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Abstract

The evaluation of the photocatalytic performance of Ag-loaded TiO,
nanocolumn (Ag-TNC) arrays prepared by atomic layer deposition (ALD)
and vacuum evaporation is described. The effects of Ag loading position
and deposition thickness on the morphology, structure, composition, and
optical and photocatalytic properties of the Ag-TNC arrays were studied
by controlling the preparation process and vacuum evaporation time. The
Ag-filled samples were found to maintain high catalytic efficiency,
whereas that of the Ag-coated samples decreased with the increase of Ag
deposition thickness. The reasons for the influence of the loading position
on the catalytic efficiency are discussed, and the conclusions were verified
by simulation.
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1. Introduction
Since 1972, when Shimada and Honda discovered the photocatalysis of
titanium dioxide (TiO,) under ultraviolet light (UV), research in this field
has never stopped growing [1]. Recently, TiO, has been utilized in the
fields of photocatalytic water decomposition [2], photocatalytic organic
degradation [3], and artificial photosynthesis [4]. In particular, research on
the application of TiO, in the field of water pollution degradation has
experienced a notable increase due to its nontoxicity, nonpollutant nature,
high chemical stability, and low price [5]. However, the absorption
spectrum of pure TiO, is too narrow (200-400 nm), and the high hole—
electron pair recombination rate restricts its photocatalytic efficiency [6,7].
Many efforts have been devoted to solve these problems with the aim of
improving the catalytic performance of TiO,, which include doping with
nonmetal elements [8], dye sensitization [9], and combination with metal
elements or other metal oxides [10]. Compared with the bulk material, one-
dimensional (1D) nanostructured TiO, presents enhanced photocatalytic
activity that depends on a variety of factors such as surface area, particle
shape, crystalline structure, crystal size, and surface active sites [11,12]. In
addition, the combination of nanostructured TiO, with a precious metal to
form a metal-oxide structure has been shown to greatly improve the
catalytic efficiency of the material [13]. At present, the preparation of 1D

TiO, nanostructures is mainly performed by using anodization [14] and



hydrothermal [15] and template [16] methods. Meanwhile, the most
common methods for the combination with precious metals are chemical
deposition [17] and physical deposition [18].

The development of anodized aluminum oxide template (AAO)
constituted an important advance in the field of film preparation, since it
allows the formation of nanostructured films with high degree of
morphology control [19]. Furthermore, according to Das et al. [20], the use
of atomic layer deposition (ALD) for the preparation of TiO, films affords
specimens with different electron transfer characteristics than those of
rutile and anatase TiO,, and the as-prepared films fit the template well.
When Ag particles are combined with TiO,, the photocatalytic
performance of the film can be significantly enhanced by hot electron
injection [21], localized surface plasmon resonance (LSPR) [22], and
plasma excitation light scattering [23,24]. Cushing et al. [25] used the time-
resolved method to track these three processes by establishing a density
matrix model, which allowed them to predict the theoretical maximum
catalytic efficiency and theoretical optimal structure of the plasma metal—
semiconductor heterojunction. Having this background in mind, we
decided to prepare a TiO2 nanocolumn (TNC) structure by using AAQO in
combination with ALD, in which Ag particles could be selectively
supported separately outside and inside the nanocolumns.

Most of the 1D TiO,-Ag nanostructures prepared to date are Ag



nanoparticle-coated TiO, (ACT), in which the catalytic efficiency of the
catalyst is greatly decreased when the Ag loading is increased to a certain
extent. Wang et al. [26] used the hydrothermal method to prepare an array
of TiO, nanocolumns, whose outside surface was then coated with Ag
particles by chemical deposition. After seven depositions, the catalytic
efficiency of the as-prepared TiO,-Ag film decreased significantly. A
similar decline in catalytic efficiency was observed in a TiO, nanocolumn
array fabricated by photolithography and template method by Sung [27].
In this case, Ag particles were loaded outside the nanocolumns by
magnetron sputtering, and the catalysis was carried out at a sputtering time
of 30 min. Besides, Jani et al. [28] studied the preparation of TiO, nanotube
arrays by anodization, and Ag particles were loaded inside and outside the
nanotubes by chemical deposition. The catalysis of this composite was
carried out at a concentration of 1100 Mm in AgNO5 solution. It was found
that the loading position of precious metal particles in the TiO; structure
could not be regulated, which had a negative effect on the catalytic
efficiency. For these reasons, we considered it worthwhile to study the
effect that the position of the Ag loading may have on the catalytic
efficiency of the newly prepared Ag-loaded TiO; nanocolumn (Ag-TNC)
arrays.

