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Abstract  

This study explores the development of poly(methyl methacrylate) (PMMA) composites embedded with varying 

concentrations (0, 1, 3, and 5 wt.%) of Indium Oxide (In2O3) and Silicon Dioxide (SiO2) through the solution casting 

technique. X-ray diffraction (XRD) examination established the amorphous nature of pristine PMMA, which evolved into 

a polycrystalline structure as the additive concentration increased to 5 wt.%. Structural characteristics were further 

investigated using Fourier Transform Infrared Spectroscopy (FTIR), revealing physical interactions between the polymer 

matrix and the incorporated nanoparticles. Field Emission Scanning Electron Microscopy (FESEM) demonstrated 

uniform dispersion of In2O3/SiO2 within the PMMA framework. Optical studies indicated that higher nanoparticle 

loadings enhanced absorbance, the absorption coefficient, refractive index, extinction coefficient, and both real and 

imaginary components of the dielectric constant, whereas transmittance and the indirect energy bandgap decreased. The 

absorption coefficient remained below 104 cm-1, confirmatory an indirect electronic transition. Additionally, the gamma-

ray attenuation coefficients increased as nanoparticle content rose, suggesting that the (PMMA/In2O3/SiO2) 

nanocomposites exhibit notable radiation shielding capabilities. These remarkable findings introduced promising 

materials for optoelectronic and ray attenuation applications. Polymers’ transparency, flexibility, and simplicity of 

fabrication render them ideal for optical nanodevices. Nevertheless, they exhibit inadequate gamma-ray attenuation in 

comparison to other materials (glass, metal oxides, lead-based materials), which are more effective for gamma-ray 

shielding. These latter materials are heavier, less malleable, and may be associated with toxicity. 

 

Keywords: In2O3, SiO2, PMMA composite, Nanostructures, Optical characteristics, Gamma radiation 

 

Introduction 

The development of effective shielding materials 

for a variety of applications, such as medical, industrial, 

nuclear, and space technologies, is essential due to the 

fact that gamma radiation is a high-energy 

electromagnetic wave that can penetrate most materials.  

Dense materials, including lead (Pb), tungsten (W), and 

concrete, have been traditionally employed for gamma-

ray shielding due to their superior radiation attenuation 

properties and high atomic number (Z) [1-3].  

Nevertheless, these materials are heavy, toxic, and 

difficult to process, which has led to the pursuit of 

environmentally responsible, lightweight, and more 

flexible alternatives.  Polymer composites have emerged 

as promising candidates for gamma-ray shielding due to 

their easy fabrication, low weight, and capacity to 

incorporate high-Z additives to enhance attenuation 
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efficiency [2].  Polymer matrices, such as polymethyl 

methacrylate (PMMA), polyethylene (PE), and epoxy 

resins, are frequently employed. To improve their 

shielding abilities, these matrices can be reinforced with 

metal oxides (e.g., Bi₂O₃, WO₃, In₂O₃), boron-based 

materials, or nanostructured additives [3]. Polymer 

nanocomposites represent a class of advanced materials 

in which polymers enhanced by incorporating nanoscale 

fillers that exhibit diverse geometries, such as platelets, 

fibers, spheroids, and other morphologies. These fillers, 

defined by having at least 1 dimension below 100 nm, 

play a critical role in modifying and improving the 

physical, chemical, and mechanical properties of the 

polymer matrix [4]. The synergistic interaction between 

the polymer matrix and nanoscale fillers gives rise to 

novel characteristics often unattainable in conventional 

composite materials. As a result, nanocomposites 

demonstrate exceptional properties, including high 

mechanical strength, thermal stability, electrical 

conductivity, and barrier performance. These unique 

attributes make them increasingly valuable in 

applications such as packaging, electronics, medical 

implant batteries, and environmental remediation. With 

their versatility and the ability to integrate 

multifunctional properties, nanocomposites garnered 

considerable attention in recent years. Ongoing research 

continues to focus on developing innovative synthesis 

and characterization methods to optimize the 

performance of polymer nanocomposites in advancing 

modern material science and technology [5]. 

