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Spectroscopy

• It is the branch of science that deals with the
study of interaction of matter with light.

OR

It is the branch of science that deals with the•

study of interaction of electromagnetic
radiation with matter.



Electromagnetic Radiation

• Electromagnetic radiation consist of discrete
packages
photons.

of energy which are called as

• A photon consists of
oscillating

an oscillating electric field
)E ) & an magnetic field (M) which
are perpendicular to each other.



Principles of Spectroscopy

1.

•

Absorption Spectroscopy:

An analytical technique which concerns with
ofthe measurement of absorption

electromagnetic radiation.

• e.g. UV (185 - 400 nm) / Visible (400 - 800 nm)
Spectroscopy, IR Spectroscopy (0.76 - 15 μm)



Principles of Spectroscopy

2. Emission Spectroscopy:

• An
(of

analytical technique in whichemission
disperseda particle or  radiation)  is

according to some property of the emission
& the amount of dispersion is measured.

• e.g. Mass Spectroscopy











σ electron from orbital is excited to corresponding anti-bonding orbital σ*.
The energy required is large for this transition.

• e.g. Methane (CH4) has C-H bond only and can undergo σ → σ* transition and shows 
absorbance maxima at 125 nm.

π electron in a bonding orbital is excited to corresponding anti-bonding orbital π*.
• Compounds containing multiple bonds like alkenes, alkynes, carbonyl, nitriles, aromatic 

compounds, etc undergo π → π* transitions.
• e.g. Alkenes generally absorb in the region 170 to 205 nm.

• Saturated compounds containing atoms with lone pair of electrons like O, N, S and halogens 
are capable of n → σ* transition.

• These transitions usually requires less energy than σ → σ* transitions.
• The number of organic functional groups with n → σ* peaks in UV region is small (150 – 250 

nm).



• An electron from non-bonding orbital is promoted to anti-bonding π* orbital.
• Compounds containing double bond involving hetero atoms (C=O, C≡N, N=O) 

undergo such transitions.
• n → π* transitions require minimum energy and show absorption at longer 

wavelength around 300 nm.

•These electronic transitions are forbidden transitions & are only theoretically 
possible.

•Thus, n → π* & π → π* electronic transitions show absorption in region above 200 
nm which is accessible to UV-visible spectrophotometer.

•The UV spectrum is of only a few broad of absorption.









Auxochrome

The functional groups attached to
of

a
the
the

chromophore
chromophore
wavelength or

which modifies the ability
to absorb  light , altering

intensity of absorption.

OR

group with non-bonding electronsThe functional
that does not absorb radiation in near UV region
but when attached to a chromophore alters the

wavelength & intensity of absorption.



Auxochrome

e.g. Benzene λmax = 255 nm

O H

Phenol λmax = 270 nm

N H 2

Aniline λmax = 280 nm

















• λ max :  refers to the wavelength in the absorption spectrum where 

the absorbance is maximum  and   %T  is minimum

• λ min :  refers to the wavelength in the absorption spectrum where 

the absorbance is minimum and  %T is maximum





What are the factors affect the absorption peaks (λ max ) ?

1- Conjugated Systems:



Naphthacene

Benzene:                 λ max     255nm
Naphthalene          λ max     286nm
Anthracene λ max    375nm
Naphthacene λ max     477nm





2-The Influence of  Functional Groups :

3- Change of solvent 





• When absorption maxima (λmax) of a compound shifts to longer wavelength, it is
known as bathochromic shift or red shift.
• The effect is due to presence of an auxochrome or by the change of solvent.
• e.g. An auxochrome group like –OH, -OCH3 causes absorption of compound at
longer wavelength.
In alkaline medium, p-nitrophenol shows red shift. Because negatively charged

oxygen delocalizes more effectively than the unshared pair of electron.



• When absorption maxima (λmax) of a compound shifts to shorter
wavelength, it is known as hypsochromic shift or blue shift.

• The effect is due to presence of an group causes removal of
conjugation or by the change of solvent.

Aniline shows blue shift in acidic medium, it loses conjugation



• When absorption intensity )ε) of a compound is increased, it is known as hyperchromic shift.
• If auxochrome introduces to the compound, the intensity of absorption increases.

Pyridine                                                              2-methyl pyridine                                                             
λmax = 257 nm                                                                     λmax = 260 nm

When absorption intensity )ε) of a compound is decreased, it is known as hypochromic shift.

Naphthalene                           2-methyl naphthalene 
ε = 19000                                   ε = 10250 





Applications

• Qualitative & Quantitative Analysis:
– It is used for characterizing aromatic compounds

and conjugated olefins.

– It can be used to find out molar concentration of the 
solute under study.

Detection of impurities:•
– It is one of the  important method to  detect

impurities in organic solvents.

Detection of isomers are possible.

Determination of molecular weight using Beer ’s
law.

•

•



Practical Part Of Lab
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