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Abstract

Biopolymer chitosan nanocomposites have been synthesized using chitosan nanoparticles with the addition of
montmorillonite. Here montmorillonite (MMT) acts as a nanofiller and diluted acetic acid is used as a solvent for
dissolving chitosan and dispersing montmorillonite with chitosan nanoparticles. Morphology and properties of
chitosan nanocomposites with and without acetic acid residue have been studied compared with those of pure
chitosan. The effect of the acetic acid residue of chitosan and MMT loading in nanocomposites has been
investigated. The characterization shows that the XRD Spectrum deceived that the crystallinity of the synthesized
chitosan nanocomposite. FTIR spectrum revealed that the presence of elements in chitosan nanocomposites. The
surface morphology of chitosan nanocomposites that were solid shaped was determined by SEM analysis, and the
presence of silica and oxygen were confirmed by EDAX analysis. These prepared chitosan nanocomposites have
been characterized by X-ray diffraction (XRD), Scanning electron microscopy (SEM-EDAX), Ultra Violet
Spectroscopy (UV), Fourier Transform Infrared Spectroscopy (FTIR), and Particle Size Analyser (PSA). The
antibacterial activity of Chitosan nanocomposite shows that the antibacterial zone of inhibition between 0.9 to

1.5mm at the concentration of 10, 20, 40, 8opl against Pseudomonas, Enterobacter, Bacillus.
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Introduction

Nanoparticles are at the forefront of nanotechnology
and have many potential applications. Nanoparticle-
based methodologies in diagnostics, as well as in
therapeutic areas are being developed to explore new
drug targets or treatments (Kerker et al., 198s;
Popovtzer et al., 2008). Such a wide range of
applications confers risk of environmental release and
human exposure. Unfortunately, information
concerning the impact of nanoparticles on living
organisms is just beginning to emerge (Fischer et al.,
2007). Numerous studies have been performed on the
hybrid

materials and nanocomposites (Mark et al.,, 1996).

preparation of new organic/inorganic
The term “nanocomposite” is commonly used for
filled polymers containing dispersed nanofillers with
average particle sizes smaller than 100 nm. A variety
of polymer-inorganic nanocomposites, which possess
interesting electrical, optical, and magnetic properties
usually superior to those of the parent polymer or
inorganic species, have been reported in the works of
literature (Croce et al., 1998; Huyuh et al., 1999; Guo
et al., 2000). Certain medical applications of chitin
require initial insolubility accompanied by a defined
biodegradability of the polymer. This is the case, for
instance, for wound dressings suitable for preventing
tissue adhesion in internal surgery. These materials
should ideally be insoluble when positioned in the
surgical wound, and undergo progressive bio-erosion
leading to complete resorption, as soon as they are no

should be
enzymatically degradable (Jolle’s et al., 2000).

longer needed. Therefore, they
Chitosan has been widely studied for biosensors,
tissue engineering, separation membrane, and water
treatment, and so on, because of its good
biodegradability,

functional groups (Kumar et al., 2000).

biocompatibility, and multiple

Chitosan is a natural non-toxic biopolymer derived
from the deacetylation of chitin. Chitosan and its
derivatives have attracted considerable interest due to
their antimicrobial and antifungal activity (Kendra et
al., 1984; Sudareshan et al., 1992, Tsai et al., 1999).
Chitosan exhibits its antibacterial activity only in an

acidic medium because of its poor solubility above pH

(6.5) (Li et al., 2002). The antibacterial activity of
chitosan is influenced by several factors that include
the type of chitosan, the degree of -chitosan
polymerization, and some of its other
physicochemical properties. Chitosan nanoparticle
exhibits higher antibacterial activity against Gram-
positive bacteria and Gram-negative bacteria.
Chitosan nanoparticles have been synthesized as a
drug carrier as reported in previous studies (Janes et
al., 2001; De Compos et al., 2001; De Compos et al.,
2003). Insulin-loaded chitosan nanoparticles could
enhance intestinal absorption of insulin and increase
its relative pharmacological bioavailability (Pan et al.,
2002). Chitosan nanoparticles had also been
employed as a gene carrier to enhance gene transfer
efficiency in cells (Mao et al., 2001; Kim et al., 2004).
Montmorillonite clay has high cation
exchange/swelling capacity, high surface area, high
porosity, and better surface activity due to which it is
a widely used adsorbent for the treatment of toxic
organic pollutants in water purification and
remediation of industrial wastes (Kim et al., 1997;
Meincke et al., 2003; Xi et al., 2004). However, the
intercalation of organic surfactants between -clay
galleries has an effect on their surface properties,
which significantly increases the basal plane spacing
(Boyd et al., 1988). The nanocomposites of modified
clays are known to exhibit a remarkable improvement
resistance, decrease

