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Abstract:

The graft copolymerization of glycidyl methacrylate (GMA) onto the carboxymethyl chitosan (CMCS)
has been successfully carried out using ceric ammonium nitrate as a redox initiator in aqueous nitric acid
medium. The effect of grafting variables, i.e. concentration of initiator, temperature, monomer (GMA), polymer
(CMCS), solvent and reaction time on the grafting parameters (GE (%), GY (%), GP (%) and (%C)) was
systematically investigated and optimized for the graft copolymer (CMCS-g-GMA) to achieve a highest percent
grafting. From the observed results it was evident that the grafting parameters were increased initially but
thereafter it declines with increase in the concentration of initiator, temperature, monomer, polymer, solvent and
time. The synthesized graft copolymer was characterized by Fourier Transform Infrared Spectroscopy (FT-IR),
and X-ray diffraction (XRD) studies. The FT-IR measurements clearly indicate that the glycidyl methacrylate
monomer was effectively grafted onto carboxymethyl chitosan and the XRD studies elucidate the change in the
crystallinity of the grafted polymeric samples. The results were investigated.

Key Words: Carboxymethyl Chitosan, Glycidyl Methacrylate, Redox Initiation, Graft Copolymerization &
Ceric Ammonium Nitrate
Introduction:

Chitosan is a polycationic hydrogel (poly (1—4) -2-amino-2-deoxy-D-glucan) having many significant
biological (biodegradable, biocompatible, bioactive) and chemical properties due to the reactive groups such as
hydroxyl and amino groups™? The degradation products of chitosan are also non-toxic, non-immunogenic and
non-carcinogenic®* and hence it has prospective applications in many fields such as waste water treatment,
biomedicine, functional membranes and flocculation. However, chitosan is only soluble in few dilute acid
solutions, which limits its applications. In order to improve its solubility and widen its applications there has
been a growing interest in the chemical modification of chitosan recently®®’. Derivatization by introducing
small functional groups to the chitosan structure, such as alkyl or carboxymethyl groups®® can drastically
increase the solubility of chitosan at neutral and alkaline pH values without affecting its cationic character.
Substitution with moieties bearing carboxylic groups can yield polymers with polyampholytic properties™.
Because of its ease of synthesis, ampholytic character and possibilities of ample of applications the
carboxymethyl chitosan (CMC) has been widely studied when compared with the other water-soluble chitosan
derivatives. Due to its water soluble nature the carboxymethylated chitosan has received more and more
attention. Graft copolymerization is a versatile technique used for the modification of structure, shape and size
of polymers by the formation of active sites on the polymer backbone. The active sites may be free radicals or
ionic chemical groups, which initiate polymerization reaction'"'2. Among the various methods of modification
of polymers, graft copolymerization has been the most commonly used.

Grafting of chitosan allows the formation of functional derivatives by covalent binding of a molecule,
the graft, onto the chitosan backbone. Grafting of natural polymers such as water-soluble polysaccharides
containing various functional groups is of considerable interest for modification of the polymer structure®®. So
many works were reported on the synthesis of grafted carboxymethyl chitosan copolymers and hence
carboxymethyl chitosan was preferable chosen in this work. Recently researchers have also shown that the
primary deviation was followed by graft modification **. When compared to the other monomers such as acrylic
acid, acrylamide, methyl methyl methacrylate, the glycidyl methacrylate (GMA) is an attractive monomer which
is having the reactive double bond and an epoxy group in the molecule **.The epoxy group present in the GMA
monomer can form new functional groups by various chemical reactions and hence it was selected in this study
for the grafting process. Nayak and coworkers have studied the graft copolymerization of several monomers
onto a multitude of natural and synthetic polymers like wool, silk, cellulose, nylon and PET, rubber to enhance
their properties using various initiators like hexavalent chromium, quinquevalent vanadium, tetravalent cerium,
trivalent manganese, peroxydisulphate and peroxydiphosphate ions **"'81° Of all the redox systems
investigated the tetravalent ceric ion has received considerable interest because of its high grafting efficiency
and very low homopolymer formation and hence in this work the ceric ammonium nitrate was utilized as an
initiator.The main aim of the present work was to synthesise and characterize the carboxymethyl chitosan graft
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glycidyl methacrylate copolymer using ceric ammonium nitrate as an initiator and in addition in this experiment,
we set out to investigate the grafting conditions of GMA onto carboxymethyl chitosan with the aim of
optimizing the grafting parameters.
Materials and Methods:

