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FIFGFHERE:  Appro gB222X/1143H,Cray XT5, Appro GPU cluster.

S, Sl SWEICHE K 2 TH 5. FENIE, HAPSNRO T I LItk Dy, R&
H, HEE, TEEVPERIN, WMESEHTH D, £, BRI, Miv5E 2 RET
27212, WAL 72285 % ot 72 i 0T I R $ 2 ERE S D 2. SR BERE & fRIH T
% 7:®I1Z, CFD(Computational Fluid Dynamics) fi##T o8k % 2 EEDTHO N T 5,

Bz, SENOIRERCIEZ BT 2 7201, SPEEEHE TNV 2R3 L7, 2 D5
BERIE T V2 HWTS 2 LT, Bl oA L 722850 E R 1L, WIHICET 2 £ T
I, FolEAREPHEICHfIN WS L2 L. L2, 2OETMIE,
B X 2B\OBEIZEE L Cois\e, R IX, ZERPEHZ & OMIERIC X D BEIT 2
BETH B, BPENTIE, WL 72BN & K DMEHG S N a0 25 6
SRS AR E § BRI, KB T2 EnELoNS, LidioT, BEve®
B L7z BT T L 2 REEE L 72,

AWHZETIE, Xt CT Hifkd & BIPTIR 2 B L, AR B8 L 7 SIPERER € 7L %2
FWT#tTZ 8 2% >7, BENOZLRDOTAUOWTIE, BEAEZHZRL LD LEEEL
THRWHDODMT, ZILIZRS N>z, IREL25°C), MHRREEDS 35[%] D225 % Wk
R L7GE, BB L BRI, BEAZEZR L TR LRERICHNT, &fE &
O F =Ny NI TIROIRES R S 7z, £/, RIS OV TE, Bz
&L AS RO STHS, EOMHRHRES IR S iz, Zaud, BEVC X D IRE ER0IZ S
N2 LT, HMNBES EALLEEZONS, WKL 72850%, WIHICET 2 £ TIg,
T ISR <, FHRHZEE X 100[%] 38 < ¢, MRANE S Tk,

oI, FEEFEREKRT 5 2 LT, WEEEZIE L 72 SEEERIE 7L D2 E R HER L
fo. SBOBEE L TE, AEPEOTTROEEIRZ W EFAICHERL, KRETFT V2
WCENT 2470 B OAEZ B S 02T 5, RBIC, JAIST OAIGHRBEEREE 2 v
52 LET, %L DEHEZMHICAT) TENTER,

PES

LM, AR, PRI, VERIEL, TN, DRI, W I L A E L

% 7 LS G SHEPIRERT, 55 24 [0S 4 A 22 2 =7 Y ¥ ZlEE, January
2012.

2 A.Asato, S.Hanida, M.Watanabe, F.Mori, K.Kumahata, S.Ishikawa, T.Matsuzawa,
Flow Visualization in Human Nasal Cavity, The 11th Asian SympoSium on Visual-
ization, June, 2011.
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FIFEHERE © Appro GPU 7 7 A%, SGI AltixXE 7 < A % Appro PC 7 7 A % Altix4700

HMEAIIER IEBZEE HRAE

MMENIRAEE 1T, M O—HAMELS 2V OTRBTH D, ZOHREE, SRR THEIT LK
HTDHZLICL o THLMDIR D —ANRZ . X CT 72 EI2 Lo TREA TRO) - 72
Bh, WA IHEBLEIZR>TL 5. TE, BEOERICK L TREENTHL AT
Y MEEPEH SN TS, A7 MR EIE, MENRE O OEIZ AT > b EMEEND
MERICEE I NT-EREHEET HIERFTIETH L. ZOREFIEORIX, ATV M &
HETLZLICE-T, BA~OIRARLZRAD L, BRI EEAZWD S EH LT
HbH. LhL, ATy MRIRIZBWT, 272 hOBBEMEIZ X > T, HAESHEMNT
L0 —ARAT v MNEH TOMBIENHRE SN TS, 22T, FLIEAT - MTX b1
BUERICEH L. A7 MAREZB IR OB, &L OB Z T-OIClET 25
FIOMERIY b REWVEDORT MR ETDH. 20D, MEITIERT 22 LA TH
INDHA, METERIC X DMEIIRIE~OEEBIIA SN2 > TR, £, A7 MA
WAEIZED ST, MENREIZSTT 2B ETEIRDSIE~OEBIZRER L T\ D Z & 3
ENTND. Tk, FT’aIXAT Y ML D IME LR~ RIE T 85 MBI 2 455 L
T2 BT VR A MO TR 2 3 Z 2 0B 5 L.

AT M XD MEIERIZTEHOERIC AT > B EOVIRRE) COMMT &2 272 o7, £D
FEGE, MAEIEREZT D2 LI Ko CTRARITREA L, BEEC ) HBES V0 IS s Lz
(Fig.1). MBYERICE-T, HHBREDORT MIENEONT-. £7-, mEHEKEE O
WZATV IR EVIRIE) & A7 MEEBEEHOHICAT v bbb ok A g Lz & X, 93
~OWARIL, A7 MEBOHFNMEIERL VDT 5 Fig2). Lrl, A7 Mo
BEAEIZE > T, A7 ML DHFEDR L VIRED RS LR D afRetEnd v, Z ok
RECIEAT Y FOHBMEITHHRETHD. AT v M XD HEbIZ X D783 Tt T
DN, KRxRIEERBITH L CHRRR b DOEMEET 52 LT L. E7o, RENE ORI
FERAZDREICHRICBONTHETLIZEBEH LY. 202X, HOREOTARDOR
DINRSOIERE (2 D BET VIS IO B E BN D 7 HIXMEIL KRBT H 2 L 1TzhR
MbHEEZD. 2121, MEEKREBET DI LI2L-T, BROERESHEMNC XL DE
TOEMBREZHND. ZOETEEIMIOWTHREF L7, A7 v MEE & IMEIRRKTO
JEREIZ D3N D [ENI A DZEE, i Pa TH Y, MIEZEHIT 572D EER T R F—(CT
D LZEAERENRRNEEZD.
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m’/s - n3% "6% Pa ®mnon-expansion 3% expansion ® 6% expansion

1.6E-07 0.16

8E-08

0

Type-A Type-B Type-A Type-B

Fig.1 Inflow rate (left) and Wall Shear Stress (WSS) distribution of Type-A and Type-B

Pa
X107 m¥/s 0.14
1.4

12

0.8

0.6

0.4
.

Type-A Type-B Type-A Type-B
miEAGL ARULHRTUF me%itk e%IA+AFUH

Fig.2 Inflow rate (left) and Wall Shear Stress (WSS) distribution of comparison between

6 % blood vessel expansion without stent and non-expansion with stent in Type-A and
Type-B

AHFFETIE, AT 2 M XD MAEPER DGO FAZ T 58 % i i 2 FV T B iz
L7, MAEYERIE, I L Th HRBREOTAREDOHA I X OYEREIZ D) HEET 0 IS 11X
B L, HEBREOHE~NLEORNDEEZD. KEIZ, ZOFEIITRAKSE TR
HWSGHFEZ A, 20 FE ECHSER 2R 2% 5 2 & THE AR ORI,
IR OEHEN TE .

A FEZEAR

TAE, WIERE. MEREICHT D 2T 2 M XD MAETERZ Z 8 L Mifesr. B A
T4 2011 FFEER K (CD-ROM).  J022041 (2011).

