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Abstract
Photo-induced graft copolymerization of Sodium Salt of Partially Carboxymethylated Sodium

Alginate (Na-PCMSA, DS = 1.10) with methyl methacrylate (MMA) using ceric ammonium nitrate
(CAN) as a photo-initiator was carried out under nitrogen atmosphere in an aqueous medium. The
reaction conditions for maximum photo-grafting were optimized by varying the reaction time,
temperature, amount of substrate, concentrations of nitric acid, photo-initiator (CAN) and monomer
(MMA) to study their influence on grafting yields. The optimal reaction conditions were obtained with
amount of Na-PCMSA 0.4g (dry basis), CAN concentration of 4 x 10° mol/L, HNO; concentration of
0.3 mol/L, MMA concentration of 0.152 mol/L, reaction time of 4h and reaction temperature of 30°C.
Under the optimum reaction conditions, the maximum grafting yields achieved were %G = 284.12 and
%GE = 98.44. The characterization of grafted products by means of FTIR, thermal analysis and
scanning electron microscopy provided the evidence of photo-grafting of poly(methyl methacrylate)
onto Na-PCMSA. The synthesized novel graft copolymer, Na-PCMSA-g-PMMA, may find its
potential applications as a metal adsorbent.
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1. Introduction

Various routes to the modification of natural polymers exist. One which has received particular
attention is that of graft copolymerization [1]. The synthesis of graft copolymers mainly involves the
usage of chemical and radiation (high-, and low-energy) methods [1,2]. However, the photo-grafting
method has several advantages [2-4].

Among an industrially important natural and renewable polymers, Sodium Alginate [SA,
(CsH;06Na),] is a straight-chain, biodegradable, non-toxic, hydrophilic polyanionic copolymer which is
composed of two 1—4 glycosidically linked monomers: -D-mannuronic acid (M) and o-L-guluronic
acid (G) [5]. It has been widely used in various industrial applications like textile, food, cosmetics,
pharmaceuticals, and medical etc.[6-8]. Thus, SA finds wide range of industrial applications even
though it is prone to enzymatic degradation and suffers from limitations in fabrication. These draw
backs can be improved through the development of chemically modified matrices by grafting. There are
several reports on the graft copolymerization of vinyl monomers onto sodium alginate [9-14].

As a part of our research programme we have successfully modified carboxymethylated derivatives of
guar gum [15,16], psyllium [17-20], tamarind kernel powder [21-23] and sodium alginate [24] by
grafting different vinyl monomers onto them using low energy radiation. In this study, the photo-
induced synthesis of poly(methyl methacrylate) grafted sodium salt of partially carboxymethylated
sodium alginate has been optimized through the variation of different reaction variables in terms of the
determination of the highest grafting yields (%G = 284.12 and %GE = 98.44). In addition, photo-graft
copolymerization has been characterized by FTIR, TGA/DTG and SEM methods. The synthesized graft
copolymer, Na-PCMSA-g-PMMA, is expected to hold better properties of metal ion uptake and
therefore its potential application as a Pb(Il) metal adsorbent has been evaluated by treating the graft
copolymer with hydroxylamine in the presence of alkaline solution and characterized by using FTIR,
EDAX and SEM techniques. However, the obtained encouraging results will be communicated
elsewhere.

2. Experimental
2.1. Materials

Sodium alginate (SA) was kindly supplied by Loba Chemie Pvt. Ltd., Mumbai (India). The methods
of preparation, purification and measurement of degree of substitution of the sodium salt of

carboxymethylated sodium alginate (Na-PCMSA) were followed as described earlier [25]. The DS of
Na-PCMSA sample was found to be 1.10. Methyl Methacrylate (MMA) (Fluka, Switzerland make) was
purified as per the usual procedure by treating with alkali solution. CAN (Qualigens, Glaxo India, India)
was used as received. Analar grade nitric acid was used. Fresh solutions of the photo-initiator (CAN)
were prepared by dissolving the required amount of it in nitric acid. All other reagents and solvents used
were of reagent grade. Nitrogen gas was purified by passing through fresh pyrogallol solution. Low-
conductivity water was used for the preparation of solutions and for photo-graft polymerization
reactions.

2.2. Methods

2.2.1. Photo-Induced Synthesis of Poly(methyl methacrylate) grafted Na-PCMSA (Na-PCMSA-g-
PMMA)

A photo-chemical reactor supplied by Scientific Aids and Instruments Corporation (SAIC, Madras,
India) was employed to carry out photo-induced graft copolymerization reactions for the synthesis of the
graft copolymer, Na-PCMSA-g-PMMA as per the procedure described earlier [24]. The complete
experimental set up for carrying out the photo-graft copolymerization reaction is represented in Fig. 1.

However, the reaction conditions which were varied in the present study for establishing the optimal
reaction conditions are: Wt. of Na-PCMSA = 0.2 g to 3.0 g (dry basis); [CAN] = 0.5 x 10° to
10 x 10 mol/L; [HNO3] = Nil to 0.5 mol/L; [MMA] = 0.051 to 0.506 mol/L; Temperature = 15°C to
45°C; Reaction Time = 0.5 h to 10.0 h and Total Volume = 150mL. After completion of the photo-
grafting reaction, the irradiated sample solution was removed carefully and the crude graft product was
isolated by centrifugation. It was then purified by repeated washings with 95% methanol and finally
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with pure methanol. The crude graft copolymer sample of Na-PCMSA-g-PMMA thus obtained was
dried in vacuum at 40°C. The homopolymer, poly(methyl methacrylate) was isolated from the crude
graft copolymer sample by carrying out soxhlet extraction with acetone for 48h. After the complete
removal of the homopolymer (PMMA), the pure graft copolymer sample was dried at 40°C under
vacuum until a constant weight was obtained. The synthetic pathway for the preparation of the photo-
graft copolymer, Na-PCMSA-g-PMMA, is shown in Scheme 1.

