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Graphical abstract Abstract

A new chitosan derivative was prepared by grafting a ligand [3-(4methoxyphenyl)-1H-
pyrazole-4-carbaldehyde] to chitosan by a Schiff base reaction. The chitosan-ligand
derivative (CTSL) was characterized by spectral studies (FT-IR, 3C NMR, XRD) and scanning
electronic microscope. The suitability of CTSL as an adsorbent for the removal of two
metals viz. Cu (ll) and Pb (Il was studied by conducting equilibrium, kinetic and
thermodynamic studies. Experimental data obtained in equilibrium studies were analyzed
for Langmuir, Freundlich, and Redlich-Peterson isotherms. The maximum monolayer
adsorption capacity obtained for the two metals were CTSL-Cu (40.62 mg/g) and CTSL-Pb
(71.99 mg/g). The data obtained from the kinetic study was analyzed with three models
viz. pseudo-first order, pseudo-second order and infraparticle diffusion models. The
pseudo-second-order rate equation fitted the experimental data very well.

Chitosan

Chitosan

CTSL-Pb and Thermodynamic parameters AG, AH and AS were determined. The sorption operation was
CTSL-Cu derivative feasible, exothermic and accompanied with a positive increase in entropy. The metal
(CTSL) interactions with the adsorbent were attributed to the hydroxyl, imine and the amine

groups present in the synthesized derivative.
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1.0 INTRODUCTION

Pollution of environmental waters due to the discharge
of heavy metals (such as Cu, Pb) is a growing concern.
Possible sources of the heavy metalrelease into aquatic
media are the industries such as mining, electroplating,
fabrication, leather tanning, ferfilizer, textile dyes,
printing, and acid battery manufacturing. Other causes

for the heavy metal contamination include natural
erosion, waste discharge, atmospheric depositions,
landfills, pesticide application to crops and additional
anthropogenic activities [1, 2]

Among the major technologies in use for the
elimination of heavy metals from industrial wastewaters,
adsorption  techniques are finding widespread
acceptance due to their simplicity, potential of
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regeneration and low cost [3]. Adsorption tfechniques
can be successfully employed for the elimination of
heavy metals present in dilute solutions [2].

Of late, sorption techniques that use chitosan and
its derivatives have attracted a lot of research
aftention. Chitosan is easily obtained from the
deacetylation of chitin which is a key constituent of
crustacean waste shells. Chitin is also one of the most
abundant biopolymers in the natural world [4]. Chitosan
has been established as an effective agent for the
uptake of fransition metal ions present in wastewater,
which is chiefly aftributed to its amino group [5].
Chitosan has many aftractive attributes that are well-
recognized viz. biocompatibility, biodegradability,
renewability, hydrophilicity, bioactivity, and non-toxicity
[6]. Recently many modified chitosan derivatives have
been synthesized and investigated for adsorption
applications [7, 8, 9]. The presence of amino groups in
the chemical structure of chitosan permits reactions
with several substituents, with the possibility of creating
a variety of modified biopolymers [10]. Schiff bases are
a class of modified biopolymers, having an imine group
(-RC=N-), obtained by reacting the amino groups (NH2)
of chitosan with a carbonyl group (>C=0) of an
aldehyde or ketone [11,12].

Even though many modifications of chitosan have
been studied, to the knowledge of the authors,
adsorptive metal removal studies with chitosan grafted
with ligands having pyrazole ring have not been
reported. The pyrazole ring provides additional nitrogen
atoms in the modified product. In the present study, a
novel derivative of chitosan (CTSL) was synthesized by
grafting of the pyrazole ring bearing ligand 3-(4-
methoxyphenyl)-1H-pyrazole-4-carbaldehyde (L) to the
chitosan (CTS) backbone by a Schiff base reaction. It is
well known that both nitrogen and oxygen atoms have
the ability to chelate cations by tfransferring the lone
pair of electrons to the metal ion [13]. The addition of
the new functional groups was expected to enhance
the ability of CTSL for the uptake of the metalions owing
to the exira nitrogen bearing groups of the added
moiety.

2.0 METHODOLOGY

2.1 Materials

The chitosan used for this research, in powder form (30
mesh), with 90% deacetylation and average molecular
weight 5.0 x10° Da, was procured from Seafresh Industry
Public Co. Ltd. Thailand. The biopolymer was used as
received. 4-methoxy acetophenone (Merck KGaA,
Germany) and semicarbazide hydrochloride (Merck
Schuchardt OHG, Germany) and all other chemicals
and solvents used were of AR grade.

