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Synthesis and Kinetic Study of Chitosan – g- Poly (acrylic acid) Nanoparticles.(Part I)
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Abstract: Chitosan (CS)-g–poly(acrylic acid) (PAA) nanoparticles, which are well dispersed and
stable in aqueous solution, have been prepared by template polymerization of acrylic acid (AA) in
chitosan solution. The physicochemical properties of nanoparticles were investigated by using FT-IR,
and transmission electron microscope. The optimum conditions for the preparation of the nanoparticled
were found to be 10 g/l chitosan concentration with 1:1 weight ratio of CS:AA, initiators ratio
(persulfate: bisulfate) 2:1 with 1.5 g/l for persulfate, the temperature was 50 oC and 10 minutes
reaction time. It was found that the molecular weight of PAA in nanoparticles increased with the
increase of molecular weight of CS, indicating that the polymerization of acrylic acid in the chitosan
solution was a template polymerization. It was also found that the prepared nanoparticles may reach a
size of 1nm using an agitation speed of 500 rpm.
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INTRODUCTION
Nanoparticle synthesis is currently intensely researched due to its wide variety of potential applications.
The use of natural polysaccharides in the preparation of nanoparticles has attracted attention (Huang et al. 2005;
Sarmento et al. 2006; Bertholon et al. 2006; Vanthienen and Ralmdonck 2007) due to their biocompatibility,
biodegradability, and hydrophilic properties, which are favorable characteristics in various applications.
Chitosan is a natural nontoxic biopolymer derived by the deacetylation of chitin. Chitosan and its
derivatives have attracted considerable interest due to their antimicrobial and antifungal activity (Vanthienen
and Ralmdonck 1984; Sudarshan et al. 1992; Tsai and Su 1999). It has been used widely as an adsorbent for
transition metal ions like Cu (Wan et al. 2004) and acid dyes (Wong et al. 2004; Wong et al. 2003), because the
amino (–NH2) and hydroxyl (–OH) groups on chitosan chains can serve as the coordination and reaction sites.
Several natural polymeric support materials belonging to the class of polysaccharides have some inherent
disadvantages such as poor mechanical strength, susceptibility to microbial degradation, uncontrolled water
uptake, low binding capacity (Bayramoglu 2003; Shentu et al. 2005; Mondal and Gupta 2006; Bayramoglu et
al. 2007). To overcome these problems efforts have been made to develop chemically modified
chromatographic supports by combining them with synthetic monomers (El-Tahlawy et al. 2006; Fu et al. 2006;
Sun et al. 2006; Sun et al. 2005). Among them, graft polymerization (especially grafting with functional
pendant group carrying acrylate monomer such as acrylic or methacrylic acid) onto chitosan could introduce a
brush side chain on the chitosan backbone (El-Tahlawy et al. 2006; Fu et al. 2006).
In the present work, a study of the preparation of the nano-particles cation exchange resin prepared via the
application of the predominant radical graft polymerization of acrylic acid onto chitosan using ammonium
persulfate / sodium bisulfite initiating system are conducted. The ability of controlling nanoparticle size can also
be investigated.
2. Materials and Techniques:
2.1. Materials:
The raw materials used for the ion exchange preparation are:
 The chitosan (CS) used in this study was purchased from HAS HMRZEL Laboratories LTd (Netherlands)
and had a molecular weight of 600 000.
 The acrylic acid was purchased from Sd.Finc.Chem. Limited (Laboratory grade for synthesis) and was
freshly distilled under reduced pressure to eliminate any inhibitors.
 Both initiators (amonium persulfate and sodium bisulfite) and other chemicals were of analytical reagent
and used as received.
2.2. Experimental Procedure:
The graft copolymerization reaction was performed in a 250 ml quick fit conical flask immersed into a
thermostatic water bath preset at the required operating temperature (30-60 oC). In a typical experiment, a
required amount of chitosan (2-20g/l) was dissolved in 50 ml acrylic acid solution of pre-determined
concentration (10-50 g/l) under shaking. A clear solution was obtained. After adjustment of temperature, the
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desired amount of initiators (redox system) was added to the solution (ammonium persulfate followed by
sodium bisulfite). The reaction mixture was allowed to react under regular shaking (120 rpm), and during the
polymerization an opalescent suspension begins to appear. After the desired reaction time (5-90 min), few drops
