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Abstract

-Tomas Prudente? - Emiliano J. Di Liscia3 - Josefina Morrone' -

In this work, the preparation and thermal evolution of sputtered semicontinuous gold thin films obtained over ordered
mesoporous TiO, films are presented. The controlled surface topography of the ordered mesoporous TiO, substrate was
used as template for obtaining plasmonic hotspots for Surface Enhanced Raman Spectroscopy (SERS) applications. Plas-
monic thin film was obtained by Au sputtering when film thickness was under circa 10 nm. Above this value, the porosity
effects from the substrate were lost and Raman signal enhancement with it. Moreover, heat treatment was explored in
order to obtain gold nanoislands that can also provide very efficient Raman enhancement. Hence, a very straightforward
synthesis procedure is presented for sensing application, even for large scale production.

Keywords SERS - Mesoporous oxide thin films - Plasmonic films - Sputtering

1 Introduction

Surface-enhanced Raman scattering (SERS) spectroscopy
is a sensitive technique to characterize, detect and, in
some cases, quantify different types of analytes at very
low concentrations [1, 2]. SERS based sensing is currently
routinely used in several analytical applications ranging
from the detection of explosive agents and drugs, to the
prevention of documents, medicines and food products
falsification, the detection of food contaminants and the
quality control [3-5]. Other interesting reported applica-
tions of SERS based sensing include the areas of person-
alized diagnostics [6], immunoassay platforms [7], bioim-
aging and biosensing [8-10], biomedicine [11], detection

of heavy metal anions and other environmental contami-
nants [12, 13], among others [14-16].

Most common SERS sensors are built using metallic
nanoparticles (NPs) such as gold [17], silver [18], and cop-
per [19], either in solution or supported onto substrates.
The enhancement of inelastic scattering by the plasmonic
effect in the metallic nanosized particles and films are
related to the size, shape, morphology, inter-particle dis-
tance and arrangement of the plasmonic nanostructure
[20-23].

Mesoporous oxide thin films obtained by the sol-gel
process are already employed to design diverse SERS
sensors [24]. Ordered mesoporous materials exhibit high
porosity where the pore size and order can be modified
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by using different types of surfactants and by controlling
the processing variables such as temperature, humidity,
catalyst, etc. [25]. Mesoporous films offer the possibility
to support metal NPs thus avoiding their destabilization
in solution. Moreover, NPs remain in contact with the
medium thanks to the porosity. Different architectures
were proposed for the combination of these two materials:
metal NPs inside the mesostructured oxide film [26-29],
metal NPs placed between the oxide film and the substrate
[28-32], and metallic NPs or films in the air-oxide film inter-
face [33-38]. Alternatively, metallic particles covered with
a mesoporous shell can be deposited onto substrates to
prepare films for SERS sensing [39, 40]. While these kinds
of sensors present very attractive features such as high
chemical and mechanical stability, each architecture dis-
plays different sensing capabilities. For example, high spa-
tial homogeneity of the SERS signal can be obtained when
NPs are synthesized inside the mesoporous oxide film
[27-29], while the mesoporous oxide film can be used as
an active part of the sensor giving selectivity to the detec-
tion [30-32]. Nevertheless, when the plasmonic material
is placed inside the mesoporous oxide film or in the sub-
strate-oxide interface, Raman enhancement of the sensor
may be attenuated because the SERS signal relies on NPs
surface availability, NPs proximity and diffusion of the ana-
lyte within the pores. In fact, previous studies of NPs grown
or deposited over mesoporous oxide films showed higher
SERS and localized surface plasmon resonance (LSPR) sen-
sibility [33, 34, 38] compared to the other architectures.
However, in this type of design the plasmonic material is
usually more unstable.