BAR, MIBRE. 27 2 M & 5 MAE TR FIE T8I 9 % M. A
AW ALRRE BSOS 49 MiRe - EE S SCHE(CD-ROM). 0S020410 (2012).
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GPU Acceleration of Blood Flow Analysis using OpenFOAM

AKIHIKO SA1JOU*t and TERUO MATSUZAWA 1t
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1T Research Center for Advanced Computing Infrastruc-
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“GPU-based simulation of 3D blood flow in ab-
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2010-112, Minnesota Supercomputer Institute,
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2010.
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Mike Towler, and R.J. Needs, J. Chem. Phys. 135, 054108 (2011).

2) “Quantum Monte Carlo simulations with RANLUX random number generator”,
Kenta Hongo and Ryo Maezono, Progress in NUCLEAR SCIENCE and TECHNOLOGY,
Vol. 2, pp.51-55 (2011).

3) “Acceleration of a QM/MM-QMC simulation using GPU”, Yutaka Uejima,
Tomoharu Terashima and Ryo Maezono, J. Comput. Chem. 32, 2264-2272 (2011).

AT ER
CRAY XT5, Appro PC Cluster, NEC SX-9, APPRO GPU ¥ 5 X %

19



The report on the use of JAIST’s computational facilities

School of information science

Mohaddeseh Abbasnejad (Collaboration with Dr. Ryo Maezono and Mohammed Kotb
HASSEN)

Used Machine: Cray-XT5

1- Structural, electronic, and dynamical properties of Pca21-TiO; by first principles
First-principles calculations of the structural, electronic, and mechanical properties of the
modified fluorite structure of TiO, with Pca21 symmetry are obtained using the plane-wave
pseudopotential density functional theory. The results indicate that Pca2l-TiO; is a
semiconductor with an indirect band gap. The calculated static dielectric constants are larger
than those of anatase and brookite, but they are much smaller than those of rutile. The
calculated bulk modulus using the equation of state is in good agreement with that calculated
from elastic constants. The calculated bulk modulus is in agreement with a recent theoretical
and experimental report, which confirms that the experimentally claimed structure (cubic
fluorite phase) can be Pca21-TiO,.

For this work, we used density functional theory calculations with quantum ESPRESSO code
on Cray-XT5 machine with 16 cpus/job.

Publications:
M. Abbasnejad, M. R. Mohammadizadeh, and R. Maezono, Europhys. Lett. 97, 56003
(2012).

2- Quantum Monte Carlo study of high-pressure cubic TiO;

We have studied the high-pressure cubic fluorite polymorph of TiO, (c-TiO,) using the
diffusion Monte Carlo (DMC) method. The estimated bulk modulus is within the range
reported previously in density functional studies, high, but does not rival that of diamond.
The calculated excitation energies within DMC are consistent with the results of GW
approximation. The infrared frequency of c-TiO,, obtained via the frozen phonon method
within DMC, shows non-negligible anharmonicity. This suggests that c-TiO, might be
stabilized if this anharmonicity is considered. Our DMC results could help to establish more
accurate results for c-TiO, compared with the widely-scattered meanfield results.

We use density functional theory calculations with Quantum-Espresso code, and Quantum
Monte Carlo with CASINO code. The calculations are carried out on Cray XT5 machine with
16 nodes/job.

Publications:

M. Abbasnejad, E. Shojaee, M. R. Mohammadizadeh, M. Alaei, and Ryo Maezono,
submitted.
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* Yutaka Uejima, Tomoharu Terashima, Ryo Maezono, “Acceleration of a QM/MM-QMC
simulation using GPU”, J. Comput. Chem. 32, 2264-2272, 2011.
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[1] Yukinori Sato, Yasushi Inoguchi and Tadao Nakamura. On-the-fly Detection of Precise
Loop Nests across Procedures on a Dynamic Binary Translation System. Proceedings of
2011 ACM International Conference on Computing Frontiers. 2011 45 H

[2] Yukinori Sato. HPC systems at JAIST and development of dynamic loop monitoring tools
toward runtime parallelization. High Performance Computing on Vector Systems 2011, 2012
4, pp. 65-78.

(3] ¥epk=etd, H O, FRHES. XA TV T AL—va VLAV —T KERMOT — 2K
TEfRHT. 45 183 AINA N7 p—~ A B a—T 4 v ZHIFE3#E S, 2012.3.26, fFTH

[4] Vepl=efc, e, kS . Loop-call context tree % AVN\T=T ¥ A LT — X 7 1 —fE#T.
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Fig. 1. Three-sites model for MgCl,-supported Ziegler-Natta propylene polymerization catalysts
(M =Mg, Ti, AL, or none; L, = Cl, donor, or none)
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Fig. 2. Active site models in MgCl,-supported Ziegler-Natta catalysts. The “coadsorption

model” is shown in the frame.
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Btk # » 732 'E (Photoactive Yellow Protein) 23 A=A Crr 3 fEIEZ LT3 U CHEFn A B L
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1. “Solvation effect on the structural change of a globular protein : a molecular dynamics study” Taku
Mizukami, Hiroaki Saito, Shuhei Kawamoto, Takeshi Miyakawa, Masashi Iwayama, Masako Takasu, and
Hidemi Nagao, International Journal of Quantum Chemistry 112,(2012),344-350 (#5¢d» V)
[ERENIEE]
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Theoretical Calculation for Proton Transfer in Biological System
— Clarification of Catalytic Mechanism of Enzyme —
Center for Nano Materials and Technology, Assistant Professor Hideto Shimahara

Introduction: The hydrogen bond (H-bond) has been considered as the pathway where protons can be moved or
transferred between molecules. A sequential manner to transfer protons along several or more H-bonds, referred to as
the H-bond relay or proton-transport, is essential for widespread biological functions or vital controls in living system
where the chemical versatility of histidine can often be characterized as a donor or acceptor of protons. This is mainly
based on the potentially chemical properties and multiple conformations of its imidazole such as protonation,
tautomerization, and rotation. Carbonic anhydrase (CA) has been studied extensively as a model enzyme in an effort to
understand the controlled or fine-tuned movement of protons in the efficiently histidine-regulated H-bond relay. In this
study, we investigate the H-bonding interactions of His®* with acidic groups via water molecules in the active site of
human CA II isozyme using density-functional theory calculation which provides the information about the binding
energies of the water molecules with active site cavity and/or in the water-bridge.

Computational Models for Active site: In order to construct a model of expressing the active site as a molecular cluster
used here, atomic coordinate files that specify three-dimensional molecular structures revealed by X-ray
crystallography are available in the literature (for wild ty]ge and Y7F-CAII). We construct models, which consists of the
zinc ion, Tyr7/Phe7, Asn62, Gly63, His64, Ala“, Asn67, His 4, His%, Glu106, His“g, Thrlgg, Thrzoo, and six water molecules
by extracting coordinates of atoms from the coordinate file. For His** of wild type, the “in” conformation has been
chosen as the representative because its coordinate or configuration is well-consistent with that of Y7F-CAII. By
artificially adding hydrogen atoms to the active site structures using the GaussView program, the ~100 candidate
structures of the active site models were created. Considering the electric charge of zinc ion, Glu'®, and zinc-bound
solvent within the model, the total charge was assumed to be +1 and 0 in case of zinc-bound H,O and OH,
respectively.

