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Chitosan was modified with acetylacetone and ethylenediamine in the absence of solvent. The new
biopolymer obtained from the modification was characterized by elemental analysis and NMR “C
and applied in the removal of diclofenac sodium aqueous solution varying the pH and time. Through
elemental analysis was possible to verify a decreasing in C/N relation after reaction with acetylacetone
and an increasing after modification with ethylenediamine. From NMR analysis was verified the
appearance of peaks around 160-210 ppm in both materials due to free carbonyl groups in the first step
of the modification, besides the formation of imine bonds. The adsorption tests showed that the highest
value occurred at pH 4 and from the results of the kinetic study was found that maximum adsorption
occurred within 45 minutes and experimental data adjusted better to linear adjustment, following
pseudo second-order model. The results show a material efficient in the removal of emerging pollutants.
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1. Introduction

The search for natural materials of low cost and
renewable source has greatly increased and among these
types of materials biopolymers has excelled. Chitosan is
a biopolymer obtained by deacetylation of chitin, which
is the second most abundant biopolymer in nature and has
been widely studied. One difference that has interested
researchers in the study of this biopolymer is the presence
of an amino group, which has been quite favorable, since
it allows the incorporation of new molecules and has
an excellent performance in adsorptive processes, when
compared with other biopolymers'-.

The adsorption in biopolymers have been widely
investigated, given that the industrial and population
progressive growth has exposed the environment to various
harmful substances such as pesticides, heavy metals, dyes,
petroleum derivatives, pharmaceutical drugs, among
others*>. The contamination of aquatic systems by drugs
can result from domestic sewage and hospitals where drugs
are excreted or discarded>® in addition to industrial effluents
as residues of production’.

Thus, concern about drug residues present in the
aquatic environment is extremely important, since, they
reaching water treatment plants can directly harm the
population. This fact makes imperative the control and
removal of these pharmaceuticals compounds from the
aquatic environment, especially in the case of water for
human consumption. Hence, the present study objectives

*e-mail: edsonfilho @ufpi.edu.br

the chemical modification of chitosan with acetylacetone
and ethylenediamine in the absence of solvent to remove
diclofenac sodium from water, checking the influence of
pH and kinetic.

2. Experimental Part

2.1. Material

Chitosan (Cpure) of medium degree of deacetylation
78% extracted from crab shell (Primex), acetylacetone
(acac) (Vetec), 1,2-ethylenediamine (en) (Vetec), sodium
hydroxide (Synth), hydrochloric acid (Sigma), potassium
nitrate (Vetec) Diclofenac sodium (DS) (Merck), MilliQ
water and acetone (Isopar) were used without prior
purification.

2.2. Modification of chitosan

The modification of chitosan was carried out with
acetylacetone at reflux for 4 hours in the absence of solvent
and under constant mechanical stirring®®, where 25 mL
of acetylacetone reacted with 6.0 g of Cpure. Then the
solid was separated and washed with water and dried in an
oven at 100 °C. The final material was designated as Cac.
Subsequently 5.0 g of Cac reacted in a similar system with
45 mL of ethylenediamine under reflux and mechanical
stirring for 4 h, being this modified polymer designated as
Cacen, and washed with distilled water and dried at 100 °C.



142

The proposed reaction scheme of the modification can be
seen in Figure 1.

2.3. Characterizations

The elemental analysis was performed on a Perkin-
Elmer apparatus, PE 2400 model and the Nuclear Magnetic
Resonance in the solid state in the '*C was obtained in an
AC400/P Brucker spectrometer with rotation of the magic
angle at 75.47 MHz, with a relaxation time of 5s and contact
time of 1 ms.

2.4. Influence of pH

For the study of the influence of pH on the adsorption
of diclofenac in the Cacen was used 0.1 mol L' HCI and/or
NaOH for adjustment of pH values of 3 to 10, using a final
concentration of 30 mg L-''*!"l. Thereafter were removed
aliquots of 20.0 mL from each solution and placed in flasks
erlenmeyers containing about 35 mg of Cacen, shaken at
130 rpm for 2 h at 298 + 2 K.

Subsequently, the supernatant was centrifuged at 3500
rpm for 15 minutes and determined the final concentrations
of the samples by UV-Vis Spectroscopy using an equipment
model of varian CARY 300, at a wavelength of 276 nm,
being the amount of drug adsorbed per unit of mass of
Cacen in each pH (q, in mg g) calculated according to
Equation 112!

_(C,=CpY

e )

m

where g, (mg g') is the amount adsorbed per gram of
adsorbent; C, and C, (mg L") represent the initial and final
concentrations of the samples, respectively; V(L) is the
volume of solution and m(g) is the mass of the adsorbent.

2.5. Kinetic study

To perform the kinetic study of the drug removal,
initially was performed an analysis of the influence of time
on the study of adsorption of diclofenac, in which was
used 20.0 mL of a 30 mg L' drug solution into a series
of erlenmeyers flasks containing approximately 35 mg
of adsorbent. The samples were placed in a thermostatic
bath with orbital agitation using 130 rpm at a temperature
of 298 + 1K, at predetermined pH, with times ranging
from O to 150 minutes. In the range of 15 to 15 minutes, a
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sample was removed, where the supernatant was separated
by centrifugation at 3500 rpm for 15 minutes, and the
concentration of the remaining drug was determined in the
same way as the pH study. After the study of the influence
of time, the data obtained were adjusted to the models of
pseudo first and pseudo second order''.

