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ABSTRACT
Chemometrics has been applied to near-infrared (NIR) spectroscopic data to facilitate 

the rapid identification and qualification of pharmaceutical materials. The procedure 

has clear advantages over traditional chemical methods: speed, non-destructive nature, 

and ease of sample preparation to mention a few. However, variations between 

instruments introduce small differences in spectra making it difficult to transfer spectral 

libraries between different instruments. For the technique to remain advantageous in 

the pharmaceutical industry this problem needs to be overcome.

The aim of this research was to determine the best method for the construction and 

transfer o f NIR spectral libraries between different instrumental setups. Direct transfer 

i.e. using a spectral library constructed on one instrument and used to identify a 

substance from its spectrum measured on a different instrument, was found possible 

between optically similar instruments for a limited selection of compounds. For larger 

libraries popular in the industry, identification could only be accomplished by applying 

a cascading procedure o f a number of identification algorithms which were used 

depending on the nature o f the similarities between compounds.

When transferring spectral libraries between optically similar instruments of different 

manufacturers (Fourier transform technologies) it was found that the spectral resolution 

of each instrument and sample presentation was paramount to the success of transfer. 

A set of commercially available standards was utilised to correct for shifts in the 

wavelength and differences in photometric scale. However, when samples and transfer 

standards differed in their specular reflection component, transfer was less successful. 

Using a set o f transfer standards matched to that o f the samples allowed better transfer 

between optically similar dispersive instruments.

The knowledge obtained through robust library construction, correction procedures and 

a thorough understanding of spectral differences demonstrated that library transfer can 

be achieved. However, limitations have been identified and a comprehensive list of 

these has been produced.
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instruments when the whole wavelength range is used and when the 
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value) and the PerkinElmer instrument (bottom value). The difference 
between peak positions is also given.
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1 INTRODUCTION

1.1 BACKGROUND

It is a regulatory requirement and part of the Good Manufacturing Practice^ adopted by 

the pharmaceutical industry that each container o f raw material is identified before it is 

used in any pharmaceutical preparation. In 1996 the International Conference for the 

Harmonisation o f Technical Requirements for Registration o f Pharmaceuticals in 

Human Use (ICH)^ released a set o f guidelines (Q2R1)^ for the validation o f analytical 

procedures. As a result o f these a sub-group o f the Pharmaceutical Analytical Science 

Group produced a comprehensive guide to the use o f Near-Infrared Spectroscopy 

(NIRS) as a validated analytical procedure.^ It has been recognised that NIRS can be 

applied throughout the entire pharmaceutical process, from input materials through 

intermediated to final products.^ NIRS is a method that could be applied for 

identification, qualification and quantification.^

The advantages that NIRS has over traditional chemical methods, which have been 

exploited by the pharmaceutical industry, include; speed of analysis, its non 

destructive nature and the amount of information obtained (i.e. both chemical and 

physical properties).

Examples of applications include; the determination of active components,^' 

moisture^ and impurities in final products,am orphous and crystalline properties, 

polymorphs,^^'^^ and particle size^^^^ and grade o f raw materials.^^

Recently, monitoring of intermediates during manufacturing has become a popular 

application of NIRS.^"  ̂ Continuous analysis of pharmaceutical manufacture has been 

recognised as a superior approach in understanding the process along the 

manufacturing line. Monitoring powder blending has been successfully

demonstrated with in-line Near-Infrared (NIR) analysis.

A drawback of NIRS is that quantitative methods and spectral libraries for 

identification are time consuming to construct. Furthermore, it is often necessary to
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use sophisticated mathematical algorithms and statistics as part o f data processing and 

this can put off potential users.

Identification methods are usually based on comparing the sample spectrum against a 

spectral reference library. If such a library is going to be useful it needs to consist o f a 

collection of spectra reflecting all the commonly encountered variability between 

different batches o f the material; this takes time and money to construct.

Unfortunately at present libraries created on one NIR instrument are difficult to 

transfer for use on other instruments. The transfer o f NIR spectral libraries is essential 

if NIR is to remain advantageous to the pharmaceutical industry and progress as a 

suitable technology.

There is, at present, a lack of understanding of the factors that prevent successful 

transfer and this can lead to regulatory authorities becoming sceptical o f the 

technology and in turn requesting extensive validation studies. This is likely to have a 

knock on effect with potential users shying from the technique.

1.2 OBJECTIVES

This thesis concentrates on the application and transfer of NIRS for the identification 

and qualification of materials that are considered prerequisites to quantification -  an 

application that has been investigated in depth by previous authors. It will be 

explained why the same transfer methods cannot be applied to spectral libraries for 

identification.

The main aim of this study is to gain a better understanding of the development of NIR 

spectral libraries for identification and qualification o f pharmaceutical excipients and 

their transferability.

Spectral libraries will be developed from spectra measured on a variety of instruments 

to investigate where the instrument variability originates and how it may be
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compensated for. Spectral corrections will be applied where suitable justification can 

be made and the possibility of using standards and correction methods investigated.

Part of the study will also investigate how common differences between samples 

(partiele size, compaction and moisture content) affect the reliability of identification.

1.3 NIR HISTORY

The theory of NIRS and molecular spectroscopy is only summarised on the following 

pages. Several texts have been published that give a more in depth account, including 

those by, Banwell,^^ Siesler et and Bums and Ciurczak.

The NIR region of the electromagnetic spectrum was discovered by Herschel in 

1800.^ '̂ While investigating the heating effect of the different parts of the sun’s 

spectrum, produced using a prism, he observed that the temperature still increased 

beyond the visible red end of the spectrum.

The region of the electromagnetic spectrum termed NIR extends from 780 nm to 2500 

nm (12800 cm“' to 4000 cm"') and a subdivision, 780 -  1100 nm, has respectfully 

been termed the Herschel region. Figure 1.1 shows where the NIR region is located 

with respect to other parts of the electromagnetic region.

Increasing frequency

50000 25000 12820 4000 400 25 0.04 cm-1

X ray UV Ivisiblef^
1

In ir IR Far Micro Radio
1 IR waves waves

200 380 780 2500 25000 400000 nm

Increasing wavelength ----------------------------------------------------------

Figure 1.1 Electromagnetic spectrum.
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A review by McClure reports the significant contributions and key landmarks in the 

coming o f age of this part of the electromagnetic spectrum and its use as a major 

analytical technology.

1.4 ELECTROMAGNETIC RADIATION

Electromagnetic radiation may be considered as a simple harmonic wave motion of 

interconnected electrical and magnetic fields which propagate from a source in a 

straight line.

0.5

-0.5

Figure 1.2 Travelling wave of wavelength L

A simple harmonic wave can be described by:

y  = A sin0 Equation 1.1

where y  is the displacement with maximum amplitude, A, and 6 is the angle. For a 

wave in motion 6 is described as:

6  = cot Equation 1.2

where œ is the angular velocity (rad s and t is the time (s).
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A further property that defines the harmonic wave motion is the frequency, v, of the 

wave.

y  = Asincût = v4sin l i i v t Equation 1.3

For a travelling wave the distance covered in a complete cycle is known as the 

wavelength, X.

Wavelength is defined as:

X = -
V

Equation 1.4

where c is the speed o f light.

Substituting Equation 1.4 into Equation 1.1 gives:

. . 2tix
y  = A s m ------

A
Equation 1.5

where x = ct and is the fundamental distance-time relationship.

In the NIR region electromagnetic radiation is commonly reported in both wavelength 

(nm) and or wavenumber (cm“ )̂. Wavenumber, v  , is the reciprocal of the 

wavelength:

ü = \ / À Equation 1.6

1.5 PROPERTIES OF A VIBRATING MOLECULE

1.5.1 Harmonic oscillators

The simplest model for a diatomic molecule is one with a rigid bond which can only 

rotate about its centre of gravity. Figure 1.3.
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m\ m2

Centre of gravity

Figure 1.3 A rigid diatomic molecule.

The reduced mass of the system, is defined as:

fu = ------------- Equation 1.7
(w, +nu)

where w/ and m2 are the masses of the two atoms.

For a molecule to vibrate the bond must be elastic. The theory of chemical bond 

formation will not be discussed here, the bonding in a diatomic molecule will be 

considered as a simple balancing of forces.

Both forces of repulsion and attraction occur between two bonding atoms. Repulsive 

forces exist between the positively charged nuclei of the two atoms and between the 

two negatively charged electron clouds. Attractive forces exist between the positively 

charged nuclei of one atom and the negatively charged electron cloud of the other and 

vice versa. When the total energy of the system is at a minimum the two atoms settle 

at the mean intemuclear distance and the forces are balanced. Energy is required to 

overcome the forces of attraction and repulsion existing between the two atoms. The 

stretching and squeezing of the bond can be likened to a single mass (equal to the 

reduced mass) attached to a spring with one end fixed.
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1.5.2 Simple harmonie oscillators

Hooke’s law describes the disturbance o f the mass along the axis of the spring, limited 

to stretching and squeezing, by:

F  = -k { r  -  ) Equation 1.8

where F  is the restoring force, k is the force constant o f the bond, r is the intemuclear 

distance and Vgq is the equilibrium intemuclear distance.

The potential energy, E, o f this system is a parabolic function of intemuclear distance 

given by:

E = ]^k{r-r^^Ÿ  Equation 1.9

For a diatomic molecule the vibrating mechanical model can be described by the 

classical vibration frequency, Vy :

1 [k
Vy = —7t J — Equation 1.10

The harmonic potential energy curve is shown in Figure 1.4.

For a harmonic oscillator quantum mechanics predicts that the vibrational energies can 

only have certain discrete values which are equally spaced:

E^ = (v +1 / 2)hVf Equation 1.11

where E^ is the value o f the energy level, h is Planck’s constant, v/ is the classical

vibrational frequency and v is the vibrational quantum number which can only take the 

integer values 1 ,2 ,3  etc.

23



Harmonie potential 
 ̂ function

Morse function

Dissociation

IoCL
-i i

< V f

V = 0

Intemuclear Distance

Figure 1.4 Harmonie and anharmonic potential functions (Morse 
function) for a diatomic oscillator.

When molecules are in the v = 0 energy state (zero point energy), the energy is at a 

minimum and given by:

hv Equation 1.12

The selection rules for a harmonic oscillator only allow v to change by ± 1. At room 

temperature, most molecules exist in the v = 0 vibrational level and therefore, the 

transition v = 0 —̂ v = 1 is the most common; this is referred to as the fundamental 

transition and normally occurs in the mid-infrared region. Other transitions such as 

V = 1 ^  V = 2 and v = 2 ^  v = 3, are much weaker and referred to as ‘hot bands’.

Spectral bands arise from the interaction of vibrations with radiation; the vibration 

originates from electromagnetism and is therefore dependent on an electrical moment 

across the vibrating band. To be active, i.e. absorb electromagnetic radiation, the 

vibration must cause a change in the dipole moment. Homonuclear diatomic 

molecules, therefore, do not exhibit vibrational absorption bands in the mid-infrared 

region.
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1.5.3 Anharmonic Oscillators

Real molecules are not harmonic oscillators and do not obey Hooke’s law exactly. 

When a bond is stretched, extension is easier than squeezing; there is also a point at 

which the bond breaks. An empirical potential energy curve exhibiting these 

properties has been described by P.M. Morse, Equation 1.13:

V = Equation 1.13

where is a constant and De is the dissociation energy. Figure 1.4 shows the form of 

this curve.

Solving the Schrodinger wave equation for the Morse curve gives energy levels that 

are no longer equally spaced:

«(v  + l / 2 ) / z / - ( v  + l /2 )^ /z /x  Equation 1.14

w here/is  the equilibrium oscillation frequency and x  is the anharmonicity constant.

The selection rules for the anharmonic oscillator are:

Av = ±1, ±2, ±3... Equation 1.15

they are the same as for a harmonic oscillator but with the added possibility of 

transitions between energy levels that differ by two or more vibrational quantum 

numbers. At room temperature most molecules are in the lowest energy state. This is 

a consequence o f the Maxwell-Boltzman law and means that in practice only 

transitions such asv  = 0 ^ v = l , v  = 0 - ^ v  = 2, v = 0 ^ v  = 3are  observed.

The absorbance at approxim ately/is termed the fundamental absorption and generally 

occurs at wavenumbers less than 4000 cm"% i.e. the mid-infrared region. The 

absorbencies at approximately 2 /  and 3 /  are termed the first and second overtones 

respectively. It is transitions to these levels that are observed in the NIR region. 

Should two or more vibrations interact then the sum or difference will give rise to what

25



are called ‘combination’ and ‘difference’ bands which are generally only observed in 

the NIR region.

v = 0 ^ v = l , A v = ± l

V = 0 —>■ V = 2, Av = ±2

V = 0 —>• V = 3, Av = ±3

Most intense

AE = h v { \ - 2 x )

Small intensity

AE = 2hv{\-?>x)

Minimal intensity

AE = ?)hv{\ — Ax)

Fundamental

Equation 1.16

First overtone 

Equation 1.17

Second overtone 

Equation 1.18

1.5.4 Modes of Vibration

The number o f modes of vibration in a polyatomic molecule can be defined by the 

number of momentum coordinates necessary to define the system. For a polyatomic 

molecule with n atoms there will be 3« coordinates or degrees o f freedom. Three 

degrees of freedom will be required to define translational motion and a further three 

to describe rotation. This leads to 3«-6 degrees of freedom to describe vibration. For 

a linear molecule only two degrees of freedom are required to describe rotations 

leaving 3 «-5  modes of vibration.

Vibrations can be described as either bending or stretching. Bending is defined as a 

change in the bond angle and is shown in Figure 1.5 a, b, c and d. Stretching is 

defined as a change in the interatomic distance along the axis of the bond and is shown 

in Figure 1.5 e and f.

Although the atoms of a molecule move at the same frequency as that o f the radiation 

absorbed, they differ in amplitude. The intensity is a function of change in dipole 

moment associated with the vibration. For example hydrogen, the lightest molecule, 

will vibrate with a large amplitude and deviate considerably from the harmonic model.
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Coblentz^^ was one of the first to study NIRS and in 1905 recorded the spectra of 19 

compounds over the range 800 to 2800 nm. Common bands were observed at 840, 

1200 and 1700 nm and these were assigned to CH groups. The work was confirmed 

by Ellis in 1922. Since then band assignment and spectral interpretation have been 

widely investigated. Common summaries such as Figure 1.6 are reproduced regularly 

and are essential reference tables.

Bending Vibration

A " A" A
^  ^  Kb =

Stretching Vibration

Â  4Â
Figure 1.5 Modes of vibration for a non-linear tri-atomic moleeule. a) 

symmetrical in-plane deformation (scissoring), b) 
asymmetric in-plane deformation (rocking), c) asymmetric 
out-of-plane deformation (twisting), d) symmetric out-of- 
plane deformation (wagging), e) symmetrical stretching and 
f) asymmetrical stretching.

1.6 SAMPLE PRESENTATION

The interaction of radiation with matter may be measured in various modes: 

absorption, transmission, reflection and a combination of these including transfection. 

Figure 1.7. The type of sample dictates the type of presentation and how a spectrum 

is calculated. For solid samples transmission and reflection is the most common, while 

for liquid samples transmission and transfection are more appropriate.
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Figure 1.6 Common absorption band assignments in the NIR region. 4 0

The law of conservation o f energy requires that the total amount o f energy absorbed 

must be accounted for. Hence, the total amount o f radiation incident on a sample of 

matter is the sum of that absorbed, transmitted and reflected:

Equation 1.19

where 1q is the intensity o f the incident radiation, Ia is the intensity o f the radiation 

absorbed by the sample, I j  is the intensity o f the radiation transmitted through the 

sample and Ir is the intensity o f the radiation reflected from the sample. Figure 1.8.
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Transmission

Transflection

il/
Reflection

Figure 1.7 Types of interaction of radiation with m atter, transmission, 
transflection and reflection.

Detector

Figure 1.8 Schematic illustrating the possible paths of radiation: incident 
(black), reflected (blue), transm itted (green) and absorbed 
(red).
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Reflectance and transmittance are defined by:

Equation 1.20
K —  —

lo

I j  Equation 1.21
T  = - ^  

lo

It is common practise to measure relative reflectance rather than absolute reflectance. 

This is accomplished by measuring the spectrum of a reference material such as 

Spectralon® or a ceramic plate prior to analysis. Relative reflectance then compares 

the radiation reflected by the test sample (Jtest) with the radiation reflected by the 

reference sample {Iref)- The reflectance of the sample is then defined by the ratio of the 

two intensities:

Reflectance{X) =
r̂ef

Equation 1.22

It has been shown that radiation can take multiple paths through a sample, with many 

internal reflections; these are dependent not only on the type o f sample but also its 

physical properties.

1.6.1 Transmission

The transmission of radiation through a sample takes place by the temporary 

polarisation of the medium. Polarisation occurs by the interaction of the electric vector 

o f the radiation with the electrons and causes them to oscillate with respect to their 

nuclei. No absorption means that the frequency of the radiation is unchanged. 

However, the time taken for the radiation to be retained and remitted by the medium 

causes the velocity to decrease. The ratio of the velocity of the radiation in the 

medium and a vacuum is called the refractive index o f the medium. The oscillation of
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the particles act as an intermediate in the whole process. If the radiation crosses the 

boundary of two media with different refractive indexes then the direction of the 

radiation propagated is different to that o f its original path; electromagnetic radiation 

travels in straight lines. This can be defined by Snell’s law:

sin^, «2
. yg -  Equation 1.23

sin 6^2

where is the refractive index of the less dense medium, « 2  is the refractive index of

the denser medium, 6̂  and 6  ̂ are the angle o f the beam from the normal of each 

medium.

1.6.2 Absorption

Since different species absorb radiation at different frequencies and exhibit different 

intensities, the amount of a substance in a mixture can be calculated by measuring the 

relative amount o f radiated energy at each frequency.

The Beer-Lambert law describes the fraction o f radiation attenuated from an 

infinitesimal thickness of sample which is proportional to the number o f molecules in 

that thickness or:

I  “ Equation 1.24

where I  is the radiant energy and d« is the number of molecules in that thickness. 

Integrating through the sample gives:

- I n -  ^  Equation 1.25
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lo  is the intensity of the incident and It is the intensity o f the transmitted radiation, n is 

the number of molecules in the path o f the beam. Since, n is proportional to the 

concentration and the thickness this can be rearranged to:

(  I  \  
A = Log — Equation 1.26

lo  and It have been inverted to remove the negative sign and the logarithm is now to 

the base 10, this is called the absorbance, A. The constant a is known as the absorption 

coefficient. When the concentration is expressed as molar concentration the 

absorption coefficient is referred to as the molar absorptivity 8  (unit moL^ L cm“*).

There are several reasons why the Beer-Lambert law is not obeyed by real samples.

The Beer-Lambert law does not allow for reflected radiation. Absorption cannot be 

calculated by measuring transmittance if  radiation has been lost by reflection.

I r Equation 1.27

The relative reflectance {X) (Equation 1.22) is often transformed into equivalent 

relative absorbance value:

A = -log(JT) Equation 1.28

where A is the relative absorbance.

1.6.3 Reflection

There are two types of reflection encountered; specular and diffuse.

Specular reflection is described by the law of mirrors or the reflection o f radiation 

from non absorbing and opaque matter. The incident beam and reflected beam are
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normal to the mirror at the point o f incident and angle of reflection equal. This occurs 

at the surface o f a sample and instrumentation is usually designed to reduce detection 

o f this as much as possible.

Diffuse reflection, on the other hand, is a result o f radiation that has been scattered, 

transmitted and absorbed by interactions within the sample. It is this that is required to 

produce a unique spectrum characteristic o f the sample. Several theories have been 

proposed to calculate diffuse reflectance. The Kubelka-Munk function is the most 

widely employed:

2R s Equation 1.29

where k  is the absorption coefficient and s is the scatter coefficient.

As with all mathematical models there are a few assumptions: the sample is 

illuminated with monochromatic radiation, the distribution of scattered radiation is 

isotropic -  specular reflection is ignored, the particles in the sample layer are randomly 

distributed, the particles are much smaller than the thickness of the sample layer but 

bigger than the wavelength of irradiation and finally edge effects are eliminated.

1.7 FUNDAMENTALS OF NIR INSTRUMENTATION

There are two main types of instrument layout, transmission and reflectance. Figure 

1.9. Common components include the source, wavelength selector, sample (stage) and 

detector.
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Figure 1.9

1.7.1 Source

Schematic layouts of NIR instruments, transmission (top) 
and reflectance (bottom).

Radiation sources may be either thermal or non thermal. The thermal source is the 

most common, generally a tungsten halogen lamp. The advantage o f this type o f 

souree is that it is inexpensive. Non thermal sources include discharge lamps, light 

emitting diodes, laser diodes and lasers. These are in general more compact than 

thermal sources and have a narrower emitting wavelength range, which can be a 

problem for some applications. The narrow wavelength range, however, makes them 

ideal for use with specific detectors.

1.7.2 Wavelength Selectors

A NIR instrument is generally defined by the type o f wavelength selector that it 

utilises; the three most common types are dispersive, interferometer and non-thermal. 

Figure 1.10. (Only instruments using the first two have been used in this thesis.)

Type 1. Dispersive instruments

Dispersive instruments generally use gratings to produce angular dispersion. The 

grating monochromator can work in either transmission or reflection. The 

transmission monochromator is a transparent material with parallel groves cut into it.
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The incident radiation when falling on the monochromator results in wave fronts, that 

when propagated from the other side interferes constructively and if d  sin ^ is a 

multiple of a particular wavelength then this will be diffracted at the angle 6, Figure 

1. 11.

It is a much more effective method to use a reflective monochromator (grating) 

consisting of a holographic plate etched by a laser shown in Figure 1.12.

A concave grating is the most common with scanning achieved by rotating it so that 

the light of a particular wavelength passes through an exit slit.

The Foss NIRSystems 6500 monochromator is an excellent example o f how this set up 

operates, Figure 1.13.

Generally broad band, thermal radiation produced by 

an incandescent filament e.g. quartz halogen lamp

AOTF

Scanning Multiplex

Grating
Grating

Dispersive

Fabry-
Perot

Detector
array

Optical
filters

Interferometric

Emitting
diodes

N on-
thermal

Scanned or 
sequenced

Tuneable
lasers

Lasers

FTNIR
(Michelson)

Generally 
considered ‘cold’ 
sources where 
wavelength 
selection is 
inherent in 
sources
spectrally narrow 
emitting range

Figure 1.10 Types of NIR instrumentation.
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Figure 1.11 Transmission monochromator.
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Figure 1.12 Reflection grating monochromator.
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Figure 1.13 Schematic of the Foss NIR Systems 6500 monochromator.
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Type 2 Interferometric instruments

The most widely employed type of interferometer is the Michelson interferometer and 

is based on the idea o f splitting a beam of radiation from the source and recombining it 

once a difference has been introduced, Figure 1.14. If, when the two beams combine 

constructive interference is observed then a maximum intensity is detected, if 

destructive interference is detected then they are out of phase and zero intensity is 

detected. Figure 1.15.

Typically a helium-neon laser is used to measure the distance moved by the movable 

mirror. The resolution of the instrument depends on the distance travelled by the 

moving mirror; the greater the distance travelled the higher the resolution. The 

PerkinElmer Infraprover is a good example of the application of the Michelson 

interferometer in a NIRS instrument.
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Figure 1.14 Michelson interferometer.

A

B

Figure 1.15 Schematic of non-destructive (A) and destructive 
interference (B).

1.7.3 Sample Stage

Commercially available NIR spectrometers provide many different attachments to 

allow for a variety o f sample types to be presented.
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Bench top instruments commonly have an enclosed sample compartment. If the 

sample stage has a small aperture and it can be covered completely by the sample then 

the sample position is not critical. Instruments with a large aperture stage usually 

provide some mechanism for positioning the sample centrally.

Instruments are also available for remote sample presentation incorporating a fibre 

optic probe; these can be many metres long.

1.7.4 Detectors

Detectors used for NIRS operate in either the photoconductive mode or photovoltaic 

mode. The lead-sulphide (PbS) detector, a photoconductive type, is most commonly 

used and displays high sensitivity over the typical NIR working range of 1000 to 2500 

nm.

Indium gallium arsenide, a photovoltaic type, is used as an alternative and operates 

over the range 1000 to 8000 nm, size for size they are slightly more sensitive than PbS.

1.7.5 Measurement of spectra/information obtained by the instrument

The NIR spectrum observed by the user and measured by the instrument is effectively 

made up of reflectance or transmission values for each recorded wavelength over a 

given range. An obvious problem that exists with transferability of spectra is that the 

number of data points and their separation is dependent on the instrument 

manufacturer.

For example, the PerkinElmer Identicheck records 3001 data points over the 

wavenumber range 4000 cm“  ̂ to 10000 cm "\ while the Foss 6500 monochromator 

provides 700 data points over the wavelength range 1100 nm to 2498 nm. When the 

data points are converted so that they are on equivalent scales it can be seen that the 

difference between data points on the Foss is greater in the higher wavelength region 

than for the PerkinElmer:
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1100 nm = 9091 cm ,
A 2 nm , A 17 cm

1102 nm = 9074 cm

2496 nm = 4006 cm 
A 2 nm , A 3 cm

2498 nm = 4003 cm

Spectral measurements are also effected by the amount of scattered radiation that may 

vary as a consequence of the sample stage and the area o f it that the sample covers.

1.8 IDENTIFICATION METHOD DEVELOPMENT

A positive identification of pharmaceutical excipients is required prior to their 

inclusion in commercial batches of drug product. According to pharmacopoeias, e.g. 

the British Pharmacopoeia, identification is commonly accomplished by a variety of 

invasive chemical methods. NIR spectroscopy has proven advantageous in the 

identification of pharmaceutical excipients due to its versatility and rapid 

discriminatory approach.

Of particular importance is NIRS’s need for little or no sample preparation. Unlike 

HPLC there are no solvents to dispose of. The rapid nature of NIR reduces the sample 

quarantine time to a minimum which is obviously economically beneficial. 

Furthermore, NIRS can provide both chemical and physical information about the 

sample.

1.8.1 Library construction

The broad and overlapping bands o f the NIR spectrum prevents easy identification 

upon mere inspection. It is this that leads to the exploitation o f pattern recognition 

methods. The identity of a sample spectrum is determined by comparing it to a 

spectral library. A spectral library is a set o f spectra from samples that have been 

identified by established validated reference methods. For identification to be 

considered positive some form of criteria -  statistical threshold -  needs to be defined.
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If an unknown sample spectrum, when challenged against the library meets this criteria 

then there will be confidence that the sample has been correctly identified. The 

specificity of the library is dependent on the initial construction and the inclusion of all 

variables that may be encountered.

Spectral libraries need to be validated both internally and externally. An internal 

validation checks if it is possible to distinguish each spectrum from all other spectra in 

the library. External validation involves challenging the library with sample spectra 

that are not included in the library -  these should be from compounds both included 

and not included in the library. Such challenges to the library allow the chances of 

false positive and false negative identifications to be established.

1.8.2 Spectral Enhancement

Mathematical pre-treatments are used to transform NIR spectral data and enhance the 

spectral features and/or remove/reduce unwanted sources of variation. Pre-treatments 

are used to optimise the chemometrics -  the mathematical pattern recognition methods 

and the tools used to reveal the differences and similarities between spectra. The 

general reason for applying spectral pre-treatments is to remove the variability that is 

not associated with the parameter of interest, for identification the parameter of interest 

is of course its chemical structure.

There are several common pre-treatments available for use, only those used in this 

thesis will be discussed here.

1.8.3 Standard Normal Variate (SNV)

This pre-treatment is applied to remove multiplicative interference from light scatter, 

particle size effects and potential path length variations. These effects are wavelength 

dependent and are difficult to approximate with linear factors. SNV is applied to 

individual spectra using Equation 1.30:
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SNV^ = y ^ - y
Equation 1.30

where y  is the mean absorbance over the entire spectral range scanned, ĵ , is the

absorbance at the wavelength and n is the number o f wavelengths within the spectral 

range for which SNV is applied.

The effect of SNV to an original absorbance spectrum is shown in Figure 1.16.

1100 1200 1300 1400 1600 1000 1700 1800 1900 2000 2100 2200 2300 2400 2500
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Figure 1.16 Original absorbance spectrum, a), and that treated with SNV, 
b).

SNV may not be a suitable pre-treatment for identification or discrimination of 

compounds that vary only in particle size. SNV is generally used to reduce within 

material variances.

Other normalisation pre-treatments are available which give similar results to SNV 

such as vector normalisation and multiplicative scatter correction.

1.8.4 Derivatives

Derivatives are one of the most common and effective mathematical pre-treatments 

available. Derivatisation of spectra can increase spectral resolution and suppress 

constant background effects. A first derivative removes any constant offset in the 

spectrum and is given by the slope at every point in the spectrum. A second derivative 

can be achieved by repeating the action of the first derivative transformation. The
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second derivative spectrum has the added advantage of removing a sloping 

background. Third and fourth derivatives are rarely, if ever, used since enough 

resolution can normally be seen in the lower derivatives.

There are two common methods for calculating derivative spectra; the segment/gap 

method and the Savitzky-Golay method.

The segment/gap method requires two parameters, a gap size and a segment size. 

Figure 1.17.

-̂---------V---------  ̂ '---- V---- ' 4 '---- y---- '-- -̂-------- V----------^

Segment Gap Gap Segment

Figure 1.17 Derivative segments and gaps.

The segment and gap size are important because they affect smoothing. Too large a

segment or gap can result in loss o f important features while too small a segment and 

gap can introduce significant noise.

A first derivative at wavelength _y, may be calculated as:

y r ' ' = ÿ s a - ÿ s ,  Equation 1.31

where is the mean absorbance of the segment after wavelength y,- and is the 
mean absorbance o f the segment before wavelength}/,.

The second derivative may be calculated as:

^ 2.,Der _  -   ̂ Equation 1.32

The effect o f derivatisation on spectra is shown in Figure 1.18.

43



3.0 0.08

2.5

0 .06
2.0

1.5

CO

1.0

0.5

0.0

<  - 0.5

1.0
- 0.02

1.5

•2.0 - 0.04

1100 1300 1500 1700 1900 2100 2300 2500

W a v e le n g th  nm

Figure 1.18 Comparison of pre-treatments. Original absorbance 
spectrum, blue, SNV, red, C* derivative, green, and 2"̂  
derivative, purple.

A peak maximum in the original speetrum becomes a zero crossing points for the first 

derivative spectrum and a peak minimum for a second derivative spectrum.

It should be noted that a number o f data points (segment plus gap size) will be lost at 

the beginning and end of each speetrum when a derivative is calculated. The effect of 

segment size and its smoothing affect is shown in Figure 1.19. Resolution o f smaller 

peaks is lost as the segment size increases.

An alternative method for calculating derivatives is to use a Savitzky-Golay filter. In 

effect a polynomial o f specified order is fitted by least-squares to the data using a 

specified number o f data points before and after the point where the derivative is 

required. The estimated derivative is then the derivatives o f the resulting fitted 

polynomial. The process is repeated across the whole spectrum, moving one data 

point each time. All these least-squares fits would be laborious and very time 

consuming, however, providing the data points are all equally spaced this can be very 

efficiently achieved using a Savitzky-Golay filter.
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Figure 1.19 Second derivative pre-treated spectra showing the effect of 
segment size increases, a) segment size 4, b) segment size 8, 
c) segment size 16 and d) segment size 20. It should be noted 
that the gap size for each pre-treatment is zero.

There is little difference between the derivatives calculated using the segment/gap or 

the Savitzky-Golay methods. However, the drawback o f any differentiation process is 

the amplification o f noise.

Fearn recently published a short communication in answer to the question “Are two 

pre-treatm ents better than one?”. It was clearly illustrated that the use o f a 

derivative followed by SNV gave a better reduction in unwanted sources o f variation 

than using each either independently or in fact using SNV before applying the 

derivative.

It must always be remembered that when applying pre-treatments development and 

optimisation is vital. Although the objective is to remove variation unrelated to the 

analyte o f interest it is inevitable that small amounts o f ‘useful’ information may be 

lost in this ‘cleaning up’ process. It is the responsibility of the developer not to
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become blinded by the fact that the final spectrum is neater and only apply treatments 

that are most appropriate.

1.8.5 Identification Algorithms

Once an appropriate array of spectra is present in the library a chemometric algorithm 

is used to mathematically distinguish between the spectra. It must be established prior 

to construction what the expectations of the library are, i.e. to merely identify different 

chemical entities or qualify compounds that differ in physical properties, for example 

particle size, product grade or source of supplier.

Prior knowledge concerning the nature o f the library entries provides a considerable 

advantage when selecting the identification algorithm and the complexity o f the 

required predictions.

There are two types of learning algorithm, supervised and non-supervised. The type 

of method depends on whether the spectra are known to belong to specific groups or 

class of compound.

Supervised methods work on the basis that they are trained beforehand. They can be 

either discriminate and split the region or space into classes or groups creating 

thresholds shared by the space. Alternatively, they could be modelling methods in 

which each group is set a different threshold depending on its characteristics.

Non-supervised methods identify by clustering in multidimensional space without 

prior knowledge to which groups the unknovm sample spectrum belongs to.

Identification can operate in either wavelength space or in dimension reduced factor 

space.

The identification algorithms that will be discussed in further detail include: 

Correlation in Wavelength Space, Maximum Distance in Wavelength Space, Peak 

Positioning and Soft Independent Modelling of Class Analogies (SIMCA). These have
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been selected as the most popular (with common applications in a variety of 

commercial software packages) and are accepted within regulatory guidelines.

1.8.6 Correlation in Wavelength Space

Correlation in Wavelength Space is one of the simplest methods for identification 

although it is regularly overlooked in favour of more sophisticated and complex 

methods. Blanco and Romero recommended it as the best method for identification 

and illustrated its suitability with the construction of a large library o f 125 raw 

materials. They highlighted the following advantages:

• independent of the number o f compounds included in the library

• can be used with few spectra

• scarcely sensitive to slight instrument fluctuations

• can be expanded with new entries or additional samples for existing 

entries in order to include additional variability in a rapid manner.

In addition Candolfl and Massait suggested that the model updating was 

considerably more straightforward compared to that of Principal Component Analysis 

(PCA).

Disadvantages exist in the fact that it is not a highly discriminating method when 

applied to different grades of the same material.

If the ordinate values (absorbance, second derivative value etc.) o f two spectra change 

in perfect synchronisation as you move across the spectrum then they can be 

considered as perfectly correlated. In practice a variable such as noise will mean two 

otherwise identical spectra will not have a perfect correlation. A plot of ordinate value 

for one spectrum against the corresponding ordinate value for the other spectrum will 

give a straight line for correlated spectra.
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A numerical measure of correlation can be obtained by calculating either the product 

moment coefficient, Equation 1.33, or the dot product moment correlation coefficient. 

Equation 1.34.

r = Yj ŷryj){yk -yt)
- J E ~ ÿ k Ÿ

Equation 1.33

r = r Equation 1.34

yj and yk are the measured ordinate values at the same wavelength for the library 

spectrum and the unknown spectrum, ÿ j  and are the average ordinate values

across the whole spectrum for the library compound and the unknown respectively.

Both equations give almost identical results, especially when second derivative spectra 

are used. The dot product correlation coefficient represents the cosine of the angle 

between the two vectors representative o f the spectrum. For this study the product 

moment correlation coefficient was used.

A correlation of 1 corresponds to a perfect match. A value of 1 is rarely (never) 

observed because of the random noise associated with any spectral measurements. A 

threshold value of greater than 0.97 is commonly employed, if  the correlation value is 

above this then it is said that there is sufficient similarity between two spectra to 

assume that they share the same characteristics. The next closest correlation match to 

a library entry is rarely, if  ever, mentioned, although this is an important parameter. If 

the next closest match is particularly close e.g. within 0.05 then the possibility o f small 

instrument fluctuations over time may cause shift in the spectra that would change the 

correlation by as much as this and result in false positive or negative identifications.
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1.8.7 Maximum Distance in Wavelength Space

The Maximum Distance in Wavelength Space method is a common identification 

procedure. Applied in the spectral domain, the simplicity o f the mathematics in this 

univariate classification method and the ease o f interpretation make it an attractive 

algorithm for NIR spectroscopy. Candolfi et al reported this method along with 

detrending as the best approach for pattern recognition o f excipients by NIR 

spectroscopy. It has also been used by Tso et al in the development of ‘disposable 

identification libraries’ for the discrimination of placebo and active solid dosage forms. 

This was simply illustrated by a library created in a small time frame (approximately 

one hour) containing only two entries, one for the placebo and another for the active, 

once internally and externally validated it could be used immediately to determine if a 

problematic batch was manufactured correctly. The library was not used for any 

further analysis.

Maximum Distance in Wavelength Space compares spectra by testing if the unknown 

sample spectrum falls within an ‘acceptance envelope’ centred on a mean reference 

spectrum. The envelope is calculated from the standard deviation at each wavelength 

for a set of reference spectra.

At each wavelength an inflated standard deviation, is calculated for each library 

entry according to Equation 1.35.

1-
J__________

n - \
Equation 1.35

where n is the number of spectra and y, is the ordinate value of theyth sample.

The ‘acceptance envelope’ is calculated as some critical multiple of 5 , around the mean 

spectrum of each library product. If  the unknown spectrum falls inside this 

‘acceptance envelope’ a positive identification is made. The standard deviation is 

likely to vary considerably across the spectrum.

49



The distance between the unknown and the library entries is calculated for each 

wavelength as the residual spectrum, z„ew

Equation 1.36

where is the measured ordinate value for the unknown, ÿ j  is the mean spectrum of 

the reference set and 5  y is the standard deviation.

The largest value of z„ew is used as the test statistic, i.e. the maximum distance. If the 

maximum z„ew is less than the critical value a positive identification is made. In effect 

a two-sample Student’s /-test is carried out at each wavelength across the spectrum.

Gemperline and Webber compared this method to that based on PC A and reported 

success in determining six compounds, three of which only differed in grade. They 

suggested that methods based on distances were much more difficult to upgrade 

compared to those relying on probability, should a new set o f spectra be introduced 

this may require a smaller number of variables to discriminate between another library 

entry and the distance may be considerably different. It was also suggested that small 

impurities may not be detected if a multivariate method was employed.

1.8.8 Peak Position

Peak position is a simple identification procedure commonly utilised in mid-infrared 

spectroscopy. Typically, the positions of the six most intense peaks are determined 

and listed in the library. The same peak position selection criteria are applied to the 

unknown spectrum and compared to the library —  a positive identification is 

considered if  the peak positions match within some previously set limits.

The window size for selection o f a peak is important; reducing the window size allows 

more discrimination, but increases the chances o f false negatives. As with all 

identification methods the optimum pre-treatment must be investigated and in this 

particular case a derivative is usually required to resolve peaks.
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Differences in physical properties of materials often influence spectra —  particularly 

peak intensities, though not usually peak positions.

1.8.9 Principal Component Analysis

In the procedures described so far all the methods operate in the wavelength domain, 

Principal Component Analysis (PGA) operates in a dimension reduced factor space.

PGA is often used in NIRS due to the multivariate nature of the spectra. It is a data 

reduction technique that describes many data sets in a few new variables. Brereton 

describes PGA in a brief overview as the decomposition o f a matrix, in this case a set 

of spectra, into two smaller matrices; scores and loadings.

The scores matrix is equal in rows to the number of samples in the original data. The 

number of columns is equal to the number of significant factors; ideally it equals the 

number of compounds in the original data set. Finally the sum of squares of the 

elements o f each column of the scores matrix relates to the eigenvalue, the larger the 

eigenvalue the more significant the component. The principal components (PG) are 

calculated in order of significance.

The loadings matrix is equal in columns to the number of columns in the original data, 

in this case the number of wavelengths. The number of rows is equivalent to the 

number of factors in the data; a row corresponds to a PG. Finally the sum of squares 

of each column is equal to one. Figure 1.20.

