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Thin films of ordered mesoporous anatase have been prepared using a dip-coating procedure. Silver
nanoparticles were introduced into the mesopores using wet impregnation followed by heat treatment.
The cubic structured mesoporous titania had higher stability than the hexagonal structure and could be
formed with a high content of nanocrystalline anatase with conservation of the meso-order. The high
crystallite content was monitored by both X-ray diffraction and electron diffraction together with dark
field transmission electron microscopy (TEM). The meso-order was studied using low-angle X-ray
diffraction and TEM. The incorporated silver was formed within the mesopores of the titania, which
acted as a template for the silver nanoparticles. X-ray photoelectron spectroscopy showed that both anatase
and silver were present on the surface of the silver-loaded mesoporous titania. The synthesized titania
films were evaluated for their photocatalytic activity for oxidation of stearic acid. It was found that the
meso-ordered titania had a sufficiently high crystallite content to be photoactive and that the reaction
mechanism resembled that of a non-meso-ordered titania sample. Upon incorporation of silver nanoparticles
an apparent difference in reaction mechanism was found together with a higher apparent initial activity.

Introduction

During the past decade various catalytic techniques have
been investigated to address the increasing problem of
environmental pollution. One technique that has shown great
potential for decomposing organic contaminants in both air
and water is photocatalysis. There are several advantages of
the photocatalytic approach, including that the organic
contaminants can be completely decomposed to CO2 and
H2O and that UV irradiation is used as energy input from
either artificial or solar sources, making it possible for the
reactions to proceed at lower temperatures. This technique
has gained much attention in purification of wastewater from
households and industry.1-4 The use of the wide-band-gap
semiconductor titania (TiO2) as photocatalyst has proven
attractive since this material has a high efficiency and low
cost and is environmentally sustainable.5-7 Titania exists as
three different crystalline structures, anatase, rutile, and

brookite, among which rutile is the most thermodynamically
stable polymorph, while anatase and brookite are metastable.8

However, the stability of the structures appears to be size-
dependent, and at particle sizes below 14 nm anatase is more
stable than rutile.9,10Anatase has a wider band gap than rutile
and a redox potential that often is more suitable for practical
use in photocatalysis. Rutile, on the other hand, has a larger
refractive index and a higher electrical resistance, making it
useful in other applications. Both anatase and rutile have
proven to be photocatalytically active for decomposition of
phenol, but via different reaction mechanisms, giving dif-
ferent intermediates upon degradation of the organic com-
pound.11 Degussa P-25, which is a commercially available
titania formulation, has proven to be a particularly successful
photocatalyst. This is believed to be due to the fact that
Degussa P-25 is a mixture of anatase (80%) and rutile (20%)
and that it has a high specific surface area of approximately
50 m2/g.12 It has been shown that this combination of
polymorphs improves the stability of photogenerated elec-
trons and hence increases the lifetime of the electron-hole
pairs, resulting in higher photocatalytic activity.13,14Similarly,
noble metals can be added to the semiconductor surface and
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thereby changing the photocatalytic process.15 The mecha-
nism for the improvement is enhanced electron migration
from the semiconductor surface to the metal, which sup-
presses electron-hole recombination. Silver deposition on
titania has in both reduction16,17and oxidation18-23 reactions
proven to increase the photocatalytic activity, especially if
silver is present in the form of nanoparticles.15

In 1992 researchers at Mobil Oil24,25 showed that it was
possible to form ordered mesoporous silica and that it was
possible to produce it with different structures, e.g., hex-
agonal (MCM-41), cubic (MCM-48), and lamellar (MCM-
50). These systems were later extended to larger pore
structures by the use of amphiphilic block copolymers (SBA-
n).26 Since then, large efforts have been made by many
research groups, both in the preparation of materials with
different pore sizes and in the synthesis of materials other
than silica. Transition-metal oxides have been especially in
focus27 due to their anticipated unique properties, and there
are several nice reviews on the subject.28-30 Mesoporous
titania is an interesting material for photocatalytic applica-
tions. One reason for this is the very high specific surface
area of these materials. Furthermore, the material is continu-
ous, which may be beneficial compared to separated indi-
vidual nanoparticles, in particular for catalyst recovery. The
reasons for the low number of studies made on ordered
mesoporous titania as a photocatalyst are likely related to
the difficulties in making it as an ordered material. Ever since
Antonelli et al.31 first synthesized mesoporous titania in 1995,
many efforts have been made to control the crystallization
and to make more crystalline material with maintenance of
mesoscale order. Another approach to titania-containing
mesoporous materials for photocatalysis has been to modify
existing mesoporous silica with titania. This has given good
results and hence made it even more interesting to prepare
ordered mesoporous (highly) crystalline titania.32,33Very few
studies exist on the use of mesoporous titania for photocata-

lytic reactions, and these have been restricted to materials
without long-range meso-order or with no to very few
crystallites present.34-37

