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UV/visible spectroscopy

Figure 2
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the visible range. Consequently, if you have ever
been to a nightclub and have seen a white shirt
appear purple/blue under ultraviolet light this is why.
It is also the reason why people with false teeth
should not smile!

An increasingly important use of the absorption
of ultraviolet/visible light is the coding of household
items with ultraviolet sensitive ink and using
invisible – but ultraviolet fluorescent – inks for
signatures in building society savings books. Figure 2
shows the electromagnetic spectrum indicating the
ultraviolet and visible regions.

How UV/visible spectroscopy works
When light – either visible or ultraviolet – is
absorbed by valence (outer) electrons these electrons
are promoted from their normal (ground) states to
higher energy (excited) states (Fig. 3). The energies
of the orbitals involved in electronic transitions have
fixed values. Because energy is quantised, it seems
safe to assume that absorption peaks in a UV/visible

The absorption of light is familiar to everyone. The
absorption of visible light is what makes things
coloured. For example, a blue dye used in a pair of
jeans appears blue because the light at the red end of
the spectrum is absorbed. This leaves the blue light to
be reflected to the observer’s eye (Fig. 1).

Ultraviolet/visible spectroscopy is useful as an
analytical technique for two reasons. First it can be
used to identify some functional groups in molecules
and secondly, it can be used for assaying. This second
role – determining the content and strength of a
substance – is extremely useful. Ultraviolet/visible
spectroscopy is used extensively in chemical and
biochemical laboratories, for a variety of tasks. It can
be used to determine small quantities such as the
trace metal content in alloys or the amount of a
certain drug reaching various parts of the body.

The optical whiteners used in washing and
detergent powders and toothpaste absorb ultraviolet/
visible light to good effect. The whitener absorbs
radiation in the near ultraviolet and then emits it in
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Figure 5

spectrum will be sharp peaks. However, this is rarely,
if ever, observed. Instead the spectrum has broad
peaks (eg Fig. 5). This is because there are also
vibrational and rotational energy levels available to
absorbing materials (Fig. 3).

Figure 3
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Because light absorption can occur over a wide
range, light from 190 nm to 900 nm is usually used.
So how is the absorption of light explained? Valence
electrons are found in three types of electron orbitals.
Single, or σ, bonding orbitals; double or triple
(π bonding orbitals); and non-bonding orbitals (lone
pair electrons). Sigma (σ) bonding orbitals tend to be
lower in energy than π bonding orbitals, which in
turn are lower in energy than non-bonding orbitals.
When electromagnetic radiation of the correct
frequency is absorbed a transition occurs from one of
these orbitals to an empty orbital, usually an

antibonding orbital – σ* or π* – (Fig. 4). Most of the
transitions from bonding orbitals are too high a
frequency (too short a wavelength to measure easily),
so most of the absorptions involve only π→π*, n→σ*
and n→π* transitions.

The exact energy differences between orbitals
varies. In organic molecules double bonds which are
next to each other can conjugate – join together and
delocalise the electrons over all of the atoms. This
lowers the energy needed to promote the outer
electrons. As a consequence molecules with many
conjugated double bonds can be coloured because
they absorb energy in the visible as well as the
ultraviolet part of the spectrum – eg ß-carotene
(Fig. 5).

The spectrometer
Samples are used in solution and are placed in a small
silica cell. Two lamps are used. A hydrogen or
deuterium lamp for the ultraviolet region and a
tungsten/halogen lamp for the visible region. In this
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Figure 7
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way radiation across the whole range is scanned by
the spectrometer (Fig. 6).

A reference cell containing only solvent is used.
Light is passed simultaneously through the sample cell
and reference cell. The spectrometer compares the
light passing through the sample with that passing
through the  reference cell. The transmitted radiation
is detected and the spectrometer records the
absorption spectrum by scanning the wavelength of
the light passing through the cells. A schematic
diagram is shown in Fig. 7. Single beam instruments
are now available as well as double beam instruments.
Radiation across the whole range is monitored
simultaneously. The principles are the same as for
double beam instruments, but data on the reference
are taken first, followed by the sample. In this way
single beam instruments can record the spectrum very
quickly.

A little bit of theory
For most spectra the solution obeys Beer’s Law. This
states that the light absorbed is proportional to the
number of absorbing molecules – ie to the
concentration of absorbing molecules. This is only
true for dilute solutions.

A second law –  Lambert’s law – tells us that the
fraction of radiation absorbed is independent of the
intensity of the radiation. Combining these two laws
gives the Beer–Lambert law:

log10I0/I =  εlc

IO = the intensity of the incident radiation
 I = the intensity of the transmitted radiation
ε = the molar absorption coefficient
l = the path length of the absorbing solution (cm)
c = the concentration of the absorbing species

in mol dm-3

So what is the Beer–Lambert law used to
calculate? Two useful pieces of information are the

molar absorption coefficient, ε  and λmax which is the
wavelength at which maximum absorption occurs.
These two pieces of information are sometimes
enough to identify a substance. However, if  ε and λmax

are known for a compound the concentration of the
solution can be calculated. This is the most common
application.

Example

The hydrolysis of an ester
(4-nitrophenylethanoate)
4-Nitrophenylethanoate hydrolyses in alkaline
solution to give 4-nitrophenoxide ions and ethanoate
ions (Fig. 8 overleaf).

During the experiment the hydroxide ion
concentration is kept constant by buffer solution and
the progress of the reaction is followed by the
absorption of light of wavelength 400 nm. The
solution turns yellow as the 4-nitrophenoxide ion is
liberated.

25.0 x 10-6 dm3 (25.0 µl) of a solution of 0.01 mol
dm-3 4-nitrophenylethanoate in methanol is injected
into 2.50 cm3 of a buffer solution in a 1 cm cell. The
buffer at pH 10.9 consists of 0.01 mol dm-3 sodium
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Readers will find a more detailed explanation of ultraviolet/visible spectroscopy in C.B.Faust, Modern Chemical
Techniques, RSC, 1992. For further information contact The Education Department, The Royal Society of
Chemistry, Burlington House, Piccadilly, London W1J 0BA.
This leaflet is produced in association with The Royal Society of Chemistry Fine Chemicals and Medicinals Group.

carbonate neutralised with 1.0 mol dm-3 hydrochloric
acid to the required pH. The reaction is followed by
monitoring the appearance of the 4-nitrophenoxide
chromophore at 400 nm with time. The absorption
curve at 400 nm is shown in Fig. 9.

From the information in the graph and the Beer–
Lambert Law, it is possible to calculate the absorption
coefficient of the 4-nitrophenoxide ion.

From the Beer–Lambert law

Absorbance = log10I0/I = εlc

The absorbance can be measured directly from the
absorption curve, and it is known that the path
length is 1 cm (ie l=1). The 0.01 mol dm-3 ester
solution was diluted from 0.025 cm3 to 2.525 cm3

(0.025 cm3 + 2.5 cm3), ie by a factor of 101. Its final
concentration is therefore

0.01/101 = 0.000099 mol dm-3

Substituting these values,

1.92 = ε x 1 x 0.000099
ε = 1.92/0.000099 = 19 392 mol-1 dm3 cm-1

The units are not usually quoted, and absorption
coefficients are given to fewer significant figures.
Thus
ε = 19 400.

Figure 8

NO2

CH3C
O

O

+ 2 OH–

CH3C
O–

O

NO2

O–

H2O

+

+

2.0

1.8

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

100 200 300 400 500 600 700 800 900 1000

1.92

Time (s)

A
bs

or
pt

io
n/

ab
so

rb
an

ce
 u

ni
ts

Figure 9


