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1. Powder X-ray diffraction analyses

As diffraction peaks were observed by powder X-ray diffraction (PXRD) measurement, the
powdered precipitates of 1b—d and 1f obtained from toluene should be the aggregates of microcrystals.
The intensity of diffraction patterns of 1b—d and 1f decreased after grinding, which indicates the

amorphization of the crystalline structures in response to mechanical stimuli (Figure S1).
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Figure S1. PXRD patterns for 1b (a), 1c (b), 1d (c), and 1f (d). Experimental patterns of the

powdered precipitates obtained from toluene (blue). Experimental patterns of the samples after

grinding (red).
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PXRD patterns of 1a and 1le showed that the crystal structures of plate-like crystalline samples
prepared from toluene solutions were identical to those of their single crystals prepared from
CHCly/hexane. The intensity of diffraction patterns of 1la and le decreased after grinding and

recovered after heating (Figure S2).
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Figure S2. PXRD patterns for the MCL of 1a (a) and 1e (b). Simulated patterns calculated from the
single-crystal X-ray diffraction structures prepared from CHCl,/hexane (black). Experimental patterns
of the samples prepared by recrystallization from toluene (blue), after grinding (red), and after heating

(green).
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2. Fluorescence spectra of crystalline 1a—f before and after grinding

Fluorescence spectra showed significant shifts in maximum emission wavelengths of plate-like
crystals 1a and 1le after grinding, whereas slight shifts or broadening of spectra were observed for

needle-like crystals 1b—d and 1f after grinding (Figure S3).
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Figure S3. Fluorescence spectra for crystalline (blue) and ground (red) 1a (a), 1b (b), 1c (c), 1d (d),
1e (e), and 1f (f) irradiated with UV light at 365 nm.
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3. Differential scanning calorimetry (DSC) analyses

The DSC thermograms of plate-like crystals 1a and le showed endothermic peak that
corresponds to their melting points (1a: 7, = 257 °C; 1e: T, = 231 °C). Cold crystallization transition

peaks (7¢) were observed for ground samples of 1a (74 °C) and 1e (94 °C). (Figure S4).
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Figure S4. DSC thermograms for 1a (a) and 1e (b).
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4. Single-crystal X-ray diffraction analyses

X-ray analysis of 1a

A single crystal of 1a was obtained from vapor diffusion of hexane into a chloroform solution of
1a and was mounted on a glass fiber. All measurements were made on a Rigaku XtaLAB P200
diffractometer using multi-layer mirror monochromated Cu-Ka radiation (A = 1.54184 A). The data
were collected at a temperature of —50 + 1 °C to a maximum 26 value of 153.0°. A total of 5604
oscillation images were collected. The crystal-to-detector distance was 40.00 mm. Readout was
performed in the 0.172 mm pixel mode.

Of the 26524 reflections that were collected, 4598 were unique (Rix = 0.0353); equivalent
reflections were merged. Data were collected and processed using CrysAlisPro (Rigaku Oxford
Diffraction).! The linear absorption coefficient, y, for Cu-Ka radiation is 13.728 cm™'. An empirical
absorption correction was applied which resulted in transmission factors ranging from 0.645 to 0.830.
The data were corrected for Lorentz and polarization effects.

The structure was solved by direct methods (SIR92)* and expanded using Fourier techniques. The
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding
model. All calculations were performed using the CrystalStructure3 crystallographic software package
except for refinement, which was performed using SHELXL Version 2014/7.*

Crystal data for 1a (CCDC1984811): Cs53HoN4S, M = 506.62, triclinic, a = 10.22254(9) A, b=
10.98801(10) A, ¢ = 12.00679(9) A, a = 110.8577(7)°, B = 92.4058(7)°, y = 90.1529(7)°, V =
1258.951(19) A®, space group P-1 (no. 2), Z=2, D, = 1.336 g cm >, F(000) = 528.00, T = 223(1) K,
u(Cu-Kar) = 13.728 ecm™', 26524 reflections measured, 4598 independent (Riy; = 0.0353). The final
refinement converged to R, = 0.0331 for /> 2.00(/), wR, = 0.0907 for all data.
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Figure S5. Molecular structures of 1a in crystalline state with atomic displacement parameters set at
50% probability (Color code: gray and orange = C; blue = N; yellow = S; red = O; green = stacked
benzothiadiazole rings). All hydrogen atoms are omitted for clarity. (a) Molecular structure. (b) Front
view for molecular structures of adjacent two molecules. (c) Side view for molecular structures of
adjacent two molecules. (d) Packing structure viewed along b-axis. (e) Packing structure viewed

along a-axis.
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X-ray analysis of 1e

A single crystal of 1e was obtained from vapor diffusion of hexane into a chloroform solution of
le and was mounted on a glass fiber. All measurements were made on a Rigaku XtaLAB P200
diffractometer using multi-layer mirror monochromated Cu-Ka radiation (A = 1.54184 A). The data
were collected at a temperature of —50 + 1 °C to a maximum 26 value of 153.4°. A total of 5908
oscillation images were collected. The crystal-to-detector distance was 40.00 mm. Readout was
performed in the 0.172 mm pixel mode.

