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Abstract: A series of Ag-modified mesoporous titania (TiO,) particles with various silver contents were prepared by

photoreduction. The prepared Ag-TiO,samples were characterized by X-ray diffraction (XRD), transmission electron

microscope (TEM), energy dispersive X-ray spectrometry (EDX) and UV-visible diffuse reflectance spectroscopic

(DRS) techniques. The visible light photocatalytic property was demonstrated for photodegradation of methylene blue

(MB) solution. The results showed that Ag nanoparticles were firmly immobilized on the TiO, surface, which im-

proved electron-hole separation by forming the Schottky barrier at the Ag-TiO, interface. The diffusion of reflectance

UV-Vis spectra were also served as an indication that the Ag-TiO, samples displayed higher red shifts in comparison

with un-modified TiO, sample. Under visible light, the optimal photoactivity was obtained for the sample m-TiO,-Ag-

2.0wt%. The TiO,-Ag catalyst is likely to be used again for a number of times without any additional treatment.
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TiO, is one of the most popular photocatalysts, for it is
high in photosensitivity, resistant to chemical change,
harmless, easy to obtain, friendly towards the environment

[1-4]

and finally cheap" ™. Upon ultraviolet light irradiation,

TiO, has been substantially examined for photocatalytic
degradation of organic pollutants out of wastewater ..
Nonetheless, the application of pure TiO, is limited by its
UV activation requirement.

In order to overcome this shortcoming, a host of studies
have been undertaken to intensify the separation between
electron and hole and to widen the range of absorption of
TiO, into the visible light region. The studies are instru-
mental in improving the visible light activity of TiO, by

[14]

transition metal ion doping''*"*!, dye sensitization''*! and

nonmetal doping!'>!"!

. Among them, noble TiO, photo-
catalysts modified by metals prove to be one of the most
crucial ways to enhance the photocatalytic perform-

ance[ 18-2 I].

In comparison with the expensive Pt, Pd, Rh,
and Au noble metals, TiO, photocatalyst modified by Ag
turns out to be a more profitable material in actual us-
age™?!l. Because of the Schottky barrier on the Ag-TiO,
interface, Ag acts as a snare of the photogenerated elec-
trons. As a result, combination of photoinduced electrons

and holes again is effectually restrained. Further, the
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surface plasmonic resonance (SPR) impact of the nano-
particles of Ag can be red shift the absorption to an area
with visible light.

Because of its weak affinity for organic pollutants and
the small surface area of TiO, nanoparticles, organic pol-
lutants were adsorbed on TiO, surface in a poor manner,
which led to the degradation of photocatalysis at a slow
rate. TiO, nanoparticles have been designed to various
porous solids™®?*1. Employment of advanced mesoporous
materials to treat water has proved to be quite a profitable
way for water purification*>%,

In this research, the of Ag-modified
mesoporous TiO, was achieved with the help of photore-
duction method. Methylene blue (MB), a dye that is not
biodegradable, was made use of as probes to examine the
degradation of photocatalysis under visible light irradia-
tion. Investigations were made into the impact of loadings
of Ag on performance of the catalyst and the function of
nanoparticles of Ag in the degradations of photocatalysis.

synthesis

1 Experimental

1.1 Synthesis of Ag-modified mesoporous TiO,

All chemicals were analytical-grade reagents and were
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used without further purification. In a typical synthesis
procedure, 5.7 g TiCl; was slowly added into 10 mL HCl
under vigorous and constant stirring. Subsequently with
300 mL n-butyl alcohol and 5 g PEG (M = 20000 ) added
to the mixture under refluxing conditions at 80 ‘C for 20 h,
which was used to prepare mesoporous TiO,.

Modification of mesoporous TiO, with Ag nanoparti-
cles was conducted using a photoreduction method®".
1.0 g of m-TiO, was suspended in 300 mL of water, fol-
lowed by sonication for 10 min to completely disperse the
solid. Then, AgNO; solution was added to the suspension.
After stirring for 20 min in the dark, the mixture was irra-
diated with a 500 W high-pressure mercury lamp for 4.0 h.
The resulting pale-gray solids were collected, washed with
water and dried at ambient temperature. No Ag ion was
detected in the filtrate indicating that all Ag had been
completely loaded onto the m-TiO,. Different volumes of
AgNO; solution with a concentration of 0.1 g/L were used
to vary the loading of Ag. The samples thus obtained are
denoted as TiO,-Ag-xwt%, where xwt% indicates the
weight percentage of Ag on the composite particles.
1.2 Characterization