Poly(methacrylates) are esters of methacrylic acid 

with the chemical formula (C₅H₈O₂)ₙ [4]. Among these, 

poly(methyl methacrylate) (PMMA) is the most widely 

used. PMMA is a well-established polymer with a long 

history of applications [5,6]. It is neutral, translucent, 

and has a density of 1.15 - 1.19 g/cm³ [7]. PMMA is a 

type of polymer with potential applications as a 

structural material in orthopedics and orthodontics. 

Other polymers used for similar purposes include 

polyethylene and polyether ether ketone (PEEK). While 

poly(methacrylate) often exhibits lower mechanical 

strength compared to these alternatives, its superior 

flexibility in many scenarios compensates for this 

limitation [8-10]. Due to its cost-effectiveness, chemical 

and photochemical stability, and excellent light 

transmission in the visible spectrum, PMMA has 

become the most successful polymer for disposable 

contact lenses [11,12]. Additionally, PMMA is widely 

used in biomedical applications owing to its non-

toxicity, chemical stability, and mechanical properties. 

Even if it doesn’t hold up well in shape, PMMA is 

medically inert and doesn’t injure Although it may lack 

shape retention, PMMA is biocompatible and does not 

damage tissues [13]. Metal oxide nanoparticles, known 

for their unique properties, are increasingly employed in 

medical research and scientific studies. Their intriguing 

characteristics and superior advantages over bulk 

materials make them highly valuable in these fields [14]. 

Indium oxide (In₂O₃) is an n-type semiconductor with a 

wide bandgap. Semiconductors have garnered 

significant attention due to their intriguing material 

properties, including a broad energy bandgap ranging 

from 3.4 to 3.7 eV [15]. Under stoichiometric 

conditions, In₂O₃ often exhibits properties. However, in 

its non-stoichiometric form, it transitions into a 

semiconductor state characterized by substantial 

conductivity [16]. In₂O₃ is also recognized as a 

transparent conducting oxide (TCO), which has 

attracted considerable interest due to its high electron 

mobility and low effective electron mass. These 

remarkable properties have enabled a growing range of 

applications, including in the production of solar cells 

Liu [17], antimicrobial treatments Mcieab et al. [18], 

and sensors [19].  

Silicon dioxide (SiO₂), also known as silica, 

naturally occurs as quartz. While all forms of silica share 

the same chemical composition, their atomic 

arrangements differ. Silica particles are capable of 

becoming airborne, forming non-explosive dust [20]. 

SiO₂ particles enhance the chemical and mechanical 

properties of materials, acting as effective solid 

plasticizers. Silica is a fine white powder characterized 

by excellent thermal stability, mechanical strength, and 

a high specific surface area. To minimize particle 

aggregation, silica nanoparticles are often incorporated 

into polymer matrices using ultrasonic waves [21]. This 

process enables the production of polymer 

nanocomposites compatible with polymer electronics. 

Most Research on SiO₂-infused polymer matrices has 

predominantly focused on thermal, dielectric, and 

mechanical properties Mallkpour and Khani [22] 
However, studies on the linear optical properties of 

polymer composites containing SiO₂ are relatively 

scarce [23]. Fumed silica (SiO2) nanoparticles are 
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widely employed in industry as nanofillers for electronic 

packaging and thermoplastic polymers. SiO2 is an 

amorphous, non-toxic material that can be integrated 

into polymer matrices containing nanopores, resulting in 

nanocomposites suitable for optoelectronic applications 

[24]. 

The optoelectronic performance of polymer-based 

materials, such as PMMA composites, is characterized 

by their high transparency, tunable refractive index, and 

excellent optical flexibility, rendering them suitable for 

optical and electronic applications.  Conversely, other 

conventional materials, including glass, metal oxides, 

and ceramics, frequently possess higher refractive 

indices; however, their rigidity and weight restrict their 

incorporation into lightweight and flexible devices.  