2. Experimental

Aluminum sheets, chromic acid (H.CrO,), and methylene blue (MB) were



purchased from Alfa Aesar. Alcohol, perchloric acid (HCIO,), and sulfuric
acid (H.SO,) were purchased from Beijing Chemical Works. All the
chemicals used in the experiments were of analytical grade and used
without further purification.
2.1 Method

Anodized aluminum template preparation: Highly pure aluminum
sheets (purity > 99.9%, 20 x 20 x 0.5 mm) were subjected to secondary
anodization to prepare highly ordered AAO templates. Thus, each
aluminum sheet was annealed prior to oxidation and then
electrochemically polished using a 1:4 volume ratio of HCIO, and alcohol.
The anodized electrolyte solution was 0.2 M H,SOq,, the oxidation voltage
was 20 V, the ambient temperature was maintained at 0 °C, and the
oxidation time was 6 h. After the oxidation was completed, the aluminum
sheet was immersed in 1.8 wt% H,CrO,4 to remove the first oxide layer.
The sample was then subjected to second oxidation under the same
conditions as the first oxidation. After an oxidation time of 60 s, a single-
pass AAO template with a pore diameter of 40 nm, a pore pitch of 65 nm,
and a pore depth of 150 nm was obtained.

Ag-TNC array preparation: An array of TiO, nanocolumns was
deposited (300 cycles) on the AAO template using ALD (homemade) with
TiCl, as the precursor.

The preparation of Ag-filled TiO, nanocolumns (AFT) was as follows:



A sample deposited with TiO, was placed in a vacuum evaporation
apparatus (Shen Yang, LN-1004A) and subjected to Ag deposition at a
deposition pressure of 10~* Pa, an evaporation source current of 44 A, and
an evaporation rate of 0.08 nm/s. The sample was then transferred onto a
crystal adhesive, and the AAO was removed by immersing the sample in
0.2 M NaOH solution for 24 h to obtain the Ag-TiO, array.

For the preparation process of Ag-coated TiO, nanocolumns (ACT), the
Ag deposition was performed after removal of the AAO template as
follows: The sample deposited with TiO, was supported onto crystal
adhesive and then immersed in 0.2 M NaOH solution to remove residual
Al and AAO. Then, the sample was cleaned, dried, and placed in a vacuum
evaporation apparatus for deposition of Ag particles under the same
conditions described above.

Table 1 summarizes the samples and preparation conditions, and a
schematic of the preparation process is shown in Fig. 1.

2.2 Characterization

The surface and cross-sectional morphology of the Ag-TNC were
observed using a field emission scanning electron microscope (FE-SEM,
FEI, Tecnai G2 F30). The elemental composition and valence distribution
of the film were measured by X-ray photoelectron spectroscopy (XPS,
Thermo Fisher Scientific, ESCALAB 250Xi). The photoluminescence (PL)

intensity of the array was measured using a laser of 325 nm excitation



wavelength and a grating spectrometer (Horiba, JY iHR550). The diffuse
reflectance absorption spectrum of the array was measured using an
ultraviolet—visible spectrophotometer (UV-vis, Shimadzu, UV-3600).
Photocatalytic experiments. The photocatalysis was performed under
300 W Xe light using 15 mL of a 5 ppm MB solution. Before starting the
photocatalysis, the sample was immersed in the MB solution and allowed
to stand in the dark for 30 minutes to reach the adsorption—desorption
balance. Then, the solution was placed under a light source to start the
photocatalysis. Every 10 min, an aliquot of 2 mL was transferred into a
UV-vis cuvette, and the change in absorbance was measured using a UV—
vis spectrophotometer (Shimadzu, UV-3600). After the measurement was
completed, the solution was poured back into the beaker to keep the total
volume unchanged.
Table 1

Summary of the preparation conditions of Ag-loaded TiO, samples

Sample code Scheme name Deposition time Deposition thickness
(A9) (Ag)
TNC TiO2NC 0 0
AFT1 Ag-filled TiO> NC 250 s 10 nm
AFT2 Ag-filled TiO> NC 500s 20 nm
AFT3 Ag-filled TiO> NC 1000 s 40 nm




