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Introduction

The wavelength range of UV radiation starts at 2000 A0 blue end of the visible light about

4000 A0.

The region between 2000A0- 4000A0 (200- 400 nm) as near ultraviolet region,

The region below 2000A0 is called the far or vacuum ultraviolet region.

Wavelengths in the ultraviolet region are usually expressed in nanometers (1nm=10-7cm) or

angstroms (A0) (1A0=10-8cm)

UV is involved with electronic excitation.



ORIGIN AND THEORY OF ULTRAVIOLET SPECTRA   
 Ultraviolet absorption spectra arise from transition of electron or electrons within a molecule

from a lower to a higher energy level and the ultraviolet emission spectra arise from the

reverse type of transition.

 When a molecule absorbs ultraviolet radiation, the electron in that molecule undergoes

transition from a lower to a higher energy level or molecular orbital, the energy difference is

given by

 E=hν erg ……..(1)

The actual amount of energy required depends on the difference in energy between the ground

state E0 and excited state E1 of the electrons. Equation (1) become as

E1-E0= hν

 We know that the total energy of a molecule is equal to the sum of electronic, vibrational and

rotational energy .



 Three distinct types of electrons are involved in organic molecules. These are follows.

 σ-Electrons. These electrons are involved in saturated bonds. These bonds are as σ bonds. As the
amount of energy required to excite electrons in σ bonds is much more than that produced by UV
light, compounds containing σ bonds do not absorb UV radiation.

 π- Electrons. These electrons are involved in unsaturated hydrocarbons. Typical compounds with π
bonds are trienes and aromatic compounds.

 n-Electrons. These are the electrons which are not involved in bonding between atoms in
molecules. Examples are organic compound containing, nitrogen, oxygen or halogens.





BONDING and ANTI BONDING 
BONDING ORBITAL ANTIBONDING ORBITAL

Molecular orbital formed by Addition of atomic 
orbital called Bonding Orbital

Molecular orbital formed by Subtraction of atomic 
orbital called Anti bonding Orbital

Low Energy High Energy

Electron spend most of time with in nuclei of 2 atoms Electron spend most of time outside of nuclei of 2 
atoms

High electron density Less electron density (so no bonding interaction at all)



TYPES OF TRANSITIONS IN ORGANIC MOLECULES

E
N

E
R

G
Y

Non Bonding n

Bonding  π

Bonding  σ 

Antibonding π*

Antibonding σ* 

π →π* 

σ→σ* 

n→σ* n→π* 

Energy absorbed in the UV region by complex Organic molecules causes transition of valence electrons in the molecules. 

n→π*< π→π*< n→σ*< σ→σ*



n→π* transition

 These types of transition are shown by unsaturated molecules which contain atoms such as oxygen,

nitrogen and sulphur.

 In aldehydes and ketones (having no C=C and C=C bonds) the band due to the n→π* transition generally

occurs in the range 2700-3000 A0(270-300nm). On the other hand, carbonyl compounds having double

bonds separated by two or more single bonds exhibit the bans due to the n→π* transition in the range

3000-3500 A0 (300-350 nm).



 These transitions can occur in such compounds in which all the electrons are involved in single bonds

and there are no lone pairs of electrons.

 Examples involved such transitions are saturated hydrocarbons.

 As the energy required for σ→σ* transition is very large, the absorption ban occurs in the far ultraviolet

region (126-135nm). For instance, λmax at 121.9 nm and ethane at 135nm correspond to this transition.

 As commercial spectrophotometers do not generally operate at wavelength less than 180-200 nm, σ→σ*

transition cannot normally be observed.

σ→σ* transition



 Saturated compound with lone pair (non bonding) electrons undergo n→σ* transitions in addition to

σ→σ* transition.

 The energy required for an n→σ* transition is generally less than that required for a σ→σ* transition and

corresponding absorption band appear at longer wavelengths in the near ultraviolet (180-200nm) region.

