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INTRODUCTION

Chitosan is the 2nd most abundant natural polysaccharide
in universe after the cellulose. Chitosan, a positively charged
biopolymer, is prepared by the hydrolysis of the polysaccharide
chitin, which is found in the exoskeleton of crustacean shrimp,
crab, lobster and other shellfish [1]. Chitosan is a biodegra-
dable, biocompatible, antimicrobial and non-toxic polysccharide
composed of 1-4 linked D-glucosamine deacetylated unit and
N-acetyl-D-glucosamine acetylated unit.

The deacetylated chitin derivative chitosan is more useful
and bioactive polymer. After deacetylation, chitosan is soluble
in acidic solution of pH below 6.5 and becomes the only
polysacchride that have property to hold the high density of
positive charges [2-7]. The molecular weight of chitosan is
50-2000 KDa [8]. Chitosan is used as an excipient in pharma-
ceuticals as support material for tissue engineering, food, medical
and biomedical fields in drug delivery system. The increase in
the thickness of chitosan membrane decreases the rate of release
of drug when used in drug delivery system [9]. The advantages
of chitosan has minimum side effects and prolong the efficacy
of the drug. Chitosan having low toxicity good biocompatibility
has proved to be a good pharmaceutical excipient in both conven-
tional and noval applications [10]. The solution of gelatin and
chitosan were mixed at different mass ratio indicate the significant
interaction between the two solutions. Furthermore the formation
of multi-complex of two biopolymers are due to strong interaction
between gelatin and chitosan [11].

Chitosan has excellent physical, chemical and biological
properties. Cellulose and chitosan are widely used in biotech-
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nology, cosmetic, waste water treatment, food packages,
pharmaceutical and drug carrier etc. Recently, cellulose and
chitosan were combined together to prepare cellulose-chitosan
components which increase the mechanical strength of both
biopolymers and their antibacterial properties [12].

Chemically modified chitosan improves the aqueous
solubility as compared to the native chitosan and it has been
widely used as a drug carrier [13,14]. Chemical crosslinking
agent such as glutraldehyde, formaldehyde, terephtheloyl chloride,
ephichlorohydrin etc. are used to control the drug release from
diffusion controlled polymeric drug delivery matrices [15].
Chitosan has been used in the drug delivery system in the form
of tablets, gels micro and nano-particles [16].

The aim of the present study is to chemically modify the
native and characterize the modified cross-linked chitosan for
its application in controlled drug release.

EXPERIMENTAL

Chitosan is obtained from Fluka, Mumbai. Acetic acid is
purchased from Merck, Mumbai and citric acid is purchased
from Himedia, Mumbai. All chemicals are used as received.
All solutions are prepared in distilled water. Transducer Digital
Sonifier Model 450 (Branson Ultrasonics Corporation, USA)
is used for generating the ultrasound with a maximum power
input of 400 W and a frequency of 20 kHz.

Modification of chitosan: The modification of chitosan
was carried out under ultrasonication. For this, a 3 % chitosan
solution was prepared in acetic acid. After that small amount
of citric acid solution (1 % aqueous solution of citric acid)



was added to the chitosan solution. Then, the ultrasonication
of the mixture was carried out at two different temperature
(viz. 40 °C and 70 °C) until the cross-linking was observed.

A JEOL JSM-6610 lv scanning electron microscope (SEM)
is used to perform textural characterization of native chitosan
and modified chitosan. For SEM studies, the samples are
mounted on metal stubs using double-sided adhesive tape and
submitted to a JOEL gold sputtering coater for 6 min to make
them conducting before analysis. Different magnification are
applied to each sample in order to estimate the morphology.
Fourier transformation infrared spectra (FT-IR) of native and
modified chitosan are recorded with a Bruker Tensor-27 spectro-
photometer between 4000 and 400 cm-1. The samples are
thoroughly grounded with dry KBr and tablets are prepared
by compression under vacuum. Differential scanning calori-
metric analysis for native and modified chitosan is performed
using Mettler Toledo 851D system. Accurately weighted samples
are placed into platinum cups and sealed. The temperature range
used from 20 to 240 °C under nitrogen atmosphere at a heating
rate of 20 °C/min.

Rheological studies for native and modified chitosan are
measured using Modular Compact Rheometer MCR-102
system. The rheology study of chitosan and modified chitosan
solution reported in present work to determine the viscoelastic
material function G′G″ and temperature [17-22].

