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1. Materials and characterization.
Both the host and guest molecules were purified by column chromatography twice,

followed by recrystallization. *H and *C NMR spectra were carried out by Bruker
ARX400 spectrometer with CDClIs as the solvent. Mass spectra were performed by
using Finnigan BIFLEX Il mass spectroscopy. UV-vis absorption spectra were
measured by Persee TU-1901. Fluorescence spectra were measured by using Hitachi
F-7000 spectrophotometer. Phosphorescence spectra were measured by using FLS920
lifetime and steady state spectrometer. XRD was recorded using an Empyrean X-ray
diffraction instrument. X-ray crystal structure analyses were measured by using
Bruker-AXS SMART APEX2 CCD diffractometer. Solid-state emission gquantum
yields (@) were collected by using FluoroMax-4 (Horiba Jobin Yvon) fluorimeter
equipped with integrated sphere. The fluorescence decay data were analyzed using
DAS-6 Fluorescence Decay Analysis software with 2 exponential analysis program.

The quality of the exponential fits was evaluated by the x2 of <2.0.



2. General procedure for the synthesis of target compounds.
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Scheme S1. Synthetic route of DBA, MDBA, MODBA, and MADBA

Synthesis and characterization: DBA, MDBA, MODBA, and MADBA were
synthesized by Suzuki reaction. To the solution of (4-(diphenylamino)phenyl)boronic
acid (10.0 mmol), bromobenzene derivatives (12.0 mmol), Pd(PPh3)s (5.0 mol%),
K2CO3 (5.0 mol%), in toluene (15.0 mL) and methanol (5.0 mL) solution bubbled
with nitrogen. The mixture was stirred for 12 h at 80 °C under nitrogen atmosphere.
Then the reaction solution was cooled to room temperature, Pd(PPh3)4 was filtered.
After removal of solvent under reduced pressure, the crude products were purified by
column chromatography (petroleum ether/ethyl acetate) to afford product.

DBA, white solid, 84.1% yield. "TH NMR (400 MHz, CDCls): § 7.55 - 7.57 (2H),
7.45 - 7.46 (2H), 7.38 - 7.42 (2H), 7.23 - 7.14 (11H), 7.00 - 7.04 (2H). *C NMR (101
MHz, CDCl3): & 147.74, 147.22, 140.70, 135.20, 129.31, 129.23, 128.76, 127.80,
126.84, 126.69, 124.46, 122.96, 123.96. ESI (m/z): calcd for C24H19N, 321.15. Found:
322.16.

MDBA, white solid, 86.3% yield. '"H NMR (400 MHz, CDCls): § 7.51 - 7.54 (4H),
7.18 - 7.34 (12H), 7.06 -7.10 (2H), 2.44 (3H). 3C NMR (101 MHz, CDCls) § 147.81,
146.96, 137.85, 136.57, 135.28, 129.51, 129.30, 127.63, 126.56, 124.38, 124.12,
122.87, 21.13. ESI (m/z): caled for C2sH21N, 335.17. Found: 336.16.

MODBA, white solid, 83.1% yield. 'H NMR (400 MHz, CDCl3): § 7.55 - 7.54
(2H), 7.45 - 7.47 (2H), 7.15-7.31 (10H), 6.98 - 7.07 (4H), 3.87 (3H). '*C NMR (101
MHz, CDCl3) &: 158.87, 147.80, 146.63, 135.05, 133.31, 129.26, 127.71, 127.36,



124.27, 122.78, 114.42, 55.35. ESI (m/z): calcd for CysH21NO, 351.16. Found:
352.17.

MADBA, white solid, 82.8% yield. 'H NMR (400 MHz, CDCl;): & 7.48 - 7.54
(4H), 7.17 - 7.32 (10H), 7.04 - 7.07 (2H), 6.86 - 6.88 (2H), 3.04 (6H). *C NMR (101
MHz, CDCl3) 6 149.57, 147.92, 146.05, 135.67, 129.24, 127.35, 126.97, 124.55,
124.13, 122.61, 113.08, 40.79. ESI (m/z): calcd for C26H24N>, 364.19. Found: 365.27.

3. Photophysical properties.
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Figure S1. (a) Absorption spectra of guests in dichloromethane (Concentration:
1x10"° mol/L). (b) Excitation spectra of guests in dichloromethane (Concentration:
1>107° mol/L). (c) Fluorescence spectra of guests in dichloromethane (Concentration:
1x10° mol/L). Excitation wavelength: 330 nm (d) Phosphorescence spectra of guests
in dichloromethane at 77 K (Concentration: 1><10* mol/L). Excitation wavelength:

360 nm.



Intensity (counts)

6 8
Time (s)

Figure S2. Phosphorescence decay curves of guests in dichloromethane at 77 K

(Concentration: 1<10* mol/L). Excitation wavelength: 360 nm, Delayed time: 5 ms.
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Figure S3. (a) Fluorescence spectra of TPA in crystalline state. Excitation

wavelength: 280 nm. (b) Fluorescence spectra of doping powders. Excitation

wavelength: 320 nm.
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Figure S4. Absorption spectra of guest powders, host powder, and their doping
powders.
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Figure S5. TADF decay curves of the four doping materials at 400 nm
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Figure S6. Fluorescence spectra of the MADBA/TPA powders with different amount

of MADBA (Molar ratio).



