Cu, 0-gCN-TiO,-Au (x=1,2) photocatalysts for hydrogen
generation by a hybrid liquid-vapor phase strategy
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Sunlight-driven water splitting to green hydrogen
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* Development of eco-friendly, chep,
durable and efficient catalysts

* High surface-area
nanosystems
with tailored

properties!
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D. Barreca et al., RSC Adv. 2024, 14, 7221; Chem. Eng. J. 2022, 448, 137645; Appl. Surf. Sci. 2023, 618, 156652; J. Mater. Chem. A 2023, 11, 21595



* {] mechanical
stability
than
electrocatalysts
obtained by
immobilization
on substrates
of ink/pastes
with binders

* A multi-step hybrid fabrication route...

D. Barreca et al., RSC Adv. 2024, 14, 7221
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< Intimate contact of the single components & efficient dispersion of Au NPs




v High-area arrays of Cu O nanowires
(L/d = 33) with spheres on their tips

Porous gCN overlayer

= partial coverage and embedding of Cu O nanowires into
gCN, even after TiO, and Au introduction

Porosity of the starting Cu foam & RF-Sputtering infiltration
—> intimate intermixing of the system components
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v Chemisorbed —OH groups and direct gCN-CuO bonding
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o Stacked structure over thé'Gu. .f.oam substrate

* Top two layers —» CuO; next to tlfé'Subgtrate — Cu,0

e AuNPs (2:10 nm) dispersed in Cu O .. xg ‘
* TiO, concentrated in strip-shaped & £
domains in close vicinity to Au NPs

< amorphous gCN D. Barreca
* close contact between material et al.,

RSC Adv.
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Cu, 0-gCN-TiO,-Au

(b) micrograph of the area marked by the red box in (a). (c,d)
Atomic resolution images of Au NPs, with indexing of gold
lattice fringes and interplanar distances. Lattice fringes below Au
NP in (d) are from TiO,. (¢) Image of the area marked by the
green box in (a), and EDXS elemental maps of O (f), Cu (g), Au
(h), Ti (1), and overlaid image ().
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Post-operando analyses

after storage under ambient conditions for 6
months, during which each specimen was

subjected to photoelectrochemical tests every 90

days — high repeatability
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*- Very good operational stability!

< No significant alteration/degradation
upon prolonged operation
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Bias-free H, evolution performances of Cu O-gCN-
TiO,-Au were higher than those afforded by
various homologous photocatalysts reported so far :

1) Cu,0-Ti0,; i1) gCN-Ti0,;

1i1) gCN-Cu,O; 1v) gCN-CuO;

v) gCN-CuO-TiO,; vi) gCN-Cu,0-TiO,;
vii) gCN-TiO,-Au; viil) gCN-TiO,-Pt.
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... In conclusion

v' Supported green nanoarchitectures (Cu,O-gCN-TiO,-Au) on Cu foam substrates
by a scalable and modular hybrid liquid/vapor phase route (Cu anodization,
liquid-phase gCN introduction, RF-Sputtering of TiO, and Au) & final annealing in air

v' High-area, multi-component systems with an intimate constituent contact
= multiple junctions

v’ Synergistical chemical & electronic interplay =
remarkable HER activity (~ —5.7 mA/cm? at 0.0 V
vs. RHE) and very good stability

v Many degrees of freedom
to tailor photoactivity

... perspectives &
open challenges

& service life

Implementation of tailored nanoheterostructures for clean energy production
from seawater and natural wastes

Optimization of material performances for bias-free photocatalytic H, evolution
H v Tests for a possible real-world utilization under different conditions

/ v Performance mastering of (photo)electrocatalysts for H,O purification "
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