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Abstract. Nowadays, production nanocomposites based on polymer by 

blending nanoparticles as a filler with a polymer-matrix had  attracted the 

major concentration of  researchers, these materials used now for several 

modern application and in multiple fields (semiconductors, sensors, 

photovoltaic cells, optics, electronic-device,…). So it should be concentrated 

on comprehensive the relation between the polymer-matrix and the nano-

particle to achieve more advance in this field. In this paper, the effect of  adding 

SiO2  to PVP/PEO  matrix by concentrations (0.1, 1.2,2.5,5.5,6.1 𝑤𝑡%)  are 

investigated. The optical and thermal properties are evaluated.  The properties 

of the studied films presented the new additions and specifications produced 

by this process. Briefly, results had shown enhancing in the absorbance, 

melting-temperature is increased. Additionally, the crystallinity degree of the 

nanocomposites is examined.  
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Introduction: 

Composite-materials is a term which represents mixed two different materials at least to get 

particular and unique features, which give more flexibility in the process of designing [1]. This 

concept aims to  select compounds in some way  to get the desired features of strength, 

toughness, special stiffness, weight and conductivity…,There are two basic components of 

composite-materials, Matrix which is the basic component and the other components is the 

filler, or reinforcement. The composite-materials  should achieve a compound of multi- 

components have difference in their physical characteristics as well as the capability to separate 

them mechanically[2]. Recently, polymers-engineering rapidly advanced to implement 

flexible, lightweight and cost-effective electronic-device, [3] studied the range absorbance of 

ultraviolet-visible (UV-Vis), spectra of reflectance and other optical properties of the polymer-

nanocomposite films consisting of poly (vinyl- pyrrolidone) PVP and this is the basic part 

which called matrix, the fillers which represent the non-continuous part (oxide) such as 
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alumina(Al2O3), Silica(SiO2),  [4] is reported preparation of hybrid polymer PVA/PVP and 

Titanium-oxide TiO2 to investigate the mechanical and optical characteristics for this 

compound. [5] studied the effect of adding SnS filler to polymer-composite (PVP/PVA) to 

experience the conductivity of this compound material. Ti was found that the electrical 

conductivity of this compound had increased and the both properties  mechanical and electrical 

are improved. .[6] explained that  the forming of PVA/PEO loaded with carbon-black improved 

the electrical properties of polymer nanocomposites. [7] presented a review about studying the 

band-gap by two different methods to evaluate accurately the band-gap and select the way of 

transition of electron.[8] studied preparing PVA/PVP/SnO2, Fourier transform based on 

infrared is done to explain the interacts of nanoparticle( SnO2) with PVA/PVP. This 

nanocomposite forming thin films which get additional features such as conductivity 

enhancement as well as transparent optically.  

 In this study,  the Impact of adding SiO2  to the PVP/PEO matrix is concentrated to investigate 

the various extra achieved properties. The major interest is concentrated to nanocomposites 

preparing for various application such as sensors, nano-dielectric substrates, energy storage, 

electronic device…, The Implementation of nanocomposites based on polymer depending 

basically on their physical features, this achieved by specifying the preparation conditions[9].     

 

 

 

 

 

 

 

 

fig (1):  Market size of nanocomposites between 2012-2022 

 

Nanocomposite-materials: 

1-Components: 

 A. Polymer-matrix:  

Polymer-matrix is a special order of multiple polymers, biopolymers, thermosets, 

thermoplastics, ..had been used in polymer-matric production. The basic parameters of this 

matrix include : the kind of required polymer, the surface-nature, the chemistry  nature of the 

polymer, its structure . Polymer-matrix  has important properties such as adhesion and 

satisfying toughness [10]. It is introduced as a continuous and basic part of  composite-

materials. There are many scientific searches about combined a polymer-matrix with other 

materials have electric, dielectric,  optical conductivity properties which improve its features.  
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Investigating the dynamic characteristics has a basic role in fabricating, designing, and 

producing the polymer nano-composites.     

B. Nano-Fillers (Reinforcement): This is the changeable part of composite-materials, adding 

this component to the polymer-matrix results in improving the physical properties of structure 

of final materials[11]. 

  The main feature of adding filler is that the mechanical properties optimization. Nanoparticles 

are extremely fine in their size and composition, the size of this particles range between(1-100 

nm) [12]. Combining process of nanoparticles as filler to poly-matrix resulting in other 

conception is called nanocomposite, this offers particular structure as well as new physical, 

chemical  characteristics. Nano-fillers could be categorized according to their physicochemical 

structure and properties and their special form, Depending on  the interaction between the 

adding nanofillers and the host- polymer matrix, the electrical, optical, mechanical and other 

features could be controllable. Dispersing the nanoparticles in  the matrix result in forming zone 

by the surface-area  of  the filler which is called (interaction-Zone).  

