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ZEMAN Y DT AT = UFHEERDOE K &tk
~FRE LR RE D FE T~

(Fnik ik 27 A1) REBEFHIK

bPhbiIZhETIC, ZBRUEERBILAY R Y VF 47 = (BDT)OET U — LR LA L E
ThHY., WERPTHRONVELZETHZEEZHALCLTER, UL, BEREICT S L, 2o Fmik
DO FRHlr —n AZ X ZICXVREEFLENEZ 5720, XUV UF 4T = EEIC)H S mVE L
EEBCEAN LR VF A7 o UFERE SR LT A EL AREMELE L USAEIT-oTE L,

= X
S S

NVYTFF 7Y (BDT)

BT ROARE EL BNMEHE, (27 Y= v bHIRE WS & K2 AR =a 2 TR BICBAiT 2 2
ENTE, TORELMD TERWEDIZRITIERZHEDO TS, Flo, HTRAUSMIE T T AF v 7 o— |
ERHRICTHZERARTHY, ZJLX T TART A AT LA OEBRBHFHTXS, 22T, N 7=z=1
7 X U(TPA)YRNIEFLERIERE N Z RO Z E MBI TE Y | £ ONAK) 72 ) X @8 & O T2 DI TR EAEH 230
FlEn, LoERREIMERHIFCE LD, BDT t0aR)~—24KT D2 LicLi, £72,
EHIEAZEAT S Z LK, HECZOMMEIC E D & 5 BB D0, BUtE, LR, BRI
M, ELFHEIC E > TRl &5 2 &Iz Lz,

FT. B/ v—DO—2ThHD TPAFERIZONWTIEZ, TAFAT =V extiind 5 R & D DRT Y
U LA AT T S ARBORIC R W ARl L7z, —J5, BDT OF 47 = VEREO BAIC Y = =V EEEHT 5
LEMIZONWTIE, £T7 M7 70 KEGR L, o fZBRMICT ) F AL, 7r bfblicdb iz, &
AB TV TRIETT7 2= VEEAEATHZ LI, GRTHZENMREE ST, 2R Y v —IZ20
T, BDTOE R (FUT7FNRX) GFEARE TPAFHEERO T aERkE ORI Stille 7 0 A7 7V 7
RORIZ L 0 Ak LT,

5.0 eq Br, 2.0eq n-Buli

DMF, reflux THF, -78 °C

4.0eq @—B(OH)Z

0.06 eq Pd(PPh,),

toluene, 90 °C

() 2.0 eq n-Buli
(i) BsSnCl

—_—

THF, -78 °C
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BU3Sn
+
Br R R3 Br
Pd(PPh3),
CuO
—_—
toluene

P-2eh : R'= 2-ethylhexyl, R?=R*=R*=H, R°=Ph

P-Me : R'= n-CgHi3, R°=Me, R®=R*=H, R®=Ph

P-2Me : R'= n-CgHy3, R>=R3=Me, R*=H, R®=Ph

P-PBTx : R'= n-CgHy3, R?%=R®=CHs, R*=Ph, R®=n-CgH13

AR LT3R Y ~—D—D2 P-PBTx Z5JtJEIZHV T, ITO/PEDOT:PSS / P-PBTx / Ca/ Al D& 14k CH
BEEL B2 ER L= & 2 A ORI L A7 RV 450 nm FHTICH—D B — 27 2R L7eDIZx L,
BRI EL A7 ML TIEHARE L Zo0RE—7 BBl S, 1ZFE RGOS Sz, 560nm £
DE—7 PMEIEODO PL A7 MATHI ALY =2 L —HTH2 L& 20RO RLF— L~ LG
RTHLNE —HEOTIAX - L ENR—HTEIEND, AV VT LARLAGLE VS HERBEE £

WCHBb LY, —HENLORENEN GO EBFEATIEEZLTND

: 0.2
1- q-\.,. ______ . --4--UV P-2h . 5= 8V (24 mA em?)
LY ! --m--UV P-2Me =9V (34mAcm?)
H L] --e--UV P-PBTX . ==®==10 V (85 mA cm?)
3 08| \ ——pPLP2eh | 08 3 0.15 - "Xt 11V (145 mA o)
3 K oL oM N Py |12V (42 mA e
g A e Z > —~—13V (365 mA cm?)
£ 06 —O—PLPPBIX | o 2 % ~#= 14V (521 mA cm?)
8 g g 0l
3 2 5
g 0.4 04 é ""'
2 2 0.05
0.2 0.2
0 o . . 0 0 &8 T3
300 350 400 450 500 550 600 650 400 450 500 550 600 650 700 750 800
Wavelength / nm Wavelength / nm
BERREDIRY T —DRIRAR ITO/PEDOT:PSS/P-PBTx/Ca/Al h* 5
I MILEFERRARY ML BBHRFDELARY FIL

FEHEEIZ OV T LV FEICHR LD, aR ) ~v—
P-PBTX OB/ RIS 3 H1K5 1 PABTX Z AL A
BWELZTE2ER-LIEEZA, Z0FEFNDL L ABEEN
B iz,

RBETIE, BALEMOERITIE, BVRrE, 7 AeE, ¢
SALZERE, EL FriE72 & OBFEYNEIC OV TEERIZ R
THTECTHD, PhBTX
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RERBHBRILETEZEDZ R THRAE aEFR

RBRAF IR R ZF B T FE X H 28

1. XC®IZ

HRBE W o Te AR IS L TEDOME 2 Z 2 DB+, &0 b B bFrlic
DEDZALT DALEIE, L7 o= 7X&@Fa'§1_7b HIEHZ8Y, 153! Jﬂ?jﬂb%ﬂoh
TW5. Fxld, BRALFRICISE T 20 F O B2 REL, %E)\jﬁ“”%%iﬁjjﬁ”
DEFEREM ) FICE R0, BIE OBENZELT 2 &0 5 TR ETIZRVISE 2= T HHAHE nE
REBFEL TS,

2. AR C-CREDERKLFARZH S BIRBRILETR

L7 baxarST 407 A, R
E DI KPS L TR O O
WELO%T U7 oknd RO ¥ e
HELTHELR DS EM NS & 9 —=
BERETHY, SRR F A H as
£y FERBHLIZEDE LT a
BLER 2D TV DD, +or 7208 R
EoM etk (CD) ¥ /7%
/O EITEL<, HMEORKD
LIRS TS, 22 CTH~x
X, L7 baxa 7T o IVISEN S T EBET HICHTZY, Fig. 1 IR TEB(LETET

ZIZERBLEM UAH LT 10T, Zﬁ%ﬁwlﬁ%x 7B &S TINICHTT- 72 C-C FEA AR L

TP hF A 228700, BIHBEOAR LT FEKAFICBINRENETDH. 2050+
BN A FICE S XTIV T o 2872852 LT, E&ﬂ:ifc o TRERFXT VT 4 2L E
U, CD ¥ 7 VOB LB HII SND DO TiEenmn e MfE L7z,

Fig.1. AL 741 EPHFF 2 22D C-CREGDT MR ER LR %
£ 5 B fliETT,

® R
. 4.5 @ ﬁ
2 3
15
150
100 B
4 50 ﬁ ﬂ
]
(R)'sa!b (R’R)'4a!b2+ -50

200 400 600 800

Wavelength / nm

Fig.2. (a) WA %269 2 BIVER{LERITR 3ab/dab™ &, (b) (R)-3a DEEILICHED A X7 FVZE{L (1 UV-Vis,
~.CD) .
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EF T FABRICE TSR LTOT Y — AT = A 2 DA LLEY 3ab BT A
Y LTHHZITY, ZhbD 2B FBILIZE > THTFHNC-CRADIERIIN, 14-TF2 TNy
NFAY dap*NEEREE L THEiCEX 22 2oLz (Fig. 2) . 20 C-C fEAIEARIC
L0, LR ITRIE TH T HEIEE L 2o TR Y, HIEH 2 3ab OB FHEE{LE UV-Vis
BLOCD A7 MVTHEBILTEE 2 A, EFICRERANT MBI S, 3ab/dab™
BEORWTZ LY haxa 7 4 WNVEERTHLZEEZHALMNIT L N TE (Fig. 2) P
ZOREBICRIT, WTFAUHLOBERSE RIS 0 oL, BEALETHL L THEENLS
14T B PANT ATy dap” NEEICHBES N R CTHRREN. O TF 4 b D 7 F
WVEREE T = = VEREEEE LG AICE, BE LY TF A ATESL R T e BT,
HEERAEETH D 0D, RETF—T7 OV I FF U OREMIZIE, Br e b %o B
RFIE T2 D KO NIRRT E L TWDH Z ERERTE I, U hTF A4 dap™ &L CUEL L T
bAF T e N ATMEET S Z i3, TAB Y EBETIZBWTET YV — VRO RGN B 25
J, EAX /) U AF RKBabxhEx7. BONIZE AR AF N 5ab id push-pull B EFHEEIC
FoTHWEGAEZRL, 2EFETEZITSE C-CHANRAL TEADE AT =/ —/L 6ab ~
EAEMI N (Fig.3) . ZOEBIZEBWTEH UV-Vis BL O CD A~ hUIZ 3D TR & 221k
DERIZ, Sab6ab HLELEEOR NN LY haXxa T o hnEErs Lz, 2k y,
3a,b/da b B L N5ab/6ab &) BUEEN "HEHET— RN L2 bk no 7T o DVIGE RS
Lz bbb,

a: R =NMe,
b: R = OMe

—2e"

(R)-3ab > (RR)-4ab?

+2e~

Mode 1

(S,S)-5a,b (R,R)-6a,b

Mode 2

Fig.3. BINEE(LIEILR 3a,b/dab> 5 L (X 5ab/6ab (2 L5 " HE— FIGER.

WIZ, KREFTIVHENAAL v F~EPE L. WAL v F U ZIEERIT, TORBBREOS
ENOHFEIH =T LV LG FRFORAD D OH B L L THRER RN,
Fox L, BAHGEN 2 SRR/ NS 2 x T v F AT T L Lz 3ed 12OV TR A
fTo72. 3ab OBE L[EEE, 3cd IXBIMIR AT NVELEE-> TYO DT AL ded® &AM S
n, EORWT LY haXxa T 4 WNVIREER L. BT, VTV de I —T
U Ted LRSI L > THEZEHRT S Z LN TE, TOBENKDO ON/OFE A A v F o IR
Zoas Uiz, Z O EENIGIZ UV-Vis, #5, CD, & 521X FDCD O&FEA Y hUiZ k- TRE
BB ZERNARETH Y, 3e,d/de,d™/Ted 1ZEN - BRIEIEOANIZXHIG LT 7T ¢ v
FertEZ b3 KOV ON/OFF A4 » F o VNN SN DL EAT) - ZEM NS FINERTH D Z
ENHBNE o2 (Fig.4) W,
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0 — eI
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g 60 eq
£

= -40

a

o

)

L -80

Oeq

200 250 300 350 400
(R,R)-4c,d2+ ,H)-7¢C, Wavelength / nm

Fig.4. (a)3c,d/4c,d*/Tcd DFR(LIRTE L OBMEREIZ L DAL v F 7 L, (b) (RR)-Ted ~DEEDOYUSINC L % FDCD 1k

3. LDREADFAN I 7= L OBETIC L 2B BHEE (L

ZEDOR B BN IRICIZHERE LT
RV Z7xz=VL 0L, o LERETTOK
HEARB R ERBIEDOOESTHD. = O O O O Q O Q O
NET, EFICEZONRTRBLRA X
RCHFELZRY 7= L UEBRA RS
I, By FREROEESHEL 7 b
0 =27 AMEORR Y & L THEEITH
MENTWD. ZRICR LT, BT,
NyPrBRtEZFOFL MroEgE L Figs. AN 7 2L D FREEE 2068 AN ARG,
7oA N N7 2=V IS T S B
MO TR OGN TN D, FEEE, STEREMRENTHD L, Wittig HIZE b A NV 7= o) Iv—
B OEEP )N D A LR S Te 470k, HEOEWA Y I~ —DHIEN 3 DD 7 v
—TPERESNTWNDEDOARTHEY £, 2 bDF ) I~ —DOREERESCHIEIZ SOV TO
HRIFIZEFONTOEETHY, SHIC 10 BEREZE XD EROFERIZE L TUTERN LS
Thlb el 7Ry, ZOXIRHEFROL EHLE, ANV T2V UV ERRUB VRO EER A v
XLV am— S U EER L A LICER L (Fig.5) , nEFamBETHT S —RIT
REER L U COF TR ENEEZ R L, HOFEOAL Y d~v— - KUY ~—DERICETLIZ. Fix
DEMRFOFER, HEOEWA L N 7= r R ~—ORE, SHICKRBOBERLO Al E
i ATRE 7R B RRIE A WENT 32 Z L ICwId TEcEh L7 (Fig.6) .

