indicating elastic anisotropy in 
the solid. While all the elastic moduli for for CO2 (II) increaes with pressure, C44 
shows smallest variation with pressure ~70 GPa. Calculated bulk and shear moduli of 
CO2(V) are consistent with the experimental data while those of CO2(II) somewhat 
deviated from the experimental results at low pressure [1]. The calculated P-wave and 
S-wave velocites of CO2(V) increase with increasing pressure and reach  6 ~ 7 km/s 
and 10 ~ 12 km/s, respectively. These values are simliar to those of stishovite (SiO2) 
in the similar pressure range [2]. S-wave velocity of CO2(II) is similar to that of of 
SiO2 cristobalite [3]. The first report of elasticity of CO2 phases shown here hold 
some promise for studying the elasticity of diverse low z- molecules and solids under 
extreme compression. 

 

[1] C.-S. Yoo, M. Kim, W. Morgenroth, and P. Liermann, Phys. Rev. B 87, 214103 
(2013). 

[2] B. B . Karki, L. Stixrude, and J. Crain, Geophys. Res. Lett. 24, 3269 (1997). 

[3] H. Kimizuka and H. Kaburaki, Phys. Rev. Lett. 84, 5548 (2000). 
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It has been known that PbVO3 has perovskite structure which is an elongated 
tetragonal crystal consisting of VO5 square pyramid structures. While the lattice 
parameter ratio c/a of PbVO3 is 1.23, PbVO3 is a half-metal showing magnetic 
ordering. These properties are confirmed by density functional theory (DFT) 
calculations. By varying the number of PbVO3 layers, we study atomic and electronic 
properties for stacked structures of PbVO3 using DFT calculations. Details in 
electronic structure are analyzed in terms of band structure and partial density of 
states (PDOS). The variations of lattice parameters are also investigated, depending 
on the Pb vacancy concentration. These theoretical results are compared with 
available experiment. 
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Using thickness-dependent first-principles electronic structure calculations, we 
predict that hydrogenated ultra-thin films of tin harbor a new class of two-
dimensional (2D) topological insulators (TIs). A single bilayer (BL) tin film assumes 
a 2D-TI phase, but it transforms into a trivial insulator after hydrogenation. In 
contrast, tin films with 2 and 3 BLs are found to be trivial insulators, but 
hydrogenation of 2 to 4 BL films results in a non-trivial TI phase. For 1 to 3 BLs, H-
passivation converts the films from being metallic to insulating. Moreover, we 
examined iodine-terminated tin films up to 3 BLs, and found these to be non-trivial, 
with the films becoming semi-metallic beyond 1 BL. In particular, the large band gap 
of 340 meV in an iodine-terminated tin bilayer is not sustained in the iodine-
terminated 2BL and 3BL tin films. 
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Pure bulk SrTiO3 exhibits phase transition from cubic to tetragonal structure with aac- 
rotation (Glazer notation[1]) upon cooling down through 105K. At the transition, 
rotational angle of oxygen octahedron reaches 2 degree. However, theoretical DFT 
calculation (using GGA-PBE) shows that the ground state has the rotational angle of 
5 degree. With increasing the lattice parameter a and b by 0.3%, 2 degree is obtained 
as a local minimum state. Without strain, it is reported that HSE06 calculation led to 
the same rotation of the octahedron[2], which requires much more cost than GGA-
PBE. Internal degree of distortion including rotation and tilting were investigated in 
La doped SrTiO3 in this study. The slab calculation with different rotational angle (2 
and 5 degrees) results in different surface structures in terms of polarity. The slabs 
have a dipole due to asymmetric structure with single-sided SLTO ultrathin film. 
Polarity induced by anion-cation off-center is large in the slab with 2 degree of 
octahedral rotation whereas the polarity is almost cancelled in the slab with 5 degree 
of octahedral rotation. 

 

[1] Patrick M. Woodward, Acta Cryst. B53, 32-43 (1997). 

[2] Fedwa El-Mellouhi, and et al., Phys. Rev. B 87, 035107 (2013).  
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Interaction of 3d transition metals in Aluminum is calculated by first principles 
using LDA+U potential within the density functional theory. We calculated the local 
moment of impurities and spin polarization of the Al atoms surrounding the 
impurities. We compared experimental data with theoretical data. 

 

[1] Nils Sandberg, Randi Holmestead, Phys. Rev. B 73, 014108 (2006). 

[2] M. Mantina, S.L. Shang et al, Phys. Rev. B 80, 184111 (2009). 
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The matrix elements of one-body operators ( Ô ), defined by the many-body wave 
function 

mΨ  in the form ˆ
m nOΨ Ψ , are of essential quantities in calculating various 

properties, such as oscillator strengths, nonadiabatic couplings (NAC), excited-state 
nuclear forces (ENF), spin-orbit couplings (SOC), magnetic dichroism, etc. For the 
efficient calculation of these matrix elements, there are continuous efforts in 
developing ab initio approaches based on time-dependent density functional theory 
(TDDFT). We have successfully developed a rigorous TDDFT expression of NAC 
between ground and excited states, together with accurate computational approaches 
[1]. However, this method cannot be directly applied to calculate NAC between the 
excited states. Also, similar problems remain for the calculation of other matrix 
elements in the above between the excited states. 
 
On the other hand, there exist approximate methods for calculating matrix elements 
between the excited states, based on the Casida ansatz: The many-body wave 
functions of the excited states are constructed from the TDDFT expression of matrix 
elements between ground and excited states. This type of methods can calculate 
various matrix elements by just changing the one-body operators. Calculations on 
NAC, ENF and SOC have shown that the results can be either good or degraded, 
depending on the systems [2]. Nevertheless, it now becomes clear that there were 
problems besides the Casida ansatz in these studies. Therefore, in the present work we 
will consider the improvement of these approaches and give a sound evaluation on the 
validity and performance of the Casida ansatz. 
 
Our implementation is carried out in the program package ABINIT [3], in the plane-
wave pseudopotential framework. Application of the Casida ansatz with the 
consideration on the difference of the operators, and the method to avoid the accuracy 
problem due to the non-local pseudopotentials, have been adopted for the 
improvement of previous studies in Ref. [2]. Results on the calculation of NAC and 
ENF will be discussed in the presentation.  
 
[1] C. Hu, O. Sugino, H. Hirai, and Y. Tateyama, Phys. Rev. A 82, 062508 (2010);  
C. Hu, T. Tsukagoshi, O. Sugino, and K. Watanabe, Phys. Rev. B 87, 035421 (2013).   
[2] I. Tavernelli et al., J. Chem. Phys. 133, 194104 (2010); F. F. de Carvalho et al., J. 
Chem. Phys. 140, 144103 (2014); J. Haruyama, T. Suzuki, C. Hu, and K. Watanabe, 
Phys. Rev. A 85, 012516 (2012). 
[3] X. Gonze et al., Comput. Mater. Sci. 25, 478 (2002); URL: www.abinit.org.  
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Recursive polynomial expansion of Heaviside step function is an efficient way of 
avoiding the expansive cubic scaling diagonalization in self-consistent field 
calculations. Although there are many recursive methods to compute the step function 
for matrix, they currently do not utilize the eigenvalue spectrum information of the 
input matrix. In this work, we suggest a fast evaluation method of Heaviside step 
function. We designed the 5th order polynomial to fold and stretch eigenvalue 
spectrum toward 0 or 1, and adapted line-search procedure to converge to the matrix 
step function. This algorithm can be used for 1-particle density matrix computation 
from Hamiltonian. We implemented and tested this algorithm in the development 
version of Q-CHEM to compute the density matrix for the water cluster of 32 
molecules. As a result, the new algorithm performs 2.5 times faster than the usual 
McWeeny purification method. 

 

[1] W. Liang, C. Saravanan, Y. Shao, R. Baer, A. T. Bell, and M. Head-Gordon, J. 
Chem. Phys. 119, 4117 (2003).  

[2] A. Niklasson, Phys. Rev. B 66, 1 (2002). 

[3] Y. Shao, C. Saravanan, M. Head-Gordon, and C. a. White, J. Chem. Phys. 118, 
6144 (2003). 

[4] R. McWeeny, Rev. Mod. Phys. 32, 335 (1960). 

[5] E. H. Rubensson, J. Chem. Theory Comput. 7, 1233 (2011). 

[6] J. Kim and Y. Jung, J. Chem. Theory Comput. 7, 3853 (2011). 

[7] R. Pino, Chem. Phys. Lett. 360, 117 (2002). 
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For design of high figure-of-merit thermoelectric materials, it is important to reduce 

thermal conductivity (ᴋ), and evaluating the ᴋ from the theoretical point of view is an 
efficient as well as cost-effective approach for the material design. As the device size 
scales down, its size-dependence becomes unable to be neglected. We calculated 
lattice thermal conductivity (ᴋ) of silicon nanowires (SiNWs) using large-scale 
classical molecular dynamics simulations and the Boltzmann transport equation 
(BTE) approaches. The BTE is solved with a novel frequency-dependent relaxation 
time approximation. It is found that the calculated lattice thermal conductivities in the 
BTE are in good agreement with the values obtained in the NEMD results [1-3]. Li et 
al. measured the ᴋ of suspended SiNWs, and it showed that the ᴋ of SiNWs is more 
than two orders of magnitude lower than the bulk value and the cross-sectional size-
effect on ᴋ becomes more obvious as decreasing the diameter of samples [4]. Here, 
we investigated the dependence of the ᴋ on the wire lengths (up to 400 nm) and cross-
sectional areas (up to 8.2ｘ8.2 nm2), and obtained the phonon mean free paths and 
the macroscopic diffusive thermal conductivities of SiNWs. 
 
 
[1] Qiu, B. et al., Appl. Phys. Lett. 2012, 100, 233105-4 (2012). 
[2] Pei, et al., Carbon,  49, 4752-4759 (2011). 
[3] Nose, S. J. Chem. Phys., 81, 511-519 (1984). 
[4] Li D. et al., Appl. Phys. Lett., 38, 2934-2936 (2003). 
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Silicon carbide (SiC) is attracted much attention due to its high breakdown 

strength. To fabricate a SiC-based metal-oxide-semiconductor field-effect-transistors, 
a high-quality SiC/SiO2 interface is required. Unlike Si/SiO2 interfaces, SiC/SiO2 
interfaces suffer from a large amount of interface traps such as C interstitials, C-C 
dimers, and so on. The results of secondary ion-microprobe mass spectrometer 
(SIMS) experiment indirectly prove that the most of C atoms do not remain at the 
interface after the thermal oxidation since the C signal near the interface is under the 
detection limit of the SIMS measurement [1]. On the other hand, high-resolution 
transmission electron microscopy (HRTEM) observation indicates that the SiC/SiO2 
interface is not structurally and chemically abrupt [2]. A controversial topic regarding 
the SiC/SiO2 interface is the interfacial atomic structure during the oxidation process 
of the SiC substrate.  

In this study, I investigate the oxidation process as well as the CO desorption of 
the 4H-SiC(0001) surface and 4H-SiC(0001)/SiO2 interface using first-principles 
calculations. The electronic structure calculation is carried out using RSPACE code 
[3]. I employ 4H-SiC(0001) surface model and 4H-SiC(0001)/SiO2 interface model to 
imitate initial and middle stages of oxidation, respectively. Oxygen atoms are inserted 
between Si-C bond sequentially and the energies of the CO desorption is calculated 
by removing the C atom as a form of CO from the surface and interface. The 
calculations of the formation energy reveal that the CO desorption becomes 
preferable when the number of inserted O atoms is three because the stress is relaxed 
by removing the CO molecule from the SiC/SiO2 interface.  

When C atoms are not removed as CO molecules at the SiC/SiO2 interface, the 
unoxized Si-C bond remains and buries in SiO2. I here calculate the effect of the Si-C 
bond in SiO2 and the CO desorption from SiO2. The Si-C dimer in SiO2 can be 
modeled by replacing one Si atom with one C atom, and removing one O atom 
between the C atom and the neighboring Si atom in SiO2. The energy of the CO 
desorption is -3.59eV, indicating that the CO desorption is unfavorable because the 
rearrangement of Si-O bonds costs more energy than the CO desorption. Thus, C 
atoms are immediately emitted from the interface as CO molecules and not kicked out 
from SiO2. My results agree with the conclusion obtained by SIMS [1] and disagree 
with that by HRTEM [2]. 
 
