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Experimental Section
[bookmark: _Hlk103803849]General information and materials. Commercially available reagents were used without further purification. All solvents were dried and degassed before used, and all reactions were conducted under N2 and monitored using precoated TLC plates (0.20 nm with fluorescent indicator F254). 1H and 19F NMR spectra were recorded with Bruker 400 MHz “AVANCE III” Nuclear Magnetic Resonance System. Mass spectra were obtained on 4800 Plus MALDI T TOF/TOF Analyzer (ABI), where 2,5-dihydroxybenzoic acid was applied as the matrix. TGA measurements were performed on a TA Instrument TGAQ50, at a heating rate of 10 °C min−1 under a nitrogen atmosphere.

Photophysical measurements: All photophysical measurements in this study were performed at RT (298 K). UV-visible spectra were recorded on HITACHI UH4150. The emission spectra of the solution state were measured with an EEM Fluorescence/Absorbance Spectrometer (Horiba-Duetta). Both wavelength-dependent excitation and emission responses of the fluorometer were calibrated. Absorption and emission spectra of the studied complexes were measured in dilute toluene at RT, and coumarin 102 was used as standard, where spectral grade solvents were employed. To specify the quantum yield in the fluid state, samples were degassed using at least three freeze-pump-thaw cycles. The solution quantum yields are calculated using coumarin 102 that has a known quantum yield, according to the following equation:

Where Φ is the PL quantum yield, the subscript R refers to the reference compound of known quantum yield, I is the integrated fluorescence intensity, and  is the refractive index of solvent. A is the absorbance at the excitation wavelength with the measured absorbance between 0.05 - 0.1.

Electrochemistry: Cyclic voltammetry was conducted on a CHI660 Electrochemical Analyzer. Ag/Ag+ (0.01 M AgNO3) electrode was employed as the reference electrode. Oxidation and reduction potentials were measured using platinum working electrode with 0.1 M of NBu4PF6 as electrolyte in acetonitrile. The potentials were referenced externally to a ferrocenium/ferrocene (Fc+/Fc) couple.


Synthesis of carbene chelate:


[bookmark: _Hlk82210333][bookmark: _Toc92119675][bookmark: _Toc92121116][bookmark: _Toc92121368][bookmark: _Toc92308062]Scheme S1. Synthetic protocol to the imidazo[4,5-b]pyraz-3-ium pro-chelates; experimental conditions: (i) pivalic acid, AgOTf, (NH4)2S2O8, 80 °C; (ii) NaOCl, NaOH, nBu4NCl, 80 °C; (iii) NBS, 0 °C; (iv) triethyl orthoformate, 140 °C; (v) 4-t-butyl aniline, 140 °C; (vi) DBU, CuI, 120 °C; (vii) Cu(OAc)2, (Ph2I+)(CF3SO3‒), 110 °C.

Synthesis of 5-(t-butyl)pyrazine-2-carbonitrile. To a 500 mL round-bottom flask was added pyrazinecarbonitrile (21.0 g, 0.2 mol) and deionized water (120 mL). An aqueous solution of silver triflate (0.17 M, 180 mL) and pivalic acid (22.4 g, 0.22 mol) was added in sequence. The resulting mixture was heated and stirred at 80 °C for 15 minutes. Then, ammonium peroxydisulfate (25.1 g, 0.11 mol) in water (70 mL) was added dropwise. The mixture was stirred for 12 hours and, then, cooled to RT. The mixture was neutralized with sodium carbonate and filtered, and precipitate was thoroughly extracted with ethyl acetate (EA). The organic phase was separated, washed with deionized water, and concentrated. The solid residue was further purified by column chromatography eluting with hexane to attain a white crystalline solid (24.5 g, 75%). 
Selected spectral data: 1H NMR (400 MHz, CDCl3, 296 K): δ 8.8 (s, 1H), 8.78 (s, 1H), 1.43 (s, 9H).

