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SⅠ Experimental Methods

Sample Preparation and High-Pressure Generation: Dibenzo[b,d]thiophene 5,5-
dioxide was purchased from TCI (Dibenzothiophene Sulfone, D4153) and used directly without 
purification. The high-pressure experiments were performed by the DAC. The sample was placed 
in the T301 gasket hole with a diameter of 150 μm and a thickness of 40 μm. And a small ruby 
ball was placed next to the sample for in-situ pressure calibration. In the high-pressure PL and 
ADXRD experiments, silicone oil (Aldrich) was used as the pressure-transition medium (PTM). 
KBr was used as the PTM in IR experiments.
Optical Measurements: In-situ high-pressure PL and absorption photos of the samples were 
shot by Canon Eos 5D mark II equipped with Nikon Eclipse TI-U microscope. The absorption 
spectra light source adopted deuterium−halogen light source, and the PL excitation source was the 
355 nm line of a UV DPSS laser. The Spectrometer adopted Ocean Optics QE65000 spectrometer. 
IR micro spectroscopy of DBTS was carried out on Nicolet iN10 microscope spectrometer 
(Thermo Fisher Scientific, USA) using a liquid-nitrogen-cooled detector. The excitation spectra 
and AIEE experiments measurements were carried out on Edinburgh FLS980.
ADXRD Measurements: In situ high-pressure powder ADXRD experiments were carried out 
with the support of 4W2 beamline at Beijing Synchrotron Radiation Facility with a wavelength of 
0.6199 Å. The ADXRD patterns were collected for 300 s at each pressure and then were 
integrated with FIT2D program. The lattice parameters were analyzed by Materials Studio using 
ADXRD data.
Computation Details: Geometry optimization was performed for the DBTS at different 
pressures, based on the first principles plane-wave pseudopotential density functional theory[1] as 
implemented in the CASTEP package.[2] The starting structure DBTHPS02 (Deposition Number 
1051696) was obtained from the Cambridge Structure Database. The functional GGA and PBE 
was used in the calculation.[3] Using TS method for DFT-D correction.[4] The convergence levels 
for total energy, max force, max stress, max displacement, and SCF iterations were fine. Hirshfeld 
surfaces and contributions of intermolecular contacts to the Hirshfeld surface area were calculated 
by Crystal Explorer 17.5.[5-7] We also could get information about relative contributions of 
intermolecular contacts to the Hirshfeld surface area from it. The equilibrium structure of the 
molecule in the S0 and S1 states was obtained at the density functional theory (DFT) / time-
dependent DFT (TD-DFT) level, respectively. All the DFT/TD-DFT calculations were carried out 
using Gaussian 09 (version D.01) package on a PowerLeader cluster.[8] The frequency analysis of 
DBTS monomer was performed at the B3LYP/6-31G (d, p) level. The relaxation energy was 
analyzed by using DUSHIN program developed by Reimers.[9] The absorption and emission 
properties of DBTS monomer and DBTS dimer, including wavelengths and natural transition 
orbitals (NTOs), were obtained at the B3LYP-GD3/6-31G (d, p) level. At high pressure, the 
molecular equilibrium geometry of S0 and S1 and the frequency of the regular mode were obtained 
by using TPSSh functional and 6-31G** basis set. reorganization energy was calculated by 
MOMAP program. [10-12]
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SⅡ Figures and tables

Figure S1. (a) Molecular structure of DBTS (b, c, d) Packing arrangement of DBTS crystal along 

different axises at ambient conditions.
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Figure S2. (a) Absorption spectra of DBTS in the THF-H2O mixed solvent medium at different 

water fraction. (b) PL spectra of DBTS in different polar solvents. (c) PL spectra of DBTS (40 μM) 

in the THF-H2O mixed solvent medium at different water fractions. (λex = 300 nm). (d) PL 

intensity with different water fraction.
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Figure S3. NTOs for S0→S1 and S1→S0 of (a) DBTS monomer and (b) DBTS dimer. NTOs were 

calculated based on the optimized ground state geometry for S0→S1 and the optimized excited 

state geometry for S1→S0, respectively.