RESULTS AND DISCUSSION

Sonochemical modification of chitosan: Modification
of chitosan by surface grafting is an efficient technique to
produce chitosan with enhanced physico-chemical properties
and biocompatibility. Citric acid is considered as potential
molecule for the modification of chitosan. Surface grafting with
citric acid leads to enhanced hydrogen bonding and balanced
hydrophilicity of the biomaterials. Citric acid modified chitosan
is used as nucleation catalyst and for the removal of heavy
metals etc. Chemical modification of chitosan under ultrasoni-
cator, using 0.1 mol acetic acid and 1 % citric acid (CA) solution
was prepared in deionized water. Then, both the solutions were
mixed and the mixture was sonicated for 4 h at temperatures
viz. 40 and 70 °C to get the modified chitosan. The schematic
representation is shown in Scheme-I. It is evident that the citric
acid molecules attack on the –NH2 group of the chitosan and
led to grafting of citric acid on the chitosan moiety. The modi-
fication was authenticated by using some advanced analytical
techniques like FT-IR spectroscopy, SEM, DSC etc. The modi-
fication of chitosan can be verifiedby comparing the FT-IR
spectrum of pure chitosan and citric acid treated chitosan. Further,
the thermal properties can be accessed by using differential
scanning calorimeter (DSC) studies.
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Scheme-I: Chemical modification of chitosan under ultrasonication

FT-IR analysis: FT-IR spectra of pure and chitosan modi-
fied at different temperatures presented in Fig. 1. The spectrum
of pure chitosan (CH) shows an O-H stretching band at 3464
cm-1 The C-N stretching band appears at 1384 cm-1 and peak at
1068 cm-1 is due to C-O vibrations.
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Fig. 1. FTIR spectra of native and modified chitosan. CH: native chitosan,
CHM: modified at 40 °C, CHM: modified at 70 °C

The FT-IR spectrum of citric acid modified chitosan (CA-
CHM) at 40 °C exhibits, band at 1639 cm-1 due to stretching
vibrations of the carbonyl group (C=O) group of amide. The
band at 3363 cm-1 is due to O-H stretching vibrations. The
C-O-C vibration band appears at 1079 cm-1 and the band at
1016 cm-1 is due to C-O bond vibrations. The FTIR spectrum
of chitosan modified at 70 °C is also shown in Fig. 1. This is
similar to the spectra of chitosan modified at 40 °C. The only
difference is the slight shifting of the bands.

DSC analysis: DSC curves at pure chitosan and modified
chitosan (at 40 and 70 °C) are presented in Fig. 2. It is clear
that initial loss of water molecules occurs near 85 °C, after that
the second weight loss is near 145 °C, which may be attributed
to the loss of amine group. In citric acid modified chitosan the
peak shifting was observed. The shifting is due to the incorpo-
ration of citric acid molecules to the free amine group of the
chitosan.
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Fig. 2. DSC thermograms of native chitosan (CH:1) thermally modified
chitosan (2,3) and chitosan modified by ultrasonication technique
at heating rate of 10 °C per min

838  Kumar et al. Asian J. Chem.



SEM analysis: SEM images of pure chitosan, chitosan
treated at 40 °C and chitosan treated at 70 °C are shown in
Fig. 3. The SEM image of pure chitosan magnified 500 times
exhibit the presence of chitosan flakes in bulk. SEM image of
the chitosan modified at the 40 °C shows relatively smooth
surface at a magnification of 2000. Similarly, the chitosan

treated at 70 °C show further smoothness on the surface. This
is due to the fact that grafting of chitosan with citric acid mole-
cules leads to the binding of polymer chains with hydrogen
bonds due to the presence of amine and hydroxyl sites in the
chitosan chains and the presence of carboxylic group in the
citric acid moiety. As a result of this, the polymer chains will

Fig. 3. SEM Images of native chitosan (CH) and modified chitosan (CHM)
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flip on each other which leads to surface smoothness. On the
other hand the unmodified chitosan appeared as flakes due to
the absence of hydrogen bonding. Further, the treatment at
70 °C leads to more grafting of the citric acid molecules on
polymeric chains; which is not the case when chitosan was
treated at 40 °C. So, the surface appeared to be more smooth
when chitosan was treated with citric acid at 70 °C.

Rheological studies: The rheological properties of chitosan
(CH) and modified chitosan (CHM) have been studied. The
viscoelastic material functions G2, G3 and temperature of
chitosan and modified chitosan solutions showed significant
change. Initially the Fig. 4 show the similarly trend lines in
both chitosan and modified chitosan but in modified chitosan
at 85 °C has more stability than unmodified chitosan and also
more storage modulus (G″). Modified chitosan are highly
suitable for sustain/controlled released formulation as
compared to non crosslinked chitosan.

Conclusion

In conclusion, the chitosan has been successfully modified
with citric acid at two different temperatures. The various charac-
terization techniques show that citric acid has been grafted to
the chitosan backbone. The modified chitosan exhibit high
stability and better hydrophilicity.
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