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An original synthetic approach to Au/TiO, nanosystems is developed. The adopted
technique is based on the RF-sputtering of gold (guest) on porous titania xerogels (host)
obtained by the sol—gel route. Such a combined synthetic pathway joins the peculiarities
offered by the features of the sol—gel layers (porosity, nonbridging groups) and the advantages
of plasmochemical methods (conformal coverage, infiltration power). In particular, host titania
substrates were first prepared on silica by dip-coating from ethanolic solutions of Ti(OPr'),
(OPri=iso-propoxy) and Hacac (2,4-pentanedione). Subsequently, Au depositions were
performed on the as-prepared xerogels in Ar plasmas at low temperatures. The resulting
samples were finally annealed in air between 200 and 600 °C with the aim of tailoring the
system features as a function of thermal treatment and gold content. Their structural,
compositional, and morphological evolution was investigated by Glancing Incidence X-ray
Diffraction (GIXRD), Transmission Electron Microscopy (TEM), optical absorption spectros-
copy, X-ray Photoelectron Spectroscopy (XPS), and Atomic Force Microscopy (AFM). The
adopted strategy enabled the synthesis of Au/TiO, nanosystems with characteristics strongly
dependent on the deposited gold amount and processing conditions. In this way, materials
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with tunable structure, composition, and optical properties could be synthesized.

Introduction

AuU/TiO, nanosystems have come under intense scru-
tiny for a broad range of applications thanks to their
intriguing chemico-physical properties. Such unique
characteristics are derived from phenomena occurring
at the Au nanoparticle/TiO, matrix interface, which
represent an interesting example of weak Au/TiO;
interactions.1? The latter play a key role in promoting
the catalytic activity of such systems for a variety of
processes,®~¢ including CO oxidation to CO,,’~% NOy
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reduction to N,19 and water gas shift reaction.1112
Further interest toward Au/TiO, nanosystems is ad-
dressed to their use in nonlinear optical devices,3-16
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thanks to the high x® values related to the high
polarizability of the gold particles (guest) and the high
dielectric constant of the titania matrix (host).1718
Moreover, a great attention has been focused on the use
of Au/TiO; in photoelectrochemical solar cells, due to
the photocatalytic properties of TiO,1%20 that are further
enhanced by gold dispersion.?! Dye-sensitized nano-
crystalline TiO; solar cells have achieved sunlight-to-
electrical power conversion efficiencies greater than 9%
and photocurrents >16 mA x cm~—2.22

As a general rule, the functional performances of Au/
TiO, materials are strongly dependent on the Au
particle size and distribution and hence on the adopted
synthetic procedure.323 Generally, these systems have
been prepared by both physical and chemical routes,
including ion implantation,?* ionized cluster beam,?®
evaporation,10122627 gpyttering,16182829 Chemical Vapor
Deposition (CVD),2 wet chemical methods,”143° and sol—
gel (SG) routes.®2331.32 Nonetheless, no reports concern-
ing the combined use of different preparation techniques
for the gold guest particles and the titania host phase
have appeared in the literature up to date.

In the present work, Au/TiO; nanosystems were
synthesized by an original hybrid technique aimed at
the control of the peculiar properties exhibited by gold-
titania at the nanometric scale. Based on our recent
studies concerning the preparation of CeO,—ZrO, nano-
systems by a Plasma-Enhanced CVD/SG approach,® the
attention was focused on the dispersion of Au nanopar-
ticles by RF-sputtering on porous titania xerogels
prepared by the SG technique and on subsequent
thermal treatments of the obtained systems. To the best
of our knowledge, only a previous report concerning the
preparation of Ag—SiO, composites by a combined
Pulsed Laser Deposition/SG approach has appeared in
the literature up to date.3*
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The main advantages of a plasma/liquid phase hybrid
approach have already been discussed.®? In particular,
the peculiar characteristics of RF-sputtering are the
flexibility that permits the fabrication of composite films
of various metals and dielectric materials and the
capability to produce uniformly distributed metal clus-
ters.3536 Moreover, the synergic competition between
deposition/ablation phenomena characterizing sputter-
ing processes from glow discharges is a key step in order
to obtain nanoparticles with tailored size and distribu-
tion. In these processes, plasma activation of both gas-
phase species and growth surface can induce intermix-
ing processes between the host matrix and the guest
phase. Such effects are further enhanced by the proper-
ties of TiOx(OH),(OR), xerogels, i.e., the porous structure
and the presence of nonbridging groups (—OH and
—OR), allowing, in principle, an optimal dispersion of
the deposited gold particles. These features might result
in unexpected and/or improved functional properties. In
the present case, due to the soft conditions adopted for
Au deposition, mild plasmochemical modifications of the
xerogel properties are expected to involve essentially the
outermost sample region. Ex-situ thermal treatments
could induce either a coalescence of the gold particles
in the near-surface region or their migration in the inner
layers of the host titania matrix. Moreover, an important
advantage of the proposed synthetic pathway is its
versatility and feasibility for the preparation of a wide
range of host/guest metal/metal oxide systems, featur-
ing properties hardly attainable by conventional syn-
thetic routes.

