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Abstract

This study involved the preparation of sulfur nanoparticles using the extract of
Ziziphus spina leaves and examined their effect on the photodegradation of polycarbonate
membranes with a thickness of 60+5 microns, after adding various concentrations of the
nano additive (0.1%, 0.05%, 0.025%, 0.0125%, and 0.00625%) to a polycarbonate solution
dissolved in chloroform. Sulfur nanoparticles were characterized using different techniques
such as SEM, XRD, and FT-IR. A band at 460 cm™ was identified according to FT-IR
analysis, indicating the formation of sulfur nanoparticles. Photodegradation of
polycarbonates, with and without the additive, was monitored by UV-visible analysis at 356
nm over varying irradiation times (0, 30, 60, 120, and 180 h), calculating the rate constant
of photolytic fragmentation for the polymer additive. Results showed an increase in the
photodegradation of polymer films with an increase in the concentration of the nanomaterial
compared with films without the additive. Using FT-IR analysis, the carbonyl absorption
coefficient was calculated and found to increase with the concentration of the added
nanosulfur, consistent with the Kd values (rate constant of photolytic fragmentation).
Additionally, the average molecular weight of the polymer, the degree of disintegration, and
the numerical rate of polymer chain scission were calculated by using a viscometer. We
observed that the average molecular weight of the polymer decreased with increasing
irradiation time and increasing rate of chain scission.

1. INTRODUCTION

Large molecules known as polymers are created
by linking many small molecules or monomers together.
Polymerization is the process of linking monomers to
form polymers [1]. Many industries, including
packaging, construction, and medical applications, rely
heavily on polymers [2]. Polycarbonate (PC) is an
important engineering plastic that finds extensive
application due to its high transparency, durability, and
versatility [3]. A few examples include transparent
sheets for greenhouses, optical media such as CDs, and
electrical and electronic devices like computers and
smartphones. It is also utilized in industries such as
automotive, medical equipment,
packaging, entertainment, bottles, safety products, and
health care. PC is one of the thermoplastic polymers [4].
Polycarbonate is often used as a stronger, lighter
alternative to metals in items such as roofing and glass
because it is lightweight and has good electrical
qualities. When phosgene reacts with bisphenol A,
polycarbonate is produced [5].
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Every type of polymer (natural, synthetic, and semi-
synthetic) is susceptible to photorefraction, especially
when exposed to intense ultraviolet (UV) radiation,
which causes the changing in mechanical, physical, and
chemical features of material with turning to yellowish
color [6], The physical and chemical changes resulting
from exposing polymers to ultraviolet or visible light are
known as light-induced polymer degradation, or
photodegradation [7]. In order to understand the
chemical changing, physical changing and the
relationship between them in polycarbonate and how to
influence the overall performance of the material, the
research is interested in studying the effects of
ultraviolet radiation on this process [8].

One contemporary technology used in many
industries, including agriculture, is nanotechnology [9].
“Dwartf” is the ancient Greek word for very small, and is
the source of the prefix “nano”. Tiny substance
technology is another definition of nanomaterials which
can be considered among the sciences and engineering
of reproducible substances [10].

Although nanomaterials are dwarf; However, its
applications in life are wide, most notably industrial,
electronic, solar energy, and medical fields. These are
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unique properties for materials ranging in size from 1-
100 nanometers [11]. Sulfur (S) nonmetallic chemical
element (atomic number 16). It is one of the necessary
elements for the life of living organisms, especially
plants. Problems such as low yields, poor nutritional
value, and greater exposure to diseases can affect the
plant due to sulfur deficiency [12]. Various fields, such
as the manufacture of vegetable fertilizers, pesticides,
fumigation, antimicrobials, medical and healing fields,
the textile and rubber industry, and biofiltration
processes, can all contribute significantly by sulfur.
Sulfur nanoparticles are of great benefit in
pharmaceutical development and modification of carbon
nanotubes [13]. This study used Ziziphus-spina tree
leaves to produce sulfur nanoparticles (SNPS) in an
environmentally friendly manner. To increase the value
of photodegradation of polymer (polycarbonate);
nanoscale sulfur can be used as a catalyst. Variety
methods was used to study the mechanism of polymer
degradation, including UV-visible and infrared
radiation. Use a red viscometer and check the rate of
change of molecular weight.

