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Abstract 
An unreported graft copolymer was synthesized by carrying out ceric ammonium nitrate initiated graft 
copolymerization of acrylonitrile onto sodium salt of partially carboxymethylated sodium alginate. The 
synthetic conditions were systematically optimized through studying the effective reaction parameters 
including reaction time, temperature and concentrations of monomer, initiator and nitric acid as well as 
amount of substrate. The influence of these reaction parameters on graft copolymer yields was 
investigated. A possible initiation mechanism of grafting was proposed and the experimental data of the 
graft copolymerization were found to agree well with the proposed kinetic scheme. The overall 
activation energy for the grafting was estimated to be 13.02 kJ/mole. The products of grafting were 
characterized by FTIR, TGA and SEM data. 
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Introduction 

In recent years more attention is given to the modification of natural polymers which are  
extensively utilized and investigated for industrial applications. We have successfully superimposed by 
means of grafting, the physicochemical properties of synthetic monomers onto the properties of 
different natural polymers using ceric ammonium nitrate (CAN) as a very effective redox initiator [1-5]. 
Sodium alginate (SA) is an industrially important marine polysaccharide product extracted from brown 
seaweeds. Alginates are unbranched copolymers of (14) linked  -D-mannuronic acid (M) and -L-
guluronic acid (G) residues [6]. SA due to its excellent physical and chemical properties are widely used 
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in food processing, medical and pharmaceutical industries, as well as in textile industries. Among the 
physicochemical properties, alginate is typically used in the form of a hydrogel. However, SA hydrogels 
suffer from low water absorbency and poor mechanical properties. The present study was undertaken 
with a view to enhancing the water absorption capacity of SA by subjecting the latter to the following 
consequence of treatments:   (i) carboxymethylation of SA leading to the formation of sodium salt of 
partially carboxymethylated sodium   alginate   (Na-PCMSA), (ii)  polymerization  of  acrylonitrile (AN)  
with Na-PCMSA  using CAN as an initiator to synthesize Na-PCMSA-g-PAN and (iii) saponification of the 
graft copolymer, Na-PCMSA-g-PAN under the influence of sodium hydroxide to prepare super absorbent 
hydrogel, H-Na-PCMSA-g-PAN.  

In the present work, we report the evaluation of the optimal reaction conditions  in  the  case  of  CAN  
initiated  grafting of  AN  onto  Na-PCMSA  ( DS= 0.605)  by varying various reaction parameters. The 
synthesized graft copolymer, Na-PCMSA-g-PAN, has also been evaluated for its potential application as a 
superabsorbent hydrogel by carrying out its saponification upon heating it with NaOH at 90-95oC. The 
results regarding the swelling behaviour of the superabsorbent hydrogel, H-Na-PCMSA-g-PAN, in 
different swelling media and its characterization using different techniques will be published 
elsewhere.  
 
Materials and methods 
Materials  
Loba Chemie Pvt. Ltd., Mumbai was kind enough to supply the sample of SA (No. 05761) used in the 
present study. Acrylonitrile (Fluka, No. 110213) was distilled out by following the usual procedure and 
CAN (Qualigens Fine Chemicals Pvt. Ltd. India, No. 16034) was used as received. Analar grade nitric acid  
(No. 29197) was purchased from Qualigens Fine Chemicals Pvt. Ltd. India was used. Fresh solutions of 
the initiator prepared by dissolving the required amount of CAN in nitric acid were used. All other 
reagents and solvents used were of reagent grade. Purified nitrogen gas and low conductivity water 
were used for carrying out graft copolymerization reactions. Preparation and purification of the sodium 
salt of partially carboxymethylated sodium alginate (Na-PCMSA) were done as descried earlier [7]. The 
average degree of substitution DS , which is the average number of carboxymethyl groups in the 
polymer (SA), was determined by following the well known acid-wash method [8] and the value of the 
DSof Na-PCMSA sample was found to be 0.605.  
 
