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HIGH INTENSITY NEUTRON SCATTERING AND
MATERIALS SCIENCE

Masatoshi Arai (J-PARC Center, JAEA)

Peak neutron intensity of J-PARC/MLF can exceed 100 times of that of ILL. A
combination with a state-of-the-art instrument will give an opportunity to observe
very weak but important phenomena related to a intrinsic function of a material.
Atomic structure, its dynamics and induced electron states have a responsibility
to create physical property of materials. Classical regular atomic arrangement
gives well defined lattice dynamics and spin dynamic, which have been well
studied by neutrons so far. If inhomogeneity was introduced in the material,
atomic disorder 1is created, and its dynamics and electron states can be
modified/smeared out in the reciprocal space, and are difficult to be observed and
anticipated. However, high intensity neutron experiment using the cutting-edge
instruments has made it possible to observe a 4-dimensional information in the
momentum-energy space in a very wide reciprocal space. Analysis from these data
can give a new paradigm to understand intrinsic dynamics of functional materials
such as 1onic conductor, super conductor etc. In the talk I will show a recent
development of experimental method and data analysis in the reciprocal space

and in the real space, and discuss futuristic trend of neutron scattering.
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BEN=-REIDAA—DUYT
Ag BIE/S(NMNFEEERERED) VT ILIEE

SMEEGEIR) . ARESE (JASRD), BB (HRITX).
g Z (BRI XK)

EEEE/FEARERORTX., PavhkF—ERBESILEDYHE B[]
THEELREEY A THD, LHLEREREZSELT, EETICELN-R
HD3D(HAHANE2DERN) BEXEEEFLANIILTHATLHIIEEBTST
(T7EW, CHICEAL T, REBETIXREFLARILTEENDODEERIGDIEETS
BUOWREZEDODIENEAGFEINS, Si(111)y 3xy 3-B Eix EIZ Ag BIEEZRK
ELERERYEITS, ZORTIE. ) AgBETISERBEERNOERKRA
o TUL M=y 3x/ 3 FHIEENREFESNTHY., (i) Ag EEREIZIX Si(111)
HIRDY 3xy 3 HFE Ag11DIx1 BFDFRETORFESIZHIET S 3x3
BHiZEHF Uy T ILEBENEOLNS, CNSIZDONT, STMRIE LT
SPring-8 T XRD #AWTHEbN-RIEDMEFRERETTHELEEIT, 1B
INT-FREEED STM/STS ZHWNV-EEHEDAIREEICDOWNTERT .
[1] H. Hirayama, et al. Phys. Rev. B66, 073301 (2002).

[2] Y. Yoshiike, et al. Appl. Phys. Lett. 104, 191605 (2014).
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TINAZAMHICETHEREFMYEIDAA—DT

BAH—EEIRX) . EBEXRE - EBEXE (ELEHREA) .
ENE-ABISAZ-BHF (ERIKX) . RASKL(RRELIHAK)

)aArEIFLHELE-BEADFEAXRIORIEFTEZED TS F/H—R
Y MoS,ZENEBIRYWEET. TNOLDT /A RAFEMEARIZEWLNTRHH O H
HIIEICEELGEREETH S,

SRBERBRFYITHED) AT NARAEMZEWTIEEMSFENI S
TETWANIZRZSHROVB)OERWAS)DRF—EVT L, REWMDMMIET
ERINIBERESREDISLGBREMEGEERT HICIEITMMEFDIS
ARG ERFLANIILTODEBIELAR L THD, — A FILWLVT /A
AAMBELTHENERIELTWSBIRMETIEX. ALV ETHLIESE
HDHEEAINNEDREBETHD, TIITIEXOIXYRFYAERE S L TLY
HAREENKEVND ., FOEFLARIILTOEBE(ICRITI=-HEIXIBE=(EH
UTH5,

KBETIE,. INSDWNODNDREYIRERBNLEDLS, SDAA—=DUY
Bt FZEFRALE-FHYEE YA OBERBEORREEHLLNT /A
ATOERFEMEARIZDENDIEFEHR LD,
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FI/RALEEETT Ti-Ni-Fe RRECEES S
IS $ex: Ty

FH 2 EA B BT HT0RK), ¥ 1F—GEIX),
I\A BEA(LGETX), #)ll HBthEERX)

TiNi B2 FIREFRLLICHASNTWARIREEEEETHS. COEED Ni
% Fe TEH#LT= Ti Ni, Fe, BEIL Fe BEEN x=6 B2 5L, B2 BigE
DTSV REEEIOBELE 1/ -EBEMEICEELFHER
SN, T/ HAXDBINERAMO NS ERE B END, COREIFTAN
AV SRFEIFEZEEICOMEFEEINTHY . BRESIVICHDE AL
CHERBRAICHRINTLSD., ZORFEREE X +RITHLMNIEST
WEW], B XEEROT ST —REBEDTEDREFLAEMNS 0.1~2nm
REODRMEEZMAZENHEFEE-H. CORDBAEEDAZIZITEL
TS, R IE TigNiy,Fe, EEEFBERZALZ NI [RFE KLY Fe RFMNLD
"I X WAROTST70—RIELY, IC HOBMMEEICODVLWTUTOMRERS
e ONiBEUVFe EFDRAED TIRFDREFERMMNIEFEICKELY, (i) Ni
BEFREBDE2ELUVEIAEDEFEN RFDRFHEIERHL, Fe RFE
FEDE2HELIVEIAIEDEFEFe RFDRFREIERLYEIEL, (i) 5FE
ROMLAEEF 1/3(110), BFEH A BA10) DRI IH L= &
FET S,

Reference: [1]Wen Hu, et a/. Phys. Rev. B 80, 060202(R) (2009).
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B/IAXEROTS5T7—FRLN -
LPSO #&:& Mg & £ICH (TS EER OB &S

MIF— (RIEX) . FEZT) - FEFCERK) . \NAEATLETX). #
{Bth (BB K) . #AKE & (SPring-8/JASRI)

Mg 2 Zn6Y8 FEDHSR4EEHLDDEAHMICITRNDS Zn/Y BiEEED
DL 0% LPSO # 1& (Synchronized long—period stacking ordered
structure) M H1IIAFE RSN ZLOMMEZEDEKZSIES DT TS,
LPSOBEMFHE, TN/ ULRELIEMS, NAMEND Mg EEDREN S
BEE IS TS, CCTIREAXRRAT ZT70—F AL Zn/Y BHEE
MM Zn DRAT Z LD BIEEIToT=. SE AL MggZn,Y (. &K
DFERBADIE 1mm BEDF A XDLD THT=, TD1=8H. 20 X 20um* [ZE
FLTz ASXERE AL BAXRAROY S T4—DREREIT o1z, ALz ASTX
I FILE—IL, 10.00~13.75keV THD, BEBZM LI, DRIKDEFEH
FAENTEY., Zn/Y BEB N KRE(EATVSIENRE ST,

[1] Y. Kawamura and M. Yamasaki, Mater. Trans. 48 (2007) 2986.
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HIEXEAROTST4—I2 LD
BERBEErEERT7TTFE2—EER Co:TiO,D
ZERFTEFEER
INBFBEA(LEHK). HiF— (ELK).

