Infrared spectrophotometry
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Principles
*  Hlegtromagnatic radiation ranging between 30 et and 4008 cm- {2500 and
20 08000 o) 15 passed through 4 sample and is absarbed by the bonds of the molecules in
the sample causimg themn o sireich or bend. The wavelength of the radhation absorbed s
characteristic of the hond absorbing it

Applications

[or identifyving drugs.

method,

and talilets,

Stremgihs

= A qualitative fingerpring check tor the identicy of raw material usad in manufaciure and

= Uscd in synthetic chemisery as & preliminary check for compound ideaticy particularly
fou the preseoce or abscace of a carbanyl group, which is difficult to check by anv ather

= {’an he nsed to charseierise samples in the golid and semi-solid srtes such s creans
* Tlsed as o (ogerpring st for Glme. coatings and packaging plastics,
= £an he used t detect polymorphs of dugs fpolymorphs ere different crystal formes of a

molecule that have different physical prepertics such as solubilicy and melting point
which may be important in the manofaciunmg process).

»  Provides & complex fingerprint which is unigue to the compound Being examined.
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o Computer eontrel of instruments means that motching of the spectiee: of a compound
b0 b5 standard fingerpring can now be readily carried aul.

E.imitations

o Rarcly mszd as a quanntapve wechoigue beconse of relative dilticoly in sampls
preparation wnd the complexine of spectr,

» Ulsually can only detect gross impurities i samgples,

«  Sample preparation requites a degrees ol skall, partcelacly when potassiom bromide
{KBridiscs are being prepared.

* The technigue v lacking in mabustoe s sice saimple handlisg can have an effeet on the
spectrum ohtained and chus care hus o be whken o sampls procsssing.

Introduction
The intra region can be divided up as shown in Table 5.1

Table 5.1 irfrared ranges

Ranges Far infrared Middle infrared Mear infrared
Wavelength range SO0 prri 2.5-50 pim 0.8-2.5 pm

Wave number range 200-10 em! AHI0-200 cm 12 5004000 cm-!
Energy range 0.025 &\V-0.0012 &V 0.5 eV-0.025 eV 1.55 ev-0,5 eV

The middle infrared region is commonly used for siructueal conficmation but near
infrared spectrophotomctry, which hus been used For very many vears to contral the
products such as flourund animal leed, §s inding inereasing applications in qualicy
control in the pharmaceutical industry, For the purposes of eaplaiming infrared
spectrescopy, a molecule is viewed as being joined by bonds which behave like
springs. If the sitnple molecdle HCI is cxamined in the zas phasé it can he sgen that
it has an absorbance mximum ul eg 29080 cro', which resules from the transition
between the bottom vibrutional state Vo and the liest excited state Vo (Fig. 510 The
spacing of the lower vibrational Jevels in IR spectropholometry is equal so chat even
if the ¥ Wz trapsition oecurred the energy ubsorption would be the same as fin
ViV Quantum mechanics does not allow o Vo=V transilion, although these rvpes
of wansition over 2 or 3 levels oceur weakly and give rise o near-infrared spectra.

A Fig. 5.1
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Tn order for the elecirical compenent in electromagnetic radiation to interact with
a bond. the bond must have a dipole, Thus symimetrical bonds such as those in O, or
N, do net absorb inltared mdiation, However, the majoricy of organic molecules
have plenty of ssymmetry. Ineven sonall onranic molecules the modes of vibration
are complex, This 15 illustraled by the vibrational modes which can occur in a
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methylene group shown in Figure 5.2. The larpe mamber of Tonds in pelyaiomic
modecules means that the data obtained by 112 analysis i exiremely complex and
provices s unigue fingerprint identity for the molecale, Quile a loi of stroctur
intormalion can be obtained Mrom an IR specoum but even wilh msdern
imstrumentalion il is ool possible o completely ‘unscramble” the complex
abanrbance palters present in [R spectra,

Fig. 5.2
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Factors determining intensity and energy level of
absorption in IR spectra

Intensity of absorption

The intensity with which a bord absorbs radiation depends on its dipele moment,
Thus the order of intensity of absorption for the following C- X bonds is:

Coox O ox O-No» OO = CC-H
Similurhy:
OH = NH = CH

The intensity depends on the relative electroncestivity of the atoms invelved in
the bond.

