JAIST Repository

https://dspace.jaist.ac.jp/

Title godooooooodouoooooooouoon
00od2014
Author(s) oo, oo; oo, O
Techni cal memorandum (Schpol of | nf ¢
Citation Science, Japan Advanced Il phstitute of
Technology), |1 S-TM-2015-0p1: 1-47
Issue Date 2015-08-26
Type Ot her s
Text version publ i sher
URL http://hdl.handle.net/ 101009/ 12956
Rights
L 00000000 DbO0O0OO0O0O0OO0obOOoDoobOoog
Description
goooooood

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



Bl S AN S T
HHFHFE Y — MER AR E 2014

BT OEd, 0 % R
201548 A 26 H
IS-TM-2015-001

Bl ey S R S R (TN ey
THEAL S R 2E 2 o 2 —
T923-1292 AJIEREETES 1-1



A AL AR IR I I T, 2N CHRRI ST B EFE Y — %0
WHIFFEREE AT, 2014 11T b i SeioFE T s ORI b L ORI o 0 T
FRMEOHAIES O THELZTHE, ROWEEL LTV ELDELOTHD,



=P/

JAIST 2B+ REFRFEY—/\IRH 1

BREFSBOHEY —/ FIAGE 7

T T hAaiEc LBy 7 a~dt T 00N 5HE
LI, FiE

PR SA RIS 2 BIBEPE LI 5 FHSEREAOTTE
LA B

Density Functional Theory Simulations of Metal Alkoxide and Metal Fluoride
Apichai Jomphoak, Kenta Hongo, Ryo Maezono

e 22 ERLEIE O L1 LS & 2 MMSE 125 A 7Y v RF v pAHEER E
EHF FE

T AN — b ORBBICEMFM O 7 Wb & B L7c RS B OHEE Fik

7y =
Wit 2 U R AR (2 38 1T D AB AR SR ORI HE R 7 =X

KT %
AEVEBRISE AT I v 7 3, L—3 g UEITOMFEE R

Vg ER
AT UUNVEE AR L LT LUVMEREE T LV OSREICE T AL

ik B
MFRFEHTIC RS D AT o MBS OB AE TR D IMENRE 12 M 1 F 4

o3 v
ITVTFILHA T ORSFOHEY—\FAHE 19

BAR T 7 AT Y XL LEJFHFROMHIC L D Au 7 T 2 7 — ORI E
HR F—, Bt Y]

Proton conductivity enhancement in oriented, sulfonated polyimide thin films
Yuki Nagao



A study on the proton transport property of oriented Nafion interface
Yuki Nagao Yutaro Ono Yanglu Guo

A study on the proton conductive organized polymides
Yuki Nagao, Krishnan, Kazuki Ohno,Hironori Kobayashi, Shinya Tsuyuki

CLUSTER COMPUTING SYSTEM — UTLIZATION BY MATSUMI LABORATORY
VEDARAJAN, Raman, Matsumi Laboratory.

Phonon study of extremely thin silicon films and carbon dioxide molecule adsorption on

graphene
MURUGANATHAN Manoharan

Theoretical study of the Proton Transfer Process on Human Carbonic Anhydrase IT
Muhamad Koyimatu, Hideto Shimahara collaboration with Kimikazu Sugimori,, Hidemi Nagao

AL FEINEY R 2 b—a NS KD WERE “EREOMDEEE BTEOD » 7Y 7
P R

[F#59~ 5 B ERL 1 DO HEH)
K

KA — IR TB ) HA 5 & MR X AR LEH & D) L 7o R A O T +
L

Y =vi
7T 7 = AR EEOAEIE BT D KBRS — R BLE TR R
H%E HE
mPEREENER B 2 L —H A b Cu26V2M6S32 D E 711
K1 S8 —H)S
User Research Report using MPC Servers (2014)
Guo-Liang Chai
The Report on Use of Computing Facilities of JAIST
Zhufeng Hou
4. pEE 45

5. 3EEH 46




1. JAIST izBiF 5 EH/HE S —RE
it e o 2 —
B 2, fp =
1. 1 M=
AERRSESHRFHAMT R BER T (JAIST) Tix, &% CHEFRIH ARG R Y — 1%, 2 OF|H
LB 5 MPC 7 v—7Zdixk LT MPC Z L—70OMY) £ & ® %175 MPC &7 L —
7L, FHRMOEBZERN Y T O RS BRI 4 — (LT ERE 2 —) &0
BRELEEOL LICEAIRTWD
ZIZT, tHlRE X IXJAIST HFHEREE S AT A L OFEDO S L ITFNEFOFEER S L
CTEAEY—"ZgE - HA - FH - EHTHAEEEZHES TS,
fin)s MPC 7 )V— 713 AFE S — ORI HE MO SN D 7 v—7ThH Y, MPC EH
N—T1EMPC 7 V=T Da—HFnb0E 2R\ B, ¥2—27 T AR EOBRTELTHETHZ &
R, mpc A—VU 7Y RXNIBFAHAIFHEMOFHOFTRIEEZIT> TN 5.
ffHt v % —& MPC 2 /v—7 « MPC & 7 /L— 7 O BIfRIT 5% SCHR[9]°[10] 2 & FRJE /-
AN
1. 2 2014 EEDEE
2014 £ D JAIST 12 BT 2 1EHE L % —, MPC /v —7EB LN MPC E#H I/ L—TDE
S TAENC DWW TLLFIZIR R 5.
WHFH R —F o L~ om b, BEOREZHNLEL, £V AT L, YT U=T
BT RIMEEE 2R Lz, BfELEE S0 —EEeR 1ITRT.
fHl4E, MPI, OpenMP 72 &N F| 7w oI 0 7 aTr—~& LIEEaSz2EICHVIToTER
2, EFEICBWTHHAFEY—AET Y 7 by =27, 7 —u=THHERE L TS Z L
EERL, HHHES— N ETOF—F 2 Y —2Da L S L LRI ONT RS EE S L
P Ay TR B

F< 1 2014 FERRABEOGEE =

BAfEA At

2014 46 H WHIGHEHFIAE A =T —va v

Cray XC30/MPI #IfhEi#E =

201447 A CX250 Cluster #IfkEFEE S WHGFHFHECE S A—70 Y —2Q1)
AltixUV1000 #Ik#E#ESE S - WHIFHEH THES 4 —7 0 v —2(2)
2014 4210 A | Cray XC30/fciift 7' = /' F X v Ve &

20134 11 A | Python@ CX250 Cluster User Workshop




1. 3 HHEA-EHVATLA

KIZ, 2014 4RICRT DHAHEY — " BREOEH R Z LU FICREd 5.

