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Experimental Section
Materials.

All chemicals and solvents were purchased from commercial sources and used without further purification.

Measurements.

The '"H NMR spectra were recorded on a 600 MHz NMR Spectrometer (AVIII HD 400/AVIII HD 400). The elemental
analyses were performed with FLASH EA 1112 elemental analyzer. Powder X-ray diffraction (PXRD) patterns were
recorded on Cu Ko, radiation on a PANalyticalX’Pert PRO diffractometer. Thermal analyses were carried out on a Netzsch
STA 449C thermal analyzer at a heating rate of 10 °C min ' in air. Mass spectra (MS) were recorded on a Bruker Esquire
3000 plus ion trap mass spectrometer (Brucker-Franzen Analytik GmbH, Bremen, Germany). UV-Vis absorption spectra
were obtained from a JASCO FP-8300 UV/Vis Spectrophotometer at room temperature. The measurements of steady-state
emission spectra were conducted on a JASCO FP-8300 fluorescence spectrophotometer at room temperature. The relative
quantum yield of emission in sample was by the optical dilute method' with rhodamine B EtOH solution (&, = 0.65) as the
standard”. The absolute quantum yield and lifetime of emission were detected with a photoluminescence quantum yield
measurement system (Edinburgh Instruments Ltd FLS980 Fluorescence Spectrometer, the fluorescence lifetime
measurement range is 100 ps ~ 50 ps.) at room temperature. The PL microscopy images were obtained from the TCS-SP8 X
confocal microscope (Leica, Germany) with the excitation wavelength of 405 nm. Enantiomers of 3 were tried to resolve
from a racemic mixture using HPLC with a CHIRALCEL OD column (10 mm % 250 mm) [a single-injection amount: 1 mg;
tR = 14.52 min and 15.56 min (flow rate: 1.0 mL min'; solvent: nHexane/iPrOH = 99.5/0.05, v/v)]. The electrical
conductivity of 1 in crystal at room temperature was measured on a SZT-2A Four-Point Probe Meter.

In-situ high-pressure absorption, PL and Raman experiments were performed at ambient temperature by a diamond anvil
cell (DAC). A piece of crystal was placed in the hole (diameter: 150 um) of a T301 steel gasket with silicone oil as a
pressure transmitting medium (PTM). The slope (#, piezochromic sensitivity) of the PL peak-external pressure plot was
calculated by the equation (17 = (4 - 4,)/( Py - P»)), where A, and /, refer to the PL peaks at pressures of P, and P,. A 355 nm
line of a UV DPSS laser with the power of 5.0 mW, was used for PL measurements. The high-pressure evolution of
steady-state PL spectra was collected by a modified spectrophotometer (Ocean Optics, QE65000). The laser beam passed
through tunable filter and was focused onto the sample with a spot size of 20 mm. Each new acquisition was carried out
several minutes later after elevation of the pressure, aiming to restrain any kinetic factor during the measurements. In situ
Raman spectra were obtained at high pressure in the standard backscattering geometry with the Acton SpectraPro 2500

spectrometer. In situ UV-vis absorption spectra were measured on an Ocean Optics QE65000 spectrophotometer.
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Device fabrication and measurement.

In a general procedure, ITO-coated glass substrate was etched, patterned, and washed with detergent, deionized water,
acetone, and ethanol in turn. Two  multilayer electroluminescence  devices indium-tin  oxide
(ITO)/1,4,5,8,9,11-hexaazatriphenylenehexacarbonitrile (HATCN, 10
nm)/N,N'-bis(I)naphthyl)-N,N'-diphenyl-1,1"-biphenyl-4,4'-diamine (NPB, 100 nm)/tris(4-carbazoyl-9-ylphenyl)amine
(TCTA, 0 nm (OLED-1) and 10 nm (OLED-1'))/1(20 nm)/1,3,5-tri(phenyl-2-benzimidazole)benzene (TPBi, 60 nm)/Liq(2
nm)/Al(100 nm) were fabricated by the vapor deposition processes (1 served as the emitter layer, HATCN worked as the
hole injection layer, TCTA was the hole transporting layer, and TPBi functioned as the electron-transporting material.).
Organic layers were deposited by high-vacuum (=4 x10™ Pa) thermal evaporation with a rate of 0.1~0.2 nm s™'. The layer
thickness and the deposition rate were monitored in situ by an oscillating quartz thickness monitor. The devices without
encapsulation were measured immediately after fabrication under ambient atmosphere at room temperature.
Electroluminescent (EL) spectra of the devices were measured by a PR655 spectroscan spectrometer. The
luminance-voltage and currentevoltage characteristics were recorded using an optical power meter and a Keithley 2400
voltage current source. Device OLED-1 turned on at a voltage of 5.0 V, whilst device OLED-1' turned on at the lower

voltage of 3.8 V.

