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1.  General Information

The 'H NMR spectra were recorded on Bruker NMR spectrometers operating at 400 and 151 MHz. Mass
spectra were recorded by AB Sciex TripleTOF 4600 mass analyzer (AB Sciex, Framingham, MA, USA). UV-
vis spectra were recorded using Perkin-Elmer Lambda 950-PKA UV-Vis. All the low-temperature steady-state
fluorescence and phosphorescence spectra were recorded by (Horiba Jobin Yvon) FluoroMax-4 Spectro-
fluorometer with a Dewar flask. Low-temperature fluorescence spectra can be measured using stable-state
fluorescence mode without time delay. Low-temperature phosphorescence spectra can be recorded using
phosphorescence mode after a time delay of 0.05-50 ms (delay time adjustment range: 50 ps—100 ms) to
eliminate the influence of low-temperature fluorescence spectra. Cyclic voltammetry measurements were
conducted using the electrochemical workstation Multiautolab M204. Photoluminescence quantum yields
(PLQYSs) in doped films were measured utilizing an integrating sphere of Hamamatsu absolute PLQY
spectrometer (C11347-01). Thermogravimetric analyses (TGA) were conducted on a Netzsch TGA 2019F1,
and differential scanning calorimetry (DSC) measurements were carried out on a Netzsch DSC 214. Both TGA
and DSC measurements were under N, flow.

1.1. Quantum Chemical Method

All simulations were performed using the Gaussian 16 program package [ The ground-state (S,) geometries
were optimized for all the investigated molecules using the B3LYP functional with the 6-31G* basis set in
vacuum, using the initial guess. The excited state was optimized using TD-DFT/M06-2X/6-31G* in toluene
with a polarizable continuum model (PCM).?! Frontier molecular orbitals (FMOs), natural transition orbitals
(NTOs), and root-mean-square displacements (RMSDs) were further analyzed using the wavefunction
analyzers Multiwfn and VMD, with results calculated using the Gaussian 16 program.

1.2.  Device Fabrication and Characterization

Glass substrates pre-coated with a 95-nm-thin layer of indium tin oxide (ITO) with a sheet resistance of 10 Q
per square was thoroughly cleaned in an ultrasonic bath of tetrahydrofuran, isopropyl alcohol, detergent,
deionized water, and isopropyl alcohol and was then treated with O2 plasma for 5 minutes in sequence.
Organic layers were deposited onto the ITO-coated glass substrates by thermal evaporation under a high
vacuum (~10-° Pa). The cathode was patterned using a shadow mask with 3 mm x 3 mm openings. Deposition
rates are 1 — 2 A s! for organic materials and 2 - 5 A s*! for aluminum, respectively. The current density,
luminance versus driving voltage characteristics, and EL spectra were measured by Keithley 2400 and Konica

Minolta CS2000 chromameter. EQEs were automatically estimated from the current density, brightness, and



EL spectra, assuming a Lambertian distribution.



2.  Synthetic procedures

All the reagents were purchased from the Casmart Reagent Platform or Bidepharm and used as received
without further purification. The target molecules' intermediates were synthesized via a one-step, common
palladium-catalyzed Buchwald-Hartwig reaction. The target molecules were synthesized via one-step

common borylation reactions. The synthetic procedures are detailed below.
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Schemel. Detailed synthesis procedures for BOH-BN, BOH-CzBN, and CzZBOH-BN, respectively.

Synthesis of Compound 1: In a 250 mL flask charged with argon,3-methyl-9-phenyl-7-(4,4,5,5-tetra
methyl-1,3,2-dioxaborolan-2-y1)-9H-5-0xa-9-aza-13b-boranaphtho[3,2,1-de]anthracene(9.70g,20.0 mmol),
2-bromo-N-phenylaniline(4.97 g, 20.0 mmol ), K2CO3(13.1 g, 40 mmol), Pd(PPh3)4 (57.75mg, 5
mmol)and 120 mL a mixed solution of tetrahydrofuran and water in a ratio of four to one at 110
°C for overnight. The cooled mixture was extracted with a mixture of dichloromethane and water, t
hen washed with dichloromethane. After removed the organic solvent, the residual solid was further
purified by flash column chromatography on silica gel (eluting with petroleum ether/dichloromethane)
to yield the pure product 1 as a white solid (7.89 g, 15 mmol, 75% yield).'"H NMR (600 MHz, C
hloroform-d) & 8.92 (d, J = 7.4 Hz, 1H), 8.72 (d, J = 7.7 Hz, 1H), 7.87 — 7.80 (m, 2H), 7.74 (d,
J = 1.8 Hz, 2H), 7.61 — 7.55 (m, 2H), 7.52 — 7.42 (m, 4H), 7.32 (d, J = 11.2 Hz, 5H), 7.28 (s,
3H), 7.22 — 7.17 (m, 1H), 6.96 (t, J = 6.8 Hz, 1H), 6.86 (d, J = 8.7 Hz, 1H), 6.71 (d, J = 82 H
z, 1H), 2.49 (s, 3H).

