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Table S1. The reaction results of the selenone group (-SeO,Ar) reduction experiments.

Reaction Entry Starting Material Reaction Conditions ? Yield
1 L-SeO-2F THF/H,0 (3:1, viv), 110 °C, 8 h. -P
2 L-SeO-2F THF/H,0 (3:1, v/v), HCI, 110 °C, 8 h.
3 L-SeO-2F THF/H,0 (3:1, viv), [Ir(u-Cl)(ppy)2]2, 110 °C, 8 h.
4 L-SeO-2F THF/H,0 (3:1, viv), [Ir(u-Cl)(ppy)2]2, HCI, 110 °C, 8 h.  45%
5 Br-SeO-2F THF/H,0 (3:1, v/v), IrCl3-nH,0, 110 °C, 8 h. 95%
6 Br-SeO-2F THF/H,0 (3:1, v/v), IrCl3-nH,0, HCI, 110 °C, 8 h. 96%

2 In all the reactions, the molar ratio between the starting material and Ir(111) containing compound was ca. 1:1. ® Cannot be detected

properly.

Table S2. Selected structural parameters of I1rSe-2F.

Bond angles (°) Bond lengths (A)
C(7)-1r(1)-C(24) 91.7 (3) C(7)-Ir(1)-N(1) 80.8 (3) Ir(1)-C(7) 2.004 (7)
C(24)-Ir(1)-N(1) 94.7 (3) C(7)-Ir(1)-N(2) 96.6 (3) Ir(1)-C(24) 2.006 (6)
C(24)-1r(1)-N(2) 80.3 (3) N(1)-Ir(1)-N(2) 174.3 (3) Ir(1)-N(1) 2.027 (7)
C(7)-1r(1)-0(2) 174.9 (3) C(24)-1r(1)-0(2) 88.8 (3) Ir(1)-N(2) 2.045 (5)
N(1)-1r(1)-0(2) 94.1 (3) N(2)-1r(1)-0(2) 88.5 (2) Ir(1)-0(2) 2.134 (5)
C(7)-1r(1)-0(1) 91.5 (2) C(24)-1r(1)-0(1) 173.2 (3) Ir(1)-0(1) 2.139 (4)
N(1)-Ir(1)-O(1) 91.8 (2) N(2)-Ir(1)-O(1) 93.3(2) Se(1)-C(12) 1.918 (8)
0(2)-1r(1)-0(1) 88.6 (2) C(12)-Se(1)-C(9) 99.2 (4) Se(1)-C(9) 1.926 (11)
C(26)-Se(2)-C(23)  86.2 (4) Se(2)-C(26) 1.852 (11)
Se(2)-C(23) 1.882 (7)
Table S3. Selected structural parameters of 1rSe-3F.
Bond angles (°) Bond lengths (A)
C(20)-1r(1)-C(7) 91.8 (2) C(20)-1r(1)-N(1) 93.4 (2) Ir(1)-C(20) 1.986 (5)
C(7)-1r(1)-N(1) 80.91(19)  C(20)-Ir(1)-N(2) 80.6 (2) Ir(1)-C(7) 1.991 (5)
C(7)-1r(1)-N(2) 96.29 (19) N(L)-1r(1)-N(2) 173.3(17)  Ir(1)-N(1) 2.037 (4)
C(20)-1r(1)-0(2) 174.06 (18)  C(7)-1r(1)-0(2) 90.45 (18)  Ir(1)-N(2) 2.062 (4)
N(1)-1r(1)-0(2) 9242 (16)  N(2)-Ir(1)-0(2) 93.69 (17)  Ir(1)-0(2) 2.139 (4)
C(20)-1r(1)-0(1) 90.63(18)  C(7)-Ir(1)-0(1) 174.08 (18)  Ir(1)-O(1) 2.141 (4)
N(1)-Ir(1)-0(1) 9354 (17)  N(2)-Ir(1)-O(1) 89.44 (16)  Se(1)-C(18) 1.856 (7)
0(2)-1r(1)-0(1) 87.70 (15)  C(18)-Se(1)-C(21) 85.6 (3) Se(1)-C(21) 1.882(5)
C(12)-Se(2)-C(9) 101.6 (2) Se(2)-C(12) 1.918 (6)
Se(2)-C(9) 1.921 (6)
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Figure S1. 'H-NMR spectra for L-SeOF — L-Se3F and L-Se. Full assignment of the resonance
signals observed is presented.
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Figure S4. 'H-NMR spectra for 1r-SeOF — Ir-Se3F and Ir-Se. Full assignment of the resonance
signals observed is presented.

