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1. General information

Commercially available reagents were used as received without further purification. Toluene 

and tetrahydrofuran (THF) were dried by sodium-potassium alloy, N,N-dimethylacetamide 

(DMA) was dried by calcium hydride (CaH2). 
1H NMR and 13C NMR spectra were recorded 

on a Bruker Advanced II (400 MHz) spectrometers. 1H and 13C NMR chemical shifts were 

reported in parts per million (ppm) relative to Me4Si as an external standard. High-resolution 

mass spectra were measured on a Bruker Compact TOF mass spectrometer or a Thermo 

Scientific Quadrupole-Orbitrap Mass Spectrometer in electrospray ionization mode (ESI+). 

Differential scanning calorimetry (DSC) was performed on a NETZSCH DSC 200 PC unit at a 

heating rate of 10 oC min-1 from 20 to 300 oC under argon. The glass transition temperature (Tg) 

was determined from the second heating scan. Thermogravimetric analysis (TGA) was 

undertaken with a Perkin Elmer Pyris instrument. The thermal stability of the samples under 

the nitrogen atmosphere was determined by measuring their weight loss while heating at a rate 

of 10 oC min-1 from 25 to 600 oC. The temperature of degradation (Td) was correlated to a 5% 

weight loss. Cyclic voltammetry (CV) was carried out in dichloromethane at room temperature 

with a CHI voltammetric analyzer. Tetrabutylammonium hexafluorophosphate (TBAPF6) (0.1 

M) was used as the supporting electrolyte. The conventional three-electrode configuration

consists of a platinum working electrode, a platinum wire auxiliary electrode, and an Ag wire 

pseudo-reference electrode with ferrocenium-ferrocene (Fc+/Fc) as the internal standard. 

Formal potentials are calculated as the average of cyclic voltammetric peaks. UV-vis absorption 

spectra were recorded on a Shimadzu UV-2700 recording spectrophotometer. Fluorescence and 

phosphorescence emission spectra at room temperature or 77 K were measured on a Hitachi F-

4600 spectrophotometer. ES and ET were calculated from the onset of the fluorescence spectra 

and the phosphorescence spectra, respectively. The transient photoluminescence decay curves 

were measured on an Edinburgh FLS920 spectrophotometer. Absolute PLQYs were obtained 

using a Quantaurus-QY measurement system (C11347-11, Hamamatsu Photonics). The circular 

dichroism (CD) were measured on ChirascanTM circular dichroic spectropolarimeter. The 

circularly polarized luminescence (CPPL and CPEL) spectra were measured on Jasco CPL-300 

spectrometer. The test mode adopts “Slit” mode with the Ex and Em Slit width 3000 μm and the 

digital integration time (D.I.T.) is 2.0 s with multiple accumulations. Single-crystal X-ray-

diffraction data for TRZ-MeIAc were collected on Rigaku Oxford Diffraction Supernova Dual 

Source, Cu at Zero equipped with an AtlasS2 CCD using CuKα radiation. The ground state 

molecular structures were optimized at the B3LYP-D3(BJ)/def2-SVP level of theory.1 The 

flexible potential surface scanning on the energy of the ground state geometry at different 
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twisted angles was based on B3LYP/def2-SVP level of theory. Energy gaps between the S1 and 

T1 states were calculated using the PBE0/def2-SVP theory.2 The configuration of the S1 state 

was calculated at the CAM-B3LYP/def2-SVP level. The flexible potential surface scanning on 

the energy of the excited singlet state geometry at different twisted angles was based on CAM-

B3LYP/def2-SVP level of theory. The RMSD values between S0 and S1 states were obtained 

through Multiwfn.2 The oscillator strength (f) was calculated through the nuclear ensemble 

approach.3 The rotational strength R, electric (𝜇⃗) and magnetic (𝑚⃗⃗⃗) transition dipole moments 

and their vector angles (θμ,m in degrees) were calculated at the PBE0/def2-SVP level with the 

toluene solvent correction.4 

The single-crystal of (R)-TRZ-MeIAc (CCDC number: 1971785) was obtained from the 

solvent diffusion method from n-hexane/chloroform mixed solutions. 
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The rate equation for singlet and triplet exciton (S1 and T1) is described by 

𝐝

𝐝𝐭
(

𝑺𝟏

𝑻𝟏
) = (

−(𝒌𝐫,𝐒 + 𝒌𝐧𝐫,𝐒 + 𝒌𝑰𝑺𝑪) +𝒌𝑹𝑰𝑺𝑪

𝒌𝑰𝑺𝑪 −(𝒌𝐫,𝐓 + 𝒌𝐧𝐫,𝐓 + 𝒌𝑹𝑰𝑺𝑪)
) (

𝑺𝟏

𝑻𝟏
) 

where 𝑘r,S, 𝑘nr,S and 𝑘𝐼𝑆𝐶  are the rate constants of radiative decay (fluorescence), intrinsic non-

radiative decay (internal conversion) and ISC for singlet excitons, respectively. 𝑘r,T, 𝑘nr,T and 

𝑘𝑅𝐼𝑆𝐶  are the rate constants of radiative decay (phosphorescence), intrinsic non-radiative decay 

and RISC of the triplet exciton, respectively.5 

𝑘p, 𝑘d, 𝑘r,S, 𝑘𝑅𝐼𝑆𝐶 , 𝑘𝐼𝑆𝐶  and 𝑘IC
S  can be obtained:

