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Abstract. For the first time, we present an overview of the structural and 
optical features of the newly formulated “PMMA-PVA-TiO2-GO” polymer 
nanocomposites taking into account the polymer blend of PMMA and PVA 
matrix, while TiO2 and GO are used as nanofillers in making the 
nanocomposite. The X-ray diffractometer (XRD) was employed to 
determine the structural characteristics of the samples, and a UV-Vis-NIR 
spectrometer was used to record the behaviour of optical absorbance. The 
nanocomposites were synthesized using a simple solution mixing method, 
ensuring uniform dispersion of nanofillers within the host polymer blend. 
XRD results confirms a reduction in crystallite size (from ~15 nm to ~11 
nm), along with an increase in micro-strain and dislocation density, 
indicating increased lattice distortion and strong interfacial interactions. 
Mechanical parameters reveal significant improvements in Young’s 
modulus and energy density with reduced flexibility reflecting a trade-off 
between stiffness and flexibility. Finding of spectrophotometer confirms a 
red shift in the absorption edge from 244 nm to 250 nm with enhanced UV 
absorption, while the optical bandgap remains nearly unchanged. In view of 
above analysis, these nanocomposites are suitable for advanced 
optoelectronic and structural applications. 

1. Introduction 
Polymer nanocomposites (PNCs) have come out as a promising alternative to conventionally 
filled polymers. Nanometre scaled fillers are used in these materials which allows for their 
uniform dispersion within the polymer matrix. Polymer nanocomposites are advanced 
materials consisting of a polymer matrix reinforced with nanofillers (at least one dimension 
<100nm). When compared to traditional polymer composites, improved filler dispersion and 
enhanced interfacial interactions lead to superior mechanical, thermal, electrical, optical, and 
barrier properties at low filler loading as they combine high aspect ratio fillers like carbon 

 
* Corresponding author: drpaalvi@gmail.com  

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).

EPJ Web of Conferences 375, 01005 (2026)	 https://doi.org/10.1051/epjconf/202637501005
RTEP-2026



nanotubes, nanoclays, or graphene within polymers to enhance performance over 
conventional composites [1-4]. 

Over the last few years, polymer nanocomposites have drawn significant attention due to 
their exceptional performance and their ability to alter properties by adjusting the type and 
concentration of nanomaterials or nanofillers integrated into lightweight and natural polymer 
matrices [5-7]. The size of nanoparticles ranges from 1 to 100 nm. They exhibit unique 
atomic level characteristics on this scale which makes them valuable for a wide range of 
applications. Nanofillers are defined as additives with at least one dimension below 100 nm, 
and their effectiveness arises from their high specific surface area. The incorporation of 
nanofillers enhances optical transparency, ultraviolet shielding, electrical conductivity, and 
dielectric properties, making polymer nanocomposites suitable for advanced applications 
such as sensors, electronics, optoelectronics, and energy storage devices. There are various 
types of nanoparticles remain which includes metallic nanoparticles, non-metallic and 
ceramic nanoparticles, semiconductor nanoparticles, and carbon-based nanoparticles. The 
development of advanced functional nanocomposites generally involves combination of 
inorganic crystals with organic molecules, as single component materials rarely achieve the 
desired multifunctional performance. Organic –inorganic hybrid polymer nanocomposites 
provide improved and tuneable properties due to the complementary characteristics of both 
organic and inorganic phases [8, 9]. However, achieving seamless integration of these phases 
particularly through polymerization remain challenging because of the fundamentally 
different formation mechanisms of organic and inorganic structures. Several approaches have 
been explored to fabricate organic-inorganic hybrid polymers, among which solution 
blending is a simple and widely used technique [10, 11]. In this method, the organic polymer 
is first synthesized in solution, followed by the incorporation of the inorganic component. 

Based on dimensionality, Nanofillers can be categorised as zero-dimensional, one-
dimensional two-dimensional (2D), and three-dimensional (3D) types. One-dimensional 
nanofillers be composed of nanofibers, nanotubes, and nanowires, whereas two-dimensional 
nanofillers involve graphene, reduced graphene oxide (rGO), and graphene oxide (GO). 
Three-dimensional nanofillers involve spherical and cubical nanoparticles. Carbon based 
nanofillers, specifically graphene, GO [12] and rGO [13] and carbon nanotubes [14], due to 
their high mechanical strength and large aspect ratios demonstrate exceptional properties.  

In this article, two different nanofillers i.e., GO sheets and TiO2 nanoparticles were added to 
the “PMMA-PVA-TiO2-GO” polymer nanocomposites. The addition of two different 
nanofillers in PMMA-PVA-TiO2-GO polymer nanocomposites shows a synergistic effect 
that enhances structural, optical, mechanical, and electrical properties more effectively than 
a single filler system. In fact, the TiO2 nanoparticles improves thermal stability and 
photocatalytic behaviour, while GO enhances interfacial interaction, mechanical strength, 
and charge transport within the polymer matrix.   

