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A B S T R A C T

Dielectric oxide materials are well-known insulators that have many applications in catalysis as well as in device
manufacturing industries. However, these dielectric materials cannot be employed directly in photochemical
reactions that are initiated by the absorption of UV–Vis photons. Despite their insensitivity to solar energy,
dielectric materials can be made sono-photoactive even for low energy IR photons by modifications of the
interfacial properties of dielectric materials by noble metals and metal oxides. In this investigation, by way of
interface modification of dielectric MgO nanoparticles by Ag metal and Ag2O nanoparticles, IR photon initiated
sono-photocatalytic activity of MgO is reported. The observed photocatalytic activity is found to be the synergic
action of both IR light and sonication effect and sonication assisted a multi-step, sub-bandgap excitation of
electrons in the MgO is proposed for the observed catalytic activity of Ag/Ag2O coated MgO nanoparticles. Our
investigation reveals that other dielectric materials such as silver coated SiO2 and Al2O3 also exhibit IR active
sono-photocatalytic activity.

1. Introduction

Photocatalytic systems consist of semiconductor particles (photo-
catalysts) which are in close contact with a liquid or gaseous reaction
medium in which the catalytic activity is initiated by using energy from
light. When the semiconductor photocatalyst is exposed to light with an
appropriate energy, an electron-hole pair is generated by excitation of
an electron from the valence band (VB) to the conduction band (CB)
[1]. After initial charge separation, the electron in the CB band and the
hole in the VB participate in the reduction and oxidation reactions re-
spectively at the semiconductor interface. Important applications of
photocatalysis are diverse from environmental remediation [2] (in the
treatment of water and air) to alternative fuel [3–5] (photocatalytic
hydrogen generation) and hence, photocatalysis reactions have been
widely investigated. In photocatalytic reactions, high bandgap semi-
conductors such as TiO2, ZnO, SrTiO3, etc are the commonly used light-
harvesting materials due to their appropriate band energy positions for
oxidation as well as reduction reactions [6,7].

Among the dielectric oxide materials, SiO2, ZrO2, Al2O3, and MgO
are the most representative materials that have been employed in im-
portant technological applications due to their wide band gaps

(6.0–8.0 eV) and thermal stabilities (melting points∼ 2000–2800 °C).
However, due to the large bandgap energy, that requires high energy
photons (< 5 eV) for electron excitation from the VB to the CB, reactive
charge carriers are not generated under direct bandgap excitation with
the UV–Vis light [8]. Consequently, no interest has been paid on the use
of high bandgap oxides as photocatalysts and only a handful of research
articles have been published. In a short recent report, H2 formation has
been noted on SiO2 and Al2O3 nanoparticles under UV irradiation in
CH3OH:H2O solution and the observed photocatalytic activity has not
been attributed to either conventional photocatalysis or a photo-
chemical process [9,10]. Similarly, photocatalytic activities have been
reported on MgB2 under IR and visible light irradiations [10].

Nevertheless, these dielectric materials are one of the most sig-
nificant and important metal oxides for theoretical and experimental
studies due to their unusal stability to photocorrosion. Their optical
properties of crystals can be essentially modified by the presence of
impurity ions and radiation-induced defects [11]. Due to the presence
of extrinsic and intrinsic defects, including those related to surface
states in wide bandgap oxides, red-shifted absorptions relative to the
fundamental absorption threshold of wide band gap oxides have been
noted [12]. This leads to a way of developing wide bandgap solids as
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potential competitors for the semiconductor photocatalysts by energy
upconversion despite these metal oxides are not active photocatalysts.
It is known that ultrasound waves initiate chemical reactions through
the acoustic cavitations and the simultaneous use of light and ultra-
sound irradiation can accelerate the reaction by the synergistic effect of
acoustic and solar energy. Hence, sono-photocatalysis is a promising
method for the production of hydrogen and degradation of organic and
inorganic pollutants present in water [13–16]. Hence, in this in-
vestigation, MgO as a model dielectric material, the sono-photocatalytic
activity of these high dielectric materials with low-energy IR radiation
was demonstrated by modification of interface properties of metal
oxide insulators. MgO was selected as a model dielectric compound
owing to its simple lattice structure which can be a host for a number of
transition metal ions. Properties of MgO nanoparticles were modified
by control deposition of Ag and AgO on MgO particles and their sono-
photocatalytic activity for hydrogen production with water:methnol
mixture by IR radiation was reported.

