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The catalytic oxidation of CO over Au/TiO, in an Hj-rich stream was performed under UV irradiation.
It is found that UV irradiation over Au/TiO, promotes the preferential oxidation of CO in the H,-rich
stream. The respective chemisorption of CO, H, and O, at Au/TiO; can be described as a process of form-
ing —OH or H,O0 species. UV irradiation over Au/TiO, enhances the chemisorption of CO but suppresses

the chemisorption of H, both at TiO, and Au surface. It is proposed that the photogenerated electrons
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from TiO, will cause the change of the chemisorption of CO, H, and O, at Au/TiO,, which promotes the
preferential oxidation of CO in an H,-rich stream.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

The selective oxidation of CO in an H,-rich atmosphere has long
been of considerable technical interest for purification of hydrogen
feed gas in the fuel cell systems, e.g., proton exchange membrane
fuel cell (PEMFC)[1,2]. Because the trace amount of CO in H, stream
produced by reforming methanol and hydrocarbons will poison
for the Pt-anode catalyst, a stringent removal of CO down to the
ppm-level is necessary, and one promising method is the catalytic
preferential oxidation of CO in an H,-rich stream with air [3-5].
Supported noble metals, such as Pt [4-9], Pd and Rh [10,11] exhibit
a good performance for catalytic preferential oxidation of CO. Since
the highly dispersed Au nanoparticles on suitable metal oxides are
highly active at a low temperature for CO oxidation [12-20], many
studies of CO oxidation in the presence of H, over supported Au cat-
alyst have also been attracted to a great extent [21-26,12,27-30].
Although the presence of H, promotes the activity and stability of
CO oxidation, the selectivity of the oxidation of CO in an Hj-rich
stream decreases due to the oxidation of H; itself [22,30].

With respective to a low temperature thermocatalytic oxidation
of CO over Au nanoparticles deposited on metal oxides, it is gener-
ally proposed that there exist two active sites: one is CO adsorbed
on Au nanoparticles, and another is O, (or its derivate species)
adsorbed on the Au/oxide interface via surface oxygen vacancy sites
(SOVs) at the oxide supports [31,32]. In addition, a higher electron
density of Au nanoparticles can promote the adsorption of CO at
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Au surface [33-36]. For example, as Au nanoparticles is dispersed
on the surface of a reduced oxide support (e.g. TiO), the electron
density on the surface of Au nanoparticles is increased due to the
electrons transferring from the reduced oxides to Au nanoparticles,
which further promotes the oxidation of CO [37].

Photocatalytic oxidation over TiO,, as an alternative method to
removing CO, has been early concerned in the last decade [38,39].
Recently, our preliminary work indicated that UV irradiation over
a Au nanoparticles dispersed on TiO, (Au/TiO;) could promote the
oxidation of CO in the presence of H, with a low content (about
1.0 vol% Hy), while the oxidation of H, was entirely suppressed at a
low temperature [40]. However, this case was little concern on the
oxidation of CO in an Hy-rich stream, and the Au/TiO, presented a
low thermocatalytic activity.

Considering that UV irradiation over TiO, can be somewhat
regarded as the process of producing electrons, in this present study
UV irradiation was introduced into the reaction system of CO oxida-
tion over Au/TiO, with a high thermocatalytic activity in an H,-rich
stream. The chemisorption of reactants at the surface of Au/TiO,
was analyzed with the testing result of temperature program des-
orption (TPD). It was expected that the photoexcitated electrons
could give rise to a change of the chemisorption of reactants at the
surface of Au/TiO, via changing surface electron density of Au and
TiO;, and then promote the oxidization of CO.

2. Experimental

2.1. Preparation of Au/TiO,

The preparation of TiO, powder: firstly, a TiO, sol was prepared
by a method that involved the controlled hydrolysis of titanium
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tetraisopropoxide followed by dialysis to pH 3.0 [41]. Then, this
obtained TiO, sols was dried at 80°C and calcined at 400°C in air
at a rampting rate of 2°Cmin~! for 2 h, and a porous TiO, powder
was obtained.

