
Research Article
Investigation of the Impact of Chemical Modifications on the
Photostability of Polymethyl Methacrylate

Hanan A. Ibraheem,1 Gamal A. El-Hiti ,2 Emad Yousif ,1 Dina S. Ahmed ,3

Hassan Hashim,4 and Benson M. Kariuki 5

1Department of Chemistry, College of Science, Al-Nahrain University, Baghdad 64021, Iraq
2Department of Optometry, College of Applied Medical Sciences, King Saud University, Riyadh 11433, Saudi Arabia
3Department of Chemical Industries, Institute of Technology-Baghdad, Middle Technical University, Baghdad, Iraq
4Department of Physics, College of Science, Al-Nahrain University, Baghdad 64021, Iraq
5School of Chemistry, Cardiff University, Main Building, Park Place, Cardiff CF10 3AT, UK

Correspondence should be addressed to Gamal A. El-Hiti; gelhiti@ksu.edu.sa

Received 15 November 2023; Revised 17 January 2024; Accepted 19 January 2024; Published 14 February 2024

Academic Editor: Maria Laura Di Lorenzo

Copyright © 2024 Hanan A. Ibraheem et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

For practical application, it is crucial to ensure that polymeric materials are protected against degradation due to aging and
ultraviolet (UV) irradiation. A range of advancements in developing novel photostabilizers has been made in the last few years.
Another approach is the alteration of polymer structures to enhance their ability to resist photodegradation and
photooxidation on exposure to UV light for extended periods in harsh conditions. Polymeric chain modifications have proved
to be efficient in increasing the photostability of materials. The current work deals with the surface functionalization of
polymethyl methacrylate (PMMA) by incorporating organotin moieties on the polymer backbone. PMMA reacts with
ethylenediamine to attach amino groups to the polymer chains. The amino group reacts with 2-hydroxynaphthaldehyde to
produce the corresponding Schiff base. Adding trisubstituted (methyl, butyl, and phenyl) tin chloride led to the addition of
organometallic residence to the polymeric chains. Thin films of the modified PMMA were made and irradiated with ultraviolet
light for long durations to test the effect of chain modification on the photostability of polymeric materials. The effect of the
substituent on the tin atom on the photostability of PMMA has been analyzed. Various methods were used for assessment,
including infrared spectroscopy, weight loss, surface morphology, and roughness factor. The modified polymers showed
increased resistance to photodegradation and had lower roughness factor, weight reduction, surface damages, and small
fragments generated compared to the blank PMMA. The polymer containing phenyl substituents showed the most apparent
photostabilization effect and the least destructive changes in the PMMA surface on photoirradiation.

1. Introduction

The role played by synthetic polymers in modern society is
vast. An example is organic conducting polymers, which
continue to attract the attention of researchers. Partly due
to their extended π-electron conjugation, the polymers have
unique electrical, mechanical, and optical properties as well
as morphology and crystallinity compared to conventional
insulating polymeric materials [1–3]. The polymers may also
be semiconductors with various possible uses, including bio-
medical applications [4]. They can also be used in devices

that are based on organic light-emitting diodes, sensors,
low-power rechargeable batteries, supercapacitors, photo-
voltaic cells, and low-dielectric materials [5, 6]. The suitabil-
ity of polymers in many applications is enabled through a
high strength-to-weight ratio, toughness, low cost, and ease
of film processing.

Producing renewable materials that are both high per-
forming and ecofriendly is becoming increasingly important
in modern times due to the high demand for these products
[7]. In the case of polymers, this includes increasing their
useful lifetime in outdoor applications by addressing the
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harmful effects of harsh environmental conditions. High
temperatures, the presence of oxygen, high levels of humid-
ity, ultraviolet (UV) light, and pollutants are the primary
factors that cause the photodegradation of polymeric mate-
rials [8, 9]. The outcome of exposure to these conditions is
photooxidation and decomposition of polymer chains
through crosslinking and scissions [10, 11]. The conse-
quence is a decline in mechanical properties, surface crack-
ing, and discoloration of the polymers. The degradation in
properties can be reduced by increasing the resistance of
the polymers to photodegradation by, for example, the use
of additives or surface modification [12–16].

Polymethyl methacrylate (PMMA) can be utilized in a
variety of applications as blends, composites, or pure forms
[17, 18]. Lenses, dental tools, surgical instruments, pros-
thetic implants, drug delivery systems, and photoresists are
highly dependent on the use of PMMA [19, 20]. PMMA is
widely used due to its unique set of properties, including
high transparency, low density, good physical and mechani-
cal properties, cost-effectiveness, durability, and ease of
manipulation. However, it is also prone to photodegradation
and photodecomposition when exposed to harsh conditions
such as high temperatures and humidity in the presence of
oxygen [21]. Exposure of PMMA to UV irradiation leads
to discoloration, decreased durability, and the creation of
holes and cracks [22]. In the photodegradation process of
PMMA, the long polymeric chains break down into shorter
fragments through bond cleavage. The mechanism of this
process involves the production of free radicals and chain
scission. The length of the irradiation period is correlated
with the level of damage in the polymeric materials [23,
24]. Mixing polymeric materials with UV inhibitors, such
as metallic complexes, organics, fibers, and pigments, can
be effective in reducing photodegradation [25]. Various fac-
tors, including the size of the particles and the properties of
the additives, influence the degree of photostabilization of
PMMA [26, 27].

