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Blue and White Phosphorescent Organic Light -Emitting
Diodes : Materials and Devices

Student: Ping-1 Shih Advisor: Dr. Ching-Fong Shu

Department of Applied Chemistry
National Chiao-Tung University

Abstract

This thesis is divided into two parts, part A regarding the synthesis and
characterization of two novel host materials for phosphorescent OLEDs; part B
regarding the fabrication and character discussion of the highly efficient white
polymer light emitting devices.

In first section of part A, we report the synthesis and characterization of a
novel silane/fluorene hybrid, TPSi-F, used as the host material for blue
phosphorescent devices. TPSI-F is constructed by linking both tetraphenylsilane
and phenyl substituted fluorene moieties through a non-conjugated, sp3-hybrided
carbon atom (C-9) to enhance its thermal and morphological stabilities, while
maintaining the much needed, higher singlet and triplet energy gap. Highly
efficient sky-blue phosphorescent OLEDs were obtained when employing TPSi-F
as the host and Flrpic as the guest, the maximum external quantum efficiency
(max. EQE) of this device reached as high as 15 % (30.6 cd/A). Furthermore,
upon switching the guest from Flrpic to a new blue phosphor Firfpy, the
saturated-blue OLEDs were realized with the max. EQE being 9.4 % (15.1 cd/A).
These TPSi-F based blue phosphorescent devices show a 2-fold enhancement in

the device efficiency, comparing with reference devices based on conventional
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host material mCP. In second section of part A, we report a novel host material
TFTPA that contains a triphenylamine core and three 9-phenyl-9-fluorenyl
peripheries, was effectively synthesized through a Friedel-Crafts-type
substitution reaction. Owing to the presence of its sterically bulky
9-phenyl-9-fluorenyl groups, TFTPA exhibits a high glass transition temperature
(186 °C) and is morphologically and electrochemically stable. In addition, as
demonstrated from atomic force microscopy measurements, the aggregation of
the triplet iridium dopant is significantly diminished in the TFTPA host, resulting
in a highly efficient full-color phosphorescence. The performance of
TFTPA-based devices is far superior to those of the corresponding mCP- or
CBP-based devices, particularly in blue- and red-emitting electrophosphorescent
device systems. The efficiency of the Flrpic-based blue-emitting device reached
12% (26 cd/A) and 18 Im/W at a practical brightness of 100 cd/m?% the
Ir(piq).acac-based red-emitting device exhibited an extremely low turn-on
voltage (2.6 V) and a threefold enhancement in device efficiency (9.0 Im/W)
relative to those of reference devices based on the CBP host material.

In part B, we have fabricated a series of highly efficient white emitting
polymer devices possessing a single emitting layer containing a hole-transporting
host polymer, PVK, and electron-transporting auxiliary (PBD or OXD7), doped
with blue-light-emitting dye and red-light-emitting osmium phosphor. These
doubly doped devices all exhibited an intense white light emission and close to the
standard white light region. After the modified of electron transporting layer in
these WPLEDSs, the maximum forward viewing luminescence efficiency of 36.1
cd/A (61.4 cd/A for total viewing) and power efficiency of 23.4 Im/W (39.8 Im/W
for total viewing) was achieved, which is comparable to those reported for the

state-of-the-art vacuum deposited small molecule WOLEDs.
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FOF R PEAR T R & @ v ik LA E 31100% i 4

1-5. #3 d 2 L EEBF LB
~EF Rz o @R 48 A L R4 514 3558 (Fbrster energy
transfer/? 2 T + < 473" ehDexter energy transfers = ;% > & H | * %
S | N J7 4F & (charge trapping) > 11 T #-& B[3Em A 5 o

(1) Forster energy transfer -

. Forster transfer

‘/{}Qk'
- resonant dipole-dipole coupling Acceptor

- donor and acceptor transitions (dye)
must be allowed

Donaor
very fast <10-%

— _l_
W= T
Donor’  Acceptor Donor Acceptor

only singlet excitons participate

®)3. Forster v & & % 44

Forster energy transfer &_d 4~ 3+ B ¥ 4&-18 #&(dipole-dipole) it * 4 #7ig = e



higita B Bl £20 4 F R S 50~100 A Bt - B -EF K

"N

RE2ZBEAiT* 4 (B3) o Hit M 5 ¥ #c T d Forster 31948 & #7
F#h?0 41949 EH i % & 7 - 548 (doner) £ % 48 (acceptor) F 2_ JE
PRF N BHESE FPPE; FREEA ) A7 S HESHTLEES

ARE B2 FARE . P R

X
(=i
La
~
=
A
I
<
&
‘o )«
X

(
e
(w
o
g\
.._5..
=
=,
J T

2 S RS

YRl 2 £ o ff o ¥ KPR and -8k kY 5 & R F U Forster energy

transfer = ;%38 (7 i £ A 4700 A kA2 S BH Y B F A2 SR
HE AT B2 ERRET AL kg o UDCM#E R Al b
35

M(EM)’%Wwww%mbmwkﬁﬁﬁﬂﬁw%imﬁwd%uﬁﬁ’é

2. g ﬁ%y}j‘a@ﬁForsternEﬂiéﬁyﬁﬁ#

Forster transfer - Example

1 Alg, LUMO
Alg, {DONOR) H
- :
ABSORFTION PL i FORSTER :
= ENERGY >
200 300 400 500 GO0 700 BOO 900 = TRANSFER "=
Wawalength [nm] : .
. : DCM HOMO
Alg, HoMO
DCM (ACCEPTOR)

7\
nesorafion ML
/ \

200 300 400 500 &00 VOO &OC SO0
Wawvelengih [nm]

for efficient transfer
donor emission and acceptor
absorption must overlap

Bl 4. 2 DCM #3524 Alqs ¥ > KI2{% Forster ac & &4 141

(2) Dexter energy transfer -

10



Dexter energy transfer R|&_d S EFEH D ZF LW 2 7 F L35

Sk @R BB &34 F RS 10~15 Ao )t 35§ d Dexter 71953 #

oA Bl G B R B RGRIT ehe 3 g 1T o Bt gt e BOEECE B n(DS)

Dexter transfer

diffusion of excitons from donor to acceptor
‘Wigner-Witmer spin conservation rules'
A+B-SC+D

total spin of reactants: (5,+55).(5,+55-1)... ]S,. SB!

total spin of products:  (S;+S4),(S;+5:-1), IS ‘Snl
reaction allowed if two sequences have a humb&r in commeon

only singlet-singlet, triplet-triplet allowed

Acceptor
- | g. phosphorescent
b
+ speed? I Donor dye )
) - 104
Donor” Acceptor Donor Acceptor

B8] 5. Dexter sv & 8 #5484 c0i% 2 29 5 7

AP R G E kR AN L35k B T o 0% iy 1 Forsterts 4] i %\-’ﬁ EE T
&A% > MDexter?j; F A Gk R 50 Foax@ic £ RS O AR

B kR 2T (6~10%) > 1 i F f4FHE F 2% o iz & F] % Forster
RS PBFELL A R o A RGP R A e

T ARk R > AP RMIR BN DT U@ Y RE PR

11



PIAL - Lasekp A g ko g o
(3) B ¥ T j7 4% #icharge trapping) :

