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HIGHLIGHTS GRAPHICAL ABSTRACT

® Cr(VI) reduction to Cr(Ill) using sil-
icon nanowires decorated with Cu
nanoparticles.

The reduction takes place at room
temperature and neutral pH under
visible light.

The photocatalytic reduction was
enhanced by addition of adipic or cit-
ric acid.
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ARTICLE INFO ABSTRACT
Article history: We report an efficient visible light-induced reduction of hexavalent chromium Cr(VI) to trivalent Cr(IIl)
Received 21 September 2015 by direct illumination of an aqueous solution of potassium dichromate (K,Cr,07) in the presence of
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hydrogenated silicon nanowires (H-SiNWs) or silicon nanowires decorated with copper nanoparticles
(Cu NPs-SiNWs) substrate as photocatalyst. The SiNW arrays investigated in this study were prepared
by chemical etching of crystalline silicon in HF/AgNO3; aqueous solution. The Cu NPs were deposited
on SiNW arrays via electroless deposition technique. Visible light irradiation of an aqueous solution of
K»Cr,07 (104 M) in presence of H-SiNWs showed that these substrates were not efficient for Cr(VI)

IS(ieiJi/:;cr)lrzjnowires reduction. The reduction efficiency achieved was less than 10% after 120 min irradiation at A >420 nm.
Copper nanoparticles Addition of organic acids such as citric or adipic acid in the solution accelerated Cr(VI) reduction in a
Photocatalysis concentration-dependent manner. Interestingly, Cu NPs-SiNWSs was found to be a very efficient interface
Chromium(VI) for the reduction of Cr(VI) to Cr(Ill) in absence of organic acids. Almost a full reduction of Cr(VI) was
Chromium(IIT) achieved by direct visible light irradiation for 140 min using this photocatalyst.

Organic acids © 2015 Published by Elsevier B.V.
Visible light
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1. Introduction

Hexavalent chromium Cr(VI) is a priority pollutant in many
countries and Cr(VI) contamination of soil and groundwater is a sig-
nificant problem worldwide [1]. The extensive distribution of this
pollutant in the environment is due primarily to its application in
a wide range of industries such as the production of stainless steel,
in plating, refractory industry and tanning of leather, pigment and
chemical industry, wood treatment, etc. Cr(VI) is toxic to humans,
animals, plants and microorganisms. In contrast, Cr(Ill) is much
less toxic and an essential nutrient for human and animals; Cr(VI)
reduction to Cr(IIl) is thus very important in the remediation of
environmental sites contaminated by chromium. Several research
reports have focused on the reduction of Cr(VI) to Cr(Ill) using
semiconductor catalysts such as TiO; [2-4], WO3-doped TiO, nano-
tubes [4],NaTaOs3 [5], NiO/TiO, [5], ZnO/TiO, composite [6], NiO [7]
and bismuth oxychloride [8] or ZnO nanoparticles [9] under UV or
laser irradiation. The photocatalytic reduction of Cr(VI) can also be
achieved under visible light irradiation when nanocomposites of
TiO, and SnS; [10], bismuth-doped ordered mesoporous TiO, [11],
TiO,/graphene [12], SnS,/Sn0, [13] nanocomposite, N-doped TiO,
[14], and g-C3N4 [15] are used as photocatalysts.

When a semiconductor suspension was irradiated with UV light
(A <387 nm), the photo-induced electrons are responsible for the
photocatalytic reduction of Cr(VI). The UV or visible photocat-
alytic reduction of Cr(VI) to Cr(Ill) generally proceeds very slowly,
because the accompanying oxidation of water to oxygen is a kinet-
ically slow process [16]. Addition of organic donors accelerates
significantly the UV photocatalytic reduction of Cr(VI), due to
enhanced charge separation of photo-induced hole/electron pairs
by the simultaneous reduction/oxidation reactions [17-21].

Although bulk silicon displays a small band gap (~1.1eV), it
has so far not been investigated in heterogeneous photocatalysis
because its valence band is not positive enough to oxidize organic
pollutants. In the last years, it has been established that silicon
in its nanostructured form is, however, an effective photocatalyst
for oxidation of organic dyes and selective oxidation of aromatic
molecules [22-29], as well as for the reduction of graphene oxide
(GO) [30]. The photocatalytic efficiency of hydrogenated SiNWs for
the degradation of rhodamine B (RhB) and oxidation of benzyl alco-
hol to benzoic acid was highlighted for the first time by Shao et al.
[23]. The higher performance of H-SiNWs compared to SiNWs dec-
orated with Pd, Au, Rh or Ag NPs for the degradation of RhB was
also demonstrated [23]. We have recently shown that decorating
SiNWs with Cu NPs enhances the photocatalytic performance of
the substrate for the photodegradation of RhB under visible light
irradiation [24].

