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INTRODUCTION 
  The study of the kinetics and mechanism of 
different polymerizations is very important for a 
better understanding of laboratory and industrial 
products. These studies can be in the field of 
investigating the kinetics of various 
polymerizations such as radical [1], cationic [2], 
anionic [3] or ring-opening [4]. Beers describes 
how atom transfer radical polymerization (ATRP) 
into the mechanism and kinetics polymerization 
process [5]. Graft copolymerization is a useful 
technique for modifying the properties of the 
synthetic and natural polymers [6]. Therefore, it is 
very important to study the kinetics of grafting. In 
this way, the grafting percentage, reaction rate, 
reaction efficiency, branch length and molecular 
mass of the final polymer can be achieved [7]. 
Application of chitosan grafted materials in 
biomedical gloves, cosmetic, artificial skin and 
dressings are very attractive [8]. The high 
proportion of amino functions in chitosan has 
been found to provide novel binding properties in 
hydrogel exhibiting a great potential for burn 
treatment [9]. Chitosan and its composites are also 
considered as a good candidate for the drug 
delivery system [10], enhanced antimicrobial and 
wound-healing activity [11] and biomedical 
application [12]. 

Conducting polymers (CPs) are at the focal point 
of technology generation and bio-communication 
materials. These compounds in the form of 
homopolymers and copolymers are widely used in 
various medical, military and industrial 

applications [13-15]. These polymers are called 
intelligent polymers and have unique uses in 
various forms with other compounds as 
nanocomposites [16]. Preparation and kinetics of 
graft copolymerization of chitosan and (CPs) were 
investigated, too [14]. 

In the preceding works, copolymer of polyaniline 
grafted on polyvinyl propionate for some of 
pesticide poisons sensor were reported [18]. In the 
last work, Chitosan-g-Polyaniline (Chitaline) was 
carried out by chemical and electrochemically 
polymerization [19] and Kinetics of 
copolymerization of 2-anilinoethanol onto chitosan 
by ammonium peroxydisulfate as initiator was 
studied, too [20]. 

In this work, we investigated kinetic behavior of 
formation of Chitaline. So, the effects of 
concentration of APS, ANI and the reaction time on 
graft copolymerization were studied by 
determining the grafting percentage, grafting 
efficiency and percentage add-on. In continue we 
measured the efficiency (%E) and grafting (%G) 
percentages and electrical conductivities of the 
graft copolymer. Figure 1 shows all steps of 
formation of Chitaline. 

EXPERIMENTAL  
Materials 

Chemicals used in this study were American 
Chemical Society (ACS) grade. The sample of pure 
chitosan was obtained as a gift from Fluka 
Chemical Co. Its degree of deacetylation >85% and 
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the molecular weight was 600,000. According to 
the publications chitosan flakes are being grinded 
to powders and dried under vacuum at room 
temperature. Aniline (Merck) was dried with 

NaOH, fractionally distillated under reduced 
pressure from sodium or CaH2. Other chemicals 
and solvents were purified as per standard 
procedure before use. 

. 

Figure 1. All steps of formation of Chitaline 

Chemical synthesis chitosan-polyaniline graft 
copolymer (Chitaline) 

Chemical graft copolymerization was carried out 
in a 100 mL four-necked flask equipped with 
thermometer, condenser, stirrer and gas inlet. In a 
typical reaction, 0.4 g chitosan in 30 mL acetic acid 
2% was added with constant stirring under 
nitrogen and degassed for 1 hrs. The solution from 
1.23 g (0.0054 mol) APS in 20 mL acetic acid (2%) 
was added to flask in 0-5oC. The mixture was kept 
under N2 atmosphere, then 0.5 g (0.0054 mol) 
aniline suspended in 10 mL distilled water and 
was added dropwise via a syringe through a 
rubber septum. The solution was reacted at room 
temperature with magnetic stirring in nitrogen 
atmosphere. After a further 12 h continuous 
stirring, the mixture became a black solution. The 
precipitate obtained was collected by filtration and 
thoroughly washed with distilled water and 

methanol. Dried at 40oC for 24 h under vacuum, a 
green black powder was obtained. 

