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Abstract: 
The solution casting method had been used to prepare PEO/TiO2nanocomposites films reinforced with different 

wt% (5,10,15) of Nano-TiO2.  The XRD studies revealed that the appearance of intensity peaks at 320 and 430 in 

PEO/TiO2nanocomposites suggest the incorporation of Nano-TiO2into pure PEO and  formation of different 

ordered phases in small domains.  SEM studies revealed that the percentage of dark regions is higher compared 

to bright regions in higher wt% of Nano-TiO2Nanocomposties, which revealed a degradation in crystallanity of 

Nanocomposite films.  The noticeable porous structures in SEM micrographs, may act as conducting pathways 

for ions from cathode to anode or vice-versa, supporting enhancement of ionic conductivity in 

PEO/TiO2Nanocomposite films.  FTIR studies established the incorporation of Nano-TiO2 particles into the 

PEO matrix.  UV-Vis studies exhibit the absorption edge of the Nanocomposite films was moved from ~ 235 nm 

(for pure PEO) to ~ 262 nm (for 15 wt% Nano-TiO2 reinforced PEO) films.  The absorption edge of 

Nanocomposite films shift to a longer wavelength,within UV region, with increment of Nano-TiO2wt% i.e., 

Nanocomposites act as UV absorber.  The indirect bandgap energy value decreased from 5.51 eV (for puree 

PEO)  to 5.29 eV (for 5 wt% Nano-TiO2 reinforced PEO - Nanocomposite).  Whereas the direct bandgap energy 

has been decreased from 5.38 eV (for pure PEO) to 5.06 eV (for 15 wt% Nano-TiO2 reinforced PEO – 

Nanocomposite).  Urbach energy values decreased with increasing wt% of Nano-TiO2 .The DC conductivity 

with temperature variation from 30°C to 80°C, which is  slightly above the melting temperature of the PEO 

polymer host, were studied. The Conductivity (σ) is jumped at a temperature of ~ 65 °C, which correspond to 

phase transition of PEO polymer from  semicrystalline phase to amorphous phase.  
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I. Introduction 
Polymers reinforced with Nanofillers result into a class of hybrid materials known as Polymer 

Nanocomposites.  The properties of polymer nanocomposites depend on the size, structure and type of fillers 

that incorporated into polymers.  These materials exhibit unique properties pertaining to hardness, thermal 

stability, electrical conductivity, absorption of UV radiation in particular based on type Nanofillers incorporated.  

The Nanofillers may be classified into a class of inorganic particles and organic particles.  The Inorganic 

nanofillershave a large surface area which give an advantage of increase in interfacial area on incorporation into 

polymers, which resulted into many many applications [1].     

In the present paper, Poly (ethylene Oxide) (PEO) has been considered base matrix polymer.  It is one of 

the prominent polymer due to its high chemical and thermal stability, possess semi-crystalline nature.  The 

average molecular weight of PEO is 105 and completely soluble in water at room temperature.  In the multiphase 

character of PEO, the amorphous phase exhibit  conductivity based on ionic conduction [2].  PEO has been 

widely used in various applications due to its ability to surface modification on incorporation of inorganic oxide 

nanoparticels, which enhance their size, shape, solubility, long-term stability and attachment to selective 

functional group [3, 4, 5].   

In present work, Titanium Dioxide (TiO2)  has been used as inorganic Nanofiller.  TiOs is commonly used 

as a photocatalyst in water decontamination process due to its efficiency, stability, low toxicity and cost 

effectiveness [6, 7, 8].  But it has limitations, such as a large band gap energy.   

In this paper, the preparation and characterization of PEO/TiO2Nanocomposites with incorporation of 

different wt% (5,10,15) of Nano-TiO2 has been presented.  The prepared nanocomposites are subjected to X-

Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Fourier Transform Infrared (FTIR) 
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Spectroscopy Studies, UV/Visible Spectroscopy, Temperature dependency of DC conductivity.  These studies 

explore the structural, morphological, DC conductity and UV absorption of PEO/TiO2Nanocomposites.   