Grafting reaction 
A 500 mL three-necked flask was used and immersed in a constant  temperature bath for grafting 
reactions. In a typical reaction, varying amount (0.5 – 3.0 g) of Na-PCMSA ( DS = 0.605) was dissolved 
in low conductivity water (100 mL) with constant stirring and continuous passage of  nitrogen gas for 
1h at the desired temperature (15–55oC). Freshly prepared 10 mL solution of CAN (10.0 x 10-3 mol/L to  
80.0 x 10-3mol/L) in nitric acid (Nil – 1.0 mol/L) was added in the solution and stirred for 20 min. This 
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was followed by the addition of the freshly distilled acrylonitrile (AN) monomer (0.051 mol/L to      
0.506 mol/L). The grafting reactions were carried out with continuous passage of nitrogen gas for 
different time intervals (0.5 to 10 h). The reaction mixture was then immediately poured into excess of 
methanol when the reaction was completed. The coagulated crude graft copolymer thus obtained was 
then filtered and washed repeatedly first with nitric acid and then with 95% methanol and finally with 
pure methanol. The crude graft copolymer sample after drying under vacuum at 40oC was extracted 
with dimethyl formamide for 48 h to remove the homopolymer (PAN). After the complete removal of 
PAN, the pure graft copolymer was dried at 40oC under vacuum to a constant weight. 
 
Grafting reaction of SA 
The graft copolymerization of AN onto SA was also carried out with a view to understand the effect of 
the introduction of the carboxymethyl groups on the grafting yields. For this purpose we have used the 
optimum reaction conditions evaluated in the ceric ion initiated grafting of AN onto Na-PCMSA ( DS= 
0.605). However, the same experimental procedure as discussed earlier was followed in the case of the 
synthesis of the graft copolymer of SA containing PAN. 
 
Separation of grafted side chains 
In order to separate the grafted side chains, the hydrolysis of the graft copolymer (Na-PCMSA-g-PAN) 
sample was carried out as per the procedure suggested by Brockway [9]. 
 
Fourier transform infra red measurements 
Fourier transform infra red spectra of Na-PCMSA ( DS = 0.605), Na-PCMSA-g-PAN (%G = 376.82) and 
PAN were taken in the wave length region between 400 and 4000 cm-1 at the ambient temperature, 
using Nicolet 400 D FTIR spectrometer with KBr discs. 
 
Thermal analysis 
Thermogravimetric analysis was carried out with Mettler Toledo make (model TGA 851e) 
thermogravimetric analyzer. Analyses were preformed with 8-10 mg samples each of Na-PCMSA ( DS = 
0.605), Na-PCMSA-g-PAN (%G = 376.82) and PAN under a nitrogen atmosphere at a heating rate of 
10oC/min.  
 
Scanning electron microscopy (SEM) 
SEM photographs were taken with a Philips make model ESEM TMP + EDAX to examine the morphology 
and surface structure of Na-PCMSA and PAN grafted Na-PCMSA at the required magnification at room 
temperature. 
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Grafting yields and kinetic parameters 
 
The graft copolymer has been characterized according to the following expressions [10] : 
 

210   X   r homopolyme of   Wt.
graftedPolymer  of Wt.  %G    (i) 
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Results and discussion 
 
Influence of reaction parameters on grafting yields 
The  optimal  reaction  conditions  for  affording  maximum  percentage of grafting in the case of grafting   
of AN onto Na-PCMSA ( DS = 0.605) have been evaluated by varying various reaction parameters.  
 
Effect of amount of Na-PCMSA 
The effect of amount of Na-PCMSA on grafting yields is shown in Figure 1(a). From the results, it can be 
observed that %G continuously decreases with increase in the amount of Na-PCMSA which is attributed 
to the lowering of the value of the ratio of AN to Na-PCMSA. However, grafting efficiency increases 
initially up to Na-PCMSA = 1.5 g and thereafter decreases. The initial increase in %GE is due to the 
production of more and more grafted side chains (PAN) because of easy approach of monomer as well 
as initiator molecules to the vicinity of Na-PCMSA molecules. However, when the concentration of Na-
PCMSA has been increased further, the reaction medium viscosity increases which ultimately restricts 
the movements of macroradicals leading to the decrease in the grafting yields. Similar results have also 
been reported in the literature [7, 10-12].  

