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Introduction: Nowadays, the use of green synthesis methods without the use of chemicals to produce
biocompatible nanoparticles with specific properties has been widely considered. One of the most important
methods of green synthesis is the production of metallic nanoparticles using organisms. Exploiting various
plant materials for green synthesis of nanoparticles is a green technology because it does not involve any
harmful chemicals. One of the techniques of the green synthesis method is the use of plant extracts, which
reduces metal salts to metal ions by using reductive compounds in them. In recent years, coated magnetic
nanoparticles have found new and widespread applications in industry and medicine due to their unique
properties. Modifying the surface of these nanoparticles by plant extract enhances their efficiency in
absorbing hazardous dyes and mineral pollutants. They also have antibacterial and anti-inflammatory
activities.

Material and methods: In order to synthesize the nanoparticles, iron chloride and nickel nitrate salts were
mixed with the extract of Terminalia chebula and subjected to severe stirring. The immediate change of
color from brown to black at this stage indicated the revival of metal ions to metal salts. The sample was
then dried and powdered with mortar. Structure and morphology of synthesized nanoparticles were
investigated by Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), and Scanning
Electron Microscope (SEM).

Results and discussion: The purpose of this research was to synthesize and develop a novel method for
the preparation of super-magnetic nanoparticles using environmental and green chemistry methods. For this
purpose, T. chebula was used as a medicinal plant in the preparation of iron-nickel magnetic nanoparticles
for the first time. The FTIR method confirmed the surface modification of magnetic nanoparticles using T.
chebula extract and SEM determined the morphology and approximate size of uncoated and bio operative
magnetic nanoparticles. The results also showed that the nanoparticles were nearly spherical with
approximately 26.67 nm average diameter. The X-ray diffraction pattern showed the crystalline nature,
high purity, and cube-centered structure of the uncoated and bioactive magnetic nanoparticles.
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Conclusion: The proposed method in this study makes it possible to synthesize green binary magnetic
nanoparticles using the extract of T. chebula. Not using hydrothermal and sedimentary methods in
nanoparticle fabrication as well as preparation of a plant extract in the aquatic environment were important
advantages of this study. According to this method, phenolic antioxidant compounds in the plant extract
simultaneously reduced metal ions and chelating agents and also the synthesis of metal nanoparticles, which
also have antibacterial properties.

Keywords: Green chemistry, Biosynthesis, Antioxidant compounds, Terminalia chebula extract, Super
magnetic nanoparticles.
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