Salf-test 5.1 E (R i

Pradicz the order of intersity of absorption of the 'I:clllclwing bonds

i i} iy {iv v (i)
€~0H C=MH C=t~H C=C OH -F €=5

T R N P R B (PN G A E R0

The intensity of the strerching of casbon—carbon double bonds is increased when
they are conjugated to a polar double band and such bunds in the A ring of the
corlivosteroids are quite prominent (e.g. see Fig. 5,123,
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The crdet of intcnsity is s follows:

C=C-C=0>C=CC=C == —

Energy leve| of absorption

The equation which determines the energy level of vibration of a bond is shown
below;

Evibys ., l,"k
W

ks g constunt related to the strength of the bond, e doukle bonds are srronger
than single bonds and therefore absorh at-a higher cnerey than single bonds. g s
related to the ratio ol the masses of the atomns jeined by the bond,

_ g
M= i1+ 1
¢ for O-H bonils yr = '“? L - 0:04 for €0 bonds jr= %: 113

where m, and m. are the masses of the atoms involved in the bond,

According to the u term the highest energy bonds are the X-H (OH, NH, Tl
The order of cnergy absomption for some common bonds is as follows, which reflects
o and the strongth of the bonds:

O—HsN—HsC-Hs{C=N=(=slU>(=05C=C>C—0>C—C>C—F>0—-L]

Instrumentation

Two types of instrument are commenly used for obtaining TR spectra; dispersive
instruments which use a menachromator go select cuch wavenumber in turn in arder
to monitor its inlensily aller the cadiation has passed through the sample and Fourier
transform instruments thal wse an interferometer. The batler genemiles o radiation
souree in which individeal wavenumbers can be monitored within a cg 1« pulse of
radiztion without dispersion heing required. In recent yeurs, Fourier wanstorm
imstruments have become very common. A simple diggram of the layout of a
conlinuous wave instrument 14 shown in Figure 5.3, The aclual arrangement of the
optics is much more complicated than this but the disgram shows the essential
component parts Tor a dispersive IR Instounent. The filament ugel s made of metal
oxides, ¢.g. rirconiwm, yitrium and thordum oxides and is heated o incandescence in
air. The sample is contained in vadons ways within Jises or cells made of alkali
metal halides, Once the lighe has passed through the sample icis dispersed so that an
individual wavenumber ar smakl number of wavenwmbers can be monitored in lurn
by the detecior across the range of the spectrum,

In & Fourier iransform [ instrument the principles are the same except that the
menochrmor is replaced by an imerferometer, An interferometer uses a moving
micrer 1o displace part of the radiation produced by a source (Fig. 5.4) thus
prolucing an interferagram which can be trnslormed using an equation called the
‘TFourier transform” in ordet o exwact the specinem (rom a series of overlapping
freguencies, The advantage of this echnique i that a [ spectral scan can be
acquired in sbout | s compared to the 2 -3 min reguired for a dispersive instrument
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o aequire a spectrum. Adso, because the imstrument is attached teoa computer severl
spectral scans can be taken and averaged inorder to improve the signal:nnise ratio
for the spectrum:

Instrument calibration

In order to cnsure that instruments conform with BE specifications. the wavelenpth
seale of the instrument is checked by obtaining an IR spectrum of polvstveere film
(shown in Figure 3,55 Some of the bands used to check the accuracy of the
wavelenglh scade of an IR spectrophotometer are shown in Figure 5.5, The permitted
talerances for variation i the wavelengths of absorption are mainly * 0.3 nm. Two
ol the bands an 907 e, 1028 cm | 1495 cm ' or [60H cm b {usualby 1028 and
1801 emr " are overlayed onto standard BP speea to indicare thar the spectra have
been oblained oo g correctly calibrated instroment. In addition to specifying
tolerances for the wavelength scale, the BP specifies the degree of resolution which
the nstrament mist be capable of achieving, o2 the meedima at 28510 cm™! and the
mminirourn ak 2870 e ! should have @ valley between them of = [3% transmittance.
In Figure 3.5 the valley between the minimum and maximum it these pao
wavelengths is o 23% Iransmilunce.
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Sample preparation

raditionally three modes of sample preparation have been used prior to TR unalysis:

(i} Thesample is run as a film sandwiched between two NaCl or petassium
chlonde (KCT) dises, For this method the sample must be i liqoid, in which
cane it can be run without preparation, or must be ground &0 a paste in a liquid
matrix, usually ligquid paraftin (Fig. 5.6). In this casc the Bguid paralfin (moel)
contribules some peaks o he specirurm ol ce 3000 e and ce 1400-

F5060 e, However, sample preparation is relatively simple and this
procedure is used where o chemist just wants g quick wentification o cerain
structural Features in o omolecale, This procedure s also used o identify
different crystal forms (polymorphs) of a drug because the pressures used to
prepare KBr discs can cause polymorph interconversion.

{1y The sample 35 ground W o powsder with KBr or KO KDr is eseally used unless
a hydrochioride salt is being analysed in which KCl is used w aveid halogen
exchange. On 4 weight-for-weight basis the weight ol the sample used is aboul
156 of the weight of KRB used. Abour 200 mg of the finely ground powder are
tramsferred to a die block and the sample is then compressed into o dise under
vacuum by subjooting it W & pressure of 800 KPa (THg. 5.6), This is the
procedure psed in pharmacopoeial methods (o prepare a dimg for anai}'ﬂis by 11,

(it} 1R spectra of liguids or selutions in an organic solvent, commenly chloroform,
may be obtained by pulling the liquid inte g short pathlengeh cell with a width
ot ca 1 mn, Cells are constracted rom sedinm or potassiom chlorides and
ofvicusly aqueous samples cannot be uscd.

(iv) A mewe recent development in sample preparation is the wse ol diflese
rellectance (Fig. 5.7}, Diffose reflectance is a readily ohserved phenomenon.
When light is reflected off 2 matt surface the light observed is of the sume
intensity mo matier what the angle of ohservation. Samples for diftuse
reflectance are lieated in the same way as those prepared for KBr disc
formation except that instcad of being compressed the fine powder 3s Toaded
it & small metal cup, which s placed in the path af the sample beam. The
incident tadiation is teflected from the base of the cup and during its passage
threugh the powdered sample and back absorption of radiation takes
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place—yielding an infrared spectrum which 15 very simalar to that chtained
from the KBr dise matbiod, Tn fact the spectrum produced s an absorbance
spectrwm rather than a fransoiffance spectrm bt it can be readily converted
into a transmittance spectrum if the instrument is attached to a computer. The
diffuse reflectance technigue s widely used in near-infrared
spectrophotometsy and jecan also be used to examine filmis ard coatings it
they are put onto & reflective background. Itis also a useful technique for
cxamiming polyvmorphs since the sample can be prepared [or analysis with
riniemal grinding ancd compression, which can cause interconversion of
polymorphs.

Attenuated total reflectance (ATR) is another revent developmenl in sample
handling (Fig, 385 [n this case the sample may be ranin a gel or cream and
this method may be used to characterise both formulation mairices and their
interactions with the drugs present in them, 1 the active imgredient is relatively
concentrated and ifa blank of the mateix is run using the same sechnique it
may be subtracted from the sample w yield a spectrum of the active
ingredienl. ATR also provides another lechmgue which coan be used for the
characterisation of polymorphs,

103
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Fig.5.8
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Application of IR spectrophotometry in structure
elucidation

