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1. General Remarks

All commercially available reagents and chemicals were used as received without further
purification. Unless otherwise noted, all reactions were carried out under a nitrogen atmosphere.
The solvents were dried and purified using an Innovative Technology PS-MD-5 Solvent Purification
System. NMR spectra were obtained on a Bruker 400 MHz spectrometer. The 'H NMR (400 MHz)
chemical shifts were measured relative to CDCl; as the internal reference (CDCl;: 6 = 7.26 ppm).
The 13C NMR (100 MHz) chemical shifts were given using CDCl; as the internal standard (CDCl;:
0 =177.16 ppm). High-resolution mass spectra (HRMS) were obtained with a Shimadzu LCMS-IT-
TOF (ESI). Thermogravimetric analysis (TGA) curve was carried on a Perkin Elmer at a heating
rate of 10 °C-min"! from 50 to 550 °C under nitrogen. Differential scanning calorimetry (DSC) curve
was carried on a TA DSC 2010 unit at a heating rate of 10°C-min’! from 25 to 300 °C under nitrogen.
The temperature of 5% weight loss was defined as the decomposition temperature (T4). Cyclic
voltammetry (CV) curve was recorded on a CHI660C electrochemistry station in DMF solution
with tetrabutylammonium hexafluorophosphate (BusNPF) as the electrolyte at a scan rate of 100
mV-s'l. Ultraviolet absorption spectra were recorded on a Hitachi U-3900 spectrophotometer. PL
spectra were recorded on a Hitachi F-4600 fluorescence spectrophotometer. Transient fluorescence
decays were measured via the Hamamatsu C11367-03 Quantaurus-Tau fluorescence lifetime
measurement system and fluorescence quantum yields were measured with a Hamamatsu C11347-
11 Quantaurus-QY measurement system. Elemental analysis was recorded from Vario Micro cube
elemental analyzer.

Theoretical Calculation: The orbital distributions of the highest occupied molecular orbital (HOMO)
and the lowest occupied molecular orbital (LUMO) of the optimized ground state and excited state
were calculated with the time-dependent density function theory (TD-DFT) using B3LYP/6-
31g(d)"-? basis set in Gaussian 09 program package. The lowest excited triplet state of the emitters
was calculated firstly by using B3LYP/6-31g (d) basis set with UDFT. Then, the spin-density
distributions (SDDs) were analyzed via multifunctional wavefunction analyzer (Multiwfn 3.7)3 and
visualized with VMD program.

2. Synthetic procedures and characterization data

2-bromo-10H-spiro[anthracene-9,9'-fluoren]-10-one (SPBP-Br) : 2-bromo-1,1'-biphenyl (2.56
g, 11 mmol) was dissolved in 60 mL dry THF in a 250 mL three-necked flask under N, and cooled
to -78 °C under stirring and then 4.6 mL n-butyl lithium (2.4 M) was added dropwise via a syringe.
After 1 h stirring, 2-bromoanthracene-9,10-dione (2.87 g, 10 mmol) dissolved in 80 mL dry THF
was added dropwise over 30 min. The mixture was stirred for 1 h at -78 °C, and then was gradually
warmed up to room temperature overnight. 10 mL water was added to quench the reaction and the
solvent was removed under reduced pressure. The organic solid was separated, dried over anhydrous
MgSQ,, filtered and evaporated under reduced pressure. The resulting raw product was dissolved
in AcOH (80 mL) and hydrochloric acid (3 mL), and the mixture was stirred at 80 °C overnight.
After cooling down, 100 mL water was added to the mixture and the product was extracted using
dichloromethane (3 x 50 mL). The raw product was obtained under vacuum and was further purified
by column chromatography using petroleum ether/dichloromethane (10/1, v/v) as eluent to give
compound SPBP-Br as a white powder (1.99 g, 47%)."H NMR (400 MHz, CDCl3) & [ppm]: 8.42
(dd, J = 8.4 Hz, 2H), 8.31 (d, J = 8.3 Hz, 1H), 7.90 (d, J = 7.9 Hz, 2H), 7.54 (dd, ] = 7.5 Hz, 1H),



7.47 —7.39 (m, 3H), 7.32 - 7.30 (m, 1H), 7.24 — 7.20 (m, 2H), 6.90 (d, J = 6.8 Hz, 2H), 6.71 (d, ] =
6.7 Hz, 1H), 6.56 — 6.54 (m, 1H). HRMS (ESI*): calcd for [C,sHsBrO + H]*, 424.0311; found
424.0306.

