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Principles
. Electromagnetic radiation ranging between 400 cm-' and 4000 cm-' (2500 and

20 000 nm) is passed through a sample and is absorbed by the bonds of the
molecules in the sample causing them to stretch or bend. The wavelength of the
radiation absorbed is characteristic of the bond absorbing it.

Applications
. A qualitative fingerprint check for the identity of raw material used in manufacture and

for identifying drugs.
. Used in synthetic chemistry as a preliminary check for compound identity,

particularly fbr the presence or absence of a carbonyl group, which is difTicult to
check by any other method.

. Can be used to characterise samples in the solid and semi-solid states such as creams
and tablets.

. Used as a fingerprint test for films, coatings and packaging plastics.

. Can be used to detect polymorphs of drugs (polymorphs are different crystal forms
of a molecule that have different physical properties such as solubility and melting
point, which may be impoftant in the manuf'acturing process and bioavati*iil;r,



Strengths

' Provides a complex fingerprint which is unique to the compound being examined.
' Computer control of instruments means that matching of the spectrum of a compound

to its standard fingerprint can now be readily carried out.

Limitations
' Rarely used as a quantitative technique because of relative difficulty in sample

preparation and the complexity of spectra.
. Usually can only detect gross impurities in samples.

' Sample preparation requires a degree of skill, particularly when potassium bromide
(KBr) discs are being prepared.

' The technique is lacking in robustness since sample handling can have an effect on the
spectrum obtained and thus care has to be taken in sample processing.

Introduction
The infrared region can be divided up as shown in Table 5.1.
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The middle-infrared region is commonly used for structural confirmation, but
near-infrared spectrophotometry, which has been used for very many years to control
products such as flour and animal feed, is finding increasing applications in quality
control in the pharmaceutical industry. For the purposes of explaining infrared
spectroscoPY, a molecule is viewed as being joined by bonds which behave like
springs. If the simple molecule HCI is examined in the gas phase, it can be seen that it
has an absorbance maximum at ca 2900 cm-1, which results from the transition
between the bottom vibrational state Vs and the first excited state V1 fig.5.l).
The spacing of the lower vibrational levels in IR spectrophotometry is equal,
so even if the Vr-Vz transition occurred, the energy absorption would be the same
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Absorbance in lR
radiation by a simple
molecule HCl.
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Fig. 5.2
Vibration modes of a
methylene group.
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as for Vg-Vr. Quantum mechanics does not allow a V6V2 transition, although these

types of transition over 2 or 3levels occur weakly and give rise to near-infrared

spectra.

In order for the electrical component in electromagnetic radiation to interact with a

bond, the bond must have a dipole. Thus symmetrical bonds, such as those in 02 or N2,

do not absorb infrared radiation. However, the majority of organic molecules have

plenty of asymmetry. Even in small organic molecules the modes of vibration are

complex. This is illustrated by the vibrational modes which can occur in a methylene

group, shown in Figure 5.2. The large number of bonds in polyatomic molecules

means that the data obtained by IR analysis is extremely complex and provides a

unique 'fingerprint' identity for the molecule. Quite a lot of structural information can

be obtained from an IR spectrum, but even with modern instrumentation it is not

possible to completely 'unscramble' the complex absorbance patterns present in IR

spectra.

Factors determining intensity and energy level
of absorption in lR spectra

I ntensity of a bsorption
The intensity with which a bond absorbs radiation depends on its dipole moment.

Thus the order of intensity of absorption for the fbllowing C-X bonds is:

c-o
Similarly:

OH

The intensity depends on the relative electronegativity of the atoms involved in

the bond.
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Self:test,5,:1

Predict the order of intensity of absorption of the following bonds:

(i)

c-oH
(i i)

C=NH

(iii)

C=C-H

(iv)

C=C-OH

(v) (vi)

C-F C=5

(!!!) :(^t) i(!^) :(r!) :(!) :(^) iraMsuv

The intensity of the stretching of carborcarbon double bonds is increased when

they are conjugated to a polar double bond, and such bonds in the A ring of the

corticosteroids are quite prominent (e.9. see Fig. 5.12).

The order of intensitv is as follows:

c:c-C-o > c:c-C:c > c:c-c-

Energy level of absorption
The equation which determines the energy level of vibration of a bond is shown

below:

Evib a

ft is a constant related to the strength of the bond, e.g. double bonds are stronger

than single bonds and therefore absorb at a higher energy than single bonds. p is

related to the ratio of the masses of the atoms joined by the bond.

e.g. for GH bonds, /tl :

lll t lTlZ
,t 

- 
_t-*r*mz

- 0.94; for C-O bonds, pt - 28

16xl
n

l2x16 : 6.86

where m1 and fi12 i1f€ the masses of the atoms involved in the bond.

According to the p term, the highest energy bonds are the X-H (OH, NH, CH).

The order of energy absorption for some common bonds is as follows, which reflects

p and the strength of the bonds:

O-H > N-H > C-H > C=N > C=C > C:O > C:C > C-O > C-C > C-F > C-Cl

lnstrumentation
Two types of instrument are commonly used for obtaining IR spectra: dispersive

instruments, which use a monochromator to select each wavenumber in turn in

order to monitor its intensity after the radiation has passed through the sample, and

Fourier transform instruments, which use an interferometer. The latter generates a

radiation source in which individual wavenumbers can be monitored within a ca I s

pulse of radiation without dispersion being required. In recent years, Fourier transform

instruments have become very common. A simple diagram of the layout of a

continuous wave instrument is shown in Figure 5.3. The actual arrangement of the



Fig. 5.3
Schematic diagram of a
continuous wave lR

instrument.
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optics is much more complicated than this but the diagram shows the essential

component parts for a dispersive IR instrument. Thefilament used is made of metal

oxides, e.g. zirconium, yttrium and thorium oxides, and is heated to incandescence

in air. The sample is contained in various ways within discs or cells made of
alkali metal halides. Once the light has passed through the sample, it is dispersed

so that an individual wavenumber or small number of wavenumbers can be monitored
in turn by the detector across the range of the spectrum.

In a Fourier transform IR instrument, the principles are the same except that the

monochromator is replaced by an interferometer. An interferometer uses a moving
mirror to displace part of the radiation produced by a source (Fig. 5.4), thus producing

an interferogram, which can be transformed using an equation called the 'Fourier
transform' in order to extract the spectrum from a series of overlapping frequencies.

The advantage of this technique is that a full spectral scan can be acquired in about I s,

compared with the 2-3 mrnrequired for a dispersive instrument to acquire a spectrum.

Also, because the instrument is attached to a computer, several spectral scans can

be taken and averaged in order to improve the signal:noise ratio for the spectrum.

Fi9. 5.4
Michelson interferometer
used in FT-lR instruments.
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