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Abstract: The material poly(methyl methacrylate), PMMA, is used for many different purposes, ranging from high-resolution elec-
tron beam lithography for microelectronics manufacturing through medical uses such as intraocular lenses and bone cements to the
manufacture of automobile taillight covers and as a shatterproof replacement for glass in aquaria, signs, and window coverings. Pho-
tostabilization is necessary to protect polymeric materials from photodegradation and photooxidation caused by aging and ultraviolet
(UV) radiation. It is imperative, therefore, to modify polymeric compounds for increased resistance against degradation due to extended
exposure to UV light. There have been recent advances, which have led to the development of different polymeric materials that can
be used as potential photostabilizers. This work focuses on the surface modification of the polymer PMMA through incorporating
inorganic metal oxide nanoparticles in the polymer backbone. Upon reacting PMMA with ethylenediamine, an amino group will react
with vanillin to produce the respective Schiff’s base. Incorporation of nano metal oxides (TiO2, NiO, and CuO) leads to the formation
of inorganic metal oxide nanoparticles into the polymer chains. Films of the treated PMMA were made and subjected to UV irradia-
tion to investigate the effect of the additives on the photostabilization of PMMA. The effects of additives and the type of metal oxide
on the photostabilization of PMMA were evaluated by infrared spectroscopy, weight loss, surface morphological investigation, and
determination of the rate constant of decomposition. PMMA treated with organic nano metal oxides showed low photodegradation
as compared to pure organic-treated PMMA.
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1. Introduction

Synthetic polymers have a wide range of applications in
contemporary society. For instance, researchers are still inter-
ested in organic conducting polymers [1]. Compared to traditional
insulating polymeric materials, the polymers have distinct electri-
cal, mechanical, optical, morphological, and crystallinity features,
partly because of their extended 𝜋-electron conjugation. Addi-
tionally, the polymers may be semiconductors with a range of
potential applications, including biomedical ones [2]. Moreover,
they can be used in the production of dielectric-free substances,
solar panels, transducers, rechargeable batteries, super capaci-
tors, and organic light-emitting diodes. The high strength/weight
ratio, durability, cost-effectiveness, and ease of processing into
films make them ideal for use in various areas. [3]. Due to the
increased demand for these items, it is becoming more and more
crucial to produce high-performing and environmentally friendly
renewable materials [4]. In the instance of polymers, this involves
mitigating the detrimental effects of severe weather conditions in
order to extend their useful life in outdoor applications [5]. The
main causes of the deterioration of polymeric materials are high
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temperatures, oxygen, high humidity, ultraviolet (UV) radiation,
and contaminants [6, 7]. Such exposure results in photooxidation
and breakdown of polymer chains by means of scission and cross-
linking [8]. The mechanical properties of the polymers become
adversely affected, along with surface cracks and discoloration [9].
Improvement in the ability of the polymers to resist photodegra-
dation via additive and surface modification can help prevent
such degradation [10]. There are numerous uses for poly(methyl
methacrylate) (PMMA) as blends and composites, as well as in
pure form [11]. PMMA is widely used in applications such as
lenses, dentistry tools, surgery tools, prosthetics, drug delivery
devices, and photo-resist materials [12]. The wide usage of PMMA
comes as a result of having many desirable qualities, among which
are good visibility, low density, high strength and physical prop-
erties, cheapness, toughness, and easy manipulation. However,
under the presence of oxygen [13], PMMA will decompose and
degrade if exposed to extreme temperatures and humidity condi-
tions [14]. PMMA exposed to UV radiation develops holes and
cracks, discoloration, and poor durability [15]. Bond cleavage
causes the long polymeric chains in PMMA to break down into
shorter pieces during the photodegradation process [16]. Chain
scission and the generation of free radicals are two aspects of this
process’s mechanism [17]. The degree of damage to the polymeric
materials is associated with the duration of the irradiation time
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[18]. Photodegradation can be effectively decreased by combining
polymeric materials with UV inhibitors, including metallic com-
pounds, organics, fibers, and pigments [19]. The level of sunlight
stabilization of PMMA is influenced by a number of parameters,
such as the size of the materials and the characteristics of the
additives [20].