As indicated earlier, the cxtent to which 1R specirophotometry can be used [0
elucidale struciures is limited, The information giver in Figure 5.9 is confined to the
more easily recognisable bands in the IR specira of molecules: this is e discourage
the nolion that 1R is a technique used for extensive structure clucidation—in
phurmaceutical analysis it is a fingerprint echnique. The mest readily assigned
absorphions are usually at = 1500 cm'. The hands < 1500 ¢! are in the fingerprint
region of the spectrum where the absorption is very comples and it is difficult to be
confident in the assignment of ahsorptions to particular functivnad groups. Fuller
Lahles of the bands in the fngerprint region are given clsewhers! and the present
treutmient is focused largely on the bunds > 1500 cm-

Examples of IR spectra of drug molecules

Some examples of interpretations are given in Figures 5, 10-3,14 and Tahles 5.3-5.6.
In the examples only limited mterpretation of the fingerpring region is attempted
since often assignments in this region are not certain, Even above 1300 cm-' it
sometimes difficult to assign bands thus IR is not o primary stuctare elucidation
lechique.
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Fig. 5.9
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Table 5.2 Additional comments on IR barsds in Figure 5.9

Band Comment

A Restricted rotation about N=CO bond produces diastereomers giving twe bands
in the case of secondary amides; see spectrum of phenoxymethiylpanicillin
[Fig. 5.14)

B C=C unconjugated gives a very weak abzorption but when tonjugated the C=C
bond gives a much strenger absorption found typically in many steroids

C C=C aramatic: the band at 1600 om ° may be weak unless the aromatic ring is
substituted with polar substituents, e.g. a phenal, aromatic ether or aromatic
armire free base

] M-H bend is often obscured by stronger arematic C=C stretching bands

E 503, hands: atthough this absorption is in the fingerprint ceqgion, these bands are
nuite prominent in sulphonamides

F -H bending in many cases is not wery distinetive in drug molecules because of

the complexity of the fingerprint region

Fig. 5.10

Infrared spectrum of
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disc.
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Table 5.3 interpretation of the IR speorum of paracetamal

Wavenumber
A J3p0 cm

B 3000 cm'-3500 cm-?

Cora 3000 cm!

O 1840-1940 cm-!

E 1650 cm-'

F 1608 em!

G 1568 cm'

H 1510 cm

1 810 cmn!

Agsignmant

Comments

N—H amide stretch

Phenolic OH stretch

C-H stretching

Aromatic overtone
region

C=0 amide strelch

Aromatic C=C stretch

N-H amide bonding

Arcmatic C=C stretch

={-H bending

This band can be seen quile clearly
although it is on top of the broad OH
stretch

Very broad due Lo strong hyd rogen
bonding and thus obscures other
bands in this region

Mot clear due to underlying OH
absarption

Quite clear fingerpnnl but does nol
reflect 2 band patlern proposed for
podisubstitution

Culd slretching in amides Goours at a
loaw wavenumber compared to ather
uncanjugated C=0 groups

This band 15 strong since the argmatic
ring has polar substituents which
increase the dipole moment of the C=C
bonds in the ring

Streng absarption in this case bt this
15 ol always so

Evidence of a doublet due to
interaction with ring substiluents
Passibly aromatic C-H bending but the
fingerprint region is too complex to be
campletely confident of the
assigrimenl
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Fig. 5.11
The infrared spectrum of
aspirin as a KEr disc.
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Tabke 5.4 Interpretation of the IR spectrum of aspenin

Wavenumber
A 24002300 e

B ca 30080 cm
C 17537 cm
Oo1e=0cm?

E 1608 oy

F1ded cm

Assigninnent

Comments

Carboxylic OH stretch

{—H stretching

(=0 ester stretch
(=0 canjugated
carhoatylic acid stretch

Aramatic C=C stretch

Aramatic C=C stretch

Very broad and complex due ta strong
hydrogen bonding. The broad band
abscures other bands in this region
Mot clear due to underlying OH
absorption

Due the acetyl group which isan
unconjugated aliphatic ester

(=0 of the acid is conjugated to the
aromatic ring

These bands are intense since the
ring is substituted with polar groups

Flg. 5.12

The infrafed spectrum of
dexamethasone obtained
a5 a KBr disc.
Cortleasteralds provide
snitie af the hast
exarmales Tor tne
assigrrsent i+f IR Bancds
brrause af the
praminence of the bands
in thelr spectra above
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Table 5.5 Interpretation of the IR spectrum ot dexamcthasone

Wavenumber

A 3140-3600 em *
B 2750-3122 em?

