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All chemicals and reagents were used as received from commercial resources without further 

purification. 1H NMR and 13C NMR spectra were measured on a Bruker 400 at room temperature. 

Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) was 

performed on Bruker Autoflex II/Compass 1.0. UV–vis absorption spectra were recorded on a 

Shimadzu UV 2600 spectrophotometer. Photoluminescence (PL) spectra and phosphorescent spectra 

were performed on Hitachi F-4600 fluorescence spectrophotometer or Horiba JY FL-3 fluorescence 

spectrophotometer. The PLQY values were measured using Hamamatsu C9920-02G in an integrating 

sphere under a nitrogen atmosphere. The PLQY measurement range can cover from 300 nm to 950 nm. 

Transient spectra were obtained by using the Quantaurus-Tau fluorescence lifetime measurement 

system (C11367-03, Hamamatsu Photonics Co.) in the vacuum. Thermogravimetric analysis (TGA) 

was performed on TA SDT 2960 instrument at a heating rate of 10 °C/min under nitrogen, the 

temperature at 5% weight loss was used as the decomposition temperature (Td). The electrochemical 

measurement was made using a CHI760 voltammetric analyzer. A conventional three-electrode 

configuration consisting of a platinum working electrode, a Pt-wire counter electrode, and an Ag/AgCl 

reference electrode was used. The solvent in the measurement was CH2Cl2, and the supporting 
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electrolyte was 0.1 M tetrabutylammonium hexafluorophosphate. Ferrocene was added as a calibrant 

after each set of measurements, and all potentials reported were quoted regarding the ferrocene-

ferrocenium (Fc/Fc+) couple E(Fc/Fc+) at a scan rate of 100 mV/s. All DFT calculation was carried out 

using the Gaussian 16 C.01 software package. 1 The gas-phase ground state geometry optimizations 

were performed at B3LYP/6-31G(d, p) level with the ω value of 0.3. 2 Then TD-DFT calculation was 

adopted at ω-tuned ωb97xd/ def2-SVP level to optimize the geometries of excited states. 3,4 Based on 

the results of TD-DFT calculation, hole-electron analysis was performed using Multiwfn 3.8 software 

package and VMD 1.9.3. 5,6 IGMH analysis 7 was performed using Multiwfn 3.8 software package 6 

and VMD 1.9.35.

Single-crystal information.

The crystals of BNSi was grown by slow evaporation in dichloromethane and ethano. Data collection 
was accomplished on a Bruker APEX-II CCD' diffractometer with a Turbo X-ray Source (Mo–Kα 
radiation, λ = 0.71073 Å) adopting the direct-drive rotating anode technique and a CMOS detector. 
Using Olex2, the structure was solved with the ShelXT structure solution program using Intrinsic 
Phasing and refined with the ShelXL refinement package using Least Squares minimization. The X-ray 
crystallographic coordinates for the structure reported in this study have been deposited at the 
Cambridge Crystallographic Data Centre (CCDC), under deposition number 2369645 (BNSi). These 
data can be obtained free of charge from The Cambridge Crystallographic Data Centre 
“http://www.ccdc.cam.ac.uk/data_request/cif”.

OLED fabrication and measurements. 
OLEDs were fabricated on an ITO glass substrate layer (110 nm, 15 Ω/square) under a base pressure of 
3 × 10-6 Torr. The active area of each device is 0.09 cm2. Deposition rates and thicknesses of all 
materials were monitored with oscillating quartz crystals. Doping layers were deposited by utilizing 
two different sensors to monitor the deposition rates of both host material and dopant material. The 
deposition rate of the host was controlled at 0.2 nm s-1, and the deposition rate of the dopant was 
adjusted according to the volume ratio doped in the host materials. The electroluminescence (EL) and 
current density-voltage(J-V) characteristics of the devices were measured by a constant current source 
(Keithley 2400 SourceMeter) combined with a photometer (Photo Research SpectraScan PR655).



Synthesis and characterization

Scheme 1. Synthetic routes of BNSi. (a) NaH, DMF, room temperature, 15 h; (b) n-BuLi, THF, 0 °C, 1 
h then dichlorodiphenylsilane, room temperature, 16 h; (c) 2,3-Dichloro-5,6-dicyano-1,4-benzoquinone, 
Tol, H2O, 80 °C, 14 h; (d) Pd2(dba)3, tri-tert-butylphosphine tetrafluoroborate, t-BuONa, Tol, 110 °C, 
16 h.

10,10-diphenyl-5,10-dihydro-dibenzo[b,e][1,4]azasiline (DPPASi) and compound 3 were synthesized 
according to the literature procedures.11 All other reagents and solvents are used from commercial 
sources without further purification. 

