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Abstract

The syntheses, physical properties and device characteristics of novel series of
phosphorescent dendrimers and novel series copolymers of electroluminencent

materials were discussed in this thesis.

1. Phosphorescent dendrimers

A series of novel non-conjugated  Fréchet-type . functionalized
benzimidazole-based dendrimers containing peripheral benzyl ether and fluorenyl
surface groups have been synthesized and characterized. These compounds undergo
cyclometalation with iridium trichloride to form iridium(IIl) complexes. These
iridium dendrimers were green-emitting with high phosphorescence quantum yield,
and can be spin-coated as films of good quality. With a_device configuration of
ITO/PEDOT:PSS/(G2)slr 20 wt% + CBP/TPBI/LiF/Al had a maximum external
quantum efficiency (EQE) of 17.6% and a maximum current efficiency of 61.5 cd/A.
Similar, the device structure with ITO/PEDOT:PSS/(G2F)slr 20 wt% +
CBP/TPBI/LiF/Al has a maximum-external quantum efficiency of 13.6% and a
maximum current efficiency of 45.8 cd/A. Space-charge-limited current (SCLC) flow
technique was used to measure the mobility of charge carriers in the blend films of the
compounds in CBP. Blend films of higher generation dendrimers had lower hole

mobility, albeit with higher device efficiencies.

2. Phosphorescent polymers

Dibenzothiophene-co-fluorene (PFD), dibenzothiophene-S,S-dioxde-co-fluorene
(PFDo) and 1,4-bis(9-octyl-9H-carbarzol-3-yl)-2,5-dioctyloxy-benzene-co-fluorene
(PFBCB) were synthesized by Suzuki coupling reaction. Some copolymers with
various mol% of iridium complexes covalently bonded in polymer backbones were
also synthesized. The efficiency of both intramolecular and intermolecular energy

transfer was inefficient in the solution for Ir-copolymers. In contrast, there was
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efficient and prominent intermolecular energy transfer in the solid films. The relative
intensities of phosphorescence and fluorescence were affected by the efficiency of
energy transfer from copolymers to the iridium moiety. The efficiency of energy
transfer appeared to be higher as D (Do) and BCB ratio in the polymer backbones
increased. Compared with Ir=copolymers, the Ir-doped copolymers doped with a small
iridium complex (compound 34) showed a better energy transfer efficiency, which
suggested that intermolecular energy transfer was more facile than intramolecular
energy transfer. PLED devices were fabricated using metal-free copolymers,
Ir-copolymera, and Ir-doped copolymers with model iridium complexes, respectively.
The EL efficiencies. of phosphorescent devices increased with the host allowing
efficient energy transfer from host to guest, and possessing higher triplet energy level
to suppress the back energy transfer. With a device configuration:
ITO/PEDOT:PSS/P3 dopant 10 mol% 34/TPBI/LiF/Al has a maximum external
quantum efficiency (EQE) of 2.329% and a maximum current efficiency of 6.20 cd/A.
With a device configuration: ITO/PEDOT:PSS/P17 dopant 5 mol% 34/TPBI/LiF/Al
has a maximum external quantum efficiency (EQE) of 4.09% and a maximum, current
efficiency of 10.94 cd/A. Space-charge-limited ‘current (SCLC) flow technique was
used to measure the mobility of charge carriers in the solid film of these copolymers.
The hole and electron mobility decreased with increasing content of the iridium

complex.
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X
A

PUE OB R o LAY 0 RS R EE’}Z Wigner-Witmer £ # %] >
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{8 2§ F p *E(spin conservation) 3 o F]pt B g * 30 H £ j5-H £ e

4y
pas
%

|

i B e 43 o

I =T

Donor”  Acceptor Donor Acceptor’

Jun
[
=
\In
[

A N

—4= —
RE TR gt
Donor Acceptor’

Donor” Acceptor

I R
X 278196
W8 i Z4pie s sieha il ppA i

i’
%3uﬁ? #5en- BT AL e B S : / Sk RSO

TR UL LR B REAEP A RL2BREFF A

oSBT LA P I R AR L i ¥ LR AR
G MR ehd kR Y > P 2 k4 HOMO 2 LUMO it FF#5¢ 7 fd 3 L ff e
HOMO 2 LUMO it FF 2 B o drpt = k> R 3 feTiF 1 € M B 402 ~ B8 k4 o

EHY A FRMOR R AR RO PR AT LR
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-k A MR kY arck B N BES RS HRE RS
fee kBIEESNI R HY - FEFI R ENE I o d AR S ]
BB NS T B BRER T PRI HAL A X A i B
PR PR L B R R FCREAR R R s AR L s
PEETREE N RS IEF L € RL 0 AL h R Y FR BRI 5 &
DEEE SRRV PSR S AR S N SN i R
Mot o A RME S BT ST g G S S gk T e
FAE TR R (s H 5 B dopant)? ki k o udk F A IR P PR
b § o 2hfdtlh R iR o TR s S o A H F A gk kate o ¢ T
STk 3 BT 2 (lifetime)r RE P F 2 EABEC €L g S
S I % (triplet-triplet annihilation) > #70% pofd A & ek AT SR E R o

eS|

o Q 0

W9 % Lenig ks
a5 RGBT *ﬂi&l 2 ElEa U e SR lﬁﬁ%] & & A (n-type) 2 13;%] T F
A(p-type)zfi - B¢ 0 2 Gt G BHF AL LA L0, je AR BET T
FRETF K LU d g bYW 9 A BT
4,4’-bis(9-carbazolyl)-biphenyl (CBP)[27] ~ 4,4°,4”- tris(9-carbazolyl)triphenylamine
(TCTA)[28] » & 7 & 12,4, 6-tricarbazolo- 1,3,5-triazine (TRZ)[29] » 2 % if & &k

FLig * g s M A g kB8 3,5-bis(9-carbazolyl)tetraphenylsilane (SimCP)[30] °



o
e

DCJTB (R) C545-T (G) TBP (B)

5 M@dqgo AT LA F & LB

4-(dicyano- H-pyran

(DCITB)[31] -~ )

0-[6,7,8-i/]quinolizin-1-one (C-345T)[32]4v & ¢

,7,7-tetramethyl-2,3,6,7-

tetrahydro-1H,5H,11H-[[]-benzopyra

v

¢ tetra(z-butyl)perylene (TBP)[33] o B 11 5 — 45 % * erghsk £ 3 Lk » 4 v 3

i ¢ ¢ Btpolr(acac)[34] ~ & ¢ Ir(ppy)s[35]f- & ¢ & Flrpic[36] °

CRLALE: Ak
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Bk AR R F RPFRAGFDIEBNEE - BRF ORI E FFFEHFHR P
o & r chgik 1 R4 G Algs ~ CBP 2 TCTA % » % F FedE 42 p| 2. BCP > &
HAc® 120 2k p hene 2P N - k5] 3 & DT R B HAL37] 0 813

AP - RIFIIFHALT L < R R gl kg o

F

E
]
" 4

\Y

ossing, ISC) &

=

& 0% i (triplet excited s b i A B Mk fLapEk om 2 24

(o B o E - BASAHETIHY

rRFE LR AR

- B PR LA GO TR AR A A R T o - AR S A
A e 0 T - BRI Rz EEE R b2 EREEY
d R RS S AR T R W R R e € s &

(R PR U ) 2 R Sl o U i o =3 1 LR T
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internal conversion
I5C  intersystem crossing
Y& vibrational cascade

=== radiafionless
process iy §  flugrescence
s s raycliat ’
o l?ml':'ﬁm; h p phosphorescence
IC P 3R i & (internal conversion ) : S; —= S,

ISC & XU R 45 (intersystem crossing ) : S; — T,
h ¢ & *%(fluorescence) : S; — Sp+hy

h |,  ##%(phosphorescence ) : Ty — So+hy

VC | % & % i3(vibrational cascade)

Bl 14 TFarpEdsa g

T BN S R S N ERES ST TR S F o S
B BWAEFIR TR ROE R TR REEIZ DR SR
(spin-forbidden)’s 7 i > ¥ spin magnetic moment # orbital magnetic moment % 2 44
& p#(spin-orbital coupling) > ¥ & i@ L enT F (F5d N A v E D = € EE
oo A BLI PR T A AT KBS FhER kg T3 E
EEFETIALA RN FERET LiFhe KA o Z ERFLDTFE Y IIALR
A3 FEpen o $345J7 2 7 4p % f 7 (Pauli exclusion principle) @ fle — 5 Ff 2 7

BBERTFEFR2PROE R U R - BRI TE S BARR p D

=i

b

= »
:
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T o TR B AH LHEBOT T ey TR 0 302 huy
(life time)id % 107 3] 105 f5(% %) o F 2 » = £ s i eha 5 8 202 3| p i eh

>

UL B el B R > T 107 S (B R) 0 T BT s i e

3,

BAE AT A JEd Bl BF A LS B3 it i £

R FARNES R SUE IR X ek - iR R ehiE T Rl

BT EE Sk e o

7,
Gy!

i )
Z%J‘Jﬁ,ﬁr]— 3

TEE e T

rﬁa’é—nf&75%ﬁ?§‘§§ AT HE K R e

£ FRFERSTIHEE(TRS B RG

(spin-orbital.coupli

AR AR A

Jq

(spin-forbidden) » & 12 g 3k &) 343 d » B)W S hgH ek g S o by
1145 £ R+ s fis(heavy atom effect) © § 7 5 enit & 4 ¥ 2 gk > Hw]E_4d > 5d
& fhas it oo 4ot 4%(0s)[38] ~ 42(Ir)[34-36] ~ 4a(P)[39] ~ 47 (Ru)[40]% - izt iF
HEREF TG p RSB LY R R SRS TRET AL &
B GEF I sub-us BF) HRET UREBI A Z2EERFEI(C 5P A )i 5 4
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o LR A e i ehi kot o

1-5 ]} & 3Bk k- mHHR

Rk hie S E ke S R aupg KPR 0 FA BV U EEEY HE R
(singlet) fr= € fi(triplet) emgcs + (excitons)» ¥ @ p g + 2 FE 1|3 8 e
100% » 3 wanig A et g SR S 48§ IR 2] 20% 0@ Il o A A b A
WY l4 At e AE ST B B2 gk A Ak o
iz ¢ BRRAR

1999 # - Forrest® XA B Aipsp = € g £ ~ il - &8 ik
PtOEP[41] > H BeAdzskpb& 5 650 nm > CIE & %(0.70 » 0.30) 5 # F »c 3 ¥ £2.4
Im/W » % T 433 2. CBPFF ¥ i 5]5.6%7h 38§ 3 22 % - #PtOEPZ {4 » Thompson
% Forrest* & = 11 ¥ — ¢ K sx ¥ 3 chl k3 btpalr(acac)[34] » % v 2 4% CBP
A J = 0.0mAem T 43R F A HT.0% 0 # Ik 5 46Im/W o RA
6.5¢d/m” > B+ & A& fJ=690 mA/cm ¥ > % 6800 cd /m” o CIE /& 1% % (0.67 5 0.33) 5
SR 4k hCIE At % (0.65 0 0.35) » btpolr(acac)tp & 4215 & i sk o 2 15 o
Tsuboyama % 4 » » & % 1 - K7 &k b L [42] 0 H ¢
tris(1-phenylisoquinolinato-C2,N) iridium(IIT) (Ir(piq)3) »< & +4F » T 438 *>CBP:
At B A AT E11000 cd/m’ > CIEA -5 (0.68 5 0.32).¢ 7 &+ & i ik oo

# ® i o F1 * 0 dibenzoquinozaline (DBQ) ¥ 2-methyl-dibenzoquinozaline

(MDQ)[43] » #4416 > (7= K 7| Al 2 84 Soff o o io 2 = 2 SELAL £ &

T!\j-

B 6l0nm> EFAR NI NINE T A FF A B NEARAS-125% 0 TApg A & h
T d R - Bl KPR E R S KRy X FE 40 - & Fliridium isoquinoline
complexesirgi £ it & 4[44] » izt it & 4 AELek & #F 600-630 nm » % & i

iz ehe H ¥ s Ir(pig).(acac)?? Ir(pig-F)a(acac) #+ il & eh= i 22 % 320 mA/cm’f¥

of 2%

Ik

S A %A H] 5 8.4%28.6%
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R
SAR O o
5 Cer<

DBQ R=H
MDQ  Me

Btp,Ir(acac)

i 4 - ’Eﬁi— 2_Ir(ppy)s > % # 4% » CBP host B
cd/A > # O » 4 4, iy £ EXP RV DN
B ¥ i 3] 26 cd//
19.2%[46] * 20 mA H A : B 15% 10 b oo i — A et
HLEA T E A g g o 7 Ir(ppy)s s d = £ B ke G 4V BT T
el 2 105cd/m’ e Rsg R[47] o m (A5 B S8 MR 27 A2
Bt m i oG T A K 19%[48] o thiE 4 R EFL 42004 BP0 B AT -

5| 7 benzoimidazole 74k & B 1 £ 4[49] » izd i S arest kv d %k | i



%5 29 (& (pbi)adr(acac) # g HAcll 17 “6% » gl F A B EL s 5

BAEFAF 16.6% B+ # F 2% 20 1m/W > CIE &4 (0.30° 0.60) -

: (> 1} -
S

|
N

PEEF @ b 1952 &

PFCE Y RS T R R RS S HRE R T TSI B AR i
A2 FAF gl o FRAFFONFALAFIORE N e FIAHF SR LR
B R R AT P00 70 R kY 0 4 F- BASATHRTE S

Je A G b F o Vogtle[53]H A #F B2 FAA L R L A PA A LA F 2
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® © 1985 i > Tomalia[54]# Nwkome[S5]% 4 » 1t ${55 bt in & & 21§ R A 4 i

AF I NLLAAIRE AT T RRHEA T OB B H BN L

H e & < oW 19 #55F o

5 4

(perif H S 4 3 F] ot 5 B A+ &)
A gl K G e s H b R E A 0 = R kT e
HETr hd g RI[S6] 0 e : 8] S BT [59] 0 ATIEH

[60] > ¥ ll;ﬁ,{;}g? 14 Al o
BHR A S £

R R R A A fE o 3 4T3t (divergent) £ &3 (convergent) - B 20 & &
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HAERKNEFZDOT AR TG 24 F A 20 PRk o Jzaest Bl 5 d ot

éﬁ?ﬂ}%,u 0

Divergeat Convergent Temninal

llﬂq&'\ J éilﬂoq

f% F;nl Site for

W20 AT & 22 B oarst £ i o LB

(A)= 47 3% (divergent) & ==

FATS & =2 A d Tomalia £ Newkome fr Vogtle #73 %o @' P m & &5

e

it 7 PAMAM[61]8Hx - & + fih{ﬂ Dow Chemical 1 3 43¢ &= 2 978 {8 -

A6 R AR R R A A o W21 2 3T
e R e FE Y - AR L R 5d ST 2 T E R R - R
BHCRA F BT i AREREUITEEFT - iR 8 F o2 ts L8 25
S BE AR S FEY S BHMESE B2 A - RaREHGR A F o B AR
PREEF U RPRA - TREAFSLEHRTT LS DA BB &S 2 A

e

TR A S X B P K IR Lo 0 p o8 o R
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BHR A F 63 o B EEAST P R & R0 A f SR 0 BV EF L DRE

'3 Coupling jﬁc

Step . ﬁ-‘m l cw“m

-m A.:ﬂvaﬂon $

and m

Monomer

Bl 21 A E AR

(B)4z a5\ (convergent) & = ;=

W

=% 31 1989 2 1990 # & » 4 d Hawker[62] - Fréchet[63] =73

|l

Yo atst

%o B FE

-\-‘\

VERdin 4 E-wg PR EfoE b F B A wER A
o ] 22 ¥ siaarit & 22 % A d # 4§ HOR (repeating unit){r ¢+ [ ¥ #4(periphery)
AT EF D A F - Atk A £ (dendron) 0 B AT d R R RHES - e
AARXZ TR AR EEFT - PR EF o2t g EG HE- B
Z AR A e T - TR AR AR s R B2 EAFH LR - X AR R £
NE - AR AL R LR R AR CSEPICE RETR S TE BRI
bk s+ o FHERALG U A3 TR 2R TT IS4k
e CH A A RIS KSR TP - fEd ha )
HWERIL @ b2 2L - fAE B ¥ 547 % 5 B F (side reaction) &
ER PR e s P NP - S HEL Sy ZRHBGR AR s b3 A kA S
BH R o RF REEY 2 AFRY A EMOREREE S KoK g5 F
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Bedr & T AR OAF 4 o IR AT R ZHGRA T E S N R preng
R B SRS S SR S LR LT LR S
Wz REE el Tom i & A DR Rl aiE i i e U Pjeaest R F
FEPOR AR R EERfr g L e BRI AT IR BRF R

S F o

z ileontamer Co;ggng
; Monomer l Gosl.gl‘i‘ng
& l Activation
Repeat Activation
and Coupling

W22 Jzagit & SR
Ak A 3 g BE k- Bl OET 28R

¥ kA4S LED R -

PRk Y A+ ¢ GARSFET AP FER YA T ARk mi

Burn #4% ¥ 4 % 12 phenylenevinyene & 2 ZE i copitbe it £ 2 [64] > 4o 23 ©
Hoawkpd £ AFF BF LY F R@F3EF » 7 4% 732 W% OLED ~
Bokm HE R ~Esaky 23 B & 32052 0.1%d Wong & 44 5 4p
L & hdF #[65] 0 # B4 B 24 #7114 phenylenevinyene ¥ 14 Fréchet-type =
dendron » *F Fl< perphery #% F CN ¥ oxidazole F iv A T ] = ¥ & ~ 2 » 2R @ s

EEF IR

24



2:Ry= OPr,Rg= H
3:m=HHA=CN

4:By= HRAz= ?’}—Q-{—

Wl 24 phenylenevinyene & i 7 # Fréchet-type dendron etk it & 4+

HEHEFR %R T 4 - k7] F benzothiadiazole & 1%« 7 Hiniz & F et

BARHAL[66] 0 I 2 AR Gt 3% b n-type 2 p-type F it AE > H 45 B 25
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AT o Bk *—%mﬁ B(—,Ztl\)iz—, BB 4'ﬂ”§<ﬁ'm/w\+f?'“k’/»\+ll\ iy B A oA R
ILL\}P’%Q:‘:\'7 ’LI— I—ﬁ"’ m I"‘]P;Jﬁ_l ﬁd?ﬁé%@]ﬁi\aétfgg—ﬁ’; ’EJ ﬂext,max:
007% ’ npmax_o 03 % ( ]L £ ;l»ﬂ 12) 4’%—1 nextmax 1.88 % ) np,max:2.13 % ( TL @

#2> ) = HNextmax — 150%”1pmax_096%(ﬂ‘$:}';’3)°

1 A=B=C=D=li T A=B=ii, C=D=iv

2 A=B=C=D=iii 8 A=B=iili, C=D=iv

3 A=B=C=D=iv 9 A=B=C=D=y N - -
f/—/ 4 A=Csii, B=D=iy 10 A=C=y, B=D=ii !

%, & A=Ceili, B=D=iv 11 A=C=vi, B=D=ii i
& A=li, B=ill, C=D=iv 12 A=B=C=D=vil

m&% m&‘éj%

i i iv v vi

¥ 25 7 benzothiadiazole 5 1% < 2 Tﬁ eie & SR A kL
BikAH K A F & OLED i *

0 ks 3 AE A RS F e B o Bl R T T gk bR &
FHEF  RELE- BRI F R AP b R oA
e P8 BB AR A gk A 5 A OLED ehis® enii—+

Burn #4260y S B F B 0 = 8 7 g 4k & otk A [67] A gt
B 264 meimfait 647 ucbktdid FFlicd kom B L * 32~ 20¢

v

PI7 @ PR g et o B kWi s % A e Lo uli kA

i

Eh2 i 80/ cdm’PF s HE X HMET F XL 57% ; kAR A RRE 400

cd/m’pF » B4 T insed 4 55¢cd/AY - Bk~ 2R 3450 cd/m? &

HEAHREF AFL 81 % ERAEpAEE 100 cdm’pF > H g4 shmE 3
A5 5 104%-° ¥ ¢t > & Burn &4s F 40 - B RELEF SR AL ¢ 2

S
i
o

host 14838 » %R T B I B 4 MR F A F i 13.6%HF 22 X [68] o
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A i e F
= s

R nhexyl, n-hexyd

! SO
Q @ ehexyl hiexyl
(D

rheayl, mehexyl A
NMe,

b
p

=F, Ry =A - -
=D,Ry=R;=ARy=H 18=1R,=¢C
G, Ry=A 19=D,Ry=Fa=HRa=A

W 27 S ok ) B SRR 8

Fooboow o A = R [69] 0 3 A Bl

i ene 7
27 ot 3 4 chfluorene BT B 4e 1 B fRER B S XV UL A F 2 B
3 E RS E R A EF A S d G hREAF T 10%H 4 F] 13% ©

Wang 0§ 2% B I % % 7 benzoimidazole fiz i £ 7 carbazolyl dendrons &=

A FT0] B B Ao W 28 ST o B AR A T 0 T W ] e R
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B 28 d Wang e % B [5 3 % 17 benzoimidazole fie - sk &2 carbazolyl
dendrons sk ik A

W 29 ¢ Wang 3% % B [} % % fie = £ 2 carbazolyl dendrons 7%z & £ % H#f
bk s S

A& * host#3E pF > H & % EQE » ¥ % 13% > & % 3 in»ed 34.7 cd/A -

F & * N-(4-[9,3%;6",9"Jtercarbazo-9’-yl)phenyl)carbarzole (TCCz) % host #1443

B BB+ EQE ¥ i 16.6% ° @ 4p Merfitc ke * b o kh- £ H 1 & F e

B 29 #1770 [71] o @ ot s de R AEHbO R B e HR Y ¥ 2R d i 2 3 iR 0 B+

|l

+ A& F v i 11.8% (13.0 cd/A, 721 Im/W ) - Wong % 4 & = 7 1/
1-phenylquinoline 5 #% = ¥ 1/ triphenylamine % dendron iz ¢ &%k +13L1[72] » #

BHACTR 30 rm o H AR - o R ARG A M - KL

28



(Ir-GL) =28 5405 28 PEL S b4 A2 RETRL 44V
SVFddh+ 83425 11.65% & 17VREEIE L 2R 5 7451 cd/m’= @ 31 » i
triphenylamine £ 7 BET Fehr o o Flpt > 7L - AR S AN K
HA2zte LRBEFIDENFL ca B LB PPk - Ao f A
¢ k& CIE ¥ % diddaend ken (0.70, 0.30) o & 28 5 s 2 & B R L4

soptbRk R @ dp R g g e ane d Cao ¥ A & A B4 53R 31 (73]

