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Abstract: Two iridium phosphorescent complexes were synthesized by using the modified 2, 4-2R-
phenyl-4-methylquinoline as the main ligands. Methyl or methoxy was introduced in the positions 2
and 4 with small steric hindrance of phenyl. Their compositions and chemical structures of the com-
plexes were characterized by elemental analysis, nuclear magnetic resonance spectroscopy and sin-
gle crystal X-ray diffraction. The (2, 4-2Me-mpq),Ir (acac) and (2, 4-2MeO-mpq),Ir (acac) with
the photoluminescence quantum yields of 75% and 80% exhibit maximum emission peaks at 610 nm

and 580 nm, respectively. The HOMO-LUMO energy levels difference of the two complexes are
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2.04 eV and 2. 19 eV, respectively. Using (2, 4-2Me-mpq),Ir (acac) as the guest material, the
high-efficiency pure red OLED with structure ITO/TAPC (30 nm)/CBP: (2, 4-2Me-mpq)21r (acac)
(30 nm) :x%/TPBi(30 nm)/Liq(2 nm)/Al was prepared with different doping concentrations. At the

optimal doping concentration of 10%, the device based on (2,4-2Me-mpq),Ir(acac) exhibited a red

emission at 607 nm with CIE(0. 63, 0.37), a luminance of 25 980 cd/m’, a maximum current effi-

ciency of 23. 11 ¢d/A and a maximum external quantum efficiency (EQE) of 20. 28%, respectively.

Key words: iridium complexes; phosphorescent materials; high efficiency; red OLED; luminescent property

nn\‘

13l

ALK G A (OLED) /R g — Fh i 2 i 1
6 W AR A AR S R R [ 2 RE I 405 A R
BN T, fE OLED #% 1R 45 /0 1) K2,
K BVA HLRSCHORE, B B 45 R & /1 1
SE 45 OLED # {4 tEfE . 8% Har, A 0L & e
BHE DG R B R ARL R AE 3R 5¢ b R =K
28 A A OR ORI R R B IR E
HEA A B o B A R R — s P A R
CAnEY e BRI 3 26 ) e A 90 X Se e S
R SIREER /LY B R e8RS |- S i)
BB OGEL A %) E AF OLED 7% 7= lb vh 45 21 7
W B W O BC A 1 S0 N A AT AS RE i
OLED =Mk i) i F 75 3K, 1% £ i — 25 F 5% JF &
A AT (0 F 2 (0 AR B OB B & ) C FE OLED f= )l
FHE N AE BE 2 AATTX 5 8 I S s 5 2R Pl
TN 2 AR A LA T SRR Al T K TR
{14 T T B Tl Y T G W (R B R AT AR Ak 252

BB G IC G W 1) B K R & G B Rl L
b Ak = R S B AR Y 254, 7E AN BT DL X
Sl SR AR AR 0 25 A8 A Ak s e i 3
PR R AR A5 ARSI i SR i A4
F a7 A A U, AR S RO K A&
SEEE 1 73k R O35 A ol 2K R BT A A7 X 0
G A Y RO REA  F B AR

R M IR R — S R ) 21 RN A AT AR O
e A5 9 5 BC A, 7E 2R s bk 5| A [R] 43 B
TRE J7 A AR 3 AT LR AR B R LA W 1 &
PR MR OGHI . 8 7E R IR b5l A
i R e K W s 7R AR L Bl At 21T,
W Bt K LTS o A AT I X 2 ks bk = 4k
A8 1) i vy, 2 B AR R I A 305 R S o7 [ B
LB EE , B0 78 K 3L 0 A B 51 A B
P M T, AR S X 2,4-2R-2R S -4- 3

WS AR = JC AR AR AT B M E R R A ) 6 BEL A /N 1 2
A F 4L R B 5 A R al F AU, A B 2 Al B
JCECE Y BESE T BE G W 45 HG RO B PR RE L IR
T AN R IO B G G LS W e W B R 1Y
S, WS R, S G AR R 4 LT
FE TS ] 9 R, 75 4% v bk v i Y 2 57 T 467
e, F SRR W AR, I H A
Hg] A LI A 1Y (2,4-2Me-mpq)alr (acac) B Ot
Be & W) 0 4l 2156 M oE, LLH O &R B R &
OLED, 52 B T #% K 4b i + 2 % (EQE) & ik
20. 28% MY HL B G AR M RE .

