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ABSTRACT: Platinum-decorated mesoporous TiO, is syn-

thesized by the self-assembly of polymeric micelles of an [ERSSEEEIN A"jice/’e
. g . . L. v Yo 3 ssembly
asymmetric triblock copolymer with three chemically distinct EgEEEL
. . 1 . ‘Mesopproys Ti0,
units in an acidic tetrahydrofuran solution. The strong S

hydrophobic interaction of platinum(II) 2,4-pentanedionate EEEEEREEUY
with a polystyrene core and electrostatic interaction of
titanium tetraisopropoxide with a poly(vinylpyridine) shell
enable us to directly synthesize crystalline mesoporous TiO,
with platinum nanoparticles. A thermally stable block copolymer prevents collapse of the ordered mesostructure during the
calcination process. The platinum source is in situ reduced to form the platinum nanoparticles on the TiO, walls. The sensing
performance of platinum-decorated mesoporous TiO, is studied in detail using a quartz crystal microbalance technique, and it is
found that it shows excellent sensitivity for acetaldehyde.

DPlatinum 2,4-pentanedionate
MTitanium tetraisopropoxide (TTIP)

TTIP/Pt/PS-b-PVP-b-PEO micelle
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1. INTRODUCTION synthetic systems are required. Also, serious blocking of the
pore by metal nanoparticles is sometimes observed, which
drastically reduces the performance of the materials.

Like the previous examples, porous TiO, with Pt nano-
particles were synthesized using a photoassisted reduction
method.”” Pt/TiO, synthesized by a solvothermal method in
oleic acid remarkably improved the response with respect to
pure TiO, sensors over ethanol sensing.”® A molten salt

There is great interest in implementing a highly efficient sensor
in order to improve environmental and safety control of
pollutants. Several nanostructures, such as ZnS, CdSe, TiO,,
SnO,, and ZnO, appear to be the best candidates for
semiconductor sensors.'™ The sensitivity of these materials
depends on their conductivity, porosity, and morphology. One
of the widely used methods to increase the sensitivity and . o )
selectivity of the sensing efficiency of semiconductor sensors is method was also adopted to introduce transition metals into

. . 29 . . .

the addition of some active metals, like platinum (Pt), TIO% nanow1re's. Pt was egcap'sulated mt(? ,Cerlfl using a

palladium (Pd), and gold (Au) 6-10 Tpe insertion of metal modified emulsion method. Oxidation of a ceric ion is coupled
, .

with reduction of Pt* to Pt.** A macroporous WO, film with
transition metals was also synthesized by a sol—gel approach
with poly(methyl methacrylate) microspheres.*’ Many efforts
have been made for the preparation of metal-decorated
mesoporous TiO,. In the previous systems, however, multiple

nanoparticles is believed to promote chemical and electronic
sensitization.'" Chemicurrent is observed when metal—semi-
conductor contacts are exposed to some reactive gases.'>'* The
strong interaction between TiO, and Pt has been found to
favor the catalytic activities in fuel cells,'* hydrogen o X
production,'® catalytic reduction of CO,,'® oxidation of steps are Feqmred in the synthesis. ) )
hydrogen to water,”” and sensing of different vapor organic In _partlcu_lar, mesoporous/nfanoporous TiO, materials are
compounds.'®*° very interesting because of their huge surface areas and large
As the widely used technologies for the insertion of metals pore .Volumes., which can captu‘lze metal panqparticles. The a,i)rag
(metal oxides), there are laser-induced pyrolysis,*® sputtering," of this work is to develop our “polymeric m.1celles assembly
sol—gel,?* colloidal deposition,®® photoirradiation,* and to synthesize Pt-decorated mesoporous TiO, for enhanced

chemical vapor deposition.”®> Post-treatment of porous

materials with metal nanoparticles is also a very common Received: September 14, 2013
method to insert metal nanoparticles into or onto the Accepted: December 10, 2013
framework.”® However, multiple steps and complicated Published: December 27, 2013
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Figure 1. Illustration of the synthetic process of Pt-decorated mesoporous TiO, by “polymeric micelle assembly”.

