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Fig. 1 Chemical structures of CzDBA and twelve new TADF molecules
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BEATORAL, RS 6-31G(d, p). HI T wXHARABERKIHANE, XS PTG 70 THET 1 EH
SESEIRT, SRR 1R, 12 Fh TADF #i84 F il o it B 7 0.146~0.162 Bohr
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Tab.1 The optimal values of w, the calculated [LC-BLYP/6-31G(d, p)] Adiabatic Energy difference

(adiaAEgy), the proportion of orbital transition in S1 and T states, and CT character for S; and T states

w/ adiaAEgy/  SiSMPUERKE T &MPUEKIE  CT-Si CT-Ta
T
Borh! eV i E/% 5 L6 /% 1% 1%

HoL 6049 H-L 52.21
CzDBA 01595  0.067 8496  71.88
H-4-L 3507 H-4-L 40.48




H—-L 63.20 H-8—L 44.89
oneF 0.1603 0.058 86.61 1.61
H-4—L 3055 H-10—L 39.59
H—-L 53.10 H-—L 44,83
oneCl 0.1581 0.065 H-4—L 30.18 H-4—-L 3549 86.84 77.37
H-1-L 12.26 H-1-L 13.35
H—-L 53.19 H-L 45.03
oneBr 0.1565 0.063 H-4—L 2988 H-4-L 35.16 86.77 78.22
H-1-L 1270 H-1-L 13.74
H—L 65.90
H-7—L 73.40
twoF 0.1620 0.085 H-4—L 23.48 87.96 2.54
H-5—L 15.23
H-8—L 6.64
H—L 6254 H-L 53.59
twoCl 0.1569 0.056 H-5—L 2447 H-5-L 29.83 88.64 87.68
H-1-L 759 H-1-L 10.49
H—-L 6254 H-L 53.59
twoBr 0.1549 0.054 H-5—L 2451 H-5-1L 29.79 8842 87.45
H-1-L 8.06 H-1-L 10.99
H-8—L 68.07
H—-L 65.00
xF 0.1605 0.094 H-10—»L 17.83 87.20 4,12
H-4—L 30.71
H-5—L 7.96
H—-L 69.77 H-L 63.93
xClI 0.1550 0.055 88.16 87.43
H-4—L 2652 H-4—-L 30.83
H—-L 7068 H—L 64.92
xBr 0.1523 0.053 88.06 87.30
H-4—L 2580 H-4—-L 30.10
H—-L 68.48 H-4—L 58.49
fourF 0.1609 0.158 88.39 1.50
H-6—L 2754 H-7-L 33.75
H—-L 7523 H-L 70.86
fourCl 0.1510 0.041 89.53  88.97
H-6—L 2146 H-6—L 2491
fourBr 0.1468 0.039 H—-L 76.22 H—-L 7192 89.01 88.35




H-6—-L 2070 H-6—L 24.19

7 HALE HOMO, L 8% LUMO.

etk At X (8) XA L fE I RLIEAT T 22 Rt b, WiEk 2 A . So % (3
) H S, SobE T WM ER &K fourF 40+, RMSD 735414 0.1516 #l
0.1489 nm. S1 &5 T S ARk i K I#)/2 twoF, RMSD & 0.0945 nm; oneBr #XZ., RMSD

4 0.0560 nm.
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Tabh.2 RMSD between Sp and Sz, So and Ty, S1 and Tz

RMSD/nm
=3
So-S1 So-T1 S1-T1

CzDBA 0.0407 0.0581 0.0388
oneF 0.0390 0.0559 0.0558
oneCl 0.0396 0.0277 0.0498
oneBr 0.0504 0.0278 0.0560
twoF 0.0494 0.0545 0.0945
twoCl 0.0476 0.0261 0.0513
twoBr 0.0471 0.0264 0.0511
xF 0.0392 0.0242 0.0528
xCl 0.0384 0.0266 0.0479
xBr 0.0384 0.0267 0.0482
fourF 0.1516 0.1489 0.0490
fourCl 0.0453 0.0250 0.0482
fourBr 0.0463 0.0255 0.0455

SEIS TS CzDBA [F - =25 AE 255 0.033 eV, B 15 31 [ Fi- = S 4 hE 225 0.067 eV
(R D. HHERSLGEAMBES, HBERNYIE . XA AZ B 2 %
IHT. JE BT E R I, SEURCFIRBUR G 1S B8 0 T - =S R 2 BPIis CzDBA
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PRI my ARE . R B E A REMAE #R /> HAE AT, A4 HAH T RISC Wi, &£
3 2 SR AMESE 73X — M L. T oneCl 5 oneBr [ 5i- =Z5 He ZE AHI, 433l 4 0.065 5 0.063
eV (£ 3), XF ¥ H 20 At 5 B8 22 10 EAE 2308 1.040 5 1.015, 1.015 BEN#EUT T 1, U oneBr

(0.085) B EIIE{E KT oneCl (0.078).