While the photocatalytic activity of SINWs substrates for the
oxidation of dyes and organic molecules has been described, there
has been no report on the use of these substrates for the reduction
of hexavalent chromium Cr(VI) under visible light irradiation. The
goal of our work is to investigate the efficiency of SINWs catalysts
for the photoreduction of Cr(VI) to Cr(Ill) under visible light irradia-
tion with and without organic additives. The photocatalysts consist
of H-SiNWs and SiNWSs decorated with Cu NPs. In the absence
of organic additives, it was found that H-SiNWs was not efficient
for the Cr(VI) reduction under visible light irradiation, while Cu
NPs-SiNWs led to almost full reduction of Cr(VI) after 140 min irra-
diation. Addition of citric acid (5 mM) into the solution accelerated
significantly the reduction rate.

2. Results and discussion

The SiNW arrays investigated in this study are obtained
by metal-assisted chemical etching of p-type silicon wafers

(boron-doped, 0.009-0.01 2-cm resistivity) in HF (5M)/AgNO3
(0.035M) aqueous solution at 55 °C for 30 min [30-32]. The tech-
nique is easy to carry out and the formation of the silicon
nanostructures takes place at relatively low temperature. As shown
in scanning electron microscopy (SEM) images in Fig. 1, this one
step chemical etching process produces vertically oriented SiNWs
with a length of ~5.6 wum and a diameter size in the range of
20-100nm (Fig. 1A and B). EDX analysis of H-SiNWs substrate
shows a strong signal from Si element and a small contribution
from oxygen (Fig. 1C). The presence of oxygen in the EDX spectrum
is most likely due to partial oxidation of silicon upon exposure to
ambient.

Cu-decorated SiNW arrays are prepared by the electroless depo-
sition technique [24,30,33]. In aqueous solutions, metal ions with
redox potential greater than hydrogen attract electrons from Si
atoms and are reduced to the atomic form. In diluted HF-solutions,
Cu adheres on the Si surface easily and deposits locally in a par-
ticle form [34]. This technique has been applied for deposition of
Cu nanostructures on porous silicon [35,36]. Electroless deposition
of Cu on SiNW arrays occurs according to the following cathodic
reaction:

Cu?*t +2e~ — Cu(s)

The deposited metal atoms first form nuclei and then nanoclus-
ters to give nanoparticles. This reaction is accompanied by silicon
oxidation:

Si + 2H,0 — SiO, +4H" +4e~

The role of HF in this chemical process is to dissolve the SiO,
layer. Fig. 1D and E displays SEM images of the resulting SINWs
substrates decorated with Cu nanoparticles. Because of the con-
centration gradient of metal ions, more nanoparticles tend to grow
at the tips of the nanowires [37]. Thus, the metal nanoparticles
aggregate and grow larger, while the SINWs become tapered. From
the top-view SEM image in Fig. 1D, one sees that the nanowires
are stuck to each other to form bundles. This phenomenon is most
likely due to van der Waals attraction between the nanowires upon
drying. Alternatively, it was also suggested that some nanowires
may be left undetached due to inhomogeneous etching induced by
a random Ag particle distribution [38]. A high magnification SEM
image suggests that the size of the surface-deposited Cu NPs is in
the range of ~50-100 nm (Fig. 1E). In contrast to H-SiNWs, the EDX
spectrum of the Cu NPs-SiNWs substrate exhibits signals due to Si
and Cu, and a small contribution from oxygen (Fig. 1F). The results
are in good agreement with copper deposition on the nanowires.
The presence of oxygen in the EDX spectrum is most likely due to
partial oxidation of silicon upon exposure to ambient.

