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Abstract

The present work focuses on the preparation of chitosan composite and
chitosan nanocomposite derivatives for different applications. Chitosan was modified
with bentonite or nano-bentonite to give chitosan composite and nanocomposite
derivatives hydrogels | and 11 respectively, however chemical modification of chitosan
with isonicotinic aldehyde via Schiff base formation in presence of bentonite or
nanobentonite yielded chitosan composite and nanocomposite derivative hydrogels In
and IIn respectively. The prepared hydrogels were characterized by Fourier-transform
infrared spectroscopy (FT-IR), X-ray diffraction (X-Ray), Thermogravimetric analysis
(TGA), Differential Scanning Calorimetry (DSC), Scanning electron microscopy (SEM), and
swelling behavior. Adsorption studies for removal of heavy metal ions from aqueous
media and the biological activity for the new hydrogels were studied. Results of
evaluation of the prepared chitosan derivatives hydrogel for metal ions uptake showed
that the maximum adsorption capacity amounted to 68 and 22 mg/l and the highest
efficiency for adsorption of cobalt and mercuric ions from aqueous solution by hydrogel
IIn at 10 h (93.2%) and (97.8%) respectively, whereas the adsorption capacity of
hydrogel 1In increased with the increase of the initial concentration of heavy metals
ions ranging from 0.4 to 1 g/l. However, modified chitosan derivative hydrogels In and
IIn showed remarkable MIC and MBC towards Gram-positive (B. subtilis) (19.5, 38)
pg/ml compared to the standard antibiotic Ciprofloxacin (19, 38) pg/ml respectively.

Keywords: Chitosan; Isonicotinic aldehyde; Bentonite; Nano-bentonite.
1. Introduction

Water is one of the most important needs for human and living organisms.

Pollution of water resulted of various toxic contaminants such as heavy metals,
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organics, and oil, which become one of the world’'s most impactful environmental
challenges [1]. Most heavy metal ions are highly toxic, non-degradable and have a
tendency to bioaccumulate and cause dangerous impact to human health [2-4].
Adsorption methods are the most widely techniques used for removing metal ions and
organic compounds from industrial effluents due to its simple use, cheap and the
presence of different kinds of adsorbents [5-8]. In the recent years, widely various
adsorbents have been used for treatment of water as geopolymers and clay-based
adsorbents [9-11], chitosans [12,13], and nano-composites [14,15]. Several
nanocomposite hydrogels have been developed to improve the antibiotic treatments by
producing new antimicrobial agents or formulation of available antibiotics [16].
Antibiologicals are produced in nature by soil bacteria and fungi, are chemicals which
can destroy or inhibit the growth of bacteria and similar microorganisms [17,18].

Chitosan is a high molecular weight cationic polysaccharide, is prepared by
deacetylation of the N-acetyl groups from second most abundant biopolymer in nature
chitin which is obtained from the extraction shells of crustacean exoskeleton, insects
[19,20]. Chitosan has several advantages properties such as biodegradability,
environmentally friendly, non-toxicity, abundance, biological activities such as
antibacterial, antitumor and antifungal [21,22]. Due to of the amine and hydroxyl
groups in the chemical structure of chitosan, that make it an effective biosorbent for the
removal of many pollutants and environmental protection [23,24]. Due to some
undesirable properties of chitosan as its solubility in acidic media, it has a limit uses in
heavy metal adsorbent. Modifications of chitosan with various organic compounds
under different conditions were proceed to improve its properties especially sorption
performances [25-28]. Chitosan and its nanocomposite derivatives are used in a many
field that interested in the life sciences and technology such as biomedical and
pharmaceutical applications [29]. Moreover, many studies have shown that the
modification of chitosan via Schiff bases condensation to enhance its biological activity
[30].