Solutions of Pb (Il) and Cu (ll) were prepared by
dissolving Pb(NO3)2 (NICE chemicals, Cochin) and
CuS0O4.5H20 (Merck, India) respectively, in double
distilled water.

2.2 Synthesis of CTSL

The ligand L (3-(4-methoxyphenyl)-1H-pyrazole-4-
carbaldehyde) was synthesized from 4-
methoxyacetophenone and semicarbazide
hydrochloride according to a previously reported
procedure [14]. To prepare the CTSL, chitosan in
powder form (3 g) was taken with 1 % acetic acid (76
mL) and kept under stirring at room temperature for one
hour. Further, the thick solution was diluted by adding
methanol (350 mL) and stirred for an additional 16 h. To
this, ligand (L) (6 g. dissolved in 60 mL of chloroform) was
added over a period of 10 min at room temperature.
Agitation was continued for a further period of 16 h at
room temperature (Figure 1).

OH
0 0
\ 1% Acetic acid,
__Chloroform 0
Mahancl N /N
80°C /

Ligand (L)

CTSL
[o]

/

H;C'
Figure 1 Synthesis of Chitosan-Ligand derivative (CTSL)

The mixture was then heated to 60°C and refluxed
for 18 h under agitation, after which it was cooled fo
room femperature; chloroform (75 mL) was added fo
the reaction mass and stirred for 10 min to remove any
unreacted components. The yellow mass (CTSL)
obtained was filtered, washed with chloroform and
dried at 50°C. (Yield: 6 g, 93.3 %)

2.3 Characterization

FT-IR RX-1 model by SHIMADZU was used to record the
Fourier fransformed infrared specfra on KBr pellets.
\13C NMR spectra were recorded on 400 MHz Solid state
NMR spectrometer. 'TH NMR spectrum was recorded by
400 MHz Bruker Biospin NMR spectrometer. Thermo-
Scientific  iICE 3000 series atomic absorpfion
specfrometer was utilized to measure the metal ion
concenfrations. Rigaku Miniflux-600 X-ray powder
diffractometer was used for X-ray diffraction studies.
Jeol JED 2300 Analysis Station scanning electron
microscope was used fo record the surface
morphologies of the samples. Systronics digital pH meter
335 was used to measure the pH.

2.4 Adsorption Experiments

2.4.1 ph Studies

Cu (Il) and Pb (II) solutions of concentration100 mg/L
were prepared at the required pH values (2 o 8) and

25 mL of each was taken and agitated with 100 mg of
the adsorbent for duration of 24 h in an incubator
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shaker at 30°C and 150 rpm. After adsorption, samples
were drawn using a syringe and filtered with syringe filter
of 0.2-micron size. They were then diluted and analyzed
by afomic absorption spectrometer (AAS). The
adsorption capacity was then determined using
Equation 1[6].

_ (Co - Ce)v

Q="

1

Where ‘Qe’ is the equilibrium adsorption capacity of
the CTSL (mg/g of adsorbent), ‘Co’ and 'Ce’ are the
initial and equilibrium concentrations of the solute
(mg/L) respectively, ‘V' is the volume of the solution
(mL) and ‘W’ is the mass of the sorbent (g).

2.4.2 Adsorption Equilibrium Studies

25 mL of solutions having metal ions Cu (ll) and Pb (I}
with initial concentrations in the range of 25 mg/L to
1000 mg/L at the optimum pH for adsorption were taken
in Erlenmeyer flasks and to each, 50 mg of CTSL was
added. The samples were then kept under agitation for
24h in an incubator shaker at 150 rom and 30°C.
Samples were drawn, filtered, diluted and their
concenfrations were analyzed by AAS. The extent of
metal ions removed was determined using Equation 1.

2.4.3 Adsorption Kinetic Studies

The kinetic study was conducted by taking 125 mL of
the metal ion solutions having an initial concentration
of 100 mg/L at the optimum pH corresponding to the
respective metal ion with an adsorbent dosage of 250
mg. The solutions were shaken for 24 h at constant
temperature and aliquofs were drawn at fixed time
intervals, filtered, diluted and their concentrations were
analyzed by AAS. The quantity adsorbed (‘Qt', mg/Q)
at fime t' (min) was calculated by Equation 2 [15].