B it B0 0 1B BMES TR R e L T g

¥

FRM AL T A S ke AT I R TR RATE LA 2

-
™

-

AN FeE I o B G R F A Rk o P E 4 Ay Rk
PRI A A 2 A kY 5 ¥ g kg2 HOMO/LUMO s F¥ ¢ 5 fi
# £ 2 HOMO/LUMO e Fgp o A H § A F kB2 ia B~ > T 38T
FEAEA AT AF R A BRI OTEFRMIEFLELEREITRF L
Rk 7o yr S HOMO ALUMO #iff 5 4 B9 - B e 7 A 45 ki p
oo R R B EE S CEM T F A A ASTRMZ G ok AR e )
S EFEMEFE I AK s ok AR AR -EFERHT TS TR
o Fla Ep PSR kB W R B EBE R IS
R H A e B RERGT o0 - 36 S 5 AR g kS
o Bl d pEk AR kAP > FL B F k2 HOMOR M) » 323 -%
FRAPET R EREB T RAL > RETFHFAS G 2P 28 2 3 L84
DI p b ARES BER AP o d R EI B EF AR AL R
ok Zoan B Tt - AF Rz A g kiR Y > B Rk T F 4 H
WHl2 AP A Ra > pfERIEES G2 AFRMEHERE B¢

AR R FH AT -k AR BREAS LNTIARA

12



T A RO € P AT o

1-6. ¥ kgik ~ 25 ke

Sk

§ % HH F R U MEE X D BT § RS £
FE RS HERA BT AR g £ o d 20 p 2 12 (spin-forbidden)
FUUF] o AR RT R AT CRTF ST FEFE D FE D LY
JE R0 Lgg B ens S A S LA B QORI B B S 25% i

)
—

ju
il
3
s
o

i ek R Sk

Ik

FALF(<5%) Flptdokq it = &

-\

sk 1G (ks U 75 %) 8 £ (W 6) b > 2R SMEER enip g 0 %6 § 2
ek o bR HALE LB AR F LA T ol F R G L AR
(intersystem crossing) ¥| = & #c3 i % U 1w I AL A pE A Ap R g 5k
B TS 25 %R R F A F U AR G A AT @ pIE T oanF

BB I8 100%

13



-

LUMO —— —
+

HOMO_‘H_ _l_
electron l hole

MOLECULAR EXCITED STATES
AFTER ELECTRICAL EXCITATION

25% N5

Singlet Triplet
spin anti-symmetric spin symmetric i
ISC : 1% > = J2 |"l’ i lT =
[ == v_Z |‘i e H"’H — ) > = |TT =

\ / x> = e >
Relaxation allowed Relaxation disallowed
fast, efticient . slow, inetficient
Fluorescence Phosphorescence
MOLECULAR GROUND STATE
spin anti-symmetric

Flo HEfhsz ¢ fpss A d
(#F p Prof. Forrest workshop notes at IDMC 2003)
1998 # > Princeton~ ¥ :riBaldofrForrest #¥: % A % 2, ;?%'Ei T4
B =+ (heavy atom) ° 44k (iridium){r4a (platinum) 72 = 05 45 & 4 > 7
F1* £ S s fse 2l enp s % & 18 % (spin-orbital coupling) > i = H &

bR EpE BRI RE  RERIMRE L P LR ET

7

o
=

BEE TR N E Rk o TP > B R Y gk AL > TR R

pOIRE T oank FrU25% 4 g4 3 100% o

BEFRTpF LAt mEIond s L@ ahF Ly 3 ¥

RBORT DR o L Egks $RpdFedilivg 27 2 ey 7 A 40
FRTHEERS R OERER RS R F o Bk

14



TRFEAAPREIBELIPAFLIARARATI W3

Z"’r
1 "
N
&=

x4 (triplet — triplet annihilation)® i 3 k4w fr » ¥~ & e F T A

o EEAROERBIHEROTREY > FLALRF Y L2 E 0
vﬁiﬁ%ﬁﬁééﬂmmﬁﬁ%’%ﬁu@érg?$ g ks R
fod & o TP E K PE RIE R BF oo gk Ao e &3 i H

VNI CIR D <o TN Wy R N 1R A = A SRR I S S CRE R P [

L N FoE B L 2 (] 7)o BdF erds j2 e (dopant) A SR K AL

d 3 E RS ey i BR3P YE—¥FuiE 48 & (7% (spin-orbital coupling) e
o PG R EEE fifez £/ 0 XM 4 SISTIL i F 5 A%(intersystem
crossing) i & e A X3k | > BB RALLVE RIS 0 B2
¥R AGEER LR E R F e FER RO ZERFARL Y

host singlet —  dopant singlet ——  dopant triplet

Host  Dopant
250)"{ 0 + + o . o + + ﬂj._ + _ﬁ_
TS %E + 4 T
’ host tnplet —_— donant triplet ’
Host Donant
o _l_ o — _I_ O
75% : — S,
_1_ %_ —1Jr + hv

100%b0 of excitons can contribute to EL
B 7. 3 4 kE T ehi B o i

15



AT o d N GRE B rE £ A o o d B Rk AR

B BREARY < U AR SRS P AR T il kiR

RS

g2 BF I Rendpir @ Poenied BRk A 50 Iridium i & 4 5

—
-

Ao BT L EEF AR > RA S AT o AF EM
FARE R B A om AT gkl > pwERe § - B EJ gk

BB > Rm Pl &g EMhos)E* » Fla & A F @A

1-7. 7 ¥ T % *(Organic Electro Luminescence) = i+ efvgf %k 3%
d **OLED =~ i2 >3 inged > Flpt - 1§ F ank enk o] ki ak
OLED# k»xF crdF e E F 2afehe R 2 5 2R F 8P L r v g 5
F P v F ooom § FoarF X o5 LN E F 2 F (internal

quantumefficiency, #7i)fr?t 8 & + 2T ¥ (external quantum efficiency, #ex)™

OLED ~ itz p3g F2edk » vd T 8BY BTFF afem k- 29
AL AER TR A R F o T F £ T F 0T 7%+ (charge balance

2

o 42 X’ 2 : v, AR A 93 . a7 )\ T 2 G LA = S
’ y B A RIS DL Yy oy y E v z
factor) -y B A 3 (exciton)sd 23T o g 5 foicd A g R 3 oot

Koy @ A2 PIRE I xR Wd Pz B EF R A T MDD i

16



=y () x (n) o BRERET 522 TGRS

vy=12 2 %75 @1

Y

N BT R R A E T o A AT AL (g) 0 RIE i
i PR D e - R N R B EEE R A
ek et A2 F 505 % Apgten 0§ & B L Pk

Fld A& R+ chp rdusd B & T (spin-orbital coupling) » 8 7 ¥ ¢F75% 2

CERES L MRk TS A2 5100% . ¥ b AR
FRE (e JRIAPE WH - A F AR EG 2K R E FF(¢p) 0 i BIEER

T ARG 100% o BEA 51 FlE oo 0 PR S g kg

B2 PR IR B R T E2% 0 m Uk L A ER T
100% < #2@ » - BFRTAEZFTIETHFEEE IS 6] 301 2 E
¥ 5 OLED ~i¢# b’L’rffé’*i’ﬁ W I T @ﬁiﬂﬁq‘— ﬁ%lﬁ)iimn fe m

17



G RE A LAl & o FI G 3R - R 9 20% kT R E
Mo SN E U R R APE ) A2 I R F RIS 5% @
BRSO R MBERIT 5 20% c A 4 F A on o JURL L %

