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Abstract

Progressive evolution of nanostructured coatings with costume-made structural and optical
properties is of major interest for different high-tech applications. This work targeted the
incorporation of titanium dioxide (TiO;) nanoparticles to poly(methyl methacrylate) (PMMA)
nanocomposite films across three concentrations (1%, 2%, and 3%) using the casting method.
These films were later treated with cold dielectric barrier discharge (DBD) plasma to refine
their structure and optical properties. Investigations were systematically studied through the
work including the extinction coefficient, absorption coefficient, dielectric constant (real and
imaginary), energy gap, Urbach energy, and refractive index. A significant increase resulted in
the real dielectric constant, refractive index, and absorption coefficient, on the other hand, a
decrease due to strong absorption was noted in the imaginary dielectric constant and extinction
factor. Direct and indirect energy gap ranged from 4.7 to 4.5 eV, and 3.4 to 3.25 eV,
respectively. Urbach energy data elevated from 366 to 395 meV, which suggests improved
charge carrier transport attributed to structural modifications achieved by plasma induction.
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Also, cold DBD plasma treatment efficiently increased the roughness of the surface, and as a
result, improved the film's optical absorption abilities. These findings were confirmed using
structural analysis, X-ray diffraction (XRD) showed a mixture of semi-crystalline and
amorphous phases. SEM examined revealed a uniform TiO: distribution across the PMMA
accompanied by gaining a roughened morphology. AFM analysis also showed a boost in
surface roughness from 0.828 to 3.04 nm after incorporating TiO, and applying plasma
treatment. These results propose that PMMA/Ti0O. nanocomposite films showed encouraging
potential for applications in fiber optics, optical sensors, photocatalysis, and light-emitting
diodes (LEDs).

Keywords: Cold DBD plasma; Titanium oxide (TiO»); Poly(methyl methacrylate) (PMMA);
Nanocomposite films (PMMA/TiO,); Optical conductivity and Urbach energy.
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1.Introduction

Titanium dioxide (TiO:) as a compound has been widely used in different applications because
of its remarkable chemical stability, photocatalytic ability, and optical characteristics. It
performs a significant role in environmental applications, such as hazardous waste management
[1], purification [2], sterilization [3], photocatalysis [4], self-cleaning surfaces [5], dye-
sensitized solar cells [6, 7], and hydrogen generation [8]. TiO2 nanoparticles gathered extensive
research consideration because of their environmental-friendly properties, effective catalysis
ability under UV light, and remarkable resistance to heat exposure [9-11]. Also, the
photocatalytic role of TiOz on thin-film surfaces has been consistently used to assist in
oxidation-reduction mechanisms, UV light stimulates electron-hole pairs generation on surface,
TiO; interacts with particles adsorbed on the surface, enabling the catalytic reactions [12-14].
additionally, because of its structural and chemical robustness, TiO: acts as an enhancement
additive in polymer matrices, improving polymer structure and assisting in the improvement of
optimized nanocomposite films [15].

Despite their extensive applications, polymers are often recognized for their weak mechanical
strength and thermal conductivity compared to metals and ceramics. Nevertheless, their pros
like lightweight and cost make them appealing to many medical and engineering applications.
The characteristics of polymeric materials might be markedly enhanced by doping appropriate
nanofillers, enabling the formation of nanocomposite materials with enhanced properties [16].
Incorporating nanoparticles into polymer matrices, develops a unique nanocomposite with
improved electrical and optical properties, enabling promising prospects in photoelectronic and
photocatalytic applications [17]. Nanocomposite films are particularly beneficial due to their
long-lasting durability, wide availability, relative flexibility, comparatively lightweight, and
cost-effectiveness [18-20].

