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1. SEM characterizations for proposed parameters on achieved PVDF electrospun structures 

1.1 The effect of concentration on morphology 

Table S1 summarizes the effect of PVDF concentration on the mean nanofibers size, tested while other 
parameters kept constant, including voltage, spray distance, and feeding rate. According to the mean diameter, 
the thinnest fibers were achieved when using the lowest concentration of PVDF. Figure S1(a−c) shows the SEM 
images of the three different electrospun PVDF nanofibers, produced using parameters listed in Table S1. 
Sample A produced the best result, with a the mean nanofiber diameter of 270 nm, and quite uniform. In 
contrast, for samples B and C, the mean diameters increased significantly to 583 and 989 nm, separately, also 
became un-uniform. As the diameters are directly affected by the solution concentration, a good distribution 
on the surface of fibers is achieved only at proper PVDF concentration. For concentration higher than 15 wt.%, 
the formation of beaded and large nanofibers is evident. However, when the concentration was lower than 12 
wt.%, unspinnable products resulted, in the form of droplets instead of nanofibers. At the proper concentration, 
the diameter of the fibers will be in the sub-micron scale, and the distribution will be more homogenous and 
even.  
 

Table S1 The effect of PVDF concentration on the mean diameter of the nanofibers. 

Sample
s 

   Solvent Concentration 
(wt.%) 

Voltage 
(kV) 

Distanc
e (cm) 

Feeding 
rate (mL 

h−1) 

Collector 
speed 
(rpm) 

Mean 
nanofiber 

diameter (nm) 
A DMF/Acetone 15 20 15 3 1200 270 
B DMF/Acetone  16.5 20 15 3 1200 583 
C DMF/Acetone 18 20 15 3 1200 989 
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Figure S1 SEM images of the electrospun (a) sample A, (b) sample B and (c) sample C prepared at 15 cm between the needle 

and collector at the same feeding rate of 3 mL h-1, voltage of 15 kV and collector speed of 1200 rpm, and (d) the relationship 

between the mean fiber diameter (nm) vs concentration of PVDF (wt.%). 

 

1.2 The effect of changing in voltages on morphology  

Table S2 summarizes the parameters used to investigate the voltage effect on the morphology of the electro 
spun fibers, under a constant distance of 15 cm between the needle and the collector, a feeding rate of 3 mL h-1 
and collector rotating speed of 1200 rpm. At 20 kV, a mean fiber diameter of 268 nm was obtained (Figure S2(b)); 
whilst at 15 kV, the mean diameter was reduced to 245 nm but accompanied with beads and bending fibers, as 
shown in (Figure S2(a)). At 25 kV, the fibers displayed a sudden change in areas, also accompanied with beads 
and bending, with a mean fiber diameter of 213 nm. However, non-alignment and poorly distributed 
distribution became sever at 25 kV, as shown in Figure S2(c). While some argue that the increase in voltage 
value will lead to an increase in diameter size regarding the type of solutions, some might believe that the 
greater voltage values could lessen the final size of diameter due to the increase in electrostatic repulsive force 
[1].  
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The ejection of solution initiation happens when the voltage value is as much as to overcome the surface tension 
in the polymer solution. Nevertheless, there is no specific difference among the diameter values of these fibers 
in three different voltage values, but fewer fibers are in lower voltage values while they get extremely intensive 
in higher voltage values, which could be due to the higher amount of polymeric solution charging into the 
collector. Herein, the increase in electrostatic forces of the PVDF solution, leads to the fiber diameter decrease. 
The change of α-phase to the dominant β-phase occurs due to the high voltage applicator on the stretched 
polymer jet [2]. For the current experimental condition, the optimum value of applied voltage is 20 kV which 
might differ from other studies [3,4]. As the voltages exceeds the mentioned value, less intensity of β-phase 
content and crystallinity of PVDF will occur. 

 

Table S2 The effect of changing voltage value on the mean nanofiber diameter. 