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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Effect of initiator concentration 
As it is shown in Figure 1(b), the value of %G increases in the beginning significantly by reaching a 
maximum value (266.71%) at [Ce4+] = 0.04 mol/L beyond which it decreases. In the initial stage with 
the increasing CAN concentration, the number of grafting sites on the backbone increases by the 
interaction of the backbone with the initiator, resulting the increase in the grafting yields. But beyond 
0.04 mol/L of the initiator concentration, the initiator might interact with the monomer molecules 
producing homopolymer, thereby decreasing grafting yields. Similar results are also reported in the 
literature [10, 13-16]. 
 
Effect of nitric acid concentration 
Figure 1(c) represents the influence of the nitric acid concentration on the grafting yields. It is 
interesting to note from this figure that even in absence of acid, the higher value of %G is observed 
which may be attributed to the availability of more functional groups of Na-PCMSA for graft formation. 
It can be further observed from this figure that %G increases with the increase in nitric acid 
concentration up to optimum value (0.5 mol/L) at which maximum percent of grafting (%G = 167.99) is 
observed. Beyond this optimum value, the value of %G decreases probably due to termination of 
growing grafted chains (PAN), which has accelerated because of formation of considerable amount of 
Ce4+ and [Ce(OH)3]3+. The afore mentioned effect of nitric acid on the grafting yields is also observed in 
other polymerization systems [10, 17-19].  
 
Effect of AN concentration 
The graft copolymerization has been recorded at different concentrations of AN ranging from             
0.051 mol/L to 0.506 mol/L keeping other parameters constant and the results are illustrated in Figure 
1(d). The observed continuous increase in %G is attributed to the greater availability of grafting sites on 
Na-PCMSA macroradicals to monomer molecules resulting in the enhancement of chain initiation and 
thereafter they themselves become donor of free radicals to the neighbouring molecules causing the 
lowering of termination. On the other hand, the value of %GE remains almost constant within the whole 
range of monomer concentration range studied. Similar results have also been reported in the literature 
[7, 10, 20, 21].  
 
Effect of reaction temperature 
The effect of temperature on grafting yields has been studied from 15oC to 55oC and the results are 
shown in Figure 1(e). It can be observed that there is an increase in the value of the grafting yields as 
temperature increases from 15oC to 35oC. However, beyond 35oC, the decrease in the value of grafting 
yields is observed. The increment in the grafting yields up to 35oC is attributed to the fact that with 
increase in temperature, the rate of production of primary free radicals increase, resulting in the 
increase in the rate of polymerization. However, the observed decrease in grafting yields beyond 35oC is 
due to increased chain termination reactions between monomer molecules and grafted chains.  
Similar results are also reported in the literature [14, 20, 22-25]. 
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Effect of reaction time 
In order to analyze the influence of the reaction time on the grafting yields, the graft copolymerization 
was conducted at different time intervals, with all other conditions kept constant. As evident from 
Figure 1(f) the value of %G increases with the reaction time up to 5h and there after it decreases. The 
observed increasing trend clearly indicates that new graft sites are formed on the active sites of the Na-
PCMSA backbone along with the time. However, with further increase in reaction time beyond 5h, the 
concentrations of monomer and initiator in the system get decreased resulting in decrease in %G. Our 
observations are also in line with those reported elsewhere [14, 19, 26-28]. 
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Figure 1. Influence of (a) amount of sodium salt of partially carboxymethylated sodium alginate;           

(b) ceric ammonium nitrate (CAN) concentration; (c) nitric acid concentration;                               
(d) acrylonitrile (AN) concentration; (e) reaction temperature and (f) reaction time on:            

