CHAPTER VI
HYDROGEN PRODUCTION OVER METAL-LOADED
MESOPOROUS-ASSEMBLED SrTi03NANOCRYSTAL
PHOTOCATALYSTS: EFFECTS OF METAL TYPE AND LOADING

Abstract

Mesoporous-assembled SrTiU3 photocatalysts with different loaded metal co-
catalysts (Au, Pt, Ag, Ni, Ce, and Fe) synthesized by the single-step sol-gel method
with the aid of a structure-directing surfactant were tested for the photocatalytic
activity of hydrogen production from a methanol aqueous solution under hoth uv
and visible light irradiation. The Au, Pt, Ag, and Ni loadings had a positive effect on
the photocatalytic activity enhancement, whereas the Ce and Fe loadings did not. The
best loaded metal was found to be Au due to its electrochemical' properties
compatible with the SITIC3hased photocatalyst and its visible light, harvesting
enhancement. A 1 wt% Au-loaded SrTi03 photocatalyst exhibited the highest
photocatalytic hydrogen production activity with a hydrogen production rate of 337
and 200 pmol h"Locat"l under uv and visible light irradiation, respectively. The
hydrogen diffusivity from the liquid phase to the gas phase also significantly affected
the photocatalytic hydrogen production efficiency. An increase in the hydrogen
diffusability led to an increase in the photocatalytic hydrogen production efficiency.

6.1 Introduction

For hydrogen production from the photocatalytic water splitting reaction,
the three main reasons for the low hydrogen production activity of most
photocatalysts are the high recombination rate between the photo-generated electron
and hole [1], the fast backward reaction between hydrogen and oxygen into water [2-
8], and the limited light harvesting ability of the photocatalysts themselves [3,9-11],
Hence, several research projects have focused on eliminating these obstacles and
enhancing the visible light harvesting ability of the photocatalysts [12-20], One
Interesting approach used for enhancement of the photocatalytic activity of hydrogen
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evolution by increasing the charge transfer to reduce the recombination rate is to load
a metal catalyst, or co-catalyst. The loaded metal, or co-catalyst, can act as a charge
transferring site and/or active site for the photocatalytic reaction. It has been reported
that the photocatalytic activity of TiC2can be remarkably enhanced by the loading of
a small amount of a Pt co-catalyst [21-27]. The enhancement in the photocatalytic
activity can be explained by the photoelectrochemical mechanism, in which the
photo-generated electrons quickly migrate to the Pt particles loaded on the TIC2
surface, where the proton reduction reaction proceeds. In this case, Pt behaves as
both charge transferring and active sites [28], The use of NiO as the co-catalyst for
Improving the photocatalytic hydrogen production activity of both the mesoporous
TIC2 and Ta20s photocatalysts was elucidated experimentally [29,30], SrTiCh
photocatalysts also showed photocatalytic hydrogen production capability, and its
photocatalytic hydrogen production activity was significantly enhanced by loading
NiO [31]. A Cr-Ta-doped SrTiU3 photocatalyst showed photocatalytic hydrogen
production activity under visible light irradiation, and its photocatalytic activity was
dratically increased with Pt loading [32], The influence of a CoO co-catalyst on the
photocatalytic activity of Ta-doped SrTIC3was also studied, and the increase in the
photocatalytic activity was due to the role of the loaded CoO, which can capture the
electrons from the n-type semiconductor SrTi03, resulting in recombination
prevention [33], However, to update information, the comparative investigation for
photocatalytic hydrogen production of mesoporous-assembled SrTi03 photocatalyst
with various loaced metal co-catalysts has not yet been performed.