Polymethyl methacrylate (PMMA), often known as acrylic
or acrylic glass, is increasingly used in radiation shielding as a
lightweight, flexible, and transparent alternative to, or in com-
bination with, traditional shielding materials like glass, concrete,
and ceramic. While pure PMMA is not an effective primary
gamma shield, it excels at neutron shielding due to its high
hydrogen content and can be heavily reinforced with high-atomic-
number (high-Z) fillers to create superior shielding [21]. It is
possible to create new qualities by blending more than one poly-
mer [22]. For instance, the degree of blending and mixing ability of
the component polymers might affect the refractive index as well
as other optical characteristics [23]. Properties including mechan-
ical strength, appearance, and transparency can be altered by
carefully regulating the concentration and type of blended poly-
mers [24]. The chemistry and degrading characteristics of every
kind of molecular species in the mix must be considered. It
can be difficult to evaluate how blending affects the base poly-
mer’s overall performance; thus, careful structural and optical
property evaluation is required [25]. Other techniques, such as
surface changes by hydrolysis, aminolysis, and air plasma treat-
ment, have been studied to increase PMMA stability [26]. PMMA
can be photostabilized by a number of methods, including chem-
ically modifying the polymeric chains or using additions (such
as strongly aromatic metal complexes) [27]. The latter strategy
has been shown to be easy to use and successful [28]. In order
to increase PMMA’s photostability, the current work describes

the effective surface modification of PMMA using trisubsti-
tuted organotin compounds of a Schiff base with a strongly
aromatic moiety [29]. The photostability of plastics has been
improved through the application of additives bearing Schiff bases
[30]. The process of surface modification on PMMA is a sim-
ple, dependable, repeatable, and efficient method for improving
PMMA photostability [31]. This paper demonstrates that PMMA
can be successfully surface modified with vanillin-metal oxide
nanoparticles (NPs) for enhanced photostability.

2. Materials and Methods

2.1. Chemicals

All the chemicals used for analysis were analytical grade.
No further purification was done on the chemicals to ensure
consistency in purity levels. The chemicals were purchased from
Sigma-Aldrich.

2.2. Synthesis of PMMA with ethylenediamine
(H2N(CH2)2NH2)

Five grams (5 g) of PMMA were added to 15 mL of a
1:1 (v/v) water/isopropyl alcohol mixture and stirred continu-
ously for 10 min at 25 °C to form a homogeneous solution.
The resulting solution was allowed to dry and then submerged
in a 15 mL solution of (CH3)2SO (DMSO) and 29.5 g of 1,2-
diaminoethane. After refluxing the resulting solution for 1 h while
agitating constantly, it was left to air dry for 24 h at 25 °C
(Figure 1).

Figure 1
Synthesis of PMMA with ethylenediamine (H2N(CH2)2NH2) and modification of the resulting mixture with vanillin and nanoparticles
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2.3. Modification of PMMA with vanillin (V) and
nanoparticles

A small volume of chloroform (CHCl3, 15 mL) was used to
dissolve 2.5 g (25 mmol) of PMMA, which was further stirred at
25 °C for 5 min. Vanillin (3.7 g) or 30 mmol of it was then added
and stirred again at 55 °C for 2 h. The above process generated
PMMA-V after the completion of the evaporation of the solvent
for 72 h (Figure 1). Sonication of 5.00 g of PMMA in combina-
tion with 0.36 mg of metal oxide NPs (TiO2, NiO, and CuO) and
100 mL of chloroform for 1 h at room temperature resulted in
impregnation of the PMMA-V films with the NPs. Further heat-
ing and stirring were performed for 3 h, after which UV analysis
was done using the product dissolved into a film with a thickness
of approximately 40 μm on a transparent plate (Figure 1). The
PMMA is the reference (control) sample. The film described in
the text was prepared via drop casting (also referred to as solution
or solvent casting). A precise volume of this solution was poured
or “cast” directly onto a flat, transparent substrate glass plate. To
achieve the specific 40-micrometer thickness, we use a wet film
applicator (a Mayer rod) to spread the liquid evenly across the
surface. The plate was kept on a level surface to ensure uniformity
while the solvent evaporates. This process took place at ambient
temperature or in a controlled environment like a hot air oven
for 12–24 h to ensure a dry, solid film remains. Once dry, the
result is a continuous, transparent film of the specified thickness
adhered to the plate, ready for UV–vis spectroscopic analysis.
Cross-sectional scanning electron microscope (SEM) imaging was
used to directly measure the thickness at the nanometer scale.

