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UV - VIS Molecular Spectroscopy

This absorption spectroscopyuses electromagneticradiations between 190 nm to 800 nm  and is
divided into theultraviolet (UV,190-400 nm) and visible (VIS,400-800 nm) regions.
➢ Sincethe absorption of ultraviolet or visible radiationby a molecule leads transition  among 

electronic energy levels of the molecule, it is also often called as electronic  spectroscopy.
➢ The information provided by this spectroscopywhen combined with the information  provided

by NMRand IR spectral data leads to valuable structuralproposals.

Ultravioletand visible (UV-Vis)absorption spectroscopyis the measurement of the attenuation  of a beam
of light after it passes througha sample or after reflection from a sample surface.
Absorption measurements canbeat asingle wavelengthor over an extended spectral range.

The region beyond red is called infra-red while that beyond violet is called  as ultra 
–violet. The wavelength range of uv radiation starts at blue end of  visible 
light(4000Å ) & ends at 2000A.
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PRINCIPLE OF UV-VIS SPECTROMETRY

So ; the SpectroscopicProcess
1. In UVspectroscopy, thesample is irradiated with thebroad  

spectrum of the UVradiation
2. aparticularelectronictransitionmatches the energyof a

certain band of UV, it will be absorbed
3. The remainingUVlight passes throughthesample and is  

observed
4. Fromthis residual radiation aspectrum is obtained with

“gaps”at these discrete energies – this is called anabsorption
spectrum
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The electronic excitations take place in molecules containing pi electrons or non-bonding  electrons. If the 
electrons of molecules in the sample can easily be excited, the sample can  absorb longerwavelengths. As
a result, theelectronsin pi bonds or non-bonding orbitals can  absorb energyfrom light waves in UVor
visible range.

➢The Spectroscopic Techniques are based on the  fact

that (Absorption) is directly proportional to the 

Concentration of the absorbing component .

➢ Utilises the Absorption and Emission of

electromagnetic radiation by atoms.Absorption:

Low energy electrons absorb energy to move to higher energy  level 

Emission: Excited electrons return to lower energy states.

▪ The UVradiation region extends from 10 nm to 400 nm
▪ the visible radiation region extends from 400 nm to 800 nm.
▪ NearUVRegion: 200 nm to 400 nm
▪ Far UV Region: below 200nm
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Observed electronictransitions
➢ The lowest energy transition (and most often obs.by UV) is typically that of an electron in the

Highest Occupied Molecular Orbital (HOMO) to the Lowest Unoccupied Molecular Orbital (LUMO)
➢ For any bond (pair of electrons) in a molecule, the molecular orbitals are a mixture of the two  contributing

atomic orbitals; for every bonding orbital “created”from this mixing (s, p), there is a  corresponding anti-bonding
orbital of symmetrically higher energy (s*, p*)

➢ The lowest energy occupied orbitals are typically the s; likewise, the corresponding anti-bonding s* orbital is of 
the highest energy while p-orbitals are of somewhat higher energy, and their  complementary anti-bonding
orbital somewhat lower in energy than s*.

➢ Unshared pairs lie at the energy of the original atomic orbital, most often this energy is higher than p  or s (since no
bond is formed, there is no benefit in energy)

➢ The absorption of UV-visible radiation generally results from excitation of bonding electrons.
➢ Can be used forquantitative and qualitative analysis

Copyright © 2023 to Assist. Prof. Tagreed N-A Omar ,Pharmacy College, University of Baghdad. All Rights Reserved.



6

Components of  
spectrophotometer
❑Source
❑Monochromator
❑Sample compartment
❑Detector
❑ Recorder

INSTRUMENTATION

▪ Most spectrophotometers are double-beaminstruments.
The primary source of light is split into two beams, one of which passes throughacell  containing 
the sample solution and the other of which passes through a cell  containing the reference
solvent.

▪ The spectrophotometer electronically subtracts the absorption of the solvent in the reference
beam from the absorption of the solution in the sample beam. Thus, effects owing to absorption
of light by thesolvent areminimized.
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❑ In order to obtain useful information from the ultraviolet or visible spectrum of  a 
compound, both of the followings must be measuredaccurately.