[1] K. Chatty et al., J. Electron. Mater. 28, 161 (1999). 
[2] T. Zheleva et al., Appl. Phys. Lett. 93, 022108 (2008). 
[3] K. Hirose et al., First Principles Calculations in Real-Space Formalism, (Imperial 

College, London, 2005). 
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Metal adsorbed semiconductors have attracted much interest in surface science 

because they provide useful platforms to study low-dimensional phenomena including 
phase transition. In nanowires self-assembled on the Si(111) surface undergo phase 
transition from room-temperature (RT) Si(111)In-4×1 to low-temperature Si(111)In-
8×2 at ~120K. A number of adsorbates such as Na, H, or In adatoms are known to 
decrease the critical temperature (Tc) while the O adatoms increases Tc. In order to 
understand the role of the adsorbates, one has to know the stable structures of 
adsorbates. However, In adatoms on Si(111)In-4×1 are experimentally invisible at RT 
possibly due to their fast dissusion. In this presentation, we report density-functional 
theory calculations on the In adatoms on Si(111)In-4x1. The results include stable 
adsorption sites and the corresponding adsorption energies, which are different from 
the previous theoretical results [1]. The diffusion pathways between the adsorption 
sites and the associated energy barriers will be discussed.  
     This work has been supported by the Future-based Technology Development 
Program(Nano Fields) (No. 20120006200)  and the EDISON program (No. 
2012M3C1A6035304) through the National Research Foundation of Korea(NRF) 
funded by the Korea government(MEST). The computations were performed with the 
support from the Supercomputing Center/Korea Institute of Science and Technology 
Information  (No. KSC-2013-C3-061). 
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The most remarkable advancements of electronic devices in last decades were 
enabled by persistent scaling down of the physical dimension. However, as the scale 
of transistors is reduced to less than a few nanometers, the leakage current brings a 
serious problem to the device's reliability. To overcome the leakage problem, high-k 
materials is introduced as the gate dielectrics to enhance the capacitance and block the 
leakage simultaneously. The dielectric material should have both large permittivity 
and large band gap to satisfy the condition. For example, HfO2 is considered as the 
most favored high-k material, but a higher-k material is still desired to achieve further 
enhancement of electronic devices. To find new high-k materials, we conduct a high-
throughput first-principles calculation to predict band gap and permittivity of various 
oxides. The accurate and efficient high-throughput calculation is enabled by newly-
developed automation codes which fully automate the series of delicate calculation 
methods with highly optimized manner. As a result, we calculate more than 1,800 
different structures of binary and ternary from ICSD and we make the materials map 
from the obtained property database. From the property map, we confirm that well-
known inverse correlation relationship between band gap and permittivity is roughly 
valid for most oxides. However, there are also many new candidate materials which 
show interesting material properties. Materials such as c-BeO, Na2SO4, AlO(OH) 
have large permittivity in spite of their large band gaps. Analyzing these materials, we 
discuss the origin of high k values and suggest two design rules to find unknown 
higher-k materials that can be identified in future. 
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The downscaling from the microscale to the nanoscale is challenging to 
semiconductor devices because conventional electronic devices do not work properly 
owing to quantum effects such as electron tunneling. In this situation, new materials 
and novel architectures need to be introduced. To predict how a structure or new 
material will affect the performance of future devices, it is first necessary to 
understand the electronic structures and electron transport properties of nanoscale 
systems. 
To obtain an exact theoretical knowledge on ballistic transport properties, non-

equilibrium Green’s function (NEGF) method within a tight-binding or localized 
basis set framework has been widely employed. We also developed the transport 
calculation method, overbridging boundary-matching (OBM) method[1], based on the 
real-space finite-difference approach. In both scheme, a very fine energy mesh is 
required for the precise analysis of transport property and the standard matrix-
inversion procedure requires an impratical computaional cost in case of the large 
matrix or in nanoscale structure. Therefore, there is strong need for the fast solver to 
obtain Green’s functions at many energy points. In OBM formalism, compared to 
NEGF formalism, the matrix to be inverted does 
not include the self-energy terms of electrodes, 
Green’s functions are determined by solving 
shifted linear equations in terms of the energy, 
which can be efficiently treated by employing 
shifted conjugate-orthogonal conjugate-gradient 
(SCOCG) method[2]. The essence of SCOCG 
method is that the shifted linear equation is 
solved only at single reference energy point and 
the solutions at other energy points are obtained 
with moderate computational cost using the 
information at the reference energy point. 
In the present study, we propose the procedure combining SCOCG algorithm with 

OBM method and demonstrate the applicability of this procedure for Na monowire 
and carbon nanotube peapod. Figure 1 shows the CPU time versus the number of 
energy sampling points, which indicates that the computational cost is greatly reduced 
by the present method. 
 

[1]  Y. Fujimoto and K.Hirose, Phys. Rev. B 67, 195315 (2003). 
[2]  R. Takayama, T. Hoshi, T. Sogabe, S.-L. Zhang, T. Fujiwara, Phys. Rev. B 73, 
165108 (2006). 

Fig. 1. CPU time required to calculate the  
Green’s function of Na monowires 
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Using the full potential linearized augmented plane wave (FLAPW) method, we 
investigated the magnetocrystalline anisotropy of carbon and nitrogen doped FeCo in 
the interstitial site. The impurity doping induces a tetragonal distortion in the FeCo 
lattice and both carbon and nitrogen impurities play a similar role for lattice distortion. 
The local magnetic moment of Fe atom around the impurity site was greatly reduced, 
whereas the Co had rather robust magnetic moment. We found a magnetocrystalline 
anisotropy constant of 0.65 and 0.58 MJ/m3 for C and N doped bulk FeCo and this 
was mainly due to the tetragonal distortion induced by C and N impurity, not from the 
hybridization effect with Fe or Co because no essential change in the 
magnetocrystalline anisotropy constant was found even without C and N impurity in 
lattice distorted systems. Additionally, the estimated maximum energy product and 
coercive field were 81.4, 72.5 MGOe and 600, 530 kA/m for C and N doped bulk 
FeCo, respectively. These results may imply that the interstitial C or N doped FeCo 
can be used for potential rare earth free permanent magnet although those values are 
likely to be suppressed in real samples due to micromagnetic factors. 
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 Van der Waals (vdW) force is the sum of attractive and repulsive forces between 
molecules. Its strength is well known to be very weak. However, for some cases such 
as organic or layered materials, vdW significantly affects total energies of those 
molecules. There have been many attempts to include vdW theory in density 
functional theory based programs to study these materials. However, so far there is no 
broad consensus on what kind of vdW algorithm gives how much reliable result. To 
study this vdW-related problem, we investigate some properties such as lattice 
constant, bulk modulus, and cohesive energy of bulk solids with body-centered cubic 
(BCC), face-centered cubic (FCC) and diamond structures using various vdW 
algorithms embedded in the VASP program. These results will provide significant 
information for the vdW-related research. 
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Hydrogen has been viewed as a clean energy carrier that could replace traditional 
energy resources such as fossil fuels, particularly for transportation applications 
including hydrogen fuel cell vehicles. The search for new hydrogen storage materials 
is currently receiving great attention from the science community [1]. Porous 
materials for hydrogen storage that can withstand tough demands of automotive 
applications are possible candidates [2]. The hydrogen storage capacity of Sc, Ti 
decorated boron doped Tetrahedral Silsesquioxane Frameworks (TSF) have been 
studied using first principle calculations. It is found that boron substitution on metal 
decorated TSF enhances the adsorption energy of transition metals on TSF. The 
maximum adsorption of five and four hydrogen molecules on individual Sc and Ti 
atom corresponds to gravimetric density of 6.67 and 5.56 wt %, respectively. Both 
proposed Tetrahedral Silsesquioxane Frameworks meet the 2015 target (5.5 wt %) set 
by U. S. Department of Energy. Free energy calculations were also carried out to 
estimate the working temperature for hydrogen storage using TSF.  
 
 
 
 

 

 

 

 

 

Ti-B-TSF 
 
References: 

[1] Louis Schlapbach Nature. 2001, 414, 353-358.  
[2] Julian Sculley, Daqiang Yuan and Hong-Cai Zhou  Energy Environ. Sci., 2011, 4, 
2721–2735. 
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TiO2 has been extensively studied for photocatalyst application. Pure TiO2 has low 
light absorption since it has a large band gap, 3.2 eV. To absorb long wavelength light 
more efficiently, chemical doping have been used to reduce band gap. However, the 
reduced band gap decreases the driving forces of photocatalytic oxidation and 
reduction reactions, resulting in reduced photocatalytic efficiency. To keep the high 
driving forces as well as to absorb long wavelength light, we studied two dimensional 
TiO2 nanosheets which has a wider band gap than bulk one due to quantum 
confinement effect while the TiO2 nanosheets are codoped by transition metal and 
halide ions. GGA-PBE+U scheme was used in this study. We found an intermediate 
state in the Fe-F codoped TiO2 nanosheets. The intermediate state allows the long 
wave light absorption through successive absorptions: from VBM to the intermediate 
state and from intermediate state to CBM. This intermediate band enables TiO2 
nanosheets to absorb long wavelength light while keeping the driving forces high. We 
propose that this intermediate band of codoped nanosheets enhances photocatalytic 
efficiency via band structure modification. 
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Carbon nanotubes (CNT)-metal contacts play an important role in nanoelectronics 
applications such as field-effect transistor (FET) devices. Using Al and (10,0) CNT, 
we have recently showed that the CNT-metal contacts mediated via topological 
defects within CNT exhibits intrinsically low contact resistance, thanks to the 
preservation of the sp2 bonding network at the metal-CNT contacts [1]. It is well-
established that metals with good wetting property such as Pd consistently yield good 
contacts to both metallic and semiconducting CNTs. In this work, the electronic and 
charge transport properties of the interfaces between capped CNT and Pd will be 
investigated based on first-principles computations and compared with previous 
results obtained for the Al electrodes. 

 

[1] H. S. Kim, H. S. Kim, G. I. Lee, J. K. Kang, and Y.-H. Kim. MRS 
Communications 2, 91–96 (2012). 
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 We have developed the quasiparticle self-consistent GW method based on a 
recently developed mixed basis all-electron full-potential method (the PMT 
method)[1], which uses the augmented plane waves (APWs) and the highly localized 
muffin-tin orbitals (MTOs) simultaneously [2,3]. We call this PMT-QSGW. Because 
of the two kinds of augmented bases in the PMT method, we have efficient 
description of one-particle eigenfunctions in materials with minimum number of basis 
functions. In QSGW, we have to treat a static non-local exchange-correlation 
potential, which is generated from the self-energy. We expand the potential in the 
highly localized MTOs. This allows us to make stable interpolation of the self-energy 
in the whole Brillouin zone. In addition, we have improved the offset-Gamma method 
for the Brillouin zone integration, so that we take into account the anisotropy of the 
screened Coulomb interaction in the calculation of the self-energy.  
 The PMT-QSGW method allows us to apply QSGW to wide-range of 
materials. We will show recent results by the PMT-QSGW methods, especially for 
atoms, molecules, and slab models in  supercells. 
 

[1] T.Kotani, J. Phys. Soc. Jpn 83 094711(2014).  

      Available from https://github.com/tkotani/ecalj/ 

[2] T. Kotani and H. Kino,  J. Phys. Soc. Jpn 82, 124714(2013). 

[3] T. Kotani and M. van Schilfgaarde,  Phys. Rev. B81, 125117(2010). 
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 Recently, colloidal quantum dots have been attracted much attension for 
optoelectronic and photovoltaic applications. Especially, lead chalcogenide (PbX, 
where X = S, Se) colloidal quantum dots (QDs) are central materials for next-
generation photovoltacis due to suitable band-gap and large Bohr radius. However, 
PbX QDs are unstable in ambient condition by surface oxidation. Thus, an imporving 
of air-stability on PbX QDs is very important issues for low-cost, high-efficiency 
QDs photovoltaic applications. 
 Recent IR-Vis absorption spectra and X-ray photoemission spectroscopy analysis 
show that oleate-passivated PbS QDs smaller than 3 nm are air-stable but larger than 
3 nm are unstable. To find an origin of size-dependent air-stability on PbS QDs, we 
calculated the surface energies of (100), (111), and ligand (formate, acetate, 
nonanoate, and oleate)-passivated Pb-rich (111) surface based on first-principles 
density functional theory (DFT) calculations. The calculated surface energies showed 
that while formate and acetate-passivated Pb-rich (111) surface is more stable than 
(100) surface, oleate-passivated Pb-rich (111) surface is more unstable than (100) 
surface. However, ultrasmall PbS QDs, of which shape is oleate-passivated Pb-rich 
(111)-octahedron, are more stable than (100) surface by stabilizing the steric 
hindrance of ligands by curved nanostructures. It indicated that the shape of PbS QDs 
is dependent on the steric hindrance of ligands because surface energy of QDs is 
strongly affected by steric hendrance among the capping ligands. Thus, from 
experiment and calculation results, we propose that the origin of size-dependent air-
stability on PbS QDs is attributed to shape transition from (111) octahedron to 
(111)/(100) cuboctahedron because oleate-passivated (111) surface is less prone to 
oxidation than uncovered (100) surface [1]. Based on our findings, we also propose 
that the uncovered (100) surface can be stabilized by covering Pb halide adlayers [2]. 

 

[1] H. Choi, J.-H. Ko, Y.-H. Kim, and S. Jeong, J. Am. Chem. Soc. 135, 5278 (2013). 

[2] J. Y. Woo, J.-H. Ko, J. H. Song, K. Kim, H. Choi, Y.-H. Kim, D. C. Lee, and S. 
Jeong, J. Am. Chem. Soc. 136, 8883 (2014). 
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Characters of oxygen vacancy in oxide materials mainly affects performances of 
variety of applications: it can be a recombination center in energy devices, an electron 
donor in electronic devices, or can intermediate oxygen transport in ionic conductors. 
We can contribute to utilizing the materials for the applications as we identify 
properties of oxygen vacancies and understand the behavior. We can carefully study 
the vacancies by conducting first-principles calculation, but it is challenging for high-
throughput approach due to complexity of defect calculation. To conduct systematic 
calculation for oxygen vacancies in various oxides, we develop a delicate code to 
automatically generate models of oxygen vacancies in each material, calculate the 
model, correct cell-size errors, and extract main figures of defect properties. 

