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dr)lARML (Shinya FURUKAWA, bl Ko7 T KBHEZER)

WFFe%385% / Oral Session

JEE / Chair 3t #EA (Yuta TSUJI, JUMIRSE  HIBHFBIZ)

OP-1 %3 ME—KEBS (Yuichiro AIBA, £ HERAY OB
[ 7 2 DNA GEERIZ IS 7o 7" F RiZlE (PNA) DBH%E |

0P-2 & KA (Daisuke KAN, FCEAZT B AFHESER)
(T X XY VkE L ERE R E T T VEMRE LT-BREIE X
S F T P D FA |

OP-3 75/ P (Masaaki SAITO, 4 EKZ% HIHHFBIZD)
[RHUREFEAE R T3 ] AT RE 72 i b BE 7 IR BB B i O PR & &S )

{KEH / Break

JiE/ Chair &)1 #£5 (Yoshifumi HASHIKAWA, FUESKFE AT HBFBh#)

0P-4 7)1l Z#th (Shinya FURUKAWA, dbiE AR~ IE/KIFUESER)
(BRI S % AT @ bR R OREEE & oy e R i 2 5

OP-5 Ml 1E== (Masayuki WAKIOKA, FUES K /INEWFEHIZ)
TEHENT U —IULEE o B RE DT ORIENDENEE 726 RakE ]

fKEH / Break

HFFER / Invited Lecture JEK/ Chair Il At (biEEKT)

ey B e
(Masaaki KITANO, M TH KT LRI L ¥ — HEHER)
[FER b 2 R UT-ARIR T =7 A Rl o BE %S |

BEEREH%., 7Y —% AL / Group photo, Free time

A/ Dinner

RAHX—F w3 3 / Poster Session

FElE / Mixer
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YRR 3046 A 16 H (1)

Wr9E5 4% / Oral Session

J#F / Chair &3 HE—EB (Yuichiro AIBA, 4R K% JELHIBLE)
9:00-9:15 0P-6 =ilE E (Ray Mivazaki, JbifiE KF E4)I1HFD2)

[ U BHEEF AT L AT L o OS2I SHEREOENT : C=C #&

BVEMAL A T = X LB 5 FRERAORTZE |

9:15-9:30 OP-7 M7 B4 (Yusuke NAKANISHI, 4 i@ A5 FEEMFEHMT-BI )
[ F a—THEREIC LD R TEBREE Va7 A ROAIRL L Yk
A |

9:30-9:45 OP-8 (i f#— (Kenichi KAWANO, HUEBKF: —AHFBHZL)
e S/ NS AV 2 A9 2 BRI~ T F R ORI%E )

9:50-10:00 IR/ Break

B / Chair )1 ARt (BB K5°)
10:00-10:15  OP-9 it HEAX (Yuta TSUJI, JU R FHIBWHFEIE)
[Tr0, R TD A Z AEMHEAIZ DOV T OHERHINFSE |

10:15-10:30  OP-10 [UH Z&2 (Yasuyuki YAMADA, 4R A% H P HFMEZES)
B 2B ITE RN 2 R U AR T v A o B b g v A b
10:30-10:40 K% / Break

FEFE#E / Invited Lecture JER / Chair )1l gt (JbEE K5%)
10:40-11:40  F&pE  For 4k

(Yasuhide INOKUMA, byl Kp KPPt Toamfsele  HeHdR)

[N R= L Ot ~FHREAR. b DR~

12:00-12:30 &= / Closing

F8F Bt (Tamaki NAKANO, AWVRiE K%Y #d%, 47 H—/3—)
ST PSS AN E | TS E PN )

fiE K
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PNAZX—t 3 g / Poster Session
Rk 304£6 A 16 H (&)  19:30-21:00

PP-1

Pp-2

PP-3

PP-4

PP-5

PP-6

PP-7

PP-8

PP-9

PP-10

PP-11

PP-12

PP-13

W &t (Yuuya KAWASAKI, JuMN R AFBFEMTBI )
(7 U w7 Siadd 1 DACN % V7= 245 7 AE HE DO BR % |

Jan GELDSETZER (PD, Nakamura Lab, Kyoto University)
“Tron—Catalysed Asymmetric Carbometalation of Azabicyclic Alkenes”

T8 |E—BE (Shin—ichiro KAWANO, 4 fdiEmA%:, HAFEEERR)
[ERANEBZELY A R Foh T AT —ik s TE KRB &%) DB %

# W (Heshuang DAI, Jt¥giE K7, PEFAF D2)
[(R)-1,1" -Bi(2-naphthol) ZAW7= JAIEMER Y 7 L &2 o DE AL

MU %1 (Atsushi TAHARA, JUIN KRS, 7K ETBH#0)

Mr gz 727 I MeEw ok @RI e Fo o Z Ui Oaic L5 D-A Al

n T I 2 DA K OBSHERFAT

74 JHHT (Mariko YUKIMOTO, FCENAZE, EHMTHFEHZ)

[N TTFUNEFREEANLTET T T XN L DA/ E ]
o S2BH (Fumiaki TOMOIKE, 4 )@ K%, BufEBHTFBHZD)

[GSTP A5 A MHEREE A D BE %6 |

ik FRBH (Zhaoming ZHANG, Jb#fiE K=, " EFHF D3)

[(R)-1, 1" -Bi(2-naphthol) Z W 7= G TER Y o L ¥ L DA Rk
M 5 (Kei IKEDA, JUINKRZ:, & AT M2)

[ 5 M EAREME O FA B B3 2 BRER AOAF ST )

@)l #Es8 (Yoshifumi HASHIKAWA, EFUEBKZ:, #FHAFBIHD
(75— Lo Coy DBURMEPNEEZERIC & 0 = 172K F OB ZE)

@5 & (Jieun JUNG, 4B AR, BRAFBLZD)
[PNNP HUPUEERCAL 2T 54 UV 0 LA E AW “BLIRFED  J6iE T

£ v (Yue Wang, Ab¥EERT:, HEHFEHZD)
NIRRT F DORERB LUF 7 VES RO

Sheng—qun SU (Resercher, Sato Lab, Kyushu University)
“Large Anisotropic Thermal Expansion in a crystalline Cobalt(II) Complex”
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Yol ERY: VIEREEER T v 8 —

HHARR: {LAHIRZERT

MRS SRR

HE @ 2018410 H 29 H (H) 13:00~18:20
2018 210 H30 H (k) 9:30~15:00
2 IR BigE X v v %R
WA (C-CUBE) 1F % H—L
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7'a 7T M

WFFe S (A 0 3047, B :207%y), #HFF#EHE (IL)

10H 298 (H)
13:00~13:10

13:10~13:40

13:40~14:10

14:10~14:30

14:30~14:50

14:50~15:10

15:10~16:00

16:00~16:10
16:10~16:50

16:50~18:20

18:30~20:30

B DEE

s (A-1) Pt %
B - Hf%
[EEET AT LY XA AN BT 2eEE

MEHE (A-2) &R E
JUM R - %

(BT E—AICEARY ~—7F L ORI T ORISR

WFEEE (B-1) O A
AT RS - WEHR

R n LIREAIC L DT T =) 7 U R OREEA R

R

WFgeeRs (B-2) i TEME
bt K - HEHSR

MEARRIEE 2RI U 7oA AR Y = 27 VB O & B A R

Pl aL-1) Al EC

TN KPR T T gelie,

=R =a— 7V =RV —[EESTET - 2%
[Pd2TF/ oA ROARLE EREEICLS

R LK FE A EA~D IS )

R
va—h LBy T—va v

RALZ—F Yz
25 MAWEM (C-CUBE) 3 vnr7 ¢ —

R s 7V —T 4 AT va
S VA RNT Y Fhia



10 H30H (k)

9:30~10:00

10:00~10:20

10:20~10:40

10:40~11:20

11:20~13:00

13:00~13:50

13:50~14:00

14:00~14:20

14:20~14:50

14:50~15:00

EssE (A-3) B th—

AR - Bif7

(A F T T VIS X D IBEB SRR D
IS 22 ETE T & MR ET

WF9EH S (B-3)  Shengqun Su
JUIMREE - FHEBDZL

[ An effective way to switch the orbital magnetic momentum |
R

AR (L2) &)1l Pk
TG 152 K B T2 - Ml
[ F85 £ 0% FAE R OSBRI

B

E#mE (L-3) HE Ak

MY bR A i Re Rl e e o 2 —
LT — L s T — A —
[EEPRFZE 2 H¥5 L7-PETS 17 12— 7 DA% -
AL UG &R b AR A K

R

e (B-4) HIE L&

JEBREF: - Bh#

DEERT 2R ICBIT D~ TF 2R b oD
abk—VL Y RNEAFTIT R

WFoedss (A-4) TR TEm

AbiEE K5 - Bidz

[ B 7258 57 Y6 X AFS |

PAE DEE
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P-01*

P-02

P-03

P-04

P-05

P-06*

P-07

P-08

P-09*

P-10

* g — N FLPBrF— g L ORES

BRI I H T OCHAE S THIEBIZB T 2 B RIbH oL
Oit HEXR, & Ak [JLK]

BERLEETEFACE W DRI — B EEU S DB %
OJIE 35, fufd Fo, O sEA, OHFF fE—KS [4 K]

gn7 V=T A a7 2hA b OJEFRETR K OUKEG B R
ORI m+, HE 3, @t 82 [K]

A T—NT T4 3RS IS E WA 7T DA
OF W FEsE, WA A, &Kk 2B, Bk % [ LK)

JESREEARAFMEREATIC B &5 <
AR L 2 v 7 AT RIS OO fiR
O T, @k %, KA XE [dEx]

BAL v 77V U I K D\ BRI 2 B e B BRI B RIRALKSE DB R
Ol Boikk, &8 #A, AE & O &R0 [4 K]

A4V T A X AC-HAR U RIZFES L
TE R 72 A 2 (SR C-HZ #A
OBl &, F K, FEE HE—8 [ L K]

PdIn<: & LS9 & IV 7o @@ RINOIE STk B D B 58
Ol Arth, & H#5E, HHAK F— [dEK]

General Method for the Synthesis of

Transition-metal Dichalcogenide Nanoribbons Inside Carbon Nanotubes
O#HIE; 47, Ellne Park, Zheng Liu, A7k FnZn, #vE 547,
(L3NNI [4 K]

DACNEAH RN ~w—DaEMEZD 7V v 7 Kk
O FoE, Wi #ig, Fi &, WiEsd, &L wz [ L k]
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P-11

P-12

P-13

P-14

P-15

P-16*

P-17

P-18

P-19

P-20

Electronic Structure Origin of
Mechanochemically Activated Chitin Depolymerization
ODanjo De Chavez, Atsushi Fukuoka, Jun-ya Hasegawa [tk ]

2 IR L — P —HI BT D A X C-H #5E O IE Ry

L= =R AR A
OR®WI FHhl, BEl Otd, i 2=, ) B [4 K]

Activation of methane at metal-support interface of Ni,-CeO, (111) catalyst:
A Theoretical study

ORajib Kumar Singha, Yuta Tsuji, M. Haris Mahyuddin,

Kazunari Yoshizawa [ L K]

BREDICEVEILZ K DA U T RZI O A e PO RE il 1
HK ERL, A S, ORAT REBA, BRTED T [4 K]

JER - filf S PR B ARG i 0D 5 Ml
OFefg 16 [JLK]

TR EEHIE X SREHT I X A2 bTF 2 o AV)D
T A= A — )V T Uk SRR RS 25 B O AT
OmEkE #, BoblJohn, K&y &= [k K]

XIS G & B8kl 7 v 2 97 > 7Y o RS O RS RERF 5T
A, R oSEAr, B MR, AR &, A B,
Vyw TxLvy, K fEE, OFR ER [T K]

7u N BENHIET DA 7 1 A — =GN R DO B R HIRFSE
O X, v IE, ¥ =, e 1B, 58—k [ L k]

MR TR L — Y —355H D, 537 & O d - T2 [ELEE) & 5341 O FHfl
Oy K%, At B, IR R, RE &, B OLFE,
T 2, KA Eafd, 2211 PR [4 K]

Hi-FRFREEIRIZ XD VAR = AL EW D
FIRABERR) B SRR R il 5 T RS O Bl AT 52
OFTEr &, B, W =, & K [JLK]



P-21

p-22

p-23*

P-24*

p-25%*

P-26

P-27

P-28

P-29

P-30

Effects of Surfactants on the Oxidative Degradation of
Single-wall Carbon Nanotubes

O] BER, 1 =R, KET &, HFE A [4 K]

AR L T N CBEI R D8 MRS S
HFHE T 7 B
O IT, ik ia [JuK]

B m A A2 BT o 07 21 MR{kh o
e S IO Bl e OV i A 15 281 b
Ok B, B =ik, Bl thi— [K]

AT L FOREGtE R U —=2 7
OXAt B, A Hih, d£7 &=, 0 KA [4 K]

T = AR A T
-(AE 7 VuANFR T Lal) Y RO FH S EEE
OmI B, B % [ LK)

ENEIREENT ) — U EESIC L D
RS DFFT = EH DA R ~—DERL
ORFE HZZ, Wi EsE, 25k EHE, B K, g s [RK]

L7 U UiRE = P U AVOKFICE DT 7 2 AOBEHEAK
OJF7/K HfF—, SMA Hakim Siddiki, Abeda S. Touchy,
SRR P [4EK]

SeFR A AN BREN 9~ 5 X o NI AR SO O B %
O AR, fill Bk, 5 & O 5 [4 K]

Pd fi B KD ARNEBRT A RICEMD 7 A 27 A SEmaiati b 2 5
BRIRA R A AMEEM OB AL
Om &+, &8 %5, KT &Y, M thil, K& %k [JuX]

@7 T AL KD BT R OBK AR B3 5 R A
KR & IS ME D BEME I SV T

OFEIR B, & KEGE, S KM, AEE F3C, (hp i,

KB T, RA Eh [dEx]
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P-31

pP-32

P-33

P-34*

P-35

P-36

P-37

P-38

P-39

P-40

wia (A D Sy MR ER AT 2 A1 L 72 28 it A A A
Oty HZE, #E B, BT RElE, FRKE BK [4 K]

A ANLGEIRF) 72 C-H R ) MBEISIZ BT 5

SIS DANE & FE e B DR B

OJE fu, &H& e, JhE &, 7\ o, &3 K,

BfE HE—HR [ LK)

=R T ) Fa—T7 ONEZEREZFIH L
v 7 LIVH Mo Te, 7/ U A ¥ — DK A &
O7kH &, Hv8 541, Shivani Shukla, Zheng Liu, Yung-Chang Lin,
ARk Fngn, MR AL [4 K]

SR PR FEOTE F & BB BOSHAL SR~ DG
OfTA FHT, KL Eif [K]

GBI T ) VA Y « Bl u—RF ) T 7 A R=REAE LI
F ) et L DAl
ORE —#f, &H KW, &% M, Guozhu Zhang, REA HEth,

PHAR—HE 7 4 8 P AR FL AR P 0D 2 SRE ) 1 (L4248 2% ~ O Bk ik
O%= K&, W8 He [dEx]

IRAT 4 AREFNEINLNA T KT Z—RATF XD
ARk & etk
Omls A, TR 1, MEIR Zse, 1ha %k [4 K]

LEEEALESNT-F TN T T aX U EHOREARKR
ORE W54, I g, KM wE [ L K]

Development of Transparent Organic Hole-Transporting Materials Containing
Partially Oxygen-bridged Triphenylamine Skeletons
OMinh Anh Truong, Richard Murdey, Atsushi Wakamiya [K]

Preparation and Redox Behavior of Ce-Cr-Rh Mixed Oxides
OSatoru Tkemoto, Xiubing Huang, Shoko Nagase, Gen-ichi Yokota,
Hirosuke Matsui, Satoshi Muratsugu, Mizuki Tada [4& K]



P-41*

P-42

P-43

P-44

P-45

P-46*

P-47

P-48

P-49

P-50

h-BN/Au(11D)IZHFf& 7 7 A% —D
LEME & KB AT % BlEm a5t
O %, HJR EAy, Andrey Lyalin, /K fith [1bK]

DFT Exploration of Active Site Motifs in Methane Hydroxylation by
Ni-ZSM-5 Zeolite
(OMuhammad Haris Mahyuddin, Kazunari Yoshizawa [ L K]

Synthesis and properties of phenanthroline polymers having a pi-stacked,
helical conformation
Oliyue Luo, Weixi Yang, Zhiyi Song, Tamaki Nakano [deK]

v b7 v A P450BM3 & W Im @[S T & v DO EREKER L
OF% B, WRE HM, S T, =5 8, 15 =,
SN IN [4 K]

TN DRV LA E T HHAFTH RS DA
OFEH thtst, BTH Y, I foe, AWM [JLK]

n HBAR Y = — DR ERRD T D
A VEREIELEERY T U — /AL E A Al
Ol W5z, 1T &, AR FEA, WE Br, MNE SGE [K]

BRI T o U—ilf A B Lz
NoF WY T ey 7 EAKROBSE
Oty &8, &Y ZGE, T #85, PFEE Bk [4 K]

B D BRI FT D07 U v 7 RISHE T DBR%E & IEH
Ofifiler f&t, W= 6, st R, I e,
AN [7LK]

RIS s D T2 8D OD 181 57 - Be AL 1 D B 36
OBy 82, KM EZ2, B Bh, 747 ~yHr, v,
K ER, THH Fdik, K EX [ kK]

TiN £ Pt 5 fil i O FHHL & WS 1% 70 SOGTE PR
OMER v, M A, M LHAR [4 K]
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P-51

P-52

P-53

P-54%*

P-55

P-56

P-57

P-58

P-59*

P-60

Oxidation of Trace Ethylene at 0 °C over

Platinum Nanoparticles Supported on Silica

(OShazia Sharmin Satter, Jun Hirayama, Kiyotaka Nakajima,

Atsushi Fukuoka [dEK]

HATZATHI0EERY T U LT 2 ROKEH & EHK
O #i—, &)1 BORER, H)II Fn'E, AWM Wz [ JLK]

77— C60 DERZRMENERZZ M EL Y 1A F V72K 55 F DB R 54 )
@l FESE, OFfH SHIRER [K]

LA FE SR BAERIC X 2 ol 2 R L7z
~IVF A T —HO DR
O s, H #Jr, Wl s, e Kk, EfE -/ [JuX]

Vo7 a ) REDOESREE~DGH
OMZ fit, A $8H, & b B, KK B, FE [4 K]

CBBACIIROEF b T v THE T RV F— 54T D
TR =SS & kA
Off b #ER, m& %, KB XE [dEx]

T a T s ORI VR A Z ARG
OFNV ey Yy— Yo, Big Bk, 757 Z7AI 4,
R R, HU— =a5 X ), aZAvzL K=, Ik FIF,
O, HEE RIS, O EEE, A IEG [ K]

Brafliz v s RO Vo7 = Rl A v %
= N =R 1= 8 SN Nl O W % s 70 N il N = B IV 2% (T
OFEJI| 2, 7Kl HR [LK]

Re/TiO, filtfit: 2 Fiv 7= CO, DKFELIZ L DIKIE A % 7 — VG Rk
ORRE M, B FE, JEK fF— [k K]

TR/ BYT I RORRERES FESICKITT “BEORR
Omitr B, KRIR F—HE, A KRS, ia 78k [4 K]



P-61

P-62

P-63

P-64

HifES T U A YREITKT D900 % vz
FRALMEREIZIBIT 57 VT b R OLZAZEHAREHE DRI

O #ES, £ 2R, K& —#, =fF M, & B &) 5,
KBV, A WGE, TR B8, R OK#E, HH FHA,

i ksie, ZOF FeE, Y S5, K BaT, TR,

R &, Bim [l [JLK]

Photocatalytic CO, reduction using an iridium complex with

PNNP-type tetradentate ligand

OKenji Kamada, Manami Muraki, Jieun Jung, Kieta Sekizawa,

Shunsuke Sato, Takeshi Morikawa, Shunichi Fukuzumi,

Ryoji Noyori [4 K]

Efficient and Reproducible Lead-free Perovskite Solar Cells Based on
Purified Precursor Materials and Modified Solution Process

Oliewei Liu, Masashi Ozaki, Shinya Yakumaru, Taketo Handa,
Yoshihiko Kanemitsu, Takashi Saito, Yuichi Shimakawa, Yasujiro Murata,
Tomoya Nakamura, Richard Murdey, Atsushi Wakamiya [ K]

Metal-loaded TiO, photocatalysts for dehydrogenation of methanol under
flow conditions

OKensuke Kobayashi, Ryoko Nagata, Ryoji Noyori, Susumu Saito,
Hiroshi Naka [ 4 K]
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New Future by Chem/cal S%‘theysrand Enérg%fWater/als

-—-—-"""

IRCCS The 2nd Internatﬂ\al Sym

Invited Lectures

Prof. James Durrant Prof. Wen-Yann Yeh =
Imperial College London, UK National Sun Yat-sen University, Taiwan«#
5. j

= Prof. Yasuhiro Tarhlbana ~ Prof. Kyungkon Klm —r—T
R‘M.'T University, Australia "Ewha Womans UnlverS|ty, Korea
1 1 ﬁ

TN e

onuions o Il

1 Kyoto University, Japan ( Hokkaldo University, Japan

Prof. Atsushi Wakamiya Prof. Bunsho Ohtani

Prof. Takashi Hirose - Dr. Takashi Toyao
Kyushu University, Japan Nagoya University, Japan
. Prof. Shigeto Okada ~ Prof. Shlgehl_ro Ya

- Dr. Kazunobu Igawa

Contact
Prof. Yuichi Shimakawa Secretary office o
Prof. Yasujiro Murata E-mail: yasujiro@scl.kyoto-u.ac.jp
Institute for Chemical Research, Phone: +81-774-38-3172
Kyoto University Fax:  +81-774-38-3178 I c R
Uji, Kyoto 611-0011, Japan http://jointproject-cscri.rcms.Nagoya-u.acjpP e for Chemieal Rassarct
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IRCCS The 2nd International Symposium

“New Future by Chemical Synthesis and Energy Materials”

Jan. 25th—26th, 2019
Kihada Hall, Uji Campus, Kyoto University, Uji Japan

January 25th (Fri.)

12:30-13:30

13:30-13:40

13:40-14:00

14:00—14:30

14:30—-14:50

14:50—-15:10

15:10-15:40

15:40-16:30

16:30-18:00

18:00-20:00

Registration
Opening Remarks

(Chair: Masaharu Nakamura, Kyoto University)

[YR-1] Zhongyue Zhang (Nagoya University, Japan)

“Triptycene-Derived Metal-Organic Frameworks: Unusual Topologies,
Connectivites and Physical Properties”

[SR-1] Shigeto Okada (Kyushu University, Japan)
“High Voltage Sodium-Ion Battery by Concentrated Aqueous Electrolyte”

[YR-2] Takashi Hirose (Kyoto University, Japan)
“Development of Molecular Functions Based on Helically Twisted Polycyclic
Aromatic Hydrocarbons”

Coffee break

(Chair: Yasujiro Murata, Kyoto University)
[SR-2] Atsushi Wakamiya (Kyoto University, Japan)
“Purified Materials for Highly Efficient Perovskite Solar Cells”

[IL-1] Wen-Yann Yeh (National Sun Yat-sen University, Taiwan)
“Metal Complexation and C—C Bond Activation with Fullerenes”

Poster session at 2nd floor
The former half: odd numbers, the latter half: even numbers.

Banquet (Kihada restaurant, 2nd floor)
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January 26th (Sat.)

(Chair: Hideki Hirori, Kyoto University)

09:20—-09:50 [SR-3] Bunsho Ohtani (Hokkaido University, Japan)
“Identification and Detailed Characterization of Metal-Oxide Powders with
Their Energy-Resolved Distribution of Electron Traps”

09:50-10:30 [IL-2] Yasuhiro Tachibana (RMIT University, Australia)
“Interfacial Charge Transfer and Transport Dynamics in Lead Halide
Perovskite Solar Cells”

10:30-10:50 Coffee break

(Chair: Yoshiyuki Mizuhata, Kyoto University)
10:50-11:10 [YR-3] Kazunobu Igawa (Kyushu University, Japan)
“Stereoselective Synthesis of Asymmetric Silicon Molecules”

11:10-11:40 [SR-4] Shigehiro Yamaguchi (Nagoya University, Japan)
“Phosphorus-Containing Photostable and NIR Fluorophores for Bio-Imaging”

11:40-12:00 [YR-4] Takashi Toyao (Hokkaido University, Japan)
“Statistical Analysis and Design of Heterogeneous Catalysis Using Machine
Learning”

12:00-13:20 Lunch

(Chair: Atsushi Wakamiya, Kyoto University)

13:20-14:00 [IL-3] Kyungkon Kim (Ewha Womans University, Korea)
“Strategies to Enhance the Performance and Stability of Organic
Photovoltaics”

14:00-14:50 [IL-4] James Durrant (/Imperial College London, UK)
“Charge Carrier Dynamics in Conjugated Polymers for Organic Solar Cells
and Solar to Fuels”

14:50—-15:00 Closing Remarks



Poster Session

At 2nd floor, from 16:30 to 18:00 on January 25th (Fri.).