Au/TiO, was prepared by deposition-precipitation method:
HAuCl4 (1 mLof0.01 mg mL~1) was added into 150 mL of H,O under
vigorous stirring. After adjusting this HAuCl, solution at pH 9.0
via NaOH (1molL-1), a 1.0-g prepared TiO, powder was added
to obtain a suspension. This obtained suspension was stirred for
2hat 70°C and pH 9.0, then aginged at room temperature for 2 h,
finally percolated to obtain a TiO, powder loaded with Au ions.
This obtained powder was immersed into an aqueous solution of
NaBH,4 (1.0molL-1) to reduce the ionized Au for 2 h, then rinsed
with deionized H,O to remove Cl—, Na* and other excess ions. After
dried at 80°C, a Au/TiO, catalyst containing ca. 2.0 wt% Au was
obtained.

2.2. Characteristic of Au/TiO,

Transmission electron microscopy (TEM) investigation was car-
ried out on a JEOL JEM-2010 EX with field emission gun at
200KkV. X-ray diffraction (XRD) pattern was recorded on a Bruker
D8 Advance powder X-ray diffractometer using Cu Ka radiation
(A=0.15418 nm) operated at 40 kV and 40 mA. The textural data of
samples was measured by N, adsorption at liquid N, temperature
with a micromeritics ASAP 2020 BET analyzer. Before the analysis
the sample was outgassed at 250 °C under vacuum for 4 h.

2.3. Catalytic performance

Catalytic oxidation of CO was conducted in a fixed-bed flow
reaction system at atmospheric pressure using 200 mg of catalyst
at a total flow rate of 100mLmin~!. The catalysts with a grain
size of 0.2-0.3 mm were loaded in the quartz-glass tube, which
was surrounded by three ultraviolet lamps (4w, a broad-band UV
light with the main wavelength at 365 nm). The feed stream con-
tained 0.5 vol% CO, 0.5vol% O,, 85vol% H, and a balance He. The
effluent stream was analyzed using an online gas chromatograph
(GC) system equipped with a thermal conductivity detector (Agi-
lent 4890D, TDX-01). This reaction system of CO oxidation in the
H,-rich stream was denoted as CO/H,/0,. The activity was evalu-
ated by the turnover frequency (TOF) of CO oxidation to CO,, which
could be calculated on the basis of the content change of CO in the
feed and effluent stream. The selectivity of CO oxidation is defined
as the ratio of O, consumption for the CO oxidation to the total
0, consumption. As a reference, the activity test of CO oxidation
in the absence of H, (denoted as CO/0O,) was performed. Here the
feed stream contained 0.5 vol% CO, 0.5 vol% O,, and a balance He. As
another reference, the oxidation of H, in the absence of CO (denoted
as Hy/0,) was also tested. Here the content of H, in inlet could be
changed, while the content of O, was kept at 0.5 vol% with the bal-
ance He. During the testing process, the reaction temperature was
kept at 50 °C. During the process of testing the pure thermocatalytic
activity, the quartz tube was enclosed with Al foils to shut down UV
light. However, no other product in outlet was observed except that
H,0 and CO; in all reaction systems.

2.4. Temperature program desorption (TPD)

Temperature program desorption (TPD) of Au/TiO, was tested
in Micromeritics Autochem 2910 instrument. Prior to the intro-
duction of the adsorbed gas, about 100 mg of powder sample was
firstly degassed in a high purity He stream (20 mL min~1) at 200°C
for 30 min. After cooled down to room temperature, a specific pro-
cess for the sample proceeded as follows: (1) introducing the gas
to be adsorbed for 30 min at room temperature. Here, the O,, CO,

H, and the mixed gas of H, and CO (H,/CO) were introduced to
the sample at a flow rate of 20mLmin~! in a stream of 5vol%
0,-He, 10 vol% CO-He, pure H, and 10.0 vol% CO-H,, respectively.
(2) Switching He stream for 30 min. (3) Heating to 500°C in a He
stream at a rampting rate of 10°Cmin~!, and recording of a signal
of TCD. Meanwhile, mass spectrometry signals with m/z of 18, 28,
32 and 44 were recorded to detect the masses of H,0, CO, O,, and
CO, molecules, respectively. For testing TPD under UV irradiation,
a UV light at 365 nm (high pressure mercury lamp) was introduced
into the surface of sample during the process of adsorbing gas.