Synthesis of 5-(t-butyl)pyrazin-2-amine. To a 500 mL two-necked flask was added 5-(t-butyl)pyrazine-2-carbonitrile (19.4 g, 0.12 mol), NaOH (24 g, 0.6 mmol) and tetra-n-butylammonium chloride in water (15 g, 50.7 mmol, 200 mL). The mixture was heated to 80 °C and, after then, NaOCl (14% aqueous solution, 200 mL) was slowly added, and the mixture was stirred for 12 hours. After cooled down to RT, the precipitate was taken into excessive ethyl acetate (EA). The organic phase was washed with deionized water, dried over anhydrous Na2SO4, concentrated and further purified by column chromatography eluting with a mixture of hexane/EA (3/1, v/v) to attain a red liquid (7.2 g, 40%). 
Selected spectral data: 1H NMR (400 MHz, CDCl3, 296 K): δ 8.03 (s, 1H), 7.95 (s, 1H), 4.42 (br, 2H), 1.33 (s, 9H).

Synthesis of 3-bromo-5-(t-butyl)pyrazin-2-amine. To a 500 mL round flask was added 5-(t-butyl)pyrazin-2-amine (6.0 g, 39.6 mmol) and 250 mL of dichloromethane. After cooled to 0 °C, N-bromosuccinimide (NBS, 7.41 g, 41.7 mmol) was added slowly and the solution was stirred for 30 minutes. It was warmed up to RT and stirred for another 30 minutes and, the reaction was quenched by addition of water. The organic phase was separated and concentrated and, the residue was purified by column chromatography eluting with hexane and ethyl acetate (6/1, v/v) to attain a light-yellow solid (5.13 g, 56%). 
Selected spectral data: 1H NMR (400 MHz, CDCl3): δ 7.95 (s, 1H), 4.96 (s, 2H), 1.34 (s, 9H).

Synthesis of 6-(t-butyl)-1-(4-(t-butyl)phenyl)-1H-imidazo[4,5-b]pyrazine. A mixture of 3-bromo-5-(t-butyl)pyrazin-2-amine (3.0 g, 13 mmol) and triethyl orthoformate (2.1 g, 14.3 mmol) were heated at 140 °C for 8 hours. After removal of volatiles under vacuum at RT, 4-t-butylaniline (1.9 g, 13 mmol) was added, and the mixture was heated at 140 °C for another 8 hours. Then, 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 3.9 g, 26 mmol), CuI (0.5 g, 2.6 mmol) and DMSO (50 mL) were added and stirred at 120 °C overnight. After cooled to RT, the solvent was evaporated, the precipitate was taken into ethyl acetate and the resulting solution was washed with deionized water. The organic phase was separated, concentrated, and purified by column chromatography eluting with hexane and ethyl acetate (3/1, v/v) to attain a yellow crystalline solid (2.1 g, 54%).
Selected spectral data: 1H NMR (400 MHz, CDCl3, 296 K): δ 8.73 (s, 1H), 8.64 (s, 1H), 7.79 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 8.4 Hz, 2H), 1.50 (s, 9H), 1.42 (s, 9H).

Synthesis of 6-(t-butyl)-3-phenyl-1-(4-(t-butyl)phenyl)-1H-imidazo[4,5-b]pyrazin-3-ium trifluoromethanesulfonate (ctu1H2OTf). To a 50 mL round-bottom flask was added 6-(t-butyl)-1-(4-(t-butyl)phenyl)-1H-imidazo[4,5-b]pyrazine (200 mg, 0.65 mmol), Cu(OAc)2H2O (6.5 mg, 0.03 mmol), diphenyliodonium triflate (413 mg, 0.97 mmol) and 10 mL DMF. After stirred at 110 °C for 6 hours, the solvent was concentrated by half under reduced pressure, followed by addition of deionized water to induce precipitation. After then, the precipitate was collected and washed with deionized water and methanol in sequence, and dried under vacuum to attain an off-white powder (290 mg, 83%). 
Spectral data of ctu1H2OTf: 1H NMR (400 MHz, DMSO-d6, 296 K): δ 11.06 (s, 1H), 9.22 (s, 1H), 8.02 (t, J = 5.6 Hz, 2H), 8.01 (d, J = 3.4 Hz, 2H), 7.86 – 7.71 (m, 5H), 1.50 (s, 9H), 1.40 (s, 9H). 19F NMR (376 MHz, DMSO-d6, 296 K): δ –77.81 (s, 3F).