sensing efficiency over several organic molecules. The use of an
asymmetric-type block copolymer [poly(styrene-b-2-vinylpyr-
idine-b-styrene), PS-b-PVP-b-PEO] as a structure-directing
agent can allow us to directly synthesize Pt-decorated
mesoporous TiO,. The hydrophobic interaction of platinum-
(1) 2,4-pentanedionate with the PS block and the electrostatic
force of interaction between titanium tetraisopropoxide (TTIP)
and the PVP block can allow one to successfully insert Pt
nanoparticles inside the pore of mesoporous TiO,. The sensing
performance of Pt-decorated mesoporous TiO, is also studied
in detail using a quartz crystal microbalance (QCM) technique,
and the results reveal unusual high sensitivity to acetaldehyde.

2. EXPERIMENTAL SECTION

2.1. Materials. Titanium tetraisopropoxide (TTIP; Wako),
platinum(II) 2,4-pentanedionate (Alfa Aesar), hydrochloric acid
(HCL; Nacalai), tetrahydrofuran (THF; Wako), and several solvents
[acetaldehyde, ethanol, acetone, ammonia, carbon tetrachloride
(CCl,), hexane, and benzene from Aldrich] were used without
purification.

2.2. Synthesis of Pt-Decorated Mesoporous TiO,. Here we
used a PS(14500)-b-PVP (30000)-b-PEO 33000) triblock copolymer with
polydispersity index 1.15 (the numbers in parentheses indicate the
molecular weights of each block). The synthetic process is illustrated
in Figure 1. Platinum(II) 2,4-pentanedionate (20 mg) was added to
molecularly dissolved the PS-b-PVP-b-PEO block copolymer in THF.
The final concentration of the polymer was 5 g-L™". A concentrated
HCI solution of 27% (100 uL) was slowly added to accelerate
micellization (Pt/PS-b-PVP-b-PEO micelles). Then, TTIP (80 uL)
was added and stirred for 3 h at room temperature (TTIP/Pt/PS-b-
PVP-b-PEO micelles). The obtained solution was allowed to dry at
room temperature. After complete evaporation of the solvent, the
dried powder was collected and calcined at 600 °C in N, flow to
remove the polymer template and induce crystallization of the pore
walls. The applied calcination time was 3 h at a ramping rate of 1 °C-
min~". Finally, Pt-decorated mesoporous TiO, was obtained. For
comparison, we also prepared pure mesoporous TiO, without Pt
nanoparticles.

2.3. Characterization of Pt-Decorated Mesoporous TiO,.
Dynamic light scattering (DLS) measurements were carried out using
an Otsuka ELS Z ({-potential and particle analyzer. All of the
measurements were carried out at 25 °C. The morphology of the
samples was observed by field-emission scanning electron microscopy
(SEM; Hitachi SU-8000) and transmission electron microscopy
(TEM; JEOL JEM-1210). The crystalline phases were investigated
by powder X-ray diffraction (XRD) measurement (Shimadzu XRD-
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7000) analysis. Raman spectra were obtained by a Raman
spectrometer (Jobin-Yvon T64000). Thermogravimetric analysis
(TGA) was carried out using a SEIKO-6300 TG/DTA instruments
at a heating rate of 10 °C-min~" in N, flow. N, adsorption—desorption
isotherms were obtained by a Quantachrom surface area analyzer.

2.4. QCM Sensing Setup for Vapor Organic Compounds.
Prior to the film deposition process, QCM electrodes were first
sonicated in a mixture of ethanol and water for 1 h. The electrodes
were dried under a gentle stream of N, gas. The frequency was
recorded as the initial frequency for the electrode (F,). The F, value
was used for measuring the mass of the sample coated on QCM
electrodes according to the Sauerbrey equation (eq 1). The Pt-
decorated mesoporous TiO, powder was dispersed in an aqueous
solution of nafion (0.1 wt %). The final concentration of the sample
was 1 mg:-mL™". The sample was coated onto the top surface of a
QCM electrode by drop-coating at room temperature. After drying in
a gentle N, flow, the electrode surface was rinsed with pure water and
then continuously dried under vacuum for 2 h.