In this work highly ordered mesoporous titania thin films
with relatively high anatase nanocrystal content have been
synthesized. To increase the photocatalytic activity, silver
nanoparticles have been incorporated into the mesopores of
the titania. Both hexagonal and cubic mesoporous titania have
been synthesized and characterized. The materials have been
tested for photocatalytic activity for the degradation of stearic
acid, a common organic substance used for this purpose.38-40

Both the influence of the ordering together with the crystal-
linity and the influence of the silver have been evaluated.

Experimental Section

Materials. Pluronic P123, a poly(ethylene oxide)-poly(propy-
lene oxide)-poly(ethylene oxide) block copolymer (EO20PO70-
EO20), was received as a gift from BASF Corp. and used as the
structure-directing agent. Concentrated hydrochloric acid (37.8 M),
titanium(IV) tetraethoxide (95%), and AgNO3 (99.8%) were all
purchased from Aldrich and used as received. The ethanol used
was of 200 proof purity.

Formation of Mesoporous Titania Thin Films. Cubic Meso-
porous Titania. Cubic mesoporous titania thin films were prepared
following the method of Alberius et al.41 Briefly, the procedure
can be described as follows. A 1 g sample of Pluronic P123 was
dissolved in 12 g of ethanol (magnetic stirrer, 1 h). Separately, 4.2
g of titanium ethoxide was plunged into 3.2 g of hydrochloric acid
using a syringe needle, and the mixture was stirred vigorously for
10 min, resulting in a clear solution. Care was taken to prevent the
ethoxide from coming into contact with air. The two mixtures were
then mixed together and stirred for 3 h. Glass or quartz slides were
dip coated into the titanium solution using a home-built dip coater.
The slides were dipped into the solution and withdrawn into open
air with a pulling rate of 1 mm/s. The slides were then positioned
horizontally and dried at room temperature in air for 24 h, thereby
allowing most of the solvents and hydrochloric acid to evaporate
and the surfactant to self-organize. The dried film was heated with
a rate of 1°C /min in stagnant air to 400°C where it was kept for
4 h before cooling.

Hexagonal Mesoporous Titania. The same procedure as for cubic
titania was used, but with 2.3 g of Pluronic P123 instead of 1 g
and with a highest calcination temperature of 250°C instead of
400 °C. The lower maximum temperature was used to avoid loss
of long-range meso-order.

Incorporation of Silver into Mesoporous Titania. Silver
nanoparticles were incorporated into the mesoporous titania byin
situ heat-induced reduction after impregnation of the films in a
Ag(I)-containing solution. A 50 mL solution containing 1.7 g of
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AgNO3 dissolved in a mixture containing H2O and ethanol (1:1
v/v) was prepared. This solvent mixture has proven to be suitable
for wetting mesoporous silica.42 The slides were impregnated with
the silver solution (three per 50 mL) and kept in darkness for 24 h.
During this time the hexagonal films became successively darker
and finally were black, indicating the formation of metallic silver
on or in the pores of the titania. The cubic titania turned light gray
during the procedure. The slides were rinsed in water, removing
all silver not adsorbed on or in the pores of the titania, heat treated
in a tube furnace under flowing nitrogen at a rate of 1°C/min to
300 °C, and kept there for 2 h. During this stage the cubic titania
samples also turned black; no change in color was observed for
the hexagonal sample.

