
JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS 

2025. Volume 9, Number 1   Pages 29-34 

29 

 
 
UDC:539.23:535.34 

DOI: https://doi.org/10.30546/09081.2025.001.8024 

THE EFFECT OF NANOQUARTZ ON THE                                                           

OPTICAL PROPERTIES OF IPP 

H.S. İBRAHIMOVA 

Institute of Physics, Ministry of Science and Education of Azerbaijan, 

 Baku, Azerbaijan 

 
ARTICLE INFO ABSTRACT 

Article history 

Received:2025-04-08 

Received in revised form:2025-06-19 

Accepted:2025-10-14  

Available online  

This study investigates the effect of nanoquartz (SiO₂) nanoparticles on the 

optical properties of isotactic polypropylene (iPP) composites. SiO₂ was added to 

iPP at various concentrations (1%, 3%, 5%, 7%, and 10%) to investigate 

changes in optical transmission, absorption spectra, and optical band gap. The 

results show a decrease in optical transmission as the SiO₂ concentration 

increases, with the material exhibiting stronger scattering and absorption effects. 

The absorption edge shifts toward longer wavelengths (redshift), indicating a 

narrowing of the optical band gap. This change was further confirmed by the 

Tauc method, which showed a decrease in band gap with increasing nanoparticle 

content. In addition, the Urbach energy, which reflects material disorder, was 

observed to increase with higher SiO₂ concentrations. This suggests that the 

incorporation of nanoparticles introduces localized defects and structural 

inhomogeneities into the polymer matrix. These results demonstrate that 

nanoquartz SiO₂ significantly modifies the optical behavior of iPP composites, 

enhancing their potential for use in optoelectronic devices where controlled 

optical properties such as light absorption and bandgap tuning are critical to 

performance. 
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1. Introduction 

Polymers and polymer nanocomposites are widely used in all fields of science and technology. 

The use of solid nanoparticles as fillers opens up new possibilities for their application. With the 

addition of metal oxide nanoparticles in nanotechnology, new opportunities for their use arise 

[1,2,3]. Most of the scientific research in the field of polymer nanocomposites is dedicated to the 

application of metal oxides as fillers. Polymer-metal oxide nanocomposites, as composite 

materials, possess a number of unique properties [4,5,6]. Qualitatively new effects, properties 

and processes determined by quantum mechanics appear, improving certain properties: their 

electrophysical, strength, thermal stability and resistance to aggressive environments. They can 

be used as materials for photocatalysts, bioimaging, and also as sensors in optoelectronic 

materials. Polymer-metal oxide nanocomposites hold great promise in the fields of optics and 

optoelectronics, offering unique opportunities for the development of new devices and 

technologies [7,8]. Various studies have investigated the optical properties of polymer-metal 

oxide nanocomposites. However, the optical properties as a function of the percentage of 

nanofiller content, the changes in the optical properties depending on the size of the nanofiller, as 

well as the changes due to external influences for nanocomposites made of isotactic PP and 

nanocrystalline SiO2 are still insufficiently studied. These factors are among the most important 

https://physics.beu.edu.az/server/api/articles/download/spatial-structures-of-the-n-terminal-analogues-of-nociceptin-molecule_7wQW2_01_05_2025.pdf
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issues in the selection of materials for research. Among polymeric materials, polypropylene (PP) 

is one of the polymers that has attracted significant interest due to its transparent and colorless 

properties. It has a long service life and excellent mechanical and chemical stability. The aim of 

this work is to investigate the optical properties of polymer nanocomposites. The choice of 

nanocrystalline silica as nanofiller for polymer nanocomposites is justified by their unique optical 

and mechanical properties, which allow the creation of materials with improved properties for 

various optical applications. 

2. Experiments 

For the composite matrix, isotactic PP granules with a size of 5 mm (Dema Import and Export 

Co. Ltd., China) with a density of 0.92 g/cm³, a molecular weight of 300-700 thousand and a 

specific volume resistivity of 10¹⁴-10¹⁵ Ω-m were used. The filler used in the study was 

nanocrystalline SiO₂ with particle sizes ranging from 25 to 35 nm and a density of 2.6 g/cm3 

(Sigma-Aldrich, St. Louis, Missouri, USA). The preparation of PP+SiO₂ nanocomposites was 

carried out by introducing nanoparticles into a polymer solution [9]. The composites were 

obtained by hot pressing at the melting temperature of the polymer matrix under a pressure of 

15 MPa for 10 min. Films with a thickness of 85 μm were prepared. The forbidden band energy 

was evaluated experimentally by measuring the variation of optical absorption intensity as a 

function of photon energy over a wide range from visible to vacuum ultraviolet wavelengths. 

Optical spectra in the UV and visible regions were measured using a Speсord-250 

spectrophotometer. The absorption spectra of the polymer-metal oxide nanoparticles were 

analyzed using the Tauc method to determine the band gap by approximating the curves [10]. 

By reconstructing the absorption spectrum and extrapolating the linear region of the spectrum to 

the abscissa axis, the width of the forbidden zone was obtained. The direct allowed band gap 

energy was calculated from the curves. 

3. Results and discussion 

Figure 1 shows the optical transmission spectra of the PP+SiO₂ nanocomposites at different filler 

volume fractions. At low filler content, the transmission coefficient decreases as the percentage of 

nanofiller increases. The transmission of the thin PP film is about 89%. The transmission edge for 

the polymer doped with metal oxide nanoparticles shifts to lower energies (red shift) compared 

to pure PP at room temperature. The strong interaction between the metal oxide nanoparticles 

and the polymer matrix leads to a change in crystallinity, which in turn changes the band 

structure and absorption percentage. 

