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Components of 
spectrophotometer
Source
Monochromator
Sample compartment
Detector
Recorder 

INSTRUMENTATION

Ultra-violate
spectroscopy

Ultraviolet and visible (UV-Vis)absorption spectroscopy is the measurement of 
the attenuation of a beam of light after it passes through a sample or after 
reflection from a sample surface. Absorption measurements can be at a single 

wavelength or over an extended spectral range.  
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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.

PRINCIPLE   OF   UV-VIS SPECTROMETRY
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 λ max (wavelength at which there is a 
maximum absorption)

 є max (The intensity of maximum 
absorption)constant(defined, no units)
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What is Spectroscopy Techniques?

 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. 
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 Strong UV (e > 1000):-
Conjugated p systems give e > 1000.

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

Partial structures :

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

Q// If e < 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 e) 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 longer path length, I through the sample will cause more UV light to be absorbed – linear effect
 the greater the concentration, C of the sample, the more UV light 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  )             are termed high intensity absorptions.
values of ( 103-104  )             are termed low intensity absorptions.
values of  ( 0 to 103  )             are the absorptions of forbidden transitions.
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 Ultraviolet absorption spectra arise from transition of electron with in a molecule from a
lower level to a higher level.

E total = E electronic + E vibrational + E rotational

The energies decreases in the following order:        Electronic ⪢Vibrational ⪢ Rotational
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• 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.

• σ → σ* transition1

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

• 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.

• σ → π* transition5

• π → σ* transition 6&
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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 UV which limits the application of the method ,working in vacuum 

UV requires special training 
• Special sources and detectors.                       • All solvents contain σ bonds

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 nonbonding electrons    
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 transition decreases.

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.

π−π∗ Transition is the most convenient and useful transition in UV-Vis   Spectroscopy. Why?
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BEER’S LAW 

“ The intensity of a beam of monochromatic light decrease exponentially with the 
increase in concentration of the absorbing substance” .

ABSORBANCE LAWS 

• Beer’s law doesn’t hold over the entire concentration range, it’s operate 
in very dilute solution only.

• At concentrated solution we have +ve or _ve deviation which may be 
due to:

1. Association of the molecules.

2. The formation of the complex.

3. Change in the refracting index of the solution.



These laws can be represented by this relationship:

Q. A 5.00 × 10–4 M solution of an analyte is placed in a 
sample cell with a pathlength of 1.00 cm. When measured 
at a wavelength of 490 nm, the solution’s absorbance is 
0.338. What is the analyte’s molar absorptivity at this 
wavelength? 
SOLUTION

19
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 The real limitation of the beer’s law is successfully in describing the absorption
behavior of dilute solution only.

 In this regarding it may be considered as a limiting law.

 As degree of interaction depends upon the contraction, the occurrence of this
phenomenon causes deviations from linear relationship between absorbance
and contraction.

LIMITATION   OF   LAWS
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The part of a molecule responsible for imparting color, are called
as chromospheres.

OR

The functional groups containing multiple bonds capable of 
absorbing radiations above 200 nm due to n → π* & π → π* 
transitions.   e.g. NO2, N=O, C=O, C=N, C≡N, C=C, C=S, etc

CHROMOPHORE

To interpretate UV – visible spectrum following points should be noted:

1. Non-conjugated alkenes show an intense absorption below 200 nm
& are therefore inaccessible to UV spectrophotometer.

2. Non-conjugated carbonyl group compound give a weak absorption
band in the 200 - 300 nm region.
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Chromophore When double bonds are conjugated in a
compound λmax is shifted to longer wavelength.
e.g. 1,5 - hexadiene has λmax = 178 nm 2,4 - hexadiene has λmax = 227 nm

CH2

CH2

CH3

CH3

Effect of Conjugation on λmax

The n→π* transition for methyl vinyl ketone is at 331 nm, and the π→π* transition is 

at 203 nm. Both λmax values are at longer wavelengths than the corresponding 

λmax values of acetone because methyl vinyl ketone has two conjugated double bonds.