Characterization. Low-angle as well as conventional powder
X-ray diffraction (XRD) measurements were performed using a
Scintag X2 (Cu KR radiation,λ ) 1.54 Å). The X-ray diffraction
at higher angles was collected on samples scraped off from several
slides to improve the signal-to-noise ratio. Rietveld refinement was
performed against the conventional powder data using GSAS.43

Three phases were included: AgCl, cubic Ag, and anatase TiO2.
The refinement included the lattice parameters of all phases, the
phase weight fractions, isotropic displacement parameters of Ag
and AgCl, and a zero point. The reflection profiles were modeled
by Lorentzian size broadening, while the background was modeled
by a 16-term shifted Chebyschev polynomial. The anatase atomic
positions and anisotropic displacement parameters were fixed at
the neutron powder diffraction values of Howard et al.44 The final
agreement indices were, for the whole pattern, wRp) 0.0390, Rp
) 0.0308, andø2 ) 1.344 for 30 variables. The refined weight
fractions were 73.61% anatase, 20.55(18)% AgCl, and 5.8(3)% Ag.
The apparent average crystallite sizes obtained from the refinement
were 15.06(12), 63.3(5), and 12.6(4) nm for anatase, AgCl, and
Ag, respectively, assuming a value of 0.9 for the Scherrer constant.
Note that the su’s given for these numbers only reflect the precision
with which they are determined by the Rietveld refinement and
not the width of the particle size distribution.

An FEI Tecnai G2 Sphera transmission electron microscope
operating at 200 kV was used for imaging and electron diffraction.
Transmission electron microscopy (TEM) specimens were prepared
by scraping of the films with a razorblade, dispersing the powder
in ethanol, and placing a drop of the dispersion onto a holey carbon
grid followed by drying at room temperature. Scanning electron
micrographs were obtained with an FEI XL40 Sirion FEG digital
scanning microscope operating at 2-5 kV.

X-ray photoelectron Spectroscopy (XPS) measurements were
performed on a Kratos Axis Ultra XPS system using monochro-
mated Al KR radiation to explore the elements on the surface. Three
films were investigated: a “cubic” film, a “hexagonal” film, and a
“hexagonal” film with incorporated silver nanoparticles. Survey
scans were performed using 0.5 eV steps, and high-resolution scans
using 0.1 eV steps were made at the Ti 2p and Ag 3d peaks. The
relative energy scale was fixed with C 1s. This showed that the Ti
2p signal occurred at the same energy in all spectra. The Ti 2p
signal was then used to fix the absolute energy scale by using the
Ti 2p3/2 binding energy of Ti4+ of 458.5 eV.

Photocatalytic Experiment. To test the photocatalytic activity
of the prepared materials, the samples, which were scraped from
several films, were put in stearic acid solution (0.3 g of stearic
acid in 10.6 mL of chloroform) for several minutes and then heat
treated in stagnant air in a furnace at 80°C for 2 h. With this

procedure the stearic acid melts and impregnates the titania, and
upon cooling, a loaded dry catalyst powder is obtained. This
procedure has proven suitable for the evaluation of photocatalytic
activity of titania powders.45 The photocatalytic experiment was
performed using a sandwich-like microreactor consisting of a silicon
plate covered by a quartz window separated by 75µm by a Teflon
tape gasket. The reactant gas mixture consisting of 80% O2 and
20% argon flowed through the reactor with a rate of∼0.5 mL/min
(corresponding to a space velocity of 1500 h-1) via a single 10µm
outlet hole in the silicon plate. The reactor volume was ap-
proximately 20 mm3 and was filled with catalyst powder. The UV
source used was a 150 W Xe arc lamp focused on the reactor, with
an intensity of 100 mW/cm2. The exhaust gas was examined using
mass spectrometry.