For TEM imaging analysis, the as-etched SiNWs or Cu NPs-
SiNWs were scratched from the silicon substrate carefully and
then were dispersed in ethanol by ultrasonication. Fig. S1 dis-
plays the TEM images of SiNWs. One SiNW of up to ~2.5 pum in
length and ~150nm in diameter was imaged in Fig. S1A. How-
ever, a closer observation on a selective area of this long SINW
(inset of Fig. S1A) indicates that the nanowire is porous with pore
diameter of ~10nm. In addition, some much shorter SiNWs or
agglomerated/porous particles always appear upon extensive TEM
observation, which most probably due to the breaking of as-etched
SiNW during post-treatment consisting of scratching and ultrason-
ication. The high resolution TEM image taken on the long SINW
clearly shows the lattice fringes of diamond-like silicon (Fig. S1B).
The interplanar spacing of ~0.31 nm is in good agreement with
the d-spacing of (11 1) crystalline plane. SAED analysis is also per-
formed on the SiNW. In most cases, the patterns consist of many
regularly arranged diffraction spots, which imply the single crys-
tallinity of the SiNWs even though they are porous. Such a feature
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Fig. 1. Top view (A) and cross-sectional (B) SEM images of silicon substrate etched in an aqueous solution of HF (5M)/AgNO3 (0.035M) for 30 min at 55°C; (C) energy
dispersive X-ray spectra of H-SiNWs; (D) top view SEM image of Cu NPs-SiNWs; Cu NPs deposition was achieved using CuCl, (0.035 M)/HF (1.45 M) aqueous solutions for
1 min at room temperature; (E) high magnification SEM image of the surface deposited Cu NPs; (F) energy dispersive X-ray spectra of Cu NPs-SiNWs.

is actually reasonable since the SINWs were prepared by chemical
etching of bulk silicon single-crystal wafer. A representative SAED
pattern is shown in Fig. S1C. The index to some diffraction spots
were indicated therein.

Fig. 2 exhibits the TEM images of Cu NPs-SiNWs. A bundle of
SiNWs appears in Fig. 2A. This agrees well with the SEM observa-
tions of as-etched SiNWs on the silicon substrate. In addition, some
separated particles and SiNWs are also observed. However, most
of these agglomerated particles are silicon upon careful analysis
by high-resolution TEM combined with fast Fourier transformation
(FFT). Cu NPs are less observed due to their small amounts relative
to SiNWs. Moreover, single/separated Cu NPs are yet less observed,
in most cases present as aggregates with silicon particles, but with
much higher contrast (darker than surrounding silicon) due to the
higher atomic number (Z) contrast relative to the underlying car-
bon support. Fig. 2B shows one ~50 nm Cu NP in the black frame
aggregated with silicon particles. High resolution TEM image on its
edge reveals the lattice fringes of crystalline cubic copper (Fig. 2C).
The d-spacing of 0.22 nm corresponds to the interplanar distance
of (11 1) plane. The SAED pattern recorded on this Cu NP consists of
homocentric rings, indicating the polycrystallinity (Fig. 2D). From
the inner to outer, the rings could be indexed to (100),(111) and
(200) crystalline planes.

The photoreduction of Cr(VI) using H-SiNWs substrates
was conducted under visible light irradiation (A>420nm;
power=0.9Wcm~2) at room temperature by immersion of the

H-SiNW substrate into a 2mL aqueous solution of potassium
dichromate (K,Cr,07) with an initial concentration of 10~4 M. An
aqueous solution of Cr(VI) displays two main absorption features
at around 257 and 352 nm (Fig. 3A). The photocatalytic reduction
process was monitored by the decay of the absorption band at
352nm as a function of irradiation time. Direct irradiation (i.e.,
without SiNWs) of a 1074 M aqueous solution of Cr(VI) under
visible light irradiation for 120 min did not show any apparent
change in the UV/vis spectrum, suggesting that Cr(VI) is very stable
under these photocatalytic conditions. Visible light irradiation of
the Cr(VI) solution in the presence of H-SiNWs led to a decrease of
the absorption band intensity of less than 10% after 120 min under
otherwise identical experimental conditions. This slight decrease
of the absorption is most likely due to Cr(VI) ions adsorption on
the substrate rather than from its catalytic reduction stimulated
by visible light. The results suggest that H-SiNWs substrate is not
an efficient photocatalyst for Cr(VI) reduction under visible light
irradiation.

