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ABSTRACT: Copper nanoparticles within the pore channels of selectively grafted mesoporous silica SBA-15 were synthesized.
Silanols on the external surface of as-SBA-15 were first capped by�Si(CH3)3 groups. After the removal of the template of capped
SBA-15 by calcination, silanols on the internal surface of SBA-15 were modified by 3-aminopropyltrimethoxysilane (APTMS), and
then formaldehyde was grafted to the amino groups of APTMS and with Cu(NH3)4(NO3). The support and catalyst were
characterized by X-ray diffraction (XRD), Barett�Joyner�Halenda (BJH) pore-size distribution, Brunauer�Emmett�Teller
(BET) surface area, Fourier transform infrared spectroscopy (FT-IR), transmission electron microscopy (TEM), scanning electron
microscopy (SEM), and adsorption calorimetry. The initial conversion follows the trend in size: 52 % at pore size 6.0 for this catalyst
at 343 K.

’ INTRODUCTION

Recently, the discovery of mesoporous silicas, such as M41s1

and SBA-15,2 has stimulated intensive studies of “host�guest”
chemistry inside the channels of mesoporous silicas,3�6 which
have potential applications in catalysis, selective adsorbents,
medicine,7 sensors,8,9 and nanomaterial fabrications. Thanks to
their uniform mesostructures, high surface areas, and tunable
pore sizes,2 these ordered mesoporous silicas have been used as
promising templates to control the shape and size of metal
nanoparticles.10�16 Many published works give the relation
between nanoparticles confined in various molecular sieves and
their properties.17�19 Moreover, the surface of these ordered
mesoporous silicas are also modified for many potential applica-
tions. For modifying the mesoporous materials through covalent
linkage between functional groups and silica frameworks, two
major methods, grafting (post synthesis) and co-condensation
(direct incorporation), have been traditionally explored.20 Graft-
ing is one of the modification methods for presynthesized
mesoporous silica, in which the organic functional groups can
be introduced by direct reaction of organosilanes to the silica
surface. It is up to the application of the thus formed materials,
other functionalities can be fixed to the previously introduced
functional groups including amino, thiol, and alkyl groups
through covalent bonding and/or molecular recognition.20�23

The distribution and concentration of functional groups are
influenced by reactivity of the organosilane and their accessibility
to surface silanols, which are limited by diffusion and steric
factors. Chao et al.6,11 prepared SBA-15 functionalized with
(CH3O)3Si(CH2)3N(CH3)3Cl (TPTAC) and further synthe-
sized metal nanoparticles by anion exchange between grafted
SBA-15 and metal precursors inside the channels as well as upon
reduction of precursors. The amount of metal loading as well as
the morphology of metal in the host SBA-15 can be rationally
controlled through repeating ion exchange/reduction cycles in
the TPTAC-SBA-15 silica host. They used the same method to

prepare Au nanoparticles and found that the size and morphol-
ogy of Au nanoparticles in mesoporous SBA-15 are controllable
by the preparation methods.

However, the above-mentioned grafting methods basically
allow the introduction of functionalization at both intrapore and
extrapore media, which led the nanoparticles to form at both
surfaces. Therefore, large metal particle aggregates would form
on the external surface of the host materials. To overcome this
disadvantage, Shi et al.4 synthesized Pt nanoclusters within the
pore channels of selectively modified mesoporous silica SBA-15
by a new in situ reduction process. The silanols on the external
surface of SBA-15 were capped with �Si(CH3)3 groups, thus
effectively avoiding the formation of large particles outside the
channels. On the other hand, the inner surface of the channel was
functionalized with highly reducing Si�Hbonds. Pt nanoclusters
were formed inside the channels of SBA-15 from H2PtCl6 by
in situ reduction with Si�H bonds. Recently, Sun et al.3 have
developed a novel in situ auto reduction route to synthesize
monodispersed silver nanoparticles inside the channels of SBA-
15. Nanoparticles confined in SBA-15 silica possess high catalytic
activity and stability because they are stabilizer-free and confined.
Jiang et al.24 found that the Pt nanoparticles confined in SBA-15
exhibit a high electrocatalytic activity toward the oxidation of
carbon monoxide (CO) and methanol, and the linearly adsorbed
CO species is the only intermediate derived from dissociative
adsorption of methanol, which is more readily oxidized to form
CO2 in the aid of the active oxide in SBA-15.

