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Abstract 

The use of near infrared (NIR) spectroscopy has rapidly grown partly due to demands of process ana-
lytical applications in the pharmaceutical industry. Furthermore, newest regulatory guidelines have
advanced the increase of the use of NIR technologies. The non-destructive and non-invasive nature
of measurements makes NIR a powerful tool in characterization of pharmaceutical solids. These
benefits among others often make NIR advantageous over traditional analytical methods. However,
in addition to NIR, a wide variety of other tools are naturally also available for analysis in pharma-
ceutical development and manufacturing, and those can often be more suitable for a given applica-
tion. The versatility and rapidness of NIR will ensure its contribution to increased process
understanding, better process control and improved quality of drug products. This review concen-
trates on the use of NIR spectroscopy from a process research perspective and highlights recent
applications in the field.

Introduction

In a wide range of areas in the pharmaceutical field from drug discovery to product
development and manufacturing the use of near infrared spectroscopy (NIR) has been
found to be advantageous. Focus on NIR has grown quickly partly due to a demand of
process analytical applications in the pharmaceutical industry. Moreover, newest regu-
latory guidelines have underpinned the increase of the use of NIR technologies. The
most powerful advantage of NIR spectroscopy over traditional analytical methods is
that the measurements are non-destructive, non-invasive and solid samples do not need
pre-treatment. However, one has to bear in mind that, in addition to NIR, a wide variety
of other tools are also available for sophisticated analysis in pharmaceutical develop-
ment and manufacturing, and those are sometimes more suitable for a given applica-
tion. The use of and comparisons between different spectroscopic tools for solid-state
characterization have been reviewed by Bugay et al (2001). The versatility and rapid-
ness of NIR will ensure its contribution to increased process understanding, better pro-
cess control and improved quality of drug products. This review concentrates on the use
of NIR spectroscopy from a process research perspective. The applications of NIR
imaging will not be covered and readers are referred to reviews by Clarke (2004) and
Tran (2005). 

The speed of analysis and flexible sampling decrease the risk of errors due to the lack of
weighing and dilution operations (Osborne et al 1993; Han & Faulkner1996). The fast and
non-destructive nature of the NIR technique has led to numerous applications in several
industries (Williams & Norris 1987; Osborne et al 1993; Workman 1993, 1999; Blanco et al
1998). There have been a number of NIR applications in the food (Osborne et al 1993;
Reeves & Zapf 1999), forest (Schimleck et al 2004), textile (Cleve et al 2000), biomedical
(Sowa et al 1999; Sasic & Ozaki 2001), petroleum (Parisi et al 1990) and chemical indus-
tries (Armenta et al 2005). Later, the pharmaceutical industry has become one of the main
application areas for NIR spectroscopy. In pharmaceutics, NIR spectroscopy has been uti-
lized in e.g. the determination of degradation products (Drennen & Lodder 1990) and an
active pharmaceutical ingredient (API) of tablets (Gottfries et al 1993; Dreassi et al 1996;
Han & Faulkner 1996; Dyrby et al 2002; Laasonen et al 2003), the determination of poly-
morphic changes of API or excipient (Aldridge et al 1996; Buckton et al 1998; Räsänen et al
2001; Jørgensen et al 2002), the determination of particle size (Ciurczak et al 1986; Frake
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et al 1998; O’Neil et al 1998, 1999; Rantanen & Yliruusi
1998), and the monitoring of film coating (Kirsch & Drennen
1996; Andersson et al 2000) and blending processes (Hailey
et al 1996; Plugge & van der Vlies 1996; Sekulic et al 1996).
In the following chapters, after a very brief theoretical section,
a closer look is taken at the use of NIR approaches specifi-
cally in recent pharmaceutical process analytical applications. 

Theory and characteristics of NIR spectroscopy
A recent review by Reich (2005) thoroughly described the
basic principles of NIR spectroscopy. Detailed theory of NIR
spectroscopy is also described in several books and review
articles (Williams & Norris 1987; Osborne et al 1993, Blanco
et al 1998; Chalmers & Griffiths 2002; Ciurczak & Drennen
2002; Pasquini 2003). Therefore, this paper only discusses
NIR theory very briefly. 

The near infrared region was originally discovered by
William Herschel in 1800, when the first non-visible electro-
magnetic spectra were reported (Herschel 1800). The region
lies between the visible and the infrared (IR) region of the
electromagnetic spectrum. NIR ranges from approximately
700 nm to 2500 nm, corresponding to a frequency range of
14300 cm−1 to 400 cm−1 (Osborne et al 1993). Only vibrations
that result in rhythmic changes in the dipole moment of a
molecule can cause absorbencies in the infrared (Williams &
Norris 1987). Absorbance in the NIR region originates from
overtones and combinations of fundamental vibrations
observed in the mid-infrared region (Osborne et al 1993). The
vibration may be described as either stretching or bending
(Pimental & McClellan 1960). Most of the absorption bands
observed in the NIR originate from stretching vibrations of
OH, CH, NH, and SH groups or combinations involving
stretching and bending of these groups. The fundamental
absorption bands are in the mid IR region. NIR bands are
broadly overlapping and weaker than the intensities of the
fundamental IR bands. The low molar absorptivity of absorp-
tion bands in the NIR region permits the operation in the
reflectance mode and hence recording of spectra for solid
samples with minimal or no sample pretreatment. When a
reflectance mode is utilized with the solid samples, spectros-
copy measures the light reflected by the sample surface. Dif-
fuse reflectance contains both chemical and some physical
information, which makes the interpretation complicated, but
also richer. 

