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L LSS, 2D ORRITEARE— (B K%) & Thierry Martin, Thibaut Jonckheere
(wteAf 2 RT) LOXRERICEDZBDOTH S,
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X [1]J. Gabelli et al., Science 313, 499 (2006)
E 4 [2] M. Biittiker, H. Thomas, and A. Prétre,
=3 Phys. Lett. A 180, 364 (1993).
T: 2 [3] Y. Hamamoto, T. Jonckheere, T. Kato, and
é% 1 T. Martin, Phys. Rev. B 81, 153305 (2010).

0 [4] Y. Hamamoto, Ph.D Thesis, University of

Tokyo (2010).
K1. Ky h&U—FHEOZRLX—[EEE V
ZELEE TV o Tz & & OB ZEA



Flat histogram algorithm MDMFIFHE(IZ & D HFHRPELTEIRRED RN
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TSRO (= b )b B E T DN EN DD, ZONRIZE > THREET BRI 50T
X, EVIOEERINAET D, ZOMBEITHEF 12228 DD TG eb O THDHN, HH DT
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Flat histogram ¥ (Wang-Landau sampling) [11% i\, &5 /L X —FEE O 5B L5051
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B ORI Tl AR IR FAE LW LA R T 55D Th D,
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0924— | -
i 3 . 090
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_ 2 0.80 w >
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o |L=64 K SN
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0.76 ‘5 ' .
, = _
0.72 Bspi BC Bspi slope —0.7
0.264 0.268 0.272 0276 0.280 0.284 101 102
p L
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[1] F. Wang and D. P. Landau, Phys. Rev. Lett. 86, 2050 (2001).
[2] D. P. Landau, Shan-Ho Tsai and M. Exler, Am. J. Phys., 72, 1294 (2004).
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HHE - mEEEDTWND,

Fo, BoNneT RFOREZRKICL T, MUt FE I FEEHWER Y v — -
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ZOEH AR ~w— - F a3 ARYy hORICKHE LI 2 — R B ERR L, @5
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(1] WPERFEERT A — R —a L B a—X& 2009 4ERE ] k5

[2] K. Hagita, T. Arai, H. Kishimoto, N. Umesaki, Y. Shinohara and Y. Amemiya: J. Phys.
Condens. Matter (2007) 19 335217
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[1] H. Watanabe, M. Suzuki, and N. Ito Phys. Rev. E, 82, 051604 (2010).
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L&z, OKITIEcHb 7 A EAR 0. 3 nmf2E O MR ZEMBFE L, T HITKED W
EINDHEZDOKEDIIT 1:6 THDLZ ENMBNTWND, £, KlcldF A ¥EL FO
BETHY . KD OEZIETRER SN TND, K PKIZEY 5H I -#E
DKVIITH DM, KETEESINZODNR, ZOWHEKTHD, Leh>T, ZOHBIT
FKERFORITRK 111 LD, ZNOLMEAMITKIRRIETEETH DN, ZDIFEN
DAERGMCKFEOCHEREII AR RN, 2B I, FEARMICEBEKIIZES .,
L72723> Tvan der Waals & Platteeuw D EEGHIZ K 0 B FLEMEITHH S, LR - T
Gy 1 RIFH AR O Z003 B IRWIREEE DR OMK 2 THIT 5 Z LB FEETH H, LLF T,
FHEMK I 21— 3 U (WPT/GC MO) & BEH= XA F—FHEICL Y 2B Tl T,
K 12V DD EST FDC, & C,0 5y FHElE & /R, ZEA~D SEROE MK FEE > X 2
L—3g v b BERROBERICESWTEHEA L7z, G TIIENME TIC o THAERIIHR A2 ITIX T
T25M0, CTIIELITAMTH D, by Ial—va vy EBmO—BUIIEFIZ L,

4
. ul VIL4C, — G
35 VIl +C
C,+C
P ut ™y v-;) C,+H
[ i, 1
| Al Tt E b .P _ . S
vi+c :
C +H,
251 -
// C+C b ]
& o
=l 2
(-9 Pﬂj C +Hz
L5 | C,
C,+H
I =
0.5 F /

