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Introduction: Solid-dosage forms broadly 
encompass two types of formulation, namely 

tablets and capsules. It has been estimated that 
solid-dosage forms constitute circa 90% of all 
dosage forms used to provide systemic 
administration of therapeutic agents. This 
highlights the importance of these dosage forms 
in the treatment and management of disease 
states. The widespread use of tablets has been 
achieved as a result of their convenience and 
also the diversity of tablet types. Examples of 
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tablet types available include: (1) conventional 
compressed tablets; (2) multiple compressed 
tablets; (3) enteric-coated tablets; (4) sugar-
coated tablets; (5) film-coated tablets; (6) 
chewable tablets; (7) effervescent tablets; (8) 
buccal and sublingual tablets; and (9) vaginal 
tablets. [1] 
Destructive Evaluation of Tablets: Evaluations 
of a pharmaceutical product are an essential and 
mandatory criterion to asses and confirm the 
quality of a product to be used by the patients. 
The following tests are given below: [2] 
• Hardness(crushing strength) 
• Friability 
• Disintegration 
• Dissolution 
• Uniformity of content  
Evaluation techniques for Non-destructive 
quantification: Non-destructive evaluation 
techniques are always considered to be 
advantageous to destructive analytical 
techniques. A non-destructive evaluation of 
tablets is possible with the application of 
Fourier transform infrared spectroscopy, near-
infrared spectroscopy, Optical coherence 
tomography (OCT) and terahertz pulsed 
imaging (TPI), Raman spectroscopy, and 
appropriate statistical techniques. The 
advantages of non-destructive techniques are: 
1. Rapid & reproducible techniques  
2. More precise evaluation of products 
(e.g. tablets, capsules, etc.) 
3. Less wastage of pharmaceuticals  
4. Low Production cost  
5. Maintenance of Dose accuracy 
6. Ultimately leads to production of 
pharmaceuticals economically.  

 
Fourier Transform Infrared Spectroscopy: 
Fourier transform infrared 
spectroscopy (FTIR)[3] is a technique which is 
used to obtain an infrared spectrum of 
absorption, emission, photoconductivity or Ram
an scattering of a solid, liquid or gas. An FTIR 
spectrometer simultaneously collects spectral 
data in a wide spectral range. The term Fourier 

transform infrared spectroscopy originates from 
the fact that a Fourier transform (a mathematical 
process) is required to convert the raw data into 
the actual spectrum. [4] 
 The first low-cost spectrophotometer capable 
of recording an infrared spectrum was 
the Perkin-Elmer Infracord produced in 
1957.[5] This instrument covered the 
wavelength range from 2.5 µm to 15 µm (wave 
number range 4000 cm−1 to 660 cm−1). The 
lower wavelength limit was chosen to 
encompass the highest known vibration 
frequency due to a fundamental molecular 
vibration. The upper limit was imposed by the 
fact that the dispersing element was 
a prism made from a single crystal of rock-salt 
(sodium chloride) which becomes opaque at 
wavelengths longer than about 15 µm; this 
spectral region became known as the rock-salt 
region. Later instruments used potassium 
bromide prisms to extend the range to 25 µm 
(400 cm−1) and caesium iodide 50 µm 
(200 cm−1). The region beyond 50 µm 
(200 cm−1) became known as the far-infrared 
region; at very long wavelengths it merges into 
the microwave region. Measurements in the far 
infrared needed the development of accurately 
ruled diffraction gratings to replace the prisms 
as dispersing elements since salt crystals are 
opaque in this region. More sensitive detectors 
than the bolometer were required because of the 
low energy of the radiation. One such was 
the Golay detector. An additional issue is the 
need to exclude atmospheric water 
vapour because water vapour has an intense 
pure rotational spectrum in this region. Far-
infrared spectrophotometers were cumbersome, 
slow and expensive. The advantages of 
the Michelson interferometer were well-known, 
but considerable technical difficulties had to be 
overcome before a commercial instrument could 
be built. Also an electronic computer was 
needed to perform the required Fourier 
transform and this only became practicable with 
the advent of mini-computers, such as the PDP-
8 which became available in 1965. Digilab 
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pioneered the world's first commercial FTIR 
spectrometer (Model FTS-14) in 
1969 [6]. (Digilab FTIRs are now a part of 
Agilent technologies's molecular product line 
after it acquired spectroscopy business from 
Varian).[7][8]  
The goal of any absorption 
spectroscopy (FTIR, ultraviolet-visible ("UV-
Vis") spectroscopy, etc.) is to measure how well 
a sample absorbs light at each wavelength. The 
most straightforward way to do this, the 
"dispersive spectroscopy" technique, is to shine 
a monochromatic light beam at a sample, 
measure how much of the light is absorbed, and 
repeat for each different wavelength. Fourier 
transform spectroscopy is a less intuitive way to 
obtain the same information. Rather than 
shining a monochromatic beam of light at the 
sample, this technique shines a beam containing 
many frequencies of light at once, and measures 
how much of that beam is absorbed by the 
sample. Next, the beam is modified to contain a 
different combination of frequencies, giving a 
second data point. This process is repeated 
many times. Afterwards, a computer takes all 
these data and works backwards to infer what 
the absorption is at each wavelength. 
The beam described above is generated by 
starting with a broadband light source one 
containing the full spectrum of wavelengths to 
be measured. The light shines into a Michelson 
interferometer a certain configuration of 
mirrors, one of which is moved by a motor. As 
this mirror moves, each wavelength of light in 
the beam is periodically blocked, transmitted, 
blocked, transmitted, by the interferometer, due 
to wave interference. Different wavelengths are 
modulated at different rates, so that at each 
moment, the beam coming out of the 
interferometer has a different spectrum. 
As mentioned, computer processing is required 
to turn the raw data (light absorption for each 
mirror position) into the desired result (light 
absorption for each wavelength). The 
processing required turns out to be a common 
algorithm called the Fourier transform (hence 

the name, "Fourier transform spectroscopy"). 
The raw data is sometimes called an 
"interferogram". 
Michelson interferometer 