Single X-Ray Structural Determination: The single crystals of f-ct1a, f-ct1b and f-ct1c suitable for X-ray diffraction study were obtained via the slow diffusion of methanol into the saturated CH2Cl2 solution at RT, respectively. In contrast, single crystals of f-ct1d were obtained from a mixed solution of methanol, CH2Cl2 and CHCl3 at RT. Single crystal X-ray diffraction data were recorded on a Bruker D8 Venture Photon II diffractometer with microfocus X-ray sources using phi and omega scans mode (APEX3) at 233 K. All data have been deposited to the Cambridge Crystallographic Data Centre (CCDC) and can be obtained free of charge on application, 12 Union Road, Cambridge CB21EZ, UK (fax: (+44) 1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).
Selected crystal data of f-ct1a: CCDC deposition number: 2170195. C75H81N12Ir; M = 1342.71; trigonal; space group = R-3; a = 38.484(8) Å, b = 38.484(8) Å, c = 24.409(5) Å; V = 31307(15) Å3; Z = 18; Calcd = 1.282 g·cm3; F(000) = 12456.0, crystal size = 0.21 × 0.12 × 0.04 mm3; λ(Mo Kα) = 0.71073 Å; T = 193(2) K; μ = 4.098 mm1; 77098 reflections collected, 14251 independent reflections (Rint = 0.0480, Rsigma = 0.0393), max. and min. transmission = 0.754 and 0.440, data / restraints / parameters = 14251 / 180 / 850, GOF = 1.004, final R1[I > 2(I)] = 0.0276 and wR2(all data) = 0.0739.
Selected crystal data of f-ct1b: CCDC deposition number: 2170111. C75.5H82IrN12Cl; M = 1385.18; monoclinic; space group = P21/c; a = 13.9005(4) Å, b = 26.4544(7) Å, c = 19.8474(5) Å; β = 100.5410(10)°; V = 7175.3(3) Å3; Z = 4; Calcd = 1.282 g·cm3; F(000) = 2852.0, crystal size = 0.36 × 0.14 × 0.03 mm3; λ(Mo Kα) = 0.71073 Å; T = 193(2) K; μ = 1.947 mm1; 109353 reflections collected, 14684 independent reflections (Rint = 0.0622, Rsigma = 0.0358), max. and min. transmission = 0.745 and 0.572, data / restraints / parameters = 14684 / 527 / 922, GOF = 1.053, final R1[I > 2(I)] = 0.0381 and wR2(all data) = 0.1368.
Selected crystal data of f-ct1c: CCDC deposition number: 2170110. C77H85IrN12Cl4; M = 1512.56; triclinic; space group = P-1; a = 13.1528(4) Å, b = 14.6232(5) Å, c = 19.0628(6) Å; α = 84.9520(10)°, β = 88.8440(10)°, γ = 89.2910(10)°; V = 3651.3(2) Å3; Z = 2; Calcd = 1.376 g·cm3; F(000) = 1552.0, crystal size = 0.43 × 0.21 × 0.03 mm3; λ(Mo Kα) = 0.71073 Å; T = 193(2) K; μ = 2.026 mm1; 56172 reflections collected, 14929 independent reflections (Rint = 0.0464, Rsigma = 0.0422), max. and min. transmission = 0.745 and 0.642, data / restraints / parameters = 14929 / 106 / 892, GOF = 1.030, final R1[I > 2(I)] = 0.0297 and wR2(all data) = 0.0738.
Selected crystal data of f-ct1d: CCDC deposition number: 2198299. C76H82IrN12Cl3; M = 1462.08; cubic; space group = I-43d; a = b = c = 31.3192(6) Å; V = 30720.8(18) Å3; Z = 16; Calcd = 1.264 g·cm3; F(000) = 12000.0, crystal size = 0.42 × 0.16 × 0.04 mm3; λ(Cu Kα) = 1.54178 Å; T = 193(2) K; μ = 4.692 mm1; 125155 reflections collected, 5253 independent reflections (Rint = 0.0622, Rsigma = 0.0216), max. and min. transmission = 0.754 and 0.531, data / restraints / parameters = 5253/249/359, GOF = 1.048, final R1[I > 2(I)] = 0.0401 and wR2(all data) = 0.1105.