 When absorption measurements are made in the ultraviolet region, compounds such as aliphatic alcohols

and alkyl halides are commonly used as solvents because they start to absorb at 260nm. However, these

solvents (aliphatic alcohols an alkyl halides) cannot b used when measurements are to be made in the

200-260 nm region.

n→σ* transition



 A π→π* transition corresponds to the promotion are electron from bonding π orbital

to an antibonding π* orbital. This transition can in principle occur in any molecule

having a π electron system.

 In certain substituted olefins, cis and trans isomers are possible. The trans isomer

absorbs at the longer wavelength with the greater intensity than the cis isomer. This

increase as the length of the conjugated system increase.

π→π* transition



CHROMOPHORE
 Chromophore is defined as any group which exhibits absorption of electromagnetic

radiations in the visible or ultraviolet region.

 Important chromophore are ethylenic, carbonyls, ester, acid, nitrile group etc

 Two types of chromophore are known;

 a ) chromophore in which the group is having π electrons π undergo π π* transition . Example

of having such chromophore are ethylene, ester. [ Also called Dependent chromophore When more

then one chromophore is required to produce color. Eg acetone having 1 kentone group is colorless

where as diacetyl having two kentone group is yellow ]

 b) Chromophore, having both π electron and {non –bonding} electrons undergo two type of

transition, i.e, π π* and n π*. Example carbonyls, nitrile, azo compound, nitro compound.

[Also called Independent chromophore: single chromophore is sufficient to import color to the

compound ]



 Bathochromic shift or red shift : It involves the shift of absorption maximum towards longer

wavelength. Bathochromic shift because of certain groups such as OH and NH2 called auxochromes

for example, decreasing the polarity of solvent causes ared shift in the π-π*absorption of carbonyl

compounds.

 Hypsochromic shift or blue shift : It involves the shift of absorption maximum toward shorter

wavelength and may be caused by removal of conjugation in a system or by change of solvent.

Eg. Aniline λ max at 280 nm because the pair of electrons on N+ atom is in conjugation take place

benzene ring.

In acidic solution. blue shift is caused and absorption take place at shorter wavelength at 200 nm.

It’s happen because ,

ion formed in acidic solution, the electron pair is no

longer present and hence conjugation is removed.



 Hyperchromic shift : This effect involves an increase in the intensity of absorption and is usually

brought about by introduction of an auxochrome. For example, introduction of methyl group in

position 2 of pyridine increases λ max 262 nm from λ max 262nm for π-π* transition.

 Hypochromic shift : It involves decrease in the intensity of absorption and his brought by groups

which are able to distort the geometry of the molecule. For example when a methyl group is

introduced in position 2 of biphenyl group hypochromic effect occurs because of distortion caused

by methyl group.

 Auxochrome: It is a group which itself does not act as a chromophore but when attached to a

chromophore it shift the absorption maximum towards longer wavelength along with an increase in

the intensity of absorption.

 Some commonly known auxochromic groups are –OH-NH2,-or,-NHR and – NR2 For example when

the auxochrome – NH2 group is attached to benzene ring, its absorption changes from λmax 255 nm

to λmax 280nm.



UV Spectra





EFFECT OF SOLVENT
 The most commonly used solvents are water,

ethanol, hexane and cyclohexane.

 Solvents having double or triple bonds, or heavy

atoms (e.g. S, Br & I) are generally avoided.

 A most suitable solvent which does not absorb the
radiation.

 Most commonly used solvent is 95% ethanol, it is
cheap and is transparent down to 210nm.

 Commercial ethanol is not used because it is having
benzene which absorbs strongly in u.v. region.

 It should be cheaper.

 It should be easily available.

 It should be transparent & less polar

Solvent Minimum Wavelength (nm)

acetonitrile 190

water 205

hexane 210

methanol 210

ethanol 210

ether 215

methylene 
chloride

220

chloroform 245

carbon 
tetrachloride

257

Choice of Solvent



INSTRUMENTATION 

The essential compounds of a spectrophotometer includes the following :

 A suitable source of radiant energy.