B e B R A h Rl AU A R LB A

It
&
4a
V
[\©)
NS
X
~
gl
= »
a o
qﬂ,\
r*
Vs
s
=
pud
M
@
oo
~mbe
\
Q-\'
A
u
J
\\-
S:“-
é_.
1

N

9 % OLED ~ %7 AFERAM PE* TR S 2 b Afpiid i
ke o@AWFER2P T BHIE 2 F2 — o PRIRIER > L&
AR A e R AHE Pt § o B0 ¢ FRa [ AFFRPREES > T

RERP PG I ko RS FDFI BLPRG - BEREA SR

T AT F I 450 nm(E)- E af W 3] 650 nm(in ) Ft £ B B S 2 B AR T

<l

Bin OLED ¥ kg sk A2 » — pdmA50% 5 S HEBier by kWL p
Fhas MRS kAR X FLFHR(BAL) S Db B FR(CE
BB )e ks od Rtz g RAEE g WARRE S S ARMEK

ik A B E G F S P(CRDZ ik g FIRL T FGRP R L
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St oA Z ke B Ao fedgise s RHFI BV EDPE F R
B FptH gl gt WAV EAR Y E g REZEY o Y
% OLED 4v4%¢ jhk % kif & > %1 (white OLED + color filter array)™® i
A * 9 FRRAIS gk ot S P w2920 TFT-LCD 4 4p
Fens> HA|* — 9 & FRRFFLS LT TR FT2Z 2 BfcE= R
¢ > 4oBl 8 #f o pt v k OLED # % Fd 2 kikde t 1‘,%% d kR A
Wi s BAcEZ A B RIRE D ko B R NREL AN R F
m—%ﬁﬁié3%%%’%&?i%ﬁﬁz%3%&ﬁ%’a%%k»

Pl M S Al TFT o2 ¢ h% % fk s 4ot B RAR 5 7 11 % Ik

S

A WLE DR 2R R c RBMBEAINIG gk Pt kT g T
PEERI g TS EF 1B M2 FRRRFAL T BL R AER
}iﬁ*\’* PABSRPTR RiGg R {Fo £ OLED 4eig 7 it m @ ~ 22 3% ¥
R Fpt o e fiF- B 3@k fodp vt 9
OLED H_p* 2> 4% v $ejirz Bz — o g b > 4pd>t OLED » PLED %% 1% >
Foibzoe P KR EG M ABIEH L 2 BB KA AT ERTR

5% sk PLED 74 ¥ % ¢

K2

2 el A
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Color filter

White OLED Device

B 8. v kLA kkz >3t OLED H 7T 3, B

1-9. w3 &1

BT EI LT TR LT PR p LG g O
LBy A 2 F S F AR AR E LA e kT A kA
GHo P BT INES e A2 g Y > 2 /I _mCP & ¥_UHG
JPlEnit L4 o G - R kB TRAETE A E > mCP kA
B E(Teg) s S5C>UGH k7|t &34 4872 3] 60C > Fl¥t ehzm~ @ # ¥
e E R B RGBT &5 RE* S ES BE OLED ~ i o 4
B~ > fluorene s A#HA KR FRFL 3R T -FZ iz
AR Tt B A F R R E B TR T
e peh s G BT EBFRABZ B I AH Y - 28 /{2 A
BB - 57§ AT Loy kAR (PLED) 5 Hd 11 2hE R (ex. PVK)Z 3
ARG AR BHR Y BT R 2L B R SNBERE R

Ra- k7% % %r—g"”\'s‘?a@i"?ﬁ%’lfi’.ﬁﬂé”g‘iu“tg(fl;i%;(l)
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M2byge g A+ PVK G440 A W3k ok % 44 DPAVBI £ g4k
# sz kg k44 Osmium complex KRG FRAEFRIARY LT gL~

o (2) MR AT PVK G948 0 4 w8 gk 4 kB Flpic
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Iy
i
ik
BTN
3

OLED B2 LCD o dgr BF E L X cnipf > X F|A B L R ofpp & £

Ao ed ¥ LCD $47e S4pd 23 0 ¥ 2 LRHF 4 5 F) OLED & /f &

/4

Su R+ hehfEyrd o P OLED © Adhds | 2 46 fFdeL =06
MP3 Js* + ibG - A2 ¥ » S5 = EREB AL 54 ~PDA %7
R kG st BB 20 A 2 ek %k % PLED
G E ¢ o b OLED F'E¥ ~ 5 ff 1V &2 2 D prensgF B > T3t

A - v &

—N
~

SVH > A - L -t i #58 OLED & 4 o
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INELPS

Femkaitigtmirey

11 %3

F #84k 3 %44 (Organic phosphorophores )if & @ 5= 5 5 #84 %
= &4 (Organic Light-Emitting Diode ; OLED)% & © 4p % & & ch— %k > & F]
CREER S Sk LS SR SR LS TR R SR TR R
i 25%:0i & 0 A G ALY Frit f1% B2 £ T5%i R ek
e b P £ B E RS AT A 4 gl (spin-orbit coupling) 0 A 1 3 = £

s EERF RO B AP IRE I e BT iET] 100

P bk BY o ARRBENGZERESE LY LA AR
LA Bk kA ¢ BRpE X e R > KA XA L ans
hORA KRR L E R G U A RRH A RS 5 Apd S g
Fooom- R THEEARY > NH - B RS F A B R
B AFAMNFIEARE SRR Y 5 #F 4 self-quenching » ® A& 7
PFF AR A ik PR E 0 Flm 5 A 4 triplet—triplet annihilation ; ]

R R R L L N

26



S RRP ALY KR T Sk d R ARk KT

1-2. ¥4 Bt% OLED < jt v Af

fow fed o g o PR HR Y o 3 B R e A I 3
Mg~ dadgipg c a8 - e bk kA

W * D end gk fE4R 5 4,4°-bis(9-carbazolyl)-2,2’-biphenyl (CBP)( B]
A-1) 2Rm oo E 2 B Y E I BEk nOLED = 2 5 i F] &3 CBP+T (&
Mz EEF RS ok R g kT 0w Epr 4 ok
iridium(I1IT)bis[(4,6-difluorophenyl)-pyridinato-N,C**Jpicolinate  (FIrpic)”'*'*'°
(BA-2)T 4 > F]ptdod% £CBPH (FEd Bk Hpleny s L aips > it £ §
FEEEE S ALY w3 F|CBPeT s FE > & 5 d 2L s+ 2 3 £

Mo kAT T ' (BJA-3)) °

DRSS
/N\ N'--
:Iri
L F o2
Fl A-1. CBP 2. ®l A-2. Flrpic 2 34§
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T1=2.9 ¢V

Phosphiorescence

S0
wiP CRP
Bl A-3. it Pyt ]
F]pt 0 57 fRA 0 CBP #ai £ ik A 29 A g kg H Al er g
dm i w

& v @ [ 42> M. E. Thompson % 4 * [,3-bis(9-carbazolyl)benzene
(mCP) (B A-4)kBx CBP iF4 ¢ gk~ i il
it £F 5 5 v Flrpic & 0 M= & 5w o ae P8 (Ti=2.9 ev) > F]t s 2 &

L At

7w @I mCP o & FESEEA I EERA -

OO
QIR

B A-4. mCP 2 %4

#t #F > Shizuo Tokito % A 7= A CBP ¥ FF erbiphenyl group + 51 » & B 7 £
k% MR ACBPA F ehd g5 0 3R A A 3 chdc M F i LTS 3 era B
13T % A A

