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Abstract

Crosslinking and protonation of Chitosan meinbranes (prepared by solution
casting technique) with sulfuric acid and systematic study on its variation of
optical band gap, type of transition and the shape of the absorption edge for
different concentration (O.IM - ch-1, 0.5M - ch-5 and 0.9M  ch-9) of
sulfuric acid through 1JV-Visible Spectroscopy have been investigated, fhe
synthesized Chitosan membranes of 25 pm thickness were subjected to XRD
(X-Ray Diffraction) analysis to determine the structure. From the results it is

proved to be amorphous in nature exhibiting some crystalline peaks (20)
around 10"\ 15" and 20'\
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Introduction

Chitosan is a natural polysaccharide comprising copolymers of glucosamine and N-
acetylglucQsamme. and can be obtained by the partial deacetylation of chitin obtained
from the exoskeleton of industrially processed crustaceans, the second most abundant
natural polymer after cellulose. (llium, !.. 1998, Nunthanid, J.et al. 2001, No, FI.K and
Meyers, S.P 1995) Chitin made up of a linear chain of acetyl glucosamine groups
when dissolved in weak acids becomes Chitosan . It can also be formed when Chitin
is heated in a strong solution ofNaOFI (>40%) at high temperature (90-120°C). R is
known from literature that alleast 66N of the acetylic groups should be removed on
each monomeric chitin to obtain the ability of being put in solution (Roberts. G.A.F
1992). The most striking feature of (.'hitosan is the high content of primary amino
groups which confers two important characteristics on this biopolymer. Firstly, since
the amino groups are basic it can be protonated at moderately low pU (6.3) and the
resulting cationic polyelectrolylc is water-soluble. Secondly, the amino group



nucleophilicity means that, at higher pH values (7.0) tlrey are deprotonated and the
unshared electron pair can undergo a variety ol reactions. lhe reactivity of these
arnino groups allows chemical modification of (‘hitosan under mild conditions.
(Koyama. Y. and laniguchi, A 1986,Yalpam,M. and llalU .D. 19K4). lhis pioclaims
that there is good potential for controlled modification of the functional properties of
Chitosan. Chemically modified and crosslinked (‘hitosan have been used as a host
polymer to study Solid Polymer I'.lectrolytes (SPIli) for batteries (Mohamed, N.S.et al..
1995, Morni, N.M. and. Arof. ALK 1999, Morni, N.M et al., 1997, Subban. R.H.Y. el
al.,1996) and the Proton Exchange Membranes (PEM) lor fuel Cells.

In order to study the optical properties of chemically modilied and crosslinked
Chitosan, 1JV-Visible spectroscopy a most simple and elegant method is adopted. 1lhe
absorption of light by polymer in the UV-visible lange depends on the nature of
chemical and functional groups present in the structure. Polymers containing saturated
hydrocarbon chains or saturated alkyl, alcohol and ether groups are transparent in the
region 200 - 1000 nm. Colored polymers usually have attached chromophorcs -
functional groups exhibiting absorption of the characteristic nature in the ultraviolet
or visible region. The optical absorption and transmittance studies are useful to
understand the effect of chemical and ftinctional groups on band gap, refractive index,
extinction coefficient, nature of transitions, either direct or indirect etc (H. K Pulker,
1979). The objective of the present work is to cross link and proionate the Chitosan
with sulfuric acid and study the variation of optical band gap, type of transition and
the shape of the absorption edge for different concentrations (O.IM ch- 1, 0.5M -
ch-5 and 0.9M ch-9) of sulfuric acid and then to analyze its structure by XRD.

Methodoiooy
Preparation of crosslinked Chitosan membranes

1he Chitosan solutions were prepared by mixing 0.1 g finely grinded Chitosan
powder with 5 ml of acetic acid in a glass beaker and stirred for about | hour
continuously using a Teflon pellet, which was rotated with a help of a magnetic stirrer
maintained at room temperature to form a 2 wt % solution. Minor insoluble solids
were removed using a syringe filter with a pore size of 1 micron. The prepared
solution is poured in optically plane, smooth glass moulds and the biopolymer
membrane is thus casled. The membranes were then kept in an oven at a temperature
of 60°C and dried for 24 hours. The dried membranes were neutralized in 2M NaOll
for 15 minutes and thoroughly washed with de-mineralized (DM) water.

In this work, the membranes were crosslinked and protonated by submersion in
different concentrations such as O.IM, 0.5 M and 0.9M H:SOi for .50 minutes, Then
they were washed thoroughly with DM water and again kepi in an oven at a

temperature at 60"C for 24 hours. The synthesized samples were removed from the
oven and kept under di-y condition.



