INT o
55T AT ISR

WAk 27 FFEE ORI E

EINAFTERAFEIE N B SE AT
TR D P R
ok 28 =3 A






Rk 28 4F 4 H
XL ®HIZ

YEIIMEEME L e LE T, ZOWEREHIEIZIBW TIEROE AT ATV R
FEVZDOHFEELL IRV ETH, ZNOITERE LTEELOTIIRL,
BN EE) - 17558 - AR L TERROZRICIT A Dm0 m O EREZ KB L TV &,
ZOEROBEBIAE ST DWEROMWE LI L, I L, FIAT 22 & I3WE
B0 KAETT, BULAIZET Tz o X ) 2R EMS 2 a5 o EE RNEE L,
P24~ 28 FEDER O T n Y =7 N E LTIV AT AR L T E T,
IO T v Y e N T S TEAEERSAERS TR E “HOE E R Ty T HYR
DOWIDTENEETY L ER - R FEHLAY 2 LIk o Tl A TIEFRBT
TR - VR - BREA BT OWER Z 0TV AT A EER L, TRREBT
D OEEREA AR, HIE, RIHT S7ooic, WE - b - AW - LFOT VT 48T o
R LA 21TV £ 9, BAREIRORAWIZERT C & 2 B O 7 & fie KR IZ
2 U Cor BRI R 22 FE AR 2 L2 . 3 PO IRy R 2 ET2 D /R ITHWE S
i - RIS & FHA - BER O M DR IR A ERICHERE U £ 9, BRmicix, (1) @ s

ML o TV AT AORERE LY “BET 57 T —24a, (2) 2 THEAKD
M LFHMMAZE L T TV AT L% “BD” HlilF—2A, (3) AHMICEERHZ N
7B AR ERS TR O - BEREERET 52 LI Lo TH TV AT A% “F57
ERTF—2, (4) ZRH0OELND A 2 /G L CHBZR AN LS AT
L&A LT “FIHT2” @A F—204>DF — A THIRZHEME L, FHAICERE L2
MHH LWEREEZBRE L E T, Eiobivbiuid, BB\ THFTE & i ek
L7200 T L | [FRFIC2E OMFIEE LA THER v T — 27 O Z 1IN 2 LN E
BELEZTWET, TOTED, VAT LFFEIZIE 6 DO RS - B OV T
TTAET A2 b OMREICLBML TN TWET, ZOEKRT, 20 451
AT DRFZE L 10X, FEREAAN S O A LR £ T A MERTROICRE A TS AR SEI X o TR R
FAROF LR E AR E S LT AT e s NEFXET,

IOERIOTaY 2l N0 AEBRIZHTE DK 2T FFE O TR E A ER L F
Lz, AEZTEEO L, ZRERLNCIMS 2 W22 T s,

AP TE [+ AT 298] WFge 7 — 7 RFE
AL ZERT  BEMFZER

2l N






) [ N !
VURT T L eI 9

T8 R 95
£ )1 3 S 147

)

ﬁﬁz;}ﬁ . ga%%‘ ................. 177

)






I.

A —1 X |






DTV AT DGR V=T

A N—1 A K

(FRK 28 £F 1 A BiAE)

DTV AT LENTF—L  (F—2)—F—: HE K
HE K A (RS 157 Jer e )
I AR HALHFE B (H 5y 143 JeargeEE)
fH ez AL B (HJF S 150 JEF5EER)
TRHN e IR (H Sy 143 Yo E)
SARTIN, Matthew Mccullough — HF9EE (FH RG34 e 7E =)
BF Ot SRR RN IE B (HJF Sy 150 JEF5EER)
HF R— BRI AR E B (H R 157 JEr o)
HE OB FEMERL R IE B (H 5y 143 YA EE)
e B FEBIWTZE B (H Sy 143 YA E)
WO s FERIBFIE B (FHJF S 157 JEFgE )
SARKAR, Bidyut [ B AERIBF R B (H 5y 143 YAt EE)
MYALITSIN, Anton E R RIAFSE B (H R 57 S gE =)
KUMAR, Pardeep RhREIE B (H 57153 a9t =)
KiE EA ®EBFHER (H 5y 143 YAt EE)
tha wEFEHREE (H 5y 143 JEAr )
W T =V = (HEY 153 JergEs)
AR e % B E (H 5y 143 YA gt EE)
FREF AL & BWEE (H 5y 143 YA E)
CH W % B E (FJE S 157 JEFgE )
MOHAMMED, Ahmed FH=HIVAK T ] (HHEAY T4y YErFgeER)
5] G KEBEA=FT VA b (H RSy 143 Jear g EE)
Yl Ak A (&2 H B o0 1B 2eE)
A NI HALHFE B (2 H B o0 1B 2EER)
= FR A= (&2 1 B o0 1B 2e )
& AR A= (&2 H B o0 1B 2eE)
#® oh A= (¥ H B o0 T B 2EER)
PO-HUNG, Wang FERIAFIE B (k2 H B 57 TRt =)
RAIMONDAS, Galvelis HEBIAFEE (¥ H B o0 TR 2EER)
BO, Thomsen KenllmtsE B (K mE w1 R E)
W RERIBFTE B (K2 W B o0 TR 2E )
I R ReBIBFIE B (¥ H B o0 T B 2E )
Kig Kt FEBIBFIE B (¥ H B o0 T B 2EER)
K ok HE & (K2 W B o7 TR A 2E )
Lk it WHE & (¥ H B o0 TR 2E )
Marta, Kulik s (¥ HBLim oy T B 9E =)
& Bk FEHEE (Kim 2% i St i B e o)
LRC I 05 HALHFEE (Kim 2% i St i B EF o =)
BEH &/ IR (Kim 2% i S i B2 e ER)
OH, Junepyo =] (Kim 2% St i B 7e =)
AW | PALT A= (Kim 2% i St i B2 F ot =)
B EIRT FEMER PRI IE B (Kim 2% i S B2 e ER)
=y Rz L= (Kim 2% i St i B e h e )

AAAIRELS  FE5iisEa

_3_



CATALAN, Francesca Celine Inserto

S BV
e "

TIKA, Kusbandiah
WALEN, Holly
OUYANG, Chun

KenitoE B

FEE A

EEA

Ef7 a7 L7 A R
E5 A= A Ny YAz i g N
E7a 7o L7 oA

YANG, Bo Es a5 L7 VoA R

R R FEAE

VNS iy FEE g

FhA 15 HEETAE B

e TR RIS B

BH  Fouk FERER RN IE B

g (IEAR) &b+ FERERL R R IE B

[ FeRIAFSE B

Xie, Qing E5]{ 37 B/ Ny A 0 G
DFVATLHIET—LH  (F—2U—F—

g #L= FEMFZE R

JRRIL A HALAFZEH

RNE BE BRI R

B ?ﬁ WEE

JIHE s MR

ESEE = e FERIAFIE B

Ve BE KeRIFZE B

Abdel Jawad Majed PR/ N— N A ~—

A e wEEEMIRE

IS A, ®ETEMER

A BT ®EMNIEE

Blx &KX wEMIER
DFVAT DEEF—b (F—bY—4—

bR ECiA EX AR =

R R HALMFZE B

/N 3 BALHFZER

(7NN BRI R

YN HALMFZEE

wE ORE BT R

b fE— FIRFFRIMFE B

A miE KeRlgE B

RE WA WHEA

R A WHEE

WA EiE WHEA

Ips kfE WHEA

GANASEN, Menega wHEAE

RAHMAN, Md. Mahfurzur #HEE

el #r WHEA

HHE HEA

HH e WHEA

2 WHEA

g HEA

(Kim 2% i St i B ge =)
(Kim 2% i S B2 e ER)
(Kim 2 St B A se =)
(Kim 25 St i B se =)
(Kim 2% i S B2 IEER)
(Kim 2% St B se =)
(Kim 2% i S B2 e ER)
(Kim 2% i S B2 e ER)
(Kim i St i B A se =)

FIAE A BT ST 2E)
FAF A BRI IE )
MAFHE L P IR )
FAFH R P BB TE =)
FAF A BRFIE )
MAFHE I P IE =)

N N N N N

g #L=)

Uik 1 HEpr e Es)
Uik 1 MHEFoeER)
CIngk oy 1M oe )
O oy -9 A 7e =)
Uik 1 HEFoeEs)
5y %%éﬁ%%)
CInggor 1 HEpr 9t Es)
Chngg 4 %%&ﬁ%i)
(o R e
(R K F)

(OB FIFERT)
(W& - MR SEREAS)

"L ffi])

Gk 1 AL 2 FE =)
Gl i AL 2P FE )
G e AL 2 FE )
Gk 1 AL 2P FE =)
G M AL 2P gE =)
Gl ER G R R 2 TEE)
G M AL 2P FE =)
Gl i AL 2P FE =)
Gl ER G R R 2 TEE)
Gk AL 2P FE =)
Gl M AL 2P FE =)
Gl ER R R 2T E)
(B M AL 2P FE =)
G R AL 2P 5E =)
BRI R 2T )
Gl 2B M4 J AL 22 g =)
G M AL 2P FE =)
R ER R R A TE )
G 2B 1 J AL 22 g =)



MA Hith AHEA

BAR BEX HEA

E TN HEA

HH BT HEA

FHR SR HEA

VBt HEA

TN HEA

R FofE 1A B

B % W I B

X8 ik WAL R

BEA BV WEE

mil B FERER A RERIITAE B

1= FERIBFIE B

HF R =1

g SUE B

fipfy i HE
DFVATIBET—Lb  (F—2nU—4— il

ATH  HE FEHTEE

i —hk BRI B

AN FA AL B

EH T HALHFE B

B HESL B E

&I EE R

BB Ak % B E

o EE FERIAFIE B

F HEA FI =B NAK 71

ARm HEHS FU=ZHNAK T

FA - FIR HEA:

HH it W AR

PRADIPTA, Ambara KeRIAFgE B

R A FEBIBFIE B

NI FERIBFIE B

T £V T FERIBFIE B

R B5IF FEBIBFIE B

VONG, Kenward KR B

5 T =INAZ T

LATYPOVA, Liliia ® B E

FH % B E

e K w B E

=k IEZ

= i HEA

LIN, Yixuan WHEAE

G e AL 25
(ol M AL
Gl A AL e
Gl e AL 25
(ol A4 J AL 5
Gl e AL e
G e AL 225
(el RA7 R - PR
(JLf AR - B

ToRasnssY

CRA AR BEARRT T2 )
(Wt EAE 7 v —7)
CRA ARSI IE =)
CRA BB RTIE )
CRA ARSI IE =)
CRA ARSI IE =)
CRA A RFEAERT 72 )

i R)
(BT A A TR
(BT A A Lphrge
(BT A A T2
(BT A A T 2fh e
(BT A A TphrgE
(RS A A T22HF5E
(
(
(
(
(

BE 1L B B B B

)
)
)
)
)
)

AT A A T EE)
AT A A TR E)
AT S A F T 5EER)
AT A A T EE)
AT A A L)

(HI A ZE (AR RE B L AT FE =)
(T AR (AR BE & L 20T 5E =)
(TR AR RE B L 2T 22 2)
(HT A ZE (AR BE & AL 2T FE =)
(T AR AR BE & L AT 22 =)
(T AR AR RE B R 2T 22 2)
(HI A ZE(ABRRE & AL 20T FE =)
(HT AP ZE (AR BE B LT 22 =)
(TR ARBR BE B R L 2T 5E =)
(HI A ZE (AR RE & AL AT FE =)
(HT A ZE (AR BE & L 2T 22 =)

KD —F7 A b (HHPAERERE S L 2P 5E =)

(HT A ZE AR RE B AL 2T FE =)
(HT AP ZE (AR BE & L 2T 72 =)



S ERAFZEREES
KEK WEREERFMET (o r—7) —&— : figd: ®HIR)

REJE B IR iz (KEK #4&0F)

Kb iz (KEK #nt& i)

HE Al W (KEK #9440

Pl % ey (KEK W9t

NN ¥y FHTBL % (KEK #HEAIF)

R B FIERER A= (KB B2 e AE)
SRS (UA—T ) —X— k)

N (ETE Bz sy R = wF e )

FEY Rk Bh# G5y 7R3 —wF e )

R 72 Bh# Oty 1B 5 = wFEE )

KE KR Bh# (hSE A SR %)

B BA H AR ELS P D G5y 1B 5 —FgEEe)

Fmad F. Aziz [E B T gE B (HZ B, ~ULU vHBEKXK)

Eckart Rihl E B /1A 9E B (~LY v HHKRT)

B R ES|EN VAL R = (%[ POSTECH)

T Wb I B (B JE RS2 PR T 24)

HH EH W I B (B JE R 2 R T 23

HEBRFIN—T (T A—FV—F— . BT B
a) A THEILFEYT I —T

e B Bz (BT B LA 7E FE )
AR B AR (BB b A ZE AR )
AH EHAT BhZ (B BT B LA ZE FEE)
B K Bh# (B o B LA 7E FE )
A HE (B e R LA seaEk)
MAJHI, Paresh Kumar fA/F5E8 (Ao B LA 7R RE )
GUO, Jing-Dong [EERE = (BT B A 7E FEIR)
AR A Kbk (BT R L Ar 5T aEik)
EH KRFPeA (BT B LA FE FEE)
AR = KFPeA: (BT B A IE FE )
VAL O e Kbt (BT R L Ar e aEEk)
AR T KRFPeA (BT B LA SE FEI)
BRIk KFFek (BT B IE FEIR)
RAR  FERk KEFPEA (BT R LA sTaEk)
R O KRFPeA (BT B LA SE FEE)
AFE flE KFFet (B T B A 7E FE )
W L Kbt (BT R LA sEaEEk)

b) WEAILFEY T 7=

FHH ERER iz (FEIE A B L A28 AEE0)
e 1wk W (FE & A AL P9 i)
RHE B BhZ (F & A AL A A T e )
s HEE e R (FE1E A B L 28 AEE0)
Fa[REE 11~ RS = (FE & A AL AP T i)
Gopal Anesh SRS = (F & A AL AP 2 e )
Jaehyn Lee LR = (s A A b R ZE e k)
VaRr D 34 (FE & A AL AP 9T )
Chaolumen D 354 (F & A AL A )



T R
B o SR
I
B FEsR
S (e
e
ey &
Bl B

RILLERFEI N—T

FEHE
AN
=5
lll;cS
B R
iy 5]

1EHA
B—
ez
KA
j(é

F

RERRFETN—T

KE T
2SN SYN
KEF
W IEA
Shanyan Chang
K SRR
il A=
EEPGINNE
WA Fnz
UNE A

PaAY
Jiek
Hh ]
B

RAERET N—TF

Hrr
YIS
el
T H
Y
i H

K H

”
5L
]

KR

E
Fﬁ;#
L33
]
23°8

FIE‘ 9.L

D 2%/
D 2 %/E
D 2 %4
D 1%/
M 2 F/E
M 1 %4
B 4 %4
B 4 %/

(Tn—71)—K—

i
Bh#k
Bh#
fETakeE 2 4
fEiRee 2 4
fEtiREE 147

(Tn—TY—HF—:

#fx
fi il
Bh#
e R
KEFpet
KR4
R
REEpet
KB4
R
REEpet
/—Ajlgélz
BE

(TN—TY—=H—:

#fz
B2
STk
it 341
it 24
{1 2 4

Hiz

IKAR

Hr

: R

(& A TR LT FE A bk
(i A B 22T ZE R
(A A L “A T JE R
(& A TR L T FE bk
(A PR L 22T ZE R
(RS A B L AT JE R
( I
( TR

G AT EARESE
G AR SE

1EW)
B TERT 4 e b
B C A TERT 4 e

/\/\/\/\/\/\

e /N

PR BB K BB TE=R)
ONTHiY AT MY
ONITHiY AT e
NIy AT e
I ONIT3iY AT e
BRORBEBE K A AT =

BROREEBE K A AT =
NIy AT e

Y
HBF)

éﬁ?1KaFﬁﬁjLEﬁ FIHAL )
G IET 7 YeAbTE )
%ﬁ”b%ﬁ#ﬁﬁ FIAETEAR)
BRI IERT o e b5 EY)

N3y AT e
N3y AT e
B KB HKR kg =

(
(
(
(
(
(
ON T2 A
(
(
(
(
(
(
(B R e EKR AT FE ==

=)
)
)
)
)
PR BB R A FE =)
)
)
)
)
)
)

1E )
CRAE R =R BB 2 TR L %)
CRAE R R B 2 R B 2 50
(ALK F R BB R R b P B )
CRAL R R LB E A JE B R 2 5 )
(AL KPR FBe B e B R F B4
CRAL R R B A SE B R 5 )

(HAL KL o E R i 2EPT)






M. oA UL - tEBIS—






V2T

3V AT DESE] HARIRRNE R

HFE : k2645 H15H (&) ~ 16H (+)
DY 0 T 7 4 — VR EIE R GO
TAe - ENCAFZEBISIEN BRI AT



[DFORTLHE] E4@FEE OS5 L4
2015458158 (£) ~ 168 (1)

B S7+—LEXHFRER SZ0E FHRRFRERHTER 2-3-1)

5A815H (£)
13:20 ~ 13:50 At
13:50 ~ 14:00 B E (ATH  FWk)
14:00 ~ 14:10 RFEFRE (AR KP)

tyarl (BE:& A%
14:10 ~ 14:40 O-1 K& HB&E (FF N
[Bi-layer & 7713 {K(Me-3,5-DIP)[Ni(dmit), ], ®
BLAE BB IO A 7 o b o 3k

14:40 ~ 15:10 0-2 B Fngh (EROF  FhAHE)
[ENRE TR DT 7T 7 = BT A E AR
B G rOEAE |

RER (20 43)
tyiarl (EE: A FH)

15:30 ~ 16:00 0-3 R =z (ULFHF )
(G5 AAE R 2RI  1 2IERTE n N ROTEEL

16:00 ~ 16:30 0-4 Ke k& (FEHF Kim #F)
[ BFEICWAE LRV T 4 U v B ILR = VEERD
T3 RIS |
16:30 ~ 16:40 S EAE
16:40 ~ 18:00 RAX—SWRE Ty A0, A, BHEG GG

A4 (18:00 ~ 20:00)

20:00 ~ 21:30 RAR—tF g
21:30 ~ 22:00 KA —HE, SRS



58168 (4)
7:30 ~ 9:00 A

tyia vl (R IUA #EL)
9:20 ~ 9:50 0-5 & # (bAF FrHEP)
@72 5N EHARDFERNEB L7 7 —1L 2 Cp®D
ARk &P

9:50 ~ 10:20 0-6 7T /XT TFIF5 7% (B HTHF)
ERNTO YT 2 VEBRALRSDRFHT L 5
ARG AL IR

REL (20 57)
tya vV (EE: |y Foi)

10:40 ~ 11:10 0-7 AN #B— CGELK &R
[ —F— BB X 2R3 DA

11:10 ~ 11:40 0-8 Ky Kfsf (BOF & HEF)

[V D 250y +8h )23t & FEFRFIRENRIER R 2 W =
RYR_XTF ROREERIE )
BHEfgy & B (11:40 ~ 13:00)

tyarV (EE: k& THE)

13:00 ~ 13:30 0-9 A=ff Y (FEMF HEN)
FBR R ERERIGEIR 7 ~ > o I TR R X VR B D
B AT R |

13:30 ~ 14:00 0-10 && RE (B )

(B35 2 X7 BHEAIRIERIC X D3R 7
—ERALEE R R AT L]

REE (20 %)
w3Vl (EE . ZH AR
14:20 ~ 14:50 O-11 Eil & (FEHF KkAH)
XHMEHEBEFL—YV—2FHLAEKEa e — L2 b X BEPT
A A= TR K B IERRN RS O AT 4RAE

14:50 ~ 15:20 O-12 * [EBEE (EHF AT
[Controlling gold nanorod assembly by DNA base pairing |

15:20 ~ 15:30 PASEES (O B



OGRS E N —F¥ £ £ H Gy LT Mk

T E VTR T L 2L



SRR 2TAE T
[ AT MR RS ES

HEE

AR TH28E2ASA (K) ~ 48 (R)
24 RGBS —

T - ESOPZEBHSEIE N BB IE AT



TR 2T [TV AT MRFE) RlER Tus 7 A

TR 2842 H 3R (K) ~4 B (K)
B BYEEATRERT SRR A —L

wkdkkk BH—HHEH 2H3H (K) skkkxk

12:30—12:50 =+

12:

13:

13:

13:

14:

15:

15:

15:

16:

17:

18:

50—13:

00—13:

10—13 :

56—14:

20—14:

00—15:

26—15:

50—16:

30—17:

156—17:

00— 20

00 PBES®E /IR ERXR #EB

10 BEEHEH  HEE F (B - BRSFOOERER)

55 -1 & B B RFELEHRERD

MEMTD S X7 EDOWE - BEREFAT DT D DEBILFH T 7 r—F |

20 O-1 3k &' ([Z&] B - BAEEKEBRIFFEE)
RS F VAT A —ERN—BRIEESRE T O KRG PR —)

45 0-2 K& Zhig ( [A&] ZHF - KA REETT7EE)
MEIR B FBAMEEIEIC X 5 ZRoTHE i & Bk FREEMAT )

R (15 47)

25 0-3 HFE K ([f#HT] B - BIESF2OHFEER)
[ RETRIRIERTE 506 L B A RBURE O JPTKEE D)

50 0-4 & Ak ([#H] BHHF - Kin REAEHRFHFIEE)
[53F 3 AT DB 5 FREBRR & Yy )

15 O-5 HH IEH EREIEKRY BIRLFHERT)
53 FRFITBE D B ER S F DOKBFESHEE DM )

RRE (15 43)

15 12 W B (BERTRKERFRTEHIER)
DECHA 4 % E5)

40 0-6 KB A (KRERKZFRKZFFREZFHER)
[Z VR TBNTZRNVE—BBRD T~ R Ef~y BT

100 BAXR#HBES B BRI FT



®kkkk BT HH 2H4H OR) skkwkk

9:36—10:20

10:

11:

11:

11:

13:

14:

14:

15:

15:

16:

16:

20—10:

00—11:

256—11:

50—12:

20—14:

05—14:

45—15:

10—15:

50—16:

156—16:

40—16:

45

25

50

15

05

30

10

35

15

40

50

133 Al BE GRORIEXRFEIENER)
3 FE8hE | TRL5FHEERONEHFLS 1T I7 R

O-7 Jmig fL= ([H4E] BRBF - IR T WHERTFEE)
[0 FROFHBEIZE T D BRHRF

R (16 29)
0-8 |UT IEE CRIERFERZEREZEFIER)
(HAFRAZRAVCRFHFAE Y br=7 ZORIK : BoFRaNE
H—RF ) Fa—T, MR, TR, BLOHAL v F 7]

09 /MM R (ARBIAEME R
Mk X BB BRI OWEHEALE, BRULF~DIEH K OB e~ D R |

0-10 feH EIE (B RN X —INEHBICHEE WEEER FHZERT)
BT —LZ2EoTyTF VAT LOREREE « B 7RG

BA (12:15—13:20)

M4 Sk i EERBKTETFWE AT
LA AGHTRES - RHT BT HFFHA )

O-11 ®iH Hak ([EE] HHF - BIH A A+ TEHRE)
[ SR st Fosch& | BB U 7= DNA 5 fETAE VR A o E 82331

R (15 43)

0-12 H+ 7wt ([FhE] BB - B AEEES RILFEIER)
[ERALZ 2 5ME LS EOMIRE BEICRST A 0F Y AT ik

O0-13 Ff: EFE (EAZFE (LZEHFFET)
L BALTER Y T R Z — LB DB L £ O - Ytk )

R (15 43)

014 ¥HE At ([fEF] BHF - ¥ AER S FRFIFER)
(RS FRZOFTAF I T ADHEH L EBR L DML

015 thA E7 ([#EFT] 2 - AT EDEYEFTEE)
(BRI ERENT= T 7 = BT DT 4 T v 7 R T 5
7 F A Z—INT X BT

P DFE



®IF—=URX |

[(#trF— 2 - HIR]
1.