in strength/heat in gas

permeability/flammability, and increase in

biodegradability compared to their untreated
counterparts. These improvements are mainly due to
the structural arrangement of organically modified
clays and their interaction within the polymer matrix

(Gilman et al., 1999; Temuujin et al., 2004).

Therefore, understanding of structural arrangements
and degradation of organically modified clays is
important  before  seeking their  industrial
applications. The objective of this work was to
synthesize the montmorillonite clay mineral was used
as model clay to explore the interactions with
chitosan nanocomposites by sol-gel process. This
with  montmorillonite

chitosan nanocomposite

materials will be characterized through analytical
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techniques, such as X-ray powder diffraction (XRD),
(SEM-EDX),
Ultraviolet spectroscopy (UV), Particle Size Analyser

Scanning  electron  microscopy
(PSA), and Fourier Transform Infrared Spectroscopy
(FTIR). The antibacterial assessment was carried out
using different microorganisms such as gram-positive

bacteria and gram-negative bacteria.

Materials and method
Materials

All chemicals are used in this study are purely
analytical grade and purchased from Merck, India, and
used as obtained without additional purification.
Chitosan (CS) with 80%

Montmorillonite was purchased from Sigma-Aldrich,

deacetylation and

Acetic acid, hydrochloric acid, ethanol absolute was
used as the starting materials (Sigma-Aldrich).
Distilled water was used in all preparation procedures.
All chemicals and reagents were of analytical grade and

used without any further purification.

Preparation of Chitosan Nanoparticle

2 grams of chitosan was weighed out and dissolved in
1ooml of 2 % acetic acid solution followed by
continuous stirring at room temperature for about 3
hours by using a magnetic stirrer, and then 2g of
sodium tripolyphosphate was dissolved in 200ml of
distilled water and then added dropwise and freeze
this solution in 40°C and 24hrs and then precipitate
was settled at the bottom were collected and dried hot
air oven 50°C at 24hrs. Finally, the prepared chitosan

nanoparticle was investigated.

Preparation of chitosan with Montmorillonite
Nanocomposite

Chitosan Nanocomposite was prepared in 2:2 ratios.
Firstly, 2g of chitosan nanoparticle and then 2g of
montmorillonite was mixed within 10oml distilled
water and then this solution was shaken by using
shaker for 3 days and filtered by using Whatman No:
1 filter paper. Finally, the nanocomposite was settled
and then the particle was dried in a hot air oven at 24
hours and then calcinated at 500°C for ghrs. Finally,

Chitosan nanocomposite was prepared.

Antibacterial activity

Antibacterial defencelessness testing was carried out
by the standard agar well diffusion method against
gram-negative bacteria such as Pseudomonas,
Enterobacter, and gram-positive bacteria such as
Bacillus subtilis (Azam et al., 2012). The bacterial
cultures were grown in Nutrient broth media, for 24
h. Then, the wells were filled with a fixed volume of
the Chitosan with Montmorillonite nanocomposite
and water as a control. The plates were placed in a
diffusion, and

subsequently, the bacterial strains were incubated at

refrigerator  for  successive
37°C for 24 h. After incubation, the diameter of the
inhibition zone was determined and recorded. The
experiments were performed in triplicate, and
therefore, the average diameter of the inhibition zone

with its standard deviation was determined.

