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Understanding of photochemistry of iridium triscyclometalated

complexes by their optical and geometrical isomerizations
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Iridium (H1) triscyclometalated complexes have attracted much attention as the material for the
organic light emitting diode (OLED) because of their high performance of electroluminescence. The
complex has a pair of geometrical isomer and optical isomer. To elucidate photochemical geometrical
one-way isomerization, experimental and theoretical approaches were applied and successfully we

have understood the mechanism.

SR HRER
(@ )
LB BT & @
2008 £ 2,800, 000 840, 000 3, 640, 000
2009 4FfE 600, 000 180, 000 180, 000
2010 4FFE 500, 000 150, 000 650, 000
FEIE
FEIE
o 3, 900, 000 1,170, 000 5,070, 000

WRAE L

BHFEOSE - E - LM bE:, EEEE46 0 3
F—U— RN e, BEAMET, FIEREL e

1. WSO 5

AV U ABEHRITES, AL baL
SRRV ARTOREMEE LTHET
D b, FEiE ISHEmD S VB
NH7zTW5d, ELIZFEERNICKIT & T
CELOBEEAICL YV ERT RSN
DRNTHD, HEFIIEBETFEEILAE D
MG Db —EEREIRGE, =FHEEphE
WENRZENFNIR3OE S TAEKTHZ L

DHHILTWD, A ECIE = E ik
REIT—HAREREL Y =R LXF—N2
Wz &b, BHAERMT D752, 25%
O—BIHAFERELZHMRZIE T ZHEH
R IRBEICE LS Z LM A[BECTH D, OFED,
HARH) O A SEREFTIZ100% DV A3 R
TR E LD 2 ENARET, EEED X
IRBFNRE SN TWD, D ANTIZR
B & L T tris(2-phenylpyridine) iridium



(M) (r(ppy),) 2FL T4V 7 L
RITRERWENE- LTS, 7z=L Y
VOV EBNMNFICET DAY DU L5 KRIE,
ds BECIE T, BATASHME & 72 2 BLBRR O BER T
HDH, HFEEELIXINETA U U LEEERD
BONL T2 L D ARG B H AW T2 5 AR 5H
WA D N—F 5RO DT & P T AFSE
LCx7- (BHFEHLT-19) . F DIFFEDH T,
AU T LEERO N KM RMEAIZBIT 5 IE
FACHBRIR DS ZE R TIcE -7z,

2. WHEOER
ARKHFETIEA U DU LEEKO SR D
BRI OWTOFEAMAT 52 L4 HIY
E L7z, Ir(ppy) 72 8D R U A% L— MR
1% b— BN O EAL D 47 O kR
MC X Y facial (fac) K & meridional
(mer) VRO EMERDFIET D, faclhih
RITFEIIRENPE L, FERIE LI
TWEZ M ERMIRONR LI > TX
2o —F, BYEIRTH B merfk Db 1 F
PIEOTNITHREINTHDICHE->TW
ey, T, merfROBINM e GRA L, B
K O mertR > & %EIET % facth~o i B ik
L E SN TW5 (A, Tamayo, et al. J
Am. Chem. Soc., 2003, T. Karatsu, et al.,
Chem. Lett., 2003),
REEE DL, HaRLEHMEIOF T, fac
K, mer R& b, =R, BEETIEHRFLT
D0, WRF TIEIEFITN S B a R
T EPHRE VLB - bR E A R T
1-phenylpyrazole (ppz) ZE NI+ & LTHT
% 88K (Ir (ppz) 5), & 0T mer—fac ${nf 5
PR, BIXOERENIFET D A k& A
ROINF MR Z 3L, & O L ZE)
ARG L, A4V 20 AEEEO hEd kg
DOHEAREHICEMT L xS LT,
mer— AR FPER DS B O L8 o] B A2 FHBE
L CHlE SN DB b TIE, fac-A& %
DIEFFNMER Fac— ADRRLRLWWRN (Lfac- A DS
9 18%ee) ERK L TL %, ZAUIZHLRIFG 7224
FLMEAL RO & It D S5 B R A3 il L2 A=
L7 Z &2, BIBHBELT. fac- 4, -
ATTT ML U720 D, T8 I{bDOEFIN
BIE mer RDKMTBMEALD D72 & H 2 0%
D1ILLFTHoT=FEND, mer RO ]
{ETHHIE S D e blE, SRz
ML TR =ERbND, S HIZZ 0%
BMEAL DI, mer— A BAEAR D mer— A FAER
SOWFERMAENEZ 2N ERbY, FE
WIZHERH SND, TNETREIN TN SHEL
M EOJE R L O T, /S (Bl 1)
DA ZNZ DWW THERT 2 A =5
it SR AR s & O A R O R R 7
TR EILRINTE7ZR, ZThE TOME
TEHFANRTE VW EIFHLNLTH D, =
NET, BEFEPESNTEZF L— R

