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[1] W. Setaka, S. Ohmizu, C. Kabuto, M. Kira, Chem. Lett. 36, 1076 (2007).

[2] A. B. Marahatta, M. Kanno, K. Hoki, W. Setaka, S. Irle, and H. Kono, J. Phys. Chem. C 116, 24845 (2012).
[3] W. Setaka, S. Ohmizu, and M. Kira, Chem. Lett. 39, 468 (2010).

[4] S. Ohmura, H. Kono, T. Oyamada, T. Kato, K. Nakai and S. Koseki, J. Chem. Phys. 141,114105 (2014).
[5] H. Isobe, S. Hitosugi, T. Yamasaki, and R. lizuka, Chemical Science 4, 1293 (2013).
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[1] M. Abe, T. Suzuki, Y. Fujii, M. Hada, and K. Hirao, J. Chem. Phys., 133, 044309 (2010).
[2] M. Abe, T. Suzuki, Y. Fujii, M. Hada, and K. Hirao, J. Comp. Chem. Jpn., 13, 92 (2014).
[3] Y. Imafuku, M. Abe, M. W. Schmidt, and M. Hada, J. Comp. Chem. Jpn., 13, 229 (2014).
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(3R]
[1] Y.-y. Ohnishi; K. Ishimura; S. Ten-no; Int. J. Quantum Chem., in press.
[2] Y.-y. Ohnishi; K. Ishimura; S. Ten-no; J. Chem. Theory Comput., in press.
[3] S. Ten-no; J. Noga; WIREs Comput. Mol. Sci., 2, 114-125 (2012).
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FFEA Y VT ABEIZBWT, AV CHUEMEER EEFHE 2 —a CHAEROBRIZ L -
T, ARV ANVET, MR HAEEE W ol R a O B IREN BT 5 A
REMEDHRNTTEINTWA[1-3], Zhbd MR Y& FHEIE, fiLWETHE L ToR
BRI REA SZT TR, BFarba—T 4 VIRRIBRAY Y b= A~DIEH O
BAEPOHEELZ LN TN D,

MR AINEFIA L Ea—T 4 7OEKERE L TREINTEFZ T O A K
AT ELICTERZED, 4V U0 ARIEY AdrOs (A=Li,Na) 281} 2 FZH etk [1] A BRk S
THkiz, L, BHETIEA U V0 LAY AdrOs O ILEREIIMEIRFME CTH 5 2 & NEBRM
BT [5], ¥4 =7 DA AREREFICHIT 24 U P AEREY AdrOs OYPERER &
ZAUTEES < WE B~ 72 FEBRERER I 28 208 — BTG T 12 70 > T B,

AWFTETIE, AV V0 LRAEY NaolrOs O 5 — JFBRIBIZEIC & > T, 2 B URIKFES A~ [T 72
MmO BT, £3°. RIS ETEIC S < BN R & v =< R, HIPREL
HECTFR T, 2 VB — JRBRAIZ 3 72 NaelrOs (2592 Z il 2~ /3 — R 2 ¥ R, A&
BEICE > TE—FBEADA A ZEH L7206], 2% Ko b~ hZERIZEBIT 5,
Lanczos {% & BAMRIFLRRE [TTIC RS < BMEFHFIC L o T, 2 0% — B 3 KB TRl S h T
WD RO LB R ORI 2 E LS BT 2 L 2L Lz, AFEICE -
T, F—FEERNC S AV R E OB R ERE 2 52 5 Z ENATREL 72 o Tz,

IO, AV VU LB E G A Y CHLNEHA/ERD R 5d EBRERBIH DO FARe T
ARG L. FOREICBIT DM 2% v ) 7 EE, BRSBTS MR O Rk
[B1DJSH AT 72 85— R BRI SE O BB & 3im 3 5.

RBA YV VU LY NalrOs (253 2 55— BRI 2 I3 R 7 L R/ e R B L 5
DEFFHEHAR, FEHEBE K X OB FIET O A B KEETF— L) — & — L OEFEFFETH Y |
ZOMbEOASHIERBROEEDS LML ED TEE L, 2O THEEZRLET,
SCHR
[1] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009); J. Chaloupka, G. Jackeli, and
G. Khaliullin, Phys. Rev. Lett. 105, 027204 (2010).

[2] X. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov, Phys. Rev. B 83, 205101 (2011).

[3] Y. Yamaji and M. Imada, Phys. Rev. X 4, 021035 (2014).

[4] A. Kitaev, Annals Phys. 321, 2 (2006).

[5] S. K. Choi, et al., Phys. Rev. Lett. 108, 127204 (2012); F. Ye, et al., Phys. Rev. B 85, 180403
(2012).

[6] Y. Yamaji, Y. Nomura, M. Kurita, R. Arita, and M. Imada, Phys. Rev. Lett. 113, 107201 (2014).
[7] S. Sugiura and A. Shimizu, Phys. Rev. Lett. 108, 240401 (2012).
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2 25t SUN) —fi%1k Heisenberg #E DB IRS
KT L FTREHR 2, AWM 3, Hudan Univ.4 RIST5, HKH 6
SARPES 1 JHEEER 2. KALLRZ 3, Jie Lout, MEHRZ 5, BEEIG 6, )| &EE3

2 Wotks 1 o SUN) A & ixtd 5 —fi%{t Heisenberg # ORI B RIZIEH BN EF - T
W5, Z ORI REMER Heisenberg BUAHAAEATE (J TH) 12T QM & METIL 5 EIRD
Heisenberg BIFHAAEMEN DY . SUN) JQ #Hi8 & Mp X 5 [1], MEXIFEETIXJHE QHOD
WNTGA—=BWEEZ DI & THKFFHE 5 Valence Bond Solid(VBS)HH~D & TRz 35 =
EVHBILTND, EFENE CIADERBR]IOMGEE B L LT, MKRFFH-VBS HHH o & 148
WRBICKT 2 T Vst ERZEIT O, BBREICET 2Emasii T (1,8], £/
SUN) JQ #51> VBS FH8I T 13k - 0 [a1#H5 G HE) R 00 B FE 096 BRI AV LE 5 A BRI FH S
BrRirrsng 2 &nt, ARIBEHMOBLE b & FAHIR ST W 2y CTREFUE HE S & D K
INIRDEE O RO TV D, Bl 2T ETH# 7 Lo SUQ2) JQa A DU T i 90 JE [aldisxf #ritk:
D (Ze) YakFio 2 ot XY B8 &L R CER R BIG 2R3 2 L AME SN TR Y, & TE
SAZTA 235 T VBS BRFFZE5US UM FRIESNEHN DT 28l Sh T 5 (4],

B IABENC BT DB E UIADEERS O FREMIC DWW TEF KT SO RK - L TZh2h Qy
Qs & F> SUN) JQ HALZ 9 5 KT v T h v n iR A21T-> C& 2[5, = D%, &1
iR, AIRIBEGBEICE L TROZ EEZHLMNCLE, QWETHERE : VAT AV A X0/ S 0N
EATIIE TR STz 2 REEB I RIR 2 BBl S, ARV A AR 7=V T DR —1
v BB IET R DR T CRI—Th 5, BT HEBOMAEEVIZI AT A4 X2 K&
<F2E FITSURDHAIC, 1 RIER Z 1Y 2v—1/D (D=2+DIZRHEAIZIES < [5]. (B)
AIRIREER : 1) EFRTOHE. NI T RIS ST < &Ry Bl R
T2, 2L Ry IE—E T 2 Wt Ising B OB FEHREF T Th 5, 2) BOHMK T O
Bitr. 3KHE Potts B DOEESHEEN/{ON D, EEBIRE Te 23 Te/(J+Q) ~ 0(10)LL DR
FERICAFAET 20— A TIR, BT, BOBEK T & bR BB AIIHETH 2 RIBBI IR
LEAPBH S, ARIBEGEOEI TS 1RGO IRBEIIMRE TE o7,

SCHR

[1] A. W. Sandvik, Phys. Rev. Lett. 98, 227202 (2007).

[2] T. Senthil, et al., Science 303, 1490 (2004); M. Levin and T. Senthil., Phys. Rev. B 70,
220403 (R) (2004).

[3] R. G. Melko and R. K. Kaul, Phys. Rev. Lett. 100, 017203 (2008); A. W. Sandvik, Phys. Rev.
Lett. 104, 177201 (2010); R. Kaul and A. W. Sandvik, Phys. Rev. Lett. 108, 137201 (2012); A.
B. Kuklov etal., Phys. Rev. Lett. 101, 050405 (2008); K. Chen, et al., Phys. Rev. Lett. 110,
185701 (2013)72 &

[4] S. Jin and A. W. Sandvik, Phys. Rev. B 87, 180404 (R) (2013).

[5] K. Harada, et al., Phys. Rev. B 88, 220408 (R) (2013).
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MR LIZFR2IT - NA BRI BRBEDEETIRY AHEBFEICL DR
ORI 1 BRAF 2, FRAT ATCS3, RELAH 4 frpk—K 12, HHER S, mIUECD 4

XHTT « A BV ERNTIEIR Tr BR{EH A, 110, (A=Li, Na) D 2R & U TR IR HE
TEPMTONTND, Z ORI A= D& ETHE AN B~ 7 RO EEHEE B
B7ex # =7 ROMAERELZ LD, BB ITA EUHEMHEERIZ L > TAE O SUQ) &7
DENT-, HILWEATDTTA N —Va a8 AT 5, BEREBIIZERHEERT 2 &0
VTV DN, Naylr0, TEELT 5 V7 WV RIRCBEMHA Z EEG TE R0, 07, S HI
T 28 A TAR BAE SR Tr J8 0 OmESR )\ AR ORI T B A K 2 BB E 28 A L
TR OFEITHOILTN D,

Tl ORGRMEEREZEANL TR LS =7 « A B ULy % BEETTS
M0 IABFEEZ IV THIZE LT (1], 2 B BIARE O JE © D FEIEARREFE 22 58~ 7o A, TRIBEIEFE
120° BUSCERBEMEAR, 2 RO RIEAHE, V7V VR R A BN D Z &N bh o7, AR
X RNV FX — DR ARENKT 5 2 My 2 VW Tk o T, Z 2 THNZ Y 7 7R RCREEAR
FEGT L BT Lo THFgE S 4v7z, & 0 BLERY R AR T b a7z Na,Ir0, O B JEIRRE & sdtfe iy
WZORDBDHETH D [2],

EHIT, ZOEROTZ BN A N e hR =R B TR ke ZT [ L
EHE LU TOREES, = Z 7N A v b =2 br E—3HEBEBATHT L b B2 R
HZENERE T ELEF AT A B oL 7 BRI ORISR 20D 5 LW EIZIE R B,
T TNVAL R e AT MUIZEIL TR, AT Z RO TIEMER LRV, ¥4 7 2
BRI TR T D, ZOA VR TOMERIZ S — UL XL D b0 T, MRoHT
XA TT A RD S AR a DI VIR e Ok U CEER SIS L o TR T B, =2 L
AU R« AT MVOFARKENL & b OETER SNDH V2 I v b« Ty v 7k, AY
RAAR L KRR OBER 2k 5 ETHEMTH 208, BERET 2 F oMM 05U LT
X, BT LHERZRDD LNE LT R> TR,

SCHiR

[1] K. Shinjo, S. Sota, and T. Tohyama, arXiv:1410.4790.
[2] Y. Yamaji, et. al., Phys. Rev. Lett. 113, 107201 (2014).
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EXME—REHEITOT S LRDFTDIEAECPD DFa1—=25
BKT L Sk HFifs AEE— L NEfZ L BEE L
W ER 2, /R 8, L

BETMOENBEEIHND T ) A — L OWEICK LT, BT HFEOE—JFHEICSIH L T
a2 lb—yarn, BECHFREKOMEDR L MR- T, EFICKBMLR R TIITAREL /o> TV
5, LnL, BEOIVEME RN EET L LEY ET5E, 26FEH 1000 T2z 5 X
IRFREW O MBEITIEOIND, FAIZINET, BIUSIFHREICHE L2 R 2B S E—
JREREHR 7w 7 & TRSDFT] OBARZ1T-> C& 72 [1], RSDFT 45 0] CTIHFITEmVE
mrrL [2, Z2HEHWTEE, BT ~Hu R OF - REHERELE > TV, IhE
T. RSDFT O FH /e ek, RO FHN 2T 2V X—FHHE THh - 7228, &L Car-Parrinello
BOHE— Ry F8 PRt RIBIOFE ATV, TR CB 5 Fa—=r 72D, HTHFR
TOES)FHZ A F I 7 AORHE AN R 2 TE 7=,

ARFFETIX, RSDFT OFEDISHAERNT 5 & & bi2, RSDFT 2 _X— A B EEL LT
2—= 7 %1757 RS-CPMD D33 L HFEIZ W TEFET D, £ 112 1IMD AT v 7 O FEITHF
B L PFEEL—F U OFITRBONRZ~T, RSDFT Tidb I W ER SN oTe, KT v
v ¥ /LX° Hellmann-Feynman JJOFFEE B YU IR VR v 7 THoTZR, ZHHOFZH
FFa—=r T ENTBETIE, WEIBEEOELZEEZEDTZDD ONND T 7T ¥ 2 RiEH
BOFEEIWAR VR 7 Lo T D,

# o T) TR 5 1664 JHE+% (4,096,000 k45, 2560 /X F) OFEFITHMINGR (7))

1 MD Lagrange RXEF | /1L A7+ | Hamiltonian | REFLK 2
step # v A

512 MPI X8 OMP 5.54 2.69 0.52 0.44 1.83

SCHR

[1] J.-I. Iwata et al., J. Comp. Phys. 229, 2339 (2010).

[2] Y. Hasegawa et al., Int. J. High Perform. Comp. Appl. 28, 335 (2014).
[3] R. Car and M. Parrinello, Phys. Rev. Lett. 55, 2471 (1985).
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A—5—N ;% DFT 704 5 L CONQUEST DR ENRE 2 FEHFE & EFIREHEN
YoM RS 1 PR KPR T 2, University College London3, FiE KT AT LIFHR 4
ERERN V2, A EGEE 12, PHEE L David Bowler®, TATRTE 4, BEIEEk 4

o (TFHEREH, MR ATV BB ROGLIRAE NI T 24— F —NiES B E Y
1 77 I CONQUEST ZPH¥ L C& 7=, 5 ETokmib, Wbz ED =R, @R RICx
L CHiERE(LZ S 0HE —RBHE R FHRIC /2> TWVWDH Z &, Ge hut cluster OHFFEIZENT
FEEI 20 HIRT RIS 2 ERECICK I Lz Z L 2R L&), &7, BETSEZET
T2 O JHEPUE O Z WD T FIEEZEAT 52 LI KD, CONQUEST 2348 R ITxt LT 2h=iy7e
FIELRoTWVDH I EERLTWA[2], AL, CONQUEST DEGEDIRE & LT, 4 — X —NIEE
— RISy 18 1 [3] & EIRREMEAT I8 L CTHRE T D,

M (L OBRITIX, BIEIO R T » 7 Tl b SN BEITH 2 BRI T2 2 &12 X 0 2h$Em
IR R LN FTRE T H Do L L. ZAVEEH O 4 1B ) #1230 3 2 BRI IR 22 R &
DLETHY | FHEFFRIN L LI/ D, AW Tt Niklasson IZX > TREIN TN D
Extended Lagrangian Born—Oppenheimer 438 /1% (XL-BOMD) ™ F-1:[4] & CONQUEST 23 FHv T
5B ELTH R . (Density Matrix Minimization : DMM) {£¢&
R EDE DRI o T, FHREMAPIUR G ERLNTH
BELTEDTENFENAREERD I LR Lz, A— % —NjEpD 1078t
FTRSFMCE T, 2 FEHNFORBERLED LI ITHIE SN D
DD Z AR~ 32768 JFlF A2 B Lo RIS LT mkEDOH—
JFHESFENV I F N ERICARR Th D Z 2R LTz, 2T X0,
WEO@mWA—F —NIEFH — R FE ) S NHENCITZ D
ANtk J/IN Ek+’ﬂ¢éﬁ F—NEF RS 7B /%4 770 50 100 150 200 20 300 850
FAVN 7= BERRIFSE S AT REIC 72 o 72 & B 2 5, Smustentime (9

#ﬁ\mmwwﬁﬁwﬁ%N%%%wé$KiDEﬁﬁ?%KﬂLT%%E®%W%*ﬁﬁ%
BAITH Z L NAEETH 5. Kohn-Sham HLERC T R X —YHER 23 E T 5 = LIZEEETH 5,
ABFFETIE, CONQUEST T H 7=V b =T UATHNCHE AL Z VWD Z Lk » T,
—E RN THAEIND Z L 2RET D,

-107.56

-107.60 -

-107.62 l{

EB o VB O(eVlatom

-107.64 |

SCHk

[1] M. Arita, S. Arapan, D. R. Bowler and T. Miyazaki, J. Adv. Simulat. Sci. Eng. 1, 87 (2014).
[2] A. Nakata, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. 10, 4813-4822 (2014).
[3] M. Arita, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. published online (DOI:
10.1021/ct500847y).

[4] A. M. N. Niklasson, Phys. Rev. Lett. 100, 123004 (2008).

[5] T. Sakurai and H. Sugiura, J. Comp. Appl. Math 159,119 (2003).
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ERERFETOLERRG - AR IaL—2ay
BT > =1, AR 2, (BREE TS, BRI 4
72— 12, SREREH 2, REMT 3, WEHEA Y, RBRER 2

(B i) [ s OB T IRED SEBIOME E TO~ALF A — Ly I alb— g )

TIEAME, UF3HBICBWTHREL L2 () A—4%—N Bp3%2M 27 Y v K DFT
(DC-RGDFT) [IEZHWenad 7V v REFHIIEIZLD, Li A 4 EMICBEEL A7 7
774 MATO Li 0 H R 2BIEEEBI 0 R(2], Biix T2 77 74 ~ L ERIR
EDOREZI T D Li NG 2 FLUSRFEDORENT, > ) AT AHIRA LK FRIICKE DX
Mo /3], Gi) Hi MDA LD, TV & =R S UM & o fm < ok
OfEMrl4], GiD) WA Ao MD JEIC K 5, BlaUGI oK £ CA U5 B RUR AR ICBE T 2
REIEAEAT & TR AR RE O %6 ALIB]. A T, Rz, ZOMEEZBNT 5.

St I BICEBE - S e ER BB AT =R FEDODIT, mWBEWERZ RO
RBHERMEIOBR N EE L 72> T D, EEMIZIE, B (=FRX V%) [Cum A XOEEE
W7 47— (T KT FREIET, BYRERE2EZINICED L 2 EBMMTh T 5.
FHENEE DICON, EHNRBMBRERRRELMETS. AR TIXIZOL 7%, 7A3I)
7 47— nm JE D bisA =R F R A E LRI T O, BHRE R L OSHEREA A 11K
FLEE7 4 7 —MoOBMERMEZ, BB MD v 22—y ay, 74/ VORESHESTH
DWVIIREAfEDZ DIBE~DOFEMENT, S OICERORAmEBICET S5V I 2 b —a U Eflh
HBPET, FLIMREINLIZR]. 2ofR, UToMmREZREE 0O 70 TROBIEER,
bisA 73 T () 20AngC b X T 72D &, bisABIIRD 7 4 / VIRENAT D ELSE S, bisA
BIEAE D7 4 7 VRRENELL, ERR R
ERMETFT 52 &, () REHEHIS O8N
IZED, bisABIED 7 4/ UEREN, TAITH
D7 F ) REER O TR R L, £
BUREROK IR 725 2 &, (i) RO
OIS, 74 /) 2 Otk & Hik & CHRIEE
WENKRE SRR, FUEREEAID 1%, RO
WOFBRMELFHMSED Z L.

X 1. 7V FICHkeENT bisA =HRF
oy & FERE A H O %,

1] N. Ohba, S. Ogata, T. Kouno et al., Comp. Phys. Commun. 183 (2012) 1664.

2] N. Ohba et al., in preparation for submission.

[1]

(2]

[3] T. Kouno et al., in preparation for submission.
[4] K. Tanaka et al., in preparation for submission.
(5]

5] Y. Kajima, S. Ogata et al., J. Phys. Soc. Jpn. (Letter) 83 (2014) 083601. [Editors’choicel

B-3



et Z R L-EHEE T\ 1 X DERERE
2 N =V S e

(] &/ Of) EWEOHMAEERT. WEOWERN - (LM E 2B F T 5 E TR b AN
MOEBERBIR TH D00 TlEe, ZOMAEAEHZAM L-ErettEmERRBIC bM<k L
TW5n, @, teWwE (1R OMEBEENEZZ 2556, Fid. BRI & BT 5
R R S Z e ERE, B ERIBIEFICED TH 5 2 LITfE 4« O IR, BRERrF
FITB W TORENTE Iz, AIFDERIRICEE 2T, #—7 v b OWEBE VRV 100nm 24 L
T, FCEFENEEICR ST D BN+ nm BELIT T, AL —F =658
LN NIT, WEDY A AFTIIZ OEMEB R EEHTE 5, HIOFVIH TR, hb
RVEWE (BEFR) F—RTRRTE DT L HRED, AP EETH D, —77,
CIROEDOREEZR T ) T vV —OEROIBHNT T, Bonm FRELLT O TR @k T
JEEREAER T 2 Z EBHRDERIZ R o TE T2, Z ORI &ML & O E/ERICE
WTIRL S8R BT R0 SEHOH, I X2 EFRhE O R, £ OR/FriEkIc W v F
7 RRICRAET 200, T2bbitBgy "B, 2 Oy B IR b FEo /T / #iEd L e
HEMT2ZENTE D, ZOBREITIE, sy L Rt/ EROZEM A r — /WXIIER
ThO, HIFRMBFIEUIM bRELTLEW, BBl a7t mE (BEF%R) O
FAAERM O X0 — )72 BRERBHR N LA L 72 5,

[H#iw] B~%+ nm ¥ AORERT /EERL SR E LT, ZORFTHEBICE T 2 i
EWE L OB Z BRI EF XA 7 2A0E—FEFRZ, BfFEO &5 Et
BN NHEOT 077 LATEITTH L3 L, £ 2 THeid, BHEFa— v A0
R R - EZERO 7Y v R CEEISEMEZ TR IE OXhEEF 2 A 7
A% (GCEED: Grid-based Coupled Electron and Electromagnetic field Dynamics) % B%& L T
Tl BHEOBETEFHESCNAY FHRE TEALMAMCEE 7 — ) 2B fi R C a2 L E L&
T MR TR A MBI LS W T r 7T A TH S 72 DITBIFULEEIZ RN TN S,

[FER L] BER T BEERONGTBEGE X A I 7 2A0RKEME E Z DX A F I 7 AT
RS 2 WEBREFRILD A I =X MO0 T 0 BRI, O eiEic £ 5 ot +
B RE UGB (— BRI SR DR REDCIREE) ([Z oW TR T2 TETH D,

(2% 3]

[1] T. Iwasa and K. Nobusada, Phys. Rev. A, 80, 043409 (2009).