W 30 d Wang en9 2k B Ff3 & 0z o d gk ik o 3

it %ﬂ h

G1-2

B 31 d Cao e F HBIpH £ o d BRIk~

¢ Hong % 4 4 4 chftb e 4 3 4off] 32 [74] - # 1 & & 112§ % je %2

(light-harvesting) =ik Fd pik it &4 « H 2+ s ¥ LenF st
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iv & 4 Firpic (4-@ 18) A4 2% ehfie - A4 3-hydroxypicplinic acid #& + *t F] &

N,N’-dicarbarzolyl-3,5-benzene( mCP ) 57 0-3 * 5 Fréchet-type 721 % # dendron -
B PLEF? > o 2310 nm (B mCP chvxfz ) > § B 4o R4k £ ek
whoom EL?»c%xs 3 EEFHZD - IFJi%Zi LA _F] 5 F 4% e singlet-singlet 14 %

triplet-triplet sc & #& 4% 2%

W32 'V _Hong 9 % B3 & 05 § 6 Bk o A 5

ARETF kAR Y A4 o BRR S FEF 25429 OLED s i 2x % o
TR heaiEar s S A AEEATHN A A TR §ABRMEL T

PLED » 5 4p02erifs Bt o

1-7 BAFIEER NN Y

s

ITE K > F A F gk - &4 (polymer light-emitting diodes » PLEDs)® 31 7 %+
R AE  F| G oa 49 140 Ak B 47 (solution processing) ¥ I B »xF e 2 o 1L & OLEDs
# PLEDs » OLEDs {17 fEd # 4k 5 & B4 3]0 fdg ek o 4 F4EP)F

TR B R

S ZERBNIAE RE o BATH K

e

BB PIRE 0 blde D B E



MRS ARG S ER > EFEF AT FFnREd o e 7 I F R
B s g A+ gL PLED) 73] & E4wWIBfI* §r 8 =

kd PR ABMIRBEB AT P R EFS LA [76] -

) Q005 =), 02 Zm0). D005
WP-BEG10RS, =0, 0005 y=0.00 10,2=0.0005

W33 % o=k gL AMGBRTEAS s ki

PLED 827k + if BB » Hoond a4 § ke A3 2k o Fpt 5 51 8%
% OLEDs 2 PLEDs o + 370 4% 6 d Bk phenfs i i (9302 - 7 sl 58
ﬁf]ﬁ]%[ » % /% host © L‘_‘;‘__ﬁ f‘—l"} ?}E%ﬂ;%‘i o ﬁsfﬂif;d—; : Gong XA é’;%ﬂ_

d 1 tris(9,9-dihexyl-2-(pyridinyl-2°)fluorene)iridium(ITl)~.(Ir(DPF)3) & 4% =t

>

\

poly(N-vinylcarbarzole)” (PVK) # [77] » * - F # » 7 5 & ﬁg,l # o

2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (PBD) » # T iE G Ak
< IR F e E & 10%frE < TS 36 cd/A o 4p LG #F T 0 12 PVK % host 4 %

B8 F ¢ gk f(Flrpic) » %4 & £ 3 Tr(ppy)s > fede & Bk 17 ((btp).Ir(acac)) » ¥ 4
S A< R T e 13% 0 5.0% 0 4r 2.0% 0 3 F 1 & 4 g1 & B 34

[78] -
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&, 4 =

g (\5 " BCP {20 nm)
g )'; Flrpnc: Ir(ppy),
) —( ey - Gty o E ) PVKCIr complex (70 nm)
|
& T Ei ( ", (:‘:i PSS:PEDOT (40 nm)
O ‘Iﬂﬁj ITO
1z Glass

[I{DPF);] PVK PBD Bt,ir{acac) Btp.Ir{acac)
® 34 Ir(DPF)s ~ Firpic ~ Lr(ppy)s » fe(btp).Ir(acac) it & g g0 & #ri¢ *

S

‘3;

CPp xiy=" 0:1

CPy xty= 0.8:99.2
CP; xiy= 2.9:97.1
CP;3 xiy= 5.3:94.7
CPy x:ty=10.6: 89.4

W 35 Park #c#E®I a5 4 g Fd Bk - &g A SR

B2 AR gk gt L BBR A & [79]8 % & =+ host[80] 0 @ 5 ¥ rF T fdF
2 IO(P)LED 7 i o {2 — i BIRF 9 2R ¥ 5 €' Ldap s 3R i o B g
bldhe Rkt R B dadp o Bk RS 0 & A TR AR g f Pl v

ERERTS

T“&
F_*.

B TR A4 OAp A 4L & 0k & 24 (concentration quenching) o F] st
 PLED# 3 B @ Bk AR B & Bigpa™ o &g 45 i 4
RIS B R R F AR 4 A S - W g i L R
b 4 F 4o PVKD F 4R # A0 % A8pik (- £ % chost #4L o @ Park #c32
B rf ¢ * 48 02 PVK fhcarbarzole 8 = » X BA, X2 X e g A5 > B35 5 H & e
B F[81]e #7& 2 CPy7 40§ B 0= & A s F¥ (triplet energy level » Er=2.6

V) B %ac i (wide band-gap) ##L > @ B & & hg A F S HEACR X AT o

T AR EIBEHEFlrpic2Z (s 3 RESDLSI PR EES H A AR
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B ¥ iE 1450 cd/m® » 7 imrxd 2.23 cd/A

, n=88, PFOR1
m=12, n=88, PFOR12
! 2 m=0.1, n=99.4, p=0.5, PFOGO5R01
q=100, Cz100PF
m=0.8, q=89.2, CzPFRO8
m=1.3, q=98.7, CzPFR1.3

W36 ME Ry A - kP Ak kBB R S PF 4

c‘"‘fi gﬁn g %
el é
N

PF4-Npylrm
@ -0

PF2-Npylm

[ : : ] - 44
CaHy? Hyz

W37 Cao F ok B % hicd Bikdk g Fpik = B4t gt PF g 4o+

Polyfluorene(PF)e* Hjw2 & &% @ * & PLED etz - » &% 3 2 7 B fx

SR G A G o PG PR NiBBEG IR OFRE T A L F R R R
LR AR E S 2 B R P A R F A L gk R et

T dpd BB MY PF 2E LRl £ che s il AR o Dlde (RE XX R
%% % 4~ 47| PE &~ 3+ (B 36) - fluorene 19 5Lpk b 7 44 carbarzole H ~
B2 i ok B ik ek & Bk JL BI[82] ¢ # CzZPFR1.3 e 2 3% 1 fh % “FIRE 3 2%
FTE 1.59% » ¥ F e 28ed/A TV Bk A & ISV > 5 4321 cd/m’ -
Cao ¢ =% % B I+ 51 » 2-(1-naphthalene)pyridine-bicycloiridium #2
2-(2-naphthalene)pyridine-bicycloiridium » 48] 37 #77 [83] o H iz & gk & 3 £ ¥ 4
2%t PF eniga b o # 2t foif 2 Z 48 PFLI-NPylrml 938 A 5 « &R IR A &

38 mA/cm® & > FERAEF AT 65% &k L 630 nm (0.65°031) HAiR
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Bh926cdm’ ¥ g fiatrnk A EFTINB D § P A E Lo

Z2_tsx 3F ¥ fluorene R 45 carbarzole 3 % 4 &+ i 4& (P(F-alt-Cz)) > 4@ 38 #7771
[84] 5 toipl4dp4a t 4x & Bt L4 o il XA 2225 8 53 BQE 4 4.90% > H %
7V AR 5 240 cd/m® > §inrxd L 4.0 cd/A - H k£ 5 610 nm >
d kod - BFKFTEF Y PF-alt-C2)2 Bdiketone ¥ i+ 5 3 4z 454 B

> +[85] = ]é_f'_ LA R R TR l,fl'—’ﬁ — FEIPLE o

PFCz
PFCzIrpiq0.5
PFCzIrpiq1
PFCzIrpiq3

B 38 Cao B % PF-alt-C)z4s it &L gL

JI ¥ 3¢ ‘= d kcgEk £ (2-phenylquinoline iridium complex ) #-H & - 1t |
HAF A iplsd s @ B % d g kP (benzothiodiazole ) > 2 fluorene H i 4&+ 3
Fd ks wgdantplE By 2@ ne & ken~ it (B 39) [86] c @ ~ £ d
PFBTIP-Phq2 ¥ PFBT3-Phq2 ¥ # ] % = ¢ CIE & &4 %] 5 (0.34-0.33)£(0.32
034)0 @ Btk éh~ ¥ 2c% d PFBT5-Phq2 E# » &% m %A 2.2 mA/em’ B » & =

TimreF 5 6.1cd/A; R in %A 345 mA/em’ § B+ & & 10110 cd/m”
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feed ratio
(mol%)
PFBTU5-Phq2 x=0.005, y=0.2 PFBT1-Phql x=0.01, y=0.

1
PFBT1-Phq2 x=0.01,y=02 PFBT1-Phgd x=0.01,
PFBT3-Phq2 x=0.03,y=02 PFBT1-Phg5 x=0.01,
PFBT5Phq2 x=0.05,y=02 PFBT3-Phq3 x=0.0

e radiative decay

S 8
— Polymer Phosphor

W 40 ¢ Holdcroft 3425 % 5 & B R 4+ + {48

i o - w(PE A s 1T R E  bHe A 5 et s PR Ba

34

[

Zd B i B = F Bacfd (Br) E2:0eVir ¥ PEA ¥ 7 {20 F fied + &
Rk E e B AT R RN G - F & 0o @ Holderoft cdeRl# 2 4 0 BF A
3% 71 fluorene-alt-pyridine £2 fluorene-alt- thiophene ( B 40) [87]+ ig@ B 3 ~ +
2 E A FEA B L Bp=204eV & Er=288cV A F kR 2L

so P2t & PL ¥ EL »a ¥ %= o
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A&

BRI

e

-1 %R E

1. £ 7% %% (Vacuum Line & Schlenk Line ) °

2. ¥ B % 3=k 3 % ( NuclearMagnetic Resonance spectroneter » NMR ) : Burker AMX

4] 22 Burker AC—300 ] o #-%F P2 $& 5% 3% ds-chloform ¢ > ] * #7p| {7 2
Hk g E @2 ¥ o CF#H 5 ppm o # & F#kE =5 Hz o
# CDCL % ;& ( 'H §=7.24 ppm ) s i % singlet » d 5 # doublet > t 1 £
triplet »'q % _quartet > m * % multiplet > dd ¥ % doublet of doublet °

3. fAEk ™% & ( Cyclic Voltammeter > CV ) :(BAS-100 3|~ #7i% : ¢ 458 £ T4& 5
1 3 & (working.electrode ) » v £ 3k 5 4575 ® 1% (counter electrode ) > 4122
A4 (Ag/AgNO;s) 3 %% CHCN 3t L Fsgp ¢ i %% 7 4& ( reference
electrode ) o e & 10° 'M # * tetra-n-butylammonium perchlorate (TBAP) # & f#

7 (12 CHCL 5 i3 e 10°M) » Tode » BRI & (kR 10°M) -

4, ¥ ¢tk —v 8k SE¥ kR (Ultraviolet— Visible Spectrophotometer ) :  Varian Cary
50 A o % bk = Bk Sk gl w okt Rl e T A A 4 R
SR o o0t R ik R fede TR R R g M o 3 (T X L AR A
FAHEHEEF IR REORER Y TR T RE LT AAF R £ R
Feip R B s o TR TR 2 kg o

5. % & ¥4k (Fluorimeter) : Hitachi F-4500 ~ SLM 480008 o # sk k% 1% & 1f
B R B A F 2R FAREE g skenAiN ® AL AL T o st Sk it &
fefr BFp R F e MoEES ZRAGE PERASRTHERFAL LT

f

»FREFBREFTFR > APIELTBRLEPIERSB R TENE 2 kS X
WRT O T EI RS EF AT ok kERE S FAS KT//\/,Q R ERE

B 298K T E Ak EF A FR Y (ppy)slr ( Den=0.4 in toluene ) [88] & &
&0 F kY & 4 Rl curmarin 1 (D= 0.99 in ethyl acetate) = 1% & 5-[89] -
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6. =% & 17k ( Elemental Analyzer ) : Perkin —Elmer 2400 %] -
7. %3 & ( Mass Spectrometer ) : JMS-700 %] » ¥ * i o + & # FAB & EI >~

Wi -

22 R IEHR PR E

1. % b k%48 _(UVO-Cleaner) : NO.42 » Jelight company ©

2. gk s SSP-OIA» B> F L e

3. B2 7 Z4EH 1 Auto 168 (Junsun Tech co., LTD. ) °

47 % &% - Keithley 2400 (400 nm cut-off filter) °

5. 3 &3 (Multi-Function Optical Meter) : Newport 1835-C Newport 818-SL silicon
photodiode °

6. % ¢k x k2% % (UV-Vis Spectrophotometer ) * U3300 » Hitach °

7. % % & (Fluorescence Spectrophometer ) : F- 4500 - Hitach -

8. MRk : USION» %4 5 % 51000% > ~ 3iaiprd 22 -

0. B #x# (F:E%):FU0S2S » 5 stk Rag -

2-3 B 523
Ahv el I ATt % B de : N-Phenyl-o-phénylenediamine - ethyl bromine
potassium carbonate(K,COs3) - sodium carbonate(Na,COs) ~ 18-crown-6 ether ~
N-bromosuccinimide  (NBS) -~ fluorene ~ Pd(OAc), ~ triphenylphosphine -~ iridium
trichloride hydrate -~ 2,4-pentanedione - magnesium sulfat4-hydroxybenzaldehyde -
n-Butyl lithium in hexane » 4-Bromobenzaldehyde » Sodium borohydride ~ celite ~ silica
gel (230-400 mesh) % 35+ pitp > ‘Acros ~ Aldrich ~ Merck ~ Lancaster ~ SOWA ~ TCI
O F o ptrh s it F PACly(PPhs), » PA(PPhs)s s = = 235k 4 < %%[90] °

F O a5 &) > 4o tacetone ~ dichloromethane ~ hexane ~ methanol ~ ethyl acetate
(EA) ~ toluene ~ benzene - dimethylformamide (DMF) -~ tetrahydrofuran (THF) ~ 325
d }';Lffﬁ“,’f Ko~ “,’Tfé? 6% § T HF o “,’TT pt2_ b 5 2-methoxyethanol % glycerol P& &
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Zno KNG FA "f RE R o g v * g3 & > 4o dichloroethane ~

chlorobenzene » B *" HPLC % o
A BT oG T ch & R R s 4o TPBI (1,3,5-tris(N-phenyl-

[EX

bezimidazol-2-yl)-benzene) 2 ® % * ;2 345 < )}?e T4 [91] > 424 (Ta boat) % & -+ (W

boat)pfi i #7442k i 54 At Eder chESR T W ESY FE%

BiTEES oooBp R ET

%] % Clariant

, ) (t, J = 7.2 Hz,
.0 0.68 3 . FABMS: m/z 287.2 (M +

1H), 7.11 (d, J
H)"). Anal. Calcd for C
5.04; N, 9.58.

APk e Gn (n=1-3)7 & & (it &4 2-4)
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Q K,CO; NN
N N@ Br DMF
o
* DnJ

100°C, 24 h
Gn
o n=1,2,3
OH Dn

% ¢
A o?poﬁoq?
L b O

D3
2-(Phenol-4-yl)-1-phenyl-1H-benzoimidazole (0.73 g, 2.5 mmol), K,CO;(0.35 g,
2.5 mmol), fo 1.0 % £ <7 Dn (n=1-3) ;3 f%>* 20 mL énDMF - 3& B R &3 7% >

Dn=

-

o4 3 100°C ) ‘adF 24 ) pF o FH L ER o de r BRI T F BAR R B T T
LR Y ﬁﬁrﬁi’%%@?"f ke i ﬁ*@%ﬁ'ﬁﬁ% "f’ﬁ WA Ro T EE AP o
A F T z- e (Ll viv)ER R E Lk v E @ &4 Gn (n=1-3) -

Gl (it & # 2): 6-d-EdoA = 87 %o 'HNMR (CDCls, 400 MHz, ppm): d 7.96 (d,
J = 8.0 Hz, 1H), 7.:57«(d,;J= 8.8 Hz, 2H), 7.54~7.52(m, 3H), 7.39~7.26 (m, 8H),
7.20 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 5.04 (s, 2H). FABMS: m/z 377.2
(M + H)"). Anal. Calcd. for CosH2N,O: C, 82.95; H, 5.35; N, 7.44. Found : C, 82.69;
H, 5.40; N, 7.72.

G2(i* &% 3): v ¢ F4E - A % 87%>'HNMR (CDCls, 400 MHz, ppm): 6 7.86 (d,
J = 8.0 Hz, 1H); 7.50~7.45 (m, 5H), 7.39~7.27 (m, 13H), 7.20 (d, J = 8.0 Hz, 2H),
6.85 (d, J = 8.8 Hz, 2H), 6:62 (d, J = 2.0 Hz, 2H), 6.55 (t, J = 2.0 Hz, 1H), 5.06 (s,
4H), 4.96 (s, 2H). FABMS: m/z 589.2 ((M+H)")..Anal. Calcd for C4gH3;,N,O3: C,
81.61; H, 5.48; N, 4.76. Found: C, 81.46; H, 5.38; N, 4.74.

G3(* &% 4):v ¢ FH > A% 70 % 'HNMR (CDCl3, 400 MHz, ppm): J 7.94 (d,
J = 8.0 Hz, 1H), 7.54 (d, J = 8.8 Hz, 2H), 7.51~7.43 (m, 3H), 7.43~7.29 (m, 23H),
7.19 (d, J=8.0 Hz, 2H), 6.87 (d,J = 8.8 Hz, 2H),6.64 (d,J = 2.0 Hz, 4H), 6.60 (d, J
=2.0 Hz, 2H), 6.58 (t, J = 2.0 Hz, 2H), 6.52(t;J = 2.0 Hz, 1H), 5.09 (s, 2H), 5.04 (s,
8H), 4.91 (s, 4H). FABMS: m/z 1013.6 (M + H)"). Anal. Calcd for CesHssN,O7: C,
80.61; H 5.57; N, 2.76. Found: C, 80.42; H, 5.44; N, 2.87.

B g & B 1 £ 4 0t % (Gullr(acac)# (Gujalr (n=1-3) (* £ 4 5-10)
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S/H,0

N N\© (3:1)
+1rCly. nH,O T’
4HCl
+
Gn
Dn n= 1, 2,and 3 nH;0
S= 2-methoxyethanol

(Gn)zlr(acac)
=1,

(Gn),Ir(acac)snég = (it &4 5-7)

#-1rClynH,0 (176 mg, 0.5 mmol)¥ 1.0 % € 7 Gn > T g F T #v » 3

—_

2-e¢thoxyethanol = water & &3 /% 25 mL o ' F Jide 4 2k i 48 /] pF 5 (7 H 2
Fris o se r R ek B EEAT N 0 iR KA r BRKE S F U BB
W e b G A 1T ARSI K (IR A AR
% p-chloro-bridged Ir(Ill) &7 - F & o Bt = B £ 27 Na,CO; (030 g, 3.0
mmol) > 2,4-pentanedione (0.30 g, 3:0 mmol) > = 2-methoxyethanol (20 mL) ¥ *
%ﬁ%,jﬁﬁﬁw@’ﬂwm&gﬁ%%¢@’ﬂ$¢ﬁ%ﬁﬁ%¢$@wv
i g e A 4= g Pl e Bl vv)EF B E R h4r e BV E
(Gn),Ir(acac) (n=1-3) -

Boss s 305 = % {5 et e den i 24 o) P o i dlbdrodex & Bk X 2 £ 0

(G1),Ir(acac) (i*2 % 5) : § ¢ F4> A 5 =80%- 'HNMR (CDCls;, 400 MHz, ppm):
0 7.67~7.59(m, 12H), 7.49~7.45 (m; 2H), 7.25~7.20 (m, 10H), 7.18~7.08 (m, 4H), 6.79
(d, J=8.0 Hz, 2H), 6.13~6.04 (m, 4H), 5.22 (s, 1H), 4.59 (d, J= 12.0 Hz, 2H), 4.56 (d, J
=12.0 Hz, 2H), 1.84 (s, 6H). FABMS: m/z 1042.3 (M+). Anal. Calcd for Cs7H4sN4Oylr :
C, 65.69; H, 4.35; N, 5.38. Found: C, 65.43; H, 4.56; N, 5.51.

(G2)Ir(acac) (* £ 4 6): % ¢ HAM » A F =55% - 'H NMR (CDCls, 400 MHz,
ppm): 6 7.67~7.56 (m, 12H), 7.51~7.49 (m, 2H), 7.40~7.29 (m, 20H), 7.22~7.15 (m,
3H), 7.02 (d, J = 8.0 Hz, 2H), 6.49~6.47 (m, 2H), 6.43~6.42 (m, 2H), 6.38 (d, J=1.6
Hz ,3H), 6.20~6.07 (m, 4H), 5.22 (s, 1H), 4.88 (s, 8H), 4.51 (s, 4H), 1.84 (s, 6H).
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FABMS: m/z 1466.8 (M"). Anal. Calcd for CgsHeoN4Oglr : C, 69.61; H, 4.74; N, 3.82.
Found: C, 69.13; H, 4.92; N, 3.53.

(G3)aIr(acac) (* &4 7): % ¢ AM > A% =20% 'HNMR (CDCl;, 400 MHz,
ppm): 6 7.64~7.50 (m, 2H), 7.56~7.52 (m, 4H), 7.50~7.43 (m, 4H), 7.34~7.28 (m,
40H), 7.07~7.01 (m, 4H), 6.58 (d, J = 8.0 Hz, 8H), 6.52 (s, 8H), 6.47~6.37 (m, 6H),
6.24~6.20 (m, 2H), 6.08~6.02 (m, 4H), 5.21 (s, 1H), 4.99~4.93 (s, 16H), 4.81~4.77
(m, 12H), 1.84 (s, 6H). FABMS: m/z 2314.8 (M+) Anal. Calcd for C41H117N4O6lr: C,
73.13; H, 5.09; N, 2.42. Found.: C 72.84, H 5.00, N.2.30.

(Gn)slr i = (i £ 4 8-10)

1 58 sechc Bboit s 25 % 60 KCOs 0 2.0 4 2enit &4 Gno &
glycerol 5.0 mL > Rl&sigo# dr e e )l iL 28 4 190 °C & & 24 [ o FH L
£P o A~ if B TR HF R 14 dicholormethane X P~Bie=t o o fk F ik 0 e r
ERpRAEIE K o TR SR R R A B R R 4T
F » 12 CHyCly-hexane (1:2 v/v) st Gl it 45 » ¥ BT F ¢ B 24 o
(Gl)Ir (* 24 8): % ¢ H4& » 2% =78% - 'H NMR (CDCl3, 400 MHz, ppm): 6
7.64~7.55 (m, 9H), 7.47 (d, J = 8.0 Hz, 3H), 7.39 (d, J = 8.0 Hz, 3H), 7.21~7.15 (m,
15H), 7.02~6.96 (m, 6H), 6.76 (td, / =8.4, 1.6 Hz, 3H), 6.51 (d, J = 8.4 Hz, 6H), 6.28 (d,
J=28.0 Hz, 3H), 6.14 (dd, J= 8.4 , 1.6 Hz, 3H), 4.67 (d, J = 12.0 Hz, 3H), 4.62 (d, J =
12.0 Hz, 3H). FABMS: m/z 1319.3 ((M+H)"). Anal. Calcd for C7sHs7NcOslr : C, 71.05;
H, 4.36; N, 6.37. Found: C, 70.70; H, 4.20; N, 6.43.