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
X H,

X1 7=273 KIZBIFAC, (a,b) &£C, (a,b) O, X2 72273 KIZEKIT 5C, & C,DHIK,

AR OLFER T > v Aoy d TRl LMK Z K 2 17T, 2 OBRITIRE 273 (281 55k
— RN BT 5 C L COFEME A H LD LTS, 2D X HIT, EEICRIT 5 KFEW
JEOKD EA R ELEMEZ | AL ICTRIT 2 2 &N TE | 2O/ RILGC/NPT  MC
YIal—TarOfERE L I —HT 5 Z LR ENT[],
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ERAMBOREBHIBMERELICT = ILF R —ILHEBERE - FFEFEDORSR
PERRRE, FILIER

SEFAFIEE « BRE R, k2, dLRs, B A, 4 Tk
REDPF DL, JREFE, KBRS, B2, I ERAL /L

NI TR X —JEHA D T2 6D DB B T L — Wb Bl 4 3 2 % e L i BE R i
MEH: & BRTEEMBIOBRI T, Rttt SO0 EERFRECTH L, I L
B - BB OMECEEMEIL. 2 7 uoFEFRMAEIT TR, AV A= L ONE
MR KR E IKTFT 2. PNEBHLRRIZ. Hribfe. R RO RAR R, #3005 O KL SR &
DHERR S AL, ZHOWERNIRCY T v 7 OF@EET 5, X R A A UG 72
E OWNERFARRIL . B EHCBREE FEIR O MRS RE & LT 5, KLk O @ ks %G o
T2OITiE, ATt &M, R, RO VX —3H, Ibic=r hr—
HAEMZ BB VX =3B R AR T, £z, KOl fk: o B85, K - Al
DAi7RE, AV =7 B OBESCHRNEE L 70D, AL T, @ERER S B2
HHRIZI 7 b AR L NVTF AT — VR FEOREEZITH, £3. (1) O
VIV F A — VG (2) WA A T DM B OBAIIEE . SEENME O~ LT A —
NV AR D, BiE TIE, WHIRBIE RS 2 T O FERS S FE - i Fe o5t -
R BEAEIE O RIS — R BEE A (QUAS 55) . @F = fr b —HAZ AN BHT X /L¥F —
DEREHELZ, @72 — X7 4=V RiELHARDEDL T Vo —F2BRAT 5, %hET
X, RESRFE - TR, SR - KBfaZe L RSO IR & KIS —FREEHE CH
AT L, T — 2 2L, 72— X7 41— /L NEEICL Y XY - v 7 u I ET
%o AEIOBSEE TIL, BRI KRB — JREEFHRIC X 2R - Rl - KEOMES & B
PEE O] & TR OV T U 5,
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BABR—=ZANET NV a— L EEHRITAERT LR RD TS, e —2DH0K
OIFRICIE, BOKSCTRER & W I AR ILER L SR A D T AR 2 5 R R B D AT I
ARRAERICZ RV F =R TER L0, BRI L DREANOMERER I TN D, —
. BEFRALPRIIIER O AL & BEAM IRV &0, v AL RREMHET TORIG
ThHZEeNb X AT —EOM EE RIAD LR E, SHDONA I~ AT HLF—RL
DHLNIR Y ZHHEMTH D, AFETIX, Bn—ANMRERIC K D TV a— VAR
FRIZBAT 2 A I 3R B FRIfRET 2 0 S,

B m— 2 REEFRIZ L DTV 3 — VAERBOSIEIRE S OO T 5 2 stk
Do —OIEMENIEE TH DLV — AR OKY T L BERBEAERERT D0 15k
R, b9 —IFER LEEASRICB W TEL g — R E KRS DLF R EERE TH S,
Z DS BW TR FII 0 FRMRFE D B = L X — 2t 2 IR DI L L Tok
B L L BT, MADREISEDISEDOE D& L TEEREEZHE U 5, ) Fidion
TiX 8D-RISM & 5 - IE £ 30 FEV ) FiE A A b e FEZ VT, B K-
T r—2AOEAROWEEZEMHICET 5 BB RV — MR 21T 5 o KRR O fif
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T, A A~ AR AT 7B 32 SUGS DT 2 8 97,
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LEFREEEE 2 7 F ATOMBOIZ & 5
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Pelgisn =t KBERERE, M. H. F. Sluiter®, KEFdk2°, JIKESE!
HACKBH, 707 B TRR?, BHRE A