 

New algorithm finds the smallest size of periodic supercell keeping distance between 
defect and periodic images of the defect larger than 10 Å to avoid serious spurious 
interaction. Then, it calculates every possible oxygen vacancy configurations in the 
structure. We target most binary oxides which are the most stable phases at 0 K 
among the polymorphs. Assuming defect level universality, eigenvalues of defect 
levels are estimated with respect to band gap from HSE calculation which describes 
band gap similarly to experimental one, even though we uses GGA functional for 
efficiency to calculate defective cell which underestimates band gap. The eigenvalue 
of defect level approximately predicts charge transition level of the defects. Then, we 
examine the stabilities of the oxides comparing enthalpy of formation. Finally, we 
search candidate materials suitable for the application of solid oxide fuel cell (SOFC) 
for which low formation energies and the deep characters of oxygen vacancies are 
needed, while considering that the stability of a material is an essential factor, even 
though formation energy of oxygen vacancy and stability of the material are usually 
show the opposite trends. Detailed analysis on thermodynamics of oxygen vacancies 
and the relations to the other properties will be also discussed. 
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The physical properties of curved zigzag graphene nanoribbons without hydrogen 
atoms are investigated using the density functional within the generalized gradient 
approximations. The electronic and magnetic properties such as the band structure, 
band gap and the magnetic moment, etc. are dominated by the curvature, spin 
arrangements, and ribbon widths. The increasing of the ribbon curvature leads to 
drastic changes in its electronic structures. A semiconductor-metal transition was 
found during the process of a zigazag ribbon been curved to a carbon nanotube. The 
magnitude of the magnetic moment of the edge atom gradually grows increasing with 
the curvature. Interestingly, the magnetic moment quickly reduces to zero for 
curvature more than the critical value, because of the strong interaction between the 
atoms of oppsite edges. It reveals that unzipping an armchair-edge carbon nanotube is 
not difficult from analyzing the total energy of the curved graphene ribbons. These 
reults will be helpful for the sythesis of graphene nanoribbon and carbon nanotube. 
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Dynamical Mean Field Theory (DMFT) is an approximation that is used to describe 
strongly correlated system. It substitutes an interacting lattice system with an impurity 
in a non-interacting bath. Continuous-Time Quantum Monte Carlo (CT-QMC) is a 
widely used method to solve this mapped system. We implemented DMFT with CT-
QMC as an impurity solver and tested this by studying known systems such as 
infinite dimensional Bethe lattice. This work is supported by the NRF of Korea 
(Grant No.2011-0018306). Computational resources have been provided by KISTI 
Supercomputing Center (Project No. KSC-2013-C3-062) 
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A topological insulator (TI) hosts the topologically protected metallic surface states 
on its boundaries between inner insulating bulk and outer vacuum, and manipulations 
of its exotic states lead to various interesting phenomena such as quantum anomalous 
Hall effectsand topological magneto-electric couplings. Most studies hitherto have 
been limited to a specific facet of three-dimensional TI crystals without considering 
the existence of other surface states on adjacent facets. However, topological surface 
states of a single TI crystal can exist on all the surfaces with different crystal 
orientations enclosing the crystal, and mutual interactions among those contiguous to 
each other through edges have not yet been examined well. Here we show, based on 
first-principles electronic structure calculations as well as the theory of the axion 
electrodynamics, that a net magnetic ordering should be induced on edges between 
different facets of the three-dimensional TI crystal. In a prototypical TI such as Bi2Se3, 
the difference in the work function between different crystal-face orientations 
generates a built-in electric field around facet edges so that the lines of effective 
magnetic dipoles accumulate at those edges for a given broken time-reversal 
symmetry. The predicted magnetic ordering depending only on the work function 
differences between facets would be a unique manifestation of the axion 
electrodynamics in real solids and suggests a route to reveal novel electric and 
magnetic properties of macroscopic topological edge states of a TI. 
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Graphene is a potential candidate for channel materials of field effect transistors 
(FETs) because of their high carrier mobility and good thermal conductivity. However, 
graphene has no band gap, which poses a serious problem for its application to FET 
technology. Recently, graphenes with a high-density array of nanoscale holes, which 
are called graphene nanomeshes (GNMs), are attracting much attention as a possible 
candidate to overcome the above problem [1].  
 
In this study, we have systematically investigated the electronic structures of GNMs 
with periodic array of triangular nanomeshes as illustrated in Fig. 1 by first principles 
calculation based on the density functional theory. In particular, we have investigated 
how the band gap and the effective mass of GNMs change with increasing the neck 
widths Nx and Ny between neighboring nanomeshes. We found that the Nx dependence 
of band gap falls into three categories based on Ny =6m+3, 6m+5 and 6m+7, where 
m=integer, and the band gap decreases with Nx for any Ny. Underlying physics of 
these behaviors will be discussed in the presentation. 
 

 
Fig. 1. Structure of GNM with triangle-shaped holes 

 

[1] R. Sako, et al., J. Appl. Phys. 113, 143702 (2013) 
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We have explored the thermoelectric (TE) properties of layered [GeTe]m[Bi2Te3]n 
(GBT) compounds with varying their compositions (m=1~8, n=1~3), using first 
principle density functional theory calculations and Boltzmann transport theory. 
Compared to Bi2Te3, GBT shows strong peak in density of states near +0.4eV and -
0.3eV coming from tensile effect of GBT and Ge s-orbital, respectively. Also, Bi2Te3 
bands near Fermi level become 2D like with increasing GeTe ratio. These flat bands 
along z-direction abnormally shift origin of Seebeck coefficient along z-direction to 
positive energy direction and dramatically increases Seebeck coefficients values. 
While broad Seebeck coefficients curve along z-direction becomes larger and sharper 
as ratio of GeTe increases, GBT with m=3~4 shows largest Seebeck coefficients 
around +0.4eV. Therefore, large power factor could be obtained for the electron 
doped GBT with m=3~4 along z-direction. 
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Using the DFT-D2 van der Waals density functional theory method, we have 
investigated thickness dependent optical properties for polarized light in multilayer 
BN/graphene/BN structures by changing the stacking order. It has been found that the 
optical properties of multilayers are strongly subjective of the polarization of the light, 
whereas no meaningful dependence of the thickness and stacking order is observed. 
At infrared frequency, a high refractive index is found in parallel polarization and it is 
suppressed with increasing the frequency, while it is almost constant for 
perpendicular polarization. A huge reflectivity is also found at infrared frequency in 3 
and 4 monolayers (MLs)  films for parallel polarization, whereas it become almost  
constant in perpendicular polarization. In addition, the frequency dependent optical 
conductivity is found in parallel polarization, but it vanishes for perpendicular 
polarization. 
 
(This research was supported by Basic Science Research Program through the 
National Research Foundation of Korea (NRF) funded by the Ministry of Education, 
Science and Technology (No. 2013R1A1A2006071)) 

 
 



 

89 
 

[Poster: MON-48] 
 

Symmetric tensor decomposition-configuration interaction 
method applied to BeH2 

 
Shusuke Kasamatsu, Wataru Uemura, and Osamu Sugino 

 
The Institute for Solid State Physics, The University to Tokyo 

5-1-5 Kashiwanoha, Kashiwa-shi, Chiba, Japan 
email: kasamatsu@issp.u-tokyo.ac.jp 

 
The configuration interaction (CI) is a straightforward approach to describing 
interacting fermions. However, its application is hampered by the non-polynomially 
increasing computational time and memory requirements with the system size. To 
overcome this problem, we have been developing a variational method based on the 
canonical decomposition of the full-CI coefficients, which we call the symmetric 
tensor decomposition (STD)-CI [1]. The applicability of STD-CI was tested for 
simple molecular systems, but here we test it using a more stringent benchmark 
system, i.e., the extraction of Be from BeH2. The Be + H2 system is known for strong 
configurational degeneracy along the extraction pathway and has been used for assessing a 
method’s capability to treat correlated systems. 
 
The figure shows the total energy along the extraction pathway from the stable 
structure of BeH2 (A) to the completely separated Be + H2 system (I). Compared to 
the Hartree-Fock method, the energies obtained using STD-CI is much closer to the 
full CI results using the same basis set. However, near the middle of the extraction 
pathway, the STD-CI energies are lower than those obtained using full CI. This may 
be due to the spin symmetry that has not been taken into account in our current STD-
CI formalism. 

 

 
 

[1] W. Uemura and O. Sugino, Phys. Rev. Lett. 109, 253001 (2012). 

Figure:  
The energy along the 
pathway of Be extraction 
from BeH2. Results are 
shown for full CI (FCI), 
STD-CI with tensor rank 
K=1, STD-CI with K=2, 
and Hartree-Fock (HF). 
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We perform first-principles density-functional calculations to study the spin-orbit-
induced spin splitting in MoS2-WSe2 layered structures. We determine the lattice 
constants of the structures and the distance between the MoS2 and WSe2 layers by 
minimizing the total energy. We calculate the band structures near Fermi level and 
analyze effects of the spin-orbit interaction on the electronic structures quantitatively 
as well as qualitatively. We obtain doping effects on the electronic structures in the 
MoS2-WSe2 layered structures and discuss their transport properties and device 
prospects. This work was supported by NRF of KOREA (Grant No. 2011-0018306) 
and KISTI supercomputing center (Project No. KSC-2013-C3-062). 
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 In the 1985, William et al. synthesized and determined the sheelite-type 
KOsO4.[1] Recently, some physical properties of KOsO4 have been investigated by 
Yamaura et al. Both the susceptibility and specific heat measurement indicate that 
KOsO4 shows antiferromagnetic (AFM) ordering at TN = 37K. The measured 
effective moment (Meff  = 1.44uB) is 20% reduced value from the spin-only value for 
S=1/2, implying a large spin - orbit coupling (SOC). They also suggested for the 
KOsO4 to be insulating ground state and to show magnetic frustrations. However, the 
latter does not seem to be feasible, since the frustration factor ( |θCW| / TN ≈ 1.8 ) of 
the KOsO4 is small. We perform ab-initio calculations to illuminate the electronic and 
magnetic structures in the KOsO4. Correlation effects, which open the energy gap at 
Uc =1.2eV, substantially enhance the magnetic anisotropy and relieve the possibility 
of the frustration. Our calculations including both correlation and SOC effects 
indicate that the ground state is AFM with the [100] easy axis. Remarkably, in 
contrast to the conventional wisdom for the eg manifold, KOsO4 with a eg

1 
configuration shows substantially large orbital moment ( 0.2uB / Os ), a half of that of 
the spin moment in the easy axis, whereas that is tiny in the [001] direction. Our 
findings indicate that this system is a good example to show strong interplay between 
large SOC and strong correlation. We have interpreted this phenomenon using 
Wannier function approaches and analyzing occupation matrices. 
 
[1] William Levason, Mahmoud Tajik and Michael Webster, J. Chem. Soc., Dalton 
Trans., 1735-1736(1985) 
[2] Young-Joon Song, Kyo-Hoon Ahn, K.-W. Lee, W. E. Pickett, 
arXiv:1408.4078(2014) 
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Photoinduced charge-transfer excitation (CTE) plays a crucial role in the organic 

solar photovoltaics. Time-dependent density functional theory (TDDFT) is a standard 
tool for studying electronic excited states, however, it severely underestimates the 
CTE energy, with the use of traditional functionals like local density approximation 
(LDA). On the other hand, the delta self-consistent field (ΔSCF) method has shown to 
give good results for the CTE energy and thus effort has been made to reconcile the 
ΔSCF and TDDFT approaches for the study of CTE [1, 2]. Nevertheless, the ΔSCF 
calculations of CTE often lead to variational collapse and cannot be converged in 
most cases, as discussed in many literatures. 
 
In this study, we solve the convergence problem of the ΔSCF method by 

implementing a perturbative DFT approach [3]. The initial configuration of the CTE 
state can be constructed from the ground state just changing the occupation, and the 
perturbed Hamiltonian is expressed as the difference of the Hamiltonian of ground 
and excited states: ΔH=α(H[excited]-H[ground]) with a variational parameter α. Then 
we update the wave functions by the perturbed ones. Also, we search a value of α 
which gives the minimum total energy. We implement this method to the first 
principles calculation program ABINIT [4], within the planewave pseudopotential 
framework. This is different from that in the literature, which was an all-electron 
atomic-orbital implementation. We calculated the systems for which ΔSCF 
calculations are converged and compared our results with those of ΔSCF. Then we 
use our perturbative method to calculate CTEs for which ΔSCF calculation are not 
converged and compare with the experiments. More details on the results will be 
discussed in the presentation. 

 

[1] E. Runge and E. K. U. Gross, Phys. Rev. Lett. 52, 997 (1984). 

[2] M. E. Casida, and M. Huix-Rotllant, Annu. Rev. Phys. Chem. 63, 287 (2012).  
[3] T. Baruah, M. Olguin, and R. R. Zope, J. Chem. Phys. 137, 084316 (2012). 
[4] X. Gonze et al., Comput. Phys. Commun. 180, 2582 (2009) 
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The effect of charge puddle of graphene on SiO2 substrate is considered to be an 

important and controversial topic among researchers in graphene community. The 
mobility of graphene on substrate can be dramatically enhanced if the effect of charge 
puddle is better understood. In this study, using density functional theory, we have 
calculated the electronic structures of two models: graphene on amorphous SiO2 and 
self-assembled monolayer of HTC on graphene/SiO2 substrate. We expect that this 
study will provide great insight on this matter. 