2. MATERIALS AND METHODS

Plant extraction

Samples were obtained from the leaves of Z. spina trees and
washed with running water and distilled water. After being left
to dry in the shade, the leaves were crushed in a mortar to
produce a powder of the same size. The powder was then kept
in the shade after being sifted to remove any particles stuck to
it. A 500 mL glass jar was filled with 20 g of Z. spina powder
and 400 mL of deionized water. The mixture was cooled to
room temperature after boiling for 30 min. Thereafter, the
mixture was filtered through filter paper. The filtrate was
maintained at 4 °C for use in the temperature-controlled
synthesis of SNPs.

SNP preparation

About 100 mL of aqueous Z. spina leaf extract was mixed in
1.2 g of sodium bisulfate (Na,S,03-5H,0) while the mixture
was shaken at room temperature. The sodium bisulphate
solution was shaken, and 10% hydrochloric acid was added
dropwise to facilitate sulfur  crystallization.
Centrifugation was used to concentrate the resultant sulfur
suspension particles for 20 min at room temperature and at
1000 rpm. The sediment was cleaned repeatedly with distilled
water and absolute ethanol to eliminate any biological

cven
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material. After removing the upper liquids, the product was
vacuum dried at 60 °C for 4 h.

Preparation of a PC solution

The PC solution was prepared by dissolving 8 g of pure PC in
100 mL of chloroform with continuous stirring and using a
magnetic stirrer at room temperature (25 °C) for 1 h. A
homogeneous solution of pure PC was obtained [14].

Preparation of polymeric films

By dissolving PC with chloroform, samples were prepared in
flakes and then catalyzed by adding SNPs. A glass plate with a
thickness of 60+5 pm was used for casting. The thickness of
polymeric flakes was measured by using a micrometer device
(USA, Company, Panel Q, Vtester UQ). The models were cut
into slices (1.5x3 cm) for the purpose of conducting
measurements.

Sample irradiation

Samples were irradiated with a 356 nm, 18 W UV lamp. The
polymer films were placed in a way to ensure that they
received the same amount of radiation exposure during the
specified irradiation periods.

3. Optical fractionation of PC

The following methods were used for optical polymer film
fractionation: UV-Vis method, FT-IR, and viscometry as
follows:

UV-Vis spectroscopy

UV-vis device was used to measure the absorbance of
polymer films in the 200700 nm range. Equation (1) was
used to calculate Kd (degradation rate constant) resulting from
the optical oxidation process of polymeric films:

In (A,-A¢)=In(A.—A-)-Kdt
Where:
A= before irradiation, absorbance of the polymeric films

A= at the irradiation time (t), absorbance of the polymeric
films themselves.

A= for infinity of time, absorbance of the polymeric films.

A straight line with a slope of (-Kd) was determined by
constructing the relationship between In (Atwo—Ao) and
irradiation time (t seconds), thereby suggesting the first class
of additive degradation.

Infrared spectroscopy
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IR spectroscopy was applied to determine the growth rate of
the carbonyl group (Ico) by comparing the intensity of the
absorbed bands (400-4000 cm™) before and after irradiation
each duration of pure PC chips with different
concentrations of SNPs. An absorption band for the carbonyl
group (C=0) at 1765 cm™" was visible in the spectrum, which
facilitated the determination of the carbonyl index (Ico)
growth factor. Equation (2) was then applied, using the band
index method [15, 16]:

for

wherethe  growth factor of the group under study is
represented by I, absorbance of the group under study is
represented by A, and absorbance of the reference peak is

represented by A,

Measuring of Viscosity

The viscosity method was used to determine the
uniformity of molecular weight. The Houwink—Mark
equation was applied to determine the partial weight of
the polymer wafer based on its viscosity features. The
following were used to determine the hash score (a).
The same relationships were used to ascertain the
numerical average of the series (S) division based on
[17]. The degree of
fragmentation (o) was calculated using the following
relationship:

viscosity = measurements

1 1
a = P_t — P. (3)
The cutting series’ numerical rate (S) is as follows:
S=apy ... 4