2014 4= 2 H TIEM A T L 7= Appro Green Blade Cluster, NEC SX-9 O #& i & L C, 2014
£ 3 HXY Xeon E5-2680v2 20CPU =7 #4172/ — N 108 62 b S5, Fujitsu
CX250 Cluster #/ABH L7=. #i 2 BfETH AR — K L T\/= Materials Studio, Gaussian09,
GaussView 2 DY 7 F 7 = 722D\ T  CX250 Cluster (21 > A h—/LEB L OFEITHI 7
NAZ YT hatERE L, BFO2— PR REICBATT 5700z A 2. 34E 2015 4F 2
A 1213 Tesla M2050 2 & ## L7= / — K9EN 5725 Appro GPU Cluster WIEMAK T £ 720,
TR D GPU / — F & LT, Tesla K40 2 24 54 L /2§15 / — FRf 4 5 2 CX250 Cluster
FIZEME#H L TS,

ZDIEH 2014 4 12 HITIE Cray XC30 DT v 77/ L— R&1T7>7.. CPU % Xeon
E5-2670 2. 6GHz/8Core 75 E5-2690v3 2. 6GHz/12Core, %/ — FO#EH AE Y % 64GB
(8GB DDR3-1600 x8) 7 128GB (16GB DDR4-2133 x8) ~& HH L, BHmMEREIEIZcA O
119. 8TFlops 75 359. 4TFlops &, 3 < EL7-. % 2015 4 6 A KD Top500
( International Supercomputing Conference 2015 (ZC/ARH ) TiX V—/A KT %27 252
(VA7 R R Y e

E7o, 1T — TR 2RI Z TSGR 2 —F OFRENE, ik L~ orm b
ZHWME La—YO=—X S LY T ho =T - T4 77 U DEA, ABREROEH R L,
PR LBBEORF R E BN 2= BT 0 7T LR LT 5.

2014 FEIZHBIT D2 —HF AR — Fo—B & L TIE, Materials Studio (DWW TARFEER D 7
AV AEERAL, AREEDNL TA B ADRTFEZHERALILIEN, N=VarBlUT4
T RBREITIE Uz Gateway 24K L, &0 ZZKDOMEFICT AT LEFIHTE 5 X5 &Gt &
IBANL7=. 2014 4F 6 H1Z1d OpenCV 74 77 U A X b—)b, BAR— 2L, 11 A
1% Python OFHIZOWTOEE AL T 572 L, 2 E THRAFE—ZFJH L Thien
ST BHIC b —E R, R— MR T 2R LEIT> TN D.

1. 4 F&6

A TIERR e B A R R A FHE Y —  MEH ECR R 20140 13 2014 FFEEI21E
Wb RESN TS EEHES—"EZRH L REOME L ZOMRRETHD.
VAT LOMMPRW AR L, EROHLI0FICET LR — Mm@k d 5 & &bl oy
BA~OFEMEHEEL, SOICHELLHEMREREREZHET 222 HWE LT, MPCHH L
— LR 2 =128 mpe A=V 27U X MIBWTARE~OWH I OKEEZIT-T-. *
DFER, BEFHDO ZREBEIZ K > THEBRBIFZHND 9, ~7T VT YA = 25806 14 1
DHEDRHZTEN . RERD S5 RIHGEB ZI TR 00 OFRIT R -T2y, AH%FNT



DRFOSS, #ER &% U CHEZRD, AREEOIER A E T MPC 27 /L —7 OIEB)IC
DONWTC, LM NE/ROND L IBDTNEEZTVD.

TSNS WENS, WHHEY — NXFEPLHE E TIRIASFHA S, BELHED
WE BV CRERARRFEEBE THDL LD, 4%Hb MPC Z L —7 b D7 4 — KA
vl hb eI, IV a—FO=— X E oI AFEF— BREEABE L.

7 2:JAIST CTHIH Al EZ2 5V —X(2015 4= 4 A 1 B HAE)

BREA,

Fipftkk

Fujitsu CX250 7
TAHZ

Sy AE YA
VAT A
Fujitsu Primergy CX250 S2
4= 108nodes, 216CPU, 2160 CPU cores
Infiniband FDR 4x (215 /—RE#6c
ER T — 281K 50TB, —#/—R»6 GPFS 12X 1/0
J—RHERE
CPU: Intel Xeon E5-2680v2 2. 80GHz (10Core) x2
Memory: 64GB (4GB DDR3-1866 ECC x16)
J—RAEUNURIE: 119GB/s
E7¢Y 7 =7 Matlab, Materials Studio, etc.