[2] M. Noda, K. Ishimura, K. Nobusada, K. Yabana and T. Boku, J. Comp. Phys., 265, 145
(2014).

[3] K. Iida, M. Noda, K. Ishimura, K. Nobusada, J. Phys. Chem. A, in press (2014), DOI:
10.1021/jp5088042

[REE]

AHFFEFEATE (No. 25288012) DOXEEZZIT TITONIEbDTH L, £z, FHRO—HHIL,
Ay a—4% (Nos. hp120035, hp140054) ZHWTHEITLIZbDTH D,
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OpenFFT: An Open-Source Package for 3-D FFTs with
Minimal Volume of Communication

The fast Fourier transform (FFT) is
an essential primitive in numerous
fields of science and engineering. We
have developed an open source parallel
package, called OpenFFT [1], for 3-D
FFTs with a communication-optimal
decomposition method, achieving the
smallest volumes of communication
compared to the existing methods by
two distinguished features: adaptive
decomposition (Fig. 1a), and transpose
order awareness (Fig. 1b) [2,3].

In the mEthOd’ the FFT data is b. Transpose order awareness for improving data loc.

decomposed based on a row-wise

basis that translates the corresponding coordinates from 3-D

Truong Vinh Truong Duy?, Taisuke Ozaki' University of Tokyo!

abc abc
b 7 AP4 Al
R B3, l P
a| 3DData e g L
A ¢ AP [
b N, b b

Step 1 3.1 to 1-D Mapping Step 3a_1.p Decomiposition OIR 2-D Decomposition Step 3b

iaghgCo agh1¢o agbnz10o arbgcy ay11bwz 160 :
o AboCazy AbiCoy dobxaaCioy Mbotysy AvabNzaCa:
| 1-D Data |
Step 2. Block Distribution of 1-D Data to Processes
a. Adaptive decomposition (example of abc with 3-D FFTs).
abc cab cba
P I
W v T, T3
feechocagmananan n P 13 Z I3
£ A 1 | | T 1? :J’
_’.4[1.‘,’-5--;.1’-5-':5---_-..- 7 L s P H
43 Lg% 11
al——= g . a H- 44 a H
PR LA ~I B LT
Pl R ~LP e - e
b b P Localized data b >

wlen transposing
ality when transposing with 3-D FFTs.

Fig. 1. Our decomposition method.

OpenFFT
2DECOMPEFFT
P3DFFT

into 1-D (Step 1 in Fig. 1a) so that the 1-D data can be o I
divided and allocated equally to the processes using a block T e

distribution for a good load balance (Step 2 in Fig. 1a). As a
result, the method can adaptively decompose the FFT data
on the lowest possible degree depending on the number of
processes (Step 3a or 3b in Fig. 1a). Additionally, as the ot
dimensions involved in the decomposition are treated
differently, different orders of transpose actually incur

different degrees of data locality. The best transpose orders

Elapsed Time (second)

3z a4 128 256 512 1024 2048 4096
MNumber of MPI Processes

Fig. 2. Numerical comparison on a Cray

XC30 (1024”3 data points).

that can localize large amounts of data when transposing

leading to the smallest volumes of communication are identified by analyzing all possible cases (Fig. 1b).

Theoretical and numerical results show good performance and scaling properties of OpenFFT in

comparison with other packages (Fig. 2). OpenFFT originates from and has been used in OpenMX [4].
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RS MREEADER  NdFenTiN & FIYMEOE—REHE
FERRME 1, ESICMM2 =5 1.2

IR T D3 A4 Y LA O EFIENd2FesBT, 2B 2BAILEWORBRNER 2 4%
HTWD, EHERERA IR E elb, BT, S U —RENRD BN D, REEIIHM
BHERIRTF T 225, WEEA ORGSR T EE B2 ®H 5, ThMni2i%1E D RFe12% (RIiZ 4 +
BN, 8 v F ThH LT ORERBALP I SN D, 7272 LRFenl 3B FHIIC KL E T,
gho— a2 Elbe#E (Ti,V, Cr, Mn, Mo, W, Al, Si/2 &) TEMBT HMLENH D, FmE(biZ
FORbE X2 ) —RENHAL, MREGELREIE(TSE, ZNLOWERDORNT
NdFeniTiN/Z, Nde:FeuBIZH T4 5 HDODWALNRKE <, BEKRBGFHEERE ¥ 2 U —iREIX
NdzFe1sBIZf5s %,

bivbivd, QMASE AW 2% EIREISOEF I X W NdFen TINOEVEZ F~7=[1], 4fFE 11X
F—7rar bt L T#-o7-, NdFenuTiN ZNdFeisN & b5 &5 2ub A E— A > RN T
DN, TOEITEB LIS A FOMKE—AL ML HILDENITKEZV, NdFeuTik ik 5
L. EIZ XV Ferd&E N-pOHUAERKAE Z 0 | KAEEIRIED HHEEN A AR T 5 72 D
EREEINT 2 Z LB bnodz, FdbHRED DK T EZ AR S o 7ok S, TIEHR O Zh K13/
SVW—HTEAOEZEITIRE < NANHOEFHEEDNEINT 572012, TR a2l 5 & 5 IZNd-4f
B Dab AN Y — R GERFR SN D Z Enbhoiz, IMTFE%B, C, N, O, Fiz[2],
F oA FEOCHE A Sm, YICE 2 123 REB10, ARIRERMEOMEIIC T 720 A bR 5,

Fe(8/) Fe(8i)

® /
® <
P Pee (S ® ®
| P ﬁ 0& (" \
o LI A g Fe®)
‘ ANV L AP
o ® ¥
R )
a Nd

: NdFeisNDO##HE, NdFenTiINTIX, Fe(8@)D—>&#TiNEHHT 5,
[1] T.Miyake, K.Terakura, Y.Harashima, H.Kino, and S.Ishibashi, JPSJ 83, 043702 (2014).

[2] Y.Harashima, K.Terakura, Y.Harashima, H.Kino, S.Ishibashi, and T. Miyake ($¢f& (i =)
[3] Y.Harashima, K.Terakura, Y.Harashima, H.Kino, S.Ishibashi, and T. Miyake G C#Fa )
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FLWASIS T 2 L—2a VICKARRABRERD FROIBEWENE
WRAANFT LR E !

2R AR EORBNLANRSY TR DS E S HEEEDBIRZ B G 5 729121,
REFH TR R I ab—va v 2B ET 5, IRNEBFEOSFEINFEY I 21— a T
WHIET D720 Tl BUE, BFEA T — AV THZERMA T = A TURF0R I ENEN, £I T, B
RO FEAFO@mBLTIZT TIERLS ARV Iab—va vy EOTRPLEL D,

Z T B FIIRE DS & ORFRARFEEAERIC X o TR E L B L. £ D5 F iR
BT D, Z U NTEBEKT HEAEREEE L O FHMEEERZIS Z L1, EREOKRE
RS D ETCOEERGEEL 2D, BxlT, BEEZBEDICEO 2R FET VO FEIFY
2=y g b X NF—FREZ VT, EHBAT VX —2mEEICRHME L., REREs
RETNVABINT D FiEa % L(1,2], BUE, BAR LIciHMEFiE L 7 T A% ) VP FIES &/
HEbE, ERE -EHEEAEROEETHA~DICHZIT> T 5,

SEAAKE L EHERE D RIR A FIET D O 2 TIE. X T B ORERE & AR T oS Ak & R
ML, BICZoMEZEIE BV X —ZLEZEH T2 2 ENEE LV, @H, BENREE
A N CHERBIZRAMR T 2 HEL G 2 b 2GR T D 7o oITid, ANBEE S LI L 22D | RT A —
A —REINIRRZ T 258082\, o, REUZINTEHZREL CLE-THGAE, 7—
TAT7 T FIREENDARERH D, O X REHND, HRDHIETNT A= —FEITIE
DINT. WOT =T 4 777 FEGERVARRIE CHEELAEFETLIFIEL LT, VAT
— RIS F 2l —3 a3 FiETHS Parallel Cascade Selection Molecular
Dynamics [38]ZB% L7z, ZOFHEETE, WHI L TITOEEO D TEVIFFED N T V=7 b
Uinh, FEOHIEIZESWTHRE LY —F y MUEWA Ty v ay MERIRL, £bh
O AT — NN FENIFRTAEBIATT 2 2 & T, ZERNICy —7y MEIDESL 2 & &
HEIZT D, ZOFHBEIENIRMICHEZY 7Y 7 TX 5B, ROV A 7 Loy &
LTHLIFEDHAEZDENRPLELEINRT L LICL-T, ZRE2LVEZVRSTL
TWabZ Eizhsb,

FIZZDYVI a2l —2ailloTEHEoNnZ2ED T2l M) <)o 7 REEET )L Tfif
Bri., BRERITHZHET 22T, AR XV —MEELHET L HEEHBL NS, 2
NI L > THLNDERGTROMERLE BT XL F—ZLORERICOWNTHEET S,

SCHER

[1] K. Takemura, H. Guo, S. Sakuraba, N. Matubayasi, A. Kitao: J. Chem. Phys. 137, 215105
(2012).

[2] K. Takemura, R. R. Burri, T. Ishikawa,T. Ishikura, S. Sakuraba, N. Matubayasi, K.
Kuwata, A. Kitao; Chem. Phys. Lett. 559, 94-98 (2013).

[3] R. Harada, A. Kitao; J. Chem. Phys. 139, 035103 (2013).
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F-REL I L—Y 3 VOBEMISIE
JRF Tk SR

D THEE (V7Y ) 2OV CHHEIRT 2 2 & T (b S, @R OVERER
BRIRIEHTZEDTESD, —#HDOY I a2l —a rFERDDH, THITLIEICDE58, &
FREIFHIT R 2 b— a3 U Ch DRI TV AL BHEHIT W v 7L &=
FET DU AL 2], FEWEEY )% 2 2 L—3 3 > TdH D surface hopping #E[3]. V7
AR NORBET YTV EFEAET D Onsager-Machlup #£[4]X° transition path sampling
L] ALFRIR 72 EDOR/he VX — R 2R 5 string 15[6], A= X —dimaRD 5
Z LD TE 5 constrained MD #£[7]X° metadynamics {E[8] 72 ETH D, ZH LIV I 2 b—v
avkh, BoFHEBECREFEZIVELE L-b0IZT21CHh20, 3 Clalbdfb S =5 — e
FHEa—FZoWT, LU DWHHFRIFHIIT) ZENZEE LY, £I2T, AFETIE 7Y
1) & TEFRRE IZHOWTHEERISIFI R FIEL RN L, IR ZBE LRG0 s & TA
FT7z—A 7077 ARFEICHRDME (K1),

E7o, RORAE WK, Fk) A
/// manvhEars M \\ DR Y L 2 L3 v

RAB—F "‘f‘i@% §
l AT 9. TOFIETIL, R B FE B
BUIHTRT = w; $HLEE =X LXiInsv7UHT
ETHREHE o e pmm
(2BXBE I 514E) !:"l 2= =i FH L, F—XZxt LT, WERT v
Q. °ool OOO ¥ )V E B A IRRERHE TR O 7208 HECE Y
N g O B YTV TETD, 2HLT B LT
LTUNREEMNT @ ? 8 ’ BrbibReE2H T LEFmTHRD 2
l ET,BW - BT L T EREEEICID A
wRT ‘E” NnNrstEnctxs, Sonk=7or7n
HERRERN  awmpb DN B DRSNS L 51T

K 1. E—FREBEIIaL—Y3rvOREMNHTE (HQO%\—T‘@W])/ 7L£ & [9 10] WL\ ‘;7/1/3;} bﬂ_ﬂ}l/ v
2 b— g UAYERD RIREIC 2 o 7%.[11]0

SCHR

[1] D. Chandler, P. G. Wolynes, 74, 4078 (1981). [2] Y. Sugita, Y. Okamoto, Chem. Phys. Lett.
314, 141 (1999). [3] J. C. Tully, J. Chem. Phys. 93, 1061 (1990). [4] H. Fujisaki, M. Shiga, A.
Kidera, J. Chem. Phys. 132, 134101 (2010). [5] C. Dellago, P. G. Bolhuis, F. S. Csajka, D.
Chandler, 108, 1964 (1998). [6] W. E, W. Ren, E. Vanden-Eijnden, Phys. Rev. B, 66, 052301
(2002). [7] E. Carter, G. Ciccotti, J. T. Hynes, R. Kapral, Chem. Phys. Lett. 156, 472 (1989). [8]
A. Laio, Proc. Nat. Acad. Sci. USA, 99, 12562 (2002). [9] D. Marx and M. Parrinello, J. Chem.
Phys. 104, 4077 (1996). [10] M. Shiga, M. Tachikawa, S. Miura, J. Chem. Phys. 115, 9149
(2001). [11] M. Shiga, M. Masia, J. Chem. Phys. 139, 044120 (2013); 7bid. 139, 144103 (2013).
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PCM SAC-CI mFAF & it F
SRR L BHRERNEAIEE 2 —2 5UK ESICB3  (LJRIEE 123, fRH R — 123

B IR AE ISR DA R A BT 572D D ETH S, PCM (polarizable continuum
model) SAC-CI (symmetry-adapted cluster-configuration interaction)iE D HHEIFR & 7' /5
LDFREEIT>TND, LT, KRR MVOIRED X H 12, ZEOEBEIREICRT S
B R AR E L EET 5729, cLR (corrected linear response) PCM SAC-CI #:[1]X° PTE
(perturbation theory at the energy level) PCM SAC JE[2] DB 21T > 7=, Zi15H D k% A
HbE D LT, ML+ D SAC/SAC-CI FHA L IXITRIFLE OFHHE & T, EEhEIREICHT 5
WIS B EE LT3N TREIC 2 o T2,

INboHEE, AV AFAT7 = ROBTBIHUAROBRIEIZEM L, BER & &
ERD, BEFBEINRICRIETTHELM~2), £, 2o 727 N7 =0 ABlOE Y
VUREBBERD AR MV DIRBEAT o To, KT, HTZIZEK LT N-~T BBk L~ R L
T =0 LEEIRDO T - EAMRIN A7 bV D g & Al A IRAE D pHARFENEZ BT & iz L7z (3],
BRENPOHENIZER~OT 1w FAKIZ LY | ERIS, IR UBEREOBEIREO T E A2 2
Fa— L T&D I EWRENTZ, ZHUE, Bio7 e b Az vy =v Aok s k
FHZENTE DT, BLERF OB 2R IR Z R TR TH D,

SCHR

[1] R. Fukuda, M. Ehara, R. Cammi J. Chem. Phys. 140, 064114 (2014)

[2] R. Fukuda, M. Ehara J. Chem. Phys. 141, 154104 (2014)

[3] T. Fukushima, R. Fukuda, K. Kobayashi, G. F. Caramori, G. Frenking, M. Ehara, K.

Tanaka, Chem. Euro. J. in press
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¥/ - EERORGHBELERBESAF 35 R
BCSEHEPR T 1 A RPER 2 JURCHSERF 3. dLPEEE 4, 4T 5
I E 1. IRLE, Stephan2, Hi—pk 8, w4, /MRIEN 4, FEATAF5E 15

Tx TN ETIZ, 7/ ATV ROCFERIE OB R % £ 2R CiBirie & 7572
B, LATFD 2 SUZOWTHEAMIZIY A TE T,

(1) EFTE (DC) k1] & # LS EFGE (DFTB) 14[21 %144 ¥ 7= DC-DFTB #iig Ot
ST

(2) BIF| 22 2 —2 TEZIEICEET 5%E{77 1 27 F 4 DC-DFTB-K D Bi%

BRI, TR — RIS W TT I UEiRE AV CO2 3 - [EIURED v I 2 L— =
V2 DC-DFTB iExwEHA L, KIS EEZEETHT I VIRIROHESR - a3t OSSOk
FHME LIS AHEE L T D, AERTIE, ZOIHREOBIR E BE A2 PLICRET 5,

7 v EDEFROG AR LT CO2 & 43 - BN Db IEE, HIERIERAIZ )T 2 H %)
BXRIED—2L LTMESIT LTS, BUEAW LN TWDRINGE TIZ, CO2 HUBREIZ K
SR INF—2NBEL T D20, SBOEMCITHET TEROBIPOHE, K& 2BINAE, /)
SRFUSE, AR T D WMINIE DO MEENE £ - TW 5, BEERAVE I HES W TGS I 0T
TSNP ORI 217 5 Z L 1E, fFROK = A b CO2 438 - BT % L TR EH Bk C &
H77u—F L L THIfFFShTng,

ARG 227 3 WRINE b FEEE (AMP, MEA, PZ, IPAE. MDEA) (5 L CHRIGEAR & ficios
20 DC-DFTB-MD v X = L—y 3 U &fTolc, ZORER, B TIHEFERISRO M & 721 03 8
72 D WISGEAR & HHOETE T 253, PR 72 BOGIERR Cld4 < #7e 21818 218 - CRUG LTI
HT EERH UL, WIGEFETIX, T7 0087 e hAbT 2 10272 0 Kb A 4> & ARk
T 5, KEBIEMA A N3KkOFy N7 2B L TTu b rORZ 2TV, COITEICEE LE
IREEA A B AT D, F72, CO2 &7 I UBFEA LT MMEA 2 2R D% Tldk, LT <KD
T NU—7 il U CKBIEA A DNRMEA A cBET L, 7a b EGE LS 2L THAR
A—rEAERT D, —FH., BEBERETIET e b AT I UNEREEA A B DI AN A— R
E = MRBI T K D BEE U ESERET A Z LK COL DL 7 2 v OFANKLZ B,
E B2 DFTBIEORHSAFIH LT, BT & B EOREFFRELZBIFT 52 LX) ROSOET
AR 2R BB 21T > TV D,

72 Tlx, DC-DFTB-K 7' 1 7' A D il OFEAf iR <> DFTB 14 0 i A REIRAL R 12 A Al K 723
FA—AZRAREOBRAIZONVWTHERTHTFETH D,

SR

[1] M. Kobayashi, H. Nakai; in Linear-Scaling Techniques in Computational Chemistry and
Physics, (Springer, 2011), pp. 97-127.