The more conjugated double 
bonds there are in a compound, 
the less energy is required for 
the electronic transition, and 
therefore the longer is the 
wavelength at which the 
electronic transition occurs.

“The λmax increases as the number of conjugated double bonds increases.”
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Increase  λmax.  Of E1 (not 
appear )
E2 (shorter to appear ) 
& B with increase E max.  
Or stable and loss its fine 
structure 



26

R band originated from n - π* transition transition. 
The maximum absorption wavelength > 270 nm, єmax < 100

Example:  Acetone    λ max 279 nm, єmax =15

K band (conjugation band,  form π → π* transition.  
High єmax ( > 104)

Example: Dienes , Acetophenone

B band (Benzene band, Benzenoid bands) from the π → π* transition of Benzene.  Broad band with 
fine structure between 230 – 270 nm.  This band can be used to identify aromatic compound. 

E band (Ethylenic bands) also from π → π* transition of ethylenic band in benzene
E1 band and E2 band
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1 • Bathochromic Shift (Red Shift)

• 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.
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• 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.

• Hypsochromic Shift (Blue Shift)2

• Aniline shows blue shift in acidic medium, it loses conjugation.

Aniline

λmax = 280 nm λmax = 265 nm

NH2
H

+

Acidic

medium

NH3

+
Cl

-



29

• Hyperchromic Effect3

• 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.

4 • Hypochromic Effect

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

Naphthalene 2-methyl naphthalene
ε = 19000 ε = 10250

CH3

29



30

Factors affecting UV/Vis absorption :
Biochemical samples are usually buffered aqueous solutions, which has two major 
advantages. 
 Firstly, proteins and peptides are comfortable in water as a solvent, which is also the 

‘native’ solvent. Secondly, in the wavelength interval of UV/Vis (700–200 nm) the water 
spectrum does not show any absorption bands and thus acts as a silent component of the 
sample. 

 The absorption spectrum of a chromophore is only partly determined by its chemical 
structure. 

 The environment also affects the observed spectrum, which mainly can be described by 
three parameters :         •  protonation/deprotonation (pH, RedOx).

•  solvent polarity (dielectric constant of the solvent).
•  orientation effects.
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 solvent polarity: Affects the difference between the ground and excited states

 when shifting to a less polar environment one observes a Bathochromic Shift (Red 

Shift)- and hyperchromic effect. 

 a solvent with higher polarity elicits a Hypsochromic Shift (Blue Shift)

 - and hypochromic effect

 Lastly, orientation effects, such as an increase in order of nucleic acids from single 

stranded to double-stranded DNA, lead to different absorption behaviour.

 The solvent should be UV transparent at the measuring wavelength so as not to cause interference 
which could affect quantitative results.
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π -> π* transitions leads to more polar excited state that is more easily stabilized by
polar solvent associations (H-bonds). The π* state is more polar and stabilized more
in polar solvent relative to nonpolar one, thus in going from nonpolar to polar solvent
there is a red shift or bathochromic shift (increase in λ max, decrease in ΔE).

For n -> π* transition, the n state is much more easily stabilized by polar solvent
effects (H-bonds and association-solvation of the lone pair ), so in going from
nonpolar to polar solvent there is a blue shift or hypsochromic shift (decrease in
λ max, increase in ΔE). (same with n → σ* transition)

 Ground state polar > Excited state λ max decrease with increase solvent polarity.
 Ground state < Excited state λ max increase with increase solvent polarity.
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Aromatic Compounds

benzene has six p-MOs, 3 filled p, 3 unfilled p*
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Benzene chromophore Benzene displays three absorption 

Type of bands Εmax.λ max. nmBands 

Primary band60000180-184E1(allowed )

Primary band7900200-204E2(forbidden )

Secondary band(benzoid band ) 
fine str.