In order to obtain metallic nanosized particles with-
out capping agents, sputtering methods have been stud-
ied over different substrates or arrangements [41-46].
Recently, Bonyar and coworkers prepared a series of gold
nanoisland obtained by sputtering over SiO, substrates
followed by thermal treatment [47]. These authors ana-
lyzed the LSPR and SERS based sensing properties, as
a function of the arrangement obtained after thermal
annealing. Moreover, Pavaskar et al. produced Au and
Ag island-like plasmonic thin films ca. 5 nm thick over
transmission electron microscopy grids and simulated
their Raman enhancement. They concluded that hot
spots were located between small nm-sized gaps which
dominate the electromagnetic response of those films
[48]. One particular case of substrate for metal layer for-
mation are mesoporous oxides. This type of substrates
has been used to support the plasmonic material in their
interface with air and some examples can be found in
literature such as Ag over TiO, mesoporous thin films
[35] and Au over SiO, mesoporous thin films [36-38].
For the latter case, Murai and coworkers showed that Au
thin film properties strongly depend on the rugosity of
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the SiO, film used as substrate. However, a thin layer of
Cr (<0.3 nm) was used to ensure Au adhesivity over the
SiO, film. Thus, despite there are several examples in lit-
erature in which metallic nanostructures were synthe-
sized over different substrates and used for SERS or LSPR
based sensors [49-52], the use of mesoporous oxides as
agents for nanostructuring noble metal thin films was
not described.

In this work, mesoporous and non-mesoporous oxide
thin films were used as substrate for Au plasmonic thin film
deposition. The obtained systems, whose characteristics
depend on the oxide layer structure and chemical nature,
were tested as SERS based sensors for detection for dif-
ferent organic probes. The effect of different parameters,
including: metallic layer thickness, oxide layer composi-
tion and porosity and the thermal treatment, over the
structural properties and the sensing capabilities of the
Au layer were determined. The proposed synthetic path
allows obtaining, in simple steps, a variety of SERS sensors
whose applications will be determined by their differential
characteristics.

2 Materials and methods
2.1 Materials

Titanium tetrachloride (TiCl,) and tetraetoxysilane
(TEOS) were supplied by Merck, while Pluronic F127
(HO-(CH,CH,0),46(CH,CH(CH;)-0),,(CH,CH,0), 06
OH), titanium(lV) ethoxide (TEOT) and rhodamine 6G (R6G)
were supplied by Sigma-Aldrich and para-nitrothiophenol
(pNTP) (80%) by Acros-Organics. Na,HPO, (Biopack) and
NaH,PO, (Merck) were used to prepare phosphate buffer
saline (PBS) 0.5 M pH=7.4. Nitric acid (HNO;) was pur-
chased from Anedra and chloridric acid (HCI) from Merck.
Pure grade ethanol and Milli-Q water were used as sol-
vents. All chemicals were used as received.

2.2 Oxide thin films

Mesoporous oxide thin films were produced accord-
ing to previously reported methods [53, 54]. For non-
mesoporous titania films a solution was prepared by drop-
ping TEOT, under stirring, in a solution containing HNO;,
H,O and ethanol. The final molar ratios were 1:0.2:1.4:44.8,
respectively. The mixture was stirred for 2 h at room
temperature. Mesoporous thin films were produced via
the Evaporation-Induced Self-Assembly (EISA) strategy
[55] using an inorganic precursor (TiCl,) and a template
(Pluronic F127) in ethanol. Films were deposited from a
solution prepared with TiCl,, EtOH, F127 and H,0O, with
1:40:0.005:10 molar ratio. Non mesoporous silica films
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were produced from a solution containing TEOS, HCI,
ethanol and H,O with 1:0.008:40:10 molar ratio. While
mesoporous silica films were obtained from a mixture of
TEOS, HCl, ethanol, H,0 and F127 with 1:0.008:40:10:0.005
molar ratio, also using the EISA approach. This solution was
aged for at least 48 h prior to use.

For the four systems, each solution was deposited
onto clean glass slides by dip-coating (withdrawal speed:
1 mm s™"). Once deposited onto the substrates, the films
were placed in a chamber at 50% relative humidity (fixed
with a Ca(NO;), saturated aqueous solution) for 24 h. Then,
they were stabilized applying a two step thermal treat-
ment: 24 h at 60 °C and 24 h at 130 °C. Finally, the films
were calcined for 2 h at 3500 C (1 °C per minute ramp).

Non-mesoporous titania thin films were labeled TNM
while mesoporous titania thin films were named TF (F
indicates the template, Pluronic F127). The same code was
used for silica films, that were named SNM and SF.

2.3 Ausputtering

Before Au deposition, oxide thin films were cut into regu-
lar pieces of about 1x 1 cm? and thoroughly rinsed with
water and ethanol to guarantee surface cleanliness. Au
films were deposited by sputtering using a Quorum Q300T
D equipment with Ar plasma. Sputtering exposure times
were varied between 5 and 20 s in order to obtain Au films
of different thicknesses. Alternatively, the samples were
thermally treated for 1 h at a final temperature of 300 °C
using a 5 °C/min heating rate from room temperature.
Systems were named TNM/AuXnm or SNM/AuXnm and
TF/AuXnm or SF/AuXnm, where Xnm represents a Au film
of X nm thickness. After thermal treatment, the final tem-
perature was added at the end of the sample name.

