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Polymers are a highly diverse class of materias. The applications of polymers are in almost
all fieldsincluding agricultural (mulching films, green house films, etc), medical (syringes,
capsules, medicine packaging, urine bags, etc), and transport (car bumpers, wheel covers),
etc. Some polymers are of vital importance however their applications are limited due to
non-biodegradability. Polymer possesses a number of reactive functional groups in their
structure such as hydroxyl, amino and carboxylic acid group. The chemical modifications
using these functionalities may be useful to increase biodegradability and hence the
acceptance for pharmaceutical and biomedical use. The aim of the present research was to
improve the biodegradability of existing non-biodegradable polymers by chemical
modifications.

The polymer blends of polymethyl methacrylate (PMMA) and polyvinyl chlorides (PVC)
were prepared separately with chitosan (CS). The prepared blends were characterized for
thin layer chromatography (TLC), Fourier transform infrared spectroscopy (FTIR),
Differential scanning colorimetry (DSC), Nuclear magnetic resonance (NMR) and
hydrolytic and enzymatic degradations. The TLC, FTIR, DSC and NMR analysis revealed
the successful formation of PMMA-CS and PV C-CS blend. In the hydrolytic degradation
study, the polymer exhibited progressive mass loss over the 8 week period ranging from
1.90% to 45.66%. Similarly, the enzymatic degradation study demonstrated 0.6-4.8%
degradation of PMMA-CS blend and 0.3-3% degradation of PVC-CS blend. Thus,
chemica modifications could be a promising approach to improve the biodegradability of
polymers.

Copyright©2021 Disouza J. | et al. Thisis 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.
INTRODUCTION polyamide (nylon), and polyurethane are examples of non-

biodegradable polymers. Increased white pollution is caused

A polymer is a big molecule made up of monomers, which are
connected repeating subunits in a chain or ring. Polymers of
various kinds are employed in pharmaceutical compositions.
Biodegradable polymers are those that degrade when exposed
to certain environmental conditions. Starch, cellulose,
collagen, gelatin, polyhydroxyalkanoates (PHAS), natural
rubber etc. are natura biodegradable polymers and
polyamides, polyurethanes, polyureas, polyanhydrides,
polyvinyl acohol (PVA), etc. are some of the synthetic
biodegradable polymers. Non-biodegradable polymers are
those that do not degrade in the environment. Polyethylene,
poly (methyl methacrylate) polyester, polycarbonate,
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by non-biodegradable polymers.

They have serious environmental consequences, including as
harming marine life, causing land infertility, and causing
health problems in animals that ingest them, etc. Using
biodegradable polymers instead of non-biodegradable
polymers can reduce the harmful effect on environment.
Biodegradable polymers can break down easily and rapidly
into organic materials as they are synthesized from natura
sources as plants. So, it is necessary to convert non-
biodegradable polymers into biodegradable polymers[1-5].

There are various factors such as degree of hydrophilicity,
chemical structure, stereochemistry, crystallinity, degree and
type of branching, and other variables considered for
conversion of non-biodegradable polymers into biodegradable
polymers. If the molecular weight of polymers is high i.e,
400-500 daltons then, degradation of polymers become very
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difficult. Molecular weight of biodegradable polymers is less
S0, they get easily degraded.

Increase in the hydrophilicity of polymer leads to deep
penetration of microbes into the polymer. Chemical structure
of polymer has most significant effect on its biodegradability.
Biodegradable nature of polymer is dependent on functional
groups of polymers. Presence of amphiphilic diblock
copolymers/ hydrolysable links, oxidisable functional groups
enhances biodegradability of polymers. Biodegrability of
functional groups increases in order: Methylene <Aliphatic
ether <Carbamate <Aliphatic ester, Peptide bond. Alteration in
stereochemistry can cause enzymatic degradation of polymers.
By reducing the melting point and crystalline nature of
polymers by structural modification can enhance the
biodegradability of polymer. Polymer break down can be
improved by modifications to branching groups. The presence
of ester moieties facilitates in the hydrolytic breakdown of
polymers, both enzymatically and non-enzymaticaly. Amino
acids can introduce into polymers to make them
biodegradable. As the branching becomes complex/ more the
biodegradability of the polymer reduces. So, less branching
will be beneficial for the biodegradability of polymer [6-15].
Present research work was aimed to synthesize biodegradable
polymer using non-biodegradable polymers via chemical
modifications.