_ (Co — Ct)v

Q="

)
in which ‘Ct (mg/L) is the concentration of the metal
ion at fime ‘t’ (min).

2.4.4 Adsorption Thermodynamic Studies

Thermodynamic studies were performed with several
initial concentrations of adsorbate falling in the range
of 10 mg/L - 250 mg/L. The experimental temperature
was between 283.15 K and 323.15 K. Volume of each
metal ion solution taken was 25 mL with an adsorbent
dose of 50 mg.

3.0 RESULTS AND DISCUSSIONS

3.1 Characterization of the Ligand (L)

The ™M NMR spectrum of the ligand exhibited the
following pecks. 'H NMR (DMSO-d¢) & (ppm): 13.651

(1 H, Pyrazole NH), 9.873 (1 H, Aldehyde), 7.080-7.787 (4
H, Ar. Ring), 8290 (1 H, Pyrazole 5H ), 3.825 (3 H,
Methoxy).

3.2 Characterization of CTSL:

The scanning electron micrographs of the pure chitosan
and CTSL surface are presented in Figure 2. The
morphology exhibits the decreased surface flakiness in
CTSL as compared to CTS. The sturdy and bulky
appearance of CISL particles as compared to flaky
and flat particles of CTS is also discernible from the
micrograph.

Figure 2 Scanning electron micrographs of a) CTS b) CTSL

The solid state 13C NMR spectra for chitosan and
CTSL are shown in Figure 3 a and b. The 13C NMR of CTSL
shows a peak at 161.4 ppm which is assigned to imine
(>C=N) formed during the Schiff reaction [16]. The
aromatic rings were represented between 110 ppm
and 131.4 ppm. The appearance of new peaks in the
aromatic region and the changes in peak intensity for
CTSL when compared to chitosan confirms the
successful grafting of the ligand on chitosan [17].

=l
=4

200 150 100 50 0
ppm: Carbon13

— 757

TT—565

— 1614

200 150 100 50 o
ppm: Carbon13

Figure 3 Solid state 13C NMR spectra of a) Chitosan and b) CTSL
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The FT-IR spectra for pure chitosan and CTSL are shown
in Figure 4 a and 4 b respectively. The major bands for
pure chitosan are as follows: 3400cm! fo 3630 cm! (br,
O-H and NH2 stretching vibrations); 2885 cm-! (-CH)
stretching vibration in (-CH) and (-CH2); 1654 cm-!
(>C=0) stretching vibration of remaining acetyl units of
CTS-NHAc; 1581cm! amide Il band of CTS-NHAc; 1373
cm! (-CH) symmetric bending vibration in (-CHOH-);
1153 cm! stretching vibration in (C-O-C bridge); 1083
cm (s, -C-O) stretching vibration in (-COH); 891 cm'!
(C-H) out of plane bending; 663 cm-1 (N-H) wagging
vibrations [18].

The FT-IR pattern for CTSL has a broad band at 3548-
3687 cm! ascribed to the (-OH) stretch. The band at
1674 cm-! is due to the presence of (>C=0) strefching
vibrations of acetyl units of CTS-NHAc. The splitting of
the band at 1632 cm- is attributed to the imine (>C=N-
) stretch. The peak at 1515 cm is assigned fo NH
bending. The peak at 1250 cm! is due to alkyl-aryl (C-
O) stretch. The two peaks at 1068 cm' and 1010 cm'!
are assigned to the C-O stretching vibrations in C-O-H
of the secondary and primary alcohols respectively. The
peak at 833 cmis attributed to aromatic (-CH) out of
plane bending. The peak at 644 cm ! is assigned to NH

wagging [17].