ACT1 Ag-coated TiO2 NC 250 s 10 nm

ACT2 Ag-coated TiO2 NC 500s 20 nm

ACT3 Ag-coated TiO2 NC 1000 s 40 nm

3. Result and discussion

Fig. 1 depicts a schematic diagram of the preparation process of the ACT
and AFT nanocolumn arrays (schemes (1) and (2), respectively). In the
structure represented in (2), the bottom of the array hinders the dense
accumulation of Ag nanoparticles in the nanocolums or the formation of
agglomerates. Instead, the Ag-filled TiO, nanocolumn structure (2) is
obtained. On the other hand, the Ag-coated structure (1) is formed without
the hindrance of the bottom structure, in which the Ag nanoparticles
deposit more densely and form larger nanoparticles. The structural
differences between the ACT and AFT arrays depicted in (1) and (2) can
be invoked as the main reason for the differences observed in their physical

and catalytic properties, which will be discussed later.
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Figure 1. Schematic diagram of the preparation process of the different Ag-TiO, NC structures. (1)
Structure of samples ACT1, ACT2, and ACT3; (2) structure of samples AFT1, AFT2, and AFT3.

Fig. 2 shows SEM images of the top view of all samples and elemental
composition of TNC, from which the effects of different Ag deposition
thicknesses and cladding structures can be observed. Fig. 2a and 2b shows
the morphology of the prepared AAO template and the TiO, nanocolumn
array prior to the Ag deposition, respectively. As can be seen, ALD
perfectly replicates the template structure. Fig. 2c is the EDS spectrum of
TNC, and we can find that the elements of the array are mainly composed
of C, O, and Ti. Among them, C comes from organic substrates. Fig. 2d,
2e, and 2f are AFT structures with thickness of Ag deposition of 10, 20,
and 40 nm, respectively. From the observation of these figures, it can be
concluded that the deposition of Ag does not affect the structure of TiOg,
and the array of nanocolumns is well preserved and consistent with the
deposition. Meanwhile, Fig. 2g, 2h, and 2i show the ACT structures, which
exhibit Ag deposition thicknesses of 10, 20, and 40 nm, respectively. We

can see that, as the thickness of Ag deposition increases, the array of TiO,
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Is gradually covered until the nanocolumn structure disappears.

Figure 2. SEM images of the top view of different samples: (a) AAO template, (b) TNC, with a
sectional view of TNC in the inset, (c) AFTL, (d) AFT2, (e) AFT3, (f) ACT1, (g) ACT2, and (h)
ACTS3.

To observe the distribution of Ag nanoparticles in the AFT nanocolumn
array, the AAO template was broken by bending the samples prior to
removal of Al and AAO, exposing the internal structure of the nanocolumn
as shown in Fig. 3. Fig. 3a shows how to observe the cross section of the
sample. Fig. 3b is the cross section of the AAO template, and we can find
that there is nothing to cover the surface of the template. Fig. 3c is the cross
section of TNC sample. Comparing Figures 3b and c, we can find that TiO,
perfectly covers the surface of AAO, the nanocolumn is hollow structure,
and the top hole still exists. As can be seen from Fig. 3d, due to the low
thickness of Ag deposition in AFT1, no obvious nanoparticles can be

observed in the TNC array, and not much Ag aggregation is present around
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the nanopore marked with the red circle, which means that Ag can still
enter the nanocolumn easily. In contrast, Ag nanoparticles can be clearly
seen on the inner wall of the TNC of AFT2 marked with the red circle in
Fig. 3e. From the comparison of Fig. 3d and 3e, it can be concluded that
the Ag particles deposited in the TNC become gradually larger, but no
accumulation around the nanopores occurs, which would block further
deposition of Ag particles. Finally, in the structure having the thickest layer
of Ag (AFT3), a large amount of Ag accumulation can be observed around
the nanopore marked with the yellow circle in Fig. 3f, which closes the
nanopore and hinders excessive Ag deposition in the TNC. Comparing the
areas marked with the red circles in Fig. 3e and 3f, it becomes apparent that
the increase of Ag deposition thickness does not significantly increase the
size and distribution density of the nanoparticles in the TNC, and that the