M 3 e rf LUE H, ks B E A REN K, #UTER RN 4 Dok HARER KB
HE, BT SIS TISRMWREZEREKR, twoF fEARERX 0.295eV, # CzDBA 4> 11
KT K 8 1%, ZBEARESAEsAFHT ¢ R AUFENT,  BARABI ST BH 070 7 E 4L Re sy
A PR, B TR B IR B IR/ - fourCl 5 fourBr fIFE 500 B Biik 0.197 5 0.212,
Iy REARIER T T 3.3 15 3.6 %, LRI R BRIT M AR BAEIG G, PRIE 12811 TADF
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Tab.3 The calculated Reorganization Energy, the Ratio of Reorganization Energy to Adiabatic
Energy Difference, the Value of Exponential Term, the Spin-Orbit Coupling Matrix Elements, and

the Calculated krisc

TEPAR A FEBE TG
n¥ AMeV AEgr/2 FRE A krisc/10% s
/em?

CzDBA 0.039 1.736 0.059 0.035 9.67




oneF 0.278 0.208 0.019 0.038 1.36

oneCl 0.063 1.040 0.078 0.040 13.1
oneBr 0.062 1.015 0.085 0.115 117
twoF 0.295 0.287 0.009 0.045 0.845
twoCl 0.060 0.925 0.115 0.046 252
twoBr 0.060 0.912 0.120 0.118 178
xF 0.261 0.361 0.009 0.025 0.275
xCl 0.057 0.971 0.118 0.025 8.10
XBr 0.055 0.964 0.128 0.052 37.6
fourF 0.279 0.564 0.001 0.031 0.0602
fourCl 0.052 0.792 0.197 0.031 219
fourBr 0.049 0.797 0.212 0.084 175

E: S2ERI4E CzDAB 1 krisc 493.13x10° s,

TEFREE AT krisc H EIHIEI, WX (D TR, Keisc 5 E REPUERE S AT 7 AR E
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fE LC-BLYP*/6-31G(d, p) /KFF, T Siaim it iy e ait . SBRES
J& L (K RO CH U LE , 204 LA I e S — IR, RAD R 1 emet. ik 3 i,
¥y T CzDBA (ISR &1L N 0.035 emte T4 —FAR KB T X, s
(RSB B 3R SO S A TG K, X o R AR — A I . twoBr HA
BRI BEHAS A 1E 0.118 cm™, Lk CzDBA # KT 3.4 £, KBEIH 52 oneBr, 0.115 cmt,
7E 12 "2 TADF 43111, one 4155 two R 51 RS & (EIS B4 CzDBA 4 &
N

FIH Marcus A3 (2 (D 53 (2)) L&V T &SRR 206 RISC i #2152 1
FRE I TSR B T I R B . R 3 FR, BBURRSIN 4 ATl FAE 5E

HARBON, HVEBUAR O 9 FE th R PR U S 52T i AT S A5 390 ) R T SR e
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RAFIF twoCl (IR ik, IEF] 72.52x10° s, f& CzDBA [ 2.6 {5, 1Ak, HECH 4
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T (R B EUAR I twoBr(1.78x10° s1), HiJ2 fourBr(1.75%10% s1). twoBr 5 fourBr
1 krisc 3353 CzDBA [ 18 £5 U4 b, 28 7 PUs (1 (A BRIE IS RE o 3R BHASHIF 58 BT e 11 43
FEEE F B R 5 TADF 14:RE.
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CzDBA 73 T [R5 A et 388 A 1 BERR IR B 401 IO 28 ), ARAEAEZEANAR T 2 AE 0
27 bAT oo, FRATATIRTHR 12 FEiEY TADF 4311 HOMO-LUMO =& E )46
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HEHIE THR T 3.3 5. 7 Marcus A AT AE A, HFR 5 eSS 177 ik
bE, BEBUAER G IR 3 kxR A R B IS

B E BATE T R IG 1 LA = 2 BV CZDBA 21 B[] R [A] g5 BRIH AR, 25 R
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Theoretical study on improving the properties of
thermally activated delayed fluorescence molecule
CzDBA by halogen substitution

LIN Sirong, LIANG Wanzhen *

(State Key Laboratory of Physical Chemistry of Solid Surfaces, Fujian Provincial Key
Laboratory of Theoretical and Computational Chemistry, College of Chemistry and Chemical

Engineering, Xiamen University, Xiamen 361005, China)

Abstract: Thermally activated delayed fluorescence (TADF) materials are known as the most
promising third-generation optoelectronic materials. However, more studies are required to
understand their emission mechanisms and to further boost the efficiency of TADF devices.
CzDBA has outstanding fluorescence property with external quantum efficiency (EQE) up to 37%.
To the best of our knowledge, it is the TADF molecule with the highest EQE so far. In this paper,
a series of novel TADF molecules are designed with halogen substitution of hydrogen atoms at
different sites on the acceptor unit of CzDBA. We then calculate their TADF properties and the
reverse intersystem crossing rates (krisc). It is found that bromine substitution can significantly
accelerate the RISC process, and that krisc of our designed molecules, twoBr (with hydrogen
atoms substituted by two bromine atoms on the acceptor) and fourBr (with hydrogen atom
substituted by four bromine atoms on the acceptor), are 18 times higher than that of CzDBA. This
work provides a feasible idea for the design and synthesis of novel TADF molecules in
experiments.

Keywords: thermally activated delayed fluorescence; reverse intersystem crossing; Marcus

formula; halogen substitution