𝒌𝐩 = 
𝟏

𝝉𝐩
 Eq. S1 

𝒌𝐝 = 
𝟏

𝝉𝐝
 Eq. S2 

𝒌𝐫,𝐬 = 𝒌𝐩Φ𝐩 + 𝒌𝐝𝚽𝐝 ≈ 𝒌𝐩𝚽𝐩  Eq. S3 

𝒌𝐑𝐈𝐒𝐂 ≈ 
𝒌𝐩𝒌𝐝𝚽

𝒌𝐫,𝐬
 =

𝚽

𝝉𝐝𝚽𝐩
 Eq. S4 

𝒌𝐈𝐒𝐂 ≈
𝒌𝐩𝒌𝐝𝚽𝐝

𝒌𝐑𝐈𝐒𝐂𝚽𝐩
= 

𝚽𝐝

𝝉𝐩𝚽
 Eq. S5 

𝒌𝐈𝐂
𝐒 ≈ 

𝟏−𝚽

𝚽𝝉𝐩
𝚽𝐩  Eq. S6 

The prompt PLQY (Φp) and delayed PLQY (Φd) were determined by using the total PLQY (Φ) 

and the integrated intensity ratio between prompt and delayed components which was 

calculated from transient photoluminescence measurements. The intensity ratios between 

prompt (rp) and delayed (rd) components were determined using two fluorescent lifetimes (τp, 

τd) and fitting parameter (Ap, Ad) as follow. 

𝑰(𝒕) = 𝑨𝐩ⅇ
−

𝐭

𝛕𝐩 + 𝑨𝐝ⅇ
−

𝐭

𝛕𝐝  Eq. S7 

𝒓𝐩 =
𝑨𝐩𝝉𝐩

𝑨𝐩𝝉𝐩+𝑨𝐝𝝉𝐝
 Eq. S8 

𝒓𝐝 =
𝑨𝐝𝝉𝐝

𝑨𝐩𝝉𝐩+𝑨𝐝𝝉𝐝
 Eq. S9 

Then, the prompt PLQY (Φp) and delayed PLQY (Φd) were determined using intensity ratio 

(rp, rd) and total PLQY (Φ). 
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𝚽 = 𝚽𝐩 + 𝚽𝐝  Eq. S10 

𝚽𝐩  =  𝒓𝐩𝚽  Eq. S11 

𝚽𝐝  =  𝒓𝐝𝚽  Eq. S12 



7 

The luminescence dissymmetry ratio can be related to the molecular transition matrix 

elements as follows6: 

glum = 
∆𝑰
𝟏
𝟐

𝑰
 = 

𝑰𝑳−𝑰𝑹
𝟏
𝟐

(𝑰𝑳+𝑰𝑹)
 = -4i

𝝁𝟏
𝒈𝒏

𝒎𝟏
𝒈𝒏

+𝝁𝟐
𝒈𝒏

𝒎𝟐
𝒈𝒏

∣𝝁𝟏
𝒈𝒏

∣𝟐+∣𝝁𝟐
𝒈𝒏

∣𝟐+∣𝒎𝟏
𝒈𝒏

∣𝟐+∣𝒎𝟐
𝒈𝒏

∣𝟐  Eq. S13 

where IL and IR are the intensity of left- and right-circularly polarized light, ΔI is the the intensity 

of left-circularly polarized light (IL) versus right-circularly polarized light (IR), I is the total 

luminescence intensity. 1 and 2 refer to laboratory axes, 𝜇1
𝑔𝑛

 and 𝜇2
𝑔𝑛

 are the electric transition

dipole moment of the two axes respectively and 𝑚1
𝑔𝑛

 and 𝑚2
𝑔𝑛

 are the magnetic transition 

dipole moment of the two axes, respectively. 

We can make the simplifying assumptions that the lineshapes for CPL and total luminescence 

are identical and that the number of molecules in the emitting state is independent of their 

orientation. The direct connection to molecular structure relies on relating the transition matrix 

elements from laboratory to molecular coordinate systems. For the case of a randomly oriented 

emitting distribution, the orientational averaging yields the following general result: 

glum = 4Re[
𝝁⃗⃗⃗𝒈𝒏.𝒎⃗⃗⃗⃗𝒈𝒏

∣𝝁⃗⃗⃗𝒈𝒏∣𝟐+∣𝒎⃗⃗⃗⃗𝒈𝒏∣𝟐
] = 4Re[

∣𝝁⃗⃗⃗𝒈𝒏∣.∣𝒎⃗⃗⃗⃗𝒈𝒏∣.𝐜𝐨𝐬 𝜽𝝁,𝒎

∣𝝁⃗⃗⃗𝒈𝒏∣𝟐+∣𝒎⃗⃗⃗⃗𝒈𝒏∣𝟐
]  Eq. S14 

where 𝜇𝑔𝑛 , 𝑚⃗⃗⃗𝑔𝑛 are the electric and magnetic transition dipole moments, respectively. θμ,m 

is the vector angle between 𝜇⃗𝑔𝑛  and 𝑚⃗⃗⃗𝑔𝑛. 

Usually, the value of magnetic transition dipole moments (|𝑚⃗⃗⃗𝑔𝑛|) are typically smaller than 

the value of electric transition dipole moments (|𝜇⃗𝑔𝑛|) in pure organic systems, so that the value 

of |𝑚⃗⃗⃗𝑔𝑛|2 is much smaller than that of |𝜇⃗𝑔𝑛|2. The Eq. S14 can be further simplified as follows: 

glum = 4Re[
𝝁⃗⃗⃗𝒈𝒏.𝒎⃗⃗⃗⃗𝒈𝒏

∣𝝁⃗⃗⃗𝒈𝒏∣𝟐+∣𝒎⃗⃗⃗⃗𝒈𝒏∣𝟐
] ≈ 4Re[

∣𝝁⃗⃗⃗𝒈𝒏∣.∣𝒎⃗⃗⃗⃗𝒈𝒏∣.𝐜𝐨𝐬 𝜽𝝁,𝒎

∣𝝁⃗⃗⃗𝒈𝒏∣𝟐
] = 4Re[

∣𝒎⃗⃗⃗⃗𝒈𝒏∣.𝐜𝐨𝐬 𝜽𝝁,𝒎

∣𝝁⃗⃗⃗𝒈𝒏∣
] Eq. S15
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Oscillator strength (f) is a very important physical quantity during the electronic excitation 

process. The oscillator strength characterizes the strength of the electron excitation. The 

oscillator strength of the ith excited state is mainly related to the transition dipole moment and 

is defined as:7 

fi = 
𝟐𝒎ⅇ

𝟑ℏ𝟐ⅇ𝟐Ei(Dix
2 + Diy

2 + Diz
2) = 

𝟐𝒎ⅇ

𝟑ℏ𝟐ⅇ𝟐Ei|𝝁⃗⃗⃗𝒊|
2  Eq. S16 

where 𝑚𝑒 is the mass of an electron, ℏ is the reduced Planck’s constant, e is the charge of 

electron, Dix, Diy, and Diz are the electric transition dipole moments of different components, 

respectively; Ei is the excitation energy of the ith excited state; 𝜇⃗𝑖 is the electric dipole moment 

from the ground state to the ith excited state. 

