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I. Experimental Procedures

General Methods

Hydrogen ('H) and carbon (!3C) nuclear magnetic resonance (NMR) spectra were
measured using a Bruker Avancelll 400HD and 600HD spectrometer, with deuterated
chloroform (CDCl;) and dimethylsulfoxide (DMSO-ds) as solvent and
tetramethylsilane (TMS) as an internal reference. High resolution mass spectra
(HRMS) were collected from Thermo Orbitrap Tribrid spectrometer.
Photoluminescence (PL) spectra and UV-vis absorption spectra were measured using a
Shimadzu RF-5301PC spectrometer and a Hitachi U-3900 spectrophotometer,
respectively. Transient PL decay characteristics were recorded on measured by
Edinburgh FLS 980 spectrometer. The PL quantum yields were measured on a
Hamamatsu C9920-02G absolute PL quantum yield measurement system. Differential
scanning calorimetry was performed using a NETZSCH DSC 214 Polyma DSC2140A-
0211-L at a heating rate of 20 °C min™!' under N, atmosphere. Thermogravimetric
analyses were conducted with a TA thermal analyzer (A50) under N, atmosphere with
a heating rate of 20 °C min~!. Cyclic voltammetry measurements were carried out on
an electrochemical workstation VMP300 (Bio-Logic), by  using
tetrabutylammoniumhexafluorophosphate (TBAPFs, 0.1 M) in dichloromethane as
electrolyte, a platinum as counter electrode, and a Ag/AgCl as reference electrode
(versus ferrocene F./F."). Time-dependent density functional theory (TD-DFT)
calculations were performed with Gaussian 09W program package and produced by
B3LYP/6-311G(*).! Spin-orbital coupling matrix elements were investigated by
PySOC program based on the TD-DFT results.”? NTO and electron density analysis
were extracted by the Multiwfn (version 3.8) and plotted via VMD software (version

1.9.3) based on the TD-DFT results.>*

Devices Fabrication and Characterization.
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Indium tin oxide (ITO) coated glass substrates were firstly ultrasonically cleaned with
detergent, deionized water, acetone and isopropyl alcohol in sequence, and treated with
O, plasma for 15 min after drying. Then, the ITO substrates were transferred to a
thermal evaporation chamber for deposition of organic and metals layers under high
vacuum (~107> Pa). Organic materials were deposited successively on ITO glass
substrate with evaporation rate of 1-2 A s, The LiF and aluminum were deposited with
an evaporation rate of 0.05-0.1 A s and 1-5 A s”!, respectively. The light emission area
of devices is 3 mmx3 mm. Current density-voltage-luminance characteristics,
electroluminescence (EL) spectra and device efficiencies were simultaneously
measured with a computer-controlled Keithley 2450 power source and a PR-745

spectral radiometer.

TADF Parameters calculation.
The key rate constants of TADF process were calculated based on the following
equations (1) — (6)°

TADF parameters equations:
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where @pf, pr and Dpp, 7pr are the quantum efficiency and fluorescence lifetime of
prompted (PF) and delayed emissions (DF), respectively. K, r and kpr are the rate
constant of prompted and delayed fluorescence. k;sc and kg;sc are the rate constant of
intersystem crossing and reverse intersystem crossing. &, is the rate constant of

nonradiative decay for singlet excited state.

Synthesis and characterization

The compounds of NTPZ and TNPZ were synthesized following Scheme S1 as below:
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Scheme S1. Synthetic routes of NTPZ and TNPZ

Synthesis of 4,4'-(11,12-dibromo-11,12-dihydrodibenzo[a,c]phenazine-3,6-
diyl)bis-(N,Ndiphenylaniline) (1)
3,6-bis(4-(diphenylamino)phenyl)phenanthrene-9,10-dione (694 mg, 1 mmol) and 4,5-
dibromobenzene-1,2-diamine (293 mg, 1.1 mmol) dissolved in AcOH (20 mL), then
the mixture was refluxed overnight. After cooling to room temperature, the resulting

mixture was poured into ice-water (200 mL), and then filtered, the crude product is
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recrystallized in ethanol. Yield 86%. '"H NMR was not obtained due to low solubility.
HRMS(EI) m/z: [M] * calcd for Cs¢H33Br,Ny, 924.1286, found 924.1294.

Synthesis of 4,4'-(3,6-bis(4-(diphenylamino)phenyl)dibenzo|a,c]phenazine-11,12-
diyl)dibenzonitrile (NTPZ)