HIERER B L N )L ¥ — GBI 2 MER O F B & LT, ARFILH
A2 "R F X —JHE L THER SR TWAMN AL AT RE 22 B B8
(6wt.%LA_F(DOE H )k = B E LT, A A —N"—BRERH L=
KFERT R FIESTER SHTnd, AE LA — 8= L%, KFERTEMEHC
KEMRBERE A FF O BRREZHFET5 2 & T, KEBRFEZMEIR AL S5
FHEDZ L TH D, AL TIXCyuHx(coronene)’2 EDET VR EZEAL, R
DEEM, FETAN X =78l 52 LI2E, AL ==&
% IK R RTIEA D BFECBELE N D AT REMEIZ DWW TRRET 21T - 72,

AWFIETIX, FALRFE R B IEIT TR L TW D 2B IR G KLY
1 27 ZTOMBO(TOhoku Mixed Basis Orbitals w4 znizio program) *1% v 7=,
DEFIRGEEE &1, —EFEBBEEA & /LR F g B IR
BREETRBETLIFIETHS, YHIL, AT 07T LORFRIUZOWNTHHE A
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Ti0,(110) READERXRIMEICET 2F—REMHAR
BRORBE T 1, BROKPEMF 2 MIEE B 1 ARATSEsE 2, RJIRE

REOLRAMEFEEME TH 2D TiO213, REAKBESBIRRMEAEEEL LTE
ZHNTWVER, RMEEEOBBIZOVWTHR—HWRBIELA TR, BEX
MR LD RFEFIZ. BETITIRFOHELEFIdRELZLEATLIEELDN
N, REBBXRMEATHLF AR TiO2(110)RE T, BHOMITEED
STM[1]R LRI EFHILL]IOER TRERLELE»DO TRETELI H4MTHZ LN
rEN, BENBEEEFOFT) O —RIELAEEL(GGAEIZ I 2HETHIEF/EL
LeBRAMBBFRINE[L], 20—F, BREENEHBILYP)EICL5#HET
X, REEICBEET 2 TIiO 3dEFICHRTHIRERMEBEMASFER SN, RBEMLD
BRNOMAMIBETIRFCRET I EREEINEIE], RBEMOFERIZ, BEOHKE
FAONOERBERLE—ZLTWS[4],

DX BRFR—KOBEEZMHALKBEMNOBEREZALNICT D, KT L—
TTREZRINF—F v FZERICHAT DS GW EHOBEAZED TW5H, K%
T, RKEERREAHHNAT TOWMYFENIZT <D GW space-time E[5]D 7 =
FSAERW, RFu S50 RA——ar P a—F L TOXFFEMITICEEL
THEHALTWS,

PART, RNV —F TRETHREIBI T obiiizo & R T < BSLYP & GGA &%
T, REAMBBRMEEFOVF LA TiO(110)RFOBERRKRE TR o /-[6], REEE
RRMEOET VI, c(2x4)D 2=y FEADNLREBRRTFZ2 —2BRWVWEET L
EER LI, TORER, BITHRETRINEZ L 52 BSLYP £ TR XME D oIk
WM RBEEL L BEMAMEEGLDDIIR L, GGAETIEIX KM LBEES - BH
SHiEE 27, BSLYP IBIC X 2 EMBAREALHEEICE VT, BSLYP . CTET#HE
EHETDOILRERMBEMIBFBERIN, BTHEOERL LK LE, LrLlaeR
b, TORMBENPIENHRLBEERICHKT S0, BSLYPES GGAE LY b
REAMLEEFHBELZBAT2ERAICHERKRT 200838 5203 TRR, RIFFE T,
INODOFELIV B ERIIZRAVXF—F XYy 725225 GW EL 2 —HEEOELHE
BIZCHEAL, EHLb00FEABENRBDRMBEMEFERT 201 ERHNT 2,
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F—REBHEICK S GeOy/Ge RE VT HDEEM A H = X L DR
M KRBT, ZEpEIE—EH. /NEFfiHH