2.4. UV-light exposure of modified PMMA
(PMMA-V) doped with nanoparticle films

The equipment used was a nickel-plated (MIL-C-23422)
plate that had two 40-watt UV fluorescent lamps around its edge.
The UV light was applied to the treated films for a maximum
of 300 h. The UV irradiation energy at room temperature was
6.2 × 10−9 Einstein·decimeters·mW⁄area. The horizontal films
were placed at a distance of 10 cm from the irradiating sources.
The films were exposed to radiation in periods to ensure that radi-
ation reaches all areas equally. After periods of 50 h (which is
between 50 h and 300 h), the films were put under analysis. The
production and distribution of free radicals, oxygen, and other
reacting molecules become easy via the use of exterior defects,
ruptures, and cracks, thus affecting the efficiency of the degra-
dation process. As demonstrated in Figure 2, such weaknesses
account for the decrease in tensile and load-carrying strength
during sample breakage [32].

A qualitative UV Tester (Q-Panel Company, USA) fitted
with two 40-watt UVB 365 lamp sources attached to a chrome-
plated disc (MIL-C-23422) was used to conduct the UV exposure
test. The objectives of the test were to identify the improvement
associated with the use of NPs and microparticles and to test the
resistance of the films to photodegradation. Particularly, the test
was meant to establish the resistance of the films to UV exposure
and the improvement brought about by NPs.

2.5. Fourier transform infrared spectroscopy (FTIR)
measurement of modified PMMA (PMMA-V) with
nanoparticles after exposure to radiation

FTIR spectra were acquired using the Shimadzu FTIR-8300
Spectrophotometer. While irradiating the sample, FTIR spectra

Figure 2
The efficiency of UV-induced polymerization chain disruption

were used to measure the increment of the absorption frequency
of bands near the –OH function. Increase in width of the band
caused by –OH function (3204 cm−1) was compared with a com-
mon band (CH at 1443 cm−1), which is not affected by any
irradiation [33]. Index of –OH function (IOH) was measured at
each irradiation time from the absorbance of –OH and the wave-
length of background absorbances (Ar and As). Replicates were
done for all measurements, and average results were presented.
Index of –OH function (IOH) was calculated using Equation (1)
from the absorbances of the OH band and reference bands (As
and Ar).

Is = As/Ar (1)

2.6. Weight loss evaluation of modified PMMA
(PMMA-V) with nanoparticles after being subjected
to UV light

In order to investigate the effect of UV light on the degrada-
tion behavior of PMMA-containing materials, sheets of modified
PMMA with NPs were measured in terms of weight. The experi-
ment was repeated three times, and the average was taken. Using
Equation (2), the ratio of weight loss from PMMA films was
calculated by using the initial and final weights.

Weight loss (%) = W0 − Wt
W0

× 100 (2)

2.7. Surface morphology characterization by
instrumentation analysis: Determination of
nanoparticle-doped modified PMMA

Surface morphology studies of the NP-doped modified
PMMA material have been done in order to study any irradiation
damage by various microscopy instruments. An optical micro-
scope was used to obtain images of the samples of PMMA film
[34]. The SEM and atomic force microscopy (AFM) images have
been taken by using Veeco (USA) and Carl Zeiss Microscopy’s
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SIGMA 500 VP, respectively [35]. SEM imaging samples were
processed according to the routine procedure [36].

