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1 Experiment section
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Scheme S1. Molecular structures and edge-to-face T-shaped packing modes of benzene, naphthalene, and anthracene.

1.1 Materials.

1,4-Dioxane, tetrahydrofuran, deionized water were purged with nitrogen before use. All other solvents, 9,9-
dimethylxanthene, 2-chloro-2-methylpropane, bromine, phenylboronic acid, 1-naphthaleneboronic acid and 9-
bromoanthracene were purchased and used directly as received. 9,9-dimethylxanthene and 2-chloro-2-methypropane
were purchased from Aladdin. Bromine was purchased from Shanghai Lingfeng Chemical Reagent Co., Ltd.
Phenylboronic acid was purchased from Soochiral Chemical Science & Technology Co., Ltd. 1-naphthaleneboronic acid
and 9-bromoanthracene were purchased from Energy Chemical.

1.2 Instruments

1H and 3C NMR spectra were recorded on a Bruker Avance lll HD 400 MHz or Avance NEO 400 MHz digital NMR
spectrometer using tetramethylsilane (TMS; 6 = 0 ppm) as internal standard. Mass spectra were measured on a ZAB 3F-
HF mass spectrophotometer and LCQ advantage electrospray mass spectrometer. Elemental analyses were performed
by a VARIO EL Ill element analyzer. UV-vis spectra were conducted on a Shimadzu UV-2550 spectrometer. PL spectra
were performed on a Hitachi F-4600 fluorescence spectrophotometer and an Ocean Optics QE65 Pro spectrometer
(Ocean Optics, Inc., Dunedin, FL, United States). Quantum vyields and lifetimes at room temperature were determined
with FLS 980 spectrometer. The powder X-ray diffraction patterns were recorded by D8 Advanced (Bruker) using Cu-Ka
radiation from 5 °© to 60 °. The single-crystal X-ray diffraction data of X1B, X2B, X1N, X2N, X1A, X2A-B-CICH,CH,Cl, X2A-
B-CH,Cl,, X2A-B-CH,Br,, X2A-B-CH3l and X2A-G crystals at room temperature were collected in a Bruker Smart Apex CCD
diffractometer and Bruker D8 VENTURE. Micro photoluminescence spectra were measured by analyzing system
(HORIBA iHR 320 detector was coupled to the Olympus IX71/IX5 microscope, 360 nm UV laser Changchun New
Industries). Micro-infrared spectra were performed on Nicolet IN10 Thermo Fisher Scientific Infrared Microscope. PL
spectra and lifetimes of X2A-B-CICH,CH,Cl crystal at different temperature were performed with FLS 980 spectrometer.
The single-crystal X-ray diffraction data of X2B at different temperature were collected in Rigaku XtaLAB Synergy
Custom. The high-pressure fluorescence spectra at room temperature were performed on a fluorescence microscope
(IX71, Olympus 20x, numerical aperture=0.4) equipped with a spectrometer (Horiba Jobin Yvon iHR320), with a light
source of mercury lamp (with 365 nm excitation wavelength). The measurement of the ruby chip was conducted at a
Horiba Jobin Yvon T64000 Raman spectrometer with a 1800 gr/mm holographic grating and the excitation wavelength
from laser is 532 nm line. High-pressure Raman spectra were acquired at a confocal Raman system, which is based on
an optical microscope (LabRAM Aramis, Horiba JobinYvon) constructed with the excitation laser of 633 nm and 785 nm
(the power of 20 mW), a 50%/0.75 NA microscope objective, and a standard CCD array detector.

1.3 Theoretical Calculation

TD-DFT calculations were performed on Gaussian 16 program (Revision A.03)! and Gaussian 16 (Revision C.01). The
geometries were extracted from single crystal. The HOMO, LUMO orbits and energy gaps for the isolated molecules
were performed with the Becke’s three-parameter exchange functional along with the Lee Yang Parr’s correlation
functional (B3LYP) using 6-31G (d) basis sets. The electrostatic potential (ESP) images were obtained from Gaussian
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View 6 with electron density isosurface value of 0.001. The interaction energies were calculated based on B3LYP/6-
31G(d) basis sets, and the NCI analysis was conducted through Multiwfn 3.82, VMD and gnuplot programs (isosurface
value of 0.8). The transfer integral was investigated based on anaconda2 package with the same method. The potential
energy surface (PES) was scanned based on B3LYP/6-31G(d) basis sets.

1.4 Synthetic procedures
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Scheme S2. Synthetic routes of compound X1R and X2R. Synthetic routes of compound X1B, X2B, X1N, X2N, X1A and
X2A. Conditions: a): FeCl;, CH,Cl,, 15 h; b): CHCl;, 12h; c) KOAc, 1, 4-dioxane, Pd(dppf)Cl,, reflux, 24 h; d): K,CO3, Bis (di-
tert-butyl(4-dimethylaminophenyl) phosphine) dichloropalladium (1) (887919-35-9), tetrahydrofuran, deionized water,
reflux, 12 h.