% R 41 4L 4,4°-bis(9-carbazolyl)-2,2’-dimethyl-biphenyl

(CDBP)(BIA-5.) %% fI* fé ML g LAt phe ¢

P if e 4
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T o

(2 o
A~
J W O
Bl A-5.CDBP z %1
% 7 mCP& CDBPM #h » — & 3§ p (Sl + enit & fos BAeAt b ®
By ko a4 o kR H k. o M. E. Thompson % £ #7 3% E b
p-bis(triphenylsilyly)benzene (UGH2)'""(BIA-6.) £~ B 2 & 4] e F >
v &4 3 4~ it M(energy gap) 0 T E G B Bz £ B
Fl g £ b A FIr6(RIA-7.)e 488 i & { RN ghb it
N <1
Q Q ’N\ \/\-—N’N\ /N"“N
O304 e
NN
L F J2

BlA-6. UGH22 %1 BA-7. FIr62. % #

g+ ¢k > Chin-Ti Chen® % % RIfF¢ &mCP %7 3 # R+ 2T it ®
K& - ATAR 2 A5 L R 418 3,5-bis(9-carbazolyl)tetraphenylsilane (SimCP)

(FIA-8) > SR HEF ? 5 Fd LT d L2 15 Ll 2
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%o
L0
) )

®l A-8. SimCP 2 ¢
¥ ¢t > Chung-Chih Wuf &% 2 » # B 1 - ¢ P % 3 carbazole2? UGH2
& 2k £ a % *x i) i) A
9-(4-tertbutylphenyl)-3,6-bis(triphenylsilyl)-9H-carbazole (Czsi) ([ A-9.)
Kt AE R EFEABR LA R N ES BT T A

i g IR AR g

Qo QO
S0

Bl A-9. CzSi 2 B
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1-3. A3 &

Pan g * WS gk A2 g R 2% 4 mCP & 4 UHG
Jorlenit b s SR - B EA kB TREIET &> mCP I A
B (T 7 55C » UGH Jk 7enit & 400 4872 5] 60°C 5 o+ b » — & § 2xd eh
A k4 (ex. SIMCP & CzSi)Be £ § L4Feh~ i3k » Ra H L aly]
BB T g BT R R B T AR P F

P 22 £ S RUE LG REARUEDT EP AT TG F

Ll
[2¥8

F#% OLED ~ it o rafa® >4 & &4~ 75 fluorene £ silane F it @2
oA A AR ' T A fluorene R R A L BAR UL L HE A X

Bz gk s FEsilane ABMFE s g ~ 29 A FREE G RT 2L T

AN

AR I ETRFERE o AAbRA P 5 B triphenylamine % ¢

F AR R o
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AR

2-1. &5,

Fluorenone Fp Aldrich
p-Bromophenylmagnesium bromide P2 p Aldrich
Trifluoromethanesulfonic acid Fip Lancaster
Triphenylamine PR p Aldrich
Chlorotriphenylsilane PR p  Aldrich
1,4-Dioxane P p  Aldrich

PR AR 2 MY E @ * o tetrabutylammonium hexafluorophosphate
(TBAPF,) Sie fee g B » ¥ & 60°C HE 7 T ikgg o Hapypdbp i

Merck ~ Aldrich ~ Mallickrodt ~ Fisher Scientific ~ ¥ 1 % o & o

2-2. €% RE
2-2-1. P2 3k %k (NMR)

i¢ * Varian Unity Yinavo 500 MHz % & % #& & 3% i% ~ Bruker-DRX-300
MHz %8 % 4& % 3 & -
2-2-2. % & (Mass Spectroscopy) £ =% 4 15 &k (Elemental Analysis)

FRE I ? i% e T-200 GC-Mass » 12 EI &8 FAB 7 253> /2 o ¥ ‘}%”i;%
2 2+ 8% ke < JEOL IMS-HX 110 Mass Spectrometer (% »< it
k) ~% A4k (EA)% 2 % ¢ HERAEUS CHN-OS RAPID -
2-2-3. k¢ k ~47i3 (TLC)

i¢ * Merck %1 #5554 DC Silica Gel 60 F254 4| 454 & » -
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2-2-4. Lk FriE

& * Merck #]:% 717734 Kieselgel 60 (60~230 mesh ASTM) )% %% o
2-2-5. pc & ¥ # + 3+ (Differential Scanning Calorimetry, DSC)

i * SEIKO EXSTAR 6000DSC 2% Computer/Thermal Analyzer °
2-2-6. #. € £ £ 7 &k (Thermogravimetric Analysis, TGA)

¢ * Du Pont Instrument TGA 2950 % % -
2-2-7. sk &k (UV/Iis)

i# * HP-8453 Kz~ 471k
2-2-8. ¥ sk & (Fluroescence Spectroscopy)

i * Hitachi F-4500 = & i% o
2-2-9. HFBRRFE R (CV)

i# * % R Bioanalytical Systems Inc. 7 i* & 4 47 i% > 3| %L 100B- 5 %5 930 -
2-2-10. B &% &

¢ * HTF-30SJ % &% °
2-2-11. k1%

A5 USI0L > FEH 55 10008 > = FRirg Lo d
2-2-12. B E 3 ZEWH

A5 ¢ Auto 168(Junsun Tech co., LTD) °
2-2-13. ~ i &

iz * Keithley 2400 Soouce meter &2 Newport = & #7424 A 7 818ST silicon
photodiode # fiz 2835C Optical meter > @ H & Bl2 A ~ R IL 5 silicon
photodiode ¢ i B 7~ 2 #3x dl s Ky T -k X T FP v d T

A ) B A el sk A AR

33



2-3. FRE
2-3-1. TGA B &
B 5~10 Froehfr -~ an W ephcell 0 A3~ § F ni# 5 60 mL/min

g 2T 5 0 10 C/min 0= R i & 0 € 30 CHIE L 900 Chpziiz

ﬁ—ﬂ

o

N

2-3-2. DSC #| £

B 5~10 Erocnfr &~ safllepcell ¥ 0 il ~ § § o 5 50 mL/min
FEE T s A PREENE R DSC R

1.2 8 :% ¥ 20 ‘C/min > ;pa@,a 30~380 C ° % %_5min

2,48 3% ¥-40 °C/min > ?a?:],a 380~30 C » ¥ %_5min

3,48 % 20 'C/min > =Kl = 30~380 'C > ¥ ¥ Smin

4.2 g#F -40 C/min > §# & = 380~30 C » H < Smin -

233 kEP TR
Solution * 1% & ¥ fFf iz fe B &k A B B3R > 2 2 UV-vis chk *
BT E A3 0.05 2% o AR el kbt kIR F g K T e
£ 5o kiR o
2-3-4. TUFPRF--5 BRI RE
Bt * PEIR IR E 2 (cyclic voltammetry > [ A CV ) > § b4 T 2id 3]
FRlp e F BT F A RRE BT MR REEFT 2D

gitmec o ot ) A IR RA G PRECE I TR 0 A

Eﬂ}-

BEFRAND TR EFETHREAG P e AR 2B
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PR TR T R

<3 i fi>

'

o

AE TR 0 A AP RE 10°M &R E 01 M 4
tetrabutylammonium hexafluorophosphate (TBAPF¢) 2. CH,Cl, = 7 f#:% 10

mL>i »F § 104547 R RE =aipl€° > & ke THE e @l 45

3
7 RNA]

N

R R B2 TR 0 11 Ag/Ag s 44 T 4B 0 & 11 ferrocene/ferrocenium
(F/FCHEM 20 £ T4 F PP £34&5 1 FE 4R
BRPEELEEAD PATERE L ETE FRES S 50mV/S HF 0
~2000 mV ¥ 0~-2500 mV -

2-3-5. MRk kR E

RAEFRBEY REERE TIK T 25

F_k

v 2-methyl THF 1% 5 i3 & -

% k3
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2-4, & &ML
1. 9-(4-Bromophenyl)-9-phenyl-9H-fluorene i+ & % BHF.

