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Abstract 

In this work, titanium oxide nanoparticles and zinc oxide nanoparticles were 
synthesized and employed to form PVA nanocomposite. Spectral 
absorbance was measured experimentally (UV-Visible-NIR). Linear and 
nonlinear refractive index were calculated. ZnO-PVA nanocomposite 
presented larger values of nonlinear refractive index than that of TiO2- PVA 
nanocomposite. 
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Introduction 

Easy fabrication and manipulation of the polymers are attractive characteristics that make 
polymers as a suitable candidate for using in different nonlinear optical applications such as 
ultrashort laser pulses compression, real time holography, phase conjugators and optical 
correlators [1-4]. Enhancing linear and nonlinear optical properties of polymers takes place 
via the changing of the filler nature, size and its distribution in a polymer matrix [5-7] and the 
incorporating of nanoparticles in polymer matrix [7-9]. TiO2 was incorporated in PEO/PVP 
polymer and enhance its optical properties [10].TiO2 NPs are put into thin films , the optical 
band gap values (Eg) of the fabricated nanocomposite films decreased [11-14].The 
nanocomposite PVA/ZnO and PVA/TiO2 have the highest absorption, lowest energy gap, and 
the highest optical conductivity for PVA solution [12-27]. In this work, we investigate the 
linear and nonlinear optical properties for nanocomposite thin film of PVA that doped with 
TiO2 and ZnO in order to compare between the effect of these nanoparticles in PVA optical 
properties in order to produce polymeric thin film that enhance the efficiency of ultrashort 
laser pulse compression 
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Material and method 

Synthesis of titanium oxide nanoparticles 

The first step is to mix 5.765 ml of titanium tetraisopropoxide in 20 ml of ethanol solution 
while stirring continuously for 30 minutes. 11.53 g of citric acid was dissolved in 10 ml H2O 
under heating at 60oC after that, add titanium tetraisopropoxide solution with a few drops.  
The item spent 20 minutes in the ultrasonic bath. The filtered sample was dried in a 110 °C 
oven for five hours before being further annealed for two hours at 550 °C. The produced TiO2 
NPs were collected and further processed with characterization. 

Synthesis of zinc oxide nanoparticles 

The precursor zinc acetate dihydrate (0.01 M)/0.5 ml was mixed with (0.01 M)/10 ml CTAB 
complete the mixture with H2O till 100 ml, heat in the water bath at 80oC for 2 hr. modify the 
medium with the ammonia solution (25%) till pH=10 and the color change from colorless to 
give white precipitate, washed with distilled water and ethanol for three times, respectively. 
The filtered sample was dried in a 120 °C oven for 2 hours before calcined at 550 °C for two 
hours to produce ZnO nanoparticles. 

Fabrication of TiO2-PVA nanocomposite sheet 

In a typical procedure for synthesizing TiO2-PVA nanocomposite sheet, 0.5 g of PVA was 
dissolved in 5 ml H2O with stirring for 10 min while adding various amounts of titanium oxides 
concentration (ranging between0.025 and 0.05g). The mixture was sonicated for 10 min, then 
stirred for another 30 min until the homogenous suspension was obtained. The prepared solution 
expanded onto the glass surface, after drying for 24 hr under a vacuum. it is inserted in cool water 
to isolate the sheet from the glass surface. 
 

Fabrication of ZnO-PVA nanocomposite sheet 

In a typical procedure for synthesizing ZnO-PVA nanocomposite sheet, 0.5 g of PVA was 
dissolved in 5 ml H2O with stirring for 10 min while adding various amounts of Zinc oxides 
concentration (ranging between0.025 and 0.05g). The mixture was sonicated for 10 min, then 
stirred for another 30 min until the homogenous suspension was obtained. The prepared 
solution expanded onto the glass surface, after drying for 24 h under a vacuum. it is inserted 
in cool water to isolate the sheet from the glass surface. 
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Results and Discussion 

Figure 1 illustrates the absorbance of pure PVA thin film in comparison with PVA that dopes 
with different concentrations of ZnO and TiO2 

 

Fig. 1 Absorbance of pure PVA and TiO2-PVA and ZnO-PVA nanocompsite 

 