 

II.  Experimental 
Materials and methods   

 Poly Ethylene Oxide (amv: 1,00,000, fp - 2290C) was procured from Sigma Aldrich, India.  Titaniam 

dioxide nanoparticles (average particle size  30-50 nm, purity > 99%) was procured from  

Ad-NanoTechnologiesPtv. Ltd.  High quality Petri dishes ( Polypropylene) (dia- 60mm) from Polylab, Double 

Distilled water, Magnetic Stirrer.   

 

Preparation of Nanocomposites 

 By using effective Solution Casting method of preparation, pure Polyethylene Oxide  (PEO) and Nano-

TiO2 incorporated PEO i.e., PEO/TiO2Nanocomposite films had been prepared.  3g of PEO was dissolved in 

double distilled water (70ml) and magnetically stirred (600 rpm) for 48 hours at ambient temperature resulted 

into homogenous viscous solution of PEO, such four separate solutions were prepared.  One of them was 

transferred into petridishand ensure that there  was no air bubbles in the solution for pure PEO base matrix film.   

 TiO2 nanoparticles were dispersed into double distilled water (30ml) with wt% of 5, 10, 15 (Table-1) 

separately and magnetically stirred (600 rpm) for 6 hours at ambient temperature.  Subsequently the respective 

dispersed different wt% of Nano-TiO2 were added to above prepared remaining three PEO solutions, these three 

samples are magnetically  stirred (600rpm) separately for 48 hours at ambient temperature.  The resulted 

PEO/TiO2nanocomposite solutions of 5,10,15wt% of Nano-TiO2 are transferred into petridishesand allowed to 

natural drying at ambient temperature. After around four weeks, Pure PEO film and three 

PEO/TiO2Nanocomposite films were obtained as per Table1. 

 

Table-1. Compositions of Nano-TiO2and PEO/TiO2 Nanocomposite films 

 

 

 

 

 

 

 

 

 

 
Characterizations 

The structural characteristics of PEO/TiO2nanocomposite thin films were conducted using an X-ray 

diffractometer (Bruker D-8 Advance) with Cu (Kα) having the wavelength 1.5406 Å. With a 30 kV accelerating 

voltage, The surface morphology was studied using a Scanning Electron Microscope (SEM) (Quanta250 FEG 

FEI). The samples were coated with a 3.5 nm gold layer to reduce the charging effects of the electron beam. 

The Fourier Transform Infrared (FTIR) spectroscopy of the nanocomposites was recorded using a 

SHIMADZU-8400S spectrometer in transmission mode with a resolution of 4 cm-1.  The UV absorption data of 

the nanocomposite films was obtained using a UV-Vis spectrophotometer(SHIMADZU UV-1800 Series) 

operating in the 190-1100nm wavelength range.  The DC electrical conductivity tests were performed using a 

four-probe electrical conductivity System equipped with a thermal chuck.  

 

III.   Results and Discussions 
(i)   XRDAnalysis : 

 Figure 1 represents X-ray spectra for pure PEO and PEO-TiO2nanocomposite films with different wt% 

of TiO2.  Pure PEO shows its characteristic maximum intensity peaks at (2θ=) 230 and following maximum 

intensity peak at 190, they are assigned to (112) and (120) planes of crystalline PEO respectively [PCPDF File 

number 49-2200].   

S. No Sample 
Values of x 

(wt.%) 

Contents of 

PEO (g) 

Nano-TiO2  

(g) 

1 
PPE0 

(Pure PEO) 
0 3 0 

2 
TP05 

(PEO/5 Wt% TiO2) 
5 3 0.15 

3 
TP10 

(PEO/10 Wt% TiO2) 
10 3 0.3 

4 
TP15 

(PEO/15 Wt% TiO2) 
15 3 0.45 
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Figure 1   XRD Patterns of pure PEO and PEO/TiO2Nanocomposite films 

 

The considerable reduction of intensity for PEO-(xwt%)TiOznanocomposite films (x=5, 10, 15 wt%) at 

190 and 230confirms the incorporation of TiO2 into PEO matrix, which is responsible for reduction in  crystalline  

phase of PEO. This reduction in intensity has been pronounced more as increment of wt % of TiO2[10].  

The appearance of intensity peaks at 320 and 430 in PEO/TiO2nanocomposite films suggests the 

incorporation of TiO2 nanoparticles and  formation of different ordered phases in small domains due to this 

incorporation of TiO2 nanoparticles into PEO matrix.  This also confirms heterogeneous nucleation of TiO2 

nanoparticles, which influence on the crystalline region of Pure PEO matrix reduces to semicrystaline nature.  