&% % T > #- 9-(4-bromophenyl)-9H-fluoren-9-ol (2.00 g, 5.95 mmol)'’
fr benzene (8.49 g, 109 mmol )4 » F5E#g? » jF » CF5SO;H (0.89 g, 5.93
mmol) » e Ak jRw | PF o 4 fris o 4e » &2 fe NaHCO; B 3 10 2 e fig 5
Beo T B A B4 12 MgSO, Tk M E F D R A (W

Mo FPmipe BT EHATAR T J HMAY 0672 A F 28 %
B

BHF

r

'H NMR (300 MHz, CDCl5): § 7.78 ~ 7.75 (m, 2 H), 7.39 ~ 7.35 (m, 4 H), 7.33
(dt,J=8.7,2.1 Hz, 2 H), 7.30 ~ 7.27 (m, 2H), 7.25 ~ 7.16 (m, 5 H), 7.06 (dt, J =
8.7,2.1 Hz, 2 H). ("« & 1)

PC NMR (75 MHz, CDCly): § 150.6, 145.3, 145.2, 140.1, 131.3, 129.9, 128.3,
128.0, 127.8, 127.7, 126.8, 126.0, 120.7, 120.3, 65.0. (*/} @& 2)

MS (m/z) calad. for Cs;H3oN 689, found 690.

Anal. Calcd. for C,sH7Br: C, 75.58; H, 4.31. Found: C, 75.52; H, 4.64.
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2. Triphenyl-(4-(9-phenyl-9H-fluoren-9-yl)-phenyl)-silane i+ & % TPSi-F.

&% % T > #- 9-(4-bromophenyl)-9-phenyl-9H-fluorene (600 mg, 1.51
mmol){ anhydrous ether (50 mL)4c » BF3FHg? » #E AR 2-78 °C s ¥}
/# » n- butyllithium in hexane (2.5 M, 0.60 mL) » E @ w /g I 422 0°C -
#-7 3 chlorotriphenylsilane (445 mg, 1.56mmol)£? ether (50 mL)2 /& & /% /%

BROF R BRI BT reflux F e [ FEA S B F BTSEIRT

N

BT 0 A B RO KB © BURHERE E %A < T A4 1

b

Z 8 &350
BEG d FMA 097 g0 A% T4% o
arrashy

O O

TPSi-F

'H NMR (300 MHz, CDCl5): § 7.77 (dd, J = 6.9, 0.6 Hz, 2 H), 7.54 (td, J = 6.1,
1.8 Hz, 6 H), 7.43 (d, /= 8.4 Hz, 6 H), 7.39 ~ 7.32 (m, 10 H), 7.27 (dt, J = 7.4,
1.2 Hz, 2 H), 7.23 ~7.20 (m, 6 H). (*F @& 3)

PC NMR (75 MHz, CDCl;):8 150.9, 147.3, 145.7, 140.1, 136.4, 136.3, 134.2,
132.0, 129.5, 128.2, 128.1, 127.8, 127.7, 127.6, 127.5, 126.6, 126.3, 120.1, 65.5.
(it B 4)

HREI-MS (m/z): [M+] caled. for C43H3,S1, 576.2273; found 576.2269.
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Anal. Calcd. for C43H3,S1: C, 89.54; H, 5.59. Found: C, 89.67; H, 5.78.

3. Tris[4-(9-phenylfluoren-9-yl)phenyl]amine i & # TFTPA,

S

&% # T % triphenylamine (1.00 g, 4.08 mmol) ~ 9-phenyl-9-fluorenol
(3.26 g, 12.6 mmol)fr 1,4-dioxane (50 mL )4r » EF5E¥g® - i » CF5SO;H
(1.64g,109mmol) > 4c# 5 80 CiFv ¢ kP4 2 ¥ HFFF = | F#
AR e B S E A Q25 mL) iRt B R R TR A - 32

N

/|

[

APUETRES XSEG I FMAS 391 g0 AXF T2% o
SUSASYS
TFTPA
'"H NMR (CDCls, 300 MHz): ~ 7.79 (d, J = 7.5 Hz, 6 H), 7.36-7.45 (m, 12 H),
7.23-7.33 (m, 21 H), 7.05 (d, J = 8.6 Hz, 6 H), 6.89 (d, J = 8.6 Hz, 6 H). (*} ]
5)
3C NMR (CDCl;, 75 MHz):  151.3, 146.0, 145.8, 140.0, 139.7, 128.8, 128.1,

128.0, 127.6, 127.4, 126.5, 126.2, 123.5, 120.1, 64.9. (*t} & 6)
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HRMS [M + HJ": calcd. for C7sHs;N 966.4101, found 966.4106.
Anal. Calcd. for C;sHs;N: C, 93.23; H, 5.32; N, 1.45. Found: C, 92.91; H, 5.46;

N, 1.40.
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Fz3 BR8uB
3-a-1. #73)A%k 3 F L H(TPSI-F)2 & =
%‘T,TET fluorene £2 silane ;& = = TPSi-F 2. & &/ #24- Scheme 1 #1771 » 14
fluorenone ¥ p-bromophenylmagnesium bromide # Grignard reaction & 3 it
& % 9-(4-bromophenyl)-9H-fluoren-9-01"’ » # ¥ 11 2% i & 4 ¥ benzene N3
g it = 1% Friedel-Crafts-type B~ % £ J& ¥ 3| 9-(4-bromophenyl)-9-phenyl-9H-
fluorene. #X 1 12 3% 1 & # 22 chlorotriphenylsilane » J& {6 7 3| & % i &

TPSi-F o Scheme 1 ¥ #7752 & ¢ pikdk &£ Jhss & 4 Flrpic B~p >4 F > @

Flrfpy Bld #+ S @E g s 9L & o

Scheme 1

m
N
O
@)
-
N
O
o
I
O

F  Flrpic Firfpy TPSi-

Reagents: (i) p-dibromobezene, Mg/Et,0O; (ii) CF3SO3H/benzene;
(iii) n-BuLi, Ph3SiCI/Et,0.
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3-a-2. # M F-DSC 22 TGA #l &
DSC = TGA i & &% k%A + hf 2§ > DSC ¥ | £ Pl B 4 8

B TGA 7RI 3 F £ 4EE A& % 1L 10 2] 874 3 chit g8 2t o

v &% TPSi-F %1 & 3 K|A 2 fluorene A @ > F]pt H 48 [ Ap ot @
Yo— 4pa 3kt (ex. mCP ~ UGH2)%8 ¥4 = » o B A-10.%77 » H 33
EAER S 100 C o BHERS 154TC > 385200 Csd pviwh- 4
AR ERERT CTPSI-F 72 52 A4 B ha R~ B Laed o & TGA
SRR RV ORIE I E AR R e i 2% TPSI-F e s > 1% 1y
4 TPSi-F B #2 8 B o 4cB] A-11.977 » &% # %HE T » TPSi-F 95 %
frl0%2 £ BF L F AR A% 5 312 CE 326C > vt 3 AfE TG Bhv3zit
2 BEBHL A2 BT RFEERY » VIR TSI