The as-synthesized samples were characterized by
X-ray diffraction (XRD) with a Bruker D8 diffractometer
with monochromatic Cu Ko radiation (4 = 0.1542 nm).
Transmisson electron microscopy (TEM) observations
were performed using a transmission electron microscope
(JEOL-2100) at 200 kV and a Gatan 794 charge-couple
device (CCD) camera. The samples were ultrasonically
dispersed in 5 mL deionized water for 5 min. Next, the
solution was dropped to a copper grid. UV-visible spectra
were recorded on a Shimadzu UV-2500 spectrophotometer
in a 1 cm optical path quartz cuvette over a 200-800 nm
range at room temperature.
1.3 Photocatalytic measurement

The photocatalytic activities of the samples were evalu-
ated by the photodegradation of MB in an aqueous solu-
tion at room temperature under visible light irradiation (VB).
During the process, the catalyst (0.01 g) was suspended in a
fresh dye aqueous solution (Co(MB) = 1x10” mol/L, 50 mL).
The suspension was ultrasonically dispersed for 10 min,
then stirred in the dark for 30 min to allow an adsorp-
tion-desorption equilibrium of MB dye. After 30 min, the
solution was illuminated whilst stirring. At a certain inter-
val, a certain amount of sample (8 mL for the VB-induced
reaction) was drawn from the system, centrifuged and then
the absorption spectrum at 660 nm of the dye was moni-
tored. The visible light irradiation source (4 > 400 nm)
was obtained by putting an appropriate cut-off filter in the
front of a 500 W Xe-lamp to completely remove wave-
lengths shorter than 400 nm. The photoreactor was placed
a magnetic stirrer to ensure homogeneous mixing during

irradiation.

2 Results and discussion

XRD patterns of the mesoporous TiO, and as synthe-
sized Ag-TiO, with various amounts of Ag are displayed
Fig. 1, which can give the information of crystalline
structure. It can be seen that all samples conform to the
pure anatase (JCPDS 21-1272). In addition to sample
Ti0,-Ag-24.0wt%, not any reflection peak because of me-
tallic Ag is in evidence in Fig. 1, possibly by reason of a
low concentration.

The morphologies of undoped TiO,, TiO,-Ag-0.25wt%,
TiO,-Ag-2.0wt% and TiO,-Ag-24.0wt% were observed
with TEM. As shown in Fig. 2, the samples (Fig. 2(a), 2(c),
2(d)) are made up of spherical nanoparticles with a di-
ameter of 100 nm, which implies that Ag doping does not
have much impact on the morphology and distribution of
TEM micrograph (Fig. 2(a)) of
Ag/TiO, particles indicates a predominance of Ag deposits

TiO, nanoparticles.

on the surface of TiO, with a diameter approximately
10 nm, the size of those Ag particles is similar. Figure 2(b)
shows that it formed large Ag particles with a small num-
ber of TiO, particles on the surface of Ag, because of a
high concentration. The EDX (Fig. 3) confirms the large
deposit in Fig. 2(a) to be silver.

EDX could be used to investigate the presence or ab-
sence of silver. EDX mapping of all the prepared TiO,
samples are almost same. Therefore, Fig. 3 only presents
the EDX mapping of the sample TiO,-Ag-2.0wt%. From
basic mapping mode observation, the Ag particles on the
TiO, are highly and uniformly dispersed.

Diffuse reflectance absorption spectra of mesoporous
TiO, and Ag modified mesoporous TiO, are demonstrated
in Fig. 4. The m-TiO, samples display complete absorp-
tion close to the UV area with a keen edge of absorption
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Fig. 2 TEM micrographs of the prepared samples
(a) TiO,-Ag-2.0wt%; (b) TiO,-Ag-24.0wt%; (c) TiO,-Ag-0.25wt%; (d)
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Fig.3 EDX spectra of the sample TiO,-Ag-2.0wt%

which is situated at around 400 nm™. Nothing of the
change in the edge of absorption is visible in course of
loading varied amounts of Ag. A distinctive surface plas-
mon absorption of Ag nano-particles in the neighborhood
of 400-550 nm came out by degrees and got larger with
loading of Ag, which signified the placement of nanopar-
ticles of Ag on the TiO, surface®®!. Nonetheless, the
maximal wavelength of the surface absorption of plasmon
differed from one sample to the next. With the increased
loading of Ag from 1.0wt% to 3.0wt%, the wavelength of
the top surface absorption of plasmon changed from 468 nm
to 498 nm step by step, and the absorption peaks became
wider at the same time. The TEM in Fig. 2(b) suggests that
with gradual increase of Ag loading more and more Ag
particles form clusters on the TiO, surface, which may
lead to quantum efficiency affects of nanoparticles does
not exist and surface plasmon resonance on the
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Fig. 4 Diffuse reflectance absorption spectra of mesoporous
Ti0, and Ag modified mesoporous TiO,

diffuse reflectance absorption spectra in the visible range
disappear.

