Electronic Supplementary Material (ESI) for Materials Advances.
This journal is © The Royal Society of Chemistry 2022

Supporting Information
Theoretical Insights on Molecular Designing of Hot-Exciton based Thermally Activated Delayed

Fluorescence Molecules

Jesni M Jacob and Mahesh Kumar Ravva*

Department of Chemistry, SRM University-AP, Andhra Pradesh, India 522508

*corresponding author: mahesh.r(@srmap.edu.in

Table of contents

Fig. S1 | Natural transition orbitals (NTOs) of the CZ and PXZ derivatives in the first 5 singlet and triplet excited states

Table S1 | Vertical excited state energies of first ten singlet and ten triplet states of CZ derivatives

Table S2 | Vertical excited state energies of first ten singlet and ten triplet states of PXZ derivatives

Table S3 | Charge transfer ratio among fragments of potential hot-exciton TADF emitters

Table S4 | Energy gap, SOC and rate of selected molecules for the Sn and Tm states

Table S5 | Calculated hRISC rate ( ki) of selected molecules for the Sn and Tm states using classical Marcus rate equation (in s™')

Table S6 | Calculated Ar indices of selected molecules for the Sn and Tm states in A units



mailto:mahesh.r@srmap.edu.in

Table S7

Calculated AE (eV), SOC and hRISC rate of selected molecules for the 10 lowest singlet and lowest triplet states

Table S8

Calculated the energy gap between higher triplet states (T,,-T,,.;) of selected molecules in eV




CZ1AZPZH

ELECTRON

A s A s

HOLE
95.80% (f=10.29) 95.43% (f=‘0.14) 98.20% (f=10.00) 79 46% (f=10.41)
ELECTRON dai « T : i : ,
(i (R (R (R
HOLE

9.32% (f=0.03) 35.04% (f=0.01) 0.47% (f = 0.00) 0.58% (F=0.00)  48.78% (f=0.01)



CZ1AZPZF¥F

ELECTRON

1; o1 1‘ 52 1‘ s3 0 454
‘ .

’

HOLE

< 9 2
G

Y

96.43% (f=0.23)  95.75% (f=0.21) 99.65% (f=0.00)  80.36% (f=0.45)  99.97% (f=0.00)

ELECTRON

1; T 1\ . 1\ 3 | 1\’14

HOLE

e

5.98% (f=0.02) 3337% (F=0.01) (4100 f=0.00)  3570%(E=0.00)  91.64% (f=0.16)



CZ1AZPZCN

ELECTRON

| 1‘Js4 | 1‘ ssﬁ

b

HOLE »
95.63% (f=0.39) 93.18% (f = 0.12) 80.75% (f = 0.43) 98.64% (f = 0.03)
P (R tom

10.99% (F=0.03)  5.80% (f=0.00)  35.20% (f=0.01)  68.63% (f=0.00) 0.43% (f = 0.16)



PXZINZPZH

ELECTRON : %‘%} %%;
I s I s3

1\51

1‘54 1‘55

HOLE
95.45% (f=030)  99.40% (f=0.02)  95.77% (f=0.21)
ELECTRON
R p oo
HOLE

0.07% (f = 0.03) 10.63% (£ = 0.13) 1.698 (f=0.12) 4.21% (f = 0.03) 1.97% (f = 0.02)

Fig. S1 Natural transition orbitals (NTOs) of the CZ and PXZ derivatives in the first 5 singlet and triplet excited states. Oscillator

strength (in atomic units) of each transition is given in brackets.



Table S1

Vertical excited state energies of first ten singlet and ten triplet states of CZ derivatives (in eV).

Molecules S S, S; S, Ss Se S, Ss Sy S0 T, T, T, T, Ts Ts T, Tg Ty Ty
CZINZPZH 3.12 3.67 3.75 3.99 425 430 448 451 465 469 197 249 253 262 270 320 338 345 3.56 3.63
CZINZPZF 3.02 3.52 3.67 422 434 445 460 460 467 475 178 245 2.61 2.70 321 321 3.39 343 349 3.59
CZINZPZCN 299 341 375 4.05 4.16 422 426 435 438 442 200 2.15 249 257 279 293 3.19 321 324 338

CZ1AZPZH 251 3.06 340 3.72 3.79 4.12 430 434 436 446 141 250 256 277 282 3.07 336 345 3.56 3.57
CZ1AZPZF 247 291 328 376 4.00 426 434 437 446 456 121 244 267 273 3.08 3.20 3.25 335 347 351
CZ1AZPZCN 246 3.01 3.13 372 3.73 396 398 410 435 436 144 243 247 2.67 283 3.00 3.19 320 3.22 3.35

Table S2

Vertical excited state energies of first ten singlet and ten triplet states of PXZ derivatives (in eV).