The posters with odd numbers will be presented in the former half and even numbers in the
latter half.

After this session, please remove posters by 12:00 on January 26th (Sat.).
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Hiroe Kubota, Takehiro Amada, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu
“Spectroscopic and Theoretical Investigations of the Mechanism of NH3-SCR
Reactions over Cu-Zeolite Catalysts”

Shunsaku Yasumura, Liu Chong, Takashi Toyao, Zen Maeno, Ken-ichi Shimizu
“Theoretical Investigation of 13-Group Metal Clusters in CHA Zeolite by Ab Initio
Thermodynamics Analysis”

Fitri Rizki Amalia, Mai Takashima, Bunsho Ohtani
“Development of a Simple but Reliable Method for Photocatalytic-Activity Evaluation”

Pradudnet Ketwong, Shugo Takeuchi, Mai Takashima, Bunsho Ohtani
“Light Intensity-Dependence Study for Titania Photocatalysis with Multielectron
Transfer Processes”

Tharishinny Raja Mogan, Mai Takashima, Ewa Kowalska, Bunsho Ohtani
“Synthesis of Gold-Nanoparticle/silica Colloidal Crystal to Form Highly Ordered
Titania Inverse-Opal Structures”

Nabin Ch. Maity, Maximilian Krdamer, Jun-ya Hasegawa, Tamaki Nakano
“Synthesis and Characterization of a Novel Fluorenone Derivative with Intramolecular
Charge Transfer Properties”

Maia Merlani, Vakhtang Barbakadze, Zhiyi Song, Tamaki Nakano
“Studies on Synthetic Analogues of Comfrey-Based, Wound-Healing Natural
Biopolymer”

Nino Zavradashvili, Yue Wang, Zhiyi Song, Ramaz Katsarava, Tamaki Nakano
“Synthesis and Physicochemical Properties of Chiral Cationic Polymers”

Kashaboina Upendar, Natee Sirisit, Hiroko Ariga-Miwa, Satoru Takakusagi, Yuta
Nishikawa, Fumiya Kuriyama, Arnoldus lambertus Dipu, Hitoshi Ogiwara, Shoji
Iguchi, Ichiro Yamanaka, Takahiro Wada, Kiyotaka Asakura

“Operando EXAFS Analysis of In/SiO2 Catalyst during NMC”

Min Gao, Andrey Lyalin, Satoshi Maeda, Tetsuya Taketsugu
“Theoretical Study on Geometry Effect on the Catalytic Activity of Gold Clusters”

Toshiyuki Sugiyama, Akira Nakayama, Jun-ya Hasegawa
“Reaction Mechanism of the Direct Synthesis of Dimethyl Carbonate from CO2 and
Methanol over Metal-Oxide Catalysis: a Theoretical Study”
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Liming Zhao, Akira Nakayama, Koji Oohora, Hiroyuki Meichin, Takashi Hayashi,
Jun-ya Hasegawa

“Controlled Intersystem Crossing in Iron Porphycene Substituted Myoglobin for
Cyclopropanation Reaction: a Theoretical Study”

Pengru Chen, Abhijit Shrotri, Atsushi Fukuoka
“Selective Synthesis of Cello-Oligosaccharides by Hydrolysis of Cellulose over
Carbon Catalyst in a Semi-Flow Reactor”

Kyohei Tomita, Shin-ichiro Kawano, Kentaro Tanaka
“Development of Columnar Liquid Crystals of Macrocycles toward Anisotropic
Transport of Lithium lon”

Masaaki Saitow
“Accurate Wave Function Theories for Large, Real-life Molecules”

Ryosuke Y. Shimizu, Takeshi Yanai, Yuki Kurashige, Daisuke Yokogawa
“Calculating Bioimaging Probes with RISM(-DMRG)-CASPT2”

Ayaka Yoshikawa, Masaaki Saitow, Takeshi Yanai
“A Hybrid Solvation Model Using CPCM in CASSCF Framework for Real-Life
Molecules”

Ayano Yamada, Masaaki Saitow, Takeshi Yanai
“Development of Fast and Accurate Self-Consistent Field Method Based on Local
Resolution-of-the-Identity Approximation”

Ayaka Ueda, Hiroyuki Kitano, Jachoon Choi, Hideto Ito, Shinya Hagihara, Toshiyuki
Kan, Hirokazu Kawagishi, Kenichiro Itami
“Discovery of Plant Growth Stimulants by C—H Arylation of 2-Azahypoxanthine”

Shusei Fujiki, Akiko Yagi, Kenichiro Itami
“Solid-Phase Synthesis of Unsubstituted Poly(para-phenylene)”

Asuka Naraoka, Tomoya Kanda, Hiroshi Naka
“Palladium-Catalyzed Transfer Hydration of Cyanohydrins”

Shota Yoshioka, Masayuki Naruto, Ke Wen, Susumu Saito
“Development of Bidentate Diphosphine Ligands of Highly Active Ru Catalysts for
Practical Hydrogenation of Carboxylic Acids”

Yuma Sasaki, Hikaru Fujise, Yoshitaka Kawabe, Kasumi Hashigaya, Akitaka Matsuda,
Yasumasa Hikosaka, Mizuho Fushitani, Akiyoshi Hishikawa

“Formation of Xe 4d Double-Core-Hole States in Strong XUV-FEL Fields Studied by
Electron-Ion Coincidence Spectroscopy”

Kouhei Wakamatsu, Hirosuke Matsui, Nozomu Ishiguro, Satoshi Muratsugu, Mizuki
Tada
“In situ XAFS Imaging of Redox-Active Ceria Particles with Transition Metals”
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Kodai Ishihara, Yuna Araki, Mizuki Tada, Yoichi Sakai, Yasuhiro Ohki
“Synthesis of Dinuclear Mo-Fe Hydride Complexes for the Catalytic Silylation of N»”

Yusaku Kodama, Shinya Ariyasu, Osami Shoji, Yoshihito Watanabe
“Direct Hydroxylation of Gaseous Alkane by Cytochrome P450 under High-Pressure
Condition”

Yuichiro Aiba, Masaki Hibino, Gerardo Urbina, Yuuki Ochiai, Naomi Kochi, Masanari
Shibata, Osami Shoji, Yoshihito Watanabe
“Chemically-Modified Peptide Nucleic Acids for in cellulo Applications”

Hideo Katakura, Yushi Niimi, Fumiaki Tomoike, Yasuaki Kimura, Hiroshi Abe
“Development of 2"-Modified Nucleoside Analogues as Antiviral Agents”

Haruka Fujikawa, Yuko Shishido, Keiko Kuwata, Yasuaki Kimura, Fumiaki Tomoike,
Hiroshi Abe
“A Covalent Inhibitor for Glutathione S-Transferase Pi (GSTP1-1) in Human Cells”

Qing Wang, Marek Grzybowski, Masayasu Taki, Shigehiro Yamaguchi
“Phospha-Rhodamine based Glutathione Fluorescent Probes”

Yoshiaki Sugihara, Shigehiro Yamaguchi
“Donor—-n—Acceptor-Type Boron-Containing NIR-Fluorophores”

Yoshiaki Shuku, Kunio Awaga
“Honeycomb Crystal Structures Formed by 3-Fold Symmetric Triptycene Derivatives”

Dongwan Yan, Yang Wu, Kunio Awaga
“Highly-Porpous Heteroatom-Doped Carbons Prepared by Salt-Assisted Pyrolysis of
Covalent Organic Frameworks for High-Performance Supercapacitors”

Tomoko Aharen, Taketo Handa, Takumi Yamada, Atsushi Wakamiya, Yoshihiko
Kanemitsu

“Lead-Free Halide Perovskites: Effect of Additive Choice and Solvent Engineering on
Optical Properties and Cell Performance”

Yasuyuki Sanari, Tomohito Otobe, Yoshihiko Kanemitsu, Hideki Hirori
“Nonlinear Interaction of Strong Laser Fields with Semiconducting Materials in the
Nonperturbative Regime”

Takumi Yamada, Tomoko Aharen, Yoshihiko Kanemitsu
“Anti-Stokes ~ Photoluminescence  Properties of Lead-Halide Perovskite
Semiconductors”

Keiichi Ohara, Takumi Yamada, Hirokazu Tahara, Tomoko Aharen, Hideki Hirori,

Yoshihiko Kanemitsu
“Nonlinear Optical Properties of Lead Halide Perovskite Single Crystals”

69



70

[P-38]

[P-39]

[P-40]

[P-41]

[P-42]

[P-43]

[P-44]

[P-45]

[P-46]

[P-47]

[P-48]

[P-49]

[P-50]

Sojiro Masada, Naoki Yarita, Hirokazu Tahara, Masaki Saruyama, Tokuhisa
Kawawaki, Ryota Sato, Toshiharu Teranishi, Yoshihiko Kanemitsu
“Photoluminescence Properties of Lead Bromide Perovskites Nanocrystals Revealed
by Single-Dot Spectroscopy”

Satoshi Nakahara, Hirokazu Tahara, Go Yumoto, Tokuhisa Kawawaki, Masaki
Saruyama, Ryota Sato, Toshiharu Teranishi, Yoshihiko Kanemitsu
“Mechanism of Trion Generation in CsPbBr3 Perovskite Nanocrystals”

Hirokazu Tahara, Masanori Sakamoto, Toshiharu Teranishi, Yoshihiko Kanemitsu
“Coherent Spectroscopy of Multiple Excitons in Semiconductor Nanocrystals”

Taketo Handa, Tomoko Aharen, Atsushi Wakamiya, Yoshihiko Kanemitsu
“Fundamental Optical Responses of Lead-Free Tin lIodide Perovskites”

Hideki Hirori
“Crystallization of Phase-Change Materials Induced by Strong THz Pulses”

Jing-Dong Guo, Tomohiro Sugahara, Takahiro Sasamori, Shigeru Nagase, Norihiro
Tokitoh
“Mechanistic Studies on Reversible Addition of Terminal Alkene to Digermynes”

Tomohiro Sugahara, Takahiro Sasamori, Norihiro Tokitoh
“Synthesis and Properties of 2,5-Digermaselenophene”

Shiori Fujimori, Yoshiyuki Mizuhata, Norihiro Tokitoh
“Synthesis and Structure of Heavier Group 14 Element Analogues of Aryl Anions”

Jiewei Liu, Masashi Ozaki, Shinya Yakumaru, Taketo Handa, Ryosuke Nishikubo,
Yoshifumi Hashikawa, Yasujiro Murata, Takashi Saito, Yuichi Shimakawa, Yoshihiko
Kanemitsu, Akinori Saeki, Richard Murdey, Atsushi Wakamiya

“Simple Approaches to Realize Efficient and Reproducible Lead-free Perovskite Solar
Cells: Purification of Precursor Materials and Modification of Solution Process”

Minh Anh Truong, Richard Murdey, Atsushi Wakamiya
“Transparent Hole-Transporting Materials Containing Partially Oxygen-Bridged
Triphenylamine Skeletons: Synthesis and Properties”

Sheng Zhang, Yoshifumi Hashikawa, Yasujiro Murata
“Cage-Expansion of Fullerene from Ceso to CesN and CesN Skeletons”

Shota Hasegawa, Yoshifumi Hashikawa, Yasujiro Murata
“Dynamic Behavior of a Single HO Molecule Induced by Hydrogen-Bondings inside
an Open-Cage Fullerene Cso Derivative”

Francesca Pincella, Katsuhiro Isozaki, Hikaru Takaya, Masaharu Nakamura
“Magnetic Iron Oxide Nanoparticles as Green and Recyclable Catalysts for the
Selective Microwave-Assisted Oxidation of Secondary Alcohols”
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Atsushi Hosokawa, Takahiro Iwamoto, Masaharu Nakamura
“Light-Driven Entropically Unfavourable Coupling between N-Methylamine and
Aromatic Ketone”

Takafumi Shanoh, Hikaru Takaya, Masato Ito, Masaharu Nakamura
“Synthetic Resolution of Wood Lignin by Iron-Catalyzed Oxidation”

Anucha Koedtruad, Taketo Handa, Tomoya Nakamura, Takashi Saito, Daisuke Kan,
Yoshihiko Kanemitsu, Atsushi Wakamiya, Yuichi Shimakawa
“Crystal Structures and Properties of Ag-Bi-I Compounds”

Yooun Heo, Daisuke Kan, Yuichi Shimakawa
“Dynamics of Oxygen Ions in SrFeO2 s+ Thin Films”

Zhenhong Tan, Takashi Saito, Fabio Denis Romero, Midori Amano Patino, Masato
Goto, Yuichi Shimakawa
“Novel Hexagonal Perovskite BasFe3sNiO12 Containing Tetravalent Fe and Ni lons”

Pritam Sadhukhan, Shengqun Su, Shinji Kanegawa, Osamu Sato
“Directional Electron Transfer Coupled Spin-Crossover in the Crystals of [FeCo] Di-
Nuclear Complexes Facilitating Ultrafast Polarization Switching”

Sheng-qun Su, Shu-qi Wu, Shinji Kanegawa, Osamu Sato
“Tetrahydrofuran-Triggered Magnetic Coupled with Vapochromism Switching in a
Cobalt(IT)-Based Single-Ion Magnet”

Tsukasa Abe, Yuta Hori, Yoshihito Shiota, Kazunari Yoshizawa
“Aldol Reaction Type C—C Bond Formation Catalyzed by a Mononuclear Copper(II)-
Superoxide Complex”

Yuuya Kawasaki, Yuuki Seto, Shintarou Kawahara, Kazunobu Igawa, Katsuhiko
Tomooka
“Development and Application of Multi-Molecule Connectable DACN”

Takayuki Iwata, Takuto Fukami, Tatsuro Yoshinaga, Takumi Fujiwara, Mitsuru Shindo
“Synthesis of Iptycenes Using Ynolate-Aryne Triple Cycloaddition”

Shinji Kanegawa, Osamu Sato
“Polarity Switching Crystals Prepared by Pseudo-Racemic Crystallization”

Takumi Nakanishi, Osamu Sato
“Proton Coupled Spin Transition in Fe(II) Coordination Compounds”

Takuro Hosomi, Kazuki Nagashima, Tsunaki Takahashi, Nobutaka Shioya, Takafumi

Shimoaka, Guozhu Zhang, Masaki Kanai, Takeshi Hasegawa, Takeshi Yanagida
“Regioselective Oxidation of Aliphatic Ketones on ZnO Single-Crystal Nanowires”
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Kei Ikeda, Yuta Hori, Yoshihito Shiota, M. Haris Mahyuddin, Aleksandar Staykov,
Takahiro Matsumoto, Kazunari Yoshizawa, Seiji Ogo
“Theoretical Study of H,O Oxidation by a Half-Sandwich Iridium Complex”

Kazuki Nagashima, Hirotaka Koga, Tsunaki Takahashi, Masaya Nogi, Takeshi
Yanagida

“Robust Nanowire-Nanocellulose Composite Network Structure for One-Time Use
Disposable Paper Molecular Sensor”

Takeru Torigoe, Ryuhei Muta, Yoichiro Kuninobu
“Regioselective Trifluoromethylthiolation of N-Heteroaromatic Compounds”

Yuta Tsuji, Kaunzari Yoshizawa
“Effects of Electron-Phonon Coupling on Quantum Interference in Polyenes”

Atsushi Tahara, Yuto Ii, Yusuke Sunada, Mitsunobu Kawamura, Hideo Nagashima
“Reverse ATRP of St and MMA Catalyzed by MesTACNFeX3 (X = Cl, Br)”

Yuta Hori, Takumi Nakanishi, Yoshihito Shiota, Osamu Sato, Kazunari Yoshizawa
“Theoretical Study of Proton-Coupled Spin Crossover Fe(Il) Complexes”

Yuki Yoshida, Kouhei Machida, Mariko Okamoto, Yusuke Ano, Kazunobu Igawa,
Katsuhiko Tomooka

“Photochemical Isomerization Approach to Planar Chiral Medium-Sized Cyclic
Molecules”
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| battery with Ne

119 mol/kg KC
KMn[Cr(CN)g]
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Synthesis of gold-nanoparticle/silica colloidal crystal to form highly ordered

titania inverse-opal structures
Tharishinny Raja Mogan',Mai Takashima'2,Ewa Kowalska’2and Bunsho Ohtani’-2"
'Graduate School of Environmental Science, Hokkaido University, Sapporo 060-0810, Japan
2|nstitute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan
*Corresponding author: ohtani@cat.hokudai.ac.jp

Tifania (TiO,) as photocatalyst Our proposed idea Schematic procedure to synthesize
% TiO,-10 containing Au-NP per void
(8 activity under visible light CONTAINING SINGLE GOLD
>O0nly 3-5% of sunlight is UV NANOPARTICLE (AU-NP)
PER VOID
Theories behind the proposed idea = - TiO,
" : g)® -~ _
| AT a - - void
P =] — i_-.‘ . ._‘_ ™ s als o
i J ' s AuNP
optical stop-band effect of localized surface plasmon resonance °
TIO,-10 structure l (LSPR) of Au-NP
give rise to visible light absorption Synthesis of Au/SiO, colloidal crystal is VITAL STEP to form
ACS Appl.Mater.Interfaces 2016,8, 31738-31745 highly ordered TiO,-l0 structure as the desired photocatalyst!
Formation of Au/SiO, core-shell Pl Self-assembly of Au/SiO, core-shell Au/SiO, colloidal crystal
- Formation of coreless \_> affects the se\f—a.ssemb\.y process
FACTORS AFFECTING FORMATION OF Au/SiO, Si0, particles prevents the formation of highly ordered
CORE-SHELL PARTICLES - r colloidal crystal structure
'é\ no coreless particles observed
- Number of B v :'l
. £
: particles present 3 i ¥ s
in AufthinSic, = e =0 :
_;j‘ high TEQS
0] malecules
Amount of catalyst o E low TEOS
used (NH;) § i 7 molecules
3 -:_1_ -:a‘.' 4
= Y b
PO
Amount of : E
Increasing number of Aufthin particles
Si0; precursor) o]

in the presence of large amount of catalyst (NH,)

SELF-ASSEMBELY BY Aw/SiO; CORE-SHELL
PARTICLES TO FORM COLLOIDAL CRYSTAL

Au/SiO, core-shell particles

s Oy - y
L vl - -] 1 {
Sedmentation assisted | [ arbcal Highly ordered arrangement by self-assembled
via centrifugation deposition AuISiOa Barticles

- FUTURE WORK/IN PROGRESS

Olnfiltration of TiO, onto the
self-assembled particles

e _ [] Selective etching of the SiO,
) Multilayers arrangement of template to form void
Centrifuge at 4000rpm. 30 minues Au/SiO, colloidal crystal |
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Development of a Simple but Reliable Method for Photocatalytic-activity Evaluation
Fitri Rizki Amalia,1 Mai Takashima,1,2 and Bunsho Ohtani1,2

1Grad. School of Env. Science, Hokkaido University
2Institute for Catalysis, Hokkaido University

80

| Introduction |

Evaluation of Photocatalytic-activity test

1.Gas chromatography (GC)
and

liquid chromatography (LC)

+ vaccurate + v affordable
v'reliable v’ simple

2.Spectrophotometer

= Y'expensive
v'complicated

~ v unreliable for some
analysis
(photodecomposition)

Developing simple and reliable method without dye by
only using spectrophotometer

'Conclusion

1. Spectrophotometer as the only instrument for
photocatalyrtic activity

2. Formaldehyde as the main compound in photocatalytic
activity-test

]

iiFormaIdehyde detection

HCHO

+
Nash reagent
(ammonium acetate,
acetylacetone, and
acetic acid )

Diacetyldihydrolutidine (DDL)
\:spectrophotometer

T. Nash, Biochem J., 55, 416-421 (1953)

:Future plan

1. Shorten irradiation time
2. Check dissolved CO,
3. Checking the possibility of other compound

'Methanol dehydrogenation procedure }7 ﬂ/‘Oxidative decomposition of formaldehyde procedure

Nash
. UViight  Centrifu- ~ reagent .
TiO; (60 min.) gation ‘
+ — - -
CH,OH ) H ﬁ
R ‘

\\/‘

v
H,PtClg @ @ @
GC HPLC Spectrometer
[H2 & CO,] [HCOOH] [HCHO]
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@
o
o
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0 200 400 600 800
amount of HCHO/umol

CH,OH + 2h* > HCHO + 2H*
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Light intensity-dependence study for titania photocatalysis with
multielectron transfer process

Pradudnet Ketwong, Shugo Takeuchi, Mai Takashima, and Bunsho Ohtani
Institute for Catalysis, Hokkaido University, Japan

- 4 Experimental
Photocatalytic oxygen evolution P Light power = 500.4 mW
Areags = 0.15 cm?
Photocatalyst : Small anatase titania (Ishihara ST01) Light intensity (/) = 0.95 x 500.4 / 0.15
A Electron acceptor: lodate ion (sodium iodate solution 0.05 mol L) = 317 Wem?2
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\ 0, Based on steady-state approximation,
. V4 the model suggests that photocatalytic
~_ oxygen evolution is strongly depended on
photoabsorption of each particle
Multielectron-transfer model for photocatalytic oxygen evolution and
accumulation of generated holes
Two-electron transfer process Four-electron transfer process °
low light-intensity limit : second order  low light-intensity limit : fourth order )
2 2 — 4 4 4 (HZO
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r = Reaction rate \‘\,,,,;,,/:
1, = Light intensity 'hh ".h
¥ = Photoabsorption efficiency
@ = Quantum efficiency of electron capture h*
t = Lifetime
k = Rate constant Hole accumulation as Light intensity increases
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Studies on Synthetic Analogues of Comfrey-based,
Wound-healing Natural Biopolymer

Maia Merlani,»2 Vakhtang Barbakadze?, Zhiyi Song?, Tamaki Nakano®”

Lnstitute for Catalysis (ICAT), Hokkaido University, N 21, W 10, Kita-ku, Sapporo 001-0021, Japan
?Kutateladze Institute of Pharmacochemistry, Tbilisi State Medical Uiniversity, 36 P. Sarajishvili str., 0159 Thilisi, Georgia
*tamaki.nakano@cat.hokudai.ac.jp

Abstract: Poly[3-(3,4-dihydroxyphenyl)glycderic acid] (PDPGA), isolated from different species of comfrey (Boraginacea family),
is a biologically active, water soluble polymer with antioxidant, antilipoperoxidant, antiinflammatory and wound healing
properties. Molecular mass of these regular polymers is >1000 kDa and the repeating unit is 3-(3',4'-dihydroxyphenyl)-glyceric
acid residue (fig.1.). In this work, 2-methoxycarbonyl-3-(3,4-dimethoxyphenyl)oxirane (MCDMPO) as an unsymmetrically 2,3-
disubstituted oxirane monomer was synthesized and polymerized using a cationic initiator under various conditions. Under all
conditions examined, the monomer was almost completely consumed to afford methylated analogue of PDPGA -
poly(MCDMPO) (Mn 2900-12800).
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Table 1. Polymerization of MCDMPO with BF,-OEt, in CH,Cl, for 5 h ot

2 Monomer 200 mg, [monomer]; 0.84 M (runs 1-3, 5-8) or 0.60 M (run 4).
b The monomer conversion ratio >99% as determined from H NMR
spectra of the crude mixture. ¢ The yield of the hexane-insoluble part. ¢
Estimated by SEC with right-angle laser light scattering and viscometric
detectors. © Estimated by SEC using standard polystyrenes. f Mark—
Houwink—Sakurada coefficients.

