Aim of the experiment

* Study the effect of solvent polarity and pH on the UV spectrum in
term of A max and absorption intensity and explain the results by
electronic transition.
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Chromophore

* The part of the molecule that responsible for imparting color to the to
the molecule term chromophore.

* Chromophore is defined as any group which exhibits absorption of
electromagnetic radiations in the visible or ultraviolet region.

e.g. NO,, N=0O, C=0, C=N, C=N, C=C, C=S, etc
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* Chromophores in which the group is having 1 electrons undergo
2> 1* transitions.

* Ex: ethylens, acetylenes.
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* Chromophores having both 1 electrons and n electrons undergo two
types of transitions.

> w* and n=2> t*
Ex: carbonyl, nitrile.
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Shifts and effect

* Position of the absorption maximum (A max ) and intensity of
absorption can be modified in different ways by some structural
changes or change of solvent
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Shifts and effect
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a. Bathochromic Shift or Red shift

The shift of an absorption maximum towards longer wavelength or lower
energy is called as bathochromic shift. The red color has a longer wavelength
than the other colors in the visible spectrum, therefore this effect is also
known as red shift.

b. Hypsochromic Shift or Blue Shift

The shift of an absorption maximum towards the shorter wavelength or
higher energy is called hypsochromic shift. The blue color has a lower
wavelength than the other colors in the visible spectrum and hence this
effect is also known as blue shift.

c. Hyperchromic Effect

It is an effect that results in increased absorption intensity. The
introduction of an auxochrome usually causes hyperchromic shift.

d. Hypochromic Effect

An effect that results in decreased absorption intensity is called
hypochromic effect. This is caused by a group which distorts the
geometry of the molecule
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Structural change

0
I e.g. Acetone which hasA,,,=279nm o
f"c'\.
CH, ChH,

and that cyclohexane has A,,, = 291 nm.

When double bonds are conjugated in a compound
Ao, 1S Shifted to longer wavelength.
e.g. 1,5-hexadiene has A,,,, =178 nm

2,4 - hexadiene has A_,, = 227 nm
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CHROMOPHORE

3. Conjugation of C=C and carbonyl group shifts the A,
of both groups to longer wavelength. H,C—CH,

e.g. Ethylene has A, =171 nm

Acetone has A, =279 nm ﬁ’
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Crotonaldehyde has A,,, = 290 nm
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AUXOCHROME

The functional groups attached to a chromophore
which modifies the ability of the chromophore to
absorb light, altering the wavelength or intensity of
absorption.

OR

The functional group with non-bonding electrons that
does not absorb radiation in near UV region but when

attached to a chromophore alters the wavelength &
intensity of absorption.
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Solvent change

* Solvents play an important role in UV spectroscopy.
* The common solvents used are water, methanol, ethanol, dilute acids and dilute alkalies.

* The solvent for a sample should be selected in such a manner that it should neither
absorb in the region of absorption nor affect the absorption of the sample.

* The solvent exerts a profound influence on the quality and shape of spectrum

* The absorption spectrum of pharmaceutical substance depends practically upon the
solvent that has been employed to solubilize the substance.

* A drug may absorb a maximum radiation energy at particular wavelength in one solvent
but shall absorb partially at the same wavelength in another solvent.

* Eg. Bromophenol blue in HCL = A_,, at 437 nm
Bromophenol blue in distilled water = A__, at 591 nm

L ]



B4 I cirlagolt Cisidsadt a7 Tyl 1 -8 (2) (= Spsat
0% Lo Soluen ) e 0B prsls -2 (3 (& Shh
(J0LeZo ¥ 5 A Iide (Jarla Lt 4« Sowenu.jl b -3 (4] TN

\,_L_D»PSJ(C_J—JJCD )\_3@-&1(950]0671*"6 dfuﬂ .Sl .,(65‘:";- °‘~P—‘“‘“
e sarb pallaj(_s#_g__,\,u,m I\yq /\ d ebpas Zbl»ﬁf Solvent

(cSonnU_)m Sz /.,\ CSie )

max -
= gromopheno) * bl(u: n HC’-"’/\QL: Y37 ( &doid L-p )
m
Vi v ) wa{ed/a A mex = 59|

el G @t b sl @ b&if_ﬂ



No solvent
NON-polar s

effect

Molecules

Solvent m< bolar
effect




Effect of the polarity of the solvent

* Polarity causes a pronounced effect on the position and intensity of absorption bands.
This increase is due to the n-n” and n-n” transitions. In the presence of polar hydrolytic
solvent (i.e. water ) hydrogen bonds form with the lone pair of electrons of auxochrome.
As a result, the auxochrome’s energy lowers to an equal amount of the bond formation
energy, and hence the energy gap between n and i’ increases, so, a hypsochromic shift is
observed for n-it” transition.

Non polar Polar

solvent solvent
AE; > AE,

A.>A.
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* While for n-n" transition the " orbital is more polar than n orbital therefore it is
stabilized to a greater extent in the presence of a polar solvent. This will cause a
bathochromic shift because the energy gap between n-nt” is reduced due to the stability
of the " orbital.

n=>n*
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Table 4. EfTect of solvent on the electronic transitions

n—na* n—n*
Solvent

) c s £
Hexane 230 12,600 327 08
Ethanol 237 12,600 315 78

Water 245 10,000 305 60
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Effect of pH

* The pH of the sample solution can also have a significant effect on absorption spectra.

The absorption spectra of certain aromatic compounds such as phenols and anilines
change on changing the pH of the solution.

Phenols and substituted phenols are acidic and display sudden changes in their
absorptions maxima upon the addition of a base.

After the removal of the phenolic proton, we get phenoxide ion. In the phenoxide ion
lone pairs on the oxygen is delocalized over the n-system of the aromatic ring and
increases the conjugation of the same.

Extended conjugation leads to a decrease in the energy difference between n-nt” orbitals,
which results in red or bathochromic shift (to longer wavelength), along with an increase
in the intensity of the absorption.
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* In alkaline medium, p-nitrophenol shows red
shift.
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* Similarly, an aromatic amine gets protonated in an acidic medium which disturb the
conjugation between the lone pair on nitrogen atom and the aromatic n-system. As a
result, blue shift or hypsochromic shift (to shorter wavelength) is observed along with a
decrease in intensity

NH, NH,
6\ resonance - acid [-H ) @
Aniline Protonated
form
Neutral Acidic
henax = 230 (8600) 203 (7500)

280 (1430) 254 (169)
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