TERTENRE - St bR B A3 th (BEK) . )11t (BE A K)

TFHA—EE Co M TIO, (L, BF v 7 RETHRE 600 KETHIMEE
RYET. REVMOZIAM B ELTHFEINTLS[1], ZDREIRITF+1)
THEETHAEEZEZON TSN, 2], HEEDEFRTIE 600K ELV5F L T2
) —BREZARSZIRBATELGL, CORIRIZIE. Co BN RATMGHEERD L
ENREE-> TS EZEZON . FERREALOBANRFEIZ=RTH
ETEZERAXBROTST4— (XFH) IIBHTHEBDEFETHS, FZT
ZERIF.T7FHE—EE CoTiO,D Co FADB/AEEZTHLMNZTHI=HIZ,
Co—Ka XFH DAIEZ T ot=. TDHER. Co (X Ti EEHMLTLVDED &L EHE

LTUWVEWEDDDEKER2FBFFLU LR HAHEMN o1,
[1] Y. Yamada et al, Science 332 (2011) 1065.
[2] H. Toyosaki et al, Nature Mater. 3 (2004) 221.
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Study of magnetic domain structure in anatase (Ti,C0)O: thin film
°Thantip S. Krasienapibal', Tomoteru Fukumura'*3, Tetsuya Hasegawa'>?
University of Tokyo!, JST-CREST?, KAST ?

(Ti,Co0)O, is one of room temperature ferromagnetlc oxide semiconductors,
and its ferromagnetism can be controlled by both electrostatic and chemical
electron dopings [1-2]. As well as macroscopic magnetism, microscopic
magnetic domain structure is important to implement spintronic applications such
as domain wall motion. In this study, we report the magnetic domain structure in
anatase (T1,C0)O, by magnetic force microscopy (MFM). The magnetic domain
structure showed a systematic dependence on carrier density and Co content.

Anatase Ti;.4Co,0,-5(001) epitaxial thin films (x = 0.01, 0.03, 0.05 and 0.10)
buffered with TiO, were grown on LaAlOs; (001) substrates by pulsed laser
deposition. At high carrier density, the size of magnetic domain was a
monotonically increasing function of x. At fixed x =0.10, the MFM signal showed
good coincidence with bulk magnetization as seen in Figure.

ARG S i VRS SR
s;n- ﬁ” w2 e ‘h?ﬂﬁ. S i
!-- :f'\‘.wf o : }1’. "i:"“ F'.' 'l:.h";\l Fagugms
R e R
i‘r""-i*";‘ r.:!‘_-’r- 3 I: :H:F“ ‘\,, & '-%-.
.llﬂ".. Al SR ’E?ﬂ,-fi“i;f"‘ "{_"‘“ﬁ'm*‘; = t:
2.6x10" cm™® 1.8x10" cm® 4.8x10" cm™ 5.2x10" cm? 6.3x10" cm?
“n
Figure Carrier dependence of magnetic domain structure in anatase (T1,C0)Oz> thin films.

References: [1] Y. Yamada et al. Science 332 (2011) 1065.
[2] Y. Yamada ef al. Appl. Phys. Lett. 99 (2011) 242502.
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3DAP |2k 55k EME F BK ZnSnAs,:Mn FFEIR D F1if

NEERE (REHX) . HF LERARBEEX) . SEEZ (REKX) .
NHEE (REF/7FIVR)

InP EREICHOFHRIERI X —EZTHEE LT InSnAs2:Mn BIEFXERT
Mt T NI HEREERTHL 1], MERFTHS In [RFRDDOER
BEZMNT 2-OICRRNSEILXBHROT ST 0 XFH) IZK DBIEZE
EHTWD[2], —A. SD&K57% 3D FFEINA A=V T EMEHT
IB5=6IZ. 3D 7 LTO—T (3DAP ;%) ZFHULVT ZnSnAs2:Mn EIED
FlETLD. ERRBMEDOERICOVWTRITZIT o= R D ZnSnAs2:Mn
SEIRIL R ERRED 338K T, ERTHBRGERTY VX %ERLT-,
F-. B FEEE X REITIC & HBIE TIXE 2 AR S iah - 1=, 3DAP
BITE D=8 12 ZnSnAs,:Mn/ZnSnAs,/ InP #&& D &HKE# Z #ERL L . 335 nm UV
L—H %8B LA L 20K TRIEZEZIT o=,

F. AHMOBERERT. h OFEIZLD S
InSnAs,:Mn/ZnSnAs, REI #HERT H_ LM T |z ®as
5. Ih BFORYELIHLRFAHOR | - on

& o

WHABASh  AE—/ ZILofEMAERLTL
5o cNLDFERMN L. PIHESRTLE Mn-As DY o
S AR —%EE Coherently clustered &EEME oot
FE{K(CCFMS) &EZ BN B, 120t
[1] N.Uchitomi, et a/. e-J. Surf. Sci .Nanotech. 9 1l
(2011) 95.

[2] K.Hayashi, et a/. Jpn. J. App. Phys. 50 (2011) 01BFO05.

InP ZnSnAs,
>o—od
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B EAFERHROBKREILLY Y.0.Bi EED
EXHERIESXS —LEFRERT

AR (RXK) . EFHE, RE)NEH (R, JST-CREST)

A B EARFEIEDO—EDBIREE
¥ R,0.Bi(R = &LHE.Y) DL HE&E
KONGRS, EREBRAELEBIHRES
nr=[11 R,OBi ANV VUG HE
ZRRBH-BIZIE BB PIEAT v
IWEEDERMNERLL, L, #H7=IC
FAELE-ETEERIEIXS—EIZLY
Y,0,Bi TERF L v )LERDOERIZHDH
THML[2). BFHEEHE DL TEREL 88
O THET %, .

28R EEFNT Bi. Y. Y,0;, MoES CaF, R LI<pf L7
SBIEHES CaF, B EICHIEL, in Y20BI TEZFI YRR,
situ THERR LTz, ERLT-EIEIL V0B DBEERREEZRT XRD /33—
ZaRL-, BIEOEFHEFEZFTML S, BTIER SR (XN NE S
MDAHME 02> T|cos | TEIELT=, Thbb. Y,0,Bi I& B B[R FEIZHE
HL-Z R B8R HEEZ T,

References: [1] H. Mizoguchi et al., J. Am. Chem. Soc. 133 (2011) 2394.
[2] R. Sei et al., Cryst. Growth Des. 14 (2014) 4227 .
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W/ X 05 5T74—I12&B Cu(ln,Ga)Se, FEmD
R ba#EE DI

BAE(BEX) . \AEA(LETX) .. #iF— (RIEK-E6H).
EFEEZ -5 th (BRAX) , HER - BIHERM(ESIX)

Cu(In,Ga)Se, (CIGS)IZIEE A @EBRMNINIFMMEEZEHDIEE Y CulnSe,
(E,=1.04 eV)& CuGaSe,(E,=1.68eVIDERF EARTH S, CIGS [FFEKIGE
M TREERME(209%)FHIT S, LHL. EMERKEICKSHIEEE &I O
YNIVYZTIVT M Th N TEY . RIGHEEDfEAE R @ EA KEEith 454
DELIZHETHD,