Immersion-Well

Irradiation lamp:

Reaction flask

Fig.1. Detailed experimental setup for carrying out photo-graft copolymerization reaction.
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Scheme 1. The synthetic route of photo-graft copolymer, Na-PCMSA-g- PMMA.
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2.2.2. Photo-Initiated synthesis of SA-g-PMMA

The photo-initiated synthesis of poly(methyl methacrylate) grafted sodium alginate (SA-g-PMMA)
was carried out using the optimal reaction conditions established in the case of the synthesis of
Na-PCMSA-g-PMMA with a view to study the influence of introducing the carboxymethyl groups in
SA molecules on the grafting yields.

2.2.3. Dark Method
In order to compare the efficiency of CAN as a photo-initiator, the grafting of MMA onto Na-PCMSA

(DS = 1.10) was carried out at different times (0.5h to 10h) in the absence of the ultra-violet radiation
(Dark Method) by following the same procedure, as mentioned in the above section 2.2.1. The following
reaction conditions were used: Na-PCMSA (dry basis) = 0.6 g, [CAN] = 1 x 10”° mol/L, [HNO4] = 0.1
mol/L, [MMA] = 0.101 mol/L, Temperature = 35°C and Total Volume = 150 mL.

2.3. Isolation of Grafted Chains

The graft copolymer of Na-PCMSA containing PMMA was hydrolyzed by refluxing it with 12 hin 1N
HCI [26]. After all the Na-PCMSA went into the solution, a resinous mass was obtained which was
characterized with FTIR spectroscopy.

2.4. Calculation of Grafting Yields

The percentage of grafting (%G), percentage of grafting efficiency (%GE) and percentage of
homopolymer (%Hp) were evaluated by using the following expressions [24]:

(i) %G = V\{t:of polymergrafted « 102 (1)
Initialwt. of backbone
(i) %GE = Wt.of polymergrafted N 102 @
Wt.of polymer grafted + Wt.of homopolyme
(iii) %Hp =100-%GE (3)

2.5. Characterization Methods
2.5.1. FTIR Spectroscopy

The FTIR spectra of Na-PCMSA (Fs: 1.10), Na-PCMSA-g-PMMA (%G = 284.12) and PMMA
(isolated by hydrolysis) were recorded by KBr pellet method using Nicolet Impact 400D Fourier
Transform Infrared Spectrophotometer between 400 and 4000 cm™.

2.5.2. Thermogravimetric Analysis (TGA)

The TGA traces of Na-PCMSA (ES = 1.10), Na-PCMSA-g-PMMA (%G = 284.12) and PMMA were
obtained with the help of Perkin EImer Thermal Analyzer (Model: Pyris 1), in an inert atmosphere at a
heating rate of 10°C/min.

2.5.3. Scanning Electron Microscopy (SEM)

Surface morphology of Na-PCMSA (Esz 1.10) and Na-PCMSA-g-PMMA (%G = 284.12) samples
were analyzed with the help of ESEM TMP +EDAX, Philips make model.
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3.Results and Discussion
3.1. Optimization of Photo-induced Graft Copolymerization

As photo-graft copolymerization reaction variables determine the extent of grafting and homopolymer
amount, the reaction variables including the concentrations of nitric acid, photo-initiator (CAN),
monomer (MMA), as well as reaction time, temperature and amount of substrate were varied to achieve
the optimal grafting conditions. The results of this investigation are discussed as under.

Effect of amount of Na-PCMSA

The influence of amount of Na-PCMSA on %G and %GE was studied by varying the amount of
Na-PCMSA (0.2 g to 3.0g) keeping other variables constant. The results are shown in Fig.2 (a). As it is
reflected from this figure, the value of %G decreases continuously with increasing amount of Na-
PCMSA while the value of %GE increases very slowly in the beginning but beyond Na-PCMSA = 0.4g
it decreases with further increase in the amount of Na-PCMSA. The observed decreasing trends in the
values of %G and %GE may be due to the fact that with increase in the amount of Na-PCMSA, the
viscosity of the medium increases thereby obstructing the movement of photo-initiator (CAN) which
ultimately reduces the grafting yields (%G & %GE). In addition, with increasing the amount of
Na-PCMSA, more and more Na-PCMSA macroradicals will be produced leading to the faster rate of
termination of photo-graft copolymerization, thereby lowering both %G and %GE values. Similar
results are also reported in the literature [10,15,18,24,27].