Of the 27438 reflections that were collected, 4709 were unique (Ri, = 0.1352); equivalent
reflections were merged. Data were collected and processed using CrysAlisPro (Rigaku Oxford
Diffraction).! The linear absorption coefficient, u, for Cu-Ka radiation is 14.193 cm™'. An empirical
absorption correction was applied which resulted in transmission factors ranging from 0.440 to 0.898.
The data were corrected for Lorentz and polarization effects.

The structure was solved by direct methods (SIR2011)* and expanded using Fourier techniques.
The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding
model. All calculations were performed using the CrystalStructure3 crystallographic software package
except for refinement, which was performed using SHELXL Version 2014/7.*

Crystal data for 1e (CCDC1984812): C33H,1FN4S, M = 524.61, triclinic, a = 10.25600(12) A, b=
11.01019(14) A, ¢ = 12.04356(15) A, a = 108.3702(11)°, B = 93.4257(10)°, y = 90.4464(10), V =
1287.85(3) A®, space group P-1 (no. 2), Z= 2, D, = 1.353 g cm >, F(000) = 544.00, T = 223(1) K,
w(Cu-Kar) = 14.193 cm™', 27438 reflections measured, 4709 independent (Riy; = 0.1352). The final
refinement converged to R, = 0.0547 for / > 2.00(1), wR, = 0.1566 for all data.
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Figure S6. Molecular structures of 1e in crystalline state with atomic displacement parameters set at
50% probability (Color code: gray and orange = C; blue = N; yellow = S; red = O; yellow green = F;
green = stacked benzothiadiazole rings). All hydrogen atoms are omitted for clarity. (a) Molecular
structure. (b) Front view for molecular structures of adjacent two molecules. (c) Side view for
molecular structures of adjacent two molecules. (d) Packing structure viewed along b-axis. (e)

Packing structure viewed along a-axis.
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5. Theoretical calculations

Table S1. Calculated absorption properties of triphenylimidazolylbenzothiadiazole derivatives.

Compd Caled Transition from Oscillator HOMO LUMO Dipole
absorption HOMO to LUMO strength (eV) (eV) moment
Aqbs (M) (D)
la 364.72 0.64133 0.2708 —6.57 -1.20 3.786358
1a (opt) 369.18 0.64004 0.3707 —6.59 -1.22 3.333850
1d-1 424 .81 0.66767 0.4608 —6.37 -1.38 3.631136
1d-1 (opt) 377.15 0.64620 0.4506 —6.49 -1.14 3.988018
1d-2 414.51 0.67109 0.5391 —6.29 -1.27 7.408554
1d-2 (opt) 369.01 0.64238 0.4682 —6.49 -1.06 5.955150
le 369.36 0.64685 0.2531 —6.59 -1.30 3.551846
1e (opt) 372.50 0.64148 0.3732 —6.62 -1.29 3.588022

Crystal structures
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LUMO

Optimized structures
HOMO LUMO

Figure S7. HOMO and LUMO for crystal structures (a, c, e, and g) and optimized structures (b, d, f,
and h) of 1a (a and b), 1d-1 (c and d), 1d-2 (e and f), and le (g and h) calculated at the
CAM-B3LYP/6-31G(d) level. The structures are drawn by VESTA.’
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6. Solid-state absorption spectra of 1a—f before and after grinding

Significant shifts in the absorption spectra were observed for plate-like crystals 1a and le after
grinding, whereas those of needle-like crystals 1b—d and 1f were almost unchanged after grinding

(Figure S8).
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Figure S8. Solid-state absorption spectra for crystalline (blue) and ground (red) 1a (a), 1b (b), 1¢ (c),
1d (d), 1e (e), and 1f (f).
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13C NMR spectrum of 1a (126 MHz, in CDCl,)

|

m

I |

|
ipal I
W

‘it il oo i bl T

i i
A Ve onend o thed Wl AT
ot it st ooy s K mapraand bl

cDCl,

Acaquisition Time (sec) 10912 | Comment 1f [p 000345 | D1 2 [ pE 6

DS 4 ‘ Date 20 Jul 2018 10:55:43 Date Stamp 20 Jul 2018 10:55:43

File Name C:¥Users¥Asami-Lab¥Desktop¥1¥PDATA¥1¥1r Frequency (MHz) 125.7578 GB 0 ‘ INSTRUM spect

