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Abstract. Novel architectures with nanometric are very promising as build-
ing blocks for future nanotechnological applications. Metallic substrates with
ordered morphology have been shown to be very effective for surface-enhanced
Raman scattering (SERS). The sensitivity of detection is increased by several
orders of magnitude by using this technique. In this paper we investigate SERS
on thermal evaporated gold layer / porous silicon substrate comparatively to a
PVD-gold layer/flat silicon substrate.
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1. Introduction

Thin films of nanostructured materials are of great interest due to their potential
applications in chemical sensing [1], nanoelectronics [2], optical devices [3, 4].

Among these systems, metal films with controlled nanostructure and composi-
tion are intensely investigated due to their interesting physical and chemical proper-
ties. One of their most important applications is surface enhanced Raman scattering
(SERS).

The discovery of Raman signal enhancement on the order of 10** in the presence
of nanometre-sized metal structures allows the applying of the Raman scattering
technique for single-molecule investigation.

Particular attention has been aimed at the modifying noble metals by coating them
with thin, oriented molecular films. Among them, self-assembled monolayers (SAMs)
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of thiols on silver and gold surfaces are of considerable interest due to simplicity of
preparation and flexibility in designing required.

Thiols chemically react with many metals (e.g. Ag, Au, Cu) and bond themselves
to the metal surfaces via very strong and stable metal-sulphur bonds [5, 6]. On metal
surfaces modified with thiolates monolayers the electrostatic [7], hydrophobic [8], or
covalent [9, 10] attachment of bio-molecules is usually possible without the loss of
their essential properties.

More than 30 years the activity was concentrated in a complete understanding of
the enhancement mechanism of SERS and in the realization of reproducible substrates.

Contrary to claims most substrates are not reproducible. Also, in most of tech-
niques there is no control over the formation of the metallic structures. [11-13].

In this paper, we report a method for the fabrication of a SERS substrate based
on nanostructured gold on macro-porous silicon (Au/PS) capped with 11-mercapto-
undecanoique acids (11-MUA).

Ultrasensitive detection properties achieved in Raman characterization of the or-
ganic monolayer comparatively with their adsorption on PVD-Au/Si has been ob-
served.

2. Experimental condition

2.1. Substrates preparation

Mesoporous silicon with average pore diameter of 1.5 pm was fabricated by elec-
trochemical etching of p-Si wafers (5-10 Qcm) in a 4 % HF in DMF electrolyte, by
applying a current density of 7.7 mA /cm?. Ohmic contact was formed on the backside
of the Si wafer and anodization was done in a single-tank cell (AMMT GBH).

2.2. Gold deposition

A gold layer of 100 nm thickness was deposited by cathodic sputtering on PS
substrate, using a Cr layer of 10nm for it adhesion.

2.3. 11-MUA immobilization

The monolayers were formed by immersion of gold substrates in 2mM aqueous
thiol solutions for 24 h. All the electrochemical samples were modified shortly after
preparation. High quality, clean gold substrates are needed to produce high quality
SAMs. So, for obtaining consistent results the PVD-gold on silicon samples were
cleaned in piranha solution.

2.4. Characterization

Scanning electron microscopy
Scanning Electron Microscopy (SEM) characterization was realized with a TES-
CAN VEGA 5136 LM, resolution 3 nm @ 30 kV, accelerating voltage 200 V-30 kV,
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electron gun source: tungsten filament, magnification: 13x — 1.000.000x, detectors:
SE, BSE, LVSTD.

Atomic Force Microscopy

A MultiMode™ Atomic Force Microscope from Digital Instruments with a “J”
type scanner on a contact mode was used in Inasmet-Tecnalia San Sebastian to mea-
sure the topography of the samples at the nano-scale.

Raman measurements were carried out on Renishau InVia Raman spectroscope
attached to a Leica microscope. A 50x objective was used to focus the laser on the
sample surface and to collect the scattered light from the sample surface. A 785 nm
and 514 nm wavelength laser excitations were used to irradiate the surface.

3. Results and discussion

3.1. Sample morphology

PS substrate morphology was investigated by scanning electron microscopy which
revealed 1.5-1.7 um pore size.