MATERIAL AND METHODS
Materials

Polymethylmethacrylate and Polyvinyl chloride (PVC) were
procured from Mylan Pvt. Ltd. Hyderabad (A. P.), India
Chitosan was purchased from Sigma Aldrich, Mumbai.
Tetrahydrofuran was purchased from Molychem, Mumbai.

Methods
Preparation of polymersblend

The polymethyl methacrylate (PMMA) and chitosan (CS)
reaction were carried out at the ratio of 1:1. Acetone was used
as a common solvent for preparing polymer solutions of
PMMA and CS. Briefly, PMMA and CS (1:1 mmol) were
dissolved in 10 mL acetone by stirring and reaction mixture
was stirred continuously on magnetic stirrer for 24 hrs. The
TLC of reaction mixture was taken after every half hour. After
completion of reaction, the acetone was evaporated to dryness.
The PVC and CS blend was prepared in the similar manner
using tetrahydrofuran (THF) as a solvent. After completion of
reaction, the PVC and CS mixture was subjected for THF
evaporation using rotary evaporator at 60°C temperature.
Finally, the product obtained was subjected for FTIR, NMR
and DSC analysis.

Characterization of prepared blends
TLC analysis

TLC was performed using silica gel. The different spots of
reactant and product were applied and alowed to run in the
mobile phase composed of n-Hexane and ethyl acetate (95:5).
Finally the spots were detected either by iodine staining.

FTIR analysis

FTIR spectroscopy was used for structural analysis of the
samples. The FTIR spectra of samples were recorded using an

Adgilent FTIR spectrophotometer (Agilent, Alpha 100508) over
the wavenumber 4000 to 400 cm™,

DSC analysis

The glass transition of samples was determined using DSC.
The analysis was performed under nitrogen atmosphere and
using 5-10 mg of samples at the flow rate of 30 mL/min by a
Mettler DSC 30 instrument. The glass transition temperatures
were measured from the inflection point of the thermograms
relevant to the second heating cycle. Indium and gallium
samples were used as calibration standards.

NMR analysis

NMR spectroscopy was also used for the structural analysis of
the samples. The '"H NMR spectra of the samples were
recorded by dissolving them in DM SO using FT-NMR Bruker
300 Avance (300 MHz). The tetramethylsilane (TMS) was
used as an interna standard.

Hydrolytic degradation tests

Polymer degradation in phosphate buffered saline (PBS) was
characterized over 8 week period at 37°C. Briefly, the polymer
was weighed and immersed in 10 mL PBS of pH 7.4 at 37°C
temperature. Samples were taken every week and weighed
after washing with fresh PBS and then drying in a freeze dryer
for 4 days [16-21]. The weight remaining was calculated as
weight remaining (%) = 100 x W2/W1

Where W1 and W2 are the weights of polymer before and after
degradation, respectively.

Enzymatic Degradation

The degradation of polymers blend was studied in the presence
of lipase enzyme using Phosphate buffer solutions (PBS) of
pH 7.5. Briefly, PBS of pH 7.5 was prepared by mixing known
amounts of Na,HPO, and KH,PO, solutions in a fixed ratio.
Buffered enzyme solution was prepared by adding a fixed
amount of enzyme to these buffer solutions. Enzyme
concentration used was 250 units per 10 mL. The weighed
polymer blends were immersed in enzyme solution at room
temperature (30°C) and were intermittently aerated. The films
were removed after 1, 3, 5 days, washed well with water and
dried in hot air oven to complete dryness and weighed [22].