3. Results and Discussion

3.1. Characterization

In Table 1 are shown the results of the elemental
analysis, in which are observed the percentages and
quantities in mmol g' of carbon and nitrogen of Cpure,
Cac and Cacen. Pure chitosan presented 5.49 mmol g™ of
nitrogen and, after reaction with acetylacetone, the amount
was reduced to 3.75 mmol g', thus causing an increase in
C/N ratio of 6.13 to 10.44. This reduction was due to the
incorporation of acetylacetone in the structure of chitosan,
with incorporation of carbon, hydrogen and oxygen, and
a reduction of nitrogen, since in this molecule there is no
availability of amino groups'.

Chitosan modified with acetylacetone and
ethylenediamine showed an increase in nitrogen to 5.66
mmol g and an increase of carbon to 35.00 mmol g,
causing an increase in C/N ratio of 6.13 to 6.18, compared
to Cpure, due to incorporation of the ethylenediamine
molecule containing two nitrogen, where one reacted with
the carbonyl available of the molecule of acetylacetone,
forming a new imine bond and the other staying in the
form of —-NH,,.

The FTIR spectra from chitosan (Cpure) is presented
in Figure 2a shows characteristic C-H symmetric and
asymmetric stretch bands near 2900 cm™, related to the
axial deformation of the CH bond from CH, and CH, groups
and an intense and broad band in the region of 3400 cm™,
which is attributed to the stretching vibrations of the OH
groups of the hydroxyls groups of the structure, in addition
to physiosorbed water of the biopolymer. Moreover, this also
involves the absorption of the NH groups from acetylated
units of the biopolymer'*. Also can be observed the axial
deformation of the amide C = O at about 1655 cm™'; angular
deformation of NH approximately around 1596 cm™'; axial
deformation of amide-CN around 1421 cm™; symmetrical

OH OH OH
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Ho S N HO &
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Figure 1. Proposed reaction scheme of the chemical modification of chitosan.
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Table 1. Elemental analysis of Carbon (C), Nitrogen (N), molar amounts of these elements and the respective ratios (C/N) between these

elements to chitosan and its derivative.

Sample % C %N C(mmol g) N(mmol g) C/N
Cpure 40.43 7.69 33.69 5.49 6.13
Cac 46.98 5.25 39.15 3.75 10.44
Cacen 42.01 7.93 35.00 5.66 6.18
ey //’\/A\
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Figure 2. FTIR of the Cpure (a), Cac (b) and Cacen (c).

angular deformation of CH, at about 1379 cm™; -CN axial
deformation of amino groups between 1323-1379 cm™ and
bands from polysaccharide structure in the region between
897-1153 cm™'. These bands are similar to that presented
previously in the literature'>6.

A slight change occurs when chitosan is chemically
modified with acetylacetone (Cac), shown in Figure 2b,
comparing to the characteristic bands in the spectrum of raw
chitosan, Q. There is an increasing in intensity and a shift of
the band at about 1610 cm™, related to carbonyl groups and
ketone imine bond formation. There is also the appearance
of a vibrational band around 1250 cm™, referring to aliphatic
esters groups present in acetylacetone.

In the Cacen spectrum (Figure 2c) , there is the
appearance of the band at around 1610 cm™ due to the
formation of the imine bond (C = N) which appears in both
CAC spectrum as the Cacen but with a higher intensity
for the latter material due to higher amount of the groups
formed after the reaction with ethylenediamine. It is also
observed absorptions in the region between 3500-3000 cm™!
assigned to OH and NH stretch of amino group (NH,) and
the free OH group in the same region of vibration, is related
to the presence of secondary amine groups, where there is
enlargement and increased intensity of this band .

The presence of the amino group near the carbonyl group
of the ketone in Cacen structure causes the appearance of
a shoulder and widening of the band at about 1610 cm™,
due to the resonance effect!”. Is still observed increased
intensity of bands related to methyl and methylene groups
in the region between 2900-2800 cm™ due to the groups
(CH,) ethylenediamine present in the molecule.
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Figure 3. NMR "3C of the Cpure (a), Cac (b) and Cacen (c).

The solid state C NMR spectra of Cpure, Cac
and Cacen are shown in Figure 3. Cpure presented the
characteristic shifts at 105, 55, 85 and 60 ppm, relative to the
carbons C1, C2, C4, C6, respectively, and at 75 ppm relative
to the carbons C3 and C5, which are secondary carbons
connected to a hydroxyl and to other carbon, respectively,
besides the shifts at 22 and 175 ppm, associated to the methyl
and carbonyl groups, remnants of chitin, as expected, given
the degree of deacetylation as being 78%"..