Chitosan was kind gift from Indian Sea foods Cochin, Kerala. The glycidyl methacrylate (GMA)
monomer was supplied by Aldrich. The initiator ceric ammonium nitrate and ethanol was obtained from Nice
Chemicals Pvt. Ltd, Cochin .The chloro acetic acid and Isopropanol was purchased from Lo Ba chemie Pvt. Ltd,
Mumbai. All the reagents used to prepare the solutions were of analytical reagent grade.

Preparation of Carboxymethyl Chitosan (CMCS):

Carboxymethyl chitosan was prepared by method as suggested by Mark Soucek and his coworkers®.
About 10g of chitosan, 10g of sodium hydroxide, 50ml of isopropanol and 50 ml of water taken in a beaker was
allowed to swell and alkalize at 50°C for 1 h. A required amount of monochloroacetic acid (15 g) dissolved in
isopropanol (20 ml) was then added into the reaction mixture drop-wise for 30 min and reacted for 4 h at the
same temperature. The reaction was then stopped by adding 250 ml of 70% ethyl alcohol. The obtained solid
was filtered and rinsed in 70-90% ethyl alcohol, and vacuum dried at room temperature. The product was Na
salt CC (Na-CC). This obtained Na-CC salt was suspended in 100ml of 80% ethyl alcohol solution followed by
10ml of 37% hydrochloric acid solution was added and then stirred well for 30 min. The final solid of
carboxymethyl chitosan obtained was then filtered, rinsed in 70- 90% ethyl alcohol and vacuum dried.
Preparation of Carboxymethyl Chitosan Graft Glycidyl Methacrylate Copolymer (CMCS-G-GMA):

About 0.5 g of CMCS was dissolved in 30 ml of water with constant stirring. GMA (0.5g) dissolved in
minimum amount of ethanol was then added to that solution. To initiate the polymerization process in the above
reaction mixture, the initiator ceric ammonium nitrate (CAN) (0.5 g of CAN in 10 ml of 1N nitric acid) was
added. The mixture was heated to 70°C and simultaneously the solution was stirred using magnetic stirrer. This
solution was then poured into excess of NaOH solution to precipitate the graft copolymer. It was then filtered,
dried and weighed.

Grafting Parameters:

The graft copolymerization of glycidyl methacrylate onto carboxy methyl chitosan was carried out
using ceric ammonium nitrate as an initiator. The grafting parameters including the grafting efficiency, grafting
yield, grafting percentage and % monomer conversion were systematically evaluated as function of various
initiator concentrations, temperature, monomer concentration, carboxymethyl chitosan concentration, solvent
and reaction time. The percent of grafting, % monomer conversion, grafting efficiency and grafting yield were
calculated as follows

Wi. of graft copolymer
GE(%) = X 100
Wi. of graft copolymer + Wt. of homopolymer

Wi of graft copolymer — Wt of ungrafted polymer
GY (%) = X 100
Wt of ungrafted polymer

Weight of graft copolymer
GP(%) = X100
Weight of substrate

Weight of graft copolymer
%C = X 100
Weight of monomer

Wi — weight of ungrafted copolymer, W, — weight of graft copolymer.
Characterization:
FT-IR Spectral Analysis: The FT-IR spectra of CMCS-g-GMA copolymer was recorded by Fourier transform
infra-red spectrophotometer (FT-IR) using the Perkin EImer 200 FT-IR spectrophotometer, in the wavenumber
range of 500-4000 cm™ during 64 scans, with 2 cm™ resolution at 25°C
X-Ray Diffraction Analysis: X-Ray diffraction patterns of the grafted copolymeric samples were carried out
by scattering SHIMADZU XD-D1 diffractometer using Ni filter, Cu Ko radiation source (A=0.154nm), set a
scan rate = 10°/min. The voltage and the current used were of 40kV and 30 mA.
Results and Discussion:

The optimization of the various parameters such as concentration of initiator, temperature,
concentration of monomer, concentration of carboxymethyl chitosan, solvent and and reaction was studied for
graft copolymerization of glycidyl methacrylate onto carboxymethyl chitosan and the obtained results were
presented below
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The Effect of Initiator Concentration:

Effect of initiator (CAN)
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Figure 1: Effect of initiator concentration on the grafting parameters

Figure 1 shows the effect of ceric ammonium nitrate (initiator) concentration on the grafting
parameters of CMCS-g-GMA copolymer. The effect of initiator on the synthetic grafting parameters has been
investigated in the range of 0.5 g to 0.9 g by keeping the other variables such as temperature, monomer,
polymer, solvent and reaction time as constant. The results presented in the Figure 1 indicate that the grafting
parameters was found to increase with increase of CAN concentration up to 0.7g and then decreases with
increase of CAN concentration beyond the limit. Initially the increased CAN concentration leads to the
formation of more free radical sites on the carboxy methyl chitosan backbone and thereby the grafting
parameters were increased. When the initiator concentration is increased beyond a certain limit (>0.7g) the
initiator might interact with the monomer molecules producing homopolymer, thereby decreasing graft yield. In
other words we can say that when the concentration of the initiator exceeds a certain value, increased free
radical concentration results in serious homopolymerisation and hence lowers the graft copolymerization®?.
The Effect of Temperature:

Effect of temperature
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Figure 2: Effect of temperature on the grafting parameters

The grafting reactions were carried out at different temperatures (60°C- 100°C) by keeping all other
variables as constant %.The effect of temperature on the grafting parameters was shown in Figure 2. In the case
of CMCS-g-PGMA, with the increase in temperature from 60°C to 70°C the grafting parameters shows an
increase at first, reaches a maximum at 70°C and thereafter it declines. The maximum %GY and %GE obtained
at 70°C was due to the generation of increased number of free radicals formed on the carboxymethyl chitosan
backbone which increased the propagation of the graft copolymerization onto the substrate. The decrease in the
grafting parameters at higher temperature was due to the radical termination which leads to the formation of
homopolymer more rapidly.
The Effect of Monomer Concentration:

Effect of monomer(GMA)
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Figure 3 : Effect of monomer concentration on the grafting parameters

Figure 3 represents the effect of monomer concentration on the grafting of GMA onto carboxymethyl
chitosan. The grafting reactions was done at various monomer concentration (0.5ml - 0.9 ml) by keeping the
CMCS concentration, initiator concentration , solvent, temperature and time as constant. From the results
presented in the Figure 3, it was observed that the grafting parameter initially increases with increase in
monomer concentration and with further increase of monomer concentration it shows a decrease. The increase
in the rate of grafting with the increase in monomer concentration was obviously owing to the greater
availability of monomer in the proximity of CMCS macroradicals. The observed decrease at the higher
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concentration of monomer is mainly due to the formation of homopolymer of GMA?. These homopolymers
successfully hinders the rate of penetration of monomer molecules to carboxymethyl chitosan macro radical
The Effect of Polymer (CMCS) Concentration:

Effect of polymer (CMCS)
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Figure 4: Effect of polymer concentration on the grafting parameters

The effect of concentration of carboxymethyl chitosan on the grafting parameters was studied within
the range 0.5 g - 0.9 g for CMCS-g-GMA at constant initiator, monomer concentration, solvent, temperature and
time. The observed results were presented in Figure 4.The results presented in the figure-4 indicate that the
grafting parameters increased with the increase in CMCS concentration and reached a maximum at CMCS = 0.7
g for CMCS -g-GMA and thereafter decreases . There exists an optimum CMCS concentration at which the
percent of grafting reaches maximum. Initially the increase in backbone concentration can make more
monomers and initiators easily approachable to the surface of CMCS. So they produce more grafted side chains
which cause grafting efficiency to increase. At higher concentrations of the monomer the gel effect was more
pronounced. The formation of a large amount of gel increases the viscosity of the reaction and so the grafted
polymeric chain is restricted %°. As a result, the attack on the actives sites of CMCS backbone is decreased and
homopolymer is formed. The homo polymerization of GMA being relatively much faster than the grafting of
GMA onto CMCS and hence this will result in the decrease in the grafting parameters ’.
The Effect of Solvent:

Effect of solvent
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Figure 5: Effect of solvent on the grafting parameters

The effect of solvent on the grafting yield, grafting efficiency, grafting percentage and percentage
monomer conversion was studied in the range of 30ml to 70ml for CMCS-g-GMA at constant initiator,
temperature, monomer, and time. The results were presented in Figure 5.The observed results indicate that the
GY (%), GE(%), GP(%), C(%) was increased with the increase in concentration of the solvent at first and
thereafter the grafting yield, decreases with increase in the amount of solvent. This decrease probably occurs
due to the dilution of reaction medium. As a result of this dilution the monomer radical concentration per unit
volume decreases and hence the grafting parameters shows a decrease.
The Effect of Reaction Time:

Effect of time
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Figure 6: Effect of reaction time on the grafting parameters
The effect of reaction time on the grafting reaction of GMA onto CMCS was shown in Figure 6. It can
be seen from Figure 6 that the grafting parameters increase sharply with increase in reaction time from 30
minutes to 50 minutes. The graft copolymerization rate increases to a maximum value of 50 minutes. With an
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increase in reaction time, the free radicals have more time for reaction and therefore results in higher level of
grafting. After some time, all the initiators and monomers are used up. Thus no further change in grafting level
was observed with increasing reaction time (>50 min). The decrease in grafting may be due to the induced
decomposition of the initiator leading to decrease in the concentration of the initiator and hence decrease in
active radicals required to generate active sites on polymeric backbone. In other words we can say that the
leveling off of grafting parameters is perhaps, a direct consequence of depletion of monomer available for
grafting .
Fourier Transform IR Spectroscopy:
Fourier transform spectroscopy helps in identifying the functional groups present in the prepared
polymeric samples. The FT-IR spectral details of pure chitosan, carboxymethyl chitosan and CMCS-g-GMA
copolymer was represented in Figures-7(a)-7(c).

3454.7:

3500 3000 2500 2000 1500 1000 500
Wavenurbers (cm-1)

Figure 7(a): FT-IR spectrum of pure chitosan

Transmittance [%]
20 40 60 80 100 120 140

0
I

3852.27

343914

292823

2364.24——
210340 —
1627.09——
130247 ——
125407 ——
115151 ——
1085.19 ——
77231 ——
69441 ——

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

Figure 7(b): FT-IR spectrum of carboxymethyl chitosan (CMCS)
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Figure 7(c): FT-IR spectrum of CMCS-g-GMA copolymer

The FT-IR spectral details of pure chitosan (Figure 7(a)) showed the prominent peaks at various
wavenumbers such as 3454.75 cm™, 2923.08 cm™, 1628.87 cm™ and so on. For the pure chitosan molecule, the
hydroxyl (OH) peaks can be assigned at 3454.75 cm™ and alkyl C—H stretching vibration were identified as
doublets at 2923.08/2830.05 cm™ respectively 2>, Strong peaks were observed at 1628.87cm™, 1540.02 cm™
and 1421.52 cm™ showing the presence of C=O stretching (amide-I band) *, N-H bending and C-H
deformation. The absorption bands observed at 1384.01 cm™, 1322.23 cm™, 1151.84 cm™, 1098.72 cm™ and
1021.37 cm™ were due to the presence of OH in plane bending in alcohols, twisting and wagging in CH, group,
C-O stretching in secondary alcohols, C-O-C linkage and C-C stretching respectively. Figure 7(b) shows the
FTIR spectral details of pure carboxymethyl chitosan. The FT-IR spectra of the carboxy methyl chitosan shows
an absorption peak at 3439.27 cm™ corresponding to the inter molecular H bonded NH stretching in secondary
amines®. The peak observed at 2928.23 cm™1627.09 cm™ and 1392.47cm™ indicate the presence of

00
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asymmetrical C-H stretching in CH,, amide Il (N-H bending in amide) and C-O-H bending in acids. On

comparing the FT-IR spectra of pure chitosan with carboxy methyl chitosan it was observed the broadened of

peak appeared at around 3500 cm™ indicate the presence of OH stretching in acids in the case of FT-IR spectra

of carboxymethyl chitosan and the appearance of this new peak suggest that carboxymethyl chitosan is formed
from chitosan effectively.