In our previous work, mesoporous-assembled perovskite-type SrTi03
photocatalysts were tested for their photocatalytic activity via the photocatalytic
methyl orange degradation [34] and the photocatalytic hydrogen production from
water using methanol as a sacrificial reagent [35], The results indicated that the
mesoporous-assembled structure of SITIC3 nanocrystals is responsible for the
enhancement of the photocatalytic activity of the SrTiC:3 photocatalyst, exhibiting
much higher photocatalytic activities than the commercially available non-
mesoporous-assembled SITIC3 and Tier nanopowders (i.e. Wako STiCh and
Degussa P-25 TiCh). Due to the high ability of the SrTiC3 photocatalyst to produce
hydrogen from water [10,11,31,36,37], this present work focused on further
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enhancement of the photocatalytic hydrogen production activity by modifying the
mesoporous-assembled SrTiCs; photocatalyst by the metal co-catalyst loading via the
single-step sol-gel method. Although some loaded co-catalysts may be buried inside
the photocatalyst matrix, the single-step sol-gel method was selected for synthesizing
the co-catalyst-loaded mesoporous-assembled SrTiCss due to its several advantages:
(1) it is a more straightforward method for loading a metal co-catalyst than the
conventional methods (e.g. incipient wetness impregnation), which require two
separate steps of support preparation and co-catalyst loading, (2) based on our
previous experience, it provides a high dispersion of a loaded co-catalyst in the
resulting photocatalyst, and (3) the interaction between the base photocatalyst and
the loaded co-catalyst becomes greater, resulting in a higher photocatalytic activity
of the loaded photocatalyst prepared by this method as compared to the conventional
methods [21,29,35], The present results clearly revealed, for the first time, that the
mesoporous-assembled SrTiCss with the Au co-catalyst exhibited the highest
photocatalytic hydrogen production activity, as compared to the other studied loaded
metal co-catalysts. Inaddition, the photocatalytic hydrogen production activity of the
mesoporous-assembled Srti0s with an optimum Au loading was also enhanced by
adjusting operational parameters of the photocatalytic system.

6.2 Experimental

6.2.1 Materials

Strontium nitrate  (Sr(NC>3)2, Merck Co., Ltd.), tetraisopropyl
orthotitanate (TIPT, Merck Co., Ltd.), acetylacetone (ACA, S.D. Fine-Chem Ltd.),
laurylamine (LA, Merck Co., Ltd.), hydrochloric acid (HC1, 37% analytical grade,
Labscan Asia Co., Ltd.), and anhydrous ethanol (EtOH, Italmar Co., Ltd.) were used
as starting materials for the mesoporous-assembled SrTiCfi nanocrystal photocatalyst
synthesis. Hydrogen tetrachloroaurate (I11) trinydrate (HAUCIs sH20, Alfa Aesar),
hydrogen hexachloroplatinate (1V) hexahydrate (fyPtCE s H20, Aldrich Co., Ltd.),
nickel (I1) nitrate hexahydrate (Ni(Nos)2's H20, Wako Pure Chemical Industries,
Ltd.), silver nitrate (AgNC>s, Nacalai Tesque), iron (IIl) nitrate nanohydrate
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(Fe(N03)39H20, Wako Pure Chemical Industries, Ltd.), and cerium (IV) di-
ammonium nitrate ((NH42Ce(N03)6, Chamelean Reagent) were used as Au, Pt, Ni,
Ag, Fe, and Ce co-catalyst precursors, respectively. Anhydrous methanol (MeOH,
Labscan Asia Co., Ltd.) was used as a sacrificial reagent, acting as a hole scavenger,
for the investigation of the photocatalytic hydrogen production activity.