Electrochemical synthesis chitosan-polyaniline 
graft copolymer (Chitaline) 

Electrochemical polymerization carried out by 
coating chitosan on surface Pt disk working 
electrode, then growth PANI onto chitosan in 
acidic solution. Chit-g-PANI was prepared by 
applying intended potential to the electrode using 
potentiostat. In this electrolysis a standard three-
electrode cell, without any cell partition, using a Pt 
working electrode a Pt counter electrode, and 
Ag/AgCl electrode as a reference electrode was 
employed. The electrolyte solution consisted of 0.1 
M aniline in 20 mL of 50:50 (v/v) mixtures of 0.1 
M sulfuric acid and 1 M hydrochloric acid in water. 
The potential range for electrochemical 
polymerization and the scan rate were -0.5 to 2 V 
(versus Ag/AgCl) and 50 mVs-1, respectively. 
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RESULT AND DISCUSSION  

Chemical modifications will open ways to 
various utilizations of polysaccharides. Of possible 
modifications, graft copolymerization is 
anticipated to be quit promising for developing 
sophisticated functions; it would enable a wide 
variety of molecular designs to afford novel types 
of tailored hybrid materials composed of natural 
polysaccharides and synthetic polymers. Graft 
copolymerization of synthetic polymers onto 
chitosan can introduce desired properties and 
enlarge the field of the potential applications of 
them by choosing various types of side chains. 

Conductivity measurements 

The conductivities of PANI, PANI grafted and un-
grafted onto chitosan were measured. Table 1 
shows the effect of the weight ratio of 

chitosan/aniline on the conductivity. Chitaline 
showed a good conductivity value better than of 
pure chitosan and lower than PANI. It is not quit 
clear how the polymer grafted modifies the 
conductivity of the polymer. However, besides the 
chemical structure and chain conformation, there 
are many factors that may influence the 
conductivity, such as chain packing and 
morphology of the polymer. The backbone 
polymer, chitosan, can be expected to increase the 
torsional angle between adjacent rings to relieve 
the steric strain. This may contribute to the lower 
conductivities of Chitaline as compared to the 
unsubstituted PANI. It was found that the 
conductivity values increased with increase in % 
grafting (Table 1). This confirms the chemical 
grafting of PANI onto chitosan matrix [20,21]. 
Conductivity changes were measured with a four-
probe device (home-made, ASTM Standards, F 4

93).  

Rate measurements 

The rate of grafting (Rg), rate of 
homopolymerization (Rh), grafting and efficiency 
percentages were calculated as follows

. 

 

Rg = 1000

W2-W3

W3-W1
*

Rh = * 1000

V.T.MANI

V.T.MANI  

% grafting  = 100

W2-W3

W3-W1
*

% efficiency  = * 100

W1

W4  

where t=reaction time, M=molecular weight of the monomer and V=total volume of the reaction mixture. 

Effect of ANI concentration on Rh and graft 
parameters 

The graft copolymerization has been recorded at 
different concentrations of [ANI] ranging from 0.1 
to 0.4 mol/L at constant concentrations of [APS] 
(0.2 mol/L) and chitosan (0.1 g) at 25±0.1°C. The 
effect of varying the [ANI] on Rh and graft 
parameters such as Rg, %G and %E are presented 
in Table 2. The Rg at different concentrations of 
[ANI] has been used to determine the order of 
reaction by drawing a plot between Rg and 
concentration of [ANI]. So, effect of [ANI]/chitosan 
ratio on graft copolymerization of [ANI] onto 
chitosan is depicted in Figure 2, too. The %G and 
%E have shown an increase trend with the 
increasing of [ANI] concentration. In the [ANI] 
concentration range of 0.1 to 0.4 mol/L, Rh, Rg and 
other graft parameters value apparently increased 
as the [ANI] concentration grew because the local 
[ANI] concentration in or around the soluble 
chitosan increased. This helped the diffusion of the 
monomer molecules into the radical centers on the 

backbone. The plots of Rh and graft parameters vs. 
[ANI] are drawn. The plot indicates the first order 
dependence of Rh and Rg on [ANI] and intercept of 
the plots Rh and Rg vs. [ANI] were noted. 