In the present work, RF-sputtering of gold was
performed on SG titania xerogels at temperatures as
low as 60 °C, to avoid thermally induced modifications
of the xerogel morphology and structure. The obtained
samples were subsequently annealed in air for 1 h at
temperatures ranging from 200 to 600 °C.

Film nanostructure, composition, and morphology
were investigated by GIXRD, TEM, optical absorption,
XPS, and AFM in order to analyze the system evolution
as a function of gold content and annealing conditions.

Experimental Section

Synthesis. Titania xerogels were deposited on Herasil silica
slides (Heraeus, Quarzschmelze, Hanau, Germany) 1 cm x 2
cm x 1 mm each, cleaned by a previously optimized proce-
dure®” aimed at removing organic residuals. The xerogels were
prepared by dip-coating from ethanolic (C.HsOH, Carlo Erba,
99.8%) solutions of Ti(OPr'), (ABCR, 97%) and Hacac (Aldrich,
99+ %) (C(TiO,) ~50 g/L; Ti(OPr);:Hacac = 2:1), at a with-
drawal speed of ~12 cmxmin~1. All the as-prepared specimens
resulted well adherent to the substrate, pale yellow colored,
homogeneous, crack free and without any detectable crystal-
line phase, as proved by GIXRD analyses. The xerogels were
used in the subsequent RF-sputtering experiments without
further treatments.

Au depositions on titania xerogels were performed by a
custom-built Radio Frequency (RF) Plasmochemical reactor (v
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= 13.56 MHZz)%® using electronic grade Ar (purity 5.0) as
plasma source. A 2” diameter gold target (0.1 mm thick; BAL-
TEC AG, 99.99%) was fixed on the RF electrode, while the
substrates were placed on a second grounded electrode whose
temperature was measured by a thermocouple inserted into
the resistively heated sample holder. Depositions were carried
out at 60 °C substrate temperature with an electrode-to-
electrode distance of 50 mm, under optimized conditions. The
resulting nanosystems were analyzed both as-prepared and
after 1 h ex-situ annealing at 200, 400, and 600 °C in air.

Characterization. Glancing-Incidence XRD patterns were
recorded by means of a Bruker D8 Advance diffractometer
equipped with a Gobel mirror and a CuKa source (40 kV, 40
mA), at a fixed incidence angle of 1.5°. The average crystallite
dimensions were estimated by means of the Scherrer equation.
For the Au crystallites, this analysis was performed using the
peak related to (200) planes (29 = 44.5°), instead of the most
intense one (29 = 38.4°, (111)) due to the overlap with TiO;
anatase (112) reflections at 2¢ = 38.6° for samples annealed
at T = 400 °C.

TEM images were taken with a JEOL 3010, operating at
300 kV, equipped with a Gatan slowscan CCD camera (Mod.
794) and an Oxford Instrument EDS microanalysis detector
(Mod. 6636). The samples for cross-section observations were
obtained by means of mechanical grinding, dimpling, and low-
angle Art ion milling.

Optical absorption spectra of the films were recorded in the
range 300—800 nm on a Cary 5E (Varian) UV—vis—NIR dual-
beam spectrophotometer with a spectral bandwidth of 1 nm.
In each spectrum, the silica substrate contribution was
subtracted.

