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 In this work, the proton-conducting polymer electrolytes were prepared using the 
solution casting technique. Poly (vinyl chloride) PVC is used as the polymer host, 
ammonium triflate (NH4CF3SO3) as the doping salt, and ethylene carbonate (EC) 
and butyltrimethyl ammonium bis trifluoromethyl sulfonyl imide (Bu3MeNTf2N) 
is used as the plasticizers. XRD and FESEM characterization techniques were used 
to study the properties of the PVC-based proton-conducting polymer electrolytes. 
XRD studies show that amorphous PVC becomes largely amorphous upon adding 
NH4CF3SO3. Largely amorphous is also obtained upon adding EC and 
Bu3MeNTf2N to PVC-NH4CF3SO3. XRD studies of the salted samples showed 
they are largely amorphous. However, XRD studies could not identify the most 
amorphous sample for sure. Identifying the most amorphous sample is imperative, 
as conduction in polymer electrolytes is known to occur in the amorphous region. 
The FESEM micrographs gave a qualitative idea of the amorphousity of the salted 
samples in that 30 wt. % NH4CF3SO3 (A4) had the greyest regions in its 
micrograph, giving a strong indication of it being the most amorphous sample. In 
the case of the EC plasticized system, the micrographs showed that the pore size 
increased with increasing concentration of EC, which in turn caused the 
amorphous regions (a grey area) to decrease. This means that 5 wt. % of EC (B1), 
which has the smallest pore size and the greyest area, is the most amorphous 
sample. In the micrographs of Bu3MeNTf2N plasticized samples, the sample 15 
wt. % Bu3MeNTf2N (C3) is observed to be more homogeneous with whiter 
spherulites indicating the presence of more trapped ionic liquid. This indicates that 
15 wt. % Bu3MeNTf2N (C3) is the most amorphous due to its homogeneity 
compared to the sample 5 wt. % Bu3MeNTf2N (C1). XRD results show that the 
salt and plasticizers have decreased the crystallinity of PVC and salted PVC-based 
polymer electrolytes. The surface morphology images give a qualitative idea of 
the degree of crystallinity of the complexes studied in this work. 
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INTRODUCTION 

Generally, polymers are known to be electrical insulators. These insulating materials, known as 

polymer electrolytes, can conduct electricity by introducing ions in their matrices. The first ion-conducting 

polymer electrolytes were discovered in 1973 [1]. This was followed by the practical application of an all-

solid-state battery using ion-conducting polymer films in 1979 [2]. These novel discoveries motivated 

                                                        
* Corresponding author. E-mail address: drsitikhatijah@uitm.edu.my 
 

http://myjms.mohe.gov.my/index.php/sl


 Deraman et al. / Science Letters, June (2022) Vol. 18, No. 2 

79 

https://doi.org/10.24191/sl.v18i2.22877 

 

scientists from academic institutions and industrial sectors to pursue intensive research in materials science. 

Consequently, a large number of polymer electrolyte materials involving different types of transporting 

ions, namely Li+ [3], Na+ [4], K+ [5], Cu+ [6], Ag+ [7], and H+ [8] have been investigated since then. In this 

work, PVC is chosen as the polymer host since this material has been well-studied by various scientists due 

to its unique characteristics [9-14]. The use of PVC as a host is mainly because of the presence of lone pair 

electrons at the chlorine atom where inorganic salts can be complexed and also the dipole-dipole interaction 

between hydrogen and chlorine atoms, which can stiffen the polymer backbone [15, 16].  

Most works reported on PVC-based polymer electrolytes are doped with lithium inorganic salts 

[17-20]. As such, in this work, PVC is used as a base for proton-conducting polymer electrolytes by adding 
NH4CF3SO3, an ammonium-based inorganic salt. So far, several reports have been on PVC as a host for 

proton-conducting electrolyte systems. Thus, it will be interesting to investigate the properties of proton-

conducting polymer electrolytes based on PVC to discover more of their properties. The prepared PVC-

NH4CF3SO3 polymer electrolyte system will be added with plasticizer EC, ionic liquid (IL), and 

Bu3MeNTf2N separately to compare the effects of these plasticizers. 