Effect of APS Concentration on Rh and graft 
parameters 

The graft copolymerization of ANI onto chitosan 
has been studied at [APS] concentration rang 0.5 
to 3 mol/L and constant concentrations of [ANI] 
(0.2 mol/L) and chitosan (0.1 g). The effects of 
varying the [APS] on Rh and graft parameters are 
presented in Table 3. Here again the Rh and Rg 
values showed increasing trend with [APS]. In a 
separate set of experimental conditions different 
from the above mentioned conditions, the effect of 
[APS] on Rh and graft parameters were studied 
(Figure 3). The increasing trends in grafting 
parameters have been attributed to the formation 
of more active sites on chitosan with the 
increasing concentration of [APS] in the reaction 
mixture. The produced active sites were consumed 
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in the formation of grafted chains on chitosan, 
which is apparent from the increasing trend in the 
%G and %E magnitudes. In addition, the initiating 
process for APS in graft copolymerization is 
similar to that of those common free cation-radical 
initiators, which first decompose and form free 
cation-radicals and then these free cation-radicals 
react with the monomers and start the 
propagation of the chains. On the other hand, 
increasing free cation-radicals can be increase rate 
of termination steps, so we can see low molecular 
weight for copolymer. 

The plots of Rh, Rg, %G and %E vs. [APS] were 
drawn. The Rg calculated at different 
concentrations of [APS] was used to determine the 
order of reaction with respect to the concentration 
of [APS] as shown in Figure 3. In this Figure, there 
is a linear relation between the rate of graft 
copolymerization and sub-duplicate concentration 
of [APS], indicating half order with respect to the 
concentration of [APS]. This half order 
dependence of concentration of [APS] has 
suggested the termination of grafted and 
ungrafted chains by bi-molecular coupling of two 
growing chains. 

Table 2. Effect of [ANI] on Rh and graft parameters 

        [APS]= 0.2 molL-1, HCl=0.1 M, weight of chitosan= 0.1 g 

 

Figure 2. The plots of variation of Rh and graft parameters (Rg, %G, %E) at different [ANI] in 

presence of fixed of [APS] and [chitosan] 

Effect of chitosan concentration 

The graft copolymerization of ANI onto chitosan 
has been carried out at different concentrations of 
chitosan ranging from 0.075 to 0.30 g but at 
constant concentrations of [ANI] (0.2 mol/L) and 
[APS] (0.2 mol/L). The effect of amount of chitosan 

on Rh and graft parameters were studied under the 
conditions mentioned in Table 4. Rh and Rg 
increased with increase in amount of chitosan. 
Effect of the concentration of chitosan on %G and 
%E were plotted in Figure 4. The results show that 
%G was reduced if the amount of [chitosan] was 
increased, because the ratio of the [ANI] to 

[ANI] 

(mol L-1) 

Rh × 107 

(mol L-1 S-1) 

Rg× 107 

(mol L-1 S-1) 
%Grafting %Efficiency 

0.1 4.2 2.1 11.5 8.5 

0.2 8.9 4.0 16.5 12.5 

0.3 12.1 6.2 22.4 15.1 

0.4 14.2 8.2 24.4 18.9 
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[chitosan] was lowered. The slope values of the 
plots were found to be close to one indicating first 
order dependence of Rh and Rg on weight of 
chitosan. These plots were found to be linear and 
passing through the origin. The linear plots 
support the clear first order dependence of Rh and 
Rg on backbone amount. This led to a decrease in 
the [ANI] concentration in every chitosan 
molecule, even though the graft rate becomes fast 
because of the greater number of cation radical 
centers formed on the backbone as a whole. 