 

94 
 

[Poster: TUE-04] 
 

Phase Changes and Metal-Insulator Transitions in Single-
Layers of Transition Metal Dichalcogenides  

 
Seoung-Hun Kang and Young-Kyun Kwon 

 
Department of Physics and Research Institute for Basic Sciences, Kyung Hee 

University, Seoul, Korea 
email: ykkwon@khu.ac.kr 

 
we study the structural and electronic properties of MX2 (M=Ti, V, Cr, Zr, Nb, Mo, 

Hf, Ta, and W; X=S and Se). Since there are two geometrically possible phases, 
octahedral T and trigonal 2H phases, we investigate their relative stabilities for each 
compound. It is discovered that the equilibrium configurations of MX2 with M in the 
III-group (Ti, Zr, Hf) and in the V-group (Mo, Zr, Hf) are T and 2H phases, 
respectively. On the other hand, the compounds with M in the IV-group (V, Nb, Ta) 
can be in either phase with almost the same total energy. Using the nudged elastic 
band method, we calculate the activation energy barrier between two phases for every 
compound at various lattice constants. Based on these results, we find that the phase 
transition can be activated by applying compressive or tensile strain. Our electronic 
structure calculations under applied strain also reveal that metal-insulator trasitions 
can be induced in tandem with structural phase transitions in several compounds. 
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Nitrogen-doped graphene (N-graphene) has important implications in graphene-based 
devices and catalysts. Nitrogen incorporation into graphene via post-synthetic 
treatment is likely to induce non-negligible amount of defects and bond disorders and 
the resulting nitrogen content is usually dominated by graphitic N and pyridinic N. To 
understand the kinetic stability of doped N and the effect of doped N on the self-
healing of monovacancy in graphene, we have extended our previous density 
functional theory calculations [1-3] to study the adsorption and migration of adsorbed 
C atom on undoped and N-doped graphene with and without a monovacancy (MV). 
The effect of N doping on the migration of a MV in graphene is also studied. Our 
results show that the doped N leads to a significant increase in the energy barrier for 
the migration of adsorbed C atom on defect-free graphene but a small decrease for the 
one on defective graphene with MV. In contrast to the case of a graphitic N doped in 
the vicinity of MV, a pyridinic N doped at MV leads to an increase in the energy 
barrier for the migration of MV. These results indicate that the doped graphitic N 
would suppress the migration of adsorbed C atom on defect-free graphene but it 
would enhance the migration of MV. Our results suggests that the graphitic N doped 
in the vicinity of MV is kinetically unstable and it could be transformed into a 
pyridinic N due to the migration of MV when N-graphene is through high-
temperature annealing. The presence of C adatom would repair the vacancy of 
defective graphene with MV even after N doping. These findings would shed insight 
into the understanding of the chemistry of imperfections in N-graphene, particularly 
for the conversion between pyridinic N and graphitic N. 
 
This work was performed under Project No.10000829-0 at the New Energy and 
Industrial Technology Development Organization (NEDO). 

 
[1] Zhufeng Hou, Xianlong Wang, Takashi Ikeda, Kiyoyuki Terakura, Masaharu 
Oshima, Masa-aki Kakimoto, and Seizo Miyata, Phys. Rev. B 85, 165439 (2012). 
[2] Zhufeng Hou, Xianlong Wang, Takashi Ikeda, Kiyoyuki Terakura, Masaharu 
Oshima, and Masa-aki Kakimoto, Phys. Rev. B. 87, 165401 (2013). 
[3] Zhufeng Hou, Da-Jun Shu, Guo-Liang Chai, Takashi Ikeda, and Kiyoyuki 
Terakura, J. Phys. Chem. C, 118, 19795–19805 (2014). 
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In first-principles study of charged defects, a supercell geometry is commonly used 
to calculate the formation energy, with periodic boundary conditions. However, due 
to spurious interactions between the charged defect and its images, large errors arise 
in the formation energy. Because of the long-range nature of Coulomb interaction, it 
is generally difficult to obtain the converged energy by increasing the supercell size. 
One can achieve the numerical convergence by adding a correction to the spurious 
electrostatic interaction. For bulk and slab systems, the correction schemes have been 
proposed. However, these schemes are ineffective for complex systems such as 
nanowires. 

In this work, we develop a theoretical scheme to estimate the spurious electrostatic 
energy that results from the periodic images of charged defect in one-dimensional 
systems. We drive the dielectric permittivity in the supercell, which is composed of 
silicon nanowire and vacuum, and calculate the defect charge distribution for various 
defects from first-principles. With finite-size supercell corrections, the formation 
energies of charged P and B impurities converge rapidly with the supercell size, while 
the uncorrected energies require very large supercells to achieve the sufficiently 
converged values. The charge transition levels of a surface dangling bond also exhibit 
rapid convergence, demonstrating that our method is applicable to a variety of defects 
in complex systems.  
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We theorectically investigated applications of two-dimensional materials to the 
hydrogen evolution reaction, which are important in clean sustainable energies, 
electrodeposition and corrosion of metals in acids. Other than electronic devices, two-
dimensional materials are promising in catalytic applications, thanks to their large 
surface area to volume ratio and relatively tunable electronic properties. Hydrogen 
atoms can be adsorbed onto two-dimensional materials, and further combine with 
other adsorbed hydrogen atoms or protons in acids to form hydrogen molecules. 
Using first-principles calculations, we were able to calculate Gibbs free energy 
differences between the intermediate adsorbed-hydrogen-atom state and the final free-
hydrogen-molecule state. Our analysis on density of states sheds light on the 
adsorption mechanism. Accordingly, we proposed several 2D materials for hydrogen 
evolution reaction. These proposed materials are readily available and hence are of 
immediate experimental relevance. 
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Based on first-principles density functional theory, we investigate the thermal 
expansion behaviors of α, β and γ-graphyne, which is sp and sp2 hybridized carbon 
system in two-dimensional hexagonal lattice. Quasi-harmonic approximation is 
employed to calculate Gibbs free energy of each system for different temperature, 
which can obtain its temperature-dependent area variation. We found that α, β and γ-
graphyne sheets shrink with temperature up to T>500 K similar to other two-
dimensional layered systems such as graphene. Their thermal contraction of also can 
be explained by the ripple effect like that of graphene. However, ripple effect is 
inadequate to explain that thermal expansion of graphyne is larger than that of 
graphene. To identify the major cause of their anomalously huge thermal contraction, 
we scrutinize the phonon modes of three types of graphyne and found that there are 
exclusive phonon modes having a few hundreds of cm-1 that may make huge thermal 
constraction of graphyne. These modes are equal to libration of “rigid units” 
surrounded by sp2-bonds. Such modes are named by “rigid unit modes” (RUMs) the 
same as RUMs known to be responsible for thermal contraction in a few metal oxides 
composed of rigid polyhedra such as MO6, where M is metal cation. 
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Amorphous indium-gallium-zinc oxide (a-IGZO) semiconductors have attracted 

much attention because it is considered as the replacement of amorphous Si in high 
performance thin film transistors (TFTs). In addition, a-IGZO has been the subject of 
extensive studies, due to its superior properties such as large band gaps, intrinsic 
conductivity, uniform film growth, and high mobility. However, experiments have 
shown that a high density of defects, such as O-vacancy, O interstitial, and hydrogen, 
hinders the application of oxide TFTs due to device instability under various stress 
conditions. In our previous work, O-vacancy defects were suggested to be responsible 
for the device instability under negative bias illumination stress (NBIS). The NBIS 
instability was shown to be mitigated by hydrogenation. On the other hand, there is 
no systematic study for the origin of instability under positive bias stress (PBS).  

In this work, we investigate the electronic properties of O interstitials in a-IGZO 
and the role of these defects in the PBS instability. We perform hybrid density 
functional calculations within the density functional theory framework. The atomic 
and electronic strucures of an O interstitial depend on its charge state. In the neutral 
state, an O-O dimer is energetically more favorable, whereas the O-O dimer is easily 
broken by capturing electrons. We calculate the energy barrier for electron capture by 
a neutral O interstitial and find good agreement with the measured values. Based on 
the results, we suggest that O intersititials play a role in the PBS instability.  
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We study the electronic structure and the room-temperature thermoelectric 
propterites of the Bi2Te3/MoS2 superlattice by using density functional theory and 
Boltzmann transport equations. The calculation shows that, unlike the case of free-
standing Bi2Te3 thin film, the Dirac-cone surface states exist when each Bi2Te3 layer 
is composed of only one quintuple layer. The existence of the Dirac-cone surface 
states causes significant electrical conductivity in the in-plane direction when the 
material is intrinsic. In this case, the electrical conductivity in the cross-plane 
direction is several orders of  magnitude smaller than that in the  in-plane direction.  
 

The electrical conductivity, the Seebeck coefficient and hence the power factor 
as functions of donor and acceptor concentrations are calculated in the constant 
relaxation-time approximation. We find the power factor in the cross-plane (in-plane) 
direction in the n-type material is genrally higher (lower) than that in the p-type 
material. The maximum power factor in the cross-plane direction can be larger than 
that of the Bi2Te3. Here the relaxation time is set as 10 fs, which is much smaller than 
that of  the Bi2Te3 and that of the MoS2 [1, 2].  
 

The Bi2Te3/MoS2 superlattice could be one of the most prospective 
themoelectric material because its thmeral conductivity could be much smaller than 
that of the Bi2Te3 due to the large diference in the magnitude of the atomic masses 
between the Bi (Te) and the Mo (S) atoms. As a result, the figure of merit of the 
Bi2Te3/MoS2 superlattice could be much larger than that of the Bi2Te3. 
 
[1] X. Luo, M. B. Sullivan and S. Y. Quek, Phys Rev B 86 184111 (2012). 
[2] K. Kaasbjerg, K. S. Thygesen and K. W. Jacobsen, Phys Rev B 85 115317 (2012). 
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Platinum (Pt) is by far one of the most industrially important (yet scarce and 
expensive) electrocatalysts. Current Pt-based electrocatalysts are plagued with two 
major drawbacks: low (long-term) material durability, as well as the high cost of Pt 
itself [1]. It is thus one of the “holy grails” of Pt-based fuel cell research-and-
development to overcome these bottlenecks, and one promising way would be to 
replace the current carbon-based support with a more durable (yet conductive) 
material (e.g. TiN). Combining this with the increasing-popular concept of single-
atom nanocatalysis [2] (for both Pt- and non-Pt-based systems), it is believe that one 
might be in the right direction to mitigate these problems. Here, inspired by some 
recent experiments and theoretical calculations [1-4], we report our recent discoveries 
about  Pt nanoskin catalyst on TiN(100) surface. We found that Pt layers don't 
naturally stablized on clean TiN surface. Although it was less stable than single atom 
model, Pt nanoskin on TiN surface with N vacancies were energetically favorable 
under N-lean condition. This phenomena could be explain by strong interaction 
between platinum atoms which lowers binding energy of whole system and also can 
be explained by strong electronic metal-support interaction  occuring between Pt 
nanoskin and TiN surface. 
 
[1] D. J. Ham and J. S. Lee, Energies, 2, 873 (2009). 
[2] B. T. Qiao et al., Nature Chem., 8, 634 (2011). 
[3] R. Q. Zhang et al., Phys. Chem. Chem. Phys., 14, 16552 (2012). 
[4] R. Q. Zhang et al., Phys. Chem. Chem. Phys., 15, 19450 (2013). 
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Currently, the large scale commercial applications of the proton exchange 
membrane fuel cell (PEMFC) are hindered by high cost of Pt used at cathode. The 
inexpensive carbon alloy catalysts (CACs) are the most promising catalysts to 
substitute Pt-based catalysts because of their good performance for oxygen reduction 
reaction (ORR) at cathode. There are mainly two reaction pathways of ORR at the 
cathode, that is, direct four-electron ORR and two-plus-two electron ORR[1]. The 
direct four-electron ORR is extensively investigated compared with the two-plus-two 
electron ORR, although the CACs always have much higher H2O2 production than Pt 
catalysts. The mechanisms and active sites for the two-electron process of the H2O2 
formation on CACs are not clear till now.    

The H2O2 formation in a fuel cell is thought to proceed via the O2 adsorption at the 
catalytic site for the metal based catalysts. However, we propose two different 
mechanisms for graphene based catalysts in this study.  Both mechanisms do not 
involve the O2 adsorption.  Instead, O2 approaches the edge H and forms either an 
OOH- ion or an OOH radical which are further reduced to H2O2. Several structures 
are screened by first principles calculations to search for the active sites for these 
mechanisms. The results indicate that the barriers for the abstraction of the edge H by 
the approaching O2 can be significantly small for some types of B or N doped 
graphene edges. The calculated limiting potentials for the H2O2 formation accord well 
with experimental results[2-4], which supports the possibility of these mechanisms. 
These findings provide useful insight into the two-electron oxygen reduction reaction 
(ORR) in the fuel cell with the carbon based cathode catalysts.  

This work was performed under Project No. 10000829-0 of NEDO. 
[1] F. Jaouen, J.-P. Dodelet, J. Phys. Chem. C, 113, 15422 (2009). 
[2] Y. Nabae, M. Malon, S. M. Lyth, S. Moriya, K. Matsubayashi, N. M. Islam, S. 
Kuroki, M. Kakimoto and S. Miyata, ECS Trans. 25, 463 (2009). 
[3] T. Fellinger, F. Hasche, P. Strasser, M. Antonietti, J. Am. Chem. Soc., 134, 4072 
(2012). 
[4] S. Siahrostami et al.,  Nat. Mater., 12, 1137 (2013). 
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Synthesis of a half metallic material on a substrate is highly desirable for diverse 
applications. Herein, wehave investigated structural, adsorptive, and magnetic 
properties of metal free graphitic carbon nitride(g-C4N3) layer on hexagonal BN layer 
(h-BN) using the optB88-vdW van der Waals density functionaltheory. It is found 
that g-C4N3 layer can be adsorbed on BN layer due to the change of lattice constant of 
thehybridized system. The newly found lattice constant of g-C4N3 was 9.89 Å which 
is approximately 2% lowerand larger than to those of free standing BN and g-C4N3, 
respectively. Also, 2 3 2 surface reconstructiongeometry predicted in free standing g-
C4N3 layer disappears on the BN layer. Interestingly, we have foundthat metal free 
half metallic behavior in g-C4N3 can be preserved even on BN layer and the 
characters of spinpolarized planar orbitals suggest that our theoretical prediction can 
be verified using normal incidence of K-edge X-ray magnetic circular dichroism 
(XMCD) measurement. 
 