It is noticed from fig. 1 that the TiO2-PVA and ZnO-PVA nanocomposite thin films have 
higher absorbance than the pure one. On other hand the absorbance of TiO2-PVA 
nanocomposite is lower than that of ZnO-PVA nanocomposite. PVA and its nanocomposite 
have a wide absorption band around 300 nm. ZnO-PVA presents an absorption band around 
363nm. The absorbance increases with increasing the concentration of nanoparticles in the 
nanocomposites  

 

Fig. 2 Transmittance of PVA and nanocomposites 
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Figure 2 shows the spectral transmittance of PVA and nanocomposite in the opposite of the 
absorbance curve. PVA shows high transparency about 98%, while the ZnO nanoparticles 
leads to lowest transparency about 50%and the transparency decreased with increasing the 
concentration of nanoparticles in the nanocomposites. Reflectance of the sample were 
calculated via equation 

𝑅 1
𝑇

100
exp 𝐴𝑏𝑠             1  

where (Abs) is the absorbance as a function of the incident wavelength, T is transmittance and 

R is the reflectance. Also, the absorption index was calculated from the relation  𝑘 𝜆 , 

where 𝛼  is the absorption coefficient and was determined via relation  𝛼 2.303 ∗ 𝐴𝑏𝑠/𝑡, 
where t is the thickness of a polymer sample.  

According to Fresnel’s equations, the normal reflectance as a function of both reflectance and 
absorption indices can be expressed as: 

𝑅  
𝑛 𝜆 1 𝑘 𝜆
𝑛 𝜆 1 𝑘 𝜆

                 2  

The refractive index as a function of the wavelength can be determined by the algebraic 
solution of equation 2 to have: 

𝑛 𝜆  
1 𝑅
1 𝑅

4𝑅
1 𝑅

𝑘            3  

The dispersion of the refractive index n as functions of wavelengths for the PVA is plotted in 
figures (3) 

 

Fig 3 Linear refractive index of PVA and its nanocomposite 
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refractive index of pure PVA. This characteristic is essential in all conductors and due to the 
centralized change of charged particles in the medium [13]. 

By using the single oscillator formula of Wemple and Di-Domenico [14], the relation between 
n 1  and  hω  can be described as a linear relation.  

n 1
E E

E hω
            4  

Where E  is the single oscillator energy and  E  is the dispersion energy. 

The linear optical susceptibility of isotropic medium is given by the relation [14] 

χ
n 1

4π
                                  5   

For a region far from the resonance, third order susceptibility can be expressed as function of 
The linear optical susceptibility by the relation  

χ A χ                                6  
The mean value of constant, A, as evaluated from 97 experimentally found values is, A
1.7 x 10  for χ  in (esu) [14]. 

The nonlinear refractive index can be determined by the following equation and l showed as a 
function of wavelength in figure 4 

n
12πχ

n
                                7  

 

 

Figure 4 Nonlinear refractive index of PVA and PVA nanocomposites 

Nonlinear refractive index is as important factor in a nonlinear process such as ultrashort laser 
pulse compression real time holography, phase conjugators and optical correlators. PVA 
nanocomposites present a higher value of nonlinear refractive index than the pure PVA. On 
other side these values of refractive index increased by increasing the concentration //of 
nanoparticles in PVA nanocomposite. ZnO/PVA nanocomposite exhibits larger values of 
nonlinear refractive index than that of TiO2/PVA nanocomposite.   
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Conclusion 

ZnO/PVA nanocomposite exhibits larger linear and nonlinear refractive index values than that 
of TIO2/PVA. Controlling the concentration of the ZnO and TiO2 nanoparticles in PVA-
nanocomposites introduces suitable values of nonlinear refractive index that enhance the 
efficient of nonlinear processes. ZnO and TiO2/ PVA-nanocomposite present a god candidate 
for nonlinear process such as ultrashort laser pulse compression, real time holography, phase 
conjugators and optical correlators. 