6.22  Synthesis  Procedure of Mesoporous-Assembled  SrTiCh
Photocatalysts
The mesoporous-assembled  SITIC3 nanocrystal  photocatalysts,
without and with different metal types and loadings, were synthesized via the sol-gel
process with the aid of a structure-directing surfactant under mild conditions [34,35],
ACA was first added to TIPT at an equimolar proportion. A laurylamine
hydrochloride (LAHC) solution was prepared by dissolving LA with an equimolar
HCL in 50 cm3of EtOH, based on the LAHC-to-TIPT molar ratio of 0.25:1. Then, a
specified amount of S(NC>32, based on the Sr-to-Ti molar ratio of 1.1, was added to
the LAFIC solution with continuous stirring to obtain a clear solution. For the metal-
loaded mesoporous-assembled SITIC3nanocrystal photocatalysts synthesized via the
single-step sol-gel method, each metal of various amounts was added to this clear
solution to obtain various loadings, being analogous to the Pt- and Ni-loaded
mesoporous-assembled  TIC2 [21,29], Afterwards, the LAHC/Sr(N03)2 or
LAHC/Sr(N03)2metal solution was slowly dropped into the TIPT/ACA solution
while stirring continuously. The resultant mixture was incubated at 80°c for 1d to
obtain complete gel formation. The resulting gel was further dried at 80°c for 2 d.
Finally, the dried gel was calcined at 700°c for 4 h, which were found to be the
optimum calcination conditions in our previous work [34], to yield the mesoporous-
assembled SrTiC3 nanocrystal photocatalysts (pristing SITICHt) or the metal-loaded
mesoporous-assembled SrTi03nanocrystal photocatalysts (metal-loaded SrTi03)

6.2.3 Photocatalyst Characterization Techniques
The crystallinity and the purity of the pristine and metal-loaded
SITIC3 photocatalysts were examined by X-ray diffraction (XRD, Rigaku, RINT-
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2100) with a rotating anode XRD generating monochromated CuKa radiation using
continuous scanning mode at a rate of 2°c min"1and operating conditions of 40 kv
and 40 mA. The SITiC3crystallite size (D) was calculated from the line broadening
ofthe SITIC3(110) diffraction peak by using the Debye-Scherrer equation [38]:

D'(_3(:05(0)
where K is the Scherrer constant (0.89), X is the wavelength of the X-ray radiation
(0.15418 nm for Cuka), s the full wicth half maximum (FWHM) of the diffraction
peak measured at 26, and #is the diffraction angle.

The actual metal loading of the synthesized SrTiC3photocatalysts was
analyzed by X-ray fluorescence spectroscopy (XRF, Phillip, WD-XRF model PW-
2400). The N2 adsorption-desorption isotherms of the synthesized SITIC3
photocatalysts were obtained by using a nitrogen adsorption-desorption apparatus
(BEL Japan, BELSORP-18 PLUS) at a liquid nitrogen temperature of -196°C. The
specific surface areas of the synthesized SrTiC=3 photocatalysts were determined by
the Brunauer-Emmett-Teller (BET) approach using the adsorption data. Mean pore
size and pore size distribution were determined by the Barrett-Joyner-Halenda (BJH)
approach using the desorption data. Diffuse reflectance spectra of the synthesized
SITIC3 photocatalysts were obtained by using a UV-visible spectrophotometer
(Shimadzu, UV-2450) at room temperature with BaSC4as the reference. Afterwards,
the diffuse reflectance spectra were analyzed to estimate the band gap wavelength
(Xg, nm) by using the Kabelka-Munk function, and the band gap energy (Eg) was
then determined by using the following equation [39]:

65 1240

6.24 Photocatalytic Hydrogen Production System
The photocatalytic hydrogen production activity of the pristine and
the metal-loaded SrTIC3 photocatalysts was investigated by using the rate of
hydrogen production during a 5-h irradiation period as a process performance
parameter. The photocatalytic experiments were performed in an outer-irradiation
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and air-tight Pyrex glass reactor with a total volume of 750 cm3. The reaction
temperature was controlled by using a water-cooling system. A set of 176 Hg
lamps (Phillip Co. Ltd.), which emitted light of more than 95% with a wavelength of
254 nm and with total irradiating intensity of 23 mW cm2 and a 300 Xe lamp
(KXL-300, Wacom Electric) combined with auv cutoff filter (ATG, B-485), which
allowed only the visible light with wavelengths longer than 400 nm to pass with total
Irradiating intensity of 2.6 mW cm’2, were employed as uv and visible light sources,
respectively. In a typical experiment, each photocatalyst sample was suspended in a
50 vol.% methanol aqueous solution, which was found to be the most suitable
concentration in our previous work [35], by using a magnetic stirrer. Prior to the
reaction testing, the suspension was left in the dark while simultaneously being
thoroughly deaerated by Ar gas bubbling for 20 min, and then the suspension was
irradiated by turning on the lamps for 5 h. For the uv irradiation, the liquid phase
Volume was controlled at 500 cm3 (except for the experiment to determine the effect
of the gas phase-to-liquid phase volumetric ratio), and the reaction temperature was
controlled at 45°c, which was found to be the most suitable reaction temperature
[35], For the visible light irradiation, the liquid phase volume was controlled at 200
cm3 and the reaction was performed at room temperature. A gas sample in the
headspace of the studied reactor was periodically withdrawn at 1 h intervals and
analyzed for hydrogen concentration by using a gas chromatograph (Hayesep
D100/120, PerkinElmer) equipped with a thermal conductivity detector (TCD). The
control experiments using the synthesized photocatalysts in the dark showed no
hydrogen production from the methanol aqueous solution under both the uv and the
visible light irradiation. The effects of photocatalyst dosage and gas phase-to-liquid
phase volumetric ratio on the photocatalytic hydrogen production activity were also
investigated over the best metal-loaded SrTiC3photocatalyst.

6.3 Results and discussion
6.3.1 Characterization Results

All XRD patterns of the pristine and the metal-loaded SrTiCss

photocatalysts exemplified in Figure 6.1 (for 0.5 wt.% metal loading) exhibit the
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Figure 6.1 XRD patterns of the pristine and the 05 wt.% metal-loaded SrTiCh
photocatalysts.

same dominant peaks, which refers to the single phase of cubic perovskite-type
SITi03, with similar intensity, indicating that all the loaded metals at low loadings in
the investigated range of 0.1-1.5 wt.% do not significantly affect the crystallinity and
purity of the synthesized SITIC3photocatalysts, as well as the SrTIC3crystallite size
(Table 6.1). No crystalline phases of the metals loaded via the single-step sol-gel
method were observed in the XRD patterns, probably due to their high dispersion
through the mesoporous-assembled structures. However, based on our previous
experiences, the phases of Au, Pt, Ag, Ni, Ce, and Fe in the final products are in the
forms of metallic Au [40], metallic Pt [21,35], metallic Ag [41], NiO [29,30], CeC2
[42], and Fe203 [43] after the calcination step of the metal-loaded dried gels. These
original forms of metals were instantaneously used for the photocatalytic
Investigation without any further reduction step in order to verify the intrinsic
advantage of the single-step sol-gel technique for photocatalyst synthesis.
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The actual metal loadings of the synthesized SrTi03 photocatalysts obtained
from XRF were not significantly different from the nominal metal loadings (Table
6.1). This implies that the single-step sol-gel method used for loading metals is
reliably effective in controlling any desired co-catalyst loading. The light-harvesting
ability of all the synthesized SITIC3photocatalysts were determined from their UV-
visible absorption spectra. The results show that the presence of each loaded metal in
the mesoporous-assembled SrTiC3 nanocrystal photocatalyst greatly contributes to
the increase in the light-harvesting ability within.the visible region (X >400 nm), as
shown in Figure 6.2. Particularly, the addition of either Au or Ni significantly
enhanced the visible light-harvesting ability up to a wavelength of 800 nm.
Moreover, each loaded metal accordingly affected the band gap energy of the
synthesized SITiIC3 photocatalysts, as shown in Table 6.1. It can be seen that in
general, the band gap energy of the synthesized SrTi03 photocatalysts decreased in
the presence of loaded metals because of the increase in the absorption onset
wavelength.