Polymer blending by mixing two or more polymers can
be used to generate new properties [28]. Thus, for example,
the miscibility of the constituent polymers and the extent of
blending can influence the refractive index and other opti-
cal properties. By carefully controlling the concentration
and nature of the blended polymers, one can modify prop-
erties such as mechanical strength, appearance, and trans-
parency. It is essential to consider the chemical and
degradation properties of all types of molecular species of
the blend. Assessment of the effect of blending on the over-
all performance of the base polymer can be complex, so it is
necessary to conduct thorough structural and optical prop-
erty characterization [29, 30]. Other methods to improve
PMMA stability have been investigated, including surface
modifications through air plasma treatment, hydrolysis,
and aminolysis [31].

The photostabilization of PMMA may be achieved in
various ways, such as the use of additives (e.g., highly aro-
matic metal complexes) [32] or chemical modification of
the polymeric chains [33]. The latter approach has been
proven to be simple and effective. Therefore, the current
work reports the successful surface functionalization of

PMMA with trisubstituted organotin complexes of a Schiff
base containing a highly aromatic moiety to improve its
photostability. Additives containing Schiff bases have been
used to enhance the photostability of polymers [34–37].
The PMMA surface modification process is simple, robust,
reproducible, and effective in improvingPMMAphotostability.

2. Experimental

2.1. General. PMMA with a molecular weight of 74315 g/
mol, analytical grade solvents, ethylenediamine with a min-
imum purity of 99%, 2-hydroxynaphthaldehyde with a
purity of 98%, and trisubstituted tin chlorides with a purity
of 97–98% were obtained from Merck (Gillingham, UK).
The Bruker Avance spectrophotometer (Tokyo, Japan) was
used to record the 1H NMR spectra in deuterated dimethyl
sulfoxide (DMSO-d6) at 400MHz.

2.2. Preparation of PMMA Containing Ethylene Diamine.
PMMA (1; 5 g, 49mmol) was added to a mixture of 2-
propanol (10mL) and water (10mL). The mixture was stir-
red for 10 minutes at 25°C, followed by the removal of the
polymer. The polymer was dried and submerged in a combi-
nation of ethylenediamine (29.5 g, 490mmol) and dimethyl
sulfoxide (15mL). The mixture was agitated while being
heated under reflux conditions for one hour. The aminated
PMMA was dried for 24 hours at room temperature after
the solvent was removed.

2.3. Preparation of PMMA Containing Schiff Base 2. Ami-
nated PMMA (2.5 g, 25mmol) in chloroform (CHCl3;
15mL) was stirred for 5 minutes at room temperature. 2-
Hydroxynaphthaldehyde (5.1 g, 30mmol) was added, and
the mixture was refluxed with stirring for 2 hours. The
PMMA incorporating Schiff base 2 was obtained after leav-
ing the mixture to dry in the air for 72 hours, followed by
3 hours under vacuum.

2.4. Preparation of PMMA Containing Tin Complexes of
Schiff Base 3–5. A mixture of the PMMA containing Schiff
base (2; 0.4 g), produced in Section 2.3, and appropriate tri-
substituted tin chloride (R3SnCl: R = Me, Bu, Ph; 0.1 g) in
CHCl3 (4mL) was sonicated for one hour. The mixture
was poured onto glass plates with a thickness of about
40μm and left to dry for 24 hours at room temperature.
Films 3–5 produced were left to dry in the air for 72 hours,
followed by 3 hours under vacuum.

2.5. Irradiation of PMMA Films. The PMMA films were sub-
jected to UV irradiation using an accelerated weather-meter
QUV tester manufactured by Q-Panel Company located in
Homestead, FL, USA. The tester consisted of a stainless steel
plate that had two UV fluorescent lamps (40W; UV-B 365)
on the sides. The PMMA films were exposed to UV light for
up to 300 hours. The UV light intensity was 6 2 × 10−9 Ein-
stein dm−3 s−1 at room temperature. The films were posi-
tioned vertically at 10 cm from the tester and parallel to
the fluorescent lamps. To ensure even irradiation of all sides,
the PMMA films were rotated occasionally. The PMMA
films were irradiated for consecutive periods of 50 hours
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(i.e., from 50 to 300 hours), with each period followed by
various analyses.

2.6. FTIR Spectroscopy of Irradiated PMMA Films. A Shi-
madzu FTIR-8300 spectrophotometer (Tokyo, Japan) was
utilized to record the FTIR spectra. The spectra were used
to track the rise in absorption band intensity due to the
hydroxyl group (OH) while irradiation was conducted. The
growth in the band intensity corresponding to the OH group
(3204 cm−1) was compared to a standard one that was not
affected by irradiation (C–H; 1443 cm−1) [21]. Equation (1)
was used to calculate the OH group index (IOH) after each
irradiation period from the absorbance of the OH and refer-
ence absorption bands (As and Ar, respectively) [38]. Each
experiment was conducted three times, and the mean values
were calculated.

IOH = As
Ar 1

2.7. Weight Loss of Irradiated PMMA Films. PMMA films
were observed for weight reduction to assess the impact of
irradiation on the photodegradation of polymeric materials.
The percentage weight (%) lost by PMMA films was deter-
mined using Equation (2), which considered the initial
weight (W0) and final weight (Wt) of the PMMA films after
each duration of irradiation [39]. The measurements were
carried out in triplicate, and the average score was used.

Weight loss % = W0 −Wt
W0

× 100 2

2.8. Surface Morphology of Irradiated PMMA Films. Various
microscopic techniques were utilized to examine the damage
caused by irradiation on the surface of PMMA. Optical
microscopy images of the PMMA films were captured using
a Meiji Techno (Tokyo, Japan) instrument [40]. The atomic
force microscopy (AFM) and scanning electron microscopy
(SEM) images were captured using Veeco (Plainview, NY,
USA) and SIGMA 500 VP by Carl Zeiss Microscopy (White
Plains, NY, USA), respectively [41, 42]. Standard procedures
were used to prepare the samples for SEM imaging [43]. The
process involved cleaning, cutting, fixation, stabilization,
dehydration, drying, and coating.