Prig e e i B R o
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100 (°’C) 157(C)
/ 194 (°C)

o [

£

5]

=

)

°

c

L

263 (°C)
' ) ' ) ' ) ' ) ' ) ' )
0 50 100 150 200o 250 300
Temperature ('C)
B A-10. TPSi-F z. DSC B
1004 5 % weight lose=312 (°C)
10 % weight lose=326 (°C)
80
S
— 60+
<
o
D
= 404
204
0

— T T T T e
0 100 200 300 400 500 600 700 800 900
Temperature (°C)

B A-11. TPSi-F 2. TGA Hl
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3-a-3. KFHF

B A-12.% TPSi-F ~ 9,9-diphenylfluorene ¥ tetraphenylsilane # CHCl;
B Tk Bl 0 J B A-12.7 & tetraphenylsilane 2_ S A & =3t
% i £ % ¥ (250-280 nm) > @ TPSi-F z & | B3 B¢ 9,9-diphenylfluorene
A8 % o B] A-13.0] 5 TPSi-F~9,9-diphenylfluorene £ tetraphenylsilane # CHCl;
Ak ¢ e gtk 3% A @) o TPSI-F ~ 9,9-diphenylfluorene ¥7 tetraphenylsilane
e Sk x gt B o4 B 5 315315 285 nme o B A-13.¢ ¥ s> TPSIi-F
2 gk kA & kg AR M £ 40 9,9-diphenylfluorene L B2tk o A F R
TRASR IR BN E A B EF R €A B R 0 Sl P

O R (SIS S ) K o SR g MRS i £

I_‘f—'_%%._ /J VUF’& 71-\(8 —)T NN )T$q‘{ﬂb v - ﬂ}"\{] o 4:17‘!7; EF]LL :‘; 7 ’E'_/?lj.:_
S T ICORE R Rt R R R T S s
GRS AP Lz ERF BN o b B E Ak

k2% ¢ % — B vibronic transition(T;™ —S;™) - B] A-14. 5 TPSi-F 2_ <8 74 &
%%’ﬁﬁﬂ%ﬁTHﬁF&&i%ﬁ@ﬁﬁmﬁﬁ28%N¢$%¢%ﬁﬁ’
TPSi-F 2. Er 22 ¥ — fluorene 4 + 4p % » d ¥ &ri#-silane £ B ¥ fluorene
ABr2by e N w goondr | F R L BB TR Er K o d
%ﬁ\*ﬁ » TPSi-F 2. Er» #/2§F 2 & Kk p ** fluorene A @] » — 4@ 3 » gk =

e 2 3 BRI E R RF 2 Er g oonkh s £ RES B ALE L
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e > TWANED TRy BT 0 g S22 91120 , & 4

(g

w2 ¢ AT 2 20 E R4 Flrpic &2 Flrfpy 2 Er 4 %) 5 2.62 eV £ 2.68

eV @ TPSi-F 2. Erdpfat @ @ 2 2 8 B E 53 B 2 Er Flt s

AR
\}\

FoeE AR BE R @ 4 F kA @ Ak

[

1.0
] Yy —e— TPSi-F
X ‘a. — 9,9-diphenylfluorene

S
< 0.8
> - —/—tetraphenylsilane
o A
S OG-f
= F
»n 0.4-
Q
< 4
0.2
00 . ; 2 Y, ; Yy ; Yy
250 300 350 400

Wavelength (nm)

B A-12. TPSi-F 9,9-diphenylfluorene ¥ tetraphenylsilane 2. UV-vis ¥z 3 3%
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\ —e— TPSIi-F
—9,9-diphenylfluorene
‘\‘ —/—tetraphenylsilane

ey

o
(oe]
1

o
»
1

PL Intensity (a.u.)

o
N
1

o
I
1
D
%%hhh%hh

.

250 300

Wavelength (nm)

8] A-13. TPSi-F ~ 9,9-diphenylfluorene ¥ tetraphenylsilane 2. % & 3z &4 & 23

©
(o]
]

©
(o))
]

PL Intensity (a.u.)
o
~

©
(N
1

-

T v T v T v T v T v
420 440 460 480 500 520
Wavelength (nm)

o
o

Bl A-14. TPSi-F 2. 8 4 56 2 bt 2k 2
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3-a-4. ~ T pEF kN @*
TPSi-F = it T g 12 F

= 1A% TPSI-F eng jpogd £ H > At TPSI-F (7 5 48 kg4 o
Flrpic &2 Flrfpy 4 W] 1% 5 Z 4 LML @+ ~ % o 12 BCP % % F FE35 k4 >
TPBI = & &+ l?;ﬁg. & >NPB £ mCP 5 T iF IE%J}E JECRE. f‘:;.iﬁ!f_%ir"f AT -
ITO/NPB(30 nm)/mCP (10nm) /TPSi-F:7 wt% of dopant (40 nm) /BCP (10nm)
/TPBI (30 nm)/Mg:Ag (100 nm)/Ag (100 nm) > 2 ¢ 12 Flrfpy % & % k4142
7t % devicel > 1 Flrpic % £ kH4lz ~ it 5 devicell - % - 5 =~ 23z
FP BT B A-1S. 5 R o dp A B o ¥ b S LR A B
2 E s i ek 2 A 5 kB mCP iF G A
AL > Flrpic 22 Flrfpy » %] i® 5 2 284 @l =~ - 2 ¢ 12 Flrfpy 5 £ %
kAlz. i# L device Il > 12 Flrpic & Z4F &4z ~ & 5 device IV e &
P et Y s 3o F ok Rk BCP ey B A & £ 7] 5§ 12 mCP
5 AR TPBI,T* VLA S LR @,%])%] F] L T A
M mCP F5 Akt d 3l » BCP IR Rt 2 R FEdg k>~ 2
2 e I meed o B A-16.% device I-IV 2. EL B3 %2 CIE B8 > o B¢
¥ Ao 1 Flrfpy 5 &% k442 = & (device I £ TI1)4p g3t 72 Flrpic 5 £ %
kgl ~ it (device 1 &2 IV) G PR =4 chai % o H P device I & CIE &

1.5 (0.13, 0.23)P% » Hh % R BT F iE 25200 cd/m’ (B A-17.) > & B 47 4o
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Fheaphk Aty Spd2 20 o Bl A-18.2 B A-19.4 8] 5 < iE 2 ¢k 3R

{

EF2F(EQE) T i & (TH > 2 L2 F(LE)H T R ITH S o BY

T

o 0 7 TPSI-F 17 5 2 8 etz ~ it (device | Z 1) % & 7 #&iE 2 ~ i
e 430 2P devicel 2 “h3RE F 22F ¥ 3 i 9.4% (15.1 cd/A) > @ device
II £ % 15.0% (30.6 cd/A) 5 4pfz. T » 2 mCP iF 5 A 3 sk fisplz ~ &
(device III 22 1V) » H 3 k»x % ¥ 2 | device 1 &2 Il en= &2 — o gt ?k 5 1