Intermediate compound 1. 9,9-Dimethylxanthene (3.00 g, 14.30 mmol) and FeCl;(0.116 g, 0.72 mmol) were dissolved
in dichloromethane (15 mL) and then stirred at 0 °C. Then 1.8 mL 2-chloro-2-methylpropane was dissolved in
dichloromethane (15 mL) and added dropwise to 9,9-dimethylcanthene solution with a constant pressure drop funnel,
which was allowed to warm up to room temperature over 3 h, and stirred for another 15 h. The reaction mixture was
quencwithd by water, then extracted with CH,Cl,. The combined organic layer was dried over anhydrous Na,SO, and
concentrated by rotary evaporation. The crude product was purified by silica gel column chromatography using
petroleum ether as eluent, and obtained as a white solid (3.23 g, 70%). *H NMR (400 MHz, CDCl;) 6 (ppm): 7.40 (d, J =
2.2 Hz, 2H, ArH), 7.21 (d, J= 2.2 Hz, 1H, ArH), 7.19 (d, J = 2.2 Hz, 1H, ArH), 6.97-6.94 (m, 2H, ArH), 1.65 (s, 6H, -CH3), 1.33
(s, 18H, -CH3). 13C NMR (100 MHz, CDCl3) & (ppm): 148.34, 145.41, 129.23, 124.34, 122.69, 115.66, 34.48, 34.39, 32.57,
31.62.

Intermediate compound 2. Compound 1 (2.00 g, 6.20 mmol) was dissolved in chloroform (25 mL) and then stirred at 0
°C. Bromine (1.36 mL, 24.80 mmol) was diluted by chloroform (12 mL) and then added dropwise to above mentioned
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solution with a constant pressure drop funnel and then the reaction mixture was slowly warmed to room temperature
and stirred for another 12 h. The reaction mixture was quenched by saturated Na,SO; solution, then extracted with
CH,Cl,. The combined organic layer was dried over anhydrous Na,SO, and concentrated by rotary evaporation. The
crude product was purified by silica gel column chromatography using petroleum ether as eluent, and obtained as a
white solid (2.83 g, 95%). *H NMR (400 MHz, CDCl5) & (ppm): 7.47 (d, J = 2.2 Hz, 2H, ArH), 7.33 (d, J = 2.3 Hz, 2H, ArH),
1.62 (s, 6H, -CHs), 1.32 (s, 18H, -CH3).*C NMR (100 MHz, CDCl5) 6 (ppm): 147.26, 145.29, 131.15, 128.48, 121.56, 110.42,
35.78, 34.64, 31.88, 31.43.

Intermediate compound 3. Compound 1 (1.00 g, 3.10 mmol) was dissolved in chloroform (25 mL) and then stirred at 0
°C. Bromine (0.16 mL, 3.10 mmol) was diluted by chloroform (6 mL) and then added dropwise to above mentioned
solution with a constant pressure drop funnel. After the addition of bromine, the reaction mixture was slowly warmed
up to room temperature and stirred for another 12 h. The reaction mixture was quenched by saturated Na,SO; solution,
then extracted with CH,Cl,. The combined organic layer was dried over anhydrous Na,SO, and concentrated by rotary
evaporation. The crude product was purified by silica gel column chromatography using petroleum ether as eluent, and
obtained as a white solid (0.93 g, 75%). *H NMR (400 MHz, CDCls) 6 (ppm): 7.44 (d, J = 2.3 Hz, 1H, ArH), 7.38 (d, /= 2.3
Hz, 1H, ArH), 7.34 (d, J = 2.2 Hz, 1H, ArH), 7.23 (dd, J = 8.5, 2.3 Hz, 1H, ArH), 7.09-7.07 (m, 1H, ArH), 1.63 (s, 6H, -CHs),
1.33 (s, 9H, -CH3), 1.32 (s, 9H, -CH3). 3C NMR (100 MHz, CDCl3) 6 (ppm): 148.14, 146.47, 146.15, 145.29, 131.35, 129.01,
128.23,124.49,122.30, 121.94, 116.07, 109.97, 35.09, 34.55, 34.52, 32.19, 31.57, 31.43.

Intermediate compound 4. 9-Bromoanthracene (1.00 g, 3.89 mmol), Pd(dppf)Cl,(0.20 g, 0.27 mmol), 4,4,4',4',5,5,5',5'-
octamethyl-2,2'-bi(1,3,2-dioxaborolane) (1.48 g, 5.84 mmol) and KOAc (0.76 g, 7.78 mmol) were added in a nitrogen
flushed schlenk tube, deoxygenated 1,4-dioxane was added and the mixture was stirred for 15 h under nitrogen
atmosphere. The reaction mixture was filtered, the filtrate was washed with CH,Cl,, and the combined organic layer
was dried over anhydrous Na,SO, and concentrated by rotary evaporation. The crude product was purified by silica gel
column chromatography using petroleum ether/dichloromethane (10/1) as eluent, and obtained as a yellow solid (0.83
g, 70%). *H NMR (400 MHz, CDCl;) 6 (ppm): 8.48-8.43 (m, 3H, ArH), 7.99 (d, J = 8.2 Hz, 2H, ArH), 7.50-7.42 (m, 4H, ArH),
1.58 (s, 12H, -CH3). 3C NMR (100 MHz, CDCl;) & (ppm): 135.93, 131.16, 129.52, 128.82, 128.34, 125.81, 124.90, 84.42,
25.21.

