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Scope of Symposium

The availability of advanced simulation tools which are sufficiently accurate to design and predict novel materials and 
processes is the key to achieve a quantum leap in the way new materials are developed. In order to fully understand the 
macroscopic properties of novel material systems, especially new nanomaterials, it is crucial to understand/simulate the 
properties and mechanisms on shorter length- and time-scales, even all the way to the most fundamental mechanisms 
describing the chemical bonds. Thus nanoscale modeling and simulation will become increasingly important in the design 
and study of new nanomaterials. This symposium will provide the ideal forum for computational materials scientists 
and engineers to showcase their latest endeavors in this broad and exciting field of computational materials design. The 
symposium will cover the design and development of all novel/refined material systems, including new nanomaterials. 
It will range from theory to application, for which computational tools have been deployed in the process. It will also 
encompass the hierarchy of simulation techniques, from first principle ab initio techniques to continuum approaches and 
multiscale techniques.
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Symposium Topics

Design and Modeling of Novel Material Systems
• electronic materials 
• magnetic materials 
• photonic materials 
• electrochemical materials 
• catalytic materials 
• ionic liquids 
• biomaterials 
• plymetic systems 
• green materials 

Design and Modeling of Novel Nanomaterials
• quantum dots, nanodots, inorganic macromolecules 
• nanocrystalline, nanophase, nanostructured materials 
• nanorods, nanoplatelets, nanotubes, nanofibrils, quantum wires 
• nanofilms, nanoholes 
• nanocomposites

Modeling Techniques and Applications
• Ab Initio 
• Semi-Empirical 
• Empirical Molecular Dynamics 
• Continuum Modeling 
• Multiscale Modeling 
• Artificial Intelligence 
• Digital Materials Design 
• Device Level Simulation 



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     3

Contents

A00009-00010 Study on Vibration Band Gap Characteristics of Photonic Crystals
Yanlin WANG

10

A00021-00023 Atomistic Computer Simulations on Large Ensembles 
Rita KHANNA; Aaron WATERS; Veena SAHAJWALLA

10

A00027-00026 Atomic Diffusion Behaviour of BF2
+ and Boron Implants

Ajay SRIVASTAVA
10

A00064-00313 Computational Modelling to Predict the Performance of Green Packaging Structures 
Namasivayam NAVARANJAN; Celia KUEH; Sinniah ILANKO; Mike DUKE; Ken WONG

11

A00073-03027 A Grid-ready Multi-scale Method to Study Order/Disorder Transitions in Ice Physics and 
Semiconductor Alloys
Jer-Lai KUO

11

A00116-00329 Proton Switch Correlated With the Morphological Development of the Hydrogen Bond Network in 
Protonated Methanol-Water Mixed Clusters: Theory and Experiment
Dan BING; Jer-lai KUO; Ken-ichiro SUHARA; Asuka FUJII; Naohiko MIKAMI

12

A00124-00320 Electronic Structure and Optical Gain of InAs/GaAs Pyramid Quantum Dot 
Xiuwen ZHANG; Qiang XU; Jian CHEN; Weijun FAN; Junwei LUO; Shushen LI; Jianbai XIA

12

A00124-01961 Electronic Structure and Optical Gain of InAsSbN/InAs Quantum Dots
Jian CHEN; Weijun FAN; Qiang XU; Xiuwen ZHANG

13

A00125-01319 The Band Offset of GaAs1-xNx/GaAs: The First-principles Approach 
Qiang XU; Weijun FAN; Jer-Lai KUO

13

A00154-03387 Application and Optimization of Dual-material Approach in Graded Refractive Index Optics
Qian WANG; SengTiong HO; TerHoe LOH; KehTing NG

14

A00160-01411 Application of Fourier Transform-based k•P Method to Semiconductor Supperlattices
Qiuji ZHAO; Ting MEI

14

A00225-02524 Pressure Induced Phase Transition In BaS under High Pressure
Purvee BHARDWAJ

15

A00226-00443 Thermodynamic Modeling of Ti-Cr-Mn Ternary System
Le Yi CHEN; Chong He LI; Kun WANG; He Quan DONG; Xiong Gang LU; Wei Zhong DING

15

A00228-00430 Numerical Study on Magnetoresistance Anomaly in AB Rings subjected to Microwave Radiation
Tsuyoshi UETA; Mitsuyoshi TOMIYA; Shoichi SAKAMOTO

15

A00264-01045 Intercalation of Ruthenium(II) tris (1,10-phenanthroline) Complex in α- and γ-Zirconium Dihydrogen 
Phosphate. Synthesis, Thermal Behaviour and X-Ray Characterization 
Carla FERRAGINA; Romolo DI ROCCO; Potenzo GIANNOCCARO; Lucantonio PETRILLI; 
Mauro ROTATORI

16
  

A00296-00741 First-Principles Study of Schottyky-barrier Heights at NiSi2/HfO2 Interfaces
Ten It WONG; Ming YANG; Yuan Ping FENG; Dongzhi CHI; Shijie WANG

16

A00313-00600 Analysis of Ice XIII Structures by First-principles Methods
Jingyun ZHANG; Quoc Chinh NGUYEN; Xiao-Feng FAN; Jer-Lai KUO

16

A00328-00611 The Electronic Structure of the Ti4O7 Magneli Phase 
Leandro LIBORIO; Giuseppe MALLIA; Nicholas HARRISON

17

A00331-00618 Gap Engineering in Epitaxial Graphene on Ru(0001): First-Principles Calculations
Jiatao SUN; Shixuan DU; Hao HU; Yuyang ZHANG; Hongjun GAO

18

A00335-00624 On Responsive Mechanical Characteristics of Soft Smart Hydrogel to Solution pH and Electric Voltage 
Coupled Stimuli
Rongmo LUO; Teng Yong NG; Hua LI; Khin Yong LAM

18

A00343-00637 Ab initio Prediction of Ultra-incompressible Phases of Tungsten Dinitride
Yanming MA; Hui WANG

18



4     Symposium Q - Computational Materials Design at All Scales: From Theory to Application

A00375-00694 Dehydrogenation kinetics of Pure MgH2 Investigated by DFT and Experiment 
Guangxin WU; Jieyu ZHANG; Yongquan WU; Qian LI; Kouchih CHOU; Xinhua BAO

18

A00393-00737 Simulation of Solidification Microstructure in Twin-roll Casting Strip 
Bo WANG; Jieyu ZHANG; Xiangmei LI

19

A00428-00818 On the Holstein Molecular Crystal Model
Yang ZHAO; Qingmei LIU

19

A00453-00842 Ab initio Calculation of Electric Field Gradients in Hf3Al2 and Zr3Al2 Compounds
Jelena BELOSEVIC-CAVOR; Vasil KOTESKI

20

A00463-00857 Structural Stabilities and Electronic Properties of ZnO-based Semiconductor Alloys: The First-principle 
Study
Xiao-Feng FAN; Zexiang SHEN; Lei LIU; Jer-Lai KUO

20

A00463-00865 Theoretical Study of the Structural Stability of Cage-like Alloy Clusters: A Case of C12 B6N6
Xiao-Feng FAN; Zexuan ZHU; Hongyu WU; Zexiang SHEN; Jer-Lai KUO

20

A00469-00867 Direct Enumeration of Wurtzite BC2N Configurations for Structural Stability and Hardness Evaluation 
Hongyu WU; Xiao-Feng FAN; Jer-Lai KUO

20

A00490-00951 Energetics and Band Offset at High-K Oxide/Ge Interfaces from First-principles Study
Ming YANG; Yuan Ping FENG; Shijie WANG

21

A00550-01007 Multi-Scale Modeling of Metallic Glass Formation in the Equilibrium Miscible and Immiscible Binary 
Metal Systems 
Baixin LIU

21

A00581-01055 Hydrogen-storage Media Based on Metal-decorated MOFs and Low-dimensional Materials
Jisoon IHM

21

A00624-01257 A Potential Model for Protonated Hydrogen Fluoride H+(HF)n clusters
Quoc Chinh NGUYEN; Jer-Lai KUO

22

A00630-01133 Magnetism and Superconductivity in Layered Iron-Compounds: Mechanisms and Implications for the 
Discovery of New Materials
David J. SINGH

22

A00655-01178 The First-principles Calculations of Elastic Constants and Thermo-physical Properties for Al-Sr System
Yifang OUYANG; Fenglian LIU; Hongmei CHEN; Xiaoma TAO; Yuan Ping FENG; Yong DU; 
Yuehui HE; Yong LIU

22

A00655-01181 First-principles Calculation for Structural Characteristic and Magnetic Properties of Al13 and Doped 
Al13-nFen (n=1, 2) Clusters
Hongmei CHEN; Hailong XU; Yifang OUYANG; Yuan Ping FENG; Yong DU; Yuehui HE

23

A00659-01190 An Application of Viscoelastic Materials on the Attenuation of Vibrating Waves
Pi-Wen WANG

23

A00690-01449 Pair Interactions in Pure Transition Metals at Different Atomic Densities
Nikolay DUBININ

23

A00704-01261 Atomic Ordering in Nano-layered FePt: Multiscale Monte Carlo Simulation
Rafal KOZUBSKI; Miroslaw KOZLOWSKI; Jan WROBEL; Tomasz WEJRZANOWSKI; 
Krzysztof J. KURZYDLOWSKI; Christine GOYHENEX; Veronique PIERRON-BOHNES; 
Marcus RENNHOFER; Savko MALINOV

24

A00711-01271 Theoretical Study of the Adsorption of Carbon Monoxide and Oxygen Molecules on Small Gold 
Clusters
Martin AMFT; Natalia SKORODUMOVA

24

A00712-01269 Application of Theoretical and Numerical Simulations for Prediction of Nanomaterial Performance
Vladimir PISKUNOV; Vyacheslav SOLOVYEV; Vasily NEZNAMOV; Rashid SHAGALIEV

24

A00774-01359 Adsorption of Small Molecules on Mixed Transition Metal Cluster Supported by Graphene
Hway Chuan KANG; Jiang WU

25

A00780-01548 Phase Transitions and Epitaxial Strain Induced Structural Distortion in BaZrO3 under Hydrostatic 
Pressure
Chen ZHU; Weiwen CHENG; Huimei LIU; Junming LIU

25



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     5

A00813-01469 Method of Cluster Dynamics for Simulation of Dynamic Processes of Continuum Mechanics
Ivan DAVYDOV; Vladimir PISKUNOV; Vladimir RUDENKO; Roman VESELOV; Boris VORONIN; 
Dmitry DEMIN; Alexander PETROV

26

A00813-01480 Multiscale Simulation of the Fabrication Process with Mechanosynthesis for Ultradispersive and 
Nanocrystalline Powders
Ivan DAVYDOV; Vladimir PISKUNOV; Grigoriy POTEMKIN; Roman VESELOV

26

A00834-01481 Exploring Low-energy Fully-coordinated (SiO2)N Nano-clusters with Graph-based Sampling
Edwin FLIKKEMA; Stefan BROMLEY

27

A00845-01680 Numerical Simulations of Multi-pass ECAP Process and Comparison with Experiment
Andrey SMOLYAKOV; Vyacheslav SOLOVYEV; Alexander KORSHUNOV; Nariman ENIKEEV

27

A00865-01502 Structure and Ion Dynamics in Alkali Silicates Studied with Virtual Reality Techniques
Neville GREAVES; Florian KARGL; Greg CHASS; Odile MAJERUS

28

A00895-01560 Conformational Dependence of Tag Induced STM Contrast in Hexaphenyl Benzene Molecules  
Abir DE SARKAR; We-Hyo SOE; Carlos MANZANO; Christian JOACHIM

28

A00918-01636 Analysis of the Interactive Characteristics between Elastic Capsules in Micro Flow
Gang MA; Teng Yong NG; Hua LI; Khin Yong LAM

28

A00940-01643 Electronic Confinement in Strained Self-Assembled Quantum Dots (SAQD) with Interfacial Capping 
Layer and Wetting Layer
Ah Wah LAM; Teng Yong NG

29

A00943-01652 Grain Size Dependence in the Phase Separation of Elastically Coupled Binary Alloys
Justin SONG; Rajeev AHLUWALIA

29

A00957-01679 Development of a Novel Multiscale Numerical Technique 
Venkataraman PANDURANGAN; Hua LI; Teng Yong NG

29

A01014-01768 First-Principles Modeling of Point Defects in Irradiated Materials for Fusion-Power-Plant Applications
Duc NGUYEN-MANH

30

A01026-02564 Computational Studies of Some DNA-based Photonic Multilayered Structures
Satish K. RAMCHURN; Mahen MAKHAN

30

A01061-03609 Development of a Bond Valence Based Molecular Dynamics Code
Thet LIN THU; Stefan ADAMS

31

A01097-01902 Molecular Dynamics Study on Mold Fracture by Nano Scale Defects in Nanoimprint Lithography
Kazuhiro TADA; Masaaki YASUDA; Hiroaki KAWATA; Yashihiko HIRAI

31

A01102-01922 The Size Effect on the Thermal Conductivity of Silicon Nanowires
Nuo YANG; Gang ZHANG; Baowen LI

31

A01106-01906 Molecular Dynamics Study of ssDNA Interaction With Transmembrane Functionalized Carbon 
Nanotube (f-CNT)
Yunxia REN; Teng Yong NG; Khin Yong LAM; Hua LI

32

A01114-03834 First Principles Study of the Physisorption of Hydrogen Molecule on Graphene and Carbon Nanotube 
Surfaces Adhered by Pt Atom
Tien Lam PHAM; Viet Dung PHAN; Dinh Duc NGUYEN; Ayumu SUGIYAMA; Akihiko FUJIWARA; 
Hieu Chi DAM

32

A01114-03849 First Principles Study of the Polymerization of Cyclopentasilane
Viet Dung PHAN; Tien Lam PHAM; Dinh Duc NGUYEN; Ayumu SUGIYAMA; Akihiko FUJIWARA; 
Hieu Chi DAM

33

A01120-02010 A Reduced Model for pH-Sensitive Hydrogels
Jundika Candra KURNIA; Erik BIRGERSSON; Arun Sadashiv MUJUMDAR

33

A01138-01949 Photonic Band Structure of Anodized Aluminum Oxide with Tunable Hole Size
Liang ZHANG; Kehui DAI; Jinghua TENG; Soojin CHUA

34

A01182-02046 Effects of Carrier Concentration, Diameter, and Isotopic Doping on Thermoelectric Property of Silicon 
Nanowires
Lihong SHI; Donglai YAO; Gang ZHANG; Baowen LI

34



6     Symposium Q - Computational Materials Design at All Scales: From Theory to Application

A01198-02141 Lateral Size & Thickness Dependence in Ferroelectric Nanostructures Formed by Localized Domain 
Switching
Nathaniel NG; Rajeev AHLUWALIA; David SROLOVITZ

34

A01204-02053 Sensitivity Analysis of a Supported Single-Walled Carbon Nanotube to Actual Non-Ideal Boundary 
Conditions with Consideration for Small Size Effects via a Nonlocal Numerical Formulation
Amir SHAKOURI; Rongming LIN; Teng Yong NG

35

A01210-02065 A Molecular Simulation Study on Small Molecular Gas Transportation in Ploy(chloro-para-xylene) 
Membrane
Chunhai LU; Shijun NI; Wenkai CHEN; Junsheng LIAO; Chengjiang ZHANG

35

A01272-03720 Multifunctional Oxides from Density Functional Calculations
Ponniah RAVINDRAN; Ravindran VIDYA; Helmer FJELLVÅG

35

A01359-02370 First-Principles Study of the Bonding and Mechanical Properties of Grain Boundaries in Al and Cu
Masanori KOHYAMA; Ru-Zhi WANG; Shigeki SAITOU; Shingo TANAKA; Yoshinori SHIIHARA; 
Tomoyuki TAMURA; Shoji ISHIBASHI

36

A01388-02418 Investigation of Dimer Ordering in One-dimensional Atomic Wires Grown by Co-deposition of In and 
Sn on Si(100)-2x1 surface: A kinetic Monte Carlo Simulation Study
Darwin Barayang PUTUNGAN; Marvin ALBAO; Henry RAMOS

37

A01389-02420 Electronic and Structural Phase Transformation Properties of Half-metallic Ferromagnetic PmN under 
pressure: A First Principles Approach
Vipul SRIVASTAVA; Premlata PANDIT; Mathrubutham RAJAGOPALAN; Sankar SANYAL

37

A01409-02493 Thermal Conductivity of Si1-xGex Nanowires: Molecular Dynamics Calculations 
Jie CHEN; Gang ZHANG; Baowen LI

38

A01440-02499 A Universal Band Gap Expression for Silicon Nanowires
Donglai YAO; Gang ZHANG; Baowen LI

39

A01447-04064 Computational Design of Single-Molecule Magnets with Strong Intramolecular Exchange Coupling: A 
Way to Develop Single-Molecule Magnets
Anh Tuan NGUYEN; Katayama SHIN-ICHI; Hieu Chi DAM

39

A01506-03890 Theoretical Study of the CO Electrocatalytic Oxidation over Pt Clusters Supported by Carbon Nanotube
Hieu Chi DAM; Thanh Cuong NGUYEN; Ayumu SUGIYAMA; Akihiko FUJIWARA; Tadaoki MITANI

40

A01508-02622 Combination of the Metropolis Monte Carlo and Lattice Statics (Mmc-Ls) Method for Geometry 
Optimization of Heterovalent Cations in (Al)-Zsm-5
Suchaya PONGSAI

40

A01523-02659 Monte Carlo Simulation of Monodisperse Colloidal Crystallization
Cong Hoan HO; Kwan Wee TAN

41

A01525-03582 Modeling and Simulation of Buckling of Polymeric Membrane Thin Film Gel
Zishun LIU; Somsak SWADDIWUDHIPONG; Wei HONG; Zhigang SUO; Yongwei ZHANG

41

A01559-02716 Study on Symmetries of Some Nanotoruses
Ali MOGHANI; Abdolreza TEHRANCHI

42

A01559-02730 Dominant Subgroups of the Full Non-rigid Group of 1,3,5-triamino-2,4,6-trinitronebzene
Abdolreza TEHRANCHI; Ali MOGHANI

42

A01561-02722 First Principle Studies of the Molecular Rectifications and Structural Properties of Linearly Fused 
(5,0)//(m,0) Carbon Nanotube Junctions
Anurak UDOMVECH; Md SHAFIQUZZAMAN; Teerakiat KERDCHAROEN

42

A01571-02740 Effect of Transition Metal Substitution on Vacancy formation in Li3N
Shunnian WU; Zhili DONG; Freddy BOEY; Ping WU

43

A01576-02748 Modeling of Diffusion of Ag+ Ions in 2- phase Nanocomposite Electrolyte Prepared by a Novel 
Technique
Mohan L. VERMA; B. Keshav RAO

43

A01576-02755 Transport Properties Study of a Nanocomposite Electrolyte Prepared by Chemical Deposition of 
(0.75AgI : 0.25AgCl) into Nanoporous Alumina Templates
Mohan L. VERMA; Homendra SAHU; B. Keshav RAO

43



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     7

A01583-02764 Density Functional Study of the Electronic Structure and Magnetic Properties of the High-temperature 
V(TCNE)2 Magnet
Giulia C. DE FUSCO; Leonardo PISANI; Barbara MONTANARI; Nicholas M. HARRISON

43

A01606-02794 Microstructure Engineering Via Throttled Nucleation
Siu Sin QUEK; Kevin CHU; Jiawei CHIU; David WU

44

A01695-02947 Ferromagnetism, In2O3, First-principles Study
Lixiu GUAN; Junguang TAO; Zhi-Ren XIAO; Xiao Feng FAN; Bangchuan ZHAO; 
Cheng Hon, Alfred HUAN; Jer-Lai KUO; Lan WANG

44

A01704-02977 Finite Element Simulation of the Luminescence Spectra in Thermal Barrier Coatings
Andre M. G. LUZ; Daniel BALINT; Kamran NIKBIN

45

A01720-03000 Specific Heat of Cd-doped Manganites
Renu CHOITHRANI; N. K. GAUR

45

A01780-03120 The Ground State Structure of BaZrO3: A Comparative First-principles Study
Ante BILIC; Julian GALE

46

A01818-03166 Resolving Vibrational Spectra of SixHy on Silicon Surface
Sheau Wei ONG; Zhiqiang Nicholas CHEN; Hway Chuan KANG

46

A01832-03254 Modelling the Interactions between Drug Molecules and a New Nanocarrier Based on Porous Iron 
Carboxylates
Guillaume MAURIN; Naseem RAMSAHYE; Pascal YOT; Patricia HORCAJADA; Christian SERRE; 
Gerard FEREY

46

A01833-03186 A Useful Method Based on the Exhaustion of Internal Energy to Predict Failure Lifetimes of 
Mechanical Components Operating within Creep Regime
Lawrence Kiam Yam NG

47

A01837-03190 Understanding Electronic Properties at Molecule/Inorganic-solid Interfaces from First Principles 
Leeor KRONIK

47

A01840-03324 The Thermodynamics of and Strengthening due to Co-clusters: General Theory for Application in 
Modelling Software
Marco STARINK

47

A01857-03212 Structure Prediction from First-Principles 
John S TSE; Yansun YAO; Yunfeng LIANG; Dennis KLUG

48

A01881-03244 A Local Quasi-continuum for 3D Multi-lattice Materials: Application to Shape-Memory Alloys
Viacheslav SORKIN; Ryan ELLIOTT; Ellad TADMOR

48

A01883-03249 Softening Behavior of the Ferroelectric A1(TO) Phonon near Curie Temperature
Hyun M. JANG; Min-Ae OAK; Jung H. PARK; Jeong YOUNG K.

48

A01890-03260 Modelling Room Temperature Ionic Liquids
Balasubramanian SUNDARAM

49

A01917-03303 A Three-dimension Resistor Network Model for the Linear Magnetoresistance of Ag2+δSe and Ag2+δTe 
Bulks
Jie XU; Duanming ZHANG

49

A01935-03339 Orbital Engineering in Nickelate Heterostructures
Xiaoping YANG; Ole Krogh ANDERSEN; G. KHALIULLIN; P. HANSMANN; A. TOSCHI; K. HELD

49

A01935-03345 Itinerant Flat-Band Magnetism in Hydrogenated Carbon Nanotubes 
Xiaoping YANG; Gang WU

50

A01954-03378 Analytical and Numerical Study on The Excitonic Ground States of Spherical Quantum Dots in 
Colloidal CdTe Nanocrystal: A Multiband Approach
Moh. Adhib ULIL ABSOR; Muh. Darwis UMAR; Kamsul ABRAHA

50

A01964-03396 Modeling of Pressure-Composition-Temperature Curves for Hydrogen Storage Materials
Vasileios TSEROLAS; Masahiko KATAGIRI

50

A01972-03404 Polar Confinement Modulates Solvation Behavior of Methane Molecules
Weixin XU; Yuguang MU

51



8     Symposium Q - Computational Materials Design at All Scales: From Theory to Application

A01980-03418 Large Magnetic Moments in Double-exchange Molecular Ferromagnets 
Lei SHEN; Shuo-Wang YANG; Yuanping FENG

51

A01986-03426 Molecular Dynamics Simulation of Gating Behaviour of Bio-inspired Artificial Nuclear Pore Complex
Wun Chet Davy CHEONG

51

A02002-04498 Computational Investigation of Unusual Material Properties of Metal Oxides
Su-Huai WEI

52

A02012-03469 Computational Modeling of Superhard Materials Synthesis
Oleksandr LYESHCHUK

52

A02014-03465 kinetic Monte Carlo Simulations of Diffusion-Limited Nucleation
Yang Hao LAU; Ramanarayan HARIHARAPUTRAN; David WU

53

A02017-03474 Structural Stability in Hydrogen-Storage Materials - Role of Atomic Relaxation in Hydrogen-Induced 
Amorphization -
Masahiko KATAGIRI; Hidehiro ONODERA; Hiroshi OGAWA

53

A02017-03546 First Principles Calculation of Phonon and Thermodynamic Properties of LaNi5-H
Masahiko KATAGIRI; Shigeki SAITO

54

A02031-03497 Challenges of Finite-size Effect in Nano-scale Interface Simulations
P. P. RUTKEVYCH; R. HARIHARAPUTRAN; D. WU

54

A02060-03536 QM/MM Simulations of the Immobilization of Isolated Proteins on Graphite Surfaces via Gold Atomic 
Clusters
Carlos F. SANZ-NAVARRO; Pablo ORDEJON; Richard E. PALMER

54

A02110-03637 Cohesive and Magnetic Properties of Clean and Doped Grain Boundaries in Iron and Chromium
Adam KIEJNA; Tomasz OSSOWSKI; Elwira WACHOWICZ

55

A02111-03638 Doping Effect on V-H System
Yoshinori TANAKA; Vasileios TSEROLAS; Hidehiro ONODERA; Masahiko KATAGIRI; 
Hiroshi OGAWA

55

A02112-03775 X-Ray Absorption Spectroscopy of Indium Nitride, Indium Oxide, and Their Alloys
Jiraroj T-THIENPRASERT; Jiti NUKEAW; A SUNGTHONG; Supanit PORNTHEERAPHAT; 
Saroj RUJIRAWAT; Sukit LIMPIJUMNONG

56

A02115-03649 Evolution of Void and Constitutive Descriptions of Casting Magnesium Alloy
Bin CHEN; Xianghe PENG; Shitao SUN; Jianguo WANG

56

A02115-03650 Investigation on the Hierarchical and Helical Microstructures of Amadis Cone Shell
Bin CHEN; Xianghe PENG; Shitao SUN; Jianguo WANG

56

A02145-03695 Half-metallic Silicon Carbide Nanoribbons
Weifeng LI; Yuguang MU; Mingwen ZHAO

57

A02181-03742 Towards Molecular Scale Logic Circuits
Shammai SPEISER

57

A02205-03782 GPU-Accelerated Quantum Molecular Dynamics Simulation Of 3-Dimensional C60 Polymers 
Toshiaki IITAKA

57

A02209-04820 Binary Semiconductors - A Theoretical Investigation
Rita JOHN; Pushpalatha S.; Sathya G. S.; Hannah Catherin D.

58

A02254-03840 First-principles Study of Non-linear Dielectric Response for LaAlO3/SrTiO3 Superlattices
Shoji ISHIBASHI; Kiyoyuki TERAKURA

58

A02309-04137 Direct Enumeration Studies of Band-Gap Properties of AlxGayIn1-x-yP Alloys
Sirichok JUNGTHAWAN; Kwiseon KIM; Peter GRAF; Sukit LIMPIJUMNONG

58

A02323-03979 Design and Fabrication of Quasi-multilayer Arrays for the Flat-band Pass Filters on UV-Vis Wavelength 
Region 
Jong-Bin YEO; Hyun-Yong LEE

59

A02323-04003 Normalized Characteristics of the Photonic Bandgaps in Two-dimensional Photonic Quasicrystals with 
a Hexagonal Lattice by FDTD Simulation 
Jong-Bin YEO; Hyun-Yong LEE

59



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     9

A02331-03990 3 Dimensional Printing of Pollution Absorbing Lamination Composites for Architectural Materials
Ginger DOSIER

59

A02344-04034 First-Principles Structural and Lattice Dynamical Study of SnO2
Bipul RAKSHIT; Amit KHARE; Sankar P. SANYAL; Massimo CELINNO

60

A02443-04167 Computer Simulation of Quantum Dots Formation on Nano-Wire Surfaces 
Yong-Wei ZHANG; Junyan GUO

60

A02447-04245 First Principles Study of Gallium-Frenkel Pairs in Gallium Nitride
Pakpoom REUNCHAN; Sukit LIMPIJUMNONG

61

A02498-04283 Stability of Crystal Phases under Different Loading Conditions
Sukit LIMPIJUMNONG

61

A02501-04281 Macro and Micro Modeling of Unidirectionally Solidified Turbine Balde Casting
Dong PAN; Qingyan XU; Jing YU; Baicheng LIU

61

A02509-04297 First Principles Study of Elastic Constants and Sound Velocities in Wurtzite Phase of SiC, GaN, InN, 
ZnO and CdSe and Their Relation to the High Pressure Phase Transition
Kanoknan SARASAMAK; Sukit LIMPIJUMNONG; Walter R. L. LAMBRECHT

62

A02520-04317 Modelling the Correlation between Composition, Processing Parameters and Mechanical Properties in 
Aluminium Alloys Using Artificial Neural Network
Savko MALINOV

62

A02521-04314 From Theory to Application: Computation of Surface Effects and its Influence to the Critical Magnetic 
Field in Materials
Fahrudin NUGROHO; Pekik NURWANTORO; Dian ARTHA K.; Agung BAMBANG S. U.

62

A02635-04520 Applications of Polycrystalline Model to Surface Roughening Simulations
C.-L. CHEN; K.-C. LIAO

63

A02803-04793 Origin of the Different Conductive Behavior in Ta (Nb)-Doped Anatase and Rutile TiO2
Kesong YANG; Ying DAI; Baibiao HUANG; Yuanping FENG

63

A02817-04827 Nucleation-pinning Duality in Permanent and Composite Magnetic Nanosystems
Guoping ZHAO; Huaiwu ZHANG; Yuanping FENG

64

A02817-04890 Micromagnetic Investigation of Spin Distribution and Magnetic Reversal of Hard/soft Multilayers with 
Perpendicular Easy Axes
Guoping ZHAO; Chengwei XIAN; Chun YANG

64

A02897-04953 Magnetism and Transport in Functionalised Carbon Nanostructures
Risto M. NIEMINEN

64

A03001-05124 Modeling Guided Catalyst Design: From Molecules To Processes 
Mark SAEYS

65

A03003-05126 Modeling Of Grain Coalescence In Solid-State Sintering For Nanostructured Materials 
Poh Ching YU; Qingfa LI; Jerry Ying Hsih FUH; Tao LI; Li LU

65



10     Symposium Q - Computational Materials Design at All Scales: From Theory to Application

Abstracts

  A00009-00010 

Study on Vibration Band Gap Characteristics of 
Photonic Crystals

Yanlin WANG 
University of Science & Technology Beijing, Beijing, 
China

The vibration band gap of infinite periodic one dimensional 
phononic crystal of rod structures consisted of Ti and 
Rubber were investigated using lumped-mass method, 
which got the band gap initial frequency is 0.95kHz and 
the cutoff frequency is 4.4kHz. For the finite structure 
phononic crystals were simulated using MSC.Nastran, the 
influences of the vibration transmission characteristic by 
the periodicity, volume fraction and Rubber damping were 
discussed. The results show that the initial frequency and 
cutoff frequency of phononic crystals have little influence 
by the periodicity; the initial frequency gradually decreases, 
the cutoff frequency decreases first and then increases and 
the corresponding band gap width gradually decreases 
with the volume fraction increases; the initial frequency 
have little influence by the rubber damping.

  A00021-00023 

Atomistic Computer Simulations on Large 
Ensembles 

Rita kHANNA; Aaron WATERS; Veena SAHAJWALLA 
School of Materials Science and Engineering, The 
University of New South Wales, Australia

Molecular modelling is a particularly useful tool for 
studying the behaviour of high-molecular-weight 
pitch components, since these very large and irregular 
compounds are not available in pure form for fundamental 
experimental studies. To date detailed computational 
chemistry has been carried out only on small clusters of 
such large discotics, while simulations of bulk phases have 
used simple molecular potentials (e.g. Gay-Berne) that 
cannot be directly related to specific molecular structure. 
The present paper presents a new isobaric-isothermal 
Monte Carlo technique for simulating large ensembles of 
discotic molecules based on massive summation of atomic 
pair potentials. The technique uses explicit description of 
atom locations with no adjustable potential parameters 
and thus allows parametric study of molecular structural 
features such as non-planar aliphatic rings, irregularly-
shaped polyaromatic cores, and methyl groups. Here the 
technique is described and results presented on a number 
of regular and irregular molecules. While mesophase was 
observed for both regular as well as irregular molecules, 
large regular molecules also showed an intermediate 

columnar phase. Small sized regular molecules showed 
a tendency to pass directly from crystalline order to 
isotropic phases, as observed experimentally. Rotational 
movement was the preferred choice for regular molecules 
at all temperatures, and this may be responsible for the loss 
of orientational order concurrently with loss of positional 
order (simple melting).  Irregular PAH molecules on the 
other hand showed a predominant preference towards 
translational rather than rotational motion, especially in 
the lower temperature simulations.  The simulations show 
detailed features of stacking and mesophase formation as a 
function of temperature, and the phase behaviour is shown 
to be sensitive to minor perturbations in the molecular 
structure.

  A00027-00026 

Atomic Diffusion Behaviour of BF2
+ and Boron 

Implants

Ajay SRIVASTAVA 
Institute for Experimental Physics, University of 
Hamburg, Hamburg, Germany

In Ion-implantations, we have to control the diffusion 
of the p-type dopant implanted at energies, which is the 
cause of unacceptably shallower/deeper junction depths 
in implanted and annealed doped layers. This requires 
the knowledge of the microscopic mechanisms that rule 
the dopant diffusion. To fulfill this requirement, we plan 
to produce a substantive and focused experimental effort, 
involving the use of analytical technique. 