Cray XC30

INBAEY, AHTF—T
VAT
4= 360 nodes (720CPU, 8640 CPU cores)
BRI TH R MERE: 359. 4ATFLOPS
Memory: 46TB
Ve M7 — 25 200TB (Lustre)
J—FRHER
CPU: Intel Xeon E5-2690v3 2. 6GHz (12Core) x2
Memory: 128GB (16GB DDR4-2133 ECC x8)

SGI Altix-UV1000

HHAEYAI(ccNUMA F2X)
AT I

4> 1536 CPU cores, 12TB memory 75 ccNUMA 5 R ELvfEAE S,
B— AEYZE[# 2 FFD

NUMA-link5 (15GB/#/mode)iz kb /—F&#EE

TEEH T —#fElk: 51TB
J—RHERL

CPU:Intel Xeon E7-8837 x2

Memory: 128GB (DDR3-1033MHz )

727 by =7 Gaussian09, Materials Studio, etc.

vSMP

HAH AEVRI(vSMP Foundation %A T BIOS UL THEEL, RARN7ZRY o
L OS DY AT LAEARK)
AT I
8 BOWEL/—RIZ&Y {5ARM7: 128Core, 870GB DI AT AL L THERK
Infiniband QDR 4x (285 ./ — R [E#k
YEXR T — #5818 32TB(PpNFS)
J—R# Ak (Fujitsu Primergy RX300 S7)
CPU: Intel Xeon E5-2690 2. 90GHz x2
Memory: 128GB




GPU /—F

4 4nodes, 80CPU cores, 8 GPU

J—RRERL
CPU : Intel Xeon E5-2680v2 2. 8GHz (10core) x2
GPU : Tesla K40 x2
Memory: 64GB

FE72Y 7y =7 Bi%sERE: CUDA 7. 0 cula, PGI Compiler




255 3CHk

(1] ¥ejE BREOG), "JAIST IZH31) 2 B FIBSEAFJE © 1992 4F-1993 4R, Jbbestimfl #4k
WRFBERT:  AEREVEIRER T 7 =V A5 o # 4, IS-TM-94-0001, (1994).

2] Ve PESEGIR), "JAIST (23517 27 5IRTEAFIE © 1994 4FEE-1996 27, AukdeimBl 78
MRFEBERT: TSR ENER T 7 = AET 2 A, IS TM-97-3,  (1997).

3] i FLSEGR), "JAIST (Z850) 2@ 5B 7E(1997 4R )7, dbbEdeim Bl il K Fpi K
2 BRI T 2 = AE T o2 L, IS TM-98-1,  (1998).

[4] #& 551G, "JAISTIZ 3515 2 W AIEHRHE TS J OG- —SFI A ZE(1998 4 £ -2000 4R 1£)”,
JeFRESRE AR R PR R T AFREEFI R T 7 = v AE T & L, 1S-TM-2002-003,
(2002).

(5] #& sz, "JAIST (Z381F 2 HIEH RIS K OGHR Y — SR HAFZE(2001 4£)7,  dbke
SR PHF BN R FBE R B E R T 7 = L A T & A, 1S-TM-2002-004, (2002).
(6] #& sEGW), "JAIST (2351 2 WHIGHE IS K OGHE Y — SR HFZE(2002 42E)7,  dbke
IR AT R EBE R AEWEV AR T 7 = AE T 4 A, 18" TM-2003-001, (2003).
(7] #k  sE7-GW), "JAIST \Z351F 2 WAIGHRMEds K OGHRE Y — SR HAFZE(2003 )7, bk
SR PHF BN R FBER Y B EER T 7 =V A T & A, 1S-TM-2004-002, (2004).
(8] #& sz, "JAIST (Z351F 2 HIEH RIS K OG- — R HAFZE(2004 421£)7,  dbke
SR PHA BN R FBE R B ER T 7 =V A€ T & A, 1S-TM-2005-001, (2005).
(9] Km#, JRik ZeBh, Vek sefd(m), ~dbledeimPh a5l Rk s A FHR Y — MR
RE 2007, JdbBEEimBHFEIF KRR Y: EWMEENER T 7 =V AET U H A,
IS-TM-2008-002, (2008).

[10] KB, B ZRBh, ek sEhdGm), “Abbeiesifl 2R KRS S 3t — E Ak
RE 20087, dbBEfeimBE IR KRR RY: EWMEIERER T V=V AET X A,
IS-TM-2009-001, (2009).

(11] KW, R R, G SR, dhefemBl 2B R Em ks S0 5t E Y — ME AR
RE 20097, JdbEeimBF IR R AR RY: BEWMEFMRER T 7 =V AET U L,
IS-TM-2010-001, (2010).

(12] Ik ZRBh, VERE =A(R), "ALERJEmBHEBIN R PR A 7R — ME R R
20107, db kRS i B E IR K7 Ry HHRBEMERT 7 = A€ T X 4,
IS-TM-2011-001, (2011).

(13] feif s=fc, Ry R (6F), "ALBEJSSRMAHAN R AR R A G — M R
20117, JbBEeim B FEM R ERr kY HRBEMERT 7 =V AET X L,



IS-TM-2012-001, (2012).

(14] feif s=fc, RT R (F), "ALBEJCSRR A HAN R BT R HA FHE — Ml R
20127, JbBREIRFLEHIF KRR RY FHRBZEMERT 7 =0V AE T ¥ 4,
IS-TM-2013-001, (2013).

[15] #epE ==hd, = F &2, Bl R/ (@R, “Helesmfl A8 KEpe K7 AR — A
B E 20187, dbESEMmREBIR R PR T HREI PR T 7 =WV AET U F L,
IS-TM-2014-001, (2013).



