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The PhD thesis describes the development of bismuth nanomaterials using safe and abundant

natural resources.

Chapter 1 describes the importance of nanostructure bismuth as well as the status and
problems of their synthetic approaches, especially conventional chemical methods, and

possible alternatives. This chapter also describes the aim of the research.

Chapter 2 describes the synthesis of bismuth nanoparticles (BiNPs) using lemon juice and
investigates their catalytic activity for the reduction of organic dyes. First, synthesis of BiNPs
was achieved using lemon juice as a green reducing and capping agent in an alkaline aqueous
medium. The formation of crystalline and spherical BiNPs with the size range of 10-30 nm
coated by phytochemicals was confirmed by XRD, SEM, TEM, FTIR spectroscopic, and
TGA analysis. Moreover, the structure of the plausible capping moieties of BiNPs was
investigated by FTIR and NMR spectroscopic analysis. In addition, the catalytic behavior of
the obtained BiNPs was investigated for the reduction of 4-nitrophenol, methyl orange,
methylene blue, and rhodamine B using sodium borohydride, and it was found that obtained

BiNPs was promisingly accelerated the reduction reaction of these compounds.
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Chapter 3 describes the one-pot synthesis of bismuth/reduced graphene oxide (Bi/rGO)
nanocomposites using lemon juice and their applications. Prior to moving on to the synthesis
of Bi/rGO nanocomposite, synthesis of rGO was achieved using lemon juice as a reducing
agent. The successful formation of exfoliated and separated few-layer rGO sheets was
confirmed by UV-vis, FTIR, and Raman spectroscopy, XRD, SEM, TEM, and TGA analysis.
The application of the resultant rGO as an adsorbent for organic pollutants was investigated
using methylene blue (MB) as a model compound, it was found that the resultant rGO act as
an excellent adsorbent with good reusability. Based on this result, one-pot synthesis of Bi/rGO
nanocomposite was achieved using lemon juice as a green reducing agent. UV-vis, FTIR, and
Raman spectroscopy, XRD, SEM, TEM, and TGA analysis revealed the successful formation
of nanocomposite where BiNPs are anchored on exfoliated and separated few-layer sheets of
rGO. The catalytic activity of the resultant nanocomposite was also investigated for the
reduction of nitroaromatics using sodium borohydride taking 4-nitrophenol as a model. It was
found that the Bi/rGO nanocomposite has excellent catalytic activity better than that of

BiNPs.

Chapter 4 summarizes the works presented in this thesis and describes prospects.
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