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Spectroscopy
• It is a branch of science that deals with 

interaction of matter with light or 
electromagnetic radiation. 

OR 

• It is a branch of science in which 
electromagnetic radiation of particular 
wavelength or range of wavelength is used 
for qualitative and quantitative analysis of 
matter. 

• Matter – anything which occupies space in 
universe and having mass is called matter.

Spectrometry: 

• It is the measurement of these responses and an instrument which 
performs such measurements is a spectrometer or spectrograph, although 
these terms are more limited in use to the original field of optics from 
which the concept sprang. 

• Spectroscopy is often used in physical and analytical chemistry for the 
identification of substances through the spectrum emitted from or 
absorbed by them. 

• Spectroscopy is also heavily used in astronomy and remote sensing. 
Most large telescopes have spectrometers, which are used either to 
measure the chemical composition and physical properties of 
astronomical objects or to measure their velocities from the Doppler 
Shift of their spectral lines.

Electromagnetic radiation 

• EM is a form of energy that is all around us 

• EM is a form of energy and has both electrical and magnetic 
characteristics 

• Electricity and magnetism were once thought to be separate forces 

• James clerk maxwell developed a unified theory of electromagnetism 

• The study of electromagnetism deals with how electrically charged 
particles interact with each other and with magnetic fields

• The electric and magnetic fields in n electromagnetic wave oscillate 
along directions perpendicular to the propagation direction of the wave
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Various terms...
• Frequency :- number of waves produced each second (measured in Hz). 

• Wavelength (λ) :- the distance between two successive waves (measured 
in m). 

• Amplitude :- is the maximum distance a wave extends beyond its middle 
position.

• Relation between frequency and wavelength – velocity (speed) of 
propagation

C = υ λ 

Where, 

C = 2.99792 x 108 m/s

Electromagnetic spectrum
• Electromagnetic spectrum ranges from very short wavelength (gamma rays) to 

very long wavelengths (radio waves) 

• The visible region of the spectrum extends approximately over the wavelength 
range 400-700nm

• The shorter wavelengths being the blue end of the spectrum and the longer 
wavelength the red.

Classification of Methods
• The type of spectroscopy depends on the physical quantity measured. 

• Normally, the quantity that is measured is an intensity, either of energy 
absorbed or produced. 

• Most spectroscopic methods are differentiated as either atomic or 
molecular based on whether or not they apply to atoms or molecules. 

• Along with that distinction, they can be classified on the nature of 
their interaction:

1) Absorption spectroscopy

2) Emission spectroscopy

3) Scattering spectroscopy

1) Absorption spectroscopy:

It uses the range of the electromagnetic spectra in which a substance 
absorbs. 

This includes atomic absorption spectroscopy and various molecular 
techniques, such as infra-red spectroscopy in that region and Nuclear 
Magnetic resonance spectroscopy in the radio region.
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2) Emission spectroscopy:

• It uses the range of electromagnetic spectra in which a substance 
radiates (emits). 

• The substance first must absorb energy. This energy can be from a 
variety of sources, which determines the name of the subsequent 
emission, like luminescence. Molecular luminescence techniques 
include spectroflourimetry.

3) Scattering spectroscopy:

• It measures the amount of light that a substance scatters at certain 
wavelengths, incident angles, and polarization angles. 

• The scattering process is much faster than the absorption/emission 
process. One of the most useful applications of light scattering 
spectroscopy is Raman Spectroscopy.

Common types
• Fluorescence spectroscopy 
• X-ray spectroscopy and crystallography 
• Flame spectroscopy 1- Atomic emission spectroscopy 2- Atomic absorption 
spectroscopy 3- Atomic fluorescence spectroscopy 
• Plasma emission spectroscopy 
• Spark or arc emission spectroscopy 
• UV/VIS spectroscopy 
• IR spectroscopy 
• Raman spectroscopy 
• NMR spectroscopy 
• Photo thermal spectroscopy 
• Thermal infra-red spectroscopy 
• Mass Spectroscopy
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Principles of Spectroscopy
• If matter is exposed to electromagnetic radiation, e.g. infrared light, 

the radiation can be absorbed, transmitted, reflected, scattered or 
undergo photoluminescence. 

• Photoluminescence is a term used to designate a number of effects, 
including fluorescence, phosphorescence, and Raman scattering.

Application of Spectroscopy