Syntheses.

Compound 1. The compound was synthesized according to the literature.’ The single crystals for all the tests were obtained
by the slow evaporation method in EA/PE.} '"H NMR (8, CDCl;, 400 MHz): 8.31 (d, /= 8 Hz, 4H), 7.58-7.54 (m, 4H), 6.92
(d, J =8 Hz, 2H), 6.81-6.79 (m, 2H). MP (°C) of single crystals 1: 171~172.

Compound 2. 1 (320 mg, 1.0 mmol) and CuBr, (44.6 mg, 0.2 mmol) were mixed in 20 mL acetonitrile, and then
subsequently stirred at 40 °C under N, atmosphere in 5 h. After the reaction mixture was filtered and evaporated, the raw
product was purified by column chromatography (EA/PE, 1:1.5). The orange-red product was obtained with a yield of 42%.
The single crystal of 2 was prepared by the slow evaporation method in acetonitrile. 'H-NMR (600 MHz, DMSO): 6 9.43 (s,
1H), 9.35 (s, 1H), 8.97 (s, 1H), 8.36 (s, 1H), 7.81 (s, 1H), 7.68 (s, 1H), 7.52 (s, 1H), 7.40 (s, 1H), 7.14 (s, 1H), 6.91 (s, 1H).
PC NMR (151 MHz, DMSO): d 156.05, 150.21, 148.55, 147.61, 146.90, 137.83, 130.71, 128.41, 128.14, 128.09, 126.44,
118.26, 115.89, 112.88, 112.77, 99.59. EI-MS (M+H)": 319.32. Elemental analysis calcd. (%) for C1¢H oN¢S: C 60.36, H
3.17,N 26.40, S 10.07; found: C 60.40, H 3.21, N 26.43, S 10.11. MP (°C) of single crystals 2: 165~167.

Compound 3. 1 (320 mg, 1.0 mmol) and Cu(NO;),*3H,0 (56.78 mg, 0.2 mmol) were added into 10 mL mixed solvent
(Vacetonitrile © Vomr = 2 : 3), and then heated at 100 °C for 20 h in a Schlenk tube. When the reaction mixture was slowly

cooled down to room temperature, the yellow microcrystasl of product were precipitated. The yield was of 88%. The crystal
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of 3 for single-crystal X-ray diffraction test was prepared by the slow evaporation method in the reaction mixture. On the
other hand, compound 3 could be prepared by the further conversion of 2 in the same reaction condition with the shorted
reaction time (16 h). 'H-NMR (600 MHz, DMSO) ¢ 9.33 (d, 2H), 7.96 (d, 2H), 7.61 (t, 3H), 7.27 (t, 3H). Elemental analysis
caled. (%) for C1sHgNgS: C 60.75, H 2.55, N 26.57, S 10.14; found: C 60.72, H 2.51, N 26.53, S 10.16. MP (°C) of single

crystals 3: 173~175.

Crystal Data Collection and Refinement.

Crystal Data Collection and Refinement. Crystal structure of compound 2 and 3 determination by X-ray diffraction was
performed on a Rigaku Saturn 724 CCD area detector with a graphite monochromator for the X-ray source (Mo-Ka
radiation, A = 0.710 73 A) operating at 50 kV and 40 mA. The data were collected by multi-scan mode at 293(2) K; the
crystal-to-detector distance was 40 mm. Crystal structure of compound 2 and 3 determination by X-ray diffraction was
performed on Bruker D8 VENTURE with the X-ray source (Mo-Ka radiation, A = 0.710 73 A) at temperature of 295 K. The
structures were solved by direct methods and refined by full-matrix least-squares and difference Fourier techniques, based
on F’, using ShelXL. All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were positioned
geometrically and refined using a riding model. All the hydrogen atoms were included in the final refinement. The final
formulas were determined by combing element analyses, and TGA. Crystallographic data for 2 and 3 have been deposited at

the Cambridge Crystallographic Data Centre with CCDC reference numbers 1445532 and 1449464.
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Table S1. X-ray diffraction data collection and refinement parameters for 2 and 3.