2. Experimental

Silver oxide coated MgO nanoparticles were prepared by the wet
chemical method reported previously [17] and the silver coated MgO
catalyst is denoted as Ag(AgO)/MgO hereafter. For the preparation of
Ag(AgO)/MgO catalyst, 500mg of MgO (Sigma-Aldrich, 99% AR) was
suspended in 15ml of dist. H2O by sonication. For the well dispersed
MgO solution, 15ml of 0.04M AgNO3 (BDH, 99%, AR) in water was
added with vigorous stirring and stirring was continued for 30min for
better mixing of AgNO3 with MgO suspension. Then a stoichiometric
amount of ammonia solution (BDH, 33%, AR) was added dropwise to
the solution for the full conversion of AgNO3 to Ag2O. The resulting
mixture was heated at 150 °C until the resulting powder gets completely
dry. The solution mixture was stirred thoroughly throughout the
synthesis to avoid the formation of larger particles. Since the decom-
position of Ag2O to Ag occurs at a temperature over 200 °C, the re-
sultant powder was sintered at 200 °C for 30min. The prepared Ag
(AgO)/MgO catalyst was characterized by X-ray diffraction analysis
(XRD), X-ray photoelectron Spectroscopic analysis (XPS), Scanning
electron microscopic analysis (SEM), High-resolution transmission
electron microscopy (HRTEM), Diffuse reflectance spectroscopy
(DRIFT). Chemical composition, the crystal structure of the catalyst
were studied by using powder X-ray diffractometer with the PANaly-
tical X'Pert diffractometer (X'Pert PRO MPD, PW3040/60) with Cu-Kα
(λ=0.154060 nm) radiation (40 kV, 40mA). X-ray diffractograms
were obtained before and after the activation of the catalyst. The
composition and oxidation states of Ag(AgO)/MgO photocatalyst
composite were analyzed by X-ray photoelectron spectroscopy thermo
ESCALAB 250XI multifunctional imaging electron spectrometer
(Thermo Fisher Scientific Inc.) equipped with an Al K radiation source.
The surface morphology of the Ag(AgO)/MgO catalyst was examined by
HITACHI SU6600 Variable pressure FE-SEM. Energy dispersive X-ray
analysis of Ag2O/MgO sample was recorded by energy dispersive x-ray
diffraction analysis associated with the HITACHI SU6600 FE-SEM
scanning electron microscope to find the elemental distribution of the
catalyst. The size and morphology of silver nanoparticles were char-
acterized by Transmission electron microscopy (TEM) on a JEM-2100
microscope. The diffuse reflectance spectrum of finely grounded Ag2O/
MgO, photocatalyst was recorded using Shimadzu UV-2450 UV–VIS
spectrophotometer in reflectance mode. Diffuse reflectance spectra of
MgO and Al2O3 was recorded along with Ag20 for comparison purposes.
BaSO4 was used for the filling of the sample at the reflectance appa-
ratus. Luminescence properties of solid Ag(AgO)/MgO catalyst powder
was done using a Shimadzu RF 5000 recording spectro-
fluorophotometer instruments.

For photocatalytic reaction, finely ground 12.5mg of Ag(AgO)/MgO
catalyst was dispersed in 20ml of 10% methanol in 25ml borosilicate
flask and tightly sealed with a gas septum. Prior to irradiation, the flask

with catalyst was sonicated for 5min in a dark room. Then the flask was
irradiated with six IR emitting diodes (890 nm) and the experiments
were conducted in a dark room to avoid UV and visible light. The sono-
photochemical experimental set-up is shown in Fig. S1. The ultrasonic
irradiation of the aqueous samples was performed in a 1000ml stainless
steel sonicator bath (15 cm L×10 cmW×20 cmH) (VWR) at a fre-
quency of 34 kHz with the applied power of 200 ± 3W at a constant
temperature of 30 ± 1 °C. The system was sonicated continuously
during irradiation. The gaseous products were quantitatively analyzed
using a Shimadzu gas Chromatograph GC-9AM with TCD detector with
a packed charcoal column using Ar as the carrier gas. Control experi-
ments were carried out with the IR source in the absence of the catalyst
and without IR source in the presence of catalysts. The spectrum and
circuit diagram of the IR lamp source used for the irradiation are shown
in Fig. S2.