Theoretical Calculations: The density-functional theory (DFT) type computations using Becke’s three-parameter
hybrid exchange functional and the Lee-Yang-Parr correction functional (B3LYP) (Becke JPC 1993) method and
6-31G(d,p) split-valence basis set have been demonstrated to provide reliable explanation of models including
transition metals (Bergquist 2003, Bottoni 2004, Sugimori 2005) and H-bonding interactions (Giuseppe Buemi, 2006).
All DFT calculations were performed in combination with the self-consistent reaction field (SCRF) method (Onsager
1936) by which a solute such as active site models and buffer molecules are placed in a cavity within a continuum with
dielectric constant, ¢, so-called the solvent reaction field. As a model to create the cavity in the reaction field, we
employed the polarized continuum model (PCM) (Tomasi 1994) using an integral equation formulation model
(IEF-PCM) (Cossi et al, 2002), in which the cavity having a set of overlapping or interlocking spheres with slightly
enlarged van der Waals radii centered on each atom or on the atomic group is known to be created to wrap or envelop
such solute. In the calculations, we have evaluated the active site models with two PCM approaches: one calculation
with the polarized conductor calculation model and the other calculation with the radii and non-electrostatic terms,
referred to as the CPCM and SMD, respectively. A model using a conductor has been demonstrated to provide capable
description of models of hCAII (Bottoni 2004). The CPCM and SMD have been implemented in Gaussian03 and
Gaussian09, respectively. Considering the active site model placed in the hydrophobic environment within protein, the
dielectric constant of hydrophobic solvent such as diethylether (¢ = 4.24) has been chosen to approximate the
environment. For buffer molecules in the bulk water, the dielectric constant of water (¢ = 78.36) has been used. All
calculations were performed with the NEC-SX8 and SX9 machines equipped with the Gaussian 03 and 09 series of
programs, respectively.

We applied the DFT theory to the active site
models to predict the interaction of His® with
the two acidic groups, zinc-bound solvent and
Glu'®, via water molecule. The hydrogen
atoms were added to the active site models of
wild type and Y7F to be or contain the N°'“H
tautomer of His®* and zinc bound-OH™
(designated as N°'-H-His*/Zn-OH™ model in
which this protonation was considered to be
appropriate on the basis of a Kt-HB empirical
rule), and then geometries of the coordinate
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or configuration of all hydrogen atoms were optimized (the coordinate of remaining atoms is fixed during the
optimization process) with the DFT level. The molecular geometry with the lowest energy, as shown in figures, was
chosen from ~50 candidate structures of N°'-H-His®*/Zn-OH ™ model. Assuming that an angle of X-H---Y contact (X, Y
= O or N) as an H-bond tends towards linearity >140°, in which the pathways were confirmed to be seen in both
structures  of wild type and Y7F mutant as well: His*-H,O(w2)-H,O(wla)-"OH-Zn*" and
His®-H,O0(w3a)-Tyr -H,O(w4)-Glu'® in  wild type, whereas His®*-H,O(w2)-H,O(wla)-"OH-Zn** and
His*-H,0(w2)-H,0(w3a)-H,O(w4)-Glu'" in the Y7F mutant.

For evaluating a degree of the interaction such as H-bond strength, it is necessary to calculate a more accurate energy
of the considered molecules compared to the energy in the optimization result. To obtain the theoretical estimates,
which are provided that a zero-point in the energy scale is defined, for the stationary structures, vibrational frequencies
are calculated at the same DFT level of methods after the optimization process of the molecular geometry: the energy
values are corrected for zero-point vibrational energy (ZPVE) and temperature (298K) effect.

Interaction between His® and Acidic Groups in the Active Site within Carbonic Anhydrase II—Wild Type and
Y7F-mutant—:For models containing water molecules, the location or orientation of a variety of water dipole moments
contributes to the magnitude of the total energy of model structure. Using the corrected energy for ZPVE and
temperature effect, we evaluated the energetic contribution of the solvent-solvent or solvent-residue interaction to the
total energy of the active site model containing water molecules: the interaction or binding energy AE is expressed by

AEs = Eio — (Emo + Eorm20)

where Ei, Emo, and Ei o are the energies of an active site model, an individual H;O molecule (i.e. wl, w2, w3a,
w3b, w4) extracted from the active site model, and the remaining cluster of the active site model, respectively. The
interaction energies were calculated in the relation to each five water molecule in active site models, as shown in Figure
3. For both models of wild type and Y7F mutant, all AE; were negative values (i.e. the interaction of each water
molecule with the remaining clusters of the active site is attractive or favorable). Comparing each water molecule of
wild type with that of Y7F mutant, AE, values of the w1 (-17.1 kcal/mol) and w2 (-7.76 kcal/mol) within wild type is
the almost same as that of w1 (-17.5 kcal/mol) and w2 (-6.88 kcal/mol) within Y7F mutant, whereas the AFE; values of
w3a (-10.1 kcal/mol), w3b (-8.1 kcal/mol), and w4 (-23.5 kcal/mol) within wild type is smaller than that of w3a (-2.1
kcal/mol), w3b (-2.0 keal/mol), and w4 (-13.7 keal/mol) within Y7F. Considering them, the His**—Zn-OH ™ interaction
in wild type is similar to that in Y7F, whereas the His**—Glu'" interaction is quite less attractive in Y7F compared to
wild type. Using this approximation, we considered to be appropriate to predict a qualitatively decreased Kt value of
His® in Y7F compared to wild type, which could be compared with and confirmed in NMR experiment.
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5 Abstract of the study

InAs thin films in host substrate can be fabricated by Epitaxial Lift-Off (ELO) and
some bonding methods [1]. Thickness dependent mobility of InAs was investigated by H.
Takita at al. It has high-electron-mobility when InAs thickness is small [2]. InAs is the
only binary III-V compound semiconductor that exhibits a natural surface accumulation.
Almost materials have Fermi level between valence and conduction bands, but the Fermi
level of InAs is actually above the conduction band [3]. It is therefore very likely that

47



an accumulation layer is present at both the top and bottom surface or interface of a
thin InAs epilayer with an intermediate bulk-like region between them [4]. This leads to
the formation of a depletion layer under the surface. It should be noted that when the
thin film thickness is quite large the conducting electron near the two surfaces behave as
the two two-dimensional electron gas (2DEG), but in the case of the thickness down to
ultrathin they will combine together to be only one 2DEG and the transport properties
are changed. That is being investigated experimentally, but there many unclear points.

The purpose of this project is calculation of electron transport properties in InAs
when the thickness is down to ultrathin. Some scattering mechanisms may be considered
here to calculate electron transport properties, such as acoustic phonon, polar optical
phonon, inter-volley phonon, ionized impurity, piezoelectric, surface and interface scat-
tering [4]. It should be noted that the thickness of the thin film InAs is ultrathin.

The minor research will help us to have a better understanding about carrier trans-
port properties in the InAs thin film and it is easier to optimize some parameters for this
material. In other hand, numerical calculation plays an important role to analysis and
estimates the results of any experiment.

6 References

1 Y. Jeong, M. Shindo, M. Akabori, and T. Suzuki: Epitaxial Lift-Off of InGaAs/InAlAs
Metamorphic High Electron Mobility Heterostructures and Their van der Waals Bonding
on AIN Ceramic Substrates, Applied Physics Express, Vol. 1, No. 2, 021201 (2008)

2 H. Takita, M. Akabori, and T. Suzuki: High-electron-mobility thin layers down to 100
nm obtained by epitaxial lift-off and normal/inverted van der Waals bonding on flexible
substrate, International conference on Solid State Devices and Materials, Sendai, pp.256-
257 (2009)

3 C. A. Mead and W. G. Spitzer: Fermi Level Position at Semiconductor Surfaces, Phys.
Rev. Lett., 10, pp.4717472 (1963)

4 L. O. Olsson, C. B. M. Andersson, M. C. Hakansson, J. Kanski, L. Ilver, and U. O.
Karlsson: Charge Accumulation at InAs Surfaces, Phys. Rev. Lett. 76, pp.362673629

5 K. Tomizawa: Numerical simulation of submicron semiconductor devices, Artech House,
pp.79-83 (1993)
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Reactions of polycyclic aromatic hydrocarbons on TiO2(110): towards formation for carbon
nanostructures
Giulio Biddau
heoretische Festkdrperphysik,Institit fur Physik, Humboldt Universitat zu Berlin
Newtonstrasse 15, 12489 Berlin
CRAY-XT5

32 nodes per job, 2 jobs per week

In the most recent times, particular relevance has been given to the possibility to obtain
carbon nanostructures from polycylic aromatic hydrocarbons, which synthesis and doping
are much easier than other known procedures on the final products. Thus such approach
may open new path to new systems, not otherwise obtainable, new molecules and with a
priori established properties.

