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ABSTRACT

Surface Enhanced Raman Scattering is an important spectroscopic tool for studying
molecules adsorbed on noble metal surfaces. The electromagnetic enhancement mechanism and
charge transfer mechanism theories are discussed.
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INTRODUCTION

Surface Enhanced Raman Scattering (SERS) was first demonstrated by Fleischmann et al.!
in1974' . Ina study of the adsorption of pyridine at a silver electrode, they noted that the Raman
scattering was considerably stronger when the surface of the electrode was roughened. In the
works of Albrecht and Creighton2 and Jeanmaire and Van Duynea, it was independently
proposed that the increase of the scattering intensity could not be a consequence of the increase
of the number of scatterers present in the surface, but it occurred due to the adsorption of the
molecules on the metal surface. Jeanmaire and Van Duyne:3 proposed an électric field
enhancement mechanism whereas according to Albrecht and Creightonz, the origin of the
enhancement might be the Resonance Raman Scattering from molecular electronic states
broadened by the interaction of the molecules with the surface. There exist many papers and
reviews describing the experimental results using SERS and its developments"””. It was
shown'*!? that there are two major types of mechanisms of the SERS effects — (i) the
electromagnetic effect and (ii) the charge transfer mechanism (or the chemical effect).

Electromagnetic (EM) enhancement mechanism

In the EM model, the properties of the surface itself undoubtedly play very important roles
in SERS. The creation of the surface plasmons — the collective excitations of the surface
conduction electrons in metal by the incident photon provide the main contribution to the
electromagnetic enhancement. The metal becomes highly polarizable resulting in the large field
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— induced palarizations and therefore, large local fields on the surface at the plasmon frequency.
The Raman emission intensity, which is proportional to the square of the applied electric field
at the molecules is increased by these local fields. The excitation of the surface plasmon by the
Raman emitted photon also creates the additional enhancement. There exist many types of
electromagnetic enhancement mechanisms which occur either in the presence or in the absence
of radiation field beside of the surface plasmons. In general due to the electromagnetic effect the
Raman cross—section for a molecule on a surface may be enhanced iR by factors up to 10°, When
the SERSSeffect is combined with an optical resonance in the molecule, even larger factors were
observed”.

A molecule adsorbed on a sin§le metal particle embedded in a homogeneous medium is the
simple model of the EM effect'’ 2", In this model the enhancement results from two main
mechanisms : (i) due to the addition of a field caused by the polarization of the metal particle,
the incident electromagnetic field acting on the molecule is increased and (ii) the molecule
polarizes the metal particle acting as an antenna and amplifying the Raman scattered radiation.
In the case of the first mechanism, the electric field E;,, inside the spherical particle is related to

£(m) -gg

the applied electric field Eg by E;, = m

Eg

where € (®) and g are dielectric constants of the bulk metal and the surrounding medium,
respectively, but € (0) = €; (w) + i €; (®). When there is resonance with the plasmon frequency
€] (@) + 2 gy = 0, the value of Ej;, is maximum. In addition, if &, (®) is very small, then the
enhancement occurs. The surface plasmons in the metal particle enhance incident electromag-
netic field and the scattered Raman radiation. There exist other types of electromagnetic
enhancement mechanisms, beside the enhancement due to the surface plasmons : the “li ghting
rod” effectzuz, the image effect??* and the Fresnel reflection effect. A review of the
mechanisms of the electromagnetic effect was given by Moscovits>.

Charge transfer mechanisms (Chemical effect)

The chemical enhancement due to the charge transfer mechanism operates independently of
the electromagnetic mechanism?S. The charge transfer mechanisms are associated with the
overlap of the wave functions of the electron in the metal and the electron in the adsorbate
molecule resulting in the tunneling of electrons between the metal and the molecule. As a result,
a negative ion (electron-molecule complex) is produced. This electron transfer is called
chemical effect and if the energy of the negative ion is in resonance with the incident photon
then the enhancement occurs. Different charge transfer mechanisms have been proposed. The
mechanism proposed by Chang27 involves the following steps:

1. An incident photon creates an electron-hole pair in the metal.
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2. The electron of this pair transfers to the excited state electronic level of the adsorbate via
tunneling for physisorbed adsorbates or via hybridization for chemisorbed adsorbates.

3. The electron from the excited level comes back to the metal into a state with lower energy
in comparison with the electron simultaneously created together with the holes, leaving the
adsorbate in the higher vibrational level.

4. The recombination of the electron from this lower state with the hole resulting in the
emission of a photon with lower energy.

There exist also other chemical effect mechanisms with the transfer of an electron between
the adsorbed molecule and the metal.

(a) The incident photon excites an electron from the molecular ground state upward shifted and
broadened due to the chemisorption to an unoccugied metal state above the Fermi level by
the intermediate of some excited molecular state®.

(b) The incident photon excites an electron in a partially filled molecular state in the vicinity of
the Fermi level to a vacant metal state throu%h the intermediate of the states in the occupied
part of initial partially filled molecular state.

(c) The incident photon excites an electron from the metal with the energy near the Fermi level
to an excited state of the negative electron-molecule complex30.
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