Therefore, X-ray diffraction (XRD) patterns and surface morphology of pure PVC and the polymer 

electrolytes prepared in this work are presented. X-ray diffraction studies are carried out to compare the 

nature of crystallinity and the occurrence of complexation. In contrast, changes in surface morphology and 

structure of the polymer systems can be studied via field emission scanning electron microscopy. Only the 

X-ray diffraction pattern will be presented in the case of Ammonium Triflate (NH4CF3SO3). This is 

followed by the X-ray diffraction patterns and surface morphology image of the complexes PVC- 
NH4CF3SO3, PVC-NH4CF3SO3-EC, and PVC-NH4CF3SO3-Bu3MeNTf2N due to Tetrahydrofuran (THF) 

evaporation. These diffractograms and micrographs are presented to study the effects of the addition of 

plasticizer / ionic liquid on the structure of the PVC- NH4CF3SO3 complexes. 

EXPERIMENTAL 

The solution cast technique is used to prepare solid proton-conducting polymer electrolytes. In the 

present study, PVC is used as the polymer host. Three (3) different systems were prepared in which PVC-

NH4CF3SO3, PVC-NH4CF3SO3-EC, and PVC-NH4CF3SO3-Bu3MeNTf2N (Ionic Liquid) system. The 

section begins with the sample preparation technique and the compositions of the prepared polymer 

electrolyte. The samples have been characterized using X-ray diffraction (XRD) and Field Emission 

Scanning Electron Microscopy (FESEM) to investigate the structural and optical properties of the samples. 

Materials Preparation 

All the polymer electrolytes in this study are prepared using the solution cast technique. PVC with 
molecular weight of 2.33×105 gmol-1, NH4CF3SO3 (Sigma- Aldrich, 99.0 %), EC (Sigma- Aldrich, 98.0 

%) and Bu3MeNTf2N (Butyltrimethyl ammonium bis (trifluoromethyl sulfonyl) imide) ionic liquid (Sigma- 

Aldrich, 98.0 %) were used in this research. All chemicals were used as received. 

Sample Preparation  

Proton-conducting electrolyte films containing various weight ratios of polymer host, doping salt, and 

additives (plasticizer / ionic liquid) are prepared using the solution casting technique. One gram of PVC 

was dissolved in 50 ml of THF. The mixture is stirred continuously with a magnetic stirrer for several hours 

at room temperature until the PVC has completely dissolved. Different amounts of NH4CF3SO3 (10 wt. % 

- 50 wt. %) are added to the PVC solutions and stirred until the salt completely dissolves. The solutions are 

then poured into different glass petri dishes and allowed to dry at room temperature for several days to 

obtain free-standing films. The films formed are further dried in a vacuum oven at 313 K with a pressure 

https://doi.org/xx


 Deraman et al. / Science Letters, June (2022) Vol. 18, No. 2 

80 

https://doi.org/10.24191/sl.v18i2.22877 

 

of 10-3 torr for 24 h. The free-standing films are then kept in a desiccator for further drying. The present 

study prepares five polymer-salt electrolyte systems with different weight percent (wt. %) ratios. Table 1 

summarizes the concentration of PVC and NH4CF3SO3 in wt. % used to prepare the PVC-NH4CF3SO3 

system and their designation/sample name. 

Table 1. Composition of PVC - NH4CF3SO3 Polymer Electrolytes 

Sample Name PVC (g) PVC (wt. %) NH4CF3SO3 (g) NH4CF3SO3 (wt. %) 

A1 1.0 1.0 0.0000 0.0 

A2 1.0 0.9 0.1111 0.1 

A3 1.0 0.8 0.2500 0.2 

A4 1.0 0.7 0.4286 0.3 

A5 1.0 0.6 0.6667 0.4 

A6 1.0 0.5 1.0000 0.5 

 
In order to investigate the effect of plasticizers on the PVC-salt samples, the highest conducting PVC-

salt sample (A4) is added with two different plasticizers, which are ethylene carbonate (EC) and 

Bu3MeNTf2N (Butyltrimethyl ammonium bis (trifluoromethyl sulfonyl) imide). The preparation steps are 

similar to those used to prepare PVC- NH4CF3SO3 samples; in all these samples, the amount of PVC and 
salt are kept constant. Tables 2 and Table 3 list the composition of these samples together with their sample 

name. 