WiInT = L EehLeEE Lk
T, B FbEE Y R T B FATE
FIDOEDOMEEAETHY, SEIOHE L
TWDH X RRICHEBIIHEVRIEICR D
o dc, L, R90MFMEDEWT = =
NV RO 2 HT 54 Y U A
PEIRTI, FMALRREE R OBEHMEZ 72 D R
BIZEATRIGRTH D . S et b B
ThRmRESEL L EHMGLE LT,

).

Cr.
: P |
stereochemistry ':Nr..;_*_'xN fac-A

&
[C*f'v"ﬁr":“?’ hv / c(s\ I

|8

N7 | vC > h{f;\,ﬂ] fac-A
mer-A
'l*l
L = Cayl G
¢ N @“N;j C’,Ilr\-_N I mer-A

A VYU LEERITAERE EL 72 LG H T OB
FENT LRI RERY 22 MR O BRAE D3 AR+ 43 7k
Wb, HLFIZONTHAT A Z &%, 2
WFE TEAREEMALOBIRMEIZ DOV TIRE S
L T W %A Adamson HIl X° Vanquicken—
borne-Ceulemans Pilaa (VC Biam) Z #7125
B R LT HERm A T DRSS
TW5,

3. WDk

2 BRI AT H R AR L— LY
7 (111 85K D mer—rfac 2%{n FfdAl & F s
ET DAL E MR 572012, $ERDO AR,
HARESL X RS AT 12 X A REEARAT, U
AR ORE, ISR OWE, &1 155
B XD ROSEN OREE, BOSREE OHEE %
1Tolc, 22T, KFERMEEEZSFEILTH
WD Z BT L0 FED ORI T SO RS % iR
BH L 7=,

4. WFIEEE

Ir(ppz), b U RAF L — MERICHE SN
EBRAT — % (D~®)
Omer RIZLM BRI L, P BME L
ZEEHBEMNI LT,
QTR E > T Ffac KD IEF MR
LY, 5827277 LT 18%e &85
7o BT, SUOSSEMFIZ L - Tk 100%ee %
ERTE T,
@ rac IKI% mer (R~ FRMAL L2,
@ fac KON EMALIE mer K> 6 D $ (]
ML D <1/20 DR THLEEHAL ML
7=,
OIEFSMEDFIKIL T & LD 7= Tlid/s
W LRI LT,
@ HM R BB OB ITXH T E S 20
T LT, BN T RO R AR LT,



D Bl BLMEAR - e BAAR D 53 Bl 7 15 % e

S LT,

@It & BSOS ER DIRIE « E R

B LORIGERORE LT,

© X # B AR E AT I K D2 DB D

mer, faclh5y1REE DB A2 1T - 7=,

BT -5 PR3 & Gaussian DFTEEZR & & W
7o BERRIO B BT X D SRR - R O E LT,
OIS 5-T B bR EE DR E &, 72 fac
WiZmer RIZ EMAL LW iR L7z,

QR DENL 52 H T D8R ORFHI L DX

S DB E R U7, BRI IR GEE IR Tl R
LR Z B WEHELFHALMNI L, £72, H1
PERTIZRMAL SR Z 2B A LEZ SR VER

PFMH Y, FOHKNEMHEIA LT,

Z DY BAEAL O 2= % LB D &
mer KD axial NLOBNLFDREFAIZHKTEL T
WBHZ Enbnrote, 4V YT AKX d
T by, BUEICH VKA BRI O il &
LTHY, ENBEMOLE EELZ L > T
WD EEZLNDA, HEICL Y, e, Bl
WICEFNAD, BRI OTAEEEZ
LrLEZILND, T DOBEMLF O BEHS )G
DEZX DN, KOS THAN G E R, B
N DEESC, MEE L 7285 O HE EBx ¢
AR E LRV b, BERENFD
LR - FRBOALIC K D iE R & 1L e 2 k% C R
AN Z > TWNDEEZOEND, ZDI &
IR MAL D 22 Tle Z 5 e B b o %6
b HESIT BN,