In the NIR region absorption bands are weaker than in the
IR region, which is one of the key advantages of the tech-
nique. Sample preparation is not necessary and spectra can be
measured directly from solid materials. For example, glass is
relatively transparent for NIR radiation and the spectroscopy
can be applied in reflectance mode enabling non-invasive
measurements. When off-line analyses are adequate, the sam-
ples can even be placed in simple glass vials (Wargo & Drennen
1996; Frake et al 1998). 

The NIR signal depends on both the chemical composition
and the physical properties of the sample. Numerous factors,
such as texture of the particle surface, the particle size and
shape distributions, temperature and density of the sample,
have an effect on light and thereby effect on NIR measure-
ment (Williams & Norris 1987). However, sometimes these
phenomena can be considered as an advantage of NIR spec-

troscopy because they can be used to gather physical informa-
tion (Ilari et al 1988; Dreassi et al 1995; Morisseau & Rhodes
1997; Frake et al 1998; O’Neil et al 1998; Kirsch & Drennen
1999). For instance, when particle size increases, the scatter-
ing of the light diminishes and the light penetrates deeper into
the material, which means that the apparent absorbance
increases (Osborne et al 1993). Norris & Williams (1983)
found that the normalization of spectral data effectively
removed the particle size effect. Thereafter, various proce-
dures have been suggested for modelling the particle size
data from the NIR data (Ciurczak et al 1986; Ilari et al 1988;
Frake et al 1998; O’Neil et al 1998, 1999; Rantanen &
Yliruusi 1998; Otsuka 2004). Figure 1 exemplifies the effect
of particle size of glass beads on the absorbance of NIR
spectra. 

NIR systems performing thousands of measurements per
minute are available. Undoubtedly, the NIR measurements
are very fast and also non-destructive, which makes these
methods advantageous for real-time process control systems.
Using fibre optic probes measurements can be done with
more flexibility than with traditional methods. NIR spectros-
copy can be applied to the packaging line and provides the
possibility to perform product identity checks at full line
speed (Herkert et al 2001). It is well known that NIR spectros-
copy can be used for qualitative and quantitative measure-
ment (Osborne et al 1993; Chalmers & Griffiths 2002;
Ciurczak & Drennen 2002). 

In contrast to IR spectra, untreated NIR spectra exhibit
low specificity. The line widths of NIR are broad resulting in
overlapping bands and making assignment of the different
features of the spectra difficult. The raw spectra do not show
clear peaks characteristic to a specific compound and statist-
ical calculations are required (Lowry et al 2000). An attempt
can be made to minimize the overlapping, for example by
calculating the second derivative of the absorbance, and a
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Figure 1 The effect of particle size on the absorbance of NIR spectra
using glass beads of different sizes (a–i). a, size range 0.0–0.050 mm;
b, 0.0–0.060 mm; c, 0.090–0.135 mm; d, 0.20–0.30 mm; e, 0.200–
0.320 mm; f, 0.500–0.750 mm; g, 0.400–0.520 mm; h, 0.650–0.750 mm;
i, 1.030–1.230 mm. 
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more precise analysis of these bands can be made. Special-
ised chemometrics is often needed to extract the specific
information which may sometimes complicate the implemen-
tation of NIR spectroscopy. However, with versatile and
powerful chemometric techniques, NIR spectra can be related
to the values to be modelled successfully, which has been
shown in many recent studies (Lopes etal 2004; Stordrange etal
2004; Rantanen et al 2005a). Chemometric issues are dis-
cussed in more detail in the next section. 

As with other methods, the calibration and validation of
NIR methods is critical. It is necessary to analyse representa-
tive samples by a time consuming reference analysis method,
e.g. HPLC or Karl Fisher titration. Also, calibrations may
need to be updated when suppliers change, or when the pro-
cess is modified (Candolfi & Massart 2000; Wang et al 1998). 

Despite these limitations, NIR spectroscopy has become
very popular in the pharmaceutical industry because of its
many practical advantages. NIR spectroscopy can be seen as
a promising technique with several benefits: productivity
improvements, cost reduction, real-time monitoring, improve-
ments in quality control, and health and safety of the patients
and employees. 

Multivariate analysis and NIR 
In the field of pharmaceutical technology, the number of dif-
ferent formulations and unit operations creates a problematic
field with respect to data analysis (Rowe & Roberts 1998).
The analysis of process data is difficult with traditional stat-
istical tools. The process with varying conditions and sequen-
tial phases (e.g. fluid bed granulation) cannot be adequately
described with, for example, a mean or a smallest and a larg-
est data value. These statistical parameters only give a limited
view of the process. Therefore, a multivariate approach is
often applied in process analytics. For example, the develop-
ment of quantitative or qualitative NIR applications most
often requires application of multivariate models (Martens &
Næs 1989; Lavine 1998, 2000). The term chemometrics is
often used to describe an approach to extract chemically rel-
evant information from data produced in chemical experi-
ments (Wold 1995). Commonly used commercial software is
usually based on the use of chemometric methods e.g. multi-
variate linear regression or methods applying principal com-
ponents. Although there has been a vast increase in utilization
of multivariate analysis, there are remaining challenges in the
use of these chemometric approaches. One main focus should
be put on the deeper understanding of the methodology and
principles of multivariate applications. 