200254-257B(forbidden )

These bands arise from transition π → π *
 Allowed transition == intense band near 180nm
 Forbidden transition === weaker bands near

200&260nm (230-260) ,In highly symmetrical benzene
molecule

 The B-band of benzene & many of its homologs is 
characterize by considerable fine structure (in case of vapor 
phase or in nonpolar solvent 

Increase  λmax          E1 (not appear )E2 (shorter to appear ) 
& B with increase E max.  Or stable and loss its fine structure 

B

ε



In polar solvent                 large energy lowering caused by 
solvent interaction                    decrease fine structure  

36



37

Substation of alkyl group on the benzene ring 

B-band Bathochromic shift (red shift ) 

 But the effect of alkyl substation upon the E-band is not clear defend 

Q) Why this substation                                                                                         Bathochromic shift (red shift ) 

Ans.) that due to hyperconjugat in which the σ electrons of alkyl C-H bond participate in resonance 
with the ring .

Note :- the CH3 group is more effective in hyperconjugat than other alkyl group 
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GG G G
B-band E2-band Compound 

E max. λmax. E max. λmax. 

200256 7,900 204 Benzene

14502706200210.5Phenol

26002879400235 Phenolode
anion 

14302808600230Aniline 

160254 7500203Anilinium
cation 

By 
resonance

Q) The nonbonding electrons resonance 
with π bonds of the ring  to increase E 
max.  & λmax. Why? 
Ans.) as The nonbonding electrons are 
more available for interaction with the π
system to greater the shift will be 

Because the unshared of 
electrons activating the ring 
by the resonance
Decrease of excited state to 
decreases required energy 
for transition (red shift )  
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protonation of nitrogen eliminates the n-pair, raising transition energy

The  effect of PH :- i,.e.              1) Aniline                                            2) phenol  

the pair of nonbonding electron of aniline is no longer available for interaction with π-
electron system of the ring . Its spectrum almost identical to that of benzene result .
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Base 
NaOH

bathochromic shift of the E2 and B-bands and increase in ℰ max.

The negative charge of oxygen 
delocalizes more effectively than 
the unshared pair of electron 

B-band E2-band Compound 

E max. λmax. E max. λmax. 

200256 7,900 204 Benzene

14502706200210.5Phenol

26002879400235 Phenolode
anion 
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Interaction between the nonbonding electron pair of heteroatom 
attached to the ring & and the π electrons of the ring is most effective 
when the p orbital of the nonbonding electron is parallel to the π orbital 
of the ring   
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Interaction  of ˄ benzene ring e-s & the π e-s of the substituent can also produce a new 
e: transfer band (k-band)

1- strong bathochronic shift (Red shift) of the B-band.

2- The appearance of a K-band (conj.) a (Emax , 10.000) in the 200-

250 nm roa

3- Generally E-bands are less intense 

4- B-bands are sometimes buried under the K-bands (K-bands  

cover ˄ B-band)       
46



- When auxochromic gr.s appear on the same ring as the chromophore, 
both groups (gr.s) influence the absorption. 

- For predicting λmax of the primary band of substituted benzene the 
following rules are used. ( in case of disubtituted benzene)

- Table XXV:    substituent shift :    substiotuent shift 

- CH3                   3                                -NH2            26.5

- CHO                 46                              - OH              7.0  

- COCH3             42                             - OCH3          13.5 

- CO2H             25.5                             - NO2           65.0

Base value is (203.5 nm) for 1° band   ( π π* interact)

47
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A- For Para substitution

1- Both groups are e. donating EDG or e with drawing EWG: only the effect of the 
group causing the larger shift is used ( so it is similar to monosubstituted benzene)

i.e P- nitrobenzenic acid                                                             its λmax

Would be expected to be the same as that of nitro-benzene 

Why ?   because λmax parent cpd. = 203.5      nm 

+ 65        NO2 > CO2H

268.5     nm                  65        25.5    



2. One gr. Is EDG and other one is EWG : The                            
calculated λmax is usually much lower then the observed 
λmax (the same reasons) given for p-nitrophenal (resonance)

*                                                                                                                
*                                                                                                            
t

* The red shift &       in intensity of the k-band

* The influence is  most pronounced when an electron 
donating gr EDG & e attracting gr.  are para to the  

another (complementary substitut) 
49
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B/Meta and ortho: if the two gr.s are o- or m- to one another the effect is 

usually the sum of the two individual effects (the shift effect are additive 

(meta : no resonance ….ortho steric effect)  

So: by Uv: we can diff . between p & (-o,-m) derivetave…… no 

resonance 

Note: -o,-m can not diff . between them by Uv
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Biphenyl is the parent molecule of a series of cpd.s in which two aromatic rings are 
in conjugation.