3. Results and Discussion

3.1. Pendant Modification of PMMA. Reported procedures
have been followed to modify the PMMA chains, as shown
in Scheme 1 [37, 44–46]. The first step was the aminolysis
of the polymeric chains that involved the reaction of PMMA
1 and H2NCH2CH2NH2 in boiling dimethyl sulfoxide
(DMSO) for 2 hours. The aminolysis step is an SN

2 reaction
that leads to the attachment of diamine to the backbone of
PMMA. The second step involved the reaction of aminated
PMMA and 2-hydroxynaphthaldehyde in boiling CHCl3
for two hours to afford the corresponding polymer contain-
ing a Schiff base moiety 2. The third step involved the reac-
tion of PMMA containing Schiff base 2 and trisubstituted tin

chloride in CHCl3 for one hour under sonication conditions
to give the corresponding PMMA containing organotin
complexes 3–5 (Scheme 1). 1H NMR spectroscopy was uti-
lized to estimate the conversion (%) for the modified PMMA
2–5. Table 1 displays data for the polymeric materials.

The FTIR spectrum of the aminated PMMA showed a
new band at 3279 cm−1 due to the absorption of the NH2
group. The absorption band that appeared at 1239 cm−1

was attributed to the C–N bond. The PMMA containing
Schiff base 2 showed strong absorption bands at 1729 and
1611 cm−1 due to the carbonyl (C=O) of the ester and the
CH=N moieties, respectively. For the PMMA organotin
complexes 3–5, the FTIR spectra confirmed that the com-
plexation reaction of 2 and trisubstituted tin chlorides had
taken place. New bands appeared in the regions of 503–
505 cm−1 and 439–446 cm−1 that correspond to the Sn–N
and Sn–O bonds, respectively [47–50]. The FTIR spectra of
3–5 showed a broad band that appeared at the 3327–
3334 cm−1 region corresponding to the NH group of the
ethylenediamine linkage. The sharp and intense absorption
bands that occurred in the 1728–1729 cm−1 region were
attributed to the C=O group of the ester moiety. The strong
absorption band in the 1611–1617 cm−1 region was attrib-
uted to the CH=N bond, and the band in the 1252–
1254 cm−1 region was due to the C–N bond absorption.
The stretching vibration of the C–O of the ester moiety
appeared in the 1200–1203 cm−1 region and the C–H bend-
ing vibration band in the 664–984 cm−1 region.

3.2. FTIR Spectra of Irradiated PMMA Films. Irradiation of
PMMA leads to photochemical degradation and decomposi-
tion of polymeric chains [51–53]. Such a process produces
small polymeric fragments that contain hydroxy (OH) and
carbonyl (C=O) groups. The photodegradation process
involves the formation of various free radicals through C–
Me and C–CO2Me bond homolytic cleavage (Figure 1).
The free radicals produced in the reaction of PMMA with
oxygen produce corresponding peroxy radicals. The peroxy
radicals convert to hydroperoxides in combination with
hydrogen radicals. The symmetrical cleavage of the hydro-
peroxide O–OH bonds forms alkoxy radicals. A polymeric
chain containing a hydroxy group (alcohol) is produced
when alkoxy species abstract hydrogen radicals (Figure 1).
In addition, photodegradation of PMMA can produce poly-
meric fragments containing the C=O group [54].

Thin films were made from the unmodified (i.e., 1) and
modified PMMA 2–5. The PPMA films were exposed to
UV irradiation (λmax = 365nm) to investigate the photode-
gradation level in the polymeric chains. The FTIR spectra
of the irradiated films were recorded after intervals of irradi-
ation (from 50 to 300 hours). The absorption bands corre-
sponding to the OH (3204 cm−1) and the C–H bond
(reference band; 1443 cm−1) were monitored. The irradia-
tion process does not affect either the C–H bonds since they
are stable enough, and no changes are expected in the inten-
sity of these peaks. The FTIR spectra of the PMMA film
before and after irradiation are displayed in Figure 2. The
increase in the intensity of the OH absorption band during
irradiation reflected the degree of PMMA photodegradation.
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The hydroxy group index (IOH) was calculated using Equa-
tion (1) for various irradiation times (from 50 to 300 hours)
for the unmodified and modified PMMA 1–5 (Figure 3).

Figure 3 shows that increasing irradiation time increases
the effect on the PMMA chains. The IOH increases sharply at
the beginning of the irradiation (i.e., in the first 50 hours of
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Figure 1: Formation of fragments that contain an OH group from the photodegradation of PMMA.

Table 1: Physical properties of PMMA materials.

