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Abstract: Nine benzimidazole-iridium(ll) complexes Ir-1a-Ir-3c were designed and synthesized by using fluorinated
diphenylbenzimidazole derivatives as the main ligands and acetylacetone (corresponding complexes: Ir-1a-Ir-3a), 2-
pyridine carboxylic acid (corresponding complexes: Ir-1b-Ir-3b), and 2-(5-trifluoromethyl-2H-[1,2,4]triazol-3-yl)-
pyridine (tftp, corresponding complexes: Ir-1e¢-Ir-3c¢) as the auxiliary ligands, respectively. The effects of the degree
of fluorination and different auxiliary ligands on the photophysical properties of the corresponding iridium complex-
es were investigated. The maximum emission wavelengths of the nine complexes were located in a range of 487-502
nm, showing green to blue-green phosphorescent emission. The largest blue shift was observed for the complexes
based on tftp as an auxiliary ligand, especially for Ir-1¢ compared to Ir-1a with a blue shift of 17 nm. The nine com-
plexes showed excellent photoluminescence efficiencies of 52%-87%. Furthermore, all iridium(ll) complexes exhibit-
ed good thermal stability, and the thermal decomposition temperatures were 313-390 °C (5% weight loss). Four iridi-
um complexes of Ir-1¢, Ir-2¢, Ir-3c¢, and Ir-2b were selected for spin-coated electroluminescent devices with a dop-
ing concentration of 9%. The results show that the change of the primary and secondary ligands has a large effect on

the luminescent color and luminescent efficiency of the light-emitting diodes. The Ir-3¢-doped spin-coated devices
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had the highest device efficiency with an external quantum efficiency of 10.2%, a current efficiency of up to 30.3

cd+A™, and a maximum power efficiency of 14.7 Im+ W™,

Keywords: benzimidazole; iridium complexes; {luorine chemistry; auxiliary ligands; solution spin-coating
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Fig.1  Fluorinated diphenylbenzimidazole iridium complexes with different auxiliary ligands
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Ir-1a: 52 4% (R AR B, 0% 51%. 'H NMR

(500 MHz, CD,CL,): 8 7.76(s, 6H), 7.69(d, J=5.4 Hz,
6H), 7.38(s, 4H), 7.22(s, 2H), 6.71~6.60(m, 2H), 6.32
(t,J=8.3 Hz,2H), 6.17(d, J=9.6 Hz,2H), 5.41(s, 1H),
1.95(s, 6H). "*C NMR(125 MHz, CD,Cl,): 8 185.32,
163.55, 162.81, 161.53, 152.60, 139.99, 136.59,
135.19, 131.80, 130.48, 130.23, 128.30, 126.60,
124.18, 123.36, 120.90, 116.06, 110.80, 107.45,
107.27, 101.19, 53.60, 53.38, 53.17, 52.95, 27.94.
HRMS(APCI, m/z): C,H,F,ItN,0,((M+H] *) B i {i
867.211 7; 540 {H 867.211 0.

Ir-2a: 55 4% AR AR A, K 47% ., 'H NMR
(500 MHz, CD,Cl,): 6 7.66(s, 8H), 7.57(s, 1H), 7.39(s,
4H),7.20(s, 2H), 6.18(t, J=10.0 Hz, 2H), 6.00(d, J=8.3
Hz,2H),5.38(s, 1H), 1.93(s,6H), "*C NMR(125 MHz,
CD,CL): & 184.99, 163.72, 161.81~161.56, 158.81,
156.73,152.80,138.98,137.13,136.13, 128.85, 128.64,
126.87,123.85,123.17,118.55,116.31,115.43,111.08,
100.65,96.33,96.11,95.90, 52.96,52.74,52.52,52.31,
27.30, HRMS(APCI, m/z): C,H, F,I'N,0,((M+H]*) ¥
18 903.192 9; SEHH 1 903.192 4.,

Ir-3a: i O AR B K, 0K 49%., 'H NMR
(500 MHz, CD,CL,): 6 7.98(s, 6H), 7.86(dd, J=5.2, 6.6
Hz, 4H), 7.78(s, 2H), 7.57(s, 4H), 7.36(d, J=7.1 Hz,
2H), 6.72~6.46(m, 2H), 5.63(s, 1H), 2.14(s, 6H), “C
NMR(125 MHz, CD,Cl,): 6 185.44, 140.84, 136.09,
134.76,130.80~130.49,128.27,124.22,123.70, 116.23,
110.85,109.23,101.38,53.59,53.37,53.15,52.94,27.85.,
HRMS(APCI, m/z): C,H,FrN,0,(M+H] ") B i i
939.174 0; 5250 939.174 4.,