2.4 Characterization

The surface of the samples was observed by scanning
electron microscopy (SEM) using a Carl-Zeiss SUPRA 40
microscope.

X-ray reflectometry (XRR) was used to determine Au
layer thickness and the mesoporous oxides porosities [56].
Measurements were performed with a Panalytical Empy-
rean X-Ray diffractometer with an incident beam of Cu K,
radiation (1.54 A).

UV-visible spectra were acquired using an Agilent 8453
spectrophotometer. Samples were placed in an appropri-
ately designed sample holder that allows measurement in
transmission mode.

For SERS measurements, pNTP and R6G were chosen
as analytes. pNTP presents a thiol group that covalently
bonds to Au and provides strong and easily recognizable
Raman signals [28]. Thus, it was used as the test analyte

for the characterization of all the samples. For this analyte,
samples were immersed for 1 hin 1 mL of pNTP 4x 107 M
(solvent: PBS) at 4 °C. After incubation, samples were
rinsed with water and air-dried. Under these conditions, a
full coverage of the available Au surface is expected. R6G,
on the other hand, is a non-interacting analyte that was
used for preliminary tests. In this case, a 7x 10 M R6G
ethanolic solution was deposited by drop casting directly
onto the sensors, no rinsing step was performed.

SERS spectra were recorded using a Horiba LabRAM
HR Raman with confocal microscope (Horiba JobinYvon),
equipped with a 632.8 nm laser and a 600 grooves mm™'
grating. Appropriate filter optics were used to avoid
probes degradation. Measurements were performed using
a 100 x objective (NA 0.9) and confocality mode with a
100 um pinhole. Spectra were taken from at least 10 dif-
ferent points in each sample, using acquisition times from
5to 305 (1 scan).

3 Results and discussion
3.1 Synthesized systems

Two different TiO, films were used to sputter Au on
their surface: TiO, mesoporous films (TF) and TiO, non-
mesoporous films (TNM). TF system presented a thickness
of 140+ 10 nm and a porosity of 45 + 5%, as obtained from
XRR analysis (see Fig. S1, SI). The surface of the TF system
can be observed in Fig. S1 in which pores of diameter
8+ 1 nm can be easily identified. On the other hand, TNM
system presented a smooth surface (Fig. S1) and a thick-
ness of 60+ 6 nm. These results are in agreement with pre-
viously reported data for similar systems [29, 56, 57].

Sputtering times from 5 to 15 s were used to deposit
Au over these film’s surfaces. Gold film thicknesses over
TiO, films increased from 5 to 15 nm with sputtering time.
Optical images of all obtained platforms are shown in Fig.
S2 (SI): a color change from blue to golden can be dis-
tinguished as sputtering time increments. This was also
observed for Au films deposited onto glass and corre-
sponds to a transition from a discontinuous metallic film
to a continuous one, as the sputtering time is incremented
[58-60].

The texture of the gold layer deposited onto the TiO,
oxides, observed by SEM, are presented in Fig. 1. In the
case of TNM films, SEM images show a polycrystalline con-
tinuous Au film for all sputtering times. For mesoporous
TF films, on the other hand, nanostructured Au films with
homogeneously distributed holes are observed. There-
fore, these results indicate that modifying the TiO, sur-
face topology with an ordered mesoporous motif allows
templating Au condensation and structuration. Moreover,
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Fig. 1 SEMimages of aTNM/
Au5nm, b TNM/Au8nm, ¢ TF/
Au5nm, and d TF/Au8nm
systems. Insets correspond to
holes size distribution

Fig. 1c and d show that the holes in the Au film present a
diameter of ca. 6 nm, a value close to the substrate pore
average diameter (8 nm) [57]. Thus, the obtained holes
seem to be derived from TiO, pores partially coated with
Au. When a thicker film of Au was grown, no significant
differences in the obtained metallic film were observed
between TNM/Au15nm and TF/Au15nm systems. This
observation can be explained taking into account that the
gold film is expected to fully cover the TiO, surface under
this deposition condition [37].