WL DD FFERD X Bk G M OFE R, SRR ERIZE VANV F 7 o= L, XUB
VER3EE Iy T ETH, n BIOVF LI EEECTEMLIZ I B UBELZIRD Z LRI NT.
FxlxmRhmz e —7 LR 5B TEM LAV N7 ==L %¢®mVTﬁNMR%ﬁ%
TV, ANV T7 == L ATEOIEFITRME L TEEN DL PREINLS IV B TH Y, WK TIE
TR URKENPEITL TWAZ 2R L. £, T2 U NEREEIIA L R 7 2= L o O#EITK
fFL, HENELS RDIZEEMRENME T LTI B U KIBNELS 25 2 L2 H LI LT,

BLRIENZ LIS, AV b7 2= DT 0%, BIREOEWICE U TEOEINRHEN T
5. EIERIZB W THEARICL A 1X, DAV N7 =LA 7 X~ —FE RN T LAk &
L, FBEXTEVHINVFLEEZT B OVT—FT D3y 7+ —~—1be b iz b

(€)



252 ERH L., XBESHET L RENTZE I, 204NV b7 o= o idfEiTF CIHEFIC
HA N2 T R/ MEEEER L TOWDER, IWEIZENT LT ICEHEWT B U KRIZE Y 72 36T 5.
Z® CD ¥ 7 FNO¥ERHIE-10°C THOT 352 LvZew. Lo LF¥ 70 i %E, —E18%
bH % & IRIRICIAfR S E 5 &, B REZ LI, 78 KiEOMEEITIALA] O 72 ORISR S
WG AT 450 5 HIEE< 720, CD O IE-10 °C T44 Kl bE L7 (Fig.6) . 5
WAL, IO O IIN T TF A B E UCTHBET D 2 SITREh L, X SR a ST I L0
ZOWEEFMIRFILIEE A, Ty OE y FITHEERICERT 0203 A< R>TW05H 2
EEBHOMNCTHZENTE., ZOBIBIE, B2V ELZLETRUBVRO g AX vX T
MWD LNTAERTHDLIEEZOND. BEBEEICETEZEAT L7V TORIN, nBEFoOH
LARUC X > THIFIFTRECTH 5 & W o Fil 2 Big X, B slcHie s 1 a7 b &
HlHTHOLEHFEL TWLAHL

(a) ~1nm ~2nm

8mer (n=6)

16mer (n=14)

32mer (n=30)

(b) 5 Oxidized State &
~ -~ " ,
o = /
S 44 slow ( )
: = " = *
S 48mer (n = 46)
Q o
a | Neutral State
o
£

14
j fast
0+ PE——
0 30000 60000 90000

Time (sec.)

Fig.6. (a) A L7A N b7 221 v (8,16,24,32,40,48 =iF) B L, (b) AL+ 7 2=V v 8§ BIEDERFTD CD
AR POV (R ik, R B |

R ARWSE 12 AGHE R 2R IR A28 R S K CBLAATERT CiT b2 b O T, IMEDRITICH 7 D HIfFEIH
EF LGB RY: BiRFERBER, R TIERY: R IBER, AR S =Bk Cltlh L L s 9§,
References. [1] T. Suzuki, E. Ohta et al. Synlett (account) 6, 851 (2007). [2] H. Hiroki, E. Ohta et al. J. Org. Chem. 68, 6605
(2003). [3].E. Ohta, H. Higuchi et al. Org. Biomol. Chem. 3, 3024 (2005). [4] E. Ohta, T. Nehira et al. Tetrahedron Lett. 49,
777 (2008). [5] G. Wittig and G. Lehmann, Chem. Ber. 90, 875 (1957). [6] E. Ibuki, S. Ozasa, and K. Murai, Bull. Chem. Soc.
Jpn. 48,1868 (1975). [7] A.J. Blake et al. Tetrahedron Lett. 39,9093 (1998). [8]J. L. Ormsby et al. Tetrahedron 64, 11370
(2008). [9] E. Onta, H. Satoh et al. Nature Chem. 3, 68 (2011).
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QM/MM £% F 7= Class C B-7 7 ¥ ~—TVIZEBT D T 2 WALKG O BERER I FRAT
(PR BEER*, RIMED**) Ol FlJsg*, BRE FRBE> **, /B3 SLg* **

[Fiw] ClassCB-7 7 4 ~—LFid,. B 7 7 0 AR VRPAERID B-T 7 & LB E KD fHET
5L THESIERITEETHY, BU VU B-TF7 4~—VBIIHEEND, Z Otttk
X7 S ACEOGR EBLT S AREOGDN B 72 %, BITE, Ser ZEMIBHD 7 1 k25 & Hhi< —i%
WL U CTIEMEHD AR O Tyr X0 Lys FRIE OIS F 7213 EE O VAR F LV ERRE I T
WA, BRI SOSHERIZ D 2T o Ty (1), T2 CARIFETIHEE S LY
7RF U EFFDOClass CB-7 7 #~—BIZx L THH= XAV —H LD 7T 2 ALKIGL O Kt
R ARG LIz THET 5,
B-7 7 4 LB

Rz\ l .S B RZ\ /S
LN = /LN —N =
o/ R o) % R
C
wl L) AT
Ly367 ‘O/ L
O—T YSe7 | HO—Tyr HO—Tyr
éer64 yr1is50 Sergs Yris0 er64 Yr1s50

—RIERE - — .
B 1. RSN TV D =D DORLHERE

[FtHEF1E] Class CB-7 7 # ~— B OHHIMEEITIL, X Bfs G2, b s ST g
PDB = — K 1KVL' O & V72, £ OREEDE Y 12 11484 5y 1 DK Ay T & Bohr S8 i1
HFL.ONDOE 7 7 v F 2 (CLS) & Ser FREDMIEH 2 QM FEiEk, £ Oz MM ik & L7z, KIZ
WA L7220 B = R VX —1 EIC T 5 ISR 2155 72912, free energy gradient
(FEG) ¥ ? & nudged elastic band (NEB) £ % #lA A7 FEG-NEB 4 HV -, 728,
QM/MM MD ¥R = L— 3 > @ QM fEIKIZ 1X RHF/6-31G(d)Z 1 L. MM fElkIZ 1%
Amber99 /15537 A —Z #HH LT,

SR RIS Tyr 2 Lys 1, pH7 OF&MEFTE b7 m AL LZRETIFEEL TV A HED
5 Ser ZEMB DT 1 L EFl &R REERERNEEZZOND, £ T, T TERET
H5 CLS DA IVRF I IVEEN I L U Co%E 2 R7-9 7 2 LSO ROGERE (K
1C) 2% H L7=, FEG-NEB i£% M7 21O HEFERE & LT, BEZEH O ab initio MO #H5
IZ R THRLNTT PIULEOGDRERE & & Okt =RV F— %X 2 12777, HF/6-31G(d) i
THBELEI T T2 fE R, BBIRREN O E Lz, T OIS IE =B T L, —EERE
HORMNS M1 ~OJGIE, BV IO T 2 o BEIRE, B-T7 7 Z ABRF O ILAR=

JVIRFB~DOREROG, “BEBER O M1 5 M2 ~ORUGIE, B-7 7 Z LEEDOBIBRIIG T, =B
B D M2 55 P11 ~D i, B77&Am¢@%$ﬁ%m@7n%/%%ﬁﬁfkot
— B H O IE = R VX —BREED i b K& < 31.5 keal/mol & 2 ALl Bt L s T & 5,
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7. B3LYP E° MP2 £ W5 & ROGKREEX = SIFET 2 00, KREEEIZ TR
SIEF L., #4453 TWW5 Class CB-7 7 #~—FE DT 2L b D EE i ° 24.0 kcal/mol
LU HIEWFEREZGT (K 258),

- HF/6-31G(d)
- B3LYP/6-31G(d)
- MP2/6-31G(d)

TS2 24.1

T 3 AV D I3 B s

[kcal/mol]

2. BEZ2tho ab initio MO 5% FAWTE 72T S WAL D SR

WIZ, 7T AL DOHEREBETH 5 R )6 M1 ~D k& izxt L C FEG-NEB =% Huw»
TR L. B3LYP/6-31G(d) 1% T, = ORISRIKIZI -7 [ = %L ¥ — 2k & 3

H L7z, ZORER, Ser IO KEEHEN D CLS DA NVRF I IVEA~DT v b BB SIZ K
HEWIBBIRENTEL, ZORMUE AR FEAEDER SIS Z ERHLMNI ST, 20D
BERAIRREDTEME(L A = R VX —1% 25.7 keal/mol Toh 0 | EBRHE 24.0 kcal/mol & T\ M %

iz, o T, —IERKE L ToBEFNEZRIZT DX, CLS DANRF TNV TH D TRtk
MW ERERTCTE D, MOKICHEEL B DT FMIC OV T, B HRET 5,

[3Ci#k] 1. Beadle, B.M., Trehan, |., and Focia, P.J., Structure. 10, 413-424 (2002).
2. Nagaoka, M., Okuyama-Yoshida, N., and Yamabe, T., J.Phys.Chem.A. 102, 8202 (1998).
3. Galleni, M., Amicosante, G., and Frere, J.M., Biochem. J. 255, 123-129 (1988).
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BREALA ) O LBIKICET SERNR
(BFFRIEEL *, RIMED **) Ok ", BRI (REE, /B s

[

A EL EFFICBWTHOLEZ WD XD vt HWD 2 & TEY ﬁb‘%ﬁfn@iﬁﬁ%ﬂ
HEN) ZEFMLN TS, FIRTHEVEEZRE L, HOEEBLZEZ 372D, =
KX — AR WV E F R EIR BRI B W T 2 ¥ BB M AAEH  (Spin- orblt coupling
(SOC)) ZhENAELZMENH D, ABFIEO BIIL, A1 EL Z OB EIE L THWLR
DA U YT LEEROF R & FERHICHRIT L. 2RO @O F AR B 2 BRI ERE
HZEThHD, BT & LT 2-phenylpyridin (ppyH) % 2 DFF>OA U U AGHIK &
2-(2,4-difluorophenyl)pyridine (dfppyH) % 2 2Ff>A U T AEERIZERH L, KD 20 & D
DOEALT-% ppy'. dfppy. piclinato (pic). acetylacetonato (acac) & L7= & & OB E DAL >
EEDRKEFTE L, BB L TR VESRA Y VU LA LT RET 5,

ppyH dfppyH picH acacH

1: B LT-8EA

[FHE 5 1E]

BBER D EL IR AR & IR = IR O i {13 B3LYP/SBKIC+p 1EIZ L 0 T L7z,
FEEOREE & = L X — IR WD D D bt — B I X OV = BHIERAE A [F] Uil L~ /L D
AR EHNTERT2DIC, 10 Mo —HEKREL 9 o =HEREO L
multi-configuration self-consistent field (MCSCF) L% H\\ o, 2O HIEIZ XV Rd 775 FiaE %
FHVNTC second-order configuration interaction (SOCI) J##EIEIEL A #E4E L, SOC 174 & 1/EV . i
ZxfAib 9 5 Z & T spin-mixed (SM) REEZ KD, TN HETOEHEIZIX GAMESS % H
7o

(13)



[R5
ARFFETIE SM IREE = KL X —2MEWIIEIZ SMO, SM1, SM2,--- L 495, Ir(ppy)a(acac)
D SMI~SM3 REED ERAY FWBGERIC BT 2 T) Th 5., iﬂi@ﬁ%ﬂﬁ < SMO & DD
BB 7-E— Ak (TDM) 28 K&V SM2 HRAEND OERBIZ X W HDEZ R LT\ 5 Lfif
RTx2%, ZOBEOE— 2 EIT 485 nm (20613 cm™) & EFE &4, EMME (516 nm) LV
30 nm [ EFV, K OEBETE 2WEIREEHWD 2 & CEAEIZIVVERN SO D L
M b,
Ir(dfppy)z(acac)“ﬂi\ IV EWEEOBENTHI S (418 nm, 23914 em™) , Tb b,
yREBHIZIVBENOE—IPFERITT0 m IFEBKRES 7 M5 L Pl z, ZHUEsE
Eﬁ{ﬁ@@ﬁ EFJE U720, acac & pic [ZEHLT D Z LT XY Flrpic & 72508, ZOEHRIZEY
o — 7 HEN0mIFEEL D,

FREMEHMELE LT STV D Ir(ppy)s D % 1. Ir(ppy)s D4~ Spin-Mixed states @ SM0O &
PR OFERANEIX 5150mm THDHDITxF LA TRV X —7E L TDM, BTl sy
FHRERGETRD D E4630m E5 5050 nmiE Y SM state  AE™ TDM? Character
JE, Ir(ppy)s & Ir(ppy)a(acac) % i35 & ppy  SMO 0 So (1A)  0.98
% acac BT A 2 L CHEMNMNCEREY 7 M+ SM1(2) 21595 0.070 T:(GE)  0.52
5L RHERTE =, E/2, ZORO TDM (% Ts CA)  0.17
KELRDENIFEREET-, ZhuTppy kb SM2 21661  0.013 T:(GE)  0.27

> > 3
acac DHHA U ¥ T & OIRIER A& Tem oo
<appy &A U VT LFT OHEENITE< 72 Y ppy S: (A 0.16
Drlui LA ) Y7 AFFO dIEEOMENE  gM3(2) 21670 0107 TiGE)  0.22
RAMKEL72D, ppy D n i & A U 20 AJKR T2 (GA)  0.20
T O d PuEFR DOEBERENPRE Rololod L T: GE)  0.17
Z1on5, T: GCE)  0.17

& BIC, pic B & AV BORER b % 2, SM4 21695 0.004 T2 (A) 057
X OSER TS lcpEom A U Dy sk SME@ 21885 0126 T OA) 026
DREEAT PETH D, FMRFEIICONT T
ITYHBRT D,

# 2. Ir(ppy)a(acac) D45 Spin-Mixed states © SMO & 5% 3. Ir(dfppy),(acac) D 4% Spin-Mixed states > SMO &
TR F—7E L TDM, WrE ko TANLX—3EL TDM, WGl ak sy

SM state AE’ TDM * Character SM state AE'! TDM > Character

SMO 0 So ("A)  0.97 SMO 0 So('A)  0.98

SM1 20504  0.033 T,;(B) 0.67 SM1 23767  0.088 T, (A) 0.44

T; CA) 0.18 T:(B) 0.18

SM2 20612 0425 T,(B) 0.67 SM2 23881  0.033 T,(’B) 0.34

T: CA) 0.19 T, CA) 023
SM3 20779  0.013 T,(B) 0.71 T:(B) 0.15
SM4 21079 1081 S;('B) 0.57 SM3 23914 0.635 T,(CA) 042
T; CA) 022 SM4 23982  0.088 S;('B) 0.24