3. Results and discussion
3.1. Characteristic of Au/TiO,

The TEM image of Au/TiO, in Fig. 1(a) shows that single Au parti-
cles with sizes of 3-5 nm are deposited on the surface of 10-20 nm
TiO, particles. Here, Au particles presenta (11 1) surface plane (the
width of the surface unit cell is 0.24nm), and the TiO, particles
present a typical (10 1) surface plane (the width of the surface unit
cell is 0.34 nm) (Fig. 1(b)). Fig. 2 indicates that TiO, can be almost
described as the anatase phase in both TiO, and Au/TiO,, although
two samples contain a small amount of rutile and brookite impurity.
However, no Au peaks is observed in the XRD pattern of Au/TiO,,
indicating that the loading Au nanoparticles are dispersed on the
surface of TiO,. Moreover, Au/TiO, exhibits a textural property (pore
radius, pore volume and specific surface area) similar to that of pure
TiO, powder (Table 1).

3.2. Catalytic performance in CO/0O,, CO/H,/0, and H,/0, systems

Table 2 shows the catalytic activities of Au/TiO, in CO/O,
and CO/H,/0, reaction systems under UV irradiation or not. In
the CO/O, system, the turnover frequency (TOF) of CO to CO, is
increased from 5.170 to 6.100mmol g~! h~! with the introduction
of UV irradiation. In CO/H;/0, system, although the presence of H;
decreases the TOF of CO to CO, from 5.170 to 4.776 mmolg~! h~!
due to the oxidation of H,, the introduction of UV irradiation
over Au/TiO, increases the TOF of CO to CO, (from 4.776 to
5.043mmolg-1h-1) and decreases the TOF of H, to H,O (from
8.651 to 8.423 mmolg~' h~1). This result shows that UV irradia-
tion over Au/TiO, can not only promote the oxidation of CO, but
also increase the selectivity of CO oxidation (from 35.6% to 37.5%)
in the H;-rich stream. However, UV irradiation over Au/TiO, does
promote the oxidation of H; in the absence of CO (H;/O, system)
(seen in Table 3).

Note that the introduction of H, not only suppress the oxida-
tion of CO over Au/TiO, without UV irradiation, but also decreases
the promoting effect of UV irradiation on the oxidation of CO
(Table 2). This means that the H,O formed by the oxidation of H,
seems not to benefit the oxidation of CO in an Hy-rich stream over
Au/TiO, under UV irradiation. That is to say, OH® radicals may be not
mainly responsible for the oxidation of CO over Au/TiO, in this case,
because the presence of H,O can facilitate the formation of OH®
radical under UV irradiation over TiO,. Of course, the competitive
oxidation of Hy may also decreases the oxidation of CO especially
in this case with a high content of H,.

Table 1
Textural data of TiO, and Au/TiO,.

Samples Pore radius (nm) Pore volume (mLg~!) Specific surface
area(m?g1)

TiO, 5.89 0.20 95.77

Au/TiO, 6.18 0.20 97.39
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Fig. 1. TEM images of Au/TiO, with (a) low-magnification and (b) high-magnification.

Intensity / a.u.

260 / degree

Fig. 2. XRD patterns of TiO, and Au/TiO,. Symbols (+), (), and (*) denote anatase,
rutile, and brookite, respectively.

In fact, no apparent conversion of CO over pure TiO, is observed
under UV irradiation in this fixed-bed flow reactor. This shows
that the promoting effect of UV irradiation on the oxidation
of CO over Au/TiO, cannot be attributed to the photocatalytic
effect of pure TiO,. This may be one reason that oxidation of
CO over Au/TiO, under UV irradiation is not highly dependent
on the OH* radicals. Considered that the thermocatalytic oxida-
tion of CO over the supported Au catalyst is dependent on both
the CO adsorbed at Au nanoparticles and the O, (or its derivate
species) adsorbed at the Au/oxide interface [31,32], the chemisorp-
tion behaviors of CO, O, and H, at Au/TiO, surface under UV

Table 2

Table 3
Turnover frequencies (TOFs) of H, oxidation over Au/TiO, in H2/O, system at 50°C
under UV irradiation or not.