Synthesis of Compound 2:In a 250 mL flask charged with argon,3-methyl-9-phenyl-7-(4,4,5,5-tetram
ethyl-1,3,2-dioxaborolan-2-yl)-9H-5-0xa-9-aza-13b-boranaphtho[3,2,1-de]anthracene (9.70g,20.0 mmol),
1-bromo-9H-carbazole (4.92 g, 20.0 mmol ), K,CO; (13.1 g, 40 mmol), Pd(PPh;), (57.75mg, 5 m



mol)and 120 mL a mixed solution of tetrahydrofuran and water in a ratio of four to one at 110 °C
for overnight. The cooled mixture was extracted using a mixed solution of dichloromethane and wat
er, and then washed with dichloromethane. After removed the organic solvent, the residual solid wa
s further purified by flash column chromatography on silica gel (eluting with petroleum ether/dichlor
omethane) to yield the pure product 2 as a white solid (8.67g, 16 mmol, 79% yield).'H NMR (600
MHz, Chloroform-d) & 8.76 (s, 1H), 8.48 (s, 1H), 7.87 — 7.76 (m, 3H), 7.72 (t, J = 7.2 Hz, 1H),
7.48 — 7.39 (m, 3H), 7.32 (d, J = 16.9 Hz, 2H), 7.20 (dd, J = 15.6, 7.8 Hz, 4H), 7.13 (t, J = 7.2
Hz, 1H), 7.01 (t, J = 7.1 Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.75 (d, J = 8.6 Hz, 1H), 6.68 (d, J
= 8.4 Hz, 1H), 6.60 (d, J = 7.7 Hz, 1H), 6.38 (s, 1H), 1.56 (s, 3H).

Synthesis of Compound 3: In a 250 mL flask charged with argon,3-methyl-9-phenyl-7-(4,4,5,5-tetra
methyl-1,3,2-dioxaborolan-2-yl)-9H-5-0xa-9-aza-13b-boranaphtho[3,2,1-de]anthracene(11.9g,20.0 mmol),
1-bromo-3,6-di-tert-butyl-9H-carbazole(7.14 g, 20.0 mmol ), K,CO; (13.1 g, 40 mmol), Pd(PPhs), (
57.75 mg, 5 mmol) and 120 mL a mixed solution of tetrahydrofuran and water in a ratio of four t
o one at 110 °C for overnight. The cooled mixture was extracted with a mixture of dichloromethan
e and water, then washed with dichloromethane. After removed the organic solvent, the residual soli
d was further purified by flash column chromatography on silica gel (eluting with petroleum ether/d
ichloromethane) to yield the pure product 3 as a yellow solid (10.44g, 14 mmol, 71% yield).'"H N
MR (600 MHz, Chloroform-d) & 8.94 (s, 1H), 8.74 (d, J = 7.7 Hz, 1H), 857 (s, 1H), 8.49 (s, 1H),
8.41 (s, 1H), 8.30 (d, J = 8.8 Hz, 1H), 8.26 (s, 1H), 8.21 (s, 1H), 8.18 (s, 1H), 7.76 (s, 1H), 7.60
(s, 1H), 7.56 (d, J = 8.6 Hz, 1H), 7.51 (d, J = 8.3 Hz, 1H), 7.42 (s, 1H), 7.39 (d, J = 8.4 Hz, 1
H), 7.30 (d, J = 7.6 Hz, 1H), 2.58 (s, 3H), 1.66 (s, 9H), 1.58 (s, 9H), 1.50 (s, 18H).