XPS spectra were run on a Perkin-Elmer ® 5600ci spec-
trometer at a pressure lower than 10~° mbar, using a standard
AlKa excitation source (1486.6 eV). The spectrometer was
calibrated by assigning to the Au4f; line the Binding Energy
(BE) of 84.0 eV with respect to the Fermi level. The residual
BE shifts were corrected assigning to the C1s line of adventi-
tious carbon a value of 284.8 eV.*° The estimated BEs standard
deviation was +0.2 eV. After a Shirley-type background
subtraction,*® the raw spectra were fitted using a nonlinear
least-squares deconvolution program. The atomic compositions
were evaluated using sensitivity factors provided by ® V5.4A
software. Depth profiles were carried out by an Ar* beam at
2.5 kV with an argon partial pressure of ~5 x 10~8 mbar and
arastered area of 2 x 2 mm?. Samples were introduced directly
into the analysis chamber by a fast entry lock system. The
sample thickness was evaluated by measuring the depth of
the erosion crater at the end of each profile by means of a
Tencor Alpha Step profiler.

AFM micrographs were recorded by a Park Autoprobe CP
instrument operating in contact mode and in air. The back-
ground was subtracted from the images using the ProScan 1.3
software by Park Scientific. Images were recorded in different
sample areas in order to check surface homogeneity.

Results and Discussion

Table 1 summarizes the preparation conditions of the
synthesized gold-titania nanosystems. Three different
sample sets (1—3) with different Vs values were
prepared to vary the overall sputtered gold amount and,
hence, the morphological and structural properties of
the prepared nanosystems, with particular attention to
clusterlike or islandlike systems. Using the working
conditions in Table 1, all the as-prepared samples were
homogeneous, crack-free, and their color depended on
the synthesis conditions, changing from green to blue
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Table 1. Synthesis Conditions for Au/TiO, Nanosystems?

t RF power p Vbias thermal

sample (min) (W) (mbar) (V) treatment (°C)
setl 1A 10 25 0.380 —550  as-prepared
1B 200
1C 400
1D 600
set2 2A 10 5 0.080 —305 as-prepared
2B 200
2C 400
2D 600
set3 3A 20 5 0.380 —250  as-prepared
3B 200
3C 400
3D 600

2 1n all cases, annealing was performed for 1 h in air. Typical
film thickness was ~60 nm.

Intensity (a.u.)
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Figure 1. GIXRD patterns of Au/TiO, nanosystems belonging

to set 1. Peak positions for anatase TiO, (O) and Au (®) are
indicated.

and, finally, pink on going from set 1 to set 3. These
color changes could be attributed to charge separation
and, in particular, to a progressive electron transfer
from titania to gold nanoparticles. For each deposition
condition, one of the specimens was analyzed as-
prepared (A), while the remaining three were character-
ized after annealing ex-situ at 200 (B), 400 (C), and 600
°C (D).

Microstructural Characterization. Preliminary
GIXRD investigations were performed on as-prepared
titania xerogels subjected to an Ar plasma treatment
(RF power=25 W, total pressure=0.380 mbar, deposi-
tion time=10"), to investigate the eventual crystalliza-
tion of TiO, matrices. In this case, no diffraction peaks
were observed. On the other hand, after ex-situ anneal-
ing inair at T = 400 °C for 1 h, reflections attributable
to TiO; in the anatase form*! were clearly detectable,
as typically observed in the initial phases of SG titania
crystallization.2931,32.42

As an example, Figure 1 displays the GIXRD spectra
of Au/TiO, samples belonging to set 1. Only two reflec-
tions located at 29 = 38.4° and 29 = 44.5° were detected
up to an annealing temperature of 200 °C (1A, 1B) and
ascribed to the (111) and (200) planes of fcc metallic
Au.*® An increase in the treatment temperature resulted
in an intensity enhancement and narrowing of these
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Figure 2. Dependence of gold crystallite size on annealing
temperature for Au/TiO, nanosystems. The 60 °C temperature
corresponds to the as-prepared specimens.

peaks, indicating a progressive growth of gold particles.
The appearance of signals at 29 ~ 25.3° (101) and 48.0°
(200) after annealing at 600 °C (Figure 1, 1D) was
ascribed to the crystallization of anatase TiO,, with an
average size of ~15 nm.

As a general trend, the mean Au nanocrystal dimen-
sions (Figure 2) increased linearly with annealing
temperature, indicating a progressive coalescence of gold
agglomerates. However, the curve slope increases with
the overall Au amount, i.e. from set 3, where the
nanocrystal size shows a very weak dependence on
temperature, to set 1 (Figure 2), where crystallites
increase from 5 to 15 nm from the as-prepared specimen
(60 °C) to the 600 °C-annealed one. Such a behavior can
be interpreted by assuming a dependence of particle
coalescence on the overall sputtered gold amount, as
explained below.