2. HHRBELSBFOFE T — FIHABE



0.1 ILEIEVTHILOZEICKLZ V7O YIS O FRDEHE

TERBIEAER AR, B
e P ETH3E © Altix UV1000

BRe Y av g+ (BiE ) av) i3, &k, A7 a2 2AEIC k2 T7EL7 7 A Y av
BEDJFERIA 7 & L TR SN Tw 508, HR BICEBA L Z2BR, TIicifiuinss 2 EBTFA
A AR FOBEBELITH 2, TR 2 58— R R CEEY S 2L —v 3 VR HET 5
L FBIENICATIREE DS, COBIRNR T O FRMEAERICSE SN S 2 L IERT
% &, ZOERTMEPFENEIEBROLE R Ty Tk b, L L, ZOENBETMmE i, 5
—FRHMEE O TH 5, AFZETIE. S 7a~FHy oy “BEOHAWN R WL D90t
FCiE (M1 /282 V) I2D &, e v 7 )b m ik (DMC; 1478 7)0) Ik D) 206 D57
AN 2 3700 U 74528, RX, S EENBISeE (M1 hoszor) L BB HBE (K14
NIV K BRY F2—7 DR ZWME T 5, HIFIE CASINO 7’0 77 A ##%13 Gaussian
09 7’u 77 Lz, WL bIZ, R Altix UVI000 124 ¥ A b —)LIFAT, FHEEER
DOFIFRDLUZ, BT 32 2 75, #ET16 2 75 TH %,

DMC & CCSD(T) OffHRIZIZIEF—H L, K<HENTWw 3 L9 I, BEEDE S REHERS
BLHWTE B, f)y, BEIBEEGE ZIEE IR OISR EE 2R L, 2o ClRRED
LBEE 2 W C & 22\ 43, DMC/CCSD(T) ZEHR & D HiIc & b, B3LYP-GD3 23k R D
ReB 252 E0Bbhro7, K11d Type-A DELEZ T ZR L T050, ZOMOEETH, [FH
BEDFERDMG S N7z, B3LYP-GD3 iF5Ix, DMC/CCSD(T) & h bElE a 2 F2aMEL ., 51k
CCOFEICRD MR R T vy e Vil ZRER L. a7 IS OMEIC ORI 5,

# ) 5 ‘ ‘ ‘ ‘ ‘ ‘ 2
bss ®
= N iy o @ ¢
| b | I o
Pt -
D ‘\ = ©  TAanaa, £ . . ¥
) ¢ g 0= 500000088 ] g & g ) 6 ww?“A
R = )| ) — = * H ¥
- < o <
¢ T 5 e 4 8 §
<3 .8 S Ar el ® 1
Trped TweB g Sf LDANTZ & 1 = giag
) s N/ J g a GGANTZ o pirg o L8 B3LYP-GD3NTZ ©
yad /S~ Ve AN 9 B3LYPNVTZ = < -6 . MP2/CBS * 1
1 o \ﬁ . \ .o B3LYP-GD3NTZ = CCSD(T)/ICBS  *
- < ) ) e MO6-2X/VTZ DMC o
u}\\/ p / - (‘}\A -10 L L L I h L -8 L L L |
\ ¢ A I 4 5 6 7 8 9 10 11 4 5 6 7 8 9
Type TypeD RIA] RIA]

L (ZES2 V) AR DFIRENR E L, 7 a~FHe 7 v BRI 57y FRoiE 4 ff
o Type-A DICEICD F, FRFELINBLGE (hxoL) o KO, EHBEE & DMCIE (H/3%
M) IZED /o RT vy v T3V —illifk, 77 R 13 8B Ao mH L HEHE,

WFZE3ERE « AR, BB, “BRTFEVYTALOEIC LB 7 a~F e F v oy RIMEEE
FHREARG , 56 8 [y FRMERTEmEY, 2014 4E 9 H 24 H, INERYE, JAE (EIN2EE, TS 4E503).



FEETNARACHEITHHHEMERLICEAT 2 ERZHMR

BRI R B B
{ERETER : Fujitsu CX250 Cluster

MEFEMBOP TR MBI IVICEWTHEEGSALOBRENFEL. Z0
—D(C "EMFABTORMIRR, HETSND, FBHET /)1 ROERITEICHEWT,
SO (C X DFENSBROXDETPO. T/\1 ABHROEREDETICELD
&, BLERB TR ZANDRE. FRABIDBEHDBREINTLND,

AHRTIE. SEBOBBHDRODFERD IV OBBEPHFRROERITBEOYHE
BB ORAZ BN ERNICASHER > TV REEECEMDERT —5 ZE(C,
BENEHEFIRESFEEZZBVWEETICKD, TERERBEBRIHEOEEYYIY
tEMEEL. BEREDES/I(Y—Y (K1) [EDWTHESHBRRARTZ LU TRIBEMT 4.
DEDBBEHEHMEO U, 5TE(C(E CASTEP D—REFIBL. M2 6(CHERNEINZT
RILF—B—mH 7D Fujitsu CX250 Cluster @ 10~20 I 7 =EHB L1,

AAR TR LB Y Y IVEEMD P T(E NiSi, DFFICK 2 EDEE/I(Y—UH
ROEEVWEBHZRUL, BlC. ZDESE/I\FI—V T, Si[100]R5TH 5 NiSi, [£hH
(37 TD Si RFORBEAEIMRIENTULZRE. Si[100]1DREBEDEMDDERVNRD,
SVWEBHICEN >N JIDES/I\I—V EDLRICEDESH(ICR T, 5
BICHDEEY ) IVILEMEDLBRZETOFETH Do

e Teag TeaRIANY TT T teg e To

5272 7
52725 - |

s273 i bk
!

52735 F L 1 e

5274 |4
52745 | L4

-5275

Total Energy E;, [eV]

-5275.5 |

-5276

-5276.5 |

L L L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10
Distance between Si[100] to NiSi, [A]

2; REBVNRIBHFIEZ R ULBE(ER) £ ST LIE2RE/\Y — Y DRSS ibiR(B )



Density Functional Theory Simulations of Metal Alkoxide and Metal Fluoride

Apichai Jomphoak, Kenta Hongo, Ryo Maezono
School of Information Science, JAIST
Used MPC: Appro PC Cluster (PCC)

Program: Accelrys Materials Studio

Metal fluorides have demonstrated a number of beneficial properties that distinguish them
significantly from other materials, especially the extensive applied metal oxides. Due to their
special collective characteristics like refraction index, UV and IR permeability, and dielectric
functions have certified their uses with great potential for utilization in various areas, i.e., optics,
ceramic, laser technology, and dental applications, as well as catalysis and also anti-corrosive
coating with superior effectivenesses than currently known alternative materials.