AL TIXENL X IR
wfAY 374UV
Cu(In,Ga)Se, M X [até
EDAIRILZEMET /
%, CIGS ABEMTIE L E et | P i R4
Mo/Y—4"34LH"5A L@ Gain+Ga:0.4 02 03 04 05 06 07 08
ZiERh CIGS BIREM g1 CulnGa)Ses Wik (EBRDBIZHINF S 1T 5)
Wonbd, LMALAEIE
TIIEERABRNDETHDLA . CIGS NIV EE RE B ESIFE ALV -
BREAEICKYERLEE. R BDBEEXTRY , ek Ga/In+Ga M
0.1~0.8 MEATNYNIZFRLY
HRhtETTREOHEERNE
5M 1=, Culny,Ga,,Se, f& & D l_.
Ga-KadE VKDY TLEAER 01 J
Lfze TNIZEDEFEFEEZE
HEL.cBD 1/8 BMITHAICE o VIS i+ e b 4
TBEFEERFELEEFD i s e Rl o
BRSIISET A MMMBMRE T G R Bl
B RETO>TVWALDFRIT L
E4%¥ v MBE)EICLAERE |,
SBIRICKY, T—2D R LEAH] st
FINnd, X2 Culny,GagsSe, M Ga-KafRlZ&ABHROT 5L

-0
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BREBF—7 SITio, D EFIRRE L SLfitid e

JINFEESE ', FRAMA? REBEA ', HE' SEE" MERIXX

THERRZ 3 Lippmaa Mikk', "R X¥TEME, 2ERILK, *REX

KEHEKNDI)—iKFRE EE B LSRG AEDREFEN
EENTLVS, Rh TEDEBRTHREN—E>J Lz SrTiO, [TDUWVTLHLER
WA EE O AIEEENRESNTEYN], HLIE M:STIO,M =
Rh, INDXBRILZRFIEICDOVTHRELTE . IO T, k—/>
FOBEEOMERICE>TEENRAIZELL., HIZE Rh*™:SITIO, [FAEHE
T&HHNHY. Rh*SITio, [TELVEEZERT[1],

AFERTIE., LAMEOEBEFEEITEBL., FICEF—/U MDY 54
MEGCDMUEESME T OB ERZRANERERET S, EFREIE.
SPring-8 BLO7LSU ZAL M=z X fRIRURFE N D HICKHERE, F—REFHE
(HSE0B)IZ kBB FREBEHEICKIVEANT-. ChoDFERZLEITHAREEHS
LEFREDEEZERIHET, MEFFD LIRICHBERMYERMMN
RSN SEZITHREFENRGESHEWVSBEFZRABELIELGST[2,3],
References: [1] R. Konta et al, J Phys. Chem. B 108 (2004) 8992. [2]
S.Kawasaki et al, J. Phys. Chem. C116 (2012) 24445. [3] S.Kawasaki et al, J.
Phys. Chem. C 118 (2014) 20222.
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A-—site displacive ferroelectricity in double perovskites

R. Takahashi, M. Kitamura, Y. Sakurai, M. Oshima, M. Lippmaa (U. Tokyo)
I. Ohkubo (NIMS), K. Yamauchi, T. Oguchi (Osaka Univ.), Y. Cho (Tohoku Univ.)

Most ferroelectric oxides are insulators in which a centrosymmetric
crystal structure is broken by an offset of a d° transition metal relative
to the neighboring oxygen cage. Due to this, there are few ferroelectric
materials that are also ferromagnetic. In this work we study a
LasNiMnOs double perovskites, in which the B-site Ni and Mn cations
are ordered along the [111] crystal direction. Experiments show that
epitaxially strained LasNiMnOQOs thin films are both ferromagnetic and
ferroelectric. Calculations indicate that the epitaxial stretching of the
crystal is responsible for inducing an offset of the A-site La ions from
the equilibrium position, leading to a non-centrosymmetric polar state.
Double perovskites may thus offer a new way of constructing
multiferroic oxide materials, but accurate experimental analysis of
the A-site distortions in strained crystal or thin films is still lacking.
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Ti-20Nb €D B RE\LTTHROEERATR F1EE&

LA ES SEER (FERE K), #MiF— (BRALK),
INAEA(LERX), #)at (FRARXK)

BTi EEFEARA-EBERAZRESREEEMBLLTHENEATEY, R
FEIL—LEIT TN R F M AREOREEABRERMELTEERIED
HEATWDSMETHD. BTi BEIFHEEENFITES KLITLES FEIEM
DEBMFIZIFREONGL. MTIEIEETRARERBED aTiTHY, ¥
AP IHEICZLL. ERMNGADIAEED BT ZERTRHWST:
SHIZIE, i Ti [2Nb 4° Ta laE D B KEILTTHRZE 10~30at %EASH TR
BETS. BNBICE-TATI HNERELTELOND—F, wiBEFIENS
EREOF/EYMIERTS. COwiIZAT 6D mMEEE51E
SE5H, wHOITHEGKLTREMEZRT ST HITRELEL. &oT,
B&REILTE, wETE, SHREIZEWVCEELZEELNDS. kK, B
TiIEEPICEBLTIRFERKRICIRAFESIEEZEZAONTLNS B LREILTTRIE
EDO=RTBFEFEETEL X HRHROT ST —ETHRHLIZINETD
HERIZDOLVTHRET 5.
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BN Ry TR ER SrTaO N EEOSFEHDORIR

E# 5. EXi, piEE, RANEH(ERRERX) . RHXE (RR LN
R) . #aF— (RALK)

AROTRAAMEZELY) AB(O N>3 (&, EHEEERIO SR 1 & L TR AIC
MEINTNEA, BB CESFRERBEAOERAELIV=H. EX Y
(IXREAHRTH D, ?t/zli/\)l/xb H—iEEEFANATOIE2EFL —
[C&->TRELEZREELZEHML. ESYHEOHELED TS, Rif.
NILOEB TITEZEEMD SrTaO,N A SITio; EIR EDIFETIEARES
MERIEERRLIEN EFBMEDEIFEELT £ smon Seined smao im
[F. TERFIYILIEAICKBMERPD O/N BED  ~" oo
TIEAE NGRS THD (ER), UL, BERET @ ...:*f'?':_
(X O/N BEBEDOBRALHEFTFETHLPHEFEFA 5;;‘;‘.%‘
BATEY . RBOTRIECE>TOEL. BRT (o8 Raan
(;t 3DEFA A—S T & ALV O/N BL5I 24T -

A EEMEIZDUINTERT B, SrTaO,N.® O/N B2 5l & =

References. [1] D. Oka et al., Sci. Rep. 4, 4987 (2014). g so i oo O
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HER{L M EBEERICEITS
L IRl m AR JESETE X #RALEL DERAIBIRE

EHEZ (RFDEERE )

R EMEBREEYEICRNT S L RN IR IEEEXERELELIZ XY,
BMEDOYY /oD OHR—ILF—TRBIEYE TORELRE
DEANRESNHAMITEESIA TS, SHITEFRF—TRTIHF—T&
n=Fr)TFICRERLE-EFHEDOSRBELMESINTIVS. AR TIXEEL
ARIRIVIZH T HRREREEGTEZITOET, ARVMLDOFHZE R
[ZiERLT-. BELBEDHEZITOILT, W& 20 r—ILOREV -EEHEE
ERIZTRERVERTEL, FDHR—ILIZEEI—OVRTUUvwILERY A
T_q:'FEEHk EXEEMICERY -1 FRPREOMMBEXERT 558 E

FZIRLPDHLETIE, BMELRARIMLIZERCRECOEMEEREESERINT
i%ﬁ%mﬂ‘, FrnotABERE L DL - REMEERL:. TLT, FYUTD
BEWIKDIARIMNLDBENADENEZERHUICHSMNIZLE. KHRILE
IWED (RREHMKE), ZFER(EFHEEBLH MKREOERAETH
3.
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X#8 CTR 8El %I &S Cu F—FrRAOTHILEEE
B,Se, EIRDIEELEFWmE M