Such methodology has been already applied for the synthesis of fullerenes and
heterofullerenes doped with 3 nitrogen atoms, with almost 100% efficiency!. Further
developments have investigated the single process of adsorption and related phenomena
chirality? related to one of the step of such methodology.

In this work® we have faced another major issue: the transferability of such efficient
synthesis to a non metallic substrate, as the previous work.

We mainly focus on the dehydrogenation process and an important clue to understand
transferability of the process.

On experimental results we have investigated through DFT code Openmx version 3.6 the
possible different interaction of dehydrogenated molecule with oxygen atoms.

Therefore we have characterized the optimal basis set and then considered different
dehydrogenated molecular precursors and, through the Nudged Elastic Band (NEB)
method, we have understood the energy barriers for different carbon-hydrogen bond and
the effect of underneath oxygen atoms.

The results show a relevant effect of such process in the energy levels of the adsorbates
and then a change in the molecular properties, which from semiconductive passes to
conductive.

If with the density of states we have characterized the electronic properties, through the
Thersoff Hamann approximation, we have compared the experimentally obtained STM

images with the molecular orbitals. Regardless to the tip dependent experimental scanning
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probe microscopy methodology, our theoretical results appear in very good agreement for
both empty and filled stated.

Thus, we have been able to show the formation of fullerene like species and to determine
that the induced curvature in the adsorbate structure is one of the fundamental switcher for

further cyclization process.
1] Nature 454, 865-869 (2008)

2] Chem. Eur. J. 16, (47) 13920-13924 (2010)
3] submitted
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Dr. Milica Todorovi¢ Prof. Taisuke Ozaki
Prof. Rubén Pérez Research Center for Integrated Science
Dpto. de Fisica Tedrica de la Materia Condensada JAIST, Japan
Universidad Auténoma de Madrid, Spain

LARGE-SCALE BENCHMARK CALCULATIONS OF
OPENMX CODE ON CRAY XT5

|. Introduction

OpenMX is a parallelized electronic structure code, based on density-functional theory (DFT) method
and designed for large-scale materials simulations. It has been developed in the group of Prof. Ozaki
Taisuke (JAIST) and is available to the scientific community under the GNU general public licence. Our
group at the Universidad Auténoma de Madrid, led by Prof. Rubén Pérez, has been involved in code
application and development for several years as a part of a collaboration with Prof. Ozaki.

Defining features of the OpenMX code are norm-conserving pseudopotentials, pseudo-atomic orbital
numerical basis sets (PAOs) and alternative algorithms for the computation of ground-state charge
density and energy within the DFT framework. The most commonly employed method for computing
charge density in DFT codes is matrix diagonalisation, a procedure where system resources such as
time and memory scale as ~N? with system size (N is the number of atoms in the simulated system).
This makes large-scale DFT calculations (system size larger than several hundred atoms) prohibitively
costly. OpenMX code additionally features low-order scaling (~N(logN)?) and linear-scaling (~N)
numerical methods, which involve a controlled approximation to the exact DFT results that can be
tuned to balance calculation accuracy and efficiency. Application of these computational methods on
supercomputer systems containing thousands of cores enables DFT calculations of thousands of
atoms, and thus large-scale, high-accuracy materials simulations.

2. Cray XTS5 test objectives

My research project in the group of Prof. Rubén Pérez, concerns simulation of simultaneous NC-AFM
and STM imaging of the Cu(100)-O surface oxide material, a known catalyst. It is carried out in
collaboration with experimental groups at Yale University (US). One of our research targets involve
simulation of domain changes on the Cu-O surface, shown in fig. I, in order to understand the
atomistic nature of surface domains and the role of surface defects in nucleating afternative surface
domains. To this purpose, it is necessary to carry out large-scale DFT simulations involving |,000s of
atoms.We are planning to apply to the PRACE project to perform such calculations using the
OpenMX code.

figure 1: STM image of surface domain figure 2: test1 system, 4x4 unit cell, 136 atoms
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PRACE is a European supercomputing project which awards short-term use of very large
supercomputers to high-calibre peer-reviewed research projects. The factor critical to successful
application for the PRACE resources is good code scalability (parallel efficiency). Our group has been
granted preliminary access to the PRACE machines to obtain OpenMX scalability information using a
small number of core hours. In order to optimise the use of allocated resources and carry out PRACE
benchmark calculations in the most instructive and efficient manner, we performed preliminary
benchmark calculations on the Cray XT5 supercomputer at JAIST.

3. Test system and methodology

Code benchmarking on the PRACE systems (and also XT5) needs to be carried out on test systems
relevant to the scientific problem studied. Therefore, | prepared input files featuring a 4-layer Cu(100)-
O slab: periodic in X and Y directions and separated by a layer of vacuum in the Z direction (figure
2). As code efficiency varies with the size of the test system and total no. of cores used, | generated 7/
different test unit cells distinguished by the length of the unit cell: details are listed in table I.

8 10 12 14 16 20

unit cell id 4
cell dim. [A] 14.716 29.432 36.790 44148 51.506 58.864 73.580
no. atoms 136 544 850 1224 1666 2176 3400

table 1: test system details

OpenMX benchmark calculations were performed for each of these 7 systems, with the total number
of cores Nc ranging from 4 to 2048 (depending on system size). Given the total number of cores N,
each calculation was performed with |, 2 and 4 threads using the hybrid (MPl and openmp) code
functionality in order the understand the most resource-efficient manner of using the same set of
resources (note that number of MPI processes Nmpi was changed with thread count to keep Nc the
same). Data analysis was carried out to extract information about total simulation time, memory
requirements and core hours spent. Further timing information from OpenMX code was used to
compute the time needed to execute a single SCF iteration (the number of SCF cycles performed
affects total simulation time). This quantity was used to compare different simulations and calculate
code speed-up and efficiency.

4. Benchmark test results

The calculations outlined above for 7 different tests systems were performed on the LONG-L queue
of the Cray XT5 machine in the period 16.00h || Nov.- 16.00h 12 Nov 201 |.Total system use was
approximately 15,000 core hours. The OpenMX version 3.6 executable used was provided by the
Ozaki group and was hybrid-compiled and optimised to the XT5 hardware.

Figures 3-5 show the typical results of data analysis obtained for each of the 7 test systems. A defining
feature of all test cases was found to be a marked reduction in memory requirement for simulations
carried out using 4 threads: in this case memory requirement also starts converging with increasing
number of cores Nc used (figure 3). Similar behaviour was observed with the time requirement, 4-
thread calculations were fastest given the same Nc (figure 4).

In order the evaluate speed-up for the threaded calculations, we computed the ideal speed-up based
on the MPI only (I thread) data point for the smallest Nc: that time was halved as the number of
cores was doubled. Ideal speed-up (Sid) was compared to actual speed-up (5r) in efficiency plots.
where efficiency was computed as (5r/Sid)* 100 for a given Nc data point. Figure 5 illustrates that
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speedup efficiency typically drop to ~40% for the largest calculations regardless number of threads
used. However, efficiency data for 4-thread calculations is more uniform, with only a 30% drop in
efficiency across the entire range of Nc - this would be evident if we had used the smallest 4-thread
data point for the 100% reference. Moreover; it is possible to identify a peak in efficiency in the 4-
thread dataset for each test system size: in figure 5 (system size is 1666 atoms), the calculation using
256 cores is particularly efficient (although not faster than calculations with higher Nc).