RESULT AND DISCUSSION
Preparation of polymers blend

PMMA and CS polymer blend as well as PVC and CS
polymer blend were prepared at 1:1 molar ratio using acetone
and THF solvent respectively. The proposed interaction
between PMMA and CS as well as PVC and CS is represented
in Figure 1A and 1B.
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Figure 1 A Proposed interaction between PMMA and CS
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Figure 1B Proposed interaction between PVC and CS

Characterization of polymers blend
TLC

The TLC analysis confirmed the synthesis of reaction product.
We observed different spots for the reactants and products.
The Ry values CS, PMMA, PVC, PMMA-CS conjugate and
PV C-CS conjugate was found to be 0.36, 0.64, 0.83, 0.45 and
0.57 respectively. This confirmed the formation blends. The Ry
values of compounds are depicted in table 2.

Table 1 R;values of different compounds

Compound Rf

value
Cs 0.36
PMMA 064
PvC 0.83

PMMA-CS 0.45
PVC-CS 0.57

FTIR

The polymers blends were characterized by using FTIR across
wave number range of 4000 to 650 cmi. The FTIR spectra of
PMMA-CS and PVC-CS blend is shown in figure 2A and 2B.
In FTIR spectra of PMMA-CS blend (Figure 2A), the peak
observed around 1700-1500 cm confirms the presence of
C=0 of ester. The peak observed around 1050-1150cm™ and
1250-1020cm™ are corresponding to the presence of C-OH and
C-N groups respectively.

The FTIR spectra of PVC-CS blend (Figure 2B) displayed the
peak at 1400cm™* which is attributed to the C-H aliphatic
bending and the peak observed around 1250cm™ confirms
bending of C-H near Cl. Moreover, the peaks in the range of
1100-1000 cm™* which is corresponding to the C-C stretching
bond of the PVC backbone chain. Furthermore, the C-Cl
gauche bond is represented by peaks in the 600-650cm™
range.
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Figure 2A FTIR Spectra of PMMA-CS blend
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Figure 2B FTIR Spectra of PVC-CS blend

NMR

The polymers blends were also characterized by using *H
NMR (400 MHz, DMSO-d6). The NMR spectra of plain
PMMA, PVC, CS, and PMMA-CS blend and PVC-CS blend
are shown in Figure 3. In the '"H NMR spectra of PMMA-CS
blend (Figure 3D), the peaks between 2.93 and5.18 ppm are
ascribed to the protons of glucosamine unit and the peak at
3.24 ppm is assigned to the methoxy protons in the '"H NMR
spectrum of chitosan. Compared with the peaks of chitosan,
the *H NMR spectrum of PMMA-CS derivative displayed the
prominent peak of —-OCHS3 proton at 3.67 ppm aong with the
resonance peaks at 2.73 and 1.24 ppm corresponding to the
hydrogen atoms on the methyl and methane of methyl acrylate
moiety. In *HNMR of PVC (Fig. 3B), -CHj5, -CH, and —CH
proton showed signals at 6 1.59, 1.77 and 3.64 ppm
respectively. When PVC grafted with CS, only dight change
in chemical shift values of PV C moiety was observed.
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Figure 3C NMR spectra of Chitosan
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DSC