of 250 ppm hydroquinone (in methanol) were immediately added to the reaction product while cooling in an ice
bath for ceasing the polymerization reaction. Next, a 50 ml of ethanol was added to induce precipitation. The
suspension was centrifuged and the supernatant was discarded. The grafted product was washed and then oven
dried at 80°C at a constant weight. Finally, the copolymer Chit-g- PAA was immersed into a dimethyl
formamide (DMF) solution under magnetic stirring over night to remove any traces of the homopolymer (PAA)
which may be physically adhered to the product particles. It is worth noting herein to mention that this step
gives negative results. The final copolymer was centrifuged and dried to a constant weight.
2.3. Analytical Methods:
a) – Percentage Graft Yield (% GY) and Nanoparticle Yield (% NPY):
The percentage of grafting is defined as being the increase percent in chitosan weight after grafting, and
was calculated by the following equation:
% GY = (Wp – Wo) /Wo x 100
Where:
Wp = weight of grafted product (CS – PAA).
(resultant sediment nanoparticles).
Wo = weight of original chitosan.
And the nanoparticle yield was defined as follows:
% NPY = (Wo + AAo) x 100/ Wp
Where AAo = weight of initial monomer.
b) Transmission Electron Microscopy (TED):
Transmission electron microscopy (TEM) (JEOL – TEM – 1230, Japan) was used to observe the
morphology of the CS-PAA graft. The samples were placed onto copper grill covered with carbon film. These
were dried at room temperature, and then were examined using a TEM without being negative stained.
c) FTIR Spectral Analysis:
To determine the chemical interaction between the chitosan and the poly-acrylic acid, the infra-red spectra
of grafted product and both reactants were recorded by Fourier transform infra-red spectrophotometer (FT-IR)
(FT-IR Jasco vacuum type). Measurements were carried out using potassium bromide pellets technique.
3. Identification of Results:
This section is concerned with the study of the different factors, which are expected to have the greatest
influence on the graft polymerization, mainly the reactants concentration (chitosan, monomer and both
initiators), reaction temperature and reaction time. The experimental results are presented, discussed and
compared with pertinent results and information available in the literature.
Random experimental runs exhibited a reproducibility of ± 8% in average, within the acceptable range in
the study of graft polymerization.
3.1 Evidence of Graft:
The grafting confirmation was obtained from the FT-IR spectra of (a) pure chitosan, (b) pure polyacrylic
acid and (c) the resulted product CS-g-PAA. As shown in Figure (1), in the spectrum of chitosan (a), it can be
observed the characteristic absorption peak at 3437 cm-1, assigned to stretching vibration of NH2 and OH
groups. Amide I and II of chitosan itself are located at 1643 cm-1 and 1548 cm-1 respectively (Chavasit et al.
1988). And in the spectrum of PAA (b), the characteristic carbonyl absorption bands around 1617 cm-1. Owing
to the grafting of the PAA onto the chitosan backbone (c), the intensities of these two bands (I and II) decrease
clearly which can be attributed to the absorption peaks of the carboxyl groups of PAA. These data confirm the
formation of CS-g-PAA effectively.
3.2. The Effect of Chitosan Concentration:
Figure (2) illustrates the effect of concentration of chitosan on the percent graft yield (% GY) as well as on
the percent nanoparticles yield (%NPY), within the range 2 – 20g/l at constant initiators and monomer
concentrations, temperature and polymerization time. Obviously, the graft yield percent exhibits a maximum at
10 g/l (equivalent to CS and PAA mass ratio of 1:1), below or above this particular concentration the percent
graft yield is much lower. This indicates that, the integrated surface area of the chitosan greatly affect the
diffusion of the monomer and free radical formation on the chitosan backbone. According to (Hu et al. 2002),
when the polymerization of acrylic acid reached a certain level, inter -and – intra-molecular linkages occurred
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between carboxyl groups of poly acrylic acid (PAA) and positively charged amino groups of chitosan (CS).
These linkages could cause the rolling – up of the macromolecular chains of chitosan which is believed to result
in the formation of the gelation of the chitosan solution. This gel effect is more pronounced with the increase in
the chitosan concentration which restricts the chain propagation reaction, resulting in a decrease in the percent
graft yield, while the percent nanoparticle yield remains constant beyond the optimal chitosan concentration, as
shown in Figure (2).