Ge IR N T VA2 DOF ¥ X VEEHE LTERZED TV D, ITEHEOHEICL Y |
TR DEAIEAL T SiOL/Si St 0 & S KA B D/ S0 GeO,/Ge FRETAMERR TE 5 Z
EHEINT [1]. £, GeOJ8D RiZF v v FEAFkT 52 &I2L Y, FETGe &
GeO, 7% GeO & 72 » THAES LR LM A, Sl KM HENLE D/ S GeO,/Ge S & Tk
TEHZELWEINTWD [2], L7223-> T, GeO,/Ge FiEH TD Ge KA GeO,/Ge
REFFEICKTFEL TS B2 6D, Si OFLIEFE TIX, Si & Si0, DT ERREEIC
EVFERINDREOT AEENT D70 Si TR Rm» o Sivd Z L RbnooT
W5 38l £z, SiEFHHITAERMEOERTHD EEZEZHNTND, RIFETIE, F—
JREIGHEIZ LV GeOy/Ge Fi & SiOL/Si AmEICHIT ARl r VX —REE2FHET S Z
& T GeO,/Ge FIE DI BRIaD DI N Rz FH LGS Z L2HLMT L [4]

FHRETLIE, Ge(001)m DY & fRE L
Ge-Ge ft & HIZ O R ZNAIZHEA LIo K EET /L
RV, R o =R, R
A% DO RT XX —DEL LML ERT 2y
NINBEM LTz, REET AHFITEAS L O i
T OB 2 = v — o FfE (Fig.
1)7% SiO/Si SHHENIZE~T GeO,/Ge Fti D J5 43/ ' No-Emission Preferred
ST, AR LIS <, REKKhE TR Number of O Atoms 7
LI WZ ERlbinoT-, Gelx Silck~T4 g FIG 1 Energy advantage as a function of
IGEWEES Z R T D70, GeO, O (AfEyE  the number of O atoms.

POF A, JRFHH7Z LT GeOy/Ge i COOT A &M 5 [6]. RAKX =K TII,
(L8 S DITHEA A & IUE LI REET L ORROVT bBET 5.
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BEABBEICLSI I 7V LRBERFORFRE L EFHEDHE
BT 1, JST-CREST2  £iJER 12, f Mk 12

TT7 723 ) Fa—TRT7 TV UIIERTAEMELEXD VTN RIRBIRT
kB — b THDHIN, TR ERFEZBNZEEOWEY A NOBFIREE, <127 L
— a3 YERAF R IO ER SN TV D ORI OV T Lovbo TV
O, L L MEBFIL LTI T 72 OBEBFRENSEELZT-0 LRI LY,
HHWNET T T 2 I I HEEERER L T OIS OB ANE L 2oz &
D TT Tz EOWETIIFRTREEM TH D, i, Fx OMFEE T, oA
BRIZHSNWT, A RFETFRED ST 7 = EOWEEFE L TE7-(1,2,3,4],

RIERTITE D LIZAFRICE SV, fkx RIRFRICOWTORERAENE, & FIREE,
AU, ~ A T L— g VERAX I EERET D, RHEICIT VASP Xy r— U [5-8]
AW, 777 2 FEORFMEDOWWDT,BHE D 3% A MIOWTT T 723X 3 A=
— A TEE, BRI PAWELZ AW, GHEMBRERD L. AV U REZ A D A7
Wb b, BRI X HE6 1 Mo, BT B YA MIWAE T A
b eNbnd, £lo, WET XL F—HIKITEBSRER I oW UTEBHRERICHE-
T—EDEMDH DD D, ISR TF DDA AMARHRO B4 0 = %L ¥ — 0 BI%E TJE
BRI MR BGR L TR DN RN D,

KWROFERIZ, 777 =0 Eafkx DEMT 2560, /77720 (7774 1)
EEAYFEEFEOTE X XU X VRRICHW D 7 EOISAFEICTES % 5 2 56 H 722k
BLoT0nd, KIxZ 77 =r icZ v AR E L
A ORBEEE AL L-b D TH D,

ABF5E1L JST-CREST O X4 TITbh T\ 5,
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BIRABE L1, JST-CREST?  HiHEk# 12, =kl fkR 12

