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S1. General Experimental Methods

Sodium thiophenolate, perfluorobenzene, 1.3-diphenylisobenzofuran (DPBF) and Platium(ll) octaethylporphine (PTOEP) used in the
experiment were available from energy chemical and used as received. Unless otherwise noted, all the solvents used in this experiment
were purchased from Greagent and used directly. The 1H NMR, 3C NMR and °F NMR were measured on a Bruker 400L spectrometer
in chloroform-d and DMSO-d6 using tetramethylsilane as internal standard. Mass spectra were recorded on a Matrix Assisted Laser
Desorption lonization-Time of Flight/Time of Flight (MALDI-TOF) Mass Spectrometer (5800). Powder X-ray diffraction data were
collected using a Bruker D8 ADVANCE. The UV-Vis absorption spectra were recorded on a Perkin-Elmer Lambda 750
spectrophotometer. Photoluminescence (PL) spectra were collected on an Edinburgh FLS-1000 luminescence spectrometer equipped
with a xenon lamp. The PL decay spectra were recorded on Edinburgh FLS-1000 luminescence spectrometer equipped with a
microsecond flashlamp as the excitation source (frequency = 100 Hz) and EPL-375 nm picosecond pulsed diode laser as the excitation
source for microsecond and time correlated single-photon counting (TCSPC) measurements, respectively. The IRF was measured using
silica solution as the reference standard. The absolute fluorescence quantum efficiencies were measured on QM40 with an integrating
sphere (¢ 150 mm) from Photo Technology International, Inc. (PTI, USA). Dynamic light scattering (DLS) experiments were carried out
with Malvern Instruments Nano-Zeta Potential Analyzer ZS-90. Transmission electron microscopy (TEM) was performed on FEI Tecnai
G2 F20 S-TWIN with an accelerating voltage of 200 kV. Single crystal X-ray diffraction signals were collected by a Bruker D8 Venture
operating at room temperature, and their structures were resolved and analyzed with the assistance of shelx-2014 software. TG
analyses were performed on a Metller TG instrument under a dry nitrogen atmosphere at a heating rate of 20 °C/min. DSC analyses
were performed with a TAQ2000 instrument under nitrogen atmosphere at a heating rate of 20 °C/min. Optical fluorescence images
were taken by using a Nikon microscope at the excitation of UV (365 nm) light. A relatively large concentration (1 mM) of compound
1 was used for the PL spectral measurements in CAN is because 1) The cultivation of 1-V crystals is based on the recrystallization at
high concentration under UV irradiation; 2) When recording the average size of compound 1 in response to UV on and off in the DLS
test, a high concentration is to ensure that the observable size is instrument reachable.

$2. Synthesis and Crystal Cultivation

The sodium benzenethiolate (520 mg, 4 mmol) and perfluorobenzene (115 uL, 1 mmol) were dissolved in N,N-Dimethylformamide (20
mL) and refluxed at 40 °C for 48 h. A precipitate was obtained with the addition of water (20 mL). The resulting precipitate was filtrated
and washed with ethanol and water to give yellow powder (1-powder) in 76.2 % yield (416.40 mg). The as prepared powder was
purified in silica gel column of petroleum ether (PE) and DCM (10:1), then crystallization in ACN and mixed solvent of EtOH and DCM
(EtOH:DCM=1:2), respectively. The crystals recrystallized from the ACN and mixed solvent of EtOH and DCM showed blue and yellow
fluorescence, as named 1-B and 1-Y, respectively. We then employed continuous UV irradiation from a handheld 365 UV lamp (3.70
mW/cm?) for 4 hours during the above two crystallization process before amount crystals deposited in the single neck round bottom
flask, yielding a novel violet fluorescence single crystal of 1, i.e. 1-V. 'H NMR (400 MHz, chloroform-d) 6= 7.26-7.16 (m, 20H) ppm. 3C
NMR (100 MHz, chloroform-d) 6= (160.53, 158.07, d, J = 249), 134.69, 129.47, 129.08, 128.96 (d), 127.01, ppm. MS: MALDI-TOF MS,
m/z: calculated for C3gH,oF,S4, 546.04; found m/z, 546.10. The structural characterization is shown in Fig. S4.
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Fig. S1. Synthetic route for Compound 1.
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$3. Computational Details