Quantitative NIR calibrations can be complicated and it is
often necessary to use more than two wavelengths due to
overlapping peaks and baseline deviations. In many cases
hundreds of wavelengths are used most often by employing
principal component regression (PCR) and partial least
squares (PLS) regression (Fearn 2005). Fearn (2005) dis-
cusses the use of the above mentioned regression approaches
and states that these have become standard approaches most
likely because of their ease of use for less experienced users.
Also the availability of excellent software is responsible for
the popularity of these techniques. Chalus et al (2005)
recently used NIR to determine the active substance content
of low dose tablets containing bromazepam and clonazepam.

The influence of various spectral pretreatments (standard nor-
mal variate (SNV), multiplicative scatter correction (MSC),
second derivative (D2), orthogonal signal correction (OSC),
separately and combined) and regression methods on predic-
tion error were compared. According to the results, PLS
regression provided better prediction than principal compo-
nent regression (PCR). The PLS models yielded standard
errors of prediction (SEP) of 0.1768 and 0.0682 mg for the
two products. 

The key steps in calibration are the choice of a high-qual-
ity set of training samples and validation of results. This sim-
ply means that the training set has to be representative, cover
the range that it is intended to, and that the calibration is vali-
dated with samples of the full variety of all kinds of variabil-
ity. Cross-validation or separate validation sample sets can be
considered, but the choice has to be justified by the applica-
tion in question. In a recent example by Blanco & Alcalá
(2006) it has been shown that the compaction pressure had a
marked influence on the spectrum for a tablet and was the
primary source of variability among samples. They developed
two NIR methods for the analysis of intact tablets by using a
calibration set consisting of the spectra for laboratory powder
samples and laboratory tablets. It was observed that the
model obtained from laboratory compacted tablets was less
complex and exhibited a better predictive ability. 

An important issue in the use of NIR is the possibility to
use calibrations generated on one instrument for predictions
on another instrument. However, this can be difficult.
Feudale et al (2002) have given an overview of different
methods used for calibration transfer and a critical assessment
of their validity and applicability. They also give a compre-
hensive list of references concerning transfer of multivariate
calibration models. Leion et al (2005) evaluated a number of
methods for transferring quantitative calibrations of NIR
diffuse-reflectance data between different instruments. The
results indicated that it was possible to transfer calibrations
between different instruments, provided that a structured
procedure was used. 

Process analytical considerations and 
regulatory aspects

A few years ago the pharmaceutical industry was encouraged
to start implementing new technologies in the manufacture of
drug products by the introduction of the Process Analytical
Technology (PAT) initiative. PAT includes the optimal
application of process analytical chemistry (PAC) tools, feed-
back process-control strategies, information management
tools, and product-process optimization strategies to the man-
ufacture of pharmaceuticals (FDA 2004a). Advantages of
implementing PAT would be reduced cycle times, prevention
of rejects, reduction of human errors by automation, and
facilitation of continuous processing to improve efficiency.
Another gain of applying PAT would be that laborious testing
of the finished product would be avoided because the product
could be released based on the in-process documentation. The
benefits of implementation of PAT would vary depending on
the product. Balboni (2003) has discussed the concepts and
principles of PAT. Amongst all measurement technologies it
seems that, due to its versatility, NIR will play a most
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prominent role in the PAT context. Reich (2005) and Cogdill &
Drennen (2005) have recently pointed out practical regulatory
aspects dealing with application of NIR spectroscopy. Gen-
eral monographs on NIR spectroscopy have been accepted to
the European Pharmacopoeia (Ph. Eur. 2001) and to the
United States Pharmacopeia (USP 2003). Moreover, ICH
guidelines Q2A (ICH 1994) and Q2B (ICH 1996) can be used
to justify validation of quantitative and qualitative NIR spec-
troscopic methods. Application of NIR spectroscopy,
together with other PAT tools will contribute to the quality-
by-design concept for the pharmaceutical industry that aims
to improve and make pharmaceutical manufacturing more
modern in the spirit of Pharmaceutical Current Good Manu-
facturing Practices (CGMPs) for the 21st Century (FDA
2004b). The ICH guidance Q8 also addresses these issues
(ICH 2005) and the adoption of this philosophy optimally
creates product specifications based on mechanistic under-
standing of how formulation and process factors impact prod-
uct performance, and therefore bring new opportunities and
approaches for industry and regulators. 