[2] M. Elstner, D. Porezag, G. Jungnickel, J. Elsner, M. Haugk. Th. Frauenheim, S. Suhai, G.
Seifert; Phys. Rev. B, 58, 7260 (1998).
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T3T A0 MR FHEEDREFE ERBIEADIEA
MFE RS AT SMEH AL

R BIE S RV EDOI T L '®AACFEREN R T T 7 A My FiuBiEN o L Zh
Z AR ~IS T 2 72D OBREILIE 21T > T\ D, AR, HiEimoBR & LT, M0 2 H
W by 7 FOFHEER EERRF L, . MEELOHBEE MO M0 BHRSER Y 7 by
=7 (4FF : FU) OgREIRIRE (&M O e &) 1T o7, FMO VEDRIFEMIFE~DISH &
LT A TN T4 NADZ U NTE (N T F =2 HA)DOIERI O FREHIE L T
X, FMO FHRE OMIHIIE & L THWA T2 DESHRIEEEZ M > = L— 3 U CfER L, Ty
7% FMO BHRL &2 1T o 72,
1. FMOVEDBAYE - HEREDLIR
1) NMRALZ=> 7 RO - ZEmRHEZAWCE Mz a2 Lickh, 7T
A HE A~ T o TG EEL mdfb - @R E L L2 [2], Zhickn, Zo oLV H R
DEEEMEIEIZBIT 2 NVR F25R & D B3 rTRBIZ 72 o 72,

2) FMO DFENT 2 YRy & Fv 7= IR, Raman A2 kL OWLIR « BEELERE 2 2% L < §H8E T
5 EEFR L8], 2k 0 BRI oW T HEE & EBRO LB AREIZ /e > T2,

3) FMO/IMOMM %= (FMO & o @hEE) ([2oW T, W+ DB 5T 5 FIEITBEA T
ol Al WERKEEZUMTEL X OITIRE L, ZoHETT e T A oS —F8
2LV ROBEGIROHIEREILZITV, e TED LV CERBELZ BT L
warLicl4], 2, # o X0 BE DTy ROBEBEEOHETNEZIT) L CEER)
B LR SN,

4) ZoOfth, TO-OFT 2 & 2 Bk Db R AEFH k7 A BAR LT,

2. FIMORHRSHEY 7 ho =7 (&F5 : FU)DBR%E

AR FU Oieit (B FHBESMOMER L) ZITWEMEL &, ¥ T H LG8
YTy RBR5 MR EEERTHIUL T BRETMO RO AN T —Z BMERTE L5 XD I127%k
V. BERRD MO FHRNES IR o7z,

3. AN I NF=r-U T FESEOEEET VO

AV TN WY g NVADREY T B~ T AT = (HA)EAIORFHImIT T, HA &
Uy FOGEM3HE (POBID : 1RU7 Z2EITERR) (oW T, FMO SHROAIHIEE & L THW S
72ODOM v ab—arzfrolc (HW=7"v 7 A% GROMACS, 715513 Amber 99+GLYCAM, 7K
X TIP3P), ZH6HDfEIET, FMO/MP2/6-31G+ THE G = R VX — % H AT o 1203, BUEE TRE
WG 2 BT TW2RW[E], 4%, EROIMERRPLETH D,

[1] K.Kitaura et al.,Chem.Phys.Lett.,313,701(1999)
[2] G.Qi et al., Chem.Phys.Lett.,6165-173 (2014)

[3] H.Nakata et al., Chem.Phys.lett.,67-74 (2014)

[4] D.G.Fedorovet al., Acc.Chem.Res.,2846-2856 (2014)
[5] P.Avramov et al.,#&¥F#,
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RUADAINRADERFRFHANFEIaL—a
KBBRPTOATY FRERS LUV Lt TH—CD155 &£ DHEEIEH
ARBET L BRREBN 2, ALkt 3 Zilsafi 1 HOTHT L UEER L AR 1

ANIGFRD L SRR OR 1 KRR L IR 20 BB 8. R 1 R

B N—7TiE ) arva—2BL0HS 815 (MD) Y7 v =7 MODYLASI1]
EHAWT, KEETFORI AT 4 NVADTTT 4 T Rextge L2 a3
2 b—y g B FoTERERL BERY AT 4 VALY 7% —CD155 & O RAJFE B/ DU
TEHNZ LD E2ED TND, AERICBNTENLMRORRZRET D,

MR BORY AT 4 VAT RN —T EfFFlRWEH LT 7Y RNERIC—ARE RNA %
GDHREOT AN ATHD, BEEZEERWVWIANA (T T4 BTV R) IZALTIF R0
DDS ¥ U 7 —~OISHAPHREEN TN D b OO fRIKERF TREE & ENd, Fxr DAEJR
TR TEINNFABICEL ORI AT ANAZ T T 4 BT ROREEMITZ T T 0 17V R
HIZAECDAEICL > THHATE 2 RN bholz, ZOB TV RNEOAEIEI 7Y ROob o
AR 72 BB (PYE pH 45 CT-240e) 12XV B 7Y RNERICER S NTZEHICERNT 5, 724K
FT A IVAT T RITE D K Sy F % BHE R E N b ZE T2 — T, A F &3 AS
W LRVEFREMEE 2 RS2 & bbooTe,

—HRIV AT 4V AH T RE CD155 & O EAF
HERIZOWTIE, 7 94 FBHIVBONEZRY 4
4 /LA L CD155 & Ot &%iE([3] (PDBID : 3BEPC) %%
ZIZLoD, Eil Y 4 /L ARIZ CD1556 Ol D1 R A
A &BMLESR (1,000 HRT) ZatREd8 s L,
AT RE D1 RAA W OWHER IOEOHE Y OfFE
5% T AR/ ROJFBIZ I VB LB 6 7
R& D1 RAA CHNCHERT 2 P8 &R LTz, 55 e
WIS D A A KR PIZE N T, & BIZAIZ 1 B 7 REFOES OB~
BB LIH 7Y Fe DL KAL  Ea5InMIcElE IS, R ILs s, dresid
THMREENTFET DI ERNbNhoTo, SHITZDON
7L D1 FAA OB B ESERIZA A L D8 EMAEROERENEE S - L
TO, BTV REAVIERENLGES (K1) ko THATELZ &2 RniZ LT,

SCHR

[1] Y. Andoh, N. Yoshii, K. Fujimoto, K. Mizutani, H. Kojima, A. Yamada, S. Okazaki, et al.;
J. Chem. Theory Comput., 9, 3201 (2013).

[2] Y. Andoh, N. Yoshii, A. Yamada, K. Fujimoto, H. Kojima, K. Mizutani, A. Nakagawa, A.
Nomoto, and S. Okazaki; J. Chem. Phys., 141, 165101 (2014).

[3] P. Zhang, et al.; Proc. Natl. Acad. Sci., 105, 18284 (2008).
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F—REHSFIFHZEIIaAL—TavIZLPB
Cl0, F & Pt (322) R 7w FREM
KOEEBIZE Z 5FE KU STATE RAFKR
BROCRZ T 1, WobTihs o AISEAE 1, FRE b e] 1, VMRS 2, 2RI B

WREFE MO Pt X COREFE LG (ORR) [CBWTC, AT v 7 &2 RO CFHEZ Pt(111)
LV DSBS SISERE L 72D 2 ERREINTWAIL, 2], ARFFETIEE —HEEY I 2 b —
v g a— R STATE Z ]\ T ORR & Pt A7 v TG & OFMRZ I ~T-, £72. ZDEE. ORR
KHOFHDOI=DIZH T B —T =4 ClOsZEANL, TOFENRIZGZDEBLEBE LT,
F9 Pt(111) -3 X2/ 3 FHFEH & Pt(322)-3 XV 17 AT 7K £ TOKDZEE) % 5F—FELYy 18
NFEIab—va TR L, TOME, PtB2AREDO AT v 7 iEiE EOT Y » V%A hT
IKOFREBENEL Z 570, Z OFERAG O TSI P(B22) A 7 v 7Rl Tk~ 72 AT A Mk
75 OH 53 F DA DOREAETRLVF =0 DL N TR LEMEL —FK L, hostute & —ZL7[3,
4], F72, WU E =T =4 L L TCIOsZEATH I &L TPB22D AT v 7 REDAH T
Pt(111)7 7 v NEHE THKOMFEEN L Z o7, Pt A7 v 7R TKOMREENE & 7RIEN D S
DIV Ialb—Tarafidsd e WaE OH NS LITREEL . W& O i1 & R D RIS/ S ARG LI
72 (K1), ZORFITERTBU ST Pt 27 v 7 EOWAE O JL O — CToh 5 "lREMED
HYAl, A7 v T2y P TORGEDFHENTREND>OH D,

STATE OB BAZ DWW T ALFES 0 B B R L X —[ERE 2 fif 795 DIZ % E 72 % < OfEED
YTV T ENFEINATOSNAT LTV IDAZEAL T I v 7 AEEA T ) A b Lz, BUE,

? »

Z DR RO & BT A g RO S
—Z OB EEDTND,

Sk

[1] A. Kuzume et al; J. Electroanal.
Chem., 599, 333 (2007).

[2] A. Hitotsuyanagi et al; Electrochim.
Acta, 82, 512 (2012).

[3] M. J. Kolb, M. T.M. Koper et al;
JCP, 140, 134708 (2014).

[4] M. J.T.C. van der Niet, M. T.M.
Koper et al.; Catalysis Today, 202, 105

(2013). 1. Pt(322) 25 v FREH TH AT v FHixE LD
W OH OfFREE,



—RESFHANFRIERAVEERE) 7 LA F DENERRDETRICHEN
HUK ESICB 1, 4R Hi MANA?, HUKEE L 3, JST & & 231 4
ALBERER L2 (LR B B, (LIS L3, A AR 12

UTF U LA F BT 2 AHEMRIK OB TR ENEILE MO R BMEFHF ISR LRD
THERBERTH LN, ZOBRLMIEDIKE D H L OFHBEIIERENE L) o7, Zhic
% LUTAE R E LiIN(SO2CFs)e (LiITFSAG/7 & b= b UV MANTRIR & V5 Z & T AN IR
EVOIR T 2 BT 5 2 & a1, 2 osEseiithn b A = X IR O £ F T
Holz, AMFFETIE, BESFMETICBIT 2 EERE L L AN BB E WO BE OB RELE N FET

L BRI OBRITEINT E D X 91T, E OB IR EITE IS NL D), BNk
NI LAFD DDy &N T BRI O — R E S & BT T V(K DA AW TR 5,

BARANZIE, FEBR & R CIREEICREE L - HEEETIL e ———
AERICH LR T BRI A e T 85| [ T
IS TEREY A C VRS PE o= BT v
(DFT'MD)ﬁ';%: AT Rt oD JE - Li* AN h supercell (Charge -“1)
WL L BTIREE, & 51T Li ot Fﬁﬂ\ﬁlﬁﬁgi‘wii}?%
gay. [ AkE) ?@?é"ﬁ)ﬁ’\é T LT I RE & | 4%;;;; s:perc;" (CE':Jge !

JTiiMER B A T = X A& 52T 5, V vs Li/Li*
X 1. FRERATEORENETT L
R VA (10-LiTFSA/20-AN, 4.2 mol dm™ (Z#f5)3 L UMK E A (Li-TFSA/43-AN, 0.4
mol dm3Zx%) 1IZxt LT, CPMD ==— F{Z X % DFT Car-Parrinello MD 35 217> 7-, &
BE R4 A3 L= 15.74 A @ cubic cell ZEJH L. ZSHFABIILEIS1Z PBE % 7=,

R EERIR I HEAIREEZFR- L ZATFSA 7 =4 U NE BN OET D Z LN B
2o 7=, T iaﬂﬁl W Z T2 A DA - T=8ED TFSA 7y 1@ S-CF3 M2 H 1) 5 Kk & o™il
BETHDZ LIS L TWBI2l, 207 =F v O TT oy iR AR s CMR /B AR R S HERE LT
% Z & XPS OHlEIC & 0 EBRAICHEGR S izl

RIREEMIRO 1 EHET T, ANITETLS N b

% b DONRIIGITHEST Lighro 7z, AN D 1E&T 'S
=TT FRMTEZ R D 72 BOs B T RV X —fE
BEA#HH TE 5 Blue-moon ensemble %% HV 7=
HEE. FEEElY 60 kcal/mol & 72V . F7- AN 45
DI BN ZENCARE L - 72(K 2), 2 E1ET
TIE AN AT ZE L 720 | F TGRS
T4 57-0 AN OO iRIT 2 EFiEc CTlEde = &8 1.0 15 2.0 25
01570 b 72 5 72, AN © 17 T 5EilHEIC £ W TFSA A ANHHE

AA (kcal/mal)

L2 BRI ﬂ;
ORFEE A = £ L e = e S AL AN 1T TESA)

F WD SELEREREIND EHZE LD,
[1] Y. Yamada, K. Furukawa, K. Sodeyama, K. Kikuchi, M. Yaegashi, Y. Tateyama, A. Yamada;

J. Am. Chem. Soc., 136, 5039 (2014). [2] K. Sodeyama, Y. Yamada, K. Aikawa, A. Yamada, Y.
Tateyama; J. Phys. Chem. C, 118, 14091 (2014).
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BEENEB TOBMRETRLDIaL—3 Y
HRWIVERF 1, BERRAF 2 ZEHE 1, N. Bonnetl2, K452

PREFE M ERSR S S O NIRRT EOER TH v | i1 L-L T PH(111) % AW 7%
HEITOILTNDDIT S LT, KRE L THIH A ORNTH D, T TR VEREHE R
ﬁﬁ%kZé?x@ﬁ#FﬁuﬁE’ﬁﬁﬁ#@r (BDWITHEDRKE) ICEEL TBLT, FANVIZZ LW

WERLTWS, 22T, HJRElyFEFHENOEERT — X 25 K0 & miREE
M“C“O) forced simulation |Z X A FUGREEE O [1]. BAL—E D T CTOFH Tk potentiostat ab
initio MD @Eﬁ%’%[ [ R IEESM) DS R [8]1 % 17> CT& 7z, Loy LEHRTZT 06 SUSHEE
FRIAZAT 5 720113 b ) —BMEFEL R I, FHEBE - Gt 7Y U 7 2 UGET 2 BN
HD, T i%‘(ﬁfuf&p@ﬁﬂ%%ﬁ%t LCHiFrZ e, AENEERT—Z L Ial—Tg
VBRI E DR TR DM DAL WD E BRI RRE L Tz,

I T A OFROFBREMHTT 52 LIC R0 ETROSOREEM OB ALY , 51T
%ﬁ?%&k&iJwaayW6ﬁm%®A7%*5%ﬁﬂLkwékwo%@ﬁ%%@\%
DFENTHRERD & e BB ORI A HEE ST HZ & & Lz, @ top-down W7 GHEDFER, F
HiFEAL {13 Tl associative mechanism 2MEZTH O | BALE T3 212241 TC dissociative
mechanism DNEENZ/2 5 Z b oTe, T70bb “OOIENTETLL T, SMHRE TR o
WNEDLL LWt E2ET, o, RICHEHENETT 2R, ICOWRENEEFE I LT
WIZLITEWMEZ & 2 L0 ERFELYD THATE L Z LR ENDNoT,

FRrLvIal—va rEHAEDE TN T2 2 LOEERZWD ORTZENTE
DT, ZhEMOREIENT 52 LICRY, BRFRETIISDORTAIRTFRNAIRIC D L&
ZTW5,

SCHR

1] Y. Okamoto and O. Sugino, J. Phys. Chem. C 114, 4473 (2010)

2] N. Bonnet, T. Morishita, O. Sugino, and M. Otani, Phys. Rev. Lett. 109, 266101 (2012)
3] I. Hamada, O. Sugino, N. Bonnet, and M. Otani, Phys. Rev. B 88, 155427 (2013)

[
[
[
[4] N. Bonnet, M. Otani, and O. Sugino, J. Phys. Chem. C 118, 13638 (2014)

]
]
]
]
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KEBEMIZE T HABEBLOEBBREOHE &
EMMEREIE - RFBILEICTC T -RRBREE
WRBE L [ F5—

AHFIEIE, AHEERE KBRS D= RN X —BHlmOENE(LEZ B L, B EkimiL
OYHLRFETH D N — 1S T 7 72—~ OB oy HaBAR & @h RIS - At
Bl BT 2BME LTTom, ZhE T, Fx OGBSI KE B o BREAHY R
ICOWTCEFIRIERE, ~— b 2B, B~ AX—HRNEEZ AT R —REhilRiEss o Bl
BERE~DEAEMS A T I 7 ZAEMHT L, Kiile N —0FOHRIERGT 2 Lz, €0
R, RT—0F0no7 7872 =5 F~OEMEBERENFET D L. Z OihERiER
SHRNZ BT 2T L B bk 1Ak & B 7R BB & FIBEIC L, N —lEfifE AR L7z
JihL 23 St CRRRBET 2 HPRAE L L C bR T 27200, MM LICHET 5 Ll L,
Z 2T, ZOERMEEEEIRGEIC X D @R E FEA MR OREHES & LT,

BAE, ROFEOEWEHER RGBT 105F2E Th 203, AR KB O 2B AMK
WHRR E LT, BEIMEIOFERI/ NS <, SERIPUC XV B LI2EF—EAAS K h— - 7
7 72— AT D1, H D WIT R EMEEIREBICBWTESICHESRT 5 2 L0835
2 bbb, I CHBERAMM OB Z21To7, it hE LT, ZkoTiio X
A IBEERAT 22 EI2K, oo efnsdiz, BEMIC, BZHELTRI R
RAIRFZ _HEAHDWVIIRFZ-EMESICLVFAESE, WBICRY FAT7 o U REBEA LT,
7T VTR v T 4 ORMRRE HWC, BEBBOER RICES < Aot b (BHY)
HERELTM L, HEEEN 1 ARE IR SEEMEIORGHIE Lz, ZNOHEYEZ R —,
PCBM %7 7 & 74— & LTI ALY R VOFHR 21T S BT A E 8 & el LT,

F7o. Folt 15%|T38 5 A Wh 3 2 Rk Lo AR~ 0 7 2 0 1 M1, 210 E Wik & ER B
B OB L COBMMAT 21T o7z, ETATFAT UE=0 L - A UEAR T AHA MC
DWTET, EILOANEEN VY a 02 b ERBREI/NIWI & &2 5502 L, ambipolar
RETRE AR L72[8]l, & 51T ambiplar ZREFEORBUZ, AT AT VE=U L« BT AN
BEREEHEZRZL TS EEHONC LML, —J7, v VT, FRIE—LOR 2 RNFER
MR BEE U 72 RN R OFERIZOWT, Fx VT — 74/ VHHAEERZ B L2 2R EH)
A IOV B O AAER = RV X — OfENT (5] b g L 72,

SCHR
[1] M. M. Lee et al. Science 338, 643 (2012).
[2] J. H. Heo et al. Nature Photon., 7, 486 (2013).

[3] G. Giorgi, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. Lett., 4, 4213-4216 (2013).
[4] G. Giorgi, J. Fujisawa, H. Segawa, K. Yamashita, J. Phys. Chem. C, 118, 12176-12183 (2014).
[5] H. Kawai, K. Yamashita, E. Cannuccia, A. Marini, Phys. Rev. B, 89, 085202 (2014).

D-4



Ehit R RSy D EEIC K D DSSC Ok BT T
ISFHFY 4k ? David Sulzer', FHN#T 2 Zemt 2

B FRIEOR L (DSSC) 1Ll 72 KBGO & L CHIRF STl v, 1991 4o M 7o
HLOk, BT HRU LORRIIR AR SN TN D, T30/ F —ZH5h3R(1T 1993 412 10%IZ 3= L7275,
Z D% 20 FEDOBEINT L VED 3%LESNTZEIT TH D, Fox DREBIL, B bFHEIC
D ZOEREKROE S NERSTHHETH D,

KGHEDONAI1L TiO, TFH ¥ —EF ki TI2WF LiztaRy T2+ 5, i 787X
TiO, DIZER(CB)IZ 10° fs -10° ps ORNCIEA S, BRE CHEHUZ LV po Vilgik SN D, @R
fbsn=taFz o 11X, BRI L T D, ARIEIZWD Il redox couple 12, %kus ORI
BILIND, TOMIZ, BFORIUHTAEE RIS KON H D, =R —ZhRITAEN &
BIEORICHHIT 5, BRI E BAEANDRCTRE D, BIETEICCB & 1EEE T
BEALOFIALE TR E DA, TiO, DHBLSNTZAFER Iy ~OBFBHEISICE Y, XER
WCIMZEBE BT 5, IS OWEERE 51 L)L TEMIZET UL TEIX, fix ok
DES ZIEETE, HERLOZRDEHEILTE 2D T, DSSC #WET 5 DITHENLDTEA D,

Bexld, HTFOSKOBEREDC KR (BT EAKEDY) %K 5 _a
BLWHIREWET 5, BT, R L EE(TDDFT)IC 4 \
XT 5, EREROACDZRAF—HED SR> TV D, = OMIER M S

[RAEE DB DO R REZRD L TS, BN T 7 — B4 A /
RiES (Q) OFEE U — > BIEE EFHET 5. KIcENET 4 — -
BOU5AS—ETL (P) Ik B BOT R R E BT B, ~ 0 Q

B, 75 A4— P OBTRENCEERES Q OB TREICR R B 7 TAX—ETL
CEHT AL ORE, COMBERT LU LEANT, fxikagy P ETHT RS
LU T AL — P OfhEINEELZ TDDFT THEAE L7z, Q DB FIfIRREIC 5 2 28T, B35
WIET v L LTRDbEND, ZO-DMRKEIEZET XX — 2 HE, ZOEHNE
L BT EAEE R RD D,

YR AA b D 8 38 ORI G U, 5 R 0D S T S I [ L7, IR (R o
R 7V — A, 22T 7 EF L AHEE L7 Hamiltonian 705 3HEL L 7=,

TiO, ([ZWe75 L7z black-dye OF#IOFERIC LD L, 7 T A =R ICHKT D ANEEDZD, £
TNEFEBIRS RO DUEND DENGroTz, k7 7 AL —F TOEFEANTKIGT It
WEEIX, ARBDL O LEER~DEBEMBENRERO T, EBOWEHA2 L GREAT, NAHKRT TR
2 —BEROTD, FEENTOBMBERE GBI, Zbix 1 fs BEOEWHa & /NI ez
BrmEE R oo, BEPLPHEE~OBMBENIL, KRERERHTHRELFFD, 9 fs OFEME
Ffo7z, &KL LT, Fox OIFIEITLIATO abinitio FHEOENEEZ R HE L,

FOROFE L LTI, ZoEE bl e ST tr REMBBIRGTEM LV, flEo)
L, @ROSEEREOHMEFF LY, TIO, L BMEMOBH I A2 BT, =&
D DIEAZ RO{LT %43, DSSC OYEHF AW D & TRIE A UAT 5 A LRI L L TRE
SNTWD, Fh, THE—CREOKK k7 v T b 5 EFO, BARE OB % ]
WY HHT, T ARRERRTED LFDATVE DS TH D,
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BIKFDAZ N FL— D EERE
FLREE RIGEREE, ARAIERD, 754

7T AL — kA RL— ML, KR - ETLERMBTHY . KOKFERFHFERY NU—7 T
TELEEEDOTIZT A MMy Ao ToiiExE LT\ D, RIRTIE, HESCKAE TEICE T2
ABUNA RL— "MFETDHZENMLNTEY, ZHIEFERKOT L F—EJFHO—>L LT
RERFHEED CND, Flo, KBXLRA X 7 EORAF Lk, THOPER D O i bk

“%@E@H%’A%Fth%ﬂ%#é’kﬁ%%éﬂfwéo:@i5&F¥ﬂ%%%$
HICHED D72 DIZIE, ™A R L— N OGR4 GERERE D 7y TR DO BRI AR AT K CTh 5,

Foxl \Rﬂ/tn~&%%wfm¢®%&/ﬂ4%V%hw“m BERD 5y T8 ) EH E AT
ST RIZIXIX9 D= AL D A X A R L— (33534 /K53 1+5832 A X L 431)
k\%®Hl®ﬁ8ﬁﬁ%®mT%méﬂéoﬁmuﬁﬁéﬁ@%%%%%#:#ét Iz, N
A R L — MNEBFHOKFIZ NaCl 2RI L725HE B 1T > 7, 70 FE 73R 121 MODYLAS /X > 7r
— V&Rl

KFTAA RU— BT DL, AZBRKFIZEETH LTS, MK TIEAZ ITHER
SIEH L, AKPIIREE oM 5, mfRnsdEde & REIE A 2 Rk iEIC 72 5, A RKGE
BERTOETLORAZ OWHRELD L, ZOWWHEFEOHEAR DA Z o2 R B, kA
DAZ APRENRKE LW T 5, Fald, ZORDAERIC ié%&/ﬁaﬁwﬂﬂ4%v~k@
IRERET D Z 2R L], ik, A X BREORDIC A RL— T —Y DK
IR SN D7D TH D,

MK T, KIEETFHLEZAZ B, FL— FOF <<
MED, 20D, @BELCDLHENL, 7F— Y OFMERME S, 5
fRDIEL 725, L LARRG, ZORFMINIE WA X VREDTZ)
(BN ORRFUZ T DGR 22 0 | TaD AR T 5 F TORFRH]
DK LD HEL< 725, A UTidlIMoKk R OGS & RERIZANA R
L— Mok RET 5, T7eb b, NaCl i A FL— hpfig %

5 2 A & AR 5 8 RO 5 A FF o0 T 3], OB A

ABFRORINT, KO AN KL b ORI R Bgapl S Sn T Fe e
HADOFETa L ha— L TELZLEEZRLTND, T72bb, 2R
EOWMIIZ L VIEDAER LT IEEZXH T ET, N RL— NOSfREHIET L LN TE
HENWHIZLETHD, ZOBEIT, HBIEDA S A FL— FOHRAREULR, TANA R
— MZ XDV X —RAF - k7 EOFH I CTERLOREMELH 5,

SCHR

[1]1 Y. Andoh et al, J. Chem. Theory Comput. 9, 3201 (2013).
[2] T. Yagasaki et al., J. Phys. Chem. B 118, 1900 (2014).