Sample
s 

   Solvent Concentratio
n (wt.%) 

Voltage 
(kV) 

Distanc
e (cm) 

Feeding 
rate (mL 

h−1) 

Collector 
speed (rpm) 

Mean nanofiber 
diameter (nm) 

D DMF/Acetone 15 15 15 3 1200 245 
E DMF/Acetone 15 20 15 3 1200 268 
F DMF/Acetone 15 25 15 3 1200 213 
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Figure S2 SEM images of samples as (a) sample D, (b) sample E and (c) sample F, under three different voltage 
values for 15 (wt.%) of PVDF and 15cm distance between the needle and collector in the same feeding rate of 3 
mL h-1 and the collector speed of 1200 rpm, and (d) the relation between the mean fiber diameter (nm) vs voltage 
values (kV.). 

 

1.3 The effect of changing the distance between the needle and the collector on morphology 

Some of the previous studies declared that there is no significant change in the relative decrease in the diameter 
values of fibers [5–7], however herein a linear relationship is seen. 
Table S3 indicates one of the most influential factors on the electrospinning process as the evaporation of solvent 
from the nanofibers. The time which helps for less defect fibers fabrication is relevant to the distance of the 
needle and the collector in this methodology. For this reason, three different electrospinning distance conditions 
on the morphology of the final results are investigated which are summarized in Table S3 and illustrated as 
SEM images (a) sample : 10 cm, (b) sample : 15 cm and for (c) sample : 20 cm). For longer distances than 10 cm, 
the mean diameter has decreased. 
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The SEM results show a less bead and branched electrospun nanofibers and the analysis of diameter 
measurement is more reliable due to the semi equal distribution of the same nanofibers’ diameters. Any 
decrease in the distance between the needle tip and the collector makes beads and branches possible among 
nanofibers and the average diameter reaching will not be easy (Figure S3(a−c)). After several analyses of the 
electrospinning process, the average diameter of 250−270 nm is almost satisfactory for being appropriate in all 
of the parameters presented in the study. The below results including the SEM images and Table S3 confirm 
that if the distance is getting fallen, a major increase in the size of the fibers’ diameter will happen. To fabricate 
bead-free and non-branched nanofibers the more modified and appropriate polymeric solution is essential. 
While the fabrication of fibers for 1.50 g of PVDF in 10 ml ACE/DMF solution (15 wt.%) is easy, the fabrication 
of PVDF electrospun fibers for more than 1.80 g, is very difficult. Hence, the electro spin ability of each solution 
is different from the other ones.  
As the distance between the needle-tip to the collector is increasing, the web collection of fibers is changing in 
the average diameter of fibers. For distances less than 15 cm, the shape of fibers is less circular, however, the 
more the distance is changing from 15 cm, the shape of fibers is core-shell. The mean diameter of electrospun 
nanofibers is around 310 nm as the distance is 10 cm (Figure S3(a)). Interestingly, the mean diameter of 
electrospun nanofibers has decreased to 209 nm when the distance gets risen, however less aligned nanofibers 
and more bends could be seen. As a consequence, for the best distance between the needle and the collector (15 
cm). 
 
Table S3 The effect of changing distance between the needle and the collector value on the mean nanofiber 
diameter size. 

Sample
s 

   Solvent Concentration 
(wt.%) 

Voltage 
(kV) 

Distance 
(cm) 

Feeding 
rate (mL 

h−1) 

Collector 
speed 
(rpm) 

Mean 
nanofiber 

diameter (nm) 
G DMF/Acetone 15 20 10 3 1200 310. 
H DMF/Acetone 15 20 15 3 1200 258. 
I DMF/Acetone 15 20 20 3 1200 209. 
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Figure S3 SEM images of samples as (a) sample G, (b) sample H and (c) sample I, for three different distance values for 

15(wt.%) of PVDF under 20 kV voltage value in the same feeding rate of 3 mL h-1 and the collector speed of 1200 rpm, and 

(d) the relation between the mean fiber diameter (nm) vs distance from needle to the rotary collector (cm). 