1H NMR and MALDI-TOF mass spectra of

poly(MCDMPO)
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Fig.2. 1H NMR spectrum of poly(MCDMPO) (run 7 in Table 1) (400 MHz,
CDCI3, at 23° C) (top) and the MALDI-TOF mass spectrum of the
polymer using a-cyano-4-hydroxycinnamic acid along with a chemical
structure deduced from the spectrumand tabulated theoretical and

Fig. 3. UV spectra of the MCDMPO monomer (a) and poly(MCDMPO)s
of Mn 5700 (b), 8700 (c), and 12 800 (d) (A) and a plot of the ratio of
absorbance at 330 nm (ICT) to that at 280 nm (rn—1t*) of the polymer of
Mn 12 800 against the dielectric constant (g,) and Rohrschneider polarity
parameter (P’) of the solvent used for measurements (B). The spectra in
A were obtained in CHCI; at 1.7 X 10™* M (a), 2.4 X 10 M (b), 2.4 X
10M (c), and 2.0 X 10 M (d)at23° Cinalmm quartz cell, and
the data points in B were obtained from CHCl, (e 4.5; P”4.1), EtOAc (€ 6;
P’ 4.4), THF (¢ 7.8, P’ 4.0), and DMF (e 38, P’ 6.4) solutions at 1.0 X
10° Mat23°C.
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Scheme 2. Head-to-tail growth with inversion (left) and retention
(right) of the C(2) configuration in MCDMPO polymerization.
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tgl 3 E ;E & g-i cC
a ’
) - s
B B . A

Wbl T T

Fig. 4. Structures obtained through MD simulations for 5 ns at 297 K (S,S)-
20-mer (A), (S,S)/(R,R)-20-mer (B), and a schematic drawing of a chain (C). In
A and B, white, gray, and red correspond to H, C, and O, respectively, and
pink corresponds to the main chain. Blue arrows indicate carbonyl-aromatic
combinations that may contribute to ICT interactions

observed mass numbers corresponding to the structure (bottom).
Conclusions

2-Methoxycarbonyl-3-(3,4-dimethoxyphenyl)oxirane was synthesized and polymerized using a cationic initiator to afford a polymer having
a rather stiff, stretched conformation. The side-chain methoxycarbonyl group and 3,4-dimethoxyphenyl group of neighboring monomeric
unity form a hetero n-stacked structure between side-chain carbonyl and aromatic groups which leads to intramolecular charge transfer
(ICT) interactions.



Synthesis and Switching between Emitting and Non-emitting Intramolecular Charge Transfer
Stated of a Donor-Acceptor-Donor Triad Molecule

Nabin Ch. Maity,! Maximilian Krdmer,! Shichibu Yukatsu,? Jun-ya Hasegawa,® Katsuaki Konishi,? Song Zhiyi,!
and Tamaki Nakano3*

nstitute for Catalysis, Hokkaido University, N20W10, Kita-ku, Sapporo 001-0021, Japan

2Faculty of Environmental Earth Sciences, Hokkaido University, N10,

W5, Kita-ku, Sapporo 060-0810, Japan3integrated Research

Consortium on Chemical Sciences (IRCCS), Institute for Catalysis, Hokkaido University, N21W10, Kita-ku, Sapporo 001-0021, Japan
tamaki.nakano@cat.hokudai.ac.jp*

Abstract: A molecule having a donor and acceptor moieties connected through electronic conjugation can exhibit ICT-
based properties in the ground state and excited states. Our recently developed novel 9-fluorenone derivative showed
switchable ICT behavior. The switching behavior was controlled by the addition of the base or the acid. Additionally, a
detail computational studies had been carried out to rationalize the ICT behaviors.

Synthesis
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Scheme 1. Synthesis of the 2,7-bis(2-phenyl-1H-imidazol-4-yl)fluorenone
(BPIFO) via Suzuki-Miyaura cross Coupling reaction.
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Figure 1. Absorbance spectra of BPIFO in various solvents
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Figure 2. Emission spectra of the
neutral and basic state of the. BPIFO

Figure 3. Excitation spectra of BPIFO
(red) with concentration of 6.45 x 106
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Figure 4. UV-Vis spectra of the BPIFO at various conditions;
neutral state (red solid line), after addition of the aqueous K,CO,
(green line) and after addition of the aqueous HCI (red dotted line).
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Figure 5. '"H NMR of the BPIFO at various conditions; neutral state
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(red), after addition of aqueous K,CO; of stren }%th 1 (M (green) and
after addition of aqueous HCI (red) (400 MHz, DMSO-d,, Room
Temperature).

Conclusions

The novel fluorenone derivative, BPIFO is successfully synthesized
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Synthesis and Physicochemical Properties of
Chiral Cationic Polymers

Nino Zavradashvili,2 Yue Wang,! Zhiyi Song,! Ramaz Katsarava,2 Tamaki Nakano’"

Lnstitute for Catalysis (ICAT) and Integrated Research Consortium on Chemical Sciences (IRCCS), Hokkaido University, N 21,
W 10, Kita-ku, Sapporo 001-0021, Japan
2Institute of Chemistry and Molecular Engineering, Agricultural University of Georgia, Kakha Bendukidze University Campus,
240 David Aghmashenebeli Alley, Tbilisi 0159, Georgia

*tamaki.nakano@cat.hokudai.ac.jp
Abstract: Cationic polymers (CPs) have been intensively utilized for nucleic acid drug delivery owing to their charge condensing
capability [1, 2]. We herein report the synthesis and physicochemical properties of novel CPs comprising of L-arginine and
spermine units. The new CPs were found to form chiral complexes with methyl orange whose structures were investigated by
circular dichroism (CD) and ultra violet (UV) spectroscopic analyses. Appropriate biological studies of the new CPs are under

way.
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Fig. 1. 2D H-H COSY (lef) and 1D ;H NMR spectra of monomers and polymers
(400 MHz, DMSO-d, r.t.).

(1) Whitehead, K.A.; Langer, R.; Anderson, D.G. Nat Rev Drug Discov. 2009, 8,129.
(2) Samal, S. K.; Dash, M., Van Vlierberghe, S.; Kaplan, D. L.; Chiellini, E.; Van Blitterswijk, C.; Moroni, L.; Dubruel, P.
Chem. Soc. Rev. 2012, 41, 7147.

Conclusions

The novel, chiral polyelectrolytes were successfully prepared and
found to form chiral complex with methyl orange possibly through
ionic interaction or (partial) anion exchange.

Polymerization
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Arginine and/or Spermine-based Polyelectrolyte

Poly(Argy-Sps,-C2) was reacted with a small amount of 1,6-
diisocyanatohexane leading to poly(Args,-Sps,-C2) *.

Scheme 2. Synthesis of polyelectrolytes.

Polymer-Methyl Orange Complexation
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Fig. 2. Absorbance spectra of poly(Arg.,-
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and a mixture of the polymer and MO
([unit]/[MO] = 1/1) (c) in H,0 (1-mm cell).
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Fig. 3. Absorbance spectra of mixtures
of poly(Arggy-Sp,,-C2) and MO where
[MO] = 0.01 g/L at [polymer]/[MO] =
10/1 (a), 100/1 (b), and 500/1 (c)
(weight ratio) in H,0 (1-mm cell).
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Theoretical study on geometry effect on the catalytic activity of

gold clusters
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Controlled intersystem crossing in iron porphycene substituted
myoglobin for cyclopropanation reaction: a theoretical study
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Fe-porpinyrin, of porphycene, Alsa, in the case of ponphnTin, cne extra ISC point was found
| betwes 5T states
3 I il B

Conclusions and Next:

= Fe-parphiytins B mose easy b foem carbens structure Basing on two facts. First, for the porpt since ihe modt stable 4pen @wates of EDA adduct complix and chrbene gne
quintet and singlet, respectively, two intersystem onossing will take place while onby one ks necded for Fe-porphyoene. Second, the location of I5C points In the Fe-parphyrin
case makes the quenching easily to happen

® The QMMM calculations 1l now indicates that, the geometries of active sites wene not significantly changed, But the potential energy surlace is actuafiy different

® Hext, free energy perturbation method will be used to caloulate the free energy of the reaction and mare protein effects will be irvestigated
R R R R R R R N

References:

[1] K. Owbora, H. Meichin, L 2hao, M, Wolf, A. Nakayama, | Hasegawa, M. Lehnert, and T. Havashi. L Am. Chem. Soc., 139, 1726517268 (X017}
12] ¥. Zhang, H. Uy, W, Yang. /. Chem Phys. 112, 34830 2000)
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Reaction Mechanism of the direct synthesis of dimethyl carbonate from

CO, and methanol over metal-oxide catalysis : a theoretical study

:Itﬁ:‘ﬁ:h# QOToshiyuki Sugiyama, Akira Nakayama, and Jun-ya Hasegawa bt el —
4 Institute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan

LLAT
Background Computational details

® DFT+U (PBE functional) z
CO, + 2CH.OH Lalyst» HacoYOCHs + H,0 ® NVT ensemble (T = 360 K)
2 3 2 @ Blue-moon ensemble approach
o (Free energy calculation)
DMC ® Slab model for CeO,(111) surface
3 x 3) with 3 O-C-O tri-layers (27 CeO, units;
e CeO, or ZrO, catalyst ,135.56 >)< 11.56 x 25.0 A s ’ )
co, (acid-base bifunctional catalyst) .
+ (CHOLC0 Adsorption structures of the reactants

5 f
+‘ « Intermediate of polycarbonates Monodentate Bidentate Linear

« Electrolytes for lithium ion batteries
CH,OH COocCl, « Alkylating and carbonylating reagents
(Toxicity)

A green and sustainable process to replace conventional methods
CeO; catalyst + Acid-base sites (Lewis acid-base pairs)

; H;CO_ OH
« Redox properties STEP1
o
- Lewis base H;CO_ OCH;
@ & Py STEP2 Y + HO
@ @ @ @ ® Adsorption struc(t)ures of CO.
Lewis acid 2

CeO,(111) ¢ Surface carbonate species

— Monodentate / Bidentate — MMCg
¢ Molecular adsorption
— Linear - MMC
® Adsorption structures of CH;OH
¢ Dissociated adsorption
¢ Molecular adsorption

MMC

In this work

We investigate reaction mechanisms of DMC formation
over Ce0; and clarify the role of active sites.

Ref : Tomishige, K.; Sakaihori, T; lkeda, Y.; Fujimoto, K. Catal. Letters 1999, 58, 2256-229.
Yoshida, Y.; Arai, Y.; Kado, S.; Kunimori, K.; Tomishige, K. Catal. Today 2006, 115, 95-101.

Eg= ~101 kd/mol EB—54 kJimol — Both structures exhibit similar Eg
Reaction mechanism Analysis : Free energy profile
CH3
ge\c_ﬁ%“ H Problems of conventional first-principle calculations (T = 0, P = 0)
+ CH,OH oui b _o——>o + Numerous local minima on the potential energy surface due to the
/ CEM MCCE H,0 complex interactions between molecules and metal-oxide surface.
» Neglects of the thermal (entropic) effects.
"i\cf;o ‘céo
I DT
OO0 OO 0 Path A : Fr . . , o
Mcf:odeﬁt"ate Bciedem;:e First-principle molecular dynamics simulations at finite temperature
+CO, -DMC Integration of the mean force leads to
+ o___o_ o ‘}“‘ CO, X 1| the free energy profile along a reaction
-H co” ce e CH;0H X 8| coordinate.
+CH;OH £ F - Blue moon pproach
NN Conformational
oHs K€" " CHy sampling by fixing reo | W(¢) = f —d{
SO Path B . ? o at certain distances
CH. HyC CH. ce” Ce” ce T w(): free energy
o o ;s ow
/° S a0 —: mean force
H-g-C, & "
=Co 0o N
) of +H ~ E=1
o O '/° f—————>__O | o H,O co
ce” ce” ce
mC + CH;OH INT_B1
160  Red:Path A M= 117 A=19
3 . (139) (139)
t Blue:Path B _ s B2 s B3
140 Attack of methoxy species — —
3 SN fask
- L _ Attack of surface O g N (111R
T 120 ¢ AA1 = 137 TSaon / (120) TS_A%
g r T(SOB)1 e INT_B1 7}
5100 [ —_— AA =60 an= 34 S
2 r a=21 7 82 89 _ [
x f . | T(s ) AA = 49 ! W
Bt mx L P m
J f = i —ywmcg” x ! H
5] L 0 1 A =77 \_.« \ —\ !
5 P8y “-‘ "-‘ 4(77) '/' | i A { "‘.6.3.) s
p 60  ___/ ! "u s A2,/ \ / (5—9)‘ (62)
o [ (56) \ V4 ,u’ y 4 ! INT_A2 Product
w [ Reactant ' X [ \ H
o 0F \ AP \(24)
2 r | S INT. A
8 ¢ i S g N4
© E i /
14 r OV Attack of methoxy species
oF CO:(m) TS_B2  H,0 formation
[ TS_A4 TS_B3 i
t )_ _| B O i
[ CO,adsorption Attack of methoxy species H,O formation DMC desorption cof | e e O
20 - S_A3 TS_AS stable intermediate

Conclusion

+ The reaction mechanisms of DMC formation over CeO, were theoretically investigated.
» The reaction mechanism via a stable intermediate accompanying an oxygen vacancy is a preferable pathway.

87



88

Selective synthesis of cello-oligosaccharides by hydrolysis of

cellulose over carbon catalyst in a semi-flow reactor "% - _..“.._
Pengru Chen, 2 Abhijit Shrotri,' Atsushi Fukuoka® , {

"institute for catalysis, ZGraduate School of Chemical Sciences and Engineering, Hokkaido University *4

email; chenpri@cat, hokudai ac.jp

Wi

-4—-.. *4--.-1-1,‘- " f\\ % Food additive: prevents lifestyle-disease
Hydrolysis ""’:-""'-r """? ""'1'" 2 -
*‘hﬂb%""-ﬁ"‘-r“‘““-r" @Impmv&sﬂ‘mgmrthu-fcawes
Cello-oligosaccharides T 4 Elicitor: reinforces plant immunity
Pre-treatment Hydrolysis in semi-flow reactor \
&P Air oxidation w‘
Activated carbon Oxidized carbon Rl
{,&L i Mix milling
l\\__ Cellulose 4 _)
Hydrolysis result Characterization \
Time course of hydrolysés reaction The yield of products
FT-IR specira

-

[ .

[ — Y

I gy

Tirna i)
= Cellulose hydrolysis was complete within 20 min.

= High yield of callo-oligosaccharides was generated with glucose and cellobiose as the main | TH NMR spacira
byproducts in semi-flow reactor.
Y
The afiect of iemperatune MALDI-TOF M5 of cligosaccharides = e
Loy et 1+
H!:umtm
% ke il
8503 1ANT B (8
Lol
g =2 (E1-T-Fi ]
(=1 i
s AT M
i | maroy
o | ] | | | ‘:‘“*“*' 34 82 a3 4':_ a8 a1 a3 a8
1490 1650 180 200 =0 240 500 1000 1500 000
Tomporature!C miz # "H NMR and FT-IR confirmed the

structure of B-1,4 linked straight chain
oligosaccharides without the presa

= The secondary hydrolysis of cello-oligosaccharides was limited even at high temperature.

# Formation of cello-oligosacchandes with OP as high as 13 monomer unils was observed by

\_MALDI-TOF MS. of branching and impurities.

» Cello-oligosaccharides yield of T2% with DP as high as 13 was generated from cellulose hydrolysis in a semi-flow reactor.
> 'H NMR and FT-IR of oligosaccharides confirmed the absence of any other glycosidic bonds except the B-1.4 linkages.




Development of Columnar Liquid Crystals of Macrocycles toward Anisotropic Transport of Lithium Ion

Kyohei TOMITA, Shin-ichiro KAWANO, Kentaro TANAKA
Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya 464-8601, Japan
kentaro@chem.nagoya-u.ac.j

1. Introduction
Lithium ion transport in 1-D pores or liquid crystal

°
m)hou
o~
g

+
MoINOg 61,0

J.R. Long, et. al,
J. Am. Chem. Soc., 133, 14522 (2011)

T. Kato, et al., J. Mater. Chem. A., 3, 11232 (2015)

¢ Lithium ion transport in
1-D honeycomb-type
pores in MOF.

¢ Lithium ion transport in liquid
crystal formed by self-assembly of
wedge-shaped zwitterions.

Our liquid-crystalline macrocycle

This work
* Formation of a conjugate of the macrocycle and lithium ions.

* Liquid-Crystalline behavior of the conjugate.

nanospace

eSO

Hé

Phase Diagram  Col: Rectangular columnar phase

O O Iso: Isotropic liquid
RO OR [
50 100 150

Hsl Temperature / °C

K. Tanaka, et. al., J. Am. Chem. Soc., 137, 2295 (2015) I
lon transport in
1-D nanospace
of columnar LC
macrocycles

Col, [ cor [ cokJcoi] Iso |

2. Svnthesis of nLi+-H§.n1 n-

Q@f

nLioH
D n=2,4,8
N-R, = A~ nLi* (8-n)H*
O CHCl / EIOH

QQ QQ

Ha1 nLit He al™
Ozt

Ao X OCigHas R X
“OCuatas 000Gy

O oc

4. Liquid-Crystalline Properties of 2Li**H¢12

3. 'H NMR and 7Li NMR of nLi**Hs.n1™

H NMR (400 MHz, CDCls, TMS)

7Li NMR (400 MHz, CDCls)

[He1] = 4 mM [Hel] =4 mM | Lici
8Li*1® 8Li*1* \
— e . e N I
|
aLitHa* ALi*Hg1* |

[ .J-‘J'u_

2Li*Hs1* 2Li*He1*

oo

Table 1. Thermal properties Struc‘“,r,al AnaIVSis‘ by GIXRD

Compound Phase

2Li*Hg1? Col 2, 150
4LirHa* M 22 Dec
8LI*1% M 2C, pec

GIXRD  CuKa, 45KV, 45 mA

Table 2. Observed XRD data of liquid crystal
phase of 2Li**Hs1% and Hs1

Compound Phase 2D cell parameters

2Li*Hg1> Colr a=50A b=37A
Hsl Colr a=45A b=36A

DSC  scan rate: 10 °C/min
94

C
l 108 °C
2nd heat
S 119°C
72°C i
§[ I N
§
B
[ Co [ col [ col]cal] Is0
50 100 150
Temperature /°C
1o°C 129°C
2nd heat as o 1 |
] )
” e - h:‘i
Afan-shaped texture | —
o ; [ Colr [ oo Jco [ s0
2LiHe® 50 100 150
Temperature /°C

Orientation of columnar structure by Shearing : shear

shearing

Glass | 2Li*-He1?
=» POM, DSC and GIXRD measurements demonstrated the formation of rectangular columnar phase.

5. Summary and Perspectives

13 12 1" 10 9 8 7
ppm [Li(salphen)] = 4 mM
R,0
[LINTE,] = 4 mM
R:0 e =02
15’ L | 1 L
4.0 20 0.0 2.0 -4.0

=» 1H NMR spectrum of 8Li*+1% was different from that of Hel.
However, in the spectra of 2Li*He1? and 4Li**Hs1*, the set of
signals derived from Hs1 were still observed, indicating
disproportionation of the conjugates and Hs1 in the solutions. On
the other hand, in the 7Li NMR spectra, the signals indicate lithium
ions interact with salphen moieties inside the macrocycle rather
than with ethers outside the macrocycle.

« Lithium ions were conjugated with the columnar liquid-crystalline macrocycle in its hollow.

* POM, DSC and GIXRD measurements revealed the complex 2Li**He1> showed a
rectangular columnar liquid-crystalline phase.

* lonic conductivity will be investigated. &+ :‘1 L i "N
= O O
| g " =
] i heat %
or — or
— .:"I — cool g b, A
L - - '
.]- r A =
 u L
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Accurate Wave Function Theory for Large,

= Real-life Molecules
Masaaki Saitow
UNIVERSITY masa.saitow@chem.nagoya-u.ac.jp

Introduction Results
ST TLRTY LIe e - 2 firy=

Accurate ab infic computation of tha slecironic warve function in a

- I e

* Semi-amplical and OFT mathods aften ghe qualitatively wiong results. [1] :-_ﬁu-u-rn-_

= Subiresr scaling Domain-based Local Pair-Maheal Orbital Coupled-Claster
(DLPNC-CC) thecey for cpen-aiell systems [2] and its exiersion io various
magniatic and siectronic properties [4) [in cofabaration with Prof, Frank Neasa)

= Reducsd-scaling mulirefenance parturbation (heory in the local PHD framework
using density-matrix rencrmalization scherme (DMRG-PHOCASPTZ) for large,
stronghy-cormalated systoms (in colabomion with Prof. Takashi Yanad Figure T Computssonal Bmes of RLICCSEX-
UHF ged LHF-DUPHO-CCSD e e iness
Bipre cha 0 plet sistn S0t TV b
& CPU cons aed 128wih GB of masmory wen

= -

] ! ok

A -

Epe = Ey+ EEF“I 42}2{““ E"J{i' ":-"'ﬂ
whern the second and third terms rpresent the electron cormetation energy.
Thie 1, and |, afnplludes ah Selermined By sebing B dusler souationd:
R o (| (=T = T} g (T o Ty )| = 0
RS = (¥ osp (—Th — Ta)H o (T3 = Tali¥) =0

In the DLPRO scheme, we introduce virtual natural crbitals specific to {if and
fii which are construcled sing the firl-order perturbalion Bheory and
transdonm the enesgy and the cluster equations inio DLPHO basts:

1 i i
Eptryoen = EI+ZEF"IIL+ ;E Z {K:J‘-u _x""'rl“-'l—] E::'J'o'-o +r‘"“ﬁv} {Emparrrieretal gl comprutasonal HFCCS s grmn e WHE|

Preliminary Results with PNO-CASPTS:
When ocoupled MOs amne localized, the average number of PROS per pair
becormnes asymplolically independent of the molecular size. By solving the W have darved and imglomanted the PHNO-CASPT2 residual equations. kor
DLPNO-CE A-equaions. one can calculate varous molecular properties the sxdernal excitation (WO}, (-1}, Vi-21) subspaces using our code genarator
= mnwmmmmﬂmmmm frmmtlEl
[EFGs) in a linear-scaling computational time. [3.4]
The Reduced-scaling CASPT2 Formalisms:
In CASPT2 formalism, the wave function is dafined as
[¥enarrs) = E:” L B BEAL SR I
b ik

g
>
=
pe
=
o
L]
=
=
z

EMIST

NT OF CH

e e s e
EEEE

+51mnem:il.ltium = " |
whers the configurations with p incicas are the spin-adapted. non-redundant = e
inlamally-contratied basis (nr-ICB) which are generated by removing the Figurs 4: Totsl covelation srarges metoyared { %) for e CH, b poiysns coltulited by PHO-

Inpar-capencancy reclundant WQM*MNMMW?Mhﬂﬂ Pa TOAPND
'H“ ﬂ Hvashals lor VO sub are ﬂmmmumm In s right

'F"]n-zﬂ-:li""hr-zﬂ"ﬁ"ll"u:l :mummmmvrmmp?‘-muiﬂwmunmum

: Summary
mmmwhmwwmmm-wm The | DLPHIOSCESD has oo | o w
E (1R o) — B et} o2, = 0 package and has been shown faster then FI-SCF. The melal HFCCs are
= sccurately calculaind if the second-crder SOC contribution is negigible &.g.,
The first-ordes wave lunction is desermined by scbdng the residual equations 1, o and o configumsons.
R D et w1 in the PMO-CASFTZ, tuncation of PNOs Tor those subspaces Imohing at
—'-":d—”“'ﬂ*-z E (W oy s =D beanst one LMY indicss dominates the accuracy of the otal cormssation energy.

R=
ol T
The muttinelersnics PNOs are defined for sach of ne-ICBs and the reskiua References

ane ransformed indo the following farm:; [1] F. Mgwsa o &, J. Am, Chem. Soc, DO 10,102 15ac4. 8013313
or-[CTs
[2] M. Safiow of al, J. Chem. Phys. 186, 184708 (2017}
n pils P
Rfa..—{ J.'H"’“}“' E EW.,,,IH-:!“?' Wog, +20-—0 [3) 0. Daita, 5. Kossmarnn aed F, Nosse, 1 Cham. Pys. 145, 114101 (2016}
- [4] M. Sadioer and F. Meose, J. Chem. Phys. 148, 004104 (2018)
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Calcullating Bioimaging Rrobes withiRISN (DN RG)-CASPili2

oRyosuke Y. Shimizu!, Takeshi Yanai'23, Yuki Kurashige*, Daisuke Yokogawa®

1Department of Chemistry, Graduate School of Science, and ?Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Nagoya 464-8602

3Japan Science and Technology Agency, PRESTO, Kawaguchi 332-0012

“Department of Chemistry, Graduate School of Science, Kyoto University, Kyoto 606-8502
SDepartment of Basic Science, Graduate School of Arts and Sciences, The University of Tokyo, Tokyo 153-0041

I. Advances in Bio-Imaging

Fluorescent molecules are powerful tools for
visualizing biological events.

Optical images of SKH mice injected with hyaluronan
analogs modified with IR-783 dye.

Heaft'and Lungs

Liver

G. P. C. Drummen, Molecules 17, 14067-14090 (2012)
IR-783
With near-infrared (NIR) light, we are able to

study “deeper” into biological systems.

(@ Why NIR?
NIR light has high permeability.

