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3.4: Resonant Raman Spectroscopy

In the previous discussion of Raman spectroscopy, the incident laser wavelength is not in resonance with the electronic transition,
hence it is often referred to as non-resonant Raman scattering like below.
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If v, is tuned close to v, the frequency of an electronic transition, normal modes that are vibronically active in the electronic
transition are intensified in the Raman scattering. This is called the resonance Raman effect, because v, comes close to being in
resonance with v,;. Because the laser photon can be absorbed by a real electronic state, and not a virtual state, the interaction of
photons with vibrational is enhanced and there is a greater probability of the molecule being vibrationally excited after scattering. If
the absorption is electronically allowed, mostly totally symmetric modes appear in the Raman spectrum.
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Advantages

1. Intensity is enhanced — allows measurements of dilute samples (i.e., metal centers of metalloproteins)

2. Spectrum is simplified. Only a few vibrations are enhanced. Selects only vibrations that are associated with absorbing
chromophores (or specifically the electronic transition).

3. Long progression of a vibration are the often observed enabling the vibrational potential energy to be specified over large range
of v, This enables a greater description of the vibrational potential energy surfaces for the probe molecule.
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Disadvantage

e Local heating that perturbs the sample during Raman Probing!
e Also fluorescence can obscure signals

Solid line: Resonance Raman spectrum of b-carotene in chloroform. The emission envelope of a fluorescent impurity is visible
underneath the spectrum. Dashed line: Non-resonant Raman spectrum of neat chloroform taken under the same conditions.
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Inducing a Dipole via the Polarizability Tensor (simple math)

The simple undergraduate description of polarizability, «, is that it is a scalar whose amplitude describes the amplitude of the
induced dipole moment on a molecule via an applied electric field, which is a vector oriented along its polarization (presuming
linear polarization here). Hence:

fiing = @
And the amplitude of the induced dipole moment is oriented directly along the same orientation as the polarization of the applied
electric field. However, o is not really a scalar, but is a 2-rank tensor (matrix) consisting of nine elements:
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Now a simplification, the tensor is symmetric (i.e., co;; = cj; ), so there are only six independent elements. o can be separated into
two tensors:
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The first matrix is the isotropic contribution to o and the second is the anisotropic. Using vectors along the X, Y and Z axis you can
confirm that using only the isotropic component of « the induced dipole moment, fip;, 4, will be oriented only along the direction
of E. The off-diagonal elements of o induce a dipole moment in one direction when the applied electric field it oriented in a
normal orientation. Hence the term anisotropic to describe this component.

Polarization of Raman Bands

If a symmetric molecule with isotropic polarizability (i.e. no off axis non-zero elements) is irradiated by a polarized laser radiation
along y, and the molecule is observed along x, we will observe z polarized Raleigh scattering only.
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If a is not isotropic, induced dipole will have a component along y, and the scattering radiation is then partially or completely
depolarized. Generally, o is not isotropic and some depolarization is observed. In Stokes Raman scattering, the polarization
depends on the symmetry of the excited vibration. The following rules have been developed:
For liquid samples:
1. Even if o is isotropic, for a totally symmetric (e..g A,4) normal mode, the Raman scattered light is polarized.
2. For a non-totally symmetric normal mode, the scattered light is depolarized and we can construct a depolarization ratio:
L)
I(0)

Depolarized means p = 3 /4 (non-symmetric) and polarized mean 0 <= p <=% (only for totally symmetric modes).

v Example 3.4.1: The Perchlorate lon
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Below, we show the effect for the totally symmetric v; mode of the C1Oj ion. The figure shows the spectra obtained using
both vertically polarized and horizontally polarized light. The large v; peak near 1000 cm™! cannot be observed when the beam
is horizontally polarized. The very small amount of scattered light observed at this wavelength in the horizontally polarized
spectrum results from imperfect polarization of the laser beam.
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Figure 3. Raman spectra of a saturated solution of NaClO,4 with (a) vertically and (b) horizontally polarized light impinged on
the sample. https://www.thevespiary.org/library/...10mW.Diode.pdf
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