° ‘_\5622 7 1654 g g RE \E' 3
2855 G ogqhy 7B
b Em i T 3{ g | \
1674 g\ | 85 a g
8§ 1250
¢ ! 4 \m
3576 ) g g 12|46§ S 2 2
d v, 4l lgsd \
3602 § 3§ 5 28 = ©
3800 3400 2800 2400 1800 1400 500 400
Wave number (cml)

Figure 4 FT-IR spectra of a) CTS b) CTSL c) CTSL-Pb d) CTSL-Cu

The XRD pattern of CIS (Figure 5 a) shows the
characteristic peaks around 26=10°, 26=19° and
26=21° [20]. The disappearance of the peak at 26=10°
in the spectrum for CTSL (Figure 5 b) attributed to (-NH2)
group is further evidence of the Schiff base reaction at
the (-NH2) group [21]. The decrease in the intensity and
broadening of the peaks in the section around 26=20°
for CTSL indicates the decrease in crystallinity and
increased amorphous nature of CTSL as compared to
pure CTS [6].
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Figure 5 a) XRD spectrum of chitosan (CTS) b) XRD spectrum of
CTSL

3.3 Effect of pH

The pH effect was studied within the pH range of 2-8
since precipitation of metal ions as hydroxides can
occur at higher pH values [22]. Maximum percentage
removal obtained for Pb () was 98%; there was very
little (£2%) variation in % removal within the pH range of
4-8 (Figure 6). The maximum percentage removal
obtained for Cu (Il) was 61%. Based on these results, the
equilibrium, kinetic and thermodynamic studies were
conducted with the optimum pH of 4 for Pb (), and pH
of 7 for Cu (ll) removal. The steep fall in percentage
removal of metal ions in the pH range 2-4 is explained
as follows: At pH < 4, protonation occurs at the nitrogen
atoms of CTSL which results in positive charges on the
surface of the adsorbent causing electrostatic repulsion
with the positively charged Cu (ll) and Pb (ll) ions.
However, for pH > 4, the adsorpfion sites get
deprotonated, when metal binding can occur by
chelation, leading to increasing adsorption efficiency
[23]. The adsorbent appeared to be stable in the pH
range of 3-8. However, there was evidence of ifs
instability by fragmentation at pH < 3 which resulted in
a catastrophic drop in adsorption efficiency.

120

Effect of pH on metal ion removal
100

. f/“—‘—*_"-.
60 —
40 /f/_./r —=—Cu(l)
. !//

0 2 4 B 8 10
pH

—— Ph(ll)

% Removal

Figure 6 Effect of pH on % removal (Initial conc. = 100mg/L;
T= 303 K; Ads. Dose= 4g/L; Stirring speed= 150 rom; t = 24 h)

3.4 Adsorption Equilibrium

In order to establish the applicable adsorption
equilibrium isotherm, three models viz. Langmuir,
Freundlich, and Redlich-Peterson were employed. A
comprehensive list of adsorption isotherms with their
fundamental attributes and mathematical derivations
have been presented in a review article [24].
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Langmuir adsorption isotherm [24] assumes monolayer
adsorption with all adsorpfion sites being equivalent.
The equation for the Langmuir isotherm is as shown in
Equation 3:

_ Qobce

~ bC.+1 3)

Qe

where, '‘Qe’ and ‘Qo’ represent equilibrium and
maximum monolayer adsorption capacities (mg/g)
respectively, ‘b’ is the Langmuir constant (L/mg), and
‘Ce' is the equilibrium adsorbate concentration (mg/L).
The basic features of the Langmuir isotherm can be
elaborated by a dimensionless number ‘R’ [22].

1

RR=———
L7 1+bpC,

4)

‘R, called the separation parameter, gives insight into
the nature of adsorption: adsorption is variously,
ireversible (R.=0), favorable (0 <R.< 1), linear (Ri=1) and
unfavorable (RL> 1).

Freundlich isotherm [21] is an empirical model
applied to multilayer adsorption with non-uniform
surface reactivity and heat of adsorption on the
adsorbent surface and is represented by:

Q. = KC." 5)

in which ‘K¢ stands for Freundlich adsorbent constant
(mg/g) and ‘n’ the dimensionless Freundlich exponent
related to the propensity for adsorption.

Many hybrid isotherms that combine aspects of
both the Langmuir and Freundlich equations have also
been proposed. Redlich-Peterson isotherm is one such
isotherm which incorporates three parameters in the
model. Redlich-Peterson isotherm [21] represents
adsorption equilibria across a broad concentration
span, has practical uses in homogeneous or
heterogeneous systems owing to its adaptability. The
mathematical form of this isotherm is given by Equation
6.

KrCe
Q= (6)
where, ‘Kr' (Lg'), ‘ar’ (L mg') and ‘br’ are parameters.