This research was supported by Basic Science Research Program through the 
National Research Foundation of Korea (NRF) funded by the Ministry of Education, 
Science and Technology (No. 2013R1A1A2006071). 
 
[1] A. Hashmi and J. Hong, Sci. Rep. 4, (2014) 
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In recent years, with silicon-based field-effect transistor (FET) technology 
approaching its limits, semiconductor manufacturers have been searching for the non-
silicon based materials that have high mobility charge carriers to replace the current 
silicon-based transistor channel [1]. Among various candidate materials, Ge has been 
attracting a lot of research interest due to its low band gap (0.67eV) and high carrier 
mobility [2]. However, the poor oxide properties have hindered the practical use of 
Ge. Therefore, controlling the quality of interface layer between germanium and gate 
dielectric will be critically important for application of Ge in new generation 
transistors. 

In this study, we perform the ab-initio calculations of the effects of the oxygen 
adatoms on various Ge surfaces. The atomic structures and electronic properties of 
germanium surfaces are determined. A detailed knowledge on the reaction of oxygen 
with Ge surface may provide the way toward a more effective device surface 
configuration. 

 
   

References 
[1] Ravi Pillarisetty, “Academic and industry research progress in germanium 

nanodevices, ” Nature, vol. 479, pp. 324–328, November 2011. 
[2] Martin M. Franka, Yu Zhua, Stephen W. Bedella, Takashi Andoa and Vijay 

Narayanana, “Gate Stacks for Silicon, Silicon Germanium, and III-V Channel 
MOSFETs,” ECS Trans. Vol. 61, issue 2, pp. 213-223, 2014. 
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DFT with empirical dispersion correction which can be expressed approximately in 
terms of damped multipole expansion is an effective way to include van der Waals 
interactions. While there are number of applicable damping functions available to 
compute dispersion energy, proper physical description of nonlocal correlation is still 
open to improvement. 
 
In this work, we propose a new damping function for dispersion correction schemes. 
The designed function damps the asymptotic curve softly in contrast to existing 
damping functions, thereby resembling the higher order effects, enabling a more 
accurate description of the missing nonlocal correlation in semilocal density 
functionals based on the analysis of current damping functions and energetics of 
dispersion corrections. Benchmark calculations imply that it yields more accurate 
results than lg  damping and a simplified version of BJ damping. 

 

[1] S. Grimme, J. Comput. Chem. 25, 1463 (2004). 
[2] E. R. Johnson and A. D. Becke, J. Chem. Phys. 124, 174104 (2006). 
[3] S. Grimme, J. Antony, S. Ehrlich, and H. Krieg, J. Chem. Phys. 132, 154104 
(2010). 

[4] A. Koide, J. Phys. B 9, 3173 (1976). 
[5] H. Kim, J.-M. Choi, and W. A. Goddard, J. Phys. Chem. Lett 3, 360 (2012). 

[6] Y. Liu and W. A. Goddard, Mater. Trans. 50, 1664 (2009). 
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Graphene is expected to be a channel material of field effect transistors (FETs) 

because of their high carrier mobility [1]. However no band gap of the graphene is a 
serious problem for its FET application. One possible way to overcome the gap-
opening problem is to process it in the form of a nanometer width ribbon, referred as 
graphene nanoribbons(GNRs). They have been successfully applied to FETs with 
high on-off ratio [2]. However, the GNR-based FETs have not yet provided the best 
performance. A recent experiment reported that the resistance of GNRs increases 
exponentially with their length even at the room temperature [3]. This non-Ohmic 
behavior is due to the edge-roughness of GNRs. The effects of edge-roughness 
become more remarkable when the ribbon width becomes narrower in the future. 
However the electronic transport properties of such narrow GNRs have not been 
clarified yet. 
  In this study, we have computationally investigated the coherent electronic transport 
in narrow edge-disordered armchair GNRs (ED-AGNRs) using the tight-binding 
model. In our model, the edge roughness is modeled by removing or adding pairs of 
carbon atoms at the armchair-type edges and ED-AGNR is connected to semi-infinite 
armchair GNR leads without disorder. We calculated the conductance with various 
edge-disorder configurations with changing the electron energy, the amount of edge 
carbon-pair vacancies from 4% to 50% and the ribbon-width from 0.74nm to 2.95nm. 
Finally, we explore localization length ξ which provides guidelines for developing 
GNR-based FETs. 
From our result, we confirmed that the averaged conductance decreased 

exponentially with their length like experience reported. We also confirmed a relation 
between ξ and the amount of edge carbon-pair vacancies and the ribbon-width 
dependence of ξ. ξ became longer when the amount of edge carbon-pair vacancies 
became smaller or the ribbon-width became broader. We are going to report the result 
as above in this conference. 
 
[1] Novoselov, et al., Science 306, 666 (2004). 
[2] Schwierz, Nature Nanotech. 5, 487 (2010). 
[3] Xu et al., Nano Lett. 11, 1082 (2011). 
[4] K. Takashima and T. Yamamoto., APL, 104, 093105 (2014). 
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Transparent amorphous oxide semiconductors (AOSs) exhibit high carrier mobility 
(μ≥~10cm2V-1s-1) and structural homogeneity and have been widely studied for 
applications for TFT channel material in display[1] and memory device[2]. In the 
TFT structure with AOS channel, instability of threshold voltage derived by the gate 
bias and photo-illumination is one of the critical issues [3] and its origin has been 
attributed to the defects located in gate dielectric, AOS channel layer and at the 
interface between two layers. Among the possible source of the defects, oxygen 
vacancy, which acts as an electron donor and a source of positive charge 
simultaneously, is the most intriguing one since it is thought to drift under gate bias 
and light illumination [4].  

In this study, we performed ab-initio molecular dynamics calculations with GGA(+U) 
functional to generate amorphous structure of ZnSnO3(a-ZTO), SiO2(a-SiO2) and 
model interface structure between them (a-ZTO/a-SiO2). We will discuss 
characterestic chemical bondings arising at the interface and related oxygen vacancy 
in terms of formation energy and electronic structure.  

 

[1] Toshio Kamiya, et. al, Sci. Technol. Adv. Mater. 11, 044305 (2010)  

[2] Sang Ho Rha et. al, Applied Pyhsics Letters 103, 183503 (2013) 

[3] Md Delwar Hossain Chowdhury et. al, Applied Physics Letters 97, 173506 
(2010)  

[4] Un Ki Kim et. al, Journal of Materials Chemistry C, 1, 6695 (2013) 
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   MoS2 and related group VI transition-metal dichalcogenides have been attracting 
extensive interests as a promising candidate for next-generation nanoscale electronic 
devices.  It has been shown[1] that the single-layer hexagonal MoS2 can be a field 
effect transistor which is operated at room temperature with the relatively high 
mobility and the adequate-sized direct band gap.  Furthermore, due to the spin-orbit 
coupling and inversion symmetry breaking, these monolayer systems possess peculiar 
electronic structure in the two dimensional Brillouin zone, where spin and valley are 
coupled[2]. 
  When layered, MoS2 and related materials exhibit polytypes.  The basic building 
block would be either a triangular prism of MoS6 or an octahedral MoS6, depending 
on the synthesis method and the degree of ionicity of bonds.   
  Very recently, Shirodkar and Waghmare[3] have theoretically shown that a 1T 
monolayer MoS2 (i.e., the one stacked by the octahedral MoS6) can be an atomically 
thin ferroelectric material with electric dipoles perpendicular to its film plane.  The 
ferroelectric instability, caused by Mo trimeri-zation, is strongly coupled to the Mo d 
states, opening an insulating band gap, and further pulling up some of the S atoms 
along a plane normal.   
   In this work, we will reexamine the proposal of Shirodkar and Waghmare.  We 
adopt highly precise all-electron full-potential linearized augmented-plane-wave 
method.  We will perform systematic study on 1T monolayer MX2 (M=Mo, W;  X=S, 
Se, Te) and clarify whether there exists ferroelectric instability or not.  Comparison 
between the octahedral and hexagonal structures will also be made.    

 

[1] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti, and A. Kis, Nat. 
Nanotechnol. 6, 147 (2011).  

[2] Di Xiao, Gui-Bin Liu, Wanxiang Feng, Xiaodong Xu, and Wang Yao, Phys. Rev. 
Lett. 108, 196802 (2012).   

[3] Sharmila N. Shirodkar and Umesh V. Waghmare, Phys. Rev. Lett. 112, 157601 
(2014). 
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Zinc nitride (Zn3N2) is a promising candidate for optoelectronics applications due to 
its high electron mobility and high electrical conductivity. It is also thought that 
Zn3N2 can be used as a starting material to achieve p-type conductivity in ZnO-based 
oxide homojunctions. In this work, the electronic structure of bulk Zn3N2 is studied 
using density-functional theory (DFT) with different approximations to the exchange-
correlation functional, ranging from (semi-)local functionals to the quasiparticle G0W0 
approach. We predict a bandgap in the range of 0.9 ∼  1.2 eV, reconciling the 
scattered values reported in experiments, and a remarkably low work function 
(ionisation potential) of 4.2 eV for the (111) surface.  
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Silicon Carbide is a wide band-gap semiconductor material that can be used for high 
temperature and power electronic devices, such as field effect transistors. These are 
conditions under which the traditionally used Silicon fails. 
 
Like Si, the native oxide of SiC is SiO2, however, the use of SiC in practical devices 
has been hampered by the low channel mobility of the SiC/SiO2 interface. This has 
been attributed to a variety of defects in the interfacial region. These defects have 
been the subject of investigations [1][2] to determine what effect they have, and how 
to eliminate them. 
 
In this work we performed electronic structure calculations using the RSPACE [3] 
code to investigate the effect of SiC stacking on the electronic properties of this 
interface, both in the presence and absence of defects.  
 
For the purposes of this investigation, the interface was modelled using 4H-SiC and 
β-tridymite SiO2. This allows for 4 possible variations of the clean interface, based on 
the stacking of the SiC and the position of the SiO2 relative to the SiC. Comparisons 
of the energies and Local Density of States (LDOS) of these structures were then 
made. 
 
This was extended by introducing previously known defects [1][2], such as excess C 
or O atoms, into the interfacial region. 
 
[1] P. Deak et al., J. Phys. D: Appl. Phys. 40, 6242–6253 (2007) 
[2] A. Gavrikov et al., J. Appl. Phys. 104, 093508 (2008) 
[3] Hirose K, Ono T, Fujimoto Y, Tsukamoto S: First-Principles Calculations in 
Real-Space Formalism. London: Imperial College Press; 2005.  
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Recently, there have been many research activities of hybrid ferroelectricity 

generated from two different perovskite unit cells [1, 2]. We have studied the hybrid 
ferroelectricity of AGaO3/A’GaO3 superlattices (A, A’ = La, Pr, and Nd). The effect 
of octahedral tilting of [100], [110], and [111] cation ordered superlattices [2] is 
studied using density functional theory. The study was performed in the ferroelectric 
phase and octahedral tilting pattern of superlattice depending on A-site ordering 
pattern. In these superlattices, the structural transition to low symmetry phase is 
characterized two octahedral tilting modes (a-a-c0 and a0a0c+ tilting) and magnitude of 
the octahedral tilting mode is analyzed in the optimized structure. The detailed mode 
analysis from high symmetry phase to low symmetry phase is presented. The hybrid 
improper ferroelectric phase resulting from the coupling of octahedral tilting modes 
and off center displacement mode is analyzed by group theory and symmetry mode 
analysis for [100] and [111] ordered superlattices. We also present the detailed 
analysis of spontaneous polarization of non-centrosymmetric phases of [100] and 
[111] ordered superlattices. 

 
[1] H. Sim, S. W. Cheong, and Bog G. Kim, Phys. Rev. B 88, 014101 (2013). 
[2] J. Young and J. M. Rondinelli, Chem. Mater. 25, 4545 (2013). 
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Zinc oxide (ZnO) is a n-type semiconductor with various optoelectrical applications 
like varistors, phosphor, and sensors. However, the realization of the device using 
ZnO is currently hampered by the insufficient understanding about the intrinsic 
defects. Many previous experiments have found that the light illumination on ZnO 
generates the photoconductivity and it persists for a long time over ~100 sec even 
after turning off the light. This is called persistent photoconductivity (PPC). One of 
the most well-known explanations about PPC is related with oxygen vacancy (Vo). 
The large atomic relaxation of neighboring Zn atoms of Vo depending on its charge 
states creates the energetic barrier for the transition between different charge states. 
However, the thermal energy barrier and the lifetime for recovery process related with 
Vo have not been proved explicitly.  