Synthesis of BNSi 

DPPASi (0.53 g, 1.53 mmol), tBuCzBN-Br (1.00 g, 1.39 mmol), Pd2(dba)3 (0.04 g, 0.04 mmol), tri-
tert-butylphosphine (0.04 g, 0.14 mmol) and sodium tert-butoxide (0.40 g, 4.17 mmol) were dissolved 
in 20 mL of toluene in a 50 mL two-neck flask under nitrogen atmosphere. The mixture was stirred and 
heated at 110 oC for 16 h. After cooling to room temperature, the mixture was concentrated under 
reduced pressure to remove Tol. The crude product was further purified by column chromatography on 
silica gel using petroleum ether/dichloromethane (1/3, v/v) as eluent to obtain BNSi (0.56 g) as a 
yellow solid. Yield: 41%. 1H NMR (400 MHz, Chloroform-d) δ 9.21 (d, J = 1.9 Hz, 2H), 8.52 (d, J = 
1.7 Hz, 2H), 8.27 (d, J = 2.0 Hz, 2H), 8.25 (s, 2H), 8.10 (d, J = 8.8 Hz, 2H), 7.79 - 7.76 (m, 4H), 7.72 
(dd, J = 7.3, 1.8 Hz, 2H), 7.56 - 7.46 (m, 8H), 7.27 -7.22 (m, 2H), 7.05 (t, J = 7.1 Hz, 2H), 6.94 (d, J = 
8.6 Hz, 2H), 1.73 (s, 18H), 1.52 (s, 18H). 13C NMR (101 MHz, Chloroform-d) δ 145.66, 145.06, 
138.09, 136.21, 135.89, 130.66, 129.65, 128.01, 127.07, 124.63, 123.81, 120.87, 120.66, 118.24, 
117.20, 114.19, 35.24, 34.78, 32.20, 31.76. ESI-MS (m/z) of C70H66BN3Si for [M]+: calcd. 988.21; 
found, 988.06. Overall yield: 6%.



Crystal data and structure refinement

Table S1. Crystal data and structure refinement of BNSi in dichloromethane and 
ethanol.
Identification code BNSi
Empirical formula C70H66BN3Si
Formula weight 988.15
Temperature/K 150
Crystal system triclinic
Space group P-1
a/Å 11.7436(3)
b/Å 16.3768(4)
c/Å 16.5371(4)
α/° 81.9350(10)
β/° 79.6900(10)
γ/° 71.3010(10)
Volume/Å3 2952.18(13)
Z 2
ρcalcg/cm3 1.112
μ/mm-1 0.668
F(000) 1052.0
Crystal size/mm3 0.19 × 0.12 × 0.08
Radiation CuKα (λ = 1.54178)
2Θ range for data collection/° 5.454 to 127.406
Index ranges -13 ≤ h ≤ 13, -18 ≤ k ≤ 19, -19 ≤ l ≤ 19
Reflections collected 19252
Independent reflections 9596 [Rint = 0.0765, Rsigma = 0.0973]
Data/restraints/parameters 9596/0/688
Goodness-of-fit on F2 1.027
Final R indexes [I>=2σ (I)] R1 = 0.0722, wR2 = 0.1853
Final R indexes [all data] R1 = 0.0925, wR2 = 0.2069
Largest diff. peak/hole / e Å-3 0.46/-0.47



Figure S1. (a) Side view of the single-crystal structures of BNSi; (b) packing mode of BNSi.

Figure S2. The analysis for the distribution of the hole and electron for the singlet excited states (a) 
and triplet excited state (b) of DtBuCzB. 

Figure S3. Transient spectra of 15 wt% BNSi in PhCzBCz. 

Table S2. Photophysical properties of BNSi in various solvents.

Solvent λPL (nm) FWHM (nm)

TOL 484 21

THF 484 24

DCM 482 27



DMF 484 29

DMSO 490 37

Table S3. Photophysical properties of BNSi in doped PhCzBCz films (15 wt%)

Compound
ФPF/ФDF

%/%

τPF/τDF

ns/μs

kPF

(108 s-1)

kDF

(104 s-1)

kr

(107 s-1)

kISC

(108 s-1)

kRISC

(105 s-1)

BNSi 35.6/62.4 8.5/90 1.18 1.11 1.16 1.15 1.01

In this work, the doped films of BNSi do not exhibit phosphorescence emission at 300 K. In other 

words, the efficiency of phosphorescence is zero (ФPhos = 0). Thus, the quantum efficiency of delayed 

emission (ФDE) is equal to the efficiency of delayed fluorescence (ФDF). Thus, the quantum efficiencies 

of prompt (ФPF) and delayed emission (ФDF) are evaluated by the corrected estimation method and the 

rate constants were calculated according to the reported method.8-10 
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where  and  are the radiative decay rate for prompt and delayed fluorescence, respectively;  𝑘𝑃𝐹 𝑘𝐷𝐹 Φ𝑎𝑙𝑙

is the total photoluminescence quantum efficiency;  and  are the radiative and nonradiative decay 𝑘𝑆
𝑟 𝑘 𝑆

𝑛𝑟

rate constants from a singlet excited state, respectively;  and  are the intersystem crossing and 𝑘𝐼𝑆𝐶 𝑘𝑅𝐼𝑆𝐶

reverse intersystem crossing rate constants, respectively;  is the nonradiative decay rate constant 𝑘 𝑇
𝑛𝑟

from a triplet excited state.

Table S4. PLQY of BNSi in doped PhCzBCz films.
Doping ratio (wt%) PLQY(%)

5 95



10 98
15 99
20 94

Figure S4. TGA curve of BNSi. 

Figure S5. CV curves of ferrocene (a) and BNSi (b).



Figure S6. J-V-L curves of BNSi.

Figure S7. (a) Device structures of OLEDs and (b)chemical structures of the used materials; (c) EQE-
luminance (EQE-L) curves of the OLED devices; (d) PL spectra.

Table S5. Summary of OLED device performance of DtBuCzB.

Emitters X (wt%) Von
(a) (V) FWHM(b) (nm) λEL

(c)
 (nm) CE(d) 

(cd A-1) EQE(e) (%)



DtBuCzB/PhCzBCz 15 3.1 36 494 60.4 27.4/20.2/4.9



Figure S8. (a) Device structures of OLEDs and (b)chemical structures of the used materials; (c) EQE-
luminance (EQE-L) curve of the OLED device;(d) J-V-L curve.

Figure S9. 1H NMR spectrum of BNSi.



Figure S10. 13C NMR spectrum of BNSi.
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