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mechanical properties. Among the various production routes, chemical reduction of
graphene oxide (GO) is widely used; however, this method often involves hazardous
reagents and raises environmental concerns. Although green synthesis approaches
employing terrestrial plant extracts have been extensively reported, the potential of
marine resources for graphene production remains largely unexplored. In this context,
mangrove plants have recently gained interest as sustainable bio-resources due to their
adaptation to extreme environments and their rich content of bioactive secondary
metabolites. The present study aimed to develop an eco-friendly route for graphene
synthesis by reducing graphene oxide using an aqueous leaf extract of the mangrove
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polyphenols and other bioactive compounds. The spectroscopic and microscopic
characteristics of the synthesized graphene were consistent with those reported in
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EXTENDED ABSTRACT

Introduction

Graphene, recognized as one of the thinnest and strongest two-dimensional materials, has
attracted considerable attention across scientific and technological fields due to its exceptional
electrical, thermal, and mechanical properties. However, conventional graphene production
methods often involve hazardous chemicals and high energy consumption, raising serious
environmental and sustainability concerns. In response, green synthesis approaches that employ
natural reducing agents have emerged as promising, eco-friendly alternatives. This study aims
to develop a green synthesis route for graphene through the reduction of graphene oxide using
leaf extract from Avicennia marina as a natural reducing agent. To the best of our knowledge,
this work represents the first investigation into the use of 4. marina, a native mangrove species,
for sustainable graphene synthesis.

Materials and Methods

Graphene oxide was synthesized from flake graphite using a modified Hummers’ method.
Leaves of 4. marina were collected from coastal areas of Chabahar, and an aqueous extract was
prepared by boiling the leaves in deionized water. For green graphene synthesis, graphene oxide
was treated with the aqueous mangrove leaf extract and incubated at 90 °C for 24 h. The
resulting product was washed, dried, and prepared for characterization. Structural and
morphological properties of the synthesized graphene were analyzed using Fourier Transform
Infrared (FT-IR) spectroscopy, Raman spectroscopy, and Field Emission Scanning Electron
Microscopy (FE-SEM).

Results

The results clearly demonstrate that 4. marina leaf extract acts as an effective reducing and
stabilizing agent for the green synthesis of graphene. The reduction process is attributed to the
presence of bioactive compounds in the extract, particularly polyphenols and flavonoids, which
facilitate electron donation and the removal of oxygen-containing functional groups from
graphene oxide sheets. The spectroscopic and microscopic characteristics of the synthesized
graphene are consistent with those reported in related studies employing terrestrial plant
extracts, confirming the reliability and effectiveness of the proposed method.

Conclusion

As an extremophilic mangrove species, 4. marina produces distinctive secondary metabolites
in response to environmental stress, making it a valuable resource for sustainable nanomaterial
synthesis. This green synthesis approach eliminates the need for hazardous chemical reductants
and is fully aligned with the principles of green chemistry and sustainable development. The
graphene produced via this method shows strong potential for application in advanced fields
such as flexible electronics, energy storage systems, drug delivery, and water purification
technologies. Moreover, this study highlights the underexplored potential of marine
ecosystems, particularly mangroves, as innovative and sustainable sources for nanotechnology
applications.
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