In this study, we theoretically study the lifetime of the photocurrent from the Vo 
using density functional theory (DFT) calculation. To explicitly test the thermal 
energy that is required for the relaxtation of the photocurrent, we perforemd 
molecular dynamics (MD) simulation and found that the Vo cannot explain long-time 
persistency of the photocurrent due to the small energy barrier for the recorvery 
process. In addition, we suggested new mechanism associated with the Zn vacancy 
(VZn) which is the main point defect under the O-rich growing condition. It is 
revealed that the VZn can be passivated by hydrogen (H) forming the O-H bond (2H-
VZn). The maximum number of H that can passivate the VZn is two. Interestingly, the 
bond reconstruction of the remaining non-bonding Os is energetically favorable when 
the two holes are captured by (2H-VZn) defect complex. This reconstructed bond is 
metastable and for the recapture of the electrons, the energy barrier of the 0.42 eV is 
needed, which indicates that this defect complex can be the source for the long 
lifetime of the photocurrent in ZnO. 
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Impurity hydrogen (H) can take three charge states (H0, H+, H−) and affects the 
electronic properties of materials. It has been known for passivation of doped 
semiconductors and semiconductor surfaces, while it is also gathering attention as an 
electron dopant for oxides where an O2− ion is substituted by a H− ion [1]. 
We study stability of H in oxide semiconductors with rutile structure MO2 (M=Si, Ge, 
Sn, Pb, Ti, Zr, Hf) by using first-principles calculation based on density functional 
theory (DFT). Total electron number in a supercell is changed to study the charge 
state of H (H0, H+, H−). Figure shows the behavior of H in SiO2. The charge states are 
determined by Bader analysis [2] after the optimization of SiO2 with a H atom. A 
neutral H atom is localized in interstice as shown in Fig. (a). When H is in H+ state, 
the H atom is located near the O atom as shown in Fig. (b). The distance between H 
and O atoms is about 1.03Å, which is almost the same as the O-H bond length in H2O 
of 0.96Å. Similarly, when H is in H− state in Fig. (c), the H atom forms a Si-H bond 
of 1.33Å. Three charge states are stable for SiO2 and HfO2. On the other hand, H+ and 
H− are stable in ZrO2, while only H+ is stable in other oxide semiconductors examined 
in this study. 
Thus, H exhibits different behavior in these semiconductors. We explain the stability 
of the H states in this poster by examining the dielectric constant and the effective 
mass of the semiconductors. 

 
Figure : Charge states of H in SiO2: (a) neutral, (b) positive, and (c) negative. 
 
[1] S. Iimura, S. Matuishi, H. Sato, T. Hanna, Y. Muraba, S.W. Kim, J.E. Kim, M. 
Takata, and H. Hosono, Nat. Commun. 3, 943 (2012). 
[2] R. F. W. Bader, Atoms in Molecules - A Quantum Theory (Oxford University 
Press, Oxford, 1990).  
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Scanning probe microscopy has facilitated the atomic scale imaging of materials 
surface by measuring physical interactions between probe and sample, for example 
the tunneling current, forces and so on. As reported recently [1], local thermoelectric 
voltage measurement with a heat-based scanning probe microscope, or scanning 
Seebeck microscope, is also one of the feasible methods for the real-space atomic 
wave function imaging. However, the imaging mechanism of the scanning Seebeck 
microscope is unclear because heat is largely perceived to be diffusive and 
transported incoherently by charged carriers and lattice vibrations in a material. 
Therefore, to elucidate the imaging mechanism of the scanning Seebeck microscope, 
it is necessary to reevaluate the fundamental physics of Seebeck effect based on the 
mesoscopic heat and electron transport characteristics. In this work, we present the 
theory of scanning Seebeck microscope and develop the computer-based simulation 
methods with first-principles wave function calculations. The exact equation of local 
thermoelectric voltage is deduced from begging with the macroscopic general 
transport equations and electrostatic equations, and the role of temperature drop at tip-
sample interface for atomic scale imaging is revealed. Our simulation results for 
pristine and defective graphene show a reasonable agreement with experimental 
observations. From the results, we expect that the scanning Seebeck microscope 
combined with first-principles simulations will be very useful for identifying defects 
in materials surface [2].  
 
[1] S. Cho, S. D. Kang, W. Kim, E.-S. Lee, S.-J. Woo, K.-J. Kong, I. Kim, H.-D. Kim, 
T. Zhang, J. A. Stroscio, Y.-H. Kim, H.-K. Lyeo, Nature Mater. 12, 913 (2013). 
[2] E.-S. Lee, S. Cho, H.-K. Lyeo, Y.-H. Kim, Phys. Rev. Lett. 112, 136601 (2014). 
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Very recently, a thin film BaCrO3, having a 3d2 configuration, on the SrTiO3 
substrate was synthesized by Zhu et al.[1] Although two isovalent CaCrO3 and 
SrCrO3 are antiferromagnetic metals, this system shows a weak ferromagnetic 
insulating behavior. 
 Using first principles considering both correlation and spin-orbit coupling, we have 
investigated the nature of the metal-insulator transition (MIT) in the tetragonally 
distorted perovskite BaCrO3. Only when including both correlation and spin-orbit 
coupling effects, at U~4eV MIT occurs. This indicates the so-called relativistic Mott 
insulator, which is unprecedented in 3d systems. In the insulating state, one electron 
filled dxy and the other alternatively filled dxz + idyz or dxz - idyz orbital, resulting in an 
unquenched Cr orbital moment ML which is antialigned to the Cr spin moment MS. 
Very unusually, due to the spin and orbital ordering of the Cr ions the spin density of 
apical oxygen ions clearly shows, leading to the considerable spin and orbital 
moments antialigned each other. Compared the experiment with our optimized 
structures, the difference in the volume is considerably larger, indicating that the MIT 
in this system is induced by strain of the substrate. Therefore, our results suggest that 
the strain can be controlled by choosing of a proper substrate. Our results are also 
reproduced by hybrid functional calculations including spin-orbit coupling.  
 
 
Acknowledgements: 
This research was supported by NRF-2013R1A1A2A10008946. 

 
[1] Z. H. Zhu, F. J. Rueckert, J. I. Budnick, W. A. Hines, M. Jain, H. Zhang, and B. O. 
Wells, Phys. Rev. B 87, 195129 (2013). 
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arXiv:1405.4593v1 (2014) 
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Recently, the graphene has attracted much attention as one of channel materials of 
next-generation field effect transistors (FETs). However, the graphene has no band 
gap,  so the high on-off ratio of pristine-graphene FETs is not achievable. This is a 
serious problem to apply to FET technology application. Thus far, various 
technologies have been employed to open the band gap of graphene, for example, 
graphene nanoribbons, graphene nanomeshes, a double-layered graphene under the 
electric field, mechanical strain of graphene.  

 
In this work, we focus on the mechanical strain of graphene. It is known that the band 
gap begins to open under uniaxial strain along the zigzag direction of graphene when 
the strain ratio is larger than 28%, and after that the band gap increases almost-
linearly[1]. In other words, the band-gap size can be controlled by adjusting the 
magnitude of strain ratio. Now, experimental methods to measure the strain ratio of 
graphene is needed to develop the strained-graphene FETs. Thus, we have 
investigated the phonon dispersion and the G-mode shift of strained graphene using 
Quantum ESPRESSO [2], which is a software suite for the first principles calculation 
based on the density functional theory. Figures 1 and 2 show the G-mode shifts under 
strain along the zigzag and armchair directions, respectively. We obtained clear split 
of G-mode (LO and TO modes) due to the strain. The behavior of G-mode split is 
different between the cases for zigzag strain and armchair one. The difference would 
be an experimental method to measure the strain ratio. 
 

 

 

 

 

 

 

 

Fig.1 G-mode shift due to zigzag strain        Fig.2 G-mode shift due to armchair strain 

 

[1] Y. Ohmi, M. Matsuo, and S. Souma, Proc. of 2011 IEEE International Meeting for 
Future of Electron Devices, Kansai (IMFEDK), 126-127 (2011). 

[2]www.quantum-espresso.org/ 
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Recently, van der Waals heterostructures comprising graphene and other two-

dimenstional atomic crystals such as hexagonal boron nitride and transition metal 
dichalcogwnide have been regarded as fascinating research topics. Polyphenylene 
superhoneycomb network (PSN) [1] is also interesting since it is a new type of porous 
graphene. In this presentation, we report an ab initio investigation on the atomic and 
electronic properties of the graphene/PSN heterostructure. We employed a plane-
wave basis set with a kinetic energy of 400 eV, and the projector augmented wave 
method implemented in the Vienna ab initio Simulation Package (VASP) [2, 3]. The 
generalized gradient approximation [4] was utilized to describe the exchange-
correlation energy functional. To obtain the more accurate results including the van 
der Waals interaction, we used the Tkatchenko-Scheffler (TS) method [5]. For 
various stacking configurations, the external electric field was applied to the 
graphene/PSN heterostructure. We will present the electronic structure changes such 
as the bandgap opening, charge doping and so on. 
 

[1] M. Bieri, M. Treier, J. Cai, K. Aït-Mansour, P. Ruffieux, O. Gröning, P. Gröning, 
M. Kastler, R. Rieger, X. Feng, K. Müllen, and R. Fasel, Chem. Commun. 6919 
(2009). 

[2] G. Kresse and J. Hafner, Phys. Rev. B 47, 558(R) (1993). 

[3] G. Kresse and J. Furthmüller, Phys. Rev. B 54, 11169 (1996). 

[4] J. P. Perdew, K. Burke, and M. Ernzerhof, Phys. Rev. Lett. 77, 3865 (1997). 

[5] A. Tkatchenko and M. Scheffler, Phys. Rev. Lett. 102, 073005 (2009). 
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We use first-principles electronic structure calculations to predict a new class of two-
dimensional (2D) topological insulators (TIs) in hydrogenated binary compositions of 
group III elements (B, Al, Ga, In, and Tl) and bismuth (Bi). We identify band 
inversions in unhydrogenated pristine GaBi, InBi, and TlBi bilayers, with gaps as 
large as 556 meV for the TlBi case, making these materials suitable for room-
temperature applications. Double-sided  hydrogenation in which hydrogen was added  
on opposite sides also exhibited band inversions in the case of GaBi, InBi, and TlBi 
just as in the  unhydrogenated  pristine ones. Furthermore, we report the gap to be 855 
meV for the hydrogenated TlBi case. On the other hand, for one-sided hydrogenated 
system in which hydrogen was added to each atom on one  side, our calculations 
revealed a band gap of 773 meV in the case of hydrogenated TlBi. Both  methods of 
hydrogenation enhace the band gap without changing the band topology. Moreover, 
our study also aim to demonstrate the possibility of strain engineering in that the 
topological phase transition in systems whose phase was trivial could be driven by 
suitable strain.  Finally, the effect of placing hydrogen to topological edges was also 
demonstrated. A room-temperature bulk band gap and an isolated Dirac cone allow 
these states to reach the long-sought topological transport regime. Our findings 
suggest that the buckled honeycomb structure is a versatile platform for hosting 
nontrivial topological states and spin-polarized Dirac fermions with the flexibility of 
chemical and mechanical tunability. The robustness  of III-Bi upon hydrogenation 
shows that these materials are possible to synthesize by growing on substrates. 
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Recently, effects of spin-orbit coupling (SOC) have been obtained a great interest 

in the study of transition-metal oxide 5d compounds, such as iridates and osmates. In 
large SOC limit, d4 system has a trival nonmagnetic state. However, cubic perovskite 
BaOsO3, which was synthesized by Shi et al. under extreme condition(~17GPa), is 
nonmagnetic (NM) and metallic.[1] Shi et al. also synthesized two isovalent 
orthorhombic perovskite CaOsO3 and SrOsO3. The resistivity data of CaOsO3 is 
semiconductor-like behavior, whereas the heat capacity data shows metallic character. 
SrOsO3 has metallic behavior in both two measurements. 

In this presentation, we will address the electronic structure and magnetic behavior 
of BaOsO3 and CaOsO3. For BaOsO3, GGA result is ferromagnetic (FM) ground state, 
but GGA+SOC is NM ground state. This indicates that the magnetic ordering is 
supressed by SOC, of which the strength is identical to that of the exchange 
splitting(~0.4eV). For CaOsO3, both GGA and GGA+SOC are FM ground state, since 
the strength of SOC is reduced by the structural distortion. Besides, in our full phonon 
calculation, BaOsO3 shows some unstable modes, which is similar to BaRuO3. 

 

[1] Y. Shi et al., J. Am. Chem. Soc. 135, 16507 (2013). 

[2] M.-C. Jung and K.-W. Lee, Phys. Rev. B 90, 045120 (2014).  
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The topological insulators such as Bi2Se3, Bi2Te3 and Bi2Sb3 are intriguing because of 
the surface metallicity in contrast to the insulating bulk. The surface metallicity is 
predicted to be topologically protected and robust for impurities and disorders 
preserving the time-reversal symmetry. In this presentation, we report density-
functional theory calculations on the initial oxidation of Bi2Se3 to understand the 
chemical reactivity and the effect of oxidation on the surface metallicity. On the 
pristine (111) surface, an O atom is found to have two stable adsorption sites. One is 
the bridge site (Ob) between a surface Se atom and a neighboring subsurface Bi atom. 
The other is a triangular site (Ot) formed by a surface Se atom and two adjacent 
subsurface Bi atoms. The adsorption energies are 0.52 and 0.45 eV for Ob and Ot, 
respectively, with Ob being more stable than Ot by 0.07 eV. Adsorption within the 
vdW gap is found to be less stable than the surface adsorption by about 0.04 eV. As 
for the (111) surface with a Se vacancy (VSe), which is known to be a stable native 
defect, the most stable configuration is the tightly-bound state of VSe and O atom 
forming a substitutional O (OSe). The formation energy of OSe is 1.68eV at the 
extreme Se-rich condition. We also investigated the adsorption of O2 molecules, and 
found that O2 molecules do not absorb on the pristine surface. However, O2 molecules 
can be dissociatively adsorbed at the VSe sites. Two dissociated O atoms tend to share 
a surface Se atom and a subsurface Bi atom. The electronic structures of the 
adsorption configurations are analyzed by examining the electronic band structure, 
the density of states, the core-level shift, and the scanning tunneling microscopy 
image simulation.  
 
Key words: O adatom, adsorption, topological insulator, Bi2Se3(111) surface 
 
This work was supported by a National Research Foundation of Korea(NRF) grant 
(No. 20100012231) and the Future-based Technology Development Program(Nano 
Fields) (No. 2009-0082490) through the NRF, and partly by the Supercomputing 
Center/Korea Institute of Science and Technology Information  (No. KSC-2013-C3-
060). 