Effect of Photo-initiator concentration

The photo-initiator (CAN) concentration has a remarkable influence on the grafting yields. Fig.2(b)
shows the effect of CAN concentration on the grafting yields changing from 0.50 x 10 mol/L to
10 x 10® mol/L at constant temperature (35°C), reaction time (3h) and MMA concentration
(0.10 mol/L). As is seen from the figure, both %G and %GE increased as the CAN concentration
increased from 0.50 x 10 mol/L to 4.00 x 10 mol/L. The optimum values of %G and %GE were
obtained to be 146.17% and 94.82% respectively at the [Ce**] = 4 x 10 mol/L. The observed increase
in %G with the CAN concentration ranging from 0.50 x 10 mol/L to 4.00 x 10 mol/L, may be
attributed to the fact that in this concentration range, the increase in concentration of ceric ion results in
the increase in the total number of Ce(IV)-Na-PCMSA complex which decompose to give more active
sites on the backbone. Thus, this activation along the backbone is immediately followed by photo-graft
copolymerization of MMA onto Na-PCMSA giving rise to higher %G (146.17%) and lower
homopolymer formation (%H, = 5.18). However, beyond the optimum concentration of CAN
(4 x 10° mol/L), the reduction of grafting is observed which may be due to an increase in the number of
backbone radicals terminated prior to MMA addition. Further, homopolymer formation at higher photo-
initiator concentration which competes with the photo-grafting reaction for available monomer could
lead to a decrease in %G and %GE. Similar observations have also been reported in the literature
[28-31].

Effect of Nitric acid Concentration

The effect of the nitric acid concentration on the grafting yields was studied by the variation of the
concentration of nitric acid from nil to 0.50 mol/L, keeping fixed the concentrations of all other
reagents, time and temperature. The results obtained are presented in Fig.2(c). Initially, the values of the
grafting yields are found to be increased with increase in nitric acid concentration up to 0,30 mol/L. This
is attributed to the increase in the concentrations of [Ce*] and [Ce(OH);]*" at the expense of
[Ce-O-Ce]®. The size of [Ce]* and [Ce(OH)s]*" ions is smaller than that of [Ce-O-Ce]*" ion and
therefore they are more effective in their ability to form complexes with the Na-PCMSA backbone than
[Ce-O-Ce]® ion. It is observed from Fig.2(c) further that beyond [Ce]*" = 0.30 mol/L, the grafting yields
decrease. This may be explained due to the fact that as the nitric acid concentration increases, the
formation of more and more [Ce]*" and [Ce(OH)s]*" takes place which in turn accelerates the
termination of the growing polymeric grafting chains resulting in the decrease in the grafting yields.
Moreover, [Ce]*" ion has been reported to be involved in the oxidative termination of the growing
monomeric chains [32,33]. Similar observations are also reported in the literature [25,34].

Effect of monomer concentration
As the monomer concentration has a remarkable influence on the grafting yields, the effect of
Eur. Chem. Bull. 2023,12(4), 2159-2172 2163
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monomer (MMA) concentration on the photo-grafting reaction was studies by changing the monomer
concentration from 0.051 mol/L to 0.506 mol/L with all other conditions kept constant. Results obtained
are displayed in Fig.2(d). It can be seen from the figure that there is a sharp increase in the value of %G
with the monomer concentration up to 0.152 mol/L, beyond which the %G shows a tendency to level
off. However, on the other hand the value of %GE increases steadily with the monomer concentration
up to 0.152 mol/L and then decreases with further increase in the monomer concentration. The results
can be explained by the fact that as the monomer concentration increases, the diffusion of the monomer
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molecules into the Na-PCMSA backbone increases leading to higher %G and %GE. The decrease in
%GE after the optimum monomer concentration (0.152 mol/L) could be associated with the depletion
of the available MMA due to the simultaneous increase in the homopolymerization rate with the
increasing MMA concentration in the polymerization medium. Such behaviors have also been obtained
in other studies [24, 35, 36].

Effect of Reaction Time

In order to study the influence of reaction time on the grafting yields, the photo-graft copolymerization
of MMA onto Na-PCMSA has been recorded at different reaction times ranging from 0.5h to 10h while
other variables were kept constant. The results are shown in Fig. 2(e). As to the time dependence of
photo-grafting reaction, %G increased rapidly in the beginning and achieved a maximum value of the
grafting 120.02% within the first 4h of the process. The value of the %GE also increased very slowly
and the highest value obtained was 97.22% at 4h. The results of this figure may be explained due to fact
that with an increase in reaction time, the number of grafting sites on the backbone increases as a result
of which the extent of initiation and propagation of photo-graft copolymerization also increases with
time leading to the increase in the grafting yields. After the optimum reaction time (4h), the decrease in
the values of %G and %GE is due to the decreased number of available active free radical sites for
photo-grafting and retardation of diffusion of reactants. In addition, the longer UV irradiation time has a
detrimental effect on the grafted chains of PMMA in the presence of a photo-initiator which is
responsible for the decrease in the grafting yield values. A similar time dependency on grafting yields
has been reported in the literature [15,17,23,37].