The molecular structures for the different polymorphs of Compound 1 (marked as 1-Y, 1-B and 1-V) required for the quantum-
chemical calculations were initially extracted from the single-crystal X-ray diffraction experiment. All the crystals contain two
slightly different conformers in the elementary cell of each 1-Y, 1-B and 1-V polymorph. Upon the optimization procedure both
conformers lead to the same global minimum structure independently on the initial structure extracted from 1-Y, 1-B or 1-V
elementary cell. Thus, to investigate the photophysical behavior of particular conformers stable only in crystal state we have
performed single point B3LYP/6-311++G(d,p) calculations!!! accounting for the empirical dispersion correction (GD3) in order to
estimate the relative energy of different conformers. Based on the same geometries we have calculated the energies of the 10
singlet and 10 triplet excited states by the TDDFT method? at the cam-B3LYP/TZP level of theoryBl. The SOC matrix elements, (i=1-
10; j=1-10) were calculated perturbatively® as root mean squares, i.e. as square root of the sum of squares of spin-orbit coupling
matrix elements of all triplet state sublevels (m=0,+1) of the uncoupled states:

<Si |ﬁso‘Tj>:\/ Z<Si IA{SO‘T;WY

m=0,%1 (1)

The spin-orbit coupling operator was considered in our calculations within the zeroth-order regular approximation (ZORA).I5] The
cam-B3LYP was used because of the charge-transfer nature of the S; and low-lying triplet states, while B3LYP functional strongly
underestimates the energy of these states (it was recently shown for the related perchalcogenated (O, S, and Se) arenes).[9l In order
to understand the structural changes happened with the 1 molecule upon excitation, we have also optimized its structure in the
first excited singlet (S;) and triplet (T,) states by the (TD)DFT-B3LYP/6-311++G(d,p) and UB3LYP/6-311++G(d,p) methods,
respectively. This type of calculations as well as GD3-B3LYP/6-311++G(d,p) calculations were performed within Gaussianl6
software,!”! while the cam-B3LYP/TZP calculations and subsequent SOC calculations have been carried out within ADF2018
package.(®
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S4. Additional Results
Table S1 Crystal data and refinement details for 1-Y

Compound 1-Y

CCDC number 2080762
Empirical formula C30H20F2 54
Formula weight 546.70
Temperature 298(2) K
Wavelength 1.34138 A
Crystal system, space group Triclinic, P1

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 53.594
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigma(l)]

R indices (all data)

Largest diff. peak and hole

a=9.6192(3) A
b=14.1327(5) A
c=14.9715(5) A
1976.33(12) A”3
3, 1.378 g/cm”3
2.359 mm~-1
846

0.032 x 0.025 x 0.022 mm?3

4.735 to 54.879°

-11<=h<=11, -17<=k<=17, -18<=Ix=17
24199 / 7435 [R(int) = 0.0485]
99.3%

Semi-empirical from equivalents
0.751 and 0.527

Full-matrix least-squares on FA2
7435/0/488

1.030

R1=0.0377, wR2 = 0.1003
R1=0.0454, wR2 = 0.1058

0.337 and -0.355 e.A"-3

o =76.315(2)°
B=88.160(2)°
y = 88.8180(10)°
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Table S2 Crystal data and refinement details for 1-B

Compound

1-B

CCDC number

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 53.594
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigmal(l)]

R indices (all data)

Largest diff. peak and hole

2080763
C30 H20 F2 54
546.70

298(2) K
1.34138 A
Triclinic, P1
a=9.6203(3) A
b =14.1325(5) A
c =14.9666(5) A

o = 76.2930(10)°
B=88.135(2)°
y = 88.840(2)°

1975.68(11) A3

3, 1.378 g/cm”3

2.359 mm~-1

846

0.270 x 0.090 x 0.030 mm?3
4.000 to 58.492°

-12<=h<=12, -17<=k<=17, -19<=I<=19
35784 / 8473 [R(int) = 0.0326]
99.7 %

Semi-empirical from equivalents
0.752 and 0.577

Full-matrix least-squares on FA2
8473 /0/ 487

1.044

R1=0.0316, wR2 = 0.0857
R1=0.0356, wR2 = 0.0889
0.251 and -0.273 e.A"-3
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Table S3 Crystal data and refinement details for 1-V

Compound 1-v

CCDC number 2080761
Empirical formula C30H20F2 54
Formula weight 546.70
Temperature 298(2) K
Wavelength 1.34138 A
Crystal system, space group Triclinic, PT

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta = 53.594
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on FA2

Final R indices [I>2sigmal(l)]