Ag nanoparticles still exhibit appropriate size and good dispersion.
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Next, sample AFT3 was subjected to XPS analysis to characterize the
elemental composition and chemical state of the Ag-TNC film, and the
result is shown in Fig. 4. According to Fig. 4a, all the peaks can be
attributed to Ti, O, C, and Ag, which indicates that the sample consists of
TiO, and Ag. The appearance of the C element is attributable to
contamination from the cavity of the XPS device and/or from the adhesive
substrate. The high-resolution spectra of Ag, Ti, and O are shown in Fig.
4b, 4c, and 4d, respectively. In the spectrum of O 1s (Fig. 4b), the
characteristic peak is observed at 531.8 eV. The shape of this peak is
symmetrical, which is indicative of the presence of one distinct O species

in the sample. Meanwhile, the two characteristic peaks of Ti 2p are located
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at 458.6 and 464.3 eV in Fig. 4c. These peaks represent the binding energy
of Ti 2p3/2 and Ti 2p1/2, which indicates that Ti is in the +4 valence state
in the sample. The spacing between the two peaks of 5.7 eV is also
consistent with the +4 oxidation state [29]. Fig. 4d shows the high-
resolution spectrum of Ag. As can be seen from the figure, Ag 3d has two
characteristic peaks at 367.5 and 373.5 eV, which are attributed to the
binding energy of Ag 3d5/2 and Ag 3d3/2, with a spacing of 6 eV. This
indicates that the structure of Ag in the sample is simple. Therefore, the

results of the XPS analysis confirms that the sample is composed of TiO,
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Figure 4. XPS spectrum of AFT3: (a) Survey, (b) O 1s, (c) Ti 2p, (d) Ag 3d.

In order to investigate the absorption properties of the different arrays,
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the optical absorption tests of all samples were carried out, as shown in Fig.
5. Fig. 5(a) is the optical absorption spectra of TNC and AFT structure
samples. It can be seen that the absorption peak of TiO; is located at 276nm
and the absorption of the samples in the visible light portion increase as the
thickness of Ag increases. Moreover, the increase of Ag thickness does not
hinder the absorption of TiO, in the ultraviolet region. Fig. 5(b) is the
optical absorption spectra of ACT structure samples. It can be seen that
with the increase of Ag deposition, the visible absorption intensity of the
samples increases gradually, but the absorption peak of TiO, at 276 nm
decreases obviously. The absorption peak of ACT3 at 317 nm is the
characteristic absorption peak of Ag prepared by vacuum evaporation, and
the absorption peak at 364 nm is generated by the LPSR.[30]

Fig. 5¢c and d show the Tauc plots of the UV-vis spectra depicted in Fig.
5a and b, which are calculated using formula (1) for an indirect bandgap
semiconductor, since the grains are small and the energy levels are discrete:

(ahv)z = A (hv — E (1)
In formula (1), h is Plank’s constant (6.626 x 1073* J s), v is frequency of
light, and Eg represents the band gap energy. For the calculation of E4 by
the Tauc plot absorbance (Abs.) can be used directly instead of «; therefore,
the Eq numerical value is determined by the intersection of the extension

line and the x-axis(hv) [31]. It can be seen from Fig. 5c that the TiO,

specimens prepared by ALD exhibit higher Eq4 (3.8 eV) than that obtained
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using the conventional method (3.20 eV). This is attributed to the quantum
size effect, according to which the E4 value of a semiconductor depends on
physicochemical properties such as size, surface area, and crystalline phase
[32]. When Ag particles are combined with TiO,, the band gap of the
resulting Ag-TNC film is narrowed under the action of LSPR and hot
electron injection, and the samples have absorption peaks in the visible part.
In fig. 5d, since Ag covers TiO,, the light absorption of ACT3 is

substantially generated by Ag, so the sample has no band gap.
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Figure 5. (a) UV-vis absorption spectra and (b) bandgaps of different samples.

To evaluate the influence of the different structures on the catalytic
reaction, UV-vis photocatalytic experiments were carried out on different

samples using MB solution as the reactant, as shown in Fig. 6. In these
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experiments, the degradation efficiency can be described by the Lambert—

Beer law and the Langmuir—Hinshelwood model as follows:

Abs. = abC (2)

n = C‘gc x 100% (3)
Cc

In (C_o) = —Kat (4)

where Abs. is the solution absorbance, a is the solution absorbance
coefficient, b is the optical path, C is the solution concentration, Cy is the
initial concentration, and K, is the apparent first-order rate constant.