Applications of NIR in drug development 
and manufacturing 

Precisely controlled systems provide highly repeatable proce-
dures that are essential to industry, especially to drug product
development (Browne & Olsson 1998). Issues of instrumen-
tation, validation and implementation of near-infrared spec-
troscopy for pharmaceutical applications have been recently
described by Ciurczak & Drennen (2002). The border
between process analytical chemistry (PAC) and more tradi-
tional laboratory analysis is sometimes indistinct. The terms
in-line, on-line, at-line, off-line, non-invasive are often used
variably in literature. Usual definitions are as follows (Callis
et al 1987; Blaser et al 1995; Beebe et al 1998; Hassel &
Bowman 1998; Workman et al 1999): in-line, the sample
interface is located in the process stream; on-line, automated
sampling and sample transfer to an automated analyser; at-
line, manual sampling with local transport to analyser located
in manufacturing area; off-line, manual sampling with trans-
port to remote or centralized laboratory. Many PAT applica-
tions will aim at real-time measurement directly from
processes. Thus, the interfacing of the spectrometer in to a
moving sample or process stream will be an important issue.
Andersson et al (2005) recently studied the effect of sample
movement on spectral response during fibre probe diffuse
reflectance near-infrared spectrometry sampling. The impact
on qualitative and quantitative analysis PCA and PLS regres-
sion was evaluated using experimental and theoretical simu-
lations. According to their results the spectra with the
smallest residuals after projection onto the models generally
resulted from non-moving samples or samples moving only
slowly. It was shown that the magnitude of the spectral resid-
uals was directly connected to the effective sample size,
which related both to sample speed and to the sample area
presented to the probe. Recent work by Green et al (2005) dis-
cusses the issues concerning sampling and sample presenta-
tion during dynamic process monitoring. They performed
fluid-bed dryer experiments at 65-, 300-, and 600-L drying
scales using several different sampling configurations to

improve in-line NIR measurement accuracy and understand-
ing. The results from the study demonstrated that process het-
erogeneity plays a key role in determination of prediction
accuracy. This is important to take into consideration in all
in-line measurements, especially in dealing with solids and
slurry systems. Interestingly, they also found that depending
on the used sampling configuration, the method with the
smallest apparent error is not automatically the most optimal
for process monitoring and control. 

In the following chapters the recent use of NIR is
reviewed in terms of different steps of traditional drug manu-
facturing of solid dosage forms. Figure 2 illustrates an
example path of the development or manufacturing of a solid
dosage form. We have divided the use of NIR into the follow-
ing categories: crystallization, measurement of water and dry-
ing, crystallinity and crystal polymorphism, identification and
quality control of raw materials, blending, different granula-
tion techniques, tablet coating and tableting/capsulation and
the final dosage form. 

Crystallization and filtration 
Crystallization and filtration of pharmaceutical active ingre-
dients is among the most critical and least understood phar-
maceutical manufacturing processes, and specifically
demanding for those APIs that exhibit several polymorphic
forms. Yu et al (2004) have reviewed application of PAT to
crystallization processes. They point out that many process
and product failures can be traced to a poor understanding
and control of crystallization processes. Their review dis-
cusses applications to crystallization processes using several
case studies. They demonstrate that a variety of in-situ analyt-
ical methods, including NIR combined with chemometric
tools for analysis of multivariate process information, provide
a basis for future improvements in modelling, simulation, and
control of crystallization processes. Columbano et al (2002)
showed that gravimetric analysis combined with NIRs provided
valuable information on the dynamics of the crystallization of
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GRANULATION

TABLETING

POLYMORPH
SCREENING &

IDENTIFICATION AND
QC OF MATERIALS

CRYSTALLIZATION
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DRUG PRODUCT

Figure 2 A simplified graph showing the different steps in the manu-
facturing of solid dosage forms. 
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salbutamol sulphate. Févotte et al (2004) used fibre optic NIR
spectroscopy successfully to investigate and gain deeper
understanding of polymorphic transitions during crystalliza-
tion and filtration of an API. Another pharmaceutical PAC
application area of NIR is within the synthesis of pharmaceu-
ticals before the crystallization step. Norris et al (1997) com-
bined NIR with principal component analysis to follow the
polymorphic conversion of a crystalline organic compound.
Earlier studies showed that NIR could be applied successfully
to process monitoring of production of APIs (Norris &
Aldridge 1996; Norris et al 1997). Rodrigues et al (2005)
described a PAT study on the use of in-situ transreflectance
NIRs on an API crystallization. They showed the sensitivity
of the technique to changes in process operating conditions
and demonstrated its use in both quantitative and qualitative
process control. 

Measurement of water and drying processes 
One of the first pharmaceutical applications of NIR spectros-
copy was the measurement of water (Stein & Ambrose 1963;
Sinsheimer & Poswalk 1968). The absorption bands of pure
water molecules (OH vibrations) occur at 760 nm, 970 nm,
1190 nm, 1450 nm and 1940 nm (Curcio & Petty 1951; Buijs &
Choppin 1963, Osborne et al 1993), having increasing
absorptivity with increasing wavelength. The most intense
absorption bands are located at around 1450 nm (issued from
the first overtone OH stretching vibrations) and 1940 nm
(caused by a combination of OH stretching and bending
vibrations). Figure 3A and B demonstrate the effect of water
on NIR spectra with glass beads and theobromine, respec-
tively. The absorption bands are the distributions of vibra-
tions of different OH groups with varying energy levels
(Buijs & Choppin 1963; Fornes & Chaussidon 1978; Maeda
et al 1995). Using spectral treatment, the individual absorp-
tion maxima of each energy level can be distinguished and
the NIR measurement can be applied for studying the water–
solid interactions within various materials (Iwamoto et al
1987; Delwiche et al 1991; Buckton et al 1998; Luukkonen
et al 2001; Räsänen et al 2001; Jørgensen et al 2002). 