Procedures for sodium acetate and p-toluenesulfonic acid induced isomerization. 
A degassed 1,2,4-trichlorobenzene (10 mL) solution of f-ct1a (50 mg, 0.038 mmol), sodium acetate (62 mg, 0.76 mmol) and p-toluenesulfonic acid (1.3 mg, 0.0076 mmol) was refluxed for 36 hours. After removal of solvent, the residue was taken into CH2Cl2 solution. The organic phase was washed with deionized water, separated and concentrated to dryness. The residue was separated by column chromatography eluting with n-hexane and ethyl acetate (7/1, v/v), followed by recrystallization to obtain a yellow solid f-ct1a (2 mg, 4%), a yellow solid f-ct1b (18 mg, 36%), a light-yellow solid f-ct1c (22 mg, 44%) and a light-yellow solid f-ct1d (4 mg, 8%). 
A degassed 1,2,4-trichlorobenzene (10 mL) solution of f-ct1b (50 mg, 0.038 mmol), sodium acetate (62 mg, 0.76 mmol) and p-toluenesulfonic acid (1.3 mg, 0.0076 mmol) was refluxed for 36 hours. After removal of solvent, the residue was taken into CH2Cl2 solution. The organic phase was washed with deionized water, separated and concentrated to dryness. This gave a mixture of four f-stereoisomers The residue was separated by column chromatography eluting with n-hexane and ethyl acetate (7/1, v/v), followed by recrystallization to obtain a yellow solid f-ct1a (2 mg, 4%), a yellow solid f-ct1b (20 mg, 40 %), a light-yellow solid f-ct1c (23 mg, 42%) and a light-yellow solid f-ct1d (2 mg, 4%).
A degassed 1,2,4-trichlorobenzene (10 mL) solution of f-ct1c (50 mg, 0.038 mmol), sodium acetate (62 mg, 0.76 mmol) and p-toluenesulfonic acid (1.3 mg, 0.0076 mmol) was refluxed for 36 hours. After removal of solvent, the residue was taken into CH2Cl2 solution. The organic phase was washed with deionized water, separated, dried over anhydrous Na2SO4 and concentrated to dryness. This gave a mixture of four f-stereoisomers. The residue was separated by column chromatography eluting with n-hexane and ethyl acetate (7/1, v/v), followed by recrystallization to obtain a yellow solid f-ct1a (1 mg, 2%), a yellow solid f-ct1b (19 mg, 38%), a light-yellow solid f-ct1c (24 mg, 48%) and light-yellow solid f-ct1d (1 mg, 2%).
A degassed 1,2,4-trichlorobenzene (10 mL) solution of f-ct1d (50 mg, 0.038 mmol), sodium acetate (62 mg, 0.76 mmol) and p-toluenesulfonic acid (66 mg, 1.3 mg, 0.0076 mmol) was refluxed for 48 hours. After removal of solvent, the residue was taken into CH2Cl2 solution. The organic phase was washed with deionized water, separated, dried over anhydrous Na2SO4 and concentrated to dryness. This gave a mixture of four f-stereoisomers. The residue was separated by column chromatography eluting with n-hexane and ethyl acetate (7/1, v/v), followed by recrystallization to obtain a yellow solid f-ct1a (4 mg, 8%), a yellow solid f-ct1b (10 mg, 20 %), a light-yellow solid f-ct1c (12 mg, 24%) and. a light-yellow solid f-ct1d (22 mg, 44%).