2-(9,9-diphenylacridin-10(9H)-yl)-10H-spiro[anthracene-9,9'-fluoren]|-10-one (SPBP-DPAC):
SPBP-Br (423 mg, 1.0 mmol), 9,9-diphenyl-9,10-dihydroacridine (400 mg, 1.2 mmol), Sodium tert-
butoxide (144 mg, 1.5 mmol), Tris(dibenzylideneacetone)dipalladium (37 mg, 0.04 mmol), Tri-tert-
butyl phosphine (16 mg, 0.08 mmol) were added into 30 mL dry toluene and stirred at 110°C under
nitrogen overnight. The cooled mixture was filtered directly via diatomite and then solvent was
removed under reduced pressure to get pale yellow solid. The crude product was further purified by
column chromatography using petroleum ether/dichloromethane (4/1, v/v) as eluent to give
compound SPBP-DPAC as a yellow powder (575 mg, 85%). '"H NMR (400 MHz, CDCls) & [ppm]:
8.45 — 8.43 (m, 2H), 7.80 (d, J = 7.8 Hz, 2H), 7.43-7.36 (m, 3H), 7.32 — 7.29 (m, 1H), 7.23 - 7.13
(m, 8H), 6.95 (d, J = 7.0 Hz, 2H), 6.84 — 6.73 (m, 11H), 6.62 — 6.60 (m, 1H), 6.50 (d, ] = 6.5 Hz,
1H), 6.10 — 6.08 (m, 2H). 3C NMR (CDCl;, 100 MHz): & (ppm) 183.6, 156.1, 151.8, 147.7, 145.6,
144.7, 141.0, 139.1, 133.8, 131.2, 130.7, 129.8, 128.7, 128.3, 127.7, 127.6, 127.1, 125.6, 125.0,
124.8, 120.8, 120.7, 119.8, 114.3, 58.1, 56.6. HRMS (ESI*): calcd for [C5;H33NO + H]*, 676.8307;
found 676.8310. Elemental Analysis for C5;H3;3NO: C 90.64, H 4.92, N, 2.07, O 2.37; found: C
90.69, H 4.92, N, 2.02.

2-(10H-spiro[acridine-9,9'-fluoren]-10-yl)-10H-spiro[anthracene-9,9'-fluoren]-10-one (SPBP-
SPAC) : Compound SPBP-SPAC was synthesized according to the same procedure as that of
SPBP-DPAC and yellow solid was obtained in 78% yield. 'H NMR (400 MHz, CDCls) & [ppm]:
8.75(d,J =8.8 Hz, 1H), 8.51 — 8.49 (m, 1H), 7.84 (d, J = 7.8 Hz, 2H), 7.75 (d, J = 7.7 Hz, 2H), 7.51
(dd, J=7.5 Hz, 1H), 7.47 — 7.43 (m, 1H), 7.42 — 7.38 (m, 2H), 7.36 — 7.32 (m, 3H), 7.25 — 7.23 (m,
4H), 7.21 — 7.20 (m, 1H), 7.18 — 7.16 (m, 1H), 7.04 (d, J = 7.0 Hz, 2H), 6.75 — 6.71 (m, 3H), 6.65
—6.63 (m, 1H), 6.51 — 6.46 (m, 2H), 6.32 — 6.29 (m, 2H), 6.06 — 6.04 (m, 2H). 3C NMR (CDCls,
100 MHz): 6 (ppm) 183.5, 150.0, 146.8, 145.8, 145.4, 144.6, 141.2, 141.0, 133.7, 131.3, 130.0,
130.2,129.8, 128.6, 128.2, 127.5,126.7, 126.3, 124.8, 120.7, 114.5, 58.1, 56.8. HRMS (ESI*): calcd
for [Cs;H3;NO + HJ*, 674.2406; found 674.2414. Elemental Analysis for C5;H3;;NO: C 90.91, H
4.64, N, 2.08, O 2.37; found: C 90.85, H 4.70, N, 2.08.

