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Table S1. FWHMs of the XRD (200) peaks for MDABCO-NH4I3 films prepared by various 

preheating temperatures. 

Preheating Temperature (°C) FWHM (degree) 

RT 0.160 

100 0.127 

120 0.127 

140 0.114 
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Figure S1. DSC characteristic of MDABCO-NH4I3 thin film. 
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Figure S2. Phase distribution in phase image 
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Figure S3. a) The chosen position in phase image (dash line) and b) Corresponding phase 

profile. 
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Table S2. The piezoelectric coefficient (d33) measured from various points and the average 

value. 

Point d33 (pm/V) 

1 12.848 

2 12.744 

3 12.741 

4 12.769 

5 12.928 

Average 12.806 

 

The calculation method of the piezoelectric coefficient (d33) is based on the following 

equation.
[S1] 

    
          (  )                        (    )

             (  )
      (1) 

The d33 coefficient was performed by using the static-sensitivity-based quantification method 

based on evaluating the reciprocal slope of the force-distance curve and making it as 

quantification factor of the amplitude from the PFM measurement.
[S2,S3]

 The observed 

sensitivity was 118.72 nmV
-1

. The sensitivity depends on the cantilever system and the tip 

selected.
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Figure S4. Frequency dependent relative dielectric constant and dissipation factor. The 

dielectric constant plays an important role in piezoelectric coefficient through the following 

formula: d33 = 2Q33 × ε33 × Pr. (d33: piezoelectric coefficient, Q33: electrostriction constant, ε33: 

relative dielectric constant, Pr: remanent polarization).
[S4]
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Figure S5. Schematic illustration of the MN-PENG fabrication procedures. 
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Figure S6. Output characteristics of the MN-PENG devices fabricated with various precursor 

concentrations (without preheating). 
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Figure S7. Output characteristics of the MN-PENG devices fabricated with various 

preheating temperatures (under fixed precursor concentration of 0.75 M). 
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Figure S8. Illustration of the strain calculation process. 
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Table S3. Relation between displacement and strain. 

Displacement (mm) Strain (%) 

10 0.29 

12.5 0.35 

15 0.41 

17.5 0.50 

20 0.55 
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Figure S9. Schematic circuit diagrams for measuring a) output voltage and b) output current 

under external loads. 
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Figure S10. External resistance dependent output voltage of the MN-PENG. 
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Figure S11. Stability test of the MN-PENG device. a) Output voltage under operation for 

5000 s. b) Output current under operation for 5000 s.  
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Figure S12. Output characteristics of the MN-PENG with forward and reverse wiring circuits. 
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Figure S13. Output performance comparison between the devices with MDABCO-NH4I3 and 

without MDABCO-NH4I3. 
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Figure S14. Piezoelectric potential distribution of the MN-PENG.  
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Figure S15. Charging profile of a 4.7 µF capacitor charged by the MN-PENG operated under 

1 Hz and ε = 0.55%. 
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Figure S16. MN-PENG as an in vitro pulse sensor device. a) Schematic illustration and 

photographic image of the in vitro pulse sensor device. b) Voltage signals from the human 

pulse, the exhibited frequency was 1.4 Hz (~84 bpm, bpm: beats per minute), which was 

similar to the previous literatures.
 [S5-S7]
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Figure S17. a) Output voltages of the MN-PENG on the forefinger with various bending 

angles. b) Images of various bending angles operated by the forefinger. 
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Figure S18. a) Output voltage and b) Output current of 5 MN-PENGs before integrating into 

the smart gesture system. 
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Figure S19. Output voltage of MN-PENG on each finger at the unbending state. 
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Figure S20. Image of cells cultured in a 96-well plate with various concentrations of 

MDABCO-NH4I3. The media containing 10% DMSO and 100 μL/mL of sterilized water 

serve as positive control and negative control, respectively. The scale bar is 100 μm. 
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Figure S21. Cell viability with various concentrations of MDABCO-NH4I3 (n = 9). The 

media containing 10% DMSO and 100 μL/mL of sterilized water serve as positive control 

(PC) and negative control (NC), respectively. 
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Figure S22. a) Schematic illustration of the in vitro electrical stimulation system. The MN-

PENG was activated by a homemade mechanical system. b) Output voltage after rectification. 

c) Output current after rectification. 
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Figure S23. Illustration and distribution of applied force for generating electricity. a) 

Illustration of force measurement. b) Statistical diagram of force in 250 cycles. 
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Figure S24. A 35 mm-diameter cell culture dish with symmetric aluminum electrodes 

capping on the margin. 
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