5. Summary

Large-scale benchmark tests on Cray XT5 were important not only to learn about OpenMX code
performance on the Cu-O surface system, but also about the methodology of such calculations and
the time required to perform them.This data will be invaluable for similar benchmarking calculations
on the PRACE supercomputer in Europe.

We realise that results obtained on the XT5 machine reflect also the characteristics of the XT5
hardware and software, but we hope to use XT5 tests for guidance towards the expected results
when we perform the PRACE benchmarks.We hope to reproduce the notable efficiency of multi-
threaded jobs over MPI only jobs, and we hope to be able to reproduce the recorded speed-up data
for multi-threaded jobs. If we were able to obtain the same OpenMX code performance on the
PRACE machines, this result would make a strong contribution to our main PRACE project
application, and highlight the work of the Ozaki group at JAIST in European supercomputing circles.
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First-principle calculations of electron states of an Asg,atom in a Be-doped
low-temperature grown GaAs layer

Mohd Ambri Mohamed, Pham Tien Lam and Nobuo Otsuka
School of Materials Science, JAIST

Magnetic properties resulting from localized spins associated with antisite arsenic ions in
Be-doped low-temperature-grown GaAs (LT-GaAs) layers were studied by measuring the
magnetization of lift-off samples. With fast cooling, the magnetization of samples at 1.8 K
becomes significantly lower than that expected from Curie-type paramagnetism in the range of
the applied field to 7 T, and a transition from low magnetization to the magnetization of
paramagnetism occurs upon the heating of samples to 4.5 K. With slow cooling, on the other
hand, samples have a paramagnetic temperature dependence throughout the
measurement-temperature range. These experimental observations are explained by the cooperative
transition of electron states of Asg, defects, which is closely related to the normal-metastable state
transition of EL2 defects in semi-insulating GaAs. The similarity of the transition observed in this
system to the normal-metastable state transition of the EL2 defect was also suggested by
first-principle calculations of the electron state of an Asg, defect with a doped Be atom.

We carried out first-principle calculations for the transition of an Asg, atom with a Be atom
in a GaAs crystal to investigate the change in the spin distribution. A GaAs (2 x 2 x 2) supercell with
size of 11.306°A was used for the calculations. One Asg, atom was placed at the center of the
supercell, while one Be atom occupied the second-nearest-neighbor cation site of the Asg, atom.
For the metastable state, the Asg, atom was initially displaced in the [111] direction by 1.2A, which
was obtained in an earlier theoretical study on a neutral Asg, atom in the metastable state. All
configurations were then fully relaxed to reach the minimum-energy structures. Density functional
theory was used for the calculations. The generalized gradient approximation functional in the PBE
formula developed by Perdew, Burke and Ernzerhof for the exchange correlation and double
numerical plus polarization basis set were used. A 4 x 4 x 4 Monkhorst—Pack grid of k-points was
employed for the Brillouin-zone integrations. All calculations were performed using Dmol3 code by
altix machine with 8 cores per job.

Figure 1 presents the spatial spin density distribution, density of states (DOS) and
spin DOS of two models: (a) a Be atom and an Asg, atom at substitutional sites in a GaAs
crystal and (b) a Be atom at a substitutional site and an Asg, atom at an interstitial site in a GaAs
crystal. For each DOS and spin DOS, the energy E = 0 corresponds to the Fermi energy. To observe
the spin density distribution in each model, calculations were made by imposing the condition that
the total spin is conserved in each supercell; antiferromagnetic coupling between spins in adjacent
supercells was not allowed. In Fig. 1(a), there is a highly localized spin distribution around the
AsGa site, and its state is located in the middle of the bandgap as seen in the DOS and spin
DOS. In Fig. 1(b), on the other hand, spins are delocalized over all As sites, but there is a tendency
for localization around the displaced Asg, atom to a certain degree. As an important difference from
Fig. 1(a), the spin state is completely mixed with the valence band in the DOS and spin DOS of
model (b). This implies the coalescence of the impurity band made of the states of
Be and displaced Asg, atoms with the valence band due to their high concentrations
resulting from the small size of the supercell. If a large supercell is used, these states are expected
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to be located at levels close to the valence band. The large delocalization of spins in Fig. 1(b) also
suggests a strong tendency of antiferromagnetic coupling of spins in a real crystal even at low spin
concentrations. The results presented in Fig. 1 indicate that localized spins are associated with Asg,
ions at substitutional sites but disappear with the displacement of Asg, ions to interstitial sites at a
finite temperature. These calculation results strongly support our explanation of the observed
transition in Be-doped LT-GaAs as being similar to the normal-metastable state transition of EL2
defects.

Our observations indicate a transition of the magnetic state in Be-doped LT-GaAs layers.
The observations are explained by the cooperative transition of electron states of Asg, defects, which
is closely related to the normal-metastable state transition of EL2 defects in SI-GaAs. The above
explanation of the observed transition is supported by first-principle calculations of electron states of
an Asg, defect with a doped Be atom.
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Fig. 1. Spatial spin density distribution, density of states (DOS) and spin DOS of two models: (a) a
Be atom and an Asg, atom at substitutional sites in a GaAs crystal and (b) a Be atom at a
substitutional site and an Asg, atom at an interstitial site in a GaAs crystal. For each DOS and spin
DOS, the energy E = 0 corresponds to the Fermi energy.
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First-principle study on transport phenomena of nano-scale
carbon based materials

NGUYEN Cuong Tien (s0840208)
Otsuka Lab., School of Materials Science
Used Machines:
1. XT5: Small jobs (1-16nodes/1-128cores)
2. Altix4700:~16cores/job

Abstract

Nowadays, nano-scale materials systems have been attracting much attention due to
recent developments in advanced experimental techniques. There are many nano-scale
materials that have been successfully fabricated in experiments. Among them, carbon
based materials have shown great promise for use in nano-scale materials devices. This
study was motivated by recent successful fabrications of carbon nanotubes (CNTS)
field-effect transistor fabricated by direct growth method and U-shaped graphene
channel transistors using the gallium focused ion beam technology. We have performed
first-principle calculations for studying electronic and transport properties of nano-scale
carbon based materials systems. The objective of this study is to understand the
fundamental aspects of electron transport process in these nano-scale carbon based
material systems. In particular, we investigated the transport phenomena at the interface
between metal electrodes and CNTs channels, the influences of tailored shapes on the
transport properties of graphene systems, and the adsorptions of gas molecules on
graphene to assist designing adsorption gas molecule sensors.

Theoretically, there are two chief difficulties in investigating electronic transport
properties of a nano-scale materials system. The first is that the system is in a
non-equilibrium state. The second is that the system is needed to be an infinite system
without periodic boundary conditions. Both difficulties can be overcome by
first-principle approaches with combination of DFT and NEGF methods. This approach
has been successfully used to calculate electronic and transport properties of the
nano-scale materials systems. In particular, the DFT method can take into account the
many-body interaction effects while NEGF method can treat the non-equilibrium effects
and also the non-periodic boundary conditions. Therefore, the combination of DFT and
NEGF methods are used in this study. In my calculations, the electronic transport
properties are investigated by using OpenMX package (using XT5 machine). The

57



electronic structures are calculated by using both OpenMX and Dmol3 of Material
studio software (using XT5 and Altix4700 machines).