In this study, density functional theory (DFT) simulations were performed using the DMol’
package in Materials Studio® v7.0.200 (Accelrys Software Inc.) to optimze geometries of metal
(Al and Mg) alkoxides. We adopted the Slater-Vosko-Wilk-Nusair (SVWN) exchange-correlation
functional within the local-density approximation (LDA) and the double numerical (DN) basis set
along with 4.4 basis file for all the simulations. The convergence tolerance for the maximum
force and maximum displacement for normal geometry optimization were set to 0.2 Ha A™ and
0.5 A, respectively. Figures 1 (a) and (b) visualize our optimized geometries of Al and Mg
alkoxides, respectively. Next, we performed the LDA-SVWN simulations of fluride (F) atoms
sticking to the Al and Mg alkoxides, varying their distances from 6.0 A to their intermidiate states
along a straight line (not a reaction path). In Figs. 1 (c) and (d), we plot the corresponding energy
surfaces. Although they do not simulate reaction pathways for the systhesis of metal fluorides, we
successfully obtained the converged results for all the distances, unlike when using the GGA-PBE
functional. This may imply that our choice of DFT functional is promising for the next step, i.e.,
transition state (TS) searches (LST/QST maximization) for the reaction pathways.
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Fig. 1: (Top) optimized geometries of Al alkoxide (a) and Mg alkoxide (b).
(Bottom) Energy sufaces of F atom(s) sticking to the Al alkoxides (c) and the Mg alkoxide (d).
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Fig. 1. Flowchart of the ab-initio structure determination program
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Proton conductivity enhancement in oriented, sulfonated polyimide thin films

School of Materials Science
Yuki Nagao
Used MPC : pcc

Recently, acid-functionalized or sulfonated polyimides (SPIs) have attracted interest
as essential polymer electrolytes for fuel cells. SPIs have been used as possible
substitutes for convensional perfluorinated ionomer membranes. However, proton
conductivity, stability, and durability are still issues for SPIs because the sulfonated
groups in the polymer electrolyte exhibit excessive swelling under fully hydrated
conditions, which deteriorates their performance during fuel cell operation. Therefore, a
number of structural investigations have been conducted to improve the proton
conductivity and stability profiles of SPIs.

The author explored the effect of proton conductivity in SPI under nanostructured
thin film systems. SPI film! confined to a thickness of 500 nm shows significant proton
conductivity enhancement to a value of 3 x 10-! S/cm. The infrared (IR) p-polarized
multiple-angle incidence resolution spectrometry (p-MAIRS) and in situ
grazing-incidence small-angle X-ray scattering (GISAXS) suggest that the SPI has the
oriented organized structure. Such structural rearrangement vresults in a
liquid-crystal-like ordered polymer structure. The preferred chain packing along the
in-plane direction can have considerable influence on the charge transport
characteristics. Density functional theory (DFT) calculations were performed using the
DMol3 package in Materials Studio v6.0.0 (Accelrys Software). The
Perdew—Burke—Ernzerhof (PBE) function was chosen. The periodic unit almost
matches the experimental d-spacing values of 16 and 22 A (qy = 0.37 and 0.28 A,

respectively).
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A study on the proton transport property of oriented Nafion interface

School of Materials Science
Yuki Nagao, Yutaro Ono, Yanglu Guo
Used MPC : pcc

A fuel cell is one of the promising research fields because it gives us ideal power sources
for use with portable electronic devices. One of the most urgent subjects in this field is
to understand proton transport properties at the interface between polymer electrolyte
and catalyst because the fuel cell reaction occurs at this interface region.

We found that the polymer electrolyte membrane as a candidate for the polymer
electrolyte fuel cell, Nafion, has oriented structure. This has been confirmed by one of
the FT-IR measurement technique, which is called by MAIRS. This technique has one
advantage to determine the oriented structure of the thin films. It can provide the
information of the oriented angle for each functional group. In the previous study, we
found unknown IR band at 1260 cml. For the assignment of this unknown band, DFT
calculation was carried out. From quantum chemistry calculations, using a DMol3
package in Materials Studio v6.0.0 (Accelrys Software Inc.), this peak had been
attributed to the —SOsH vibration modes between two sulfonic acid groups with
hydrogen bonds. These results demonstrate that the Nafion thin film on Si substrate
had a highly oriented structure with the sulfonic acid groups at the side chain. In this
study, a more accurate model for the Nafion structure was determined for the DFT
calculation. The modified part for the model structure is only to provide the longer CF2
main chain. Finally we have obtained different results compared to the previous one.
Most of the literature were focusing on only the structure at the side chain. However,
our result suggests that the length of the main chain is also one of the important

parameters for the DFT calculation.
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A study on the proton conductive organized polyimides

School of Materials Science

Yuki Nagao, Karthik Krishnan, Kazuki Ohno,
Hironori Kobayashi, Shinya Tsuyuki

Used MPC : pcc

Fuel cell is one of the promising research fields because it gives us ideal power sources
for use with portable electronic devices. One of the most urgent subjects in this field is
to develop the high performance polymer electrolytes with high proton conductivity,
high mechanical stability, high chemical stability, and low cost. Most of the conventional
polymer electrolytes are amorphous. Therefore the discussion on the relationship
between the structure and proton transport property sometimes seems hard.

