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 This paper aims to study of effect of titanium oxide nanoparticles on optical properties 
of  new polymers blend: polyacrylic acid, polyvinyl alcohol and polyethylene glycol. 

The titanium oxide nanoparticle was added to the blend with different concentrations. 

The results show that the optical constants of (polyacrylic acid-polyvinyl alcohol- 
polyethylene glycol - titanium oxide nanoparticles) nanocomposites are increasing with 

the increase of the titanium oxide nanoparticles concentrations. The energy band gap of 

(PAA-PVA-PEG-TiO2) nanocomposites is decreased with the increase of the weight 
percentages of titanium oxide nanoparticles concentrations.  
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INTRODUCTION 

 

        Recently, the synthesis of polymeric matrixes embedded with nanoparticles has attracted much interest in 

the nanomaterials field. Polymers are considered a good choice as host materials, because they normally exhibit 

long-term stability and possess flexible reprocessability and they can be designed to yield a variety of bulk 

physical properties. This new class of organic inorganic composites or hybrid materials may afford potential 

applications in molecular electronics, photoelectrochemical cells, optics, solvent-free coatings, etc (Du, H., 

2002). The development of new polymers, composites, blends, and advanced materials becomes necessity for 

modification of optical, mechanical, electrical and thermal properties to fulfill the required characteristics. The 

development runs parallel with intense series of studies aiming to enlighten the structure-property relationship 

of the modified materials. The optical, thermal and electrical characterization of new polymeric films is an 

essential for the development of such films. Transparent films can be used as optical filters, total reflectors, 

polarizers, narrow pass-band filters etc. Films of dielectric materials have been successfully used in some optical 

devices (Hasan, M., 2011). The optical properties of amorphous semiconductors have been the subject of many 

recent papers. The study of the optical constants of materials composite is interesting for many reasons. First, 

the use of materials in reflected coating requires accurate knowledge and optical fibers of their optical constants 

over wide ranges of wavelength. Second, the optical properties of all materials are related to their electronic 

band structure, atomic structure and electrical properties. The optical properties of polymers can be suitably 

modified by the addition of dopants depending on their reactivity with the host matrix (Ameer, A., 2013). 

Polymer nanocomposites are great industrial and scientific interest, since they offer the potential for tailoring on 

a new scale. The optical thermal and mechanical properties of nanofilled polymers are exciting areas of 

research. This is particularly true because of the possibility of creating composites with unique combinations of 

functionalities, such as thermally conducting composites with good mechanical properties that are optically 

clear. Such properties can be realized because nanoparticles, with diameters distinctly below the Rayleigh 

scattering limit, still display their solid-state physical properties when embedded in transparent matrices. Optical 

nanocomposites have been defined as composites consisting of optically active nanoparticles embedded in a 

transparent host material, often a polymer (Vishal Mathur1, 2013). Nanostructured materials promise fruitful 

development for applications in the aerospace sector due to their low density, high strength and thermal 

stability. These applications include equipping aircrafts, space stations rockets, and platforms for planetary or 
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solar exploration. Nanotechnology has attracted the interest of numerous research groups around the world due 

to its potential for application in various industries (Brostow, W., 2010). 

 

Experimental Work: 

        Nanocomposites of consisting of polyacrylic acid (3 wt. %), polyvinyl alcohol (91wt. %) and polyethylene 

glycol (6 wt.%) as matrix; titanium oxide nanoparticles as additive are prepared by using casting method with 

different concentrations and thickness. The different concentrations of titanium oxide nanoparticles are added to 

polymers blend are (0, 1.5, 3, 4.5) wt. %. The optical properties of (PAA-PVA-PEG-TiO2) nanocomposites are 

measured by using UV/1800/ Shimadzu spectrophotometer in range of wavelength (200-800) nm. 

 The absorption coefficient (α) of (PAA-PVA-PEG-TiO2) nanocomposites is defined by equation[6]: 

α=2.303A/t                               ……….                     (1) 

 Where A: absorbance and t: sample thickness.  

 The photon absorption for amorphous materials is given by following relation[6]:  

)2..(..............................)( r

gEhBh    

 Where B is a constant, hυ is the energy of photon, Eg is the energy band gap, r = 2  for allowed indirect 

transition and r = 3 for forbidden indirect transition. 

 The extinction coefficient (k) is given by following equation (Adnan Kurt, 2010):   

K=αλ/4π                              …………          (4) 

 The refractive index (n) nanocomposites is calculated by the following relation (Adnan Kurt, 2010): 

n= (1+R
1/2

)/ (1-R
1/2

 )                 ………          (3) 

 Where R is  the reflectance. 

