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ABSTRACT:

For material identification and analysis of molecular structure Raman spectroscopy a useful technique. There is
one important distinction to make between the Raman spectra of gases and liquids, and those taken from solids
(like crystals). For gases and liquids of the different vibrational energy levels of the individual molecules which
make up the material. So, the whole crystal

lattice undergoes vibration in macroscopic level. These

macroscopic vibrational modes are called phonons. Raman Spectroscopy is a popular technique and is how
considered complementary to infrared spectroscopy. Raman spectroscopy is based on the Raman effect, which
was first found by the Indian physicist Chandrasekhara Venkata

Raman in 1928.

The molecule may be advanced to a virtual state of higher energy when photons interact with a molecule. From
this higher energy state molecule comes down to vibrational energy level by producing photon of some different
materials from than that of its beginning state.

An important advantage of Raman Spectra that can be obtained from aqueous solutions because water does not
cause interference. Raman discovered that the visible wavelength of a small fraction of the radiation scattered by
certain molecules differs from that of the incident beam.

INTRODUCTION

Raman Spectroscopy is a popular technique for the analysis of molecular structure which is based on the Raman
effect according to which when incident light excites molecules in a tissue, the molecules will reflect light in a
different wavelength and is now considered complementary to infrared spectroscopy. Raman spectroscopy is
based on the Raman effect, which was first found by the Indian physicist Chandrasekhara Venkata Raman in
1928. According to quantum mechanics, when photons interact with a molecule, the molecule may be advanced
to a virtual state of higher energy. From this higher energy state, there can be a few possible outcomes. One such
outcome can be that the molecule comes down to some vibrational energy level different than that of

its beginning state, by producing a photon of some Different materials have different vibrational modes, and
therefore their own characteristic Raman spectra. If the energy of the incident photon is not large enough to excite
the molecule from the ground state to the lowest electronic state, the molecule will be excited to some virtual state
between the two states. But, the electron of that excited molecule cannot stay long in the virtual state and needs
to immediately go back to the ground state. now, if the electron goes back to its original state (ground state in this
instance), the wavelength of the emitted photon is then the same as that of the incident light photon. This type of
scattering phenomenon is known as Rayleigh scattering. On the other hand, it is also possible for the electron to
go to a virtual state that is different from where it is excited, giving rise to an energy difference between the
emitted photon and the incident photon, and therefore a shift in wavelength (therefore an energy shift also) for the
emitted photon as compared to the incident photon. This is known as Raman scattering. If the emitted photon has
energy smaller than that of the incident photon, this scattering process is known as Stokes scattering and when the
incident photon has a higher energy compared to the emitted photon, it is known as anti-Stokes scattering
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A. Rayleigh Scattering

1. The electron of the excited molecule is excited to
any virtual state.

2. The electron of the excited molecule relaxes back to
its original state.

3. The photon is scattered elastically, leaving with its
original energy (without any sort of change in energy).

B. Stokes Scattering

1. The electron of the excited molecule is excited to
any virtual state.

2. The electron of the excited molecule relaxes back to
a higher vibrational state than it had originally.
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3. The photon leaves with energy h_ (7 _E and has
been scattered inelastically.

C. Anti-Stokes Scattering

1. The electron of the excited molecule begins from a
vibrationally excited state.

2. The electron of the excited molecule is excited to
any virtual state.

3. The electron of the excited molecule relaxes back to
a lower vibrational state than it had originally.

4. The photon leaves with energy hv_+ ©»E , and has
been scattered super elastically.

illustrates the differences between Rayleigh scattering,
Stokes scattering and anti-Stokes scattering from

the quantum mechanical point of view.

and anti-Stokes scattering.