PGA can be presented schematically; each spectrum can be defined as a single point in 

X dimensional space, with each of the axes representing the intensity at each 

wavelength. The pattern formed in this space indicates information about the data. 

The first PG is defined as the best fit straight line in this multidimensional space. The 

scores represent the distance along this line while the loading represents the direction 

or angle o f the straight line. Effectively a PG is a linear combination of original 

variables. The first PG describes the maximum variation for that set o f spectra; the
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second PC describes the next greatest amount of variation and is orthogonal to the first 

PC, and so on.

W avelengths ►

Samples

Sample
matrix

i PCA
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Loadings

Figure 1.20 PCA summary

SIMCA is a classification technique utilising the advantages that PCA offers in data 

reduction. A library of PCA data for each product is optimised with respect to the 

number o f PC it uses to describe the relevant amount of information. The distance to 

each model is then expressed as the residual variance. A comparison of the unknown 

samples’ leverage with the mean leverage of each model is used with criteria to 

determine if they are of the same origin. Similar to Maximum Distance in Wavelength 

Space, an ‘acceptance envelope’ is placed around a position in multidimensional space 

that is occupied by the biggest number of necessary variables to describe that particular 

compound, if an unknown falls within this area then it is positively identified.

The advantage of using SIMCA is that PCA models can be created with a different 

number of PC’s for each product this means that the variability o f each product can be 

modelled as accurately as required. A disadvantage of SIMCA is that for each product 

the spectra of many batches representing the expected variability need to be measured. 

Smith and Gemperline used SIMCA and an alternative PCA method utilising 

Mahalanobis distance to classify three different grades o f microcrystalline cellulose.
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They concluded that with the aid of a genetic algorithm method of selecting 

wavelengths both methods could successfully discriminate between the three 

compounds. However, they suggested that for large databases small perturbations in 

the instrument affected the spectra such that some acceptable samples were rejected. 

This may be an issue when spectra are obtained after a considerable length of time and 

challenged against the library due to the expected variation in sample manufacture 

over time. Sources of variations including long and short time instrument fluctuations, 

cell repacking, different batches of samples, within batch variation and site of 

manufacture o f batches have been investigated with respect to SIMCA. It has been 

repeatedly reported that PCA can be used to exploit the subtle differences in 

chemically similar compounds but the long term instrument variation is the limiting 

factor on obtaining low limits for detection o f impurities.

1.9 LIBRARY TRANSFER

In all the identification methods mentioned so far one important factor has been 

overlooked —  instrument dependence. A library for the identification of 

pharmaceutical excipients and API’s constructed on one instrument is not normally 

useable on another instrument. In an industry that is as highly regulated, with 

manufacturing sites spread worldwide the necessity of transferable methods is 

essential. The same testing procedure may be required in several locations and having 

to recreate the same identification library on several instruments decreases the 

advantages that NIRS has over other analytical techniques. It has already been 

stressed that library construction is time consuming and costly due to the number of 

batches required per entry (evident in the descriptions given of the pattern recognition 

methods) —  it is therefore essential that NIR methods can be transferred for the 

technique to remain advantageous.

The consequence o f having an instrument specific method should be obvious. It is 

essential that the problems of transferability are overcome for a number of reasons:
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• should a major component need replacement or repair in the method 

development instrument

• should the instrument need replacing with a new model

• should the instrument vary over time, drifts or shifts in response

• should the measurement conditions change

• should the methods be required at alternative sites, including those of 

the regulatory authorities.

Transfer of identification libraries between even the simplest o f scenarios, two 

instruments of the same type and manufacturer, is not easy. Sources o f spectral 

variation can include the reflectance reference standard used, wavelength accuracy, 

band pass, detector linearity, stray light and sample presentation.

Several instrument manufacturers claim transferability between instruments. It is not 

the objective of this thesis to accuse instrument manufacturers o f making false claims 

about their ability to transfer but merely to clarify the confusion that has arisen due to 

different definitions o f transfer. Manufacturers have often promoted their instruments 

as including seamless methodology transfer. If this was as simple as suggested then 

there would be few problems in accepting the methodology.

1.9.1 Definition of transfer

For the purpose o f this thesis, transfer will be defined as:

The ability to obtain the spectrum o f  a sample on one instrument and 

challenge it against a library created from  spectra scanned on 

another instrument, the result should be given such that it appears 

that all spectra were scanned on a single instrument or without 

instrument specific characteristics.

The transfer of quantitative models has been accomplished by a variety of methods for 

some years now. These methods are outlined below and fall into the following general 

categories; instrument matching, robust calibration models and direct transfer, and
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standardisation methods. However they are unsuitable for the transfer of spectral 

libraries and the reasons why will be discussed with each method.

Instrument matching

Instruments o f the same type can vary considerably. However, Leion et al have 

suggested that as long as the instruments meet their system suitability specification, 

then there is little that is required to transfer successful quantitative methodology 

between instruments of the same type. It is also important that the analyst has access to 

all instruments at the same time. The disadvantage that this has for spectral library 

transfer is the sheer number o f samples that may potentially need to be scanned on the 

second instrument. In the long term it may be more appropriate to create a new library 

based on the spectra from the new instrument.

Robust calibration models and direct transfer

This is often used and relies on the construction of methods that are robust against 

instrumental and environmental variations. This is achieved by scanning samples on 

all the instruments included in the study, effectively creating a global method. The 

impracticalities of this method for qualitative analysis lie again in the sheer number of 

potential samples required for scanning and the potential to decreased specificity.

Another approach to this method is to select regions o f the spectrum that are least 

influenced by instrumental variations, or the use o f pre-processing techniques to 

remove instrument only variation. Sojblom et al demonstrated that orthogonal 

signal correction performed well when transferring spectra.

With spectral libraries this has limitations; regions o f the spectra that are dominated by 

instrument variations for one material may be the region of separation for another. 

Hence, to remove this region would reduce the identification ability of the library.

Yoon et al^^ showed that a spectral library containing 15 solvents could be transferred 

between both FT and dispersive instruments at 10 laboratories. The solvents were 

clearly discriminated between in the original library, with the next best correlation 

match to another compound of 0.903 reported in a previous paper. However, this 

was demonstrated with liquids using transflectance measurements, and it is wondered
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whether a more advanced identification algorithm (i.e. Maximum Distance in 

Wavelength Space, SIMCA) would be as successful since intensity would be taken 

into account.

Ulmschneider et al used a cluster analysis to transfer groups o f similar compounds. 

However, it was concluded that if  compounds differed in quality alone then it may be 

more suitable to mix the spectra in the library with those from another instrument to 

increase ruggedness. This would of course be problematic for forward compatibility or 

if  the primary instrument required repair. The samples were also measured in direct 

contact using a fibre optic probe, this creates problems of sample contamination and 

does not allow for the possibility of sample presentation problems encountered when 

using vials etc.

In a similar report Ulmschneider et reported transfer of basic libraries containing 

nine pharmaceutical actives using three similar FT NIR instruments. The between 

compound variation was significantly greater than the between instrument variation. 

Therefore, suitable thresholds applied to each compound would allow transfer without 

significant data manipulation.

Standardisation methods

These can be split into two sub categories: transformation of the measurement or 

model correction.

Bouveresse and Massart reviewed standardisation o f NIRS instruments with respect 

to measuring a set o f standardisation samples on both instruments and correcting for 

the differences. Not only must the standardisation samples be stable between 

measurements but there are no apparent rules as to what type of standards are used. 

Smith et al utilised a transfer set based on samples used in the method development. 

This worked well for quantitative analysis, however, for a spectral library it would be 

impractical to use a separate transfer set for each entry effectively rebuilding the 

library on every instrument for which a new algorithm could be applied.
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Piecewise direct standardisation, first suggested by Wang et al, has since been 

regularly reported and used effectively, dominating quantitative calibration transfer. A 

small sub set o f samples is created from which a transfer matrix is constructed and then 

applied to the secondary instrument spectra in a small moving window application. To 

use this method of transfer on a qualitative library becomes impractical since every 

compound or library entry could potentially require an individual transfer matrix. It 

may also not be possible to scan a transfer set on the original instrument.

Although each method has been successful to some degree for quantitative methods 

their application to spectral libraries has been limited or the method is inappropriate. 

Spectra used in quantitative methods are usually restricted to narrow photometric range 

at each wavelength making transfer relatively easy —  transfer is from one linear 

approximation to another. Problems with wavelength shifts can be smoothed out with 

pre-treatments or regions removed with little effect to the overall calibration. With 

spectral libraries this is a much more complicated situation, because not only do the 

entries differ on the wavelength scale but the photometric range covered is much 

larger. Effectively a correction matrix is required to correct for every absorbance or 

transmission value possible at every wavelength recorded.

As a result transferability of NIR spectral qualification libraries has only been 

successfully reported on a few occasions.

The libraries used to illustrate the methodologies of spectral transfer have been small 

with widely varying compounds and identification on each instrument has been easily 

obtainable. Therefore, if  any small correction necessary for transfer purposes was used 

its effect was merely to improve the compatibility of the identification result as a 

quantitative measure. The premeditated selection of compounds and samples 

described in the literature so far would not suggest that library transfer is achievable 

for all compounds.
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2 MATERIALS AND EXPERIMENTAL 
METHODS

2.1 MATERIALS

2.1.1 Materials for NIR analysis

Table 2.1 lists the materials used along with the name of the supplier and their batch 

numbers. The nomenclature of the British Pharmacopoeia has been used where 

possible; otherwise suppliers’ names are quoted.

Table 2.1 Compounds, batch number (where available) and suppliers of 
samples used.

Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Acacia BP 2 Eggar, Reading #4a
Acacia BP 4 Bggar, Reading #4a

Acacia BP 5 Eggar, Reading #4a

Acacia BP 6 Eggar, Reading #4a

Acacia BP 83.657 Roeper, Germany #4a

Acacia BP 44KX Thornton Ross, Huddersfield #4a

Acacia BP 69SR Thornton Ross, Huddersfield #4a

Acacia BP 76SK Thornton Ross, Huddersfield #4a

Acacia BP 93ND Thornton Ross, Huddersfield #4a

Acacia BP 9H363 Thornton Ross, Huddersfield #4a

Acacia BP 803020 Alland Roberts, France #5a

Acacia BP 2468 Alland Roberts, France #5b

Acesulfame potassium BP NAAV87 Nutrinova #4b, #5a

Acesulfame potassium BP NAAV92 Nutrinova #5b

Agar BP 667 BV #4a

Agar BP 668 BV #4a

Agar BP 669 BV #4a

Agar BP 670 BV #4a

Agar BP 671 BV #4a

Agar BP 672 BV #4a
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Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Agar BP 674 BV #4a

Agar BP RC104 RC gums #4a

Agar BP RC105 RC gums #4a

Agar BP 5816 TIC, USA #4a

Agar BP 665 BV #5a

Agar BV 673 BV #5b

Agarose USP 606844 Helena #4b

Albumin solution (Handbook) 28H0580 SIGMA USA #4b

Alginic acid BP 54851 Aldrich #4b

Alphadex BP F8046 Cerester Belgium #4b

Ascorbic acid BP L6308/1 Hillcross Pharmaceuticals #4b,#5a

Ascorbic acid BP 125HI000 Hillcross Pharmaceuticals #5b

Ascorbyl palmitate BP 4.00E+08 Roche #4b

Aspartame BP 506231 FDL London #4b ,#5a

Aspartame BP 12141 FDL London #5b

Aspirin BP 98E033 R hone- Poulenc #4a

Aspirin BP 98D011 R hone- Poulenc #4a

Aspirin BP 98G004 R hone- Poulenc #4a

Aspirin BP 98G015 R hone- Poulenc #4a

Aspirin BP 98K019 R hone- Poulenc #4a

Aspirin BP 98L025 R hone- Poulenc #4a

Aspirin BP 98M021 R hone- Poulenc #4a

Aspirin BP 99B017 R hone- Poulenc #4a

Aspirin BP 99D017 R hone- Poulenc #4a

Aspirin BP 99K039 R hone- Poulenc #4a

Bentonite BP TS99/01 W, Smith Northants #4b ,#5 a

Bentonite BP TSOO/01 W. Smith Northants #5b

Benzalkonium chloride BP 3.00E+07 Aldrich #4b

Benzethonium chloride BP l.OOE+07 Lancaster #4b

Benzoic acid BP 126H1231 SIGMA USA # 4 b , #5 a

Benzoic acid BP 09004 SIGMA USA #5b

Betadex BP G6055 Cerester, Belgium #4a

Betadex BP H6108 Cerester, Belgium #4a

Betadex BP 16036 Cerester, Belgium #4a

Betadex BP 681309 Roquette, Kent #4a

Betadex BP 697183 Roquette, Kent #4a

Betadex BP 697184 Roquette, Kent #4a

Betadex BP 697185 Roquette, Kent #4a

Betadex BP 697351 Roquette, Kent #4a

Betadex BP 697353 Roquette, Kent #4a
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Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Betadex BP 70P212 Wacker #4a

Bronopol BP 600E06 BASF #4b

Bronopol BP 5504425 BASF #5a

Bronopol BP 5504427 BASF #5b

Butyl hydroxybenzoate BP 934 NIPA #4a

Butyl hydroxybenzoate BP 943 NIPA #4a

Butyl hydroxybenzoate BP 944 NIPA #4a

Butyl hydroxybenzoate BP 946 NIPA #4a

Butyl hydroxybenzoate BP 964 NIPA #4a

Butyl hydroxybenzoate BP 966 NIPA #4a

Butyl hydroxybenzoate BP 1144 NIPA #4a

Butyl hydroxybenzoate BP 1148 NIPA #4a

Butyl hydroxybenzoate BP 1153 NIPA #4a

Butyl hydroxybenzoate BP 1209 NIPA #4a

Butyl hydroxybenzoate BP 1126 NIPA #5a

Butyl hydroxybenzoate BP 967 NIPA #5b

Butylated hydroxyanisole BP PMO178700 Eastman, Hemel Hempstead #4b

Butylated hydroxytoluene BP PM 1348400 Eastman, Hemel Hempstead #4b

Caffeine BP * Germed #4b

Calcium carbonate BP 56 Grotti, Italy #4b

Anhydrous calcium hydrogen 
phosphate BP

* Rhodia #4b

Calcium hydrogen phosphate BP * Rhodia #4b

Calcium hydrogen phosphate 
dihydrate BP

4393K Merck (AstraZeneca) #5a

Calcium hydrogen phosphate 
dihydrate BP

4672M Merck (AstraZeneca) #5a

Calcium hydrogen phosphate 
dihydrate BP

4815R Merck (AstraZeneca) #5 a

Calcium hydrogen phosphate 
dihydrate BP

4849R Merck (AstraZeneca) #5a

Calcium hydrogen phosphate 
dihydrate BP

4863R Merck (AstraZeneca) #5a

Calcium phosphate BP * Rhodia #4b

Calcium stearate BP 399993/1 Fluka, Switzerland #4b

Calcium sulphate dihydrate BP 00H028 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 98G002 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 98K011 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99A023 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99B009 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99C014 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99C062 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99F036 Paroxite US Gypsum #4a
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Calcium sulphate dihydrate BP 99J016 Paroxite US Gypsum #4a

Calcium sulphate dihydrate BP 99L008 Paroxite US Gypsum #4a

Carbomers BP 9AE752 Goldschmidt, Germany #4b

Camauba wax BP QA401Z L illy - Kahl #4b ,#5a

Camauba wax BP 99L029 L illy -K ahl #5b

Carrageenan iota CEI005 CEAMSA #4b

Carrageenan kappa CEK003 CEAMSA #4b

Carrageenan lambda RC121 RC Gums #4b

Carregeenan USP 414017 Chem Colloids #4a, #5 a

Carregeenan USP 10102199 Honeywill and Stein #4a

Carregeenan USP 10817089 Honeywill and Stein #4a

Carregeenan USP 20214099 Honeywill and Stein #4a

Carregeenan USP 30805000 Honeywill and Stein #4a

Carregeenan USP 50322099 Honeywill and Stein #4a

Carregeenan USP 80011199 Honeywill and Stein #4a

Carregeenan USP 10312199 HS, Surrey #4a

Carregeenan USP C4002 Lucid #4a

Carregeenan USP TM2 TM Duche, Saltford #4a

Carregeenan USP C4001 Lucid #5b

Cellulose acetate BP 09707LU Aldrich #4b

Cellulose acetate phthalate BP 98E047 Honeywill and Stein #4a

Cellulose acetate phthalate BP 00D045 Honeywill and Stein #4a

Cellulose acetate phthalate BP 00F049 Honeywill and Stein #4a

Cellulose acetate phthalate BP 00M023 Honeywill and Stein #4a

Cellulose acetate phthalate BP 98J033 Honeywill and Stein #4a

Cellulose acetate phthalate BP 99B007 Honeywill and Stein #4a

Cellulose acetate phthalate BP 99D018 Honeywill and Stein #4a

Cellulose acetate phthalate BP 99G011 Honeywill and Stein #4a

Cellulose acetate phthalate BP 99K025 Honeywill and Stein #4a

Cellulose acetate phthalate BP 99M001 Honeywill and Stein #4a

Ceratonia BP 12001 Lucid #4a

Ceratonia BP 12003 Lucid #4a

Ceratonia BP 75325 RC gums #4a

Ceratonia BP 77669 RC gums #4a

Ceratonia BP 78113 RC gums #4a

Ceratonia BP 78362 RC gums #4a

Ceratonia BP 78411 RC gums #4a

Ceratonia BP 78430 RC gums #4a

Ceratonia BP 78479 RC gums #4a

Ceratonia BP 2591 TIC, USA #4a
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Cetostearyl alcohol BP ZA9040023627 BDH Poole #4b,#5a

Cetostearyl alcohol BP BN014 BDH Poole #5b

Cetrimide BP 5242 Thornton Ross, Huddersfield #4b,#5a

Cetrimide BP 5236 Thornton Ross, Huddersfield #5b

Chlorhexidine acetate BP 00802H1 Aldrich #4b

Chlorobutanol BP 66 Grotti, Italy #4b

Chlorocresol BP 01D165 Aldrich #4b

Cholesterol BP C8667 SIGMA USA #4b

Citric acid monohydrate BP 88ST Thornton Ross, Huddersfield #4b ,#5 a

Citric acid monohydrate BP BN47RL Thornton Ross, Huddersfield #5b

Confectioner's sugar USPNF 2 British Sugar #4b

Croscarmellose sodium BP 1 Rattenmaier, Germany #5a

Croscarmellose sodium BP 4 Rattenmaier, Germany #5a

Croscarmellose sodium BP 5 Rattenmaier, Germany #5a

Croscarmellose sodium BP 2 Rattenmaier, Germany #4a, #5 a

Croscarmellose sodium BP 3 Rattenmaier, Germany #4a ,#5a

Croscarmellose sodium BP 8 Rattenmaier, Germany #4a

Croscarmellose sodium BP 10 Rattenmaier, Germany #4a

Croscarmellose sodium BP 13 Rattenmaier, Germany #4a

Croscarmellose sodium BP 16 Rattenmaier, Germany #4a

Croscarmellose sodium BP 18 Rattenmaier, Germany #4a

Croscarmellose sodium BP 22 Rattenmaier, Germany #4a

Croscarmellose sodium BP 26 Rattenmaier, Germany #4a

Croscarmellose sodium BP 47 Rattenmaier, Germany #4a

Croscarmellose sodium BP 140045 FMC #3

Croscarmellose sodium BP 126259 FMC #3

Croscarmellose sodium BP 4015G/AC/98/11726 FMC #3

Croscarmellose sodium BP 1163J00 FMC #3

Croscarmellose sodium BP 4030G/AC/98/11725 FMC #3

Croscarmellose sodium BP T024C FMC #3

Croscarmellose sodium BP 114120 FMC #3

Crospovidone BP * ISP #4b

Cyclodextrin gamma F8045 Cerester Belgium #4b

Cycloserine (rINN BAN) 00C029 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 00C030 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 98M002 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 98M004 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 99B014 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 99D022 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 99D023 Eli Lilly, USA #4a
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Cycloserine (rINN BAN) 99H006 Eli Lilly, USA #4a

Cycloserine (rlNN BAN) 99H007 Eli Lilly, USA #4a

Cycloserine (rINN BAN) 99H008 Eli Lilly, USA #4a

Dextrates USP 1536 Penwest,Reigate #4a

Dextrates USP 00D501 Penwest,Reigate #4a

Dextrates USP 00D516 Penwest,Reigate #4a

Dextrates USP 00K519 Penwest,Reigate #4a

Dextrates USP 01B522A Penwest,Reigate #4a

Dextrates USP 01B523A Penwest,Reigate #4a ,#5 a

Dextrates USP 01B535A Penwest,Reigate #4a

Dextrates USP 01D515 Penwest,Reigate #4a

Dextrates USP 99D510A Penwest,Reigate #4a

Dextrates USP 00M 525A Penwest, Reigate #5b

Dextrin BP JAH304 NS #4a

Dextrin BP 01CAD603 NS #4a

Dextrin BP 01EAX808 NS #4a

Dextrin BP 01FAH358 NS #4a

Dextrin BP 01FAH363 NS #4a

Dextrin BP GAH309 NS #4a

Dextrin BP GAH351 NS #4a

Dextrin BP 26794A Pfansteihl #4a

Dextrin BP 19F0539 SIGMA, USA #4a

Dextrin BP 87H1338 SIGMA, USA #4a

Dextrin BP D002 NS #5a

Dextrin BP LJC031 NS #5b

Dextropropoxyphene 
hydrochloride BP

* Lepetit #4b

Dipotassium edetate 01E006 Lancaster #4b

Dirythromycin BP 98L038 Eli Lilly, Ireland #4a

Dirythromycin BP 98L039 Eli Lilly, Ireland #4a

Dirythromycin BP 98L044 Eli Lilly, Ireland #4a

Dirythromycin BP 98L055 Eli Lilly, Ireland #4a

Dirythromycin BP 98M011 Eli Lilly, Ireland #4a

Dirythromycin BP 98M013 Eli Lilly, Ireland #4a

Dirythromycin BP 98M 024 Eli Lilly, Ireland #4a

Dirythromycin BP 98M025 Eli Lilly, Ireland #4a

Dirythromycin BP 99 AO 10 Eli Lilly, Ireland #4a

Dirythromycin BP 99 AO 11 Eli Lilly, Ireland #4a

Disodium edetate BP 71390 Life Tech #4b

Anhydrous disodium hydrogen 
phosphate BP

* Rhodia #4b
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Disodium hydrogen phosphate 
dodecahydrate BP

* BDH Poole #4b

Disodium hydrogen phosphate 
heptahydrate USP

* SIGMA USA #4b

DL Lactide /glycolide copolymer 
53:47 ratio

78/153 Purac, Netherlands #4b

DL Lactide /glycolide copolymer 
75:25 ratio

78/160 Purac, Netherlands #4b

D-m annose BP 58 Ubichem, Eastleigh #4b

Docusate sodium BP 223001 Aldrich #4b

Edetate trisodium US AN * #4b

Edetic acid BP 01E007 Lancaster #4b

Emulsifying wax BP BNOOl British Wax #4b

Erythritol BP GY3129 Cerester Belgium #4b ,#5a

Erythritol BP DQ3100 Cerester Belgium #5b

Ethyl hydroxybenzoate BP H8325a Avacado #4a,#3

Ethyl hydroxybenzoate BP e4730 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4737 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4738 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4739 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4741 NIPA #4a,#3

Ethyl hydroxybenzoate BP e4742 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4743 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4748 NIPA #4a ,#3

Ethyl hydroxybenzoate BP e4749 NIPA #4a ,#3

Ethyl hydroxybenzoate BP E4809 NIPA #5a

Ethyl hydroxybenzoate BP E4801 NIPA #5b

Ethyl vanillin USP 1444 SRS, Bury St Edmonds #4b

Fluoxetine Hydrochloride BP 98L036 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 98L045 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 98M007 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 98M008 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 98M 020 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 99A012 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 99A020 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 99A030 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 99C020 Eli Lilly, Ireland #4a

Fluoxetine Hydrochloride BP 99C055 Eli Lilly, Ireland #4a

Fructose BP 90430 Reidel deHaen #4b ,#5a

Fructose BP F1019 Reidel deHaen #5b

Fumaric acid BP 90430 SIGMA USA #4b

Galactose BP 52H0334 Thew Amott #4b
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Galactose BP C5606A Aldrich #5a

Galactose BP 67648-124 Aldrich #5b

Gelatin BP 2082 Italgelatine #4a

Gelatin BP 2083 Italgelatine #4a

Gelatin BP 2084 Italgelatine #4a

Gelatin BP 2085 Italgelatine #4a

Gelatin BP 2086 Italgelatine #4a

Gelatin BP 2087 Italgelatine #4a

Gelatin BP 2088 Italgelatine #4a

Gelatin BP 56H0658 SIGMA, USA #4a

Gelatin BP 58H0078 SIGMA, USA #4a

Gelatin BP 2 Thew Amott #4a ,#5b

Gelatin BP 1 Thew Amott #5a

Gellan gum NF IC0416A CP Kelco #4b ,#5ba

Gellan gum NF 1G0968A CP Kelco #5b

Ghatti gum 76537 RC gums #4a

Ghatti gum 76944 RC gums #4a

Ghatti gum 77177 RC gums #4a

Ghatti gum 77272 RC gums #4a

Ghatti gum 77547 RC gums #4a

Ghatti gum 77906 RC gums #4a

Ghatti gum 77919 RC gums #4a

Ghatti gum 78014 RC gums #4a

Ghatti gum 79796 RC gums #4a

Ghatti gum RC102 RC gums #4a

Ghatti gum 77907 RC gums #5a

Ghatti gum 74771 RC gums #5b

Glucono delta lactone UPS 35052-11 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-12 Jungbunzlauer, France #4a, #5 a

Glucono delta lactone UPS 35052-13 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-14 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-15 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-16 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-17 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-18 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-19 Jungbunzlauer, France #4a

Glucono delta lactone UPS 35052-20 Jungbunzlauer, France #4a

Glucono delta lactone UPS H99 Roquette, Kent #4a

Glucono delta lactone UPS F5010 Jungbunzlauer, France #5b

Anhydrous glucose BP 391265/1 Fluka, Switzerland #4b
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Glucose BP 391265/1 Fluka, Switzerland #4b

Glyceryl monostearate 40-55  BP 164439 AE Connock #4b

Glyceryl palmitostearate 
(Handbook)

70063 AE Connock #4b

Guar galactomannan BP 3105201 CE Roeper #4a

Guar galactomannan BP 3105301 CE Roeper #4a

Guar galactomannan BP 3105302 CE Roeper #4a

Guar galactomannan BP 3105303 CE Roeper #4a

Guar galactomannan BP 3228000 CE Roeper #4a

Guar galactomannan BP 3228202 CE Roeper #4a,#5a

Guar galactomannan BP 3228203 CE Roeper #4a,#5b

Guar galactomannan BP A1071B Chem Colloids #4a

Guar galactomannan BP A 10902A Chem Colloids #4a

Guar galactomannan BP A1090E Chem Colloids #4a

Hydroxyethyl cellulose BP 250G VO 153 #4a

Hydroxyethyl cellulose BP 250G VO 195 #4a

Hydroxyethyl cellulose BP 250G VO 196 #4a

Hydroxyethyl cellulose BP 250G V I 196 #4a

Hydroxyethyl cellulose BP 250G V1197 #4a

Hydroxyethyl cellulose BP 250G V1199 #4a

Hydroxyethyl cellulose BP 250G W 0089 #4a

Hydroxyethyl cellulose BP 250G W0091 #4a

Hydroxyethyl cellulose BP 250G W 0092 #4a

Hydroxyethyl cellulose BP 
250HHX

WO 106 #4a

Hydroxyethyl cellulose BP 
250HHX

WO 107 #4a

Hydroxyethyl cellulose BP 
250HHX

WO 109 #4a

Hydroxyethyl cellulose BP 
250HHX

W0112 #4a

Hydroxyethyl cellulose BP 
250HHX

W0115 #4a

Hydroxyethyl cellulose BP 
250HHX

W 0116 #4a

Hydroxyethyl cellulose BP 
250HHX

W0121 #4a

Hydroxyethyl cellulose BP 
250HHX

WO 124 #4a

Hydroxyethyl cellulose BP 
250HHX

WO 125 #4a

Hydroxyethyl cellulose BP 
250HHX

W0997 #4a

Hydroxyethyl cellulose BP 
250HHX

W1003 #4a

Hydroxyethyl cellulose BP 
250HX

W0096 #4a
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Hydroxyethyl cellulose BP 
250HX

W 0099 #4a

Hydroxyethyl cellulose BP 
250HX

WOlOl #4a

Hydroxyethyl cellulose BP 
250HX

WO 102 #4a

Hydroxyethyl cellulose BP 
250HX

WO 105 #4a

Hydroxyethyl cellulose BP 
250HX

W 0909 #4a

Hydroxyethyl cellulose BP 
250HX

W0988 #4a

Hydroxyethyl cellulose BP 
250HX

W 0990 #4a

Hydroxyethyl cellulose BP 
250HX

W 0992 #4a

Hydroxyethyl cellulose BP 
250HX

W 0996 #4a

Hydroxyethylcellulose BP 410156/1 Fluka Switzerland #4b ,#5 a

Hydroxyethylcellulose BP 408293/1 Fluka Switzerland #5b

Hydroxyethylcellulose BP 
250M

W0986 Fluka Switzerland #4b

Hydroxypropylcellulose BP 7765 Honeywill and Stein, UK #5a

Hydroxypropylcellulose BP 7767 Honeywill and Stein, UK #5a

Hydroxypropylcellulose BP 7768 Honeywill and Stein, UK #5a

Hydroxypropylcellulose BP 7789 Honeywill and Stein, UK #5a

Hydroxypropylcellulose BP 7792 Honeywill and Stein, UK #5a

Hydroxypropylcellulose EF * Honeywill and Stein, UK #4b

Hydroxypropylcellulose EXE * Honeywill and Stein, UK #4b

Hydroxypropylcellulose LF * Honeywill and Stein, UK #4b

Hypromellose BP * Warner, Norfolk #4b

Hypromellose BP 15 0 Stancourt Sons & Muir #4a

Hypromellose BP 15 99E032 Stancourt Sons & Muir #4a

Hypromellose BP 15 00C008 Stancourt Sons & Muir #4a

Hypromellose BP 15 00H033 Stancourt Sons & Muir #4a

Hypromellose BP 15 98G046 Stancourt Sons & Muir #4a

Hypromellose BP 15 98J048 Stancourt Sons & Muir #4a

Hypromellose BP 15 99G041 Stancourt Sons & Muir #4a

Hypromellose BP 15 99K026 Stancourt Sons & Muir #4a

Hypromellose BP 15 99M 017 Stancourt Sons & Muir #4a

Hypromellose BP 5 0 Stancourt Sons & Muir #4a

Hypromellose BP 5 00C007 Stancourt Sons & Muir #4a

Hypromellose BP 5 98D054 Stancourt Sons & Muir #4a

Hypromellose BP 5 98J046 Stancourt Sons & Muir #4a

Hypromellose BP 5 99A014 Stancourt Sons & Muir #4a
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Hypromellose BP 5 99C054 Stancourt Sons & Muir #4a

Hypromellose BP 5 99F012 Stancourt Sons & Muir #4a

Hypromellose BP 5 99H053 Stancourt Sons & Muir #4a

Hypromellose BP 5 99H054 Stancourt Sons & Muir #4a

Hypromellose BP 5 99M 0I8 Stancourt Sons & Muir #4a

Hypromellose phthalate BP A 008016901 Acros, USA #4b

Imidurea BP 347 NIPA #4a

Imidurea BP 351 NIPA #4a

Imidurea BP 1374 NIPA #4a

Imidurea BP 1375 NIPA #4a

Imidurea BP 1377 NIPA #4a

Imidurea BP 1378 NIPA #4a

Imidurea BP 1379 NIPA #4a

Imidurea BP 1380 NIPA #4a

Imidurea BP 1383 NIPA #4a

Imidurea BP 1397 NIPA #4a

Imidurea BP 1402 NIPA #5a

Imidurea BP 1399 NIPA #5b

Isobutyl hydroxybenzoate 488 NIPA #4b ,#5a

Isobutyl hydroxybenzoate 489 NIPA #5b

Kaolin (heavy) BP 565543 Grotti, Italy #4b

Karaya gum 76706 RC gums #4a

Karaya gum 77288 RC gums #4a

Karaya gum 77321 RC gums #4a

Karaya gum 77358 RC gums #4a

Karaya gum 77382 RC gums #4a

Karaya gum 77911 RC gums #4a

Karaya gum 77934 RC gums #4a

Karaya gum 77983 RC gums #4a

Karaya gum 77989 RC gums #4a

Karaya gum 78151 RC gums #4a

Karaya gum 27.007 RC gums #5a

Karaya gum 27.013 RC gums #5b

Lactitol monohydrate BP L125TOM23 Danisco, USA #4b

Anhydrous lactose BP granular OOCOOl DMV #4a

Anhydrous lactose BP granular 00D038 DM V #4a

Anhydrous lactose BP granular 00D040 DMV #4a

Anhydrous lactose BP granular 00D041 DMV #4a

Anhydrous lactose BP granular 00D042 DMV #4a

Anhydrous lactose BP granular 00H030 DMV #4a

68



Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Anhydrous lactose BP granular 00H031 DMV #4a

Anhydrous lactose BP granular 98F048 DMV #4a

Anhydrous lactose BP granular 98J022 DMV #4a

Anhydrous lactose BP granular 99B011 DMV #4a

Lactose BP 20032 Borcula, Holland #5a

Lactose BP 32008 Borcula, Holland #5a

Lactose BP 4781N Borcula, Holland #5a

Lactose BP 4556L Borcula, Holland 
(AstraZeneca)

#5a

Lactose BP 4852R -1 Borcula, Holland 
(AstraZeneca)

#5a

Lactose BP 98E009 DMV #4a

Lactose BP 98F047 DMV #4a

Lactose BP 98J001 DMV #4a

Lactose BP 98M009 DMV #4a

Lactose BP 99B006 DM V #4a

Lactose BP 99C063 DMV #4a

Lactose BP 99G053 DMV #4a

Lactose BP 99K038 DMV #4a

Lactose BP 99L003 DMV #4a

Lactose BP 99M013 DMV #4a

Lactose BP 4556LC6 DMV (AstraZeneca) #3

Lactose BP 4556LC12 DMV (AstraZeneca) #3

Lactose BP 4582L DM V (AstraZeneca) #3

Lactose BP 823100 DM V (AstraZeneca) #3

Lactose BP 821D00 DM V (AstraZeneca) #3

Lactose BP 109397 DM V (AstraZeneca) #3

Lactose BP 123600 DM V (AstraZeneca) #3

Lactose BP 12360001 DM V (AstraZeneca) #3

Lactose BP 139455 DM V (AstraZeneca) #3

Lactose BP 114126 DM V (AstraZeneca) #3

Lactose BP 13469801 DM V (AstraZeneca) #3

Lactose BP 13469802 DM V (AstraZeneca) #3

Lactose BP 12625401 DM V (AstraZeneca) #3

Lactose BP 847K00 DM V (AstraZeneca) #3

Lactose BP 1260C00 DM V (AstraZeneca) #3

Lactose BP 1225D00 DM V (AstraZeneca) #3

Lactose BP 109393 DMV (AstraZeneca) #3

Lactose BP 137103 DM V (AstraZeneca) #3

Lactose BP 115223 DM V (AstraZeneca) #3

Lactose BP 121470 DM V (AstraZeneca) #3
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Lecithin USP 5435 Alembic, Saltney #4b ,#5 a

Lecithin USP 7498 Alembic, Saltney #5b

Macrogol BP F2143A Avacado #4a

Macrogol BP ZA30343929032 BDH, USA #4a

Macrogol BP PTOO/14 Condea, Germany #4a

Macrogol BP PTOO/28 Condea, Germany #4a

Macrogol BP PTOO/55 Condea, Germany #4a

Macrogol BP 50H0204 SIGMA, USA #4a

Macrogol BP 3350 99C064 Not given #4a

Macrogol BP 3351 99K001 Not given #4a

Macrogol cetostearyl ether BP * Aldrich #4b

Macrogol lauryl ether BP * Aldrich #4b

Macrogol stearyl ether BP * Aldrich #4b

Heavy magnesium carbonate BP 2002 Grotti, Italy #4b ,#5a

Heavy magnesium carbonate BP 2003 Grotti, Italy #5b

Light magnesium carbonate BP BN3154 Grotti, Italy #4b

Heavy magnesium oxide BP A O l1783701 Acros, USA #4b

Light magnesium oxide BP * Grotti, Italy #4b

Magnesium stearate BP 4760N (AstraZeneca) #5a

Magnesium stearate BP 4819R (AstraZeneca) #5a

Magnesium stearate BP OOEO18-00131 Croxton & Garry #5a

Magnesium stearate BP 981019-80357 Croxton & Garry #5a

Magnesium stearate BP 99H 019-90213 Croxton & Garry #5a

Magnesium stearate BP * Mallinckrodt #4b

Magnesium stearate BP 111610 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 119877 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 134486 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 2255/V06449 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 2255/V04879 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 2255/T05578 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 2255/T00841 Mallinckrodt (AstraZeneca) #3

Magnesium stearate BP 2255/T05579 Mallinckrodt (AstraZeneca) #3

Magnesium trisilicate BP BN999 Grotti, Italy #4b ,#5a

Magnesium trisilicate BP BN986 Grotti, Italy #5b

Malic acid USP 09E006 Lancaster #4b

Maltitol BP E532J Cerester Belgium #4b,#5a

Maltitol BP E947K Cerester Belgium #5b

Maltodextrin BP M007901 GPC, USA #4a

Maltodextrin BP M 9534704 GPC, USA #4a

Maltodextrin BP M 9615238 GPC, USA #4a
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Maltodextrin BP M 9627205 GPC, USA #4a

Maltodextrin BP M 9808390 GPC, USA #4a

Maltodextrin BP M 9921706 GPC, USA #4a

Maltodextrin BP 697186 Roquette, Kent #4a

Maltodextrin BP 697197 Roquette, Kent #4a

Maltodextrin BP 697355 Roquette, Kent #4a

Maltodextrin BP KOO Roquette, Kent #4a

Maltol USP G8531A Avacado #4b,#5a

Maltol USP 210807 Avacado #5b

Maltose JP 73H05685 SIGMA USA #4b,#5a

Maltose JP 91510 SIGMA USA #5b

Mannitol BP 4628M (AstraZeneca) #5a

Mannitol BP 4629M (AstraZeneca) #5a

Mannitol BP 4858R-1 (AstraZeneca) #5a

Mannitol BP 4862R (AstraZeneca) #5a

Mannitol BP DQ8602 Cerester, Belgium #4a, #5a

Mannitol BP DQ8617 Cerester, Belgium #5a

Mannitol BP 116617 Roquette, Kent #3

Mannitol BP 142355 Roquette, Kent #3

Mannitol BP 1259B00 Roquette, Kent #3

Mannitol BP 128954 Roquette, Kent #3

Mannitol BP 3976G /98/10324 Merek #3

Mannitol BP 3963G Roquette, Kent #3

Mannitol BP 4163J Roquette, Kent #3

Meglumine BP 395087/1 Fluka, Switzerland #4b

Methyl hydroxybenzoate BP m 37770 NIPA #4a,#3

Methyl hydroxybenzoate BP m37852 NIPA #4a, #3

Methyl hydroxybenzoate BP m 37854 NIPA #4a, #3

Methyl hydroxybenzoate BP m37858 NIPA #4a, #3

Methyl hydroxybenzoate BP m37864 NIPA #4a, #3

Methyl hydroxybenzoate BP m37910 NIPA #4a, #3

Methyl hydroxybenzoate BP m37926 NIPA #4a, #3

Methyl hydroxybenzoate BP m37966 NIPA #4a, #3

Methyl hydroxybenzoate BP m37986 NIPA # 4 a , #3

Methyl hydroxybenzoate BP m37988 NIPA # 4 a , #3

Methyl hydroxybenzoate BP m36489 NIPA #5a

Methyl hydroxybenzoate BP m35663 NIPA #5b

Methylcellulose BP * #4b

Microcrystalline cellulose BP 0 Honeywill and Stein #4a

Microcrystalline cellulose BP 990000000 Honeywill and Stein #4a
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Microcrystalline cellulose BP 00D059 Honeywill and Stein #4a