Reduced Scattering Coefficients
Vis.  NIR- NIRI

i
it
]

G. Hong, A. L. Antaris, H. Dai, Nat,
Biomed. Eng. 1, 0010 (2017),

400 1000 1600
Wavelength (nm)

The “second NIR window” has been gaining attention
for improving the performance of bio-imaging.

To study theoretically, must consider excited
state electronic structure and solvation effect.

(@ Can we theoretically predict
photochemical properties?

We checked the absorption energies with a
conventional method (PCM-TD-DFT).

Molecules with absorption in visible and NIR region

E 800

E I NIR Region

2 700

5 |

g

£ 600 Exp. Value
<

o

£ 5000

2 PCM-TD-DFT
£ 400

The accuracy of the widely used PCM-TD-DFT
method was insufficient.

A new method is required for studying these
molecules.

(® Which is important?

Electronic structure vs. solvation effect

[Electronic Structure]

Error from experimental value (eV)

0.6
TD-DFT
04 DMRG-CASPT2
I
0.0
3 4 5 6

n-1
Number of aromatic rings

. Grimme and M. Parac, ChemPhysChem 4, 292 (2003).
Y. Kurashige and T. Yanai, Bull. Chem. Soc. Jpn. 87, 1071 (2014).

[Solvation Effect]

Comparing calculated Stokes shifts

1.4
e Setpaakvily
1.2 /
S 5
z 10 T T
= y
@
4 L ——
8 0.8 o
o
@ 06
0.4

AN MeOH Water AN MeOH Water
A:PCM-TD-DFT ~ O: RISM-TD-DFT  m: Exp.

D. Yokogawa, J. Chem. Phys. 145, 094101 (2016).

Improving accuracy of electronic structure and
solvation effect is essential.

Il. New Method: RISM-CASPT2

@ Formalization

We defined the Helmholtz free energy calculated with
the CASPT2 method as:

Aoaspra = (V| H ) + Ap+ Bs.
The free energy is minimized by solving
(§U| AN — E W) =0

subjected to the orthonormalization constraint.
A%V is the solvated Hamiltonian defined as:

bt m {1+ 5 VIR (m = ] R el
where -

Vi= 7;qsp://%{bﬂ”drdr, (i € a).

(® Program Development

[Flowchart of calculation]

(OMRGcAsCl | ©OvRGcAsCl |

[ orotal optimization |
v

RISM Calculation
Update V'

0
converged?

res

[ orbital optimization

L%

0
converged?

res
[ omrecaserz | [ owrecaserz |

Ground State

Excited State

Ill. Assessment

(&) Computational Details

Solvatochromism in Long r-Conjugated Systems

Absorption
O3 O 0
N
| Modeled indocarbocyanine
in DMSO (20e,190) (CY3)
N-methyl-6-
hydroxyquinolinium O O
(12e,110) (6HQ) O O
A
In DMSO, acetonitrile, | |
methanol, water

Modeled indocyanine green
in water (32e,310) (ICG)

Basis sets:
* aug-cc-pVDZ (N,0) and cc-pVDZ (other atoms)

@ Results and Discussion

[Solvatochromism in Absorption]
T RLW DA WIET WAT
“FARCTOGFT
CAMBILYP 130 33 3131 IM  1m

FEES 108 ik B TR A
RESM. T DT

CAMDILYPF 130 Be 2 B 4%

FHEGR 15 LM T4 Fan 2w
PCM-MRMP2 LM LM M T4 i
REM-CASPTZ  46d 23 25 2713 a3
Fap T8 LM TER i

RISM successfully illustrated solvatochromism in
absorption.

[Long n-Conjugated Systems]

Error in Absorption Energy (eV)

1.0

P
08
06
0.4
02

hoh
0.0 BN

cv3 ICG
New method reduces error to within 0.2 eV.

Conclusion

« RISM and CASPT2 have been successfully
combined.

« RISM-CASPT2 and its extension with the DMRG
improved computed absorption energies.

R. Y. Shimizu, T. Yanai, Y. Kurashige, D. Yokogawa, J.
Chem. Theory Comput. 14, 5672 (2018).
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A hybrid solvation model using C-PCM
in CASSCF framework for real-life molecules
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1. Hybrid Solvation hodel
Widhely = umsed] nppromches:
+  polarizable contiswam nodel (PCM[N] @

+ Relatively low computaiiceal cost (Pro

+ Aocuracy o deserni be sodvent effect in non-polar sohvests (Proj

- Hyddrogen bonding between solste and sobvents {Con)

= enplicit solvation moded (e plicit inclusions of solvest molooule) -

+ High sccurncy om variows solvent effects including bydmwsgen bondimg {Prop

ﬁywwmiﬂm}l
—+ Combine advan eges of above methods (Hybri Selvation Mol 12|
Flgere |- (Al rojion: Sl oo modoouls sl Fss ooonlinstiod sphoim
mmmm
usdvents O dhvents & wiih PO

-munm:\-m:mmm

Current Statws of the Develo paments
1.1 Full-sormich implermentation of C-PCM model fs ORZE packnge
1.2 Incremental scheme (or speeding op the moleoalar integral computation |3]
1.3 PCMLCASSCF for strongly-conmulated sysiems

1. Polarirable Continwum Medel (POM)
Ta PUM-SCF, dhe Gibbes cnergy of the soluie molecule i given s

G = (W] |#) + 3 (V)
where H; and ¥ represent Hamilsonian of the isclaied solute and a solvent effect berm
calculated in PCM proged ivedy, O ke POM (- POM) Formmlism is
m#nwlmﬂm;mﬁmuammm

(1) Cenemie cavities cenlened oo each stonds in the solube using GEPOL slgorithne

Figureds Sobgie is omiboddod = g
e oeasinacksd i GEPOL
e il the it v partascl
e wmel domasms Geveliaioa)
Surlse pomts ane dkfmed om0 ek
onier o donceae. The Powchan
dencribes the schoms off somirmning
T

(3 Cabeutate Yagep dd'lmln
Vs = ‘H-i-*—:-- LUMI&M

mmmum{'mm-ukcmm condition:
Ay =l
Vair + A Qs = 0, {.I.. = L.I'ITli."_-i-'l-
where Qa5 is the apparent surface charge of sivests,
(E Construct the comctan 16Tm wntﬁtt.mhntﬂmc#

L5 G, D

(& feia o =

where £ is U disloctric constant and s comoction tenm is added o Fock matniv.
(Fatuve Trin = (Fon b + (S fpemdna
(B} Thet energy oot buthon of C-POM (s defined s

A= {Ev—..,. G = Eﬂ Qs f-a-—"lf-f-'%}'i-'-}

s aeden] o Botsld SCF encigy,

2. Inevemental Comstrsetion Schemae
Imaroduction of incremenial scheme for consiruction of MEP s defined ns
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Wi 12.55,,}*"'-"_"_"“& whore Al = DT = i,
-
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Figere 1 In CASSCF wheme, wheh n o malidoadipimliossl SCF
AMBCSCTY, the ovbwial spuee v obivided sl leee chers The
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1. Clercking corsectiess of our PUM-SCF implenseniation:

Tuhbe 1: MATY and RMSIH o e el skabslivaton cnetpy for 43
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Development of fast and accurate self-consistent field method
based on local resolution-of-the-identity approximation

OidyanaYamada®, Masaaki Saitow?, Takeshi Yanai®?
*Department of Chemistry, School of Science, Magoya University, Japan
*Department of Chemistry, Graduate School of Science, Nagoya University, Japan
Nnstitute of Transformative Bia-Molecules (WPI-ITbM), Nagoya University, lapan

Introduction

The Hartree-Fock (HF) method i comidersd to be & good approdmation to the
electroni wve functions and & starting point of the guantum chemical caloulstions.
However HF method has a lmstation in the size of molecsles to calodate becarse of

ON") eemputational costs fae i vk Fiscle amatis:
Oher goal:
u]ﬂmmm-umq o Fock mtrin €oratruction 10 speed up SCF and CASSCF
fthe: identity {RT) app
mmu.nnmm

liltm fagt LRLCASSCF with DMREG algorism
3] Reactian mechanisms of realiste: bio-molecules [- 1008 §bams)
.. Wik cheerrvical scouracy {1 kcalimol) L
. Pretin, Ennyrms

in the comnentional HF methed, the computation of the two-elecinon integrals in the
Fuhmmﬁﬂnh"ij" Kﬁmbswnhﬂufmwmnfmmdm
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in the Rl apg

mation, the coulomb matrix s decomposed into a product of 2- and 3-
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I = F Dnlpded s 3 el 00X 5 Batlirs)
The scaling of the coulemb integral calculstion I8 Bt Mot cuble with respect 1o the
oumber of batis forstions,

anlerd

1.3 Exchangs (K] matriz.
The exchinge mtra s alio detomposed in the samse wiy 54 the toulsmb matri

Ky -E B, tpriga) = E,E.“"'”E (' Y Bt
Exch bl scales still with th fourh pewer of the number of basis
furu:llmll I ciase of the conventaons! SCF procedure.

. LR| approximation,
1.1 Enchange matrix.
The SCF dansiny msre i expeessed using the molecular orbital MO coeffacients
n._-rlzf,,z,
u:nmemwmu?mwﬂﬂ
fhl'!
in the LRI scheme, thie sxchangs matri s transformsed into

g ‘E‘Zrzf-ﬂmwzﬁ‘mh’_'E‘wlﬁnhwﬂ-
Forthermore those moleculsr integrals are appropristely. canved oot i the atomic
damaing constructed for each of the LMOS, snd thus the lingar scaling i achiewed *

2.2, Domains.

The domaing are subkets of ADS or ot which maki non-reglhgible contriations 1o
the LMO. Three types of domaing (L0, A0, and fining demaind) are determined by
mﬂqﬂmmmhuhdummThmﬂhtmﬂh&m-m
evntusted by o hresholds of connec abri g to eachd
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Synthesis of novel plant-growth stimulants
by functionalization of 2-azahypoxanthine

Ayaka Uedal; Hiroyuki Kitano?; Jachoon Choi3; Hideto Itol#; Shinya Hagiharalz25;

Toshiyuki Kané; Hirokazu Kawagis

2IWPI-ITbM, Nagoya Uniy.; 3Grad. Sch. Sci. Technol.,

DGrad. Sch. Sci., Nagoya Uni

3. 3o 124 -
; Kenichiro Itami 1™\ TAMI GrOUP

RGANIC CHEMISTRY

Shizuoka Univ.; YERATO, JST.; YRIKEN CSRS; 9 Sch. Pharm. Sci., Uniy. Shizuoka.

2-Azahypoxanthine (AHX) is a plant growth stimulator isolated from the fairy-ring-forming fungus Lepista sordida. Since

o
T IE
C-H arylation H

Cé6-arylated AHX

natural product
Growth-promoting activity

Higher activity

plant growth regulators that enhance the crop production are in great demand, AHX has attracted considerable attention
from agricultural and horticultural researchers. Herein, we report the synthesis of new AHX derivatives by Pd-catalyzed C—
H functionalization of AHX. Their rice growth-promoting activity was evaluated in vivo. Among the synthesized
compounds, C8 phenyl-substituted AHX showed remarkable growth-promoting activity on rice. The present study shows
the power and significant opportunity of C—H functionalization chemistry to rapidly transform biologically active natural
products into more active compounds.

(“Discovery of Novel Plant Growth Stimulants by C-H Arylation of 2-Azahypoxanthine” Org. Lett. 2018, 20, 5684.)

Results & Discussion

1. Background

94

A story of fairy rings

—’
2-Azahypoxanthine ‘
(AHX)

* Fairy rings : naturally occurring rings of mushrooms

Characteristics of 2-Azahypoxanthine (AHX)

o] Biological activity
H?\l ! N Growth promotion activity among varieties of plants
ZN:N I S N\ 8 Structural feature

1 H Very rare 1,2,3-triazine core as a natural product

Kawagishi. H. et al. Chem. Bio. Chem. 2010, 11, 1373.

New plant hormone...?
Biosynthesis of AHX

Kawagishi. H. et al. Angew. Chem., Int. Ed. 2014, 53, 1552. Kawagishi. H. et al. Sci. Rep. 2016, 6, 39087.

2. N-H fundionalization

No activity

Growth inhibition > 4

. O g

No activity No activity

Functionalization of N-H bond decreases plant growth activity

3. C-H arylation of AHX

OMe

OMe

Strategy of arylation

i N Direct C-H arylation
H:Jj: H—H A V4
NN N\
|

Protection of N-H

4

Deprotection
|

[

> PG\NJ]:% .

L N 4
N2

C-H arylation

Protection of N-H bond

DMEBCI (4.0 eq.)
Cs:C0s (5.0 eq.)

DMF, 100 °C

or necrotic or stimulated growth of grasses.

Optimized condition of C-H arylation
Pd(OAC): (5 mol%)

DMB ché(z(g sea-) ) 9 pms
N, 3PO4 (2.5 eq. DMB, N
M—H + Br '.“)lj:
N _Q DMF, 140 °C N"‘NI N/>_©
+ isomer 12h + isomer
0.2 mmol (2.0ea.) NMR yield
Solvent Base Additive
DMF 50% KaPO4 50% None 50%
DMA 43% Na2COs 46%  PCyaHBF4 (10 mol%) 52%

1,4-dioxane 17% K2COg3 21%

Cs2C0s3 44%

PBus-HBF4 (10 mol%) 49%

toluene 17% BINAP (5 mol%) 43%

1.1 mmol scale, reaction time 71% (Isolated yield)

Miura, M. Bull. Chem. Soc. Jpn. 1998, 71, 467. Rossi, R. Eur. J. Org. Chem. 2006, 1379.
C-H arylation and deprotection

(1) C-H arylation
(2) Deprotection

0
@
N,
NN
NTH

+ isomer 2 steps yield

o o o I
OO NG MOS oo
Ny oy Ny oy Mooy Nyt

4 5 6
9% 21% 31% 18%

ST O T G s S O
T M s
N, N, N NN

NN NN NN H

8 9 10 11
10% 24% 9% 2%

6. Plant growth assay

Rice growth assay

AHX derivatives (0.1 mM)
_—
Incubated for a week

Measured
the length of root

Germinated
rice seeds

control AHX 4

g
8

Elongation (mm)

N
3

0

7 1

0O

control  AHX 4 5

o

e w0 D

H
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Solid-phase Synthesis of Unsubstituted Poly(para-phenylene)

Q,

Solid-phase
Synthesis

0/\©\Br II
Br
Unsubstituted
®

Br’ -

1 Introduction

Poly(para-phenylene-
thiophene)

Polynaphthylene

Q@ : Long chain substituent

- Increasing solubility
- Decreasing stability and carrier mobility
- Causing blue shift of luminescence

2 Successful Synthesis of Unsubstituted PPP

Suzuki-Miyaura
cross-coupling A
- —_— e + q—
-
-

soluble
broad polydispersity

Miillen, K. et al. J. Am. Chem. Soc. 2016, 138, 16208.

3 New Synthetic Methodology

Synthesis of Unsubstituted
Polyarylenes in Liquid-phase or

aggregation

»
..ll -
¥ agiN

This Work
*  Preventing aggregation
*  Applicable for a range of

polyarylene synthesis immobilizing

Solid-phase Synthesis

polymer chain

polymer
beads

functional group

Poly(para-phenylene)

Polyarylenes, which are polymers solely composed of arenes, are
promising candidates for electronic devices but insoluble because of
their huge planer m-conjugated systems that cause intermolecular
aggregation. In this study, we develop a new approach to dissolve
such “solubility problem” through the synthesis of unsubstituted
poly(para-phenylene) (PPP). We propose to apply solid-phase
synthesis which is a technique to synthesize compounds on resin.
Solid-phase synthesis allows efficient ligation of polymers by
separating them on isolated sites on resin.

4 Strategy toward Unsubstituted PPP

o
Br

Suzuki-Miyaura
cross-coupling

T Miyaura Borylation |

Unsubstituted PPP

5 Solid-phase Synthesis of PPP

Reaction condition of Miyaura borylation

Bl
il PaCuAzly
ok, XFhas
Lt H
[er— Clnsrigt
BT b [asea— “ : e

Q ¢ 1% crons-Tnked pobyatrene (oading: 0.4 mmetl

THF 1
DMWE 1:2=10:1
CPME 2 DME or CPME THF

[a] Dutermingd by 4 MUA speciram. DME & 1 Z-derathcoyeiane. CPME s oyclopenbl matiy athar,

Elongation of phenylene chain

Q

o- O

ik PofPPegl
< [ & )
BET. 3N O Borylation Q
B(pin) Cross-coupling
[ come | Q Q

B(pin)

Q Br

Cross-coupling

1. Borylation 1. Borylation

2. Cross-coupling 2. Cross-coupling

Detected by
LDI-TOF MS
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Palladium-Catalyzed Transfer Hydration of Cyanohydrins

Asuka Naraoka, Tpmoya Kahda and Hiroshi Naka

Graduate School of Science and Research Center for Materials Science, Nagoya University

o [o]
HO R Jl\. Pd catalyst Ho.
= _—-————e e - —
.?_ C=N H,N NH,

Transfer Hydration
H,0 Donor
[Pd,] y

\Q[Pd,,] (n=1o0r2)

Abstract: We reported the palladium(ll)-catalyzed transfer
hydration of  a-hydroxynitriles  (cyanohydrins) to  a-
hydroxyamides by using carboxamides. This method enables
selective hydration of various aldehyde- and ketone-derived
cyanohydrins to afforded a series of o-mono- and o,a-
disubstituted-a.-hydroxyamides under mild conditions (50 °C, 10
min). The 80-labeling study revealed that the carboxamides
work as water donors. The kinetic study indicated the p [
of two mechanistic periods in the
catalytic profile.

+ N=C—a

ubstrate Scope

0 ! HO CN HO CONH
)R R ——— _Ho _ 2
R" "R? R"" "R? catalyst R'" "R?

catalyst poison .
H catalyst = MnO,, borates

H Pt, Mo, Ru complexes

H Pt, Ag nanoparticles

' enzymes (nitrile hydratase) E

European Patent EP 0412310 B1.; United States Patent US 8519187 B2.; Commeyras Tetrahedron Lett.
1989, 30, 563.; Tyler Inrog. Chem. 2009, 48, 7828.; Tyler Organometallics 2012, 31, 2941. Tyler
Organometallics 2013, 32, 824.;Tyler Organometallics 2013, 32, 3744.; Cadierno Chem. Commun. 2014, 50,
9661.; Tyler ACS Catal. 2014, 4, 3096.; Tyler Inorg. Organomet. Polym. 2015, 25, 73.; Grubbs J. Am. Chem.
Soc. 2018, 140, 17782.

Issue: decomposition of cyanohydrins

”°><°N HOGER _ difficult to hydrate
H H H - unstable
Cf. Miller J. Am. Chem. Soc. 1973, 95, 3729.
HO CN cat Pd(NO;), HQ CONH,
+ RSCONH, —mmmm8 > + 3,
R “R2 2 AcOH R" "R? RCN
50 °C, 10 min
H20 Donor 71-98% yield
R', R2 = H, alkyl, aryl; R® = CH3, alkyl
Mild and Reversible Dehydration waffioli Org. Lett. 2005, 7, 5237.
(o] (o] CN
PdCl,
R—CN + )j\ ______ 2~ JI_ + cHeN
NH, H,0 R™ "NH,
conv. 53%

[1 mmol, CH;CONH, (4 mmol),
10 mol% PdCl,,
THF/H,0 (3:1, 4 mL), rt, 22 h]

HO CN o HO CONH.
4+ ’CHyCONH, Pd(NO3), (2 mol%) 2
CH3COOH (2 mL)
50 °C, 10 min
1 mmol 4 equiv —n-CsHy,CN 94% (NMR yield)
H,0 donor (4 equiv) Catalyst
[1 mmol, 1 mol% Pd(NO3),, 50 °C, 10 min] [CH3CONH,]
n-C3H,CONH,  n-C5Hy,CONH, Pd(NO3),  Pd(0,CCF,),
73% 75% 94% 66%
CH4CONH, n-C;H;5CONH, Pd(0,CCHy), PdSO, PdCl,
46% 65% 47% 44% <1%
CF3COONH2 (CH3)ZCSONH2 solvent
<1% <1% [CHyCONH,, 2-5 mol% Pd(NO;),]
H,0 CH3CH=NOH
<1% 1% CHsCOOH  CH3COOH/MH,0
>99% 25%
CH4CN/H,0 C,HsCOOH
83% 74%

-y ¥ EE I T TE
W&Kyotq.“.) for his suggestions. We are grateful tq-support.ﬁ'gm Profs. lil No
i Al A

oSN, asconn, A0, (2-10 mol%) HO_ CONH,
R NR? 2 CH3COOH (2 mL) R “R2
50 °C, 10 min
: — R3 71-98% yield
1 mmol 4 equiv RCN 16 samples
R® = n-C5Hy,
HO CONH,
HQ CONH, HO CONH
N J\ 2 2
HO CONH, HO CONH, CO,C,Hs
98% 96% 94% 93% 98%
(2 mol% Pd) (2mol% Pd)  (2mol% Pd) (3 mol% Pd) (4 mol% Pd)
R®=CH,

HO, CONH, HO CONH, HQ CONH,
OH cl” 'l ‘E ~cl . .
90% 71% 77%

(5 mol% Pd) (10 mol% Pd) (10 mol% Pd)

5. Mechanistic Studies

180-Labeling Experimet

180 (160)
HO CN 180 (1°0)  Pd(NOg); (2 mol%) .
+ —_—
AcOH NH,
mCsHy™ "NHz  g5goc, 10 min
4 equiv, 90%'80 — n-CgHyCN  98% yield, 90%'°0
180/160 ratio determined by
ESI-MS and '3C{'H} NMR.
Kinetics
HO CN Pd(NO3), (0.010 M)  HO_ CONH,
)Q + CHyCONH, 9O ) 2 + CH4CN
CH3COOH (2 mL)
ACH, 0.50 M 20M 40°C
L1 o —
ACH HQ_ CONH, First order in [ACH]
od be " i '-.'Ii.
: i Taosf i~
s 03 p i - o ' ™
< L] < 08 \.\
¢ L T oal .
S azp . 5 . .
o - - ' "
¥ - Azt =
TR A I -
' .
A8E x
“ i i i i i i i A i i
0 2 4 & ®B u 8 & 4 & 8 m
t (min) t(min)
" I First order in [Pd], / ' I second order in [Pd]o
in the first 1 min s later than 1 min
T D8 -
< c -~
£ £ o
s s Zonf /’/
€ # €
~ o4 b I ~ o4} /,-’"
Vil r Al -
= = a
@ L a2 3 =
xg oz ./ g oz /z
] i i i i i ] I i i -1

0 B W 18
[Pd]o (mM)

o = 0 100 300 300 400 SO0 BOO:
[Pd]y? (1078 M?)




) Development of Bidentate Diphosphine Ligands of Highly Active :
7 Ru Catalysts for Practical Hydrogenation of Carboxylic Acids

Shota Yoshioka, Masayuki Naruto, We Ken, Susumu Saite® L? f«*
Department of Chemistry, Graduate School of Sclence, Nagoya University IGER

Recently, we have reported the carboxylc acid (CA)-derived cationic metal (M)
carbowylate [AM{OCOR)]* (F denotes one phosphorous coondination) was found
to be the catalyst prototype for O selindced ©4 fpdrogenation. We report
hergin an improverment of catalytic activity by tuning the bidentate diphosphine
ligands for Ru catalyst. After soreening of the ligands, substituted Ar groups on P
atoms and control of the conformation of allod chain connecting between btwo P
atoms were found to be important for high catalytic activity.
Our recent featune article: 5. Yoshioka, 5. Sailo, Chem, Commun. 2018, 54, 13349,

4. Effect of substituents of Ar groups on P qrnmr

L
Alcohol selecthve Au{acach, (9.25 mos)

X T - D

LN
S By a e @‘“
¥ @ Y @ %3 m o5 M e O Y i
A=H R-CH, @ n OH TR T I:IPFB ummlu
AL A "“m TON 215

[1] Ru(triphos] (tmm)* [2] ResQ,+0s0 Rel-Pdi5i0." nrdmm (AL 24%, ES 30%) |

Ru(acac),, Triphes, SnlOTH),* and many patents etc. e -_—

ColBF.)+6H,0, Triphos* [3] PUSNOy  RuH{CONP B Exsct 52706y (OB

Fm.lﬂd ﬂﬁ"ml o

Ra/TiC,* PdRalC* [Cp°Ir{bpy)(H,ON[OTT)," e
1] ah W Lesines of of J Am. Chem. Soc. 204, 136, 13217, ] M. Beller of al Angew. Cham. int. Ed E 53 x
2015, 54, V0506 ch B, e Bruin of &) Scseece 2019, IS0 396; d) K. Shiming & & Chin, Eur J, 2017,
JE2. 1001 o) B Bunk of ol ACS Caint 2018 8, 78S
i) &) J. Tyl of &l JAm. O Chevm 1888, 57, 21; bj K Tomishios of al ACS Cafal 2015, 5 TO34. oW L
i3] o} K. Shiming of af. Ack: Symit. Catsl, 2015 FET1450; b L Flowi of af Crpancmat Charm. 2005

G0, 3T o) L Goddberg of ol J Am. Chem. Soc 2013 175, 15033,

2, Qur catalysts for CA self-induced CA hydrogenation

PRE: ——a

ey S
40 gxamplos  0.5-8 MPa up e g = 1 [{-m-)
110-180°C | Prototypical c-'l:lrnl (CALy =353 ma %

{d®, LOW-valent) (d?, HIGH- nlnml

~Milder reaction | ¢ ﬁ P R ~High functional
conditions :na\ group tolerance
sLowTON-30 | ° .; Pn, "R » a-C-H bond
{2448 h) B = H or Me functionalization

Au sysbem: M. Narute, & Sailo,
Nat Comvnun. 2015, 8 B140.

