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Abstract—MgO modified TiO,/WO; dual-layer photocatalysts (DLP) was synthesized by radio-frequency magnetron
sputtering (REMS). The influences of MgO on the properties and the performance of the prepared DLP were investi-
gated. MgO modified TiO, thin films were characterized by instrumental analysis such as XRD, AFM, SEM-EDS, and
UV-visible absorption spectrometry. Their photoactivity was assessed by conducting photovoltammetry followed by
splitting water in a twin-cell reactor, where hydrogen gas and oxygen gas were produced separately. The yield of H, and
O, in the twin-cell reactor corresponded to the photovoltammetry results, indicating that MgO can significantly improve
the photoactivity of DLP. The improvement is attributed primarily to the hygroscopic Nature of MgO, which can
increase the amount of H,O molecules on the surface of TiO, for carrying out the photoreaction. In addition, the incor-
porated MgO layer can also act as an insulator to suppress the electron leakage that occurred at the TiO,-water interface.
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INTRODUCTION

Due to the issues of global warming and energy shortage, scien-
tists worldwide are searching to find alternative energies to replace
fossil fuel [1]. For an ideal fuel, hydrogen is regarded as an excel-
lent candidate since it has high energy density, no environmen-
tally harmful issues, and is plentiful on earth. However, most of
the commercial hydrogen that we use today is still derived from
fossil fuels via steam reforming [2]. An example is the conversion
of methane (CH,) to hydrogen gas (H,) by Ni-loaded alumina cat-
alyst at high temperature. Such a process has high energy consump-
tion and the release of carbon dioxide (CO,). Therefore, water split-
ting via photocatalysis, which can convert light energy, particu-
larly sunlight, into chemical energy such as H, in the presence of
photocatalysts, provides a potential strategy for clean and inexpen-
sive production of H, [3,4]. The produced H, can be used by a fuel
cell or hydrogen engine and converted back to water, making its
life cycle clean and sustainable.

The mechanism of photocatalytic water splitting basically involves
three basic steps: (1) the generation of electron-hole pairs at the
photocatalyst upon absorbing light with energy greater than its band-
gap, (2) the oxidation of water by photo-generated holes to produce
0O, and protons (H"), and (3) the reduction of protons by photo-
generated electrons to form H,. Over the past few years, TiO, (tita-
nium dioxide) has been the most extensive photocatalyst to con-
duct photocatalytic water splitting due to its stability, economics,
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and environmentally friendly properties [5]. However, reactions
involving TiO, may encounter problems such as the recombination
of photo-generated electrons and holes and the backward reac-
tion of H, and O, to form water. In addition, pristine TiO, cannot
absorb visible light since its bandgap is around 3.20 eV, which cor-
responds only to the UV region of the solar spectrum. To improve
the performance of photocatalytic water splitting, enormous research
in visible light-absorbing photocatalysts [6-9] as well as efficient
photoreactor systems [10,11] is developed sustainedly. Previously,
we reported a novel dual-layer photocatalysts (DLP) to conduct
water splitting in a twin-cell (H-type) reactor under visible-light irra-
diation [12,13]. The photocatalyst was comprised of a Ti foil sand-
wiched by a dual-layer visible light-absorbing photocatalyst (made
up of a visible light-absorbing TiO, and a visible light absorbing
WO;) and a Pt cathode. The purpose of adopting a dual-layer struc-
ture is to improve the light absorption efficiency of the photocata-
lyst since TiO,, and WO, thin films will absorb different parts of the
visible-light spectrum. Such configuration also benefits the charge
separation of the photocatalyst since the conduction band of WO,
is lower than that of TiO,, while the valence band of TiO, is higher
than that of WO;. Thus, WO; serves as an electron pool, while TiO,
is regarded as a hole pool. A twin-cell reactor consisted of two
compartments (half reactors), which were separated by a Nafion
membrane and the photocatalyst to allow only the transport of pro-
tons across the two compartments [14]. Therefore, when the pho-
tocatalyst anode was irradiated by visible light, water oxidation
occurred at the anode to give O, and protons, while the reduction
of protons occurred at the cathode to give H,, resulting in separate
evolution of H, and O,. The simultaneous separation of evolved
H, and O, during photoreaction has the merits of eliminating back-
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ward reaction of H, and O, to form water, preventing the possible
explosion of the H,-O, gas mixture, and reducing the cost for the
additional separation process.