The objectives of the present paper can be summarized as 
follows: the achievement of a wide structural information 
on the damage introduced by implantation dose of 1015 
BF2

+ ions/cm2 at an energy of 80 KeV and with 1015  B+ 
ions/cm2 at 17.93 KeV. Substrate orientation of <111> 
was used, and annealing was performed in a temperature 
range between 4000C to 13500C. The drawing of a 
comprehensive view of the atomic transport and electrical 
activation behaviour of molecules/dopant implanted in this 
energy regime; towards the final goal of fabricating silicon 
microstrip detectors with high electrical performances 
before and after annealing is shown. It has been shown 
that fluorine diffuses into silicon at considerable depth 
and at particular annealing temperature, it escapes from 
the original amorphous/crystalline (a/c) interface and does 
not further diffuse into the silicon. We have also shown 
the probable position of a/c interface and recrystallization 
temperature.  

The aim of this present work is to present the drawing for 
the very first time of the atomic transport and electrical 
activation behaviour of BF2

+ molecules/dopant implanted 
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into silicon in this energy regime before and after 
annealing. It has been found that from previous results that 
fluorine diffuses into silicon at considerable depth upto 
200 µm and at particular annealing temperature 1150 0C, 
it escapes from the original amorphous/crystalline (a/c) 
interface and does not further diffuse into the silicon. We 
have also shown the probable position of a/c interface for 
high BF2

+ implantation dose and it lies on 200 µm from the 
Si -SiO2 interface and also recrystallization temperature is 
1150 0C.  This will be possible by comparing and simulating 
the dopant profiles obtained by previous published work.

  A00064-00313 

Computational Modelling to Predict the 
Performance of Green Packaging Structures 

Namasivayam NAVARANJAN1; Celia kUEH2; 
Sinniah ILANKO2; Mike DUKE2; Ken WONG1 
1. Biomaterials Science, Scion - Next Generation 
Biomaterials, Rotorua, New Zealand
2. Department of Engineering, University of Waikato, 
Hamilton, New Zealand

Corrugated paperboard is an efficient, low weight and low 
cost, green packaging material that is highly effective in 
protecting goods from damage. This commonly used board 
is a sandwich structure of three components, comprising a 
lightweight fluted core (medium) in between two layers 
known as liners. The liners and medium are generally 
made from either virgin or recycled wood pulp fibres, 
or a mixture of both. Paperboard performance is prone 
to decline as a result of cycling changes in the relative 
humidity and temperature of its environment. Evaluating 
performance directly in varying in-service environments 
is not economical, and computational modelling can offer 
cost effective and expedient solutions. 

The aim of the work was to develop finite element models 
to predict the linear elastic and non-linear viscoelastic 
behaviour of corrugated board for a given set of component 
properties, and its geometry under compression load at 
high relative humidity. Constitutive equations describing 
3-D non-linear viscoelastic behaviour were derived from 
the 1-D Schapery representation of strain. The orthotropic 
and the non-linear viscoelastic models were implemented 
in ABAQUS software code. The numerical models were 
validated experimentally, and the results showed good 
correlation between the predicted and actual elastic and 
viscoelastic behaviours. At high relative humidity virgin 
fibre board showed better strength, stiffness and viscoelastic 
performance than recycled board. An analytical model to 
predict the post-buckling behaviour of corrugated board 
panel was also developed and implemented in MATLAB 
code, and the results obtained were compared to published 
theoretical and experimental results. 

  A00073-03027 

A Grid-ready Multi-scale Method to Study 
Order/Disorder Transitions in Ice Physics and 
Semiconductor Alloys

Jer-Lai KUO 
School of Physical and Mathematical Sciences, Nanyang 
Technological University, Singapore

A common feature among the order/disorder transitions 
in ice physics and semiconductor alloys is the huge 
configurational space with exponentially increasing 
complexity. We will present a grid-ready multi-scale 
approach starting from accurate density functional methods 
and genetic algorithms are used to explore complexity.

It is found that most of the “crystalline” phases of ice 
known to date have disordered H-bond orientations. Such 
disorder, if examined by exploring all ice-rule-allowed all 
ice-rule-allowed1 ice configurations (~ (3/2)N ) in any given 
unit cells, is a challenging task. Our multi-scale approach 
enable us to investigate he order/disorder transition between 
Ice-XI and Ice-Ih, a fundamental question regarding the 
residual entropy of ice discovered some 70 years ago. In 
addition, we found that density functional methods are very 
reliable and can predict the correct ground state structure 
of Ice-Ih while most of the reputable empirical force fields 
failed. Along the same line, we have proposed candidates 
for the low-temperature proton-ordered counterparts of 
ice-III and ice-VI. 

Binary semiconductor alloys have been commonly 
proposed/synthesized to provide a much wider range of 
material properties than their parent compounds. However, 
theoretical studies are hindered by the intrinsic complexity. 
We have developed a grid-ready multi-scale algorithm to 
effectively explore the configurational space (~2N) and 
applied it to study the newly synthesized BexZn1-xO

7. 
Examining the formation enthalpy we found the possible 
existence of three meta-stable order states. The calculated 
band-gap of the BexZn1-xO is also compared with the 
experimental measurements and surprisingly we found 
that some alloy configurations with the same concentration 
can have band-gaps differed by ~ 1.5 eV. Currently, we 
are in the progress of studying other II-VI semiconductor 
alloys.
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  A00116-00329 

Proton Switch Correlated With the Morphological 
Development of the Hydrogen Bond Network 
in Protonated Methanol-Water Mixed Clusters: 
Theory and Experiment

Dan BING1; Jer-lai KUO1; Ken-ichiro SUHARA2; 
Asuka FUJII2; Naohiko MIKAMI2 
1. School of Physical and Mathematical Sciences, 
Nanyang Technological University, Singapore
2. Department of Chemistry, Graduate School of Science, 
Tohoku University, Sendai, Japan

Protonated methanol-water mixed clusters, H+(MeOH)
m(H2O)n (hereafter abbreviated to H+MmWn), are very 
attractive systems to elucidate the correlation between 
the preferential proton location and the hydrogen bond 
network morphology. In the present study, on the basis 
of the previous analysis of H+Mm, we explore the proton 
switch correlated with the morphological development 
in H+MmW1 by both density functional theory (DFT) 
calculations and IR spectroscopic measurements. Energy-
optimized structures of H+MmW1 (m = 1-9) are extensively 
searched in the systematic manner, and their relative 
energies, zero point vibrational energy corrections are 
evaluated. Coexistence of isomers is discussed on the 
basis of the Gibbs free energy evaluation. IR spectra of 
the clusters are experimentally measured for m = 3-9 in 
the 3mm region. IR spectral simulations are also carried 
out, and they are compared with the observed spectra. 
Dissociation fragment channels due to the vibrational 
excitation are also discussed in terms of the preferential 
proton location.

The systematic search of the most stable isomer structure in 
various morphologies of the clusters clearly demonstrated 
the correlation between the cluster morphology and 
the preferential location of the protonated site. The size 
dependent morphological development of the hydrogen 
bond network of the clusters was examined. The calculation 
results showed that L structure and the CH3OH2

+ ion core 
is preferred for the small-sized clusters of m = 1 and 2. The 
coexistence of multiple morphologies and different ion 
cores (MeOH2

+ and H3O
+) was suggested for the small-

sized clusters of 3 ≤ m ≤ 7. Compared with the H+Mm, 
adding one water molecule will encourage the formation 
of two new morphologies, T and tC structures. Both T and 
tC, which have only the H3O

+ ion core, were shown to be 
preferential in m ≥ 8, being consistent with the previous 
mass spectrometric results. The IR spectra of the clusters 
were simulated and were compared with observed spectra 
in the OH stretching vibrational region. The spectral 
features of the observed spectra were well interpreted 
by the spectrum simulations with the coexistence of the 
multiple isomers at small size. The disappearance of the 
dangling OH strech band means the dominant contribution 
of tC isomers (having H3O

+ ion cores) at m = 7~8. The 

dissociation channel branching ratio due to the vibrational 
excitation also supported the preference of the H3O

+ 
ion core for m ≥ 8. All the results from our calculation, 
observed IR spectra and dissociation channels suggests 
that proton switch from MeOH2

+ ion core to H3O
+ ion core 

at m = 8 in H+MmW1. The small difference of the critical 
size of the switching between the others’ work (m ~ 9) and 
this work (m ~ 8) would come from the temperature of the 
observed clusters as well as the precision of the energy 
evaluation in the DFT level calculations.

  A00124-00320 

Electronic Structure and Optical Gain of InAs/
GaAs Pyramid Quantum Dot 

Xiuwen ZHANG1;2; Qiang XU1;2; Jian CHEN1; 
Weijun FAN1; Junwei LUO2; Shushen LI2; Jianbai XIA2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. State Key Laboratory for Superlattices and 
Microstructures, Chinese Academy of Sciences, Beijing, 
China

Semiconductor quantum dots exhibit novel electric and 
optical properties owing to their unique structural zero-
dimensionality and quantum confinement effects. InAs/
GaAs pyramid quantum dots is grown by Stranski-
Krastanov method. Due to their lattice mismatch, the 
presence of strain significantly alters the electronic 
structure of these QDs. The strain distribution is calculated 
using the valence force field (VFF) method. We assume 
that the pyramid axis is along the positive z direction, and 
there is a two monolayer wetting layer in the xy plane. 
Every surface of the pyramid is a simple crystal plane, 
and the pyramid base width is twice of the height. The 
electronic structure and optical gain are investigated in 
the framework of empirical pseudopotential and effective-
mass envelope function theory. The quantum confinement 
Stark effect is studied thoroughly. When F is along the z 
direction (the pyramid axis is in this direction), the Stark 
effect is quite asymmetrical. When F is along the positive 
(negative) z direction, the electron and hole levels both 
decrease (increase) as F increases. It is interesting to find 
that the band gap is increased by the electric field when 
F is not very large and is along the positive z direction. 
This is the blue Stark shift in InAs/GaAs pyramid quantum 
dot. The Stark effect is anisotropic in the xz and xy planes. 
The Stark effect of InAs/GaAs pyramid quantum dot 
is complicated due to the involving of two factors, the 
quantum confinement and the electric potential. So the 
Stark effect is dependent sensitively on the dot shape. The 
optical gain of single InAs/GaAs pyramid quantum dot is 
calculated using the zero-dimensional optical gain formula 
with wave functions and a given number of carriers (neh) 
in the dot at a temperature. We find that the magnitude 
of the homogeneous broadening to be more than 10 meV, 
and the TE mode optical gain is quite larger than the TM 
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mode optical gain. The maximum gain (differential gain) 
increases (decreases) as the number of carriers increases. 
The maximum gain (differential gain) can be as large as 
3x104 cm-1 (0.8x104cm-1). For a fixed number of carriers, 
as the dimension of the dot increases, the maximum gain 
and peak photon energy decrease due to the decrease of the 
density of states at the band edge.

  A00124-01961 

Electronic Structure and Optical Gain of InAsSbN/
InAs Quantum Dots

Jian CHEN1; Weijun FAN1; Qiang XU1; 
Xiuwen ZHANG2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. Solid State Theory Group, National Renewable Energy 
Laboratory, Golden, United States

Semiconductor quantum dots exhibit novel electric and 
optical properties owing to their unique structural zero-
dimensionality and quantum confinement effects. InAsSbN/
InAs pyramid quantum dots is grown by Stranski-Krastanov 
method, and Sb and N atoms are uniformly distributed in 
QDs. The Sb (N) is larger (smaller) than As, and more Sb 
(N) atoms may cause compressive (tensile) strain. The 
strain distribution is calculated using the valence force 
field (VFF) method. We assume that the pyramid axis is 
along the positive z direction, and there is a two-monolayer 
wetting layer in the xy plane. Every surface of the pyramid 
is a simple crystal plane, and the pyramid base width is 
twice of the height. The electronic structure and optical 
gain are investigated in the framework of effective-mass 
envelope function theory. The band alignment of InAsSb/
InAs is type I for unstrained case, and the conduction band 
offset is quite small. So the overall compressive strain in 
QD can raise the conduction band converting the band 
alignment from type I to type II in which the electrons 
accumulate at the top of the conduction band of barrier 
material InAs. The first excited state of electron C1 has 
very limited change when composition of Sb or the size 
of QD changes, so the transition energy is more affected 
by hole levels. When the composition of Sb increases, the 
QDs have smaller bandgap, so transition energy is smaller. 
Because N is only added into QDs, and N resonant level is 
quite far from excited electrons, so their interaction is very 
little. So the added N only reduces the compressive strain 
in QD, and it has insignificant effect on transition energy. 
This type II band alignment has much smaller transition 
matrix element, as excited electrons are confined in 
barrier but holes in QD. Their overlapping is rather weak, 
and their interaction to emit photons is not efficient. The 
optical gain of single InAsSbN/InAs pyramid quantum 
dot is calculated using the zero-dimensional optical gain 
formula with wave functions and a given carrier density 
at a temperature. We find that the difference between the 
higher excited transition and C1-HH1 transition energy 

is smaller than the homogeneous and inhomogeneous 
broadening, and the peak of C1-HH1 may overlap with 
higher excited transitions to form a broader peak. And 
when carrier density increases, the extra carriers may all 
contribute to the higher excited transition which is not 
desirable.

  A00125-01319 

The Band Offset of GaAs1-xNx/GaAs: The First-
principles Approach 

Qiang XU1; Weijun FAN1; Jer-Lai KUO2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. School of Physical and Mathematical Sciences, 
Nanyang Technological University, Singapore

The band offset of semiconductor heterostructure is one of 
the most important parameters in the bandgap engineering 
deciding the charge transport, quantum confinement 
and optical detectors and emitters, etc. GaAs1-xNx/
GaAs heterostructure has unique physical properties 
and advantages for light emitters in {$1.3-1.55\mu 
m$} wavelength range which is important to data and 
telecommunications. However, it is not clear whether the 
type of band offset of GaAs1-xNx/GaAs heterostructure is 
type I or type II, i.e., the GaAs1-xNx valence band maximum 
(VBM) is higher or lower than the GaAs VBM. This is 
the key for the device performance. Although the early 
theoretical works support the type I based on the dielectric 
model calculations, the real amount of its band offset is still 
not determined. Especially, there is only a few theoretical 
works based on the density functional theory (DFT). In 
this study, we will calculate the band offset of GaAs1-xNx/
GaAs heterostructure using first-principles methods.

All results are carried out using first-principles calculations 
based on DFT within the local density approximation (LDA) 
for the exchange-correlation potential, as implemented by 
the Vienna Ab-initio Simulation Package (VASP) code. 
The projector-augmented waves (PAW) pseudopotentials 
and a plane wave expansion up to 400.0 eV are employed. 
The Ga 3d electrons are treated as valence electrons. 
We use 2x2x2 k-point sampling. The lattice constants of 
GaAs, GaN and GaAs1-xNx are optimized. These optimized 
lattice constants are vary linearly as a function of the 
composition x. Using their optimized lattice constants, 
we fit their elastic stiffness constants. According to these 
fitted results, we calculated the band offset of GaAs1-xNx/
GaAs heterostructure. The direction of GaAs1-xNx/GaAs 
interface is along (001). We will obtain the relation between 
the band offset and Nitrogen composition x, which will 
provide a guidance for GaAs-based optoelectronic device 
fabrication.
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  A00154-03387 

Application and Optimization of Dual-material 
Approach in Graded Refractive Index Optics

Qian WANG; SengTiong HO; TerHoe LOH; 
KehTing NG 
Data Storage Institute, Singapore

This paper investigated the performance of a nano-film 
stack consisting alternatively deposited two materials. With 
appropriate design, this nano-film stack can be employed 
in graded refractive index optics. A graded refractive index 
lens with a super-high numerical aperture is numerically 
demonstrated for light beam focusing, expanding and 
imaging.

Light propagation in graded refractive index (GRIN) 
material can be expanded, focused or imaged. Optical 
devices based on GRIN material can act as lens or waveguide 
and have been commonly used in micro-photonics. 
The graded refractive index material is conventionally 
realized through diffusion, which is restricted in terms of 
the graded refractive index profile and refractive index 
contrast. It leads to a low numerical aperture when act as a 
lens. Recently, researchers developed the graded refractive 
index through varying the material composition. The 
desired graded refractive index profile can be approached 
based on this method but the achievable refractive index 
contrast is still restricted.    

To realize the high refractive index contrast with a desired 
graded profile, a dual-material approach is considered in 
this paper. Thin-film technology is a mature technology and 
commonly used in the photonics industry for reflectance 
reducing/enhancing or wavelength filtering. In these 
applications, the thickness of employed thin film layer is 
of wavelength scale. When the thickness of thin-film is 
reduced further to nano-scale, a dual-material thin-film 
layer can be approximated by an effective medium with 
a specific refractive index depending on the respective 
thickness ratio between the two materials. Therefore, 
a dual-material thin-film stack can have an equivalent 
graded-refractive index profile after optimization. Light 
propagation in the nano-thin-film stack is simulated and 
analyzed, based on which the thin-film stack is optimized 
to act as GRIN lens with a super-high numerical aperture. 

  A00160-01411 

Application of Fourier Transform-based K·P 
Method to Semiconductor Supperlattices

Qiuji ZHAO; Ting MEI 
Nanyang Technological University, Singapore

In effective mass approximation (EMA), electron and hole 
energy states in a bulk crystal can be solved as an eigen-
problem of a bulk Hamiltonian H.  For structures with  
abrupt interfaces, the eigen-function can be found by 

matching wave functions at the interfaces, whereas for 
graded structures, numerical approaches are needed due 
to the spatially-varying Hamiltonian H(r), e.g., finite 
difference method (FDM) and finite element method 
(FEM), etc..  These numeric methods work for both cases, 
whereas with or without specific consideration of the 
interface matching condition, no significant difference 
in results has ever been reported. We formulate a simple 
and neat Fourier-space Hamiltonian for the numerical 
k·p approach and the Fourier transform-based k·p 
approach is developed to calculate electronic structures of 
semiconductor supperlattices.

Both the envelop function and spatially-varying Hamiltonian 
H(r) for the supperlattices can be approximated by Fourier 
series. For arbitrary periodic structures, Fourier series 
expansion is implemented numerically by fast Fourier 
transform (FFT), therefore, no cumbersome calculation 
on integral or differential is involved. The Hamiltonian in 
Fourier domain for the eigen-problem can be formulated in 
a simple and neat form using the truncated Fourier series 
of the spatial domain Hamiltonian, due to the neglectable 
high frequency Fourier series. The eigen-function and 
its derivative possess a continuity property natively, 
therefore it is manifest that this method is applicable to 
the superlattices with abrupt interfaces. Furthermore, for 
numerical calculation, a structure does not have to be 
meshed for performing FFT if analytical expressions of 
Fourier series are available, enhancing the computation 
time and speed further.

In this paper, we present the multiband k·p Fourier 
transform method (FTM).  The formulas of FTM are 
derived and the solutions in several examples of quantum 
well (QW) are given for illustration. Comparison is made 
between FTM and FDM as well. To achieve high accuracy, 
FDM results in a very large Hamiltonian matrix which is 
challenging to solve practically, going with ~6 times time 
computation more than FTM. Finally, the formulation 
is further extended to the case of quantum dot (QD) 
superlattices. For three-dimensional heterostructures, 
complicated formulations in both FDM and FEM make 
programming tasks challenging.  In contrast, it is seen that 
FTM is advantageous to overcome issues in these aspects. 
A flatten QW structure (a QD heterostructure) example 
is investigated using Hamiltonian of QD, corresponding 
energy states and the wave functions are presented, 
comparison between energy states and those of a real QW 
structure calculated by Hamiltonian of QW is investigated, 
which is reasonable with less than 6% discrepancy.

In summary, we derived Fourier domain Hamiltonian 
expressed in a simple and neat from the position-
dependent Hamiltonian in a spatial domain, the dimension 
of the Hamiltonian is determined by the truncated Fourier 
order only. Therefore, FTM without mesh is numerically 
efficient for solving multiband k•p eigen-problems of 
heterostructures, especially for the zero dimensional 
heterostructures.



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     15

  A00225-02524 

Pressure Induced Phase Transition In BaS under 
High Pressure

Purvee BHARDWAJ 
Barkatullah University Bhopal, India

In the present paper, we have investigated the high-pressure 
structural phase transition of barium sulfide (BaS) using 
the three-body potential (TBP). This TBP model includes 
Coulombic, three-body interaction, vander Waals forces, 
and overlap repulsive interaction operative up to second 
neighbor ions. Phase transition pressures are associated 
with a sudden collapse in volume. The phase transition 
pressures and associated volume collapses obtained from 
present potential model show a generally good agreement 
with available experimental data than others. 

  A00226-00443 

Thermodynamic Modeling of Ti-Cr-Mn Ternary 
System

Le Yi CHEN; Chong He LI; Kun WANG; 
He Quan DONG; Xiong Gang LU; Wei Zhong DING 
Shanghai Key Laboratory of Modern Metallurgy & 
Materials Processing, Shanghai University, Shanghai, 
China

Ti-Cr-Mn ternary system is one of the most important 
systems to develop the low cost titanium alloys (LCB) 
containing cheap alloying elements Cr and Mn. Up to 
now, there is little study to optimize this system and the 
experimental phase diagram is also scarcely reported.  In 
order to design novel low cost titanium alloys, there is an 
urgent need of the phase diagram of this system, therefore 
its thermodynamic assessment also possesses the practical 
interests. In this work, the previous research works on Ti-
Cr-Mn system, as well as the assessment of related sub-
binary systems are reviewed and examined. The Ti-Mn 
system containing the TiMn3 and TiMn4 intermetallics 
are reevaluated, based on Ghosh’s work for Ti-Cr, Lee’s 
work for Cr-Mn and reassessment of Ti-Mn, as well as the 
ternary experimental data of Ti-Cr-Mn ternary system, this 
ternary system is thermodynamically optimized by means 
of Pandat, then the 1173K and 1273K isothermal sections 
are calculated. It is shown that the present thermodynamic 
assessment is in better agreement with most of experimental 
results. 

  A00228-00430 

Numerical Study on Magnetoresistance Anomaly 
in AB Rings subjected to Microwave Radiation

Tsuyoshi UETA1; Mitsuyoshi TOMIYA2; 
Shoichi SAKAMOTO2 
1. Institute of Media and Information Technology, Chiba 
University, Chiba, Japan
2. Department of Materials and Life Science, Seikei 
University, Tokyo, Japan

In recent years, peculiar oscillation of magnetoresistance in 
a 2D electron gas induced by microwave radiation attracts 
attention experimentally and theoretically. Unlike the 
Shubnikov-de Haas oscillations which are controlled by the 
ratio of the Fermi energy to the cyclotron frequency, these 
radiation-induced oscillations are controlled by the ratio of 
the radiation frequency to the cyclotron frequency.

Recently, moreover, a brand-new phenomenon induced by 
microwave radiation was observed in AB ring systems. That 
is, a significantly wide dip appears in the magnetoresistance 
of AB ring structures in a weak magnetic field range, 
whereas that never appears in the case of Hall bars. The 
features of this phenomenon is summarized as follows:

+ A significantly wide dip appears in the magnetoresistance 
of AB ring structures in a weak magnetic field range.

+ The position (strength of a magnetic field) of dip does 
not depend on the frequency of microwave.

+ In the case of low current, it is a dip, but it will become a 
peak if current becomes large.

In the present study, we attempt to explain these features 
theoretically. It is clearly considered that excitation 
of conducting electrons by microwave caused these 
phenomena.

Here, numerical computation was performed as one-body 
problem by means of tight-binding model.

In our numerical model, we make following assumptions:

(1) All electron levels with less than the Fermi energy are         
occupied. 
(2) All electron levels with greater than the Fermi energy     
are unoccupied. 
(3) The incident electron wave has only Fermi energy. 
(4) The population of excited electrons is small enough.

The dependence of the coupling constant between an 
electron and the microwave on energy, electron density, 
and density-of-states is neglected.

A significantly wide dip was found in magnetoresistance 
calculated by a simple numerical model in which the 
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incident wave is excited by applied microwave. The 
position of the dip does not depend on the frequency of the 
microwave. The excitation does not happen, namely, the 
dip does not appear, when the frequency of the microwave 
is too high. 
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Intercalation of Ruthenium(II) tris 
(1,10-phenanthroline) Complex in α- and 
γ-Zirconium Dihydrogen Phosphate. Synthesis, 
Thermal Behaviour and X-Ray Characterization 

Carla FERRAGINA1; Romolo DI ROCCO1; 
Potenzo GIANNOCCARO2; Lucantonio PETRILLI3; 
Mauro ROTATORI4 
1. Istituto di Metodologie Inorganiche e dei Plasmi, 
Consiglio Nazionale delle Ricerche, Monterotondo, Italy
2. Dipartimento di Chimica, Universita di Bari, Bari, 
Italy
3. Istituto dello Studio dei Materiali, Consiglio Nazionale 
delle Ricerche, Monterotondo, Italy
4. Istituto di Inquinamento Atmosferico, Consiglio 
Nazionale delle Ricerche, Monterotondo, Italy

The ruthenium(II) tris-phenanthroline (Ruphen) complex 
has been recently used as a part of an optochemical 
sensing array. The immobilization of this sensing reagent 
in a supportive matrix is a critical step in the fabrication 
of optochemical sensor, including fiber-optic, oxygen 
sensor. Layered systems such as ion-exchangers (α-and 
γ-zirconium dihydrogen phosphate) already used as 
hosts of larger cations with good results, give us to study 
the intercalation of Ruphen in these host matrices by 
synthesizing them using the batch method. The uptake of 
the Ruphen by the exchangers occurs via H+/Ruphen2+; the 
materials colour changes from white to brilliant orange; 
the highest ion uptake was obtained for the γ-phase. There 
is no loss of phenanthroline from the Ru(II) ion during the 
exchange in these host matrices. The materials obtained 
are thermally stable up to ∼340°C and the complex 
decomposition occurs in two (α-phase) or three (γ-phase) 
steps. At ∼700°C and at 550°C (respectively for α- and 
γ-) the complex decomposition is complete. As obtained 
from the he X-ray patterns, the ruthenium materials are 
still layered and show a new phase with an increase in the 
interlayer distance d with respect to the starting materials, 
identifiable from d=15.32Å (vs. 7.56Å) and 19.20Å 
(vs. 12.30Å) respectively for α- and γ- exchangers. The 
hydrogen form is always present for the α-materials; 
meanwhile for the γ-materials is present when ≤0.12 moles 
of Ruphen/mole of exchanger are inserted. Microanalysis 
measurements confirm the fact that the Ruphen complex 
is not modified when exchanged. Materials were tested 
for their catalytic activity towards oxidation processes. 
Preliminary tests show that they act as effective and stable 
catalysts for the conversion of benzaldehyde to benzoic 
acid.
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First-Principles Study of Schottyky-barrier 
Heights at NiSi2/HfO2 Interfaces
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Future MOSFET which requires lower EOT is targeting 
high-κ materials to maintain performance improvement 
in continuing downscaling of the devices. Searching for 
a suitable p-type gate metal is also a significant challenge 
in this issue. HfO2 as promising material to substitute 
SiO2, has the advantage of higher dielectric constant in 
stabilized tetragonal or cubic polymorphs. On the other 
hand, NiSi2 has work function around 5.0 eV with respect 
to vacuum which is close to the valence band edge of Si 
shows itself as promising candidate to replace poly-Si 
metal gate in p-type MOS. Therefore, NiSi2/HfO2 interface 
is a promising candidate for metal/high-κ gate stack study. 
In this work, first-principles calculations of the NiSi2/HfO2 
interfaces are presented with interface configurations for 
(100) and (110) orientation. The Schottky barrier heights 
(SBHs) of NiSi2/HfO2 gate stacks are investigated within 
the framework of first-principles calculations. Based on 
the calculated interfaces, it was found that the SBHs may 
vary within a range up to 3 eV and are interface chemistry 
dependent. Influences of interfacial bonds, i.e. Si-O, Si-Hf, 
Ni-Hf and Ni-O, on SBHs are shown and discussed.
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Analysis of Ice XIII Structures by First-principles 
Methods

Jingyun ZHANG; Quoc Chinh NGUYEN; 
Xiao-Feng FAN; Jer-Lai KUO 
School of Physical and Mathematical Sciences, Nanyang 
Technological University, Singapore

The physical and chemical properties of water are of 
fundamental importance in numerous fields of science, 
including planetary physics, chemistry and biology. Ice has 
an intricate phase diagram with at least fifteen crystalline 
phases been identified experimentally till now. Very 
recently, two new phases were found by Salzmann et al and 
they are labeled as ice XIII and ice XIV, respectively. Ice 
XIII and XIV were obtained within pressures from 0.5 to 
1.2 GPa by cooling hydrogen disordered ice V and ice XII 
doped with HCl to facilitate the proton ordering process. 
After cooling to 77 K, the new ices were decompressed 
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and then analyzed by powder neutron diffraction.  These 
recent experiments brought out the question on studying 
the structures of ice XIII. An algorithm based on group and 
graph theory is employed to enumerate all ice-rule-allowed 
structures in a 28-water unit cell of ice V. Application of the 
methodology results in enumeration of 69380 symmetry-
distinct hydrogen-bonding configurations. We consider 
only those structures with higher symmetry in our DFT 
simulation because the proton ordered phase will have 
maximal symmetry. A set of hydrogen bond topologies 
were further studied with first principles methods. Both 
local density approximation and generalized gradient 
approximation were adopted to ensure the reliability of our 
calculations. We showed that first-principles methods yield 
consistent ground state with previous neutron scattering 
experiments and a few low-energy meta-stable states also 
exist.  The identity and concentration of dopants would 
probably influence the accessibility of these phases. We 
have proven again the transferability and performance of 
first-principles methods in modelling water and hydrogen 
bonding system. It is known that the core level spectroscopy 
is a powerful structural tool and the main advantage of the 
XAS is the ability to selectively excite individual atom and 
thereby examine the specific chemical environment around 
the excited atom. Since we have identified a set of low-
energy structures, an investigation into their absorption 
features in the XAS will provide important information on 
short range environments in these structures. Furthermore, 
we calculated the oxygen K-edge X-ray absorption spectra 
(XAS) of four low-energy configurations and demonstrated 
that XAS might be an alternative technique to re-examine 
the structure of ice XIII.
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The Electronic Structure of the Ti4O7 Magneli 
Phase 
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In this work we present density functional calculations on 
the Ti4O7 Magneli phase. 

The electric conductivity of this Magneli phase depends on 
the temperature, with Ti4O7 presenting two discontinuities 
in its electric conductivity: a semiconductor-semiconductor 
transition in the 125-140K temperature range and a so-
called semiconductor-metal transition at about 150K. This 
behaviour of the electrical conductivity with temperature 
identifies three phases for Ti4O7: the low, intermediate and 
high temperature phases.  

Our results provided a consistent description of the high 
temperature (T>298 K) phase, the intermediate temperature 
(120K<T<140 K) phase and the low temperature (T<120 
K) phase.

The established model for the electronic structure of the low 
and intermediate temperature phases of Ti4O7 states that 
Ti+3-Ti+3 pairs -bonded through non-magnetic metal-metal 
bonds- form ordered bipolarons in the low temperature 
phase, and that, in the intermediate temperature phase, 
these bipolarons still exist but are disordered.

In this work we propose a different picture for the Ti4O7 
low and intermediate temperature electronic structure. 

We argue that, in the low temperature phase, a combination 
of a strong on-site Coulomb repulsion and electron-
phonon coupling results in the localization of unpaired 
electrons in the Ti+3 ions forming the pairs.  The electrons 
are accommodated in specific t2g-like orbitals for two 
reasons: to minimize the direct Coulomb repulsion, and to 
minimize the indirect interaction that results from lattice 
distortion. The localized electrons are antiferromagnetically 
coupled, producing bipolarons with zero spin. This orbital 
ordering results in the widening of the gap between the 
fully occupied and unoccupied levels. This is a bipolaronic 
state, but there is no bond in between the Ti+3 forming the 
pairs.

In the intermediate phase, a subset of the bipolarons 
dissociate but the electrons remain strongly localized: 
this state consists of a mixture of polarons and bipolarons 
placed in a superstructure with long range order.