In this paper, stabilizer-free and confined copper nanoparticles
inside the channels of selectively grafted mesoporous silica SBA-15
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by an in situ reduction process were synthesized according to
reported procedures in the literature25 (see Figure 1). We will
show that its catalytic activity in CO oxidation is high compared
with the results from catalysts made with other metals.

’EXPERIMENTAL SECTION

Synthesis of Cu-SBA-15. As illustrated by Figure 1, mesopor-
ous silica SBA-15 was synthesized following the published
procedure2,25 using the triblock copolymer Pluronic P123 as a
template in acid conditions. Typically, a 12.80 g Pluronic P123
template was dissolved with stirring in a solution of 500 mL of
2MHCl at 313 K, and 27.20 g of tetraethyl orthosilicate (TEOS)
was then added. The resulting mixture was stirred at 313 K for
48 h and then aged at 373 K for 72 h under static conditions. The
recovered solid was extensively washed with deionized water and
drying at 353 K for 24 h and yielded as-SBA-15. To get calcined
SBA-15 (cal-SBA-15), the surfactant template of as-SBA-15 was
removed by calcination in air at 823 K for 12 h. Cu-SBA-15 was
prepared according to the literature procedure.3,25 The 4.0 g of
as-SBA-15 was dispersed in 400 mL of dry toluene under flowing
N2, and then 20mL of trimethylchlorosilane (TMCS) was added
dropwise under stirring. The mixture was filtered with toluene
and ethanol after stirring continuously at 353 K for 12 h. After
that, the surfactant template was removed by calcination in air at
823 K for 12 h. Thus, SBA-15 with the external surface capped
with �Si(CH3)3 (named cal-TMCS-SBA-15) was collected.
After degassing at 353 K for 24 h, 6.0 g of cal-TMCS-SBA-15

was suspended in 450 mL of dry toluene, and then 18.0 mL of
3-aminopropyltrimethoxysilane (APTMS) was added under
stirring. The mixture obtained was stirred for another 24 h at
room temperature and refluxed at 353 K for 12 h. The solid was
obtained after washing with toluene and then with ethanol
intensively to eliminate the physically adsorbed APTMS and toluene.
The selectivelymodified sample after being vacuum-dried at 353K for
12 h was labeled APTMS-TMCS-SBA-15. To introduce a reducer of
formaldehyde into the channels, 2.0 g ofAPTMS-TMCS-SBA-15was
soaked in a 210 mL mixture of formaldehyde, ethanol, and water
(formaldehyde/ethanol/water, 10:40:160, v/v/v), and the suspen-
sion was stirred at 313 K for 60 min. The product was filtered,
rinsed with deionized water, dried at 323 K for 24 h, and denoted as
HCHO-APTMS-TMCS-SBA-15. For Cu incorporation, 6.0 g of

HCHO-APTMS-TMCSSBA-15 was added into a mixture of
ethanol and 0.02 M Cu(NH3)4(NO3) (aq) (1:6, v/v), respec-
tively, and then the mixture was stirred at 313 K for 60 min. The
product was filtered and rinsed thoroughly with deionized water
and dried under vacuum at 323 K overnight, and the thus-formed
confined copper nanoparticles were labeled as Cu-SBA-15.
Characterization of the Catalyst. The synthesized solid

samples were analyzed by different techniques. Scanning elec-
tron micrographs were obtained by using a scanning electron
microscope JEOL JSM 6510LV. The powder samples were
mounted on standard specimen stubs with the help of double
adhesive tape and silver paste. The samples were coated with a
thin layer of gold in Polaran coating unit E-5000 to prevent the
charging of the sample. The electron beam parameters were kept
constant during the analysis of the entire sample. The micro-
graph of the samples with 10 kV EHT and 25 pA beam current
were recorded by a 35 mm camera attached on the high
resolution recording unit. Transmission electron microscopy
(TEM) was carried out with a JEOL JEM 3200FSC, using an
acceleration voltage of 300 kV, to analyze the inner pore
structures of the SBA-15 materials, the dispersion, and the mean
size of active sites on the support surface. Before the analysis, the
samples were crushed and ground to a fine power in a gate
mortar. Then, the samples were prepared directly and dispersed
in ethanol by ultrasound for several min and then dropped on
copper grids. The crystalline phases of the SBA-15materials were
identified by resolution X-ray diffractometry (XRD). The spectra
were scanned over the range 2θ = 1.0 to 20� at a rate of 1 deg/
min. Fourier transform infrared spectra (FT-IR) of the samples
were collected in over range of (400 to 4000) cm�1. By
functional groups of the infrared absorption spectra, the inter-
species bonding could be determined. The adsorption�desorp-
tion nitrogen isotherms were measured at the temperature of
liquid nitrogen using an Autosorb 3B (Quantachrome, Boyton
Beach, MI). The surface area was determined by applying the
Brunauer�Emmett�Teller (BET) equation, and the pore size
diameter was estimated from the peak position of the Horvath�
Kawazoe pore size distribution for cylinder pore geometry
(Saito-Foley). Before adsorption, samples were outgassed by
heating at 373 K in a vacuum lower than 3 3 10

