
  

  

U V SPECTROSCOPY   

Dr Anupma Singh  
Department of Chemistry 

D.D.U. Govt. PG College, Sitapur 



WHAT  IS  SPECTROSCOPY  ? 

• Spectroscopy  is  the  interaction of  EMR  with  matters  to  get  specta ,  

which gives   information  like bond   length,   bond angle,   geometry   and  

molecular structure.   

 

 Û  The  patterns  of   absorption   (wavelengths absorbed and to what 

extent) and/or emission (wavelengths e mitted  and  their  respective   

intensities)  are  called ‘spectra’. 

Spectroscopy  is  the  study  of interaction   between  E M R  and  matter  as  a function    

 of  wave  length .Method  of  “Seeing  un seeable “ 

 



Absorption spectroscopy refers to spectroscopic techniques that measure the absorption of 

radiation, as a function of frequency or wavelength, due to its interaction with a sample. The intensity 

of the absorption varies as a function of frequency, and this variation is the absorption spectrum.  

Emission spectroscopy is a spectroscopic technique which examines the wavelengths 

of photons emitted  by atoms or molecules  during their transition from an excited state to a lower energy 

state.  

CLASSIFICATION  OF  SPECTROSCOPY   
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                     ELECTROMAGNETIC   SPECTRUM 



 

 
        Electromagnetic radiations, are a form of energy, displays the properties of both 

,particles and waves. The particle component is called a photon 

 

       The term “photon” is implied to mean a small, massless particle that contains a small 

wave-packet of EM radiation/light –  

 

                .      The  important  parameters  associated  with  electromagnetic  radiation  are:         
Energy (E): 

                  Frequency   (n)                            E = hn                            
                          Wavelength ()   

 

                                   

 

                                             

 

  
= distance of one wave 

n = frequency: waves per unit time (sec-1, Hz) 

c = speed of light (3.0 x 108 m • sec-1) 

h = Plank’s constant (6.63 x 10-34 J • sec) 
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UV-Vis:  valance  electron  transitions  

     - gives  information  about  pi-bonds  and  conjugated systems  

 

Infrared:  molecular  vibrations  (stretches, bends) 

       - identify  functional  groups 

 

Radiowaves:  nuclear  spin  in a magnetic  field  (NMR) 

                - gives  a map of the  H and C  framework 
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                         Principles  of  Spectroscopy 

EM R 
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Ultra-Violet  Spectroscopy 

• It is a branch of spectroscopy in which  transition  occur due to the excitation of 

electrons from one energy level to higher  one by the  interaction of molecules with 

ultraviolet and visible lights. 

 Û     Absorption  of  photon  results  in electronic  transition  of  a  molecule,  and 

electrons  are   promoted  from  ground  state  to higher   electronic states. 

Û Involves  an electron  excitation   phenomenon, so, also  called  as Electronic 

Spectroscopy.  
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       Range of  UV- Visible  Spectrum  

  Visible    Mid UV    Far UV 

800 nm 

400 nm 200nm 
100 nm 

• Violet:   400 - 420 nm  

• Indigo:   420 - 440 nm  

• Blue:      440 - 490 nm  

• Green:   490 - 570 nm  

• Yellow:  570 - 585 nm  

• Orange: 585 - 620 nm  

• Red:       620 - 780 nm  



Absorption  in UV Spectroscopy 

  Absorption  of  light   in  U V region   is   governed  by   Lambert’s-Ber’s  law 

            

             A = -  logT  =  εbc 

 
A  = absorbance ( optical density ) ; and A = log  I0 / I, 

 b  = length of the sample tube 

 = molar extinction coefficient 

I0  = Intensity of incident light 

I   = Intensity of  transmitted light  

T  = Transmittance 

C = concentration of solutios 

b  = length of the sample tube 

Absorption  in UV Spectroscopy 



                         Transition  Probability  

                        ( Allowed  and Forbidden Transitions ) 