777 = IREBRTNOMELND ZRTEBIRMETHY . T/ Fa—TRT T
mE MOEL DRBRWEOEWE L LT, TORRLMENS, BN SISHET
MRA<ER S TWa, T4, SiC00DHE EICBIT5 77 7 = v OEICE L TEL O
ENFENHNZ SN TWDEN, 2o Om BB 57 7 7 = VplE OHENN 72 kEh it O
RDOAT v T LTROLNTWND DL, 777 =B EOF /HEEDORETH D,
TR, I 7= AEOBENEEH WD LI, VT T O T IREWENEETEH LT
F TR ZADEMRE L THEA SN TV DINETHD, e xiE, /77 = BITHEE
ENTTF )T AL ZAOEERISHAF E LT, BRIZBWTELYORENFHETH 5 PLD
HBIZEY, 79774 b RICEESEEZ GaN B3 IF o 5[], LarL, Z2hbo kot
B LRiZBiF 5, =R bG8k 0T #ET S A AORREAIZE LT iy 7 BRAR X 72
ENTWRV, RFEORKNRBRIX, 2D ZRTWE O =R/t & -8R
TN ADFEG L EDREA T = XA LOHR, Z L TEINLOMME - HEO THRICH
%=y

T, Fox D7 N—7"Tik GaN @ & 9 R BRI b W86 % 77 7 7 A4 b LTk
REE7 L EORERICOVTE RN RFHAEN DFEm L CE2[2-4], KT, 7
Z77xrDE DR ZRTTE L0 =R E W ERO — RO E A T = X LD DT
DI, JRTHEZ 11D 83 FE TORTEZWE S EOEBREL . RHEMIHRH L T
&72[5-7], ARBFZETIZ, 2O —HOMIEE — DD D7D, TNFETEII T TE
HMEFHETIE R, BEORF% 777 2 BICRESET3HE 21TV, iER 4224
SH L EOEBFHEEICOWTEm AT 72, BARAIZIE, O Mn Ji 125k % 7o ld &
RS, W ODDMEKIREBEARE LIZFEEZITI 2 LICX 0., TOREEITHONT
B AT o T, FEROFEIZOW TR, FEEICTRELZIT O,
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—REKRBESNFINRETOISLORAFEL
KFRFEER~NDIEH
GRKFT fipdr, =i

BERIIBIT DKEBH-EOERZHMT 22 81F, HL<HLEERMET —~D—DT
D, KBEIRDBWILETH L7120, WET TIRREL(LCET), BHFEOINEND D5
WEBICE > TZEOANELT 5. T0D, WEOFHEMEZ XA+ 5 EERERN L& 2
BTE Tz, IH, KER/ELOFEMIRFEERICIS O TINL LI ARSI, FR
FCIEZEDOELKBAE— A FDKBREE DRI L - T, 26580 RITHEIEST 5 2 L0135
—JRBEFHEIC X o THE STV B [1,2]. el 2 135 — JRBEE RIS K o OKofEdicEs
T, KO TOFROBRIMEGT-E— A > DS AEEYRFHEEROEA L REICE RS T
g L, Sy HIEEREC Ko TREMICET 2 Z & AWt L72[3].

INFETKBR/EARIZBOTL, 7a h BN L 2BEBEOZILIZOWIEKHPOLK
MR 8 CEL<Hm SN TE ., ZOLAMBEICR200, 72 hrOETHIRTHS.
Forld, BREREE> D T FEC Lo T e h OB THRERV AL TR T Z
La— K (fHIEEE Y 7 FPIMD)DBIR 2B 272> CTE 72, 2O a— RTIIRFEBEREZH S
ZEEMEEL, BTREHFEITIA —F —NEE L AIHETH 5 0penMX % HW TV 5 [4]. 4 lAl

FRNR LI LS T a b &ML Teky 4 A4 ~—ICBT 57 A MtREBIE, 7'm b
UMK T AL, BT a R UKy T AR EKIZHEAT AR E LT, KA
17 T AL L RKaD & HKRFFIZIBNT, EOREE & WERT v v L & R~
O TENLIZOVWTHRET 5.

&

M 17w hoMMAGFEA~—DE—-RERKBES D T8 NZ
SCHR
[1] S Horiuchi, F. Ishii, R. Kumai, Y. Okimoto, H. Tachibana, N. Nagaosa, and Y.
Tokura, Nature Materials 4, 163(2005).
[2] F. Ishii, N. Nagaosa, Y. Tokura, and K. Terakura, Phys. Rev. B 78, 212105(2006).
[3] F. Ishii, K. Terada, and S. Miura, Molecular Simulation, in press.

[4] T. Ozaki et al. http://www.openmx-square.org/



EEEE/NIAL——IIFREINIEFBFIATIVRADE—REHE
B RBFE L, BAVEIEME 2, ZUEKEHFFE 8, Univ. Washington4
MR 1, L 2, A3, RIE—E 13, G.F. Bertsch?