2.1 KF S5

SRR < [2,4- (I 5E) R Bk -4 - HT L s k] —
AALH RAR DU[2,4- — (B A3 ) 2K Ik -4- 1 L s
W] S A B R AR (EL A Bt 4 @ B AR T A D) L G
KRR TR B L 2, 1 TR R — 5 R o (43 A i, o )1
Befb T A RAF), £ B 2Bk (43l Rt
FeEZ NG ik TGS ), BE (200 ~ 300 H , 1h AR
M B Ak 2 Tl F 58 B ) L 4,47- = (9- IR mg ) B oK
(CBP) . 1,3,5- = (1- < 3 -1H- 8 I bR e -2- 3% ) 2%
(TPBi) Fl 4,4"-3F 0 K& — [N, N- " (4-F BE 28 3L ) %
fz] (TAPC) (98%, Banhe Technology) o

JCE /M AE VARIOEL 4 50 43 Hr A F i 5
% 8 FE AR 3% 76 DRX-500 %9 4% % H 4% A L 035K 5
T 7E DFS B 5 - 22 o7 2 U5 T3 A i B
win X 58 A7 5 76 Bruker SMART APEX CCD %l 51
i AT A I3 5 25 Ah - AT UL G 3E #E Varian Carry
50 128 AR A] UL 435 % BE T T B s S EUR ek i
FE F-7000 %15 430606 B oF B 5 o SOk 6o
7&K FH Ocean Optics 2000 % 56 3% S0 & 5 B i -
JE - 55 JE 45 AF il 28 R F R6145 (Advantest) i i J&
it .multimeter ZOOO(Keithley) Y H T & LS-110
(minolta) Y52 B 1 E 47 5E .



5510 4

WOAREL, AF TR M OAC A8 A ) BRI DG IRC 5 ) B G R AL LA B BUROL AR A 1585

2.2 EEMHARSRIAL
2.2.1 (2,4-2Me-mpq),Ir(acac), 1

PR ICDU [2,4- = (R ) 4 3 -4 TP s i ] — 58
b8k — BAK (5.0 g,3.47 mmol) . Z BE TN (1. 74
g, 17.35 mmol) F1 JC /K Bk & 44 (3. 68 g, 34.70
mmol) & F 500 mL =3 [& i K& 4, im A 150 mL
L RO RO BRI AURAUT L
PRI SR 4 b, ¥ 5D, G 98, 7E 60 CTF HoaE TR
FREVHLAN o P 5 T e 8 M A i O DR A
T B M 4 2 200 mL R £ E 2% R i A 50
mL JC/K LB, e 75 BR 25 A W e, ad U8 T R4S 3
LU A 4. 48 g, R N 82. 4% . Anal. Caled for
C41H39N-00Ir: C, 62.81; H, 5.01; N, 3.57. Found:
C, 62.84; H, 5.02; N, 3.59. '"H-NMR (500 MHzg,
CDCl3) §(107°): 8.36~8.34(d,J=8.8 Hz,2H),8. 17
(s,2H), 7.90~7.88(dd.J = 8.2,1.0 Hz,2H),7. 45~
7.41(m,2H),7.37~7.33 (ddd, J=8.4,6.8,1. 4 Hz,
2H),6.54(s,2H),6.35(s,2H),4. 40(s,1H),2. 87(d,
J=8.1Hz,12H),1.91(s,6H),1. 37(s,6H) );"C-NMR
(125 MHz,CDCl3) 6(10°):184.79,170. 58,153. 29,
148. 87, 144.29, 143.28,137.41, 135.95, 135. 63,
129. 34, 127.72, 127. 25, 125. 86, 125. 10, 123. 28,
121.01, 99. 11, 28. 10, 24. 34, 21. 08, 19. 66; MS
(FAB') :m/z=685(calcd. 783. 94 for(2, 4-2Me-mpq),-
Ir(acac),M-acac) o
2.2.2 (2,4-2MeO-mpq),Ir(acac), 2

FHVE[2,4-— (H AL ) % i -4- T L s b ] — 5
b4k — B (5. 44 g,3. 47 mmol ) &4 U [2,4-— (H
B ) R B -4 TV BE v o] S ML B AR (5.0 g,
3. 47 mmol) , BN LT O F {4 4. 16 g, %y 78. 5%,
Anal. Caled for C41H39N,04Ir: C, 60. 35; H, 4. 82;
N 3.43. Found: C, 65.34; H, 4.80; N, 3.26. 'H
NMR (500 MHz, CDCl3) 8§(107°): 8. 74(d,J=0. 7 Hg,