This model provides a consistent explanation of the 
observed electric and magnetic properties of Ti4O7.
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Gap Engineering in Epitaxial Graphene on 
Ru(0001): First-Principles Calculations
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We performed detailed first-principles calculations for the 
atomic and electronic structures of graphene monolayer 
on Ru(0001) surface under different compressive strains. 
Three strained model were considered, which differ in the 
carbon periodicity on ruthenium surface. The electronic 
structures of the whole system are successfully reproduced, 
which is in very good agreement with experimental 
data. We find that the N × N superlattice in graphene on 
Ru(0001) can be simulated by a smaller model. The energy 
gap varies inversely with the periodicity with the largest 
value 36.5meV, which can be used to control the band gap 
of graphene nanostructures. 
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On Responsive Mechanical Characteristics of 
Soft Smart Hydrogel to Solution pH and Electric 
Voltage Coupled Stimuli

Rongmo LUO; Teng Yong NG; Hua LI; Khin Yong LAM 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

In this paper, a multiphysics model, termed the multi-
effect-coupling pH-electric-stimuli (MECpHe) model, is 
used for analysis of the mechanical characteristics of the 
soft smart hydrogel responding to the coupled stimuli of 
solution pH and externally applied electric voltage. With 
consideration of the chemo-electro-mechanical multi-
energy domains, the formulation of the fixed charge 
density in the model is associated with effect of the 
coupled buffer solution pH and externally applied electric 
voltage. The model is expressed by a set of nonlinear 
partial differential governing equations with capability of 
predicting the mechanical characteristics of the hydrogel 
and simulating the distributions of diffusive ionic species 
concentrations, the electric potential and the fixed charge 
density in both the hydrogel and surrounding solution. The 
model is employed for steady-state simulation of the smart 
hydrogel responding to the pH-electric coupled stimuli. 
Parameters studies are conducted for the influences of 
several important physical parameters including the 
externally applied electric voltage, solution pH and fixed 
charge density, on the swelling and bending deformation 
of the hydrogel strip.
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Ab initio Prediction of Ultra-incompressible 
Phases of Tungsten Dinitride

Yanming MA; Hui WANG 
State Key Lab of Superhard Materials, Jilin University, 
Changchun, China

Solid nitrides have been the subject of intense experimental 
and theoretical studies due to their technological and 
fundamental importance. Transition metals were previously 
known to hardly form nitrides with high nitrogen content. 
Until recently, platinum-metal (e.g., Pt, Ir, Os, and Pd) 
dinitrides were successfully synthesized under extreme 
conditions of high pressure and temperature. Except for 
PdN2 all these nitrides can be quenched and stabilized to 
ambient conditions, and possess outstanding mechanical 
properties (e.g., an ultra-high bulk modulus 428 GPa for 
IrN2). The anomalously low compressibility of these nitrides, 
comparable to that of c-BN, suggests that they are potential 
superhard materials. The crystal structures for these nitrides 
have been extensively studied and the consensus appears to 
be that the origin of their incompressibility derives mainly 
from the directional bonding of interstitial dinitrogen. Are 
there other superhard transitional metal dinitrides? Results 
are worth the effort. Here, the crystal structures of WN2 
were extensively explored over a wide range of pressures 
using a newly developed approach,  merging ab initio 
simulations and a specifically developed evolutionary 
algorithm for crystal structure prediction. This method has 
been very successful in predicting the unknown structures 
with the only information of chemical compositions. A 
stable hexagonal P63/mmc structure and a metastable 
P-6m2 structure both possessing dinitrogen are predicted 
and energetically much favorable than those of earlier 
predicted baddeleyite- and cotunnite-type structures. The 
two structures are ultra-incompressible and have not been 
reported in any other compounds. The chemical bonding 
of the two structures has been deeply discussed and shows 
intriguing features.
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Dehydrogenation Kinetics of Pure MgH2 
Investigated by DFT and Experiment 
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Hydrogen is an ideal clean carrier for storage, 
transport, and conversion of energy. However, the high 
thermodynamic stability of the magnesium hydrides 
prevents dehydrogenation under moderate conditions. In 
order to improve the dehydrogenation properties of Mg-
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rich alloys, understanding of the desorption pathways and 
relatively energy barriers is considered as essential. 

We used a periodic six-layer (0.715 nm thick) and nine-
layer (0.83 nm thick) with (2×2) and (2×3) surface unit 
cell for MgH2(001) slab and MgH2(110) slab, respectively. 
The calculations performed in this study were done using 
the Vienna ab initio simulation package (VASP) and 
electron-ion interactions were described by the projector 
augmented wave (PAW) method.

Firstly, the desorption pathways of H2 on the MgH2(001) 
surface are calculated. The desorption energy barriers 
computed directly from the data of PATH-A PATH-B and 
PATH-C processes are 2.75, 2.34 and 2.67 eV without ZPE 
corrections. The energy difference between the final states 
of PATH-A vs PATH-B and PATH-B vs PATH-C chosen 
on the MgH2(001) is 0.45 eV and 0.58 eV, respectively, 
due to the significant energies associated with structural 
interactions between H-vacancies. However, the difference 
in the two activation barriers is only 0.2 eV, indicating 
that the barrier to desorption is relatively insensitive to 
the initial position of the two neighbouring H atoms on 
MgH2(001) surface.

Secondly, the energy barriers are 1.60, 0.98, 1.10, 1.96 and 
1.05 eV for H2 desorption on MgH2(110) surface, which is 
lower than that in MgH2(001) surface. And all the data from 
MgH2 surface supports the conclusion that the desorption 
processes of MgH2 surface are more difficult than that of 
Mg(0001) surface, yielding an activation energy of 1.15 
eV. In all five pathways we considered, PATH-B has the 
lowest energy. Comparing with the IS configurations 
of PATH-A and PATH-D, the most important difference 
is whether being have the Mg atoms between the two 
H atoms. The existent same Mg atom in the same plane 
prevents H atoms desorption on surface.

Finally, Chou method was used to investigate the hydrogen 
desorption kinetic mechanism of pure MgH2. The obtained 
activation energies are 1.21±0.02 eV. It means that fitting 
result is matching well with our calculation results. 
Furthermore, it is suggested that the desorption process 
preferred to carry out in the MgH2(110) surface rather than 
MgH2(001) surface.
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Simulation of Solidification Microstructure in 
Twin-roll Casting Strip 
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The twin-roll strip casting is regarded as the most prospective 
technology of near-net-shape casting. The control of the 
grain structure is of primary importance in twin-roll strip 
casting because the solidification microstructure has great 
influence on the quality and mechanical properties of 
strips. In this paper, Nucleation and growth model based 
on Cellular Automation (CA) incorporated with macro 
heat transfer calculation was presented to simulation 
the microstructure of steel strip twin-roll casting. The 
Gaussian distribution of nucleation sites was adopted 
both at the mold surface and in the melt. The KGT model 
was used to describe the growth kinetics of dendrite tip. 
Then the influence of the casting conditions especially 
such as heat transfer coefficient between the rolls and the 
solidified strip on the strip solidification microstructure 
was detailed investigated. Through the numerical 
simulation on solidification microstructure under various 
casting conditions, it can be seen that with increasing 
of heat transfer coefficient or casting temperature, the 
obtained grain size increased while the grain density and 
the proportion of equiaxed crystal decreased. And it was 
found that the columnar grain zone decreases with the 
increase of casting temperature and casting speed. 
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We study the generalized Holstein Hamiltonian in the 
simultaneous presence of diagonal and off-diagonal 
exciton-phonon coupling using the Global-Local Ansatz 
and the dynamical coherent potential approximation 
(under the Hartree approximation). The former yields 
detailed exciton-phonon correlations for polaron states in 
the lowest polaron energy band in addition to the state-
of-the-art ground-state wave functions while the latter 
reveals polaron dynamic information in form of extended 
energy spectra and spectral density functions. Lowest 
polaron energy bands generated by the two methods are 
compared. 
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Ab initio Calculation of Electric Field Gradients in 
Hf3Al2 and Zr3Al2 Compounds

Jelena BELOSEVIC-CAVOR; Vasil KOTESKI; 
Jana RADAkOVIC; Bozidar CEkIC 
Institute of Nuclear Sciences Vinca,, Belgrade, Serbia

A detailed theoretical study of the structure and electric 
field gradients (EFG) of the Hf3Al2 and Zr3Al2 compounds 
is presented. Using all-electron augmented plane waves 
plus local orbitals (APW+lo) method, the equilibrium 
volume, bulk modulus and EFGs at all non-equivalent 
crystallographic positions in these compounds are 
calculated. We have also performed supercell calculations 
with Cd impurity. Through the comparison of theoretical 
and experimental EFGs in these cases we provide 
additional information for interpreting the experimental 
results obtained by time-differential perturbed angular 
correlations (TDPAC) measurements.
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Structural Stabilities and Electronic Properties 
of ZnO-based Semiconductor Alloys: The First-
principle Study

Xiaofeng FAN; Zexiang SHEN; Lei LIU; Jer-Lai KUO 
School of Physical & Mathematical Sciences, Nanyang 
Technological University, Singapore

ZnO has been a promising candidate material for the 
UV light emitting and electron spintronic devices due to 
its unique physical properties. In order to obtain flexible 
band-gap for device design, ZnO-based alloys are worth 
attracting much attention. By today’s epitaxial growth 
techniques, the single-phase alloys (MgZnO, CdZnO and 
BeZnO) have been fabricated with higher concentrations 
under non-equilibrium growth condition. Based on the 
above consideration, we analyzed the structural stabilities 
and electronic properties of the quasi-ordered structures of 
the ZnO-based alloys in some supercells, by combining 
the geometric statistics and first-principle calculation.
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Theoretical Study of the Structural Stability of 
Cage-like Alloy Clusters: A Case of C12 B6N6

Xiao-Feng FAN; Zexuan ZHU; Hongyu WU; 
Zexiang SHEN; Jer-Lai KUO 
School of Physical & Mathematical Sciences, Nanyang 
Technological University, Singapore

Bond counting rule (BCR) can guide to find the ground 
states of cage-like alloy clusters, but can not evaluate 
quantificationally the stabilities of alloy structures. By 
considering the environment effects, such as the near- 
neighbor bond type and the angle between bands, a 
color-bond graph (CBG) model are builded to predict the 
stabilities of alloy configurations, combined with accurate 
DFT calculation. The veracity of CBG model is proved in 
case of C12B6N6 alloy cluster.

With BCR and CBG, the structural stability and the BN-
substitution pattern of the cage-like alloy C12B6N6 have 
been investigated. The most stable configurations in two 
conceived cage structures are found. For most stable 
configurations, two major rule of the substitutions of BN 
units in the cage-“continuity” and “hexagon filling” – are 
found to be followed.
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Direct Enumeration of Wurtzite BC2N 
Configurations for Structural Stability and 
Hardness Evaluation 

Hongyu WU; Xiao-Feng FAN; Jer-Lai KUO 
School of Physical and Mathematical Sciences, Nanyang 
Technological University, Singapore

An algorithm to systematically search nonequivalent unit 
cells for hcp lattice has been developed and wurtzite BC2N 
(WZ-BC2N) alloy configurations with nonequivalent 
unit cells containing up to 12 atoms are examined. First-
principles calculations show that the lowest-energy WZ-
BC2N are all (001) superlattice. The Vickers hardness of 
these structures are calculated and found to be higher than 
that of cubic BN, indicating that WZ-BC2N serves as a 
good candidate of superhard materials. By comparing WZ-
BC2N with zinc-blend BC2N (ZB-BC2N), the zinc-blende 
structure is found to be energetically more stable than the 
wurtzite structure for BC2N, consistent with the phase 
stability for bulk diamond and BN. Since the formation 
energy for WZ-BC2N (001) superlattice gets smaller as the 
periodicity increases, experimental effort can be made in 
synthesizing WZ-BC2N superlattice with a relatively long 
periodicity if the phase transition from WZ-BC2N to ZB-
BC2N can be effectively inhibited. 
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Due to their high intrinsic carrier mobility, Ge and its alloy 
with Si have been attracted much attention as an alternative 
for complementary metal oxide semiconductor devices in 
near future, especially for high speed circuit applications. 
The interface between high-K oxide and Ge is a critical 
issue, because it determines the performance of Ge-based 
field-effect transistors. 

First-principles total-energy calculations based on density 
functional theory have been carried out to investigate the 
interface properties of SrZrO3(100)/Ge(001). It was found 
that the surface symmetry and lattice constants of SrZrO3 
match well with Ge. This indicates that SrZrO3 might be 
epitaxially grown on Ge substrate. Based on interface 
formation energy comparisons, the relative interface 
stability was determined. The calculated band offsets are 
strongly dependent on the interface bonding structures, 
and especially on oxygen amounts at the interface. Band 
offset at energetically favorable SrZrO3/Ge interfaces are 
large enough to minimize possible carrier tunneling, which 
means that SrZrO3 is a promising high-K dielectric for Ge-
based field-effect transistors. 
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Multi-Scale Modeling of Metallic Glass Formation 
in the Equilibrium Miscible and Immiscible Binary 
Metal Systems 

Baixin LIU 
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This paper attempts to present first a brief summary 
of the up-to-date experimental studies concerning the 
formation of amorphous alloys or metallic glasses by ion 
beam mixing of multiple metal layers in the equilibrium 
miscible and immiscible binary metal systems. In addition, 
some empirical criteria are introduced for predicting the 
metallic glass formation. Second, based on the framework 
of Miedema’s theory, thermodynamic modeling of metallic 
glass formation is briefly described with consideration of 
the additional interfacial free energy in the metal-metal 
mutilayers. Third, in atomistic modeling, an important 
method, i.e. ab initio assisted construction of interatomic 
potentials, is introduced and the method is necessary for 
an immiscible system, as there is no any equilibrium 
compound providing the necessary physical property data 

for fitting the cross potential. Fourth, realistic potentials are 
constructed in ten more representative binary metal systems, 
including miscible and immiscible ones characterized by 
very negative to very positive heats of formation as well 
as possible combinations of three major structures (bcc, 
fcc and hcp). Fifth, applying the constructed potentials, 
molecular dynamics simulations obtain a common verdict 
that the physical origin of the crystal-to-amorphous 
transition, which results in metallic glass formation, is 
the crystalline lattice collapsing, while the solute atoms 
are exceeding the critical value, thus determining the two 
critical solid solubilities for each system. In other words, 
in a binary metal system, the composition range bounded 
by the two calculated critical solid solubilities could be 
considered as intrinsic glass-forming ability of the system 
in a quantitative manner, within which metallic glasses 
are energetically favored versus the competing solid 
solutions. 

  A00581-01055 

Hydrogen-storage Media Based on Metal-
decorated MOFs and Low-dimensional Materials
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Hydrogen storage is an essential requirement to the 
development of the hydrogen fuel-cell powered vehicles. 
Using extensive computer simulations, we perform a 
combinatorial search for hydrogen storage materials 
among low-dimensional nanomaterials and metal organic 
frameworks (MOFs) decorated with metal atoms. 
Hydrogen molecules are stored by being attached to 
certain metal atoms which are bound to a backbone matrix 
consisting of carbon-based nanomaterials or MOFs.  
High gravimetric as well as volumetric storage capacity 
under ambient conditions is shown to be possible with 
appropriate choices of elements and structures. Transition 
metal atoms can bind hydrogen molecules through 
the simultaneous electron donation and back-donation 
which is usually called a ``Kubas interaction’’. This 
interaction is extremely useful for the room-temperature 
hydrogen storage applications and provides the optimal H2 
binding energy of 0.3 eV including the zero-point energy 
correction. We show that there exists competition between 
the exchange field and the ligand field splitting, and the 
high storage capacity is achievable only when the ligand 
field dominates. Other metal atoms such as calcium may 
bind hydrogen molecules through the dipole interaction as 
well which is induced by the ionization of the metal atoms. 
The effect of the electron correction among partially-filled 
d electrons in the system is analyzed using the Hubbard U 
term derived from a first-principles approach. Recent new 
developments in the field are also reported.



22     Symposium Q - Computational Materials Design at All Scales: From Theory to Application

  A00624-01257 

A Potential Model for Protonated Hydrogen 
Fluoride H+(HF)n clusters

Quoc Chinh NGUYEN; Jer-Lai KUO 
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In this work, a potential model has been developed in 
order to simulate protonated hydrogen fluoride clusters. 
The potential is based on OSS2 functional form which 
was formerly designed for protonated water clusters by 
Ojamae et. al.. (J. Chem. Phys. 109, 5547, `998) It inherits 
the characteristics from OSS2 model such as polarizability 
and disassociation. Nevertheless, several modifications 
have been introduced to adapt to H+(HF)n clusters: the 
three-body-term interaction is simplified and the dipole 
constant is adjusted to the experimental result. The 
potential was then derived by fitting with the electronic 
surface of small-sized H+(HF)n (n=1-5) isomers  at 
ab initio MP2 calculation. It reproduces well ground-
state structures and binding energies at MP2 calculation 
and describes correctly the interaction in proton transfer 
reactions of protonated hydrogen fluoride dimers.  The 
good results open a possibility to extend the potential 
model to be capable to simulate other hydrogen bonding 
systems and the mixed clusters of hydrogen fluoride and 
water in the future.

  A00630-01133 

Magnetism and Superconductivity in Layered 
Iron-Compounds: Mechanisms and Implications 
for the Discovery of New Materials

David J. SINGH 
Materials Science and Technology Division, Oak Ridge 
National Laboratory, Oak Ridge, United States

The physical properties of the layered iron superconductors 
are discussed starting from first principles calculations. 
The electronic structure is described as that of metallic Fe2+ 
square lattice sheets with substantial direct Fe-Fe hopping 
and interactions with the neighboring anionic pnictogens 
or chalcogens. The materials have a semi-metallic band 
structure, and in particular the Fermi surface consists 
of small cylindrical electron sections centered at the 
zone corner, and compensating hole sections at the zone 
boundary. The density of states at the Fermi energy is high 
placing the materials near itinerant magnetism in general, 
and furthermore the Fermi surface is well nested, leading 
to a tendency towards a spin density wave. Comparison 
of experimental and density functional results imply 
the presence of exceptionally strong spin fluctuations in 
these materials. We discuss pairing and superconductivity 
within this context. Implications for the discovery of new 
materials are discussed. 

This work was supported by the Department of Energy, Division 
of Materials Sciences and Engineering.

  A00655-01178 

The First-principles Calculations of Elastic 
Constants and Thermo-physical Properties for 
Al-Sr System

Yifang OUYANG1; Fenglian LIU1; Hongmei CHEN1; 
Xiaoma TAO1; Yuan Ping FENG2; Yong DU3; 
Yuehui HE3; Yong LIU3 
1. Department of Physics, Guangxi University, Nanning, 
China
2. Department of Physics, National University of 
Singapore, Singapore
3. State Key Laboratory of Powder Metallurgy, Central 
South University, Changsha, China

Using first-principles total energy calculations within the 
generalized gradient approximation (GGA), the ground 
state properties, such as the lattice constant, bulk modulus, 
pressure derivative of the bulk modulus, formation enthalpy 
and elastic constants for intermetallic compounds of Al-Sr 
system have been calculated. The calculated results are in 
good agreement with experimental and theoretical results 
available. The polycrystalline shear modulus, Young’s 
modulus, Poisson’s ratio and the ratio of bulk to shear 
modulus B/G are also estimated to insight the brittle/
ductile behaviors of the Al-Sr. The Debye sound velocity, 
Debye temperature, Grüneisen constant, heat capacity and 
linear coefficients of thermal expansion are obtained for 
the considered intermetallic compounds within the Debye–
Grüneisen model. In addition, the elastic anisotropy of Al-
Sr is also evaluated.
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National Natural Science Foundation of China (50831007), 
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  A00655-01181 

First-principles Calculation for Structural 
Characteristic and Magnetic Properties of Al13 
and Doped Al13-nFen (n=1, 2) Clusters

Hongmei CHEN1; Hailong XU1; Yifang OUYANG1; 
Yuan Ping FENG2; Yong DU3; Yuehui HE3 
1. Department of Physics, Guangxi University, Nanning, 
China
2. Department of Physics, National University of 
Singapore, Singapore
3. State Key Laboratory of Powder Metallurgy, Central 
South University, Changsha, China

The binding energy and total energy of typical Al13 cluster 
isomers were studied using density functional theory 
within GGA, and the lowest-energy configurations were 
obtained for 13-atom Al isomers. The present results agree 
well with experimental values and theoretical results 
available. One or two iron atoms were doped into Al13 
cluster with the low-energy structure of Al13-nFen (n = 1, 2) 
clusters have been investigated. The results indicate that 
iron atom prefer to locate the surface of the cluster when 
one aluminum atom was substituted with iron atom in the 
cluster. However, one locates at the centre and the other 
on the surface of cluster when two aluminum atoms were 
substituted with iron atoms. The magnetic property of the 
low-energy structure of Al13-nFen (n = 1, 2) clusters was 
also studied.
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This work is financially supported by the Key Program of 
National Natural Science Foundation of China (50831007), 
National Natural Science Foundation of China (50761002) and 
the State Key Laboratory of Powder Metallurgy. 

  A00659-01190 

An Application of Viscoelastic Materials on the 
Attenuation of Vibrating Waves

Pi-Wen WANG 
Mechatronic Engineering Department, Huafan 
University, Taiwan

Vibration energy attenuation using visco-elastic materials 
(VEM) distributed on both sides of a beam structure is 
investigated. Particular emphasis is placed on that the 
VEM are used to attenuate the vibrating waves, instead 
of suppression of vibration response at certain frequency 
range. For the purpose, the excitation acts at center of the 
beam structure and the vibrating waves can be attenuated 
by the VEM distributed on both sides of the beam. Then the 
resonances can be reduced due to attenuation of reflective 
waves. Results show that thinner damping materials have 
better performance than the thicker damping material at 
higher frequency range because the thinner patches may 
deform more significantly. Hence, more vibrating power 
is dissipated during the deformation of VEM. Compared 

the damping performance of uniform and linear increasing 
damping distributions, the linear increasing damping 
distributions can reduce the reflective waves from the 
boundaries more efficiently and the displacement would 
be similar to propagating waves.

  A00690-01449 

Pair Interactions in Pure Transition Metals at 
Different Atomic Densities

Nikolay DUBININ 
Institute of Metallurgy of the Ural Division of the Russian 
Academy of Sciences, Ekaterinburg, Russian Federation

At last years, a great attention of researches is devoted 
to pure transition metals nanoparticles immobilized on 
the dielectric matrixes as an effective catalytic materials. 
For the description of these phenomena theoretically it is 
necessary to understand their nature on the microscopic 
level.

A first steep of the understanding is the construction of 
an effective pair interaction. For this purpose, we use the 
Wills-Harrison (WH) approach obtained on the basis of 
the separate consideration of the d- and s-electron states. 
The first of them are considered as a fully localized and 
they are treated by means of the muffin-tin potential within 
the atomic-sphere approximation. The second of them are 
determined as a free-electron-like and they are described in 
the framework of the nearly-free-electron approximation 
by using an arbitrary model ion-electron potential. In 
the present study, we use the Bretonnet-Silbert model 
potential. 

We take for the consideration the pure Fe and Co at liquid, 
crystalline, and nano atomic densities. Dependencies of the 
WH pair potentials on the atomic density are investigated. 

Acknowledgments: 
This work is supported by the RFBR (grants N 08-03-00992, 07-
02-96045r).
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  A00704-01261 

Atomic Ordering in Nano-layered FePt: Multiscale 
Monte Carlo Simulation

Rafal kOZUBSkI1; Miroslaw kOZLOWSkI1; 
Jan WROBEL2; Tomasz WEJRZANOWSkI2; 
Krzysztof J. kURZyDLOWSkI2; Christine 
GOyHENEX3; Veronique PIERRON-BOHNES3; 
Marcus RENNHOFER4; Savko MALINOV5 
1. M. Smoluchowski Institute of Physics, Jagellonian 
University, Krakow, Poland
2. Faculty of Materials Science and Engineering, Warsaw 
University, Warsaw, Poland
3. Institut de Physique et Chimie des Materiaux de 
Strasbourg, CNRS/ULP, Strasbourg, France
4. Faculty of Physics, University of Vienna, Vienna, 
Austria
5. School of Mechanical and Aerospace Engineering, 
Queen’s University Belfast, Belfast, United Kingdom

Combined nano- and mesoscale simulation of chemical 
ordering kinetics in nano-layered L10 AB binary 
intermetallics was performed. In the nano- (atomistic) 
scale Monte Carlo (MC) technique implemented with 
vacancy mechanism of atomic migration and diverse 
models for the system energetics were used. The meso-
scale microstructure evolution was, in turn, modelled 
by means of a Monte Carlo procedure simulating 
antiphase-domain-boundary motion as controlled by 
antiphase-boundary energies evaluated within the nano-
scale simulations. The study addressed FePt thin layers 
considered as a material for ultra-high-density magnetic 
storage media and revealed metastability of the L10 
c-variant superstructure with monoatomic planes parallel 
to the layer surface and off-plane easy magnetization. 
The layers, originally perfectly ordered in a c-variant of 
the L10 superstructure, showed homogeneous disordering 
running in parallel with a spontaneous re-orientation of 
the monoatomic planes leading to a mosaic microstructure 
composed of a- and b-L10-variant domains. The domains 
nucleated heterogeneously on the free surface of the layer 
and grew discontinuously inwards its volume. Finally, the 
domains relaxed towards an equilibrium microstructure 
of the system. Two “atomistic-scale” processes: (i) 
homogeneous disordering and (ii) nucleation of the a- and 
b-L10-variant domains showed characteristic time scales. 
The same was observed for the meso-scale processes: (i) 
heterogeneous L10-variant domain growth and (ii) domain 
microstructure relaxation. The above complex structural 
evolution modelled by means of the multiscale Monte Carlo 
simulations has recently been observed experimentally in 
epitaxially deposited thin films of FePt.

Work supported by the Polish Ministry of Science and Higher 
Education (Grant no. COST/202/2006). Financial support 
granted by the governments of France and Poland within the 
POLONIUM programme is greatly acknowledged. Two of the 
authors (R.K. and S.M.) collaborated within the International 
Fellowship granted to R.K. by Queen’s University, Belfast, UK. 
Calculations were carried out at PW ICM Warsaw, computational 
grant G31-5.
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Theoretical Study of the Adsorption of Carbon 
Monoxide and Oxygen Molecules on Small Gold 
Clusters

Martin AMFT; Natalia SKORODUMOVA 
Department of Physics and Materials Science, Uppsala 
University, Uppsala, Sweden

Two decades ago the catalytic ability of nanosized gold 
clusters to oxidize carbon monoxide at low temperatures 
was discovered. This finding initiated a wide range of 
theoretical and experimental studies of this problem both 
by physicists and chemists alike. As a first step towards a 
detailed understanding of the catalytic oxidation reaction 
we have studied the adsorption of carbon monoxide and 
oxygen molecules on small gold clusters, consisting of 13 
- 19 gold atoms. 

By means of ab-initio molecular dynamics calculations 
we have studied the geometrical, electronic, and magnetic 
structures of the systems thoroughly. Thereby we have found 
clear site preferences for the adsorption of the molecules 
on the gold clusters. Furthermore an enhancement of the 
magnetic moments of the pure gold clusters due to the 
adsorbed molecules has been found.

  A00712-01269 

Application of Theoretical and Numerical 
Simulations for Prediction of Nanomaterial 
Performance

Vladimir PISKUNOV; Vyacheslav SOLOVYEV; 
Vasily NEZNAMOV; Rashid SHAGALIEV 
Russian Federal Nuclear Center - VNIIEF, Sarov, 
Russian Federation

Introduction. Development of tailored materials (“by 
design”) is one of the most important directions in the area 
of nanotechnologies, the beneficial effect of which can be 
expected to show up in the nearest future. RFNC-VNIIEF 
has been working in this area for a number of years with 
focus of nanotechnology application for the development 
of consolidated nanomaterials, including metals, ceramics, 
polymers, coatings. 

Basic Directions. In an ideal scenario, a tailored material 
should be developed based on physical and mathematical 
modeling and optimization of its use in structures. This 
enables material characterization and improvement of the 
manufacturing process. 

Application of this ideology should rest upon a robust 
computational and theoretical foundation, including 
theoretical models of nanoscale material behavior and 
advanced computational techniques using parallel codes. 
Let us specify a number of simulation techniques that are 
developed at VNIIEF: 
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• Density functional method; 
•  Molecular dynamics methods (ab initio and quantum 

mechanics);
• Diffusion simulations;
• Quantum chemical approaches; 
•  Multi-level simulations (combination of physical 

elements and cluster dynamics).

Application of Results. 

Diffusion simulations:

•  Simulation of hydrogen and isotope behavior in 
structural materials.

•  Simulation of hydrogen storage in lattices of metals or 
amorphous alloys.

•  Simulation of hydrogen and its isotope separation from 
radiogenic impurities.

•  Simulation of diffusion in complex systems – amorphous 
alloys and nanocrystalline  materials.

Cluster dynamics applications:

•  Description of mechanical properties of nanostructured 
metals, simulations of ECAP, mechanical synthesis and 
pressing processes.

•  Simulation of fracture dynamics, description of 
dispersion processes.

•  Simulation of anisotropic properties of solids and plastic 
processes under loading; description of phase transition 
dynamics.

•  Applied simulations of deformable disperse medium 
mechanics.

Computations and theoretical simulations will be used 
to predict performance of nanomaterials and evaluate 
prospects of their application in different structures.

CoNCluSIoN. 

The work is expected to be continued under a project 
entitled “Development of Multi-Level Theoretical Models 
and a Parallel Code for Characterization and Prediction of 
Performance of Consolidated Materials”.

As a result of the project, a parallel code will be developed 
to simulate performance of composite and nanostructured 
materials used in nuclear power engineering and their 
response to irradiation and external effects.

  A00774-01359 

Adsorption of Small Molecules on Mixed 
Transition Metal Cluster Supported by Graphene

Hway Chuan KANG; Jiang WU 
Department of Chemistry, National University of 
Singapore, Singapore

Adsorption of small molecules such as hydrogen or oxygen 
on gas phase metal cluster or bulk metallic materials has 
been well studied.  With increasing attention on nano 
science and technologies, it is important to understand 
how small adsorbates interact with small metals clusters 
with solid support. In this work, we have done a theoretical 
study on the adsorption of hydrogen on mixed platinum 
and nickel tetrahedral cluster supported by graphene, using 
density functional theorem. 

Our work shows that in general the adsorption energies of 
supported metal clusters are slightly lower due to donation 
of electrons from the metal clusters into the graphene 
surface via the adsorption interaction. 

We also find out that hydrogen prefers to undergo 
chemisorption on platinum atom and physisorption on 
nickel atom and the adsorption mode on platinum atom 
changes from chemisorption to physisorption with 
increasing number of nickel present in the cluster.

This study allows us to understand the effects of solid 
support and substitution of metal on adsorption of small 
molecules. It has potential application in finding an 
energetically and economically efficient material used as 
electrodes for fuel cells.

  A00780-01548 

Phase Transitions and Epitaxial Strain Induced 
Structural Distortion in BaZrO3 under Hydrostatic 
Pressure

Chen ZHU1;2; Weiwen CHENG1;2; Huimei LIU1;2; 
Junming LIU1;2 
1. Department of Physics, Nanjing University, Nanjing, 
China
2. International Center for Materials Physics, Chinese 
Academy of Sciences, Shenyang, China

Earlier calculations on the structural instabilities in cubic 
BaZrO3, resulting from softening of the polar zone-
center phonon mode (FE instability) and nonpolar zone-
boundary mode (AFD instability), predict that a sequence 
of FE→cubic→AFD→AFD/FE phase transitions with 
increasing P. Using the first-principle calculations, the 
ground states of these transitions are investigated in detail 
for BaZrO3 under hydrostatic pressure P from -10GPa to 
90GPa. Under high pressure, the FE instability is suppressed 
by the AFD instability. Only the AFD instability freezes and 
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BaZrO3 has no ferroelectric polarization. Going further, 
the effect of expitaxial strain along the [001]-oriented 
BaZrO3 under different hydrostatic pressures is studied. It 
is found that under low hydrostatic pressure, compressive 
strain causes a large ferroelectric polarization if the AFD 
induced octahedral rotations and/or tiltings are forbidden 
by symmetry, while in general, the FE instability is 
suppressed by AFD instability. Under high pressure, the 
behaviors of BaZrO3 under expitaxial strain are different 
and interesting.

  A00813-01469 

Method of Cluster Dynamics for Simulation of 
Dynamic Processes of Continuum Mechanics

Ivan DAVYDOV; Vladimir PISKUNOV; 
Vladimir RUDENKO; Roman VESELOV; 
Boris VORONIN; Dmitry DEMIN; Alexander PETROV 
Russian Federal Nuclear Center - VNIIEF, Sarov, 
Russian Federation

The method of cluster dynamics (CDM), one of the variants 
of particle method, has been developing in VNIIEF for 
the past years. The method of cluster dynamics consists 
of the following: - continuum mechanics equations are 
substituted for equations of motion of distinguished units 
(clusters); - the solution of equations of cluster motion is 
similar to molecular dynamics methods; - the choice of 
cluster interaction model is based on real equations of state 
of simulated material.  

The basic advantage of the method is the possibility to 
calculate the physical processes in a wide range of spatial 
scales (from micrometer to tens of centimeters) due to 
the choice of the required structural cluster. The other 
advantage of the method is the possibility to simulate the 
processes associated with large deformations and continuity 
violation of the material (dispersion, jet separation, 
mixing). The possibility of numerical implementation in 
standard molecular dynamics programs is also one of the 
advantages of the method, as well as the possibility to 
combine CDM method with the existed grid gas-dynamic 
techniques to develop hybrid simulation methods. CDM 
method is of high reliability, computational stability and 
does not require interference in computation. 

Described here is the construction technique for cluster 
(potential) interaction models corresponding to real 
equations of state of material by the example of certain 
metals. Given here are computational results of certain 
material properties with derived potentials.  

The numerical simulation of shock wave arrival at 
profiled plate surface and high-velocity target penetration 
was carried out with CDM method potentials. The 
computational results are compared with experimental 
data and computational results using other techniques. 

The simulation results of shock wave loading and 
penetration show that CDM method allows the  
reproduction of full-scale experiment results.

  A00813-01480 

Multiscale Simulation of the Fabrication Process 
with Mechanosynthesis for Ultradispersive and 
Nanocrystalline Powders

Ivan DAVYDOV; Vladimir PISKUNOV; 
Grigoriy POTEMKIN; Roman VESELOV 
Russian Federal Nuclear Center - VNIIEF, Sarov, 
Russian Federation

Mechano-chemical methods of fabricating and treating 
various materials having different functions are of an ever-
increasing importance because of the continuous interest 
in the use of nanostructured materials. Mechanosynthesis 
provides magnetic materials; ceramic compositions 
for various purposes (structural and building ceramics, 
ceramics for electronics, etc.); catalytically reactive 
materials and electrolytes for electro-chemical systems, 
hydrogen accumulators, and polymeric materials for 
various purposes. Mechanosynthesis is successfully used 
in pharmaceutical industry to produce drugs. 