Table.3 Effect of [APS] on Rh and graft 
parameters 

[ANI]= 0.2 molL-1, HCl=0.1 M,  
weight of chitosan= 0.1 g 

 
Figure 3. The plots of variation of Rh and graft 
parameters (Rg, %G, %E) at different [APS] in 
presence of fixed of [ANI] and [chitosan] 

Chemical structures 

Cation radical formation on chitosan 
macromolecules is a key issue in discussing the 
graft mechanism. The mechanism suggested for 

graft copolymerization of PANI onto chitosan in 
this paper is based on the mechanism proposed by 
a few research groups [20]. Wang et al [22] 
explained the formation of homopolymer via 
cation radical and mechanism for the graft 
copolymerization of PANI onto various natural 
polymers by chemical and electrochemical 
methods. Taking the above mechanisms as basis, a 
probable mechanism is suggested here to explain 
the modification of chitosan through chemical 
grafting. On the basis of the observed experimental 
data for graft copolymerization of ANI onto 
chitosan in the presence of APS, the creation of 
free cation radicals during the graft 
copolymerization of ANI onto chitosan may be 
described by the following equations: 

Table 4. Effect of [Chitosan] on Rh and graft 
parameters 
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Figure 4. The plots of variation of Rh and graft 
parameters (Rg, %G, %E) at different 
[chitosan] in presence of fixed of [ANI] and 
[APS] 
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Initiation reactions

ANI  +  APS ANI   +   Products

APS (R )

R +  Chitosan Chitosan

R +  ANI ANI

Chitosan  +  APS Chitosan

2SO4

 

ANI

Homopolymerization

ANI    + Dimer  +  2H

R

R

Dimer    +  Products

Dimer    +  ProductsDimer  +

Dimer  +  APS

Tetramer    +  Products

Dimer    +  Dimer Tetramer  +  2H

Tetramer  +  APS

RTetramer  + Tetramer    +  Products

Tetramer  +  ANI Oligomer

Tetramer    + OligomerTetramer

Oligomer  +  APS Oligomer

Oligomer Oligomer+ Homopolymer  (PANI)  +  2H+

PANIPANI  +  +  Products

PANI  +  APS PANI  +  Products

PANI  +  ANI   +  PANI

(auto acceleration)

ANI

Oligomer + Homopolymer  (PANI)ANI
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Chitosan  +  APS Chitosan

Graft copolymerization

+  ANIChitosan Chit-ANI

Chit-ANI +  ANI Chit-ANI-ANI

Chit-ANI +  ANI Chit-Dimer  +  2H

Chit-ANI-ANI

Chit-Dimer  +  APS Chit-Dimer  +  Products

Chit-Dimer +  ANI

+  ANI

Chit-Oligomer

Chit-Oligomer +  ANI Graft copolymer (Chit-g-PANI)

In a grafting system of ANI, APS and chitosan, the 
relation of the rate of grafting (Rg) with the 
monomer, chitosan and initiator concentrations 
after calculations of slope of lines from Table 2-4, 
can be written as 
Rg α [APS]1.66,  Rg α [ANI]1.76,  Rg α [chitosan]1.08    
so;Rg = K[APS]1.66[ANI]1.76[chitosan]1.08 
 

CONCLUSION  

Graft copolymerization was employed as an 
important technique to obtain a chemically 
modified chitosan. The APS has been found to be 
an efficient initiator for graft copolymerization of 
ANI onto chitosan in aqueous medium. Percent 
grafting and efficiency were calculated by 
gravimetry. The extent of grafting of ANI onto 
chitosan has shown dependence on concentration 
of ANI, APS, chitosan and the time reaction of graft 
copolymerization. There are higher graft 
percentage and lower homopolymer formation. 
Free cation-radical formation steps for graft 
copolymerization were described. The reaction 
rate for the graft copolymerization of ANI onto 
chitosan under the initiation of APS was according 
to the equation of  
Rg = K[APS]1.66[ANI]1.76[chitosan]1.08. 
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