. {\ \N\
\ Cl\lr i
Sy

R

2,4-pentanedione, Na,CO,

2-ethoxyethanol, Ar, 125 °C R

2H),8.44~8.42(d,J=9.7 Hz,2H),7. 87~7.85(dd,
J=8.1,1.5 Hz,20H),7. 40~7. 34(m,4H),6. 05~6. 06
(d,J=2.3 Hz,2H),5.75~5.74 (d, J=2.3 Hz,2H),
4.54(s,1H),3.97(s,6H),3.24(s,6H),2. 85(s,6H),
1.45(s,6H);"C-NMR (125 MHz, CDCl3) 8 (10°):
185. 14, 169. 25, 160. 17, 159. 97, 155. 99, 148. 58,
144. 63, 129. 07, 128. 69, 127. 23, 125. 97, 124. 49,
123.28,121. 67,112. 60,99. 71,92. 56,54. 93,54. 60,
28.22,19.52; MS(FAB") : m/z=749 (caled. 847.94
for (2,4-2MeO-mpq)slr(acac) ,M-acac) o
2.3 OLED##4l&
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ME 2, B2 EHAJE/NT 5%107 Pa, 38 & HL B
P BB B A W A LA A LM OB S S R
FeTHE T v BE UL , K A% T BE J2 A I 25 98 A B 3
Het b, 345 OLED a8 44F o sk O 1H 55 1 45 140 Y
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5B DL R A RO - B AR R
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Fig.1 Synthetic routes for the complexes
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Fig.2 Crystal structure for the complex(note: hydrogen atoms are omitted )
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Fig.3 TG curves for (2,4-2R-mpq),Ir(acac)

3.2 BEVMKHMEEEMBELFEER

FIR ST L FE 1.0 x 107 mol/L 9 — 5 H b
O R T (2,4-2Me-mpq)2Ir (acac) 1 (2, 4-
2MeO-mpq)alr(acac) [ 5 #h - 1] UL 5t 3% 1O 3 &k

(2, 4-2Me0-mpq),Ir(acac)

Je 6T 4) , %R () 3 E 6 4 B B S BOR
F SR TR 1P, mE 4T LUE B
G W B A AL G WOBCRFAE |, 7E 260~290 nm 3 [H]
PG i R AR W I UG, AT S JE Sk LA E R -
BRAT ("LC) Y BTk . 7 300~500 nm 35 [ P A 55 55
A R WS 0, T UL T 4 1 B R S RN A )
1A B B 17 2 B ('MILCT FIPMLCT) BR AT

HE4FIR 1A LVE Y, (2,4-2Me-mpq)alr(acac)
F1(2,4-2Me0-mpq)2lr (acac) A & 5 3% K 43 51 R
610 nm F1 580 nm , B S0 W 9 o 77 2K 45 51 R
75% F180% . SCHK[23-24 14038 T 7K 5L F A 35 U
B 1 2R JE kBT A ) Ir(MePQ) 2 (acac) , H &
SR 597 nm, B T RN 21%. ©F
KR, 5RE EATIUREER [r(MePQ)2(acac)
A E 3, FE 2,4-2R -2 3 -4- ) 56 s bk = i Ak vp 28 3
Y 245 Fl 445 [R] B 5] AH 3, (2,4-2Me-mpq)alr( acac )
KW H 597 nm T & 610 nm; 4 7E 2 i 1 4
A7 [A] B 51 A S BT, (2,4-2Me0-mpq )2 Ir(acac)
() & 51 3 K i 597 nm 5B & 580 nm. 15 B 7E X
PR R A e AT R AR D) A B W e
RN, A W H, - B AT 3 5 1 8 A R v AR A
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1) L TR0 < 48 P 280 R F 2800, 3 R 5
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SEHEPIT AL B 7 EAT G AR D I R 1 R AT
RS W W R A R I M I BB TRE 72 v A 4
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Ir(MePQ)y(acac) B 21% FEE S TFRERMILL,
LA A 05 ] AR E 3 T T s P ek
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(a) 1.0F (b) 1.0F —(2,4-2Me-mpq) Ir(acac)
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—(2,4-2Me0-mpq) ,Ir(acac)
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Fig.4 UV-Vis absorption spectra(a) and photoluminescence spectra(h) for (2,4-2R-mpq),Ir(acac)
F1 BMEYHXYEUEEMBLESH
Tab. 1 Photophysical performance parameters for the complexes
F5 A, /nm A, /nm A, /nm D, V. /leV E/eV HOMO/eV LUMO/eV