Content ratio of H, to 0,2 TOF of H, oxidation (mmolg~'h-1)

No UV irradiation UV irradiation

1 0.576 0.609
2 1.540 1.808
4 3.000 3.160
170 13.432 13.432

2 In the cases, the content of O, is kept at 0.5 vol%.

b As the content ratio of Hy to O, is 170 times (i.e. 85.0 vol% of H; vs. 0.5 vol% of
0,), O, has been totally consumed without UV irradiation. Here the introduction of
UV irradiation cannot further increase the TOF of H, due to the absence of O,.

irradiation are investigated via TPD testing in the following sec-
tion.

3.3. TPD results of CO, H, and O5 adsorbed at Au/TiO,

3.3.1. TPD results under no UV irradiation

Fig. 3 shows the thermal conductivity detector (TCD) signals for
the TPD of Au/TiO, adsorbing CO, H,, O, and H;/CO, respectively.
During the thermodesportion process of Au/TiO, itself (curve He),
two desorption peaks appear at 200 and 388 °C, respectively. With
the introduction of O, CO, H, or Hy/CO, the peak temperature of the
desorption at 200 °C falls to 185 °C, but that at 388 °C increases to
395°C. In addition, a new desorption peak appears at 100°C in the
all curves of O,, CO, H,, and H,/CO, and another appears at 340°C
in the two curves of H, and H,/CO.

To assign the desorption peaks indicated by the TCD signals, the
mass spectrometry signals with m/z values of 18, 28, 32, and 44
were recorded during the TPD processes, which correspond to the
masses of H,0, CO, 05, and CO, molecules, respectively. However,

Catalytic performances of Au/TiO, in CO/O; and CO/H,/0; systems at 50 °C under UV irradiation or not.

Reaction systems Reaction conditions

TOF? of CO oxidation (mmolg=' h-1)

TOF? of H, oxidation (mmolg=! h-') Selectivity of CO oxidation (%)

CO/0," No UV irradiation 5.170
UV irradiation 6.100
CO/H2/0,¢ No UV irradiation 4.776
UV irradiation 5.043

8.651 35.60
8.423 37.50

3 TOF: turnover frequency of CO or H, oxidation to CO, or H,0, and defined as the amount (mmol) of CO or H, oxidation over per gram catalyst per 1 h.

b 0.5vol% CO, 0.5 vol% O,.
¢ 0.5vol% CO, 85vol% Hy, 0.5 vol% O,.
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Fig. 3. TCD signals during TPD processes over Au/TiO, adsorbing different atmo-
spheres under no UV irradiation. The baseline of each curve is in line with the
corresponding smallest value of desorption intensity.

with the mass spectrometer employed, the signal of m/z=2 (H,)
could not be detected.

Fig. 4 shows the mass signals of CO, CO,, O, and H,0 during
the TPD process of Au/TiO, adsorbing He, CO, O,, H, or H,/CO. The
species of CO, CO, and H,0 are observed in each case, which H,O
species exhibits the largest intensity (the intensity scale of H,O
in Fig. 4(b) was 10 times higher than that of O,, CO and CO; in
Fig. 4(a), 2(c) and (d), i.e. E-13 vs. E-14). Based on the TPD results
with mass signals of pure TiO, in the same case (SI 3), the desorp-
tion behavior of Au/TiO, induced by the adsorption of He, CO, Hy,
0, and H,/CO can be explained as follows.

During the thermodesorption process of Au/TiO, itself (seen in
curve He in Fig. 3), the desorption peak at 200°C can be attributed
to the formation of H,O with a tiny concomitant CO and CO, (seen
in curve He in Fig. 4(c and d)). Here the formation of H,O can be
ascribed to the desorption of surface OH species of TiO,, while
the formation of CO and CO, can be ascribed to the desorption of
carboxylate-like (COO~) species at the surface of TiO,. In addition,
the desorption peak at 388°C can be attributed to the formation
of CO and CO, due to the desorption of COO~ species at Au sur-
face (this desorption peak not observed over the pure TiO,, seen in
supporting information (SI)).