Compared to denser conventional materials, polymer-

based materials are advantageous due to their 

lightweight nature, which facilitates their integration 

into sophisticated optoelectronic devices [25].  

Polymer materials typically exhibit low intrinsic 

attenuation for gamma rays as a result of their low 

atomic number (Z).  However, this constraint can be 

circumvented by incorporating high-Z additives, such as 

SiO2 and In₂O₃, which improve the composite’s 

shielding capabilities. In contrast, conventional 

materials, such as lead-based shielding materials, 

exhibit exceptional attenuation as a result of their high 

density and atomic number.  Nevertheless, they are less 

suitable for portable and flexible applications due to 

their exorbitant weight, environmental hazards, and 

toxicity.  Polymer-based composites are simple to 

process, cost-effective, and scalable for large-scale 

production from a fabrication and scalability 

perspective. At the same time, traditional materials are 

more expensive and necessitate complex fabrication 

techniques.  Twenty-Medical radiation protection is the 

most prevalent application of polymer composites in 

their optoelectronic and ray attenuation applications.  

Polymer composites are employed to provide 

lightweight radiation shielding.  Gamma-ray shielding 

for the benefit of astronauts and the materials of 

spacecraft.  Material components for photonic devices, 

including optical fibers, solar cells, and LEDs [26]. 

This research centers on the synthesis of 

PMMA/In₂O₃-SiO₂ nanostructures, integrating PMMA 

with In₂O₃ and SiO₂ to formulate a novel composite 

material with superior characteristics, specifically for 

gamma-ray attenuation and optoelectronic usage.  This 

composite material presents numerous significant 

advancements compared to conventional materials 

employed in analogous situations. 

 

Materials and methods 

Nanocomposites are composite materials 

including 2 or more components, with at least one being 

a nanomaterial.  Nanocomposite materials are produced 

by incorporating a reinforcing phase within a matrix 

phase.  Any phase may constitute the nanomaterial.  

Consequently, the preparation of PMMA/In2O3/SiO2 

nanocomposites, 1 g of PMMA (Alpha Chemika, India), 

with an average molecular weight of 120,000 g/mol, was 

dissolved in 50 mL chloroform. The dissolution process 

involved stirring at ambient temperature for 30 min, 

followed by an additional 10 min at 70 - 80 °C using a 

magnetic stirrer to ensure complete dissolution. The 

resulting solution was poured into sterile Petri dishes 

and left to dry at room temperature for 24 h, allowing 

complete solvent evaporation.  

PMMA films incorporating indium oxide 

nanoparticles (In2O3 NPs) from Sigma Aldrich (purity 

99.8 %, average particle size 30 nm) and silicon dioxide 

nanoparticles (SiO2 NPs) from Sigma Aldrich (purity 

99.5 %, average particle size 40 nm) were synthesized 

using the same methodology with adding the ratio 

dopant for the 0, 0.01, 0.03 and 0.05 for each In2O3 and 

SiO2 nanoparticles to the PMMA solvent that are 

summarized in Table 1.  

The average film thickness was approximately 13 

μm. The structure has been determined by X-ray 

diffractometer (XRD) using (Rigaku-binary (RAW), 

Ultima Iv, Japan) (Target Cu Kα1 radiation of 1.54060 

Ǻ, Current = 30 mA, Voltage = 40 kV, Step = 0.08 deg., 

scanning speed= 0.25 deg/min., and measurement 

temperature 25 °C). X-ray diffraction was examined at 

university of Tehran. The chemical composition of the 

films was analyzed using Fourier transform infrared 

spectroscopy (FTIR) (Bruker, model Vertex 70, 

Germany) at ambient temperature, covering a spectral 

range of 4000 - 400 cm−1. Surface morphology was 

examined with a Field Emission Scanning Electron 

Microscope (FESEM, INSPECT S50, produced by FEI, 

Japan). 
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The optical characteristics of PMMA/In2O3/SiO2 

nanocomposites were studied using a Shimadzu UV-

1650/PC spectrophotometer (Phillips, Japan) across 

wavelengths ranging from 200 to 800 nm. A sample 1 × 

1 cm was taken to test each technique.