3. Results and discussion

3.1. Characterization of catalyst

The Ag/Ag2O coated MgO photocatalyst was prepared by controlled
deposition of adsorbed Ag+ cation on MgO particles surface by the
addition of ammonia solution [17]. The catalyst consists of 24% (w/w)
of silver (Ag2O or Ag) and 76% (w/w) of MgO. The formation reactions
of Ag/Ag2O on MgO particle interface is given in the Supporting
Information (SI) in detail and the X-ray diffraction patterns of Ag
(Ag2O)/MgO catalyst is shown in Fig. 1. The major diffraction peak at
38.3° can be attributed to both hexagonal Ag2O (2 0 0) and Ag (1 1 1).
[18] The peaks at 53.1°, 65.2° and 70.3° can be attributed to the (2 2 0),
(3 1 1) and (2 2 2) plans of cubic Ag2O respectively (JCPDS No. 72-
2108). The peaks located at 64.2° and 77.29° could be attributed to the
(2 2 0) and (3 1 1) planes of metallic Ag (JCPDS No. 07-0783) [19]. The
characteristic diffraction patterns corresponding to MgO crystalline
were observed at 2θ=41.25° (2 0 0), 62.1° (2 2 0) and 72.6° (3 1 1)
[20,21]. Additionally, the presence of diffraction peaks corresponding
to amorphous Mg(OH)2 indicates that some MgO particles contain less
crystalline amorphous Mg(OH)2 particles. Furthermore, as shown in
Fig. 1, the similar diffractograms of the Ag(Ag2O)/MgO catalyst before
(Fig. 1a) and after (Fig. 1b) IR irradiation inferred that there is no
significant changes occur in the composite structure upon IR irradia-
tion. Also, extra diffraction peaks corresponding to any alloy formation
between Ag and Mg were not observed confirming that the catalyst
contains only Ag, Ag2O, and MgO(MgOH)2. Hence, the X-ray

Fig. 1. XRD patterns of Ag(Ag2O)/MgO (a) before irradiation and (b) after ir-
radiation.
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diffractogram analysis of the silver/silver oxide-coated MgO catalyst
clearly indicates the presence of both Ag0 (silver metal), cubic crystal
Ag+ (Ag2O) structures and cubic structure facets of MgO nanoparticles
in Ag(Ag2O)/MgO catalyst.

In the SEM images of MgO and Ag(Ag2O)/MgO catalysts which are
shown in Fig. 2a and b respectively, flakes like MgO particles can be
observed while no silver nanoparticles were seen on the surface of MgO
(Fig. 2b) which could be due to the dispersion of fine silver particles on
the high surface area MgO particles. However, EDS results of Ag
(Ag2O)/MgO catalysts (Fig. 2c) indicated that only magnesium, oxygen,
and silver elements were present and mapping results of Ag on MgO
shown in Fig. 2d clearly demonstrated the uniform distribution of silver
particles on MgO nanostructures. The observations of the formation of
Ag and Ag2O nanoparticles on MgO nanoparticles by XRD and SEM
analyses are consistent with the TEM results of Ag(Ag2O)/MgO cata-
lysts, which is shown in Fig. 3. In the HRTEM image of Ag(Ag2O)/MgO
catalyst shown in Fig. 3a, black color particles (intended to be Ag2O)
and light color flake-like particles are MgO while another set of parti-
cles are in the quantum dot size which could be due to Ag0 particles.
The magnified TEM images of the Ag(Ag2O)/MgO catalyst in 5 nm scale
are shown in Fig. 3b and c. The presence of particles with fringe widths
of 0.27 nm and 0.24 nm in Fig. 3c confirms the presence of [1 1 1] and

[2 0 0] planes of Ag2O [22]. On the other hand, the particles with
0.21 nm lattice spacing can be attributed to MgO [2 0 0] lattice plane
[23]. Hence, the HTREM, SEM images together with XRD patterns of Ag
(Ag2O)/MgO catalyst clearly demonstrate the presence of Ag and Ag2O
nanostructures on MgO and it can be assumed that during preparation
method, Ag and Ag2O are formed on larger MgO nanocrystallites as
given in reactions (1)–(4) (for details, see the SI).