Sulfonated polyimide (SPI) is a candidate for the proton conductive polymer
electrolyte as the polymer electrolyte fuel cell. SPI has rigid main chain, good chemical
and mechanical strength. One characteristic is known as easily introducing functional
groups by the chemical modification at the side chain. Our research group found that
this modified SPI exhibits the organized structure with lyotropic liquid crystal property.
To discuss the organized structure from the X-ray diffraction analysis, DFT calculation
was carried out to optimize the SPI structure using a DMol3 package in Materials
Studio v6.0.0 (Accelrys Software Inc.). The results from the X-rays analysis can be
explained by the results from the DFT calculation.
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CLUSTER COMPUTING SYSTEM - UTLIZATION BY MATSUMI LABORTORY

1. Gaussian 09W: Matsumi laboratory has been working vigorously in synthesizing a bio-friendly

and highly efficient sensitizer for the TiO2 semiconductor which can be employed for
photoelectrochemical water splitting to generate hydrogen. Generally, the sensitizers are
incorporated with ruthenium ion in order to effectively separate the charge and inject the electron
in to the semiconductor. Understanding, the band gap energy and the HOMO, LUMO values are
of major importance for determining the efficiency of the sensitizer. Gaussian software is a
powerful tool in such calculations. Matsumi laboratory has effectively utilized this software in
developing a number of such sensitizers. As a recent development we had developed a new r-
conjugated polymer which can act as a dye. The electronic conjugation of the polymer and the
unique start-like conformation of the polymer and the possibility of creating a metal center with
Ru, made this polymer highly interesting.

Polymer without Ru — DFT' Calculations

Gaussian 09
Calculations HF/3-21G

HOMO =-364ev
LUMOQ =-o0.1844ev

Band gap =3.46 eV

2. BLENDS Materials Studio: Matsumi Group is involved in making new ionic liquids and its
interaction with water. Determining the critical solution temperature i.e., the temperature at which
the binary mixture undergoes a phase transition required meticulous experimental procedures. In
order to effectively determine the precise miscibility characteristics of the new ionic liquid,

BLENDS of Materials Studio

Hexamethyl imidazolium bromide \Ni\\?f\/v\ was effectively used. The ionic

liquid with unique miscibility

» characteristics showed
* o distinguishable trend in its
energy of mixing with

temperature.

E mix/ KJ mol*

-6 4 14 24 34 44 54
Temperature /° C
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Phonon study of extremely thin silicon films and carbon dioxide molecule
adsorption on graphene
M. Manoharan
Mizuta Lab, School of Material science, JAIST,
Machines used: Cray XC30, SGI Altix4700
Program code: OpenMX, SIESTA, Quantum ESPRESSO
XC30 = 256-2048 cores/job; Altix UV1000:64-128CPUs/job
Along with the downscaling trend of CMOS fabrication, the thickness of Si channels has also been reduced

continuously. Five atomic layers thin channel of the silicon-on-insulator MOSFETs has already been reported.
As the channel thickness is extremely thin, phonons in such films are expected to behave in a different manner
to those for bulk Si. We have calculated the phonon band dispersion from three to ten layers. In order to
construct the initial atomistic structure, a few atom layers were first extracted from bulk crystal. And then
each two valence bonds of surface Si were terminated by hydrogen atoms. In the gamma point to (1 -1 0)
direction, we clearly see the phonon bandgap (PhBG). Inner silicon atoms showed the flexural mode. But the
motion of surface silicon atoms is heavily influenced by the surface Hydrogen atoms transverse mode. These
were done by using the density-functional theory simulator Quantum espresso. In the gas molecule physical
adsorption, the van der Waals bonding plays a crucial role. In order to do more accurate gas adsorption
calculations, we have used the nonlocal correlation functional proposed by Dion et al.. vdW-DF calculations
were performed with SIESTA and molecular dynamics simulations were done with OpenMX package.

Publications:

1. Edge irregularities in extremely down-scaled graphene nanoribbon devices: role of channel width M
Manoharan and Hiroshi Mizuta, Mater. Res. Express, Vol. 1, 045605, 2014.

2. Electrical properties of graphene nanodevices modified by helium ion irradiation S. Hang, Z. Moktadir, M.
Muruganathan and H. Mizuta Helium/Neon lon Microscopy Workshop, Trinity College Dublin, Ireland, 13
July 2015.

3. Graphene NEMS Technology for Advanced Sensing and Switches (Invited Talk) H. Mizuta, J. Sun, M. E.
Schmidt and M. Muruganathan 2015 UK-Japan Si Nanoelectronics & Nanotechnology Symposium,
Southampton, UK, 9 - 10 July 2015.

4. Graphene-based nanoelectronic and nano-electro-mechanical (NEM) devices (Invited Talk) H. Mizuta, J. Sun,
T. Iwasaki, M. Schmidt and M. Muruganathan 3rd Bilateral Italy-Japan Seminar Silicon Nanoelectronics for
Advanced Applications, Kyoto, 16 June 2015.

5. Fabrication and characterization of downscaled graphene nanoelectronic devices and NEMS (Invited Talk) H.
Mizuta, T. lwasaki, N. Kalhor, S. Hang, Z. Moktadir, J. Sun and M. Muruganathan The 1st Malaysia-Japan
Joint Symposium on Nanotechnology, Kuala Lumpur, 10 December 2014.

6. Role of the electric field in the carbon dioxide molecule absorption on graphene: Density functional theory
simulation Manoharan Muruganathan, Hiroshi Mizuta % 62 [al)& S BT EE S, 20154 3 A
11 H-14 B BRI v /R X,

7. Atomistic phonon study of Hydrogen-terminated extremely thin silicon films Manoharan Muruganathan,
Hiroshi Mizuta % 62 [alii B~ R AR 2ET AR 2 2015 42 3 H 11 H-14 A AU F v o/ %,
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Theoretical study of the Proton Transfer Process on Human Carbonic Anhydrase 11
Center for Nano Materials and Technology
Muhamad Koyimatu, Hideto Shimahara
in collaboration with Kimikazu Sugimori, and Hidemi Nagao (Kanazawa University)

Machine: SGI altix-UV 1000

A proton of water molecule can be easily transferred to another water molecule. The manner in
which protons rapidly jump one after another in water molecules is called as "proton transfer or
proton jumping" that causes the increase of ionic mobility of hydroxide ion (OH") and hydronium
ion (HsO") in aqueous solution. In fact, the migration rates of these ions are anomalously large
(197.6 and 362.4 cm?V! s, respectively). In addition, dynamics of such proton transfer
between acid and base are thought to be involved in various reaction pathways. This ability can
be a key feature of many organic and biochemical reactions.