Interestingly, when the reduction of Cr(VI) is performed in the
presence of Cu NPs-SiNWs substrate, an almost full reduction of
Cr(VI) after 140 min irradiation is observed (Fig. 3A). The reduction
of Cr(VI) is a complex process as can be seen from Fig. 3A. It is to
be noted that the decrease of the absorption by ~10% in the first
20 min is due to Cr(VI) adsorption on the SiNWs surface since the
solution was not irradiated. We have noticed that 20 min were suf-
ficient to reach the equilibrium and no further decrease is observed
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Fig. 2. (A) TEM image of Cu NPs-SiNWs scratched from the silicon substrate; (B) high magnification TEM image of aggregated silicon NPs and one Cu NP in the black frame;
(C) high-resolution TEM image taken near the edge of Cu NP present in Fig. 3B; (C) SAED pattern recorded from the Cu NP present in Fig. 3B.

for longer exposure times without irradiation. Visible light
irradiation for 20 min led to the shift of the absorbance peaks of
Cr(VI) from 257 to 271 nm and from 352 to 370 nm, respectively,
without any evident decrease of their intensity (Fig. 3A). No fur-
ther red shift is observed after 20 min irradiation. However, the
absorbance decreased in a quick manner to reach a value <5% for
the two peaks after 140 min irradiation (Fig. 3B).

We have next studied the effect of organic acid (adipic or citric
acid) additives on the Cr(VI) reduction upon visible light irradia-
tion in the presence of H-SiNWs. Addition of adipic acid (5 mM)
into an aqueous solution of Cr(VI) (10~4 M) in the presence of H-
SiNWs accelerated significantly the reduction rate (Fig. 4A). Indeed,
after 240 min visible light irradiation about 55% of Cr(VI) is reduced.
Decreasing adipic acid concentration to 0.5 and 0.05 mM resulted
in a decrease of the performance of the photocatalyst with 26 and
34% of Cr(VI) reduction, respectively after 240 min irradiation. In
control experiments, we have checked the effect of adipic acid on
Cr(VI) upon storage in the dark and visible light irradiation. While
dark storage of 10~ Cr(VI) aqueous solutions containing adipic acid
(0.05, 0.5 or 5 mM) at room temperature for 20 h did not show obvi-
ous changes in the Cr(VI) content (Fig. S2A), visible light irradiation
of the same solutions for 240 min induced about 7% reduction of
Cr(VI) (Fig. S3).

Similarly, we have undertaken the photoreduction reaction of
Cr(VI) in the presence of citric acid at 0.05, 0.5 and 5mM using
H-SiNWs as photocatalyst (Fig. 4B). Compared to adipic acid, the
reduction process was much more enhanced with a complete
reduction of Cr(VI) after 240 min irradiation when 5mM of citric
acid was used. For citric acid concentrations of 0.5 and 0.05 mM, 80

and 22% of Cr(VI) were reduced, respectively upon 240 min visible
light irradiation. Controls consisting of dark or visible light irra-
diation of Cr(VI) in the presence of citric acid suggested that no
reduction occurred upon dark storage for 20 h at room temperature
(Fig. S2B), while visible light irradiation caused ~27% reduction in
the presence of 5mM citric acid (Fig. S3).

Furthermore, we have investigated the effect of 5 mM citric acid
on the photocatalytic reduction of Cr(VI) in the presence of Cu NPs-
SiNWs substrate under visible light irradiation. UV-vis absorption
results indicated that almost a full reduction of Cr(VI) was achieved
only after 30 min irradiation (Fig. 5). Addition of citric acid acceler-
ated significantly the reduction when Cu NPs-SiNWs substrate was
used as photocatalyst.

From these results, we can notice that the influence of adipic
acid on the reduction rate of Cr(VI) is somehow different from that
of citric acid. Although, the result is not very clear at this stage, it has
been postulated in the literature that organics capable of donating
electrons directly to the valence band of the photocatalyst result in
high reduction rates, while those that are oxidized only by hydroxyl
radicals produce lower rates [39]. In the former case, electrons from
the organics rapidly fill valence band holes, limiting electron/hole
recombination leaving more conduction-band electrons available
for Cr(VI) reduction. In the latter, holes are only filled by the forma-
tion of hydroxyl radicals; thus, organics affect reduction indirectly,
resulting in slow reduction.