 

Table 2. Composition of PVC-NH4CF3SO3-EC Polymer Electrolytes 
 

Sample Name PVC- NH4CF3SO3 [A4] (g) EC (g) EC (wt. %) 

B1 1.4286 0.0752 0.05 

B2 1.4286 0.1587 0.10 

B3 1.4286 0.2521 0.15 

B4 1.4286 0.3572 0.20 

B5 1.4286 0.4762 0.25 

  

Table 3. Composition of PVC-NH4CF3SO3-Bu3MeNTf2N Polymer Electrolytes 

Sample Name PVC- NH4CF3SO3 [A4] (g) Bu3MeNTf2N (g) Bu3MeNTf2N 

 (wt. %) 

C1 1.4286 0.0752 0.05 

C2 1.4286 0.1587 0.10 
C3 1.4286 0.2521 0.15 
C4 1.4286 0.3572 0.20 

C5 1.4286 0.4762 0.25 

  

The XRD spectra of the proton-conducting polymer electrolyte films studied in this work are recorded 

using an X’pert Pro Analytical Diffractometer for Bragg angles (2θ) varying from 5° to 90°. In order to 

understand how the surface morphology of the proton-conducting polymer electrolyte film changes with 

doping of salt and plasticizers, field emission scanning electron microscopy of the polymer electrolyte films 

was taken. The structure and surface morphology of polymer electrolyte films are essential properties of 

polymer electrolytes since they give us a qualitative idea of the degree of crystallinity (Xc) of polymer 
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films. In the present work, field emission scanning electron microscopy (FESEM) is carried out using 

FESEM, ZEISS SUPRATM 40VP at the Faculty of Applied Sciences, Universiti Teknologi MARA. The 

polymer electrolyte films were coated with a layer of platinum using Sputter Coater under a vacuum 

chamber with argon gas. The polymer electrolyte films were then attached to FESEM stubs using two-sided 

adhesive tape. The sample is examined at 5 kV for 500x, 3000x, and 10000x magnification to investigate 

the different spherulite sizes of the samples. 

 

RESULT AND DISCUSSION 

X-Ray Diffraction of PVC-NH4CF3SO3 System 

Figure 1.0 (a) illustrates the X-ray diffraction pattern of pure PVC (A1). The XRD spectrum of pure 
PVC lacks sharp peaks but is characterized by a broad peak from 2θ = 13 to 30° with a center at 25°. The 

XRD pattern of pure PVC indicates that the sample has low crystallinity. The XRD pattern of pure PVC 

reported in this work is consistent with that reported by many studies [21-24]. 

        (a)                                                                                 (b) 
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Fig. 1. XRD Spectrum of (a) Pure PVC (A1) and (b) Pure Ammonium Triflate 

Figure 1(b) depicts the X-ray diffraction pattern of ammonium triflate (NH4CF3SO3) film. High 

intensity and well-distinguished peaks are observed in this spectrum at 2θ angles of 17, 19, 23, 25, 31, 34, 

48, 52, 55,73,74, and 85°. By contrast to pure PVC, NH4CF3SO3 is found to be crystalline in nature. The 
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XRD spectra of PVC - NH4CF3SO3 complexes for varying salt concentrations in wt. % are shown in Figure 

2. The incorporation of the salt into polymeric PVC matrices displays the disappearance of the diffraction 

peaks of the salt at all 2θ angles of 17, 19, 23, 25, 31, 34, 48, 52, 55,73,74, and 85°. Since no peaks 

corresponding to NH4CF3SO3 are observed in the complexes of PVC- NH4CF3SO3, this indicates the 

absence of excess salt (uncomplexed) in the material [25-27]. It can be inferred from the diffractograms 

that the samples are mainly amorphous in nature as a broad peak hump is observed at 2θ angles between 