+ →
+ −Ag OH AgOH (1)

→ +2 AgOH Ag O H O2 2 (2)

→ +Ag O AgO Ag2
0 (3)

→ +AgO Ag 1/2O0
2 (4)

The XPS studies were conducted to confirm the chemical states of
Mg and Ag in Ag(Ag2O)/MgO catalyst. As given in Fig. 4a, in the survey
spectrum of Ag(Ag2O)/MgO catalyst, the characteristic Mg 1s, Ag 3d, C
1s and O 1s peaks could be observed. The high-resolution XPS spectra of
Mg 2s peaks and Ag 3d peaks in Ag(Ag2O)/MgO are shown in Fig. 4b
and c respectively. In the high-resolution XPS spectrum shown in
Fig. 4b, the peak of the binding energy at 87.5 eV can be assigned to
Mg2s (MgO) which is consistent with the analysis results of XRD and

Fig. 2. (a) SEM images of MgO and (b) Ag(Ag2O)/MgO catalysts: (c) EDS of results Ag(Ag2O)/MgO catalysts and (d) mapping of Mg and Ag on Ag(Ag2O)/MgO
catalysts:
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TEM [24,25]. Similarly, the observed Ag 3d peaks at 367.6 and
373.5 eV in Fig. 4c, which are due to Ag 3d5/2 and 3d3/2 respectively
confirm the presence of Ag+ state as Ag2O [26]. On the other hand, the
peaks at 368.2 and 374.4 which are due to Ag 3d5/2 and 3d3/2 of me-
tallic silver respectively confirm the presence of Ag0 state [26,27]. In
each set of peaks the peak separation is about 6 eV which is comparable
to the literature reported values. Consequently, with all these ob-
servations of TEM, XRD as well as XPS analyses methods it can be
confirmed that the catalyst Ag(Ag2O)/MgO contains homogeneously
deposited nanoparticles of Ag0 and Ag2O nanostructures on MgO na-
noparticles.

Optical properties of Ag(Ag2O)/MgO catalyst was studied by diffuse
reflectance spectroscopy and shown in Fig. S3. As MgO is a wide-band-
gap insulator (Eg > 7 eV), optical transitions in the visible range could
not be observed in MgO nanostructures [28,29]. However, Ag(Ag2O)/

MgO exhibits a broad and weak optical absorption in the visible range
from 400 nm to 900 nm. The optical absorption observed for the Ag
(Ag2O)/MgO catalyst may originate either from the sub-bandgap ex-
citation or optical near-field (ONF)-phonon assisted multiphoton ex-
citation process [30–32].

3.2. Sono-photocatalytic activity

When the photocatalyst Ag(Ag2O)/MgO was irradiated with IR light
source in the presence of water:methanol mixture, the formation of
hydrogen was noticed with sonication and no hydrogen formation was
observed without IR light source or when the irradiation was carried
out with the water:mathanol solution alone without any catalyst. Also,

Fig. 3. HRTEM image of (a) Ag(Ag2O)/MgO catalyst , (b) and (c) the magnified
TEM images of the Ag(Ag2O)/MgO catalyst in 5 nm scale. Fig. 4. (A) XPS survey spectrum of Ag(Ag2O)/MgO, (B) high resolution XPS

spectra of Mg 2s and (C) high resolution Ag 3d3/3 and Ad 3d5/2 peaks in Ag
(Ag2O)/MgO catalyst.
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no hydrogen was observed with the Ag(Ag2O)/MgO catalyst under IR
irradiation without sonication. These results confirm that the hydrogen
is generated with the combined effect of sonolysis as well as photo-
chemical reactions on the catalyst. Under the same reaction conditions
in the presence of IR and sonication, MgO or Ag2O alone produced very
low hydrogen amounts compared to Ag(Ag2O)/MgO catalyst as given in
Table 1 and Fig. 5a. i.e. for Ag(Ag2O)/MgO, MgO and Ag2O catalysts,
hydrogen yields of 0.83, 0.08 and 0.12mmol g−1 h−1 were noted re-
spectively when these catalysts were irradiated under sonication with
IR light source in water: methanol mixture. As given in Table 1,

comparatively higher hydrogen yields were observed for Ag(Ag2O)/
MgO, MgO and Ag2O catalysts under nitrogen purged system than
under air purged conditions which relate to the multi-step excitation
process and the detail explanation for the enhanced hydrogen yield
under nitrogen will be discussed under reaction mechanism.

