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In this research, various concentrations of manganese dioxide (MnO2) is composed by 
polyvinyl alcohol (PVA) to forming PVA /MnO2 films. The XRD and SEM are 
respectively demonstrated the structure and morphological characteristics of the films. The 
XRD results show that the PVA/MnO2 films is fabricated successfully. The SEM results 
demonstrate that MnO2 is dispersed evenly along the PVA polymeric chains. The 
conductivity, impedance and energy density were measured via an LCR bridge with 
frequency 102 to 106 Hz. There is an increase in dielectric from 64 for PVA to 95 for 
PVA/0.06MnO2 at 105 Hz, and also the conductivity increases from 3.61x10-3 S/cm for 
PVA to 5.33x10-3 S/cm for PVA/0.06MnO2. The optical characteristics of PVA and 
PVA/MnO2 films were recorded by UV/Vis spectroscopy. The band gap reduced from 
5.01 eV for PVA to 4.85, 4.71, 4.59 eV respectively for PVA/0.02MnO2, PVA/0.04MnO2, 
and PVA/0.06MnO2. And the Urbach tail is modified from 1.72 eV for PVA to 3.12, 
3.453, and 3.66 eV respectively. The results of the present work open the possibility for 
applied in different devices as energy storage systems and optoelectronics. 
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1. Introduction 
 
The incorporating of nano-additives into polymeric matrix, are able to create composite 

polymeric films with very specialized applications. [1,2]. These composites have found use in a 
number of different technological applications, including super-capacitors and optoelectronics [3]. 
Composite materials with distinct optical and electrical properties are applied as substances for 
different devices [4]. As a result of combining the polymer's machinability, endurance, and 
ductility, composite films have significant practical applications [5, 6]. 

Metal oxide has potential uses in optoelectronics devices as well as electrical efficiency 
[7]. Due to its storage properties, MnO2 has captured the attention of nanostructured materials 
researcher [8]. Many industries have taken an interest in using of MnO2 in sensors, battery, and 
optoelectronics [9]. The impact of adding inorganic nanoparticles to matrix materials on the 
conductance and optoelectronics properties of polymeric films has been the subject of several 
researches [10]. In contrast side, the introduction of MnO2 induced of structural and chemical 
modification in the composite properties [11]. Dispersed nanoscale MnO2 is significantly more 
effective than micro scale MnO2 [12]. More susceptibility to deterioration with dispersal 
homogeneity is also provided by MnO2 [13]. The development of electrical pathways through 
composite films and electron transit through electrical pathways are the two features of the 
conductivity process that are maximized [14,15].  
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 With the use of various preparation techniques, PVA synthetic polymer might well be 
handled easily and molded into films [16]. Extensive research has been conducted on the chosen 
PVA polymer as a great host material [17]. Despite this, PVA hydrophilic nature, chemical 
durability, and isolating dielectric qualities make it a common material in circuits for electronics 
[18, 19]. PVA can be exploited as an excellent-bonded material in with the filler to forming the 
polymer composites [20]. This work is aimed to improve the PVA/ MnO2 optical and electrical 
behavior for applied these films in different devices as energy storage and optoelectronics. 

 
 
2. Experimental work 
  
PVA/MnO2 is prepared utilizing solution cast preparing procedure [21, 22], with different 

content of MnO2 (0.02 to 0.06) dispersed in PVA polymeric films. The PVA/MnO2 composite 
films, in thickness of 0.4 mm, were cast in petri dishes, and given a 24-hour drying period in a 40 
°C oven. The films are divided into 1.6 x1.6 cm pieces for characterization examination. To 
ascertain the structural, XRD (Shimadzu-6000) was used. In order to analyze the morphology, 
SEM (JEOL; Japan) is used. A programmed LCR meter (3531Z, Hioki, Japan) is used to measure 
the dielectric properties at frequencies between 102 and 106 Hz. The UV/VIS (JascoV-670) is used 
to determine the UV-vis absorption of PVA/MnO2 films in wavelength of 220 to 1050 nm.  

 
 
3. Results and discussion 
 
Figure 1 indicate the XRD patterns of PVA and MnO2/PVA films. The picture reveals 

only one peak for PVA about 2θ=19.8º, showing that PVA has a semi-crystalline structural [22]. 
The MnO2 is verified by shifting of PVA diffraction peak, as seen in Figure 1 [23]. This is owing 
to the high number of hydrogen bonds that exist between PVA chains and MnO2. The crystallite 
size of MnO2 was given using Debye-Scherer D=(0.9*λ)/(βcosθ) [24]. The calculated crystallite 
size D of MnO2 is in the range of 22.6 nm. 
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Fig. 1. XRD of PVA, PVA/2%MnO2, PVA/4%MnO2, and PVA/6%MnO2. 
 

