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Abstract: By introducing tetraphenylimidodiphosphinate (Htpip) as the ancillary ligand, two iridium complexes Ir
(tfmpiq)atpip and Ir (dfpiq)tpip  (dfpiq =2-(2,4-difluorophenyl)quinoline, tfmpiq =2-(4-(irifluoromethyl)phenyl)
quinoline) have been synthesized. For the emission spectra in CH,Cl, solution, the maximum peaks locate at 622
and 600 nm for Ir(tfmpiq),tpip and Ir(dfpiq):tpip with the quantum efficiencies of 15% and 17%, respectively. The
HOMO/LUMO levels are calculated as —4.80/-2.58 and —4.73/-2.57 eV, respectively. Under electric field from
1150 to 1300 (V-cm™)" the electron mobilities in 60 nm Ir(tfmpiq),tpip and Tr(dfpiq)tpip layers are 6.61~8.49x
10 cm?*-V™'+s7" and 6.08~6.61x107° cm?+- V™57, respectively. The devices with the structure of ITO/TAPC (60
nm)/Ir-complex (15wt%): CBP (50 nm)/TPBi(60 nm)/LlF(l nm)/Al(100 nm) were fabricated. The device based on
Ir(dfpiq)stpip exhibited a luminance of 18 195 c¢d-m™ at a driving voltage of 12.0 V with a maximum current
efficiency (9.) of 4.71 cd-A™ and a maximum power efficiency (n,) of 1.82 Im- W™, respectively. While the device
based on Ir(tfmpiq).tpip exhibited a luminance of 14 676 cd-m™ at a driving voltage of 12.0 V with a maximum
7. of 3.47 c¢d-A™" and n, of 1.51 Im+ W™, respectively.
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FIRT, K10 mL 19 2% S A AL T B g
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Fig.1 ~ Synthetic routes of the ligands and complexes
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(0.41 mmol) Ktpip, % 58%,
1.1.2 2-(4- = 380 P 5 4 B ) S s bk 1 2-(2,4- — U A
5 S s IR 11 B 1

3.27 g (20 mmol)1-5 5 Mk 30.0 mmol 4-— 3K
HH BRI R B 2,4- — HUR B R .0.04 g(0.20 mmol) /i
PR A (AL 75 L & 9.57 (36 mmol) = 7K A i R 4
36 mmol JC/KBRIR AW , ¥ AL 30 mL H 2K . £ % . K
2:1:22)IR G R #E 90 C M 30 h, ¥, H =
A BEAEE(50 mLx3)3 K, WA PR, A ik
TG BETR A R (10:1) Pk AR Ak AT 2 BT, A5 30
R 3.79 g(13.9 mmol)2-(4- — 5 FF L 2R Ik ) S s ik
(3 .69.5%) 3% 4.31 g(17.9mmol) 2-(2,4- T K Iik)
S MEMR (IR . 89.6%), MS(MALDI-TOF)(2-(4- — % H!
FEORIE) S MR m/z . THEAE R 273.268[M*], SE I {H
7 274.01[M*], MS(MALDI-TOF)(2-(2,4- — 5 A ) 7
WEBHK), m/z . THIAE N 241.240[M ], S5 E Sy 242.02
M,
1.1.3 = # 1k & P [(tfmpiq)aIr (u -Cl)], 1 [(dfpiq).Ir

(-CD)], B9 L

0.63 g(1.8 mmol) = /K & =# AL FI 4 mmol 2-
(4- = FU T BE ORI R WE IR (1.09 @) B 2-(2,4- — FUA )
SEVEIR(0.96 o) fEAE 6 mL 1 &8 FE O 7K (3:1) )
RAWER T 140 CF W 20 h, WHG AL 6HT
VEMTH 208 QRO i 7 ) B TR AR F
0.93 g(0.60 mmol) [(tfmpiq),Ir(u-Cl),(1 & ; 33.3%) 5%,
0.94 g(0.66 mmol)[(dfpiq),Ir(u-Cl) (43 :36.9%), MS
(MALDI-TOF) ([(tfmpiq)Ir (u-CD)]), mlz: 1 5 (H N
1 544.14[M*]; SEM{E A 1 544.17[M*], MS(MALDI-
TOF)([(dfpiq)lr(u-Cl)}), m/z: THFAE N 1 416.11[M*];
SEE A 1 416.13[M7],
1.1.4 A In(tfmpiq)tpip F1 Ir(dfpiq)atpip B4 L