[3] T. Yagasaki et al, J. Phys. Chem. B118, 11797 (2014).
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MR YREOE - REHE
BRI R 1 RORWMERT 2, ESEE L R @s L I ERIA L IR ZRE) 2

AN RO G TNDH=—XDHF T, FHHEERHDOD 1 OHRHRETH D, REMN EO
L L CIXEER b, Fridisib, Ssamsiib, AR OMERH 503, TOW, Frissibidsab &
DOREVHERE L LTHLNTWD, FrHhodficix, lmk BAELTHIIH L, 1 IR &

TEDEARESCIESREICEB T2 bO0RH 0, A n*iofﬁE&EK&E?%ﬁ
WHEIRDEEZEZLNTEY, OV A XTEEREND Aﬁé%mu%%ﬁéﬂ%mﬁ?é;

CIEETHD, AFETIE, A—F—NIECLDE - FHREN] & His T8 2R HEIC
ST, fHBIC LD RE =RV F— L FZ XX -2 R L, BEHRENOEHSESREIERS
T 5 A XasRKDiI-[2], bee #EFITHTHI L 7= TiC 12T % EBRTlE, EALOBEN KT 247 HY
DOEFUINIATHI YA ZIEEERDH O . 5V A X TH WA RIRAEMENRZEL L, HrHmic
X B A EERE N L LT D ITREMEDVRIZ S TW B [BIAY, Z WA XL, ARIFFETRD LTz

BARFEN S ER D EAIREBITESR T2 A XL LS A>TV DHZ ERGo T D,

B L7z XDz, SO mREALITEERE E L TRV MATHNA DR, —FH, &
SRS ET T ERBHEAL D BRE 270D Z 0o TR AKEML D EE/ZFRED 1 2127
ofwéom%%mmﬁ@k@®1o®ﬁ%kbf\%¢_m$ﬁﬁ%’mDWEMRﬁﬁf\
—REBYITHT I 72 & DRI K Z e L, AKFEMab2 v 5 RS BE T 5 KEEEZ D LT
LD SHED LV IREREB X LN TWD, EFEEO TiC 76%@?Q%U%%f:#ﬂﬁbﬁ#%&ﬁﬂj%
D12LELTEXLNTND DT, HritE RO EHRTIIKENHRIND LB 5T
Wal4al, 7272, ZhE T, TiC OEDHEA R TOKFIIRIZ OV TIE, A E Chfife = L
X =72 EN0oTHWRNZ ENEL, ERR THWEHE - JFHEFHETEZ AV TR, fHRERER
D EBEARED I AT 4 v MEAGIFHIEHE S U< W ML L TR TN D

SCHR

[1] T. Ozaki, Phys. Rev. B 74, 245101 (2006)

[2] H. Sawada, S. Taniguchi, K. Kawakami and T. Ozaki, Modelling Simul. Mater. Sci. Eng. 21,
045012 (2012)

[3] Y. Kobayashi, J. Takahashi and K. Kawakami, Scripta Mater. 67, 854 (2012)

[4] J. Takahashi, K. Kawakami, Y. Kobayashi, T. Tarui: Scripta Mater. 63, 261 (2010)
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F—REFHEICE DL Fe-Si &€ DEARIL T
PROKBEFE T 1, 5Kk ESISM2 FEHELA 1 BIRIE 12

BRERAEHT, B2 EoMERSCABBEAR P TES AVLNTEY, ZoEmMBEIIT L 24
TR 72t D FEBUTR AR Th 5. SR O SRR D —DICEE b3 & 0, 23tk
LW % BT DU OEE 2 EERE 0 HETH 2 TELLZZ ENALIALTWNSD,. L LR
5, ZTORTLLOFEME AT =X DOV THL IR > TE LT, EEEIEOIERERI 72
FHNIRIZNERRE CTH D, ABFIETIE, EEICER &8P O L AR & OB/ R LF
—H B L VRS 5 2 & T, EEIRE ORI A B = X L OfiRi] %ﬁ?é S S]
bee $kTIE, AR EMEEICKEN /2B E 525 2 ENBES LTS, FH—HEE
B2 OpenMX [1]1 % W 5. OpenMX TlX, FHEAMMSE-EIZ AT 5 order- N{£% e /NE N
52 LT, BEFEOR V2t KEBRFEF LV OFEAMEZIKET 5 2 LN ARETHD. JFT
BT MTE, HEAMRAL & EER - O 2 E TR 4 500 BRED A — R—t L2 NS, $RR
T LB U ERIR TS, DR AR B HERICEEL I IREEO = R L ¥ — A R L X —ELHEL L
T, 2Ly 2 mMEROMEEH T LF—L LTERLE.

R THE A S1 & LI2Ga, HAEHZ RV —IZBOEE D Z EDRARMITICE VAL N E 72
STz THUE SURF DR BB ICAFET 2 L0 b, BAOESAFIET DT 2 B=RL
X—MICEETHDLZ L ER LTS FWHRZ T, SiR 72 b UKL OEENC L 5 2,
ZORERL U CEOEELICEEE B2 D L 2R LTV, FHEHENLE LM
HIERA =X — 2 BT 5 BRORT o v VAR L, Ziva VT o8 AL OEEI
5 BUE AR EE D = R L X —[EEEZ R DT, D ETHIRIRE CORNLOEE M L& Z 5,
Si T ORI E > T, KR TIEOEAMMOEENHLS 720, B TS AR OHEEE 32
K RBRERNE L. Zhug, (KIE TIEERE Silc X0 BEREIEN A C 5 —0, iR CIRERER
ERETCDHZ EZERLTEY, FROBIEINDREIC L DBREEDOEOMm & —FHT 5.
SiJRF-LISMC b EHREORINITHE & S AN E OMAEA =R VX — LML, THE T LD
Wb O TR 2RI T, ZOFRERICOVW IS B REKTS.

SCHR

[1] http://www.openmx-square.org/
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The first-principles mapping onto the phase field crystal model

Swastibrata Bhattacharyyal, Kaoru Ohno' and Ryoji Sahara®

1Dc—:par‘[ment of Physics, Yokohama National University, 79-5 Tokiwadai, Yokohama 240-8501, Japan
*National Institute for Materials Science (NIMS), 1-2-1 Sengen, Tsukuba 305-0047, Japan

Understanding microstructures, formed during various processing conditions of materials, such as
solidification, precipitation, heat treatment and rolling process, is very important in predicting their
durability and performance in different applications. These microstructures play an important role in
determining many material properties such as strength, ductility, hardness, corrosion resistance, wearability
and temperature behavior to name a few. First principles methods such as density functional theory
(DFT)I’2 cannot be used to study such phenomena due to the limitation of the maximum number of atoms it
can deal with. Phase field model (PFM)’ offers a powerful tool to study evolution of microstructures and
phase transformations theoretically. PFM has been successful in producing microstructural patterns and
their dynamics in various alloys and mixtures. Phase field crystal (PFC) model*’, a modified methodology
has also been developed to study the growth of crystals by including a periodic field into the standard PFM.
However, PFM is a purely empirical approach and requires thermodynamic inputs that are difficult to
measure. There is no direct connection between this model and the first principles methods. Hence PFM is
not been widely accepted in various industries’. The purpose of our study is to bridge these two different
methods to justify the phase field model from the viewpoint of the first principles theory. We start from the
first principles DFT, which involves a functional of only electron density. Because the PFC model is based
on the classical DFT"*, we will discuss the connection between these two theories. There is a problem in
making this connection concerning the inconsistency with the continuity equation. We will propose an idea
to overcome this difficulty. Furthermore, in this approach we have to consider the effect of temperature,
which can be incorporated by taking a trace with respect to the atomic positions in a length scale shorter
than the interatomic distances’. Although this is not a unique way to map onto the PFC model, we present a
possible approach to connect the first principles DFT and the PFC model. This methodology will be
explained in detail in the presentation.

Reference:

[1] Hohenberg P. and Kohn W. Phys. Rev. 136, B864 (1964).
[2] Kohn W. and Sham L. J. Phys. Rev. 140, A1133 (1965).

[3] Wheeler A. A., Boettinger W. J. and McFadden G. B. Phys. Rev. 4 45, 7424 (1992).

[4] Elder K. R., Katakowski M., Haataja M. and Grant M. Phys. Rev. Lett. 88, 245701 (2002).
[5] Elder K. R. and Grant M. Phys. Rev. E 70, 051605 (2004).

[6] Chen L-Q. Chin. Sci. Bull. 59, 1641 (2014).

[7] Ramakrishnan T. V. and Yussouff M. Phys. Rev. B 19, 2775 (1979).

[8] Singh Y. Phys. Rep. 207, 351 (1991).

[9] Misumi Y., Masatsuji S., Sahara R., Ishii S., and Ohno K. J. Chem. Phys. 128, 234702 (2008).
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MFEEARDOEMEBRENRONFINFHE
WAL KEH Y, T A A UM KF?2 FRFE' . Scott P. Beckman?, Jordan A. Barr?

DOIOIITIRFE BIRIEAL LT F 8 15518 7 1 775 2 feram (http:/loto.sourceforge.net/feram/)
DBRFE % 2005 4E0 HgElT TV 4. B4R, BaTiOs (2 728 % on/off L7273 B4y 8 )3
ZATWVERAE R & A TiE2 B L[]

AlaEl, RERIZ, IS8R D ST % onfoff L7 7s & 7y B )53t A 24T WV iR BGE 2 IR & RS
DFiEEBIE LTz, SMNBBI SRV IS DT T ) = « 7o o T AR ETY, 0% -
ROISNEY S TIrZm « ) =N« T U T NARRZITH 2 LI KBS F81 7
FHRIC RV BB R AT 2 RFED Z L N TE 2] BV FEHE THOWTW S48
(coarse graining) (T K D R D LD/ DRI S 4L, ZOREFR AT B KeHi s 5 0T, Ht{bo
FEAWIS LI ERLETH LD HRETH L. K feram D38 ) FEHEICE Y 2 Hh
7= PbTiO; DHEPEBVE R AT DR FEF X OVNE S| - 3Rk 0 IS IR 2 &7~ 5.

SE 30k
[1] Takeshi Nishimatsu, Jordan A. Barr and S. P. Beckman: J. Phys. Soc. Jpn. 82, 114605 (2013).
[2] Jordan A. Barr, S. P. Beckman and Takeshi Nishimatsu: Submitted to J. Phys. Soc. Jpn.
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EREERBOSHEERHZBEELETY RS54 MABOXKRBEHEHE
FR L, RO 2, dER3 JEEE L, AL 2, REFR—3

BB EL O 72 D FgREL - WE L EZ ER T D72, WG T v AYIBM OREIRERIC BT

DIEHERE O BRI 2R RO SN TWD. Lo LEBBZIZS A I v 7 A2 EEEET
HTENHELNZ &, B - AREN - WEIEREDOI VT - 74 Uy 7 ABRAET L2 0D,
R 2 S5 2 L IIRERETH 5. BEBSZHEMOTZODY I 2 L—3 3 UHEL AT
HON, BESHIIBITLBANRTFETHL 72— AT 4 — L K - ETARBRTHRZH VAT
LA XL, TYRTA MR L-VVZRESND. —F, BEMBSEH#EOZRIE, 7R
T4 FMEOHEMER & ZORHFANEENICH L7720, 2 —a P ORBBERRAIRTHD.
RERISHERRETIX, 72— X7 4=V R« ETMCEDBT v RT A MR O KRHE S X =
L—ya 3T, 7 R 74 MEMOBE R BLAIME, Wk, RHTssh) Offil 47,
A OURFERLRRIZ ) 2 MR ESIEE O EZ BfE LT 5. BURIICIE
(1) 4B FEMDIC K DR L)L OEEE B OfEMT & @R P o B Qi)
Q) 7=2—XT7 44—V R - ETNLOEREENL CKEF)
@) 72—XT7 4= R TIalb—a rORBIEL (EAR)
D 3 OOBHICHEY A TS, BIRAIZ(1)TIE, 100 B D MD JEfRATIC L 0 figkis
[ R% F 7 MR Bl KOS AE BORFR IC DWW CRENT L, R = L ¥ — 0 R R 7« 7 2R3
7 & Ol VB ORI T 1 AR RIS 2 5 B e BE LT E Tz FHRIT K
SENEIZ X D2 MDET VT Y X A% CUDALZ &V BA%E, GPU IZ5EEE U CHUEMNT 21T > T\ 5.
FIEOFEMIISCHER[1-8] 2 S B 2 72 X 720, X112 {100} % O{110} i TU) v H &7z bee fAdh
([EFRAZ) 2 WA H I Bl i LRl LR Gl 300 K)IZPRFF i

U A B U BRI 2. R A {100} J7 17 | FBE
IR U 4 B FR o R GHETRR DR TE 5. £z, K2
VS ENVRR GG B 1200K) s DR %, AR L 7= #ikk
DT %S Bk & 72 50 % & ORGP E R DR

RE ATz AWFFEI X0 @8R i MD VEESTICd8 ) T
100 HIFEFREELL EOEGHIZIMO Bz 5 L 9170, dhsf
T o - R0 F DRITME, T o X NI I B o5 Fig. 1 Solid nucleus with anisotropy of

four-fold symmetry [3].
g2 &, 2 E TR RO T H o 7o BRE R O B 55088
MR BLERE A BT CE D L 0T oTz.

AROFEFTIZQOFEMIMNZ, (B LG DR ¢,

AT L TETHD.

Sk

[1] Y. Shibuta et al. IS1J Int. 52, 2205 (2012).

[2] /A - kHE - 85K, HAREJET S, 76, 462 (2012).

[3] Y. Shibuta et al. Scripta Mater. 86, 20 (2014). Fig. 2 Multigrain microstructure obtained
after homogeneous nucleation.
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TSR ML— MEEIKIZETS FARA S AHILMEDKFIE
—TUVLRY FI—UEKITLBEFREVEROERIKETE-
RRPVERE RARE )1 E

ITAEDBEMEARIZBI T DR Tl RO REREDBE T 5, 77 A —ar SOOI B
DT TG ER TR & e Fr AP BLGUC R SR T D, 7T AR — MR T, Sk
SO 7237 0 R IR ETHRIFAER G S T D72 | EORFLEPED BRAEIZIE, 1K
B CORMEMESCH LUV E BHEORBEMI T2 ENEELLS, L, (KIECTEEICRL® 1
WEBA LSS, 77AN — bR FAE R TIE, B IR IR A FIELL TEKE ' T ik
R, FERENA DI T AR5 B D72 I FBHN@D TR N WS RN ETE T D, T DT | 1
KD ZRILLL EDT T AN — b EFAC R DOEAEL 2L — T al T DB A MO B kA
RO GEAI &7 o TNz, LLIER, R CEL B &1 2R R O KR BB Z BRI R T& D
BUBFHE F LT, EEREOREERE T VLD ORNBY [T L2y T — 7 [IZROEBL, £
DT I NERE R T DI LTI EEREEZ R T DT Y ARy N — 7B BB TETVD
[1,2], 7YY NIy N —271ETiE, A SREO ORI EER AT T 7T AR — M- A T
BERAN IR A A T EN R WIS TD,

KBTI, ZOIHRT Y NRY NI —=7EDSS | IRt & F R ZIRTDT Y IRy NI — T
#BLT %, Projected Entangled Pair State (PEPS) £ [1] IZEH L, 20 PEPS ¥£% Na,lrO; D f AL
AR A LT B A S 5, NaylrO, TIERWAE BB AR AL/EFH OB X0 | A A DR
RILENKAF L CHAR DAY Vo SH AAE 358572 Kitaev THE | (8 H D% J 972 Heisenberg
PN HAFE LT Kitaev-Heisenberg FBRINEHL TWHEHIFFSITWAL3], Fiz, IHHISIZEYD, Zhb2
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VIILANIZHETIZIX, CRS (Compressed Row Storage)lExlZz H> 5 5k & 174 - X7 MLV Z 1T
IN—=F v ZWTFEND 50, WIilZOWT Anasazi & SLEPc DiEWZIINT 2 & 9 IZH—
WA vy —7 2 —A%F¥ L £, Fa2—bUTPNERBIZEKL, 2= 70r 740
5 Rokko Zffill T2 7€ L LT, BTFAEVEBRON )L b =7 VTHIDREN oSy r—
TITPACK?2 Z BREMICHZMA - v v 7u s 7 L b HEL 2, P EDERIC>V» TR T
Mg 5.

Rokko ZFIM§ %8y r—2 & LT, BT ERHNOPNNLEENaL Sy 75—
Baristal6]DBHFE b IifT L TiHED T2 5, Barista TlX, ALPS (Algorithms and Libraries for
Physics Simulations) & #i#5§ 5 2 EICK Y, KON =7 28T A =8 THIRIZHE
TEAEHICHE-oT0S, FEEER Barista ZHWERYF2—2 b7 [711DT, #5575,
SCHk
(1] B PER « B HatBIc BN 5% - A 38— 21750 D PEREIE A IS A il RIS W T, BB
Bk Zeir afgesk, No. 1908, (2014). http:/www kurims kyoto-u.ac.jp/~kyodo/kokyuroku/contents/pdf/1908-04.pdf
[2] B Tadsk, hlEse, RAGRE, BESEIG  WHRAAEG R VDL v ¥ —7 2 — R
Rokko. https://github.com/t-sakashita/rokko.git
[3] The Trilinos Project. http://trilinos.org

[4] Scalable Library for Eigenvalue Problem Computations. http://www.grycap.upv.es/slepc/
[5] igERER, WP ER ¢ Rokko 2 — Y 7 V&R https:/github.com/cmsi/rokko-tutorial
[6] BTk, Nlse, RAGRE, BEWERG :: f—-MNL vy —7 s —AzHu-B AR BN
W (oS » &7 — 3 Barista. https:/github.com/t-sakashita/barista

(7] Totase, TR, KA, HAERG b4 >~ % —7 = — & Rokko Z W3 7en—F
BRI B % 0 VS DPERELLIR, 27pAD-14, HAPIBLELH 69 MIFER K.
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TS50 A MM FHEEZHAWVERACRATLII O2EFHE
MREH S 27 A1 B 1 RS 1, KRR —BR 1

R4 O S B AR I L IERE AN O F T 2 FIE ECiThbh, AR K PS I ITt= x
NF—ZFH L TREET L CIRR A U 2 2R i 2ot iiiiséee 2 645, 22 CTPSIIOFE
PEHDOEONI~ U H 7 ZAZTH Y | RISHIHIBRIZIBW R ICHEER &R 24 5, PSII
(ZR T DEIN S X7 EEREE T TO OEC 23R bt 2 BRiE+ 2 Z L s T& Ui, PSIT 24K
L 72 i DR RN LA A~ DA REMEZ TV B DO TH 5,

UTAE PS 1T OfE & S R it Sz (K 1a) [1]12 & % & o 23ISR A RRYIE R O B
WRENE /AN SITN D, L LR, PSITIEMN 12 TR 070 5B KB TH Y, fEEN
FERIZRFE STV D D TlE2v, OEC IHIRSTIC & o TLEREOELIREE Sn(n=0-4) % 3K]A]
LN BAKRDIBILKISEEITEE L2 ERMLNTEY (Kok Y1 74 K 1b)[2], ErAE 4
ESRMEIZ X o TREMA ST CE IR N e S TE 7, Ll s OEC O
PHAMETRNZ LA THEZDO L ODOREES L 5> T2 OEC OB HREZ BT 512
FEo TR, ZD7=H OEC OEIREZIFET 2720 ORERE HREFHHEIIAAIRTH D,

LA, Stranger HIX A X VU v REIEL L BEIZ AN DFT 5HEIC L > T SulkEEDO~ 4
VI T AE ORI ER O TR 35 MLV b 3.0 THD Z LRSI, EafERE X #RE]
PG EHAE RS Z 2R LBl o2 NS OEC XX 37 L OMAEHICLVE
RENPKEIEBHLLTWDZEREZDL @ ®)

N5, Lo TH 7 EOET B
FREZW LT HZ EITEETH D,

AR TIXT T 7 A My fEE
(FMO)#: % W T PSIT O & it H &
ITWIEE oG A RO, X U R TER 7
OEC I M1 F+ B IR R AR~ H [0 1: (a)PS 11 005 43 RAE X f5L I Hi
RLRARET 7V ERET 50 LOL (b)~ > A 5 A S ORI & Kok 44 2 L.
TOECIZx L CET NVERBEEST
ANAFRICEDETHEZ ETREERE FIRE R ATV, SolREOMEE, A v L REE, Bk
BOEIZOWCHEmT 5. LRI X VB NGRS 2 I U TREk & IIAREMIC R e 5 3
THA LOFREMEZTRY | HTBLR SRS N A B~ O R & BT 5,

Mn, (1L, 1, 1IV,)

or
Mn,(lll;, IV)

AQameee
Az, »

SCHK

[17Y. Umena, K. Kawakami, J-R. Sgen, and N. Kamiya; Nature 473, 55-61 (2011).