Microcrystalline cellulose BP 00F050 Honeywill and Stein #4a

Microcrystalline cellulose BP 00H042 Honeywill and Stein #4a

Microcrystalline cellulose BP 99A037 Honeywill and Stein #4a

Microcrystalline cellulose BP 99F028 Honeywill and Stein #4a

Microcrystalline cellulose BP 99H005 Honeywill and Stein #4a

Microcrystalline cellulose BP 99K040 Honeywill and Stein #4a

Microcrystalline cellulose BP 99M 020 Honeywill and Stein #4a

Microcrystalline cellulose BP 3 FMC Biopolymer #4a
(Avicel PHI 01)
Microcrystalline cellulose BP 22 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 23 FMC Biopolymer #4a
(Avicel PH 101)
Microcrystalline cellulose BP 28 FMC Biopolymer #4a
(Avicel PH I01)
Microcrystalline cellulose BP 29 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 32 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 40 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 43 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 46 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 47 FMC Biopolymer #4a
(Avicel PH lO l)
Microcrystalline cellulose BP 6714C FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 6721C FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 6725C FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 4029G FMC Biopolymer # 5 a , #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 4627M FMC Biopolymer # 5 a , #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 4632M FMC Biopolymer # 5 a , #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 132585 FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 109162 FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 120124 FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 139452 FMC Biopolymer #3
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 4627M FMC Biopolymer #5a
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 4677M FMC Biopolymer #5a
(Avicel PH lO l) (AstraZeneca)

72



Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Microcrystalline cellulose BP 4718N FMC Biopolymer #5a
(Avicel PH lO l) (AstraZeneca)
Microcrystalline cellulose BP 98K 016-7833C FMC Biopolymer #5a
(Avicel PH 102)
Microcrystalline cellulose BP 98L026-7837C FMC Biopolymer #5a
(Avicel PH 102)
Microcrystalline cellulose BP 99F027-7914C FMC Biopolymer #5a
(Avicel PH 102)
Microcrystalline cellulose BP 99H 014-7920C FMC Biopolymer #5a
(Avicel PH 102)
Microcrystalline cellulose BP 4650M FMC Biopolymer # 5 a , #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 7719C FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 7726C FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 116614 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 136087 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 139453 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 109847 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 121469 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 994F00 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 491 GOO FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Microcrystalline cellulose BP 1339E00 FMC Biopolymer #3
(Avicel PH 102) (AstraZeneca)
Silicified, microcrystalline * Honeywill & Stein #4b
cellulose (Handbook)
Microcrystalline wax USPNF * British Wax #4b

Olanzapine (rINN BA N US AN) 00G030 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 98L021 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 98L037 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 98L046 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 98L053 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 99A007 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 99A021 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 99D 024 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 99J047 Eli Lilly, Ireland #4a

Olanzapine (rINN BA N US AN) 99K033 Eli Lilly, Ireland #4a

Paracetamol BP 99C035 Mallinkrodt #4a

Paracetamol BP 99C057 Mallinkrodt #4a

Paracetamol BP 99C059 Mallinkrodt #4a

Paracetamol BP 99C060 Mallinkrodt #4a
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which 
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Paracetamol BP 99J031 Mallinkrodt #4a

Paracetamol BP 99K008 Mallinkrodt #4a

Paracetamol BP 99K009 Mallinkrodt #4a

Paracetamol BP 99K010 Mallinkrodt #4a

Paracetamol BP 99K011 Mallinkrodt #4a

Paracetamol BP 99K014 Mallinkrodt #4a

Hard paraffin BP * British Wax #4b

Yellow soft paraffin BP * British Wax #4b

Pectin USP 500589 TIC Gums, USA #4b ,#5 a

Pectin USP 500387 TIC Gums, USA #5b

Penicilliamine BP OOGOll Forum #4a

Penicilliamine BP 00G016 Forum #4a

Penicilliamine BP 00G017 Forum #4a

Penicilliamine BP 00H052 Forum #4a

Penicilliamine BP 00H053 Forum #4a

Penicilliamine BP 01A057 Forum #4a

Penicilliamine BP 01A059 Forum #4a

Penicilliamine BP 99C070 Forum #4a

Penicilliamine BP 99L040 Forum #4a

Phenol BP * Lancaster #4b

Phenylmercuric acetate BP * Koch Light, Colnbrook #4b

Phenylmercuric nitrate BP * Fluka, Switzerland #4b

Polydextrose (Handbook) * Danisco, USA #4b

Polyethylene glycol 3350 * Condea, Germany #4b

Polyethylene glycol 6000R PT0028 Condea, Germany #4b

Polyethylene oxide USPNF * #4b

Polymethacrylate (Eudragit 
LI 00)

490703116 Merek, Kent # 4 a , #3

Polymethacrylate (Eudragit 
LI 00)

481103196 Rohm, Germany # 4 a , #3

Polymethaciylate (Eudragit 
LlOO)

481203210 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

490703116 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

1200403005 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

1210103015 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

1210603020 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

1290403001 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
LlOO)

1290403002 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 1290803003 Rohm, Germany #4a, #3
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LI 00)

Polymethacrylate (Eudragit 
L I00-55)

481104201 Rohm, Germany #4a

Polymethacrylate (Eudragit 
L I00-55)

1200304004 Rohm, Germany #4a

Polymethacrylate (Eudragit 
L I00-55)

1200604007 Rohm, Germany #4a

Polymethacrylate (Eudragit 
L I00-55)

1200904010 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1201204012 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1210304018 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1280404102 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1281004103 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1290404001 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1290604002 Rohm, Germany #4a

Polymethacrylate (Eudragit 
LlOO-55)

1291104004 Rohm, Germany #4a

Polymethacrylate (Eudragit 
RLPO)

400336053 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336054 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336055 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336056 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336057 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336058 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400336059 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

400436070 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

410136012 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RLPO)

410836096 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RSPO)

409638102 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RSPO)

410238042 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RSPO)

410238044 Rohm, Germany # 4 a , #3

Polymethacrylate (Eudragit 
RSPO)

410238045 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
RSPO)

410838099 Rohm, Germany #4a, #3

Polymethacrylate (Eudragit 
RSPO)

410838100 Rohm, Germany #4a, #3
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Compound Batch

Polymethacrylate (Eudragit 410838101
RSPO)
Polymethacrylate (Eudragit 41083 8102
RSPO)
Polymethacrylate (Eudragit 410838103
RSPO)
Polymethacrylate (Eudragit 41083 8104
RSPO)
Polymethacrylate (Eudragit 480905182
SI 00)
Polymethacrylate (Eudragit 490305044
SI 00)
Polymethacrylate (Eudragit 1200105002
SI 00)
Polymethacrylate (Eudragit 1200105003
SI 00)
Polymethacrylate (Eudragit 1201005011
SI 00)
Polymethacrylate (Eudragit 1210405019
SI 00)
Polymethacrylate (Eudragit 1280205101
SI 00)
Polymethacrylate (Eudragit 1280505102
SI 00)
Polymethacrylate (Eudragit 1281205104
SI 00)
Polymethacrylate (Eudragit 1281205984
SI 00)
Polymethacrylate E l00 08E009

Polymethacrylate EPO 08E008

Polymethacrylate RDIOO 05E008

Polymethacrylate RLIOO 05E008

Polymethacrylate R SI00 08E009

Potassium chloride BP 04E008

Potassium citrate BP *

Potassium dihydrogen phosphate *
USP
Potassium gluconate USP 408135

Potassium phosphate dibasic *
trihydrate
Potassium sorbate BP 504611

Potassium stearate *

Potato starch BP *

Povidone BP 01E024

Povidone BP 00D015

Povidone BP 00D016

Povidone BP 00D017

Povidone BP 99L019

Povidone BP 99A015

Supplier

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany

Rohm, Germany 

Rohm, Germany 

Rohm, Germany 

Rohm, Germany 

Rohm, Germany 

BDH Poole

Thornton Ross, Huddersfield 

BDH Poole

Jungbunzlauer, Germany 

BDH Poole

FDL London

Omya, Dorking

Roquette, Tunbridge W ells

BASF

BASF

BASF

BASF

BASF

BASF

Chapter in 
which 
sample 
spectrum is
used_______
#4a, #3

#4a, #3

# 4 a , #3

# 4 a , #3

# 4 a , #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4a, #3

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4b

#4a

#4a,3, #3 

#4a, #3 

#4a, #3 

#3 

#3
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Compound Batch Supplier Chapter in 
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Povidone BP 114130 (AstraZeneca) #3

Povidone BP 128953 (AstraZeneca) #3

Povidone BP 140927 (AstraZeneca) #3

Povidone BP 1327D00 (AstraZeneca) #3

Povidone BP 979J00 (AstraZeneca) #3

Povidone BP 00F052 BASF #4a

Povidone BP 00F053 BASF #4a,#5a

Povidone BP 98M005 BASF #4a

Povidone BP 99A015 BASF #4a

Povidone BP 99A 015-177883 BASF #5a

Povidone BP 99F035 BASF #4a

Povidone BP 99F035-528772 BASF #5a

Povidone BP 99L018 BASF #4a

Povidone BP 99M 005-366410 BASF #5a

Povidone BP 90-F 01G038 BASF #4a

Povidone BP 90-F 99C051 BASF #4a

Povidone BP 90-F 9 90049 BASF #4a

Povidone BP 90-F 99K031 BASF #4a

Powdered cellulose BP * FMC Biolpolymer #4b

Propyl gallate BP * Lancaster #4b

Propyl hydroxybenzoate BP P14769 NIPA #4a, #3

Propyl hydroxybenzoate BP P14817 NIPA #4a, #3

Propyl hydroxybenzoate BP P14821 NIPA #4a, #3

Propyl hydroxybenzoate BP P I4827 NIPA #4a, #3

Propyl hydroxybenzoate BP P I4845 NIPA #4a, #3

Propyl hydroxybenzoate BP P14849 NIPA #4a, #3

Propyl hydroxybenzoate BP P14851 NIPA #4a, #3

Propyl hydroxybenzoate BP P14853 NIPA #4a, #3

Propyl hydroxybenzoate BP P14855 NIPA #4a, #3

Propyl hydroxybenzoate BP P14859 NIPA #4a, #3

Propylene glycol alginate BP * ISP, Tadworth #4b

Purified talc BP 00D058 Hays #4a

Purified talc BP 01A060 Hays #4a

Purified talc BP 99B040 Hays #4a

Purified talc BP 990002 Hays #4a

Purified talc BP 99K054 Hays #4a

Purified talc BP 99K055 Hays #4a

Purified talc BP 99L022 Hays #4a

Purified talc BP 99L043 Hays #4a

Racementhol BP * Avacado #4b
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Raloxifene hydrochloride USAN 00B067 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 00D013 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 00D018 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 00F029 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 00F033 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 99K048 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 99L058 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 99L059 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 99L061 Eli Lilly, Ireland #4a

Raloxifene hydrochloride USAN 99L062 Eli Lilly, Ireland #4a

Saccharin BP * Avacado, Heysham #4b

Saccharin sodium BP 05E008 FDL London #4b ,#5a

Saccharin sodium BP 04F023 FDL London #5b

Salicylic acid USP 3039030C SIGMA USA #4b

Sandarac Merck 3215 Herbal Apothacary #4b

Shellac BP BN2 Thew Amott #4b

Silicon dioxide USNF * #4b

Sodium alginate BP 941091 ISP, Tadworth #4b ,#5a

Sodium alginate BP 950501 ISP, Tadworth #5b

Sodium ascorbate USP 506241 FDL London #4b ,#5a

Sodium ascorbate USP 10033506 FDL London #5b

Sodium benzoate BP * Pentagon #4b

Sodium bicarbonate BP * Brunner Mond, Northwich #4b

Sodium chloride BP * BDH Poole #4b

Sodium citrate BP * BDH Poole #4b

Sodium cyclamate BP 506372 FDL London #4b ,#5a

Sodium cyclamate BP 2680154 FDL London #5b

Anhydrous sodium dihydrogen 
phosphate BP

* BDH Poole #4b

Sodium dihydrogen phosphate 
dihydrate BP

* #4b

Sodium dihydrogen phosphate 
monohydrate BP

* #4b

Sodium edetate, hydrate * #4b

Sodium gluconate 35052-10 Jungbunzlauer, France #4a ,#5b

Sodium gluconate 35052-6 Jungbunzlauer, France #4a

Sodium gluconate 35052-7 Jungbunzlauer, France #4a

Sodium gluconate 35052-8 Jungbunzlauer, France #4a

Sodium gluconate 35052-9 Jungbunzlauer, France #4a, #5a

Sodium lauryl sulphate BP * BDH Poole #4b

Sodium metabisulphite 10045025 Lancaster #5a

Sodium metabisulphite 404523 Aldrich #5b
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Sodium phosphate monobasic 
anhydrous

A 934921710 Fisher, Loughborough #5a

Sodium phosphate monobasic 
anhydrous

A980821843 Fisher, Loughborough #5b

Sodium propionate USP E4380B Avacado #4b

Sodium starch glycollate BP 2 Avebe #4a

Sodium starch glycollate BP 5 Avebe #4a

Sodium starch glycollate BP 11 Avebe #4a

Sodium starch glycollate BP 12 Avebe #4a

Sodium starch glycollate BP 20 Avebe #4a

Sodium starch glycollate BP 28 Avebe #4a

Sodium starch glycollate BP 31 Avebe #4a

Sodium starch glycollate BP 34 Avebe #4a

Sodium starch glycollate BP 38 Avebe #4a

Sodium starch glycollate BP 40 Avebe #4a

Sodium starch glycollate BP 46 Vivasol #5a

Sodium starch glycollate BP 47 Vivasol #5a

Sodium starch glycollate BP 48 Vivasol #5a

Sodium starch glycollate BP 49 Vivasol #5a

Sodium starch glycollate BP 50 Vivasol #5a

Sodium starch glycollate BP 116612 AstraZeneca #3

Sodium starch glycollate BP 862G00 AstraZeneca #3

Sodium starch glycollate BP 140929 AstraZeneca #3

Sodium starch glycollate BP 137106 AstraZeneca #3

Sodium starch glycollate BP 110719 AstraZeneca #3

Sodium starch glycollate BP 4352K AstraZeneca #3

Sorbic acid BP 61H0242 SIGMA USA #4b

Sorbitan laurate BP * #4b

Sorbitol BP 697305 Roquette, Kent #4b ,#5a

Sorbitol BP 43H0281 Roquette, Kent #5b

Maize starch BP LOO Roquette, Tunbridge W ells #4b ,#5a

Maize starch BP BOO Roquette, Tunbridge W ells #5b

Maize starch BP 1253L00 National Starch #3

Maize starch BP 130913 National Starch #3

Maize starch BP 13710201 National Starch #3

Maize starch BP 708G00 National Starch #3

Maize starch BP 113032 National Starch #3

Maize starch BP 997H00 National Starch #3

Maize starch BP 137102 National Starch #3

Maize starch BP 00HKH347 National Starch #3

Maize starch BP 11303201 National Starch #3
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Maize starch BP 122709 National Starch #3

Maize starch BP pregelatinised 0 Roquette, Kent #4a

Maize starch BP pregelatinised 98E016 Roquette, Kent #4a

Maize starch BP pregelatinised 99E023 Roquette, Kent #4a

Maize starch BP pregelatinised 00B064 Roquette, Kent #4a

Maize starch BP pregelatinised 0GG019 Roquette, Kent #4a

Maize starch BP pregelatinised 98H019 Roquette, Kent #4a

Maize starch BP pregelatinised 98K036 Roquette, Kent #4a

Maize starch BP pregelatinised 99C039 Roquette, Kent #4a

Maize starch BP pregelatinised 99G050 Roquette, Kent #4a

Maize starch BP pregelatinised 99K007 Roquette, Kent #4a

Rice starch BP 10424 Remy #4b ,#5 a

Rice starch BP 01103 Remy #5b

Starch, rice pregelatinised * Remy #4b

Tapoica starch BP * #4b

Wheat starch BP DOO Roquette, Tunbridge Wells #4b

Starch flowable 98F016 Colorcon #4a

Starch flowable 98G051 Colorcon #4a

Starch flowable 98H017 Colorcon #4a

Starch flowable 98L013 Colorcon #4a

Starch flowable 99A025 Colorcon #4a

Starch flowable 99A026 Colorcon #4a

Starch flowable 99C016 Colorcon #4a

Starch flowable 99D009 Colorcon #4a

Starch flowable 99D010 Colorcon #4a

Starch flowable 99M027 Colorcon #4a

Starch flowable withO.96% 
silicone

C2070 Colorcon #4a

Starch flowable withO.96% 
silicone

C2075 Colorcon #4a

Starch flowable withO.96% 
silicone

C2221 Colorcon #4a

Starch flowable withO.96% 
silicone

c2280 Colorcon #4a

Starch flowable withO.96% 
silicone

C4402 Colorcon #4a

Starch flowable withO.96% 
silicone

c4404 Colorcon #4a

Starch flowable withO.96% 
silicone

C4448 Colorcon #4a

Starch flowable withO.96% 
silicone

c4535 Colorcon #4a

Starch flowable withO.96% 
silicone

C4578 Colorcon #4a

Starch flowable withO.96% C4579 Colorcon #4a
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silicone

Stearic acid BP * R H Foster #4b

Sterculia BP * Roeper, Germany #4b

Streculia * RC Gums #4b

Sucrose BP K26990786002 BDH Poole #4b ,#5a

Sucrose BP K 17960107 BDH Poole #5b

Tara gum 202.14 Roeper, Germany #4b

Tartaric acid BP * M & B Dagenham #4b

Titanium dioxide BP QA288E Warner- Jenkinson #4b ,#5a

Titanium dioxide BP 98G002 Warner- Jenkinson #5b

Tragacanth BP 30394 RC gums #4a

Tragacanth BP 76567 RC gums #4a

Tragacanth BP 76587 RC gums #4a

Tragacanth BP 76681 RC gums #4a

Tragacanth BP 76683 RC gums #4a

Tragacanth BP 76749 RC gums #4a

Tragacanth BP 76770 RC gums #4a

Tragacanth BP 76799 RC gums #4a

Tragacanth BP 77982 RC gums #4a

Tragacanth BP 78497 RC gums #4a

Vanillin BP * SRS, Bury St Edmonds #4b

White beeswax BP * Poth Hille #4b

W ool fat BP * Avacado #4b

Xanthan gum BP 1B2206V CP Kelco, Knowsley #4a

Xanthan gum BP 18137 G Fiske #4a

Xanthan gum BP R CllO RC gums #4a

Xanthan gum BP R C ll l RC gums #4a

Xanthan gum BP 14261 Rhodia, Switerzerland #4a

Xanthan gum BP 602 Roeper, Germany #4a ,#5a

Xanthan gum BP 612 Roeper, Germany #5b

Xanthan gum BP 6589 SKW, Newbury #4a

Xanthan gum BP 9953 SKW, Newbury #4a

Xanthan gum BP 19994402 SKW, Newbury #4a

Xanthan gum BP 19994608 SKW, Newbury #4a

Xylitol BP DS8808 Cerester Belgium #4b ,#5a

Xylitol BP DS8801 Cerester Belgium #5b

Xylose BP * Ubichem, Eastleigh #4b

Yellow  beeswax BP * Poth Hille #4b

Zein USPNF * SIGMA USA #4b

Zinc stearate BP 211192 Aldrich #4b
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Compound Batch Supplier Chapter in 
which 
sample 
spectrum is 
used

Zinc sulphate * BDH Poole #4b

*  ;indicates that the batch number was not available.

Code #3: Sample used to identify the relationship between physical properties and
NIR spectra.

Code #4a: Sample used for the ‘55 compound library’. Average sample spectrum 
used for the large library.

Code #4b: Samples used in the application o f the eascading procedure o f identification 
algorithms.

Code #5a: Sample used in the development o f a transfer method between dispersive 
instruments.

Code #5b: Sample used as a second batch in the development of a transfer method 
between dispersive instruments.

2.1.2 Sample Containers for Spectral Measurements

Samples were presented for NIR analysis and stored in a variety o f vessels, Figure 2.1. 

Four different types o f container were used:

Figure 2.1 Sample vials and presentation vessels A) Trident sample vial 
14 ml, B) Waters 4 ml vial, C) Foss standard presentation 
cell and D) Quartz reflectance cell.
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A. Trident sample vials 14 ml clear glass screw tops 48 x 23 mm (height x 

diameter) (Part: TUB 1222, Scientific Laboratory Supplies, UK), Figure 

2.1 A.

B. Waters 4 ml clear glass vials with snap cap 4 5  x 15 mm (height x 

diameter) (Part: WAT25051, Waters Ltd., Herts, UK), Figure 2.1 B.

C. Foss standard presentation cell with screw back. Figure 2.1 C.

D. Quartz reflectance cell (Hellma, Essex, UK) outside diameter 30 x 50 

mm (height x diameter), inside diameter 28 x 46 mm (height x 

diameter), volume 32 ml. Figure 2.1 D.

E. SUMVIAL clear glass 4 ml vial with snap cap 48 x 15 mm (height x 

diameter) (Part: AGE-A1501M, Chromacol, USA). (Not shown in 

Figure 2.1 however it is similar to the Waters 4 ml clear glass vial).

Type B vials, although similar to type E vials have a superior base. On inspection the 

bases of type E vials were dimpled in the centre with ripples fanning out from this 

point. This is obviously a consequence of the manufacturing process and although

suitable for their intended use, HPLC, the reflection o f radiation from these

imperfections caused variations in the NIR spectrum.

Sample containers C and D are optically flat.

2.2 EXPERIMENTAL METHODS

2.2.1 Constant Relative Humidity (RH) Environments

Closed containers (desiccators) containing saturated salt solutions were used to provide 

environments o f constant humidity. The following salt solutions were used:

1. Potassium acetate (Aldrich, batch number 07012EC), RH 22%.

2. Magnesium chloride (BDH, batch number A410133447), RH 32%.

3. Sodium chloride (Aldrich, batch number U 11908), RH 75%.

4. Potassium acetate (BDH, A443282336), RH 97%.
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Samples under test were placed in open bottles on a wire mesh above the saturated salt 

solution in the desiccators for suitable time periods. All samples were stored at normal 

laboratory working temperature (approximately 20 °C, not controlled).

2.2.2 Measurement of Moisture / Water Content

The moisture/water content of samples was measured by loss o f weight on drying 

according to the Table 2.2 lists the conditions used for each material studied.

Approximately 250 mg of sample was used for this determination.

Table 2.2 Sample analysis conditions

Excipient Pharmacopoeial Requirements for loss 
on drying
Oven temp °C Time Maximum 

weight loss 
% w/w

Avicel PHlOl 1 0 0 - 105 3 hours 6 .0 %
Avicel PH 102 1 0 0 - 105 3 hours 6 .0 %
Croscarmellose sodium 1 0 0 - 105 6  hours 1 0 .0 %
Ethyl hydroxybenzoate^ 1 0 0 - 105 2  hours ̂ 0.5%^
Eudragit LI GO 1 0 0 - 105 6  hours 5.0%
Eudragit RLPO 1 0 0 - 105 6  hours 5.0%
Eudragit RSPO 1 0 0 - 105 6  hours 5.0%
Eudragit S I00 1 0 0 - 105 6  hours 5.0%
Lactose monohydrate^ 80 2  hours 1 .0 %*
Magnesium stearate 1 0 0 - 105 3 hours 6 .0 %
Maize starch 130 90 mins. 15.0%
Mannitol 105 4 hours 0.3%
Methyl hydroxybenzoate^ 1 0 0 - 105 2  hours 0.5%
Povidone 1 0 0 - 105 3 hours 8 .0 %
Propyl hydroxybenzoate^ 1 0 0 - 105 2  hours 0.5%
Sodium starch glycollate 1 0 0 - 105 4 hours 1 0 .0 %

Unless indicated BP conditions were used
 ̂2006 USP 29/ NF 24 U.S. Pharmacopoeia/National Formulary. The United States Pharmacopeia 

Connection, Rockville, MD, USA.
 ̂The BP uses a Karl Fischer methodology for water determination water o f  hydration is not removed by 

drying at 80 ° C

 ̂These are experimental conditions since they are not quoted in the BP, the maximum weight loss 
values are given by the JP 2001.
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2.2.3 Sample Sieving

Samples were sieved into particle size fractions using a succession of sieves of 100, 

75, 50, 40 and 20 pm mesh size (Endecotts Ltd., UK). This gave fractions of 100-75, 

75-50, 50-40, 40-20 and <20 pm. The quantity o f sample required was dependent on 

the type of material, if  the sample was of a particularly large particle size then more 

sample was required to produced enough sample of < 2 0  pm to fill a vial with sufficient 

sample for NIR analysis. Approximately 5 g of sample was sufficient for the analysis.

2.2.4 Sample Compaction

Compaction of samples was undertaken by placing approximately 100 mg of the 

material in a 13 mm diameter evacuable pellet die and ensuring even distribution. The 

die was positioned in the manual hydraulic press (Specac Ltd., UK) and connected to a 

vacuum pump before applying the load (3.76, 7.52 and 11.28 ton cm~^) to the die for 

approximately 30 seconds. The vacuum was released and the sample carefully pushed 

from the die and placed in a type A sample vial (see section 2.1.2).

2.2.5 Particle Size Measurement

The particle size distribution of each sample was measured using a wet dispersion 

technique. Concentrated suspensions of each sample under analysis were prepared in a 

suitable medium. Table 2.3. The suspension was added drop wise to the sample cell 

(filled with the appropriate medium) until an ideal level of sample was registered by 

the instrument (see section 2.4). Measurements were made in triplicate and the mean 

value for the mode of the distribution calculated.
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Table 2.3 Sample analysis conditions

Excipient Particle size
Dispersion
media

Avicel PH I01 Cyclohexane
Avicel PH 102 Cyclohexane
Croscarmellose sodium Ethanol
Ethyl hydroxybenzoate +

Eudragit L I00 Water
Eudragit RLPO Water
Eudragit RSPO Water
Eudragit S I00 Water
Lactose monohydrate Cyclohexane
Magnesium stearate Ethanol
Maize starch Ethanol
Mannitol Cyclohexane
Methyl hydroxybenzoate +

Povidone
Propyl hydroxybenzoate +

Sodium starch glycollate Water

Where no superscripts assume BP conditions
 ̂Particle size analysis was not carried out since there were no physical changes to samples.

* Particle size analysis was not carried out since sample experienced a phase change during exposure to 
different RH conditions.

2.3 NIR INSTRUMENTATION AND ANALYSIS

Five different NIR spectrophotometers were used, two dispersive instruments and 

three Fourier Transform instruments. The manufacturer’s specifications for each 

instrument are summarised in Table 2.4.
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Table 2.4 NIR instrument details.

Instrument Manufacturer Foss NIRSystems 6500 spectrophotometer PerkinElmer Bran+Luebbe Nicolet

Spectrum One Near-
Rapid Content Direct Contact infrared Testing

Model Analyser Analyser Identicheck System (NTS) Infraprover Antaris
Dispersive technology / y X X X X

Fourier transform
technology X X / / Y Y

Scan range 1100-2498 nm 400 -  2498 nm 10000-4000 cm '‘ 10000-4000 cm"' 9996-4008 cm"' 9997.171875- 
4003.49707 cm"'

Noise < 0.04 mA.U. < 0.04 mA.U. 0.5 mA.U.
Wavelength accuracy ± 0.3 nm ± 0.3 nm
Wavelength repeatability ± 0.01 nm ± 0.01 nm
Photometric range 3 A.U. 3 A.U.
Spectral bandwidth 10 nm ±1 10 nm ±1
Scan time 0.56 sec 0.56 sec 1.1 sec
Stray light < 0.1% at 2300 nm < 0.1% at 2300 nm
Scan number (default) 32 32 32 32
Interleaved N/A N/A Yes No
NIR accessory
background position N/A N/A Upper Upper
Reference material Ceramic Ceramic Spectralon® Spectralon® Spectralon® Spectralon®
Resolution N/A N/A 16 cm~̂ 16 cm"'
Data interval 2 nm 2 nm 2 cm"' 2 cm"'
Number of data points 700 1050 3001 3001 500 778
Phase correction N/A N/A Magnitude Magnitude
Apodisation N/A N/A Strong Strong
Scan speed N/A N/A 1 cm s"' 1 cm s"'
J-stop image size N/A N/A Not available 8.94 mm
AVI* N/A N/A No Yes

* Absolute Virtual Instrument00



2.3.1 Foss 6500 Spectrophotometer

The Foss 6500 spectrophotometer (NIRSystems, Silver Springs, MD, USA) fitted with 

a Rapid Content Analyser (RCA) attachment was located at The School o f Pharmacy, 

London. A second Foss 6500 spectrophotometer fitted with a Direct Contact Analyser 

(DCA) attachment was located at AstraZeneca, Macclesfield Operations. The RCA 

instrument was controlled using Vision® version 2.51 or 3.10 while the DCA 

instrument was controlled using Vision® version 2.21.

« !

Figure 2.2 Foss 6500 spectrophotometer a) with RCA attachment, b) 
with DCA attachment, (www.foss.dk).

Both Foss instruments have similar monochromator units but with different detector 

units attached. The RCA detector unit. Figure 2.2a, is in a horizontal alignment with 

the monochromator unit and has six lead sulphide detectors arranged in a circular 

orientation angled at 45° under the sample stage.

The DCA attachment. Figure 2.2b, is in a vertical alignment with the monochromator 

unit and has eight detectors (six lead sulphide detectors for the region 1100 -  2500 nm 

and two silicon detectors for the region 400 -  1100 nm) that are in a circular 

orientation and angled at 45° under the sample stage.

Prior to any sample analysis, system suitability/instrument performance tests were 

carried out to insure that each instrument was functioning within the specifications set 

by the manufacturer. These tests included wavelength linearisation, photometric noise 

and accuracy, wavelength accuracy and bandwidth analysis. Each test was measured

http://www.foss.dk


using the ceramic reference specific to each instrument which had an approximate 80% 

reflectance value.

Samples were placed on the sample stage and centred using the iris diaphragm. After 

closing the lid the spectrum was collected. Each recorded reflectance spectrum was 

the average o f 32 scans measured over the wavelength range capable by that particular 

instrument. All spectra were measured in triplicate with reference to the instruments 

ceramic tile, the mean spectrum calculated and subsequently referred to as the ‘sample 

spectrum’. All spectra were saved under appropriate file names.

2.3.2 PerkinElmer Identicheck

The PerkinElmer Identicheck (Wellsey, MA, USA) was located at The School of 

Pharmacy, London, and controlled using the software Spectrum  version 2.00, Figure 

2.3.

Figure 2.3 PerkinElmer Identicheck.

The instrument performance tests had not been maintained for this instrument and so 

prior to analysis conformation of wavenumber and photometric values o f a certified 

standard was set up as a standard test, following instructions from the manufacturer. 

The instrument manufacturer had carried out a routine service before this was set up 

and reported that the instrument was suitable for use. A wavelength certification
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standard containing equal parts of disprosium, erbium and holmium oxide powders 

with a standard composition equivalent to the Standard Reference Material (SRM) 

1920 (a wavelength standard defined by the National Institute o f Standard 

Technologies) was used as a stable sample, Figure 2.4.

Figure 2.4 NIST certified photometric and wavelength certification 
standards.

Wavenumber accuracies and photometric scale specifications were selected by 

analysing the wavelength certification standard 20 times a day over three days. The 

mean o f all 60 spectra was used to select three intense peaks to which wavenumber and 

photometric accuracy specification were applied taking into account the variation 

encountered over the three days, Table 2.5.

Table 2.5 Instrument performance specifications for the PerkinElmer 
Identicheck.

Peak position, cm"' Wavenumber Photometric T (%)
accuracy, cm"'

7925.00 ±5.00 32.00 ±2.00
6510.00 ±5.00 50.00 ±3.00
5942.00 ±5.00 61.00 ±3.00

^Although T (%) is noted actual value recorded is absorbance

Noise was determined over the wavenumber range 6200 -  6000 cm ' with a root mean 

square (RMS) upper limit o f T =  0.04%, peak to peak upper limit as T =  0.1500% and
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trend upper limit as 0.10 %/cm All tests were carried out against a Spectralon® 

reference.

Samples were scanned by placing the sample presentation vessel on the sample stage, 

closing the lid and recording the spectrum. Each recorded reflectance spectrum was 

the average of 32 scans over the wavenumber range 10000 -  4000 cm”'. The mean of 

three recorded spectra was calculated and subsequently referred to as the ‘sample 

spectrum’. All spectra were saved under appropriate file names.

2.3.3 PerkinElmer Speetrum One NTS

The PerkinElmer Spectrum One NTS (Wellsey, MA, USA) was located at AstraZeneca, 

Pharmaceutical and Analytical R&D, Charnwood, and controlled using the software 

Spectrum  version 4.0 and ASSURE ID version 1.0, Figure 2.5.

Figure 2.5 PerkinElmer Spectrum One NTS (www.perkinelmer.com).

Instrument performance tests were carried out prior to sample analysis to confirm that 

the instrument was operating within the specifications set by the manufacturer. The 

wavenumber accuracy was confirmed using the Spectralon® reference. Upper and 

lower limits allowed were as follows: upper limit 5672.00 cm”' lower limit

5667.00 cm”' and upper limit 4574.00 cm”' lower limit 4569.00 cm”'.
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Noise was determined over the wavenumber range 6200 -  6000 cm~' allowed limits 

were as follows: RMS upper limit o f T = 0.0598%, peak to peak upper limit o f T = 

0.2747% and trend upper limit o f T = 0.0402%.

Samples were scanned by placing the sample presentation vessel on the sample stage 

and the spectrum collected. Each recorded spectrum was the average of 32 scans 

measured over the range 10000 -  4000 cm \  Each sample was scanned in triplicate; 

the mean was calculated and subsequently used as the ‘sample spectrum’. All spectra 

were saved under appropriate file names.

2.3.4 Bran+Luebbe Infraprover

The Bran+Lnehhe Infraprover (Bran+Luehhe GmbH, Noderstedt, Germany) was 

located at The School o f Pharmacy, London, it was controlled using the software 

Sesame version 3.1, Figure 2.6.

Figure 2.6 Bran+Luebbe Infraprover.

It was not possible to scan a sample spectrum with the Bran+Luebbe Infraprover 

without it passing its performance test. This checked (a) detector temperature (30.0 °C 

± 0.5 °C), laser temperature (44.5 °C ± 2 °C), instrument temperature ( 1 5 - 4 5  °C) (b) 

an internal reference channel test which compared the deviation over all wavenumbers 

to ensure it was not exceeding a maximum allowed relative deviation o f 0.100, (c) a
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wavelength accuracy test which took an internal measurement through a Plexiglas 

standard, the wavenumber of maximum deviation was compared to the limit o f the 

maximum allowed deviation of 0.040 and finally (d) scanning the Spectralon® 

reference which was compared to one internal to the instrument, with specification 

such that the maximum deviation was less than the allowed relative deviation o f 0.033. 

Only if all specifications were met was further analysis permitted.

Samples were scanned by placing the sample presentation vessel on the sample stage 

and positioning centrally, the spectrum was then collected. Each recorded spectrum 

was the average o f six scans measured over the range 9996 -  4008 cm"'. Each sample 

was scanned in triplicate; the mean was calculated and subsequently used as the 

sample spectrum. All spectra were saved under appropriate file names.

Note: all measurements using the Bran+Luebbe Infraprover were made by Prophan 

Phaiwong in 2002. The instrument was no longer available when the rest of the work 

within this thesis was carried out.

2.3.5 Nicolet Antaris

The Nicolet Antaris (Thermo Electron Corporation, Waltham, MA, USA) was located 

at AstraZeneca, Macclesfield, UK and controlled by the software TQ Analyst, Figure 

2.7.

Figure 2.7 Nicolet Antaris (www.thermo.com)
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Collection of spectra was carried out against a Spectralon reference. The 

performance test carried out confirms (a) energy ratio -  collects a background 

spectrum and confirms that it lies between certain specifications at three different 

wavenumbers; 4000 cm”* lies between 30 and 100%, 6000 cm”* lies between 50 and 

1 0 0 % and 1 0 0 0 0  cm”* lies between 8  and 1 0 0 % of the maximum, (b) noise -  collects 

five repeat scans and confirms that the root mean square in a selected range is between 

0 and 99 micro absorbance units, (c) short term stability -  collects five consecutive 

spectra and creates a variance spectrum then confirms that the result lies within 0  and 

1500 micro absorbance units, (d) wavelength accuracy -  collects the spectrum of the 

internal polystyrene standard and confirms three peaks are within specific ranges; 

4328.92 -  4336.93 cm"‘, 5944.28 -  5992.28 cm“‘ and 8734.84 -  8750.84 cm”' and 

finally (e) a photometric linearity test- collects the spectrum of five glass filters 

representing 1.7, 1.0, 0.7, 0.4, and 0.1 absorbance units it then confirmed that the slope 

between them at three wavenumbers, 5000 cm”*, 6250 cm”* and 8333 cm”*, was within

0.95 and 1.05.

Samples were scanned by placing the sample presentation vessel on the sample stage 

and positioning centrally, the spectrum was then collected. Each recorded spectrum 

was the average of 16 scans scanned over the range 9997.171875 -  4003.49707 cm”*. 

Each sample was scanned in triplicate; the mean was calculated and subsequently used 

as the sample spectrum. All spectra were saved under appropriate file names.

2.4 PARTICLE SIZE INSTRUMENTATION

The Malvern Mastersizer S  (Malvern, UK) was located at The School o f Pharmacy, 

London and controlled using the software Malvern S  version 2.19, Figure 2.8.
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Figure 2.8 Malvern Mastersizer S (www.maIvern.co.uk)

Instrument specification.

Lens size range: 4.2 -  3500 pm

Laser transmitter: Minimum 2 mW He-Ne Laser (633 nm wavelength) with 18 mm 

beam diameter, collimated and spatially filtered to a single transverse mode.

The instrument was calibrated using 9 pm polystyrene divinylbenzene micorspheres 

(Duke Scientific, part number: 2009). A single measurement was made in a water 

medium and the test passed if the relative standard deviation o f two repeat 

measurements o f Dvso was < 0.3%.

2.5  SO F T W A R E  A N D  D A T A  A N A L Y S IS

2.5.1 Commercially Available Software

The Unscrambler® version 7.6 (CAMO Inc., Corvallis, OR, USA) was used for all 

PGA analysis including SIMCA.
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Excel 2003 (Microsoft Corporation) was used for data representation and statistical 

evaluation of data including residuals and confidence ellipses.

2.5.2 In-house software

A number of in-house computer programs (programs written in C by Dr R. D. Jee, The 

School of Pharmacy, London) were used for data analysis -  a brief description of each 

is given below.

IDENT -  calculates the correlation of unknowns against a set of library spectra.

This program takes a list (.txt) o f all spectral files (.txt, .jdx or .dna format) that are 

deemed as the library by the user and compares them against the test spectrum. A 

variety of pre-treatments, including derivatives, smoothing functions and wavelength 

ranges can be specified.

The library can be internally validated by comparing every spectrum to every other one 

and reporting the correlation value of the two spectra compared. A correlation limit 

can be set such that only those spectra that fail the specification are outputted in a text 

file.