JoK T T ,0.71 g(0.50 mmol) ¥ [(tfmpiq),Ir(u-
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85 4 5 19 Kipip(0.64 g, 1.40 mmol)i&f#7E 6 mL 112
AL CEER WO, SRJF 140 °CF B 24 h, [0 45
WG A LLETUVE R R, U8, B T JHRdR Al
0.15 g(0.13 mmol) Ir(tfmpiq)tpip, W H :26% , 1 & .
302 °C, 'H NMR(500 MHz, CDCl; ppm) 6 9.11 (d, J=
6.4 Hz, 2H), 8.93(d, J=8.4 Hz, 2H), 8.28(d, J=8.4 Hz,
2H), 7.81~7.68 (m, 10H), 7.40~7.29 (m, 6H), 7.16
(dd, J=10.8, 8.2 Hz, 6H), 7.06(t, J=11.1 Hz, 2H), 6.75
(td, J=7.5, 1.1 Hz, 2H), 6.56 ~6.43 (m, 6H). MS
(MALDI-TOF), m/z: i+ 51H A 1153.20[M]; 5 & K

418.390. [Mtpip+2], 737.634 [M-416],,

0.27 g (0.25 mmol) Ir(dfpiq)atpip, 4 :25.0% ,
J% #5..300 °C, 'H NMR (500 MHz, CDCl; ppm) &
8.97 (d, J=6.3 Hz, 2H), 8.46~8.36 (m, 2H), 7.79~7.62
(m, 12H), 7.40~7.30 (m, 6H), 7.19~7.09 (m, 4H), 7.04
(d, J=6.3 Hz, 2H), 6.84~6.75 (m, 2H), 6.52 (id, J=7.7,
2.9 Hz, 4H), 6.45~6.38 (m, 2H), 5.78~5.71 (m, 2H).
MS(MALDI-TOF), m/z ; 7153548 A 1089.18[M]; Sl {1
b1 418 408 [Mtpip+2], 673.631 [M-416],
1.2 BHBEEEARENHE

KT ER SR FIEREE, $& T TAPC
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BETE 2x107 Pa LAN | A7 WL REAY 28 & 3 R 02 0.1
nm s, 1R B AR SR T A AL Y Keithley
Source 2400/2000 . PR650 HLifi—HL -5 B 1T, ALEL
RICIEIEFE Hitachi F-4600 966 IEA DA,

2 HR5WR
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A\ T B RS L R BEAE B A N(2)-Ir(1)-N(1) A
174.0(2)°/N T 180°(3% S1), Ir(dfpiq)atpip b f4< (14 23 [1]
ML =Rk 2SR P, PO E T DSk A T
B ECAR wpip B9 2 4> O JEF R 2 A Fbk = 0 e ik
M C,NJEFEAL, 551 AR SRR EGY,
JUAAT 48 75 4, 2 — 1 it A /T A
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THEHE A 20 Cmin™, FLA Y Ie(tfmpiq),tpip 1 I
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Bl 2 BCAY I(ttmpiq)tpip(ZE)F Ir(dfpiq)tpip(F) i 1 2R 14
Fig.2 ORTEP diagrams of Ir(tfmpiq),tpip (left) and Ir(dfpiq)atpip (right) with the atom-numbering schemes.

Hydrogen atoms are omitted for clarity. Ellipsoids are drawn at 30% probability level

% 1 Ir(tfmpiq),tpip 1 Ir(dfpiq).tpip M @& EH S
Table 1 Crystallographic data for Ir(tfmpiq).tpip and Ir(dfpiq).tpip

Ir(tfmpiq)stpip Ix(dfpiq)stpip
Formula CseHzslrEgN;0,P, CsiHaelrF4N;0,P,
Formula weight 1 153.03 1 089.02
T/K 296(2) 296(2)
Wavelength / nm 0.071 073 0.071 073
Crystal system Monoclinic Triclinic
Space group P21/e Pl
a/nm 1.044 94(13) 1.244 53(3)
b / nm 1.222 72(14) 1.321 10(3)
¢/ nm 3.801 4(5) 1.543 50(4)
al () 90.00 85.50
B/ 95.537(2) 79.69
v/ (°) 90.00 63.41
V / nm™ 4.834 3(10) 2.232 62(9)
A 4 2
D./ (g-em™) 1.584 1.620
©n (Mo Ket) / mm™ 2.898 3.126
F(000) 2 288 2214
Reflns collected 26 666 16 272
Unique 8519 10 951
GOF on F* 1.168 0.976