In this investigation, photoirradiation was carried out using 6 IR
Diodes (6 * 1.6, mWCm−2) and the spectrum of the IR source mea-
sured from ocean optics QE65 Pro spectrometer is shown in Fig. S2b.
The spectral response confirms that the IR light source mainly emits
radiation at 880 nm (820–950 nm regions). For further confirmation of
the IR photon initiated sono-photocatalytic activity, we studied the IR
light intensity dependence on the H2 production rates of the of Ag
(Ag2O)/MgO catalyst by varying the number of IR diodes at a constant
sonication power. As shown in Fig. 5b, the exponential increase in
hydrogen production rate with the increase in IR light intensity is a
further evidence for the IR photons activated hydrogen production re-
action on Ag(Ag2O)/MgO catalyst. One can argue that the hydrogen
could arise due to sonication effect only due to the piezoelectric effect
[33]. However, hydrogen would not be produced with MgO or AgO by
piezo-catalysis as piezoelectric properties have not been observed either
with MgO or Ag2O [34]. Furthermore, the observation that no hydrogen
formation with the catalyst in the absence of IR light and dependence of
the hydrogen yield only on light intensity and not on the sonication
strength exclude the possibility of formation of hydrogen via a soni-
cation reaction only. A very strong and firm proof for the IR photon
initiated photocatalytic activity was demonstrated by the measurement
of the Incident Photon to Current Efficiency (IPCE) of Ag(Ag2O)/MgO
catalyst. The IPCE measurements of MgO, Ag/Ag2O and Ag(Ag2O)/
MgO systems are shown in Fig. 6. In IPCE spectra, it can be clearly
observed a weak response of Ag/Ag2O while MgO alone shows an even
weaker response. However, a broad response from 300 to 1100 nm with
clear and enhanced responses in the IR and far IR regions observed for
Ag(Ag2O)/MgO confirms the IR response and hence IR initiated pho-
tocatalytic activity of Ag(Ag2O)/MgO.

To rationalize that the observed catalytic activity is not unique to
MgO nanoparticles, catalytic activities of similar dielectric metal oxides
such as SiO2 (band gap∼ 7.0 eV) and Al2O3 (band gap∼ 8.0 eV) were
investigated under sonication with IR radiation. The observed hydrogen
yields 0.65 and 0.94mmol g−1 h−1 respectively for Ag(Ag2O)/SiO2 and
Ag(Ag2O)/Al2O3 catalysts are comparable to that of Ag(Ag2O)/MgO
catalyst and these results imply that the observed IR photon initiated
sono-photocatalytic activity originates exclusively not only on silver
oxide-coated MgO catalyst but also on similar silver coated high

Table 1
Hydrogen yield of Ag(Ag2O)/MgO, Ag(Ag2O) and MgO with water;methanol
mixture under IR irradiation and sonication.

Hydrogen yield (mmol g−1)

Ag(Ag2O)/MgO
(0.60 g/l)

MgO
(0.60 g/l)

Ag2O
(0.60 g/l)

Solvent only Ag(Ag2O)/MgO
without IR (0.60 g/
l)

0.83a 0.08 0.12 0.002 0.008
2.29b 0.79 0.8 – –

a H2 Yield under atmospheric air.
b Under Nitrogen saturated conditions.

Fig. 5. (a) Hydrogen yield under IR irradiation with Ag(Ag2O)/MgO, Ag(Ag2O)
and MgO catalayst with water:methanol mixture under sonication. (b)
Hydrogen yield of Ag(Ag2O)/MgO in water:methanol mixture with the varia-
tion of IR light intensity under sonication.

Fig. 6. The IPCE measurements of (a) MgO, (b) Ag/Ag2O and (c) Ag(Ag2O)/
MgO electrodes. Inset shows the magnified image of IPCE of (a) MgO and(b)
Ag/Ag2O.
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bandgap dielectric metal oxide catalysts.