Fig. 1: IR spectrum of CS-g-PAA: (a) CS, (b) CS-g-PAA, (c) PAA.
3.3. The Effect of Initiator Couple Concentration:
The concentration of initiator has a decisive effect on the grafting process. Keeping the other factors
constant, the effect of the redox couple (persulfate – bisulfite) concentrations on both graft yield and
nanoparticle yield percents are illustrated in Figure (3) and Figure (4) respectively.
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Fig. 2: Effect of chitosan concentration on grafting yield and nano particles yield at temperature 50 oC, 10 g/l
acrylic acid concentration, 1.5 g/l persulfate concentration, 0.75 g/l bisulfite concentrationand 90 minute
reaction time.

Fig. 3: Effect of Persulfate concentration on grafting yield and nano particles yield at temperature 50ºC, 10 g/l
acrylic acid concentration, 10 g/l chitosan concentration, 0.75 g/l bisulfite concentration and 90 minute
reaction time.
It can be noticed that the percent graft yield is lower than that at higher persulfate concentration. This can
be expected considering the mechanism of copolymerization. Upon heating the used reagent involves a redox
reaction between the sulfate and sulfonate ions, generating free radicals. These radicals are believed to be
responsible for creating the macro radicals on the chitosan backbone, by means of hydrogen abstraction that
initiate the growth of grafted chains with the acrylic acid (Zohuriaan–Mehr 2005). On the other hand, with
increasing the bisulfite concentration, a slight increase in the graft yield is observed at low concentration
followed by a steady-grafting yield at higher values. This slight dependency of the bisulfite concentration was
also observed in the work reported by (Pohl and Rodriguez 1980) concerning the polymerization of acrylamide
using the same redox system. Although, the persulfate alone is an adequate initiator for the copolymerization (at
70 - 75°C), the bisulfite in presence of persulfate results in a higher yield of radical formation at much lower
temperatures via the redox reaction. The same trend as above is observed for the effect of the redox reagent
concentrations on the nanoparticle yield percent (Figure (3) and (4)).

Fig. 4: Effect of Bisulfite concentration on grafting yield and nano particles yield at temperature 50ºC, 10 g/l
acrylic acid concentration, 10 g/l chitosan concentration, 1.5 g/l persulfate concentration and 90 minute
reaction time.
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3.4. The Effect of Polymerization Time and Temperature:
For kinetic analysis, the grafting reactions were carried out at three different temperatures between 30°C60°C, at time ranged from 5 to 90 min by keeping constant other parameters. In addition to weighing the
product, the conversion of acrylic acid was also followed by determining its concentration by the bromometric
titration method (Wallace and Young 1966) in the mother liquor after centrifugation.
The dependence of reaction time and temperature are shown in Figure (5). Rates of acrylic acid grafting
increased steadily with the reaction time up to 10 min for 50°C and 60°C temperature and prolonged up to 60
min for the lower temperature, and then maintain a plateau, which is consistent with the general rule of
conventional radical polymerization. This is probably a direct consequence of depletion of monomer available
for grafting. Reaction temperature is another important polymerization condition in the co-polymerization
process. It can be seen that with the increase in temperature from 30°C to 60°C, a maximum graft yield was
achieved at 50°C and then decreased to some extent with further increase in temperature.

Fig. 5: Effect of reaction time on grafting yield at 10 g/l acrylic acid concentration, 10 g/l chitosan
concentration, 1.5 g/lpersulfate concemtration, 0.75 g/l bisulfite concentration and temperatures 30, 50,
&60 oC.
The temperature acts in favor of polymerization is rather logical and in agreement with (Taghizadeh and
Mehrdad 2006), while grafting acrylic acid onto starch; they ascribed this to the following:
a. Enhanced diffusion of acrylic acid into the substrate structure, i.e., the chitosan in our study.
b. The greater activation energy, which reflects itself on the mobility of monomer molecules and their collision
with chitosan macroradicals for initiating and propagating of grafting. This is defined by the observed higher
initial rate.
On the other hand, the adverse effect of temperature on the graft yield percent observed at 60°C could be
interpreted in terms of faster termination rate of growing poly-acrylic acid chain radicals. Faster termination
leads to poly-acrylic acid of lower molecular weight and therefore, of a lower graft yield percent.
3.5. The Effect of Monomer Concentration:
The dependence of monomer concentration, varying from 10 to 50 g/l on graft yield and nanoparticles yield
percentages is illustrated in figure (6), at constant other variables.
It is apparent that, within the range studied, the percent graft yield increases linearly with increasing
monomer concentration and a maximum graft yield was achieved at (AA) = 30 g/l, and thereafter remained
almost constant.
The increment in the acrylic acid concentration would greatly enhance the availability of monomer
molecule in the vicinity of chitosan macroradicals, leading to a moderate rising in grafting rate. With further
increase in monomer concentration, the reaction medium viscosity increases, and as such, it may most probably
cease the attack.
On the other hand, the %NPY is maximum at 10g/l acrylic acid concentration corresponding to 1:1 mass
ratio of CS to AA, and decreases hardly giving a plateau over 30g/l acid concentration (1:3 mass ratio of CS to
AA). It is believed that this controversial trend in the two grafting parameters is probably due to the fact that the
incremental increase in the grafted PAA is not relatively discerned compared to that in the acid concentration.
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Fig. 6: Effect of acrylic acid concentration on grafting yield and nano particles yield at temperature 50ºC, 10 g/l
chitosan concentration, 1.5 g/l persulfate concentration, 0.75 g/l bisulfite concentration and 90 minute
reaction time.
3.6. Influence of CS to AA Mass Ratios on the Particle Size of Nanoparticles:
The nanoparticle obtained from the grafting of acrylic acid onto chitosan with CS/AA mass ratios of 1:1
and 1:3 produced at shaking rate of 120 rpm were characterized by TEM. The results are displayed in Figure (7)
and (8) respectively. It is shown that the mean diameters of CS-g-PAA particles are smaller than 100 nm in
average for both ratios. Figure (8) exhibits more solid and consistent spherical particles, from which it can be
concluded that increasing the amount of acid increases the homogeneity of the particles. Still, it was remarked
during the experiment runs that the product obtained at mass ratio 1:3 and over exhibits a sticky effect as if it
acquired an adhesive character, may be due to higher viscosity.