Compound 2 3

Formula C16 HION6 S C16 HE N6 S
Formula weight 318.36 316.34
Crystal system Monoclinic Monoclinic
Space group P21/ C 2/

a(A) 4.3851 (9) 7.5970(12)

b (A) 14.235(3) 10.4069(14)
c(A) 22.086(4) 16.527(2)

a(®) 90 90

B(°) 92.42(3) 96.452(6)°
V() 90 90

V (A%) 1377.5(5) 1298.4(3)

Z 4 4

D, (g/cm’) 1.535 1.618

Abs coeff/mm™' 0.244 0.258

F(000) 656.0 648.0

0 range for data collection (°) 4.67/55.774 6.668 / 55.244
Data/restraints/parameters 3274/0/248 1506/0/105
GOF 1.400 1.051

R [I>20(D)] R;=0.1129 wR,=0.1398 R;=0.0437 wR,=0.1025
R (all data) R =0.1311 wR,=0.1455 R;=0.0642 wR,=0.1124
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Table S2. Selected bond lengths (A) for 2 and 3.

2
S(1)-N(2) 1.625(3) | N@)-c) 1.340(4) C(10)-C(9) 1.419(6)
S(1)-N(1) 1.627(3) | N(1)-C(1) 1.342(4) C(16)-C(15) 1.360(6)
N(4)-C(5) 1.389(4) | C(5)-C(6) 1.388(5) C(9)-C(8) 1.358(6)
N(4)-C(7) 1.402(4) | C(5)-C4) 1.419(5) C(13)-C(14) 1.366(6)
N(4)-C(11) 1.375(4) | c(6)-c(1) 1.422(5) C(15)-C(14) 1.390(6)
N(3)-C(6) 1.374(4) | c(3)-C4) 1.367(5) C(10)-C(9) 1.419(6)
N@3)-C(7) 1.334(5) | c3)-C2) 1.444(5)
N(5)-C(3) 1.396(5) | C(12)-c(13) 1.400(5)
N(5)-C(12) 1.388(5) | C(7)-C(8) 1.407(5)
N(6)-C(12) 1.3304) | c(in-cq10) 1.349(5)
N(6)-C(16) 1.349(5) | c)-c(1) 1.443(5)
3
S(1)-N(1) 1.6227(17) | N(1)-C(1) 1.3402) | c®)-c(7) 1.344(3)
S(1)-N(1") 1.6227(17) | c@)-c(5) 1.4143) | C(5)-C(6) 1.350(3)
N@3)-C(4) 140822) | Cc(3)-Cc3") 14303) | c6)-c(7) 1.418(3)
N(3)-C(3) 138522 | c3)-c) 1.399(2)
N(3)-C(8) 13822) | caycah 1.437(4)
N(2)-C(4) 1325(2) | N(D)-C(1) 1.340(2)
N(2)-C(2) 13652) | ca)-c@) 1.438(3)
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Table S3. Selected bond angles (°) for 2 and 3.

2

N(2)-S(1)-C(1)
C(5)-N#)-C(7)
C(11)-N(4)-C(5)
C(11)-N(4)-C(7)
C(7)-N(3)-C(6)

C(12)-N(5)-C(3)

C(12)-N(6)-C(16)

C(2)-N(2)-S(1)
C(1)-N(1)-S(1)
N(4)-C(5)-C(4)
C(6)-C(5)-N(4)
N(3)-C(6)-C(5)

N(3)-C(6)-C(1)

100.87(17)
106.5(3)
131.13)
122.4(3)
103.93)
128.2(3)
116.2(4)
106.5(3)
105.9(3)
128.6(3)
104.5(3)
112.8(3)

131.03)

N(5)-C(3)-C(2)
C(4)-C(3)-N(5)

C(4)-C(3)-N(2)