3.3. Reaction mechanism

The sono-photocatalytic activity described above for Ag(Ag2O)/
MgO catalyst substantiate the IR radiation (850 nm, 1.45 eV) initiated
sono-photocatalytic activity of Ag(Ag2O)/MgO catalyst. As described
earlier, direct band to band excitations would not be expected both in
MgO and Ag2O nanoparticles with IR photons owing to MgO being a
wide-band-gap insulator with Eg > 7 eV and Ag2O being a semi-
conductor with Eg > 1.5 eV [35]. Despite that direct excitation is not
energetically possible in both MgO and Ag2O particles, hydrogen for-
mation was noted when these oxides are subjected to IR radiations
under sonication. The enhanced hydrogen yield for Ag(Ag2O)/MgO
catalyst than the individual MgO and Ag2O powder under the similar
reaction condition implies a synergic effect of both MgO and Ag2O
together. Since IR photons do not supply sufficient energy to the elec-
tron in the VB for a direct band to band excitation, the other possibility
or it can be assumed that the electrons are excited to higher energy
states via sub-bandgap excitations. In the process of sub-bandgap ex-
citation, it can be expected that electrons in the VB are excited to an
energy position below the energy level of CB by the absorption of IR
photon and consequently absorption of another IR photon(s) complete
the excitation. We investigated the luminescence spectrum of Ag
(Ag2O)/MgO catalyst to confirm the multistep excitation and as shown
in Fig. 7, when the Ag(Ag2O)/MgO catalyst is excited with 700 nm
wavelength, a weak emission signal is observed at ∼425 nm. Though
the observed emission peak at ∼425 nm with the excitation of 700 nm
is weak, it is a solid proof for the multistep excitation process.

For sub-bandgap excitation to happen, the materials should possess
sufficient sub-energy levels in between VB and CB [30,36]. In fact, most
of the oxide materials such as TiO2 and MgO contain sub-energy levels
owing to their crystalline defects and surface states [37]. However sub-
bandgap excitations are electric-dipole forbidden [38] and in the fol-
lowing section, the possible scenario for IR photon initiated photo-
catalytic activity mechanism of Ag(Ag2O)/MgO catalyst is described.
Hence, we propose possible reaction mechanisms as follows;

The possible sub-bandgap excitation mechanism is schematically
shown in Fig. 8. In the proposed sub-bandgap excitation method, the
electron in the VB should be excited initially to a sub-band level which
is dipole-forbidden under normal condition. However, sonication may
generate phonons (vibrationally excited state) in MgO and conse-
quently, by the absorption of photons (IR photons in this case), elec-
trons in the phonon states can be excited to higher energy states of Ag

(Ag2O)/MgO catalyst [30,39]. These excited electrons could transfer
and trapped in the sub-bandgap levels of MgO and these trapped
electrons can be re-excite to higher energy states by the absorption of IR
radiation. Once electrons are excited to higher energy states, these
photoexcited electrons can participate for the water-splitting reaction
producing H2.

The sono-photocatalytic production of hydrogen demonstrated in
this investigation involves multi-step excitation process. In general,
water splitting is an uphill task as it involves light-induced single
electron transfer with multi-electron catalysis. On the other hand, the
Ag(Ag2O)/MgO catalyst produces hydrogen via multi-step excitation
and multi-electron catalysis process. Hence the system must be able to
accumulate sufficient excited charges for catalysis reaction and under
N2, charge accumulation can be achieved as it does not consume excited
electrons like O2 molecule does and enhanced higher hydrogen yield
under N2 can be justified. As given in Table 1, the hydrogen yields
under nitrogen with MgO and AgO are notably enhanced than that of
Ag(Ag2O)/MgO catalyst. The greater impact of nitrogen on the catalytic
process on MgO and AgO than the Ag(Ag2O)/MgO catalyst implies that
the multi-step excitation process is highly retarded or difficult com-
pared to Ag(Ag2O)/MgO catalyst.

4. Conclusions

The photo-inactive dielectric materials such as MgO, SiO2, and
Al2O3 can be made photoactive by the synergic effect of both acoustic
energy and photon energy. The noble metal decorated dielectric ma-
terials are capable of producing hydrogen by combined IR photons and
sonochemical reactions in water; methanol mixture. The sono-photo-
catalysis with dielectric materials was less significant and hardly ob-
served in the absence of noble metal and metal oxides (i.e. Ag metal and
Ag2O nanoparticles) on the interface of the dielectric nanoparticles. The
observed photocatalytic activity of noble metal and metal oxides de-
corated dielectric materials is found to be the synergic action of both IR
light and sonication effect and sonication assisted a multi-step, sub-
bandgap excitation of electrons in the MgO is proposed for the observed
catalytic activity of Ag/Ag2O coated MgO nanoparticles.
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