WS O L —F—HAli O R ERIZIED, L—F—Z WD FETHEFREN DR LA D
BB SE5FENAREIC R o7, ZOmMBEF VAL —F—ZHNDLET,
WEIE#R TR A2V L O & IS B 2 T 2 R, MRx IR BLR N FERR
BICBLl STV D, ZAUTxE L, — B2 5 — R B A 22 BRI 78 1 38 S 28 & ROE L 72
LONIZEALETHD Y IR EEINE % 5Lk 3 2 Mkl 2 LRI R O 25— R B 72
IR CIE IR LTy, Fx 1X 2 OB EE IS E 2 R 72 8L 5 B
INZT B RERME AT LB SRR (TDDFT) & J2M5R Cff < Mkl DOBIRE 21T\, 7
FONFISELL 3 L OEEE OIS E[2,3IC# A L T& 7=,

ARARAL —=TliE, BFIREIL Y b+ LR L —P —% BRI 2 L REOK
RN —FITEEINS e —L > N7 4 ) AP A LR 2w 5, (8]
b —L N T4 ) ATEDERRA I =X LIRS 2 B O FOOIRENEIC S U T LT
LENBGERNZRBEGERIC L VS STV e, ZOAER A I = X LTRSS DO — AL ERE %
q(t) & LTeBRD— AV FERE DIRFIH) 36 2

q(t) = —qo sin(Qt + @) + q, qo: IR0, 2: 4 FIREV DO IRE L, q: FHrALE
DA AH THHMATT DD, ABFZETIE, DA A B = XL Z2 ST DA e A REIEK

PN D DR DARRIZ BV TH A &, EBRIICEIH S W S 0rfHe & BRI ES

BNE LTS EWD G o, DFE, FEFITEWVIREOHERKIC %wfﬁ%A

F4av] = T

TITHE N2V K 9 7efiFHe D2 72 281k (b) ' calculation —x—
L ey . Measurement = e »
§+E‘ﬁ%(@ 4.75 eV fﬁﬁ)&lﬁZ)% T 180 F
Mk, ARAS—THINLORE 5 R
L ZOWERRIC SV CERT . = OF 7
0F _

0 1 2 3 4 5 6 7
o [eV/h]

[ S PR D IR BN R & AR o D BIfR

SR

[1] G.F. Berstch, J.-I. Iwata, A. Rubio, and K. Yabana; Phys. Rev. B 62, 7998 (2000).
[2] T. Otobe, et al.; Phys. Rev. B 77, 165104 (2008).

[3] Y. Shinohara, et al.; Phys. Rev. B 82, 155110 (2010).



“EEMIC R 1T SRS ERERR
BRER LR ALY & —1, BRI 2 HAEE 1|, LREUA 25 Ll 2, kR 1

WEOEE TR DHERR L. WERE L OHERE R B30T 5 HAR) 2 B
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T, EERE ISR 2WE OREHSEICE O T L EF im0 22 MR IS FE DU 72 34 23 7T RE
Thod, 2O, ZOFHFEITFERIIZE R EE 22 E DI 36 1T 2 HEERR IRV TR
WCHEE LR D,
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MD and QM calculations to reproduce water dynamics around several solute molecules

Takuya Takahashil’z, Tkuo Kurisaki'

'Research Organization of Science and Engineering, Ritsumeikan University, “Department of Bioscience

and Bioinformatics, Ritsumeikan University

Ions and water molecules around biomolecules play important roles for many biological phenomena and are
supposed to change the physico-chemical properties during enzymatic reaction such as ATP hydrolysis. To
elucidate the properties, classical MD simulations of water molecules around several types of solutes
(poly-phosphates, AMP, 20 amino acids, and monovalent ions) were done with SPCE and TIP5P water
models. The hydrating water molecules around phosphate-like molecule with a moderate negative charge
showed increased mobility of water compared with bulk water and the results were consistent with the
experimental results of the dielectric relaxation spectroscopy. MDs of water around 20 amino acids with
SPCE water models. In those cases, the mobility of surrounding water molecules are closely correlated to
the hydropathy and the molecular weight of the amino acids although the increased mobility of water was
not observed. We also tried acetyl-X-N-methyl molecules (X are 20 amino acid side chains) as electrically
neutralized terminal solutes with several water models. For mono-atomic ions such as alkaline metal ions
and halogen ions, several conventional water models such as SPCE, TIP5P, POL3, Flexible SPC, and
gSPC/Fw water models could not reproduce the increased mobility around so-called structure breaker ions.
As well as the classical MD results, the QM results of water around phosphate molecules will be shown.
To improve and refine the force field for the mono atomic ions, we optimized the parameter for

non-electrostatic part of the interaction with Lennard-Jones type potential. The redults will be discussed.