13 ° to 30 ° with centers that shifted to lower 2θ values as the concentration of salt increases. Changes in 

the intensity of the broad peak may also be observed, with sample A4 (Figure 2 (a)) having a higher intensity 

(40 %) than the rest. Changes in the XRD pattern of PVC- NH4CF3SO3 systems observed here may affect 
the electrical conductivity of the samples. Several studies have reported that ionic conduction in polymer 

electrolytes occurs in the amorphous region [28-31]. 

 

Fig. 2. XRD Spectra of (a) Pure PVC (A1) and PVC - NH4CF3SO3 Systems for Samples (b) A2 (c) A3 (d) A4 (e) A5 
and (f) A6 

X-Ray Diffraction of PVC- NH4CF3SO3-EC System  

Figure 3 shows the X-ray diffractograms of PVC- NH4CF3SO3-EC complexes with various EC 

content in wt. %. When 5 wt. % of EC (B1) is added to PVC- NH4CF3SO3, the diffraction pattern is 

characterized by a broad hump centered at 2θ = 23°. As the concentration of EC increases to 10 wt. % (B2), 

the center of the hump shifted to 21°. The relative intensity of the hump is also observed to be higher at 5 

wt. % (B1) plasticizer concentration.  
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In addition, when the EC concentration is 15 wt. % (B3), the center of the hump shifted to 18° while 

its relative intensity decreased. Beyond 20 wt. % EC (B4) concentration, the relative intensity of the halo 

increased again. This shows that adding EC changes the degree of crystallinity of the PVC- NH4CF3SO3-

EC system. The presence of the halo or amorphous hump in the diffraction patterns of PVC- NH4CF3SO3-

EC complexes implies that the samples are mainly amorphous in nature, while the increase in the intensity 

of the halo beyond 20 wt. % EC (B4) indicates that the crystallinity of the complexes increased again.  

 

In short, the sample with 5 wt. % EC (B1) is the most amorphous. In other words, adding EC reduces 

the material's crystallinity, which is attributed to the interaction between the polymer and the plasticizer. 
The plasticizer may have disrupted the original polymer structure, manifested by the broad peak centered 

at 2θ = 23°. The disordered arrangement of the polymer matrix occurs with the incorporation of EC, leading 

to the construction of an amorphous region. This aids in enhancing the segmental motion and flexibility of 

the polymer backbone. Hence, it results in an increment of ionic transportation due to higher ionic 

conductivity. Such shifts and changes in intensity indicate that complexation has occurred, as reported by 

several studies [32-37]. This implies that the plasticizer may have disrupted the host polymer's structure, 

forming smaller crystallite sizes. Therefore, adding the plasticizer EC can reduce the crystalline phase of 

the PVC films and increase the fraction of the amorphous region. 

 

Fig. 3. XRD Spectra of (a) Pure PVC (A1), (b) PVC - 30 wt. % NH4CF3SO3 (A4) and PVC - NH4CF3SO3 -EC 
Systems for Samples (c) B1 (d) B2 (e) B3 (f) B4 and (g) B5 
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X-Ray Diffraction of PVC-NH4CF3SO3-Bu3MeNTf2N System  

Figure 4 depicts the XRD spectra of PVC-NH4CF3SO3-Bu3MeNTf2N complexes. As in the previous 

study, salt and PVC in all the films were kept constant. It is observed that the XRD spectra of the 

Bu3MeNTf2N plasticized system are characterized by a broad hump centered at 2θ = 19° for 5 wt. % 

Bu3MeNTf2N (C1) concentration. This is a shift to a lower 2θ value when compared to A4. The shift in 

values 2θ upon the incorporation of Bu3MeNTf2N indicates that complexation between polymer and 

Bu3MeNTf2N has occurred [38, 39]. As the concentration of ionic liquid added is increased beyond 5 wt. 