A 9 MHz AT-cut quartz crystal with Au electrode in both sides was
used to measure the frequency. The schematic illustration of the QCM
device is shown in Figure S1 in the Supporting Information. The
QCM electrode coated with the sample was fixed inside a QCM
instrument (QCA922; SEIKO EG&G Co. Ltd., Japan). Measurements
were carried out in a sealed glass cell with an internal volume of 320
mL. A syringe was used for injection of chemical vapors (acetaldehyde,
ethanol, acetone, ammonia, water, carbon tetrachloride, hexane, and
benzene). Initially, a N, gas flow was passed over the cell to remove
the humidified air. After recording the stable baseline (+1 Hz:min™")
for the modified QCM electrode in the glass cell, analytes with
different concentrations were successively injected into the sealed glass
cell. The time dependence of the frequency shift (AF) was plotted
during exposure of the injected analyte molecules. The frequency was
automatically recorded by a PC-suppported program.

The QCM-based adsorption method offers the capability of
acquiring real-time monitoring of the sorption processes of vapor
molecules in the nanogram range. When a small amount of mass is
adsorbed onto a quartz electrode surface, the frequency of the quartz is
changed. By measurement of the frequency, the mass (per unit area) of
the sample (Am, g-cm™) coated over the electrode can be calculated.
Sauerbrey described the fractional decrease in the frequency of the
oscillator upon deposition of a mass of material on its electrode
surface.®® The Sauerbrey equation is used to relate the frequency
change (AF) to the mass loading of the sample (An). The mass of the
materials and frequency shift have an inverse relationship, as shown in
the following equation:
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Figure 2. (a) Raman spectra of Pt-decorated mesoporous TiO, calcined at 600 °C in N, flow. (b) Wide-angle XRD patterns of Pt-decorated
mesoporous TiO, calcined at 600 °C in N, flow. The XRD patterns of pure Pt nanoparticles and mesoporous TiO, are also shown for comparison.
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where Fy, p, i, and A are the fundamental resonance frequency, crystal
density (2.649 g-cm™), elastic modulus of the crystal (2.947 X 10" g-
em™"-s7%), and surface area (0.196 cm?), respectively. AF of the sample
after drop-coating and drying-up was experimentally obtained as
6750.7 Hz. Thus, the sample amount coated onto the electrode was
estimated to be 12.2 pg-cm™

The gas-sensing property was measured using a static test system,
with a sealed glass cell with an internal volume of 320 mL. A certain
volume of liquid analytes was injected into the cell, and the vapor
concentration was calculated using the following equation:**

24pTV,
==
T 273MY )
where C,,, is the analyte concentration (ppm), p is the density of the

injected liquid analyte (grmL™"), T is the temperature of the detection
chamber (K), V; is the volume of the liquid sample (uL), M is the
molecular weight of the sample (g), and V is the chamber volume (L).
Pt-decorated mesoporous TiO, influence the characteristic rate of
uptake of vaporized acetaldehyde, which is controlled by diffusion,
defined as D/r*, where D is the diffusion coefficient and r is the
diffusion length, which is controlled by the diffusion coefficient and
surface area (geometry). Assuming that the surface concentration is
always constant, the time dependence of the frequency shift (AF)
upon uptake of acetaldehyde vapor should be calculated. This constant
surface concentration model is a simple linear model of adsorption
commonly used in the literature, known as the Fickian model.* Thus,
the solution of short-time (t) behavior can be described based on
FicK’s law for diffusion for a concentration into a homogeneous sphere
of radius r, with D being the diffusion coefficient inside the sphere.