TPSi-F iF5 A gkl =2 » HE AsaXx P AT 2R 5 10-20

mA/cm’ FF > dpET I H @ 3 g kR H L AT & 20 & 2 (<0.1 mA/em’) L

2 F* o pteh s Devicel 2 11 &% 2 5n% & PF(100 mA/cm?) > mE 4 A
2~ LR A F 5 TPSi-F £ 5 kA o fluorene A B > § sced-Z 4
LRI AT A B LMY > & 4]0 F] T-T annihilation #7E Ik chB T imsc ¥
Fop o R erE@2 AR 1 TPSIF (7L A 3 kM2 2R
L3 P ExFEATREF TARF(DTPSIF & 7 i ffd i v RE
A Ak ET R RS B i A g £19 o (2)48 ¥t mCP(5.9 eV) > TPSi-F
24 Mz HOMO it F#(6.3 eV) s it & & B L% L4k 2 HOMO £
LUMO i FF*t A8 6489 > & kjrd g »cd 2 2 5 0t 28 L4 k3 4

% kotd o (3)FLEH Y silane ¥~ @ TPSI-F iF 5 4 % k4 ena i 2 4

TNl  BRF R FLEEIHRSB o
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# A-1. & %12 TPS-F &2 mCP %5 2 3% B f8s7 @ i 2. ~ 22 fFe
Device | 1 1 v
Voltage (V) 9.89 9.05 9.23 9.28
Brightness (cd/m?)®® | 2903 (10555) | 6083 (22163) 1256 (5827) 2470 (10753)
E.Q.E. (%)™ 9.03 (6.59) 14.9 (10.9) 423 (3.94) 6.69 (5.84)
L.E. (cd/A) ™ 14.6 (10.6) 30.4 (22.2) 6.27 (5.84) 12.35 (10.78)

Max Brightness

25182 (@ 16V)

35682 (@ 15V)

17811 (@ 16V)

35944 (@ 16V)

Max E.Q.E. (%)

9.37

15.0

4.25

6.70

Max L.E. (cd/A) 15.1 30.6 6.30 12.36
EL Apax (nm) © 464 474 462 472
CIE,xandy ¢ 0.13 and 0.23 0.14 and 0.34 0.13 and 0.21 0.13 and 0.30
* At 20 mA/cm’.
®The data in the parentheses were taken at 100 mA/cm>.
“At9 V.

23 24 24

- - LUMO
2.7
3.0 3.2 3.0

Z Mg/Ag

2122 . | e

= Qle = = - 3.7

= 2 E =
) L= (:.'S
ITO “ | =
4.7
5.4 5.9
HOMO 5.9 6.2
6.3 6.2
) 6.5
B A-15. =~ i 50 P& B
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1(a) — - —Devicell
1.0 1 A — — Devicell
| ”‘ \ - - - Devicelll
—_ LAY Device IV
3: 0.8 !
S l
2> 0.6 ‘
c i
2 044 \
c }
] L)
m !
!’ 08
T I T I T I T 1
400 500 600 700 800

Wavelength (nm)

B A-16. =~ #* I-IV 2. EL B3 CIE /i £ B

40000 —
1 (b)
& 35000
e i
~~
T 30000 -
o
N 4
(¢D)
& 25000 +
o
O 20000 H /
< /
(¢D)
S 15000 /
e — - —Device |
3 10000 - — — Devicell
. - - - Devicellll
5000 Device IV
0 T T T T T T T T T T T 1
0 100 200 300 400 500 600

Current Density (mA/cmZ)

B A-17. ~ 2 IV Z R REFR -G A TH
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1
100
]
100

Device IV
90

Device Il
Device IV
I
90
Device Il

-
-—
T

80

— - —Device |
Current Density (mA/cm?)

— = Device ll

T
80

- o
—

— - =—Device |
— = Devicell

T
70
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60

T
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40
I
40
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Current Density (mA/cmz)
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+

2.
|

10
L

~
L ~
N

307418529630
M M N N N «d «—

Bl A-18.

(9%) Aouai1o1}j3 wniuend [eultaixy (v/pD) Aouaio1yj3 9oueuiwnT

50 60

3

7
50

-~

7

30

I-IV

20
f

T
|

E4 ™)
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3-b-1. #73|g4sk 1 LW (TFTPA)Z & &
AR HT P ;%f\;} - HERTFVIEINE AT R AL TFTPA »

PAh PR ETRE LR o %‘r,T‘;T fluorene £ triphenylamine ;& = 1=

s

TFTPA 2. F J& i 424 Scheme 2 #75 ; 12 triphenylamine ¥ = §
9-phenyl-9-fluorenol % fi& ie.it & i® Friedel-Crafts-type B~ F i ¥ 17 3] it
& ¥ TFTPA » f}t & & ¥ » 7] triphenylamine 7 phenyl * para % 5w
5%+ > T4t fluorene 22§ F »c¥ % 2 ¢hdk | triphenylamine + ) =
TFTPA” ™ o pt ¢t » TETPA 5] 7% % 73+t — 4% L2 3 & > Flpt s it + £ F 1

#cfa HI(EA ~ Acetone)if ix 6 B 32 B &7 B35 8 A F 2 B o o

TR ap R E 42 FARE L BE

Scheme 2 O
J .Q

@ . zr::iz ~

TFTPA
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3-b-2. # £ -DSC ~ TGA &2 AFM iRl &

& DSC v TGA 8 p| ¢ > 4B A-20.%75% > TFTPA 2. LI & # 8 & %
186 C mHS5%2 E2HFAFRLFEA1TC Fl B EH i fer 7
PHpBEN TSR R EL g e B R AR
Tpba s o TFTPA 5 B % % e 2 foid 40 57— & @52 3 5 LA
mCP(60 “C)tp st 152 { 4 B A B > T TR Adpd By ena it
PeRFET o pR v IR 2~ 2R o 14 £ 4 TFTPA 2 3 £ 42
T & k= B cardo fluorene B~ A B » F] % fluorene & ¥ T 5 4p %
WIFE2 A8 > Flam § 4B E R enit B 20 ¥ TFTPA £ § 4p% * 2 A 5

2

B oF L B AAE T o & AFM B R+ 0 2 TFTPA #r#l & 2 %

/

% 120 °C % /B9 V(anneal)z - B ] FF{s » H RMS 28 L wnqgp L | &> ;

032nm; 2. > Y mCP T8l & 2 " Aai¥ls 2 033nm> Am Al
% o g NHEEPREEL FHod AFM 3% ¥ 7> TFTPA 7] #8f5s « #7

DA T TR RMAE AR 0 T T fdp f B BT 1

TFTPA #78] % 2 & WCim ey MiFdp & 247 ) fE o
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ok
e\o, 20 }
n
) ) 0
) = T =186°C
»w 40F = o
o o
| E T N—
— (@]
5 60} E
T -
= . . . .
80 50 _ 100 150 200
Temperature (C)
100 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
0 100 200 300 400 500 600 700 800
Temperature (°C)
B] A-20. TFTPA 2z TGA ¥ DSC F]
3-b-3. %ﬁ'}é_ﬁ?

