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The copper binding with the chitosan (soluble) was studied using ion-sel ective el ectrode technique. Various isotherms of
copper-chitosans were obtained and it was found that metal uptake decreased when the degree of acetylation of the
chitosan increased. Copper adsorption by different chitosans decreased with increase of [H']. A comparative study of
bound [Cu] with that of free [Cu] for different chitosan preparations showed a decreasing trend. In addition to the free
amine groups of the chitosan, the molecular weight, greater coiling and intermolecular entanglement were also found to
play agood rolein the uptake of copper. The distribution coefficient, K, (the ratio of bound [Cu] to free [Cu]) was found
to decrease with increasing free copper concentration. Unified linear relationship between log K, and log free [Cu] could
be used for strongly acetylated soluble chitosan at a particular pH .
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Introduction

Chitosan, a biopolymer, is also called poly (B-1-4)-
2amino-2-deoxy-D-glucopyranose, a poly D-
glucosamines) obtained by deacetylation of chitin. Chitin
isabiopolymer extracted from crustacean shells such as
prawns, crabs, insects and shrimps. Chitosans have high
metal sorption efficacy and are environmental friendly
[1]. Applications of chitosans include waste-water
treatment, metal recovery from effluents, reduction of
heavy meta pollution and prevention of metal polluted
soil etc. [2-4]. Non-soluble chitosan based sorption
studies in terms of sorption isotherms, nature of metal,
degree of acetylation of chitosan and pH of the medium
were taken into consideration [5]. Not much work is
reported regarding the interaction of heavy metals with
soluble chitosans by means of binding thermodynamics
[6-8]. Determination of isotherms for metal-chitosan in
solution can give more insight into elucidating the
strength of interaction between metal and chitosan. Such
an interaction based on potentiometry, stability constant
values, cyclic voltametry, electron paramagnetic
resonance and M ossbauer spectra[9-11] were examined
suggesting that the amino group in each monomeric
chitosan residue is the site for binding with metal ions.
Metal binding isotherms on water-soluble chitosans
would give information on the potential of different
moieties that interact with heavy metals in solutions.
Distribution-coefficient between the agueous sol ution of
metal and dissolved chitosan would be helpful in
evaluating the metal—extracting potential of chitosan
macromolecules.

Effect of chitosan acetylation and concentration on
the binding of copper using ion-selective electrode
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measurement is reported [12-13] in the literature. The
efficacy of water soluble chitosans in terms of copper
binding at different concentrations has also been
compared in severa research papers [14-21]. However,
the effect of molecular aggregation and entanglement in
chitosan polymer chain on the binding with copper ion
has not been studied at all. In this research work, a
detailed study on the binding isotherms of Cu-Chitosan,
effect of degree of acetylation and distribution
coefficient, K, for bound and free copper has been made
using ion selective electrode measurements. Hence,
determination of isotherms for metal-chitosan complex
formation in solution may provide an insight into
elucidating the strength of interaction between metal and
chitosan molecule. This study is as a model, and based
on the findings of the present work, attempts are in to
the work to the atmospheric samples.

Experimental

Materials and Method

Materials. ChitosansA, degree of acetylation 5%, from
Koyo Chemicals Co. Japan and chitosan B, degree of
acetylation 15%, a Sigma Chemicals Co. product, were
used as such without further purification. Partial
reacetylation of chitosan A was carried out to obtain 25%
and 35% acetylated chitosan C and chitosan D,
respectively [22]. Molecular weights of different
chitosans were carried out by high performance gel
permeation chromatography. For the preparation of
agueous copper solutions, copper nitrate (hydrated) was
an E Merck (AR) product. lon—selective electrode used
for the studies was an Elico (India) product.

Method: All the binding experimentswere performed at
300 K and at pH 6.4 below the threshold of chitosan
preparation. Temperature was maintained with aGerman
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thermostat (model NBE) and pH using a buffer solution
containing the varying ratio of 0.1M citric acid solution
and 0.2M solution of disodium hydrogen phosphate. The
experimental part consists of study of copper-binding
isotherms for different chitosan preparations and the
effect of chitosan concentration on copper binding
strength.

Chitosan solution for the purpose of study was
dissolved in 0.04 M acetic acid solution by shaking for
atleast 2 hours. Sodium hydroxide solution was used to
obtain the desired pH. The copper solution was added to
chitosan solution with stirring and maintaining the
desired pH. The unreacted copper concentration was
measured with ion-selective electrode. Standard
calibration curveswere obtained by plotting log [copper]
vselectrode potentials, under the same conditions of Cu-
Chitosan experiment. The difference between the total
and free copper concentration gave the amount of bonded
copper (per gram of chitosan). Concentrations of copper
solution were such that no evident copper precipitation
was observed.

Results And Discussion

The results of Cu—Chitosan experiments worked out at

300 K and at pH 6.4 are summarized below:

1. Study of copper uptake by varying the degree of
acetylation: As the percentage of acetylation of
chitosan increased, adownward trend in Cu-Chitosan
isotherms from the series (A-D) was observed. With
increasing acetylation of chitosan preparations, the
number of free amine groups, as evident from the
structure, available for interaction with metal
decreased and bound copper concentration also
decreased.