Results and Discussion

Preparation and Characterization of Mesoporous Ti-
tania. In this work the preparation of mesoporous titania
with incorporated silver has been the focus. The preparation
was carried out in two steps, the first being the synthesis of
the mesoporous titania and the second the incorporation of
silver into the mesostructure. It has been shown that the
structure of the mesostructured material (cubic, hexagonal,
or lamellar) is dictated by the relative volumes of the
components in the synthesis solution, and that the binary
water surfactant phase diagram can be used to predict the
outcome of the synthesis.41,46 More specifically, it is the
relative volumetric fraction of the inorganic material, which
in this case is the titania precursor together with the
hydrochloric acid, and surfactant, in this case P123, that
determines which structure is formed. The regimes where
the mesostructures are present correspond closely to the ones
observed in the binary P123-water system,47 which can thus
be used for predictive synthesis of a specific mesostructure.
In this work focus has been on the cubic and hexagonal
phases. The titania precursor used was an alkoxide. To be
able to make ordered material of such a reactive species, it
is necessary to control the condensation rate, which can be
done by adjusting the pH.48 Here we employed very low
pH (pH < 0) to reduce the condensation rate. When making
the mesoporous thin film, one starts by mixing the precursor
with acid to initiate hydrolysis and hinder condensation; this
prehydrolysate is then added to the structure-directing
surfactant dissolved in ethanol. Since the concentration of
the surfactant is far below the phase boundary for liquid
crystalline phases, the viscosity of the mixture is relatively
low, making it possible to form thin films. After dip coating,
a range of processes take place. The solvent evaporates,
resulting in higher surfactant concentration that eventually
leads to formation of a liquid crystal, the pH is increased
due to evaporation of hydrochloric gas, and the titania
precursor starts to condense and polymerize into a titania
gel. This course of events is controlled by the speed of
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evaporation. Sanchez et al. have made several contributions
to the understanding of this process and showed the great
importance of the relative humidity in the synthesis of thin
films.49,50In our case it was sufficient to work under ambient
laboratory conditions during the dip coating. The thickness
of the film is dependent on the slide pulling rate and the
surfactant concentration. The film obtained in working with
the cubic phase recipe and a pulling rate of 1 mm/s was
approximately 350 nm after calcination at 400°C as shown
in Figure 1. The procedure for aging the film has been proven
to influence the formed structure, but no detailed investiga-
tion of the aging time was performed in this study since it
was found that 24 h of aging at ambient temperature was
sufficient to get a highly ordered film. During the heat
treatment, several mechanisms are active at the same time.49,50

The titania cross-links and starts to crystallize, and at the
same time the surfactant is calcined away, leaving a meso-
ordered titania material. A critical step has been shown to
be the calcination temperature and time.49,50 Since anatase
crystallites are formed in the titania walls of the mesostruc-
ture during heat treatment, they will destroy the meso-order
if they grow too large. However, a crystalline material is
desired for its material properties. Hence, there is a window
during the heat treatment where the crystallites are formed,
but where their size is small enough not to influence the
ordered mesostructure. This window depends on which
structure is targeted (e.g., cubic or hexagonal), making it
difficult to make these mesostructures with the same amount
of crystallinity. Alberius et al.41 showed that the mesostruc-
tured order for the hexagonal structure could only be retained
up to about 250°C whereas the cubic phase could be
maintained up to about 400°C. As a consequence, the cubic
phase contains more crystallites than the hexagonal phase.
Since the desired form of titania for photocatalytic reactions
is the crystalline form, the temperatures applied were as close
as possible to the border of the material collapse.

The formed material was characterized by XRD at low
diffraction angles, to study the long-range meso-order, as
well as at higher angles, to characterize the crystallinity. The
low-angle one-dimensional X-ray diffractogram shown in
Figure 2 is in agreement with the distorted cubic phase.41,49,50

From the wide-angle powder X-ray diffractogram shown in
Figure 3 the peaks for the titania can be identified as the
anatase polymorph of titania. Silver and silver chloride are
also present in the diffractogram as will be discussed further
later in the paper. No rutile was found in the material.
Further, the width of the peaks shows us that the titania
particles are relatively small in size: from the Rietveld whole
pattern refinement an apparent average particle size of about
15 nm was obtained. As stated earlier, both glass and quartz
were used as film supports. During the low-angle X-ray
characterization of materials made on the different supports,
it appeared that the films made on quartz were more meso-
ordered than the ones made on ordinary glass slides. This
was observed as more intense peaks at low angles as well
as the appearance of additional meso-order peaks at higher
angles in the diffraction spectra of the films deposited on
quartz. The origin of this difference is not yet understood,
but we believe it to be due to the more well-defined surface
of the quartz, which may play a role during film formation.
Even if quartz was the preferred support, glass supports did
give highly ordered material. The structure of the film
material was studied more thoroughly using TEM, and
typical micrographs of the mesoporous titania synthesized

(49) Crepaldi, E. L.; Soler-Illia, G. J. d. A.; Grosso, D.; Cagnol, F.; Ribot,
F.; Sanchez, C.J. Am. Chem. Soc.2003, 125, 9770.
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A.; Sanchez, C.Chem. Mater.2003, 15, 4562.

Figure 1. SEM micrograph showing mesoporous titania supported on a
quartz slide. The shown film is on cubic titania extracted from the solution
at a rate of 1 mm/s. The film is calcined at 400°C, and its thickness is
approximately 350 nm. Figure 2. Low-angle X-ray diffractogram for a cubic mesoporous titania

thin film after calcination at 400°C for 4 h both without and with subsequent
silver nanoparticle incorporation. The inset shows the background-corrected
signals as a function of thed spacing.