SEMMAG: 34.42kx  DET: SE Detector Y Y | EM MAG: 2.93 kx DET: SE Detector S I
IV: 30.00 kv Device: VG2920673R0 2 ym Vega©TescanHV: 30.00 kV Device: VG2920673R0 20 ym Vega ©Tescan
/AC: HiVac Digital Microscopy Imaging VAC: HiVac Digital Microscopy Imaging

a) b)
Fig. 1. Scanning electron microscopy image of porous silicon substrate: a) top-view;

b) cross-section view.

AFM has demonstrated to be a powerful and very descriptive tool on characteri-
zation of different gold samples. Areas in different locations were scanned in order to
perform roughness analysis and quantification of the samples. The 3D AFM image of
the Au/macro PS (Fig. 1) emphasized substrate morphology with gold nanoparticles
of around 70 nm.
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Fig. 2. AFM images of PVD-evaporated gold on
a) macroporous silicon substrate; b-c)flat silicon substrate.
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3.2. Raman characterization

Analysis of the SERS spectra of alkanethiols can be very helpful in determination
of conformation of adsorbed molecules.

785 nm near-infrared laser excitation

PVD-gold on macroporous silicon substrate Raman spectrum is presented in Fig. 3.
At lower wavenumbers 658.38cm ™! can be seen the stretching vibration of adsorbed
molecules. From the literature [14] this vibration is attributed to the gauche (G) con-
former of the S-C-C chain, whereas the band at 737 cm~! is typical of the trans (T)
conformer. The intensity of C-S gauche conformer is bigger than the trans conformer.
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Fig. 3. SERS spectrum - 785 nm - of 11-MUA on PVD-gold substrate/
porous silicon (black) and PVD- gold substrate/silicon (red) obtained by
immersion of the gold substrates in 2mM 11-MUA aqueous solution for 24h.

The surface selection rule of SERS state that adsorbate vibrations connected to
molecular scattering components perpendicular to the metal surface are more strongly
enhanced. This means that the MUA monolayer in this region of the substrate is more
or less perpendicular to the surface.

The bands from 826 cm™! can be associated with the deformation vibration of
dissociated carboxylic group or with the deformation of OCO groups from the thiol
molecule. The intense, sharp band observed at 968.41 cm ™! in the Raman spectrum
come from the C-COO vibration which can be bonded to the gold substrate [9] whereas
the well defined band from 1046.92 ¢cm™! come from the v(C-C) of internal chain
[15]. This gives also the information that the molecule is perpendicular to the gold
surface and not parallel. The shoulder observed at 1265.62 cm~! may come from
the associated vibration of v (CO) and 6 (OH). Among this, the signals observed
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at 1295.26 cm ™! are attributed to the CH bending vibration. The vibrations from
1500.34 cm~! and 1561.22 cm ™! can be associated with the symmetrical (vs) COO~
or vas (OCO) and respectively antisymmetrical (vas) vibration of COO~. Moreover,
the small pick from 1691 cm~! could be assigned to a v(C=0) vibration. This decay
in vibration may be due to the formation of hydrogen bond between COOH groups.

The 514 nm laser line was also used to excite 11-MUA on the surface. However,
no SERS spectrum was observed (Fig. 4).
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Fig. 4. Comparison of SERS spectrum -514 nm- of 11- MUA adsorbed
on PVD-gold/porous silicon and PVD-gold.flat silicon substrate.

In Table 1 can be seen the correspondence bond vibration- band assignments for
PVD-gold/macroPS in comparison with those of Klarite substrate.

SERS signals such as those responsible for single-molecule, are presenting a sensi-
tive dependence for the system’s nanogeometry.

4. Conclusions

PVD- evaporated gold on macroporous silicon in comparison with p-type silicon
(100) substrate has been investigated as SERS for 11-MUA detection. Raman mea-
surements emphasised higher sensitivity of the organic molecule adsorbed on PVD-
gold deposited on microstructured porous silicon substrate in comparison with the
PVD gold deposited on flat silicon substrate. This macroporous substrate is suitable
for (bio) sensors, the characterization of organic molecule conformation on the solid
surface being effectively achieved.
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Table 1
Band assignment | PS — SERS active substrate, cm™
C-S¢g 658.38
C-Sr 730.48
COO- def 810.59
826.61
OCO def 882.69
C-COO- as 968.41
1046
vC-C 1070.15
Si-O-Si 4+ C-H def 1159.07
C-O 1265.62
CH2 bending 1295.26
vs COO- 1410.61
1500.34
1541.19
vas COO- 1561.22
vCO 1691
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