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1. General Experimental Information

The NMR spectra were measured with a Bruker spectrometer at room temperature.
Mass spectra were obtained on Bruker matrix-assisted laser desorption/ionization
time-of-flight mass pectrometer (MALDI-TOF-MASS). The UV-vis absorption
spectrum was recorded on a Lambda 750 spectrometer (PerkinElmer, America).
Emission spectra and lifetimes were measured on a FluoroMax-4 fluorescence
spectrophotometer (Horiba, Japan). Photographs were taken by Canon 90D camera
(Canon, Japan). The absolute quantum yields of the complexes was determined
through an absolute method by employing an integrating sphere. Cyclic voltammetry
curves were accomplished in CH2Cla with a three-electrode cell configuration
consisting of platinum working and counter electrodes and a Ag/AgNOs (0.01 M in
CH3CN) reference electrode under Nz atmosphere at room temperature.
Tetra-n-butylammonium hexafluorophosphate (0.1 M in CH2Cl2) was used as the
supporting electrolyte. The redox potentials were recorded at a scan rate of 100 mV/s
and are reported with reference to the ferrocene/ferrocenium (Fe/Fc*) redox couple.

All OLEDs were fabricated on pre-patterned ITO glass substrates with a sheet
resistance of 15 Q sq-1. ITO-coated glass substrates were cleaned by ultrasonic
cleaning in deionized water, acetone and isopropyl alcohol for 20 min in order, then
treated with ultraviolet-ozone for 15 min. After this, the ITO substrates were led into a
deposition chamber, and the OLEDs were fabricated through a vacuum evaporation
deposition process under a pressure below 5x10-4 Pa. The deposition rates and film
thicknesses were monitored by calibrated crystal quartz sensors. The deposition rates
for the organic materials, LiF, MoO3 and Al were 1~2, 0.3, 0.5, and 3~6 A s-1,
respectively, in particular, the evaporation rate of EMLs is about 0.1 A s-1. All the
devices had an active emissive area of 3 mmx3 mm, which are defined by the overlap
between the ITO anode and Al cathode. The current J-V-L characteristics were
performed simultaneously by using a computer-controlled source meter (Keithley
2400) integrated with a BM-7A luminance meter test system. The EL spectra were
recorded by a PR655 spectrometer. The EQE was calculated from the current

density-voltage-luminance curves and EL spectral data.



2. Calculation method

The ground-state geometrical configuration was optimized by density functional
theory (DFT) with B3LYP functional. Based on the optimized ground state molecular
structure, the time-dependent DFT (TDDFT) approach associated with the polarized
con-tinuum model (PCM) in dichloromethane media was carried out to obtain the
vertical excitation energies of triplet states (Tn). The calculation was performed using
the Gaussian 16 B.01 suite of programs. The SDD basis set was used to treat the
iridium atom, whereas the 6-31G* basis set was used to treat all other atoms. The
contours of the highest occupied molecular orbital (HOMO) and lowest unoccupied

molecular orbital (LUMO) were plotted by Multiwfn 3.8 soft. (556!

3. Synthesis of cyclometalating ligand and iridium(III) Complexes

Synthetic routes of Ir1 and Ir2 are described in Figure 1.

Synthesis of main ligand: 10,11,12,13-tetrahydrodibenzo[a,c]phenazine: A mixture of
cis-1,2-cyclohexanediamine (6.00 g) and 9,10-phenanthraquinone (10.76 g) (n:n=1:1)
were added to a 250 mL round-bottom flask by using ethanol as the solvent. Then the
system was heated to 110 °C for 48 h. After completion of the reaction, the product
was cooled and recrystallized, yielding a white solid. 'TH NMR (500 MHz, CDCls, §):
8.28 (dd, J=1.0 Hz, 2.0 Hz, 2H), 8.00 (d, J=7.95 Hz, 2H), 7.52 (dt, J=8.3 Hz, 1.2 Hz,
2H), 7.38 (t, J=7.35 Hz, 2H), 2.93-2.85 (m, 2H), 2.51-2.48 (m, 2H), 1.93-1.91 (m, 2H),
1.66-1.57 (m, 2H), 1.50-1.43 (m, 2H). 13C NMR (125 MHz, CDCls, §) :153.18,
133.26, 131.51, 131.10, 128.39, 126.04, 123.30, 58.76, 33.61, 25.74.

Synthesis of Iridium(IIl) Complex:

The w-dichloro bridged Ir(II) dimer complex 2 was synthesized according to the
published literature. 514! IrCl3-3H20 (1.23 g, 3.5 mmol) and the ligand 1 (0.7 g, 7.0
mmol) were added into a mixture of 2-ethoxyethanol and deionized water (60 mL, 3:1
v/v). Then the system was heated to 110 °C under N2 atmosphere for 15 h. After the
system was cooled, the orange solid was obtained by filtering the solution and then

washed with deionized water and methanol. Next, the solid was dried using a vacuum



drying oven.

