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ABSTRACT 
 

Zeolite 4A nanoparticles were incorporated into Poly (3, 4 - ethylenedioxythiophene): poly (styrenesulfonate) (PEDOT: PSS) 
and Polyvinyl alcohol (PVA) blend matrix to prepare PEDOT: PSS/PVA/Zeolite 4A nanocomposites using solution casting 
technique. The structure and morphology of nanocomposites were examined using Fourier transform infrared spectroscopy,     
X-ray diffraction, UV-Vis spectroscopy and Scanning electron microscopy. The mechanical and dielectric properties of 
nanocomposites were also evaluated. The FTIR and XRD results indicate the strong interaction between the Zeolite 4A 
nanoparticles and the polymer matrix. The SEM micrographs show the homogeneous dispersion of Zeolite 4A into the polymer 
matrix. The nanocomposite exhibits a high dielectric constant and low dielectric loss, which could be due to proper dispersion 
and good interaction between Zeolite 4 A and polymer matrix. Thus, based on the results obtained it can be concluded that 
PEDOT: PSS/PVA/Zeolite 4A nanocomposites can be used as a flexible dielectric material for embedded capacitor 
applications. Copyright © 2016 VBRI Press. 
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Introduction  

The Over the last two decades, applications of polymer-
inorganic nanocomposites have seen incredible growth in 
many fields. The addition of inorganic nanoparticles to 
polymers allows the implementation of new features in the 
polymer matrix by modifying their physical properties      

[1-3]. Polymer nanocomposites have unique properties such 
as light weight, high flexibility and low cost. The optical 
and electrical properties of polymers can be improved to a 
great extent by using suitable nanofiller with controlled 

loading [4]. Polymer nanocomposite combines the 
advantages of individual material; for example, the 
flexibility and processability of polymers, and the 
selectivity and thermal stability of the inorganic fillers. Two 
types of inorganic particles can be used as fillers in 
polymers for preparing composite materials, i.e., porous 
and nonporous. Various types of porous inorganic fillers 
such as zeolites and carbon molecular sieves have been 
used for mixed matrix nanocomposites for membrane 
applications and investigated for their effect on structural 

and gas separation properties [5, 6]. Inorganic nonporous 
nanoparticles have also been introduced into the polymer 
matrix to prepare polymer–inorganic nanocomposite         

[7-10]. The formation of nanocomposite with more than 
two components is used to achieve superior properties of 
their constituents. Because of the presence of more than 
one component in the nanocomposites, the properties of 
nanocomposites are subjected to many factors such as filler 

content, filler property and interfacial adhesion [7, 11]. To 
improve the interaction between the filler with the polymer 
matrix and adhesion properties of the filler a crosslinking 
compound is added to the polymer matrix. 

Poly (3, 4-ethylenedioxythiophene): poly (styrene 
sulfonate) (PEDOT: PSS) has attracted considerable 
attention because of its superior electrical conductivity, 
high thermal stability and excellent chemical and 
environmental stability. PEDOT: PSS is one of the most 
promising conducting polymers for various electronics and 

optoelectronic device applications [12, 13] because of its 
excellent transparency and film forming ability. It is 
commonly used as the anode electrode material in organic 
electronics such as field-effect transistors and photovoltaic 

cells [14]. PEDOT: PSS has also been used in many 

industrial applications such as solar cells [15], light 

emitting diodes (LEDs) [16, 17], in antistatic coatings      

[18, 19], electrochromic devices [20] and polymer 

photovoltaics [21]. Owing to these merits, large numbers of 
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research groups are exploring the chemistry of PEDOT: 
PSS in order to improve its properties. One way of 
improving the properties of PEDOT: PSS is by introducing 
other polymers to form polymer blends or introducing 
nanofillers to form nanocomposites. 

Poly (vinyl alcohol) (PVA) is a semi-crystalline, water 
soluble polymer that has been studied extensively because 
of its many desirable properties such as easy preparation, 
excellent chemical resistance, biocompatibility, 

biodegradability and low cost [22-24]. PVA is a synthetic 
polymer having excellent film-forming, emulsifying, and 

adhesive properties [25]. PVA is a well-known membrane 
material with good mechanical properties. Therefore, it has 

been used for membrane application [26] drug delivery 

systems [27] and artificial biomedical devices [28]. PVA is 
a good candidate for blending with PEDOT: PSS because 
of the presence of hydroxyl groups in the carbon backbone 
chain of PVA. The addition of PVA to PEDOT: PSS can 
enhance the flexibility and durability of the blend films 

[29]. In this study, PVA is blended with PEDOT:PSS  
which renders the formation of free-standing  films. 