Mechanical activation of powders by grinding using grinding 
machines is a common operation in mechanosynthesis. 
Nevertheless, physical and mechanical processes in 
such machines are complex and, therefore, a subject of 
various investigations to achieve a better understanding 
of these processes.  Most of these investigations consist 
in experimentally studying the phase of grinding and 
the growing surface area of particles of a solid material. 
Experiments include sampling and examination of powder 
particles using standard microphysical methods. The 
structure of particles is studied with the X-ray diffraction 
methods. Such experiments allow identifying the degree of 
distortions of lattice in its stress-strained state and finding 
the dependence of particle sizes and residual micro-stress 
in granules during the process of grinding on the energy 
and duration of this process, as well as on the physical 
and mechanical characteristics of material. Theoretical 
works describing simulation of mechanical activation 
and attempts to associate the technological processes of 
grinding machine with the resultant material properties are 
few in number. 

In recent times, VNIIE has been developing the cluster 
dynamics method (CDM), which is a kind of the method 
of particles. The main ideas of CDM are as follows: 

-  the motion equations for singled-out structural 
components (clusters) are used instead of the motion 
equations for continuum mechanics;

-  the motion equations for clusters are solved with the 
methods similar to the molecular dynamics methods;
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-  the model of interactions between clusters is selected 
basing on the real equation of state of a given material 
to be simulated.

As one can see from our previous publications, an 
important advantage of the method is that it provides an 
ability to simulate processes with severe distortions of the 
material structure and violation of the material continuity, 
such as grinding and mixing processes.

The given paper is devoted to studying a feasibility of 
using CDM as a mesoscale method to simulate the process 
of grinding powders with original size of particles ~10 
µm to achieve  nanocrystalline structures with particle 
sizes ~10-100 nm; several test problems are used for this 
purpose. During simulation, micro-stresses emerging in 
separate powder particles and balance of energy consumed 
for generation of new interfaces are studied. 

Results of computations are used to construct a 
semiempirical model of the mechanical grinding process 
and compared to the available data of experiments on 
mechano-chemical synthesis of some solid nanostructured 
materials used for various purposes. The simulation results 
obtained demonstrate that CDM can be used as a multiscale 
simulation method to describe the mechano-chemical 
synthesis processes for nanostructured materials. 

  A00834-01481 

Exploring Low-energy Fully-coordinated (SiO2)N 
Nano-clusters with Graph-based Sampling

Edwin FLIKKEMA1; Stefan BROMLEY2 
1. Institute of Mathematics and Physics, Aberystwyth 
University, Aberystwyth, United Kingdom
2. Departament de Quimica Fisica, Universitat de 
Barcelona, Barcelona, Spain

This presentation focuses on the problem of global 
optimization of cluster geometries, i.e. finding the stable 
arrangements of atoms in clusters that are low in energy. 
More specifically, results will be presented on nano-
clusters of silica: (SiO2)N where N is in a range of 6 to 30.

In an earlier study, the authors produced a set of ground-
state candidates for silica clusters in a size range of 6 
to 27 SiO2 units. These results were achieved through a 
combination of empirical potential methods and Density 
Functional Theory (DFT) calculations. An empirical 
potential, similar to the existing TTAM and BKS potentials, 
was parameterized to approximate the DFT energy 
surface for silica clusters, thus being specifically suited 
for silica at the nano-scale. The Basin Hopping global 
optimization method was then used, in combination with 
the new potential, to find low-energy cluster geometries. 
Promising candidates for the lowest energy geometry were 
selected for a post-optimization with DFT. This has lead 

to a benchmark database of low-energy DFT optimized 
nano-cluster geometries, hopefully including the true DFT 
ground state.

In many bulk silica materials each silicon atom is 
chemically bonded to four oxygen atoms and each 
oxygen atom is bonded to two silicon atoms. The cluster 
geometries found in the earlier study all exhibit defects 
in the form of terminating oxygen atoms that are bonded 
to a single silicon atom only. The present study focuses 
specifically on “fully-coordinated” (FC) clusters which do 
not exhibit such defects, i.e. all silicon atoms are four-fold 
coordinated and all oxygens are two-fold coordinated, as 
in the bulk. These FC clusters are expected to have special 
properties, such as an increased chemical stabilty, making 
them potential candidates for use in cluster assembled 
materials.

The authors have developed an algorithm for specifically 
producing FC cluster geometries that are low in energy. 
In contrast to the Basin Hopping global optimization 
method, which works by performing moves in coordinate 
space, the new method works by performing moves in 
the set of graphs, the graph meaning the abstract network 
of silicon-oxygen bonds. The moves in graph space are 
constructed in such a way that all the graphs generated 
are fully coordinated. The most time-consuming step in 
the algorithm is finding a three-dimensional realization 
of the abstract graph as a network of bonded atoms in a 
stable cluster geometry. This is achieved by a cascade of 
optimizations of three different cost-functions, starting 
from randomly generated initial coordinates. By using a 
Metropolis criterion for accepting or rejecting changes in 
the network topology, a driving force towards low-energy 
FC geometries is achieved. The results consist of databases 
of low-energy FC cluster geometries for a size range of up 
to 30 SiO2 units. As before, promising candidates have been 
selected for post-optimization with DFT. The properties of 
these low-energy FC nanoclusters will be discussed.

  A00845-01680 

Numerical Simulations of Multi-pass ECAP 
Process and Comparison with Experiment

Andrey SMOLYAKOV1; Vyacheslav SOLOVYEV1; 
Alexander kORSHUNOV1; Nariman ENIKEEV2 
1. Federal State Unitary Enterprise, Russian Federal 
Nuclear Center-All-Russian SRI of Experimental Physics, 
Sarov, Russian Federation
2. Institute for Physics of Advanced Materials, Ufa State 
Aviation Technical University, Ufa, Russian Federation

A variation-difference method (VDM) of solving continuum 
mechanics equations has been implemented for simulation 
of equal channel angular pressing (ECAP) process. 
Application of the developed DRAKON code (VNIIEF, 
Russia) for numerical study of multi-pass ECAP allowed 
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to describe processes of severe plastic deformation (SPD) 
in three-dimensional approximation of continuum in the 
field of low strain rates and high pressure levels in terms 
of contact interaction. The influence of ECAP processing 
parameters on stress-strain field distribution over the 
ECAP sample’s section is studied in 3D formulation. The 
model validation is performed by comparison of simulation 
results with various experimental data. Deformation 
histories provided by DRAKON were used together with 
a polycrystal plasticity model (viscoplastic self-consistent 
one) allowing simulation of texture evolution during ECAP 
with account to macro parameters of the process. It is 
shown that VDM-based model possesses good predictive 
capabilities for 3D simulation of strain path change SPD 
processes.

  A00865-01502 

Structure and Ion Dynamics in Alkali Silicates 
Studied with Virtual Reality Techniques

Neville GREAVES1; Florian KARGL1; Greg CHASS2; 
Odile MAJERUS3 
1. Institute of Mathematics & Physics, Aberystwyth 
University, Aberystwyth, United Kingdom
2. College for Physical and Applied Sciences, Bangor 
University, Bangor, United Kingdom
3. Laboratoire de Chimie Appliquee de l’Etat Solide, 
Ecole Nationale Superieure de Chimie de Paris, Paris, 
France

Until now our understanding of structure and ion dynamics 
in melts and glasses has relied on measuring atomic 
environments experimentally and inferring the dynamics 
of intermediate range order pertinent to ionic diffusion 
through computer simulation techniques. Invariably such 
structure-transport relationships have been probed using 
statistical functions and as a result the wealth of local detail 
present in 3 dimensional time-varying model structures 
has been ignored in favour of ensemble averages.   Virtual 
reality methods, however, provide the opportunity to gain 
insight into complex multi-dimensional data by reducing 
geometric complexity through the power of human 
visualisation.  

Using isosurfaces, particle trajectories, attractors and 
immersive videos of alkali silicates simulated at 1800K, 
we show how the dynamics of the morphology of the 
network and the interpenetrating channels along which 
alkalis diffuse are spatially related and coupled through 
low frequency modes. Zones of idle alkali motion in 
single basins are interspersed by groups of ions engaged 
in co-operative hopping characterised by mode-locked 
dynamics. By rendering the free volume in the supercooled 
structure available to moving alkalis, we show how this is 
not distributed homogeneously but is intimately associated 
with co-operative hopping events occurring on the time 
scale of Boson peak frequencies.

  A00895-01560 

Conformational Dependence of Tag Induced STM 
Contrast in Hexaphenyl Benzene Molecules  

Abir DE SARKAR1; We-Hyo SOE1; 
Carlos MANZANO1; Christian JOACHIM1;2 
1. Institute of Materials Research and Engineering, 
Singapore
2. Centre d’Elaboration de Materiaux et d’Etudes 
Structurales, Centre National De La Recherche 
Scientifique, Toulouse, France

Hexa-t-butyl–pyrimidopentaphenylbenzene (HB-NBP) i.e. 
C64N2H76 molecules, containing a chemically tagged 
leg for tracking the rotation of the molecule based on its 
tag induced STM contrast, have been used for mechanics 
of single molecule on metal surfaces e.g. as a molecular 
rack and pinion device and molecular gears.  

The tag induced STM contrast in hexaphenyl benzene 
molecules has been found to be dependent on their 
conformation on metallic substrates. The orientation of 
the outer t-butyl groups in the 6 legs determine whether 
the tag induced STM contrast would appear to be attached 
to one leg or two legs. Two possible conformations with 
the same amount of torsion in all the 6 legs but differing 
only in the orientation of the outer t-butyl groups were 
explored in this regard: (i) two t-butyl groups pointing 
downwards towards the underlying substrate while one of 
them pointing upwards, (ii) inverse of (a) i.e. one t-butyl 
group pointing downwards towards the surface while 
the rest 2 of them pointing upwards. Calculations using 
Elastic Scattering Quantum Chemistry (ESQC) on these 
two conformations validate this point.

  A00918-01636 

Analysis of the Interactive Characteristics 
between Elastic Capsules in Micro Flow

Gang MA; Teng Yong NG; Hua LI; Khin Yong LAM 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

The behaviors, especially the interactive characteristics, of 
two capsules in two-dimensional micro flow are studied 
numerically in this paper. Initially circular capsule is 
considered in the simulations, and it is modeled as liquid 
medium enclosed by a thin membrane, for which linear 
elastic properties are used. The numerical simulations 
combine the finite volume method for the fluid domain 
with the front tracking technique for capturing and tracking 
the capsule membrane. The membrane-fluid interaction is 
calculated by using membrane mechanics, and then the 
fluid problem is solved. The capsule membrane is advected 
explicitly according to fluid velocity results. The position, 
velocity and shape of the capsule, and velocity fields of 
fluids inside and outside the membrane are simulated. 
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After these, discussions are made for analysis of influences 
of membrane mechanical property, viscosity ratio of 
inside fluid to outside fluid, and initial capsule positions 
on capsule behaviors, especially the behavior induced by 
capsule interaction.

  A00940-01643 

Electronic Confinement in Strained Self-
Assembled Quantum Dots (SAQD) with Interfacial 
Capping Layer and Wetting Layer

Ah Wah LAM; Teng Yong NG 
School of Mechanical & Aerospace Engineering, 
Nanyang Technological University, Singapore

The aim of this study is to report the confinement 
characteristics of electron, heavy-hole and light-hole band 
gaps in heterogeneous pyramid InAs/GaAs self-assembled 
quantum dots with interfacial capping layer in addition 
to the usual wetting layer. We model the heterogeneous 
semiconductor pyramid InAs quantum dot (QD) with 
capping layer and wetting layer (WL) in GaAs matrix. 
Specifically, we simulate the InAs/GaAs quantum dots in 
3D using the finite element method (FEM) to obtain the 
strains in the nanostructures for various sizes. For the FEM 
we simulate the strains with the pseudo thermal method 
based on Eshelby inclusion theory. With the strain tensor 
we calculate the strained-induced potential along the 
[001] direction through the tip of the pyramid using the 
K.P method. The results are obtained for sub-nanometer 
interfacial capping layer with different elastic modulus 
parameters due to the different mix of InAs and GaAs. 
A 0.72 eV band gap and 0.84 eV band gap are obtained 
between the electron band and heavy-hole band, and 
electron band and light-hole band respectively. The sub-
nanometer interfacial capping layer alters the band gap 
profiles particularly at the tip of pyramid and the average 
band gap between electron and holes. The FEM and K.P 
methods are used to obtain the band gaps between electron 
and heavy-hole and electron and light-hole. A sub-
nanometer interfacial layer alters the band gaps to provide 
more accurate results. We have established a model with 
sub-nanometer interfacial capping layer between the 
InAs quantum dot and GaAs matrix, where more accurate 
strained band gaps can be obtained.

  A00943-01652 

Grain Size Dependence in the Phase Separation 
of Elastically Coupled Binary Alloys

Justin SONG1; Rajeev AHLUWALIA2 
1. Materials Analysis and Characterization, Institute of 
Materials Research and Engineering, Singapore
2. Materials Theory and Simulation, Institute of High 
Performance Computing, Singapore

Phase separation of binary alloys has been studied 
extensively. However, most of these consider systems 
in the bulk. For binary alloys where long-range elastic 
interactions are important, the mechanical boundaries 
can influence the phase separation process, particularly 
for nanoscale systems. We study size effects using a 
Cahn-Hilliard approach which explicitly incorporates 
long-range elastic interactions that arise due to a lattice 
mismatch. We show that a critical size exists below which 
no phase separation is possible when the boundary of 
the grain is clamped. With clamped boundary conditions 
we also find that the miscibility gap depends on system 
size. On the other hand, for a grain with traction free 
boundary conditions, no such critical size is observed and 
the miscibility gap does not significantly depend on the 
system size. Motivated by these results, we have extended 
the Cahn-Hilliard framework with long-range elasticity 
to describe a polycrystal with several co-existing grains 
that have different crystallographic orientations. The 
polycrystal is generated by using a phase-field model 
for grain growth. The model is used to simulate phase 
separation in polycrystals with different grain sizes. We 
find a grain size dependence in the microstructure of the 
polycrystal and anticipate that this will have implications 
for the material properties of the polycrystal.

  A00957-01679 

Development of a Novel Multiscale Numerical 
Technique 

Venkataraman PANDURANGAN; Hua LI; 
Teng Yong NG 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Multiscale models offer accurate and computationally 
efficient solution to problems characterized by multiple 
length scales ranging from subatomic to macroscopic 
dimensions. The main focus in creating a multiscale model 
is on ensuring seamless coupling between the different 
lengths scales involved. In the current work, an improved 
multiscale method is developed to couple the atomic and 
continuum scales. The multiscale model uses the molecular 
dynamics analysis in the atomic domain. For the continuum 
domain, Hermite cloud method, a meshless strong form 
method based on the reproducing kernel particle approach 
and the point collocation technique is employed. The 
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handshaking between the atomic and continuum domains 
is achieved through a transition region that permits 
independent control over the nodal distributions in the 
continuum domain and also ensures better compatibility. 
The major improvement achieved in the current multiscale 
model is the development of a transition domain that 
ensures compatibility of both the field variable and its 
first-order derivative.  Ensuring compatibility of the higher 
order derivative might provide more stable and accurate 
results. The developed multiscale model is validated by 
solving standard boundary value problems and the results 
are presented.

  A01014-01768 

First-Principles Modeling of Point Defects in 
Irradiated Materials for Fusion-Power-Plant 
Applications

Duc NGUyEN-MANH 
Theory and Modelling Department, Culham Science 
Centre - UKAEA, Oxfordshire, United Kingdom

Self-interstitial atom (SIA) defects are produced in 
metallic materials under irradiation. The intense neutron 
load on the walls of a future fusion reactor will lead to a 
high density of SIAs (and vacancies), which can coalesce 
to form prismatic dislocation loops (and voids). Body-
centered-cubic (bcc) transition metals and their alloys 
(especially tungsten and ferritic martensitic steels) are the 
leading candidate materials for advanced fusion power 
plants, and a quantitative understanding of SIA formation 
and migration is essential if one wishes to accurately 
model the microstructural evolution of these materials. 
Our recent systematic density functional theory (DFT) 
studies of the formation energies of point defects, spanning 
the entire group of bcc metals, reveal that the single SIA 
defects in all non-magnetic bcc transition metals adopt a 
linear <111> crowdion configuration. Crowdion defects 
consist of an additional atom inserted into a string of atoms 
oriented along a close-packed direction in the lattice, and 
although in magnetic bcc-Fe it is not the most stable SIA 
defect, clusters of SIA in iron adopt this configuration. 

We present here the first derivation of the analytic 
expression for the Peierls potential for crowdion migration 
using the double sine-Gordon model. We combine density-
functional calculations of the crowdion’s profile and 
environment with an extended version of the analytical 
Frenkel-Kontorova model, and determine the effective 
potential experienced by the defect’s centre-of-mass. This 
reveals important underlying differences between the 
metals in these groups, which are inaccessible to either the 
numerical or analytical approaches alone, and accounts for 
the previously unexplained significantly higher crowdion 
migration temperatures observed in the metals of group 6B 
relative to those of group 5B. Further DFT investigation 
of small-size impurities in all bcc transition metals shows 

that the interstitial occupancy of B, C and  N is favorable 
at the octahedral site whereas those of H, He and O is 
more preferable at the tetrahedral site. It is predicted that 
the interaction binding energy (Eb) between crowdion and 
impurity located along the <111> string of SIA is very 
strong (for example Eb=1.9 eV for crowdion and carbon 
interaction in bcc-W). This prediction allows us to explain 
the trapping effect of crowdion motion observed recently 
by an experimental group at Osaka University on irradiated 
tungsten sample at very low temperature.

This work is supported by the United Kingdom Engineering 
Physical Sciences Research Council (EPSRC), by European 
Fusion Development Agreement (EFDA) and by the European 
EXTREMAT integrated project. 

  A01026-02564 

Computational Studies of Some DNA-based 
Photonic Multilayered Structures

Satish K. RAMCHURN; Mahen MAkHAN 
Department of Physics, University of Mauritius, 
Mauritius

Non-coding (intron) sequences of the human transketolase 
pseudogene (GenBank locus HS14B7) were studied using 
scaling analysis techniques (detrended fluctuation analysis 
and wavelet transform multifractal analysis) after first 
constructing DNA walks from them. The sequences were 
found to exhibit monofractal scaling characteristics with 
persistent long-range correlations (LRCs). DNA-intron-
based multilayered structures were then constructed from 
the sequences by identifying their purine/pyrimidine 
components as homogeneous dielectric layers. The 
propagation of electromagnetic waves at normal incidence 
through these multilayers was studied in terms of their 
transmittance spectra and electromagnetic energy density 
distributions. The intron-based multilayers were found to 
exhibit much richer transmittance spectra than random 
multilayers, thereby reflecting the non-randomness of 
the associated non-coding DNA sequences. The stronger 
the LRC in a DNA sequence of a given length, the richer 
was its corresponding transmittance spectrum in terms 
of resonant transmission peaks. It was also observed that 
the richness of the transmittance spectra decreased with 
increasing length for almost equally long-range correlated 
DNA sequences. For even longer and longer intron 
multilayers, the contrast between their spectra and those of 
random multilayers of equal length gradually fainted until 
it became almost impossible to differentiate a non-coding 
DNA multilayer from random multilayers on the basis of 
their transmittance spectra, whatever the strength of LRC 
in the corresponding DNA sequence. The electromagnetic 
energy density distributions across some DNA-intron 
multilayers were also computed. These distributions 
were found to be neither extended nor strictly localized. 
But, as opposed to the case of the transmittance spectra, 
a direct relation between the structure of the energy 
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density distributions and the strength of LRCs in the intron 
multilayers could not be established. Furthermore, not all 
DNA multilayers presented such special electromagnetic 
energy density distributions despite their high degree of 
LRCs, and this phenomenon became more and more usual 
with increasing sequence length. Therefore, if we consider 
the idea that in a given non-coding DNA sequence there is a 
degree of order, represented by the strength of LRC, as well 
as a degree of disorder, it seems that for longer and longer 
sequences, the effect of disorder becomes more dominant 
over the effect of order on the transmittance spectra and 
on the distributions of electromagnetic energy density, 
irrespective of the LRC strength. The DNA-intron-based 
multilayers studied here seem to be materials situated in 
the regime between absolute disorder and Fibonacci quasi-
periodicity.

  A01061-03609 

Development of a Bond Valence Based Molecular 
Dynamics Code

Thet LIN THU; Stefan ADAMS 
Materials Science and Engineering, National University 
of Singapore, Singapore

Empirical relationships between bond length and bond 
valence are widely used as a tool to establish structure 
property relationships. A systematic adjustment of bond 
valence (BV) parameters to the bond softness and the 
inclusion of interactions beyond the first coordination shell 
permit more adequate estimates of site energies. Recently 
we worked out a link between the BV approach and an 
absolute energy scale based on the Morse-type shape of 
the squared BV mismatch interaction. The approach has 
proven to be valuable to identify ion transport pathways in 
solids. A general correlation to estimate scaling factors for 
a given cation-anion pair is derived and compared to other 
established force-fields.  

Here, we explore the use of the energy-scaled BV method as 
an effective force-field for empirical Molecular Dynamics 
simulations. Variants of the code including a two-body 
force-field based on individual bond valences or a multi-
body bond valence sum approach are compared. For testing 
the approach we use both self-written programs and –in the 
case of the two-body BV interaction an implementation of 
the force-field in the MD simulation program GULP. The 
long-term aim is to develop a code that permits to simulate 
large number of atoms in complex disordered systems by 
replacing both Coulomb and van der Waals attraction terms 
with a well-converging Morse-type BV interaction. The 
Coulomb repulsion term is screened by an erfc function, 
thereby circumventing the need for Ewald summation. 

In its current state, the force-field and code are applicable 
to simple inorganic structures including ferroelectrics, as 
well as crystalline and glassy solid electrolytes.

  A01097-01902 

Molecular Dynamics Study on Mold Fracture by 
Nano Scale Defects in Nanoimprint Lithography

 
Kazuhiro TADA; Masaaki YASUDA; Hiroaki KAWATA; 
Yashihiko HIRAI 
Department of Electronics and Physics, Osaka Prefecture 
University, Sakai/Osaka, Japan

Molecular dynamics simulation is performed to study the 
yield stress and fracture mechanism of single crystalline 
silicon mold with notch-defect structures. From the stress 
distribution, it is found that the stress is concentrated near 
the notch defect and the notch acts as a trigger of the crucial 
mold fracture. The yield stress with a nano scale notch on 
the mold sidewall deteriorates more than 7.5 % compared 
to a defect-free mold. It is found that a surface damage 
such as notch defect is significant for strength deterioration 
of the mold. This result shows that the surface defects on 
the sidewall, which could be induced during the mold 
fabrication process such as dry etching process, causes 
serious failure. 

This work was partially supported by the New Energy and 
Industrial Technology Development Organization (NEDO) of 
Japan.

  A01102-01922 

The Size Effect on the Thermal Conductivity of 
Silicon Nanowires

Nuo YANG1; Gang ZHANG2; Baowen LI1;3 
1. Department of Physics and Centre for Computational 
Science & Engineering, National University of 
Singapore, Singapore
2. Institute of Microelectronics, Singapore
3. NUS Graduate School for Integrative Sciences and 
Engineering, National University of Singapore, Singapore

It is very important to predict the thermal transport in 
silicon nanoscale structures not only for fundamental 
physics but engineering applications. A comprehensive 
study of thermal conductivities of nanostructures can 
lead to a deeper understanding of phonon transportation 
mechanisms. Fourier’s law is an empirical rule of heat 
transfer in solids which states that the thermal conductivity 
is independent of sample length. However, theoretical 
studies over the past decade have demonstrated that 
Fourier’s law is violated for a variety of one-dimensional 
(1D) systems. The SiNW, quasi-1D structure, is a good 
candidate to verify the physical law in real system.

In this research, we studied the length dependence of the 
thermal conductivity of SiNWs by molecular dynamics 
simulations.  It is demonstrated that that thermal 
conductivity of SiNWs diverged, which does not obey 
Fourier’s empirical law, even when the sample length (~1 
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micro meter) is much longer than the phonon mean free 
path ( < 300 nm) at the room temperature. As a result of 
our numerical studies, we can now claim that the thermal 
conductivity of long SiNWs diverges as k(L)~L^alfa. The 
numerical values of alfa depends on the temperature and the 
length. For the short wire at low temperature, which is in 
the weakly nonlinear regime, numerical simulation results 
show the thermal conductivity diverged like the harmonic 
chain, whose alfa is 1. For the long wire at low temperature 
and the wire at high temperature, which are the nonlinear 
system, the results show the thermal conductivity diverged 
as k(L)~L^1/3, also known as the 1/3 law.

In summary, our simulation results showed that Fourier’s 
law is violated in SiNWs, even when the length much 
longer than the mean free path. The abnormal thermal 
transport in quasi-1D nanostructures can lead to wide-
ranging potential applications.

  A01106-01906 

Molecular Dynamics Study of ssDNA Interaction 
With Transmembrane Functionalized Carbon 
Nanotube (f-CNT)

Yunxia REN; Teng Yong NG; Khin Yong LAM; Hua LI 
School of Mechanical & Aerospace Engineering, 
Nanyang Technological University, Singapore

We present all atom molecular dynamics simulation 
of ssDNA translocating through the transmembrane 
functionalized carbon nanotube (f-CNT). Our result shows 
that the van der Waals interaction between the f-CNT and 
the single-stand DNA oligonucleotide induce spontaneous 
encapsulations of the ssDNA inside nanotube channel. We 
also investigate the encapsulation force between the f-CNT 
and the membrane lipid bilayer. Analysis of this suction 
force provides insights into the nature of the interaction 
of the ssDNA with the carbonxylic acid oxidized carbon 
nanotube and the lipid molecules. And how the ssDNA 
adjust its configuration inside the f-CNT due to the 
encapsulation force is investigated as well.

  A01114-03834 

First Principles Study of the Physisorption of 
Hydrogen Molecule on Graphene and Carbon 
Nanotube Surfaces Adhered by Pt Atom

Tien Lam PHAM1; Viet Dung PHAN1; 
Dinh Duc NGUYEN2; Ayumu SUGIYAMA3; 
Akihiko FUJIWARA1; Hieu Chi DAM3;4 
1. School of Materials Science, Japan Advanced Institute 
of Science and Technology, Ishikawa, Japan
2. Coledge of Technology, Vietnam National University, 
Hanoi, Viet Nam
3. School of Knowledge Science, Japan Advanced 
Institute of Science and Technology, Ishikawa, Japan
4. Faculty of Physics, Hanoi University of Science, 
Hanoi, Viet Nam

Catalysis plays an innovative role in developing new 
technologies and catalyst design has become a big issue 
in industrialization. For the purpose of catalyst design, 
nanoparticles have invited much of attention because of 
their potential applications as building blocks for functional 
nanostructured materials and nanocatalysts. Particularly, 
Pt nanoclusters and Pt-alloy nanoclusters adsorbed on 
support materials have shown considerable promises in 
improving catalytic activities and reducing the use of Pt 
loading as an oxygen-reduction catalyst in catalysis and 
fuel-cell technologies. On the other hand, carbon nanotubes 
with their beautiful tubular structures and large effective 
surfaces are promising for facilitating the adsorption of 
catalyst nanoparticles. The combination of nanoclusters 
and the carbon nanotube supports are strongly proposed as 
a solution for superior heterogeneous catalysis.

Recently we have succeeded in establishing a new 
concept, based on a fundamental bottom-up approach, 
for synthesizing highly dispersed and size-controlled 
nanoparticles on carbon nanotube supports, which is called 
the Single-Atom-to-Cluster (SAC) approach. Extreme 
single atom dispersion and a finite size control of particles 
formed by the dispersed single atoms were achieved by 
the method. From theoretical viewpoints, several studies 
have suggested that the mixing of wave functions of the 
nanotubes and those of atoms and nanoclusters determines 
geometric, electronic, and therefore catalytic properties of 
the adsorbed clusters.

In this paper, we report our density functional study of the 
physisorption of hydrogen on single wall carbon nanotube 
(SWNT) and graphene with an adsorbed Pt atom. Several 
adsorption sites around the Pt adatom on both graphene 
and (10, 0) SWNT have been considered with the 
hydrogen molecular axis oriented parallel to graphene 
and nanotube surface. The calculation results show that 
the adsorption of Pt atom slightly increases adsorption 
energies of H2 on graphene sheet and (10, 0) SWNT. The 
equilibrium distances from adsorbed H2 molecule to the 
surfaces of graphene and (10, 0) SWNT slightly increase 
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as well.  Further, smaller diffusion barriers between 
adsorption sites of H2 on graphene and (10, 0) SWNT with 
Pt adatom were observed, compared with those on pristine 
graphene and (10, 0) SWNT. These results indicate that 
in the physisorption, hydrogen molecule is bounded more 
strongly to, but can move more freely on graphene and 
(10, 0) SWNT surfaces with Pt adatom.

  A01114-03849 

First Principles Study of the Polymerization of 
Cyclopentasilane

Viet Dung PHAN1; Tien Lam PHAM1; 
Dinh Duc NGUYEN2; Ayumu SUGIYAMA3; 
Akihiko FUJIWARA1; Hieu Chi DAM3;4;5 
1. School of Materials Science, Japan Advanced Institute 
of Science and Technology, Ishikawa, Japan
2. College of Technology, Vietnam National University, 
Hanoi, Viet Nam
3. School of Knowledge Science, Japan Advanced 
Institute of Science and Technology, Ishikawa, Japan
4. Faculty of Physics, Hanoi University of Science, 
Hanoi, Viet Nam
5. ERATO Shimoda Nano-Liquid Process Project, Japan 
Science and Technology Agency, Ishikawa, Japan

Liquid process for fabrication of electronic devices is 
greatly promising for a wide range of applications, with a 
view to reducing costs. In particular, semiconductor devices 
printing technology as well as liquid silicon materials have 
received considerable attention. Among silicon materials, 
cyclopentasilane is outstandingly appropriate for the 
fabrication of devices because of its ability to be converted 
to high purity silicon and its relative stability. Therefore, 
a clear understanding of polymerization process of 
cyclopentasilane in liquid phase is strongly required. 

In this paper, we report our first principles study of the 
polymerization of cyclopentasilane. The geometrical 
characteristics, the electronic structure, the Si-Si bond 
strength and the vibarational modes of cylopentasilane are 
evaluated. Futher, several oligosilane molecules including 
a cyclopentasilane ring and a linear pentasilane are 
considered as the intermediate step on a pathway leading 
from cyclopentasilane to polysilane. The geometric 
characteristics, the electronic structures, and the Si-Si bond 
strength of oligosilanes are evaluated to have an insight 
into the polymerization process of cyclopentasilane. 
Mechanisms of the photo-induced and the thermal-induced 
polymerization of cyclopentasilane will be discussed at the 
meeting.

  A01120-02010 

A Reduced Model for pH-Sensitive Hydrogels

Jundika Candra KURNIA1; Erik BIRGERSSON2; 
Arun Sadashiv MUJUMDAR1 
1. Mechanical Engineering, National University of 
Singapore, Singapore
2. Chemical and Biomolecular Engineering, National 
University of Singapore, Singapore

In recent years, there has been growing interest in the 
development of smart materials that possess the ability to 
sense changes in its environment and subsequently respond 
by producing a useful effect. One of these promising 
materials is the stimuli-responsive hydrogel. In short, a 
hydrogel comprises of an elastic three-dimensional network 
of one or several polymers immersed in water, which can 
undergo large reversible volume changes in response to 
small perturbation in its environment, e.g. temperature, 
pH, electric field, pressure or light. Stimuli-responsive 
hydrogels, especially pH-sensitive hydrogels, have been 
widely used in the biomedical and biotechnological field 
due to it stimuli responsive characteristic.

In tandem with experimental design and synthesis 
of hydrogels with different properties and structures, 
mathematical modeling and computational analysis 
have come to play an important role in elucidating basic 
mechanisms, such as the deformation behavior and 
response time. Most of these are based on Flory’s mean field 
theory; this theory, however, can only predict the swelling 
behavior at equilibrium, and can therefore not capture the 
deformation kinetics during swelling or shrinking. For 
the transient response, other models have been derived in 
literature, such as biphasic and triphasic models, and the 
multi-effect-coupling electric-stimulus model, to name 
but a few. These models generally consist of highly non-
linear coupled partial (PDEs) and/or ordinary differential 
equations (ODEs) in coupled domains, and are therefore 
not trivial to solve for.