(●) - %G; or (▲) - %GE 
 
 
Kinetics and mechanism 
Figure 2 represents the free radical mechanistic pathway for the graft copolymerization of AN onto     
Na-PCMSA  ( DS = 0.605)  using  CAN  as the redox initiator. The present experimental results have been 
analyzed in light of the kinetic scheme proposed earlier by us [11] and accordingly the equations for the 
values of Rp and Rg have also been suggested. Thus, the data of the initiator concentration dependence 
of Rg have been treated in light of equations (12) and (15) of the proposed kinetic scheme [11] and the 
typical plot obtained is shown in Figure 3(a). As shown in the figure, the linear relationship at lower 
[CAN] and non-linear relationship at higher [CAN] lead to show that the termination takes place 
respectively by recombination of double radicals and by sing radical. The equation (20) of the kinetic 
scheme proposed earlier [11] represents the influence of the concentrations of monomer as well as 
initiator on the overall rate of polymerization (Rp). The present experimental data have also been 
analyzed in light of the equation (20) and the results are shown in Figure 3(b).  Thus, the  results  of  
Figures  3(a) and 3(b) are found to be in good agreement with the  
kinetic scheme proposed earlier [11]. 
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Figure 2. Mechanistic pathway for the synthesis of Na-PCMSA-g-PAN 
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Activation energy of grafting    
The value of the overall activation energy of grafting (Eg) was calculated from the plot of ln% G versus 1/T  
(as shown in Figure 4) and was found to be 1.78 kJ/mol. 
 

  
Figure 4. Plot of natural log of percentage grafting versus T-1 

 
Influence of substrate structure 
To study the influence of introducing functional group(s) like carboxymethyl in the SA molecule on its 
susceptibility toward grafting, ceric ion initiated grafting of AN onto SA was also carried out using the 
optimal reaction conditions obtained as discussed above and the results of the grafting yields were 
found to be %G = 259.37, %GE = 93.85 and %Hp = 6.15. It thus, becomes evident that the introduction of 
carboxymethyl groups in SA moiety enhances the behaviour of SA toward grafting of AN. As a result of 
this, the values of %G and %GE are found to be higher in the case of grafting of AN onto Na-PCMSA 
( DS = 0.605) compared to SA. The introduction of carboxymethyl groups, therefore, will increase 
further the swellability of SA as well as ionization of carboxyl groups along the SA chains which will 
ultimately increase the reactivity of SA towards grafting [29, 30]. 
 
Characterization 
FTIR analysis 
FTIR is a promising tool to identify unknown substances and therefore it is used in the present work to 
get authenticated information about the incorporation of carboxymethyl groups in SA as well as 
evidence of grafting.  From the FTIR spectrum, it is observed that Na-PCMSA [Figure 5(a)] sample 
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showed a broad absorption band at 3431 cm-1 for -OH stretching vibrations. The bands at  1745 cm-1 
and at 2933 cm-1 are assigned to C= O stretching  and –CH stretching, respectively. The two other 
absorption bands, one at 1620 cm-1 and other at 1420 cm-1, for the COO groups, which is a strong 
proof of formation of Na-PCMSA from SA. 
The FTIR spectra of Na-PCMSA-g-PAN and PAN (isolated by hydrolysis) are shown in Figures 5(b) and 
5(c) respectively. The IR spectrum of the grafted sample showed an additional sharp absorption band at 
2245 cm-1 due to -CN stretching, characteristic of the spectrum of PAN [Figure 5(c)], thereby 
confirming the grafting of AN onto Na-PCMSA. 

 Figure 5. FTIR spectra of (a) Na-PCMSA; (b) Na-PCMSA-g-PAN and (c) PAN 
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Thermogravimetric analysis (TGA)  
The primary thermograms obtained at a scan rate of 10oC/min for Na-PCMSA ( DS= 0.605) (S1),          
Na-PCMSA-g-PAN (S2) and PAN (S3) samples in an inert atmosphere are shown in Figure 6 and the 
corresponding thermal characteristics are given in Table 1. The TGA of Na-PCMSA sample shows a 
weight loss at two stages. The first stage ranges between 70oC and 550oC and shows about 62.5% loss in 
weight with a maximum rate of weight loss occurring at 245oC. The second stage of weight loss starts at 
550oC and continues up to 650oC. In this temperature range, 550-650oC, there is about 16% of weight 
loss with a maximum weight of loss occurring at 605oC. The sample leaves about 17% weight residue. 
 