The coating of electrically isolate thin-films, for example, mag-
nesium oxide (MgO) and silicon dioxide (SiO,) on nanocrystal-
line TiO, particles, will improve TiO,’s photocatalytic performance
[15]. Tada et al. reported that the MgO coating on TiO, causes an
increase of TiO,’s photocatalytic activity by three times to decom-
pose cationic surfactants [16]. Likewise, Anderson and Bard demon-
strated the coating of an electrically isolating SiO, layer on TiO,
would improve its photocatalytic performance in the degradation
of RG-6 dye by comparing the bare TiO, [17]. The enhanced pho-
tocatalytic activity of the photocatalysts was attributed to the im-
proved adsorption because of the oxide-layer coating. Furthermore,
Jung et al. reported the preparation of TiO,-MgO core-shell-struc-
tured nanoparticles for the photodegradation of organic contami-
nants [18]. Comparing the bared TiO,, it was found that the ultrathin
film of MgO with high porosity on TiO, has numerous OH groups
and H,O molecules, leading to an improvement of its photocata-
Iytic activity. To investigate the role of metal oxide layer, Bae et al.
prepared a MgO layer on TiO,/ITO electrode to conduct photo-
electrochemical water splitting [19]. They found that the MgO
layer would block the transfer of charge carriers between TiO, and
electrolyte. It exhibited both a positive effect of preventing the back
electron transfer as well as the negative effect of preventing the hole
escape. Due to the competition of dual effects, the thickness of MgO
layer should be optimized. However, applying a bias voltage on the
design photoelectrode would favor the negative effect, leading to
poorer performance. Therefore, a better strategy to utilize the pos-
itive effect of MgO layer is to conduct water splitting via photocat-
alysts, instead of applying an external bias voltage in the photo-
electrochemical cell

We investigated the effects of MgO on the performance of dual-
layer photocatalysts. Various MgO modified TiO, thin films were
first fabricated by radio-frequency magnetron sputtering (REMS).
Then, the prepared thin films were characterized by AFM, SEM-
EDS, XRD, and UV-visible spectrometry to analyze their morphol-
ogy, elemental characterization, crystallinity, and optical absorp-
tion. The photocatalytic activity of these prepared thin films under
UV light irradiation was examined by photovoltammetry. The
mechanism of the enhancement on the photocatalytic activity of
MgO modified photocatalysts was also proposed. Consequently,
MgO modified DLP was employed to split water via photocata-
lytic reaction under visible light irradiation in a dual-cell reactor,
where hydrogen and oxygen were produced separately [20].

EXPERIMENTAL

1. Synthesis of TiO,, WO, and MgO Thin Films by Sputtering

All thin films of the samples were fabricated by REMS. Before
sputtering, ITO (indium tin oxide, Merck, 20-30 Q/cm”) glass em-
ployed as substrate was under ultrasonic cleaning by DI-water,
acetone, methanol, and isopropanol, followed by drying at 110°C
for one hour. Then, the ITO was placed in a vacuum chamber for
sputtering. The distance of ITO and target was 60 mm, and the
target plates included TiO,, WO, and MgO (grade 99.99%), pro-