C 1705 om~

D 1655 em *

E 1615 oy

F 1600 cm

Assignment

' Aleoholic OH stretch

C=H stretch

C=0 unconjugated
kelane stretch

C=0 canjugated

ketone stretch
L= conjugated

C=C conjugated

Comments

Broad due to hydrogen bonding
Complex region due 1o the large
hydrocarbon sketeton of steraid
Ketone at 20-position C=0 stretch,
generally lower than an ester

=0 stretch

Ketane at 3-position

Strengthened by being conjugated to
a C=0 group. Trisubstituted C=C
ahsarhs at a higher wavenumber than
disubstituted

Strengthened by being conjugated to
a =0 group. Disubstituted C=C
absarbs at lower wavenumber thar
trisubstituted

a7
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The spectrum of dexamethasone obfaimed by the DRIFT technigue is shown in
Figuare 5,13 amb s very similar 1o thal obtained vsing o KBrdise, Howewver, the
proporiion of desomethusene poywdened with KBr and wsed o obtuin the DRIFT
spectrum was 14 times that used to prepare the KBr disc, which vielded the spectrum
shown in Figore 5,12, As discussed carlier in this chapter, the use of DRIFT has
some advanlages over the prepacation of o KBr disc.
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Table 5.6 Interpretation of IR spactrum of phenoxymethyl penicillin potassium

Wavenumber

Assignment

Comments

A 3360 cm’

B 2300 31040 e’
C2400=ca 3000 cm’

M-H amide stretch

CH streteh

Two bands indicating restricted
rotalion about the N-CO band
resulting in sterecisomers

Allphatic and arematic T H stretehing
OH stretch absent since the carbogylic
acid 15 irs the farm of its patassiom sall

O 1765 o’ C=C lactam ring High energy C=0 stretch typical of a
stratch lactam ring
E 1744 cm’ C=0 carbonylic salt thus absence of H bonding means
acid streteh the streteh s of ligher energy than in
an acid. Compare with eslers
F 1690 <t C=0 ammide stretch
G 1810 om C=Cstretch Aromabic ring stretch, bread band
possibly obscuring amide MN-H bend
H 1505 v ' and C=C slretch Arornatic ring
1495 ¢rri!
Self-test 5.3 3

Assign the bands A-E indicaled in the spectrum of hydrocortisone,
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IR spectrophotometry as a fingerprint technique

Preparation of samples for fingerprint determination

The majority of samples prepared for fingerprint determination in onder o delermine
their degree of conformity with BP standards are prepared as KBr or KC1 discs, The
instmactions with resard to sample preparation stipolate thut 1-2 myg of the substance
being investigated should be ground with 1.3 004 ¢ of KBror KCIL The KBror KO
should be free from moisture. The mixture shoold be compressed at 800 KPacand
dizes should be discanled it they do not appear uniferm. Any dise having o
trapsmittange < 73% ar 2008 con-! in the absence of a specific absorpion band
should be discarded. The instrument usad to measure the IR spectrumn should be
calibrated wsing a polysoyvrene filin, Formulanons are usually extracted with a
specified salvent und it s stipulated that adequate spectra will be oblained only i
excipients in the formulalion are adequately removed. For pure substunces, 1
difficulty is cncountered with obaining a fingecprint match to the BP specirum of a
referenee stamsdard for the substance being examined. the anulysis should be repeared
where the substance being investigated and the reference stundurd have heen
recrystallised from the same solveat. As can be seen in Figure 30050 even closely
related compounds give different IR specira in the fingerprint region,
Dexamethasonc and belamelhasone only difter in their stercochemistry ul the 16
position on the steroid skeleton. However, this small difference is great enough 1o
result ina dillerent ingerprint spectrum for the two compounds, There are even
slight differences in the absorptions of the bands due to C=C siretehing at 16240 e,
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Compare the fingerprint reglons of the Tellowing spectra with the spectrum of paracetamal
given in Figure 510 Which spectrum is due te paracetamal ¥ Sugqest what the structure of the
unkmown cormpound might be.
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Infrared spectrophotometry as a method for
identifying pelymorphs