%, the centre of the hump shifted from 19° (5 wt. % Bu3MeNTf2N) to higher 2θ values at 21° and 22° for 

Bu3MeNTf2N concentration of 15 wt. % (C3) and 20 wt. % (C4) respectively. Besides the shifting of the 
center of the hump to the lower 2θ values at 20°, the relative intensity of the center of the hump decreases 

for Bu3MeNTf2N concentration beyond 10 wt. % (C2).  

The changes in the 2θ position of the center of the hump, as well as changes in the value of its relative 

intensity, indicate that possible complex formation between PVC, NH4CF3SO3, and Bu3MeNTf2N has 

taken place. The presence of the amorphous hump indicates that the PVC- NH4CF3SO3-Bu3MeNTf2N 

complexes are mainly amorphous in nature. This implies that the plasticizer may have disrupted the host 

polymer's structure, forming smaller crystallite sizes. It follows, therefore, that the addition of the ionic 

liquid, Bu3MeNTf2N, can reduce the crystalline phase of the PVC films and increase the fraction of the 

amorphous region. In other words, the role of Bu3MeNTf2N is much like that of EC reported earlier. 

Adding these plasticizers causes an increase in the degree of amorphousness of the PVC-based electrolytes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. XRD Spectra of (a) Pure PVC (A1) (b) PVC - 30 wt. % NH4CF3SO3 (A4), PVC - NH4CF3SO3 - Bu3MeNTf2N 
Systems for Samples (c) C1 (d) C2 (e) C3 (f) C4 and (g) C5  
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FESEM Micrographs of PVC- NH4CF3SO3 System  

Figure 5 (a)-(d) presents the surface morphology of pure PVC (A1), PVC-10 wt. % NH4CF3SO3 (A2), 

PVC-30 wt. % NH4CF3SO3 (A4) and PVC-50 wt. % NH4CF3SO3 (A6) at 500 × magnification. The 

FESEM images of PVC show the presence of some craters, which are spherical with a size of about 10-20 

μm. This is consistent with the work reported by Ramesh et al. [40] and El-Naggar et al. [41]. The rapid 

volatilization of THF solvent during preparation contributes to this phenomenon [42, 43]. Upon 

incorporation of NH4CF3SO3, the pore size decreased to 5 μm. A similar decrease in pore size was also 

reported by Anuar et al. (2012) when NH4CF3SO3 was incorporated into PEMA. It is also observed that 

the film with 30 wt. % NH4CF3SO3 (A4) has a higher amorphous region, as indicated by the grey-colored 
regions in the micrographs. In contrast, the morphology of PVC-NH4CF3SO3 with 50 wt. % NH4CF3SO3 

(A6) is seen to be more homogeneous with further reduction in pore size to 4 μm with fewer grey-colored 

areas, indicating that it is less amorphous. The decrease in pore size indicates that the salt has disrupted the 

morphology of PVC, resulting in structural reorganization of the polymer chain that may lead to H+ ion 

transportation in the polymer matrix [20, 44]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Surface Morphology of (a) Pure PVC (A1) Film (b) PVC- NH4CF3SO3 with 10 wt. % NH4CF3SO3 (A2) (c) 
PVC- NH4CF3SO3 with 30 wt. % NH4CF3SO3 (A4) (d) PVC- NH4CF3SO3 with 50 wt. % NH4CF3SO3 (A6) at 500 
× Magnification  

 

  

(a) (b) 

(c) (d) 
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FESEM Micrographs of PVC-NH4CF3SO3-EC System 

Figure 6 (a)-(c) presents the surface morphology of PVC-NH4CF3SO3-EC at various concentrations at 

500 × magnification. When 5 wt. % EC (B1) is complexed with PVC-NH4CF3SO3, the pore increased in 

size from 4 μm (PVC-NH4CF3SO3) to about 8 μm with some of them becoming more rectangular than 

spherical. The increase in pore size could be due to the presence of the plasticizer. This shows that the 

addition of EC has disrupted the morphology of the PVC- NH4CF3SO3 complexes. Beyond 5 wt. % EC 