3. Results and Discussion

3.1. Surface modifications of PMMA

When vanillin is converted to vanillin methacrylate and
copolymerized with methyl methacrylate, the yield of the insolu-
ble fraction (cross-linked network) is high, often reaching 73–77%.
The introduction of metal oxide NPs through in situ polymer-
ization techniques combined with cross-linkers like melamine
can result in high-yield nanocomposites. While vanillin acts as
an additive, it does not significantly alter the primary physical
properties, such as flexural strength and modulus, of PMMA.
However, the incorporation of NPs generally influences the ther-
mal stability, often leading to a slightly higher melting point
or a change in the thermal degradation mechanism. Three
sets of aminolysis reactions were conducted to yield amino-
functionalized PMMA films. Surface modification of PMMA to
obtain an amine-terminated surface using a simple aminolysis
method commonly performed to generate amine functionality on
the PMMA surface. A polymer was developed in which PMMA
was submerged in ethylenediamine solution in dimethyl sulfoxide,
where an SN2 reaction took place and produced an amino-
functionalized PMMA surface. The amination of the PMMA
surface and the modification of the ester function of PMMA
by reaction with vanillin were successfully carried out. The third
approach of PMMA surface modification was the reaction of

modified PMMA with different nano metal oxides (Figure 1).
The physical properties of polymeric materials are presented in
Table 1.

3.2. Evaluation of powdered form of PMMA,
PMMA modified with vanillin (PMMA + V), using
FTIR analysis

The FTIR analysis of the PMMA spectrum showed an
entirely novel spectrum at 3280 cm−1 (Figure 3). It was determined
that the C–N connection was responsible for the emergence of
an absorbing band at 1240 cm−1. The C=O (carbonyl-group) and
CH=N (imine) in the ester-group caused substantial absorbing
peaks to appear in the PMMA at 1730 and 1615 cm−1. The
vanillin–N linkages are represented by the freshly formed bands
that emerged in the 506–509 cm−1 and 442–454 cm−1 areas,
correspondingly [37] (Figure 3).

The FTIR spectra revealed a broad band with modified
PMMA intensities that corresponded to that of the N-H unit
located in the ethane-1,2-diamine linkage at 3331–3338 cm−1.
Intense and strong bands of absorbance located within the
1731–1733 cm−1 area were ascribed to the ester components (car-
bonyl; C=O group). Around the strong region (1613–1619 cm−1),
a strong CH=N interaction was responsible for the significant
absorbing spectrum, while within the 1253–1255 cm−1 spectrum,
the C–N connection was responsible for the band’s strength. The
C–O stretching resonance of the ester component was observed in
the 1205–1208 cm−1 area, whereas the C–H stretching vibrating
spectrum was observed in the range of 668–988 cm−1.

Table 1
Physical properties of PMMA-based polymers

Polymer Color Yield (%) M.P (°C)

PMMA White 77 160–162
PMMA/vanillin Off-white/pale yellow 76 225–227

PMMA/vanillin + TiO2 NPs Off-white/yellowish 74 267–269

PMMA/vanillin + NiO NPs Greenish black 73 285–287
PMMA/vanillin + CuO NPs Brownish black 75 295–297

Figure 3
FTIR analysis of the powdered form of PMMA, modified with vanillin (PMMA + V)
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3.3. Evaluation of modified PMMA with vanillin
doped with nanoparticles photodegradation using
FTIR analysis