No. PMMA film Color Conversion (%) M.P. (°C)

1 PMMA (blank) White — 160–162

2 PMMA/Schiff base Pale yellow 75 220–222

3 PMMA/Schiff base/Me Yellow 72 264–266

4 PMMA/Schiff base/Bu Yellow 74 280–282

5 PMMA/Schiff base/Ph Dark yellow 75 290–292

OMe

C
Me

n
O

NH2 C
Me

n O H

OH

C
Me

n

NHO

N

OH

C
Me

n

NHO

N

O

NHO

NH2

DMSO+

Sn
R

R
R

1

2

3, R = Me
4, R = Bu
5, R = Ph

H2N reflux, 1 h

CHCl3, reflux, 2 h

R3SnCl, CHCl3
Sonication, 1 h

SCHEME 1: PMMA modification route.
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irradiation) and, after that, rises steadily with irradiation
time. It is essential to mention that the IOH before irradiation
was approximately 0.06 for all samples because of the minor
photodegradation of the original polymeric materials in

which Ar (C–H; 1443 cm−1) was 0.43. At the start of the irra-
diation process (first 50 hours), the slope of the lines was sig-
nificant due to the rapid rate of photodegradation. However,
the slope tends to decrease as the irradiation progresses. The
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Figure 4: Changes in weight loss (%) of PMMA films after different
irradiation times. 1: PMMA (blank); 2: PMMA/Schiff base; 3:
PMMA/Schiff base/Me; 4: PMMA/Schiff base/Bu; 5: PMMA/
Schiff base/Ph.
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Figure 3: Changes in the IOH of the PMMA films after different
irradiation times. 1: PMMA (blank); 2: PMMA/Schiff base; 3:
PMMA/Schiff base/Me; 4: PMMA/Schiff base/Bu; 5: PMMA/
Schiff base/Ph.

4000
0

20

40

60

80

100

3000 2000
Wavenumber (cm–1)

T 
(%

)

1000 400

(a)

OH

C−H

4000
0

20

40

60

80

100

3000 2000
Wavenumber (cm–1)

T 
(%

)

1000 400

OH

C−HHHH

(b)

Figure 2: FTIR spectra of blank PMMA film: (a) nonirradiated and (b) irradiated for 300 h.
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PMMA containing organotin complexes 3–5 had lower IOH
compared with the film containing Schiff base 2 and the
blank one 1. For example, the IOH was 1.3, 1.1, 0.8, 0.7,
and 0.6 for 1, 2, 3, 4, and 5, respectively, after 300 hours
of irradiation. The film that contains the highest degree of
aromaticity (5; phenyl groups) was the most resistant to
photodegradation compared to those containing aliphatic
substituents, 4 (butyl group), and 3 (methyl groups).

3.3. Weight Loss of Irradiated PMMA Films. Photodegrada-
tion of polymeric materials causes chain sessions and bond
cleavage, producing volatiles and low molecular weight
fragments [55] with a corresponding decrease in the weight
of the polymer. The decrease in PMMA weight on irradia-
tion is used as an indicator of the level of photodegrada-
tion. The percentage weight loss (%) was calculated using
Equation (2) after every 50 hours of irradiation (for up to
300 hours). The initial weight of polymeric samples preir-
radiation (W0) was in the range of 0.6 g. Figure 4 shows
that the modification in the PMMA chains led to a reduc-

tion in weight loss compared to the blank film. The weight
loss was highest for the unmodified PMMA film 1. The
incorporation of aromatic substituents (i.e., PMMA 5)
had the most stabilizing effect. The loss of weight was high-
est during the first 50 hours of irradiation, indicating a
sharp increase in the photodegradation of the polymer. At
the end of the irradiation process (i.e., a total of 300 hours
of irradiation), the percentage loss in weight (%) for the
blank PMMA 1, 2, 3, 4, and 5 films was 1.2, 1.0, 0.7, 0.6,
and 0.5, respectively. The results obtained through analysis
of weight loss are consistent with those obtained by FTIR
spectroscopy (Section 3.2).

3.4. Surface Morphology Analysis. Polymer surface morphol-
ogy can be evaluated using optical microscopy [56]. It is a
simple technique that provides insights into the morpholog-
ical properties (e.g., degree of uniformity, roughness, and
defects) of polymers. It makes it easier to spot changes in
the polymer surface and can provide evidence of the level
of damage caused by photodegradation [57]. Thus, optical
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Figure 5: Optical images of PMMA films: (a) nonirradiated PMMA; (b) irradiated 1, PMMA (blank); (c) irradiated 2, PMMA/Schiff base;
(d) irradiated 3, PMMA/Schiff base/Me; (e) irradiated 4, PMMA/Schiff base/Bu; (f) irradiated 5, PMMA/Schiff base/Ph films.
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Figure 6: SEM images of PMMA films: (a) nonirradiated PMMA; (b): irradiated 1, PMMA (blank); (c) irradiated 2, PMMA/Schiff base;
(d) irradiated 3, PMMA/Schiff base/Me; (e) irradiated 4, PMMA/Schiff base/Bu; (f) irradiated 5, PMMA/Schiff base/Ph films.
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images of the irradiated PMMA surfaces were taken and
compared to those before irradiation. Figure 5 shows the
images and depicts the damage caused by irradiation as
spots and irregular surfaces. The spots varied in size and
shape and were more significant in the case of unmodified
PPMA compared with those incorporating organotin com-
plexes. The surface irregularities typically occur during the
photodegradation of PMMA and the formation of volatiles
and low molecular weight fragments. The surface of the
PMMA 5 that incorporated phenyl substituents showed
spots with the lowest average diameters compared to the
other films, and this has been attributed to a slower photode-
gradation process on irradiation.