Bentonite or montmorillonite is a sedimentary rock with a permanent negative
surface charge; this negative surface charge helps to attract the oppositely charge
adsorbate molecules [31], also it has wide surface area so it can be potential adsorbent

[32]. It is an inexpensive matrix and in addition to its low cost, it has several other
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advantages that include its high chemical reactivity, low toxicity, high stability, its high
cation exchange capacity, high adsorption and available so, it has been widely used in

the field of adsorption and remove of contaminants [33-36].

Nanobentonite shows more and more homogeneity, specific surface area, a particle with
small size and porous structure, more compact structure and more active absorption
sites. Nanobentonite can be used as a nano-polymer filler material for nanocomposite
materials [37-39].

Pyridine nucleus and their derivatives are important class of heterocyclic
compounds include compounds exhibiting antimicrobial, antihypoxic activity, anti-
inflammatory, and analgesic [40]. Functionalized pyridines are not only existing in a
wide range of bioactive molecules, but also widely used as building blocks that can be
transformed into a series of valuable structures in the preparation of ligands and

functional materials [41,42].

The goal of the present work is preparation of new modified chitosan composite
and nanocomposite derivatives hydrogels I, I, In and lIn to improve its
physicochemical properties and increase its applications. Chitosan was modified with
bentonite or nano-bentonite to give chitosan composite and nanocomposite derivatives
hydrogels | and Il respectively, however chemical modification of chitosan with
isonicotinic aldehyde via Schiff base formation in presence of bentonite or
nanobentonite yielded chitosan composite and nanocomposite derivative hydrogels In
and IIn respectively. The prepared hydrogels were characterized and metal ions
adsorption capacity for cobalt and mercury ions from aqueous media and biological
activity towards different Gram-positive (S. aureus & B. subtilis) and Gram-negative

(E. coli & Proteus) of microorganisms were evaluated.
2. Experimental
2.1. Materials

Chitosan (Cs) LMW (M.W. = 60 KDa, DD 91%) (Acros Organics), isonicotinic
aldehyde (107.112 g/mol) (Alpha), bentonite (Sigma- Aldrich), nano-bentonite (Sigma-
Aldrich), glacial acetic acid (60.052 g/mol) (Alpha), ethyl alcohol (46.07 g/mol)
(Aldrich), dimethylsulphoxide (78.13 g/mol) (DMS) (Aldrich), and
dimethylformamide (73.09 g/mol) (DMF) (Edwic).
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2.2. Swelling behaviors

A. Soluble-gel fraction can be determined by weight sample of the hydrogels and heated
for 1 hin 20 mL in the following: (acetic acid (99.85%), dimethyl sulphoxide, dimethyl
formamide, and water). The swollen hydrogel was dried in an oven at 70 °C to get rid
of the solvent [43]. the dry hydrogel gives constant weight (W1). Calculation of the
soluble and gel fraction by using the following Eq. (1, 2):

(W0 -w1)

Soluble fraction (SF %) = Wo

X 100 1)

Where W is the initial weight of hydrogel and W1 is the weight of the oven dried
hydrogel.

Gel fraction (%) = 100- soluble fraction (@)

B. Calculation of the degree of swelling (DS) of chitosan and its modified at room
temperature in different solvents (acetic acid (99.85%), dimethyl sulphoxide, dimethyl
formamide, and water) by applying Eq. (3) [44, 45].

W2-w1i)

DS = X 100 3)

Where W1 is the weight of dry hydrogel and W is the weight of swollen hydrogel.
2.3. Solubility

Chitosan composite and nanocomposite derivative hydrogels (0.1g) were
immersed in different solvents (acetic acid (99.85%), dimethyl sulphoxide, dimethyl
formamide, and water), and continuously shaken at room temperature and at 100 °C for
1h.