NIR spectroscopy is useful for detecting hydrates and
adsorbed water, since water exhibits strong characteristic
absorption bands in the NIR region (Curcio & Petty 1951).
With the aid of NIR spectrometry, different energetic states
of water molecules in the crystals are seen as absorption
maxima in different wavelengths. In addition, hydrate water
bands are sharper than other water bands, because the distri-
bution of the OH vibrations is rather uniform, when the water
molecules are bound into the crystal lattice. The dependency
of the states of water molecules on their hydrogen bonding
ability has been established (Luck 1976), and NIR bands shift
towards higher wavelength with increasing hydrogen bonding
(Buijs & Choppin 1963; Fornes & Chaussidon 1978; Iwamoto
et al 1987; Maeda et al 1995). Detection of moisture in freeze-
dried solids (Kamat et al 1989; Jones et al 1993; Last & Prebble
1993; Derksen et al 1998), in other solid materials (Plugge &
van der Vlies 1993; Dreassi et al 1995; Blanco et al 1997;
Harris & Walker 2000) and the on-line moisture determination
of microwave vacuum driers (White 1994) has been reported.
Recently Zhou et al (2003) determined and differentiated the
surface and the bound water in drug substances by NIR spec-

troscopy. Räsänen et al (2003) studied dehydration of different
materials using a multichamber microscale fluid bed dryer with
in-line NIR spectroscopy. During controllable fluid bed pro-
cess conditions, the stepwise dehydration of pharmaceutical
solids (e.g. theophylline granules) was established. The batch
size in these experiments was only a few grams of studied
materials, offering new perspectives (miniaturizing) for phar-
maceutical process and formulation studies. Parris et al (2005)
very recently described implementation of a miniaturized NIR
analyser in a drying process for APIs. The paper also gives per-
spectives on on-line monitoring technologies and PAT of phar-
maceutical processes. 

Crystallinity and crystal polymorphism 
The dependence of the NIR signal on both the chemical com-
position and some physical properties of the sample permit
not only identification of substances, but also the determina-
tion of non-chemical parameters, such as polymorphic forms
(Blanco et al 1998). Due to the fact that NIR spectra are sensi-
tive to changes in hydrogen bonding and packing in the crys-
tal lattice, NIR can be applied to analysis of the solid state. It
has been used in identification of the desired polymorph
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Figure 3 A. Effect of moisture with glass beads a–f. a, moisture con-
tent 0%; b, 7%; c, 14%; d, 19%; e, 24%; f, 29% (w/w). B. Effect of
moisture content during granulation of theobromine and a granulation
liquid with 20% povidone. a, 3%; b, 6%; c, 11%; d, 16%; e, 20%; f,
29% (w/w).
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(Aldridge et al 1996), polymorph quantitation (Luner et al
2000; Patel et al 2000; Blanco & Villar 2003) and the deter-
mination of crystallinity (Hogan & Buckton 2001). 

Seyer et al (2000) investigated the use of NIR spectros-
copy for determining degree of crystallinity. Physical mix-
tures of amorphous/crystalline indometacin and amorphous/
crystalline sucrose were prepared over several composition
ranges. NIR standard curves demonstrated higher coefficients
of determination and lower standard errors than X-ray pow-
der diffraction (XRPD) or differential scanning calorimetry
(DSC). Validation standards confirmed the accuracy of NIR
over XRPD. Method error analysis demonstrated comparable
accuracy for NIR and XRPD, with NIR spectroscopy show-
ing slightly better precision in repeated crystallinity determi-
nations for a 50% crystalline sucrose sample. Further analysis
indicated that the NIR differences between crystalline and
amorphous sucrose may be attributed to the disruption of
regular vibrational modes when crystalline sucrose is ren-
dered amorphous. Gombás et al (2003) reported successful
quantitative determination of crystallinity of a-lactose mono-
hydrate by NIR after a spray-drying process. 

NIR spectroscopy has also been utilized as a polymorph
screening method (Aaltonen et al 2003). Sulfathiazole was
recrystallized from various solvents, and the crystals were
milled using a planetary ball mill and compressed using a
hydraulic press. Polymorphism was then studied by NIR and
verified by XRPD and thermal analysis. NIR spectroscopy
proved to be a fast tool for polymorph screening and monitor-
ing the processing-induced transformations. They found NIR
measurements combined with data clustering by PCA a time-
saving improvement for the polymorph analysis in the case of
a large number of samples. Blanco et al (2005) examined
accelerated transformation of three azithromycin polymorphs
(anhydrous, monohydrate and dehydrate) at a high tempera-
ture and moisture level by NIR. The limits of detection and
quantitation for the dihydrate in monohydrate provided by the
NIR method were consistent with those obtained by XRPD.
Bai et al (2005) have reported the use of NIR spectroscopy for
quantification of glycine crystallinity. A PLS model was
developed to correlate the NIR spectral changes with the
degree of crystallinity. The results indicated that NIR spec-
troscopy was well suited to the measurement of glycine crys-
tallinity in lyophilized products. McArdle at al (2005)
investigated complementary techniques to probe polymor-
phism of bicifadine hydrochloride. The study indicated that
when analyses were carried out on equivalent sets of spectra,
NIR spectroscopy offered significant advantages in quantita-
tive accuracy in determination of polymorphs in the solid
state and also proved to be more convenient than ATR-IR and
XRPD. 