BIERER - SEE S (REKEYIEHER)

CuZR—TLf=b RO HILi#ZIKR Bi,Se, (X 4 K LI F CRIGEBERFE T HE
NESNO] FMREDHILBEEDERHEMELLTIEINTLNS, Cu B
Bi,Se, BMICA > 2—hL—rLTEFF—TTHENBEEDRERRESNT
WHH. BEENTOWSHERAHMIEIESETHERIN-LDOTHY . kA
2|48 (24 K CHBIREERTE T 5 CuSe, 23 L) B ZRL . FH— A KRENNIE
NELNTWS - T. M3 —hHlL—aviEEtBEELDOREFZRIZIEHA
TR, KT TIL Bi,Se, EIRIZ CuF=EBERBECR—TIBHETRIFED
EREINA-HBEERL, RFRT—ILEEEESIEFEET -,

Crystal truncation rod(CTR)BUELZZ AWV -BERZTOER. EEF—E
DJ1ZE&DT Cu DAVA—AL—2 3 BEN LTSI EMNRALAIZA
ofzo —A. BEFHEAEDHR. T RHEEFF—TEMNHY. HhDBi,Se, D
HEFENREFEINTUVEL S, BREEGERIIEI OGN o1[2], COHEER
(X, BB EFF—TICKIBIEEEBETILEBEL TS,

References: [1] Y. S. Hor et al. Phys. Rev. Lett. 104 (2010) 057001.
[2] T. Shirasawa et al. Phys. Rev. B 89 (2014) 195311.
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SEBFEIFrHIEEZRAL= AIN/SIC RED
RFEE- EFRESRLETOUE

BIEEIT-WHNXE-REHER WAL KE(ZEREIRK).
AT 248 (JASRI/SPring-8)

HEFRFSHEEITR - T MERBICYEDRFREELEFIRE
BAOMICTEDFETHD. AMETERLFRIEFIF D —EZHWT
4H-SiC(11-20) E(Z AIN ZEEL-1IEHHB O R EmEAFETHEEZTo1-.
EERIL SPring-8BL25SU IZERE L TH DR A BRME R 7 Hr25(DIANA)Z F LY
TiTot=. E|RMHSD Si2p, C1s EFRELIZEMNSD Al 2p, N 1s D/ F2—
ZHETHIET AN MIERFX IV ILIZHELTWWAIEN S M o1=. LA,
AESBAEFLIOBIISFREICILES T HS N [RFOEFEETHE
LT, BEELULMETOHEER, REICSINARELTWAIEXHELMIZLE.

COMREFFALTHREFEFFAELT SIC LIZ AN #EEL-. AES
BAEEFNHDBEEZTo-ECSH SIN DEWAETREEER TS, *
BEFRFDAEICKYVFHEITHREL-AEREEEZRRELT, ThERET
HIENTEL-.

References: [1] M.Horita, et al. Appl. Phys. Lett. 89, 112117 (2006).
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F—[REEEZHUV/= HfO,/Si0,/Si RE®
RFEELBETAICKIBZENDMRA

PR R4 5 - /SRR R (BRRRE L) | /NErf th GRIRKETERLE)

Si0: #EFZREICK ORI —MERGIRELTEFEXEMHOEAGR
FTHY. ZDHTH HIO: FFERIN TS, LML, HIO: i@ IEZEA
LTzi5&. Si EREDREITER Si0: BB Sh, HIO: LD R EE
ENNURF TRV BEEET 5 X5, £f=. HIO: BHROBRRZEFANE
HESYTPREEEDAREMIZHESL. TNNAADHEEEEZSESE DL
75‘\%”6*1'_(['\%)0 ZFE}FJ’L_CM: ”Ezﬂ%ﬁzﬁinﬂﬂl ﬁg(%ﬁ EIEn-l'ﬁjéﬁﬁL\
T. #FED HIO/S10:/Si REEEDNDEIRILF—LEFEETRAN. Si0,
%Hi]ﬁo)"f‘naﬂﬁﬁwﬁb\b HfO02/Si10; REEEDE VAT EHERE FEED

EMICKELFEITHIETHKR LI, -, HIO2/Si0:/S1 REBEFD.
HfOQ/SiO2 REMADBRREARMBOMRIRILF—ERH-ECH, BiER
ZEFLIE HfOo/Si0: FEICHRBEBL LT KW EMNRALMN G STz, £, £
D RFEERLIE Si BEIRD/NAUEFyTHEIZETRNS =80, T/ 1 XD MHEHERS

EEICKREGEEEZEZHLETFREND,
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ronbayvEs X RV -ERRAEEOBRA
S & th (W - HE BT

ZREM,BRHEEMN, SMEEON S FELRTIRIILF TR T /NS RIZEN
T.F—T70ERFERFABTEISTEY . SNoDHRER LICIE R IGHEE
DEMNEETHD. RICEBZELIER T H-HICIERENEZSTL
BAEBFDZDIGETAEETLD., FREF/HIENVNETHY. BRFET
AtREZNDSETHHET S EMNAIEEGH LLVAIE R MTDORFENE K HEH L
NTWE, AERTIE. RHEBEMRUAERIEZMNKRREICBITEHZE
FRICHASIBMEDZDIGERC X FRINHMAEE X (XAFS) M PR
crystal truncation rod ;& (CTR)®Z AL, REEEZTOHAEEITI
ENATRETH ST X RAEF 55t (HAXPES) Z B 5 &G ERZRI G
LBl DLV TERE T B,

References: [1] T. Masuda, et al., Journal of Physical Chemistry C, 2012, 116,
10098—10102. [2] T. Masuda, et al., Advanced Materials, 2012, 24, 268-272. [3]
T. Masuda, et al., Journal of Physical Chemistry C, 2013, 117, 12168-12171. [4]
T. Masuda, et al., Applied Physics Letters, 2013, 103, 111605.
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EBERE (MM BERE) . R. G. Gordon (Harvard X)

FybEEDH R T HEFILELMIEIME - TS RIZTRILX—EUEREFD
HWEFHIHELLT ., ChETICHBIEETICEVWTEFR YO B — AL
~NDEFEBEIEIEINTWSD, EERRBICEEFLEMAEZOET
RILFX—F EEIBHIZ FYRHFARXE 2 nm UTETRRENH D, HE-T.
BRFHIETINENHI-ORNMEELI=ZVFTHI D FOFAL KRN
=M BEIMOEEENEZEIN TG o= (1], BEMICL->THREL
BRZRETEISELSETY)FOLAAVEMGEDBERILET NARIX. &
FOAA DAL ETBAICEFCEFEERTHBLTWLWS, LML, 14
VEIERURBRISEESI-O. MR EFERBEEIEALGV . HBODEF
FER Ny NMEREFE (2] T8, EREBRRORDYICIRFEHIER
L TAEEMT AET. DR THELEFERBICRYILE,

References: [1] N. Satoh. Chem. Lett. 43 (2014) 629. [2] N. Satoh, et al. Nat.
Nanotech. 3 (2008) 106 & Sci. Rep. 3, (2013) 1959.
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ERIVSRA—IIRBEICHALEEIES A 2ET
B1=6 . FHH L MMIEEEE R T 5N HFS
Nd BIHEE, V57 VICiBELE-AEI5RAS ‘h%
—MN.H— R F/Fa1a—T55T77/4FK@mIZHEA
FLESSICHERTEVRIEEEEEHTH5EM
FRICRINENIN, BORREEEOREZ C T P YV VW
RIEZBHASINTLEL, K. 57z I2i8#