S14



Supporting Information

-114,2

T T T T T T T
-111 -112 -113 -114 -115 -116 -117 -118 ppm

——-109.5.

\
\\“".Ir"*
F 0 0
Se | P
¥ Ir-Se2F
—éO —éﬁ —'[IOCI —1I05 —1I10 —1‘15 —1‘20 I ppm

S15



Supporting Information

€19
g191-
9L

GEEL-
SEEL

Ir-Se3F

=120

-175 ppm

-130 -135 -140 -145 -150 -155 -160 -165 -170

=125

<201

00%%

Figure S5. BE.NMR spectra for Ir-SelF — Ir-Se3F.

oL'8LL
E£T8LL
Ze8LL
al’Lel
B6L'ECI
06°€Z1
E0°LZL
062t
roocl
€6°2EL
E0EEL
0SEEL—-
Z6'vEL
L8°GEL
L6°SEL
a9l
6E°LEL
L9'EVL
90°LyL
L8°LFL
(4251148
2TESt

————

BESESS

0’99 —
W89l —

2&2.
covaL—

1982~
§9'82—

Ir-Se0F

S16



Supporting Information

Er'veL
99'v81 J\...f..

09'82 ~_
59'82

Ir-SelF

ppm

180 170 160 150 140 130 120 110

190

ar 001
L6 _.n:./
£2eol
areol
SS°PLLS
ZoPLL
PLPEE
L8 kL-
60811
£E'8LL
05'8LL
LS LEL-
ELPEL
L'SZE
£C0EL

=

Ir-Se2F

e

-—
(3]

H
(]
[ ]
~—

= o e

SLPEL
6 PEL
00°SEL
60°SEL
L6SEL
L69EL
GELEL
05°LEL
ag'vrL
reLrt
88°iplL
Er'srl
SO0'ESH
L L9L 65'82-
S Lol G9'8Z MJ\T B
L6'E9L

£0'roL

15991

S1°891L

95'v8L
crval—

ppm

35 30

180

ppm

160 150 140 130 120 110 100

170

190

S17



Supporting Information

15700}
9S°LLL 4/
Z9°L1}
2L LLLA
8L LA
69°LLE
9L'gL}
or8LL

6’121
LS'ECt /
86°€21 /

£5°6p 1
15671
£9'6%)
L9°6F1
50°25)
60°251
G125 -
61°261 1)
FLESE
8199l
90°891 -

Ir-Se3F

26 ppm

|
28

pPpm

170 160 150 140 130 120 110

180

S8 —

89°9L

LELL

cs’o00L —

LS8 —

Ir-Se

ppm

Figure S6. *C-NMR spectra for Ir-SelF — Ir-Se3F and Ir-Se.

S18



Supporting Information

Item name: 0

Item description:

12000

10000+

8000

6000

Intensity [Counts]

4000

2000

803.98713

80198837 80299284

A

Channel name: 2: RT=0.8195 mins : TOF MS (50-2000) 6eV ESI+

807.98489

805.98838

806.98813

804.99285

809.98749

808.98588

)

810.98972

81198894

81298516

125e4

A

T
798

100

80

%

60

40

20

0
802

T T T
805 806 807
Observed mass [m/z]

T T T T T T T
808 809 810 811 812 813 814

809.9876 II‘-SCOF
811.9878
807.9884

' 808.9917
L 805.9860 810.9909

806.9910 812.9911
[ 813.9880
= 804.9886
L 803.9879 814.9913
802.9894l I l 815. 9947

1
804 806 808 810 8_12 814 816
Mass [m/z]

(a) Up: experimental; Down: Calculated.

S19

818



Supporting Information

Item name: 1

Item description:

Channel name: 2: RT=1.3804 mins : TOF MS (50-2000) 6eV ESI+

825.97697

7.35e3
70004
6000
827.97613
5000 823.97658
gaoom
gzoom
821.97861 82498012 82698173
20004
822.97365 828.97844 p—
1000
e e . sl
818 819 820 82 822 823 824 825 826 827 828 820 830 831 832 833
Observed mass [m/z]
100 k 827.9781 Ir-SelF
80 F @,Se 829.9783
F 825.9789
=
X 60}
826.9823
40} 823.9766 828.9815
824.9815 830.9817
831.9785
20F 822.9792
821.9785 832.9819
820-9842‘ ‘ 1833.9852
1 i )
820 822 824 826 828 830 832 834
Mass [m/z]

(b) Up: experimental; Down: Calculated.