The synthesis of Ir1 and Ir2 are according to the previously reported method. (5!

Ir1/Ir2: p-dichloro bridged Ir(IIl) dimer complex 2 (0.3 g, 0.19 mmol), 1.0 g
K2COs3, acetylacetone and picolinic acid (38 mg /47 mg, 0.38 mmol) were added into
a mixture of degassed dichloromethane (40 mL), the system was stirred at room
temperature for 5 h under nitrogen atmosphere. Then the solvent was removed by a
rotary evaporator. The crude product was purified by column chromatography using
dichloromethane/methanol as eluent.
Irl: red powder (70% yield). '"H NMR (500 MHz, CD2Clz, §): 9.20 (d, J=7.45 Hz,
2H), 8.53 (d, J=7.75 Hz, 2H), 7.96 (d, J=10 Hz, 2H), 7.77-7.70 (m, 4H), 7.00 (t,
J=7.65 Hz, 2H), 6.42 (d, J=6.85 Hz, 1H), 3.61-3.54 (m, 2H), 3.43 (t, J=6.4 Hz, 4H),
2.17-2.13 (m, 3H), 1.63 (s, SH), 1.51 (m, 5H), 1.24 (s, SH). 13C NMR (125 MHz,
CDCls, 6) :185.71, 156.00, 152.59, 151.92, 143.75, 141.45, 139.52, 132.50, 132.50,
131.62, 130.93, 129.28, 128.75, 127.11, 124.83, 123.09, 114.55, 101.38, 33.19, 31.60,
30.53, 28.38, 23.15, 22.36, 14.12. MALDI-TOF-MS (m/z): calcd for C45H37IrN402,
858.03; found, 858.74.
Ir2: red powder (72% yield). '"H NMR (500 MHz, CDCl3, §): 9.21 (d, J=8.0 Hz, 2H),
8.60 (s, 1H), 8.51 (s, 1H), 8.25 (s, 1H), 8.09 (s, 1H), 8.00 (s, 1H), 7.82-7.69 (m, SH),
7.50 (s, 1H), 7.21-7.04 (m, 3H), 6.71 (s, 1H), 6.32 (s, 1H), 5.30 (s, 2H), 3.80-3.72 (m,
1H), 3.33 (s, 4H), 2.97-2.80 (m, 2H), 2.09-2.00 (m, 4H), 1.26 (s, 4H). 13C NMR (125
MHz, CDCls, 8) :156.50, 153.75, 152.55, 150.75, 147.61, 140.34, 138.02, 132.35,
132.05, 131.32, 130.21, 129.77, 129.09, 127.64, 127.61, 127.23, 125.12, 122.97,
115.75, 114.87, 29.34, 27.23, 23.10, 22.80, 21.81. MALDI-TOF-MS (m/z): calcd for
Ca6H32C12F6IrN4O2, 881.03; found, 881.86.
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Figure S1. The phosphorescent spectra of Irl and Ir2 in solid states.



Figure S2. The optimized structures, distributions of molecular orbitals of Ir] and Ir2.



Table S1 The theoretical calculations of molecular orbital for the two complexes.

Complexes State HOMO LUMO Configuration Character
(eV) (eV)
HOMO—LUMO, 75.1% MLCT
Irl T -5.32 -2.08 HOMO-1— LUMO, 10.7% MLCT/LLCT

HOMO — LUMO, 71.3%  MLCT/LLCT
Ir2 T, -5.48 -2.13 HOMO-1— LUMO, 10.9% MLCT/LLCT
HOMO-2 — LUMO, 7.7% LLCT
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Figure S3. Schematic diagram of device structure (a) of the red OLEDs and chemical
structures (b) of the materials involved in the prepared devices.



NMR and MS Spectra
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The '"H NMR of main ligand.
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The 'H NMR of complex Irl.
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The *C NMR of complex Irl.
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The MALDI-TOF-MASS of complex Irl.
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The 'H NMR of complex Ir2.



SVL LU R TE 1 R

~ 7.8

R

T T N SRVIRY

2200
2100
2000
1900
1800
1700
1600
1500
1400
1300
1200
1100

1000

=100

T T T T T T T T T T

T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 90 70 60 20 40 30 20 10 0 10 -20 =30 40

80
1 (ppm)

The *C NMR of complex Ir2.

=200



Intens. [a.u.]

881.862

) D
8000 - O _N N~
LN
759.701 O /\O o
Spal
\
6000 N~
788.455 O
4000
2000
JI \N-lll‘u L W, i, e NMMlLM A i
0 — - - - ‘ : \ - : \
700 750 800 850 900 950 "

The MALDI-TOF-MASS of complex Ir2.