VIEW - visual program for the inspection of spectra.

This program allows the user to enter one or more .jdx or .dna spectra files so that they 

can be plotted on screen or the plot can be exported as a postscript file. It also has the 

option to apply pre-treatments and select spectral ranges.

JCAM P- format conversion program. Allows spectral files in .txt, .jdx, .dif and .dna 

formats to be converted to .jdx and .dna files formats.

This allows the user to convert a variety of file formats into another format that can 

then be universally used for storage and/or processing. The program also allows
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conversion of absorption values to reflectance and a number o f pre-treatments to be 

applied.

PEAK- calculates peak positions in spectra and outputs a list o f peak positions in order 

of peak intensity.

This program is similar to that of IDENT and requires the user to input a number of 

spectra by way of a single text file. This is used to direct the program to the various 

file locations of the spectra considered as library entries. Pre-treatments and 

wavelength ranges can be applied. Peaks from each spectrum are chosen by setting 

criteria such as intensity ratio or for example the top ten most intense peaks. The 

output is a text list o f the peak positions for each sample spectrum included.

PMATCH- compares specific peak positions with those entered as a reference or 

library.

This allows the user to enter the text list created using PEAK and challenge unknown 

spectra against it. Searching is by way o f a moving window that the user defines by 

selecting a wavelength range into which the peak must fall. A list o f suitable matches 

is output as a text file.

CUBIC- converts wavenumbers to wavelength and vice versa. It can also be used to 

shift spectra in the wavelength scale. The program uses a cubic spline to interpolate so 

that spectra can be outputted with equal data point spacing in either wavelength or 

wavenumber scales.

ABSCORR- used to correct/standardise the photometric scale. The user enters a 

suitable set o f calibration spectra measured on two different instruments. The program 

calculates a calibration curve (linear or polynomial) between the two photometric 

scales at each wavelength in the spectrum. A test spectrum measured on one 

instrument may then be corrected to that expected if it had been measured on the other 

instrument.
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3 THE EFFECT OF PARTICLE SIZE, 
COMPACTION AND WATER CONTENT ON 
THE IDENTIFICATION OF EXCIPIENTS BY 
NIRS

3.1 INTRODUCTION

The sensitivity of NIRS to the physical properties o f a sample as well as its chemical 

structure was once considered a disadvantage. However, it was soon realised that this 

sensitivity to both physical and chemical properties allowed the total characterisation 

of a sample by a single technique as opposed to the numerous different test given in 

the pharmacopoeias.

Before NIRS can be used for the characterisation of a sample it is important to 

understand what chemical and physical properties of the sample cause variation in the 

NIR spectra.

Sources of spectral variability that are often overlooked include the initial collection of 

spectra, in particular, sample presentation such as positioning or orientation of the 

sample on the measurement platform, day to day variability, sample diameter, sample 

vessel material, number of scans, frequency of the reference spectrum collected etc. 

These are often dictated by the user and are selected on the most suitable application of 

resources.

Candolfi et al suggested that batch to batch variability was a more important source 

of variability than that o f sample positioning or time o f analysis. When considering 

batch to batch variability and library construction in the same report, it was 

recommended that each library entry should contain the spectra o f several batches so 

that it is representative of ‘normal’ sample variability.

Borer et al confirmed this finding and suggested that sources of variability must be 

controlled or included in the library. Collection of spectra over a long time period was 

one way in which variability could be increased. Yoon et al showed that sample
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presentation should be optimised for the particular instrument being used and the same 

measurement method should then be applied for all samples collected.

For the analysis of powders the amount of sample used and its compaction were 

identified as important parameters. With NIR diffuse reflectance measurements 

the depth o f penetration of the incident radiation is dependent upon the sample 

compaction and its nature. To get reproducible spectra it is important that the amount 

o f sample used corresponds to a sample of infinite thickness. The actual sample 

thickness required is a complex function of both the scattering and absorption 

properties o f the sample. Yoon et al showed that spectral features improved with 

increasing sample thickness eventually reflectance values were independent of sample 

thickness once it reached ‘infinite thickness’. This value was dependent on the sample 

material.

Particle size is an important parameter which affects the NIR spectrum of a material. 

An increase in particle size results in stronger absorbencies —  peaks becoming more 

predominant. A decrease in particle size gives rise to an increase in scatter due to the 

larger number of interfaces encountered. This results in a smaller depth of penetration 

of radiation into the sample and consequently smaller absorbance values. It is also 

suggested that the smaller the particle size the more likely it is for the incident 

radiation to get ‘lost’ in the sample. Changes in particle size o f a material can affect 

the identification o f samples by NIRS. The use o f various spectral pre-treatment’s 

have been investigated to try and remove the effects o f particle size variation on NIR
O1 CO CO

spectra. Calculating the second derivative has been the most successful. ’ ’

The sensitivity of NIR spectra to particle size can be put to good use in the actual 

measurement of the particle size of a sample. NIRS has been shown to be a successful 

methodology in quantification of particle size. Ilari et al was one of the first to 

investigate the effect of scattering properties to NIR spectra for the calculation of 

particle size suggesting that reflectance varies non linearly. However, this was 

contradicted by Szalay et al ^  who showed a linear relationship between particle size 

and reflectance values of Sorbitol samples, albeit, this was only at one characteristic 

wavelength.
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O’Neil et al demonstrated that it was possible to measure the percentage volume 

particle size of microcrystalline cellulose using NIRS. The best calibration models 

were generated when using the original sample spectra i.e. no pre-treatment. 

Although, even with the application of scatter correction pre-treatments, suitable 

particle size information remained for the generation o f successful calibrations. It 

should be noted that when observing the spectra significant variation could be seen in 

the moisture region and care must be taken when describing one variable, which may 

in fact be an indirect measurement o f another.

Warman and Hammond went a step further suggesting that existing technologies 

were no longer adequate, recommending NIRS as an alternative for real time particle 

size characterisation.

Another physical property of a sample that affects the NIR spectrum is sample 

compaction. Increasing compaction pressure results in a decrease in reflectance values 

due to a decrease in the scattering coefficient which arises from fewer reflections as 

the particles become in close contact with one another. Particle size and roughness 

changes also contribute to spectral variability.

A sample parameter which is of high importance in the pharmaceutical community is 

moisture content. Water has particularly strong absorptions in the NIR region and is 

routinely used to quantify moisture content. Changes in moisture content can be 

expected to effect identification of samples by NIRS.

This chapter investigates the effects of changing the moisture content, particle size and 

compaction pressure of samples has on NIR spectra and how these parameters affect 

identification using NIRS.

The material in this chapter is divided into three major sections; firstly the effect o f the 

various parameters on identification using Correlation in Wavelength Space is 

considered, secondly a more detailed look at how the parameters actually affect the 

NIR spectra is described, and finally how the various parameters affect the 

identification using PCA is investigated.
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3.2 METHODOLOGY

3.2.1 Materials

Multiple batches of sixteen common pharmaceutical excipients as listed in Table 2.1, 

code #3, were used. A total o f 159 batches were used, between six and twenty for each 

material, the exact numbers can be seen in Table 2.1.

Effect o f  humidity

A sub sample from each batch of each excipient was stored at RH of 22, 32, 75 and 

97% for a period of up to three weeks (see section 2.2.1) (at longer times some 

samples showed evidence of the growth of micro organisms particularly at high RH 

values). It should also be noted that for some samples stored under high RH 

conditions it became increasingly more difficult to agitate the samples between 

triplicate scans. Some samples moulded to the shape o f their vial.

3.2.2 NIR Analysis

Reflectance spectra were measured on the Foss 6500 spectrometer with RCA 

attachment (see section 2.3.1).

3.2.3 Reference Analysis

Moisture and particle size analysis were carried out according to section 2.2.2 and 

section 2.2.5 respectively, under the conditions listed in Table 2.2 and Table 2.3 

respectively.

3.3 RESULTS AND DISCUSSION

3.3.1 Library Construction and Validation

First a spectral library of the original excipients (i.e. before moisture content, etc. was 

altered) was constructed. For each of the 16 different excipients a mean spectrum of
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all the batches for that excipient was calculated and used as the library spectrum. To 

compare spectra against the library Correlation in Wavelength Space (Equation 1.33) 

was used. All spectra, library and test spectra, were compared after pre-treatment to 

convert them to their second derivative (Savitzky-Golay 11 point 2"^ order polynomial 

filter). For a positive identification two criteria were set. Firstly the correlation 

coefficient needed to be above some critical value (rcrit) and secondly the next closest 

match must differ by more than some critical value (Arcrit). The selection of values for 

rcrit and Arcrit is arbitrary^, however, experience suggested that for this study the 

following values would be suitable: rent = 0.90 and Arcrit = 0.1.

To validate the library every spectrum was compared to all others in the library —  120 

different pairs of spectra. Ideally none of these different pairs of spectra would have 

an r  value >0.9. Most of the excipient spectra (115 pairs) met the criteria with r  values 

less than 0.6, Figure 3.1. The red cells in Figure 3.1 indicate pairs of compounds that 

failed the identification criteria. Those excipients that failed could be classified into 

one of four groups:

(a) Croscarmellose sodium, sodium starch glycollate and maize starch 

(Ar < 0.06)

(b) Avicel PHlOl and Avicel PH102 (Ar < 0.01)

(c) Eudragit L I00 and Eudragit S I00 (Ar < 0.02)

(d) Eudragit RLPO and Eudragit RSPO (Ar < 0.01)

t  The lower the value of ̂ crit the higher the probability that a false positive 
identification will be made. The value o f Arcrit needs to be large enough to encompass 
the expected batch to batch variation o f all the materials in the library.
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Figure 3.1 Internal validation of original library. A red cell indicated
pairs of spectra not meeting the identification criteria. Black 
cells indicate a correlation of 1.

Compounds in group (a) all have common chemical structural units (glucose units) and 

only differ in the number o f units and the way these units are linked, Figure 3.2.

Spectroscopically they have few distinguishing features and the inability to reliably 

identify them from one another is not unexpected.

Group (b) consists o f two excipients with identical chemical structural units; the only 

difference is their particle size distributions. Avicel P H I01 has a mean particle size of 

50 pm while the PH 102 grade has a mean particle size o f 100 pm. The correlation 

coefficient between these two excipients was 0.99.
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Figure 3.2 Chemical structure of a) carboxymethylcellulose sodium, b)
sodium starch glycollate, and the two structural units that make 
up maize starch c) amylose and d) amylopectin.

The two excipients, Eudragit L I00 and Eudragit S I00, in group (c), are 

poly(methacrylic acid, methylmethacrylate) co polymers and differ only in the ratio of 

the acid to ester groups; L I00 has a 1:1 ratio and S I00 has a 1:2 ratio. Only small 

differences in peak intensities in the NIR spectrum are seen. Similarly Eudragit RLPO 

and RSPO, group (d), are poly (methacrylate, methyl methacrylate, 

trimethylammonium methacrylate chloride) with ratios of the components 1 :2 :0 . 2  and 

1 :2 :0 . 1  respectively.
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3.3.2 Effect of Moisture on Identification

Water has a strong absorption in the NIR region and consequently the moisture content 

o f a sample might be expected to have a large effect on identification. In the region 

1100 -  2500 nm water has peaks at 1400 -  1450 nm and 1900 -  1980 nm. The exact 

position of the peaks is sensitive to the nature o f the water i.e. free water, extent of 

hydrogen bonding etc.

Samples of all excipients were stored under various RH conditions (22, 32, 75 and 

97% RH) for different periods of time to alter their moisture content. For time periods 

greater than three weeks problems with the growth of micro organisms was 

experienced with some samples, particularly at very high RH values. Povidone 

samples when stored at 75 and 97% absorbed water so avidly that after 72 hours they 

had changed to transparent gels and could not be investigated by NIRS. The NIR 

spectrum of all the samples was measured and then their moisture content determined 

by loss on drying. Table 3.1 summarizes the moisture content of the samples. It 

should be noted that the conditions used for lactose monohydrate do not remove the 

normal water o f hydration.

As expected the moisture content generally increased with storage at higher RH values. 

O f particular note were croscarmellose sodium, maize starch and sodium starch 

glycollate which increased their weight content many fold.

To investigate how the moisture content affected identification, the spectra were 

compared to the original library o f excipient spectra (16 x 16 = 256 comparisons). 

Figure 3.3 summarizes the comparisons for each of the four storage conditions. Red 

cells indicate pairs of different compounds for which r was >0.9 and Ar <0.1 (i.e. a 

failed identification). Grey cells represent r >0.9 for the same compound comparisons 

(i.e. a positive identification). Storage at 22 and 32% RH had no effect on the ability 

to distinguish between the various excipients, the same four groups o f compounds 

(section 3.3.1) failed (10 out of 256 comparisons). At 75% RH the correlation 

coefficient for sodium starch glycollate fell below 0.9 to 0.87 and so failed. Povidone 

stored at 75% RH could not be measured as the sample had changed to a gel.
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Table 3.1 Mean percentage w/w loss on drying of each excipient for each sample 
exposed to different RH conditions after three weeks exposure to, 
22%, 32%, 75% and 97% by a loss on drying methodology.

Excipient Mean % w/w weight loss
22% RH 32% RH 75% RH 97% RH

Avicel PHlOl 5.70 5.71 9.28 14.45
Avicel PHI 02 5.53 5.01 8.75 14.52
Croscarmellose sodium 8.07 9.90 20.40 57.00
Ethyl hydroxybenzoate - 0 . 0 1 0 . 0 1 -0.14 -0.15
Eudragit L I00 5.01 5.50 1 1 . 1 1 2 1 . 2 0

Eudragit RLPO 1.38 1.79 6.97 7.34
Eudragit RSPO 3.33 3.73 3.05 15.56
Eudragit S I00 3.48 3.71 7.98 16.94
Lactose monohydrate

Grade 1 450 mesh 0.84 1 . 1 0 0.23 4.29
Grade 2 monohydrate 0 . 1 1 -0.19 0.81 NM
Grade 3 US hydro 0 . 6 6 0.95 0.36 5.94

Magnesium stearate 6.08 5.73 6 . 1 1 9.01
Maize starch 7.13 9.64 13.64 23.20
Mannitol 0 . 8 6 0.71 0.70 2.62
Methyl hydroxybenzoate 0.18 0.05 0.51 0.13
Povidone NM NM NM NM
Propyl hydroxybenzoate 0.33 0.25 0.53 - 0 . 1 0

Sodium starch glycollate 9.52 10.44 23.62 39.68
NM -  not measured 

Values given refer to the water lost or gained with respect to the monohydrate.

Only storage under extremely high RH conditions (97%) caused some identifications 

to fail. The correlations for croscarmellose sodium and sodium starch glycollate 

exposed to 97% RH against the original samples fell to 0.72 and 0.75 respectively.

Despite the very strong absorbance o f water in the NIR region the effects o f moisture 

on identification were relatively small apart from compounds which strongly absorbed 

moisture. Storage o f compounds under normally encountered relative humidity 

conditions is not likely to cause major problems.

3.3.3 Effect of Particle Size on Identification

Samples of three excipients; lactose, mannitol and Avicel PHI 01 were passed through 

a set of sieves (see section 2.2.3) to produce samples with different particle size ranges
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(>100, 100-75, 75-50, 50-40, 40-20, <20 |im). The spectra o f these samples were 

then compared to the original library.
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Figure 3.3 Correlation matrix between original excipient library and
samples exposed to various relative humidity conditions —  22, 
32, 75 and 97%. Red cells indicate failed identification criteria. 
Grey cells indicate r >0.9. X indicates that no measurement was 
made.

Particle size was not found to effect identification when using Correlation in 

Wavelength Space, Figure 3.4.
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Lactose 7 5 - 5 0 (3)
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Lactose 40 -20 (3)
Lactose < 2 0 (3)
Mannitol > 100 (4)
Mannitol 1 0 0 -7 5 (4)
Mannitol 7 5 - 5 0 (4)
Mannitol 5 0 - 4 0 (4)
Mannitol 40 -20 (4)
Mannitol < 2 0 (4)

Cellulose microcrystalline Avicel PH101 > 100 (5)
Cellulose microcrystalline Avicel PH101 1 0 0 -7 5 (5)
Cellulose microcrystalline Avicel PH101 7 5 - 5 0 (5)
Cellulose microcrystalline Avicel PH101 5 0 - 4 0 (5)
Cellulose microcrystalline Avicel PH101 40 -20 (5)
Cellulose microcrystalline Avicel PH101 < 2 0 (5)
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Figure 3.4 Correlation matrix between original excipients library and 
spectra of sieved samples. Red cells indicate failed 
identification criteria. Grey cells indicate r >0.9.

All the lactose and mannitol sieved samples were correctly identified. Avicel PHlOl 

sieved samples could not be distinguished from the PH 102 grade material as with the 

original library itself. As mentioned previously, PHlOl and PH 102 grades differ in 

their median particle size (50 and 100 pm respectively) and so this is no great surprise.

3.3.4 Effect of Compaction on Identification

Samples of all excipients were compacted into 13 mm diameter discs using pressures 

of 3.76, 7.52 and 11.28 ton cm~  ̂ (section 2.2.4) and their spectra compared with those
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in the original spectral library. Compaction had little effect on the correlation value 

apart from Eudragit L I00 and S I00, Figure 3.5. Correlation values for Eudragit L I00 

decreased to 0.74, 0.74 and 0.72 for pressures of 3.76, 7.52 and 11.28 ton cm~^ 

respectively. For Eudragit S I00 the correlation values were 0.75, 0.79 and 0.68 

respectively. The surface of the disks became highly reflective and smooth to the 

touch resulting in an increase in specular reflection. It is proposed that this is the main 

cause of the lowering of the correlation value.
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Figure 3.5 Correlation matrix between original excipients library and
spectra of sample compacted using pressures of 3.76, 7.52 and 
11.28 ton cm \  Red cells failed identification criteria. Grey 
cells indicate r > 0.90.

3.4 THE EFFECT OF PHYSICAL VARIATION ON NIR 
SPECTRA

Although small changes in moisture eontent, particle size and compaction pressures 

only had minor effects on the ability to identify the excipients using Correlation in
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Wavelength Space there were clear spectral changes. This section will look at these 

changes in detail.

3.4.1 Effect of Moisture on Spectra

The 16 excipients behaved differently to the various RH storage conditions. It is 

convenient to divide them into five groups.

1. Excipients showing a limited/minimal uptake o f  moisture and little or no spectral 
change.

Ethyl, methyl and propyl hydroxybenzoate showed relatively little response to any of 

the RH storage conditions. Their spectra can be seen in Figure 3.6 a and b. No change 

in absorbance or peak position was observed between spectra o f samples exposed to 

the varying RH storage conditions.

Though these compounds only differ in the length of a side chain, Figure 3.7, their 

spectra are unique and can be clearly separated. All the samples, after three weeks 

exposure (irrespective of RH conditions), were still free flowing in their vials i.e. they 

could easily be shaken.
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Figure 3.6 Effect of RH storage conditions on the spectra of ethyl, methyl 
and propyl hydroxybenzoate. a) absorbance spectra, b) second 
derivative spectra.
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Figure 3.7 Chemical structures of methyl, ethyl and propyl 
hydroxybenzoate.
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2. Excipients showing a small uptake in moisture (<10%) and changes in spectral 
characteristics

Three excipients fell into this group: lactose monohydrate, magnesium stearate and 

mannitol.

Lactose monohydrate samples showed little change in moisture uptake with RH except 

for the sample exposed to 97% RH (sample D). Lactose monohydrate grade 450 mesh 

absorbed 4.29% m/m moisture while the US hydro grade absorbed 5.94% m/m 

moisture. The spectra of samples exposed to 22, 32 and 75% RH were all almost 

indistinguishable regardless of grade. The spectrum of the sample exposed to 97% RH 

showed an increased absorbance for the 0 -H  combination band, 1900 -  2000 nm. 

Figure 3.8a and b.

Magnesium stearate showed a similar behaviour to moisture uptake compared to that 

of lactose. Samples stored at 22, 32 and 75% RH had water contents of approximately 

6% m/m (see Table 3.1) while the sample stored at 97% RH had increased its water 

content to 9.01%. The sample stored at 97% RH had a much more pronounced water 

peak in the spectrum. Figure 3.9a and b.
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Figure 3.8 Effect of RH storage conditions on the spectra of lactose
monohydrate, a) absorbance spectra, b) second derivative 
spectra.
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Figure 3.9 Effect of RH storage conditions on the spectra of magnesium 
stearate, a) absorbance spectra, b) second derivative spectra.

Mannitol behaved in a similar way to the previous two materials. A clear increase in 

absorbance could be seen at 1890 -  2050 nm for the sample stored at 97% RH, Figure 

3.10a. The second derivative spectra showed a dominant peak at 1890 nm and also at 

1390 nm.
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Figure 3.10 Effect of RH storage conditions on the spectra of mannitol. a) 
absorbance spectra, b) second derivative spectra.

3. Excipients showing a greater uptake in moisture (>5<25%)

Avicel PHlOl, Avicel PH 102 and maize starch showed similar spectral changes with 

moisture uptake. The absorbance spectra showed an increase in absorbance in the 

region 1870 -  2050 nm on storage at increasingly higher RH values, Figure 3.11 a, c 

and e. Small peak shifts could be seen in the second derivative spectra for the 1870 -  

2050 nm and 1400 -  1500 nm moisture regions. Figure 3.11 b, d and f.
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Figure 3.11 Effect of RH storage conditions on the spectra of Avicel 
PHlOl, Avicel PH102 and maize starch, a), c) and e) 
absorbance spectra, b), d) and f) second derivative spectra 
respectively.

4. Excipients showing a large uptake o f moisture (>25<60% at 97% RH)

Croscarmellose sodium, Eudragit grades L I00, S I00, RLPO, RSPO and sodium starch 

glycollate all displayed similar spectral changes when samples were exposed to 

different RH conditions. Figure 3.12. The spectra show differences in absorbance over 

the whole spectra range.
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Figure 3.12 Effect of RH storage conditions on the absorbance spectra of 
a) croscarmellose sodium , b), Eudragit LlOO, c), Eudragit 
SlOO, d), Eudragit RLPO, e) Eudragit RSPO, and f), 
sodium starch glycollate.

Second derivative transformation removed most of the variability in regions not 

associated with moisture, Figure 3.13. Peak broadening was more obvious at 1350 -  

1450 nm for croscarmellose sodium and sodium starch glycollate. Moisture uptakes in 

these excipients were considerably higher (57.00 and 39.68% m/m respectively).

118



004

-008
1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 

Wavelength nm

8 -0 04 ^

1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 
VWvetength nm

1100 1200 1 300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500

I
M -0 02 
8

I

I

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 
Wavelength nm

?
8
I

1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 
Wavelength nm

0 0 2

00

1100 1200 1300 1400 1500 1 600 1700 1800 1900 2000 2100 2200 2300 2400 2500

Figure 3.13 Effect of RH storage conditions on the second derivative 
absorbance spectra of a) croscarmellose sodium , b), 
Eudragit LlOO, c), Eudragit SlOO, d), Eudragit RLPO, e) 
Eudragit RSPO, and f), sodium starch glycollate.

5. Excipients experiences a phase change on moisture uptake

Povidone samples exposed to 75 and 97% RH became clear gels after only 72 hours 

and further storage was terminated. It can be seen in the spectra that at wavelengths 

greater than 1900 nm no characteristic spectral features occurred in the 97% RH stored 

sample, Figure 3.14a. The second derivative spectrum for this sample also clearly 

shows a general lack of features, Figure 3.14b. Peak shifts also occurred throughout 

the entire wavelength range scanned.
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Figure 3.14 Absorbance spectra (a) and second derivative pre-treated 
spectra (b) for Povidone exposed to 22, 32, 75 and 97% RH.

3.4.2 Effect of Particle Size on Spectra

As expected, absorbance values increased with an increase in particle size, Figure 

3.15a, c and e, this is due to the increase in path length. Though this effect is clearly 

seen in the absorbance spectra it has little effect on the second derivative spectra. 

Figure 3.15 b, d and f.
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Figure 3.15 Effect of particle size variations, a results of sieving fractions, 
on absorbance spectra of a) Avicel PHlOl, c) lactose 
monohydrate and e) mannitol and second derivative spectra 
for b) Avicel PHlOl, d) lactose monohydrate and f) mannitol.

3.4.3 Effect of Compaction on Spectra

Samples were compacted to varying degrees from simple eompaction by tapping to 

more extreme mechanieal compaetion with a pressure of up to 11.28 ton cm“̂  (Seetion 

2.2.4). The absorbanee and second derivative spectra of samples that had been tapped 

by up to 20 times prior to scanning showed little differenee from untapped samples. 

Tapping effectively forced smaller particles to the bottom of the vial while larger
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particles rose to the surface. There was a difference in the depth that the radiation 

penetrated, but if all samples were treated the same, all were tapped or all were not 

tapped, then the effect of compaction was irrelevant and not important when samples 

were compared against a library that had been created in the same manner. Spectral 

variation was equivalent to that seen between different batches.

Two different batches of each excipient were compressed using a manual hydraulic 

press. There was no obvious difference between the spectra of samples that had been 

subjected to a pressure of 3.76, 7.52 and 11.28 ton cm~  ̂ with the exception of maize 

starch. The second derivative spectra of maize starch. Figure 3.16, showed a peak 

inerease and shift at approximately 1458 -  1610 nm when compressed with a pressure

of 11.28 ton cm-2
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Figure 3.16 Second derivative spectra of maize starch compressed
with a pressure of 3.76 (
( ).

) and 11.28 ton cm-2

While the effect was reproducible, its cause is far from clear. There are no obvious 

bands in starch that gives rise to absorptions in this region.
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3.5 EFFECT OF MOISTURE, PARTICLE SIZE AND
COMPACTION ON IDENTIFICATION USING PCA

While Correlation in Wavelength Space is a simple identification procedure it was 

found not to be particularly sensitive to changes in moisture, particle size and 

compaction. This section examines how these parameters affect a more discriminatory 

identification method — PCA scores plots.

3.5.1 Effect of Moisture on PCA Scores Plots

PCA scores plots calculated from the second derivative spectra for ethyl, methyl and 

propyl hydroxybenzoate, while giving good discrimination between the three 

compounds did not reveal any separation according to RH storage conditions. Figure

3.17.
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Figure 3.17 Scores plot for ethyl, methyl and propyl hydroxybenzoate 
exposed to conditions of 22, 32, 75 and 97% RH.

The scores plots for lactose monohydrate (three different grades), magnesium stearate 

and mannitol all only showed small changes with moisture content. In all cases the 

sample stored under the highest RH conditions showed the greatest change. Figure

3.18. These are all compounds for which the spectral changes are limited to purely the
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moisture regions of the spectrum. US hydro grade lactose monohydrate appeared more 

sensitive to moisture than the other grades.
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Figure 3.18 Scores plots for a) lactose monohydrate, b) magnesium
stearate and c) mannitol, stored under 22, 32, 75 and 97% 
RH.

The spectra of Avicel PHlOl, Avicel PH 102 and maize starch all showed a marked 

increase in the main water peak (1900 nm) with an increase in moisture content, Figure 

3.11. This is clearly reflected in the scores plots, Figure 3.19. The equal frequency 

ellipses for each storage condition are well separated from one another. In all cases the 

first principal component appears to be associated with the water content.
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Figure 3.19 Scores plots for a) Avieel PHlOl, b) Avicel PH102 and c) 
maize starch stored under 22, 32, 75 and 97% RH.

Similarly the group of croscarmellose sodium, Eudragit grades L I00, S I00, RLPO, 

RSPO and sodium starch glycollate which all showed spectral changes across the 

whole spectrum with changes in moisture content, also gave clearly separated scores 

plots for each of the storage conditions used. However, unlike the previous group, the 

variation was not confined to just the first principal component. Figure 3.20.
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Figure 3.20 Scores plots for a) croscarmellose sodium, b)Eudragit LlOO, c) 
Eudragit SlOO, d) Eudragit RLPO, e) Eudragit RSPO and f) 
sodium starch glycollate exposed to RH conditions of 22, 32,
75 and 97%.

Finally the scores plot for the povidone samples, Figure 3.21, reflected the increased 

variability seen in the spectra of those samples exposed to the higher RH conditions. 

The ellipses that locate scores plots for samples exposed to RH conditions of 22 and 

33% overlay that of the original samples suggesting similar moisture contents. The 

ellipses used to define those samples exposed to 75 and 97% RH show much greater 

variability.
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Figure 3.21 Scores plots for povidone samples exposed to RH conditions of 
22, 33, 75 and 97%.

3.5.2 Effect of Removing the Moisture Regions

PC A was repeated for all the excipients after the removal of the regions assigned to 

moisture 1350 -  1500 nm and 1850 -  1950 nm. The scores plots did not change 

significantly suggesting that exposure to different RH conditions affected the whole 

spectral range. This effect could have been direct and the uptake of moisture caused a 

decrease in scatter. The scatter coefficient is proportional to the ratio of the refractive 

index of the particles and the surrounding medium, if the surrounding medium changes 

from air to water the scatter coefficient decreases and the absorbance increases. 

However, the effect could have been indirect and the uptake of moisture may cause a 

swelling or aggregation of particles that in turn increases the absorbance by increasing 

the path length and reducing scatter. Therefore, the uptake of moisture and apparent 

response in the spectra can either be due to moisture or the associated particle 

morphology.

3.5.3 Particle Size and Compaction — PCA

There were insufficient samples to create scores plots for those samples fractionated by 

sieving or compaction. However, when the samples were challenged against the PCA 

library using SIMCA they performed as expected and were comparable to original 

library spectra.
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3.6 CONCLUSION

The work presented here has shown that for the excipients included in the study 

physical changes have had relatively little influence on their NIR spectra. 

Identification using a simple pattern recognition method —  Correlation in Wavelength 

Space, was also not affected except in the most extreme conditions.

It has been shown that an increase in moisture for certain excipients can be detected 

using their NIR spectra even after spectral pre-treatments. The variations, however, 

were not significant enough to fail identification when samples exposed to different 

RH conditions were challenged against the original library using Correlation in 

Wavelength Space.

Principal component analysis was a much more successful method for qualifying 

samples and generally a clear separation between the 99% equal frequency ellipses 

were observed for samples exposed to different RH conditions.

It was shown for the excipients studied that pre-treatment of the spectra with second 

derivative could reduce the effects o f particle size variations but not remove them 

entirely. It was also shown that with increasing moisture uptake particle size was 

likely to increase with the particles either swelling or the surface of the particles 

adopting an adhesive property causing them to aggregate or alter the surface tension of 

the particles forcing them to integrate.

In conclusion, it is clear that an understanding o f the influence o f physical properties 

studied here and their associated changes in the spectra results in a more robust 

identification procedure.
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LARGE LIBRARY IDENTIFICATION

4.1 INTRODUCTION

It is a regulatory requirement that all raw materials be identified as their label states 

prior to their inclusion in any pharmaceutical product. NIRS has been widely used, 

along with pattern recognition methods, for identification or qualification of 

pharmaceutical excipients. The speed of NIR analysis and its non destructive nature 

have been at the forefront of the advantages highlighted. Previous literature has 

demonstrated the application of sophisticated chemometrics in the qualification of 

extremely similar materials. However, development o f general purpose libraries 

containing the types of compounds received by a pharmaceutical manufacturing site is 

commonly overlooked. Kramer and Ebel showed that NIRS was a successful 

technique for identification of pharmaceutical excipients although accepted that some 

wet chemistry may still be necessary. Blanco and Romero showed that 125 

compounds could easily be discriminated between using Correlation in Wavelength 

Space and a sub cascading library to identify closely related materials. They did not, 

however, give an indication or any reference to the extent of effort required by a 

method developer, to construct such a library containing specific excipients that are 

common in the pharmaceutical industry.

The types of pattern recognition methods used can vary in complexity from simple 

correlation to more sophisticated PCA, some of which have been discussed in sections 

1.8.5 to 1.8.9.

This chapter describes the construction o f a NIR spectral library and its evaluation.

A library of 47 common pharmaceutical excipients plus eight actives was constructed 

to test the suitability o f four common pattern recognition methods for identification; 

Correlation in Wavelength Space, Peak Positioning, Maximum Distance in 

Wavelength Space and SIMCA.
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The variety of spectral pre-treatments and pattern recognition methods that are 

available to identify one NIR spectrum from another is vast. Before investing in a 

technique it is often asked “will it identify the compounds I want it to” and “what is 

the most effective way o f applying all the tools I have at my disposal?”. This chapter 

details the circumstances under which more than one algorithm may need to be applied 

and also suggests the order in which they are applied.

The rationale is that the reader should be able to understand the amount of complexity 

that is required to identify a particular compound.

4.2 METHODOLOGY

4.2.1 Materials

526 batches of 47 common pharmaceutical excipients and eight active pharmaceutical 

ingredients were included in the study. Table 2.1 code #4a and #4b. Samples were 

presented in type B vials, Section 2.1.2.

4.2.2 Near-Infrared Spectroscopic Analysis

Reflectance NIR spectra were measured over the wavelength range 1100 -  2498 nm 

using a Foss NIRSystems 6500 monochromator (Foss NIRSystems Inc., Silver Springs 

MD, USA) configured with a Rapid Content Analyser attachment (Section 2.3.1). 

Spectra were measured in accordance with the procedure described in Section 2.3.1.

4.2.3 Identification Algorithms

a) Correlation in Wavelength Space

All spectra were converted to .jdx files using the in-house program; JCAMP. Each 

library entry consisted o f the mean spectrum o f all sample spectra collected for that
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particular compound. The whole spectral range scanned, from 1100 -  2498 nm, was 

converted to its second derivative using an 11 point second order Savitzky-Golay 

filter, this was deemed the optimum pre-treatment for signal enhancement and noise 

reduction. The product moment correlation coefficient, r, (Equation 1.33, Section 

1.8.6) was calculated using in-house software; IDENT.

h) Maximum Distance in Wavelength Space

For second derivative spectra calculated using a segment of 10 and a gap o f zero. 

Maximum Distance in Wavelength Space was calculated using the Vision® software. 

The segment/gap method was used to calculate the derivative rather than the Savitzky- 

Golay method since this was the default method in the software. It should be noted 

that both methods give similar results and as long as all spectra are treated the same, 

when applying a single algorithm, few problems should arise.

For each compound the maximum and minimum distances that were calculated from 

all the samples in each compound were recorded, the next closest match was also 

recorded.

c) Peak Positioning

A  mean batch spectrum library was constructed using the ten most intense peak 

minima of the second derivative spectrum (11 point second order Savitzky-Golay 

filter). In-house software, PEAK, was used for the selection. A library was created of 

the identified peaks. The same method and selection criteria was used to select peaks 

in the unknown, these were then challenged against the library using in-house 

software; PMATCH. A positive identification was made if eight or more peaks were 

identified, each of which was within ±2 nm of a peak in a single library entry.

Principal component models were constructed for the second derivative (11 point 

second order Savitzky-Golay filter) sample spectra for each of the library entries using
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The Unscrambler. A leave one out cross validation method was used to calculate each 

PC. This optimised the number of PCs that were required to describe each material, by 

making a better assessment of the spectral variation than the alternative of using a 

random selection process. When applying the random selection process only a small 

number o f sample spectra are used to estimate the spectral variation. Within the 

software unknown spectra were challenged against the PCA models for each library 

entry and positive matches at 0.1% significance were reported.

4.3 RESULTS AND DISCUSSION

4.3.1 Spectral pre-treatments and Correlation in Wavelength Space

As an initial comparison it was important to determine the most appropriate spectral 

pre-treatment. Correlation in Wavelength Space was used as a measure of 

effectiveness in retaining essential spectral identification features after each of the 

spectral pre-treatments were applied.

The criteria for a positive identification was such that the first correlation was to the 

correct compound with a correlation value greater than 0.90. The second criteria used 

was that the next closest match was not closer than 0.10. This was the same criteria as 

applied and justified in Chapter 3.

The library was constructed from the mean spectrum of each compound suggesting 

that an appropriate amount of batch to batch variation was included and the threshold 

value set was resilient to variations between batches.

An internal validation of the library in which every one of the 55 compounds was 

compared against all the other compounds —  1485 different comparisons. This was 

performed using U* and 2"  ̂derivative pre-treatments using segments sizes of 5, 10, 15 

and 20 data points (Savitzky-Golay filter, 2"^ order polynomial). The matrix in Figure

4.1 shows the results. The matrix was split along the diagonal line with the first 

derivative results in the top right and the bottom left showing the results for the second
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derivative. A correlation of 1 was observed when each compound was compared 

against itself irrespective of the pre-treatment —  this is represented by the diagonal of 

I ’s in the matrix. Cells coloured red are for a pre-treatment size o f 5 and indicate 

pairs of different compounds which had failed the discrimination criteria. Black cells 

plus red cells indicate pairs of different compounds which could not be discriminated 

using pre-treatments with a segment size of 10. For a segment size of 15, pairs of 

compounds corresponding to dark grey, black and red cells could not be discriminated. 

Similarly light grey, dark grey, black and red cells correspond to a segment size o f 20. 

Note that once a cell (pair of compounds) could not be discriminated for a given 

segment size this remained the case for all the pre-treatments using a larger segment 

size. Blank cells indicate pairs of compounds which had r < 0.90 and hence could be 

discriminated from one another. Table 4.1 summarises the number of pairs of 

compounds that could not be discriminated using pre-treatments with the various 

segment sizes. As the segment size was increased a greater degree o f smoothing was 

seen in the spectra. In some cases, this removed weak characteristic bands and caused 

the spectra to become ambiguous with others in the library. In general there were 

more red cells and therefore a greater level of misidentification when using a first 

derivative than when applying a second derivative. The spectral pre-treatment that 

allowed greatest differentiation between sample spectra was a second derivative 

incorporating a five data point segment sizes either side a central point. This pre

treatment was used for any further library development. This confirms the findings of 

Candolfi et al who suggested that derivatives clearly lead to better class separation 

than simple baseline correction methods although they were more sensitive to 

instrumental fluctuation which could result in false predictions.
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Figure 4.1 A matrix showing the comparison of various spectral pre
treatments when applied to the construction of a 55 compound 
library using Correlation in Wavelength Space as the 
identification algorithm.

□

□

Key
Spectral pre-treatment Savitzky-Golay
Segment size 5 and a correlation greater than 0.90 between the pair 
of compounds.
Segment size 10 and a correlation greater than 0.90 between the 
pair of compounds.
Segment size 15 and a correlation greater than 0.90 between the 
pair of compounds.
Segment size 20 and a correlation greater than 0.90 between the 
pair of compounds.
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Table 4.1. Summary of number of ambiguous pairs of compounds when 
using different spectral pre-treatment.

Segment Derivative 2"*̂  Derivative

5 126/1485^ 66/1485

10 137/1485 ( iT t) 75/1485 (9)

15 140/1485 (3) 110/1485 (35)

20 149/1485 (9) 135/1485 (25)
+

1485, number o f  different compound pairs possible for 55 different compounds 
tt

The number in the parentheses shows the number o f  extra pairs o f compounds that are ambiguous when moving from 
the previous segment size to the current one.

Using Correlation in Wavelength Space it was possible to unambiguously discriminate 

24 out of the 55 compounds in the library, Table 4.2.

Compounds that failed the identification criteria set could be classified into one o f the 

following eight groups:

Group W l: Acacia, agar, carrageenan, croscarmellose sodium, dextrin, ghatti 

gum, guar gum, karaya gum, maltodextrin, pregelatinised maize 

starch, sodium starch glycollate, starch flowable, starch flowable 

with 0.96% silicone, tragacanth gum and xanthan gum.