Results and discussion

UV-Vis Analysis

The spectral distribution of transmittance (T) data in the spectral region of 200-800
nm was analyzed for pure Chitosan (ch-u) and sulfuric acid crosslinked (O.IM - ch-1,
0.5M - ch-5 and 0.9M - ch-9) Chitosan membranes. Higher transmission in the
higher wavelength region and its decline at absorption edge was observed for all the
membranes (Fig, |.)Froni the optical transmission data of pure and crosslinked
Chitosan membranes, analysis of the absorption coefficient (a) has been carried out to
evaluate the optical band gap and also to study the shape of the absorption edge. The
frequency dependence of the absorption coefficient described by an empirical relation
.Q A (hv-Fi>)p is used to evaluate the optical band gap. and the value obtained
reasonably fits with the above equation at p- 2 for pure and cross linked Chitosan
membranes. I'he plots (ahv) "’ versus hv are linear functions, indicating the e.xistence
of indirect and allowed transitions in both pure and cross linked Chitosan membranes
as shown in the I'ig. 2(a-d). Extrapolations of linear dependence to zero absorption

coefficient yields the corresponding optical band gaps Egas shown in Table.].

Whnvc length (r.m)

T'igure 1; “fransmittance spectra of pure and cross linked Chitosan membranes.



Figure 2(a-d); Plots of (ahv) ' versus hv show indirect trairsilion in pure and sulfuric
acid cross linked Chitosan membranes.

'Fable 1: Optical Parameters.

Sample Type of Transition H.(eV)
Pure Chitosan Indirect allowed 5.388
0.1 M PHSQ.i cross linked Chitosan Indirect allowed 2.2, 54
05IM1 112SO4cross linked Chitosan  Indirect allowed 18 ;54
0.9M PHSO4cross linked Chitosan Indirect allowed 5.44

The value of the optical energy gap obtained from the graph for pure C.'hitosan
membrane is 5.38eV. However, as the concentration of sulfuric acid increases from
0.1 = 0.5M, the NHt groups in the Chitosan chains were protonated by the R
supplied by sulfuric acid and converted to NH-J groups,as described by Scheme 1
The prolonation results in formation of the impurity stales at 2.2 and 1.8eV found for
O.IM and 0.5M sulfuric acid doped Chitosan respectively.

pin

Scheme 1: Protonation of Chitosan membrane.

Plowever, beyond 05IVL doping level, thei'c is no formation of impurity stales and
band gap almost remains the same. 'Hus is due to the tact that as the concentration of



sulfuric acid beyond 0.5M more ions diffused to locations bridging two NH3
groups, increasing the degree of ionic crosslinking (Scheme 2) (Zheng Cui et
al.,2008) drops the availability of the free carriers. Since Chitosan is a low dielectric
constant material (Mukorna,? et al., 2004) it may encourage lon-pair formation which
results in a very low proton conductivity or wide optical band gap.

Scheme 2: lonic crosslinking of Chitosan membrane.

Study of absorption edges
Urbach formula is verified by plotting In .. versus Iw for pure and cross linked
Chitosan membranes near the absorption edge as shown in Figs. 2 (a-c).

The inset of Figs. 3 (a-c) shows the slope of the straight line of these curves yields
the value of band tails (E,) whose magnitude is 0.45, 0.33 and 0.30 for pure, 0.1M and
0.9M sulfuric acid cross linked Chitosan respectively. The relatively lower value of Eu
obtained in the case of crossed linked Chitosan sample indicates that the amorphous

nature of crosslinked Chitosan. This result is better demonstrated from the XRD
Pattern

Figure 3(a-c): Plots of a versus hv for pure, 0.1M and 0.9 M sulfuric acid crosslinked
Chitosan membrane respectively.



Structural analysis

X-rav difiVaclograms of Chilosan membranes cross linked with ditlerent
concentration of sulfuric acid is shown in Fig. 4. Ihe diflractograms exhibit two
major crystalline peaks (20) around 10\ .15' and 20" in agreement with previously
reported results (Wan, Y. et al.,,2003). lhe characteristic peaks ot ( hilosan
disappear for the concentrationof 0.1M sulfuric acid and an amorphous hump is seen
around 25". The same observation is seenin all the concentration ot sulfuric acid.

IWO thelB (deyrotts)

Figure 4. X-ray diffractograms of pure andcross linked Chitosan membrane.

From XRD spectroscopy measurements, change in crystallinity even for the small
(0.1 M) concentration of sulfuric acid is observed, fhis suggests that 0.1 M is sufficient
for complete ionic crosslinking of25(im thick membranes treated for 30min.

Conciusion

'fhe Optical absorption and ,X-ray diffraction studies were utilized t(i understand the
chemical modification, crosslinking process and also to measure the optical
parameters, 'fhe rigid crystalline structure of pure chitosan is stabilized mainly by
intra and intei'molecular hydrogen bonds. When glucosamine units in chitosan
membranes are protonated, hydrogen bonding involving the Nff groups is disrupted,
so the rigid crystalline structure weakens. I'urthcr, ionic, crosslinking, which increases
packing ol the chitosan chains, deform the crystalline regions. lhus the interaction
detected in this work decreases the membrane crystallinity, 'fhe changes in

crystallinity and the optical parameters can be used to monitor the progress of the
cross linkinu reaction.
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