N(5)-C(12)-C(13)

N(6)-C(12)-N(5)

N(6)-C(12)-C(13)

C(3)-C(4)-C(5)
N(4)-C(7)-C(8)
N(3)-C(7)-N4)

N(3)-C(7)-C(8)

C(10)-C(11)-N(4)

N(2)-C(2)-C(3)

N(2)-C(2)-C(1)

116.2(3)
126.0(3)
117.8(3)
117.7(3)
119.2(3)
123.2(4)
118.1(3)
117.8(3)
112.3(3)
129.9(4)
119.1(4)
123.9(3)

112.93)

C(1)-C(2)-C(3)
N(1)-C(1)-C(6)
N(D)-C(1)-C(2)
C(6)-C(1)-C(2)
C(11)-C(10)-C(9)
N(6)-C(6)-C(15)
C(8)-C(9)-C(10)
C(14)-C(13)-C(12)
C(9)-C(8)-C(7)
C(16)-C(15)-C(14)

C(13)-C(14)-C(15)

123.2(3)
128.4(4)
113.8(3)
117.8(3)
120.2(4)
125.0(4)
121.0(4)
118.5(4)
119.5(4)
117.6(4)

119.5(4)

N(D)-S(1)-N(1")
C(3)-NB3)-C(4)
C(8)-N(3)-C(4)
C(8)-N(3)-C(3)
C(4)-N(2)-C(2)
C(1)-N(1)-S(1)
NB3)-C(4)-C(5)
N(2)-C(4)-N(3)

N@2)-C(4)-C(5)

101.09(12)
106.29(14)
120.86(15)
132.57(15)
104.67(15)
105.93(14)
118.51(16)
112.07(15)

129.42(16)

N(3)-C(3)-C(3")
N(3)-C(3)-C(2)
C(2)-C3)-C3Y
N(1)-C(1)-C(1"
N(1)-C(1)-C(2)
C(1)-C(1)-C(2)
N(2)-C(2)-C(3)
C(3)-C(2)-C(1)

C(7)-C(3)-N(3)

135.15(9)
104.43(14)
120.42(10)
113.52(11)
126.98(17)
119.48(10)
112.43(16)
119.79(16)

119.14(17)

C(6)-C(5)-C(4)
C(5)-C(6)-C(7)

C(8)-C(7)-C(6)

119.40(17)
120.44(18)

121.12(19)
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Figure S1. The crystal structure of compound 3.
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Figure S2. The attempt to resolve into the M and P enantiomers of compound 3 by chiral HPLC.

Computational details for monomeric 1-3.

Density functional theory (DFT)* > has been applied to the determination of the ground-state geometry of
the isolated molecule, and its lowest-lying singlet excited states have been characterized within
time-dependent DFT (TDDFT)®®. All calculations have been performed with the Gaussian 09 program
package.” The geometry optimization was carried out with the B3LYP'" ! functional using 6-311++G(2df,
2pd) basis set, and the TDDFT electronic excitation calculations were performed at the same level. The
solvent (DCM) effect of dichloromethane was taken into account for all calculations by the self-consistent
reaction field (SCRF) method, which is based on the integral equation formalism variant (IEFPCM).'
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Figure S3. Energies and topologies (isosurface value 0.020) of - and *-type MOs for compound 1.
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Figure S4. Energies and topologies (isosurface value 0.020) of - and n*-type MOs for compound 2.
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Figure S5. Energies and topologies (isosurface value 0.020) of - and n*-type MOs for compound 3.
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Figure S6. Electronic absorption spectrum of 1 in a DCM solution, together with the calculated So—S, transitions at the

TD-B3LYP level of theory. Inset: DFT-optimized structure of 1 in the electronic ground state (Sy) and the TD-DFT

calculated S;—S; transition dipole moment (blue line with arrow displaying the orientation of transition dipole moment ).
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Figure S7. Electronic absorption spectrum of 2 in a DCM solution, together with the calculated So—S,, transitions at the
TD-B3LYP level of theory. Inset: DFT-optimized structure of 2 in the electronic ground state (Sy) and the TD-DFT

calculated S;—S; transition dipole moment (blue line with arrow displaying the orientation of transition dipole moment ).
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Figure S8. Electronic absorption spectrum of 3 in a DCM solution, together with the calculated So—S,, transitions at the
TD-B3LYP level of theory. Inset: DFT-optimized structure of 3 in the electronic ground state (Sy) and the TD-DFT

calculated S;—S; transition dipole moment (blue line with arrow displaying the orientation of transition dipole moment ).
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Table S4. Values of energies, wavelength, oscillator strengths and dominant contributions of the
respective molecular orbitals for So—S,, of 1.