The general synthetic route of X1B, X1N and X1A. Compound 3 (1.0 equiv.), one of compounds 3-5 (2.0 equiv.), K,CO3
(2.0 equiv.), Bis(di-tert-butyl (4-dimethylaminophenyl) phosphine) dichloropalladium (Il) (887919-35-9) (0.05 equiv.)
were added in a nitrogen flushed schlenk tube, tetrahydrofuran (20 mL) was added and the mixture was bubbled with
nitrogen for 30 min. Then the reaction was refluxed for 12 h before quenching by water. The resultant mixture was
extracted with CH,Cl,, the combined organic layer was dried over anhydrous Na,SO, and concentrated by rotary
evaporation. The crude product was purified by silica gel column chromatography using petroleum ether or petroleum
ether/dichloromethane (5/1) as eluent.

X1B. A white solid (0.38 g, 85%). *H NMR (400 MHz, CDCl;) 6 (ppm): 7.63-7.60 (m, 2H, ArH), 7.48-7.41 (m, 4H, ArH), 7.39-
7.35 (m, 1H, ArH), 7.27-7.25 (m, 1H, ArH), 7.17 (dd, J = 8.5, 2.4 Hz, 1H, ArH), 6.89 (d, J = 8.5 Hz, 1H, ArH), 1.68 (s, 6H, -
CHs), 1.36 (s, 9H, -CH3), 1.33 (s, 9H, -CHs). 13C NMR (100 MHz, CDCl3) & (ppm): 148.68, 145.65, 145.61, 145.17, 138.72,
130.39, 129.82, 129.63, 128.78, 127.98, 126.87, 126.03, 124.15, 122.16, 121.82, 115.74, 34.91, 34.55, 34.49, 31.87,
31.59. MS (El, m/z): [M] *calcd for C,9H340, 398.26; Found, 398.15. Anal. Cacld for C,gH3,0: C, 87.39; H, 8.60; Found: C,
87.66; H, 8.41.

X1IN. A white solid (0.13 g, 80%). H NMR (400 MHz, CDCl3) & (ppm): 7.92-7.89 (m, 2H, ArH), 7.64 (dd, J = 8.4, 1.5 Hz, 2H,
ArH), 7.59-7.55 (m, 1H, ArH), 7.52-7.45 (m, 3H, ArH), 7.41 (m, 1H, ArH), 7.36-7.32 (m, 1H, ArH), 7.25-7.22 (m, 1H, ArH),
7.05-7.03 (m, 1H, ArH), 6.44 (d, J = 8.5 Hz, 1H, ArH), 1.79 (s, 3H, -CHs), 1.65 (s, 3H, -CH), 1.36 (s, 9H, -CHs), 1.30 (s, 9H, -
CHs). 13C NMR (100 MHz, CDCl5) & (ppm): 148.73, 146.45, 145.46, 145.09, 137.14, 133.50, 132.26, 130.21, 129.79,
128.03, 127.73, 127.64, 127.55, 127.12, 126.96, 125.67, 125.54, 125.39, 124.01, 121.91, 121.89, 116.08, 35.00, 34.58,
34.46,32.70, 31.58, 30.80. MS (EI, m/z): [M] *calcd for: C3Hs¢0, 448.65; Found, 448.20. Anal. Cacld for C33Hs0: C, 88.35;
H, 8.09; Found: C, 88.44; H, 8.05.

X1A. A white solid (0.37 g, 60%). 'H NMR (400 MHz, CDCls) & (ppm): 8.53 (s, 1H, ArH), 8.07 (d, J = 8.5 Hz, 2H, ArH), 7.67-
7.60 (m, 3H, ArH), 7.47-7.40 (m, 3H, ArH), 7.32-7.28 (m, 2H, ArH), 7.21 (d, J = 2.3 Hz, 1H, ArH), 6.95 (dd, J = 8.5, 2.4 Hz,
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1H, ArH), 6.22 (d, J = 8.5 Hz, 1H, ArH), 1.76 (s, 6H, -CHs), 1.36 (s, 9H, -CHs), 1.28 (s, 9H, -CH;). 13C NMR (100 MHz, CDCl;)
6 (ppm): 148.73, 147.14, 145.35, 145.09, 133.94, 131.50, 130.57, 130.26, 129.64, 128.31, 128.09, 127.16, 126.48,
125.17, 124.98, 123.96, 122.02, 121.88, 116.10, 35.01, 34.63, 34.42, 31.92, 31.66, 31.62, 31.55. MS (ESI, m/z): [M+H] *
calcd for: C57H350, 498.3; Found, 499.3. Anal. Cacld for C5;H350: C, 89.11; H, 7.68; Found: C, 88.97; H, 7.72.