2-Formation: 

As previously mentioned, the produced material from adding process of the nanoparticles into 

the polymer-matrix  is called nanocomposite. The resulting nanocomposite will have its own 

structure with additional feature, combining the features of each component, the new 

specifications depending on the content.  The nanoparticles could change the behavior of 

polymer as well as the morphology due to their considerable interaction-area. The interaction 

process with the polymer is characterized by complexity because there are several complex 

mechanisms of interaction such as electrostatically interaction, diffusion, also there are surface-

tension, process of absorption, chemically bonding, mechanically interlock and  wetting the 

surface. 

 

The definition of materials used in this work: 

Poly-vinyl-pyrrolidone PVP: one of the polymers family, it characterized by biocompatible, 

echo-friendly, biodegradable, belongs to the functional (-OH, C=O) hydroxyl and carbonyl 

groups respectively.  

Poly-ethylene oxide PEO: It is an important material  and had played a basic role in 

enhancement the electrolytes of polymer to implement specific applications. 

 

Silicon dioxide or silica SiO2: it has a linear formation, produced through a combination 

process of silicon monoxide and oxygen. 
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Fig(2): The chemical structure of PVP &PEO, SiO2 

Study the main properties which result from mixing PVP/PEO with SiO2:   

Experiments: 
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1-The absorbance of the compound studied: 

The absorbance-spectra of the studied nanocomposite. It could be noticed that the absorbance 

values had been changed when the concentrations of  the silica had been increased.  

 

𝐖𝐭% wavelength-

photons 

𝝁𝒎 

Absorbance  

0.1 0.75  0.91 

1.2   

2.5  1.99 

5.5  1.1 

6.1  1.17 

0.1 0.52 1.09 

1.2   

2.5  1.23 

5.5  1.3 

6.1  1.34 

0.1 0.25 1.5 

1.2   

2.5  1.8 

5.5  1.9 

6.1  1.95 

 

 

this value is raised whit the decreasing of 𝜆 > 400 nm , the highest value is getting at 𝜆 ≈

250nm. The absorbance of  PVP is weak within the visible domain.  However  PEO has lower 

transparency, so the blend of (PVP/PEO) give a notable absorbance .This results related to 

absorbance due to electrons transmission from the bond C=O  in PVP to oxygen atom in PEO. 

 

2- energy band-gaps 𝑬𝒈 (direct & indirect):  

This is a significant parameter to decide whether this composite material is convenient to 

particular application or not, briefly, it helps to achieve agreement between the optical 

properties and the required  application. 

(𝛼ℎ𝑣)𝑚 = 𝐵(ℎ𝑣 − 𝐸𝑔)   where, hv is energy of photon at the frequency of  (v), h: Plank 

constant, B: proportionality constant, m: take the values(1 & 1/2) to determine the type of 𝐸𝑔 

direct or indirect. The results related to 𝐸𝑔 are presented in table(2). 

 

 

 

 

Table 1: The values of absorbance for 

different values of concentrations 

Fig(3) : The graphs of absorbance for different 

values of concentrations 
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Table(2): Values of 𝐸𝑔𝑑 , 𝐸𝑔𝑖 , 𝐸𝑢,for (PVA/PEO )/𝑥 𝑤𝑡% 𝑆𝑖𝑂2 

 

3-Urbach-energy 𝑬𝒖: 

It  explains the optical properties  and represented by this equation: 

𝛼 = 𝛼0 exp (
ℎ𝑣

𝐸∞
) , 𝛼0 is the minimum value of absorbance-coefficient, and by using this 

relation we could obtain the Urbach-energy 

 

 

 

 

 

 

 

 

 

 

Fig(4):The variation of 𝑙𝑛𝛼 with hv(eV) 

 

 

4-Refractive-index 𝒏  and extinction-coefficient 𝑲: 

Linear-refractive index n: the suitability of nano-composites polymers in optic filed and the 

optoelectronic apparatuses is ruled by this index, when the inorganic nano-composite polymer 

is added into the matrix, the packing-density is obviously increased, which tends to increase the 