In summary, by using the combination of DFT and NEGF methods, we have
performed first-principle calculations to investigate transport phenomena of nano-scale
carbon based material systems including the direct-growth-contacted SWNTSs
channel/Co electrodes systems and toilered shape graphene systems. The electronic
structure and reconstructions at the interface between SWNTs channel and Co
electrodes were shown to understand the nature of chemical bonding at the interface and
how does SWNTs channel interact with Co electrodes. The influences of the interface
on the electron transport of Co/SWNTs/Co system are analyzed. The electronic and
quantum transport in selected tailored shape graphene systems were studied. The
obtained results shown that the designed tailored-shape graphene systems can be used to
controlling the gap energies. These results suggest a new possibility to open a band gap
of nano-scale devices based on graphene. These results have also provided valuable
information for designing potential nano-scale graphene material based devices. The
adsorptions of several kinds of gas molecules on graphene were investigated to support
for designing adsorption gas molecule sensors.

Publications
<Papers>

1.  Nguyen Tien Cuong, Hiroshi Mizuta, Bach Thanh Cong, Nobuo Otsuka, and Dam Hieu Chi,

Ab-initio Calculations of Electronic Properties and Quantum Transport in U-shaped
Graphene Nanoribbons, submitted for International Journal of Computational Materials Science
and Engineering.

2. Nguyen Tien Cuong, Mohd Ambri Mohamed, Nguyen Thanh Cuong, Akihiko Fujiwara, Nobuo

Otsuka, and Dam Hieu Chi, Reconstruction and Electronic Properties of Interface between
Carbon Nanotubes and Ferromagnetic Co Electrodes, in preparing
<Presentations>

1. Nguyen Tien Cuong, Hiroshi Mizuta, Nobuo Otsuka, and Dam Hieu Chi, Ab-initio Calculations of

Electronic Properties and Quantum Transport in U-shaped Graphene Nanoribbons, Presented

at ACCMS6 (The 6th Conference of Asian Consortium on Computational Materials Science), 2011

[~

Nguyen Tien Cuong, Hiroshi Mizuta, Nobuo Otsuka, and Dam Hieu Chi, First-principle study on

band gap control using U-shaped graphene nanoribbons, preparing for JAIST ISEN2012

conference
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Adsorption of highly aromatic rings compounds on Sing wall
carbon nanotubes

Nguyen Xuan Viet
School of Materials science

Using machine: Cray-XT5

Single-walled carbon nanotubes (SWNTs) are 1D conjugated n system
that exhibit unique structural, mechanical, electrical, and electromechanical
properties. In SWNTSs is unique among other solid state materials in that
every atom is on the surface. Surface properties could therefore be critical to
the physical properties of SWNTs and their applications. The electronic
properties of nanotubes coupled with the specific recognition properties of the

immobilized bio-systems would indeed be an ideal miniaturized sensor.

Since SWNTs are typical conjugated n system, it naturally leads to the
functionalization methods based on conjugated m systems. The =n-n
interaction of adsorbed molecules and graphene and SWNT surfaces have
been studied to clarify its role in these adsorptions in theoretical view of

point.
In the research, I used cpmd code on Cray-XT5 to study the structure of

small m-conjugated molecules on SWNT. The calculations were performed by

using 128 cores / job.
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Pham Tien Lam
School of Materials Science
Used machine: Cray-XT5 and Altixs, pcc-m1.

1. Ab-initio study of cyclopentasilane and liquid cyclopentasilane.

Cyclopentasilane (SisHip - CPS) is one of the most important precursors for synthesizing
functional solutions of liquid processes to fabricated electronic devices. CPS has the ability to
undergo ring-opening polymerization and to transform to high purity Si. In addition, CPS can
also act as a solvent of polysilanes. However, CPS and polysilane are very active material; it is
difficult to study the properties of CPS and polysilane solutions. Computer simulations, therefore,
are expected to be important methods to study properties of the liquid CPS.

We studies of the physical properties of the liquid cyclopentasilane. We focused on
interactions between CPS molecules and the bonding nature in the CPS solution. The interactions
between CPS molecules were investigated by G09 and Dmol3 code. In this work, microscopic
properties of the liquid CPS have been studied by first principles simulations. The reactions of
CPS in the liquid CPS are also investigated. We found that the delocalization of molecular
orbitals (MOs) of CPS plays a significant role in the interaction between CPS molecules and
between CPS molecules and CPS radicals. The hydrogen bonds between CPS molecules have
been proposed. These hydrogen bonds strongly affect on the structure of the liquid CPS. We also
found the hydrogen bonds which are formed between CPS molecules and CPS radicals. We
believe that the results of this work have given important insights into the structure and
properties of the liquid CPS.

For this study | mainly used CPMD code on XT5 sever with 32 cores / job. The G03 code on
pcc-m1 server was also used with 8 cores /job. The Dmol3 calculations were performed on altix
saver with 8 cores / job.

2. Electronic structure of antisite As defect in Be-doped GaAs.

Magnetic properties resulting from localized spins associated with antisite arsenic ions AsGa
in Be-doped low-temperature-grown GaAs (LT-GaAs) layers were studied by measuring the
magnetization of lift-off samples. The magnetization was found to decrease monotonically when
a sample was kept at a fixed low temperature. The displacement of an AsGa defect to an
interstitial site was considered the most likely origin of the observed transition from high
magnetization to low magnetization at low temperature. We carried out first-principle
calculations for the transition of an AsGa atom with a Be atom in a GaAs crystal to investigate
the change in the spin distribution.

For this research | mainly use Dmol3 code on altix with 8 cores / job.

Publications:
1. Ab-initio study of the intermolecular interaction and structure of liquid cyclopentasilane
Chemical physics (in press)
2. Cooperative Transition of Electronic states of antisite As defects in Be-doped low-
temperature-grown GaAs layers, Journal of applied physics 10 123716 (2011)
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Studies of Interfacial Charge Transfer in Au-Ag and Pt-Ag
Nanoparticles: DFT Calculations

Trinh Thang Thuy

Maenosono Lab., School of Materials Science
Machine used: X-cray5

Program code: OpenMX

Typical computational size: 48h and # of procs. of 4

Charge transfer in heteromeric structures such as gold—silver core—shell (Au@Ag)
nanoparticles (NPs) and gold—silver—gold double-shell (Au@Ag@Au) NPs was demonstrated using
X-ray absorption near-edge structure (XANES) and X-ray photoelectron spectroscopy (XPS)
techniques. XANES analyses confirmed that the d-orbital hole density of the Au atoms increases in
the following order: Au foil = Au NPs < Au@Ag NPs < Au@Ag@Au NPs. In conjunction with
observed positive and negative shifts in the Au 4f and Ag 3d binding energies in XPS spectra of
Au@Ag and Au@Ag@Au NPs, it shown that d electrons are transferred from Au to Ag in the
heteromeric NPs due to the charge compensation mechanism. By taking advantage of the charge
transfer phenomenon, one can modify the electronic structure of heteromeric NPs with enhanced

chemical stability and optical/electronic properties.

In this study, we perform DFT calculations to investigate the structural and electronic
properties as well as electron redistribution of Au-Ag and Pt-Ag systems under periodic boundary
and cluster conditions. Based on analyses using Mulliken populations and the density of states as
well as the difference in charge density, we further clarify the electron transfer between Au and Ag.
All of the calculations were performed by an ab initio DFT code, OPENMX.
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Towards an Extreme Scale
First-Principles Calculation Code

Title: Project Researcher

Name: Truong Vinh Truong Duy

Affiliation: Institute for Solid State Physics, the University of Tokyo

Currently stationed at Ozaki Laboratory, Research Center for Integrated Science, Japan
Advanced Institute of Science and Technology (JAIST)

Machinesused: Cray XT5, SGI ALTIX4700
Program code used: OpenM X (http://www.openmx-square.org/)
Typical computational size: Around one hour and 128 processors

Abstract of the study

OpenMX is a popular open source software package for large-scale simulations in
the search for new materials in the field of computational sciences. OpenM X supports
MPI, OpenMP, and hybrid MPI/OpenMP parallelization schemes. This study is aimed
at optimizing the performance of OpenM X to make the best use of the state-of-the-art
supercomputers.

