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1. NMR Spectra

£€5T—

S~
10 o

Svy—

€Ly~
ay”

0bi—
9TlF
mw.___.\.
£€5°L—
9L
08°L7
_.m.__..\.

2.4

)N

2.8

3.2

3.6

5.6 5.2 48 4.4 4.0
4 (ppm)

6.0

6.4

6.8

7.2

7.6

Figure S1. '"H-NMR spectrum of TB-BP-Br (500 MHz, CDCl3).
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Figure S2. 'H-NMR spectrum of TB-PhBr (500 MHz, CDCI3).
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Figure S3. '"H-NMR spectrum of TB-BP-DMAC (500 MHz, CDCl3).
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Figure S4. C-NMR spectrum of TB-BP-DMAC (126 MHz, CDCI3).

200

S3



10

20

30

40

50

60

70

. i
09'b~, sl G
297 = FO0ZL[ =
| (=)
)1 [ o
91Z2— - _.l 009, 9€'8L—
5.5
(o}
L5 1 r v60e—
w0
[~ LB'GE—
[
Ly =
L M
& LUvS—
L2 Ca
[ N
5 £
m, I S
152 2N J -
vy ==TF 602[ ¥ 8
® el %
o3 S
=) , L% =
o AN
! ‘ =)
(o) 1
i =
- e E
€L\ I “ O 9gEll—
o> =F 50'2[ 58°0Z4
z | - m 815zl
, o —lmfs £ mul
109 & 5 sy
FOON { - O hN.er
Loch . |« a, st
< n rLog
80°LEL
889 O 3 & pust
il rad @ 2 SR
e , - 8Ly N_ Z0°seL
60°L— | oz} o T WMM"”
: =) e -
9z, oyl o LTPVL
QNN“ s el i
or'L )\ eeel @ D o
| ~ — v8°891L—
88'L Buszal. =
i - - £
8L S AP -
ﬁ % &3

80

9%
S4

160 150 140 130 120 110 100 5 (o)
Figure S6. *C-NMR spectrum of TB-DMAC (126 MHz, CDCl3)
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2. Thermogravimetric Analysis (TGA)
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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
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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 (Aonset).
Enomo = - [Eox — E12(Fe/Fet) + 4.8] €V;
Eg = 1241/ honset;
ELumo = Enomo + 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 Eoxd Ev2(Feires) E¢° Eromo! ELumo®
[eV] [eV] [eV] [eV] [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 Aonset; d)

calculated from CV data; ¢) calculated from Eg and Enomo.

S7



4. Theoretical Calculations
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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 Si1-Ti/em? S1-To/cm? S1-Ta/em? S1-Talcm? S1-Ts/cmt
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].
1

kpr = —
1

kpr = —

S8

Equation S1

Equation S2
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Figure S10. PL spectra (20 wt% -doped PPF films) measured at room temperature.

S9



Intensity (normalized to max.)

10°4 ,

-
2
1

_\

o
3
1

er = 12,108

Wodsl ExpDecz
Equation = Alfexp(xt1) + AZexp(-x12) +y0
| Pt Decay300k 200ns
|yo 0.00278 + 3.86265E4
a1 064785 £ 0.00861
I 392004 £ 0.06726
a2 0,32279 £ 0.00916
I3 16079 £0.32332
| Reduced Chi-Sar 1.40811E-4
|R-Square (COD) 1
Adj. R-Square 1
—fit curve

25 50 75
Times (ns)

T 1
100 125

Intensity (normalized to max.)

10°4

107

107 4

Wodel Expoecz
Equation y= Al"explaitl) + AZ°expl-x12) + yO
Plot TB-DMAC
v 0.00251 & 3.54869E-4
Al 050022 + 0.01561
[ 456675 £ 0.12578
Az 045265 £ 0,0164
2 1415207 £ 0.26142
Reduced Chi-Sar 13056054
R-Square (GOD) 1
Adj. R-Square 1
—fit curve

e =116 ns

25 50 75 100
Times (ns)

125

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).
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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

T2 Rel; ® ©° Rel2® TPE®

Emitter
(ns) (%) (ns) (%) (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; ¢) Average
prompt fluorescence lifetime.
2-exponetial model function:

X X .
y = Aq *exp (— T_l) + A, xexp (— f—z) + Yo Equation S7
where, A1 and Az are pre-exponential factors.

Tpp = (A1 * 71 "2 + Ay xt,72) /(AL * 14 + Ay xty) Equation S8

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

T? Rel; ® ° Rel,® ° Rel,® TDF¢ Relprd
Emitter
(us) (%) (us) (%) (us) (%) (us) (%)
TB-BP-
0.015 53.1 0.036 14.3 2.55 32.6 2.55 32.6
DMAC
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 = Aq *exp (— ﬁ) + A, xexp (— i) + Az xexp (— i) + Yo Equation S9
71 2 73

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:

A1 *Tq

-— . 0 .

Rel, = AyvTy A AyeTy +Ages 100% Equation S10
= A2*Tp . 0 .

Rel, = Arvtit Ao Tarnmes 100% Equation S11
_ A3*T3 ) 0 )

Rel, = Aq*Tq+AR*Ty+A3*T5 100% Equation S12

The prompt fluorescence lifetimes of TB-BP-DMAC and TB-DMAC are denoted
as ter in Table S3, while the delayed fluorescence lifetimes of TB-BP-DMAC and TB-
DMAC are represented as tor in Table S4. PF and DF efficiencies (®Ppr and ®pp)
could be calculated to be 0.212 and 0.103 for TB-BP-DMAC, and 0.361 and 0.143 for

TB-DMAUC, respectively, by using Equation S13 and Equation S14.
CDDF = (RelDF) X ('DPL Equation S13

(DPF = (1 — RelDF) X CDPL Equation S14
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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 AEst values for selected deep-blue and green TADF emitters.

AEL AEst

TADF emitter [nm] V] 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-SOmMAD 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
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Figure S15. Molecular structures of the functional materials used in the OLEDs.
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