CDEIGTITVEFRE IR I— DR _ —
R Hibls. ChECERMIE_Fgm o 7R
HEERAVWTIS 7V EICEITAAEIIRI—EEDREELZRIN
TEF[2-4], —#3E AELE L (GGA) ITEDGHEIZ KB E, H5REF—H AKX
DIEMEEIZ Pt RFRIDBREIRILF—HXEELY ., BRIKIZEL P S
FAA—WTFTVIZHERELE-BENREITHESIEANTREIN B3],
— AT, —RIZCKRZLGDFHNAEARKREAICRET HEICIE. GGA TIEEES
NZEWIERPTAYZE van der Waals WdW)AHBBE{ERADEZENZEEHIELHT=6
Pt VS5 RA—E5 STV DMEEERBIZEVNTE vdW HHEEANEELEE
ZR-9HEEELAH D,

AMETIE. vdW HHEERZZELEE—REAEFZANNT,. V5701
HEFLE Pt VSRI—RBEDREMZERT D, BERM/NTA—F(ZEDLY
TvdWHHEERZE AT LHDFT-D2ZALVEHEIZKSE. FT PL,DITX
A—EER OB HEREMEE vdW HEERAEEELTEER LGN 2T=,
—7':7\Pt DT RZ—IZDVTIE, GGA DEHETIEFEMLITRAI—HEE

[CIRE T DEENRETHADIZHL, vdW HEEREEETHEZRTH
HOSRE—1EE (H) DANREICHEAZEN D o1,

References:

[1] E—J. Yoo, T. Okata, T. Akita, M. Kohyama, J. Nakamura and I. Honma, Nano
Lett. 9, 2255 (2009).

[2] Y. Okamoto, Chem. Phys. Lett. 420, 382 (2006).

[3] Okazaki—-Maeda, Y. Morikawa, S. Tanaka and M. Kohyama, Surf. Sci. 604,
114 (2010).

[4] T. Park, Y. Tomita and T. Nakayama, Surf. Sci. 621, 7 (2014)
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AV LNFAUE 3 MT7IVER—FKEAICHEDL OAEZRAELT-
(In-Si0,~Al,0,/NEt,, TH), HIKELTUATILEFEFRHWN =, V)HTILE
FTREIZEASINT In FEIL, In0)" ELTHEELTLNAIEM, XPS BIEIZL
2ThHh271=z, (In0) DHEEEFRFETI/EDEEE YAl »Si, XU *C
MAS NMR RIFEIZL>THHLMIZLTz, COMEX. SHTIUDH. LU In

DAHAZEETELZIVATILI i NC._O__O
LA FLTFERDL T LR e
[ZEUERERLE], n0) & 3 “Catatysis.
BrIABANCEE Tnth Yo )
FLTFEREST /LRIEFERILS B0 jﬁ
DRIGHAENTRIZESNG, R0 ) 4PMe
[1] K. Motokura, Y. Ito, H. Noda, A. Miyaji, S. _ i'\’/si\\ 0

Si~ Si_
Yamaguchi, T. Baba, ChemPlusChem, 79 N A

(2014) 1053. In-Si0,-Al,04/NEt,
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2vEg/SiM1)EXRFETD
HF o FREBERE R DERIER

EHRCE-FNIBERA-FREHE - KBRF-FNRE (BRXEBETI)

Si RE&E HF KBREDARBETIIIVFUIBRENRLIDSZENHSONTLY
S0, AEDOKBEDEEEFTEEZEREICANI-BERRB TORIGAN=
A LOFRAFEINTLAEL, KRETIE SiH11)REE 4%HF KiBREDFE
THeZ A HF D F R E RIEDAHN=X Lix . E— R E Metadynamics j%[2]
RAWTCHBATAZEZBMET S,

Si(111)RE% OH THIFIELI= 1 NAL AN —D SiETILZEFERAL. KiFE
NDHEETDHIRE. KBEDFEIT S RDEINENTHEZToI=,
Metadynamics ;EIZHTARIGERZIZIEHF 7 FD F &XmE Si EDEEREE . H
ERIDRE Si EDIERED 2 DEAWN -, TR, KBIEDEETSHRTD
HFERERE RIGHRECY  F A Si [CIRFELIZRICH N SI [TRETDHELNOR
ISARER N Dotz MBEERERIGIZETHEHEIRILF—IE 0.12eV &R
Bion, RIGIZETHKAEDEEEINER TS,

[1] W. J. L. DeBenedetti et al., J. Vac. Sci. Technol., 31 5 050826 (2013).
[2] A.Laio et al., Proc. Batl. Acad. Sci., USA 99 12562-12566 (2002).
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Direct Access to Fluorene by Successive C-O/C-H
Bond Activation of 2-Phenylbenzyl Ester

Masafumi Hirano, Sosuke Kawazu, Nobuyuki Komine (Tokyo Univ. of A &
)

A C-H bond activation reaction so-called as Concerted
Metalation-Deprotonation (CMD) or Internal Electrophilic Substitution
(IES) mechanism is one of the current topics in catalysis. This reaction
normally involves the oxidative addition of a carbon-halogen bond of
organic halide, anion exchange reaction between halide and added
carboxylate (or carbonate) base, the C-H bond cleavage of an aromatic
compound as a proton, followed by the reductive elimination to give the
product. If we can use esters for this reaction, we will make a more
straightforward process. Recently, we have found a direct access to
fluorine by successive C-O/C-H bond activation of 2-phenylbenzyl ester
by a Pd catalyst [1].

Reference: [1] M. Hirano et al. Organometallics, 33 (2014) 1921.
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FZBHRIERBERHBELEZAZ/—ILEBDRERHEAELTHLEN TS,
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LAL., FEIE CUli A LIZEWTEREE TIERELGEWIENMLENT
W5, —A. BEDOHENITIX, FEEIX 100K FEE T Cu(11)ELIZERD
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DIFHIA—PIR BT HIENHESN TS, Cul1 )AL TO XS R
[CEWT. INFETOHETIE a-polymer AN EZHEEIE+HICEES
NTULVELY,

ZTTAMETCTEH . E—REBHEZAVTC.CUNE LIZE TS o
—polymer B EZEEL-F D N iERIGEEH XD, van der Waars HHE{EF
DEELHEEL.NEB EICKYRIGIEREZKRO D, CNIZKY. a—polymer 2
BB FEABORIGICRITTEEFHLNICL, ERELLEKT S,

[1] Ashleigh E. Baber et al, Phys. Chem. Chem. Phys. 15, 12291 (2013).
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T/ — B L e "TNSR y
BISHIET DT ILF  wocomon ’
VTR ES R, i
F-E£BII/XVT @ )
WF)TUEKITIR @ Pt aimnaton| PN sive,
4*7]_ Loq> (NBE) D / CHQSlMe; " - \P'V'es
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SRHTHE W
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[1] K. Hatagami, K. Nomura, Organometallics in press (ASAP).
[2] X. Hou, K. Nomura et al. submitted for publication.
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HURI)—THAET BREEL TS oo oo B0 |
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TIDGIZYHURTY—THERATE & wo + atwoar o Aon?
RREEISEOTORLRBHLAR mmm”°fm