Chitosan

The resulting copper binding values at pH 6.4 and
temperature 300 K are given in Table 1. The copper
binding value:

Adsorption capacity (X) =[ (C,-C;) v]/w

where C_and C,, are the initial and final Cu*?
concentration, v is the volume of Cu*2 solution and w is
the weight of chitosan dissolved.

The resulting copper binding values at pH 6.4 and
temperature 300K aregivenin Tablel. Increasein degree
of acetylation from 5% to 35% lowered the copper uptake
by one half, in the copper concentration range 50-100
mg |, and it can be concluded that blocking the free

Table 1. Temperature=300K; pH = 6.4

A, 5% B, 15% C, 25% D, 35%

Bound Free Bound Free Bound Free Bound Free

[Cul [Cu] [Cu] [Cu] [Cu] [Cul [Cu] [Cu]

mg g'mg g* mg g* mg g* mg g* mg g* mg gt mg g*
130 70 115 75 98 97 91 120

160 95 136 94 155 138 118 162

205 115 176 130 170 153 124 175

240 135 205 150 184 174 168 235

265 144 254 194 201 191 182 257

287 150 265 212 221 228 205 282

OO WN R

amine groups of chitosans by acetylation is the only
factor responsible for the reduction of copper uptake. In
addition to the above factors, the acetylation of chitosan
may involve in the modification of the stiffness and
flexibility of different chitosan chains, steric hindrance
in copper binding, aggregation or coiling, thus reduces

the binding efficacy of copper binding sites (Fig. 1).

2. Effect of the pH onthe copper binding with chitosan:
Fig. 2 shows the effect of pH on the adsorption of
Cu(Il) by chitosans C and D (degrees of acetylation,
25% and 35% respectively). With increase in the
degree of acetylation, free amine groups of chitosan
to combine with copper ions, are blocked. Hence,
bound copper concentration is reduced more in
chitosan D than that of chitosan C. The adsorption
increases with the increase in the pH of the solution.
At low pH (acidic solution), amine group in the
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Fig. 1: Plot of bound [Cu] against free [Cu] from (A-D) at
pH 6.4 and temperature 300 K Degrees of acetylation areindicated
in legends
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Fig. 2: Dependence of bound [Cu] with pH of the system
at 300 K
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chitosan is easily protonated and causes an
electrostatic repulsion to the approaching Cu(l1) ions.
Therefore, the competition existed between the
hydrogen and Cu(ll) ions for adsorption, resulting
in the reduced adsorption capacity of chitosan. In
the basic pH values, however, the precipitation of
Cu(ll) hydroxide occurs and so pH 6.4 was chosen
for the the purpose of study.

3. Effect of the nature of chitosan macromolecule on
copper uptake: Copper binding differs on chitosans
B and BI of the same degree of acetylation (15%). It
indicatesthat in addition to the other eff ects, contents
of amine group play an important role in the copper
binding. As one possible reason, difference in the
molecular weights, might contributeto the difference
in the copper uptake. Greater coiling and intra
molecular entanglement occuring in chitosan Bl in
comparison with chitosan B, must be responsiblefor
its lower uptake compared to chitosan B athough
both are having the same degree of acetylation, 15%.
It causes greater interaction in polymer chains and
lesser availability of binding sitesfor free copper ions
(Fig. 3).

4. Distribution coefficient, K for free and bound
copper: With the increase in chitosan concentration
there is lessening of copper binding. This indicates
that the accessibility of copper-binding sites is
reduced on the chitosan at higher concentration. The
copper-binding isotherm became non-linear as the
concentration of chitosan is increased. The non-
linearity at higher chitosan concentration is also
evident from a greater decrease in the distribution
coefficient, K , (ratio of bound [Cu]/free [CuU]). This
probably isdueto thefact that at higher concentration
of chitosan thereisafaster saturation of binding sites
than at lower concentration. A comparative study of
the copper—binding of all the chitosan preparations
was made by plotting the log K, at a chitosan
concentration of 0.75 g I** vs log free [Cu] K was
chosen for comparison in order to clearly delineate
both chitosan—copper binding efficiency and its
dependence on the free copper concentration. The
distribution coefficient K , wasfound to decrease by
two to three orders of magnitude due to the non-
linearty of Cu-binding isotherm when thefree copper
concentration increased from 1.0 mg |I-*to 250
mg I"*. Linear plots of log K, versus log free [Cu]
showed that asuccessful fit of bonded [Cu] with free
[Cu] may be obtained by Freundlich sorption model
since the copper—binding capability diminishes as
the chitosan concentration increased. The linear
relationship between log K, and log free [Cu]
provides an upper estimate of the copper binding in
more concentrated agueous solution (Fig. 4).
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Fig. 3: Effect of copper uptake by the nature of chitosan
macromol ecule with same degrees of acetylation, 15% (B-BI)
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Fig. 4: Plot of distribution coefficient, Kd (copper distributed
between solution and chitosan) vs free [Cu] at pH 6.4 and at
300 K.
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