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Abstract: Raman spectroscopy is a spectroscopic technique used to observe vibrational, 

rotational, and other low-frequency modes in a system. It relies on inelastic scattering, or Raman 

scattering, of monochromatic light, usually from a laser in the visible, near infrared, or near 

ultraviolet range. The laser light interacts with molecular vibrations, phonons or other excitations 

in the system, resulting in the energy of the laser photons being shifted up or down. The shift in 

energy gives information about the vibrational modes in the system. This paper describes raman 

spectroscopy, its types and discusses some of its major applications. 
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I. INTRODUCTION 

Raman spectroscopy is an invaluable technique for investigations of pharmaceutically and 

medically relevant molecules. It is used in many fields where non-destructive microscopic 

chemical analysis and imaging is required. Both Biologists and Chemists use Raman 

Spectroscopy to identify chemical compounds, their functional groups, and to determine the 

conformation of complex biomolecules, such as proteins and DNA. It can be used to rapidly 

characterise the chemical composition and structure of a sample, whether solid, liquid, gas, gel, 

slurry or powder. It is particularly amenable to in vivo measurements. Raman spectroscopy and 

the infrared absorption spectroscopy are the most widely used techniques which give information 

about the structure and properties of molecules by providing detailed characteristics of their 

vibrational transitions. Raman analysis can provide key information easily and quickly. 
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The Raman spectroscopy is based on an inelastic light scattering by molecules (the Raman 

effect). In the Raman scattering process, a photon interacts momentarily with a molecule and is 

then scattered into surroundings in all directions. During the brief interaction with molecule, 

photon loses or gains energy which is then detected and analyzed. 

 
Fig 1. Energy-level diagram showing the states involved in Raman signal. 

The Raman effect occurs when electromagnetic radiation impinges on a molecule and interacts 

with the polarizable electron density and the bonds of the molecule in the phase (solid, liquid or 

gaseous) and environment in which the molecule finds itself. For the spontaneous Raman effect, 

which is a form of inelastic light scattering, a photon (electromagnetic radiation of a specific 

wavelength) excites (interacts with) the molecule in either the ground rovibronic state or an 

excited rovibronic state. This results in the molecule being in a so-called virtual energy state for 

a short period of time before an inelastically scattered photon results. The resulting inelastically 

scattered photon which is "emitted"/"scattered" can be either of higher (anti-Stokes) or lower 

(Stokes) energy than the incoming photon. In Raman scattering the resulting rovibronic state of 

the molecule is a different rotational or vibrational state than the one in which the molecule was 

originally, before interacting with the incoming photon (electromagnetic radiation). The 

difference in energy between the original rovibronic state and this resulting rovibronic state leads 

to a shift in the emitted photon's frequency away from the excitation wavelength, the so-called 

Rayleigh line. The Raman effect is due to inelastic scattering and should not be confused with 

emission (fluorescence or phosphorescence) where a molecule in an excited electronic state 

emits a photon of energy and returns to the ground electronic state, in many cases to a 

vibrationally excited state on the ground electronic state potential energy surface. 

 

II. TYPES OF RAMAN SPECTROSCOPY 

There are a number of advanced types of Raman spectroscopy, including surface-enhanced 

Raman, resonance Raman, tip-enhanced Raman, stimulated Raman (analogous to stimulated 

emission), transmission Raman, spatially offset Raman, and hyper Raman. 

1. Surface-enhanced Raman spectroscopy (SERS) – Normally done in a silver or gold colloid or 

a substrate containing silver or gold. Surface plasmons of silver and gold are excited by the 

laser, resulting in an increase in the electric fields surrounding the metal. Given that Raman 
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intensities are proportional to the electric field, there is large increase in the measured signal 

(by up to 1011). This effect was originally observed by Martin Fleischmann but the 

prevailing explanation was proposed by Van Duyne in 1977.[1] 

2. Resonance Raman spectroscopy – The excitation wavelength is matched to an electronic 

transition of the molecule or crystal, so that vibrational modes associated with the excited 

electronic state are greatly enhanced. This is useful for studying large molecules such as 

polypeptides, which might show hundreds of bands in "conventional" Raman spectra. It is 

also useful for associating normal modes with their observed frequency shifts.[2] 

3. Hyper Raman – A non-linear effect in which the vibrational modes interact with the second 

harmonic of the excitation beam. This requires very high power, but allows the observation 

of vibrational modes that are normally "silent". It frequently relies on SERS-type 

enhancement to boost the sensitivity.[3] 

4. Tip-enhanced Raman spectroscopy (TERS) – Uses a metallic (usually silver-/gold-coated 

AFM or STM) tip to enhance the Raman signals of molecules situated in its vicinity. The 

spatial resolution is approximately the size of the tip apex (20–30 nm). TERS has been 

shown to have sensitivity down to the single molecule level and holds some promise for 

bioanalysis applications.[4] 

5. Stimulated Raman spectroscopy – A spatially coincident, two color pulse (with polarization 

either parallel or perpendicular) transfers the population from ground to a rovibrationally 

excited state, if the difference in energy corresponds to an allowed Raman transition, and if 

neither frequency corresponds to an electronic resonance. Two photon UV ionization, 

applied after the population transfer but before relaxation, allows the intra-molecular or inter-

molecular Raman spectrum of a gas or molecular cluster (indeed, a given conformation of 

molecular cluster) to be collected. This is a useful molecular dynamics technique. 