SEM is a technique that is widely applied in both acade-
mia and industrial research. It involves the use of an elec-

tron beam of high energy to provide high-resolution and
magnified images. The technique can deliver critical infor-
mation about surface topography, such as surface crystallin-
ity, morphology, type, variations in particle sizes and
shapes, and prevalence of elements [58]. SEM analysis can
be conducted under low or high vacuum conditions [59].
Thus, it can be utilized to observe and analyze the effect
of irradiation on the surface of PMMA. Figure 6 shows
the SEM images of the nonirradiated PMMA (blank) film
and those after irradiation. Preirradiation, the polymer film
surface is typically uniform, smooth, and free of cracks and
aggregation. After irradiation, the PMMA film surface is
uneven and covered in holes and aggregated particles. The
pore diameters for the irradiated PMMA (1), PMMA/Schiff
base (2), PMMA/Schiff base/Me3 (3), PMMA/Schiff base/
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Figure 7: AFM images of PMMA films: (a) nonirradiated PMMA; (b) irradiated 1, PMMA (blank); (c) irradiated 2, PMMA/Schiff base;
(d) irradiated 3, PMMA/Schiff base/Me; (e) irradiated 4, PMMA/Schiff base/Bu; (f) irradiated 5, PMMA/Schiff base/Ph films.
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Bu3 (4), and PMMA/Schiff base/Ph3 (5) were in the ranges
of 6.6–8.8 nm, 1.9–5.8 nm, 1.1–4.0 nm, 2.7–4.5 nm, and 3.7–
19.1 nm, respectively.

AFM is a versatile analytical technique used in various
fields to determine the surface structure of materials with
high spatial resolution [60, 61]. AFM allows visualization
of sample surfaces in two and three dimensions without
a vacuum environment. Figure 7 displays the 2D and 3D
AFM images of the nonirradiated PMMA and films mod-
ified by incorporating organotin complexes and irradiated
for 300 hours. The modified PMMA films show uneven
surfaces with different roughness factors (Rq). The Rq of
the irradiated PMMA films are summarized in Table 2.

The Rq is highest for the unmodified PMMA film 1
(307.6 nm) and lowest for 5, which incorporates an orga-
notin complex containing phenyl substituents (28.6 nm).
The modified PMMA 5 has an Rq value 10.8 times that
of the nonmodified film. The appearance of the patterns
on the AFM images is similar to those observed by
SEM and optical microscopy. The patterns on the irradi-
ated films may be due to small components and volatiles
migrating to the surface, with the size of holes being
dependent on the rate of photodegradation and the
removal of volatiles. Furthermore, after the formation of
free radicals, recombination may create unique geometric
shapes [62].

It should be noted that the results shown in Figures 3
and 4 are related to the surface roughness of the polymers.
As the hydroxyl index and weight loss increase, the surface
roughness increases. In addition, the pore size of the irradi-
ated film 3 was smaller than those of other samples after
irradiation (Figure 6). However, the irritated 3 has the high-
est roughness (62.8mm; Figure 7) compared to the other
two films (50.1 and 28.6mm). The reason for that is not
apparent, but there is no direct relation between the size of
the pores and the roughness of the surface.

The research has limitations that need to be considered.
Firstly, only three modifiers with different substituents have
been utilized in the study. Secondly, the mechanism by
which these modifiers stabilize the polymer has yet to be
thoroughly investigated. Thirdly, the impact of irradiation
beyond 300 hours on the polymer has yet to be assessed.
Furthermore, the practical application of these modifiers
on an industrial scale needs to be tested. As a result, further
research is still required to understand better the role played
by the substituents and the aromatic moieties in stabilizing
the polymer.

4. Conclusions

The modification of the surface of polymethyl methacrylate
polymer was successful, with a Schiff base containing a tin
atom with various substitutions (aliphatic and aromatic)
being incorporated. The modification of polymethyl methac-
rylate led to a noticeable reduction in the photodegradation
of polymeric films due to enhanced photostability against
the harmful effect of ultraviolet irradiation. The modified
polymers showed reduced surface damage, low roughness
factor, and lower decrease in weight, consistent with less
formation of short-chain fragments compared to the non-
modified polymethyl methacrylate. The tin atom and the
substituents used were effective in reducing the photodegra-
dation of polymethyl methacrylate. The lowest photoirradia-
tion damage was observed when the tin atom was attached
to phenyl groups (aromatic) in contrast to the aliphatic
motifs (butyl and methyl groups).
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Table 2: Roughness factor (Rq; nm) of irradiated (300 h) PMMA
films.

No. Modified PMMA film Rq (nm)

1 PMMA (blank) 307.6

2 PMMA/Schiff base 83.4

3 PMMA/Schiff base/Me 62.8

4 PMMA/Schiff base/Bu 50.1

5 PMMA/Schiff base/Ph 28.6

11International Journal of Polymer Science



References

[1] S. C. Rasmussen, “Conjugated and conducting organic poly-
mers: the first 150 years,” ChemPlusChem, vol. 85, no. 7,
pp. 1412–1429, 2020.

[2] K. Namsheer and C. K. Rout, “Conducting polymers: a com-
prehensive review on recent advances in synthesis, properties
and applications,” RSC Advances, vol. 11, no. 10, pp. 5659–
5697, 2021.

[3] X. Wu, W. Fu, and H. Chen, “Conductive polymers for flexible
and stretchable organic optoelectronic applications,” ACS
Applied Polymer Materials, vol. 4, no. 7, pp. 4609–4623, 2022.

[4] K. Kim, H. Yoo, and E. K. Lee, “New opportunities for organic
semiconducting polymers in biomedical applications,” Poly-
mers, vol. 14, no. 14, p. 2960, 2022.

[5] S. Sonika, K. Verma, S. Samanta et al., “Conducting polymer
nanocomposite for energy storage and energy harvesting sys-
tems,” Advances in Materials Science and Engineering,
vol. 2022, Article ID 2266899, 23 pages, 2022.

[6] S. Sharma, P. Sudhakara, A. A. B. Omran, J. Singh, and R. A.
Ilyas, “Recent trends and developments in conducting polymer
nanocomposites for multifunctional applications,” Polymers,
vol. 13, no. 17, article 2898, 2021.