S20




Supporting Information

Item name: 1
Item description:

500001

40000

Intensity [Counts]

20000

10000

30000

A

Channel name: 2: RT=0.4553 mins : TOF MSe (50-1000) 6eV ESI+
843.94822
6.99e4
F 845.94675
841.94836
Se
Ir-Se2F
F
842.95168
839.95087 84495273
840.95301
846.95245 847.95134
/
83794841 g3.95302
848.95083
— |
T T T T T T T T T T T
834 836 838 840 842 844 846 848 850 852 854

Observed mass [m/z]

100 | 845.9687 Ir-Se2F
F
SO 847.9689
843.9695
F
60
844.9728
40 = 841.9671 846.9721
842.9721 848.9723
849.9691
20F 840.9698
839.9691 850.9724
838.9705 l 851.9758
0 ) i

838

840

842 844
Mass [m/z]

(c) Up: experimental; Down: Calculated.

S21

846

848 850 852



Supporting Information

Item name: 3 Channel name: 2: RT=1.6559 mins : TOF MS (50-2000) 6eV ESI+
Item description:

861.95904 3.22e4

30000

25000

863.96014

20000
859.96026

15000+

Intensity [Counts]

10000 860.96309

857.96380 862.96304

858.95802 865.95982
- 864.96530 e

855.96594
\

g |

T T T T T T T T T
852 854 856 858 860 862 864 866 868 870
Observed mass [m/z]

85696272 l _——
A

100} 863.9593 Ir-Se3F

S0k 865.9595
861.9601
=
N 60F
862.9634
40F 859 9577 864.9626
860.9627 866.9628
867.9596
20F 858.9603
857.9596 868.9630
'856.96111 l 869.9664
0 I\ | l )

856 858 860 862 864 866 868 870
Mass [m/z]

(d) Up: experimental; Down: Calculated.

S22



Supporting Information

Channel name: 2: RT=0.8951 mins : TOF MS (50-2000) 6eV ESI+
705.93804

8.51e4

707.93845
703.94045

Intensity [Counts]
2

704.94226
701.94233

706.94465

70294272
709.94170

70894311
‘ l 71094100
A

T
709

699.94368 700.94601

T T T T T T T T
705 706 707 708 710 711 712 713

Observed mass [m/z]

T
704

707.9406

100 Ir-Se

709.9408

80

705.9414

%

60

706.9447

40

20

703.9390
704.9440

701.9410

700.9424

702.9417

708.9440
711.9410

712.9443
l? 13.9477
A

710.9442l

b 1 11 | l
704 706 708 710 712 714

Mass [m/z]

(e) Up: experimental; Down: Calculated.
Figure S7. Experimental HRMS and Calculated spectral pattern (isotopic distribution) of Ir-SeOF —
Ir-Se3F and Ir-Se. (a) Ir-Se0F; (b) Ir-SelF; (c) Ir-Se2F; (d) Ir-Se3F; (e) Ir-Se.
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Table S4. Photophysical of the Asymmetric Heteroleptic Ir(I11l) Complexes and Their Parent

Complex Ir-Se.

Excitation Emission (film) D" 7(us) © TolT,
Amex (NM) # Jem (NM) (°C)
Film® 77K°®
Ir-SeOF 336 584,630, 578, 629, 90.7 3.18 278/110
(584 nm) 696°" 691°" (584 nm)
Ir-SelF 337 584, 633, 575, 626, 91.4 3.04 276/112
(584 nm) 696°" 688°" (584 nm)
Ir-Se2F 336 584, 629, 576, 627, 90.5 3.09 283/113
(584 nm) 697" 689°" (584 nm)
Ir-Se3F 337 584, 631, 575, 626, 92.3 3.35 292/115
(584 nm) 695" 687°" (584 nm)
Ir-Se 337 592, 636, 583, 634, 61.1 3.38 292/115
(592 nm) 702" 699°" (592 nm)

@ Measured in an 8 wt% doped CBP film. A, represents the excitation wavelength at which the maximum emission intensity of the
monitoring wavelength is obtained. The monitoring wavelength in parentheses is presented. ® Measured in an 8 wt% doped CBP film,

Aex = 380 nm. sh: shoulder. ¢ Measured in CH,Cl, solution at a 10"° M. sh: shoulder. ¢ Measured with an integrating sphere in an 8 wt%

doped CBP film. ¢ Measured in an 8 wt% doped CBP film and the monitoring wavelength in parentheses is presented.