[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK215][bookmark: OLE_LINK216]Additional computational details and results of theoretical investigations: 
Relativistic TD-DFT calculations were further performed to obtain more detailed information on spin-mixed electron excitations (e.g., the oscillator strength and the radiative rate for S0 → T1 excitations) with ADF (2019 version)1 using the B3LYP functional and Slater type TZP2,3 basis sets. The COnductor-like Screening MOdel (COSMO)4 is used to model solvent effects.
In these calculations, spin-orbit coupling (SOC) was added perturbatively5 to one-component TDDFT6 utilizing the one-component zeroth order regular approximation (ZORA).7,8 A total of 24 spin-mixed excitations were calculated. The radiative rate () of an excited state was then calculated according to9-11
	
	(1)


where  is the excitation energy,  is the corresponding oscillate strength for the electronic excitation from the ground state to excited state, c represents the speed of light in vacuum and the equation is in atomic units. The three lowest energy states found in the SOC TDDFT calculations for the complexes considered here are derived from the three substrates in a triplet state with a small singlet admixture due to SOC.12,13 There will be small energy differences between the three substates because of their different admixtures with the singlet state, the so called zero-field splitting (ZFS). As the ZFS is small compared to kBT at room temperature, the radiative rate of the triplet state is then calculated as an average over the three substrates within the assumption of fast thermalization.

Table S1. The calculation results[a] for the excitation energy (), oscillator strength (f), main orbital contributions of the lowest singlet (S1) and triplet (T1) excited states, and the assignment of the charge character of T1 state for the studied Ir(III) complexes at their geometries optimized for the ground state.

	
	State
	 (nm/eV)
	f
	Orbital contribution (> 20%)
	Assignment

	f-ct1a
	T1
	453.6/2.73
	0
	HOMO → LUMO (62%)
	MLCT (20.7%), LC, ILCT, LLCT

	
	S1
	420.2/2.95
	0.0757
	HOMO → LUMO+1 (94%)
	

	f-ct1b
	T1
	458.2/2.71
	0
	HOMO → LUMO (76%)
	MLCT (21.5%), LC, ILCT, LLCT

	
	S1
	424.5/2.92
	0.0625
	HOMO → LUMO (75%)
	

	f-ct1c
	T1
	451.9/2.74
	0
	HOMO → LUMO (67%)
	MLCT (21.5%), LC, ILCT, LLCT

	
	S1
	417.3/2.97
	0.0655
	HOMO → LUMO (51%)
	

	f-ct1d
	T1
	451.6/2.75
	0
	HOMO → LUMO (70%)
	MLCT (21.2%), LC, ILCT

	
	S1
	417.0/2.97
	0.0809
	HOMO → LUMO+1 (95%)
	


[a] The results were calculated by TD-DFT using B3LYP functional with PCM for modeling the toluene solvent (see computational details for more information).
[b] The percentage of MLCT character of T1 state was calculated as the change in the metal contribution from the occupied to the virtual NTOs multiplied with the eigenvalues of the corresponding NTOs (cf. Figure 1). 


Table S2. The relativistic calculation results for the excitation energy () and corresponding oscillator strength (f), calculated radiative decay rate (kr), and the assignment of charge characters of the lowest triplet (T1) excited states for studied Ir(III) complexes at their geometries optimized for the ground state.