After Au/TiO, adsorbing O,, three desorption peaks are observed
at 100, 185 and 395 °C, respectively (curve O, in Fig. 3). The desorp-
tion peak at 100°C is mainly attributed to the formation of H,O,
and that at 185°C is attributed to the formation of H,O with con-
comitant CO and CO; (seen in curve O, in Fig. 4). Compared with

_ b) H.O
15513 185 (b) H,
100
f/\z/co
H2
200 co

100 200 300 400 500

100 200 300 400 500

Intensity / a.u.

155_14 395 (c) CO ISE-M 395 (d)CO,
/\’\—/\H/CO
? 80 475
H,/CO
H 100
80 : H,
co 80
TR 388 co
2
He 200 He
100 200 300 400 500 100 200 300 400 500

Temperature / °C

Fig. 4. Mass signals of (a) Oz, (b) H>0, (¢) CO, and (d) CO; during the TPD processes over Au/TiO; adsorbing different atmospheres under no UV irradiation. Here, the intensity
of mass signals is expressed by a negative exponent E — n, a smaller number of n means a larger intensity.
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the desorption peak at 388 °C in curve He, the desorption peak at
395°C, assigned to the formation of CO and CO,, shows a larger
intensity. This finding indicates that the adsorption of O, promotes
the desorption of COO~ species at Au surface.

Similarly to the case of adsorbing O,, three different desorption
peaks at 100, 185 and 395 °C are also observed after Au/TiO, adsorb-
ing CO (curve CO in Fig. 3). However, the desorption peak at 395 °C
(assigned to the formations of CO and CO,) is larger than that in
curve O,. This shows that an extra CO can be adsorbed at Au sur-
face. In addition, two new desorption peaks of CO and CO, at 80°C
appear (seen in curve CO in Fig. 4(c and d)), which can be ascribed
to the desorption of CO adsorbed at TiO, surface.

After Au/TiO, adsorbing H,, three desorption peaks at 100, 185
and 395 °C, similar to those in curve CO, are also observed (curve Hy
in Fig. 3). However, a new desorption peak at 340 °C appears in TCD
signals. Because no desorption peak is observed at 340°C in the all
mass signals of 05, H,0, CO and CO, (Fig. 4), this desorption may be
attributed to the formation of H, molecule due to the dissociative
desorption of H adatoms at Au surface.

After Au/TiO, adsorbing the mixed gas of H, /CO, four desorption
peaks similar to that in curve H, are also observed (curve H,/CO
in Fig. 3). However, the desorption peak of H, at 340°C is smaller
than that in curve H; due to the co-adsorption of H and CO at Au
surface. Moreover, two desorption peaks of CO and CO, at 80°C are
observed in this case (curve H,/CO in Fig. 4(c and d)), similar to the
case of Au/TiO, adsorbing CO (curve CO in Fig. 4(c and d)). Here the
desorption peak of CO in curve H,/CO is smaller than that in curve
CO, while the desorption peak of CO, in the two curves are almost
equal. This finding indicates that the presence of H, can promote
the CO adsorbed at TiO, surface to be desorbed as CO, molecule.

Note that the introduction of O,, Hy, CO and H,/CO into Au/TiO,
can bring about a new desorption peak at 100 °C (Figs. 3 and 4). This
shows that all the adsorption of O,, Hy, CO and H,/CO at Au/TiO; can
promote the formation of H,O or OH species at TiO, surface. How-
ever, no desorption peak of O, is observed after Au/TiO, adsorbing
these gases (seen in Fig. 4(a)), even if in the case of adsorbing O,.
This shows that O, at Au/TiO, can be adsorbed as new species (e.g.
H,0 or OH) other than O, molecule.