Identification and QC of raw materials 
Identification and quality control of raw materials is an every-
day analytical problem in the pharmaceutical industry. The
publication of the NIR monographs (Ph. Eur., USP) has
increased general interest in this method. The USP mono-
graph for instance, describes procedures for testing certain
instrument performance parameters including photometric
linearity, range, noise, wavelength accuracy, spectral resolu-
tion and wavelength repeatability. The issues of sample prep-

aration, mathematical treatment, and the definition of
‘identified sample’ have been discussed both by the regula-
tory bodies and by academic groups (Plugge & van der Vlies
1996; Berntsson et al 1998; Blanco et al 1998, 1999; Yoon
et al 1998; Moffat et al 2000). In the initial stage of pharma-
ceutical processes, NIR is used for the identification of raw
materials: active substances (Blanco & Romero 2001) and
excipients (Candolfi & Massart 2000). The physical proper-
ties of the raw material are also determined by NIR spectros-
copy, e.g. the particle size of drugs or excipients (Frake et al
1998; O’Neil et al 1998). Cui et al (2004) applied successfully
so called temperature-constrained cascade correlation net-
works (TCCCNs) to the identification of the pharmaceutical
powder samples of sulfaguanidine based on NIR diffuse
reflectance spectra. 

Blending 
Determination of homogeneous mixing of the API is import-
ant in-process control within the manufacturing of solid dos-
age forms. The monitoring of blending processes can be
performed successfully with NIR (MacDonald & Prebble
1993). Hailey et al (1996) and Sekulic et al (1996) interfaced
NIR spectroscopy with blending process equipment used NIR
for on-line blend analysis. Sekulic et al (1998) focused on
work to investigate qualitative tools of analysis for blend
homogeneity determination. Powder blending has also been
studied by Ufret & Morris (2001). Skibsted et al (2006) pre-
sented two new NIR based methods for mixing; a qualitative
and a quantitative method. These were based on the calcula-
tion of net analyte signal (NAS) model. The calculations were
specific with respect to the API and required no additional
reference analysis. The proposed methods were validated by
comparing the obtained results with traditional HPLC ana-
lysis. The comparisons demonstrated that both the qualitative
and the quantitative NIR models showed similar results to
HPLC. Li & Worosila (2005) also reported the quantitation of
APIs and excipients in powder blends using NIR and multi-
variate calibration models. El-Hagrasy et al (2006a, b, c) pre-
sented an extensive series of studies on powder mixing. In the
first study they employed D-optimal design to characterize
critical attributes of the blending process and used a NIR
fibre-optic probe to monitor mixing through multiple optical
ports on the blender. It was found that NIR was sensitive to
changes in physicochemical properties of the mixtures, result-
ing from process variables. The importance of spectral pre-
processing was also discussed. In the second study NIR
spectral data collected from blending experiments was used
to build qualitative models for prediction of blend homogene-
ity using two pattern recognition algorithms. The third study
was an integrated approach for real-time blend uniformity
assessment using NIR technology. Various calibration proce-
dures i.e. PCR, PLS and multiple linear regression (MLR)
were performed. As a conclusion it was found that linear
regression, using a single wavelength, yielded optimum cali-
bration and prediction results. Bodson et al (2006) used NIR
successfully in measurements of mixing homogeneity. 

Wet granulation 
Different granulation techniques, such as fluidized bed or
high shear granulation, are often complex unit operations
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with several interacting process parameters. No generally
accepted real-time in-line tools are offered to gain insight into
this process. In practice, it is a necessity to have a highly
experienced process formulator and operator to develop a wet
granulated solid dosage form. NIR has been widely used in
granulation research and in fact the first pharmaceutical pro-
cess analytical applications of NIR spectroscopy have been
the monitoring of complex wet granulation processes
(Watano et al 1990; White 1994; Han & Faulkner 1996; List
& Steffens 1996; Frake et al 1997; Goebel & Steffens 1998;
Rantanen & Yliruusi 1998; Rantanen et al 1998; Morris et al
2000). NIR has frequently been used to monitor the granula-
tion process, for example, to measure the particle size (Ran-
tanen et al 1998), or to follow the moisture content during
granulation (Rantanen et al 2000, 2001). The effects of granu-
lation on the structure of cellulose have also been studied
(Buckton et al 1999). Recently Otsuka (2006) applied NIR
and chemometrics tools to predict the change of pharmaceuti-
cal properties of antipyrine granules during granulation by
regulation of the added water amount. He concluded that it
may be possible that the properties of the granules, such as
mean particle size, angle of repose, tablet porosity and tablet
hardness could be predicted by a NIR-chemometric method.
Li et al (2005) monitored quantitatively polymorph conver-
sion of an API in wet granulation with NIR. The final univar-
iate NIR method was used for off-line or on-line monitoring
of polymorph conversion in the wet granulation process. 