 

Table 1 Summarized the purification of pure PMMA and nanocomposite films. 

In2O3/SiO2 

(wt.%) 

PMMA 

(g) 

In2O3 

(g) 

SiO2 

(g) 

0 1 0 0 

1 0.99 0.005 0.005 

3 0.97 0.015 0.015 

5 0.95 0.025 0.025 

 

Results and discussion 

The XRD patterns were employed to elucidate the 

crystallographic structure of PMMA polymer and its 

nanocomposite films. The nanocomposites contained 

varying ratios of In2O3 and SiO2 nanoparticles, 

specifically at 1, 3, and 5 weight percent. This analysis 

aimed to characterize the structural properties of the 

nanocomposites at ambient temperature, as illustrated in 

Figure 1. The results indicate that pure PMMA exhibits 

broad diffraction peaks at 2θ = 15.12° (strong) and 

30.19°, reflecting its amorphous characteristics [27]. 

This indicates the absence of chemical bonds between 

PMMA and In2O3 and SiO2 nanoparticles. Similarly, the 

PMMA/In2O3/SiO2 nanocomposites with low 

nanoparticle content displayed broad and subdued 

peaks, comparable to pure PMMA, suggesting no 

chemical bonding between PMMA and the 

nanoparticles. However, nanocomposites with higher 

nanoparticle loading (5 wt.%) exhibited distinct XRD 

peaks at 31.64, 45.44, 53.54, and 56.34°, corresponding 

to the Miller indices (222), (431), (440), and (611) 

respectively. These peaks align with the characteristic 

diffraction of In2O3 nanoparticles (JCPDS 06-0416), 

that match with data reference Anshu S. et. al. that found 

the peaks at 2θ = 30.77, 45.89, 51.25 and 56.24° 

correspond to the (222), (431), (440) and planes of the 

cubic bixbyite In2O3 [28]. The XRD patterns further 

validated the amorphous characteristics of SiO2, 

indicated by a large peak at 14.09°, which is masked by 

the extensive diffraction band of PMMA.  No further 

diffraction peaks were detected, hence affirming the 

lack of contaminants in the SiO2 nanoparticles, as 

corroborated by the JCPDS file for SiO2 [29].  

Analysis of the nanocomposite patterns reveals 

that the reveals that incorporating 5 wt.% of In2O3 and 

SiO2 nanoparticles significantly influenced the 

structural properties of PMMA. This transformation is 

attributed to interactions between In2O3 and SiO2 

nanoparticles, which, convert the amorphous nature of 

pure PMMA into a polycrystalline structure.  

The freshly synthesized pure PMMA and 

PMMA/In2O3/SiO2 nanocomposite were characterized 

by FTIR spectroscopy. Figure 2 presents the FTIR 

spectra of pure PMMA in image (A) and those of 

PMMA with different concentrations of In2O3/SiO2 

nanoparticles (NPs) in images (B, C, and D), spanning 

the range of 4000 - 400 cm−1. The absorption band of 

PMMA, shown in Figure 2 (A), appears at 3018.05 cm−1 

and corresponds to the asymmetric stretching vibrations 

of CH₃ groups. The band at 1728.83 cm−1 is attributed to 

the C=C stretching vibration, while the band at 1214.48 

cm−1 is associated with the C–C–O bond. The bands at 

744.03 and 667.52 cm−1 are assigned to the C=C stretch 

and the in-plane deformation vibrations (CCO bending), 

respectively [30,31]. The addition of In2O3 and SiO2 

nanoparticles to the PMMA polymer at varying 

concentrations (1, 3, and 5 wt.%) resulted in changes to 

the intensities of specific bands and variations in others, 

as illustrated in images B and C.  The data suggests that 

the introduction of In2O3 and SiO2 nanoparticles led to a 

physical interaction with the polymer matrix. In other 

PMMA-based nanocomposites, such as PMMA/CuO, 

nanoparticles influence the polymer’s vibrational modes 

and cause alterations in characteristic absorption peaks, 

which is in accordance with the results of prior research 

[32]. 