WHEFHIN TV EAICRDIEVWE
BIRNMBED —>TIH D IR SERIL mer
KOEEEALTWAEZ ENMbNTEY,
DK DOEBNCOVWTEHA LML, o
N E THBTOFERTZ OSERITE L E AL
B9, WA, BEERLENENDIN
FTD mer—~T O gERE TR DB EEH L
TWD ETFTREIND ZEDRERUEN,
mer ROIEIREIERIEIZ DN TH G LTz,
INE TOSERERRTIEL, HBELERE 2 ik
BE2 R HE9 5 J71%E (Nonoyama, Bull. Chem. Soc.
Jpn, 1974) Th 5, mer RITESIFHINI AL
T 7R ST AR 22 0T, ARIR T R SR
B & LT D5 A IR DME O #E S8
BT, EERNENEE SN2 (Leipold,
et al, %5 US20060135772) , S RKERIO S
THSNDH D, BT, BB T2 2
SR SO S DT heteroleptic $41K
ERTHRAICIL, mer (KD 2{HD axial {if
OB FIEF—T, ~7 2l +idE ORIZ
NETDHZENURTH o=, ABEIOHFIEIC
BN THENLF D T2 2Bl (& 2 B b 2 &
DI O EICEE THLHZ &b,
BRFENZOWTHETe R FEEBR LT,
SHEkA VLB NI ATR®FALTE® M
BRI AR L, BACRED B < EHE LT < W

BN F2E 1 OB S, RWNTE2, F
3 DBELAL T & NER S L7z,

AWFGENT Y 1= - TIE, EEERFIEE K OIS
W (REOMRE,. KFEFRAESR) O&E
WX B EZANRKE Y, WFIEREFZ LI
4 8D KEZRRFAETIT o 72, T TICTEMIC
EFEIIVTWVDEEIR, & 23 O e Sk
2B DEERIZONWTIEL, =2 LR AR AR A
et B — DRI E N BRI O SRR T S
BRIt 22107,

DLk, SOOI 2 REE L,
2 JEFAI LD A U P AEEIR OISO
T, AEE. HEERYT, JEROSTE, RSB
DD L X —YENL, S OB %
MR L, RN FE 2 MENr T D F kT,
AV DT LEEROILRER 22 B OB IE, K
WZA U U LR EDIRRE DR 592 St
EMER EICORBAEIRETHDZ b, it
IMED & 2 1 EL BB 43 135510 & FEH
HIZHL 74— RNy 7 TEDHREEENOE
FRRENHT N EEE LTV D,

5. TR
(WHFEFRAE . WHIEo 3 e OV 724 12
(=)

(MRS ) (FE 19 4)

@D Koji Takahashi, Yoshinobu Nishimura,
Tatsuo Arai, Shiki Yagai, Akihide Kitamura,
Takashi  Karatsu, Photophysics  and
photochemistry of positionally isomeric
1,2-dianthryltetramethyldisilanes:
Investigation of anthryl-anthryl and
anthryl-SiSi interactions
J.Photochem. Photobiol. A:Chem., 7t
H Y (2011), 218(2-3), 204-212.

©@  Kazunori Takano, Haruko
Watanabe-Takano, Shiro Suetsugu, Souichi
Kurita, Sumiko Kimura, Takashi Karatsu,
Tadaomi  Takenawa, Takeshi Endo,
Nebulin and N-WASP cooperate to cause
IGF-1-induced sarcomeric actin filament
formation
Science, & @t & Y
1536-1540.

@ Koji Takahashi, Yuuki Takanashi, Shiki
Yagai, Akihide Kitamura, and_ Takashi
Karatsu,Fluorescence Patterning by Using
Photochemical Cycloaddition of
Di-9,9’-anthracene Conjugates Linked by
permethylsilyl Chains
J.Photopolymer Sci. Tech., 7% &t & Y
(2010), 23(6), 789-794.

@  Tsuyoshi Tazawa, Shiki Yagai, Yoshihiro
Kikkawa, Takashi Karatsu, Akihide

(2010), 330(6010),




Kitamura, Ayyappanpillai Ajayaghosh,A
complementary Guest Induced Morphology
Transition in a Two-Component Multiple
H-Bonding Self-Assembly

Chem. Comm. & HidH ¥V (2010), 46(7),
1076-1078.