Group W2: Hydroxyethyl cellulose 250G, hydroxyethyl cellulose 250HHX, 

hydroxyethyl cellulose 2 5 CM 

Group W3: Cellulose microcrystalline and cellulose microcrystalline (Avicel 

grade PH I01)

Group W4: Povidone, povidone 90-F

Group W5: Hypromellose 5 and hypromellose 15

Group W6: Macrogol, polyethylene glycol 3350

Group W7: Polymethacrylate RLPO, polymethacrylate RSPO

Group W8: Polymethacrylate LlOO, polymethacrylate SlOO

Correlation in Wavelength Space allowed the groups to be discriminated from one 

another and all the remaining compounds in the library. However, discrimination 

within the groups was not possible. Only group W l contained chemically dissimilar
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compounds; starch derivative and natural gums. Table 4.3 gives a description of the 

chemical identity o f these materials. Groups W2 to W8 each contained only a single 

chemical identity and the material only differed in terms of the particle size, polymer 

length or mix of components.

Second derivative spectra for group W l materials are shown in Figure 4.2. The 

spectra are dominated by the common peaks due to water at 1350 -  1450 nm and 1850 

-  1950 nm. These peaks will make a large contribution to the value of the correlation 

coefficient between pairs of any of these compounds making discrimination difficult.

Removing common spectral regions to improve discrimination has been successfully 

used by Smith and Gemperline in the case of SIMCA models. These regions which 

were non informative and or regions o f poor signal to noise ratio were removed to 

decrease the chance of over fitting the model. The same reasoning can be applied to 

other identification algorithms.

Within group W l some further discrimination using Correlation in Wavelength Space 

was found possible by deselecting the wavelength regions 1268 -  1622 nm and 1826 -  

2030 nm, Figure 4.3. This allowed positive identification of agar, carrageenan, karaya 

gum, tragacanth gum and xanthan gum.
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Table 4.2 Results table comparing different identification procedures for 55 compounds, used independently, and then 
as part of a sub-cascading identification procedure.

Compound 55 Independently Procedure
STEP 1 STEP 2

WC MD SIMCA PP WC WC&WS MD
STEP 3 

SIMCA
Anhydrous lactose BP y y y y y
Aspirin BP y y y y
Betadex BP y y y y y
Butyl hydroxybenzoate BP y y y y y
Calcium sulphate dihydrate BP y y y y y
Cellacefate BP y y y y y
Cycloserine (rINN BAN) y y y y y
Dextrates USP y y y y y
Dirithromycin BP y y y y y
Ethyl hydroxybenzoate BP y y y y y
Fluoxetine hydrochloride BP y y y y y
Gelatin BP y y S2(6) y y
Glucono delta lactone USP y y y y y
Imidurea BP y y y y y
Lactose BP y y y y y
Methyl hydroxybenzoate BP y y y y y
Olanzapine (rINN BAN US AN) y y y y y
Paracetamol BP y y y y y



Compound 55 Independently Procedure
STEP 1 STEP 2 STEP 3

WC MD SIMCA PP WC WC&WS MD SIMCA
Penicillamine BP / / Y y /
Polymethacrylate L 100-5 5 / y Y Y Y

Propyl hydroxybenzoate BP / / Y Y Y

Purified talc BP / / Y Y Y

Raloxifene hydrochloride US AN / / Y Y Y

Sodium gluconate USP / / Y Y Y

Polymethacrylate LlOO W8(2) / Y P9(2) G6(2) /
Polymethacrylate SlOO W8(2) / Y P9(2) G6(2) Y

Polymethacrylate RLPO W7(2) / Y P8(2) G7(2) Y

Polymethacrylate RSPO W7(2) / Y P8(2) G7(2) Y

Macrogols BP W6(2) / * P7(2) G5(2) *

Polyethylene glycol 3350 W6(2) * * P7(2) G5(2) *

Hypromellose BP 15 W5(2) M4(2) S6(2) P6(2) G3(2) G3(2)
Hypromellose BP 5 W5(2) M4(2) S6(2) P6(2) G3(2) G3(2)
Povidone 90-F W4(2) S5(2) P5(2) G8(2) Y

Povidone BP W4(2) S5(2) P5(2) G8(2) Y

Microcrystalline cellulose BP W3(2) S4G>) P4(2) G4(2) Y

Cellulose, microcrystalline PH I01 W3(2) 84(2) P4(2) G4(2) Y

Hydroxyethylcellulose BP 25OG W2(3) M3(3) S3(3) P3(3) G2(3) G2(3)
Hydroxyethylcellulose BP 
250HHX W2(3) M3(3) S3(3) P3(3) G2(3) G2(3)

U)
00



Compound 55 Independently Procedure
STEP 1 STEP 2 STEP 3

WC MD SIMCA PP WC WC&WS MD SIMCA
Hydroxyethylcellulose BP 250M W2(3) M3(3) S3(3) P3(3) G2(3) G2(3)

U )VO

Acacia BP W l(16) M l (7) / Gl(16) G1 y
Agar BP W l(16) M l(7) S2#0 / Gl(16) /
Carrageenan USP W l(16) y S2(6) / Gl(16) /
Ceratonia USP W l(16) / Sl(7) P2(2) Gl(16) G1 GIb(2)
Croscarmellose sodium BP W l(16) / / / Gl(16) y y
Dextrin BP W l(16) M2(6) Sl(7) Pl(6) Gl(16) G1 G la(2)
Ghatti gum W l(16) M l (7) / Gl(16) G1 y
Guar galactomannan BP W l(16) M l (7) Sl(7) P2(2) Gl(16) G1 Glb(2)
Maltodextrin BP W l(16) M2(6) Sl(7) Pl(6) Gl(16) G1 Gla(2)
Sodium starch glycollate BP W l(16) M2(6) SI(7) Pl(6) G1(I6) G1 y

Starch flowable W l(16) M2(6) Sl(7) Pl(6) Gl(16) G1
Starch flowable with 0,96% y
silicone W l(16) M2(6) Pl(6) G1(I6) G1
Starch, maize pregelatinised W I(16) M2(6) Sl(7) PI(6) Gl(16) G1 /

Sterculia BP W l(16) M l(7) S2(6) / Gl(16) / Y
Tragacanth BP W l(16) M l (7) / Gl(16) / Y
Xanthan gum BP W l(16) M l(7) 82(6) / Gl(16) / Y

Sub-total identified 24 5 8 7

Total identified 24 36 32 32 44



indicates a positive identification.
Gxx(xx) indicates the group number and parentheses indicates the number of compounds within that group.
* indicates insufficient samples to apply the identification algorithm

Official names were used where possible. BP, USP, JP, NF, BAN, US AN, rINN, Handbook of Pharmaceutical Excipients 4̂  ̂
Edition (Handbook), Merck Index, suppliers

Identification procedures:
Correlation in Wavelength Space (WC) Group (W)
Peak Positioning (PP) Group (P)
Maximum Distance in Wavelength Space (MD) Group (M)
Soft Independent Modelling o f Class Analogies (SIMCA) Group (S)
Correlation in Wavelength Space with wavelength selection (WC&WS)
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Figure 4.2 Second derivative spectra for group W l compounds. Starch 
derivatives — (dextrin, maltodextrin, pregelatinised maize 
starch, sodium starch glycollate, starch flowable, starch 
flowable with 0.96% silicone), natural gums —  (acacia, ghatti 
gum, guar galactomannan, and ceratonia) and natural gums 
— (agar, carrageenan, karaya gum, tragacanth gum and 
xanthan gum) that were identified when regions of the spectra 
were removed.

Table 4.3 Summary of group W l chemical descriptions.

Compound Chemical description
Dextrin
Maltodextrin

Pregelatinised maize starch 
Sodium starch glycollate

Starch flowable
Starch flowable with 0.96% silicone 
Acacia

Ghatti gum 
Guar galactomannan

Ceratonia

Agar
Carrageenan

Dextrose polymer
Saccharide mixture of polymers -  D - 
glucose
Amylose and amylopectin 
Sodium salt o f a carboxymethyl ether 
o f starch
Amylose and amylopectin 
Amylose and amylopectin 
Complex o f sugars; arabinose, 
galactose and rhamnose

(1 ^ 4 )  p-D-mannopryanosyl with a -  
D - galactopyransyl 
Polysaccharides D-galactose and D 
mannose

Sulphate esters o f galactose and 3,6,
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Karaya gum 
Tragacanth gum 
Xanthan gum

anhydrogalactose copolymers

Bassorin and tragacanthin 
Glucose, mannose and glucuronic acid

Correlation in Wavelength Space was found to be an effective method for the 

identification of chemically distinct excipients and active pharmaceutical ingredients. 

However, compounds that were o f the same chemical composition and varied in grade 

alone had to be grouped together. Natural gums proved problematic in their 

separation, the amount o f variability observed in natural compounds is by its nature 

quite large and those that proved problematic in this study contained common 

saccharide units, generally o f large molecular weight.
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Figure 4.3 Second derivative spectra for group W l compounds. Starch 
derivatives — (dextrin, maltodextrin, pregelatinised maize 
starch, sodium starch glycollate, starch flowable, starch 
flowable with 0.96% silicone), natural gums — (acacia, ghatti 
gum, guar galactomannan, and ceratonia) and natural gums 
— (agar, carrageenan, karaya gum, tragacanth gum and 
xanthan gum) that were identified when regions of the spectra 
were removed.
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4.3.2 Maximum Distance in Wavelength Space

The method of Maximum Distance in Wavelength Space (MD) is generally considered 

to be more discriminating than Correlation in Wavelength Space. A disadvantage of 

MD, however, is that multiple batches of materials are required to set up the limits. 

Consequently one compound had to be removed from the library; namely polyethylene 

glycol 3350 for which only two different batches were available. Note polyethylene 

glycol 3350 is a group W6 compound and apart from Macrogol can be discriminated 

from all other compounds in the library by Correlation in Wavelength Space. 

Macrogol is the same chemically as polyethylene glycol 3350 but a different grade —  

the grades differ in viscosity properties as a result o f differing chain lengths.

A minimum of five independent batches is considered a requirement for the Maximum 

Distance in Wavelength Space method.

For the Maximum Distance in Wavelength Space all spectra were pre-treated by 

calculating the second derivative using the segment/gap (10:0) method.

The criteria for identification using Maximum Distance in Wavelength Space was set 

such that a positive identification was made if  the correct compound was within 3 

match values and the next closest match was not closer than 10 match values. 

Gemperline and Boyer showed that thresholds needed to be set with consideration 

for the number of data points that made up the spectrum and the number of reference 

samples. For this particular case, critical Student t values for the Maximum Distance 

in Wavelength Space were 6.87 for P = 0.05 and 8.44 for P = 0.01. This provided a 

sufficient ‘envelope o f acceptability’ around the mean batch spectrum for each 

compound allowing for batch to batch variation in the library and also a sufficient 

discrimination gap between compounds.

Internal validation of the library allowed 36 out of the 54 compounds to pass the 

criteria set. Table 4.4. The 18 compounds shown in bold type failed the criteria for 

discrimination and fell into just four groups:
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Group M 1 : Acacia, agar, ghatti gum, guar gum, karaya gum, tragacanth gum and 

xanthan gum.

Group M2: Dextrin, maltodextrin, pregelatinised maize starch, sodium starch 

glycollate, starch flowable, starch flowable 0.96% silicone.

Group M3: Hydroxyethylcellulose 250G, hydroxyethylcellulose 250 HHX, 

hydroxyethylcellulose 250M.

Group M4: Hypromellose 15, hypromellose 5.

As with Correlation in Wavelength Space certain groups o f compounds, originating 

from natural sources or those which were derivatives o f each other, showed variability 

between batches such that distinguishing between compounds of a similar source was 

difficult. Figure 4.4.

It should be noted that some o f the groups into which the failed compounds fell were 

different to those groups determined when using Correlation in Wavelength Space.
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Figure 4.4 Second derivative pre-treated spectra of compounds that fell 
into group M2. Dextrin — , maltodextrin — , pregelatinised 
maize starch — , sodium starch glycollate — , starch flowable 

—  and starch flowable with 0.96% silicon —  .
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Unlike Correlation in Wavelength Space, Maximum Distance in Wavelength Space is 

sensitive to changes in the photometric scale.

It has been observed that repeat scanning after a time lapse causes variation in the 

photometric range covered by that particular spectrum. Baseline shifts as a result of 

instrument fluctuations increase the variation in peak height when the derivative is 

calculated. Chapter 3 has demonstrated that small changes in the environment in 

which the samples are stored can also cause fluctuations in peak height. The 

disadvantage that this creates in maintaining this particular identification algorithm is 

obvious since both wavelength and photometric accuracy and precision are considered 

in the development of the ‘envelope of acceptability’ type identification criteria.

Table 4.4 Maximum Distance in Wavelength Space. Results of the internal 
library validation. Those compounds in bold typeface failed the 
identification criteria set.

Compound Max Min Next closest 
match value

Next closest 
compound

Acacia 1.89 1.01 5.62 Carrageenen
Cycloserine 2.04 1.11 17.54 Carrageenen
Penicilliamine 1.94 0.96 43.64 Polyethylene glycol
Paracetamol 1.88 1.37 111.70 Carrageenen
Fluoxetine hydrochloride 2.01 1.20 99.96 Carrageenen
Dirthromycin 1.94 0.70 44.55 Carrageenen
Olanzapine 2.09 1.17 81.72 Carrageenen
Aspirin 2.02 1.07 70.07 Gelatin
Raloxifene hydrochloride 2.08 1.25 37.41 Ethyl hydroxybenzoate
Agar 1.97 1.39 9.47 Carrageenen
Butyl hydroxybenzoate 2.04 0.76 140.00 Glucono delta lactone
Calcium sulphate 2.04 1.11 35.31 Carrageenen
Carrageenen 2.12 1.13 18.59 Karaya gum
Cellulose acetate phthalate 1.32 2.04 30.93 Gelatin
Microcrystalline cellulose 1.97 1.13 19.23 Microcrystalline 

cellulose Avicel PHlOl
Microcrystalline cellulose 2.10 1.17 15.20 Microcrystalline
(Avicel PHlOl) cellulose
Croscarmellose sodium 2.04 1.44 12.67 Gelatin
Betadex 1.93 1.02 18.02 Carrageenen
Dextrates 1.94 1.35 64.04 Carrageenen
Dextrin 2.13 1.03 3.25 Maltodextrin
Ethyl hydroxybenzoate 2.07 1.06 118.59 Carrageenen
Gelatin 2.02 0.97 46.00 Carrageenen
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Compound Max Min Next closest 
match value

Next closest 
compound

Ghatti gum 2.00 1.13 6.44 Carrageenen
Glucono delta lactone 1.71 1.22 77.62 Butyl hydroxybenzoate
Guar gum 2.03 1.33 9.65 Carrageenen
Hydroxyethylcellulose 2.04 1.20 2.17 Hydroxyethylcellulose
250G 250HHX
Hydroxyethylcellulose 2.22 1.19 2.10 Hydroxyethylcellulose
250HHX 250G
Hydroxyethylcellulose 1.96 1.09 4.12 Hydroxyethylcellulose
250M 250G
Hypromellose 15 1.82 1.34 3.36 Hypromellose 5
Hypromellose 5 1.93 1.24 2.71 Hypromellose 15
Imidurea 1.99 0.97 36.65 Gelatin
Karaya gum 2.10 1.10 7.66 Carrageenen
Lactose 2.01 1.29 49.23 Gelatin
Lactose (anhydrous 2.01 1.04 60.01 Carrageenen
granular)
Ceratonia 2.01 1.13 10.21 Guar gum
Maltodextrin 2.01 0.95 3.30 Dextrin
Methyl hydroxybenzoate 1.97 0.98 77.79 Carrageenen
Polyethylene glycol 1.32 1.22 100.53 Gelatin
Polymethacrylate LlOO 2.02 0.94 27.68 Gelatin
Polymethacrylate L I00-55 2.20 1.20 39.17 Carrageenen
Polymethacrylate RLPO 2.04 0.85 17.85 Polymethacrylate RSPO
Polymethacrylate RSPO 1.89 1.33 38.45 Carrageenen
Polymethacrylate SlOO 1.94 1.29 31.52 Carrageenen
Povidone 1.99 1.31 26.91 Povidone 90-F
Povidone 90-F 0.77 0.77 11.33 Povidone
Pregelatinised maize 1.84 1.35 3.98 Dextrin
starch
Propyl hydroxybenzoate 1.79 1.22 65.58 Carrageenen
Sodium gluconate 1.06 1.04 72.95 Carrageenen
Sodium starch glycollate 2.09 1.21 6.57 Dextrin
Starch flowable 1.83 1.22 2.59 Dextrin
Starch flowable with 2.06 1.20 6.18 Dextrin
0.96% silicone
Talc purified 1.74 1.31 80.22 Polyethylene glycol
Tragacanth gum 2.03 0.84 4.63 Carrageenen
Xanthan gum 2.04 1.08 7.76 Karaya gum
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4.3.3 Peak Positioning

As previously mentioned, peak positions are commonly used in mid-infrared 

spectroscopy for identification. Typically the six most intense peaks within the range 

2000 -  650 cm~  ̂ (except the Nujol region 1490 -  1320 cm~^) are used. The same 

method may be used for NIR spectra, however, due to the broad and overlapping 

nature of NIR peaks it is best applied to 2"  ̂ derivative spectra. A library listing the 

most intense negative going peaks in the 2"  ̂ derivative spectra was constructed. The 

greater the number of peaks used the greater the discrimination power of the library. 

Ten peaks were used in this study.

For the mean batch spectrum of each compound the second derivative was calculated 

using a Savitzky-Golay 11 point second order filter and the ten most intense peak 

minima stored in the library database.

When comparing peak positions, peaks were considered identical if  they were within 2 

nm of one another (note: 2 nm is equivalent to one data point). For two spectra to be 

considered a match the criteria was set that >8 peaks were found as identical to both 

spectra. If <8 peaks were not matched then the compounds were considered as 

different.

The results of the internal library validation are shown in Figure 4.5. Thirty-two 

compounds out o f 55 passed the identification criteria. The 23 materials which could 

not be uniquely identified fell into nine groups:

Group PI: Dextrin, maltodextrin, pregelatinised maize starch, sodium starch 

glycollate, starch flowable and starch flowable with 0.96% silicone. 

Group P2: Guar gum, ceratonia

GroupP3: Hydroxyethylcellulose 250G, hydroxyethylcellulose 250 HHX, 

hydroxyethylcellulose 25 OM.

GroupP4: Microcrystalline cellulose (Grade PHlOl), microcrystalline cellulose.

Group P5: Povidone, povidone 90-F

Group P6: Hypromellose 5, hypromellose 15.

Group P7: Polyethylene glycol, polyethylene glycol 3350
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Group P8: Polymethacrylate RLPO, polymethacrylate RSPO.

Group P9: Polymethacrylate LlOO, polymethacrylate SlOO

Only groups PI and P2 contained materials that were chemically different. Groups P3 

to P9 contained the same groups of compounds as were found when grouping together 

the ambiguous compounds using Correlation in Wavelength Space. Since both 

methods rely on the stability o f the wavelength scale this was not surprising. The 

methods are both extremely similar, with Correlation in Wavelength Space utilising 

the peak positions of all the data points measured.

Although Peak Positioning appears to be a more successful identification method, the 

gain in library robustness that is shown when using Correlation in Wavelength Space 

is more advantageous.
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Figure 4.5 Internai validation of Peak Positioning showing compounds that 
fail the identification criteria with eight, nine and 10 peak 
matches to the incorrect compound.

■  indicates 10 peaks match 
g  indicates 9 peaks match 
^  indicates 8 peaks match
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4.3.4 SIMCA

The requirements for SIMCA are similar to those of Maximum Distance in 

Wavelength Space in that they both need multiple batches for the method to be 

applied.

For all the sample spectra of each compound a principal component model was 

generated. As an internal library validation all samples were then compared to all 

models. The criterion for an acceptable sample was positive identification at the 0.1% 

significance level. The number of principal components used for each model was 

dependent on how much variance was described, 95% was considered to be a suitable 

limit. The number o f PC’s varied from 2 to 6. There are generally no given rules as to 

the number o f PCs to use as described by Candolfi et al.

Thirty two compounds passed the identification criteria set while the remaining 

compounds fell into the following groups:

Group S 1 : Croscarmellose sodium, ghatti gum, guar galactomannan,

maltodextrin, starch flowable, starch flowable with 0.96% silicone, 

starch maize pregelatinised 

Group S2: Carrageenan, ceratonia, sterculia, Xanthan gum, agar, gelatin 

Group S3: Hydroxyethylcellulose 250 M, hydroxyethylcellulose 250 HHX, 

HydroxyethyIcellulose 250 G 

Group S4: Microcrystalline cellulose, cellulose microcrystalline PH I01 

Group S5: Povidone 90-F, povidone 

Group S6: Hypromellose 15, hypromellose 5.

SIMCA proved to be an unsuitable method for the identification of libraries containing 

a large numbers of different compounds. Each PC model took time to construct and 

optimise. It was most effective when five to ten closely related compounds required 

qualification. Inclusion of compounds with high variability caused the PC scores plots
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to overlap considerably in multidimensional space resulting in false negatives and 

positives.

4.3.5 Repeat Spectral Analysis

Exactly the same samples were scanned a second time after a time lapse of 

approximately two years. The samples had been stored under ambient laboratory 

conditions during this time. During these two years the instrument had been serviced 

by the manufacturer and the source changed. As stated previously the instrument 

passed all system suitability checks prior to analysis.

The spectrum of each batch of the original samples was challenged against the libraries 

created from the original spectra to assess the long term stability of the identification 

algorithm, Table 4.5.

In each case the identification criteria for a positive match was the same as that used 

for the original library.
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Table 4.5 Results of repeat analysis sample spectra against original spectral libraries.

Compound Correlation in Wavelength Space Maximum Distance in Peak Positioning

Correct ID for 
sample spectra 

against library o f  
original spectra. 
No. o f  samples 
complying to 

criteria

If compound 
was ambiguous 

in original 
library. No. o f  

samples 
identified in the 

correct group Mean Max Min Match Ambiguous
Not

Misidentified Identified
Acacia BP 0/10 9/10 9.6 10.0 8.6 10
Agar BP 0/10 10/10 7.3 11.0 4.5 10
Anhydrous lactose BP 10/10 N/A 22.3 24.9 20.9 10
Aspirin BP 10/10 N/A 26.0 30.1 21.6 10
Betadex BP 10/10 N/A 17.7 21.0 16.2 8 1 1
Butyl hydroxybenzoate BP 10/10 N/A 4.7 5.8 3.6 10
Calcium sulphate dihydrate BP 10/10 N/A 33.9 38.2 32.4 10
Carrageenan USP 0/10 6/6 3.0 4.9 2.4 6
Cellacefate BP 10/6 N/A 18.7 22.3 15.5 10
Cellulose, microcrystalline 0/10 10/10 34.4 36.3 32.6 6 4
PHlOl
Ceratonia USP 0/10 10/10 6.9 8.3 5.8 6 2 2
Croscarmellose sodium BP 0/5 0/5 23.4 25.1 22.1 5 5
Cycloserine (rINN BAN) 10/10 N/A 15.8 17.0 13.9 10
Dextrates USP 9/10 N/A 5.5 7.1 4.6 10
Dextrin BP* 0/10 8/10 4.3 9.4 2.2 6 3 1
Dirithromycin BP 10/10 N/A 31.5 44.5 26.8 10
Ethyl hydroxybenzoate BP 10/10 N/A 5.0 6.6 4.6 10
Fluoxetine hydrochloride BP 10/10 N/A 22.1 24.4 19.6 10
Gelatin BP 10/10 N/A 3.9 5.5 3.0 10
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Compound Correlation in Wavelength Space Maximum Distance in Peak Positioning

Correct ID for 
sample spectra 

against library o f  
original spectra. 
No. o f  samples 
complying to 

criteria

If compound 
was ambiguous 

in original 
library. No. o f  

samples 
identified in the 

correct group Mean Max Min Match Ambiguous Misidentified
Not

Identified
Ghatti gum 0/10 10/10 8.3 9.9 6.8 7 1 1 1
Glucono delta lactone USP 10/10 N/A 8.5 11.6 6.7 10
Guar galactomannan BP 0/10 10/10 13.7 15.2 12.4 8 1 1
Hydroxyethylcellulose BP 0/10 10/10 16.3 19.9 14.6 3 4 3
250G*
Hydroxyethylcellulose BP 0/11 11/11 Samples no longer available 1 8 2
250HHX
Hydroxyethylcellulose BP 0/10 10/10 17.1 20.1 15.4 0 10
250M
Hypromellose BP 15 0/9 9/9 16.8 20.5 14.0 1 8
Hypromellose BP 5* 0/10 10/10 15.1 20.5 10.5 1 6 3
Imidurea BP 10/10 N/A 17.4 18.7 16.0 10
Lactose BP 10/10 N/A 90.7 100.6 84.9 10
Macrogols BP 0/5 5/5 3.9 7.7 2.6 2 1 1
Maltodextrin BP 0/10 10/10 11.4 12.9 10.8 7 2 1
Methyl hydroxybenzoate BP 10/10 N/A 26.0 27.8 23.4 10
Microcrystalline cellulose BP 0/10 10/10 48.7 51.8 44.9 0 1 9
Olanzapine (rINN BAN 10/10 N/A 19.0 20.9 16.9 10
USAN)
Paracetamol BP 10/10 N/A 27.8 29.4 26.7 10
Penicillamine BP 10/10 N/A 19.8 22.0 17.2 10
Polyethylene glycol 3350 0/2 2/2 Too few samples 2
Polymethacrylate LI GO 0/10 10/10 8.9 10.9 7.7 8 2
Polymethacrylate L I00-55 11/11 N/A 13.5 18.0 12.2 11
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Compound Correlation in Wavelength Space Maximum Distance in Peak Positioning

Correct ID for 
sample spectra 

against library o f  
original spectra. 
No. o f  samples 
complying to 

criteria

If compound 
was ambiguous 

in original 
library. No. o f  

samples 
identified in the 

correct group Mean Max Min Match Ambiguous
Not

Misidentified Identified
Polymethacrylate RLPO 0/10 10/10 12.7 14.9 9.2 8 2
Polymethacrylate RSPO 0/10 10/10 7.9 9.8 6.7 10
Polymethacrylate S I00 0/10 10/10 11.4 16.3 7.7 10
Povidone 90-F 0/10 4/4 7.6 11.3 4.8 1 3
Povidone BP 0/10 10/10 Too few samples 1 5 4
Propyl hydroxybenzoate BP 10/10 N/A 13.2 17.4 10.9 10
Purified talc BP 8/8 N/A 26.0 31.8 25.3 8
Raloxifene hydrochloride 10/10 N/A 49.8 54.6 44.8 10
USAN
Sodium gluconate USP 5/5 N/A 32.1 33.5 31.0 5
Sodium starch glycollate BP^ 0/10 10/10 24.4 27.6 21.3 2 3 5
Starch flowable 0/10 10/10 14.7 16.6 13.1 4 3 3
Starch flowable with 0.96% 0/10 10/10 12.9 13.6 12.9 0 7 3
silicone
Starch, maize pregelatinised 0/10 10/10 22.6 23.0 21.9 6 2 2
Sterculia BP 0/10 10/10 2.9 4.4 2.3 8 2
Tragacanth BP 5/10 3/10 5.4 6.3 4.7 9 1
Xanthan gum BP 0/10 7/10 5.2 6.5 4.8 6 2 2

indicates that the closest match values for Maximum Distance in Wavelength Space were to the incorrect compound, the match value 

given is that for the correct compound.
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When using Correlation in Wavelength Space similar results were seen as with the 

original library development. If compounds were easily distinguishable then the repeat 

spectra proved easily distinguishable. Although correlation values were less in all 

cases, they were not low enough to fail compounds unexpectedly. For example aspirin 

had a correlation value of 0.96 with the repeat spectra while the original spectrum was 

recorded as 0.99.

The results obtained from the library using Maximum Distance in Wavelength Space 

as the identification algorithm proved somewhat different. Many compounds failed 

the identification criteria set. Changes to peak height over time severely hindered its 

identification ability, Figure 4.6. The suggestion of applying SNV or another baseline 

correction pre-treatment was unsuitable because this would also remove some of the 

variation that was used to uniquely identify the difference between physically different 

compounds.
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Figure 4.6 Second derivative spectra of original ( ------) and repeat-(------ )
spectra for sodium starch glycollate (blue) and pregelatinised 
maize starch (red).
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Peak positioning gave similar results to Correlation in Wavelength Space with the 

repeat spectra. Peak heights had changed significantly over time. When samples did 

fail this was because the 10 most intense peaks were no longer amongst the original 

top 10. The peaks were still in the correct position, however, due to intensity changes 

were no longer selected by the peak defining program. The ratio of peak intensities 

had changed slightly and if  the spectra were peak rich a different peak was chosen.

SIMCA was the worst identification method with respect to robustness over time. No 

sample scanned as a repeat was identified using the PC models created from spectra 

collected approximately two years before. This is a very disappointing result and casts 

considerable doubts upon the suitability of SIMCA as a method for identification.

These results highlighted the importance o f continuous library updating as 

demonstrated by Candolfi and Massait who suggested that a representative training 

set should cover all possible and acceptable sources of variation which was in time 

limited by the number o f batches and the time it takes to collect the spectra . They 

concluded that model updating was much more complex for PCA based models 

because of the individual selection of PCs. This was supported by Seasholts who 

compared the K- Nearest Neighbour method for identification against SIMCA. 

Although SIMCA was better because it allowed for rejection and not false fitting of a 

sample to the closest in the library it was much more laborious to update.

The results demonstrated here showed that the response from a single instrument can 

vary significantly over time, and even though a sample may have a shelf life of several 

years the spectrum that is recorded is influenced by the date of analysis.

It is difficult to differentiate between the changes that have occurred between the 

instrument and changes that might have occurred to the sample. In general instrument 

changes affect the entire spectral range whether it is a baseline shift in either the 

photometric or wavelength dimension, whereas changes in the sample are often 

confined to small regions of the spectrum. A common change experienced by samples 

is often moisture related but this is only significant in a small but specific region o f the 

spectrum.
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4.3.6 Development of a Cascading Identification Procedure

While each individual identification algorithm examined had both advantages and 

disadvantages, none were able to uniquely identify all the materials in the library.

By using a combination of algorithms it should be possible to achieve a better success 

rate. The following scheme is proposed (Figure 4.7):

STEP 1

Correlation in Wavelength Space is used as the initial identification algorithm. For a 

positive identification the correlation must be greater than 0.90 and the next closest 

match more than 0.10 away. Compounds/materials that are not uniquely identified are 

classified into unique groups.

STEP 2

Each group o f compounds that failed step one is then subjected to a second 

identification algorithm depending on the nature of the group. For compounds 

differing both chemically and physically then Correlation in Wavelength Space using 

only specified wavelength regions should be applied. The same criterion as for step 

one is applied for a positive identification.

For groups that contain compounds which differ only in physical properties then 

Maximum Distance in Wavelength Space is applied. The criterion for a positive 

identification is that the first match should be less than 3 and the next best match 

should be greater than 10.

STEP 3

For any compounds that failed step two then a third identification algorithm, SIMCA, 

should be applied.

To test the proposed procedure it was tested on the library containing the 55 

compounds. Table 4.2 shows the results and indicates the steps by which each 

compound was identified. The choice of which algorithm to apply, and the order for 

which they were applied was dependent on the type o f variability of spectra that were
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present in the library. Initially, Correlation in Wavelength Space was used because 

only one spectrum was required to apply the algorithm. If the spectral library is large 

and contains compounds that are rarely received by a pharmaceutical site then there 

may be a limited number of samples. This makes it inappropriate to apply algorithms 

such as Maximum Distance in Wavelength Space and SIMCA. If these samples are 

extremely different from others in the library. Correlation in Wavelength Space can 

still be applied successfully.

Although Peak Positioning gave a better results than Correlation in Wavelength Space 

it is more susceptible to instrumental fluctuations over time because the comparisons 

are reduced to fewer data points.

Correlation in Wavelength Space was used as an initial filtering algorithm to remove 

all these compounds that are easily discriminated between and group the remaining 

compounds into smaller more specific libraries.

Maximum Distance in Wavelength Space was chosen as the most appropriate 

algorithm for discrimination between physically different compounds. Chapter 3 

showed that physical variations were more influential in peak height. Fitting an 

‘envelope of acceptability’ around the mean spectrum for each compound in the library 

improved the failing o f compounds that fell outside, applicable when the changes 

occurred in a single region, e.g. moisture. This is unlike Correlation in Wavelength 

Space which would be less affected by small wavelength ranges encompassing 

characteristic bands.

SIMCA was only used as a final identification method due to its implementation 

complexity. A number of batches were required to apply the algorithm and updating 

o f models was a significant task.
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SIMCA
Identification criteria: 
Within 0.1% 
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Correlation in Wavelength Space 
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First identification must be greater 
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match must not be closer than 0.10
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0.10

Figure 4.7 Schematic summary of cascading procedure for the 
development of a NIR spectral library.

159



Using the cascading procedure a total of 44 compounds out of the 55 could be 

identified. This is better than any single method could achieve on its own. The 

remaining 11 compounds fell into four groups:

Group la: dextrin and maltodextrin. These compounds are both polymer chains of D- 

glucose units. Figure 4.8 shows the score plot for these compounds. It was clear to 

see that it was not possible to distinguish between them using SIMCA.
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Figure 4.8 PC scores and 99% equal frequency ellipses for group la  

dextrin, blue, and maltodextrin, red.

Group Ib: guar galactomannan and ceratonia. These are both large molecular weight 

hydrocolloidal polysaccharides composed of galactose and mannose units joined 

through glycosidic linkages. The score plot, Figure 4.9, clearly indicates the difficultly 

in trying to distinguish these materials. Again SIMCA was not successful in 

separating the spectra.
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Figure 4.9 PC scores and 99% equal frequency ellipses for group lb  guar 

galactomannan, red, and ceratonia, blue.

Group 2: hydroxyethylcellulose grade 250G, 250HX and 250M. These three grades 

differ in viscosity properties.

Group 3: hypromellose 5 and hypromellose 15 were different grades which also only 

differ in viscosity properties.

Group 4: Macrogol and polyethylene glycol 3350. Identification after step one was 

prevented because there were insufficient samples of polyethylene glycol 3350 to 

apply the algorithms used in step 2 and 3.

4.3.7 Application of the Cascading Procedure to a Large Library

As a further test of the cascading procedure the method was applied to a library 

containing 227 materials. Each entry in the library contained only a single spectrum 

apart form those compounds used in the construction of the 55 compound library. A 

full list of the compounds is given in Table 4.6.

In step one 121 compounds passed the criteria for identification using Correlation in 

Wavelength Space, Figure 4.10. The remaining 106 compounds fell into 21 groups. 

54 compounds differed in physical properties alone and since only one batch was
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available further application of the procedure (Maximum Distance in Wavelength 

Space) was not possible. Two compounds that had multiple batches and were 

successfully resolved by Maximum Distance in Wavelength Space in the development 

library, also passed the criteria when individual in the larger library. The remaining 52 

compounds fell into four groups containing three, six, eleven and thirty-two 

compounds. Using Correlation in Wavelength Space with Wavelength Selection, the 

group containing three compounds was resolved. The group of six compounds was 

split into three groups o f two compounds. For the last group containing 11 

compounds, seven were identified and the remaining four fell into two even groups. 

Finally for the group containing 32 compounds, three compounds were resolved and 

hence identified, the remainder fell into seven groups. O f the groups remaining only 

physical variations separated the compounds.
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Table 4.6 Results table comparing different identification procedures for 
227 compounds as part of a sub-cascading identification 
procedure. Result for Peak Positioning is also provided.