The oscillator strength of the lowest excited singlet state is defined as: 

f = 
𝟐𝒎ⅇ

𝟑ℏ𝟐ⅇ𝟐ES(D1x
2 + D1y

2 + D1z
2) = 

𝟐𝒎ⅇ

𝟑ℏ𝟐ⅇ𝟐ES1|𝝁⃗⃗⃗|2          Eq. S17 

where D1x, D1y, and D1z are the electric transition dipole moments of different components at 

the lowest excited singlet state, respectively; ES1 is the lowest excited singlet state energy; 𝜇⃗ is 

the electric dipole moment from the ground state to the lowest excited singlet state. 
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2. Devices fabrication and characterization

All organic materials used in experiments (except for the TADF emitters) were purchased

from Lumtec, Inc. All compounds were subjected to temperature-gradient sublimation under a 

high vacuum before use. OLEDs were fabricated on the ITO-coated glass substrates with 

multiple organic layers sandwiched between the transparent bottom indium-tin-oxide (ITO) 

anode and the top metal cathode. All material layers were deposited by vacuum evaporation in 

a vacuum chamber with a base pressure of 10-6
 torr. The deposition system permits the 

fabrication of the complete device structure in a single vacuum pump-down without breaking 

vacuum. The deposition rate of organic layers was kept at 0.1 - 0.2 nm/s. The doping was 

conducted by co-evaporation from separate evaporation sources with different evaporation rates. 

The active area of the device is 1 × 1 mm2, as defined by the 10 shadow mask for cathode 

deposition. The current-voltage-brightness (J-V-L) characterization of the light-emitting 

devices was performed with a source-measurement unit (SMU) and a spectroradiometer (DMS 

201, AUTRONIC-MELCHERS GmbH). EL spectra of devices were collected by a calibrated 

CCD spectrograph. The angular dependence of EL intensities (and spectra) was measured by a 

calibrated goniometric spectroradiometer (DMS 201, AUTRONIC-MELCHERS GmbH). The 

external quantum efficiencies of devices were determined by collecting the total emission fluxes 

with a calibrated integrating-sphere measurement system and by measuring the angular 

distribution of the emission spectra and intensities. 
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3. Synthesis of TRZ-MeIAc and NID-MeIAc

3.1 The synthesis of 5-(4-(4,6-diphenyl-1,3,5-triazin-2-yl)phenyl)-12b-methyl-5,12b-

dihydroindeno[1,2,3-kl]acridine (TRZ-MeIAc) 

2-(2-bromophenyl)-4,6-diphenyl-1,3,5-triazine (1.55 g, 4.0 mmol), MeIAc (1.19 g, 4.4 mmol), 

palladium(II) acetate (18 mg, 0.08 mmol), tri-tert-butylphosphine tetrafluoroborate (70 mg, 

0.24 mmol) and sodium tert-butoxide (422 mg, 4.4 mmol) were added to dry toluene (20 mL). 

The mixture was stirred at reflux for 24 hours and then cooled to room temperature. The reaction 

mixture was slowly poured into water and extracted with CH2Cl2 (100 mL × 3). The organic 

phase was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The 

crude product was purified by column chromatography with petroleum ether/CH2Cl2 (v/v = 1/1) 

as eluent, finally the light yellow powder TRZ-MeIAc was obtained with a yield of 82%. The 

resulting product was further purified by recrystallizing from a mixture of CHCl3/hexane to 

give light yellow crystal. The obtained compound was further purified by vacuum sublimation 

(with pressure less than 10-5 Pa) at 240 ℃ with a yield of 83%. 1H NMR (400 MHz, CD2Cl2, 

δ): 9.03 (d, J = 8.4 Hz, 2H), 8.81 (d, J = 8.0 Hz, 4H), 8.03 (d, J = 7.6 Hz, 1H) , 7.85 (t, J = 6.8 

Hz, 2H), 7.58-7.68 (m, 8H), 7.43-7.49 (m, 3H), 7.23 (t, J = 7.6 Hz, 1H), 7.07 (t, J = 5.6 Hz, 

2H), 6.70 (d, J = 8.0 Hz, 1H), 6.60 (d, J = 8.0 Hz, 1H), 1.51 (s, 3H);13C NMR (100 MHz, 

CD2Cl2, δ): 172.3, 171.6, 150.9, 145.3, 143.7, 141.3, 140.6, 138.4, 136.7, 136.4, 134.5, 133.3, 

131.7, 131.0, 129.5, 129.3, 128.5, 128.0, 127.9, 127.8, 126.9, 126.3, 125.1, 122.6, 121.9, 

116.3, 114.0, 112.8, 48.4, 23.0. HRMS (ESI, m/z): [M+H]+ calcd for C41H29N4
+: 577.2387; 

found: 577.2390. Anal. calcd for C41H28N4: C, 85.39; H, 4.89; N, 9.72; found: C, 85.13; H, 

5.07; N, 9.80. 
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3.2 The synthesis of 2-(4-(tert-butyl)phenyl)-6-(12b-methylindeno[1,2,3-kl]acridin-