[2] B. Kok, B. Forbush, and M. McGloin; Photochem. Photobio. 11, 457—475 (1970).

[3] S. Petrie, P. Gatt, R. Stranger, and R. J. Pace; Phys. Chem. Chem. Phys. 14, 4651-4657 (2012).
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BHEEITIRY AAHBEEDUE L IERBEAZICEDHE
PEOF ATICST, HEERHE2 B R 1 =l e 2

BB ETTHIME 0 IARBEEIT, BEITHIME 0 IARBHED DILR S - BRI R FIETH 0 |
SRARBEEE T RICB W CENIN 2B E A R T2 Z E N2 TIETH D, BELTHIME D IALREE
T, B, MPEREICRI 2 EEHET AR A REIC KRBT 5720, ZORK
RREZ B FEATHIME 0 AABREED X — 7y MIRREE LTI IRWVEREEZFITT 5, S 612, B
FEATHIME 0 IABRRETIE, AR T 2B WL EIZRHE L2 RIREE b RIRFIC & — & > MiRRE &
LTCTHY S Z & T, SERIRAE & XS T 2l IRIE A Rl Ic KRBT E 2 KO FHENRFITIN D,
L72ii> T, @EOFBEATHIME D IARRHE LR LT, ZhEho s —7 v MRIBZ FoiElZ K3
T AHIOIZKLERILEOE m, BLXOENENOX —F v MRIEEZFHE T2 72 DI B /3R
ff7e &, W OBEITHIME VD ALBRE & R U CEHR 2 2 NIRRT 5,

ARWFFETIE, 2 OB ETTHR 0 ALREEZ VT, BERZRIERIEIEFINE & w7258
OHT-RNAAL v TF o 7HFAE L THIFFS LTV D SraCuOs ® 3 IR D IERRIE N2 E DT 21T
) EHEHIEICKLERT NI XLAORBELEHO TEOMREITo 7, SraCu0s DKFIEE % B
fi#3 D7D, FHCERMICHLBR SN TWD 74/ UICT VA b &Rz A Vi, &
OB B EMREE DR S, B - S THEERZROE O LERS L, LnLaeND,
BT REHODICEATEEAEAEOR Y L, TOERLRNEHBEBEDT- D, FEFIZKE
BEHE X MRERIND, EITARIFETIE, ZOXORET - K FHEEREZ G E T
B 28 8), 22D XV /NS WEHR I A P TR RWBAIEEICRD L9, ZHETHRA DR LT
BB AT 0 IABBEET VT Y R AEHRR LTz,

AWFFEBHEE R D BB ETTHIRR U IAARBEHED WK BIX, ZOHEOF TR LFHR I A AKX
TVIEEORAE, KOS T 2 hE kB D> & 72 2 BB BEA T A 0 IARBEIE D & — 77 > MIRBEDEE
BICHEEERY . TOMRRABEETo7, 20X —7y MREOHEIZ, NIV =T v Off
BB TH D, LIeR> T AINL =T U ORIEHA/DNS iU, ZOFHE a2 NIRRT 5,
Z 2T, ZHVETHA OBEEITIR Y IARFHED T LT ) XL TIERFFICH D AL TEI2E
TR, LU TR0 B HREA 2 BefEICo 1T TR I AT Z L2k, #—5 Y MREEOFHA
THRYFONDZNAIN =T L ORITLE/NSLSTHI LT, R A MEZRBICHI L, FiC
TF ) A NEBDIATDERIIEFROMEERIT VA ENZEEFTREIND, Ll
IRH S ABFIE LT LTRSS S 7o ZUROTTRIABE RIS i U 7o KA 511588 FEAT H1I V) SA Z
BT NTY RAEEHAT S 28T RN KBNS T L) X A% FEB L,

AHFFETIL, T ORI SN BEEITHRR D ALBRHEO T LT Y XA BEXOLY KX
R COFFEEFETT DD ar a— 22N TEOHEE T, BRI LT, b
X L1 v 7V LTz Holstein B O F 1-#5 1-FH AAEH % & > Hubbard-Holstein A2 2 £ L, LLai
DOFZETH BT SraCuOs (2K L72/8T A — & & FARICFHE 2 E(T Uiz, 557zt ED
O, BT A —4 & 3IWDOIERILIFISEDBEORMR, KO3 ROIEHILIFINE I HT- 2
HET - MTHEEAER OEBH SN ST,
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FE—REA I IA—IUNT 4 T EERAWVHRRBEERDECERBEORENT
KRBt L &%, S HIER

SRFRBEE T RIS RT D IR ARG R 21T 9 T2ic, Bax DT —T TIEH—JRBE N REHE
b C AT LI R= L ¥ — G RERNE Y [1,2] & 2 O B O @R ERT[3.4,51 % AA e T
NAT Yy RFEE EREY T 74— VT 4 v 7E) ORFEETRoTCE, AFTOR~
DIFFET, ZDOFEEBRBLEEDON OO R LWE I L CHEMT 5 2 & TRIED SRR
P2 G IEFIREBOME Z M2 Z LI L T&E7Z[4.5].

ARFERTIE, SRBEERTHRIL TV 2 BREOMBAAEEZ A ST 57010, 8RB
R38R O LAY E C & % LaFeAsOD 5 — BRI E H U 7o AR O AT 217 > 72161, & < 1T,
B R—E 7L L BIBEEREDLIIHBT L0%E, ZEBE T T I allEz AT
FARTFERIZONWTHEKT D, SEOFH 2 OFHETIIRRKDOV AT LA XL LT, 5 HulETI0
X 10=100F% F R OFHE (A7FF5004% 1 15) Z170, BInEOZEEZ ERICHERT 2 Z &I
L7z O ORER., FEBREEMMICEST 28T F—E 0 7 O Cs+- O3 ML b SRR
EMARBTHZ R L, 72, SHUEO R T b REESEWVELE (XY DSB8
LA LTSI EZWLNT LIz, Ziud, BLESIRE v MERIEOTHED R BIRE R
ICEETHLZ LR LTS, EFHOMEFENZRRINCEZ 2R EITV, BRI TR
BEME D VKABIER B L CRBLT D Z L 2O MIC LT, S I, BRERF T A —ZDKE
S LIRS TR T 2 — B EM A ERE O LW RB I NN T2 Z L2 LT L,
— R B O EOHERKPBLEHEOFBBUIIKELSFHELTNWD I &R LI, £z, /"3 — Nt
BCH T HBIEETHRBRO IR IS ZFHE AL LD T, ZORRIZO VT HHET 57,

SCHK

[1] M. Imada and T. Miyake, J. Phys. Soc. Jpn. 79 (2010) 112001.

[2] K. Nakamura et al., J. Phys. Soc. Jpn. 79 (2010) 123708.

[3] D. Tahara and M. Imada, J. Phys. Soc. Jpn. 77 (2008) 114701.

[4] T. Misawa, K. Nakamura, and M. Imada, J. Phys. Soc. Jpn. 80 (2011) 023704.
[5] T. Misawa, K. Nakamura, and M. Imada, Phys. Rev. Lett. 108 (2012) 177007.
[6] T. Misawa and M. Imada, arXiv:1409.6536.

[7] T. Misawa and M. Imada, Phys. Rev. B 90, 115137 (2014).
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SERENTE DT HILOKIZ K BIEAEF Ji-J, Heisenberg 1EE! (R HT
HRMPERF Y, ¥ —F K2 AW ZEESR &7REL SHER®

B FH)T T AL —2a VEBFREOENMHEL TWVDLE Y MK TIE, MAFETHLRE
HHERRF DV E LR WETF A IRENFER LG LEEBEZ LN TS, 2O LX) hEF ALY R
NFIET HROEME LT, EHE+F EoD A 12 3,-J;, Heisenberg BRI A6 T b 5. BEEAT
Gk 0 IARFERAE | T IV iERR SIC K B HATIGE [1-3] TlE, AH v H— RCREEMER &
A N T A TROBBENEF ORI, MRERT DR WEIRAFIET 2 Z E R LN > TS, Ln
LN E, ZOMHEBOMBEIIREFERDE N TRV, AFZETIE, EFENEOTFEL W
SEBIE T T Hvaik 4] ERVCZOBRBOESFREZITY,  FEECIRAER X & OV i ik
ZRDIZ [B]. AV ETEOFEIZEY, HERESL N 7Ly MEIREEDO =3 L F—2E,
b )7Ly by vy TEEZERELD 2 ENAREL > TS, NI 7Ly Y v 7K
OFHBABAER DRI 22 &, BEKURF DMEAE LR W BRI v v TV A A RIKM E F v v 7
23PAVTUN D columnar VBC (valenced bond crystal) #HIZ /32N CW B AERA2457-. £7-, AE IR
KR CIEA B U FRBEREE & & A ~ —FHBIBIE A BRI T~ 2 R R QIR D B O3S H 7= D T,
INERETS.

0.15 ( - = 0.3
m(m, T
Staggered § O m(r,0)
[ AF S o Mg
0.1F © 0.2

v desjordin

i
—

0.05

m(q)?, 5.0 x m?

Jo/Jh
1. RIS € T IV B X0 15 B SR REAH X

SCHR
[1] H.-C. Jang, et al.: Phys. Rev. B 86, 024424 (2012)
[2] S.-S. Gong, et al.: Phys. Rev. Lett. 113, 027201 (2014)
[3] W.-J. Hu, et al.: Phys. Rev. B 88, 060402 (2013)
[4] D. Tahara, M, Imada: J. Phys. Soc. Jpn., 77, 114701 (2008).
[5] S. Morita, R. Kaneko, and M. Imada: arXiv:1410.7557
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ETLEFMEFELTHILOEORE - BEKEDRT >V v LHR~NDICHA
MERFEAT LEH KEBE, KAEH R

JhECRRED R T o o ¥ VB E A B RIS IR D L 5 I EE IR A FF O R AR
AET L0, ZERERNALETH D, REEROEFES T I ETIE, KER
active space 2> 5 EHE /2 (ALE 2 HEIWIZIRINT 5 Z E N AIHECTH D08, HHEiEICH-S<
7o, HEHEEIRIBICISHT 2 EBENZEICE DL D 2 &0, iEREOHENR#ETHD &
WO RIES RN DD, ZOREARIT 572012, BT VZEREFT T hbaiE (MSQMC
%) N3RS, MSQMC £ TIE, EEZEMIE, Lowdin O3ENELE W TEIREE
RO 27 V2R (P-22/) L. 2lsho QZ=RIZh T b, Yab—F 0 =7
BREUTO LY IcEL ZENTE S,

Hee Heg)(Co)_ (s "
HPQ HQQ CQ CQ

BREDNY bV THDHC,EC T, FTUAT 7 —ATHITLIZ L 2T, Co=TyCo Pk 51T
RS b, MSQMCIETIE, QXD &5 22T, ORISR A, BUEZEM O T
THNEEHEA LTI Iab—va L, EFREBICRoTEE, HO N7 AT 7 —
THNIFHN D,

dT (1) .

. (Hog - 1oy ) Top (1) -Heg @)

Effective Hamiltonian Hgg 13, T 2 L THE = Hpp +HoToe D L S IZEHET 2 2 &
T&. Effective Hamiltonian DX fA{kIZ k- T, S84 ECHEEE 2 11 O B OB RiE %

AHHAEETH D,
112 . MSQMC £z & % MH* (M=Sc,

~ v i-MSQMC Ti, Cr, Mn) D EEREDR T 2 ¥ /L
Bé N MnH ’%° - HifR A Rd, 2 b OB, EBRT
5] \/7 B ST B MRBEREIR I Bk
% iz O PR TS, MSQMC &2 &k~ T
E 20 | IlH;/ KTy Vil aEstE LI 25,
= o ScH '%” FEOMRBET L X — 1%, fh oo ks R
. | | | WL BRER L BV — B R LT, X
2 4 6 8 10 Hix, RO R T > v Lo,
Pond distance (Bohr) B F AR T O A R R L X
®1 MH*(M=Sc, Ti, Cr, MDOBERED  —0FERIE L OLlk, {05 F Ok E
KT 22 v L HEHR ILOVTHREET B TETH S,

[1] S. Ten-no, J. Chem. Phys., 138, 164126, (2013).
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On the structure and dynamics of crystalline molecular gyroscopes: a semiclassical
molecular dynamics simulation

Tohoku University, “DLSU-Manila, *Tokyo Metropolitan University, “Nagoya University
Wilfredo Credo Chung,'* Tomoya Michimata,* Tomohito Kobayashi,* Kazuto Ikeda,*
Anant Babu Marahatta," Manabu Kanno,! Wataru Setaka, Stephan Irle,* and Hirohiko Kono*

The structure, synthesis and function of molecular

rotors have attracted much attention in recent years. )]

The initiation and control of molecular rotation /\5 "\
through pulsed lasers, thermal, and electrical means is SI

currently being pursued. J

Setaka et al.! synthesized a molecular gyroscope
whose F-substituted p-phenylene rotor is protected by
three polysiloxaalkane macrocages (Figure 1). We aim -
to investigate the rotational dynamics of Setaka’s
molecular gyroscope with a fluorinated rotor. We used
the Density Functional based Tight Binding (DFTB) S
approximation to determine the structure and dynamics | sttor k
of the fluorinated molecular gyroscope using the
DFTB+ 2 suite of programs.

si = SiMez

Figure 1. A single molecule of Setaka's molecular
A single molecular gyroscope having a fluorine-  gyroscope.

substituted p-phenylene rotor enclosed by three

polysiloxaalkane macrocages is extracted from the crystal structure. The geometry of the molecule is

optimized under the SCC-DFTB approximation. Using the optimized geometry as the starting geometry, a

10-ps MD simulation at 0 K initial temperature was performed under the influence of a simulated 5.0 GV/m

continuous-wave (CW) laser having a THz frequency of 29.6 cm™. The polarization direction of the field is

perpendicular to the plane of the p-phenylene ring.

Shown in Figure 2 is the temporal profile of the

dihedral angle described in Figure 1. In the case of the O , T
restricted rotor, the rotor appears to be trapped in the —— Restricted
same structure with small oscillation amplitude in 2F T — Free

response to the THz electric field. The fully-free rotor

overcomes the rotational barrier between structures A 2 4t 1 -
and B after around 4 ps and gets trapped around &
structure B with the dihedral angle reaching as far as E 6 ] i

210°, about a 130-degree flip from the optimized
structure. The flipping is completed within picoseconds gl 1
under the influence of the THz field. The restricted rotor

failed to rotate even when the dynamics is initiated by an 10 . R
electric field. 5 0 5 80 120 160 200
Electric field (GV/m)  Rotor dihedral angle (deg)

We have studied the rotational dynamics of a novel
molecular gyroscope. Initiation of the dynamics by Figure 2. Temporal profile of the rotor dihedral
thermal means leads to a slow flipping motion in the angle under laser-induced conditions at 0 K.
nanosecond time scale. The above simulation also
reveals the possibility of optically controlling the
intramolecular rotation of the rotor for a much faster dynamics. We have shown that the DFTB
approximation is suitable enough for a semiquantitatively accurate simulation of the phenomenon.

[1] W. Setaka, S. Ohmizu, and M. Kira, Chem. Lett. 2010, 39, 468-469.
[2] B. Aradi, et al. J. Phys. Chem. A, 111(26):5678, 2007; M. Elstner, et al. Phys. Rev. B, 58:7260, 1998.
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MPS [2E 1T 2 RERENBEAD S U Z LR ADHE
RRYVERE TitJal 5o

BAE, ITHIRIRREMPS) 7 /L T R, TV YRy hU—27 DFHEED —> L LT, o1
WL B A RO L TN TIE L o T 5[], 2k, MPS 7 A3 U XA, HDHWN
XTIy P U= E RIS BB T AV IETHE L 72> T A AN S RIEN Y
PTLRTFICTTAR L= a v RNhHR0, 72 IF R THoTHRENARETHLHNHT
bb, £, MPS &2 AW TRERED = XL X —B L OEHRIEZ T TR <, ROBRZED
FHEICE L THFERMLL TVD Z Enn, Bl ZIEA B ROIEFM M7 HUELFERR & O bl
BREICBNTEH, REREREZH T TV D,

MPS 7L =Y ZLITBWT, FHEOFEES O . B ERAESYFR(SVD) & T kT EfE A
bl SN EEE =LY MG ﬁﬁl@1£&7/7ﬁu%n+ﬁﬂ“é[m TUHE LR AERAT D
_kf‘\ KE., SHEOLENE, HEZ M EESEAZ 08T, M OISHBING 5(2], 4lH

MPS 7= U XLIZHEWT, EAR SVD ORAEMRE Lo iR &2 HET 5,

\\}ﬂ;

B SCHER
1] U. Schollwéck, Ann. Phys. 326 (2011), 96-192.
2] N. Halko, P. G. Martinsson, and J. A. Tropp, SIAM Rev. 53(2) (2011), 217-288.
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Negatively curved cubic carbon crystals with octahedral symmetry

H ALK NiChe! Yunye Liangl, Yoshiyuki Kawazoe1

After several proposals of new 2-dimensional carbon nano structures, interest in their
actual synthesis has begun to increase. One needs a clear orientation or criteria to describe
those carbon structures in an appropriate way. Recently, we have proposed a systematic
method for discovering new stable structures of carbon crystals with sp>-bonding using
advanced mathematical methods. There are two key ideas: geometric descriptions based on
curvatures, symmetries, etc. and the standard realization of crystal lattices via harmonic
theory to identify stable coordinates. We apply this new method to study negatively curved
carbon crystals with octahedral symmetry after Mackay—Terrones, and identify several new
structures. The stability and electronic states of the proposed structures are investigated using

first principles calculations.

Figure. Mackay crystal and its reduction to a disk region. (a) Schwarz P-surface (b) The fundamental
domain for octahedral symmetry of the crystal. (¢) The fundamental domain (kite-like region) for dihedral
group D3 of the hexagonal region. (d) The kite-like region can topologically deform into the disk region.
Reference

[1] M. Tagami, Y. Liang, H. Naito, Y. Kawazoe, M. Kotani, Carbon. 2014, 76, 266.
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A—RVEZRAVWEBRARROBRY A AR 5—1) V7 EEZTDIER
AR FZRFEEAT R AT ZER R

FABESGE S TR ON D EERBIR I % 2 B 25O 1T 2 FENRBIG Th 5, B2, B
WRCEAT—=AAETHY | BN E&fix&~uy7Wﬂmibfwé A=V v ZHl
DA —V U THREIZR 2R THIHAINTND Z ENEL, BRIAGOSHEICE LS, Th
HDEIL=N—H VT 4 7 TRALES, 2="—H VT 77 ADRELZFHEMESCEBROT — X
IOAT D o A7 — U U TRAT EPFDY, < OBERBIG O TITbiL TRz, ko7 — 4 fif
ﬁﬁ%i%ﬁ%)/7%@@%@ﬁﬁukﬁ¢4%%%%wéoL#L\X&%J/7%ﬁ%§
HATP T 2 72 DICITEERLERIGEN S ENS50 o7,

Kﬁ@fi“ﬁxﬁm%%WkX7%UVﬁ%ﬁ@%iﬁmm3%ﬂ%£§bkCHﬂy7
~ﬂﬂ$M%%ﬁ¢éoﬁ%*w&iﬁWXEE%%th4X%E&®#@T%@\%@x&w

U v TRRAT~DIR 1] & ELIAT—V U TRIEORFIER]IZHI T 5, Ko 0H
pAZ I 1Y ab S N CERIEDO LS A — U o ZERBICET D HK D e W Bk

=AY VT 1 — 77XHE% FTENZ ENDPo TS, B, IFIEEZRELE C++3y
=Bl W2 T, A — U U ZIRITC T 2 BIRE 22 ik 23 70 < Th L i HICET — 4
XD A — U U TR DMT O HIE BRI T 5,

SCHR

[1] Kenji Harada, Physical Review E 84, 056704 (2011).
[2] Kenji Harada, arXiv:1410.3622 (2014).