            
SEM images of PVA, PVA/2%MnO2, PVA4%MnO2, and PVA/6%MnO2 films are shown 

in Figs. 2(a-d). The morphologies of the pure PVA film are depicted in Fig. 2a, which reveals that 
the surface is smooth and homogeneous [25]. Furthermore, as seen in in Figs. 2(b-d), the SEM 
images of PVA/MnO2 upon incorporation of MnO2 indicates the production of white spots with the 
creation of certain tiny aggregates, indicating the development of MnO2 in the PVA matrix. The 
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discrepancy in surface morphologies detected upon introduction of MnO2 can be attributed to the 
effective dispersing of MnO2 in the PVA [26]. The homogenous incorporation of MnO2 in PVA 
matrix is enhanced by raising MnO2 content (as shown in Fig.2b, c and d).  

 
 

 

 
 

Fig. 2. SEM of (a) PVA, (b) PVA/2%MnO2,(c) PVA/4%MnO2 and(d)  PVA/6%MnO2. 
 

 
The dielectric constant 𝜺𝜺` , is estimated from by [27]. 
 

𝜀𝜀` =   𝐶𝐶 .  𝑑𝑑
𝜀𝜀𝑜𝑜 .𝐴𝐴

                                                                            (1) 

 
where, C corresponds to capacitance, A corresponds to area, 𝜺𝜺𝒐𝒐  corresponds to permittivity 
0.89x10-11 F/m, and d is the thickness. The 𝜺𝜺` with frequency for PVA, PVA/0.02MnO2, 
PVA/0.04MnO2, and PVA/0.06MnO2 are plotted in Fig. 3.  
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Fig. 3.  𝜺𝜺` with frequency of PVA and PVA/MnO2. 
 
The 𝜺𝜺` is affected by the frequency due to the motion of carriers within the substance. 

Since the charge contributions is crucial in the polarizability process, increasing the supplied 
frequency causes a shift in 𝜺𝜺`[28]. In Table 1, we see that the 𝜺𝜺`  enhanced from 64 for pure PVA 
to 75 for PVA/0.02MnO2 and 102 for PVA/0.04MnO2 at a frequency of 105 Hz. The generated 
charge carrier quantities cause the rise in  𝜺𝜺` value caused by MnO2 concentrations. 

The imaginary 𝜺𝜺``, is estimated by the loss tangent (tan δ) by formula [29]. 
 

   𝜀𝜀′′ = 𝜀𝜀′ tanδ                                                                   (2) 
 
Figure 4 shows the correlated 𝜺𝜺`` with frequency for pure PVA and PVA/MnO2. The 

𝜺𝜺`` modified by frequency for all films; this really is owing to the charge transport [30]. The 
𝜺𝜺`` with frequency is changed, due to the difference in electronic oscillation [31]. At 105 Hz, 𝜺𝜺`` 
changed from 2.5 for PVA to 2.1 for PVA/0.02MnO2 and 5.7 for PVA/0.06MnO2. The enhanced in 
𝜺𝜺`` is because the connections between PVA and MnO2. The variation in dielectric permittivity 
readings of PVA/MnO2 films over frequency is due to the alteration in polarization [32]. The 
enhanced of permittivity which caused by MnO2 are due to the dipolar relaxing characteristic 
feature that is more beneficial in the lower frequencies zone [33]. The dispersal of MnO2 in the 
PVA polymeric chains is caused the creation of defective states in PVA. 
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Fig .4. 𝜺𝜺``with frequency of PVA and PVA/MnO2. 
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The electrical complex modulus M, is given by [34]. 
 