As such, this work requires a thorough understanding and implementation of
multi-level parallelism in both the code and the underlying architectural platforms. We
first identify computation and communication patterns of OpenMX to detect hotspots
and parallel inefficiencies for performance tuning opportunities. We analyze application
characteristics of OpenM X, such as global data distribution, memory access and usage,
message counts and sizes, etc. by automatically profiling (CrayPat and HPCToolkit) and
manually examining the code. System characteristics of the target systems, including
cache size, sustained memory bandwidth, message transfer time, and flops, are aso
obtained by using microbenchmarks. We then apply various optimization techniques at
multiple levels: at domain decomposition level to provide better computation to
communication ratios, at cache and memory level to make the code more cache friendly
and memory efficient, and at processor level to utilize instruction level parallelism.

Through this work, OpenM X is expected to enable simulations at an unprecedented
scale, and eventually, to contribute to the development of new materials for the
betterment of our global village.
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Title: Computation of Optimized structure and Electronic structure of Polymer and small molecule.

Name: Tran Toan Viet - S1140208

Affiliation:

Machines you used: XTS5, PCC and SX9

Program code you used: OPENNX 3.6 ( XT5), Gaussian 09 ( PCC and SX9)

Typical computational size :
* XT5: Small pakage: 128 Cores; 7 hrs- 10 hrs /per calculation. I have used XT5 from 2011 Dec to now.
* PCC: 12 Core; 3 days - 7 days/per calculation. Used from 2011 Nov to 2012 Jan.
* S§X9: 4 Core; 3 days - 7 days/per calculation. Used from 2011 Nov to 2012 Jan

Abstract of the study:

My study is to design and synthesize the small molecules and polymer for Organic solar cell devices. As all we knew, the
main energy we use today is based on the combustion of fossil fuels ( oil, gas, coal...). and they are not forever and cause
many serious environmental problems. So, nowadays, human being try to use another renewable energy sources such as solar
energy, wind energy, tidal energy... The solar energy is neither run out nor have any significant harmful effects on environment.
One of the good ways to get this energy sources is to use the solar cell panels. But up to now, most of marketed solar cell
panels is very high price because it is produced from Si base and other inorganic components in a very complicated procedure.
So we need a low cost solar cell for widespread applications.

The organic photovoltaic is fabricated on organic agents: dye, semiconductor polymer... This solar cell is processed from
solution at room temperature onto a flexible substrate by using a cheaper deposition method like spin coating or blade coating.
So it must be a low cost technology. But organic solar cell can still not commercially compete with silicon solar cell because of
low efficiency and soon degradation. So we need to study to overcome these problems.

There are many factors to make a efficient organic solar cell devices, but the materials is a key factor. One of limitation of
energy conversion process in organic solar cells is the limited overlap between the active layer absorption and the solar
spectrum. Over 60% of the total solar photon flux is at wavelengths A > 600 nm (E < 2.07¢V). So, to absorb most of the solar
energy, the active materials have a low band-gap to make a high current device. But unfortunately, that will cause to low open
voltage circuit ( Voc) because the Voc strongly depends on the difference of energy between the highest occupied molecular
orbital (D-HOMO) of the electron donor material and the lowest unoccupied molecular orbital (A- LUMO) of the electron
acceptor material. So here, we must balance to archive a high-performance organic solar cell device. As a rule of thumb, the
ideal donor material have the HOMO lever from -5.4 eV to -5.2 eV and LUMO level from -3.9 eV to - 3.7 eV and the band
gapis 1.5eV.

From the above design requirement, we need to use computational method to calculate and ensure that the small molecule
and polymer adapt to electronic properties for Organic solar cells. From 2011 Nov to now, I have apply the computation to
calculate the optimized structure and electronic structure of following molecule:

1. Trans Poly Acetylene : -(CH-CH-),

Optimized structure: a =2.4750 A® ( Exp: 2.46 A°).
2. Poly Thiophene family ( PT, P3MT, P3HT)

/ \ / \ /a

S n S n S n

By OpenMX: Optimized structure: a = 7.825 A° (PT)

By Gaussian: a = 7.833 A”, Eg=2.177 eV

Exp: Orthorhombic Unit cell: a= 7.8 A°, b=5.55 A, ¢ = 8.03 A°, Monoclinic: a=7.83 A%, b=15.55 A”, ¢ =8.20 A",
p=96° (PT), Eg=2.0 eV.

3. Silole and Germole containing polymer

P- SiCPDT-TPD P- GeCPDT-TPD
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By OpenMX: Optimized structure: a=11.75 A”.
4. Bezodithiophen (BDT) and Naphthodithiophene (NDT) polymer

R
N_ _O
o OR;
S
| N/ p
S S n
TPD
OR;
BDT

By Gaussian: Eg=2.15¢ V (BDT) and Eg =2.05 eV (NDT)
Exp: Eg=1.81¢eV

Conclusion: Computational method is one of the most powerful tool to design the new polymer for Organic solar cells. By
calculation, I have designed the new polymer (NDT) with quite good electronic properties to fabricate the solar cells. And now,
I am synthesizing this polymer, after that, I will characterize this polymer and compare with the results of computational.
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Title:

Investigations of carbon alloy catalyst by using first-principles methods

Name:

Xianlong Wang

Affiliation:

Department of Organic and Polymetric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology

My study is strongly collaborated with Prof. Terakura
Machines you used:

XT5 and PCC

Program code you used

PWSCF and CP2k

Typical computational size (time and # of procs.)
20hours with 32 procs

Abstract of the study

. Selective nitrogen doping in graphene: Enhanced catalytic
activity for the oxygen reduction reaction

The structural and electronic properties of N-doped zigzag graphene
ribbons with various ratios of di- to mono-hydrogenated edge carbons
are investigated within the density functional theory framework. We find
that the stability of graphitic N next to the edge, which is claimed to play
important roles in the catalytic activity in our previous work, will be
enhanced with increasing the concentration of di-hydrogenated carbons.
Furthermore, the di-hydrogenated edge carbons turn out to be easily
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FIG. 1: The relative energies of a single N dopant at the edge, edge-1, and edge-2 sites with
respect to the total energy of N doped at the center of ZGNRs. For N at the edge, two possibilities
of pyridinnium-like and pyridine-like are considered. The most stable site for each of the four

possibilities in each ZGNR is colored in black, green, red, and blue, respectively.
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converted into mono-hydrogenated ones in the presence of oxygen
molecules at room temperature. Based on our results, we propose a
possible way to enhance the oxygen reduction catalytic activity of
N-doped graphene by controlling the degrees of hydrogenation of edge
carbons. The characteristic features in the X-ray absorption and emission
spectra for each specific N site considered here will also be given.

[1] Xianlong Wang et al., PRB 84, 245434 (2011)

Il.  Theoretical Characterization of X-Ray Absorption, Emission,
and Photoelectron Spectra of Nitrogen Doped in Graphene

K-edge x-ray absorption, emission, and photoelectron spectra of nitrogen
doped in graphene are systematically investigated by using
first-principles methods. In this study we considered pyridiniumlike,
pyridinelike, cyanidelike, and aminelike nitrogens at armchair and zigzag
edges and pyrrolelike nitrogen at armchair edge as well as graphitelike
nitrogen at graphene interior site. Our results indicate that nitrogen
configuration and its location (armchair or zigzag edge) in
nitrogen-doped graphene can be identified via the spectral analysis.
Furthermore, some controversial spectral features observed in experiment
for N-doped graphenelike materials are unambiguously assigned. We also
discuss the distribution of nitrogens along the edges.

