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Gold catalysts have attracted considerable interests since the
extraordinary activity of gold for the oxidation of CO at low
temperature was reported.1-7 Especially, a variety of highly active
gold catalysts have been pursued for a series of important industrial
reactions.2,8 Therefore, it has become crucial in the field of catalysis
to develop innovative approaches allowing rapid evaluation of the
activity by screening a large diversity of catalyst candidates for a
specific catalytic reaction. An intensive effort is currently devoted
toward the development of high-throughput screening approaches,
such as IR thermography,9 laser-induced fluorescence imaging,10,11

and resonance-enhanced multiphoton ionization.12 Although those
techniques are very elegant, a simple and straightforward approach
should be exploited to achieve rapid screening for catalytic activity
of gold catalysts.

The catalytic reaction of some compounds is accompanied by
chemiluminescence (CL), which has been studied by many research
groups.13-15 In our previous study, we have also observed the CL
emission of many analytes during catalytic reaction on nanomate-
rials and designed a series of sensors for measuring alcohols,
amines, thiols, and other compounds.16 Moreover, different mor-
phology and components of catalytic nanomaterials led to different
CL responses.16b We have also concluded that luminescent efficien-
cies and spectral shapes of the CL depended on the kinds of
reactants and catalysts.16a Recently, it was found that the CL
intensity was correlated with the yield of acetaldehyde from ethanol
oxidation over a Ce1-xZrxO2 catalyst.16c Those experimental results
indicate that the CL is closely related to properties of the reactants
and the catalysts. Therefore, it is reasonable to establish a new and
rapid approach for evaluating and screening the catalysts based on
the CL performance of corresponding catalytic reactions.

In this communication,the proof of principleof the CL screening
method has been presented by evaluating the catalytic activity of a
gold catalyst on the CO conversion as the model. We measured
the CL responses of CO oxidation on oxide-supported gold catalysts
and correlated the CL features with the catalytic activity for the
CO conversion. Moreover, an array was designed for the CL
imaging by spotting different gold catalysts on a chip. The
brightness of the image is consistent with the corresponding catalytic
activities of those catalysts.

A variety of the commercially available oxide supports, including
acidic oxide SiO2, basic oxide ZnO and MgO, and other oxide TiO2

and ZrO2, which have been extensively studied for the gold catalysis
in converting CO to CO2, were chosen for preparing the supported
gold catalysts because these supports displayed different effect on
the activity of the gold catalyst.4 The representative TEM images
of these supported gold catalysts prepared with a colloidal deposi-
tion method are shown in Figure S1. Size distribution of the gold
nanoparticles (NPs) is homogeneous, and the average particle size
is in the range of 2-4 nm. It is clear that gold NPs are well
dispersed on the surface of oxides, and no obvious aggregation of

gold NPs is observed, indicating that these gold NPs successfully
deposited on the supports.

We examined the CL behaviors of catalytic CO oxidation on
the surface of various gold catalysts and observed different CL
responses. The CL response profiles are displayed in Figure 1,
which are comprised of three signals from three replicate injections
of CO gas. The maximum CL occurs with Au/TiO2, whereas the
minimum one occurs with Au/ZnO. Additionally, the CL is
enhanced with an increasing amount of CO and reaction temperature
(Table S1). The CL spectrum of CO oxidation is obtained, and the
mechanism of catalytic CO oxidation is also discussed (see
Supporting Information). On the basis of CL intensities, an order
can be ranked as Au/TiO2 > Au/MgO > Au/SiO2 > Au/ZrO2 >
Au/ZnO.