            M =  1
ε′+ iε′′

= M′ + i M′′                                                           (3) 
 
where,  M′′  and M′ are imaginary and real modulus. The real  M′ = ε′

ε′2+ε′′2
  , whereas 

imaginary  M′′ =  ε′′

ε′2+ε′′2
. The variations of M′  by frequency for PVA, PVA/0.02MnO2, 

PVA/0.04MnO2, and PVA/0.06MnO2 are seen in Fig. 5. The M′  is modified with supplied 
frequency of whole samples, that support the polarization electrode contribute insignificantly to 
the materials [35]. It is obvious the M' of the films change with increase of frequencies and 
become constant at high frequency,  this is because of free charges and conductance impedance. 
The M' decreases from 0.0154 for pure PVA to 0.0133 for PVA/0.02MnO2 and 0.0104 for 
PVA/0.06 MnO2. This is because MnO2 inclusion rises the conductivity and diminish composite 
film relaxing. 
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Fig. 5. M‘ versus frequency of  PVA and PVA/MnO2. 
 

 
The relation of M" by frequency for PVA, PVA/0.02MnO2, PVA/0.04MnO2, and 

PVA/0.06MnO2 samples is plotted in Fig. 6. Increased permittivity, in lower frequency,  is a result 
of the free dipolar functional [36]. The contributions of these dipolar groups tend to decrease in 
higher frequency because of the increased difficulty in reorienting such groups. At 105 Hz, the M" 
decreased from 4.9×10-4 for PVA to 3.5×10-4 for PVA/0.02MnO2. This decrease is because the 
inclusion of MnO2 [37]. The enhancement of density and charge localized carriers is increases the 
conductivity the electrical modulus falls. Figure 6 depicts the relaxing peak of the M". With 
raising the content of MnO2, the strength of the relaxing peak is diminished. The chains relaxation 
time 𝛕𝛕𝒓𝒓 is calculated using the relationship [38,39]. 

 
τ𝑟𝑟 = 1

2𝜋𝜋𝑓𝑓𝑝𝑝
                                                                          (4) 

 
𝒇𝒇𝒑𝒑  is the supplied frequency at the relaxing peak. The relaxation time falls from 1.99×10-5 sec for 
pure PVA to 1.77×10-5 sec for PVA/0.02MnO2, changed to 3.18×10-5 sec for PVA/0.04/MnO2 and 
reached to 1.87×10-5 sec for PVA/0.06MnO2. This is due to the dispersing of MnO2 within PVA 
[40,41]. The decrease in relaxation time τ𝑟𝑟   caused by MnO2 is owing to their flexibility and 
higher conductivities. These findings suggest that PVA/MnO2 composites films might be attractive 
options for high-speed optoelectronics. 
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Fig. 6. M" versus frequency of PVA and PVA/MnO2. 
 

 
The energy density (U) is calculated by [42], where E is the external electric field. 
 

𝑈𝑈 = 1
2

 𝜀𝜀′𝜀𝜀𝑂𝑂 𝐸𝐸2                                                                         (5) 
 

The U is plotted with frequency for PVA, PVA/0.02MnO2, PVA/0.04MnO2, and 
PVA/0.06MnO2 samples, as in Fig. 7. The U value of composite PVA/MnO2 is higher if compared 
to PVA.  At 105 Hz the U value is increased from 2.87*10-10 J/m3 for PVA to 3.34*10-10 J/m3 for 
PVA/2%MnO2 and to 4.55*10-10 J/m3 for PVA/4%MnO2.  
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Fig. 7. U versus frequency of PVA and PVA/MnO2 samples. 
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Table 1. The values of  𝜀𝜀`
 , 𝜀𝜀``

, m' ,  m "  , σac  and U for PVA and , PVA/MnO2 samples. 
 

 𝜺𝜺`     𝜺𝜺
``            M'   M "  σac (S/cm) U(J/m3) 

 PVA 64 2.5  0.0154 0.00049 3.61*10-3 2.87*10-10 

PVA/2%MnO2 75 2.1  0.0133 0.00035 4.19*10-3 3.34*10-10 
PVA/4%MnO2 102 6.6  0.0096 0.00063 5.73*10-3 4.55*10-10 
PVA/6%MnO2 95 5.7  0.0104 0.00062 5.33*10-3 4.23*10-10 

 
 

The relationship of electrical conductivities 𝜎𝜎𝑎𝑎𝑎𝑎  and frequency exponent (S) is given by 
[43]: 

 
σ𝑎𝑎𝑎𝑎 = 𝐴𝐴𝜔𝜔𝑆𝑆                                                                             (6) 