In this work, we will provide a capsule overview of existing 
mathematical models for hydrogels, after which we will 
analyze a mathematical model comprising of conservation 
of mass, momentum, potential and ions for a hydrogel 
subject to alterations of the solution pH. Transport of 
ions and the electric field are captured with the Nernst-
Planck and Poisson equation. These in turn are linked with 
the deformation of the hydrogel. The resulting PDEs are 
reduced to ODEs by invoking steady-state conditions, 
after which we show how a closed form analytical solution 
can be secured for the ion concentrations and electric 
field. This solution is complemented by a simplified 
expression for the deformation, which can be solved with 
a standard root-finding method. Good agreement between 
model predictions and their experimental counterpart are 
achieved. With the reduction in complexity and associated 
computational cost, wide-ranging parameter studies can 
easily and efficiently be carried out.
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Photonic Band Structure of Anodized Aluminum 
Oxide with Tunable Hole Size

Liang ZHANG1;2; Kehui DAI2; Jinghua TENG3; 
Soojin CHUA1;2;3 
1. Singapore-MIT Alliance, Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore
3. Institute of Materials Research and Engineering, 
Singapore

Anodized Aluminum Oxide (AAO) is a low cost, high 
through put method for producing large area photonic 
crystal (PhC) in visible wavelength range. One advantage 
of AAO based nanostructure is the flexibility of hole 
size control. In this work, we study the band structure 
of AAO based PhC and investigate potential application 
in nanophotonics. Highly ordered nanoporous AAO is 
fabricated with different hole size, band structures of 
which are calculated using plane wave expansion method. 
Finally, An AAO based photonic crystal waveguide is 
investigated. 

  A01182-02046 

Effects of Carrier Concentration, Diameter, and 
Isotopic Doping on Thermoelectric Property of 
Silicon Nanowires

Lihong SHI1; Donglai YAO1; Gang ZHANG2; 
Baowen LI1;3 
1. Deapartment of Physics, National university of 
Singapore, Singapore
2. Insititute of Microelectronics, Singapore
3. NUS graduate School for Integrative Sciences and 
Engineering, Singapore

Thermoelectric material is an important part of the 
solution to the energy crisis by converting waste heat 
into electricity. It is also one of the promising building 
blocks for future nanoscale cooling devices to solve the 
hot-spot in IC chips. The maximum cooling efficiency 
of a uniform thermoelectric material is limited by the 
dimensionless figure of merit (ZT), which is a function of 
Seebeck coefficient S, electrical conductivity and thermal 
conductivity. To increase the ZT, low thermal conductivity 
is required. Silicon nanowire (SiNW) has attracted 
broad interests in recently years due to its ideal interface 
compatibility with Si-based electronic technology, and the 
fascinating potential applications. The low lattice thermal 
conductivity of SiNW due to surface scattering can induce 
large ZT. In this work, with the 1D transport theory and 
the first principle electronic structure calculation, we do a 
systematic investigation on the thermoelectric properties 
of SiNW with diameters up to 7nm. We focus on the effects 
of carrier concentration, wire diameter, and the isotopic 
doping on the dimensionless figure of merit ZT (), where 

is the Seebeck coefficient, is the electrical conductivity, is 
the thermal conductivity and T is the absolute temperature. 
It is found that the figure of merit is strongly dependent on 
the carrier concentration and nanowire size. For each wire, 
with the increase of carrier concentration, the Seebeck 
coefficient decreases, while the electrical conductivity 
and electron contribution to thermal conductivity increase. 
Thus, there is an optimal carrier concentration yielding the 
maximum attainable value of ZT. Moreover, for a certain 
carrier concentration, the Seebeck coefficient decreases 
and the electrical conductivity and thermal conductivity 
increase with the nanowire diameter increases. Most 
interesting, our results demonstrate that with isotopic 
doping, the ZT can increase with more than 20%.

  A01198-02141 

Lateral Size & Thickness Dependence in 
Ferroelectric Nanostructures Formed by 
Localized Domain Switching

Nathaniel NG1; Rajeev AHLUWALIA1; 
David SROLOVITZ2 
1. Materials Theory and Simulation Laboratory, Institute 
of High Performance Computing, Singapore
2. Physics, Yeshiva University, New York, United States

Lateral size effects are important in the investigation 
of ferroelectric nanostructures formed via techniques 
such as piezo-force microscopy (PFM) or in patterned 
electrodes for the ferroelectric capacitors used in 
ferroelectric memory devices.  Below a critical 
lateral size, it has been shown experimentally that 
the ferroelectric properties of the film disappear.  To 
understand the mechanisms responsible for this, we 
use the time-dependent-Ginzburg-Landau equations 
to simulate microstructural evolution during the 
switching process in Pb(Zr0.3Ti0.7)O3 (PZT) for PFM-
type and parallel-plate capacitor configurations.  
Fringing electric fields result in a lateral component 
of the electric field parallel to the film surface, and our 
simulations indicate that this may be large enough to 
result in the nucleation of 90° domain wedges.  This 
alternative mechanism competes with polarization 
switching via 180° rotations, and increasingly 
predominates the switching process as the amount 
of fringing increases.  Our results also indicate that, 
when the fringing amount becomes very large at very 
small lateral sizes, the coercive voltage becomes so 
large that it becomes virtually impossible to switch 
the domains, suggesting a minimum critical width for 
ferroelectricity.
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Sensitivity Analysis of a Supported Single-Walled 
Carbon Nanotube to Actual Non-Ideal Boundary 
Conditions with Consideration for Small Size 
Effects via a Nonlocal Numerical Formulation

Amir SHAkOURI; Rongming LIN; Teng Yong NG 
School of Mechanical and Aerospace Engineering, 
Nanyang Technological University, Singapore

Carbon nanotubes are very promising structures for use as 
future resonators, sensors and actuators due to their small 
size and high natural frequencies. It is therefore important 
to study their vibration and modal characteristics. It has 
been found that the small size effect has a great effect on the 
vibrational behavior of the single-walled carbon nanotube 
(SWCNT) with different boundary conditions. Due to the 
fact that assuming boundary conditions to be complete 
seems very idealistic, especially at the nano-scale, this 
paper thus examines the effects of actual non-ideal elastic 
boundary conditions on the vibration of SWCNTs. To 
carry out this study, the carbon nanotube is modeled as an 
Euler beam, with fictitious boundary spring stiffnesses. In 
addition, a nonlocal formulation taking into account the 
small size effects is also incorporated into the formulation. 
As the analytical approach is not feasible in this regard, 
the variational Galerkin method was used to generate the 
frequencies and mode shapes.
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The aim for this research is to explore and investigate 
the diffusion of small molecular gases in ploy (chloro-
para-xylene) membrane. Results of molecular dynamics 
(MD) and Monte Carlo (MC) simulations on transport and 
solubility of small molecules such as helium, nitrogen, 
oxygen, water, carbon oxide in ploy (chloro-para-xylene) 
membrane are discussed. Atomistic simulation techniques 
have proven to be a useful tool for the understanding of 
structure-property relationships of materials. Although MD 
and MC still not an ideal tool for quantitative prediction 
of gas permeation properties, these methodologies can be 
used for a detailed description of the complex morphologies 
and transport mechanisms associated with rigid glassy 
structures.

The diffusion coefficients of gases are determined via 
NVT molecular dynamics simulation using COMPASS 
force field up to 400ps simulation time under different 
temperatures. The diffusion process results from jumps of 
penetrant molecules between adjacent holes in polymer 
matrix. Constants of diffusion were calculated by Einstein 
equation. The obtained results were used to calculate 
the Arrhenius equation (shown in equations (1-6)) for 
diffusion in the range from 273 to 550 k. Constants of 
solubility coefficients have been calculated by Transition 
State Gusev-Suter Monte Carlo method.

DHe=4.98×10-5exp(-0.090eV/kBT)cm2/s  (1)

DH2=7.15×10-6exp(-0.109eV/kBT)cm2/s  (2)

DO2=1.68×10-6exp(-0.103eV/kBT)cm2/s (3)

DN2=1.09×10-6exp(-0.100eV/kBT)cm2/s  (4)

DCO2=1.01×10-6exp(-0.112eV/kBT)cm2/s (5)

DH2O=9.73×10-7exp(-0.089eV/kBT)cm2/s (5)

Where D is diffusion coefficient, KB is the Boltzmann 
Constant, and T is temperature.
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Materials with coupled responses to external electric and 
magnetic fields present entirely new design opportunities 
for multifunctional, miniaturized devices such as memory 
elements, sensors and actuators, aside from their high 
fundamental importance. By means of density functional 
calculations, we have demonstrated a giant magnetoelectric 
coupling in BiCoO3 originating from a magnetic instability/
metamagnetism facilitated by a spin-state transition of 
cobalt. Our results suggest that a giant coupling between 
electric and magnetic degrees of freedom can be obtained 
for multiferroic materials when they are on the verge of 
metamagnetic transitions and in extreme cases one can 
change the material from magnetic to nonmagnetic by 
electric field. We have also predicted giant magnetoelectric 
effect in several magnetic oxides. 
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Materials with large magneto-optical (MO) effects have 
attracted a lot of attention due to the desire to develop 
erasable MO memories and high density disks with MO 
readout. It is still a challenging problem to find a material 
with large MO Kerr rotation and possessing a collection 
of necessary magnetic properties. Using relativistic full-
potential density-functional calculations we have studied 
the magneto-optical properties of double perovskites 
and predicted that several of these compounds show half 
metallic ferromagnetic behaviour with huge MO effects. 
Large spin-orbit splitting and spin-polarizations are found 
to be the necessary ingredients to achieve huge MO 
effects.

The colossal magnetoresistance (CMR) materials display a 
fascinating diversity in behaviors including several forms 
of spin, charge, and orbital ordering. In order to understand 
the role of electron/hole doping, oxygen stoichiometry, 
and  cation radii  on these ordering phenomena we have 
made density functional calculations for various oxygen 
deficient  perovskite-like oxides in the nonmagnetic, 
ferromagnetic and antiferromagnetic configurations. 
Three dimensional visualization of  spin, charge, and 
orbital ordering is established and their role on electronic 
structure and magnetic properties are analysed.

Transparent conducting oxides (TCO) have raised 
scientific interest because of their many useful features 
such as transparency in the visible spectrum of incident 
light and high electrical conductivity those are useful 
for optoelectronic devices. The structural phase stability, 
chemical bonding and electronic structure of widely 
used TCOs such as ZnO and In2O3 are investigated. The 
transparent conducting behaviour of these compounds are 
analysed by calculating their linear optical properties and 
carrier effective masses. The roles of intrinsic and extrinsic 
defects on optoelectronic properties are analysed. 
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Grain boundaries (GBs) have serious effects on the 
mechanical properties of metallic materials as barriers 
of dislocation transmission or as sources or sinks of 
dislocations. This feature is greatly enhanced in nano- 
or sub-micron grained metals formed by severe plastic 
deformation, exhibiting peculiar mechanical properties 
such as co-existence of hardness and ductility. In such 
systems, GB regions dominate substantial volume ratio 
and there are only few movable dislocations inside grains. 
Thus the response of GB regions for applied stresses 
and the dislocation nucleation at GBs directly dominate 
the macroscopic mechanical behavior. In this way, the 
understanding of the primary behavior of metallic GBs 
under various tensile or shear stresses is crucial. For this 
purpose, first-principles tensile or shear testing simulations 
of GBs have made valuable contributions. Recently, this 
kind of computations is applied to systems with impurity 
segregations. On the other hand, it is desirable to deal 
with both the electronic and mechanical properties more 
effectively and directly. For this purpose, recently we 
have developed computational codes for the local energy 
density and local stress density within the framework of 
the projector augmented wave (PAW) scheme based on the 
density-functional theory in our original QMAS (Quantum 
MAterials Simulator) code.

In this paper, we examine the bonding and mechanical 
properties of GBs in typical fcc metals, Al and Cu, using 
the above theoretical schemes.  First, we have examined 
the stability and interfacial bonding at tilt and twist 
coincidence GBs in Al and Cu as well as stacking faults 
(SFs). We have found the covalent nature of Al leads 
to the reconstruction of interfacial bonds with peculiar 
charge redistribution at Al GBs as compared with Cu 
GBs.  Second, we have applied the local energy-density 
and stress-density schemes to GBs and SFs in Al and Cu. 
It has been shown that the interface disordered regions 
indeed cause local energy increases in GBs and SFs, and 
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that the different bonding nature in Al and Cu results in 
different stress distribution in Al and Cu GBs. Third, we 
have applied the first-principles tensile tests to Al and Cu 
GBs, where we have also observed the covalent bonding 
nature at Al GBs. Fourth, we have examined the effects 
of Si and Mg impurities in the first-principles tensile tests 
of Al GBs. We have observed that the tensile strength 
and bond breaking behavior at Al GBs are significantly 
affected by the changes in the interface bonding nature by 
the impurities. 
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The emergence of dimer ordering in one-dimensional 
atomic wires formed through co-deposition of In and 
Sn was investigated using kinetic Monte Carlo (kMC) 
simulations.  In this study, an atomistic-lattice gas model 
was developed in order to gain further insights on the 
process of  self-assembly of In and Sn adatoms into 
one-dimensional atomic wires during room-temperature 
deposition on Si(100). Similar to our previous work, our 
current modeling assumes that diffusion of adatoms on 
the lattice is anisotropic, and much faster in the direction 
perpendicular to the underlying Si dimer row. However, 
consistent with recent experimental studies, new features 
such as heterogeneous nucleation (islands primarily 
nucleating on C-defect sites), uni-directional growth 
(islands grow exclusively along the direction far from 
the C-defect and are thus effectively defect-terminated), 
reversibility of  island growth, were added.

In the context of this study, we define ordering as the 
alternation between In-In and Sn-Sn dimers within an 
island. One plausible hypothesis that we tested is the 
possibility that ordering could be induced when there is a 
difference between the hopping rates of “free” edge atoms 
in odd-sized homogeneous islands and the corresponding 
hopping rates in their heterogeneous island counterparts 

(those islands where the “free” edge atom is not of the 
same specie as the other atoms comprising the island). 
Our simulation results suggest that ordering cannot be 
induced even for relatively large values of this difference. 
One possibility is that ordering is controlled not by the 
relative difference between these hopping rates, but by 
the absolute value of the edge-atom hopping rate in odd-
sized homogeneous islands. We thus tested the idea that 
a small hopping rate, or alternatively,  a large activation 
barrier for this type of hop, does indeed prohibit the 
alternating pattern of In-In and Sn-Sn dimers. Subsequent 
kMC simulations supported this hypothesis and suggested 
that large-scale ordering could be induced only when the 
hopping rate of edge atoms in odd-sized homogeneous 
islands is sufficiently fast. Our finding is consistent with 
the experimental observation indicating that ordering was 
not induced for the case of co-deposited In and Sn atoms 
on Si(100).
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The electronic, structural and magnetic properties of 
half-metallic promethium nitride (PmN) have been 
studied using first principles tight-banding linear 
muffin-tin orbital (TB-LMTO) method within the 
local-density approximation (LDA). We calculate 
the total energy, lattice parameter, bulk modulus, 
magnetic moment, density of states and energy band 
structures of half-metallic PmN at ambient as well 
as at high pressure. Both spin polarised and non-
spin polarised electronic calculations are performed 
to check the magnetic stability of PmN. It is found 
that PmN is ferromagnetically stable. From the total 
energy calculations it is also found that PmN is stable 
in NaCl-type structure under ambient conditions. 
The structural stability of PmN changes under the 
application of pressure. We predict a structural phase 
transformation from NaCl- to CsCl-type structure at 
around pressure of 3.4 GPa. The high pressure phase 
of PmN remains half-metallic and ferromagnetic. 
The calculated equilibrium lattice parameter and bulk 
modulus are in good agreement with the experimental 
and theoretical work. Currently, there is great deal of 
interest in spintronics and spin filtering from both 
of the fundamental and applied point of view. There 
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has been speculation in the literature that rare-earth 
nitrides may form half-metallic ferromagnets. In its 
half-metallic (HM) picture one of the spin (mostly 
majority-spin) shows metallic behaviour, while 
other spin (minority-spin) shows semi-conducting/
insulating behaviour. One can understand the reason 
of half-metallic (HM) in PmN as, in majority-band 
case the interaction of Pm-‘f’ states and N-‘p’ states 
leads to a mutual repulsion so that the N-‘p states are 
pushed to energies above the Fermi level. These N-‘p’ 
states connect with lower states and are responsible 
for metallic character of the majority-band structure. 
Since the Pm-‘f’ levels are polarized above the 
Fermi level in the minority-spin direction, the same 
interaction of N-‘p’ and Pm-‘f’ states presses the 
N-‘p’ levels below the Fermi level opens a gap, and 
produces semiconducting behaviour. As far as the 
pressure induced structural, electronic and magnetic 
properties of PmN are concerned, no studies are 
reported in the literature. The main motivation 
behind the present study is to check whether PmN 
falls into half-metallic ferromagnetic category or not 
like the other family members under ambient and 
high pressure.
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Silicon germanium (Si1-xGex) alloys have long been 
used in thermoelectric modules for deep-space missions 
to convert radio-isotope heat into electricity. They also 
have terrestrial applications in waste heat recovery. 
The efficiency of such thermoelectric materials can be 
characterized by the dimensionless thermoelectric figure 
of merit ZT=S2σT/κ, where S, σ, T, and κ are the Seebeck 
coefficient, electrical conductivity, absolute temperature, 
and thermal conductivity, respectively. The most important 
issue in thermoelectric research is to identify materials 
with high ZT.

Silicon nanowires (SiNWs) are very promising 
thermoelectric materials to achieve large figure of merit 
because thermal conductivity of SiNWs can be about 2 
order of magnitude smaller than that of bulk materials.  
In the present paper, we study the thermal conductivity 
of (001) SiNWs randomly doped with Ge with the 
nonequilibrium molecular dynamics (NEMD) simulations. 
In order to model the dynamics of Si and Ge atoms, an 
empirical interatomic potential called Stillinger-Weber 
(SW) potential is used in our simulations. The methodology 
of our simulations is as follows. Initially all the atoms 
are placed in bulk Si atomic positions. A certain time of 
simulation is then performed in order to have the system 
relaxed to a configuration with minimum total energy. After 
that, Nosé-Hoover heat bath is applied to both two ends 
of the NWs in order to establish the temperature gradient 
along the longitudinal direction. Finally, the simulations 
are performed long enough to allow the system to reach a 
nonequilibrium steady state where the heat current going 
through the system is constant. The thermal conductivity 
is calculated from the Fourier law κ＝-JL/▼T, where JL 
is the heat current density flowing along the longitudinal 
direction.   

It is found that the thermal conductivity of SiNWs can be 
exponentially reduced by randomly doping Ge into SiNWs 
at room temperature. By 50% randomly doping, the thermal 
conductivity can be reduced to about 17% of that of pure 
SiNWs. Moreover, we study the thermal conductivity of 
SiGe superlattice (SL) NWs with changeable period length. 
Simulation results show that the thermal conductivity 
decreases monotonically with the period length, until 
the period length reaches a critical value of 1.11 nm. 
At this critical value, the thermal conductivity is only 
about 1/6 of that of pure SiNWs. When the period length 
further decreases from the critical value, there exists an 
anomalous increase in thermal conductivity. The reduction 
in thermal conductivity of SiGe SL NWs is explained by 
phonon power spectrum theory. Our work demonstrates 
that SixGe1-x NW is a promising practical thermoelectric 
cooler.
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In nano materials, with the system scale down, the surface 
area to volume ratio (SVR) increases and plays a key role. 
Besides the impact on chemical reactivity, it has been shown 
that SVR affects the physical properties of nanowires 
remarkably. However, no quantitative impacts of SVR have 
been investigated. Moreover, a large number of theoretical 
and experimental works have been done to explore the 
effect of chemical passivation, surface reconstruction, 
and growth orientations on electronic structures of silicon 
nanowires (SiNWs). However, compared with the study of 
these impacts, much less has been done on the impacts of 
cross sectional shapes. 

Here we report a quantitative and systematic investigation 
on the electron band structure of [110] oriented SiNWs. 
Through investigating the cross sectional shape (triangular 
cross-section, rectangular cross-section and hexagonal 
cross-section) dependences of band gap, we find a linear 
SVR dependence of band gap which is independent on the 
specific cross sectional shape. Moreover, a universal band 
gap expression is demonstrated for [110] SiNWs with any 
cross sectional shapes. Our results demonstrate that the 
surface-to-volume ratio is an ideal “gauge” to describe the 
band gap of SiNWs quantitatively.
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Single-molecule magnet (SMM) is a molecule that can 
function as magnets below its blocking temperature 
(TB). This behavior results from a high ground-state 
spin (ST) combined with a large and negative axial 
magnetoanisotropy (D). The ST of SMM results from local 
spin moments at TM ions (Si) and exchange coupling 
between them (Jij). Moreover, Jij have to be important 

to well separate the ground spin state from the excited 
states; the relative high value of TB is dependent on them. 
Synthesized SMMs are molecules consisting of several 
TM ions coupled through oxygens and surrounded by 
various ligands. Many SMMs like this have high ST and 
large D, however, Jij are usually weak resulting in low TB. 
Therefore, enhancing intramolecular exchange coupling is 
expected to be an effective way to increase TB of SMMs. 
Besides, exploring possibilities of other ligands than O in 
forming good exchange pathways between TM ions will 
be a landmark in development of SMMs and SMM-based 
materials.

In this paper, we focus on exploring possibilities of 
enhancing intramolecular exchange coupling of a 
fascinating SMM system, i.e. distorted cubane Mn4+Mn3+

3 
SMMs based on Density-functional theory (DFT). 

Firstly, our calculated results demonstrate that 
intramolecular exchange coupling of known Mn4+Mn3+

3 
SMMs is dominated by antiferromagnetic (AFM) couplings 
between the Mn4+ ions and the three Mn3+ ions resulting in 
a ferrimagnetic structure and ST = 9/2 consistent with the 
experimental observation. The mechanism of AFM Mn4+-
Mn3+ coupling (JAB) is determined by delocalization of 
3d electrons from the dz2 orbitals at the Mn3+ sites to the 
t2g orbitals at the Mn4+ site through ligand orbitals which 
results in the π-like hybridization states among these 
orbitals just below the Fermi level. These results allows 
us to predict that JAB will be strongest when the Mn3+-L-
Mn4+ exchange coupling angle α ≈ 90o, while synthesized 
Mn4 SMMs have α ≈ 95o. Secondly, by rational variations 
in ligands, 42 novel anisotropic high spin Mn4+Mn3+

3 
molecules, having ST of 9/2, α in a range of 88.5o−95.5o, 
and JAB/kB in a range of −36.77 K to −214.79 K, have been 
designed. The results confirm the relation between JAB and 
α. This work reveals first possibilities of adopting N based 
ligands, NR’ (R’ = a radical), to form excellent exchange 
pathways between Mn ions in Mn4 SMMs. Adopting N 
based ligands to form exchange pathways between Mn 
ions can enhance three times of JAB in comparison to using 
O. Moreover, variation in the R’ radical is demonstrated 
as an effective way to tailor and optimize the exchange 
pathways between Mn ions.

In conclusion, we have succeeded in exploring the 
possibilities of designing superior Mn4+Mn3+

3 SMMs with 
strong intramolecular exchange coupling based on DFT. 
The results strongly support for synthesizing not only new 
superior Mn4+Mn3+

3 SMMs, but also a new class of SMMs 
and SMM-based materials by adopting N based ligands 
to form excellent exchange pathways between magnetic 
ions.
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Direct methanol fuel cells (DMFCs) are attracting 
considerable attention due to their advantages of easy 
transportation and storage, reduced weight, size and 
complexity of the system, and a high-energy efficiency and 
low exhaustion. In DMFC, catalysis plays a very important 
role and catalyst design has become a big issue. For the 
purpose of catalyst design, nanoparticles have invited 
much of attention because of their potential applications as 
building blocks for functional nanostructured materials and 
nanocatalysts. Particularly, Pt nanoclusters and Pt-alloy 
nanoclusters adsorbed on support materials have shown 
considerable promises in improving catalytic activities 
and reducing the use of Pt loading as an oxygen-reduction 
catalyst in catalysis and fuel-cell technologies. 

Recently, we have succeeded in synthesizing highly 
dispersed Pt clusters on carbon nanotube support. Small 
Pt clusters (less than 1 nm) showed a superior methanol 
oxidation activity, compared with larger Pt clusters. In 
order to have understandings of mechanism and to design 
better catalysts, we have carried out density functional 
study of the CO electrocatalytic oxidation over small Pt 
clusters on single wall carbon nanotube (SWNT) support-a 
key step in methanol oxidation reactions. We focus on the 
adsorption and reactions of CO and OH species on the Ptn 
(n=3, 4, 7, 10) clusters adsorbed on (10, 0) SWNT. We find 
that adsorption energies of CO and OH strongly depend on 
“local Pt sites”, in which low coordinated Pt atoms have an 
important role. Activation barriers of the oxidation reaction 
of CO + OH to COOH mainly depend on adsorption 
energy of OH, while desorption of COOH depends on 
adsorption energy of CO. These results indicate that CO 
and OH adsorption energies are two key descriptors for 
methanol oxidation process. The CO oxidation reactions 
on the Pt3M (M=Ru, Rh, Pd) alloy clusters on (10, 0) 
SWNT are also considered. The our results show a great 
promise to alternative compositions of metal clusters on 
SWNT support for the development of improved catalytic 
materials for the anode of the direct methanol fuel cell.
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It has been realized that the presence of sites of cations 
in the extra-framework in zeolite structure is controlled 
by the locations of ions (such as Al3+) doped within the 
framework. In previous work, it has been proved that the 
combination of the Metropolis Monte Carlo and Lattice 
Statics (MMC-LS) method is the useful method for 
producing global minimum energy sites of H+ in the extra-
framework of (Al)-ZSM-5, and the presence of H+ sites is 
relevant to Al3+ locations.

In this work, the MMC-LS method has been performed 
to produce the global minimum energy sites of mono- 
and di-valent cations (H+, Li+, Na+, K+, Mg2+, Ca2+) in 
the extra-framework of (Al)-ZSM-5, leading to lowest 
energy configurations. Throughout the simulations, the 
number and sites of Al3+ doped in ZSM-5 framework 
were identically fixed (i.e. [Si88O192.Al8]

8-), in which the 
total charge has been neutralized by adding the equivalent 
number of cations.

The MMC-LS method comprises of two simulation steps: 
(i) producing the global minimum energy sites for cations 
(H+, Li+, Na+, K+, Mg2+, Ca2+) presented in the extra-
framework of (Al)-ZSM-5 via MMC method, in which 
the 10 lowest energy configurations are returned as initial 
configurations for the next step, and (ii) performing the 
lattice energy minimization of those configurations via 
LS method. The Sorption Locate and GULP Geometry 
Optimization software modules of Accelrys Materials 
Studio 4.3 package have been used for the simulations. 

Here, the MMC calculations are carried out using canonical 
ensemble at 298 K by NPT with the equilibration and 
production steps of 106:106. For the LS calculations, the 
Buckingham potential including Coulombic term, shell 
model, and harmonic three-body potential have been used, 
and the internal coordinates and cell variables of M-(Al)-
ZSM-5 were allowed to relax fully for lattice energy 
minimization.

From the calculated results, it is clearly seen that the 
preferential sites of these heterovalent cations placing in 
the extra-framework are relatively closed to Al3+ sites in 
the framework of ZSM-5, and given the global minimum 
energy of system. The average total energies and  the 
average distances between O-M and Al-M (M = H+, Li+, 
Na+, K+, Mg2+, Ca2+) have been evaluated. Moreover, it is 
found that the optimized geometrical symmetry of H-(Al)-
ZSM-5 is significantly distorted from orthorhombic to 
triclinic form, compared to the other cations.
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In summary, the location of Al3+ is strongly influencing 
on free cations placing in the extra-framework of zeolite. 
Each Al3+ site can be possibly surrounded by one to three 
monovalent cations depending on the cation size, bringing 
simultaneously to the absence of the cations around another 
Al3+ site, in contrast to divalent cations in which any cation 
is always shared in between two Al3+ sites.
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Colloidal crystals have been deployed in many applications 
such as photonics, biological sensing, lithography and 
energy harvesting. In this work, the equilibrium phase 
behavior of a monodisperse colloidal crystal is investigated 
computationally. The Metropolis Monte Carlo algorithm is 
employed to a canonical ensemble of polystyrene spherical 
colloidal suspension stabilized by repulsive electrostatic 
interactions. The microstructure transition of such a 
colloidal system is described using two thermodynamics 
variables: the colloid volume fraction and the electrolyte 
concentration. For a hard sphere system which has been 
studied intensively, the transition of a face-centered cubic 
lattice to an amorphous phase occurs at a volume fraction 
(φ) of 0.50. However, in charged colloidal crystals, we 
observe the transition volume fraction decrease as the kCl 
concentration in the suspension lowers. For instance, at an 
ionic strength of 100 µM kCl, the colloidal crystal phase 
transition occurs at φ = 0.15. A clear understanding of the 
role of interaction forces in crystallization thermodynamics 
may be the crucial link to engineer defect-free colloidal 
crystals on the large scale.

  A01525-03582 

Modeling and Simulation of Buckling of  
Polymeric Membrane Thin Film Gel

Zishun LIU1; Somsak SWADDIWUDHIPONG2; 
Wei HONG3; Zhigang SUO4; Yongwei ZHANG1 
1. Institute of High Performance Computing, Singapore
2. National University of Singapore, Singapore
3. Iowa State University, United States
4. Harvard University, United States

Natural growth and living organisms are full of fascinating 
complex patterns and shapes. It can be found that natural 
growth processes in some leaves and flowers could lead 
to a complex three-dimensional fractal shapes and some 
living organisms are full of fascinating complex patterns 
and shapes in the natural growth. One might wonder 
about how can such featureless deformations lead to such 
complex shapes and what are the physical mechanisms of 
these natural structures. How to explain the mechanism 
of flower opening and closure? How to explain the 
morphogenesis and the natural growth of some leaves, 
flowers and vesicles? Indeed, many natural tissues of 
plants and animals are to some extent polymeric gels. 
Mixtures of macromolecular networks and solvents also 
constitute most tissues of plants and animals, where the 
networks retain the general shape and the solvents enable 
the transport of nutrients and wastes, e.g. the growth of 
some plants can be analogy of polymeric gel swelling. The 
inhomogeneous gel deformation may be used to explain 
this phenomenon.
 
In this study, the inhomogeneous field theory for a polymeric 
network in equilibrium with a solvent and mechanical 
load/constraint is investigated. The polymeric thin film 
gel deformation is analyzed by the finite element package, 
ABAQUS in which the field theory is implemented.  The 
swelling-induced and deswelling-induced instabilities 
of membrane thin film gel structures are modelled and 
simulated. The buckling phenomena and bifurcation 
phenomena of membrane gels are investigated. The 
simulating results of the strip and the corona membrane 
gel structures are compared with available experimental 
results. From the comparison, it demonstrated that the 
proposed field theory of inhomogeneous gel is adequate 
and developed subroutine is accurate and robust to study 
gel membrane deformation. Furthermore, the growing 
and drying deformation mechanism of leaves is explained 
by studying the swelling and deswelling processes of 
polymeric membrane gels. Our study is the first report 
of to study the plant leaves deformations in growing or 
senescence. It may provide the possibility to explain the 
fantasying deformation phenomena of nature plants that 
may be modelled by gel swelling and deswelling process. 
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  A01559-02716 

Study on Symmetries of Some Nanotoruses

Ali MOGHANI1; Abdolreza TEHRANCHI2 
1. Department of Color Physics, Institute for Colorants, 
Paints and Coating (ICPC), Tehran, Iran
2. Department of Mathematics, Islamic Azad University, 
Tehran, Iran

To enumerate isomers of molecules, some definitions like 
maturity and the Q-conjugacy character table of a finite 
group were introduced by Japanes chemist Shinsaku Fujita. 
In this paper at first, a new simple method to specify how 
a given finite group with big symmetry and complicated 
structure is maturated or unmaturated, is introduced. Then, 
to verify our derived theorem some useful nanostructures 
(like  Polyhex Nanotoruse) are considered.

  A01559-02730 

Dominant Subgroups of the Full Non-rigid Group 
of 1,3,5-triamino-2,4,6-trinitronebzene

Abdolreza TEHRANCHI1; Ali MOGHANI2 
1. Department of Mathematics, Islamic Azad university, 
Tehran, Iran
2. Department of Color Physics, Institute for Colorants, 
Paints and Coating (ICPC), Tehran, Iran

The full non-rigid (f-NRG) group of  1,3,5-triamino-2,4,6-
trinitronebzene is isomorphism to the group S2 wr S3 of 
order 48 introduced by k. Balasubramanian ( see Chem. 
Phy. Letter (2004), 398, 15-21), where Sn is the symmetric 
group on n letters and wr stands wreath product. The 
dominant subgroups of finite group has been proposed by 
S. Fujita who applied his results in this area of research to 
enumerate isomers of molecules. In this paper, via GAP 
program all the dominant subgroups of the above molecule 
are computed.