Molecules S] Sz S3 S4 S5 86 S7 Ss Sg SIO T1 Tz T3 T4 T5 T6 T7 Ts T9 T10

PXZINZPZH 320 326 3.73 398 425 426 431 445 453 470 097 199 224 239 246 2.68 271 281 287 299
PXZINZPZF 3.10 3.12 3.63 4.18 422 445 449 464 4.65 467 1.13 198 229 234 242 272 274 281 2.86 3.04
PXZINZPZCN 281 3.17 3.76 4.03 416 422 436 436 437 445 150 204 212 241 274 277 2.87 289 291 3.10

PXZ1AZPZH 251 293 3.05 371 3.79 415 430 435 444 445 066 1.58 212 233 238 256 274 285 292 3.10
PXZ1AZPZF 247 280 291 376 4.05 434 436 441 444 445 082 157 198 220 238 259 279 288 293 3.12
PXZ1AZPZCN 246 2.54 3.13 3.72 387 3.97 398 413 433 435 1.13 1.62 235 236 238 243 2.86 290 2.92 3.09




Table S3

Charge transfer ratio among fragments of potential hot-exciton TADF emitters.

CZ1AZPZH

Si 1 2 3 S, 1 2 3 S; 1 2 3 S4 1 2 3 Ss 1 2 3

1 0.000 0.012 0.001 1 0.000 0.002 -0.001 1 0.000 0.889 0.087 1 0.000 0.004 -0.004 1 0.000 -0.012 0.000
2 0.000 -0.021 2 0.000 -0.287 2 0.000 0.001 2 0.000 -0.708 2 0.000 0.036
3 0.000 3 0.000 3 0.000 3 0.000 3 0.000
Se 1 2 3 S, 1 2 3 Ss 1 2 3 Sy 1 2 3 S1o 1 2 3

1 0.000 0906 0.088 1 0.000 0.000 -0.004 1 0.000 0.033 0.019 1 0.000 0620 0075 1 0.000 0.186 0.007
2 0.000 0.000 2 0.000 -0.080 2 0.000 0.207 2 0.000 0.019 2 0.000 0.017
3 0.000 3 0.000 3 0.000 3 0.000 3 0.000
T, 1 2 3 T, 1 2 3 T; 1 2 3 Ty 1 2 3 Ts 1 2 3

1 0.000 0.010 0.001 1 0.000 0.006 0.001 1 0.000 0.004 -0.002 1 0.000 0914 0046 1 0.000 0.002 0.000
2 0.000 -0.181 2 0.000 -0.028 2 0.000 -0.632 2 0.000 0.001 2 0.000 0.001
3 0.000 3 0.000 3 0.000 3 0.000 3 0.000
T 1 2 3 T, 1 2 3 Ts 1 2 3 Ty 1 2 3 Tio 1 2 3

1 0.000 0.007 0000 1 0.000 0010 000 1 0.000 0.002 0.008 1 0.000 0.001 0.000 1 0.000 0.125 0.093
2 0.000 -0.045 2 0.000 -0.057 2 0.000 0.364 2 0.000 -0.066 2 0.000 -0.008
3 0.000 3 0.000 3 0.000 3 0.000 3 0.000
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Table S4

Energy gap, SOC and rate of selected molecules for the Sn and Tm states.

AEgy.Tm SOC (Sn-Tm) Krisc
Molecules So-Tw

(eV) (cm™) (s
CZ1AZPZH S»-Ty 0.28 1.01 3.8*107
S,-Ty 0.18 0.96 4.1*108

CZ1AZPZF
S;-Tss 0.20 0.23 1.8*%107
S-T» 0.02 0.09 2.9%10°
CZ1AZPZCN

S,-Ts 0.18 0.13 1.1*107

Table S5

Calculated hRISC rate ( kys.) of selected molecules for the Sn and Tm states in s units using classical Marcus rate equation.