�2 mmHg for 12 h.
For the calculation of Vp the proposed method is based on the

nonlocal density functional theory (NLDFT) of adsorption and
capillary condensation in cylindrical pores. The NLDFTmethod
allows one to calculate the mesopore size distribution and to
evaluate the pore wall thickness and the amount of intrawall
porosity. The structural parameters obtained by the NLDFT
method are in agreement with geometrical considerations. The
NLDFT method for the isotherms with a H1 hysteresis loop the
two kernels are used for calculations from the experimental (a)
desorption branches and (b) adsorption branches.26 For SBA-15
materials, which exhibit H1 hysteresis loops, both branches of the
experimental isotherm are, in principle, applicable for PSD
calculations. Because the desorption branch of the experimental
isotherm in cylindrical pores is more likely to correspond to
thermodynamic equilibrium, it is preferable to employ the
desorption branch, provided that it is not affected by networking
effects. The hydrothermal stability was tested with catalyst
granulated sample grains of (0.4 to 1.0) mm. Then 1 g of catalyst
granulated sample was placed in a quartz vertical tube (diameter
11 mm) connected with a vessel containing boiling water under
atmospheric pressure. In routine experiments each sample was
kept inwater vapor at a set temperature for 2 h from(375 to 975) K.

Figure 1. Schematic representation of the synthesis of Cu-SBA-15.
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After cooling, hydrothermally treated samples were characterized
with XRD (AXS D8 Advance from Bruker) nitrogen adsorption�
desorption (Autosorb 3B, Quantachrome Boynton Beach, Miami,
FL) and temperature programmed desorption (TPD) of ammonia.
The surface area for these assays was determined from adsorption
isotherms by the BET method, whereas pore volume and their
distributionwere determined fromdesorption isotherms by theBJH
method. The micropore volume was calculated from the t-plot.
Measurement of Differential Heats of CO Adsorption.The

differential heats of CO adsorption were measured using a Tian-
Calvet heat flow microcalorimeter built in our laboratory.27�30

Before CO adsorption, the catalysts were reduced at 763 K by H2

(ordinary pressure, flow rate 30 mL 3min�1) for 1 h. After
cooling to room temperature, the catalyst sample was transferred
to the calorimeter, the system was evacuated to 10 �5 Pa, and
then 6.6 3 10

4 Pa H2 was admitted into the system. The cell was
heated to 753 K over a period of 2 h to reduce the catalyst. The
gas in the cell was evacuated and replaced with fresh hydrogen
two times during the reduction. Following reduction, the catalyst
was outgassed at 753 K for 2 h. After cooling the cell to room
temperature, the calorimeter thermal block was subsequently
raised around the cell, and the system was allowed to equilibrate
overnight. A schematic diagram of the microcalorimetric system
is shown in Figure 2. The microcalorimeter is capable of
operation at temperatures from (77 to 573) K. This microca-
lorimeter is connected, by means of a specially designed set of
calorimeter cells, to a volumetric system equipped with a vacuum
system (dynamic vacuum of 10�5 Pa), a gas handling systemwith
probe molecule reservoir, and a calibrated dosing volume em-
ploying Pfeiffer transducer manometers (( 1 3 10