Kumada-Tamao-Corriu coupling

& ELF PdNPs fill 8% SAPd (Sulfur- 7 Ranoparte |
modified Au—supported Pd) MDBAFIZAIIL TLVA[1], KEAE TIL., FiF=I2HR
HIEEhEIEHEE NiNPs s SANi DBAFICHTIL. XAFS AIEIZLY. £D
NiNPs DIEERETEIToT=, SANi (. UAVFT)—REBH-EE—a)a—Hv
TUOTIZHYRLF AT HIENTE, BHEE R NiNPs flilEELTENT
AV

References: [1] Arisawa, M., et a/ J. Am. Chem. Soc. 132 (2010), 7270.
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BB EMMY LaFe, Pd O, ICEATAERMTIE

ALt (PRABELT) . B2ECAILamEEXR).,
AU SR £ - FRiE R F] - %) BB (BRKBE L)

BEEOHIAREFILT 5= DAEEL T, LaFe,_Pd,0, ROT XHA
FEAEMAREFEIN TS, TOMEICHEITSERRE Pd DRIT. &
UREANDITHIBIEZERT 56, ZENENEREISAI—REHEE
HAEHE. LaFe, Pd, 0, /NILIETIVIZEET HBAFKEITo1=,

BT SRFRIMEEERAOHAEZEE L. MELUIZLEIIVTRI—ZER
(CVEZRL.Pd BEICHITIEHIRILTF—OEILERAETSHEPd R
FOREBERMNERINT-, — A, VF7RF—EREACE)ZIZE>TEHLEER
BEIXRILFE—HENSIE. Pd RFDRTERISERIN, ZTHE" D
RELEMMIC—HLT=, CV iEL CEEIZHITHMEIL. CVETIEEELT
WEWNS 22 KD ISRF—BEEA%.CE EATIEERELTWA-OTHS
EEZOND, AEKRTIE. ChoDFERITNA . B FREMNFLZEELIZES
[ZDWZTHERLTUL,

References: [1] H. Kizaki et al., Chem. Phys. Letters, 2013, 579, 85-89.



P39

Dissociative Adsorption of CO, on Copper Surfaces

Fahdzi Muttagien (Osaka University), Yuji Hamamoto (Osaka University), Kouji
Inagaki (Osaka University), and Yoshitada Morikawa (Osaka University)

Adsorption and reaction of CO, on solid surfaces are attracting growing interest
because of their importance in industrial, energy and environmental management.
Methanol synthesis and reverse water gas shift (RWGS) reaction are two well-known
examples of chemical reaction that utilize the CO,. Previous experimental results
showed that CO, prefers to dissociate on the stepped Cu(997) surface rather than on
Cu(111) surface at 83 K[1]. However, the details of CO, adsorption and dissociation
over copper surfaces have not been reported before and remain obscure.

By using state-of-the-art density functional theory (DFT), we studied the
dissociative adsorption of CO, to CO + O on the Cu(111), Cu(221), Cu(211), and
Cu(11 5 9) surfaces[2]. The activation energy of CO, on the flat Cu(111) surface is
1.33 eV. Meanwhile, the activation energies on stepped and kinked surfaces are
1.06 eV, 0.67 eV, and 1.02 eV for Cu(221), Cu(211), and Cu(l1l 5 9) surfaces,
respectively.  We noticed that CO, bond angle deformation during the reaction gives
significant effect to the activation energies. Even though the activation energy on the
stepped Cu(211) surface is 0.66 eV lower than on the flat Cu(111) surface, we
conclude that CO, does not dissociate on ideal clean flat, stepped or kinked Cu
surfaces at low temperature.

We attributed the CO,
dissociation on stepped Cu
surfaces at low temperature to
other factors such as effects of
Cu adatoms, gas phase or
condensed CO,, or gas phase
impurities which must exist on
“real” surfaces[3]. We found
that Cu adatoms are able to
reduce the CO, activation energy. The CO, activation energies on Cu(221) surface
with one and two copper adatoms are 1.04 eV and 0.62 eV, respectively. Moreover,

Fig. 1. Schematic of CO, dissociation during Cu-O-Cu chain formation.

we suggest that the CO, dissociation may be followed by the Cu-O-Cu chain
formation (Fig. 1). The CO, activation energy during the Cu-O-Cu chain formation is
0.46 eV.

References:

[1] Koitaya, T.; Shiozawa, Y.; Mukai, K.; Yoshimoto, S.; Yoshinobu, J. personal communication.
[2] Muttagien, F.; Hamamoto, Y.; Inagaki, K.; Morikawa, Y. J. Chem. Phys. 141 (2014), 034702.
[3] Giesen-Seibert, M.; Jentjens, R.; Poensgen, M.; Ibach, H. Phys. Rev. Lett. 71 (1993), 3521.



P40

KBBEPRTOHBKR-—BERIARADYTIVITRIED
R BB D f A
TN BB (RARET)., Bt BAGRAT) . XA H&RARD).
SRAE (RARET) A BEER(RF OEEEFE—L),
HiE FERNKE). FE #R0RARD. &) RBERARED)
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References: [1] N. Miyaura and A. Suzuki, Chem.Rev. 95 (1995) 2457
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References:

[1] T. Matsushita and F. Matsui, J. Electron. Spectrosc. Relat. Phenom., 195, 365 (2014).
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Time-Resolved X-Ray Reflectivity and Surface Diffraction

Wolfgang Voegeli, Etsuo Arakawa (Tokyo Gakugei Univ.),
Yohko F. Yano (Kinki Univ.), Tadashi Matsushita (KEK-PF)

In the study of surfaces, interfaces or thin films, an important topic is
how their structure changes, for example during chemical reactions,
in catalysis or in growth processes. Conventional X-ray scattering
methods, however, are too slow to follow most irreversible structure
changes in real time.

We have developed a new instrument for time-resolved measure-
ments of the specular X-ray reflectivity [1]. This instrument was
recently extended to be able to measure part of the surface X-ray
diffraction profile simultaneously with the reflectivity. Surface
diffraction gives information about the structure on the scale of atoms,
while X-ray reflectivity can determine the electron density
perpendicular to the surface on the scale of nanometers or less. Using
these methods together, a wide range of structural information can be
obtained with a time resolution of seconds.

In this contribution, the new method and examples of its application
to the investigation of thin-film growth at solid-liquid interfaces, UV
light irradiation induced changes in organic Langmuir-Blodgett films,
and polymer adsorption on liquid surfaces [2] will be presented.

[1] T. Matsushita et al, J.Synchrotron Rad. 20, 80 (2013).
[2] Y. F. Yano et al, J. Synchrotron Rad. 20, 980 (2013).
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Reference: [1] http://www.order—n.org/
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EIGHABREREINS-O. BHISOIRILGEE [CHERGABBRE TR H T EE
LB FE5—DODEFREL T, YL XDFEBFE DR EEZ (T
WERF o RS ER AT INS[2,3], BETIEL. 3D EFHEY A ELUZENG
MRS 57/ BRIGETRITESMBEMEDHHFEELELTOBNEITD,
References:
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[2] S. Morishita and J. Yamasaki, et a/. Appl. Phys. Lett. 93 (2008) 183193.
[3] S. Morishita and J. Yamasaki, et a. AMTC Lett. 2 (2010) 116.
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[1] S. Hosokawa et al. J. Phys. Soc. Jpn. FII .

[2] S. Hosokawa et al. J. Phys.: Conf. Ser. 502 (2014) 012024.