The FT-IR spectral details of carboxymethyl chitosan graft glycidyl methacrylate copolymer was
shown in Figure 7(c). The prominent peaks observed at 3397.39cm™ indicate the OH- stretching in alcohols.
The peak obtained at 2983.3cm™ was attributed to the asymmetrical CH stretching in CH;. On comparing the
FT-IR spectra of carboxymethyl chitosan graft glycidyl methacrylate copolymer with pure chitosan, it was
observed that the NH, bond associated band at around 1550 cm™, which can be ascribed to the characteristic
peak of primary amine N-H vibration deformation obtained in the case of pure chitosan was disappeared. This
indicates that the amino group present in the pure chitosan was involved in the grafting reaction. While
comparing the FT-IR spectra of CMCS-g-GMA with carboxymethyl chitosan it was observed that an additional
band obtained at 1165.74 cm™ in case of carboxymethyl chitosan graft glycidyl methacrylate copolymer
corresponds to the C-(C=0)-O stretching in esters. This obtained peak confirms that the grafting had taken place
effectively between the carboxymethyl chitosan and glycidyl methacrylate.

X-Ray Diffraction Analysis (XRD):

XRD analysis were carried out to determine the nature of materials whether the material is amorphous
or crystalline. X-ray diffraction patterns of various samples were measured to investigate the change of
crystalline nature of carboxymethyl chitosan after polymerization. The XRD spectral details of pure chitosan,
carboxymethyl chitosan and carboxymethyl chitosan graft glycidyl methacrylate polymer was represented in
Table 1.

Samples 2 theta
Chitosan 10°,20°
Carboxymethyl chitosan 31.5°45.2°56.2°,65.9°,75°
CMCS-g-GMA copolymer 32.5°33.6%37.0°

The XRD spectrum of pure chitosan was shown in the Figure 8(a). The X-ray diffractogram of chitosan
had a semi crystalline nature with two main diffraction peaks at around 26 = 10° and 20°. The semi crystalline
nature of pure chitosan was confirmed from the appearance  of the diffraction peak centered at diffraction
angle 20-10° and sharp diffraction peak at 20° which are indicative of high degree of crystalline morphology *.
The chitosan molecule easily form the crystalline regions and this may be due to the presence of plenty of -OH
and -NH, groups in the chitosan structure, which could form stronger inter and intramolecular hydrogen
bonds*. Figure 8(b) and 8(c) represents the shows the XRD spectral details of carboxymethyl chitosan and
CMCS-g-GMA. Carboxymethyl chitosan shows peaks at various 26 values such as 31°, 45", 56, 65, 75 and
carboxymethyl chitosan graft glycidyl methacrylate polymer also shows peaks at various 26 values such as
32.5',33.6°, 37.0". From the no of peaks observed it was concluded that the carboxymethyl chitosan graft
glycidyl methacrylate sample and the carboxymethyl chitosan has more number of crystalline forms when
compared to the pure chitosan.

2-Thet: ale

Figure 8(a): X-ray diffractogram of pure chitosan

The degree of crystallinity of a sample measures the ratio of the crystalline part to the amorphous part

% The degree of crystallinity can be expressed as
X(%)= Acl Ac+A, x 100

where X = degree of crystallinity, A.=crystallized area on the X-ray diffraction, A,=amorphous area on the X-
ray diffraction Based on the major peak observed the degree of crystallinity values are calculated. The degree of
crystallinity(%) values observed for the CMCS-g-GMA prepared under the various conditions are represented in
the Table 2
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Figure 8(b): X-ray diffractogram of carboxymethyl chitosan (CMCS)
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Figure 8(c): X-ray diffractogram of CMCS-g-GMA copolymer