Compound

Acesulfame potassium 
Acsorbic acid BP 
Albumin solution (Handbook) 
Anhydrous calcium hydrogen 
phosphate BP
Anhydrous di sodium hydrogen 
phosphate BP 
Anhydrous glucose BP 
Anhydrous lactose BP 
Anhydrous sodium dihydrogen 
phosphate BP 
Aspartame BP 
Aspirin BP 
Bentonite BP
Benzalkonium chloride BP 
Benzethonium chloride BP 
Benzoic acid BP 
Bronopol BP
Butyl hydroxybenzoate BP
Butylated hydroxyanisole BP 
Butylated hydroxytoluene BP 
Caffeine BP 
Calcium carbonate BP 
Calcium hydrogen phosphate BP 
Calcium phosphate BP 
Calcium sulphate dihydrate BP 
Carbomers BP 
Cellacefate BP 
Cellulose acetate BP 
Cetrimide BP 
Chlorhexidine acetate BP 
Chlorobutanol BP 
Chlorocresol BP 
Cholesterol BP 
Citric acid monohydrate BP 
Cycloserine (rINN BAN) 
Dipotassium edetate 
Dirithromycin BP 
Disodium edetate BP 
Disodium hydrogen phosphate 
dodecahydrate BP 
Disodium hydrogen phosphate

All compounds included

WC WC&WS PP 
/
Y
Y

Y

Y
/  G9(2)
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

Y
Y
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Compound

heptahydrate USP 
D-mannose BP 
Docusate sodium BP 
Edetate trisodium USAN 
Edetic acid BP 
Erythritol BP
Ethyl hydroxybenzoate BP 
Ethyl vanillin USP 
Fluoxetine hydrochloride BP
Fructose BP 
Fumaric acid BP 
Galactose BP 
Gelatin BP
Glucono delta lactone USP
Heavy kaolin BP 
Light magnesium oxide BP 
Heavy magnesium oxide BP 
Hypromellose phthalate BP 
Imidurea BP 
Isobutyl paraben 
Lactitol monohydrate BP 
Lecithin USP 
Magnesium trisilicate BP 
Malic acid USP 
Maltitol BP 
Maltol USP 
Maltose JP 
Mannitol BP 
Meglumine BP
Methyl hydroxybenzoate BP 
Methylcellulose BP 
Olanzapine (rINN BAN USAN) 
Paracetamol BP 
Pectin USP 
Penicillamine BP 
Phenol BP
Phenylmercuric acetate BP 
Phenylmercuric nitrate BP 
Polyethylene oxide USPNF 
Polymethacrylate E l00 
Polymethacrylate EPO 
Polymethacrylate LlOO-55 
Polymethacrylate R SI00 
Potassium chloride BP 
Potassium citrate BP 
Potassium dihydrogen phosphate 
USP

All compounds included

WC WC&WS PP

/

y
/
/
/
/
/
/
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y
y

y
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Compound All compounds included

WC WC&WS PP
Potassium gluconate USP /
Potassium phosphate dibasic
trihydrate y
Potassium sorbate BP y
Propyl gallate BP y
Propyl hydroxybenzoate BP y
Propylene glycol alginate BP y
Purified talc BP y
Racementhol BP y
Raloxifene hydrochloride USAN y
Saccharin BP y
Saccharin sodium BP y
Salicylic acid USP y
Sandarac Merck y G16(2)
Shellac BP y
Silicon dioxide USNF y
Sodium ascorbate USP y
Sodium benzoate BP y
Sodium bicarbonate BP y
Sodium chloride BP y
Sodium citrate BP y
Sodium cyclamate BP y
Sodium dihydrogen phosphate
dihydrate BP y
Sodium dihydrogen phosphate
monohydrate BP y
Sodium edetate, hydrate y
Sodium gluconate USP y
Sodium propionate USP y
Sorbic acid BP y
Sorbitan laurate BP y
Sorbitol BP y
Streculia y
Tartaric acid BP y
Vanillin BP y
Wool fat BP y
Xylitol BP y
Xylose BP y
Yellow soft paraffin BP y
Zein USPNF y
Zinc sulphate y
Titanium dioxide BP G21(2)
Titanium dioxide, anatase G21(2)
Polymethacrylate LlOO G20(2)
Polymethacrylate SlOO G20(2)
Macrogol cetostearyl ether BP G19(2) G13(2)
Polymethacrylate RLIOO G19(2) G12(3)
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Compound All compounds included

WC WC&WS PP
Macrogol lauryl ether BP 
Macrogol stearyl ether BP

G18(2)
G18(2) 013(2)

Heavy magnesium carbonate BP 
Light magnesium carbonate BP

G17(2)
G17(2)

G3(2)
G3(2)

DL Lactide /glycolide copolymer 
53:47 ratio
DL Lactide /glycolide copolymer 
75:25 ratio

G16(2)

G16(2)
Dextropropoxyphene 
hydrochloride BP 
Propoxyphene hydrochloride USP

G15(2)
G15(2)

015(2)
015(2)

Polymethacrylate R D I00 
Polymethacrylate RLPO 
Polymethacrylate RSPO

G14(3)
G14(3)
G14(3)

G12(3)
G12(3)

Macrogols BP 
Polyethylene glycol 3350
Polyethylene glycol 6000R

G13(3)
G13(3)
G13(3)

G ll(3 )
G ll(3 )
011(3)

Hypromellose BP 
Hypromellose BP 15 
Hypromellose BP 5

G12(3)
G12(3)
G12(3)

G14(2)
G14(2)

Dextrates USP
Glucose BP Dextrose 
monohydrate
Glucose BP Glucose monohydrate

G ll(3 )

G ll(3 )
G ll(3 )

09(2)

Crospovidone BP 
Povidone 90-F 
Povidone BP

G10(3)
G10(3)
G10(3)

Alphadex BP 
Betadex BP
Cyclodextrin gamma

G9(3)
G9(3)
G9(3)

y
y
y

Anhydrous lactose BP 
Lactose BP 
Lactose BP Spray dried

G8(3)
G8(3)
G8(3)

05(2)
05(2)

Hydroxypropylcellulose BP 
Hydroxypropylcellulose EF 
Hydroxypropylcellulose EXF 
Hydroxypropylcellulose LF

07(4)
07(4)
07(4)
07(4)

04(4)
G4(4)
04(4)
G4(4)

Cellulose, silicified 
microcrystalline (Handbook) 
Microcrystalline cellulose BP 
Cellulose, microcrystalline 
PHlOl
Powdered cellulose BP

G6(4)
06(4)

06(4)
G6(4)

G7(3)
07(3)

Hydroxyethylcellulose BP 
Hydroxyethylcellulose BP 250G 
Hydroxyethylcellulose BP

05(5)
G5(5)
G5(5)

G10(2)
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Compound All compounds included

WC WC&WS PP
250HHX
Hydroxyethylcellulose BP 250HX G5(5) G10(2)
Hydroxyethylcellulose BP 250M G5(5)
Glyceryl monostearate 40-55 BP G4(6) G4a(2)
Glyceryl palmitostearate
(Handbook) G4(6) G4a(2)
Hard paraffin BP G4(6) G4b(2)
Microcrystalline wax USPNF G4(6) G4b(2)
White beeswax BP G4(6) G4c(2)
Yellow beeswax BP G4(6) G4c(2)
Confectioner's sugar USPNF G3(9)
Sucrose BP G3(9) G2(6)
Sucrose, caster G3(9) G2(6)
Sucrose, coarse G3(9) G16(2)
Sucrose, fine G3(9) G2(6)
Sucrose, fine granulated G3(9)
Sucrose, granulated G3(9) G2(6)
Sucrose, medium G3(9) G2(6)
Sugar mineral water G3(9) G2(6)
Ascorbyl palmitate BP G 2(ll Z
Calcium stearate BP G 2(ll G2a(2) G6(2)
Camauba wax BP G 2(ll / Gl(3)
Cetomacrogol emulsifying wax BP G 2(ll G2b(2) G8(4)
Cetostearyl alcohol BP G 2(ll G2b(2) G8(4)
Emulsifying wax BP G 2(ll y G8(4)
Magnesium stearate BP G 2(ll G2a(2) 06(2)
Potassium stearate G 2(ll y 01(3)
Sodium lauryl sulphate BP G 2(ll y
Stearic acid BP G 2(ll y G8(4)
Zinc stearate BP G 2(ll y 01(3)
Acacia BP Gl(32 y
Agar BP Gl(32 Gla(2)
Agarose USP Gl(32 Gla(2)
Alginic acid BP Gl(32 Glb(2)
Carmellose sodium BP Gl(32 Glc(2)
Carrageenan iota Gl(32 Gld(4)
Carrageenan kappa Gl(32 Gld(4)
Carrageenan lambda Gl(32 Gld(4)
Carrageenan USP Gl(32 Gld(4) 07(3)
Ceratonia USP Gl(32 Gle(5)
Croscarmellose sodium BP Gl(32 Glc(2)
Dextrin BP Gl(32 Glf(12)
Gellan gum NF Gl(32 y
Ghatti gum Gl(32 Gle(5)
Guar galactomannan BP Gl(32 Gle(5)
Maize starch BP Gl(32 Glf(12)
Maltodextrin BP Gl(32 Glf(12)
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Compound All compounds included

WC WC&WS PP
Polydextrose (Handbook) Gl(32) Gle(5)
Potato starch BP Gl(32) Glf(12)
Rice starch BP Gl(32) Glf(12)
Sodium alginate BP Gl(32) Glb(2)
Sodium starch glycollate BP Gl(32) Glf(12)
Starch flowable Gl(32) Glf(12)
Starch flowable with 0.96%
silicone Gl(32) Glf(12)
Starch, maize pregelatinised Gl(32) Glf(12)
Starch, rice pregelatinised Gl(32) Glf(12)
Sterculia BP Gl(32) Glg(2)
Tapioca starch BP Gl(32) Glf(12)
Tara gum Gl(32) Gle(5)
Tragacanth BP Gl(32) /
Wheat starch BP Gl(32) Glf(12)
Xanthan gum BP Gl(32) Glg(2)

^  indicates a positive identification.
Gxx(xx) indicates the group and parentheses indicates the number of compounds 
within that group.
* indicated insufficient sample to apply identification algorithm
Official names were used where possible. BP, USP, JP, NF, BAN, USAN, rINN,
Handbook of Pharmaceutical Excipients 4̂*’ Edition (Handbook), Merck Index,
suppliers
Identification procedures:
Wavelength Correlation (WC)
Peak Positioning (PP)
Maximum Distance in Wavelength Space (MD)
Soft Independent Modelling of Class Analogies (SIMCA)
Wavelength Correlation with wavelength selection (WC&WS)

4.4 CONCLUSION

The identification of pharmaceutical excipients and active pharmaceutical ingredients 

by NIR spectroscopy was accomplished by four common identification algorithms. 

For ease of use Peak Positioning was the most effective for a quick estimation o f how 

many problem compounds may be encountered.

Correlation in Wavelength Space proved successful. It was unable to separate 

compounds similar in chemical composition, but once they had been grouped
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appropriately they could be identified well by selecting a small region of characteristic 

bands.

The effect that time has on a spectrum suggested that Maximum Distance in 

Wavelength Space would be highly affected. However as a secondary procedure it 

was possible to discriminate between physically different compounds.

SIMCA proved to be effective in identifying closely related compounds. However, the 

ease of use on a library of the size studied was overshadowed by the time consuming 

construction process. With each compound being dealt with independently, the ability 

to update a model was much simpler. It was more suited to the identification o f a 

small number of similar compounds as a secondary identification procedure.

For the most effective NIR spectroscopic identification procedure, a combination of 

the methods investigated is suggested. Firstly to identify easily distinguishable 

compounds and then focus on separation of groups of compounds in smaller, refined 

sub-libraries. This optimised both construction time and allowed for the advantages of 

each method to be utilised in the most appropriate situation.
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5 SPECTRAL LIBRARY TRANSFER BETWEEN 
DISPERSIVE INSTRUMENTS

5.1 INTRODUCTION

Transferability of NIR spectral libraries is important if  they are to be effective in the 

pharmaceutical industry. Identification or qualification methods are required to be 

used in an effective location, for example at the place o f initial delivery of the product 

to the site, the method would most probably have been developed on a separate 

instrument in the laboratory and therefore transfer is essential. The transfer o f a 

method is also crucial should the primary instrument experience any technical 

problems, drift or important components are replaced e.g. gratings, mirrors, encoders 

or detectors. It has been well reported that no two instruments from the same 

manufacturer give the same spectra for the same sample, the effect this has on the 

development and direct transfer o f a general excipients library, will be studied.

Typically libraries are constructed using a supervised approach; where a training set of 

each excipient, containing at least five different batches, are used as pattern predictors. 

Correlation in Wavelength Space is primarily used for general identification with a 

threshold of 0.90. For the libraries contained in this study, the parameters set by 

AstraZeneca were met with a Correlation in Wavelength Space threshold of 0.97. This 

guideline has been suggested which AstraZeneca has adopted.

For samples that are still ambiguous with others present in the library, more specific 

identification methods are applied e.g. Maximum Distance in Wavelength Space. 

Maximum Distance in Wavelength Space is a univariate method which calculates the 

variance scaled distances o f each product and mean at each data point. Three to five 

batches o f any given excipient are required to use this identification algorithm. The 

maximum distance of that spectral group is the maximum distance of all the data 

points.
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The first objective o f this study is to determine the differences between replicate 

spectra o f common pharmaceutical excipients when scanned on the same instrument 

after a period of time.

The second objective is to examine the effect of developing a spectral library on one 

instrument and using it to identify spectra measured on a different instrument. 

Correlation in Wavelength Space is the primary identification algorithm, for any 

excipients that require further identification, in alignment with the cascading procedure 

suggested in Chapter 4, Maximum Distance in Wavelength Space will be used and its 

effect on direct transfer between instruments will be studied.

The constraint of this study is that only one batch of each excipient is included in the 

library. Since this prevents the application o f Maximum Distance in Wavelength 

Space, additional batches will be measured for any problematic compounds.

5.2 METHODOLOGY

5.2.1 Materials

Samples indicated with code #5 in Table 2.1 were used in this study. All samples were 

presented and stored in Type A vials. Figure 2.1 (Section 2.1.2).

5.2.2 Instrumentation

Spectra were obtained from two of the instruments described in section 2.3.1. 

Instrument 1 was the Foss 6500 spectrophotometer fitted with a RCA attachment, 

while instrument 2 was the second Foss 6500 spectrophotometer fitted with a DCA 

attachment.
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5.2.3 Sample measurement

All the NIR spectra were measured as previously described in section 3.2.1. Samples 

were measured and spectra grouped to give six sets as outlined below:

Set S I, refers to a single sample of a single batch of 108 different excipients measured 

on instrument 1.

Set S2, refers to the same samples as above but measured three months later on 

instrument 1.

Set S3, refers to a single sample of a single batch (note: the batch was different to that 

in the above sets) of 51 different excipients measured on instrument 1 at the same time 

as SI  Spectra.

Set S4, refers to a single sample of 108 excipients, same batches as S I, scanned on 

instrument 2.

The time difference between scanning SI and S4 was approximately one week.

Set S3, refers to the spectra of five different batches of 10 excipients scanned on 

instrument 1.

Set S6, refers to the spectra of five different batches of 10 excipients scarmed on 

instrument 2.

The time difference between scanning S3 and S6 was approximately one week

5.2.4 Library development

The spectra from SI were used to create a spectral library. All spectra were converted 

to their second derivative using an 11 data point second-order Savitzky-Golay filter. 

The identification algorithm used was Correlation in Wavelength Space which was 

calculated as the product moment correlation coefficient, r, using in-house software, 

IDENT. In this study a threshold of r >0.97 was used to indicate a positive 

identification. The next closest match in this case was not included in the 

identification criteria.

An internal validation was carried out in which each spectrum in the library was 

compared against all others to determine if any false positives were to be expected.

173



S2, S3 and S4 were then challenged against the spectral library o f SI  and the closest 

match and next closest match recorded. Any spectra that were highlighted as outliers 

were considered in detail.

5.2.5 Multiple batch library

A smaller spectral library limited to 10 common excipients was also constructed, S5. 

Each library entry was the mean spectrum of four batches measured on instrument 1. 

A fifth batch of each excipient was used for external validation.

The same identification algorithm and criteria as in section 5.2.4 were used in the 

evaluation o f this smaller library.

5.3 RESULTS AND DISCUSSION 

5.3.1 Comparison of Instruments

The two instruments used had equivalent monochromators according to the 

manufacturer’s specification; their only difference being the type o f sample stage. 

Further details o f the sample stage can be found in Chapter 2 section 2.3.1. Before 

use, both instruments were checked to see that they passed their system 

suitability/instrument performance tests. However, despite this, clear differences were 

observed between the spectra recorded for the same sample. This can be seen for 

example in Figure 5.1a which shows the absorption spectrum for the FOSS wavelength 

standard (RSS10088) as measured on the two instruments. A constant difference is not 

unexpected as the ceramic reference is an arbitrary standard and not matched between 

instruments. However, close inspection of the two spectra show that the difference is 

absorbance dependent. This suggests that factors such as stray radiation are different 

between the two instruments. Taking the second derivative to remove the offset is 

shown in Figure 5.1b, though differences in the second derivatives can still be seen.
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Applying a SNV transformation helps to reduce the differences still further, Figure 

5.1c.

The difference between the spectrum for each photometric standard as measured on the 

two instruments (e.g. ai -  az, bi -  b], etc) increased with increasing 

absorbance/decreasing reflectance values, Figure 5.2. This again cannot be explained 

purely by a difference in ceramic references, but further suggests the presence of 

differences in stray radiation in each instrument. Further details o f the effects o f stray 

radiation are given in Chapter 7.

The RCA instrument also showed a small peak/irregularity in the 1490 -  1580 nm 

regions for the lower reflectance standards. This is called the ‘Wood’s peak’. The 

second derivative spectra. Figure 5.3, shows this abnormality particularly clearly. All 

these differences can be expected to hinder the transfer of spectral libraries.
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Figure 5.1 a) original absorbance spectra, b) absorbance spectra pre
treated with a second derivative and e) SNV and second 
derivative pre-treated  spectra for the wavelength certification 
standards scanned on instrum ent 1 (blue) and instrum ent 2 
(red).
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Figure 5.2 Absorbance spectra of reflectance standards (a. 2% , b. 10%, c. 
20%, d. 40%, e. 80% and f. 99%) scanned on instrum ent 
l(blue) and instrum ent 2 (red).
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10%, c. 20%, d. 40%, e. 80% and f. 99%) scanned on 
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5.3.2 Original Library -  SI

The second derivative spectra from 108 different excipients measured on instrument 1 

were grouped together to give spectral library SI. The internal validation recorded 25 

excipients for which the next closest match was >0.97, Table 5.2 column 2"^ ID SI. 

These 25 excipients could be divided into nine discrete groups. These groups were 

distinguishable from one another, but not the compounds within each group.

If the critical value was changed the number of compounds not distinguishable from 

one another increases slowly as the critical value decreases. It should be noted, 

however, that the number of groups of compounds that these compounds fell into did 

not increase. Table 5.1.

Table 5.1 Results of a change in critical value and the ambiguity of 
compounds in the library of 108 materials.

Critical value Number of materials 
with one or more 
closest matches 
exceeding the critical 
value

Number of 
ambiguous 
groups

>0.99 14 6

>0.98 22 9

>0.97 25 9

>0.96 27 9

>0.95 28 9

>0.94 29 9

>0.93 30 9

>0.92 31 9

>0.91 33 9

>0.90 34 9

Group 1. Acacia, ghatti gum, ceratonia, guar galactomannan. All are natural gums 

that chemically consist of a loose aggregate o f cross linked sugars.
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Group 2. Agar and Agarose

HO

OH

Figure 5.4 Chemical structure of agar.

Group 3. Carrageenan and carrageenan lambda these only differ in that the lambda 

material contains no 3, 6-anhydrogalactose.

Carrageenan comes in three forms, kappa, iota and gamma. Figure 6.5. The chemical 

structures are similar and it’s not surprising that the NIR spectrum of Carrageenan 

(mixture o f kappa and iota) could not be distinguished from the lambda form.

CHjOSO,-

V —

--0—
» “NN /

Figure 5.5 Chemical structure of carrageenan kappa (top), iota (middle) 
and lambda (bottom).

Group 4. Sodium starch glycollate and pregelatinised maize starch.
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Pregelatinised maize starch is a form in which the starch molecules have been ruptured 

to make them more flowable. It is therefore not unexpected; on consideration of the 

chemical structures, Figure 5.6, that group 4 are not distinguishable.

CHjOH

OH

OH

CHjCOONa 

CHjO

O

A y

CHjOH

OH

O
OH

ÇH,

a)

8eomerrt of Amytopeclin Molocute

c)

Figure 5.6 Chemical structures of a) sodium starch glycollate (n = 500000 to 
1000000) and the two polysaccharides based on glucose units of 
b) amylosc and c) amylopcctin.

Group 5. Sodium stearyl fumarate, carnauba wax, and calcium, zinc and magnesium 

stearate formed a group of compounds that could not be distinguished from one 

another using Correlation in Wavelength Space. The chemical structures of all these 

compounds contain long aliphatic chains. Figure 5.7. The spectra are dominated by 

the CH first, second, and third overtones and various combination frequencies, (see 

Figure 1.6, Section 1.6).
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Figure 5.7 Chemical structure of a) sodium stearyl fumarate and b) calcium 
stearate (the calcium ion can be replaced with zinc and 
magnesium for their respective stearate structures)

Group 6. Dextrin, rice starch, maize starch and wheat starch are obviously all forms of 

starch derivatives. Figure 5.6 b and c. Dextrin, Figure 5.8, is prepared by the 

incomplete hydrolysis o f starch derived from maize or potato starch.

CHjOH

Figure 5.8 Chemical structure of dextrin (n = 4500 to 85000).

Group 7. Dextrose and Dextrates are mono and polysaccharides of glucose repeating 

units. Figure 5.9.

OH

OHOH

OH

Figure 5.9 Chemical structure of dextrose a monosaccharide.
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Group 8. Lactose and lactose spray dried are different in physical properties alone. 

They are chemically identical and often mixtures of the a and (3 types, Figure 5.10. 

The spray dried grade is processed so that spherical particles are formed giving it 

higher flow ability.

CH jC H

CMjOH

CHjOf»

C HjOH

Figure 5.10 Structure of alpha and beta lactose

Group 9. Cellulose microcrystalline (Avicel PH 101) and cellulose microcrystalline 

(Avicel PH 102) are different in particle size alone. Avicel PH 101 has a mean particle 

size of 50 pm while Avicel PH 102 has a mean particle size of 100 pm.

O v  OH

CHnOH CH ,O H

CH jO H CH^CH

Figure 5.11 Structure of microcrystalline cellulose (n ~ 220).

All the compounds within these nine groups had spectra which differed only in terms 

of the number of OH, CH], -0-, etc, groups’ hence only small differences in the 

relative intensities of peaks. Such differences are not easily detected using Correlation 

in Wavelength Space.
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Table 5.2 Correlation in Wavelength Space values for different sample sets of second derivative spectra.

Excipient 2nd ID 2nd ID Name (parentheses 1st ID 2nd ID 1st ID 2nd ID 1st ID 2nd ID 1st ID 54 1st ID 54 1st ID 54
S I indicate 2nd ID S 4 ) 3 2 3 2 3 3 3 3 3 4 3 4 with 1490 

1580 nm 
removed

with 1860 -  
1950 nm 
removed

with 1490 
1580 nm and 
1 8 6 0 -  1950 
nm removed

Acacia 0.9827 Ghatti gum 0.9992 0.9820 0.9893 0.9821 0.9912 0.9737
Acesulfame 0.4042 Sorbic Acid 0.9998 0.4025 0.9970 0.4077 0.9942 0.4013 0.9943* 0.9942= 0.9944*
Potassium
Agar 0.9788 Agarose 0.9996 0.9783 0.9862 0.9826 0.9956 0.9762
Agarose 0.9788 Agar 0.9985 0.9798 - - 0.9958 0.9756
Albumin 0.8301 Gelatin 0.9985 0.8285 - - 0.9952 0.8294 0.9987* 0.9937 0.9986*
Alginic 0.9071 Sodium alginate 0.9991 0.9112 - - 0.9945 0.9082 0.9983* 0.9850 0.9964*
Alphadex 0.4643 Agar 0.9997 0.4673 - - 0.9969 0.4444 0.9982* 0.9968 0.9985*
Ascorbic 0.3899 Galactose 0.9976 0.3713 0.9726 0.4548 0.9919 0.3481 0.9922* 0.9919= 0.9922*
Ascorbyl palmitate 0.9131 Magnesium stearate 0.9999 0.9140 - - 0.9980 0.9042 0.9985* 0.998= 0.9986*
Aspartame 0.2508 Gelatin(Methyl

hydroxybenzoate)
0.9997 0.2510 0.9849 0.2723 0.9977 0.2484 0.9985* 0.9977= 0.9985*

Bentonite 0.6091 Magnesium trisilicate 0.9999 0.6095 0.9996 0.6014 0.9965 0.5866 0.9987* 0.9864 0.9973*
Benzoic 0.2261 Potassium sorbate 0.9998 0.2284 0.8286 0.1973 0.9943 0.2199 0.9945* 0.9943= 0.9945*
Bronopol 0.5818 Erythritol 0.9995 0.5795 0.9982 0.5850 0.9866 0.5409 0.9868* 0.9866= 0.9869*
Butyl 0.4251 Isobutyl hydroxybenzoate 0.9997 0.4183 0.9687 0.4460 0.9958 0.3996 0.9958= 0.9958= 0.9958=
hydroxybenzoate
Calcium carbonate 0.7022 Calcium phosphate dibasic 

anhydrous
0.9952 0.6959 - - 0.8180 0.4589

Calcium phosphate 0.7022 Calcium 0.9780 0.7017 - - 0.7984 0.5597
dibasic anhydrous carbonate(Magnesium

trisilicate)

Calcium phosphate 0.6682 Titanium dioxide 0.9993 0.6716 - - 0.9904 0.6328 0.9962* 0.9851 0.9950*
tribasic monohydrate
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Excipient 2nd ID 2nd ID Name (parentheses 1st ID 2nd ID 1st ID 2nd ID 1st ID 2nd ID 1st ID 5^ 1st ID 54 1st ID 54
S J indicate 2nd ID S 4 ) S 2 S 2 S 3 S 3 S 4 S 4 with 1490 

1580 nm 
removed

with 1860 -  
1950 nm 
removed

with 1 4 9 0 -  
1580 nm and 
1 8 6 0 -  1950 
nm removed

Calcium stearate 0.9896 Zinc stearate 0.9998 0.9886 - - 0.9989 0.9897
Carnauba wax 0.9886 Zinc stearate 0.9999 0.9882 1.0000 0.9889 0.9990 0.9859
Carrageenan 0.9740 Carrageenan lambda 0.9994 0.9734 0.9860 0.9809 0.9958 0.9676
Carrageenan lambda 0.9740 Carrageenan 0.9995 0.9742 - - 0.9969 0.9731
Cetostearyl alcohol 0.9583 Carnauba 0.9968 0.9679 0.9682 0.9673 0.9987 0.9628 0.9990* 0.9987= 0.9990*
Cetrimide 0.7227 Sodium stearyl 0.9998 0.7219 0.9999 0.7201 0.9984 0.7174 0.9985* 0.9984= 0.9985*

fumarate(Zinc stearate)
Chlorobutanol 0.4184 Ethyl hydroxybenzoate 0.9998 0.4162 - - 0.9977 0.4099 0.9978* 0.9977= 0.9978*
Chlorocresol 0.4310 Saccharin sodium 0.9992 0.4269 - - 0.9957 0.4169 0.9960* 0.9958* 0.9960*
Chlorohexidine 0.3255 Chlorobutanol 0.9997 0.3254 - - 0.9964 0.3231 0.9972* 0.9963 0.9972*
Cholesterol 0.5446 Menthol 0.9999 0.5469 - - 0.9971 0.5449 0.9976* 0.9971= 0.9976*
Citric acid 0.2801 Malic acid 0.9959 0.2900 0.9881 0.2671 0.9897 0.2855 0.9908* 0.9897= 0.9908*
monohydrate

Croscarmellose 0.9612 Sodium starch glycolate 0.9989 0.9598 - - 0.9896 0.9577 0.9974* 0.9720 0.9940*
sodium
Dextrates 0.9923 Dextrose 0.9994 0.9903 0.9986 0.9900 0.9936 0.9807
Dextrin 0.9888 Wheat starch 0.9992 0.9893 0.9906 0.9878 0.9906 0.9811
Dextrose 0.9923 Dextrates 0.9998 0.9933 - - 0.9949 0.9920
Dibasic calcium 0.4792 Sodium metabisulphite 0.9999 0.4761 - - 0.9947 0.4515 0.9986* 0.9570 0.9927
phosphate dihydrate
Di-potassium edetate 0.4959 Methyl hydroxybenzoate 0.9998 0.4996 - - 0.9975 0.5007 0.9983* 0.9976* 0.9984*

Di-sodium edetate, 0.4505 Dibasic calcium phosphate 0.9999 0.4505 0.9977 0.4591 0.9980* 0.9971 0.9975
dihydrate dihydrate
Edetic acid 0.2917 Galactose 0.9992 0.2939 - - 0.9907 0.2830 0.9932* 0.9908* 0.9933*
Erythritol 0.5818 Bronopol 0.9997 0.5844 0.9980 0.5733 0.9897 0.5605 0.9899* 0.9900* 0.9902*
Ethyl maltol 0.3039 Sodium edetate 0.9999 0.3037 - - 0.9977 0.2935 0.9980* 0.9977= 0.9980*

00
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Excipient 2nd ID 2nd ID Name (parentheses 1st ID 2nd ID 1st ID 2nd ID 1st ID 2nd ID 1st ID 54 1st ID 54 1st ID 54
S I indicate 2nd ID S 4 ) 8 2 8 2 8 3 8 3 8 4 8 4 with 1490 -  

1580 nm 
removed

with 1860 
1950 nm 
removed

with 1490 -  
1580 nm and 
1 8 6 0 -  1950 
nm removed

Ethyl 0 .5I4I Hydroxypropyl cellulose 0.9995 0.5077 0.9987 0.5071 0.9970 0.5042 0.9972* 0.9971* 0.9972*
hydroxybenzoate

Ethyl vanillin 0.4098 Potassium gluconate 1.0000 0.4091 - - 0.9973 0.4000 0.9974* 0.9973= 0.9974*
Fructose 0.3515 Sorbitol(Chlorobutanol) 0.9992 0.3537 0.9937 0.3687 0.9937 0.3443 0.9938* 0.9937= 0.9938*
Fumaric acid 0.2668 Sorbic acid 0.9999 0.2697 - - 0.9988 0.2602 0.9989* 0.9988= 0.9989*
Galactose 0.3899 Ascorbic acid 0.9999 0.3889 0.9999 0.3870 0.9970 0.3890 0.9980* 0.9970= 0.9980*
Glucono delta lactone 0.4256 Dibasic calcium phosphate 

dihydrate
0.9989 0.4476 0.9994 0.4287 0.9955 0.4617 0.9957* 0.9959* 0.9962*

Gelatin 0.8301 Albumin 0.9971 0.8295 0.9963 0.8318 0.9993 0.8198 0.9951 0.9914 0.9942
Gellan 0.9545 Xanthan gum( Acacia) 0.9993 0.9543 0.9983 0.9559 0.9927 0.9433 0.9983* 0.9807 0.9961*
Ghatti gum 0.9827 Acacia 0.9992 0.9828 0.9911 0.9694 0.9942 0.9781 1.0000* 1.0000* 1.0000*
Glyceryl monostearate 0 .8711 Sorbitan esters 0.9996 0.8660 - - 0.9956 0.8498 0.9963* 0.9956= 0.9963*
Guar galactomannan 0.9972 Ceratonia 0.9992 0.9971 0.9985 0.9971 0.9956 0.9937
Hydroxyethylcellulose 0.7740 Croscarmellose sodium 0.9995 0.7805 0.9946 0.7951 0.9956 0.7787 0.9983* 0.9939 0.9977*
Hydroxypropyl 0.5661 Agarose(Hypromellose) 0.9996 0.5658 - - 0.9964 0.5588 0.9973* 0.9962 0.9972*
Cellulose
Hypromellose 0.7099 Agar 0.9998 0.7104 - - 0.9969 0.7164 0.9984* 0.9965 0.9982*
Imidurea 0.5139 Xanthan gum 0.9998 0.5134 0.9995 0.5215 0.9968 0.4995 0.9992* 0.9962 0.9991*
Isobutyl 0.4251 Butyl 0.9998 0.4328 0.9999 0.4297 0.9980 0.4371 0.9982* 0.998= 0.9982*
hydroxybenzoate hydroxybenzoate(Butyl 

hydroxybenzoate )
Karaya gum 0.9329 Xanthan gum(Pectin) 0.9990 0.9297 0.9991 0.9297 0.9977 0.3625 0.9979* 0.9810 0.9970
Potassium chloride 0.6902 Sodium phosphate 

monobasic
anhydrous(Xanthan gum)

0.9813 0.6964 0.9909 0.9155

Potassium gluconate 0.4232 Cholesterol(Magnesium
oxide)

0.9998 0.4251 0.3125 0.2917 0.9983* 0.9978* 0.9984*

Potassium sorbate 0.3719 Pectin(Cholesterol) 0.9998 0.3719 - - 0.9978 0.4317 0.9979* 0.9978= 0.9980*
00
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Excipient 2nd ID 2nd ID Name (parentheses 1st ID 2nd ID 1st ID 2nd ID 1st ID 2nd ID 1st ID 54 1st ID 54 1st ID 54
S I indicate 2nd ID S 4 ) S 2 S 2 S 3 S 3 S 4 S 4 with 1490 -  

1580 nm 
removed

with 1860 -  
1950 nm 
removed

with 1490 -  
1580 nm and 
1 8 6 0 -  1950 
nm removed

Lactitol monohydrate 0.2032 Mannose 0.9989 0.2046 - - 0.9965 0.2091 0.9973* 0.9967* 0.9975*
Lactose 0.9984 Lactose monohydrate Spray 

Dried
0.9992 0.9971 - - 0.9977 0.9947

Lactose Spray Dried 0.9984 Lactose (Lactose 
monohydrate spray dried )

0.9998 0.9985 - - 0.9973 0.9971

Lecithin 0.7336 Magnesium Stearate 0.9995 0.7205 0.9962 0.7237 0.9976 0.7280 0.9991* 0.9976= 0.9992*
Ceratonia 0.9972 Guar galactomannan 0.9995 0.9968 - - 0.9946 0.9917
Magnesium carbonate 0.7539 Magnesium oxide 0.9997 0.7607 0.9996 0.7549 0.9951 0.7396 0.9969* 0.9951= 0.9969*
(heavy)
Magnesium oxide 0.7539 Magnesium carbonate 

(heavy)
0.9987 0.7460 - - 0.9599 0.7446

Magnesium stearate 0.9784 Calcium stearate 0.9999 0.9770 - - 0.9985 0.9760
Magnesium trisilicate 0.6091 Bentonite 0.9993 0.6142 0.9613 0.6182 0.9919 0.6068 0.9972* 0.9794 0.9937*
Maize starch 0.9983 Wheat starch 0.9997 0.9981 0.9964 0.9771 0.9919 0.9916
Malic acid 0.2914 Citric acid 0.9947 0.2985 - - 0.9897 0.2912 0.9910* 0.9897= 0.9910*
Maltitol 0.3680 Cholesterol 0.9994 0.3691 0.9983 0.3663 0.9981 0.3646 0.9986* 0.9981= 0.9986*
Maltol 0.2328 Ethyl maltol 0.9997 0.2366 0.9811 0.2516 0.9949 0.2379 0.9957* 0.9949= 0.9957*
Maltose Monohydrate 0.4027 Bronopol 0.9998 0.4029 0.9957 0.4211 0.9963 0.4093 0.9978* 0.9962 0.9978*
Mannitol 0.5455 Erythritol 0.9999 0.5463 - - 0.9969 0.5396 0.9983* 0.9969= 0.9983*
Mannose 0.2900 Sorbitol 0.9996 0.2920 - - 0.9963 0.2873 0.9978* 0.9963= 0.9978*
Cellulose 0.9994 cellulose microcrystalline 0.9994 0.9987 - - 0.9936 0.9908
microcrystalline PH102(cellulose
PHI 01 microcrystalline PH I01)

Cellulose 0.9994 cellulose microcrystalline 0.9993 0.9991 - - 0.9935 0.9903
microcrystalline PHlOl
PH 102

00<1
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Excipient 2nd ID 
S I

2nd ID Name (parentheses 
indicate 2nd ID 8 4 )

1st ID 
8 2

2nd ID
8 2

1st ID 
8 3

2nd ID 
8 3

1st ID 
8 4

2nd ID
8 4

1st ID 54  
with 1 4 9 0 -  

1580 nm 
removed

1st ID 54  
with 1860 -  

1950 nm 
removed

1st ID 54  
with 1490 -  

1580 nm and 
1 8 6 0 -  1950 
nm removed

Meglumine 0.2436 Dextrates(Glucono delta 
lactone)

0.9997 0.2411 - 0.9975 0.2361 0.9985* 0.9975= 0.9985*

Menthol 0.5446 Cholesterol 0.9969 0.5349 - - 0.9899 0.5621 0.9902* 0.9899= 0.9902*
Methyl
hydroxbenzoate

0.4959 Di-potassium edetate 0.9999 0.4955 1.0000 0.4938 0.9985 0.4896 0.9987* 0.9985= 0.9987*

Pectin 0.6162 Ceratonia 0.9947 0.6648 0.8092 0.7413 0.9920 0.6095 0.9977* 0.9901 0.9975*
Polyethylene glycol 0.3787 Wax, anionic emulsifying 0.9984 0.3838 - - 0.9949 0.3991 0.9956* 0.9948 0.9956*

Povidone
Pregelatinised maize 
starch

0.7343
0.9750

Gelatin
Sodium starch glycollate

0.9996
0.9995

0.7335
0.9756 - -

0.9968
0.9931

0.7298
0.9708

0.9988* 0.9959 0.9986*

Saccharin Sodium 
Sandarac

0.4310
0.3582

Chlorocresol 
Hydroxypropyl cellulose

0.9999
0.9994

0.4311
0.3519

0.9132 0.4467 0.9979
0.9941

0.4244
0.3521

0.9981*
0.9977*

0.9979=
0.9941=

0.9979=
0.9978*

Sodium alginate 0.9071 Alginic acid(Hydroxypropyl 
cellulose)

0.9932 0.8819 0.9826 0.9195 0.9983 0.3519 0.9983= 0.9882 0.9964

Sodium ascorbate 0.4906 Erythritol( Ascorbyl 
palmitate)

0.9993 0.4952 0.9988 0.4932 0.9984 0.2568 0.9947 0.9937 0.9948

Sodium cyclamate 0.3624 Lecithin(Dibasic calcium  
phosphate dihydrate)

0.9984 0.3469 0.9993 0.3729 0.9800 0.4765 0.9967* 0.9964* 0.9967*

Sodium edetate 0.3471 Hydroxypropyl 
cellulose(Alginic acid)

0.9998 0.3497 - - 0.9958 0.8926 0.9985* 0.9982* 0.9985*

Sodium gluconate 0.2628 Ascorbyl
palmitate(Erythritol)

0.9999 0.2618 0.9999 0.2629 0.9936 0.4905 0.9987* 0.9985* 0.9987*

Sodium  
metabisulphite 

Sodium phosphate 
monobasic anhydrous

0.4792

0.6902

Dibasic calcium phosphate 
dihydrate(Lecithin) 
Potassium chloride(Calcium  
phosphate dibasic

0.9989

0.8894

0.4919

0.6454

0.9838

0.7472

0.4647

0.5622

0.9964

0.6812

0.3372

0.3927

0.9954 0.9561 0.9914



Excipient 2nd ID
S I

2nd ID Name (parentheses 
indicate 2nd ID S 4 )

1st ID 
3 2

2nd ID 1st ID
S 3

2nd ID
S 3

1st ID
S 4

2nd ID
S 4

1st I D S 4  

with 1490 -  
1580 nm 
removed

1st ID 54  
with 1860 

1950 nm 
removed

1st ID 54  
with 1490 

1580 nm and 
1 8 6 0 -  1950 
nm removed

anhydrous)

Sodium propionate 0.3317 Hydroxypropyl cellulose 0.9999 0.3339 - - 0.9981 0.3378 0.9982* 0.9981= 0.9982*

Sodium stearyl 0.9748 Magnesium stearate 1.0000 0.9755 0.9984 0.9738
fumarate
Sorbic acid 0.4500 Menthol 0.9992 0.4512 - - 0.9803 0.4402 0.9809* 0.9803= 0.9810*
Sorbitan esters 0.8859 Wax(Glyceryl monostearate) 0.9994 0.8877 - - 0.9977 0.8864 0.9980* 0.9977= 0.9980*
Sorbitol 0.3965 Hydroxyethyl cellulose 0.9994 0.3932 0.9987 0.3786 0.9953 0.3900 0.9976* 0.9954* 0.9977*
Rice starch 0.9969 Maize starch (Rice starch ) 0.9989 0.9967 0.9981 0.9747 0.9890 0.9868
Sodium starch 0.9750 Pregelatinised maize starch 0.9996 0.9755 - - 0.9792 0.9779
glycollate
Sucrose 0.2663 Calcium phosphate tribasic 0.9986 0.2669 0.9682 0.2612 0.9977 0.2777 0.9979* 0.9977= 0.9979*

monohydrate
Wheat starch 0.9983 Maize starch 0.9990 0.9978 - - 0.9926 0.9904
Talc (purified) 0.5489 Carnauba wax 0.9999 0.5509 - - 0.9975 0.5354 0.9978* 0.9975= 0.9978*
Titanium dioxide 0.6682 Calcium phosphate tribasic 0.9965 0.6742 0.9969 0.6742 0.9384 0.6671 0.9982* 0.9981* 0.9984*

monobasic
Trisodium edetate 0.4908 Ethyl hydroxybenzoate 0.9975 0.5073 - - 0.9979 0.4713
hydrate
Wax anionic, 0.9240 Cetostearyl alcohol(Sorbitan 0.9992 0.9215 - - 0.9914 0.9017 0.9917* 0.9915* 0.9917*
emulsifying esters)
Xanthan gum 0.9545 Gellan gum 0.9996 0.9539 0.9945 0.9527 0.9873 0.9453 0.9974* 0.9650 0.9945*
Xylitol 0.4014 Potassium gluconate 0.9998 0.4007 0.9991 0.3958 0.9945 0.4069 0.9947* 0.9945= 0.9948*
Zinc stearate 0.9896 Calcium stearate(Camauba 0.9999 0.9906 - - 0.9986 0.9885

wax)

00\o



Excipient 2nd ID 
S I

2nd ID Name (parentheses 
indicate 2nd ID 8 4 )

1st ID
8 2

2nd ID
8 2

1st ID 
8 3

2nd ID 
8 3

1st ID 
8 4

2nd ID
8 4

1st ID 54  
with 1490 -  

1580 nm 
removed

1st ID 54  
with 1860 

1950 nm 
removed

1st ID 54  
with 1490 

1580 nm and 
1 8 6 0 -  1950 
nm removed

Total number o f 2 5 1 2 5 8 9 6 24
excipients that fail
criteria

Bold type face indicates correlation values that fail the identification criteria

* indicates the correlation value of the S4 (Set Four) Spectra with wavelength region removal was greater than the correlation value when 
the whole wavelength range was used,

= indicates the correlation value of the S4 (Set Four) Spectra with wavelength region removal was equal to the correlation value when the 
whole wavelength range was used.
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5.3.3 Repeat library -  S2

Exactly the same 108 excipient samples used to create set SI were re-measured on the 

same instrument after a period of three months. The samples were still in the original 

sample vials and had been stored in a laboratory cupboard in the dark under normal 

laboratory temperatures. This repeat set of spectra, S2, was compared against the 

original SI library to see what effect storage/instrument changes over the three month 

period had on identification. All 108 S2 spectra gave their best correlation match to 

the correct corresponding SI spectra, Table 5.2, column ID S2. Differences in 

correlation values ranged from <0.0001, for sodium stearyl fumarate. Figure 5.12, and 

ethyl vanillin, to 0.1106 for sodium phosphate (monobasic anhydrous). Sodium 

phosphate (monobasic anhydrous) gives a fairly featureless spectrum. Figure 5.13a. 