Fig. 6a shows that the AFT1 sample catalyzes the degradation of MB at
different times. After 60 minutes of irradiation, the absorption intensity of
MB at 663 nm substantially disappears, indicating that almost all the MB
molecules are catalytically decomposed. Fig. 6¢ shows the degradation
efficiency of different samples under Xe lamp illumination. It can be seen
that the combination of Ag and TiO; results in a great improvement of the
MB degradation efficiency. The Ag-TiO, specimens can achieve a
decomposition rate of 96.9% after 60 min illumination, whereas TNC only
reaches a decomposition rate of 71.4%. This is because the absorption light
band of the sample is broadened in the presence of Ag particles. Under the
same illumination conditions, more photogenerated carriers are generated
in the Ag-TNC sample, and the transfer of the photogenerated electrons to
the Ag particles reduces the recombination of electrons and holes, thereby

increasing the number of electrons and holes involved in the catalytic
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reaction. From the comparison of the Ag-loaded structures, it can be seen
that AFT1 and ACT1 have very close catalytic efficiencies, indicating that
the loading position does not affect the catalytic efficiency of the sample
at low deposition thickness. In contrast, when the Ag deposition thickness
increases, the catalytic efficiency of AFT remains unaltered, whereas that
of ACT undergoes a significant decrease. This decrease is further
evidenced in Fig. 6b, in which the K, from formula (3) of samples ACT1,
ACT2, and ACT3 gradually decreases, and specific K, values are shown in
Table 2. Fig. 6d shows the stability of samples ACT3 and AFT3, where it
can be seen that, after repeating the photocatalytic process five times, both
samples maintain an efficiency close to the first catalytic cycle. This result
indicates that the samples prepared by the combination of ALD and
vacuum evaporation have good stability, which is not affected by the

different loading structures, i.e., Ag-coated or -filled.
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Figure 6. Photocatalytic activity for the degradation of MB: (a) UV-vis absorption spectra for the
photocatalytic degradation of MB in the presence of AFT1 sample, (b) photocatalytic degradation
rate of MB by different samples and pure MB under UV-vis light, (c) kinetics of different
samples, (d) recycling of AFT3 and ACT3.

Table 2
Summary of Kinetic Constants of Photocatalytic Reaction

Kinetic constants of chemical reactions

Sample code
(Ka)
TNC 0.0264
AFT1 0.0702
AFT2 0.0923
AFT3 0.1064
ACT1 0.0685
ACT2 0.0481
ACT3 0.0322

In order to elucidate the mechanism of the influence of Ag loading
position and deposition thickness on the photocatalytic reaction, we used
Finite-Difference Time-Domain (FDTD) simulation to study the
electromagnetic field distribution of Ag-loaded TiO; arrays with different
structures. Fig.7 is the simulation of the electric field distribution of arrays
with different structures at 457 and 320 nm. In order to further illustrate
the effect of structural changes on the electric field distribution of arrays,
the XY plane and the XZ plane are chosen to analyze the arrays. The XY
plane chooses the cross section at 75 nm and the XZ plane chooses the
cross section at 0 nm. The structure of the model was established according

to the morphology observed by SEM.As can be seen from the figure 7 (al-
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4), the electric field of the TiO, arrays is stronger under 320 nm
illumination, and there is a strong electric field distribution between the
nanocolumns at the altitude of 50-120 nm. Figure 7 (b1-4) are simulations
of ACT3 structure. Ag was filled between the nanocolumns, and a layer of
15 nm thick Ag film was covered on the top of the array. It can be seen
from the figure that Ag coating hinders the absorption of ultraviolet light
by TiO,, and the electric field intensity between nanocolumns decreases
obviously. Only under 457 nm light, there is a strong electric field
distribution at the top of the array, which is attributed to the absorption of
visible light by the LSPR resonance of Ag. Fig 7 (c1-4) is the simulation
of the AFT3 structure. The diameter of Ag particles in the nanocolumn is
8 nm, the distance between the horizontal and vertical spherical centers is
11 nm, the distance between the vertical spherical centers is 14 nm, and the
diameter of Ag particles at the bottom of the nanocolumn is 15 nm. At the
same time, the bottom of the nanocolumn is covered with an Ag film of 15
nm thickness. It can be seen from the figure that under 457 nm illumination,
due to the LSPR effect of Ag particles, strong electric field is generated on
Ag particles, and hot electrons are injected intoTiO,, so the electric field