With the viewpoint of Gopel and Rocker [42], the respective
chemisorption of CO, H, and O, at TiO, surface can be described
as follows: (1) the CO adsorbed at the surface oxygen vacancy sites
(SOVs) of TiO, reacts with the adjacent lattice oxygen to form H,O
and CO, with new concomitant SOVs. (2) The dissociative adsorp-
tion hydrogen adatoms at SOVs of TiO, reacts with the lattice
oxygen of TiO, to form OH species with new concomitant SOVs.
With the increase of temperature, the formed OH species will be
further desorbed as H,0O molecules. (3) The O, adsorbed at the
SOVs of TiO, reacts with SOVs to form new lattice oxygen with con-
comitant OH or H, O species. According to the adsorption processes,
the desorption peaks at 100°C in curves of CO, H and H,/CO can
not only represent the formation of related OH species, but also
be described as a process of producing SOVs at TiO, surface. Here
the corresponding intensity of this desorption peak represents the
number of new SOVs. To contrast this, the chemisorption of O, at
TiO, surface can be described as a process of reducing SOVs (but
forming OH species). Here the intensity of desorption peak at 100 °C
in curve O, represents the number of O, adsorbed at TiO, surface.

For the chemisorption of CO and H, at Au surface in Au/TiO5,
CO is usually adsorbed as CO molecule (Au-CO), while H; as the
dissociative hydrogen atoms (Au-H). With the increase of temper-
ature, these adsorbed CO molecules and hydrogen atoms can be
desorbed as CO, and H, molecules, respectively, which correspond
to the respective desorption peaks at 395 and 340°C in Fig. 3.

Note that all the adsorption processes of CO, O, and H; at TiO, or
Au surface proceeded at room temperature, while the TPD data just
recorded the subsequent desorption behaviors originated from the

185
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Fig. 5. TCD signals during TPD processes over Au/TiO, adsorbing O, under (a) UV
irradiation and (b) no UV irradiation.

adsorption species during the process of increasing temperature.
Therefore, this indirectly obtained conclusion from the TPD data can
describe the adsorption behaviors of CO, O, and H, at Au/TiO, at
room temperature, which is also available at reaction temperature
(50°C).

3.3.2. TPD results under UV irradiation

Fig. 5 shows the TPD results of O, adsorbed at Au/TiO, under UV
irradiation. As can be seen, UV irradiation increases the intensity of
the two desorption peaks at both 100 and 395 °C. This result shows
that UV irradiation over Au/TiO, during the process of adsorbing O,
increases both the formation of H,O or OH species at TiO, surface
and the desorption of COO~ species at Au surface. That is to say,
UV irradiation promotes the adsorption of O, and its subsequent
behaviors at TiO, or Au surface.

During the processes which H, is adsorbed at Au/TiO,, UV irra-
diation over Au/TiO, decreases the intensity of the two desorption
peaks at 100 and 340 °C (Fig. 6). This means that UV irradiation over
Au/TiO, suppresses the chemisorption of H; at TiO, surface, that is,

185

340 395

Intensity / a.u.

T T T T T T T T T T
0 100 200 300 400 500
Temperature / °C

Fig. 6. TCD signals during TPD processes over Au/TiO, adsorbing H, under (a) UV
irradiation and (b) no UV irradiation.
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Fig. 7. TCD signals during TPD processes over Au/TiO, adsorbing CO under (a) UV
irradiation and (b) no UV irradiation.

UV irradiation can suppress the process which H adatoms adsorbed
at TiO, surface reacts with lattice oxygen to form SOVs. Moreover,
UV irradiation also suppresses the dissociative adsorption of H, at
Au surface.

The influence of UV irradiation on the adsorption of CO at
Au/TiO is shown in Fig. 7. UV irradiation over Au/TiO, increases
the intensity of the desorption peak at 100 °C. This means that UV
irradiation over Au/TiO, enhances the chemisorption of CO at TiO,
surface. Here, the increased CO adsorbed at TiO, surface will reacts
with lattice oxygen of TiO, to produce more SOVs. In addition, UV
irradiation over Au/TiO, also promotes the desorption at 395 °C(the
adsorption of CO at Au surface) to some extent.