�5 Pa). The
leak rate of the volumetric system is 10�3 Pa/min in a system
volume of approximately 70 cm3 (i.e., 10�4 μmol 3min�1).
The microcalorimetric cells are constructed of AISI type 316

stainless steel and measure about 30 cm long and about 5 mm
wide. Two identical receptacles in the same material are con-
nected to ends of the cell stems with modified Cajon VCR
fittings. The length (10 cm), diameter (5 mm), and distance

apart (12 cm) of these receptacles were chosen to match the
depth, diameter, and spacing of the transducer wells in the
microcalorimeters (Figure 1). The cell calorimeter contain-
ing the sample as well as two diffusers were placed along each
of the cell stems to minimize convective air currents within
the transducer well. A stainless steel holder near the top of
the stems, equipped with Viton O-rings, provides a seal
between the cell stems and transducer wells, and serves to
isolate the cell in the calorimeter. The upper portion of the
cells are fitted with a MDC bellows-sealed linear motion feed
through fixed to the top of the cells using standard, copper-
gasketed, 0.5 in. outside diameter vacuum flanges (MDC). A
system of precision valves allows the dosing of the respective
amounts of gases. In a typical experiment, a measured mass of
sample (typically (0.5 to 2.0) g) is loaded into the glass cell, followed
by treatment with the following gases (e.g., calcinations in oxygen)
and reduction to the metallic state in hydrogen at elevated
temperatures (e.g., 723 K). After the completion of the treatment
cycle, the sample is purged with helium (ca. 4 h) at an elevated
temperature to remove the adsorbed gases, cooled to room
temperature in flowing helium, and subsequently evacuated to ca.
1 3 10

�4 Pa of helium. The sample is then transferred into the
stainless steel cell, which is subsequently immersed in the isothermal
block. The cells are evacuated to ca. 10�4 Pa and allowed to reach
thermal equilibrium with the calorimeter (ca. (5 to 6) h), at which
point a stable differential heat response (baseline) is achieved. The
microcalorimetric measurements are initiated when doses of the
adsorbent (doses ca. (10 to 30) μmol) are sequentially admitted to
the sample until it becomes saturated. The resulting heat response
for each dose is recorded as a function of time and subsequently
integrated to determine the amount of heat generated (mJ). The
amount of gas adsorbed (μmol 3 g

�1) is determined volumetrically
from dose and equilibrium pressures and the system volumes and
temperatures. The differential heats (kJ 3mol

�1), defined as the
negative of the enthalpy change of adsorption per mole of gas, are
then calculated for each dose by dividing the heat generated by the
amount of gas adsorbed.

Figure 2. Schematic of an adsorption microcalorimeter: 1, precision valves; 2, calibration volume; 3, pressure transducer of full pressure; 4, cold trap; 5,
injection gases; 6, high-vacuum pump; and 7, adsorption microcalorimeter.
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Catalysis Application. Prior to the catalysis tests, the catalysts
are activated by calcinations under air at 560 �C. Then the
catalysts were heated to 600 �C under H2/N2 flow and held for
1 h and cooled to room temperature under N2 flow. Oxidation
of carbon monoxide was carried out in a quartz-tubular reactor
(10 mm i.d.) under atmospheric pressure. Catalysts with a fixed
amount of nanoparticles of copper were used for the reaction.
Two gases: 32.7 mL 3min�1 of air and 0.33 mL 3min�1 of carbon
monoxide (99.3 %, CP grade, Linde Division, Union Carbide)
were purified by 4 Å molecular sieves and then mixed and flowed
into the reactor for the reaction. The water vapor content in the
reactant stream is no more than 4 mg 3 L

�1. A HP Agilent 6890
GC gas chromatograph was used for the analysis of the composi-
tion in the reactor out-stream. A Carboxy-2000 column was
employed for the separation of carbon dioxide, carbonmonoxide,
nitrogen, and oxygen.

’RESULTS AND DISCUSSION

N2 Adsorption Isotherm. Figure 3 shows an N2 adsorp-
tion�desorption isotherm at 77 K for the Cu-SBA-15 material.
Characteristic International Union of Pure and Applied Chem-
istry (IUPAC) type IV-isotherms with H1 hysteresis loops are
depicted for all of these substrates. The range of relative pressures
(p/po) at which hysteresis can pack inside the cylindrical
channels while not fully occupying the total available space leaves
some room for N2 adsorption. As expected, the presence of metal
molecules leads to corresponding decreases in pore diameter,
surface area, and pore volume of metal-containing SBA-15
samples (see Table 1).
Data obtained (not published here) for the adsorption�

desorption isotherms of nitrogen at 77 K (not shown here)

indicate that the hydrothermal stability of nonmodified SBA-15
is rather stable until 575 K. However, the hydrothermal treat-
ments at 675 K for nanostructure of Cu-SBA-15 result in an
almost 20 % lower value of the BET surface area.31 A further
increase of temperature up to 775 K causes the surface area to
decrease by 50 % and significant changes in micropore volume.
Moreover, average pore diameters calculated by the BJHmethod
show an increase. The decrease of pore and micropore volumes
with simultaneous increase of average pore diameter after
hydrothermal treatment was observed after 2 h of exposure of
Cu-SBA-15 in rather extreme hydrothermal conditions. Similar
experiments were performed by our research group at room
temperature for prolonged exposure of Cu-SBA-15 to water
vapor. Significant changes both in the surface area and structure
were observed.
IR Results. The framework IR spectrum of calcined Cu-SBA-

