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07.01 Absorption of light

Principle and tasks
In dilute solution the solvent
changes the binding relationships of
the dissolved substance. This influ-
ence shows itself in the electron
spectrum.

An UV-VIS absorption spectra of
methyl orange is recorded in differ-
ent solvent. The type of electron
transition which causes the bands in
the visible region can be determined
via the decadic molar extinction co-
efficient.

Plot of the absorption maxima of methyl orange against the relative dielec-
tric constants of different solvents.

Spectrophotometer 190 – 1100 nm 35655.97 1

Cells for spectrophotometer 35664.02 1

Laboratory balance, with data output, 620 g 45023.93 1

Weighing dishes, 80�50�14 mm 45019.05 1

Volumetric flask, 100 ml 36548.00 1

Funnel, glass, do = 55 mm 34457.00 1

Volumetric pipette, 1 ml 36575.00 5

Pipette dish 36589.00 1

Pipettor 36592.00 1

Microlitre syringe, 100 ml 02606.00 1

Microspoon 33393.00 1

Wash bottle, 500 ml 33931.00 1

Methyl orange solution, 0.1 %, 100 ml 31573.10 1

Methyl alcohol, 500 ml 30142.50 1

Ethyl alcohol, 500 ml 30008.50 1

Ethylene glycol, 250 ml 30085.25 1

N,N-Dimethylformamide, 1000 ml 31259.70 1

Water, distilled, 5 l 31246.81 1
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What you can learn about

� Electron excitation
� Solvatochromism
� Hypsochromic and

bathochromic shifts
� Lambert-Beer law



Theory and evaluation
In the UV-visible range of the electromagnetic spectrum, the
energy of the light quanta is so high that the valency electrons in
the s -bonds and und p -bonds of a molecule are excited, where-
by the following electron transitions are of importance:

Ð between occupied and unoccupied p-energy levels: p S p*
Ð of n-electrons from nonbinding atomic energy state to unoc-

cupied s -energy levels: n S s *
Ð of n-electrons from nonbinding atomic energy state to unoc-

cupied p -energy levels: n S p*
Ð between occupied binding and excited s -energy lev-

els: s S s *

A band can be assigned to the type of electronic transition when
the logarithm of the decadic molar extinction coefficient at the
band maximum is determined.

(1)

ei Decadic molar extinction coefficient of substance i at a
wavelength of l

El Extinction at a wavelength of l
ci Concentration of substance i in mol/l
d Layer thickness of the solution in cm

Values of log e above 3 indicate a p S p*-transition, values of
Ig e less than 2 indicate a n S p*-transition.
The excitation of organic molecules is connected with electrical
charge displacement, whereby polar solvents exert a strong
influence on the excitation energy, and so on the position of the
bands. As a rule, the polar excitation state of polar solvents is
more strongly stabilised that the ground state, whereby p S p*-
transitions require less energy. This energy is brought by long
wavelength radiation, with a resulting shift towards the red
(bathochromic shift) on transition to polar solvents (positive sol-
vatochromatic shift).

Data and results
The band in the visible range of the methyl orange spectrum
shows a more pronounced bathochromic shift with increasing
polarity of the solvent. This connection is made very clear in
Fig. 2, where the wavelengths of the absorption maxima are
plotted against the relative dielectric constants of the solvent ( er ,
Table 1). The deviation shown by ethylene glycol is due to the
influence of the water in the stock solution added.

Note
The graphical evaluation of the measured values can be very
easily carried out by means of ÔMeasureÕ software. A download-
file of this software is available as freeware for use in evaluating
and graphically representing measured values under URL
ãwww.phywe.comÒ. Fig. 2 was created by this software.

Table 1: The relative dielectric constants of the solvents used.
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Fig. 2: Plot of the wavelengths of the absorption maxima of
methyl orange against the relative dielectric constants
of various solvents.

Solvent er 

Ethanol 25.3

Methanol 33.0

DMF 38.3

Glycol 41.4

Water 80.1
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