 The dielectric constants (real (ε1), and imaginary (ε2)) of (PAA-PVA-PEG-TiO2) nanocomposites are 

calculated by following equations (Benchaabane, A., 2014): 

ε1=n
2
-k

2
                                      ….....           (5) 

ε2=2nk                                         ……           (6)  

 

RESULTS AND DISCUSSION 

 

 The optical parameters are calculated by recorded the absorbance spectra of (PAA-PVA-PEG-TiO2) 

nanocomposites with the wavelength range (200-800) nm. The variation of the absorbance of (PAA-PVA-PEG-

TiO2) nanocomposites with the wavelength is shown in Fig. 1. The absorbance of nanocomposites is increased 

with the increase of titanium oxide nanoparticles concentrations, this is due to titanium oxide nanoparticles 

absorbs the incident light (El-Mansy, E. 2013). 

 

 
 

Fig. 1: variation of the absorbance of  (PAA-PVA-PEG-TiO2) nanocomposites with the wavelength. 

 

 The relationship between the absorption coefficient of (PAA-PVA-PEG-TiO2) nanocomposites and photon 

energy with different weight percentages of titanium oxide nanoparticles is shown in Fig. 2. From the figure, the 

absorption coefficient of  (PAA-PVA-PEG-TiO2) nanocomposites increases with the increase of the titanium 

oxide nanoparticles concentrations which related to the  increase the number of carries charges in 

nanocomposites (Sreelalitha Kramadhati, K. Thyagarajan, 2013). The values of absorption coefficient of  (PAA-

PVA-PEG-TiO2) nanocomposites are less than 10
4
 cm

-1
 , so, the nanocomposites have indirect energy gap as  

shown in Fig. 3 and Fig. 4 for allowed indirect and forbidden indirect transition of (PAA-PVA-PEG-TiO2) 

nanocompsites respectively. The energy band gap of (PAA-PVA-PEG-TiO2) nanocompsites decreases with the 

increase of the concentrations for titanium oxide nanoparticles, this behavior attributed to the  increase of  the 

localized level in energy band gap (Shaimaa, A., 2014).  
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         Fig. 5: shows the variation of the extinction coefficient of (PAA-PVA-PEG-TiO2) nanocompsites with 

wavelength for different concentrations of TiO2 nanoparticles. From the figure, the extinction coefficient 

increases with the increase of concentrations of TiO2 nanoparticles which due to the increase of absorbance of 

the incident light (Asogwa, P.U., 2010). 

 
 

Fig. 2: The relationship between the absorption coefficient of (PAA-PVA-PEG-TiO2) nanocomposites and      

     photon energy. 

 
 

Fig. 3: The relationship between (αhυ)
1/2

(cm
-1

.eV)
1/2

 and photon energy of (PAA-PVA-PEG-TiO2)     

      nanocomposites. 

 
 

Fig. 4: The relationship between (αhυ)
1/3

(cm
-1

.eV)
1/3

 and photon energy of (PAA-PVA-PEG-TiO2)    

     nanocomposites. 

  

 
 

Fig. 5: Variation of the extinction coefficient of  nanocomposites with the wavelength. 

 

            The variation of the refractive index of (PAA-PVA-PEG-TiO2) nanocompsites with wavelength is 

shown in Fig. 6. The figure shows that the refractive index of (PAA-PVA-PEG-TiO2) nanocomposites increases 

with the increase of TiO2 nanoparticles concentrations which due to the increase of the density of 

nanocomposite  (Asogwa, P.U., 2010).  
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Fig. 6: Variation of the refractive index of (PAA-PVA-PEG-TiO2) nanocompsites with wavelength. 

 

         Fig. 7 and Fig. 8: show the variation of real and imaginary parts of dielectric constant of (PAA-PVA-PEG-

TiO2) nanocompsites with wavelength for different TiO2         nanoparticles concentrations respectively.  From the 

figures, the real and imaginary parts of dielectric constant for (PAA-PVA-PEG-TiO2) nanocomposites increase 

with the increase of t TiO2 nanoparticles concentrations. The increase of real and imaginary parts of dielectric 

constant attributed to increase the absorption of incident light and the density of (PAA-PVA-PEG-TiO2) 

nanocomposites with the increase of titanium oxide nano particles concentrations (Wasan Al-Taay, M., 2014). 

 

 
 

Fig. 7: variation of real part of dielectric constant of (PAA-PVA-PEG-TiO2) nanocompsites with wavelength. 

 

 
 

Fig. 8: Variation of imaginary part of dielectric constant of (PAA-PVA-PEG-TiO2) nanocompsites with  

     wavelength. 

 

Conclusions: 

 The absorbance of (PAA-PVA-PEG-TiO2) nanocomposites increases with the increase of TiO2 

nanoparticles concentrations. 

 The energy band gap of nanocomposites decreases with the increase of TiO2 nanoparticles concentrations. 

 The optical constants of (PAA-PVA-PEG-TiO2) nanocomposites (absorption coefficient (α), extinction 

coefficient (k), refractive index (n), real and imaginary dielectric constants increase with the increase of TiO2 

nanoparticles concentrations. 
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