  
Figure 6. TG thermograms for Na-PCMSA (S1); Na-PCMSA-g-PAN (S2) and PAN (S3) at     10oC/min 
 
The TGA of Na-PCMSA-g-PAN undergoes a weight loss in two stages. During the first stage the 
decomposition starts from 115oC and it continues gradually up to 335oC involving about 37.5% weight 
loss with a maximum weight loss at 245oC. Over a temperature range 335-525oC, the second stage of 
decomposition involves about 47.5% weight loss with a maximum rate of weight loss at 415oC. About 
13% residue is left out by the sample.   
In the case of PAN, the weight loss also occurs in two stages. The first stage involves a temperature 
range 200-350oC, resulting in 15% weight loss, the rate of weight loss reaching a maximum at 275oC.   In   
the  temperature  range,  350-700oC,  the   second  step  shows  about  45%  weight  loss,  
exhibiting maximum rate of weight loss at 515oC. The sample leaves about 39% residue.  
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Table 1. Thermogravimetric analysis of Na-PCMSA ( DS= 0.605), Na-PCMSA-g-PAN and PAN samples. 

 
 
 
 
 
 

Sample TioC 
 

(IDT) 

Tf oC 
 

(FDT) 

Tmax ( oC) Decomposition temperature (TD) at every 10% wt. loss 

Step-1 Step-2 10% 20% 30% 40% 50% 60% 70% 80%   90% 

Na-PCMSA (S1) 70 810 245 605 175 220 245 255 295 405 605 735 _ 
Na-PCMSA-g-PAN (S2) 115 525 245 415 205 250 285 360 390 410 425 445 _ 

PAN (S3) 200 705 275 515 305 435 505 540 565 700 _ _ _ 

70 
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Scanning electron microscopy (SEM) 
The comparison of the morphology of the grafted sample [Figure 7 (b)] with ungrafted sample   [Figure 
7(a)] shows that the grafted chains have drastically changed the topology of the Na-PCMSA ( DS = 
0.605) sample. Thus, the morphological studies also provide the evidence of the occurrence of grafting.  
 
 
 
 
 
 
 
 
 
 
 
 
                                   
  
                                    (a) 
 

 
 
 
 
 
 
 
 
 
 
 
                                
 
                                   (b) 
 

Figure 7. Scanning Electron Micrographs of (a) Na-PCMSA (500X) and (b) Na-PCMSA-g-PAN (500X). 
 
Conclusions 
We have established for the first time the optimum reaction conditions for ceric-induced graft 
copolymerization of AN onto Na-PCMSA ( DS = 0.605) by varying various reaction parameters. The 
maximum values of the grafting yields (% G = 376.82; % GE = 96.46 and %Hp = 3.54) are achieved 
under the optimum reaction conditions that found to be: Na-PCMSA ( DS = 0.605) = 0.5g, [CAN] = 0.04 
mol/L, [HNO3] = 0.50 mol/L, [AN] = 0.203 mol/L, Time = 5h, Temperature = 35oC and Total volume = 
150 mL. The influence of the reaction parameters on grafting yields has been discussed. The 
experimental results have been analyzed in terms of the kinetic scheme proposed earlier and are found 
to be in good agreement with it. The overall activation energy for grafting (Eg) has been found to be 1.78 
kJ/mol. The influence of the introduction of carboxymethyl groups in SA molecule on its behaviour 
toward grafting with AN has also been investigated. The grafting process has been confirmed and the 
products are characterized by FTIR, TGA and SEM techniques. The synthesized graft copolymer,           
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Na-PCMSA-g-PAN, after alkaline hydrolysis leads to the formation of the superabsorbent hydrogel,       
H-Na-PCMSA-g-PAN, which may find its potential applications as personal health care products. 
We acknowledge the Ministry of Earth Sciences (MoES), New Delhi, India for support and funding under 
project number No. 11-MRDF/1/40/P/07, dtd. 21/2/2008. 
The authors have declared no conflict of interest. 
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