15 is shown in Figure 4. An adsorption band at ca. 960 cm�1 is
observed, and a very similar band is also observed in titanium
siloxane polymers, mixed oxides, or TiO2-grafted on silica, which
is attributed to a modification of SiO2 units indirectly relating to
the presence of heterometals. Therefore, the IR band at
960 cm�1 could be assigned to a Si�O�T (T = Cu) vibration
in the Cu-containing SBA-15 framework structure. The IR
spectrum of the sample also shows no presence of CuO due to
no Cu�O stretch vibration band at 536 cm�1. The results of the
XRD and IR testify completely that the Cu was incorporated into
the framework sites of the SBA-15.
XRD Results. The XRD patterns of mesoporous copper-

containg SBA-15 are shown in Figure 5. The d100 spacing, pore

Figure 3. Adsorption isotherms of catalyst: Cu-SBA-15.

Table 1. Porosity Properties of SBA-15 and Cu-SBA-15 Samples

sample

SBET Smicrop VP VP 3Microp DP h

(m2
3 g

�1)a (m2
3 g

�1)b (cm2
3 g

�1)c (cm2
3 g

�1)b (nm)d (nm)d

SBA-15 803 176 1.09 0.076 8.5 5.8

Cu-SBA-15 723 125 0.92 0.045 6.0 5.3
aBrunauer�Emmett�Teller specific surface area. bMicropore surface and volume by the t-plot method. cCalculated by NLDFT method from the
desorption branch. dWall thickness by ao-DP.

Figure 4. FT-IR spectra of SBA-15 catalyst Cu-SBA-15.
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volumes, and unit cell parameters of Cu-SBA-15 and SBA-15 before
and after calcination are given in Table 1. The low angle XRD
patterns show a prominent peak corresponding to (100) reflections
and much weaker, but observable, peaks corresponding to (110)
and (200) reflections, which is the typical character of SBA-15
molecular sieves.32 The unit cell dimensions (ao = 2d100(3)

1/2) of

calcined Cu-SBA-15 is 114.3 Å. The higher-angle XRD pattern
shows that there is no formation of copper oxide particles
(aggregations) in or outside the pores of Cu-SBA-15, which
indicates that the product Cu-SBA-15 is in a pure crystal phase,
and the Cu may be incorporated into the framework of meso-
porous material Cu-SBA-15.
SEM and TEM Results. The SEM images showed that the

typical morphology of SBA-15 in the form of cylinders con-
stituted by particles with a wheat grain shape, commonly
observed in pure SBA-15 materials, which is conserved after
deposition of the nanoparticles of Cu (Figure 6). The morphol-
ogy of the modified solids is similar to that of pure SBA-15 and is
consistent with those obtained in similar studies.33,34 This
technique verified that there were no morphological differences
between the obtained silicas.
TEM analysis results of metal/SBA-15 composites are shown

in Figure 7. The representative TEM images reveal that (i) the
SBA-15 silica materials have a well-ordered mesoporous channel
structure, which supports the aforementioned N2 sorption and
low-angle XRD results; (ii) spherical Cu nanoparticles were
highly dispersed in the interior of the SBA-15 channels
(Figure 7). The average Cu nanoparticle size was determined
to be 6.0 nm, with a narrow distribution (i.e., monodispersed) (it
is surmised that the pore channels can effectively control the scale
of particles formed inside the host).

Figure 5. XRD of Cu-SBA-15.

Figure 6. Scanning electron microscope image of Cu-SBA-15.

Figure 7. Typical TEM image of Cu-SBA-15 composite (scale 50 nm).

Figure 8. Differential heats of CO adsorption Cu-SBA-15 at 303 K with
3:1 atomic ratios.

