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Table S1. Comparison of performances of various molecular ferroelectrics. 

Materials 
Tc 

(°C) 

d33 

(pC N-1) 
Advantages Disadvantages Ref. 

(TMFM)x(TMCM)1-xCdCl3 

 (TMFM, 

trimethylfluoromethyl 

ammonium; TMCM, 

trimethylchloromethyl 

ammonium, 0 ≤ x ≤ 1) 

95-

125 
1540 

⚫ Ultrahigh d33 

⚫ Moderate Tc 

⚫ Complicated 

synthesis method S1 

Diisopropylammonium 

Bromide 
148 11 

⚫ Moderate Tc 

⚫ Facile fabrication process 
⚫ Low d33 S2 

Guanidinium Perchlorate 181 11 ⚫ High Tc ⚫ Low d33 S3 

Imidazolium Periodate 37 4 ⚫ Facile fabrication 
⚫ Low d33 

⚫ Low Tc 
S4 

4-(phenyldiazenyl)anilinium) 

D- and L-tartrate 
205 7 ⚫ High Tc ⚫ Low d33 S5 

(4-

aminotetrahydropyran)2PbBr4 
200 48 

⚫ High d33 

⚫ High Tc 

⚫ Ultrahigh coercive 

field, difficult to be 

poled 
S6 

N-methyl-N'-

diazabicyclo[2.2.2]octonium)

-ammonium triiodide 

175 14 ⚫ High Tc ⚫ Low d33 S7 

N,N-dimethylallylammonium 

CdCl3 
66 41 ⚫ High d33 ⚫ Low Tc S8 

Trimethylchloromethyl 

Ammonium 

Tribromocadmium(II) 

73 139 

⚫ High d33 

⚫ High Tc 

⚫ Complicated 

synthesis method S9 

Imidazolium Perchlorate 

(this work) 
100 41 

⚫ High d33 

⚫ High Tc 

⚫ Facile fabrication 
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Annotation: The piezoelectric effect is appeared in different ferroelectric materials including 

inorganic ferroelectrics (e.g., single crystals and ceramics), ferroelectric polymers, and organic-

inorganic hybrid molecular ferroelectrics. Inorganic ferroelectrics have superior piezoelectricity to 

their polymer counterpart, they are, however, hard and fragile, and thus hardly to be used for 

flexible devices. Ferroelectric polymers are featured with favorable flexible, however, its electric 

performance, e.g., piezoelectric and pyroelectric properties, is relatively low. Moreover, even with 

facile preparation processes, for example, hot-pressing and solution casting, the fabrication of 

ferroelectric polymers with special structures or combining them with other structural or functional 

materials are still complicated. Compared to the conventional ferroelectric ceramics and polymers, 

many molecular ferroelectrics can be synthesized with very easy methods, for example, by 

evaporating saturated solutions. Among them, some molecular ferroelectrics, such as ImClO4 we 

used in this work, possess higher piezoelectric coefficient (e.g., d33) than that of PVDF based 

polymers. Attached to flexible substrate, the hybrid material with molecular ferroelectrics also 

exhibit favorable flexibility. And thus, in this work, we chose molecular ferroelectric as the 

function element for the flexible sensors. Table S1, Supporting Information compared the 

piezoelectric coefficient (d33), Curie temperature (Tc), and fabrication process of different typical 

molecular ferroelectrics. As listed in Table. S1, the d33 of diisopropylammonium bromide, 

guanidinium perchlorate, and imidazolium periodate is low. N,N-dimethylallylammonium CdCl3 

and trimethylchloromethyl ammonium tribromocadmium(II) have a high piezoelectricity, but the 

low Curie temperature causes the depolarization issue for the practical application. 

(TMFM)x(TMCM)1-xCdCl3 (TMFM, trimethylfluoromethyl ammonium; TMCM, trimethylchloromethyl 

ammonium, 0 ≤ x ≤ 1) and (4-aminotetrahydropyran)2PbBr4 have high piezoelectric performance 

and Curie temperature, however, their fabrication process is incompatible with our BC-molecular 

ferroelectric hybrid strategy. Therefore, we chose ImClO4 as the piezoelectric material in this work. 
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Figure S1. The Raman spectra of the BC membrane and the ImClO4 crystal. 
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Figure S2. The FTIR spectra of the BC membrane, the ImClO4 crystal and ImClO4/BC hybrid. 
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Figure S3. (a) The polarization-electric field (P-E) hysteresis loops of the ImClO4 crystal (We 

tested 3 samples to confirm the uniformity of the crystals). (b) The P-E loops of the molecular 

ferroelectric/BC hybrid with various electric fields. (c) The P-E loops of 3 hybrid specimens were 

tested to confirm the uniformity of the hybrid strategy. 
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Figure S4. The EDS (a) image, (b) spectrum, and (c-f) mappings of the hybrid. C and O are the 

common elements for BC membrane and ImClO4, and Cl and N are characteristic elements for 

ImClO4. 

 

 



8 

 

 

 

Figure S5. The SEM images of (a) and (b) the surface of the BC membrane, (c) and (d) ImClO4/BC 

hybrid. (e) and (f) the cross-section view of the hybrid. 
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Figure S6. The TGA curves of BC membrane, ImClO4 crystal and ImClO4/BC hybrid. 
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Figure S7. The optical images of a flexible molecular ferroelectric/BC hybrid. 
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Figure S8. The mechanical properties of BC membrane and ImClO4/BC hybrid. (a) The stress-strain curves 

of the samples. (b) and (c) The tensile modulus and tensile strength of the specimens. 
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Figure S9. The dielectric constant and loss as a function of temperature of BC membrane, ImClO4 crystal 

and ImClO4/BC hybrid. 
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Figure S10. The current density-electric field curves of BC membrane, ImClO4 crystal and ImClO4/BC 

hybrid. 
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Table S2. The piezoelectric voltage of 16 samples with various pressures. 