2.4. Instrumentation

FT-IR in the frequency range of 400 — 4000 cm™ (Ft-Ir Spectrometer 4100
Jasco — Japan Ultraviolet Shimadzu — 1650 Pc, X — ray diffraction using an X — ray
powder diffractometer with Ni — filter and Cu Ko radiation source. TGA using the
instrument: SDT Q600 V20.9 Build 20. Differential scanning calorimetric (DSC)
DSC131 Evo (SETARAM Inc., France. SEM, Model Quanta 250 FEG (Field Emission
Gun) with accelerating voltage 30 kV Gun, FEI Company, Netherlands. The surface
morphology of untreated and treated hydrogels was obtained by using scanning electron

microscope (SEM) images.
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2.5 Metal ions uptake study

Adsorption studies were proceeding by a concentration of 100 mg/L of
hydrogel in water with stirrer. The equilibrated hydrogels were withdrawn and
immersed in aqueous solution [cobalt acetate, and mercuric acetate] (0.025 g in 25 ml
water) which equals 1000 mg/l at (pH 7, and 25 °C) under studied conditions. Metal ion
concentration in solution can be calculated using UV-visible apparatus and the

efficiency of metal ions uptake of hydrogels was calculated using Eq (4) [46].
F=[1-=]x100 (4)

Where F is the efficiency (%), C is the concentration of M*2 in the solution after a

certain time period and Co is the initial concentration of M*? in solution.
2.6. Biological activities
2.6.1. Bacterial inhibition zone activities

The disc diffusion procedure [47] was used for assessing the antibacterial
activity of the hydrogels. Briefly, discs of 10 mm diameter were cut from the hydrogels.
The 10mm discs of hydrogels were placed onto the surface of inoculated plates. The
plates were incubated at 37 °C for 48 h. (National Research Centre, Egypt).

2.6.2. Minimum inhibition concentration and Minimum bactericidal

concentration

Minimal inhibitory concentration (MIC) and minimal bactericidal
concentration(MBC) of the hydrogels were evaluated according to broth tube dilution
method with slide [48].

2.7. Methods
2.7.1. Synthesis of hydrogel (1)

A mixture of clear solution of chitosan (0.25g) dissolved in (39 mL) of 1%
acetic acid and bentonite (1g) dispersed in (12.5 mL) distilled water was heat at 70 °C
for 9 h (Table 1) [49,50]. The reaction mixture then centrifuged to remove excess
bentonite. The solution was poured in petri dish, the hydrogel formed after evaporating

the solvent in air at room temperature, and then washed with 1% acetic acid solution
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and distilled water. Dry at room temperature, to give modified chitosan composite
hydrogel (I).

2.7.2. Synthesis of hydrogel (In)

A mixture of clear solution of chitosan (0.25¢g) was dissolved in (39 mL) of
1% acetic acid solution and (1g) of bentonite dispersed in (12.5 mL) distilled water was
left under stirring at room temperature for 2 h. Subsequently, isonicotinic aldehyde
(0.57g, 0.5ml) was added dropwise in this mixture, and reflux for 23 h at 60 °C (Table
1) [51]. The reaction mixture then centrifuged to remove excess bentonite. The solution
was poured in petri dish. After evaporating the solvent in air at room temperature, the
hydrogel was formed and then washed using 1% acetic acid solution and distilled water.

Dry the hydrogel at room temperature, to give composite hydrogel (In).
2.7.3. Synthesis of hydrogel (11)

A mixture of clear solution of chitosan (0.25 g) dissolved in (39 mL) of 1%
acetic acid solution and nanobentonite (1g) dispersed in (12.5 mL) distilled water was
heat at 70 °C for 9 h (Table 1) [49]. Centrifuge the produced mixture for the removal of
excess nanobentonite. The solution was poured in petri dish. After evaporating the
solvent in air at room temperature the hydrogel was formed and then washed using 1%
acetic acid solution and distilled water. Dry the hydrogel at room temperature, to give

the nanocomposite hydrogel (I1).
2.7.4. Synthesis of hydrogel (11n)