(G2)sIr (* &4 9) *F ¢ H4 > A ¥ =45% - '"HNMR (CDCls, 400 MHz, ppm): 0
7.54=7.50 (m, 9H), 7.48 (d, J = 8.0 Hz, 3H), 7.40~7.35 (m, 3H), 7.29~7.23 (m, 30H),
7.08~6.96 (my; 6H), 6.76 (t, J = 8.4 Hz, 3H), 6.57 (d, J=2.4 Hz, 3H), 6.51~6.42 (m,
9H), 6.42~6.37 (m, 6H), 6:11 (dd, J= 8.4, 1.6 Hz, 3H), 4.87 (m, 12H), 4.61 (d, J =
12.0 Hz, 3H), 4.57 (d, J = 12.0 Hz, 3H). FABMS: m/z 1954.9 (M"). Anal. Calcd for
C120Ho3sNgOolr: C, 73.71; H, 4.79; N, 4.30. Found: C, 73.68; H, 4.86; N, 4.26.

(G3):Ir (it £ 4 10): F ¢ F4% > & % =18% - 'H NMR (CDCl3, 400 MHz, ppm): 6
7.49~7.41 (m, 15H), 7.34~7.26 (m, 60H), 7.01~6.97(m, 6H), 6.89~6.80 (m, 6H),
6.66~6.57 (m, 12H), 6.57~6.52 (m, 6H), 6.52~6.48 (m, 6H), 6.48~6.45 (m, 6H),
6.45~6.41 (m, 6H), 5.06 (s, 12H), 4.96~4.93 (m, 12H), 4.79~4.77 (m, 12H),
4.66~4.63 (m, 6H). MADLI-TOF: m/z 3223.1(M+). Anal. Calcd. for Cyp4H165NgO211r:
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C, 75.89; H, 5.15; N, 2.60. Found: C 75.67, H 5.33, N 2.50.

9,9-Dihexyl-9H-fluorene-2-carbaldehyde (i* & #= 11)

Br . .
O (i) BuLi, THF, -78 °C,
(ii) DMF (iii) H+ CHO

C6H13 C6H13

C6H13 6 13

2-Bromo-9,9-dihexyl-9H-fluorene (20.2.g,48.9 mmol);2 f2** 100 = 2 ch THF»
=78 °CTF /kis 30 248 o 2 {5 4v » B HiF ~ n-Butyl lithium *% hexane i3 # (1.6 M,
30.5mL,48.9 mmol)** } iR & 4 > ¥ L iF4F KIS 30 A 4B IR S FH W R 120
AT RMECES BT EMRE 12 ) PF o 2

Boher FREAVKBIF R F 4 2 502 L0 WUAREB PR L d o TP Z (S8 o
G A XA Ll 3o f Koo B (S 1ddE YEE ﬁﬁ%%‘f«a’*?‘] »F U ET e A L .
- p A it gt 4e A ¢ 0 CHaCly-hexane (1:1 v/v) st B 5 % 320 2 7 14

°C'= Jj{pifs > 4c » DMF 4 #| 3.8 &

WG 4 FHRE &% 11 (13.4 g, 75%) - 'HNMR (CDCls, 400 MHz, ppm): 6 10.04 (s,
1H, CHO), 7.85 (s, 1H), 7.83~7.80 (m, 2H); 7.76~7.74 (m, 1H), 7.37~7.33 (m, 3H),
2.00~1.97 (m, 4H, CHy), 1.07~0.97 (m, 12H; CH,), 0.75 (t, J = 7.2 Hz, 6H, CHs),
0.56~0.53 (m, 4 H, CHy) °

4-(9,9-Dihexyl-9H-fluoren-2-yl)benzaldehyde (i* & $ 12)

Na,CO4
Pd (OAc),
B(OH
O 4 acetone: H,O cUg
+ Br CHO ___ ~= 5
Gy, Cotlis Cety;  Cotlis

4-Bromobenzaldehyde (9.25 g, 50 mmol)- 9,9-dihexyl-9H-fluoren-2-yl-boronic acid
(22.5 g, 1.2°equiv.)> NayCO;(12.0 g, 2 equiv:)» &2 g it %] Pd(OAc), (112 mg, 0.01 equiv.)

)

B 125 FAFRA Y LA ~R ERRAM 30 F AL EARISEH o PREFBE

o

EAAE 16 P PEiS 4 » i B ek iRk B> T4 50 B @UR BB R &
Foz i B RE  Ehe r ERAENS K 0 B r RSB T

Pl A o B2 K PR B R  He M AREREITR SR 0 B 1S 1w ik
SHRRA VIR A S o B H A AT it 42 & £ 0 11 CHyCly-hexane
(L1 viv) st bl a3 » 7 256 ¢ B8 &4 12 (16.0 g, 73%) - 'H NMR
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(CDCl3, 400 MHz, ppm): 6 10.06 (s, 1H, CHO), 7.97 (d, J = 8.4 Hz, 2H, CcHy), 7.82 (d,
J = 8.4 Hz, 2H, CcH,), 7.78 (d, J = 8.0 Hz, 1H, fluorene), 7.75~7.73 (m, 1H, fluorene),
7.62~7.60 (m, 2H, fluorene), 7.38~7.30 (m, 3H, fluorene), 2.04~1.99 (m, 4H, CH,),
1.12~1.04 (m, 12H, CH»), 0.75 (t, J= 7.2 Hz, 6H, CH3), 0.68~0.66 (m, 4H, CH»).

(9,9-Dihexyl-9H-fluoren-2-yl)methanol (i* & 3= 13)

NaBH,
THF: MeOH= OH
CHo i O
_—
CoH3 Cotlis CH Cotlis

#-it & 1 11 %f&3240mL 7 THF 4= 40mL 77 f% e Sodium borohydride (2 equiv.)
G A A » R ERIERR 6 A2 & F 0 TR 24 B o F e M AR g D
R F O AN S0 T R R Tk G A R e A Fr e dE ok
b R )y FAA T d FM - E kTS A
CH,Cly-hexane (1:1 v/v) a0t G| 5 # &R v 1B 5]d & FHH &3 13> 2 5 75% -
'H NMR (CDCls, 400 MHz, ppm): 8 7.67~7.64 (i, 2H), 7.32~7.25 (m, SH), 4.75 (s, 2H,
OCH.,), 1.96~1.91 (m, 4H, CH»), 1:11~1.00 (m, 12H, CH>), 0.75 (t, J = 7.2 Hz, 6H, CH3),
0.61~0.55 (m, 4H; CHy).

4-(9,9-Dihexyl-9H-fluoren-2-yl)phenyl)methanol (- & = 14)

NaBH,
THF: MeOH=
o B -0
) — D o
H
Gotty;  Coflis il Cotlis

CERIEE N e A P ATVE RS F AN s FR VN RO PR
FA IS &3 140 A % 5 75% H NMR (CDCls, 400 MHz, ppm): 8 7.77~7.73 (m,
2H, fluorene), 7.69 (d, J = 8.4 Hz, 2H, CeHy), 7.59~7.57 (m, 2H), 7.48 (d, J = 8.4 Hz, 2H,
CeHy), 7.39~7.31 (m, 3H, fluorene), 4.74 (d, J = 2.0 Hz, 2H, OCH,) 1.99~1.96 (m, 4H,
CH,), 1.09~1.01 (m, 12H, CH,), 0.73 (t, /= 7.2 Hz, 6H, CHs), 0.66~0.64 (m, 4H, CH,).

2-(Bromomethyl)-9,9-dihexyl-9H-fluorene (it & 1= 15)
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Br

" O
NBS, PPhs, THF, 1t, 10 min O’

CeHys
CeHy; Cetlis CeHypy 6713

#-F J& 4~ 13 22 triphenylphosphine (1.1 § ) 23 f2>* 15 % 2 67 THF ;3 & ¥
% 15 °C -kig 15 & 48 o N-bromosuccinimide (1.1 equiv.)— =t 4v » & &g > § A 2 P
EF B o F A 10 A 4818 dem ik R B L ROl o gt PEHCE BREAT L 0 R
dichloromethane 3 B~ = =% ¥ j< § 5§84 T 4v » FRfsd% ",f Ko iR 0 1 gk Mg ’f %
B> v BG & B e ) g AT S T e A e 0 1 CHaClyhexane (1:5 v/v) i
Wl h PR T @0 & BRI &5 150 & 5 85% 'HNMR (CDCls, 400 MHz,
ppm): 0 7.67~7.61 (m, 2H, fluorene), 7.36~7.30 (m, SH, fluorene), 4.59 (s, 2H, CH,Br),

1.98~1.90 (m, 4H, CH,), 1.12~1.05 (m, 12H, CH,), 0.75 (t,J = 7.2 Hz, 6H, CH,),
0.59~0.50 (m, 4H, CH,).

2-(4-(Bromomethyl)phenyl)=9,9-dihexyl-9H- fluorene (i* & 4+ 16)

O’O ), ™ O’Q DN

CeHys

T

C¢H
CeHyz CeHjy 0713

Eenit £ n]6 2 F i 4 158 22 4ple > W1V 55 13 B e 50 8
1405 o 3pfe g 4 809 'H NMR (CDCls, 400 MHz, ppm): 6 7.73 (d, J= 8.0
Hz, 1H, fluorene), 7.70 (d, J = 7.2 Hz, 1H, fluorene), 7.62 (d, J = 8.4 Hz, 2H, CsH,),
7.54 (dd, J = 8.0Hz and 1.6Hz, 1H, fluorene), 7.51 (d,./= 1.2.Hz, 1H, fluorene), 7.47 (d,
J= 84 Hz, 2H, C¢H,), 7.34~7.28 (m, 3H, fluorene), 4.55 (s, 2H, CH,Br), 1.99~1.96 (m,
4H, CHy), 1.09~1.01 (m, 12H, CH,), 0.73 (t, J = 7.2 Hz, 6H, CH3), 0.66~0.64 (m, 4H,
CH,).

(3,5-Bis((9,9-dihexyl-9H-fluoren-2-yl)methoxy)phenyl)methanol (i* & 3= 17)

OH
OH
K,CO3, 18-crown-6-ether,
acetone, reflux, 24h
i > CeHy3 BCeH 3
o OH CO e O’
0 O

A & 3,5-dihydroxybenzyl alcohol (2.80 g, 20 mmol) > potassium carbonate (6.67 g,

40 mmol) > * &4 15 (2.1 § &) » £ 18-crown-6-ether (0.52 g, 0.2 mmol)** [ fik ;% Al
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30 FAL T AT RIERE B AR P o e Mg R R o KR
dichloromethane % B~ = =t Iy & 3 8 k& 1 4c » Frfidf “,/TT S ER ) - HE#h “,/TT %
B He d FRE - g e A $ 0 1 CHyCly-hexane (1:1 viv) &9
WS R T U E R ¢ FAE L 24 17 & % 70%- 'H NMR (CDCls, 400 MHz,
ppm): 0 7.67 (d, J = 8.0 Hz , 4H, fluorene), 7.37~7.28 (m, 10H, fluorene), 6.64 (d, J =
2.0 Hz, 2H, C¢Hs), 6.62 (t;J = 2.0 Hz, 1H, C¢Hs) , 5:10 (s, 4H, OCH;), 4.62 (s, 2H,
OCH,), 1.95~1.91 (m, 8H, CHy), 1.12~0.97 (m, 24H, CH,), 0.74 (t, J = 7.2 Hz, 12H,
CH3), 0.64~0.56 (m, 8H, CH,).

(3,5-Bis(4-(9,9-dihexyl-9H-fluoren-2-yl)benzyloxy)phenyl)methanol (i & 1~ 18)

K,CO;, 18-crown-6-ether,
6 + acetone, reflux, 24h
OH

poinit i 18 BBt g4 17 2z Ap ko BRI SIS Bam s S0 540

CeHi3
CeHi3

16° % 414 4 ts ch % 5 709% 'HNMR (CDCls, 400 MHz, ppm): 6 7.74~7.68 (m, 4H;
fluorene), 7.67 (d, J = 8.4 Hz; 4H, C¢Ha), 7.56~7.49 (m, 4H, fluorene), 7.47 (d, J = 84
Hz, 4H, C¢Hy), 7.33-7.25 (m, 6H, fluorene), 6.67 (d, J = 2.0 Hz, 2H, CsHs), 6.60 (t, J=
2.0 Hz, 1H, C¢H3) , 5.07 (s, 4H, OCH,), 4.61 (s, 2H, OCH,), 1.95~1.91 (m, 8H, CH,),
1:12~0.97 (m, 24H, CH>), 0.74 (t, J= 7.2 Hz, 12H, CH3), 0.64~0.56 (m, 8H, CHb).

G2F-Br ché (it & 4 19)

OH

Br
CeHis CeH 3 /é\ C6H13C6H13 NBS,PPh3,THF, & Cels /é\ CoHpse gy
A A9 LA MBI AR IS AR R0 M ESF I3 AR ITEHE T £
6 & HHMA F 70% B o 'H NMR (CDCls, 400 MHz, ppm): J 7.68 (d, J = 8.4 Hz,

4H, fluorene), 7.41~7.25 (m, 10H, fluorene), 6.66 (d, J = 2.0 Hz, 2H, C¢Hs3), 6.62 (t, J =
2.0 Hz, 1H, C¢Hs), 5.09 (s, 4H, OCH,), 4.39 (s, 2H, OCH;), 1.95~1.91 (m, 8H, CH,),
1.09~1.00 (m, 24H, CH), 0.74 (t, J= 7.2 Hz, 12H, CH3), 0.56~0.53 (m, 8H, CH>).
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PhFG2-Br 14 & (it & $ 20)

NBS, PPhs, THF, rt, 20 min

A 20 g RA RIS i R 18 A E 18 T 4
e 4 FAEE A S 729« '"H NMR (CDCl;, 400 MHz, ppm): 0 7.74~7.69 (m, 4H,
fluorene), 7.67 (d, J = 8.4 Hz, 4H, C¢Ha), 7.56~7.54 (m, 4H, fluorene), 7.51 (d, J = 8.4
Hz, 4H, C¢Hy), 7.34~7.26 (m, 6H, fluorene), 6.67 (d, J= 2.0 Hz, 2H, C¢H3), 6.61 (t, J =
2.0.Hz, 1H, C¢Hs), 5.09 (s, 4H, OCH,), 4.43 (s, 2H, OCH,), 1.99~1.95 (m, 8H, CH,),
1.11~1.03 (m, 24H, CH;), 0.73 (t, J= 7.2 Hz, 12H, CH3), 0.67~0.63 (m, 8H, CH)).

% Fluorene * Blofitbc ke & & GIF, G2F; PhFG1,fr PhFG2 & = (1 £ 4
21-24)

N. ND
1 + 15,16,19,0r20 ——— <Tj

O\D

_ CeH,3 s oﬁ C“H”CéHU ‘ g OQO
P %Céhﬂ Gg;; : ; > : O. Cothis 7 O O
21 CeHis Q CeHjz " C&
2 " CeHiy e CeHy3 &
4 6tz oHi3

B e 2124 %A DuchE S N WL S 4 21 B b Ade 1(0.73 g, 2.5
mmol) » KoCO3 (0.35'g,2.5 mmol) » & * £ 3 15 (1.06 g, 2:5 mmol) i3 f&>> 30 mL £
DMF o  fb £ 3t 100.°C Suy 2doo] B8 1 640 » dor 3 £ ek » 5 1
dicholormethane 3 B~= =% » 4yt 7 R & 4r » Frfik 4% ok Wi o T Sk S
",% AT E0 ¢ B B FAL kA B e & 4 11 CH,Cly-hexane (1:5 v/v)
FUL GG R T LB R F EE L 21 & F 73% 'HNMR (CDCl3, 400 MHz,
ppm): & 7.84 (d, J = 8.0 Hz, 1H), 7.67 (d, J = 8.4 Hz, 2H, C¢Hy), 7.55~7.43 (m, SH),
7.35~7.27 (m, 8H), 7.20 (d, J = 8.0 Hz, 2H), 6.92 (d, J = 8.4 Hz, 2H, C¢Hy), 5.10 (s, 2H,
OCH,), 1.94~1.90 (m, 4H, CH,), 1.10~1.00 (m, 12H, CH,), 0.74 (t, J = 7.2 Hz, 6H, CH),
0.60~0.58 (m, 4H, CH,). FABMS: m/z 633.3 (M+H)". Anal. Calcd. for C4sH4sN,O: C
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85.40, H 7.64, N, 4.43. Found: C 85.24, H 7.79, N 4.35 -

G2F (it &4 22): ¥ ¢ F#8 > A& % 75% - 'HNMR (CDCl3, 400 MHz, ppm): J 8.14
(d, /= 8.0 Hz, 1H), 7.68~7.60 (m, 8H), 7.54~7.46 (m, 3H), 7.38~7.18 (m, 13H), 6.89 (d,
J=28.4 Hz, 2H), 6.67 (d, J = 2.0 Hz, 2H, C¢Hs), 6.62 (t, J = 2.0 Hz, 1H, C¢H3), 5.09 (s,
4H, OCH,) » 4.99 (s, 2H, OCH), 1.94~1.86 (m, 8H, CH»), 1.09~0.99 (m, 24H, CH,),
0.73 (t, J = 7.2 Hz, 12H, CH3); 0.65~0.54 (m, 8H, CH,). FABMS: m/z 1101.9 (M+H)".
Anal. Calcd. for CssHggN,Oj3: C 85.05, H 8.05, N; 2.54. Found: C85.15, H 8.22, N 2.60.
PhFGI1 (i* & % 23):% ¢ F485 & & 569 - 'HNMR (CDCls, 400 MHz, ppm): 5 7.84
(d, J=8.0Hz,1H),7.72 (d, J= 8.0 Hz, 1H), 7.69 (d, J= 7.2 Hz, 1H), 7.65 (d;J = 8.0 Hz,
2H), 7.55~7.45 (m, 9H), 7.31~7.28 (m,;.6H), 7.22~7.18 (m, 2H), 6.91 (d, J = 8.8 Hz, 2H),
5.09 (s, 2H, OCHy), 1.99~1.96 (m, 4H, CH,), 1.09~1.01 (m, 12H, CH,), 0.73 (t, J= 6.8
Hz, 6H, CH,), 0.66~0.64 (m, 4H, CH;). FAB MS: m/z 709.5 (M+H)". Anal. Calcd. for
Cs1Hs:N,0: C 86.40, H 7.39, N, 3.95. Found: C 86.54, H 7.40, N.3.67.

PhFG2 (i &4 24): v ¢ F#8> & % 56% » 'HNMR (CDCls, 400 MHz, ppm): 0 8.02
(d, /= 8.0 Hz, 1H), 7.71~7.61 (m, 10H), 7.55~7.47 (m, 12H), 7.34~7.27 (m, 9H), 7.20
(d, /= 8.4 Hz, 1H), 6.92 (d, J = 8.4 Hz, 2H), 6.67 (d, J= 2.0 Hz, 2H, C¢H3), 6.62 (t, J =
2.0 Hz, 1H, C¢H3), 5.11 (s, 4H, OCH,), 4.43 (s, 2H, OCH,), 1.99~1.96 (m, 8H, CH>),
1.09~1.01 (m, 24H, CH,), 0.73 (t, J = 7.2 Hz, 12H, CH;), 0.66~0.64 (m, 8H, CH>).
FABMS: m/z 1253.8 (M+H)+. Anal.Calcd. for CooHosN,O3: C 86.22, H 7.72, N, 2.23.
Found: C 85.88, H 7.58, N 2.00.

Tris-4 £ * & % (G1E):Ir ~ (G2F);kr ~ (PhFG1)slt {=(PhFG2)sIr 28 & (it f
25-28)

S/H,0
3:1)

21,22,230r24  +IrCly. nH,0 T»

4HCI
+
n H,O

S= 2-methoxyethanol

25,26,27, 0r 28

E 4 25-28 chf 52 SN ST Y £ 4 810 ShE S 3 e

(GIF)sIr (i & 4 25): % ¢ H48 > & % 56% - 'H NMR (CDCls, 400 MHz, ppm): &
7.57~7.45 (m, 21H), 7.28~7.24 (m, 12H), 7.18 (d, J = 8.0 Hz, 3H), 7.06~7.02 (m, 6H),
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6.81 (t, J= 6.4 Hz, 3H), 6.72 (s, 3H), 6.60 (d, J = 8.4 Hz, 3H), 6.39 (d, J = 8.0 Hz. 3H),
6.21 (d, J = 8.4 Hz, 3H), 4.87 (d, J = 12.0 Hz, 3H, OCH,), 4.79 (d, J = 12.0 Hz, 3H,
OCH,), 1.90~1.86 (m, 12H, CH,), 1.04~0.97 (m, 36H, CH>), 0.74 (t, J = 7.2 Hz, 18H,
CH3), 0.60~0.56 (m, 12H, CH,). MADLI-TOF: m/z 2087.5 (M+H)". Anal. Calcd. for
Ci35H141NeOslr: C 86.22, H 7.72, N, 2.23. Found : C 85.97, H 7.42, N 2.20.

(G2F)3Ir (1 £ 4 26) : § ¢ B8 »& F15% - ,'H NMR (CDCls, 400 MHz, ppm): ¢
7.63~7.56 (m, 18H),7.52 (t, / = 7.5 Hz, 9H), 7.41 (d, J = 8.0 Hz, 3H), 7.30~7.26 (m,
30H), 7.00~6:94 (m, 6H), 6.79 (t, J = 7.2 Hz, 3H), 6.57~6.54 (m, 12H), 6.30 (s, 3H),
6.04 (s, 3H), 4.95 (s,12H, OCH,), 4.74 (d, J = 12.0 Hz, 3H, OCH>), 4.68 (d, /= 12.0 Hz,
3H, OCHy,), 1.92~1.88 (m, 24H, CH,), 1.06~0.97 (m, 72H, CH3), 0.71~0.67 (m, 36H,
CH3), 0.58<0.53 (m, 24H, CH,). MADLI-TOF: m/z3494.8 (M+H)". Anal: Calcd. for
Ca34H26/NcOolr: C 80.44,H7.53, N, 2.41. Found: C 80.21, H 7.33, N, 2.25.