AE D t1/2
AF, B z 1 3)

where AF; and AF,, are the frequency changes at any time t and
equilibrium state at the end of the adsorption process, respectively.
The frequency change—time dependency is given by AF,/AF,, = (F, —
F)/(AF,, — F), Fis the frequency of the electrode before injection at ¢
=0.

3. RESULTS AND DISCUSSION

3.1. Synthesis of Pt-Decorated Mesoporous TiO,. PS-b-
PVP-b-PEO block copolymer was first dissolved in THF, which
is good solvent for all blocks. The synthetic process is
illustrated in Figure 1. Platinum(II) 2,4-pentanedionate as a
hydrophobic Pt source was added to the polymer solution. The
Pt source was dissolved along with the polymer in THF. The
formation of any micelles and/or aggregates was not observed
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by DLS measurement. A specific amount of a concentrated HCI
solution was dropped slowly in order to initiate micellization.
The HCl solution is a poor solvent for the PS block. Therefore,
the interfacial energy between the PS block and the solvents is
increased, leading to the formation of polymeric micelles in
solution. The presence of micelles was immediately observed
upon the addition of a HCI solution. The solution became
slightly turbid. The comprehensive DLS experiment was
performed to detect/measure the dimension of micelles. The
average hydrodynamic diameter of the micelles was 100 nm,
which was slightly larger than that of pure micelles (85 nm)
without platinum(II) 2,4-pentanedionate. It has been reported,
by the addition of the hydrophilic Pt source to the polymer
solution, that the golgstyrene domain swells and the interfacial
area is increased.’®’ The (-potential remained unchanged,
indicating that the addition of the Pt source cannot mask the
surface charge of the polymeric micelles. Thus, the polymeric
micelles were in an extended conformation. After the addition
of TTIP, the {-potential dramatically decreased from 35 to S
mV, indicating the strong interaction of TTIP with the PVP
block. As a result, the PVP shell showed a shrunken
conformation. The hydrodynamic diameter was decreased to
55 nm. Intensity correlation curves of polymeric micelles with
different components are shown in Figure S2a in the
Supporting Information. TTIP/Pt/PS-b-PVP-b-PEO micelles
exhibit faster diffusion curves compared to PS-b-PVP-b-PEO
and Pt/PS-b-PVP-b-PEO micelles. These data indicate a higher
diffusion coeflicient and a lower hydrodynamic diameter. The
morphology of TTIP/Pt/PS-b-PVP-b-PEO micelles was
directly observed by SEM (Figure S2b in the Supporting
Information). Every micelle was arranged without any
aggregation. The average diameter of the micelles was
measured to be about 45 nm, which was slightly smaller than
the size measured by DLS. This is because the sample used in
SEM observation is dry.

Heat treatment (in N, atmosphere at 600 °C for 3 h)
simultaneously converted the amorphous TiO, framework into
a highly crystalline TiO, framework, burned off the polymer
template, and reduced the Pt precursor to Pt nanoparticles. It
has been well-known that, when low-molecular-weight
surfactants or pluronics-type block copolymers were
used,**™* the crystallites grew and the original mesoporous
structures easily collapsed or merged with each other during
calcination. For example, weight loss of the P123 polymer
started sharplz at around 150 °C and was complete at 250 °C
during TGA. ' This temperature was a much lower temper-
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Figure 3. (a) SEM image and (b and c) TEM images of Pt-decorated mesoporous TiO, calcined at 600 °C in N, flow. (d) High-resolution TEM
image of one Pt nanoparticle. (e) Particle-size distribution of Pt nanoparticles. Each mesopore is indicated by a yellow circle. Part c is the enlarged

view of part b.

ature than the crystallization temperature of titania (about 350
°C). Thus, at temperatures higher than 250 °C, there were no
templates to support the inorganic framework. Therefore,
crystal growth was not suppressed, which led to collapse of the
mesostructure.