Figure S8. UV-vis absorption spectra and photoluminescence (PL) spectra of Ir-Se in CH,Cl,

solution.
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Figure S9. Photoluminescence (PL) spectra of the asymmetric heteroleptic Ir(l111) complexes in

CH,CI; solution recorded at 77 K.
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Figure S10. Excitation spectra of the asymmetric heteroleptic Ir(I1l) complexes and their parent
complex Ir-Se (10° M) in CH,Cl, solution at 293 K.
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Figure S11. Excitation spectra of the asymmetric heteroleptic Ir(I1l) complexes and their parent
complex Ir-Se doped into CBP films (8 wt%) at 293 K.
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Figure S12. Photoluminescence (PL) spectra of the asymmetric heteroleptic Ir(I1l) complexes and
their parent complex Ir-Se doped into CBP films (8 wt%) at 293 K.
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Figure S13. Transient photoluminescence (PL) spectra of the asymmetric heteroleptic Ir(I11)
complexes and their parent complex Ir-Se in CH,Cl, (10> M) under aerated condition at 293 K.
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Figure S14. Transient photoluminescence (PL) spectra of the asymmetric heteroleptic Ir(I11)

complexes and their parent complex Ir-Se in CH,Cl, (10™ M) solution under degassed condition at
293 K.

S27



Supporting Information

11 — Ir-SeOF
—~~ — Ir-SelF
:; Ir-Se2F
) — Ir-Se3F
> —Ir-Se
x
-
cl)O.l
Jud
=
-
(ol

0-01 u '
b

00 05 1.0 15 20 25 30 35 40 45 50
Time (ps)

Figure S15. Transient photoluminescence (PL) spectra of the asymmetric heteroleptic Ir(111)
complexes and their parent complex Ir-Se doped into CBP films (8 wt%) at 293 K.
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Figure S16. DSC traces of the asymmetric heteroleptic Ir(111) complexes and their parent complex
Ir-Se.
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Figure S17. TGA traces of the asymmetric heteroleptic Ir(I111) complexes and their parent complex
Ir-Se.
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Figure S18. Cyclic voltammetry (CV) traces of the asymmetric heteroleptic Ir(111) complexes and
their parent complex Ir-Se.
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Figure S19. Infrared (IR) absorption spectra of the asymmetric heteroleptic Ir(I1l) complexes and

their parent complex Ir-Se.
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OLED Fabrication and Measurements. The pre-cleaned ITO glass substrates were dealt with
ozone for 20 min before the PEDOT: PSS was spin-coated onto the surface of ITO glass to form a 45
nm-thick hole injection layer. After being cured at 120 °C for 30 min in the air, the emitting layer (40
nm) was obtained by spin-coating a chloroform solution of each asymmetric bis-heteroleptic Ir(I11)
complexes and 4,4'-N,N'-dicarbazole-biphenyl (CBP) at various concentration. The obtained ITO
chip was dried in a vacuum oven at 50 °C for 20 min and transferred to the deposition system for
organic and metal deposition. TPBi (1,3,5-tris-(N-(phenyl)-benzimidazole)-benzene) (45 nm), LiF (1
nm) and Al cathode (100 nm) were successively evaporated at a base pressure less than 10 Torr. The
EL spectra and CIE coordinates were measured with a PR650 spectra colorimeter. The J-V-L curves
of the devices were recorded by a Keithley 2400/2000 source meter and the luminance was measured
using a PR650 SpectraScan spectrometer. All the experiments and measurements were carried out

under ambient conditions.
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Figure S20. EL spectra for the devices except the optimized ones at ca. 10 V.
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Figure S21. Current-density—voltage-luminance (J-V-L) curves for the devices except the
optimized ones.
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Figure S22. Relationship between EL efficiencies and luminance for the devices except the

optimized ones.
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Figure S23. Current density—voltage (J-V) curves for single carrier devices with 8 wt% doped CBP

films using the asymmetric heteroleptic Ir(I1l) complexes and Ir(ppy).(acac) as active layer.

Hole-only device: ITO/MoO3; (3nm)/PEDOT: PSS (20 nm)/active layer (50 nm)/NPB (30nm)/MoO3

(3 nm)/Al (100 nm); electron-only device: ITO/LIF (3 nm)/active layer (50 nm)/LiF (3 nm)/Al (100

nm).
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