1 283, 353, 437, 472 272 610 0.75 0.23 2.04 -4.92 -2.88
2 285, 370, 453 275 580 0. 80 0.28 2.19 -4.99 -2.80

Je M AR R - 1.0 % 107 mol/Ls A« WRMCIE s A SR D A WO @, IO REFTR VM RLES s HO-

MO : fiei R HUE s LUMO . FefiR i el s £ REZLE .

N T HE 2 R R S K A AR AL, AT
K 8 B AR 2 3 0 %2 T (2,4-2Me-mpq ) 2lIr (acac)
H1(2,4-2Me0-mpq)2Ir(acac) i HL AL 22 2 T, &A1
1 L B A LA 43 31 0. 23 V FT0. 28 V, FF AU
GER AR DA RUEE AN R SR VAT K8 ST s
B (HOMO) MR A A A R HiE (LUMO) iE S .
BN A Enono=—(1.4 £ 0. 1) x(¢V.,) - (4.6 +
0. 08)™ (It g S HLfT , Vey XS ALAS) | Evuvo
(eV)=E +Enono(HH1, E,=1240/A) . T1HE1FE](2,4-
2Me-mpq)alr(acac) 1 (2,4-2MeO-mpq)2lr (acac) 1
HOMO-LUMO fiE 4% 22 53 33 4 2. 04 eV F12. 19 eV,
25} E.=h/A nlPAHEE (2,4—2Me-mpq)zlr( acac) & 5
WK KT (2,4-2Me0-mpq)2Ir(acac) RO &G, X
EDEBUROCETE I Y S R 2 R — B
3.3 EAWHBBANIERE
AT e T 22058 K B Y S 1) (2,4-2Me-
mpq)alr(acac) VE R & 1K B4 L il 2 T 45 ¥ A 1TO/
TAPC (30 nm)/CBP: (2,4-2Me-mpq)alr (acac) (30
nm) : x%/TPBi (30 nm)/Liq(2 nm)/Al i 2§ {4 % BF
FHHBUROLYERE . o TPBi By Tt A1kt

CBP i F4&# KL, TAPC H=s /AL i #4 8L, OLED
ey AN =N E R SIS SR v S S =2y i B w1
K5 Fs o

o, Q5o

J N
TPBi /1(\52 /}
CBP:(2,4-2Me- Li
mpq),Ir(acac) @ B
TAPC N7 @
1ITO @
Glass substrate

PR R TPBi Liq
Q 3
Q??(l

K5 SR AF45 K L B A B 40 1 454

Fig.5 Device configurations and structure of the materials

N T A B AR A P RE L FRATT L (2,4-2Me-
mpq)2lr(acac) 2% CBP, il £ T A6 M E B 2= 19
R OCR I, Z 5T 6% 8% . 10% . 12% Fl 14%
() 15 2% e BE 6 & O PERE B . LA (2,4-Me-
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HL R -2 Bl 2R A iR - B il H 3 AL
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By TR2Yh, A BRKET, (2,4-Me-
mpq)2lr (acac) 1 HL T %50 36 AN e K Ak 1 550 % 4B
IR TR IR B A TR I K R TR R RS I, &
e P E AT B E R A R
D) NTITR: ) | N S N - PO LD SO 77 S YN
Bl 6 aT LUF Y, Bl B 645 22 R B D\ 6% 36 fin 2]
14% , OLED M, Ui %% J R vk 28 K, 3 02 ih F (2,4-
2Me-mpq)alr(acac) 7r F B A 25 /UG i fig 11, 0 &
6 )2 v F A A% i A AR K STIERS. OLED B & 6
HOREA — MR8 22 W EY, 15 2% Wk B IR
Dexter fif it 1% 3% M\ 3 7R A4 B} Il B 5% 43 F 1 A& 38 A
T B AR o E, SO R EE R, &l 8 i
7~ , (2,4-2Me-mpq)2lr (acac) W F AL 8 4= e J& 0
10% , I B 85 4 A PR g e I o B K4 B T 3k 25 980
ed/m?, fe K HL I RSCR AN B R0R 400 R 23, 11 ed/
A F1 6. 13 Im/W, fix K4 & F 30 % (EQE) & ik
20.28%., HAl 6% F1 8% B e E 48 2% L 12% HI
14% W) @ W E B 22T, B 3808 AL KA B 130
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Fig.6 Current density-voltage-luminance characteristics for

device based on (2,4-2Me-mpq),Ir(acac)
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Fig.7 EQE-luminance characteristics for device based on
(2,4-2Me-mpq),Ir(acac)