SM35 21875  0.013 T,(A) 0.64 T: CA) 023

SM6 21999 0.036 T,(A) 0.58 T:CB) 023

SM7 22031  0.893 T,(‘A) 0.66 T.CB) 0.15

SM8 23208 0.174 S, (‘A) 0.34 SMS5 24160  0.045 T,(B) 0.45

Ts °B) 0.16 SM6 24357 0.699 T,(A) 0.26
To CA) 0.16 T,CB) 023
Tem! ™ ebohr Tem™! " e-bohr
EEDTN

[1] T. Matsushita; T. Asada; S. Koseki. J. Phys. Chem. C, 2007, 111, 6897-6903.
(2] SeH ., BREEEE, DB PR ERERS 20100 (&S 1P117,
[3] S, BRAEGREE, BT 5B 14 FEER LT RERS. fEEE S 1P18.
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EHAIL O SNRY A KIRAFT 2 AR v B8RO
i h A & [ A FE SR

(BIFRBET ", BFFRGFL 7 hr=y 7 T34 A4 ?)
OWFZL - HAHB— - KEF—Z 2 | 32

[15] Jih, AHR o UK, BT, U7 aA LAY F— Rrr YT n _
UK (BFy) 1, SRAMIECH Y, RIINE, BIRRECERE T 5 - Nogaave!
b

Lnk, HHFIHEE LCIEH 28D TS L flz1F, Mirochnik &1 O 0

X X
FEK 1aBF, 0045 72 8 A IC S THZE LT 5 2. 3LET 1aBF, 0 [ Rk 1BF,
BT, WMIEAY M ORI ESARIREIC TRy~ XN & X =P

b: X = Me f: X=n-Bu
LTHY, BOEINENTRERICA S %0 7 Uik knG 0% cX=E g: X = ¢Bu

d: X =n-Pr h: X = SiMeg
YICHKT 2, =% ~—, HAWTEFNU OSSO BEAVER I BEE
FAMEAREREIC LB LD L EEL TS, UL, ZOREMDOEMIN 5T, Wk
EHE IR E D BURIC O WTRE RSN, F 2 CAME T, A 1aBF I, fix D7 L%
NIEE AT HFHEIR (Ib-hBFy) O KEBRIES B4 Rat L. ZORE, HORE b 5SS ok
BIASHH 5 M2/ 5 =D T 5

(AR - BE] AR o 85 1BF, O, SOERAEOIIER R % Table 1 12737, CHCl, ' & KBr
FIZBWT, FHEAR (1b-hBF,) OWILARY hL (Aap) EIERST AT RV (Apr) OELITIZE A
Elemode. —J5, CHCL FOEN AT ML OBKENEE (Aews) 1TTXTOFEEK (1b-hBF,) T
IFIE 410 nm FEICH D DIZxF L, FEEIRREOZN DS (Apwm o) TEHILIZ X > T 450 nm 5 529 nm O
i CTEM Lz, bbb, EHEOSRRE TR EBOSOEENITEE L 20 olskt L, #
MIREEDZNITIIRELSEET L2 ENH LN R T-.

FENFFEICBIT 2 X DR 2 MAES D 720IZ, 1BF, OE AT MV ORI & Y77 il i X

sl
m

LRENMMEDIFIEZ I 2R o7, FdIREEDEIE AT P DB RORER, @&V ERIEZ 65

1g-hBF, DINIL, IR Table 1. Absorption and Fluorescence Properties of 1BF, in CH,Cl, and in the Crystalline State

§ Absorption Fluorescence
AH 'élE\A ] I E:’E‘
WETBR S h 2 e BF. X CH,Cl, KBr CHyCl, Crystalline State
2
)= X v —LFH Aag loge Apr KM Aems  Pem, s remc  Pew, c
nm nm nm nm
RO FEFE THERR S C a H 380 465 400 0.05 398  0.20 529 0.26
b Me 391 470 414 008 o } 414 081 518  0.40
L . —
Wi 7, BHE 1aBF: ¢ g 891 470 411 003 § | 411 088 | 476 032
T d nPr 381 482 384 010 SZ| 412 090 3| 456 046
3 = \ 235 £
B L OE AT E L & e iPr 380 48 398 016 SZ| 411 099 | 500 017
= m
45 1b_eBF, ¥ L1y, | mBu 387 474 387 020 F | 413 099 450  0.71
g tBu 392 470 397 004 m | 411 081 467 0.46
TRbICZ, EYER h SiMe, 390 469 402 0.07 409  0.66 469  0.27
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FANCH T2 NN GFIET D E Ntz S5, HEHEMAEDOREE, 1g-hBF, DI TILE
BE/ v—BLOzF o ~v—fHkDO ZoDFMmPEE S NIZDIZ L, 1aBF, 3 XU 1b—eBF, DFET
IXZNBITIZTHE=ZDFHM (eg 1r=1.9, 6.3, and 15.9 ns for 1IbBF,) AR S, LrbZnidmikt
) —RBIVF Uy —0FEMED bR, AT Z OB AE =0 F U BB 2
it~/ F~—] (Fig. 1) L LCRBL, BHEDOEE SICL > THEMIRREEOREFEAHBE SN D Z
EEEE L.

TS OECREOEAITHE S T O TR AEIKTET 2 LB 2, X BRERS ST 2 5 2 72
Sl E A, 1g-hBF 35 TRIORVBUERE VA RY VEAERY HHOMBETHEL TR, X

. - . " 1bBF, (X = Me) 1gBF, (X = t-Bu)
YEUERELOELR D NENDIZK L, 1aBF,
Original Original
B LN 1b—eBF, CTIIX YU BELERERD 1Excimer Excited
HOMETHE LTV ERbhoTe o | henon?X
H — - E ] "Excited  E
Excited Multimer"
(Fig.2). 72, 1BF, 3 1O M EEHEEI T 3.4~3.9 1Monomer Excimer
A T o 12 NI & ORI B LA s :
e . 300 500 700 300 500 700
Of:. ‘j‘fib‘f—o, %*ﬁ%@%lﬁj &\—J:O‘/Cf\:él: )"EM,C/nm }"EM,C/nm

e S Hel] 4 . - S % AL B Fig. 1. Wave deconvolution of the fluorescence spectra of 1bBF
i ENHE SN TR Y, IThBNBEIEEHO (X = Me) and 1gBF, (X = t-Bu) in the crystalline states. 2
B Lo TEATHD LSRG, 35 16BF, (X = Me)

\Z, BEJLELH (DFT) fETHELAEL

19BF, (X = +-Bu)

—3F0 1BF, 045y Tl % i o f 7 o DTSR
g 9
D 7L T B L, TR~ L F~—30) 2 v $
. § Front View 9
S TRUE UEOHE DN A O BlE % & ¢ : ;o_,gw—“‘
1 Sialr AR X
\ — N . . ° )
STWDZ ERbhrolz (Fig. 3). Bottom View Bottom View

bz lHb s, 1BF, DEHILDEE X Fig. 2. Crystal structures of 1bBF, (X = Me) and 1gBF, (X = t-Bu).

IIEREEO AR 5T, s oS 1/’

WM 2 L CUOERE, S 0 S <fﬁ%ag% -§§“¥%

> T oY LUMO o %6@
WL TVWo L E2 bhs, ARKTE L Lo f
ADOLLLOEAED b & DAV MHEES b o'e HOMO éﬂgs?

> BF, DR HHEICIZ, 1BF,D AT ) 7 N QYQVDO I" HOMO

"Excited Multimer Emission"

PIvIAIRyEUALIFETHET 5. _ HOMO , , ,
Fig. 3. Molecular orbitals and intermolecular interactions of 1bBF,
(X =Me).

[ 2% 3Cik]

1. Ono, K.; Yoshikawa, K.; Tsuji, Y.; Yamaguchi, H.; Uozumi, R.; Tomura, M.; Taga, K.; Saito, K. Tetrahedron 2007, 63,
9354-9358.
2.  Mirochnik, A. G.; Fedorenko, E. V.; Kryavyi, V. G.; Bukvetskii, B. V.; Karasev, V. E. J. Fluorescence 2006, 16, 279-286.
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HRISEFR L FF 7 = VRS RITEBRILEW DB B

(BRFFRBEL - 2B KR T Lo b=y 7 734 AHF)
Oj(iﬁﬂﬂﬁl ° 7J(E3”—F£ L2, HﬁEE (%: 1,2

[FF] T4, ~v 2ot s EOZRGEHRILEDIL, AHERDENT VA% (OFET) X°
TR LEEOAETL 7 han =7 Z05BICBWTEN-ME L RTZenbERSh TS L F
7o, FAT o VRS BRSFRCAYW TH S DNTT (354 7 = OREETE N L, 27 OFET 4
Bre L TENTEMEZRTZERHLNIENTWVS (Chart 1%, 20D X 9 REBREEFRILEWD AR
HED—D2E LT ciss AFANCONBIUOSZRMMB L7 = PV U ERENR LSBTV D
(Scheme 1). cis= AF LR DORBHFIZL > TPV e 7o v by (DHP) MERT 55 1 Beix
B F TR TH Y, AT ZOEEISHA LT, cs-12-VF =V T UEKEHT 57 M7 F
TE=AEZT IO T h7aIALET L buy I XA H9EE{T > TE 7= (Scheme 2a)’.
SHIZ,DHP b7 = F v L vk

S
R 55 2 BE I R T3 72 b Ak OOOOO QOQOQ |S\ OO

;‘%ﬂ:}i;ﬁ,}w@j@ n, = Dz F 5 pentacene picene DNTT

. - _ Chart 1. Polycyclic aromatics
LH2LTT FIFZ=T 3D

JCBRALEUS & D v Id kAl 2 v

7= B R B AL BSOS 4 FL R L 72 F 4%7» _O_X;a”‘ Q‘Q

7 = UMEBRM LRI EIRILEW 4 % cis-stibene DHP phenanthrene
B LT (Scheme 2b)4. Scheme 1. Synthesis of phenanthrene using photocyclization of cis-stilbene.

uv S
or |/
Electrolysis
_—
-
Vis 1N\
S
1 2 3 4

Scheme 2. Photo- and electrochemical reactions of tetrathienylethene derivatives.

= ZTAMIIETIE, JRUSHERALE LT cis-12-VF 2= V27 B E S FRIC OB/ T 5 2,5-8
A(TF =N T ZNTFAT = 5 ONRBRLISEFIM LT, #iiilT 4 7 = VRSB FFRL S
MTHDH 48-EAB-F=/)F = /[23-g54-g LRIV FH T2 (1) DEREITSTZ

(Scheme 3).

hv hv = S =
Additive Additive S/ O S
_ > [—
—2H —-2H
\_S S/
5 7

Scheme 3. Synthesis of 7 using photocyclization reaction of 5.
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[FEREBE] RES 3T A7 v AHBFEEE LT25-BA(raAF T A7 8), Uk
TATN9 DL, BAB-F==/1)7 k> & D Horner-Wadsworth-Emmons JHiZ LY &R L7

(Scheme 4).
o)
s trioxane, s P(OEY) Et £BUOK SS)J\CS
37% HCl aq. 3 -BUOK, \— -
m — Cl \_/ d —— Et0” \\/\(_7/\ “OEt 5
rt. 150 °C THF, rt.
y. 52% 8 quant. 9 y. 46%

Scheme 4. Synthetic route of 5.

H'E 5 O CDCl A #RIZ 250 W Rayonet 7 > 7 (350 nm) Z H W\ CEEENIRE %2 2 BT o728 2 A,

7 3NGE 13% TLvEbivienolc. LonL, [AEROFMEIZEBNT p-7 v T = Va2 IRIF E LTHR

9B E T NR6T%TAER L., ETOERIZIVE, o-/nT=L, T s T7X ) VIETFT
DORFBFIZB N TH RN, ZONRETNTND p-7 8T = LOEEIZEANKL, ERER 40,

34, 25% T o7, p-7 107 = )VIFF TOISIE Scheme 5 (R T B LB B E) (PET) HHE CHET

LTWbeEEZHND.

hv/ p-CA - C-C Bond Rotation
PET
Deprotonation,
H-Abstraction hv 1 p-CA - C-C Bond Rotation Cyclization —Deprotonation H—Abstraction
PET

Scheme 5. A possible mechanism for photogeneration of 7 from 5.

G ONIHMEBRIL AW T DS TR (4 (b)
Ay RATIE 290 #5 L00347 nm ICHE 104 20 408 10_
KBRS LTI g N §
408 nm ([THRKF NI R 4R L7z (Fig. £
la). £72, TOFA 27V v 7 RLH 2R e P v e :11'_';7 0

Jag, AFL /MM E/V vs SCE

N —ZRELILEZA Ep=+ 117V
Figure 1. (a) UV-Vis absorption spectra (red line) and fluorescence

CREALE MBI S 472 (Fig. 1b). WIRURF  spectra (blue line) of 7 in CH,Cly (2.5 x 105 M). (b) Cyclic voltammogram
BEIn D TIHy 2B DY 5 TR of 7 in CH,Cl, (0.1 M BuysNBF,), Pt electrode, scan rate: 100 mV s~

EIXRRY, BRUREDT =R EFERRIZIAV HOMO-LUMO ¥ v v 726> Z L nbiroTo.