[7] J. Sternberg, O. Sequerth, and S. Pilla, “Green chemistry design
in polymers derived from lignin: review and perspective,”
Progress in Polymer Science, vol. 113, article 101344, 2021.

[8] H. Makki, K. N. Adema, M. M. Hendrix et al., “Weathering of
a polyester-urethane clearcoat: lateral inhomogeneities,” Poly-
mer Degradation and Stability, vol. 122, pp. 180–186, 2015.

[9] K. N. Adema, H. Makki, E. A. Peters et al., “The influence of
the exposure conditions on the chemical and physical changes
of polyester-urethane coatings during photodegradation,”
Polymer Degradation and Stability, vol. 123, pp. 13–25, 2016.

[10] G. A. El-Hiti, D. S. Ahmed, E. Yousif, O. S. A. Al-Khazrajy,
M. Abdallh, and S. A. Alanazi, “Modifications of polymers
through the addition of ultraviolet absorbers to reduce the
aging effect of accelerated and natural irradiation,” Polymers,
vol. 14, no. 1, p. 20, 2022.

[11] F. Liu and G. Liu, “Enhancement of UV-aging resistance of
UV-curable polyurethane acrylate coatings via incorporation
of hindered amine light stabilizers-functionalized TiO2-SiO2
nanoparticles,” Journal of Polymer Research, vol. 25, no. 2,
2018.

[12] A. Barrick, O. Champeau, A. Chatel, N. Manier, G. Northcott,
and L. A. Tremblay, “Plastic additives: challenges in ecotox
hazard assessment,” PeerJ, vol. 9, article e11300, 2021.

[13] A. Salayová, Z. Bedlovičová, N. Daneu et al., “Green synthesis
of silver nanoparticles with antibacterial activity using various
medicinal plant extracts: morphology and antibacterial effi-
cacy,” Nanomaterials, vol. 11, no. 4, p. 1005, 2021.

[14] R. R. Mohamed, “Photostabilization of polymers,” in Polymers
and Polymeric Composites: A Reference Series, S. Palsule, Ed.,
Springer, Berlin, Heidelberg, 2015.

[15] J. Meng, B. Xu, F. Liu et al., “Effects of chemical and natural
ageing on the release of potentially toxic metal additives in
commercial PVCmicroplastics,” Chemosphere, vol. 283, article
131274, 2021.

[16] M. M. Kareem, N. Abd Alrazzak, S. A. Aowda, A. J. A. Lafta,
F. H. Mohammed, and M. S. Jabir, “Synthesis and characteri-
zation of new modified poly(vinyl chloride) polymers and
study of their photodegradation under irradiation with ultra-

violet radiation,” Brazilian Archives of Biology and Technology,
vol. 66, article e23210443, 2023.

[17] U. Ali, K. J. B. Abd Karim, and N. A. A. Buang, “A Review of
the properties and applications of poly (methyl methacrylate)
(PMMA),” Polymer Reviews, vol. 55, no. 4, pp. 678–705, 2015.

[18] M. S. Zafar, “Prosthodontic applications of polymethyl meth-
acrylate (PMMA): an update,” Polymers, vol. 12, no. 10,
p. 2299, 2020.

[19] S. Deb, “Polymers in dentistry,” Journal of Engineering in Med-
icine, vol. 212, no. 6, pp. 453–464, 1998.

[20] M. Hassan, M. Asghar, S. U. Din, and M. S. Zafar, Thermoset
polymethacrylate-based materials for dental applications, Else-
vier, Amsterdam, The Netherlands, 2019.

[21] R. Shanti, A. N. Hadia, Y. S. Salimb, S. Y. Cheec, S. Ramesh,
and K. Ramesh, “Degradation of ultra-high molecular weight
poly(methyl methacrylate-co-butyl acrylate-co-acrylic acid)
under ultra violet irradiation,” RSC Advances, vol. 7, no. 1,
pp. 112–120, 2017.

[22] S. Beauvois, D. Renaut, R. Lazzaroni, L. D. Laude, and J. L. Bre-
das, “Physico-chemical characterization of the effect of exci-
mer laser irradiation on PMMA thin films,” Applied Surface
Science, vol. 109-110, pp. 218–221, 1997.

[23] H.-E. Shim, B.-M. Lee, D.-H. Lim, Y.-R. Nam, P.-S. Choi, and
H.-J. Gwon, “A comparative study of gamma-ray irradiation-
induced oxidation: polyethylene, poly(vinylidene fluoride),
and polytetrafluoroethylene,” Polymers, vol. 14, no. 21,
p. 4570, 2022.

[24] F. Samperi, C. Puglisi, R. Alicata, and G. Montaudo, “Thermal
degradation of poly(ethylene terephthalate) at the processing
temperature,” Polymer Degradation and Stability, vol. 83,
no. 1, pp. 3–10, 2004.

[25] E. Rebollar, G. Bounos, M. Oujia, C. Domingo, S. Georgiou,
and M. Castillejo, “Influence of polymer molecular weight on
the chemical modifications induced by UV laser ablation,”
The Journal of Physical Chemistry B, vol. 110, no. 29,
pp. 14215–14220, 2006.

[26] J. N. Hahladakis, C. A. Velis, R. Weber, E. Iacovidou, and
P. Purnell, “An overview of chemical additives present in plas-
tics: migration, release, fate and environmental impact during
their use, disposal and recycling,” Journal of Hazardous Mate-
rials, vol. 344, pp. 179–199, 2018.