Poly(methyl methacrylate) (PMMA) is commonly acknowledged across polymers for its non-
crystalline structure, linear polymer chains, cost feasibility, transparent nature, impact
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durability and lightweight property. Its erosion resistance and durability make it a dependable
substitute for inorganic glass in many applications [21]. In addition, PMMA exhibits significant
stability against thermal variations and acidic media, contributing to its inertness in aqueous
media, and preventing hydrolysis efficiently [22]. Although the use of pure PMMA in the
purification of water is relatively limited, nanocomposites of PMMA/TiO: have demonstrated
a promising alternative as membrane materials attributed to their relatively large surface area,
improved stability, enhanced electrical conductivity, and surface reactivity [23]. Furthermore,
incorporating PMMA with nanoparticles such as copper oxide (CuQO), chromium oxide (Cr203),
and cobalt oxide (Co0s04) has shown a significant enhancement to its optoelectronic and optical
properties [24].

While prior research’s focus was on enhancing the existing PMMA structures through the
integration of nanomaterials, this work employs cold dielectric barrier discharge (DBD) plasma
treatment to modify the surface characteristics of PMMA/Ti0O2 nanocomposite films.

This approach proved to be able to facilitate surface modification and form of different
functional groups, enhancing biocompatibility, while conserving the polymer’s characteristics
[25, 26]. Treatment with atmospheric plasma initiates oxidative changes, improving adhesion
and interfacial shear strength inside polymer chains [27]. In addition, the plasma technique has
been considered a successful approach to improve the dispersion of nanoparticles within
polymer structure, thereby enabling consistent distribution and improved molecular
interactions [28, 29].

In this regard, this work intends to design a novel surface coating by doping TiO2 nanoparticles
into PMMA thin films at different concentration percentages (1%, 2%, and 3%). The surface
texture and optical characteristics of these doped films were methodically experimented to
evaluate the effect of TiO2 doping and the later plasma treatment. X-ray diffraction (XRD) tests
verified a semi-crystalline and amorphous structure, while, scanning electron microscopy
(SEM) showed a homogeneous TiO: layer and improved surface texture. DBD plasma system
exposure significantly enhanced absorption abilities, improving charge carrier mobility through
conduction and valence bands. Results proved the potential ability of PMMA/TiO:
nanocomposite films for utilization in fiber optics, optical sensors, photocatalysis, and LED
technologies.

2. Experimental work
2.1. material and methods

PetKim Petrokimya in Istanbul, Turkey, provided the blank poly(methyl methacrylate)
(PMMA) material, while China /Hunan/Changsha Easchem company supplied the titanium
oxide (TiO;) nanoparticles (purity of 99.98% and particle size of 18 nm). The film's structure
was ascertained using an XRD apparatus (X-Pert Pro, Cu-Ka radiation (A=1.540 A°), Bragg's
angle (20) with a tube at 30 kV, (see supplementary Fig. 1a). Nanocomposite film diffusive
reflectance (DH-S-BAL-2048, Avantes) was measured in a 0.6-step range between 238 and
1238 nm, which is used to inspect the films of PMMA/TiO, (see supplementary Fig. 1b).
Atomic force microscopy (AFM) (AA2000, Angstrom, under atmospheric conditions) was
utilized to illustrate the surface roughness of PMMA/TiO; thin films, (see supplementary Fig.
2). The digital micrometer (PosiTector 6000) device has been used to measure the thickness of
the samples, while this thickness was used in calculations.

Cold plasma device, that is run at a current AC with a voltage of up to 25 kV and a cut-off
frequency of up to 150 kHz. In the laboratory assembly and customization were achieved for a
hand-made dielectric barrier discharge (DBD) cold plasma device, as illustrated in
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Supplementary Fig. 3a. In this configuration, the cold DBD plasma is produced when the
samples are placed between two electrodes, the gab maintained between the plasma electrode
and the sample where 2mm, as shown in Supplementary Fig. 3 b.