[ 2% 3R] (1) Kambe, T.; Tkeda, N.; Okamoto, H.; Yamaji, M.; Kubozono, Y. et al. Nature 2010, 464,
76-79. (2) Yamamoto, T.; Takimiya, K. J. Am. Chem. Soc. 2007, 129, 2224-2225. (3) (a) Ikeda, H.; Sakai, A.;
Mizuno, K. et al. Tetrahedron Lett. 2007, 48, 8338-8342. (b) lkeda, H.; Sakai, A.; Mizuno, K. et al.
Tetrahedron Lett. 2008, 49, 4972-4976. (c) Ikeda, H.; Kawabe, A.; Mizuno, K. et al. Res. Chem. Intermed.
2009, 35, 893-908. (4) fE bBZsde M 5 KB 2= fith, HAYLSEEE 00 A TRIEE, 2010, 2PA-048.
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FVIATNF L FKE S 7 T A X NACEME AT AGA AT
0 AN R4 D SR DGRk & R REE

RBRIFSER R e T bR
WE - LRSS
L I )57

1. #5

K% EL &1 (OLED) 1%, BI¥L., mutd, BMER SO EA LTy, witRoER s

4 AT LA SRR~ DICHANED 5T\ D, & 57225 OLED O K21k, BIfTOHR 1T~
TELRDIBBOBERLZFER 2 X F (KRN RO 55, OLED OEhR{bofasts LT, v
AHMELORIA R 2T B b, OLED TOX ¥ U 7 EES TlL, A UREHHNCIE-> T 25% 0D —H
N - & 75%D ZBHIAGNE 7B ERT 5, 2O, @ ENT X 5 OLED TIINERE - 2h=RI1X
BRK25%ThH D05, 0 AKMEHNZ L D OLED CTIHEMARZZEET 5 & K 100%0D N & 7=k
EHRETE D, o, FAEROK = X MRITIK, kO EZZFEIIRD Y . FIRIENNIC X 59
WREBMEDNANTH D, A5 TiIngﬁéwo%f@%téﬁxéﬁﬁti@h%ﬁﬂ@%
BEAE LT, Y7 a XX VRN AFICA Y TTF L ERE A IAA AT HTR B4 (D) $5A
HJHJ@Am&%t%@ S HITIE, Pt-1-Pt-3 236 K— R0 b & L THW @D FERROL
FF (PLED) 28T 2B RFIFEIZ OV THET D,

2. ARk

Pt-1-Pt-3 D&% A Scheme 1 12777, £, Pt-1 13, BEHRICHE-T1 006 3 2T 2 BEPECTARL
L7= [1), £72, P2 BEIOPE3 1L, 2006 4 2 THK LT Br-Pt-1 & 9,9-U~F T L7 VA4 L
VEBIXN999.9-FT T AFIIN22-ETILFLORa LR AT ILEDSAT v T T K
mmiof%h%n%kJmlmsiwfh%ﬁanwA%mey&8®ﬁ%%ﬁmﬁbfﬁ
WAfRMEZ 7R L, IR OLED ~D)G I LT\ 5,

RUR X1x1 X! Q'O Wans
v 1 K2PtC|4 acetylacetone

/
Pt Cl Pt
2- ethoxyethanol 2- ethoxyethanol / \
H,0 N O O 1 Na,CO;,
1:X'=H /—\—/ ” X )\2\
2:X'=8r
3: X' =H (40%) Pt-1: X' = H (64%)
4:X"'=Br(81%) Br-Pt-1: X' = Br(71%)
o R__R
2 2
X2—E X Q'O Pt-2:X2= (34%)
o)

Br-Pt-1 p -R = -CgH13

/
toluene, ethanol ,t\ R_R R_R
Na,COsaq, )'\A Pt-3: X2 = Q'O Q'O (17%)

cat. PdC|2(PPh3)2

Scheme 1.
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3. MR EBE
vruaaAX o S T TO PE-1-Pt-3 @ UV-vis WIS L O%Y (PL) A7 kL% Fig. 11
T, Fl. INBEERO IR E Table 112F &7z, WTNOEEA D 2 BV FFREBR D3
JeMERK (hp) F T Stokes 7 h23 100 nm LLETH V| psec A—F —DFNFHf (m) 27T 2
En, BHISNTERBHITVANTESL EEZEZ BN, P-1IZ DOV TIX, Ap = 540 nm, FELET
IR @p = 0.264 DIEEOFEIEDFRD HNTZA, Pt-2 TlE, BN Orde R OIERIC K - TR
BEETTZ ML (=599 0m), @ O IO LTz (@ =0.103), —J7, Pt-3 TiX, &6
72 B R OIERIZ S DD BT, P2 & A
RO AN (hpL = 603 nm) HEIH S 7z,
G IZHOWNWTH P2 LIZIERICETH D Z &
5. Pt2 D Pt-3 ~D 7 1 A X JUAVEMLF D
R OILRIL, FBOCFEICIZ L A RS
HZhnweBZB2x b5,

I, T ORI RN 3% PLED %
TERL . BRI 21T 72 o 7o, RSN

Absorbance
Normalized PL intensity

| = T | T
ITO (anode, 150 nm)/ PEDOT:PSS (40 nm)/ &t 300 400 500 600 700 800

Wavelength /nm

J& (120 nm)/ CsF (1.0 nm)/ Al (cathode, 250 nm)
TV . FEHBOMALLELIE PVCz: PBD: [44:5E Fig 1. UV-vis absorption and PL spectra of Pt-1-Pt-3
in deaerated CH,Cl, at rt. [Pt complex] = 4.0 pM.

{& =100: 16: 1.4 (mol/ mol/ mol, PVCz |ZE /

~oa=y FOFNVECTHE) £ L Table 1. UV-vis absorption and PL properties of Pt-1-Pt-3

7=, 7£3. PEDOT:PSS J&¥ K U
ST A Y 2 — MET, CsFgk
LAl BITEZEREFETENLEN
FilifE Uiz, {FR L7 PLED O3 -4
PE% Table 2 (2R 9, Pt-1 25 TeK
Tl 541 nm T, Pt-2, Pt-3 &5

R T TIEEN L4 598,601 nm (12 Table 2. EL performance of PLEDs containing Pt-1-Pt-3
BERFENARK D FE D b, WTho

Compd Aabs /nm* Apr, /nm” oL /us’ @p”
Pt-1 258,327,404,421 540, 585 7.11 0.264
Pt-2 267,357,427,446 599, 639 6.31 0.103
Pt-3 366, 430, 449 603, 645 6.36 0.107

“Measured for Ar-saturated CH,Cl, solutions at rt.

Parameter Pt-1 Pt-2 Pt-3
RflLDnTHyr7ma AL Vinon IV 5.5 6.5 6.5
DR L FRROER I A7 b Loa /edm? (@V) 1850 (14.5) 579 (155) 543 (15.0)
DR DITC, RTo, TAA L 7 /ed AN (@V) 31980)  0.56(9.0)  0.52(9.0)

R ORI, S8 & 7MW @V)  12580)  020(8.5)  0.18(9.0)
DFETFFRMEOIR TR R BN, 21

T /% (@V) 1.00(8.0)  034(85)  0.34(9.0)
TGO . DK T A B ST JIA em? (@V) 204 (14.0) 188 (14.0) 185 (14.0)
LD EFHZ DI ERFARIECE CIE (x, )" (0.46,0.51)  (0.60,0.38)  (0.60,0.37)
VT B P2 705 PE3 ~OBIERA AL, /nm® 541,584 598,639 601, 642

LITFBO o T,

“ Obtained at the voltage which yields the maximum luminance.

[1] M. E. Thompson, et al., Inorg. Chem. 2002, 41, 3055-3066.
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Fig. 2. J-L-V profiles (A) and EL spectrum (B) of poly-BNCz-based PLED containing Ir(mppy)s;.
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Fig. 1 Device structures of P3HT FETs with (a)
top-gate and (b) double-gate configurations.
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Fig. 2 Molecular architectures of (a) P3HT, (b)
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Fig. 3 Dependence of channel mobilities in
top-gate and bottom-gate modes on substrate
surface energies (water contact angles).
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Fig. 5 Transfer characteristics of PSHT FETs with
(a) top-gate and (b) bottom-gate configurations.

FRIMNRE SR | EEERE CIXBEIER T
REMERZENESI ST I T VT v
INFEFNC DN L AR LTS,

X 6 \ZH7x DA G35~y 7 — MR
P3HT FET &7 kA5 — MNUETOERRBE)
EAEk L ebDE T, by 7 — MUFETIR
WITNOREBEEE W56 THAR A — b
BN T 2HLA R WER S R e E &2~ 2
EWGoTo, LLEORERIE, by 7 — Ml
TR DB E R B — MagBEICH kL
72b DT <, P3HT KEIZIBWTHIERIITIEAL
SNTBAPEDOEVEEICER LD TH D
ZEHEHREICRLTWS,

4. #5

B e AL WL 72 P3HT R
EFMRA DX v U TEIEIZ DOV TIA, SRR
i D PSHT 43 OBLANCAK & 3N 7 C PSHT

S OEE, Ny X TNEEL, BWBENE L

107 ————————
S S 3

10-2 .............
7 by
-~ 5 CYTOP PCS PMMA
£ 107 F Sifz Top-gate FET
0t L ]

5 B(.):ctom—gate FET
10

Fig. 6 Dependence of channel mobilities in
top-gate and bottom-gate modes on substrate
surface energies (water contact angles).

R ZENgoTs, IHIT Ny 77— M
DOFEEEEZ T HAICB VT REICEBENE
NEHND Z LN gholz, PLEDORERIT AR
OFET (2B W T hy 77— ME&EEHWDH Z &
T, EWREROEEZITH Z &7, BIZIZF—h
Mafx B DO FEIIAK & T @B ENE A AR TH D
L ERIELTWS,

& XXk

[1] M. Kiguchi, M. Nakayama, T. Shimada, and K.
Saiki, Phys. Rev. B. 71, 035332 (2005).

[2] T. Nagase, T. Hamada, K. Tomatsu, S. Yamazaki,
T. Kobayashi, S. Murakami, K. Matsukawa, and
H. Naito, Adv. Mater. 22, 4706 (2010).

[3] X. T. Hao, T. Hosokai, N. Mitsuo, S. Kera, K. K.
Okudaira, K. Mase, and N. Ueno, J. Phys. Chem.
B 111, 10365 (2007).

[4] T. Kushida, T. Nagase, and H. Naito, Appl. Phys.
Lett., 98, 063304 (2011).

(25)






P3HT:PCBM

BIFEERRINS K=& 5 P3HT : PCBM /NIL Y AT OESHEB KT O OEN
Electroabsorption study of P3HT:PCBM bulk heterojunction solar cells
KRRFRBEL ', KIRFXSFILY bO=v 9 T3 RB? JST-CREST®

OHIR B, W BEE Y, k#E B, Nk mE
Osaka Pref. Univ.', RIMED?, JST-CREST’
OWataru Shinke', Takashi Kobayashi1’2’3, Takashi Nagase1’2’3, Hiroyoshi Naito"*?
E-mail: shinke@pe.osakaf-u.ac.jp

XLHIZ

WA O KK E L LT vy
AT B EARUKIGE MK A S
TW5D, ITH, TREBMIC B HAZh =R A W]
E U722, ZDO8ME A 1 = X LT RAHEIA O
R I, B, KEEMSE T
DHILBTE RN ES D Af 72 E N ZEIT 6
o, Bz, Ak S-Sy U 7 OfifEE
ICRKRELSHET D EEZ LN DNIKES
O3AR % fRIA 4 B FIXFE oM RER Bl L
STHEETHD, KEEM & EENEEEL L
TWAHEH EL #1280\ T, WEES
i 1L B2 TV (EA)HIE 1 & 0 fighr &
ncunaplh —J5c, KRBTt E
MR T LOMERN RN 22T,
AWFZETIL NV 7 ~T 1 AT K
22 O FEE T LNIRES A0t F
¥ U T DWBAENMNZIOWNWTHREEIT- 7=,
F RA N T =— LOFEIC L HEE
BNR( DR DY TV EHEL, nk
WIgE S 740 & OBARIZ OV THHELE L
776
ER

AW xR F—#ME & LT

Al |

Function
generator

Lock-in amplifier

ITO

Monochromator

Halogen lamp

Fig. 1 Experimental setup for EA measurement

(26)

poly(3-hexylthiophene) (P3HT), 7 7 & 74
—#EEE L C[6,6]-phenyl Cg; butyric acid
methyl ester (PCBM)Z W72 /3L 7 ~F 1
B & K 5 % #h ITO/PEDOT:PSS/P3HT:
PCBM/Al) % A& AR TR L | F ik

L7z v 7 a0z, o =H 150°C
T30 oM, RANT =—V&iTol=H
TN(n=21%) T =— )V EITH5 T
WY T (=03 %) & FE LT,

EA MBS e 7T o7 R
X 1R THIERICTHEEZI T T2, o
TIAZIIINE D B JEEE 1 kHz DA E
G Fn L W OB 2w > 7 A
YT T TRM LT,

EA JIE TIZFINAS s & [\ U
LEDOREOEEE E BT 512Xk o TH
LIDIEHRMNELR Y EFIFLLTFOX TR
wTE D,

1, oc2Imy*(A)E, E,, sin(wt) (1)

Z 2T EaclIV v I D R ETRT
H Y Eac I IMZ T4 7%~ NEBIE
ENIRES O/ D, 2O L EFH
L CEGSMICHT 2ERES L Z &N
TE 5,
REREEE

B 2 1Zn=2.1%0DKEHY 7 Lo
Bixb 478y NEEICBIT 2EANE
DGR Z R T EAEBEDRKE ZE Eae=0
V(FEFEIRRE) & Eac=0.5 V(BIFCIRHE) TR
BT DM, AT FAOTERITK
XL B LR WERN SN D,