Nano-filler 

(𝒙)𝒘𝒕% 

𝑬𝒈𝒅(𝒆𝑽) 𝑬𝒈𝒊(𝒆𝑽) 𝑬𝒖(𝒆𝑽) 

0.1 4.6 4.21 1.13 

1.2 4.77 4.22 1.28 

2.5 4.65 4.02 1.31 

5.5 4.48 3.88 1.6 

6.1 4.51 3.91 1.68 
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refraction-points  per unit volume, as well as  this improve the index n. The values of n could 

extracted from the relation : 

(𝑛2 − 1)/(𝑛2 + 2) = 1 −   (
𝐸𝑔

20
)

1
2
 

extinction-coefficient 𝐾: This coefficient is specified repeatedly to comprehend the attenuation 

of the photons propagations through a specific material has fixed thickness. Therefore, the 

values of this coefficient related to SiO2, including those nanocomposites are specified  by this 

equation :  

𝐾 =
𝛼𝜆

4𝜋
 

 it could be seen that the SiO2 addition to the PVP/PEO results in increasing the values of n. 

fig(5) presented the relation between K and ℎ𝑣  

 

Fig(5): The relation between extinction-coefficient 𝐾 and hv(eV) 
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5-Optical-conductivity𝝈𝒐𝒑𝒕: 

It is determined as following: 

𝜎𝑜𝑝𝑡 =
𝑛𝛼𝑐

4𝜋
 ; 𝑛 =

1 + 𝑅0.5

1 − 𝑅0.5
 

Where R is the reflectance. Fig (6) explained the relation between 𝜎𝑜𝑝𝑡& ℎ𝑣, it could be seen 

how the 𝜎𝑜𝑝𝑡 is changed from 0.113 𝑡𝑜 0.114 when the energy of photon is high (ℎ𝑣 = 5 𝑒𝑣 ), 

In these materials, the 𝜎𝑜𝑝𝑡increasing depend on Abundance of charge-carriers that are free. 

The relations between values of 𝜎𝑜𝑝𝑡 are specified for the  (PVP/PEO/SiO2)/x wt%  films and 

ℎ𝑣 values is presented by fig(9). 

 

 

Fig(6):The relation between Optical-conductivity and hv(eV) 

 

6-𝐃𝐢𝐟𝐟𝐢𝐞𝐫𝐢𝐞𝐧𝐭𝐢𝐚𝐥 𝐬𝐜𝐚𝐧𝐧𝐢𝐧𝐠 𝐜𝐚𝐥𝐨𝐫𝐢𝐦𝐞𝐭𝐫𝐲 𝐃𝐒𝐂  to detect the thermal properties of the 

studied compound: 

DSC is a technique that used to measure the variety of  heat-amount.  

Fig(7) presented the thermograms of the studied compound. The temperature rang (40-105℃ ) 

this is done for a heat-cycle for the studied sample. From curves shown in fig(7), it could be 

notices the peaks of endothermic according to the crystalline-melting stage of  PEO quantity of 

(PVP/PEO)matrix, 
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Fig(7) : Thermograph of (PVP/PEO)/x  wt% SiO2) 

The parameters 𝑇𝑜𝑛, 𝑇𝑒𝑛𝑑 , 𝑇𝑝 represent the (onset, end ,peak) temperature respectively. ∆𝐻𝑚 

represent the melting- enthalpy. The temperature of PEO crystallites-melting is represented by 

𝑇𝑝. The increasing of 𝑇𝑝  values on the adding nano-fillers is due to the larger sizes of (PEO)  

crystallite, this increasing in the size values is referred to add SiO2 to the composite-material. 

𝑇𝑝values of polymer-composites higher than the polymer-matrix. This is explained by the 

stability of thermal performance of the (PVP/PEO) matrix. The values of ∆𝐻𝑚, 𝑇𝑂𝑁, 𝑇𝑒𝑛𝑑, 𝑇𝑝,  

at multiple values of 𝑥(𝑤𝑡%) are arranged in table 3 

 

 