[27] A. A. H. Abdellatif, S. S. Alhathloul, A. S. M. Aljohani et al.,
“Green synthesis of silver nanoparticles incorporated aroma-
therapies utilized for their antioxidant and antimicrobial activ-
ities against some clinical bacterial isolates,” Bioinorganic
Chemistry and Application, vol. 2022, article 2432758, Article
ID 2432758, 14 pages, 2022.

[28] K. K. Wong and Z. A. Jawad, “A review and future prospect of
polymer blend mixed matrix membrane for CO2 separation,”
Journal of Polymer Research, vol. 26, no. 12, p. 289, 2019.

[29] F. P. La Mantia, M. Morreale, L. Botta, M. C. Mistretta,
M. Ceraulo, and R. Scaffaro, “Degradation of polymer blends:
a brief review,” Polymer Degradation and Stability, vol. 145,
pp. 79–92, 2017.

[30] J. Tripathi, A. Sharma, S. Tripathi, R. Bisen, and A. Agrawal,
“Modifications in optical and structural properties of
PMMA/PCTFE blend films as a function of PCTFE concentra-
tion,” Materials Chemistry and Physics, vol. 194, pp. 172–181,
2017.

[31] C. S. Effenhauser, A. Manz, and H. M. Widmer, “Glass chips
for high-speed capillary electrophoresis separations with

12 International Journal of Polymer Science



submicrometer plate heights,” Analytical Chemistry, vol. 65,
no. 19, pp. 2637–2642, 1993.

[32] E. Yousif, G. A. El-Hiti, R. Haddad, and A. A. Balakit, “Photo-
chemical stability and photostabilizing efficiency of poly(-
methyl methacrylate) based on 2-(6-methoxynaphthalen-2-
yl)propanoate metal ion complexes,” Polymers, vol. 7, no. 6,
pp. 1005–1019, 2015.

[33] N. Shaalan, N. Laftah, G. A. El-Hiti et al., “Poly(vinyl chloride)
photostabilization in the presence of Schiff bases containing a
thiadiazole moiety,” Molecules, vol. 23, no. 4, p. 913, 2018.

[34] E. Yousif, D. S. Ahmed, G. A. El-Hiti et al., “Fabrication of
novel ball-like polystyrene films containing Schiff bases micro-
spheres as photostabilizers,” Polymers, vol. 10, no. 11, p. 1185,
2018.

[35] G. A. El-Hiti, M. H. Alotaibi, A. A. Ahmed et al., “The mor-
phology and performance of poly(vinyl chloride) containing
melamine Schiff bases against ultraviolet light,” Molecules,
vol. 24, no. 4, p. 803, 2019.

[36] A. A. Yaseen, E. T. B. Al-Tikrity, E. Yousif, D. S. Ahmed, B. M.
Kariuki, and G. A. El-Hiti, “Effect of ultraviolet irradiation on
polystyrene containing cephalexin Schiff bases,” Polymers,
vol. 13, no. 7, p. 2982, 2021.

[37] S. Sansul, E. Yousif, D. S. Ahmed et al., “Pendant modification
of poly(methyl methacrylate) to enhance Its stability against
photoirradiation,” Polymers, vol. 15, no. 14, p. 2989, 2023.

[38] S. Gaumet and J.-L. Gardette, “Photo-oxidation of poly(vinyl
chloride): part 2–a comparative study of the carbonylated
products in photo-chemical and thermal oxidations,” Polymer
Degradation and Stability, vol. 33, no. 1, pp. 17–34, 1991.

[39] J. Pospíšil and S. Nešpurek, “Photostabilization of coatings.
Mechanisms and performance,” Progress in Polymer Science,
vol. 25, no. 9, pp. 1261–1335, 2000.

[40] W. Cui, S. Yang, X. Zhang et al., “High wear resistance of
ultralow-wear polyethylene with different molecular weights
under different contact pressure,” Tribology Letters, vol. 70,
no. 2, 2022.

[41] P. Nguyen-Tri, P. Ghassemi, P. Carriere, S. Nanda, A. A.
Assadi, and D. D. Nguyen, “Recent applications of advanced
atomic force microscopy in polymer science: a review,” Poly-
mers, vol. 12, no. 5, p. 1142, 2020.

[42] J. Rydz, A. Šišková, and A. A. Eckstein, “Scanning electron
microscopy and atomic force microscopy: topographic and
dynamical surface studies of blends, composites, and hybrid
functional materials for sustainable future,” Advances in Mate-
rials Science Engineering, vol. 2019, article 6871785, 16 pages,
2019.

[43] A. E. Minuti, L. Labusca, D. D. Herea, G. Stoian, H. Chiriac,
and N. Lupu, “A simple protocol for sample preparation for
scanning electron microscopic imaging allows quick screening
of nanomaterials adhering to cell surface,” International Jour-
nal of Molecular Sciences, vol. 24, no. 1, p. 430, 2023.

[44] A. A. Hasan, M. H. Al-Mashhadani, W. H. Al-Dahhan,
H. Hashim, and E. Yousif, “Synthesized and designed new
modified poly(vinyl chloride) structures to enhance their
photo-resistance characteristics,” Chemistry, vol. 4, no. 4,
pp. 1101–1122, 2022.

[45] I. Soghli, A. D. Khalaji, and G. Grivani, “Copper(II) and
vanadium(IV) complexes of new modified poly(vinyl chlo-
ride) Schiff base for catalytic studies in Knoevenagel con-
densation,” Inorganic Chemistry Research, vol. 5, no. 2,
pp. 163–172, 2021.