Trends Sci. 2025; 22(7): 9959   5 of 18 

  

The arrangement of In2O3 and SiO2 nanoparticles 

within the PMMA polymer was examined using a field 

emission electron microscope (FESEM), followed by an 

assessment of their impact on the nanocomposites. The 

FESEM images of the (PMMA/In2O3/SiO2) 

nanocomposites are presented in Figure 3. The data 

shown in (A) indicate that the polymer exhibits 

cohesiveness and homogeneity. The incorporation of 

In₂O₃ and SiO₂ nanoparticles into the PMMA polymer 

alters the surface structure, the arrangement, as shown 

in images B, C, and E. loading levels, the nanoparticles 

are uniformly distributed within the polymer matrix. 

However, at higher concentrations (5 wt.%), they tend 

to aggregate, forming clusters. This phenomenon may 

be attributed to the connections between the In2O3 and 

SiO2 nanoparticles and the PMMA polymer matrix, as 

confirmed by XRD analysis. These findings are 

consistent with previous research conclusions [33,34].

 

Figure 1 X-ray diffraction for (PMMA/In2O3/SiO2) nanocomposites. 

 

 

Figure 2 FTIR spectrum for the (PMMA/In2O3/SiO2) nanocomposites:(A) for (PMMA) pure, (B) for 1 wt.% In2O3/SiO2 

NPs, (C) for 3 wt.% In2O3/SiO2NPs, (D) for 5wt.% In2O3/SiO2NPs. 
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Figure 3 FESEM for the (PMMA/In2O3/SiO2) nanocomposites: (A) for (PMMA) pure, (B) for 1 wt.% In2O3/SiO2 NPs, 

(C) for 3 wt.% In2O3/SiO2NPs, (D) for 5wt.% In2O3/SiO2NPs. 

 

Figure 4 illustrates the optical absorbance 

characteristics of pure PMMA and PMMA/In2O3/SiO2 

nanocomposites across the wavelength spectrum of 

200–800 nm, evaluated in film form. The data indicate 

that all nanocomposite samples exhibit higher UV 

absorbance than pure PMMA. The donor material 

facilitates electron migration into the conduction band at 

higher energy levels, particularly at a wavelength of 200 

nm. This occurs when electrons transition from a lower 

to a higher energy level upon absorbing a photon of 

specific energy. The absorbance increases as the 

concentration of In₂O₃ and SiO₂ nanoparticles rises from 

0 wt.% into 5 wt.%. This effect is attributed to the 

insufficient energy of incoming photons at longer 

wavelengths, which limits their interaction with atoms 

and allows them to pass through without significant 

absorption. The findings align with the current literature 

[35,36]. The selective absorption of gamma radiation is 

essential in medical and nuclear industry applications, 

and the absorption characteristics of PMMA composites 

can be improved to achieve this.  Typically, the mass 

attenuation coefficient, which is contingent upon the 

energy of the incident rays and the composite’s 

composition, is employed to determine the attenuation 

efficacy.  The transparency of PMMA composites is 

essential for the transmission of light.  PMMA 

composites with minimal absorbance are preferred for 

applications such as optical waveguides, displays, and 

lenses.  The composite’s absorption of light may result 

in energy loss or light dispersal, which is not desirable 

in numerous devices. 

The transmittance (T) given by the relation [37]: 

 

𝑇 =  𝑒𝑥𝑝(−2.303 𝐴)                 (1) 

 

In this context, α represents the absorption 

coefficient, while t denotes the thickness of the film. 