State |Energy (eV) Wavelength Oscillator Major MO — MO contributions (%)
(nm) strength
Si |2.09 595.0 0.1597 HOMO — LUMO (99)
S, (342 363.5 0.0280 H-1-LUMO (99)
S; [3.63 342.5 0.1702 HOMO—L+1 (94)
Ss4 |3.69 336.5 0.0601 HOMO—L+2 (94)
Ss 3.98 312.5 0.7336 HOMO—L+3 (98)
Se [4.19 296.5 0.1068 HOMO—L+4 (52)
H-4—LUMO (33)
S; |4.24 293.0 0.0013 H-3—LUMO (58)
H-2—LUMO (40)
Sg |4.24 293.0 0.0053 H-2—LUMO (56)
H-3—-LUMO (41)
So |4.34 286.5 0.0019 HOMO—L+5 (98)
Sio (442 281.0 0.0062 HOMO—L+6 (86)
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Table S5. Values of energies, oscillator strengths and dominant contributions of the respective
molecular orbitals for S—S,, of 2.

State |Energy (eV) Wavelength Oscillator Major MO — MO contributions (%)
(nm) strength
S1 |2.46 505.5 0.0879 HOMO — LUMO (99)
S, 13.30 376.5 0.1651 HOMO—L+1 (94)
S;  |3.68 337.5 0.1223 H-1-LUMO (92)
Ss |3.89 319.5 0.0744 HOMO—L+2 (97)
Ss 14.02 309.0 0.2115 H-2—LUMO (89)
S¢ |4.28 290.5 HOMO—L+3 (73)
H-1-L+1(16)
0.1410 H-2—L+1 (6)
S; 1442 281.0 0.0833 H-3—LUMO (89)
Sg |4.47 278.0 H-1-L+1(69)
0.4411 HOMO—L+3 (20)
So |4.64 268.0 HOMO—L+4 (44)
H-2—L+1 (30)
H-4—LUMO (12)
0.0072 H-1-L+1(9)
Sio |4.65 267.5 H-4—LUMO (44)
HOMO—L+5 (28)
0.0682 HOMO—L+4 (15)
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Table S6. Values of energies, oscillator strengths and dominant contributions of the respective
molecular orbitals for Sy— S, of 3.

State |Energy (eV) Wavelength Oscillator Major MO — MO contributions (%)
(nm) strength
Si |2.73 454.5 0.032 HOMO — LUMO (99)
S, 1339 366.0 0.0808 HOMO—L+1 (93)
S; |3.47 358.0 0.1601 HOMO—L+2 (97)
Ss |3.88 320.5 0.4162 H-1-LUMO (93)
Ss |4.22 294.5 0.0127 HOMO—L+3 (46)

H-1—L+1(39)
H-2—LUMO (13)

Sg  |4.31 288.0 0.0208 H-2—LUMO (85)
H-1—L+1(8)
S; 433 287.0 0.0496 H-3—LUMO (60)
H-1-L+2(36)
Sy |4.51 275.5 0.5947 H-1-L+1(50)
HOMO—1+3 (41)
H-3—L+2(6)
Sy |4.53 274.5 0.2348 H-1—L+2 (56)
H-3—LUMO (34)
S |4.77 260.5 0.0003 HOMO—L+4 (92)

Table S7. Absorption maximum Apa.x, and emission maximum Ey,, and Stokes shift vst of 1 and 2 in

various solvents (4f refers to the solvent polarity parameter).

