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Abstract
The combination of the properties of nanostructures, photocatalytic semiconductors, and plasmonic
materials can signi�cantly contribute to improving the performance of the entire photocatalysis process.
We tried to produce a unique catalyst by combining these three properties. We have produced a two-
dimensional nanostructure which was then coated with gold as a plasmonic material followed by SrTiO3

as semiconductor material. The result was the production of the �rst catalyst of its kind made in this way,
which offered notable results. The degradation ability of the sample was examined with different degrees
of pH of rhodamine B dye, where we achieved the highest degradation, 16%, at pH10.

Introduction
Semiconductor photocatalysis has attracted a lot of interest decomposition of pollution, green energy
and also water puri�cation [1], [2]. However, semiconductors suffer from a high rate of recombination
between electrons and holes, and as a result, low quantum yield [3]. To overcome this drawback,
nanostructures are considered, due to their high surface to volume ratio, lower electron-hole
recombination rate, and more active sites for catalysis process in comparison with the bulk
semiconductors [4], [5]. Among these semiconductors, titanate perovskites, ATiO3 (A = Ca, Sr, Ba, etc.),
have a large band gap and important photocatalytic properties [6]. Titanate perovskites are considered to
be promising materials in the photocatalytic processes due to their high physicochemical stability and
their resistance to photo-corrosion [7][8].

SrTiO3 (STO) is an excellent candidate in this category as an n-type semiconductor with a large indirect
energy gap due to its crystal structure and morphology [9]. This wide band gap is categorized into two
indirect and direct band gaps as; indirect one of 3.25 eV, which is similar to anatase structure with TiO2,
located between the upper valence band, which mainly composed of O2p, besides the empty states Ti3d
(t2g). The other one is direct band gap at 3.75 eV [10], located between O2p and Ti3d (eg) levels [9].
Figure 1 displays the scheme of the direct and indirect of STO band gaps.

According to this band gap, SrTiO3 is a superior photocatalyst but unfortunately only under UV light,
which contains nearly 5% of sunlight [6][11]. Thus, SrTiO3 must be adapted to enhance its absorptivity in
the visible light region. One method involves deposition of noble metals (Au, Ag and Pt) on the surface of
semiconductor [12][13]. Unfortunately, use of these rare or precious nano metals can reduce the
separation time of photo generated charge carriers thereby decreasing the photocatalytic e�ciency.

Tao XIAN et al. prepared Au-SrTiO3 nanocomposites using a photocatalytic reduction method by which
the Au nanoparticles with particle size of 726nm were deposited on the surface of SrTiO3 particles with
an average diameter of 55 nm. Au-SrTiO3 exhibited improved simulated sunlight photocatalytic activity
compared to its visible light photocatalytic activity [14]. Lei Ma et al. observed photocatalytic activities of
SrTiO3 in the ultraviolet and visible regions by surface plasmon enhancement, after incorporating Ag
nanoparticles on STO surfaces. They proposed a two-step excitation model for surface plasmon -
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enhanced photocatalysis in SrTiO3 [15]. Xiangchao Ma et al. proved that oxygen vacancies induce
various and important effects on the properties of materials. They investigated the thermodynamic
stabilities and electronic properties of oxygen vacancies on the SrTiO3 (001) surface and at the Au/
SrTiO3 (001) interface systematically [16]. Dilara Saadetnejad and Ramazan Yildirim tested the visible
light water splitting activity of Au-Al/SrTiO3. They prepared Al/SrTiO3 by solid state reaction, while Au
loading was done via homogenous deposition precipitation method. The UV -vis analysis revealed that Al
doping enhanced the band energy of SrTiO3 [17]. A. K. Wahab et al. investigated the hydrogen production
from ethanol as a bio-fuel over 0.5 wt% Rh/SrTiO3 and 0.5 wt% Pt/SrTiO3 perovskite materials. The found
that the rate of photo-catalytic reaction of ethanol to hydrogen was far higher on Pt/SrTiO3 compared to
Rh/SrTiO3 [18]. Ag − SrTiO3 nanocomposites synthesized via one-pot solvothermal method was used to
induce a broad plasmonic resonance absorption in the visible light range in comparison with pristine
SrTiO3. Their work provided a facile and controllable route to prepared Ag − SrTiO3 plasmonic
nanocomposite photocatalyst featuring excellent visible light activities and selectivity for NO abatement
[19]. Yanfei Fan et al. prepared SrTiO3 with surface oxygen vacancies via carbon reduction under a high
temperature. They applied it successfully as a photocatalyst water splitter to produce clean hydrogen
energy under visible light irradiation without any sacri�cial reagent for the �rst time [20].

