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ABSTRACT

Artificial photosynthesis of hydrogen peroxide (H,O,) using organic photocatalysts offers a
sustainable alternative to the energy intensive anthraquinone process. Herein, we report a
donor-acceptor (D-A) double cable polymer (DCP) based on polythiophene (PTh) and
perylene diimide (PDI) for the artificial photosynthesis of H,O,. Covalent integration of the
electron donating PTh and electron accepting PDI within a single polymer architecture
promotes efficient charge separation and interfacial charge transport which results in
enhanced photocatalytic activity. The synthesized PTh-PDI-DCP exhibited superior
photophysical, photoelectrochemical (PEC) and photocatalytic performance compared to
the individual (D & A) components and their physical blend. To further enhance activity
without altering the intrinsic polymer structure, functional hybrid systems were developed
using plasmonic gold nanoparticles (AuNPs) and reduced graphene oxide (rGO). The
optimized hybrid interfaces significantly improved electronic communication, suppressed
charge recombination and accelerated charge transfer kinetics. Among all investigated
systems, PTh-PDI-DCP/rGO and PTh-PDI-DCP/AuNPs demonstrated the highest H,O,

production under Vvisible-light irradiation.

Time-resolved photoluminescence

and

electrochemical analyses confirmed enhanced interfacial charge separation in the hybrid
systems. Immobilization of the photocatalysts on porous, hydrophobic poly(vinylidene
fluoride) (PVDF) membranes (photocatalyst@PVDF membrane) enabled facile recovery
and stable operation over repeated photocatalytic cycles. Overall, this work highlights
DCP-based hybrid photocatalysts as an effective strategy for efficient solar to chemical

energy conversion and sustainable artificial photosynthesis of H,0.,.
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Figure 1. (a) Graphical depiction of the artificial photosynthesis of H,O,; (b) PVDF membrane before and after
coating with the photocatalyst; (c) photocatalysts’ solutions used for the artificial photosynthesis of H,0.,.
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Band-gap alignment, characterization and photophysical behaviour
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Figure 1. (a) Schematic illustration of the photoelectrochemical (PEC) process; (b) cyclic voltammograms; (c)
electrochemical impedance spectroscopy (EIS) Nyquist plots; (d) digital photograph of the experimental setup

used for the artificial photosynthesis of H,O,; (e) immobilization of the photocatalyst onto the PVDF membrane;

(f) SEM micrograph of the photocatalyst-coated PVDF membrane; (g) maximum H,O, concentration generated
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Photoelectrochemical and photocatalytic studies

by each photocatalyst during artificial photosynthesis; and (h) mechanistic investigations elucidating the reaction

pathway involved in the artificial photosynthesis of H,O,.
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