Amax [Cm-l] Ernax [Cm-l] VST [thl]
Solvent £ n Af

1 2 1 2 1 2
MeOH 32.6 | 1.3290 | 0.309 | 21050 | 22120 | 16980 | 17270 | 4070 | 4850

Acetonitrile | 37.5 | 1.3440 | 0.305 | 20575 | 21835 | 16000 | 16750 | 4575 | 5085

EtOH 24.3 | 1.3600 | 0.288 | 20700 | 22000 | 17015 | 17420 | 3685 | 4580
DMF 36.7 | 1.4290 | 0.279 | 19960 | 21435 | 15780 | 16665 | 4180 | 4770
DCM 9.1 | 1.4240 | 0.219 | 20200 | 21690 | 16285 | 17095 | 3915 | 4595

n-hexane 1.9 | 1.3750 | -0.007 | 19800 | 21975 | 16475 | 18330 | 3325 | 3645

Table S4 summarizes the related spectroscopic data. The solvent polarity parameter Af is calculated from
S17



Equation (1), where ¢ and n are the dielectric constant and the refractive index of the solvent, respectively.

Aro =D (n” -1)
(2e+1) (2n*+1) (1)

The different Stokes shifts (vst) can be plotted as a function of solvent polarity parameters (Af). Generally,
vsT vs Af correlation allows to quantify the difference in polarization between ground state and excited state
of the molecule. The Lippert-Mataga model for dipolar D-A systems, in general one estimates from this
correlation the difference of electric dipole moments between excited state and ground state according to
Equation (2); u.and ugare the electric dipole moments of excited state and ground state, respectively, 4 is
Planck’s constant, and c is the velocity of light and a is the Onsager radius which is the radius of a spherical

cavity containing the dipole. Hence, it is of 9.1 Debye for compound 1, and it is of 6.9 Debye for compound

2.

Ver =M - Af+C=10070- (”_—f’g) Af+C

h-c-a a 2)

(e) Acetoniirde

=
DMF o MeOH

-
E '}
o DCW
- wEOH
=

400 450 500 550 800 850
‘Wavelength | nm

Figure S9. UV/Vis absorption (a) and fluorescence (b) spectra of compound 1 in different solvents. (c) vst vs Af plots for 1

at room temperature. (* Instrumental error).
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Figure S10. UV/Vis absorption (a) and fluorescence (b) spectra of compound 2 in different solvents. (¢) vsr vs Af plots for 2

at room temperature. (* Instrumental error).
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Figure S11. (a-c) Excitation and PL spectra of 1-3 in PMMA film.

Table S8. Selected absorption and emission peaks, fluorescence lifetimes 7., quantum yields @, of 1-3, and rate constants for

radiative &, and nonradiative deactivation k,, extracted via @, = ko1, = k/(k; + k).

System Amax(abs)/nm Amax(em)/nm  @,/% %/ns K,/ns” ky/ns™
1 PMMA film 431 540 12.5° 13.20 0.01 0.07
2 PMMA film 420 490 2.9¢ 12.63 0.002 0.08
3 PMMA film 394 465 0.8° 10.89 0.0007 0.09
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Figure S12. UV-vis absorption and PL spectra for the single crystals of 1-3 (a-c). Inset: The photographs for the single

crystals of 1-3 under UV light.

Figure S13. The packing diagram of compound 1 with an emphasis on n-t interaction (magenta).
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Figure S14. The packing diagram of compound 3 with an emphasis on -t interaction (magenta).

Figure S15. The packing diagram of compound 2 with an emphasis on n-n interaction (magenta).
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Figure $16. UV/Vis absorption spectra of compound 1 (a) and 2 (b) in DMF with different concentrations. (Black: 5 x 10
M; red: 1 x 10 M; green: 5 x 10° M; blue: 1 x 10 M; cyan: 5 x 10 M; magenta: 1 x 10°M. In5x 10*Mor1x 10° M

solution, 5 mm quartz cell was used. In the other solutions, 1 cm quartz cell was used.)
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Figure S17. UV/Vis absorption (a) and PL (b) spectra of compound 1 in DMF and mixed solvents H,O/DMF (v /v =20 :

80; 50 :50; 80 :20;96:6;97:3;98:2;99 :1). (* Instrumental error)
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Figure S18. Powder X-ray diffraction data of compound 1 obtained by different ways. 1-Sediment: after adding water into

the DMF solution of 1 (f, = 99%), such mixture was put in the dark without any interference at room temperature in 10 h;

and then the sediment was obtained and collected at the bottom of solution
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Figure S19. UV-vis absorption and PL spectra of compound 1 in solid states obtained by different ways. (1-crystal: The
single crystals of 1 was obtained by the slow evaporation in EA/PE. 1-Sediment: after adding water into the DMF solution
of 1 (f, = 99%), such mixture was put in the dark without any interference at room temperature in 10 h; and then the

sediment was collected at the bottom of solution.)
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Figure S20. UV-vis absorption (a) and PL (b) spectra for samples I, II and the upper solution of III of compound 1.