In contrast, in our approach, the asymmetric-type block
copolymer used in this study is thermally stable, which can
protect the original mesoporous TiO, structure from collapse
and further help in situ reduction of the platinum precursor.
From the TGA curve of the polymer in N, flow (Figure S3 in
the Supporting Information), a sharp weight loss was confirmed
at around 450 °C, indicating complete combustion of the
polymer. When the temperature reached 600 °C, the polymer
derivatives (such as carbon) were completely removed. To
ensure complete removal of the polymer derivatives, the sample
was further investigated using Raman spectroscopy. The Raman
spectrum of Pt-decorated mesoporous TiO, calcined at 600 °C
is shown in Figure 2a. Any peaks derived from carbon were not
observed. When the calcination temperature was 350 °C, two
peaks derived from carbon were seen (Figure S4 in the
Supporting Information). This temperature was not enough to
remove the polymer. Upon an increase in the temperature up
to 600 °C, the carbon peaks totally disappeared and the anatase
peaks of TiO, became intense. Thus, the obtained Pt-decorated
mesoporous TiO, calcined at 600 °C contained no carbon as
well as no any other TiO, phase as the impurity. According to
factor group analysis, the presence of five active modes (three
Eg Ay and Blg) confirms the anatase phase of TiO,.** The
Raman spectrum of pure mesoporous TiO, is also shown for
comparison (Figure S4 in the Supporting Information). The
anatase peaks were more intense in pure mesoporous TiO,
than Pt-decorated mesoporous TiO,.

Figure 3a shows the SEM image of Pt-decorated mesoporous
TiO,. Calcination removes the polymer, leaving the TiO,
framework with interconnecting spherical mesopores with an
average diameter of 35—40 nm. The pore size corresponds to
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the void space formed after combustion of the polymer. The
size of the pore is larger than that of the previously reported
materials, which are synthesized from a similar block
copolymer.™ In a previous method, the polymer solution was
prepared in aqueous solution, but here the presence of a large
amount of THF helps to swell the PS core. As seen in Figure
3a—c, Pt nanoparticles were uniformly distributed into the
mesoporous TiO,. We can confirm that the platinum source
hydrophobically interacts with the PS core because all of the Pt
nanoparticles are inside the mesopores after removal of the
polymeric template. Wiesner and co-workers also reported a
one-pot synthesis method for the incorporation of metal
nanoparticles (such as Pt, Pb, and PtPb) inside the pores of
mesoporous Nb,O; in which the hydrophobic metal source was
mixed preferentially with a hydrophobic polyisoprene block.**
Heating in an inert medium simultaneously crystallized Nb,Oj,
carbonized polyisoprene, and reduced metal precursors to
metal nanoparticles. To gain more insight about the
distribution of Pt nanoparticles, TEM observation was carried
out. Parts b and ¢ of Figure 3 show the TEM images of Pt-
decorated mesoporous TiO,. Figure 3c is the enlarged view of
Figure 3b. The highly magnified TEM image of a single Pt
nanoparticle (Figure 3d) revealed that it had coherently
extended lattice fringes with a d spacing of 023 nm in
agreement with the (111) plane of a face-centered-cubic (fcc)
Pt crystal. The particle-size distribution of Pt nanoparticles is
also shown in Figure 3e. More than 50% Pt nanoparticles were
4—6 nm in diameter. The Pt nanoparticles were strongly
anchored on the surface of a robust TiO, wall. In order to
further confirm the distribution of Pt nanoparticles in the
mesoporous TiO,, a high-angle annular dark-field scanning
transmission electron microscopy (HAADF-STEM) image was
taken (Figure SS in the Supporting Information). It was clearly
observed that the Pt nanoparticles were uniformly distributed
on the pore walls.

dx.doi.org/10.1021/am4039954 | ACS Appl. Mater. Interfaces 2014, 6, 854—860
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To obtain a realistic determination of the crystalline phase of
Pt-decorated mesoporous TiO,, wide-angle XRD measurement
was carried out, as shown in Figure 2b. For comparison, XRD
profiles of pure TiO, and Pt are also shown. All of the peaks of
TiO, were exactly matched with the anatase form (JCPDS 00-
021-1272), where as Pt is a fcc crystallite phase (JCPDS 04-
0802). N, adsorption—desorption isotherms of Pt-decorated
mesoporous TiO, is shown in Figure S6 in the Supporting
Information. It is observed that the isotherm was of type IV and
was representative of mesoporous materials. The surface area
was found to be 48 m*g™".