intensity at the interface between Ag and TiO; is the highest.
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Figure. 7 FDTD simulates the electric field distribution of Ag-loaded TiO2 nanocolumns with
different structures. al) wavelength 457 nm TNC cross section, a2) wavelength 320 nm TNC cross
section, a3) wavelength 457 nm TNC longitudinal section, a4) wavelength 320 nm TNC
longitudinal section, b1) wavelength 457 nm ACT3 cross section, b2) wavelength 320 nm ACT3
cross section, b3) wavelength 457 nm ACT3 longitudinal section, b4) wavelength 320 nm ACT3
longitudinal section, c1) wavelength 457 nm AFT3 cross section, c2) wavelength 320 nm AFT3
cross section, ¢3) wavelength 457 nm AFT3 longitudinal section, c4) wavelength 320 nm AFT3
longitudinal section.

Fig. 8a shows the photoelectric energy conversion of Ag-TiO, structure.
The contact between Ag and n-type semiconductor TiO, will form
Schottky barrier at the interface, which results in the bending of the energy
band of TiO,. [33] Due to the influence of SPR and LSPR effects, Ag can
absorb visible light and make the electron near Fermi level transit to higher
level. [34] When the high-level electrons have enough energy, the electrons
will cross the Schottky barrier, transfer to the conduction band of TiO,, or
directly participate in the catalytic reaction. [35] Because of the wide band
gap, TiO, can only absorb UV light. After the valence band electron
absorbs photon energy, it transits from valence band to conduction band,

and takes part in the catalytic reaction with the electrons transferred from
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Ag. In the recombination process, the conduction band electrons which are
not involved in the catalytic reaction can occupy the impurity level near
the Fermi level and transfer to Ag to participate in the energy conversion
process again. At the same time, the light and heat generated by the
recombination process can also be absorbed by Ag, thus increasing the
concentration of photogenerated electrons and the rate of catalytic reaction.
[36] However, when Ag covered with TiO,, Ag blocked the absorption of
ultraviolet light by TiO, resulting in the absence of photogenerated carriers.
Only the energetic electrons produced by Ag could participate in the
catalytic reaction, as shown in Fig. 8c.

In Fig. 8b and d, a schematic diagram of the energy conversion of the
two different nanocolumn structures is shown. In the AFT structure, the
good transmittance of TiO; to visible light ensures that the absorption of
visible light by Ag will not be hindered.[37] Conversely, in the ACT
structure, Ag will over occupy the active site of TiO, [38], which hinders
the absorption of photons by TiO, and the contact with MB molecules [39],
affecting the catalytic reaction. In addition, since the chemical
transformation of MB molecules occurs at the Ag-TiO; interface, Ag is
more easily oxidized, which damages the long-term stability of the Ag-
TiO, heterojunctions [40]. Taken together, these factors can explain the

difference of catalytic efficiency between AFT and ACT.
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Figure 8. (a) Schematic diagram of electron—hole separation and energy conversion of Ag—TiO;
structure under UV—Vis illumination. b) AFT structure light absorption diagram, ¢) schematic
diagram of energy conversion when excessive Ag coated TiO», d) ACT structure light absorption
diagram.

4. Conclusion

By combining the interaction mechanism between noble metal particles
and semiconductor materials by template method, the effect of different
loading positions of Ag particles on the catalytic efficiency of Ag-loaded
TiO, nanocolumn (Ag-TNC) arrays has been evaluated. According to the
results of photocatalytic experiments, the presence of Ag particles can
improve the catalytic efficiency of the TNC structure, but the increase of

Ag deposition thickness reduces the catalytic efficiency of the Ag-coated
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TNC structure, evidencing the influence of loading location. The
morphological analysis of ACT and AFT revealed that the size and
distribution density of Ag particles in the ACT structure increase
significantly with the deposition thickness, which weakens the LSPR effect.
At the same time, the coating Ag particles hinder the absorption of light by
TiO, and the contact with reactants, negatively affecting the catalytic
reaction. In contrast, the excessive Ag deposition is limited by the special
structure of the AFT samples, in which the absorption of visible light is not
hindered. This can also be observed from the simulation results. Therefore,
the catalytic efficiency of the AFT structure is not affected by the Ag
deposition thickness and can always be maintained at a high level. In
summary, the Ag-filled TiO, structure has more relaxed preparation
parameters and stable catalytic efficiency than its Ag-coated counterpart,

which renders it more applicable as a pollutant treatment material.
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