Re system: M, Naruio, 5 Agrawal, K
Toda, 5. Gailo, Soi. Rep, 2017, 7, 3425,

Featuns articha:
5. Yoshioka, 5. Sails,

Chem. Commun, ' ‘*@/} "@ ::". :
2018, 54, 13318, A1 or Ru-2 {0.25 mol') e i

n]} Hy (4 MPa) N S— i ;}:iﬁp _/"Pr
RJ'an Idusng oH | I &
Jmamm 20°C.36h : “ﬁ oy pre

[Pl = 0.8 M M

H:u—'l. Ru-2
_TON (AL + ester) '
o
0. o o v
i 2o i .
CA Ph“'n"“"iﬂl Mﬁ wkm @.‘gﬂp
¥ f:;::;mlhn.l H; (6 MPa) (1.0 mol%, 18 h)
. Ru-1 284 1z7 28 25
,._A_, etc. Ru-2 199 79 a2 21

Rufacac), 2 RCOOH
Phosphine ligand (F)

o s
CA Self-induced CA Hydrogenatio

\-.:o & ROOOH REDDH —RCH,OM P, (<5 MPa): 1st order, [CA],: Oth order, [Rul,: 1st ordar }
l o =2 AcOH

" R 1+
n“"'\ m ,f RCOO \‘l_,.- RCOO- P | " RCOO-
= o e ok

OH
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Formation of Xe 4d Double-Core-Hole States in Strong XUV-FEL
Fields Studied by Electron-lon Coincidence Spectroscopy

Y. Sasaki', H. Fujise’, Y. Kawabe', K. Hashigaya', A. Matsuda’, Y. Hikosaka?, M. Fushitani', A. Hishikawa'

"Nagoya University, *University of Toyama

In ctio

Double-core-hole (DCH) states for chemical analysis

» Double-Core-Hole (DCH) states
L.S. Cederbaum et al, J. Chem. Phys. 85, 6513 (1986).

» Auger Electron Spectroscopy(AES)
B. R. Stoner et al., Phys. Rev. B. 45, 11067(1992).

v Provides chemical
bonding information

Single-site DCH (ssDCH)

DCH 1 Two-site DCH (tsDCH)

» Theory >
M. Tashiro et al., J. Chem. Phys. 132, 184302(2010).

Experiment

P.Salén et al,, Phys. Rev. Lett. 108, 153003(2012).
N. Berrah et al., PNAS 108, 41, 16912(2011).

Kinetic energy release of core hole relaxation

Gty | NRERTRY | BALMIeV  SBLINL 0V
Gy B eV | BELTEAEV  SHLAET eV
& QST Y

v' High sensitivity to the nuclear arrangement

DCH signals are hidden

Electron-ion coincidence technique

Electrons labeled with
corresponding ions

7.hl's
Wo,
Detection of Xe 4d DCH states induced from two-photon

absorption by electron-ion coincidence spectroscopy

Magnetic bottle type electron-ion coincidence spectrometer

A. Matsuda et al., Rev. Sci. Instrum. 82, 103105(2011).

v’ High e~ collection efficiency
suppress space charge effect
v’ e from small area
reduce BG signal
v Long flight tube (1.5 m)
E/AE ~ 50

Event rate : 0.254 events/shot

» True coincidence rate (Xe**)
N,

c
—— ~0.84
N¢ + Np

SACLA (SPring-8 Angstrom Compact free electron LAser)

v' High coherence
v’ fs scale time resolution
v’ Soft X-ray ~ X-ray region

Experiment condition
Photon energy : 91 eV
Pulse energy : 65 p

s BRI +~ NAARARA, _Ae Repetition frequency : 60 Hz
Pulse width : ~ 88 fs

Pulse width measurement

Timing -
monitor ¥
— -

69 fs (cross correlation)
@100 eV

L] -;:--l - ?-"

7 L

sults and discussion

Xe nonlinear ionization processes

a et ™ | 1st photon absorption
[Z! Xe 4d giant resonance (~ 20 Mb)
4 -
- J; Xe + hv (91 eV) > Xe*(4d™") + e~
i
=

2nd photon absorption

l--:g

DCH

L E
i Xe*(4d™) + hv > Xe*'(4d?) + e~
| = =
- : B sequential SCH
i Xe?*(5p72) + hv > Xe**(4d™'5p~2) + e~
-

e~-ion coincidence map

Time of flight spectrum 1
Xe*: Xe?*: Xe**: Xe**=0.11:1:0.37:0.038 i

A. A. Sorokin et al., Phys. Rev. Lett. 99, 213002(2007).

o CHN - i o Xe?*
bl
4 W - '- -
" ] B 1
H s " L] —
Time of Sight paah e’

e -ion coincidence " Eoeioon M SR Y ety ian i)
. Electron spectra in coincidence

' with Xe* ~ Xe** ions
{ o

- oy

- o } Single-photon

. o

- o

o w8 XN e Wea._ N 0w

TN, W

Multi-photon

e (Xe*)
Good agreement with
synchrotron studies
1. Viefhaus et al., . Phys B. 38, 3885(2005).

",
S
Hcx, 1 o e (Xe*)
] 1
L il Cannot be described only by
; ..a]ll (LI = i, 2 sequential SCH processes
[] w L] - ] i
e ===l Suggestion of 4d DCH

states formation

e -e -ion coincidence

» . ' " " »
Honatie anergy of Show Secwes (W) Dhecion Kinetic soergy V)
From count ratios, Correlation between electrons from
(DCH) : (Sequential SCH) =1 : 1.68(4) DCH and Sequential SCH processes

Distinguished Xe 4d DCH states from sequential SCH

Simulations o ,
- » Estimation of 2-photon DCH cross section
B Branching ratio (sequential SCH / DCH)
N s l Coupled rate equation
l. U. Becker et al., Phys. Rev. A. 39, 8, 3002(1989).
o(DCH) = 135(3) Mb P. Andersen et al., J. Phys. B. 34, 2009(2001).
-

T
o o e Resonance to Rydberg states converging to DCH states?

v’ Observation of Xe 4d DCH states competing with sequential SCH processes

=== Electron-ion coincidence spectroscopy
Branching ratio (DCH) : (Sequential SCH) = 1: 1.68(4)
Outlook : Apply to molecular samples (e.g. CHsl, CeHalz)




Introduction and purpose

In our research groug

+ Croygen release al low temperature (373 K)
C 0T 05PNy 00 Oy

» Reversila oxygen storage and ralease

Purpose: For understanding redox mechanism of CeCrRhO,
system at lower temperature, in sifu spatial-resolved XAFS
Anchiics s st oy Prspw] ks on i TGO

hydrothermal synihesis
Coria (CeQ, ) oxygen storage/release material (MM, [CoNOL,] 300 rag (550 pmaol A43IK, T2H
* Vilater gas shift reaction catalyst L0, « Col, - + 5120 CrMO,)BH,0 398 mg (99 pmol) el
 Three-way catabyst A = Kﬁl' z RC, 3H,0 122 mg (4.8 preal) ' oy imGoR_ calcination
mare than 723 stirmng in kor bath 'u-:ul.u'll Ik 6h
Many candidates of melal-dopedisupporied caria are proposad. disscived in 30 mi distilled water

€510 500Ny 000s 0

#determingd by ICP-OES

L JBminsy autoclave

= micron-sized
particles (=10 pm)
= disk-shaped
morphology

Sl.ructural analysis

Specific surface area im g

cr,
Cammarcial Cod,
[Addvieh)
{partiche sine < 28 nm)

R 12

T liower

g FFT of TEM

mamdﬂ-

™ degres
» CeCrtiy had similar crystal structuns of Cad,, ORDY.
« Existence of oxygen defect was sujgested by shifting
CaQ, F' o {Raman Spectroscopy ).

T TR T T T o ks 0 BN B B A EE B AR R ERE

- {111) termanation was confirmed
h'r FT-TEM diiffraction.

was nnn'ﬁn'nidh part.
» Higher specific surface area

‘mmlﬁ-
Hownde, podyerystalling structury

« Crand nhmrqmrmmadmom,mn.
e , Cr forms. doemain within 1 ne size,

TPR results of

Redox performance
i

|u-pr-mna pretreatment TPR 15t TPO 18t TPR_2nd TPO, 2nd TPR ]
H ﬂwmﬂ ll'pm-cl-lrl
H Oy

CoCrfthDy with different
Crand Rh doping amounts

* Closed-batch reacior system

» Sarphe wirk hested from L 1o 823K
at 5 K min? stop.
» Congumption of O or Hy; was

e canedl VD um

i+ The temp
:| CeCro, (830 Ky,

e of

i sitwr G L and Cr K-edpe quick-XAFS proirsatmant TPR, TRD

mieasurements were conducted during @—‘

H,-TPR and 0,.TPO reactione. n—"E—-b-—-‘-'EL-
FLEZIK  rLETIK

"

M.:ﬂ'pmﬁh. sweOz. H00 e e Hy o Oy Mo,
Heating at B min step from ri. so 821 K)

mcuﬂ

a8
T PO TR T M ST TAE B 0 i 0 T o0 fadd 4000 W0 B8 ee:
gy v By e ey irv Ermrgy
us

Temparatune /%

« In the axygen releass process, Cr and Ca were
slmulaneously sttivated ot £00 K but the oxygen dedfusion
wak selectively anhanced in Cr.

hhqunwmhmthnnfhm-

L, BHing = & % loy, + (10} % fepy. urar.umw}
i, fitting = & % L # {1-0) * Ly, {5999.5996.5 V)

was gwer than those of Ced, (more than 723 K] or

MHI'LM':'M nruammmnn munr.:. and during heating within 623 K.

A Seh

Gt 1 Cg i Py s B
U,m'rlw'npﬁurl :

HIK «<&2IK i, 3 =
st TPD 042 0.4% ik F =
2dTPO 039 085 i i
average 041 051 i ]' 7, PR,

LEyGR SLOGE PIOCESE 1 _| E.._,..._.._..
¥

Cr controls the amount of redox amount
while Rh decreased redox tnmperatune.

i Paan
'I'mllmlﬂldlrly'l“h ;’f.’ m’:}';" [ _mtaen
inaged by FZP and 30-%- f ' -
= Measured a1 Co L -odge o 2 '
£ = 5680-5R00 &V (184 phs) ] |
iy Wiy By g, B, —_— Pt
+ Spatially-resolved Co Ly-edge XANES specima was
blained bt each pinel.

+ Cie valence was estimated by LCF method.

it faw)

17 IPE D T T it A i
TR @ Enargy la¥ Enargy eV
rL=510 K i il —
frmdela T
4B 33 34 A 3 AR 45 3T 34 18 LN 4B
=Py y of stobchi ic redox b Co™ and Co' was
mmmfﬂ'll‘ﬂ"m

Redox mechanism

P H cre v
initial state during TPR Reduced state during TPO

+ Micron-sized ceria particle with Cr and Eh, which shows a high redox activity,
wats piwly prepaned and thelr coygen rebesss and S1crEge Mechanism wine
disciugsod,

* Thrawgh in situ KAFS measerements, it was found that Ce required a higher
temparature o diffuse cxygen in TPR, but Tor TRQ, th resction was rapily
complabied ot ri

« Through Ce L-odge imaging-XAFS measurements, the sctivated anea was

limited maar the Co, surtace bul the slcichiometric ailox was chasraid.
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Synthesis and characterization of the Mo-Fe hydride complexes

for the Ca

[
. M P Ea, M
ﬁ ) R M| A o wf‘q ne
| o, e CFhT 8 FATEN Lata,
s LY P THE S PPy, Mo—Fg
: H + N—Fs— —_— M My Pl
w1 N —al hid ) " ¥ = Pl H
H | A
e B (2n R = b B2y, (3a: [v] = PR} -
in R ks B (3 A w Hy 3% (30 [v)w [BECF L “
hR=H
//_7 P
‘,-' \
P
ia i £y
Bond lengma {4 d Bond lengihs (A) «  [honed langths (A} Bond lengihs (&)
hs-Fa LADD4 4] Mo-Fe E o d] L- ic-Fy FAQETTIO) Mo-Fa 2NN
[T Mo-P  ZASIA() L] MoP  ZAXTE MeP  ES00M18) MorP1 LAGTH1H
Mo-H-Fa 1780420004} Mo-HFe 1R85 Bi-H-Fa 1806110808 MePd 2318015
Eg-H 1,793 1 Mo-H LE Map-d-Fa  1ATER B MoH  1ETE
A Mo--Fe  1S8(4R1ENT) Mo-i-Fs  1USSI18E Fa-H  1.53(8)

Comples b
Rl
"E?_—!—.
[+ 18
L]

6w 0T

Falative imansity {ao)

Rlatren Inbenafty [a.u]

e

3hs: 3 S006{18)
MollV-Pie,: 2 4TGS2 465}

oS = 2FTOH Q5w X2 Oxidation states of
complexes 28, b and 3b; Mo(IV)Fe{il}
+ 5Fg Mbsshanor specirum: Low spin
Fajll} stats
4 3 . T F T : 3 1 Mo-Phis
Dioapupier Wabouity (mers] Doppior Waloaity (meme] i 1y Do gt Bolly)
Catalytic N, silylation Summary
[T — 2 MGk, [ ] Aog pom e ara) Fae & Mok Byl 3 b v e of i haf-sandwich
B e ""‘;-T' - ¥ rusecient o e efiCncy M) pdibeyichs et 18, b by G FaMiSbba )
1 at { S50 e Srertal H i prouCts 1 ol fhis cataiyic raacion
= v J | L J ;'-' + Catiorse comphens 2a, b wen obiined by semaval of & fyoede kgand from 25
A o an L™ s 4 Lrsing iyl oo,
L . _| - ' _.ﬁ ,‘?ﬂf::l‘_-_ __.\' "E?- ¥ Phromphido-bricgod comphs § wit oblsined By the maction of 3a wih PP,
T o ';;_;. " o Thoe cosbation siats of chesten were anatyned as Mo{ViFe|l] based on o o
: Phte, dissances and the 'Fa Mosshanmer speciram of Za, b and 36
L Mo H B 17 ey (BR
;:I.“!_illn __1-__:1?lu_ 16 & deq EIES-T -] BOxBeg (100h TEel 2iatideg o MaFa complocs 28 B - 4 wern Sulyeotid W P Sersges ahyenon e

O i, e i ) 3910, 5D E0AG

Pving up  128 eguiy. of M{SMe,), based on the crnaclesr oomples.
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| Decoy Molecules
Deoiry MOSCL SO Jranason of Bolve
WP Vi mrscOgrion by Pk
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Conclusion
# Davelopmant of the High Pressune Resctor (HPR)

|
Derwniogad in aquipment that tan plessusn up 1o 100 aim ey and sy '
& Construction of tho HFR # How lo Pressurize

Suairate S

HPLE ..q.-.-.;i .\

HPLE Pump Gan  MPLC Pamg
Garg

Ceammana G btk
Vessal oS0 oTmarcs  Supply Subefraie Gae i S sim

Results and Discussion
Hydroxylation of Propane by P450BMI

e Gy, Hokd =
e YL BT ) ey
S T .-..--..-2.'?- iy ] r"l‘ﬂ- = - s :

] th-n!Wann-m

® Tha TOF Extimated by 1 min Resction

i e o b g
Hortral Fre sl g Paasas .:) R et el ) sion
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u-:.-.' ‘D‘_ a4 8T BB ]
AP AT DY .-E:!lr? Raacton rme | man Reaction bma { mn
Fropare ¢ O

+ The TOF under high-pressune conditions was estimated 1o be 22000 min
Batensien Bl [T 6 :“g: =8 3 bl e oy LY by investigating the time course of the reaction
[:_‘_-.. LN - B Optimbzation of the Long-time Reaction Conditiona
¥

R i ot B Tedad T Muinibser [TOR)
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¥ The activity was improved about 2.folds at 100 abtm B The Active Site of CYP153A33
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Chemically -Modified Peptide Nucleic Acids for in cellulo Applications G

OVYuichiro Aiba®, Masaki Hibino?, Gerardo Urbina?, Yuuki Ochiai*, Naomi Kochi?, Masanari Shibata?, Osami Shoji*, Yoshihito Watanabe® CHEMISTRY
Ha u Lin el
2Department of Chemistry, Graduate School of Science, Nagoya University?ReserchCenter for Materials Science, Nagoya University \ ey A

O

J Research Goal I Background
w Controlling DNA function /n cellor in vivo PNA (Peptide Nucleic Acid)

Hi l =
Double strand break ﬁ}ﬁ. re?ﬂ?b?r?aotﬁjgn Genome editing Base

F-——— " —--4 ===k e - ———— -] o}

Invasion

Base| @ peptide backbone
\)OL @ \)10 — high DNA affinity due to the lack of
N electrostatic repulsion Invasion complex
. ) .. | N~ N~ 1
R’ s b egigdIaing H H o duplex stability: PNA/DNA >> DNA/DNA | =i st s
for genetic disorder

= r——=

] 4 e DNA
® Bacteria-selective antibiotics T Base A pair of PNAs invade into dsDNA
Efficient dsSDNA recognition in cells is essential - A pair of PNA can undergo a and form an invasion complex
o o A L & & Withouta pnor DNA denaturation
|50 0.0 o unique DNA recognition mode L%

| Summary % 5 | “double-duplex Invasion”
|

‘ (13 ” . . .
® Optimization of Ru-complex introduction to PNA Development of Ru-PNA” f 1. Improving DNA affinity
Problem to solve (Ru-complex/PNA conjugate)

® Enhanced invasion efficiency even under physiological - Improvement of invasion efficiency mf
conditions under physiological conditions

2. Photo cleavage of DNA
- high salt concentrations stabilize / e
DNA/DNA duplex, but destabilize N \N MN
PNA/DNA duplex

% Ru- complex PNA

| Synthesis of Ru-PNA

# Invasion under physiological conditions
# Synthesis of Ru-complex . .

0, o N - 130-bp DNA:50 nM physiological conditions

+ Na:12mM
Lo J— Q _cowme, S + PNA:neq.ofDNA  +
oo, N . ! K139 mM
C% J‘(\,)éko/ e S wHHon HEPES: S (pHT.0) T K0 ET) - :
arentos e phenoL 53% Electrophoresis

59\/»: 5;@ mobility shift assay
C§ 2:/ X i h siolo ical conditions -
ua anot b fgl © 2  Carboxylic acid was introduced to Py 8 -~

N

= L
> \N/J‘\ﬁﬂomnig Sk N "

L Ru-complex with 6-carbon atoms DNA salt / [PNA]/[DNA]= 6.0 0 2.0 3.0..4.05.0 6.0

RuClynH,0

- linker to conjugate with PNA.
RuipheniC R SBF 2

amide coupling By shielding effect, DNA/DNA is stabilized
PNA-1,2 = GUUDCUGDUG, CDUCDGUDDC (10-mer) "

PNA U-D = Pseudo-complementary A-T pair and PNA/DNA is destabilized

@}'\coon

HN- — invasion efficiency decreases under
physlologlcalcondltlons X
Invasion’efﬁciency: Y
# Optimization of Ru-complex modification 6 eq. PNA <<2 eq. Ru-PNA o 8—'
63. 1 —485.
9
+70%

1. [ Side chain—__ Ru-PNA showed more than 70%
@ N NH improvement of invasion efficiency
Main chain

efficiency /%

Invasion

\ " Optimization
N- HZN%N . N- - 3 4 . 3
H N-terminus 4-*-* The conjugation of PNA with Ru-complex improved its
or . invasion efficiency even under physiological conditions.
3. Linker tength\ C-terminus
o\

ol Ru-PNA
H

HZ’C - Sidechain  The most effective Ru-

. N-terminus complex modification + 130-bp DNA:fSOnM Inda 4, 80 mW/cm?
= for the PNA invasion * PNA: 7eq. of DNA or
- Dap(n=1) + HEPES(pHT.0): 5 mM Y 450 nm
|| Results “Dap: 2,3-diaminopropionic acid » 100 mM NaCl
i

at4°Cfor2h

# Photoreactivity of Ru-PNA to DNA

# Identification of Ru-PNA pua_— Rupna B

. Fullmatch  Mismatch Full match  Full &
UV-Vis spectra MALDI-TOF MS Mismatch 130-bp DNA: - _ 130-bp 130-bp _80-bp  mismatch
38938847 13929703 Single-base mismatch forming G-G base pair |

Ru-complex - 1 -@- @ Q @ @' @ Q @ @' =
£\ A —PNA Z - — Ru-PNA-L: 3932.19 carGaghaac s

2 /\\ ~ — Ru-PNA-2:3896.11 fidGucduig R

20 20 420 420 520 2000 2500 3000 3500 4000 4500

wavelength /nm wavelength /nm M5 — phen — K e o (4 mattc 130-bp, = nochange
P d d ® No invasion with mismatch DNA e — e —
—

UV spectra: Ru-PNA = Ru-complex + PNA ® Photocleavage only occurs to
a the invasion complex =invasion complex
# T, (melting temperature o_fduplex) additional 10-mer DNAS
at the both ends
®) +3.4°Cincrease

Itis indicated that Ru-complex interacts with
DNA on the outer region of PNA binding site.

Ru-PNAs discriminate single-base mismatch and cause
the light-induced DNA damage sequence-specifically

T 2 1 2 %, 1 5 Conditions: [DNA) = [PNA] = 1M, [HEPES (pH7.0] =5 mM, |I References -w. Hibino, Y. Aiba,* Y. Watanabe, and O. Shoji* ChemBioChem, 2018, 19, 1601.
Unmodified Ru-PNA Unmodified Ru-PNA  [NaCl] =12 mM, [KCI] = 139 mM, [MgCl,] = 0.8 mM
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Development of 2'-modified Nucleoside Alalogs as
Antiviral Agents

O Hideo Katakura®, Yushi Niimi", Tetsuro Suzuki?), Ayato Takada?), Tsutomu Murakami¥, Eiichi Kodama®, Yasuaki Kimura®, Hiroshi Abe"
DNagoya University, ?Hamamatsu University School of Medicine, 2Hokkaido University, “National Institute of Infectious Diseases,

%) Tohoku University

Introduction

NH, f
o Ny
o o al

Me. - </ ) O_o ZHO °<N N/)
(A, s i

HO. St

k © ;‘ ’ bse\Me oLo ~

HO

AZT SelenoA Pro SelenoA

+ conventional inhibitor

+ competitive inhibition Patent JP2.018_043329 . X

Design, synthesis and evaluation of

a potential irreversible inhibitor for

several virus polymerases

Possible mechanism
Sxrand clomags

irreversible inkhibition

Target-specific and strong inhibitor for viral polymerases

Results

{Inhibition of reverse transcription

5'- [FAM]-GGTGGACTT CGC -3
-CCACCUGAAAGCGUGCAGCA -5

L8 "

da o o o N Ny

NaO—P—0—P—0—F—0. </N ( J

ONa ONa ONa | 0. N

Condition 1 2 3 4 5 Q“
di dA dT  da” dn”dT
dNTP = dG dt 4G dt
20 Mo ‘ "

1 ‘ -\_“ -
Ty — ‘ [ .‘ '
13 mti— : '
e . B
. L Sl

20% dPAGE (7.5 M Urea, 1xTBE, 7.5% formamide), Analysis by fluorescence
Reaction solution (template RNA 0.2 uM, primer DNA 0.2 pM, 100 uM each dNTP,
Tris-HCl (pH 8.3) 2.5 mM, KCI 5 mM, DTT 0.2 mM, 0.5 mM MgCl,, AMV RT 0.1 U/uL)

NH, A, NH,
STy “o-p=0 'an

7 °7 P
Uq —_— 0,

Primer + 1 mer

| iy i
R
H,.,'sl" J _ - _
/_/&\H + +
Scott E. Denmark et al, J. Am. Chem. Soc., 2009, 131, 3490
Prospect

* Investigation on inhibition mechanism
+ Evaluation of other antiviral activity

+ Synthesis and evaluation of analogues with

other nucleobases HOT o Base
Se.
Me

HO
Base = Guanine, Cytosine, Thymine

Olrreversible inhibition

e ey P gt
a2 Filtration il
LL] U T
(5]
AT BT AMY KT
Tevegeline Abre BT Tevegpline
dNT AATF JCTF SUTF AT

Reaction solution (template
RNA 0.2 pM, primer DNA 0.2
KM, 100 pM each dNTP, Tris-
HCI (pH 8.3) 2.5 mM, KCI 5 mM,
DTT 0.2 mM, 0.5 mM MgCl,,
AMV RT 0.1 U/pL) was
incubated for 3 hours and the
enzyme was purified by
Microcon 100K. After
purification, the reaction was
carried out on the same

W; condition for 1 hour.