R indices (all data)

Largest diff. peak and hole

a=9.6172(2)A

b =14.1315(3) A
c=14.9727(3) A
1975.81(7)A"3
3, 1.378 g/cm”3
2.359 mm~-1
846

0.056 x 0.047 x 0.035 mm?3

4.856 to 54.892°

-10<=h<=11, -17<=k<=17, -18<=I<=18
25354 / 77432 [R(int) = 0.0283]

99.2 %

Semi-empirical from equivalents
0.751 and 0.590

Full-matrix least-squares on FA2
7432 /0/488

1.024

R1=0.0304, wR2 = 0.0808
R1=0.0341, wR2 = 0.0838

0.193 and -0.231e.A%-3

o = 76.3000(10)°
B=88.1760(10)°
y = 88.8440(10)°
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Fig. S2. Intermolecular short interaction displays of (a) 1-Y (b) 1-B (c) 1-V and (d) its corresponding powder X-ray diffraction
spectra.
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Table S4. 4.1 Selected torsion angles (8, deg.) for the different conformers of 1

Molecule | 6:/6,[A] [ 8:/6,[B] | 6:/6,[C] | 6,/6,[D]

1Y () |-62.5/-20.4 | 61.5/26.7 | -53.5/-30.6 | 41.5/48.7

1Y (I) | -50.6/-24.1 | 58.1/38.6 | -58.1/-38.6 | 50.6/24.1 . @
1-B(I) |-622/-20.5 | 61.6/26.5 | -53.6/30.5 | 41.6/48.6 | Lo o |

1-B(Il) |-50.4/-23.9 | 57.8/38.8 | -57.8/-38.8 | 50.4/23.9

1V () |-623/-20.5 | 61.5/26.5 | -53.6/-30.5 | 41.6/48.8 | ¢ s

1V () |-50.5/-24.1 | 58.0/38.8 | -58.0/-38.8 | 50.5/24.1 F

1-opt (So) | -56.2/-53.8 | 55.5/53.0 | -55.5/-53.0 | 56.2/53.8

1opt(S;) | -87.0/-0.1 | 96.0/2.5 | -87.0/-0.1 | 96.0/2.5 o(abed) = b,

1opt (T,) | -51.8/-44.0 | 52.2/37.0 | -51.8/-44.0 | 52.2/37.0 0(bcde) = 0

4.2 Selected bond lengths for the different conformers of 1

C-Sbhond (A)

C4-51
C1-51

C3-52

C4-51
C1-51

C3-52

C-Shond (A)

C4-51
Cc1-51

C10-52

C3-52

C10-52

C-Shond (A)

C10-52

1-Y Symmetrical II

C-C central core (Jn!\)
1.774 C1-C3 1.409
1.764 C3-C2 1.381
1 LT S) C2-C1 1.386
1.761

1-V Symmetrical IT

C-C central core (A)

1.776 CLC3 1.407
1.767 C3-C2 1.385
1.772 C2-C1 1.384
1.762

S, Symmetrical I

C-C central core (A)

1.798 C1-C3 1.469
1.768 E5S0 1595
1.781 C2-C1 1.390
1.761

C-F bond (A)
1.353

C-Fbond (A)
1.346

C-Fbond (A)
1.350
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1-B Symmetrical II

C-Shond (A)

C4-51 1 i | 1 ES 1.404
C1-51 1.763 C3-C2 1.388
C10-52 1.775 c2-C1 1.384
C3-52 1.765
S, Symmetrical IT

C-Sbond (A) C-C central core (A)
C4-51 1.798 CES 1.411
C1-51 1.790 C3-C2 1.396
C10-52 1.798 C2-C1 1.396
C3-52 15490

T, Symmetrical IT

C-Shond (A)

C4-51 1.799 C1-C3
C1-51 1.763 C3-C2
C10-52 1.790 C2-C1
C3-52 1.763

C-C central core (A)

C-C central core (A)

1.483
1.386
1.393

C-Fbond (A)
1.344

C-Fbond (A)
1.343

C-Fbond (A)
1.353
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Fig. S3. The general mechanism of conformation-dependent emission for 1-Y, 1-B, and 1-V. Abbreviations ISC, IC, IET and

SOCME correspond to the intersystem-crossing, internal conversion, intermolecular energy transfer and spin-orbit
coupling matrix elements, respectively.
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Fig. 4. (a) *H NMR, (b) °F NMR, (c) 3C NMR spectra of 1-Y (yellow line), 1-B (blue line), 1-V (violet line) in chloroform-d,
and (d) MALDI-TOF mass spectra of 1-Y (yellow line), 1-B (blue line), 1-V (violet line).
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Fig. S5. Normalized absorption (Abs.) spectra and photoluminescence (PL) spectra of 1-Y, 1-B and 1-V in ACN (1 mM).