According to bibliography, nanosized islands are
formed when Au thin films are exposed to a heating
treatment [47, 49, 61]. Thus, in order to compare Au film
stability and sensing properties, samples were treated
for 1 h at 300 °C as explained in the experimental sec-
tion. After thermal treatment a change in samples color
is readily observed (see Fig. S2, SI): an intense pink-vio-
let color is clearly developed. Moreover, the UV-visible
spectra change: from having ill-defined bands, typical
of plasmonic metallic films, to present well-defined
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single bands centered at around 600 nm, typical of Au
NPs LSPR (see Fig. S3, SI). The SEM images presented in
Fig. 2 confirm the NPs formation after heat treatment.
In these images, NPs are seen as bright asymmetrical
features randomly distributed onto the surface. For the
TNM/Au5nm-300 system, a smooth surface can be rec-
ognized below the NPs: the TNM surface. On the other
hand, the porous TiO, surface can be identified below
the NPs in TF/Au5nm-300 system: the pores are seen
as darker circles, with the typical arrangement of F127
templated oxides. NPs size distribution is broad, inde-
pendently on the oxide film used as support (TNM or
TF). Though NPs average size is similar (approximately
60 nm in diameter), there is a greater number of larger
NPs in the TNM system. Likewise, the calculated NPs area
density is 80 5 NPs/um? for the TNM/Au5nm-300 sys-
tem and 100 +5 NPs/um? for the TF/Au5nm-300 system.
Therefore, no clear effect of oxide films surface topology
over the NPs formation was observed.
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Fig.2 SEM images of a TNM/Au5nm-300, and b TF/Au5nm-300 sys-
tems. Insets correspond to NPs size distribution

3.2 Systems stability

For SERS sensing capability studies, samples were
immersed into diluted pNTP aqueous solutions and rinsed
with water after incubation. It is important to highlight
that, in the literature, this type of systems, in which the
metal NPs or metal film are deposited onto a substrate,
are usually incubated by drying a drop of analyte solution.
Therefore, the methodology proposed in this work allows
not only to study the SERS effect, but also to analyze the
adhesion of the Au film and the effects of a corrosive solu-
tion over the sensors structure.

After incubation, no optical changes were observed for
Au films deposited over TiO, films (Fig. S2, SI). A compara-
tive study was carried out with Au layers deposited over
SiO, films. In this case, the Au film detached after incuba-
tion, as can be seen in Fig. S2, SI. These results indicate
a better adhesion of the Au film over TiO, in compari-
son with SiO, films. Interestingly, no adhesion layer was
needed to maintain Au attached to the TiO, film, a feature
that can be attributed to metal/oxide interactions and the
oxide chemical stability [62, 63].

Figure 3a, b show SEM images of TNM/Au8nm and TF/
Au8nm samples after incubation with the SERS probe.

0
10% ———TNM/Augnm
107 —— TNM/Au8nm + pNTP
10%
0%
3 104
© F
~ 10’5 | | | L 1 | !
= 10 15 20 25 30 35 4.0
‘0 o
g 1ot ——TF/Augnm
E 10'15 ——TF/Au8nm + pNTP
T 107%
10%
10
10-5:' | . 1 | N L N | N " ! h
10 15 20 25 30 35 40
20 (°)

Fig.3 SEM images after incubation with pNTP of a TNM/Au8nm,
and b TF/Au8nm systems (inset corresponds to hole size distribu-
tion). ¢ XRR measurements of both systems before and after incu-
bation with pNTP, as indicated in the labels
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No significant changes on the Au film are observed in
the TNM/Au8nm system. Therefore, the Au film endured
despite the inmersion and subsequent washing with an
aqueous solution. On the other hand, TF/Au8nm system
shows an increase in holes concentrations, from 360+ 90
to 790+ 170 holes/um?. This increment could be attributed
to the loss of very small metallic crystals grown over the
pores. Nevertheless, the hole’s size and shape remains sta-
ble. Moreover, as shown in Fig. 3¢, the Au film thickness
of both systems did not change after incubation, since
observed XRR features are compatible with an 8 nm thick
Au film in all cases.