vided by Solar Applied Materials Technology Corp. The Ti foil
(99.7%, 0.127 mm thick), obtained from Uni-Onward Corp., was
also adopted as the substrate for conducting a water-splitting reac-
tion. To carry out the procedures of sputtering deposition, the based
pressure of the vacuum chamber was controlled at 9x10™° torr ini-
tially. After that, argon gas (grade 99.999%) was introduced at the
flow rate of 40 sccm, and the working pressure was fixed at 16
mtorr. During sputtering, the power was set at 250, 200, and 75 W
for depositing TiO,, WO,, and MgO thin film, respectively, which
area was 1 cmx2 cm. To prepare TiO, and WO, thin films with
visible-light absorbance (ie., vis-TiO, and vis-WO;), the sputter-
ing temperature was increased to 773 K, while the deposition of
MgO was performed at 623 K. The deposition rate for TiO,, WO;,
and MgO was 80, 720, and 14 nm/hr, respectively, which was de-
termined from the pre-constructed sputtering time vs. thickness
calibration curve. To investigate the effect of MgO on DLP, varied
amount of MgO (2, 10, 30, 80 nm) was deposited on the prepared
TiO, thin films (thickness of 1,120 nm). The MgO modified TiO,
thin film with 0, 2, 10, 30, and 80 nm of MgO was named as
bare_TiO,, MgO(2)_TiO,, MgO(10)_TiO,, MgO(30)_TiO,, and
MgO(80)_TiO,, respectively. Since the MgO deposited on TiO, was
extremely thin, it was difficult to perform direct measurement using
a conventional stylus profiler. Therefore, the thickness of MgO on
TiO, was estimated from the deposition time based on the calibra-
tion curve constructed for MgO.
2. Characterization of the Prepared Thin Films

The thickness of thin films prepared in this study was meas-
ured by the XP-2 Stylus Profiler (Ambios Technology). The scan
speed, scan length, and stylus force was 0.1 mm/s, 2-3 mm, and
5 mg, respectively. The X-ray diffraction (XRD) analysis of the thin
films fabricated in this study was examined by D8-ADVANCE
(Bruker). The scanning angle (26) was between 20-80°, using X-
ray radiation of Cu Ker (1.5418 A). The measurement was con-
ducted under ‘Detector Scan’ mode, in which the X-ray source
was kept still at an angle of 3°, while the detector moved at a rate
of 1°/min. Since the thin films prepared in this study were trans-
parent, they were all measured under the absorption (transmis-
sion) mode by the Evolution 600 UV-Vis absorption spectrometer
(Thermo Scientific). The scanning range of wavelength was between
350-700 nm at a rate of 4 nm/s. Before measurement, thin-film was
first deposited on ITO glass, and then it was measured together
with the ITO glass. In order to eradicate the absorption interfer-
ence of ITO glass, the baseline measurement was carried out by
using bare ITO glass; therefore, absorption solely from the depos-
ited thin film can be achieved. The surface morphology of the thin
films prepared in this study was observed by using a field emis-
sion scanning electron microscope (FE-SEM, Hitachi-S4800) with
an electron beam energy of 15kV and the working distance of ap-
proximately 8 mm. Elemental characterizations of the photocata-
lytic thin films were analyzed by the EDS system that was incor-
porated with FE-SEM. NT-MDT NTEGRA Prima atomic force
microscope (AFM) was adopted to analyze the surface roughness
of the prepared thin films. Water contacting angle (WCA) was meas-
ured by using OSA60 (Ningbo NB Scientific Instruments).
3. Photocurrent Measurements

Photocurrent measurement is an important technique often
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Fig. 1. (a) Photocurrent measurement setup, and (b) schematic diagram of DLP and MgO_DLP.

used to predict the performance (activity) of the photocatalyst before
performing the actual photoreaction. The technique is based on
the fact that no photoreaction will occur unless electron-hole pairs
are generated upon light irradiation. If directed by a circuit, such
photogenerated electron-hole pairs will create a current which can
then be measured. In this study, the setup of photocurrent mea-
surement was depicted, as shown in Fig. 1(a). Various thin-film
coated ITO glasses served as the photoelectrodes. The working,
counter, and reference electrodes were the prepared photoelec-
trode, Pt wire, and Ag/AgCl, respectively, which were immersed in
KOH solution (1 M) as the electrolyte. For measuring the photo-
current produced under light irradiation, a potentiostat (AUTO-
LAB PGSTAT302N) was used with the scanning voltages between
—0.5V~1.5V. Since the TiO, photocatalyst prepared in this study
was both UV and visible-light responsive, with UV absorption higher
than visible light, UV light (100-W mercury lamp, HI400EH-5
SEN LIGHT Corp.) was employed to conduct the photocurrent
measurements. The intensity of UV (365 nm) light, determined by
measuring inside the container, was 3.2 mW/cn’.
4. Apparatus of Photocatalytic Water Splitting Reaction