PMMA is broken down by photochemistry to produce frag-
ments with particular functional groups, like C=O and –OH
units, respectively. By homolytically breaking the C–Me and
C–CO2 Me connections, the reaction produces radicals that are
free of charge. An interaction with oxygen that produces peroxy
radicals. Hydroperoxides are then created when radicals (per-
oxyl) that are bonded to the polymer and modified polymer are
able to draw radicals (such as hydrogen) from nearby polymeriza-
tion molecules. When O–OH (such as hydroperoxides) linkages
are homolytically broken, alkoxy (which are radicals) are created
and attached to the polymerization chain. When radicals (such as
hydrogen) are eliminated by the species that are alkoxy radicals,
equivalent molecules of alcohol are produced. The O–H group’s

enhanced absorbing intensity of the band under irradiation was
tracked using the FTIR. To be more specific, the O–H absorbance
spectrum (at 3206 cm−1) was shown to be stronger when com-
pared to a reference band that is not greatly affected by radiation,
like C–H and C–C (at 1445 cm−1 and 755 cm−1, respectively). The
intensity of the peak differences related to the stretching vibration
that occurred in the OH group was noted and contrasted with the
standard peak (i.e., C–H). When faced with UV light, the O–H
absorbance band’s intensity increased, which was an indication of
the presence of PMMA degradation by UV.

Figure 4 displays the infrared spectra of the untreated and
irradiated (300-h) unmodified PMMA sheets, as well as the irra-
diated PMMA that includes vanillin (also doped with NPs). The
spectrum made it abundantly evident that the O–H absorbance
spectrum (at 3206 cm−1) was shown to be stronger when com-
pared to a reference band that is not greatly affected by radiation,
like C–H and C–C (at 1445 cm−1 and 755 cm−1, respectively).

Figure 4
(a) FTIR analysis of the irradiation of PMMA modified with V and doped with nanoparticles at 0 h and (b) FTIR analysis of the

irradiation of PMMA modified with V and doped with nanoparticles at 300 h
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In comparison to the unaltered (pure) film, the intensity of the
absorption bands in the PMMA film modified by the vanillin (as
well as doped with NPs) was found to be diminished in the speci-
fied functional groups. More specifically, it is possible to mention
that the film modified by the PMMA, which contained vanillin
and was doped with NPs, had less intense absorption bands than
the pure one. The effect observed above in the case of PMMA
photostabilizers occurs due to the interaction of the ligand with
the metal oxide NPs. Owing to the scavenging and basicity of
the metal oxide NPs, it is likely for them to operate effectively as
PMMA stabilizers. Hardness, electronegativity, and the ratio of
charge to the radius are among the factors influencing a tendency
of metal to acidification, as it has been shown before [38]. Beyond
their basicity, a variety of factors affect metal oxides’ NPs abil-
ity to operate as PMMA stabilizing agents. Besides the basicity,
numerous other variables might affect the ability of metal oxide
NPs to act as PMMA stabilizing agents. Such factors as size,
thickness, morphology, and chemical composition of NPs might
affect the effectiveness of metal oxide NPs as fillers. The ability
of metal oxide NPs to modify the PMMA is likely even without
their mixing with any compound.

FTIR results indicated significant alterations in the FTIR
spectrum as the PMMA sheet was irradiated by the UV light

source (𝜆max = 365 nm). It was evident from the FTIR analysis
that new peaks emerged at the 3204 cm–1 wavenumber, attributed
to the presence of the OH group formed during the process. In
the case of the PMMA film presented in Figure 5, the rate of
increment in the IOH peak intensity for the aminated PMMA
films together with the metal complexes was relatively low.

3.4. Weight loss of irradiated PMMA films

One of the most revealing factors that demonstrates the
amount of UV radiation is body weight loss. Figure 6 shows the
percentage of weight loss in PMMA films after 300 h of radiation
according to Equation (2). Normally, photodegradation caused
by sunlight entails weight loss percentage increment. Based on
the results obtained, it can be concluded that using the proposed
design improves the photostability of PMMA [39]. The reduc-
tion in weight rose proportionately to the length of the radiation
exposure. The proportion of PMMA films that were left unaltered
showed the greatest rise. The polymethyl methacrylate/vanillin ini-
tial film excluding NPs had the largest loss of weight percent,
while the polymethyl methacrylate/vanillin film containing NPs
made from copper oxide had the least percentage of weight loss.