“Development of chiroptical spectroscopies by optical heterodyne detection”

Mr. Kotaro Hiramatsu (PhD Student, Department of Chemistry, School of Science, University of Tokyo)
VR 2744 H T H

“X-ray imaging detectors”

Dr. Takaki Hatsui (Team Leader, Data Acquisition Team, Beamline Research and Developmnet Group,
XFEL Research and Development Division, RIKEN SPring-8 Center, RIKEN)

VR 27 44 H 16 H

“Light activation mechanism of retinal proteins”

Prof. Mudi Sheves (Weizmann Institute of science; Israel)

PRk 27 47 H 13 H

“Proteins at interfaces”

Dr. Stephanie Devineau (Postdoc, Ecole Normale Superieure, France)

PRk 27 4F 8 1 4 H

“Visualizing Au-Au bond formation in solution with femtosecond X-ray scattering”
Prof. Shin-ichi Adachi (Professor, Photon Factory, KEK)

PR 2748 6 H

“Ultrafast plasmon dynamics by femtosecond near-field microscopy”

Prof. Yoshio Nishiyama (Research Assistant professor, Institute for Molecular Science)
VR 27411 H 2 H

“Amplified spontaneous emission between the ion-pair states of halogen molecules”
Mr. Shoma Hoshino (PhD Student, Tokyo University of Science)

VR 27412 A 8 H

[ F— 2 - #ZH]
1.

“Musings with Intermolecular Interactions”

Naresh Patwari (Department of Chemistry, Indian Institute of Technology Bombay, India)
PR 27T 22 A

“Protein Misfolding and Aggregation Revealed by Fluctuating Thermodynamics”

Sihyun Ham (Department of Chemistry, Sookmyung Women’s University, Korea)

SRk 27 4£ 6 A 30 H

[fEtTF— 2« 4]
1.

“Density functional approaches to the energy storage and environmental materials: Theory and
applications”

Prof. Yousung (Associate Professor, Graduate School of Energy Environment Water and Sustainability,
KAIST, Korea)

PRk 25 4F3 H 25 H

“Ultrafast Electron Microscopy: Principle and Demonstrations in Chemical and Materials Science”
Prof. Oh-Hoon Kwon (Assistant Professor, Department of Chemistry, School of Natural Science,
UNIST, Korea)

PRk 2543 25 H

“Engineering of surface polarons on rutile TiO2(110), and CO adsorption on TiO2(110)-supported Pd
nanocrystals”

Dr. Chi Ming Yim (Research Associate, Department of Chemistry and London Centre for
Nanotechnology, University College London, United Kingdom)

PRk 25 4F 5 1 8 H

“Electrochemical Scanning Probe Microscopy for Microscopic Understanding of Electrified
Solid-Liquid Interfaces”

Dr. Yasuyuki Yokota (Assistant Professor, Department of Materials Engineering Science, Graduate
School of Engineering Science, Osaka University, Japan.)



10.

11.

12.

13.

PRk 2545 H 11 H

“Role of a tip apex in AFM/STM for manipulation and vibrational spectroscopy of a CO molecule”
Dr. Norio Okabayashi (Assistant Professor, Graduate School of Natural Science and Technology,
Kanazawa University, Japan)

PR 2545 A 14 H

“CVD Diamond: the material of choice for cutting-edge applications”

Dr. Alvarado Tarun (Senior Research Scientist, Ila Technologies, Singapore)

VL2545 A 27 H

“Terahertz Research at the Condensed Matter Physics Laboratory of the National Institute of Physics,
University of the Philippines-Diliman”

Prof. Elmer Estacio (Professor, National Institute of Physics, University of the Philippines Diliman,
Philippines)

Pk 25 4 6 H 26 H

“Imaging ultrathin metal oxides films”

Dr. Chi Lun Pang (Lecturer, Department of Chemistry and London Centre for Nanotechnology,
University College London, United Kingdom)

PR 2547 A 17 H

“%— i P GW+Bethe-Salpeter 14 % FUWN T2 RN AT N LEHRDY

B B i GROURT WIERRSEET B

PR 25 48 A 28 H

“Application to single-molecule catalytic reactions and nanoscopic chemical imaging”

Prof. Zee Hwan Kim (Associate Professor, Department of Chemistry, Seoul National University, Korea)
PR 25412 A 3 H

“Hydrogen Atom Mediated Electrochemistry in Silicon Oxide”

Prof. Tack Dong Chung (Professor, Department of Chemistry, Seoul National University, Korea)
Pk 26 41 7 6 H

“Toward Graphene Integration from the Bottom-Up”

Prof. Patrick Han (Assistant Professor, Advanced Institute for Materials Research, Tohoku University)
PR 26 451 A 22 H

“STM investigation on the surface structures of CeO2 ultra-thin film”

Dr. Hyun Jin Yang (Research Associate, Department of Chemistry and London Centre for
Nanotechnology, University College London, United Kingdom)

Rk 2642 A 5 H

[fEtTF— & - HiAK]

1.

[k F-#afk Ak & L C o TaNiSes O Fiih |
et ol K (TRERERERE BERATSER
PR 27 44 20 H
[=IRICJEIR Lieb Jetg 751~ =L I FUFRURIZ BT DHIITEE : 7 7 » b8 RRREIED %)
e
B KON i (NTT EEERTSEHT)
VR 27 54 H 21 H
[HEJEH R ICI1T 5 B FHBI RN R
T R Z K CGRETERPEREE BYSRAEFER
PR 2755 H 14 H
“Quantum chemical approach to spin-orbit excitations and magnetic interactions in 214 and 213
iridates”
Dr. Vamshi Mohan Katukuri (Institute of Theoretical Physics, EPFL, Switzerland)
Wk 27 47 H 30 H
[EREF BT DR—R « T A ¥ 2 2 A VR R O R E
R R ORAERZERSRE TH5RTERD
PR 27410 H 5 H

“Magnetically disordered interfaces in magnetic tunnel junctions”



L.

1.

2.

Prof. Kalpataru Pradhan (Saha Institute of Nuclear Physics, India)
R 27 £ 12 A 14 H

(%I F— 2 - Nkl
1.

Mn-d ;ﬁﬁ*&%ﬁil -(BETS):FeCly |2 81T 2 R A BEAMEE SR bV 7 12 72 B 3 52
i FEE K (BERY BEWEREsE R Hﬂiiﬁﬁiﬁz WV - MPEMIFSTA%
e B v—>7 R 1)

FRk 2795 A 26 H

(R L 35 7R « A EPEAS MR L 72 B Tév»??"m——fﬁ%m
AH FE L (S — RGO RN WEREREIERT AR R)
VR 2747 H 14 H
“Electronic Transport of Low Dimensional Hybrid Nanomaterials: Colloidal Quantum Dot Assemblies
and Polymer-wrapped Carbon Nanotubes”
Satria Bisri 1 (BMLHISEAT  AIEMIMERIAOIEE > 2 — BT —2 BF%ER)
PR 2747 H 21 H
[[Pd(dmit), )5 D &E 1 IRHE 7 FIRENCEA 4 % BEm A 78
Nt &% @t (kfﬁk%k%ﬁmfi%ﬁﬂ B AR IK i¥ﬂ:%lﬂ¥ = B
PR 27 510 A 20 H
FERBNRNE D> B B2 7o -d RAFEEAR L -(BETS)FeCly DRIRFRFE % £ 9 4 i -HEfak IR Ein % )
WS —iE K GRORRY: HEEmEe sl Wt A R 3 4)
YR 27 £ 10 A 27 H
“Low-Frequency Charge Carrier Dynamics in Quasi-2D Molecular Conductors”
Jens Muller f#1: (Institute of Physics, Goethe-University Frankfurt, Germany Z(#%)
PR 27 4R 11 H 19 El
“7 T AL —EEEIC L D RITH AR N— FERLO—RIF B A ~7 h L Owrse”
ESIVRICIN G (f@ﬂ:%ﬁ AT RREIEYE BT ZEE AR R TR B
PRk 28 45 1 H 26 H
“Cooperative Interactions between Valence Bond Formation and Inter-Site Coulomb Repulsions
Specific to an Interchange of Energy Levels in the Molecular Orbitals”
WA Hifft (FRy: BLEIER BB LR HEEER)
VR 28 422 H 16 H
[EfEF—2 - ﬁl
ATPase W4t
LA S % GENER) . PRI, A 2=
VR 2745 H 21 H
WRAERA ER ISR 2015 2% Summer Progress Report K43
VR 2748 A 6,7 H
WF—#2BAFE Y < J-— TNOR BEATZE
AT MR, EERZ. AR R 7I<$T TEb. FARRE, KHEAR, K IE
T 2769 H 2~3
"Regulation of cytochrome c oxidase"
Professor Peter Brzezinski (Department of Biochemistry and Biophysics, University of Stockholm,
Sweden)
PR 27 510 A 28 H
WA ER FISEEE 2015 4R Winter Progress Report K2
PR 28 4E 1 H 6~8 H
[EEF—2 - XE]
[z —v > b XBREHTA A — 2 2 ZIEITB T D AIINAR R ETE O BH % |
mil et (EUbERRZERT EREERERRITER)
PRk 2746 H 4 H
(7= =gtin 7T 7 ¢ —IEIZ X D WA ETE DB % |



i mE L (BMEErsEEr SRR R)
Rk 2841 H 22 H

(A& F—2 - AiTH, HF]
1.

“Industrialization of Total Synthesis: Crystallization by Design (CbD) Approach for Natural Product-
Based Structurally Complex Pharmaceutical Drug”

g Sl fE L (Principal Scientist, Integrated Chemistry, Next Generation Systems Core Function
Unit, Eisai Inc. (Andover, MA, USA))

VR 2747 H 21 H

“From Carbohydrate Mimics to Carbopalladation Cascades”

Prof. Daniel B. Werz (Institut fuer Organische Chemie Technische Universitaet Braunschweig)

PR 27410 H 6 H

“Dissecting Programmed Cell Death by Means of Chemical Genetics and Complex Natural Products”
Prof. Xiaoguang Lei (Department of Chemical Biology College of Chemistry and Molecular
Engineering, Peking University)

VR 28 451 H 18 H

SN e R

1.

[KEKW BB ER e 7 v — 7]

Yt anxo s (T3 ho77 27 MY —LEENRE)
ST BBIE (KEK WtaF #d%)
Wk 2744 A 15 H
Wt oo X A (SR 7y hU—27 0 1R
R 12 (R REEWMERREIT DFEENS 2 RHTAFSCE URA)
PRk 2796 A 29 H
WkEF 2 X0 A DRKFELZEEEICEOYE ORISEE
i —&  (KEK 90T F B uEEds)
YRk 2797 A 14 H
W a a7 A [THHEOW] TiEZR< R TR % ) B & i%? |
B CRALKRSEZ o #%)
Rk 27410 H 15 H
WIRERER GRS T 5 i OO [ BEIRE XERRAT |
FE MR CGREKFIETZERT BhZ)
Wk 2744 H 16 H
WRERFEREE S MIE 1 1 2 2 5 X BEHEDBR% & YTIO3 O#LEFRRFELH)
Wa B CRAEKRY: Zoo@RFErseiT B
KRk 2796 A 11 H
WIRERFREES TRA TR L DO F v ) 7 2 b — L > RN K 5 Haladh—4: 8 W7 6] 15 3
X/l’ v F T
A 55 (KEK WtEaT ReTBh#0)
R 2710 A 14 H

[(RHERFETNV—T]

e bE 7 o —7

1.

“Phosphorescence and Parent Inorganic Hydride”

Prof. Dr. Eric Rivard (University of Alberta)

PRk 27 49 H 18 H

“r AR TR O L EE R

KM TR B (IR, RREE 4 —)
YRk 27 411 H 18 H



3. “New Vistas in the Fullerene World: Endohedral Metallofullerenes”
B B B R4 EARE. (O EERFIREL )
PR 27411 A 18 H

4. “mldpr IR TR A O
g M=t #dz ORRALEHRR. FEEX)

PR 27411 A 18 H

HEAWILEY 7 7 —7

1. “Teaching Polymers the Meaning of Life and Quantum Confinement in Graphene Nanostructures”
Prof. Felix R. Fischer (University of California Berkeley, USA)
TR 27 511 H 13 H

[RRITERFEINL—T]

1. “OrREEG & AR O @A 23 < Rk
AR 1 FENFE B bR oeET &2 BB B P 7R )
Rk 2747 H 3 H

2. “Spectroscopy of silicon molecules, ions and clusters: From materials science to
astrochemistry”
Prof. Dr. Otto Dopfer (Institut fiir Optik und Atomare Physik, Technische Universitit
Berlin)
YRk 27 4510 H 8 H

[RALRFT N—7]

1. “Solution NMR Spectroscopy of Molecules with Large Magnetic Anisotropies”
Prof. Markus Enders (Heidelberg University, professor)
PRk 2744 H 18 H

2. “Molecule as Qubits in Quantum Devices”
Prof. Mario Ruben (Karlsruhe Institute of Technology, professor)
PRk 2744 H 18 H

3. “Detection and Control of Spin of Magnetic Molecules by Scanning Probe Microscope”
K EEL e GREAERY ZooWERTEEET #dR)
Rk 275 4 H 18 H

4. TVF LT NEUT T — L Lit@Cel D3 NHRHE & FBET /S A ZA~DIGH
M IRFE L RAERY: BERDFRrrset o 7 —  HEER)
PRk 2756 H 12 H

5. “Rare-Earth Single-Molecule Magnets: A Source of Spin-Qubits Made by Chemical Design”
Prof. Eugenio Coronado (University of Valencia, professor)
Rk 27 4 8 H 24 H

6. “Molecular Spintronics: from Magnetic Molecules to Devices”
Prof. Eugenio Coronado (University of Valencia, professor)
Rk 27 4 8 H 25 H

7. “Anilato: an old ligand with new potentialities in multifunctional molecular materials”
Prof. Carlos J. Gémez Garcia  (University of Valencia, professor)
Rk 27 48 H 31 H

8. "From Homonuclear Metal String Complexes to Heteronuclear Metal String Complexes”
Professor PENG, SHIE-MING (National Taiwan University)
Rk 28 421 H 14 H

9. “Advanced quantum many-body methods for magnetic molecules:
what theory can do for you”
Professor. Jurgen Shnack  (Bielefeld University, Germany)
TR 27 426 1 11 H

10. “Coordination Programming of 1D and 2D Molecular Systems”



R B HuR GROURT)
R 27 4 10 A 10 H
11. “NMR Studies of paramagnetic Complexes including the single-Molecule Magnet Th2Pc3”
Professor Markus Enders (Universitat Heidelberg)
PR 27 4 10 H 28 H

12. “Metal Complexes with Multi-Bistability”

K mAd BuR BLEKRT)
Rk 27 4710 A 10 A

13. “Theoretical study of the lanthanide optical properties”
JHHPSERE SEd GERERT)
RK 27 210 A 20 H

14. “Synthetic Ventures into the Furanocembranes: Bielschowskysin and Beyond”
Professor. Martin Lear  (University of Lincoln, United Kingdom)
Rk 284E 1 H 13 H

15. “Engineering the Organic Solid State with Tuneable Interactions: Directing the formation
of Tonic, Coordination, Supramolecular and Dynamic -covalent Assemblies”
Professor. Ian Scowen  (University of Lincoln, United Kingdom)

VR 2841 H 13 H






.

1D

DS






53 AT BRI T — A
(F—s ) —4—: R KF)



“ RN FMHEEE S EE AW
7T A VA BRAAL DIV BHEHZRAF—HF O

CEITE, AIEHFZ, ANIEIIEZ?, =, SR, MR

BRBF - MRS o0, BAEK - ook, HOKBE - #e s’

10058 IELL FOH — K A A VERIRZ > 37 B OH v
BRI ZERTPRMREE AR L2 24K
REET LTINS, Lo LITETIE, F oA
OPT Y BB E MR O E R — R L, B
fiZe 2REET NV EBZT-ITV BEAHH =R LF—
I DOFLR R SN TWA[L], HHTZ R/LF—H
% EBRAICFEMICTR 572011, #T0 Bl

\ZHLI D AR BE 2 B O BERE] « AE oy iR RE TR 5 1. BdpA OO & 3 kT,

WEN DD, Fa T F, “RoTdOEF MBS

I£(2D-FLCS [2)&BiE L. ¥ b7 1 LAciff V BAIBRICHN 2 RO TRIRELZ ~ A 7 n B
RERI 0 fRAE T CTE 2 Z L 2R LT2[3], AR TIE. /WNZ X7 O 0 & A BFEDOHFFEIC
2D-FLCSZJGHT 572, 717 A A-B N A A (B domain of protein A: BdpA, X 1)Zxi5 & L

7= B A AT - 12 [4],

BdpAlZ 3~V v 7 AN RAAEIE & FFO605% 5D & v X
BHTHY ., IFEMSRMET TIHEEITERN (10 ps)ifr v B4 %~ 7
ZEDD, EB - BEEROMmE TE L ORI TOILTE 1,
BdpAD /N 7 7 —IRIRICEMEA & LT T =2 VBRI
(guanidinium chloride)& %z % &, ZMkEED H B3 /L ¥ —
PET L THT 0 Bl E R E < 72 0 (B MIREE & RIRRAED
R CHAFET DL 012705, Z DS T2D-FLCS & V7=
EXATo TR, K 2aliRd & 9 7 “konw eFHFaiHE~ v
Tfgbivle, T2 THWEEEHIX 1 OA, CONLEIZFRET
e E AR (R — @ Alexad488, 77 &7 ¥ — :
ATTO633) #EALZZHDTHY , Bl S Nca b FHFmiT R
FT—oT 7T E =D X B EE % L CBdpA
DOREEZAC 2 KT 5, Z0O kT~ v ZI1EX 2blZ R4 25
DI DN FF A 2 b Oy O B CAHBEOM TR S, %
SO I ZEVE AR BEARAFME D> & RIRIRTE (spl) & MK RE (sp2) 12
i@ S AT, spLIZZIEMED A2 /R LTl D, RIRIKEEIZE
T DREEARE) M DFIEDRB I N D, T DSIEM A OTEIR
IXEPERIRIEIRAT L CB b LT, £/, fHREEAER R AT
PEDFENT > & . RIRIKAE & ZSMEIRRE O [ O A ALZE #1215500 ps
PLEDDN D —J7, splOAiE A — 110 usEANICKEFD L T U

ﬁé(a)
- .
_ H‘_-: o -

s3 » O

w—é'a"l 2 'zi'é"'i 2 46
7' (ns)

- (b) =
1 sp2

7’ (ns)

2. AC 1kl 2D-FLCS M &
A (FHBIEEZERF#] 1~20 ps)



HTENGIroTz, DFEV, BdpAOTHT V BEABH =R L X —HIBEICIZ 2REET LN RE YT
WTFE DN, FO [RIRIRRE] NEBIOIZHE - E TR, BUESH2KMm L TES W TS
ZEDBHLMNI o7, O TRERIRIE] WORERE DS E1X. 3RO v 7 AD—E ) M figlfEd

DIEEITKIET 2 &2 b D,

— 7. SPRDHELIETF MR D B — 7 LB 1T T kX — B EN L)
ERIFEERTHDLZEE2RLTEY, EHEREIZOW TR
FEBEBE 2 i 3 & TSR —MER 0 KB S TR e]
MRS D, £ T, BT VNLEEB, CICE 2723k (K
J— : Alexad88., 7 7 &7 % — : Alexa633) & 7= lE %17
o7z (M3) . ZOREE. ZWEMEDwNFFd oA & T MR
RE(spl) & 7 7 & 7 4% — % K < BdpA%y 1 (sp2) I It & S 4 5 ik
SIBII S HL7z (X 3b) o spl’ DA DFIR & ZE M7 FE K A7
PEZ R L, EPRREBIZ B W TS A MRS 2 K3 5 3\ ISR
LEMFET DI N0 oTo, THUTEHEIRED X 3 E
IR—IRHNZ T o F b aAf )WIRO@E S F & U TREEV . A MEAIR
FEVTARAT S D ZE M7 IR U ZFF B 7208 b L ICHEIE 2 b
T 5LV L BT D130, AR Y v 7 ADTER,
il zE > T D ATREME L B D,

LD X H1T, 2D-FLCSH I T 5 Z & T/INg w37 B DHr
DEAZAHTZRXLX—HEZ XV FEICHOND LTk
ST, BRI BAERIREOBIHI[E] 7 £, 2D-FLCSO &\
IR R A AR 2 A2 7> L7 BN HRER L T & 720y,

(25 3C#]

(a)
© o @

_ 0

" (ns)
01 » 460 2 .46

amplitude

3. B,C #Ziikakl o 2D-FLCS &
A FL(FEBH A REf 1~20 ps).,

[1] Takahashi, S.; Kamagata, K.; Oikawa, H. Curr. Opin. Struct. Biol. 2016, 36, 1.