R, wRy® [1>20(1)]
R?, Ry (all data)
CCDC

0.062 7, 0.168 7
0.067 8, 0.172 3
91052

0.030 7, 0.053 7
0.037 2, 0.054 9
91053

R =IIF)-IF/F). wR"=[w(F - F2w(F})]"

EARSTIRIOEE | T4 & 45 08 4, E G e VA W (0 5 A - nl DL WO 1 B R
22 XHEMER TR 3 s, WOHABAR DB S SASTER 2 b TR
T, AW Ir(fmpiq)tpip M1 Ir(dfpiq)tpip  300~380 nm Ab Lb A58 (14 W Y 4 U5 J& T A e fe 17 19
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T HARXS TECE Y In(dfpiq)tpip, BLE Y In(tfmpiq)tpip

5 1] s [\ 10 [0 2 SO0 2 T TR 5 0 66 P B 2T (CIE, =
Fhas | \: 0% 2 0.62, y=0.37)75 H 41 Y6 (CIE ,x=0.67, y=0.32), 1% J2: i1
A A O\ qes g TR AW CON B LR B S 50T eIk
204l \o A\ 04 B B s Ak . %0 In(C/N)LX 25 H I T2 47 HOMO
go.z- i N -0-25 Ml F LR B PO TTER T LUMO $UiE F 2%
z 00— 500""“““ ';00 e = =100 FEARP TR B EN RIS
Wavelength / nm TR SIS L C'N BCAR AN Rl 13 1 & 3 5

B3 B T(tmpiq)atpip A1 Ir(dfpiq)atpip 76— 5 A% Be A W A& SOGE s
VAU O W RN 2 S PLAS S A AT [Ru(bpy)s |+ 2C1 1 £ G W W R b
Fig.3  Absorption and emission spectra of Ir(tfmpiq)tpip HEYI I, I BC A 9 58 S WSO e 569 6 i a1 45
and Ir(dfpiq)tpip in CHCl solution T2 LA W0 B RCE N 15%F 179%9, %t

FEAA N (r—ar(L-L)) N BRIE , TR A BERVE R TEEA BN | 1 ws BLF BEEH BHRE A& H T
e e ) B JR WO RACEOR TR o300 Ry 475 R BB OGRS, KK MMk S HmAE S =4
451 nm WA B Te(timpiqtpip 1 Irldfpiqutpip 7T 60 = T MR 45 HOA P . S5O0 % 25 MO
14 <55 J 2 AR 18] 4 i 47 5% B BRIE R (dar () —r* K MRS ) Tre(tfmpiq),tpip A1 Tr(dfpiq).tpip ¥A
(MLCT)), A1 & AH XA 04 B IR WO 2R 5K B AR A EAUA 435128 0.16 Fi1 0.25 ws(&

MRS T DL S W) I (dfpiq)tpip M1 S2), BRERLY A, AT AR S (A5 VR 1 i BUR 6 AR
Ir (tfmpiq)tpip & 553 57E 600 A1 622 nm At P — DA g PEGE

* 2 &Y Ir(tfmpiq)tpip 1 Ir(dfpiq).tpip At B & 47
Table 2 Photophysical and electrochemical data of Ir(tfmpiq).tpip and Ir(dfpiq).tpip

Compound T./C Aws / nm, CH,CI, Aew / nm, CH,CI, b/ % HOMO/LUMO / eV 7/ s
Ir(tfmpiq)stpip 302 342/356/389/475 622 15 -4.80/-2.58 0.16
Ir(dfpiq)atpip 300 354/451 600 17 -4.73/-2.57 0.25

MG AR Z ML BT AR B AY v SRkl e Rl FEB R, SN
(tfmpiq)atpip F1 Ir(dfpiq)tpip B I = HL T H4EHERE  TAPC (50 nm)/Ir-complex (60 nm)/LiF (1 nm)/Al (100
K (HOMO) 3 h -4.80 F1-4.73 eV, H 5 HOMO B8 nm), Alqs & MR CRIAY L5k B H 5
R AW Ir(thmpiq)atpip 2 Ir(dfpiq)atpip 7 %8 SN IEA BT 200 SCHk A B L, AE 2 ] LA
WO P B R AR AR R, R T DR R B PR I D 2k A0 B P AL B T (thmpiq)atpip
H W Ir(tfmpiq),tpip FIECE W) Ir(dfpiq)tpip B EAKH  Fl In(dfpiq),tpip L F TR HRAIILS

