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1. Experimental details
1.1. Chemicals

Pyromellitic dianhydride (PMDA, 99%) was purchased from Shijiazhuang HOPE Chem. Co. 

Ltd. (Shijiazhuang, China) and dried at 180 ◦C in vacuum for 24 h prior to use. Melamine (99%) and 

hexadecyl trimethyl ammonium bromide (CTAB. 99%) was purchased from Aladdin (Shanghai, 

China) and used as received. Rhodamine B (RhB, 98%+) and tetracycline hydrochloride (TC, 98%) 

was purchased from Macklin reagent (Shanghai, China). Extra dry N, N-dimethylformamide (DMF, 

99.9%), ethylene glycol (EG, 99%) and other chemicals (analytical pure) was purchased from Beijing 

Yili Fine Chemicals (Beijing, China). All of the reagents were used without further purification. 

Melem was obtained by treatment with melamine at 425° for 4h according to the procedure reported 

in the literature.1

1.2. Calculations and simulation
The theoretical calculations in this work were performed on the basis of extensive Density 

Functional Theory (DFT) calculations. The molecular structures were geometrically optimized using 

the functional hybrid B3LYP and the 6-31G (d, p) basis set in the Gaussian 09 program package. The 

dipole moments and molecular orbitals were calculated using the functional hybrid B3LYP and the 

6-311G (d, p) basis set. Finite element method (FEM) calculations were performed using COMSOL 

Multiphysics 5.4 with the module of piezoelectric device based on the steady-state study.
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2. Supplementary Figures

Figure S1. The synthesis routes of the three PI piezocatalysts.
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Figure S2. (a) Length distribution, (b) diameter distribution and (c) L/D ratio of PM-2.
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Figure S3. (a) Length distribution, (b) diameter distribution and (c) L/D ratio of PM-3.
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Figure S4. (a) TEM image (b) EDS elemental mappings of PM-1.
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Figure S5. (a) TEM image (b) EDS elemental mappings of PM-2.
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Figure S6. The N2 adsorption-desorption isotherms. 
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Figure S7. XPS spectra of (a) survey, (b) N 1s, (c) C 1s and (d) O 1s of PM-1, PM-2 and PM-3.
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Figure S8. Schematic representation of different binding states of N element.
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Figure S9. RhB adsorption curves of PM-1, PM-2 and PM-3.
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Figure S10. Time-dependent absorption spectra of piezocatalytic RhB degradation by (a) PM-1, (b) 

PM-2 and (c) PM-3.
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Figure S11. Piezo-degradation curves of PM-1, PM-2 and PM-3 for TC.
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Figure S12. Reaction kinetic curves of PM-1, PM-2 and PM-3 for TC.
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Figure S13. Apparent piezodegradation rate constants of PM-1, PM-2 and PM-3 for TC. 
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Figure S14. (a, b) UV-vis DRS spectra and corresponding bandgap of all PI samples.
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Figure S15. The Mott-Schottky plots of (a) PM-1, (b) PM-2 and (c) PM-3.
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Figure S16. The band structure diagrams of all PI samples.
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Figure S17. The PFM morphology images of (a) PM-1, (b) PM-2, (c) PM-3.
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Figure S18. Endurance test of the PENG prepared by PM-3 for over 2000 cycles.
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Table S1. Elemental contents of PI samples and g-C3N4.

Piezocatalyst N (%) C (%) H (%) O (%)

PM-1 31.57 42.77 2.37 23.30

PM-2 54.97 29.64 3.46 11.93

PM-3 57.96 29.93 3.30 8.82

g-C3N4 
2 60.75 34.85 2.188 2.212
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Table S2. Comparison of the RhB degradation performance of different piezocatalysts.

Piezocatalyst Reaction system Ultrasonic source
Reaction 

time (min)
kapp (min-1) Ref.

PI 20 mg/L, 100 mL 40 kHz, 240 W 30 0.085 This work

g-C3N4 25 mg/L, 100 mL 40 kHz 120 0.021 [3]

PVDF 5 mg/L, 3.5 mL 70 W 120 ≈0.027 [4]

PDA 5 mg/L, 50 mL 40 kHz, 120 W 20 0.012 [5]

PVDF-ZnSnO3-

Co3O4 mold
5 mg/L, 30 mL

33±3 kHz,

120 W
20 0.044 [6]

BaTiO3-PDMS 

foam
5 mg/L, 40 mL 40 kHz, 400 W 120 0.022 [7]

BaTiO3/C 5 mg/L, 50 mL 40 kHz, 150 W 40 0.049 [8]

BaTiO3 nanofibers 5 mg/L, 20 mL 40 kHz, 240 W 60 0.054 [9]

BaTiO3 dendrite 5 mg/L, 50 mL 40 kHz, 360 W 180 0.014 [10]

CoOx/BiFeO3 10 mg/L, 100 mL 40 kHz, 120 W 90 0.022 [11]

Ag/PbBiO2I 10 mg/L, 100 mL 40 kHz, 120 W 90 0.017 [12]

BiOBr 10 mg/L, 50 mL 40 kHz, 120 W 120 0.006 [13]

Na0.5Bi0.5TiO3 10 mg/L, 50 mL 40 kHz, 150 W 120 0.022 [14]

CdS/ZnO 10 mg/L, 100 mL 40 kHz, 120 W 90 0.067 [15]

K0.5Na0.5NbO3 5 mg/L, 50 mL 40 kHz, 180 W 160 0.020 [16]

Bi2WO6 nanosheets 5 mg/L, 100 mL 40 kHz, 80 W 80 0.039 [17]
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