4. Molecular dynamics (MD) simulations.

The atom types and parameters of MADBA and TPA were built from the general
AMBER force field. To obtain the partial charge of each atom of two molecules, the
electrostatic potential of two molecules were calculated at the B3LYP/6-31G* level
based on the optimized geometric structures using Gaussian 16 package'. The partial
charges of the atoms reproducing the electrostatic potential of two molecules were
obtained by using restrained electrostatic potential (RESP)*? fit method. In order to
simulate MADBA/TPA system, we firstly built a 4.6x3.1x4.4 nm TPA unit cell with
192 TPA molecules, and then a MADBA molecule was placed in the position vacated
by the two host molecules to obtain the MADBA/TPA model as an initial model. For
MD simulations, firstly, the energy minimization were performed by using steepest
descent algorithm and the conjugate gradient, then we performed the 500 ps MD
simulations under the NVT (P = 1 bar, T = 10 K) ensemble. The temperature was
controlled by the velocity rescaling thermostat*. Then we performed the 10 ns MD
simulations under the NPT (P = 1 bar, T = 10 K) ensemble coupled by
Parrinello-Rahman barostat scheme®. The Newton's classical equations of motion
were integrated at a time step of 2 fs using the classical leapfrog algorithm. Trajectory
analysis was done with the help of utility tools included in the GROMACS (version
5.1.5)° and VMD’ packages.

5. QM/MM calculations.

Both doping system and MADBA crystal were further studied by QM/MM
calculations to consider the influence of different external environments on the
luminescence properties of MADBA. Herein, QM/MM calculations were performed
by ONIOM model® in Gaussian 16 package!. All geometric structures of ground (So)
and excited (S1/T) states were obtained by DFT and TD-DFT, respectively. In addition,
frequencies for all optimized structures were evaluated to check the absence of
imaginary frequencies. The ONIOM models® for MADBA/TPA doping system and
MADBA crystal were both partitioned into two layers. MADBA molecule in the

MADBA/TPA system and in the center of MADBA crystal was selected as



high-layer and treated by B3LYP functional with the 6-31G** basis set, and other
molecules were set as low-layer and treated by universal force field’. Atoms in the
high-layer are fully relaxed for two systems, while others are frozen. The QM region
provides key information of the electronic excited states, while the MM region
includes environment effect. The electrostatic embedding scheme with QM
polarization was adopted.'”
6. Spin-orbit couplings (SOCs) calculations.

In addition, the SOCs constants were calculated between S; and low-lying triplet
states at the B3LYP/6-31G** level by using ORCA program!! to prove the easier ISC

process of the doping system compared to pure MADBA crystal.
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Figure S7. The representative of QM/MM model for the doping system (left) and
MADBA crystalline state (right).

Figure S8. Molecular packing along the b-axis in TPA single crystal
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Figure S9. The XRD curves spectra of TPA sample and MADBA/TPA doping

material.



Solution Doping

Figure S10. Superposition of optimized structures at both So and T states for

MADBA in solution state and doping state.

Figure S11. The interaction distance of C-H---n between MADBA molecules in

crystal.



Table S1. Selected bond lengths (A), bond angle (degree), and dihedral angle (degree)
of MADBA at So (Sz, T1) minimum for MADBA in solution.

S S, T, IA(S,-S)I IAGS,T)I
C5-C20 1.48 1.43 1.41 0.05 0.07
C4-C5-C20 12146 12245 122.69 0.98 1.22
C5-C20-C21 121.75  122.77 122.95 1.02 1.21
C6-C5-C20 121.53  122.45 122.68 0.92 1.15
C5-C20-C25 121.79  122.77 122.94 0.98 1.15
C7-C6-C5-C20  -179.38 -179.88  -179.76 0.50 0.37
C4-C5-C20-C21 33.30 4.63 1.84 28.67 31.47
C4-C5-C20-C25 -147.02 -175.38  -178.00 28.36 30.99
C6-C5-C20-C25 32.89 4.62 1.99 28.27 30.91
C6-C5-C20-C21 -146.70 -175.37  -178.17 28.67 31.48
C5-C20-C21-C22 179.91  179.95 179.53 0.04 0.38

C5-C20-C25-C24 -179.91 -179.95  -179.65 0.04 0.26




Table S2. Selected Bond Lengths (A), Bond Angle (degree), and Dihedral Angle
(degree) of MADBA at So (S1, T1) minimum for MADBA in doping.

S, S, T, IAGSS) 1A, T
C5-C20 1.48 1.44 1.40 0.04 0.08
C4-C5-C20 120.86 121.29  121.87 0.43 1.01
C5-C20-C21 120.51 12171 12222 1.20 1.71
C6-C5-C20 121.99 122.61  122.93 0.62 0.94
C5-C20-C25 123.09 123.18  123.23 0.08 0.14
C7-C6-C5-C20  -16859 -165.69 -16193 290 6.65
C4-C5-C20-C21 -26.51 -13.57 -9.60 12.94 16.90
C4-C5-C20-C25 156.25 168.48 171.88 12.23 15.63
C6-C5-C20-C25 -29.94 -17.36 -14.25 12.58 15.69
C6-C5-C20-C21 147.30 160.59  164.27 13.29 16.96
C5-C20-C21-C22  -176.51 -176.71 -177.27 0.20 0.76
C5-C20-C25-C24  175.99 17725 178.37 1.26 2.38

6. NMR Spectra
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Figure S12. The '"H NMR spectra of DBA in CDCl3, 298 K.
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Figure S13. The '*C NMR spectra of DBA in CDCls, 298 K.
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Figure S14. The 'H NMR spectra of MDBA in CDCl3, 298 K.
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Figure S15. The '3C NMR spectra of MDBA in CDCls, 298 K.
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Figure S16. The 'H NMR spectra of MODBA in CDCls, 298 K.
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Figure S17. The '*C NMR spectra of MODBA in CDCls, 298 K.
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Figure S18. The 'H NMR spectra of MADBA in CDCl3, 298 K.
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Figure S19. The '*C NMR spectra of MADBA in CDCl3, 298 K.



