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Instrument: 'H-NMR and '3C-NMR spectra were recorded in CDCl; solvent at room
temperature on a Bruker Avance 400 MHz spectrometer by using tetramethyl silane
(TMS) signal as internal standards. Matrix-assisted laser desorption ionization time of
flight mass spectrometry (MALDI-TOF-MS) was conducted on a Bruker Autoflex to
obtain the mass spectra for CNIr and TCNIr. By using the operation mode of the
positive ion mode, the Thermo Scientific Q Exactive HF Orbitrap-FTMS was used to
record the electrospray ionization (ESI) mass spectrometry for the ligands (L1 and
L2). The UV-vis spectra were obtained on a HP-8453 diode array spectrophotometer
at room temperature. During the absorption measurement, a quartz cuvette with the
length of 1 cm was used as the holder. The concentration of phosphor was around
10~* M in tetrahydrofuran (THF) solution. The steady- and transient-state PL spectra
at room temperature or 77 K were recorded from an Edinburgh Instruments
Spectrometer FS5. The THF solutions consisting of phosphors (107 to 10~ M) and
thin films fabricated by doping these phosphors into CBP were used to obtain the PL
spectra, absolute PLQYs and lifetimes of excited states. Meanwhile, the absolute
PLQYs were measured on a Hamamatsu Quantaurus-QY Plus C13534-12 by using
the excitation at 450 nm for solutions and 300 nm for the doped films. The PLQY
values were calculated by using equation (1):

Number of photons emitted from the sample
PLQY = fp f p

Number of photons absorbed by the sample ().
During the time-resolved fluorescence measurements, a laser at 375 nm was used as
an excitation source. The PL decay curves at room temperature and 77 K were fitted
by using a single-exponential function /() = Aexp(-#/t), where /(¢) is the intensity of
light at time ¢, ¢ is the time and T is the luminescence lifetime of the species.
Electrochemical measurements were made by using a Princeton Applied Research
model 273 A potentiostat as a scan rate of 100 mV s~!. A conventional three-electrode
configuration consisting of a glassy carbon (working electrode), platinum wire
(counter electrode) and Ag/AgCl in saturated potassium chloride solution (reference
electrode) was used. The supporting electrolyte was 0.1 M [BuyN]PF¢ in

dichloromethane. Ferrocene was used as a calibrant during each set of measurements,
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and all potentials reported were quoted with reference to the ferrocene-ferrocenium
(Fc/Fc™) couple (taken as E;, = +0.27 V relative to the reference electrode). The
oxidation (E.) potentials were used to determine the HOMO energy levels by using
the equation Eyomo = —(Eox + 4.8), in which —4.8 eV is the HOMO of the internal
standard ferrocene with respect to the vacuum level.['l Meanwhile, the LUMO energy
levels of phosphors were estimated by using the equation £y ymo = Enomo + E,, Where
E, is the band gaps of the phosphors and estimated from the absorption edge of UV-
visible spectra. Thermal analyses were performed with Perkin-Elmer TGA thermal
analyzer with a heating rate of 10 °C/min in the region from room temperature (25 °C)
to 800 °C. For DFT calculations, the structures of these Ir(Ill) complexes were
optimized by using density functional theory (DFT) with the PBEO functional and 6-
31G(d)/LanL2DZ basis set. The LanL.2DZ basis set was used to treat the iridium atom
and the 6-31G(d) basis set was used to treat all other atoms. All the calculations were
performed using Gaussian 09 software package.l’]

Device fabrication and measurement: By using the architecture of ITO/HATCN (20
nm)/TAPC (40 nm)/mCP (5 nm)/x wt% CNIr or TCNIr doped in host materials (30
nm)/TPBi (40 nm)/LiF (1 nm)/Al (100), the devices were fabricated by depositing
these functional materials layer-by-layer on pre-cleaned ITO glass substrates at a
pressure of less than 10~¢ Torr. The concentrations of emitters were 5-20% and TcTa,
TPBi, CBP and CDBP were used as the host materials. The sublimation rates for
organics, LiF and Al were around 1, 0.3 and 10 A/s. The active area of device was 2
mm x 2 mm. The EL spectra of devices were measured by fiber optic spectrometer
(Ocean Optics USB 2000) in the normal direction. The J-V-L curves were
investigated by a dual-channel Keithley 2614B source measure unit and a PIN-25D
silicon photodiode. A PR-670 spectrometer (Photo Research) was used to record the
EL spectra of D7 at different applied voltages. All the measurements were conducted

at room temperature under ambient condition.
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Figure S1. The photoluminescence spectra of CNIr and TCNIr: a) measured at 77 K
in tetrahydrofuran solution, b) measured at room temperature in their doped films.
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Figure S2. The photoluminescence decay curves of excited states for CNIr and
TCNIr: a) and b) measured at 77 K in tetrahydrofuran solution, ¢) and d) measured at
room temperature in tetrahydrofuran solution, €) and f) measured at room temperature

in their doped films.
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Figure S3. Cyclic voltammetry (CV) curves of the CNIr and TCNIr by referring to

the standard ferrocene (Fc).
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Figure S4. Thermogravimetric analysis (TGA) curves of the NIR-emitting CNIr and

TCNIr.
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Figure S5. The performance of D1-D4: a) electroluminescence spectra; b) current
density-voltage-luminance (J-V-L) curves; c) current efficiency (CE) and power

efficiency (PE) vs L curves and d) EQE vs L curves.
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Figure S6. The J-V-L currves a) and CE/PE vs L curves b) of D5—DS.
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Figure S7. The J-V-L currves a) and CE/PE vs L curves b) of D9 (made by TCNIr)

and D10 (made by Ir(piq),(acac)).

Figure S8. The 'H NMR spectrum of CNIr.
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Figure S10. The mass spectrum of CNIr.
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Figure S11. The 'H NMR spectrum of TCNIr.
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Figure S12. The 13C NMR spectrum of TCNIr.
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Figure S13. The mass spectrum of TCNIr.
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