▪ the wavelength of maximumabsorption (λmax) &
▪ є max(The intensity of maximum absorption)constant(defined,no units )
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❖Strong UV ( > 1000):-
Conjugated  systems give  > 1000.

Q // If  > 1000 , what kind of partial structure is indicated ?
✓ The compound MUST CONTAIN a conjugated  system.
✓ It might be aromatic (like benzene).
✓ It might be a conjugated polyene (like 1,3-butadiene).

Partial structures :

❖ Weak UV ( < 100):
-Aldehydes or Ketones give e < 100

Q// If  < 100 , what kind of partial structure is indicated ?
✓ The compound must have an aldehyde or ketone carbonyl.
✓ There is no heteroatom next to the carbonyl carbon (only C or H).

❖ UV End Absorption (No ) Esters give end absorption

Q// If UV = end absorption, what partial structure is indicated?
✓ A carbonyl group with an Oxygen atom next to the carbonyl  

carbon is indicated.
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➢ a longerpath length, I throughthe sample will causemore UVlight to beabsorbed – linear effect
➢ the greaterthe concentration, Cof thesample, the more UVlight will be absorbed – linear effect
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These effects are combined into the Beer-Lambert Law: A = ε c l

for most UV spectrometers , ( | ) would remain constant (standard cells are typically 1 cm in  
path length)

concentration is typically varied depending on the strength of absorption observed or
expected – typically dilute – sub .001 M

molar absorptivities vary by orders as:

Since path length and concentration effects can be easily factored out, absorbance simply  
becomes proportional to ε, and the y-axis is expressed as ε directly or as the logarithm of ε

values of ( 104-106 )
values of ( 103-104 )
values of ( 0 to 103 )

are termed high intensity absorptions.
are termed low intensity absorptions.
are the absorptions of forbidden transitions.
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بولطمنمبلاطلا
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• σ → σ* transition1
• 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.

Q. The energy required is the highest one forσ → σ* transition ?
ANS. All saturated alkane need highest energy, so they show shortset wave  
length, with an exeption Cyclopropane because of ring strength which give
normal UV region above 200 nm.

15Copyright © 2023 to Assist. Prof. Tagreed N-A Omar ,Pharmacy College, University of Baghdad. All Rights Reserved.



16

• 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.

• π → π* transition2
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• Saturated compounds containing atoms with lone pair of electrons like O, N, Sand
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).

• n → σ* transition3
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• 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.

5 • σ → π* transition

• π → σ* transition 6&

18
Copyright © 2023 to Assist. Prof. Tagreed N-A Omar ,Pharmacy College, University of Baghdad. All Rights Reserved.



19

Observed electronic

transitions
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In σ−σ* transitions:
• The high energy required can cause rupture of the s bonds and breakdown of the molecule.
• Air components absorb in vacuum UVwhich limits the application of the method ,working in vacuum  UV 

requires special training
• Special sourcesand detectors. • All solvents contain σbonds

In n-σ* transitions:
➢ The absorption wavelength for a n-σ * transition occurs at about 185 nm where,

unfortunately, most solvents absorb. For example, water which has two pairs of nonbondingelectrons  that will
strongly absorb as a result of the n-σ * .(H2O and other solvents with nonbonding electrons).

➢ in polar solvents the energy required for the n-σ* increases and thus the probability for  the 
transitiondecreases.

In n-π* transitions:
➢ requires very little energy , However, unfortunately, the absorptivity of this transition is very small  which precludes its 

use for sensitive quantitative analysis.
➢ using polar solvents increases the energy required for this transition, thus decreasing its probability.

In π−π* transitions : The most frequently used transition is the π−π* transition for the following reasons:
➢ The  molar  absorptivity  for the π−π* transition  is  high allowing sensitive determinations.
➢ The energy required is moderate, far less than dissociation energy.
➢ In presence of the most convenient solvent (water), the energy required for a π−π* transition is usually  smaller.

Q.//π−π∗Transition is the most convenient and useful transition in UV-Vis Spectroscopy. Why?
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