Ir-1b: B 4% AR AR [ 44, 0% 90% . 'H NMR
(600 MHz, CDCL,): 6 8.30(d, J=7.6 Hz, 1H), 8.08(dd, J
=32.6,6.5 Hz,2H),7.95(td, J=7.7, 1.5 Hz, 1H), 7.74~
7.64(m,7H),7.61~7.51(m,3H), 7.46~7.42(m, 1H), 7.31
(ddd, J=24.4, 8.1, 4.1 Hz, 2H), 7.14(dd, J=11.4, 4.0
Hz, 1H), 7.10~7.00(m, 2H), 6.90~6.83(m, 1H), 6.65
(dd, J=8.6,5.7 Hz, 1H), 6.57(dd, J=8.7, 5.6 Hz, 1H),
6.32(dddd, J=43.9,17.7,8.8,2.6 Hz, 3H), 6.01(dd, J=
9.9, 2.5 Hz, 1H), 5.64(d, J=8.2 Hz, 1H). HRMS
(APCI, m/z): C,,H, F,IrN,O,((M+H]) £ {8 890.191 3;
SIEG(H 890.191 9.,

Ir-2b: B4 AR AR [ 4, W% 65%. 'H NMR
(500 MHz, CD,C1,): 8 8.24(d, J=7.8 Hz, 1H), 8.02(dd, J
=14.9, 6.6 Hz, 3H), 7.85~7.53(m, 8H), 7.43(s, 4H),
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7.33(dt, J=15.3, 7.3 Hz, 2H), 7.22(t, J=7.7 Hz, 1H),
7.10(d, J=8.4 Hz,2H),6.96(t, J=7.7 Hz, 1H),6.23(dt, J
=34.2,10.3 Hz,2H),6.11(d, /=8.8 Hz, 1H),5.81(d, J=
8.6 Hz, 1H),5.67(d, J=8.3 Hz, 1H). HRMS(APCI, m/
2): CHL F IrNJO,((M+H] ") HE 18 {H 926.165 2; 5L 5 {H
926.175 5.

Ir-3b: % (8 AR E R, % 31%., 'H NMR
(600 MHz, CDCI,): 8 8.28(d, J=7.6 Hz, 1H), 8.12(d, J=
7.3 Hz,2H),8.01(td, J=7.7,1.4 Hz, 1H),7.78~7.63(m,
7H), 7.51(tt, J=7.8, 3.3 Hz, 4H), 7.29(ddd, J=11.4,
9.0, 4.0 Hz, 2H), 7.14(t, J=7.5 Hz, 1H), 7.00(dd, J=
16.2, 8.2 Hz, 2H), 6.84(t, J=7.4 Hz, 1H), 6.38(dd, J=
10.2, 6.3 Hz, 1H), 6.30(dd, J=10.4, 6.1 Hz, 1H), 5.53
(d, J=8.3 Hz, 1H), HRMS(APCI, m/z): C,;H,,F,IrN.O,
(IM+H]) S 962.153 6; 52K {1 962.154 5,

Ir-1c: 2% (8 AR AR K, 0% 93%., 'H NMR
(600 MHz, CDCL,): 6 8.29(d, J=7.9 Hz, 1H), 8.02(d, J=
5.3 Hz,1H),7.91(td,J=7.8,1.4 Hz, 1H),7.73~7.65(m,
6H), 7.62(d, J=7.6 Hz, 1H), 7.58~7.52(m, 2H), 7.50
(dd, J=6.3,3.3 Hz, 1H), 7.25~7.21(m, 1H), 7.15(dt, J=
26.5,7.6 Hz,2H),7.11~6.95(m, 3H),6.87(t,J=7.7 Hz,
1H), 6.62(ddd, J=26.2, 8.7, 5.6 Hz, 2H), 6.40(td, J=
8.8, 2.6 Hz, 1H), 6.32(td, J=8.8, 2.5 Hz, 1H), 6.27~
6.15(m, 2H), 6.09(dd, J=9.8, 2.5 Hz, 1H), 5.75(d, J=
8.3 Hz, 1H). HRMS(APCI, m/z): C, H,F,IrN,(M+H]")
FRIBAE 981.205 9; 3L 55 {H 981.206 0.