Zeolites are crystalline aluminosilicate of group IA and 
group IIA elements, such as sodium, potassium, magnesium 

and calcium [30, 31]. Zeolites have a rigid, three-
dimensional crystalline frameworks arising from an open 
framework of SiO4 and AlO4 linked together. Zeolites have 
some superior properties such as high ion-exchange and 
high adsorption capacity. It can absorb large quantities of 
vapor, such as water, ammonia and carbon oxides even at 
low partial pressures. These properties enable to use Zeolite 

in energy storage applications [32]. Zeolites are also used 
in the industry and they have many applications in the field 

of wastewater treatment and gas separation [33]. Zeolites 
are the attractive native material for removing heavy metal 
ions from industry and processing effluent water because it 
has advantages such as high abrasion resistance and low 

swelling capacity [34]. Zeolites are the most favorable 
nanofillers for polymers due to the highly ordered porous 
structure with very small pore size. Zeolites 4A have three-
dimensional pore structure and these pores are composed of 
four-membered rings. Due to its low cost and high thermal 
stability, Zeolite 4A has potential applications in catalysis 

processes [35, 36]. 
 
Table 1. Feed compositions of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites. 

 

PEDOT: PSS (wt %) PVA (wt %) Zeolite 4A (wt %) 

50 50 0 

25 70 5 

20 70 10 

15 70 15 

10 70 20 

 
 

 
In the present work, Zeolite 4 A with different 

concentrations has been used as nanofiller for PEDOT: 
PSS/PVA blend matrix. PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites were prepared using simple and eco-
friendly solution casting technique. The nanocomposites 
were characterized using different analytical techniques 
including FTIR, XRD, UV-Vis, SEM and tensile test. The 
main purpose of this study is to have a deeper insight into 

fundamental characterizations and the dielectric behavior of 
PEDOT: PSS/PVA blend films reinforced with different 
concentrations of Zeolite 4A nanoparticles. 
 

Experimental 

Materials and methods 

PVA of molecular weight 78,000 g/mol was purchased 
from Merck Schuchart, Germany. The aqueous dispersion 
of PEDOT: PSS was purchased from Sigma Aldrich, India. 
Zeolite 4A used in present study was purchased from 
Advanced Specialty Gas Equipment ASGE, USA. Ultra-
pure Milli-Q water was used as solvent throughout the 
study. 
 

 
 
Fig. 1. Protocol for the synthesis of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites. 

 
Synthesis of PEDOT: PSS/PVA/Zeolite 4A nanocomposites 

PEDOT: PSS/PVA/Zeolite4A nanocomposite films with 
different loadings (0, 5, 10, 15, 20 wt %) of Zeolite 4A 
particles were prepared by solution casting method. The 

feed compositions of nanocomposites are given in Table 1. 
Protocol for the synthesis of PEDOT: PSS/PVA/Zeolite4A 

nanocomposite is given in Fig. 1. In a typical synthesis 
process, PVA was first dissolved appropriately in distilled 
water at 70 oC for 3 hours. The PVA aqueous solution was 
kept aside until it’s cool down. Later, a known quantity of 
PEDOT: PSS solution was added to PVA solution and 
continuously stirred for 4 hours. On the other hand, the 
Zeolite 4A powder was sonicated separately in water for 
one hour and subsequently mixed with PEDOT: PSS/PVA 
solution. The PEDOT: PSS/PVA/Zeolite4A dispersion was 
further stirred (500 rpm) at room temperature (30 oC) for    
6 hours until the homogeneous dispersion is obtained. The 
resulting homogeneous dispersion of PEDOT: 
PSS/PVA/Zeolite4A was poured on to a Teflon Petridish 
and dried in a hot air oven at 60 oC for 8 hours. The 
PEDOT: PSS/PVA/Zeolite4A nanocomposite films of 
thickness in the range of 50-60 µm were peeled off from 
the Petridish and used for further studies.  
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Fig. 2. FTIR spectra of PEDOT: PSS/PVA/Zeolite 4A nanocomposites 
films (a) neat PVA (b) PEDOT: PSS/PVA blend (c) 5 wt % Zeolite 4A (d) 
10 wt % Zeolite 4A (e) 15 wt % Zeolite 4A (f) 20 wt % Zeolite 4A. 