A mixture of chitosan (0.25 g) was dissolved in (39mL) of 1% acetic acid
solution by stirring at room temperature until the solution became clear and
nanobentonite (1g) dispersed in (12.5 mL) distilled water left under stirring at room
temperature for 2 h. Isonicotinic aldehyde (0.57g, 0.5ml) was added dropwise to the
reaction mixture and refluxed for 23 h at 60 °C (Table 1) [51]. The reaction mixture
then centrifuged to remove excess nanobentonite. The solution was poured in petri dish,
the hydrogel formed after evaporating the solvent in air at room temperature, and then
washed using 1% acetic acid solution and distilled water. Dry the hydrogel at room

temperature, to give the nanocomposite hydrogel (1In).
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Table 1. Compositions of the hydrogels I, In, Il, and IIn

Hydrogel code Compositions
| Chitosan Bentonite -
In Chitosan Bentonite Isonicotinic aldehyde
1 Chitosan Nanobentonite -
IIn Chitosan Nanobentonite isonicotinic aldehyde

3. Results and Discussion

In the current study, preparation of composite and nanocomposite hydrogels
from abundant and low-cost materials such as chitosan, bentonite and nanobentonite
with heterocyclic compound isonicotinic aldehyde to improve its physicochemical
properties and to evaluate its applications. Chitosan was modified with bentonite or
nanobentonite to give the composite and nanocomposite hydrogels I and 11 respectively.
However, chemical modification of chitosan with isonicotinic aldehyde via Schiff base
formation from the reaction of chitosan amine groups with the aldehydic groups of
isonicotinic aldehyde in presence of bentonite or nanobentonite to yield chitosan
composite and nanocomposite derivative hydrogels In and IIn respectively as shown in

Scheme 1.
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Bentonite

Scheme 1. Synthesis of I, In, 11, and 1In hydrogels

3.1. The Swelling Behaviors
3.1.1. Soluble-gel fraction

The swelling behavior of chitosan and new hydrogels I, In, Il and 1In were
characterized by studying of soluble- gel fraction for different solvents (acetic acid
(99.85%), dimethyl sulphoxide, dimethyl formamide, and water) and heated for 1 h.
The soluble fraction of the synthesized hydrogels showed low values in weight loss
whereas gel fraction increased by decreasing soluble fraction indicated increase of the
degree of polymerization as shown in Fig.1l. It observed that the nanocomposite
hydrogel 1In had the highest gel fraction reached 99% using acetic acid.
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Fig. 1. (a) Soluble fraction (b) Gel fraction by heating of Cs, hydrogels I, In, Il

and IIn for 1h in the different solvents
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3.1.2. Solvent uptake at different solvents

The swelling behavior of chitosan and synthesized hydrogels I, In, Il and IIn
were determined gravimetry by studying of solvent uptake for different solvents (acetic
acid (99.85%), dimethyl sulphoxide, dimethyl formamide, and water) at room
temperature. The hydrogels showed high values of swelling ratio, the highest degree of
swelling was observed with water for chitosan and the synthesized hydrogels due to

intermolecular hydrogen bonding and the presence of high porosity in their structures
[52], shown in Fig 2.

400%
350%
300%
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Acetic

DMF
= DMS
= Water

200%

150%
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TT
- 71 1T TI
il FERN
0%
CS I In u

IIn

Solvent uptake%o

Fig. 2. Solvent uptake of Cs, hydrogels I, In, 11, and IIn at room temperature in

different solvents

3.2. Solubility

Chitosan is soluble in 1% glacial acetic acid solution; however, hydrogels I,
In, Il and IIn were insoluble in different solvents (water, acetic acid, dimethyl
sulphoxide, and dimethyl formamide) at room temperature and by heating, confirmed

the modification of chitosan and formation of the new modified chitosan composite and
nanocomposite hydrogels.