For preparing the photocatalyst, dual-layer photocatalyst (DLP:
vis-TiO, 2,450 nm/vis-WO; 550 nm) or MgO modified dual-layer
photocatalyst (MgO_DLP: MgO 30 nm/vis-TiO, 2,450 nm/vis-WO;

0, H,
Light Phy
H,0 &’ H,
0; + H‘D SN
0.05M NaOH 0.025M H,S0,
Nafion

Fig. 2. H-type reactor for water splitting reaction.
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550 nm) was first deposited on a Ti foil substrate. On the backside
of Ti foil, Pt layer was also deposited by sputtering. Then, the
structure of DLP or MgO_DLP/Ti/Pt (100 nm) was obtained, as
shown in Fig. 1(b). Subsequently, the photocatalysts and a Nafion
film (178 pum thick, Nafion-117 Aldrich) were sandwiched between
two silicone rubber plates with two rectangular openings, respec-
tively. The area dimension of each opening was 1 cmx2 cm. This
experimental module was clamped in a twin-cell reactor, filled
with 0.05 M of NaOH solution and 0.025 M of H,SO, solution for
TiO, side and Pt side, respectively. The photocatalyst was irradi-
ated by the simulated light of 100 mW/cm’, provided by a 300-W
Xe lamp with AM 1.5G filter, as shown in Fig. 2. Then, TiO, side
and Pt side can separately generate O, and H,, which were on-line
collected and analyzed by a 1 mL sampling loop and a GC-TCD
(China GC 2000) analyzer. Such a twin-cell reactor was also de-
scribed in our previous study [21].

RESULTS AND DISCUSSION

Fig. 3 presents the SEM images of (a) bare_TiO,, (b) MgO(2)_
TiO,, (c) MgO(10)_TiO,, (d) MgO(30)_TiO,, and (e) MgO(80)_TiO,
under magnification of 50,000X. It appears that TiO, crystals exhibit
less sharp edges as the thickness of MgO increases, particularly for
MgO(30)_TiO, and MgO(80)_TiO,, suggesting the presence of
MgO. Nevertheless, the MgO deposited cannot completely cover
the TiO, surface. On the other hand, the MgO in MgO(2)_TiO,
and MgO(10)_TiO, cannot be clearly observed. It is also interest-
ing that the surface of TiO, crystals becomes brighter as the amount
of MgO increases. This is believed to result from the increasing
“charging effect” during SEM analysis, which was induced by the
presence of the insulating material, MgO, on TiO,. In addition, the
MgO-coated TiO,, as observed in the SEM image (Fig. 3(a)), shows
a more pronounced surface texture on edge as compared to the
pure TiO, (Fig. 3(d)). Therefore, it is reasonable to imply that the
textures due to the MgO deposition may increase the roughness
and the contacting surface area TiO,, leading to an enhancement
of photocatalytic performance. As shown in Table 1, the results of
EDS analysis exhibited the chemical composition of the fabricated
MgO modified TiO, thin films. It is noted that the signal of Mg
and O increases as the thickness of MgO increases, indicating the
presence of MgO in MgO modified TiO,. On the other hand, the
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Fig. 3. SEM images of (a) bare_TiO,, (b) MgO(2)_TiO,, (<) MgO(10)_TiO,, (d) MgO(30)_TiO;, and (¢) MgO(80)_TiO,.