The spectrum of Cac (Figure 3b) shows the appearance
of a shift at 174 ppm from carbons C7 and C10, and although
may occur displacements in this region due to resonance in
the structure of the molecule, this displacement refers to the
carbon attached to the nitrogen, which forms the Schiff’s
base (C =N). The carbonyl of the structure of acetylacetone
appears at 197 ppm and at 20 ppm region are present the
shifts referent to the terminals CH, carbons groups of
acetylacetone. Comparing Cacen spectrum (Figure 3c) to the
spectrum of Cac, can be observed the decrease of the shift
at 168 ppm, thus confirming the ethylenediamine reaction
with the Cac. Changes in a shift around 58 and 23 ppm were
also observed, which refers to the carbons present in the
molecule of ethylenediamine immobilized'®.

In Figure 4 are shows the DSC curves from Cpure,
Cac and Cacen. In three spectra, in the temperature range
of 60-80 °C, can be ascribed to the loss of water'. The
second thermal event may be related to the decomposition
of amine units correspondent exothermic peak at 301 K for
Cpure. After the first modification with acetylacetone the
group is a little more protected and this temperature peak
was altered to a maximum of 320 °C. As for the Cacen this
temperature decreases to 308 °C due to the incorporation
of ethylenediamine.
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Figure 4. DSC of the Cpure (a), Cac (b) and Cacen (c).

Table 2. Influence of the time of removal of diclofenac in the Cacen.
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pH

Figure 5. Influence of pH on the adsorption of DS Cacen.

Parameter Values
Time (min) 15 30 45 60 75 90 105 120 240
q, (mgg?) 9.15 8.14 9.33 9.16 8.88 8.89 8.46 9.30 9.12

Table 3. Parameters pseudo-first order and pseudo-second order for adsorption of the drug DS by Cacen.

Concentration DS qe,, Pseudo first-order Pseudo second-order
(mg L) (mgg") q,,(mgg"h K (min) R’ q..,mgg") K,(gmg'min™) R
30 9.33 0.59 0.0051 0.0784 9.13 0.0383 0.9938

3.2. Adsorption test

3.2.1. Influence of pH

The adsorption most often varies with the pH, depending
on the materials used, which can influence the adsorbent/
adsorbate interaction. In the case of diclofenac, the
interaction with activated charcoal occurred due to a non-
electrostatic interaction involving the hydrogen bond®. This
hydrogen bond occurs mainly at a pH below 7.6, a value
at which the carbonaceous surface has a positive global
charge; however, it becomes less favorable on negative
carbonaceous surface at pH above 7.6.

Figure 5 presents the data of the influence of pH in the
interaction between diclofenac sodium and Cacen. The
system DS-Cacen showed a greater amount of drug adsorbed
in the range of pH equal to 4, decreasing as the pH increases.
Antunes et al.'” have demonstrated the adsorption of DS
using grape marc ‘isabel’ brand and chose to work with the
drug solution at its natural pH in Milli-Q water (about 5.0).
Thus, as the modified chitosan is protonated in such pH, the
electrostatic interactions favored the process of removing
the drug from aqueous solution.

According Kranjisnik et al.?, diclofenac is a hydrophobic
organic molecule, poorly soluble in water, a weak organic
acid and at pH 7.4 (phosphate buffer) exists in ionized

anionic form (over 90%). They used a natural zeolite
modified for adsorption of DS and concluded that DS was
adsorbed in the hydrophobic phase by the creation of groups
of the surfactant on the surface of zeolite.

3.3. Kinetic study

Table 2 presents the data concerning to the influence of
time between Cacen and the drug studied.

From the data presented it can be observed that in 45
minutes occurs the maximum adsorption with little variation
in the remaining time, thus showing that adsorption occurs at
excellent time when compared with other materials, such as
the one studied by Antunes et al.'’, in which the equilibrium
time was 80 minutes for the same concentration studied in
this work. In Table 3 are the parameters obtained by kinetic
models of pseudo first and second order.

After analyzing the results it was found that the
experimental data has better adjusted to the pseudo second-
order model, due to its linearity and by the value of q_
appears very close to the value of q_ exp” The values of q,
were much higher than those reported by Bui and Choi?!,
who evaluated the adsorption of DS by mesoporous silica
SBA-15. They found a value of q, of approximately 0.125
mg g'. This result has demonstrated that Cacen presented
greater removal capacity of DS than the inorganic material.
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4. Conclusion

Chitosan was modified with acetylacetone and
ethylenediamine in the absence of solvent and at reflux,
showing this route as a promising way of reaction with other
materials, as well as other modifications in the chitosan.
The success of the reaction was confirmed by elemental
analysis, through the variation of the C / N ratio, by FTIR
with he presence of the band related to the C = N bond to
both materials, through the *C NMR, with the emergence
of the shifts related to the imine bonds and by DSC due to
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the displacement of the peak of exothermic decomposition
of amino groups.

The material obtained was applied in the removal of
diclofenac sodium, where was observed that the pH and time
greatly influenced the adsorption process. The optimum pH
for the removal of diclofenac sodium in aqueous medium,
using Cacen was 4 and the time was 45 minutes, in which
the data followed the kinetic model of pseudo second order.
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