References 

[1]  Y. S. Nada, J. M. El-Azab, H. A. Othman, T. Mohamad and S. M. A. Maize., "Interaction between 
Self Phase Modulation and Positive Group Velocity Dispersion in PMMA Polymer for Simplified 
Thin Film Compressor of High Intensity Ultrashort Laser Pulses." Journal of Nonlinear optics and 
quantum optics, NLOQO Volume 52, Number 3-4, 299-311 (2020)  

[2]  Y. S. Nada, J. M. El-Azab, H. Othman1, T. Mohamed and S. M. A. Maize, "Study of Nonlinear 
Polymers Operating Parameters for Laser Pulse Chirping." Journal of Physics: Conference Series. 
IOP Publishing, Vol. 1472. No. 1., 1-9 (2020) 

[3]  Takeda, Mitsuo, Wolfgang Osten, and Eriko Watanabe. "Holographic 3D Imaging through Random 
Media: Methodologies and Challenges." Light: Advanced Manufacturing, 3(2), 301-313 (2022) 

[4]  S. Bugaychuk, O. Gnatovskiy, P. Yezhov, A. Negriyko, V. Gnatovskyy & A. Sidorenko, "An 
effective holographic amplifier exploiting consistent periodic structures." Applied Physics B, 128, 
128:79, (2022) 

[5]  Ghanipour, Mahshad, and Davoud Dorranian. "Effect of Ag-nanoparticles doped in polyvinyl 
alcohol on the structural and optical properties of PVA films." Journal of Nanomaterials 2013, 1-10, 
(2013). 

[6]  Srivastava, S., M. Haridas, and J. K. Basu. "Optical properties of polymer nanocomposites." Bulletin 
of Materials Science 31(3), 213-217, (2008) 

[7]  Stepanov, Andrey L. "Optical properties of polymer nanocomposites with functionalized 
nanoparticles." Polymer Composites with Functionalized Nanoparticles. Elsevier, 1, 325-355, (2019)  

[8]  Pascariu, Petronela, et al. "Metal–polymer nanocomposites based on Ni nanoparticles and 
polythiophene obtained by electrochemical method." Applied Surface Science, Volume 352, 15, 
Pages 95-102 (2015) 

[9]  Zihlif, A. M., Ashraf S. Faduos, and G. Ragosta. "Optoelectrical properties of polymer composite: 
polystyrene-containing iron particles." Journal of Thermoplastic Composite Materials 26(9), 1180-
1191., (2013) 

[10]  Sengwa, Ram Jeewan, Shobhna Choudhary, and Priyanka Dhatarwal. "Nonlinear optical and 
dielectric properties of TiO2 nanoparticles incorporated PEO/PVP blend matrix based 
multifunctional polymer nanocomposites." Journal of Materials Science: Materials in 
Electronics 30(13), 12275-12294, (2019) 

[11]  Alsulami, Qana A., and A. Rajeh. "Structural, thermal, optical characterizations of 
polyaniline/polymethyl methacrylate composite doped by titanium dioxide nanoparticles as an 
application in optoelectronic devices." Optical Materials, Volume 123, 111820., (2022) 

[12]  Mohammed, Nadheer J., Zahraa S. Rasheed, and Ashraf S. Hassan. "Improvement optical properties 
of pva/tio2 and pva/zno nanocomposites." Al-Mustansiriyah Journal of Science 29(3), 118-123, 
(2018) 

[13]  Islam, M. R., and J. Podder. "Optical properties of ZnO nano fiber thin films grown by spray 
pyrolysis of zinc acetate precursor." Crystal Research and Technology: Journal of Experimental and 
Industrial Crystallography 44(3) ,286-292., (2009) 



66 
 

[14]  Ticha, H., and L. Tichy. "Semiempirical relation between non-linear susceptibility (refractive index), 
linear refractive index and optical gap and its application to amorphous chalcogenides." J. 
Optoelectron. Adv. Mater. 4(2), 381-386, (2002) 

[15]  Y. S. Nada, S. M. A. Maize, Y.H.Elbashar, "Theoretical Study of Thermal Lens Effect in Q-switched 
Microchip Laser", nonlinear optics and quantum optics, NLOQO Volume 57, Number 1-2 (2023), p. 
67-79  

[16]  Y. S. Nada, J. M. El-Azab, H. Othman, T. Mohamed, S. M. A. Maize, Y.H.Elbashar, "Optimization 
of the Operational Parameters of Ultrashort Laser Pulses for high Self Compression with Simplified 
Thin Film Compressor Technique ", Journal of Optics, doi.org/10.1007/s12596-021-00732-9, 2022, 
51(1), pp. 37–45 