Krise (571
CZ1AZPZH T, T, T; T, Ts
S - 1.40*10° 1.52*10° 1.26%103 1.12
S, - - 1.61 3.55*107 2.02*10°
S; - - - - 0.002
CZ1AZPZF T, T, T; T, Ts
S, - 1.62*10° 2.14*10° 5.98*10? -




Table S6

S, - 0.71 7.89*10° 4.04*108 1.77*102
S; - - - 0.005 1.69*107
CZ1AZPZCN T, T, T; T, Ts
S - 3.45%10° 5.91*10¢ 2.20*10* 0.001
S, - 0.078 0.789 5.66*10* 7.30*10°
S; - - - 1.00*10° 2.71*10*
Calculated Ar indices of selected molecules for the Sn and Tm states in A units.
Ar index
Excited state
CZ1AZPZH CZ1AZPZF CZ1AZPZCN
S, 1.63 1.69 1.53
(LE) (HLCT) (LE)
S, 1.65 1.92 8.31
(HLCT) (HLCT) (CT)
S, 8.21 8.17 1.91
(CT) (CT) (LE)
S, 3.62 1.41 2.70
(HLCT) (LE) (HLCT)
Ss 1.43 9.16 9.08
(LE) (CT) (CT)
T, 0.89 0.97 0.57
(LE) (LE) (LE)
T, 1.69 1.95 7.60




Table S7

Calculated AE (eV), SOC and hRISC rate of selected molecules for the 10 lowest singlet and lowest triplet states.

(LE) (HLCT) (CT)

T 3.41 8.14 3.40
? (HLCT) (CT) (HLCT)

T 7.95 2.19 2.13
4 (CT) (HLCT) (HLCT)

T 1.98 1.93 2.76
3 (HLCT) (HLCT) (HLCT)

CZ1AZPZH AE (eV)

T, T; T4 Ts Ts T, Ts T Tio
Sy 0.02
S, 0.49 0.28 0.24
S; 0.33 0.04
Sy 0.35 0.27 0.16 0.15
Ss 0.42 0.34 0.23 0.22

SOC (cm™)

T, T; T, Ts Ts T, Ts T Tio
Sy 0.06
S, 0.07 1.01 0.13
Ss 0.81 0.61
Sy 3.07 0.77 0.09 4.00
Ss 0.02 0.19 0.56 0.18

hRISC rate (s)

T, T; T, Ts Ts T, Ts T, Tio
Sy 2.9*%10"6
S, 2.0E+00 | 3.8*10"7 | 3.2*10"6
S; 3.1*¥10"6 | 2.4*10"8




Sy 1.8%1077 | 3.2*%1077 | 3.7*¥1076 | 1.0*10"10
Ss 7.8¥10"4 | 5.0¥1077 | 5.2*%10"6
CZ1AZPZF AE (eV)
T, T; T, Ts T T, T Ty Ty
S, 0.03
S, 0.24 0.18
S; 0.20 0.08 0.02
S4 0.41 0.29 0.25
SOC (cm™)
T, T; T, Ts Ts T; Tg Ty Tho
S, 0.06
S, 0.08 0.96
S; 0.23 0.16 0.58
S4 0.14 2.12 1.62
hRISC rate (s)
T, T; T, Ts Ts T; Tg Ty Tho
S, 3.3*10"6
S, 7.9%10M5 | 4.1*10"8
S; 1.8*¥1077 | 2.0*10"7 | 1.4*%10"8
Sy 1.9*¥1073 | 1.1*1078 | 2.4*¥10"8
CZ1AZPZCN AE (eV)
T, T, Ts Ts Tio
S 0.02
S, 0.34 0.18 0.02
S; 0.47 0.30 0.14
Sy 0.37




Ss | | 0.38
SOC (cm™)
T, T, Ts T Ty
Sq 0.09
S, 0.14 0.13 0.32
S; 0.86 0.04 0.05
S4 0.14
Ss 10.24
hRISC rate (s)
T, T, Ts T Tho
Sq 2.9*10"6
S, 7.8%10%4 1.1*10%7 4.6*10"7
S; 1.1%10"3 4.5%10"6
S4 1.8%¥10%4
Ss 4.2*%10N7
Table S8
Calculated the energy gap between higher triplet states (AT,-T},.;) of selected molecules in eV.
AT,-T, AT;-T, AT T; | ATsTy | ATs-Ts | AT-Tg | ATs-T; | ATo-Tg | ATp-Ty
CZ1AZPZH 1.09 0.07 0.21 0.04 0.26 0.29 0.09 0.11 0.01
CZ1AZPZF 1.23 0.22 0.06 0.35 0.12 0.06 0.09 0.12 0.04
CZ1AZPZCN 1.00 0.03 0.20 0.16 0.16 0.19 0.01 0.02 0.13