The type IV IUPAC pattern with a distinct hysteresis loop of the N2
adsorption-desorption isotherms of all the synthesized SrTiCb photocatalysts (Figure
3) indicates their mesoporous structure with very narrow pore size distributions
(insets of Figure 6.3), originating from the assembly of SITiC3nanocrystals [34,35],
Under the synthesis conditions, the results suggest that the loading with various
metals does not greatly affect the mesoporous-assembled structure of the synthesized
SITIC3 photocatalysts. Moreover, the N2 adsorption-desorption analysis results
showed that although a higher metal loading tends to slightly decrease the specific
surface area, mean pore diameter, and total pore volume, none of the loaded metals
significantly affect these textural characteristics of the synthesized SITiC3
photocatalysts, as shown in Table 6.1, with the specific surface area in the range of
8-12 mdg, mean pore diameter in the range of 4.2-4.8 nm, and total pore volume in
the range of 64-85 mm3yg,
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Table 6.1 Textural properties of all studied photocatalysts from XRF, XRD, UV-
visible spectroscopy, and N2adsorption-desorption analyses

Photocatalyst Nominal Actual Crystallite Eg BET Mean Total pore
metal metal size of (eV) surface pore volumed
loading loading” SITio,” aread diameterd  (mm3y Y
Wi%) (W) (m) (M) om
Pristine
, 34.98 3.23 12.24 4.8 85
SrTio,
Au-loaded 01 0.11 35.29 3.18 11.96 4.8 82
SrTio, 05 0.47 35.12 3.18 10.5 4.8 78
1.0 0.98 35.06 3.18 8.64 4.4 74
15 1.49 35.11 3.18 7.87 42 - 71
Pt-loaded 01 O]. 35.12 3.16 12.04 48 81
SrTio, 0.5 0.43 35.08 3.16 10.77 48 79
10 0.91 34.84 3.16 9.31 4.7 78
15 1.52 35.01 3.16 1.77 4.4 65
Ni-loaded Ol 0.11 35.27 2.98 12.12 4.8 83
SrTio, 05 05 35.31 2.98 10.98 4.7 79
10 0.99 35.12 2.98 9.93 4.4 1
15 1.51 35.1 2.98 8.13 4.5 1
Ag-loaded 01 0.09 35.15 3.18 12.1 4.7 82
SrTio, 05 0.51 35.14 3.18 11.65 48 82
10 1.05 34.99 3.18 10.08 4.5 79
15 1.48 34.96 3.18 8.12 43 72
Ce-loaded 0.5 0.5 35.16 3.18 11.91 4.7 81
SrTio, 10 1.02 35.15 3.18 10.98 4.6 79
15 1.49 34.79 3.18 7.95 4.4 68
Fe-loaded 05 0.49 35.04 2.95 11.86 4.7 79
SrTio, 10 0.98 34.99 2.95 .17 4.5 64

“From XRF analysis
bFrom XRD analysis
“From UV-visible spectroscopy analysis
dFrom N 2adsorption-desorption analysis
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Figure 6.2 Plot of the Kabelka-Munk function (F(r)) as a function of wavelength of
the pristine and the 0.5 wt.% metal-loaded STiCh photocatalysts: (a) unloaded, (b)

Au, (c) Pt, (d) Ni, () Ag, (f) Ce, and (g) Fe.
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6.3.2 Effect of Metal Loading on Hydrogen Production Activity of the

STiCh-Based Photocatalysts

The hydrogen production activity of the pristine and the metal-loaded
SITIC3 photocatalysts was investigated under both uv and visible light irradiation.
The hydrogen production rate for the first 5 h period was used as a comparative
indicator of the hydrogen production activity. It should be noted that only hydrogen
was detected in the produced gas without detectable carbon dioxide possibly due to
its high solubility in water under the studied conditions, and by using a 50 vol.%
methanol aqueous solution as a reaction media, the detected hydrogen could e
produced mainly from water molecules and partly from methanol (hole scavenger)
molecules [35], For the uv light irradiation system, the results showed that all the
Au, Pt, Ni, and Ag loadings had a positive effect on the enhancement of the
photocatalytic hydrogen production activity of the pristine SITICE photocatalyst,
whereas the Ce and Fe loadings reduced the photocatalytic hydrogen production
activity (Figure 6.4(a)). The negative effect of the Ce loading is possibly due to the
lower electronegativity of the Ce, as compared to that of Ti, resulting in a more
difficult photoexcited electron transfer from a SrTiC3 conduction band to the Ce
species. Hence, the Ce possibly behaves as an electron-transfer inhibitor when
covering the active sites of the pristing SITIC3 photocatalyst. For the Fe loading, the
Fe also possibly behaves as an inhibitor, similar to the Ce, due to its very low
electron affinity, even if its electronegativity is higher than that of Ti [44,45],