[46] L. Brown, T. Koerner, J. H. Horton, and R. D. Oleschuk, “Fab-
rication and characterization of poly(methylmethacrylate)
microfluidic devices bonded using surface modifications and
solvents,” Lab on a Chip, vol. 6, no. 1, pp. 66–73, 2006.

[47] M. T. H. Tarafder, K.-B. Chew, K. A. Crouse, M. A. Ali, B. M.
Yamin, and H.-K. Fun, “Synthesis and characterization of
Cu(II), Ni(II) and Zn(II) metal complexes of bidentate NS
isomeric Schiff bases derived from S-methyldithiocarbazate
(SMDTC): bioactivity of the bidentate NS isomeric Schiff
bases, some of their Cu(II), Ni(II) and Zn(II) complexes
and the X-ray structure of the bis[S-methyl-β-N-(2-furyl-
methyl)methylenedithiocarbazato]zinc(II) complex,” Polyhe-
dron, vol. 21, no. 27–28, pp. 2683–2690, 2002.

[48] O. S. Morozov, N. N. Vyshinskii, and N. K. Rudnevskii, “Inves-
tigation of some organotin compounds and their complexes by
IR spectroscopy,” Journal of Applied Spectroscopy, vol. 35,
no. 3, pp. 1019–1023, 1981.

[49] M. E. Sánchez-Vergara, L. Hamui, E. Gómez, G. M. Chans,
and J. M. Galván-Hidalgo, “Design of promising heptacoordi-
nated organotin(IV) complexes-PEDOT: PSS-based compos-
ite for new-generation optoelectronic devices applications,”
Polymers, vol. 13, no. 7, p. 1023, 2021.

[50] R. K. Dubey and S. Pathak, “Some new organotin(IV) com-
plexes: synthesis and characterization by means of IR, 1H,
13C-NMR and FAB-mass spectral studies,”Main Group Metal
Chemistry, vol. 31, no. 1–2, pp. 29–38, 2008.

[51] T. Çaykara and O. Güven, “UV degradation of poly(methyl
methacrylate) and its vinyltriethoxysilane containing copoly-
mers,” Polymer Degradation and Stability, vol. 65, no. 2,
pp. 225–229, 1999.

[52] T. Manouras and P. Argitis, “High sensitivity resists for
EUV lithography: a review of material design strategies
and performance results,” Nanomaterials, vol. 10, no. 8,
p. 1593, 2020.

[53] N. Daraboina and G. Madras, “Thermal and photocatalytic
degradation of poly(methyl methacrylate), poly(butyl methac-
rylate), and their copolymers,” Industrial & Engineering
Chemistry Research, vol. 47, no. 18, pp. 6828–6834, 2008.

[54] R. Vinu and G. Madras, “Photocatalytic degradation of methyl
methacrylate copolymers,” Polymer Degradation and Stability,
vol. 93, no. 8, pp. 1440–1449, 2008.

[55] T. F. Silva, B. G. Soares, S. C. Ferreira, and S. Livi, “Silylated
montmorillonite as nanofillers for plasticized PVC nanocom-
posites: effect of the plasticizer,” Applied Clay Science, vol. 99,
pp. 93–99, 2014.

[56] A. Venkateshaiah, V. V. T. Padil, M. Nagalakshmaiah,
S. Waclawek, M. Černík, and R. S. Varma, “Microscopic tech-
niques for the analysis of micro and nanostructures of biopoly-
mers and their derivatives,” Polymers, vol. 12, no. 3, p. 512,
2020.

[57] S. Weisenburger and V. Sandoghdar, “Light microscopy: an
ongoing contemporary revolution,” Contemporary Physics,
vol. 56, no. 2, pp. 123–143, 2015.

[58] J. C. H. Spence, High-resolution electron microscopy, Oxford
University Press, New York, NY, USA, 2013.

[59] X. Yu, B. Arey, S. Chatterjee, and J. Chun, “Improving in situ
liquid SEM imaging of particles,” Surface and Interface Analy-
sis, vol. 51, no. 13, pp. 1325–1331, 2019.

[60] S. H. Cohen, M. T. Bray, and M. L. Lightbody, Atomic Force
Microscopy/Scanning Tunneling Microscopy, Springer, Boston,
MA, USA, 1994.

13International Journal of Polymer Science



[61] G. Binnig, C. F. Quate, and C. Gerber, “Atomic force micro-
scope,” Physical Review Letters, vol. 56, no. 9, pp. 930–933,
1986.

[62] J. O. Zoppe, N. C. Ataman, P. Mocny, J. Wang, J. Moraes, and
H.-A. Klok, “Surface-initiated controlled radical polymeriza-
tion: state-of-the-art, opportunities, and challenges in surface
and interface engineering with polymer brushes,” Chemical
Reviews, vol. 117, no. 3, pp. 1105–1318, 2017.

14 International Journal of Polymer Science


	Investigation of the Impact of Chemical Modifications on the Photostability of Polymethyl Methacrylate
	1. Introduction
	2. Experimental
	2.1. General
	2.2. Preparation of PMMA Containing Ethylene Diamine
	2.3. Preparation of PMMA Containing Schiff Base 2
	2.4. Preparation of PMMA Containing Tin Complexes of Schiff Base 3–5
	2.5. Irradiation of PMMA Films
	2.6. FTIR Spectroscopy of Irradiated PMMA Films
	2.7. Weight Loss of Irradiated PMMA Films
	2.8. Surface Morphology of Irradiated PMMA Films

	3. Results and Discussion
	3.1. Pendant Modification of PMMA
	3.2. FTIR Spectra of Irradiated PMMA Films
	3.3. Weight Loss of Irradiated PMMA Films
	3.4. Surface Morphology Analysis

	4. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