5(12bH)-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (NID-MeIAc) 

4-bromo-9-(4-tert-butylphenyl)-1,8-naphthalimide (1.63 g, 4.0 mmol), MeIAc (1.19 g, 4.4 

mmol), palladium(II) acetate (18 mg, 0.08 mmol), tri-tert-butylphosphine tetrafluoroborate (70 

mg, 0.24 mmol) and sodium tert-butoxide (422 mg, 4.4 mmol) were added to dry toluene (20 

mL). The mixture was stirred at reflux for 24 hours then cooled to room temperature. The 

reaction mixture was slowly poured into water and extracted with CH2Cl2 (100 mL × 3). The 

organic phase was dried over anhydrous Na2SO4, filtered and concentrated under reduced 

pressure. The crude product was purified by column chromatography with petroleum 

ether/CH2Cl2 (v/v = 3/1) as eluent, finally the orange-red powder NID-MeIAc was obtained 

with a yield of 76%. The resulting product was further purified by recrystallizing from a mixture 

of CHCl3/EtOH to give orange-red powder. The obtained compound was further purified by 

vacuum sublimation (with pressure less than 10-5 Pa) at 275 ℃ with a yield of 91%. 1H NMR 

(400 MHz, CD2Cl2, δ): 8.85 (d, J = 7.6 Hz, 1H), 8.59-8.65 (m, 2H), 8.09 (d, J = 6.0 Hz, 1H), 

7.88-7.96 (m, 3H), 7.62-7.76 (m, 3H), 7.46-7.54 (m, 3H), 7.30 (d, J = 8.4 Hz, 2H), 6.99-7.15 

(m, 3H), 6.02-6.43 (m, 2H), 1.59-1.65 (m, 3H), 1.43 (s, 9H),; 13C NMR (100 MHz, CD2Cl2, δ): 

164.6. 164.3, 152.3, 150.9, 143.8, 143.4, 141.0, 138.6, 133.9, 133.5, 132.6, 131.6, 131.0, 130.2, 

129.1, 128.8, 128.7, 128.4, 128.1, 128.0, 127.3, 127.1, 126.9, 126.6, 126.5, 126.3, 125.4, 124.4, 

123.7, 123.0, 122.0, 115.7, 114.4, 112.1, 48.3, 35.3, 31.7, 31.2. HRMS (ESI, m/z): [M+Na]+ 

calcd for C42H32N2NaO2
+: 619.2356; found: 619.2361. Anal. calcd for C42H32N2O2: C, 84.54; 

H, 5.41; N, 4.69; found: C, 84.78; H, 5.13; N, 4.73. 
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4. The report of the chiral HPLC resolution

The resolution of the enantiomers of TRZ-MeIAc and NID-MeIAc was conducted through 

chiral high-performance liquid chromatography column by DAICEL Chiral Technologies 

(CHINA) CO., LTD. The enantiomeric excess (e.e.) values for the two pairs of enantiomers are 

all above 98%. 

4.1 The report of the chiral HPLC resolution of TRZ-MeIAc 

Figure S1. The report of the chiral HPLC resolution of TRZ-MeIAc. 

Figure S2. The report of the chiral HPLC resolution of (R)-TRZ-MeIAc (Peak 1) and (S)-TRZ-

MeIAc (Peak 2). 
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4.2 The report of the chiral HPLC resolution of NID-MeIAc 

Figure S3. The report of the chiral HPLC resolution of NID-MeIAc. 

Figure S4. The report of the chiral HPLC resolution of (R)-NID-MeIAc (Peak 1) and (S)-NID 

–MeIAc (Peak 2).
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5. X-ray single crystal structure analysis

Table S1. Single crystal data and structure refinement of (R)-TRZ-MeIAc 

Compound name (R)-TRZ-MeIAc 

Empirical formula C41H28N4 

Formula weight 576.67 

Temperature/K 100.00(10) 

Crystal system monoclinic 

Space group P21 

a/Å 17.0490(3) 

b/Å 14.1638(2) 

c/Å 25.7784(4) 

α/° 90 

β/° 103.8957(18) 

γ/° 90 

Volume/Å3 6042.75(18) 

Z 8 

ρcalcg/cm3 1.268 

μ/mm-1 0.582 

F(000) 2416.0 

Crystal size/mm3 0.12 × 0.1 × 0.08 

Radiation CuKα (λ = 1.54184) 

2Θ range for data collection/° 5.34 to 147.964 

Index ranges -21 ≤ h ≤ 19, -17 ≤ k ≤ 16, -31 ≤ l ≤ 31

Reflections collected 41719 

Independent reflections 22475 [Rint = 0.0355, Rsigma = 0.0509] 

Data/restraints/parameters 22475/1/1625 

Goodness-of-fit on F2 1.017 

Final R indexes [I > = 2σ (I)] R1 = 0.0418, wR2 = 0.0948 

Final R indexes [all data] R1 = 0.0519, wR2 = 0.1010 

Largest diff. peak/hole / e.Å-3 0.14/-0.18 

Flack parameter 0.1(2) 
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Figure S5. X-ray structural details of (R)-TRZ-MeIAc (CCDC number 1971785). 

The absolute configuration-related Flack parameter of the single crystal is 0.1(2) (Table S1), 

suggesting the absolute configuration can be confirmed9 and turns out to be R. 

Figure S6. The packing model of (R)-TRZ-MeIAc in single crystal structure, blue ball for 

nitrogen, grey ball for carbon, white ball for hydrogen. 
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6. Thermal and electrochemical properties

Figure S7. (a) Thermogravimetric analysis (TGA) curves and (b) differential scanning 

calorimeter (DSC) curves of TRZ-MeIAc and NID-MeIAc. 