25

20

15F

1.0 - 6%
A oy

08 1] — }(2)0‘7/:
06 M
0.4 \

£ 02F

of 2
1

. - 4,
Current efficiency/(cd+A™")
—_

n =
T T
nalized EL intensity

N

0 1 L
500 550 600 650 700 750 800
A/nm

L1 T T IR ETIT| B R R RTET 11
0.1 1 10 100 1000 10000

Luminance/(cd-m™)
K8 3T+ (2,4-2Me-mpq),Ir(acac) # {4 (1) L 7 40 R -5 B
Hh 28 F1 EL G i

Fig.8 Current efficiency-luminance charactersitsics and EL

spectra for device based on (2,4-2Me-mpq),Ir(acac)

YA AR, s — O AN W) 45 24 e
IR EL, 4% 18 B B 2R OLIE 29 0 608 nm, i (2,4-
2Me-mpq)2lr(acac) i % W 6 BUL SEOE % (PL) Y
e R &GN T 610 nm, HLBUKR L IE A
o AIRE AU T B B BUR GO 1 SE AR AR [H]
@ AR AR AE (0. 63,0. 37) B3, Ji T 21 X 4k, 3% 1

Fz2 AEBHERE(2,4-2Me-mpq),Ir(acac) EZEEESEH

Tab. 2 Main performance parameters of (2,4-2Me-mpq),Ir(acac) with different doping concentrations

BaRwkE%R VIV L, /(cd:m™) CE, /(cd-A™) PE, /(Im-W™) EQE/% A, /nm CIE,
6 10. 1 23180 20. 37 5.36 18.25 608 0. 63, 0.37
8 10.0 23780 22.51 5.44 21.01 608 0.63, 0.37
10 9.5 25980 23.11 6.13 20. 28 607 0.63, 0.37
12 8.5 24 660 21.49 6.41 19. 88 608 0. 63, 0.37
14 8.5 25 840 20. 95 5.72 18.56 608 0.63, 0.37

Lo WRSEL; CE |« WTACER PE WHIACR; EQEAMRETALA A

s ECROEIE ; AbR(CIE, ).
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A RO LR . XA T (2,4-2Me-

mpq)2lr(acac) BA BAF 09 R 7 o

4 B %

ARSI AR T 2 FVEBEC L AW e T
R 2258 . DY BEEPEREME Y A B, 5 Sk
TR E B E BUREE R Ir(MePQ)2(acac) B9 &
BARAALL, B S AfE(2,4-2Me-mpq)2Ir(acac) 1Y
TP KA T 2078, A B 5 I A (2,4-2MeO-
mpq)olr(acac) B & SFHE A WERS o 10 I 380 2 0 48 i
Wk A AT TG A A8 M, E AR s ) A6 BHL B /N 1 2 fif
FAfr 5 SE ek F A, B SR T ik i T3 AT
177 R AR T Rl W v 1R AT . PL(2,4-2Me-mpq),-

& % x #:

Ir(acac) A & AL, i & T 2544 2 ITO/TAPC (30
nm)/CBP: (2,4-2Me-mpq)alr(acac) (30 nm) :x% /TP-
Bi(30 nm)/Liq(2 nm)/AL ¥ F A [F] 45 24 e B2 11 55
LG OLED 2444, 76 10% BIAL U FE T, #e:  e
KAEEEH 25 980 cd/m’, HLFLALHE N 23. 11 ed/A,
KAME TR (EQE) B34 20. 28%. SLHG45FFH]
(2,4-2Me-mpq)2lr(acac) & —FP ML BEIL R A 21 (5 %
SR, AT LA £ S AU A0 OLED #3804, A %
FER N FH A E

AR S0 G T L S AR B A A AR B
http://cjl. lightpublishing. c¢n/thesisDetails#10. 37188/
CJL. 20220134.
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