Kazuyoshi Tsuchiya, Shiki Yagai, Akihide
Kitamura, Takashi Karatsu, Kyoko Endo,
Junji Mizukami, Seiji Akiyama, Masayoshi
Yabe,

Synthesis and Photophysical Properties of
Substituted  Tris(Phenylbenzimidazolinato)
Ir(11l) Carbene Complexes as a Blue
Phosphorescent Material

Eur. J. Inorg. Chem., & &t & ¥ 2010,
926-933.

Hiroharu Tanikawa, Kazuhiro Ishii, Shun
Kubota, Takashi Sasanuma, Shiki Yagali,
Akihide Kitamura, Takashi Karatsu, Effect
of Nitro-Substitution on the Photochemistry
of 3-Peperidino-1,2-Benzisothiazole
Derivatives: A Mechanistic Investigation
Heterocycles, 7 &t & » 81(3), (2010)
659-674, 2009.

Shiki Yagai, Shun Kubota, Hikaru Saito,
Kanako Unoike, Takashi Karatsu, Akihide
Kitamura, Ayyappanpillai Ajayaghosh,
Masatoshi Kanesato, Yoshihiro Kikkawa,
Reversible Transformation between Rings
and Coils in a Dynamic Hydrogen-Bonded
Self-Assembly

J. Am. Chem. Soc., 7 #t & Y (2009),
131(15), 5408-5410.

Yoshihiro Kikkawa, Shun Kubota, Takashi
Karatsu, Akihide Kitamura, Masatoshi
Kanesato, Shiki Yagai, Two-Dimensional
Organization of Mono- and Bisurea
Supramolecular  Polymers  Studied by
Scanning Tunneling Microscopy

J. Nanosci. Nanotech., # &t & v 10,
803-808 (2009).

Kazuyoshi Tsuchiya, Etsuko Ito, Shiki
Yagai, Akihide Kitamura,_  Takashi
Karatsu,Chirality in the Photochemical mer
fac  Geometrical Isomerization  of
Tris(1-phenylpyrazolato, N, C?)iridium(l11)
Eur. J. Inorg. Chem., & # & » 2009,
2104-2109.

Shiki Yagai, Saori Hamamura, Hao Wang,
Vladimir Stepanenko, Tomohiro Seki,
Kanako Unoike, Yoshihiro Kikkawa,
Takashi Karatsu, Akihide Kitamura, Frank
Wuerthner, Unconventional Hydrogen-
Bond-Directed Hierarchical co-Assembly
between Perylene Bisimide and
Azobenzenefunctionalized Melamine

Org. Biomol. Chem. #E Fi & v (2009),
7(19), 3926-3929.

Shiki Yagai, Tetsuro Kinoshita, Yoshihiro
Kikkawa, Takashi Karatsu, Akihide
Kitamura, Yoshihito Honsho, Shu Seki,
Interconvertible Oligothiophene Nanorods
and Nanotapes with High Charge-Carrier
Mobilities

Chem.-A European J. &#id v (2009),
15(37), 9320-9324,

T. Seki, S. Yagai,_T. Karatsu, A. Kitamura,
Formation of Supramolecular Polymers and
Discrete Dimers of Perylene Bisimide Dyes
Based on Melamine-Cyanurates
Hydrogen-Bonding Interactions.

J. Org. Chem., & i & 0 73 (2008)
3328-3335.

H. Tanikawa, K. Ishii, S. Kubota, S. Yagai,
A. Kitamura, T. Karatsu, Photochemistry of
5-Nitro-1,2-benzisothia- zole Derivatives:
Effects of Substituents, Solvents and
Excitation Wavelength.

Tetrahedron Lett., ##t& ¥V 49 (2008)
3444-3448.

Shiki Yagai, Tomohiro Seki, Takashi
Karatsu, Akihide  Kitamura, Frank
Wourthner, Transformation from H- to

J-aggregated Perylene Bisimide Dyes by
Complexation with Cyanurates

Angew. Chem., Int. Ed. ##id b (2008),
47(18), 3367-3371.

Shiki Yagai, Shun Kubota, Tomoyuki
lwashima, Keiki Kishikawa, Takashi
Nakanishi, Takashi Karatsu, Akihide

Kitamura, Supramolecular Polymerization
and Polymorphs of Oligo(p-phenylene
vinylene)-Functionalized Bis- and
Monoureas

Chem.-A European J. # #i & ¥ (2008),
14(17), 5246-5257.

