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Fig. S1 FE-SEM images of (a) pure P(VDF-HFP), (b) 7.7%, (c) 14%, (d) 17 %, (e) 20 % (f) 

22%, (g) 25% and (h) 30% IL content electrospun fiber. The aggregation of fibers for 30% IL 

is marked in (h). 

 

Note S1. The analyzation of the FT-IR spectroscopy 

To quantify the total electroactive phase the equation used is  

𝐹𝐸𝐴 =
𝐴𝐸𝐴

𝐾841
𝐾764

𝐴764+𝐴𝐸𝐴

 × 100%                     (S1) 

where 𝐴𝐸𝐴, 𝐴764 are absorbance intensities at 841 and 764 cm−1 respectively, 𝐾841and 𝐾764 are 

the corresponding absorption coefficients.[S1, S2] 

The relative amount of β-phase is calculated by equation 

𝐹𝛽 = 𝐹𝐸𝐴 ×
𝐴𝛽

𝐴𝛽+𝐴𝛾
                        (S2) 

where 𝐴𝛽, 𝐴𝛾 are absorbance intensities at 1275 and 1234 cm−1 respectively.[S1, S2] 
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For the fibers as there is no presence of γ-phase the total electroactive phase is considered as 

the polar β-phase content. 

 

Fig. S2 FT-IR spectra of (a) solution casted films and (b) electrospun fibers with different IL 

content. The absorption bands for the IL are marked (*) in the spectra. 

 

 

Fig. S3 FT-IR spectra of pure EMIM TFSI in the wavenumber range from 400 cm-1 to 1600 

cm-1.  
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Fig. S4 Ionic conductivity of the P(VDF-HFP) based electrospun fiber mats (solid blue squares) 

and drop casted films (solid yellow dots) containing the same IL percentage at room 

temperature. 

 

Note S2. Porosity measurement and calculation 

The porosity of the fiber mats was calculated as reported.[S3] First, the electrospun fiber mats 

were soaked in 2-propanol. Then the wet fiber mat was taken out and put on a scale after gently 

removing the excess 2-propanol from the surface by cloth wipes. The weight of the fiber mat 

decreased with time due to the evaporation of 2-propanol and was stable after some time. The 

initial and final weight of the fiber mat was noted. The porosity was calculated using the 

equation, 

Porosity = 
𝑝𝑜𝑟𝑒 𝑣𝑜𝑙𝑢𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒
 = 

𝑚𝑖𝑛−𝑚𝑓

𝜌𝑝𝑟
𝑚𝑖𝑛−𝑚𝑓

𝜌𝑝𝑟
+

𝑚𝑓

𝜌ℎ𝑓𝑝

                  (S3) 

Where, 𝑚𝑖𝑛 and 𝑚𝑓 are initial and final mass of the fiber mat. 𝜌𝑝𝑟 and 𝜌ℎ𝑓𝑝 are density of 2-

propanol and P(VDF-HFP). 

 

Note S3. The conductivity and molar conductivity 

The ionic conductivity of all the samples are measured by frequency dependent impedance 

spectroscopy. The real part, imaginary part and the phase angle was measured when the 
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frequency scan from 1M Hz to 1 Hz at fixed temperature. The resistance (R) of a sample was 

considered as the real impedance at high frequency when the phase angle is the closest to 

zero.[S4] Hence, the ionic conductivity (σi) can be calculated from 𝜎𝑖 =
𝐿

𝑅𝐴
, in which L represent 

the distance between the two electrodes (the thickness of the sample) and A is the area of the 

electrode. 

The molar conductivity (Λ) is calculated by dividing the conductivity with the molar 

concentration per volume of the ionic liquid (cIL): 

𝑐𝐼𝐿 =
1

𝑀𝐼𝐿
𝜌𝐼𝐿

+
𝑀𝐼𝐿

1−𝑓𝐼𝐿
𝑓𝐼𝐿

𝜌𝑝𝑜

                                 (S4) 

𝑀𝐼𝐿is the molar mass of the ionic liquid, 𝜌𝐼𝐿 and 𝜌𝑝𝑜are the density of the ionic liquid and 

polymer, 𝑓𝐼𝐿is the weight percentage of the ionic liquid. For fiber mats, the molar concentration 

is multiplied with the solid content percentage (1-porosity%). 

 

 

Fig. S5 The linear scale plot of the molar conductivity of the films and fiber mats. 
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Fig. S6 FE-SEM images of 25% IL cold pressed electrospun fiber in (a) low magnification and 

(b) high magnification. 

 

 

Fig. S7 The 25% IL containing fiber mat was heated at different temperature to loss the porosity 

completely. FE-SEM images of electrospun fiber mats containing 25% of IL heated at (a) 

100°C, (b) 110°C and (c) 120°C. It is clear that the porosity decreased after heating at 120°C.    

  

 

Fig. S8 FT-IR spectra of 25% IL containing electrospun fiber before and after heating at 120°C. 

The peak intensity corresponding to ferroelectric β-phase is significantly decreased after 

heating. 
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Note S4. The piezoelectric characterization  

The piezoelectric measurements are carried out using the same devices as for ionic conductivity 

measurements. The output voltage of all the samples were measured by applying the same force 

a force in a frequency of 3 Hz. The piezoelectric output voltage of 2.5 V is obtained from pure 

P(VDF-HFP) fiber mats (Fig. S9a). The curve of the open voltage response follows the shape 

of typical piezoelectric response of sharp peak. Addition of 7.7% IL decreased the output 

voltage by one order of magnitude as the piezo-response is partially screened by the ions (Fig. 