Synthesis of Target Compound BOH-BN: In a 120 mL sealed tube charged with argon, substrates

1 (1.05g, 2.0 mmol) and 15 mL 1,2-dichlorobenzene (0-DCB) were added. After adding boron brom
ide (5.00 g, 20.0 mmol), the tube was sealed and stirred at 220 °C for 48 h. After cooling to roo
m temperature, the reaction was quenched by slowly adding ethanol (5.0 mL) under an ice bath. T
he organic solvent was concentrated under vacuum conditions. The residual solid was further purifie
d by flash column chromatography on silica gel (eluting with petroleum ether/dichloromethane) to yi
eld the pure product BOH-BN as a bright yellow solid (0.75 g, 1.4mmol, 64% yield).'H NMR (600
MHz, Chloroform-d) & 8.92 (d, J = 7.6 Hz, 1H), 8.71 (d, J = 7.8 Hz, 1H), 7.81 (t, J = 7.7 Hz, 2
H), 7.74 (t, J = 8.0 Hz, 2H), 7.59 (t, J = 7.7 Hz, 2H), 7.51 (t, J = 7.9 Hz, 1H), 747 (d, J = 7.9
Hz, 3H), 7.37 — 7.29 (m, 5H), 7.28 (d, J = 2.5 Hz, 2H), 7.20 (t, J = 7.8 Hz, 1H), 6.97 (t, J = 7.
6 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 6.71 (d, J = 8.3 Hz, 1H), 2.49 (s, 3H).

Synthesis of Target Compound BOH-CzBN: The synthesis of Compound BOH-CzBN followed the
identical methodology used for Compound BOH-BN, The resulting product was a bright green solid
with a yield of 67%.'"H NMR (600 MHz, Chloroform-d) & 8.89 (s, 1H), 8.68 (d, J = 7.8 Hz, 1H),
8.49 (d, J = 8.1 Hz, 1H), 8.06 (dd, J = 11.2, 7.7 Hz, 2H), 8.00 (s, 1H), 7.80 (d, J = 7.6 Hz, 2H),
7.75 (t, J = 7.7 Hz, 1H), 7.65 (d, J = 7.8 Hz, 1H), 7.56 (s, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.47

— 742 (m, 3H), 7.38 (s, 1H), 7.32 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.5 Hz, 1H), 530 (s, 1H), 2.5
5 (s, 3H).



Synthesis of Target Compound CzBOH-BN: The synthesis of Compound CzBOH-BN followed the
identical methodology used for Compound BOH-BN, The resulting product was a bright yellow soli
d with a yield of 70%.'H NMR (600 MHz, Chloroform-d) & 8.64 (s, 1H), 8.37 (s, 1H), 829 (d, J
= 8.2 Hz, 1H), 8.11 (s, 1H), 8.05 (s, 2H), 8.00 (d, J = 7.5 Hz, 1H), 7.96 (s, 1H), 7.78 (s, 1H), 7.
70 (d, J = 8.6 Hz, 1H), 7.64 (d, J = 8.4 Hz, 1H), 7.48 (s, 1H), 7.19 (d, J = 8.5 Hz, 1H), 6.58 —

6.43 (m, 2H), 2.11 (s, 3H), 1.68 (d, J = 5.6 Hz, 18H), 1.58 (d, J = 2.6 Hz, 9H), 1.47 (d, J = 2.6
Hz, 9H).



3. Thermo-stability Properties
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Figure S1. The thermogravimetric analysis curves of BOH-BN, BOH-CzBN, and CzZBOH-BN, respectively.
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Figure S2. The differential scanning calorimetry curves of BOH-BN, BOH-CzBN, and CzBOH-BN, respectively.
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4. Computational Data
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Figure S3. The natural transition orbits (NTOs) of BOH-BN, BOH-CzBN, and CzZBOH-BN in S, states (n<2).
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Figure S4. The calculated root-mean-square deviations (RMSDs) of BOH-BN, BOH-CzBN, and CzZBOH-BN,

respectively.



5. Photophysical properties
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Figure S5. The low-temperature fluorescent and phosphorescent PL spectra of BOH-BN, BOH-CzBN, and
CzBOH-BN in dilute toluene glasses at 77K.

Table S1. Summary of photophysical properties of BOH-BN, BOH-CzBN, and CzBOH-BN, respectively.