 
Characterizations 

FTIR spectroscopy of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposite film was carried out with Fourier transform 
infrared spectrophotometer (Shimadzu, IRAffinity-1, 
Japan) in the wave number range 400–4000 cm-1 in the 
transmittance mode. 

X-ray diffraction patterns of PEDOT: PSS/PVA/Zeolite 
4A nanocomposite films were recorded using Cu Kα 
radiation of wavelength λ = 1.54060 Å with a graphite 
monochromator produced by a Bruker AXS D8 focus 
advanced X-ray diffraction meter (Rigaku, Tokyo, Japan) 
with ‘Ni-filtered’. The scans were taken in the 2θ range 
from 10 – 60o with a scanning speed and step size of 1o/min 
and 0.01o, respectively. UV-vis absorption spectra of 
PEDOT: PSS/PVA/Zeolite 4A dispersion was obtained in 
the range of 190-600 nm with a Shimadzu UV-2401PC, 
UV-vis spectrophotometer. Surface morphology of the 
PEDOT: PSS/PVA/Zeolite 4A nanocomposite was 
examined by Hitachi Quanta 200 scanning electron 
microscope. Before taking the images, the samples were 
sputtered with gold in the vacuum evaporator. An 
accelerating voltage of 15 kV was applied to obtain the 
SEM images. 

The tensile strength of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposite film was studied using bench top tester 
(H50K-S UTM, maker: Tinius Olsen, Horsham, USA). The 
sample dimensions of 10 x 20 x 0.05 mm were used for 
mechanical test. 

The dielectric properties of PEDOT: PSS/PVA/Zeolite 
4A nanocomposite films were measured using Wayne Kerr 
6500B Precision Impedance Analyzer (Chichester, West 
Sussex, UK), in the broad band frequency ranging from 50 
Hz to 20 MHz and temperature ranging from 40–150 oC.  
 

Results and discussion 

FTIR spectroscopy 

The FTIR spectroscopy is one of the most favorable 
techniques to study the interaction between the molecules 
and the functional groups present in the nanocomposites. 
The FTIR spectra of neat PVA and PEDOT: PSS/PVA 

blend were shown in Fig. 2(a, b). The FTIR spectrum of 
PVA shows various characteristic peaks at 916 and         
840 cm−1 which are attributed to skeletal vibration of PVA   

[22, 37]. The characteristic band at 3286 and 1084 cm−1 are 
due to O–H stretching and C–O stretching vibrations, 
respectively. The band at 2928 cm−1 corresponds to C–H 
asymmetric stretching vibration of the alkyl group and the 
band at 1724 cm−1 is attributed to the C=O stretching 
vibration of the carbonyl group. Also, the band at          
1655 cm−1 can be assigned to an acetyl C=O group of PVA. 
The band at 1084 cm−1 corresponds to the C–O stretching 
vibration of an acetyl group. The band at 1321 cm−1 and 
1243 cm−1 are attributed to CH2 and C–H wagging 
vibrations respectively. The band at 1438 cm−1 corresponds 

to CH2 bending [22, 23]. The FTIR spectra of PEDOT: 

PSS/PVA blend (Fig. 2 (b)) shows small shifts in the bands 
as compare to the neat PVA film. This indicates the 
considerable interactions between two polymers. The FTIR 
spectra of PEDOT: PSS/PVA/Zeolite 4A nanocomposite 
with different loading percentage of zeolite 4A is shown in 

Fig. 2 (c-f). The characteristic peaks of Zeolite 4A at 957 
cm-1 and 1250 cm-1 corresponding to Si-O-Si and Si-O-Al 
stretching vibration were observed in the FTIR spectra of 

nanocomposite [38]. A significant change in the intensity 
and shifts of bands were observed in the FTIR spectroscopy 
results of nanocomposites which indicate significant 
interaction between the constituents of nanocomposites.  
 

 
 
Fig. 3. XRD spectra of PVA and Zeolite 4A nanoparticles. 

 
X-ray diffraction 

The X-ray diffraction patterns of PEDOT: 
PSS/PVA/Zeolite 4A nanocomposites were obtained to 
understand the structural change in the PEDOT: PSS/PVA 

blend matrix upon addition of Zeolite 4A. Fig. 3 shows the 
XRD pattern of neat PVA and Zeolite 4A nanoparticles. 
Since PVA is a semi-crystalline polymer, it shows a single 
broad peak at    2θ = 20ᵒ which is attributed to the hydrogen 

bond interactions between the alkyl group of PVA [39]. 
The XRD pattern of Zeolite 4A shows multiple sharp peaks 

indicating its highly crystalline nature. Fig. 4 shows the 
XRD patterns of PVA/PEDOT: PSS/Zeolite 4A 
nanocomposites. After the incorporation of Zeolite 4A into 
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PEDOT: PSS/PVA blend matrix sharp peaks were 
observed which resulted in the modifications of the 
polymer structure.  