3.2. Sensing of Vapor Organic Compounds. Several
vapor organic compounds were tested to explore the potential
application of Pt-decorated mesoporous TiO, as an excellent
sensor in terms of higher sensitivity and fast response for
chemical vapor detection using a QCM technique at room
temperature. Acetaldehyde is a highly reactive and odorous
organic compound and classified as a possible carcinogenic
agent to humans by the International Agency for Research on
Cancer of the World Health Organization.* Acetaldehyde is
produced indoor and outdoor as a result of several
anthropogenic activities.***” Therefore, the increasing concern
over environmental monitoring and safety demands in industry
have generated great interest in the development and
optimization of gas sensors with respect to their sensitivity,
response rate, gas selectivity, and economic ef{"'lcienc:)r.‘m_s'1
Here, our effort has been devoted to evaluate the acetaldehyde-
sensing property, as well as to improve the sensor response,
using a Pt-decorated mesoporous TiO,-based film-coated
QCM electrode. For this purpose, we fabricated a QCM
sensor based on a Pt-decorated mesoporous TiO, powder with
the aid of nafion as the binder (Figure S1 in the Supporting
Information).

Figure 4a displays the dynamic response obtained upon
exposure to acetaldehyde vapor with different concentrations
ranging from 100 to 500 ppm. Upon each injection of
acetaldehyde into the cell, the frequency of QCM accordingly
underwent a decrease because of the large adsorption uptake of
acetaldehyde molecules, which attained a steady value after
several minutes. At a low acetaldehyde concentration of 100
ppm, QCM-based Pt-decorated mesoporous TiO, sensors
exhibited higher adsorption uptake (frequency shift, AF = 416
Hz). Furthermore, the adsorption uptake of acetaldehyde
remarkably increased with an increase of the injected
concentration, which is quite consistent with the sensing
behavior of n-type semiconductor sensors.’” The maximum AF
was 2307 Hz after S00 ppm injection. The response of QCM-
based Pt-decorated mesoporous TiO, sensors increased
exponentially and linearly with increasing concentration of
injected acetaldehyde (from 100 to S00 ppm; Figure 4a). Here
we confirmed a high detection sensitivity of 4.5 Hz-ppm™ and
a lower limit of detection equal to 27 ppm. In contrast, when a
QCM-based mesoporous TiO, sensor without Pt nanoparticles
was used, low responsibility was observed. After injection of
100 ppm acetaldehyde, the adsorption uptake was only 156 Hz,
as shown in the inset image of Figure 4a. Thus, compared to
mesoporous TiO, without Pt nanoparticles, a Pt-decorated
mesoporous TiO,-based sensor provided almost 2.5 times
higher uptake for acetaldehyde vapors. This result is easily
attributed to the presence of metallic Pt, which remarkably
enhances the sensing property because of the chemical
sensitization mechanism. The presence of Pt nanoparticles
not only provides abundant adsorption sites for the incoming
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Figure 4. (a) Typical mass-normalized time-dependent frequency shift
(AF) curve of QCM coated with pure mesoporous TiO, (red line)
and Pt-decorated mesoporous TiO,-based films (blue line) caused by
exposure to different injected concentrations of vaporized acetalde-
hyde. (b) Summary of QCM frequency shifts of mesoporous TiO,-
based films (red line) and Pt-decorated mesoporous TiO,-based films
(blue line) caused by exposure to various vaporized gases at 100 ppm.

gas molecules but also helps the spillover of oxygen species
onto the TiO, surface, where they get ionosorbed by trapping
electrons from TiO, (dipole—dipole interaction with the
oxygen surface of TiO,).'***>*