2.2. Synthesis the nanocomposite thin film
2.2.1. Fabrication of PMMA/ TiO2 nanocomposite films

In the lab, 25 ml of chloroform (CHCl;) was mixed with 6 g of PMMA for 20 min at 30 °C, the
dissolved polymer was refluxed for 2 hrs. with continuous stirring. Later, 18 nm nanoparticles
of TiO2 were added to the precursor solution in percentages of 1, 2, and 3 wt.%. Sonication
was applied to the mixture in an ultrasonic device for two hours. Resulted solution was molded,
forming PMMA/TiO2 nanocomposite films with the nanoparticles dangled between the
PMMA lattice as a doped filler, where the samples had a thickness of 40 pm. The concentrations
quantities of the PMMA/Ti02 nanocomposite films are shown in the supplementary table (1).

The nanocomposite films were allowed to dry at 30 °C for 72 hrs. Additionally, an extra 2 hrs.
of drying in a vacuum was conducted to eliminate any remaining solvents before taking
measurements. The structure of the PMMA/Ti0; nanocomposite film samples is illustrated in
Scheme (1), where the TiO, nanoparticles are embedded within the PMMA matrix.
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Scheme (1): PMMA/Ti0; nanocomposite displays TiO, dangled between PMMA matrix

2.2.2. Synthesis of PMMA/ TiO2 nanocomposite films under cold plasma exposure

The PMMA/TiO; nanocomposite films were exposed to the cold DBD plasma in ambient air
to optimize the nanocomposite structure in order to improve its optical properties. The electron
temperature values were calculated using the Boltzmann equation (see Equation (1)). The ratio
method used in Optical Emission Spectroscopy (OES) is well established to be used techniques
for this purpose [30-32]:

A'il'i _
n[hc]A:ql] w7 (Ej)+Ln [U(T)] ................ (1)

Where (I};) the relative emission line density between energy levels i and /, (g;) the degeneracy
or the upper level statistical weight emitted from the transition phase, (4;;) the wavelength
(nm), (E j) the excitation energy (eV) for level j,(4;) the automatic transmission possibility of

radiation from the level i to the lower level j, N is the density of the state population, and (kg)
the Boltzmann constant.
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Thereby, Fig. 1A shows the boltizman plot between Ln [ﬁ] against the excitation energy
igj

(E j) and then find the temperature of electron (T,).
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Fig. 1: A) Boltzmann plots for 10 kV applied voltage of DBD plasma system, B) DBD
plasma system Spectrum at AC applied voltage of 10 kV

Consequently, Fig. 1B represents the plasma optical emission spectrum of the DBD plasma in
air to find the data of the intensity, and with the NIST database to find the density of plasma
electron, as shown in equation (2) [33]:

ne= (M) N, 2)

2wg

Where: (Adpwgy) the full width half maximum (nm), (wg) the Stark broadening parameter
can be obtained from standard tables, (N,.) the reference electron density.

The optical spectrum of DBD plasma was determined by the spectroscopy of optical emission
(OES) technique, Fig. 1B represents the intensity as a function of wavelength.

The other parameters such as plasma frequency (f,,) and Debye length (1p) can be calculated
from equation (3) [34]:

fp = 9000\/11_8
A = neez | ool 3)
p=

€EoMe

Where, (n,) plasma electron density, (e) electron charge, (€,) free space permittivity, and
(m,) electron mass.

The results of Plasma parameters T, fp,, Ap, AApwyym and n, for DBD plasma system were
listed in Supplementary table (2).

The PMMA/Ti0O, nanocomposite films were activated via dielectric barrier discharge (DBD)
at atmospheric air conditions. The setup utilized a power source configured to function in AC
modes, with voltages reaching a maximum of 25 kV and a cut-off frequency of up to 150 kHz.
The DBD disks are linked to the anode and cathode terminals of the power supply, as depicted
in Fig. 2. Blank and nanocomposite samples, fabricated with different TiO, concentrations (1%,
2%, and 3%) for PMMA doping, are placed between the electrodes with a 2 mm separation
between the disks. An AC voltage of around 10 kV at a frequency of 50 Hz is applied, with
each sample exposed for 30 seconds.
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Fig. 2: The PMMA/TiO, nanocomposite films when focused by DBD plasma system

3. Results and discussion
3.1. XRD analysis

X-ray diffraction (XRD) spectra of PMMA thin films with different TiO: concentrations are
shown in Fig. 3A analysis shows low-intensity diffraction peaks related to PMMA/TiO-
nanocomposites at doping percentages of 1%, 2%, and 3%. The intact PMMA film showed no
visible peaks, implying its amorphous texture.