 

 
 
Fig. 4. XRD spectra of PEDOT: PSS/PVA/Zeolite 4A nanocomposites 
films (a) PEDOT: PSS/PVA blend (b) 5 wt % Zeolite 4A (c) 10 wt % 
Zeolite 4A (d) 15 wt % Zeolite 4A (e) 20 wt % Zeolite 4A. 
 

The XRD pattern of nanocomposites showed various 
diffraction peaks at 2θ = 10.4ᵒ, 12.8ᵒ, 16.5ᵒ, 21.6ᵒ, 24ᵒ, 
26.2ᵒ, 27ᵒ, 30ᵒ and 34.3ᵒ which are the characteristics 
reflections of α phase of Zeolite 4A and can be indexed into 
(220), (222), (420), (440), (600), (622), (640) and (664) 
respectively. The presence of these XRD peaks in the 
nanocomposites samples confirms the presence of Zeolite 
4A nanoparticles in the nanocomposites. The crystalline 
nature of these nanocomposites shows considerable 
changes which are due to hydrogen bonding interaction 
between the hydroxyl groups of PVA and alkyl group in 
Zeolite 4A. Thus, from XRD analysis, it was observed that 
the dispersion of Zeolite 4A is uniform throughout the 
polymer matrix. 

 

 
 
Fig. 5. UV-vis spectra of PEDOT: PSS/PVA/Zeolite 4A nanocomposites 
(a) PEDOT: PSS (b) PVA (c) PEDOT: PSS/PVA blend (d) 5 wt % Zeolite 
4A (e) 10 wt % Zeolite 4A (f) 15 wt % Zeolite 4 A (g) 20 wt % Zeolite 
4A. 
 

UV-vis spectroscopy 

UV-vis absorption spectroscopy is commonly used to study 

the interaction between electrons and radiation [40]. The 

UV-vis absorbance spectra of PEDOT: PSS, neat PVA, 
PEDOT: PSS/PVA blend and PEDOT: PSS/PVA/Zeolite 

4A dispersion is shown in Fig. 5(a-g). The UV-vis 
absorbance spectra of PEDOT: PSS has shown a single 
absorption peak at 225 nm which can be attributed to the    

π-π* transitions of benzene rings of PSS [41]. The UV-vis 
spectra of neat PVA has shown a UV absorbance peaks at 
200 nm. The absorption spectra of PEDOT: PSS/PVA 
blend shows two absorbance bands at 200 nm and 230 nm 
which are characteristics bands of both PEDOT: PSS and 
PVA. PEDOT: PSS/PVA/Zeolite 4A dispersion with 
different loading of Zeolite 4A also shows two distinct 
absorption bands in the range of 190-230 nm. These results 
indicate that Zeolite 4A was homogeneously dispersed in 
the polymer matrix.  
 

 
 
Fig. 6. SEM micrographs of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites (a) Pure PVA film (b) PEDOT: PSS/PVA blend (c) 
Zeolite 4A nanoparticles (d) 5 wt % Zeolite 4A (e) 10 wt % Zeolite 4A (f) 
20 wt % Zeolite 4A. 

 
Scanning electron microscopy (SEM) studies  

Scanning electron microscopy has been used to study the 
compatibility between various components of the polymer 
nanocomposites through the detection of phase separation 

and particle dispersion [42]. The SEM images of PVA and 
PEDOT: PSS film, Zeolite 4A nanoparticles and PEDOT: 
PSS/PVA/Zeolite 4A nanocomposites are shown in         

Fig. 6(a-f). Pure PVA film shows smooth surface while 
PEDOT: PSS/PVA blend film shows rough surface 
compare to neat PVA. This indicates a good interfacial 
interaction between the PVA and PEDOT: PSS. The SEM 
micrographs of Zeolite 4A nanoparticles show cubic shaped 
structure while Zeolite 4A incorporated PEDOT: PSS/PVA 
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blend matrix shows microporous structure. It was observed 
that increasing the Zeolite 4A loadings has changed the 
surface morphology of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites significantly. The SEM micrographs of 
nanocomposites indicate that Zeolite nanoparticles have 
uniformly dispersed throughout the polymer matrix.  
 