 
S denotes the frequency exponent, where 𝜔𝜔 is the angular frequency. Figure 8 displays the 

frequency-dependent σ𝑎𝑎𝑎𝑎 of PVA and PVA/MnO2 films.  The  σ𝑎𝑎𝑎𝑎  is improves with increasing 
frequency, for all films, possibly because of the applied electric field [44]. According to Table 1, at 
an applied frequency of 1MHz, the σ𝑎𝑎𝑎𝑎 is raised from 3.61*10-3 S/cm for pure PVA to 4.19*10-3 
S/cm for PVA/2%MnO2 and to 5.33*10-3 S/cm for PVA/6%MnO2. This is because when MnO2 is 
incorporated into PVA, the localized states are broken up, bridging the gap and allowing the 
charge carrier to be transported [45,46]. 
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Fig. 8. 𝜎𝜎𝑎𝑎𝑎𝑎  with frequency of PVA, PVA/2%MnO2, PVA/4%MnO2, and PVA/6%MnO2. 
  

 
The value of S varied of 0.989 for PVA to 0.988 for PVA/0.02 MnO2, 0.964 for PVA/0.04 

MnO2, and 0.965 for PVA/0.06MnO2. The reason for the shift in S is due to the induced defect 
density in MnO2. The following relation [47] is given to estimate the height barrier WM,  

 
 𝑊𝑊𝑚𝑚 = 6𝐾𝐾𝐵𝐵𝑇𝑇

1−𝑆𝑆
                                                                      (7) 

 
kB is Boltzmann constant in eV, T is temperature,  and Wm is the needed energy to move an 
electron indefinitely. As illustrated in Fig. 9, the calculated  𝑊𝑊𝑚𝑚 value varied with growing MnO2 
content, ranging from 14.2 eV for PVA to 13.1 eV for PVA/0.02MnO2, 4.35 for PVA/0.04 MnO2, 
and 4.48 for PVA/0.06MnO2. 
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Fig. 9. Ln (σac) with Ln (ω) of PVA  and PVA/MnO2. 
 
 
Figure 10 displays the absorption for both PVA and PVA/MnO2. In PVA/MnO2 

composites, the shift of absorbance peak over PVA confirms the presence of both PVA and MnO2 
, with an  increase in absorption intensity by MnO2 concentrations. The Beer-Lambert expression 
used to determine the absorption coefficient (α) by [48]: 

 

α =
2.303 A

d
                                                                                   (8) 

 
Figure 11 shows the correlation between coefficients (𝛼𝛼) and hν for PVA and MnO2. It is 

demonstrated that the introduction of MnO2 causes flaws in the composite, leads to enhancing of 
absorption coefficient of PVA. As shown in Table 2, the absorption edge (Ee) 
 is calculated by extrapolating linear segments versus hν to reach zero absorption. The Ee for PVA 
film is determined to be 3.93 eV, varying to 3.75 eV for PVA/0.02MnO2, 3.31 eV for 
PVA/0.04MnO2, and 2.76 eV for PVA/0.06MnO2. This shift to lower photon energy demonstrates 
a narrowing of the band gap (Eg) in PVA/MnO2 composites. 
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Fig.  10 The absorbance with wavelength λ of PVA and PVA/MnO2. 
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Fig. 11 The absorbance coefficient with photon energy of PVA and PVA/MnO2. 
 

 
The Eg of PVA and PVA/MnO2 are estimated using Tauc’s formula [49]: 
 

𝛼𝛼ℎν = 𝐴𝐴 (ℎν − E𝑔𝑔)𝑛𝑛                                                                     (9) 
 
where, hv = 1240/, A is Tauc constant, and n is transition type. For transitions between directly 
forbidden states, directly allowed states, indirectly forbidden states, and indirectly allowed states, n 
= 3/2, 1/2, 3, and 2 respectively [50]. Figure 12 shows the result of (αhv)2 versus (hv) to estimate 
the bandgap of PVA and PVA/MnO2.  Table 2 shows that when PVA is combined with amounts of 
MnO2, the band gap decreases from 5.01 eV for PVA respectively to 4.85, 4.71 and 4.59 eV for 
PVA/0.02MnO2, PVA/0.04MnO2 and PVA/0.06MnO. The adding of MnO2 particles to PVA 
causes flaws and link breakage, which contributes to the observed decrease in Eg. 
 

 
Table 2. Ee, Eg , EU, and N of PVA and PVA/MnO2. 

 
 Absorption edge 

(Ee)  
Bandgap (Eg)  Urbach tail(EU) Carbon cluster(N) 

PVA 3.93 5.01 1.72 48 
PVA/0.02MnO2 3.75 4.85 3.12 50 
PVA/0.04MnO2 3.31 4.71 3.45 53 
PVA/0.06MnO2 2.76 4.59 3.66 56 
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Fig. 12. The band gap energy with photon energy of PVA and PVA/MnO2. 
       