Regarding the PMMA nanocomposite incorporated with 1% TiO:, three small diffraction peaks
were detected at 20 angles of 32°, 35°, and 37°. The 2% TiO2- PMMA nanocomposite showed
two minor peaks at 32° and 37°, while the 3% TiO:-doped composite revealed three peaks at
32°, 35°, and 37°. TiO: existence in the PMMA nanocomposite is regarded as the doping of
TiO:2 nanoparticles within the polymer structure. Also, the presence of minor peaks implies
nanoparticles existing within the polymer chains, marking a structure that is principally
amorphous alongside semi-crystalline properties.

Additionally, for films that have been treated with plasma, the amplitude of the diffraction
peaks elevated as a result of TiO2 doping and cold dielectric barrier discharge (DBD) plasma
exposure, causing improved crystallinity of the samples [35, 36].

3.2. Absorption coefficient and Reflectance of PMMA/TiO2

Absorption coefficient () is critical in material characteristics because it depends on electrons
movement within orbitals. When electrons within orbitals are impacted with specific
wavelength spectra, a part of the light is absorbed, pushing electrons to an exciting state and
easing their movement across energy levels. The absorption coefficient is calculated by
applying the equation (4) [37, 38].

Where: a; absorption coefficient (cm™), A absorbance value, and (t) coating thickness (cm).

Fig. 3 (B and C) shows the absorption coefficient and reflectance of raw PMMA and
PMMA/TiO:2 nanocomposites films with various TiO: percentages (1, 2, and 3 wt.%). Fig. 3B
five spectra shows the absorption coefficient, and the data in Fig. 3C displays the reflectance.

Absorption coefficient starts at the smaller wavelength values where the device starts, and goes
up to a 120 cm!. This boosted absorption value is caused by the TiO2 doping and the structural
improvements effected by treatment with plasma, as shown in Fig. 3B. Also, Fig. 3C shows a
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reflectance reduction after doping with TiO, and treatment with plasma. This might prove a
variation in the polymer chain composition after nanoparticles addition and DBD plasma
contact. As a result, the reflectance data changes down from 50% to 11%, while the absorbance
data range from 83% and 89% [39].
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Fig. 3: A) XRD diffraction of PMMA/TiO, nanocomposite pattern, B) absorption coefficient,
C) reflectance

3.3. Refractive index and Extinction factor of PMMA/TiO2

Refractive index (n) is related to electron polarization, which generates according to molecular
rotation in the exact position influenced by an electric field. therefore, the refractive index (n)
is calculated using equation (5) below [40]:

1+R] 4R

=~ |1k (1-R)?

Where: (R) is reflectance and (k) is extinction factor. The refractive index of the blank PMMA
and PMMA/TiO; nanocomposites shown in Fig. 4D.
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Extinction factor (k) is related to the wavelength attenuation inside films, the attenuation
denotes how far waves transfer within the thickness of the coating and refers to the loss of
absorbance of the thin film. The extinction factor (k) is computed from the equation (6) [41]:

Where: () is the absorption coefficient in (cm™') and (A) is the wavelength in (nm), the
extinction factor (k) of the blank PMMA and PMMA/TiO, nanocomposites films is shown in
Fig. 4E.

Fig. 4D shows that the refractive index reached 4.8 units after exposing the samples of
nanocomposite films doped with TiO, to DBD plasma, where the polymer chain underwent
structure change.

Also, Fig. 4E shows the lower values of the extinction factor, where, these values are
comparatively tinny and in the part from ten thousand region representing a minimum loss of
absorption. where the process of undergone for the PMMA structure is done to the additive of
TiO; nanoparticles and the exposure to DBD plasma [42].