Ir-2c: B4R A0 AR B A, UK 70% . 'H NMR
(500 MHz, CD,CL,):6 8.34(d, J=7.5 Hz, 1H),8.17~7.97
(m,2H),7.69~7.44(m,9H), 7.40~6.97(m , 6H) , 6.36~5.83
(m, 5H), 5.36(s, 3H), HRMS(APCI, m/z): C, H,F,IrN,
(M+H])HEISME 1 017.187 1; 52555 1 017.187 2.

Ir-3c: #4800 AR B4, Ui 88% ., 'H NMR

(600 MHz, CDCL,): 6 8.23(d, J=7.9 Hz, 1H), 8.10(d, J=
5.2 Hz, 1H), 7.92(t, J=7.5 Hz, 1H), 7.68(dd, J=12.8,
4.1 Hz, 6H),7.54(d, J=5.9 Hz, 3H),7.46(d, J=3.3 Hz,
1H),7.28(d, J=6.4 Hz, 1H),7.09(dt, J=28.8,7.7 Hz,2H),
7.02~6.86(m, 3H), 6.79(t, J=7.7 Hz, 1H), 6.27(dd, J=
24.7,11.6 Hz,2H),6.01(d, J=8.3 Hz, 1H), 5.63(d, J=8.3
Hz,1H), C,H, FIrN,(M+H])BLS{H 1 053.168 2; 5L
K:{H 1 053.168 8.,
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Fig.2 UV-Vis and photoluminescence spectra of the iridium complexes in CH,Cl, at room temperature
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Table 1 Photophysical, thermostability and electrochemical properties of the iridium complexes
At/ nm N
Complex Ayt / nm Vi Shoulder k" eV D % Td/C Eqomoc eV E ot/ eV EfleV
Ir-1a 297,310, 343 497 532 2.44 82 363 -5.23 -2.72 2.51
Ir-1b 295, 309, 331 487 517 2.38 52 313 -5.39 -2.83 2.56
Ir-1c 291, 305, 329 480 508 2.57 79 313 -5.56 -2.76 2.80
Ir-2a 295,312,335 502 529 247 81 370 -5.35 -2.79 2.56
Ir-2b 295, 306, 332 492 519 2.53 78 365 -5.42 -2.76 2.66
Ir-2¢ 296, 306, 329 487 509 2.58 87 390 -5.70 -2.89 2.81
Ir-3a 314, 375 500 530 2.46 73 386 -5.41 -2.84 2.57
Ir-3b 307, 366 491 525 2.50 71 376 -5.60 -2.92 2.68
Ir-3¢ 311,363 491 525 2.51 75 370 -5.58 -2.83 2.75
@ Measured in CH,Cl, solution with concentration of 10 pmol-L7!; P Triplet energy estimated from the highest-energy vibronic sub-band

of the phosphorescence spectrum in 2-methyltetrahydrofuran at 77 K, A, =365 nm; ¢ Photoluminescence quantum yields in deaerated CH,Cl,;
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Fig.6  Electroluminescent performances of the devices doped with the iridium complexes: (a) electroluminescence spectra;

(b) luminance-current efficiency-power efficiency characteristic curves; (¢) luminance-voltage-current density

characteristic curves; (d) external quantum efficiency-luminance characteristic curves
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Table 2 Electroluminescent performances of the devices doped with the iridium complexes

NpL e / M

Dopant Vi IV L./ (cd-m™) EQE*/ % LE*/(cd-A™")  PE°/(Im-W)

Main Shoulder
Ir-1c 3.5 12970 8.8,1.8,8.5 19.1,4.4,19.0 8.0,2.1,7.8 482 515
Ir-2¢ 3.5 5850 7.1,63,2.2 16.2,2.0, 14.9 6.8,12,49 482 515
Ir-3¢ 4.5 8 805 10.2,8.3,10.2  30.3,24.4,289 14.7,12.8,12.8 486 519
Ir-2b 4.5 9480 9.6,9.2,6.5 25.1,16.2,25.1 99,72,99 498 530

2 Turn-on voltage; ” Maximum luminance; © Order of measured efficiency values: maximum, values at 100 and 1 000 c¢d - m™2, respectively.
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