3. Computational Data
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Figure S1 NTOs of singlet and triplet excited states for a) BP-DPAC and b) SPBP-SPAC and c)
SPBP-DPAC.



Table S1. Calculated energy levels of three emitters by using 6-31G* basis set based on B3LYP

optimized geometries.

Compound S; [eV] T\[eV]  AEsi*[eV] HOMO [eV] LUMO [eV]

BP-DPAC 2.14 2.13 0.01 -5.15 -1.90
SPBP-DPAC 2.17 2.16 0.01 -5.08 -1.94
SPBP-SPAC 2.12 2.11 0.01 -4.96 -1.97

A;AEgr =S, - T).

4. Crystal Data
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Figure S2 Information of SPBP-DPAC and SPBP-SPAC obtained from single crystals; single
molecular geometries (a&e); packing patterns (b&f); identified face-to-face molecular packing
distances of BP cores (c&g) and identified close intermolecular distances of electron active cores
(d&h).

5. Electrochemical measurements
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Figure S3. Cyclic voltammetry measurements of BP-DPAC (black), SPBP-DPAC (red) and
SPBP-SPAC (blue).

6. Thermostability measurements
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Figure S4. TGA and DSC (insert) plots of a) SPBP-DPAC and b) SPBP-SPAC.



7. Photophysical properties
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Figure S5. Normalized PL spectra of BP-DPAC, SPBP-DPAC and SPBP-SPAC in a) toluene, b)
THF and c) neat film at room temperature.
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Figure S6. Transient PL decay curves of (a) BP-DPAC (b) SPBP-DPAC and (c) SPBP-SPAC in
pure THF (grey) and in a THF/water mixture with f,, = 90% (purple) and 95% (navy blue).
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Figure S7 a) Normalized fluorescence (black) and phosphorescence (red) spectra of the studied
compounds in 2-MeTHF at 77K.
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Figure S8. Transient PL characteristics of BP-DPAC, SPBP-DPAC and SPBP-SPAC in a)
toluene, b) THF and c) their neat films under the nitrogen atmosphere at room temperature.



8. EL performance
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Figure S9. Current density-voltage (J-V) characteristics of hole-only device: ITO/MnO; (12
nm)/EML (50 nm)/ MnO; (10 nm)/Al, and electron-only device: ITO/Al (40 nm)/LiF (1 nm)/EML
(50 nm)/LiF (1 nm)/Al.
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Figure S10. a) Device structures and energy level diagrams of optimized doped OLEDs; b)

Molecular structures of materials used for doped OLEDs; ¢) EL spectra at 1000 cd m2. d) Current

density and luminance versus voltage curves. ¢) Power efficiency and EQE versus luminance curves

of doped

OLED:s.

Table S2. EL performance of the doped OLEDs based on SPBP-DPAC, and SPBP-SPAC with

different concentrations.

Compound Doped C/wt% Von/ v 7\‘M AX/ nm - cp/eq A-l PE/lm W-l EQE/%  CIE(%,y)
5 33 492 44.4 423 18.0  (0.20,0.42)
15 3.1 500 54.4 50.3 20.5  (0.23,0.53)
SPBP-DPAC 38 3.0 500 65.1 68.1 238 (0.22,0.51)
50 3.0 500 46.2 40.3 16.7  (0.22,0.48)
60 3.0 500 55.3 52.7 194 (0.23,0.49)
8 33 504 61.6 53.7 221 (0.21,0.47)
18 3.2 508 73.6 60.8 249  (0.23,0.53)
SPBP-SPAC 33 3.0 504 64.1 55.9 223 (0.22,0.51)
50 3.2 512 68.4 61.4 222 (0.27,0.55)
71 3.2 512 68.1 61.1 225 (0.28,0.55)