Samples Degree of Crystallinity
Chitosan 7.18
Carboxymethyl chitosan 5.67
CMCS-g-GMA copolymer 5.20

From the results presented in the Table 2, it was observed that eventhough the carboxymethyl chitosan
with carboxymethylchitosan graft glycidyl methacrylate shows more number of crystalline forms based on the
calculated lower percentage degree of crystallinity values it was identified that both carboxymethyl chitosan
and graft copolymer of carboxymethyl chitosan has highly amorphous nature. On comparing the XRD spectral
details of pure chitosan, carboxymethyl chitosan with carboxymethylchitosan graft glycidyl methacrylate it was
observed that there were some differences of peak height, width and position between them. CS consisted of one
major peaks at 26 = 20. Compared with pure CS, CMCS and CMCS-g-GMA, CS showed a relatively narrow
peak at 26 = 20> whereas the CMCS had a relatively broader peak at 26 = 20-. In diffraction spectrum of
CMCS-g-GMA, the peak at 26 =20° became even broader and it became amorphous. It is well-known that the
width of X-ray diffraction peak is related to the size of crystallite, the broadened peak usually results from small
crystallites. Hence, in this reaction, the carboxymethylation reaction first took place preferentially in the
amorphous region and then proceeded very moderately from the edge to the inside of the crystalline region and
with further reaction with GMA, the crystalline structure was destroyed and the crystallinity disappeared.
Conclusion:

The present work was aimed to prepare and characterize graft copolymer of a carboxymethyl chitosan
with the glycidyl methacrylate monomer. The synthetic conditions were systematically optimized by studying
the effective factors including concentration of the initiator, temperature, monomer GMA, substrate CMCS,
solvent and reaction time. The optimum conditions were represented as follows: Initiator conc: 0.7g;
Temperature: 70°C; Monomer conc: 0.7ml; Polymer conc: 0.7g; Solvent: 50ml and Time: 50 mins. The graft
copolymers of carboxymethyl chitosan thus prepared was characterized by FTIR- spectral studies. The proof of
grafting was evident from the appearance of new peaks due to ester in case of CMCS-g-GMA copolymer from
the FT-IR results and the change in crystallinity of the carboxymethyl chitosan due to polymerization was
confirmed with the help of comparison of the results of XRD of carboxymethyl chitosan and X- ray diffraction
patterns of graft copolymer of carboxymethyl chitosan with glycidyl methacrylate (CMCS-g-CMA). This type
of work could encourage the synthesis of new grafted polymers, where some functionality is required, for
specific applications.

References:
1. Chitosan chemistry and pharmaceutical perspectives, Kumar.R, Muzzarelli. M.N.V, Muzzarelli.R.A.A,

Sashiwa.C.H, Domb.A. Journal of chemical Reviews, 104, 2004, pp-6017-6084.

44



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

International Journal of Applied and Advanced Scientific Research (IJAASR)

Impact Factor: 5.255, ISSN (Online): 2456 - 3080
(www.dvpublication.com) Volume 1, Issue 2, 2016

Chitin and Chitosan-sources, Chemistry, Biochemistry, Physical Properties and Applications, Elsevier,

London, Sanford.P.A, in: Skjak-Braek.G, Anthonsen.T, Sanford.P.A (Eds.), 1989, pp- 51-70.

Human enzymatic activities related to the therapeutic administration of chitin derivatives,

Muzzarelli.R.A.A, Cellular and Molecular Life Sciences, 53, 1997, pp-131-140.

Evaluation of the biological properties of different wound dressing materials, Bersch.P.C, Nies.B,

Liebendorfer.A, Journal of Materials Science: Materials in Medicine, 6, 1995, pp-231-240.

Preparation of Nonnatural Branched Chitin and Chitosan, Kurita.K, Kojima.T, Munakata.T, Akao.H,

Mori.T, Nishiyama.Y, Chemistry Letters, 27, 1998, pp-317-318.