Non-linear analysis with minimization of the sum of
squared errors method was employed with MICROSOFT
EXCEL Solver add-in for fitting the Langmuir, Freundlich
and Redlich-Peterson isotherm models. The results are
tfabulated in Table 1. The corresponding plots are as per
Figure 7 and Figure 8. For the removal of Cu (ll),
Langmuir and Redlich-Peterson isotherm models gave
better results (r2=0.962 and 0.963 respectively) whereas
for the removal of Pb (ll), the Freundlich and Redlich-
Peterson isotherm models were better (r2=0.927 and
0.929 respectively). The maximum  monolayer
adsorption capacities (Qo) were 40.62 mg/g for Cu (ll)
and 71.99 mg/g for Pb (ll). The Langmuir separation
factor RL which was within 0-1 and the Freundlich

exponent (n) which was between 1 and 10 indicated
that the adsorption was favorable [12]. It has been
reported that values of br between 0 and 1 in the
Redlich-Peterson model indicate a favorable
adsorption, and the higher values may indicate a milder
sorptive interaction between adsorbent and adsorbate
[25]. The values obtained in this study for br - 0.984 for
Cu (Il), and 0.670 for Pb (ll) - point towards adsorption
being favorable.

Table 1 Equilibrium model parameters of adsorption of Cu (II)
and Pb (ll) ions on CTSL

Isotherm Cu () Pb (ll)
Langmuir Isotherm

Qo(Mmg g') 40.62 71.985

b (L mg) 0.0161 0.011

r2 0.962 0.891

Re 0.71-0.0584 0.784-0.0833
Freundlich Isotherm

Kr(mg g) 4.874 5.672

N 3.132 2.628

r2 0.896 0.927
Redlich-Peterson Isotherm

Kr(Lg-) 0.678 4918

ar (L mg) 0.018 0.619

br 0.984 0.670

r2 0.963 0.929

cu(ll

Q, (mg'g)

m  Experimental

Langmuir Isotherm
Freundlich Isotherm
Redlich-Peterson Isothem

T T T T
] 200 400 600 g0o 1000

E quilibrium concentration (mg/L)

Figure 7 Plot of various adsorption isotherms to CTSL-Cu (Il)
adsorption data (Inifial conc. = 100 mg/L; T = 303 K; pH 7; Ads.
Dose= 2g/L; Stiring speed = 150 rpm; t = 24 h)

Pb(ll)

Q, (mg/g)
1

= Experimental

Langmuir Isotherm
Freundlich Isotherm

-— Redlich-Peterson Isotherm

T T T T
o 200 400 600 800 1000
Equilibrium concentration (mg/L)

Figure 8 Plot of various adsorption isotherms to CTSL-Pb (Il)
adsorption data (Initial conc. = 100 mg/L; T = 303 K; pH 4; Ads.
Dose= 2 g/L; Stirring speed= 150 rom, t = 24 h)
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3.5 Adsorption Kinetics

The kinetic analysis is of great importance in evaluating
the rate at which the adsorbate is removed from the
solution which helps determine the time for completion
of the adsorption process. The kinetic parameters also
help establish the size of the equipment of a fixed bed
continuous contact system. Further, the kinetic data is
of great value in understanding the underlying
mechanism of sorption. Qiu et al. [26] have published a
review article of the kinetic models used in adsorption
systems.

In order to determine the adsorption kinetics of the
metal ions uptake by modified chitosan adsorbents,
three kinetic models have been widely employed. The
pseudo-first order rate equation of Lagergren has the

mathematical form as given in
Equation 7 [26].
In(Q. — Q) = In(Qe) — Kyt (7)

where ‘Qe’ and ‘Qt’ represent the quantity adsorbed
(mg/g) at equilibrium and time ‘t" (min) respectively.
‘k1’ is the pseudo-first order adsorption rate constant
(min-1).

The pseudo-second-order rate
expressed as given in Equation 8 [26].

equation s

t t 1
= 8
Q Qe kz0Qf @)

where ‘Qe’ and ‘Qt’ represent the quantity adsorbed
(mg/g) at equilibrium and time ‘t' (min) respectively,
and ‘kz’ is the adsorption rate constant (g mg'min-1).

In some sorption systems, the amount of adsorbate
removed varies almost linearly with the square root of
the time of contact. This phenomenon is described by
the Weber-Morris model given by Equation 9 [26].

