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1. NMR Spectra 

 

Figure S1. 1H-NMR spectrum of TB-BP-Br (500 MHz, CDCl3). 

 
Figure S2. 1H-NMR spectrum of TB-PhBr (500 MHz, CDCl3). 
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Figure S3. 1H-NMR spectrum of TB-BP-DMAC (500 MHz, CDCl3). 

 

Figure S4. 13C-NMR spectrum of TB-BP-DMAC (126 MHz, CDCl3). 
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Figure S5. 1H-NMR spectrum of TB-DMAC (500 MHz, CDCl3) 

 
Figure S6. 13C-NMR spectrum of TB-DMAC (126 MHz, CDCl3)  
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2. Thermogravimetric Analysis (TGA) 

 

Figure S7. TGA curves of TB-BP-DMAC and TB-DMAC (The red dashed line marks 

95% of the original sample weight).
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3. Electrochemical Properties 

 
Figure S8. Cyclic Voltammograms of TB-BP-DMAC and TB-DMAC. Dashed 

vertical lines and intersections of tangent lines indicate the Eox values. 

 

The HOMO and LUMO energy levels were estimated from the cyclic voltammetry and 

optical bandgaps (Eg) determined from the onset of the absorption band (λonset). 

EHOMO = - [Eox – E1/2(Fc/Fc+) + 4.8] eV; 

 Eg = 1241/ λonset; 

ELUMO = EHOMO + Eg 

Based on the above formulas, HOMO/LUMO energy levels of TB-BP-DMAC and TB-

DMAC were calculated to be -5.26/-2.40 eV and -5.28/-2.08 eV, respectively.   
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Table S1. Summary of CV data and energy levels 

Compound Eox
a  

[eV] 

E1/2(Fc/Fc+)
b 

[eV] 

Eg
c  

[eV] 

EHOMO
d  

[eV] 

ELUMO
e  

[eV] 

TB-BP-DMAC 0.68 0.23 2.86 -5.26 -2.40 

TB-DMAC 0.70 0.22 3.19 -5.28 -2.08 

a) The oxidation potentials (EOX) were acquired from the onset of first oxidation 

potentials in cyclic voltammograms (see Figure S8); b) ferrocenium/ferrocene couple 

was used as an internal standard; c) calculated from the absorption edge λonset; d) 

calculated from CV data; e) calculated from Eg and EHOMO. 
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4. Theoretical Calculations 

 

Figure S9. Electron-density distribution of the excited states (the purple area denotes 

an increase in charge density, while the blue area denotes a decrease in charge density) 

and character. 

 

Table S2. Calculated spin-orbit coupling (SOC) constants. 

SOC S1-T1/cm-1 S1-T2/cm-1 S1-T3/cm-1 S1-T4/cm-1 S1-T5/cm-1 

TB-BP-DMAC 0.45 0.01 0 0 0.59 

TB-DMAC 0.86 0.05 0 0 0.51 

5. Photophysical Properties 

5.1 Analysis of rate constants 

Rate constants of the investigated compounds in 20 wt% PPF films at room temperature 

are determined from the measured quantum yields and lifetimes of the prompt 

fluorescence (PF) and delayed fluorescence (DF) components according to equations 

S1-S6 [1,2]. 

𝑘𝑃𝐹 =
1

𝜏𝑃𝐹
                                                   Equation S1 

𝑘𝐷𝐹 =
1

𝜏𝐷𝐹
                                                   Equation S2 
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𝑘𝑅𝐼𝑆𝐶 =
𝑘𝑃𝐹+𝑘𝐷𝐹

2
− √(

𝑘𝑃𝐹+𝑘𝐷𝐹

2
)

2
− 𝑘𝑃𝐹𝑘𝐷𝐹(1 +

Φ𝐷𝐹

Φ𝑃𝐹
)                Equation S3 

𝑘𝐼𝑆𝐶 =
𝑘𝑃𝐹𝑘𝐷𝐹

𝑘𝑅𝐼𝑆𝐶

Φ𝐷𝐹

Φ𝑃𝐹
                                            Equation S4 

𝑘𝑟
𝑆 ≈

𝑘𝑃𝐹𝑘𝐷𝐹

𝑘𝑅𝐼𝑆𝐶
Φ𝑃𝐿                                             Equation S5 

𝑘𝑛𝑟
𝑆 ≈

𝑘𝑃𝐹𝑘𝐷𝐹

𝑘𝑅𝐼𝑆𝐶
(1 − Φ𝑃𝐿)                                       Equation S6 

 

 

Figure S10. PL spectra (20 wt% -doped PPF films) measured at room temperature.   
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Figure S11. Transient PL decay curves (0-125 ns time-range, prompt decay) of (a) TB-

BP-DMAC and (b) TB-DMAC in 20 wt%-doped PPF film at room temperature. Inset 

shows the fitting function along with the fitting results for the lifetimes of the prompt 

component, as well as the instrumental response function (IRF). 