The general synthetic route of X2B, X2N and X2A. Compound 2 (1.0 equiv.), one of Compound 3-5 (3.0 equiv.), K,CO3
(4.0 equiv.), Bis(di-tert-butyl (4-dimethylaminophenyl) phosphine) dichloropalladium (Il) (887919-35-9) (0.05 equiv.)
were added in nitrogen flushed round bottom flask, tetrahydrofuran (20-40 mL) was added and the mixture was
bubbled with nitrogen for 30 min. Then the reaction was refluxed for 12 h before quenching by water. The resultant
mixture was extracted with CH,Cl,, the combined organic layer was dried over anhydrous Na,SO, and concentrated by
rotary evaporation. The crude product was purified by silica gel column chromatography using petroleum ether and
dichloromethane (10/1) as eluent.

X2B. A white solid (0.79 g, 80%). *H NMR (400 MHz, CDCl3) & (ppm): 7.43 (d, J = 2.4 Hz, 2H, ArH), 7.26-7.25 (m, 4H, ArH),
7.21-7.18 (m, 4H, ArH), 7.12-7.08 (m, 4H, ArH), 1.73 (s, 6H, -CH3), 1.35 (s, 18H, -CH3). 3C NMR (100 MHz, CDCl5) & (ppm):
146.21, 145.35, 138.26, 130.67, 129.61, 129.35, 127.80, 126.40, 126.05, 121.24, 35.27, 34.56, 31.59, 31.34. MS (El, m/z):
[M] *calcd for: C35H350, 474.29; Found, 474.86. Anal. Cacld for C35H350: C, 88.56; H, 8.07; Found: C, 88.12; H, 8.29.

X2N. A white solid (0.90 g, 75%). 'H NMR (400 MHz, CDCl3) & (ppm): 7.73 (s, 2H, ArH), 7.48-7.43 (m, 6H, ArH), 7.36 (t, J
= 7.4 Hz, 2H, ArH), 7.30-7.29 (m, 2H, ArH), 7.25-7.19 (m, 2H, ArH), 6.88 (d, J = 8.4 Hz, 2H, ArH), 1.78 (s, 6H, -CHs), 1.38
(s, 18H, -CHs). 13C NMR (100 MHz, CDCl3) & (ppm): 144.72, 135.57, 132.97, 131.74, 127.97, 127.65, 126.99, 126.88,
126.77,126.07, 125.11, 124.87, 124.67, 124.56, 124.15, 121.66, 35.15, 34.54, 32.43, 31.57. MS (EI, m/z): [M] *calcd for:
Ca3Ha20, 574.32; Found, 574.99. Anal. Cacld for C43Hs,0: C, 89.85; H, 7.37; Found: C, 89.51; H, 7.20.

X2A. A white solid (2.53 g, 60%). 'H NMR (400 MHz, CDCl;) 6 (ppm): 7.89 (s, 2H, ArH), 7.60 (s, 2H, ArH), 7.58 (s, 2H, ArH),
7.56 (d, J = 2.4 Hz, 2H, ArH), 7.04-6.96 (m, 5H, ArH), 6.75-6.71 (m, 5H, ArH), 1.90 (s, 6H, -CH3), 1.30 (s, 18H, -CH3). 13C
NMR (100 MHz, CDCls) & (ppm): 146.22, 144.73, 132.12, 130.20, 129.24, 129.03, 127.87, 127.44, 125.90, 125.88, 125.37,
123.96, 123.89, 121.66, 35.17, 34.56, 32.61, 31.62. MS (El, m/z): [M] *calcd for: Cs;H460, 674.35; Found, 674.18. Anal.
Cacld for Cs;H460: C, 90.76; H, 6.87; Found: C, 90.67; H, 7.08.

The cultivation of X2A crystals. 20 mg X2A was dissolved in 3 mL dichloromethane (CH,Cl,), dibromomethane (CH,Br,),
and 1,2-dichloroethane (CICH,CH,Cl), respectively, then solvent was evaporated at room temperature to acquire X2A-
B-CH,Cl; crystal X2A-B-CH,Br, crystal and X2A-B-CICH,CH,Cl crystal, respectively. 20 mg X2A was dissolved in 3 mL
methyl iodide (CHsl) and solvent was evaporated at low temperature (2-8 °C) to acquire X2A-B-CHz;l crystal. 20 mg X2A
was dissolved in 3 mL tetrahydrofuran and solvent was evaporated at room temperature to acquire X2A-G crystal.



2 Additional data and spectra
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Fig. S13. Absorption spectra of (a) xanthene (b) X1B and X2B (c) naphthalene, X1IN and X2N (d) anthracene, X1A and
X2A in THF solution at room temperature. The concentration were all based on 10 uM THF solution except for
naphthalene (100 uM), because the naphthalene solution with 10 uM showed weak absorption.