Preparing to submit
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FIG. 2: {Color online) The supercell of infinite graphene with N dopant at interior site. The XAS
and XES of graphitelike N are shown in the insets of (a) and (b), respectively. The final- (initial-)

state wavefunctions corresponding to peak piAS and pXAS (pFES) are also shown in the insets for

XAS (XES).
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The Report on Use of Computing Facilities of JAIST
Department of Organic and Polymeric Materials, Graduate School of Science and
Engineering, Tokyo Institute of Technology
Zhufeng HOU
Used machines: Cray xt5 and PC cluster (pcc)
Typical computational size: 48 hours and 32(or 64) procs.
Simulation codes used: Quantum-Espresso, OpenMX, and CP2K
1. Interplay between Nitrogen Dopants and Native Point Defects in Graphene

To understand the interaction between nitrogen dopants and native point defects in graphene,
we have studied energetic stability and electronic structures of N-doped graphene with vacancies

and Stone-Wales (SW) defect by performing the density functional theory calculations.

Our results show that N substitution energetically prefers to occur at the carbon atoms near the
defects, especially for those sites with larger bond shortening, indicating that the defect-induced
strain plays an important role in the stability of N dopants in defective graphene. In the presence
of mono-vacancy, the most stable position for N dopant is the pyridine-like configuration while
for other point defects studied (SW defect and di-vacancies) N prefers a site in the pentagonal
ring. The effect of native point defects on N dopants is quite strong: while the N doping is
endothermic in defect-free graphene, it becomes exothermic for defective graphene. Our results
imply that the native point defect and N dopant attract each other, i.e., cooperative effect, which
means that substitutional N dopants would increase the probability of point defect generation
and vice versa. Our findings are supported by recent experimental studies on the N doping of
graphene. We have also studied the effect of Fe adsorption on the stability of N dopant
aggregation. Our results suggest that 4 pyridine-like N dopants at the 5-8-5 di-vacancy may be
quite stable in the presence of iron.

Our results show that vacancies in graphene act as hole dopants and that two substitutional N
dopants are needed to compensate for the hole introduced by a mono-vacancy. Compared with
the case of an isolated N dopant in perfect graphene, the electrons donated by substitutional N
dopants would be localized significantly when an N-N pair forms and/or native point defects exist,
indicating that the concentration of free carriers introduced by N dopants would be lower than
that of doped N. We have studied N K-edge X-ray adsorption spectroscopy (XAS) spectra of N
dopants at vacancies and Stone-Wales (SW) defect. For pyrrole-like N at a pentagonal ring of
vacancies and SW, the positions and profiles of the two main features in its N K-edge XAS spectra
are quite similar to those of graphite-like N. This will lead to a difficulty for distinguishing the
pyrrole-like N and graphite-like N in graphene by the XAS technique.

Publication:
1. Zhufeng Hou, Xianlong Wang, Takashi lkeda, Kiyoyuki Terakura, Masaharu Oshima, Masa-aki Kakimoto,
and Seizo Miyata, Interplay between Nitrogen Dopants and Native Point Defects in Graphene,

submitted for publication (2011), available at http://arxiv.org/abs/1112.5733v1.

2. Zhufeng Hou, Xianlong Wang, Takashi lkeda, Kiyoyuki Terakura, Masaharu Oshima, Masa-aki Kakimoto,

and Seizo Miyata, Electronic Structures of N-doped Graphene with Native Point Defects, in preparation.
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The Report on Use of Computing Facilities of JAIST

'Research Center for Integrated Science, Japan Advanced Institute of Science and
Technology, Ishikawa 923-1292, Japan
’Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China

Hongming Weng
Used machines: XTS5, Appro PC Cluster

1. Electronic structure of the delafossite-type CuMO, (M = Sc, Cr,
Mn, Fe, and Co): Optical absorption measurements and first-
principles calculations

Abstract: We compared the results of first-principles calculations with
measured absorption spectra in thin films of delafossite-type CuMO, (M =
Sc, Cr, Mn, Fe, and Co) taken at 10 K. Two optical transitions were found:
one is associated with Cu3d + O2p — Cu3dz’ + 4s observed in all of the
CuMO;, films, and the other is associated with Cu3d + O2p — M3d detected
for M = Mn, Fe, and Co. The energy of the former transition showed an
unexpected dependence on the atomic number of M. An abrupt change of
this energy occurs for M = Cr, which is explained as a result of the
interaction between the Cu3dz*+4s and M 3d bands.

The results have been published as Rapid Communiations on Phys. Rev. B
84, 041411 (R) (2011).

2. Phase diagram of LaVOj; under epitaxial strain: Implications for
thin films grown on SrTiO; and LaAlO; substrates

Abstract: Various exotic phenomena have been observed in epitaxially
grown films and superlattices of transition-metal oxides. In these systems,
not only the interface properties but also the strain-induced modification in
the bulk properties play important roles. With the recent experimental
activities [Y. Hotta, T. Susaki and H. Y. Hwang Phys. Rev. Lett. 99 236805
(2007)] in mind, we have studied the epitaxial strain effects on the electronic
structure of Mott insulator LaVOj;. The present work is based on the
calculations using density-functional theory supplemented by adding local
Coulomb repulsion U for V d orbitals. The range of strain studied here
extends from ¢/a=0.98 (bulk LaVO; case) to ¢/a=1.107 (LaAlO; substrate
case). In this range of the strain, we have found the following three different
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antiferromagnetic spin-ordering (SO) phases. For 0.98<c/a<1.005, the
combination of C-type SO and G-type orbital ordering (OO) is the most
stable. The bulk LaVO; belongs to this range. For 1.005<c/a<1.095, the
ground state has A-type SO and G-type OO. LaVO; epitaxially grown on
SrTiO; is in this range. When ¢/a>1.095, G-type SO with ferromagnetic OO
becomes the ground state. This range includes the case of LaAlOj; substrate.
The implications of these results with regard to the experimental data for
thin films of LaVO; on SrTi0; and LaAlO; substrates will be described.
Detailed discussion is given on the mechanisms of stabilizing particular
combination of SO and OO in each of three phases.

The calculations have been done with OpenMX code (http://www.openmx-
square.org/) developped by T. Ozaki. The maximally localized wannier
function part is developped by myself. The results have been published as
Regular Article on Phys. Rev. B 82, 115105 (2010).

3. Pressure-induced superconductivity in topological parent
compound Bi,Tes

Abstract: We report a successful observation of pressure induced
superconductivity in a topological compound Bi,Te; with Tc of ~3 K
between 3 to 6 GPa. The combined high-pressure structure investigations
with synchrotron radiation indicated that the superconductivity occurred at
the ambient phase without crystal structure phase transition. The Hall effects
measurements indicated the holetype carrier in the pressure-induced
superconducting Bi,Te; single

crystal. Consequently, the first-principles calculations based on the structural
data obtained by the Rietveld refinement of X-ray diffraction

patterns at high pressure showed that the electronic structure under pressure
remained topologically nontrivial. The results suggested that topological
superconductivity can be realized in Bi,Te; due to the proximity effect
between superconducting bulk states and Dirac-type surface states. We also
discuss the possibility that the bulk state could be a topological
superconductor.

The OpenMX code (http://www.openmx-square.org/), developped by T.
Ozaki and partially myself is used for the calculations.
This work is published on PNAS, 108, 24 (2011).
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