The second derivative is mainly noise. Figure 5.13b. It is likely that the changes 

observed were due to moisture content differences.

g
I 01 5

I

Figure 5.12 Spectra of Sodium stearyl fumarate, red, and after three 
months, blue.

?

Wavtenglh nm

Figure 5.13 Absorbance spectra, a), and second derivative spectra, b), of
Sodium phosphate (monobasic anhydrous) original sample, red, 
and that measured after three months, blue.
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The same 25 ambiguous compounds in library SI were also ambiguous in S2. The 

next closest correlation match was also the same for SI, Table 5.2, column 2"  ̂ ID S2. 

Comparisons of set S2 against set SI showed that few changes had occurred. The 

library appeared robust with respect to time.

5.3.4 Second Batch Analysis -  S3

The effect of batch to batch variation on identification was investigated for 51 

compounds by measuring a different batch to that for set SI. This new set, S3, was 

measured at the same time as SI.

17 excipients failed the criteria for identification. Eight of the cases failed because the 

best match to SI was <0.97, for example benzoic. Figure 5.14. The other nine failures 

were because the next best match was greater than 0.97, for example acacia which had 

a next best match of ghatti gum with a correlation value of 0.982, Figure 5.15.

?

Figure 5.14 Absorbance spectra of Benzoic from SI, blue, and S3, red.

- 0 2  ' 
1100 1700 1900

W avelength nm

Figure 5.15 Absorbance spectra of Acacia, blue and next best match ghatti 
gum, red.
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5.3.5 Second Instrument Analysis - S4

Exactly the same 108 excipient samples used to create SI were measured on 

instrument 2 after one week o f SI being measured. The S4 spectra o f 83 of these 

excipients were compared against the original SI library to see what effect the 

instrument had on identification. The 25 excipients that proved to be ambiguous on 

development o f the SI original library were removed from S4 for ease of 

interpretation. For the 83 unambiguous compounds a like for like comparison could 

be made with instrument variation being the only differing factor. For the 25 

ambiguous compounds intra-compound variability may out weigh the significance of 

the instrument differences. The correlation values were recorded for the closest 

correlation match and the next best correlation match. Table 5.2, columns ID S4, 2"  ̂

ID S4.

The following S4 spectra failed the identification for the first correlation match value 

which fell below 0.97:

Calcium carbonate, r = 0.8180 

Magnesium oxide, r = 0.9599 

Sodium phosphate dibasic anhydrous, r = 0.7984 

Titanium dioxide, r = 0.9384

Potassium chloride, misidentified as calcium carbonate r = 0.3125

For all five problem excipients the regions highlighted in the photometric standards are 

the most different. Figure 5.2. Therefore, these excipients will be excluded from the 

library and considered unsuitable for identification by multiple NIRS instruments. 

These particular compounds gave relatively featureless spectra, it could be suggested 

that they are unsuitable materials for NIR spectroscopic analysis. However, they could 

also be considered as good indicators of instrumental differences.

5.3.6 Wavelength Region Removal

All problematic compounds were removed from the SI original library for ease of 

interpretation and comparison of the S4 spectra. A total o f 78 excipients remained.
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One region of the spectrum that showed the greatest variation between instruments, 

based on the photometric standard analysis, was the region 1490 -  1580 nm, which 

was assigned to the Wood’s peak. The region 1860 -  1950 nm which corresponds to 

the typical 0 -H  combination region was also removed because this is known to be a 

region sensitive to instrument and sample variation. These regions were removed 

individually and in combination to determine if differences in correlations changed 

between instruments.

Figure 5.16 shows the difference between the first correlation values for each excipient 

when challenged against the original spectral library. It is clear that the removal of the 

Wood’s region increases the correlation value for the first identification. From Table 

5.2, column 1®̂ ID S4 with 1490 -  1580 nm removed, 73 excipients had an improved 

correlation value when Wood’s peak was removed.

The removal o f the 0 -H  combination region improves the correlation value of two 

excipients compared to when no region was removed. However, it also decreases the 

correlation value for three excipients so that they failed the specifications for a positive 

identification. Dibasic calcium phosphate dihydrate, sodium metabisulphite and 

xanthan gum had correlations of 0.9570, 0.9561 and 0.9650 respectively. Table 5.2, 

column ID S4 with 1860 -  1950 nm removed.

The removal of both regions. Wood’s peak and the 0 -H  combination region, allowed a 

better correlation value for 56 excipients, however the improvement was not as good 

compared to when the single Wood’s region was removed. Table 5.2, column ID 

S4 with 1490 -  1580 nm and 1860 -  1950 nm removed.
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Figure 5.16 Shows the differenee between first identification correlation 
values for S4  when challenged against S I  library. Whole 
spectral range used, red, region 1490-1580 nm removed, pink, 
region 1860-1950 nm removed, green, and both 1490-1580 nm 
and 1860-1950 nm removed, blue. (Sorted into ascending 
order for illustrative purposes.)

5.3.7 Identification of ‘Ambiguous’ Materials

For the 25 excipients that failed the internal validation of the SI spectra, further 

identification was required. In accordance with the library development cascading 

procedure suggested in Chapter 4, Maximum Distance in Wavelength Space was used.

Unfortunately for only nine of these excipients were four further batches available as 

required to apply the algorithm. The nine excipients were: cellulose microcrystalline 

(Avicel PH 101), cellulose microcrystalline (Avicel PH 102), guar galactomannan, 

ghatti gum, ceratonia, acacia, sodium starch glycollate, and pregelatinised maize 

starch. All these samples were scanned on instrument 1 and a sub-library of second 

derivative pre-treated spectra created using Maximum Distance in Wavelength Space. 

The best match values and next best match values are recorded in Table 5.3. The 

compounds that failed the criteria set (best match value to the correct compound must 

be less than 3, and next best match value greater than 10) fell into two groups; a)
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cellulose microcrystalline (Avicel PH I01) and cellulose microcrystalline (Avicel 

PH 102) and b) pregelatinised maize starch and dextrin.

Table 5.3 also gives the results for the samples when scanned on the second instrument 

and challenged against the library created using samples from instrument 1. It can be 

seen that all match values for the first identification are considerably larger than those 

of the second match for the first instrument.

With removal of regions 1490 -  1580 nm and 1860 -  1950 nm both individually and 

together there was no difference in the predicted distance or identification made. This 

suggests that the maximum distances are not located within these regions.

From these results it is clear that it is not possible to compare the spectra from the first 

instrument with that scanned on the second instrument, a significant increase was 

detected in the match values.

Table 5.3 Maximum Distance in Wavelength Space results for sub-library 
including challenge of samples from second instrument.

Excipient 

Number Name

Best
match
value

2nd
match
value

Excipient
number

Instrument 2 
validation

1 Acacia 1.256 26.172 6 NS
Acacia 1.300 25.202 6 NS
Acacia 1.299 27.633 6 76.145
Acacia 1.226 26.780 6 NS
Acacia 1.320 26.015 6 NS

2 Cellulose 1.309 11.298 3 66.301
microcrystalline (Avicel 
PHlOl)
Cellulose 1.289 3.863 3 65.015
microcrystalline (Avicel 
PHlOl)
Cellulose 1.291 3.676 3 64.546
microcrystalline (Avicel 
PHlOl)
Cellulose 1.316 3.004 3 69.876
microcrystalline (Avicel 
PHlOl)
Cellulose 1.220 3.508 3 69.995
microcrystalline (Avicel 
PHlOl)

196



Excipient

Number Name

Best
match
value

2nd
match
value

Excipient
number

Instrument 2 
validation

3 Cellulose
microcrystalline (Avicel 
PH102)

1.251 8.099 2 78.172

Cellulose
microcrystalline (Avicel 
PH102)

1.304 14.632 2 79.185

Cellulose
microcrystalline (Avicel 
PH102)

1.321 9.325 2 80.090

Cellulose
microcrystalline (Avicel 
PH102)

1.245 12.517 2 79.444

Cellulose
microcrystalline (Avicel 
PH102)

1.262 11.169 2 80.087

4 Ceratonia 1.318 18.646 7 NS
Ceratonia 1.318 19.547 7 NS
Ceratonia 1.291 18.268 7 NS
Ceratonia 1.317 23.250 7 NS
Ceratonia 1.250 18.897 7 50.142

5 Dextrin 1.321 25.898 8 NS
Dextrin 1.303 9.920 8 20.905
Dextrin 1.199 10.417 8 NS
Dextrin 1.282 - 8 NS
Dextrin 1.309 - 8 NS

6 Ghatti gum 1.296 34.035 4 37.953
Ghatti gum 1.228 37.109 4 NS
Ghatti gum 1.314 35.196 4 NS
Ghatti gum 1.316 34.556 4 NS
Ghatti gum 1.253 36.675 4 NS

7 Guar galactomannan 1.259 16.888 4 NS
Guar galactomannan 1.210 14.858 4 NS
Guar galactomannan 1.308 13.071 4 NS
Guar galactomannan 1.306 17.497 4 NS
Guar galactomannan 1.235 11.612 4 54.377

8 Pregelatinised maize 
starch

1.223 9.723 5 41.738

Pregelatinised maize 
starch

1.234 6.946 5 NS

Pregelatinised maize 
starch

1.129 - 5 NS

Pregelatinised maize 
starch

1.299 11.287 5 NS

Pregelatinised maize 
starch

1.322 8.259 5 NS

9 Sodium starch glycollate 1.319 48.261 8 39.228
Sodium starch glycollate 1.290 62.893 8 40.697
Sodium starch glycollate 1.244 51.046 8 40.558
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Excipient Best 2nd Excipient Instrument 2

Number Name match match number validation
value value

Sodium starch glycollate 1.224 58.348 8 40.695
Sodium starch glycollate 1.278 57.573 8 39.897

NS indicates that the sample was not scanned on second instrument

5.3.8 Multiple Batch Library (10 Excipients)

For ten o f the most common excipients five different batches were scanned on 

instrument 1 to give set S5. The mean of four batches for each excipient was used to 

construct the library and the fifth batch used for external validation.

Internal library validation showed that apart from cellulose microcrystalline PHlOl 

and PH I02 all the compounds could be easily discriminated, Figure 5.17.

198



X
CL

1
<
0)
C

1tfl
o
E
< u
(AO
3
05ü

CN0
X
CL

1 
<
(U

î
g-
2O
E
0)(/)
o
3
Ô5O
(N

E
3

E(/)
d)(/)
o
05
Ê
Sto
2
O
ET

2
■o

(T3

CL
(OOx:
Q .

E
3
O
S
o
(O

E
b

%
o
3

Ô)O
1:
2
Q .

2
•o
X
un

B
2TJ
O
C
o
E
CDto
gm
_ j

co

B
2
s(/)
E
3
CO
d)
CO)co

00

d)c
o
■g
B
oT

I
8
O)
o

E
3
y
œ
o

1 1.00

2 1.00 1.00

3 0.72 0.71 1.00

4 0 .20 0.20 0.26 1.00

5 0.24 0.24 0.32 0.13 1.00

6 0.21 0.21 0.23 0.43 0.16 1.00

7 0.02 0.02 0.02 0.04 0.28 0.10 1.00
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Figure 5.17 Correlation values for internai library validation of S5
spectra. Those highlighted in red failed the identification 
criteria set.

As previously mentioned, microcrystalline cellulose grades Avicel PHlOl and PH 102 

are essentially the same chemical, but graded on particle size alone. Avicel PHlOl has 

a mean particle size of 50 pm and Avicel PH 102 has a mean particle size of 100 pm. 

The raw spectra show differences in peak height. However, batch to batch variation 

causes overlaps in the void between the spectra of the different grades. Figure 5.18. 

Therefore, it was no surprise that these materials could not be discriminated from one 

another.
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Figure 5.18 Mean absorbance spectra of cellulose microcrystalline Avicel 
PH 101 (blue) and Avicel PH102 (red) from instrument 1.

The results o f the external validation can be seen in Table 5.4. As with the internal 

validation apart from cellulose microcrystalline P H I01 and PH 102 no problems were 

found.

Exactly the same five different batches for the ten different excipients were measured 

on instrument 2 approximately one week after S3 had been measured —  set S6. 

Challenging S6 spectra against the S3 library gave the correlation values shown in 

Table 5.2, column S6 best correlation match. The process was repeated with the 

removal o f wavelength range 1490 -  1580 nm. These results are shown in Table 5.5.
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Table 5.4 Correlation values for external validation samples from S5  and S6  
when challenged against a library created from S5.

No Excipient 55 56
Best
correlation 
match, r(A)

Next best 
correlation 
match, r(B)

Best
correlation 
match, r(C)

Next best 
correlation 
match, r(D)

1 Cellulose
microcrystalline Avicel 
PHlOl

0.9999 0.9997(2) 0.9926(2) 0.9905(1)

2 Cellulose
microcrystalline Avicel 
PH102

0.9998 0.9992(1) 0.9924 0.9900(1)

3 Croscarmellose sodium 0.9993 0.9493(10) 0.9894 0.9438(10)
4 Dibasic calcium 

phosphate dihydrate
0.9996 0.4186(6) 0.9948 0.3994(6)

5 Hydroxypropyl cellulose 0.9998 0.4565(9) 0.9971 0.4698(9)
6 Lactose monohydrate 0.9991 0.4353(4) 0.9953 0.4486(4)
7 Magnesium stearate 0.9992 0.2880(5) 0.9974 0.2918(5)
8 Mannitol 0.9978 0.3615(5) 0.9966 0.3680(5)
9 Povidone 0.9998 0.5798(10) 0.9969 0.5632(10)
10 Sodium starch glycollate 0.9978 0.9335(3) 0.9904 0.9217(3)

Number in parentheses indicates the Excipient number.

Table 5.5 Correlation values for S5  and S6  validation spectra when challenged 
against a library created from S5  with the removal of wavelength 
range 1490-1580 nm.

No Excipient 55 56
Best
correlation 
match, r(E)

Next best 
correlation 
match, r(F)

Best
correlation 
match, r(G)

Next best 
correlation 
match, r(H)

1 Cellulose
microcrystalline Avicel 
PHlOl

0.9999 0.9998(2) 0.9984 (2) 0.9982 (1)

2 Cellulose
microcrystalline Avicel 
PH102

0.9998 0.9995(1) 0.9981 0.9976(1)

3 Croscarmellose sodium 0.9993 0.9495(10) 0.9974 0.9491(10)
4 Dibasic calcium 

phosphate dihydrate
0.9996 0.4133(6) 0.9982 0.4020(6)

5 Hydroxypropyl cellulose 0.9998 0.4566(9) 0.9979 0.4715(9)
6 Lactose monohydrate 0.9993 0.4309(4) 0.9970 0.4454(4)
7 Magnesium stearate 0.9992 0.2896(5) 0.9984 0.2924(5)
8 Mannitol 0.9978 0.3680(5) 0.9977 0.3753(5)
9 Povidone 0.9998 0.5791(10) 0.9987 0.5663(10)
10 Sodium starch glycollate 0.9978 0.9337(3) 0.9964 0.9304(3)

Number in parentheses indicates the Excipient number.
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With the region 1490 -  1580 nm removed, correlation values increased for both the 

best correlation matches and for the next best correlation matches. However, the 

difference between correlation matches between instruments reduced showing that the 

spectra are more comparable to each other. Table 5.6. This confirms that the Wood’s 

peak, anomaly found in the RCA setup, is an instrumental characteristic and hinders 

the direct transfer o f spectral libraries.

Table 5.6 Summary of difference between correlation values between different 
instruments when the whole wavelength range is used and when the 
region 1490 -  1580 nm is removed.

Number Excipient

1100-

Wavelength range used
1100- 1490, 1580- 

2498 nm 2498 nm
Ar Best
correlation
match
('•(A) -  /'(C))

Ar Next 
best
correlation 
match (r(B) 
“  f(D))

Ar Best 
correlation 
match (r(E) 
“  /"(G))

Ar Next 
best
correlation 
match (r(F)
-  /"(H))

1 Cellulose
microcrystalline Avicel 
PHlOl

0.0073 0.0092 Incorrect
match

Incorrect
match

2 Cellulose
microcrystalline Avicel 
PH 102

0.0074 0.0092 0.0017 0.0019

3 Croscarmellose sodium 0.0099 0.0505 0.0011 0.0004
4 Dibasic calcium 

phosphate dihydrate
0.0048 0.0192 0.0014 0.0113

5 Hydroxypropyl cellulose 0.0027 -0.0133 0.0019 -0.0149
6 Lactose 0.0038 -0.0145 0.0023 -0.0145
7 Magnesium stearate 0.0018 -0.0038 0.0008 -0.0028
8 Mannitol 0.0012 -0.0065 0.0001 -0.0073
9 Povidone 0.0029 -0.0166 0.0011 0.0128
10 Sodium starch glycollate 0.0074 0.0118 0.0014 0.0033

N.B. T(a), r(B), r(C), r(D), (̂e), (̂f), (̂g) and r(H) refer to values in Table 5.4 and 5.5.
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5.4 CONCLUSION

The identification o f 83 common pharmaceutical excipients from a library containing 

108, using only second derivative spectra and Correlation in Wavelength Space can be 

easily identified on a stand alone Foss 6500 spectrophotometer with RCA attachment.

Repeat analysis o f the same samples on the RCA after three months highlighted 

regions of the spectrum, above 1924 nm, that were clearly affected by time with 

increases in noise.

The difference between correlation values obtained when challenging the samples 

spectra associated with the same 83 excipients measured on a second instrument to the 

original spectral library showed small variations. Five excipients were removed due to 

failing the identification criteria set. The removal of Wood’s peak proved 

advantageous and allowed more comparable correlation values for the first 

identification between instruments.

A second identification method. Maximum Distance in Wavelength Space, was 

necessary to identify a further 25 excipients. Only nine could be further analysed 

because of the limiting number of samples available. Maximum Distance in 

Wavelength Space was much more prone to instrument specific variation than 

Correlation in Wavelength Space with differences in the photometric scale preventing 

positive identifications.

For a smaller library of 10 excipients, when challenging the same validation samples 

scanned on the second instrument against the first instrument library a better 

correlation value was obtained when removing just the Wood’s peak.

This chapter has highlighted the importance of removing instrumental artefacts from 

the spectra recorded if transfer is to be accomplished.
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6 TRANSFERABILITY OF NIR SPECTRA 
BETWEEN TWO FOURIER TRANSFORM 
INSTRUMENTS

6.1 INTRODUCTION

The vast majority of new NIR spectrometers use Fourier transforms (FT) technology 

(Chapter 1). However, there can still be considerable variations between different 

manufacturers.

The object of this study is to transfer a spectral library between two FT instruments 

from different manufacturers.

Initial problems arise on the mere collection o f spectra, where the resolution between 

instruments o f a different manufacturer can vary; this causes the number o f data points 

that make up a spectrum to vary.

The second biggest problem encountered is the way in which the spectra are saved. 

Each manufacturer, understandably, saves the spectra recorded on their instrument 

electronically in different file formats from one another. This means that no spectrum 

from a second instrument manufacturer can be imported into the specific software 

from the first manufacturer. Although most software packages provided with 

instruments have the ability to create quantitative and qualitative methods with their 

own spectra, facilities to transfer between instruments is not provided for. The only 

alternative is to export spectra from all manufacturer specific software and create 

quantification or qualification methods using independent third party software. It is 

only recently that the likes of ThermoFisher Scientific have collaborated with CAMO 

Ltd. and are configuring their software so that a widely used universal chemometrics 

package is now supported by a leading instrument manufacturer, allowing for 

importation of various file formats. Other leading instrument manufacturers are 

following suit and providing links to chemometric software packages to enable easier 

data transfer.
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6.2 METHODOLOGY

6.2.1 NIR Instrumentation

For this study transfer will be investigated between the Bran+Luebbe Infraprover 

(Section 2.2.4) and a PerkinElmer Identicheck (Section 2.2.2), both instruments were 

fitted with a reflectance accessory.

6.2.2 NIR Analysis

Spectra of 53 different compounds were recorded with between eight and ten different 

batches of each compound Table 2.1, code #4a. Each batch was presented in a type A 

vial (Section 2.1.3). The spectrum used was the mean of triplicate scans. All spectra 

were converted to .jdx files using in-house software, JCAMP.

6.2.3 Library Development

A library was created of second derivative spectra (11 point second order Savitzky- 

Golay filter) from the Bran+Luebbe instrument. Correlation in Wavenumber Space 

was used as the identification algorithm with the criteria set so that a positive 

identification was made when the first identification was to the correct compound, 

giving a correlation value greater than 0.90, and the next closest correlation match had 

a correlation value greater than 0.1 different.

6.3 RESULTS AND DISCUSSION

6.3.1 Instrument Comparisons

Details of the specifications of the two instruments used are given in Table 2.3.

The PerkinElmer Identicheck has a scan range of 4000 to 10000 c m '\  Data points are 

recorded at 2 cm~  ̂ intervals giving a total o f 3001 data points for each spectrum. The 

Bran+Luebbe had a slightly smaller range: 4008 to 9996 cm~  ̂ and data points were 

recorded at 12 cm~  ̂ intervals giving a total of 500 data points for each spectrum.
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Both instruments had a resolution of 16 cm

A number of differences in the spectrum of the same sample measured on the two 

instruments are observed. Figure 6.1a shows the spectra for the mixed oxides 

wavelength standards. Despite both instruments using a PTFE reflectance standard 

there are some small differences in the baselines. Other differences can be more easily 

seen in Figure 6.1b which shows an expanded display of a small spectral region. 

There is better peak definition when using the PerkinElmer instrument — a 

consequence of the smaller data interval for this instrument. It can be seen in Figure 

6.1b that there is a split peak at approximately 6780 cm~' and again at 6850 cm”' when 

using the PerkinElmer instrument, these peaks are not separated when measured on the 

Bran+Luebbe instrument.

g 025

Wavenumber cm-t a)

6000 6100 6200 6400 6500 6600 6700
Wavenumber cm-1

6600 6900

b)

Figure 6.1 a) Absorbance spectra of the NIST wavelength standards when 
measured on the PerkinElmer (blue) and Bran+Luebbe (red), 
instruments, b) highlighted region of a) showing improved peak 
definition when using the PerkinElmer instrument.
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6.3.2 Changing the Number of Data Points

All chemometric methods for comparing spectra assume that the spectra cover the 

same wavelength range and have the same number of data points.

As the PerkinElmer instrument covers the range 4000 to 10000 cm~  ̂ with 3001 data 

points and the Bran+Luebbe instruments covers the range 4008 to 9996 cm~  ̂ with 500 

data points there is a need to bring all spectra to some common format. It is generally 

unwise to extrapolate data outside the measured range, hence the range measured by 

the Bran+Luebbe instrument was used. The data point interval also needs to be 

adjusted, either by increasing the number of data points in the Bran+Luebbe spectra or 

by decreasing the number in the PerkinElmer spectra. It was decided to decrease the 

number of data points in the PerkinElmer spectra to give a data interval of 12 cm”*.

Cubic spline interpolation was used to transform the PerkinElmer spectra into the 

equivalent o f Bran+Luebbe spectra (program CUBIC). Figure 6.2a shows the spectra 

of the mixed oxide wavelength standards for the transformed PerkinElmer spectrum 

with that of the original spectrum. Figure 6.2c compares the transformed PerkinElmer 

spectra with that measured on the Bran+Luebbe. Figure 6.2b shows a reduced region 

of the mixed oxide wavelength standards for the transformed PerkinElmer spectrum 

with that o f the original spectrum. Figure 6.2d compares a reduced region of the 

transformed PerkinElmer spectra with that measured on the Bran+Luebbe. It is clear 

that the PerkinElmer original and transformed spectra are extremely similar with only 

slight differences at the peak maximum. The difference is not large enough for the 

transferred spectra to compare well with that o f the Bran+Luebbe spectra. Peak 

definition is considerably better with the PerkinElmer spectra irrespective of the 

applied transformation.
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Figure 6.2 a) spectra of the mixed oxide wavelength standards for the
transformed PerkinElmer spectrum with that of the original 
spectrum, b) Reduced wavelength range, e) compares the 
transformed PerkinElmer spectra with that measured on the 
Bran+Luebbe d) reduced wavelength range. Red, PerkinElmer 
500 data points, green, PerkinElmer 3001 data points, blue, 
Bran+Luebbe.

6.3.3 Direct Library Transfer

For 53 compounds the spectra of between eight and ten different batches was measured 

on both the PerkinElmer and Bran+Luebbe instruments. The mean spectrum for each 

compound was calculated. A library was created of the second derivative mean batch 

spectrum (11 point second order Savitzky-Golay filter) from each compound measured 

on the Bran+Luebbe instrument.

Correlation in Wavenumber Space was used as the identification algorithm. The 

criteria set were such that a positive identification was made when the first 

identification was to the correct compound, giving a correlation value greater than 

0.90, and the next closest compound had a correlation value of greater than 0.1 in 

difference.

6700 6800 6900 7000
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O f the 53 compounds contained in the library only 24 were correctly identified and 

passed the specification set, Table 6.1. The remainder fell into seven groups of closely 

related compounds. This was as expected from the chemical structures and results of 

Chapters 4 and 5.

For ease o f interpretation, only the 24 compounds that passed the identification criteria 

using the Bran+Luebbe library were taken forward for further analysis. For

compounds that were ambiguous in the original library, initial assessment of

transferability was considered complex when these compounds were included. Not 

only would factors relating to instrument variation arise but also relationships between 

other compounds in the same library.

The spectra of these 24 compounds from the PerkinElmer instrument (after treatment) 

were challenged against the Bran+Luebbe library. The correlation values are given in 

Table 6.1. It can be seen that the overall trend is a decrease in correlation value, with 

values ranging from 0.90 to 0.98.

Two compounds failed the identification criteria, paracetamol and methyl

hydroxybenzoate with correlation values of 0.89 and 0.85 respectively. The general 

decrease in correlation value suggests that differences exist in the wavelength scale; 

note, correlation is not affected by differences in peak height/size. Close examination 

o f the spectra of paracetamol Figure 6.3, and methyl hydroxybenzoate. Figure 6.4, 

reveal wavelength shifts between the two instruments.
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Table 6.1. Correlation values and common groups for spectra scanned on the 
PerkinElmer instrument and challenged against a library created 
using spectra from the Bran+Luebbe instrument.

Compound ID from Correlation value of

Bran+Luebbe PerkinElmer spectra

Aspirin Passed 0.959

Butyl hydroxybenzoate Passed 0.957

Calcium sulphate dihydrate Passed 0.977

Cellulose acetate phthalate Passed 0.955

Cellulose microcrystalline Passed 0.956

Cycloserine Passed 0.934

Dextrates Passed 0.973

Dirthromycin Passed 0.971

Ethyl hydroxybenzoate Passed 0.904

Eudragit LI 00-55 Passed 0.953

Fluoxetine hydrochloride Passed 0.907

Gelatin Passed 0.982

Glucono delta lactone Passed 0.950

Imidurea Passed 0.970

Lactose monohydrate Passed 0.961

Lactose anhydrous granular Passed 0.954

Methyl hydroxybenzoate Passed 0.852

Olanzapine Passed 0.940

Penicilliamine Passed 0.931

Paracetamol Passed 0.892

Propyl hydroxybenzoate Passed 0.908

Raloxifene hydrochloride Passed 0.932

Sodium gluconate Passed 0.963

Talc Passed 0.905

Hydroxypropyl methyl cellulose 5 G1

Hydroxypropyl methyl cellulose 15 G1

Povidone 90F G2

Povidone G2

Polyethylene glycol grade 3350 G3
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Compound ID from Correlation value of

Bran+Luebbe PerkinElmer spectra

Polyethylene glycol G3

Hydroxyethyl cellulose 250HHX G4

Hydroxy ethyl cellulose 250HX G4

Hydroxyethyl cellulose 250G G4

Eudragit L I00 G5

Eudragit S I00 G5

Eudragit REPO G6

Eudragit RSPO G6

Acacia G7

Agar G7

Carrageenan G7

Croscarmellose sodium G7

Dextrin G7

Ghatti gum G7

Guar gum G7

Ceratonia G7

Maize starch Pregelatinised G7

Maltodextrin G7

Sodium starch glycollate G7

Starch flowable G7

Starch flowable with 0.96% silicone G7

Tragacanth G7

Xanthan gum G7

It is also obvious that there are differences between the sample spectra o f the same 

compound when scanned on the two different instruments in the absorbance scale. 

These differences are mainly due to baseline shifts and largely removed when the 

second derivative spectra are calculated. Note: Correlation in Wavelength Space is in

sensitive to differences in absorbance scale, it is the ratio of peak heights between the 

two spectra which is important.
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Figure 6.3 a) Absorbance spectra for paracetamol scanned on the
PerkinElm er (blue) and the Bran+Luebbe (red), b) second 
derivative pre-treated  spectra and c) a reduced region 
illustrating the peak shifting.
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derivative p re-treated  spectra and c) a reduced region 
illustrating the peak shifting.
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6.3.4 Effect of Wavenumber Shifts

Since the spectra measured on the Bran+Luebbe instrument were used to construct the 

library, several fixed wavenumber shifts were applied to the PerkinElmer spectra using 

cubic spline interpolation. The adjusted spectra were then challenged against the 

Bran+Luebbe original library. This was performed for shifts of 0, 2, 4, 6, 8, 10 12 and 

14 c m '\  The new correlation values are given in Table 6.2.

Table 6.2. Comparison of correlation values for PerkinElmer spectra shifted by 
various wavenumbers and challenged against Bran+Luebbe original 
library. Values in bold indicate best correlation match.

Compound
0 -2

Wavenumber shift cm  ̂
—4 —6 —8 —10 -12 -14

A Acetylsalicylic acid 0.959 0.976 0.986 0.990 0.987 0.976 0.955 0.938

B Butyl hydroxybenzoate 0.957 0.973 0.981 0.982 0.974 0.957 0.944 0.932

C Calcium sulphate dihydrate 0.977 0.988 0.993 0.994 0.991 0.982 0.979 0.971

D Cellulose acetate phthalate 0.955 0.972 0.984 0.990 0.990 0.984 0.973 0.956

E Cellulose microcrystalline 0.956 0.972 0.984 0.992 0.996 0.995 0.991 0.982

F Cycloserine 0.934 0.957 0.975 0.986 0.988 0.980 0.965 0.944

G Dextrates 0.973 0.979 0.978 0.975 0.970 0.964 0.952 0.947

H Dirthromycin 0.971 0.984 0.991 0.992 0.987 0.985 0.980 0.976

I Ethyl hydroxybenzoate 0.904 0.931 0.951 0.966 0.973 0.972 0.961 0.942

J Eudragit L I00-55 0.953 0.970 0.982 0.990 0.992 0.990 0.984 0.972

K Fluoxetine hydrochloride 0.907 0.935 0.958 0.977 0.987 0.988 0.979 0.965

L Gelatin 0.982 0.989 0.994 0.995 0.994 0.989 0.982 0.976

M Glucono delta lactone 0.950 0.964 0.972 0.974 0.970 0.959 0.947 0.937

N Imidurea 0.970 0.984 0.992 0.995 0.993 0.986 0.973 0.965

0 Lactose monohydrate 0.961 0.976 0.986 0.991 0.990 0.984 0.972 0.963

P Lactose anhydrous granular 0.954 0.970 0.982 0.990 0.992 0.989 0.982 0.970

Q Methyl hydroxybenzoate 0.852 0.926 0.955 0.976 0.988 0.989 0.981 0.964

R Olanzapine 0.940 0.959 0.972 0.981 0.979 0.967 0.947 0.920

S Penicilliamine 0.931 0.951 0.968 0.981 0.986 0.984 0.977 0.966

T Paracetamol 0.892 0.925 0.951 0.971 0.983 0.987 0.980 0.966
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U Propyl hydroxybenzoate 0.908 0.942 0.967 0.984 0.992 0.991 0.981 0.961

V Raloxifene hydrochloride 0.932 0.952 0.967 0.976 0.979 0.978 0.972 0.961

W Sodium gluconate 0.963 0.981 0.991 0.994 0.990 0.980 0.968 0.955

X Talc 0.905 0.940 0.965 0.978 0.981 0.979 0.973 0.959

An improved correlation was generally observed for a wavenumber shift o f 6 to 8 

cm~^ The optimum value varied slightly from one compound to another suggesting 

that the wavenumber shift between the two instruments was not constant, but varied 

with wavenumber.

To investigate the variation of wavenumber shift across the spectral range the position 

of all the major peaks in the spectra o f 24 compounds (A to X, Table 6.2) were 

compared for the two instruments. The positions of the negative going peaks in the 

second derivative spectra were used. Only well defined peaks with an intensity of 25% 

or more than the most intense peak in the spectrum was selected. Peak positions were 

located using the program PEAK which fit a quadratic equation to three data points 

encompassing a peak and then calculates the exact position of the minimum (i.e. 

negative going peak). Care was taken to make sure that the same peaks in the 

PerkinElmer and Bran+Luebbe spectra were being compared before calculating the 

differences. Table 6.3.
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Table 6.3 Peak positions for peaks that have greater than 25% of the absorbance of the baseline, when scanned on the
Bran+Luebbe instrument (top value) and the PerkinElmer instrument (bottom value). The difference between peak 
positions is also given.

Compound Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10 Peak 11 Peak 12 Peak 13

Acetylsalicylic acid 8851.8 6033.0 5805.1 4665.4 4420.7 4143.7

8857.9 6036.8 5807.6 4670.8 4429.1 4152.4

Difference —6.1 —3.8 —2.5 -5 .4 -5 .4 -8 .7

Butyl 6025.6 5072.8 4972.3 4844.5 4739.8 4370.0 4072.2

hydroxybenzoate 6024.7 5074.3 4975.1 4848.3 4743.3 4378.2 4075.6

Difference 0.9 —1.5 -2 .8 —3.8 —3.5 -8 .2 -3 .4

Calcium sulphate 6912.2 5146.0 5031.3 4123.1

dihydrate 6916.3 5150.7 5037.5 4135.2

Difference -4.1 -4 .7 —6.2 -12.1

Cellulose acetate 5996.7 5810.0 5220.1 4661.6 4430.7 4318.3

phthalate 6006.1 5813.6 5224.4 4666.1 4440.0 4329.5

Difference -9 .4 —3.6 -4 .3 -4 .5 -9 .3 -11.2

Cellulose 5198.9 4749.5 4393.5 4269.3 -

microcrystalline 5204.9 4754.0 4402.9 4281.2 4066.3

Difference —6.0 -4 .5 -9 .4 -11.9 -
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Compound Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10 Peak 11 Peak 12 Peak 13

Cycloserine 5881.0

5884.4

4396.9

4403.6

4304.7

4316.3

4115.0

4126.4

Difference -3 .4 —6.7 —11.6 -11.4

Dextrates 8411.4 7333.9 6727.7 6321.2 5786.2 5622.5 5067.4 4824.3 4698.0 4393.9 4310.3 4207.6 4070.1

8406.0 - 6722.4 6312.9 5781.8 5617.1 5066.3 4824.6 4701.1 4397.7 4314.2 4218.6 4071.8

Difference 5.4 - 5.3 8.3 4.4 5.4 1.1 —0.3 —3.1 —3.8 -3 .9 -1.1 -1 .7

Dirthromycin 6909.8 6534.3 5926.8 5803.7 5232.6 4898.0 4798.1 4421.5 4340.9

6913.5 6537.5 5928.7 5807.5 5236.5 4904.4 4803.2 4434.1 4349.3

Difference -3 .7 —3.2 -1 .9 —3.8 -3 .9 —6.4 —5.1 -12.6 -8 .4

Ethyl 8793.0 8440.9 5978.4 5932.6 5792.3 4656.7 4425.1 4333.3 4072.0

hydroxybenzoate 8799.3 8446.3 5988.1 5933.4 5797.0 4664.5 4436.7 4343.1 4075.8

Difference —6.3 -5 .4 -9 .7 -0 .8 -4 .7 -7 .8 -11.6 -9 .8 —3.8

Eudragit L I00-55 5941.4

5945.6

5785.7

5791.5

5219.9

5224.5

4427.9

4438.3

4342.7

4351.7

4072.8

4074.3

Difference -4 .2 -5 .8 —4.6 -10.4 -9 .0 —1.5

Fluoxetine 5986.6 4653.7 4427.6 4282.6 4068.8

hydrochloride 5990.9 4660.5 4439.5 4294.3 4071.6

Difference -4 .3 —6.8 -11.9 -11.7 -2 .8
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Compound Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10 Peak 11 Peak 12 Peak 13

Gelatin

Difference

6680.6 5923.7

5927.2

—3.5

5771.2

5775.6

-4 .4

5202.1

5206.7

—4.6

4877.4

4882.7

—5.3

4591.2

4602.1

-10.9

4390.1

4400.6

-10.5

4070.5

Glucono delta lactone 

Difference

6718.1

5182.0

5186.2

-4 .2

4881.0

4890.1 

-9 .1

4795.4

4802.1

—6.7

4576.6

4400.0

4292.0

4298.8

—6.8

Imidurea

Difference

5198.1

5203.2 

—5.1

5044.5

5049.9

-5 .4

4875.3

4883.5

-8 .2

4557.4

4566.4 

-9 .0

4419.1

4428.0

-8 .9

Lactose monohydrate 

Difference

5165.2

5170.3 

-5.1

4788.0

4796.6

-8 .6

4396.9

4405.9 

-9 .0

4227.2

4237.4

-10.2

Lactose anhydrous

granular

Difference

4849.5

4855.2

-5 .7

4726.6

4733.6 

-7 .0

4389.7

4400.3

-10.6

4326.9

4336.4

-9 .5

4216.5

4228.9

-12.4

Methyl

hydroxybenzoate

Difference

6010.3

6014.0

—3.7

4662.6

4669.8

-7 .2

4451.0

4459.2

-8 .2

4171.3

4185.1

-13.8

4067.9

4070.6

-2 .7
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Compound Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10 Peak 11 Peak 12 Peak 13

Olanzapine

Difference

8772.9 5975.2

5978.9

—3.7

5868.6

5871.3

-2 .7

5749.4

5754.3

-4 .9

4735.3

4741.1

—5.8

4623.6

4628.4

-4 .8

4395.9

4401.9 

-13.2

4320.5

4330.0

-9 .5

4204.8

4215.6

-10.8

4093.8

4107.7

-13.9

Penicilliamine

Difference

5915,8

5917.2

-1 .4

5752.9

5756.0

—3.1

4804.2

4811.8

-7 .6

4360,0

4369.7

-9 .7

4146.2

4159.2 

-13.0

4071.4

4073.0

—1.6

Paracetamol

Difference

6097.0

6099.3

—2.3

5985.1

5990.0

-4 .9

4951.8

4965.8 

-14.0

4911.6

4916.1

-4 .5

4641.8 4412.5

4420.8

—8.3

4295.7

4305.7 

-10.0

4178.1

4189.7

—11.6

4068.6

4071.4

-2 .8

Propyl

hydroxybenzoate

Difference

5909.1

4656.4

4661.2

-4 .8

4523.3

4532.7

-9 .4

4408.6

4419.9

—11.3

Raloxifene

hydrochloride

Difference

5984.7

5988.7 

-4 .0

4638.9

4645.7

—6.8

4404.4

4413.2

-8 .8

4338.7

4293.7

4304.4

-10.7

4071.5

4082.2

-10.7

Sodium gluconate 

Difference

6908.7

6912.8 

-4.1

4896.0

4902.2

—6.2

4733.2

4740.1

-6 .9

4417.8

4426.6

-8 .8



Compound Peak 1 Peak 2 Peak 3 Peak 4 Peak 5 Peak 6 Peak 7 Peak 8 Peak 9 Peak 10 Peak 11 Peak 12 Peak 13

Talc 7176.9 4327.2 4184.9

7181.5 4337.1 4198.2

Difference “ 4.6 -9 .9 “ 13.3

K
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Figure 6.5 Difference between peak positions of spectra measured using 
the same samples on the PerkinElmer and the Bran+Luehhe. 
(Letters refer to compounds in Table 6.2)

Figure 6.5 shows a plot of wavenumber differences (BL-PE) verses peak positioning 

the Bran+Luebbe spectrum. For most compounds a general negative shift is observed, 

the magnitude of the shift decreasing with increasing wavenumber. The nature of the 

NIR spectra are such that relatively few peaks are observed at high wavenumber 

making a true assessment of shift is difficult. Though applying a fixed wavenumber 

shift to the PerkinElmer spectra to bring them into line with the Bran+Luebbe spectra 

is clearly an over simplification, it should be noted that the shift is still less than a 

single data point — a more complex correction seems unjustified.