Result and discussion

X-ray Diffraction

Fig.1 shows the XRD image of Chitosan with
montmorillonite nanocomposite. XRD pattern
confirms the Chitosan nanocomposite (CNC) were
prepared from chitosan nanoparticles with the
addition of montmorillonite as a natural reagent.
XRD spectrum betrayed the crystalline of the
synthesized chitosan nanocomposite (CNC) (Li et al.,
2020). In acidic solution it shows an extended
structure that may facilitate the biopolymer
intercalation in the clay interlayer space in opposition
to analogous polysaccharides with coiled or helicoidal
structures that are only adsorbed in the external

surface of clays.
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Fig. 1. XRD image of Chitosan with Montmorillonite

nanocomposite.
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The above graphs demonstrate eight different
diffraction lattice planes for CNC. Here only one lattice
plane shows more intense that is observed at the angles
of 26.8 degrees respectively and other planes were
19.8, 34.8, 42.2, 45.6, 49.8, 61.7, 68.1. Similarly, some
unassigned peaks were representing in this graph, it
may be minerals like aluminum, magnesium, and
potassium, etc. The crystallite size and crystallinity of
Chitosan with montmorillonite nanocomposite was
calculated according to the modified Scherrer Equation
(Klug et al, 1954). The average crystalline size of

chitosan nanocomposite is 68nm.

Fourier Transform Infra-Red Spectroscopy

The FTIR spectrum of the chitosan nanocomposite
(CNQC) is shown in above Fig.2. Different IR bands
were observed at 3456cm™1, 2923cm~, 1100cm™!, and
799cm™!, respectively for CNC (Contreras-Cortes et
al., 2019; Pongjanyakul et al., 2010). The strong band
at 3456cm™ represented -NH stretching of amide (1)
and the band attributed to the intercalated CNC weak
peak at 2923cm™ indicates C-H stretching of

flavonoids (Nagraha et al., 2004).

Transmittance(%)
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Fig. 2. FTIR image of Chitosan with Montmorillonite

nanocomposite.

The band at 1100cm~ was the characteristic band of
C-OH stretching in secondary alcohols and the one at
799cm™! could be assigned to the alkynes group of C-
H bonds. The functional groups such as, C-H, -NH, C-
H, and C-OH might have been derived from alkynes,
amide(II), flavonoids, and secondary alcohols, which
are present in the CNC. The information observed

from IR spectra indicates that the molar ratio of 2:2

ratio of Chitosan nanoparticle and MMT could
influence the chemical environment of the chitosan
nanocomposite, and then may have an influence on
absorption properties of the chitosan nanocomposites
which
interactions between the chitosan nanocomposite
(CNC) (Sanford et al., 1989; Kafshgari et al., 2012).

influence to wunderstand the binding

Ultra-Violet Spectroscopy

Fig.3 represents the Ultraviolet spectroscopy of
Chitosan with montmorillonite. The present study has
described the synthesis of chitosan nanocomposite
from chitosan nanoparticles with the addition of

montmorillonite in equal molar ratios.
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Fig. 3. UV image of Chitosan with Montmorillonite

nanocomposite.

The formation of CNC in an aqueous solution was
confirmed by using UV-vis spectral analysis with sharp
peaks at 536nm and 865nm, respectively (Sankar et al.,
2014). Results showed that the generation of CNC was
completed after overnight incubation at room
temperature. The formation of sharp peaks at 536nm
and 865nm shows the confirmation of the chitosan

nanocomposite (Aziz et al., 2020).

Scanning Electron Microscopy-EDAX
The SEM-EDAX
nanocomposite (CNC) is shown in above Fig. 4. The
morphology of Chitosan
determined by SEM and EDAX analysis. The surface
morphology of CNC using the eco-friendly method.

image of the chitosan

nanocomposite  was

Especially here SEM analysis shows that the sample is

solid shaped (Taghizadeh et al., 2020; Cui et al,
2019; Wang et al., 2017).
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Fig. 4. SEM-EDAX image of Chitosan with

Montmorillonite nanocomposite.