(PhFG1);lIr (¢ & 4.27)%-¢ T4 > & & 4096« "H NMR (CDCl3, 400 MHz, ppm): 0
7.67~7.63 (m, 6H),7.52~7.46 (m, 12H), 7.41 (d, J = 7.6 Hz, 3H), 7.40~7.32 (m, 9H),
7.32~7:28 (my 9H); 7:24~7:22 (my; 9H), 7.00(t;J = 7.6 Hz, 3H), 6.92 (d, J = 7.6 Hz, 3H),
6.75 (t, J = 7.6 Hz, 3H), 6.66 (d, J = 2.4 Hz, 3H), 6.53 (d, J = 8.4 Hz, 3H), 6.28 (d, J =
8.4 Hz, 3H), 6.22 (dd, J= 8.4 and 2.4 Hz, 3H) , 4.77 (d, J = 12.0 Hz, 3H, OCH,), 4.74 (d,
J=12.0 Hz, 3H, OCHj, ), 1.88~1.80(m, 12H, CHy), 1.10~1.02 (m, 36H, CH>), 0.72 (t, J
= 7.2 Hz, 18H, CH;) , 0.66~0.63 (m,12H, CH,). MADLI-TOF: m/z 2316.4 (M+H)"
Anal. Calcd. for Cys3H53NgOs1r: C 79.34, H 6.66, N, 3.63. Found: C 78.97, H 6.33, N,
3.35.

(PhFG2);lIr (i &4~ 28): + ¢ B4 > &2 5 109 ¢ '"H'NMR (CDCl3, 400 MHz, ppm): 0
7.74~7.69 (m, 12H),"7.65~7.60 (m, 12H), 7.57~7.50 (m, 21H), 7.45-7.42 (m, 15H),
7.36~7.28 (m, 21H), 6.98~6.92 (m, 6H), 6.88~6.83 (m, 3H); 6.71~6.64 (m, 6H),
6.54~6.45 (m, 15H), 4.95 (s,12H, OCH,), 4.74 (d, J = 12.0.Hz, 3. H, OCH), 4.68 (d, J =
12.0 Hz, 3H, OCH,), 1.92~1.88 (m, 24H; CH3), 1.06~0.97 (m, 72H, CH>), 0.71~0.67 (m,
36H, CH3), 0.58~0.53 (m, 24H, CH,). MADLI-TOF: m/z 3951.3 (M+H)". Anal. Calcd.
for Ca70H285N6Oolr: C 82.09, H7.27, N, 2.13. Found : C 81.71, H 7.23, N, 2.25.

242 BAF L Fehl A&
ERL S

2-(4-Bromophenyl)-1-phenyl-1H-benzoimidazole (i* & 1= 29 > * 5% pbi-Br)
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Q 2-methoxyethanol N N\O
BrOCHO + HN HN@

(29) pbi-Br

% ¥ & 7 N-Phenyl-o-phenylenediamine (50 mmol)f= 4-bromobenzaldehyde (50

mmol);% %3t 50 £ & 7 2-methoxyethanol o $* /R & 4 B § # T ik /it 48 /] pF o 4

rmL

60 °Cf{s > B3 BT H CRCE 2B enE 482 100.% 2 dichloromethane
FBz = ol A T AT ﬁﬁiiiﬁé%fg“,% QTR IS B ¥ - p “f oA
Wi Adr o AB - § 7 % e (L] VV)EF B HEITT @£ 295 &
%4%.60% ~'H NMR (CDCls, 400’ MHZ ppm):67:68 (d; J = 8.0 Hz, 1H), 7.357:29 (m,
4H), 7.24~7.20 (m, 1H), 7.15-7.02 (m, 7H). FABMS: m/z 348.9 (M) . Anal. calcd. for
Ci9H13BrN,: C, 65.35; H, 3.75; N, 8.02. Found :'C, 65.22; H, 3.78; N, 8.01

2-(4-(9,9-Dihexyl-9H-fluoren-2-yl)phenyl)-1-phenyl-1H-benzoimidazole ( i* & 4=

30 ; i 55 pbiF)

R Pd(PPh3)y, K?CO3 (aq) Q CeH1a CoHi3
@ + B(OH)2 toluene, Aliquan 336 @::l‘ Q Q'O

CeH13 CgHyg
tr (30) pbi-F

w250 A o g oAg B O~ it &4 29 (139 g 0 4 mmol) 0 &
2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y1)-9,9-dioctylfluorene ( 1.73 g, 4 mmol ) -
27 igf A tetrakis(triphenylphosphine)palladium (100 mg, 0.04 mmol) & A2 7 T 3§
304 45 0 2 1 L RAc D g iR 2 t54he 2 40F LR @AR (P 53k 2 M
KoCOs (o =11 1))/ ZR 16 H4e 20 2 30 Jiif R 24/ P o (FH A 4ris > 4o 2 D 2F R iRk K
VPRI G SR RS S E s = U ﬁﬁ-‘rﬁéﬁ’a%‘%% ks U gk
Hath “f”ﬁ WA > TEEA oAU F PRz (114 V) SFRER
Br7 i &5 30> &5 940% o 'H NMR (CDCls, 400 MHz, ppm): 6 8.19 (s, 1H),
7.92 (d, J=8.0 Hz, 1H), 7.74 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.62 (d, J =
8.4 Hz, 2H), 7.58~7.53 (m, 4H), 7.41~7.27 (m, 8H), 2.01~1.97 (m, 4H), 1.13~1.03 (m,
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20H), 0.75 (t, J = 7.5 Hz, 6H), 0.66~0.63 (m, 4H). FABMS: m/z 659.2 (M+H) " Anal.

calcd. for C44Hy6Ny: C, 87.66; H, 7.69; N, 4.65. Found : C, 87.42; H, 7.78; N, 4.41

2-(4-(4-Bromobenzyloxy)phenyl)-1-phenyl-1H-benzoimidazole (i & # 31 > * 55

pbiOPh-Br)

DMF, K,CO4

=lclshon

:m‘;llmnn ; v

f}';’,u:%—g T -1

B £ A S AT

, 1H), 7.54~7.46

MR (CDCL, 30

he 9 H-fluoren-2-yl)benzyloxy)phenyl)-1-p enzoimidazol
,

N NO N O.Q N g, DMF, K,CO;
- O

CgH13C6H13 (16)
OH (1)

CgHia .
Tty (32) pbi-OPhF

CEF32LE 3 N L3R ﬁ? #-1t & F 4-bromobenzylbromide 1 it
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L3165~k o T £ v ¢ F4 A %7295 - White solid. Yield = 56%. '"H NMR (CDCls,
400 MHz, ppm): 6 7.84 (d, J= 8.0 Hz, 1H), 7.72 (d, /= 8.0 Hz, 1H), 7.69 (d, /= 7.2 Hz,
1H), 7.65 (d, J = 8.0 Hz, 2H), 7.55~7.45 (m, 9H), 7.31~7.28 (m, 6H), 7.22~7.18 (m, 2H),
6.91 (d, J = 8.8 Hz, 2H), 5.09 (s, 2H, OCH,), 1.99~1.96 (m, 4H, CH3), 1.09~1.01 (m,
12H, CH»), 0.73 (t, J = 6.8 Hz, 6H, CH3), 0.66~0.64 (m;4H, CH,). FAB MS: m/z 709.5
(M+H)". Anal. Caled. for €5;Hs;N,O: C 86:40, H 7.39, N,'3.95. Found: C 86.54, H 7.40,
N 3.67.

& = (pbi-Br);Ir(acac) ~ (pbiF):Ir(acac) ~ (pbiOPh-Br),Ir(acac)Z (pbiOPhF),Ir(acac)

(it &4 33-36)

== | =19 i
29-32 4+ [iCly nH,0 ) I i /Cl\l » N© Br 2 2
4HC1 @3 e
(U §

HZO

R /C'\Ir/N N@ M O Q“ 1< Q\l
Na,COs, \ 4 Iv<0§ .
G 2 G S= 2-methoxyethand]l o=

(33) (pbi-Br),Ir(acac) from (29)
(34) (pbiF),Ir(acac) from (30) O
(35) (pbiOPhBr),Ir(acac) from (31) Br
(36) (pbiOPhF),Ir(acac) from (32) 35) CeHia “
CeHag O 36)

T B R L RSTG AR OE SH I AT A AP SEE S
e
(pbi-Br)Ir(acac) (it & #33):% ¢ T4 & 5 75% - 'H NMR(CDCl3, 400 MHz, ppm);
0 7.68-7.63 (m, 8H), 7.60-7.58 (m; 4H), 7.32-7.27 (m, 4H), 7.14-7.11 (m, 2H), 6.64 (dd,
J=28.0 Hz and J = 2.0 Hz, 2H), 6.49 (d, /= 2.0 Hz, 2H), 6.38 (d, J = 8.4 Hz, 2H), 5.25 (s,
1H), 1.84 (s, 6H). FABMS: m/z 986.0 (M)". Anal. calcd. for C43H3Br,IrN4Os: C, 52.29;
H, 3.16; N, 5.67. Found : C, 52.55; H, 3.26; N, 5.56.
(pbiF).Ir(acac) (* & % 34): 4 ¢ FI# > A % 70% : 'H NMR (CDCls, 400 MHz, ppm):
0 7.87 (s, 2H), 7.88 (dd, J = 7.2 Hz and 1.6 Hz, 2H), 7.69-7.55 (m, 10H), 7.50-7.48 (m,

2H), 7.46 (d, J = 8.0 Hz, 2H), 7.37-7.34 (m, 4H), 7.24-7.15 (m, 8H), 7.01 (s, 2H), 6.82 (s,
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2H), 6.80 (dd, /= 8.0 Hz and 1.6 Hz, 2H), 6.60 (d, J = 8.0 Hz, 2H), 5.29 (s, 1H), 1.91 (s,
6H), 1.90~1.58 (m, 8H), 1.13~1.03 (m, 24H), 0.75 (t, J = 7.6 Hz, 12H), 0.66~0.63 (m,
8H). FABMS: m/z 1495.8 (M)+. Anal. calcd. for CosHo3IrN4O,: C, 74.71; H, 6.54; N,
3.75. Found: C, 74.24; H, 6.75; N, 3.42.

_(pbiOPh-Br)Ir(acac) (1t-& 4+ 35)1§ ¢ B4 A & 409 - 'H NMR (CDCl3, 400 MHz,

ppm): 6 7.70~7.60 (m, 8H), 7.46~7.41 (m; 2H), 7.27-7.18 (m, 10H),.7.10-7.05 (m, 4H),
6.86 (d, J=8.0 Hz, 2H), 6.46-6.44 (m, 2H), 6.12~6.02 (m, 4H), 5.21 (s, 1H), 4.57~4.54
(my 4H), 1.83(s, 6H). FABMS: m/z 1200 (M)". Anal. caled. for Cs;Hs3BroIrN4Oy: C,
74.71; H, 6.54; N, 3.75. Found: C, 74.52; H, 6.35; N, 3.71.
(pbiOPhF),Ir(acac) (it £ 1~ 36) : & & B4 > A 429  'H NMR (CDCl3, 400 MHz,
ppm): 0 7.73~7.69 (m, 6H), 7.63~7.56 (m, 6H), 7.50~7.45 (m, 14H), 7.30-7.28 (m, 8H),
7.13 (d,J="7.6 Hz, 4H), 7.07 (d, J = 7.6 Hz, 2H), 6.49 (d, J = 8.8 Hz, 2H), 6.15 (dd, J =
8.8 and 1.6 Hz, 2H), 6.12 (d, J = 1.6 Hz, 2H), 5.23 (s, 1H), 4.65~4.62 (m, 4H),
1.96~1.90 (m, 8H), 1.84 (s, 6H), 1.17~1.01 (m, 24H), 0.74~0.70 (m, 12H),.0.70~0.63(m,
8H). FABMS: m/z 1706.8 (M)+. Anal. caled. for Cio7H;0olrN4O4: C, 75.28; H, 6.44; N,
3.28. Found: C, 75.72; H, 6.57; N, 3.06.

£ = 1,4-Bis(9-octyl-9H-carbarzol-3yl)-2,5-dioctyloxy-benzene (i* & .37, BCB)

OCgHi17  Pd(PPhs),, K,COs (aq)
B(OH
( be Br Br toluene .
N g

/
CgHiz CgHy70

(37) BCB

H- 1,4-dibromo-2,5-bis(octyloxy)benzene (4.92 g, 10 mmol) ’
9-octyl-9H-carbazol-3-ylboronic acid (3.23 g, 10 mmol) g
tetrakis(triphenylphosphine)palladium (120 mg) » % »* 250 & 2 chgfFgpsg e R8s A2

-

TR T30 A4 A AT ]

THEZ =T B ~ toluene &2 -k H,O (1:1, 40

mL)dvR &30k » e TR R o FHF 24 PFE 0 FRLI Sk
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PR BE NS F TR EPG AR ek 0 X R AR R oK o SRR A R IR A
HE TR AL T I p AR RES s R R * CHyCly - n-hexane (1:20
REA )AL 37T 5% ¢ Wkd o A% 75% 'HNMR (CDCls, 400 MHz, ppm): 6 8.36
(s, 2H), 8.11 (d, J = 8.0 Hz, 2H), 7.75 (d, J = 8.0 Hz, 2H), 7.47-7.39 (m, 6H), 7.24-7.19
(m, 2H), 7.15 (s, 2H), 4.31(t, J = 7.2 Hz, 4H), 3.96 (t;J = 6.4 Hz, 4H), 1.92-1.88 (m,
4H), 1.70-1.66 (i, 4H), 1.41-1.16 (m, 40H), 0.86 (t, J = 7.2 Hz, 6H),.0.80 (t, /= 6.8 Hz,
6H). FABMS: m/z 839.:4 (M)".

& = 1,4-Bis(6-bromo-9-octyl-9H-carbarzol-3yl)-2,5-dioctyloxy-benzene ( i* & 1~ 38,

BCB-2Br)

NBS, DMF

(38) BCB-2Br

it L4 9 (7.3 g, 8.2 mmol)ia f23t 20 = & cHDMF 3% & » 250 % 2 K Hg »
2R {¢ #- N-bromosuccinimide (NBS)(3.06 g, 17.2 mmol)i% &>+ 20 £ 2 DMF > X {s
TARRTE G R o ARERAR R R IR S L A o B R ehde Al W {1

AL BT 0B IRE s R 2B Ak Y R R F

=t

\'&

BAKFRFE TS V0 R # % CHy)Cly §r n-hexane (1:10 #4f")# it &4 38
L %@ E4l & % 80%° 'HNMR (CDCls, 400 MHz, ppm): 98.29.(d, J= 1.5 Hz, 2H),
8.20 (d, J=A1.8 Hz, 2H), 7.77(dd, J = 8.4 and J = 1:5 Hz, 2H), 7.53 (dd; J = 8.7 and 1.8
Hz, 2H), 7.43 (d, J ='8.4 Hz, 2H), 7.28 (d, J= 8.7 Hz, 2H), 7.12 (s, 2H), 4.28 (t, J = 7.2
Hz, 4H), 3.97 (t, J = 6.3 Hz, 4H), 1.89-1.81 (m, 4H), 1.73-1.64 (m, 4H), 1.41-1.16 (m,

40H), 0.85 (t, J = 7.2 Hz, 6H), 0.79 (t, J = 6.8 Hz, 6H). FABMS: m/z 1044.4 (M)".

1% SuzuKi cross-coupling & = § & + R & #

G BAG R AP E ST Ao B S0 FASNEFH B
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tricaprylymethylammonium chloride (Aliquat 336) (& 4, &~ J& 4= 120 wt%), 1 mmol

gEFe 8 A8 > 1 mmol cHEEiL ¥ A > 2 @1 A PA(PPhs)s (0.005 % £) B 2 T #4230

Ak BB T KKAMIEF F =15 4vr - 2 toluene A AE 1 F A h 2M

Wy
=y

KoCO;3 "Rz iR » R4 £ 3 100°C 2§ § T F A48 [P o s it > AR AW
4v o~ 100 % 5 e 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 2-y1)-9,9-dioctylfluorene ¥2
0.5 £ < &7 bromobenzene £ & % F Jg 12 < FF v MEANTE BB L F A o (F

HLgrig o ByliR /%/’5'19 ﬁfj—"’kj K (IOOmL 21V/V)lpkﬁ,u“§ ’ LL‘Fé;’rg AR %4*\

Bt Al o # N B A FERS B A B UEE 0 B R RRNRE AT AR
e W e 5T Al “,’Tf o B s 143 g £ & 47 (flash chromatography ) 4 37 f &

FRA )R A G L E e (A fER F WD A S e 0 PFsDos
PFsoDo4;(pbi)lrs » PFsgDosy(pbi)lrie 7 14 & 4L k47 ~ 3 o)

PFosDs (P1) : % ¢ F42 > & & 60% > Anal. Calcd for (Cy9Ha0)es(C12HgS)s: C, 89.38; H,
10.20. Found : C, 88.78; H, 9.86 ° M,~ 20700 Da > PDI=1.95 -

PFgyD2 (P2) : % ¢ F]48 > 58%< Anal. Calcd for (Ca9H40)s0(C12HsS )20: C, 88.53; H,
9.63. Found : C, 87.63; H, 9.04 = M,,= 28000 Da » PDI = 1.70 -

PFs)Dso (P3) : % ¢ F48 > 2% 43% s 'H NMR (CDCls, 400 MHz, ppm):  8.54 (s,
dibenzothiophene ring), 7.97 (d, J = 8.8 Hgz, dibenzothiophene ring), 7.90~7.77 (m,
dibenzothiophene and fluorine ring), 7.69~7.60 (m, fluorine ring),2.12 (br, f-CH,),
1.15~1.00 (m, €CH,);.0.90~0.75 (m, CH; and CH3). Anal. Calcd for (C20Ha40)s50(C12HgS)s0:
C, 86.27; H,8.11. Found : C, 85.77; H, 7.98 - M,,=8560 Da» PDI =1.42 -

PFosDos (P4): % ¢ F%8 1 A& & 70%-e° Anal. Caled for (Cy9Ha0)95(C12Hs0,S)s: C, 89.00;
H, 10.15. Found : C, 88.24; H, 9.73"> M,,=49000 Da > PDI=1.85 -

PFgoDoyy (P5) @ % ¢ FH48 > & & 55 % o Anal. Calcd for (Cy9Ha0)s0(C12HsO2S)20: C,
86.93; H, 9.45. Found : C, 86.34; H, 9.03 - M,,= 19600 Da > PDI = 1.86 -

PFsoDoso (P6): % ¢ F4 > & & 70% - 'HNMR (CDCls, 400 MHz, ppm): 6 8.17~8.10
(m, dibenzothiophene-S,S-dioxide ring), 7.96~7.87 (m, dibenzothiophene-S,S-dioxide
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ring), 7.84~7.81 (m, dibenzothiophene-S,S-dioxide and fluorine ring), 7.69~7.60 (m,
fluorine ring ), 2.12 (br, f/~CH, ), 1.15~1.00 (m, CH; ), 0.90~0.75 (m, CH; and CH3).
Anal. Calcd for (Cy9H40)s50(C12Hs02S)s0: C, 81.69; H, 7.68. Found: C,80.78; H, 7.56 - M,,
=5310Da » PDI=1.32 -

PF77Dy(pbi)lrs (P7) : & ¢ ® % > & &F 60% » Anal. Calcd for (Ci9Hao)77
(C12H6S)20(Cy3H31IrN4O2)s: C, 86.69; H, 9.20; N, 0.47. Found : C,.87.59; H, 9.13; N,
0.39 - M,,=20900 Da > PDI of 1.83 -

PE7Dao(pbi)lryy (P8) @ + ¢ _F % - A2 F 55% - Anal. Calcd for
(C29Ha0)70(C12H6S)20(CasHa1IrNzO,)10: C, 82.88; H, 8.32; N, 1.43. Found : C, 82:59; H,
849N, 1.59 - M,,=9110 Da > PDI of 1.61 -

PF5D4;(pbi)lr; (P9) 1‘% ¢ FH F O A F  55% ©° Anal. Calcd for
(C29H40)50(C12H6S)47(Ca3H31IrN4O2)3: C, 84.45; H, 7.85; N, 0.55. Found : C, 84.24; H,
7.68; N, 0.43 « M,,= 20900 Da > PDI=1.83 ¢

PFsoD4o(pbi)Ir;o (P10) : 4§ ¢ F# & & 45%  'H NMR (CDCls, 400 MHz, ppm):
8.54 (s, dibenzothiophene ring), 7.97 (d, J = 8.8 Hz, dibenzothiophene ring), 7.90~7.77
(m, dibenzothiophene and fluorine ring), 7.69~7.60 (m, fluorine ring), 2.12 (br, f~CH>),
1.15~1.00 (m, CHj;), 0.90~0.75 (m, CH, and CH;). Anal.. Caled for
(Ca9Hu40)50(C12HeS)40(CazH31IrN4O3)10: C, 80.99; H, 7.34; N, 1.60. Found : C, 80.59; H,
7.49N, 1.59. M,,= 8000 Da > PDI=1.33

PF77D4(pbiOPh)Ir o (P11): 5 ¢ F 48 » & & 55% < 'H NMR (CDCl3, 400 MHz, ppm):
8.54 (s, dibenzothiophene ring), 7.97 (d, J = 8.8 Hz, dibenzothiophene ring), 7.90~7.77
(m, dibenzothiophene and fluorine ring), 7.69~7.60 (m, fluorine ring), 2.12 (br, /~CH»),
1.15~1.00 (m, CH;), 0.90~0.75 (m, CH, and CHj). Anal. Caled for
(C29H40)50(C12HgS)40(Cs57H41IrN4O4)10: C, 80.93; H, 7.20; N, 3.46. Found : C, 79.59; H,

749N, 3.14. M,,= 10500 Da » PDI=1.42 -
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PF;7Doy(pbi)Irs (P12) : % ¢ % % - A F 55% - Anal. Caled for
(C29Hu40)77(C12HgSO2)20(Ca3H31IrN4O7)3: C, 85.17; H, 9.05; N, 0.46. Found: C, 85.71; H,
8.60; N, 0.39 - M,,= 16700 Da > PDI =1.63 -

PFDoy(pbi)lryy (P13) : 4 ¢ % % - & F 63% - Anal. Calcd for
(C29H40)70(C12H6S02)20(CazH31 ItN4O2)10: C, 81.54; H, 8:19; N, 1.41. Found: C, 82.06; H,
8.16; N, 1.29 - M,,= 17400 Da > PDI = 1.65 -

PFs5oDog7(pbi)lrs (P14) : Jf% i H K o A2 F 45% - Anal. Calcd for
(C29H40)50(C12H6SO)47(Ca3H31IrN4O,)3: C, 80.48; H, 7.48; N, 0.53. Found : C, 79.77;
H,7.24; N 0.34. M,,= 5600 Da > PDI = 1.51 -