40, 50/
R Ba
- 4 2 a1
_g 25 15ty - :“ origin %‘ 304 3th uv z :6
B 2 i3
3 29 I 3 -
2 52 i= 3 dark
3 15 S 15t dark 22 ¥
10| null 10! null
Lsize=0.818 nm Lsize=4.140 nm
a o ”
50| 50]
= T
§ 40 8 g 40, -
[} - s ol
&, [avuv | fo 2ddark g, ahuv | iz 4Mdark
— E 2 a', 52
] P & i
E 20 : S 20 !
= null = null
10| . 10] .
Xsize=2.710 nm Xsize=4.140 nm
o T T 0 T T T
0.1 . 10 100 1000 0.1 1 10 100 1000
Size (d.nm) Size (d.nm)

Fig. S6. (a) DLS results of Compound 1 in ACN (1mM) in four cycles of UV irradiation (a handheld lamp, 3.70mW/cm?) for
1 min and then placed in a dark state for 15 min. (b) TEM images of 1 in ACN after photoirradiation for 1min.
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Fig. S7. (a) PL spectra of Compound 1 in ACN at room temperature (1 mM) with increased UV (365 nm) irradiation time.
(b) PL decay curves of Compound 1 in ACN (1ImM) at room temperature.
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Fig. S8. (a) PL spectra and (b) Powder X-ray diffraction of 1-V recrystallized in ACN (V-ACN) and in mixed solvent of EtOH

and DCM (V-EtOH+DCM).
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Fig. S11. PL spectra of (a) 1-Y, (b) 1-B, (c) 1-V crystals fumed with ethanol (EtOH), toluene (Tol), dichloromethane (DCM),
acetonitrile (ACN), ethyl acetate (EA), N,N-dimethylformamide (DMF) and tetrahydrofuran (THF) for 5 min.
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1-Y Symmetrical IT

C-S bond (A) C-C central core () C-F bond (&)
C4-51 1.774 C1-C3 1.409 1.353
C1-51 1.764 C3-C2 1.381

Cc10-S2 1.773 C2-C1 1.386

C3-52 1.761

1
avg(9,) = 54.75°

1-Y-UV 5min Symmetrical II

C-Shond(A) C-Ccentralcore (&)  C-F bond (A)
c4-51 1.770 C1-C3 1.405 1.349
C1-51 1.763 C3-C2 1.389

C10-52 1.774 C2-C1 1.380

C10-52 1.767

.I\' 1
avg(0,) = 54.21°

Fig. S12. The unit cell displays and representative average torsion angles and bond lengths of the SCs. (a) 1-Y. (b) 1-Y after
an in situ UV irradiation for 5 min (1-Y-UV 5min).

Table S5. Crystal data and refinement details for 1-Y-UV 5min

Compound 1-Y-UV 5min

CCDC number 2080764

Empirical formula C30H20F254

Formula weight 546.70

Temperature 298(2) K

Wavelength 1.34138 A

Crystal system, space group Triclinic, P1

Unit cell dimensions a=9.6194(2) A o =76.2900(10)°

b=14.1326(3)A  B=88.1700(10)°
c=14.9765(3) A v =288.8540(10)°

Volume 1976.83(7)AN3

Z, Calculated density 3, 1.378 g/cm”3

Absorption coefficient 2.358 mmA~-1

F(000) 846

Crystal size 0.032 x 0.025 x 0.022 mm3
Theta range for data collection 4.000 to 54.867°

Limiting indices -11<=h<=11, -17<=k<=17, -18<=I<=17
Reflections collected / unique 25912 / 7450 [R(int) = 0.0514]
Completeness to theta = 53.594 99.4 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.751 and 0.483

Refinement method Full-matrix least-squares on F/2
Data / restraints / parameters 7450 /0 /488

Goodness-of-fit on FA2 1.042

Final R indices [I>2sigma(l)] R1=0.0382, wR2 =0.1023

R indices (all data) R1=0.0419, wR2 = 0.1058
Largest diff. peak and hole 0.377 and -0.327 e.A"-3
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