[2] Ishii, K.; Tahara, T. J. Phys. Chem. B 2013, 117, 11414 & 11423.
[3] Otosu, T.; Ishii, K.; Tahara, T. Nat. Commun. 2015, 6, 7685.

[4] Otosu, T.; Ishii, K.; Oikawa, H.; Arai, M.; Takahashi, S.; Tahara, T. Biophys. J. 2015, 108, 501a.
[5] Chung, H. S.; McHale, K.; Louis, J. M.; Eaton, W. A. Science 2012, 335, 981.



“RITENXFEMEBE S EE AW
T B RNA/DNADREE L F A F 2 7 A DIFSE

Chao—Han Cheng, AHHFEE, HIFKN

B - HIFED 000t

Kl D@1 & LCOMERNIME., FRZZ DX A F 7 A IEBR DN ARN THRILT 2RI 51
IR L TRV, THEZFMICHLMNCT 2 Z LI EAMICEE TH L, _HEOEE, 3/b
HRNA L DNAIZALFANCIER I L T DIZ b 200 b3 RN TH O BEN RE S B o
TWb, ZZTINSDOBOMIRHIME OEWZ | LFRHIRIE & AV PR E R I S8
S LMD Z L ICHEN -5,

ARFFETIX, Fox DL B L722D-FLCSIE[A] &S LT, ~7T

EUREIE 2 ID — ARSI (K1) ORISR - REEY 1 T 3 U. Te

J AL IHRT2[2], A OB IR % H DRNA L DNAZ LT 5 Z &

© MOERBNK R A HE LA o 2 bric T 5 - c e R S S
Lo T & S DTG R (Kaose) & SR (kper) 2 RO B = 2 @ don @ Lo,

T, ENEN—AREO N & “ARFHOLREMEOM G LD & R, ~7 ST
b, RNA (Z£) & DNA (£7) .

TS O A ORI L s BB OFRETI RO b 2 L CEEEICIRET S 72
D, PR D2D-FLCSIEZ PRk L T 2 R FIRF a0t 24T 5 Rl 2 L7z, FRETX O R —
ST IR T O AR AR RS E A O CERII L . oo FIRERIIT — 2 &
TCICHEIRE “RITHOEARR ~ v T2 R L2[3], 2D RIT~ v SO B iR A
Ry br =B SHT 77 2AEBAZ#EHT 5 2 & T, REtO BRI KR35 2O
FHBLOT 787 Z—a b E a2 5 (K2) , ZORR, 7787 % —%2 K 5H51(spl) - ~
T B R B (sp2: “open”) + T

B ki (sp3: “closed”) I E S 3 "= Em ‘A[\A

D 3ODMS BB S, 2 8 sp1| 3

RSB L KRS OB F DR S s
IZIIRNALDNAD B CHEE 2t B | sp2| 3
BRBRAI o, CBDZ L < .

BUMEIC W EER S T DOA~T B Y A{ T T, sP3 sP2 SP
YRR A A T2 7 AL “closed”, Lifetime (ns)

“open” D HLMZR 2 RHEE TV TR wo. sppowtsent () L7 LTy —ME () .
ENDZEDBHEND B,

B ONTK Ry OENFMmOAME R — /7 77 % —58 g% el filtered FCS[4] & FEIZ AL
DIRATIE A2 W CEIRIED B CAHBIRE S & RIERI OFE AAHBIRE S &2k 7= (XI3) . “closed™}k
fig & “open™ K& B CAHBIBA%L & MH AAHBARI S, 2 REEEIO T TIZLL FORTER I D,



4.0

1 open
GCC(AT) :1+W90(AT){1+ P exp Kejose kopen) J} , 385 o o
exp

close 3.0
close + kopen ) :I} ’

25 ) - St

204 RNA

1.5

Correlation

open

GOD(AT):1+€%gD(AT){1+ e

SO0y s,
1.0 e RS RT

1 - el e 2 T -
GC’O (AT) :1+_gD (AT) 1_exp - kc ose + ko en . 20 10 mm 0 *° 1
N { |: ( | p ) :|} 1 DNA ™
NHBLR SIS AEE T 5 5 T4 gAYy Tt § ] = A
ok 2 BRI CRIBIC & 0 B LAV EIELT) T § vl o A N

bn, ZOXEHWTEH SN 7-HEEEKE 7 n— L7 12+ .
AT 4 TIRHTT D 2 & T Kaose & Kopen @ RE L2 (3R e P P
1) o ZOFEHE., ~T v HEEREGEE IZIZRNA L DNAD Delay Time (s)

B 3. R, 1 1 ZiZ i open”, “close”
HICR & AREA RN OISR U, SR FIZI0M ERAR D s i e o S

NSt AR,

U EOHRERIT, RNALDNAD AR OMELTEED 41 o g ko Bons:
RESRIRD L BT 5, EBMRMETODNADRY) 7 IS RAERICES,
FHNC L7 “ASIEITBI T 575, RNAII2-OHIED — 3';;01’ s ';6')51’;0
SMREEO OB A TN T, ABTEMET S, LAAL, — DNA  3600+110 5600 +510
KO ZEMEIFIRNAD TN E W Z ENMbN TS, Zh
IZIRNAD 2 -OHEEMN K DIKFFEG R >~ N T =272 5 Z LI X D7 2@ b 5L C
WHEEZ LN TWS, SEIOFRRIT, 4EESOEN_RKEO~ A 7 afpt—4—DH A F 3

AZBNTYH, ZOREMOEEDEHNTNDZ L AR LTS,

— 5T, AEIOFRERTIFEAT ©UAEEEAOEE Koo IZ 22D L DR D2 o 7oy, — R D E 5y
TMERRNALEDNATEZR 5061 6 i STV D Z &0 D 4 HEKaose D IR R IFIE[B] 2 BIE T 5
ZETAREHOIAF I ATONTEYFELSRARTNL,

(&5 3HK]
[1] Ishii, K.; Tahara, T. J. Phys. Chem. B 2013, 117, 11414 & 11423,

[2] Chao-Han Cheng + AFF8E - HIFR, 5 8 [R5y 7B FRlime, 2014, 3A14.

[3] fAHHZ « Chao-Han Cheng « HJFRY:, 2 8 [El5y TR 756w, 2013, 2D20.

[4] Felekyan, S. et al. ChemPhysChem 2012, 13, 1036.

[5] Chao-Han Cheng + AH-F8Z « HIFORE, 5 53 [l H AP 424, 2015, 201530.



SAREDORERRyD AR ML DBRE

TAMIEASL HTFR Y, H BB, Aniruddha Adhikari!, [LAfE—L2, AP

HWE - BRSO3, Bk - BT

22/ KR E i b AN RIBARE TH Y. TN E T RIERIE SO —FTH D IEE
JE I FE A5y FEEIZ K D FEBR & = O BERAVIRNT & OISR ST E S U C & 7o, TERAL O IREN N
JE 2 38 A (VSFG) 435t 2 -T2 AFFEIT K o TRFURNTIZORFERE S L TORVWWIKOO0H & K FERES L
TZOH W HIFAEST D Z L Wbho TWh, L LR SRERETIINRORED L EZ KT 57
O, EERIIHF DD BITIFREZ LD "R ([P ) ITE-TLE S, TDTdy DhifH
BT LD TLEV, BHNIARY MVEFRICHERT D 2 SIXRETH 5,

ZOMBEEFIRT D= T EFRIE L ClEHEY AT b2 Db O % FBRIICIRET 5 )7
IEDSBRFE ST, Shen SN EFIE 2 EE LR S KK CAAR Z I E 4 5 M ABBUKVSFG
(PS-VSFG) VE[1]1A2ZBR L., Fex DTN —TITEBRDOILRVRIAE N &~ L F T Ly 7 2 g%
W TIFIBAE 75 OIRIE & A2 —EEICIRET D ~T 1 & A R VSFG (HD-VSFG) £ (2] % BA %
L7z, % L CShenb | ZPS-VSFGIEZ VT 2008 WD CTZER, KR Dy P A7 bV & FF
L[], BIRARY SSRGS 52O/ (Im ) O AT b1 3240 cm LA FIZIED N
R, 3400 em HTICBRDANL R #F LT 3700 em HTICIEDKFERE S LTV 7R Free OHN
VRDBBIND Z & A Lz, 2009 4RI

$o ke O 7 T IAD-VSFGHE & VT 22 2f '

KKREEWEL, ShenDBis AR 3 1-1 /%\ il
FIZRI U A=Y M7= [2], Lo L7e “% 0 = - o
AREA R Y BX A X (/AL RRANC Y VA R Y \ / / v\/J
M amOEIE T, 2 s N I K i
SDAY RETF OO, EEEOED : ; ' '

3000 3200 3400 3600 3800
N RPRFH L /MELLBENTWEZ], Z IR wavenumber (cm™)
s St Kl THIRAL LT2 225 KRR Oy @2 ~=7 h v (R#R -
DIRREFERDED /S RITZER/ AR i B ) £ 2 TAREO DA P (R
. TR B, MO REHFORTRLTWA,

KBGO IS HRT 5 boRmmy  E
(CEETH D, AlEl, Fx IFHD-VSFGS L
EORE, RIEFEZGE - FiRet L, 83 2

BER Tl bEEOTE 285,/ K iwyY & 11 /%\
22y M EPE LT (4], % 0
@:

ERYE AR Tl B - DFAE "-1_\—>0 \/_;
2 - -
] ] ]

DHPLWREAFY > THIEIZED K
S R AE T T = 0 - e ] ]
WIEEOEI C RAFR B S A KA KB 2000 3200 3400 3600 3800
L7c. @QIFILIG72 IR T 5 EHAKIF LU IR wavenumber (cm™)
—7NFn ) FroEEEREL, EivE 2. BKTHUBL LI 2250 K RIEOXD AT v GR :
A . )

TR IEIC WV TW K EN D DIEE




DEBMEERIL L, ZhICkY. “h 10 ' ! ' !
ECOBREBTREATES RN $ | CoF20D20 -
7o LLFICREM AR 2, o

KUK THREAL L2, kRl 2 00 ——teee—aema e
DYD AT NVEFF, DAY WL ?E;% [~ Y
DEH RH) X201 HEICF 2 3G L S
TeAR7 MUZLECBITRY . HRAIT " 800 mﬁ ﬁm 3%0 3&) 3800

& 9123000 cm HZh TR IED N

IR wavenumber (cm™)
B 3. FATHIRL L2225,/ 8= T v m ) 5 ROy @ A

FRRZB, L2ANR, @kpzasy b B3 IRCBICLEDE /o

NDREER (Fkf) SIFEIZ L 2 ED

S FERLTOS, Zokb, A0 Dzo’qll’artz -

AT MVEBKOTHTRELTS | A

NI Pliasis R e ffﬁmmmmv T s oo
TRAEDORPH CRBITHRT D, Filo.  §

ZDARY ﬁﬂ/_£W\TWi3&mﬁ>E38a) = T ]

n OIS HARO R 1T+ 3 [P RRAP o ST |

lC D Z LR L, 7, K@gT T B

ML LTz DR~ b (1) (2K Q%& @o 353 M& @o 3&

L ClA Ui sE s DA AR 2 Kb 5 & 177°
+ 6" L72eh, BHAKTHEILLIARS
MDD IR UK IZRB VT K&
KEELTWHDZERDh T,

I HIT, BBITRT L O, BloIEk
x&ﬁ%wfﬁ%mﬁékﬁ%ﬁ 5D,

IR wavenumber (cm™)
B 4. Ve K OWEEZ DKELTRUSAE L 72 2250 BK St
DyD A7 WV (it Belfaiiiem, R Pavanssss, 7/ -
VER i IEan . B - Pad e 92i0)

EIEIK T B /83— T F 1 ) F DALY MLEEKD
TN, HALAA—T AT ) F Tl BT

IR TH H 2 & MERINCHERE Sz, — 7. K THIME LT EAKD AT R V3K
EUEHTHZ L TR EKIESS Z ENbhotz (M4 . TS ORERNLEKTHRE L L
T2 ART7 L (X2) DNEEE TR BEEDOE WAL ML THY . 3100 ecm 'LLFOfEBICITE
BRIEEE OFPH TIXED ANy RIFBHI SN Z L B E o T,

Shen® 7' )L—7" L Tk DT IV—T DGO, DT N—T 05285/ KFEDIn 5P A~
7 BV ST, DT N TREEGEIICIEDO N RE2R LTV e, 2Oy RidE
AUH OPNEDNAEE N+ 3 Tlepo e ldIZBn Tz LB X b, 5% ZOFEFEIZHE S
THERAIRIRN A FAEEET D 0ER H D,

(25 3ik]
[1] N. Ji, V. Ostroverkhov, C. S. Tian, Y. R. Shen, Phys. Rev. Lett., 100 (2008) 096102.

[2] S. Nihonyanagi, S. Yamaguchi, T. Tahara, J. Chem. Phys., 130 (2009) 204704.

[3] S. Nihonyanagi, T. Ishiyama, T.-k. Lee, S. Yamaguchi, M. Bonn, A. Morita, T.Tahara, J. Am. Chem. Soc., 133
(2011) 16875-16880.

[4] S. Nihonyanagi, R. Kusaka, K.-i. Inoue, A. Adhikari, S. Yamaguchi, T.Tahara, J. Chem. Phys. 143 (2015) 124707.



Water Structure at the Buried Silica/Aqueous Interface Studied by Heterodyne-Detected
Vibrational Sum-Frequency Generation

Anton Myalitsin®, Shu-hei Urashima®, Satoshi Nihonyanagi', Shoichi Yamaguchi'?, Tahei Tahara'

"Molecular Spectroscopy Laboratory, RIKEN, Department of Applied Chemistry, Faculty of Engineering,
Saitama University

Buried solid/liquid interfaces are important for many natural and industrial sciences. However, it is
difficult to characterize solid/liquid interfaces by conventional spectroscopic methods because they are
located between two bulk phases. In fact, the number of molecules at the interface is much less than in the
bulk liquid so that the weak signal from the interface is hidden by the bulk signal. Moreover, the buried
interface is not accessible by conventional surface science techniques such as electron microscopy.

Vibrational sum frequency generation (VSFG) is forbidden in centrosymmetric media, such as bulk
water, under the dipole approximation. This makes VSFG a unigque tool for probing interfaces, where
symmetry is necessarily broken. Previously, we have developed multiplex heterodyne-detected VSFG
(HD-VSFG) that can directly measure the complex »? (4 : second order nonlinear susceptibility)
spectrum over a wide frequency range at once with high signal to noise ratio [1]. The imaginary part of the
22 (Imy*?) spectrum directly represents the vibrational spectrum at the interface and can be easily
interpreted in the same manner as bulk IR and/or Raman spectra. Furthermore, the sign of the
Imy® spectrum indicates the net orientation of the molecular species at the interface. However, application
of HD-VSFG to the buried interface has been prevented by technical difficulties, in particular the lack of a
suitable reference. We overcame this limitation, by using the nonresonant signal of the silica/air interface
as a reference. In the present study, we investigated the pH dependent water structure at silica/water as a
prototypical mineral/water interface [2].

The optical layout of a HD-VSFG spectrometer for buried solid/liquid interfaces is shown in Figure 1.
The experiment was carried out using isotopically diluted water (HOD-D,0O). In vibrational
spectroscopies, because the H,O spectrum is more
complicated due to inter- and intra-molecular

vibrational couplings, the isotopic dilution is often cCcD

used as an aqueous phase to remove any vibrational

polychromator|

couplings.

© /i’_%_‘ silica
gold water or air
Figure 2 shows the Imy® spectra of the

silica/HOD-D,0O interface at different bulk “pH”. Figure 1. Schematic of the experimental HD-VSFG
setup. Broadband infrared (w;) and narrow band
visible (w;) beams are focused on gold mirror to
generate local oscillator (LO) at sum-frequency.
interface at pH=12 (blue line in Fig. 2), a broad OH The reflected ®; and w, beams are refocused onto a
sample interface, which generate sum frequency
light of the sample (silica/water) interface. The SFG
the OH band corresponds to the H-up orientation of  an4 O lights are introduced into the polychromator

interfacial water which directs their hydrogen toward to generate interference fringes and finally the
interference pattern is detected by a CCD.

Here pH refers to both hydrogen and deuterium
atoms. In the Imy® spectra of the silica/ HOD-D,0

band is observed at 3400 cm™. The positive sign of

negatively charged silica surface (Figure 3, A).



Previous studies in which H,O was used as an aqueous phase reported that the Imy® spectrum of water at
SiO, surface at high pH exhibits double band feature with peaks at 3200 and 3400 cm™ [3]. The
observations were interpreted as an indication of at least two different water structures, namely ice-like
and liquid-like water structures [3]. However, the HOD-D,0O data shown in Figure 2 clearly shows that the
positive OH band observed in high pH is essentially one broad continuum and hence the double-band
feature previously observed in the H,O spectra are due to the vibrational coupling.

At pH = 2.1 (black line in Fig. 2), the OH band becomes predominantly negative, centered around
3200 cm™. This indicates that the majority of interfacial water is in H-down orientation, in which water
molecules at the interface direct their hydrogen toward bulk water side. This can be interpreted as the
effect of the neutral silanol. At this acidic pH, the surface silanol is expected to be completely neutral and
act as hydrogen bond donor. Therefore, interfacial water accepts hydrogen bonds from the surface silanol
and donates hydrogen bonds to the other water molecules in the bulk (Figure 3 C). Nevertheless, the
higher frequency side of the OH band remains positive, indicating that some portion of interfacial water
preserves H-up orientation even at very low pH. This can be attributed to the water which hydrogen bonds
to the oxygen of the surface silanol or a bridge oxygen at the surface (Figure 3 B). The negative OH band
in the HOD-D,0 spectrum is peaked at 3200 cm™, showing long tail toward lower frequency side,
suggesting the existence of a strong hydrogen bond at this interface.

At pH = 7.2 (red line in Fig. 2), the OH band is in between the spectra at pH = 2.1 and pH = 12.1,
showing small negative band and relatively large positive band. This indicates that some fraction of
interfacial water molecules is in H-down orientation and majority is in H-up orientation. At neutral pH 7.2,
all three types of water species can coexist.

06 T T T Si Si Si Si Si Si
— pH 12,1 I e e e | e
— pH72 t e T 18
— pH 2.1

03 P — \J

[/ arb. unit

(2)

LB . 9 (©
&_j’ Vol J':j".\))

Im %
o
=)

| | | | Figure 3. Sketch of the different types of hydrogen bonds at the

03 3000 3200 3400 3600 buried silicayHOD interface that appear at different “pHs”. A:

o, wavenumber / cm’” H-up oriented water that is hydrogen-bonded to the negatively

Figure 2. Imaginary part of the 5® spectra of the charged oxygen atom. B: H-up oriented water H-bonding to the

buried silica/HOD-D,O interface for different pH in 0xygen atom of the silanol or siloxane bridge. C: H-down
phosphate buffer (I = 10 mM, ratio of H,0:HOD:D,O oriented water that is hydrogen-bonded to the silanol as well as

is 1:8:16). bulk water.
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Ultrafast dynamics of solvatochromic guest encapsulated in an aromatic

micelle
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Fig. 1. Encapsulation of Coumarin 153
(C153) in ASM aggregate to form the
ASM>C153 complex.
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Fig. 2. Absorption and fluorescence spectra of
C153 in various solvents and encapsulated in
ASM. For the latter, the absorption spectrum
of ASM was subtracted from that of
ASM-C153. The region represented by the
dotted line is considered unreliable.

We employed time-resolved spectroscopy to investigate the
structure and properties of a novel anthracene-embedded
amphiphile (AEA) that forms micelle-like aggregates in
water. AEA consists of a nonpolar, anthracene moiety and a
polar ammonium salt. When AEA is dissolved in water, the
anthracene moieties minimize interaction with the solvent
by aggregating into an anthracene-shelled micelle (ASM).
ASM has a hydrophobic it to

encapsulate a hydrophobic chromophore, as depicted in Fig.

interior that allows

1." This enables solubilization of the hydrophobic guest in
water. In order to better understand the environment
surrounding the encapsulated chromophore, we used the
solvatochromic probe molecule, Coumarin 153 (C153), as a
guest in the micelle. The absorption and fluorescence of
C153 are highly sensitive to the local polarity, and can be
used to characterize the surroundings.