Compound 1 (922 mg, 1 mmol) and 4-Cyanophenylboronic acid (324 mg, 2.2 mmol)
were dissolved in THF (25 mL), then 2 M K,COj; solution (5SmL) was added. Then
catalytic amount of Pd(PPh;), was added into the mixture under an argon atmosphere.
The resulting mixture was stirred at 80 “C for 24 h. After cooling down to ambient
temperature, the solvents were evaporated under vacuum and the resulting residue was
extracted with DCM and water followed by purification by column chromatography
with dichloromethane/n-hexane. Yield 63%. 'H NMR (400 MHz, Chloroform-d) 4 9.40
(d, J= 8.4 Hz, 2H), 8.75 (s, 2H), 8.43 (s, 2H), 7.96 (d, J = 8.3 Hz, 2H), 7.67 (dd, J =
26.4,8.2 Hz, 8H), 7.40 (d, /J=7.9 Hz, 4H), 7.32 (t,J = 7.7 Hz, 8H), 7.24 (d, J = 8.4 Hz,
4H),7.19 (d,J= 8.0 Hz, 8H), 7.09 (t,J= 7.3 Hz, 4H). 3C NMR (101 MHz, Chloroform-
d) 6 148.18, 147.44, 144.47, 143.57, 143.32, 141.22, 140.31, 133.85, 132.72, 132.21,
131.11, 130.63, 129.43, 128.30, 128.21, 127.21, 126.86, 124.80, 123.45, 123.41,
120.82, 118.47, 111.61. HRMS (ESI) m/z: [M+H]* caled for C;0Hy4Ng, 968.3627,
found 969.3698. Anal. Calcd for: C, 86.75; H, 4.58; N, 8.67. Found C, 86.10; H, 4.51;
N, 8.44.

Synthesis of 4,4'-(9,10-diox0-9,10-dihydrophenanthrene-3,6-diyl)dibenzonitrile
(2):

3,6-Dibromo-9,10-phenanthrenequinone (1.09 g, 3 mmol) and 4-Cyanophenylboronic
acid (529 mg, 3.6 mmol) were dissolved in THF (30 mL), then 2 M K,COj solution (3
mL) was added. Then catalytic amount of Pd(PPh;), was added into the mixture under
an argon atmosphere. The resulting mixture was stirred at 80 °C for 24 h. After cooling
down to ambient temperature, the solvents were evaporated under vacuum and the
resulting residue was extracted with DCM and water, followed by purification by
column chromatography with dichloromethane/n-hexane. Yield 60%. 'H NMR (400
MHz, DMSO-d;) 6 8.80 (d, J = 1.9 Hz, 2H), 8.16 (dd, J = 8.4, 1.8 Hz, 6H), 8.09 — 7.99
(m, 4H), 7.93 (dd, J = 8.2, 1.6 Hz, 2H).

Synthesis of N4,N4,N4'',N4''-tetraphenyl-[1,1':2',1''-terphenyl]-4,4',4"",5'-
tetraamine (3):

4,5-Dibromobenzene-1,2-diamine (1.33 g, 5 mmol) and 4-(Diphenylamino)
Phenylboronic acid (2.17g, 7.5 mmol) were dissolved in THF (50 mL), then 2 M K,CO;



solution (5 mL) was added. Then catalytic amount of Pd(PPh;), was added into the
mixture under an argon atmosphere. The resulting mixture was stirred at 80 °C for 24
h. After cooling down to ambient temperature, the solvents were evaporated under
vacuum and the resulting residue was extracted with DCM and water, followed by
purification by column chromatography with dichloromethane/n-hexane. Yield 42%.
'"H NMR (400 MHz, Chloroform-d) & 7.21 (t,J= 7.7 Hz, 8H), 7.06 (d, J = 8.0 Hz, 8H),

7.02 - 6.95 (m, 8H), 6.92 (d, J = 8.3 Hz, 4H), 6.80 (s, 2H).
Synthesis of 4,4'-(11,12-bis(4-(diphenylamino)phenyl)dibenzo[a,c]phenazine-3,6-
diyl)dibenzonitrile (TNPZ)

Compound 1 (410 mg, 1 mmol) and compound 2 (713 mg, 1.2 mmol) dissolved in
AcOH (15 mL), then the mixture was refluxed overnight. After cooling to room
temperature, the resulting mixture was poured into ice-water (200 mL), and then
filtered, the crude product purification was performed by column chromatography with
dichloromethane/n-hexane as eluent. Yield 70%.'H NMR (400 MHz, Chloroform-d) &
9.54 (d, J = 8.1 Hz, 2H), 8.76 (s, 2H), 8.41 (s, 2H), 7.99 (d, J = 7.2 Hz, 2H), 7.96 — 7.75
(m, 8H), 7.34 — 7.26 (m, 8H), 7.22 (d, ] = 8.2 Hz, 4H), 7.19 — 7.11 (m, 8H), 7.06 (td, J
= 8.4, 2.1 Hz, 8H). 3C NMR (151 MHz, Chloroform-d) 6 147.55, 147.23, 145.29,
143.93, 141.98, 141.85, 140.98, 134.14, 132.86, 132.00, 130.84, 129.72, 129.38,
128.25, 127.38, 127.27, 124.68, 123.20, 122.62, 121.70, 118.78, 111.71.HRMS m/z:
[M+1] * calcd for C7oH44Ng, 968.3627, found 969.3702. Anal. Calcd for: C, 86.75; H,
4.58; N, 8.67. Found C, 86.51; H, 4.92; N, 8.41.



II. Results and Discussion
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Figure S2. 'TH NMR spectrum of NTPZ.
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Figure S3. 13C NMR spectrum of NTPZ.
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Figure S4. HRMS spectrum of NTPZ.