The racemization of chiral carbon-based molecules is difficult as a function of bond cleavage 

at the stereogenic center should be present.10 The chiral carbon in MeIAc is fixed with the three 

linked aryl substituents forming a rigid connection with each other. The fixed structure in 

MeIAc means that the thermal racemization would be hard. As to evaluate the chirality stability 

of CPTADF emitters, the chiral HPLC analysis of (R)-TRZ-MeIAc after vacuum sublimation 

at 240 oC for 2 days was conducted. The report shows that no racemization occurs, confirming 

the thermal stability (Figure S8). 

Figure S8. The report of the chiral HPLC analysis of (R)-TRZ-MeIAc after vacuum 

sublimation at 240 ℃. 
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Figure S9. Cyclic voltammograms of TRZ-MeIAc (a) and NID-MeIAc (b) in CH2Cl2. 

Table S2. Thermal and electrochemical properties of TRZ-MeIAc and NID-MeIAc. 

Compound 
Td

a) 

[oC] 

Tg
b) 

[oC] 

EHOMO
c)

[eV] 

ELUMO
d)

[eV] 

Eg
e)

[eV] 

TRZ-MeIAc 409 125 -5.43 -2.46 2.97 

NID-MeIAc 379 185 -5.55 -3.10 2.45 

a) Obtained from TGA measurements. b) Obtained from DSC measurements. c) Determined by

the onset of the oxidation potentials. d) ELUMO = EHOMO + Eg. 
e) Estimated from the onset of the 

absorption spectrum. 
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7. Photophysical properties

Figure S10. (a) Absorption and fluorescence spectra of MeIAc in 10-5 M toluene solution at 

300 K, and the phosphorescence spectrum of MeIAc in 10-5 M toluene solution at 77 K. (b) 

Cyclic voltammograms of MeIAc in CH2Cl2. 

Table S3. Photophysical and electrochemical properties of of MeIAc. 

Compound λabs
a) 

[nm] 

λfl
a) 

[nm] 

λph
b) 

[nm] 

EHOMO/ELUMO
c) 

[eV] 

Eg
d) 

 [eV] 

ES/ET
e) 

[eV] 

ΔEST
f) 

[eV] 

MeIAc 326 378 439, 469, 498 -5.29/-1.79 3.50 3.52/2.91 0.61 

a) Measured in toluene solution (10-5 M) at room temperature. b) Measured in toluene solution

(10-5 M) at 77 K. c) The HOMO level was determined by the onset of the oxidation curves, 

LUMO level was calculated by using HOMO levels and Eg (ELUMO = EHOMO + Eg). 
d) Calculated 

from the edge of the long-wavelength absorption. e) Determined by the onset of the fluorescent 

(300 K) and phosphorescent spectra (77 K) in toluene solution (10-5 M). f) ΔEST = ES – ET. 

Figure S11. (a) The steady and time-resolved photoluminescence spectra of TRZ-MeIAc in 

10-
5 M toluene solution at 300 K. (b) The steady and time-resolved photoluminescence 

spectra of NID-MeIAc in 10-5 M toluene solution at 300 K. 
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Figure S12. (a) The fluorescent (300 K) and phosphorescent spectra (77 K) of 12 wt.% TRZ-

MeIAc doped in mCPCN film, (b-c) the steady-state emission and transient photoluminescence 

decay curves of 12 wt.% TRZ-MeIAc doped in mCPCN film at different temperature. 

Figure S13. (a) The fluorescent (300 K) and phosphorescent spectra (77 K) of 6 wt.% NID-

MeIAc doped in mCPCN film, (b-c) the steady-state emission and transient photoluminescence 

decay curves of 6 wt.% NID-MeIAc doped in mCPCN film at different temperature. 

Figure S14. (a) The phosphorescent spectra (77 K) of neat TRZ, neat MeIAc and 12 wt.% TRZ-

MeIAc doped in mCPCN film. (b) The phosphorescent spectra (77 K) of neat NID, neat MeIAc 

and 6 wt.% NID-MeIAc doped in mCPCN film. 
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Table S4. Photophysical properties of TRZ-MeIAc and NID-MeIAc. 

Compound 
λabs

a) 

[nm] 

λfl
a)/b)

[nm] 

λph
b)

[nm] 

ES/ET
c)

[eV] 

ΔEST
d) 

[eV] 

τp
a) 

(ns) 

τd
a) 

(μs) 

ΦAr
a) 

(%) 

Φair
a) 

(%) 

gPL
e) 

[× 10-4] 

TRZ-

MeIAc 
335, 367 476/473 488 2.93/2.74 0.19 8.6 2.3 49 30 +5.9/-5.9 

NID-

MeIAc 

335, 349, 

441 
577/565 583 2.50/2.28 0.22 10.5 9.7 6 4 +20/-19

a) Measured in toluene solution (1.0 × 10-5 M) at room temperature. b) Measured in doped films

with TRZ-MeIAc (12 wt.%) in mCPCN host or NID-MeIAc (6 wt.%) in mCPCN host. c) 

Determined by the onset of the fluorescent spectra (300 K) and phosphorescent spectra (77 K) 

of the doped films with TADF emitters in mCPCN host. d) ΔEST = ES – ET. e) gPL values of (R/S)-

TRZ-MeIAc or (R/S)-NID-MeIAc enantiomers in toluene solution (1.0 × 10−4 M) at maximum 

emission peaks. 



21 

8. Theoretical simulation

Table S5. The calculated results of HOMO and LUMO distribution and levels of Cz, (R)-

MeIAc, FAc and DMAc by DFT at the B3LYP/def2-SVP level of theory using Gaussian 09. 

Compound 
Chemical 

structure 

Molecular orbital 

distribution 
EHOMO 

[eV] 

ELUMO 

[eV] 

Eg 

[eV] 

Dihedral 

angle (°)a 
HOMO LUMO 

Cz -5.69 -0.95 4.74 180 

(R)-MeIAc -5.44 -1.06 4.38 141 

FAc -5.28 -1.08 4.20 164 

DMAc -5.12 -0.37 4.75 180 

a The dihedral angle of the two nitrogen atom linked aromatic units (blue and red filled units 

in chemical structure). 
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Figure S15. The comparison of optimized structures of S0 (down) with S1 state (up) of (R)-

TRZ-MeIAc. The optimized structures of MeIAc in (R)-TRZ-MeIAc at S0 and S1 state. 