The catalytic activities of these oxide-supported gold catalysts
were also evaluated by gas chromatography (GC), obtaining a
typical set of curves for CO conversion as a function of temperature
shown in Figure 2.T100%, the temperature at which conversion of
CO reaches 100%, is chosen to judge the catalytic activities for
these gold catalysts. The values ofT100% are-19, 42, 65, 74, and
84 °C for Au/TiO2, Au/MgO, Au/SiO2, Au/ZrO2, and Au/ZnO,
respectively. A lowerT100% value indicates a higher catalytic
activity. The Au/TiO2 has extremely high catalytic activity with a
T100% value below 0°C, whereas the Au/ZnO catalyst has a
relatively lower catalytic activity with aT100% value above 80°C.
A comparison ofT100%corresponding to each oxide-supported gold
catalysts is displayed in the inset of Figure 2. On the basis of value
of T100%, the order of catalytic activity for producing CO2 is Au/
TiO2 > Au/MgO > Au/SiO2 > Au/ZrO2 > Au/ZnO.

To examine the correlation between CL intensities and CO
conversions, we measured the CL responses by passing CO gas
through the different gold catalysts at about 160°C, and at the
same time, we collected the corresponding products to measure
the CO conversion. As shown in Figure 3A, the correlation
coefficient is 0.91, indicating a good correlation between CL
intensities and CO conversions. We also took the Au/ZnO catalyst
as an example to examine the correlation between CL intensities
and CO conversions at a series of temperatures and obtained a good
correlation (Figure 3B). These results are easily understood because
the catalytic reaction is carried out according to the following
formula13,14

and CL emission is attributed to the decay of the excited state CO2*
to the ground state CO2. Moreover, the CL intensity is proportional
to the yield of CO2 molecules. The good correlation indicates that
the CL intensity could be applied for the screening of the catalytic
activity.

To demonstrate the potential of the CL-based approach for rapid
and parallel screening of catalytic activity, we designed an array

CO + O2 f CO2* f CO2 + hV (1)
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with these supported gold catalysts on a ceramic chip with a
temperature controller. When the catalytic CO oxidation occurs,
the CL on each spot of the array is imaged simultaneously on
monochromatic film (Figure 4). The brightest spot corresponds to
Au/TiO2, whereas the weakest one corresponds to Au/ZnO. The
brightness of the image is consistent with the catalytic activities
of these catalysts. The brightness of the CL image increases with
an increase of CO gas and reaction temperatures (Figure S6). Thus,
a qualitative overview of catalytic activities of these gold catalysts
at different conditions can be achieved by the CL-based array
imaging according to the brightness. It should be noted that the
present method is effective for judging activity, while possibly
insufficient for judging selectivity.

In summary, we have developed a new CL-based imaging
method, which indicated the feasibility of a simple, rapid, and
parallel screening for the catalytic activity of a catalyst based on
the good correlation between the CL intensity and the CO

conversion. This technique would be potentially applied to explore
new species of catalysts synthesized by combinatorial approaches.
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Figure 1. Typical CL responses of catalytic CO oxidation on the surface
of different oxide-supported gold catalysts. Detection conditions: air carrier
flow rate, 200 mL min-1; CO gas volume at atmosphere pressure, 3× 50
mL; temperature, at about 160°C.

Figure 2. Curves of CO conversion as a function of temperature for
different oxide-supported gold catalysts. Reaction conditions: 0.05 g of
catalyst, 3.99% CO in dry air at a total flow rate of 80 mL min-1. Inset:
Temperature of 100% conversion of CO oxidation for these gold catalysts.
Catalytic activities ranked in the order of Au/TiO2 > Au/MgO > Au/SiO2

> Au/ZrO2 > Au/ZnO.

Figure 3. Correlation of CL intensities with CO conversions for each
gold catalyst (A) and at a series of reaction temperatures for the Au/ZnO
catalyst (B).

Figure 4. The CL-based array imaging photographs at the same reaction
temperature of about 160°C following a change of CO gas amount (a) 8
× 50 mL; (b) 4× 50 mL; (c) 2× 50 mL; (d) without CO injection. On the
basis of the brightness, an order is followed as Au/TiO2 > Au/MgO >
Au/SiO2 > Au/ZrO2 > Au/ZnO.
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