[3] http://kenjiharada.github.io/BSA/

[4] Bayesian Scaling Analysis on MateriApps: http://ma.cms-initiative.jp/ja/listapps/bsa/bsa
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RSPACE ZAWV-BFHEE - Wit IaLl—Yay
B RGHRER e o 2 — JST S & ANt

Fex O 7N —T Tl M A IS ERLBEELR I LS < B RELEH = — N RSPACE[1] 2 BH%& L
TWb, Zoa— R *WW#A°’%6htﬁ@%ﬁ7wﬁ9%b%ﬁ%bf%@ reni]]
FAEECOENT T +—~ U AT A, PERDOFmPE 2 Wit B A TR R 2o
FERMETE LR TH D LW R E RS, A7 r Y =7 FTIE, Eﬁ%’é L 7= RSPACE % Blififi L .
WHROEAT A AL Z 2 FETOX v U 7 BENZRT 2 REAR I M, T /31 2D
HEULICE#RT 2 2 &2 B E LTV 5,

SiIC 73 L, NI =T A 2D Th, BWRKIZ LY Si02 &\ 5 ZE e ka2 ER AT
BETHD Z & MERD Si T 31 AERREATZISHTE D Z L LW I FIEE D, Lo, Si02/SiC
REORERGBIRR EZEZ 5N DF v ) 7 BHEOK TS — NEEOBRERZENN, &FE
fE~ANTF RS RERE L e > T D,

AWFZETIE, SiC R OMLBIED L I = L—3 3 %47V, SiO2 IR 2 400 & 72 - 7= SiC
FRD C A D A T = XL Efi~_Tz, ZOfER, OFEM EIZ Si02 3 F(ET % Si02/SiC Ht
i CIE CO & LTHENDN, EENEZETH S SiC il CTlx COz 0 & LTHEN S
&, ORAETIE., FREICHEND X 9 REEIO C IR TFIIFEE LN ENS o7, T OEN
1%, SiC FEMK LD SiO2 AR COM T EEZINZ D Z LICL > TREZ 5, FEBRICIER S v R
T BRI LIE/SiC S A & HERENR SiC R T, B - - BREFEE R9 2 kﬂ”ﬁof%éﬂ
ZD XD RBEWRLENCRIT D CIHEFORDEENA, RAEAIK 7 0 22 & 2 REoEc et
WEGIEEZTAREMED B D,

SCR

[1] K. Hirose, T. Ono, Y. Fujimoto, and S. Tsukamoto, First-Principles Calculations in
Real-Space Formalism, Electronic Configurations and Transport Properties of
Nanostructures (Imperial College, London, 2005).

[2] C. Kim, J.H. Moon, J.H. Yim, D.H. Lee, J.H. Lee, H.H. Lee, and H.J. Kim, Appl. Phys.
Lett. 100, 082112 (2012).
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Effect of SiC stacking on the electronic properties of the SiC/SiO: interface
Center for Computational Sciences, University of Tsukuba?, Christopher Kirkham?!, Tomoya Ono!

Silicon Carbide is a wide band-gap semiconductor material that can be used for high temperature and
power electronic devices, such as field effect transistors. These are conditions under which the traditionally
used Silicon fails.

Like Si, the native oxide of SiC is SiOg, but its use in practical devices has been hampered by the low
channel mobility of the SiC/SiO; interface. This has been attributed to defects in the interfacial region,
several types of which have been identified in previous studies [1][2].

In this work we performed electronic structure calculations using the RSPACE [3] code to investigate the
effect of SiC stacking on the electronic properties of the SiC/SiO; interface, both in the presence and
absence of defects. Measures such as the energies and Local Density of States (LDOS) of these structures
were used as a means of comparison.

The interface was modelled using 4H-SiC and B-tridymite SiO,, allowing for 4 possible variations of the
clean interface, based on the SiC stacking and the relative positions of the SiC and SiO.. Of these, the SiC
stacking has the more significant effect.

Defects, such as excess C or O atoms, were then introduced into the interfacial region. Expanding on
previous studies, several positions were investigated for each defect, in addition to the different SiC
stackings.

We have found that the effect of defects on the interface LDOS varies with SiC stacking. In addition, some
changes occur regardless of defect type. By comparison, defect position usually has relatively little effect.

[1] P. Deak et al., J. Phys. D: Appl. Phys. 40, 6242-6253 (2007)

[2] A. Gavrikov et al., J. Appl. Phys. 104, 093508 (2008)

[3] Hirose K, Ono T, Fujimoto Y, Tsukamoto S: First-Principles Calculations in Real-Space Formalism.
London: Imperial College Press; 2005.
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EEHETENS—RIEEREREICX I 5 Sakurai-Sugiura ;EZMDE A
PRBe 1, IR 2 JEMAle 1. /NEP MRt 2

MR AR E T T EER OB RS A T T 5 51k L LT, ¥ Green BI%K
(NEGFENRBUEILS AN H TS, NEGF LT, PEREMROFELZ A= L¥—L LT
BELSEIR D~ IV b =7 AZHRY dATe, 22 2250EI2 55 < NEGF 15 Tl &> —% 1k Bloch
WHEZ WD Z & CHOZ R X =2 EIICER T 2 FIENRE S T 5[], —fi%{k Bloch
RREIZJE IR S 71— Ak Bloch %33 2 & TR oD —BALBEAEMEZ E 2 & °fF
bivd,

,P = All,® (1

Z 2T, @Ik Bloch {REE, M, , M, 1XFEx /L I — MR TH. MIEFEERTHD, 2 ET,
(UK LT QZ BN SN CTE =2, WHPEAMEW QZ L TIX R R 2 H 9 HA 1
HEI A IRRELLARVIBELLWIHRER S -T2, £ ZTHEFRX 1T, A<<1,|A] >>1 2% h
RIS T 2 RMICHEERE IR T 2o 3r by MEPERIEICHFELRNWI LIZERL
T, FPEOEANOE A, EAREKOAZRD D 715 TH 5 Sakurai-Sugiura(SS)i%(2,3] % (1)
RICHEHT 2 2 & TRk Aiz, (DRI 2 BEA M 3EE FE EoBEAL B L Cxf
Fr& 2Bz, BEALHOSMUTIZBC, ANHICIEBEICoMmT 5, SS BRI A EM O HEE T
AR & EAEOEREST VIS EEENKE b 2 L3RRS T8l BALH o
PRI &AMl B DO BfR 2 5 = & T, Z oM@ R L7,

B ERR L LT, CNT(10,10)0(1) A% LT SS #h L QZ iE TEHE 24TV il & Ot B2 bhlik L
7o My, T, DATHIV A XL 9216X 9216, SSIED /N7 A—& & U TRy midliE 32 . 71 v 74k
D¥E 2014 5, 107* < |A| < 10*E L7z, FHEIZA T Intel Xeon E5-2690 (2.90GHz) % i\ Cfi%
R CIT o 72, BEAMHESAE O 2K 1127~ d, SSIETIXEBRNOEFEOANFR ST
WD ENSND, FHEFERIT SS 5 TIX 10818 #, QZ 1 TIE 37606 B & 72 1) 3 FERREE O EH
fbZERTE Tz, 4%IL SSIEIC MPL WS Z 8 AT HZ LTI L2 mBELERDL TETH D,

Tm{log(x)/2xi)

s s s . | 1 h s s M
-05 -04 -03 -02 -0.1 0.0 0.1 0.2 0.3 0.4 0.5
Rc(lng(l)t’?rti)

B 1: SS ik & QZIEIC & A BEHEHAR DLk
[1] T. Ono et al., Phys. Rev. B 86, 195406 (2012)
[2] T. Sakurai and H. Sugiura, J. Comput. Appl. Math. 159, 112 (2003)
(3= 5 1, HAUSHEEL 25w 0E 19, (2009)
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Excitons and Biexcitons in symmetric elecron-hole bilayers
Jekedoim K BilE R

BB OB EBIE D m W Z Ry B HEHe o T v n ke T, FHER T ERICE
F 5 E A IEFLROBIE FF v MR O 2 KIRAYITHIZE LT 2 (1], B -5 5 23 i B o> ek
(rs~5-8) IZBWT ERDOEMEHZ /NS < LTS & EFIELT T X~ Ehle RIS
Bd 20, BRI Z D &R 20 FXURRICEER T 2RI, BEITIIRE, B LU,
A OREIZ LV RS Nh>oH 5,

d |tbohr]
AF

Plasma Wigner X'tal

1.0 3.0 20 31.0

s AWFFETHE OIS EFIEFL BB O, Rishl 3 w1 o0 2
(REZACIARY) . fEE 3 EREREE T, Wb Bohr BZ TH %,
rs=5.0 FREDHEHETIE, d Z/hs< LT &, 7T X~
—IT XY b TR DU ST D,

KT, 77 A<REL . BT LELDORT U o 2R EEA #E— T ER R ok 5 9T
EREBAER W, AR LR A IEED VIR ESND, i rOnmr 70 v r7hnn . 2K
FABEBIE Rt A B R BV E CRIET 2 ENFRETH L, INETICE RO MBI, 4
BERRF O EZRIE T2 HR/ KD, =% MU, S =Y b U E R B8 T 255
RT AR AR O D, MO X H el bR e P—2E o206 %,
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Casida ansatz [CE D W =FIEIREBOITIERDHETF X -
EmEK - AR T v LA TOREESE
WERH 1, R MENT 2 SR 1, EEHE 2, 21

SRR CER Lo —IREHE T OITHI BRI, Bkx R EORFEIC LT L /e 5 EE Y BE
B ThH D, ZOFE LT, IRETIRE, JEWEEE SR (NAC), kR AE C O 112 < JI(ENF),
A CHUEFEEHGOC), B X URIA M Mo Faraday term OFFE 2 EREiFons, 2
& OITHNE R & NN GRS D 721, REHRAEE BB %GE (TDDFT) IS\ FEDB
FHBREATND, Fex X2 E T, TDDFT & H 72 ELJEIREE & BhERAER D NAC Dk 72 22X
EBLOERERFRETEEZRE LX), UL, BREMO NAC 2o\ Tix, 2ot
BRENEHEICEA T2, 20X R REROITHEROFEMEIL, ERRolZhros)
THROLND,

—J7. HEJERRE L KRB DT HER O ERIb S | hEIREED LK ENF S % Casida
ansatz CIET D HiENH D, Z O Casida ansatz & W IUE, HAR 5 ERE T OBE X2 T, Fx
7R HEIRRER DITHN R DOFHE N W EEIC 72 5, NAC, ENF, SOC ~if L7-#E%, TRAifF) Th
HEWIRE2, DD, FELIBEREDLL WO MEBILH D, L, Ziun eiTaf
L COFEIZIT Casida ansatz AN ORI, R FmPE « AT 2 v VPR A C O RS A
HY | EOEHVETKT DR T2, AR, 2 b DFELZ S L, Casida ansatz
DEAMB LOGRBEEZMRAET 22 L2 BN E T 5,

FIELE R HEHE 7 0 7T A ABINIT (21T - 72, — KRB A DEWIZ L 5 Casida ansatz @
BICHEICE R L, £ T vy VORSERELZ BN CE 5 51E4 B2 L, NAC & ENF ~
DEFEZIT>TWND, R TIZZDOFMIZ OV TiEm T 5, £/o. TS HEBRLEEAE T - K
FHEE T O NAC FHREO SRR [4] & OHE bR 2.
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xTAPP D1—HE ) T4 DHEL
BRWPERF ' ROKPRAE @RI T2, AR HEEST . HAEE wHiogEA "

xTAPP[1]1E. ZELESE (DFT) ICHSEAET v v v VIEIC X 5 il B s o 5 — e
Ba— R G5, Fex L xTAPP O—F LU 5 ¢ DMl & BRI /T - T 5, xTAPP DR
— A ThIEET 57 4 I m—HF—f v #—T 2 —2 (GUI) Y7 k7 =7 TAPIOCA[2]D B
REED AT =TT T U Y LT XTAPP ORRT oo VEERT 5 Y — /b (PS generator on
the web browser) HIEF L7=, T TIAKEMN S E A~ A E T8 3EFD xTAPP fHOERT o+
NEABELTHEY ., BROBREF v L5245 - L kLR, SFEoEmIcEbE Ta—W
IR T L v LR AR A T & b EREIC 7 5 7. IR xTAPP O 7 0 —F v — kT
B0, MY — A ORFICL Y AN T 7 A OISR O LA AT 2 5.

F7-. D DFT 22— R & OHE A 5 7- 510, BIEEDN 17> TV 5 DFT 22— RO AN
LMY — L OBAFEIZEB VT, xXTAPP & [F] Ul SR O VASP[3]721) T/ < | F2%2[H DFT O
RSDFT[4] & J{EREIE D OpenMX[S]~DZAEH G FHER TH 5,

EHIT, Fxl, HEHAERF 2— U T AOEHE[6,7]1% 2B L, XTAPP O K2 6550 T 5,

TAPIOCA

Setting parameters
(Convergence conditions, TAPIOCA
mesh, and so forth)

TAPIOCA

Visualization

input output
Structure data l:: Calculation
(Atom, crystal) ¢ Charge densities l:>
¢ Band structures
« DOS -
ﬂ * Atomic forces "
Atomic data |
(PS)

TiO, charge density

Pseudopotential (PS) generator on the web browser

: XTAPP 7 H—F ¥ — |
[1] HFAFG K, TAPP =22 YV — 7 A tapp@cms.phys.s.u-tokyo.ac.jp; http://xtapp.cp.is.s.u-tokyo.ac.jp/.
[2] http://ma.cms-initiative.jp/ja/listapps/tapioca.
[3] http://www.vasp.at/.
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GCEED 707 5 LOHAERERUVHENEDER
SyFAR L BPEER L AR L (R 1

S BIHREE RS To BT T A ADFIE LT, 77 Xe 8K, b - S A2 —,

tﬁﬁﬁ'@ﬁﬁaﬁﬂﬂfﬁ ENRZETOND, T DOHREDOERMEITIT, iﬁ(wiﬁﬂ“ nm F&E D) /R
BIFDNBHEDOE XA F I 7 ZAOMANEETHLH08, £ DT DITIT KRB FIFHHE A AT

RE7R 22 0E 2 O T2 2R - R —REE 41 I 7 XA J:éﬁﬂﬁﬁﬂﬁ&ﬁf“%éo L2»

Ui £ D ZEMEIZEEDS S FHRICBWT, REFFEE O T — 7 — BB O RECRERINE 72 £ 0 f it 70 i

Z RERIZ R T3 5R EAEE L7V, A ENTZEI S OREEEIZEd 28 21T > 72,

BAERHE L Z v E THA 23BE% L € & 72 GCEED(Grid-based Coupled Electron and
Electromagnetic field Dynamics) 7' & 7\§A[1-3]%)ﬂb\fco T AL, FERERE - F22E M EEULBI S

ICHSSEFHAFT IV RAETHD, £MEIC L > T %1 Kohn-Sham FHfXAfigx | K
F'a'ﬁ%\é JRIXEE T — 7 —REZ W TERD Iﬁﬁﬁﬁlﬂﬁ%mL7 Vo Eae nEmEET, K
BB FIMEICE LT D, 7 — 7 —READREBIZ DWW T, BB ORIRRP AR5 L 72 5 31K,
4, 8RICHOWTIHIANTz, Fo, (B LT D RIT feeCoo 1 2= MBI AunZ T 2% —(n=146,
308, 560). SissoHzse 7 7 A X — L L7z,

T— I —EAZ AWK RIET =2 U —M2Ge S 20w, R At 285 5 LIRfEZ
x5 EEFESLETRVT =0T 5, Bertsch Hid, 4 ROT7T—7 —EIZHKIT S At &
IV R =T U OMERHEORED EIRENY 812705 Z & Ar L[4l FfkIc LT, 3%kE 8%kdD |
PRAEIZY 8 & 3.395 L7205, ZHLDEDIITH A OFHETHLN At O EREDOL L —FH LT
WD ZEWnnole, £, ADEREITRICEL T —ETHDL Z ENnhoT,

RIS, BB LB 2 A M2OWTIANTZ, 3 IROGEITRKR L 72 HRAGED 378
3.0mHartree/atom TH Y | FEEN T3 TRV ENX G0 oTc, —FH, 4 IROGHEITRK E DR
7273 0.004 #F, 0.06mHartree/atom ToH Y | FFEN+ 0 IRESILD Z L3 o7, 72, T
616 / — NIZF T D Ausos DRI AT FVEHR O FATRERIL, 3K 4 K 8 R TELI L1 19630,
15264, 24636 Y TH Y . 4 KA R o7, a2 MIT =T —REAOKK L FEH AT v 7
BOETHEG LN TE, ZORML Y LFETRMIT—HLTVD

BARMZR3H RIS A & Uik, PR USRS 5 L & D — @Mlﬁl‘%ﬁj\%@ﬁzﬁ%ﬁ@ﬁﬁ}@
IZIRDAHA TR Y | BT GIR O E PR ST K > THREEDER T2 R0 5 L0 ) FERBE S
LTS, GRS ARET 2,
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REEJT-ZIHEZRAW-EERFERO D BRIEHE DR
PEXARFT /2T b FAiGEE. FRIEZ

HHEMFEEIRD—>TdHh D TTE-CA (TTF: tetrathiafulvalene, CA: p-chloranil) (Z >\ T, HimatHA

TRERABDWERSZ ENR PRI TWEN[L2], UV —2Efi7eEOMBEDT-D, EERIK7ZR
RIINEETH 72, Lol EHE, MBI, FEOTHE (8~10 uC/em?) 12185 K&
72 H 3645515 6.3 uClem? AR SN DI Z T, MEMET /UL 5 PR L T, Sy
MOBENRETHLHZ L, B, ZOREZIN20FLLERENZ L BABENEZ[E, 20
Fr 570 BRI MR OB 2RI 572 IAMEY =T iE %2 W CEFHIEOHT 21772 -
7=

TTF-CA X, 2 D517 a il 7 M AZ BRI T Dt daiE 2 ff b, B RICiZzn i 2 o
TR 4 FMFET H[4], TTF-HOMO & CA-LUMO DR CH o 72 BB E 2 E L TR Y |
N REY vy 7O EFIZZNGOHUBIZHKT 53 R3 2 KT ORI TN AH[1], 90K TD
HHEMH (NTA=F A ZHNT =0 LRELTDH) & 40K TOMFAEM (=1 &£32) OEHHE
., BRO, 20O ER & R 2 f AR L 7o R AR (1=0.1, 0.2,...,0.9) (2T,
o — JRHE TR IERHE = — K QMAS (http://qmas.jp) & AV T, SRRt R 21772 > 7, atilizin -7
SRR S ACKHIGT D55 F DA NERT VRS, ERFEREBIE FEORE S LA 4H
THI LA, BERAKFEZTRT 2L bER LB & HI2, Z ORI REEEITIE, ¥
Y THETFD2AV ROFENRENWZE LB LNER ST, ZD 23 RIZHOWT, KRTE
U =T E AT 5 & TTF-HOMO & CA-LUMO O#EAE G Tl T& 5 X 5 RfuE s S
LI, MK DEERIROE L, SVZ D & TTF OWfO CA I DWW TOREDOELH, A%
AT OFEB L OB OMOREL L GFE L TWD Z DR INTZ[5], EDOEMIZHOWNT, N1
T ANA MEEEFFOBEBEBBRLDTRF BRI OV TOMITRER L B LS, @G+ 5,

SCHR

[1] S. Ishibashi and K. Terakura; Physica B, 405, S338 (2010).

[2] G. Giovannetti, S. Kumar, A. Stroppa, J. van den Brink, and S. Picozzi; Phys. Rev. Lett., 103, 266401
(2009).

[3] K. Kobayashi, S. Horiuchi, R. Kumai, F. Kagawa, Y. Murakami, and Y. Tokura; Phys. Rev. Lett., 108,
237601 (2012).

[4] M. Le Cointe, M.H. Lemée-Cailleau, H. Cailleau, B.Toudic, L.Toupet, G.Heger, F. Moussa, P. Schweiss,
K.H. Kraft, N. Karl; Phys. Rev. B, 51, 3374 (1995).

[5] S. Ishibashi and K. Terakura; J. Phys. Soc. Jpn., 83, 073702 (2014).

P-21



DYHASRAEDKAFIZK BEEEHIBRIED
NATYy FEFHBEIIaL—Ya3 Y
HRPERF 1, 4 TRBE 2 EPEA 12, BFER 2

(RERICBERRRE SRR BR) [/ s OB HIRED D EMAIEE £ Co~ LT R 7 — Ly
Ralb—vm ]

NATYy FREAERYI 2=V a3 EBANWT, YU BH T APIRAN LIRS FREC L DK
MaTE RGO A2 7=, S U D H T A%, KIZE V< 2D Z ENMBILTWDN, FEHl 7 RGN
BliIZbho T, Fxld, "M 7V y FEFFHRIYI 2L —a VE2HNWT, 720K
I XD Si-O ARG E T, KT & T OENEEITE ke LEER 7Y v R
DFT 35, ZOfomEidd bl s URBAR T v vy L2 fAvniz, v 2 b—3 a3 VR,
T AN ZD DK F % & VISR E ERE LTe A IC B80T, Si-0 f5A &K FIC X D UG 03E
20, SIrOMEEOBEMEHEZ 52 L2 L. ZOKGNE, JTEMEIZ LY Z 20Ky 11372
BN TS &, AKarHTra hoBEBEZ Y, EEMEICE SR Th -7 (-Si-0-Si- + OH
+Hs0+* — -Si-OH + HO-Si- + H20).