8ot ¢
ocf-oct-octoo J

AL

ddaTP

Yields (%)

Time (minutes)
- dMeseAT?

TP —e-ddATP

<{>Antiviral activity
Anti-HBV activity

Mbean + 50 |na3)
g - .
il N NH
4
E s HO. <N:f::)\m‘2
= LR
= HO
; P ETv
(Entecavir)
-
g L
s
gy
L)
G163 1 3 100103 1 3 10 10 ()
! il J
Fro peleng-A Selenc-a ™V
ECso 0.9 uM 10 uM
Anti-HIV activity (MT4 cell MTT assay)
L1} 24
| owr
W M184V (Resistance to 3TC)
17 1 B MA41L/T216Y (Resistance to NRTI)
M M41L/T6955G/T216Y (Resistance to NRTI)
.
s
s . NP e S8
g H ERARR Ao
3.2
wEkak g aliddl = o~ -
0.12
ST =N

Pro SelenoA is durable to various durg-resistance mutants.

LEMICRAT2EMWADE E mail : h-abe@chem.nagoya-u.ac.jp
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s, NG  synthesis and Evaluation of Covalent GST Inhibitors
BiliRAS with Improved Cell Permeability

Haruka Fujlkawa', Yuko Shishido™?, Yasuaki Kimura®, Fumiaki Tomoike!, Yuko Murakami-Tonami, Masahiro Aoki®*, Hiroshi Abe®

- ! Nagoyo University, ¥ Nagoys Clty University, T Hokkaldo Unliversity, ? luntendo Unfversity , * Alchi Cancer Center
1. Introduction

G5T ! Glutathione S-transferase PR g
W Catalyre the conjugation of glutathione (G5H) to a wite varity of "'Ct 1-Ehipr 1.4 Dinkrcbanssta
hydroghabic and slectrophilic comg di in phase-H bl idr. feoaay
B involved in detaxification of xenablotics [Fig.1) and supgression of E—d} ﬁ—
apopesis, causing drug resistande and cell profferation .
L% incancer enlls,
—}Gs't |n}ubmpn ha pl'omlnn.g iwm to cancer.
W Since exisfing G5T inhibilars afe compsetithe inkibitors, hgh concentrations are

required Lo obtain sufficient inhibitary activity.
B ‘We have developed a covalent inhibitor GE-ESF whikch is expected 19 hawe potent

A E_ e
inhéditoey activity. [Fig. 2) =
B A sulfeny] futdide growp wad introduesed 84 a reactive functisnal group for G5H conh
tyrosing, which is an actve residue of G5T, at the cysteine residue end of G5H. GAH concentrasion 1-10mM
B However, G5-E5F had poor cell membrane permeability. Therefore, in order to RSP | frvatireag riciiil vt inliietutt i g 2
increase cell membrane permeability, cavalent imhibitors based on small molecules Eig. | Detosification mechamim Howel GAT bibitor
ware doveloped. e Crmes, Cramessis FEAP NN AELM

2. Inhibitor design

4. Result of CNBSF Derivative
| W Darivatized CNBSF for further imprevement of GST inhibitory Stthvily.

e B S fg = S N-gﬁ _..rfg‘

MM‘IM

B CNESF reacts with G5H in cefl 1o become GSH conjugate and oxcugys G-site. The sulfonyl || | iskbaer _Preirsbasion | Mens G IURG , Fugessstnce massur
fluonde group and tyvoaine would form a covalent bond and inkibit GST sctity. g =l

|l W develpped 3 covalant inhibings baded on CONE.

Wtﬁ-@ #«@

iy, assay| “';} 1 A ;::;“ o - ||| Exhacrymic acid jeay

Iy 25 uM 'mq.! :mlu_ [uM a3 M
[Ty | e -
I e — -
pii il R
G, M % Ex 430w, s 530 mem Inhipigr __ Pri-inowbation oo W e wash
™ T LIk

e B84 B Bl ;2“.
; |I

& warthad 13 with phonphabe buffer
chaonynic acid (LA} CNBSF FHRE — P Erreae e arpeel
n:,.,-upn e ﬂnﬁl BIph 88 M &
Reversibility assay Fr

ey -
“H | el ————————— Ty

hisier | Prebuanion a0 .fﬂ] wash L ]
AT, G5H TR 1] e 13 MCI-HSPZ eells.
M winsh "
Flarpsiems e 1
Wkt ; n ok
amigan utry-.5, 10N [UiraAkranga |
Ewnihed of s phenphatr bufe: h L1
— Hlamprdiietel & St eirshsl @
.1 = '

wmm 3o

a

Cl-Eh = o suggested that they were irneversible inhibitors.
P im B The cytoddal activity of compaunds 1, 360 cancer cells enteeded that of EA

5. Conclusion

Inbutrtr. [ s i B W have developed small mobecule based covalent inhibitor. Since the membrane
B The K, of 1 CONE Gerhvativg wirs hights than that o EA 3nd G5-ESF in wire, permeability was impraved, the inhibitory activity in cells was improved.

Hersvevesr, their GST inhibinary acthity greatly exceedid that of ethacrynic acid in cell W The cytocidal activity of the CHBSF derkvative sxceeded that of EA. And It was
W Both CNBSF and FHESF were suggested to be ireversibie inhititars., suggested that all compounds were irmeversible inhibitors.

ol

ol turtid [N 1
LT -
e g“ I W The IC,, of compounds 2, 3 signficantly exceeded that of CNBSF in vitro. 1t was alsa
iIm_

(-]
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Honeycomb crystal structures formed by 3-fold symmetric triptycene derivatives

Introductio Triptyce aoquinone
Previous work
Highly symmetric Hyb.”d Physical Electronic band structure
carbon allotropes orbital property
Graphene sp? ~, e/
A‘, v .
oy Triptycene - and o-Benzoquinone (BQ
sp? carbon NDI-A Y Pty L4 q (8Q)
o et . e 2016, 1,002 ool e el like skeleton Electron acceptor
Highly symmetric 3D crystal structure Variety of functional groups Reversible two step reduction
& formed by triangle 1 molecule NDI-A
Insulator H Few example of Strong m-7 interactions or
L honeycomb lattice formation coordination bonds
Radical anion salt of o
010 ot st 29758, 40500 NDI-A
Unique structure
named as
7 single gyroid,
Metallic??? * L srsnet etc. 5
mocel
J\ i W T e BQ sQ~

‘tron Accepting

p-TT o-TT Cyclic voltammogram
=308 —4.00 ! 3
"“'um 2R L L B8 0 0 ghog »
e o8O ; p-TT

LA B
I&\/\ff
: i

— &R : B
i L 5 i i
Optimized structure : i i i { o-TT
B3LYP 6-31g* ] to_aATs : L
o )
oTT LD “ * AR A3 48 44 OB
Eiv v Fofc
Linear combination of benzoquinone MOs oTT

Electron acceptor 1 mM solution of p-TT or o-TT

Ability of p- and o-TT

Degenerated LUMOs

Rb(p-TT)
Valence of BQ moieties
6-fold inversion axis I ]
Rb’F . -
i am
Mirror plane
3 .
T E -

o B 8

- i

Highly symmetric * ! .l
Coordination bonds between TT and Rb wy L —
TR Y

v=10160(3) A*

R, (1> 25(1) = 0.0249, wh, (all) = 0.0621, GOF = 1.119
Residual electron density in pore was removed by SQUEEZE
T=123K

Ideal honeycomb
Structure of TT>

Strong m dimers
3.02A

~6A cavity occupied
by fully disordered
solvent molecules

1D columnar cavity

Co(o-TT)

0€ )y

Trigonal Prism
C0-0:2.0662.147 A
Co'(HS)

Orthorhombic, Cmem (#63)
a=11743(8), b = 19.128(13), c = 11.588(8) A
v=2603(3) A*

Ry (1> 20(0) = 0.0682, wh, (all) = 0.1841, GOF = 1,094
T=123K

SQUEEZE

Molecular Structures of p-TT and o-TT Radical Anion Species

e

in DMF solution of 0.1 M TBACIO,

OYoshiaki Shuku, Kunio Awaga

Department of Chemistry, Nagoya University

E This work g

Electron accepting multi-
dimensional & system

Crystallization of p- and o-TT
radical anion species

Electrochemical reduction of p-TT
using RbCIO, as an electrolyte

p-TT + 3e” +3Rb*-> Rb,(p-TT)

5

Chemical reduction of o-TT
using Co,(CO)g as reductant

0-TT +1/2Co,(CO); - Co(o-TT,

Shiny red & air stable
crystals of p-TT anion salt

Black & air stable
crystals of TT anion
transition metal complex

Band Calculation for Rb;p-TT

multi-step reduction processes

Parameters Electronic band structure
t,: intramolecular transfer integral (tight binding approx.)
Valence of BQ moieties t;: intermolecular transfer integral =

estimated by DFT calculation (B3LYP 6-31+g*)

#a

158

. -
Q a Exotic band structures
2 % Dirac cones:
2 Expected for honeycomb structure a2 | o
% Flat bands: _———

Due to intramolecular interaction

oo pm 179 .

2D MOF

Summary

~8 A pores Honeycomb structures of p- and o-TT

radical anion species
Dirac cones and flat bands in the electronic
band structure of Rb,(p-TT)

Future Works

Charge doping into the honeycomb lattice of TT radical anion
- Band filling control

More variety of building blocks
- Molecular design and synthesis
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Highly-Porous Heteroatom-Doped Carbons Prepared by Salt-Assisted Pyrolysis of
— Covalent Organic Frameworks for High-Performance Supercapacitors

Dongwan Yan, Yang Wu, Kunic Awaga
Graduate School of Science, Department of Chemistry, Magoya University, Japan

Introduction

Supercapacitors Heteroatom-Doped Carbons Methad of Heteroatom-Doped Carbons COFs
s [Te—— wx 00 E‘: —] L i #Largs Surlace Area
L] L E L] ¥ b dnl:-l—l- T|'I!JI sands m_}g..
o T | Ly L) osee e * Dosigned Fore 5
A [e— —— o N o Size
o "y . ] % . FU—— M f= 2nm) /
T I T P O o o
¥ b = oo b T g e
I l: L " ] 1 L o - S ——— & Lightweight Elpmants:
] LE | . | Py e L 1 —— C.HBOMNS
el e i o= Heteroatoms: MEBP Oand § ™ e .
. P * Sirong Covalent Bonds
Wusnion) £ Crem R 2018, 118 S20-0I00 Dy M., Adv Fungl Maler.. 3000, 18, ED0-847 \l' ’- Yuanfu D, iaier. Cham & 210804 1784
Synthesis and Characteristic of Hmﬂmtom-Dop&d Carbons
Synthesis of AQ-COF Salt-Assisted Pyrolysis TTE N, Sorption Pore Distribution and Pore Volume
NI orpian BET ONC-TO 185 mig Pore volume ONC-TO 0.06 om? g
P ] a * BET ONC-T1 2804 mig" Paore wolume ONC-T1 1.38 ami g/
o R SV ' - — 1
B L _ e Bl — 2 ad s
o 5. Ao fa'- :[ | - — i 5 J! i
- E.: - N . 3 Hi. LE Frs i.
o E‘ﬁ:aﬁuﬁLf oy < 2 = °f o b |
=] i “'i = 7
Schiff Base -Keto COF | T i SR PR 5
Forn Nam jmesi P B ey
] ONC-TO ONICTH " ONC-TD ORE-TY
X-Ray Diffrachon Ellernental analysis

. EA(%) AQ-COF ONG-TO ONG-T1

| 6645 | 8658 9395
22 | 693 455
| 753 | B3 | 088

o 103 061

zz/0l0

L1l
Raman spectrum X-Ray Photoeletron Spectroscopy of Survey and Fine Heteroatoms Group
I T | Samples/Elemant amount (%
R Ol O O-Hl

ONC-TD 103882 35
ONC-T1 1438164

I _z [N

- . NS N6 N-X N-Q
. = ONMC-TO 38847143 98
= Ea® ~kw — e TR E T T =/ ONC-TI 57 84928 66
g s 'ﬂ “ld‘“‘.mlq_ ™ . Bl Loy e h-‘b-- “.'
Emm Performance of Heteroatom-Doped Carbons
3-Electrode Cyclic Voltammetry of different from 1mV s to 1000 my 51 EIS
al e IT f "
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1 | I|I
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o
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- H--a-?- u-:\- & " :-—n-::m-:‘:\- . = :-:---ﬂrni\.-u- = - g e, A J P i
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Galvanostatic Charge-Discharge GCD Specific Capaciance and Cyclic Performance Summary

®Heteroatom Helgroatom-Dioped Increase the Redoy
KReactions amil Electron Donor Capabality

®Environmentally Fricmdly Template (Physical and
Chemical Active by K004)

®High BET Surface Area (I808 mé g')
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Lead-Free Halide Perovskite: Effect of additive choice and
solvent engineering on optical properti?s and solar cell performance
Tomoko Aharen, Taketo Handa, Takumi Yamada,
Atsushi Wakamiya, and Yoshihiko Kanemitsu
Institute for Chemical Ressarch, Kyoto University

Introduction
uadmmbaudpermmm

. MMEMM?{PCE}I:ZHE' WMM{WE}-HB%
» Towicity and Envirgnmental impact g nati :

Prl ¥ = = Addithee (SnF;)} assisted perovsikite layer formation ; excess tin and reducing

Alternating with tin (Sn,Groupld elemml:}
= similar ionic radii to lead ensures structural stability Approach to impraving PCE - Matecal quality @Interfacal property e,

mmwmmmahrmnusumasnmrandmm Far option @: Use of other additives
S ol it e re—Michenciess-07-17-201 8.0t SnCl,: tin rich, moderate reducing, impraving crystallinity (C1 ian)

Material Preparation and Characterization

One step spin-coating film fabrication (in N, filled glovebox)

FAl + Snly FASnl; Sailvent: DMS0 only or DMFDMSO mixtune
? SnCly mmﬁe ling: Sequential TOT+1007T

Wy ey o At
layer formation  @Deposition IToldip  Eanneal EDone!

|
g'—ﬂ— Fow Sumioy o sap 10 1 ﬂm&msmﬁmnmmm

BODFE @ e o comwert fully 1o black fils
i Deposition @Anmeal EDone! the

Optical Properties Device Characterization

<FASnly, SnF, 20mol% or Sncl, 20,30 mol% addition> Gari e
Gl e 1 D) Lo

Lifetime (ns) it w2

51n oW UM oM 0w [ 1)
G TE A bad 14
6.2 = T

“ ik
88
174

L3 All the Pactaes. (Jse, Ve and FF) are
:; improsed when using sobvent mixure
a coupbed with antiscleent dripping
el

Absorbance:
F20 B Ci30=1.40 v
Ho additive =147 &4

Bug-shift is expected ;
when the walence band madmum is
occupied with doped carriers ©
{heavily doped conditon)
—+The absorbance shift observed for Coemparison Defvaeen high T and low T processng
130 is coposite
e (mA emd) Wt (W) FF PCE ()

MT FETT .29 [ET] 13 —+ Film formation on TiO2
o 1764 .35 D 21 or interfacial probiem?

LES "

*T Handa, of &/, 1. Phys. Chem. C 2017, 121, 16156=16165

5nCly as effective additive is demonstrated for improvement in CREST (JPMICR16M3) and IRCCS for funding

optical properties of the thin films, The guality of the light 5
absorber can be enhanced by lower T engineering. The solar cell Shimakawa Lab for XRD facility

performance could be improved by choosing suitable carrier
extraction layers,
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Nonlinear interaction of strong laser fields with semiconducting
materials in the nonperturbative regime

Yasuyuki Sanari', Tomohito Otobe?, Yoshihike Kanemitsu®, and Hideki Hirori!
'ICR, Kyoto University, “Kansai Photon Science Institute, QST

®

Abstract In semiconducior GaSe, the polarization properties and the crystal rolation angle dependence of the higher
harmonics generated by two-color excitation lights (w,, b)) were investigated. As a result, by driving the electron 1o the
high enesgy state with the excitation light of w, and increasing the tensor component of the band curvature in the w,
direction, it is possible to obiain a large nonfinear current and harmonics which can not be obdained only by the weak we.

r .HQh harmanic gmmhm {HH’G} 3 r .meafiwn with the perturbative nonlinear optics. -\I
GumamngfsSmsLEmONe o High sensitivity to band structure @yl E, A E; B Mo ¢ :'::r:wwmm
] =+l oplical band reconsiruction s <
. I.r il 3 = ] 1 - LS
Ha J * Importance of mation of electrons in k space J, 4 Prami g | % %
[ —Interband polarzation 1 1 =3 :
i —Inter-band curant ) — Iu ) 1 T
SEEdng: iy i y 0 40 0 120 : & B 1
7, T i || oo™ e o
pararmater of mobion controd of alectrons By Bty B, Pk vy
s Clarfy the relationship between e o BN e 0 o ERE,
Kisrsband intra-Band eleclronic motion of the k-k plane and - Xzl X2z -0
palarization e i Az =
b A -1—' 1 iy Xaipz = COnst,
r’- -\I By P B o i, Dol B A BT 1ER 20D

Experimeantal setup

EH'M1|1'1|~ Ilaly #iady

80

E, ~ 10 M\Wem
wy =052 eV
Wavelength:2400nm

E; = 1 M\Vicm
wy = 0,85 eV
Wavedangth: 1300nm

Rotate the crystal and measure the ¢ dependence of HHG

.

. Rotation angle dependence
Thee component of frequancy Marm_ Int. {8

w}

P, i, wars defined a3 {mn) 0 05 1 Classification
JE, HE
- 60 * (oddodd) _ Inter-band
i (eveneven) polarization
(2.2) IE,
(0.3) IEs A o symenetry

Explained by spalial symmetry

il [E;35 fpkd symmadry

+ (oddoven) = invabandcurent | ST
L) -
e St |
L" BE Thig Symamiiny is 1he same 85 & 1 SO0 acilalion

Cf. (5.0)

Explamed by the mobon of
alactrons along the E, direction

ey
K ki of o, P Bodv, Lo |30 10 W 00

1 E, 12 Told Syimimadiy
* (even,odd) = Intra-band current

1l Ex 8 fold symmatry
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urbative symmetry which can't be explained wmmm]
.

)

1
(k) = 1 —ichﬁ{u;-k}

Emnw

(/'_

. Cos-band model caloulation
1.5

‘Lk} 0.0

my = i B windm FAN)
iy = {ensf{a), sirfa))
wy = os(—m /T st —n,2})

Ep = & reag — Kpning
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Ef¥iey E (6}
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L [.gﬂ}

FT

- Z wrni 2 Moy U e 2 s 2 r{'«ﬂ{;‘:ﬂ-r + |}r||| + /..'I'ul__-
L

2Mey 4 (2N + 1) e
{even,odd) component generated from the
'\ maotion of electrans in E, direction ;'I

- E, intensity dependence of band curvature tensor
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As E, increased, the electrons reached the non-
\mewmmmﬂmm
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Conclusion

HHG in s0lkds by an anhogonally polarized two-color laser el wene investigabed
In th {ewen, odd) camponent, nan-perurbative symmsiry that does nol appoar
only with E, appeans with E, because E, changa the band curvature despiles the

\ |wmnﬂuuumaﬁmwmmnufmmmma|n{mmd}?l J
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fact that tha vibration directions of the electrons. ane crshogonal (o E, dinection y




Anti-Stokes Photoluminescence Properties of
Lead Halide Perovskite Semlcnnductnrﬁ.

-Lead-Halide Perovskite} AMAPBCL, Single lErj.'*s.tall
Perovskite Structu S Two- Dﬂu-wipmu and 2-PLE Spectra
i 13
AT ] HCINH A
f— T - Ce', Rhf. .. b ,
. B .Q 4
_ 15 3% 27 u';wmg Bi A B3 04 RS A6
—— __‘:.-J PB*", S0 :
¥ Band gap engineering £
B e R i 3P |
| AR, w I.."I' i 3 . 3% 28 F7 28 g8 AR L AT RN LA B3 18 &
; I r_. ] Thir filra MNand crpstal Prapicn Lrargy (¥
Fa 4 Applications Fundamental Optical Spectra
= ” .......... L 5L L
g- - "J ' 1 ¥Solar cell = 23.7%!! T (T
L 4 “Photodetector 1 o -
L - ck : L .3 i 4 E J Excitonic
. 14 16 11- ?‘;_ej 14 26 8 m ¥ “Light emiving dode E v i ﬁ Ve H Property
AT Laser. S AR i ™%
i Ji W] 5 i
1i1= o 4 1 Phatan
 Sharp absorption ; direct gap semiconductor E 3 :; 1 4 3 i Recycing
s i o I S -
_E 1w r -g (] E’ I '|I Ir | W S
3 2 F L‘L b E;=3.15eV
= T Bkl
E B | T. Yarmada et al, Py, Rev Lett, 120, 057404 (2018)
& §‘° i
i I

MAPbBI, Single Crystal and Thin Film
Resonant excitation by PLE Spectroscopy

Thes o] [¥ Yamads et al
P 3 Bl Chem: Sot jon.

[0, 1123 (2017
et

f! FWHM ~ 90 meV

T |
Intrinsic

Broadening

> Anti-Stokes PL!

1.2 18 Fde] 2 140 0 30 49
Phiien Enengy {84) Pusian Energy (e}

. Yamada et al,

Bufl Chermn, Soc Jpn, 90, 1929 (2017), |

+ Experimental Setup

Intrinsic properties still unclear...[>[ i

L iy (et unia)

Paoios Ermgy (V)

PL Peak vs Excitation Energy (o]

surfsce -

ilﬁﬂ Emcilatson
IFrt et &
e E‘I'H:
- o Emission
o | E Thick Crystal
21 22 23 24 f e 152
Photon Enesgy (e . o o b e 0 s Ll L & -I.
. o 150 160 170 180 190 200 v

Excitation Enengy (ev)

Anti-Stokes PL is also observed in thick crystal!