Figure 5 presents the transmittance (T) spectra of 

PMMA/In2O3/SiO2 nanocomposites across a range of 

wavelengths. The figure shows a significant increase in 

transmittance with increasing wavelength, particularly 

300 nm. Beyond this point, the transmittance exhibits a 

stable and consistent increase. The data clearly 

demonstrate that the incorporation of In₂O₃ and SiO₂ 

nanoparticles leads to a reduction in light transmittance. 

This modification enhances the optical properties of the 

PMMA polymer matrix, resulting in increased light 

absorption and a corresponding decrease in 

PMMA 

In2O3/SiO2 
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transmittance due to the presence of nanomaterials. The 

transmission of the PMMA/In₂O₃/SiO2 nanocomposite 

is contingent upon the extent to which the In₂O₃/SiO2 

nanoparticles are dispersed within the PMMA.  

Transmittance is diminished as a result of light 

scattering, which is caused by inadequate dispersion.  

Additionally, the transmittance is generally reduced by 

a higher In₂O₃/SiO2 concentration as a result of 

increased scattering and absorption.  The composite’s 

optical clarity is maintained by its high transmittance, 

which is advantageous for optical coatings, displays, 

and lenses.  Absorption or scattering, which are 

frequently associated with material defects or improper 

dispersion, are indicated by a decrease in transmittance.  

Composites that exhibit high transmittance and 

excellent conductivity are optimal for applications such 

as smart windows and flexible electronics. These 

findings align with previous research [38]. 

The absorption coefficient was calculated using an 

empirical correlation [38].  

  

𝛼 = 2.303 𝐴/𝑡                  (2) 

 

The variable A represents the absorbance of the 

incident photons on the nanocomposite. Figure 6 

illustrates the relationship between absorption 

coefficient (α) of PMMA/In2O3/SiO2 nanocomposite 

films and photon energy coefficient exhibits a steady 

increase with rising photon energy, ultimately reaching 

a value of 4.14 eV. When the energy of an incoming 

photon is insufficient to excite an electron from the 

valence band to the conduction band, the electron 

transitions to a lower state. At an energy level of 4.14 

eV, a significant enhancement in the absorption 

coefficient is observed across all samples. This process 

induces notable changes within the conduction band. A 

higher α is good when absorption is required for UV 

shielding, photodetectors, optical filters, and radiation 

attenuation applications. The absorption value remains 

below 10⁴ cm⁻¹, indicating that an indirect transition has 

occurred [39]. 

The energy gap is given by [40]: 

 

(𝛼ℎ𝜐)1/𝑚  =  𝐶(ℎ𝜐 – 𝐸𝑔)               (3) 

 

Constant C, photon energy h𝑣, energy gap Eg, and 

the allowed and forbidden indirect transitions m = 2 and 

3. To evaluate the band gap energy (Eg), a graph must 

be plotted relating the product of the absorption 

coefficient (αh𝑣) and the photon energy (h𝑣) must be 

constructed. The value of (r) in this calculation is 1/2 if 

electron transport is allowed, or (1/3) if it is restricted. 

By extrapolating the linear equations to the h𝑣-axis, the 

optical band gap values are determined, as shown in 

Table 2. Figures 7 and 8 illustrate the indirect band of 

pure PMMA and the PMMA/In2O3/SiO2 

nanocomposite. The data indicate that the band gap 

energy (E₉) decreases as the concentration of In₂O₃/SiO₂ 

nanoparticles increases. The permissible indirect energy 

gap decreases from 4.72 to 3.29 eV, while the forbidden 

indirect energy has declined from 4.37 to 2.65 eV. This 

phenomenon is attributed to the presence of localized 

states arising from different within the mobility gap 

accounts for this result. This result is consistent with 

previous studies [41,42].
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Figure 4 the absorbance of PMMA/In2O3/SiO2 nanocomposite with wavelength. 