 

 

Figure S12. Transient PL decay curves of (a) TB-BP-DMAC and (b) TB-DMAC in 

20 wt%-doped PPF film at room temperature. Inset shows the fitting function and fitting 

results of delayed component lifetimes.   
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Table S3. Fitting results of the transient PL decay curves of prompt fluorescence 

Emitter 

1 
a 

(ns) 

Rel1
 b

 

(%) 

2 
a 

(ns) 

Rel2
 b 

(%) 

PF
c
 

(ns) 

TB-BP-DMAC 3.93 32.6 16.1 67.4 12.1 

TB-DMAC 4.57 26.3 14.2 73.7 11.6 

a) Lifetimes obtained by fitting the PL decay curves using 2-exponetial model function 

(Equation S7); b) The proportion of respective components, as a percentage; c) Average 

prompt fluorescence lifetime. 

2-exponetial model function: 

𝑦 =  𝐴1 ∗ 𝑒𝑥𝑝 (−
𝑥

1
) + 𝐴2 ∗ 𝑒𝑥𝑝 (−

𝑥

2
) + 𝑦0                    Equation S7 

where, A1 and A2 are pre-exponential factors. 

PF = (A1 ∗ 1^2 + A2 ∗ t2^2)/(A1 ∗ 1  +  A2 ∗ t2)              Equation S8 

Table S4. Fitting results of the transient PL decay curves of delayed fluorescence 

Emitter 

1
a 

(μs) 

Rel1
 b

 

(%) 

2 
a 

(μs) 

Rel2
 b 

(%) 

2 
a 

(μs) 

Rel2
 b 

(%) 

DF
c
 

(μs) 

RelDF
d 

(%) 

TB-BP-

DMAC 

0.015 53.1 0.036 14.3 2.55 32.6 2.55 32.6 

TB-DMAC 2.28 28.3 0.016 71.7 - - 2.28 28.3 

a) Lifetimes obtained by fitting the PL decay curves using 2/3-exponetial model 

function (Equation S7 and Equation S9); b) The proportion of respective components, 

as a percentage; c) Average delayed fluorescence lifetime; d) The proportion of delayed 

fluorescence, as a percentage. 

3-exponetial model function: 

𝑦 =  𝐴1 ∗ 𝑒𝑥𝑝 (−
𝑥

1
) + 𝐴2 ∗ 𝑒𝑥𝑝 (−

𝑥

2
) + 𝐴3 ∗ 𝑒𝑥𝑝 (−

𝑥

3
) + 𝑦0      Equation S9 

where, A1, A2 and A3 are pre-exponential factors. 
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Transient PL decay curves of the doped film samples at 300 K can be well fitted 

using 2/3-exponential model function (Equation S7 and Equation S9, also see Figure 

S11 and Figure 12). The proportion of each component were using: 

𝑅𝑒𝑙1 =  
𝐴1∗𝜏1

𝐴1∗𝜏1+𝐴2∗𝜏2+𝐴3∗𝜏3
· 100%                               Equation S10 

𝑅𝑒𝑙2 =  
𝐴2∗𝜏2

𝐴1∗𝜏1+𝐴2∗𝜏2+𝐴3∗𝜏3

 · 100%                                Equation S11 

𝑅𝑒𝑙2 =  
𝐴3∗𝜏3

𝐴1∗𝜏1+𝐴2∗𝜏2+𝐴3∗𝜏3
 · 100%                               Equation S12 

The prompt fluorescence lifetimes of TB-BP-DMAC and TB-DMAC are denoted 

as τPF in Table S3, while the delayed fluorescence lifetimes of TB-BP-DMAC and TB-

DMAC are represented as τDF in Table S4. PF and DF efficiencies (ФPF and ФDF) 

could be calculated to be 0.212 and 0.103 for TB-BP-DMAC, and 0.361 and 0.143 for 

TB-DMAC, respectively, by using Equation S13 and Equation S14. 

ФDF =  (RelDF) ×  ФPL                                       Equation S13 

ФPF =  (1 − RelDF) ×  ФPL                                   Equation S14 

 

 
Figure S13. Transient PL decay curves of (a) TB-BP-DMAC and (b) TB-DMAC in 

20 wt%-doped PPF film at different temperatures. 
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Figure S14. The comparison of EL (20 wt%-doped OLEDs) and PL spectra (20 wt%-

doped films) of TB-BP-DMAC and TB-DAMC. The EL spectra were recorded at 8 V. 

The PL spectra were obtained using 300 nm excitation. All spectra were obtained at 

room temperature.   
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Table S5. Summary of ΔEST values for selected deep-blue and green TADF emitters. 

 
TADF emitter 

λEL 

[nm] 

ΔEST 

[eV] 
ref. 

deep-blue PhCz-TOSBA 456 0.23 [3] 

 TPA-TOSBA 456 0.36  

 BuCz-TRZ 459 0.29 [4] 

 PhBuCz-TRZ 458 0.27  

 PyBuCz-TRZ 455 0.30  

 BuCz-MeTRZ 462 0.25  

 PyBuCz-MeTRZ 452 0.24  

 CNBuCz-TRZ 434 0.43  

 CzoB 455 0.15 [5] 

 tBuO-SOpAD 445 0.07 [6] 

 tBuO-SOmAD 435 0.17  

green Cz-mCNTrz  492 0.03 [7] 

 DCz-mCNTrz 504 0.02  

 TCz-mCNTrz 512 0.01  

 mCP-BP-DMAC 504 0.02 [8] 

 DCB-BP-DMAC 498 0.04  

 TB-BP-DMAC 508 0.13 this work 

 TB-DMAC 449 0.16  
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6. Device Fabrication and Characterization 

 

Figure S15. Molecular structures of the functional materials used in the OLEDs. 
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