Effect of Temperature

The photo-grafting reaction was carried out at different temperatures (15°C-45°C) keeping other
variables constant and the results are presented in Fig. 2(f). As can be seen from the figure that the value
of %G increased with the rise of temperature from 15°C to 30°C and then with a further increase in
temperature it decreased. The value of %GE also behaved in a similar fashion. At the optimum value of
the temperature, 30°C [cf. Fig. 2(f)], the maximum values of the grafting yields, %G =121.56 and
%GE = 97.15 were achieved. The increase in %G up to 30°C could be attributed to the increased rate of
photolysis of the Na-PCMSA-Ceric complex so that more number of active sites are generated on to the
Na-PCMSA backbone resulting in the increased propagation of the photo-graft copolymerization
reaction. The enhanced rate of diffusion of monomer (MMA) and photo-initiator (CAN) into and onto
Na-PCMSA backbone as well as the increased mobility of the monomer (MMA) molecules and their
higher collision probability with the backbone (Na-PCMSA) macroradicals also resulted in the increase
in %G up to 30°C. However, the observed decrease in the grafting yield values beyond 30°C may be
attributed to the formation of the homopolymer (PMMA). Similar results have been obtained by many
researchers [25, 38,39].

Thus, the optimal reaction conditions evaluated in the photo-graft copolymerization of MMA onto
Na-PCMSA were: Na-PCMSA = 0.4 g (dry basis), [CAN] = 4 x 10° mol/L, [HNO3] = 0.3
mol/L,[MMA] = 0.152 mol/L, Time = 4h, Temperature = 30°C and Total Volume = 150 mL. The
highest values of %G = 284.12 and %GE = 98.44 were achieved under the optimum reaction conditions
evaluated.

3.2.Comparison of Photo-Initiator Efficiency
With a view to compare the efficiency of the photo-initiator (CAN) the grafting of MMA onto

Na-PCMSA (DS = 1.10) has been carried out in the presence as well as in the absence of the ultra-violet
radiation (dark method) at various reaction times under identical reaction conditions. Thus, the results of
the %G obtained with the photo and dark methods are shown in Fig. 3. It becomes evident from this
figure that the values of %G are found to be higher when the grafting of MMA was carried out onto

Na-PCMSA (DS = 1.10) at various time intervals using ultra-violet radiation, in comparison with the
dark method. The reason for the observed higher %G values may be due to the fact that the complex,
which has been formed by the reaction between functional groups of Na-PCMSA and ceric ions, may
have dissociated to a greater extent in the presence of ultra-violet radiation (photo method) than in the
absence of radiation (dark method), as a result of which a greater number of free radical sites may have
been produced for grafting to occur with photo method, giving rise to higher values of %G.
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3.3 Influence of Incorporation of Carboxymethyl groups in SA molecules

In order to investigate the influence of introducing the functional group(s) like carboxymethyl in the
sodium alginate (SA) molecule(s) on its behavior toward photo-grafting, the ceric-ion initiated photo-
grafting of MMA onto SA was carried out using the optimized reaction conditions established in the

case of photo-grafting of MMA onto Na-PCMSA (ES = 1.10). The results of the grafting yields (%G,
%GE and %Hp) obtained are tabulated in Table 1. It becomes evident that the values of %G and %GE

are found to be higher in the case of photo-grafting of MMA onto Na-PCMSA (DS = 1.10) compared to
sodium alginate. The results could be explained on the basis of the following two aspects: (i) the
introduction of carboxymethyl groups further increase the sweallability of sodium alginate, thereby
facilitating the diffusion of monomer (MMA) and photo-initiator (CAN) and (ii) the ionization of
carboxymethyl groups along the SA chains introduces negative charges, which in turn attract ceric ions
to the SA backbone leading to the formation of more active sites on the SA backbone which are
available to the monomer (MMA\) thereby increasing the reactivity of SA towards photo-grafting.

Table 1. Grafting yields obtained in the case of photo-grafting of MMA onto SA as well as
Na-PCMSA (DS =1.10).

Structure %G %GE %Hp
SA? 210.22 87.03 12.97
Na-PCMSA® 284.12 98.44 1.56

*Optimum Reaction Conditions: SA/Na-PCMSA (dry basis) = 0.4g, [CAN] = 4 x 10° mol/L, [HNO;] =
0.3 mol/L, [MMA] = 0.152 mol/L, Time = 4h, Temperature = 30°C and Total Volume = 150 mL

4.Characterization
4.1. FTIR Spectroscopy

In the IR spectrum of Na-PCMSA (DS = 1.10) (not shown), the strong absorption peak observed at
1745 cm™ is assigned to C=0 stretching, suggesting the presence of —COO moiety in Na-PCMSA. The
presence of —COO moiety is also evident from the absorption bands appeared at 1617 cm™ (due to
asymmetric stretching of the moiety) and 1417 cm™ (due to symmetric stretching) of the moiety [24].
The IR spectra of Na-PCMSA-g-PMMA and PMMA (isolated by hydrolysis) are presented in Figs. 4(a)
and 4(b) respectively. In addition to the absorption bands of Na-PCMSA, an additional strong absorption
band appeared at ~1737-1745 cm™ is assigned to C=O stretching of ester group (-COOCH,),
characteristic of the methacrylates [Fig.4(a)]. The PMMA isolated from the graft copolymer
(Na-PCMSA-g-PMMA) also showed an absorption band at ~1732-1738 cm™ indicating the presence of
C=0 stretching [Fig.4(b)]. This may be attributed to the fact that the hydrolysis of the graft copolymer

Eur. Chem. Bull. 2023,12(4), 2159-2172 2166



Photo-induced Synthesis and Characterization of Graft Copolymer of Sodium .
Salt of Partially Carboxymethylated Sodium Alginate and Methyl Methacrylate Section D-Research paper

gives back the grafted chains of PMMA. Thus, the results of Figs. 4(a) & 4(b) provide a substantial
evidence of the photo-grafting of MMA onto Na-PCMSA (DS = 1.10).
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Fig. 4. FTIR Spectra of (a) Na-PCMSA-g-PMMA (%G = 284.12) and (b) PMMA.