 A system consisting of lenses, mirror, slits etc. which collimate and focus the beam on sample.

 A monochromator system.

 A sample holder or container to hold sample.

 A detector system of collecting transmitted radiation
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Radiation source
 In all sources, excitation is done by passing electrons a gas and these collisions between electrons and

gas molecules may result in electronic, vibrational and rotational excitation in the gas molecules.

The following are the requirements of a radiation source.

 It should be stable and should show no fluctuations.

 It should provide incident light of sufficient intensity.

 It should emit a continuous spectrum of high and uniform intensity.

 It should not show fatigue on continued use.



Radiation source
 Tungsten lamp.

The tungsten lamp is similar in its functioning to an electric light bulb. It is a tungsten filament heated

electrically to white heat. The intensity of radiation at short wavelengths is small. However, the lamps are

generally stable, robust, and easy to us.

 Hydrogen discharge lamps

In these lamps, hydrogen gas is stored under relatively high pressure. When an electric
discharge is passed though the lamp, excited hydrogen molecules will be produced high emit
UV radiations.

Hydrogen lamps cover the range 3500-1200 А0. These lamps are stable, robust, and widely
used.

The high pressure brings about many collisions between the hydrogen molecules, resulting in
pressure broadening. This causes the hydrogen to emit a continuum (broad band) rather than a
single hydrogen line spectrum. If deuterium (D2) is used instead of hydrogen the emission
intensity is increased by as much a factor of 3 at the short wavelength end of the UV range.



Radiation source
 Deuterium lamp (D2)

If deuterium is used in place of hydrogen, the intensity of radiation emitted is 3 to 5 time higher

More expensive than hydrogen lamp. But, it is used when high intensity required.

 Xenon discharge lamp

In the lamps, xenon gas is stored under pressure in the range of 10-30 atmospheres.

Two tungsten electrodes separated by about 8 mm.

The intensity of UV produced by xenon discharge lamp is much greater than that of hydrogen lamp

 Mercury arc

In this, the mercury vapor is under high pressure,

Generally not suitable for continuous spectral studies

Generally, pressure mercury arc is very useful for calibration.



Mirrors

 These are used to reflect, focus or collimate light beams in spectrophotometer.

 To minimize the light loss, mirrors are aluminized on their front surfaces.



Monochromator
 A monochromator ("single colour") is used to select the wavelength at which an absorption

measurement is to be made.

 It is a device used to isolate the radiation of the desired wavelength from wavelength of  the continuous
spectra

Composition of Monochromator

1. Entrance Slit

2. Dispersing Element ( Prism or grating)

3. Exit Slit

 There are two main choices of monochromator: a prism, or a diffraction grating.

 The former was the original component, but now most modern instruments employ gratings.

.



Slit
 Slit is an important device in resolving polychromatic radiation into monochromatic radiation.

 To achieve this, entrance slit and exit slit are used.

 The width of slit plays an important role in resolution of polychromatic radiation.

.



prism

 Prism is made from glass, Quartz or fused silica.

 Quartz or fused silica is the choice of material of UV spectrum.

 When white light is passed through glass prism, dispersion of polychromatic light in rainbow occurs.

Dispersion by prism depends on refraction of light which is wavelength dependent

 2 types : Cornus Type

Littrow Type



Dispersing element

Violet color with higher energy (shorter wavelength) are diffracted or bent most

 While red light with lower energy (longer wavelength are diffracted or bent least

 As a result, the poly- chromatic white light is dispersed to its individual colors.



Grating

 Are most effective one in converting a polychromatic light to monochromatic light. 

 Prism is made from glass, Quartz or fused silica. 

 As a resolution of +/- 0.1nm could be achieved by using gratings, they are commonly used in

spectrophotometers.

 Gratings are of two types.