Figure S16. The comparison of optimized structures of S0 (down) with S1 state (up) of (R)NID-

MeIAc. The optimized structures of MeIAc in (R)-NID-MeIAc at S0 and S1 state. 
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Table S6. The calculated potential energy of quasi-equatorial and quasi-axial conformers of 

(R)-TRZ-MeIAc and (R)-NID-MeIAc. 

Compound 

Potential energy 

(a.u.) 
ΔEa) EAE

b) EAA
c) Rd) ∆αe) 

Quasi-equatorial 

conformer 

Quasi-axial 

conformer 
Barrier (eV) (eV) (eV) (%) (°) 

(R)-TRZ-

MeIAc 

-48899.4446

-48899.3693

-48898.9767 0.0753 0.6074 0.4679 

97.4 20 

-48899.4456 -48899.3241 0.0763 0.0452 0.1215 

(R)-NID-

MeIAc 

-51115.0606

-51114.5767

-51114.2612 0.4839 0.3155 0.7994 
> 

99.9 
10 

-51115.0614 -51114.4619 0.4847 0.1148 0.5995 

a) The energy difference between quasi-equatorial and quasi-axial conformer. b) The activation

energy for quasi-equatorial conformer: the energy difference between the barrier and quasi-

axial conformer. c) The activation energy for quasi-axial conformer: the energy difference 

between the barrier and quasi-equatorial conformer. d) R: The relative ratios of quasi-equatorial 

conformer. e) The possible molecular rotation angle. 

The relative ratios of quasi-equatorial conformer were estimated by Boltzmann distribution8: 

%conformer i = 
exp (−

𝐸𝑖
𝑘𝑏𝑇

)

∑ exp (−
𝐸𝑗

𝑘𝑏𝑇
)𝑗

Fig. S17 Flexible potential surface scanning on the energy of the excited singlet state geometry 

of (R)-TRZ-MeIAc (a) and (R)-NID-MeIAc (b) at different twisted angles (α), the maximized 

local states and the minimized charge transfer states for (R)-TRZ-MeIAc are labeled with red 

and blue rectangles respectively, the maximized local states and the minimized charge transfer 

states for (R)-NID-MeIAc are labeled with red and blue ellipses, respectively. 
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9. The analysis of the absolute configuration

When the direction of 𝜇⃗𝑔𝑛 is the same as that of 𝑚⃗⃗⃗𝑔𝑛 (the charge moves along the right-hand 

spiral path during transition), positive signals in the CPPL spectrum can be found; otherwise, 

the negative signals present. According to this rule, it can be expected that (R)-TRZ-MeIAc 

with same directional 𝜇⃗𝑔𝑛 and 𝑚⃗⃗⃗𝑔𝑛 (the vector angle θμ,m of 14.5°) should demonstrate positive 

signals in CPPL spectra. The experimental results (Figure 2b,c in main text, Figure S1-S2) for 

(R)-TRZ-MeIAc (the obtained Peak 1 during the chiral HPLC resolution, the absolute 

configuration was confirmed by the single crystal) matched well with the theoretical prediction 

(Table 2 in main text). And the same trend was also found in the simulations and experimental 

results of (S)-TRZ-MeIAc (Figure 2b,c, Table 2, Figure S3-S4,). 

Based on the above results, the absolute configuration of the enantiomers of NID-MeIAc 

could be confirmed. According to the simulated same dipole moment direction in (R)-NID-

MeIAc (Table 2), the obtained Peak 1 during the chiral HPLC resolution with positive CPPL 

signals can be considered to be R configuration and the obtained Peak 2 can be considered to 

be S configuration (Figure 2e,f in main text, Figure S3-S4). 
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10. Supplemental electroluminescence data

Table S7. The summary of EL characteristics for OLED structures of: ITO/MoO3 (1 nm)/TAPC 

(45 nm)/mCP (10 nm)/mCPCN: x wt.% (R)-TRZ-MeIAc or (S)-TRZ-MeIAc (20 nm)/3TPYMB 

(50 nm)/LiF/Al. 

Emitter Device 
Von

a) 

[V] 

ELpeak
b) 

[nm] 

CEc) 

[cd.A-1] 

PEd) 

[lm.W-1] 

EQEe) 

[%] 

(R)-TRZ-MeIAc 

D1 (4 wt.%) 3.0 490 36.2 38.0 16.6 

D2 (8 wt.%) 3.0 490 45.3 47.6 19.8 

D3 (12 wt.%) 2.9 494 47.8 49.6 20.3 

(S)-TRZ-MeIAc 

D4 (4 wt.%) 3.0 487 28.8 30.1 14.8 

D5 (8 wt.%) 3.0 490 41.6 43.6 19.1 

D6 (12 wt.%) 2.9 494 42.1 44.1 18.7 

a) The turn-on voltage recorded at a brightness of 1 cd.m−2. b) The peak wavelength of the EL

spectrum. The maximum value of c) current efficiency; d) power efficiency; e) external quantum 

efficiency. 
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Figure S18. (a) The device structure, energy level diagram, and the molecular structures of the 

materials employed in the devices. (b-g) Electroluminescence spectra, luminance-voltage-

current density characteristics, external quantum efficiency and power efficiency characteristics 

for devices based on (R)-TRZ-MeIAc (D1 to D3) and (S)-TRZ-MeIAc (D4 to D6). 
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Table S8. The summary of EL characteristics for OLED structures of: ITO/MoO3 (1 nm)/TAPC 

(70 nm)/mCP (10 nm)/mCPCN: x wt.% (R)-NID-MeIAc or (S)-NID-MeIAc (20 nm)/3TPYMB 

(70 nm)/LiF/Al. 