A deeper insight into the system nanostructure as a
function of thermal treatment was obtained by TEM
analyses on two selected samples, 2A (as-prepared) and
2D (annealed at 600 °C, 1 h). A cross-section TEM image
of specimen 2A is shown in Figure 3(a), together with
a High Resolution (HR) HRTEM image (Figure 3(b)).
It can be seen that on the titania film surface two kinds
of Au particles are deposited. The smallest ones have
sizes lower than 2 nm, whereas the largest particles
range between 5 and 8 nm. The number of smaller
particles seems to be much higher than that of the
larger ones. This feature might be attributed to host
matrix effects, i.e., the presence of —OH and —OR polar
groups in the titania xerogels, acting as grafting sites
for the sputtered gold particles. This feature, together
with the soft processing conditions (deposition temper-
ature=60 °C), is likely to result in the formation of many
nucleation sites per unit area, that limit the subsequent
particle aggregation. Concerning the larger particles, an
inspection of the HRTEM image in Figure 3(b) allows
for discerning the (111) planes of fcc metal gold. In

(41) Pattern No. 21—1272, JCPDS 2000.

(42) Okada, K.; Yamamoto, N.; Kameshima, Y.; Yasumori, A.;
MacKenzie, K. J. D., 3. Am. Ceram. Soc. 2001, 84, 1591.

(43) Pattern No. 4—784, JCPDS 2000.

Armelao et al.

Figure 3. (a) TEM image of the as-prepared set 2 sample (2A);
(b) HRTEM of the same sample.

agreement with GIXRD results, the titania matrix
resulted in amorphous.

As a matter of fact, a significant structural evolution
is observed upon thermal treatment in air. In Figure 4
a TEM image (a) and two HRTEM ones ((b) and (c)) of
the sample annealed at 600 °C (2D) are shown. It may
be seen that the effect of the annealing is the crystal-
lization of the titania host matrix (fringes due to (101)
anatase planes are evident) and the growth of larger
gold particles at expenses of smaller ones, which almost
disappear in this sample. Moreover, the aggregation of
different Au nanocrystallites can be observed. Such
phenomena were further confirmed by optical absorp-
tion spectroscopy, that revealed a marked evolution for
samples belonging to the different sets as a function of
the annealing temperature. As an example, Figure 5
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Figure 4. (a) TEM image of the set 2 sample annealed at
600 °C (2D); (b) and (c) HRTEM images of the same sample.
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Figure 5. Optical absorption spectra of Au/TiO, nanosystems
belonging to set 2 as a function of annealing temperature.
displays the optical spectra in the visible range for set
2 specimens. The absorption spectrum of the as-
prepared Au/TiO, nanosystems showed a broadened
band centered at 1 ~ 640 nm and extending toward the
IR region. Such an absorption, responsible for the
observed blue coloration, was typical for an Au/TiO,
nanosystem with a very broad particle size distribu-
tion.?! On increasing the treatment temperature up to
200 °C, the development of a Surface Plasmon Reso-
nance (SPR) peak centered at ~590 nm, typical for gold
nanoclusters dispersed in/on a titania matrix, was
observed.1431.32 The plasmon band increased in intensity
and shifted to longer wavelengths, up to ~630 nm, with
increasing heat-treatment temperature. A similar be-
havior, that is consistent with the specimen color change
from blue (as-prepared) to purplish (600 °C-annealed),
have already been reported for gold-dispersed glasses
synthesized by liquid-phase routes.'* The observed SPR
peak shift of ~40 nm toward longer wavelengths was
mainly attributed to the change in the relative permit-
tivity of the host titania matrix due to the crystallization
process.6:30-32.36.44-47 Noreover, the relatively broad
absorptions are likely to indicate that the matrix not
only serves as an environment providing the dielectric
character but also interacts with Au nanoparticles to
some extent.3!

The evolution of the SPR peak on increasing anneal-
ing temperature can also be related to gold distribution
variations in the surface and near-surface layers upon
thermal treatment (see below). In fact, as shown by
TEM investigations, after annealing at 600 °C (sample
2D, Figure 4) gold nanoparticles grow larger and become
essentially isolated and surrounded by the host titania
matrix.