1.000 ———

CNPQ. 10. fid

114 (;

U JL_JL/’ AN __,JJ)LA_,‘_..
&'B
S -
© o
8 7 6 5 4 3 2
1 (ppm)

Figure S5. "TH NMR spectrum of compound 2.
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Figure S6. "H NMR spectrum of compound 3.
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Figure S7. '"H NMR spectrum of TNPZ.
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10



TPQ4. 20. Fid ] ) : +{=
TN Wi | W+
——— M‘u‘ ‘uh " “l.i e I R
1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 éO éO 7‘0 éO 50 4‘10 éO ‘*0
1 (ppm)
Figure S9. 13C NMR spectrum of TNPZ.
hY 7 ® »
r ‘sj:'g :i ’,é;«?
{ > e U/\?
47 f,;p) 99.81% AP, CT
i~ P bl i
he,  ode Eofiivse
d" ‘&) 4 §
. / % >
LW
o A
e S T X
<87 . 0 "~ 1 [2~g ) LE+CT
& 91.13% i
W WP AR
e 2
A / & >
N0 Lo
Aol e e,
&2 o
. & LE+CT
&5 o Soh £=3.
- (& 'Iy > 0, < '}r}] f'_'}-; >
ghe ol 96.84% v fnd

Figure S10. Natural transition orbitals of NTPZ.

11



'y

e
~

g A s
ﬁ : A

o

v

Nt

Sp— Sy

99.60%

92.95%

98.70%

CcT

LE+CT

LE+CT

Figure S11. Natural transition orbitals of TNPZ.

Normalized Abs (a.u.)

Hex
Tol
Dio
—EA
——TCM

350

400

450 500 550 600
Wavelength (nm)

(b)

o o I =
ES o o =}
L I L

Normalized PL intensity (a.u.
o
()

g
o
y

Hex

450 500

550 600 650 700 750

Wavelength (nm)
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Figure S13. UV-vis absorption (a) and PL (b) spectra of TNPZ.
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Figure S14. Fluorescence spectra at room temperature and phosphorescence spectra at
77 K for (a) NTPZ and (b) TNPZ in toluene solutions.
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Figure S15. Fluorescence spectra at room temperature and phosphorescence spectra at
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Figure S17. Temperature-dependent transient decays spectra of (a) NTPZ and (b)
TNPZ in 10 wt% doped CBP films.
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Figure S21. (a) Thermogravimetric analysis curves and (b) differential scanning
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Figure S22. (a) Cyclic voltammetry curves of NTPZ and TNPZ. HOMO is determined
by HOMO =-4.8 — (Eox—E1/2(Ferrocene)), Wherein E,, 1s the oxidation potential point,
E1/2(Ferrocene) 18 the oxidation potential of ferrocene (F./F..). (b) UV-vis absorption
spectra in DCM solutions (1x10-3 mol/L) of the molecules.

The electrochemical properties of NTPZ and TNPZ were estimated by cyclic
voltammetry measurement. As shown in Figure. S22, the HOMO level of NTPZ and
TNPZ is estimated to be -5.18 and -5.01 eV, considering their £, of 2.21 and 2.19 €V,
and then the LUMO level is calculated to be -2.21 and -2.19 eV, respectively.

Table S1. EL performances of TADF-OLEDs

Von Lmax CEmax PEmax EQEmax/ EQEIOO/ EQEIOOO ﬂ«EL CIE
EML
(V) (edm?)  (cdA") (ImW') (%) (nm) )
10 wt% NTPZ:CBP 2.8 6172 82.3 92.3 27.5/5.73/3.04 562 (0.46,0.53)
10 wt% TNPZ:CBP 3.2 4290 50.0 49.1 18.3/7.07/3.15 582 (0.53,0.47)
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Figure S23. EQE summary of TADF materials based on the similar backbone with EL
spectral peaks of 550-600 nm.

Table S2. Device performance summary of emitters listed in Figure S23.

Dopin EL

Name Host ratiolt)l ((i ) EQE.ax (nm) Ref.
1PXZ-BP CBP 7 26.3 590 6
2DMAC-BP mCBP 20 11.8 576 7
IDMAC-BP mCBP 20 10.1 560 7
DMAC-11-DPPZ  CBP 10 23.8 588 8
Ac-BPCN PBICT 1 20.7 597 9
PQ1 mCBP 2 23.7 554 10
5,8-DCQx-Ca mCP-PFP 1 20.1 569 11
6,7-DCQx-Ac mCP-PFP 1 21.1 578 11
T-DA-1 mCBP 10 22.62 596 12
IDAC-BPPZ CBP 11 18.3 580 13
ACID-BPPZ CBP 11 14.7 588 13
DPZ CBP 10 11.6 550 14
FDQPXZ BePP2 5 13.9 583 15
PXZ-PQM DCzDPy 5 294 592 16
DPXZ-PQM DCzDPy 5 26.0 590 16
Ac-CNBQX CBP 6 14.0 585 17
Cz-DCPP mCPPy2PO 10 14.8 552 18
DMAC-Ph-DCPP  mCPPy2PO 10 16.9 596 18

Cz-Ph-DCPP mCPPy2PO 10 11.6 560 18
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