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Figure S1. Diagram of geometry comparisons between S0 and S1 states together with 

the calculated RMSD values for (a) the investigated molecules (the structures at S0 and 

S1 state are depicted in orange and silver, respectively), (b) the QAO part (the structures 

at S0 and S1 state are depicted in blue and silver, respectively), and (c) the phenyl-linked 

electron-donating/withdrawing groups (the structures at S0 and S1 state are depicted in 

green and silver, respectively).

Figure S2. Calculated frontier molecular orbital (FMO) energy levels and FMO 

distributions of (a) the electron-donating and (b) the electron-withdrawing peripheral 

groups.



Figure S3 Simulated emission spectra of the molecules with (a) the electron-donating 

groups and (b) the electron-withdrawing groups (λPL in unit of nm).

Figure S4. Charge density differences between the S1 and S0 of the investigated 

molecules. 



Figure S5. Calculated Huang-Rhys factors versus the normal mode frequencies for the 

investigated molecules with (a) the electron-donating groups and (b) the electron-

withdrawing groups relevant to S1→S0 process (The vibration modes with relatively 

large Huang-Rhys factors were shown as insets).



Figure S6. Calculated reorganization energies versus the normal-mode frequencies for 

(a) QAO-PhDPA and (b) QAO-PhAz (The representative vibration modes are shown 

as insets).

Figure S7. Calculated φ1, θμ,m and gabs for the electron-donating- (a, b and c) and 

electron-withdrawing- (d, e and f) based molecules with introducing different steric 

hindrance groups.



Figure S8. Calculated vertical excitation energies and the SOC constants between S1 

and Tn states for (a) QAO-PhCz, (b) QAO-PhDMCz, (c) QAO-PhDPA, (d) QAO-

PhAz, (e) QAO-PhDMAC, (f) QAO-PhOL, (g) QAO-PhTRZ, (h) QAO-PhNT, (i) 

QAO-PhTTR and (j) QAO-PhBPCN in toluene.



Table S1. Calculated HOMO energy levels, the maximum absorption (λabs) and 

emission (λPL) wavelengths of the experimental molecule QAO-PhCz with different 

DFT functionals.

Computing method HF (%) HOMO (eV) λabs / λPL (nm)

O3LYP 11.6 -5.10 525 / 622
B3LYP 20 -5.42 457 / 512
PBE0 25 -5.68 422 / 497
BMK 42 -6.13 362  / 400

M06-2X 54 -6.66 349 / 385
Exp. -- -5.74 437 / 461

Table S2. Simulated excitation energy, transition compositions and characteristics of 

the molecules with electron-donating units using PBE0 and M062X functionals.

PBE0 M062X

ΔE
(eV)

Composition 
(%)

Character
ΔE

(eV)
Composition   

(%)
Character

QAO-PhCz 2.94 H→L(97.2) LRCTa 3.56
H-2→L(85.4);
H-1→L(4.7);

H→L(4.8)
SRCTb

QAO-PhDMCz 2.86 H→L(99.6) LRCT 3.56 H-2→L(93.8) SRCT

QAO-PhDPA 2.56 H→L(98.9) LRCT 3.47
H→L(48.1);

H-1→L(47.4)
LRCT

QAO-PhAz 2.56 H→L(99.4) LRCT 3.55
H-1→L(88.5);

H→L(6.7)
SRCT

QAO-PhDMAC 2.50 H→L(99.5) LRCT 3.57 H-1→L(94.3) SRCT

a LRCT means long-range charge transfer; b SRCT means short-range charge transfer

Table S3. Calculated the maximum emission wavelengths (λPL), transition 

compositions and reorganization energies (λ, S1→S0) of the investigated molecules.

Compd.
λPL         

(nm)
Transition                  

compositions (%)
(eV)𝜆 

QAO-PhCz 446 H-8→L(33.7); H-11→L(21.4); 0.32
QAO-PhDMCz 453 H-10→L(30.3); H-12→L(23.4); 0.38
QAO-PhDPA 599 H→L(92.1); H-1→L(3.5); 3.05
QAO-PhAz 509 H-8→L(29.1); H-10→L(24.9); 1.11

QAO-PhDMAC 532 H-9→L(22.8); H-12→L(22.4); 0.34
QAO-PhQL 438 H→L(95.3); H-1→L(3.0) 0.21



QAO-PhTRZ 427 H→L(98.3) 0.15
QAO-PhNT 431 H→L(98.3) 0.17

QAO-PhTTR 425 H→L(97.9) 0.15
QAO-PhBPCN 466 H→L(89.3); H-1→L(8.9) 0.15

Table S4. Calculated radiation rate (kr, s-1), nonradiative rate (knr, s-1), θμ,m, gPL and FM 

of the investigated molecules modified with the steric hindrance groups. 