The higher electronegativity of all positive-effect loaded metals (Au, Pt, Ni,
and Ag) than that of Ti possibly induces them to hehave as the active site for proton
reduction, resulting in photocatalytic hydrogen production activity enhancement,
with the Au-loaded SITICU photocatalyst exhibiting the highest hydrogen production
activity (Figure 6.4(a)). According to the electrochemical properties among the
positive-effect loaded metals, Au and Pt comparatively have the higher filling orbital
level of 50 (4d and 3d for Ag and Ni, respectively) and have the higher
electronegativity [44,45]. These possibly lead to the higher photocatalytic hydrogen
production activity of the Au- and Pt-loaded SrTiC3photocatalysts.
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In a comparison between Au and Pt, the fonic radius of Au is slightly higher than that
of Pt resulting in a higher H-OH breaking ability [46], In addition, the higher
electronegativity and higher electron affinity of Au as compared to those of Pt
[44,45] possibly lead to the highest photocatalytic hydrogen production activity of
the Au-loaded SrTiC3 photocatalyst. It can be concluded from the results that the
electronegativity of the loaded metal should be higher than that of the base
photocatalyst, and its electron affinity should be sufficiently high to maintain the
stability of the photogenerated electrons until the proton reduction reaction takes
place on the photocatalyst surface.

The increase in the Au loading from 0 to 1wt.% resulted in an increase in
the hydrogen production rate (Figure 6.4(a)). In this Au loading range, the positive
effect on the hydrogen production rate was possibly because of the increase in the
number of Au active sites with increasing Au loading. However, a further increase in
the Au loading higher than 1wt.% led to a decrease in the hydrogen production rate.
This is possibly because the excess Au acts as the electron-hole recombination
center, resulting in a negative effect. Therefore, the optimum loading of Au was
found to be 1wt.9%, exhibiting the highest hydrogen production rate of 337 pmol h'l
geat ¢