Fig. S14. Molecular geometry with dihedral angle between PAHs and xanthene scaffold in X2B, X2N and X2A crystal.
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Fig. S15. Fluorescence decay of X2A in different 10 puM solution (toluene, chloroform, tetrahydrofuran,
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Fig. $16. Normalized PL spectra of (a) X1B (b) X1N (c) X1A (d) X2B (e) X2N (f) X2A in different solvents with different
polarities at room temperature.
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Fig. S18. (a) PL spectra and (b) Normalized PL spectra of X2A in THF solution with different concentration. (A< =350 nm).
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Fig. $19. PL spectra of (a) X1B and X2B, (b) XIN and X2N, (c) X1A and X2A crystals at room temperature. Insert were
photographs of these crystals taken under 365 nm excitation.

Table S1. Photophysical properties of X1R and X2R derivatives at room temperature.

Compound Anps® (hm) A2 (nm) A:® (nm)
X1B 298 346 344
X2B 275, 299 353 352
X1IN 295 375 378
X2N 280 365 361

Anthracene 340, 358, 377 385, 407, 427 432, 446
X1A 349, 367, 387 421 454
X2A 350, 369, 388 500 475

2 |n THF solution at concentration of 10 uM ; © Solid state.



Fig. S20. Intermolecular interactions between one central molecule and adjacent molecules in X1B crystal.

Fig. S21. Intermolecular interactions between one central molecule and adjacent molecules in X2B crystal.
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Fig. S22. Intermolecular interactions between one central molecule and adjacent molecules in X1N crystal.

Fig. S23. Intermolecular interactions between one central molecule and adjacent molecules in X2N crystal.
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Fig. S24. Intermolecular interactions between one central molecule and adjacent molecules in X1A crystal.

Fig. S25. Intermolecular interactions between one central molecule and adjacent molecules in X2A-G crystal.
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Table S2. Structural data of single crystals based on X1R and X2R derivatives.

Name X1B X2B X1N X2N X1A X2A-G
Formula ng H34 (6] C35 H38 (6] C33 H36 (0] C43 H42 (0] C37 Hgg (0] C51 H45 (6]
Wa"?}\‘;"gth 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
Space Group P21/c P21/n P21/c P-1 P bca P-1
a=9.2535 a =(81'§)293 a=7.2553 @ =(91';’)6°8 a=13.254(3) a=11.3817
(18) (15) (17)
Cell Lengths _ _ b =11.5590
(R) b =14.900 (3) b=12.4614 b =20.450 (4) b=14.084 (16) b =18.157 (3)
(17) (3)
c=17.885(4)  __,c .. @ " 18243(4)  __ 1,199 ) c=38.103 (5) c=19.306 (3)
a= 66.933
a=90 a= 90° a=90 (3) a=90°  a=83.855 (2)°
Cell Angles B=101.861 B=100.989 B=81.559
: =94.519 (2)° . N =90° =81.230 (2)°
— ap° =90° =81.719 (2)°
y=90° v=230 y=90° y=75.738 v=90 v=81.713(2)
(3)
Cell Volume
(A2) 2413.2 (8) 2802.8 (7) 2657.2 (10) 1666.6 (5) 5837.6(18)  3887.2(11)
z 4 4 4 2 8 4
Density
s 1.097 1.125 1.121 1.145 1.135 1.153
(g/cm3)
F (000) 864.0 1024.0 968.0 616.0 2144.9 1440.6
h'“al“ Kemaxs 11,17, 21 10, 15, 32 10, 28, 25 11, 18, 18 15, 13, 45 13,21, 23
max
ccbe
2180328 2180349 2180336 2180351 2180337 2180353
Number

20



Table S3. Intermolecular interactions of X1R and X2R crystals at room temperature.

Compound C-H..w number C-H..O0 number T-TC number
X1B 2.859-3.999 A 20 3.307-3.966 A 6 - --
X28B 2.669-3.993 A 14 3.063-3.778 A 4 - -
X1N 2.915-3.965 A 20 3.466-3.851 A 4 - -
X2N 2.929-3.951 A 25 - - - -
X1A 2.907-3.973 A 23 2.852-3.699 A 5 3.657 A 1
X2A-G 2.522-3.955 A 38 - - - -
(@) wyg (b) : (c)
: @ X2AB-CHLL (x=1318ns) 104 # @  X2AB-CHBr, (v=277ns) X24-B-CICH,CH,Cl (x=12.24 ns)
. i
a ]
£ £ wyl £
3 3 i 3
5] 3] ° Qg2
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T T T - 10° 4 T - 10" T T T T
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Fig. $26. Fluorescence decay of (a) X2A-B-CH,Cl,, (b) X2A-B-CH,Br,, (c) X2A-B-CICH,CH,CI, (d) X2A-B-CH;l and (e) X2A-G

crystals at room temperature.
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Fig. S27. Absorption spectra of X2A crystals (X2A-B-CH,Cl,, X2A-B-CH,Br,, X2A-B-CICH,CH,Cl, X2A-B-CH3;l, X2A-G).
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Fig. S28. Absorption spectra of X2A compound in CH,Cl, solution, CH,Br, solution, CICH,CH,Cl solution, CHsl solution
and THF solution (10 uM).