(B1), as the concentration of EC increases to 15 wt. % EC (B3), the pore size increases further to 10 μm, 

reducing the amorphous region between the pores. This means sample B1 is more amorphous than samples 

B3 and B5. This is consistent with the result from XRD discussed earlier. The pores in the micrographs 
indicate the occurrence of phase separation in the polymer electrolytes. The pores or craters formed on the 

surface are due to the rapid evaporation of the solvent (THF). The difference in the pore size is related to 

the difference in the driving force for phase separation [45, 46]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Surface Morphology of PVC- NH4CF3SO3-EC with (a) 5 wt. % EC (B1) (b) 15 wt. % EC (B3) and (c) 25 wt. 
% EC (B5) at 500 × Magnification 
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FESEM Micrographs of PVC- NH4CF3SO3- Bu3MeNTf2N System 

Figure 7 (a)-(b) presents the surface morphology of PVC- NH4CF3SO3- Bu3MeNTf2N electrolytes 

with 5 wt. % (C1) and 15 wt. % Bu3MeNTf2N (C3) at 500 × magnification. It can be noted that sample C1 

is highly packed with small spheres, with some spheres embedded with small pores. These spheres represent 

the crystalline region of several platelets or lamellae radiating from a nucleating center called spherulites 

[31, 47]. The regions between the neighboring lamellae show the existence of an amorphous phase involved 

in ion conduction. The pore size is reduced to 3 μm when compared to the ionic liquid-free sample with 

smooth regions, suggesting the largely amorphous nature of the electrolyte. The presence of spherulites in 

the micrographs is mainly attributed to the entrapments of ionic liquid, which are retained in the polymer 
matrix. This induces the formation of the entanglements between ionic liquid and polymer network. These 

entanglements may enhance the segmental motion of the polymer backbone by weakening the interaction 

between polymer chains and NH4+ cations. Thus, this produces a flexible polymer backbone and facilitates 

ionic transfer among the polymer network. 

 

The amount of entrapments increases with increasing Bu3MeNTf2N loadings, as depicted in Figures 

7 (a) and (b). The least entrapment in PVC- NH4CF3SO3-5 wt. % Bu3MeNTf2N (C1) implies the least 

amorphous degree of the polymer matrix. The sample containing PVC- NH4CF3SO3-15 wt. % 

Bu3MeNTf2N (C3) has more distribution of ionic liquid entrapments and tends to aggregate when 

compared to PVC- NH4CF3SO3-5 wt. % Bu3MeNTf2N (C1). These aggregations weaken the coordination 

bonds of the polymer matrix and NH4+ cations to form a more flexible polymer backbone with an enhanced 
plasticizing effect. Therefore, Bu3MeNTf2N interacts weakly with the polymer and salt, suggesting its 

lubricating action. This condition favors the ionic hopping mechanism, which should produce higher ionic 

conductivity. Some blackish cavities are formed on the surface morphology of PVC-NH4CF3SO3-15 wt. % 

Bu3MeNTf2N (C3), as highlighted in Figures 7 (a) and (b), discloses that there is interaction between 

Bu3MeNTf2N and components of the polymer electrolyte. This suggests the ionic migration effect by 

providing a continuous conducting pathway within the entrapments. 

 

 
Fig.7. Surface Morphology of PVC- NH4CF3SO3- Bu3MeNTf2N with (a) 5 wt. % Bu3MeNTf2N (C1) and (b) 15 wt. 
% Bu3MeNTf2N (C3) at 500 × Magnification 
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CONCLUSION 

XRD results show that the salt and plasticizers have decreased the crystallinity of PVC and salted 

PVC-based polymer electrolytes. The complexation between the salt, plasticizers, and PVC occurs in the 

amorphous phase due to the decrease in the crystalline regions of the complexes. The surface morphology 

images give a qualitative idea of the degree of crystallinity of the complexes studied in this work. The 

surface morphology of the polymer electrolytes provides information on the structure of the materials 

studied, which XRD could not. 
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