NTEIFY I 2 b=y a R ORI RT — X OFULEITY V7 b =7 MAV % L
MBI LT, HEEZAWEMEY S 2 b= g USRI EN B IO T, HEHL - KL
TOMET — X R LT 5 BT, BRI EYR— T 57— A{kYy 7 h U=
TN Ialb—a yGRICKEL o T 5. BUE, WY 7 N =TI 3kx b DO H 5
DS, AlElE 2 BABR%E - AP L7 MAV X, Ba BB L TWAEANSL T Y v REFHBY I 2 b—
Ta ORI A EICIT) 22 HAE LTS, MAV OFREHE X 2 (1277, MAV i3,
MateriApps[11Z &k STV 5.

RERTIE, YV DD TAFOKRSFRIEDY I 2 b— a UERIZOWTHET 5. F7z,
ERLTeY 7 b =T DR ET 5.

2.510e-13 [sec]

:E'I:-;.O"' : A LR \ .‘
| \’ 1\

| T
(@) s (H30%) ()54 (-Si-OH + HO-Si-)
1. AEERERIG. 2. MAV O 3R .

K%, Sit &, O f, H: B&aRT.

[1] http://ma.cms-initiative.jp/ja
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"BV OEBREL BTN
BT L S L L

777 = OEBREROBRE LK, HEFEO RO EITEFITER S Twalll, 72,
HEDEZOLOLEROMRTH LN, BT 7 7B DH, 777 = OB EE
Ab IR ICHERE BB G A5 SR T2 EBMb5NTWnA[2-8], vV arOHETET
HH VST T T o VRBRICEBRENHE TH D03, ZivE TIZ Ag(111), ZrB2(0001), %
LTIr(Q1DEH ETOAEBRE SN TWA[4-T], ZOLBHHF LWEBYWE THH LU I
BWTH, BREMAEEMIEERIENRE N D,

ARWFRIE, BENBEEHEBICESS FEEZHVWT T BY U 0L e, B L OE AR
(COWT R RGN AT o712 b D TH D, 3. MR FEE &m0 - EBE K< 1221k
SERBORT RN —DOEL TR A, BFERITH L TR RALF — 2N T 58
BOMEMEZSTZ, TOIBON OOMIEIZE L TE 7 + / VOB ERORE T — K
Do LONRWEEREETH DL ERbhol, WTHOLREMEIZB VT L EMEREX 2.5 A
IO bEr-T-Z D, ZBOV IR E, VT 7 2 VEOERBEAEER xRy, HE
FERREREEERNICE > THREL TS EEZX LN, WEREEMHEL LTI 1X1 D=
v R (BABHTED 4FT) TRASNDI DL, 2X2DA—R—E L TRIIND b OB
iz, 2X2 ORFEEIZIX1I OO LY b 2T FAXF—PNERWNMVERICH Y, b DK FLX
—EE TR A Y FMEED VY a NCEWEFEENER SR TEBY, Zhick-
THLOMEE &L R TREL > T D, EHIT, RITBRATZE) RIS 2 E e 3 fE S 1
S U TSR EITER LD Z LN R -T2,
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Recursive approach for the NEGF method combined with the RSDFT code
School of Eng., UTokyo!, College of Sci. and Technol., Nihon U.2

Moshiour Rahaman?, Hideomi Totsuka?, Satoshi Watanabe! and Jun-Ichi Iwata?l

The RSDFT code, which is based on real-space density functional theory, is efficient for large scale
electronic structure calculations on massively parallel supercomputers, and is expected to be
powerful in examining nanoscale electronic devices. However, the function to evaluate electronic
transport properties, which is essentially important in device operations, has not been implemented
in this code yet. Therefore, we have been developing a code combining the nonequilibrium Green’s
function (NEGF) method with the RSDFT.

In real space representation of the electron transport in the NEGF formalism, the Hamiltonian matrix
is highly sparse, with the only off-diagonal elements given by the high-order finite-difference
expansion of Laplacian operator and the non-local part of the pseudopotentials. It is, however, in
practice, a formidable task to find the inverse of the sparse matrix for solving the electron transport
equation in the NEGF formalism. Therefore, the numerical computation is very expensive in the

meaning of consuming huge computer resources.

The Recursion technique is an alternative method for obtaining the spectral properties of any
Hamiltonian operator that, when defined on a finite basis, is relatively sparse. In order to solve an
arbitrary eigenvalue problem, expanding the Green’s function which determines the desired spectral
density into a continued fraction is equivalent to the tridiagonalization of the associated model

Hamiltonian in particular orthogonal basis.

We will employ the recursion technique to avoid the direct inversion of the sparse matrix in real
space calculations. The recursion technique, which is applicable to an arbitrary Hamiltonian matrix,
turns out to be a fast procedure for the determination of spectral density and exhibits some
advantageous features leading to a reduction of computational effort, compared with other methods.
In our presentation, preliminary results obtained from the NEGF-RSDFT by using the direct inversion

technique will also be presented.
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Parallel Cascade Selection Molecular Dynamics & Markov State Model ZHL\7=
BN EEEZIELOBRHIRILTY—5E
WRPpE AU 1, BRF 2, JST - CRESTS, HAKyAENF 4 FEEZERZE 1 JRHMEY- 23, JLEEE 4

KR B OREE L SREOBIR 2 BRET 5 5 2 T, MIEAICHT A AR X — 2 dhmE &
LCERTHHRHZRAVX ML ZOMTITEETHL, L, OFEh¥ErIal—ralrs
MOWTHHZ XL F—HE LR T 256, RFHOFEZLIEL T2 LR E0, LU, H
H =RV —HE BIC BT DRI L ERMEIC Y VNV AP ESTLEI LD TH D, £
Z TH 41X, Parallel Cascade Selection Molecular Dynamics (PaCS-MD) [1] & Markov State
Model (MSM) [2,3] Zf1A Ao, BT XX —HiF 2 L 0 HEEHC X W 2R B < FHET 5 51k
cmAEIRET D,

PaCS-MD (%, #&EEEM D 2 SOAREEM OER % A Loop
TARLTHIEREZ T Z LR TE D, BAEMITIE, H
YIalb—varENAT— RIICEHEITI 2L TR
BOMEERE ST, B LIEO D HBLE O
RS 2RI 5 = L2 k> THBOHE~ZIRE
EREH 5, PaCS-MD Tid, # /"7 'H O EZE K]
BILK BTV o 7 TEDHETTRL, BEEROH
HRIFFICIED Z &N TE D, £L T, MSM 1%, x5
LTWDRNRT AT THLLEE, RO I2 =Y g1 Asp3N Thid:0, HB2 : Asp3N Gly7:0

Thr8

0 U IRIER OB AT A HEE L. TR OREE Sy 1. Chignolin D&
fiadtE T D HETHDL, XTI EDT — T
. . _ ke T

T 4 SBRE OIS b TE Y ]4 PaCS-MD + MSM °
BE\Z S LT FIETh B, =D PaCS-MD & o

. ) - 121 Misfolded 10
MSM & ZflAEhEs 2 & T, DR I L
IRRIERIERE @ D R RERITH T S 10 p. 8
@T%ﬁé@%iﬁj\ﬁ id‘f?‘gfb’:) ZEMNTE %, PaCS- § 8 l// Intermediate 6
MD b MSM %46 bt AFiER IS 2 j )
/HTi% chignolin ©7 4+ —AF 4 VR B 61
% T4-Lysozyme o> BIB#E&EZELICHEMA L, 15 4 4 2
BALTE B L MU ST 5. , | —— Netive |

2 4 6 8 10 12 14
HB2 distance [A]

2. Chignolin 7 4 —/V7 4 7
WD B =R L X —HIE

SCHR

[1] R. Harada and A. Kitao; J. Chem. Phys., 139,
035103 (2013).

[2] J. Prinz, et al.; J. Chem. Phys., 134, 174105 (2011).
[3] J. Chodera, et al.; J. Chem. Phys., 126, 155101, (2007)

P-25



BEFXIVAINADERFAFHAEIZSaL—I3 Y
ARBET L, AKRPBETLEAER 22 —2 ATKBEE 3, BROKEADF 4, 4 KBiE 5
AROART- 1, /NESSFD L 5 FFEIAT 2, EH 1, JBhsac 3, WIS 4, )l 5, HHEA 3
fi] ey 2 1

BAIFRIL, BARIFRD A LA (HBV) ORBEICLVSIESEIINDEETHY . HARTITN
150 TAR HBV ¥x U7 & 5bitTnb[1]l, BRFRICKTDH T A VAL LTI, A%
—TZxzny, FITV BEOTTHREARMOLNTWDER, +oRIBFENEREFELNTND

EIXEWVEE, AR, %Lw#?%wx%v%éiy?ﬁtwﬂ%%én B BT 1ot
DHNRIEHIEE L CTHEAEEZED WD, =T A EVE, HBV OELERICERA LT, v AL
ADHEIEZIMA D Z kﬂ%#of“é#\WWT@%M&W%%WLOwTi%6#’&oTV
RO BZ N, BRI, HRBTANAD TR GERHF R T) NICHESILD A =X LD
WTIE, ZOMBRERRD D OFEBRFENFEET, v Ialb—rva VIZREREHENFE
LTS, IHIZ, OFEATLHAADZ L, HILVWEATHLZ T HEMIDONTH,
FTTIMEESIER L2250 FEROBRBEN /N TWD, AiFFETIZ, HBV 7 7Y Rigxd
LR TEMNF I Ialb—2a I T, BEND T RANFEISND A =X L%EH
LT H LT, FEARICEHELST D,

HBV O 7 ) 5E, 240 [HDOZ NI ENBRDTANAT T FlZaEFinnTnbd, ¥ 112 HBV
7y OB ERT, HBV (FEROERRIZEB W T, 757 7 A RNAQPgRNA) % 5 7'~ KN
ICEATREE 2 | 2D, ﬁ7/bWTpgmAwEDNA«® FRRE N ThoD, =T
I G e R T EE SR P E AL DO OMWMFEIAERA T 5720, 1S & LT pgRNA
%Wﬂ:ahtHBVﬁ7vF%%%¢5%Eﬁ%éommNAKowTﬁ\7?4%*%%%%
ICEDBE~ Y TR/ OLNTNDOT2], ZOFBE~ » 7ITkIG LT pgRNA ORI E A 1ED |
N7 RNIZAND, T D%, BREEREMZ T, Y2 b—ra AW G E 35,

SR

(1] KEr2pe, ®aHs BASKBEHES, 129, 287
(2007).

[2] J. C.-Y. Wang, M. S. Dhason and A. Zlotnick;
PLOS Pathogens, 8, e1002919 (2012).

1. HBV 1 73 ROk

P-26



Photophysics of fulvene under the non-resonant Stark effect.
Shaping the conical intersection seam

Sergi Ruiz—Barragan!. Lluis Blancafort!

A new mechanistic strategy to control the excited state lifetimeof fulvene is introduced. It's
based on shaping the topography of an extended seam of intersection with the non-resonant
Stark effect. Fulvene has a very short excited state lifetime due to an energetically
accessible seam of intersection which lies along the methylene torsion coordinate, and the
initial decay occurs at the seam segment around the planar conical intersection structure.
Starting from our previous! model for the excited state dynamics, we have followed a
three-step approach to simulate the control. First, we have calculated the effect of a
non-resonant electric field on the potential energy surface at the ab initio level, including the
field in a self-consistent way. We find that the relative energy of the planar segment of the
seam is increased by the non-resonant field. In the second step we simulate the control with a
static field to derive the main control mechanisms. At moderately intense fields (¢< 0.03 a.u.)
the decay is faster compared to the field free case because the vibrational overlap between the
excited and ground state vibrational functions is increased. However, at more intense fields
(6=0.04 a.u.) the planar conical intersection is energetically inaccessible and the decay occurs
at a slower time scale, at the segment of the seam with more twisted geometries. In the third
step, the control is exerted with a non-resonant dynamic field. The acceleration of the decay
due to the improved vibrational overlap does not occur, but the decay can be made slower with
a dynamic field of 0.08 a.u. The results show the viability of our approach to control the
photophysics shaping the topology of the conical intersection seam, and they prove that the

extended nature of the seam is crucial to simulate and understand the control.

STHR
[1] L. Blancafort, F. Gatti, H. Meyer, J.Chem.Phys., 2011, 135
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Toward Improvement of DSSC through Calculation of Lifetime
IMS', Nagoya University> David Sulzer', Satoru Iuchi® and Koji Yasuda®

Dye sensitized solar cells (DSSCs) are expected to be a cost-effective photovoltaic electricity generation, and
more than a few thousand papers have been reported since the seminal work in 1991. The energy conversion
efficiency reached 10% in 1993, but only 3% of increase was achieved after 20 years’ efforts. Our final
objective is to find clues to break this stagnation by ab initio study.

A photon of the sunlight excites a dye molecule absorbed on a TiO, anatase nanoparticle. The excited
electron is injected to the conduction band (CB) of TiO, within 10* fs -10° ps and then transported to an
electrode slowly by diffusion. The oxidized dye is reduced by the I/I; redox couple near the dye dissolved in
the electrolyte within a few [s. There are also several undesired, electron leakage reactions. The power
efficiency is proportional to the photocurrent and the voltage. The current is determined by the photo-
absorbance and the electron injection efficiency. The voltage is mainly determined by the relative position of
CB and the I7/15” redox potential, but undesired electron transfer from TiO, to the oxidized dye or I5” causes a
loose in the total amount of produced electricity. Hence, a reliable method to model these processes at a
molecular level would help to improve the yield of DSSCs by comparing timescale of the different steps and
by optimizing and determining crucial one.

We present a new technique to estimate the lifetime (inverse of the

injection rate) arising from many excited states of a molecule. It consists

in a complex self-energy correction to the time-dependent density

functional theory (TDDFT). This correction represents the electronic

band effect of the semi-infinite crystal. The surface Green function of a

perfect semi-infinite anatase structure (Q) is calculated. It is then

converted to the self-energy for the cluster model of anatase (P) so that Q

its electronic structure closely matches to the semi-infinite bulk Q. With Fig. Partition of the bulk Q
this complex potential, we calculated the TDDFT excited states of a dye  Surrounding the molecule P
molecule attached to the cluster P. The effects arising from the conduction

band of Q on the excited states are introduced through a complex absorbing potential. Thus, an excited state
has a complex energy, whose imaginary part determines the lifetime and the injection rate.

Geometry of the dye on the semi-conductor has been optimized whereas the semi-conductor atoms have been
kept constrained to the original crystal structure. The surface Green’s function of the semi-infinite bulk has
been calculated from the Hamiltonian of the 2 layer slab model.

First results for the black-dye attached to TiO, shows that a careful design of the model system is important
because some artifacts might appear due to the finite-size cluster approach. The important excited states of
the cluster and the dye attached for the injection, are characterized by a dye to semi-conductor charge
transfer states, and are selected by looking at the nature of the transition. Charge transfer states within the
semi-conductor also appeared, because of the artificial cluster boundary. They exhibit small lifetimes around
1 fs, and small oscillator strengths. Lifetimes of 9 fs are observed for states with high oscillator strength and
correspond to a charge transfer from the dye to the semi-conductor. Overall, our method reproduced previous
ab initio results of the injection rate well.

In a future prospect, this strategy could be applied to model other charge transfer phenomena involving the
semi-conductor. For example, lifetime of the triplet states of the dye can be calculated or the charge
recombination between the electrolyte and the titanium oxide could be described. Optimization of the
injection from the triplet state was proposed as the promising method to increase the voltage, while keeping
the current. Controlling the charge transfer of the trapped electron in the anatase subsurface defect to the
electrolyte is another promising strategy for improving device efficiency.
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Impurity-Impurity Interaction (@& @A 3LEE) OBIRTHTTE HZ BRI,

Fe(001)/TiC(001)?® baker-Nuttin 5{Z? coherent 5t CT. Fi AT /510 & HE 7 A DE /LD
W ERE REL L, REUSERTT R —0O540 %231 ~7-, < Fe 17 Ti B LK
7oWg L CHE_EIZRZEFT, SLmTEDG ) profile |2 K& 7@ WA D Z & | intrinsic 7281 E
el LY, TiC ¥ A R CIEMIGS, Fe A RTEIRIGIDRETHZ &, Rmd Fe-TiAy K
& Fe-CARY FORMNPRE S RARD T LENHH L,

[1] S. Ishibashi et al, Phys. Rev. B 76, 153310 (2007)

[2] Y. Shiihara et al, Phys. Rev. B 81, 075441 (2010); 7bid. 87, 125430 (2013)

[3] H. Wang et al, J. Phys.: Condens. Matter 25, 305006 (2013)
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61, 8433 (2000)
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Cluster Variable Method ZiGFA L={REBDBERHI RILF—DEE
sAbARRE L HAL KA LHEE . BRR

Cluster Variable Method (CVM) % Kikuchi[1liZ &> TBA%& X41, i#Y)72 basic cluster % i3
RT 52 L TRANDOT Y brE—Z@EWRBETENT 2 Z LN TH D, £D72H, CVM L
ik ABIZ 31T D AHEESR O JR 1B H| O fEHT0 K - L&A BRI E O RIS H ST & 72, — 5. CVM
DOPERGHI72 5 8213 Morital2,3]<° Schlijper[4]ic k> TITHOITEY TE Y, A U RADOKNIRAK
ZHWEzTZ Y hr E—BHOERE BT Z N TE D, AFZETIE CVM O Z 0 X 5 708071
il 2 312, CVM Z G H L7 #REN O B = 1L X — Ot 252 5

AKFETE, BEOHATZ XL —%2 YT 7 TAX =T L OO L. T o ORIEHEE

Lo TEROIRBOHHT= XA F =R T 5, T2 THRHET &I, AFETITRIIDHDO~
N w7 2D Ko TIREIO A= R L X —DFE MR AEETH Y | HEAIFHR 2 2 D)
7>% Phonon DOS Ofiffi & B & LW ETH S,

AL TIL, Tight-binding (5D —KE— A > MR E W THH= RV X —B L O EHE R
H L. CVM Z )i H L7c beEds K OBZIRR O E B R 21T - 72,
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E-—REHEICESF I U ATOEFREHEMTEMLENM
GWE - MBI TERAE e —

WO HETBCC I AR T2 BRITF ¥ G ITRE, misE, S aEER EORENRS D |
ERILR D HIFF S LD BT 5 VD, AWFFEIT BB —FBLEHRIC L 0 BTi-X&44:(X =V, Cr, Fe, Co,
Nb, Mo) D& FIRHEMENT 21TV, ARE@D B L EME~DOBEETTHEOEE ZMsFEEZHI LT
Do ZIZT. —MRANCEEARDE —REGI R AT O BROMBE S LT, RONFEFETRERIE
BELWNIRBLT 50, BETOND, AUFETIREEEO NHAIRFELE 4 #4325 Special
Quasirandom Structure (SQS)ET /L 2EE AN L JEKRDET NGFEEZ B X - @k ERIT 217 .
KRETNDORA ML, HIROF - CEARR 72 EA RO MBI & FTRE /R R Y fFE 35 Z & T
H5,

BCCHFZ2HT 2 TitXs B4 0=x=05)I2 oW\ T 128 L+ iR &5 SQS &7 /L & {ERK
L. B—REE R A F1T 7 5, ik 72 DOs, B2, B32 HAIFIZ DWW TRERDFHA Z T3 5,
AR RV T — A IER, FRIERRE, CIRBEE AT 21TV B OISR RIZ OV T, R R E
BLOBMTRBERFEOMIT 21T 5, S HIZ, filE LT X=Mo DHFAICONT, # X #LE
F4y 361 (Hard X-ray Photoelectron Spectroscopy, HAXPES) C& b L7~ flifdE#r A~X27 b b
SIROWMR AT ), HONIRERLY | B PER, ME A bVEOEREIL, SQSET LD
HARAMEET VLY BLHBT S 2 LaRENT Y, ALY . AR FECE %2 Z 8 5 F08,
BEEIROEFIRECH L EMEZ#Em T 2 L CIERICHEETHL2FEL/PL NIRRT, BHIX, BHL
EVE~ DM RBKFEC OV T HRT,
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BREEEZAVVEOOq FREBEOMEERETIL
AL R4 CMRI
SFHVRAE

am A ROBOR T, FE22M - ERFE TR D s~ OB FTEE 72 72D | JRF- -
SFROBBOFRIEEZH ST HET AL AT LLE LT, EFICAEDTH D, Ko, Btk
FIETIX, #7AT v —heaud RgBROY U 7EH DO < DTV, DRGRETEHD
DORMFADEET 2 Jei IS OB DR NI, HT AT L— K ETanA F—BIEOEMR
WREL 720 | S SICHEMMEICIT WL TIE, a2 a4 ROBEENSEATH 72, HiE IRITEERFE
DETNERVESD, THETHELDORTFIEICLDERT, FAOMAEEREZE T Y —anA
FRIFICKRE SORLDIWMEORMP 20 A FRFDIRES 7R T, S EETO > > 7 NOWIR
RO = v A NRARE &b O RN 2 0 A NRARENERD Z LRG> TnD
W, TOFRRBHAL TRV, 2l £, MEORMP 22 A RIRIMOT=, EEH 2R HY
anv A RRLFOFEBOMNTS, ZNETIEERMICH, BUEFECTCHLE LI o7z, LL, I4F
DA—=/R—=aA L Ea—FOFRIZLY, ERLRMHTNAREL 2D 22dH 5, £I2 T, ZOREH
FEREHBT L2770 CBIFET VR, A an A R DX A F 7 R ERIT LT,
BAFEBRET L CIE, R, a4 F—EE (8 RooR) ORI SR OEK T, 2
BEDFFIZ X D BUEDWIIZ LY av A RBZIT 5T
e —EHF DI o TnD D E L THIRT S
Zelliz (M1), EBREFL 2%DO AR M 22 A FhL
TR L 5722 TOaa A REERFBRIZ DU CHE R
EATHOTMEROAT v 7T ay NORFEREZX 2 1R
T ARRL 32 LT E T RS, TRIR

., AR A NEICER L, e A REEERRE 2 EM K1 : BRERED
ANCHBLHRT, A%, RBRE DRI A—F i &% Kl EBRT T LR

1TV, Rl oo A RRiFO2E 280 5024 5,
2 Ek [1] J. Nozawa et al. JPC B, 117, 5289-5295 (2013).