Peaks associated with Pure PEO can also be observed in the  PEO/TiO2nanocomposite films, hence, there are 

two phases i.e., cyrstaline phase and more pronounced semicrysaline phase, withinPEO/TiO2nanocomposite 

films [11]. 

 

(ii)  SEM analysis - Surface Morphology : 

Figure 2 representsScanning Electron Micrographs of Pure PEO and PEO/TiO2Nanocomposite films.  Various 

bright and dark regions can be observed from the micrographs. Figure 2.2 revealed EDAX for  elemental 

compositions of nananocomposites.   

  In PEO/TiO2Nanocomposite films, the bright regions with spherulites assigned to the crystalline phase of PEO 

and dark regions represent the amorphous phase of the PEO in PEO/TiO2Nanocomposite films.  In 

PEO/TiO2Nanocomposite films, from SEM images, the percentage of dark regions is higher compared to bright 

regions, which revealed a degradation in crystallanity of Nanocomposite films.  The noticeable porous structures 

in SEM micrographs, may act as conducting pathways for ions from cathode to anode or vice-versa, supporting 

enhancement of ionic conductivity in PEO/TiO2Nanocomposite films [12].      

Fig.2 SEM images of pure PEO and PEO-TiO2 nanocomposite films 
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(iii)  Fourier Transform Infrared (FTIR) Spectroscopy Studies : 
                 Figure 3 shows FTIR spectra of Pure PEO, PEO/TiO2Nanocomposites  with 5, 10, 15 Wt% of Nano-

TiO2 reinforcement.  The peak positions of various functional groups in pure PEO and their associated 

vibrational modes were presented in Table 2, the results were in correspondence with other literature reports 

[13].   

 

 
Fig.3 Fourier transform  infrared (FTIR) spectra of nano-TiO2 incorporated PEO nanocomposite films. 

 

Table-2.Characteristic vibration bands observed in PEO-TiO2nanocomposite films. 

Vibrational modes Corresponding peak positions (cm-1) 

O-Ti-O 531 

C-C (out-of-plane vibration) 844 

C-O (stretching) 939 

C-OH (stretching) 1074 

C-H Wagging 1245 

CH2 (bending) 1430 

C=O stretching 1734 

CO2 air 2189 

C-H stretching 2924 

-OH stretching 3330 

 
Nano-TiO2 reinforced into PEO matrix with 5, 10, 15 wt% FTIR spectra had been presented.  It was 

evident from the results, the slight shift for the peak position corresponding to C-OH stretching mode from 1074 

cm-1 to 1090 cm-1 for the  PEO/TiO2Nanocomposite (reinforced with 10 Wt% of nano-TiO2 ).  The vibrational 

peaks corresponding to C=O stretching at 1734 cm-1 and O-H stretching mode at 3330 cm-1 seem to be narrower 

after loading TiO2 into PEO i.e., shifting the edges of peaks.  It can be attributed to the dissociation of hydrogen 

bonds present in PEO due to reinforcement of Nano-TiO2 in PEO matrix. 

The low wavenumber peak at 531 cm-1 was observed, it can be attributed to O-Ti-O vibration.  In, fact, 

the vibrational modes of bands in PEO were affected by incorporation of TiO2 due to the establishment of new 

hydrogen bonding, between –OH groups of PEO and TiO2 .  These observations emphatically confirms the 

interaction of PEO with Nano-TiO2 and reinforcement of TiO2 into PEO matrix [14].   
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(iv).  UV-Vis Spectroscopy – Optical properties : 

(a) Optical Absorbance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4  Variation of abs. coefficient with the wavelength and  energy for prue PEO and 

 PEO/TiO2nanocomposite films 

 

The significant trend of increase in absorbance of the PEO/TiO2Nanocomposite film increases as the wavelength 

decreases.  This trend is more pronounced as the wt% of Nano-TiO2 increment in PEO. Hence, 

PEO/TiO2Nanocomposite films exhibit good UV radiation protection properties.[15,16].   

