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Fingerprint regions of
two polymorphs (A & B)

of sulfamethoxazole.
Spectra obtained bY

DRIFT. Reproduced
with permission from
lnt. J. Pharmaceutics
(see Reference 3).
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Infrared spectrophotometry as a method
for identifying Polymorphs
IR spectrophotometry, along with differential scanning calorimetry and X-ray powder

diffraction, provides a method for characterising polymorphic forms of drugs' The

existence of polymorphs, different crystalline forms of a substance, has an importgnt

bearing on drug bioavailability, the chemical processing of the material during

manufacture and on patent lifetime. Until recently the standard method of sample

preparation for characterising polymorphs by IR was by using a Nujol mull to prepare

the sample. However, the DRIFT technique has an advantage since it does not

introduce the interfering peaks which are present in Nujol and which may obscure

areas of interest in the fingerprint region of the spectrum. In addition, low polarity

samples may be soluble in Nujol, thus causing their polymorphs to break down.

Figure 5.16 shows the spectra of the fingerprint region of two polymorphs of

sulfamethoxazole prepared by powdering the samples with KBr and then analysing

using DRIFT.3 The units on the y-axis are Kubela-Munk units, which are an

expression of the data obtained by DRIFI. These can be mathematically converted

into transmittance or absorbance if required.

Near-infrared analYsis (NIRA)

Principles
. Eleciromagnetic radiation in between 1000 and 2500 nm is weakly absorbed by the

X-H bonds of molecules, causing them to stretch. The wavelength of the radiation

absorbed is characteristic of the bond absorbing it'

Applications
. quantitative analysis of multiple components in a sample and in pack quantification of

drugs in formulations
. Fingerprint check for the iclentity of a drug and quality control of complex excipients

such as lactose and cellulose used in tbrmulation
(Continued)
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. Determination of physico-chemical properties of drugs and excipients such as particle 
i

size, water content and polymorphism i

. Determination of the physical properties of formulations such as blend uniformity and 
i

particle size.

Strengths '

. NIR radiation has good penetration properties and thus minimal sample preparation_ls 
.

required and thick sample layers can be used to compensate for the weakness of NIR 
i

absorption
. Intenie radiation sources can be used since they can be protected by quartz envelopes, 

i

unlike middle-IR sources i

. Has the potential to replace chromatography as a method for more rapid analysis of 
i

multicomponent samPles.

Limitations
. Extensive method development is required before the technique can be used as a truly '

rapid analysis technique. bevelopment of a method requires a specialist operator with

i computing knowledge

, . Instruments are expensive compared with middle-IR instruments'

Introduction r

The near-infrared region of the spectrum is generally defined as the wavelength range

fiom 700 nm to about 2500 nm. The absorption bands in this region of the spectrum

are due to overtones and combinations of fundamental mid-IR vibration bands.

euantum mechanical selection rules forbid transitions over more than one energy

level. However, molecules do not behave as ideal oscillators, and anharmonic

vibration enables overtone bands to occur at two, three, four times, etc. the energy

level of the fundamental bands of the mid-IR region. Such overtone bands are cc 1000

times weaker than the bands seen in the mid-infrared region. Most of the useful

bands in this region are overtones of X-H stretching. The NIRA technique was

developed in the 1950s, but the paucity of structural information which could be

obtained from it caused it to be neglected until the 1980s, when applications for it were

found in the agricultural and textile industries. The strength of NIRA lies in the

quantitative information which it can yield and its ability to identify constituents in

multicomponent samples. The applications in quantitative analyses arrived with the

ready availability of advanced computing facilities and this is the weakness of the

technique, i.e. extensive software development has to take place before the spectral

measurements yield useful information. However, it might be anticipated that

increasingly sophisticated software will become available. NIRA has the potential

to produce great savings in sample preparation and analysis and lends itself very

well to process control. The technique is largely used in the DRIFT mode'

Examples of NIRA aPPlications
Extensive use has been made of NIRA in agriculture, where it has been used to

determine the protein, flbre, water and triglyceride contents of feedstuffs and the

quality of crops. By training the computer to recognise the near-infrared (NIR) spectra

of the major components making up a crop, the individual components can be

monitored in the crop itself. The components that can be measured by NIRA often
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NIRA of USP asPirin
samples with decreasing
particle size. ReProduced
with permission from
Applied 5pectroscoPY
Reviews (see Reference 4).
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cannot be measured by the usual spectroscopic methods. The fundamental work

done in the quality control of agricultural products can be readily extended to the

quality control of pharmaceutical formulations.

Determination of particle size in United States

Pharmacopoeia (USP) grade aspirin
It has been found that there is a linear relationship between NIR absorption and particle

size. NIRA can provide a rapid means for determining particle size. Figure 5.17 I

shows the effect of particle size on the NIR spectra of USP grade aspirin;a the

absorbance of the sample increases with decreasing particle size. Particle size is an

important factor to be controlled in formulation and manufacture, and NIRA provides a

rapid means for its determination. In order to validate such a technique it would have to

be calibrated against one of the existing methods for particle size determination.

Determination of blend uniformity
NIRA provides an excellent method for the direct monitoring of the uniformity of

blends when drugs are being formulated. Figure 5.1 8 shows the effect of blending time

on the uniformity of a sample containing hydrochlorothiazide, lactose, magnesium
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Fig. 5.18
The effect of differences
in blend time on the
uniformity of a

formulation containing
lactose and
hydrochloroth iazide.
Reproduced with
permission from
J. Pharm. Biomed. Anal.
(see Reference 5).