 
 
Fig. 7. Force versus extension plots of PEDOT: PSS/PVA/Zeolite 4A 
nanocomposites (a) PEDOT: PSS/PVA blend (b) 5 wt% Zeolite 4A (c) 10 
wt% Zeolite 4A (d) 15 wt% Zeolite 4A (e) 20 wt% Zeolite 4A. 

 
Mechanical properties 

The mechanical properties are most important for the 

selection of polymer material for suitable applications [43]. 

Fig. 7(a-e) shows the force vs. extension plot of PEDOT: 
PSS/PVA/Zeolite 4A nanocomposites. It can be seen that 
the mechanical properties of nanocomposites have changed 
significantly due to the incorporation of Zeolite 4A 
nanoparticles. The significant change in the mechanical 
behavior is due the homogeneous dispersion of Zeolite 4A 
nanoparticles into the polymer matrix and interfacial 
interactions between them. It is very much essential to 
achieve an efficient level of stress transfer between 
nanoparticles and the polymer matrix in order to enhance 

the mechanical properties of nanocomposites [44]. Thus, 
good interfacial adhesion between Zeolite 4A nanoparticles 
and PEDOT: PSS/PVA blend matrix and the homogeneous 
dispersion of Zeolite 4A nanoparticles into the polymer 
blend matrix have resulted in the enhancement of 

mechanical properties of nanocomposites [2]. 
 
Dielectric studies 

The dielectric properties of polymer nanocomposites can be 
greatly improved as compared to neat polymers, by 
selecting a suitable combination of polymer matrix and 
nanoparticles. The inorganic nanoparticles can be 
introduced into the polymer matrix to form polymer 
nanocomposites of good dielectric behavior and high 

energy density [1, 2]. Polymer nanocomposites with high 
dielectric constant have various applications in energy 
storage capacitors etc. In the present study, the dielectric 
properties of PEDOT: PSS/PVA/Zeolite 4A nanocomposite 
films were investigated in the broadband frequency ranging 
from 50 Hz to 20 MHz and the temperature ranging from 

40 – 150 ᵒC. Fig. 8(a-e) shows dielectric constant plots of 
PEDOT: PSS/PVA blend and PEDOT: PSS/PVA/Zeolite 
4A nanocomposite films with different wt% of Zeolite 4A 
loading.  
 

 
 
Fig. 8. (a) Dielectric constants of PEDOT: PSS/PVA blend film as a 
function of frequency at various temperatures, (b) Dielectric constants of 
PEDOT: PSS/PVA/Zeolite 4A nanocomposite film with 5 wt % Zeolite 
4A nanoparticle as a function of frequency at various temperatures, (c) 
Dielectric constants of PEDOT: PSS/PVA/Zeolite 4A nanocomposite film 
with 10 wt % Zeolite 4A nanoparticle as a function of frequency at 
various temperatures, (d) Dielectric constants of PEDOT: 
PSS/PVA/Zeolite 4A nanocomposite film with 15 wt % Zeolite 4A 

nanoparticle as a function of frequency at various temperatures, (e) 
Dielectric constants of PEDOT: PSS/PVA/Zeolite 4A nanocomposite film 
with 20 wt % Zeolite 4A nanoparticle as a function of frequency at 
various temperatures. 

 
The maximum value of dielectric constant for PEDOT: 

PSS/PVA blend film was found to be (ε = 50.71, 50 Hz, 
150ᵒC) and the maximum value of dielectric constant for 
PEDOT: PSS/PVA/ Zeolite 4A nanocomposites film with 
20 wt % Zeolite 4A loading was found to be (ε = 178.61, 
50 Hz, 150ᵒC). This indicates that the incorporation of 
Zeolite 4A into PEDOT: PSS/PVA blend matrix has 
resulted in the enhancement of dielectric constant of 
nanocomposites. In general, the dielectric properties of 
nanocomposites always depend on different types of 
polarizations mainly dipolar, interfacial and electrode 

polarizations [37]. Fig. 9(a-e) shows dielectric loss (tan δ) 
plots of PEDOT: PSS/PVA blend and PEDOT: 
PSS/PVA/Zeolite 4A nanocomposite film with different 
wt% of Zeolite 4A loadings. The maximum value of 
dielectric loss (tan δ) for PEDOT: PSS/PVA blend film was 
found to be (tan δ = 2.14, 50 Hz, 150ᵒC) and that for 
PEDOT: PSS/PVA/ Zeolite 4A nanocomposites film with 
20 wt % Zeolite 4A loading was found to be (tan δ = 3.88, 
50 Hz, 150 ᵒC). All the samples showed high values of 
dielectric constant and the dielectric loss at the lower 

frequency (Table 2) which could be attributed to the strong 
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contribution of interfacial polarization and free charge 

motion within the material [25].  
 