In the noble metal- photocatalysts structures, noble metal nanoparticles can act as a trap for photo-
induced electrons, thereby preventing the recombination process of photogenerated charge carriers [21].
More importantly, these metal nanoparticles can absorb a speci�c range of visible light, thereby inducing
the surface plasmon resonance (SPR) effect [22] [21]. Upon the excitation of SPR, the generated hot
electrons in the noble metal nanoparticles are directly injected into the CB of the attached photocatalysts
[23][24]. The remaining hot electrons and holes in the noble metal nanoparticles can take part in the
photocatalytic reaction, making photocatalysts have visible light photocatalytic activity [25] [26]. In
addition, SPR can improve the local electric �eld of neighboring semiconductors, leading to increased
electron-hole separation rate [23][24]. Gold (Au) with its own interband transition and surface plasmon
resonance can play a signi�cant role in visible light photocatalysis activities [17]; Au-decorated SrTiO3

was found to exhibit improved visible light photocatalytic activity in water splitting, plus iso-propanol and
NO decomposition, and syngas production [13][27].

As mentioned above, use of nanostructure forms in semiconductor layer as well as metallic SPR usage
can help us enhance photocatalyst activity. Thus, we proposed two-dimensional structured SrTiO3 as a
photocatalyst semiconductor for the �rst time and after evaluation of its e�ciency, we use gold layer's
surface lattice resonance to adjust the degradation percentage.

Experimental Procedure
The proposed structure is composed of a perforated Polydimethylsiloxane (PDMS) substrate and layer of
semiconductor material such as SrTiO3, coated via pulse laser deposition (PLD) method, and a thin layer
of gold in order to explore the plasmonic effect on the photocatalytic performance for SrTiO3. To this aim,
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0.2 gr of PDMS and 0.02 gr of hardener material at the weight ratio 1:10 were used and placed on charge
coupled device (CCD) as 2D grating. Afterwards, the sample was placed on vacuum chamber, and in
order to dry and stabilize the pattern onto the PDMS, it was placed on heater for different times and
temperatures. Now, we have perforated PDMS substrate as the �rst sample which must be coated with
STO. As mentioned in the previous section, to investigate the surface lattice resonance of gold layer, we
must prepare a second sample with bottom gold deposited layer. For this purpose, in the second sample,
we coated 35 nm of gold layer by sputtering machine onto the perforated PDMS substrate before main
STO coating Deposition. Finally, two produced perforated substrates were put on vacuum chamber
(2×10− 6 mbar (to be coated with STO with thickness of approximately 50 nm. The main laser source was
set to the third harmonic of Nd:YAG laser with 355 nm which was focused on a target rotating at a
frequency of 3 Hz at a distance of about 2 cm from the substrate. Typical laser parameters applied for
deposition were as follows: pulse frequency of 10 Hz and laser �uence of 3 J/cm2. Figure 2a illustrates
the scanning electron microscopy image of the 2D perforated grating as the main substrate, with the
surface area set to 5 mm2.

The degradation rate of rhodamine-B which is obtained usually by comparing the initial and �nal (after
photocatalysis) concentrations of the solution in the experimental setup has been shown in Fig. 2(b and
c). In terms of Beer’s law, this degradation percentage can be calculated using the maximum absorption
value of the initial and �nal concentrations as [28]:

1
Where, A0 and A represent the absorption before and after the photocatalysis process respectively. The
test was done after three hours by receiving UV-Vis spectrum.

Rhodamine-B of 1 ppm was prepared by adding 0.1 mg of rhodamine-B powder in 100 ml of distilled
water, after which 10 ml of it was used for the test. NaOH solution was used to adjust the corresponding
pH levels to 8 and 10 respectively, and HCl solution was employed to adjust the pH levels to 6, 4, and 2
respectively. The samples were slowly embedded onto the bottom of a quartz test tube facing the visible
lamp source (Fig. 2b and c) (Bridgelux, 168 LED lamp of 3.2 V, 350 mA, λ > 390 nm), after which 10 ml of
1 ppm of rhodamine-B (Merck) was poured in the test tube. The visible light source cabinet and the air
pump (HAILA ACO-5505) were turned on simultaneously (Fig. 2c). The degradation of rhodamine-B rate
was calculated from the maximum absorption value of the UV-Visible spectrum using a
spectrophotometer (Analytikjena, Specord – S600).

The application of the aquarium air pump during the photocatalytic test is very important for providing
dissolved oxygen during the photocatalytic degradation. Dissolved oxygen can make the recombination
process on SrTiO3 di�cult, causing maintenance of the electroneutrality of the SrTiO3 particles [29].

Deg. = % = %
C0 − C

C0

A0 − A

A0
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In addition, two samples must be examined for chemical stoichiometry after laser deposition recorded by
electron diffracted spectroscopy (EDX) as shown in Fig. 2 (d) and (e) for plasmonic and all dielectric ones
respectively.

Finally, to gain a deeper insight into the new structures and the effect of perforated surface on the energy
gap as well as degradation percentage, the effect of energy band structure of catalysts onto the
photocatalytic property has been investigated via Kubelka–Munk function for direct and indirect band
gaps of the samples [30][31].