 

121 
 

[Poster: TUE-31] 
 

Comparative studies of NO adsorption on different 
Transition (Nobel) metals (M=Ag, Cu, Au) decorated WO3 

(001) Surface 
 

Xiaoyan Ren1,3, Shuai Zhang1, Chong Li1,2, Pengfei Yuan1,2, Fei Wang1,2, and Yu Jia1,2 
 

1International Laboratory for Quantum Functional Materials of Henan, and School of 
Physics and Engineering, Zhengzhou University, Zhengzhou 450001, China 

2Center for Clean Energy and Quantum structures, Zhengzhou University, Zhengzhou 
45001, China 

3School of Mechanical and Electrical Engineering, Henan Institute of Science 
and Technology, Xinxiang 453003, China 

email: jiayu@zzu.edu.cn 
 

The effect of NO adsorption on pure and metal decorated WO3 (001) surface has been 
investigated by using the first-principles calculation based on density functional 
theory (DFT). We show that in the case of pure surface, the most stable configuration 
is N-end coordinated with W in the WO2 plane. Bader analysis indicates that NO 
adsorbed on WO3 surface can obtain 0.19 e from surface. The bond length of NO 
molecule changes from 1.170 Å to 1.181, in comparison with that of free NO. When 
NO is adsorbed on the Ag or Cu decorated surface, they display a similar properties. 
The molecule likes bound to W and tends to slope to the direction of the decorated 
metal with N-end, the adsorption energies are further decreased, the charge transfer 
increases with Ag decorated(0.33 e) and Cu decorated (0.43 e), the bond length of NO 
molecule changes to 1.203 Å and 1.212 Å, consistently. While because of the 
relatively stronger electronegativity, Au tends to bind on W-top site and obtains 
electrons from the surface, so it is difficult for NO molecule to capture electrons from 
Au-decorated surface. This work gives us a technological suggestion to improve WO3 
sensors sensitivity to NO. 
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Solid oxide fuel cells (SOFCs) are of great interest, in part because of their relatively 
high fuel flexibility. In addition to anode of the solid oxide fuel cell, nickel has been 
widely used as a catalyst for methane dissociation of fueling. In the process, carbon 
deposition is often accompanied by the methan dissociation, which causes to 
deteriorate cell performance of SOFC. Density functional theory (DFT) was used to 
investigate the dissociation process of methane on nickel and doped nickel (111) 
surfaces. Reaction path of the dissociation to CH3, CH2, CH, C, H on Ni(111) and 
Ni3M(111) (M = Rh or Ru) surface was traced by calculating adsorption and 
activation energies in each dissociation step. The transition states and activation 
energies were calculated by the nudged elastic band (NEB) method. Alloying Ni by 
Ru reduces the activation energies of the dissociation into of CH4, CH3, CH2 and CH 
while the activation energy of the dissociation of CH is not changed. This indicates 
that Ru alloying into Ni is an effective way to enhance the dissociation of methane 
and reduce the carbon deposition. 
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Amorphous oxide semiconductors (AOSs) are currently recognized as key materials 
for thin-film transistor (TFT) in next-generation flat panel displays because AOS-
based TFTs exhibit high field-effect mobility over 10 cm2/Vs, far larger than that of 
a-Si:H TFTs. Despite many advantages, AOSs-based TFT has critical issues related 
to the instability induced by negative bias illumination stress (NBIS). Many previous 
studies report the significant negative shift of the threshhold voltage in TFTs under 
NBIS and hole trap at the interface between AOS and gate insulator is suspected to be 
a major origin of the threshold shift. In this presentation, we modeled the atomic 
structure of the interface between amorphous InGaZnO (a-IGZO) and a-SiO2 using 
the first-principles molecular dynamics (MD) simulation. We perform MD 
simulations through various modeling protocols to find out energetically favorable 
structure of amorphous/amorphous interface structure. We evaluate the band offset 
between a-IGZO and a-SiO2 from the interface model and the result shows good 
agreement with experimental value.  In addition, we study on the oxygen-deficient 
conditions as well, which reveals that the metal silicate bonding leads to hole-trapping 
sites at the interface.   
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The charge density wave (CDW) in TiSe2 has been discovered for more than three 
decades. Yet, the underlying mechanism of the formation of CDW in this material is 
still under debate [1-3]. In this poster we present the first-principles calculations with 
the screened hybrid functional HSE06 and the GW approximation. Our results agree 
with the experimental findings that both the normal and CDW phases are 
semiconductors with a 150 meV band gap. The band gap size in the normal phase 
suggests a pure excitonic mechanism is not favorable. We also observe a pressure-
induced CDW-normal phase transition around 25 kilobars, which is comparable to 
earlier experimental results. The CDW phase in monolayer TiSe2 will also be 
discussed. 

 

[1] T.E. Kidd, T. Miller, M.Y. Chou, and T.-C. Chiang, Phys. Rev. Lett. 88, 266402 
(2002). 

[2] M. Cazzaniga H. Cercellier, M. Holzmann, C. Monney, P. Aebi, G. Onida, and V. 
Olevano, Phys. Rev. B 85, 195111 (2012). 

[3] F. Weber, S. Rosenkranz, J.-P. Castellan, R. Osborn, G. Karapetrov, R. Hott, R. 
Heid, K.-P. Bohnen, and A. Alatas, Phys. Rev. Lett. 107, 266401 (2011).  
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Organic semiconductors (OSCs) have gradually become a major interest due to their 
remarkable advantages such as more mechanical flexible, lower cost, easy and cheap 
processing compare to inorganic semiconductors. Recently, polycyclic aromatic 
hydrocarbons (PAHs) attract much attention due to their potential to construct high 
hole mobility OSCs. They have strong electron-electron, electron-phonon interaction 
and a high number of   electrons that delocalize throughout of the crystal causing the 
increase of metallic conductivity. Among the most popular PAHs, pentacene is a 
promising candidate for p-type semiconductor with high mobilty of 11.2 cm2V-1s-1.[1] 
The problem with pentacene is its instability in oxygen causing its oxidization into 
6,13 pentacenequinone and a drastic reduction in mobility. Thus, various organic 
PAHs molecules are proposed with the aim to search for materials with better air 
stability and higher carrier mobilities than pentacene. In this work, we introduce 
picene – an isomer of pentacene which is expected to be a good candidate p-type 
semiconductor with a better air stability due to its lower HOMO level and a larger 
ionization potential energy. Experimentals have confirmed the excellent charge 
transport characteristic of picene in atmosphere.[2] Using density functional theory, 
the electronic properties and mobilities of picene and pentacene are calculated. 
Besides, picene also exhibited high temperature of superconductivity, having TC= 
18K when being doped with alkaline metals such as potassium and rubidium.[3] Thus, 
we also analyzed the properties of potassium-doped picene (Kxpicene) with x=3 
where the superconductivity has been observed. In undoped picene crystal where 
molecules are arranged in a herringbone fashion, the conduction band comprises four 
bands with a quasi-degenerate LUMO and LUMO+1 orbitals which are necessary for 
the superconductivity. This work will give a detail view inside the structural and 
electronic properties of picene and also help to open the door for new promising 
materials in the field of semiconductor and superconductor. 

 

[1] O. D. Jurchescu, J. Baas, and T. T. M. Palstra. Appl. Phys. Lett. 84, 3061 (2004). 

[2] H. Okamoto, N. Kawasaki, Y. Kaji, Y. Kubozono, A. Fujiwara and M. Yamaji. J. 
Am. Chem. Soc. 130, 10470 (2008). 

[3] R. Mitsuhashi, Y. Suzuki, Y. Yamanari, H. Mitamura, T. Kambe, N. Ikeda, H. 
Okamoto, A. Fujiwara, M. Yamaji, N. Kawaki, Y. Maniwa, Y. Kubozono, Nature. 
464, 76-79 (2010). 
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Based on ab initio density functional calculations, we investigate the structural and 
electronic properties of ordered crystalline and disordered amorphous phases of GeTe 
and Ge2Sb2Te5 materials expected to be used for phase change random access 
memory. With suitable pseudopotentials selected for respective elements after careful 
and intense searches, we first study the equilibrium configurations and electronic 
properties of their crystalline phases. Then, we perform molecular dynamics (MD) 
simulations to find their corresponding amorphous phases. Our MD simulations are 
composed of various stages including pre-melting process with low gravimetric 
density at extremely high temperature, quenching process returning back to room 
temperature, thermal equilibration process at room temperature, and so on. Based on 
the data from our simulations performed at various temperatures, we calculate the 
radial distribution functions (RDFs) and angle distribution functions (ADFs). We also 
found other amorphous phases which are metastable, exhibiting significantly 
distinguishable RDFs and ADFs one another. Our RDF and ADF analysis for these 
different amorphous structures are compared to EXAFS data available from our 
experimental collaborators and used to identify short range characteristics present in 
the structures. Finally, we estimate energy barriers not only between crystalline and 
one of amorphous phases, but also between different amorphous phases to explore 
their structural stability using nudged elastic band calculations. 
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In this decade, a lot of theoretical studies on the electron-tranport property of 

molecular junctions have been performed, and some π-conjugated conductive organic 
molecules are expected to be applied to high-performance electric circuits and low-
power-consumption devices. However, most of these studies discuss the transport 
properties in the steady state, and the time-dependent behavior of transporting 
electrons has not been clear. In this study, we calculate the transport properties of 
electrons flowing through the molecular junction suspended between semi-infinite 
electrodes with a time-dependent electron-transport simulator. 
The transport properties are evaluated by using the impulse response method[1] 

within the framework of time-dependent density functional theory, and the time-
evolution operator is described in the real-space finite-difference approach[2]. Here, 
the molecular junction consisting of a 4,4’-terphenyldithiol (TDT) suspended between 
semi-infinite Au electrodes is adopted. We examine the difference in the response 
times of the peaks observed in the conductance profile with respect to the molecular 
conformation and the adsorption angle (Fig. 1). 
In the previous study[3], we reported that there are two types of conduction 

channels; one shows the broad peaks with the response time of a few 10 fsec and the 
other reveals the considerably high transmission 
(close to unity) at the specific incident energies 
of electrons with the response time of more than 
1 psec, where the TDT molecule adsorbs 
perpendicular to the electrode surface (θ = 0°). 
As the result, for the TDT model with (θ, φ) = 

(60°, 90°), an unique conduction channel is 
observed, in which the peaks with different 
time-response property  coexist. The details of 
this work are presented at the workshop. 
 
[1] H.Goto, T.Ono and K.Hirose, J.Phys.: Condens. Matter, 19, 365205 (2007); 

H.Goto, S.Aiba, T.Suzuki and K.Hirose, J. Comput. and Theo. Nanosci., 6, 2656 
(2009). 

[2] K. Hirose et al., First-Principles Calculations in Real-Space Formalism, (Imperial 
College Press, London, 2005). 

[3] Y. Egami and K. Hirose, JPS Conf. Proc. 1, 016012 (2014). 

Fig.1: Schematic view of computational 
model. θ is an adsorption angle between a 
molecule and electrode surfaces. φ is a 
rerative angle between phenyl rings. 
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The magnetic properties of Pr-doped CeO2 with have been studied using a 
generalized gradient approximation + Hubbard U method. The cases with various 
degrees of Pr and oxygen vacancy have been explored to clarify the role of oxygen 
vacancy and Pr doping on the magnetic behaviors. It was found that the 
ferromagnetism of Pr-doped CeO2 remarkably depends on the oxygen deficiency, i.e., 
the stability of ferromagnetism is proven to be remarkably enhanced with the 
increasing oxygen deficiency. Without oxygen vacancy, the weak ferromagnetic 
ordering originates from Pr4f-O2p-Pr4f superexchange. The low ratio of oxygen 
vacancy and Pr (VO/Pr) induces the slightly enhanced ferromagnetism, attributed to 
the Pr4f-O2p-Pr4f superexchange with more occupancy on Pr 4f orbitals. The 
increasing VO/Pr gives rise to the remarkably enhanced ferromagnetism, which 
mainly results from the polarization of electrons on the vacancy sites by the magnetic 
Pr3+ and Ce3+ ions. The further investigations reveal that the multi-valency of Pr, as 
well as the oxygen vacancy, has a key role in enhancing the ferromagnetism in Pr-
doped CeO2. It is the collaboration of oxygen vacancy and multivalent Pr that 
strenghtens the ferromagnetism in Pr-doped CeO2. 
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Magnetism arising from system constructed with carbon and nitrogen has drawn 
considerable attention. The g-C3N4 was proved to be non-magnetic after many efforts 
devoted to its synthesis, characterization, and magnetism discovering. Recently, the 
half-metallic g-C4N3 possesses ferromagnetic ground state that has been revealed 
theoretically [1,2]. Its planar structure is similar to graphene if we ignore its periodic 
vacancy, which rises our interests on its nanotubular structure. Indeed, C3N4 nanotube 
was synthesized successfully. It is worthwhile exploring g-C4N3 nanotube for 
fundamental physics aspect. And from perspective of materials science, the magnetic 
g-C4N3 sheet with half-metallicity may form one type of extraordinary one 
dimensional materials. 
Thus, in this study, a newly designed 1D nanotube based on g-C4N3 is predicted 
theoretically [3]. The thermal stability at room temperature of this tube structure is 
proved by ab initio molecular dynamics. The armchair tubes exhibit ferromagnetic 
ground state and half-metallicity, while the zigzag tubes properties are dependent on 
the size of tubes, thereupon, a hypothetical rule for chirality-dependent magnetism is 
proposed. Additionally, optical property is investigated by presenting the frequency 
dependent dielectric functions and absorption coefficients. Our works introduce a 
unique member with interesting properties to the nanotube family. 
 