LB 1 NS 1024 Nucleus 13C Number of Transients 1024 Origin spect
Original Points Count 32768 Owner root PC 14 PROBHD 5 mm BBO BB-1H Z-GRD Z859001/0006 >
PULPROG gpg30 Points Count 32768 Pulse Sequence zgpg30 | Receiver Gain 4096.00 SF 125.757789
SFO1 125.770364304853 SI 32768 SSB 0 SW(cyclical) (Hz) 30030.03
SWH 30030.03003003 Solvent CHLOROFORM-d Spectrum Offset (Hz) 12572.4346
Spectrum Type standard Sweep Width (Hz) 30029.11 D 65536 DO 1 TE 300.3
Temperature (degree C) 27.300 wbw 1

Ph

\
N

A e oA g W ‘.\‘wv.u"‘/vwm,wW\M\,«W\mwmwL;ﬁ‘wwfwm
S @ g e D RDORNNNOONNN DN NN N
@ o 29 s & DO O 00mm®©0mNNNO I
© ©o o~ ©o W N QOUUONIDNRAR2000DWD w
S B Be SR 9 BRSNREREs8SNIsE 8
146 144 142 140 138 136 134 132 130 128 126 Chemical Shift (ppm)
I
M 11BN )
| A\ , M " o
N 4 Ao
[S¢)] AW WWWNRNNNNNNNN
» L OO BRI O0O0000®NNW
O W O © WNONOODA 200 WWw
a1 © o © DO NOPW=20 =0 =
RN N R N N e L N N R R RN R SRR T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
176 168 160 152 144 136 128 120 112 104 96 88 80 72 24 16 Chemical Shift (ppm)

S14



'"H NMR spectrum of 1b (500 MHz, in CDCl,)
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13C NMR spectrum of 1b (126 MHz, in CDCl,)
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"H NMR spectrum of 1¢ (500 MHz, in CDCl,)
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13C NMR spectrum of 1¢ (126 MHz, in CDCl,)
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'"H NMR spectrum of 1d (500 MHz, in CDCl,)
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13C NMR spectrum of 1d (126 MHz, in CDCl,)
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"H NMR spectrum of 1e (500 MHz, in CDCl,)
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13C NMR spectrum of 1e (126 MHz, in CDCl,)
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'"H NMR spectrum of 1f (500 MHz, in CDCl,)

Acquisition Time (sec) 31719 ‘ C 1t 1.4-diazabicyclo[2.2.2]octane l D 3.827959 D1 3.827959

DE 6 ‘ DS 2 Date 11 Jul 2018 13:13:52 Date Stamp 11 Jul 2018 13:13:52
File Name C:¥Users¥Asami-Lab¥Desktop¥1¥PDATA¥1¥1r Frequency (MHz) 500.1300 GB 0 INSTRUM <spect>

LB 0.1 NS 8 Nucleus 1H Number of Transients 8 Origin spect

Original Points Count 32768 Owner root PC 1 PROBHD <5 mm BBO BB-1H Z-GRD 7859001/0006 >

PULPROG <zg30> Points Count 32768 Pulse Sequence 2g30 Receiver Gain 362.00 SF 500.130006648269
SFo1 500.133088507478 SI 32768 SSB 0 SW(cyclical) (Hz) 10330.58

SWH 10330.5785123967 Solvent CHLOROFORM-d Spectrum Offset (Hz) 3074.3074
Spectrum Type standard Sweep Width (Hz) 10330.26 D 65536 ‘ D0 1 TE 298.9

Temperature (degree C) 25.900 wDw 1

Desktop.001.001.1r.esp

CHCl, (CHCl;  Ph N
J, PR N
Ph N_ _N
S
1H 5H 1f
TH 2H
2H
2H ' ‘ |
) I | |
[ | | |
1H 3H I I I
2H 5H 3H il I It
I il i
1H “‘ “‘ J“ “\“‘ | J “‘\:‘
2H | 2H 55 BN iy P NRRRRNS 132 35
2H ‘ e B e e e SPGB e e SR ER TR RREGE e
10 805 800 795 790 78 78 775 770 765 760 755 750 745 740 735 730 725 720 715 710 7.05 7.00 6.95Chemical Shift (ppm)
H,O
| | TMS
I | ‘
| ’\\ 1] I
‘ ‘ IH' \“ |
LT |
Il ‘“H\‘ [ i
LAl J |
i Mt UV bt W i \ U
OONNNNNNSNNSNNSNNNNN
RRRIIFITINERNSER
R R
8.5 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 Chemical Shift (ppm)

S23



13C NMR spectrum of 1f (126 MHz, in CDCl,)
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