	
	 [a]
	f (10-4) [a]
	kr (105 s-1) [b]

	f-ct1a
	459 nm / 2.72 eV
	3.0
	0.9

	f-ct1b
	462 nm / 2.68 eV
	3.3
	1.0

	f-ct1c
	452 nm / 2.74 eV
	3.7
	1.2

	f-ct1d
	451 nm / 2.75 eV
	3.3
	1.1


[bookmark: OLE_LINK154][bookmark: OLE_LINK153][bookmark: OLE_LINK88][bookmark: OLE_LINK87][a] The calculated , f, and kr of T1 state are averaged from the three substates of T1 state, where spin-mixed excitations were calculated by relativistic calculations with spin−orbit coupling (SOC) added perturbatively to one-component TD-DFT, and with COSMO for modeling the toluene solvent (see additional computational details in the Supporting Information for more information).
[bookmark: OLE_LINK150][bookmark: OLE_LINK149][bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK155][bookmark: OLE_LINK162][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK59][bookmark: OLE_LINK72][bookmark: OLE_LINK73][bookmark: OLE_LINK80][bookmark: OLE_LINK81][b] Note that the calculated kr (at 0 K) is systematically smaller than the experimental kr (at RT), same as that found in other families of Ir(III) complexes. The former is intrinsic and independent from the non-radiative decay pathways, whereas the latter is highly dependent on the non-radiative decay pathways. The uncertainty of applied computational model and methods is also one of possible sources of deviation between calculated and experimental kr. In general, the trend of calculated and experimental kr is consistent. Also, the trend of calculated kr for four Ir(III) complexes (cf. Table S2) is similar to that determined by experiments (cf. Table 1), that is, f-ct1c achieved fastest kr among four complexes. 


Table S3. Summary of decomposition temperature (Td), voltammetric data and calculated energy gaps.

	
	Td (C) a
	Eox½ (V) (ΔEp) b
	HOMO (eV) c
	energy gap (eV) d
	LUMO (eV) e

	f-ct1a
	372
	0.59 (0.08)
	‒5.39
	3.00
	‒2.39

	f-ct1b
	359
	0.62 (0.07)
	‒5.42
	2.97
	‒2.45

	f-ct1c
	376
	0.67 (0.08)
	‒5.47
	3.07
	‒2.40

	f-ct1d
	401
	0.69 (0.09)
	‒5.49
	3.10
	‒2.39


a Temperature with a weight loss of 5%. b These data were measured in a 0.1 M acetonitrile solution of TBAPF6. Eox refers to [(Epa + Epc)/2], where Epa and Epc are the anodic and cathodic peak potentials referenced to the Fc/Fc+ couple; c HOMO = ‒(Eox½ + 4.8); d energy gap = 1240 / [PLonset (nm)]; e LUMO = HOMO + energy gap.

Device fabrication and measurement. Phosphorescent and hyper-OLEDs were fabricated on patterned ITO glass substrates with a sheet resistance of 15 Ω square‒1. All the organic materials are supplied by Lumtec. Co. Ltd. (Taiwan) and were deposited by thermal evaporation under a vacuum pressure of 4.0 × 10−4 Pa. The evaporation rate and thickness of the films were controlled using a calibrated quartz crystal microbalance during deposition. The evaporation rates for organic films were at the range of 0.1  2.0 Å s-1 while for the aluminum 2  5 Å s-1. After the deposition process, the OLEDs were encapsulated with a glass lid and UV-curable resin. The active area of all the devices was 10 mm2. The current density‒voltage (J-V) characteristics and luminance (with electroluminescence spectra) characteristics of all fabricated devices were evaluated using a home-made system, comprising a source meter (Keithley 2400) and spectroradiometer (Photoresearch 650). The measurements were conducted in ambient air at room temperature (298 K).
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Figure S1. Structure of f-ct1a with thermal ellipsoids shown at 30% probability level. Selected bond lengths (Å): Ir1-C1 = 2.0317(18), Ir1-C26 = 2.029(2), Ir1-C51 = 2.0300(19), Ir1-C11 = 2.0766(19), Ir1-C36 = 2.0963(19), Ir1-C61 = 2.0983(19). Selected bond angles (): C26-Ir1-C61 = 168.83(7), C1-Ir1-C36 = 172.52(7), C51-Ir1-C11 = 166.77(8). Hydrogen atoms were omitted for clarity.
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Figure S2. Structure of f-ct1b with thermal ellipsoids shown at 30% probability level. Selected bond lengths (Å): Ir1-C1 = 2.042(4), Ir1-C26 = 2.034(4), Ir1-C51 = 2.031(4), Ir1-C17 = 2.087(4), Ir1-C36 = 2.082(4), Ir1-C61 = 2.111(4). Selected bond angles (): C26-Ir1-C17 = 167.77(17), C1-Ir1-C61 = 172.53(15), C51-Ir1-C36 = 166.75(16). Hydrogen atoms were omitted for clarity.