Emitter Device 
Von

a) 

[V] 

ELpeak
b) 

[nm] 

CEc) 

[cd.A-1] 

PEd) 

[lm.W-1] 

EQEe) 

[%] 

(R)-NID-MeIAc 

D7 (1.5 wt.%) 3.1 581 71.2 57.8 18.4 

D8 (3 wt.%) 3.1 591 72.2 46.6 18.2 

D9 (6 wt.%) 3.1 591 74.5 42.3 19.0 

(S)-NID-MeIAc 

D10 (1.5 wt.%) 3.1 583 44.4 49.8 18.5 

D11 (3 wt.%) 3.1 589 72.6 50.2 20.3 

D12 (6 wt.%) 3.1 589 68.4 61.3 23.7 

a) The turn-on voltage recorded at a brightness of 1 cd.m−2. b) The peak wavelength of the EL

spectrum. The maximum value of c) current efficiency; d) power efficiency; e) external quantum 

efficiency. 
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Figure S19. (a) The device structure, energy level diagram, and the molecular structures of the 

materials employed in the devices. (b-g) Electroluminescence spectra, luminance-voltage-

current density characteristics, external quantum efficiency and power efficiency characteristics 

for devices based on (R)-NID-MeIAc (D7 to D9) and (S)-NID-MeIAc (D10 to D12). 
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Figure S20. CPEL spectra (a) and gEL of (R/S)-TRZ-MeIAc (b) in device D3/D6. 

Figure S21. CPEL spectra (a) and gEL of (R/S)-NID-MeIAc (b) in device D9/D12. 
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Table S9. The device performances of reported CP-OLEDs vs this work. 

Materials Structure Device models 
Type of 

emitters 

ELpeak 

[nm] 

Lmax 

[cd m-

2] 

CEmax 

[cd A-

1] 

PEmax 

[lm 

W-1]

EQEmax 

[%] 
gEL Ref. 

PPV-co- 

BDMO-PPV 

Pure polymer 

layer 

Common 

fluorescent 

material 

600 - - - - -1.7 × 10-3 [11] 

(S)-PF4/1 
Pure polymer 

layer 

Common 

fluorescent 

material 

425/ 

512 

- - - - +0.16 

[12] 

(S)-PF4/1- 

co-PF8 

Pure polymer 

layer 

Common 

fluorescent 

material 

- - - - +0.05 

(S)-PF8/1/1 
Pure polymer 

layer 

Common 

fluorescent 

material 

- - - - -0.25 

(R)-PF2/6 
Pure polymer 

layer 

Common 

fluorescent 

material 

-0.25 

C-522 
Pure oligomer 

layer 

Common 

fluorescent 

material 

425/ 

450 
- 0.94 - - +0.35 [13] 

F8BT/ 

1-aza[6]helicene

F8BT with 

chiral dopant 

Common 

fluorescent 

material 

540 3000 - 1.1 - 
-0.2/ 

+0.2 
[14] 

c-PFBT 
Pure polymer 

layer 

Common 

fluorescent 

material 

510 80 - 0.12 - -0.8 [15] 

F8BT/ 

R5011 

F8BT Dispersed 

in R5011 

Common 

fluorescent 

material 

546 4000 4.46 - - -1.13 [16] 

S/R-P 
Pure polymer 

layer 

Common 

fluorescent 

material 

505 
1669/ 

1270 

0.926/

0.833 

0.390/

0.422 
- 

+0.024/ 

-0.019 
[17] 
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S/R-2 
Pure small 

molecular layer 

Common 

fluorescent 

material 

520 

19575

/1841

1 

2.8/ 

3.2 
- 

1.0/ 

1.1 

+0.0022/ 

-0.0022 
[18] 

R/S-5 

R/S-6 

Pure small 

molecular layer 

Common 

fluorescent 

material 

460/ 

480 

11336

/1088

6/ 

24806

/ 

22880 

3.91/ 

3.86/ 

5.17/ 

4.26 

- 

2.79/ 

2.17/ 

3.09/ 

2.27 

+0.0056/ 

-0.0052/ 

+0.00078/ 

-0.00074/ 

[19] 

S/R-6 
Pure small 

molecular layer 

Common 

fluorescent 

material 

534 
8061/ 

7946 

1.32/ 

1.26 
- 

0.48/ 

0.45 

+0.0036/ 

-0.0032/ 

[20] 

BA 

Dispersed in 

26DCzPPy 

Common 

fluorescent 

material 

593 7145 5.12 3.4 2.0 
+0.00045/ 

-0.0005 

[21] 

DCz 508 22956 17.6 11.2 5.5 
+0.00077/ 

-0.00083 

DPA 540 13426 9.7 6.4 2.5 
+0.00057/ 

-0.00078 

PT 420 1936 0.91 0.4 1.7 
+0.0013/ 

-0.0014 

CsEu(hfbc)4 
Dispersed in 

PVK and OXD7 

Lanthanide 

complexes 

595, 

612 
- - - 0.05 

-1.00 to 

+0.19 
[22] 

Ʌ-fac-Ir(ppy)3/ 

∆-fac-Ir(ppy)3 

Dispersed in 

mCP 

Phosphoresce

nt Iridium 

complexes 

522/ 

515 

- - - - 

-0.00028/ 

+0.00068 

[23] 

Ʌ-fac-

Ir(ppy)2acac/ 

∆-fac-

Ir(ppy)2acac 

533/ 

509 

-0.00031/ 

+0.0043 

Ʌ-Ir(dppy)2(R-

edp)/ 

∆-Ir(dppy)2(R-

edp) 

514/ 

510 

-0.0026/ 

+0.00049/ 

1 
Dispersed in 

PVK and OXD7 

Phosphoresce

nt Platinum 

complexes 

615 222 0.25 0.11 - -0.38 [24] 