 

1.4 The effect of changing the solution feeding rates on morphology 
The condition parameters of three different feeding rate samples (samples J, K and L) were shown in Table S4 
and the result of their morphological evolution is presented in Figure S4. As it is shown, for the feeding rates 
equal to 5 mL h−1, the mean diameter size is increased by 59.80 %. Compared with 1 mL h−1, feeding rate. 
As SEM and TEM images illustrate, for the lowest flow rate value which is 1 mL h−1, the whole morphology of 
electrospun nanofibers is different. An increase in the electrical current happened when the feeding rate values 
increased. While the fiber diameter is less for the feeding rate of 1 mL h−1, beads are possible to be seen and the 
mean nanofiber diameter is the minimum size and is 202 nm, however, when the feeding rate is 3 mL h−1,no 
beads could be seen and the mean nanofiber diameter is 258 nm and TEM result approves the lowest diameter 
size available in this feeding rate as well. For the lower feeding rates than 3 mL h−1, the polymeric solution 
detaches out of the needle tip to the collector by the electric force, while for the higher feeding rate than 3 mL 
h-1, the faster injection leads to more beads formation and less uniform morphology. Also, the thicker fibers are 
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when the feeding rate is 5 mL h−1with an increase of 48.70% in the mean nanofibers diameter size. Although in 
some areas for the highest feeding rate, electrospun nanofibers are partly aligned, however when the feeding 
rate is 3 mL h−1, the electrospun nanofibers seem more even. Therefore, at the mentioned given conditions, for 
3 mL h−1 feeding rate, the morphology is more constant and unvarying.  

The representative TEM image of the PVDF electrospun nanofibers, a uniform and pure structure of fiber is 
observable and the surface morphology of nanofibers is nearly even in most parts of aligned nanofibers. The 
structure is core-shell and the dark region allocated to core structure and the bright region is shell. 

 

Table S4 The effect of changing feeding rate value on the mean nanofiber diameter size. 

Sample
s 

Solvent Concentratio
n (wt.%) 

Voltag
e (kV) 

Distanc
e (cm) 

Feeding 
rate (mL 

h−1) 

Collector 
speed (rpm) 

Mean nanofiber 
diameter (nm) 

J DMF/Acetone 15 20 15 1 1200 202 
K DMF/Acetone 15 20 15 3 1200 258 
L DMF/Acetone 15 20 15 5 1200 480 
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Figure S4 SEM images of samples as (a) sample J, (b) sample K and (c) sample L, for three different feeding 
rates for 15 (wt.%) of PVDF under 20 kV voltage value and the collector speed of 1200 rpm, and (d) the relation between the 

mean fiber diameter (nm) vs feeding rate (mL h-1). 

 

1.5 The effect of changing the speed rate of collector on morphology 

The highest speed rate of the collector in our set-up is almost 1300 rpm and for the current experiment, the most 
appropriate and safest speed to achieve better PVDF electrospun nanofibers was 1200 rpm.  
Table S5 summarizes the effect of an increase in the value of speed rates on the size and distribution of PVDF 
electrospun PVDF nanofibers. As it is well defined, for the highest value of the collector speed, the diameter of 
nanofibers has been decreased from 368 nm to 271 nm. 
As the SEM images show, the lower the speed, the thicker the fibers could be presented. When the speed is the 
lowest and equal to 400 rpm, the mean nanofiber diameter value is 368 nm and they are not aligned, somehow 
tied together and crossed. Even for an increment of 400 to the collector speed, the mean nanofiber diameter 
value has not changed significantly as summarized in Table S5 and the value of the mean nanofiber diameter 
value is 308 nm. A decrease of almost 30% in the diameter size of the PVDF nanofibers is evident when the 
speed of the collector is increasing from 800 rpm to 1200 rpm. The most appropriate value of speed rate of 
collector is 1200 rpm for which there are no more beads and non-aligned electrospun nanofibers existing, but 
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also the mean diameter size is close to the other proper values in previous SEM characterizations for different 
parameters investigations.  
 