[image: ]
Figure S3. Structure of f-ct1c with thermal ellipsoids shown at 30% probability level. Selected bond lengths (Å): Ir1-C1 = 2.038(3), Ir1-C26 = 2.028(3), Ir1-C51 = 2.032(3), Ir1-C17 = 2.088(3), Ir1-C36 = 2.091(3), Ir1-C67 = 2.088(3). Selected bond angles (): C26-Ir1-C17 = 168.05(11), C1-Ir1-C67 = 168.34(11), C51-Ir1-C36 = 170.36(10). Hydrogen atoms were omitted for clarity.
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Figure S4. Structure of f-ct1d with thermal ellipsoids shown at 30% probability level. Selected bond lengths (Å): Ir1-C1 = 2.104(6), Ir1-C11 = 2.050(6). Selected bond angles (): C1-Ir1-C11 = 77.9(3), C1-Ir1-C11’’ = 170.3(3). Hydrogen atoms were omitted for clarity.



Figure S5. UV-Vis absorption and photoluminescence spectra of Ir(III) complexes f-ct1a ‒ d in toluene at RT.




Figure S6. TGA data of studied Ir(III) complexes with decomposition temperature (Td) at a weight loss of 5 wt.%.




 
Figure S7. Cyclic voltammetric diagram of the studied Ir(III) complexes f-ct1a ‒ d.
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Figure S8. (a) Electron energy levels and (b) molecular structures of the materials used in OLEDs.
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Figure S9. PL (in tolune solution) and EL spectra of (a) f-ct1a, (b) f-ct1b, (c) f-ct1c, and (d) f-ct1d.
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Figure S10. (a) Current density-voltage-luminance (J-V-L) characteristics, (b) current efficiency-luminance-EQE characteristics, and (c) electroluminescence spectra of devices using f-ct1a as the emitter with different doping concentrations.
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Figure S11. (a) Current density-voltage-luminance (J-V-L) characteristics, (b) current efficiency-luminance-EQE characteristics, and (c) electroluminescence spectra of devices using f-ct1b as the emitter with different doping concentrations.
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Figure S12. (a) Current density-voltage-luminance (J-V-L) characteristics, (b) current efficiency-luminance-EQE characteristics, and (c) electroluminescence spectra of devices using f-ct1c as the emitter with different doping concentrations.
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[bookmark: OLE_LINK11]Figure S13. (a) Current density-voltage-luminance (J-V-L) characteristics, (b) current efficiency-luminance-EQE characteristics, and (c) electroluminescence spectra of devices using f-ct1d as the emitter with different doping concentrations.
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Figure S14. Schematic structure of (a) hole-only and (b) electron-only devices.
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[bookmark: OLE_LINK3]Figure S15. Current density versus voltage characteristics of  hole-only devices based on different doping ratios of (a) f-ct1c and (b) f-ct1c, and (c) electron-only devices of (c) f-ct1b and (d) f-ct1c.
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[bookmark: OLE_LINK4]Figure S16. Current density versus voltage characteristics of (a) hole-only devices and (b) electron-only devices based on 21 wt% of f-ct1b and f-ct1c.