Table S3. EL performances of the reported sky-blue to green TADF-based high-performance non-

doped OLEDs.
CE/ PE/ EQE (cd-A"Y/ Im"W-1/ %) *EQE ol1-ofr (%)
Ref Emitters AgL (nm) CIE (x,y)
Maximum @ 1000 cd-m™ @ 1000 c¢d-m™
This work SPBP-DPAC 504 63.7/54.1/22.8 61.4/49.9/22.4 1.8 (0.23, 0.50)
SPBP-SPAC 516 65.7/51.6/21.3 64/53.4/20.8 23 (0.27, 0.56)
4 TCZPBOX - 73.0/79.0/20.9 61.6/45.4/18.0 13.9 (0.27,0.52)
2Cz-DPS 524 82.3/51.8/28.7 -/-/2.8 90.2 -
> 4Cz-DPS 518 61.2/38.4/20.7 -/-/10.0 51.7 -
6 DspiroAc-TRZ 484 55.8/47.7/25.7 35.7/22.4/16.4 36.2 (0.18, 0.38)
7 DBT-BZ-DMAC 516 43.3/35.7/14.2 43.1/33.1/14.2 0.0 (0.26, 0.55)
8 DMAC-BP 510 -/-/18.9 -/-/18.0 4.8 (0.26, 0.55)
9 PTZ-XT 553 -/-/11.1 - - -
10 MPAc-BS 487 49.9/41.4/22.8 -/-/19.0 16.7 (0.15,0.36)
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18

19

20
21
22
23
24
25
11

TspiroS-TRZ
CzDBA
4,4-CzSPz
DCB-BP-PXZ
CBP-BP-PXZ
mCP-BP-PXZ
mCBP-BP-PXZ
CP-BZ-PXZ
CP-BZ-PTZ
MeG2TAZ
tBuG2TAZ
PhG2TAZ
2CzSO
3CzSO
PAPCC
PAPTC
PABPCO0.5
PABPC1
PABPCS
PABPC10
DMAC-BPI
DMAC-0-TRZ
oTE-DRZ
DMAC-TRZ
B-oTC
DMAc-DPS
SpiroAc-TRZ

560
526
548
546
542
542
554
502
510
510
510
516
528
521
508

508
504
524
501
474
480

41.1/35.8/20.0
-/-/19.0
61.2/38.4/20.7
72.9/81.8/22.6
69.0/75.0/21.4
72.3/79.0/22.1
70.4/76.5/21.8
46.1/55.7/15.3
41.6/37.9/15.0
26.5/21.5/9.4
25.4/16.1/9.5
23.1/17.3/8.2
-/-/0.7
-/-/7.3
41.8/37.1/12.6
3.6/3.7/1.3
36.2/339/10.7
52.3/53.5/15.4
60.5/61.2/18.1
55.1/54.4/16.2
-/59.7/24.7
39.3/37.0/14.7
67.4/62.3/20.6
40.2/32.3/14.7
37.3/27.6/19.1
-/-/19.5
36.1/32.3/15.4

21.9/14.9/10.6
30.2/16.0/10.3
-/-/22.0
-/-120.9
-/-121.5
-/-121.5
38.4/30.2/12.7
41.5/32.6/14.9
-/-/7.1
-/-/1.3
-/-16.0

28.8/19.6/8.5
48.2/38.9/14.2
59.4/50.4/17.8
54.5/42.8/16.0
-/46/21.7
30.0/21.2/11.3
26.9/14.4/9.8
19.1/17.0/9.7
-/-/14.6
19.4/12.6/8.2

47.0

50.2
2.8
2.6
29
1.0

17.0
0.7

24.5

232

26.8

20.6
7.8
1.6
1.2

12.2

23.1

333
49.2
25.1
46.8

(0.16, 0.30)

(0.39,0.57)
(0.39,0.57)
(0.39,0.57)
(0.38,0.57)
(0.42,0.55)
(0.23,0.49)

(0.30,0.59)
(0.25,0.47)
(0.36,0.57)
(0.36,0.57)
(0.40, 0.56)
(0.40, 0.56)
(0.24, 0.49)
(0.22, 0.45)
(0.31,0.57)
(0.22, 0.49)
(0.15,0.26)
(0.16, 0.29)
(0.19, 0.42)

aEQEroll—off = (EQEmaX'EQEIOOO)/ EQEmax



9. Copies of NMR spectra
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