  A01561-02722 

First Principle Studies of the Molecular 
Rectifications and Structural Properties of 
Linearly Fused (5,0)//(m,0) Carbon Nanotube 
Junctions

Anurak UDOMVECH1; Md SHAFIQUZZAMAN3; 
Teerakiat kERDCHAROEN2;3 
1. Department of Physics, Thaksin University, Songkhla, 
Thailand
2. Department of Physics, Mahidol University, Bangkok, 
Thailand
3. Center of Nanoscience and Nanotechnology, Mahidol 
University, Bangkok, Thailand

Molecular rectifications and structural properties of 
topological defects in (5,0)//(m,0) single-walled carbon 
nanotube junctions (SWCNTJ) were investigated 
theoretically by B3LYP/6-31G(d)//AM1 levels. These 
intramolecular junctions (IMJs) are practically composed 
of one or more asymmetrical pentagon-heptagon pairs as 
defect in the perfect hexagonal lattice. The (5,0) nanotube 
segment in the fused nanotube is kept constant, while 
varying another segment from (6,0) to (10,0). The structural 
results show that the pentagon rings introduce distortion 
into the local geometry of the junctions more strongly than 
the heptagon rings. Our previous studies have shown that 
the frontier orbitals and energy gap of the asymmetrically 
constructed  interfacial geometries by fusing two zigzag 
tubes having different helicities and diameters are strongly 
dependent on the variations of helicity and length of 
carbon nanotubes. We further verified the rectification of 
these IMJs based on Kawasoe model analysis. It was found 
therefore in this study that the (5,0)//(7,0) IMJ of 3UC 
length is most possible for flowing single electron from the 
acceptor moiety to the donor moiety. In such case, HOMOs 
of donor, spacer and acceptor have closer energy levels and 
the potential drop between two segments is 0.199 eV. Even 
though other IMJs have performed larger potential drops, 
the rectifying capabilities can be enhanced if desirable 
electronic conduction channels are altered. Specifically, 
the straight junction of (5,0)//(7,0) structure could be an 
entire structure for making molecular rectifier diode. The 
outcome of careful investigation of each SWCNTJ must 
be made to create a knowledge base. A SWCNTJ having 
unique electrical properties can then be constructed and 
used in a designed circuit. 
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  A01571-02740 

Effect of Transition Metal Substitution on Vacancy 
formation in Li3N

Shunnian WU1;2; Zhili DONG2; Freddy BOEY2; 
Ping WU1;2 
1. Computational Materials Science, Institute of High 
Performance Computing, Singapore
2. School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

Li3N has attracted great attention for its promising 
application as hydrogen storage material and solid 
electrolyte.  First-principles DFT calculation was conducted 
to investigate the effect of substitution of lithium by 
transition metal (Co, Ni, Cu) on the vacancy formation in 
Li3N in this study.  The results show that transition metal 
predominately substitutes Li(1) sites rather than Li(2) 
sites and the yielded compounds have remarkably higher 
stability than Li3N.  The substituted transition metal atom 
forms additional π-bonds with coordinated N atoms besides 
original σ-bonds.  The substitution remarkably decreased 
the formation energy of vacancy in Li(2) sites.  The vacancy 
formation energy decrease follows the order Co < Ni < Cu.  
This brings about considerablely increased amount of Li(2) 
vacancy in transition metal substituted Li3N.  Therefore, 
controlling the defect amount by suitable transition metal 
substitution may provide a viable approach to improve the 
lithium mobility and conductivity  of Li3N in potential 
application.

  A01576-02748 

Modeling of Diffusion of Ag+ Ions in 2- phase 
Nanocomposite Electrolyte Prepared by a Novel 
Technique

Mohan L. VERMA; B. Keshav RAO 
Applied Physics, Shri Shankaracharya College of Engg & 
Technology, Chhattisgarh, India

Ionic diffusion is modeled for a crystal - crystal 2-phase 
nanocomposite electrolyte  (1-x)AgI : xAl2O3, prepared by 
a novel technique developed recently in present laboratory. 
In which spherically nanosized AgI is cropped inside 
the nanopores of alumina templates by using chemical 
deposition technique. In this model the AgI nanoparticles 
inside the nanopores are assumed to be in spherical shape 
(for sake of simple calculation equally sized less than the 
diameter of cylindrical nanopores) and arranged in cubic 
packing (porosity of 0.48) and rhombohedral packing 
(porosity of 0.26) respectively. The percolation of  ions 
inside the nanopores  is analysed  by reconsidering 
the random walk theory and  atomic jump process. The 
thermodynamic effect and the effect of interface layers 
have also been detailed in the computation of ionic 
diffusion. This  model  will be helpful to understand the 
ionic transport mechanism in nanocomposite electrolytes 
presented here in  quite new way.

  A01576-02755 

Transport Properties Study of a Nanocomposite 
Electrolyte Prepared by Chemical Deposition of 
(0.75AgI : 0.25AgCl) into Nanoporous Alumina 
Templates

Mohan L. VERMA; Homendra SAHU; B. Keshav RAO 
Applied Physics, Shri Shankaracharya College of Engg. 
& Technology, Chhattisgarh, India

Present paper reports the preparation of a new 
nanocomposite electrolyte in which porous alumina is used 
as matrix and 0.75 AgI:0.25AgCl is used as filler material in 
a novel way. The nanoporous anodic alumina is prepared, 
adopting a two-step anodization technique and its porosity 
is characterized by digital image processing of its SEM 
images. The filler material 0.75AgI:0.25AgCl is cropped 
inside the nanopores by chemical reaction of AgNO3 and 
kI , kCl solution in required ratio in presence of capping 
agent. The ionic conductivity of this nanocomposite (1-x)
[0.75AgI:0.25AgCl]:xAl2O3 is measured as a function of 
frequency and temperature using impedance spectroscopy. 
The structural characterization is analyzed using XRD 
and SEM study of  the prepared nanocomposite. The 
ionic conductivity of this is found better than the 2-phase 
composite electrolytes conventionally prepared in the 
same composition using bulk materials. This is probably 
due to availability of free path for the movement of Ag+ 
ions in the electrolyte system.

  A01583-02764 

Density Functional Study of the Electronic 
Structure and Magnetic Properties of the High-
temperature V(TCNE)2 Magnet

Giulia C. DE FUSCO1; Leonardo PISANI1; 
Barbara MONTANARI2; Nicholas M. HARRISON1;3 
1. Department of Chemistry -Thomas Young Centre, 
Imperial College London, London, United Kingdom
2. STFC Rutherford Appleton Laboratory, Oxfordshire, 
United Kingdom
3. STFC Daresbury Laboratory, Warrington, United 
Kingdom

In the past two decades organic and molecular magnets 
have received increasing attention due to their unique 
properties which make them optimum candidates for many 
technological applications. Materials based on transition-
metal-tetracyanoethylene, M-TCNE (M = V, Mn, Fe, etc) 
are of particular interest due to the large range of relatively 
high Curie temperature of these compounds. Amongst 
these materials, V(TCNE)2 represents a major breakthrough 
being a completely spin polarized semiconductor, which 
exhibits ferrimagnetic behavior above room temperature 
(TC ~ 400 k).
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Many commercial applications have been envisaged for 
this material, including magnetic shielding and spintronics 
(spin-based electronics). However, the commercial use of 
V(TCNE)2 is currently limited as the material is amorphous 
and extremely air- and water-sensitive. Since the lack of 
long-range order precludes the use of the X-ray diffraction 
technique for proper structural identification, V(TCNE)x 
crystalline structure is yet to be characterized. Therefore 
no relationship has been so far established between 
its structural features and the electronic and magnetic 
properties.

The present work proposes a simple model structure of the 
room temperature magnetic semiconductor V(TCNE)2 on 
the basis of available experimental data. The structural, 
electronic and magnetic properties are investigated 
using hybrid exchange density functional B3LYP in 
periodic boundary conditions as implemented within the 
CRySTAL06 package. The application of this scheme has 
showed to be suitable for the investigation of magnetic 
interactions in strongly correlated materials.

A spin polarized ferrimagnetic ground state with a total 
spin of 1μB per formula unit is identified. The analysis 
of the corresponding electronic band structure and spin 
distribution reveals significant interactions between the V 
ions and the TCNE·- radicals, identified as spin carrying 
units.

Within a simple Ising Hamiltonian, a strong 
antiferromagnetic coupling between the metal and its 
nearest neighbor ligands is predicted which is consistent 
with the observed high-temperature magnetic ordering.

The computed results provide useful insight into the 
physical origin of the exceptional magnetic behavior of 
V(TCNE)2 .

The author would like to thank the STFC for strategic initiative 
grant, the EPSRC-GB for provision of computer time under the 
Materials Chemistry Consortium Project No. GR/S13422/01, 
and also Dr G. Mallia for technical assistance and useful 
discussions.

  A01606-02794 

Microstructure Engineering Via Throttled 
Nucleation

Siu Sin QUEK1; Kevin CHU2; Jiawei CHIU1; David WU1 
1. Institute of High Performance Computing, Singapore
2. Vitamin D, Inc., California, United States

We consider the crystallization of a thin film via interface-
limited growth and throttled nucleation – a transient 
nucleation schedule in which the nucleation rate is turned 
off before the sample is fully transformed. This schedule 
can be readily realized by two stages of isothermal anneals, 
where the throttling time is parameterized by the area 

fraction transformed when throttling occurs. The limits 
of throttling are simultaneous and continuous nucleation, 
which produce the Poisson-Voronoi and Johnson-Mehl 
structures, respectively. 

We use an efficient simulation methodology that computes 
the exact phase transformation time of each point in the 
computational domain. The microstructure is generated 
directly from the phase transformation time, which is 
subsequently used to study the crystal’s geometrical 
properties. Throttling produces significant differences 
in the distributions of properties like grain area, grain 
perimeter, and number of grain edges. The grain aspect 
ratio, a measure of grain shape, is, however, insensitive 
to throttling. Our results suggest a possible way to easily 
engineer certain types of microstructures via isothermal 
annealing stages.  

  A01695-02947 

Ferromagnetism, In2O3, First-principles Study

Lixiu GUAN; Junguang TAO; Zhi-Ren XIAO; 
Xiao-Feng FAN; Bangchuan ZHAO; 
Cheng Hon, Alfred HUAN; Jer-Lai KUO; Lan WANG 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

First-principles calculations of the electronic structures 
and the ferromagnetic (FM) stability have been carried 
out in In2O3:Fe (IFO) with additional Cu and oxygen 
vacancy (VO) doping based on density functional theory. 
It is found that the coexistence of VO and Cu doping in 
IFO system (IFCO-VO) leads to stability ferromagnetic 
coupling between Fe dopants. We demonstrate that the role 
of Cu ions is to act as superexchange mediators causing 
an indirect FM coupling between Fe cations through the 
hybridization of the Cu 3d states with the O 2p states. 
The delocalized hybridization consisted of Fe 3d, O 2p, 
and Cu 3d is found to be very efficient to mediate the FM 
exchange interaction. In favor of the FM state, Cu ions 
prefer to locate adjacent to the Fe ions in order to form 
Fe1-O1-Cu-O2-Fe2 coupling chain.
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  A01704-02977 

Finite Element Simulation of the Luminescence 
Spectra in Thermal Barrier Coatings

Andre M. G. LUZ; Daniel BALINT; Kamran NIKBIN 
Department of Mechanical Engineering, Imperial College 
London, London, United Kingdom

Progress in aero-engines and land-based gas turbines 
is continuously linked with a rise of the operating 
temperature. In the next generation of advanced engines, 
further increases in thrust-to-weight ratio will require 
even higher gas temperatures. This means that the surface 
temperatures of the components will increase. 

TBCs are multilayered structures which function together 
to effectively lower the temperature of its load-bearing 
superalloy substrate while simultaneously providing 
oxidation protection against high temperature combustion 
environments during operation. They typically comprise 
of a ceramic top coat (ySZ – ZrO2 stabilized with 7-8 wt% 
Y2O3) for thermal insulation and a metallic bond coat that 
provides oxidation/corrosion resistance and enhances the 
adhesion of the ySZ to the superalloy substrate. 

Due to high-temperature oxidation of the bond coat, a 
thermally grown oxide (TGO) scale of continuous α-Al2O3 
is formed between the ceramic top coat and the bond 
coat. The formation and growth of the TGO increases the 
mismatch of thermal expansion coefficients among the 
multilayered TBC and induce high thermal stresses leading 
to spallation of the ySZ coat from the underlying metal. 
Hence, the determination of the TGO stress is crucial to 
understanding the failure of TBCs.

In this contribution, a numerical simulation of the crack 
development within TBC systems is presented. A two 
dimensional periodic unit cell is used to examine the 
evolution of the stress distribution in TBCs during thermal 
cycling. Several factors that limit the lifetime of TBCs 
were included in the model, such as thermal expansion 
mismatch, TGO growth, bond coat creep, zirconia 
sintering, phase transformation of the various layers and 
interfacial morphology. 

The residual stress in the TGO at room temperature can be 
measured in-situ beneath the ySZ using photoluminescence 
piezospectroscopy from Cr3+ impurities in solid solution in 
the TGO. Damage, such as micro-scale fracture and local 
interfacial delamination in the coating system, leads to a 
relaxation of the local stress which is in turn often reflected 
in the luminescence spectrum shape. 

However, presently there is no agreement on the best spectral 
parameters that should be used as a measure of the damage 
accumulation in the coatings. Therefore, the evolution of 
luminescence spectrum from as-manufactured to critically 
damaged TBCs is determined using the finite element 

method. This approach helped to identify the most suitable 
spectral parameters for damage detection, improving the 
reliability of photoluminescence piezospectroscopy as a 
lifetime prediction tool for TBCs. 

This work was supported by Fundação para a Ciência e Tecnologia 
(FCT – Portuguese Science and Technology Foundation) under 
the Grant No. SFRH/ BD/ 25049 /2005.

  A01720-03000 

Specific Heat of Cd-doped Manganites

Renu CHOITHRANI; N. K. GAUR 
Department of Physics, Barkatullah University, Bhopal, 
India

In the present work, the specific heat of La0.5(Ca0.5-xCdx)MnO3 
double doped manganites at the doping concentrations x = 
0.0-0.5 are computed for the first time for understanding 
the thermodynamic behaviors in manganites using 
interatomic potential by Renu Choithrani et al. The crystal 
structure of given manganites with space group pnma have 
an orthorhombic structure except La0.5Cd0.5MnO3, which 
instead shows a rhombohedral (R3c) space group. These 
materials find extensive technological applications in 
magnetic sensors, computer hard drive reader, logic devices 
etc. We have applied interatomic potential  which includes 
the effects of the long-range (LR) Coulomb attraction, the 
short-range (SR) Hafemeister Flygare (HF) type overlap 
repulsion operative upto second nearest neighbour and van 
der Waals (vdW) interaction due to dipole-dipole (d-d) and 
dipole-quadrupole (d-q) interactions to study the specific 
heat (Cp) as a function of temperature. The trends of 
variation of our computed specific heats with temperature 
are in agreement with corresponding experimental data by 
Wanga et al for almost all the compositions (x) with some 
deviations at higher temperatures. The specific heats are 
found to increase with temperature from 2 to 300 K, while 
they decrease with concentration (x) for these perovskite 
manganites. These features are exhibited by both the 
experimental and our theoretical results. In addition, 
we have used MRIM to compute the thermodynamical 
parameters whose results are discussed in detail for the 
present system of Cd-doped manganites. 
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  A01780-03120 

The Ground State Structure of BaZrO3: A 
Comparative First-principles Study

Ante BILIC1; Julian GALE2 
1. Materials Theory and Simulation, Instutute of High 
Performance Computing, Singapore
2. Department of Applied Chemistry, Curtin University of 
Technology, Perth, Australia

Using several popular first-principles packages for materials 
modeling the nature of the cubic lattice of barium zirconate 
has been investigated. The evaluated vibrational spectra 
typically exhibit an extended and prominent dynamical 
instability. The instability manifests through imaginary 
frequency optical modes along the whole R-M edge of 
the Brillouin zone. The experimentally observed simple 
cubic structure is found to be dynamically unstable against 
an antiferro-distortive transformation. The computations 
predict an orthorhombic crystal structure of the material, 
only slightly distorted from the cubic lattice, with an eight 
times larger unit cell and alternate ZrO6 octahedra slightly 
rotated in opposite directions around the cartesian axes. The 
neglect of the barium 5s2 and 5p6 electrons in the valence 
configuration of Ba is found to be responsible for the 
previously reported incorrect results. Possible reasons for 
the observations of a stable cubic structure are discussed as 
well as the implications for the previously reported results. 
The ways to recover correct results from several previous 
studies that predicted the cubic structural model of BaZrO3 
and to avoid potential pitfalls in the future are suggested

  A01818-03166 

Resolving Vibrational Spectra of SixHy on Silicon 
Surface

Sheau Wei ONG; Zhiqiang Nicholas CHEN; 
Hway Chuan KANG 
Department of Chemistry, National University of 
Singapore, Singapore

We used Car-Parrinello molecular dynamics to simulate 
the dynamics of various SixHy fragments on a Si (100)-
(2×1) surface in order to calculate the vibrational density 
of states.  Each simulation is run for a total time of 24.2 
ps giving us a frequency resolution of approximately 1.4 
cm-1.   A fictitious electronic mass of 400 a.u. and an ionic 
temperature of 300K were used in the simulations.  We 
calculate the vibrational density of states for the following 
fragments: SiH2 adsorbed in both intradimer and interdimer 
configurations, Si2H5, Si2H4 and Si2H2.  Our calculations 
are motivated by recent work which demonstrates that 
disilane adsorption can occur via silicon-hydrogen bond 
dissociation rather than silicon-silicon bond dissociation.  
Thus, it is interesting to examine the feasibility of detecting 
the different possible fragments that can result from disilane 
adsorption.  Our calculations are aimed at determining the 

vibrrational density of states, in particular, to see if the 
peaks in the vibrational spectra of the different fragments 
are sufficiently far apart to detect experimentally.

  A01832-03254 

Modelling the Interactions between Drug 
Molecules and a New Nanocarrier Based on 
Porous Iron Carboxylates

Guillaume MAURIN1; Naseem RAMSAHyE1; 
Pascal YOT1; Patricia HORCAJADA2; 
Christian SERRE2; Gerard FEREY2 
1. Institut Charles Gerhardt Montpellier, Universite 
Montpellier 2, France
2. Institut Lavoisier, Universite Versailles Saint Quentin 
en Yvelines, France

Flexible nanoporous iron (III) carboxylates, has been used 
for the first time as matrices for the encapsulation and in 
vitro controlled delivery of several drug molecules including 
Ibuprofen (analgesic and anti-inflammatory activity) 
and Busulfan (antitumoral agent). Using a combination 
of experimental and theoretical tools, it has been shown 
for instance that these Metal Organic Framework (MOF) 
solids can adsorb upt o1.4 g of Ibuprofen/g of solid 
(rigid MIL-101), with a controlled and complete delivery 
achieved under physiological conditions after 3 weeks 
corresponding to a predictable zero-order kinetics (flexible 
MIL-53), which highlights the unique properties of such 
flexible hybrid solids for adapting their pore opening to 
optimise the drug-matrix interactions. 

Quantum chemical calculations (DFT) allow us to define 
the the preferential adsorption sites of the drug molecules 
in the nanoporous solids as well as their structural 
conformations which are compared to those observed in 
the liquid phase. These data are then compared to that 
obtained using experimental techniques including in situ 
XRD, infra-red and NMR. In a similar way, it is possible to 
extract the interaction energies corresponding to the drug/
host systems which can be thus related to microcalorimetry 
data. 

Here, we will present the exploration of the interactions 
between drugs of high therapeutic interest , i.e. Ibuprofen 
and Busulfan and both bare and modified flexible iron 
(III) carboxylates. By a direct comparison with our own 
experimental data, it will be able to highlight the chemical 
features of the MOF system which would lead to a 
more efficient encapsulation and delivery of these drug 
molecules.
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  A01833-03186 

A Useful Method Based on the Exhaustion of 
Internal Energy to Predict Failure Lifetimes of 
Mechanical Components Operating within Creep 
Regime

Lawrence Kiam Yam NG 
School of Mechanical and Manufacturing Engineering, 
Singapore Polytechnic, Singapore

Accurate life assessment of mechanical components that 
are subjected under elevated temperature performed by 
full-scale creep tests can be both time consuming and 
expensive. An alternative method is the use of numerical 
modelling of creep damage to provide sufficient accuracy 
to predict creep lifetimes of components by assessing the 
initiation and growth of damage in the structure. However, 
to date, many creep damage models are not simplified 
enough to be readily available for industrial applications; 
there is desperate search for robust methods of solution. In 
this regard, a new creep damage model based on exhaustion 
of internal energy is described. 

The present work concentrates on a pragmatic engineering 
damage paradigm for the cases where gross creep damage is 
dominant under constant loading and uniform temperature 
and will study the problem from the macroscopic 
(engineering) point of view and not from microscopic 
(material science) point of view. 

The existing creep damage paradigms are either not 
sufficiently accurate and/or the required data are not readily 
available for pragmatic engineering applications Hence, to 
demonstrate its validity, the proposed model is applied to 
thick/thin boiler tubes and various root length of notched 
bars (Bridgman, British Standards, etc.) operating within 
the creep range. Triaxial stress/strain field is generated in 
the critical region of the tubes and damage is describe as a 
measure of total deformation due to internal loading in the 
component and therefore it should be the most appropriate 
for characterizing gross creep damage on macroscopic 
level. The accuracy of the analysis is benchmarked with 
other life prediction models and appears to be in good 
agreement with experimental results. Nevertheless, the 
paper shows that the model is able to overcome some of 
the major shortcomings of existing techniques such as 
those of: Robinson time/strain fraction method, reference 
stress method, Kachanov-Rabotnov continuum damage 
mechanics, etc. The results given in the paper show that 
the new model is capable to predict creep lives with an 
accuracy of less than 5%. 

  A01837-03190 

Understanding Electronic Properties at Molecule/
Inorganic-solid Interfaces from First Principles 

Leeor KRONIK 
Department of Materials and Interfaces, Weizmann 
Institute of Science, Israel

Molecular/inorganic-solid interfaces present a research area 
of intense fundamental interest, with strong technological 
implications for organic and molecular electronics. 
Their study forces us to work and think in two worlds, 
the molecular and the non-molecular ones, that differ 
in their electronic structure (localized and delocalized 
electronic states) and chemical properties, as well as in the 
experimental tools used in their study.

In this talk, I will overview our recent theoretical 
exploration of such interfaces. I will show how we compare 
density functional theory (DFT) calculations for interesting 
prototypical systems with suitable experiments, as well as 
with a host of other theoretical approaches, from simple 
electrostatic models, through tight-binding calculations, 
to many-body perturbation theory. I will emphasize our 
elucidation of cooperative effects, namely, collective inter-
molecular and molecule-substrate interactions, and their 
significance for interface energetics and transport. I will 
also discuss the unique methodological challenges posed 
to DFT in dealing with such interfaces.

  A01840-03324 

The Thermodynamics of and Strengthening due 
to Co-clusters: General Theory for Application in 
Modelling Software

Marco STARINK 
Materials Res Grp, School of Engineering Sciences, 
University of Southampton, Southampton, United 
Kingdom

The prevailing theory of strengthening of metallic alloys 
as developed since the 1930s recognises the contributions 
to the critical resolved shear stress of grains with dilute 
compositions as being due to the obstacles to dislocation 
motion in the form of solute atoms and stable or metastable 
second phases. These second phases often form in a 
precipitation process from a supersaturated solution, 
and several metastable structures can appear before 
ultimately the stable phase or phases are formed. These 
precipitates can be very small: precipitates as small as 10 
atoms have been proposed. These small precipitates are 
effectively formed from a metastable solution through a 
solute clustering process, i.e. the clustered solute atoms 
are situated on position of the host lattice. If the clusters 
formed involve two alloying elements, the term co-clusters 
is employed; the simplest form of a co-cluster is a dimer. 
In the past two decades, 3D atom probe has allowed the 
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identification of clusters as small as 10 atoms in alloys 
such as in maraging Fe-20Ni-1.8Mn-1.5Ti-0.59Al, Al-Zn-
Mg(-Cu) and Al-Cu-Mg based alloys. Hardening due to 
the clusters and co-clusters presumed present in several 
alloys has been invoked as an qualitative explanation for 
strengthening of a range of alloys.  

A simple theory for the thermodynamics of co-clusters in 
metallic alloys is derived; thus providing the theoretical 
basis for application in microstructure modelling software. 
The present simple formulation uses a single interaction 
enthalpy combined with an entropy formulation based 
on a regular solution. A model for the strengthening due 
to co-clusters is also derived. The model encompasses 
modulus hardening, chemical hardening and (short-) order 
strengthening. It is shown that in general (short-) order 
strengthening will be the main strengthening mechanism. 

The model formulation is tested against an extensive 
amount of published and new data on the Al-Cu-Mg system. 
The Cu-Mg interaction enthalpy DHA-B is determined 
as 34.5±0.5 kJ/mol. Both quantitative calorimetry data 
on the enthalpy change due to co-cluster formation and 
strengthening due to co-clusters is predicted well.

  A01857-03212 

Structure Prediction from First-Principles 

John S TSE1; Yansun YAO2; Yunfeng LIANG1; 
Dennis KLUG2 
1. Physics and Engineering Physics, University of 
Saskatchewan, Saskatoon, Canada
2. Steacie Institute for Molecular Sciences, National 
Research Council of Canada, Ottawa, Canada

Several rcent techniques for structure prediction employing 
First-Principles Density Functional Calculations have 
been applied to a number of crystalline and amorphous 
systems.  These methods include random search, evolution 
algorithm and meta-dynamics. The objective of this study 
is not restricted to the search for the most stable structure of 
a given chemical composition, but to use these techniques 
to generate energetically competitive structures under 
variable thermodynamics conditions in order to understand 
the underlying physical and chemical principles govenring 
the stability of the polymorphs.  Results on selected 
examples, such a,  the potential superhard B/C compounds, 
high pressure main group hydrides and high pressure 
amorphous ices will be presented and discussed.

  A01881-03244 

A Local Quasi-continuum for 3D Multi-lattice 
Materials: Application to Shape-Memory Alloys

Viacheslav SORKIN1; Ryan ELLIOTT2; 
Ellad TADMOR2 
1. Institute of High Performance Computing, Singapore
2. Aerospace Engineering and Mechanics, University of 
Minnesota, Minnesota, United States

The quasi-continuum method is applied to materials with 
a multi-lattice crystal structure. Cauchy-Born kinematics, 
which accounts for the shifts of the crystal basis, is used in 
continuum regions to relate atomic motions to continuum 
deformation gradients. To avoid failures of Cauchy-Born 
kinematics, quasi-continuum is augmented with a phonon 
stability analysis that detects lattice period extensions 
and identifies the minimum required periodic cell size. 
This approach is referred to as cascading Cauchy-Born 
kinematics. The method is applied to three dimensional 
test problems. 

  A01883-03249 

Softening Behavior of the Ferroelectric A1(TO) 
Phonon near Curie Temperature

Hyun M. JANG; Min-Ae OAK; Jung H. PARK; 
Jeong YOUNG K. 
Department of Materials Science and Engineering & 
Graduate Institute of Advanced Materials Science, 
Pohang University of Science and Technology, Pohang, 
South Korea

It is now well established that a displacive phase transition 
involving polar ions is driven by softening of relevant 
phonons. In the case of ABO3-type ferroelectric perovskites 
such as PbTiO3 and BaTiO3, two distinct transverse optic 
modes, A1(TO) and E(TO), are known to exhibit phonon 
softening in the vicinity of the Curie temperature, Tc.  
Among these two ‘soft’ phonons, the A1(TO) phonon 
whose eigenvector is parallel to the unique c-axis of the 
low-temperature 4mm symmetry is known to be primarily 
responsible for the manifestation of ferroelectricity 
below the 4mm-m3m transition point (To).  According to 
a simple mean-field theory, the eigen-frequency of this 
‘soft’ mode vibration (ωo) should be zero at Tc, where the 
inverse dielectric susceptibility (i.e., dielectric stiffness, x) 
becomes zero at Tc. Considering the Landau’s microscopic 
potential, however, one can readily notice that the eigen-
mode frequency remains finite at Tc and does not converge 
to 0 even at the paraelectric-ferroelectric transition 
temperature (To).   

In the present study, we have developed a modified 
mean-field theory for the temperature-dependent mode 
frequency of the A1(TO) phonon by expanding the Landau 
thermodynamic potential (free-energy density) with respect 
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to the minimum in the double-well (q) and applying the 
Hamilton equation of motion to the resulting microscopic 
potential.  After applying an ensemble average to q3, we 
obtained a theoretical expression for the temperature-
dependent mode frequency as a function of dielectric 
stiffness (x), where x=(T-Tc)/CE with CE the microscopic 
Curie constant.  

The present theory, unlike a simple mean-field theory, 
predicts that the exponent for the mode-frequency 
softening is not 1/2 with non-zero value of ωo at Tc.  
We have computed the temperature-dependent mode 
frequency, ωo(T), by adopting only one unjustified 
assumption that T0-Tc=70K for PbTiO3.  We were then 
able to correctly reproduce the temperature-dependent 
mode frequency data which had been indirectly obtained 
by applying the Merten’s equation to the oblique phonon 
of PbTiO3.  

  A01890-03260 

Modelling Room Temperature Ionic Liquids

Balasubramanian SUNDARAM 
Chemistry and Physics of Materials Unit, Jawaharlal 
Nehru Centre for Advanced Scientific Research, 
Bangalore, India

Methods of synthesis of traditional and novel materials need 
to be environmentally friendly. Non-volatile, non-toxic, 
recyclable solvents are increasingly sought after to replace 
organic solvents. Two classes of compounds have shown 
considerable promise (and in cases, proven) in this regard. 
One of them is supercritical carbon dioxide (scCO2), and 
the other are room temperature ionic liquids (RTIL). Our 
group has been focussing on understanding the properties 
of both these systems from a microscopic perspective. This 
goal has been achieved by the combined use of computer 
simulation techniques such as molecular dynamics (MD) 
and ab initio molecular dynamics (AIMD). 

Our work on room temperature ionic liquids has focused 
on the family based on the imidazolium cation. The 
structure and dynamics in the bulk liquid as well as 
at a liquid-vapor interface has been characterized and 
comparisons have been made to a variety of experimental 
data including scattering, NMR, vibrational spectroscopy 
and x-ray reflectivity. The structure of a specific ionic 
liquid, 1-methyl-3-butylimidazolium hexafluorophosphate 
has been studied at multiple length scales, using ab initio, 
atomistic and coarse grain MD simulations. Sequestration 
and storage of CO2 in this IL has been explored using MD 
simulations, and the specific interaction of CO2 with anions 
has been explored using quantum chemical calculations. 
Results from AIMD simulations of an IL electrolyte will 
also be presented. Shear induced nematic ordering of ionic 
liquids are also studied. 

  A01917-03303 

A Three-dimension Resistor Network Model for 
the Linear Magnetoresistance of Ag2+δSe and 
Ag2+δTe Bulks

Jie XU; Duanming ZHANG 
School of Physics, Huazhong University of Science and 
Technology, Wuhan, China

As a potential material of the detector for the high 
magnetic field, Ag2+δSe and Ag2+δTe acctracted the interest 
of people over the past decade. Since the silver selenide 
and telluride materials are diamagnetic, a new theoretical 
approach is required for explaining the mechanism of the 
unusual MR effect. A new network model for the linear 
magentoresistance (MR) of the Ag2+δSe and Ag2+δTe bulks 
is proposed. The bulk sample is considered as a two-phase 
(the metal phase and the semiconductor phase) composite 
and dispersed into a three-dimension resistor network. The 
network is constructed from six-terminal resistor units and 
the mobility of carries within the network has a modified-
Gaussian distribution, i.e. a Gaussian distribution with two 
constraint conditions. The modified-Gaussian distribution 
is related with the mobilities of electrons in the two phases 
and the volume fraction of the metal phase. The model 
predicts that the MR increases linearly with the increasing 
magnetic fields, and does not show the saturation at high 
field. Moreover, the MR decreases with the increasing 
temperatures. A good agreement is found between the MR 
predictted by the model and the available experimental 
data.

  A01935-03339 

Orbital Engineering in Nickelate 
Heterostructures

Xiaoping YANG; Ole Krogh ANDERSEN; 
G. kHALIULLIN; P. HANSMANN; A. TOSCHI; 
K. HELD 
Max-Planck-Institute for Solid State Research, Stuttgart, 
Germany

Experimentally, a growing interest is the creation of “oxide 
heterostructures” consisting of alternating layers, of 
different transition metal oxide compounds. Oxide-oxide 
interfaces often give rise to novel physical phenomena 
induced by competing interactions. Thus interface can be 
exploited to modify the electronic structure and to tailor 
novel properties and behaviors. Recently, Chaloupka et al. 
had the idea that it might be possible to make Ni3+-based 
high-temperature superconductors by sandwiching NiO2 
layers between insulating layers through heterostructuring. 
Provided that spin-, charge-, and orbital ordering can be 
avoided, the confinement should make it possible to empty 
the 3z2-1 band, thus leaving the conduction electron in the 
x2-y2 band. Fabrication of such heterostructures is now 
being perused. We have given further theoretical guidance 
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by performing calculations for Ni3+-based heterostructures 
using the local density-approximation in combination with 
static (LDA+U) and dynamical (LDA+DMFT) mean-field 
theory. We show how confinement together with electronic 
correlations can lead to a single-sheet Fermi surface with 
a shape like that of the cuprates with the highest Tcmax; 
the Ni 3z2-1 Wannier orbital playing the role of the axial, 
Cu 4s-like orbital. Since also strong antiferromagnetic 
fluctuations are present, the low-energy electronic and spin 
excitations resemble those of cuprate superconductors. 
Chemical modification of the insulating layers should make 
it possible to avoid spin-, charge-, and orbital ordering.