 

 

 

Figure 5 The transmittance of PMMA/In2O3/SiO2 nanocomposite with wavelength. 
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Figure 6 The absorption coefficient of PMMA/In2O3/SiO2 nanocomposite with wavelength. 

 

 

 

Figure 7 Relation between (αh𝑣)1/2 versus (h𝑣) PMMA/In2O3/SiO2 nanocomposites. 
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Figure 8 Relation between (αh𝑣)1/3 versus (h𝑣) for PMMA/In2O3/SiO2 nanocomposites. 

 

Table 2 Values of the allowed and forbidden energy gap at the optimum value of PMMA/In2O3/SiO2 nanocomposites. 

In2O3/SiO2 

(wt.%) 

Allowed Eg 

(eV) 

Forbidden Eg 

(eV) 

0 4.72 4.37 

1 3.74 2.97 

3 3.48 2.77 

5 3.29 2.65 

 

The refractive index (n) was determined using the 

following relation [43]:  

 

𝑛 =
1 + √𝑅

1 − √𝑅
                  (4) 

 

where R denotes the reflectance, Figure 9 illustrates the 

refractive index of PMMA/In2O3/SiO2 nanocomposites 

as a function of wavelength. The incorporation of In₂O₃ 

and SiO₂ into the polymer matrix results in an increase 

in the refractive index of the samples. This interaction 

establishes a linkage between the electrons and the 
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Figure 9 The refractive index of PMMA/In2O3/SiO2 nanocomposite with wavelength. 
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Figure 10 Extinction coefficient of PMMA/In2O3/SiO2 nanocomposites. 

 

 

Figure 11 Real dielectric constant of PMMA/In2O3/SiO2 nanocomposites. 
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of In2O3 and SiO2 nanoparticles rise can be elucidated 

by an enhancement in attenuation radiation. Figure 15 

demonstrates the effect of the In₂O₃/SiO₂ concentration 

ratio on changes in gamma attenuation coefficients. As 

the nanoparticle concentration increases, the attenuation 

coefficients also rise, since the shielding in 

nanocomposite  either absorb or reflect gamma radiation 
The high atomic numbers of In₂O₃ and SiO₂ contribute 

to the highest attenuation coefficients observed in 

PMMA/In₂O₃/SiO₂ nanostructures [52,53].

 

 

Figure 12 Imaginary dielectric constant of PMMA/In2O3/SiO2 nanocomposites. 

 

 

 

Figure 13 Optical conductivity of PMMA/In2O3/SiO2 nanocomposites. 
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Figure 14 Variation of (N/N0) for (PMMA/In2O3/SiO2) nanostructures. 

 

 

 

Figure 15 Variation of attenuation coefficients of gamma radiation for (PMMA/In2O3/SiO2) nanostructures. 
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PMMA polymer matrix. compared to similar polymer-

based composites, this structural modification suggests 

better material performance for high-end applications. 

The optical characteristics demonstrated that an 

increasing concentration of In2O3/SiO2 nanoparticles in 

PMMA led to enhancements in the real and energy band 

gaps, absorption coefficient, refractive index, and 

extinction coefficient. Conversely, transmittance and 

the indirect energy gap decreased. Due to these 

properties, PMMA/In₂O₃/SiO₂ nanostructures exhibit 

potential for optical and electrical applications. 

Compared to PMMA composites with other fillers (e.g., 

ZnO, TiO₂), this research demonstrates a better balance 

between optical transparency and refractive index, 

which is crucial for optoelectronic applications. 

Additionally, the gamma radiation attenuation 

coefficients increased with higher nanoparticle 

concentrations, indicating that PMMA/In₂O₃/SiO₂ 

nanostructures possess significant shielding capabilities. 
The In₂O₃/SiO₂ nano-system presents an optimal 

balance between radiation protection, optical 

performance, and mechanical flexibility when 

contrasted with comparable polymer nanocomposites 

(e.g., PMMA/Bi₂O₃, PMMA/ZnO). 
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