Figure 5
Hydroxyl index (IOH) of PMMA films during the irradiation process
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Figure 6
Percentage weight loss of PMMA films during irradiation
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3.5. Evaluation of modified PMMA with vanillin (V)
and nanoparticles photodegradation using SEM
analysis

The SEM was used to examine the morphology of
the PMMA films to produce detailed surface images [40].
Figure 7 shows SEM images of the PMMA films containing
vanillin after being subjected to radiation treatment. The figure
shows the structure of the radiation-induced PMMA films con-
taining vanillin at 50 and 100 µm resolution. The surfaces of
the modified PMMA-vanillin films show better uniformity and
improved structure than those of non-modified PMMA films.
Figure 8 shows the SEM images of PMMA-V incorporated with
TiO2. The SEM images show an amorphous structure in the
PMMA-V-TiO2 matrix, which is seen at a lower concentration
of TiO2. The foundation of the material composite is its innate
disorder. The dispersion of titanium dioxide NPs within the
PMMA-V-TiO2 matrix has been verified by images obtained from
SEM. The general amorphous look of the matrix of polymers
characterizes the morphology at modest concentration, where
the spread tends to appear homogenous. Nevertheless, elevat-
ing the titanium dioxide dosage frequently causes the NPs to
clump together, which might show up in images from SEM as
uneven, fragmented pieces or bunches [41]. Figure 9 shows the

SEM images of PMMA-V incorporated with NiO. Sphere-shaped
NPs of nickel oxide contained in the uniform PMMA-V matrix
of polymers are usually visible in scanning electron microscopic
imagery. Usually, the NPs made from nickel oxide show up as sep-
arate, frequently spherical or nearly spherical particles. PMMA
incorporates the NPs in a continuous, often smooth matrix of
polymers. Figure 10 shows the SEM images of PMMA-V incor-
porated with CuO. Throughout the PMMA-V matrix, these NPs
of CuO were visible as separate particles that are inorganic.
The PMMA-V matrix contained the CuO NPs in an equal dis-
tribution. For constant material qualities, this is frequently the
intended result.

Furthermore, the addition of metal oxide NPs (which could
seem as pores) to the altered PMMA films gives the sur-
face new morphological features. These results imply that the
PMMA structure on its surface was changed by the incorpora-
tion of metal oxide NPs, resulting in a discernible morphology
of the surface, which could be seen by an SEM. The metal oxide
NPs clearly stuck to the surface based on the SEM imaging. Nev-
ertheless, we had been unable to discern a discernible difference
between the outermost surfaces, possibly due to PMMA’s unique
surface characteristics [42]. Since PMMA has an excessively
porous structure, it actually has a large area on its surface. The
texture of the surface not only shows the existence of NPs but

Figure 7
FESEM image for PMMA + V at 50 and 100 µm

Figure 8
FESEM image for PMMA + V + TiO2 NPs at 50 and 100 µm
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Figure 9
FESEM image for PMMA + V + NiO NPs at 50 and 100 µm

Figure 10
FESEM image for PMMA + V + CuO NPs at 50 and 100 µm

also the outermost irregularity that is probably comparable with
respect to the metal oxide NP sizes. This implies the dimensional
deterioration brought on by UV radiation at the PMMA mate-
rial’s surface was much lessened when metal oxide NPs were
present. In order to study damage caused by radiation, particle
aggregation, and particle-size variation using SEM, the following
methods were used. Generally speaking, the degradation process
leads to weight loss and aggregation as a result of the lack of
compatibility of polymers with certain compounds, causing the
formation of voids. It can therefore be noted that the process of
forming voids can be significantly decreased if pigments are added
to polymers and if photodegradation is prevented.