[2] J. Nozawa, private communication.

AR WERIRAR AR
2 D EAE L5 OARHIM 2 b A PRI 2%0 2 1 A P b b,
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KR —/"— )L ExR E LT- Screened KKREIZE DL
F—RESFIREFEI— FORR
HRWIERE  HEPDKER

B FEENBAECHER IC S B —JREE FIRREE RIX,. T E TITHx 2E A x5 L L TiThih
D T E T, ITFE, 10 KRB OB R 2 x5 & U5 — R B IR REFH A o0 L B
WEESTEY, FHEEN RO N IZHHIT 2 WWEEFF o4 — 4 —N FHRIEOHBE N ED 5
nCTnb, OHT, Screened KKR 1£1E, 2FE 15— HEE HIREFHEILE TH 5 KKR Green
LD A —Z =N e L TIREI N,

KKR Green B%0/%E Tld, Kohn-Sham HfER A A LIRS I[N THIRT v v VEFHET
% B2, Kohn-Sham K EIBI¥ A KD 5 7= O OEAEREZ LB L, RD—HE+F Green B A H
ERtR L THBE XL X —Mn T 52 LI KV EFEELNMEZHEAT D, RO —FEF Green B
F AEEDOSAKR A I LTz Dyson FREA A 2 & THE I, NICHAT 2R cxFKOIES
AN OFATHF IR AET 5, #% O KKR Green BIEUE TIIAR T & ¥ v VEBEURDTFAE L 72\
HHZEMZZHRE LTS, Screened KKR {EIZEBWTIE, ZHGR & LTt O FOLELC
FNRT oo Ve Wi R AT 5, 2O X9 RBERCBWTL, RAORT vy 5D
RN = L F—FEI T Green BAEAN 22 M CREBIMBIICHRET 2, 205G, WOIT
FIIPNEFEEFZDOLNBATHIOATIR 0 | ZhRREATE Y V=Ll AEhED Z &I2kD, x5
DBJE - AR TH D NEMOTFREEELER O Z L RigR kN EBTE D,

Z U E TIZ Screened KKR 751%, R GTBEHINE &2 (E L—& ot 7 MICHRE S V- 2@ iiaxt L
TIRKEHINTE L, ZREEDLEE., BATHIZHEM 7 vy 7 3EXMADOFIZ/ Y, LU 5
ZHAWDWATHIEIRIC LD . FHEENEOE I LIEMIZA—F—N 25 Z LR EnTE
V. 1 HEEEZ 22T 5EIREHENER S FATARETH D,

0=, =T AICHRR SN KB A — " —R VD56 —RIRTEO BT 2 )
IMEEN DD, BATHIY 3—& LTI, LU 53f%E W2 EEHETIIR <. RIBEOERNA
hThDH, RIEEZHWD & WITHIOFNEZDMSIICEHRE S, ROJRFHITKT 2 W FHED %
ZTHY, BHEREEFA—F—NHEEL L THEETHS LRSS, £z, FEITST
CHE B AR A RIS 2 Z LI R EEDOIUR Z KIFIZINE T 5 2 L8 TE 5,

Txid, ZVRT v KRR 22— R _— (2, WTHIENR & SRS L0 F4T73 5 KB
A ——® L& %f5 L L7z Screened KKR =2 — R &2 B% L7=[1], A RIOFEETIL, B LT
27T LMD DT A FFROERL, KABAMEHI S L CEFIREFH A 2@ H 7 5 A
IZOWTHET 2,

[1] S. Doi, M. Ogura and H. Akai; J. Phys.: Conf. Ser. 454, 012019 (2013).
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CMSI DA#MBR ~KRA b+ ITFHI RUZEDEZRIFEA T~
PR F /o &— Tal HE

WEAREE|Z R & e . SMEL (AR AHINFRR B ) 2B L7z, BRRE X v o205 1
3 HFTICEME LT, OMSI AMBER Y U ¥ 2T LA0H 2 MORMEi#E42 FM L-, WEED [3HE
BEEffiR A L0 BEEIAAH 2, A SN T H#ROBEOREEL % I8 L <
W5, ZhHOERIEL, EICWIHELEEMOERHINZED b D L5 TH Y, S%ITFD
WS CTEARR 2T 7D ORI ED L HIEDLNTNENENI Z L E, AFRENTWAET 7 %
HUMCBARF ISR L CHLS 2 E bt it Tn s,

BMEHEA, 2EICOBL TVEARII =T f OFESCE FMRELERT 2 TEELTH
BWTH D EIEMEW RV, T Ak L CEEEE T 5720101, Mo Ok & [
WD EBWOLNIR-oTER, o, MBEONEFHE L, BN RNEIRONEZ WS RS
B ANTRADEMBPH DL EEZTEBY, ROFRA N [H] KORZEDOO7Tey =7 hETH
e L CEBLERE T 20BN B 5, BHAGREICE TR, TN ENoE I S ITHEIE LW
BB EIIN, ey MBI EIZERnH 0 E5000 LitZewy, Ll AMERE DY
PREELT, 5751 04, 2 02 RIEX T, 2002 AAOKGBYE L5720, s BRENT
B THE B OBEMAZHENFIATZ DR 2L TR R&ETh 5D, -, fHEAZ LWV BN
AAROEESBHOIEESR L 252 01F, TOBRARIFTED L ) RIEHNC L TWL _ED, 5% 02
ENDDHERAMEREE 2 Tilwma g, HRDTEZTREREOBIZL TN RETH D,
FLT, EFERLOHEHETENTZ T U T AR EENDD, S VT T YA U TEEH0PED
THETHD,

CMST TOAMBERDI Y AT B AR FRBF2 R PO EESE & U TR A AN TIY
DERYIOBEBEE I ES> TN D LB X D, AENRHERFZDI O ANMBERE EO X IR L
TV &, KD OFMICHRDRV EwR L. e 25N TEBIXETH D,

B

% ® & & & o
Al B | K| A K s
2| 0B B | & 2 B
W oW | oW W
@ ©) @ ® | ® | ©)
4 |
( AHERZEOAMEREAEHIE L, SEH OB % FTRRC T 5, //
V] T 1T T T
J A ) )8 bl . | 8
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MEXNBIEIZEDAEYT/ Fa—TDEFHREBOHE
JEL7- KRS SPring-81. HEIENT RMEEL 2 YO 12, PEpEAE 2

Wtttz fpoF ) Fa—T7L LT, AV T ) Fa—7 LTINS WE DMEIR TR AR50 AH B
BIROPHETIEAINTND, £OFT, 77A M —2a VOMRLEFIRN K ERE W
S=12 ZAEHA L U F a—TIERZ H T, TOIEREE &K L F— Dl 2OV T BER
R AL L AIRY A A2 — VU o ZOFEEZEH LTI Lz, fEROMEL2ICEY ., 2o
RIFRIT M OFEHEMAR BN (J) (THATHo R E WHT 518 O SORBEMER) ZZ AR B/ER (32)
METE B EEIE, AT v v TR

TWBHZERMBATNS, L, ZiE i T
COPE TR b i AF LA X (3L) 24r o
3 0 AL UHRART, ZIUTHES R T 83t - i
I, ZORAE T v v TR N O A ®al ﬂx/D -
FITHHC OB, BB, AR AN =l |
BT, ZRLL ISRV AS L X '

0 l .

ZTB< DDy, AREIC 7R > TWRino e, £ 0o ool o002 003
ZCARE T, Ray Ea— g —TRITh n*

EEBAE B IR L 725 L AT A A R b ARy hrAIE—kicd
RD4 LAY 75 AH — DRl (A oY A XIHF,

R SE T, ZOFREERICESNT, — R

TRICBWTCHBER BEHINTWAERY A XA =Y U TEOUDEDTH D LV A
FRAIE—EICL > THA MG (1SR 2170V, AU Ty v TR O = HHER 2 #
Brite, ZOREER., +omORE CHROERSADFEL, ZORMME L D KREVWHIFHEEHO
EXDRAE XY v DL ZERPALMNEoTe, EHICZORMEL SWVKEE CHRAED -
72[31.

SCHR

[1] T. Sakai et al., Phys. Rev. B 78 (2008) 184415.

[2] T. Sakai et al., J. Phys.: Condens. Matter 22 (2010) 403201.
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R RGIEIC L 2 EFHRFARDEBHERFIELAE
FRBET 1, HOKBEEE 2, BORWMENF 3 LHEA 1, FEHHE 2, HEEER 23

i

\

ARREELTIE, 2WILEMETHEETOAE Y 1/2 BT XY BT /VICE LIRS &
IV A D TIEREIBFECTHENRERD XD RS ZHN L= HAI2 20T, k1] TiRE s
NIeFELZEA L, BRI EZHE LR RICOVWTE~ND. ZoET A TIE, ZFHS O
& 0B LTV ZEIZE - T, SRIFHT MITH - 72 BRI D, B O M & 12 R
U RRio TRREBICE TSR Z 5. Box ik, BT 28RS, — BB HIIN X
NHZETING 28T DI EE2MH—MRFIETHITCEL 2 LaR Lz, £, [FRFICER
KRG D86, & kS O ST T 5 8BS OR ), £ OM O IER M1 RkED Z &
oLz,

B ST T, VAT AOMBIRE S FHEA 2 (SRR TRET 5. IR ROV
alb—va T, BEFPLEOMRELIMY ANDTCDERRH & MEN D82z EAL, O
EOWRITNENREFET D2 LI s. EER, FEEMOMBERIZMA T, EEHI7mOMEES
BRRBRG OME 2k 5 BEREEI 2 S . BREF A MOMHBEER & L EEMOMHBEE ¢ ORIC
IR RH Y, & «xEZ ERIND. 2O z PEWEERIER LTINS, LI, z=1 OHA,
VAT Al Lorentz X CTh 0, FZEM & ERFFNHAIER Z RN TEMTHL Z L ERL T
L. WxrlE, ZOXIRIATLHIHRHLT, ERHORIEZEFECT LR - Y Ialb—Ty
YORPICHIE L, FEHIE SRR E Y I ab—ya vy T REERE L[]

BIEE IR z =1 2 WKE LIZFRIZZ ATOI TV LR, z=2 OHEBEC, FR2T7 04
LR TIHIEEID 2z 2R THEBLHD. TO L5 REAIITEZEM & ERE TOMBEEO Y
TN DT, AT AT NN ARY A X2 —1 o ZEgRAICEN . ZivE T,
O EDDY AT LY A XNk L THEBEOERMHE TV I 2 b—3a U EITW, NI A — 2 a2
RLIEAT =Y v 7 %175 FIERIR, BT FMIRICIME 21T - 72 L CTHBR DR ERFED
SENEE RIS A RS 5 HIEBIZR ERAWLTE 2, §iE O FIETIE T A —% OHEE D
L< b2 &, BEOHETIT—EIMEL LTEBRIZT 4 v T 4 7T 5FMB005 & 2 A0
RThbH., —FHT, WrxOFETERMEZABNCT 2 —= 795200, ERNELED
7oy alb—ya U ROEFEE BEBICHER TE 5720, #Hiicie/RT XA —2 OEACHMENRR
BT, —EDT7 4 v T 4 CEHNEMERENET 22 ENARETH S,

SCHR

[1] S. Yasuda, and S. Todo; Phys. Rev. E, 88, 061301(R) (2013).

[2] H. Rieger, and A. P. Young; Phys. Rev. Lett., 72 4141 (1994).

[3] A. Priyadarshee, S. Chandrasekharan, J.-W. Lee, and H. U. Baranger; Phys. Rev. Lett., 97
115703 (2006).

P-41



XTIV ADRICE SEERMBEFREZETORE
RRMVERE AP, AT, 2BE

LB ROWEEELE T v VR G CREIR L, JEEREZR COREEZ1T O TIEIT., BELT
Flik 0 IAHFEHEDMRA) ZIL L & LT, 4 ETITHD THEA 2 b ONBEIN TS, [1-3]
L2 L, DMRG IZIZ—RITRICKH L THRIECTH D E WO RN H Y . Rt B0 R TldiEfic
MERHDLEENRH D Z ENEREIN TS, WbivhoiuIt®iT o v oy Z v 7= Bl A
HAEFIESTD-CD % 2012 4EICIRRE LT, [l oFikETlE, WER%E o7 Y Vck 5T
VYNMEDREE LTHEZ TS, WL ONO/NMUES 32T, ZOFRETETRAX =N +5
E<REY, R TOEOEII L TIHMENRFE W Z EBXRINTND, I HIThbibiuiio
FEEPLE L, L3E STD-CIESTD) 2 &4 L7z, ESTD Tik, WEBIHO B RIZHWS/37 X —
B aPaRT 5 2 LT K 0 ESRITEBOZEMNEN Y RS E Bt 2 AR L TWS,
ESTD & STD-CI %WV TKGF & /— REFTILZON TR AF — 2RO 7R, ESTD T
FTEDOFIEL Y X F—DIURMER KIRIZHEL T D, DRLOIUIS HIZESTD 2, LK
XRRICHEATHZ EERFIL TS,
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NiRF Ry EVTICRIZTHE Fe-Si 520 NEF D E—[REBMEMN
First-principles study of Ni doping effect on mechanical properties of dilute Fe-Si alloy

FAEKRZE TR 5e R . AL RS B BHFZET 2 BRI ! Arkapol Saengdeejing!. EFI3 5% 2
School of Engineering, Tohoku University!, IMR, Tohoku University>
Ying Chen'. Arkapol Saengdeejing'. Tetsuo Mohri2

Fe-Si binary alloy has a variety of applications due to its excellent magnetic and mechanical properties.
Some drastic change in mechanical properties as Si concentration increasing from 2-3 to 5-6wt.% has been
intriguing since a long time ago. Our recent DFT calculations [1] re-produced a Si concentration
dependence of the elastic properties in dilute Fe-Si alloy, which coincides with the experiments, and found
a ductile to brittle transition as Si content crosses 4.2wt.%Si. Further calculations at finite temperature
combining CVM (Cluster Variation Method) revealed the origin of the sharp change in the mechanical
properties in 4.6-5.6wt.%Si region is the interplay between magnetovolume effect and structure ordering of
DO0s in Fe-Si alloy. Electronic structures analysis revealed that the instability at Fermi Energy originated
from some particular Fe-Fe-O configurations results in a degradation of ductility at 4.2wt.%Si. Various
simulations of Ni-doping into Fe-Si alloy have been performed, and a recovery of elastic properties at
critical Si concentrations found when dopant Ni atoms form some particular Ni-Fe-O configurations, which
is an encouraging experience of tailing band structures intentionally by creating specific atomic
configurations which varies bonding states and generates re-distribution of electrons toward enhancing the

specific physical property.
Reference

[1] A. Saengdeejing, Y. Chen, K. Suzuki, H. Miura and T. Mohri, Computational Materials
Science 70 (2013), 100
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SICO00) RELEICHAESNI=F/ T 7€y MBI BBERE LKA
FORBE T FREEA. M-, L

BERDOTE XX v L EH, B Ok S bR/ ETEERCOEEZ =L, 77
NAADT 7 L— e LTHWONDI[L], Fic, il EiZE Miller #8380 &2/ S 22 (-
J 77y MIFIAIRRRE T/ BETHY . @R, FEERE S CEEBR i L CHBICER S

Do WHARNRT —F R 2L LTHEBENTWD SiC O E X v ¥ LR Hiz, (0001) )
SENMTEWMANHIZES N T, 7/ 77y MBER IR ER#HRE ST 5[2-5], SiC #
mkF /778y NI, FFEOY 72y MELZ R CEAMMICERINZ, 3], TD77Ey b
D SN SIC NV D=y MRV OFE S OBEEEIEERIE I cE T bEah b 2 &
2, AFM & TEM OBRN S L E > T [2-4], T4, SiC £l LT/ 7 71 v MK
NI T T2 F ) VR EEES )T AA AL L THHAT2RA™M T TEYI[E], /7
7By MZBITH2EREZMENTT5FIE. TA ARHOETEETHL EEILND,

ARFFETIX, SiC(0001) R LiICR ST/ 7 7 v MZOWT, BENBKEGICESL
BB E FREE R R A 1T o 77, Fermi MEALATITIC 402 58 E & D R X —H L L,
RENT ) 772y hOARAT v Ty VAL TWDLIEERRA L, £, Znb0ETIR

OB O FTREME AR D 72D, T/ 7 7y PREAAKERFIC L ISR ERET D,
%_T\T/77ﬁyFL@%<Oﬂ@MET@KﬁW%iZW¥H%ﬁ%%OkkC%\&%
TOHRKBRFIZFVX AT v Ty P L0 PR T T AREEHLEN S PoT2, =

DFERMNS, AT v T2y DICBIT D KFERFBIAET 5 X 5 2R % 5] Xk 2§ /et 23 R~g
END, ZOHE, AT v T Ty DI M LICEIRENBL, BREWZ L2, ZOREBIEA

IiRE G & T EN T,
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Investigation of Electronic Properties of Hydrated Task Specific Ionic
Liquids using Density Functional Theory

Surya V.J. Yuvaraj*'*4 Ravil Zhdanov?, Rodion V. Belosludov®, Vladimir R.
BelosludovZ46 0Oleg S. Subbotin®%, Kiyoshi Kanie!, Kenji Funaki‘, Atsushi
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Nikolaev Institute of Inorganic Chemistry SB RAS, Novosibirsk, 630090, Russia.
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(xcorresponding author Email: suryavjy@niche. tohoku. ac. jp)

Ionic liquids (ILs) are organic salts composed of cations and anions. They are
utilized for several applications ranging from electrochemistry, catalysis, metal
extraction, pharmaceuticals and so on. The non-volatility, stability and tunable
solubility of the ionic liquids (ILs) make them as suitable solvents for metal
extraction instead of conventional volatile organic solvents. Task specific ionic
liquids (TSILs) or designer solvents are synthesized and used to accomplish a
particular application where the conventional ILs fails to succeed.

Recently, our experimental group have synthesized imidazolium based TSILs for
extraction of rare earth metal atoms [1]. The metallurgists and chemical engineers
recommend two immiscible phases (biphasic system) for energy efficient extraction
technology. Generally, less hydrophilic ILs are suitable for biphasic metal extraction
process. Absorption of water (H,0) changes the physical and chemical properties such
as density, viscosity, conductivity, polarity, melting point, hydrophobicity and
hydrogen bonding capability of ILs. In this study, we report on the electronic
properties of hydrated TSILs. The theoretical investigation discuss about the
interaction of cation—-anion, cation—-water and water—water pairs to project the most
hydrophobic ionic liquid applicable for extraction purpose

Reference:

1. Surya VJ Yuvaraj, Surya V.J. Yuvaraj, Oleg S. Subbotin, Rodion V. Belosludov, Vladimir
R. Belosludov , Kiyoshi Kanie, Kenji Funaki, Atsushi Muramatsu, Takashi Nakamura,
Hiroshi Mizuseki, Yoshiyuki Kawazoe, J. Mol. Liq. doi:10.1016/j.molliq.2014.10.028, 2014
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Spatiotemporal Dynamics at Frictional Interfaces:
From Constitutive Laws to Global Frictional Resistance
Yohai Bar-Sinai!, Robert Spatschek?, Efim Brener3, Eran Bouchbinder!?

1Chemical Physics department, Weizmann Institute of Science, Rehovot, Israrel
2Max-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany

3Peter Grunberg Institut, Forschungszentrum Jilich, Germany

The strength and stability of frictional interfaces, ranging from tribological systems to
earthquake faults, are intimately related to the underlying spatially-extended dynamics.
We describe the general framework of rate-and-state friction, and devise a novel realistic
friction model featuring both velocity-weakening and strengthening behaviors [1]. We
then provide a comprehensive theoretical account, both analytic and numeric, of the
spatiotemporal interfacial dynamics in this model [2]: Slowly extending creep patches
undergo a linear instability at a critical nucleation size, which is nearly independent of
interfacial history, initial stress conditions and velocity-strengthening friction. As a result
of this instability fast rupture events (“earthquakes”) emerge. By quantifying energy
partition (e.g. radiation and dissipation), the selection of interfacial rupture fronts and
rupture arrest, we show that the presence or absence of velocity-strengthening friction
can significantly affect the global interfacial resistance and the total energy released
during frictional instabilities ("event magnitude"). Furthermore, we show that different
forms of velocity-strengthening friction (e.g. logarithmic vs. linear) may result in events of
similar magnitude, yet with dramatically different dissipation rates. These theoretical

results may have significant implications on our understanding of frictional dynamics.
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