Table S4. Photophysical properties of X2A crystals at room temperature.

Crystal Mot (hm) AR (m) At (nm)  Ad(nm)  P(ns)  ®pb(%) | CCBC
X2A-B-CH,Cl, 351,370,390 505 3007431 432,447  13.18 4557 2180355
X2A-B-CH,Br, 354,371,392 511 300433 430,450  2.77 442 2180357

dé&lﬁcﬁ;d 351, 369, 389 506 300433 435,448 1224 s469 2180359
X2A-B-CHsl 353,370,390 508 300434 432,451  3.44 16.03 2180360
X2A-G 350,368,380 504 300~465 481 48.05 ~100 2180353

2 |n solution at concentration of 10 uM; X2A-B-CH,Cl, in dichloromethane, X2A-B-CH,Br; in dibromomethane, X2A-B-CICH,CH,Cl in
1,2-dichloroethane, X2A-B-CHsl in methyl iodide, X2A-G in tetrahydrofuran. ? Crystal.
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Fig. $29. Molecular packing modes of polymorphs of X2A-B-CH,Cl, crystal, X2A-B-CH,Br, crystal, X2A-B-CICH,CH,CI
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Fig. S30. Single crystal structures and intermolecular interactions between X2A molecule and solvent molecules of (a)
X2A-B-CH,Cl,, (b) X2A-B-CH,Br,, (c) X2A-B-CICH,CH,Cl, (d) X2A-B-CHsl and (e) X2A-G.

23



(a) X2A-G (b) X2A-G

——X2A-B-CICH,CH,CI

X2A-B-CICH,CH,CI "

NN
1000 10I20 10I40 10I60 10I80 1100 1200 13IOD 14IDD 15I00 16I00 1700
Wavenumber (cm™) Wavenumber (cm™)

Fig. $31. Raman spectra of X2A-B-CICH,CH,Cl and X2A-G crystals with a laser at (a) 633 nm and (b) 785 nm.
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Fig. $32. Micro-infrared spectra of X2A-B-CICH,CH,Cl and X2A-G crystal at room temperature.
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Fig. 33. Emission images of X2A crystals cultivated from different solvents.
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Fig. 34. (a) PL spectra and (b) Normalized PL spectra of X2A crystals cultivated from different solvents.

25



AEINEEN NEIAEINE

S L4 A AR SosFLheeeFTI e e s

V>0 > 1] > ﬁmi_ P /‘»,', :}J’ r
At S S e P AAE AL Al AL e
x>l Jisiisnd
O g O I S S s

X2A-B-CH,Cl, X2A-B-CICH,CH,CI

) A e X % 2

AN AN RN Y

X n""r‘ﬁ,."‘ﬁ’ i ? £ .S Shs 'ar QESVOS

ARSI RIN. AN EAN AT LY ] g s {
S0 NN 74.'5“&"‘1.'!“ XX By \'"--,\1,',_-'-.' 7 g7 Y 3 b { -
AR fﬁ’ I | %

g g e el Jrx

bl<fl- 4l RS NEY

o D g Y g LSE M T e W el

j ' : },‘! » "! | ,‘\’ S B

if!,< oo (J/4 ool oo )“’ I,

X2A-B-CHjl X2A-B-CH;CH,l

Fig. 35. Crystal structure of X2A crystals cultivated from different solvents (the quality of crystal cultivated from CCl, is
bad for obtaining crystal structure).

Table S5. CCDC numbers of X2A crystals.

Name CCDC Number
X2A-B-Cl,CHCH,CI 2308124
X2A-B-CH;CH,Br 2308125
X2A-B-CH3CH,CH,Br 2308126
X2A-G (CH;CH,CH,CH,Br) 2308127
X2A-CH3CH,l 2308248
X2A-G (CH30H) 2308129
X2A-G (CH;CN) 2308128
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Fig. S36. (a) PL spectra and (b) Normalized PL spectra of X2A-B-CICH,CH,Cl crystal with temperature increasing from 288

Kto 363 K.

Table S6. The maximum emission wavelength of X2A-B-CICH,CH,Cl crystal with temperature increasing from 288 K to

363 K.
Temperature / K 288 303 318 333 348 363
428 426 428 431 432
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445 445 445 445 445 474
wavelength (nm)
470 470 472 473 473
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Fig. S37. Fluorescence decay of X2A-B-CICH,CH,ClI crystal with the temperature increasing from 288 K to 363 K at (a)
426-434 nm, (b) 445-446 nm, (c) 470-474 nm.
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Table S7. Summary data of fluorescence lifetime of X2A-B-CICH,CH,Cl crystal with temperature increasing from 288 K
to 363 K at 426-434 nm, (b) 445-446 nm, (c) 470-474 nm.