An example of the proton transfer can be seen in an active site of zinc-containing enzyme,
Carbonic Anhydrase (CA). This enzyme regulates the acid-base balance and pH in blood and
other animal tissues, and facilitates the transport of carbon dioxide and protons in the intracellular
space, across biological membranes and in the layers of the extracellular space. This enzyme is
present in most of organisms, from bacteria to plant.

CA catalyzes the reversible reaction between carbon dioxide (CO2) hydration and bicarbonate
(HCOz3") dehydration, by the following reaction

H,O + CO; = H*+ HCO3"

The proton that is produced by this reaction is known to be transferred from zinc-bound water to
an exogenous proton acceptor such as a buffer molecule in solution. Here, the human type Il
isozyme of CA (HCAII) is focused since this enzyme should have an efficient process of proton
transfer because of the fastest catalytic rate among CA isozymes (10° s2).

which the active site consists of the zinc atom, several
residues, and several water molecules, as shown in
Figure 1 (atoms were extracted from the protein data
bank (pdb) file: 2CBA). In the active site, a functional
group that can easily accept the productive proton is the
imidazole ring of His64. The distance between a
nitrogen atom of His64 and zinc-bound water (ZnO) is
approximately 7.5A, and several water molecules are
visible between them, so that His64 and ZnO are
connected by these water molecules that are called as

The X-ray analysis shows the structure of HCA 11, in
Thr200 nggf

His119

His84

AsnGT

water-bridge, as shown in Figure 2. Therefore, His64 is E\ wia i

widely accepted to facilitate the transfer of proton from  H_ NN H™ H., _O,H" 2t

the zinc-bound water to a buffer molecule. In fact, + ) w2y ZnO
replacing His64 with another residue causes the decrease :

of the catalytic rate of enzyme. Figure 2. Water-bridge between His64 and Zn.
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Note that the imidazole ring of His64 has two conformations, “(a) in” and “(b) out”, as shown in
Figure 1. Based on the structure, the proton transfer had ever been assumed to be related with a
rotational motion or swinging motion between (2) and (b) (in order to draw the motion, an arrow
is used between them in the figure). However, a lot of researchers did not agree with this
assumption. In this study, the rotational properties of His64 were investigated by a large scale
machine SGI Altix UV1000 equipped with the program of quantum chemistry, Gaussian 09, since
such large model of molecular structure cannot be simulated by using a personal computer.

The structure of imidazole ring is thought to be finely tuned by the

residues surrounding His64. For example, the imidazole ring is closest

to the indole ring of Trp5 as shown in Figure 3. These aromatic rings

should interact with each other, and such interaction is called as the r- I

stacking interaction to which an electron correlation is deeply related. HN

When the structure having electron correlation is calculated to obtain  Figure 3. Indole ring of Trps

a reliable energy value, it takes much time because a higher level of that should interact with
calculation should be used. The method that is called as the second- Midazole ring of His64.

order Mgller-Plesset perturbation theory (MP2) is generally used to create trustworthy models
having electron correlation (we also compared this method with a density functional theory such
as B3LYP and M06-2X). And then, we tried investigating whether the indole ring of Trp5 affects
the structural property of His64 (in addition, Tyr7, Gly63, and Ala65 were also considered) before
applying the MP2 to the full structure of active site.

Using the MP2, B3LYP, and M06-2X methods and the structure having Trp5, Tyr7, Gly63, His64,
and Ala65, we were focusing on obtaining the energy for binding His64 with Trp5 (called as the
binding energy) and the energy for the rotational motion of His64. Especially, the structures
having two neutral forms or positively charged form of His64 as shown in Figure 5 were also
considered. Totally, 234 structures were calculated. As a result, the energetic contribution of Trp5
to the His64 was calculated to be 1.73-1.83 kcal/mol, whereas Tyr7 was found to be no
contribution. In addition, the rotational angle-dependent curves were obtained. Figure 4 shows
the result of MP2 in which the rotation around =
the Ca-Cp bond of His64 was defined by the N-
Co-Cp-C, dihedral angle: y:1. This figure shows
that Trp5 can stabilize the “out” conformation of
all forms of His64, compared to the “in”. RO N
Especially, the curve of charged form of His64
shows the highest stabilization in the “out”
conformation that indicates there is no occasion
for the charged form of His64 having the
productive proton to rotate from “in” to “out” in

proton-transfer process during catalysis of - A le-dependent f the struct
H H H ljgure 4. y1 angle-aepenaent curves o e structure.
HCAII. This finding causes a PhD degree was The closed circle and the open circle refer to the

given to Muhamad Koyimatu. structure with and without Trp5, respectively.

E. (keal/mol)
n 3
g 2[} E
2
E, {keal /mol)

Now, we are trying to confirm the relation of His64 to the manner of rotation as described above
in the structure as shown in Figure 1. Beside three forms of His64 as explained before, we add
another imidazolium ion at more acidic pH. Totally 144 structures have been calculated by using
MO06-2X and MP2 methods. The current results shows that the water-bridge formation contribute
to the stabilization of the “in” conformation, and could affected the preferred orientation of His64.
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The importance of the water-bridge formation and the n-stacking interaction, should be
considered on the further simulation of HCA II, such as whole structure simulation. The whole
structure simulation was planned to be carried out with the combination of quantum mechanics
(QM) and molecular mechanics (MM) on AMBER molecular dynamics package. On another
researcher report, the water-bridge and Trp5 has not been considered on the QM part. In order to
verify this suggestion, we will conduct the QM/MM simulation. The goal of our study is to clarify
the detailed mechanism of catalysis.