Shiki  Yagai, Sankarapillai  Mahesh,
Yoshihiro Kikkawa, Kanako Unoike,
Takashi Karatsu, Akihide Kitamura,
Ayyappanpillai  Ajayaghosh,  Toroidal

Nanoobjects from Rosette Assemblies of
Melamine-linked Oligo(p-phenylene-
ethynylene)s and Cyanurates

Angew. Chem., Int. Ed. &#id b (2008),
47(25), 4691-4694.

Seki Tomohiro, Shiki Yagai, Takashi
Karatsu, Akihide Kitamura, Miniaturiza-
tion of Nanofibers Composed of

Melamine-Appended Perylene Bisimides
and Cyanurates

Chem. Lett. & 3 & Y
764-765.

(2008), 37(7),



Shiki Yagai, Shun Kubota, Kanako Unoike,
Takashi Karatsu, Akihide Kitamura,
Cyanurate-Guided Self-Assembly of a
Melamine-Capped
Oligo(p-phenylenevinylene)

Chem. Comm. & #i & v (2008), (37),
4466-4468.

Takashi Karatsu, Photochemistry and
photophysics of organomonosilane and
oligosilanes: Updating their studies on
conformation and intramolecular
interactions
J. Photochem. Photobiol. C: Photochem.
Rev. #FidH V  (2008) 9, 111-137.

(Fa¥ER] G T7314F)

(D Takashi Karatsu, Masahiro Kobayashi,
Naotaka Tawada, Shiki Yagai, Akihide
Kitamura, Photophysics and
Photochemistry  of  Triscyclometalated
Iridium (I11) Complexes: Dendritic and
Supramolecular Approaches
International Conference on Science and
Technology of Synthetic Metals 2010
(Kyoto, Japan) 2010, July. 4-July. 9,
Abstract p. 121 (5D-11) .

(@ Takashi Karatsu, Masahiro Kobayashi,
Naotaka Tawada, Yuki Kobayashi, Shiki
Yagai, Akihide Kitamura, Iridium (I1I)
Triscyclometalated Complexes For OLED:
Dendritic and Supramolecular Approaches
XX IUPAC Symposium on
Photochemistry
(Ferrara, Italy) 2010, July. 11-July. 16,
Abstract p. 61 (SO28) .

(@ Takashi Karatsu, Kazuyoshi Tsuchiya,

Tomoko Sugizaki, Shiki Yagai, Akihide
Kitamura, Photochemical Mer-Fac
Isomerization of Blue to Red
Phosphorescent Triscyclometalated Ir(I11)
Complexes,
International Symposium on the
Photochemistry and  Photophysics  of
Coordination Compounds, July 4-9, 2009
(Sapporo) Abstract p. 51. (IL 5: Invited
Lecture).

@ Kazuyoshi Tsuchiya, Shiki Yagai, Akihide

Kitamura, Takashi Karatsu, Kyoko Endo,
Masayoshi Yabe, Synthesis and
Photophysical Property of Substituted
Tris(phenylbenzimidazolinato) Ir(111)
Carbene  Complexes as a  Blue
Phosphorescent Material,

International Symposium on the
Photochemistry and  Photophysics  of
Coordination Compounds, July 4-9, 2009
(Sapporo) Abstract p. 236. (P131).

(® Takashi

Takashi

Takashi

Karatsu, Tomoko  Sugizaki,
Kazuyoshi Tsuchiya, Shiki Yagai, and
Akihide Kitamura Photochemistry of Red
Phosphorescent  Triscyclometalated Ir(ll1)
Complexes in Solution,

2009 Korea-Japan Symposium on Frontier
Photosciences, Chungnam, Korea,
2009.10.30-11.3, Abstract p. 51 (IL-26,
Invited Lecture).

Koji Takahashi, Shiki Yagai, Akihide
Kitamura, and Takashi Karatsu,
Photophysical and Photochemical
Properties of Dianthryldisilanes,

2009 Korea-Japan Symposium on Frontier
Photosciences, Chungnam, Korea,
2009.10.30-11.3, Abstract p. 137 (P-22).

Lin Xu, Shiki Yagai, Akihide Kitamura, and
Takashi Karatsu, High-Triplet Energy
Copolymer Hosts Grafted with Red, Green,
and Blue Ir(111) Complexes,

2009 Korea-Japan Symposium on Frontier
Photosciences, Chungnam, Korea,
2009.10.30.-11.3, Abstract p. 136 (P-21).
Karatsu,  Photophysics  and
Photochemistry of Blue, Green, and Red
Phosphorescent Ir(111) Complexes for OLED
The 32nd Fall Meeting of Korean Society
for Imaging Science and Technology,
Pukyong National University, Pusan, Korea,
2009.11.27, Abstract p. 15. (Invited
Lecture).

