% = % 7 quinoxaline 2 arylamine 2. ¥ sk 3

d 2% 2 ey I, 2 5 4 g (arylamine)shA 3 1F 4

=H

=t

jca % (electroluminescent, EL) A i # h i B Hof4p § = # >

PR T R R A E ek A w B gtk - A S 4 S

ﬁm

-

2t & 3% (amorphous)™® » &p & F4 gk FAE A N 0 3T M E T g v
4 F - & B4 E4& i (bipolar character)s i F 2§ RS A Y
REFRDFE LR > Bl 3 T B S
oxadiazole/amine®” ~ pyridine/quindlineamine®® -+ thiophene &

pyrrole/benzothiadiazole’ 9'fr carbazole/cyanovinylene*
e g WHA AR B R 5 2 T2 B Ry
RFIL B 2w R BB L > - BRE

RARALe A B EEOEESS T T RETFTIEDT

\v
%«‘5
{w

BEY R HHRE R XTI R CF A E - LG RS
Z2_1v & # >4 7 oxidazoleZ carbazole#iw# 4 % 7 cyanocarbazole /74
ZF WL FEF R - EEEE L BHRELF A ENTFBE
2okl 3T E ko L PR TR ATk G LAk
hf RO e n gk BH A AT AR AT T T kR

JLB4 5, 28 4 quinoxaline # %7 W 2 F TR BT I gy 04
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Mo hizBF & ¢ > AP agR - & 7)1 quinoxaline £ pyridopyrazine
» ¥ % H (acceptor) > @ K #H i@ 54 > 4 ¥4 (triarylamine &
diarylamine) & 3 £  (donor)2 Fi& i & 3 chf S B et o S n 4
SN S S R O B VU S

oA ig 2k d i 2 (red-shift)ig @ A 4 =k o

FoE ¥ EHER L EH

PR AR 2 RO GE Ao B 3.1 T 0 WA AT A
SEE TG BT Il FARE S B EHL KT
Bk Ry 320 d K AT LS B VAL F T A BA
B SoiE /3t 350 nm ~ 450 nm 5 ‘@ & 5 F %P %7 phenyl %
quinoxaline ~ pyridopyrazine 2. m-n*s Jc# ; @ it £ M2 7 T EAH
(charge transfer) 2 n-m*e jc P & fp 3t g £ b £ e o 44 5 7)1 & F 30
MAR MR R (T F)2 ek % d o a P 7 F 84 d quinoxaline
¢z % pyridopyrazine p¥> H £ & 3 B A chis > 4o B 3.3 7o (QUPY
3 vs. QUPy 4; QuPYy 5 vs. QUPY 6, and QUPY 7 vs. QUPY 8) o & i 4«
BAEIPF o HR kB R E P EE ¥ I P FEEBE S

Fhoenk @ F L7304 3.1 -
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Abs. (a.u)

------ QuPy9
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Bl 3.2 QuPy 2 % *h-¥ 1Lk k3§
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14

1» acceptor as quinoxaline s QUPY3

ffffffffff QuPy4
. \\ - QuPY5
1.0 — QuPy6

0.8+ \ acceptor as pyridopyrazine

0.6

PL Intensity (a.u)

0.4 H

0.2 4

00— S
400 450 500 550 600 650 700 750 800 850 900

Wavelength (nm)

B 3.3 QUPY3-6 2 i3 A »< s

% 3.1 QUPy 2 % 4 78

Entry A abs, NI A em, M (D 1,%)"
toluene CH-Cl, toluene  CH,Cl, film

QuPy3 327,410 325, 404 492 (52) 571 (7) 517

QuPy4 327,408 328, 408 535(27) 622 (NA) 577

QuPy5 330,406 274,323,401 500 (34) 590 (3) 520
QuPy6 328,408 275,322,404 527(33) 625(NA) 575
QuPy7 396 292,391 523 (21) 629 (NA) 542
QuPy8 291,389 290,390 570 (18) 672 (NA) 614
QuUPY9 266, 334, 386 268, 333, 385 570 (11) 679 (NA) 605

* Quantum yield was measured relative to coumarin 6 (63% in CH;CN). Corrections

due to the change in solvent refractive indices were applied.