 

Fig. 1 Optical transmission spectra of PP+SiO₂ nanocomposites at different filler volume fractions. 
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 These changes are associated with physicochemical processes occurring at the nanoscale, which 

depend on the type of nanoparticles, their concentration, and the nature of the polymer matrix. 

The addition of nanoparticles can cause changes in the microstructure of the polymer composite, 

which in turn affects the optical properties of the material. Nanoparticles can also interact with 

the polymer matrix, altering its energy state. This interaction may reduce the energy band gap, 

leading to a shift in the transmission edge towards longer wavelengths. As the percentage of 

SiO₂ increases, these nanoparticles may experience stronger inter-particle interactions, which 

could result in agglomeration, increased light scattering, and reduced transmission. Absorption 

increases with the nanoparticle content, as the free electrons in the nanoparticles can absorb the 

incoming radiation. 

 

Fig. 2 Absorption spectra for the PP+SiO₂ nanocomposites. 

From figure 2, a peak in the short wavelength region can be observed, which can be related to the 

presence of unsaturated (ethylene and carbonyl) groups in the structure of the blend [11]. This 

peak shifts towards longer wavelengths as the nanoparticle content increases, indicating a 

reduction in the band gap, an increase in the amorphous structure of the films and an 

improvement in the semiconducting behavior of the resulting films. 

 

Fig. 3 Width of band gap of nanocomposites. 
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According to the Tauc theory 

𝛼ℎ𝜈 = 𝐵(ℎ𝜈 − 𝐸𝑔)𝑃       (1) 

where: α-alpha is the absorption coefficient, hν is the photon energy, Eg is the optical band gap, 

B is a constant that depends on the material and the type of optical transition (direct or indirect), 

the index P refers to the distribution of the density of states. This index can take values of 1/2,3/2, 

2, or 3 depending on the nature of the electronic transition. In this case, Р=2 

Figure 3 shows the dependence of the absorption coefficient on the photon energy for the 

nanocomposites. As shown in the figure, the band gap of the pure polymer is larger than that of 

the nanocomposites for all types of nanofillers. Doping with metal oxide nanoparticles affects the 

transmission band of the polymer structure. As the nanofiller concentration increases, the optical 

band gap decreases. Thus, effective control of the transmission band can be achieved by 

introducing a specific concentration of nanofillers into the polymer matrix.This effect can be 

explained by the interaction between the nanoparticles and the polymer matrix, which changes 

the local distribution of electronic states. Such interactions can modify the energy of electronic 

transitions within the composite, thereby influencing the bandgap width. In addition, as the 

concentration of nanoparticles in the polymer matrix increases, the electronic structure of the 

material changes due to changes in interparticle interactions and the state of surface atoms. The 

addition of nanoparticles alters the density of states at the polymer-nanoparticle interface, 

leading to changes in the electronic structure and consequently the bandgap [12]. The 

introduction of nanofillers can modify the dynamics of electronic transitions in the material by 

interacting with phonons (lattice vibrations). Depending on the nature of these interactions, the 

band gap width can either increase or decrease. 

Thus, the variation in bandgap width with increasing nanofiller concentration in polymer 

composites is attributed to the quantum size effect, interphase interactions, and changes in the 

electronic structure of the material. According to Urbach's theory [13], an increase in disorder 

within a material leads to a broadening of the band edges and a reduction in the band gap width. 

When nanoparticles are introduced into the polymer matrix, they can create local perturbations 

in the polymer structure. These perturbations can include structural defects, inhomogeneities, 

and interfacial interactions between the polymer and the filler. Such perturbations increase the 

disorder in the system, which, according to Urbach's theory, can result in a reduction of the band 

gap width and a shift of the absorption edge toward the long wavelength region of the spectrum. 

Therefore, as the percentage of nanofillers in the polymer matrix increases, the structural 

disorder intensifies, leading to a decrease in the band gap width and the appearance of a more 

pronounced "Urbach tail". This also leads to changes in the optical properties of the 

nanocomposites, which can be observed in the absorption and transmission spectra. The energy 

associated with this tail is known as the Urbach energy (Eν), which can be determined using the 

following relationship [14]: 

𝛼(𝜈) = 𝛼0(𝜈)е𝑥𝑝
ℎ𝜈

𝐸𝜈
       (2) 

The Urbach energy in polymer composites characterizes the distribution of energy levels within 

the band gap and indicates how rapidly light absorption decreases as photon energy increases. 

[15,16] 
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Fig. 4 Dependence of Urbach energy on the nanofiller concentration for the PP+SiO₂ composite 

Figure 4 shows the dependence of the Urbach energy on the concentration of composites. As can 

be seen, the Urbach energy increases with increasing nanofiller concentration.This increase is 

likely due to the creation of additional surface defects and disordered regions within the 

polymer that affect the energy levels and density of states at the valence and conduction band 

edges. This structural disorder contributes to the increase in the Urbach energy, which 

characterizes the degree of disorder in the material. 

4. Conclusion 

The incorporation of nanoquartz SiO₂ into isotactic polypropylene significantly alters its optical 

properties by reducing transmittance, shifting the absorption edge, narrowing the band gap, and 

increasing the Urbach energy. These changes are attributed to nanoparticle-induced changes in 

electronic structure, interfacial interactions, and quantum confinement effects. The results 

highlight the potential of iPP + SiO₂ nanocomposites in optical and optoelectronic applications 

where controlled light absorption and tailored bandgap properties are required. 
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