Yelhie &7z P3HT CldAsk, Wl o
RVERTEIRIC 7Y —F v S DIE B NBL
NAENS PS> TNS, HIETELNTE

1
I, oc 5 Im *(A)EZ cosLart)



AR N VITIEEE BRI (PIA)EIE 1T 3
THEONDE A7 AWML L T
0. Bl =i7- EA {5 513 P3HT/PCBM ft
HCAERINTZXXY ) TICHKT S &
Ezohb,

F72. K2 I1ZRT X HIZ 700 nm LT_IJ%SDL
% EA 25134 7%y NEENEME
(Vae)lifs Cie KMEx & 5, 2 iiﬁkéﬂ
2% U T AR HEINTICE TN
WICEBE L TWNDTD EERTEX S,

X 4 12n=03%D% > 7 NIZEIT HEA
HIEDOFER A TRT, n=2.1%F 7N i
B, BAEHFORZXEFA 78y ME
JEWTARAF L2 As | AT MVIEIR IR &
< ZAbT %, ZATEIBIC BT A E S 13 m

ZRLTEEFT Y U T ORELEZEZ LI,
550 nm 2B B — 71X PSHT @ Bulk
DY a2 BN 7 MLEDESE BT
56l X o5T, n=03%DH 7LD EA A

R MVE 2D OO NER ST

DTHY . %h%h@hv@k%é@ﬁ7

Y NEEEAEN RS- EA 17
e 05 Vdc
—o— 0 Vdc

£

= | —

n=2.1%
450 500 550 600 650 700 750 800

Wavelength [nm]

Fig. 2 EA spectra ({,,) of cell with n=2.1%

12
10+ 'o
— [
& 8r e o
= \
c / [
S 6t .
. ® ™
2 4 /
" »
2 2r o*
oe®
oL _eanssee® . . .
-1.0 -0.5 0.0 0.5 1.0
Voltage [V]

Fig. 3 Dependence of | I,, | on Vdc
(measured at 700 nm)

@27

o
T

lo (arb. units)

n= =0. 3 %
450 500 550 600 650 700 750 800
Wavelength [nm]

Fig. 4 EA spectra (/,,) of cell with 7=10.3 %

T DAY FIVIEIRb RE S EILT D &
ExbND, o, BVIEBICK T 2E 5
DRESINA 7y MBIEIKF LW
Z &b, PSBHT/PCBM Sim Tl v )
TIXAER SN D DNEIZERE LR EE
%@#%ﬁ@ﬁéhf%ﬁmk%x%ﬂ
%, B2, Ede=0V OFf, 550 nm (23
T AIEERER LTV HED S EKIRRE
2BV TIINIRESS A PSHT © Bulk (24
FHINZD D> TN D L BRTE D,
e
AW TIX, A EL #1125 LT

A %zl“bé EARIE Z /v 7 ~T v
ERABSEMICE L, #FNIOES5
MR F v U T DIRDENZ OV TG
AT o1z, T ORGSR, BHNROFENY
TR TIE EF v U TI3ER S D
2. V7 FUEICNERES S HIN S ud,
BERENTH X U T REY HE R WEER S
Nl
BE K.

[1] M. C. Gather, R. Jin, J. de Mello, D. D. C. Bradley

and K. Meerholz, Appl. Phys. B 95, 113 (2009).

T. M. Brown, R. H. Friend, 1. S. Millard, D. J.

Lacey, T. Butler, J. H. Burroughes and F. Cacialli, J.

Appl. Phys. 93, 6159 (2003)

1. Hiromitsu, S. Maeda, A. Inoue, Y. Yoshida and S.

Tanaka, , Jpn. J. Appl. Phys. 46, 7241 (2007).

T. Kobayashi, K. Kinoshita, T. Nagase, and H. Nai-

to, Phys. Rev. B 83, 035305 (2011).

T. Kobayashi, T. Endo, W. Shinke, T. Nagase, S.

Murakami, and H. Naito, Jpn. J. Appl. Phys. 50,

072601 (2011).

(2]






RRAR—FR



NV 21034010 FF 7 =B Ea =y FE LTHWE
A FET Bt DA R L Wtk

(FREk IR > 27 2 T) OWFHER « REBEFHIR « TAKSL

WA, BRENE T VVX&(FET)0>¥5§PT$)¥ ZEHED T A FET ORFRBEAITDORL TN
Bhf72 FET FetEAE 152 72 DX, A5 1 O MO B, 58 n-n$HE{’EﬁH AT HI LR ENRAIR
THY, WYRSFRFNEETHD, YMEETIIINE T, FERERRILEGW V[1,2-b:4,3-b"]
I A7 = (BDT)#FHERTH % BDT-olefindimer 1 <> BDT-2T 2 @é\}ﬂz%ﬁb\(ﬁgure 1), M OBNA TEE % 7
NDHELEBIT, INOEDILEWEA FET OFERFITICHT 52 Z & TEORMEEH LI L TE T,

sts \\ Ss/ S/ >
)1
S

BDT-olefindimer 1 BDT-2T 2
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Scheme 1. Syntheses of BDT’-olefindimer 3 and BDT’-2T 4.

-50

—e— 30V

-40

-30

p ——l—* Source, Drain
— Organic Semiconductor 20

——» Insulator

Drain Current / pA

—’ Gate

Figure 2. Structure of FET device and FET characteristics of BDT’-2T 4.

0 -20 -40 -60 -80  -100
Drain Voltage / V

(28)



Pt(hfac), & tHFWEIZ WA/ 0 ASEFE B ()EE R D
Bk - R L O OLEDs ~0D i A

(FRRIR > 27 L T) Ofpfr fsz - RIEAE  FHIK - A 3L

T A AT LA RO TIRERLHELIT IR D 288 & LT, ARERICEEZIMT 52 &ick-
THBMEIR =X —2 e LTHIET 284 2FA L, AL harIxy B AEDBERE
EOTND, AV PTLARLASREDHEF T2 G DRI ENROREMREDR RN DL, Znba
D AT EL & 4 AR EL BT DOHFEN AT TV S,

THETIEHRL T, ERNEFTIAFETEFATE R 1) BEADEE P(hfac), & HHIEMWE L LT
WD & TEROMERI LI L T, 7 ==Y U UFEERERA T &5 BeDIEER, BHIThom
NRTHARTE D EEHALNCLTE T, Pi(hfac), DENL T THDHI~F T 74 uaTF L7 & b,
FWETRGIMEEZRS CRIEZ AT 572DICA@n O L3 <,
L DENL AT B ST VR B D,

( )
FsC CF3
o) (O]
AFFETIZ, 7T VAP F A7 2 VBICBEXWHZ -V DL FF C \Pt/ )
N
(o) (@]
FsC CF3

7 = VHEERERNL IO T BREEE LY RREY T FESE
FANDSERD BRI LTz, £12, Zh b (L& o &K Pt(hfac)

2
OVTHE EL 38 P50 & 3040 L7200 T b CHET 5. \- -

— s Cathode (LiF-AL/100 nm)
/ \ | Electron Transport Layer (BCP/25 nm)
F3C, CF3 \ N Emission Layer (CBP:5.6 wt% 1 /30 nm)
C O\ o /O ) 30eqLigand _ \ - Hole Transport Layer ( @ -NPD/40 nm)
o o
FsC CF3

Pt — Hole Injection Layer (PEDOT:PSS)

2-ethoxyethanol /
81 % N
7 N Anode (ITO)
— S Glass Plate
Pt(hfac), 1
Scheme 1 $#{K 1 DA R Figure 1 1E®L L 7= H EL 3% 74
—EL 5000 V-LtE CIRVALST 25
----- PL(thin film)

1 5000 °
- % 20
3 o
E 08 E 4000 d <
2 S 15 E
< [ - -
gos 2 3000 . - §
- £ 10 3
No4 E 2000 . ©
© -
E °
So2 1000 . °

L]
- ~ ()
0 - 0 = 0
450 500 550 600 650 700 5 10 15 20
Wavelength / nm Voltage / V

Figure 2 $#K 1 ® EL X ' PL A2 bV KON T-V-L ik
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LEHAAR Y VT AT = VFFERO A R T IE O & PEREE
Fnak ks 27 A T) Oilids - AE M1 - KEBE HK - R 3

AL 7 Fr IRy B AEL)IXEEWEICELE LN 2 L5863 284 T, BRI E LIFIEN
TWb, ZHETIZ, BMOWBVLEMEEZ RO Y VT 47 = VFEENERIREIC S W TRV a0t 2R3 —
T, @VFEEMEIC L D0 FRMHEEROZDIZ, BETIIEE LY, BIRERPRERY 7 M52 &
ERLNILTE, o, XY VTFF T = UFERE EAGERNZRFO N 72 =17 I UFHEEKE
FHEA S, M AERZME Lz —EO &0 R E 2 G L TRETZIT o o R, NE
YITVFAT = ARy v —P-BPTX b HAICHENETLAMEL FF 1 EbN7, €I T, Ko FRAGR
HMEA~DIEHEZ BRI E L, ANBEH#AN Y OF 47 = UFHEAE PhBTX A LT, ABEL E T2 LT
LA, ZORFNLLAAKEENRELNT,

L2>L. P-BPTX R PhBTX Z & T A0 /bEW 4 DT b T 7T avlbaiTol2 L 2 A, KIGHEAITIE
H#ITHT, VU rERBLONI TR bAK L, T T T RERE OHBENRREEL 72 o7,

1) 1.3eqAlCl, 1) 1.5eq TiCl, n-hex
{ > 2)1.1eq CH3(CH2)5COCI I\ nhex  2)3.0eqZn { N A S \
CH,Cl, S 5 THF s \
n-hex
1 2 3
Br Br 125 BULi Br Br
= S .5 eq n-BuLi
Br Br
i |
0.03 eq 2/ hv S S BI’2 2) Hzo
toluene DMF THF
n-hex n-hex
n-hex n-hex n-hex n-hex
4 5 6

Z ZTARMETIE, e T u e R EA L ETHRBILBIS 21T > TN Y OF AT = HRZTBRT 5.
LI DR CHRROBET 21T 72, FEMIC OV TR A Z —THRET 5,

Br Br, 1) 1.2 eqTiCl,
1) 1.3 eq AlCl 2)22eqzn

{ ; Lleq Br2 J\ 2) 1.1 eq CH3(CH,)sCOCI / \ n-hex 3) 1.0 eqpyridine

dloxane s~ Br CH,Cl, Br™ s 3 THF

8 9
n-he -
W 35eqzn Br \ A n hexs 0.03eql,/ hv
\ - .
\\ EtOH / ACOH / HCI d Ve toluene
n-hex n-hex Br
10 11 6
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AIFT T2 F AP URENF /T D
FEY ANFENA Y DU LEEEDERL

(FRak IRy 27 2 T) OmEHER « REEFHIR » TATSL

AR EL AR EHZ DWW TR, SO ERS KO B O WTh o546 T, MiaDRESRE THL
FTHOMER, BUETIEZHERES N T D, L LEAOREMEHIBE L CTiddb £ 0 BEFIN <, MED
BRIV TCH L ONBIRTH D,

INETIAIF Y T2F P A D UFFERERN & LicA Uy LEERE AW A EL B2
ENTEY ., KRN E 475 nm, CIE GEHEIE(0.15, 0.21)D A H A 7 /L—DFIE T, 6 300 FHffE (10
mA/cm?, 450 cd/m?) T o7z, £ Z CIOEN T EBBIC, A XS T=F VAV VU ORVEBUBEET 47
= VBRICE A TR F 2GR L, SEEROPMEIZ OV TR,

UTORNIRT LT, 3-TA 72T AT e REHBEWELE LT, Stille hy 7V T aEGie8 AT v
TENLTF DA LTz, BEFEDA 4V 7 2 F 0 2 U DU RD AL & RIS Ir(acac); & AW 7- &%
AT, BREEWIIE T, AL FARI S vz, ZHUIEML - O—HN NERN D HERIZED D
T & TREAEIIAIE L BAEAE T L d TRV E B bRS, £ 2 TR, HiftA ) Y'Y ()
ZHEME L LTV 7 un A v —%fH LIZARREEIC L 28 METT> T D, FElERA 2 =T THEX
T 5,

CHo 18 °aHOCH,CHOH N %itm?mJ N T cHO
O )lzeql; o} ,» Hy
( S > —_— L Rl
/ \ b h THF &
S enzene / \ ether 1\ S |
reflux S -70 °C S I
95 % 94 % 98 %
OH . .
1.2 eq NH,OH-HCI N/ oN (i) 1.1 eq n-BulLi N
1.5 eq NaOH \S H Ac,0 U\ (i) 1.2 eq SnBusCl @
» _— \ >
EtOH / THF 135°C THF
SnBu
/ \ | S | 70°C S 3
90 % S 99 % 89 %

NH,
1.2eq @[
|

N_ NH, OMQ N‘ —; N
0.05 eq Pd(PPhg), N Na,CO4
toluene = ) 2-propanol =z
. S 80 °C s
120 °C
51 % 83 %
NN
21leq
// Cl
L /’\\
|I’C|3'nH20 > Ir Ir
2-ethoxyethanol / H,0 \ /
135°C 24 h 2 c 2

K1 AIFYT7=2F R PUREN T IO 85RO & kR
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HBEE A & O T2 IR BB B O PR S
(BHFRBE « #1, RIMED?) ofH ff# 1, WRE (kL2 /1B shp 12