However, the synthesized CNC is aggregated. The
of CNC is

micrometers. It shows mostly solid-shaped and

average particle size around 10
multiple aggregated images of CNC. EDAX revealed
both qualitative and quantitative analysis of elements.
The purity of synthesized CNC was found out due to
the analysis of EDAX. The detective element of the
CNC is C2B. The EDAX spectrum confirms the copper
elements with silica and oxygen. In this Chitosan with
Montmorillonite nanocomposite, the smart quantum
results revealed that the oxygen contains the highest
weight percentage (89.2) and silica contains
percentage (78.8). The atomic percentage is also high
at oxygen (64.8) percentage and silica is (56.2)
percentage. Similarly, carbon and iron were also

analysed by EDAX (Singh et al., 2019).

Particle Size Analyser

Particle size was determined by Dynamic Light
Scattering. The average size derived from the height scan
was below 100nm. A section of the XRD is included in

the inset. The results from the XRD correspond to the

distribution acquired from DLS (Fig.5). The
hydrodynamic diameter distribution of the Chitosan

with montmorillonite nanocomposite at 68nm.
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Fig. 5. PSA image of Chitosan with Montmorillonite

nanocomposite.

The hydrodynamic diameter by DLS is slightly larger
than that determined by XRD, as expected. The DLS
and XRD analyses conducted on standard polystyrene
have been compared previously and small differences
between both methods and nominal values were
deduced (Hoo et al., 2008). A similar study has been
performed elsewhere and it was observed that DLS was
limited for accurate particle sizing and mostly DLS
provides higher values (Baalousha et al., 2012).
Fig. 5indicates that the optimized sol-gel method
effectively produces a well-dispersed and narrower
distribution of particle diameters. The high stability of
Chitosan with montmorillonite nanocomposite is given
by their very low electrostatic potential. As Chitosan

with montmorillonite nanocomposite are very stable.

Antibacterial activity

The antibacterial activity of synthesized Chitosan with
Montmorillonite nanocomposite has been investigated
against gram-positive and gram-negative bacteria by the
Agar well diffusion method (Das et al., 2010; Das et al.,
2012; Das et al., 2011; Das et al., 2013).

The prepared solution with different concentrations
(such as 10, 20, 40, 8opl) of Chitosan with
Montmorillonite nanocomposite are placed in the
broth against Pseudomonas, Bacillus, Enterobacter
as shown in Fig. 6, respectively. The zone of inhibition
on the bacterial growth has been observed as shown

in Fig. 6 respectively and recorded after 24h of
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incubation. The diameter of the zone has been
measured using a measuring ruler. The Chitosan with
Montmorillonite nanocomposite showed (Fig. 6)
antibacterial activity when tested against the
pathogens gram-positive and gram-negative bacteria.
Table 1 shows the zone of minimum inhibition

concentration which were measured in a range of 0.9

to 1.5mm in 10, 20, 40, 8opl concentration.

Fig. 6. Antibacterial activity image of Chitosan

nanocomposite.

Table 1. Zone of inhibition of Chitosan with

Montmorillonite Nanocomposite (CNC).

CNC
SN Pathogens ionl  20ul  4opl  8opl
1 Bacillus 1.0 1.1 1.5 1.7
2 Enterobacter 0.9 1.2 1.3 1.5
3 Pseudomonas - - - -
Conclusion
In this study Novel quaternized chitosan/

montmorillonite nanocomposite resin was
successfully prepared. The resins showed a regularly
spherical shape, dense structure, and good
dispersibility in water. Chitosan nanoparticle with the
addition of montmorillonite as a nanocomposite was
succeeded through the sol-gel process. SEM analysis
revealed that the Chitosan with montmorillonite
nano-composite possessed a highly porous and
Chitosan

nanostructure. with  montmorillonite

nanocomposite have high stability so it is used for so

many applications, this may be attributed to the good
compositing between montmorillonite and Chitosan.
The good properties of chitosan with montmorillonite
nanocomposite may make them useful and especially
for antibacterial activity because it is eco-friendly.
Chitosan - montmorillonite Nanocomposite showed
antibacterial activity when tested against gram-
positive bacteria and gram-negative bacteria. This
study shows that antibacterial activity with a high
recombination rate to a suitable material willenhance
its activity. Thus, chitosan-MMT nanocomposite film
could be a promising novel active food packing.
However, further studies are required to identify the
exact antibacterial mechanism of Chitosan-MMT

nanocomposite in the polymer matrix.
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