Table 1. EDS analysis of MgO modified TiO, thin films deposited

on Ti foil
Atomic %
Sample
O Ti Mg
Bare_TiO, 66.16 33.83 0.01
MgO(2)_TiO, 63.23 36.66 0.11
MgO(10)_TiO, 71.35 28.24 0.41
MgO(30)_TiO, 73.48 24.51 2.01
MgO(80)_TiO, 74.08 16.76 9.16

ratio of Ti to O deviates from 1/2 as the thickness of MgO increases
because the MgO deposited may block the signal of Ti from TiO,.

For inspecting the crystallinity of the MgO modified TiO,, X-ray
diffraction analysis was used. The XRD patterns of various MgO
modified TiO, on Ti foil are shown in Fig. 4. Pure MgO (250 nm)
deposited on ITO glass. which was also measured, serves as the
standard for MgO signals. Besides the Ti signal from the substrate,
all the thin films exhibit anatase TiO, peaks, and only MgO(80)_
TiO, shows a very small peak representing periclase MgO. This
suggests that MgO with a thickness of less than 80 nm is insuffi-
cient to give a notable XRD signal, implying that the amount of
MgO deposited on TiO, indeed is very small.

The UV-Vis absorption spectra of pure TiO, and MgO modi-
fied TiO, deposited on ITO glass are shown in Fig. 5. The pure
TiO, thin film with a thickness of approximately 1,000 nm was fab-
ricated by REMS at room temperature. The MgO modified TiO,
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Fig. 4. XRD patterns of various MgO modified TiO, thin films pre-
pared on Ti foil.
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Fig. 5. UV-Vis absorption spectra of pure TiO, and MgO coated
TiO, deposited on ITO.

thin film was fabricated by depositing 100 nm of MgO on pure
TiO, with a total thickness of ~1,100 nm. From the result, the ab-
sorption of TiO, was observed at the wavelength of ~350 nm. The
addition of MgO did not change the absorption spectrum of TiO,
significantly. This confirms that MgO will not absorb light in the
UV-Vis region due to its wide bandgap energy (8-9 eV) [22]. Regard-
ing the optical properties of TiO,/WO,; film, it was revealed in our
previous study [13]. It was demonstrated that the TiO,/WO, film
prepared by REMS at a high temperature could absorb visible light
and conduct the photocatalytic water splitting reaction under visi-
ble light. The detailed reason to make semiconductors absorb visi-
ble light is described by Prof. Anpo [23]. Under sputtering at high
temperature, the O/Ti ratio gradually decreases from the top sur-
face, leading to the perturbation in the electronic structure and the
red-shift for the light absorption of TiO, [23]. To understand the
hygroscopic properties of the MgO, the pure TiO, and MgO coated
TiO, were deposited on glass, and the water contacting angle was
also tested. As shown in Fig. 6, the pure TiO, surface has water
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Fig. 6. Water contacting angles of (a) pure TiO, and (b) MgO coated

TiO, deposited on glass.
10
—(UV)-bare_TiO, (dark)
—(UV) - MgO(2)_TiO, (dark)
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Fig.7. CV plot of MgO modified TiO, thin films under UV irradi-
ation.

contacting angle (WCA) of ~21.5° suggesting that the TiO, sur-
face is hydrophilic (WCA <90°). After treating the TiO, with MgO,
its surface becomes super-hydrophilic (WCA<10°) with WCA of
~9.7°. This indicates that the coated MgO exhibits hygroscopic
properties, which may adsorb more water molecules to favor oxi-
dation of water and generation of oxygen.

The cyclic voltammograms (CVs) of MgO modified TiO, thin
films under UV irradiation are shown in Fig. 7. For the results of
CVs, the current density (mA/cm’) at the voltage of 0V is listed in
Table 2. It is noted that the photocurrent of the sample increased
with MgO thickness up to 30 nm. When the MgO thickness fur-
ther increased to 80 nm, the photocurrent of MgO modified TiO,
dropped significantly. Therefore, it is concluded that coating a very
thin layer of MgO on TiO, may have the benefit of improving TiO,s
photoactivity. In this study, the optimal thickness of MgO was 30
nm. This conclusion is consistent with the result reported by Jung
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Table 2. Zero-voltage current density for MgO modified TiO, thin films