(b)

—_—
—20%
——50%
— 0%
6%
o7%
98%
—— g%

1 (vol%)

—_—0%
—_—20%
—— 50%
—80%

6%
—87%
8%
8%

f (vol%)

Intensity

50 4

T - T T T T T T —
300 400 500 600 550 600 650 700
Wavelength / nm Wavelength | nm

Figure S21. UV/Vis absorption (a) and PL (b) spectra of 2 in DMF and mixed solvents H,O/DMF (v / v = 20 : 80; 50 : 50;

80:20;96:6;97:3;98:2;99 :1). (* Instrumental error)
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Figure S22. The photographs of 2 in DMF (I), immediately in the mixed solvent HyO/DMF (II, v/ v =99 : 1) and in the

mixed solvent H,O/DMF(v / v =99 : 1) for 10 h (III) under natural light (a) and the UV light of 365 nm (b), respectively.

UV/Vis absorption (¢) and PL (d) spectra of samples I, II and the upper solution of III.
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Figure S23. Powder X-ray diffraction data of 2 obtained by different ways.
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Figure S24. UV-vis absorption and PL spectra of 2 in solid states obtained by different ways. (2-crystal: The single rystals

of 2. 2-Sediment: after adding water into the DMF solution of 2 (f,, = 99%), such mixture was put in the dark without any

interference at room temperature in 10 h; and then the sediment was collected at the bottom of solution.
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Figure S25. In-situ UV-vis absorption (a) and PL (b) spectra of 1 in crystal under decompression process.
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Figure S26. (a) In-situ UV-vis absorption spectra of 2 in crystal under decompression process. (b) The steady-state PL

spectra of 2 in crystal at 1 atm and after decompression at 1 atm.
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Figure S27. In-situ UV-vis absorption (a) and PL (b) spectra of 3 in crystal under decompression process.
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Figure S28. The changes in the absorption at the excitation wavelength (355 nm) of 1-3 in crystal under pressure.
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Figure S29. The corresponding plots of the relative hydrostatic pressure versus fluorescence peaks for single crystals 1 (a),

2 (b) and 3 (¢).

. ——0.00

(a) 0.7

| 0.93

40.0k - 1.53

5 2.92

& ——5.40

- —8.12

2 —— back to 0.00
w0
=
8
=
0.0 :

800 1200 1600

Raman shift!t:m"I

(b)

, 4.0x10%
—0.00
—— 047

=
m
—
1.54
% ol s — 271
2 " g — 730
2.0x10* s
;E X \ — back to 0.00

0.0

800 1200 1600

Raman shift / cm-1

c)

4.0’(10‘ -;(W\\

:: 4
--‘.‘. —0.00
—0.30
%‘ 2.0!10‘ _M—:’-\\ 4.50
< P I e W 2.06
] s ~—
‘E ——5.93
= N . —11.27
423 ), ——backto0.00
%\Jﬁ—?_
0.0 T T T
800 1200 1600

Raman shift/ cm~

Figure S30. The /n-situ Raman spectra of single crystals 1 (a), 2 (b) and 3 (c) under different hydrostatic pressures (GPa).