• Resonance energy is at maximum when the rings are coplanar and zero when the 
rings are at 90° to one another 

One benzene ring                                                                                   conj. 

(E1,E2& B)                                                                                            

K-band

Appearance  

No conjugation.



52

As the size of sub. gr.                        

coplanar prop.

Only ortho 

(E1,E2,B& K) bands   
K-band λmax.252   E max =19,000

Coplanar                  interact (conj.)between them 

Both of them are on 
o-position 

Decrease
Co-planarity

Effect of one ring 
on the other one 

Conj. (no 
resonance 

NO  K band 

2nd ring is considered as CH3group 
Sub. On the st. ring

It like o-xylene 

The effect of forcing the rings out of coplanarity is readily seen from a comparison of the absorption 
characteristics of biphenyl and its 2,2'-dimethyl homolog whose absorption characteristics are 
similar to those of o-xylene.
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When n=7       the molecule absorbs in the region = 400-465 
with Emax 135.000 ( visible region) 
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As the number of condensed rings 

increases in the acene series, the 

absorption moves to progressively 

longer wavelengths until it occurs 

in the visible region.
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5 membered heterocyclic 6- membered heterocyclic 

Heteroaromatic Compounds

 Saturated five (5)& (6) membered heterocyclic compounds are transparent at λ longer than 

200 nm.

 Only the unsaturated heterocyclic compounds show absorption in the near UV region.



According to UV measurement; what effects has polar solvent on both of benzene and 
pyridine. Explain your answer. 

An increase in solvent polarity has little or no effect on the position or intensity of benzene, 
but  produces a marked hyperchromic effect on the B-band of  pyridine and its homologs. 
The hyperchromic effect results from hydrogen bonding through the ion pair of electrons of 
the nitrogen atom.

The spectrum of pyridine similar to that of benzene but there are differences :

 B – band of pyridine is more intense & has less distinct fine structure.

 2- pyridine show weak R band                            this band swamped by the 

more intense B-band.

 Benzene have no R band unless if there is a chromophore i.e NO2,C=O

61
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 the spectra of diazene are affected by acidic solution. As shown with that equation.
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1

Calculate the λmax for the following compounds :

2



76

CH3

CH3
• Parent value for homoannular ring := 253 nm

• Two alkyl substituents : 2 x 5 = 10 nm 

• Two ring residue : 2 x 5 = 10 nm 

• calculated value : = 273 nm 

• observed value :                         = 263 nm

CH2

Parent value for homoannular :               = 253 nm 
Extended conjugation                      1 X30  = 30 nm
Alkyl substitution    2x5     =10 nm
Calculated value :                                          = 293 nm 

3

4

Parent value for homoannular (the highest value)         = 253 nm 
Extended conjugation                                         1 X30        = 30 nm
Exocyclic double bond =5 nm
Alkyl substitution or ring residue             6x5     =30 nm  
Calculated value :                                        = 318 nm 

5 CH3

CH3

CH3

CH3
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Distinguish Isomers
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A )) What are the concentrations of the following solutions of drugs in g/100ml and 
mg/100ml? 

1. hydrocortisone sodium phosphate , A( 1% ,1cm )value 333 at 248 nm  ,measured 

absorbance 0.666 at 248 nm

2. isoprenaline , A(1% , 1cm ) value =100 at 280nm ,  measured  absorbance 0.500 at 280 
nm.
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• Q: the anilinium ion shows λmax = 265nm. Explain.

• End absorption:

• Is an absorption that are increased in intensity towards shorter wave length due to n → δ* 
transition, occur near 200 nm with the molecule contain O, N, S or halogen atoms