Temperature / K 288 303 318 333 348 363
T426-434 nm (ns) 8.53 8.53 8.65 9.71 10.03 10.78
T445-446 nm (NS) 8.71 8.70 8.83 9.68 10.02 12.22
470474 nm (NS) 11.70 11.19 11.04 10.73 10.78 18.85
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Fig. S38. PXRD patterns of X2A-B-CICH,CH,Cl crystal before and after heat, and X2A-G crystal.
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Fig. $39. (a) PL spectra and (b) fluorescence emission images of X2A-B-CH,Cl, crystal at different temperature. (c) CIE
coordinate of X2A-B-CH,Cl, crystal at different temperature.
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Fig. S40. 'H NMR spectra of X2A-B-CH,Cl, crystal in CDCl; at initial state or after heating at 363 K (with the ratio of H,
and Hy).
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Fig. S41. a) PL spectra and b) Normalized PL spectra of X2A-G crystal with temperature increasing from 298 K to 423 K.
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Fig. S42. Thermogravimetric analysis (TGA) analysis of X2A powder.
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Fig. S43. Differential scanning calorimetry (DSC) curves of X2A-B-CICH,CH,Cl, X2A-B-CH,Cl, and X2A-G crystal at the
range from 25 °C to 300 °C.
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Table S8. Intermolecular interactions between solvent (CH,Cl, and CICH,CH,Cl) and anthracene moiety.

Crvstal C-H-m Cl-C-m C-Cl-m Interaction energy
Y (&) (&) (A) (keal/mol)
X2A-B-CH,Cl, 3.001 2.883 3.449 -- 5.63
X2A-B-CICH,CH,CI 3.205 2.949 3.605 3.890 4.64

X2A-B-CH,Cl, X2A-B-CICH,CH,Cl

Fig. S44. Distances of intermolecular interactions and calculated interaction energy between solvent (CH,Cl,
/CICH,CH,CIl) and anthracene moiety in X2A-B-CH,Cl, and X2A-B-CICH,CH,Cl crystals.
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Fig. $45.'H NMR spectra of X2A-B-CICH,CH,Cl crystal in CDCl; at (a) initial and (b) ground state.
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Fig. S46. (a) PL spectra and (b) normalized PL spectra of X2A-B-CICH,CH,Cl crystal upon grinding.

UV (365 nm))

Daylight _
Crystalline  Ground state

FJE
BRI

Fig. S47. Patterns constructed by X2A-B microcrystal rapidly obtained from 1, 2-dichloroethane solution. The emission
under daylight and 365 nm UV irradiation, the patterns changed from blue emission to green emission after painting.
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Fig. $48. PL spectra of X2A-B-CICH,CH,Cl crystal with isotropic compression from 0.00 Gpa to 11.13 GPa.
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Fig. S49. The fluorescence images and PL spectra of X2A-B-CICH,CH,CI crystal with the release of pressure from 9.25
GPa.
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Fig. $50. The fluorescence images and PL spectra of X2A-G crystal with isotropic compression from 0.00 Gpa to 11.13
GPa.
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Fig. S51. The fluorescence images and PL spectra of X2A-G crystal with the release of pressure from 6.95 GPa.

34



1.82 GPa

1.50 GPa

0.00 GPa

[—8.09 GPa

0.97 GPa

—_————dame - ==

0.49 GPa

6.45 GPa

|——4.89 GPa

|— 0.32 GPa

l

j=—10.00 GPa

o

4.12 GPa

= 2.40 GPa

1100 1200 1300

1400

Wavenumber (cm™)

Fig. $52. Raman spectra of X2A-B-CICH,CH,Cl crystal under different pressure with a laser at 785 nm.

1500 1600

- —

o—

1100 1200

1300

1400 1500 1600

Wavenumber (cm™)

Wavenumber (cm™)

3.24 GPa 0.00 GPa
1
I 1
'
—— —{ 8.25 GPa :
2.30 GPa | |
1
|
| A
I 7.33 GPa |
|
1.22GPa | :
: i
| 6.29 GPa I
: |
0.61 GPa : i
! 513 GPa ;
I
1 |
|
——— 0.00 GPa ! !
! 4.37 GPa !
J |
1100 1200 1300 1400 1500 1600 1100 1200 1300 1400 1500

Wavenumber (cm™)

1600

Fig. $53. Raman spectra of X2A-G crystal under different pressure with a laser at 785 nm.
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Fig. S54. The fluorescence images and PL spectra of X2A-B-CH,Cl, crystal with (a) isotropic compression from 0 Gpa to
9.72 Gpa and (b) the release of pressure from 9.72 GPa.
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Fig. $55. Raman spectra of X2A-B-CH,Cl, crystal under different pressure with a laser at 785 nm.
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Fig. S56. Molecular packing modes of X2A-B-CICH,CH,Cl crystals at different temperature (288 K, 303 K, 318 K, 333 K,
348 K) and X2A-G crystal.

Table S9. Summary data of molecular configuration with angles and distance between anthryl planes of X2A-B-
CICH,CH,Cl crystals at different temperature (288 K, 303 K, 318 K, 333 K, 348 K) and X2A-G crystal.