The reproducibility of the Cu NPs-SiNWs for the photocatalytic
reduction of Cr(VI) was investigated using 3 different samples pre-
pared under the same experimental conditions. The photocatalytic
reduction of Cr(VI) in the presence of 5mM citric acid and Cu
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NPs-SiNWs substrate under visible light irradiation gave almost full
reduction of Cr(VI) to Cr(Ill) after 30 min irradiation, indicating a
good reproducibility of the fabrication method. The stability of the
Cu NPs-SiNWs was assessed through three consecutive photocat-
alytic runs for the reduction of a 10~4 M aqueous solution of Cr(VI)
in the presence of 5 mM citric acid. While almost a full reduction of
Cr(VI) to Cr(Ill) was observed after 30 min for the two first cycles,
the third cycle required much longer time (115 min) to achieve full
reduction. The slight deactivation of the photocatalyst is most likely
due to Cr(Ill) adsorption on the photocatalyst surface [20].

One practical limitation in photocatalytic reactions using semi-
conductors is the undesired fast electron/hole recombination,
which, in the absence of electron donor or acceptor is extremely
efficient. It has previously been proposed that the Si—H bonds
present on the H-SiNWs surface can serve as electron traps
and can accelerate the separation between (electron-hole) and
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Fig. 3. (A) UV/vis spectra and (B) temporal course of the photocatalytic reduction
of 104 M K, Cr,07 aqueous solution in the presence Cu NPs-SiNWs.

consequently increases the photocatalytic activity of the photo-
catalyst [23]. Furthermore, the deposition of metal particles (Au,
Ag, Pt, Pd or Cu) on the surface of SINW substrates increases the
catalytic activity for the photodegradation of organic pollutants
[23,24]. These heterostructures cause the trapping of electrons
photo-generated in the metal, reducing the possibility of elec-
tron-hole recombination.

Aplausible mechanism for the photocatalytic reduction of Cr(VI)
over SiNWs photocatalysts under visible light can be summarized
as follows:

SiNWSs + hv — SiNWs (h* 4+-e7) (1)
Cry072~ + 14H* +6e~ — 2Cr3* +7H,0 (2)
H,0 + h* — OH°® + H* (3)
Cr3* 4+ 2h* + OH* — Cr% + OH- (4)

An electron-hole pair is generated upon excitation of the SINWs
substrate with a photon of energy equal to or higher than the band
gap (Eg ~1.1eV) (Eq. (1)). Reaction of the photoexcited catalyst
with H,0 (i.e., oxidative hole trapping) creates “surface” bound
*OH radicals (Eq. (3)). Subsequent reaction of Cr(III) with holes or

(A) 1 T T T T
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Q
(&)
04 5mM +
0,2 - _
0 1 1 1 1
0 50 100 150 200 250
Time (min)
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Fig. 4. Temporal course of the photocatalytic reduction of 10-4 M K»Cr, 07 aqueous
solution in the presence of H-SiNWs and different concentrations of adipic acid (A)
and citric acid (B).
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Fig. 5. UV-vis absorption spectra of the photocatalytic reduction of 10~4 M K, Cr, 07
aqueous solution in the presence of 5mM citric acid and Cu NPs-SiNWs.

hydroxyl radicals leads to its reoxidation back to Cr(VI) (Eq. (4)).
In the absence of organic acids, we found that the photocatalytic
activity of H-SiNWs is low for the reduction of Cr(VI) contained in
the solution of potassium dichromate. This is probably due to fast
electron/hole recombination or ascribed to a short-circuiting due
to the continuous reduction and reoxidation of chromium species
by holes or hydroxyl radicals (Eq. (4)) [3,4,17]. However, upon dec-
oration with copper nanoparticles, an increase in the number of
trapped electrons enhances the catalytic performance of the cat-
alyst. The electrons can be scavenged by Cr(VI), which in turn is
reduced to Cr(Ill) (Eq. (2)). In addition, because Cu can be easily
oxidized in open air, Cu oxide phase can be formed on Cu nanoparti-
cles and promotes the production of hydroxyl radicals *OH (Eq. (3)),
that are strong oxidizing agents for organic pollutants [40,41]. This
process consumes the holes thereby preventing the electron-hole
recombination on SiNWs.