Figure S17. Transient decay curves of all studied Ir(III) complexes in toluene at RT.
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Figure S18. Transient PL traces of mCBP films containing different dopants (1wt% ν-DABNA, 21wt% f-ct1c, and 21wt% f-ct1c:1wt% ν-DABNA) under the excitation of 375 nm pulsed laser.
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Figure S19. UV-Vis absorption spectrum of ν-DABNA in toluene and EL spectrum of f-ct1c.
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Figure S20. EL spectra of emitters ν-DABNA and f-ct1c.


Table S4. EQE-CIEy relationship of recently reported ν-DABNA-based hyper-OLED devices with different sensitizer.

	Symbols
	Von
[V]
	EQEmax

	λEL
[nm]
	CIE (x, y)
	FWHM
[nm]
	Sensitizer
	citation

	█
	4.0
	16.6%
	472
	0.14, 0.18
	23
	Au-1
	14

	●
	‒
	23.4%
	469
	0.13, 0.12
	18
	Complex 5
	15

	▲
	3.0
	27%
	470
	0.15, 0.20
	18
	HDT-1
	16

	▼
	3.1
	38.8%
	473
	0.12, 0.15
	19
	DBA-BFICz
	17

	◆
	3.0
	33.5%
	473
	0.12, 0.18
	19
	PCzTRz
	18
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	3.0
	32.2%
	473
	0.111, 0.141
	20
	PtON7-dtb
	19

	[image: ]
	3.4
	34.4%
	469
	0.12, 0.11
	18
	DOBNA-OAr
	20

	[image: ]
	3.0
	27.3%
	470
	0.132, 0.162
	20
	CN-Ir
	21

	★
	‒
	34.7%
	471
	0.13, 0.15
	19
	TSF-dCz
	22

	[image: ]
	3.5
	22%
	472
	0.120, 0.155
	21
	m-2-tBu
	23

	●
	3.1
	35.5%
	472
	0.119, 0.107
	18
	f-ct1c
	this work
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Figure S21. Molecular structures of the materials used in OLEDs. 
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Figure S22. (a) Current density-voltage-luminance (J-V-L) characteristics of devices using f-ct1a - d as the emitter and mCBP:SiCzTRz as the co-host, (b) EQE-luminance characteristics, and (c) nomalized luminance as a function of operational time. Doping conc. of Ir(III) complex is maintained at 21wt%.
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Figure S23. Schematic device structure of tandem OLEDs. 
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[bookmark: _Hlk133749983]Figure S24. (a) Current density-voltage-luminance (J-V-L) characteristics of single and tandem devices using f-ct1a as the emitter and mCBP:SiCzTRz as the co-host, (b) EQE-luminance characteristics, and (c) nomalized luminance as a function of operational time. Doping conc. of Ir(III) complex is maintained at 21wt%.



[bookmark: OLE_LINK10][image: ]Figure S25. (a) Device structure of electron-only devices using f-ct1a and f-ct1b as the emitter, (b) current-voltage characteristics, (b) voltage rise as a function of operational time. (d) device structure of hole-only devices using f-ct1a and f-ct1b as the emitter, (e) current-voltage characteristics, (c) voltage rise as a function of operational time.



[image: ]
Figure S26. (a) Current density-voltage-luminance (J-V-L) characteristics of devices using f-ct1a - d as the emitter and mCPCN:SiCzTRz as the co-host, (b) EQE-luminance characteristics, and (c) nomalized luminance as a function of operational time. Doping conc. of Ir(III) complex is maintained at 21wt%.
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Figure S27. 1H NMR (400 MHz) spectrum of f-ct1a in CDCl3 solution at RT.
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Figure S28. 1H NMR (400 MHz) spectrum of f-ct1b in CDCl3 solution at RT.
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Figure S29. 1H NMR (400 MHz) spectrum of f-ct1c in CDCl3 solution at RT.
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Figure S30. 1H NMR (400 MHz) spectrum of f-ct1d in CDCl3 solution at RT.
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