4.2. Thermogravimertic Analysis (TGA)

The traces of TGA and DTG for Na-PCMSA (S,), Na-PCMSA-g-PMMA (S,) and PMMA (S5) are
represented in Fig.5. The values of the temperature characteristics (IDT, FDT, Ty, Tso and Tpax) as well
as the values of percent weight loss of all the samples at different temperature ranges including their char
yield values at 700°C are derived from the corresponding primary thermograms (Fig.5) and recorded in
Table 2. It is evident from the TGA/DTG traces of Na-PCMSA that the overall degradation of
Na-PCMSA [Fig. 5(S;)] sample involves only two steps of degradation. The first step encompasses the
temperature range from 135.95°C to 280.85°C involving about 40.64% of the weight loss of the sample.
The temperature at which the maximum weight loss occurs is 212.88°C [cf. Fig. 5(S;)]. The second step
of degradation exhibits the temperature range 552.40-795.81°C involving about 19.35% weight loss with

a maximum weight loss occurring at 701.51°C. This sample also degrades very slowly beyond 225°C.
The chain yield of Na-PCMSA sample is found to be 28.80% at 700°C.

The graft copolymer, Na-PCMSA-g-PMMA (%G = 284.12) sample involves only single step of
degradation [Fig. 5(S,)]. The graft copolymer sample in the temperature range 140.34-477.66°C involves
about 87.76% weight loss with a maximum weight loss occurring at 325.26°C [cf. Fig.5(S,)]. On the
other hand the homopolymer (PMMA\) exhibits two steps of degradation [Fig. 5(S3)]. The first step in the
temperature range 165.19-250.91°C involves 7.61% weight loss with a maximum weight loss at

220.37°C. The second step of degradation for this sample involves 84.38% weight loss in the
temperature range 250.71-497.21°C [cf. Fig. 5(S3)].

The char yield values for the graft copolymer, Na-PCMSA-g-PMMA and PMMA samples are found
to be 8.6% and 4.51% respectively at 700°C. The results of the char yield values lead to conclude that

the thermal stability of Na-PCMSA (ES = 1.10) sample gets decreased upon photo-grafting of MMA
onto it. This observed decrease in the thermal stability of the graft copolymer of Na-PCMSA containing
PMMA is expected since polyacrylates are known to depolymerize upon pyrolysis [17, 40, 41].
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Fig. 5. TG thermograms for (—) Sodium salt of Partially Carboxymethylated Sodium Alginate

(Na-PCMSA, DS = 1.10) (Sy), (+****) Na-PCMSA-g- PMMA (%G = 284.12) (S,) and (.....) PMMA
(Ss) at 10°C/min. The insert shows the first derivatives of the curves shown in the figure.

Table 2. Thermogravimetric data of Sodium Salt of Partially Carboxymethylated Sodium

Alginate [Na-PCMSA, (DS = 1.10)] (S1), Na-PCMSA-g-PMMA (%G = 284.12) (S,) and PMMA
(S3) samples.

Sample T°c TC T1o Tso Temperature (°C) at Temperature T max Weight Char yield at 700°C
weight loss range loss
(IDT) (FDT) (°C) (°C) 20% 50% 60% 80% (°C) (°C) (%) (%)
S; 140 796.53 138.14 271.17 191 219 459 - 50-100 - 7.193
135.95-280.85  212.88 40.64
(34.52)* 28.80
552.40-795.81 701.51 19.35
(71.12)*
S, 14527 505.24 221.47 328.37 280.86 316.49 337.14 371.68 50-100 - 2.657
140.34-477.66 325.26 87.76 8.6
(47.91)*
S;  161.72 443.13 251.80 349.01 311.19 338.24 357.79 382.64 50-100 - 0.746
165.19-250.71  220.37 7.61 4,51
(6.21)
250.71-497.21 350.11 84.38
(53.64)*

®he values correspond to respective weight loss.
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4.3. Scanning Electron Microscopy (SEM)

The scanning electron micrographs obtained for Na-PCMSA (DS = 1.10) and Na-PCMSA-g-PMMA
(%G = 284.12) samples are represented in Figs. 6(a) and 6(b) respectively. It appears from the SEM of
Na-PCMSA [Fig. 6(a)] sample, that it has got smooth surface. However, upon photo-grafting of MMA
onto it, the morphology of the Na-PCMSA sample has got changed drastically. The lumpy morphology
is obtained [Fig. 6(b)] due to the grafted PMMA chains. Thus in comparison of the morphology of the
grafted sample with that of the ungrafted sample provided supportive evidence of a photo-grafting.

(b)

Fig. 6. Scanning Electron Micrographs of (a) Sodium salt of PartiallyCarboxymethylated Sodium
Alginate (Na-PCMSA, DS = 1.10) (1000X) and (b) Na-PCMSA-g-PMMA(%G = 284.12) (2500X).