4. RESULTS AND DISCUSSION
Structural properties of SNPs (green method)

FT-IR spectra

Z. spina trees are displayed in Figure (al). The stretching
vibrations of the amino (-NH) and hydroxyl (-OH) groups in
alcohols and phenols were responsible for the strong and wide
absorption bands observed at 3282 cm™. The asymmetric
stretching vibrations and symmetric stretching vibrations of
the -CH, and -CHj; functional groups in aliphatic compounds
were responsible for the absorption peaks at 2919 and 2852
cm™, respectively. The shoulder peak at 1729 cm™ was
associated with the stretching vibrations of carboxyl groups.
The carbonyl amide group in the first and second amides
distinguished the band at 1619 cm™. The scissoring vibrations
of protein methylene groups accounted for the absorption
band at 1443 cm™. The vibration of the C-N bonds in
carboxylic acids and aromatic amines produced a spectral
band at 1371 cm™. The band at 1033 cm™ corresponded to the
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stretching vibrations of the second carbon atom in alcohols.
Aromatic compounds were identified by the peaks at 516 and
559 cm™. Throughout the synthesis process, these functional
groups serve as agents for coating, distributing, and stabilizing
SNPs. Figure 2(b) shows the FT-IR spectrum of the SNPs,
which revealed the existence of a novel chemical bond on
their surface. Thus, the application of seder leaf extract may
aid in the dispersion and stability of SNPs. The process of
stopping particle agglomeration was achieved by taking
advantage of interactions between amino acid residues of the
protein and SNPs. FT-IR revealed a prominent peak at 460
cm, clearly showing the effect of seder leaf extract on SNPs
[18,19].
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Figure 1: (a) FT-IR analysis of Ziziphus spina tree extract.
(b) FT-IR analysis of synthesized sulfur nanoparticle

SEM measurements

SEM images of SNPs extracted from the leaves of
the Z. spina tree are represented by Figure (2). These
images show how the nanoparticles created with the
described method had a nearly spherical shape and
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uniform size. The SEM results showed that sulfur
crystals agglomerated during processing.

EM Y
Vieis Pt 2
REM MAG 500 e

Figure (2): A—C SEM results of the prepared SNPs

XRD measurements

XRD analysis was conducted to determine the crystal
structure of the green SNPs produced. After directing X-rays
at the sample, the locations of the peaks from different angles
were determined. Figure 3 shows the XRD data for SNPs next
to the standard sulfur reference pattern (JCPDS 4:8-0247). We
found that the corresponding angles (15.260, 22.990, 24.320,
26.310, 27.319, 28.580, 31.089, 42.860, 55.390, and 65.140)
were associated with the diffraction peaks (113), (220), (222),
(040), (313), (044). ), (422), (319), (515), and (266),
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respectively. The clearly defined crystal structure of the SNPs
was demonstrated and confirmed by these data. The Debye—
Scherer equation was used to calculate the nanoparticle size
[20,21]:

D =K-A/B-cosb

where 9.26 nm is the size of SNPs determined by the Debye—
Scherer equation.

5 s NPs
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Figure 3: XRD pattern of the prepared sulfur nanoparticles

Optical fractionation of polycarbonate

Optical segmentation of thick (60+5 pm) polymeric films of
pure PC that consisted of various concentrations of
nanosulfur. The SNPs were monitored to assess the effect of
their increase. The concentration of SNPs in relation to
polymer dissolution at various irradiation times was analyzed
via UV-Vis, FT-IR measurements, and viscometry.

UV spectroscopy

The photodegradation of polymeric films composed of pure
PC and those containing different weights of SNPs was
determined by UV spectroscopy. When polymeric films were
exposed to UV radiation for a particular time, the films
underwent yellowing, which indicated the photodegradation
of the polymer [22] (Table 1). The absorbance values obtained
from UV spectroscopy were utilized to determine the
photodissociation rate constant (Kd) at different times after
the irradiation process. The absorbance of polymeric films
varied with the irradiation period and amount of SNPs added.

Table (1): Absorbance values of pure polycarbonate films.

Chip Irradiati Absorbency A,
ype | ontime
(hours) 0,0 30 60 120 180
PC 0.74 0.879 1.229 1.403 1.507
PC +0.00625% S | 0.809 0.974 1.382 1.523 1.843
PC +0.0125% S 0.812 1.150 1.536 1.860 1.986
PC+0.025% S 0.816 1.236 1.689 1.99 2.24
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PC+0.05%S 0.825 | 1.403 | 1.809 | 2.077 | 2.501

PC+0.1%S 0.831 | 1.523 | 2104 | 2.461 | 2.666

Compared with films of pure polymer, the absorption
spectrum of polymer films prepared with 60£5 micron
thickness and different additive concentrations varied
with the irradiation times. Figures 4-6 illustrate that the
absorbency of the membranes increased proportionally
with the increase in material concentration due to the
presence of effective aggregates. Figures 7-9 show that
the photodissociation constant of polymer films in the
presence of added nanomaterial was calculated by
plotting the relationship between (In (Ao - At) and
irradiation time. We obtained a straight line, which
indicated that optical fragmentation constituted a first-
order reaction.