[Frinl

2D 20 FOMIT, BOECRNARERSBIADO B ORI, FRFEESCNEFEE ST 5
BRISVEHMEIC Z 0 ETETAIC R o7z, FIC, A EL # 2OV IR T 4 27 LA &
LCOHRNRKRE, T4 AT AL LTEMEENTODA, K0 AR S WA IR
EFNTWS, PUIDEERITER THLELT 2P EZRESL TV D, fl2E,
cis-bis-[2-(2'-thienyl)pyridine] platinum (cis-Pt(thpy)s) 13ZI&EH & 5\ i% EL %17 C 580 nm it
R — 2 2 FSZ R BTN D,

Fx OWFRETIX, AV UHUEHEERSIREZBE L, A7 MV 2EEGmMICTRLEZ L, 22
TARBIFE T, ZOHEE RO CBRARBIM B OBGmPRE RS D, TOH—BEREL LT, #E
FEHMETH D cis-Ptlthpy)e B0 & L. — D thpy ZEREEAI~DEMRIER X OK A MEs+
MEF~D 53153t D8 B R0 & 2 BRI E L L9V acetylacetonato (acac) (Z[EH#T 5 Z &
ICEDRNBEREOEAETE L, S DICEN F~OBHRIGE A X 2 B2 L1223, &
HIZ, ZNHLORERE S LT, KV EURREABCHEIME 2 RET D,

cis-Pt(thpy)z thpyPt(acac) ppyPt(acac)
(& FiE]
AR O KKK EOHE L RBSLYP/SBKJC+p WED, R =_EHEERKREOME Z
RO-B3LYP/SBKJC+p {£IZ £V Fiiifh L7z, &EIRIEE TR T 55 F#LiE 1L multi-configuration

self- consistent field (MCSCF) {£IC L VKT, 7eds. £ OIEHZEMIZIL, Pt © 550 d HuEds KO
BUAL D 2 DD g *PiE & Epksy & T H8E %2 5 o 7c, HEIEIRAE. metal-to-ligand charge-transfer
(MLCT) IRfE3 L O ligand-to-ligand charge-transfer (LLCT)IKRE % & 7= 10 IRAEIZ X} L CTF#b
MCSCF % %17 L7z, Z® MCSCF {EIZ L - TRD 75 7#liE % T, second-order configuration
interaction (SOCD % Eh B4k & #5455 L. spin-orbit coupling (SOC) matrix #{EY . Th & xfAb+ 5
Z L2k Y spin-mixed (SM) RAEZ R 7=, 7235, SOCI EDAMTZEM 21X, MCSCF Fock & 10D
EAEOEN S D2 BIRIC 30 BLEZE DTz, TN TOFREIZIL GAMESS 7'u 77 Lz vz,

(2R & E4]
HEED So kR L T1RABICISIT 5 thpy BLAL T & Pt & OfEIREEZ L 5 & TrREEORY
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DHFBFL IR D EMB RSN, £7o, K7 OBNLT thpy % acac 721X ppy THEMLTH, 95—
J7 D thpy BN+ OREEICEITIZ L A LR ET, Pt LB FROREEEEE. B 00 Fmnod

:%{iﬁ_é%ﬂ;&;f‘&)éo

# 1~ 3 T cis-Pt(thpy)2 . thpyPt(acac) .
ppyPtlacac) DFE T XL ¥ — BEBEBE—AL O
FEWR AR L7z, cis-Pt(thpy)e D %1% SM2 IRHEED
HEZ-TWNDHEEZ BV, ZHITERMER L TE
L 72\, thpyPt(acac) ® thpy @ nikf R ZHE5E S5
ETRABERIIREREY T NTHZ L TMbN
TWo, Fx OFERNG, WEIEZED L7 V=%
VIE T b UOBRNLAISEA LTS E . BRI
LA EBRET . RO B A D T L RS
(Z78 o7z, i1 EHES K OEAL -~ B ESEA
IC R DEBOFMITY HRERT D,

# 2. thpyPt(acac) D4 spin-mixed state [IZ31) 5
FEHTRLX—, BHE— A MBI ORHE

# 1. cis-Pt(thpy): P4 spin-mixed state [IZF1F 2

BT XNX—, BEE— A FB LU

AE[cm'] TDMI[D] character CI coefficient

SMO So 0.99
SM1 17462 0.0052 T 0.81
Ts 0.14
SM2 17465 0.1007 T 0.81
Ts 0.13
SM3 17765 0.4321 T 0.92
S2 0.07
SM4 19045 0.5091 T, 0.56
Ts 0.28
Si 0.14
SM5 19499 0.0321 T, 0.76
Ts 0.15
SM6 19781 0.7025 T, 0.87
SM7 20465 0.9333 Si 0.39
T, 0.34
Ts 0.27

7 3. ppyPt(acac) D4 spin-mixed state 1231 5
FEWHTRNX—, BEE— A MBI UM

AE[cm™'] TDMID] character CI coefficient

AE[cm™'] TDMI[D] character CI coefficient

SMO0 So 0.99 SMO 20010 0.0196 So 0.99
SM1 18854 0.0098 T 0.91 SM1 20182 0.5846 T 0.43
T 0.09 T, 0.50
SM2 18855 0.0422 Ty 0.91 SM2 20600 0.1779 Ty 0.60
T, 0.09 T, 0.39
SM3 18961 0.2729 T 0.95 SM3 20663 0.1652 Ti 0.65
S, 0.04 S 0.32
SM4 22019 1.0713 T, 0.61 SM4 21928 0.0226 T, 0.66
S 0.29 Ts 0.25
SM5 22918 0.0021 T, 0.61 SM5 22192 0.1525 T 0.42
Ts 0.32 Ts 0.45
SM6 23627 1.0037 T, 0.57 SM6 23681 0.3558 T3 0.57
Ts 0.16 T 0.22
S 0.15 S 0.21
SM7 24104 0.9973 S, 0.53 SM7 24444 1.0930 Sz 0.50
T3 0.45 Ts 0.32
N

[1] Matsushita, T.; Asada, T.; Koseki, S J. Phys. Chem. A 2006, 110, 13295.
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QM/MM &£z Wic ) F U hA F L ERIZBIT D
FEARNR DI b o3 iR SO B3 2 BRER A ZE
(BFFRBRERARIMED**)  OMERERI®, REIBRAEE, /N sss

€=2)

VF U LA F o BITMOBMIZEENEmA R, ®EET, #BHEHS/ — kv aril
DEFHERZIIES HWONTEY, AMICERE ) TV LAZ G- OBMIKE LTIIHET 7 K
CPEOFBBEENHAWSNTWD, UTF UL, 4 U BHMOBMIKOOEDTH S propylene
carbonate(PC) X &l D T 88 H T IEARAS UL C ER L IR F 2 R84 L CEBLIIC i S5 2 &8
HESNTHY, BHMOMEERSLO—RHL 2> TS,

% 2T, A TITE L TER & DGR A A o 72 quantum mechanical/molecular
mechanical molecular dynamics (QM/MM MD) '3 = L —3 3 > &1TWN, PC D43 S i DFHE
% BRI N L T2,

@)

f e N

TN

j / /O
PC /
Jo/s+—)L

1 PC OFEALRI o33 i

[BtEAE]

PCHF AL TV HN 1 5FDR IR E LT 787 [HO M PC 45+ & %A 4 PFy %
BLELOEEAELE L, EE#EEEZS D720, BHIBERSEMZ L T 5ns B OELE MM
MD a2l —>ar&fTo7-e MM ¥ a2 b—3 g Lk 0B N REESEND S 51T
60ps ® QM/MMMD ¥ =2l —3 3 %1T->72, QMMMMD ¥ I =L — a0 QM
WAZIZHLD PC AT T Vv —43 1 %3O B3LYP/6-31G(d) ¥EZ 1w L7, J8 D OFE
% MM fEIk & L. /1351213 general amber force field # W 7z, $£72. BEHZ XX —H
ETORISREEORELICIT A BT R V¥ — Al %KD 5 Free Energy Gradient (FEG) {5 ' &
(L S D = RV X — e /MR & B D 1F % nudged elastic band (NEB) £ f A A bHE 7
FEG-NEB %% M\ /-, FEG #£Tlid QM EID B = R /LF—A)lL 0A(rqm)/ Orgm (£ QM Ji
TATBT D =KL F— Al OE(rqm, rum)/ 0rqu > MM EIKOD 7 >4 o 7Ly 6 i
o THETHZLBTE S,

0A(rqm) _ <6E(rQM»TMM)>

arQM arQM

MM

728, MD ¥ = L— 3 21X Amber-gaussian interface % IV 72 %
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[ERLEE]

XUz, BEZEHC 2B 53 W8 s D s 10 TS4'+
BEAE & iR T Lto PC @ \ﬁwim e e
@HR%E@&&?%@%@&W%&% Bt BSOS e

T, BIEIE 2(2) R TIRE DR b = R LF
—PEEEDRWEIGRE & LTS, £
BEIIX 20 RTEY P2+ ZRRELTT &
ho AT AR E P3+ R L T e
F— IV B R DRIED 2 SODORKENRH Y |
%AED 1.6 keal/mol 721F USFEREN RN &
ZHHOMMZ LT,

MM MD 3 = bL—3 3 o CfERL L 7= Pt
WA T LR R. B O 1.25
glem® | F7= PC O " FEMIT 4.9x107°
m’/s & 720 FRENFERE® 1.21 glem’ B L O
50x10"mYs & k< —E L7, QM/MM MD ¥
S a2 b—v =3¢ FEG-NEB EI2X Y PC D4y
RSO3 5 B =)V — RO OGRS # 1 £HEE OB F-E— A > ~(D)
Rt Uiz, (K 3) VR DN R 2 B8 L T R
%@,{j(ﬁ‘é TS4 21T 5 i FEREDS 5.3 keal/mol

¢@F%&m«1m<ﬁoto_hiﬁ
FE% Pl +DBIGAT— A > M NBEBINEE TS4+

(A= AN J:jt% < (') BN X ALE/DRRKREVW LG TEEEZ NS, ZHICX L TE
%%w:ﬁETss HZFUT D SOUGFERE L 1.4 keal/mol & HZEHF OFER & TR E 2B IT o7,
[AERIZ %%W: 2 TS5+ DR F-F— A > b RIEH PLHIIEWZ LB T 5, 26
Y Ei%’%i%@“éo

I

= =

T
)
—
+
|
oQ
\
n
N
P
T
N
+

|
N
o
T
_—

w P3
-30.4

Free Energy [kcal/mol]

|
S
o

0 2 4 6 8 10
Intermidiate Structure

P1'+ TS4+ P2+ TS5+ P3+
4.49 2.86 1.77 3.89 1.72

E(kcal/mol)

4 2 BEZEHRIZI1T D PC D5 D ROGHERE(M06-2X/6-311++G(d,p))
(a) M bRF 5 T OMBERE, (b) BV S

[3cik]
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VTurANAEZFT— b Ar Y TR ) FHEEED
SRR P i
(BURFERT "+ BORRBE T2« BURFRSY T2 L2 b=y 7 503 2B
OMFFARS ' - WL+ FAB 2 - KM > - AT 22w g 2

[FF] g, AR L L TOISH~OEREN G, Fbamon

BRIBLPEBEZED TND. ZNETOREB DL L, el fﬁ;
WRORE BT B HRLAMOREME AN LOTHY, Bk Q!
AMCHERLEATHIEREN TS, —h, Ferongce, N )
BRI L LTOTaA A A ZF— hRur Y7oy k12 o

AL, 7 U= dhm TR R 2 7 R A L 72 758 R 0 76 e 1

PEEFIMME L C& 72, TORE, A VT FNVEEBEANLLEE 1 O&ERE

FERIERMN AR E RT Z RN Do T=O THET 5.

[FEHRLEER] HRE1DO1xI0°MBEIY I1x10°M D bz Ui A 371 nm O T L7z &
A, 430 nm T DRENDOHZEZ R LT (Fig.1la). L2cL, 1x10"'M D bz SR T, RO
BNMETT2H00, 430 nm (FITOFEIEITIZ T 550 nm FAUTIZH 72725608 S d, fEFRE L
TR RIS EI ORI 2RI K AT (Fig. 1b). T OREOGEEEIL X =026, Y =0.27
THY, 1 BDEREE M= UERTF AR E R T Z LN ootz (Fig. 2). FEE 11X, KRE
DO MV RIEF TIEREIEE / ~—  (a) (b)
HSRDFEN DB %m0, IREDE _DOriginal
T2 Ly TMMEEERAMLZED X, -

BHEG 3BT D RN A S
DT L0 RIEHETHHo0
THLOEEZLND. £2, X #K

Intensity
Intensity

b L - PTS 400 500 600 700 400 500 600 700
A e A S AT CHIBA L7 s T 2y / M Ay / nm

° S IN
1 O3y S 70, O FRHA Fig. 1. (a) Fluorescence spectra of 1 in toluene (Agx = 371 nm, blue: 1 x
VEROEEDPEEFEINA2EERMAE  10°M,red: 1x 10 M, green: 1 x 10~ M). (b) Wave deconvolution of
; —1
(Fig. ) AL LTWBICHED LT, fluorescence spectra of 1 in toluene (1 x 107" M).
LOMBIEAERIERSBNoT. g

FE 1 o A EENE, fEkofl [::]
LRAVIENT - AL LT Y — 5 06
EABBODTA LS BRI o,
WaEATD. 7 LWIIEHEAE TR R

HCH DN, &5 T0nMEET o5 02
DD ORI HETR T L0 b

X=0.26,Y =0.27

P TAR LR SR aTH 0 02 04 06
PSEAN Fig. 2. CIE chromaticity diagram  Fig. 3. Packing structure of 1 determined

and photograph (inset) of emission by X-ray crystallographic analysis.
of 1 in toluene (1 x 107" M).