3.3. Characterization of hydrogels

The prepared hydrogels were characterized by FTIR, X-Ray, DSC, TGA, and SEM.
3.3.1. FTIR Spectra

FTIR of chitosan (Cs) and its modified hydrogels I, In, Il and IIn was shown in

(Fig. 3). Chitosan exhibited a strong broad absorption at 3441 cm™ due to O-H implied
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to the N-H stretch, absorption peak at 2869 cm™ assigned to (C-H stretch), 1590 cm™
(N-H bend), and 1149cm™ (bridge-O stretch) [53]. In addition, chitosan composite and
nanocomposite derivatives hydrogels spectra showed some shifts of vibration bands
characteristic of the corresponding hydrogels I, In, Il and IIn differ than native chitosan.
The absorption bands of O-H and N-H groups corresponding to the following wave
numbers 3424cm, 3427cm™, 3424cm™?, and 3425 cm, and C-H stretch band at 2925,
2922, 2924, and 2921 cm™ respectively. The Si—O stretching vibration band in
hydrogels I, In, 1 and IIn are observed at 670, 772, 663, and 778cm™ respectively. The
characteristic band of Schiff base, showed strong stretching absorption band of imine

(C=N) at 1606, and 1615 cm?, for hydrogels In, and IIn respectively.
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Fig. 3. FTIR spectra of (a) Cs, hydrogels (b) I, (c) In, (d) Il and (e) IIn
3.3.2. X-ray diffraction

X-ray patterns of chitosan (Cs) and hydrogels I, In, 1l and IIn are exhibited in
Fig. 4. The X-ray diffraction pattern of chitosan shows characteristic semi crystalline
peaks observed at 20 at 20° [54]. Hydrogels In and IIn were revealed higher crystallinity
than hydrogel I and I1. The peaks of hydrogels In and Iin showed reflections at different
angles in their diffractograms. By comparing with chitosan, the new hydrogels showed
weaker beaks than chitosan [25], which indicating lower crystallinity due to

modification of chitosan with bentonite and nanobentonite and isonicotinic aldehyde.
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Fig. 4. X-ray diffraction of (a) Cs, hydrogels (b) I, (c) In, (d) Il and (e) IIn
3.3.3. Thermal stability
3.3.3.1. Thermogravimetric analysis (TGA)

The thermograph of chitosan, hydrogels 1, In, 11 and 1In displayed three steps of

thermal degradation, as shown in Fig. 5.

The first step of chitosan started from 49.5 °C to 200 °C accompanied by the
weight loss of 12.2%, due to the presence of moisture. Step two of degradation of 40.7%
for Cs was observed between 200-400 °C referring to degradation of acetylated groups
and the end loss of 12.7% at 400-900 °C due to degradation of backbone [55].

The first step of hydrogels I, In, 1I, and IIn showed the weight loss 7.3% from
104 °C to 213 °C, 8.9% from 118 °C to 237 °C, 11.9% from 180 °C to 256 °C, and 6.9%
from 200 °C to 288 °C respectively. The second step showed weight loss 12% from
213 °C to 378 °C for hydrogel 1, 8.3% from 237 °C to 500 °C for hydrogel In, 18.9%
from 256 °C to 375 °C for hydrogel 11, and 7.2% from 288 °C to 550 °C for hydrogel
IIn. The third step of hydrogels I, In, 11, and Iin represented high temperature due to the
degradation of backbone, which showed weight loss 12.4% from 378 °C to 1000 °C and
12.6% from 500 °C to 1000 °C respectively. These results indicated that the modified
hydrogels were more thermal stability than native chitosan [56], and showed variation
in weights loss at different temperature which indicated variation in residual weights at

1000 °C due to the different in the composition of each hydrogel.
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Hydrogel IIn had the highest thermal stability, due to strong interactions between the

reactive groups of chitosan with isonicotinic aldehyde, and nanobentonite.
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Fig. 5. TGA of (a) Cs, hydrogels (b) I, (c) In, (d) Il and (e) IIn

