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ABSTRACT

The dual challenges of pharmaceutical contamination in water bodies and the growing demand for clean
energy could be addressed with the development of highly efficient, visible-light-active, and noble-metal-free
photocatalysts. Graphitic carbon nitride (gC3N4) has attracted considerable attention due to its suitable band
gap, chemical stability, and earth- abundant composition; however, its widespread application is limited by
insufficient visible-light utilization, fast charge carrier recombination, and sluggish surface reaction kinetics.
This study focuses on systematic advancement of gC3N4 through elemental doping/co-doping and
co-catalysts loading, enabling the photocatalytic activity of gC3N4.

The first study shows a synergistic modification strategy by doping phosphorus into gC3N4 and loading
cobalt boride (CoB) nanoparticles onto gC3N4 (CoB/P-gC3N4). Phosphorus incorporation effectively tailors
the electronic structure by narrowing the bandgap and extending visible-light absorption, while uniformly
distributed CoB nanoparticles create interfacial Schottky junctions that promote directional electron transfer
and suppress recombination of charge carriers. The optimized CoB/P-gC3N4 photocatalyst shows a 35-fold
enhancement in the tetracycline (T'C) degradation reaction rate compared to pristine gC3N4 under visible-light
irradiation, highlighting the effectiveness of P-doping and CoB- loading onto gC3N4,

To further enhance the TC degradation, in the second work, simultancous doping of phosphorus and
potassium along with CoB-loading was done to gC3N4 (CoB/P-K-gC3N4). The P-K co-doping induces
bandgap narrowing, shallow impurity states, and pronounced charge redistribution, while the ultrasmall CoB
nanoparticles not only form Schottky barriers but also generate localized surface plasmon resonance (LSPR),
which improves the light absorption and charge separation. As a result, CoB/P-K-gC3N4 shows a 21-fold
increase in TC degradation kinetics, achieving 84.8% degradation of 100 ppm TC within 60 min by using only
10 mg of catalyst, corresponding to a high removal efficiency of 7.1 mg g-1 min-1, along with excellent
structural stability and reusability. Previously, CoB/P-gC3N4 activity was tested in a 20 ppm TC
concentration. To compare CoB/P-gC3N4 with CoB/P-K-gC3N4, CoB/P-gC3N4 activity was also tested
under 100 ppm TC concentration. Where the reaction kinetics of CoB/P-gC3N4 was just ~6.5 times higher
than pristine gC3N4, clearly indicating the superior activity of CoB/P-K-gC3N4 compared to CoB/P-gC3N4
under high concentration of TC.

The third and fourth studies focus on sustainable hydrogen production. In the third work, we have introduced
a phosphorus-incorporated cobalt boride (CoPB) co-catalyst onto gC3N4 (CoPB/gC3N4). The presence of
electronegative phosphorus enhances proton (H+) adsorption, while the CoPB co-catalyst functions as an
efficient electron acceptor due to a Schottky junction formation, thereby accelerating interfacial charge
transfer and surface reaction kinetics. The CoPB/gC3N4 photocatalyst gave a hydrogen yield of 181.6 p-mol
g-1 with a hydrogen evolution rate of 102 p-mol g-1 b-1, giving a five-fold improvement compared to pristine
gC3N4, and exhibits excellent photacatalytic reusability over repeated cycles.

In the final study, a bimetallic cobalt-molybdenum phospho-boride (CoMoPB) co-catalyst is loaded onto
gC3N4 (CoMoPB/gC3N4) to further enhance the hydrogen evolution. The synergistic interaction between Co
and Mo centers, combined with phosphorus-induced sites, increases charge carrier density and minimizes
recombination losses. The optimized CoMoPB/gC3N4 system achieves a hydrogen production of 294.4 pi-mol
g-1 with an evolution rate of 146.8 p-mol g-1 h-1. Overall, this work focuses on gC3N4-based photocatalysts
for environmental remediation and hydrogen production.
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