During the process in which the mixed gas of H,/CO is adsorbed
at Au/TiO,, the introduction of UV irradiation also causes the change
of TPDresults. As shown in Fig. 8, UV irradiation enhances the inten-
sity of the desorption peak at 100 °C over Au/TiO,. This shows that
UV irradiation over Au/TiO; can promote the process in which the
adsorbed H, or CO at TiO, surface reacts with lattice oxygen to form

185

340 405

Intensity / a.u.

T T T T
200 300 400 500
Temperature / °C

Fig. 8. TCD signals during TPD processes over Au/TiO;, adsorbing the mixed gases of
H,/CO under (a) UV irradiation and (b) no UV irradiation.

Table 4
Influences of UV irradiation on the chemisorptions of different atmospheres on
Au/TiO;.

Chemisorptions of different 0, H, co H,/CO
atmospheres at TiO, and Au surface

co H,
aTiO, surface ++ - + ++
bAu surface + - + + -

(+) promoting effect, (-) suppressing effect, (+ +) strong promoting effect, (- -) strong
suppressing effect.

2 The chemisorpion means the subsequent reaction of adsorbed O, H, and CO
with TiO,. Here the intensity of the desorption peak at 100 °C represents the extent
of chemisorptions of O, H, and CO.

b This chemisorption means the chemisorption of CO and H; at Au surface.

new SOVs at TiO, surface. Moreover, UV irradiation over Au/TiO,
increases the peak temperature of the desorption of CO and CO, at
Au surface from 395 to 405 °C, but decreases the intensity of the
desorption peak of Hy at 340 °C. This finding indicates that UV irra-
diation over Au/TiO, promotes the adsorption of CO at Au surface,
but suppresses the dissociative adsorption of H at Au surface.

This change of the chemisorption of O,, Hy, CO and H,/CO at
Au/TiO, induced by UV irradiation is summarized in Table 4. On
the one hand, UV irradiation promotes the chemisorption of O,
CO and H,/CO at TiO, surface, but suppresses the chemisorption
of Hy at TiO, surface. On the other hand, UV irradiation promotes
the chemisorption of CO and O, at Au surface, but suppresses the
chemisorption of H, at Au surface.

This above influence of UV irradiation on the chemisorption of
CO and H; at Au surface may be attributed to the effect of elec-
tron transfer. For Au/TiO,, the electron can transfer from TiO, to Au
surface due to a higher work function of Au than that of TiO, [41].
With the introduction of UV irradiation over Au/TiO,, the photo-
generated electrons at the conduction band of TiO, can decrease
the work function of TiO,, resulting in the further electron trans-
fer from TiO, to Au surface and then the increase of the electron
density of Au surface. Finally, the higher electron density of Au sur-
face promotes the chemisorption of CO at Au surface. However, two
dissociative adsorption hydrogen atoms at Au surface (Au-H) can
also accept the photogenerated electrons, and then recombine to H,
molecule (2Au-H +2e, — 2Au+H;). Therefore, the chemisorption
of H, at Au surface is suppressed under UV irradiation.

3.4. Relation between chemisorption of reactants and oxidation of
co

In the previous report, different mechanisms are proposed to
describe the behavior of the adsorbed O, during the process of
oxidizing CO over the supported Au nanopaticles. For example,
Grunwaldt and Baiker [43] suggested that it was the adsorbed oxy-
gen atoms (as the direct active species) to react with the adsorbed
CO (Au-0+Au-CO — CO; +2Au), but Costello et al. [27] suggested
that it was the —OH species derived from the adsorbed oxygen to
react with the adsorbed CO (Au-OH +Au-CO — CO; + Au+Au-H).
In this work, the formation of H,O instead of O, is observed dur-
ing the TPD testing process of Au/TiO, adsorbing O, (curve O, in
Fig. 3). This shows that O, can be adsorbed at TiO, or Au surface as
OH species other than oxygen atoms. Therefore, the OH species may
be acted as the direct active species during the process of oxidizing
CO over Au/TiO,. With this viewpoint, the peak intensity of desorp-
tion at 100 °C after Au/TiO, adsorbing O, (curve O, in Fig. 3) can be
associated with the oxidation of CO to a great extent, the larger the
intensity of this desorption peak, the more number of OH species
and then the higher the activity of oxidizing CO over Au/TiO,. For
the chemisorption of H, and CO at Au/TiO-, the desorption peak at
100°C (seen in Fig. 3) can be described as the process of forming
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new SOVs (the adsorption sites) at TiO; surface. This new formation
of SOVs can further promote the chemisorption of O, at TiO, sur-
face. Therefore, the peak intensity of the desorption peak at 100°C
in curves of H,, CO or H,/CO in Fig. 3 can also represent the number
of O, adsorbed at TiO, surface (i.e. the number of activated sites).