2. Sample preparation: Experimental detail   
To synthesize the composite samples of PMMA/PVA/TiO₂/GO combination, an easy route 
i.e., simple mixing route was adopted. At initial stage, the uniform solutions of PVA and 
PMMA were prepared via dissolving in suitable solvent such as DMSO (dimethyl sulfoxide). 
While the nanofillers TiO2 and GO were dispersed in same solvent like DMSO using ultra-
sonication treatment. Both the dispersed nanofillers mixed with each other and the resulting 
product was added into the solution of PVA and PMMA as obtained earlier. The final solution 
of PVA, PMMA, TiO2 and GO was kept on magnetic stirrer for 4 hours at temperature ~ 80 

2

EPJ Web of Conferences 375, 01005 (2026)	 https://doi.org/10.1051/epjconf/202637501005
RTEP-2026



nanotubes, nanoclays, or graphene within polymers to enhance performance over 
conventional composites [1-4]. 

Over the last few years, polymer nanocomposites have drawn significant attention due to 
their exceptional performance and their ability to alter properties by adjusting the type and 
concentration of nanomaterials or nanofillers integrated into lightweight and natural polymer 
matrices [5-7]. The size of nanoparticles ranges from 1 to 100 nm. They exhibit unique 
atomic level characteristics on this scale which makes them valuable for a wide range of 
applications. Nanofillers are defined as additives with at least one dimension below 100 nm, 
and their effectiveness arises from their high specific surface area. The incorporation of 
nanofillers enhances optical transparency, ultraviolet shielding, electrical conductivity, and 
dielectric properties, making polymer nanocomposites suitable for advanced applications 
such as sensors, electronics, optoelectronics, and energy storage devices. There are various 
types of nanoparticles remain which includes metallic nanoparticles, non-metallic and 
ceramic nanoparticles, semiconductor nanoparticles, and carbon-based nanoparticles. The 
development of advanced functional nanocomposites generally involves combination of 
inorganic crystals with organic molecules, as single component materials rarely achieve the 
desired multifunctional performance. Organic –inorganic hybrid polymer nanocomposites 
provide improved and tuneable properties due to the complementary characteristics of both 
organic and inorganic phases [8, 9]. However, achieving seamless integration of these phases 
particularly through polymerization remain challenging because of the fundamentally 
different formation mechanisms of organic and inorganic structures. Several approaches have 
been explored to fabricate organic-inorganic hybrid polymers, among which solution 
blending is a simple and widely used technique [10, 11]. In this method, the organic polymer 
is first synthesized in solution, followed by the incorporation of the inorganic component. 

Based on dimensionality, Nanofillers can be categorised as zero-dimensional, one-
dimensional two-dimensional (2D), and three-dimensional (3D) types. One-dimensional 
nanofillers be composed of nanofibers, nanotubes, and nanowires, whereas two-dimensional 
nanofillers involve graphene, reduced graphene oxide (rGO), and graphene oxide (GO). 
Three-dimensional nanofillers involve spherical and cubical nanoparticles. Carbon based 
nanofillers, specifically graphene, GO [12] and rGO [13] and carbon nanotubes [14], due to 
their high mechanical strength and large aspect ratios demonstrate exceptional properties.  

In this article, two different nanofillers i.e., GO sheets and TiO2 nanoparticles were added to 
the “PMMA-PVA-TiO2-GO” polymer nanocomposites. The addition of two different 
nanofillers in PMMA-PVA-TiO2-GO polymer nanocomposites shows a synergistic effect 
that enhances structural, optical, mechanical, and electrical properties more effectively than 
a single filler system. In fact, the TiO2 nanoparticles improves thermal stability and 
photocatalytic behaviour, while GO enhances interfacial interaction, mechanical strength, 
and charge transport within the polymer matrix.   

2. Sample preparation: Experimental detail   
To synthesize the composite samples of PMMA/PVA/TiO₂/GO combination, an easy route 
i.e., simple mixing route was adopted. At initial stage, the uniform solutions of PVA and 
PMMA were prepared via dissolving in suitable solvent such as DMSO (dimethyl sulfoxide). 
While the nanofillers TiO2 and GO were dispersed in same solvent like DMSO using ultra-
sonication treatment. Both the dispersed nanofillers mixed with each other and the resulting 
product was added into the solution of PVA and PMMA as obtained earlier. The final solution 
of PVA, PMMA, TiO2 and GO was kept on magnetic stirrer for 4 hours at temperature ~ 80 

0C. The magnetic stirrer treatment was given to the solution for making it homogeneous. The 
well-dispersed final solution was then cast onto Teflon plate and allowed to dry, during which 
solvent evaporation occurs, leading to the formation of a solid, free-standing 
PMMA/PVA/TiO₂/GO nanocomposite film. The Figure 1 shows the sequential steps to 
prepare the PMMA/PVA/TiO₂/GO polymer nanocomposites. 