TR A PR FLIE REZL(LOMO) 531 2 —2.58 F1-2.57 eV Y R i B B K B v AR A th £ an 1&] 4 JF
(WEAR 2 M2k WLIE S3), R, TA W LIRS R AT DUORLEE 1 JH A X p=d
23 BRAEVEIBRMNNEMBVERENSZGEN o V)ITE, i RENRZEE 1 & K0 E L5

Hl F BRI R 1 cd-m? BYIEREFA] )V ZIKEHL R HLIFHM 1 150
23.1 EAEYITR R E (Veem™”2 FHE 3] 1300 (V-em™), AW Ir(dfpiq)

— AT LT = S R R 2 S OE R R AL tpip B T B F M 6.61x107° em?- V-5 275 2
FAG AR TR R, AR A S Bt 8.49x10° em?- V™' +s7' L& ¥ Ir(tfmpiq)atpip A9 HLF
RICIKBA T2 BN, GERasFATE B HEM 6.08x10° cm?- Vs 42 5 F 6.61x107°
SEFRCRIBEAR, WA MOR S H R MBCR EE em?® Vs, X TS MR Alq,, H L FIER8 3
B T AL R 0 S TR Tr(thmpiq)tpip 4.74x107° em?- V-5 2 5 5] 4.86x10° cm?- Vs,
Al In(dipiqutpip 76 OLED R T RE4E JHIRA ol SCRRATAN Alq, J2 LA BL 6P T P M b RGBS
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Fig.5 Energy level diagram of HOMO and LUMO levels (relative to vacuum level) for materials investigated
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TPBi(60 nm)/LiF(1 nm)/Al (100 nm), & FE5 = 1 15 44
e FE (15wt%) 52 K 2 CBP 1) 35 36 A L B A1, #8202
W BE S/ INRE LS 5 25 5 W S PR (R P RE R T
AR 1R T 25 R RT LR 20 T 3B RE g 18] 5 B
N, o L A B S o BE P A RE TPBI, AR R
CBP F17s 7L i MR TAPC BTk 53+ L1 RE 9ok
F SCHRUS 8

H TG Y Ir(dfpig)stpip A1 Ir (tfmpiq)atpip
HOMO BEZ¢ & [t CBP B ,LUMO REZ Lt CBP 1)
K, eI T WA A R rhosh vl DL 78 Y a8 R L
(4 B B, DT N 338 1 48001 1 A A& S A, il
T TAPC Fl CBP 9% /GER 2 [ TPBi B HL 1L
T A WRAK LUMO fedt, L 2R &3
Feu BTk AT RN A EE | W] LU RO R e
14 A2 i RS0 B 1 P A, DT 9 98 2R 1 42

A X R AR

e fF B L BRI TE  e RE—  h RRLIAK
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K6, FEMBBAOLEIES T 2, S IFEARR
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(tfmpiq)atpip (f7F R2) HY K G537 510 600 1 622
nm P20 A X T 8848 R2 M Z0G(CIE, x=0.65, y=
0.32), wr 'k R1 By A SHOCIE A4 TR, MR LLED
(CIE, x=0.60, y=0.38)(Xl 6)., #s {1 HL BUE G GIE F1
Be 5 YA B 1 B EIE AR L, TEAR B8 R
A X R B RE AT LUK R MR CBP LLAE R Y
J5 AN B8 5 15 3 45 IR OB T (dfpiq)atpip AT I
(tfmpiq),tpip, 7E 300 nm #| 400 nm Z [A]F R/ A&
S TREY CBP R AR AT, X 02 B T 76 fL (&
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(a) EL spectra, (b) luminance versus voltage (L-V), (c) current efficiency (1.) as a function of current density (J),
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Fig.6  Characteristics of devices
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Table 3 EL performances of the devices R1 and R2

Device

V imon™ L / (cd-m?)(Voltage / V)" N / (I = W Newn ! (cd+AT)Y
R1 4.9 18 195(12.0) 1.82 4.71
R1 5.0 14 676(12.4) 1.51 3.47

[a] Vi driving voltage measured at 1 cd-m? [b] L,

w: Maximum luminance; [c] 7,: power efficiency; [d] 9. current efficiency
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