  A01935-03345 

Itinerant Flat-Band Magnetism in Hydrogenated 
Carbon Nanotubes 

Xiaoping YANG1; Gang WU2 
1. Max-Planck-Institute for Solid State Research, 
Stuttgart, Germany
2. Institute of High Performance Computing, Singapore

Through proton irradiation in graphite, the experimental 
evidence has shown the induced magnetization is not 
correlated with magnetic impurities, and the hydrogen 
plays an important role in the magnetic ordering. He+ ions 
irradiation does not produce such a large magnetic moment 
as obtained with protons. It can be easily speculated that 
the hydrogen can trigger the sp2-sp3 unbalance, promoting 
the magnetic ordering in other different carbon structures, 
especially in carbon nanotubes with a surface of positive 
curvature. We apply ab initio calculations to investigate 
electronic and magnetic properties of hydrogenated carbon 
nanotubes. Our results show that the hydrogenated carbon 
nanotubes are on the verge of magnetism instability. We 
demonstrate how the combined effect of charger transfer 
and carbon network distortion makes spin-polarized flat-
band appear in tube’s energy gap, which is the origin of 
a variety of spin-relevant physics properties, and spin-
relevant ground state properties depend largely on the 
radii and chrialities of nanotubes and the concentration of 
hydrogen. As a result, both applied strain and transverse 
electric field can effectively tune the flat-band spin-splitting 
strength and induce insulator-metal transition or vice versa. 
Our researches indicate that the hydrogenated carbon 
nanotubes are the promising candidates for the carbon-
based nanometer-ferromagnetism, spintronic devices, 
even quantum switches. Furthermore, the intrinsical 
ferromagnetism mechanism revealed in our researches can 
be applied to the hydrogenated graphene and other carbon-
based material with extended surface.

  A01954-03378 

Analytical and Numerical Study on The Excitonic 
Ground States of Spherical Quantum Dots 
in Colloidal CdTe Nanocrystal: A Multiband 
Approach

Moh. Adhib ULIL ABSOR; Muh. Darwis UMAR; 
Kamsul ABRAHA 
Physics, Gadjah Mada University, Yogyakarta, Indonesia

We have calculated exciton ground states of spherical 
quantum dots (QDs) based on a direct semiconductor 
consisting of colloidal CdTe nanocrystals in a multiband 
effective mass approximation. The application of the 
multiband effective mass approximation on QD with 
spherical symmetries was performed analytically and 
numerically by introducing the concept of two Hilbert 
space tensorial product between the Luttinger-Kohn (LK) 
and the envelope orthogonal periodic function (EOPF) 
bases corresponding to the effect of  the periodic crystals 
and the confinement potentials. The six-band Luttinger-
kohn (Lk) holes and the two-band electron Hamiltonians 
are taken into account to get the electron-hole pair states as 
the bases in the calculation of exciton wave functions and 
some of their lower-state energies.

  A01964-03396 

Modeling of Pressure-Composition-Temperature 
Curves for Hydrogen Storage Materials

Vasileios TSEROLAS; Masahiko KATAGIRI 
Particle Simulation and Thermodynamics Group, 
Computational Materials Science Center, National 
Institute for Material Science, Tsukuba, Japan

It has been suggested that metal hydrides are the most 
promising materials for hydrogen storage, especially the 
lightweight metal alloy hydrides. Getting high hydrogen 
uptake is only a part of the problem. It will also be needed 
to obtain controlled hydrogen release under practical 
conditions of temperature and pressure, and rapid 
hydrogen filling of the storage medium by recycling. It has 
been emphasized that efficient hydrogen storage via the 
gas phase is also one of the key factors, enabling the future 
hydrogen economy. The recent developments in the field 
of fuel cells and more particularly hydrogen storage under 
solid form have underlined the usefulness of the Pressure-
Composition-Temperature (P-C-T) curves. Such a P-C-T 
curve will define the capacity of storing hydrogen for a 
given metal hydride as a function of the temperature and 
the pressure.

For the calculation of P-C-T curves by computer 
simulations, we first consider a lattice gas, statistical 
mechanics approach. In the absence of hydrogen-hydrogen 
interaction, the average number of hydrogen atoms is 
simply given by the Fermi-Dirac distribution function. 
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In the presence of hydrogen-hydrogen interaction, and 
in order to calculate site energies, the hydrogen-induced 
lattice expansion has to be taken into account. Increasing 
the hydrogen concentration makes all interstitial sites 
more favourable, for hydrogen and results in an infinite 
range attractive H-H interaction. The effective hydrogen 
– hydrogen interaction consists of an electronic and 
elastic part. The electronic interaction is mainly due to 
the interaction of the hydrogen and the metal. The elastic 
effects are due to long-range deformations of the lattice 
by the hydrogen atoms. The elastic deformations result 
in an attractive interaction because hydrogen atoms are 
expansion centers which feel the distortion field produced 
by all other hydrogen atoms, thereby lowering the elastic 
energy of the system. Because of the long-range nature of 
interactions, the lattice expansion depends primarily on the 
total number of H atoms in the bulk. Moreover, the density 
functional method (DFT) can then be used to optimize 
the atomic coordinates of each atom in the unit cell, the 
volume, and the shape of the unit cell. More importantly, 
the DFT method can be used to estimate the site energies 
and the lattice expansion parameter for metal hydrides.

RNi5 (R = La, Pr, Nd, and Sm) metal hydride materials have 
been simulated at different temperatures. These materials 
have been thoroughly characterized with respect to their 
physical and electrochemical performance. The complete 
set of simulated PCT curves at different temperatures is 
drawn. The simulations demonstrate good agreement 
with the experimental data. reported for various RNi5-
type hydrogen storage materials. As expected, the plateau 
pressure increases with increasing temperatures. It also 
becomes more difficult to insert hydrogen atoms at higher 
temperatures, which is generally accepted to occur.

The intent of these calculations is to screen potential 
materials purely in terms of their reaction thermodynamics 
and storage capacity. These properties are useful for 
screening candidate materials that can have practical use.

  A01972-03404 

Polar Confinement Modulates Solvation Behavior 
of Methane Molecules

Weixin XU; Yuguang MU 
SBS, Nanyang Technological University, Singapore

Polar confinement induces an amorphous solidlike state 
of water characterized by an orientational correlation 
time longer than hundreds of picoseconds and significant 
structural disorder. Solvation behavior of methane 
molecules is dramatically modulated under polar 
confinement. Moreover our simulations indicate that the 
charges equivalent to those borne by atoms of amino acids 
could generate an electric field which is strong enough to 
stimulate the phase transition of water. In our results, polar 
confinement is found to be more capable of aggregating 

hydrophobic molecules. This study raises an interesting 
mechanism by which the cagelike structure of the 
Escherichia coli chaperonin GroEL and the cochaperonin 
GroES complex helps protein folding.

  A01980-03418 

Large Magnetic Moments in Double-exchange 
Molecular Ferromagnets 

Lei SHEN1;2; Shuo-Wang YANG1; Yuan Ping FENG2 
1. CMS, IHPC, Singapore
2. Physics, National University of Singapore, Singapore

Using first-principles calculations, we find that 1-D 
bimetallic molecular ferromagnets (FeCpCrCp)∞ unveil 
significant enhancement of magnetic moments compared to 
their monometallic counterparts. Origin of such magnetic 
moment enhancement is mainly due to charge transfer 
and electron spin-flipping, thus resulting a re-distributed 
electronic structure. Hückel’s rule and double-exchange 
interaction contribute the charge transfer and long-range 
ferromagnetic order. Moreover, spontaneously spin-split 
energy offsets the energy consuming of electron spin-
flipping during the hopping process, which is the ultimate 
reason of magnetic moment enhancement. 

  A01986-03426 

Molecular Dynamics Simulation of Gating 
Behaviour of Bio-inspired Artificial Nuclear Pore 
Complex

Wun Chet Davy CHEONG 
Materials Analysis and Characterization, Institute of 
Materials Research and Engineering, Singapore

The nuclear pore complex (NPC) is a cellular nanomachine 
that selectively regulates the exchange of molecular 
cargo between the cytoplasm and the nucleus during 
nucleocytoplasmic transport.  How the NPC functions 
remains highly controversial.  Artificial NPC consisting 
of a microfabricated nanopore with polyethylene glycol 
(PEG) brushes tethered to the opening of the nanopore 
or nanoring to mimic the NPC phenylalanine-glycine 
FG proteins can be fabricated. Although it is proven 
experimentally through measurements using Atomic Force 
Microscope (AFM) that such artificial NPCs can mimic 
the gating behaviour of NPCs, the exact mechanism 
responsible for resisting the advance of an AFM tip 
probing the opening remains unclear. The development 
of an artificial molecular machine based on the NPC will 
require a thorough understanding of both the conformation 
of the protein FG polymer brushes when they are tethered 
to a nanostructures (e.g. nanodot,  nanoring, nanopore) and 
the gating mechanism of these brushes.
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In this research, Molecular Dynamics simulation is used to 
study the conformation of polymer brushes in an artificial 
NPC and elucidate the effects of the length of the grafted 
polymers, solvent, temperature and the grafting density.  
The conformation of the brush is critical to it’s function 
as an entropic barrier to the transport of molecules. The 
understanding obtained from the simulations will help 
greatly in the development of synthetic selective gating 
molecular machines and in the fundamental understanding 
of the NPC gating mechanism. 

  A02002-04498 

Computational Investigation of Unusual Material 
Properties of Metal Oxides

Su-Huai WEI 
National Renewable Energy Laboratory, Golden CO, 
United States

Metal oxides (ZnO, In2O3, SnO2, etc.) and their alloys 
comprise a group of materials that have many unique 
physical properties such as simultaneously high electron 
conductivity and optical transmission, high catalytic 
efficiency, and chemical stability. Therefore, they are 
widely used in optoelectronic applications such as 
photovoltaic and photoelectrochemical devices, LEDs, 
display panels, and chemical sensors. They have also been 
proposed as ideal hosts for high TC spintronic materials. In 
this talk, I will discuss our recent first-principles theoretical 
study of the oxides, demonstrating that the properties of 
the binary and multinary oxides are more complex than 
previously thought. We find that (i) many oxides (In2O3, 
Cd2SnO4, etc.) have non-equivalent fundamental and 
optical band gaps, arising from parity forbidden band edge 
transitions; a good transparent conducting oxide should 
have small fundamental band gap but a large optical band 
gap. (ii) The band gap renormalization in degenerate 
n-type doped oxides arises from the nonparabolic nature 
of the conduction band (i.e., not a rigid shift as previous 
thought), and is highly sensitive to the electronic states of 
the dopants. (iii) The ground state crystal structure of the 
non-isostructural (InMO3)m(ZnO)n (M=In, Ga, Al) alloys 
satisfy several fundamental rules such as the octahedron 
rule and the octet rule; they also contains an inversion 
boundary domain in the quaternary oxides to reduce 
the electric field and a zigzag chain to reduce the strain. 
The formation of the layer quaternary structure results 
in some interesting changes in the electronic and optical 
properties of the alloy. (iv) The origins of the electron- and 
hole-induced ferromagnetism in oxides are revealed. For 
example, we show that the spontaneous magnetization 
in d0 oxides with sufficient holes is intrinsic property of 
the oxides and can be enhanced by anion site doping or 
through quantum confinement. (v) We have proposed a 
designing principle for the band edge modification of the 
oxide materials. For example, we demonstrate that TiO2 co-
doped with Mo and C is suitable for photoelectrochemical 

water splitting application. (vi) Finally, we have analyzed 
the doping asymmetry problem in the wide-gap oxides 
and proposed several approaches to overcome the doping 
bottleneck in these materials.

  A02012-03469 

Computational Modeling of Superhard Materials 
Synthesis

Oleksandr LyESHCHUk 
Laboratory of Computer Modeling of Technological 
Processes, V. N. Bakul Institute for Superhard Materials 
of the National Academy of Sciences of Ukraine, Kyiv, 
Ukraine

Theoretical propositions of the thermomechanical 
notion of the process of the diamond spontaneous 
crystallization in high-pressure apparatuses (HPA) 
have been developed. The propositions are based on the 
complex description of resistance electric heating, heat 
transmission, thermoelastoplastic straining and graphite-
to-diamond phase transformations at the effective level of 
the reaction volume as well as of thermoelastic state and 
thermomechanical conditions of the transformations in the 
local diamond-metal melt-graphite system.

The methods of continua thermomechanics and computer-
aided modeling have been used. A problem on determination 
of temperature, stresses and volume fractions fields in 
the reaction zone of HPA and in the local diamond-melt-
graphite system under diamond synthesis conditions 
has been solved. The results demonstrate: a significant 
coupling of these fields; an interrelation of the solutions 
for the reaction mixture and for the local diamond-melt-
graphite system; the effect of self-regulation of pressure 
in the HPA reaction zone consisting in pressure oscillation 
with respect to graphite-diamond phase transition line.

Comparative numerical analysis of the efficiency of 
various types of HPA for diamond synthesis has been 
performed. The volumes of the zones of crystallization of 
cubic, cubooctahedral, and octahedral diamonds have been 
plotted as a function of the heating power and diamond 
concentration in the reaction zone. The optimal values of 
the heating power which ensure the maximum volume of 
the diamond crystallization zone have been found. The 
calculation of the reaction cell with a uniformly distributed 
arrangement of the reaction components, taken as an 
example, has revealed a considerable effect of the diamond 
concentration on the location and volume of crystallization 
zones.

The results of numerical calculation of the volumes of 
crystallization zones for diamonds of various habits 
confirm the advisability and feasibility of efficient use of 
calculation methods in the development of new diamond 
synthesis processes. The calculation results which show the 
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possibility of the formation of a large number of crystals 
of the same habit in the reaction volume of a cylinder-
type HPA have been verified by the diamond-synthesis 
experimental data. The experimental and calculated results 
of diamond synthesis in various HPAs are considered 
depending on the volume of a reaction cell, thermodynamic 
parameters of the process, composition and the scheme of 
an arrangement of reaction charge components.

The developed technique is also applied to calculation 
of zones of crystallization of cubic boron nitride, to 
modeling the conditions in a reaction cell at crystallization 
of gallium nitride, to definition of conditions of effective 
sintering of polycrystalline materials, to optimization of 
thermobaric processing parameters of high-temperature 
superconducting ceramics at HPA and so on.

  A02014-03465 

Kinetic Monte Carlo Simulations of Diffusion-
Limited Nucleation

yang Hao LAU; Ramanarayan HARIHARAPUTRAN; 
David WU 
Large Scale Complex Systems / Heterogeneous Coupled 
Systems, Institution of High Performance Computing, 
Singapore

Nucleation is the stochastic formation of clusters of a 
stable phase from a metastable phase and is the first step in 
many phase transformations - for example, condensation 
of gases or crystallization of melts.

Due to its simplicity, the classical nucleation theory (CNT) 
is often used to estimate nucleation rates, but since its 
derivation depends on the growth rate’s being collision (or 
interface) limited, there has been recent interest to modify 
CNT for diffusion-limited growth, which involves long-
range diffusion and applies, e.g., to oxygen precipitation 
in silicon and, more generally, to crystallization in alloys.  
Unfortunately, key input parameters for crystallization 
theories are notoriously difficult to obtain experimentally, 
which has prevented critical tests of diffusion-limited 
modifications of CNT thus far.

We perform kinetic Monte Carlo simulations of diffusion-
limited crystallization to obtain theoretical input 
parameters, nucleation rates, and size distributions of 
clusters.  The predictions of existing nucleation theories 
are compared to simulation results.

  A02017-03474 

Structural Stability in Hydrogen-Storage 
Materials - Role of Atomic Relaxation in 
Hydrogen-Induced Amorphization -

Masahiko KATAGIRI1; Hidehiro ONODERA1; 
Hiroshi OGAWA2 
1. Computational Materials Science Center, National 
Institute for Materials Science, Tsukuba, Japan
2. Research Institute for Computational Sciences, 
National Institute of Advanced Industrial Science and 
Technology, Tsukuba, Japan

The microscopic mechanism of Hydrogen-Induced 
Amorphization (HIA) in AB2 C15 Laves phase compound 
is studied. We investigate the role of the size effect by static 
and molecular Dynamics (MD) methods using Lennard-
Jones pair-wise potentials. 

Experimentally, HIA is observed when the atomic size 
ratio of RA/RB in AB2 Laves phase compounds is greater 
than 1.37. We tested two materials as the example; YAl2 
as non-HIA materials and CeNi2 as a HIA material. We 
incorporated hydrogen into the systems. YAl2 does not 
show HIA. On the other hand, once the amount of hydrogen 
atoms exceeds a critical value, CeNi2 shows HIA. In yAl2, 
hydrogenation simply increases the volume and the bulk 
modulus is reduced because of the non-linearity of the 
interatomic potentials. A similar reduction is observed 
under an isotropic tensile load. The main cause of the 
reduction is the potential term in the elastic constant. On 
the other hand, in CeNi2, hydrogenation greatly reduces 
the bulk modulus. This reduction is mainly caused by the 
negative increase of the pressure-fluctuation term in the 
elastic constant. As a result, hydrogenation leads to the 
amorphization at a much smaller volume than under a load. 
The increase of the pressure-fluctuation is the result of the 
atomic relaxation induced by hydrogenation. In CeNi2, the 
contraction and expansion are realized simultaneously, 
and relaxation can occur by hydrogenation. Even if the 
potential-energy change is small by  relaxation, the change 
in pressure fluctuation is high.

It is concluded that the role of the size effect in HIA is 
to allow the atomic relaxation on hydrogenation and to 
facilitate the elastic instability by the increase of pressure 
fluctuations. It is necessary to consider the dynamical 
feature to understand the role of the atomic size ratio in 
the amorphization. 

This work has been supported by New Energy and Industrial 
Technology Development Organization (NEDO) under "Advanced 
Fundamental Research Project on Hydrogen Storage Materials.
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  A02017-03546 

First Principles Calculation of Phonon and 
Thermodynamic Properties of LaNi5-H

Masahiko KATAGIRI; Shigeki SAITO 
Computational Materials Science Center, National 
Institute for Materials Science, Tsukuba, Japan

Hydrogen storage properties of metallic materials 
have been investigated in long time, for example, 
LaNi5 and its derivatives have been developed as 
feasible hydrogen storage materials which would 
be applied to nickel-metal hydride batteries, etc. 
Thermodynamic properties of LaNi5 have been 
investigated by using experimental synthesis 
and pressure-composition isotherms (PCI) curve 
measurements, and numerical computations based 
on theoretical models of quantum chemistry and 
thermodynamics. The first priniciples prediction 
of stable structures with storaged hydrogens is an 
interesting subject, and then numerical models 
to calculate its thermodynamic properties such 
as phonon, free energy and phase diagram, are 
demanded in order to clarify the mechanism 
of hydrogen storage process in nanometer-
scale. Recently, Y. Yu group investigated the 
thermodynamic properties of LaNi5 by using 
density functional theory (DFT) calculations. In 
order to evaluate the hydrogen storage properties 
of LaNi5, we calculated energetic stabilities 
of optimized structures, phonon modes, and 
free energies. The energetic stability of these 
optimized structures was 12n < 3f < 12o < 4h < 
6m with ionic and lattice relaxations. Moreover, 
phonon modes of these structure with hydrogens 
bonded have been calculated to evaluate free 
energies and phase diagram. These values would 
be referred in conference, and then we talk about 
our researches on the development of hydrogen 
storage systems. 
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Challenges of Finite-size Effect in Nano-scale 
Interface Simulations

P. P. RUTkEVyCH; R. HARIHARAPUTRAN; D. WU 
Institute of High Performance Computing, Singapore

Continuous miniaturization of technology towards nano-
size makes ab-initio and molecular dynamics (MD) 
calculations increasingly important simulation tools. Since 
both of these techniques are computationally intensive, 
modeling even nano-scale systems usually requires 
periodic boundary conditions, which may introduce finite-
size effects in the results. In single-phase simulations the 
problem can be avoided: for gases large correlation distance 
and long equilibration time are compensated by rare 
interactions; whereas for liquids or solids the correlation 
length and time are relatively short, and the required size 
of the simulation box is small. In both cases the required 
number of atoms is reasonably small. 

Here we address the interaction of a solid or liquid 
material with its vapor, which is relevant for evaporation, 
condensation, and cluster formation. For modeling 
the coexistence of two bulk phases, the system size 
and equilibration time are determined by the gaseous 
region, while most of the interactions and therefore 
computational operations take place in the condensed 
phase. Such a combination can become extremely intensive 
computationally. 

In this presentation we investigate computational 
requirements and limitations for MD simulation of a system 
with a planar interface and general inter-atomic potential, 
and we formulate the conditions that the system has to obey 
to avoid finite-size effects. The results have been applied to 
the Lennadr-Jones potential and its modifications to obtain 
phase diagrams free of finite-size effects. 
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QM/MM Simulations of the Immobilization of 
Isolated Proteins on Graphite Surfaces via Gold 
Atomic Clusters

Carlos F. SANZ-NAVARRO1; Pablo ORDEJON1; 
Richard E. PALMER2 
1. Centro de Investigacion en Nanociencia y 
Nanotecnologia, Autonomous University of Barcelona, 
Barcelona, Spain
2. School of Physics and Astronomy, The University of 
Birmingham, Birmingham, United Kingdom

The stable immobilization of proteins on surfaces is a key 
issue for a new generation of bioelectronic devices [Trends 
Biotechnol. 19 222 (2001)]. Such applications require that 
proteins be oriented in a way that their active sites are free 
to bind other molecules. In the past, different gold surfaces 
have been investigated as protein supports, since it was 
discovered that proteins with free cysteines can form 
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strong gold-sulfide bonds. However, proteins deposited 
on gold surfaces tend to form monolayers, and thus large 
areas within the proteins are hidden. We have succeeded 
in immobilizing isolated proteins on a graphite surface 
decorated with size-selected gold clusters deposited from 
a cluster-beam source [Nature Materials 2 443, (2003)]. 
This approach is now being exploited in the development 
of a novel biochip for protein screening by a spin-off 
company. Nonetheless, many fundamental questions 
remain. Experimentally, there are several challenges 
to examine the structure of the immobilized proteins; 
X-ray-diffraction microscopes cannot be employed since 
the proteins are isolated, while STM distorts the protein 
structure. On the other hand, modeling can provide an 
attractive approach to obtain an idea of the structure and 
binding of an isolated protein immobilized on a surface. 
In our theoretical group, we employ a QM-MM approach 
developed by us [J. Phys. Chem. B 107, 13728 (2003)] that 
combines the SIESTA methodology (DFT approach) with 
an empirical force field. In this talk, we first explain the 
methodology behind our QM/MM approach; we provide 
details of the performance and approximations made. 
Then we address the nature of the interaction between a 
human oncostatin M (OSM) molecule and an Au75 cluster 
pinned on a graphite surface. For instance, we show that 
the cysteine residues of OSM can form strong bonds with 
the surface atoms of the gold cluster. The orientation and 
structure of the adsorbed protein is analyzed. QM/MM 
results are compared with experimental data. 
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Cohesive and Magnetic Properties of Clean and 
Doped Grain Boundaries in Iron and Chromium

Adam KIEJNA; Tomasz OSSOWSKI; 
Elwira WACHOWICZ 
Institute of Experimental Physics, University of Wroclaw, 
Wroclaw, Poland

The macroscopic strength of metals and alloys depends 
on the cohesion at the boundaries of microscopic grains 
constituting the metal. Impurities segregated at the grain 
boundary (GB) can drastically modify its properties. 
We have carried out systematic computational studies 
of structural, cohesive, and magnetic properties of two 
symmetric tilt GBs in clean iron and chromium as well 
as in the dilute FeCr and CrFe alloys. In this talk, we will 
present ab initio total energy calculations of the clean and 
doped GBs formed by the (210) and (111) surface tilts in 
ferromagnetic iron and in antiferromagnetic chromium. 
The calculations were performed within the framework of 
density functional theory using the projector-augmented-
wave potentials and the plane waves basis set. The 
importance of full relaxation of the shape and volume of 
the supercell, and the relaxation of all position of atoms will 
be stressed. We will discuss the changes in GBs geometry, 
energetics, and in their magnetism, caused by Cr (Fe) 

impurities placed in interstitial or substitutional positions 
at the Fe (Cr) host GBs. The segregation of solute atoms at 
the GBs in Fe and Cr and the embrittling or strengthening 
effects of the Cr and Fe impurity atoms, and their chemical 
and mechanical components, will be discussed. 
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Doping Effect on V-H System
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1. National Institute for Materials Science, Tsukuba, 
Japan
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For the realization of sustainable society, hydrogen (H) 
can be a candidate as an alternative energy resource. The 
problem of using hydrogen is how to transport and store 
it. Hydrogen storage metallic compounds have a potential 
to store hydrogen more efficiently than liquid hydrogen in 
terms of volumetric density. Materials whose structure is 
Body-Centered-Cubic (BCC) type have been emphasized 
for their easy manageability. Among them, first, we focus 
on Vanadium (V), since V is the only pure metal which can 
absorb and desorb hydrogen at near ambient temperature 
and pressure. These conditions are the important criterion 
for the design of hydrogen storage materials. But there is 
an issue on this V-H system, which is not the uptake but 
the release of hydrogen. Only half amount of absorbed 
hydrogen can be released at near ambient temperature 
and pressure conditions. The limitation of the released 
H attributes to the different plateau pressure of H in V. 
The logarithmic plateau pressure is proportional to the 
chemical potential of gaseous H in ideal gas model. The 
chemical potential is equal to that of H in the host material. 
When phase transition happens, there is no difference of H 
chemical potential in both phases. Therefore, during phase 
transition, plateau region appears in Pressure-Composition-
Temperature (PCT) curves. V-H system goes through two 
phase transitions, from α to β and from β to γ phase. The 
BCC type storage materials have common phase transition 
and can be characterized by the β phase, since the β phase 
causes drastic change on the chemical potential of H in host 
materials and determines the amount of released H. Here 
is the significance of investigating β phase. We conclude 
the factor that plays a role of stabilizing β phase. Then, we 
take our discussion further with β phase. The achievement 
of increasing the amount of the released H depends on 
the success of the released H from the VH composition. 
Necessary condition is to raise the chemical potential of 
β phase. In order to control the chemical potential of H, 
we study the doping effect of additional elements in V. 
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One approach is to add hydrogen-phobic elements in V. 
We elucidate doping effect of Chromium on V-H by first 
principle method with a 2x2x2 super-cell. When Chromium 
is doped in V, the lattice becomes shorter and the formation 
energy becomes higher than that of V. These results imply 
the increasing of the chemical potential of H.

This work has been supported by New Energy and Insustrial 
Technology Development Organization (NEDO) under 
“Advanced Fundamental Research Project on Hydrogen Storage 
Materials”.
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X-Ray Absorption Spectroscopy of Indium Nitride, 
Indium Oxide, and Their Alloys

Jiraroj T-THIENPRASERT1;2; Jiti NUKEAW3; 
A SUNGTHONG3; Supanit PORNTHEERAPHAT3; 
Saroj RUJIRAWAT1;2; Sukit LIMPIJUMNONG1;2 
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2. Synchrotron Light Research Institute, Nakhon 
Ratchasima, Thailand
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Indium nitride film growth by traditional techniques such 
as RF sputtering can be easily contaminated with oxygen 
to form an untraditional anion alloy called as indium 
oxynitride (InOxN1-x). The band gap of this alloy could 
vary in a very wide range 0.7 – 3.4 eV, depending on the 
O:N ratio. Because the crystal structure of InN and In2O3 
are different, the local structure of the alloy is ambiguous. 
To investigate the local structure of this alloy, synchrotron 
x-ray absorption near edge (XANES) measurement of 
In L3 edge is used in conjunction with first-principles 
calculations. Good agreements between the measured and 
simulated spectra are obtained. The XANES simulation 
also helps to see that the spectra are sensitive to the 
coordination number of the In atoms, i.e., fourfold for 
InN-like structures and sixfold for In2O3-like structures.  
Moreover, the spectra are quite insensitive to the species 
(N or O) around In. 

The work was partially supported by Commission on Higher 
Education, Thailand (CHE-RES-RG “Theoretical Physics”), the 
Thailand Research Fund (BRG5180001 and PHD/0107/2548), 
and AOARD/AFOSR (FA4869-08-1-4007).
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Evolution of Void and Constitutive Descriptions 
of Casting Magnesium Alloy

Bin CHEN1; Xianghe PENG1; Shitao SUN1; 
Jianguo WANG2 
1. Department of Engineering Mechanics, Chongqing 
University, Chongqing, China
2. Center for Protective Technology, National University 
of Singapore, Singapore

Due to being lightweight, easily shaped and recycled, 
casting magnesium alloys have been preferred choices 
for lightweight constructions of components for the 
automotive industry. However, because casting magnesium 
alloys contract when solidified, they inevitably contain a 
certain amount of microscopic voids. Constitutive theories 
for such kind of the materials should, therefore, take into 
account the evolution effect of the microvoids. In this 
paper, a representative element of casting magnesium alloy 
materials was idealized as a spherical void-cell model. 
Through the analysis on the velocity field of the model, 
the strain and stress fields of the model was obtained. 
Defining an intrinsic time that involves the hardening 
due to plastic deformation and the softening due to void 
evolution, a new endochronic constitutive model was 
derived for descriptions of the elastoplastic and damage 
behavior of the casting magnesium alloy materials. The 
corresponding numerical algorithm and finite element 
procedure were developed and applied to the investigations 
of the elastoplastic response and the porosity of casting 
magnesium alloy ZL310. The computed results showed 
satisfactory agreement with experiment data.
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Investigation on the Hierarchical and Helical 
Microstructures of Amadis Cone Shell

Bin CHEN1; Xianghe PENG1; Shitao SUN1; Jianguo 
WANG2 
1. Department of Engineering Mechanics, Chongqing 
University, Chongqing, China
2. Center for Protective Technology, National University 
of Singapore, Singapore

Molluscan shell is a kind of natural material with excellent 
fracture strength and fracture toughness, which can be 
attributed to its unique microstructures. The observation of 
scanning electron microscope (SEM) showed that Amadis 
cone shell is a kind of bio-ceramic composite consisting of 
inorganic-aragonite and organic-collagen materials. These 
aragonite and collagen materials distribute in the shell in 
the form of layers parallel with the surface of the shell. 
The observation on the aragonite layers showed that they 
consist of numerous thin and long aragonite sheets. The 
aragonite sheets align in different layers with different 
orientations which compose a kind of particular helical 
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microstructure. In the microstructure, the aragonite sheets 
in an arbitrary aragonite layer make a little rotational angle 
with the aragonite sheets in their adjacent aragonite layers. 
The observation on the aragonite sheets showed that they 
are furthermore composed with lesser aragonite slats, 
which just have dozens of nanometers in diameter and 
can be regarded as aragonite fibers. The maximal pull-out 
force of the aragonite fibers in the helical microstructure 
was investigated based on the representative model of 
the microstructure, which accounts for the high fracture 
toughness of the shell. The obtained maximal pull-out 
force was compared with that of the conventional parallel 
microstructure. It showed that the maximal pull-out force 
of the helical microstructure is markedly larger than that 
of the parallel microstructure, which was validated with a 
comparative experiment of the maximal pull-out force of 
both the helical and the parallel microstructures.
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Half-metallic Silicon Carbide Nanoribbons

Weifeng LI1;2;3; Yuguang MU1; Mingwen ZHAO3 
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2. School of Physicsl and Mathematical Sciences, 
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We performed first principles calculations to study the 
electronic properties of zigzag-edged silicon carbide 
nanoribbons(ZSiCNRs) to reveal promising half-metallic 
materials. our first-principles calculations show that 
ZSiCNRs exhibit half-metallic characters in absence of 
external transverse electric field or chemical additions. 
The band gap of ZSiCNRs for one spin orientation (spin 
up) can be as large as 1.89 eV while that for another spin 
orientation (spin down) is closed. The half-etallicity of 
these ZSiCNRs is independent of ribbon width. These 
ZSiCNRs if synthesized may find applications in building 
high performance sprintronic devices.

  A02181-03742 

Towards Molecular Scale Logic Circuits

Shammai SPEISER 
Chemistry, Technion-Israel Institute of Technology, Haifa, 
Israel

Charge and electronic energy transfer (ET and EET) 
are well-studied examples whereby different molecules 
can signal their state from one (the Donor, D) to the 
other (the Acceptor, A). This transfer is often studied 
as an intermolecular process but it can also occur 
intramolecularly, that is between two bridged parts of a 
molecule. In this communication we propose to use this 
transfer as a way of connecting between logical operations 
that are implemented on different molecules. With such a 
concatenation one can begin to think of the construction 
of larger scale integrated logic circuits, made up of many 
molecules. In particular, the already demonstrated EET 
in trichromophoric molecules assures us that a fanout 
operation, that is the communication of a given output 
as input to more than one circuit, will be possible. While 
we shall not make use of it, the scheme discussed in this 
communication can exhibit a bi-directional transfer so that 
feedback is also possible.

We show, that one molecule can communicate its logic 
output as input to another molecule.This transfer is 
achieved as an electronic energy transfer from a donor 
to an acceptor. We discuss a specific pair, the rhodamine 
6G-azulene, for which there is considerable data, but the 
scheme is general enough to allow a wide choice of D and A 
pairs. We present preliminary results pertaining to a newly 
sythesized bicromophoric molecule based on this pair, in 
which a full adder is implemented, utilising intarmolecular 
electronic energy transfer between the two moieties. 