[1] A. Du, S. Sanvito, and S. C. Smith, Phys. Rev. Lett. 108, 197207 (2012). 
[2] A. Hashmi and J. Hong, Sci. Rep. 4, 4374 (2014). 
[3] T. Hu, A. Hashmi, and J. Hong, Sci. Rep. 4, (2014). 
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Graphynes, two-dimensional networks of sp- and sp2-bonded carbon atoms, have 

recently received considerable attention because of their intriguing potential as new 
Dirac materials. Bilayer graphynes could have more stacking modes than bilayer 
graphene because of their large hexagon sizes and are expected to have different 
electronic structures depending on the stacking mode of the two layers. Recent 
density functional theory (DFT) calculations of Leenaerts et al. [1] within the local 
density approximation showed two stable stacking modes for bilayer α-graphyne; 
while a AB-stacked configuration was found to possess a gapless parabolic band 
structure like AB-stacked bilayer graphene, the other stable mode of Ab-stacked 
graphyne exhibits a double Dirac cone spectrum which can be tuned by an electric 
field with a gap opening rate of 0.3 eÅ.  On the other hand, more accurate DFT 
calculations predicted different ground-state configurations for bilayer α-graphyne, 
depending on the van der Waals (vdW)-corrected exchange-correlation functional 
used.  

 In order to determine the most stable configuration of bilayer α-graphyne along 
with accurate computation of its interlayer binding energy, we here employ quantum 
Monte Carlo method which allows accurate description of the vdW interaction 
between the two graphyne layers. The QMC results for the interlayer binding energies 
of bilayer α-graphyne have revealed that the Ab-stacking mode is slightly favored 
than the AB mode but the binding energy difference is very small, only about 0.3 
meV/atom. It is  also found that the DFT results with vdW-DF2, based on the non-
local vdW functional proposed by Lee et al.[2], are in good agreement with the QMC 
results. This leads us to conclude that the vdW-DF2 functional could provide an 
accurate description of the interlayer binding of the graphyne structures within the 
DFT formalism.      

 

[1] O. Leenaerts, B. Partoens, and F. M. Peeters, Appl. Phys. Lett. 103, 013105 
(2013). 

[2] K. Lee, E. D. Murray, L. Kong, B. I. Lundqvist, and D. C. Langreth, Phys. Rev. B 
82, 081101R (2010).  
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The objective was to investigate the geometric and electronic properties of 
sliding bilayer graphene using first-principle calculations. The interlayer distance as 
well as the total ground state energy gradually decreased and subsequently increased 
during the variation of the relative shift between two layers. In addition, there were 
dramatic changes between the Dirac-cone to parabolic band structures. Except for the 
high symmetric configurations (AA, AB, AA'), energy bands were significantly 
distorted and an eye-shaped stateless region was created near Fermi level. Moreover, 
density of states exhibited a lot of prominent peaks derived from induced crictical 
points. However, all the configurations still remain as semimetals. 
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For improving fuel cell performance and efficiency, understanding of oxygen 
reduction reaction (ORR) on perovskite oxides surfaces is essential. LaMnO3 (LMO) 
has long been studied as an archetypical oxide catalyst and many theoretical analysis 
have been carried out to explain ORR on LMO(001) surface. Due to alternating 
positively charged LaO and negatively charged MnO layers along the [001] direction, 
the Coulomb potential diverges unless half of an electron is compensated near the 
surface region. However, there has been no study on the charge compensation 
mechanism on the polar LMO(001) surface. In this study, therefore, we investigate 
the charge distribution and electronic structure of LMO(001) surface using the first-
principles methods. We carefully examined the magnetic moment, Bader charge, and 
layer-decomposed density of states, and confirmed that charges near the oxygen 
atoms in the subsurface layer are depleted as a form of electronic reconstruction. This 
is a rather unexpected result because the valence top is mainly contributed by Mn eg 
orbital in bulk LMO. This also means that the Mn atoms maintain its valence state of 
+3 as in the bulk. The possible limitation of the current theoretical framework will be 
explored by employing other methods such as GW and hybrid functional.  
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Recently, two-dimensional transition metal dichalcogenides (TMDs) are attracting 
much attention for the application of electric devices such as field effect transistors 
(FETs). Especially, there have been many experimental and theoretical researches in 
monolayer molybdenum disulfide (MoS2) as a 2-dimensional semiconducting 
material with direct band gap of 1.7 eV. Very recently, the mechanism of Fermi level 
(FL) pinning was investigated at transition metal(TM)-MoS2 interfaces using density 
functional theory (DFT) calculations [1]. 
In this study, we investigate the modification in electronic structure of Ni(111)-MoS2 
interface using first-principles calculations. Here, we observe FL pinning behavior 
which is induced by interaction between nickel substrate and MoS2. Details in 
electronic structure are analyzed in terms of work function, partial density of states 
(PDOS) and charge density difference. 

 

[1] C. Gong, L. Colombo, R. M. Wallace and K. Cho, Nano Lett. 14, 1714 (2014). 
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 As the most powerful permanent magnets, Nd-Fe-B sintered magnets have been used 
in many applications. However, the mechanism of their coercivity is still open for 
discussion. From experiments[1,2], it is known that interfaces between the Nd2Fe13B 
main phase and a sub-phase play an important role in the coercivity of the magnets. 
 In this study, we focus on Nd oxides as sub-phases, and 
aim to determine a stable atomic structure and magnetic 
anisotropy energy of the interface. In our calculations, the 
interface is composed of Nd2Fe14B(001)-(√2 x √2) and 
Nd oxide(001)-( √5 x √5), where oxygen atoms are 
located at tetrahedral sites of Nd atoms. 
 We find that lattice distortion of Nd oxides near the 
interface is rapidly relaxed as the distance from the 
interface. In addition, we realize the stability of oxygen 
atoms in the interface region is increased as the oxygen 
concentration in Nd oxides becomes lower. We also 
calculate the magnetic anisotropy energy at the interface 
Nd atoms to find that the position of oxygen atoms in 
interface region is important in determining the coercivity, 
because the magnetic anisotropy of Nd atoms at the 
interface is very sensitive to the nearest oxygen atom. 

 

[1] K. Hono, and H. Sepehri-Amin, Scripta Mater. 67, 
530 (2012). 

[2] T. Fukagawa, T. Ohkubo, S.Hirosawa, and K. 
Hono, J. Magn. Magn. Mater. 322, 3346 (2010). 

Fig.  A structure of the interface 
       (Nd2Fe14B(001)/Nd4O) 
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Titanates such as titanium dioxide (TiO2) and strontium titanate (SrTiO3) have been 
widely investigated because of their central roles in technological applications. For 
instance, TiO2 is utilized for photocatalytic reactions, owing its long-term stability in 
water and non-toxicity. SrTiO3, on the other hand, is one of the most widely studied 
materials in oxide electronics, owing to its high mobility and dielectic constants. In 
addition, epitaxial interfaces of SrTiO3 and other transition metal oxides are gaining 
recent attention due to their high conductivity and magnetism. 

The band gap of titanate is the key property which governs the working principle of 
each application mentioned above. However, the conventional density functional 
theory (DFT) is limited in describing the electronic structure due to the self-
interaction error and the lack of derivative discontinuity. To overcome the limitation 
of conventional DFT in calculating the band gap, the GW approximation which 
describes quasiparticle interaction of electrons has been widely employed.  

We analyze quasiparticle band structure of rutile and anatase phases of TiO2 and 
cubic SrTiO3 by using various types of GW approximations (G0W0, GW0, GW, 
QPGW0 and QPGW). Computational parameters such as k-point sampling, the 
number of unoccupied bands, and frequency grids are closely tested. It is found that 
the quasiparticle band gap increases as the self-consistency level is ratcheted up from 
G0W0 to GW0 and GW, and the GW results overestimate the band gap by about 50%. 
Interestingly, when the wavefunctions are updated in QPGW0 and QPGW, the band 
gap is significantly reduced, which is opposite to the tendency known for other 
materials. The experimental band gap is most closely reproduced by QPGW0 within 
10% error. We explain the improvement by the wavefunction update in terms of the 
local change in the charge density. The reduced electronic density and Coulomb 
potential near the Ti atom site contributes to reduction of the band gap, which is 
overestimated in GW and GW0. 
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Graphene is the key material for novel nanoelectronic devices. Controlling main 
properties such as electronic structure, carrier concentration, magnetism opens new 
way to high performance devices. Doping impurities such as metal dopants is the one 
way to control properties of graphene. 

Density functional theory (DFT) calculations based works reported that transition 
metal induces magnetic moments when it adsorbed in graphene [1-2]. Iron (Fe) 
dopant pairs doped in various vacancy structures of graphene was observed by high-
resolution transmission electron microscopy and DFT calculations revealed that these 
structures have magnetic moments [3]. 

In this work, we study controlling magnetic properties of graphene using Fe 
dopant pair. Spin-polarized calculations were performed using Vienna ab initio 
simulation package (VASP) code. The unit cell containing two Fe dopants was made 
from pristine graphene of  245 carbon atoms. During structural relaxation, two Fe 
dopants in adjacent monovacancies slightly lifted from graphene layer and this final 
structure have magnetic moments of 2 Bohr magneton (μB). We moved one Fe atom 
from its original position to the opposite side of graphene and magnetic moments 
suddenly decreased to zero. The results from this work suggest that graphene can be 
used as magnetic switch and basic building blocks for novel magnetic memory 
devices. 

 
[1] Y. Mao, J. Yuan, and J. Zhong, J. Phys.: Condens. Matter 20, 115209 (2008). 
[2] C. Cao, M. Wu, J. Jiang, and H. –P. Cheng, Phys. Rev. B 81, 205424 (2010). 
[3] Z. He, K. He, A. W. Robertson, A. I. Kirkland, D. Kim, J. Ihm, E. Yoon, G. –D. 
Lee, and J. H. Warner, Nano Lett. 14, 3766 (2014). 
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A borocarbide superconductor YNi2B2C has received significant interest because 

of its highly anisotropic superconducting gaps. From the observation of the isotope 
effect of boron atoms, it is assumed that electron-phonon interaction mainly causes 
superconductivity in this material. However, it is an open question how this kind of 
mechanism causes such an anisotropic superconductivity.  

In this study, we perform first-principles 
calculations based on density functional theory for 
superconductors (SCDFT) [1, 2] to investigate 
what makes this superconductivity anisotropic. 
We  reproduce  quantitatively superconducting 
transition temperature (TC) without any empirical 
parameters; the calculated TC is 15.8 K (the 
experimental value is 15.6 K). Figure 1 shows 
calculated superconducting quasiparticle DOS 
(relative to the normal state DOS at Fermi energy) 
of YNi2B2C together with that of Nb which is a 
standard isotropic superconductor. We obtain 
broader peak structure in the quasi particle DOS of 
YNi2B2C, and it agrees with the tunneling 
conductance spectra measurement [3]. This broad 
peak of quasiparticle DOS comes from anisotropic 
superconducting gaps depicted in fig. 2. 

 

 
[1] L. N. Oliveira et al., Phys. Rev. Lett. 60, 2430 (1988).  
[2] M. Lüders et al., Phys. Rev. B 72, 024545 (2005). 
[3] P. Martínez-Samper et al., Phys. Rev. B 67, 014526 (2003). 

 

Figure 2: Calculated Kohn-Sham superconducting gaps on Fermi surfaces. 
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Figure 1: Superconducting
quasiparticle density of states of
YNi2B2C and Nb. DOS and
energy are normalized normal
state DOS at Fermi energy and
Kohn-Sham gap functions
averaged among Fermi surfaces
respectively. 
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To date, the explicit atomic geometry of high surface coverage structure of 

Sn/Cu(100) is being still strongly debated. Particularly, Layer deposition of Sn on 
Cu(100) can give rise to a rich variety of surface reconstructions in the sub-monolayer 
surface coverage range of Sn. Thus, using density-functional theory coupled with the 
ab initio atomistic thermodynamics (aiAT) approach, we attempted to map out the ab 
initio surface phase diagram of the Sn/Cu(100) system. 
 We plotted the graph about Gibbs free energy change versus chemical potential 

energy change of Tin so that we can theoretically derive the structures of surfaces and 
phase diagram based on the calculation results of each model's binding energy 
through aiAT.  Moreover, electronic structure (i.e. work-function), and the atomic 
geometries of various surface alloys of Sn/Cu(100) are shown as a function of Sn 
surface coverage. Through this work, we reconcile the different experimental findings 
reported in past literature, and provide a more congruent picture of the Sn/Cu(100) 
system.  
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We present a general way to classify and reduce errors in density functional 
calculations. For any density functional theory calculation, the total energy error can 
be separated to contribution due to the approximate functional and that due to the 
approximate density. Usually, the functional error dominates, but in many interesting 
situations, the density-driven error dominates. We show examples of these ‘abnormal’ 
calculations for self-consistent Kohn-Sham DFT (KS DFT) with large density-driven 
error, including electron affinities, dissociation of molecules into charged fragments, 
transition state barriers, and ions and radicals in solution. By using a more accurate 
density, error can be significantly reduced in these abnormal calculations. We provide 
a practical way to distinguish an abnormal KS DFT calculation, where small energy 
gap between HOMO and LUMO may indicate a substantial density-driven error. 
Finally, we suggest a simple and practical method to reduce the density-driven error 
in abnormal cases by evaluating DFT energy upon Hartree-Fock(HF) density (HF-
DFT). 
 
 