Chemical modification of chitin and chitosan. 2: Preparation and water soluble property of N-acylated

or N-alkylated partially deacetylated chitin, Sashiwa.H, Shigemasa.Y , Carbohydrate Polymers, 39,

1999, pp-127-138.

N-methylene phosphonic chitosan: a novel soluble derivatives, Heras.A, Rodriguez.N.M,

Ramos.V.M, Carbohydrate Polymers, 44, 2001, pp- 1-8.

Synthesis of N-Carboxymethyl chitosan beads for drug delivery applications, Jayakumar.R, Reis.R.L,

Mano.J.F, Material Science Forum, 514-516, 2006, pp-1015-1019.

Degradation of covalently cross-linked carboxymethyl chitosan and its potential application for

peripheral nerve regeneration, Lu.G, Kong.L,Sheng.B, Wang.G, Gong.Y, Zhang.X , European Polymer

Journal, 43, 2007, pp-3807-3818.

N Carboxy methylidene chitosan and N carboxymethyl chitosan, novel chelating polyampholytes

obtained from chitosan glyoxylate, Muzzarelli.R.A.A, Emmanueli.M, Mariotti.S, Carbohydrate

research, 107, 1982, pp-199-214.

Synthesis of Temperature- and pH-Sensitive Graft Copolymer Containing 2-(Diethylamino)ethyl

Methacrylate and N-Vinylcaprolactam onto Silicone Rubber, Alejandra Jiménez-Morales, Alejandro

Ramos-Ballesteros, Emilio Bucio, Open Journal of Polymer Chemistry, 6,2016, pp-15-26.

Radiation Grafting of Styrene onto Polypropylene Fibers by a 10 MeV Electron Beam, Vahdat. A.,

Bahrami. H., Ansari. N. and Ziaie. F, Radiation Physics and Chemistry, 76, 2007, pp-787-793.

Preliminary evaluation on the application of grafted membranes for sorption of lead and copper ions in

aqueous solution , Osemeahon, Barminas, Aliyu and Maina, International Journal of Physical Sciences,

2, 2007, pp- 294-299.

Graft Copolymerization of vinyl monomers onto Chitosan:111:Graft Copolymerization of Acrylamide

onto Chitosan for Antibacterial Activity, Nayak.P.L and Manoj Kumar Patil, International Journal of

Plant, Animal and Environmental Sciences, 1,2011.

Surface functionalization of cotton cellulose with glycidyl methacrylate and its application for the

adsorption of aromatic pollutants from wastewaters, Vismaraa. E, Melonea.L and Gastaldi.G, Journal

of Hazardous materials, 170, 2009, pp-798-808.

Grafting Vinyl Monomers onto Nylon- 6: I1I: Graft Copolymerization of Methyl methacrylate on

Nylon-6 using Fe( I11)- Thiourea Redox System, Nayak P.L, Pati N.C and Pradhan A.K, Journal of

polymer science- part-A- Polymer chemistry, 19, 1981, pp-831.

Grafting vinyl monomers onto polyster fibers:l11:graft copolymerization of methyl methaacrylate onto

PET using KMnOy-oxalic acid redox system, Pradhan , A.K, Pati N.C. and Nayak, P.L, Journal of

applied polymer science, 27, 1982.

Grafting of vinyl monomers onto polyster fibers (1982) IV: Graft copolymerization of ethyl

methacrylate on PET using Acetylacetonate complex of Mn(lll), Co(lll) and Fe(lll), Lenka. S and

Nayak .P, Journal of applied polymer science, 19, 1982, pp- 987.

Grafting Vinyl monomers onto chemically modified wool fibres: XI: Graft copolymerization of methyl

methacrylate onto reduced wool fiber using Acetylacetonate complex of Manganese (111), Sasmal.S,

Sahu.G and Nayak. P.L, Macromolecular Science, A20(2), 1983, pp-153.