Based on the above explanation, the effect of UV irradiation
on the catalytic activity of Au/TiO, may be due to the change of
the respective chemisorption of O,, H, and CO at TiO, and Au
surface induced by UV irradiation. In the absence of H, (CO/O,
system), owing to UV irradiation over Au/TiO, increasing both the
chemisorption of O, at TiO, surface and that of CO at Au surface
(Table 4), the oxidation of CO is promoted. The processes of cat-
alytic oxidation of CO over Au/TiO, under UV irradiation may be
proposed as follows:

1. Formation of SOVs (Ti3*(e)) at TiO, surface under UV irradiation:

Ti*t + hv— Ti3t(e)

2. Adsorbed O, at SOVs of TiO; accepting photogenerated electrons
to form the adsorbed O, ~:

Ti**(e) + 0y — Ti**-0,~
3. Adsorption oxygen reacting with OH species and SOVs to form
new OH species:
Ti* -0,~ + Ti**(e) + 2Ti* -OH-Ti**
— 2Ti* -OH + 2Ti*"-0-Ti**

4. Au accepting photogenerated electrons from Ti3*:
Au + Ti3*(e) > Au~ +Ti%*

5. Spillover of the OH species located on Au/TiO, interfaces into Au*
surface:

Ti* -OH + Au' — Ti*(e) + Au-OH
6. Adsorption of CO at Au with rich-electron or Au atom:

Au”+CO — Au -CO

Au + CO — Au-CO

7. OH species adsorbed at Au reacting with CO adsorbed at Au to
form CO,:

Au-OH + Au™-CO — COy +Au-H + Au~

Au-OH + Au-CO — CO3 +Au-H + Au

In the presence of Hy, H, can also be oxidized into H,O over
Au/TiO; (2Au-H +Au-OH — 3Au +H,0) [44]. However, UV irradi-
ation can exert two opposite effects on the oxidation of H, over
Au/TiO,. On the one hand, UV irradiation decreases the adsorp-
tion of H, at TiO, and Au surface (Table 4), which suppresses the
oxidation of H;. On the other hand, UV irradiation increases the
chemisorption of O, at TiO, surface (Table 4), which promotes the
oxidation of H;. In the H;/O, system, the latter promoting effect
exceeds the former suppression effect, resulting in an apparent
increase of H; conversion over Au/TiO, under UV irradiation. In the

CO/H, /0, system, UV irradiation promotes the chemisorption of CO
but suppresses the chemisorption of H, at Au surface. Here, the OH
species (Au-OH) formed by the chemisorption of O, at TiO, surface
may be inclined to react with Au-CO other than Au-H. Therefore,
a promoting activity of preferential oxidation of CO in an Hy-rich
stream is observed under UV irradiation. However, this promoting
effect of UV irradiation on CO selective oxidation over Au/TiO, is
rather small and that further research is needed if the technique is
to acquire industrial relevance.

4. Conclusion

UV irradiation over Au/TiO, promotes the preferential oxidation
of CO in an H;-rich stream. The chemisorption of CO, H, and O, at
TiO, surface can be described as a process of forming —OH or H,0
species. UV irradiation over Au/TiO, enhances the chemisorption
of CO but suppresses the chemisorption of H, both at TiO, and Au
surface. Moreover, UV irradiation also enhances the chemisorption
of O, at TiO, surface. It suggests that the changes of the chemisorp-
tion of H,, CO and O, at TiO, or Au sites may be responsible for the
preferential oxidation of CO over Au/TiO, under UV irradiation.
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