Results And Discussion
Ultraviolet visible spectroscopy of catalysts is shown in Fig. 3a revealing the optical absorption spectra of
SrTiO3, Au-SrTiO3, with perforated structures. It has been demonstrated that energy band and band
position could affect the photocatalytic performance of photocatalysts [30]. The direct and indirect band
gaps (Eg) have been calculated with (αhν)1/2 versus Energy (hν). The direct and indirect bandgaps have
been obtained for perforated SrTiO3 and Au-SrTiO3 samples as shown in Fig. 3b, c.

By the aid of this fact that we have straight dependency between surface patterning and thus photonic
bad gap and light localization in nanostructures, we simulate our perforated sample as PDMS/SrTiO3 in
lumerical. software. As shown in Fig. 3(d) for three �rst modes, we have light localization in the main unit
cell due to dipole coupling.

After 3 hours and at pH10, the maximum photodegradation was achieved (16% for PDMS\Au–SrTiO3,
and 14% for PDMS\SrTiO3 sample). The degradation ability of PDMS\ SrTiO3 sample is related to the
effect of the 2D nanograting substrate which may generate an intense electric �eld that give an
additional energy to SrTiO3 to make electron hall pair and start the photocatalytic activity

For PDMS\ Au– SrTiO3, the combination of SrTiO3 with a plasmonic metal leads to more effective
photocatalysis e�ciency. Au nanolayer can serve as charge sink, which accumulates the hot carriers,
electrons or holes, in the combined Au–SrTiO3 photocatalysts; thus the charge transfer and electron–hole
separation will increase to enhance photocatalytic activity. Au–SrTiO3 composites include charge
transfer between Au and SrTiO3, which highly affects the overall e�ciency and is dominated basically by
the Schottky barrier in the metal–semiconductor interface.

The effect of pH on RhB degradation on the degradation of the two samples was investigated within the
range of 2–10. In general, the minimum value of degradation for the two samples was seen at the low
values of pH (pH2, 4), where the maximum value was observed at the maximum value (pH10). The
reason of this degradation is that RhB molecules at pH2 and pH4 are in the cationic form (RhB+), where
the point of zero charge (PZC) of SrTiO3 is 9.33 [32], and under this point SrTiO3 surface is positively
charged. Thus, under acidic conditions, the repulsion between RhB and SrTiO3 is maximum, and the
degradation will de�nitely be minimum. At pH7, PDMS\SrTiO3 degradation is slightly more than
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PDMS\SrTiO3-Au, which may be related to the Au positive charge causing more repulsion force with RhB
at pH7 than PDMS-SrTiO3. However, in an alkaline medium (pH > 7), RhB becomes deprotonated, and
therefore zwitterion is formed. Hence, the electrostatic repulsion force between RhB and SrTiO3

diminishes causing higher degradation of RhB. At pH > 9.3, the surface of SrTiO3 is negatively charged,
and the adsorption of RhB occurs more easily due to the electrostatic attraction. Since the molecules of
RhB were in the zwitterionic form in the alkaline conditions, a certain part of the molecule was attracted
by the catalyst surface, thus the degradation increased. In addition, in the more alkaline solution, –OH
would generate more easily by oxidizing more hydroxide ions on the SrTiO3 surface, thus logically
enhancing the e�ciency of the photocatalytic process.

Conclusions
We prepared a new plasmonic photocatalyst by depositing Au thin �lm on PDMS 2-dimensional grating,
after which we deposited a SrTiO3 thin �lm on Au. This was the �rst time a plasmonic photocatalyst like
this had has been prepared. The photocatalysis activity was tested over 1 ppm rhodamine-B dye with
different values of pH, using a visible light source and aquarium air pump. For PDMS\Au–SrTiO3, we
achieved the maximum degradation rate (16%) at pH10, where it was 14% for PDMS\SrTiO3. We
attributed the photocatalytic activity of the samples to the effect of the 2D nanograting on SrTiO3, and to
the plasmonic effect of the Au layer which can serve as a charge sink, accumulating the hot carriers, and
exhibiting localized surface plasmon resonance. In addition, compositing Au–SrTiO3 involved charge
transfer between Au and SrTiO3, which highly affects the overall e�ciency by forming the Schottky
barrier in the metal-semiconductor interface. Finally, for the �rst time we get an e�cient photocatalyst,
16%, from low dimension and little area of SrTiO3 sample in the visible spectrum.
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Figures

Figure 1

the electronic transitions between O2p and Ti3d levels [9]
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Figure 2

a) SEM image of the sample; b) photocatalysis setup, c) setup scheme in whole with contents;and EDX
result of the samples: d) Au-SrTiO3; e) SrTiO3
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Figure 3

a) Absorbance spectra b) Tauc plot for energy gap (direct); c) energy gap (indirect); Electric �eld
distribution of the �rst three modes of 2D PDMS sample SrTiO3 for: d) m=1, m=2 and m=3; e)
Photocatalytic degradation of RhB with different pH for 2D PDMS\ SrTiO3 and PDMS\ Au – SrTiO3