3.4. Real and Imaginary dielectric constant of PMMA/TiO2

Real (&) and imaginary (&) dielectric constant (€) is a distinguish to the energy storage, where
the two parameters are very important to the electronic nature of the material. The two
parameters depend on the refractive index (n) and extinction factor (k) and are computed from
equation (7) [43]:

[(E) = &1(w) + igz(w)]
g1=n2—k* | (7)
&, =2nk

So, the symbols of are: real (£;) and imaginary (&2).

The imaginary dielectric constant referred to the losses in absorption through the film for the
blank PMMA and PMMA/TiO, nanocomposites, as shown in Fig. 4F.

The real dielectric mentioned the storage of the light that is absorbed inside the film layer,
therefore, Fig. 4G shows the blank PMMA and PMMA/Ti0O; nanocomposites.

Fig. 4F clearly shows that the values of the imaginary dielectric are relatively small and
represent a fraction of thousands. These minuscule amounts of imagined components
demonstrate that the films of the PMMA/TiO:; nanocomposites and blank PMMA exhibit high
absorbance and negligible absorbance losses. The changes in polymer chains are due to the
addition of nanoparticles and their exposure to DBD plasma rays, which have given these
results high values in absorption

In a similar approach, the real dielectric constant displayed relatively high values, going up to
22 units in the visible region and then declaiming at a wavelength of about A > 600 nm. Apart
from this region, the change in the real dielectric constant continued as the wavelength
increased along the x-axis. This boost might be associated with the doping of nanoparticles and
the DBD plasma exposure, which affected the characteristics of the PMMA films, as shown in
Fig. 4G [44].
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3.5. Direct and Indirect energy gap of PMMA/TiO2

The energy gap (E) is regarded as an essential parameter for electronic and optoelectronic
systems. It is considered a major factor through which the material can be conductive or not.
When the material is conductive the absorption will be very high. Hence, the energy gap (E )
is computed from Tauc's relation (8) [45]:

ahv? = G(hv —Ep) ... (8)

Where: (G) a constant connected to the semiconductor structure, and (b) exponent denotes the
type of allowed transition (n=2 and 0.5 for direct and indirect transition) [46].

The (ahv)™ in contradiction of photon energy (hv) for the PMMA films is drawn in Fig. SH
and 51, the E; is computed by captivating through the extrapolation to interrupt the Epp, line

till the y-axis (ahv)" equals zero. Fig. SH shows the direct transition and Fig. 5I shows the
indirect transition for the blank PMMA and PMMA/TiO, nanocomposites.
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It can be clear from Fig. SH that the direct E 5 ranges between 4.5 to 4.7 €V and can very closely
between them for the blank PMMA and PMMA/TiO, nanocomposites, this concurrence of
values might be regarded to the modifications in the polymer chains after doping with
nanoparticles and DBD plasma exposure. It’s clear that the DBD plasma has a fundamental role
in reorganizing particles inside the PMMA nanocomposite films, and as a result, the curves
appeared in an enhanced and refined manner.

Also, it can be inferred from Fig. SI that the indirect E 4 ranges between 3.3 to 3.4 eV and can

be seen very close to each other for the films of PMMA nanocomposite, where this convergence
of the values belong to change polymer chains after the addition of nanoparticles and the
exposure the films to DBD plasma ray that given these results, where the DBD plasma work to
arrange the particles of the PMMA nanocomposite films to appear these curves in the finest
case [47].
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3.6. Optical conductivity and Urbach energy of PMMA/TiO2

Optical conductivity (6 opt) signifies the conductivity created by a charge carrier that is jumping
between the bands (valence and conduction), the charge carrier creates an electric field effect
of polarization to the dipole associated with photons absorption through the wavelength light
rays, permitting the motion for transference. The optical conductivity can be calculated from
equation (9) [48]:

Henceforth, (6 opt) (S, (c) light speed (3x10'° cm/s), (a) absorbance coefficient (cm™), and
(n) refractive index.