Takashi  Karatsu, Photophysics  and
Photochemistry of Blue, Green, and Red
Phosphorescent Triscyclometalated Ir(111)
Complexes,

2009 Asian Symposium on Organoic
Materials for Electronics and Photonics
(ASOMEP 2009), The 7" International
OLED and PLED Materials Workshop in
Taipei, National Taiwan University, Taipei,
Taiwan, 2009.12.13-15, Abstract p. 21
(Invited Lecture).

Karatsu,  Photophysics  and
Photochemistry of Fluorescent Materials;
Understanding and Controlling of Intra- and
Inter-Molecular Interactions,
Post-Symposium of 2009 Asian Symposium
on Organoic Materials for Electronics and
Photonics (ASOMEP 2009), National Tsing
Hua  University,  Shinchu,  Taiwan,
2009.12.16, Abstract p. 6 (Invited Lecture).
Takashi Karatsu, Kazuyoshi Tsuchiya, Shiki
Yagai, Akihide Kitamura, Chirality in the
Photochemical daididnal
Geometrical Isomerization of
Triscyclometalated Iridium (111) Complex,




XXII IUPAC
Photochemistry 2008
(Goeteborg, Sweden) 2008, July. 28-Aug. 1,
Abstract p. 79 (SO49) .

(@ Takashi Karatsu, Kazuyoshi Tsuchiya,
Hiroki Iwaki, Shiki Yagai, and Akihide
Kitamura, Chirality in the Photochemical
mer—fac Geometrical Isomerization of
Iridium (111) triscyclometalated complexes,
2008 Korea-Japan Symposium on Frontier
Photoscience (Jeju, Korea) 2008, Sep. 25-28,
Abstract p. 56 (IL 25: Invited Lecture) .

@ Shigeru Takahara, Naoma Ban, Hidehiko
Ando, Tomoe Miyazawa, Hitoshi Saito,
Nobukazu Miyagawa, Takashi Karatsu
Self-aggregation Behavior of Photochromic
Compounds: Alkyl substituted Aromatic
Compounds to Form Endoperoxides,

2008 Korea-Japan Symposium on Frontier
Photoscience (Jeju, Korea) 2008, Sep.
25-28, Abstract p. 97 (IL 61).

Kazuyoshi Tsuchiya, Shiki Yagai, Akihide
Kitamura, Takashi Karatsu, Kyoko Endo,
Masayoshi Yabe Photophysical Properties
of Blue Phosphorescent Tris(4-substituted
phenylbenzimidazolinato) Ir(111) Carbene
Complexes,

2008 Korea-Japan Symposium on Frontier
Photoscience (Jeju, Korea) 2008, Sep.
25-28, Abstract p. 112 (YL 07).

@® Hiroharu Tanikawa, Kazuhiro Ishii, Shun
Kubota, Shiki Yagai, Akihide Kitamura,
Takashi  Karatsu, Photochemistry of
Nitro-1,2-benzisothiazole Derivatives,

2008 Korea-Japan Symposium on Frontier
Photoscience (Jeju, Korea) 2008, Sep.
25-28, Abstract p. 122 (PO 06).

® FEEFE, UV ORIMEA Y TN RY

AT m AL L— MNEEROSE L
W RFPFEWER A e v 2 —
(TIMS, Bl > &% —) %5 9 [RIFERENESY
FUURTYT L, V2 21 A 81,
FUE R (AR

ZOMERNFR 57 #

Symposium on

(&) GE1#)

B %, A — otk TERE-ERT XA R,
HACEIR LA 142 BB S C I, A
U U0 LSEROIEERMEROS (1 5 4 iz sy
FHEEE)

(& D)

R L
http://chem.tf.chiba-u.jp/gacb08/Resource/resour
ce.html

6. WFZEERK

(D) WFgefzs

FEEr 2% (KARATSU TAKASHI)
TIERT: - KEFFL LFW50R - B
MgeE&s: 70214575

(2)Wrge sz
L ( )