H2PO4 H3P207 H5P3010
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Phone: +81-77-566-1111, FAX: +81-77-561-5203 (or 561-5077),
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Holes in graphene and how to repair them

Hironori Hara, Yoshitaka Okita, Lili Liu, Stephan Irle

Institute for Advanced Research and Department of Chemistry, Nagoya University,
Nagoya 464-8602, Japan

Graphite is an important surface lining material for systems operating under
high temperature and high pressure, and is being tested as surface material for rocket
nozzles and for plasma divertors in nuclear fusion technology. Despite the importance
of these technologies, very little is known about the high-temperature, high-pressure
(high-T,P) processes causing graphite erosion due to reactions with oxidizing agents
from fuel combustion, or the high-temperature chemical sputtering of hydrogen
causing hydrocarbon yield at the plasma-wall interface in fusion reactors. It has
become clear in numerous theoretical and experimental studies that existing holes in
the basal graphite (0001) are premier places for attack of erosive species resulting in
ever larger holes, and that therefore knowledge of the chemical stability of hole edges
and techniques for “hole filling” are important to improve the performance of the
graphitic wall material.

In this poster we will present a) high-T quantum chemical molecular
dynamics (QM/MD) guided reaction profile mapping for the annealing of a
monovacancy defect in a small graphene flake, b) discuss the thermodynamic and
kinetic stabilities of armchair and zigzag edges of large holes in graphite, and c)
present high-T QM/MD simulations for hole-healing where holes in graphite are
subjected to a vapor consisting of C, molecules (see Figure 1). We will briefly discuss
our outlook on the future role of high-T QM/MD-guided global reaction route
mapping (GRRM) for
the presented
simulations.

Figure 1. C, molecules used to gradually “fill” a hole in graphite in QM/MD
simulations at 3000 K.



Kick: Constraining a Stochastic Search Procedure with
Molecular Fragments

Matthew A. Addicoat'?, and Greg F. Metha®

'Institute for Advanced Research and Department of Chemistry, Nagoya University,
Nagoya 464-8602, Japan

’School of Chemistry and Physics, University of Adelaide, Adelaide, South Australia
5005, Australia

Predicting the structures of novel or unfamiliar stoichiometries is a daunting chemical
task. A system of four unique atoms, ABCD, has six possible arrangements of atoms
with a total of 56 permutations. Addition of a single atom to create ABCDE, now
yields 15 possible arrangements with a total of 577 possible connectivities. The
number of possible connectivities scales factorially with the number of atoms, such
that linear ABCDEF alone has 360 permutations. Furthermore, each connectivity may
have multiple stable conformers, meaning the problem rapidly becomes too large for
manual exploration.

The Kick program, originally developed by Bera and coworkers [1] is a stochastic
algorithm that generates molecular co-ordinates by randomly translating or “Kicking”
each desired atom into a pre-defined box.

We have developed several extension to this essential Kick methodology, most
notably Kick-fragment [2] and Kickbox. The Kick-fragment method allows for
molecules or fragments to be kicked (just like kicking a ball, each fragment rotates as
well as translates). Multiple conformers of a single fragment can be kicked. In
Kickbox, the box itself can be moved, allowing one to kick towards a macromolecular
or surface target.