Current density (mA/cm?)
Bare_TiO, MgO(2)_TiO, MgO(10)_TiO, MgO(30)_TiO, MgO(80)_TiO,

Dark 2.3x10°* 24x10°* 2.9x10°* 2.0x10™* 39x10°*

uv 2.35 2.37 2.48 2.73 1.59

Net UV 2.35 2.37 2.48 2.73 1.59
et al. that coating a thin layer of MgO on TiO, can improve its photo- 15
catalytic activity towards the degradation of stearic acid [18]. They MgO_DLP(H,)
claimed that the improved photoactivity is due to the hygroscopic 2 | 2 N E
and nanoporous nature of MgO shell, which can absorb more water s DLP(H,)
molecules and hydroxyl groups to form more hydroxyl radicals. a2 z
The hygroscopic nature of MgO was evidenced by the FT-IR spectra 29 °
between pure TiO, and MgO-coated TiO,. However, since MgO is ‘% MgO_DLP(O,)
a wide-bandgap insulating material, too much of it may have a detri- 2 64 & e
mental effect of blocking or suppressing the transport of charge o e TR
carriers, resulting in reduced photoactivity. el

Previously, it was demonstrated that TiO, thin film coated with 3 (- ~§
30 nm MgO exhibits the highest photoactivity in terms of photo- --:'-'-'-'-'".""
current among the samples tested. Therefore, 30-nm MgO was 0 - - . - .
0 2 El 6 8 10 12

selected to modify DLP, hoping to enhance the activity of photo-
catalytic water splitting. By conducting a photocatalytic water split-
ting reaction, the H, generation from DLP and MgO modified
DLP (hereinafter referred to as MgO_DLP) was examined under
light irradiation. The photocatalyst for the water-splitting reaction
was noted as DLP or MgO_DLP/Ti/Pt (100 nm), as shown in Fig.
1(b). DLP was fabricated by depositing 2,440 nm of vis-TiO, on
top of 560 nm vis-WO;, while MgO_DLP was prepared by depos-
iting 30 nm of MgO on top of DLP.

The results of H, and O, yields for DLP and MgO_DLP under
visible-light irradiation are depicted in Fig. 8. As expected, the H,
and O, yields of MgO_DLP are higher than those of DLP, being
consistent with the photocurrent results. Note that the ratio of H,-
to-O, observed from the water-splitting reaction is not fully corre-
sponding to the stoichiometric ratio of H to O in H,O (2 to 1).
The amount of H, generated was slightly lower than expected,
especially at the initial stage of the photoreaction. We believe such
a phenomenon is attributed to the fact that the H, produced ini-
tially was adsorbed/trapped on the Pt surface of the photocatalyst,
making the ratio of H,-to-O, low: It is also possible that part of the
initial H, was consumed by reducing the surface PtO, of the pho-
tocatalyst (cathode) since the Pt side was exposed in the air before
the photoreaction. This argument is supported in advance by the
results reported in our previous study, showing that the ratio of
H,-to-O, gradually returns to normal as the photoreaction contin-
ues over time [13]. Table 3 expresses H, and O, yields for both
DLP and MgO_DLP in eight hours of visible-light irradiation. The

Reaction Time (hr)

Fig. 8. Water-splitting results for DLP and MgO_DLP under visi-
ble-light irradiation.

MgO_DLP produced 12.98 pmoles H, and 8.54 pmoles O, while
DLP generated 10.74 pmoles H, and 6.35 pumoles O,. Comparing
DLE it is found that MgO_DLP exhibited an improvement of ~21%
and ~35% for H, and O, yield, respectively. The efficiency of pho-
ton-To-hydrogen (PTH) was also obtained by Eq. (1), where P,
is the total power of incident light, Area is 2cm” as preparation,
and 237 kJ/mol is the Gibbs free energy for producing one mole
H, from H,O. The results of PTH are summarized in Table 3.