It is very interesting to know that the Pt-decorated
mesoporous TiO,-based sensor has the highest affinity for
acetaldehyde molecules among other possible interference
gases such as ethanol, acetone, ammonia, water, CCl,, hexane,
and benzene at room temperature. The selective detection of
acetaldehyde can be clearly realized. As is clearly observed in
Figure 4b, the sensor was not sensitive to other toxic organic
vapors, such as CCl,, hexane, and benzene. In contrast, the
mesoporous TiO,-based sensor presented poor sensitivity for
the chemical vapors, compared to Pt-decorated mesoporous
TiO,. These results revealed the unusually high sensitivity of
the Pt-decorated mesoporous TiO, sensor to acetaldehyde.
This high response and high selectivity would be attributed to
the intrinsic reactivity of the target gas molecules and their
diftusivities. To simplify our results, we also show the relative
frequency shift of Pt-decorated mesoporous TiO, for different
target gas molecules (Figure S7 in the Supporting Information).
The sensitivity toward acetaldehyde is 7 times greater than than
toward ethanol. The results indicate that the sensitivity of our
material toward acetaldehyde is amazingly better than that of
other tested target molecules.

dx.doi.org/10.1021/am4039954 | ACS Appl. Mater. Interfaces 2014, 6, 854—860
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In previous reports, it was reported that the presence of
metallic Pt can also increase the rate of uptake of adsorbed gas
molecules.'®'”® In this study, the vapor adsorption kinetics
was investigated by real-time monitoring of the frequency
change of the QCM using Fick’s law.>® The experimental data
were analyzed, and a plot of AF,/AF,, against ¢/ is illustrated
in Figure 5. A satisfactory linear fit for the obtained

=== Pt-decorated mesoporous TiO,

= |Vlesoporous TiO,
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Figure S. Graph of AF,/AF,, against t'/> for the uptake of
acetaldehyde vapors (at 100 ppm injection) for pure mesoporous
TiO, (red line) and Pt-decorated mesoporous TiO,-based (blue line)
thin films.

experimental data allows D/7* to be calculated from the linear
regression of the slope; D/r* = 1.3 X 10™* and 2.4 x 107* 57"
for mesoporous TiO, and Pt-decorated mesoporous TiO,-
based films, respectively. As is clearly indicated, the rate of
uptake of acetaldehyde vapor into the Pt-decorated meso-
porous TiO,-based film was almost 2 times higher than that
into mesoporous TiO, without Pt. From theoretical calcu-
lations (Figure S), it was further demonstrated that
acetaldehyde adsorption into a Pt-decorated mesoporous
TiO,-based film proceeds more rapidly than that of pure
mesoporous TiO,. Desorption of acetaldehyde molecules from
a Pt-decorated mesoporous TiO,-based film was also tested.
Almost all of the acetaldehyde molecules were rapidly desorbed
from the film (within a few minutes) after purging of N, gas
inside the testing glass cell at room temperature. The good
reversibility of our sensor will be very helpful for practical use in
gas-sensing devices.

4. CONCLUSION

We synthesized Pt-decorated mesoporous TiO, by the self-
assembly of an asymmetric triblock copolymer in an acidic
THEF solution. Because of the strong interaction of TTIP with
polymeric micelles, the robust wall around the uniform large
pores was formed. The hydrophobic interaction of the Pt
source with the PS block enables us to successfully incorporate
the Pt nanoparticles inside the pore. Our approach based on
“polymeric micelle assembly” is a very simple and one-pot
synthesis method. Also, there are several advantages of forming
uniformly dispersed Pt nanoparticles inside as well as on the
wall without serious aggregation, which is often considerable a
challenge in nanoparticle synthesis. The sensitivity of Pt-
decorated mesoporous TiO, toward acetaldehyde was 7 times
greater than that toward ethanol and far better than that toward
other tested molecules. This superior affinity of QCM-based Pt-
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decorated mesoporous TiO, sensors for acetaldehyde is a very
promising result for highly selective detection, demonstrating a
high potential for environmental monitoring and safety
systems.
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