PEsoDo4o(pbi)Iryg (P15): 3¢ ¢ HH - & 5 43%° 'HNMR (CDCl;, 400 MHz; ppm):
8.17~8.10 (m, dibenzothiophene-S,S-dioxide ring), 7.96~7.87 (m,
dibenzothiophene-S,S-dioxide ring), 7.84~7.81 (m, dibenzothiophene-S,S-dioxide and
fluorine ring), 7.69~7.60 (m, fluorine ring ), 2.12 (br, /~-CH;), 1.15~1.00 (m, CHy);
0.90~0.75 (m, CH; and CH3). Anal.-Caled for (Ca9Ha40)s50(C12HsSO2)40(CazHs311rN4O2)10:
C, 78.13; H, 7.08; N, 1.54. Found: C, 77.52; H, 6.78; N, 1.34 - M,,= 3690 Da > PDI =
1.51 ¢

PF7sBCB,s (P16) @ % % ¢ 48 » & & 759 «'H NMR (CDCls, 400 MHz, ppm): 0
8.45~8.42 (d, carbarzole ring), 7.85~7.78 (m, fluorene or carbarzole ring), 7.72~7.65 (m,
fluorene or carbarzole ring), 7.50~7.40(m, fluorene ring), 7.19 (s, -C¢Hz-), 4.39~4.31(m,
N-CH,), 4.00~3.95 (m, O-CHy), 2.19~2.05 (fluorene-CHj), 2.01~1.94 (m, -CgH,7),
1.70~1.53 (m, -CgHy7 ), 1.46~1.10 (m, -CsH;7), 0.86~0.60 (m, -CgH,7). Anal. calcd. for
(C29Ha0)75(C62HgaN204)05: C, 87.16; H, 9.92; N, 1.36. Found: C, 86.86; H, 9.82; N, 1.24.
M,,=33900 Da > DPI=1.65 -

PFs)BCBsy (P17) : % ¢ E#% » & % 789% - 'H NMR (CDCl;, 400 MHz, ppm): o
8.45~8.42 (d, carbarzole ring), 7.85~7.78 (m, fluorene or carbarzole ring), 7.72~7.65 (m,

fluorene or carbarzole ring), 7.50~7.40(m, fluorene ring), 7.19 (s, -C¢Ha-), 4.39~4.31(m,
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N-CHy), 4.00~3.95 (m, O-CH3), 2.19~2.05 (fluorene-CH;), 2.01~1.94 (m, -CsH;7),
1.70~1.53(m, -CsH;7 ), 1.46~1.10 (m, -CgH;7), 0.86~0.60 (m, -CsH,7). Anal. calcd. for
(Ca9H40)50(Ce2Hg2N202)s0: C, 85.66; H, 9.64; N, 2.20. Found: C, 84.32; H, 9.32; N, 2.24.
My, =10700 Da » DPI =2.08 -

PF7,BCBy(pbi)lr, (P18): & % ¢ ¥ # - & & 72 9% - Anal. caled. for
(C29Hu40)74(Ce2HgaN202)24(Ca3H3 1 I1N4O2)2: €5 86.40; H, 9.73; N, 1.52. Found : C, 85.44;
H, 9.32;N, 1.43 ¢« M= 14400 Da » DPI=1.93 -

PF7,sBCBy s(pbi)lrs (P19) : § ¢ F 4 > A & 72 96 = Anal. caled. for
(Ca9Hup)72.5(Co2HgaN303)555(Ca3Hsz 1 IrN4O5)s: C, 85.29; H, 9.45; N, 1.74. Found: C; 84.82;
H,9.22; N, 1.44 » M,,= 17900 Da » DPI =1.53 »

PF7BCB,o(pbi)Iryp (P20): % ¢ % %2 - & * 72 9% o Anal. calcd. for
(C29H40)70(C62H82N202)20(Ca3H31IrN4O2)10: C, 83.49; H, 8.99; N, 2.11. Found: C, 82.87,
H, 9.12; N, 2.20 - M,,= 16300 Da » DPI = 1.69 -

PFsoBCBo(pbi)lry (P21) : % ¢ 48 » A 5%729% - 'HNMR (CDCl3, 400 MHz, ppm):
0 8.45~8.42 (d, carbarzole ring), 7.80~7.65 (m, fluorene or carbarzole ring), 7.54~7.38
(m, fluorene ring), 7.19~7:16 (m, -C¢Hz-), 7.04~7.03 (m, benzoimidazole ring),
6.75~6.70 (m, benzoimidazole ring), 6.44~6.43(m, benzoimidazole ring), 4.39~4.31(m,
N-CH3), 4.00~3.95 (m, O-CH;), 2.19~2.05 (fluorene-CH;), 2.01~1.94 (m, -CgH,7),
1.70~1.53(@m, -CgHj7.), 1.46~1.10 (m, -CsH;7), 0.86~0.60 (m, <CgH;7). Anal. calcd. for
(C29H40)60(CeaHs2N202)20(CasHz1lrN4O5)20: C, 80.04; H, 8.15; N, 2.92. Found: C, 78.24;
H, 9.75; N, 2.42 - M= 13600 Da » DPI = 1.56 °

PF50BCBy(pbi)lr, (P22) @ % ¢ # % » A F 85 9% - Anal. caled. for

Bl

(C29Ha40)50(C62Hg2N202)43(Ca3H31IrN4O2)2: C, 85.10; H, 9.49; N, 2.29. Found: C, 84.41;
H, 9.24; N, 1.79. A weight-average molecular weight (M,,) of 11400 Da and a DPI of
1.62 were obtained.

PF50BCBys(pbi)lrs (P23) : & ¢ #H % > & & 76 % -  Anal. caled. for
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(C29Ha40)50(C62Hg2N202)45(Ca3H311IrN4O2)s: C, 84.26; H, 9.28; N, 2.43. Found: C, 84.41;
H, 9.24; N, 2.39. A weight-average molecular weight (My,) of 10000 Da and a DPI of
1.66 were obtained.

PF5oBCBy(pbi)lryy (P24) @ % ¢ # % > & F 74 9% - Anal. caled. for
(C29Ha0)50(C62Hg2N202)40(€a3H311rN4O»)10: C, 82.85; Hy 8.91; N, 2.66. Found: C, 82.41;
H, 8.64; N, 2.38 * M,, = 10400 Da > DP1=2.08 -

PF5,BCB3g(pbi)lrs (P25) : 43 ¢ F48 > & & 74% - 'H NMR (CDCl;,400 MHz, ppm):
.0 8.45~8.42 (d, carbarzole ring), 7.80~7.65 (m, fluorene ot carbarzole ring), 7.54~75.38
(m, fluorene ring), 7:19~7:16 “(m, -CgH,-), 7.04~7.03 (m, benzoimidazole  ring),
6.75~6.70 (m, benzoimidazole ring), 6.44~6.43 (m, benzoimidazole ring), 4.39~4.31(m,
N-CH,), 4.00~3.95 (m, O-CH;), 2.19~2.05 (fluorene-CHy), 2.01~1.94 (m, -CgHi7),
1.70~1.53(m, -CgH,7 ), 1.46~1.10 (m, -CsH;7), 0.86~0.60 (m, -CgH,7). Anal. calcd. for
(Ca9H40)50(CeaHgaN202)30(CazHsz1IrN4O2)20: €, 79.99; H, 8.18; N, 3.13. Found: C, 77.41;

H, 7.14; N, 2.88 - M, = 11400 Da - DPI = 1.96 «
2-5 B FER
2-5-1 § *:BRE =

CVep®E % - 8 nmm REEFTEED L D& TFRagit, ¢t
TdsFRPaF B A RRFE BRETF AV R REE T
fem giv o Lo P R P T TR L B g AT 50 oot g AT R
A R P AT R EA G G B AT R LRI TRTT
g AU PRI, A fr“,ch? MR EFR S nE VB RT o KCV Bl > A
TR T (Bpe) ~ B HE% T (B ~ 8 1EE T i () 2 B HEE T n(l) 0 £ fe

£ UV-Vis s e 23 F - 1% 7 258 - +7 £ HOMO 2 LUMO i -

HOMO =E, +4.8
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LUMO =HOMO - E,

He 3 03 m(Eo)d RIFEZH 2> ;837 e048 512 ferrocence 7 P 28 8 ¢t

B2 %48 E; 5 UV-Vis iAo jainig > TR kP 7 F2 it EF M o B

I

shfz 5 Fipld 2§ - T =¥ ferrocene 2 i £ 4 >

7 ¢ B, £i2 Bl 241* UV-Vis

S A Wk ) & W el N 5 A

Pu = (As/Au) ¢S
1own % standard 4~ B g Sk 3 Bl @ AT
fe =2 bi # o SR : ? 7 7 diarylamine 77 bi

gt

2-5-3 ¢hIME F e F it ¥

d ¥ Sk B 38 a5 QEL ~ i3 38 25 b 3R § F 32 % (external quantum efficiency )# 14
¢ FYE i q y

Fal I A
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nEL:a-T-ylr-¢f ....................... (5\‘1")

a kI EAE RS F g= 1/(2n) ~20%
nt i adrit % (n=1.7 in Algs- based devices )

TIRIETHNE LR L LS

s—i%ﬁ"}i T HRARACEIRIARTEY R

P iR 18 2 1TO 33 Lk 5 4 gk EHE G AITORB 45 + >

Fo®s g ok A% 3 B 2500 o PERF 40 £) 0 2 F k480 100 °C B 30 A48
FHAr{s TR LI -
3. g2k & 8% (exposure and development )

b kg2 ke 2 ITO #7 » Rk i mask H E A ITO £ 6 + - R
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LR L 40 ) 0 Rk 2 18 et el BEERL BHBER R S

G
N
=
7=
=}

7oL B 120°C e 48 30 A 4d o
4.1TO #.33 2. 4 %] (etching)
fedld 33 ok R AR =50:45:5 (VIV) 23k 0 ¥ AR EEH 2 ITO
PR e L R 0 154 B B0 ITO 23 18 ik % ITO 33 > 2 2%
B0 I hgp g S e
2-6-2 itz )] iE
AR RAT T o F A P B & R AR (7 tooling factor ik 1t o4 FE i
B % RN S i R gk 0 S50 ¥ enfE 5 TPBL i PR REOREE P E
Bl B o ot g S A0HAL 0 S R a2 SN a0 B Ak ITO B2 6
IG5 TR F RS ITO BUI B R L G s L - #-PEDOT 7% 14 0.2 pm ¢
B R EF B R 16 T ¥20F e ITO L33 ¢ > 12 6000 rpm/40 F) 2. t5 22 » 44 @ 12 100 °C %
1) e SRBrIZEES > BRI L3R 05 (Bkr+) 202 (343
AL ) um i g B B gt T 320F & ITO 3y + > 12 2800 rpm/40 #) eiank i (& &
0T B )M L ORI % & ITO A3 b BET - 1TO 778 F Rt ik de
b EaES Y E 7 S FPEHGE 2 REF] 2 X100 torr T & (7 R4 T

2B e AR TF G G B E S ] 023 Als 2L B A VR e

-

FABICR S 4 LIF 2@ 5 5 0.1-02A/ 2% E 5 1 nmo iR & HAERZ & F
220 A BEE L 120 nme FELASEEFLEATRE T 4 7 By L
FRRZWAR T R o BVERE(S > Pl A T B RO Bar (T U LB
2-6-3 Hole-only 27 electron-only =~ i 4] it

Hole-only ¥ electron-only =~ i e8] i¥ 3 ;8 4rf OLED =~ i » 2 = B35 % f#:k%—
FRFEVEEARLT o

Hole-only =~ & fi%0 ITO gt > g w24 - A Y 50 nm 5
PEDOT : PSS » # 100 °C 45— [ pFig » B » £ 2 44 i'fﬁ%‘* o H-ERRIA A
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% ik 02 1000 rpm v 40 £ ¢ 2 %553 PEDOT 1 &« £cf4 » #-MoO; 48 T 15
WE G F4EE 0 2 ul4EF 10nm 22 120 nm > T % Hole-only = i o
Electron-only =~ i 1%l (¥ ;A B * 2 nm & CspCO; B~ hole-only = i &

PEDOT » 22 15 41 % g o i % » #-EFRIF B30 1 it 7 CCO3 1 ITO B - &

MR ZE R AL 4 Y487 4E o0 5 electron-only & i* o




% =% 1 1,2-diphenyl-1H-benzimidazole 3 fie = 24k & K

it e
30 WAL

BRI Ak il AP EhiHme N-6F8 M5 LiThE
@;};L&};% o Athe s B BT B ok AR £ o A o A

B & = < k7| benzimidazole fie = 1| & F B BRI F ek £ i 8 $[49] - iE

l\“‘

L Edein kB f v S kT d H ? 5w % (electroluminescence ° EL )

A it AR g s

34

FWT R EMEY R A T 2 s ARG 4 FR T (1)
VIR - R e S Al 3 R B RTS8 A S BT AR T R E i
BeF iR ET 7 UG s L Y R AR R B W S R G

B S 2 REHE < iTATA 4 p ‘\5‘? . % (self-quenching) 5 (2) 1% ee:k
s d iy B A -k ] B B (peripheries) # ek e enie £ % Pl 5 L Ba 5 3 5 dovk

B ipfhigd i R HE MR B B P L gk T o T ke

'

(light-harvesting)[92] % & = & »<J& (antenna effect)[93]: (3) F T + =* & iF B st

A SRS e R LR R EREE T g (4) SO

4y
=k
3

R BIRR G AR e S g KL AF A G R I o (R R o B A A
BERAE A 3 0 RS A 2 R A 2 e 3 f  ARA ALl
e (5) F7 R AR ORHOR A S o TR LA L A
2B g BRSO TT NBRGOD NEA RS bk s IR E N ko

hAe P o NP2 benzimidazole fie = A Rk 1L £ Frak WO R A S o
8 % ¥ % fk % 42 (solution-process) 27 3 #l iF OLED =~ 2 o & % 2L 6 e
Fréchet-type 7 dendrons 4k & b= » S d e % d 4k & o ickask d o
B % ko0 bis- & tris-cyclometalated 4k & B - £ P g8 feoi A
1,2-diphenyl-1H-benzimidazole % & 1‘? N Bt A H Bk Nl A B a2
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R enbf % o @ 3 4e fluorene e 7 B bk el o BIEF M 4 2 BRI ER > AL A

G2 [P et dp

R R

31 Hipms o

Hl
(GO)Ir(acac) Jét (Q
(G1)Ir(acac) @2 \@ @ @

IS

(G2),Ir(acac)

(G3),lr(acac)

o H

ON N
Ir

3

(GO)Ir

OR : {O

P <N o

(Gslr ©/ \© @ @
(G2)slr Ej é

(G3)3lr

Bl AL % B 71 3 ek 1+ & 4 bt B B

Q Q ;Ci
{ON,N - @,N,N . O 7 It ON,

3
CGHIS 6 13
Cf’H”t p/\o 6H13C6H11 CegH
\” C(Hn Cotis .O
(G1F)slr (25) ey o
(G2F)3lr (26) His céﬁ
(GIPhF),lr (27)

(G2PhF)5Ir (28)

W42 %= B %71 % fluorene 3 *F Bl it & 4 init £ 24

AEx L EF LA B kA H D % - B k] benzyl ether % M
(periphery) » @ % = & % 7| R 42 *} [ e benzyl ether %4 it 5 = # = Ap L+ 9

fluorene B~ % » @ it & %ﬁﬂ.&é—f?ill%?m 41 & B 42 -
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NN
2-methoxyethanol
@ H,N HN—@ + OHCOOH - =

OH

Gn
\Dn n=1,2,and 3

K,CO;, glycerol

(Gn),lr(acac)
n=1,2,and 3

W 43 Hkpe ik g4k &£ & #(Gn)lr(acac)f-(Gn)slr (n=1-3)

A T E Sk - Bk 5] etk B R 4R (Gn)olr(acac) 22 (Gn)slr (n =
0,1,2 and 3)# i £ 45 & 7 B 410 H Pk cfie Ak £ 3 A2 4 7 0 ] 43
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m 0 it &4 > GO (GO)lr(acac) » £ (GO)slr > » = g A= }gieﬂ * %[49] - &
& 4 N-phenyl-o-phenylenediamine £ 4-hydroxybenzaldehyde ¥ ) = it & 4
2-(phenol-4-yl)-1-phenyl-1H-benzimidazole (i & # 1) » ¥ ¥ benzyl bromide
dendrons (Dn-CBr) (n = 1-3) ** DMF at 100 °C ¥ 123 = 44 e i 78 Gn (1t
£ 4 2-4) (Scheme 1(b)), = #* k& (Dn-CBr) ¥ i & Fréchet and Hawker #< }F*Je (3
4018 [94] o W 4k & A< £ 5 (Gn)olr(acac)fe(Gn)slr(n=1-3) & = ¥ 27|
%> Scheme 2o H £ 3 ;U0 L5 ¥ 2 B % IrfClynH,0 fr GO-G3 2 = # 3
%m%%‘\# wm s RS &2 2, 4-pentanedione F JEF 7 (Gn)alr(acac) (it & F
5-7) » g de » FpthenGneiaglycerol ik BB E 190 Cak B+ #F(Gn)slr (it &
4+ 8-10) -

% - Bk 7] 5% fluorene & * Bleofol v & F 0 HEHORFe = AL gk & en
L2 Wkodo TR 44 frmeit £ 11 B0 £ 12 7 542404 5§ Bouveault aldehyde
synthesis ¥ ﬁﬁ' & 4s 181 & Suzuki reaction JE {7 - 2878 > i* & 4 11 &2 12 * NaBHy %
P B R fgag > m A W@ £ 138 140 f &0t £ 132 14> 2% NBS
(NV-bromosuccinimide)# triphenylphosphine #- hydroxylmethyl # ® ;5. i = % benzyl
bromide 472 ¥ & G| {# 1 &4 1582 16 ¢ = SR A F hE & p|d i £ 4 15
#16 # 3,5-dihydroxybenzyl alcohol » J& » ¥ & £ 47 2 hydroxylmethyl it &
AT 4018 e A (S it £ 4 17 &2 18 ik i & 3= 15 &0 ;440 & 5 2 benzyl bromide
derivative snit £ 4 19 22 20 - i £ % 1 p|d % 4 & < N-phenyl-o-phenylenediamine
22 4-hydroxybenzaldehyde & Fm {7 o it i chfiet A 21-24 B~ W4 * benzyl
bromide derivative i & # 15-16°19> 22 202 it £ 3 1 & d Williamson ether syntheses

mE®E > A2 F 30-90% -
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Céi}m @ CHO O OH @ "

CeH ;CeHi3 el CoHis CeH )3 Cotiz CgH; CoHis
11 13 15
OH B
BO: | gue () pr_(@) O’C {)-cHo (v O’O )~ @ "Q o

CeH CoHis CeHjzv6t13 CeH) Lot CeHisCHs

1, 6h; (c) NBS, PPhs,
, acetone, reflux, 24h; (f)

C, 16 h.

THE, 1t, 20 min; (d)

W 44 gk e AL 21-24 eng A

# fluorene chpH ke £ it £ 4 (1° &4 25-28) Rl % - B 5 5|7 chir &

Bt E5(GN)rs & %% i dnk > 2 I 45 47 o
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S/H,0
(3:1)
[N b
21-24 +1rCly. nH,0
i _—
K,COs, glycerol

4 HCI

+
n H,O 2

S=2-methoxyethanol 25-28

H A R 1 b & A s kg T8 g A w5

%124 2B 46 57 Bk =BT A L & 300 nm

(e ~ 10%10° M cm™)# % %1 4 fcff > benzoimidazoly ¥ i éhm-n* 8 - A

<

G3mz ! Xk & 285 nm 5 benzenoids (EF B o % = B & 7 enfe A Bl gk

£ 285 nm § #H5 % fluorene s foak LRl B )k e ~ 10%-10° M cm™ © ]

SR P EEL Y AN R SR L SR E LYY S S
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350-500 nm L% 3! # -] ¢ metal-to-ligand charge transfer transitions > 4c : '"MLCT

and *MLCT -

(GO),Ir(acac)

Cm
i
'w,, w"

,,w D g, ),

n»u,,,,,
< Mg

DDy
s
5,

Loy,
A

T TR e

500

W A7 & Bk 7 e 2K 2 Al 4k & e Tk )
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1.0

(‘'n-e) Ausuaiu| 1d

700

650

600

550

500

450

Wavelength (nm)

(G2),Ir(acac)

(G2),Ir

(G1),Ir(acac)

(GL),Ir

(G3),Ir(acac)

*
*
*
<

K

@

1.0 1

(‘n'e) Alsuaiul 1d

Wavelength (nm)

] » (b)E i

Fd end kol

s e s s .
SR 0 et

wr

2
X
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0.16-0.45 fiie i 1> RIF] S gk &+ 3 fp i de o 3 W enfp s (8% 4 > B £ 3 A
AP o B SRR A RS ALY R RS A S
Bt feiien o AP dRpl R A Rlicg it B 0 T OUEEL A F B aniER 4 2
weo Hgp g it & eogik and 4 ) & 1=1.25-1.97 us § B8 24k o

(GO)2lr(acac) (t=1.82 us)f=(GO)slr (t=1.07 us)4p £ * % o

1.0
—=—25
—e—26
0.8 —e—27
- —v—28
3
& 064
2
(2]
©
£ 04
0.2
0.0
T T T T T T T T T T T 1
450 500 550 600 650 700 750
Wavelengh (nm)
1.0
0.8 -

PL Intensity (a.u.)

T T T T T T T T T 1
500 550 600 650 700 750

Wavelengh (nm)
W49 5= B ks g v 42 2k kz (a3 " F2# 298 K#r& B > (b)H &
R
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] —e—@OIr ¥—
75 3 V—

B —A— 25 \* v
70 —%— 26

1 —e—27
7 —v—28

uantum Yield (%)

[

1N T

(non-radia

CHRHER S L5 4 (o Rl

RS SR

(28) > Dp (27 = (. & 25-28

(SO CEER G
R B R kR A 4 %Ja (concentration

quenching) » ¥ REE % >eH T % 0 B g f Op=0.15-0.33 g
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% 1 pei=f Gn (n=0-3)2 4 & Bkt 4 F (Gn)alr(acac) £2(Gn)slr (n = 0-3)::k

R
Jabs” (log €), o O g Dy, o i
(film),*
compound (nm) (nm) (%) (nm) (%) us) us)
GO 294 (4.3)
Gl
G2
G3

(GO0),lr(aca 2.56

3
1.43

3

3

25

(4.8). 279(4.8)

5

ﬂ@ﬂ‘gt&Amag

a 10-5
A AP ¥
RS e R
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22 B AR Sk TR %%

A ems( Ds) A em (Dy)

A abs (log € ), ! T
in solution film
cpd
nm nm, (%) nm, (%) s s
21 275 (4.63), 307 (4.73) 354

. 273 (it.szz%@ ‘_‘i._' . e
RN\ -———7/3
N S “ \“.‘l C

(4.6), 313 (4.6), 375
(4.1),410 (3.8), 453 (3.5
268 (4.6 3

(3.96

6

£ % 298
SRR
7% % 298

IS
~d g - K
O CV 7 ™3*% » 44 4 % ferrocene [HOMO = 4.8 + (Ex - Er)

) 3¢ E, = HOMO — LUMO.