BT
BT RS U LA R RS R
(differential ~scanning calorimetry, DSC) % # £ 4~ {7 &

(thermogravimetric analysis, TGA)#7B| ¥ o % 3.2 #751 5 i* & 2 #
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MR R 2 BEI o ot kst & 2 # 4 f2 R R (decomposition
temperature, Tq) & % > 400 °C> @ it & 4 QUPY3-QuPY6 £ 3 . %
ToEH > R FlEd 3% 4 Fpyrenez 31 » %o d DSC2 B £ ¥ 4v > it
£ 4 QuPy3 ~ QUPY4 ~ QUPY8 % QUPY9 *t+4c# 2 4 prpF i & i 5
B bR H ¢ > 8 5 QuPY4 B3 T8 4p & 59°QuPy5 2 QuPy6
% - AR PF G 4 BE(melting point, Ty) A 4 > B Peid aid Fris o
W EZE HFZERARERET AR RIZ A 0 ol 3.4 71 o QUPYT T id

D ET Bk e Hib R 8

|
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(=i
DS
)
=3
By
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IRy
~mh
Hje
gm
|
(™
4

T, B 3% & 0 - i J g @ R H R e
1,4-bis(1-naphthylphenylamino)-biphényl (a-NPD, T, = 100 °C) ~
1,4-bis(phenyl-m-tolylamine) biphenyl (TPD, T, = 60 °C) PAC 2 g

B4 kgL 4 i;22,47 .

----QuPy5

QuPy6 ™m
h
_1ft__ ________________________ /“|
2nd .
3d o memm e
- Tg .......

Endothermic
'_\
24
_|
P

Tg

50 100 150 200 250 300 350

Temperature (°C)
® 3.4 QuPy5 2 QuPy6 z. DSC Bl

49



% 3.2 QUPy 2 # 1 H F 4l

Ta/(C)* TJ(C)' T/(C)* TJ/(C)°
QuPy3 NA NA NA 520
QuPy4 NA NA 181 540
QuPy5 324 NA 140 478
QuPy6 304 NA 176 496
QuPy7 260 NA NA 418
QuPy8 NA NA NA 423
QuPy9 NA NA NA 400

* The heating rate and cooling rate were 10 °C/min and 30 °C/min, respectively. "

The heating rate was 10 °C/min.

RegpR
PR L T d RSB AT NG e 4 R 2 0om R
(R S E I R E ] e i S ST AP e AU AR R I | A DA

Fxp A BRR A TR Ao 33 4T o A S

Wi
=
!
I

—%&

¥ if (reversible) 2l @ R iF 3 14 > ptE B A K p At R
s B> 4 =g o QUuPY7 ~ QuPYy8 %2 QuPy9 < quinoxaline &
pyridopyrazine ¥ i& {7 ¥ i 0¥ F + B R 5 QUPY3-QUPY5 i+ & F i
T RZ% Bl4oB) 3.5 %71 o QUPY3-QuUPY6 ¥ ELip| ¥|azine (pyridopyrazine
£ quinoxaline)sE ¥ 3% (quasi-reversible)2_ B R g 5 " F T A A

HAaqv o> BRT &AM &L BF IR BRA>3-6>5-8>7)-

7 iﬁ Ed Al — e R R S E i R e
QuPy7-QuPy9 > ¢ #3¥ it 2 84 o - 4d CVRY 0 t T iz

RBRT o el KT LA ek kit 2 L BT S R
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Bl o H¥ § itdeded g ® R3S H o (> Fe/Fe) > % # 4.8 4
ferroceneAp ¥+ 2 % it P+ o LUMO B é73- & B B2 (v & $r Ao hovs ot
EHe s AT 3 R (V) Mt B iT 2 HOMO4rLUMO i £ ¥ B
(energy gap , 145 H HHLAEZA 1) > E4p 28 T Y HLUMORE -

d % 3.3 F it £ 4 2 HOMO# [f] /1 3¢ 5.14 - 5.31 eV > @ LUMO

53z

SRR AT 253 - 279 eV B 3 LUMO & A e 4

-

N
a2

B

. . N - - 48 3 N I = - [ = A 2
quinoxalinez E #8432 3 4 3 ° > E F3W I T F ¥ Ry

Bl

quinoxaline * & #» 2. LUMO= B - &t 3 84 + F a2 T+ &

43 pF4 41% OLED = i 20896 £ P o

% 33QuPy 2 § 1 F 7

HOMO,” LUMO,” Band gap,’