4o B A-21.%757 » TFTPA iz £ 3 & CH,ClL i3 % » & & F ik (film) X & P
Mg 4 H 267nmz g 3 & kp A fluorene A & > @ 310 nm 2 #x
Joif A & % p 3t TPA ¢ s B o ftebfskdend o d TFTPA “T8l & 2 &
o B B S bpaE = 377 nm o APEGTIA R dnm 2 A St S

'

VP F1E <+ fluorene & B3 ~ @ TFTPA L F A FA F BT 4 & 5 ik

s
Qi
o

TFTPA z_ 8 fi % 3% 7~ 4 I3 B A-21.¢ » TFTPA 2z = & % ik it
P(Er) & 2.89 eV spdi§ Lz §F sk % 3 Sk 88 45K Flrpic(2.62 eV) » TFTPA &

4 RFZ B Tl a k@AY A LMY @1 0% LM ARk
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FHE e AR R AR L3 FRMHEF LT RF L B o

Pk kS R ATF WY c TEAREd TR LMY BT A

FRAG g T A TE S 2 3 % Ra L TFTPA » 4

Eredpg &5 v 2 A # LM RAFE % > k2 Rgmme~io

1.0}k - Solution 410
! - - - -Film ]
! ) — — Phosphorescence

= 0.8, 4038
o . | ~~
- ©
a N—r
= 06 0.6 >
0 =
o C
= Q
£ 04} 0.4 &
S 7

< o2} 0.2

0.0

300 400 500 600
Wavelength (nm)

B A-21. TFTPA 2. UV-vis vx Tk 3 ~ 3§ Sk sk 28 &7 17 ik Sk 2 o 5k 2§

3-b-4 TiBEBEF-FBRT RE
A r T A ANk E HOMO » # @ § i dedn @ (Bl )3 * R

% H ~(vs. Fc/Fc) » % #ic i 4.8 5 ferrocene 4p %3+ B % #t ¥ > E? % UV-vis

7L
1B ©°

kB AL T i ¥ e
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TFTPA (1 E? , %5 i ferrocene 1 & 2_ {8 5 0.38 Vo #* F i 2 ;4 £ HOMO
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Flrpic ~ Ir(ppy); ¥ Ir(piq).acac 4 %] 1% 2 Z % k4441 g = ~ 2 - 12 TPBI %
&+ @k o NPB 5 0 @k o & 2B HdeT 20T

ITO/NPB(30 nm)/TFTPA: X (X= 7-21) wt% of dopant (40 nm) /TPBI (40
nm)/Mg:Ag (100 nm)/Ag (100 nm) ¥ ¢b » Z 7 Wb g g9 — Sp % % 3 3% kgl
Mz Z B M AN B AR A %2 3 R mCP F L A
A8 > Flrpic 73 Z 8 MR & o~ o ot TFTPA 7 5 24
KMHA L DpF LA B AR AL E s kAR 2 RIS

Brigd v ARz b TR R 4T H AT B 0k o B] A-23.7 1 A B G
%~k t2 ELRBI# 2 CIE &%~ % 5 (0.17, 0.37) ~ (0.26, 0.66)
£7(0.68,0.32) > & %] 5 %k p ** Flrpic ~ Ir(ppy); & Ir(piq).acac 2. *x % o d ] »

FAHARET R L R ek T RA B g kAl

gt T 0 kT R e T R Y A4 i

F}.
i
&
&
3

A2 ¢ B A-24.5 11 7-21 wt% Flrpic #3523 TFTPA 2. T % B 22 & B
TRITHE > Jd B° 7HFR > T8 A2 nSe TRAPF K(3V) & BB TR
MEF R R oA L K S A R AR BN R R R REIR ek B B
dedm b A A3k R L 21 wi%PF > B AR T iE 70394 cd/m’ - B A-25.
LM E I F(EQE)E Bk I F(Im/W)H T in 2 B AR > d BP #7
o i Fd T wt%d] 21 wt%hE FH 2 o H foX P IRE I ook g gk rs

Food A uT FiE 13.1%2 18 Im/W 5 4p > 12 mCP i 5 3 3 sk fH 2
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i 12(6.7%, 6.3 Im/W ) 72 TFTPA 17 5 2 3 R84l 2. ~ 2 g1 difk =
23t B - e E > F AR AT ok TR ARP(100cd/m’) B A2
e A BT ORAESY 12% 2 18IM/Wo 5 P B EXTHFBA AL 2 &
o AR p g A AR AR IET (1000 cd/m’) > B F K
FaxFmeE 16 Im/We 2 A2 5 P22 FFIZ o i mCP 5 24 k4
Mz Fhaidd > FEFERMBRER L A BT APRT MBRER 2
AT EPREEL S LEET AR A BRERRE > TR P LA 4T

R F AL AR 48 EREE S T-T annihilation £
concentration quenching® o #X & » f12 TFTPA 5 2% R+ L2 B 433k
B et @ 1723 23| %] T-T annihilation ¥? concentration quenching #7314 2.
o ERF TR NP R T oA A F] 5 TFTPA ac 3 A fgmesk £ 4 L f &
+ o T@d Himdp A 4 fpS F* @ 314 T-T annihilation ¥ concentration
quenching - B] A-26.4 %] 5= 21 wt% Flrpic 4% 2 TFTPA ¥ 21 wt% Flrpic %
32mCP 2 AFM B > d B ® ¥ 2d 21 wt% Flrpic 33 TFTPA 18 & 2_ /&
W HITERAPE ® C RMS E® 3 033nm; 4p & ¢ 12 21 wt% Flrpic 4%
32 mCP 2. Fwv Apigips g g > 2 RMS E:E 0.63 nm > 4pF

TFTPA-based & %erd ¢

o\
=

o pthenG % ¥ o kg TFTPA £ 3 KIA
cardo fluorene 25 B » FJpt sy & 8 i 2 A 300k B R L E L & F FIjEHRE

iTm 4p 3 iv* %3k T-T annihilation ¥¥ concentration quenching o F]#* - 4p i
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% A-2. 2 TFTPA 5 3 k8l & 20 < 4> fF 1w

Device FlIrpic-doped Ir(ppy)s-doped | Ir(piq).acac-doped Flrpic-doped
TFTPA TFTPA TFTPA mCP
Dopant concentration 21 wt% 21 wt% 21 wt% 21 wt%
Voltage (V)* 3.1 3.5 2.6 4.1
Brightness (cd/m*)®® 5526 (22875) 8592 (36837) 1945 (8663) 2819 (12004)
E.Q.E. (%)™ 12.3 (10.2) 11.8 (10.1) 9.2 (8.1) 6.5 (5.6)
L.E. (cd/A)®® 27.8 (23.0) 43.0 (36.9) 9.8 (8.7) 14.1 (12.0)
PE. (Im/W) ®© 12.2 (7.9) 15.6 (10.3) 6.0 (3.9) 5.5(3.7)
Max brightness (cd/m?) | 70394 (@ 13 V) | 145641 (@ 16 V) | 34973 (@ 14V) | 35250 (@ 15V)
Max E.Q.E. (%) 13.1 12.0 9.6 6.7
Max L.E. (cd/A) 29.4 44.1 10.2 14.5
Max P.E. (Im/W) 18.1 (93.4) 21.0 (1247) 9.0 (71) 6.3 (730)
EL Ainax (nm)’ 478 516 624 478
CIE, x and y° 0.17 and 0.39 0.26 and 0.66 0.68 and 0.32 0.15 and 0.37

* Turn-on voltage.

® At 20 mA/cm>.

¢ The data in the parentheses were taken at 100 mA/cm”.

dAL9V.
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