)3 (P, = 0.4 in tol
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BRI FFi

A # Ak RZ E(CV)> AP R-B B AN LT CEESINEAZ o F

TA T AL R RE T A B EBI(Gn)Ir(acac) £~550 mV & (Gn)slr

dalr > F15 £ 317 I & feeh

4~370 mV % Ag/AgNOs % H&  (Gn)alr(

2t X §¢ e7 dendrons. B 5 ERLY A A i i3 (energies of the highest

occupied OMOs) eEoE : ocene (Fc=4.8 ¢V)
$ ¥ 5 .

DETRCR-RIRE

& P iy I (band g unoccupied molecular

orbital) it &

> HOMO 4r LUMO ¢
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%3 B kP& Bk L ag R R T e HOMO/LUMO it F#

Eo (AE}) HOMO LUMO Band Gap
Compound
(mV) (eV) (eV) (eV)

EE |
(G0),lr(acac) 550 @ i ili » 2.44 2.68

s @ S0 | s |
s

)
i

PhEG229) | w0 [ sesd s e
(PhFGL.Ir (26) 9700 < 4% ow .
camargn ||y s

(PhEG2)4Ir (28) (24

# LED s~ & g e B <P ABT nE R OE

B - ¥R A E L S ER o F Ay TEM (3 50 T3 k)
{o AFM (& + BAchr) R AL A P or @i 38 £ g en s o o
d TEM £ % ®l 5la @ & P2 3R> 2 PVK 5 host 1iF 54 B & ¢020-50 nm £

ZERF ORI EERRE TS EEBIPRRREF G RRE D
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electron-scattering cross section 3§ » 1% = /& "-4p 4 & o 4+ pe B] 51b - CBP & " >

Al4p ¥ PVK Z 32— it (homogeneous) » 2§ F A BLP T o

5

(a) (b)
(©) (d)

Bl 51 4% & 92 TEM 80kt (a)20 wt% (G2)slr *+ CBP - (b) 20 wt% (G2)slr %
PVK ¢ 4 & 592 AFM % . (c) 20 wt% (G2)slr > CBP> and (d) 20 wt% (G2)slr

* PVK -

Y PPl

(a) (b) () (d)
oo
| () | () | (2) (h)

Bl 52 2 edhf G5k 4k & 2. AFM 251t (a) 25 0 (b) 26 0 (¢) 27 » (d) 28 » (e) 20
Wt% 25 + CBP > (f) 20 wt% 26 + CBP > (g) 20 wt% 27 + CBP » (h) 20 wt% 28 + CBP
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v AFM ke ip|av g g G WirehE T FER - ¥ L E D 4 6 A
HREEE AP FR AL B LA i &gl
4o g CBP 48 cns s 3R 4p § £h7 4% © & ITO 3L3y + %% i — & PEDOT :
PSS 2z {8 f#-a B 4 5 ehit & g g 5 (B % 30-70 nm) - 2 & & 42k A& (root
mean square * RMS) &%= B & 7|5 5 024 nm o Ho& = B % 7|7 25-28 % e 5
RMS Bl & &~ %] 5 0.489; 1.055, 1.287,4=0.667 nm( B 52 )° @/ i+ & 4 25-28 11 20 wt%

v 43R CBP @30 RMS & 4 %) 5 1.175,0.741, 2.264, and 3.121 nm -

Al (1200m) Al (1200m) 22 , [
: 27 | 27
LiF (1nm) LiF (1nm)
TPBI (40 nm) TPBI (40 nm) PVK 42
X wt% Ir complexes in PVK x wt% Ir complexes in CBP PEDg"?'/PSS 4.95 TPBI Al
(25~50 nm) (30~70 nm) i ::5£T1::
52 ’
PEDOT: PSS(70 nm) PEDOT: PSS(70 nm) o3
ITO ITO \UA 6.2
Glass Glass ht LiF
1
device I

device I1 e
.Om

%'@@ b i
O CBP O CBP =

TPBI || Al

PVK ITO/
PEDOT:PSS |.495_

W Q - ST
\ / /n " NON ’
6_ o % Q;{é? \_j's 6.2
SOs NN ht LiF
r > 2w

™BI - energy levels of (Gn),lr(acac) and (Gn)slr

PEDOT : PSS

W53 EL = enfpaz forig v phple i 8 Sip e dpstio 1

Niprsr & XA B LR A NS s - B ATkt S A
Wi o A MR (Host)# 8 * # B = £ i 5 eh PVK (T, = 2.5 eV)[96]¥2 CBP (T,
=256eV)[97] b ¥ AR & T S BEREE A g <l e I U

BN BEBAARNE AT RS A R IEE o A AP RATERES B A
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%= ¢ () ITO/PEDOT:PSS(70 nm)/PVK:(Gn)slr 2 (Gn).lr(acac) (25-50
nm)/1,3,5-tris(N-phenylbenzimidazol-2-yl)benzene (TPBI) (40 nm)/LiF (1 nm)/Al (120
nm)fe (II) ITO/PEDOT:PSS (70 nm)/CBP:(Gn)slr £ (Gn).lr(acac) (30-70 nm)/TPBI
(40 nm)/LiF (1 nm)/Al (120 nm) » 4o~ 22 $f 22 4p §¢ i Ff 4o W] 53 #771 © ~ i g g »

APt 4

1.0 o
m (G3),Ir 5 wt% in PVK 104 ‘ﬁ_ : ((G;;)g:: zg x;’ :: E:I/E
o (G3),Ir 10 wi% in PVK L) (G2) Oo
%2 A (GI),r 20wio%in PVK _ 081 N * (G3),Ir 20 wt% In PVK
~ *  (G3),Ir 50 W% in PVK 3 L]
S e * el
< 06+ ~ oo . .
2 % ¥
2 c ‘ [ ]
- £ o4 i ]
£ = - %
o o "%
0.2 > . } t“ b
* O
X2 Sooldt 'y
m*******m}-
0.0 - |
; ! 7 X S T T T T 1
400 500 600 700 800 400 500 600 700 800
¥avelengthy(Qm) Wavelength (nm)
1.04 P = (Gl),Ir(acac) 20 wt% 40 3
3 x 0/
= hA 5 (GL),Ir 20 wi% ¢ (G2),Ir 20 wt% at 8V
=] = 4 0
& os- £ * (G2),r(acac) 20 wi% _ 08 H (G2),Ir 20 wt% at 10V
> % (G2),Ir 20 wit% g ] H - (G2),Ir20 wt% at 12V
‘@ 3
@ ~
S o6 e ¢ (G3),Ir 20 wt% > 06 j
£ @ I
IS @ i
o %5 S oad :
041 & = ¢ :
- X
] Lu :
0.2 § 0.2 H
0.04 0.0 _—‘i
T T T T 1 T T T T 1
400 500 600 700 800 400 500 600 700 800
Wavelength (nm)

Wavelength (nm)

W54 & &4 HEL L (a) # F o 5]5(G3)slr in PVK *+ 12 V, (b) (Gn)slr in

PVK *+ 12V, (c) 20 wt%e1 (Gn)slr 22 (Gn);lr(acac) in CBP ** 12 V, (d) (G2)slr in
CBP »t 8-12V

Ao~ T 1 EL %63 54a % 7 2 PVK# host st mp s gy o § #f
% PR A S i il < B 2e e el b S € %] Forster i £ 98 5

P B AR A IR A S e Fp > AAE- (PVK 5 host)? o H 3

i ¢ e 3.4 mol%(G1)slr > 4.6 mol% (G2)zlr = 6.9 mol% (G3)slr »

Jet
¥

F 2T F (Next, max) & F & 8.6, 9.7 %,fv4.45% @ &~ T 2T (1, max)

% 294,325 40 153 cd/Ae ~ & [ e M3 {8 6 & 333 e~ 2 [I (CBP % host)>
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il

R Fl2 - o GApAa TS 2 d PR ERKE A BRI A R o
AEIER § - BRI drhost 4L 0 CBP o st #4322 PVK Apd > F 4p 1

fgacfg > wig* CBP R 3 77 { % higd @ (D PVK > CBP 3 $~0.3

3
fu
[l

e ® HOMO &5 FF > 4 41%° @ F ¢ PEDOT : PSS ix » » i53 ¥ it § I+t 4
Tk @S o 2) CBP RaF 5 - BRi(FF7T T F 2T F) SR
[98] > @ PVK MR 4 HE ket 4+ o (3)4 £ it & 4% CBP = Wil » fip A
I oo dew & 243h o CBP + /9 8- B 2§ % %4 Bk 9 host HK > ¥
LR F ARG R * 4 |r(ppy)s 42 52 o

BRSSPI g oacac gk £ R T £ 0 F o TG BREROR 4 RGE
e = i B gk § F & (Gn)alr(acac) ® 12N (GN)slr o et o B
ke LW AR Eg e d (Gl)alr(acac) 1 (G2).Ir(acac) i = i~ i B it
L EALF S B R IR F A F (Pextmax) =7.8-8.1% 0 frE £ T AT EF (e, max)=
26.8-27.7 cd/A » &3(Gn)glr #r @l id a2 o Tt 0 B A S 2 A 0 AP E S
B (GN)Slr #+4f % 2 i o (GN)slris it Rk 4k & it 1L > BoT2 j8 o~ 120k ot
PRk R €.4.5.0-9.8 mol% > A ingwE 3 0 » & Burn c0§ 5% 7 [67b] 0 fI *
IrppyD : CBP blends (IrppyD = — & 5 fac-tris(2-phenylpyridine) iridium 4% < >
phenylene % ift % 7k, v 2-ethylhexyloxy =% & 4L®) o 2V i 7 3| g iz = * 5¢
Z4E 24T (1) (GL)alr & 20 wt% (7.36 mol%) 248 » CBP P »feximan= 12.6 %
Nemax=44.2 cd/A, B ~ 7 F 3T F (Npmax)= 30.8 Im/W > H Z585 T B (Von) =40V ;
(2) (G2)slr & 20 wt% (4.92 mol%) 2 3% » CBPFF » fextimax= 17.6 % * fe.max= 61.7
Cd/A, Np.max = 32.2 I/W > Von=3.5 Vi(3) (G3)slr % 50 wi% (8.7mol%) % 4% » CBP
B fextmn= 8.7 % * Nomax= 27.6 ¢d/A, fpmax = 8.7 ImM/W > Voy=7.5V o = it
e B e~ ] ik B A (G3)slr < (Gl)slr < (G2)slr = G2)slr #1 = ch~ 2 |
3 (GL)slr > A 3+ (G2)slr > i BB T ik PR e o B RE
Fstp ot i (Gl)slr % 0k R 3L % » $r4] F1% kR “TA 2 ¢ concentration
quenching o @ e eniFE2a e BT ~ s o blde o d (Gl)slr b'“rﬁ:,\l ey
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o B 100 Wt%dB IR o S AR E L feximax = 7.6 % o 1 (G2)slr & 0 B Ap

FiER » HAE5F L fexomax = 13.4 % o B R e (G2)slr F #iE e ik &
FREF VLA FIEIE 4 fos Sl FM G REGPA BT MG b

(G3)slr ¢ 7 #(G2)s3lr = Fenikdg»afly » Aa H ~ g » # 3 M3 (Gl)slr #7
it o J(GI)slr A R BRb R R 0 e R R A (R) > A PdEcs o d
peripheral benzyl ether #fHe = erffiok b 3 S enfs & 2 Fla feegd €37
Bk b B B4 & entos o qpgaat 2 1 d (Gn)alr(acac) & (Gn)slr #r i
S i S BL K F BRI B0 PL kHER 0 f 7 5 o A5 CBP

FLE A M A RGpd o e @ d (G2alr #ifE A 2o G Ay fE

it

Tt o e 8-12 RiER > k£ d & CIEZ R F 25 @ a2 (W 54d) e K& & 3%

B AP R sk ? 5 CBP £ 4p i PVK i 4 i host» 5 scehfi * 'k & 7k

-

S AU

¥ B AR & F R T anis

$1 - B A S A g iwiisk o AP B (R EL A i i 4p 0230w —
i# % 71 - ITO/PEDOT:PSS (70 nm)/neat 25-28 & x wt% 25-28 4% ;2 » host CBP (45-70
nm)/TPBI (40 nm)/LiF (1 am)/Al (120 nm) > J* = i eg e & 12 32 % 5 2 58 @ ITO
HIH LA . @ TPBI At 5 &+ fiﬁﬁ)é; T ACE TR e A o 1 RS N

P p AR e Arrglna it d > A BoRAvH A ~ 2 > 3 TPBL R + @
%]%] RIP< 2 9 A B orders » FIp gt A GAgdem o @ g HRena FE B TR Bl 4o B 53
#0on 0 AR s F 7|t & 5o H EL kB A B 55 -

g bR 88 EL end sk L S d ko dp it B Rt PL K o A1
EAT g BT CBP ik » g4 mae 2d A LR CBP #4 3] 2 8 k4 h
GEBI A FoT oA FTFETFF F P 7 LA 4B (trapping) tedk
/&5 A A4 B 3 (excitons) o BEAR @ * Manp kit &4 (# 7 host CBP

20 R ) R G 18 B HRE O (dew AFM i if) 0 R e fra

:3-\

B HEBEF AT A (oxma) £ 7.19% -

ok
i



24 5- B sslpkppok it 54 EL & 2o - T4
J =20 mA/cm?;
J =100 mA/cm?
VON Lamax Text,max T]e,max 77p,max L Mext e U ﬂ'em,max CIE
(atVv (atVv (fwhm)

emitting-layer VvV  cd/m? % cd/A  Im/W cd/m’ % cd/A  Im/W nm X,y
device 1

PVK + 20 wt% 35 6066 8.6 29.4 12.3 3239 (10.9) 4.8 16.2 46  522(80) 0.32,

(G1)slr (14.5) 6061 (14.0) 1.8 6.0 1.3 0.59

PVK + 50 wt% 3.5 . . 3485(8.0 ) 17.5 6.8 522(82) 0.32,

(G2)5lr 6046 (12 ) 6.0 1.5 0.60

PVK + 20 wt% 4.0 ~ 873 (1 4 4.41 1.1 516(74) 0.28,

(G3)slr ) 068  0.12 0.61
device 11

CBP + 20 wt% . 6 . . 4540 (8.8 522(78) 031,

(G1)slr 13661 (12.4) 0.61

CBP + 20 wt? 3 17.6 61.5 32.2 6213 (10.1) 518 (74)  0.29,

(G2)slr 16923 (13.4) 0.62

CBP+ % ) 213:(10 8(76)  0.29,

0.61

(G2)s
00

12
5.0

B 55 e A B] = 0 wt%3% 8 >+
CBP » (b) it & 8 i s
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—s-0—neat 25 1
—%-4— neat 26 1%

<
] 0 ~ 3
9 Q oy
£ w0 3 3
E c
3 £ @
= 1000 1500 >, S
12 ‘@ ©
2 400 g z
£ =
< ° £
o 104 I 5
o 300, O

A="g A‘A.A.A.A

Brightness (cd/l

PEDOT:PSS /& » 3%

a_
=
ko
W
\.l:’_{
\rn

A QR A S TR R IR S Eohft S gy #a
R - R-R B (I-V-L)cH (R 57a) 2 £ & F-0 a5 i B (F 57b)F

257 o A 5 CBP chiEsEa it » - ARV 84 26 27 28 £ I M ena B
BRI AR o M S AR 8 e (9914 F - Behi B — R S deshl 4
A R g R
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/‘F'i AR A Y a2 Y
EELI LA Fr2eF g T I KX UMEITFFRAE G
MEFAFEBE L 98136057

‘fr’ 9.0% » M B * T F
w oo 338,458 19.3 > 4v 31.1 cd/A &~ 3t it & 4 25-28 ehi

E—ﬁ&-—g‘/}é&lﬁ 4.65 »

AP - LS g _
J 7 3 4 ;}’;:_‘%: s B F)F i

5 o

VLT K99

(hopping sites . sta

o ¥t > dendror
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%5 F- B kFBHEAGR T &4 EL ~ Eonf k- T4

J =20 mA/cm’;
J =100 mA/cm’

Vo' max. max. max. max. L Text e o Aemmax ~ CIE
L e mm (at V) (fwhm)
(atV)
polymer V  cd/m’ % _cd/Al Im/W cd/m? % cd/A Im/W nm X,y
blend film
20 wt% 25 4.0 14005 98 33.8 212 3434(11.6); 5.7; 19.5; 5.3; 516 0.29,
(4.65 mmol) (16.0) 10954 (14.4) . 32 11.2 2.4 (74) 0.62
20 wt% 26 50 16229 13.6¢ 458 20.6 6926 (8.7); 10.4; 35.1; 127, 514 0.27,
(2.77 mmol) (16.0) 15711 (12.5) 4.7 15.7 3.9 (72) 0.61
40 wt% 26 5.5« 6127 94 33.0 94 3766 (16.2); 5.2 18.4; 3.5; 520 0.30,
(5.54 mmol) (19.5) --- --- --- (76) 0.62
20 wt% 27 50 11054 74 25.9 9:0 3332 (12.5); « 4.38; 16.7; 42; 520 0.31,
(4.20 mmol) (20.0) 9221 (18.1) 2.7 9.2 1.6 (74) 0.61
20 wt% 28 6.0 13876 9.0 31.1 15.0 4025 (11.5); 5.8; 15.0; 5.5; 514 0.28,
(2.45 mmol) (18.0) 10830 (14.8) 3.2 20.1 2.3 (72) 0.62
40 wt% 28 8.0 5814 8.6 26.5 7.6 3073 (15.8);  5.0; 31.1; 3.1 514 0.28,
(4.91 mmol) (20.0) --- --—- --- --- (72) 0.61
neat film
25 3.0 4895 3.6 11.4 103 1735 (6.0); 2.7; 8.7; 4.5; 516 0.30,
(10.0) 4375 .(8.6) 1.4 4.4 1.6 (76) 0.58
26 3.0 993 7.1 23.1 14.5 990 (10.3); L.5; 5.0; 1.5; 516 0.30,
(10.5) 502(16.9) 0.15 0.5 0.1 (74) 0.60
27 3.0 5711 4.6 13.7 123 1964 (5.8); 3.3; 10.0; 5.5; 516 0.30,
(11.5) 43408.2) 1.5 4.4 1.7 (76) 0.57
28 5.0 1235 5.0 16.6 9.5 1013 (10.2); 1.5; 5.1; 1.6; 512 0.26,
(13.5) 1081 (15.8)  0.33 1.1 0.22 (70) 0.60
Vo S8 T/ > % A& 5 lodm’; Ly R B Vi RE; flo, B+ A F 10, Timokd;m, # 5o

fWhm /}t ﬁ‘

3-6 &% /' UH| & onix &R (Space Charge Limited Current

Technique)

Space-charge-limited current (SCLC) flow :& i jiFe &# g & T §

17 @ vhx 7100] o B2 22 CBPdksd &% B1RE @ 3§ S5 12 [98] » f fch
electron-only == i » 24 i ¥ 5 W R BT 3 EL> Flpt CBP £+ chig fa 4 A
AEEE T vk in—ips VOURE 13 TPBI th i b o iz a3 ah ik

F A B R Flo 4p#Z. T > hole-only e 2| E Tk 0@ E ] { R A FE eiE

SCLC = iz > %‘%d oo T R ad BB F[101] o AP E R g 544
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J=9g06,1V? I8L[102] > Bii goe, MR A F PR F o 4 FfFEF oL
P REER KT FE-TRRIER > APT UEFAAHAR Blke, » N5 374
9.79 5 0.65 » 1.81 » 1.30 » 2 1.98 » A W% >t 12 20 wt%i® 4% ¢h(G1)slr » (G2)slr
25, 26, 27, and 28 ** CBP B~ 2 o Fpt > R pw 0 H F o B F 5 2.7 x
1095920 x 107> 1.85% 107, 9.80 x 10™, 4.76 x 10, and 2:43 x 10™®* cm?/Vs % A & &

3 (GL)slr 2(G2)slr» 25, 26,27 'and 28 &) Fzh= (2

14 .
0.1 0.1
0014 = 0.01
1E-3 + 1E-3
= =
< 1E44 g 1E-4
i S s
1E-5 +
ﬂﬁﬂ . 1E-6 = S B W
1E-6 o pﬂﬁﬁ —=—20wt% (G1)Ir in CBP . = 25 20 wt% in CBP (1.85 108cm2Ns)
= : -
JQAA =5=20Wt% (G2),Ir in CBP BT L N SR ©-50" 1000 "
1E-7 4 /A/ —5—20 Wi% (G3),Ir in CBP 1e8 A 27 20 wit% ?n CBP (4.76 10,5 cmZIVs)
ﬁ o 28 20 wt% in CBP (2.43* 10~ cm‘/Vs)
1E-8 T T T 1 r T T T T T 1
0 1 2 3 4 0.0 05 1.0 15 2.0 2.5 3.0
Voltage (V) Voltage (V)

W 58 = B R m I L i BRI R TR

Apv i _EL A @B g i p it £ 26 @it~ it ] > 25 4] (eeps

B @ L e 28 20l £ B 27 A dA i o i R g A 5 26 & 28 8]

3

A s R M G R 5 AP dERT R F] S A Tk A F B4 f
¥ @ YEPE 50 hopping sites distance © 18RI § = Bk 2 F B & ehn 2 JdF g s
Pl B F A Aok A S 4 R R B E FpE T F BT TS TR
L RLasF s 4 endp 43R A2 triarylamine distyrylbenzene 5 4% < d
A N Y I R e A = AU R LR SRR T o B
CBP ~iLchvic RFlF (L) @kr+ 2AETBETEF? (2) RF-TFHE
TPBI & RN R L EG ARl @ ¥ - B 47k A 3 RIF T F GHE

o BRI AT AAldai g $- B kR AT A4S T - B ordero T

¥

ic 4_¢t x8 ¢ fluorene ¥ £L3 4r 7 hopping site distance © # 3 & F & Ha g 'F K o
BB kR AR MR - B kA T oA E0S %u{s = 0 B s
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5% o @ TPBI 0§ 3 @ #2349 107 cm?/Vs o

2L >
3-7 g g

BF - Bk Aok e &4 0 A & 2 112 benzyl ether 3 <K H

71G0-G3 = X ek & K

TEB A G RS A

L

(0.45-0.80 ) : £ i i y Z > A48 b > CBP #i PVK

i /;g 7| >
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$¥wF 7 benzimidazole e > 2 4k & h+ B4R F A F Lsa P