The UV spectroscopic measurements shown in Table 1
indicated that the absorptive values of pure PC film were
directly proportional to its irradiation time. The
absorption value before irradiation was 0.74, which rose
to 1.507 after 180 h of irradiation (Figure 4). The
absorbance values for PC films containing different
concentrations of nanomaterial increased with increasing
additive concentration while maintaining a consistent
irradiation time. It possessed higher absorbency than
pure polymer. For example, at the radiation time of 60 h,
the absorption of pure polymer was 1.229, which
increased to 1.536 at the additive concentration of
0.0125%. This increase persisted during absorption, with
the concentration of the additive increasing to a
maximum of 2.104 at 0.1% for the same irradiation time.
This was applicable to the other stages of irradiation.
The absorption spectrum of the prepared polymer films
with a thickness of 60+5 micrometers and containing
different changed with different
irradiation times compared with that of the pure polymer

concentrations

film. The absorption of films increased with the
concentration of additive compound due to the increase
in effective aggregates. Figure 5 illustrates that films
containing 0.0125% of an additive exhibited increased
absorption with prolonged irradiation time, and this
observed in the highest

trend was similarly
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concentration used of 0.1%  (Figure 6).
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Figure (4): UV-vis spectrum of additive-free polycarbonate

films.
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Figure (5): UV-vis spectrum of polycarbonate alcohol films
with 0.0125% of nanosulfur.
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Figure (6): UV-visible spectrum of polycarbonate films with
0.1% of nanosulfur
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Figure (7): Relationship between natural logarithm of
absorbance of nanosulfur at 0.0125% in polycarbonate films
and irradiation time
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Figure (8): Relationship between natural logarithm of
absorbance of nanosulfur at 0.05% in polycarbonate films and
irradiation time
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Figure (9): Relationship between natural logarithm of
absorbance of nanosulfur at 0.1% in polycarbonate films and
the irradiation time.
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The slope of the straight line derived from previously
mentioned shapes was used to compute the value of Kd
(photodissociation speed constant) of nanosulfur added to PC
based on the specified concentrations. The data indicated that
Kd increased directly with the concentration of nanomaterial
added to the polymers, as shown in Table 2. An increase in
SNPs enhanced the reaction speed of light with the polymer.

Table (2) Kd’ values for nanoscale sulfur (S) in polycarbonate

films
Concentration% Kg (Sec. )*x10®
PC + 0.00625 % S 0.358
PC +0.0125% S 0.402
PC+0.025% S 0.440
PC+0.05%S 0.495
PC+0.1%S 0.529

Infrared spectroscopy

Over numerous irradiation periods, the photodissociation of
pure PC films consisting of various percentages of nanosulfur
was monitored in the range of 4004000 cm™ via FT-IR. The
absorption bands of the carbonyl (C= O) group, induced by
the polymer’s interaction with photons in the presence of
oxygen, appeared at the frequency of 1765 cm™ [23]. Oxygen
functioned as a catalyst, whereas SNPs
disintegration catalyst.

served as a

The growth of the absorption band was monitored. Given that
the maximum value was found under high concentration, the
carbonyl group was used to monitor the chemical activity of
pure polymer films containing varying concentrations of
nanosulfur. Thus, the carbonyl growth coefficient (Ico) was
computed via the baseline technique [24].

After exposing pure PC films with a thickness of 60+5
micrometers to FT-IR measurements, a comparison with the
pre-irradiation pure PC revealed that the IR characteristics
varied with different irradiation times. Figure 10 shows the IR
spectrum of pure PC before irradiation. Figure 11 illustrates
the FT-IR spectrum of PC after 120 h of irradiation. A change
in the scope of the carbonyl group was observed.
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Figure (10): FT-IR of additive-free polycarbonate film before
irradiation
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Figure (11): FT-IR of a thin polycarbonate film without
additives at an irradiation time of 120 h

Concentration of 0.1% of polycarbonate film with
thickness of 60+5 um SNPs, changing as in Figure (12),
after 180 h of irradiation.
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Figure (12): FT-IR analysis of polycarbonate film containing
nanosulfur (S) at 0.1% concentration and an irradiation time of 180
h.
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The values for the carbonyl group absorption coefficient
(Ico) were computed. The pure PC film and the films
with various SNP concentrations are indicated in Table
3.

Table (3): 1o with irradiation time for polycarbonates containing
various nanosulfur (S) concentrations.

