CHAPTER I
Introduction
Inorganic materials in nanometer scale can exhibit different physiochemical and size
giving rise to new applications in the areas of biomedicines, drug-delivery
agent, pharmaceutical fields and hygienic product. According to the green chemistry principles a
general concern remains that these new nanomaterials ought to be evaluated for their safety to
the environment [1-2]. In the last decade, the design of new materials growing interested towards
combining inorganic clay nanocomposites with metal/metal oxides nanoparticles. Natural
bentonite clay is montmorillonite

commonly used in natural medicine for thousands of

years.
Bentonite (bent) is a 2:1 clay consists of one octahedral (Oh) sandwich between two
tetrahedral (Td) sheets. Bentonite materials are excellent low-cost fillers/substrates for
metal/metal oxides (M/M-O) nanocomposites. The interlayer between the units that contains
positive cations [e.g. sodium (Na+), Potassium (K+), Calcium (Ca2+), and Hydrogen (H+)] and
large number of water molecules. Na-bentonite has more superior physicochemical
characteristics, i.e., better thermostability, dispersibility and higher ion exchange capability. The
recent advances in biomedical applications of cationic bentonite clay minerals based on their
specific physiochemical properties such as an ability of high swelling, surface area, cationic
exchange capacity and multifarious bio-related applications [3]. Moreover, bentonite can be
appropriate natural silicate which can be utilized for encapsulating metal/metal oxides materials
in intercalation processes [4]. Interest in these composite materials originates from the
combination of a biological active noble metal and semiconductor metal oxides materials. Noble
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metal loaded with metal oxides nanoparticles like silver (Ag) on titanium oxide (TiO 2), copper
oxide (CuO), zinc oxide (ZnO), and manganese oxide (Mn3O4) have received much attention for
decades. They have been found to have wide ranging applications in the bio-medicinal fields [5].
Nowadays, the synthesis of nanocomposites considers the room temperature aliphatic
ionic liquids (RTILs) are commonly used; because of their unique physiochemical properties
such as low vapour pressure, high thermal stability, ionic conductivity, low volatility, high
fluidity, air, and water stability [6-7]. Ionic liquids have been used for the synthesis of
nanocomposite, because it has significant influence on the size, shape, and structure of the
nanocomposites based on the following mechanisms, such as dipole-dipole interaction,
electrostatic force of attraction, strong hydrogen bond network, self-assembled, columbic
attraction and so on. These goodness aliphatic ammonium-based ionic liquids have been used as
a capping agent, template, solvent, and stabilization agent for the synthesis of inorganic
metal/metal oxides nanoparticles supported on bentonite clay nanocomposites [8]. Thus,
nanocomposites can be synthesized by various characterizations based on conventional
techniques such as hydrothermal, chemical reduction, ion exchange processes, sol-gel, coprecipitation, and solvothermal methods. Furthermore, these methods frequently lack good
control of morphology and large amounts of corresponding materials and energy are used.
Hence, any new synthesis method that helps to control particle size and uniform dispersion of
nanoparticles into the bentonite surface would be extremely beneficial. In recent times, thermal
decomposition method has been applied in the synthesis of metal/metal oxides/bentonite clay
nanocomposites.
For the past couple of years, bacterial infections are cause major problem in global. The
design of new nanocomposites with antibacterial properties has enhanced enormous awareness,
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since infection by pathogenic and nonpathogenic microorganisms is of great concern in many
bio-related fields, especially in food industries, pharmaceutical fields, cosmetic, drug release,
tissue engineering, bio-sensor, and cell adhesion [9-10].
Here, we report and develop a new approach for the synthesis of metal/metal
oxides nanoparticles using bentonite clay as a support, resulting in a high swelling, specific
surface area, and cation exchange capacity. The antibacterial activity of the composites was
investigated using Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) bacteria.
Finally, the cytocompatiability of composites was evaluated through 3-[4,5-dimethylthiazol-2yl]2,5-diphenyltetrazolium bromide (MTT) colorimetric assay. To our knowledge, that is the first
report related to the metal/metal oxides/bentonite nanocomposite with and without ionic liquid
for drug delivery applications.
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