T Nabs? Aem® HOMOY LUMOY 89 T° AEg®
Emitters
[°C] [nm] [nm] [eV] [eV] [eV] [eV] [eV]
BOH-BN 514 430 444 -5.28 -2.44 2.78 2.66 0.12
BOH-CzBN 376 429 441 -5.30 -2.43 2.85 2.63 0.22
CzBOH-BN 512 442 458 -5.31 -2.51 2.74 2.58 0.16

3 decomposition temperature (7y) (5% weight loss); ® UV-vis absorption in toluene solutions at room temperature;
9 PL peaks in dilute toluene solution at room temperature; ¢ experimental HOMO/LUMO determined from cyclic
voltammetry and calculated of the bandgap in UV-vis absorption spectra; 9 S, T), and AEgrs were evaluated in

dilute toluene at 77 K.

Table S2. The UV-vis characteristics of BOH-BN, BOH-CzBN, and CzBOH-BN in different solvents.

) Aem (nm)/FWHM (nm)
Emitters
Hex Tol THF DCM DMF
BOH-BN 433/13 444/20 442/20 446/26 446/27
BOH-CzBN 431/12 441/17 440/17 444/27 444/33
CzBOH-BN 455/19 458/19 458/22 459/24 460/28

Table S3. Photo-physical properties of 2 wt.% BOH-BN, BOH-CzBN, and CzZBOH-B in PhCzBCz films

deposited using the wet process technique.

Dy, Dp Drapr Tpr TpF KS Kisc® Krisc® KTADF
Emitters
[%] [%] [%0] [ns] [us]  [107s']  [107s']  [10°%s']  [10%s7]
BOH-BN 51.8 45.8 6.0 9.1 24.7 5.0 6.0 9.7 4.5
BOH-CzBN 449 26.9 18.0 8.4 13.4 32 8.7 39 18.0

CzBOH-BN 58.9 504 8.5 7.3 20.0 6.9 6.8 17.0 8.5




6. Crystal properties
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Figure S6. Schematic diagrams of the single crystal structures of BOH-BN, BOH-CzBN, and CzZBOH-BN.

Table S4. Crystal data and structure refinement for BOH-BN, BOH-CzBN, and CzZBOH-BN.

Identification code BOH-BN BOH-CzBN CzBOH-BN
Empirical formula C37H,6B>N,0, C;7H,4B,N,0, Cs3Hs5,B>N>0,
Formula weight 552.22 550.20 772.60
Temperature/K 173 296 170

Crystal system monoclinic monoclinic monoclinic
Space group P2,/c 12/c C2/c

a/A 8.6738(9) 16.589(7) 36.0429(10)
b/A 18.2010(19) 14.573(4) 21.0394(6)
c/A 17.6365(18) 22.354(8) 44.2028(13)
a/° 90 90 90

pre 100.186(4) 91.54(4) 104.603(2)
v/° 90 90 90
Volume/A3, z 2740.4(5) 5402(3) 32437.1(16)
Density/g cm 1.338 1.353 0.949
wmm'! 0.082 0.083 0.432

Z 4 8 24

CCDC 2498120 2498121 2498122




7. Electrochemical measurements
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Figure S7. Cyclic voltammetry measurements of BOH-BN, BOH-CzBN, and CzBOH-BN, respectively.



Table 1. EL performance of the solution-processed OLEDs based on BOH-BN, BOH-CzBN, and CzBOH-

BN with doping concentrations of 2 wt.%.

Vo Lypg®  CEp®  PEny®@  EQEna@  Peak®  FWHM®© CIE®
Emitters
[V] [cd m?2] [cd AT [Im W] [%] [nm] [nm] [x, y]
BOH-BN 3.6 1364 4.8 3.7 6.4 448 39 (0.14, 0.08)
BOH-CzBN 32 1310 4.7 3.7 5.6 446 45 (0.15,0.09)
CzBOH-BN 32 1196 8.8 6.9 7.8 466 37 (0.13, 0.14)

@ Measured at 1 cd m2. ® Maximum luminance. © Maximum current efficiency; () Maximum power efficiency; ¢ Peak

wavelength and FWHM of the EL spectrum. ® CIE coordinates.



8. NMR Spectra
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Figure S8. 'H NMR spectrum of compound 1 in CDCl; solvent.
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Figure S9. 'H NMR spectrum of BOH-BN in CDCl; solvent.
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Figure S10. "H NMR spectrum of compound 2 in CDCI; solvent.
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Figure S11. 'H NMR spectrum of BOH-CzBN in CDCI; solvent.
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9 . Mass spectra
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Figure S14. Mass spectra of BOH-BN in CHCI, solvent
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Figure S15. Mass spectra of BOH-CzBN in CHCI, solvent
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