3.3.3.2. Differential Scanning Calorimetry (DSC)

The glass transition temperature (Tgq) of chitosan at 89 °C, and the
decomposition temperature (Tq) at 247.9 °C due to the degradation of backbone [57].
The glass transition temperature (Tg) of the hydrogels I, In, 11, 1In showed at 139 °C,
144 °C, 139 °C, and 142 °C respectively, while the decomposition temperatures of
hydrogels I, In, 11, and 1In showed at 301°C, 303 °C, 266 °C, and 300 °C respectively,
as shown in Fig. 6. The modified chitosan composite and nanocomposite hydrogels
presented higher glass transition and decomposition temperatures than that of native

chitosan, which increases with the formation of Schiff base and bentonite and
nanobentonite content of the sample.
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Fig. 6. DSC of (a) Cs, hydrogels (b) I, (c) In, (d) Il and (e) IIn
3.3.4. Morphological analysis
3.3.4.1. Scanning Electron Microscope

The surface morphology of chitosan and new hydrogels I, In, 11, and IIn was
determined by scanning electron microscopy technique as shown Fig. 7, the surface
morphology of chitosan showed rough with some clefts in the surface [25]; while the
morphology of new hydrogels I, In, Il and IIn showed massifs surface of different
particles sizes in the surface of hydrogel I, whereas hydrogel In showed smooth surface
area of large rocks with some clefts. Large number spot rocks and small holes with some
rocks in the surface of hydrogel I1, and small rocks surface with straps and small caves
in surface of hydrogel IIn. SEM images of hydrogels I, In, Il, and 1In indicated that the
changes in the shape and surface morphology than chitosan, due to the formation of

modified chitosan composite and nanocomposite hydrogels.
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Fig. 7. SEM at 10pm of (a) Cs, hydrogels (b) II, (c) In, (d) II, (e) 1In, and at 50pm
of (f) Cs, hydrogels (g) I, (h) In, (i) I1, (j) IIn

3.4. Evaluation of the new hydrogels for different applications
3.4.1. Metal ions uptake study for the hydrogels
3.4.1.1. Effect of contact time:

Chitosan and modified hydrogels I, In, Il and IIn were evaluated for their

efficiency to remove heavy metal ions such as Co*2 and Hg*? from aqueous medium.

The results showed that the adsorption capacity values increased with increasing
time of immersion of Cs and hydrogels I, I, Il and IIn, as shown in Fig. 8a [58]. The
data indicated that the maximum adsorption capacity amounted to (80 ,68) mg/l and (40
,22) mg/l, and the highest efficiency for adsorption of cobalt and mercuric ions was
observed for composite hydrogels In, and IIn at 10 h reached (92%, 93.2%) and (96%,
97.8%) respectively. These high results of the adsorption capacity due to the presence
of heterocyclic moiety in isonicotinic aldehyde which have nitrogen atom carrying free

lone pair of electrons thus increase the chelation of metal ions.
3.4.1.2. Effect of initial metal ions concentration

The effect of initial metal ions Hg*? and Co*2 concentrations on the adsorption
capacity of hydrogel 1In was studied. According to Fig. 8b, the adsorption capacity
sharply increased with the increase of the initial concentration of heavy metals
ions ranging from 0.4 to 1 g/l. The results indicating that the highest adsorption capacity

of hydrogel IIn using 1 g/l of metal ions [59].
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Fig. 8. (a) Efficiency of Cs, different hydrogels for metal ions uptake at 10 h (pH
7, and 25 °C), (b) Efficiency of hydrogel I1n on initial metal ions concentration
(pH 7, and 25 °C)

3.4.2. Biological activities

3.4.2.1. Bacterial Inhibition Zone Activity, Minimum Inhibition Concentration
(MIC) and Minimum Bactericidal Concentrations (MBC)