IR spectrophotometry along with differential scanning calorimetry and X-ray
powder diffruction provides o method for characterising polymorphic fonms of
drugs. The existence of polymorphs, different cevstalline forms of 4 substance, has
an important bearing on drug bicavailabilicy, the chemical processing ol the material
during mamufaciure und on patent Hifetime. Uneil recent]y the standurd mcthod of
wsittnple preparation for characterizing polymorphs by IR wus by using a nujol mull to
prepan: the sumple. However the DRIFT rechinigue has an sdvantags sinee it docs
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not introdice the interfering pesks which are present in aujol and which may
obscure oreas of interest in the Angerpont segion of the spectrum. In addition, Tow
polarity samples may be soluble in nujol thus causing their polymorphs 1o break
clewen. Figure 5.16 shows the specira of the fingerprint region of twe polymorphs ol
sulphatmethoxazole propared by powdering the samples with KBr and then analysing
using DRIFT.? The onits on the Y axis are Kubela Munk anits, which arc an
cxpression ot the data obtained by DRIFT, These can he mathematically converled
inlo tranainittance or absorbance 1] required.

Near-infrared analysis (NIRA)

T 1 R A Fan ddifa T TR e

Principles

« Electrumagmedc radiation in hetween 1000 and 2500 nm is weakly absorbed by the X-H
bonds of molecules cawsing them to stretel, The wavelength of the rudistion absorbed is
characteristic of the hond absoebing i

Applications

» Duentitative analysis of multiple componenis 1o a sample aod o pack quantification of
drzs i formulations

« Fingerprine check Tor the identity of 2 drug and qualicy control of comples excipients
such us Tactose and cellulose used in formulaton

» etermination o physice-chemical propentics of drogs and excipients such as parmicls
size, watcr congent and polymorphism

» Dietermination of the physieal properties of formulations such as blend nnitormity and
particle s

Strengths

« NIR radiation has good penetralicn properties and thas minimal sample preparation is
reguired wind thick sample lavers can be used W compensate for the weakness of NIR
ghsomphion

+ Dtense radiation sources can he wsed since they can be protecred by quare envelopes
unlike middle IR sources

+ Has the potential to replace chenmatngraphy as a metbad for meere rapid analysis of
mnlticemponend samples.
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Lirnitokicees

« Hugensive method developisent is requited before the tecliigue can be wied as a truby
rapd analysis techoique. Development of o method requines o specialist operator with
connputing knowledge

* Imstruments are cxpensive comparsd with middle [R instruments

Introduction

The near-inlrared region of the spectoom is gencrally defined as the wavelengrh
range {rorm 700 nm to aboeut 2500 nm, The absorption bands in this region of the
spectrinm are due to evertones and combinations of fundamental mad BR vibration
bands, Quaniurm mechamical selection miles forbid transitions over more than one
enerey level, However, molecules do not behave as ideal oscitlators and anharmonic
vibrulion enables vvertone bands to oceur at two, three, four times, ate. the energy
lewel of the fundumenta] bands of the mid-TR region. Such overtone bands are eq
POCKD tienes weaker than the bands seen i the mad-mfrared region. Most of the useful
bands in thas repion are overtones of X-H stretching. The NIRA echnigue was
developaed in the 19505 but the paucity of structural information which could he
oblzined [rom il caused it w be neglected until the FEDs when applications for it
were [ound in the agriceltursl and texrile industries. The strenpth of NIRA lies in the
guuntitative information which it can vield and irs ability to identify constituents in
multicomponent samples, The applications in guantitative analyses arrived with the
ready availability of advanced computing faeilities and this is the weakness of the
technigque, Le. extensive software development bas to take place hefore the spectral
measurements vicld useful information. However, it might be anticipated that
inereasingly sophisticated software will become available. NIRA has the potential to
produce greal savings tn sample preparation and analvsis and lends itsclf very well
to process control. Thie techniqoe is largely used in e DRIFT moxde,