5.Conclusion
In the present study, an unreported photo-induced graft copolymerization of methyl methacrylate

(MMA) onto Na-PCMSA (DS = 1.10) has been carried out using ceric ammonium nitrate (CAN) as a
photo-initiator to synthesize a novel graft copolymer, Na-PCMSA-g-PMMA. The synthesis of the graft
copolymer has been optimized through the variation of different reaction variables such as
concentrations of photo-initiator (CAN), nitric acid, and monomer (MMA) as well as reaction time,
temperature and amount of the backbone in terms of the determination of the highest grafting yields
(%G = 284.12, %GE = 98.44, and %H, = 1.56). The dependence of reaction variables on the grafting
yields has been explained. The evaluated optimum reaction conditions are: Na-PCMSA= 0.4g (dry
basis), [CAN] = 4 x 10" mol/L, [HNOs] = 0.3 mol/L, [MMA] = 0.152 mol/L, Time = 4h, Temperature =

30°C, and Total Volume = 150mL. The grafting of MMA onto Na-PCMSA (DS = 1.10) has also been
carried out in the presence as well as the absence of the ultraviolet-radiation (dark method) with a view
to study the efficiency of photo-initiator (CAN). The influence of introducing the functional groups like
carboxymethyl in the sodium alginate molecule on its susceptibility toward photo-grafting with MMA
has been investigated and it has been observed that changing the chemical structure of SA by
carboxymethylation has enhanced its behavior toward photo-grafting. The plausible explanation for the
observation has also been furnished. The photo-grafting process has been confirmed and the products are
characterized by employing FTIR, TGA/DTG and SEM techniques. The synthesized novel graft
copolymer (Na-PCMSA-g-PMMA) after treating with hydroxylamine in the presence of alkaline
solution may find potential application as a novel ion-exchangeable resin.

Acknowledgement

This research work was financially supported by the University Grants Commission, New Delhi under
scheme no. F.No. 40-93/2011 (SR).

Conflicts of Interest
The authors declare no conflict of interest.
Eur. Chem. Bull. 2023,12(4), 2159-2172 2169



Photo-induced Synthesis and Characterization of Graft Copolymer of Sodium .
Salt of Partially Carboxymethylated Sodium Alginate and Methyl Methacrylate Section D-Research paper

References

[1] A. Bhattacharya, and B. N. Misra, Grafting: a versatile means to modify polymers techniques,
factors and applications. Progress in Polymer Science, 29(8), 2004, 767-814.

[2] A. Hebeish, and J. T. Guthrie, The Chemistry and Technology of Cellulosic Copolymers,
Springer-Veriag, Berlin, Heidelberg, New York, 1981.

[3] I. M. El-Sherbiny, and Hugh D.C. Smyth, Photo-induced synthesis, characterization and swelling
behavior of poly(2-hydroxyethyl methacrylate) grafted carboxymethyl chitosan. Carbohydrate
Polymers, 81(3), 2010, 652-659.

[4] J. H. Trivedi, M. D. Thaker, and H. C. Trivedi, Photo-induced graft copolymerization of
acrylonitrile onto sodium salt of partially carboxymethylated guar gum. Journal of Applied
Polymer Science, 132(5), 2015, 1-10.

[5] J. Meister, Polymer Modification: Principles, Techniques, and Applications, Marcel Dekker, Inc.,
New York, 2000, pp. 203-204.

[6] K. Y. Lee,and D. J. Mooney, Alginate: Properties and biomedical applications. Progress in
Polymer Science, 37(1), 2012, 106-126.

[7] S. N.Pawar, and K. J. Edgar, Alginate derivatization: A review of chemistry, properties and
applications. Biomaterials, 33(11), 2012, 3279-3305.

[8] S. Konstantinos, S. Sofia-Falia, I. Zacharoula, and T. Constantinos, Thermo-Responsive Injectable
Hydrogels Formed by Self-Assembly of Alginate-Based Heterograft Copolymers. Gels, 9(3),
2023, 1-12.

[9] S. B. Shah, C. P. Patel, and H. C. Trivedi, Ceric-induced grafting of ethyl-acrylate onto sodium
alginate, Die Angewandte Makromolekulare Chemie, 214(1), 1994, 75-89.

[10] S.B. Shah, C.P. Patel, H.C. Trivedi, Ceric-induced grafting of acrylate monomers onto sodium
alginate, Carbohydrate Polymers, 26(1), 1995, 61-67.

[11] S. B. Shah, C. P. Patel, and H. C. Trivedi, Thermal behaviour of graft copolymers of sodium
alginate, Die Angewandte Makromolekulare Chemie, 235(1), 1996, 1-13.

[12] Y. Liu, L. Yang, J. Li, and Z. Shi, Grafting of methyl methacrylate onto sodium alginate
initiated by potassium ditelluratoargentate(l11), Journal of Applied Polymer Science, 97(4), 2005,
1688-1694.

[13] J. M. C. da Feira, J. M. Klein, M. M. de Camargo Forte, Ultrasound-assisted synthesis of
polyacrylamide-grafted sodium alginate and its application in dye removal, Polimeros, 28(2),
2018, 139-146.

[14] C. G. Flores-Herndndez, M. de los Angeles Cornejo-Villegas, A. Moreno-Martell, A. D. Real,
Synthesis of a Biodegradable Polymer of Poly (Sodium Alginate/Ethyl Acrylate). Polymers, 2021,
13(4), 1-12.

[15] J. H. Trivedi, M. D. Thaker and H. C. Trivedi, Photo-Induced Synthesis and Characterization of
Poly (methyl methacrylate) grafte sodium salt of Partially Carboxymethylated Guar Gum. Chinese
Journal of Polymer Science, 32(12), 2014, 1690-1703.