(Peaks 1-5 were belonged to the pyridine unit, and peaks 6-9 were belonged to the BTD unit.)
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Figure S31. Thermogravimetric analysis result of 1 in crystal.
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Figure S32. (a) CIE coordinates for PL of 1 in crystal (PL-1), devices OLED-1 (ITO/HATCN(10 nm)/NPB(150 nm)/1(20
nm)/TPBi(60 nm)/Liq (2 nm)/Al) and OLED-1' ITO/HATCN(10 nm)/NPB(100 nm)/TCTA(10 nm)/1(20 nm)/TPBi(60
nm)/Liq(2 nm)/Al); inset: the photographs of 1 in crystal under 365 nm UV light and device OLED-1'. (b) The

performances of PL of 1 in crystal and EL of devices OLED-1 and OLED-1".
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Figure S33. EL spectra of device OLED-1 upon increasing the driving bias voltages.
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Figure S34. EL spectra of device OLED-1" upon increasing the driving bias voltages.
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Computational models and methods for the dimmer of 1

The computational models for dimmers of 1 were constructed to mimic its neutral, cationic, or anionic
microenvironment created by a neighbouring molecule in various ionic states. The dimmer structure was
extracted from the measured crystal structure. The emission spectra of these three models were simulated by
investigating their S;—S, vertical electronic transition energies, by applying a Frozen Density Embedding
Theory (FDET)" based method within the linear-response time-dependent density functional theory
(TDDFT)" framework. The FDET combined with TDDFT is a state-of-the-art method to explore the effect
of explicit environment in a fully quantum-mechanical level on the electronic properties of molecules, which
has been widely used to investigate the quantum-mechanical effect of solvent, solid, and protein
environment on molecular electronic properties.15 This method partitions the entire system as two regions —
the target system (embedded system) and its environment.

In this work, one molecule in the dimmers was stimulated to excited state, but the other one was at its
ground state. Their packing structure was identical to the previously rearranged structure at neutral, cationic,
or anionic states. The embedded system was treated with the B3LYP functional'® and Slater-type orbitals
(STO) DZP'" basis sets. The frozen density of the environment was generated by a Kohn—Sham calculation'®
for the isolated environment at the B3LYP/STO-DZP level. The electron density of the embedded system
and the charge density of the embedding environment uniquely determine the embedding potential within
the FDET framework". Its nonadditive exchange-correlation component was approximated using the
local-density approximation'® ' and its nonadditive kinetic component was approximated by the NDSD*’
bifunctional. All calculations were performed within the ADF code (2017 version)®'.

Results

The calculated emission energies for compound 1 in a neutral, cationic, or anionic microenvironment are
493nm (2.52 eV), 525 nm (2.36 eV), or 504 nm (2.46 eV), respectively. This indicates the cationic
microenvironment (possible EL environment) leads to a redshift of 0.16 eV in emission energy with respect
to that in neutral environment (PL environment), which is very close to the measured redshift (0.14 eV).
However, the anionic microenvironment results a significantly smaller redshift (0.06 eV) in emission energy.
Therefore, the computational results indicate the cationic environment is the dominant EL environment of
compound 1. (Note: The calculated shift in the emission energy is a relative energy, and its uncertainty
(typically ~0.1 eV)® is much smaller than the uncertainty of the calculated absolute emission energy (~0.5
eV) that is due to the approximations applied in computational models and methods in this work.)

Table S9. Calculated emission energies (4) of compound 1 in its neutral, cationic, or anionic
microenvironment.

environment | neutral cationic anionic
A 493nm (2.52 eV) 525 nm (2.36 eV) 504 nm (2.46 eV)

The Cartesian coordinates of the investigated dimer of compound 1.

C 2.70727 3.02133 2.19223
H 2.89858 2.38224 2.84043
C 1.88688 4.04518 2.54247
H 1.51553 4.09399 3.39391
C 1.62452 5.00946 1.59238
C 2.20035 4.90755 0.34038
C 3.00698 3.80931 0.07794
N 3.26327 2.86324 0.97772
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C 7.58160 3.79941 -0.34038
C 0.96460 8.69613 2.03240
N 0.93044 10.11872 3.95430
C 7.07468 5.68562 -2.19223
C 8.15742 3.69750 -1.59238
C -0.29358 9.10421 1.70880
C -0.29200 10.51048 3.58137
C 7.89507 4.66177 -2.54247
H 6.88337 6.32471 -2.84043
H 8.71859 2.98323 -1.79364
C -0.95653 10.02991 2.48821
H -0.71018 8.75511 0.95503
H -0.71908 11.15353 4.10032
H 8.26642 4.61296 -3.39391
H -1.81674 10.31390 2.28004

250 um

Figure S35. PL microscopy images of crystals 1-3 excited at 405 nm.
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Figure S36. 'H-NMR spectrum of compound 2.
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