1

Q¢ = Kjgtz + C 9

where ‘Kid' is the intraparticle diffusion rate constant
(mg g'.min%) and ‘C’ is the intercept (mg g'). This
model is applicable if the adsorption is governed by
pore diffusion in the particles and convective diffusion
in the solufion.

The results of the kinetic study are tabulated in Table
2. Among the three models, the pseudo-second-order
model was found to best represent the adsorption
kinetics for the metalions Cu (ll) and Pb (ll) (Figure ? and
Figure 10). Very high values of correlation coefficient
are obtained for pseudo-second-order model (0.9942
for Cu () and 0.9991for Pb (ll)) indicates that
chemisorption may be the rate confrolling step for the
metal removal [27].

Table 2 Comparison of kinetic model parameters for Cu (II) and
Pb (Il)

Kinetic Model Cu (1) Pb (1)

Pseudo-first-order

Qe calc (mg g-l) 24.293 27.871

Qe expt. (Mg g') 32.418 48.302

ki(min-) 0.0024 0.0207

r2 0.9438 0.8793
Pseudo-second-order

Qe cale.(Mg g) 32.415 47.619

Qe expt. (mg g]) 32.418 48.302

k2 (g mg'min-) 0.00034 0.0014

12 0.9942 0.9991

Weber-Morris

Kia (Mg g'min) 0.8632 3.357

C (mg g') 4.6748 13.529
r2 0.9142 0.8078
50
£0 4

Er

=

E 20 4

= cu(ly
10
0 T T T T T T

o 200 400 600 800 1000 1200 1400 1600
time (min)
Figure 9 Pseudo-second order model for CTSL-Cu (ll) (Initial

conc. = 100 mg/L; T= 303 K; pH 7; Ads. Dose= 2 g/L; Stirring
speed= 150 rom)

20 o
—‘i‘[ 20
!
= 1854
=2 Pbi{ll)
o T T T T T T
a 200 400 600 200 1000 1200 1400 1800
time (min)
Figure 10 Pseudo-second order model for CTSL-Pb (ll) (Initial

conc. = 100 mg/L; T= 303 K; pH 4; Ads. Dose= 2 g/L; Stirring
speed= 150 rom)

3.6 Adsorption Thermodynamics

The feasibility of adsorption is governed by Gibb's free
energy change (AG). Negative values of AG means the
sorption occurs spontaneously. The Gibb's free energy
change was determined employing the
thermodynamic equilibrium constant ‘Ko’ [19].
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aS ste
S 10
ae vece ( )

K, =
where ‘as’ is the activity of the adsorbed metalion, ‘ae’
is the activity of the metal ion in the solution at
equilibrium, ‘vs' and 've' represent activity coefficients
of the adsorbate on the adsorbent surface and the
equilibrated solution. '‘Qe’ and ‘Ce’ represent surface
concenfrations of metal ions (mmol g') and
concenfration of metal ions in solution at equilibrium
(mmol mL') respectively. At vanishing concentrations
of the metal ion in the solution, both the activity
coefficients ‘vs' and 've' approach unity [28].

lim = = = =K, (11)

‘Ko’ may be obtained by plotting a straight line of
IN(Qe/Ce) versus Qe and extending Qe to zero. The
stfandard free energy change (AG°) can be
determined from the Van't Hoff Equation.

AG® = —RTInK, (12)

where R is the universal gas constant (8.314 J/mol.K), Tis
the temperature (K).

The standard change in enthalpy (AH°) and
standard change in entropy (AS°) are then related to

the standard change in Gibbs free energy,
(AG°) through Equation13:
AG® = AH° — TAS® (13)

From which follows the Equation 14

AS°  AH°
R RT

InK, = (14)

‘Ko’ was obtained from Equation 11 and the values
of AH°and AS° were determined as per Equation 14
from the slope and intercept of the plot of In Ko v/s 1/T
respectively.

The results are tabulated in Table 3. AGe of
adsorption for both the metals studied had negative
values which suggest that the adsorption process was
spontaneous.