S1/R1 
Dispersed in 

PVK and OXD7 

Phosphoresce

nt Iridium 

complexes 

526/ 

558 
4257 7.50 2.44 - up to 10-3 [25] 
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(P/M)-Pt 

Dispersed in 

TCTA and 

26DCzPPy 

Phosphoresce

nt Platinum 

complexes 

~650 
9732/ 

11590 

19.52/ 

22.52 

15.39/ 

18.62 

16.29/ 

18.81 

-0.0016/ 

+0.0014 

to 

-0.0037/ 

+0.0051 

[26] 

∆- 

(tfpqz)2Ir(R-

L2)/ 

Ʌ- 

(tfpqz)2Ir(S-L2) 

Dispersed in 

26DCzPPy 

Phosphoresce

nt Iridium 

complexes 

595/59

9 

34986

/4474

5 

54.6/ 

54.4 

51.3/ 

52.1 

23.7/ 

23.6 

+0.0005/ 

-0.0003 [27] 

[Pt(iqbt)(S-Ln) 

(1-4)] 

Dispersed in 

PVK-PBD 

Phosphoresce

nt Platinum 

complexes 

732 - - - 
up to 

0.93 
up to 0.0027 [28] 

BP1 

Dispersed in 

CBP 

Phosphoresce

nt Platinum 

complexes 

600, 

650, 

715 

1062/ 

1018 

1.43/ 

1.52 

0.90/ 

0.80 

1.32/ 

1.49 

+0.0012/ 

-0.0007 

[29] 

BP2 

600, 

650, 

715 

3500/ 

3318 

2.83/ 

2.64 

1.38/ 

1.28 

2.15/ 

2.01 

+0.0011/ 

-0.0010 

(P/M)-SD 
Dispersed in 

26DCzPPy 

Phosphoresce

nt Platinum 

complexes 

653 
2156/ 

1927 

2.32/ 

2.26 

1.97/ 

2.03 

4.60/ 

4.42 

+0.0013/ 

-0.0011 
[30] 

R-/S-ZnL 
Pure small 

molecular layer 

Zn(II) 

Complex 
576 

860/ 

1000 

0.18/ 

0.19 

0.071/ 

0.085 

0.038/ 

0.042 

+0.015/ 

-0.015 
[31] 

(R/S)-1 
Dispersed in 

mCP 

TADF 

emitter 
- - 34.7 16.3 9.1 - [32] 

(R,R/S,S)- 

CAI-Cz 

Dispersed in 

mCBP 

TADF 

emitter 
520 - 

59.4/ 

59.0 

52.9/ 

53.0 

19.8/ 

19.7 

+0.0023/ 

-0.0017 [33] 

R/S-BN-CF, 

R/S-BN-CCB, 

R/S-BN-DCB, 

and R/S-BN-AF 

Dispersed in 

mCP 

TADF 

emitter 

496-

597 

1473-

6633 

1.1-

24.6 

0.7-

19.6 
0.6-9.3 

-0.091 to

+0.084 
[34] 
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(R/S)-OBN-Cz 

Dispersed in 

26DCzPPy or 

pure small 

molecular layer 

TADF 

emitter 

501/ 

526 

46651

/ 

35633 

93.7/ 

47.8 

59.7/ 

34.6 

32.6/ 

14.0 

+0.00228/ 

-0.00234 
[35] 

R/S-1 

Dispersed in 

TCTA or pure 

small molecular 

layer 

TADF 

emitter 

580-

604 

2726-

11783 

0.22-

4.2 
- 0.12-1.8 -0.0009 to +0.001 [36] 

CzpPhTrz 
Dispersed in 

mCP 

TADF 

emitter 
480 - 34.8 32.5 17.0 - [37] 

(R/S)- 

OBN-DPA 

Dispersed in 

TCTA or pure 

small molecular 

layer 

TADF 

emitter 

544/ 

560 

15161

-

25418 

22.7-

45.3 

15.8-

30.7 

6.6- 

12.3 

-0.0022 to

+0.0029 
[38] 

(–)-(R,R)-CAI-

DMAC/ 
(+)-(S,S)-CAI-

DMAC 

Dispersed in 

CBP 

TADF 

emitter 
592 - 

28.8/ 

28.5 

26.6/ 

28.0 

12.3/ 

12.4 
- [39] 

S/R-CPDCz, 

S/R-CPDCB 

Dispersed in 

mCP 

TADF 

emitter 

492- 

518 

923-

7700 

21.4-

39.5 

15.7-

30.3 
8.4-12.4 

-0.0039 to

+0.0035 
[40] 

S/R-Cz-Ax-CN 
Dispersed in 

DPEPO 

TADF 

emitter 
468 - 20.9 16.4 12.7 

-0.012/ 

+0.014 
[41] 

S/R-BPPOACZ 
Dispersed in 

2,6-DCzPPy 

TADF 

emitter 
537 38128 61.0 42.6 17.8 

+0.0045/ 

-0.0028 
[42] 

(R/S)-TRZ-

MeIAc 

Dispersed in 

mCPCN 

TADF 

emitter 
494 

8796/

9074 

47.8/ 

42.1 

49.6/ 

44.1 

20.3/ 

18.7 

+0.00071/ 

-0.00084 

This 

work 

(R/S)-NID-

MeIAc 

Dispersed in 

mCPCN 

TADF 

emitter 
591 

772/ 

750 

74.5/ 

68.4 

42.3/ 

61.3 

19.0/ 

23.7 

+0.0020/ 

-0.0024 
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11. 1H NMR, 13C NMR and HRMS spectroscopies

1H NMR spectroscopies for TRZ-MeIAc 

13C NMR spectroscopies for TRZ-MeIAc 
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1H NMR spectroscopies for NID-MeIAc 

13C NMR spectroscopies for NID-MeIAc 
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HRMS for TRZ-MeIAc 

HRMS for NID-MeIAc 
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