The absorption and fluorescence spectra of C153 in
in Fig. 2. The

and fluorescence maxima of C153 in

various environments are presented
absorption
cyclohexane and in water illustrate the red-shift of C153 in
a highly polar (water) environment relative to a highly
nonpolar (cyclohexane) one. The absorption maximum of
encapsulated C153 (Amax = 457 nm) is red-shifted relative
to that of C153 in water (Anax = 433 Nm), suggesting that,
despite being surrounded by nonpolar anthracene panels,
the local polarity around C153 is greater than that of water.
However, the fluorescence spectrum of encapsulated C153
(Amax = 541 nm) appears in a similar position to that of
C153 in water (Amax = 553 nm). Thus, in contrast to C153 in
water, C153 encapsulated in ASM shows very little shift

between its absorption and fluorescence spectra, indicating



that little reorganization of the solvent and surroundings occurs following photoexcitation of encapsulated

C153.

Fluorescence Intenslity (au)
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Fig. 3. Fluorescence upconversion showing very
little dynamic Stokes shift for encapsulated C153.
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Fig. 4. Fluorescence anisotropy decays of the
unoccupied ASM host, excited at 400 nm, and
encapsulated C153, excited at 435 nm. The
anisotropy was obtained using the fluorescence
between 600 and 700 nm.

Since the position of the fluorescence spectrum is an
indicator of the stabilization of the excited state dipole
by the surroundings, the reorganization dynamics of the
local environment was examined using the
time-resolved fluorescence spectra of encapsulated
C153 (Fig. 3). Consistent with the small difference
between the excitation and fluorescence spectra, only a
small dynamic Stokes shift was observed at the red edge

of the spectrum, at early times. The larger shift and

intensity loss at short wavelengths are attributed to
encapsulation of multiple chromophores in some
micelles. The multiple chromophores were found to
show strong, short-lived emission at short wavelengths,
consistent with emission from an H-dimer.

In addition to examining the solvation dynamics, we
also examined the freedom of motion of the guest within
the micelle, using the fluorescence anisotropy decay, as
shown Fig. 4. Since both empty micelle and
encapsulated guest are fluorescent, the fluorescence
anisotropy of each was used to obtain their rotational

time-constants. The encapsulated guest showed a time

constant of 860 ps, which is greater than the 510 ps time-constant obtained for the empty host. Since the

guest cannot rotate more slowly than the host, the slower rotation of the encapsulated guest indicates that

the guest and host rotate together as one unit. The rotational diffusion constant can be related to the size of

the complex, using the Stokes-Einstein equation. Using this method, a diameter of 1.6 nm was obtained for

the empty ASM micelle, and a diameter of 1.9 nm was obtained for the hostoguest complex. Based on the

ability of the micelle to adjust its size to accommodate one or more chromophores, we conclude that the

aromatic micelle is a soft material with a range of possible conformations, rather than a simple, enclosed

cavity.

! Kondo, K.; Suzuki, A.; Akita, M.; Yoshizawa, M. Angew. Chem. Int. Ed. 2013, 52, 2308.
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Single molecule absorption spectroscopy using a scanning tunneling microscope

Hiroshi Imada', Kuniyuki Miwa!, Miyabi Imai-Imada?, Shota Kawahara?, Kensuke Kimura?®, and Yousoo Kim'

!Surface and Interface Science Laboratory, RIKEN
2Department of Advanced Materials Science, Graduate School of Frontier Science, The University of Tokyo

The electronic excitation of molecules triggers diverse phenomena, such as luminescence, photovoltaic effects,
and various chemical dynamics. Absorption spectroscopy is the primary technique to directly investigate the
excitation process, and researchers have been pursuing higher spatial resolution and sensitivity to promote
understanding and control of the molecular excited states, envisaging creation of novel functionalities with organic
materials. To date, several kinds of principles for realizing single-molecule absorption spectroscopy have been
proposed based on either far-field' or near-field®> optics. However, detailed characterization of the electronic
excitation of a single molecule remains infeasible because of the limited spatial resolution of the optical methods.

Here we demonstrate the measurement of the absorption spectra of a single isolated free-base phthalocyanine
(H2Pc) molecule using the localized plasmon as a spatially controllable point excitation source driven by the
tunneling current of a scanning tunneling microscope (STM). Figure 1(a) illustrates the design of the experiment.
The tunneling current excites the localized plasmon which then interacts with the molecule through the
plasmon-exciton coupling, and the emitted photons are detected.

A series of luminescence spectra induced by the tunneling current were obtained near an H,Pc/NaCl as a
function of the lateral distance of the STM tip from the molecular center (Fig. 1(d)). When the tip is placed far from

the molecule (r > 4 nm), the luminescence spectrum is dominated by a broadband emission, which is attributed to
a
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Figure 1 (a) A schematic illustration of the design of the experiment. The localized plasmon in the STM junction excited by the
tunneling current interacts with an isolated single molecule located close to the tip apex. u represents the transition dipole moment
of HaoPc, which is oriented in the molecular plane. (b) An STM topographic image of H2Pcs adsorbed on a 3 monolayer (ML)-thick
NaCl(100) island grown on Ag(111) (sample bias voltage V = -2.5 V, tunneling current 7 = 2 pA, 25 x 25 nm?). (c) the
measurement tip positions for the spectra shown in d and the definition of the coordinates around the molecule. An H2Pc has two
hydrogen atoms with a frans configuration at the molecular center. The column on the right is the list of the distances () measured
from the molecular center. (d, e) A series of STL spectra measured on and near an H2Pc/3ML-NaCl with different tip positions (V
=-2.3V,1=50pA, exposure time ¢ =3 min). The spectra are offset for clarity.



the radiative decay of the localized plasmon. Remarkably, a

dip structures emerge at 1.81 and 1.92 eV in the broad
spectrum when the tip is positioned close to the molecule
(r =

prominent as the tip is closer to the molecule. When the

1.4-3 nm), and the spectral features becomes

STM tip reaches at the edge of the molecule where direct
excitation of the molecule by carrier injection turns into
possible, intensive molecular luminescence is observed
(Fig. 1(e)). The luminescence peaks at 1.81 and 1.92 eV
are attributed to transitions from the first and second
singlet excited states of H,Pc, so-called the O, and the O,
states, respectively’.

Figure 2(a) shows two representative STL spectra
measured with tip positions far from and close to the
molecule. We define the STL spectrum measured with the
tip located far from the molecule as the excitation source
spectrum /o, and that measured close to the molecule as
1(r,0). As shown in Fig. 2(b), the ratio spectrum I/l
clearly reveals the change in the spectral shape resulting
from the plasmon-exciton coupling.

The origin of the dip structures is investigated based
on the theory of STL using the nonequilibrium Green’s
function method*. Figure 2(c) shows calculated STL
spectra with the plasmon-exciton coupling #g of 0 and
10 meV, and Fig. 2(d) displays the 7/l spectrum. When

hg = 10 meV, the energy of localised plasmons is
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Figure 2 (a) STL spectra measured with » = 2.2 nm (upper)
and 4 nm (lower) (0 = 45°, V' =-25V, =250 pA,t=5
min). (b) An [(50)/1y spectrum (r = 2.2 nm, 0 = 45°),
generated by dividing the upper curve (/) with the lower
curve (Ip) in a. (c) Calculated luminescence spectra using the
theory of STL with plasmon-exciton coupling hAg = 0
(lower) and 10 meV (upper). (d) An /Iy spectrum using the
two simulated spectra in c. (¢) A schematic diagram
illustrating the dynamic processes arising from the
plasmon-exciton coupling. G and E stand for the ground and
excited states of the molecule, respectively. The energy of
the localised plasmon is absorbed by the molecule (upward
arrow) through the electromagnetic interaction between the
plasmon and the molecule, and then the energy is re-emitted
into plasmons (downward solid arrow) or the energy is
non-radiatively dissipated (downward dashed arrow).

absorbed by the electronic transitions of the molecule through the plasmon-exciton coupling, which leads to the dip

structures at 1.81 and 1.92 eV. The asymmetric spectral profile is explained by a quantum mechanical interference

effect. The energy of localised plasmons is absorbed by the molecule, and then the energy of the excited molecule

is re-emitted into localised plasmons (Fig. 2(e)). The /Iy spectrum reproduces the features seen in the typical

absorption spectrum of HoPc?®, which essentially represents the single-molecule absorption spectrum of HyPe.

In conclusion, we have developed a novel single molecule absorption spectroscopy by using a localized

plasmon at the tip of an STM to overcome the diffraction limit of light. Based on the versatility of STM, the novel

absorption spectroscopy in combination with STL establishes an absorption/emission spectroscopy, providing an

integrated platform for real-space investigation of localised excited states.

[References] 1) M. Celebrano, P. Kukura, A. Renn, and V. Sandoghdar, Nat. Photonics 5, 95 (2011).
2) I. Gerhardt, et al., Phys. Rev. Lett. 98, 033601 (2007).
3) C. Murray, et al. Phys. Chem. Chem. Phys. 13, 17543 (2011).
4) K. Miwa, M. Sakaue, and H. Kasai, J. Phys. Soc. Jpn. 82, 124707 (2013).



Seamless growth of a supramolecular carpet
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Organic thin films have received much attention for their potential in various electronic and optoelectronic
device applications, since they have outstanding advantages (i.e., low cost, low weight and mechanical
flexibility) in comparison to standard inorganic technologies [1]. In particular, it has been recognized in recent
years that organic/metal interfaces at which charge carriers are injected into organic thin films play a crucial
role in the operation and performance of organic devices [2]. Various interactions at the organic/metal
interface, such as surface-molecule and intermolecular interactions, are of great importance in the formation
of intermolecular networks and organic epitaxy, and have a strong correlation with their electronic structures
[2,3]. Although the purity and uniformity of organic thin films at the organic/metal interfaces have profound
effects on the operating characteristics of organic devices [2], the formation of organic thin films with high
interfacial uniformity on metal surfaces has suffered from the intrinsic limitation of molecular ordering
imposed by surface step edges, due to the relatively weak intermolecular interactions between organic
molecules. Thus, the creation of widely uniform organic thin films on metal surfaces that maintain structural
integrity based on non-bonding intermolecular interactions remains a challenge for further development and
enhancement of organic devices fabricated by one-step deposition of organic molecules.

In this work, we successfully demonstrate the formation of a supramolecular carpet, with a widely
uniform interfacial structure and high adaptability, on a metal surface, via a one-step deposition process. The
geometric and electronic structures of the supramolecular carpet were investigated by means of scanning
tunneling microscopy/spectroscopy and density functional theory calculations. For this work,
bis[1,2,5]thiadiazolotetracyanoquinodimethane (BTDA-TCNQ) was used as the key building block with
which to realize the supramolecular carpets [4], not only on a single crystal gold (Au) surface but also on a
pre-annealed amorphous Au surface (see Fig. 1). Tetracyanoquinodimethane (TCNQ) is one of the strongest
organic electron acceptors to have found wide use in organic devices, and forms a strongly bonded
donor-acceptor complex with tetrathiafulvalene (TTF). Thus, we employed a model system of BTDA-TCNQ,
which integrates the structural properties of both TCNQ and TTF in a single molecule, for realizing
self-organization into an ordered domain. BTDA-TCNQ is a TCNQ derivative fused with 1,2,5-thiadiazole



rings, exerting strong intermolecular interactions in a
planar fashion to form network structures in the single
crystal [4] and even in its charge-transfer crystals [5].
The structure of BTDA-TCNQ exhibits

two-fold symmetry with two mirror planes, allowing

rhombic

perpendicular alignment of two electrostatically opposite
symmetry axes consisting of electronegative and
electropositive end groups, respectively. It, therefore,
enables equivalent intermolecular interactions along the
four sides of the molecule. Such rhombic structure also
facilitates access of neighboring molecules to each other
via high electrostatic interactions in the four directions,
which leads to topographically favorable intermolecular
interactions. The strong non-bonding intermolecular
interactions, balanced with surface-molecule interfacial
interactions and site-specific rearrangements of the
BTDA-TCNQ molecules near surface step edges, enable
the “step-flow” growth mode for the supramolecular
carpet formation. This can lead to an extension of the
supramolecular carpet over step edges of the Au surface
without loss of its structural integrity, and results in a
covering with high interfacial uniformity over multiple
surface steps and terraces, even on the pre-annealed
amorphous Au surface prepared on a glass substrate. In
addition, different types and dimensionalities of the
interfacial electronic  structures

are distinctively

a

Figure 1. (a) The chemical structure of BTDA-TCNQ.
(b) STM image of BTDA-TCNQ/Au(111), which shows
that the molecular network of BTDA-TCNQ grows from
the step edge at the lower terrace (sample bias voltage (Vs)
= 1000 mV, tunneling current (lt) = 1.00 nA, scale bar (S)
= 10.0 nm). Height scale is indicated in color. (c) Close-up
STM image of the network structure formed by
BTDA-TCNQ (Vs = 2000 mV, It = 1.0 nA, S = 1.0 nm).
(d) The electrostatic potential map of the BTDA-TCNQ
network. Blue to red corresponds to positive to negative
charges. The distance for the S-N contacts (indicated by

grey dotted lines) is 2.80 A, and the calculated binding

energy is ~0.70 eV per molecule.

observed in the supramolecular carpet of BTDA-TCNQ on the Au(111) surface, corresponding to the energy
region and the local position of the system, implying that various types of electronic structures projected onto
the supramolecular carpet can be selectively accessible. These results suggest that the supramolecular carpet
has great potential for applications in organic electronics, and also provide important guidelines to develop

novel materials forming seamless organic thin films on various surfaces.
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Desorption of CO from individual single ruthenium porphyrin molecules on a
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The formation/breakage of a metal-carbonyl bond makes it possible to control the electronic structure and physical
properties of organometallic compounds. In particular, introducing carbon monoxide (CO) onto a metal atom at the
centre of a metalloporphyrin provides additional versatility to its electronic and optical properties'. For example,
the coordination of CO onto ruthenium tetraphenyl porphyrin (RuTPP) increases its electronic excitation lifetime

1000 fold by switching the lowest excited state from (d,n*) to (r,n*) state, leading to phosphorescence?.

A scanning tunneling microscope (STM) is a versatile tool for investigating chemical reactions and motions of a
single molecule either by imaging or by manipulating individual molecules. However, in contrast to CO on metal
surfaces, only a few comparable studies have been made using tunneling electron injection to the organometallic
molecule from the tip of an STM!3#, Strozecka et al. reported electric-field effect induced CO desorption from
manganese phthalocyanine on Bi(110)*. The authors observed a sudden drop in the tunneling current (I;) in the Vs
range of 400-600 mV, which shows the threshold Vs increases linearly with the tip-sample distance. Meanwhile,
energy transfer from the tunneling electrons to the Co-NO bond through the IET process was inferred to induce the
desorption of NO from NO-CoTPP/Au(111)*. Interestingly, desorption of NO was observed as two-carrier process
at 0.8 V while it alters to one-carrier process at 1.0 V. The proposed mechanism is vibrational ladder climbing of
the Co-NO bond, where 1.0 V electrons are sufficient to lead to direct desorption, while two lower energy electrons
need to arrive within the vibrational relaxation time to cause desorption*. Here, we present a single-molecule
investigation of the desorption of CO from the CO-RuTPP on a Cu(110) using a combination of scanning tunneling
spectroscopy (STS) and reaction yield measurements. The single-molecule study revealed a novel mechanism of

CO desorption that is driven by IET with a two-carrier process.

CO-RuTPP and RuTPP molecules are indicated by solid and dotted lines in the STM images of Figs. la-b,
respectively. The desorption yield Y was calculated from Y = e/It, where e is the elementary charge, and 7 is the
average time required for desorption. The averaged values of Y(Vs) were obtained from current trace by repeating
this experiment 10 times at each Vs. The desorption yield was recorded in the range of Vs=-1.075 to -1.60 V, as
shown in Fig. 1d. No CO desorption was seen in the vibrational energy region below 400 mV at 4.7 K or 77 K.
Instead, we only observe an increase in the desorption probability at voltages below -1.1 V, followed by a plateau in
the region of Vs=-1.15 to -1.45 V and an increase for higher bias voltages. Above about -1.2 V, signal levels were
sufficiently high to measure the current dependency of the desorption yield Y (Fig.1e). The slope of the double-log
plot is the power n in the power-law dependence: Y=I", where n=2.1£0.2, 2.3+£0.3, and 1.8£0.1 for Vs=1.25, 1.40,
and 1.60 V, respectively. This power-law dependence on the applied current represents that the desorption process

consists of a two-carrier process, regardless of the applied bias voltage, in the range of - 1.25 to -1.60 V.



We can explain the increase in the desorption yield
observed below -1 V and the subsequent plateau by
the peak observed by STS (Figl.c) around Vs=-1.1
V: while STS detects the LDOS at a specific Vs the
reaction yield reflects the integral over the same
LDOS. The IET process is enhanced by the
CO-RuTPP HOMO or the pure RuTPP HOMO. A
-1.5 V and

second threshold is observed at

corresponds again to a two electron process.

Fig.1(d) shows that CO desorption from RuTPP on
Cu(110) has been already observed to begin at
Vs=-1.075 V. In contrast, CO desorption from a
copper surface requires a bias voltage higher than
2.4 V°. This difference cannot be explained by
different desorption barriers, because the CO
desorption temperature of CO-RuTPP is 80 K
higher than that of CO/Cu(110). The desorption
mechanism of CO from a copper surface is electron
injection to the unoccupied 27t* state, which occurs

in a single-electron process’.
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Figure 1 Schematic illustrations for the isomerization pathways

and the potential energy diagrams.(a)-(b) STM images of
CO-RuTPP adsorbed on Cu(110) (Vs= 500 mV, It = 0.5 nA) before
and after injection of tunneling electrons to the rightmost
CO-RuTPP molecule as pointed by an arrow. RuTPP and
CO-RuTPP are marked by dotted and solid lines, respectively. (c)
STS spectra of CO-RuTPP and RuTPP on Cu(110) surface. The
STS spectrum of bare Cu(110) is subtracted to emphasis the change
in dI/dVs. (d) Reaction yield per electron for desorption of CO
from CO-RuTPP/Cu(110) as a function of the sample bias voltage
of the injected electrons. (e) CO desorption rate as a function of
tunneling current for Vs=-1.25, -1.40, and -1.60 V. The solid lines
are the results of least squares fits to the data, whose slopes for the
applied bias voltages correspond to powers (n) in the nonlinear
power-law dependence. The error bars of (d) and (e) were
determined from the standard deviation. The lower side of
boundary of the error bar for -1.25 V in (e) is determined from the
maximum desorption time.

Since our reaction thresholds are in the energy range of electronic excitations, we propose that the first hole excites

CO-RuTPP to an electronically excited (positive ion) state. The second electron then leads to desorption by

injecting a further hole. A single hole in the CO-RuTPP HOMO at -0.8 V would be unlikely to result in desorption:

the HOMO of CO-metalloporphyrins is governed by the dy orbital which has little overlap with the orbitals of CO,

while an efficient IET process would require the localization of the tunneling electrons at the target chemical bond.

However, once a hole is injected in the CO-RuTPP or RuTPP HOMO, lower occupied states might become

energetically accessible to the second hole. For example, HOMO-1 and HOMO-2 originate from the hybridization

between metal dx,/dy, and CO 7* orbitals, which contribute to the bond strength of the centre metal-CO. Since these

states contain the target chemical bond, their excitation could lead to relatively efficient desorption via vibrational

excitation in analogy to desorption induced by electronic transition (DIET) or simply withdrawing electrons from

bonding states to induce repulsive CO-Ru potential.

[References] 1) W. Auwirter et al. Nat Chem, (2015), 7, 105-120. 2).L. M. A. Levine et al. JPC (1988), 92, 714-720. 3) A.

Strozecka et al. PRL (2012), 109. 4) H. Kim et al. ACS Nano, (2015), 9, 7722-7728. 5) L. Bartels et al. PRL (1998), 80, 2004-2007.
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Dirac Quasi-Particles in Sublattice Symmetry Broken Graphene:

Quantum Cluster Approximation Approaches
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In the two-dimensional graphite sheet, i.e., graphene, the
electronic dispersion exhibits the massless Dirac dispersion
with two Dirac cones at K and K’ points, where the
electronic dispersion is proportional to the momentum. It is
well know that, in addition to time reversal symmetry and
120° rotational symmetry, the sublattice symmetry (or
equivalently the inversion symmetry) is essential for the
massless Dirac dispersions to be stable at K and K’ points.
We have also shown that the electron correlations do not

essentially affect the massless Dirac dispersion of graphene

®
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Figure 2. Schematic figure of the

crystal structure for a single layer
graphene on Ni (111) surface. Top
view (upper panel) and side view

(lower panel) are shown.

as long as the system Wave vector k Il.y (VA)
is  metallic [1,2].

Figure 1. Angle resolved photoemission

However, against the .
spectroscopy spectrum for a single layer graphene

common  belief  that on Ni (111) surface (taken from Ref. [3]).

the massless Dirac

dispersion is unstable against the violation of the sublattice symmetry,
the recent angle resolved photoemission spectroscopy experiments have
reveal the existence of the massless Dirac dispersion in a single layer
graphene deposited onto Ni (111) surface [3], as shown in Fig. 1.

To understand the origin for this unexpected massless Dirac
dispersion observed in graphene on Ni (111) sureface, we have first
constructed the simplest possible model for graphene on Ni (111)
surface. To treat the electron correlation beyond the single-particle
approximation, here we have adopted quantum cluster approximations
which can treat the electron correlations exactly within small clusters
and approximate the inter cluster coupling within the random phase
approximation. We have found that the massless Dirac quasi-particles
are induced by the electron correlations even when the sublattice
symmetry of graphene is broken.