Nano-filler (𝒙)𝒘𝒕% 𝑻𝒐𝒏℃ 𝑻𝒑℃ 𝑻𝒆𝒏𝒅℃ ∆𝑯𝒎 

0.1 67 68.5 69.4 81.22 

1.2 67.5 68.8 70.5 81.55 

2.5 67.8 68.7 70 82.3 

5.5 67 68.5 70.2 81.22 

6.1 66.7 69 71 80.20 

Table (3): The values of ∆𝐻𝑚, 𝑇𝑂𝑁, 𝑇𝑒𝑛𝑑 , 𝑇𝑝, at (1.2,2.5,5.5,6.1) of 𝑥(𝑤𝑡%) 
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7.XRD − Spectra  : the angular domain within 10° ≤ 2𝜃 ≤ 40°. from the figure it could be 

seen that the PEO presented peaks from the XRD-patterns of the compound studied we could 

observe the semi-crystalline  structure  of  the compound material,  and the existence of SiO2  

improve the crystalline-mature of the matrix. From the graphs it could be seen the effect of   

concentrations (x = 0.1, 1.2, 2.5,5.5,6.1)𝑤𝑡%   

 

Fig (8): The XRD-patterns of SiO2 nano-filler and (PEO– PVP)– x wt% SiO2 nano-composite 

containing 𝑥 = 0.1, 1.2, 2.5, 5.5, and 6.1. 

 

Table (8): 2𝜃 angle values for (𝑃𝐸𝑂– 𝑃𝑉𝑃)– 𝑥 𝑤𝑡% 𝑆𝑖𝑂2   

 

𝑋 𝑤𝑡% 0.1 1.2 2.5 5.5 6.1 

2𝜃 25.1 25.3 25 25.2 26 

 

8.FTIR-Spectra: 

From fig (9), it could be observed that  on 1.2 wt% of SiO2 dispersion in the matrix, intensities 

of the  whole   bands of mixture decrease as well as the  position of these bands is considerably 

varied. Also, extra bands had appeared with larger number , however these stay without change 

with the concentration increase over to 6.1 wt%.  this emphasizes the powerful interactions 

which occurred among the components of the blend.  Characteristic bands intensity are( 2980 

and 400 1/cm) of  SiO2 are repressed. The multi-bands which appearance in the spectra of the 

studied compound around the powerful bands emphasizes on the increase of vibrational-modes 

number of the nano-filler  which occurs due to the interaction between the nanoparticles.   
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Fig (9): FTIR-spectra of (𝑃𝐸𝑂– 𝑃𝑉𝑃)–x wt%  /SiO2 for (a) 𝑥 = 0.1,1.2,2.5,5.5,6.1  and  

𝑆𝑖𝑂2 nano-filler 

Conclusion: 

The effect of adding SiO2 to PVP/PEO  on the polymer-composite  proprieties (optical, 

mechanical, thermal ) are investigated. The results shows that the refractive-index, energy-gap, 

optical-conductivity of the PVP/PEO  filled with SiO2 are controllable, this is achieved for a 

specific range. The thermal examination  observed that the  increasing of temperature values  

of PVP/PEO/SiO2  is an evidence to thermal stability enhancement, From this experimental 

study, It could be observed that adding SiO2 to the matrix PVP/PEO improve its  most important 

characteristics, this enable to meet the required quality for various application. Generally, nano-

composite material had improved its affectivity in  the  various modern application. 

Appendix: 

Preparation of material: 

PVP (Mw = 60 × 104 𝑔

𝑚𝑜𝑙𝑒
), 𝑃𝐸𝑂 (𝑀𝑣 = 60 ×

104𝑔

𝑚𝑜𝑙𝑒
),   and the nanoparticles size 

(𝑆𝑖𝑂2 nanoparticle sizes 5nm ≤ tp ≤ 15nm) 

Deionizing-water had used to solve the selected powder  

𝑃𝑉𝐸/(PVP,0.5 g ( PVP)& 0.5g  (PEO) for
50

50
 wt %  ) initially, then 0.1,1.2,2.5,5.5,6.1 

𝑤𝑡% had considered of 𝑆𝑖𝑂2 nano-powder had taken. Firstly, specific amount of polymer had 

been dissolved, then, the nanoparticles had been dispersed within deionized- water. After that, 

the components had been mixed. Through the  ultrasonication as well as magnetic tape stirring, 

the suspension of the blended nano-particles within polymeric aqueous solution had been 

implemented. Finally,  molding the prepared mixed solutions PVP/PEO/SiO2 had been formed.  
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Measurements:  

X-ray diffraction (XRD),  patterns of nanofiller (𝑆𝑖𝑂2) in our study, and the matrix 

(PVP/PEO) − x wt%  nano-filler had recorded with 0.05°𝑆−1 scan-rate, by reflection-mode. 

ultraviolet–visible (UV– Vis), for absorption-spectra of the nanocomposite materials with 

(0.1,1.2,2.5,5.5,6.1)wt%  had been obtained  within range(0.25,0.75 𝜇𝑚 ). 
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