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thesis of carbon nanospheres for
potential biomedical applications: waste to wealth
approach†

Shoriya Aruni Abdul Manaf,a Partha Roy,b Korada V. Sharma,c Zainab Ngaini,d

Victor Malgras,e Ali Aldalbahi,f Saad M. Alshehri,f Yusuke Yamauchie

and Gurumurthy Hegde*ag

A single step and simple pyrolysis technique is used to prepare carbon nanospheres (CNSs) from natural

biowaste sago hampas in a nitrogen atmosphere without any catalyst. Scanning electron microscope

(SEM) images along with transmission electron microscope (TEM) images show evidence of high quality

CNSs with a good particle size uniformity. Both X-ray diffraction (XRD) and Raman data show the

presence of graphitic characteristic peaks of CNSs. Zeta-potential study reveals that the obtained CNSs

can be well dispersed in solution making them suitable for cell imaging applications. The use of biowaste

sago hampas is very important from the viewpoint of sustainable synthesis of functional CNSs for the future.
Introduction

Carbon nanomaterials with different shapes and structures
have attracted widespread attention from many researchers
working in various elds around the globe due to their vast
applications in diverse elds such as catalyst supports,1 anode
materials of Li-ion batteries,2 nanostructures in diagnosis,3 and
multiphoton bioimaging.4 For imaging and efficient drug
delivery, various carbon-based nanomaterials have been used as
drug delivery vehicles, oen tagged with some uorescent
agents and antibodies.5–7 Different forms of carbon nano-
structures, including carbon nanotubes,8,9 carbon nano-
bers,10,11 carbon trees,12,13 carbon spheres,14,15 mesoporous
carbons,16 carbon capsules,17 and carbon nanowalls18 have been
developed since the last 20 years. Among various shapes, carbon
nanospheres (CNSs) are gaining interest as catalyst supports,
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llers for polymer nanocomposites, column packing and
lubricating materials, biomedical drug carriers, etc. In recent
reports, the CNSs also exhibited excellent photoluminescent
properties.19–21

Various synthetic approaches have been reported to prepare
CNSs.22–25 All of the methods for carbonization involve the use of
either a template, a catalyst, or an oxidising agent. The tem-
plating methods require time-consuming process to collect only
pure CNSs by separating the material from the used catalysts.
Graphite powders, petroleum pitch, carbon rich polymers, and
other kinds of liquid/gaseous hydrocarbons have been exten-
sively used for the synthesis of CNSs as precursor. As these
chemicals becoming scarce resources and have detrimental
impacts on the environment, the use of alternative carbon
sources for the synthesis of carbonaceous materials is in high
demand in various elds. Thus, the carbon source and the
synthetic method are the two key issues for the development of
environment-friendly and cost-effective preparation of CNSs.
Plant biomasses, biobased oils, and hydrocarbons may serve as
the best alternative and renewable carbon sources. Very less
effort has been made in this regard to prepare CNSs,26,27

although the biomasses have been utilized for the synthesis of
chemicals through green routes.28

This encouraged us to search for new carbon sources and
very recently we reported CNSs from oil palm leaves and its
electrochemical applications.29 Following the urge to nd new
carbon sources for the preparation of CNSs, herein we propose
the use of bio-waste sago ‘hampas’ which is an inexpensive
brous residue obtained from sago palm tree. Sago hampas are
rich in cellulose and hemicelluloses with small percentage of
lignin content and have a porous structure.27b,30 The porous
nature of sago hampas prompted us to prepare new CNSs by a
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