Figure 9. CO conversion percentage of the mesoporous silica contain-
ing Cu nanoparticles. The reaction conditions: feed gas 1 % CO weight
balanced with air, T = 343 K, and WHSV = 7 3 10

4 mL 3 h
�1

3 g
�1.
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Differential Heats of Adsorption of CO on Catalyst Cu-
SBA-15. The Cu-SBA-15 catalyst, the portion of strong CO
adsorption presents a steady stationary at first with an increase of
CO coverage and then decreases remarkably when the differ-
ential heat of CO adsorption was lower than 125 kJ 3mol�1 (see
Figure 8). The saturation coverage of CO changed dramatically
with the adding of Cu nanoparticles to the SBA-15 as support.
This result is novel and important in this research. For these Cu-
SBA-15 catalysts, 90 % of the adsorbed CO interacted with Cu to
produce differential heats of (15 to 140) kJ 3mol�1, and no
maximum existed, which implies that the main distribution of
differential heats of CO adsorption of the Cu-SBA-15 was very
broad and homogeneous.
CO Oxidation over the Confined Cu Nanocatalyst in SBA-

15 Results. We now discuss the catalytic activities of the Cu-
SBA-15 silica systems for CO oxidation. Figure 9 shows that the
Cu-SBA-15, with a metal loading of 1 % (by weight), has the
capability to catalyze the CO oxidation reaction at 70 �C. The
relatively high conversion (∼52 %) in CO oxidation of our
treated Cu-SBA-15 catalyst may be due to the small size of the Cu
nanoparticles (6.0 nm). The small steady state CO oxidation
activity of Cu-SBA-15, as shown in the figure, shows the study of
the catalytic activity of this catalyst that lasts 5 h and then drops
the conversion percentage after 10 h of catalytic activity to reach
the steady state again in a conversion of approximately 20 % of
CO. The smaller the size of the Cu nanoparticles, the higher the
CO oxidation activity that appears. This is because the many
organic groups around the Cu nanoparticles surface prevent the
surface of these from being exposed.
The size effect in Cu-SBA-15 catalyzed CO oxidation is an

outstanding problem in catalysis.34�36 It is known that there is an
optimum size for CO oxidation of other metals, for example, of
Au nanoparticles around 3 nm.34�36 However, the underlying
physical chemistry is not clear yet. A substantial complication
arises from the strong effect from the support. The method for
deposition of Cu nanoparticles and the kind of oxide used as
support affects the catalytic activity. Using standard preparation
methods, such as precipitation or impregnation, to deposit Cu
nanoparticles on various supports, researchers found that cata-
lytic oxidation of COwith other precious metals, for example, Au
nanoparticles supported on silica, is usually not effective. Re-
cently, it was argued that, of the many factors affecting certain
metals catalytic activity, the particle size seems to be the
dominating one, while catalyst-supported interaction seems to
be secondary.37 The activity of our catalyst is comparable to the
best previously reported in the literature, for example, the Au
catalyst. We believe that the SBA-15 support does not play an
active role in CO oxidation. Thus, the difference in catalytic
activity in the mesoporous support system reported in this paper
may be ascribed to a size effect. In our experiment, we are limited
to analyze only pore sizes corresponding at nanoparticles of
copper in the SBA-15. The initial conversion indeed follows the
trend in size: 52 % at pore size 6.0 for this catalyst.

’CONCLUSIONS

On the basis of literature procedures, nanoparticles of copper
were synthesized and are contained within the channels of
mesoporous silica SBA15 (Cu-SBA-15) and around the walls
of the silica. This catalyst was used in the study of CO oxidation
with a conversion of 2 %. The important point in the designing of
the material has been the stabilization of the Cu nanoparticles by

capping them with a quaternary ammonium ion ligand, having at
one end a long alkyl chain (to make the Cu nanoparticles
compatible with the hexadecyltrimethylammonium template)
and at the other end a triethoxysilyl group ready to condense with
TEOS during the formation of the material. The reason for this
high catalytic activity is most probably the adequate dispersion
and stabilization of the Cu nanoparticles within the mesoporous
silica host. This is in contrast with reactions in aqueous media
where complete catalyst deactivation occurs by collapse of
the mesoporous structure. Even though Cu-SBA-15 is not stable
in aqueous media, the material may be interesting also for gas
phase reactions such as for instance CO oxidation for which
supported Cu nanoparticles have been found to be very active.
CO adsorption microcalorimetry was employed in the study
of Cu-SBA-15 catalysts. The results indicated that the initial
differential heat of CO adsorption of the Cu-SBA-15 catalyst was
140 kJ 3mol�1.
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