Airaksinen et al (2003) studied if excipients, a-lactose
monohydrate or silicified microcrystalline cellulose could
influence the hydrate formation of theophylline in wet
masses. They used spectroscopic methods, namely Raman
and NIR, to identify hydrate formation in the formulations
containing excipients. It was concluded that both methods
could identify the hydrate formation even though there were
excipients in the formulation. Jørgensen et al (2004a) used
NIR to investigate the effect of excipients on the kinetics of
hydrate formation in wet masses during granulation.
Jørgensen et al (2004b) compared impeller torque measure-
ments and NIR spectroscopy in the characterization of the
water addition phase of a high shear granulation process. The
results suggested that NIR spectroscopy may be applicable to
process monitoring of wet granulation, also in cases where
monitoring of impeller torque was difficult to apply.
Jørgensen et al (2004c) used physical (impeller torque and
temperature) and chemical (NIR spectroscopy) information
from a small-scale high-shear granulation to create process
vectors. The vectors created were visualized with different
methods, namely PCA and the self-organizing map (SOM).
The state of the process could not be described by either of the
measurement techniques alone, but provided important
information about the process. The combining of the data and
subsequent data visualizing provided an overview of the process.
The authors concluded that the SOM approach had two advan-
tages over the PCA: it presented the results in terms of the ori-
ginal variables and enabled the analysis of nonlinear responses.
Both visualization methods could nevertheless be used to
describe the progress of the process. Rantanen et al (2005b)
investigated the use of in-line NIRs as a process analytical tool
for high shear granulation. Critical information, both chemical
and physical, was collected during processing, including the

homogeneity of the formulation, the amount of water in the
wet mass, and particle size information. By efficient data visu-
alization using PCA, NIR spectroscopy could be used to deter-
mine the end points of the three subphases of high shear wet
granulation, providing a fast in-line quality control tool. 

Pelletization 
Only a few papers using NIR in pelletization exist. Radtke
et al (1999) described studies of moisture content measure-
ment during matrix pellet manufacturing in a rotary fluid bed.
Sandler et al (2005) investigated phase transitions occurring
in nitrofurantoin and theophylline formulations during pel-
letization by extrusion-spheronization. An at-line process
analytical technology (PAT) approach was used to increase
the understanding of the solid-state behaviour of the APIs
during pelletization. Raman spectroscopy, NIR spectroscopy,
and XRPD were used in the characterization of polymorphic
changes during the process. Samples were collected at the
end of each processing stage (blending, granulation, extru-
sion, spheronization, and drying). Water induced a hydrate
formation in both model formulations during processing and
NIR spectroscopy gave valuable real-time data about the state
of water in the system. However, it was not able to detect the
hydrate formation in the theophylline and nitrofurantoin for-
mulations during the granulation, extrusion, and spheroniza-
tion stages because of saturation of the water signal. 

Compaction 
Roll compaction/dry granulation is an agglomeration process
of growing importance. New machine generations and
improvements in instrumentation and process control have
resulted in an increasing number of pharmaceutical applica-
tions of this technique (Kleinebudde 2004). Only a small
number of studies exist on the application of NIR to roller
compaction of solids. Gupta et al (2005) evaluated the effect
of variation in ambient moisture on the compaction behaviour
of microcrystalline cellulose powder. They compared the
physicomechanical properties and the NIR spectra of com-
pacts prepared by roller compaction and of simulated ribbons
(compacts prepared under uni-axial compression). The key
sample attributes i.e. relative density, moisture content, ten-
sile strength, and Young modulus, were related to the NIR
spectra using multivariate data analysis by PLS. Good agree-
ment was observed between the measured and the NIR-PLS
predicted values for all key attributes for the roller compacted
samples as well as the simulated ribbons. 

Coating of tablets 
Monitoring of the film-coating process parameters by NIR
has been reported by Kirsch & Drennen (1996). Andersson
et al (1999) performed at-line evaluation of the amount of the
coating on tablets. Further, Andersson et al (2000) described
real-time analysis of film coating of pellets. Roggo et al
(2005) describe an application of NIR to detect and identify
changes in uncoated and coated tablets in response to pilot-
scale changes in process parameters during melt granulation,
compression, and coating. NIR is sensitive to changes in coat-
ing formulation, the quality of a coating excipient (hypromel-
lose), and coating time. In a concluding quantitative analysis,
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they demonstrated the feasibility of NIR in a manufacturing
context for predicting coating time and detecting production
cores failing to meet dissolution test specifications. In a study
by Pérez-Ramos et al (2005) an elegant method was devel-
oped to enable in-line analysis of film coating thickness on
tablets during a pan-coating operation. Real-time measure-
ments were made using a diffuse-reflectance NIR probe posi-
tioned inside the pan during the coating operation to model
film growth. It was shown that univariate analysis provided a
simple method for in-line monitoring of the coating process
using NIR data. An empirical geometric 2-vector volumetric
growth model was developed, which explained the coating
growth on both face and band regions of biconvex tablets. In-
line measurement and use of the created model allowed the
coating process to be stopped when a predetermined tablet
coating thickness was achieved. 

Tableting, encapsulation and the final dosage form 
NIR can be applied to perform a final identification test of the
active compound in the final dosage form (Dempster et al
1995). The identification of active substances through blister
packaging can also be performed e.g. for discriminating
between active tablets and placebos during clinical trials
(MacDonald & Prebble 1993). However, a large number of
publications reflect the advantages of the NIR assay of active
substances in semi-finished or finished products such as gran-
ules, cores or tablets (Han & Faulkner 1996; Blanco et al
1999). Quantitative measurements for the determination of
moisture in finished products are also common applications
of NIR spectroscopy (MacDonald & Prebble 1993; Last &
Prebble 1993; Roggo et al 2004). 