T. Yamada et al, submitted for publication.

Conclusions

TRPL and PLE measurement for MAPBY; single crystals
¥ Excitation depth dependence of PL lifetime= @y ~0.85
« Detail analysis for PLE spectra with photon recycling

= Determine 1- and 2-photon absorption spectra
¥ Efficient anti-Stokes PL from thick single crystal
JST-CREST (IPMICR1GNI), JSPS{1TH0TBS0), and IRCCS

Pz et (gami]

T. Yamada et al, Phys. Rev. Applied 7, 014001 (2017). | Ackowiadgisnedt:
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Introduction {EH-NH-'{MAI

HC{NH;}:"(FA)
& Lead Halide Perovskites Cs.,
* Li=sg trap and defect tolerance
* Tunable band gap
* Easy fabrication at low cost

[ [ =

PR, S0

Linear Optical Response m
¥ Strong absorption
* High luminescence efficiency

Solar cell
Filight emitting diade e,

Ras it ol Hat Maseibihead 9, 85T {3018]

Monlinear Optical Response

Patential for nonlinesr optical
device applications Ii“
#Laser ]i"

#Optical Switching
Hot fully understood

Tahao et l-?- Diptical Mater &, 1701 B (P15

& Third Order Nonlinear Optical Cnafl"ﬂtclunm
Previous research: using

el
]

" .
L

) .J' e
Firrando et af,. |, Phys. Chem, Leet 9, 5612 (1018) [review)

Various values was reported |
& Purpose
Elucidation of intrinsic factors for
third order optical nonlinearity

mammma—- -
r l

LT ] I-Jl 'Ii T

*  grain Sruiiune
= inberfae
*  poncentration

_ : 3
- using|Single eyl

Experimental Method and Sample
Centrosymmetric Material (3 = 0} Third Qrder Susceptibility
disickdute S
Plth = f-:h‘”i[;]:;éri[;:f:...- | . [IF’=_NEEIE-.'I M = nfeac
#Z-scan Method

[ and y can be measured individually
g

# Sample

MAPRCE, Single Crystals

Sample Preparation

N

e L

Close Aperture

=0

He—
Optical Kerr effect (Self focusing)

Twao-photon absorption

Third order nonlingarity m "W Thermal effect

% Repetition Rate Dependence
o

i rm.“.-' -.'uq

£ am

.
L o oy s
am -

an
]

Ay = 0+ Hhga

N i

e S, gl O, 407, 11EP 30N

= Ay = kylL + OHE)

=5

# Wavelength Dependence of
Thﬁrd Order Nonlinear Dpﬂinul Coefficients

| g eI W
photon energy
« The absolute values are
comparable to the
conventional semiconductor

n -
T

-
L]

Conclusions

- Z-scan masurgment for MAPBCL, single crystals
#third-order nonlinear optical response |s dominant (Higher order or
thermal effect is negligible)
#Third order nonlinear optical coefficients
= = 0~3em/GW, ¥ = 24 x 107" em®fGW [BDO nrm~740 nm]
#Wavelength depandence of 7 and ¥
= Positive correlation with photon energy
Acknoaledgement | I5T-CREST [FPRICRIGN] and IRCCS




Photoluminescence properties of lead bromide perovskite
nanocrystals revealed by single-dot spectroscopy

Institute for Chemical Research, Kyoto Univarsity
Sojiro Masada, Naoki Yarita, Hirokazu Tahara, Masaki Saruyama, Tokuhisa Kawawaki,
Ryota Sato, Toshiharu Teranishi, and Yoshihiko Kanemitsu

4 Lead Halide Perovskite Manocrystals 4 Common PL Properties

* FL decay # PL infarminency

T™TTT T
t :|
e
. L]

g 8 WM Em N 2m 230 e 28

T s P sy WY
L Pt o L. Protesascy of &, B hang o o,
I O %o 1, LS2OTSISN Mano et NS, WA 21N} P Lot 38, BALY (L]

. PR T
4 Purpose of This Study : A Site Cation T , £ S Toiaion Pl fcjmncy fTaEo)

Enhancement of chamical stabdrty

ﬁihﬂ& * FAPGBI,

e i
- i

e o W mepsuned TBR NCs & Golal (G211 NCs. MA RS NCs. FA 383 NG}

& FL Lifstima v absorplion Cross section & PL peak enangy v5 abSoipion oross seclion
00

We prepared sl three NCE wilh almost same size

4 Difference in PL Properties

& PL apacirum from & Spechium brosdening ol
4 Single-dot Spectroscopy mingle FAPEB, NC I vy Sade
#mtm&mﬁm 100 i B Bl BRALL

e = u LT
e e Ll 1)

[ ; e ]
- L -

+ Conclusion

& The speciral shaps and size dependence of PL wane obsarved in thees difersnt NCs
# lin FAPDEr, as the size of the NCs decreased. the low energy Side of the spectra broadened
® This effect was particulary conspicucus in FAPDEr,, and aimast not seen in CsPolin

Acknowledgement JST-CREST(JPMJCR1ENZ) and IRCCS
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Mechanism of Trion Generation in CsPbBr, Perovskite Nanocrystals

~hemical Re

Satoshi Nakahara, Hirokazu Tahara, Go Yumoto, Tokuhisa K

2g@drci

Toshiharu Teranishi, and Yoshihiko Kanemitsu

O Cesium Lead Halide Perovskite Nanocrystals (NCs)

ACRPH, [ = 1, s, 1 MO

B asmMA O
* @ weomg
£ "

L i R
uight Ervitring Disddes
Suprrior optical progertees
+ High photshesingicencs quiitum yisld [PLET) 4
* Tunable gmission waelength 1=
+ [Lirkifgg =

» implementation for light emitting devices W= musma

0 Introduction
# Photogenerated Exciton Complexes in Perowskite NCs

Excitan Trion

=k

Radisthsr recoenination

Blesciton
{Changed Exciton, K%} [E=i]

St

Nonradiskies Asgger recombination
=i Apduction In PLOY, aptical gain

ON state
T |Excitons)

*Photaluminescence intermittency of CsPoBr, NG
|

M. Yarika et al, L Phys Chem, Lete. 2017, 8, 1413
Trions cause the blinking and reduction of the PLOYS

L+ Trion generation processes remaln unclear

Clarify the trion generation mechanism in CsPbBr; NCs

Osamples
# CsPhbBr, NCs : Dispersed in octane \ : E‘

Untreated ¢ fo-.  Treated i
Treatmeent i &

e

i
B Rt 6 o 7 A (B Ten TOLT 1P G566

[ N
-

Band-gap Energy

PLAY improvement ; 65% — B0% £,= 2.44 ¢V {508 nm)

# Qbseraation of ultrafast carvier dynamics =+ « Pump-probe measuremaent
= Suppressicn af photo charging aftect =4 ¢ irring
= Infleence of NC swerfsce condition =i v MASCN surface treatment

s : @ Elearon
o Hoke

O Results and Discussion

awaki, Masaki Saruyama, Ryota Sato,

# Extraction of Exciton, Trion, and Biexciton Components

R, Sigasls

Crcary Dpramics

Ni=m-j

dverape of sbaorbed phocion riamber per 80

# Trion Generation Mechanism

[Excitation : 480 am (2 BleV)]

1 !!. X [t
v -..__h_:__’_""___. Strong bleaching signal [~ 508 nm)

£ === Oecupation of band-edge states
g —

by photoexcited carrigrs

¥ Weak excitation regame ; Slow decy
p Exciton:

" Shrong eucitation regime @ Fast decay
mp Trions & Bipscitons

re = 200 pE Ty = 52 s

ry = 51ns

-
| L - TL I L
o et 0 Pt N
| k-phaston atrgrpticn ; py = ¢ "'%'I
L
Ratio between Ay and A,
|efgrenae bbbt barmpie h naghpbie]
Ay 1= &~ — ()= tB
— ] e e e e
r‘_-|_ 1 = g=t?

i : Charged NCs
b ; Neutral NCs
* Untreated NCs
a=0.058 b=1.1
+ Surfage-treated NCs
a=0.00 b=054

suppressed by surface treatment

Trion generation is

Dominant trion generation pathways :
Surface Traps (under weak excitation)
Auger Recombination (under strong excitation)

5. Nakahara et al., 1. Phys. Chem. C 2018, 122, 27188,
# Generation of Charged NCs  [Excitation ; 508 nm (2.44 ¥ = E,}]

* Double Pump TA

= It CETRT gEneTatinn

Trion campanant
Pumod [ presiraand by pumpd

= Rpconstruct

+ iEmtraction of Ay

At Dependence of 43"

i "
AP = af] - )

TesTIps
L ]

¥ W
rigmi
2mil o krwd [T
] Gengration rate of Changed RC

= kg ® 1 f Ty {7 = 52 pa)
| Bleatitesh risbombaration fale)

Charged NCs generation via biexciton Auger recombination

0O Conclusions

We darified the trion generation mechanism in CsPb8r, NCs.
# surface ireatment : Suppressing the tricn generation

= Trion generation mechanism :

o0 9=
e D

Surface traps (weak excitation) & fuger recombination [strong excitation)]
5. Nakahara éf al., ). Phys. Cherm. C 2018, 122, 22188,

Acknowhedgement | IST-CREST (IPMICRIGNI)




Coherent Spectroscopy of Multiple Excitons
in Semiconductor Nanocrystals
Hirokazu Tahara, Masanori Sakamoto, Toshiharu Teranishi, and Yoshihiko Kanemi

Proamising candidate for
quanium dot solar cell
iy

Lead sulfide (PBS) nanocrystals
High-daganeracy
d-fold x 2 spins (L-point}

Simidar effective mass

. o o1 Glma
i R Mat, Mater. 16, 258 (2017}

Multiple carriers up to § excitons can be confined in one nanocrystal

Hany-body Interaction In multiple exciton dy 5
Auger recombination Multiple exciton generation

[}
[ .
=== Dnp hot exoion

1 o mastiple axotons

Carrser Muiiplication procsss iImproving
photon-to-curment conwersion efficiencies
in solar celis and photodetectors

Carrier multiplication and cohérent dynamics
of multiple excitons s not solved yat

In this study
B We developed & new method wing phase-sendtivie transent
absorplion measurement to observe the ultrafast maltiple
Exciton dynamecs.

W W successhully observed harmonic guantum coherenoe
of multiple BxCions,

1] 1‘3‘ 18
Pholon [ gy {#']

W Phase-locked interference detection system
of transient absorption measurement

Synchronized detection of coherent optical fiakd
and excitonic dipole oscllations

Macre Sme
]

Dipole ascillatisn profie
0.04

k003

Sonz}

QN_E -3 0 3 B
Mg Time (k)

Envelop profile

B

8

Mgcm Time (fs)
=

g g

R003 P
002k 4

3 0 3 & 001 .
T 200 0 200
T ) Macro Tirme (fs)

Expansion to harmonic dipoles =
An = na-oscillation
Enm123 §Anc0s(nwt) g = parity

Y\ = AN+ W+ WA

W Excitation power dependence of harmonic dipoles

Generation
probability

0,010

0.005
Amplitedes of harmonc dipoles

- comespond to th generation
0 C probabilites of maultiple excitons
1 1
Fluenca { x 10* photons/cm®  Harmanic dipales

= Multiple exciton dipobe oscillations

B Ultrafast envelop decay of harmonic dipoles

Enwelog decay time decreases
Wwith increasing the hanmonic order

A

Envelop decay = Free-mduction decay
of dipole ceallations

wopsis o' Judipsis o7 S gl ot

1]
Envelops Time (fs)
- e
Decrease of decay time is the evidence
of harmonic dipole oscillation due to multiple excitons

Conclusion

B We cserved harmonic dipode oscillabions i semiconductor nanocrysials,
W From our comprehensive analysis of multiphs excitans using photon
statistics and ufrafast eneglope dynamics, we find that the harmonic
dipole osallations ane oniginated from multiple excitons.
H. Tahara, M. Sskamoto, T. Teranshi, and Y. Kanemitsy,
Pl Rev. Letk. 119, 247401 {2017)
H. Tahara, M. Sakarmoto, T, Teranshi, and Y. Kanemitsy,
Mt Comwraw. 9, 31709 (2018)
Acknowledgements: IST-CREST (JPMBCRIGMI),
JSFS KAKENH] (18K13481), and IRCCS
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Fundamental optical responses of lead-free tin iodide perovskites

Institute for Chemical Research, Kyoto University
Taketo Handa, Tomoko Aharen, Atsushi Wakamiya, and Yoshihiko Kanemitsu

= Background 7 Steady-state PL: Electron-phonon coupling

& Metal halide perovskites AMY, , A= MA_FA, Cs, M= Ph, S, s B & Resonantly excited PL & Température dapend af L
ai 1 | |
m Ph-perowvskives show high WALl wf Sk
effichency, but they are toxic i

S —

o 50 it |

m5n perovskites are potential
Ph-free materials; however,
their efficiency is lower

FIAHM B PL sV

)

Pt iyt $ffa Ty (]
-]
Fomirs s vt eflreny P

o, R o
b TR R SR PR RT ]
A quags Py e

1.2 13
Satwrmpint i i, 10 (P, 51, 019 (MY Phasion sneegy (0] Farrpariis (K

s gt 5, Mt Proacnics B, 4990 (30045 '

et B, b Ereie, W, £, 1RO EY COLE]

Eafprbrunner o o, Mot Mater 0 10020050 B Temprrature deprrdence of PLwigdih i enpliced with clectnes. LD plores imeraction
HATL robee coll eifcimncy chaet

E
i inci crLPwie = Ty ¢ = | Ty = 452 moV, [ow S3E meV, huy, = 216mel |

# Working principles of solar cells  #Conversion eff. vs PLOY T e Ty A It:] Z

B PL e i dpscribpd with sleciron LD phonon coupling with fug, = 22.3 molf

. (=t
- Ptow oyt ¢ E2 exp (TS E) uf) = 225 [EG(Z98 K) = 12 meV

I Steady-state PL responses of MASnl, are similar to Pb perowvskites |

=» Potential for solar cells

=y Carrier dynamics: Hole doping 8 energy loss

1. Optical properties of absorber layer e ] -
2. Losses in actual device T 1 ol Oipe. Fapowus 34, AT (1R # Optical absorption: Effect of SnF,
Shaaciiiey ol i, | Appl. Prea. 02, 530{2961)

B Absorption oraet of M%),
{wfioSnF ) s at higher energy

=+ Band-filling effect due to
high hode doping density

[:} ‘x“v_r_f'
L : impact of doping on photnoaTier
We in I n f Sn ki ety e LR TR ;

4 | FECOm baratn IransporT dynsmcs

l'./-l o Fundamental optical properties (Eg.

B Spectroscopic evaluation in
dewice structure is needed

18
-2
PLOY ) determine upper limit of aad
corversion efficiency; o
But in 5n perovskites, these are unknown

= Experimental # Time-resolved PL- Hole density & energy loss mechanism In device

. o B Comparison Byfw Sima

im 2 L lifetime is longen Tor MAASA, Film wy Snf
'.(H,NH.,SHI.,‘MA‘S-HI;:I thim films ‘Chalee of antisoheri == . e lilllm-!d:.'ln Jud Mok dair
[#But. stil ghorter than MAPhI, which shows » 100ns|

W Covmiparisoen By'w Sims erd device:
FL ifetime ks shorter for device sample
= lmaficative of Charge estraction

- Spin-coating method - Addition of SnF,

& T
B Charpe edraction efoency; f,, = 1 — 202 o 79,

w SnF, e - holyce
.]_ G B A e B0 mASim? K B9 K 0w 3.7 mbfom?
L it o, it Kok AL, AN L = gt 1 ® Pmras Sy TS e Same as electrically

L
Suppression of hole density = I e by

#MASH, solar cell e .
_ o ) ) Short carrier lifetime because of hole doping
* Device structure *JV characteristics is the origin of the decreased photocurrent

& Recent collabarative work:
e L Improwed preparation methods enabled longer PL lifetime, leading to efficdent

e S solar cells with ef. > 7% - N ST
= MAASHI, as absorber Laper iy

P s82007 .
# PLmeasurements st =y Conclusion

~Resonantly exciled PL: " Exgitabion
Fazitation| manechromatis ght; Detiction |eGads spectramtar

& Steady-state PL responses of BAASNL, are governed by eleciron-LO phonon coupling

4 and sirmilar (o Pb perovskites = Potertial for solar cel application

*Time-resoived PL- e & However, residusl holes shorten earmer Bietime and decrease devics perlosmance
Ewcikatice! f3-laser {550 pml; Detectkon” stresk camera - With improved preparation and suppressed doping. better performance is expected

~Temperature dependence of PL:
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Crystallization of phase-change materials induced by strong THz pulses

Yasuyuki Sanari', Takehiro Tachizaki?, Yuta Saito3, Kotaro Makino3, Paul Fons3, Alexander V. Kolobov3, Junji Tominaga3, Koichiro Tanaka®
Yoshihiko Kanemitsu?!, Muneaki Hase?, and Hideki Hirori®

IKyoto University, ?Tokai University, 3National Institute of Advanced Industrial Science and Technology, *University of Tsukuba

We have systematically investigated the spatial and temporal dynamics of crystallization that occurs in the phase-
change material Ge,Sb,Te; upon irradiation with an intense terahertz (THz) pulse. The electric field causes a
temperature increase via Joule heating, which in turn leads to nanometer-scale crystal growth parallel to the field

and the formation of filamentary conductive domains across the samp

le.

. Light/electric induced structural change

Pulse duratlon #Ge oshTe . l 'g

Voltage
Electrode
Voltage
At>10ns
Fl ' L] [=] - I
T E time
g Thermal diffusion
length  >100 nm
AmOrphouS Crysta"ine [1]M. Boniardi et al., Solid State Electron. 58, 11 (2011).

[2]F. Rao et al,, Science 358, 1423 (2017).

* Obscuring the complex mechanisms of resistive switching, where the
effects of both heating and electrical fields contribute to the phase
change.

e The use of ultrashort THz pulses helps to suppress heat diffusion
and may enable the study of crystallization mechanisms in which
the lattice temperature exceeds the crystallization temperature
on picosecond time scales.

. Experiment

Simulation

Si(630um)
GST-amorphous
+ZnS-Si0,cap
(40+20nm)

630pm ™\
60nm™

o Au dipole antenna

(80% 10% 0.1um?) T
L

10um

Allowing field induced phase change with the extremely short time
duration (1 ps=0.001 ns).

.THz induced phase change

Visible reflectivity change

13000 ipuiath 15000 (protua)

10003 (pusal
E, =175 kV/cm

Raman spectra

nmmmmmm
Faman shift o]

* Crystal growth along the electric field direction
* One dimensional crystal growth
e Crystallization speed: nm/pulse

ormse

2l What happens in the crystalized area?

Transient reflectivity change measurement

ﬂ-m—m
In--nl I, =100 KN
| e 3
-maw oAT |
Pl ’P\“ =150 WWom

0 ;0 50 e 80 w0
Tirrs Deny (o)

1 Lattice
- \r \lfﬂ'lh!!ﬂlurl‘l'dlﬂl Joule Heat 0EZ_> AT
J o:Electrical conductivity

Decay

=
]
Lattice comstant :
00 0 04 0B OB 10
E£.74150 kviom)'
Tunneling electron number n under
electric field E
1 13 Drude model
E2m? miE; -> o(t) = 0o + Ogener(t, w)
n(E) = g exp(— hE ) oo (6, ) = 10T
187‘[th; zener \“ mr‘r(a)zi-%z)

Eg:bandgap energy, m,:effective mass, 7:relaxation time,
o:Initial conductivity

High electric field causes Zener-tunneling

il Mechanism

1. Crystallization occurs at the edge of Au antenna

2. Nonlinear increase of conductivity induced by Zener-
tunneling

3. Preferential crystallization at the edge of crystalized
area

The observed nonlinear increase in the conductivity of the

crystalized region is a result of Zener tunneling; the tunneling
leads to local heating which causes a one-dimensional crystal

Y. Sanari, HH et al., Phys. Rev. Lett. 121, 165702 (2018)
growth.
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Synthesis and Properties of 2,5-Digermaselenophene

Tomohiro Sugahara, ' [fakahiro Sasamori,2 4nd Norihiro Tokitoh!

1 nstitute for Chemical Research, Kyoto University, Uji, Kyoto 6JI1 -0011, Japan.
2Graduate School of Natural Sciences, Nagoya City Univ., Yamanohata 1, Mizuho-ku Nagoya, Aichi 467-8501, Japan.

1. Introduction~Functional material~ Introduction~Heavier triply bonded compounds~

Polythiophene / selenophene ’— Cyclic digermene
Ph Ph
. . _ Ph-C=C-Ph |—|
Physical properties (Ch = S, Se... B Tbb\Ge:Ge 1 eauin)
- Low LUMO level TR Meanert - SeTeR
- High HOMO level // \\ E )
- Corresponding small - MH:' Shll Ge, Sn, Pb Small z
HOMO-LUMO gaj lighly reactive Selected Structural -
gap G 16 overlap Parameters
rou|
________________________________________________ P h triply bonded pbunds bearing bulky substituents Ge-Ge 2.4160(5) A
Ge-C 2.022(2) A
c-c 1.362(5) A -
Mes, Mes Dsi Dsi Dsi Dsi
-/ _ ./ cf.
Si=Si Ge=Ge Sn=sn Structural features
Mes Mes Dsi “si osi’ “bsi Ge=Ce 221246 & ; ;
S © Ge-C(avg) cal95A Ring Strain
disilene digermene distannene Ge=C (avg.) cal183 A - Trans-bent Geometry
Oligomer type Ladder type West (1981) Lappert (1976) Lappert (1973)
Ph Ph Ph Ph iTob: TMS
Building blocks for organic optoelectronic materials H H i :
difying thi via ion of i = New n-bonded speicies Ge—Ge ~— GL_Ge ; B
y and il ion of j i = Highly reactive Tot” Mbb Tot” : s ;
substituents in order to diminish the HOMO-LUMO = Small HOMO-LUMO gap Large Contribution ™S
9ap- Bull. Chem. Soc. Jpn. 2017, 89, 1375.

6. Chalcogenation of 1,2-Digermacyclobutadiene Il

Ph
Ph Ph Ph Ph Ph Ph Ph Ph jzrph CheP(NMey), Ph Ph
- e = (1 equiv.) ; (
Chalcogenation ;/ \( ;/c ( ; \ —_— /\

triclinic, P-1,
h. Ge=Ge Ge_ Ge oo™
= n Tob—Ge. . _Ge—T - CgDg, . - ~ = 3
o=t Top—99, 88—y pp—Ge Ge— gy, TO0=00-g, Fe=Tob w8 oo O ° Tob= gy Tob R al cate)
Tob Tobb \ ch ¥ Ch Ch-Ch ot
4a: Ch = S (Not isolated) =-170"C
Chem. Lett. 2018, 47, 7139.; J. Am. Chem. Soc. 2018, 140, 11206. 1 4b: Ch = Se (quant.)*™
** Isolated yield.
4. Chalcogenation of 1,2-Digermacyclobutadiene | Structural Parameters Me, Me
3 (Exp. 3(Cy, Calc.)? 3’(C,, Calc.)® 4 (C,, Calc.)>
Ph Ph Ph Ph Ph Ph Ge-Se [A] 2 3:76?1)11) ( 2305 R M G/ \G M
. . - le—Ge e—Me
— e P(NMey)s ch ch 2273014) 2325 28%0 ¢’
excess,; ey N e
= _Ge  Ge + _Geé_ Ge. K K 3
Tbb,Ge G?Tbb THF, rt. . Solvent, T°C . Tbb o oo Tob=C% Le~Tbb Ge-C [A] :_glgg; 1 g:g 1.922 (Simple model)
1 2a:Ch=5 (38%)  3a:Ch=5 (20%)" c1-C2[A] 1.363(10) 1.390 1.366 1.443 Me Me
________________________ 2b: Ch = Se (75%)* 3b: Ch = Se (21%)* Ge-Se-Ge [°] 91.57(5) 92.48 90.08 88.55 7
a [ 7.0 6.8 Me—c\ /CfMe
[, Mo Sl P(NMey); Solvent T'C _ 1a-Ch _ 1b-Ch WBI(Ge/C-Se) 1.03/1.03 1.05 1.14 'Sé
v H Ch=5S; excess toluene 110°C 38%" 29%* WBI(Ge/C-C) e 1.00/1.00 0.97 1.59
[ Yewere : Ch=Se - THF  40°C  80%*  20%" WBI(C1-C2) 152 1.65 147
) Ch=Se excess toluene 110°C__ 0% 57%"* NICS (0)/NICS (1) = ~11.20/-7.96 -12.33/-9.86 —11.12/-8.88
* Estimated by 'H-NMR
- - 13C NMR (C1/C2) 176.8 188.3 189.9 140.9
Selected Structural Parameters (Side View) 2 - s 77Se NMR 481.2 520.6 535.8 548.3
.3%.‘_.-.0‘- gﬂ‘:m:zu(;] = B3PW91/6-311G(3df)<Ge,Si,Se>, 6-311G(d)<C,H>, ® BSPW91/6-311G(3df)<Se>, 6-311G(d)<C,H>
1 1l 5 J =00313,
1 Ph Ph SPTRD i 7. Molecular Orbitals (Compounds 3’ and 4)
¥ e1—c7 - 128
"Ge / » Compound 3’ Compound 4
. e, -1,
120.33° p Géio,, Ge2_qy "F_ SR Mo (1 My (M
o/ ™ R < ﬂ_% Lumo W Lumo
Se2 Cch2 L A e MeT 'S (-2.63eV) Me() \“‘/u‘Me (-0.21eV)
Compound 2a Compound 2b 3a i Q‘
= monocliic, P21,
B 19044 Ph P s ¢ {fk;;’ui%:‘”h‘q Ve Ve Ve Ve
- c c1—cz2 b Pl T['E; iy~ Homo Homo
Ge b e we  (5.02eV) e ve  (-576eV)
117.79° | 101.77° Tob— €'~ G2 100 % lne, .
Se2, Se3 Ch2—Ch3 @ Ve Ve Me. Ve
Compound 3b n : HOMO-1 HOMO-1
°°© - L Me  (-6.69eV) L] & we Me  (-6.10eV)
5. Theoretical Calculations (Compound 1)
[ Me. Me (
e HOMO-2 HOMO-3
i Ve Ve  (-7.33eV) (-8.88eV)
FLl A
~ 3': B3PW91/6-311G(3df)<Ge,Si,Se>, 6-311G(d)<C,H:
o g "] w5 L Small HOM MO gap 4: BGPWQ‘/E»SHG((SM;SQ), 5-3|>16(d)<C,H>< -