References

[1] P. P. Bera, K. W. Sattelmeyer, M. Saunders, H. F. Schaefer 111, P. v R. Schleyer; ]. Phys. Chem. A,
110, 4287 (2006).
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Fig.l Insertion of the k/-bond into the other part of the system.
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The study of ionic transport properties of materials has a critical role in the
development of a new class of electrolyte materials with high ion conductivity at low
temperature, typically used in solid oxide fuel cells technology. [1,2]

Cerium oxide as well as zirconium oxide, has been the object of wide interest since they
show a high oxygen mobility when they crystallize in a fluorite structure.[3,4]

However, recent observation have shown how the interface yttrium stabilized zirconia
and samarium doped ceria under specific experimental conditions, exhibits an oxygen
conduction up to two order of magnitude higher that the bulk materials.[5]

In the present work we use a computational Density Functional Theory approach to
investigate the structural and electronic properties of the low index ZrO,-CeO; interface.
Optimization of the lattice geometry for the separate ZrO, and CeO, bulks as well as the
interface is carried out and the structural morphology is analyzed.
The energy formation of the oxygen vacancies are analyzed at different values of
lattice parameter, in order to verify its dependency on the strain. This eventually allow
us to identify vacancy concentration difference in bulks and interfaces.
Activation energy of the oxygen migration are also calculated in the bulk as well as at
the interfaces level to identify eventual preferential migration channel.
The effect of the doping on the lattice geometry is analyzed for the low index interfaces
in order to verify its influence on the morphologic disorder and consequently on
vacancy concentration and activation barriers.
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[3] Esposito V, Traversa E J. Amer. Ceram. Soc. 91-4 1037-1051 (2008)

[4] S.P.S. Badwal Solid State lonics 52 23-32 (2002)

[5] S. Sanna, V. Esposito, A. Tebano, S. Licoccia, E. Traversa, G. Balestrino Small 6-17 1863
(2010).
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Introduction

Piano-stool Ru(Il) complexes are interesting for their promising
anti-cancer activity against some type of tumours. In this @ @
—

computational study we concern on complex [(n°-ben)Ru'(en)CI]" Ri_, 7RI
and its interaction with DNA. It is known experimentally that this ho \ i N \ i
complex forms strong monofunctional adduct with DNA and N Ny
si'mil.arly .to cisplatin the N7 positi(?n on guanine is prefe@ed as Fig.1: Interaction of Ru(IT)
binding site. We have confirmed this also computationally in our complex with guanine

previous QM study [1].

Purpose of this project is to look at interaction of [(1°-ben)Ru"(en)Cl]" complex with DNA,
especially on structural changes of double-helix, and compare it with behaviour of cisplatin. It is
well known that anti-cancer activity of cisplatin is caused by forming intra-strand cross-link between
two adjacent guanines and we want to check possibility of this mechanism also in case of Ru(Il)
complex.

Computational Details

As we want to study deformation changes on DNA helix our model has to include at least several
nucleic base pairs. For the beginning we built model consisting of 10 base-pair DNA oligonucleotide
with sequence 5'-AATGGGACCT-3' (standard B-DNA structure parameters, Watson-Crick base-
pairing) and [(n°-ben)Ru"(en)H,O]" complex. All system is electrically neutralized by 18 Na* cations
and surrounded by explicit water molecules.

Such a big system is not possible to calculate only at QM level with sufficient accuracy and
so we use hybrid QM/MM approach to treat it. Model is divided into QM part including Ru(II)
complex and two nearest guanines connected by sugar-phophate bridge and the MM part which is
the rest of the model. Energy of QM part is calculated at DFT(B3LYP)/6-31G(d) level and MM part
is parametrized by Amber FF96.

e St eeeoyenery  For performing QM/MM calculations we use our

B8 T own code called ComQum. This is an extension of

| OEFep =) o = cam | original Ryde's version [2] by which we can

—1 connect several standard QM program packages

i with Amber MM package. In this project we use
Fig.2: ComQum modules diagram program Gamess for QM calculations.

QM software | * CQStep |q ™ MM software

Results

Reactant and product structure were fully optimized and compared with QM geometries [1].
Phosphate groups interact electrostaticaly with charged Ru(Il) complex and that leads to structure
distortion and stabilization. Stabilization effect has also hydrogen bond between oxygen O6 on
guanine and hydrogen on ethylendiammine. Distance between central Ru cation and N7 nitrogen on
guanine is shorten from 2.35 A in QM calculation to 2.26 A calculated by QM/MM. Also reaction
energy is lowered from -7.53 kcal/mol [1] to -18.26 kcal/moll. From these first results it seems that
interaction of Ru(Il) complex with guanine is underestimated in QM calculations as result of lacking
electrostatic interaction with phosphate groups. Also steric effects of molecular surrounding has
influence on the structure. More detailed analysis of bonding energies, molecular orbitals and charge
densities will be presented on the poster.
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