The ascription of powerful 200 nm to 380 nm broad
band to the absorption of charge-transfer from the band of
valence (2p orbital of the oxide anions) to the band of
conduction (3d orbital of the Ti*'cations) can be made
inside the solid space. The inclusion of silver particles
brings about great changes to the absorption spectra of
TiO, in the visible region indicative of surface plasmon of
absorption. The edge of absorption is achieved through the
extension of the sharp portion of the UV adsorption to-
wards the baseline in a linear manner. These band gaps of
all Ag-TiO, catalysts change moderately to higher wave-
length, which serves as an indication that there exists a
possibility of transitions of energy at a slower rate. The
spectra suggest that doping of Ag make a strong impact on
the absorption of light in the noticeable area by TiO, to be
augmented with an additional amount of silver. The edge
of absorption shifts towards longer wavelengths in terms
of the Ag-TiO, catalysts, which implies a drop in the
band-gap energies of TiO, in case of a larger amount of
silver.

In order to make an assessment of the activity of pho-
tocatalysis of the samples collected, a choice of MB was
made as a major pollutant. The curves of degradation of
MB over undoped TiO, and varied Ag-TiO, samples are
displayed in Fig. 5. The photocatalytic activity of the
photocatalysts is represented by the ratio of removed
concentration to initial concentration of MB [(C,-C)/Cy],
in which Cy and C represent the concentration of MB fol-
lowing the equilibrium between adsorption and desorption
and that at a certain interval in time, respectively. In com-
parison with undoped TiO,, all of the Ag-TiO, samples
show more vigorous activity of photocatalysis, for Ag
doping is likely to extend the visible light absorption of
TiO; in an effective way. With regard to different Ag-TiO,
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samples, the activity of photocatalysis is initially on the
increase with additional amount of Ag and afterwards on
the decrease even with extra content of Ag. Since Ag and
TiO, have different Fermi level, which could form the
Schottky barrier at the contact surface. It means that there
are more photo-generated electrons and holes generated by
activating the samples under visible light irradiation, and
these photo-generated electrons and holes participate in
the photocatalytic reaction. The optimum level of Ag dop-
ing for achieving the most vigorous activity of photocata-
lysis is 2.0wt%.When the level of Ag doped exceeds
2.0wt%, the activity of photocatalysis is decreasing. This
is due to the increase of Ag loading on the TiO, surface,
which will reduce the electron-hole pairs and increase
recombination of the electron-hole on the photo-induced
surface under visible light irradiation.

Following transparent irradiation for 2 h the rate of deg-
radation of MB over 2.0wt%-Ag-TiO, is 75%, which is
nearly 30 times higher than that over the undoped TiO,.

The photodegradation process of MB under irradiation
with visible light over mesoporous Ag-TiO, is illustrated
in Fig. 6. Because of the big band gap of TiO,, the elec-
trons are not able to be raised to an excited state from the
valence band to the conduction band under irradiation
with visible light. Nonetheless, the electrons are able to be
excited from MB to the conduction band of TiO,, since
MB was inspired electrons under irradiation with visible
light. The electrons that are excited can be conveyed from
the TiO, surface to the Ag particles because of the Schot-
tky barrier forms at the interface between TiO, and Ag,
with the adsorption of O, on the surface of Ag smoothing
the way for the course of electron transfer. At the same
time, reaction of the electrons with O, that is adsorbed on
the surface of the catalyst brings about formation of su-
peroxide anion radicals (*O, ), which is likely to give rise
to degradation of MB at a faster rate. As a result, a sum-
mary of the effect of the particles of Ag on the behavior of
photocatalysis is likely to be made in this way: creation of
a Schottky barrier which weakened recombination of the
excited electrons-MB" and intensified the usage of exci
tons was made by the Ag particles; besides, the particles of
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Fig. 5 Photocatalytic degradation curves of MB on samples and
P25 under visible light

Ag strengthened the affinity of adsorption of the catalyst
for oxygen that was dissolved, which resulted in the MB
degradation at a faster rate.

3 Conclusion

Mesoporous TiO, materials adjusted with nanoparticles
of Ag showed considerable capacity for the degradation of
MB under visible light. Under visible light, the optimal
photoactivity was obtained for the sample m-TiO,-Ag-
2.0wt%. Investigations into the impact of Ag loadings
upon the function of the catalyst and into the part of Ag
nanoparticles in the degradations of photocatalysis were
conducted.
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