Figure 2 shows a schematic crystal structure of a single layer

graphene on Ni (111) surface. From the STM experiments [3], the



graphene is grown on the Ni (111) surface in the AC stacking,
where the carbon atoms in B sublattice is placed exactly on top of
the Ni atoms in the outmost layer, whereas the carbon atoms in A
sublattice is located on the Ni atoms in the third layer. Therefore,
the carbon atoms in B sublattice hybridize very strongly with the Ni
atoms but the hybridization between the carbon atoms in A
sublattice and the Ni atoms is weak, thus breaking the A-B
sublattice symmetry of graphene.

As shown in Fig.3, the 2p, orbital of the carbon atoms on B
sublattice strongly hybridizes with Ni 3d,” orbital, but not with
other 3d orbitals. Therefore, the simplest possible model to describe
the electronic structure of the graphene is a half-depleted periodic
Anderson model where the conduction band is the Dirac band of
pure graphene and the impurity sites are represented by the Ni 3d,

orbitals where the local Coulomb interaction is included.

Figure 3. Schematic figure of graphene

(solid dots) and the first layer of Ni

atoms (orange circles). For clarity,

the

Ni atoms in the second layer are

also indicated by open circles.

To examine the single-particle excitations of the half-depleted periodic Anderson model, we have

employed the cluster perturbation theory and the Hubbard-I approximation, the simplest quantum cluster

approximation. Since the results are qualitatively the same, we show only the results obtained by the

Hubbard-I approximation in Fig. 4 [4]. When the local Coulomb interaction of the impurity sites is zero,

there exists the flat band located exactly at the Fermi energy. Once the local Coulomb interaction is

introduced, the flat band is split into the two bands and the massless Dirac quasi-particles emerges at K and

K’ points with the Dirac points located at the Fermi energy. It is also noticed that the Dirac Fermi velocity

monotonically increases with increasing the local Coulomb interaction. Our results thus demonstrate that the

massless quasi-particles are induced by the electron correlations even when the A-B sublattice symmetry is

broken in graphene.

(a) U=0

-1 0
k/n

—
k/t o k/m ky/n

-4
0! 1o

Figure 4. Single-particle excitation dispersions of the half-depleted periodic Anderson model obtained by the Hubbard-I

approximation [4]. The local Coulomb interaction U is increased from (a) to (e), as indicated in the figures. The energy unit is

taken as the nearest neighbor hopping t of the conduction sites. The other parameters are set so as to satisfy the particle-hole

symmetry. The Fermi energy is located atw ,=0.

[1] Sorella, S.; Otsuka, Y.; Yunoki, S. Sci. Rep. 2012, 2,992 (2012). [2] Otsuka, Y.; Yunoki, S.; Sorella, S. Phys. Rev.
X 2016, to be published. [3] Varykhalov, A.; et al. Phys. Rev. X 2012, 2, 041017. [4] Seki, K.; Shirakawa, T.;

Zhang, Q.; Li, T.; Yunoki, Y. Phys. Rev. B 2016, submitted.
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D~ HhilEHE L 7 REEOREEZ I S s L (KI3)

3. EMMNETOHKORIRICEHLDEZETE U/ BEOEEKEEREN

t b TR T ZEEOMBESEY D) S BT DOWINZH > Tw 5, SRIZBHEDRERTDH 555,
RN DT 72 $RIZTEEERPEE D FFRIN E 22> THAPHBRROBEEZF ST I 6, #
A F v ORBGER ZFROEF 2R T 220 0EE R ATy 7 THh 2, EHEMDIENLERIZ,
+ B oMo R FEBEICHEBEL TWwa Y Vo8 7B TH B #EE L EE S duodenal
cytochrome by, (Decytb) 12 & > T=Afidr o lilCEIGI N5, 2 LT MliExs v 78
(DMT-1) 12X b BEMIICEDIAEN 2 2 LA TS, Deytbid 3 FO~LZH L,
MENO 7 22V E Vg (Asc) »S5ETVB—OHDOANLFKICZITEI N, I5I2H9)—DD
NAPRITZITPE S B, Ml GERERD) o8z EIiL Tw s E Pl Tw b, AL TR,
MNEEL 2 /v U 7284 A v ~OEFBESIG & v ) Deytb23 b DR MEIEH LU, BERERGGE T IC K



SCZEDFTFANZALZHLNICT S Z L% HIE
LTw3,

DRI DIIRBRE & 72 5 Asclz & % Deytb N
DNLDIILIBZ BT 572D APy 7 R708
— 3 2 O TIRINA R 7 bV O ReRIZE{L % I E L
7oo RO FEFRIIENT %2 1T > 72455, Deytb D i nis
EZ24ODRBBB AN TE ., ZN6D) bid
B SO TR 2 AscIREERGEMEZ R L7 2 £ 5
ASCOFEGBHH E o TV ARIETH DL Z %
NEFTIKHSLIZLTWS (K4) , X512, Deytb
ERIL 7 73— c@7d 2EMH kDY 7 EHD
fidiE & 7 2 2 BEY O REMED & Asciil & 1B
boEEEFHL, SHEOAREKEZERL -, 21
5 DEFARDEICOG 2 T L TR E R L 7
Tl B E R X Ol RO E AR L > TR
S WEEZT I, LEPBoTINsD3HDDT I/

< : 300 First phase Wild type
= 2001
2 100-
% O_; T T T T T
* 0 1 2 3 4 5
[Asc] / mM
KS ( mM ) kmax (5-1)
Wild type 0.68 330
K79S 0.81 170
K83S 1.1 270
R152E 1.1 170

4 MREAOEREMERREETRAILVE VED
HRICESY 5.

FRIEHEIZ X > CTDeytbD AsciE G ST S LT 5 2 L AVR S N7z,

5 v 8 7 E T & % Deytb D LARREEIRNT D 72 0 O fif i Al 52
BRClx, 2N E TIREITEERIb D & > % 7B D VEIREE % 2855 B
I & D BT 2 R TR R P L T s, XERIRHT 4 AR AR M
THEEMRITICIEA T+ Thot, 22T, lHEX 22—y 7HM
(LCP) #:%& A fE R, By 4 X810 pm s 52375 5 17z
(¥5) . Z DN A XD L% %%0H T SPring-8 BL32XU T
XHREIFEBR 2T -7 & 25, A T3.2 ADEIITMREE % R T
$DMEGR T & 72, Deytb 3 6[n] 5 B B T 2 1 o Bk P AL A3
BN S Wiz LCPIEIC X 2 R L DSENTICHRITH 2 LB S

K5 EE&EX1—EvoHE
ETEHLON-E FDeyth®
5 &R

N5, 585 S S LEA DRl 2 D TR e T DIz

G RE 2 HiE ¥,

4. BREBVICETEIANLEESRATLOSFRZE

BYNCE T 5 NLEES AT L3R KRBYTH 2, BWIE. &Y S EBIL 7o~ L0 FN
THAERD 2 OIEFHAH L7~ 280 L LCHHT 2, 20703 EERNICIE~L 2L T
DYATLVEET S LHEIN T, BEDF2RREINTE ST, BIcE T 2 E4EN
NLFREIF 2 RIEHTH o 7, W, HFEFFEEIgbal HamzaZBdZ D 7L — 712 X b | %48
YD~ LITINE S 585 7#E L L CTheme-responsive gene (hrg) 25, ~ASRBIEREYTH 5
FREC. elegansDBIZFMHTIC K DFEI N, Lo L, hrgdta—F$ 3% v X7 EHEHRGD
PEICOWTIEHRD % (. ~NARICBET 2 A RARB o NTH AR 7,

AR, SRR S ER L e~ L z2 EMEAEE T 27201V ES X 78
CeHRG-4%# xR & L, X% 7 — VEALEEREP. pastoris Fi\> TRl 2 CeHRG-4 D K e H
BaRMES L 72, CeHRG-40 X KRG MM ST IC X 2 Ml 2 HIE L <. SfE» OLRE %



CeHRG-47%z K584 5 7= &

2, SRR ER 2 H RS OBRE 21T o 70, 2 DRER,

n-dodecyl- 8 -D-maltoside & cholesteryl hemisuccinatef#7E N ¢ CeHRG-4% AJiAfl L k58 L 7=

e ER iz TE s I LR L, SRR

RTEEHIE R DR Z D 5,

¥ 7z, in vivoCHRG% ¥ X 7'E D
FRRERAT 21T 9 7212, ~ LA HGER
+/RIE#ERFhem] A (S. cerevisiaeD 7
BR) 2 o 7RIS A T & &2 1
HEL 72, ~ARZ ORI & & B
HcoOMBEEZMN T 5 LICKD,
CeHRG-4\Z~L 72T <, hL#k%E
Fircew 7w F AL 7 4 ) VXD ik
TH5ZERHALNITL %, Z@fﬁ%%i})
5. CeHRG-41Z X % ~ L Diiik iz
LPRDRE A %ﬁ:ﬁ’)tcb)k%x%ﬂf:o#
5T, CcHRG4DKrEQ T TH B —
Voo = 7 JH W L. amazonensis 2k
LHR-1Tix, 70 b Fv 7 4 ) VIXZ i
RTERWIERER -7 (X6), 2D

. LA OB &R RGO ~ L i

-ALA, -heme

hem1A  +250uM ALA
CeHRG4 N & ;

vector [l R
yLHRT O
hem1A +1uM heme +2.5uM heme +10pM heme +40uM heme
CeHRG-4 [ I 00 % 00 &
vector
yLHR1 [} LA 1K
hem1A  +1uM PPIX +3uM PPIX +10pM PPIX +30uM PPIX
CeHRG-4

vector
yLHR1

6 NLARZEHIZBITANLESHEEFRIEER
hemlA%DEEEEE LA SIEIC CeHRG4 BIZFEFEA
L7=# (CeHRG-4), > hrA—JLELT ZEOAY 4—% 8
ALT=# (vector). LHR-1 BIzFZEA LT=# (YLHR1) Z.
ANLBHBENETE RRILT ) IXERMLE-EXRE E
I2. BERIZE D2CKYRKRyTFs25 Lz, 30ET4AH
A oXarR—bL, BEEFE--, BEELORHIE.
WHICALBEOTORRLI AV IXDERE,

£ 5, CeHRG-4 L LHR-11Z7 2 7 BRI O FEPEDY45% (similarity)TdH O 2R &2 BP9

% AlHetE & % D3,
LHR-1 DHEIERRAE 2 i 9™ 5 2 & T,

ZI O D LA (3 R 7 5 AlaEE DS R R
BAEYIC

SN, 5. CeHRG-4t
Bl ALk o — 2 R L TwE -

W, ¥ 20in vivolEREFRIT R A FH W T, NI b 2lEItE 2k L. X b fiif# 7¢ in vitro

AT VERE R DR 2 A 5,



BMRECP—F U RITHITED
SFARAB LS FRY 7 F iz EEE O fEH

I e h wE- Rt R B bR 51 FEB P Gareth Wright', [LIAR HEi °,
S. Samar Hasnain®, % ‘B "*

A - SRS REN R RERNIK - B2 B - B — AT o EEBFIEES °, Univ. Liverpool, UK

1. ZHSBRIEERSY VANV BFIXLFixdICEBBERE VT DN FHE

AW, BN D 2 I Y)BRRY 25 BRG] - 2 U O U . AR AT RE 2 s I il 5 2 &
&b, BREAICEE L TAEGEMRL T3, 2oHoRENEY AT 0K BT, B
BiR 1% SR T 2 72 D IS D I T3 v =5 VR ETH B, SRS IR s BREE 112
595Xy —=2 VR EPHAEIN TR0, 206 DT FHNE LTS 7 FNVEEDRE
Ml X A=A LE, TRTDE Y —F VN IETRBHTH 2, A TIE, v A FHEY OR
WA T IR E DR E ICINE T 2 72 DI H G B R ERIEE S ¥ 2% 7 EFixL,/FixJ % iff
ZERRE LT, Ry v 7ITHE) > 7P VEERBOMRHZHE L Tw5, P2 6 FE %
TIZ, BRY v 7 HOHFBL BN FEZ H O I BERE T I357E T L T,

ARAEFE X, 2ETHB L 2 FixL & FixJI2 oW T, B4 2 500 T X H/ A BsL il g
(small-angle X-ray scattering, SAXS) #1717z, FixLiZDoW Tk, BEFBSE (AIEHER), Ik
fi e (EER) ofRb D ic, BAPTLEICHKZ 52 7 Uia I (RMEER), FER A1 (5N
HVZOWTHIE L 72, 7, FixL EFixJO@ENEERONMEZIRZ 57012, &F7 vE%2H
WCHABL L 2 FIXL-FixJEARICOWTHHIE L 72, SAXSHIE X, FEPRPEEDEVIZL S T —
Y DEEERT 7012, SPring-8SOHMFE — L4 5 4 YBLAGXU & 7 T ¥ A D [R5 i 3%

&1 FixL & FixJ @ SAXS T—A2BITICE T HBENT A —F—LE—XETIL

Met form Cy?:r(;]met . X:;;?ggp BeF; complex| FixJ
R, (A) 54.9 51 55.7 66.6 21.2
10) 26.2 20.9 26.1 19.9 49.6
Drvax (A) 205 195 230 260 69
v, (A% 224410 193200 228040 265760 41320
MMitrom Vil 4402 120.7 142.5 166.1 25.8
(kDa)

e

Bead model




SOLEILOSWINGE — A 7 A ¥ Tiro 7z, HifE CIXAR L L%
v, #BFEY A PR 7~ b7 77 4 —%@E LTk
(size-exclusion chromatography integrated SAXS, SEC-SAXS)
THEL 72, 206 DME T —Z IS BTH 6. 71D
e TR RRED,, . BIEFRERLEDNAT A= —%KD
5T EMTER (E]), 62T, HFIREOE—XET NV
ZREEL 7203, HIREBOMEEARI NS wicd, ¥V 87 Hh
DEF AL VORBEZRET 2ICERES ok, 58BIF. &
AL VORLEEZPEL TY A Y FOEEIHE ) fE&fico
WM T 5 2 L2 HIET, FIXLOANLFKES B X A VI3 gkns
BENDBI L, FF—XF AL VICEBEEZRA L ZATPE
AT 22 E%FHL T, anomalous SAXSIZ X 2 4:JE o it i
ErilA D, IHITFAAL VETHE L 72FixLZ {8 L, SAXS
& XA RSN IC K DG Z RE L. BRFIXLO F X A »
DELEPE IG5,

& 5T AR FixL & FixJ O X i G g nT 2 B L 725
b 47> 7, FiXLTIE, ATP7 v J#AE N CHIMIRS b % 57
TED, XBRBITEBICIE RS o2, 5% I 61T
mfb St 2 WEt 4 2 W Bisdh 5, FixJTlE, E250 umbl o
HUEEGL 2 BEL L IR RRES. LA X R 2 iR T & 7 (X
1), KEFEDE — L8 A4 LTIE, SEREREYTT—FZINEL, &
ST RRE T D X A ST 2179 FETH %,

1.(L) £E FixJ OBE#ES,
20°CT 7-8 AMFE L THREL
fzo (T)SPring-8 DEHFE—LS
4 > BL26B2 THEAI L - LEEfE &R
D X R B8,



IR Y% - ETHEMSE 2 AMmICRIA L
BREATAEERBOXBRL—F —ae—Vv Y  NEFA A—D VS

mIRE, KETia

FRBJF RSC « KB A ARERERIF 7 ==

ab—Ll > b XBREHTA A—2 2 7 (CXDN)EIE, X SO @ GEiEME & El R L Vo 7R
LV, BFEEME(EM) CONIBENREE um A O SR OEEZ [FLT8 ) | %
BEMEE(LM) L 0 B WO ERE CRIBUE TX 2 RIETH S, £7o. CXDIETITH B L v X2 WD,
TN L7=BHo a2 e — b2 N X BRZ RS L CEPr S % — o 28U L, 2 U RIERIN A EIE 5%
WHT2Z LT, REOBEFEESMERKM L-BESEEZFAET D, TORD, MHETL X
WNEIZLDIFTREADENMEEZHEL LN TE D,

Z DX D7 CXDIEDFHEIL, MIRaCHIREN /NS E O K 9 IC AR < | 1M NS & 57
DAERRELOBIEICE TH D, FrIZ, 3B 2 BRRERE L, IRIRZEFRIRE T CBlEd 5 (KR CXDI
BT, BRESCREACICBUSRICRE SN 2 AR OB E L iR BO EF FBE TS, 36
I X MEBHBEFL—VF—XFEL) Z R E T 5KEa e — L a4 A —2 0 7 (RIE
XFEL-CDI) {EI2 &Y | 7 = & NP ORI T 10°~10" 1 mPlpulse &\ 9 587172 X ##
Z RS L, AEBE OIS X BBRIC X 2 BENAE U DRTO—BRO LR % | 410 nm D53 fFRE T
AL T D Z EMAFREE I > TNV D,

—FH T, AERENDOEFTY 7 VI TH Y . -, XFEL ZBH I -REHIERIC
JAF LUV TR S LD 729, (KIR XFEL-CDI {5 CTIXikl 28 0 K 2B/ < 35, Fr LWk
Z BHERHNMAR T 5 72 DI SR EIZ3RE 2 B W BUB BE CHIUIN T 5 70 & Bix ZeikBl &tk ok
MRBETH -7z, £ 2 TAETIE, KR LM KR EM 2 BiEsE O BEERHEICE AT 5 2
ECHEHMEROFHEEZ R E L, SEORETT — X INELERB Lz, I OICHBEMSE L
XFEL-CDI & & BRI T2 2 & T, ERIEL VI 15 [FRE RAFRKREHEOFAS, AilE
ERZE LT 7 )V HEIE XFEL-CDI &0 EhMPED EIEITARKTh LT,

£ AR 72 fLHE DO —FE T & 5 Cyanidioschyzon merolae 7> & HiEf L 7= Z k(A DK IR X FEL-CDI
FBiZ SACLA TIiTo72(H 1), HiEEORBIOBAMEEIKOE S ZKIR LM THEM L, ZERE
P 2~5{E/(10X 10 1 m?) D\ E CIEE IS KIS DR 2 R S BRI 5 2
NT&ET, ZOSMETER L 7-3E CIKIE XFEL-CDI HIEE 21T 9 Z & T, XFEL 23 BRI+ I2 /R
HENDEFEEY 65%LL EICEmD L2 LTI Lz, £72, KEHEI LEZETA A—V U7\

a B3R EE (JEF/2 x 2 pixels) b d BEEFEE(ESEA)
100 100 102 10°  10¢ 0 1 [K1(a) EfEEAo=ze—Lr 2 FXH
) . ¥4 _ ! B 1(a) HEfkkik i
0 BT/ 8% — 2, BE—IEREROIKIR

1
-
o

LM {&(b)3s & OMEIR EM 14(c), [Fl—
LEF 28122, (d){RiR XFEL-CDI 14,
ainriAE, B TCRIRERIRERE T
B, 27— =125 pm@). 1
pm(b), 0.5 xm(d).

lﬁfsﬂlﬁi&ﬁl Sy (um™")

=N
o

&
o

-30 -15 0 15 30
22 iR Sx (um!)



WA XY — (X 1) % B W EBE CEIT 5 Z L3 Ta iz, HEEOR SIX, B —v
DR LTERL 72 EICHRT 2 b D TidZe < | MOCBIENEORBIBRTH L Z L2 L T
(AN

BIESEEOHKIN G, BT — 2 D OIXEEHEROERNIRET 5, € OREEITFHEPRLT 23
RELRDIFEBEETHY, 1 um IV REVREBHMBEOBFAIIREE >7-, =2 T, HHEREO
[F— A5 2 KIR LM &K EM CBIE T A {RIRE - BT FREBEMEEE CERE OB 2 MR L,
B4/ 82— 23 b OEEAICHIA L, KR LM TRERAEN 2T Dk s I ER AN B E
2T TN & 2l L(X 1b), # DEFELIRE EM TBIET 2 2 & C, BEDOEWIER
B, B L7 umBEOCEMIZERIGEWVERTH L Z 1300 o7- (X 1c), Z O IRIE#R %
FIF L-ALFEEERIREIC L D . HERIETIMEEZFAETE o Bl ¥ — D | ERIREE
% %43 fRRE 192 nm THEAT 5 Z LITakEh L7=(X 1d), 1KiE XFEL-CDI % T5& b v 7= B8Rk (K14 C
X, AR Y T 2 NSRS S HRICATRE S LT b,

BT, BIMEEEIRR LT3 7 /L HEIE XFEL-CDI D EHFER 21T - 7-(X 2), AFETIL,
ARFRELD X EHTRE DR S 24 © 720, SR F- RO BT & 7 X o THEBREI O
§R72[EHT S 7 VAR L S RREDE R A R ORI N Y — 2 BT 5, 2 OFEBITIL, Bl
BRI G R L EH OSBRI T A3 XFEL BRI EFICA D MNERH VD . EM BIEIZ L 53 EHER G4
OFFAM - BB RAIR TH o T2, X REHTEEOERNE(L T Y 2 RO ROUT < AR FREN B 4E
FECfE LIsUE 2B L (X 29), [RLAROFBE L TEREE2F T 2RI — 0 257 (K
2b), EM B0 7 — U =581 6 | RO PR O FEREII R & @R 10 b OB X #BOFHICH R
HHDOTELHERCTE T, £z, Tl & L TRESINTRERDOEH > 7T VX, ROBDGE
(I 20)IT T 2 /5 LA BIRWZE B i CRLHl S Tl b . Z OFEN X HEHTEE DKV
BtOE S REREBIRICE N FIETH D Z EAURB I T, By 7 L BE5aE & FRICIRE LT
FEATIEIC L D | BT 87— D BRI OB EH L TROBAICHIAT 2 2 & T, 1ERED
5~40 (DR TR F B EFETE DL L LEIEL, KFEOEDENTINT,

70

@
@

o

2RI Sy (um)

ZERIRIRK S, (um)

=70
=70 -35 0 35 70 =70 -35 0 35 70

22 81 A iR 3R Sx (um) ZERE B2 Sx (um)

2 SBRAIZEDEFTS 7T AEROFERE, (@ Fbv VU 2 U EE EORESRFHO EM B, 27—/ 3—
1205 pm, (b) XFEL HRETEFIZ N & bl F-HED LI A o 7o 356 O % — oy RENTICH RO FEL R oF
Wi, R DLOREDERTFICE Y EAHIEE THO BN TND, (©) ROLNSOEHSF—1 (bt
THE B IR RREICRE £ o T D, BT/ Y — U VT 2 s 8 (o R RE) 222 1 8 4 S Dk,

(7% 3CiK]
[1] Takayamaand Y onekura, Acta Crystallographica section A 72, in press.
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Poly(N-isopropylacrylamide)-DNA~ & v 7 sLEH A D
BB BRI RAE T HMES{DNA L DZhR

i R AESL, AT B R

PR « BT SA A TR

RYUWN-AY7Tae 77 U7 I K) (PNIPAAm) (FREISEMERE S & LTHLIL, £ DOKE
HRIE32 °CHHT I FRREE S AL (LCST) A L., ZORE (B3XL%32°C) L ETHET S,

PNIPAAmMAK i 12 —A4HDNA (ssDNA) ZfES Liz7 v v 7 HEHAR (PNIPAAm-b-ssDNA) KIF
WHLCSTA# BT %5, LCSTLL ETHUKMICAEIL LZZPNIPAAM Y 1 v 7 &5 UREM L T & 72
D, EORBICBKEDsSDNAHNEA LK 5727y « = ABIDF 7 IkE/L (DNAFEFT /
Wi t) DI END, ZDF R IX L ERINCKRATHET 5720, LCSTEL ETH RIT A E
DEFETH%5, DNABOEER ST L LTORMEIC LY, HEEL LIFCbolkEL RS, L
L7236, K138 DssDNAIZx LFERICHAI/eDNAT _HEER ST 5 &, 7/ b F13ESR
PTHESRE GEERMEEE) L. RIEIbEHbAWT 5, — . KRRl —HELZTLERNTEAI N
Mg & " EERR S G A IR, TR (GRiE) B

AR E RS . BEBNOEETHS (H1), 5#3/ O | - %
g

CONE R R BRI S FIC3 ) ADNADB oM

RG2S LM BAERIC L 2 & 54 b o ® &
\ N "\ =S ) - 2 ?7 7

RENTOVD D, FFIIRIEAATH %, £ Z TARIF L#— i o *

JETlE, PNIPAAM-DNA 7 1 v 7 L AR OKL - (2 e

V) Rk (FREER) & % OBk EMI IE i & 1 RIRHE ISR ARICISA T % DNA i)/
FIBEDNA DT SN THE A % 8 CC ol RETDITAIER.

