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STRONGLY POLARIZED SCATTERING IN SURFACE ENHANCED
RAMAN SPECTROSCOPY OF RANDOMLY DISTRIBUTED
MOLECULES ON GOLD NANOWIRES
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ABSTRACT. We study the polarized Surface Enhanced Raman Scattering from randomly
oriented molecules adsorbed on near-field coupled gold nanowires. We show that the scat-
tering is polarized always along the wire-to-wire nanocavities. We find the exact angular
dependence for the polarized, unpolarized, parallel- and cross-polarized SERS intensity.
Finally we develop a model that fits the experimental data and allows to measure the field
enhancement and the re-radiation enhancement factors, independently, and retrieve the de-
polarization ratio of the probe molecules.

1. Introduction

The Surface Enhanced Raman Scattering (SERS) of molecules deposited on rough
metallic substrates is generally unpolarized due to the random orientation of the molecu-
lar dipoles[1]. Nanostructured substrates, such as metallic dimers, nanoparticle aggregates
and arrays of nanorods have highlighted a strict intensity dependence of the SERS emission
intensity versus the polarization of the incident electric field, due to the anisotropic excita-
tion of localized surface plasmons (LSP) responsible of the SERS enhancement[2, 3, 4, 5].

In this paper we show that the SERS from randomly oriented molecules, adsorbed on
self-assembled gold nanowires arrays produced by controlled ion beam sputtering[6, 7]
is strongly polarized along the wire-to-wire nanocavity axis no matter the excitation field
polarization direction[8]. We measure the exact angular dependences of the polarized,
unpolarized, parallel- and cross- polarized SERS intensity.

2. Results and Discussion

Measurements are carried out using the apparatus depicted in Figure 1(A). A polariza-
tion rotation up to 90deg is observed when the nanowires are turned under the excitation
beam and the polarization degree is found to depend on the excitation angle g. We show
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Figure 1. (A) Schematics of the experiment. Measurements are carried out in
backscattering. The excitation polarization is varied by turning the sample un-
derneath. The polarization analysis of the SERS radiation is carried out with
a rotating Polaroid sheet. (B) Experimental behaviour of the parallel- (orange
symbols) and of the cross-polarized (green symbols) components of the SERS
emission. The blue lines are fits according to the theoretical model.

that the unpolarized SERS intensity is proportional to cos? § and that only the SERS com-
ponent polarized parallel to the excitation field displays the cos* @ behavior (Figure 1B,
orange symbols). The cross-polarized component, as expected but never observed before,
behaves like cos? 6 - sin? @ (Figure 1B, green symbols). Our observations are explained in
terms of the SERS electrostatic model and evidence the failure of the |E|4mode1 to provide
a correct understanding of the polarization properties of SERS.

The observed polarization of radiation emitted by molecules strongly coupled with op-
tical nanoantennas will have a significant impact on the engineering of plasmonic devices
such as molecular sensors[9, 10] or SPASERS[11].
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