[16] J. H. Trivedi, M. D. Thaker and H. C. Trivedi, Photo-Induced Graft Copolymerization of
Acrylonitrile onto Sodium salt of Partially Carboxymethylated Guar Gum. Journal of Applied
Polymer Science, 132(5), 2015, 1-10.

[17] A. Dholakia, J. Jivani, J. Trivedi, K. Patel and H. Trivedi, UV-Radiation induced graft
copolymerization of methyl methacrylate onto Sodium salt of Partially Carboxymethylated
Psyllium, Journal of Applied Polymer Science, 124(6), 2012, 4945-4952.

[18] J. H. Trivedi, A. B. Dholakia, K. H. Patel and H.C. Trivedi, Photo-Induced Graft
Copolymerization of Methyl Acrylate onto Sodium Salt of Partially Carboxymethylated Psyllium,
Trends in Carbohydrate Research, 1(2), 2009, 38-46.

[19] J. H. Trivedi, W. Min, Y. Huang and H. C. Trivedi, Photo-Induced Sodium salt of Partially
Carboxymethylated Psyllium-gPolyacrylonitrile: 1. Synthesis and Characterization. International
Journal of Scientific and Research Publications, 5(5), 2015, 1-10.

Eur. Chem. Bull. 2023,12(4), 2159-2172 2170


https://www.sciencedirect.com/author/35401330400/david-j-mooney
https://www.sciencedirect.com/author/35401330400/david-j-mooney
https://sciprofiles.com/profile/author/bGQ2bTUxaFRROHk3blpHZjBRZHN3NW81NDlsZjJZdCs1OVFscmRXWG1Vaz0=
https://sciprofiles.com/profile/1268789
https://sciprofiles.com/profile/270454
https://sciprofiles.com/profile/270454
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Shah/Samir+B.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Patel/Chandrakant+P.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/Harikrishna+C.
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/doi/10.1002/apmc.1994.052140108
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Liu/Yinghai
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Yang/Lanying
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Li/Junbo
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Shi/Zengqian
https://onlinelibrary.wiley.com/doi/10.1002/app.21626
https://onlinelibrary.wiley.com/doi/10.1002/app.21626
https://onlinelibrary.wiley.com/doi/10.1002/app.21626
https://onlinelibrary.wiley.com/doi/10.1002/app.21626
https://www.revistapolimeros.org.br/search?q=Jos%C3%A9%20Manoel%20Couto%20da%20Feira&page=&ed=&year=&type=&area=
https://www.revistapolimeros.org.br/search?q=%20Jalma%20Maria%20Klein&page=&ed=&year=&type=&area=
https://www.revistapolimeros.org.br/search?q=%20Maria%20Madalena%20de%20Camargo%20Forte&page=&ed=&year=&type=&area=

Photo-induced Synthesis and Characterization of Graft Copolymer of Sodium .
Salt of Partially Carboxymethylated Sodium Alginate and Methyl Methacrylate Section D-Research paper

[20] J. H. Trivedi, W. Min, Y. Huang and H. C. Trivedi, Photo-induced Sodium salt of Partially
Carboxymethylated Psyllium-g- Polyacrylonitrile: I1l. Synthesis, Characterization and Swelling
Behaviour of its Superabsorbent Hydrogel, Journal of Scientific and Research Publications, 5(5),
2015, 1-10.

[21] J. H. Trivedi, H. A. Joshi and H. C. Trivedi, Na-PCMTKP-g-PMA: Photo-Induced Synthesis and
Characterization, International Journal of Research in Engineering and Applied Sciences, 7(8),
2017, 39-55.

[22] J. H. Trivedi, H. A. Joshi, and H. C. Trivedi, Graft Copolymerization of Acrylonitrile onto Sodium
Salt of Partially Carboxymethylated Tamarind Kernel Powder Using Ceric Ammonium Nitrate as
a Photo-Initiator in an Aqueous Medium Under Ultraviolet-Radiation. Macromolecular Symposia,
398(1), 2021, 1-13.

[23] J. H. Trivedi, H. A. Joshi,and H. C. Trivedi, Synthesis and Characterization of Photo-Graft
Copolymers of Sodium Salt of Partially Carboxymethylated Tamarind Kernel Powder.
Macromolecular Symposia, 398(1), 2021, 1-13.

[24] J. H. Trivedi, A. V. Chourasia, and H. C. Trivedi, Photo-Induced Synthesis and Characterization
of Poly(Methyl Acrylate) Grafted Sodium Salt of Partially Carboxymethylated Sodium Alginate.
Cellulose Chemistry and Technology, 49(1), 2015, 7-19.

[25] G. M. Patel, C. P. Patel, and H. C. Trivedi, Ceric-induced grafting of methyl acrylate onto sodium
salt of partially carboxymethylated sodium alginate. European Polymer Journal, 35(2), 1999, 201-
208.

[26] C. E. Brockway, and P. A. Seaberg, Grafting of polyacrylonitrile to granular corn starch, Journal
of Polymer Science Part A-1: Polymer Chemistry, 5(6), 1967, 1313-1326.

[27] H. Keles, and M. Sacak, Graft copolymerization of methyl methacrylate onto gelatin using
KMnQO4-H,SO, redox system. Journal of Applied Polymer Science, 89(10), 2003, 2836-2844.