1. Diffraction grating.

2. Transmission gratings.

 Polychromatic radiation from the entrance slit is collimated (made into beam of parallel rays) by a
concave mirrors



Grating
 These rays fall on a reflection grating, whereupon different wavelengths are reflected at different

angles.

 The orientation of the reflection grating directs only one narrow band wavelengths, 2, to the exit slit of
the monochromator

 Rotation of the grating allows different wavelengths, 1, to pass through the exit slit
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Advantages of Gratings

 Grating gives higher and linear dispersions compared to prism monochromator

 Can be used over wide wavelength ranges.

 Constructed with materials  aluminium, resistant to atmospheric moisture.

 No loss of energy due to absorption

Comparison Prism Grating

Made of 
Glass-: Visible 

Quartz/fused silica-: UV

Grooved on highly polished surface like 

alumina.

Working Principle Angle of Incident Law of diffraction

Merits/demerits

 It can’t be used over

consideration wavelength ranges.

 Prisms are not sturdy (strong)

and long lasting.

 It can be used over considerable

wavelength ranges.

 Grating are sturdy and long lasting



SAMPLE HOLDERS/CUVETTES 

 The cells or cuvettes are used for handling liquid samples.

 The cell may either be rectangular or cylindrical in nature.

 Glass is suitable for visible but not for UV spectroscopy because it  absorbs UV radiation

 For study in UV region; the cells are prepared from quartz or fused silica

 The surfaces of absorption cells must be kept scrupulously clean.

 No fingerprints or blotches should be present on cells.

 Cleaning is carried out washing with distilled water or with dilute alcohol, acetone.

1 cm 1 cm



DETECTOR
 Device which converts light energy into electrical signals, that are displayed on readout devices.

 Types of detectors

 Barrier layer cell/Photovoltaic cell

 Phototubes/ Photo emissive tube

 Photomultiplier tube

Requirements of an ideal detector:-

 It should give quantitative response.

 It should have high sensitivity .

 It should have a short response time.



Barrier layer cell/Photovoltaic cell

 Semiconducting layer (Se) deposited on an iron or copper cathode and the semiconductor is coated with

a thin metallic layer (Au or Ag), which serves as the anode.

 When light radiation falls on selenium layer, electrons become mobile and are taken up by metal layer.

 This creates a potential difference between two electrodes & causes the flow of current.

 The electrons then flow through the circuit resulting in a current that is proportional to the power of the

radiation.

 Cheap and rugged. Most commonly used in portable instruments.



Phototubes/ Photo emissive tube

 Consists of a evacuated glass tube with a photo cathode and a collector anode.

 The surface of photocathode is coated with a layer of elements like cesium, silver oxide or mixture of

them.

 When radiant energy falls on photosensitive cathode, electrons are emitted which are attracted to anode

causing current to flow.

 More sensitive compared to barrier layer cell and therefore widely used.



Photomultiplier tube

 The principle,multiplication of photoelectrons by secondary emission of electrons.

 In a vacuum tube, a primary photo-cathode is fixed which receives radiation from the sample.

 Some eight to ten dynodes are fixed each with increasing potential of 75-100V higher than preceding one.

 Near the last dynode is fixed an anode or electron collector electrode.

 It is extremely sensitive to light and is best suited where weaker or low radiation is received
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Single beam Uv Vis Spectrophotmeter
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Double beam Uv Vis Spectrophotmeter
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Advantage and Disadvantages of single & double beam spectrophotometer

Title Single Beam double beam 

Advantages

Simple in construction, Easy to use
and economical

It facilitates rapid scanning over wide λ region.

Fluctuations due to radiation source are minimised.

It doesn’t require adjustment of the transmittance at 0%

and 100% at each wavelength.

It gives ratio of intensities of sample & reference beams

simultaneously.

Disadvantages

Any fluctuation in the intensity of

radiation sources affects the

absorbance.

Continuous spectrum is not obtained.

Construction is complicated.

Instrument is expensive