E (AE,)’, mV eV eV eV
QuPy3 510 (42), -1963 531 2.58 2.73
QuPy4 500 (103), -1848 5.27 2.79 2.48
QuPy5 513 (80), -1954 5.31 2.56 2.75
QuPY6 484 (101), -1745 5.26 2.78 2.48
QuPy7 332(105),-2088 (90)  5.14 2.53 2.61
QuPY8 358 (62), -1833 (89) 5.15 2.59 2.56
QuPY9 357 (92),-1855(107)  5.15 2.67 2.48

* Measured in CH;CN. All the potentials are reported relative to ferrocene, which was used
as the internal standard in each experiment. Ferrocene oxidation potential was located at
+332 mV relative to the Ag/AgNO; nonaqueous reference electrode. The concentration of
the compound was 1 x 10° M. ® LUMO energy was calculated with reference to ferrocene
(4.8 eV). Solvent to vacuum correction was not applied. Band gap was derived from the
observed optical edge and HOMO energy was derived from the relation, band gap =
HOMO - LUMO.
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Potential (mV)
® 3.5 QuPY3-5 2 Bk K% ]

o2& ~ARrgies L

4 T it § o0 £ 8 HHOMOALUMOT # soit £ 4 H Ap 4t 14 » i3
b g T @ HARTRBL S Al oS A a2 R T
g ki AN E AR 3.6 om0 LI B FeRE g o #

7

Bfk 40 nmit £ 4 QuPYZE T3 @1 40 nma 3 f FHAL &

>

THES0nm R E B4 100 nm2 RS FRE R o i iE i At F
S

B %A > FIQUPYE § M aILUMOE » @ 1+ & 4 3
BgirsTFBEWmAFELE D Ra > FQUPYR B R+ i 5
(ITO/NPB (40 nm)/QuPy (40 nm)/Mg:Ag) (4,4-bis-N-(1-naphthyl-N-

phenylamino)-biphenyl, NPB) f=4 ~ 2 » ¥ - B4 5 (ITO/QuPy (80
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nm)/Mg:Ag) ¥ & G 0 A ek angp g i H A R Ko
500 cd/m® > d o ¥ &> QUPY & 5|2 T 3 LA RN
- QUPYF (R ik B % W 5 R E4cT ¢ (D) ITO/QUPY
(40 nm)/Algqz (40 nm)/Mg:Ag; (II) ITO/QuPy (40 nm)/TPBI (40
nm)/Mg:Agz OLED~ i o H &4 B #rm >3 3.4 B 3.7 2§ 3.8
A2 gA-TR(A-V)Z A R-R ROL-V)B S B3390 5 ~i*2
T % % (EL)% 3 W -

B E@¢ o X F 5 (full width at half maxium, fwhm)diz = i (IT)
Wr o BRI ik 2 3R dg STQURY A 0 2 Algy 7 RS 384
£ > & F] 3t QuPyfrAlgs (HOMO = 6.00-¢eV):i: fi vt QuPy2£ TPBI

(HOMO = 62 eV) & is 7 Bla » 2% &k 18 1 Algs sPHOMO i

Fe

-

i 40 N e & (exciton) 2 H 3T AlQs R ¢ A E # 0 & 2 (ID)
SELE G Bk kP T £ kd v d REIH
d TP ALI)EF LT 2L ELETREF BTEQUPYE -
¢k > QUPY % 7] 2. HOMO it Ff £2 1% & (indium-tin oxide, ITO)Z-¥ £
T RFd BRI E TR FIM T B R AR TR
(turn on voltage : % & 5 & A iE | cd/m 77k 4o T R (B) o 4w ch g

QuPy3 2 QuPy4 ih~ i 24 (I & & ek T LR 5 125VE 14VE

Mot A& 30334 cd/m’2 29344 cd/m’ o § ¥ AR o opra enil »
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FoEak g KL B e BB dhr 0 7 eEe TR ehQuUPYS &
QUPY9 Ap >t QUPY4 FEf & § iz o fic sk o de Y 3 2k o