[References]
(1) Ono, K.; Yoshikawa, K.; Saito, K. ef al. Tetrahedron 2007, 63, 9354-9358.
(2) Mirochnic, A. G.; Karasev, V. E. et al. Luminescence 2007, 22, 195-198.
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ER(VFo NV T o)) FFT7 = HFEED
K B 72 6 OB
CBRIFREET, BN L7 ha=v 7534 ZHf)
QWA '+ KB 12« um 3 12

[F] Mo Cldlian, b LOERMIFENRMICSET ST bT (-F==1) =7
CBEREZRE L. AR TR OB AEILE L, B S E N - ER a HER
TR, LAY ERA (VFmoNo T =) T 7 = UFER L BERGEE- AL, 20
SO E TR T, ZOREE, 1 OIS TIHHARDREZICA FVIEOBBENETL, T4
7z BRI E W 2 525 2 E B r o7 (Scheme 1).

0
CIﬁCI

v
e
/ \
2 WS hVPCA Oh \h_
W CeDg QO —
—2H, ~2CH, s 5h

yield; 37% 10h
(Aag = 296 428 nm) (Aag= 368 nm) \
I L JL_LJ;__??*__J?
Scheme 1. Photoreaction of 1 in the presence of p-CA in CgDg. ispt 1 f A
| UL LA e ELUE L Ty s e **r****“f"ﬁ
Et0),0P~¢S+-PO(OEY) s A_s BuOK ’ ’ " slppm : 1
t + —_— 1 m
( 2 U 2 \ |/ n, THF PP
yield; 14% Figure. Time-dependent changes of 'TH NMR
3 4 spectra observed for photoreaction of 1 in the
Scheme 2. Synthesis of 1. presence of p-CA in CgDg.

[R5 - 2] BB 1L, VoMo AT L3, YFo=Abrbhrdabh ) Uhtert 7 b F
¥ K% F 72 Horner—Wadsworth-Emmons [Jiis (Scheme 2) 12 & > THAL L 72 (IR 14%,
stk an, Bl 112-115°C) .

p-7 1T =)L (p-CA) DFFIET, 1 D CeDe RIS (RHE/KERAT; 313, 365, 436 nm)
1TV, '"H NMR TUGZBB L= & 25 (Figure), A F/VREMPLEE L =Mt b AW 2 %
1372 (HRHEE 100%, IR 37%, SHEARE S, Bl 254-255°C). ZOKETIHE, 1 &BEAITH
% p-CA DRI THFBERETBENC L > T1"BAE L%, —Eio~Fdh U =5 ickT
LHENEZD, MAFIUEDREITLIEEZOND. it,@ﬁ%cmm_,ﬁ Sk
0-CART > b7 F ) VNTERE LTEEA THRERIZ, SERUGST X2 WA F AL OHELT % iR
L.

FHERTIE, 1 OXRISOFFEHIIINZ T, EXLTFRIZES), £ 2 O LFRIMEIC
WTHik 3.

275 3CHK
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Mx DV b — MHIBALFZ2H 950 APMEE R 7 1 X 2k
A VYT L) FERZIEE L 35 @m0 B FOLHE DO /ER

PN SRV NS N e i
WE - AR HEOS R  E
FN T
1. # &
O ATEMEE A BRI, TR EEFIHT D Z & T, BRENE F T 100%0D N & 1-2h =R & 12
Y5 2 R ERTRETTH Y . A EL AREHELE LTHEE STV [1], FxiZZnEx T
2, 7 uxX b (ON) BN & 27 R F— bk (0°0) #BhECAL 12> B R S 25 iR et e
A AL NALA U P BEER (CN) )Ir (000) DAL E Y A OLED ~DJGHIZ W TR L T
T 7. —IKHIIZ (CAN),Ir (0M0) DFEEFIEL CN
BOAL 112 & o T S v, 000 B 135 6 il
B % RIET &V O EFITD e, Ll
Do, Fxld, Ir-1-Ir-4 (Fig. 1) 2OV THLHE
PE~D OO BN DR ERFT LT & 2 A, Ir-1
BILOIr-2 12BWT, 0°0 BN D3tk R & bk
BRI 5 &, BAEHNE LT DH 2R
L7 [2]. AWFZETIE, Ir-1-Ir-4 % REMEHT
WTCARY =1y — (PVCz) AR B
ET hmmyFEMAFEFETF (PLED) Z/ER L.

) “
<N N C _N

S T A

O OB 77 PLED DFEFIEIHFIEIC 52 5 48 2o e i
IZOWTHRET LT, Fig. 1. Structures of Ir-1—1Ir-4.
2. FEBR

PLED %, Ir-1-Tr-4 Z R EHT W T IR EBMIEIC X W ER L7z, £7°. PEDOT:PSS (40 nm,
R VIEAMED Z28A L2 ITO H 7 AR Ei2, A3 7 V' — ViEE K (PBD, & ks kL)
RN &2 R—7 L7 PVCz (AR — Vi@t as A S PEL 7572 5365608 (100 nm, PVCz:PBD:
FEIHAEE = 1:0.3:0.04, wt/wt/wt) & A a— METHRPE L=, HWT, ETIEAMETHD CsF
(1.0nm) %, & HIZiEfEME LT AL (250 nm) ZNAREZEZAFE T 5 Z & CPLED 2 /E# L 7=,
B, ER L7z PLED IZHW=R M ETH D Ir-1-Ir-4 (Z%f)5 S & T, PLED-1-PLED-4 & a“éo

3. MREBE

Fig. 2 |{Z PLED-1 3 X O PLED-2 OB % (EL) A7 L A&7R$, PLED-la Tl fkfa D3
JRFRD B, 475 nm IZFEIEK (Ag) %7~ L7 (Fig. 2A), —Ji. PLED-1b T/%. PLED-1a (C
HEARTRNOEEEALSEZ Y, AL =547nm & 72 57-, PLED-1c [IZOWTHIENEDOERET 7 I~
NEBO BN, £ D7 MEIL PLED-1b O AR TREREE 2 o7 (gL = 569 nm),
EROMEAIE PLED-2 (2B W T HERed Hiv, M ELD 000 BN+ D o R BIER S D _om
TEARAEEORREANE D b, 77205, e = 527 nm ([ZHEAFE )% 7R3 PLED-2a |Z

(3%)



T, PLED-2b TlX 70 nm OB RAl (Age =597 nm) 73, F72. PLED-2¢ Ti%, 99 nm DO
FAb (WL =626nm) NEEZ 5 Z Enbo-7= (Fig 2B),

PLED X 512, PLED-1 3 XWOVPLED-2 TlX. 00 BN D n 3R DILIRITHETE L CTEAFE L
DEWEEV 7 MRBI W IBENELNZN, ZNHDY 7 MEITHE M EIOEER T O AT
FABTFRISHAME LD HRV[2], FEER,
Table 1 IZ/R T K D12, P UK HFIZRBWT,

Ir-1 TiE Ir-1a (Wpp = 473 nm) 75 Ir-lc s | A — PLED-1a
(ApL=604 nm) F T 130 nm D E R F(2E = :; ' Ry
D, F7/. Ir2 TiEIr-2a O =521 0m) 25 5 ‘\‘~.,\

Ir-2¢ (hp. =661 nm) F T 140 nm O RH AL = N

B 5, COBREKLEEPORE L Ol N

DOERZH LT 572012, Ir-1 BEL U Ir-2 300 400 500 600 700 hsoo 900

IZONWTHY A X2 JLEEATF L (PMMA) Wavelength /nm

PRI AT SV EFHEI LT, £ D

FEE. Ir-la, Ir-1b, Ir-lc DI EIZFLZE B —— PLED-2a

MU A =474, 528, S40nm LA RERE < T PLEDZb

D7 METAR P A S iz, -2 1 i

DWTHRRICERER Y 7 ba3smfil sh s £

EME, TR B DAY RVEENCRTT D 000 m "

BN DRI PVCz X° PMMA 72 8D &5y 1 B

. 300 400 500 600 700 800 900
%H%EP R ThDZ ERbhoT, Wavelemgth /nm

—J. PLED-1a, PLED-2a LV & EiREMIIC
%% 779 PLED-3a (Ag =546 nm; FEOIEE) |
PLED-4a (Ag = 643 nm; #REOIE) ITHOWTH,
O"O B -7 PLED O FESRFE i Table 1. EL and PL properties of Ir-1 and Ir-2.
WCRETEBEERTLE A,
PLED-3, PLED-4 1L 070 Efii ¥ Complex
2L DHHANRT MLV OEITRE

Fig. 2. EL spectra of PLED-1 (A) and PLED-2 (B).

Emission wavelength /nm

PL (toluene, rt) PL(PMMA)  EL (PLED)

b BT, £, R T AR & Ir-1a 473 474 475
DRENEEDL T FbIEE AL fr-1b 337 528 547

S hRmot, ThbE, ONEA e Irle 604 540 589
TN D R A T S I3 Ir-2a 521 519 527

2 Ir-d DL 5 Rt~ FRea ) A5 Ir-2b 633 600 597
BEIRTIT. 2105 OFOEMEIT A Ir-2¢ 661 600 626
I LA EEBES T RNEDL

Eiohd,

4. BEIHR

[1] M. A. Baldo et al., Nature, 395, 151 (1998).
[2] S.Ikawa et al., 2010 International Chemical Congress of Pacific Basin Societies, 1564.
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1. # =

HHEERFY (EL) FIXEREY., MBIGE RO S EH L TR, KR
ATVARLHBRB L THEE I TWD, LM EHT D/vy‘nﬁﬂ%ﬂ%mtﬁifé%m;%%f
X, i L, MO A BEONTE TFIENRAETHLZ b, AEIDRA Y YU A
(D ZH e e T 250 AMEAEERBERIEMOICHIEIN TS, YHFEETIEZ
NETIC, n EREZIERELZ CONBEAMFEZHNT, REDARMEAEEER 1LV 2 %
AR L72[1], L2xL., ARG D ABEEIRIT IS RG22 Lo < B &I
RN T2 | %Gﬁﬁ%ﬁkrb&<\ B 72 38 e 2 R TSR 5 LT 5 (2, 3], AHF
T, 1 BELO 2 OBEFRLRICARY v —@EEPICE T 2P /RE. ST ns
HIRZRBICHM B T om oy FEAKIFE T (LLF, PLED) @ EL ftEiZ>WTHET 5,

2. JF Ik
1 BLO 2, EnERICKHET D
-7V =A% 70 rb LL<IE 2-7 Y —
XU rnb b HSHEEHER ST 7
YHEEHWT, RIS - TEM L7 [4].
UV-vis I F L VFEE (PL) AX7 FLd
WEZZ7eankrsafh, L LIIERY 2

7V LERAF L (BT, PMMA) i 1a,b 2a,b
BWT, REMETAZHKI T, BIEICTIT o8
O S 1 S U2 &R T a:R= —< ’>—OBU b: R =tert-Bu

PLED (X, AtV a— hMEICE > TERL

oo EBERIZIX, B TH D ITO 7 A L2, PEDOT:PSS J& (F— LiEAMED) ., B X
W, A& GRYerE) AV 7 Y — L 3FEK PBD (B E) 2k F—71
TRV =By —b (LLF, PVCz) (FF— VlgiEthAR 2 NPk 2670 2% 08 %
A ra— METIEXREBE L, 0%k, CsFlg (E1THFEAME) BIOAIERE HEKE
BETCHRE L, 728, PLED DEE XL TO LB Y TH D : ITO (anode, 150 nm)/ PEDOT:PSS
(40 nm)/ PVCz:PBD:1 (or 2) (120 nm)/ CsF (1.0 nm)/ Al (cathode, 250 nm),

3. M R

F 127 v a B ARIEPICBIT 2 &8RO UV-vis I 72 & ONZ PL FE 2R3, £ 72,
M1icidlaBlO2a D@WIETIZEITH PL 227 hL 25 NT, 2 b %E & T PLED
D g KIEFE (Lng) TD EL 27 b L& RT, 1a @ UV-vis IL A7 FLIZHB VT 461 nm
WA R (Aaps) NBLHI S U722 OWRIIEE AR AR O 4170 Mem™ TH 5 = &
MmH, BRPLOOEA F~OEMBEITHDL MLCTERICHK T LI EEZOND, 0D
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m@fﬂ%’m\@s 407-461 nm |Z MLCTEBH K EEZEXL LN DWMINDBHER I N, £,

ZBWT, A 1’Ci616 617 nm (T, $5K 2 TIX 592-593 nm ([ZFE MK (Ap) BNZ
frb%i(b L B AL, FEEIRIC 5PL%§7’5% (tp) M~A 7 appA—X—ThbDHI Lhr
5. Bl Xz PL i@/u;ﬁ:*ﬂb%s EEZbND, &b, PLETFIIE (dp) TiE. la
(@p = 0.12) 23 1b (Dp. =0.06) D 2EDMHEZR L, RV AKX E LTI & VEZ
wLTe, —FH, U7 MU TORE S 1a, IbB XN 2a, 2bEFHELIEEZ A, ENE
HIEIERAER D PL A RS

FANED S L F 1. 7 ua RV AERTICR T 248 B8RO UV-PL ik
75) E N %\éjﬁ:{ﬁﬁ j:E & L/ \rjéh'leg )"abs / nm )\'PL / nm TpL /HS CDPL
T CMN BEAL 7 AF S 1a 276,312, 358,372,461 617,660  0.939 0.12

LR bhrole, E,

) 1b 263, 313, 372, 407, 456 616, 664 0.979 0.06
PMMA i 1 @ PL A X

7 P EBWT H IR 2a 297, 354, 368, 392, 458 593, 617 1.79 0.37
L E GRS S . 2b 295, 351, 367, 413, 453 592, 620 1.58 0.42

W R L CON BT T
WIRGFET 52BN 5,

F 210, HEERE RN BN H W PLED © EL B2 <9, EIINEE 16- 17 V A7 Tl
jtffﬂ-?:f“%k?zé EL YRG5 4L, PL S IZIEREBROFEEBK (M) DBO LT, A
® CIE REZEAKEIL, 1la, 1b W T EHWEZEA$(0.67,033) THhH, 2KkTLEYa v
ﬁﬂz%ﬁﬂ‘”ﬁft%@ax FoTEDONIEMEROAOGELFE L ThHoTm, T2, HWERB X
OB EOEWL, BIRPICBIT D O OERICER T EEX LN, LEOFKRNG, HR
NSRS N L“C @ Op, AT 25 la [ XERBARE 7128 LZREa D AEMEE LT
FHTOHDZ Engnoi,

#F 2.PLED HIZB T 58K 1 B X2 @ EL ¥k

PER gL /nm Linay / cdm™ CIE (x, y)

1a 619,662 1332 (at17.5V)  (0.67, 0.33)

Normalized Intensity

1b 615,655 885 (at16.5V)  (0.67,0.33)

= e 2a 587,621 6282(at16.5V)  (0.59, 0.41)
450 500 550 600 650 700 750 800

Wavelength / nm 2b 583,621 6187 (at 16.0 V)  (0.58, 0.42)
l.1a3 X 2a ® PL. EL 2~ kL

ZE BN

[1] Yagi, S. et al. J. Organomet. Chem., 2010, 695, 1972-1978.