Table 3 Results of Thermodynamic study for the adsorption Cu
(1) and Pb (II) ions onto CTSL

Temperature Ko AGe AHe ASe
(K) (kd.mol-')  (kJ.mol-') (J.mol-'.K-1)
Cu (II)
283.15 210.38 12.585 25.22 133.8
293.15 301.42 13.906
303.15 494.43 15.627
313.15 562.11 16.477
323.15 811.27 17.988
Pb (1)
283.15 792.59 15.706 14.87 107.80
293.15 980.24 16.779
303.15 1471.44 18.375
313.15 732.53 17.166

323.15 2399.22 20.900

The values for enthalpy change (AH°®) for both Pb (Il)
and Cu (ll) were positive implying the adsorption
process was endothermic. Adsorption was favored by
an increase in temperature in the range of 10 °C to 50
°C. The net entropy changes (AS®) for sorption of both
the metals were also positive, signifying net
disorderliness increased post adsorption.

3.7 Post-Adsorption CTSL Characterization

The FT-IR spectra of CTSL and CTSL metal complexes are
depicted in Figure 4 b, c, and d. The comparison of the
spectra reveals the following differences: The broad
peak in CTSL at wave number 3614 cm! due to (OH)
strefching shifts to 3576 cm-! for CTSL-Cu and 3602 cm-!
for CTSL-Pb. Further, a peak in CTSL around 1632 cm-!
which is attributed to imine group (>C=N-) shifts to 1605
cmin the case of both CTSL-Pb and CTSL-Cu. The peak
at 1515 cm! due to NH bending shifts to 1504 cm-! for
CTSL-Pb and fo 1508 cm-! for CTSL-Cu. The peak at 1068
cm! due to the C-O stretching vibrations in the
secondary alcohol C-O-H is shifted fo 1103 cm-! (CTSL-
Pb) and 1083 cm! (CTSL-Cu); the peak at 1010 cm! due
to C-O stretching vibrations in the primary alcohol C-O-
H is shifted to 995 cm (CTSL-Pb) and 991 cm (CTSL-
Cu). The peak due to secondary NH wagging vibrations
at 644 cm-' is shiffed to 655 cm! (CTSL-Pb) and 663 cm-
1 (CTSL-Cu)[17, 29]. No significant shift was observed at
the wavenumber 1250 cm! corresponding fo the alkyl-
aryl C-O linkage. Based on these considerations, it is
postulated that probably the OH, imine and NH groups
were responsible for metal adsorption process.
Proposed mechanisms of metal (Cu (II) and Pb(ll))
removal is shown in Figure 11 a and b.

CH,OH I,

CH,0H NH,

CH,OH

Figure 11 a, b Proposed mechanisms of adsorbate uptake.
(M2+ = Pb (Il) or Cu (Il))
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4.0 CONCLUSIONS

A new chitosan derivative was made by grafting
chitosan with ligand bearing pyrazole ring, employing a
Schiff base reaction. It was characterized by solid state
13C NMR, FT-IR, SEM and powder XRD spectra, and its
effectiveness as an adsorbent investigated by
equilibrium, kinetic and thermodynamic studies.

Adsorption of Cu (ll) and Pb (ll) was favored at pH 4
to 7. For Cu (ll), Redlich-Peterson and Langmuir
Equilibrium isotherm:s fitted the experimental data well;
for Pb (Il) the Redlich-Peterson and Freundlich isotherms
gave a better fit. Maximum monolayer adsorption
capacities Qo recorded for the sorption was CTSL-Cu
(40.62 mg.g!, 0.639 mmol.g') and CTSL-Pb (71.99 mg.g
1, 0.347 mmol.g'). The Langmuir separafion factor Rt
(within 0-1) and the Freundlich isotherm exponent n
(within 1-10) points to a favorable adsorption process.

The pseudo-second order kinetic model gave better
agreement with experimental values for both Cu (ll)
and Pb (Il) (2 = 0.994 and 0.999 respectively). The
thermodynamic study indicated the spontaneous
nature of adsorption. Adsorption of both Cu (Il) and Pb
()  was endothermic and favored at higher
temperatures. The AH° values for metal removal were
25.22 kdJ/mol for Cu (ll) and 14.87 kJ/mol for Pb (ll). The
net enfropy changes (AS°) for sorption of both the
metal ions were positive indicating that the net
disorderliness increased post adsorption. It is suggested
that the hydroxyl, imine and NH groups were
responsible for metal adsorption process.

Based on the above results, it can be concluded
that the synthesized derivative was very effective in the
sorption Cu () and Pb (lI) ions from aqueous solutions.
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