& F 4ot 0 QUPY8 & QUPY9 2 & i axF frit 4=QuPy4 & X -

2.56 2.56
| I
2.79 —
T g:Ag 2.79 2.7 Mg:Ag
. | ]
ITO—_ QUPY 37 ITO—_ QuPY 37
5.14
4.7 l . Algs 4.7 [ 5.14 TPBI
—Fhv —
531 531
—
6.0 6.2

® 3.6 QUPY35 S 2 14 )

1 —0— QuPy3/Alqg,
—O— QuPy4/Alq,
16004 —4— QUPy7/Alq,
1 —%— QuPy3/TPBI
140091 —e— QuPy4/TPBI
—A— QuUPY7/TPBI

Current density, mA/cm®
S
o
o
|

Applied voltage, V

® 3.7 QuUPy = i 2_ .V ]
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Luminance, cd/m?

EL Intensity (a.u)
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4 3.4 QUPY 2 & i {4

QuPy3 QuPy4 QuPy5 QuPy6 QuPy7 QuPy8 QuPy9
Von, V 3.0; 3.0 3.0; 3.0 3.0;4.5 4.5;3.5 3.5;3.0 4.5;5.0 3.0; 3.5
Lynax, cd/m?
25370 (11); 24956 (13); 14552 (10); 3036 (13); 13960 (13); 974 (13); 7075 (13);
v aill)-maxa 30334 (12.5) 29344 (14) 8219 (12.5) 22297 (13.5) 21032 (15) 692 (13) 6120 (15)

Aem, NM 516; 512 574; 578 510; 508 574; 576 544; 542 590; 606 602; 606

0.27,0.57; 0.46,0.51; 0.26,0.54; 0.47,0.50; 0.38,0.57; 0.46,0.49; 0.50,0.47;

CIE (x,y)
0.25,0.57 0.49, 0.50 0.23,0.55 0.49,0.50  0.38,0.58 0.55,0.43 0.56, 0.42
fwhm, nm 82;76 118; 108 84; 74 124; 106 94; 86 150; 110 134; 108
Hextsmaxs> 70 1.1; 1.2 1.1; 1.1 0.72;0.35 0.58; 0.84 0.49; 1.0 0.06;0.09  0.38;0.60
Tpmax, IV/W 2.8, 2.7 1.9; 1.8 1.2;0.35 0.11; 1.1 1.0; 1.6 0.05;0.07  0.57;0.77
Nemaxs /A 3.5;3.7 3.0;32 2.2;1.1 0.28;2.4 1.7; 2.1 0.13; 0.17 0.83; 1.0

L, cd/m? (*) 3445;3632 2988;3165  2004; 470 230; 2189  1640; 1842 132; 174 809; 782

Hexts Y0 (*)  1.07; 1.16 1.1; 1.1 0.65;0.12 0.08; 0.77 0.48;0.53 0.05; 0.09 0.37;0.42
Moo IM/W (*)  2.2;2.4 1.5;1.7 1.2;0.20 0.115,1.1 0.77; 1.0 0.05; 0.06 0.39;0.36
Ne, cd/A (*)  3.4;3.6 3.0;3.2 2:0;0.46 0:23; 2.2 1.6;1.8 0.13;0.17 0.81; 0.78

 The measured values are given in order.of the devices I'and II: Lz, maximum luminance; L, luminance; V,,,
turn-on voltage; V, voltage; 7eximax» Mmaximum external quantum- effieiency; 77, max, maximum power efficiency;
Te,max» Maximum current efficiency; 7.y, eXternak.quantum efficiency; 77,, power efficiency; 7., current efficiency;
fwhm, full width at half maximum. *, at a current density of 100 mA/cm?. V,, was obtained from the x-intercept of

log(luminance) vs applied voltage plot. Device I: ITO/QuPy (40 nm)/Alq; (40 nm)/Mg:Ag and II: ITO/QuPy (40
nm)/TPBI (40 nm)/Mg:Ag.
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A A s 2~ & 7] 7 quinoxaline/pyridopyrazine % arylamine
LEERR A BT A O R Tk B %
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