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1. Introduction

The increasing rate of water and air pollution dramatically impacts natural ecosys-
tems and human health causing depletion of biodiversity, climate changes, spreading of
respiratory diseases, and, as a consequence, negatively impacting the world economy [1].
Therefore, the need for innovative and sustainable pollution control and clean energy
production systems is urgent.

However, most of the available water treatment technologies merely concentrate the
pollutants by transferring them to other phases that still need further treatments, thus not
completely “eliminating” or “destroying” the contaminants [2], or involve high operating
costs and could generate toxic secondary pollutants into the ecosystem [3].

Conversely, new strategies based on advanced oxidation processes (AOP) show the
potential to completely mineralize the target pollutant leading to harmless molecules,
through the in situ generation of Reactive Oxygen Species (ROS; i.e., H2O2, OH−, O2

−,
O3) under mild conditions [4]. Among the AOP processes, semiconductor assisted pho-
tocatalysis has attracted a lot of attention because it is essentially a cost-effective process
that could take place at both solid/air and solid/liquid interface. Its successful application
has been demonstrated in several fields such as air and water remediation, microbial inac-
tivation, and cultural heritage protection [5,6]. The generation of ROS in semiconductor
assisted photocatalytic process, occurs upon the photoexcitation of the semiconductor
(e.g., TiO2 or ZnO) that promotes the generation of photoelectrons in the conduction band
and photoholes in the valence band. The combination of photocatalysis and electrochemi-
cal technologies gives rise to the photoelectrocatalysis (PEC), considered as an effective
technique for pollutant mineralization in water. Indeed, PEC avoids electron and hole
recombination events (that strongly limit the photocatalysis efficiency) by applying an
external bias on a photoanode such as a TiO2-based substrate. When the photoanode is
irradiated, the applied bias promotes the transfer of the photogenerated electrons from the
anode to the cathode through an external circuit [7].

Photogenerated electrons and holes, reacting with water molecules and/or oxygen
molecules absorbed on the semiconductor surface, generate ROS, triggering a sequence of
oxidation reactions able to degrade and potentially mineralize target pollutants.

The present special issue aims at providing an updated and original collection of re-
cent advances in the field of synthesis and characterization of photoactive nanomaterials,
designed for environmental applications that include (but are not limited to) the degradation
of pollutants, the conversion and production assisted by UV, visible, or solar light.

2. This Special Issue

This special issue collects one review, and ten research articles that critically focus on
cutting-edge nanomaterials, designed for photocatalysis and photoelectrocatalysis.

The article from Cao et al. deals with the preparation and characterization of fabrics,
coated with commercial TiO2 P25 nanoparticles modified and doped by chloride ions
which provide a negative surface charge to promote the adsorption of cationic dyes and
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induce oxygen vacancies that modify the TiO2 energy gap ultimately enhancing visible
light absorption as demonstrated by the degradation of Methyl Orange, Methylene Blue,
and Rhodamine B [8].

The preparation of efficient TiO2 based nanosized photocatalyst in simple and mild
conditions, is one of the hot topics of the present special issue. Such a subject, indeed, is
closely related to the application on large scale of TiO2 assisted photocatalysis. Indeed,
Dell’Edera et al. report the synthesis of mesoporous TiO2 anatase nanostructures by a low-
cost and environmentally sustainable route suitable to yield up to 40 g of product per batch.
The proposed approach exploits TiOSO4 alkaline hydrolysis at room temperature followed
by mild thermal treatment of the collected powder. The photocatalytic performances,
investigated in the degradation of Methylene Blue, show a progressive increase as a
function of the thermal treatment time [9].

The preparation of an efficient visible light active photocatalyst with reduced costs
is also the objective of the work by Cizmar et al., who investigates several approaches
for the synthesis of Cu-modified nanoporous TiO2. The authors examined several syn-
thetic routes, including the hydrothermal synthesis, the anodization with Cu source, the
electrodeposition, and the spin-coating, using two different copper sources. The photo-
catalysts characterization performed by X-ray Diffraction, Raman Spectroscopy, Scanning
Electron Microscopy, and Energy Dispersive X-ray spectroscopy and the investigation
on the photocatalytic activity, allows to establish a correlation among the synthesis path,
the Cu concentration, and the photocatalytic activity. The overall results point out that
spin-coating is faster, cheaper, and more suitable for scale-up synthesis of the investigated
photocatalyst [10].

The large scale application of photocatalysis requires photocatalyst stability and re-
cyclability. Such an issue is critically addressed in the paper published by Wint et al. that
investigates the recyclability TiO2 nanotubes (TiO2 NTs) and TiO2 NTs decorated with Ag
nanoparticles (TiO2NTs/Ag) prepared by electrochemical anodization. The two photocata-
lysts, characterized by FESEM, XRD, reflectance spectroscopy, XPS analysis, are tested in
the photodegradation of Methylene Blue under UV light irradiation, that demonstrates the
increases of the reaction rate, promoted by the presence of Ag nanoparticles [11].