S9b). The screening effect become more dominating with the increase of IL content thus the 

device with 14% IL delivered a piezoelectric voltage of only 0.1 V (Fig. S9c). It should be 

mentioned that ionic liquid can soften the fiber mats, which would lead to larger deformation 

of the sample in the direction of the applied force. However, the force applied to the PVDF 

phase that is in response for the piezoelectricity might reduce with increasing IL contents. We 

have increased the applied force to test if PVDF could show piezoelectric response. As shown 

in Fig. S11, there are still no obvious piezoelectric response when the force increased to 40 N. 

Moreover, the range of ionic liquid content in this study is within the “polymer electrolyte”, 

which usually contains less than 40% liquid electrolyte in P(VDF-HFP) based composite 

electrolytes.[S5] According literature, the Young’s module of the same P(VDF-HFP)/IL 

composite decrease to half when IL content changed from 13% to 26%.[S6] The shape of the 

pressure-induced voltage response in the one with 25% IL fiber mats is completely different 

from typical piezoelectric response of the sample containing 14% IL (as shown in inset figures 

in S9). Similar response for 20% and 30% IL containing devices (Fig. S9d and S9f) are also 

observed. Thus, we believed that the decrease in piezoelectric response is mostly due to 

screening effect as discussed in the manuscript. More detailed studies is needed to quantitatively 

describe piezoelectric and ionic screening effect.  
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Fig. S9 Piezoresponse from electrospun (a) P(VDF-HFP), (b) 7.7% IL, (c) 14% IL, (d) 20% IL, 

(e) 25% IL, (f) 30% IL fiber based devices. The time scale is 0.3 s for both of the inset figures. 

 

 

Fig. S10 Comparison of output voltage response of P(VDF-HFP) and cellulose acetate fiber 

mat-based device under same experimental condition. 
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Fig. S11 Piezoelectric response from 30% IL fiber-based device under applied force of (a) 24 

N and (b) 40 N. 

 

Fig. S12 Piezoelectric response from 30% IL fiber-based device (a) before and (b) after 

removing IL from fiber mat. 
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Fig. S13 Piezoelectric response from (a) 7.7% IL, (b) 14% IL, (c) 20% IL, (d) 25% IL and (e) 

30% IL content drop-casted films based device. 

 

 

 

 

 

 

 

 

 

 

Fig. S14 The FT-IR spectra P(VDF-TrFE) based solution casted films with different IL content. 

The absorption bands for the IL are marked (*) in the spectra. 
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Fig. S15 (a) β-phase content and (b) molar conductivity of P(VDF-TrFE) films, P(VDF-HFP) 

films and fiber mats with different IL content.  

 

Table S1. Summary of the characteristics of PVDF and copolymer-based nanofiber in this work 

and other reported studies 

Material Output voltage Force 
(N)/Pressure(Pa) 

Reference 

PVDF 1.3 V Not quantified S7 

PVDF/LiCl 5.0 V 

PVDF 3.8 V Not quantified S8 

PVDF/graphene 7.9 V 

PVDF 2.6 V 10 N S9 

PVDF 2.2 V 10 N S10 

PVDF 

 

2.0 V Not quantified S11 

PVDF/MWCNTs 6.0 V 

PVDF-HFP/AgNO3 3 V 15 kPa 

 
S12 

PVDF-HFP/ Eu3+ 5 V 5.6 kPa S13 

PVDF-HFP/ Eu3+/ 

graphene 

9 V 

PVDF-TrFE 9 V Not quantified S14 

PVDF-TrFE/ 

MWCNTs 

18.23 V 

PVDF-TrFE 10 V 30 kN S15 

P(VDF-HFP) 2.5 V 24 N This work 
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Note S5. Temperature calculation from the resistance change of ionic thermistors 

The resistance change of the ionic thermistor is not linear with temperature, instead, lnσ is linear 

with 1/T (as shown in Fig. S16a). According to Arrhenius equation (𝜎 = 𝜎0exp (−
𝐸𝑎

𝑘𝑏𝑇
)), the 

slope of the plotted lnσ is related to the activation energy of the sample. From the linear relation, 

we derived the correlation between the measured resistance changes to the temperature as 

below: 

1

𝑇
=

1

𝑇0
+

𝑙𝑛
𝑅

𝑅0
𝐸𝑎
𝑘𝐵

                     (S5) 

The “TCR” of a thermistor is defined as 𝑇𝐶𝑅 =
𝑑𝑅

𝑑𝑇

1

𝑅
 , since 𝑙𝑛𝑅 = 𝑙𝑛𝑅𝑜 +

𝑒𝐸𝑎

𝑘𝐵𝑇
, 𝑇𝐶𝑅 =

𝑒𝐸𝑎

𝑘𝐵𝑇2. 

The TCR of fiber mats and films with different IL contents are shown in Fig. S16b. 

 

 

Fig. S16 (a) Illustration of the calculation and (b) the TCR of electrospun fiber mats and films 

with different IL content from the data recorded with impedance spectrometer. 
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