The disorders onto the energy gap and the tail unit of absorption are denoted by Urbach energy
(E,), which is considered the exponential increase of absorption with photon energy. It is
related the localized states due to the existence of disorders in the material presented of
additives the TiO, nanoparticles. Urbach energy replicates the intensity of absorbance for the
nanocomposite film, it can be calculated from equation (10) [48]:

At this point, (a,) constant, (E,,) Urbach energy (eV), and (4v) photon energy (eV).

Consequently, the logarithm of both sides is taken to equation (10) for rearrangement of the
equation:

lnazlnao+? ......................... (1)

Therefore, the optical conductivity in Fig. 5J and Urbach energy in Fig. 5K for the blank PMMA
and PMMA/TiO; nanocomposites with various filling concentrations of TiOx.

It can be inferred from Fig. 5J that the optical conductivity increased after adding TiO2
nanoparticles and being exposed to the DBD plasma, reaching values of 7.4x10'!. It is observed
that exposing the PMMA nanocomposite structure to the plasma rays organizes the structure
with nanoparticles to produce these results with high absorption.

Also, Urbach energy as seen in Fig. 5K has an increased value from 366 meV to 395 meV,
where the structure of PMMA after adding TiO nanoparticles is arranged to be optimum after
exposed to DBD plasma rays [49].

Table (3) shows the direct energy gap, indirect energy gap, and urbach energy values for the
blank PMMA and PMMA/TiO, nanocomposites after the addition of TiO, nanoparticles and
exposure to DBD plasma rays.

Table (3) Direct energy gap, indirect energy gap, and Urbach energy values.

No. Parameters PMMA PMMA +1% | PMMA +2% | PMMA +3%
blank Ti02 TiOz TiOz

1 Direct transition of (E4) (eV) 4.7 4.65 4.5 4.55

2 Indirect transition of (E ) (eV) 34 34 3.25 33

3 Urbach energy (E,,) meV 366 380 366 395

4 (a,) absorption constant (cm™) 1.402 1.573 2.136 2.168
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4. SEM image of PMMA nanocomposite films

The examination of SEM is implemented to illustrate the surface morphology of incorporating
TiO; in the PMMA matrix films as described in Fig. 6. Therefore, Fig. 6a shows the blank
PMMA is smooth and deprived of any nanoparticles of TiO, with small particles representing
a white dot because it didn't blend during the mixing. Fig. 6b shows a smooth surface and many
white dots inside the PMMA matrix, these white dots denote 1 % of TiO, addition, and the
roughness of the surface is increased after exposure to the DBD plasma rays. Then, Fig. 6¢
shows many white dots with many black patches, the white dots belong to the 2 % of TiO»
nanoparticles, and the black patches belong to the effect of DBD plasma rays and the roughness
of the surface samples increased. Despite this fact, the miscibility of PMMA with increasing
TiO; nanoparticles is accompanied by the occurrence leading to a non-smooth surface because
of the penetration of TiO; nanoparticles into the PMMA film sheet. Thereby, Fig. 6d shows a
large number of white dots on the surface of PMMA belonging to the increasing number of
nanoparticles of TiO», and its percentage is estimated at 3 % after the addition, in this sample
there is excellent miscibility of PMMA with TiO, and give most advantageous among the
experimented samples, the surface is much rough than other samples due to the nanoparticles
and exposing to DBD plasma rays [50-54].

b) PMMA+1% TiO:

Fig. 6: SEM images for the: a) blank PMMA, b) PMMA +1 % TiO,, c) PMMA +2 % TiO»,
and d) PMMA +3% TiO>
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5. AFM pictures of PVC films

The AFM analysis reveals insights into surface morphology through its 2D and 3D images,
providing an understanding of both regular and irregular surface roughness characteristics that
are sensitive to incident light. Numerous studies have emphasized the effectiveness of AFM in
examining such surface features, as illustrated in Fig. 7. Subsequently, the surface roughness
values are presented in the supplementary table (4).

