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Figure 1.4 (a) Schematic illustration of the photocatalytic processes over a time span

of femtoseconds to seconds. Source: Reproduced with permission from Chen et al.
[36]/John Wiley & Sons. (I8d) Various strategies for achieving charge carriers separation.
Blue and orange rectangles indicate reductive and oxidative sites, respectively. The

red arrow indicates the charge-separation direction between the two surface sites.

The solid arrow in panel (c) indicates internal electric “elds. Source: Reproduced with
permission from Liu et al. [37]/American Chemical Society.

formed at the heterojunction interface due to the diusion of electrons from
the semiconductor with a higher Fermi level to the one with lower Fermi level.
When illuminated with light, photoexcited electrons and holes are compelled to
move between the two semiconductors through the built-in electric eld, e ectively
suppressing the recombination of the carriers. For the solid...solid junctions, two
commonly encountered heterojunction types are the type Il and Z-scheme. In a
type Il heterojunction (Figure 1.5a), the CB edge of semiconductor A is higher
than that of semiconductor B, resulting in the transfer of photogenerated elec-
trons from the CB of semiconductor A to that of semiconductor B. On the other
hand, the VB edge of semiconductor A is higher than that of semiconductor B,
causing photogenerated holes to move from the VB of semiconductor B to that
of semiconductor A. This leads to e cient spatial charge separation. However,
the type Il heterojunction has a drawback, as the reductive and oxidative abilities
of photogenerated electrons and holes are compromised due to the interfacial
charge transfer. In contrast, the Z-scheme heterojunction (Figure 1.5b) also exhibits
staggered energy band positions but maintains the redox abilities of photogenerated
charges. In this arrangement, electrons in the CB of semiconductor B recombine
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1.3.2.3 Cocatalyst Loading

Cocatalyst loading is an e ective strategy to enhance the photocatalytic activity of
semiconductor photocatalysts [47]. This approach improves the e ciency of charge
separation and enhances the number of exposed active sites. Recently, tailoring
the attachment of cocatalysts to speci c facets has garnered signi cant attention

in the eld of photocatalytic applications. For example, in SrTiQ, photocatalysts,

a selective attachment of H-evolving cocatalysts and water-oxidation cocatalysts
onto both reductive and oxidative facets was demonstrated to result in a remarkable
vefold enhancement of quantum yield (QY) [48]. This strategic approach resulted

in an impressive approximately 100% QY on SrTi{particles [39]. Li et al. reported

a selective photodeposition of MnQ cocatalysts onto the {011} facets of a single
BiVO, photocatalyst in an asymmetric manner. The deposition of the cocatalyst
resulted in a signi cant enhancement in the photocatalytic activity of water
oxidation [49]. Spatially resolved surfae photovoltage (SRSPV) technique was used
to understand the function of the cocatalyst and the underlying mechanism [50].
Impressively, the SRSPV analysis revealed that the selective deposition of cocatalysts
facilitated the e cient spatial separation of photogenerated holes and electrons,

e ectively distributing them at the lateral {011} and top {010} facets, respectively,
as depicted in Figure 1.6a. The SRSPV spectra provided quantitative evidence of
the asymmetric depositionss e ects, showing a signi cant enhancement in positive
surface photovoltage (SPV) signals on the {011} facets, whereas the SPV signals
on the {010} facets exhibited an inverted sign (Figure 1.6b). This observed change
indicated aa shift in the vectors of the built-in electric elds on the di erent facets,
transitioning from counteraction to alignment. Consequently, photogenerated
holes and electrons were e ciently separated between the {011} and {010} facets
due to the aligned built-in electric eld (Figure 1.6c). Further selective deposition

of Pt NPs onto the {010} facets increased the surface photovoltage signals on both
facets with opposite signs, indicating enhanced hole transfer to the {011} facets
and electron transfer to the {010} facets. The asymmetric assembly of cocatalysts
resulted in a substantial 2.5 kV cni! built-in electric eld, oriented from the {010}
facet to the {011} facet, facilitating e cient charge separation.
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Figure 1.6 Charge separation through a spatially selective cocatalyst loading, (a) Surface
photovoltage microscopy (SPVM) analysis, (b) Spatially resolved surface photovoltage
(SRSPS) analysis, and (c) schematic illustration of the charge separation process.
Source: Reproduced with permission from Chen et al. [36]/John Wiley & Sons.
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By conducting thorough investigations that encompass various aspects such as
scale-up studies and cost...bene t analysis, researchers can gain a comprehensive
understanding of the real-world potential of photocatalysis and explore its practical
applications in diverse elds, including water puri cation, air pollution control,
self-cleaning surfaces, and renewable energy generation. Although signi cant
progress has been made in solar-to-fuel conversion technologies, there remains
a critical need to substantially enhance the current solar-to-fuel conversion
e ciency, which hovers around approximately 1%. To achieve meaningful and
widespread impact on solar fuels production, the e ciency must be raised to exceed
10%. This enhancement is essential for scaling up the technology and making
it a practical and viable solution for sustainable energy production from solar
sources. Continued research, development, and innovation are vital to address
this challenge and unlock the full potential of solar fuels as a clean and renewable
energy source.
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