2D OO RE (0.1 &£ 0.5 M) @ NaNO; fF7E F T PNIPAAm-b-ssDNA /K&K A == R0~ 50
LTV &, BERECIY vy 7HHESKOMER N LV IRVIEE CEBllS N, 7L,
KEERITEAFHOEETHY | BREREOLS & REKIZ, PNIPAAMm 7 1y 7 PO D F
PHYIZ ssDNA SERBAE L2 7 v = VEBIO I B LOFEE /M X EEL (SAXS) fiidr (X 2)
IZ X VR L7z, PNIPAAm 7 & > 7 A OBKMEKFIREE P EIZ L ELT <o TV D
7=, TORER, XV IRWEE TO PNIPAAm 7' v v 7 OERMMEE SN E B2 5, DNA 7
0y 7 OERBIZED LD TIERND ERHER SN,

WIZ, HOPLOERTRESMME T _EHEER I T T ry 7 LEHEK (PNIPAAm-b-
dsDNA) @ X B/ S i~ T, (RIEIRE D5A TlL, DNA “HEH#EHE 5> LOMAERIC L 201
HOEER CITRETRD LT, —A DNA OF4 LRI, FHEICE Y LCST Tk 9 =<
PNIPAAm &9 LOEREMNIL LY, a7 « Y= VRO I v ANBK SN, ZD BTEE
IS ERE R R~ T, SHHBEOEA L, DNA “HEHEHE 5 LOMAEHIC L 55 F#HO2E
RO LN noTz, L, FESE% & LCST TKRIFKIZIHE L=, SAXS {ETZ OMiEE
BEELIENTHE (X2)., FTPNIPAAM 72 v 7 85 LOEREICLYV a7 - =AMtk
IWINERRL L. Z ORBITHELNT R BVRL £ 9 LOEE GEZEEE) NEL D Z ERHLMNIC
oty SRR ORI, DNA “EHEBOMAEERICE S b0 LTV 2T, S BAFERIC L



D77 T NI =V AFNOHKIZEVBIEEIESNZLDOTHDL EEZIN, SHICRES
EFTn L, S EAMRTOBESEAHE SN2, ik, DNA “EHS —ASHA~ 2 (F
fig) LizZ LIZEKE L TEHY . DNA SOSIKFNEIE L-ER, BEI VR F 2358 L7 X
ol vz s (1¥3),

= @ B

v s s sl s snnd s acnd
ye i 3

PNIPAAM-dsDNA Assembly into nanoparticles
(Micellization)

q/nm”

GSDNA 0.5 M NaNO|

|
:

i

;
1
ie
1o
]

]

]

]

]

M . o . Redispersion of nanoparticles Aggregation of nanoparticles

) q/nm’ q/om’ by DNA melting (Non-cross-linking aggregation)
X 2 (a) 0.1 M, (b) 0.5 M NaNO; fF4E FTD M3 EMERE FICE T D PNIPAAm-b-dsDNA JEE A
PNIPAAm-b-ssDNA 72 5 TMNZ(c) 0.1 M, (d)0.5M RIS A2 8): (a) T<LCST. (b,c) T=LCST., (d)T
NaNO; f#fE FT? PNIPAAm-b-dsDNA /KK = Tin,pna > LCST.

D SAXS HEF — 4 RiRENLFAESHERN S
WE Sz, Fol R diiEeh gk
(R & FELFR R IEIC B D a7 - v = LER
I BNV OHEEGELERE H ST

(2% 3CH#K]

[1] Masahiro Fujita; Hayato Hiramine, Pengju Pan, Takaaki Hikima, and Mizuo Maeda: Langmuir, in press.
[2] Chenlei Ma, Pengju Pan, Guorong Shan, Yongzhong Bao, Masahiro Fujita, and Mizuo Maeda: Langmuir, 2015,
31, 1527-1536.



RO H G EE) L 72 R —7Z2DNA T 7 ¥ FFE A AR O E G

AlUEA !, BARARSLC, B, REE FME B2 AR BUR?, AiEsR !

BRAF - BT S A A TR0, TRk

[EE] FTAFTUARER (DNA) X, 77=> (A) , FI (), /7= (G) , B
O by (C) OMFEEOEBBIERO WA LT AT VR —RA & ) U RENAA
R L@y TEMRE. TRbLEEMEEOKEERY T =4 ThDH, ALT, GEC,
DOEBRIEREOMAE DL AN ERBLSI, TRUANOMAS DT [FEMEMAN) &R
b, L<MmbN5 DNA O " E L ABEIL, 2 RO —AEH DNA BB CTHRAT 2B iR
I OKFRES Z N UK (A-T X7, G-CX7) BMERE ) & o> TIER S h, E512
DNA “HEHMNICEIT DM O A X v & v FHHEMERN —E L AMEZZEL L T 5D,
DNA ([3AERMNIZE W T EISEEHFREA S U CHBIET 525, BERERBLOMBELIZ I\ CIidHE it
TERRLAMT &, S LR R0 B A A« 7 3 VEBPAE LT 2872 F — R T0 DNA #f]
FHHERAPNEESND, —FHT, iFERZEDOTWLDNA F /77 /nad—tHnE-T,
FEAEFRIIEREE T2 5 DNA ST D FF R M A ER DR IR IS T&E TV 5

[ EZ DNA 85037 7 SHRICERE L TR S @;

HlE%Z IDNA 7 T3] L5, ZNLETICHAIL, 4 Comzl:[l)‘r;\f:tary }‘ﬁ ?ﬁr Termtnaslsngsn/;atched
U I DNA “HEHN D DNA 7 7 v CEbiiz /. AL
Wit (LLF, DNA F / Kit) 23, REOE—HEED
XA OAMEZ KW LT, EHERE KA T Oy HEE) oy e,
BELSE LT 22 L2 RH LY, 2ok , g%
7= D DD 4 %/XTA%m_waﬁibféto A
Fig. 1 [Z-9 X918, fEMMEERT 2 RB IR~ L
DNA 7/ ki 113, m@W%fuL®*%&¢’ﬁw

TITHERICES L, HRREEELKT 5, —77,

ssDNA-immobilized NP

+ NaCl + NacCl

High salt L‘&

condition _bz&E %
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Directed assembly of gold nanorods using DNA molecules
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Entropy-driven aggregation of nanoparticles that spontaneously yields amorphous macro-aggregates, can be
found in many colloid systems, regardless of varied nanoparticle shape and composition. For tunable
properties and extended applications, however, controlling the thermodynamically favored behavior is
desired.!"! Thus far, it has remained a challenge to control aggregation process, especially for anisotropic
assembly purpose, since it requires asymmetrical interpaticle forces that exclusively promote one-sided
orientation. Recently, non-crosslinking aggregation of DNA-conjugated nanoparticle as a novel interfacial

phenomenon has been able to offer high

control over colloidal stability via single LN .y
DNA base pairing. Upon hybridization k i ﬁ& " E’u.
' : DNAT DNA2 oo

with a  full-match  sequence, the
nanoparticles undergo a dramatic decrease Figure 1. Scheme for the site-selective DNA modification of GNR.
in colloidal stability against ionic strength,

2\
\a\Y
evolving into large aggregates. When they @ \fm./ ).l B i ()

are hybridized to a terminal >
base-mismatched sequence, in contrast, the @

nanoparticles stay dispersed even at

TR

Side-by-side assembly

extremely high ionic strength (~2.5 M of

NaCl) because of the fraying motion of the

outmost bases."”!

1 1 1 50 nm
Anisotropic nanoparticles, such as — 50 nm

gold nanorods (GNRs), has been known to  Figure 2. Schematic representation for non-crosslinking (a) SBS
and (b) ETE assembly of GNRs via site-specific DNA base pairing.

exhibit site-specific surface reactivity."
P Y Typical TEM image results were shown in (c).

Due to a low density of surfactant (cetyl
trimethylammonium bromide, CTAB) on
the highly curved GNR ends, thiolated DNAs added at a low concentration preferentially bind to the end
regions. Subsequent addition of different thiolated DNAs leads to the attachment to the side (Figure 1). Such
site-specific modification would allow for site-controlled terminal base pairing, giving rise to asymmetric
interparticle forces, and therefore anisotropic assemblies (Figure 2). Importantly, metal-DNA base pairing
that can simultaneously alternate the nature of the ends and side' suggests potential for overcoming the
limitation in direct transition of assembly configuration (Figure 3a).

In our experiments, GNR (15 x 55 nm) was prepared using a seeded growth method.”! A 25-nucleotide
(nt)-long thiolated ssDNA (DNAT1) was first mixed with the GNRs in a ratio of 200:1 for end modification,
followed by incubation for 3 h. Then, a different 16-nt-long thiolated ssDNA (DNA2) was added to give a

concentration ratio of 5000 relative to the GNR. The solution was incubated overnight, and then mixed with



PB buffer (pH 7.4, 10 mM) including SDS (0.01%). To enhance the density of ssDNA on the GNRs, the
mixture was slowly treated with NaCl solution (5 M), and finally brought to 300 mM NaCl with over 1 h
interval between each NaCl (50 mM) addition. After overnight incubation, the GNRs was centrifuged twice

and dispersed in PB buffer (pH 7.4, 5 mM) at a concentration of 3.2 nM.

To construct anisotropic assemblies, the
ssDNA-GNRs
hybridization

were subjected to

with  full-match/terminal
mismatch ssDNAs in the presence of NaCl.
When the side dsDNA was fully matched
(terminal base pair: T-A) and the end dsDNA
(C-0),
side-by-side (SBS) GNR assemblies were
obtained (Figure 2¢, top). On the contrary,

was terminal-mismatched

the GNRs selectively formed end-to-end
(ETE) assemblies upon hybridization with
full-match ssDNAs (C-G) on the ends and
with terminal-mismatch ssDNAs (T-T) on the
side (Figure 2¢, bottom). To perform GNR
assembly in a more programmable fashion,
Hg*'-mediated T-T base pairing was
employed to simultaneously control base
pairing interaction on both side and ends. By
rational DNA sequence design,” we could
further simultaneously control the surface
nature of the side and end regions in one step
(Figure 3b&3c), allowing for deliberate
SBS and ETE assemblies

without altering DNA sequence.

formation of

In conclusion, we have successfully
produced SBS and ETE assemblies from
region-selectively DNA-modified GNRs,
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Figure 3. (a) [llustration for direct transition between SBS and
ETE assembly configurations. (b) and (c) indicate DNA
sequence designs for Hg**-induced transformation of GNR
assemblies, and corresponding TEM images, respectively.

depending on base pairing region. Furthermore, programmable GNR assemblies were implemented by

exploiting Hg*-mediated T-T base pairing, foretelling promising applications ranging from plasmonic sensin
p gng p g gp g app ging p g

to optoelectronic devices.
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Development of X-ray Detection System Combined with Photomultiplier and
Phosphor for Soft X-ray Absorption Spectroscopy of Dilute Solutions

M. Nagasaka, H. Yuzawa, T. Ohigashi, Y. Okano and N. Kosugi
Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan

Soft X-ray absorption spectroscopy (XAS) is a powerful method to study local structures of liquid. We
have developed a liquid flow cell for XAS in transmission mode, and studied the local structures of several
aqueous solutions [1]. In normal aqueous solutions, soft X-ray absorption is optimized to several ten % by
adjusting the thickness of liquid layers. In dilute solutions, on the other hand, thick liquid samples should be
prepared for XAS of the solute because soft X-ray absorption of the solute is low. However, the absorption
of solvent is also increased due to the thick liquid samples. It is necessary to detect low flux (10° photons/s)
of transmitted soft X-rays at the incident X-rays of 10° photons/s. Because the detection limit of photodiode
is 107 photons/s, XAS of 100 mM solution is only measured by the photodiode detector. In this study, we
have developed an X-ray detecting system combined with photomultiplier and phosphor for XAS of solute in
dilute solutions.

The experiments were performed by using a chamber-type XAS measurement system at BL3U [2]. As
shown in Fig. 1, the system consists of two chambers in an ultrahigh vacuum condition and in atmospheric
helium condition. These chambers are separated by a 100 nm-thick Si;Ns membranes with the window size
of 200 x 200 pm”. The vacuum chamber is connected to the beam line. In the helium chamber, a liquid flow
cell and a soft X-ray detector are installed. In the liquid cell, the liquid layer is sandwiched between two 100
nm-thick Si;N4 membranes, and liquid thickness is controllable from 20 nm to several um. For XAS of liquid
samples, transmitted soft X-rays irradiate to phosphor P43 dipped on the inlet of an optical fiber, soft X-rays
are converted to visible lights [3], and visible lights are detected by a photomultiplier connected to the outlet
of the optical fiber. We have confirmed that soft X-rays with 10’ photons/s are detected in this system.

Liquid sample

i [

Tubing pump

Liquid flow cell

Si,N, window

Soft X-ray

T Optical Fiber
Photomultiplier

Fig. 1. A chamber-type XAS measurement system for liquid samples. Soft X-ray transmission by the liquid
sample is detected by the system combined with photomultiplier and phosphor dipped on the inlet of the
optical fiber.
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In Situ Soft X-ray Absorption Spectroscopy Applied to Solid-Liquid
Heterogeneous Cyanopyrazine Hydration on Titanium Oxide Catalyst

H. Yuzawa, M. Nagasaka, N. Kosugi
Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan

In situ observation of catalytic reaction by spectroscopic approaches is important to obtain some clue to
improvements of catalyst activity, selectivity, durability and so on. However, in situ observation of liquid
substrate conversion process in solid-liquid heterogeneous catalytic reaction is difficult because the bulk
liquids (substrate and/or solvent) hinder the objective spectral change [1]. This type of spectroscopy has been
often carried out by using ATR-IR and NMR, but these methods still have problems of the sensitivity and the
overlap of the objective absorption peaks.

We have developed a transmission-type liquid cell, which is able to control easily the liquid thin layer, for
the soft X-ray XAS [2] and demonstrated that this spectroscopic method is effective to clarify the local
structure of various liquid solutions [3]. Thus, in the present study, we have applied this method to the in situ
observation of solid-liquid heterogeneous PzCN hydration on TiO, catalyst (PzCN+H,O—PzCONH,).
Suspension of catalyst was prepared by mixing of PzCN (3 ml, 0.78 M), EtOH (5 ml), H,O (35 ml) and TiO,
(0.15 g). The suspension of thin layer (< 1 um thickness) was sandwiched between two 100 nm-thick Siz;Ny
membranes for C K-edge XAS (SiC membranes for N K-edge XAS). Then, the measurement was carried out
under reaction temperature (323.2 —344.5 K).

Figure la shows the C K-edge XAS spectra of PzCN and PzCONH, at 298K, and hydration of
cyanopyrazine at 335 K. Three absorption peaks (285.4, 286.0 and 286.6 eV) are observed in PzCN (red
line) and one absorption peak (285.3 eV) is observed in PZCONH; (blue line). All these peaks are assigned to
the C1s — m* excitation. In the spectra of PzCN hydration (green lines), the intensity ratio of the absorption
peaks varies with the reaction time, corresponding to the production of pyrazinamide. Figure 1b shows a
logarithmic plot for the normalized XAS intensity of PzCN, which is obtained from the fitting analysis of
Figure la (green lines) by using the standard spectra of PzCN and PzCONH,. This plot shows linear
relationship to the reaction time, indicating that the observed catalytic reaction is the first-order reaction for
the concentration of PzZCN and the slope of the line is a reaction rate constant. The same results are obtained
from C K-edge XAS at other temperatures and N K-edge XAS. Furthermore, the obtained rate constants
show linear relationship in the Arrhenius plot (E,= 80 kJ/mol).
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Local Structures of Liquid Benzene at Different Temperatures Studied by C
K-edge Soft X-ray Absorption Spectroscopy

M. Nagasakal, H. Yuzawa', K. Mochizuki'?, E. Rithl® and N. Kosugi1

! Institute for Molecular Science, Myodaiji, Okazaki 444-8585, Japan
? Department of Chemistry, Okayama University, 3-1-1 Tsushimanaka, Kitaku, Okayama 700-8530, Japan
3 Physikalische Chemie, Freie Universitdit Berlin, Takustr. 3, D-14195 Berlin, Germany

Benzene molecule is a liquid phase at room temperatures by interaction between benzene molecules.
Recently, we measured C K-edge X-ray absorption spectroscopy (XAS) of benzene cluster formed by
supersonic gas expansion method, and investigated molecular interactions from the energy shifts of C 1s —
n* peak of benzene cluster from benzene gas [1]. We also investigated the energy shifts of C K-edge XAS of
solid benzene, which is grown on Ru(0001) crystal surface under vacuum condition [2]. However, molecular
interaction in liquid benzene has not been investigated yet. In this study, we have measured C K-edge XAS
of liquid benzene at different temperatures, and studied the temperature effects of molecular interactions.

Figure 1 shows C K-edge XAS of benzene gas and liquid benzene at different temperatures. The C 1s —
n* peak shows adiabatic (0, 0) transition and vibrational fine structures at higher photon energy. Figure 2
shows the energy shifts of (0, 0) transition peaks of liquid benzene from benzene gas as a function of
temperature. The n* peak shows lower photon energy shifts by increasing temperatures. The energy shift of
liquid benzene at 25.3 °C is 29.4 meV. This shift is smaller than those of solid benzene and benzene cluster,
which is 55 meV [1] and 70 meV [2], respectively.

The energy shifts of n* peaks are caused by balances between the red-shift effects by induced
polarization of the C 1s core holes with surrounding molecules and the blue-shift effects by exchange
interaction between the unoccupied n* orbital with surrounding molecules [4]. Because the exchange
interaction is effective in a short range, the peak is shifted to lower photon energy when the molecular
distance becomes longer. That is why benzene molecules are apart from each other at higher temperatures.
We investigated radial distribution functions between benzene molecules at different temperatures by
molecular dynamics simulations, and confirmed the molecular distance becomes longer at higher
temperatures. We also discussed interactions between benzene molecules by C-H out-of-plane and C-H
stretching vibration mode in infrared spectroscopy. In the future, we will discuss the molecular interaction in
liquid benzene by correlating C K-edge XAS results with infrared spectroscopy and molecular dynamics
simulations.
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Fig. 1. C K-edge XAS of benzene gas and liquid benzene at different temperatures. The inset shows the
expansions of the C 1s — n* peaks

Fig. 2. Energy shifts of C 1s — n* (0, 0) transition peaks of liquid benzene from benzene gas as a function of
temperature.
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Two-Dimensional w-Orbital Delocalization in
Superstructure Monolayer of Coronene Physisorbed on Au(111)
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Recently, polyclinic aromatic hydrocarbons (PAHs) have been reattracted attention as a molecular unit of
graphene, i.e., nanographene. It is known that PAHs of coronene and perylene form a (4x4) superstructure
monolayer on Au(111) and Ag(111) [1]. In the present work, by using angle-resolved photoemission spectro-
scopy (ARPES), we studied the in-plane electronic structure of the coronene(4x4)/Au(111). The cleanliness
of the Au(111) surface was confirmed by the low-energy electron diffraction (LEED) and the Shockley state
in ARPES, as obtained from the repeated cycles of the Ar' sputtering (/ ~ 2 pA) and the subsequent
annealing at 700 K. The total energy resolution in ARPES was 12 meV.