. . 0, average ] . dp average . CCDC
crystal 0.() 6,(°) ] 85(°) dy(A) A) d(A) Number
)
X2A-B-288 K 0.90 70.58 70.49 70.54 4.89 4.340 4.340 4.340 4.618 2180361
X2A-B-303 K 0.96 70.76 70.67 70.72 4.72 4.335 4.333 4.334 4.608 2180362
X2A-B-318 K 0.96 70.98 70.94 70.96 4.50 4.332 4.328 4.330 4.598 2180372
X2A-B-333 K 0.99 71.22 71.19 71.21 4.32 4329 4322 4.326 4.589 2180373
X2A-B-348 K 1.05 71.48 71.57 71.53 4.09 4.324 4.319 4.322 4581 2180374
X2A-G 3.99 68.86 73.99 71.43 12.83 3.760 3.635 3.698 3.935 2180353

37



Interaction energy (kcal/mol)

5.00

4.95 4
4.90 4
4.85 4
4.80 4
4.75 4
4.70 4

4.65 4

4.60

@

—@— A-solvent interaction energy
@ Solvent1

fu I"'- " ’
AAE
ST

e

Fig. S57. Interaction energy between anthracene moieties and 1, 2-dichloroethane molecules of X2A-B-CICH,CH,CI
crystals at different temperature (288 K, 303 K, 318 K, 333 K, 348 K).

Table $10. Summary data of interaction energy between anthracene moieties and anthracene moiety with 1, 2-
dichloroethane molecules of X2A-B-CICH,CH,Cl crystals at different temperature (288 K, 303 K, 318 K, 333 K, 348 K) and

X2A-G crystal.

A-A energy A-Solvent 1 A-Solvent 2 A-Solvent average
Crystal
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
X2A-B-288 K 4.83 4.87 5.01 4.94
X2A-B-303 K 4.88 4.61 4.81 4.71
X2A-B-318 K 491 4.57 4.79 4.68
X2A-B-333 K 4.94 4.58 4.77 4.68
X2A-B-348 K 4.99 4.59 4.75 4.67
X2A-G 8.47 -- - -

38



2,00 0,020 0.020
180 0015 0015
160 0010 0010
140 0.005 0.005
T 120 0000 0.000
s -0.005 & ~0.005
1.00
4 -0.010 8 -0.010
© 080 -0015 ® -0.015
oo -0.020 -0.020
0.40 ¥ 2 -0.025 -0.025
0.20 LR -0.030 ~0.030
0.00 -0.035 -0.035
8 3 8 835 8 5 88 3 8 8 2 3 8 5 8 5 8 38 3 8 8 3 8 8 5 8 5 8 8 3 8
¢ % ¢ ¢ 9 6 o 5 5 o S $ ¢ % ¢ 65 5 5 & o % ¢ 9 9 6 6 s 6 © 5 o
ign(i)p (8.u) sign(izp (a.u) sign(i)p (a.u)
X2A-B-288 K X2A-B-303 K X2A-B-318 K
2,00 0.020 0020 0.020
180 0015 0015 0015
160 0010 0010 0010
140 0005 44 0005 0.005
- 0000 0000 _ 0.000
5 120 5 5
kS -0.005 & -0.005 & -0.008
1.00 [N
g & -0.010 8§ -0.010 § -0.010
& 080 0015 ® -0015 % -0.015
080 -0020 °© -0020 © -0.020
040 -0.025 -0.025 -0.025
020 -0.030 -0.030 -0.030
0.00 -0.035 -0.035 -0.035

£ 2 8 35858833 8 2 3 3 23585 ¢8238% 2 23 85835498238
-4 3328335338 3 S $33823353538 3 3333335385
¢ ¢ F 9§ P § ¢ 9 § T FF TS

sign(ilp (a.u) sign(ilp (a.u) sign(iz)p (au)

X2A-B-333K X2A-B-348 K X2A-G

Fig. S58. The scatter diagram for RDG versus sign (A2) p of X2A-B-CICH,CH,Cl crystals at different temperature (288 K,
303 K, 318 K, 333 K, 348 K) and X2A-G crystal.
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Fig. $59. Electrostatic potential (ESP) analysis of X2A-B-CICH,CH,ClI crystals at different temperature and X2A-G crystal
(the geometry were extracted from single crystal).
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Fig. $60. Gradient isosurfaces for X2A-B-CICH,CH,Cl crystals at different temperature (288 K, 303 K, 318 K, 333 K, 348 K)
and X2A-G crystal.

Table S11. Transfer integrals of X2A-B-CICH,CH,Cl crystals at different temperature (288 K, 303 K, 318 K, 333 K, 348 K)
and X2A-G crystal.

Crystal A_H--B_H (meV)
X2A-B-288 K 17.38
X2A-B-303 K 18.41
X2A-B-318 K 19.88
X2A-B-333 K 21.48
X2A-B-348 K 23.30

X2A-G 108.53
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Fig. S61. HOMO, LUMO orbits of X2A-B-CICH,CH,Cl crystals at different temperature and X2A-G crystal (the geometry
were extracted from single crystal).
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Fig. S62. The geometries of I-VI at excited state, which can be divided to two steps (rotation of anthracene planes and
swing of anthracene planes).
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