6. Transmission Raman – Allows probing of a significant bulk of a turbid material, such as 

powders, capsules, living tissue, etc. It was largely ignored following investigations in the 

late 1960s (Schrader and Bergmann, 1967) but was rediscovered in 2006 as a means of rapid 

assay of pharmaceutical dosage forms. There are also medical diagnostic applications. 

7. Spatially offset Raman spectroscopy (SORS) – The Raman scattering beneath an obscuring 

surface is retrieved from a scaled subtraction of two spectra taken at two spatially offset 

points. 

8. Surface plasmon polariton enhanced Raman scattering (SPPERS) – This approach exploits 

apertureless metallic conical tips for near field excitation of molecules. This technique differs 

from the TERS approach due to its inherent capability of suppressing the background field. 

In fact, when an appropriate laser source impinges on the base of the cone, a TM0 mode  

(polaritonic mode) can be locally created, namely far away from the excitation spot (apex of 

the tip). The mode can propagate along the tip without producing any radiation field up to the 

tip apex where it interacts with the molecule. In this way, the focal plane is separated from 

the excitation plane by a distance given by the tip length, and no background plays any role 

in the Raman excitation of the molecule.[10] 
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III. APPLICATIONS 

 

1. Raman spectroscopy is commonly used in chemistry, since vibrational information is specific 

to the chemical bonds and symmetry of molecules. Therefore, it provides a fingerprint by 

which the molecule can be identified. For instance, the vibrational frequencies of SiO, 

Si2O2, and Si3O3 were identified and assigned on the basis of normal coordinate analyses 

using infrared and Raman spectra.[4] The fingerprint region of organic molecules is in the 

(wavenumber) range 500–2000 cm−1. Another way that the technique is used is to study 

changes in chemical bonding, as when a substrate is added to an enzyme. 

2. Raman gas analyzers have many practical applications. For instance, they are used in 

medicine for real-time monitoring of anesthetic and respiratory gas mixtures during surgery. 

3. In solid state chemistry and the bio-pharmaceutical industry, Raman spectroscopy can be 

used to not only identify (ID) active pharmaceutical ingredients (APIs), but in the case of 

multiple polymorphic forms, it can also be used to identify the polymorphic form of the API. 

For example there are 4 different polymorphic forms of the API (aztreonam) in Cayston, a 

drug marketed by Gilead Sciences for cystic fibrosis[citation needed]. Both infrared and 

Raman spectroscopy can be used to identify and characterize the API which is used in the 

formulation of Cayston. In bio-pharmaceutical formulations, one must use not only the 

correct molecule, but the correct polymorphic form, as different polymorphic forms have 

different physical properties, for example, solubility, melting point, and Raman/infrared 

spectra. 

4. In solid-state physics, spontaneous Raman spectroscopy is used to, among other things, 

characterize materials, measure temperature, and find the crystallographic orientation of a 

sample. As with single molecules, a given solid material has characteristic phonon modes 

that can help an experimenter identify it. In addition, Raman spectroscopy can be used to 

observe other low frequency excitations of the solid, such as plasmons, magnons, and 

superconducting gap excitations. The spontaneous Raman signal gives information on the 

population of a given phonon mode in the ratio between the Stokes (downshifted) intensity 

and anti-Stokes (upshifted) intensity. 

5. Raman scattering by an anisotropic crystal gives information on the crystal orientation. The 

polarization of the Raman scattered light with respect to the crystal and the polarization of 

the laser light can be used to find the orientation of the crystal, if the crystal structure (to be 

specific, its point group) is known. 

6. Raman spectroscopy is the basis for Distributed Temperature Sensing (DTS) along optical 

fibers, which uses the Raman-shifted backscatter from laser pulses to determine the 

temperature along optical fibers. 

7. Raman active fibers, such as aramid and carbon, have vibrational modes that show a shift in 

Raman frequency with applied stress. Polypropylene fibers also exhibit similar shifts. The 

radial breathing mode is a commonly used technique to evaluate the diameter of carbon 
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nanotubes. In nanotechnology, a Raman microscope can be used to analyze nanowires to 

better understand the composition of the structures. 

 

IV. CONCLUSION 

Raman spectroscopy, a molecular spectroscopy which is observed as inelastically scattered light, 

allows for the interrogation and identification of vibrational (phonon) states of molecules. As a 

result, Raman spectroscopy provides an invaluable analytical tool for molecular finger printing 

as well as monitoring changes in molecular bond structure (e.g. state changes and stresses & 

strains). In comparison to other vibrational spectroscopy methods, such as FT-IR and NIR, 

Raman has several major advantages. These advantages stem from the fact that the Raman effect 

manifests itself in the light scattered off of a sample as opposed to the light absorbed by a 

sample. As a result, Raman spectroscopy requires little to no sample preparation and is 

insensitive to aqueous absorption bands. This property of Raman facilitates the measurement of 

solids, liquids, and gases not only directly, but also through transparent containers such as glass, 

quartz, and plastic. 
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