Figure 1(a) and 1(b) show a LEED image at 15 K and the corresponding surface Brillouin zone (SBZ) of
the coronene monolayer on Au(111), respectively. The LEED image shows the (4x4) single-domain
superstructure with respect to the Au(111) hexagonal surface lattice. The ARPES spectra were measured by
considering the coronene overlayer's SBZ. The energy-vs-momentum £E(k) relation map of the
coronene(4x4)/Au(111) along the I'"-K' and I''-M' (krx and kry) directions, obtained from ARPES, is shown
in Fig. 1(c) and 1(d), respectively. A highest occupied molecular orbital (HOMO, m) derived peak of
coronene is observed at the binding energy (Ey) of 1.6eV. The ARPES spectrum at the K' point (krx = 1.44
A™") shows a sharp HOMO line shape with the high-E,, satellite due to the hole-vibration coupling, which is
the indication of the weak physisorption at the coronene(4x4)/Au(111) interface. Although no intermolecular
n-m overlap exist in the coronene monolayer, the HOMO () peak shows a quite weak but non-negligible
in-plane dispersion of 30 meV at I'-K' and of 15 meV at I'-M'. The in-plane band dispersion of molecular
electronic states has been observed for strongly chemisorbed interfaces with larger dispersion of > 200 meV
due to the strong interfacial orbital hybridization [2,3]. Considering the weak interfacial interaction between
coronene and Au(111), the observed in-plane n-band dispersion is ascribed to the genuine intermolecular
interaction of aromatic hydrocarbons.

On the other hand, the free-electron-like dispersive band is weakly appeared below the Fermi level Er (£,
= 0~0.4eV), which may originate from the Shockley- type interface state induced by the surface potential.
The E, position of the parabolic dispersion is almost the same to the original Shockley surface state of the
clean Au(111) surface. Therefore, the interfacial interaction between coronene and Au(l11) is again
considered to be quite weak due to the physisorption.

-
LI I e e

Binding Energy (vs. Ef) / eV

N
LI I e

12 1.4 16
Momentum kpy / A’

1 12 14
Momentum kg / A

Fig. 1. (a) The LEED image of the coronene(4x4)/Au(111) at 15 K, wherein the red dot is the substrate diffraction spot.
The molecular structure of coronene is also shown. (b) The surface Brillouin zone (SBZ) of the Au(111) (black) and the
coronene(4x4)/Au(111) (blue). The red line indicates the scanned region in ARPES. (c,d) The E(k) map of the
coronene(4x4)/Au(111) at 15 K, obtained from ARPES at krx = 0.76~1.53 A" and kry = 1.06~1.78 A", The ARPES
spectra at krg = 1.08 A™' (I) and 1.44 A™" (K') and kry = 1.25 A™' (I") and 1.56 A™" (M") are also shown.
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The organization of water molecules close to solid surfaces or around proteins differs significantly from
pure water [1]. Reorganization of solvent molecules is likely to occur around colloidal nanoparticles and its
understanding is of outermost importance to better estimate their reactivity and interaction with biological
moieties in aqueous environment. Nanodiamonds (NDs) are of particular interest for the investigation of
interfacial water since the existence of an ordered water shell ranging from 2 to 4 water layers was recently
suggested. In 2014, we have observed that X-ray Absorption Spectroscopy (XAS) in pure transmission was
particularly efficient to probe water interfacial water around NDs [2].

During this beam time at UVSOR-III, aqueous dispersions of NDs with different surface chemistries
prepared from the same initial ND produced by detonation synthesis (diameter ~5nm) by Adamas
Nanotechnologies were compared. Carboxylated (NDs-COOH), hydroxylated (NDs-OH) and hydrogenated
(NDs-H) were characterized. For comparison, NDs produced by High Pressure High Temperature
(NDs-HPHT), with a diameter of 16nm, were also characterized. By comparing these XA spectra at oxygen
K edge to pure water spectra (Fig. 1), the organization of water molecules in hydration layers of NDs could
be investigated.

After normalization to the absorption intensity before and after the oxygen edge, strong intensity
variations of the signal were observed, which can be interpreted by surface-dependent variation of the water
arrangement around NDs. NDs-OH are positively-charged, like NDs-H and NDs-sp2, but its XA spectrum
does not differ from negatively-charged NDs-COOH. This result demonstrates that the water structure is not
dependent on the Zeta potential of NDs as previously thought. The strong intensity of the main edge intensity
at 538 eV for NDs-H dispersion, although its concentration is half of the other samples, demonstrate that the
water organization is extremely different on hydrogenated surface. An enhancement of this feature was
previously observed on surface-graphitized NDs (NDs-sp2), also having hydrogenated surface groups.

During this beam time, we could extend the preliminary results obtained in 2014 to NDs with well-defined
surface chemistries. This work demonstrates that hydrogenated surface functional groups are the source of
particular water arrangement on NDs. These results will be submitted for publication in the coming months,
along with complementary infrared and Raman spectroscopies results.

— Water

—— NDs-HPHT
—— NDs-COOH
—— NDs-OH
~— NDs-H
NDs-sp2

Fig. 1. XAS of oxygen K-edge from water and aqueous dispersion

of detonation NDs with different surface chemistries. Concentration
J is 1 wt % except for NDs-H (0.5 wt %). Surface-graphitized NDs
(NDs-sp2) spectrum is extracted from reference 2.
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Nanocrystals for Organic Catalysis

M. W. Lin', Y. L. Lai', M. H. Cao%, T. Ohigashi3, N. Kosugi3, Q. Zhangz, and Y. J. Hsu'"

!National Synchrotron Radiation Research Center, Hsinchu 300, Taiwan
? Institute of Functional Nano- & Soft Materials (FUNSOM), Soochow University, 215123 P. R. China
Y Institute for Molecular Science, Myodaiji, Okazak 444-8585, Japan

The O, activation process where inert ground triplet O, is excited to produce highly reactive singlet O,
involves a key step in many organic oxidation and cancer treatment. However, it puzzles scientist what factor
induces the change of electron spin state of O, molecules, although it has demonstrated that the presence of
noble metal nanoparticles can promote the generation of singlet O,. In previous works, Q. Zhang et al., first
demonstrated that surface facet of metal nanocrystals is a key parameter for tuning the activities of
generating singlet oxygen. The experiments and simulations elucidated that a spontaneous spin—flip process
may occur during the molecular absorption when appropriate surface facets are selected. On a selected
surface facet, the charge state of the Pd surface is a critical parameter to activate O, to generate a species that
behaves like singlet O, both chemically and physically.[1] Based on this finding, we prepared a
metal-semiconductor hybrid system in which the nanocrystals of Pd{100} facets are supported on TiO,
surface. Through illumination of appropriate light, the electrons are anticipated be transferred from TiO, to
metallic Pd catalysts and thus enhance the oxygen activation.

To confirm the charge transfer at the heterojunction between TiO, and Pd heterojunction, chemical
maps of oxygen distributions within microaggregates of SiN/Ti0,-Pd were studied by scanning transmission
X-ray microscopy (STXM). The TiO,-Pd hybrid structures were obtained according to following procedures.
The Pd nanocubes with 20 mg TiO,-P25 were synthesized according to a previously described protocol.[2]
In a typical synthesis, 8.0 mL of an aqueous solution containing poly(vinyl pyrrolidone) (PVP, MW = 55 000,
Sigma— Aldrich, 856568-100g; 105 mg), l-ascorbic acid (AA, Sigma—Aldrich, A0278-25g; 60 mg), and KBr
(300 mg) was heated in a 50 mL three- necked flask for 10 min at 80 °C with magnetic stirring. Subsequently,
3.0 mL of an aqueous solution of potassium palladium(II) chloride ([K2PdCl4], Aladdin, 1098844-1g ; 63
mg) was added with a pipette, and the reaction mixture was stirred at 80 °C for 3 h. The powders were
collected by centrifugation and washed with deionized water to remove excess PVP. The final product was
dissolved into the deionized water and then dipped onto the SiN substrate.

Figure 1 displays the STXM images of (a) SiN/ TiO,-Pd (cubes {100} facets) and (b) SiN/TiO,-Pd
(octahedrons {111} facets), which are optical density (OD) maps obtained at 530.9 eV, the major
characteristic absorption peaks of TiO,. The bright region represents elemental distributions of O in TiO,.
The resonance at 530.9 eV for both surface facet is assigned to lou — 1zng* transition for TiO, contacted
with Pd surface. The preliminary results indicate that the chemical mapping of oxygen activation on different
surface facet of Pd nanocrystals will shed light on designing high efficient noble metal nanocatalysts for
organic oxidation and cancer treatments.

(b)

Fig. 1. The OD images of (a) SiN/TiO,-Pd (cubes
{100} facets) and (b) SiN/TiO,-Pd (octahedrons
{111} facets) obtained at 530.9 eV.
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A novel Fe,03/ZnO core-shell nanorods for photoelectrochemical (PEC) water splitting is developed
recently. ! The PEC performances, such as photocurrent response and incident photons to electrons (IPCE),
vary with the thickness of Fe,Os coating layer. However, the mechanism of the improved PEC activity remains
unclear. In this work, pristine and Fe,O5 coated-ZnO core-shell nanorods have been investigated by using x-ray
spectroscopic coupled with microscopic approaches (i.e., x-ray absorption near-edge structure (XANES) and
scanning transmission X-ray microscopy (STXM)).

Figures 1(a)-(d) present the O K-edge STXM images and its stack mappings of selected single nanorod of
Fe,03/Zn0O and pristine ZnO. The stack mappings display blue, yellow, red and green areas, corresponding to
the different regions that are associated with different thickness and chemical properties of the nanorods.
Figures 1 (e)-(h) show the XANES spectra, which correspond to Figs. 1 (a)-(d). The different colored spectra
reflect the various region of the nanorods. The O K-edge probes the electron transitions from O 1s core level to
the O 2p-Zn 3d/4sp hybridized states. The area under the spectrum reflect the amount of density of unoccupied
O 2p-derived states. Thus, based on the spectroscopic results, the electronic structures of the layer region and
the core area differ in both samples. Besides, strong anisotropic effects are observed for both samples based on
polarized-XANES. Notably, the density of states in the surface of the coated- and pristine nanorods are
different and the results suggest that the oxygen-related deficiency is formed in the core-shell nanorods which
can affect the photocatalytic activity.

The enhanced PEC performance of Fe,Os coated ZnO
compared with pristine ZnO is likely to be owing to the
presence of interface that causes varied electron density of
states in the core-shell structured nanorods.

(f) Fe,0,/ZnO-H

Intensity (a.u.)
Intensity (a.u.)

Fig. 1 Upper panel: Polarized O K-edge scanning
transmission X-ray microscopy image and its corresponding
stack mappings of selected single Fe,Os coated- ((a)and
(b)) and pristine ZnO nanorods ((c) and (d)). Lower panel:
A AA Polarized O K-edge STXM-XANES spectra of Fe,O;

/ coated- ((e) and (g)) and pristine ZnO nanorods ((f) and
/ (h)). The color corresponds to the different region of the
=0 nanorods.
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In this work, we have studied the electronic structure and the location of oxygen vacancy in the interface
of the Ta/TaO,/Pt thin film and identify the type of conducting path by scanning transmission x-ray microscopy
(STXM). The amorphous TaOj thin film of thickness of ~150 nm was deposited by electron beam evaporation
on Pt/SiO,/Si substrates. Active electrodes of Ta were thermally evaporated respectively on the TaOy thin film
with an equivalent thickness of ~150 nm. As shown in Fig. 1, the STXM stack mapping displays the
cross-sectional views of the Ta/TaO,/Pt thin film. Obviously, due to a uniform diffusion occurs in the vicinity
of the Ta/TaO, interface, the image of the Ta/TaO,/Pt thin film revealed that the interfacial TaO, was ~180 nm
in thickness. The experiments were performed at the 4U beamline. Fig. 2 presents the corresponding O K-edge
x-ray absorption near-edge structure (XANES) spectra of the Ta/TaO,/Pt thin film. The O K-edge
STXM-XANES spectra were recorded at three selected regions, cyan, red and yellow, in the Ta/TaO,/Pt thin
film, respectively. According to the dipole-transition selection rule, the features at ~530-545 eV are attributed
to the electron excitations from O 1s-derived states to 2p-derived states, which are approximately proportional
to the density of the unoccupied O 2p-derived states.' The intensities of the O K-edge STXM-XANES spectra
of the red region are significantly higher than that of the cyan region, which reflects the increase in the number
of unoccupied O 2p-derived states. In other words, the STXM-XANES results demonstrate that the population
of defects at the O sites in the Ta/TaOy interface and confirming the enhanced density of states of O 2p-derived

states, as the population of defects and dangling bonds at/above Ecgm or Ef in the Ta/TaOy interface. The
STXM-XANES results intensely support the phenomena that the occurrence of O 2p vacancy at Ta/TaOy
interface affects the resistive switching effect of the Ta/TaO,/Pt thin film.

O K-edge
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Fig. 1. The STXM stack mapping of the cross-sectional

views of the Ta/TaO,/Pt thin film. b . .
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Fig. 2. The corresponding O K-edge
STXM-XANES spectra were recorded at three
selected regions, cyan, red and yellow, in the
Ta/TaO,/Pt thin film, respectively.
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In this work, a three-dimensional (3D) hierarchical TiO, is successfully constructed using scanning
transmission x-ray microscopy (STXM). The core portion of the sample contains rutile TiO, nanowire (NW)
while the rutile nanoparticles (RNP) and anatase TiO, are sequentially located on the shell region. The TiO,
NW array provides a fast electron transport pathway due to its quasi-single-crystalline structure and the 3D
configuration with NPs in the shell portion provides a large surface area for more efficient photo-charge
separation without significantly sacrificing the electron collection efficiency' which attracted our interest to
probe this nano-scale interface phenomenon.

Fig. 1 shows the (a) scanning electron microscope (SEM) and (b) STXM images of focused ion beam
(FIB) milled ANP/RNP/NW sample (above the red dashed line) on fluorine doped tin oxide (FTO) substrate
(below the red dashed line). The STXM image was recorded at 460 eV. Fig. 2 (a) shows the magnified
STXM image in middle of sample of fig. 1 (b), where Ti L,3-edge x-ray absorption near edge spectra
(XANES) had been measured and analyzed by principle component analysis (PCA) method. Fig. 2 (b) was
generated by PCA method analyzed in the same area shown in fig. 2 (a) and indicates similar spectra with the
same color which defines the spatial distribution of background (blue). Pt (yellow), carbon film (purple) and
surface (red). semi-surface (green), shell (brown), semi-core (orange). core (cyan) regions of ANP/RNP/NW.

Fig. 2 (c) depicts the Ti L,3;-edge XANES of different regions of ANP/RNP/NW. Line shapes of
e,-states in Ls-edge around 458 eV show the anatase phase TiO, in the surface (red) and semi-surface (green)
regions’, the rutile phase TiO, in core (cyan) region and mixed spectra of anatase and rutile phases in shell
(brown) and semi-core (orange) regions. These results reveal that even the size of ANP is smaller than the
spatial resolution of STXM’, the spatial distribution of different phases of TiO, core-shell structures can still
be successfully resolved under STXM after FIB milling.

(a) SEM (b) STXM
460 eV
‘ Fig. 1 (a) SEM image of ANP/RNP/NW on FTO. (b)
Sople 2 STXM image of ANP/RNP/NW on FTO measured at
460 eV.
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Fig. 2 (a) Magnified STXM image of
ANP/RNP/NW. (b) Spatial distribution of
background (blue). Pt (yellow), carbon film
(purple) and surface (red). semi-surface
(green), shell (brown), semi-core (orange),
core (cyan) regions of ANP/RNP/NW. (c)
Corresponding Ti L,3-edge XANES of
Photon Energy (¢V) different regions of ANP/RNP/NW.
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Scheme 1
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1) NaBH,4
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N 1.032(3) A | _/‘c?i q | 10© /' 1 105(4) A

N\ / - 1".0:3 . J - \ /
o __1\\.._-_-_ ] _--._/_,, " ?: g.g Tt _.\_\.\:HH- --‘-..‘./ y

Figure 1. Single crystal X-ray structures of No@2 and CO,@2. Ar groups are omitted for clarity.
[ 30k ]
[1] Futagoishi, T.; Murata, M.; Wakamiya, A.; Sasamori, T.; Murata, Y. Org. Lett. 2013, 15, 2750.
[2] Futagoishi, T.; Murata, M.; Wakamiya, A.; Murata, Y. Angew. Chem. Int. Ed. 2015, 54, 14791.
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Trapping N, and CO; on the Sub-Nano Scale
in Confined Internal Spaces of Open-Cage Cg Derivatives
Tsukasa Futagoishi, Michihisa Murata, Atsushi Wakamiya, Yasujiro Murata

ICR, Kyoto University and JST PRESTO

Open-cage fullerenes exhibit specific and rigid structures based on bowl-shaped skeletons. If their
openings are sufficiently large enough for the targeted molecules to be encapsulated, these guest molecules
can be accommodated in the confined space on the sub-nano scale within these open-cage Cgo derivatives.
The formation of corresponding 1:1 host-guest complexes, consisting of an open Cg cage and a small
molecule such as He, H,, H,O, NH3;, CH,4, CO, N,, or HF, has been reported previously. Based on the van der
Waals radii of these elements (C, 1.70 A; N, 1.60 A; O, 1.50 A) in the encapsulated species, the length of the
major and minor axes of N, can be estimated as 4.3 and 3.2 A, respectively. There is no report on the
encapsulation of CO,, with axes of 5.3 and 3.4 A, as the size requirements of CO, exceed the internal space
of pristine Cgo with a diameter of 3.7 A.

Accordingly, it should be of great interest to study the encapsulation of CO, in suitable open-cage Cgo
derivatives, and to investigate their dynamic behavior, both with regard to the size of the opening and the
internal space. However, in many cases the encapsulated species easily escape from the open-cage fullerenes.
Such an escape should become less likely, if either stable molecular complexes arise from attractive
interactions and/or the opening is contracted chemically. Herein, we report 1) the encapsulation of N, and
CO, within an open-cage Cg, 2) the molecular structures of these host-guest complexes, obtained from
single crystal X-ray diffraction analyses, and 3) the rotational and vibrational behavior of the encapsulated
molecules.

We have recently reported the synthesis of open-cage Cg 1 with a circular 17-membered opening,
which contains one sulfur atom on the rim. DFT calculations suggested that the barrier for the insertion of N,
through the opening of 1' with the tert-butyl groups replaced by the methyl groups is rather low (19.1
kcal/mol at the M06-2X/6-31G™* level). We expected that making a "stopper" on the opening is necessary to
prevent release of the encapsulated molecule. By applying high-pressure gas of N, to a powder of 1 and the
subsequent reduction of one carbonyl group with NaBH, to construct a "stopper”, we succeeded in
synthesizing N,@2. To our surprise, CO, was also entrapped inside the cage of 2, although the size of CO, is
larger than that of the inner cavity of Cg. The IR spectrum of CO, trapped inside 2 exhibited only one sharp
band (v = 2334 cm™), indicating restricted rotation of entrapped CO,. The structures of 2 encapsulating N,
and CO, were unambiguously determined by single crystal X-ray analyses.
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Phys. 82, 1 (1992). [4] Mass Spectrom. Rev. 28, 961-989, (2009). [5] Int. J. Mass Spectrom. 300, 91-98, (2011).
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EE XUV ERNIKRGEBER L= b DR T L a~ NI T 7 4 — TR LT, Wi
W7 < > 27 FVAEIX, R 7 RICHEER 532 nm, 7'm2— 7 I E 233 nm O/ VUL R
ZHHWTITo70, Tyr201 ICHKT 2 AT MA~OFEGEZRD D720, Tyr201 OFELEZ 7 «
=)L7 5= (Phe) #EIZEW L -ZRAKELIERL -,

R X1 ICEAER (WT) ORRERATE FixL ORISR LIRS < 227 L ERT,
BFOHNTZ AT FVOFEEIX 934 em ! IZHN DIREFREEA 4 kD RE W THB L
Too B AT NVITLIRIN A& 2 OFIEREH] TR A7 MO HRFRTO AT h LA 2%EfE
THIWEbDTh D, KR 0.16 - 25 us ORI T Tyr FEFH kD Y7a, Y8a, Y9a /N KD
NEFE & & BT L TWD Z ENbhoTz, FRITHREZILORKE VY Y8a N ROMEEIZHEH
L. JEHSAT FixL  Y8a /N REREEIZXT T 5, A IRIERFE T Y8a /N N DB DEIG %
FELK2IC@TRLT,

R OMBEAE D WT O Y8a /N ROREEZA(LIL 2 DOEEKBEKOF Tl ¢& . REEKIZ
ZHEH 0.21 ps, 3.6 us Tho7o, —J7. Y201F ZEEIKRD Y8a /N FOMEZLIX, HEHk
0.23 us TIHE L., 8.6 us THANA NI,
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ER WT LZEREKOELLE Y8a /N RO
FEVZIRFEHOR 0.2 ps DIBWEN A BTz, =
DI TIRFE D NRBE L THECTe~ LR
> NERDOREEZA LA KL TV D LB HID,

BHARD 2~ - )L Cld Tyr201 % Phe 75
ICEB L TV D7D, Tyr FEEEH kO Riz
Tyr201 OFHGIXEEN72W, 2O b,
WT TH L I-HFER 3.6 ps OFEEIE Tyr201
ICHETHELTHDEBEZOND, —H,
Y201F ZEARIIRFELEL 8.6 us THRKLTWD
3, AT Phe BIEEDKFRES E ML TE T,
Tyr201 O/KFEREA %8 U IEE 2 b OBEEN
L X 72728, 200 ns LAREIT WT & 13572 54
EEBNEE I EEZBND,