Fig. 7 presents AFM images of blank and nanocomposite films made from PMMA and TiO,,
aiming to evaluate the surface roughness of PMMA/TiO, nanocomposite films. It can be
observed from Fig. 7 that the surface roughness and root mean square (RMS) values of particles
are as follows: for blank PMMA as exhibited in Fig. 7a, 0.828 nm and 1.6 nm, for PMMA with
a rate of 1 % TiO; exhibited in Fig. 7b, 2.34 nm and 3.52 nm, for PMMA with a rate of 2 %
TiO; as exhibited in Fig. 7c, 2.71 nm and 3.54 nm, and for PMMA with a rate of 3 % TiO, as
exhibited in Fig. 7d, 3.04 nm and 4.91 nm, respectively. Table (3) inferences the surface
roughness and RMS values of particles for pure and doping PMMA [55-58].

[} 380000
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e IMage size:4027.50nm X 4027 .50nm

Ay Amplitude parameters: 36.418nm
- Sa(Roughness Average) 0.828 [nm]
- Sq(Root Mean Square) 1.6 [nm] a) blank PMMA
FED Ssk(Surface Skewness) 5.15
= Sku(Surface Kurtosis) 46.2
| monesser Sy(Peak-Peak) 30.2 [nm]
e Sz(Ten Point Height) 30.2 [nm]

Piushs = (19241024}
e

} 8o
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Image size:4030.00nm X 4030.00nm
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o Sa(Roughness Average) 2.34 [nm] b) PMMA+1% TiO; 51.31nm
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Ssk(Surface Skewness) 0.453
b gk:*éslﬁfﬂ *:)Umssiisg [11i4
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33.24500m
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Fig. 7. AFM images for the: a) blank-PMMA, b) PMMA+1 % TiO,, ¢c) PMMA+2 % TiO,,
and d) PMMA+3 % TiO;

Conclusion

This work is designed to develop innovative nanostructured composite films based on
poly(methyl methacrylate) (PMMA). Employing a casting method, these films were
incorporated with titanium oxide (TiO;) at different concentrations (1%, 2%, and 3%). The
doping process is followed by exposure to an indoor assembled cold dielectric barrier discharge
(DBD) plasma device. This instrument was essential to modify the structural and optical
properties of the prepared nanocomposite films. The architectural rearrangement of
nanoparticles induced by plasma treatment contributed to the enhancement of material
properties.

Main optical parameters have thoroughly been computed directly from equations with their
analysis, such as absorption coefficient, extinction factor, refractive index, energy gap,
dielectric constant (real and imaginary), and Urbach energy. Results showed an increase in the
absorption coefficient, refractive index, and real dielectric constant, on the other hand, the
imaginary dielectric constant and the extinction coefficient decreased in values because of the
improved light absorption. energy gaps (indirect and direct) were narrowed in space, going
from 3.4 to 3.25 eV, and 4.7 to 4.5 eV, respectively. Urbach energy increases from 366 to 395
meV, showing an enhancement in the dynamics of charge carriers, which might be attributed
to plasma-induced structural improvements.
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Additionally, exposure to plasma was instrumental in enhancing surface roughness and
crystallinity in the prepared nanocomposite films. XRD analysis verified the existence of both
amorphous and semi-crystalline structures, with enhanced crystalline structures after
incorporating TiO: and treatment with plasma. SEM imaging showed a rough-surfaces
incorporated with better-organized nanoparticles inside the PMMA composite. AFM analysis
confirmed a remarkable escalation in the roughness of the surface (SR) (blank 0.828 and
PMMA/TiO; nanocomposite at 3.04 nm) and escalation in root mean square (RMS) (blank 1.6
and PMMA/TiO; nanocomposite at 4.97 nm) after TiO, doping.

These results emphasize the capability of the PMMA/TiO: prepared nanocomposite films for
different progressive applications, such as developing optical sensors, chemical photocatalysis,
manufacturing fibre optics, and light-emitting diodes (LEDs). Exposure to cold DBD plasma
has been confirmed to effectively enhance the optical and structural properties of the polymer-
based nanocomposites, laying a foundation for their applications in optoelectronic devices and
environmental processes.
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