 
The  molar  extinction   coefficient, ξ  depends  upon: 

 

                              ξ max = 0.87 x  1020
 
 x  P x  a 

 
Where, 

                P =  transition  Probability  varies   from    0  - 1 

 

                a =  target  area  of   absorbing   system   (Chromophores) 

 

Depending upon   the  value   of  ξ ,  and   symmetry   of orbital , the transition   may  be allowed  or   

forbidden 

 

                    If , 

 

                        ξ  >  104                   Strong / high  intensity  peak ( allowed transition)                  

           ξ  ~  103 - 104      Medium / Moderate  intensity  peak ( allowed Trans.) 

                         ξ  <   103 
;              weak/low  intensity  peak ( forbidden transition) 

 



Vacuum UV or Far 

UV (λ<190 nm ) 
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E1  >   E2   >   E3  >   E4   >   E5   >   E6  

Electronic    transitions 



 

 

Designation  of  Bands 

1. Electronic Transition        2. Letter  Designation  

 

 
s-> s*

– UV  photon   required,  high  energy,  shorter  wavelength 

• Methane  at  125 nm             ( All saturated  comp ) 

• Ethane  at  135 nm 

 
 

 n-> s*

– Saturated  compounds  with  unshared e- 

 N, O, S   and  Halogens,  

• Absorption between  150 nm  to 250 nm  e between 100 and 3000 L 

cm-1 mol-1 

• Shifts   to shorter  wavelengths with polar solvents 

• R-X, R-OH  R-NH2  



                                     n->p*    and    p->p*
 

Unsaturated   Organic    compounds,   containing   non-bonded   electrons (O, N , S)  and  X     

wavelengths      (200 to 700 nm)  

 

 

n->p*:
                     longer wavelengths ;  200 -  400 ( carbonyls ) 



p->p*:
   

                     shorter  wavelength   as compared to   n->p*

                           200- 260  ( unsaturated ) 

  



K- Band ( Grec. Word;  konugierte ) 

R- Band ( Grec. Word ;  Radikalartig ) 

                B- Band : (B stands  for Benzenoid)  for  aromatics / heteroaromatics molecules 

  

 E-Band :  ( Ethylenic  bands ) due to oscillation of electrons in  aromatic ring 

 

                  eg; benzene   184 nm   E-Band;             204  K-Band ;       256  B-Band 

                                         e==68000; allowed 

 

 



               Presentation  of  U V  Spectra 
  



 
                                           TERMINOLOGIES  

 
   Chromophores   and   Auxochromes 

 
 
1. A  functional  group capable of having characteristic electronic transitions is called 

a   chromophore  (color loving ) 
 

 
          C=C ;  C=N,  C=S , C=C ; N=N  etc 
 

2. Substituent's ,that could not absorbed light in UV region, but,increase the intensity 

and often wavelength of an absorption are called  auxochromes 

 
 

3    Common  auxochromes   include alkyl, hydroxyl, alkoxy ,amino groups and the 
halogens 
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Bathochromic Hypsochromic 



Substituents  may  have  any of  four  effects  on a  chromophore 
  

I.     Bathochromic shift (red shift) –     a shift  to  longer ;   lower   energy 

II. Hypsochromic shift (blue shift) –   shift to  shorter ;    higher  energy 

III. Hyperchromic effect –    an increase in intensity   of  absorption 

IV.   Hypochromic effect –    a decrease  in  intensity   of  absorption 

 



                                Study  of  Chromophores 
         Ethylene  Chromophores 

                                                    max  nm    

 

CH2=CH2   174 

CH3-(CH2)5-CH=CH2                   181 

 

                                                                    184 

                                      186 

                                                                    186 

 

CH2=CH-Cl   188 

CH2=CH-OCH3   190 

CH2=CH-S-CH3   210 

 

 
       



465   125,000 

max nm        

175 15,000 

217 21,000 

263 35,000 

     max =        2 17           253           220            227                227            256         263    nm 

                   Effect  of  Conjugation  on  Ethylene  Chromophores 
Ethylene  absorbs  at 175 nm.  Presence  of  either  chromophores  or auxochromes  

gives  bathochromic  shift. 