The paper from Khezrianjoo et al. investigates the photocatalytic degradation of a
food dye, assisted by commercially available TiO2 and ZnO nanoparticles, respectively.
The target food dye is the Food Black 1 that has harmful effects on cells even at low concen-
trations. This paper examines several photocatalysis parameters including decolorization,
dearomatization, and mineralization. Important, authors also perform a toxicological
investigation by analyzing seed germination and root growth of the Lepidium sativum L.
(L. sativum L.) in the water solutions treated by photocatalysis [12].

Scientists are extremely active in the investigation of novel photocatalysts based on
ZnO or TiO2 modified with carbon-based nanostructures to improve the photocatalytic
performance of plain semiconductors. In this regard, the paper by Ramos et al. describes
the synthesis of zinc oxide-reduced graphene oxide (ZnO-rGO) nanorods (NRs) by a
hydrothermal route, using electrospun ZnO-rGO seed layers. The ZnO-rGO seed layer is
realized on an FTO substrate by electrospinning, exploring several experimental conditions.
As a result, the photocatalytic activity of the ZnO-rGO NRs is related to the applied
spinning voltage value that affects morphological, structural, and optical properties of the
resulting ZnO-rGO NRs [13].

Plasmonic photocatalysts can represent a valuable alternative to TiO2 and ZnO
nanoparticles for photocatalytic processes under visible light irradiation, as demonstrated
by two papers of the present special issue.

A series of Ag/Pd/m-BiVO4 (monoclinic) bimetallic nano-microspheres with photo-
catalytic properties are reported in the paper of Yu et al. The photocatalysts, prepared by a
two-step method (hydrothermal synthesis and chemical reduction) have been characterized
by several techniques, and their photocatalytic activity has been investigated in the oxida-
tion of benzyl alcohol under visible light irradiation, in several organic solvents. Optimal
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conditions for the preparation of the nano-microspheres allow to produce a photocatalyst
able to achieve a conversion rate up to 89.9% and a selectivity greater than 99% under
suitable experimental conditions [14].

The paper of Ryu et al. deals with the preparation, characterization, and testing of
a plasmonic photocatalyst consisting of AgCl nanostructures decorated with bimetallic
moieties of Ag and Au (AgCl@AgAu NPs). The paper explores several preparation con-
ditions, focusing on the effect of the molecular weight of the polyvinylpyrrolidone that
affects the shape of the resulting nanostructure. Experimental results from the paper of
Ryu et al. describe a valuable approach to control the reduction of metal ions, thus control-
ling the plasmonic properties of the nanostructure. Further, the correlation between the
structural, compositional, and photocatalytic properties of AgCl-based nanomaterials is
demonstrated [15].

The present special issue also includes two papers focused on nanomaterials for PEC.
The work from the group of Mascolo et al. investigates the removal of carbamazepine
by PEC and conventional photocatalysis. In this paper, the photocatalyst is prepared
by Plasma Electrolytic Oxidation from a titanium expanded mesh, resulting in a TiO2
mesh with a porous morphology. The photocatalytic investigation considers several AOP
methods such as: PEC, TiO2 assisted photocatalysis, electrochemical oxidation, TiO2 P25
assisted photocatalysis, and direct photolysis. Identification of the transformation products
and possible degradation pathways of carbamazepine are also reported, pointing out the
generation of secondary products with low molecular weight, thus assessing the efficiency
of the process. The results highlight the efficiency of the PEC that promotes 99% of
carbamazepine removal in less than one hour of reaction [16].

A further paper dealing with PEC is published by Franz et al. This work reports
the preparation and characterization of TiO2 films, by Plasma Electrolytic Oxidation in
different experimental conditions, controlling the crystalline composition of TiO2 particles.
This study reports not only the photoelectrocatalytic activity of the obtained TiO2 films,
but also the photoelectrochemical activity, assessed by measuring incident photon-to-
current efficiency (IPCE) under UV light irradiation. Experimental results point out that
films with higher IPCE values are the most efficient photocatalysts under the investigated
experimental conditions [17].

Finally, the review article by Sakdaronnarong et al. reports on the new opportunities
arising from the use of carbon dots (CDs) for photocatalysis-related applications. Although
CDs are not itself photocatalysts, they can enhance the photocatalytic activity because of
two mechanisms. Indeed, upon photoexcitation of CDs with long-wavelength visible light,
they can emit photons with higher energies to photoexcite photocatalytic semiconductors.
Second, in combination with photocatalytic semiconductors, CDs with a proper band
gap can promote the separation of charges, enhances charge migration efficiency, thus
increasing the number of charge carriers that are available for photocatalytic reactions.
The review outlines synthesis approaches for the preparation of CDs, modification of
photocatalysts with CDs, and applications in several fields, including water treatment and
hydrogen production. A further section is devoted to enzyme-mimetic and photodynamic
applications [18].

In conclusion: this special issue is an optimal reference point for researchers inves-
tigating new approaches for the synthesis of nanomaterials purposely designed for the
real-scale application of photocatalysis and PEC. The published papers not only focus on
the synthesis procedures but cover several aspects of the photocatalytic process, including
reaction pathways of pollutants, recyclability and eco-toxicology.
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