Fig. 7: TEM of CS-g-PAA at 1:1 mass ratio.
To improve the size and shape of the nano-particles formed above, different speeds of stirring (275, 500
and 750 rpm) for 30 min time of agitation and for the two ratios of CS to AA (1:1 and 1:3) were examined.
Figures (9a, b and 10) represent the best results for the two ratios 1:1 and 1:3 respectively at 500 rpm agitation
speed. Figure 9 (a) shows a particle size ranges between 40-60 nm where figure 9 (b) shows a large particle
containing huge number of small particle size as small as 1nm. From this we may concluded that the large
particles in figure 9 (a) may be touselh particles and contain small particles (1nm). It is clear from figure (10)
that the ratio between CS and AA 1:3 at 500 rpm agitation speed gives clear spherical nano-particles in the
range of 3-7 nm.
3.7. Equilibrium Adsorption Capacity:
The equilibrium capacity of the CS-g-PAA at mass ratio 1:1 was tested for the adsorption of a basic dye,
namely methylene blue (MB) under various pH levels in the range of 3-11 as illustrated in Figure (11). Color
removal was detected by a spectrophotometer at wave length of 650 nm.
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Fig. 8: TEM of CS-g-PAA at 1:3 mass ratio.

Fig. 9: TEM of Chitosan-grafted acrylic acid with weight ratio of 1:1 at 500 rpm agitation speed.
It appears that the equilibrium adsorption capacity of CS-g-PAA adsorbent remains almost constant within
the pH range of 3.5-6.5. At lower values, the adsorption of MB exhibits a sudden decrease and even, no removal
is observed at stronger acidic condition. This can be attributed to the following: at low pH, most of the amino
group of CS in the grafted product were ionized in the form of NH3+, electrostatic repulsion between MB+ and
NH3+ ions may prevent the adsorption of MB+ ions onto the adsorbent, at higher pH values, more hydroxyls and
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–COO- occur which may enhance electrostatic attraction and consequently the adsorption capacity of the
adsorbent for MB (Liu et al. 2010).

Fig. 10: TEM of Chitosan-grafted acrylic acid with weight ratio of 1:3 at 500 rpm agitation speed.

Fig. 11: Effect of pH on basic dye removal capacity with CS-g-PAA resin.
4. Conclusion:
The CS–g-PAA nanoparticles can be prepared by polymerizing acrylic acid into chitosan template using
sodium per sulfate and potassium bisulfate as initiators. The CS–g-PAA nanoparticles are obtained under mild
conditions of temperature (50 oC) and agitation speed (500 rpm) without any organic solvents and surfactants
due to the presence of bisulfate with the persulfate as a redox initiator. The nanoparticles formed are 1nm in size
at both the optimum weight ratio obtained during this investigation (1:1 and 1:3 CS:AA). Testing the adsorption
of capacity of these nanoparticles with MB at different pH's indicates that at higher pH the removal efficiency
increases and in highly acidic medium there is no adsorption for MB.
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