On the other hand, after following the same incubation
procedure, samples with a thermal treatment at 300 °C
showed a significant change in NPs size distribution. SEM
images with their respective NPs size histogram are shown
in Fig. 4a, b. For TNM/Au5nm-300 and TF/Au5nm-300 sys-
tems, the average NPs diameter decreased to 27+ 8 nm
and 20+ 10 nm, respectively. This phenomenon is attrib-
uted to the fact that only smaller NPs remain attached to
TiO, surface after incubation. The UV-visible spectra of the
samples before and after the incubation can be seen in
Fig. 4c. After incubation, the plasmon band shifts towards
higher wavelengths. This can be attributed to an increase
in refractive index around the NPs due to the effect of
PNTP molecules adsorbed onto the metal. Moreover, the
presence of plasmonic bands at higher wavelengths can
also indicate the partial aggregation of the NPs, due to
NPs movement during incubation and subsequent wash-
ing. This phenomenon seems to be more evident for TNM/
Au5nm-300 system, probably due to the lower surface
roughness of the TNM film deposited underneath, that
allows higher particle mobility.

The lack of stability of gold NPs over TiO, surfaces in
presence of aqueous solutions results in non-reproducible
and inhomogeneous systems. Interestingly, NPs were also
obtained for SF system but they were removed from the
surface after incubation, demonstrating that both Au films
and Au NPs present lower affinity for SiO,.

3.3 SERS sensing

To test the sensing properties of the synthesized systems,
SERS experiments were carried out with the synthesized
samples using different molecular probes. Figure 5a dis-
plays pNTP SERS spectra obtained using TNM/Au8nm
and TF/Au8nm systems. For TNM/Au8nm, no pNTP SERS
signal is observed in any interrogated spot, even with
acquisition times up to 30 s. On the other hand, pNTP SERS
spectrum is observed for every spot tested using the TF/
Au8nm system. The intensities of the 1340 cm™' band for
each of these 12 different points are presented in Fig. 5b.
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——TNM/Au5nm-300
— — TNM/Au5nm-300 + pNTP

- TF/Au5nm-300
TF/Au5nm-300 + pNTP

Absorbance

400 500 600 700 800 900

Wavelength (nm)

Fig.4 SEM images after incubation with pNTP of a TNM/Au5nm-
300, and b TF/Au5nm-300 systems. Insets correspond to NPs size
distribution. ¢ UV-visible spectra of TNM/Au5nm-300 and TF/
Au5nm-300 systems before and after incubation with pNTP

A spatial standard deviation of 28% was determined for
this platform.

These results corroborate the previous observations:
there is an important morphological difference between
the Au films deposited over porous and non-porous oxide
films. While the Au layer formed over the non mesoporous
TiO, films does not present enough anisotropy or rough-
ness to amplify the Raman spectra of pNTP, the one formed
over the porous TiO, is SERS active. The results presented
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Fig.5 a pNTP SERS spectra obtained using 30 s acquisition time
with TNM/Au8nm and TF/Au8nm systems. Each spectra represents
the average of data obtained at 4 different points. b SERS intensity
of the 1340 cm™ band, after background subtraction, for the dif-
ferent spots evaluated in the mappings of the TF/Au8nm platform
(30 s acquisition time). The distance between each point in the map
is 40 um

here, indicate that the increase in the Raman signal is due
to the presence of a semicontinuous Au surface with well
distributed holes. This is a key difference with previous
works, in which island-type morphologies were obtained
over non-mesoporous substrates [48-51].

Moreover, no significant SERS spectra of pNTP was
observed when increasing the Au layer thickness to 15 nm,
as can be seen in Fig. S4 (Sl). This behavior was already
described in the literature for continuous Ag coatings [52]
and indicates that the roughness of the 15 nm Au layer is
not enough to amplify the Raman signal of pNTP.

Figure 6 shows the pNTP SERS spectra obtained using
TNM/Au5nm-300 and TF/Au5nm-300 systems. Higher
SERS sensitivity is observed for the system with the
non-mesoporous oxide film. These two systems present
NPs of similar size, that are located at shorter distances
for the TNM/Au5nm-300 platform after the incubation
with the SERS probe (see Fig. 4). This fact could explain
the observed sensitivity differences: close proximity
between particles can give rise to hot-spots in which
electromagnetic field is amplified, with the consequent

a |TNM/Au5nm-300
map 1
———map 2
=S
S
>
s
= L
c
[}
)
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r 1 n 1 n 1 L 1
800 1000 1200 1400 1600 1800
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b |TF/Au5nm-300
map 1
map 2

hot

n 1 n 1 n 1 n 1 1
800 1000 1200 1400 1600 1800

Intensity (a.u.)

