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Spectrophotometric techniques are used to measure the 

concentration of solutes in solution by measuring the 

amount of light that is absorbed by the solution in a 

cuvette placed in the spectrophotometer. Some common 

spectroscopic techniques in analytical chemistry are 

UV-Vis spectroscopy, IR spectroscopy, NIR 

spectroscopy, Raman spectroscopy, fluorescence 

spectroscopy and atomic absorption spectroscopy. 

Spectroscopic techniques are of the utmost importance 

in analytical chemistry, with applications in a 

considerable number of fields. 
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WHAT IS SPECTROSCOPY? 

Atoms and molecules interact with electromagnetic 
radiation (EMR) in a wide variety of ways. 
Atoms and molecules may absorb and/or emit EMR. 
Absorption of EMR stimulates different types of motion 
in atoms and/or molecules. 
The patterns of absorption (wavelengths absorbed and 
to what extent) and/or emission (wavelengths emitted 
and their respective intensities) are called ‘spectra’. 
The field of spectroscopy is concerned with the 
interpretation of spectra in terms of atomic and 
molecular structure (and environment). 
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Principle 

  

Molecules absorb energy and this energy can bring about 

translational, rotational or vibrational motion or 

ionization of the molecules depending upon the 

frequency of the electromagnetic radiation they receive. 

Excited molecules are unstable and quickly drop down to 

ground state again giving off the energy they have 

received as electromagnetic radiation. The wavelength 

and intensity of the electromagnetic radiation absorbed 

or emitted can be recorded to get a spectrum. Spectral 

analysis yields qualitative and quantitative information 

about the matter under study. 
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Ultraviolet and Visible Spectroscopy  
 

Ultraviolet-Visible (UV-VIS) spectroscopy 

is useful to characterize the absorption, 

transmission, and reflectivity of a variety 

of compounds and technologically 

important materials, such as pigments, 

coatings etc. The UV-VIS spectra have 

broad features that are of some use for 

sample identification but are very useful 

for quantitative measurements. 
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Qualitative Analysis  
 

UV-VIS spectroscopy studies the 

electronic transitions of molecules as 

they absorb light in the UV and visible 

regions of the electromagnetic 

spectrum. The data is used to produce 

absorbance spectra. 
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Most UV/vis spectrometric studies are carried out 

between 180-780 nm. Region below 180 nm is referred 

to as the vacuum ultraviolet region. Atmospheric gases 

and most glasses and quartz absorb below 180 nm 

making measurements difficult without taking special 

measures. The only molecular moieties that absorb light 

in the 200 to 800 nm region are pi-electron functions and 

hetero atoms having non-bonding valence-shell electron 

pairs. Chemical functionalities that are responsible for 

absorption are referred to as chromophores. Thus any 

species, which is colored, absorbs visible light and any 

moiety with an extended system of alternating double 

and single bonds will absorb UV light. This makes UV-

vis  
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spectroscopy applicable to a wide range of 

samples. 

The presence of an absorbance band at a 

particular wavelength often is a good indicator of 

the presence of a chromophore. However, the 

position of the absorbance maximum is not fixed 

but depends partially on the molecular 

environment of the chromophore and on the 

solvent in which the sample may be dissolved. 
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1-Chromophore:  

A covalently unsaturatedgroup responsible for 

electronic absorption. or Any group of atoms that 

absorbs light whether or not a color is thereby 

produced. e.g. C=C, C=O, NO2 etc. 

2-A compound containing chromophoreis called 

chromogen. 

3-There are two types of chromophore: 

Independentchromophore: single chromophore 

is sufficient to import color to the compound e.g. 

Azo group 
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II. Dependent chromophore: When more than one chromophore 

is required to produce color. e.g. acetone having one ketone group 

is colorless where as diacetyl having two ketone group is yellow. 

 Other parameters, such as pH and temperature, also may cause 

changes in both the intensity and the wavelength of the absorbance 

maxima.  

In addition to such organic compounds early transition metals also 

absorb in UV region depending on the nature of the ligand. 

Although UV-visible spectra do not enable absolute identification 

of an unknown compound, UV spectra and Visible spectra can be 

used to identify a compound by comparative analysis. One can 

compare the UV or Visible spectra of the unknown with the 

spectra of known suspects. 
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Molar absorptivities of compounds vary 

significantly  

 
The magnitude of ε reflects both the size of 

the chromophore and the probability that 

light of a given wavelength will be absorbed 

when it strikes the chromophore. It may be 

very large for strongly absorbing 

chromophores (>10,000) and very small if 

absorption is weak (10 to 100). 
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Quantitative UV/vis Analysis  
 

Absorption spectroscopy is one of the most useful tools available 

to the chemist fot quantitative analysis and its applications are not 

only numerous but also touch upon every field in which chemical 

quantitative analysis is required.  

Quantitative UV/vis is used to determine the concentration of an 

analyte, which can absorb in this region, in a solution. Beer's Law, 

which gives a linear relationship between absorbance and 

concentration for dilute solutions, is used. A calibration plot is 

formed by measuring the absorbance of a series of analyte 

solutions with different known concentrations and the 

concentration of the target analyte in the sample under study is 

determined from the plot. 
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