  A02205-03782 

GPU-Accelerated Quantum Molecular Dynamics 
Simulation Of 3-Dimensional C60 Polymers 

Toshiaki IITAKA 
Advanced Science Institute, RIKEN, Wako, Japan

High pressure transformation of C60 molecular crystal is 
attracting a great deal of attention in the past years because 
of its potential superconductivity and superhardness. In this 
report I will present the result of GPU-accelerated quantum 
molecular dynamics simulation with NTP ensemble of 3D 
C60 consisting of thousands of carbon atoms in the unit 
cell, and discuss their structures and electronic properties.
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Binary Semiconductors - A Theoretical 
Investigation

Rita JOHN1; Pushpalatha S.1; Sathya G. S.1; 
Hannah Catherin D.2 
1. Theoretical Physics, University of Madras, Tamil 
Nadu, India
2. P. G. Physics, Women’s Christian College, Tamil Nadu, 
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The binary semi-conductors and their alloys are 
gaining importance due to their dependable properties 
to suit most of the technical applications.  An attempt 
is made to study the band structure of binary II-VI, 
AB: (A = Zn, Cd; B = S, Se, Te,) and III-V, AB: (A= Al, 
Ga, In; B= P, As) semi-conductors and II-VI oxides, 
MgO, BeO, ZnO, and CdO using semi-relativistic 
Tight Binding Linear Muffin Tin Orbital (TBLMTO) 
method within local density approximation with 
von Barth Hedin exchange and correlation scheme. 
The present work investigates the band structure 
calculations for all the above mentioned compounds 
at ambient and high pressures. A systematic study of 
the equilibrium lattice parameters, nature of energy 
gap and metallization volume is reported. A high 
pressure study reveals band gap closure leading to 
metallization in all these compounds. 

These binary compounds are investigated with 
respect to the parameters such as energy gap, bulk 
modulus, melting temperature, crystal potential 
and cell volume. The correlation between these 
parameters are brought out and compared with that 
of their ternary analogs I-III-VI2 chalcopyrites and 
II-IV-V2 pnictides reported by us earlier. In all these 
comparative study, II-VI oxides show different trend 
when compared to other II-VI binary compounds 
which follow a particular trend. The reason for this 
varied trend of oxides is investigated and also linked 
to the quantum confinement observed in nano regime 
of these semiconductors. The trend of changes is 
exactly followed when these bulk semiconductors go 
nano. Quantum confinement, blue shift and crystal 
size and potential effects are also analyzed. The work 
is further extended to study the band structure of 
mixed binary compounds such as CdSxSe1-x.
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First-principles Study of Non-linear Dielectric 
Response for LaAlO3/SrTiO3 Superlattices
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LaAlO3(LAO)/SrTiO3(STO) system has been attracting 
much attention because, for [001] stacking, the n-type 
interface (LaO-TiO2) between two band insulators 
becomes metallic. It is thought that this phenomenon can 
be related to the polar-catastrophe problem. Recently, we 
have clarified how electronic and ionic mechanisms play to 
screen the diverging potential for LAO/STO thin films and 
found specific electronic states appear at the interface.

In the present study, we try to illustrate further anomalous 
behaviors of the interface between LAO and STO by 
calculating spatial distribution of dielectric response in 
LAO/STO superlattices for both [001] and [011] stacking. 
To do this, we have employed several special computational 
techniques. We have performed self-consistent electronic 
structure calculations under static electric field and, 
then, constructed maximally-localized one-dimensional 
Wannier functions to obtain local polarization distribution. 
All the calculations have been done with our in-house 
computational code QMAS (Quantum MAterials 
Simulator). In the obtained dielectric-constant profiles, 
non-linear behaviors, which are more pronounced at the 
interface region in the STO side, have been found.

  A02309-04137 

Direct Enumeration Studies of Band-Gap 
Properties of AlxGayIn1-x-yP Alloys

Sirichok JUNGTHAWAN1;2; Kwiseon KIM3; 
Peter GRAF3; Sukit LIMPIJUMNONG1;2 
1. School of Physics, Suranaree University of Technology, 
Nakhon Ratchasima, Thailand
2. Synchrotron Light Research Institute, Nakhon 
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3. National Renewable Energy Laboratory, Colorado, 
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AlGaInP alloys have potential applications in electronic 
devices and solar cells. The main advantage of this class 
of materials is that the band gap and lattice spacing can 
be simultaneously engineered. The properties of the band 
gap depend on both the alloy compositions and cation 
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arrangements. In this work, the band gap properties 
of AlxGayIn1–x–yP alloys have been studied by direct 
calculations of a large number of alloy configurations. A 
large number (~5000) of alloy configurations are generated 
using a direct enumeration approach. Then, the band gap 
properties of each configuration are calculated using 
the empirical pseudopotential method. We will present 
the ranges of possible band gaps and their types (direct 
or indirect) as functions of compositions. Our results 
show that the band gap of the AlGaInP alloy depends 
strongly on the cation arrangement in addition to the 
alloy composition. However, the band gap type is found 
to depend strongly on the composition and only weakly 
on the cation arrangements. A majority of alloy studied 
have band gaps smaller than those predicted by Vegard’s 
law (downward bowing). The band gap reduction can be 
attributed to the ordering effects. We will also present 
some systematic trends of the band gaps with respect to 
the superlattice directions.

The work at NREL is supported by U.S. DOE under Contract 
No. DE-AC36-99GO10337 and the Thailand Research Fund 
through the Royal Golden Jubilee Ph.D. Program (Grant 
No. PHD/0162/2547). The work in Thailand is supported by 
the Thailand Research Fund (Grant No. BRG5180001) and 
Commission on Higher Education (CHE-RES-RG “Theoretical 
Physics”).
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Design and Fabrication of Quasi-multilayer 
Arrays for the Flat-band Pass Filters on UV-Vis 
Wavelength Region 

Jong-Bin YEO1; Hyun-yong LEE2 
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National University, Gwang-Ju, South Korea

A simulator to optimize the structure conditions of one-
dimensional photonic quasi-crystals (1D PQCs) has 
been developed using a MATLAB program and ourself 
manufacturing calculation codes. The designed 1D PQCs 
structure were fabricated by sputtering, and their measured 
results were compared with calculated results.

Photonic crystals (PCs) require high refractive-index 
contrast periodic arrays to obtain omnidirectional photonic 
bandgaps (omni-PBGs) or electromagnetic stop bands. 
The PQCs are aperiodic arrays possessing long-range 
translation but short-range disorder, so that they exhibit 
high rotational symmetries and the omni-PBGs even at 
low index contrast array. Therefore, the PQCs are expected 
to be used for many applications in optoelectronics and 
optical communications. 

In this work, We designed the 1D PQC arrays for application 
to the flat-band pass filters and fabricated on quartz substrate 

by sputtering several dielectric targets such as SiO2, TiO2, 
ITO, Si and chalcogenides etc. A centre wavelength of 
filtering region is 460 nm. The optical transmittance of 
fabricated 1D PQCs was measured in a wavelength range 
of 250 ~ 800 nm using a UV-Visible spectrophotometer 
and compared with the calculated values. As a result, the 
fabricated PQCs exhibited optical characteristics in a good 
agreement with the calculation. 

We believe that the PQC-based devices could be 
comprehensively applied to the new conceptional passive 
and active devices.
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Normalized Characteristics of the Photonic 
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Quasicrystals with a Hexagonal Lattice by FDTD 
Simulation 
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Characteristics of the photonic bandgaps (PBGs) in two-
dimensional photonic quasicrystals (2D PQCs) with 8-fold 
have theoretically studied using a finite difference time 
domain (FDTD) simulation. 

In this paper, we propose a concept of optical coverage 
ratio (OCR) as a new structural parameter to determine 
the PBGs for E-poloarized light. The OCR is an optically 
compensated filling factor. It is possible to normalize the 
PBGs of 2D PCs by introducing the OCR.

  A02331-03990 

3 Dimensional Printing of Pollution Absorbing 
Lamination Composites for Architectural 
Materials

Ginger DOSIER 
Architecture, American University of Sharjah, Sharjah, 
United Arab Emirates

Air pollution continues to increase as construction and 
traffic contribute large amounts of hydrocarbons, carbon 
monoxide, and nitrogen oxides into the atmosphere. 
The objective of this research is to define the potential 
integration and implementation of a three-dimensional 
printed material surface that mitigates certain forms of air 
pollution. 

Assimilating both the disciplines of architecture and 
material science, our collaborative research is currently 
developing architectural surfaces and units that absorb 
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pollution through the integration and deposition of 
additives, including: industrial waste, titanium dioxide 
(TiO2) and mineral carbonates. TiO2, as an additive to 
materials, exhibits photo catalytic properties: exposure to 
sunlight activates an electrochemical reaction, analogous 
to chlorophyll photosynthesis in plants, where active 
oxygen is produced. TiO2 and a calcium-rich base material 
produce a chemical reaction, decomposing pollutants 
into harmless, eco-compatible salts, which are washed 
away from the surface with rainfall. This reaction is also 
effective on other air pollutants such as, volatile organic 
compounds, formaldehyde and fine dust particles. 

This research defines a composite material for architectural 
construction application, composed of base and additive 
materials. The base material can be defined as the substrate 
of the composite, whose utility includes: structure or 
aggregate. Within this research, concrete is defined as 
the base, consisting of cement (calcium oxide, silicon 
oxide, aluminum oxide, ferric oxide, magnesium oxide, 
kaolin), sand, and aggregate. The additive material, a 
small percentage of the overall composite, consists of 
TiO2, anatase type and binding materials. Within the form 
of the laminated material, there are chemical relationships 
and mechanical interactions that affect both the base 
and additive. Several environmental factors affect the 
proportions of both the base and additives. One primary 
factor is defined as economy; how much additive is actually 
necessary to produce pollution absorbing characteristics? 

Units and surfaces are manufactured using an additive 
Computer Numerically Controlled [CNC] process, 
identified as 3D Printed deposition. Three-dimensional 
printing is a manufacturing method of converting a digital 
model into a physical object, by successive deposition 
layers of composite materials. This method is economically 
driven as it generates little waste, accommodates a variety 
of potential materials, and provides a high degree of 
accuracy. Digital models can be designed to specifically 
and precisely locate performance materials within or on a 
base material. Composition is to be determined by research 
of the finished unit’s architectural location, or ‘geography’ 
[e.g. exterior façade, interior wall etc.]. 

Inhabitants of buildings along high traffic corridors are 
subject to higher concentrations of air pollutants. This 
condition indicates an applicable location for this type of 
material to be located on the lower exterior building surface. 
Application of the resulting research will incorporate an 
appropriation of “safety” in design, defined as human 
health and ecological responsibility. 
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Study of SnO2
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We have studied a comparative study of bulk SnO2 using 
two first-principles pseudopotential methods, one using 
plane wave basis set and another using numerical atomic 
orbital. The electronic structure has been studied using 
both local density approximation (LDA) and generalized 
gradient approximation (GGA). The lattice parameters, 
bulk modulus and its pressure derivative is compared 
well with the experimental values and also compared 
between two different schemes. The phonon properties of 
this compound are studied using linear response theory as 
implemented in PWSCF code. The phonon frequencies 
at the Γ point agree very well with Raman and infrared 
data and other phenomenological model. Also both the 
optical and acoustical modes are well matched in the entire 
brillouin zone in other high symmetry directions.
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Computer Simulation of Quantum Dots Formation 
on Nano-Wire Surfaces 

Yong-Wei ZHANG1;2; Junyan GUO1;2 
1. Materials Science and Engineering, National 
University of Singapore, Singapore
2. Institute of High Performance Computing, Singapore

Germanium quantum dot formation on Si nano-wire 
surfaces has attracted much attention and research efforts 
recently. This is due to the reason that these self-assembled 
quantum dots with novel electronic properties are of great 
potential for possible next generation electronic device 
applications. The self-assembled quantum dots are resulted 
from S-K growth mechanism due to the lattice mismatch 
between Ge and Si. In this paper, we develop a 3-D finite 
element method to allow the strained thin film surface 
to evolve via a surface diffusion process driven by the 
gradient of the surface chemical potential. The potential is 
composed of surface energy, strain energy and the interface 
interaction energy, i.e., wetting energy. Our simulation 
results are comparable to experiments. It is found that the 
distribution of the quantum arrays on the nano-wire surface 
is sensitive to the initial perturbed surface configurations.
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  A02447-04245 

First Principles Study of Gallium-Frenkel Pairs in 
Gallium Nitride

Pakpoom REUNCHAN1;2; Sukit LIMPIJUMNONG1;2 
1. Research Center in Computation and Theoretical 
Physics/ThEP Center, School of Physics, Suranaree 
University of Technology, Nakhon Ratchasima, Thailand
2. Synchrotron Light Research Institute, Nakhon 
Ratchasima, Thailand

Based on first-principles density functional 
calculations, we investigated defect complexes 
between a gallium interstitial and a gallium 
vacancy (Ga-Frenkel pairs) in GaN.  We found 
that when a Ga interstitial is directly placed 
next to a Ga vacancy, the complex is not stable 
against spontaneous recombination, i.e., the Ga 
interstitial occupies the vacancy.  The first stable 
complex occurs when the Ga interstitial is placed 
on the next interstitial site away from the vacancy.  
The complex is bound with a high binding 
energy and maintains the neutral charge state at 
almost entire Fermi range.  The binding energy 
is reduced when the separation (between the Ga 
interstitial and the Ga vacancy) is increased.  
The energy profiles for the recombination of 
the defect complexes are also calculated and the 
recombination barrier is determined. Our results 
indicated that the Ga-frenkel pairs are unlikely 
to form in nature but can be stable in low-
temperature electron irradiated-GaN samples.

The work was partially supported by AOARD/AFOSR (Grant 
No.FA4869-08-1-4007) and Thailand Research Fund (Grants 
No. BRG5180001 and No. PHD/0203/2546).  The authors thank 
Prof. David C. Look for suggesting the research topic to us and 
for helpful discussions.

  A02498-04283 
Stability of Crystal Phases under Different 
Loading Conditions 
Sukit LIMPIJUMNONG1;2 
1. Research Center in Computation and Theoretical 
Physics/ThEP Center - School of Physics, Suranaree 
University of Technology, Nakhon Ratchasima, Thailand
2. Synchrotron Light Research Institute, Nakhon 
Ratchasima, Thailand

The crystal phase transformations are the physical 
phenomena that have been widely studied both 
experimentally and theoretically.  Under sufficiently 
high pressures, crystalline materials can transform into a 
denser phase.  For instance, wurtzite structure (four-fold 

coordination) materials can generally transform to the 
rocksalt structure (six-fold) under high pressure.  First 
principles calculations have been successfully used, 
beginning over two decades ago, to calculate the hydrostatic 
transformation pressures of various crystalline materials.  
An equilibrium transformation pressure between any two 
phases can be calculated by constructing the equation 
of states of each structure and determining the common 
tangent between them.  Alternatively, the phase stability 
can be studied by analyzing the enthalpy as a function of 
the crystal’s deformed parameters.  By analyzing enthalpy, 
one can study not only the effects of hydrostatic pressure 
but also the effects of other more complicated loading 
conditions.  I will show our first principles results on 
the stability of some binary-compound semiconductors, 
namely SiC, GaN, InN, ZnO, and CdSe, in the wurtzite, 
rocksalt, and HX phases.  The HX phase is a newly 
predicted unbuckled wurtzite phase in some of these 
materials. It can be stabilized through the application of 
proper uniaxial tensions along certain directions.

The work was partially supported by NANOTEC (NN-B-22-
DI2-20-51-09) and the Commission on Higher Education 
(Program CHE-RES-RG “Theoretical Physics”), Thailand. 

  A02501-04281 

Macro and Micro Modeling of Unidirectionally 
Solidified Turbine Balde Casting

Dong PAN; Qingyan XU; Jing YU; Baicheng LIU 
Department of Mechanical Engineering, Tsinghua 
University, Beijing, China

An integrated model for three dimensional simulation of 
the solidification process for unidirectionally solidified 
turbine blade casting was studied and applied to industrial 
application. A ray tracing method was used to deal with 
the complex heat radiation transfer, and the microstructure 
evolution was simulated based on Modified Cellular 
Automaton (MCA) method. In addition, a layer-by-
layer calculation method was developed to efficiently 
couple the macro and micro model together. Experiments 
for superalloy turbine blade investment casting by 
unidirectional solidification process were carried out. 
The cooling curve during solidification and the final 
microstructure were compared with the simulated results. 
Finally, some further recommendations for optimizing the 
processing parameters in order to eliminate the casting 
defects and to improve the casting quality are proposed
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  A02509-04297 

First Principles Study of Elastic Constants and 
Sound Velocities in Wurtzite Phase of SiC, GaN, 
InN, ZnO and CdSe and Their Relation to the High 
Pressure Phase Transition

Kanoknan SARASAMAK1;2; Sukit LIMPIJUMNONG1;2; 
Walter R. L. LAMBRECHT3 
1. School of Physics, Suranaree University of Technology, 
Nakhon Ratchasima, Thailand
2. Synchrotron Light Research Institute, Nakhon 
Ratchasima, Thailand
3. Department of Physics, Case Western Reserve 
University, Ohio, United States

The theoretical study of elastic constants and sound 
velocities in wurtzite crystal structure under pressure for 
SiC, GaN, InN, ZnO and CdSe by using first principles, 
are presented. The focus is on the behavior of the 
elastic moduli Cij as a function of pressure. For the two 
longitudinal modes, C11 and C33, linear positive values 
dependence under pressure is observed. In contrast, the 
negative pressure dependence is observed for the two 
transverse modes, C44 and C66. We found that the WZ-to-
RS transformation corresponds to an orthorhombic strain 
with two components: a traceless compression along the 
hexagonal axis which corresponds to the longitudinal mode 
and a traceless compression along [01-10]direction which 
corresponds to the transverse mode. The transverse mode 
under pressure have been focused and used to explain the 
wurtzite (WZ)-to-rocksalt (RS) phase transformation in 
this work. 

  A02520-04317 

Modelling the Correlation between Composition, 
Processing Parameters and Mechanical 
Properties in Aluminium Alloys Using Artificial 
Neural Network

Savko MALINOV 
School of Mechanical and Aerospace Engineering, The 
Queen’s University of Belfast, Belfast, United Kingdom

A model is developed for the analysis and prediction of 
the correlation between alloy composition, processing 
parameters and mechanical properties in aluminium 
alloys by applying Artificial Neural Network (NN). 
The input parameters of the NN are alloy composition, 
heat treatment/processing parameters, and work (test) 
temperature. The outputs of the NN model are the most 
important mechanical properties namely ultimate tensile 
strength, tensile yield strength, elongation, reduction of 
area, impact strength, hardness, modulus of elasticity, 
fatigue strength and fracture toughness.

The model is based on multilayer feedforward neural 
network. The NN is trained with comprehensive dataset. 
A very good performance of the Neural Network is 
achieved. Some explanation of the predicted results from 
the metallurgical point of view is  given.

The model can be used for the prediction of properties of 
aluminium  alloys at different temperatures as functions 
of processing parameters/heat treatment and alloy 
composition. It can also be used for the optimisation of 
chemistry, processing and heat treatment parameters. 
Graphical User Interface is developed for use of the 
model. Examples for use of the model are demonstrated. 
The model is a useful tool for new alloys design.

  A02521-04314 

From Theory to Application: Computation of 
Surface Effects and its Influence to the Critical 
Magnetic Field in Materials

Fahrudin NUGROHO1; Pekik NURWANTORO1; 
Dian ARTHA k.2; Agung BAMBANG S. U.1 
1. Physics Department, University of Gadjah Mada, 
Yogyakarta, Indonesia
2. Educational Physics Department, Ahmad Dahlan 
University, Yogyakarta, Indonesia

This paper presents one kind of method for investigating 
a problems related to the surface effects and surface 
characterization of materials. The aim of this paper is to 
show the development of a kind of technique which is 
sufficiently simple but effective to compute the surface 
critical effects of materials. We study such problems on 
the frame work of the Ginzburg-Landau equations. 

We choose nucleation field (Hc3) and the formation of a 
superconducting sheath (as an approach of thin films) state 
in isotropic type-II superconductors situated in magnetic 
fields whose magnitude between type-II critical magnetic 
field (Hc2) and Hc3 as our physical case. 

Firstly we introduce the detailed variational approach which 
is close to the problem of finding the highest magnetic 
field for which the superconducting sheath states nucleates 
at the surface of the specimen. By considering the surface 
effect we can linearise the Ginzburg-Landau equation 
to get such kind of equation which is Schrödinger’s 
equation like. We then describe a method for choosing 
a suitable trial function, which represents the behavior 
of superconducting order parameter. With Releigh-Ritz 
principle the eigenvalue of ground state which is related 
with critical magnetic field Hc3 at which nucleation on the 
surface was appears are found computationaly thus it is 
strongly useful in computational materials. The numerical 
relation of Hc2 represented by h with ε that we had found, 
can be used to predict the nucleation field on specimen’s 
surface. Beside that by considering variation of angular 



Symposium Q - Computational Materials Design at All Scales: From Theory to Application     63

direction of external magnetic field we find the relation of 
Hc3 with Hc2 which fulfill Hc3 = 1, 66Hc2 and we show that 
our result are in agreement with physical argument.

The author expressed acknowledgment to Hibah Penelitian 
Dosen Muda FIMPA UGM for supporting of this research.

  A02635-04520 

Applications of Polycrystalline Model to Surface 
Roughening Simulations

C.-L. CHEN; k.-C. LIAO 
Department of Bio-Industrial Mechtronics Engineering, 
National Taiwan University, Taipei, Taiwan

Primary advantage of the micromechanical polycrystalline 
approach is that the constitutive behavior can be simulated 
under any loading path once the constitutive parameters 
of slip processes and grain orientations of a material are 
known. A Taylor-type crystalline model, implemented into 
the finite element analysis commercial software, is coded 
as a subroutine to investigate behaviors of an aluminum 
alloy 1050H14 with a face centered cubic (fcc) structure 
in the present study. Several parameters adopted in the 
polycrystalline model are adjusted to fit the uniaxial stress-
strain response of the initially “isotropic” aluminum alloy. 
Optical microscopy and electron backscatter diffraction 
(EBSD) techniques were used to obtain grain geometry 
and the associated grain orientations of the metal. These 
information are then re-constructed in the finite element 
model. 

Roughness between two contact surfaces generally plays 
an important role in the associated friction, wear, and 
lubrication performances. In the past, evaluations of the 
contact surface roughness under metal forming procedures 
are mostly based on empirical approaches. Experiments 
showed that the surface roughness of the sheet metal, 
subjected to the compression with various pressures, under 
the uniaxial tensile loading along the transverse direction 
is significantly larger than that along the longitudinal 
direction. The sheet metal under the hydroforming procedure 
was also conducted here. Measurements indicated that 
increasing stroke would deteriorate the smoothness of the 
free surface. Variations of the surface roughness could be 
due to the texture effects. The polycrystalline model is 
therefore applied to simulate the surface characterization 
under different loading conditions. Numerical results are 
further compared with the corresponding experimental 
data. 

The authors are grateful for the financial support from National 
Science Council, Taiwan under Contract Number NSC-97-
2221-E-224-010-.  
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Origin of the Different Conductive Behavior in Ta 
(Nb)-Doped Anatase and Rutile TiO2

Kesong YANG1;2; Ying DAI1; Baibiao HUANG1; 
Yuan Ping FENG2 
1. School of Physics, Shandong University, Jinan, China
2. Department of Physics, National University of 
Singapore, Singapore

TiO2 is an important wide band-gap oxide owing to its 
promising applications in the photocatalytic and spintronics 
fields. Recently, some groups have synthesized the Ta 
(Nb)-doped anatase TiO2 and found that they possesses 
excellent electrical conductivity and transparency, and 
thus Ta (Nb)-doped anatase TiO2 was thought to be a 
potential candidate for transparent conducting oxides 
(TCOs). However, Wan et al. argued that the conductivity 
of Nb-doped TiO2 originates from the Nb diffusion into 
the SrTiO3 substrate instead of its intrinsic properties. To 
address this question, in the present work, we studied the 
geometrical and electronic properties of substitutional 
Ta (Nb)-doped anatase and rutile TiO2 based on the first-
principle density functional theory calculations. In anatase, 
some mixing states of Ti 3d and Ta 5d (Nb 4d) lie near 
the conduction band bottom and Fermi level is pinned in 
these states, showing n-type and half-metallic conductive 
properties. In rutile, instead, two gap states are introduced 
in the band gap, also mainly contributed by the Ti 3d and 
Ta 5d (Nb 4d) states, but the Fermi level lies between 
these two gap states, indicating an insulating property. To 
examine the origin of the different conductive behavior in 
anatase and rutile phase, we analyzed the local geometrical 
structures around the Ta (Nb) dopant and the valence states 
of adjacent Ti ions in anatase and rutile TiO2, respectively. 
It found that four Ti ions will occupy one electron jointly in 
Ta (Nb)-doped anatase phase, while in doped rutile phase, 
two Ti ions will hold one electron commonly. Therefore, 
the different electron distribution on the d orbitals of these 
Ti ions may be responsible for the different electronic 
properties in anatase and rutile TiO2, respectively. These 
results are in good agreement with the experiments.

This work is supported by the National Basic Research Program 
of China (973 program, Grant No. 2007CB613302), National 
Natural Science Foundation of China under Grant No. 10774091, 
Natural Science Foundation of Shandong Province under Grant 
No. Y2007A18, and the Specialized Research Fund for the 
Doctoral Program of Higher Education 20060422023. K.S.Y 
thanks the finical support of National University of Singapore 
during his visit period. 
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Nucleation-pinning Duality in Permanent and 
Composite Magnetic Nanosystems

Guoping ZHAO1;2; Huaiwu ZHANG1; Yuan Ping FENG3 
1. State Key Laboratory of Electronic Thin Films and 
Integrated Devices, University of Electronic Science and 
Technology of China, Chengdu, China
2. College of Physics and Electronic Engineering, 
Sichuan Normal University, Chengdu, China
3. Department of Physics, National University of 
Singapore, Singapore

General formulae of nucleation and pinning fields have 
been derived micromagnetically for 2-phased magnetic 
nanosystems as functions of the thickness of the layers, 
with the focus on hard/soft multilayer system. The 
nucleation modes and coercivity mechanism were 
determined reliably based on these formulae. Our results 
demonstrate that pure nucleation could occur at very rare 
situations. It appears when the soft layers are very thin with 
exactly parallel or perpendicular easy axes for hard-soft 
multilayers, where the nucleation and pinning fields are 
identical. For thicker soft layers, the pinning filed is much 
larger than the nucleation field and pinning is the dominant 
coercivity mechanism of the system. In particular, negative 
nucleation could take place when the easy axes of the hard 
and soft layers are perpendicular. For arbitrary easy axes 
combinations, the system could not reach the saturation at 
all and the pure-nucleation is meaningless. Thus the main 
coercivity mechanism in both composite and permanent 
nanomagnets could be accredited to the pinning of the 
domain walls nucleated at soft layers/inclusions in the soft-
hard interface. This self-pinning is a general mechanism 
which has attributes of both traditional nucleation and 
pinning. Such a mechanism might solve the long-lasted 
disputes about the coercivity mechanism in these materials 
and explains the experimental data very well.  

This work is supported by National Natural Science Foundation 
of China under contract number 10747007.  

  A02817-04890 

Micromagnetic Investigation of Spin Distribution 
and Magnetic Reversal of Hard/soft Multilayers 
with Perpendicular Easy Axes

Guoping ZHAO1;2; Chengwei XIAN1; Chun YANG1 
1. College of Physics and Electronic Engineering, 
Sichuan Normal University, Chengdu, China
2. State Key Laboratory of Electronic Thin Films and 
Integrated Devices, University of Electronic Science and 
Technology of China, Chengdu, China

The magnetic reversal processes have been investigated 
within a self-contained micromagnetic model for various 
hard/soft multilayers with easy axes perpendicular to 
the layer planes, including Nd2Fe14B/α-Fe, Sm2Fe17N3/α-

Fe and SmCo5/Co. The calculated spatial distribution of 
the magnetic spins for various applied fields indicates a 
three-step reversal process, i.e., nucleation, growth and 
displacement as well as depinning of the domain wall. 
Both nucleation and depinning fields as well as hysteresis 
loops have been calculated reliably as functions of Ls (soft 
layer thickness) with demagnetization factors considered. 
Negative nucleation field occurs when Ls is large, where 
magnetostatic energy contributes a larger in-plane shape 
anisotropy. This shape anisotropy is suppressed in the 
hard layer due to its large crystalline anisotropy. However, 
the shape anisotropy in the soft phase is much larger than 
the crystalline anisotropy and accounts for the negative 
applied field calculated. 

For small  Ls, the calculated coercivity is equal to the 
nucleation field.   As Ls increases the nucleation field 
decreases and the coercivity mechanism varies from 
nucleation to pinning. In the meantime, both remanence 
and coercivity decrease and the hysteresis loop changes 
from a square to a slant one. For large Ls, the coercivity 
is a constant which is close to the depinning field. The 
experimental coercivity is in between the calculated 
nucleation and pinning fields. The possible reasons for 
the difference between the experimental and calculated 
coercivity have been given.

Acknowledgment: 
this work is supported by National Natural Science Fund 
under contract number 10747007 and the Scientific Research 
Foundation for the Returned Overseas Chinese Scholars, State 
Education Ministry.
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Magnetism and Transport in Functionalised 
Carbon Nanostructures

Risto M. NIEMINEN 
COMP/Department of Applied Physics, Helsinki 
University of Technology, Finland

Fullerene-functionalised carbon nanotubes, “NanoBuds”, 
are a novel class of hybrid materials with many 
advantageous properties over pristine nanotubes. In this 
review I summarize the properties of NanoBuds synthesized 
at Helsinki University of Technology and present results of 
their comprehensive computational modelling. Specifically, 
I discuss the transport properties which offer possibilities 
for sensing applications. Moreover, the roles of native 
defects and adsorbed impurities are explored both for 
NanoBuds and for graphene ribbons, with special emphasis 
of local magnetic moment formation and interactions.
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  A03001-05124 

Modeling Guided Catalyst Design: From 
Molecules to Processes 

Mark SAEYS 
Chemical and Biomolecular Engineering, National 
University of Singapore, Singapore

Kinetic modeling and catalyst design have long been 
based on chemical intuition, i.e., the combination of 
a large empirical database and qualitative concepts 
of chemical reactivity. In recent years, first principle 
modeling has rapidly evolved to become a valuable tool 
to study catalytic reactions and to relate catalyst structure 
to activity, stability and selectivity. In this presentation, 
a modeling guided approach will be discussed to design 
catalysts with improved stability and activity. In particular, 
the integration between first principle guided exploration 
and experimental validation will be highlighted. 

Steam reforming for the production of hydrogen and 
Fischer Tropsch Synthesis for the production of synthetic 
liquid fuels are important, large scale processes. Since 
the catalysts for both processes, Ni and Co, respectively, 
are susceptible to deactivation by carbon deposition, it is 
desirable to improve the catalyst stability by promoters. 
In this work, Density Functional Theory calculations were 
used to first elucidate the deactivation mechanism and 
next screen for promoters to enhance the stability. First 
principle calculations indicate two possible deactivation 
mechanisms for Ni and Co catalysts. For Ni, graphene 
nucleation at steps and carbon diffusion to the subsurface 
and possibly bulk are responsible for deactivation. For Co, 
the driving force to form graphene and carbide is smaller 
than for Ni and only graphene nucleation is believed to 
be responsible for deactivation. From DFT, we found that 
boron and carbon exhibit similar binding characteristics 
on both catalysts and boron can be used to selectively 
block step sites and or subsurface octahedral sites and 
hence reduce deactivation by carbon deposition. In order 
to validate our theoretical concepts, a series of boron 
promoted supported Ni and Co catalysts were synthesized 
and tested for steam reforming and FTS, respectively, 
confirming the stabilizing effect of boron. 

  A03003-05126 

Modeling of Grain Coalescence in Solid-state 
Sintering for Nanostructured Materials 

Poh Ching YU1;2; Qingfa LI2; Jerry ying Hsih FUH1; 
Tao LI2; Li LU1 
1. Department of Mechanical Engineering, National 
University of Singapore, Singapore
2. Singapore Institute of Manufacturing Technology, 
Singapore

Grain size has great effect on material functionality such 
as piezoelectricity, ferroelectricity, thermoelectricity 
and mechanical properties. Understanding the grain 
growth mechanism is thus important to tailor the material 
property according to their functionality. Extensive grain 
growth is generally observed in nanostructured materials, 
especially during sintering process of nanosized powder. 
Grain coalescence dominant solid-state sintering model is 
proposed to be responsible for the extensive grain growth 
of nanostructured materials. The elimination of low angle 
boundaries (≤15º) through rigid body rotation and grain 
coalescence demonstrated by numerical models and 
empirical findings to further reduce the system energy has 
led to the proposed model. The interfacial energy due to 
misorientation is the driving force for grain rotation and 
coalescence. In the proposed model, the complex process of 
grain rotation and sintering force were simplified with the 
introduction of a misorientation threshold, θ*. Neighboring 
grains within the misorientation threshold were considered 
as coincidence grains that have zero mismatch and they 
coalesced to further reduce the system free energy. Due 
to the capability of fine grain rotation, neighbors with low 
angle misorientation may rotate to reduce the interface 
energy and eventually lead to grain coalescence. Grain 
growth is almost instantaneous with grain coalescence, 
as compared to grain growth via curvature migration. The 
widen size distribution and irregular shaped grain due to 
grain coalescence further stimulate grain growth, resulting 
in the extensive grain growth observed in sintering of 
nanosized powder. 
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