-

RSB AT LR

4-0 HTE2FELEH

&y

h\

dom 1-4 & orifopi k4R T Ml L E H & 8 = E f ey 507 & OLED

~2E 3] 100% P 8 F A K[103] e Fpt o R g kil g e+ A B E

Mihot B AS Z t& % (polymer LED, PLED) s #7242 » 5. % K * %

1N
e
s

EHg Ao Bk b AR B R E] AFRE KL 2 FlAdet o TR
Bt AL e g 4e Botoskoando s IR A% Bk HR AR B xS 0 - BE FES 2
e B 127 &0 3 Y E SARE Bop A BB RE R A F S A

trhost ¢ 7 H eiotda g f A A kB0 [77-78] 0 A EEER % 3 AL

Blde D A~ B AT 2 B indp 4 3R R SR sty 0 okt £ H A 0 S8

Ldf g AZUL[104] - 7 LBFERB s R Bk T o S L BB B
YU e ) A DR R R R AR S SN M) PR gk HARIE BB A S eha
48[105] ~ R14&[106] ~ 11.& & 107 > R eni®2 ¥ U SRAcde £ H o F A+ 5 ) eng
e “ripd g ~ A 8§ L ej polyfluorene (PF), H = & i it 1§ (Er=2.10
eV) [107]2 & A 3 P(F-alt-C) (Br = 2.18 €V) [107] » 2 igfhcrs e A5 F FH = ¢
i #x F# (triplet energy level ) + i# = 358 o guest it £ * ¥ ¥ (back energy transfer)
TI47 F4R

Mgrdmz g tagran g todpd o Fla o AAAS a7
A

A
X R L LR DRI S R A

m-&\:
Bl \
ﬂnl

N

ZE R F R AF gt { R Rawik o bdeg ko

;1{.{‘“

2
=l
4ot
fon

Ko T FAFHET - Bk 4RI BRSO S A JFd 3 R SE X E
FATY T UAZA RS o blhe i 5 kTS G bleni B Fz L4 A
A [T6] 8 i E 0 plend I LB [B6] o fIr bikie o FR R E - BAT (3

A3 ) e ko PRE G K hpt -] 4o iR L o
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4-1 BLRFIEFELEARNES S 2

5

Q 2-methoxyethanol N N
CHO  + N HN—Q @

(29) pbi-Br

NN Pd(PPh3),, K,CO3 (aq) Q CgH13 CeH1a
) n:336 N
Z O ) lune, Aligua CL- O~
: \ l ' ' ' (30) pbi-F

DMF, K,CO3

= Br
fluorene
(31)G=Br
(32)

O
ah
Ir:

\O_

0o 2
g
(35) CeHi3 ;O
CeHi13 O (36)
B 59 pfeiA(it &4 29-32)82 H 4 & it & % (Ir-complexes 33-36) 14 =
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N

& > AP & A 7w B F benzimidazole fie =k chdk & B L S

i

(Ir-complexes 33-36 ) H ¢ Ir-complexes 33 &2 35 iz7 B> 7 5 Br e a2 -
FHRERL AT HA Bt £ 4 (Ir-complexes 34 £ 36) R (¥ 5 {8 5. o A
e N H Z4E B A+ (metal-free copolymers) » 4% & = i B ehg » 5
(Ir-copolymers)¥? 43 2 >+ % 7 £ e »—+ 1(Ir-doped copolymers ) '* #& H# PLED —~
Esrd o b B AF DG o NPy A F bl 5 L 512 dibenzothiophene (7 55
D) > dibenzothiophene-S;S-dioxide (#* %. Do) ° 1,4-bis(9-octyl-9H-carbarzol-3yl)-2,5-
dioctyloxy-benzene ( i 5. BCB) £ fluorene ((* 5L F) > & = 413 & B 1 A ehg & F o
* - = & 7| z fluorene-co-dibenzothiophene (PFD) &
fluorene-co-dibenzothiophene-S,S-dioxide (PFDO)en i 4a® & 3 > & & = & 7|5
fluorene-co-1,4-bis(9-octyl-9H-carbarzol-3yl1)-2,5-dioctyloxy-benzene ( PFBCB') %

carbarzole # &g & 5 2 4f; HHER A o3 £ 3 FHEEEENT
Rt &
et rsk g e w3

Z 8P~k gk £ B T £ 4 Ir-complexes 33 ¥2 35 H £ &3 2 3N 59 #r 5 o i F
g—zéﬁﬁﬁ?gﬁ—z}—“qégk[@] o it &4 338 35 4REF B AT R L F il 4R T

AF) S n B 6 &G AL E T RS R LT
A4AH AEng 2 gt

B8 B~ 1% e 1,4-bis(9-octyl-9 H-carbarzol-3y1)-3,6-dibromo-2,5-dioctyloxy-benzene
(BCB-2Br > compound 38) H A& = > 58 > 7 &ad 4 F BorEE (1)
9-octyl-9H-carbazol-3-ylboronic acid £ 1,4-dibromo-2,5-bis(octyloxy)benzene 5
Suzuki coupling reaction ¥ 2 1§ ¥ i+ & ¥ BCB (i* &4 37);(2) * NBS

( N-bromosuccinimide ) ;41 BCB > ¥ & #4855 BCB-2Br (i &4 38) > @
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carbarzole # L3l 2 FFH /A F A Fh Ep (Z £k ) > H & 244 60

AT o

OCgH17  Pd(PPhy),, K,CO; (aq)

B(OH

(OH); Br Br toluene, Aliquan 336 _ PCeHir

N ' " e <O~ )
i CgHy7

CgHy7 CgHy7,0

BCB (37)

Br,

¢

817
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()
S
(39) © 0 (i)
BI’ BrH (40) O i

CgH1£gH17

8!

- 1Dag(Pbi) s (P7) from
PF20D20(pbi) I (P8) from
PFsoDa7(pbi I3 (P9) from 3
PFaoDa0(pbiI 1o (P10) from

Q.D Oy Sag

H
87 " CgHiz CBH17

H
8H17
C H17 OAO
2720:3  PF77D0g0(pbi)
2020:10 PF70D020

1% Suzuki coupling ¥ & & » % ~ 3 PFD £ PFDo 4/ *
B8P~ % e Ir-complexes 33 & 35> it & 4+ 39 & 40> £ 2 & fluorenes (1* & 4+ 41 &
ADE B A & > FNF 62477 o AR EZBATALRRE T LEMES 2 XD

B A F(mol%) & & o b4r PF7Dyo(pbi)lrs (P7) e = & w5 77 mol%:h F, 20 mol%
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7D > 2 3 mol%:(pbi-Br)lr(acac)c @ 7 7 4rig 2 7 & D (2 Do) ¥ g 0 T
B 50200 87 50 mol%A B A bz o A4 BT A A A 3 10 mol% 0 1B
fRAE &l 20 ST end ¢ o i F A3 5 '"H NMR %3 % » gel permeation
chromatography (GPC) » fr~Z # 47& Tt £ Bl #+ 2> ~F e o HFAr

F e § T a4 5 F (weight-average ecular weights » M, )+ 5600 3] 49000 g/mol

H polydispersity index (PDI) 4 C 0 & BT 3R R L B P 51

% 6 -

1. Pd(PPhy),, K,CO; (aq), tolue
Aliquant 336

(33 + (38 + (4

0:0 PF75 5
:0 PF5qBCBsy
PF;,BCB,
PF75E
PFB

]

PFBCB 1% &

\1 fluorene

M3 9800 to 33900

ot
@
&

g/mol » # PDI # K . TN I E R A
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%6 PFD PFDo & 4 3 ¢ha 3 £ &

F : D or Do: Ir complexes(molar ratio) [b]

co-monomer in Composition in
B Mn[a] Mw]a] PDI feed ratio copolymer [b]
PFgsDs (P1) 10600 20700 1.95 95:5:0 94:6:0
PFgoD4o (P2) 16400 28000 1.70 80:20: 0 83:17:0
PFsoDso (P3) 6030 8560 1.42 50: 50:.0 53:47:0
PFgsDos (P4) 26400 49000 1.85 95:5: 0 97:3:0
PFgD02 (P5) 10500 19600 1.86 80:20: 0 88:12: 0
PFsoDoso (P6) 4000 5310 1.32 50: 50: 0 51:49:0
PF2:D0(pbi)Irs (P7) 11400 120900 1.83 77: 20: 3 7745:19.5: 3
PF10Dao(pbi) 1110 (P8) 5650 9110 1.61 70: 20: 10 72: 18.7:9.3
PFsoDir(pbi)Irs (P9) 6000 8000 1.33 50: 47: 3 49.5:482:2.3
PFsoDao(pbi)lry (P10) 5000 7380 1.47 50: 40: 10 52.2:38.5:9.3
PFsoD40(pbiOPh) 1y (P11) 7400 10500 1.42 50: 40: 10 56.4 :35 :8.6
PF7D0ogo(pbi)lrs (P12) 10200 16700 1.63 77:20:3 80:18.2: 1.8
PF70Doyo(pbi)lry (P13) 10500 17400 1.65 7020: 10 71.8:20: 8:2
PFsoD0.(pbi)lrs (P14) 3700 5600 1.51 50: 47: 3 51.5:46.5:2
PFsoD0.o(pbi)ry (P15) 2440 3690 151 50: 40: 10 53:37.5:9.5

[a] &~ + & 14 GPC #7ip|i8 » #1% 054 4 polystyrene

[b] & % fie =t v pld THNMR # 2]

%7 PFBCB % » 3 tris + 8¢ o

copolymer Mn [a] Mw [a] PDI monomer feed monomer
ratio composition
F: BCB: Ir observed [b]
PF7sBCB,s (P16) 20500 33900 1.65 75:25: 0 75.4:24.6: 0
PF5,BCBs,(P17) 5120 10700 2.08 50:50: 0 48.8:51.2: 0
PF74BCB,4(pbi)ir, (P18) 7400 14400 1.93 74:24: 2 75:25:0
PF7,5BCB3,5(pbi)Irs (P19) 11700 17900 1.53 72.5:22.5:5 70.2 :25: 4.8
PF70BCBo(pbi)lrio (P20) 9630 16300 1.69 70:20: 10 71.3:20: 8.7
PFgBCB,o(pbi)lry (P21) 8700 13600 1.56 60: 20: 20 65:22: 13
PFs,BCBg(pbi)lr, (P22) 7000 11400 1.62 50:48:2 50:50: 0
PFs,BCBs(pbi)lrs (P23) 6000 10000 1.66 50:45:5 50.3:45.5:4.2
PFs,BCByo(pbi)lry (P24) 5000 10400 2.08 50: 40: 10 55:36.6: 8.4
PF5,BCB3o(pbi)lry (P25) 5800 11400 1.96 50:30: 20 53:31: 16

[a] A 3 B 1 GPC #73p| 1 > #7#% ch%4 4+ 5 polystyrene [b] % % £t p|p]d "HNMR 2] %fe
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42 FAFEA

3 oeng A % gt £ A 47 (thermal gravimetric analysis > TGA) & # £ #F
fe + 2+ (differential scanning calorimeter - DSC) = —?{ T hF F TREAFRAY T E

A7 @ enliedg 72t & 80 . TGA en& 45 ¢ » AP # 1B 8 PFD & PFDo = %

PR A B R < i erature > T,) > izt it & 4 chk f2IE R

R 83578

64)° A kg A TR -
47 E RN Y R

310-409 °C (@

T R E

T T T T T T T T T T T T T 1
60 80 100 120 140 160 180 200 220
Temperature (°C)

B 65 PFD ¥ PFDo % 7% 4 3+ 0 DSC ¥ ps B2
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DSC £ 7> % »PFD & PFDo i 7|8 4 F g 3§ 45 8 & (T ) B & 71-130

°CrH T, ¥ D& Do it a4 “r3= (F65) 37 D (Do)t bl $#

223 §ev o 4Pl E 5 7 fluorene & 9 5pk + chk 4TI o @ PFBCB i 7| % &

+ > % 30-300°C R F LI T T, 2b28 2 s 4p % 1 ek i o

3

(
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43 TR

gEEp B g g A IR R% 2 (cyclic voltammetric » CV)
BE T EREN S TR F BN EAL o CV SRELAET 01 M h

tetrabutylammoniumhexafluorophosphate (BusNPE¢)** = # # =3 7% ¢ » 28 > 5%

ik

F R F o7 ER S 100 mV/s e
Ir-complexes 33> 345 35> 2 36 f| ¥ BLip|(F ¥ #Heng i & 043 0.32>0.30

% 029V 4p¥+4% 4 T 4& Fe/Fc’ » & PFD & PFDo g 4+ CV £il? » 713 Do

BREA % A FBRRT % 0 4o i P6 P14 o P15 @ H i trgchag A S b s
F 9 YRR P ARG dEenp 2 R o PRED & PFDO & 4 % ¥ MBRI T 7 i eRF WD

(= :10.90-1.10 V Ap$ Fc/Fc" %4 % & o« # 5k & % ¥ L% 1) PEDo & PFD &5 i# &
leng it g 24 PFe@ 43 PFBCB> 5 CV 2| H 5 it ¢ =075 & 0.59-0.66
V vs. Fc/Fe' > 4p# PF 5 1% o &3 7 4 carbarzole ™ + 51 » & A F A 4aap% » 7 7
EME LT R P AR R R R A T RE -

B &+ 2 3§ #E sk ik (highest occupied molecular orbital - HOMO ) it & 4p4f
*+ ferrocene (HOMO=4.8 eV) > 7 52+ 8 $ {8 o & ¥ vz 4z 5k 2% 7 0-0 transion #& {F &
°] 56 P4 (optical band gaps + E;) > Flm ${# LUMO # & - #HOMO £ LUMO i; £
a3 4 o PF :hHOMO=5.77¢eV [109] » PFD ¥ PFDo % ~ <+ HOMO % i
TR 5.52eV 3] 574V 4 FAFNF LT e AR EAT BOR FIT
i % D(D0o) #aghzed foirid £ o H 0 RE R KA A Wi 4o
HOMO i: F# - PFBCB % @4 + > H HOMO % i* 7 229 @538 eV @ PF ¢

T 8 5.76eV > 51~ carbarzole B P BRebdk T F it T o SR o A

% A3 P(F-alt-Cz)+ > % 4p 02 endg %[110] - HOMO £ LUMO FL % 530 4 9
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59 4B INFAG L EFT TR

. HOMO LUMO . Copolymer or , HOMO LUMO .
Copolymer or complexes Eux (V) vy’ (VY Eg complexes Eo (V) vy’ (V) Eg

Ir-complexes

33 0.43 5.27 2.25 3.02 35 0.30 5.10 2.0 3.10

34 0.32 5.12 2.02 2.40 36 0.29 5.09 2.0 3.10
metal-free copolymers

P1 0.98 5.78 2.84 2.94 P4 1.01 5.81 2.89 2.92

P2 1.01 5.81 2.89 2.95 P5 1.03 5.83 2.89 2.94

P3 1.07 5.89 2.71 3.18 P6 n.o. n.o. n.o. 3.10

P16 0.60 5.40 2.48 2.92 P17 0.58 5.38 2.28 3.10
Ir-copolymers

P7 0.91 5.71 2.76 2.95 P12 0.93 5.73 2.78 2.95

P8 0.91 5.71 2.76 2.95 P13 0.93 5.73 2.78 2.95

P9 1.12 5.92 2.74 3.18 P14 n.0. n.o. n.o. 3.10

P10 1.10 5.90 2.72 3.18 P15 n.o. n.0. n.o. 3.10

P11 1.02 5.82 2.64 3.18

P18 0.62 542 2.30 2.92 P22 0.61 541 2.31 3.10

P19 0.65 5.45 2.50 2.92 P23 0.66 5.46 2.36 3.10

P20 0.63 5.43 2.51 2.92 P24 0.63 5.43 2.33 3.10

P21 0.62 5.44 2.51 2.93 P25 0.64 545 2.33 3.10

“CV/ R & i a daieddms g $ ferrocene B/ # T = E, =490 mV vs Ag/AgNO;; Ag/AgNO;
T . FFpiE F 2 100mV/s. T f# 5 - Electrolyte: tetrabutylammonium hexafluorophosphate. n.o. =

;‘Z’ﬁ B o "HOMO iz F#* CV T =82 %% $ ferrocene & 2 3 [HOMO = 4.8 + (Eoy - Ero)]#71% ©

¢ LUMO it fg iz 2 38 E,=HOMO-LUMO @ {8 » iz42 0 E, &.d it & 4 v g L3 7 0-0 i 5 7 3

4-4 3~ 3 kBRI
A Ak B ?rr—s g A W] ST R o Ak kg o = F i pr o kT A 2

B3 257 #3984 53 -
4-4<1 w2k ¥

PFD 2 PFD0 § 4 + e {7 3k 3 »> [ 66 #7771 » 2 e kg He 7% & -+ - {) 66(a)
¥ ] 66(b) = metal-free polymers & = & ¥ = e kS A B A & STk £ 4 ]
%) A 336-385 nm ﬁﬁ?rﬂ%?;g o A st e A B A+ P3 (Aapsmax—= 336 nm)E2 P6
(rabsma= 348 nm) 4 21 55 fc 36 3 82 4054 % 3 5 2 PF (hapsme= 385 nm)F =4 et

oo METHILGE D 28BN DA DoH s HAE AT 4AS ) HE g

¢

AT BUR R F R B 2 oo Ap i enfA) s g 4 4 Ir-copolymers § P oo % =

2,

® s 7 chg A 3 PFBCB e fc 2+ ] 67 i » Hexfc k4 75 BCB 3 £ %
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A p E A eI ek @ A 4 10 -

I T T T T T T T T T T T 1
250 300 350 400 450 500 550 600
Wavelength (nm)

B 67 PFBCB )i 7|8 A F it & $o chmx Jz k3%
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410 B & F ok

//"ast max (nm) ¢ //Labs; max (nm) ¢

Ir-complexe

33 303, 316, 388, 416, 450 34 340, 400, 452, 472

35 256,304, 315, 372, 403, 430 36 295,317, 376, 400, 428

metal-free copolymers

P1 375 P4 385

p2 375 P5 373

P3 36 P6 348

P16 71 343
Ir-copolymers

p7 370

P8 373

P9 350
342

s AL R g e
A 4B -k ot

on band

A X7 gk & : 34 w5 [F] 6822 §169
“t7% o # PL% 3§ TP . UENE R 5 AR OTHES
metal-free copolymersz_ *x % k2 4 ¥ & o1d K2 N (A= 37431450nm ) » i p

-

W F AT AL h ot Ecd i (F68h) o Aok rR ek o i f IR R NILANPLA

#HoP3{rP6 AT LR EHEAR AR PLIr P4 45 AR EpFA B0
£ £ 342 3nim @ EFGEEFN 292 12 nm e 253Kk T - PFD (PFDO) %
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7% 4k & Bhend A 3 &% Ircomplexes 34 #2 36 12 % ¥ 482 & metal-free

polymers » = *‘F‘f s # 711 27 metal-free polymers 4p 02 PL k3 » T3k jk £ 5 5

B4 LT (W 68D) - d 27 dms 4 A3 R A B i R A GiR ik BPL

XA Eeo

—o— Ir-complex 33
—a— Ir-complex 34
—<— Ir-complex 35
—#«— Ir-complex 36

400 450

Wavelength (nm)

® 68 PFD £ PFDo % £ " ¥k o (b) * THF

i o (c) - (f) AW
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1.0 —o— Ir-complexe 341.0
—o— Ir complexe 36
0.8 —— (pbi),Ir(acac) 0.8
0.6 0.6
0.4
0.2
0.0 2 e
10 450 500 550 600 650 700 750 10 350 400 450 500 550 600

PL intensity (a.u.)

—=— P16 + 2 mol% 34
—e— P16 + 5 mol% 34 —=— P17 + 2 mol% 34

0.8 —4— P16 + 10 mol% 34 0.8/ —e— P17 + 5 mol% 34
—#—P16+20mol%34 7 N —— P17 + 10 mol% 34
—+— P17 + 20 mol% 34

400 450 500 550 600 650 400 450 500 550 600 650 700

Wavelength (nm)

W 69 PFBCB 47|% A 5 ¢ PL L3¥H :(a) &4 B ¥3% > (b) » THE%

A

w? o (e) - () FIBA-

Bl ERE 0 R fk A B s 4t Ir-copolymers F] Forsterar & 88 # L0 %
che TR Bl ék &4 Héeéx ( ®68d ~ W 68e) - Ir- copolymers & i £ ## 4% <
FE g sk £ g £3molofF o ARG AT A X 2l E L &
10 mol9g ¥ » P A%z ”T*”@i $ o Gk A dend ko 54k 5 E #Ir-copolymers £
% # 4% £ 2 Tr-doped copolymersAp & begi » 7 g i £ e sn g oo s —fﬁ
g SR G BRon EEMS Y Y meHFIE 5 = (1) A donersirc k ok F 2 accept
ek FE e f 0 (2) A doner acceptz [ crjp ¥4 5 (3) S_doner# accept
2R o R AR MR A HE BRI R A F A > eSS
R AR RES
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£11 FAFaPLkH  kLAHHEFZ5- T4

AL ma> D¢ ApL mas D/ Dy ¢ IpLmae @ AbLmaxs @ /Do w4
(nm, %) % % “(nm, %) (nm, %) (nm, %)
S i S =
33 518¢  30° 539 /3.6 34 566° 25° 578 /25
35 510 22¢ 523 /23 36 510°  40° 520 /33

metal-free copolymers
P1L 418" 75"
P2 418" 45"
P3 384" 30 P6
P16 418" P17

440 34/-- 0.33 ns
28/-- 0.49 ns
15/-- 0.60 ns
0.38 ns (75.8%)
1.69 ns (24.2%)

"

Ir-copolymers
P7 418 ’ ; 0.30 us
0.10 us

P8
0.31 us

9 us

17

78.8%)
21.3%)

) s
2 us
12 us
Ir-doped

P3 I K 1.17 us

P3+ 1.04 us
P3+10 0 34 . 0 0.94 us
P3 + 2 mol¢ 1.17 us
P16 + 5 mol% 34 /8.4 1.07 us
P16+ 10 mol% 34 S % 34 56 --/6.9 1.15 us
P16 + 10 mol% 34 4 564 -/5.8 1.12 us
P3 + 10 mol% 34 564 -/ 2 564 --/5.0 0.97 us

“ipl i*:"ﬁﬁ § toluene 3% » %% # % Ir(ppy)s (@pr=0.40 in toluene) > % 4 £ % 410nm T | & o °
#18* THF 3% » %% 4 5 curmarin 1 (@p = 0.99 in ethyl acetate) » % A & 5 350nm T | £ o ¢
PN RAFREGR T ERIF I HA R RS AL L 350nm TR o ¢ FEN . pE
298K -
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Flo Mgk & i idalt WP H G ERHB > o HW G RDE L 2R UL
% i g A 5 P11s £ ¥Ir-complex 3643 R > P3 > ;ﬁ R B A AR IS 4P
¥ i (Fl68e o H68F) -

m PFBCB s |8 4~ & > PLE+ 3 40003t % - B 4| enF = H R 4o P17
AEGTPL6 3 R B OE AR e i R HENA WM OFEH$9224nme o

‘«?E'J

A\’s
n»

B o g KNG A S 2R k0 R CYR A S 0 e ot

(W69b ) P16 P17 s & B it " pF i d & g5 ¢ cnd ko @ P18 —P252c &4k i j& %
Frdfend X o4fked gma s Big At bl 9 o £2mol%p*
PR BEBAG DA Flptcdignkd s Mg A FAMEPR I B A5 F 0 bl
$110 mol% 1z & 0 2z di 4k & 4+ icshif ¢ £ (B69c ~ W169d) - 4p ilr-complex 33
sk d ko oy HEBFRF A > 28R 5 Afluorene s B BB (8 0 4k & ek d
g P A B W G C B IHE KDR G o 5 b1 F FIBCB; £ § 9P2227
P23+ 3 4p 3 P1922 P205t £ »c % 4 & o @ Ir-copolymers#? ;& 43 shlr-doped
copolymer P16 2 P174p b i » S 58 %~ B 4 7 eng » F F 4p el % > iR 3B &

«urﬁﬂé E -ﬁﬁ% )9:—-1‘ ﬁkli (m69€ > M69f)
4-4-3 = & g5 fg

d 7%y P UBERILEES ST EFZ L+ D (Do) ¢ BCB &=k

|l

-
Svm 3 de o F]pbo iRl § metal-free polymers % toluene /38T R = E i i FE
(Er) #2540 [P1>»P2>P3:P4:P5: 7 P6 i fr & Ba 2.25,2.25,2.39,2.24,
226 & 2.36eVe
m . PFBCB e 4 F ¥ »P17 ¥2 P18 i Er 7 toluene ;3 | T 4 W] £ B ] 2.22 eV
#238eVen B A A+ kS Er ¥ § 0% Jrdf B anPF (2,10 eV) [107]% P(F-alt-Cz)
(2.18eV)[107] > & hEr i i @ d bk 4 fpen= € v @2 3 A F 24 By F
EAaBadpA A MEFAFZE A EF o WT0 S EER R A W TL S AT

XA BeEEERRY (V£ 342 36) H = £ fi ¥ metal-free copolymers =
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06

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

04

Intensity (a.u.)