Figure 3. Wide-angle powder X-ray diffractogram for a cubic mesoporous
titania film after calcination at 400°C for 4 h and doped with silver. Circles
represent the measured data, while the full line gives the Rietveld fit. The
difference between the measurements and the model is given by the full
line centered at zero intensity. The Bragg peaks are identified as anatase
titania together with cubic silver and silver chloride. The peak positions
are indicated by vertical bars in the order (from top to bottom) anatase,
silver chloride, and cubic silver.
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on quartz are shown in Figure 4. As seen from these images
(Figure 4a,b), the cubic material is highly ordered (silver is
also present in the micrographs as will be discussed later in
the paper). It has previously been shown that dark field TEM
can be used to highlight titania crystallites in an amorphous
matrix.51 A dark field micrograph based on the anatase (101)
reflection (Figure 4d) is shown in Figure 4c. Since a single
reflection is used in dark field imaging, only those particles
with the corresponding Bragg angle toward the electron beam
are highlighted; consequently, a precise measure of the
particle size cannot be obtained by this method. This also
affects the apparent crystallite concentration of the sample.
For the hexagonal mesostructure one could see that the
structure was ordered after the heat treatment (250°C, 4 h)
according to low-angle X-ray diffraction (not shown), but
the presence of anatase crystallites could not be observed
by electron diffraction in TEM. Heat treatment at 400°C
did give anatase but also resulted in disappearance of the
meso-order of the hexagonal sample.

Incorporation of Silver. The combination of titania and
silver has proven to be a good candidate material for
photocatalytic reactions. Titania in a mesoporous structure
is interesting in the sense that it generally has a high surface
area in a continuous structure rather than in discrete particles.
This continuity can be expected to make the electron transfer
within the material easier, resulting in higher activity. It has
been shown that if the silver is in the form of nanoparticles,
which results in a large specific surface area as well as unique
optical and electronic properties, it can enhance photocata-
lytic activity in a most effective way.15 In the present work,
silver ions were adsorbed on the titania surface and later
reduced under controlled conditions to yield a silver/titania
catalyst. A mixture of AgNO3, ethanol, and water, which
has been used for making silver nanowires within mesopo-
rous silica,42 was applied because of its penetrating capabili-
ties. During impregnation, which was done for 24 h at room
temperature, a difference between the hexagonal and cubic
mesoporous titania was observed. The hexagonal sample
turned (more or less) black during the impregnation, while
the cubic sample turned pale gray, indicating that the silver
ions were reduced in the hexagonal case but negligibly so

(51) Yang, P.; Zhao, D.; Margolese, D. I.; Chmelka, B. F.; Stucky, G. D.
Nature1998, 396, 152.

Figure 4. TEM micrographs of mesoporous titania with incorporated silver. (a) and (b) show the highly ordered mesoporous cubic structure of titania at
different magnifications. The dark spots are silver particles situated within the titania. (c) shows a dark field micrograph taken on mesoporous cubic titania.
Here the bright spots are titania crystallites and the very dark spots are silver nanoparticles. The crystalline structure of the titania is anatase as indicated by
the electron diffraction pattern in (d). (e) shows a micrograph taken on a hexagonal film with no long-range order present and with the silver particles being
larger in size than those in the cubic structure.