The values of 1Z, MIC and MBC of chitosan, and hydrogels I, In, Il and IIn
against the growth of tested bacteria S. aureus, B. subtilis, E. coli and proteus, were
investigated to study the effect of the hydrogels on the bacterial strains, Ciprofloxacin

was used as standard drug, as shown in Table 2. and Fig. 9. Et al reported

Bacterial inhibition zone for S. aureus, B. subtilis, E. coli and proteus were more
sensitive to hydrogel 1In than hydrogels I, In, and II, reached (20.5 mm, 19 mm) and
(18mm, 18.5 mm) respectively [56]. MIC for hydrogels In, and 1In revealed the same
value in Gram-positive (S. aureus & B. subtilis) equal to19.5ppm. And the highest value
of MBC for hydrogel In, revealed the same value in Gram-positive (S. aureus & B.
subtilis) equal 38ppm and for hydrogel IIn the same value in Gram-positive (B. subtilis)
equal 38ppm to antibiotic Ciprofloxacin. This indicated that hydrogels In, and IIn
represented the highest inhibitory effect and the ability to prevent the growth of

organisms.

-201-



Nadia G. Kandile et al. J. Sci. Res. Sci., 2021, 38, (1): 187-209

Table 2. MIC and [MBC] of Cs and hydrogels I, In, Il and IIn

Sample
Gram-positive Gram-negative
S. aureus B. subtilis E. coli Proteus
Cs 78 [156] 117 [234] 625 [2500] 468.5 [1875]
| 29.25 [117] 58.5 [117] 1755 [351] 250 [950]
In 19.5 [38] 19.5 [38] 58.5 [117] 78 [152]
I 31.2 [62.4] 46.8 [93.6] 170.8 [1000] 128.1 [750]
In 19.5 [78] 19.5 [38] 78 [152] 58.5 [117]
Ciprofloxacin 12.5 [25] 19 [38] 31 [50] 38[72]
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Fig. 9. Bacterial Inhibition Zone of Cs, hydrogels I, In, I1, IIn and Ciprofloxacin

4. Conclusions

New composite and nanocomposite hydrogels were prepared by modification
of chitosan with bentonite, nano bentonite and isonicotinic aldehyde under different
reaction conditions. Chitosan was modified with bentonite or nanobentonite to give the
composite and nanocomposite hydrogels | and Il respectively. However, chemical
modification of chitosan with isonicotinic aldehyde via Schiff base formation from the

reaction of chitosan amine groups with the aldehydic groups of isonicotinic aldehyde
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in presence of bentonite or nanobentonite to yield chitosan composite and

nanocomposite derivative hydrogels In and IIn respectively.

The new hydrogels 1, In, Il, and lIn were characterized by various tools. The
crystallinity of the new modified hydrogels showed reflections at different angles differ
than crystallinity of native chitosan. All the prepared hydrogels improved the thermal
stability of chitosan. The swelling behavior results showed high swelling ratios at
different solvents (acetic acid (99.85%), dimethyl sulphoxide, dimethyl formamide, and
water). The surface morphology of the hydrogels showed morphological changes than
chitosan due to the formation of composite and nanocomposite hydrogels. Efficiency
of new hydrogels for removal of cobalt and mercuric ions revealed that the adsorption
capacity increased as the time of immersion of Cs and hydrogels increased, and the
highest efficiency for adsorption of cobalt and mercuric ions was observed for
composite hydrogels In, and IIn at 10 h reached (92%, 93.2%) and (96%, 97.8%)
respectively. Adsorption capacity increased with the increase of the
initial concentration of heavy metals, and the highest adsorption capacity of hydrogel
IIn using 1 g/l of metal ions due to the presence of heterocyclic moiety in isonicotinic
aldehyde which have nitrogen atom carrying free lone pair of electrons thus increase
the chelation of metal ions. The results of evaluation of biological activity of the new
chitosan composite and chitosan nanocomposite hydrogels showed higher biological
activity compared to native chitosan toward the tested bacteria, also hydrogels In, and
IIn represented the highest inhibitory effect and the ability to prevent the growth of

organisms.
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