Synthesis and characterization of water soluble carboxymethyl chitosan grafted with glycidyl

methacrylate, Mark Soucek.D and Yingyi , Journal of Macromolecular Science, Part A: Pure And

Applied Chemistry, 48, 2011,pp-562-568

Graft copolymerization of methyl acrylate on chitosan: Initiated by ceric ammonium nitrate as the

initiator-characterization and antimicrobial activity, Manoj Patil and Nayak.P.L, Pelagia Research

Library, Advances in Applied Science Research, 3, 2012, pp-1646-1654

Graft copolymerization of methylacrylate onto potato starch initiated by ceric ammonium nitrate,

Mingzku. L, Rongshi. C, Jingjia. W, Cheng. M, Journal of Polymer Science Part A: Polymer

Chemistry, 31, 1993, pp-3181-3186.

Preparation of Poly (methyl acrylate)/TiO, Composites by Potassium Diperiodatocuprate- initiated

Grafting Copolymerization, Kuilin Deng, Xiaobo Ren, Yishoo Jiao, Hua Tian, Pengfei Zhang, Haibin

Zhong, and Yinghai Liu, Iranian Polymer Journal, 19, 2010, pp. 17-25.

45


http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-0518
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-0518
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1099-0518

24,

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

International Journal of Applied and Advanced Scientific Research (IJAASR)

Impact Factor: 5.255, ISSN (Online): 2456 - 3080
(www.dvpublication.com) Volume 1, Issue 2, 2016

Graft copolymerization of acrylic acid onto gelatinized patato starch for removal of metal ions and

organic dyes from aqueous system, Deepak Pathania, Reena Sharma and Susheel Kalia, Advanced

Materials Letters, 3, 2012, pp- 259-264.

Cellulose graft copolymer Polyhydroxybutyrate Composites: Morphological and mechanical studies,

Kalia.S, Kumar. A, Kaith. B.S, Advanced Materials Letters 2, 2011, pp-17-25.

Synthesis and characterization of graft copolymers of methacrylic acid onto gelatinized potato starch

using chromic acid initiator in presence of air , Deepak Pathania, Reena Sharma, Advanced Materials

Letters, 3, 2012, pp-136-142.

Synthesis, characterization and salt resistance swelling behavior of Psy-g-poly(AA) Hydrogel, Kumari.

A, Kaith, B. S, Singha, A. S, Kalia, S. Advanced Materials Letters, 1, 2010, pp-123-128.

Graft polymerization of acrylic acid onto starch using potassium permanganate acid (redox system),

Mostafa. K.H. M, Journal of applied polymer science, 56, 1995, pp-263.

Application of FTIR spectroscopy for a rapid determination of some hydrolytic enzymes activity on sea

buckthorn substrate, Adina. C, Florinela. F, Abdelmoumen.T and Carmen.S, Romanion

Biotechnological Letters, 15, 2010, pp-5738-5744.

Coordinative interaction of microcrystalline chitosan with oxovanadium (V) ions in aqueous solution,

Marta E Lichawska, Kazimiera H Bodek, Julia Jezierska and Aleksander Kufelnicki, Chemistry Central

Journal, 8, 2014, pp-50.

Extraction and FTIR Analysis of Chitosan from American cockroach, Periplaneta Americana, Dinesh

Wanule, Balkhande. J.V, Ratnakar. P.U, Kulkarni. A.N and Bhowate. C.S, International Journal of

Engineering Science and Innovative Technology, 3, 2014.

Radiation-Induced Graft Copolymerization of Acrylonitrile onto Kappa-Carrageenan, Hossein

Hosseinzadeh, Oriental Journal of Chemistry, 27, 2011, pp-511-516.

Preparation and characterization of N-heterocyclic chitosan derivatives based gels for biomedical

applications, Santhosh Kumar, Joydep Dutta and Dutta, P.K, International Journal of biological

macromolecules, 45, 2009, pp-330-337.

Preparation and characterization of chitosan binary blend, Ramya. R, Sudha. P.N, Mahalakshmi. J,

International Journal of scientific research publications, 2, 2012, pp-1-9.

A statistical design to evaluate the influence of manufacturing factors on the material properties and

functionalities of microcrystalline cellulose, Wu. J.S, Ho.H.O and Sheu. M.T, European Journal of

pharmaceutical sciences, 12, 2001, pp-417-425.

46