Surface and In-Depth Composition. All XPS
surface spectra displayed the main photopeaks of C, O,
Au, and Ti. Samples annealed at T < 400 °C showed
the presence of carbon throughout the film thickness,
indicating that such thermal treatments were not
successful for a complete TiO;, network formation. Such
an hypothesis was confirmed by observing the evolution
of O1s signal, which could be fitted by three components
at 530.0, 531.6, and 533.0 eV, ascribed to lattice oxygen
in Ti(lV) oxides, adsorbed —OH groups and HO,
respectively.3348 For T > 400 °C, the latter two compo-
nents underwent an appreciable decrease.
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Figure 6. Dependence of Au surface percentage (as deter-
mined by XPS) on annealing temperature for Au/TiO, nano-
systems belonging to set 1, 2, and 3. Quantifications were
made taking into account only Au, Ti, and O in order to avoid
undesired data alterations due to the presence of surface
adventitious carbon in variable amounts for different speci-
mens.

Whatever the annealing conditions, the Ti2ps, BE
was always close to 459.0 eV, in agreement with
literature values for Ti(1V).#8750 The Au4f;, component
was centered at 84.0 eV for all specimens, as expected
for metallic gold.14.48:51-54

For all three sample sets, a progressive decrease of
Au surface amount was observed upon annealing (Fig-
ure 6). Nevertheless, the dependence of Au percentage
on temperature became progressively weaker on going
from set 1 to set 3 specimens. This trend was explained
by taking into account that the coalescence/agglomera-
tion of gold nanoparticles, favored by an increase of
thermal energy,36-45=47 might be responsible for a di-
minished surface coverage at higher treatment temper-
atures, resulting in an apparent lowering of Au per-
centage. Such a phenomenon was expected to be more
effective for nanosystems characterized by a higher gold
content (Figure 6, set 1). Moreover, a further contribu-
tion arising from Au penetration in the subsurface
layers could not be excluded. Such transformations are
likely to be further enhanced at T > 400 °C by the
structural reorganization accompanying TiO; crystal-
lization process.3255 Concerning samples belonging to
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Figure 7. Au XPS depth profiles for samples 1A (as-prepared)
and 1D (annealed at 600 °C, 1 h) (see Table 1). Quantifications
were made taking into account Au, Ti, C, and O.

set 3, the weaker variations of Au surface percentage
with the heating temperature were related to the lower
gold amount, resulting in a more limited coalescence
process. In this case, appreciable Au content variations
began to occur at 400 °C, in concomitance with titania
crystallization.

It is worthwhile observing that RF-sputtering of gold
on commercial silica slides under the same conditions
adopted for set 1 and set 2 samples led to a surface gold
content of ~50%, for as-prepared samples, while speci-
mens 1A and 2A presented an Au amount of ~75% and
60%, respectively. A similar difference emphasizes the
role of the host titania matrix as regulator of gold
distribution, inducing a different morphology with
respect to that observed on other substrates.

Figure 7 compares the gold depth profiles for the as-
prepared (1A) and 600 °C-treated specimens (1D). For
sample 1A, Au percentage decreased from ~40% on the
surface to a disappearance at ~30 nm depth. This
behavior, suggesting a gold penetration in inner layers
of the titania xerogel at temperatures as low as 60 °C,
might be related to the synergy between the xerogel
porosity and the infiltration power typical of plasmo-
chemical methods (see above), which, in turn, is favored
by the bombarding action exerted by plasma particles.
A remarkable modification of the gold profile was
observed after treatment at 600 °C (1D) that resulted
in an apparent lower average Au amount (Figure 7). As
previously discussed, this effect could be mainly traced
back to a thermally induced gold redistribution in the
surface and near-surface layers due to particle ag-
glomeration, whose entity is further increased by TiO,
crystallization.325 In both cases, the maximum Au
penetration depth into the matrix was estimated to be
~20 nm. A similar thermal evolution was observed also
in the XPS depth profiles of specimen belonging to the
other sets (Table 1).

At variance with results obtained for CeO,—ZrO,
nanosystems,33 no further gold penetration with respect
to the as-prepared sample was induced by thermal
treatment (compare the two depth profiles in Figure 7).

(55) Mosaddeg-ur-Rahman, Md.; Yu, G.; Krishna, K. M.; Soga, T.;
Watanabe, J.; Jimbo, T.; Umeno, M. Appl. Opt. 1998, 37, 691.
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Figure 8. Representative AFM surface micrographs (1 x 1 um?) of specimens 1A (a), 1D (b), 2A (c), 2D (d).

This difference might be ascribed to the absence of
significant host-guest interactions, differently from the
case of CeO,—ZrO, nanocomposites, where annealing
in air produced the formation of a solid solution
Ce1-xZryOs.