The two compounds (methyl hydroxybenzoate and paracetamol) which failed the 

identification criteria on direct transfer both passed when the spectra were 

wavenumber shifted by 10 cm"'. The correlation for all compounds, apart from the 

dextrates, improved with a shift of 10 cm"'.
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6.4 CONCLUSION
Even transfer between two FT instruments using similar reflectance standards (PTFE) 

still presented problems. After transformation to bring the spectra to a common 

spectral range and number of data points it was still necessary to correct for 

wavenumber shifts between the two instruments to achieve optimum correlation 

values.
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EFFECTS OF STRAY RADIATION ON 
TRANSFER OF SPECTRA

7.1 INTRODUCTION

In previous chapters transfer has been attempted with varying success. For a small 

identification library containing only ten excipients with considerably different spectra, 

direct transfer was successfully accomplished between two dispersive spectrometers 

from the same manufacturer.

The identification algorithm, Correlation in Wavelength Space, was proven to be 

adequate enough to identify all compounds. The removal o f instrument specific 

artefacts i.e. Wood’s peak, from the wavelength range improved compatibility of 

correlation values between instruments.

For a larger more diverse library, transfer between instruments using FT technology 

but from different manufacturers was attempted. This proved more difficult.

It was clearly shown that the spectra o f the same sample measured on two different 

instruments are not identical. There is obviously a need to go back to basics and try to 

understand what is causing these differences and so preventing transfer.

There are a number of possibilities which could introduce problems when attempting 

transfer:

• Wavelength errors

• Photometric scale errors

• Band pass errors

• Stray radiation/specular radiation

• Differences in reflectance standards

Although differences in peak positioning exist between spectra scanned on different 

instruments, it has become extremely obvious that differences in the photometric scale
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for the same sample scanned on different instruments is also hindering transfer. The 

same differences are not observed between different compounds. It would be 

impractical to apply a different correction method specific to every library entry. An 

approach based on scanning a suitable example set of the compounds on both 

instruments is required. This construction approach would be time consuming and 

effectively a library could be recreated using the transfer sample spectra from the 

second instrument. This method has been successfully demonstrated for transfer of 

quantitative methods. Therefore, it is suggested that transfer can effectively be 

accomplished using a set of common standards that cover the photometric range of the 

compounds that will be included in the library and the wavelength or wavenumber 

range of the smallest region scanned.

This chapter will concentrate on differences in reflectance standards and in particular 

the effect that stray radiation has on any spectrum measured.

7.2 THEORY

7.2.1 Relative Reflectance

It is important to be able to describe the difference between instruments in theoretical 

terms of reflectance.

Relative reflectance is a variation on reflectance which takes into account the fact that 

a sample measurement is made with respect to a reference reflector, Figure 7.1.

The reflectance of the sample with respect to the reference reflector can be described 

as:

R = ^  = ̂ x ^  = ^  Equation 7.1

Since
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R = ^  and
L  L

Equation 7.2 a and b

Where Ir is the intensity of the radiation reflected from the standard lo is the intensity 

of the incident radiation and Ix is the intensity of the radiation from the sample, x.

Standard Sample

lo Ir lo  Ix

Figure 7.1 Schematic showing incident radiation and radiation reflected 
from the sample and standard or reference reflector.

Taking logarithms of Equation 7.1:

Therefore

Therefore

= -log jo i?^-(-log ,o  R^)

Equation 7.3 

Equation 7.4 

Equation 7.5

Where Ax,r is the absorbance o f sample x  with respect to reference r, Ax is the 

absorbance (absolute) of sample x  and Ar is the absorbance (absolute) of the reference 

standard.
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7.2.2 Lambertian and Non-Lambertian Reflectors.

A Lambertian reflector is a diffuse reflector that reflects radiation equally in all 

directions.

Real samples or non-Lambertian reflectors will not reflect equally in all directions, as 

a result the same sample will have different observed reflectance values on different 

instruments.

7.2.3 Change of Reflectance Standards —  Single Instrument

If the same sample is measured twice on the same instrument, each time with respect 

to a different reference reflector (standard) the variation in spectra can be easily 

described by adapting Equation 7.2 a and b.

R R
7?̂ ,̂ = R^^2 = Equation 7.6 a and b

K i '

On elimination of Rx ;

K r\  ^ = K r 2 X Equation 7.7

therefore:

Rx r\ = ^xri '^  Equation 7.8

—̂  is the reflectance of r2 with respect to r l ,  this can be calculated based on
^rl

Equation 7.6 a and b which become:

R̂  ̂ = ^  and R ^2 -  ^  Equation 7.9

= Equation 7.10
4 , 4  4 , 4 . ■

•S,,rl = X EqUatlon 7.11
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A.r] -  A,r2 + ^r2,r\ Equation 7.12

This suggests that changing the reflectance standards will cause a baseline shift, which 

is independent of the absolute value of the absorbance. Ar2,ri will, however, be 

wavelength dependent and therefore the spectra measured with respect to different 

standards will not in general be parallel to one another.

7.2.4 Changes of Reflectance Standard —  Two or More Instruments

If this is taken a step a further we can predict the variation that would arise when we 

use two different instruments and therefore two different reference reflectors 

(standards). Figure 7.2.

Instrument 1 Instrument 2

Standard Sample Standard Sample

%  %

Figure 7.2 Schematic showing the variables of the incident radiation, 
radiation from the sample and radiation from the standard, 
from two different instruments.

] T

X = T 7 ^
1/

and R ^ = -r ^  
'L

2t 2t
and ^ R =  '

4  '  ' 4

Equation 7.13 a, b, c and d

Reflectance of the sample, x, relative to the instrument standard is:

R.

R.
x,r2 2R

Equation 7.14 a and b
r2
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So that transfer can be described and to combine these two equations two assumptions 

need to be made:

1. The reflectance of the sample is the same on both instruments

'R .= %

2. The same reflectance value would be obtained if  the standard from 

instrument 1 was measured on instrument 2 and vice versa.

and In 2;

An alternative method of conforming to these assumptions is that the instruments must 

have exactly the same geometry i.e. the position o f the detectors is the same with 

respect to the samples. We will later see that this is not the case.

Using the a s s u m p t io n =^7? ,̂

Therefore:

2 p
'-x ,r \ ^ ' 'x ,r 2  1

And:

R.

^^x,r\- ^x,r2 ^ ^r2,rl

Equation 7.15

Equation 7.16

Equation 7.17

Where Rr2,r] is the reflectance of standard 2 measured with respect to standard 1 on 

either instrument 1 or 2.

In terms of absorbance:

^ Â  — ^ À  4-  À^x.r] ~ ^x.r2 ^  ^r2,r\ Equation 7.18

The assumptions lead to:

and Equation 7.19
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These are critical in the transferability of reflectance measurements between 

instruments.

7.2.5 Definition of Stray Radiation

Stray radiation is defined as any radiation reaching the detector which is not from the 

sample itself.

The effect of stray radiation can be included in the previous Equation 7.2 a and b 

which become:

^  and R f ‘ = Equation 7.20 a and b
/ . + / .  / . + / .

Where is the observed reflectance of the standard, R f '  is the observed reflectance 

of the sample and Is is the stray radiation.

Equation 6.1 therefore becomes:

T 4 - T
Ĵ obs _  L = Equation 7.21

4 + 4  K

And is the relative reflectance of x  with respect to r.

7.2.6 Effect of Stray Radiation

If as before the same sample was measured twice on the same instrument, each time 

with respect to a different reflectance reference the variation in spectra could be 

described by:

= - ^  ^  Equation 7.22 a and b
^r2

The observed reflectance for the sample is the same and can be removed;
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nobs

Equation 7.23

= K % x R Z ,  Equation 7.24

This is similar to Equation 7.11 but the reflectance values are now the observed values. 

The correction is a function of the stray radiation and the difference between 

reflectance values of the reflectance reference.

Stray radiation causes significant complications when two instruments are included. 

Equations 7.13 a, b, c and d now become:

I f  I f  I 1f  , 2 r  I r  , l r
yobs _   ̂ Ifobs _  ^ ^ s 2 nobs _  ^ r2~^ ^ s 2 nobs _  ^ ^ s

Equations 7.25 a, b, c and d

While Equations 6.10 a and b become:

1 nobs 2 nobs
1 nO bs  _  ^ x  2 nobs    ^

~  ] jjobs ^ x , r 2  ~  2 nobs
K̂ 2

‘K°;2 = t ± :7  Equation 7.26 a and b

Since there are no common terms in these equations it is necessary to express each 

term as the true reflectance of the sample jc and standards rl  and r2 (Rri and Rri 

respectively), e.g. 7̂% is written as Rx Îo-

Equations 7.26 a and b become:

' K n  = and Equation 7.27 a and b
' 4 , '4 + '4  ' 4 / 4 + %

Making Rx the subject in both cases gives:

^  '< M ( ^ V 4 + '4 ) - '4  _  ' < 2 (^ . 2 '4 + % ) - %

'4  '4
Equation 7.28 a and b
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Rearranging to make the subject gives:

If and ^ R f  '2 measured for a set o f samples then a plot of vs. ^Rfjj

should give a straight line. For transfer to be successful and ^Is must not change 

between calibration sample and test sample. It also relies on the fact that the samples 

produce Lambertian reflection or the geometry of the instruments are the same, i.e. the 

detectors are in the same positions.

Stray radiation may also come from the specular reflection either from the sample 

stage or the base o f the sample vessel, should this be imperfect such as that of vials A 

and B.

The intensity o f radiation falling on the sample will be lo minus that from the sample 

stage {Iss), the radiation reflected by the sample will then be Rx{Io-Iss)- Since this 

radiation has to pass back through the sample stage the transmittance o f the sample 

stage has to be taken into account. The intensity o f the radiation measured by the 

detector can be written as TRJJq- I ss)- Where T  is the transmittance of the sample stage 

and can be considered equal to (l-/j//o). If the effect of stray radiation from specular 

reflection is taken into account Equation 7.29 becomes, (Figure7.3):

1 nobs _ 2 n o b s  ^x,r\- 1̂/21 2

Equation 7.30
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Sample

Sample stage

Figure 7.3 Schematic showing specular (7 0̂ and stray (/*) radiation 
from the sample stage.

The practicalities o f measuring the amount o f stray radiation is extremely difficult to 

quantify, to define its origin is nigh on impossible.

7.3 RESULTS AND DISCUSSION

7.3.1 Evidence of Stray Radiation

Simple measurement o f nothing on the sample stage gives a measure o f the amount of 

stray radiation. It is more difficult to assign a quantity to this. Figure 7.4 shows the 

spectra of nothing on the stage and the spectra of an empty glass vial type A and B.
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W a v e le n g th  nm

2100 2 3 0 0 2 5 0 0

Figure 7.4 Spectra measured on the Foss 6500 with RCA of an empty 
stage (green) and vial type a (red) and type b (blue) without 
a sample. Spectra were recorded with respect to the 
ceramic.

7.3.2 Comparison of Spectra from Reflectance Standards Measured on Two 
Instruments

FOSS NIRSystems produce photometric standards certified by the National Institute of 

Standards and Technology (NIST) Figure 2.4. These are sintered 

polyhalopolyethylene cakes doped with carbon black to achieve nominal reflectance’s 

of 2, 10, 20, 40, 80 and 99%. They are commonly used as part of the extended FOSS 

instrument performance check and specifically as standards for the PerkinElmer 

Identicheck as part of the instrument performance test. These standards have a 

spectrum with no characteristic absorption bands. The standards were measured on the 

two Foss instrument, Figure 7.5.
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Figure 7.5 Absorbance spectra of FOSS reflectance (2,10, 20, 40, 80, and 
99%) certified by NIST scanned on a) instrument 1 and b) 
instrument 2.

If there was no stray radiation theory predicts that at a given wavelength there should 

be the same difference for all the standards e.g. A(R99, inst 1) -  A(R99, inst 2) = 

A(R80, inst 1) -  A(R80, inst 2), according to Equation 7.19. Figure 7.5 clearly shows 

that this is not the case and therefore stray radiation must exist.
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Figure 7.6 Evidence of stray radiation. Difference between the absorbance 
values for each of the reflectance standards when measured on 
instrument 1 and instrument 2.

If the difference between the absorbance values can be measured using the standards 

then a correction can be applied at each wavelength to compensate for the stray and 

specular radiation differences between the two instruments.

A comparison of reflectance and absorbance between the two instruments at a few 

example wavelengths is give in Figure 7.7. The equations for their corresponding 

linear and polynomial (reflectance only) are given in Table 7.1 and 7.2 respectively.

For reflectance spectra polynomial approximations give better correlation values whilst 

for absorbance spectra linear approximations give better correlation values.
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Figure 7.7 Comparison of reflectance value (a) and absorbance values (b) 
obtained from instrum ent 1 and instrum ent 2 at wavelengths, 
1100 (blue), 1400 (pink), 1700 (yellow), 2000 (red) and 2300 nm 
(green).
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Table 7.1 Linear and polynomial approximations for comparison of
reflectance value obtained from instrument 1 and instrument 2 
at wavelengths, 1100,1400,1700, 2000 and 2300 nm.

Wavelength

(nm)

Linear

approximation

Correlation Polynomial

approximation

Correlation

1100 y = 1.5257X -0.1321 0.9612 y = 0.8711%^ + 

0.06857%-0.0587

0.9965

1400 y = 1.4794%-0.1209 0.9678 y = 0.7488%^ + 

0.7439%-0.053

0.9975

1700 y =  1.4258%-0.1215 0.9746 y = 0.6263%^ + 

0.8008%-0.0618

0.9982

2000 1.3957%-0.1222 0.9786 y = 0.5679%^ + 

0.8335%-0.0686

0.9986

2300 y = 13396%-0.1076 0.9838 y = 0.4663%^ + 

0.8692%-0.0614

0.9990

Table 7.2 Linear approximations for comparison of absorbance value 
obtained from instrument 1 and instrument 2 at wavelengths, 
1100,1400,1700,2000 and 2300 nm.

Wavelength

(nm)

Linear approximation Correlation

1100 y = 1.2442%-0.0987 0.9999

1400 y =  1.2209%-0.0821 0.9999

1700 y =  1.2374%-0.0768 0.9999

2000 y = 1.2541% -  0.0762 0.9999

2300 y =  1.2231%-0.0655 0.9999

It was suggested that at each data point recorded, i.e. wavelength or wavenumber, a 

correction calibration equation can be determined between the ranges of photometries; 

this correction can then be applied to a new sample, effectively correcting for 

instrument specific characteristics and transferring the sample spectra.
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This theory was initially trialled on two instruments of the same type to determine if 

the principle of bringing spectra together would be effective. The photometric 

standards provided the calibration set. A wavelength certification standard is also 

provided and is an equal mix of dysprosium, erbium, and holmium oxide powders. 

Five peaks at 886.5, 975.5, 1261.8, 1681.4 and 1935.5 nm are certified this provided 

the sample spectrum.

When second polynomial calibration equations were calculated between instrument 

one and instrument two then applied to the wavelength certification standard the result 

can be seen in Figure 7.8.
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Figure 7.8 Absorbance spectra of the wavelength certification standard 
corrected with second polynomial calibrations created from 
reflectance standards (green) for transfer from instrument 2 
(red) to instrument 1 (blue).

The corrected instrument two spectrum is considerably more comparable to that of the 

spectrum from instrument one.

When the same transfer calibrations, which worked reasonably well in the transfer of 

the Foss wavelength certification standard, were applied to a sample of eroscarmellose
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sodium presented in a type B vial (Section 2.1.3), the corrected instrument two 

spectrum was clearly worse than that of the original instrument two spectrum, Figure 

7.9.

The same correction equations were applied to exactly the same batch of 

eroscarmellose sodium presented in a vial with a larger diameter, type A vial (Section 

2.1.3), Figure 7.10.

0 .7

0.6

0 .5
Instrum ent 2  spectra  
corrected to a p p e a r  
as instrum ent 10 .4

I■P 0 .3

I< Instrum ent 20.2

0.0 Instrum ent 1

-0.1

-0.2
1100 1 30 0 1 500 1 70 0 1 90 0 2100 2 3 0 0 2 5 0 0

W a v e le n g th  nm

Figure 7.9 Absorbance spectra of eroscarmellose sodium presented in vial 
type B from instrument 1 (blue) and instrument 2 (red) plus 
that corrected using the second polynomial calibrations created 
from the reflectance standards (green).
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Figure 7.10 Spectra of eroscarmellose sodium presented in vial type A on 
instrument 1 (blue) and 2 (red) and that corrected using the 
second polynomial calibrations created from the reflectance 
standards (green).

Again the corrected spectrum from instrument 2 was worse than that of the original 

spectrum from instrument 2 and neither was comparable to that of the spectrum from 

instrument 1.

Transfer may not be truly successful because the detectors of the Foss 6500 in both 

instrument 1 and 2 are arranged in different circular orientations. Two detectors from 

instrument 1 can be seen in Figure 7.11. It clearly shows that the alignment, although 

circular and at 45°, are very different from each other. The replacement detector is 

obviously smaller with the comers of each individual detector meeting whilst the one 

fitted in the instrument has a large distance between opposite detectors. It can also be 

seen that the individual detectors in each are in different rotations, the individual 

detectors in the replacement detectors have the electrical connections at the top and 

bottom, while in the fitted detector the electrical connections are on the left and right 

of each individual detector.
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Figure 7.11 Two detectors from instrument 1. The detector on the right is 
fitted in the attachment while the detector on the left is a 
replacement.

In addition to this the correction calibration equations arc based on presenting the 

standards in ‘perfect presentation vessels’ or Lambertian reflectors. The photometric 

standard vessels are optically flat with a quartz window that covers the entire sample 

stage. The samples of eroscarmellose sodium, on the other hand, are presented in 

inexpensive glass vials that are not optically flat; the process of manufacture causes a 

small dimple generally in the centre of the base. For any other purpose these 

imperfections would be irrelevant.

When we consider transferability theoretically the spectra measured on different 

instruments should only differ by an offset. The offset for ideal reflectance standards 

will be constant and spectra would be parallel to each other. As has been shown in 

practice transferability appears to be much more complex, offset and bias have been 

shown between the Foss photometric standards, and this is almost certainly due to 

stray radiation.

The two intensities of radiation from the two different instruments would vary for the 

same sample. This is a combination of detector orientation and the non-Lambertian 

nature of the reflection. Figure 7.12.
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Figure 7.12 Contours of intensity based on Lambertian (A) and non 
Lambertian (B) radiation reflectors

If the orientation of the detectors is not identical and variation in the base o f the vials is 

large then it is unlikely that the same spectrum would be produced for the same sample 

and transferability is a problem.

7.3.3 Practical Problems with Sample Bottles

The effect on the spectrum of the same sample presented in different sample 

presentation vessels can be seen for a single batch of mannitol. Figure 7.13, lactose, 

Figure 7.14, and cellulose microcrystalline (Avicel PH I01), Figure 7.15, presented in 

the cells and vials, for each sample there are four spectra each o f the same sample but 

rotated by 90°.

As can be seen in every case absorbance is greatest for the vial o f smallest diameter, 

type B, decreasing for vial type A, then standard presentation vessel and finally the 

reflectance cell which has the lowest absorbance. An abnormality occurs at 2220 nm 

for the samples presented in the reflectance cell.

When comparing the spectra of rotated samples it is clear that there are variations 

associated with the orientation in which the sample is presented.
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Figure 7.13 Spectra of a single batch of mannitol presented in vial type B 
(4 ml vial), blue, vial type A (14 ml vial), red, a standard 
presentation cell, green, and a reflectance cell, purple.
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Figure 7.14 Spectra of a single batch of lactose monohydrate presented in 
vial type B (4 ml vial), blue, vial type A (14 ml vial), red, a 
standard presentation cell, green, and a reflectance cell, 
purple.
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Figure 7.15 Spectra of a single batch of microerystalline cellulose (Avicel 
PHlOl) presented in vial type A (4 ml vial), blue, vial type B 
(14 ml vial), red, a standard presentation cell, green, and a 
reflectance cell, purple.

This absorbance variation is to be expected and ean be seen in Figure 7.16 when the 

spectra of six nylon disks of varying diameter were measured. The larger the sample 

diameter the smaller the absorbance value.
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Figure 7.16 Spectra of six nylon disks of varying diameters, 5 mm, blue, 10 
mm, red, 12 mm, green, 15 mm, purple, 20 mm, pink, and 25 
mm, orange. Each diameter disks has three spectra the 
original instrument, spectra from after the detector was 
removed and spectra from after a change in lamp.

7.3.4 Practical Solutions to Transferability Problems

There are two possible practical solutions to this problem. The standards and samples 

must be presented in the same type of vessel. For the best spectral response (i.e. as 

close as possible to Lambertian reflectors) this should be the optically flat quartz 

presentation vessel Type C (Section 2.1.3) However, these are expensive and would 

need to be reused which would introduce a relatively lengthy sample preparation. 

Their size also dictates that more sample would be required. The alternative is to 

present the standards in the same type of vials as the samples. This would introduce 

the variation of the imperfections in the vials in the correction calibration equations, it 

would also allow for a greater number of standards to be produced to cover the 

photometric range expected from the samples. However, it is expected that perfect
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transfer would not be achieved based on the fact that the detectors are not in the same 

position and the non Lambertian reflection o f the sample would affect the spacial 

distribution of the radiation reflected.

It was decided that for the standards to be representative of the samples the inclusion 

of these imperfections should be built into the correction calibration equations. The 

second option also retained some o f the advantages that NIRS has over other 

techniques regarding sample preparation and its independence from specific 

presentation vessels.

A set of standards containing mixtures o f barium sulphate and carbon black were 

prepared so that reflectance’s ranged evenly from pure samples of each. Intermediate 

standards were selected by making a homogeneous mixture containing very little 

carbon black initially and measuring the spectrum in two vial types, A and B. These 

were sealed and more carbon black added to the remaining barium sulphate. A new 

spectrum was measure of the new mixture and the reflectance adjusted accordingly. 

This process was repeated until the spectrum of 15 standards covered the photometric 

range with relatively even distribution. All standards were measured on both 

wavelength dispersive instruments, Figure 7.17 and 7.18.
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Figure 7.17 Absorbance spectra of 15 photometric standards presented 
vial type B on a) instrument 1 and b) instrument 2.
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Figure 7.18 Absorbance spectra of 15 photometric standards presented in 
vial type A on a) instrument 1 and b) instrument 2.

The spectra o f each o f the sets o f standards, whether presented in vial type A or B are 

relatively evenly distributed when scanned on instrument 1. The photometric 

distribution on instrument 2 is not so even. When using vial type B the spectra from 

instrument 2 for standards 3 and 4 are in fact in the reverse order. This is a result o f 

the sample vials being non Lambertian and the detectors not being geometrically
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identical. These differences aside, the same methodology for creating a set of 

correction equations was adopted. At each wavelength recorded a second polynomial 

calibration equation was created, Figure 7.19, and applied to the same sample spectra 

of the eroscarmellose sodium used previously.
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Figure 7.19 Calibration data at various wavelengths of photometric
standards presented in vial type B for transfer of spectra from 
instrument 2 to instrument 1.

The sample spectrum of eroscarmellose sodium corrected using the standards 

presented in the same vial type is clearly a closer match than that of the uncorrected 

spectrum from instrument 2 and better than when corrected using the NIST certified 

standards to create correction calibrations. Figure 7.20 and Figure 7.21. It is however, 

not as good a match as the corrected wavelength certification standards corrected using 

the NIST certified standards. Figure 7.8.
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Figure 7.20 Absorbance spectra of eroscarmellose sodium from
instrum ent 1 and 2 and that from instrum ent 2 corrected 
using the second polynomial calibration equations created for 
the 15 photometric standards prepared using the same type B 
vials.
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Figure 7.21 Absorbance spectra of eroscarmellose sodium from
instrum ent 1 and 2 and that from instrum ent 2 corrected 
using the second polynomial calibration equations created for 
the 15 photometric standards prepared using the same type A 
vials.
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As an additional, and potentially more severe, problem it appears that the sample 

spectra change in relation to the photometric standards between instruments. When 

comparing Figures 7.22 and 7.23 of eroscarmellose sodium and the photometric 

standards on instrument 1 and instrument 2 respectively it can be seen that at 2500 nm, 

on instrument 1, the eroscarmellose sodium has an equivalent absorbance value to that 

o f standard 9, whereas on instrument 2 the absorbance at 2500 nm is between 

standards 8 and 9. The peak at 1930 nm on instrument 1 is equivalent in absorbance to 

between standards 7 and 8 while on instrument 2 it is equivalent to standard 6.

Similar problems occur for mannitol. Figures 7.24 and 7.25, at 2080 nm on instrument 

1 the absorbance for mannitol is equivalent to standard 9 while on instrument 2 the 

same peak lies between standards 7 and 8. The mannitol peak at 1590 nm for 

instrument 1 lies between standard 6 and 7 while on instrument 2 is approximately 

equivalent to standard 5.
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Figure 7.22 Absorbance spectra of eroscarmellose sodium and standards 
presented in type B vials obtained using instrument 1.
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Figure 7.23 Absorbance spectra of eroscarmellose sodium and standards
presented type B vials obtained instrument 2.
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Figure 7.24 Absorbance spectra of mannitol and standards presented in 
type B vials obtained using instrument 1.
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Figure 7.25 Absorbance spectra of mannitol and standards presented in
type B vials obtained using instrument 2.
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Figure 7.26 Absorbance spectra of magnesium stearate and standards 
presented in type B vials obtained using instrum ent 1.
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Figure 7.27 Absorbance spectra of magnesium stearate and standards
presented in type B vials obtained using instrument 2.
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Figure 7.28 Absorbance spectra of Avieel PHlOl and standards presented 
in type B vials obtained using instrum ent 1.
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Figure 7.29 Absorbance spectra of Avieel PHlOl and standards presented
in type B vials obtained instrument 2.
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Figure 7.30 Absorbance spectra of lactose monohydrate and standards 
presented in type B vials obtained using instrum ent 1.
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Figure 7.31 Absorbance spectra of lactose monohydrate and standards 
presented in type B vials obtained using instrum ent 2.
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Figure 7.32 Absorbance spectra of maize starch and standards presented 
in type B vials obtained using instrum ent 1.
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Figure 7.33 Absorbance spectra of maize starch and standards presented
in type B vials obtained using instrument 2.
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7.3.5 Transfer Between FT Instruments

The problem of vial diameter is less important when using the PerkinElmer 

instruments since the sample stage and iris aperture were equivalent in diameter to that 

of the smallest vial. The same transfer process was carried out using the two 

PerkinElmer instruments.

NIST certified standards were scanned on both the PerkinElmer Identicheck (Section 

2.2.2) referred to as instrument 1 from here forward, Figure 7.34, and the PerkinElmer 

Spectrum One NTS (Section 2.2.3) referred to as instrument 2 from here forward. 

Figure 7.35.
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Figure 7.34 Absorbance spectra of NIST certified reflectance (2, 10, 20, 40, 
80 and 99%) and wavelength certification standards 
measured on the instrum ent 1.
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Figure 7.35 Absorbance spectra of NIST certified reflectance (2, 10, 20, 40, 
80 and 99%) and wavelength certification standards 
measured on instrum ent 2.
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Correction calibration equations were calculated in the same way as for the transfer 

between wavelength dispersive instruments and applied to the wavelength certification 

standard. A comparison o f the corrected and original spectra o f the wavelength 

certification standard can he seen in Figure 7.36. The corrected spectrum of 

instrument 2 clearly overlays that o f instrument 1.
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Figure 7.36 Wavenumber certification standard corrected with second 
polynomial calibrations created from NIST certified 
reflectance standards (green) for the transfer between 
instrument 2 (red) and instrument 1 (blue).

The same correction equations were applied to a sample o f eroscarmellose sodium 

presented in a type B vial. A comparison of the spectra can he seen in Figure 7.37. 

The corrected spectrum clearly has a lower absorbance than that o f the uncorrected 

spectra obtained from instrument 1.

The same can be seen for spectra presented in type A vials, Figure 7.38. Since the 

vials cover the aperture o f the instrument stray light is less of a factor than with the 

wavelength dispersive instruments and so this variation is more likely to occur due to 

the imperfections in the vials as mentioned previously.
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Figure 7.37 Croscarmellose sodium sample presented in type B vials
corrected with second polynomial calibrations created from 
reflectance standards (green) for the transfer between 
instrum ent 2 (red) and instrum ent 1 (blue).
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Figure 7.38 Croscarmellose sodium sample presented in type A vials
corrected with second polynomial calibrations created from 
reflectance standards (green) for the transfer between 
instrum ent 2 (red) and instrum ent 1 (blue).
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The spectra of the standards prepared in the vial types A and B used previously were 

measured on both instrument 1 and 2, Figures 7.39, 7.40, 7.41 and 7.42.
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Figure 7.39 Absorbance spectra of 15 reflectance standards presented in 
vial type B and scanned on instrument 1.
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Figure 7.40 Absorbance spectra of 15 reflectance standards presented in 
vial type A and scanned on instrument 1.
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Figure 7.41 Absorbance spectra of 15 reflectance standards presented in 
vial type B and scanned on instrument 1.
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Figure 7.42 Absorbance spectra of 15 reflectance standards presented in
vial type B and scanned on instrument 2.
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The type B vials were used to create correction calibration equations to apply to a 

single croscarmellose sodium spectrum. A comparison of spectra can be seen in 

Figure 7.43. The corrected spectrum is again less comparable to the spectrum from 

instrument 1 than the uncorrected spectrum from instrument 2. This is also the case 

for the standards and samples presented in type A vials, Figure 7.44.
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Figure 7.43 Croscarmellose sodium sample presented in type B vials
corrected with second polynomial calibrations created from 
reflectance standards presented in the same size vials (green) 
for the transfer between instrument 2 (red) and instrument 1 
(blue).
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Figure 7.44 Croscarmellose sodium sample presented in type A vials
corrected with second polynomial calibrations created from 
reflectance standards presented in the same size vials (green) 
for the transfer between instrument 2 (red) and instrument 1 
(blue).

7.4 CONCLUSION

It has been shown that transfer between NIRS instruments of different manufacturers is 

a difficult, if not impossible, task to accomplish. It is nearly impossible to scan the 

same sample on two different instruments and obtain the same spectrum. Both 

wavelength shifts and photometric shifts occur in combination. These shifts are not 

the same for every sample.

For perfect sealed container standards, correction calibration equations are required 

and successful transfer achieved for an equivalently presented sample whether transfer 

is attempted between dispersive to dispersive or Fourier Transform to Fourier 

Transform. However, the same correction equations cannot be applied to samples 

presented in alternative containers.
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For samples measured on wavelength dispersive instruments, eorrection ealibration 

equations ean be created from standards that are presented in the same containers as 

the samples allowing improvement in the transferability o f some spectra. This method 

includes the specular reflection that is detected due to the variability that occurs as a 

result o f imperfection in the base of the vial.

For Fourier Transform instruments the situation shown is worse than that of dispersive 

instruments. Although for a perfect sample presentation container successful 

correction ealibration equations can be applied to samples presented in equivalent 

containers the same calibrations can’t be applied to samples presented in alternative 

containers. It is also shown that standards presented in the same containers as the 

samples, effective eorrection calibration equations cannot be successfully applied and 

spectra transferred.
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8 CONCLUSIONS
This thesis set out to determine if  transferability of identification libraries between NIR 

instruments was possible.

Initially investigations into the variability that physical properties have on the spectra 

of a select number o f common pharmaceutical excipients was investigated. Moisture 

content, particle size and compaction of samples were assessed.

Spectral differences were excipient dependent, for example, hydroxybenzoate 

derivative was least affected and Povidone samples most affected by moisture 

variations.

The physical changes were reflected by the spectra. The spectra of the 

hydroxybenzoate derivatives showed minimal variation whilst the Povidone spectra 

were considerably affected.

Particle size did not significantly influence any o f the spectra once the second 

derivative pre-treatment had been applied.

The effect that these physical properties had on the identification ability o f two 

identification algorithms was quite different. Correlation in Wavelength Space was 

robust enough to accept the variations introduced and continued to identify spectra 

from samples that had been exposed to abnormal laboratory conditions. However, for 

those samples that had been exposed to the most extreme laboratory conditions that 

lead to a considerable change to the sample, identification was unsuccessful.

When using a more sophisticated identification algorithm; SIMCA, clear definition 

was made between the samples that had been exposed to the various conditions. 

Samples failed to be identified even when slight spectral variation existed.

It was concluded that as much variability as possible was to be included in any library 

constructed.
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The choice of identification algorithm was also highlighted as important since for the 

same spectral set, different identifications could be made depending on the algorithm 

implemented.

For a large library containing 55 compounds four identification algorithms were 

investigated.

A number of different segment sizes were used to calculate both first and second 

derivative spectral pre-treatments. These were applied to the spectra in order to 

identify which was the most effective in retaining spectral integrity whilst removing 

features not associated with the chemical or physical properties o f interest.

Correlation in Wavelength Space was used as a means to study the effectiveness of the 

pre-treatment for identification. It was concluded that a second derivative using 10 

data points was the most appropriate.

Similar groups o f compounds were ambiguously identified when using, Peak 

Positioning, Correlation in Wavelength Space, Maximum Distance in Wavelength 

Space and SIMCA.

It was suggested that as a primary identification algorithm Maximum Distance in 

Wavelength Space and SIMCA were inappropriate for a general library, method 

development was considerably time consuming and multiple samples were required. 

These algorithms seemed much better suited to the identification of a small number of 

similar compounds. Maximum Distance in Wavelength Space was most effective 

when samples varied in physical properties while SIMCA was most effective when 

samples were both chemically and physically similar.

For large library identification it was shown to be a better use o f resources to apply the 

identification algorithms in a cascading approach. Although results showed that Peak 

Positioning identified more compounds than Correlation in Wavelength Space, Peak 

Positioning was not as robust over time.

268



For any compounds that were ambiguous with others in the library they were grouped 

together. If these groups differed both chemically and physically then Correlation in 

Wavelength Space could be applied a second time using wavelength regions that 

showed most spectral variability. If the ambiguous groups differed in physical 

properties alone then Maximum Distance in Wavelength Space was considered more 

appropriate. The ‘envelope of acceptability’ was more effective if  the spectra differed 

in peak height.

Finally, SIMCA was applied for any compounds that were extremely similar.

For the library of 55 compounds following the cascading procedure allowed 44 

compounds to be identified.

When applying the cascading procedure to a library containing 227 compounds, many 

entries only containing a single sample, 136 compounds were correctly identified.

It was shown that Correlation in Wavelength Space was more than capable as an 

identification method for a library containing spectrally diverse samples. Direct 

transfer between two dispersive instruments from the same manufacturer was shown to 

be relatively simple for a small identification library o f 10 pharmaceutical excipients.

Simply removing any instrument specific artefacts improved correlation values for 

spectra measured on the second instrument and challenged against a library that was 

created from spectra measured on the first instrument.

This unfortunately gave a false impression o f the complexity involved in transferring 

methods. When direct transfer o f a larger library between instruments from different 

manufacturers was attempted there were considerably more problems.

Initially, a common format for the spectra had to be achieved. Secondly, the same 

spectral range had to be agreed and finally the same data point interval had to be 

created. Even once these problems had been overcome, clear differences could be seen 

in the peak positions; when comparing second derivative spectra, from one instrument
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against another for exactly the same sample. This was even more obvious for the 

wavelength standard certified by NIST.

Wavelength shifts were applied to correct for the errors but this had limited success, 

since the shifts were both wavelength and sample dependent.

This lead to the appreciation that simple fundamental factors had not been taken into 

account, such as stray and specular radiation, lambertian and non-lambertian 

reflectors.

Changing the reflectance standards on a single instrument was shown theoretically to 

cause baseline shift. For transfer between different instruments to be achieved the 

reflectance of the sample with respect to the reference must be the same and both 

instruments must give the same reflectance for the reference sample.

Simple stray radiation was shown theoretically to affect every variable measured, with 

the actual quantitative measurement of stray radiation almost impossible to deduce.

Evidence of stray radiation was shown when a spectrum of an empty stage was 

measured on the Foss 6500 RCA; spectra from two empty bottles also showed stray 

radiation.

The spectra from a set of reflectance standards measured on two instruments were 

compared and it was shown that at each wavelength polynomial approximations could 

predict reflectance values over the photometric range. These correction calibration 

equations could be used to transfer a sample spectrum effectively. This was shown for 

the NIST certified wavelength standard of rare earth oxides.

This was where transferability ceased. The same correction calibration equations were 

applied to real samples presented in typical sample bottles. Transfer was unsuccessful 

since the stray and specular radiation from the sample bottle itself plus the sample 

stage had not been incorporated into the correction calibrations used to convert the 

spectra.
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The two assumptions required for successful transfer:

• reflectance of the sample should be the same on both instruments

• the same reflectance value should be obtained for the reference material 

when measured on instrument one as on instrument two and vice versa.

were not observed. The detector geometry varied on both instruments and the bases of 

the vials were not lambertian.

It was decided that one practical solution to the problem was to include the variability 

of the base of the vial/bottle into the correction calibration equations. Standards were 

presented in the same bottles as the samples. This proved somewhat successful with 

better spectral matching between instruments, although, complete overlay was never 

accomplished.

The same practical solution was applied in the attempt to transfer spectra between two 

FT instruments from different manufacturers. Significantly worse results were 

obtained with the corrected spectra worse than that of the original second instrument 

spectra.

It is finally concluded that to transfer a spectrum measured on one instrument and 

challenge it against a library for identification purpose created from spectra measured 

on a second instrument is considerably difficult if  not impossible to achieve. A NIR 

spectrum of a sample is not only a measurement of a sample’s chemical and physical 

properties but it also gives information about the time taken, laboratory conditions, 

sample presentation and most importantly it is instrument specific.
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9 FUTURE WORK

From the conclusions made in this thesis there are still a number of questions that 

remain unanswered.

Stray and specular radiation, along with detector geometry seems to be the most 

important factors preventing transferability. Further investigation of this is necessary 

for transfer to be achieved and the technology to remain advantageous.

Identifying a sample that could be used to calculate the specular and stray radiation of 

an instrument and incorporate it into the correction calibration equation could lead to 

successful transfer. However, a better understanding of the instrument line shape 

would be necessary to then average out the variability between sample bottles.

Data was also collected using the Nicolet instrument for which the spectral data points 

were not at integer wavenumbers. It would be important to determine what effect this 

had on the cubic spline calculations and then transferability.

Since a considerable number of literature reports focus on transmission spectra it 

would be of interest to determine what effect transferability using standards had on 

identification models and the effect of associated stray radiation.

Ideally a set o f common standards should be identified that characterize not only the 

instrument but the sample presentation.

Only with considerable collaboration with instrument manufacturers could a true 

understanding of the problems that face transferability be appreciated, and thus a true 

solution allowing transfer to be accomplished.
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