Compd. kr (s-1) knr (s-1) θμ,m (º) gPL FM

QAO-PhCz-CH3 9.59×105 3.66×107 39.35 1.38×10-2 3.53×10-4

QAO-PhDMCz-CH3 6.58×105 5.22×107 82.36 2.31×10-3 2.88×10-5

QAO-PhDPA-CH3 1.26×105 3.20×1010 36.86 9.94×10-3 3.93×10-8

QAO-PhAz-CH3 6.69×105 1.04×107 26.21 1.81×10-2 1.09×10-3

QAO-PhDMAC-CH3 4.43×105 8.82×108 18.49 3.13×10-2 1.57×10-5

QAO-PhQL-CH3 2.52×107 1.15×108 76.46 3.01×10-3 5.43×10-4

QAO-PhTRZ-CH3 2.58×107 3.27×107 79.36 3.25×10-3 1.43×10-3

QAO-PhNT-CH3 2.87×107 2.52×105 77.19 2.91×10-3 2.88×10-3

QAO-PhTTR-CH3 2.80×107 3.32×107 81.26 3.39×10-3 1.55×10-3

QAO-PhBPCN-CH3 3.22×106 1.33×1010 88.16 6.39×10-4 1.55×10-7

QAO-PhCz-tBu 5.38×104 5.35×109 83.72 1.46×10-3 1.47×10-8

QAO-PhDMCz-tBu 5.63×103 1.19×109 81.16 2.48×10-3 1.17×10-8

QAO-PhDPA-tBu 9.47×106 2.89×1010 32.71 8.34×10-3 2.73×10-6

QAO-PhAz-tBu 8.41×104 3.09×109 17.38 1.64×10-2 4.45×10-7

QAO-PhDMAC-tBu 6.19×103 8.24×108 28.53 1.29×10-2 9.69×10-8

QAO-PhQL-tBu 1.68×107 7.82×108 76.70 3.71×10-3 7.82×10-5

QAO-PhTRZ-tBu 2.04×107 2.51×107 78.05 4.37×10-3 1.96×10-3

QAO-PhNT-tBu 1.32×107 5.38×1010 75.47 4.05×10-3 9.93×10-7

QAO-PhTTR-tBu 2.37×107 2.99×105 80.05 4.36×10-3 4.31×10-3

QAO-PhBPCN-tBu 1.17×107 8.35×109 89.33 2.35×10-4 3.30×10-7

QAO-PhCz-CF3 1.95×104 4.48×1010 61.82 6.74×10-3 2.95×10-9

QAO-PhDMCz-CF3 9.75×106 4.70×105 61.05 5.83×10-3 5.56×10-3

QAO-PhDPA-CF3 9.84×106 4.37×107 45.85 6.05×10-3 1.11×10-3

QAO-PhAz-CF3 4.68×105 2.02×109 43.38 2.49×10-2 5.75×10-6

QAO-PhDMAC-CF3 2.08×106 1.75×108 23.81 1.14×10-2 1.34×10-4

QAO-PhQL-CF3 8.82×105 2.90×1011 54.32 8.08×10-3 2.46×10-8

QAO-PhTRZ-CF3 8.11×105 7.01×108 70.52 1.11×10-2 1.28×10-5

QAO-PhNT-CF3 1.27×102 6.68×106 63.25 2.89×10-2 5.49×10-7

QAO-PhTTR-CF3 5.04×104 1.26×1011 73.62 8.79×10-3 3.51×10-9

QAO-PhBPCN-CF3 3.15×104 2.17×109 87.42 2.06×10-3 3.00×10-8

QAO-PhCz-C(CN)3 1.03×106 1.71×1011 79.03 3.49×10-3 2.11×10-8

QAO-PhDMCz-
C(CN)3

2.43×103 8.79×1010 89.64 9.11×10-4 2.52×10-11



QAO-PhDPA-C(CN)3 4.50×105 1.74×1011 59.07 5.31×10-3 1.38×10-8

QAO-PhAz-C(CN)3 1.72×106 2.90×108 42.85 6.20×10-2 3.64×10-4

QAO-PhDMAC-
C(CN)3

1.99×103 3.97×1010 45.19 4.46×10-2 2.23×10-9

QAO-PhQL-C(CN)3 6.37×104 8.81×1010 78.15 4.35×10-3 3.15×10-9

QAO-PhTRZ-C(CN)3 3.58×104 7.49×1010 70.49 9.57×10-3 4.57×10-9

QAO-PhNT-C(CN)3 6.59×102 2.43×108 53.47 2.94×10-2 7.99×10-8

QAO-PhTTR-C(CN)3 1.44×104 5.65×1010 88.07 1.13×10-3 2.87×10-10

QAO-PhBPCN-
C(CN)3

1.65×104 3.18×1010 77.35 7.08×10-3 3.68×10-9

Table S5. Summary of the PLQY, |gPL| and FM values of the reported CP-MR-TADF 

materials. 
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