Examples of NIRA applications

Extensive use has been made of NIRA in agricullure where it bas been used 1o
determine the peotein, fibee, water and triglyceride contenls of fesdstuffs and the
guality of crops. By training the computer to recognize the nearintrared (NIR)
spected of the major components making ep acrop, the individoal comiponents can
be monitered in the crop itself The components that can be memsured by NIRA ollen
cannot be measured by the usial spectioscapic methods, The fundaupental work
done in the quality concral of agricultural products can be readily exiended Lo The
guality control of phammaceatical formulations.

i Fig. 5.17
140 e |
) _f& MIRA of UAP aspirin |
@ .Kw samples with decreasing
E 1.00 _:=_.;f:¥~_'/ particle size. Reprodurad
= ﬁsf with permission from
% 0,60 Applied Spactroscopy
Revigws {see Reference
020 %
T T T T
| 1200 180 200 2400
Wawvalangth nm
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Determination of particle size in United States
Pharmacopoeia (USP) grade aspirin

It haws heen tfound that there s a Vinear refationship between NIR absorption and
parlicle size. NIRA can provide a rapid imeans for determining particle size, Figure
5.17 shows the offect of particls size on the MR spectra of USE grude aspirin;? the
absorbance of the sample inereases with decreasing particle size. Purtiche size 15 an
important factor to be controlled in Jermulation and manufacture and NTRA provides
a tapid means for its determination, Tn erder to validate such a rechnigue it would
have tor be calibrated against one ol the existing methods for particle size
determination.

Determination of blend uniformity

MIRA provides an cxcellent method Tor the direct monitoring of the uniformily of
hlends when drugs are being furmulated. Figure 5,18 shows the eifect ol blending
titne on the unifonnity ol a sample containing hydrochlorothineide, laciose,
magncsium stearate and croscarmellose sodium.® The most netable variations in
absorbance intensity in the spectrum of the blend occur at 2030 nm and 2240 nm.
Absorbance at these wavelengths can e anributed to hydrochlorothizede and
lactose, respectively, The mere vomplete the blend. the less the stundard deviations
of the absorbances al these wavelengths obtained when several batches sampled af
the same time peint are compared. As would be expected the standard deviations
shown in Figure 5,17 decreases with blend time but the deersuse is less marked after
14 min. In this study it was found thar blending for more than 20 min ¢assed 2 loss
in uniformity due (o an alleration in the flow propertics of the powder resulting from
a change in the distribution of the magnesium stearate. NIR probus can be inserted
directly into blenders 1o muonitor mixing.
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Fig. 5.18

The effect on differences
in bland time on the
uniformity of a
formulation cortaining
lactose and
kiydrochlorothiazide.
Repraduced with
permissicn from

§. Pharm. Biomed. Anal.
[see Reference 5).

Determination of active ingredients in multicomponent
dosage forms

NIRA has been used to analyse multicompunent lablets, e.p. aspirincaffeine/
bulalbarbital, and can examine such tablets in a passitail manner" The tablets fail
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Fig, 5.20
Determination of the
amount of active
ingredient in tablets by
direct use aof NIRA,
Beproduced with
permission from

1. Pharm. Biomed. Anal,

isee Reterence 7).
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when the ingredients fall cutside the specified cange as shown in Figere 3149, which
i5 derived by the menitoring of two wavelengths in the NIR spectrum of The
formulation. This might appear simple but a great deal of development work was
carrked out in-order te determine which wavelengths toomonitor in order rive The best
diserimination,

In-pack determination of active ingredients

In climical trals of 4 new dmig it is important to ensure that the fablels have been
packed and coded cormectly. Figure 320 shows the absorbance of tablets monitored
b a wavelength which can be cormelated with the content of active ingredient.” It was
perssible 1 distinguish between tablets containing . 3. 10, 15 and 205 of the active
ingredient, It was slso possible to adapt the method to determination of the active
ingredient of the tablets “in pack” using a fibreaptic prabe, afthough the precision
wits molquile us good as that obtained from the unpackaged tablets.