_| (umol H,/s)x(237 kJ/mol)
Ptom,(m—\/\g X Area(cmz)
cm

Similar to the photocurrent results, we believed that the im-
proved H, and O, yields of MgO_DLP in water splitting are due
to the hygroscopic nature of MgO [24], which can attract more
water molecules toward the TiO, surface to perform water oxida-
tion. Efficient water oxidation also means that fewer holes will be
accumulated at the TiO,-water interface to recombine with elec-
trons; hence, H, yield is improved as well. Furthermore, we believed
that MgO might provide more contacting surface area to hold

PTH

x100% 1

Table 3. H, and O, yields and PTH of DLP and MgO_DLP in 8 hours of visible-light irradiation

DLP MgO_DLP
Light source
H, yield (umole) O, yield (umole) PTH (%) H, yield (umole) O, yield (umole) PTH (%)
Visible light 10.74 6.35 0.044 12.98 8.54 0.053

Korean J. Chem. Eng.(Vol. 37, No. 8)
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Fig. 9. AFM images of (a) bare_TiO, and (b) MgO-coated TiO,.

more water molecules for water oxidation, as reported in the liter-
ature [18]. Since it is difficult to measure the specific surface area
of thin film by the conventional BET (Brunauer-Emmett-Teller)
method, AFM was adopted to examine the contacting surface area
of thin films based on their surface roughness, because in general
the rough surface tends to have larger contacting surface area than
smooth surface. AFM analysis was performed on bare_TiO, and
MgO-coated TiO, thin films. Bare_TiO, was prepared by sputter-
ing 1,000 nm of TiO, on ITO glass, whereas MgO-coated TiO, was
prepared by sputtering an additional layer of MgO (30 nm) on top
of bare_TiO,. The AFM images of both samples are shown in Fig.
9. It appears that MgO-coated TiO, has higher surface roughness
than bare_TiO,. The calculated average surface roughness (S,) for
bare_TiO, and MgO-coated TiO, is 0.8867 and 1.2249 nm, respec-
tively, implying that MgO-coated TiO, has a higher contacting sur-
face area. Based on this result, it can be concluded that the inclusion
of MgO will provide more contacting surface area for the absorp-
tion of water molecules on the TiO, surface. From the water-split-
ting results, the mechanism of MgO preventing electrons from
reducing water molecules at the TiO,-water interface was pro-
posed, as shown in Fig. 10. As a result, MgO served as an insulator
may suppress current leakage by preventing electrons from reduc-
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Fig. 10. Schematic diagram of MgO preventing electrons from reduc-
ing water molecules at the TiO,-water interface.

ing water molecules at the TiO,-water interface.
CONCLUSION

The effect of adding a thin layer (or small amount) of MgO
on TiO, was investigated. It was noted that the inclusion of MgO
did not change the absorption spectrum of TiO, significantly. This
confirmed that MgO will not absorb light in the UV-Vis region
due to its wide bandgap energy (8-9 eV). From the photocurrent
measurement results, it was found that coating a very thin layer of
MgO on TiO, may have the benefit of improving TiO,s photoac-
tivity. The optimal thickness of MgO in this study was 30 nm, esti-
mated from the calibration curve. Finally, DLP was modified by
30nm of MgO and its photoactivity towards H, production was
investigated by carrying out the photocatalytic water-splitting reac-
tion in the twin-cell reactor under visible-light irradiation. Com-
pared with regular DLP, MgO_DLP can generate 12.98 nmoles H,
and 8.54 pmoles O, after 8 hours of reaction. It shows an improve-
ment of ~21% and ~35%, respectively, for H, and O, yield. We
believe that the improved H, and O, yields of MgO_DLP are due
to the hygroscopic nature of MgO, which can attract more water
molecules towards the TiO, surface to perform water oxidation.
Consequently, fewer holes will be accumulated at the TiO,-water
interface to recombine with electrons, improving the H, yield simul-
taneously. Moreover, incorporation of a thin layer of MgO on DLP
can also suppress the photocatalysts current leakage by preventing
electrons from reducing water molecules at the TiO,-water interface.
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