450 500 550 600 650 700
‘Wavelength (nm)

Bl

P1> P25 P4 P5 ¢ P16
B P35 P62 PI7 R4k & B k2 L4 F 9l o 502 & A pehdas o 7
RAELAHEAFIZ T UFFNA R AGEE Y BFIF A 2 £ A S

% ieigs § R EIIPLZ ELawaf e N ifs U fp il cn i 2 * A Ir-copolymers
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4-4-5 §3F & ¥ (quantum yield )

Ir-complexes 33-36 » H ’&_;E_‘Js‘é’_%i WU EARIBE T AR E SRR EF AT A
Bl 5300255220 ¥ 40% 0 E AL E SR A W 5 360255235 873300 ’"Lrp £

et Erag it e AF YA 1l 2 B 5 7hg A+ & THF

A%

~%

/

R R R EF AT (D) &2 B 5 30-75%2 14-70% .0 Bl i 2 mak £ 3 A F

>

(®,) % 0.4:1.0%%2 1.6-12% o % = i & 7| hrmetal-free polymers ¢ “£¥ D (Do)
g Sl K R B A% T i BT D DO S AR 3 et ch

=i 21> BCB " fhg 2 Rl4 7 7

*‘F

LR+ AE[IIT] > @ $ 3% PL »c e e
Pas Feny SETEF

4 >t metal-free~copolymers © = & % 7|7 Ir-copolymers &= & + & 5 & Mg 4%
g2 a T T = € fi-= € 8% (triplet-triplet annihilation ) & )k
A (concentration quenching ) #7333 o Ir-copolymers 2 Ir-doped copolymers #4

LS AFEFBZEAAEY B33 05 0 gAML - T A T

|

W

FIFEFAFOY A BCRAB AR AF o L3 henFipl> ¥ M1 F =

Ecng a3 kX RS PN A PR 0 = E B A IFRE F A

TRy

HIEER FEoA P RE s AR F TR F AR B EE 2
— o F]pt A i ARM (atomic foree -microscope ) ¥t #7 @ B g & 3 iE (7 R
B BRI SRR G @ E O A o A PERE A AR F RN AT o Ao
P17,P23 > ¥2 P17 + 10 mol% 34 i& {7 AFM eip| £ -

#E 2 ITO 333 > - % PEDOT : PSS 3z » 3 A F g >+ H + >
Wk $) 60-80 nm o »2 AFM gL Fl ek & T R (root mean square » RMS) B ¥ e

# @ P17 > P23 » 2 P17+ 10 mol% (pbiF)alr(acac) s % & 2.197 » 0.826 > £ 1.426
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m PFED & 7] » 2L &2 5] 0.822 0 0.968 » 0.739 » 1.110 » 0.854 nm B'| & %] ¥t
B> P3>P9>P10>P3+3mol% 34> P3+10mol% it & 4 34 - A ¥ "‘1;}5;'] -
—I%iﬁ‘@ J_ﬁ$ %&"@7"3/” ’:,E"E}‘ ﬂh'ﬁ"% /wm,ﬂ‘io.\aﬁr”ﬁ '/"—g A+

FOARE P& R

(a) (b) (C)

(2) (h)
W72 %4~ RS OAFMAF R B, (a) P17, (b) PFsoBCB4o(pbi)lrig, (¢)
P17 + 10 mol% it &4 34 (d) P3, (e) P9, (f) P10 (g) P3 + 3 mol% i & + 34, (h) P3 +
10 mol% i+ & 3 34.
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4-6 T pE

AR

Ir-copolymers, and Ir -doped
copolymers (80 nm)

: ITO/PEE nm)/

KIS P SR/

metal-free copolymers (60-80 nm)/TPBI (40 nm)/LiF
ITO/PEDO ‘\'rq“vﬁ"‘ ;

nm)¥ ITO/PEDOT-PSS (70 nm)/Ir-doped copolymers (60-80 nm)/TPBI (40 nm)/LiF

0 nm) ;

(1 nm)/Al (120

(1 nm)/Al (120 nm) > % = @ s 5|enB A3 4 Bw— B Ao~ 2 flicipl o hinif
TPBI i * & €5 @k o F Tk lagl » F 2207 TPBL B~ oes > 1 7]

2 i order o ~ R TR T ML A $a P B TR RV B 74
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20 ] ¢ 278 €
i) 2.48 )
2.69-2.47 2.7 2.7
4.2 4.2
ITO/ polymers Al ITO/ polymers Al
PEDOT:PSS TPBI PEDOT:PSS TPBI
52 52 |eccoo

Bo-dxm3 o ELRA A

2 e

27 j7 4t #i_(charge trapping ) ° % EL & 3 % ¢2 B fi % PL S 3 4p 02 > 2 93
R IRy

GazzES
(energy transfer )
¥ 5
23 eokz2 o F EL¥ PLAEH3 L8> ililfrﬁ‘?]*“ charge
trapping ° @ charge trapping ¥ % 2 3t — B kAP 3 A RO FFATR O X R R
FF B AE MR o RiE B A NPEEZEN AR SR A

h
- B

» d %t 5 charge
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700

—=—PVK
-0 PVK +
PVK + 10

‘ = PVK + 10

% 71 e Sk 23 [B)

L 896

Py ¥
_EF],i

D &7 P

he P75 P12 #i e i 5 B 7 2.25
CURGERD- )

m P11 @ > G 2 4 ¥ 2 5 i# £ 7+ 10 mol% >

ek o

% 10 mol%Fp »

< B o

SR ik JE SR ELE G
B F 8 gk & heh® Er ¥) 2.44 eV (B 75d)° @ Ir-doped copolymers £ EL 3§ 7]
% Ir-copolymers 4p 07 > f& iy £ &4 guest } R FAPROT{E F b5 - L g o A
EL £ 3 B>+ @] 75e o 4o % #-host 11 PVK B~ % » Bl k4 & iy £ 45+ JE 7 7

FdF i % o ) 75f -
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1.0

0.8

0.6

0.4

0.2

0.0

1.0

—=— P17 + 2 mol% 34
P17 + 5 mol% 34
A— P17 + 10 mol% 34
— P17+ 20 mol% 34

EL Intensity (a.u.)

3|8 EL %3 ¢ 5

FRBrcRn 0% EL %3k do] 77 UEL %3 F- ki MO

£ % 586 nm) > @ #H CIE (Commossion Internationale d’Eclairage) coordinate

distribution 4§ 78 #t71 o A F AR PF > charge trapping i & 3 4 >N M PR endk £ 5
Fo R Ak S A Rk o FRAFHE AP B SO R RO L

Fom AR alfang A3t BgE s FIPRRES L ant bbb 4 o K P19
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2 P22 ]S o AR T BB P22 i RS B PLO 0 T & Brichi

B % o

6.0

55

50 —P197V —P237V
~ 4591 /N P18V 283 P23 9V
3 40 [ P19 10V ;2 it P23 11V
Z 357 A P19 13V y [/ B P23 13V
é 80 X/ RN ‘ : . P23 15V
<

| [low voltagel
1 E

'

"0

0.4

[ Sl
metal-free copoly. 117 : % % (Deximax) 2 F 32 H (Momax) * B %
3B (L) & T PSP 15 fow = LTT% 1 =
0.71 Im/W » L jnax = 1726 cd/m” at 14V » '@ 4p 07 9 5 4 5 _P5 JE 18 (exe = 1.53% > 77
=0.95 Im/W > L nax= 2330 cd/m*at 14 V) o fig * Ir-copolymers f& » 2\ i #7 & {8 e
it e & % B P (exe = 0.90% » 77,= 0.73 Im/W ) 22 P10 ( 7exe = 0.94% > 17, = 0.94

IM/W) > P7 ( 7ex = 0.80% » 7= 0.48 Im/W) 22 P8 ( 7exs = 0.60% > 73,= 0.64 Im/W ) »
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4000 —
—=—pP2

800

3504 —o— P5 Cm

—a—P9 700 P2 g
3000 —o—P5

—2—P10 6004 —a—P9
25004 —x— P3+ 3 mol% 34 —a—P10

500

—+—P3+ 10 mol% 34 —*— P3+ 3 mol% 34

4004 —w— P3+ 10 mol% 34

300

2000

1500

Luminsecence (cd/m?)

1000

\
Current density (mA/cm?)

500

ID/
LaanassanasaaBef®e L o llaase

2 4 _6 “a-

DU

s BIE, P
Ir-complexes 34 £ bR o st 22 3 & 10 mol%
&1 Ir-complex 34 2.631Im/W) 12 ( 7ex
=232%" 1,=2.16 Im/W ) - £ polymers = i#4p +* #& > Ir-doped copolymers 7+
R RN RAF A EL s o APdplov a RFG (1) miEaan BES > (2) F
g+ & B 0 U E (3) bt £ 8 guest W iB host B A F o AR K

7 A B P EL 2% LBl 79 4 75 2. o @ iR 3% 3 > 10 mol% Ir-complex 36 *+ P3 & » »%

FH (7ex=023% > 7,=027Im/W) "2 %2 (7= 0.21% > 7,=0.05 Im/W ) » >z 5 £
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g F] 0 _d 3% Ir-complex 36 e Er=2.44¢eV > @ P3 e Ep=239¢V > it £ % &1

HA T ehgueste Flm > A AL PR ERRB AR ARFARLE -

7

PFBCB % 43 2 PFD % A3 § FAp i cnfia,  # A tocdd S BHHE E

T AHERRENRD AR AERFH AR BB R HOEE S § &

kR BCB P H e A 3¢ L &4 o F A Ir-copolymers

= 2.87 cd/A) > P19

(next,maxz .8 : . 0 Cd/A)-'f—t’ P23

Nemax = 3.45 ¢d/A)> P22 (Hextmxa = d/A)> P21

> Me,max —

—u— P16+ 2 mol% 34
—e— P16+ 5 mol% 34
—4— P16+ 10 mol% 34
—o— P17+ 2 mpl% 34
mol% 34

Brightness (cd/m?)

— 10 mol% 34

—o— mol% 34
o— P17+ 5mol% 34

2— P17+ 10 mol% 34

0 100 20 M0 40 S0 60 70 80 900 1000
Current density (mA/cmz) Current density (mAlcm’)

AR (a) RAEHTERAR RS (b) # Focd

7%
BRIRFHT IR R TR
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% 12 PFD # PFDo % 4 % ¢h EL 7] %

J =20 mA/cm’
J =100 mA/cm’

VON L: max next,max ﬂc,max Up,max L next 770 77p 7\‘51“0, CIE

(at V) (at V) max
polymer V  cdm’ % cd/A Im/W cd/m’ % cd/A  1Im/W nm X,y

metal-free copolymers
P1 6.0 1995 1.46 1.23 0.64 200/(7.6) 1.20 1.00 0.42 436 0.16,
(14.5) 787 (9.7) 0.94 0.79 0.26 (60) 0.10
P2 6.0 . 1726 1.77 1.46 0.71 221 (8.0) 1.34 1.10 0.43 440 0.15,
(14.0) 889(9.2) 1.08 0.89 0.28 (64) 0.10
P3 5.5 390 0.85 0.62 0.23 122 (8.3) 0.82 0.60 0.27 428 0.16,
(12.0) 328 (11.6) 0.45 0.33 0.09 (80) 0.10
P4 5.5 694 0.97 0.98 0.41 155 (8.8) 0.78 0.78 0.28 444 0.15,
(14.0) 504 (11.5) 0.50 0.50 0.14 (64) 0.12
P5 50 2330 1.53 1.66 0.95 266 (7.0) 1.23 1.33 0.60 440 0.17,
(14.0) 953 (8.8) 0.89 0.96 0.35 (78) 0.14
Ir-copolymers
P12 55 499 0.45 0.93 0.21 130 (13.1) 0.32 0.65 0:12 590 0.49,
(18.5) 398 (16.5) 0.19 0.40 0.06 0.38
P13 5.0 2274 0.80 1.88 0.79 257 (10.3) 0.55 1.29 0.39 580 0.49,
(17.0) 818 (12:6) 0.35 0.83 0.20 0.42
P7 50 827 0.80 1.59 0.48 222(13.0) 0.56 1.11 0.22 578 0.40,
(18.0) 708 (16.5) 0.36 0.70 0.11 0.33
P8 55 1449 0.60 1.42 0.64 174 (10.5) 0.37 0.87 0.26 588 041,
(17.5) 550 (12.9) 0.23 0.55 0.13 0.30
P9 6.0 1505 0.90 1.98 0.73 248 (9.6) 0.69 1.51 0.50 592 0.50,
(13.0) 1146 (11.3)  0.53 1.15 0.32 0.40
P10 4.0 3517 0.94 2.09 0.94 440 (7.8) 0.79 1.75 0.65 584 0.50,
(16.0) 1496 (9.5) 0.60 1.32 0.40 0.44
P11 50 336 0.15 044 0.17 81 (9.0) 0.14 0.41 0.14 538 0.34,
(15.0) 257 (12.0) 0.09 0.26 0.07 0.50
Ir-doped copolymers

P3 4.0 |, 2595 2.09 5.45 2.63 689 (12.5) 1.28 3.33 0:87 574 0.54,
+ 3 mol% 34 (19.0) 2197(16.5) « 0.82 2.13 0.42 (82) 0.44
P3 5.0 @ 3697 2.32 6.20 2.16 962 (11.0) 1.80 4.82 1.37 572 047,
+ 10 mol% 34 (15.0) 2917 (13.5) 1.09 2.92 0.88 (82) 0.43
PVK 4.0 . 3980 3.98 9.68 3.80 812 (14.5) 1.85 4.52 0.98 576 0.51,
+3 mol% 34 (14.5) 2622 (18.5) 1.11 2.71 0.46 (88) 0.44
PVK 4.5 5146 2.90 7.51 2.79 833 (12.3) 1.62 4.19 1.07 578 0.53,
+ 10 mol% 34 (17.0) 3009 (5.2) 1.17 3.02 0.62 (82) 0.45
P3 4.0 149 0.21 0.18 0.05 23(12.5) 0.20 0.18 0.04 394 0.21,
+ 3 mol% 36 (18.0) 134 (17.0) 0.14 0.13 0.02 0.18
P3 6.0 <491 0.23 0.68 0.27 113(12.2) 0.19 0.56 0.15 526 0.33,
+ 10 mol% 36 (17.0) 408 (15.6) 0.14 0.40 0.08 (92) 0.51
PVK 5.0 3980 5.36 18.24 6.37 2338 (11.8) 346 11.78 3.14 514 0.28,
+ 3 mol% 36 (14.5) 3895 (16.2) 1.15 3.90 0.76 (68) 0.61
PVK 5.0 3356 4.58 15.58 4.89 2195(13.2) 323 11.0 2.77 528 0.34,
+ 10 mol% 36 (18.0) 3318 (16.0)  0.98 3.32 0.59 (86) 0.59

Vory 28T R > % 2R 5 ledm’ L, 2RV, T R;
fwhm, X & & -
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413 PFBCB § 43 < 2~ Fi4

J=20 mA/cm’
J =100 mA/cm’
Von'® maxL  max 7 max 7 L Text e Aemmax ~ CIE at 10
(at V) (atV at 10V A"
polymer VvV  cdm’ 9 d/m? % cd/A nm X,y

Ir-copolymers

% cd/A c
TR T

P18 71 044 436 0.16,0.10
0 031  (54)
P19 106 428  0.27,021

94)
580 0.40,0.30
(82)

P20
0.25,0.19
0.35,0.32

0.45,0.38

0.31,0.26
0.36,0.25
0.28,0.21
,0.16
40,035

45,0.44
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4-7 Z R B4 7 052 €8 (Space Charge Limited Current Technique)

A A 3.6 F Bt S AR B AR 2 5 TR @ﬁ%jﬁfi[lOO] ° T

Jb o A PFD 22 PFDO i 7 ehg A 5 2 7R £ 0 #a 4rip] R e % 7] 4 14

% 14 . % » 3 SCLC “5& B| criicdy

polymer JIV? &, L Y] JIV? g, L U
(nm)  (cm’/V * 3) (mm)  (cm?/V +s)
hole-only device electron-only device
P2 334 540 150 2.10 x 10°° .11 3.60 100 3.10 x 107
P3 14.6  6.48 150 7.76 x 10°° 0.62. 4.32 100 1.46 x 1077
P5 21.7  6.05 130 2.55x10°° 8.63 4.14 100 2.09 x 10°°
P3+3 mol% 6 243 432 150 1.27 x 10:° 1.26 1.73 60 1.58 x 107
P3.+ 10 mol% 6 2.31 4.03 140 1.05% 10° .02 2.59 90 2.89% 107
P9 1.63 10.3 150 7.98 x 107 1.15 4.79 70 8.28 x-10°
P10 1.41 10.8 150 4.42 x 107 0.69 5.04 70 4.75 % 10°®
P12 449 9.22 140 1.34 x10°° 3.82 4.6l 70 2.86 x 107
P13 1.93 7.56 140 7.05 x 107 1.63  3.78 70 1.48 x 1077

JamiV 2R, £, %4~ F 4% h#ic (dielectricconstant) , M4 43+ BEF L L AR ER
r
. hole-only s & plE & i@ 3 > H iy J9 4k Fr i@ * SCLC = j£[101] »

,l

-

o R T R MRS E o A PEE R 2T T =905, 007 /817 [102]

ocps, MR AT EF o p R FRF B L S REER KR FE-R

]

Bl 20 NPT OEE A T Glice, A 5 5 5.40, 6.48, 6.05, 432,4.03,10.3, 10.8,
9.22,¢7 7.56 » A u|¥R> 1 P2, P3, P5, 3 mol% 6 + PF310 mol% 6 + P3, P9, P10,

P12 and P13 #5 4l & e A i s Flpt s A e 7 5 i H @ or B & % 2.10x 10,
7.76 x 107, 2.55 x 10, 1.27 x 10, 1.05% 10, 7.98 x 107, 4.42 x 107, 1.34 x 10°, 22
7.05 x 107 cm?/V + s A w4 >t P2, P3, P5, 3 mol% 34 + P3, 10 mol% 34 + P3, P9,

P10, P12, and P13 - 7 34 % B #4246 2 BB A F > AR F A F 24 H

o

R B S EFSEER Y LR A N oV RS FEER LR A

-

F ks O Rl EH ATk B 4+ P opr B ghiEdE (hopping site distance ) B A F
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3 kg2 kg HOMO it PR en? 1533 o 15 i¢ 94k & 6 d > 243 (hole trappimg ) 7 F °
Flm F NG R o

T g SRR 310 % 107, 1.46 x 107,2.09 x 10°, 1.58 x 107, 2.89 x 1077,
8.28 x 107™,4.75 x 10%,2.86 x 107 27 1.48 x 107 cm?/V + s A %4>+ P2, P3, P5, 3
mol% 34 + P3, 10 mol% 34 + P3, P9; P10; P12, and P13 #+ 4 & «h %) ik 5§ % o 4p i3t
R BEE S B FR AT EFEERF LR BEES L RO R £
BA G BT Borderc d T4k 4 f € M 4R FELB RS Fl AT
BRI o 3 T B2 A 42 £ LUMO i FER TR A5 5 LUMO
GREOF T £ T S AR o

AR Yo FhRE g e+ i @@.Jﬁ ABET TR @@J WO RATTE -

lin:}

 order» F]p > WHTEM G Z & @% 5 R+ A TPBL(R+ '@%J x5 4
107 em®/(V +s) (2 T+ iR - BR G a £ B 2 F PTF & au/nmmﬁ <A
WA R EFB AT FRT )N - Border A TS BESE T FBEY T

i# order > 2% i 4p 17 7= i+ Ir-copolymers ¥ Ir-diped copolymers 7+ i# EL #z 3 g 3% i+

T haErES AT FET FiraZ F'“m@:%-ﬁméi‘ﬁﬁ%l £E& o

i s 74 ek W2 B4 % Suzuki-coupling reaction & = A B i Pl g S L
o #7150 PFD & PFDO & ZHfchg &5 o Mg A S & g hi & 4

A1 3 fo L0 mol%k i i3 S3eg A 7 chi dh b eR AT S < F) S 3 4 D (Do)

PEA T AMPOTHEN 2 WA S R A SR o B bR PR 0
e e AP dER o = € i s = & (hosttoguest) 2 = & fu it £ v % (guestto

host) =~ e d ¥ 5 £ ~ e o« SCLC “T2 P ehT F T F B HE#E R B >

P EFAN L AT TR @ﬁﬁ]i C TR - B ordero PFD ki 7|eh3 4

o A RF B FEL T F - B oorder ¥R F W o Bl AR B A RS
T BL e 323 3 2R k2 A endp b de o hdry A 29 o g P3 43
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L% - B k74 2 PFBCB 5 14808 A5 o
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hAm ¢ s A2 benzimidazole shfie it Ak esk £ BT £ 4 o T QT

o A S I I I I B a1 5+ o SRR - QYA R OF 7 CRI IR 0 A ) S
Foor i A R g i) WiEg ek L o
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