 
The Urbach tail Ee, which is defined as broad locally concentrated tail is given by [51]:  
 

𝛼𝛼(ν) = α𝑜𝑜 eℎν/E𝑈𝑈                                                                          (10)  
 
The Ee of PVA and PVA/MnO2 is given of plot ln (α) with ℎν as indicated in Figure 13. As 

seen in Table 2, the Ee value of PVA is 1.72 eV and modified to 3.12, 3.45, and 3.66 eV 
respectively for PVA/0.02MnO2, PVA/0.04MnO2 and PVA/0.06MnO2. The carbonaceous clusters, 
which are generally related to the bandgap and cluster size is given by [52]. 

 

E𝑔𝑔 =
34.4
√𝑁𝑁

                                                                                (11) 

        
Table 2 records the carbon atoms number (N) is 48 for PVA increased respectively to 50, 

53, 56 for PVA/0.02MnO2, PVA/0.04MnO2, and PVA/0.06MnO2. As the MnO2 content rises, 
more activities are carried out by the charge carriers, leading to larger clusters and more carbon 
atoms. 
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Fig. 13. ln (α) with  ℎ𝜈𝜈 of PVA and PVA/MnO2. 
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4. Conclusion 
 
XRD and SEM results show that PVA/MnO2 composite films were successfully produced 

in this study. The results demonstrate that MnO2 interact well with the PVA chains. Furthermore, 
the optical and dielectric characteristics were determined. At 105 Hz, the energy density of PVA is 
2.87*10-10 J/m3, that rises to 3.34*10-10 J/m3 for PVA/2%MnO2 and 4.23*10-10 J/m3 for 
PVA/6%MnO2. This is due to the fact that MnO2 decreasing the needed time for orienting of 
dipole. Meanwhile, the absorption coefficient and optical band gap of PVA and PVA/MnO2 are 
calculated. The Urbach energy Ee value of PVA is 1.72 eV and modified to 3.12, 3.45, and 3.66 
eV respectively for PVA/0.02MnO2, PVA/0.04MnO2 and PVA/0.06MnO2. The addition of MnO2 
causes defects, which made shift in band gap. The results revealed that by incorporating MnO2 into 
PVA, the optical and dielectric characteristics are enhanced, which could lead to the usage of 
flexible PVA/MnO2 composite in a wide spectrum of potential devices. 
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	Fig .4. ,𝜺-``.with frequency of PVA and PVA/MnO2.
	The electrical complex modulus M, is given by [34].
	where, , M-′′. and ,M-′.are imaginary and real modulus. The real , M-′.=,,ε-′.-,,ε-′.-2.+,,ε-′′.-2..  , whereas imaginary, M-′′.= ,,ε-′′.-,,ε-′.-2.+,,ε-′′.-2... The variations of ,M-′. by frequency for PVA, PVA/0.02MnO2, PVA/0.04MnO2, and PVA/0.06MnO2...
	Fig. 5. M‘ versus frequency of  PVA and PVA/MnO2.
	The relation of M" by frequency for PVA, PVA/0.02MnO2, PVA/0.04MnO2, and PVA/0.06MnO2 samples is plotted in Fig. 6. Increased permittivity, in lower frequency,  is a result of the free dipolar functional [36]. The contributions of these dipolar groups...
	Fig. 6. M" versus frequency of PVA and PVA/MnO2.
	The U is plotted with frequency for PVA, PVA/0.02MnO2, PVA/0.04MnO2, and PVA/0.06MnO2 samples, as in Fig. 7. The U value of composite PVA/MnO2 is higher if compared to PVA.  At 105 Hz the U value is increased from 2.87*10-10 J/m3 for PVA to 3.34*10-10...
	Fig. 7. U versus frequency of PVA and PVA/MnO2 samples.
	Fig. 8. ,𝜎-𝑎𝑐.  with frequency of PVA, PVA/2%MnO2, PVA/4%MnO2, and PVA/6%MnO2.
	The value of S varied of 0.989 for PVA to 0.988 for PVA/0.02 MnO2, 0.964 for PVA/0.04 MnO2, and 0.965 for PVA/0.06MnO2. The reason for the shift in S is due to the induced defect density in MnO2. The following relation [47] is given to estimate the he...