[28] K. C. Gupta, S. Sahoo, and K. Khandekar, Graft Copolymerization of Ethyl Acrylate onto
Cellulose Using Ceric Ammonium Nitrate as Initiator in Aqueous Medium. Biomacromolecules,
3(5), 2002, 1087-1094.

[29] V. D. Athawale, and V. Lele, Syntheses and characterization of graft copolymers of maize starch
and methacrylonitrile. Carbohydrate Polymers, 41(4), 2000, 407-416.

[30] A. Akkaya and A. H. Uslan, Sequential immobilization of urease to glycidyl methacrylate grafted
sodium alginate. Journal of Molecular Catalysis B: Enzymatic. 67 (3 & 4), 2010, 195-201.

[31] Z. Wan, Z. Xiong, H. Ren, Y. Huang, H. Liu, H. Xiong, Y. Wu, J. Han, Graft copolymerization of
methyl methacrylate onto bamboo cellulose under microwave irradiation. Carbohydrate Polymers,
83(1), 2011, 264-269.

[32] I. Kaur, R. Kumar, N. Sharma, A comparative study on the graft copolymerization of acrylic acid
onto rayon fiber by a ceric ion redox system and y-radiation method. Carbohydrate Research, 345
(15), 2010, 2164-2173.

[33] V. Kumar, S. Naithani, and D. Pandey, Optimization of reaction conditions for grafting of a-
cellulose isolated from Lantana camara with acrylamide. Carbohydrate Polymers, 86(2), 2011,
760-768.

[34] S. B. Shah, C. P. Patel, H. C. Trivedi. Kinetics and reaction mechanism of fenton's-reagent-
initiated graft copolymerization of acrylonitrile onto sodium alginate, Journal of Applied Polymer
Science, 52(7), 1994, 857-860.

[35] S. Akgin, G. Ekici, N. Mutlu, N. Besirli, and B. Hazer, Synthesis and properties of chitosan-
modified poly(vinyl butyrate), Journal of Polymer Research, 14(3), 2007, 215-221.

[36] A. Tiwari, Gum Arabic-Graft-Polyaniline: An Electrically Active Redox Biomaterial for Sensor
Applications, Journal of Macromolecular Science, Part-A: Pure and Applied Chemistry, 44(7),
2007, 735-745.

[37] G. S. Chauhan, R. Sharma, and H. Lal, Synthesis and Characterization of Graft Copolymers of
Hydroxylpropyl Cellulose with Acrylamide and Some Comonomer. Journal of Applied Polymer
Science, 91(1), 2004, 545-555.

Eur. Chem. Bull. 2023,12(4), 2159-2172 2171


http://euroasiapub.org/na-pcmtkp-g-pma-photo-induced-synthesis-and-characterization/
http://euroasiapub.org/na-pcmtkp-g-pma-photo-induced-synthesis-and-characterization/
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/Jignesh+H.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Joshi/Harshil+A.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/Harikrishna+C.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/Jignesh+H.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Joshi/Harshil+A.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/Harikrishna+C.
https://www.sciencedirect.com/science/article/pii/S0144861799001010
https://www.sciencedirect.com/science/article/pii/S0144861799001010
https://www.sciencedirect.com/science/article/pii/S0144861799001010
https://www.sciencedirect.com/journal/journal-of-molecular-catalysis-b-enzymatic
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Shah/S.+B.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Patel/C.+P.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/H.+C.
https://link.springer.com/article/10.1007/s10965-007-9100-3#auth-Sibel-Akg_n
https://link.springer.com/article/10.1007/s10965-007-9100-3#auth-G_ls_m-Ekici
https://link.springer.com/article/10.1007/s10965-007-9100-3#auth-Nil_fer-Mutlu
https://link.springer.com/article/10.1007/s10965-007-9100-3#auth-Necati-Be_irli
https://link.springer.com/article/10.1007/s10965-007-9100-3#auth-Baki-Hazer

Photo-induced Synthesis and Characterization of Graft Copolymer of Sodium .
Salt of Partially Carboxymethylated Sodium Alginate and Methyl Methacrylate Section D-Research paper

[38] P. Lv, Y. Bin, Y. Li, R. Chen, X. Wang, and B. Zhao, Studies in graft copolymerization of
Chitosan with acrylonitrile by the redox system. Polymer. 50(24), 2009, 5675-5680.

[39] G. Taskin, O. Sanli, and G. Asman, Swelling assisted photo grafting acid onto sodium alginate
membranes. Applied Surface Science, 257(22), 2011, 9444-9450.

[40] D. S. Varma and R. K. Sadhir, Radiation induced graft copolymerization of methyl methacrylate
on natural and modified wool. 11l. Thermal behavior, Die Angewandte Makromolekulare Chemie,
81(1), 1979, 179-191.

[41] J. H. Trivedi, Kiran Kalia, N. K. Patel, and H. C. Trivedi, Graft copolymerization of sodium salt of
partially carboxymethylated guar gum with methyl methacrylate: An examination of the reaction
variables, Journal of Applied Polymer Science, 96(5), 2005, 1855-1864.

Eur. Chem. Bull. 2023,12(4), 2159-2172 2172


https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/J.+H.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Kalia/Kiran
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Patel/N.+K.
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Trivedi/H.+C.