Hiruma © OFEE3 I ILE Z <~ 5361k
(2 K BUEATHIZE 2 Tk, BEEEHK) 1-2 ps T4
O MENZEL L, FEEE 3.3 ps TNLD T
EAVEBENEAT D EHESINTWD, K 2
(R A IE D 5 Tyr201 SZET 5~ v
7 A1% His196 /LT EREA LTS Z
EDDMD, e T, BERBBEZLE D ~L 0
HE2IX His196 %3 U T Tyr201 (2fsET %
EEZbND, EHIZ, FG v—7 3% —F
RAAL L EMEERT S & TREINTO DEAL
THDHZ &S Tyr201 OEEEIINV—T %
BLTHFFT—BRAAS U~ ERESNDEEZ
bNd, ZOMET Tyr201 OKFEHEE OME
BALIC E » TR Z 5 Z EBLRTOF 2 OFRFZE 1
MHDNoTND, LLED, BEBEE>~2
—His196—Tyr201 OKFEfEHR—NL—T—>FF
—8 NAA v EERbMBET D 2 & TiEME
EHET 2ETVERET D,

(&% k]
[1] Wi &, BAALERE 94 FBFFES 2014, i
{575 2D2-45.
[2] Hiruma et al. Biochemistry 2007, 46, 6086.
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T e FERICIR R O 7= OB ST D AT
VBT,

relative intensity change of Y8a band (%)
B
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B 2 : eI DY WT B XU Y201F £ R{AkD
Y8a /3 RiBEDKHZ L, @ : WT, A : Y201F
I8 AR, TN KNI E R JN D & A ZHRLEE S OBE
FHEAE FixL Ok P — R A A O IKKGE, F
A~y AnEb H Y— METERRT, 73 k%
BRI CHWET LT 7 V7 7 iR E D
FixL IZxt 9 2 & a2 RxR L,
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raAfFNr X — K7y KRB IF2R6EHE T v RF—o
BBt v 7Y 7

B GERER T, K8y # 0, ARIR 542, ks /A

BRORBeEE !, 4 TR T 2

Fiw /nA4n"r7%—ua 7y (GR) BEEMEST /N7 7V 7 HEOMAEYD e R
VU ThD, GRIFNZ T U Aw RFw (BR) LIRERICEERE 7 2 h R 7HEREZ A L TV
5. GRIZHEEZWINT B &, EEOPRKREZ R ThRIkEE~E RS (GR-K—-L—-M—-N—-0—-GR)
(1], XY 7 b M HREIR TR, LFF—A RGOy ZHER 71 AL L TH
O NHEKTYy ZHENRFH T hofbandl2l, 2ofF e Ak 7 e vy Kb —
X132 FHD 7NV I UEE(Gluld2) 72 E B X LN TWAARIRT 7 » 7 Lz K Hfi{AED FTIR
AT RV K RREIRARICHEV, Gluld2 SEAT 5 KER A ORENELT 5 Z & 23R
HENTWABlL, 2ok 577 v Fr FFE—0Z b OMAEYT e K7 v o TlER i,
Glul32 OX¥EZEH LT HIEIFX GR 07 v bR THREZ BT 2 ECEETHD, K
WFZE TIEE AR GR, B LN Gluld2 27 AT F I {EHL L 72 E132D ZEKIZHOW T, =R
28T 5 GR OipikiE, KB XV LHMEOIET v A7 M ZHE LT, ZOREFR,. GR
T K FREOERIZHEN, LFF— A% EmE L Gluld2 & OMICEIERHEAERDNER I D
ZEDhroT,

EER BHAT GR B LU E132D ZRKIT, RIBEICHBLSE, AibLIzobich 7 L7 e~
NI 7 4 —THELEZbOZMWE (pH 9), L —W—JeosREEZ AR L7z i RARENE I
1%, Nd:YAG L —H— &Fi (532 nm, 20 ns) %AWV, B MRILE T < RlEICE
WTIE, A7 HIC NAYAG V—H—OF &l (532 nm, 20 ns), 72— 7ICiX
Ti:Sapphire L —%—®O % ~ &l (475 nm, 40 ns) Z MW7,

BEPIUEE X1z, HAEMB IO EL2D £RKIZEIT 5 GR OFIREE, KB XL [
ROING T ~ v AT MVERT, BAEMEBRKO AT MRS 5 L WIThokigIz
BWTHANT MUTZELSBPITWD Z ERghoTz, 22T, 1620—1650 con M AF T I B &
% C=N fifEiRE N FIZHEH 75, C=N fifEiREit— N, N-HZAREHE Dy 7L L TH
D, LI T =y THIEOKFEFABREDOBR N~ —I— U R ThHDH, ¥y 7HIEOKERHEE
DRV G C=N EIREN S IR X 0 @RI Bin, REREKFET T MR T 2 L
STV A4, 2A, BB IO CITZENnZEi. GR. KB IO L H{AED C=N {H#iElE)
ROIRKTH D, M2A BLOB %#/5E, C=N fFE# > X GR Tidmaic—% LT
WBHA, K AR CIEE AR O G MR BRI BN -, Zhid, B4R L E132D ARED > v
TREOKEESTRE T ARETIZIEN VDK L K TRETIIEZRNH D Z L2 ERT 5,
Thbb, VFF— ATy ZHIELE Gluld2 28, K FRAERIC > THAEFERZ KR T2 2 &
BRLTWD, vy 7ML Gluls2 £13 10 A UL EHEL TV AIC b b b9, 20 X 5 7
HAERANAET D Z & FHERE,
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F7-M2CITRT LI LRI BO T,
C=N {hfEiRE N RIXE AR & 2 FAK L o]
THEBICEN R 6Tz, Len->T, K HH
RAERRFZA UM EAERIT L R ERIC S 0
THHEFF SN TS EEZXDND,
PLENS, GR Tl KB LU L FREIZE
WT, LT — vy 7R L Glul32 3 FH A
TERZIR L TWD Z &R ghoT-, Gluls2
X N FEERERFFCBNT, vy 7T
0 hEEETHEEZ LTS, KIFSE
DOFEFRIE, ZN LD HFEVEMET Glul32 & v
y 7L OMIZHEERNER I LTS
ZLEERLTWD, 0k ) AR B
Mix. M s 2>y 7EEDOH T 1
MAbERE L, A 7 v BiEO X — 2 F
—R—DEEEZHEDTND LEEZBND,

— Wild-type
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1007 ”Qﬁ [ 1639
A |
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! \
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g
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|
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B35, GR oskEe, K B L OV L fii{ERo L <
VAT NV
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K 2. GROI~r A7 hLdD1600—1680 cm a2 9L K L= 6 . (A) t&ikhE, (B) K

&, (C) L ik

(&5 XX#k]

1] Miranda, et al., Biophys. J. 2009, 96, 1471.
2
3

— — o

]
1 U8 S, 59 BB RS 2015, FEBEEE 5 4C09.
] Hashimoto, et al., Biochemistry 2010, 49, 3343.

4] Smith, et al., J. Am. Chem. Soc. 1987, 109, 3108.
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BATHRAZAVWEZETHFAE Y br=7 ZDRIK

11 IE

FALR R A BB A 7E R

By FEFia (SMM) (F EmE - Fh&E A OREEEBIER TR &G 0 FCTh . 14
T 1 AEVELTIRAD Z ERARERTZDRIEAR ATV E~DIEHAPR HIFFSN TN D,
Tk 1L SMM ORREIR |, REMEDES, BIOT A 2 E~DIGHFEREEZ BfR L, 77
— LR —RrF ) Fa—7 (CNT) L\WoieF /) —R U WEONERZEMIC SMM &N L
B LIAD T ROAI ST 21T > CnD, T h—RUWE L SMM 2 fE S8BT E7207%
WA, AT S EV SMM FHERE 70 T AE Y ha =27 A~OISHABHIFFC X 251N HE S
THEH 2 IEFICHERGED, LUTIC, Fex BNBEFA LTS/ H—Rr-SMM #HA%RE LT,

DySc,N NEL 7 7 — L B LW Dy-7 & F /LT & b v [Dy(acac);|#5ANEL CNT (ZOW TR T 5,

DySe;NINE 7 7 —L > id, 77 —L 2O 0 RITHNERZERIC
SMM 5t %5135 DySc,N D AATEHT 70+ CTh 5,
FRIZ Coo 77— 77— LR EEETH D (DySe,N@Cyo)
IZOWT AR & BB, 3 KO SMM Rtk ¥ 45 A AT 73 BE L 3
HENTEY @O SMM FiEZRT 2 LRI SN TN D 2,
LU, ZOFMRBT AR+ Thone, oA
vihue=7 2~ HEME BT8R 5. DyScoN@Cs
DL EGREMMENE 2 BIEIT> TW\Wb, G, A HEKR
FOBRAMBIROW 1O, 7 — 7 BEIEIC LV R AT,
kD — RN EBND T 7 — L OAKRIEIL. &REAIR
FHEEMWVERETHe 72 —HTT2 O THY, 2 ZITHE
DN, ZIRAIEDZ L TRBLEMY MsN ONE T 7 —L v
EHHZLENTEDL, LPLIDOFETIIED T T—1L
ZEICAERT DD, DB EME 0D, £ 2 THRAITHT
\ZE AR CARD ATREA/ N O 7 — 7 S E (X 2) ZFHA
ST, BHEFLE LT VETHAZEALTTY — 7 &%
1Fot=4 FOREE. MoN WA 7 5 — L DI b2 RS

DIiCHALE (B3), BEXTICAN - e
&35 DySco,N@Cyp 250 mg F2fES 5 2 &3 : |
TETHY . BALIED D SMM fitEo—> 2 -
ThHOBRRE AT Y AOBBIIRAL 3

T0D, ARIFEHEFORFE LSS F et

DySe,N@Csy & % &IZE/M L. & OFEH 72

40 0 10 20
Retention tune / mm

2y @2\/ /= ;t: z =R YAN ‘/—( 3 %%{)ﬁ& L/T (a) %ﬁ\ ?SJZU‘ (b) 7:/;&;77\72
SMM AFFEDREfi 21T 5 2 61e, By s BN TT — 2 HIBIRIC K 0 G L= MIN@Coo % 515
v hue=7 Z2~OSHRERAZ BT, YT NOEERIE Y o~ b7 T 7 4 =5 W R
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Dy(acac); $5{APN41 CNT 13, SMM 5% 74 = | (i s )
<~‘., e Dv(acac),(H,0),

& DNV H TV D Dy(acac)s #i5A ° & CNT O —¥k T th<;\ e

NS RN S BB A ME Th D, ONT e s [
DONERZERICNESES AU v b & LT, SMM 4 % - Dkl
Peom b, L CNT OFWERISEESE 2150 4

LEBFHTFRAEL b =2 2~okE RS E%

FTELRNETOND, BAITET, TlRMLT ""b,,
H Y ANFHE 572 Dy(acac)s(H,0), & V> CNT N
OB ANERAT- (M 4), CNT & LTidZEE
LOMIEO b O% AV, ZhEIIRIRIES L 05 ZECNT HECNT
L X DWNEBEZ T o 72, X 5 10EBE L
PR BEE 22 b L OB E IS X 2 E RS R %2 7R
T, B E PSS 0> & CNT KM A Hi
I, ENEHICERBREEbhbsa s T A
NEMERTHZENTEZ, TRV X
PRSI HT D Dy ODIFEZHERTHZ LB TE

" Dy(acac)y(H,0),
. aCNT
4. Dy(acac)(H,0), & 0" ONEL CNT D EE 7V

ey
7z72%. Dy(acac);(H,0), PINELTKI LIz L F & g0 fesioe & ’
Do F1o. BT L RHLRE S R 00 Ry
WEIC LV BORE bOTH Y, HRBIRTEE ol s | ood XS
WERT 22 LIZRPI LTS, 24T SMM (24 0.00 S 0 00l 410 X

B I 10 100 1000 10000 1 10 100 1000 10000
BBE0—>THD . CNT NERIZHB W T H SMM Frequency / Hz

Frtb 2 hFF LTV D Z L 2RI HRR TH 5, 5. Dy(acac)3(H20)2 % P/ L 7= % J@ 45 L O
UL, Feane s & IR 7 B IR ﬂggfﬁﬁﬁﬁﬁﬁﬁﬁiﬁig%gégﬁ%
BT HE—7 My TEBIET D Z LTk

Too TZTVHBET ANAETNVICED T 4 v T 4 7 IDFRIREICBIT MR Z KD, 7L
= A7\ o BIEMAVIERE AE 36 K OMHEZIN -« 2K 7z, T ORR, ZJ8 CNT ICHE L7z
P T TAE=121cm’, 7=1.65x10°s, £/ZHE CNTICNEA L2V 7T AE=5.17 cm™,
=242x10°s LR LT, CNT WERTORIETIZ4E=22.6 cm™, 1=138x 10%s TH D72,
A &1 SMM BRE DR T 2SHERR S 7=, 2, ONT WELIRFIZ 380 T Dy(acac)y(H,0), 1 D
BCAZ AR DSEEE L=, & D WIRENAEE N L LT TReEnNE 2 65, £ 2 CHE, BAiKE K
0 ZE R T JERNL - CTH D 1,10-7 = > br U (phen) |Z@EHE L 7= Dy(acac);phen % H U CEF
i ZAT> T\ D, 3§ TIZHE CNT ~ONEEIEEZITV, AINL L2 1| ROWNEL CNT IOV THIES
T9 Z LT, XM LTS, 4%I1E. Dy(acac)sphen (22U TREALHIE -
MM 24TV, Dy(acac);(H,0), & eG4 5, £ L C, 1O FAE Y hu =27 Z~0:H R
ZHIET, S HIT, DySe;N@Cy & HiJg CNT ~NWT 570 L, S LR OFA 7R ROME LKL D,

(&5 k]
[1] M. Urdampilleta et al., Nat. Mater. 2011, 10, 502. [2] M. C. G.-Lépez et al., Nat. Commun. 2011, 2, 407. [3] R.

Westerstrom et al., J. Am Chem. Soc. 2012, 134, 9840. [4] L. Dunsch et al., J. Phys. Chem. Solids 2004, 65, 309. [5]
S.-D. Jiang et al., Angew. Chem. Int. Ed. 2010, 49, 7448.
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25393.

3. A. Ahn, A. Min, CJ. Moon, J.H. Lee, S.J. Lee, T. Warashina, S. Ishiuchi, M. Fujii, M. Y. Choi,
“Spectroscopic study of jet-cooled indole-3-carbinol by laser desorption technique: Franck—Condon
simulations and anharmonic calculations”, Chem. Phys. Lett. 638 (2015) 237.

4. M. Miyazaki and M. Fujii, “Real time observation of the excimer formation dynamics of gas phase benzene
dimer by picosecond pump-probe spectroscopy”, Phys. Chem. Chem. Phys. 17 (2015) 25989.

5. M. Miyazaki, T. Nakamura, M. Wohlgemuth, R. Mitric, O. Dopfer, and M. Fujii, “Single Water Solvation
Dynamics in the 4-Aminobenzonitrile—Water Cluster Cation Revealed by Picosecond Time-Resolved
Infrared Spectroscopy”, Phys. Chem. Chem. Phys. 17 (2015) 29969.

6. M. Miyazaki, R. Ohara, K. Daigoku, K. Hashimoto, J. R. Woodward, C. Dedonder, C. Jouvet, and M. Fujii,
“Electron-Proton Decoupling in Excited State Hydrogen Atom Transfer in the Gas Phase”, Angew. Chem. int.
ed. 54 (2015) 15089.

7. F. J. Hernandez, M. C. Capello, A. Naito, S. Manita, K. Tsukada, M. Miyazaki, M. Fujii, M. Broquier, G.
Gregoire, C. Dedonder-Lardeux, C. Jouvet, and G. A. Pino, “Trapped Hydronium Radical Produced by UV
Excitation of Substituted Aromatic Molecule”, J. Phys. Chem. A 119 (2015) 12730.

8. M. Miyazaki, S. Yoshikawa, F. Michels, K. Misawa, S. Ishiuchi, M. Sakai, O. Dopfer, K. Muller-Dethlefs, M.
Fujii, “Mass analyzed threshold ionization detected infrared spectroscopy: isomerization activity of the
phenol-Ar cluster near the ionization threshold”, Phys. Chem. Chem. Phys. 17 (2015) 2494.
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1. M. Fujii, “Picosecond Time-Resolved IR/NIR Spectroscopy on Intra-Cluster Structural Dynamics”, Gordon
Research Conferences: Molecular and Ionic Clusters 2016, 2016 18 January, Ventura, CA, USA (2016).

2. S. Ishiuchi, “Gas phase spectroscopy of complex of adrenaline and its binding site of adrenoceptor”, Gordon
Research Conferences: Molecular and Ionic Clusters 2016, 2016 18 January, Ventura, CA, USA (2016).

3. M. Miyazaki, “Mechanism of the ionization induced isomerization of phenol-Ar cluster studied by mass
analyzed threshold ionization detected infrared spectroscopy”, Pacifichem 2015 “Developments in
Spectroscopic Investigation of Intermolecular Interactions and Dynamics of Molecular Clusters (#438)”,
2015 17 December, Hawaii Convention Center, Honolulu, HI, USA (2015).

4. M. Fujii, “Vibrational imaging by two-color infrared microscope”, Pacifichem 2015 “Chemical Imaging:
Frontiers of Spatio-Temporal Resolution (#134)”, 2015 16 December, Hawaii Convention Center,
Honolulu, HI, USA (2015).

5. S. Ishiuchi, “Gas phase spectroscopy of neurotransmission system by laser desorption supersonic jet
technique”, Pacifichem 2015 “Developments in Spectroscopic Investigation of Intermolecular
Interactions and Dynamics of Molecular Clusters (#438)”, 2015 15 December, Hawaii Convention
Center, Honolulu, HI, USA (2015).

6. M. Fujii, “Gas Phase Spectroscopy of Neurotransmitters and Partial Peptides of Receptor by IR-UV Double
Resonance Spectroscopy” The Australasian Spectroscopy Conferences (The 11th Australian Conference on
Vibrational Spectrosocpy: ACOVSI11 and the 5th Asian Spectroscopy Conference: ASCS5), 2015 30
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September, The University of Sydney, Sydney, Australia.
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(p-cyanophenyl)pentamethyldisilan—water cluster by picosecond time resolved IR spectroscopy”, 45th World
Chemistry Congress (IUPAC 2015), 2015, 13 October, BEXCO, Busan, Korea.
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International Publishing. p. 532-534.
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Science & Technology: Biological and Materials Science Oriented Applications”, Awaji, Japan, June
(2015).
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Time-resolved Visible and Ultraviolet Resonance Raman Spectroscopy,” Telluride Science Research
Center Workshop on Protein Dynamics, Telluride, CO, USA, August (2015).

3. JKAZR/A: “Time-resolved resonance Raman observation of proteins in action”, H A4 B~
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The Fifth Asian Spectroscopy Conference, Sydney, Australia, September (2015).
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Influence on Dunuclear Tb™ Triple-Decker Single-Molecule Magnets”, Chemical Science,
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Yamashita, “Photo-activation of Single Molecule Magnet Behavior in Manganese-based Complex”,
Chemical Science, accepted(2016)

S. Wang, W.T. Xu, S. Takaishi, Y.H. Li, and M. Yamashita, “Structural Insights into the Counterion
Effects on the Manganese(IlI) Spin Crossover System with Hexadentate Schiff-Base Ligands”, Dalton
Trans, accepted(2016)

K. Katoh, T. Komeda, and M. Yamashita, “Frontier of Molecular Spintronics Based on Multiple-Decker
Phthalocyaninato Tb(lll) Single-Molecule Magnets”, Chemical Record., accepted(2016)
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Substituted Bis(octabutoxyphthalocyaninato) Terbium(III): Preparation and Study of Protonation by
NMR and DFT”, Inorg. Chem., accepted(2016)
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Spectroscopic and DFT Study”, Chem. Eur. J., 21(41)14421-14432(2015)

Y. Horii, K. Katoh, N. Yasuda, B. K. Breedlove, and M. Yamashita, “Effects of f-f Interactions on the
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Inorg. chem., 54, 3297-3305(2015)

S. Kumagai, S. Takaishi, H. Iguchi, and M. Yamashita, “Charge-bistable Pd(I1I)/Pd(11,1V) coordination
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8590-8599(2015)

G. Cosquer, M. Morimoto, M. Irie, A. Fetoh, B. K. Breedlove, and M. Yamashita, “Photo-control of the
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ligand”, Dalton Trans., 44, 5996-6002(2015)

G. Cosquer, B. K. Breedlove, and M. Yamashita , “Remote Control of SMM Behavior via DTE
Ligands”, Dalton Trans., 44, 2936-2942(2015)

QFE. %

1.
2.

INIERE, “EArETEAERWER T TAYY hr=2 ZOAIE, HIRIF (2016).
K. Katoh and M. Yamashita, “Single-Molecule Magnets”, Molecular magnetic Materials, ed. B.
Sieklucka, Wily(2016)

—175—



Q)BT

1. M. Yamashita, “Frontier of Quantum Molecular Spintronics Based on Single-Molecule Magnets:
Toward Green IT Innovation”, HEXAGON, Sendai, Japan, April(2015)
2. M. Yamashita, “Frontier of Quantum Molecular Spintronics Based on Single-Molecule Magnets:
Toward Green IT Innovation”, Chemical Society of Canada, Ottawa, Canada, June(2015)
3. M. Yamashita, “Frontier of Quantum Molecular Spintronics Based on Single-Molecule Magnets:
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5. M. Yamashita, “Frontier of Quantum Molecular Spintronics Based on Single-Molecule Magnets:
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