      The absorption edge of the Nanocomposite films was moved from ~ 235 nm (for pure PEO) to ~ 262 nm 

(for 15 wt% Nano-TiO2 reinforced PEO) films.  The absorption edge of Nanocomposite films shift to a longer 

wavelength with increment of Nano-TiO2wt%, which indicates the amorphous nature of 

PEO/TiO2nanocomposite and formation of bonds among TiO2 and PEO matrix due to hydrogen bonding 

between Nano-TiO2 and –OH group of PEO [17, 18, 19].   The absorption edge values, in-terms of energy and 

wavelength, weretabulated in Table 3.   

 

(b) Direct and Indirect bandgap energy  

 

 

 

 

 

 

 

 

 
 

Fig.5 Variation of (a) direct and (b) indirect bandgap as a function of energy  

forprue PEO and PEO/TiO2 nanocomposite films 

 

Figure 5 shows the Tauc plots for direct and indirect bandgap energy for pure PEO and 

PEO/TiO2nanocomposites.As per Tauc equation, (αhν)n = k (hν-Eg) ;  if n=1/2 for allowed indirect bandgap 

transition and n=2 for allowed direct bandgap transition [20]. 

The indirect bandgap energy value decreased from 5.51 eV (for puree PEO)  to 5.29 eV (for 5 wt% 

Nano-TiO2 reinforced PEO - Nanocomposite).  Whereas the direct bandgap energy has been decreased from 

5.38 eV (for pure PEO) to 5.06 eV (for 15 wt% Nano-TiO2 reinforced PEO – Nanocomposite).  The direct and 

indirect bandgap energy values are tabulated in Table 3. 

It is evident that increasing  wt% of Nano-TiO2 reinforcement within PEO shifts the direct and indirect 

bandgap energy values to lower values, it may be due to induced additional local defects by TiO2 nanoparticles 
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in the PEO matrix alter the states in the optical band which intern later the valence and conduction band edges.  

This could be the prime reason for the bandgap reduction in Nanocomposites [21]. 

 

(c) Urbach energy 

The bandgap energy of amorphous and semicrystalline materials can be calculated using the Urbach 

relation. The Urbach energy (Eu) is evaluated using the following equation[22]. 

log𝛼 = log 𝑐 +
ℎ𝜈

𝐸𝑢
 

Where c is a constant, the band tail energy or the Urbach energy (Eu) can be obtained from the slope of the line 

of the graph ln(α) as a function of incident photon energy (hν).    

 

 
Figure 6.   Urbach energy of pure PEO and  PEO/TiO2nanocomposite films 

 

The Urbach energy values for pure PEO and different wt% of Nano-TiO2 reinforced PEO matrix were 

tabulated in Table 3.  Urbach energy values decreased with increasing wt% of Nano-TiO2 .  It may be due to  

indicating a slightly enhanced crystalization and disturbance of phonon state in polymer nanocomposites, 

impurity level in the middle of optical bandgap, structure disorder, inhomogeneous strain [23].   

 

Table3. Absorption edge; Direct, Indirect bandgap and Urbach energy values 

of pure PEO and PEO-TiO2 composite films: 

 
(v)  Temperature dependence of DC Conductivity: 

Figure 7 shows the Temperature-dependent ionic conductivity for different PEO/TiO2Nanocomposite 

films.  The temperature were varied from 30°C to 80°C, which is  slightly above the melting temperature of the 

PEO polymer host. The ionic conductivity of the different Nanocomposite films linearly increases with the 

temperature. 

The Plot of 'Log σdc vs. 1000/T' i.e., Figure 8, shows a linear increase in conductivity as a function of 

S.NO Composite 
Absorption 

edge(eV) 

Absorption 

edge(nm) 

Direct 

bandgap (eV) 

Indirect 

bandgap (eV) 

Urbach   
energy 

(eV) 

1 
PPE0 

(Pure PEO) 
5.40 235 5.51 5.38 5.82 

2 

TP05 

(PEO/5 Wt% 

TiO2) 

5.12 242 5.29 5.12 4.96 

3 

TP10 

(PEO/10 Wt% 

TiO2) 

4.97 250 5.26 5.08 4.95 

4 
TP15 

(PEO/15 Wt% 

TiO2) 

4.74 262 5.24 5.06 4.95 
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temperature. There is an Arrhenius-type behavior given by the general equation: 

σ (T) =σoexp(-Ea/kT)  

 

Where σo = pre-exponential factor; Ea =activation energy. 

k = Boltzmann constant and T = temperature in Kelvin 

 

. 