 

 

Fig. 1.  Steps involved in preparation of PMMA-PVA-TiO2-GO polymer nanocomposites 

 

3. Characterization results and their analysis    
To investigate the structural aspects of PMMA-PVA-TiO2-GO polymer nanocomposites, X-
ray diffractometer (Bruker-D8 Advance, with Cu-Ka radiation with wavelength~1.5406 Å) 
was brought in use. The recorded X-ray diffraction (XRD) patterns of pure PMMA/PVA 
polymer blends and PMMA-PVA-TiO2-GO polymer nanocomposites are shown in Figure 
2(a, b). The XRD patterns of pure PMMA/PVA blend a broad diffraction peak is observed at 
around 19° - 22°, as shown in Figure 2(a). This broad hump shows the amorphous nature of 
the polymeric blend.  PMMA and PVA both are natural predominantly amorphous polymers, 
and their blending results in a semi-crystalline structure with low crystallinity, which is 
distinctive for polymeric systems including PVA and PMMA. Refer to Figure 2(b), the XRD 
patterns of PMMA/PVA/GO/TiO2 nanocomposites that significant structural changes are 
observed after the incorporation of nanofillers TiO2 and graphene oxide (GO). Upon 

Free standing nanocomposite film

SEM image of nanocomposite film
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incorporation of GO and TiO2, the XRD pattern shows sharp and intense diffraction peaks 
present at ~ 25°, 38°, 48°, 54°, and 62°, corresponding to crystalline planes of TiO2 validating 
its successful incorporation into the polymer matrix. These peaks are normally matched well 
with the standard JCPDS (joint committee on powder diffraction standards) data, suggesting 
the presence of anatase or rutile phases [15]. Further addition of graphene oxide (GO) filler 
leads to slight peak shifting and broadening in the XRD pattern. This behaviour suggested 
strong interfacial interaction between the polymer chains and nanofillers, which influence the 
ordering of polymer chains. The decrease in peak intensity and increase in peak width 
indicates a reduction in crystallinity due to the interruption of the regular polymer structure 
by TiO2 and GO nanoparticles. The decrease in intensity and slight shift of the polymer hump 
indicates strong interfacial interaction between polymer chains and nanofillers. GO enhances 
dispersion and induces partial ordering, resulting in a semi-crystalline structure. 
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Fig. 2.  XRD spectra of (a) Pure PMMA/PVA blend (b) PMMA-PVA-TiO2-GO polymer 

nanocomposites 
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Fig. 3.  W-H plots for (a) Pure PMMA/PVA blend (b) PMMA-PVA-TiO2-GO polymer 
nanocomposites 
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From the XRD data, the structural parameters like crystallite size, micro-strain, and 
dislocation density of the prepared polymer nanocomposites. For calculating the crystallite 
size (D), the Scherrer equation, as given below, was used:   
                                                                D = Kλ/(βcosθ)                                                    (1) 
where D = crystallite size (nm), K = shape factor (≈ 0.9), λ = X-ray wavelength (Cu-Kα = 
0.15406 nm), β = FWHM (in radians), θ = Bragg angle.  
The numerical values of calculated crystallite size (D) are mentioned in Table 1. In addition, 
the micro-strain (ε) exiting in the composite samples were also calculated using W-H relation, 
as given below: 
                                                       Βcosθ = (Kλ/D) + (4 × εsinθ)                                        (2) 
where D is crystallite size (calculated from Scherrer relation), θ represents Bragg angle, ε 
represents micro-strain. For the PMMA/PVA blends and PMMA-PVA-TiO2-GO polymer 
nanocomposites, the W-H relation has been plotted between βcosθ vs 4sinθ and shown in 
Figure 3(a, b). From Figure 3(a, b), one can extract the slope that represents micro-strain ε.  
The micro-strain in the polymer nanocomposites arises due to internal stress and structural 
mismatches at the microscopic level. Additionally, agglomeration of nanofillers and 
processing conditions may also be the possible causes.  