Morphology. The morphological evolution under
annealing was appreciably influenced by the deposition
conditions, i.e., the total gold content. Such differences
are exemplified in Figure 8, that reports representative
AFM images for selected set 1 and 2 samples. In all
cases, a typically globular surface texture was detected.
The most remarkable variations took place for samples
1A and 1D. While for the as-prepared specimen (1A,
Figure 8(a)) the average RMS roughness and grain size
were 0.5 and 20 nm, respectively, after 600 °C annealing
these values increased to 2 and 60 nm, corresponding
to a rougher surface and a less regular morphology (1D,
Figure 8(b)). Such variations were attributed both to the
host matrix crystallization processes and to the coales-
cence of gold agglomerates, as previously discussed.
Concerning Au/TiO, nanosystems belonging to set 2, no
significant differences in the morphology of the as-
prepared specimens were observed with respect to set
1 (compare Figure 8(a) and (c)). Thermal treatment at
600 °C produced an increase of the average grain size
from 20 to 30 nm, but the observed variations were not
as marked as those revealed for set 1 specimens
(compare Figure 8(b) and 8(d)). As already pointed out,
this different behavior was related to the overall gold
content in the as-prepared samples belonging to set 1
and set 2.

The above results suggest that the chemico-physical
properties of Au/TiO, nanosystems belonging to sets

1—3 are strongly influenced by the overall gold amount
in the corresponding as-prepared specimens, resulting
in different Au particles distributions. Concerning set
3 samples, that contain the lowest Au amount, small
gold nanoparticles can be considered homogeneously
dispersed on the xerogel surface and partially trapped
in the matrix pores, so that annealing processes cannot
induce appreciable coalescence of Au agglomerates. At
progressively higher gold contents (set 2 and 1), the
overall contact area between different Au particles is
likely to increase, so that thermally induced coalescence/
agglomeration processes are subsequently favored. Such
features can explain the different dependence of nano-
crystal size on temperature (Figure 2), which resulted
appreciably steep for set 1 and very weak for set 3
samples. As a matter of fact, gold nanocrystal size for
the as-prepared samples resulted ~4 nm irrespective
of the synthesis conditions (Figure 2). Consequently, the
principal effects influencing the system evolution were
dictated by the Au amount which, in turn, could be
controlled by the RF-sputtering parameters. In particu-
lar, the entity of Au coalescence/agglomeration pro-
cesses, decreasing from set 1 to 3, was also responsible
for the observed evolution of optical, compositional, and
morphological properties.

Conclusions

In this work, Au/TiO; nanosystems were synthesized
by an original hybrid route, consisting in the RF-
sputtering of gold (guest) onto titania xerogels (host) and
subsequent thermal treatments in air between 200 and
600 °C. Titania xerogels were prepared from Ti(OPri),
by SG dip-coating and successively used as substrates
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for Au sputtering in Ar plasmas, at temperatures as low
as 60 °C. The very low deposition temperature was
essential in order to prevent undesired xerogel modifi-
cations.

The obtained results evidenced an active role of the
host titania matrix?® in tailoring Au nanoparticle dis-
tribution, which was further influenced by the total gold
content. Au/TiO; nanosystems with gold crystal size
between ~2 and ~15 nm were synthesized. In particu-
lar, average Au crystal dimensions depended linearly
on annealing temperature and could be tailored as a
function of total gold content in the as-prepared speci-
mens. Annealing at T = 400 °C resulted in TiO, anatase
crystallization (=15 nm) and thermally induced coales-
cence of gold agglomerates, as indicated by TEM obser-
vations. Interestingly, an in-depth Au penetration in the
subsurface titania layers was observed already for the
as-prepared samples.

The above predictions agreed to a good extent with
the evolution of optical spectra, i.e., the progressive
development of SPR band at higher treatment temper-
atures, and the observed variations of sample surface
topography, i.e., grain coarsening and surface roughen-

ing.
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Further interesting perspectives for the development
of this work can be envisaged. In particular, the influ-
ence of gold-titania aging at room temperature on gold
coalescence/distribution deserves deeper investigations.
Moreover, the use of ordered host matrices with con-
trolled pore size and distribution, such as mesoporous
materials, and their effect on the guest nucleation and
arrangement will be the subject of future research
activities. Finally, the investigation of Au/TiO, nano-
system behavior in photoelectrochemical solar cells or
nonlinear optical devices applications might yield in-
teresting results for the design and development of
devices with improved functional properties.
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