Table 2. Comparative dielectric constant and the dielectric loss values of 
PEDOT: PSS/PVA/Zeolite 4A nanocomposites. 

 

Zeolite 4A  

(wt %) 

Dielectric Constant  

(ε) 

Dielectric Loss  

(Tanδ) 

0 50.71, 50Hz, 150
o
C 2.14, 50 Hz, 150

o
C 

5 57.05, 50Hz, 150
o
C 3.02, 50 Hz, 150

o
C 

10 61.13, 50Hz, 150
o
C 3.18, 50 Hz, 150

o
C 

15 104.31, 50Hz, 150
o
C 3.29, 50 Hz, 150

o
C 

20 178.614, 50Hz, 150
o
C 3.88, 50 Hz, 150

o
C 

  
 

 
 

Fig. 9. (a) Dielectric loss (tan δ) of PEDOT: PSS/PVA blend film as a 
function of frequency a various temperature, (b) Dielectric loss (tan δ) of 
PEDOT: PSS/PVA/Zeolite 4A nanocomposite film with 5 wt % Zeolite 
4A nanoparticle as a function of frequency at various temperatures (c). 
Dielectric loss (tan δ) of PEDOT: PSS/PVA/Zeolite 4A nanocomposite 
film with 10 wt % Zeolite 4A nanoparticle as a function of frequency at 
various temperatures, (d). Dielectric loss (tan δ) of PEDOT: 
PSS/PVA/Zeolite 4A nanocomposite film with15wt % Zeolite 4A 
nanoparticle as a function of frequency at various temperatures, (e). 
Dielectric loss (tan δ) of PEDOT: PSS/PVA/Zeolite 4A nanocomposite 
film with 20 wt % Zeolite 4A nanoparticle as a function of frequency at 
various temperatures. 

 
Hence, it is possible to tune the dielectric properties of 

nanocomposites with desired value of dielectric constant 
and dielectric loss can be significantly reduced for practical 
applications. Thus, the significant enhancement in the 
dielectric constant of nanocomposites makes them a 
potential candidate for applications in electronic devices 
such as embedded capacitors. 
 

Conclusion  

Zeolite 4A nanoparticles were successfully incorporated 
into PEDOT: PSS/PVA blend matrix to prepare PEDOT: 
PSS/PVA/Zeolite 4A nanocomposites using solution 
casting technique. The Zeolite 4A nanoparticles were well 
distributed within the polymer matrix without any 
aggregation. The structural and functional groups present in 

PEDOT: PSS/PVA/Zeolite 4A nanocomposites were 
investigated by FTIR and XRD analysis. From the XRD 
results, the presence of Zeolite 4A in the nanocomposites 
was confirmed. FTIR spectroscopy results confirm the 
different functional groups present in the nanocomposites 
corresponding to both polymers as well as Zeolite 4A 
nanoparticle. The UV-vis absorbance results reveal the 
interaction between the Zeolite 4A nanoparticles and 
PEDOT: PSS/PVA blend matrix. The morphological study 
of PEDOT: PSS/PVA/Zeolite 4A nanocomposite confirms 
the homogeneous dispersion of Zeolite 4A into the 
PEDOT: PSS/PVA blend matrix leading to the formation of 
microporous structure. Incorporation of Zeolite 4A 
nanoparticles in the PEDOT: PSS/PVA blend matrix has 
resulted in the improvement of the mechanical properties of 
nanocomposites. In addition, the incorporation of Zeolite 
4A into PEDOT: PSS/PVA blend matrix has resulted in the 
enhancement of dielectric constant of nanocomposites. For 
example, the dielectric constant for PEDOT: PSS/PVA 
blend film was found to be (ε = 50.71, 50 Hz, 150ᵒC) and 
that for PEDOT: PSS/PVA/ Zeolite 4A nanocomposites 
film with 20 wt % Zeolite 4A loading was (ε = 178.61, 50 
Hz, 150ᵒC). The significant enhancement in the dielectric 
constant of nanocomposites makes them a potential 
candidate for applications in electronic devices such as 
embedded capacitors. 
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