DSC is an important tool for the determination of glass =
transition and melting behaviour of polymers. DSC ) by s L
thermogram of PMMA (Fig. 4A) exhibited an endothermic e B om
pesk at 77.66 C that may be correlated to elimination of z \*'
loosely bound water in the PMMA. The thermogram showed 5 '
two exothermic peaks at 225 C and 280 C that were due to
pyrolysis reaction in the sample. DSC thermogram of PVC E Too e LI I 'iﬁ" do' T T ax
(Fig. 4B) exhibited an endothermic peak at 55.14°C that may . Wi S
be due to loss of water in the sample. The thermogram exhibits 2 Figure 4B DSC thermogram of PVC

exothermic peaks at 245 C-308'C due to dehydrochlorination \
reaction in the sample. In this reaction, polyene radicals and |
unsubstituted aromatics are released. DSC thermogram of CS '
(Fig. 4C) sample did not exhibit any glass transition ] !
temperature which was mainly associated with its rigid \
crystaline nature and occurrence of strong inter/intra
molecular hydrogen bonding. DSC thermogram of chitosan
exhibited a broad exothermic peak at 250°C. This exothermic
peak can be correlated to decomposition of amine units of the }
CS. §

In the DSC thermograms of PMMA-CS blend (Fig. 4D), the Y
degradation commenced at around 215°C and terminated at N T T T
around 219°'C. The PMMA lost 20.20% of its weight at 215°C i
and 12.05 % of its weight a 219°C. In the TGA-DTG SR T .
thermograms of PVC-CS blend (Fig. 4E), the degradation Figure 4C DSC thermogram of CS

commenced at around 215 C and terminated at around 276 C.

Thus, degradation revealed improved degradability of both

polymers (PMMA and PV C) on blending with CS.
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Figure 4D DSC thermogram of PMMA-CS blend
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Figure 4E DSC thermogram of PVC-CS blend
Hydrolytic degradation tests

The hydrolytic degradation rates of both chemically modified
PMMA and PVC were determined by measuring its weight
loss during its hydrolytic degradation. The hydrolytic
degradation of chemically modified PMMA and PVC at 37 °C
is shown in Figure 5. The polymer exhibited progressive mass
loss over the 8 week period ranging from 1.90% to 45.66%. It
was said that the hydrolytic degradation rate of these polymers
depend on the morphologica structure, crystallinity, size and
form of the crystallite, etc. [23]. Since water molecules can
diffuse into the amorphous area of the polymer without
difficulty, the hydrolytic degradation happens in the
amorphous area rather than the crystalline area. It was found
that the presence of chitosan in these polymers caused the
improvement of its hydrolytic degradation.
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Figure 5A %Weight loss of PMMA-CS blend during hydrolytic degradation
at 37°C
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Figure 5B %Weight loss of PV C-CS blend during hydrolytic degradation at
37°C

Enzymatic Degradation

The enzymatic degradation of the polymers blends were tested
by using lipase enzyme. This method is frequently used for
quickly evaluating the biodegradability of polymers, although
it does not exactly reflect degradation under natural conditions.
The time dependent enzymatic degradation was observed with
both PMMA-CS blend and PV C-CS blend. In case of PMMA-
CS blend the degradation was observed between 0.6-4.8%
while PVC-CS blend demonstrated degradation between 0.3-
3%. The enzymatic degradation was observed with both
PMMA-CS blend and PVC-CS blend is shown in Figure 6.
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Figure 6A Degradation of PMMA-CS blend in enzyme solution
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Figure 6B Degradation of PVC-CS blend in enzyme solution

CONCLUSION

As the non-biodegradable polymers has major drawbacks in
the environment so, the present research work aimed to
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convert non-biodegradable polymers to biodegradable
polymers to improve the biodegradability of existed polymers
and physic chemical characterization of newly synthesized
polymers by chemical modification using suitable a reaction
strategy. New chemica methods to improve the
biodegradability of polymers CS, PMMA, PV C were explored.
Prepared blends were characterized by using TLC, FTIR,
NMR, DSC, hydrolytic degradation tests, enzymatic
degradation. The TLC, FTIR, NMR and DSC analyss
exhibited synthesis of biodegradable blends of PMMA and
PVC. Both blends demonstrated effective hydrolytic and
enzymatic degradations. The inclusion of CS in these polymers
was discovered to enhance their hydrolytic breakdown.
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