[3] S. Hosokawa et al. SPring—8 Exp. Report 2014B1187.
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J-PARC OHMEFRICBLWTAUN—REHZ RO ST7—EZTOYEAER%E
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Reference: [1] Toshio Takahashi et al., Surf. Sci. 493 36 (2001).



P48

EREIJFYTIL-T—ILABERNEK
B S AER (U - 1 BT 22 44

BRTZEAL(LDA) . — iR L Z E AEIELL(GGA) ITEDKF E A EKIER
(DFN) (X5 H. MERZFOERUAERICESOWTRLAWLLN TS, DFT
FHEBEES. (A UEE. ERESLGEEHRERERTES—AT., M,
DB LGEFHBEICEHET SN NEEERCREBTEGLILLHL
NTLVS, Langreth & Lundquist DY IL—TFIZ&>THIESINI=T7-TIL-
J— )L AR LS (vdW-DF) [1]IX DFT OB NTHEINETEDFRELT
FEEEHTNS, CNETIZ Dion LICKH>TRHESINEZAUDSFILD
vdW-DF ZE15E 1L T 5= DHAEIIFEAMIZITHON ., $Z <D vdW-DF A
REINTULAN, ZNODHEEXRITIKET S50 SL BIENVYE R
[ZvdW-DF @ d 51=OICIFXRLLIERELNRDOOND, RFEETIEE
FIZKYRHEINT=FHLLY vdW-DF (rev-vdW-DF2)HV/NR FESENSRE
DFRIERICHOEAEEVWRISEATESCEERT (2],
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Lundqvist, Phys. Rev. Lett. 92 (2004) 246401. [2] I. Hamada, Phys. Rev. B 89
(2014) 121103(R).
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=1=, Platypus—QM/MM(Quantum mechanics/Molecular mechanics) CIL#RER
#15>F D151 =y b(Platypus-MM) & JEFZER A L = M(Platypus— QM) Z & L S
TTAM/MM B FEINFED AL —23VF KT 5. ARRTIEZD A1
BELFK IR INTE sirius ADIGBIZDOVNTIHRET B,
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ANLBRAIND)ERDANLD
DFEE—EFEE—HeEHES

SHEE -hHEN-EEHE(RRXEQH)

ANLIEFHAFTERIL T4 DL EDERDFTHY., EFREN].YWE
By, S RICHIE, ST FIGZEEEBICLHBGERIRREE->TEY,
IMEEDLRKRNOALRATA—ILRAELEZCLEERT 5. TOSHEEEDT=O.
ALY EDWEERZBAICR T TER - EHR O N AN AMICHRL L
SENTWB, [BEALNINIFEETICESHG#EZRIFL, REICALD
NTHEZDOMNIENDT=ALDSHREDERBEDARAZFZBHIEL T, ALF /N
BRDALORILI ) VIREFIZRILIA)VIERDEH  ALKRILIL) VIR
DEBRELE) HBECFOEENNLOEFEE (BERELPLUVELERE
TTARTUIURIL)ICEDKSICHET AN ERALMNITHEXBMEL-. 2
DINGENEZBEANLRIL I VRDEAHZBELTIE ALDIREIE—F D
BERIZKYEAFTDEGEAANLDETIVEEREY . EFREHELZE
L. ANLDBRILIZTEMNANDEZEFR -,

Reference: [1] Y. Takano and H. Nakamura, J. Comput. Chem. 31 (2010) 954.
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OOV T 0D FREIMAEERICHEKT S
ARROEREREIZCEATIZE—RENHRE

HiZE 5 (BREkKH)

BRI AOQVT U (ZnP) DR FEREICEDIBRADEEIZDODNT. &
FERBEERZ AL, BmMIZHHARTz, —iRIC. 2 FZERTHFESLD
BRUNET L. D FOIOVTATEHERMDOHEE/FRATHEMS -RIEEH
MEBEICHRTIREEFEL. CEATOHE EHBFEMBOIRIILE—
ZIINEKEE, LHOL, RO ERITRERETEHE. EREELTEE
155, COIII—RFBETAHALOLERZDERIEL. 7 FRHDEBRLNIBF—
EBRVIBFHEEERATHRBAINDG, BN TFOBRIIBFE—AV M REIAM
FRIE. —ADE—AVIDBRICHAEDE—AV DB SA LTI S E,
RRIERERIETEMN. 2D0DE—AVIARRABMEZFRVTHELE VT SLE
BRIET B[] COMEM., P FORELHA REFELEHNEDER S
MIZEDODNWT,. P FDEBIIBF—ER B FHEHEEREZHETLHLT,
BEHFEHEART 130-140 nm 3D RRRALDZEIEIZALIILTZ[2],

2% 3CAk [1] M. Kasha, Radiat. Res. 20, 55 (1963).

[2] S. Yanagisawa, T. Yasuda, K. Inagaki, Y. Morikawa, K. Manseki, and S.
Yanagida, J. Phys. Chem. A 117, 11246 (2013).
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X #15FEWHEICKST/BRMIDEERYNTI—
DERELEEDEFSTFRADIEHA

WMTHE(RKE-#HEE) . B OESE (JASRI/Spring-8) . KH R
(JASRI/Spring-8) | il EE (R KFe - #eEiEl) . LIARR T (R K- #
PHEL) . fﬁﬁ%’sﬁl’%(fﬁﬁ-ﬁlélﬁﬁ) AERRKBR (R K- F g,
JASRI/Spring—8)

BEAFBERMEIFEROEIL A O —FHIEHAOR /Y
BOEREERE. NAMAIRSYE—23 00 FRSyITTUN
) —EL WS -BRAROERBIRZEREN G BIEIFORREIC
ELHFET. BHTEELGEHRELTEHMIATLS,

AMETIE. T/ OLQBRERYEZTMT S5 L OEfiTe L
TXEE1 9FEP:EDiffracted X-ray Tracking) #i-HY
5 T BEFBRPICHRT A2 —LGAEHDIRLSE
L& 25p OB MREELE S S OT7 oy (HTJEaA—F
L) A — )LD ZER 72 fE8E TETAI L 1= (SPring-8, BL40XU) ,
(2, KEERZE X #R/MAEEELE (SPring-8, BL40B2) &
RéExAEEZFToz CNEKY ., O OICEHRISNI-HERIZM
AT T/ ULRNILDBEYEICE T E5BE N FRANTHE—IC
SELIEBERY NIV DFEEZHRE L. ZL T, ZD
vy bT—=09 A4 ADFIREDT/ LRILIERG EDYME
/\7)( /)7O)ﬁllfl%'f-.l'l:\sLﬁﬂ*”lﬁ/&q:@niﬂE*%IE:ETﬂf
ERETAHAIEIZHILE. COELLH LW/ BaflrRy
FO—ORF (A A2) BlE. RNV EBERFEOERDFR
[CEVWTHZTDHFEZHIZLTHY . . ZHREBRRIZHKED T
JHEHHEEZTEIULDE LKLY,
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RO HR O DOHRTERET)

WHBEF- AT (RREWRK) . BES5A (BEAFREX).
Z RS - B EERE (MF X)

RUBEDOHTI L. BN-B#E
BATHIRVAE D EBHERIERK
THY. AR ETRBHITHIET.BRE:
BIR-BEABRTEENICRV AL AE
THTEB[1], BRIFTNETIZ, BiIER
KDOBREMEAXBHFZFAALT. ROV OEHEENS O R0
BEAGENEHRELTE, ARRTIE. EMELBEICKVERLER
VALV DIEERPTORETBREFE[2], R FEHEMBAFM)IZKYERL
EERTORV A ADAEEBREHREFH(S] MroBERPTORERE

[CBALTEET S,

References: [1] J. Photochem. Photobiol. C: Photochem. Reviews, 2014, 18,
50-70; J. Mater. Chem. C, 2013, 1, 6244-6251; [2] Phys. Chem. Chem. Phys.
2014, 16, 13483-13488; [3] J. Mater. Chem. C, 2014, 2, 986-983.