Ag/AgCl-Loaded Anatase for Photocatalysis Chem. Mater., Vol. 17, No. 6, 20051413



in the cubic system. We believe that this difference is due
to the lower calcination temperature of the hexagonal phase,
which, at least in the 4 h calcination period at 250°C, is not
sufficient to burn away all the structure-directing surfactant.
The surfactant is known to reduce silver ions,52,53 and we
suggest that the remaining surfactant contributed to reducing
the silver ions. This reduction of the silver in the hexagonal
sample caused by the surfactant led not only to the formation
of silver but also to loss of the long-range order of the titania.
Figure 4e shows a typical TEM micrograph for the hexagonal
titania after the incorporation of silver. As can be seen there
is no long-range order and silver is present as particles of
approximately 20 nm diameter. The cubic structure was made
at 400 °C, which led to a more complete removal of the
surfactant, and an extra step had to be carried out for the
reduction of the silver ions. TEM micrographs of the cubic
mesoporous titania with silver incorporated are shown in
Figure 4a,b. Here it is seen that the silver particles are situated
within the titania framework and that they are smaller in
size (∼8 nm) than the silver particles in the hexagonal
sample. The particle size obtained by XRD, 12.6(4) nm, is
in fair agreement herewith. The incorporation of silver does
not disrupt the meso-order as seen from the small-angle X-ray
diffraction data in Figure 2. The observed shift ind spacing
upon introduction of silver, from 5.66 to 5.56 nm, is
insignificant when the difference in sample absorption is
taken into account. The silver formation in the cubic structure
is believed to by hindered by the titania framework, and
thereby structure directed, to form nanoparticles of roughly
the same size as the pores. The loading of the titania is
estimated to be roughly 6% by PXRD. To study the existence
of both silver and titania on the surface, XPS was performed
on a cubic, a hexagonal, and a silver-loaded hexagonal film.
Figure 5 shows both the survey (a) and the high-resolution
(b, c) spectra. They are consistent with a single oxidation
state of Ti, the chemical shift and line width being the same
for the three investigated films. Hence, both silver and titania
are present on the surface and are available for the photo-
catalytic reaction.

Photocatalytic Activity. The photocatalytic activity of
three anatase samples was investigated. Two cubic meso-
ordered titania materials, both calcined at 400°C, one
containing silver, were compared to a reference sample
without meso-order or silver. The reference was prepared
by calcination of the ordered titania at 600°C instead of
400°C, leading to larger anatase crystallites and loss of long-
range order. Figure 6 shows the produced CO2 as a function
of UV illumination time for the three samples. All three
samples showed photocatalytic activity for oxidation of
stearic acid. As anticipated, the highly ordered cubic meso-
porous titania was crystalline enough to be photoactive. From
Figure 6 it can be seen that the shape of the curves for the
cubic meso-ordered non-silver-containing sample and the
reference sample resemble each other to a high extent,
indicating that the same reaction mechanism occurs with
these two samples. The differences in the produced amount

of CO2 for these two cases could be due to several factors,
such as differences in stearic acid loadings, catalyst specific
surface areas, irradiated sample volumes, or photocatalytic
activity. In comparing the silver-containing sample with the
non-silver-containing ones, a difference in the shape of the
curves is seen. The most likely explanation for the observed
difference is that the presence of silver facilitates decomposi-
tions via a different reaction path. Furthermore, the silver-
containing titania has an apparent higher initial activity
(higher initial slope of the curve). The drop in CO2 formation
for the silver-loaded sample after 17 min was not observed
for the samples without silver. This difference can be due
to (i) differences in stearic acid loadings or (ii) poisoning or
more rapid deactivation of the silver-containing sample. The
effect of silver addition is believed to cause an electron
transfer between the titania and silver, whereby the photo-
induced electron-hole pair of the titania is stabilized. It
should also be noted that AgCl has been proven to be

(52) Andersson, M.; Alfredsson, V.; Kjellin, P.; Palmqvist, A. E. C.Nano
Lett. 2002, 2, 1403.

(53) Liz-Marzán, L. M.; Lado-Touriño, I. Langmuir1996, 12, 3585.

Figure 5. XPS analysis of as-prepared mesoporous titania samples with
and without silver incorporated showing the (a) survey spectra, (b) high-
resolution spectra for Ti, and (c) high-resolution spectra for Ag.

Figure 6. Results from the photocatalytic experiments showing the
generation of CO2 as a function of time upon UV illumination of mesoporous
titania with stearic acid. Lines are guides to the eye. Key: red circles, silver-
containing cubic mesoporous sample calcined at 400°C; green triangles,
cubic mesoporous sample calcined at 400°C; blue squares, cubic meso-
porous sample calcined at 600°C (no longer ordered mesoporous).
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photocatalytically active due to the fact that silver clusters
can be formed upon irradiation with UV light.54 This should
be taken into account since the silver-containing sample
contains a relatively high amount of AgCl.

Conclusion

In this paper we report the synthesis of highly ordered
mesoporous titania as a thin film with incorporated silver
nanoparticles and its photocatalytic activity. The cubic
structured mesoporous titania could be formed with a high
content of nanocrystalline anatase with conservation of meso-
order. Silver was incorporated by in situ heat induced
reduction, and nanoparticles were formed within the meso-

structure acting as a template. The formed material’s
photocatalytic activity was examined using degradation of
stearic acid as a model reaction. It was shown that meso-
ordered titania was photocatalytically active and that the
activity was influenced by the presence of silver nanopar-
ticles.
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