      Voltage 

(mV) 

Pressure 

  (kPa) 

Sample Number 

Mean S.D. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

0.20 3.70 5.28 3.62 4.50 4.18 4.35 4.45 5.24 4.73 6.10 4.92 4.08 4.26 4.25 3.87 3.70 4.45 0.67 

1.25 8.47 11.58 8.10 8.47 8.10 9.32 9.40 9.35 9.44 10.08 9.04 9.61 11.40 10.11 10.75 8.47 9.51 1.05 

2.50 15.80 16.38 15.96 15.58 17.67 17.41 16.38 17.28 17.40 16.86 13.92 17.72 22.66 15.82 17.00 15.80 16.93 1.81 

3.75 19.51 22.93 20.97 19.37 23.03 18.47 18.58 20.72 22.79 20.15 21.94 22.66 22.93 21.94 22.66 19.51 21.28 1.62 

5.00 20.17 23.62 22.76 22.46 23.13 19.27 19.77 22.81 23.03 21.99 24.37 23.74 23.56 23.80 23.42 20.17 22.58 1.53 

6.25 27.50 31.64 27.17 27.58 25.49 27.50 27.05 29.83 26.80 27.97 26.71 27.73 26.41 28.48 28.68 27.50 27.73 1.44 

7.50 39.20 41.65 36.32 35.59 41.10 41.85 38.62 38.89 37.85 39.03 39.96 40.95 41.48 39.12 23.42 39.20 39.46 1.82 

Note: S.D. is standard deviation.
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Figure S11. The piezoelectric voltage waveforms of the ImClO4/BC hybrid. The positive response 

when the sensor is positively connected matches well with the negative signal as it is reversely 

connected (25 kPa). We tested 3 samples to confirm the uniformity and scalability of our strategy. 
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Figure S12. The piezoelectric response of the hybrid sensor with various pressures (8 kPa-31.25 

kPa). The sensitivity of the sensor (i.e. slope of linear fitting of the plots) is 4 mV kPa-1. 
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Figure S13. The piezoelectric voltage response and sensitivity of ImClO4/BC hybrid with various 

thicknesses: (a,b) 65 μm, (c,d) 130 μm, (e,f) 220 μm and (g,h) 370 μm. 
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Figure S14. The EDS images, mappings and spectrum of the characteristic elements of ImClO4 

(nitrogen and chlorine) of the hybrid [(a), (b), (c), (d), respectively] and that after soaking in 50 

mL water for 18 h [(e), (f), (g), (h), respectively], proving the feasibility of separating the molecular 

ferroelectric and the BC membrane. 
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Figure S15. (a) Optical and (b) SEM images illustrating the degradation process of a brand-new 

BC membrane. The membrane can be fully degraded within 4 h in a cellulase solution (5 mg mL-

1, 50 oC). 
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Figure S16. The curve of total sugar concentration during the degradation process of the recycled 

BC membrane (error bar: standard deviation). The BC membrane can be fully degraded within 4 

h in a cellulase solution (5 mg mL-1, 50 oC). 
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Figure S17. The weight loss of a recycled BC membrane having been immersed in the cellulase 

solution with different time. 
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Figure S18. The XRD pattern of original and recycled ImClO4 powders, and the hybrid prepared 

with the recycled ImClO4. 
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Figure S19. The cross-section SEM image of a recycled molecular ferroelectric/BC hybrid. 
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Figure S20. Sensor response as a function of applied pressure (error bar: standard deviation, Table 

S3, Supporting Information) with the slope (sensitivity) of 4.29 mV kPa-1. 
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Table S3. The piezoelectric voltage of 16 recycled samples with various pressures. 

         Voltage 

  (mV) 

Pressure 

  (kPa) 

Sample Number 

Mean S.D. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

0.20 4.01  3.53  3.62  4.63  4.56  4.72  4.12  5.08  4.62  5.25  4.78  5.47  4.70  3.81  4.35  3.81  4.44 0.58 

1.25 8.52  8.47  8.57  10.63 9.48  8.90  8.65  11.65 9.35  9.37  10.92 10.50 11.27 7.29  8.47  8.90  9.43 1.22 

2.50 16.80 14.77 15.08 19.03 17.24 17.43 14.69 19.10 17.64 14.98 17.85 19.27 15.33 17.41 17.41 17.24 16.95 1.56 

3.75 21.19 18.98 18.06 21.41 21.94 20.84 22.66 22.79 22.93 19.06 21.96 21.60 20.52 20.29 19.81 21.94 20.99 1.45 

5.00 22.86 19.27 21.87 22.76 22.48 20.32 23.89 23.96 24.42 22.06 22.89 24.09 22.94 21.90 21.94 22.82 22.65 1.22 

6.25 26.51 25.03 26.32 28.69 27.50 28.50 26.33 32.01 30.37 24.62 26.22 26.25 29.21 27.17 25.95 27.17 27.36 1.96 

7.50 38.63 38.90 37.21 40.90 40.47 40.90 38.90 38.95 39.13 41.67 39.09 42.04 39.29 34.97 39.67 40.47 39.45 1.73 

Note: S.D. is standard deviation
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