The chemical composition of the as-prepared Cu NPs-SiNWs
substrate and after photocatalytic use was examined using X-ray
photoelectron spectroscopy (XPS). The high resolution of the core
level of Cu 2p of the as-prepared Cu NPs-SiNWs substrate reveals
the presence two main peaks at 932.68 and 952.48 eV due to Cu
2p3p; and Cu 2pqpp, respectively from metallic Cu® or Cu* (Cuy0)
(Fig. S4A). Unfortunately, Cu® cannot be distinguished from Cu* by
XPS because of their spectral overlap [42,43]. However, based on
the literature data, the peak is most likely due to Cu® (the ISO stan-
dard Cu metal line is at 932.63 eV with a deviation set at +0.025 eV)
[43,44]. The overall Cu content is 24.8 at%, indicating high loading
of Cu NPs onto the SiNWs surface. Fig. S4B displays the core level
of Cu 2p of the Cu NPs-SiNWs substrate after photocatalytic use.
It comprises two main peaks at 934.1, 953.89eV and two satellite
peaks at 944.55 and 964.22 eV. The peaks at 934.1 and 953.89 eV are
due to Cu 2p3j; and Cu 2py,, respectively from Cu?*. In addition,
the presence of shake-up satellite peaks at higher binding energies
i.e., 944.55 and 964.22 eV, characteristic of materials having a d°
configuration in their ground state, clearly indicates the presence
of Cu?* [43]. The results clearly indicate the presence of Cu oxide
phase on the photocatalyst.

Addition of organic acids promoted and enhanced significantly
Cr(VI) reduction in the presence SiNWs-based photocatalysts.

Indeed, in the presence of degradable organic pollutants, the holes
can produce *OH radicals (Eq. (3)), which can further degrade the
organics to CO, and H,0 (Eq. (5)). Of course, the holes can also
directly oxidize the organic molecules (Eq. (6)). In other words, in
the presence of organic acids, the photogenerated holes are rapidly
scavenged from the SiNWSs, suppressing electron-hole recom-
bination on SiNWs and accelerating the reduction of Cr(VI) by
photogenerated electrons [45]. Such a synergistic effect between
the photocatalytic reduction of Cr(VI) and the oxidation of organic
compounds was also reported by Wang et al. using TiO, as photo-
catalyst [19].

*OH + organics — ---

— CO, +H,0

— CO, +H,0 (5)

(6)

Moreover, we have performed several controls to gain further
insights into the red shift of the Cr(VI) absorption peaks upon
visible light irradiation in the presence of Cu NPs-SiNWs photo-
catalyst. This red shift did not occur on both hydrogenated SiNWs
and oxidized SiNWs upon 120 min visible light irradiation, although
no Cr(VI) reduction was achieved using these photocatalysts. This
means that the Cu NPs are involved in the red shift of Cr(VI) absorp-
tion peaks. To this end, equimolar solutions of Cr(VI) and Cu(II) were
irradiated under visible light for 20 min. No red shift or absorption
decrease was observed under these experimental conditions. Simi-
lar results were obtained upon 20 min visible light irradiation of an
aqueous solution of 10~4 M Cr(VI) saturated with CuBr. The results
suggest that these species, even present in the solution, are not
responsible for the red shift observed upon visible light irradiation
of Cr(VI). Upon exposure to air (and in aqueous solution), Cu can
be easily oxidized to Cu oxide. Thus, the formation of Cr(VI) com-
plex with —OH groups on the surface cannot be excluded. However
at this stage, it is difficult to draw a final conclusion on the red
shift observed in the UV-vis of Cr(VI) over Cu NPs-SiNWs. Further
experiments are needed to elucidate this process.

h* +organics — ---

3. Conclusion

We have demonstrated that SINW arrays can be successfully
used as high performant photocatalyst for Cr(VI) reduction under
visible light irradiation. While a hydrogenated SiNWs substrate
alone was not efficient in this photocatalytic process, addition of
organic acids promoted Cr(VI) reduction under visible light irradi-
ation. SiNWs decorated with copper nanoparticles, on the other
hand, allows Cr(VI) reduction to Cr(Ill) without additives under
visible irradiation. The photocatalyst can be reused two times with-
out any obvious change in its photocatalytic activity. However,
in absence of organic acids, a red shift of the absorption peaks
of Cr(VI) was observed using Cu NPs-SiNWs. This shift cannot be
explained at this stage and further experiments are required to elu-
cidate this process. The preparation of SiNWs by chemical etching
is simple, straightforward, cost-effective and easily scalable. The
results provided in this work are very promising in view of various
photocatalytic applications of the SiNWs-based substrates.
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