Comparisons of different variable selection methods con-
ducted on NIR transmission measurements on intact tablets
have been made (Abrahamsson et al 2003). Reflectance NIR
spectroscopy was investigated as a technique to distinguish
between the sites of manufacture of a number of proprietary
tablets (Yoon et al 2004). Ellis (2005) discussed the applica-
bility of NIR analysis to solid dosage forms. Cogdill et al
(2004) presented the development and validation of a PAT-
based NIR approach to online prediction of tablet hardness
and API content. Blanco & Alcalá (2006) used a NIR spectro-
scopic method applying PLS regression modelling for the
simultaneous determination of the active compounds para-
cetamol, ascorbic acid, dextromethorphan hydrobromide, caf-
feine and chlorpheniramine maleate in a pharmaceutical
preparation. They validated their method in accordance with
the ICH standard and the EMEA validation guidelines for
NIR spectroscopy by determining its selectivity, linearity,
accuracy, precision and robustness. They concluded that this
approach was an effective alternative to existing analytical
methods (HPLC and redox titrimetry) used for the same pur-
pose. Alcalá & Blanco (2006) demonstrated a study using
NIR in determination of content uniformity and tablet hard-
ness. Feng & Hu (2006) reported universal quantitative NIR
models for the analysis of API contents in roxithromycin and
erythromycin ethyl succinate tablets from different manufac-
turers in China. Three different spectrometers were used for
model construction to have robust and universal models.
They also evaluated the models according to existing ICH
guidelines. This study showed that NIR could be a rapid and

effective method for non-destructive inspection of medicines
in the distribution channels or the open market. Donoso &
Ghaly (2005) reported the successful prediction of the disin-
tegration time of tablets using NIR diffuse reflectance spec-
troscopy. Recently, Bodson et al (2006) reported accurate
assays of low-dose riboflavin tablets using NIR and PLS-
modelling. 

Researchers from the FDA assessed the quality of internet
pharmaceutical products using traditional and non-traditional
analytical techniques and stated for instance that NIR meth-
ods highlighted additional quality issues for the products
tested (Westenberger et al 2005). Roggo et al (2005) reported
the analysis of tablets having two different origins before and
after storage with NIR. 

At-line determination of moisture content of gelatine cap-
sules has been performed (Buice et al 1995; Berntsson et al
1997). Berntsson et al (1997) proposed a method in which dif-
fuse reflectance NIR spectroscopy was applied in an at-line
process analytical interface to determine moisture content in
bulk hard gelatin capsules. Different multivariate calibration
methods using MLR and PLS regression and various spectral
pretreatments were compared. They concluded that the inves-
tigated range for the moisture determination was 5.6–18.0%
w/w and the root mean square error of prediction (RMSEP)
value was 0.1% w/w. Vredenbregt et al (2006) described a
method for fast-screening of sildenafil and counterfeit silde-
nafil tablets. Their NIR method checked the homogeneity of a
batch, distinguished counterfeits and imitations from the
authentic product, and detected whether similar samples had
been analysed previously. 

Cogdill et al (2005a, b, c) presented an excellent series of
papers on the use of NIR spectroscopy as process analytical
tool for solid dosage forms. They attempted to qualify capa-
bilities of the instrument and the sample handling system, to
evaluate the potential effect of one source of a process signa-
ture on calibration development, and to compare the utility of
reflection and transmission data collection methods. Among
other things, they found that the impact of positioning error
on both NIR reflection and transmission analysis may be effi-
ciently diminished using spectral preprocessing techniques.
Also, they reported that shielding was not required for single-
tablet NIR transmission analysis and that diffuse reflection
spectra were less sensitive to sample positioning than trans-
mission spectra. Their preliminary research led to NIR inves-
tigations on development and validation of quantitative
calibrations for API content and tablet hardness. They also
reported on method implementation and transfer and addressed
theoretical and practical aspects of deploying and maintaining
NIR calibrations in a validated PAT application. 

Summary 

The use of process analytical technologies by the pharmaceu-
tical industry and in pharmaceutical process research is an
answer to the growing need for improved productivity and
accelerated drug development to meet the increasing com-
petition in this pharmaceutical field. The literature is filled
with elegant examples of using NIR in combination with mul-
tivariate tools, which can be made use of in characterization
of the solid state and drug product manufacture. The latest
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developments in the fields of information technology, opto-
electronics, data handling and analysis, not to mention gen-
eral technique improvements, have enabled the instantaneous
and non-invasive NIR analysis of pharmaceutical processes
operations and given a molecular level approach to process-
ing. The designs and conduct of pharmaceutical development
studies should be consistent, underpinning the scientific pur-
pose as it is stated in the ICH guideline Q8. The knowledge
gained is important, not the volume of data produced. The use
of NIR and appropriate data analysis techniques to support
process understanding will play a key role in future drug
development, eventually leading to enhanced process under-
standing for scientific, risk-managed pharmaceutical develop-
ment, manufacture, and quality assurance in accordance with
the PAT ideology and provide a basis to science-based sub-
missions and regulatory evaluation. 
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