2] WeHiE. doniEFE JURESE, EP{”T@?? BT AR EF 2% 88 IR FE
T HatE. 3L6-44 (2008).

[3] Tsuboyama A. et al. J. Am. Chem. Soc. 2003, 125, 12791.

[4] Yagi, S. et al. J. Lumin. 2010, 130, 217.
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LIZC®HIZ

FYT A v TG 5 DDIMALR Leslie
BEERR S o (1=1, 2, ..., 5)DMEIE L, o 1R EEE
INFB T DISE R 2 T 5 B E T
Hob[1]. ADFEERBRFNEBETDHA~YT 4
v Ve D oy & WET A FiEE LT, BmEA/LN
R i B /AT WAL D 1 1 FE L 0D SRS S & AT
e DIR/N_FTT 4T 4TI X DRERR
BONEIENIRZ SN TV D[2]. /ERDREMAR
BEETIE, A~T 4 v 7R OFHERR S
PENEEICTHDMLERNH Y, HERETIENER
HThDIEGE, EREERE TE 0.
ARG CIL, ADFERESFEEHET H R~
T A R OBPEE TN LD o DI
53, FHERRFMEICONT b RIRERE D AHE
ThHDHILERT.

2.EBR

HEAREHCI, AOFERERFEEZETH X
~T 4 v 7R THD Mix. A (A7 RRE4)
RERERMS T T AR Ny 0 v T
Y (B VIE 56.8 um, TEMREFE 1.13 cm® )IZ
FHAL-TER KM ELE W, 253K, 273
K, 293K, 313K, 333 KIZBWTAT v FEE
300 V ZFIN U 7= BRI TR E AL R sa VISt D
10 R A Va0 R R A A 2 1 (LCM-2, ST 7
=INERAWTHELZ. 253 K IZBWTAT v
TEE 300 V. AZEIIN L 7ZBRICTEE R A B VISR
A5 PE BT O EERRE R A2 X 1 BARIRT.
ISR ELEE

I R R D FRAT AR L TR R & o
INTIR’-T 4T 4 T BTV, PIEREEC ST
% Mix.A OFEREGTHE KO Leslie #iM4:4%
HAERE L. 253K 2B T 2FERBE MR
LN Leslie ¥R A RIFFRE LT 7 4 v T
S U TRERE 1 ORER, FEEREGMAEE
L7e(FERRGFHITFEMNEICLVREL
Y7 4T 4 TRERER L HHRIORT.
INCTRT 4T 4 U TICEBERT LY R A
AW E A, BB HIEIE &2 R D DB
e N’ 4T 4 T EITH T ENRT
X7, DEROREMEREGIE L TIE, 253K ICE
V% 2 R T 0D SRR G S & MRAT R & DI DS
—EE9, Leslie BiE R BIRENKNEECTH - 72
D, FEEERFEG T v T 0 TR L
727 4 T 4 7 EIBR 1 IR SRR R &
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<=L, FERRGMI L Leslie #iPEFR
BERETESTL. 74y T 471280 ELNR
72 Leslie KitEAR %A X 2 (2733, JE R AL #EPH
THERMARETT V=0 ARDIKEEZ 7R L,
OB DOFERETMEZ AT DM EBIT 5

FEVEAR SR DR FE R AEME & E MR — L L2 [3].

15 T T TIMIX.A 253 K

Experiment

—--— Analytical solution(A¢=-5.8)

<::L10 === Analytical solution(as=-5.4)
c [
o |
—
S5 5
(@] L

0 A

0 1 2 3 4 5

Time (ms)
B 1 253KIZHITH Mix.A ZE A L7-FER
AR B /UAZ LA B 1 I FE I oD FEBR G B &
W7 T 4 T,

4

3.5
1000/T (K™
X2 Mix.A D Leslie KitEtREL DR R,

B% 3CHk
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7T 3984264 (2007).
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1. IL®HIT

HHERNE NS 2% (OFET) IcBIT5
V=R« R A CEMEOEIULT v VT &
V=R« R A A EEER R IS TE R S
AP DD, BT V7
DIENZELGF . HITER O T BIEEE DN
AL T2, FOKEIE OFET OEA{LIZE W
TEERBETH L, FEMETIOFmIIE I

TLM (transmission line method)[1]. PUs#—+iE[2].

KFM (Kelvin probe force microscopy)[3]% D J5
ERHODID D, FER 72 B & — O E 3
&, EFRFMOWELZES S, —F, L0 EEIcH
kB2 H 4 5 ik & LT, OFET OfmiEfit
B DBy By & AT 3 2 FIEDR IR ST
5l4,5], ZDHETIEH, EICERHEBEED S
— NEEREEEZEZE L TV D08, EBRICI TR
BILL 7 — MEIEICHIKGFTDHENS Z &N
TLM #EIC L VSIS 5[6-9],
ATl BRIRBENE, L ORI
SONWTH — NEEEFN A2 ZE L, OFET OfsE
FRfEdifRic kT o/ /"7 4 v T 4 7T K
DRI AR A BN 5 HiEERE L, 85
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X7,
2. PGk L EB
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JEIZ K L TR EFORAMEZ T Z & BEEH
HEINTWAE®[6-9], LLFDO X 9 ITRE LTz,
H=H, (VG -V; )76h (D
Ry
(VG - VT )yp
K1), QEBETLE, 77V 2T0 - Frx
AT RUZ X D RIEMEE O R LA VERITRAT
Hzbnh5b,
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p

(2)

p0
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Ho pl Ven+l
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KWEIZB T DR/N T 4 v T 4 TR
ATE#R1%ETdH D Levenberg-Marquardt 7 /L= U
ALZEABTFIETHHEEBEHT VI XA L%
MAEDETZHDTH 5, Levenberg-Marquardt
TR XNTIERIE RN ZRMEE L BT
AN, WEE 72 FIHME & RRERATIZ E 6D D BN
HY . PEEOBENFIZ L > TUIIFEE LY FET
RICINR LT T 2580805, Lo T,
Levenberg-Marquardt 7 /12U ZLDIHIZ LD
BAN"RT 4T 4 7L, FEED R 5 OFET
O ERMIZIIREYTH 5,

BIRAIT LY XN, AW O it 2 i
LIERRETNITY A LThY, KX, JRRERE
DOEAEZEATOE LUV BRRRDZAR L, i
fRARATHFETHD, BIsHT LAY X AT
ek D Levenberg-Marquardt 7 /L =3 X L% L
T 5 &, —SBERTERLEEERTHY
PRE AR T 72 < MERpHANCE D O T,/
FITFR U B9~ B AT REME 2 I8k L 72 IR g 2 32 3
AIRE & 7R D,

AW CIE, ETEBHT LT XLIZL DK
B ZRBRR ZATV, R SRR E & PIfE &
L T, Levenberg-Marquardt 7 /L2 U X AT X
2 JRPTHI 7R PR R B ATV A B T el & L7,

A8l 7l L 723 113 octadecyltrichlorosilane
(ODTS) %AW CREMIE % it L 7= SiOz & 7 —
M EfRIE & LR, P8R & LT poly(3-hexyl-
thiophene) (PSHT) #H\W/oAR hAF—F, by
Far ks NLOFET Th b, 708, RIFFETHR
LTI HEOAIMEETR D120, BT v =2
NEEA LIHF 2R L TLMHE 1T -7,
3. fERLER

ERL L 72 F T O f i o ERAE R L XB)IC
A T4 v T 4 o IHEREN 1187, E£To,
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4 I LTIE, TLM JlIE LW EH SN2
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l 2 10, B En-EEs v, 2
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EIEMAEME A2, LM 1 TLM HIE D5 5HE &
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4. fE
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Table 1. Physical quantities of OFET obtained by
TLM and fitting Eq. (3) to the experimental data
in Fig. 2 using LM and GA-LM methods.

TLM LM GA-LM
o (cm*/Vs) | 1.51x107  1.48x107  1.27x107
Vi (V) -6.58 -5.84 -0.62
e 0.38 0.37 0.47
% 1.95 1.94 2.66
Ry (Q) 6.39x10*  7.78x10*  1.96x10°
R, (Q) 3.74x10°  3.94x10°  9.82x10°

VD=-5V
10 L I L I L |
8_
< 6}
S|
o4t
2_

O 1
0 -10 20 -30 -40 -50 -60
Ve [V]

Fig. 1. Transfer characteristics of PSHT FET on
ODTS-treated SiO2 dielectrics. The solid and
dashed lines show the fitted results using Eq.
(3) with the LM method and the GA-LM
method, respectively.

10° 102
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g 10" 10° =
o
2 =
3 1 e

107

10-2 : N P P R I 10-2
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Fig. 2. Gate-bias dependence of channel mobil-
ity and contact resistance determined by TLM
(circles) and least-squares fitting (solid line:
LM. dashed line: GA-LM).
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1. [FCHIS
NI ST a SR ERIT R —ls L
77%7&&%%#6@%#%%%@ L. FER
AT HZ & TIERITE 5, BB Cr
‘—32}\17V#€wakbvokﬁﬁﬁ%%¥ﬁtb
AR AT STV B[, # DOE S ZE#HS)
FITEL M E LT R[2], AL EERDOF v
U7 OB U CIERMIA 7203 %0, KIGE
DB N EBNRIIT v ) T HEMCBENE &
WO TZMEENRRELS B> TRV, v VT FH
MAE BHENEGS Z2NTLEVZ< DX Y
T AN ERICE Y T2 E N TE D, Mo TR
RO EIZIZ I OB &% EMICKRD D0
B L e D, ARMFE TIL O E RN

(Photoinduced Absorption: PIA)HEIZ LV, &
BRICERE L T2 AR RS I 1T 5 %

Y U 7 It L BENEDIREIT > 72D T, £ ORER
ZWE D,

2. EE

4 112 PIA HIEE D FEBRAZ <7, PIA JIEIX
ERIIEO—FETHY | BRI HTR 7RI
L7 —T OB EEBRHETI2HEETH
B, wA 7 v I U RICE S R RO R
FIIC B W TR WREZ RS, 207X v U T
MK L 220 | AZ B ORI 3 2 GRS
HTH SIN R<HIEZEITH ZENTED, A
721 405 nm O F AL — Y —& H, ZHE

—E Monochromator

Al
Sig. Pump
I — Mm_»
Probe

Lock-in amplifier

&

X 1 PIA O FEERH
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W¥% 100 Hz ~1 MHz O#iH TE{L &8 7=, £
7o, 7a—7HILITO fH b AGF =T Al &l
TRE Loy amt Lz, R 7 Hick a7 m
— 7RO EITDT N0 T, ZORmHIZIETn
I AT T ERWE, £, R —#ELE L
T poly(3-hekylthiophene) (P3HT), 77 &7 #
¥ EHZ 12[6,6]-phenyl-Cer-butyric acid methyl
ester (PCBM) % HV, 7 ma X8 R EICE
& 1:0.8 TRA LI EZ Ay a— 52
L T ITO/PEDOT:PSS/PSHT:-PCBM/A] ## & D
TNA A ZAERLL 7=, P3HT:PCBM -E&{kJE D
I 120 nm F2EE T, EEAHZNFRIT 2.3% T
ot

3. BEEIUEER

X 2 IZEBEDOT A ZATH LN PIA A7
FLZERT,1.24eV E 1.9eVICE— 27 BIELE L.
1.24 eV IiZPSHT ®DIEDx v U 7 Td 5 Polaron
P>, 1.9eV iEiEs b L7z PSHT IZJERTEL L
721IED* 4 U 7 T 5 Delocalized Polaron (DP)

DRI KT 58], =D X 9 ITERRDKEGE
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# 1. Cy-BTBT RUERFOIREOTEREA & il 15D FBERAB I O ficiE & RO

Solvent Boiling point Maximum mobility Average threshold voltage
[C] [cm?Vs] \Y%
Chloroform 61 2.8 -1.5
Chlorobenzene 131 4.1 -8.2
Cyclohexanone 156 4.1 -8.8
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