 

 When  we  consider  butadiene,   we  are now mixing 4 p orbitals   giving 4 MOs of an       

 as  compared  to  ethylene  which has only 2 MOs

Y2*

pY1
Y1

Y2

Y3
*

Y4
*

       E  for  the  HOMO  LUMO  transition  is  reduced  So, max  is  increased . 

 HOMO 

  HOMO 

LUMO  

LUMO  
217nm 

175 nm 

         EXPLANATION   OF   HIGHER   WAVE  LENHTH   FOR  CONJUGATION   

Ethylene 
1,3-Butadiene 



Extending  this effect  to  longer conjugated  systems  the energy gap  becomes      

  progressively   smaller  so , max 

Energy 
Lower energy = Longer wavelengths 
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Empirical   Approach To  Structure Determination  

 
      WOODWARD-FEISER  RULE 

 

*Woodward  ( 1914 ) :  gave certain rules  to  correlate  molecular  structures   

    with  max . 

 

*Scott-Feiser (1959) : modified  rule  with  more  experimental  data ,  the 

modified  rule  is  known  as  Woodward-Feiser  rule. 

 

*A  more modern interpretation was compiled  by Rao in 1975 – (C.N.R. Rao, 

Ultraviolet  and Visible Spectroscopy, 3rd Ed., Butterworths, London, 1975) 

 

         “It  is  used  to  correlate  themax of  for  a  given  structure  by  relating  

position  and  degree  of  substitution  of  chromophores.”  



                                          
               Woodward-Fieser Rules  for  Conjugated acyclic  Dienes 

 Woodward  had predicted an empirical rule for calculating max of conjugated acyclic and cyclic dienes based on 

base value and contribution of different substituent. The  equation is: 

              max =  Base value + ∑ Substituent's  contribution + ∑ Other contribution  

 
 Base value :        Take a base value of 214/217 for any conjugated. diene  

Incrementals:     Add the following to the base value 

Group Increment 

Extended conjugation +30 

Each exo-cyclic C=C 

Phenyl group                                    

Auxochromes: 

+5 

+60 

Alkyl +5  

-OCOCH3 +0 

-OR +6 

-SR +30 

-Cl, -Br +5 

-NR2 
+60 



 

  Examples: 

 
    Isoprene - acyclic butadiene, base =  217 nm 

        one alkyl subs.                       + 5 nm 
       Total             222 nm 
               Experimental value  220 nm 
  
 
 
     
    Allylidenecyclohexane 
      acyclic butadiene, Base =  217 nm 
     one exocyclic C=C                      + 5 nm 
     2 alkyl subs.  +10 nm 
           Total         232 nm 
     Experimental value                       237 nm 



              
           Woodward-Fieser  Rules – Cyclic  Dienes 
 There  are  two  major  types  of cyclic dienes, with  two different  base  values 

 

   Heteroannular (transoid):       Homoannular (cisoid):  
 
 
 
                 base max = 214                           base max = 253       base max = 253

    
 
   

Groups Increment 

Extended conjugation 

Pheny group 

+30 

+60 

Each exo-cyclic C=C +5 

Alkyl  / ring residue +5  

-OCOCH3 +0 

-OR +6 

-SR +30 

-Cl, -Br +5 

-NR2 +60 

Additional  homoannular +39 



 
    heteroannular diene   =               214 nm 
 
         
      
     3 alkyl subs. (3 x 5)               +15 nm 
      
 
     1 exo C=C  + 5 nm 
 
                                                                                                   234 nm 
      
                                                           Experimental value             235 nm 

  
 
 
     
     

Example:  1,2,3,7,8,8a-hexahydro-8a-methylnaphthalene   
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