NBOG.0: BIPWO1/6-311G(30)<Ge,Si,Se>, 6-31G(d)<C,H>1 f . 2 R = = 7 h C a3
i z H . [eactions O -pigermaseienopnene (Compoun
@ “oTs SEECI, : BD(2) C1-C2 LP(2) Set ;919 P 4
sel i, F : I:> BD*(1) Ge1-Se2 | I::> { BD*(1) Ge1—Sez} Ph Ph Ph Ph
117.95"L101 27 o s | BD*(1) Ge2-Se3 | BD*(1) Ge2-Se3 (ei:ss) = —
4 - S, _se
Se2, Se3 ™ 4T wp H 7.3 kcal/mol 15.0 kcal/mol - - [CeDy 60°C~ TPP=GE™ Ge-Tob . _Ge § G-y,
H Se—Se e
Selected Structural Parameters Q/Tb @ /Tbb >/_< o ot
1a-Se(obs.) 1a-Se(cal) : Sel—_ Sel e Gee .
Gel-Se2  2.4214(8) 24474 ! \Q Gﬂ@n/"h ‘ ©\Ge1ﬁ, ci-Ph T g TEP Ph, Ph monoci
Ge2-Se3  24345(8) 24455 " l c/‘ \ Vi 2 o = o
Ge1-Sel  2.3467(5) 2.3674 : / | Gez—\—cz\ ToraE Tbb—G:e G;e<Tbb ;Fe'zo‘ﬁaém)
GezSet 23397 2871 i Too ¢ 5592 1oy | Se2 Ph AR Zouew.
Se2-Se3  2.3558(7)  2.3706 ! © se3 39%* -

* TH-NMR yield, ** Isolated yield.
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Simple Approaches to Realize Efficient and Reproducible Lead-free
Perovskite Solar Cells: Purification of Precursor Materials and

Modification of Solution Process
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Transparent Hole-Transporting Materials Containing Partially Oxygen-Bridged
Triphenylamine Skeletons: Synthesis and Properties

- Introduction
% Transparent Hole-Transporting Materials
Transparancy in the visibda light region is an
imponan factor for organic semiconducting
materials used in tandem solar calls due o
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- Results and Discussion
< Synthesis < DFT Calculations (DFT: BILYPS-21G(d), TD-DFT: CAM- BILY PA-31G(d)}
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- Summary

& Three thermally stable, transparent, hole conducting materials wene synthesized by connecting o
the partally oxygen-bridged triarylamine structwre 1o carbazods | dithieno{3, 2-b-2 3'-djpyrmole. and *ﬁ\'_llr g
4 4'-dimethoxydiphenylamine through Buchwald-Hartwig C-N cross coupling reaction i'i:]'.'ﬂ“._;.:
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Cage-Expansion of Fullerene
from Cg, to C4;N and CyN Skeletons

Sheng Zhang, Yoshifumi Hashikawa, Yasujiro Murata®

Institute for Chemistry Research, Kyoto University, Uji, Kyoto 611-0011, Japan

INTRODUCTION THIS WORK & CONCLUSION

A cage expanded derivative Novel method for synthesis of C¢:;N and CgN cages

Y

Tuned by temperature

)
1. Opening /. 3. Closing 5. Rearragament
2.N Introduction \ 4. Cage expasion 6. Cage remodel
Cop o ‘ . i pihathtistact
\. l Efficient Favorable
— synthesis conversion
8mr CosN skeleton CoeN skeleton
Rubin, Y. et al, LICS 2003, 125, 2066. L — L ‘
High crystallinity
Only one le of ch ical thesi:

P 3 Rational strategy of cage expansion using open-cage derivatives

Restoration of open-cage fullerene derivatives

X-ray structures

Methods: i Nemgoooooooooree N g Y, -
(a) 340 °C, 61% < < <
Komatsu, K. et al., Science 2005, 307, 238. B = <
methods = < =
b (b) Al,05, 360 °C, 29% I S =1
@ () (©) a 2 S S
urata, Y. et al., Science 2011, 333, 613. | b @ Y
= : o o >
(¢) N-Phenylmaleimide (PMI), 1-chloronaphthalene, | i i W
260 °C, 72% : ° ° -
Whitby, R. J. etal., Chem.Commun. 2014, 50, 13037. ! ” ‘ ‘
o Affini , . | =S e B S e e e
High restoration ; Monoclinic, P24/n Triclinic, P1 Monoclinic, P24/n
T Ry=00449, WRy= 01227  R;=00499, wR,=0.1334 R, =0.0823, wR, = 0.2029
. 8mr CésN skeleton CgsN skeloton
Enlargement of opening by PMI

(4.00 equiv)

1-Chloronaphthalnene (1-CINp)
270°C,22h

CosN skeleton

CosN skeleton

(The sutured regions are highlighted in red. Thermal ellipsoids are set in 50% probability levels. All
of the substituents are omitted for clarify.)

Insertion of CsN and C4N units
Formation of pentagonal, hexagonal, and heptagonal rings
Construction of C¢;N and C¢,N skeletons Plausible mechanism

Formation of expanded cages

10mr, 21%
Successful insertion of a C; unit

Formation of CgsN skeleton (M06-2X/6-31G(d,p))
O H H H H
e 2 (PyTzn) Py N=_ Py Py N=_ Py Py N= Py PPy
(1.00 equiv) fod> w3 y 3 N
1-Cl g N ! = — NGV <55 N— 4} 'y . -
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b 0= L h Ph
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400°C, 13k ;7‘(3]":‘8 on Bisfulleroid) all [6,6}-closed all [6,6}-closed all [5,6]-open
0 ——>  Stepwise —>  +87 —= 299
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(X-ray) S
° : Formation of Cgq o Ph Ph E“
o} : §Q‘F° Y oxN-o
%—4 I o
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solv., temp., 24 h

! i A Ar |
A Ar Ar: S A Ar Ar AT A .
CeaN-b CeaN-c | @ — L — K — A - . Coo |
' —7 :
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i

56 581 601 |
1 ODCB 180°C  25% - - ) Whitby, R.J. etal,, Chem. Commun. 2004, 50, 13037. i
CosN-skeleton 2 1-CINp 200 °C trace 15% 17%
641N~ -
) Cage-expansion to C,,N, skeletons

Construction of CgsN and Cg4N cages

"H NMR (CS; using a acetone-dj capillary, 500 MHz) Cage-expansion with Bis-8mrs
Sy @

Z
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[ Hon C from PMI

T T oz
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(31%)
E; B
sl s |=
I T I e e e e T e e e R EE| e 1400 L
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6 (ppm)

Alteration of cyclized reagents

Chemical Formula: C1ggHaNgO4 el ToH
Exact Mass: 1480.2547
Molecular Weight: 1481.4740

Repacement of PMI by

Fh H
N. - . N 0.
OVO other dienophiles ovo Ovo OZC>:0

PMI

27% (Ceo) 1% (Cso) 18% (Cso) L - L
Only Cgo without the formation of Cg¢sN skeletons

Chemical expansion of fullerene Cgy to C7oN;, skeletons
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H,0 molecule
H-bond Studies on H-bonded H,0 are important
8 acceptor - protein foldings, drug delivery, catalyst...
r H-bond . . . |
¢ 5 donor Theoretical studies only, due to multiple H-bonds
Our approaches H-bonds mediated dimerization
b ﬂ. ; = a
™ o
H,0 molecule inside 5’ -':i ? ﬁ
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—
l - H-bonded single H,0 molecule h &
HO e, (HOEC .
Hz0 wie H-bondings: Hytlrate m::u-; Isolated H,0 molecule or H-bond | ~ Dynamics of the encapsulated H,0 1 L4
Murata, Y. etal., Murata, ¥. et al., without any interaction - Less acidic and less basic H,0
Science 2011, 333, 613-616. Nat. Chem. 2016, 8, 435-441.

Results and discussion
Synthesis

Ssciated yieids. "The maclion was conductid al -T# °C

H-bonded H,0 in the solid's

X-ray crystal (H,0); 35(CgoH3,N,0,5),*NiOEP(CqHy),
P-1, triclinic, R, = 6.22%, wR, = 18.04%

X-ray crystal (H,0), 01(Cg,H3,N,0,5),¢(CDCly)s
F2,fc. monodinic, Ry = 15.77%, wR, = 45.34%
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3.81(6) A

3

H-bondings

Positional disorder of H,0

Dimerization behavior

H-D exchange
.

*H NMR (CDCl,, 500 MHz, 300 K)
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Dynamic behavior

"H NMR (ODCB-d,, 500 MHz, 260-360 K) Restricteci| rotation via H-bond
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DFT calculations (B3LYP-D3/6-31G(d,P)) H-donor (3.78 A)
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r

The encapsulated H,0: less acidic and less basic than bulk water
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Magnetic iron oxide nanoparticles as green and recyclable catalysts for the
selective microwave-assisted oxidation of secondary alcohols
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Light—Driven Entropically Unfavorable Coupling between
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= Owxygen off-stoichiometry in perovskite (FV) has been well-known + Evaluation of nancscale cxygen dynamics and redox reactions
to strongly influence their structural and physical properties indwced by air-annealing and electric field

« The offstoichiometry provides nanoscale oxygen dynamics— + Fabrication of epitaxial SrFe0. . (SFO2.5) thin fims on Nb-SrTiO,
including cxygen ion incorporation and movements during redox substrate by pulsed laser deposition and oxidation process for
reaclions—resuliing in emergence of functionalies such as fast SrFe02 5+ (SFOZ 5+6) samples by ar-annealing at 100-600 °C
redox reactions and resistive switchi

; e + Characterization of structures and local conduction propertes of

+ A thorough understanding of the local oxygen on dynamics in cxidized SrFely .., by X-ray difffaction and conduction AFM (c-

oxides and their Bnk with functionalities is still lacking AFM)
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Elepctrical-figld-induced redox reactions can contrgl the local conduction in the
SF02.5+6 film. Importantly, the eleciric-feld-induced oxidation and related
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* W investigate local electical conduction associabed with the oxidation of as-grown BM SFO2.5 thin films, révialing the significance of nancscale axygen
dynamics and associated on the redox reactions in SFO2.5 films.

+ The BM-to-PYV structural changes due bo air-annealing and axdizing the film enhance conduclion anly in he lamaces near the ouler step sdges
* The oxidation procaeds by preferential incorporation of oxygen in the local regions of the terraces and diffusion of that auygen into the fim
+ The local conduction in the: film can be controfied by electric-fisld-induced redox reaclions
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Directional electron transfer coupled spin-crossover in the crystals of [FeCo]
di-nuclear complexes facilitating ultrafast polarization switching

search Moti

To develop functional magnetic materials to
obtain thermally induced phase transition from
nonpolar to polar structure via electron transfer
resulting polarization switching at a crystalline
level which can be widely used in pyroelectric
sensors & memory devices.
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Result & discussion
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Conclus

= Adinuclear complex [{Fe(RR-cth)}{Co(SS-cth)}(dhbq)](PF); is synthesized by chirality-assisted methodology that played an important role in the polarization switching at the crystalline level.
= Charge transfer coupled gradual thermal spin-crossover was found at 85 K with thermal hysteresis.
= There is certain possibility to obtain valence tautomeric transition by substituting the metal ion with another paramagnetic metal (3d or 4d) to achieve switching with different electronic ground state.
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Tetrahydrofuran-Triggered Magnetic Coupled with Vapochromism
Switching in a Cobalt(ll)-Based Single-lon Magnet

Sheng-Qun Su, Shu-Qi Wu, Shinji Kanegawa, Osamu Sato
Institute for Materials Chemistry and Engineering, Kyushu University, and IRCCS
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Catalyzed by a Mononuclear Copper(I1)-Superoxide Complex
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Development and Application of
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- Yuuya Kawasaki, Yuuki Seto, Shintarou Kawahara, Kazunobu Igawa, Katsuhiko Tomooka
Institute for Materials Ch: y and Eng ing, and IRCCS Kyushu University
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— 1. Introduction
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By ICO0OH), = 37 -bagnvikng-4 4 -dearbcerylic aced)

bR L wo, this work

Fkiawa, b; Yatabe, T ; Matsumnato, T.; Yoon, K5 Sunud, K
Ercmolo, T Kaneka K, 090, 5. ChemCaChem 2017, 8, 4004-4009

- 2. Method 3. Electronic structures of Ir=0 species —

DFT Calculation
* Program
Gaussian16 Reva 03

= Basis Set
50D (ir) TEVP (others)

» Functonal
B3LYP-D3

= Solvent
Water (FCM. ¢ = T8.38)

= Zero-point energy comection {rpasction] compben)

— 4. Reaction path

[ ROC (Radical Oxo Coupling) rrlﬂ_ chanism .. | WHNA (Water Nuctzophilic Attack) mechanism | Eﬂm; .
langth ans in
A, & ™\ E“
ko wd” —» [u}3, o”‘—»|~+v~° kS Son—>lutod "Loluto,,
0=0 bond farmation by 51 -0 bond farmation by int ™
f tha WHA rmcmnhm

the ROC mechanism

Product]
Resctant! Preductl  Hydrogen peroxide complex Reactant?

— 5. Summary

Indium-oxo species have three possible spin states (triphet, open-shell singlet, and closed-shell singlet states) caused by the two-degenerate n*
orbitals batween the Ir-5d and O-2p.

In the ROC mechanism, H,O oxidation reaction by iridium-oxo complex proceads in the opan-shall singlet state.

Ini the WNA mechanism, iridism-oxo complex react with 8 H20 moleculas to form the hydropercoade complex through the oxo-water complex,
where the deprotonalion naction occurs.

= The WNA mechanism is energatically favored than the ROC mechanism

=
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Robust Nanowire-Nanocellulose Composite Network Structure
for One-time Use Disposable Paper Molecular Sensor

MCE Kyushu Univ. “ISIR Osaka Un

w H. Nagashimaﬂ H. Koga?, T. Takahashi', M. Nogi?, T. Yanagida’
T T

Disposable Nanopaper Sensor

Introduction

;
F W=
s 4‘ .
;
:

Chomical data collection
via modocular rocognition electrenics i inferesiing 1!

Experiment

1, Hydrotharmal grosth of Zn nanawires

Results & Discussion

StructumCompositicn of Nanopaper Sonscr

Disposable nanopaper-based molecular sensor was demonstrated

SU mmar:'f" We successfully demonstrated inexpensive disposable nanopaper molecular sensor
composed of metal oxide nanowires, cellulose nanofibers and graphite electrodes.




Regioselective Trifluoromethylthiolation of N-Heteroaromatic Compounds

Takeru Torigoe, Ryuhei Muta, Yoichiro Kuninobu

Institute for Materials Chemistry and Engineering,
Kyushu University, 6-1 Kasugakoen, Kasuga-shi, Fukuoka 816-8580, Japan

Introduction

Fluorine An Example of Pharmaceuticals

Containing -SCF3 group

H
Me N SCF;3
T

Triflorex
(anorectic drug)

* The Second Smallest Atom
« The Highest Electronegativity
« Strong C-F Bond

- Mimic effect, block effect
- Repellency, heat resistance

Representative Method to Prepare Ar-SCF3

[S)
SCF3/Pd cat.

N\

"-%mﬁ-:‘
Previous Work

R Me;SiCF3 (3.0 equiv) R
X I\ CsF (3.0 equiv) X I\

@,
NN EtOAc NN e,

]

BF,CF;

Nishida, T.; Ida, H.; Kuninobu, Y.; Kanai, M. Nat. Commun. 2014, 5, 3387.

S CF; |
©/ JOC 1985, 50, 4047. "\ y” ACIE 2015, 54, 6809. (j This Work
R ArS0,CI R
°/SCF3 X | X AgSCF, X | X
@,
NN MeCN X SCF;
ho® ® DG 5 25.50 °C, 16 h
SCF, A \.  SCF;/Pdcat. H ©
Selectivity: >20:1
HO ACIE 2014, 53, 9316. OL 2014, 16, 2046. up to 90 % yield
DG: directing group
— Reaction of Quinoline N-Oxide — Scope of Substrate ————————————
SCF. | ArSO,CI ;
AgSCF; (1.05 equiv) 3 AgSCF; (1.05 equiv) R : NO :
N Mo ) @ SCFs @ ij ArSO,CI (1.1 equiv) X 5 : .
©) : 2Cl s
N? solvent N SCF3 N/ N MeCN NN SseF, /©/ '
CI’@ 25°C, 16 h 3 4 25-50°C, 16 h 02N ________________ ‘
ratio Product / isolated yield
entry solvent ArSO,CI total yield (%) 2- 3- 4-
1 EtOAC - <5 - - - R S m I X
2 EtOAc 0-NsCl 63 68 11 21 N scF, SCFs SCF,
3 DMF 0-NsCl 33 99 0 <t R yield 63% Me 500,
4 CH,Cl, 0-NsCl 38 87 8 5 Me 73%
F 75%
5 Toluene o0-NsCl 28 68 14 18 cl 82%
6 THF oNsCl 27 74 <1 2 Br 77% ©\)j\
7 MeCN 0-NsCl 82 66 11 23 ! 1% SCF, SCF,
"""""""""""""""""""""""""""""""""""""""""""""" CO,Me  58% o, o,
8 MeCN p-NsCl 68 63 13 24 2 68/° 83%
9 MeCN TsCl 4 24 37 39
10 MeCN TiCl <5 - - - ‘ O
O B O X
i | NZ NscF I N NscE
S0,CI 3 3 SCF;
11 MeCN /©/ 94 % <1 4 81% 3% 339
O,N
S X N7
i-Pr | | |/j\
S0,CI NZ > scF XN scr N NscE
12 MeCN 2 64 36 19 45 3 | 3 3
N
i-Pr -Pr 75% 13% 42%

Gram-scale reaction

AgSCF; (1.05 equiv)

=

\

B ArSO,CI (1.1 equiv) B
lo) ———— L
N MeCN N7 SCF; AgSCF; (1.05 equiv)
6@ 25°C, 16 h MeO. ArSO,CI (1.1 equiv)
—_—
7.2 mmol 1.02¢g MeCN
1.05¢g 62% 50°C, 16 h
— Conversion into -SO,CF3 — Possible Mechanism
. AgSCF; + ArSO,CI
AgSCF; (1.05 equiv) +
@ ArSO,CI (1.1 equiv) m O\\S'P O\\S,P N N
H 9N
¥ MeCN N sor, | ST N I loJ o e JN
Y 25°C, 16 h : H o) — N SCF; N
© without isolation MeO,C COMe g N or O\‘S'— ¢
y { . | y o s V; \EO
RUCI3 * 3H,0 (2.4 mol%) S ©
NalOy, (3 equiv) m
|
MeCf\:l, ?glﬁ, H20 N /s\/CF3 Nifedipin analog . N SCF3 .
: 7\ i
oo (hypotensive agent) o /S\ _Ar — ArSOLH SCF;
62% 3% (basic work-up)
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‘We deduced some interesting selection rules for the atoma which may contribute to the Inelaatic corrent om the basis of the panty of their label number.
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Reverse Atom Transfer Radical Polymerization of St and MMA

by (Me,TACN)FeX, (X = Cl, Br)
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Photochemical Isomerization Approach to
Planar Chiral Medium-sized Cyclic Molecules

Yuki Yoshida, Kouhei Machida, Mariko Okamoto, Yusuke Ano, Kazunobu Igawa, and Katsuhiko Tomooka

Institute for Materials Chemistry and Engineering, and IRCCS, Kyushu University

Background

Our Chemistry about Planar Chiral Medium-sized Cyclic Molecules

Synthetic Approach for Planar Chiral Medium-sized Cyclic Molecules

R! R e B _ ) |
~ = N, N.
gto\ = T — - V\:\% Ts X BM X
N Y ) hn
Ts (R (8)
stereo specific
Y
transformation E 0]
elimination ,somegza|,0nl rearrangement X
MeQ X -
1 1 i \ /
- Ry R RO M
Ts—N Ts—N Ts—N Ts—N
R? R? R2 R? v o
Rl 2 J ‘P
1 X i
Fox R h Grob cydlization E-selective .
Ts—Nd Ts—N z fragmentation . addition
Ts—N R?
A \f H o
R 2 etc. )
X=Brorl HX
Result
— This Work — Optimization of Photo Isomerization
v } ) UV (280 nm)
W Ring Closing Metathesis Photochemical AgNO/SiO,
(RCM) Isomerization DEIP (2.0 eq) C:>
- - . — =
@ portare,
Z-isomer E-isomer
acyclic diene Z-isomer E-isomer
(0.27 mmol) optical fibef _quartz photo-inlet
. . ’ - ) %
Inoue’s Work? Our Idea: E-Selective Adsorption with AGNO,/SiO,* pezpter ,/
photochemical isomerization
UV (254 nm) -
V(B Ziomer | = Eisomer AGNO,/SI0, o _ Q
“yclohexane Ci> A Entry  AgNOs-content  amount time (h]  EZ  (yield)" ﬁ \
_ 250 _ il * wi%e] Img]
Zisomer E-isomer selective i 1 - none 42 23:77 (87%)
64:36
2 5 400 42 75:25 (81%) Suostrate and
it AgNOy/Si0, — i
5% bisfuoromethybenzoic acid metny ster weak strong @ 3 10 400 42 937 (81%) JiELEEs injsolvent
interaction  interaction |
) AgH 4 20 400 42 77123 (73%)
AGNOS/SIO 5 10 500 42 97:3 (88%)
6 10 500 24 67:33 (72%) OMIP (R = Me)
) N. Yamasaki. Y. Inoue, T. Yokoyama, A. Tai, J. Photochem. Photobiol., A: Chem. 1989, 4. 4()5 q DEP(R=EY
b) Related report : Fox and colleagues reported the efficient ZWwE dium-sized 4) Combined yields of (£) and (2). Determined by GC analysis.
cyclic molecules with continuous circulation of a reaction mixture pumped  through a packed column of AQNO/SiO,;
M. Royzen, G. P. A. Yap. J. M. Fox, J. Am. Chem. Soc. 2008, 130, 3760.
M. Royzen, M. ylor, A. DeAngelis, J. M. Fox, Chem. Sci. 2011, 2, 2162.
r— Synthesis of Planar Chiral Orthocyclophene — Synthesis of Planar Chiral Di ysilane

) / = UV (280 nm)
Grubbs’ 19 cat. DMIP or DEIP ~
X X «
CHyCl, additive
rt - reflux penlar:s-E(zo

X = C(SO,Ph), additive EIZ (yield)®
(quant)

none 22178 (quant)®
X =CH, AgNO/SIO, 89 :11 (88%)°
X =NTs none 26:74 (81%)¢
(68%) AgNO4/SIO, 64:36 (67%)°
X=0 none 31:69 (79%)
(21%) AgNO3/SIO, 74:26 (88%)7

a) Mg, MeOH. 1t, 92%. b) Combined yield of (E) + (Z). Determined by 'H NMR analysis.
©) K. Igawa, K. Machida, K. Noguchi, K. Uchara, K. Tomooka, /. Org. Chem. 2016, 81, 11587.
) K. Machida, Y. Yoshida, K. Igawa, K. Tomooka, Chem. Letr. 2018,47, 186.

= UV (280 nm)
Grubbs’ 1% cat. O DMIP or DEIP
—_— o) T
CH,Cly, 1t additive
/s ‘\F‘ o g R pentane-Et,0
R I
EIZ (yield)?
it
R=tBu addive 25:75 (94%)°
(72%) none 9:11 (61%)°
AgNO/SIO,
R=Ph none 33:67 (99%)°
©7%) AgNOZ/Si0; 598 1 <2 (48%)°

a) Combined isolated yield of (E) +(Z).
b) K. Tomooka, S. Miyasaka, S. Motomura, K. Igawa, Chem. Eur. J. 2014, 20, 7598.
¢) K. Machida, Y. Yoshida, K. Igawa, K. Tomooka, Chem. Lett. 2018, 47, 186.

— Stereochemical Behavior of Planar Chiral Medium-sized Cyclic Molecules

CD spectra
~
N ‘
TS B
C/\O =~ ~ ~ “
Os{_ O-sf, 0 N
o “Ph sl tBu ™
tip 1,375 years? 1.9 years? 380 h? 56.7 h? 4.35h?
static ‘j '_‘ ‘—{ dynamic
L jl - L )\) L L L L 33 L L L
2000y 1000y 2y 1y 500 h 100h  50h  10h  5h 1h
a) at 25 °C, in n-hexane
b) calculation

Summary

Ring Closlng Metathesls Photochemical

O Isomenzahon

acyclic diene Z-isomer E-isomer

with AGNO,/SiO,
up to >98 : <2
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