Table S5 The effect of changing collector speed value on the mean nanofiber diameter size. 

Sample
s 

   Solvent Concentratio
n (wt.%) 

Voltag
e (kV) 

Distanc
e (cm) 

Feeding 
rate (mL 

h−1) 

Collector 
speed (rpm) 

Mean nanofiber 
diameter (nm) 

M DMF/Acetone 15 20 15 3 400 368 
N DMF/Acetone 15 20 15 3 800 308 
O DMF/Acetone 15 20 15 3 1200 271 

 

 
Figure S5 SEM images of samples as (a) sample M, (b) sample N and (c) sample O, for three different collector speed rates 

for 15 (wt.%) of PVDF under 20 kV voltage value in the same feeding rate of 3 mL h−1, and (d) the relation between the mean 

fiber diameter (nm) vs collector speed (rpm). 
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Very briefly, SEM images in Figure S1(a-c) and Table S1 show the increase of more than 115 % in mean diameter 
after an escalating in the concentration of PVDF in DMF from 15 to 16.5 wt.% for samples A and B. Following 
this surge, sample C shows the thickest PVDF electrospun fiber and 266 % rise in the diameter compared with 
sample A. As shown in Figure S2(a-c) and Table S2, 20 kV has been considered as the suitable voltage for the 
electrospinning of PVDF nanofibers, 15 cm is the ideal distance between the needle and the collector (Figure 
S3(a−c) and Table S3), 3 mL h-1 the optimal feeding rate (Figure S4(a−c) and Table S4), and at a collecting drum 
rate of 1200 rpm (Figure S5(a−c) and Table S5). Further increase in the feeding rate would lead to an observable 
change in the fiber diameters.   

 

2.The preparation of the electrospun device for the acoustic linear characterization  

 

Figure S6 The schematic of materials order for the triboelectric property of PVDF electrospun samples.  

 

3. The quantification of β-phase in the electrospun fibers by FTIR results 
 
The simplified form of the Lambert Beer law is used to quantify the phase contents in PVDF electrospun fibers. 
Assuming absorption coefficients as Kα  ൌ 6.1 ൈ 10ସ 𝑐𝑚ଶ𝑚𝑜𝑙ିଵ  and Kβ ൌ 7.7ൈ 10ସ 𝑐𝑚ଶ𝑚𝑜𝑙ିଵ for respective 
wavenumbers of 766 and 840 cm-1 in all electrospun samples A, B and C, the equation will be expressed as below 
[8].  
 𝐹ሺ𝛽ሻ ൌ  𝐴ఉ൬𝐾ఉ 𝐾ఈ ൰ 𝐴ఈ ൅ 𝐴ఉ                                                                        ሺ1ሻ  
With the objective to achieve the highest fraction of β-phase, the best range of electrospinnable production 
relevant to optimized range of concentration starting from 15 to 18 wt.%, is summarized in Table S6 and the F(β) 
vs the change in concentration is illustrated as Figure S7. The increase in concentration helps the enhancement 
in β fraction value, however, it starts decreasing from the concentration more than 15 wt.%. Effect of lower 
concentrations will be presented elsewhere. 
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Table S6 The effect of changing concentration of PVDF in the fraction content of β-phase. 

Sample
s 

   Solvent Concentration (wt.%) Aα Aβ F(β) 

A DMF/Acetone 15 0.173 0.844 0.89 
B DMF/Acetone   16.5 0.124 0.872 0.79 
C DMF/Acetone 18 0.234 0.701 0.70 

 

 

 

Figure S7 Fraction of β-phase in percentage vs. the concentration of PVDF solution. 
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