[17]  Y. S. Nada, J. M. El-Azab, S. M. Maize, Y.H.Elbashar, " Pulsed Solid State Laser Systems Using 
ABCD Matrix Method: A Review", Journal of Nonlinear Optics and Quantum optics, NLOQO 
Volume 51, Number 3-4 (2019), p. 265-316 

[18]  Mahmoud A. Salem, Amir Elzwawy, Yahia Elbashar, B. M. A. Makram, Wafa I. Abdel-Fattah, 
"Feasible Microwave-Supported Silver Nanoparticles Synthesis by Employing Sycamore Leaves 
Extract, and Their Characterization", doi.org/10.1007/s40995-023-01470-2, Iranian Journal of 
Science (2023) 

[19]  Mai S. Ismail, A. A. Elamin, F. Abdel-Wahab, Y.H. Elbashar, M. M. Mahasen, “Improving the 
Refractive Index by Engineering PbS/PVA Nano Polymer Composite for Optoelectronic 
Applications”, Optical Materials 131 (2022) 112639, 1-8 

[20]  Khaled Hussien Metwaly and Y.H. Elbashar, "Copper Nitride Nanocrystalline Thin Film Growth by 
Pulsed Plasma Deposition", nonlinear optics and quantum optics, NLOQO Volume 56, Number 3-4 
(2022), p. 255-262   

[21]  Mohammed A. Algradee,Y. H. Elbashar, S. Wageh, H.H.Hassan, "Structural Characterizations and 
Activation Energy of CdS Nanocrystals Embedded in Novel Glass Matrix", Journal of Optics, 
doi.org/10.1007/s12596-021-00717-8, (September 2021) 50(3):381–394 

[22]  A. N. Emam, Ahmed I. Abdel-Salam, Mohamed M. Abdel-Aziz, Ahmed S. Mansour, Ahmed 
Shehata, Mona B. Mohamed, Yahia H. Elbashar, "Influence of coupling on the conductivity of 
plasmonic nanoparticles for printed electronics Industrial inks applications", Journal of Nonlinear 
optics and quantum optics, NLOQO Volume 54, Number 1-2 (2021), 91-103 

[23]  D.I. Moubarak, H. H. Hassan, T.Y. El-Rasasi, H. S. Ayoub, A.S. Abdel-Rahaman, S. A. Khairy, Y. 
H.Elbashar, "Internal Friction of Nano-Sized Carbon Black-Loaded Polymeric Composites Using 
Laser Shadowgraphic technique: A Review", Journal of Nonlinear Optics and Quantum optics, 
NLOQO Volume 53, Number 1-2 (2020) , p. 31-59 

[24]  Hossam S. Rady, Y.H. Elbashar, M. El-Kemary, "Preparation of Metallic Nanoparticles and their 
Graphene Nanocomposites in Organic medium using different light Sources: A review", Journal of 
Nonlinear Optics and Quantum optics, NLOQO Volume 52, Number 1-2 (2020), p. 71-109 

[25]  Ahmed I. Abdel-Salam, M. Mohsen Abdelaziz, A.N. Emam, Ahmed S Mansour, A.A.F. Zikry, 
Mona B. Mohamed, Y.H. Elbashar, “Anisotropic CuInSe2 Nanocrystals: Synthesis, Optical 
Properties and Their Effect on Photoelectric Response of DSSC”, Journal of Revista Mexicana de 
Física, 2020, 66 (1) 14–22 

[26]  D. I. Moubarak, H. H. Hassan, H. S. Ayoub, T. Y. El-Rasasi, Sh. A. Khairy, Y.H. Elbashar, A. S. 
Abdel-Rahaman, "A Laser Shadowgraphy for Measuring the Internal Friction of Butadiene 
Acrylonitrile Rubber doped nano carbon by Pulse Excitation Technique", Lasers in Engineering, 
2018VII13.Moudi-JL, 2019, LIE 43.4-6, p. 319-328 

[27]  D.I. Moubarak, H. H. Hassan, T.Y. El-Rasasi, H. S. Ayoub, A.S. Abdel-Rahaman, S. A. Khairy, Y. 
Elbashar, “Measuring the internal friction for some rubbers doped nano carbon by laser 
Shadowgraphic technique”, Journal of Nonlinear Optics and Quantum optics, NLOQO, 2018, Vol 
49. Number 3-4, p. 295-310 