Another structural parameter is dislocation density that arises due to structural irregularities 
introduced during processing and the presence of nanofillers incorporated into the polymer 
matrix. The dislocation density (δ) in the composite samples can be estimated by using the 
expression: δ=1/D2. The numerical values of the calculated δ for the composite samples are 
mentioned in table 1. Furthermore, the mechanical parameters like energy density, Young’s 
modulus and flexibility have also been studied with the help of XRD data recorded from X-
ray diffractometer. For these mechanical parameters, the following expression can be used 
for Young’s Modulus (Y): Y = σ/ε, for Energy Density (u): u = σε / 2, for flexibility, f = 1/Y 
where, σ and ε are the stress and micro-strain respectively. All these mechanical parameters 
i.e. energy density, Young’s modulus and flexibility have been calculated and mentioned in 
Table 1. Referring to Table 1, the numerical values of structural and mechanical parameters 
show that addition of GO/TiO2 nanofillers to the PMMA/PVA polymer blend alters both 
structural and mechanical properties. The crystallite size reduces from ~15 nm to ~11 nm, 
indicating fine structural domains, while the micro-strain (from 0.02219 to 0.02386) and 
dislocation density (from 0.00426 nm⁻2 to 0.00794 nm⁻2) increase, suggesting more lattice 
distortion and defects due to the nanofillers incorporation. From the perspective of 
mechanical features, the prepared polymer nanocomposite becomes significantly stronger 
and stiffer, as seen from the rise in stress (from 4.525 to 8.165) and Young’s modulus (from 
2.015 to 4.631 GPa), along with an increase in energy density (from 13.316 kJ/m3 to 15.435 
kJ/m3), indicating improvement in load-bearing and energy storing capability. Nevertheless, 
flexibility of the nanocomposite material reduces significantly (from 0.49628 to 0.21593), 
that reflects a trade-off where improved mechanical strength and stiffness comes at the cost 
of reduced flexibility. 

For investigating the optical features, the UV-Vis-NIR spectrophotometer was used. Initially, 
by using the spectrophotometer the optical absorbance spectra was recorded. The recorded 
absorbance spectra of the PMMA-PVA polymer blends and PMMA-PVA-TiO2-GO polymer 
nanocomposites have been shown in Figure 4(a, b). Refer to Figure 4, the absorbance spectra 
falling within the UV-Vis region show that the PMMA-PVA polymer blend exhibits a strong 
absorption edge ~ 244 nm, while the polymer nanocomposite (PMMA-PVA-TiO2-GO) 
shows a slight red shift to ~ 250 nm along with enhanced absorbance in the UV region. This 
alteration in absorbance spectra indicates improvement in light-matter interaction due to the 
presence of TiO2 and GO nanofillers. Moreover, this shift in in absorbance spectra suggests 
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modifications in the electronic structure and increased number of defect levels introduced by 
GO and TiO2 nanofillers incorporated into the polymer blend. 
 

Table 1. Structural and optical parameters of PMMA-PVA-TiO2-GO polymer nanocomposites 
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Fig. 4. Absorbance spectra of (a) Pure PMMA/PVA blend (b) PMMA-PVA-TiO2-GO polymer 
nanocomposites 

 

The recorded spectra were used to study the Tauc’s plot which his helpful in estimating the 
other optical parameters like optical bandgap, refractive index and metallic criteria of the 
prepared nanocomposites. The Tauc’s plot for the PMMA-PVA polymer blends and PMMA-
PVA-TiO2-GO polymer nanocomposites have been shown in Figure 5 (a, b). For plotting the 
Tauc’s plots, the following relation was used [16-18]:  
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For calculating the direct bandgap, the index n = 2 should be considered, while C is an 
arbitrary constant, and α is optical absorption coefficient which was calculated using the 
relation α =2.303 A/t, where A and t are absorbance and film thickness, respectively.  

Figure 5 presents Tauc’s plots used to estimate the direct optical bandgap of the PMMA-
PVA polymer blends and PMMA-PVA-TiO2-GO polymer nanocomposites, where both 
materials exhibit almost equal bandgap values, with a slight increase, as mentioned in the 
Table 1. This marginal change indicates that while the nanofillers affect the absorption 
behaviour and optical transitions, they do not drastically alter the fundamental band structure 
or optical bandgap, but instead contribute to subtle electronic interactions and improved 
optical behaviour of the polymer nanocomposite. 

 

 
(a) 

 

(b) 

Fig. 5. Tauc’s plots drawn for (a) Pure PMMA/PVA blend (b) PMMA-PVA-TiO2-GO polymer 
nanocomposites 

4. Conclusions 
The newly developed PMMA-PVA-TiO2-GO polymer nanocomposites have demonstrated 
noteworthy improvements in structural and optical properties due to the effective 
incorporation of TiO2 and GO nanofillers into the host PMMA/PVA blend via a simple 
solution mixing method. XRD analysis have confirmed a reduction in crystallite size 
followed by increased micro-strain and dislocation density, indicating induced lattice 
distortions. These structural changes lead to improved mechanical performance, with higher 
Young’s modulus and energy density with the reduced flexibility. Optical studies have 
revealed a red shift in the absorption edge along with improved absorption in UV region, 
while the optical bandgap remains nearly unchanged. Thus, the investigated nanocomposites 
can be suitable for advanced and flexible optoelectronics. 
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