As shown in Figure S3, relative to the NTOs of DBTS monomer, the NTOs of DBTS dimer 

show a large overlap of electron wavefunction between two DBTS monomers, which 

demonstrates a strong π-π interaction between two DBTS monomers. This large overlap of 

electron wavefunction explains the emission red shift of DBTS crystal relative to DBTS monomer 

in solution.
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Table S1. Absorption and emission properties of DBTS in vacuum gas phase by TDDFT-B3LYP-

GD3/6-31G (d, p) at the optimized geometries.

Molecules Abs/Emi
Electronic

transition
λcal (nm) λexp (nm) 

Abs S0→S1 290.80 323 (in Hexane)
DBTS

Emi S1→S0 358.74 330, 344 (in Hexane)

Abs S0→S1 325.19 355 (in crystal)
DBTS dimer

Emi S1→S0 414.43 405 (in crystal)

Figure S4. (a) Excitation spectra of DBTS crystal. (b) FWHM of DBTS gradually widened under 

pressure.
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Figure S5. (a) The emission red shift of DBTS under pressure compared with other representative 

piezochromic materials. [13-19] (b) The PL wavelength and PL intensity under different pressure. (c) 

The DBTS was repeatedly pressurized to 6 GPa by DAC and then relieved, and finally pressurized 

to 8 GPa and then relieved, showed favorable recoverability.

Figure S6. Calculated intermolecular π-π distance of DBTS on different pressure.
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Figure S7. The calculation details of relaxation energy using the four-points approach. Here, the 

relaxation energies g and ex are along the potential energy surfaces of ground state (S0) and 

excited state (S1), respectively; the vertical axis is the energy E, and the horizontal axis is the 

normal mode displacement Q.
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Table S2. The vibrational relaxation energy of DBTS along the ground state and excited state 

potential energy surface by DUSHIN.

Frequency

(cm-1)

λg

λi (cm-1)

Frequency

    (cm-1)

λex

λi (cm-1)
76 0 33 0
105 0 100 0
114 0 115 0
167 0.1 136 0
194 3.7 192 3.9
237 0 224 0
303 0 267 0
337 0 271 0
353 182.6 356 287.7
401 381.4 390 0
430 0 404 271.4
457 0 431 0
480 0 438 0
549 0 471 0
554 9.5 494 0
565 0 527 14.1
571 0 555 0
630 0 610 0
707 20.2 645 0
725 0 679 38.6
733 0 681 0
743 0 693 0
770 0 733 0
774 104 764 105.1
789 0 766 0
883 0 830 0
883 0 842 0
952 0 947 0
952 0 948 0
994 0 967 0
996 0 969 0
1021 0 979 0
1053 113.9 1007 8.4
1053 0 1009 0
1060 7.3 1016 1.7
1095 0 1048 0
1130 43.7 1093 321
1156 609.6 1152 638.8
1159 0 1167 0
1190 0 1171 0
1193 139.3 1186 27.7
1253 180 1190 0
1301 0 1224 12.4
1306 0 1280 0
1325 120.1 1363 0
1348 0 1368 58.2
1386 138.7 1395 96.6
1474 372.6 1462 0
1488 0 1471 161
1510 0 1488 0
1519 541.5 1515 0
1628 173 1539 534
1641 0 1555 175.4
1647 291.7 1602 0
1652 0 1605 494.3
3190 0 3193 0
3191 0.1 3195 0.1
3200 0 3200 0
3203 0 3202 0
3209 0 3213 0
3210 0.4 3213 0.1
3218 0 3220 0
3219 0.6 3221 0.9

λg = 3434.0 cm-1 λex = 3251.4 cm-1
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Table S3. Vibrational normal modes of DBTS at ground state and excited state.

Molecules Frequency (cm-1) Front view Side view

401

1156

1474

1519

1647

DBTS at 

ground state

1301 (S=O)
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356

1093

1152

1539

1605

DBTS at 

excited state

1016 (S=O)

1167 (S=O)
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Table S4. The C···C interactions on Hirshfeld surface at 0 GPa, 3 GPa, 6 GPa, 9 GPa.

Pressure Front Back

0 GPa

3 GPa

6 GPa

9 GPa
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Figure S8. Contribution rate of C···C interactions to the Hirshfeld surface area versus pressure.
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