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ABSTRACT

This thesis examines carbonized polymer dots (CPDs), a sustainable carbon nanostructure with
tunable properties. The research explores CPD synthesis for energy storage, sensing, and bicimaging,
enabling multiple applications while promoting efficiency. The study examines CPDs in three parts,
focusing on dopants, composite design, and precursor modification. In the first section, CPDs were
synthesized hydrothermally using o-phenylenediamine at varying temperatures. Temperature affected
surface functionality, particle size, and emission behavior. The 200 °C sample showed the highest
photoluminescence with 13.74 % quantum yield, and the 240°C sample showed 89 % cell viability.
The 220 °C sample achieved a specific capacitance of 58 F g-1 at 1 A g-1. These results depicted the
potential of CPD for multifunctional applications. A composite strategy enhanced energy storage
using heteroatom-doped CPDs with transition metal dichalcogenides (TMDs) and bamboo-derived
porous carbon in the second part. The TMD/CPD electrode showed 142 F g-1 at 1 A g-1, with 84%
capacitance retention after 10000 cycles at 4 A g-1. The porous carbon/CPD hybrid achieved 190 F
g-1 at 1 A g-1 and 82% retention after 10,000 cycles at 4 A g-1. A coin cell device with this
composite retained 79% performance after 10,000 cycles at 4 A g-1, powering LEDs, a mini fan, and
a mini wind turbine. These demonstrated CPD's electrochemical potential in its usage as a
conductive additive. In the third section, egg yolk was used during synthesis to introduce multiple
dopants into CPDs. The material showed strong solvatochromic behavior, with its use for detecting
water content in organic solvents, With detection limits of 0.22% for DMF and 0.19% for ethylene
glycol, it displayed its potential as a promising environmental monitoring probe. Also, when doped
with boron, CPDs exhibited bright fluorescence, showing 85% cell viability in HEK cells and
cytotoxic response in Hel.a cells with enhanced photostability, showcasing their ability as a potential
biomarker, Henceforth, this work establishes CPDs as multifunctional nanomaterials bridging
multiple applications, demonstrating their value in clean energy, environmental monitoring, and
biomedical imaging,
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