For the visible light irradiation system, the Au-loaded SrTiC33also exhibited
the highest hydrogen production activity (Figure 6.4(b)), and the trend of the Au
loading dependence is similar to that occurring in the uv light irradiation system.
Even though the Ni-loaded SrTiU3showed the highest visible-light harvesting ability
(Figure 6.2), it exhibited the lowest hydrogen production activity. The results also
verify the importance of the electronegativity and the electron affinity of the loaded
metals. The highest hydrogen production rate at the optimum Au loading of 1wt.%
under visible light irradiation was 200 pmol 1f1gcat’l (Figure 4(b)), which is till
lower than that under the uv  irradiation condition (337 pmol h'lgcats).
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6.3.3 Effect of Photocatalyst Dosage
Another way of improving the hydrogen production efficiency is to
optimize the operational parameters of this photocatalytic hydrogen production
system. In our previous work [35], the effects of reaction temperature, hole
scavenger type, and amount of hole scavenger addition were investigated and
optimized using a 0.5 wt.% Pt-loaded SrTi03 photocatalyst. The optimum conditions
were found when using MeOH as the hole scavenger, with @ MeOH volume fraction
of 50 vol.% and a reaction temperature of 45°c. These conditions were further used
in the present work to investigate the effects of both the 1 wt.% Au-loaded SITIC3
photocatalyst dosage and the gas phase-to-liquid phase volumetric ratio on the
hydrogen production rate. The effect of the photocatalyst dosage is shown in Figure
6.5(a). The increase in the photocatalyst dosage from 5x10%4to 35x10'4g cm’3results
In an increase in the hydrogen production rate. The positive effect on the hydrogen
production rate in this photocatalyst dosage range is possibly due to an increase in
the total active sites available in the system. However, a further increase in the
photocatalyst dosage beyond 35x104 g cm'3 led to a decrease in the hydrogen
production rate. With a too high photocatalyst dosage in the system, the light
penetration is decreased, leading to a lower quantity of photo-generated electrons.
The optimum photocatalyst dosage of 35x1 04 ¢ cm'3provided the highest hydrogen
production rate of 104 pmol h'L
Regarding the photocatalyst efficiency in terms of the specific hydrogen
production rate (the hydrogen production rate per 1 g of photocatalyst), an increase
in the photocatalyst dosage leads to a decrease in the photocatalyst efficiency. This is
possibly due to an increase in the > vapor pressure in the gas phase (the fixed gas
phase volume of 250 cm3 when using a higher photocatalyst dosage. In a
photocatalytic or catalytic reaction, the product desorption from the
photocatalyst/catalyst surface, and the product diffusion, are important mechanisms
that directly affect the reaction efficiency [4-7,47],
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For this investigated photocatalytic hydrogen production system, an increase in the
photocatalyst dosage (referring to the increase in the active sites) provided the higher
H2evolution and caused a higher H2vapor pressure in the gas phase, leading to more
difficult H2 diffusion from the liquid phase to the gas phase. Therefore, the
generated from the photocatalytic reaction remains more in the liquid phase and
causes the proton reduction reaction more difficult to proceed, resulting in a decrease
In the overall photocatalyst efficiency. This conclusion was also confirmed by the
result of the effect of gas phase-to-liquid phase volume ratio, which will be discussed
In the next section.

6.3.4 Effect of Gas Phase-to-Liquid Phase Volumetric Ratio

The experiments to investigate the effect of the gas phase-to-liquid
phase volumetric ratio were performed by varying the liquid phase volume in the
reactor under a constant photocatalyst dosage of Ixicr3g cm'3and a constant gas-
liquid interfacial area of 78 cm2 As shown in Figure 5(b), an increase in the gas
phase-to-liquid phase volumetric ratio significantly enhances the specific hydrogen
production rate. An increase in the gas phase-to-liquid phase volumetric ratio
decreases the . vapor pressure in the system at the same reaction time, resulting in
an increase in the probability of H2 diffusability from the liquid phase to the gas
phase, as discussed previously. Hence, the photocatalyst efficiency significantly
Increases with an increase in the gas phase-to-liquid phase volumetric ratio.

6.4 Conclusions

The metal loading was found to be able to enhance the photocatalytic
hydrogen production activity of the mesoporous-assembled SrTiU3 nanocrystal
photocatalyst. The characterization results pointed out that the metal loading did not
change the physical properties of the synthesized SITICE, whereas it did change the
light harvesting ability of the pristine mesoporous-assembled SrTiCh photocatalyst.
The enhancement of the photocatalytic hydrogen production activity was found to
depend on the electrochemical properties of the loaded metal. Au was found to be the
most suitable loaded metal for the hydrogen production over the mesoporous-
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assembled  SITIC>3-hased photocatalyst, exhibiting the highest photocatalytic
hydrogen production activity enhancement. An optimum Au loading of 1 wt.%
provided the highest hydrogen production rate of 337 pmol h'lgear1and 200 pmol h'1
geatlUnder uv and visible light irradiation, respectively. In addition, the results of
the effects of the photocatalyst dosage and the gas phase-to-liquid phase volumetric
ratio indicated that the hydrogen diffusability into the gas phase significantly affects
the photocatalytic hydrogen production efficiency of the mesoporous-assembled
STiC>3-hased photocatalyst.
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