3.6. Evaluation of modified PMMA with vanillin
doped with nanoparticles photodegradation using
AFM analysis

A complete vacuum is not necessary for AFM, which pro-
vides two- and three-dimensional images of the surface structure
of the investigated material. This method is simple to use and
versatile in its application [43]. Figure 9 shows the two- and three-
dimensional AFM images of PMMA incorporated with vanillin
under irradiation (300 h). The two- and three-dimensional AFM
images given in Figures 11–14 show the effect of irradiation of
the PMMA film. From the two- and three-dimensional AFM
images of the surface of PMMA films having vanillin and doped

with nano metal oxides after irradiation, one can observe that
there is a very smooth surface with a minimum roughness fac-
tor. On the other hand, the surface was found to be rough for
PMMA/Schiff base films. It can be presumed that bond cleavage
causes the rough surface of the PMMA film having vanillin and
nano metal oxides after irradiation [44]. From Table 2, it can be
seen that the roughness factor (Rq; nm) value is maximum for
the blank PMMA (285.1 nm) and minimum for the vanillin and
CuO NP films (45.5 nm). Figure 12 shows the AFM images of
PMMA-V incorporated with TiO2 NPs. The PMMA-V polymer
is filled with titanium dioxide NPs. A uniform surface with tiny,
uniformly spaced features is the outcome of a good dispersion,
which is frequently made possible by vanillin’s involvement [45].
Agglomerations, or massive clumps of TiO2, are indicated by lim-
ited dispersal. In contrast to pure PMMA, which has no additives,
the addition of vanillin and titanium dioxide alters the texture.
The impact is dependent on concentration. Figure 13 shows the
AFM images of PMMA-V incorporated with NiO NPs. During
the film-making process, vanillin functions as a porous substance
or pore-building component, which results in the creation of tiny
or nano-scale spaces or a structure resembling a sponge, altering
the whole texture of the exterior. NiO NPs are scattered through-
out the matrix of PMMA-V polymer. Vanillin’s polar structures
may increase stability, which could result in an increasingly uni-
form AFM image by distributing smaller nickel oxide structures
more uniformly. Figure 14 shows the AFM images of PMMA-V
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Figure 11
AFM images of irradiated PMMA + V film

Figure 12
AFM images of irradiated PMMA + V + TiO2 NPs film

Figure 13
AFM images of irradiated PMMA + V + NiO NPs film
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Figure 14
AFM images of irradiated PMMA + V + CuO NPs film

Table 2
Roughness factor (Rq; nm) of PMMA films subjected to

radiation exposure (300 h)

Film Rq (nm)

PMMA 285.1
PMMA + V 126.4
PMMA + V + TiO2 NPs 88.1

PMMA + V + NiO NPs 51.7
PMMA + V + CuO NPs 45.5

incorporated with CuO NPs. The total roughness on the sur-
face of the film is increased by the incorporation of NPs made
from which produce distinctive characteristics that manifest as
elevated dots or aggregates. Significant, noticeable “bubbles”
or bunches in the AFM photos are indicative of poor cop-
per oxide NPs dispersal and accumulation, which may have a
detrimental effect on the tensile and visual characteristics of
the nanocomposite. In the darker, thinner, and finer PMMA-
v-CuO matrix of polymers, the copper oxide NPs—which are
usually round, depending on the synthesis process—show up as
elevated characteristics or prominent spots.

4. Conclusion

The surface modification of PMMA was successful, in which
inorganic metal oxide NPs have been incorporated. The modi-
fied polymeric materials were capable of reducing the harmful
effects of UV irradiation. PMMA containing vanillin doped with
copper oxide NPs showed the most stabilization effect against
photodegradation. The most destructive changes in PMMA have
been seen when vanillin was incorporated within the polymeric
chains without any metals. The efficiency of metal oxides’ sta-
bilizing effect for PMMA is decreasing in the following order:
copper oxide, nickel oxide, and titanium oxide NPs. It should
be highlighted that the surface modification of PMMA led to
an essential decrease in photolysis reaction rate. This modifica-
tion made it possible for PMMA to lessen the damaging effects
of UV radiation with an emission wavelength of 365 nm for as

many as 300 h. When compared to the unmodified films, the
ability to absorb light of the polymer was significantly improved
in the modified films. Interface disintegration was negligible in
PMMA-based samples containing vanillin and NPs made from
copper oxide.
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