Determination of polymorphs

MNIRA provides a non-destractive altermative o differential scanning calorimetrey for
the determminadion of pelymorphic forms of drugs, eg. the pelymerphic forms of
valleine,! NIRA has also been uscd to determine optical purity. While the pure
Dpposile enanliomers of a substance have identical NIR spectra, mixing two
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enditiomers (ogether canses a change in the spectrun. Thus there is potential for
determining the percentage of each enantiomer in an enasitiomeric mixture and
henee Ter the contral of enantiomeric impuriges.*

Muoisture determination

Use can be made of o strony absorption band for water at 1990 nm in the NIR region
in order to quantify the wuter in pharmaceuticals: good agreemenl has been found
with Karl Fischer determinations. Recently a study was carried oul in order to
delermine water content in fresee-dried sterile produet in glass ampoules® The
method developed was only partially successful due to variations in the hydrogen
bonding of water with the product but it should be possible o oplimise the
wuvelengths wsed for monitorng sich bound water,

Qﬁddlﬂnnal problems i

1. Faur stereics (1), (i), {iii) and {ivh correspand $0 the structures below (Fig, 5.21), The sterods
arc analysed by IR as KBr discs. The principal bards in their spectra between 1500 o ' and
A000 cm * are given pelow. Determine which of the structures given balow correspnd Lo
(5, 4, iy and {iv).

{1 Sweroid ca 3000 cm”, 110 e, 1670 0m Y, 1620 0m
i Sterad 3460 om-' {broad band), ca 3000 em 1710 em!, Tebl o, 1620 om !, TR10 oM
Giil Sterail 2H00-3500 am' (very broad band obscuring other bands in this region],
1605 rrm ', 1580 oo, 1500 cm.
[ivd Steroid 3300 cm {broad band), ca 3000 cm ', 1670 om !, 1605 cm™,

Fig. 5.21 OH }*U
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AUALEENEIY (A JOIpRNEED (11} Bundtlaluewan (1) Buosalsabioud (1) Ly

2 The principal bands between 1500 cm ' and 4000.crr” are giver for the malecules shown
belowe (Fig. 5.22). Associate cach set of data with one of the molecules.

(i ra 30090 cm, 2300-2900 o ' jvery oroad), 1600 om? (weak), 1500 cmol

(i} 3300-3500 cm ! (broad), ¢a 3000 oo, 1750 ene’, 720 £rn T TS0 o', 18T ome,
Tl o'

{idl] 3370 £ (sharpl. 2300-3200 rme” {broad band obscuring ather bands in this region),
1780 o’ {with slight shoulder at 1750 cm™?), 1690 cm ", 1605 om |, 1580 em, 1500 cm™

(i) 23A0 cms, 3320 o, ca 3000 coc!, 23062900 o fvery brogd), 3880 cm, 18620 2m”,
1600 em~!, 1500 cm
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Process control of components in a shampoo

NIRA was studied as a technigue for process contral in the mamafachire of shampon?
The formulation contained detergent, solids, water and plycerol. In order to carey out the
process control samples of shampoo were aken of vafons poiets in the prodiaction
pincess. NIR reflectance spectnt were ohtaned for 75 samples over the range
TTR=25000 nie. A imwlLiple step-up linear regression analvsis was performad al nine
wavelengths, This tepe of statistical rest consists in multiple corelations of abaoibanocs
o different wavelengths with the concentration of the ingredients of the shumpoo
detenmined by clussical methods, Comelation coefficients of 0.99 were obtained for
wiiler, solids and detergent with g rather lower correlation for glyeerol, which at 1% m
the mitrix was close to the limits of detection. The technique was deemed suitable for
Terw through monitoring: The computer monitoring of the the process by NIRA coald
b el Lo contred actualors and vabves within the chemical processing plant.
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