Percentage of Ico
additives 0.0 30 60 120 180

PC 1417 | 1.506 | 1.618 | 1.734 | 1.875
PC+0.00625%S | 1.450 | 1.598 | 1.720 | 1.854 | 1.956
PC+0.0125%S | 1.456 | 1.714 | 1.832 | 1.964 | 2.055
PC+0.025%S | 1.459 | 1.820 | 1.928 | 2.110 | 2.156
PC +0.05 % S 1.461 | 1.945 | 2.083 | 2.186 | 2.250
PC+0.1%S 1.464 | 2113 | 2.220 | 2.324 | 2.386

We observed a direct relationship between the
value of the carbonyl coefficient (Ico) of pure PC with
the irradiation time; the value of the carbonyl coefficient
(Ico) increased as the irradiation time increased. The IR
spectrum showed that in the case of high concentrations,
the carbonyl absorption coefficient (Ico) increased with
the increased photodissociation of PC, as shown in
Figures 13 and 14. Thus, this nanomaterial was a good
fractionation agent.
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N
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]
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o
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Fig (13): Relationship between I and the irradiation time table (3)
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. cq - . ) S a = ® ® =)
The average molecular weight decreased with increasing s |9 | €| 3 = % @ |5
. .. . . . . N Q
irradiation time, as shown in the viscosity SO @ - < | °
measurements, because of the fragmentation of the
polymer chain (Tables 4 and 5). Figure 15 shows the -« -
. . . . . > b = S < - wn
decrease in the viscosity molecular weight in the e | 3 |3 8 2 I\ .
o . =
presence of the additive. The molecular weight = =T ]|@ || < |
decreased rapidly at the beginning of irradiation and
then it slowed down; this rapid decrease was attributed - -
. . \o — S N o [a\]
to the breaking of weak bonds [25]. Figure 16 shows § 2| 5 o Q 5 1 Z
3 2 X )
that the speed of decrease in the rate of viscosity S |9 F & h s
molecular weight was directly proportional to the square
of the viscosity molecular weight at a specific time [26], -
L s |3 |2/¢|=s|e|8 |2
and the bonds were distributed randomly along the ® | e || = v = & | 8
polymer chain. This was proven through the linear o

relationship of the rate of chain cutting and the degree of
fragmentation in Figures 17 and 18 [27]. This result

Table (5): Viscosity molecular weight measurements of PC
chips containing 0.025% nanosulfur (S)

indicated the efficiency of the nanomaterial in increasing

optical fragmentation. Therefore, nanomaterials can be = E‘S a . @
used in large quantities to produce plastics, shopping 2l | S 0w = 5 - S s
bags, agricultural containers, and single-use tools to g s E 5 E? g § %3 g S g %
accelerate their breakdown and prevent environmental = ~:§ s ; I ED i ‘_1>|<Q~ a ?ﬂ < VEJ
pollution with plastics. The results of our experimental E; I g ES S a2 5
research were consistent with the information from the

references in this field. A previous study indicated that

the decomposition of PC is effective in the presence of g3 % S - -
nickel oxide nanoparticles. This study demonstrated that e 2 5 8 = pE S S
the molecular weight of the polymer decreased with an - A

increase in the number of hours of irradiation, and the

average molecular weight of PC increased with the - § 2| = E S 2 e
increase in the addition of nanoparticles on the surface “ § S| 3 ﬁ = I N
of the polymer [28].
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Figure (18): Relationship between degree of fragmentation
and irradiation time of PC chips with/without 0.025% of
nanosulfur (S)

Conclusions

Using an extract from the leaves of the Z. spina tree,
SNPs were synthesized. Their synthesis was proven by
SEM, FT-IR, and XRD measurements. Several different
concentrations of SNPs were mixed with PC polymer,
and spectral measurements were conducted. The
decomposition of PC was directly proportional of the
concentration of the added nanoparticles. The results of
the analyses showed that the added material at different
percentile concentrations increased the photolytic
fragmentation of the polymer flakes compared with the
flakes that did not contain additives, which encouraged
their use as a catalyst for photolytic degradation.
Moreover, PC flakes at high concentrations of SNPs led
to a faster degradation process than those at low
concentrations. The molecular weight of the polymer
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decreased with an increase in the number of irradiation
hours, indicating the polymer’s decomposition.
Furthermore, SNPs were found to increase light
absorption. This research examined the photolytic
degradation of the polymer to identify new ways for
mitigating environmental pollution through photolytic
processes.
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