AE MBI AR BV
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FEEERDO DNABERICOERMUTR

ERES(BXR) . RE-FBARERE(2X) . AmE BEEEHMK.EX).HR
M(EFRKX) . ZREHME (REXR) . & BIA(EX)

DNA ([IEMRICKYEBIETHENHON TS, £IMRIBEELLTELE
DIZHEYE-EYIDUIERD C=C, [CHEHREENTBRLI- /O T4

EVIDU2E(K (CPD)M$H 5, fz@ﬁﬁ%?lis HIRNF—FFE-EBEFH
EIRIGICEYCPDZEE T HBERTHD, LREERROEFHHIELTE
i REREDICZELOMENITHNTINS[1,234], LI L, EFDOBENZR
(FREIZEWNTERZBAFEIZAZOTLVELY,

AMETIE. EXRGEBEICE—REEFREHETHELTH=HIZ. T

ST AV FEE FMOEZF AL TCEFORHBEREBILI-, 115
@ FMO-LCMO % [51&FHT %L, FMO EMLBLNT-FER AN S ETFHIE
BERAEOECRKRABINEETIOIIENAEELL D, LMD, BFH
Asn349 ZEIZHEHLT CPD ABEILTWLWAHIEN LMo, EHIZ. BREH
MEERELE—MRIE Mulliken-Hush JEZFIRLTEFHMBEE/ERZETEL
FMO X&MD& E1ToT=,
References: [1] D. Medvedev and A. A. Stuchebrukhov. J. Theor. Biol. 210
(2001) 237. [2] T. R. Prytkova, et al. PNAS. 104 (2007) 802. [3] Y. Miyazawa, et
al. Biophys. J. 94 (2008) 2194. [4] Z. Liu, et al. JACS. 134 (2012) 8104. [5] S.
Tsuneyuki, et al. Chem. Phys. Lett. 476 (2009) 104.
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F—REHEICEEIXTISILRYLUEEKRDEF-
KENEEDEH

MEE 29T (BRKRBEL) . 05 GRERKIE)
ZIFRBE - FNEBRE PRKBEL)

BWIFUFAT—MEZERTIEEERFIZEVT. EESTFDOFSY
TA4—DERMGIHIIIERICEETHD, TOFMAZEELT. ARAEZRE
4 (Circular Dichloism;CD) EHBIA®HSM . CNFETII/ORT—)LTOHO I
[BonTEY. BE—DFLANIILTOFMBSIXIFIEAER N GFE, BHF
AR RATLNEBEIN, BERFLANLIZEITEHFIILRYLUFER
(chiral-PTCDI) D2 E AT Tz. TOHR. ERLICRELIZS
FT7EoT)DRFIENFREX, B FICLERBENRERL, HED 100 {5
FEEICERLTWSIENEERINT, LT EFIEEFHEZRWNT, &5
IRYLUVFERDBEERMEVICZEARD CD ARIMNLETHELE-, Z2K
D CD ARIMVIFEEERDARINLELERERLTEY . REAFETLY
BEIGERNEONT-, COBEIS, BNFHIORFT VT IANEER
BEZHHRT ABICHEEEET )T —IREELTWSEBZZ NS,
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DSCs ANDILAICHEITABIEFIVRE D
PDTC 3 FUBIZKS59FRETAICOHRE
AB#EE -Buddy Ariyasinghe = T #1 B (5% i8] K[5%)
(BB IBELAOAEESERIBERKGEMDSCs)DMEBELREZED=HIZ TiO,
XEBREEREIL AW, £ PDTC(pyrrolidinedithiocarbamate) L IR [ &)
MEBELEITHOTULND, SEITNIE(Z J:éxﬂiﬂﬂl§0)ﬁlﬁ¢ﬁﬂ’éﬁoto

FERNEBIL TiO, Y ILERTL—RIZKY FTO Ao RER EIZRIEL ., 5
*éﬁoto 2L 591 & HRLEL(NH),PDCT - (NH),SO4 (NH),S D& &

[CKYNTBBEMIEL, -V BIFE -XPS-EPMA [ZTHIEE{To1=. £f-. XPD
ISk B RBFREREHTIE TiO, B R (rutile- anatase)Z I L AIEEIT o1,
fEREERIES, VRIEZLI-ECAH, PDTC EZEITo>TLVEW K EAEIC
ERIcHAERLHEN10%TBLERL-, FD-H. LAEBXREADERRE
EMNMEMLI-CENNEBEREDREREEZZ . EPMA IZKAEERTTEITo=,
#HE PDTC W[ J:o’cj'ca*ﬁtwﬁil&#gb\i‘*huL,f—_tz‘)\#llﬁﬂbf—o
CDREFIEDRXPS [ZXKBDREQHEITOT=,

REDTORR, TO,RABELL PDIC AT0 I
S FFEREAMREMES LRBAA VIS (M E ée -\
feY. ED T 4 AoBFE3IERE BEOR | SIS
EARETL Lewis BBU A hEEMESE - EAREEE
hu@ﬁl’cﬁotoifzﬂloz FMEAIZ|KELZ S BRF f'gt 1t E{:f;“ ‘;f PtDT:

DIEEFACDFEELT XPD IZEZEEERTE T e amsemio
1T’J7":o SERINEERTIETH® TiO, (= Eﬂa‘élﬁl?ﬁ{%li So5nf-H . PDTC A0
HIZKYEEISES BFITMEL--ORTEESE matz\of—
References: [1] X. Wang, J.C. Yu, P. Liu, W. Su, X. Fu, J. Photochem.And  Photobiology A, chem 179,
2006, 339.
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RBEERCAT U FrRILDFEEY AMIETS 3D-53FF)
RERIARAE (R (T F= PR —— R a ¥ E

AMRER (D) . BIO1E 5% (JASRI/SPring-8) . BiEEX (EERIK).
ERRBR(RK)

BZ2BERPAFUFoRrILIE VAU
DIES BECEEMOEEICKVEE
TiehERZINh., E<C—EDHMBERIY
FIVEEDR) T —ERB, FD=0. &
KOEEHH#BFOSREERRIZHSL
TEELRINEZRELTWADN, 05
FEIREICDVTIXIFEAEREBASIN TL
HW RELEDBEEMNRIEI - vk E
BOTHY. TDNFEIREZEHT- 3D /&
HH A MERORENDLATHD, AR
(XHERER NV EZO—FT 5 cDNA A
ABHICHEL. FEDREIZEZEENLAEY
By B ALI-EEFHBRZAIVNNVE

ZHIF-FRRLTHFEIEESHAlI(eg DXT X)) ICHT B, CIZKY ., 22N D
BRFDERMRCITEAMEBEZERIZCT AT HIENTHEIZLED,
RT7EFILa)AES A INE (AChBP) LM ES AN —aF M7
TFILA) U ZBAE (nAChR) I E TOHO R B E R VBRI EFELB NI B[],
Ref.: [1] Sekiguchi, et a/ Scientific Reports (2014) DOI: 10.1038/srep06384
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