Rayleigh scattering is the most common transition,

as, in this case, no change has to occur in the vibrational
state of the molecule.
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Energy level diagram showing the states involved Raman Spectra

Raman spectroscopy observes the change in energy between the incident and scattered photons associated with
the Stokes and anti-Stokes transitions. This is

typically measured as the change in the wavenumber (cm11),from the incident light source. Because Raman
measures the change in wavenumber, measurements can be taken using a source at any wavelength. Raman
Spectroscopy looks at changes in a molecular bonds polarizability, which is the measure of the deformability of
some bond in an electric field
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The theory of Raman scattering shows that the phenomenon results from the same type of quantized vibrational
changes that are associated with infrared absorption. Thus, the difference in wavelength between the incident and
scattered visible radiation corresponds to wavelengths in the mid-infrared region.The Raman scattering spectrum
and infrared absorption spectrum for a given species often resemble one another quite closely.

An important advantage of Raman spectra over infrared lies in the fact that water does not cause interference;
indeed, Raman spectra can be obtained from aqueous solutions. In addition, glass or quartz cells can be employed,
thus avoiding the inconvenience of working with sodium chloride or other atmospherically unstable window
materials.
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THEORY OF RAMAN SPECTROSCOPY:
Raman spectra are acquired by irradiating a sample with a powerful laser source of visible or near-infrared
monochromatic radiation. During irradiation, the spectrum of the scattered radiation is measured at some angle
(often 90 deg) with a suitable spectrometer.
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Raman Spectrometer Design
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Intensity of Normal Raman Peaks
The intensity or power of a normal Raman peak depends in a complex way upon the polarizability of the
molecule, the intensity of the source, and the concentration of the active group. The power of Raman emission
increases with the fourth power of the frequency of the source; however, advantage can seldom be taken of this
relationship because of the likelihood that ultraviolet irradiation will cause photodecomposition. Raman
intensities are usually directly proportional to the concentration of the active species.
Raman Depolarization Ratios
Polarization is a property of a beam of radiation and describes the plane in which the radiation vibrates.
Raman spectra are excited by plane-polarized radiation. The scattered radiation is found to be polarized to
various degrees depending upon the type of vibration responsible for the scattering.

INSTRUMENTATION

Instrumentation for modern Raman spectroscopy consists of three components: A laser source, a sample
illumination system and a suitable spectrometer. The sources used in modern Raman spectrometry are nearly
always lasers because their high intensity is necessary to produce Raman scattering of sufficient intensity to be
measured with a reasonable signal-to-noise ratio. Because the intensity of Raman scattering varies as the fourth
power of the frequency, argon and krypton ion sources that emit in the blue and green region of the spectrum
have and advantage over the other sources
Raman Spectrometers

Raman spectrometers were similar in design and used the same type of components as the classical

ultraviolet/visible dispersing instruments. Most employed double grating systems to minimize the spurious
radiation reaching the transducer. Photomultipliers served as transducers. Now Raman spectrometers being
marketed are either Fourier transform instruments equipped with cooled germanium transducers or multichannel
instruments based upon charge-coupled devices.

FT Raman Spectrometer
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APPLICATIONS OF RAMAN SPECTROSCOPY
Raman Spectra of Inorganic Species. The Raman technique is often superior to infrared for spectroscopy
investigating inorganic systems because aqueous solutions can be employed. It is used in industry for a variety
of application, including: Crystallization, polymorphism identification, polymerization reactions, Hydrogenation
Reactions, Chemical Synthesis, Biocatalysis and Enzymatic Catalysis and synthesis reactions.
Biological Applications of Raman Spectroscopy

Biological Applications of Raman Spectroscopy Raman spectroscopy has been applied widely for the study
of biological systems. The advantages of his technique include the small sample requirement, the minimal
sensitivity toward interference by water, the spectral detail, and the conformational and environmental
sensitivity.
Resonance Raman Spectroscopy

Resonance Raman scattering refers to a phenomenon in which Raman line intensities are greatly enhanced
by excitation with wavelengths.
Resonance Raman Spectroscopy

The most important application of resonance Raman spectroscopy has been to the study of biological
molecules under physiologically significant conditions; that is , in the presence of water and at low to moderate
concentration levels.
Surface-Enhanced Raman Spectroscopy (SERS)

Surface enhanced Raman spectroscopy involves obtaining Raman spectra in the usual way on samples that
are adsorbed on the surface of colloidal metal particles.
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