Wavenumber (cm™)

Fig.6 pNTP SERS spectra obtained using 5 s acquisition time with
the systems: a TNM/Au5nm-300, and b TF/Au5nm-300. Each spec-
tra represents the average of data obtained at 4 different points

higher enhancement of the Raman signal. However, in
both cases the pNTP signal intensities were significantly
different in each interrogated spot, indicating a poor
reproducibility in the SERS signal for these platforms.

In addition, the same systems were tested as sensors
for non-thiolate probes, in order to increase the possibil-
ity of applying them in real sample analysis. Preliminary
results for R6G detection, presented in Fig. S5, demon-
strate the feasibility of the approach: the SERS spectra
can be visualized after depositing a drop of the probe
molecule solution onto the sensor.

It is important to highlight that, when NPs are
formed after thermal treatment, SERS intensity is highly
increased. This difference corresponds to the observed
behavior of the nanostructuration of the Au film due
to thermal treatment, the available metallic surface is
increased and generates new hot spots in the system.
However, the nanostructuration of the surface also
increases the spatial inhomogeneity of the SERS signal.
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SERS enhancement factors (EF) were estimated, in order
to compare the different systems presented here between
them and with previously obtained ones. Details on the
calculations and approximations used to obtain the values
are presented in the SI. Systems after thermal annealing
(TF/Au5nm-300 and TNM/Au5nm-300 samples) present
EFs in the order of 1 10°, while TF/Au8nm system presents
an EF of 1 10%. Interestingly, for thermally treated systems
the increase in the EF comes with a loss in the spot-to-spot
reproducibility.

Previously reported systems in which Au NPs were
included inside the pores of mesoporous TiO, films pre-
sentan EF of 4 102 [28], comparable with the one obtained
for the TF/Au8nm platform. On the other hand, TNM/
Au5nm-300 and TF/Au5nm-300 systems present a com-
parable though higher EF compared to platforms built
with anisotropic Au NPs deposited in the substrate-TiO,
interface (i.e. covered by the TiO, porous film—EF of 1 10°).
Though it is known that anisotropic Au NPs provide higher
electromagnetic field enhancement than isotropic ones,
the fact that the systems presented in this work have the
NPs in direct contact with the medium increases the plas-
monic surface availability. This fact, together with the sim-
plicity of preparation of the systems, makes the platforms
presented in this work very promising as SERS sensors.

4 Conclusions

In this work, semicontinuous plasmonic gold films were
obtained using a mesoporous TiO, films as substrates.
This porous TiO, film acted as a solid template, allowing
the obtention of a structured Au surface, clearly different
from the one obtained using non porous TiO, as substrate.
Interestingly, the Au structuration is observed when films
of less than 8 nm thickare deposited; thus, a very small
amount of metallic Au is required for sample production.
This inexpensive and straightforward platform showed
good quality SERS signals, with high point-to-point repro-
ducibility for a thiol containing probe (pNTP). This sens-
ing capability can be explained due to the presence of
homogeneously distributed holes in the Au layer, which
act as hot-spots. Moreover, the Au thin films sputtered
over mesoporous TiO, substrates remained stable after
incubation with the corrosive pNTP solution, a feature
that was not observed when SiO, porous films were used
as substrates. Thus, no extra metal coating was necessary
in order to increase Au adhesivity, simplifying the produc-
tion procedure.

The SERS signal homogeneity, along with the Au stabil-
ity and the essentially flat surface of the platforms pre-
sented here could aid to develop sensors for the identifi-
cation of a wide variety of analytes, including those that
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do not contain thiols as functional groups. In fact, the
preliminary results obtained for a non thiolated molecule
detection (R6G) indicate that it is possible to directly dry a
drop of the analyte solution onto the sensors and obtain
a clear SERS signal. In addition, the possibility of achieving
quantitative determinations can also be envisioned.

Interestingly, the same systems were subjected to ther-
mal treatment and nude gold spheroidal nanoislands with
sizes below 100 nm were obtained. Using this strategy, it
was possible to significantly increase SERS sensibility and
EF, but signal homogeneity was lost. Thus, depending on
the desired application, the best system can be chosen.

Finally, the presented plasmonic film synthesis strategy
through ordered mesoporous oxides as templates could
be employed to rationally design metallic thin films with
plasmonic properties for other technological applications
beside the one presented here.
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