List of conferences and articles:

1. Theoretical Study of Tautomerization and Conformations of His64
in Human Carbonic Anhydrase 1l (HCA 1), M. Koyimatu, H. Shimahara, K. Sugimori,
K. Kawaguchi, H. Saito, and H. Nagao. The 8" Annual Meeting of Japan Society for
Molecular Science 2014, Hiroshima, Sep. 21-24, 2015.

2. Experimental and Theoretical Approach to Proton-transfer in Catalysis by Carbonic
Anhydrase, H. Shimahara, M. Koyimatu, K. Sugimori, K. Kawaguchi, H. Saito, and H.
Nagao. The 8" Annual Meeting of Japan Society for Molecular Science 2014, Hiroshima,
Sep. 21-24, 2015.

3. Theoretical Study of the Dependence of Chemical Reaction on Tautomeric form of His64
in The Active Site of Human Carbonic Anhydrase Il, M. Koyimatu, Doctoral Thesis,
2014.
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User Research Report using MPC Servers (2014)
Name: Guo-Liang Chai
Affiliation: Tokyo Institute of Technology, Japan & University College London, UK.
Collaborator: Prof. Kiyoyuki Terakura in JAIST
Used machines: XC30 and PC cluster (HPCC)
Typical computational size: 72 hours/80 procs for HPCC or 48 hours/128 procs for XC30.
Simulation codes used: Quantum-Espresso and CPMD

Abstract of the work

With the depletion of fossil energy, how to use green energy efficiently is an emergent
topic. Fuel cell is one of the most promising technology to contribute to this area. For
fuel cells, the current challenge is the high cost of cathode catalysts. Therefore, our
work is focused on inexpensive cathode catalysts for fuel cells. Our work combines DFT
(Quantum-Espresso code) and MD (Car—Parrinello molecular dynamics) calculations to
study the stability, electronic properties [1], reaction barriers and reaction mechanisms
[2] of cathode catalysts materials (mainly N doped carbon materials). For stability and
electronic properties calculations, we determined the phase diagrams of undoped and
nitrogen-doped oxidized MVs as a function of temperature and partial pressure of O3
and H> gases. The modification of the electronic structure of MV by oxidation and N
doping was also studied. [1]
For reaction barriers and reaction mechanisms, we present rather general consideration
on possible ORR mechanisms for various structures in nitrogen doped CACs based on
the first-principles calculations. Our study indicates that only a particular structure of a
nitrogen pair doped Stone-Wales defect provides a good active site. The ORR activity of
this structure was tuned by the curvature around the active site, which makes its
limiting potential approaching the maximum limiting potential (0.80 V) in the volcano
plot for the ORR activity of CACs. The calculated results can be compared with the
recent experimental ones of the half-wave potential for CAC systems that range from
0.60 to 0.80 V in the reversible-hydrogen-electrode (RHE) scale. [2]
Publications:

[1] Z. Hou, D. J. Shu, G. L. Chai, T. Ikeda, K. Terakura, J. Phys. Chem. C, 118, 19795 (2014).
[2] G. L. Chai, Z. Hou, D. J. Shu, T. Ikeda, K. Terakura, J. Am. Chem. Soc., 136, 13629 (2014).
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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, Cray XC30, SGI Altix UV1000 and PC cluster (pcc)
Typical computational size: 48 hours and 32(64 or 128) procs.
Simulation codes used: Quantum-Espresso, CP2K, and CPMD

1. Effect of Nitrogen Doping on the Migration of the Carbon Adatom and Monovacancy in
Graphene

Nitrogen-doped graphene (N-graphene) has important implications in graphene-based devices
and catalysts. Nitrogen incorporation into graphene via postsynthetic treatment is likely to
produce a non-negligible amount of defects and bond disorders, and the resulting nitrogen
content is usually dominated by graphitic N and pyridinic N. To understand the kinetic stability of
doped N and the effect of doped N on the self-healing of monovacancy in graphene, we have
performed density functional theory calculations to study the adsorption and migration of an
adsorbed C atom on undoped and N-doped graphene with and without a monovacancy (MV).
The effects of N doping and hydrogenation on the migration of a MV in graphene are also studied.
Our results suggest that the graphitic N doped in the vicinity of MV is kinetically unstable, and it
could be transformed into a pyridinic N due to the migration of MV when N-graphene is through
high-temperature annealing. The presence of a C adatom would easily repair the vacancy of
defective graphene with MV and either restore perfect graphene or form a Stone—Wales defect.
Similar repairing processes were also found in the case of a C adatom near MV with a pyridinic N.

Publication:

1. Zhufeng Hou and Kiyoyuki Terakura, Effect of Nitrogen Doping on the Migration of the Carbon Adatom
and Monovacancy in Graphene, J. Phys. Chem. C, 2015, 119 (9), pp 4922-4933.

2. Zhufeng Hou, Da-Jun Shu, Guo-Liang Chai, Takashi lkeda, and Kiyoyuki Terakura, Interplay between
Oxidized Monovacancy and Nitrogen Doping in Graphene, J. Phys. Chem. C, 2014, 118 (34), pp
19795-19805.

3. Takashi lkeda, Zhufeng Hou, Guo-Liang Chai, and Kiyoyuki Terakura, Possible Oxygen Reduction
Reactions for Graphene Edges from First Principles, J. Phys. Chem. C, 2014, 118 (31), pp 17616-17625.

4. Guo-Liang Chai, Zhufeng Hou, Da-Jun Shu, Takashi lkeda, and Kiyoyuki Terakura, Active Sites and
Mechanisms for Oxygen Reduction Reaction on Nitrogen-Doped Carbon Alloy Catalysts: Stone—Wales
Defect and Curvature Effect, J. Am. Chem. Soc., 2014, 136 (39), pp 13629-13640.

5. Xianlong Wang, Zhufeng Hou, Takashi lkeda, and Kiyoyuki Terakura, NMR Chemical Shifts of 1°N-Bearing
Graphene, J. Phys. Chem. C, 2014, 118 (25), pp 13929-13935.
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