 

 

 

 

 

 

 
Fig. 7 The variation of DC conductivity with temperature 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8    log σdc vs. 1000/T plot for PEO-TiO2Nanocomposites with different wt.%  compositions. 

 

The increase in ionic conductivity with temperature may possibly due to an increase in ionic mobility 

or carrier ions' concentration. Conductivity (σ) jump is observed at a temperatureof ~ 65 °C, which correspond 

to phase transition of PEO polymer from semicrystalline phase to amorphous phase. Due to phase change of 

host polymer, the conductivity suddenly increases at melting temperature Tm. The rise in conductivity as a 

function of temperature may also be  attributable to a process of hopping between coordinating locales, local 

structural relaxations, and the segmental motions of the polymer PEO[24]. The curve fitting of the linear portion 

below this temperature follows the Arrhenius Equation.  

For PEO/TiO2 Nanocomposite films, the Arrhenius equation isσ(T) = 4.94×10-4exp(-0.814/kT)  

It can be seen from the above equation that the numerator in the argument of the exponential is an activation 

energy Ea = 0.814eV. The relationship between activation energy Ea and concentration of Nano-TiO2 particles 

presented in Fig.9. It can be seen from Fig.9 that activation energy is minimum for x = 5 wt.% of TiO2. The low 

activation energy (Ea) of PEO/TiO2 Nanocomposite filmsconfirms the high ionic conductivity of 

thecomposition. 
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Fig. 9   Activation energy Eavs Composition of TiO2 for PEO-TiO2nanocomposites. 

 

IV.  Conclusions 
The cost-effective technique of solution casting method was used to prepare PEO/TiO2Nanocomposite 

films with different wt%  (5,10,15) of Nano-TiO2, which were found to be semicrystalline in nature through 

XRD studies. The XRD studies revealed that the appearance of intensity peaks at 320 and 430 in 

PEO/TiO2nanocomposites suggest the incorporation of Nano-TiO2 into pure PEO and  formation of different 

ordered phases in small domains.   

The SEM studies indicated that the film surface is smooth at the lower wt% of Nano-TiO2, and the 

surface roughness of the films increased with the increase of wt% of Nano-TiO2. The SEM studies also revealed 

that the percentage of dark regions is higher compared to bright regions in higher wt% of Nano-

TiO2Nanocomposties, which revealed a degradation in crystallanity of Nanocomposite films.  The noticeable 

porous structures in SEM micrographs, may act as conducting pathways for ions from cathode to anode or vice-

versa, supporting enhancement of ionic conductivity in PEO/TiO2Nanocomposite films.  FTIR studies 

established the incorporation of Nano-TiO2 particles into the PEO matrix.  

UV-Vis studies exhibit the absorption edge of the Nanocomposite films was moved from ~ 235 nm (for 

pure PEO) to ~ 262 nm (for 15 wt% Nano-TiO2 reinforced PEO) films.  The absorption edge of Nanocomposite 

films shift to a longer wavelength, within UV region, with increment of Nano-TiO2wt% i.e., Nanocomposites 

act as UV absorber.  The indirect bandgap energy value decreased from 5.51 eV (for puree PEO)  to 5.29 eV 

(for 5 wt% Nano-TiO2 reinforced PEO - Nanocomposite).  Whereas the direct bandgap energy has been 

decreased from 5.38 eV (for pure PEO) to 5.06 eV (for 15 wt% Nano-TiO2 reinforced PEO – Nanocomposite).  

Urbach energy values decreased with increasing wt% of Nano-TiO2 .  It may be due to, indication of slightly 

enhanced crystalization and disturbance of phonon state in polymer nanocomposites, impurity level in the 

middle of optical bandgap, structure disorder, inhomogeneous strain.  The DC conductivity with temperature 

variation from 30°C to 80°C, which is  slightly above the melting temperature of the PEO polymer host, were 

studied. The Conductivity (σ) is jumped at a temperature of ~ 65 °C, which correspond to phase transition of 

PEO polymer from  semicrystalline phase to amorphous phase. 
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