 
 

                Fig no. 1 Schematic diagram of a 
Michelson interferometer, configured for FTIR  
In a Michelson interferometer adapted for FTIR, 
light from the polychromatic infrared source, 
approximately a black-body radiator, 
is collimated and directed to a beam splitter. 
Ideally 50% of the light is refracted towards the 
fixed mirror and 50% is transmitted towards the 
moving mirror. Light is reflected from the two 
mirrors back to the beam splitter and (ideally) 
50% of the original light passes into the sample 
compartment. There, the light is focused on the 
sample. On leaving the sample compartment the 
light is refocused on to the detector. The 
difference in optical path length between the 
two arms to the interferometer is known as the 
retardation. An interferogram is obtained by 
varying the retardation and recording the signal 
from the detector for various values of the 
retardation. The form of the interferogram when 
no sample is present depends on factors such as 
the variation of source intensity and splitter 
efficiency with wavelength. This results in a 
maximum at zero retardation, when there 
is constructive interference at all wavelengths, 
followed by series of "wiggles". The position of 
zero retardation is determined accurately by 
finding the point of maximum intensity in the 
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interferogram. When a sample is present the 
background interferogram is modulated by the 
presence of absorption bands in the sample. 
There are two principal advantages for an FT 
spectrometer compared to a scanning 
(dispersive) spectrometer.[9]   
1. The multiplex or Fellgett's advantage. This 
arises from the fact that information from all   
    wavelengths is collected simultaneously. It 
results in a higher Signal-to-noise ratio for a    
    given scan-time or a shorter scan-time for a 
given resolution. 
• 2. The throughput or Jacquinot's 
advantage. This results from the fact that, in a 
dispersive instrument, themonochromator has 
entrance and exit slits which restrict the amount 
of light that passes through it. The 
interferometer throughput is determined only by 
the diameter of the collimated beam coming 
from the source. 
Other minor advantages include less sensitivity 
to stray light,[10] and "Connes' advantage" 
(better wavelength accuracy),while a 
disadvantage is that FTIR cannot use the 
advanced electronic filtering techniques that 
often makes its signal-to-noise ratio inferior to 
that of dispersive measurements.[10] 
Resolution: The interferogram belongs in the 
length domain. Fourier transform (FT) inverts 
the dimension, so the FT of the interferogram 
belongs in the reciprocal length domain, that is 
the wavenumber domain. The spectral 
resolution in wavenumbers per cm is equal to 
the reciprocal of the maximum retardation in 
cm. Thus a 4 cm−1 resolution will be obtained if 
the maximum retardation is 0.25 cm; this is 
typical of the cheaper FTIR instruments. Much 
higher resolution can be obtained by increasing 
the maximum retardation. This is not easy as the 
moving mirror must travel in a near-perfect 
straight line. The use of corner-cube mirrors in 
place of the flat mirrors is helpful as an 
outgoing ray from a corner-cube mirror is 
parallel to the incoming ray, regardless of the 
orientation of the mirror about axes 
perpendicular to the axis of the light beam. 

Connes measured in 1966 the temperature of the 
atmosphere of Venus by recording 
the vibration-rotation spectrum of Venusian 
CO2 at 
0.1 cm−1 resolution.[11] Michelson himself 
attempted to resolve the hydrogen H-
alpha" emission band in the spectrum of a 
hydrogen atom into its two components by 
using his interferometer.  A spectrometer with 
0.001 cm−1 resolution is now available 
commercially. The throughput advantage is 
important for high-resolution FTIR as the 
monochromator in a dispersive instrument with 
the same resolution would have very 
narrow entrance and exit slits. 
Beam splitter: The beam-splitter can not be 
made of common types of glass, as they are 
opaque to infrared radiation of wavelengths 
longer than about 2.5 µm. A thin film, usually 
of a plastic material, is used instead. However, 
as any material has a limited range of optical 
transmittance, several beam- splitters are used 
interchangeably to cover a wide spectral range. 
Fourier transform: The interferogram in 
practice consists of a set of intensities measured 
for discrete values of retardation. The difference 
between successive retardation values is 
constant. Thus, a discrete Fourier transform is 
needed. The fast Fourier transform (FFT) 
algorithm is used. 
Far-infrared FTIR: The first FTIR 
spectrometers were developed for far-infrared 
range. The reason for this has to do with the 
mechanical tolerance needed for good optical 
performance, which is related to the wavelength 
of the light being used. For the relatively long 
wavelengths of the far infrared, ~10 µm 
tolerances are adequate, whereas for the rock-
salt region tolerances have to be better than 1 
µm. A typical instrument was the cube 
interferometer developed at the NPL [12] and 
marketed by Grubb Parsons. It used a stepper 
motor to drive the moving mirror, recording the 
detector response after each step was 
completed. 
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Mid-infrared FTIR: With the advent of 
cheap microcomputers it became possible to 
have a computer dedicated to controlling the 
spectrometer, collecting the data, doing the 
Fourier transform and presenting the spectrum. 
This provided the impetus for the development 
of FTIR spectrometers for the rock-salt region. 
The problems of manufacturing ultra-high 
precision optical and mechanical components 
had to be solved. A wide range of instruments 
are now available commercially. Although 
instrument design has become more 
sophisticated, the basic principles remain the 
same. Nowadays, the moving mirror of the 
interferometer moves at a constant velocity, and 
sampling of the interferogram is triggered by 
finding zero-crossings in the fringes of a 
secondary interferometer lit by a helium–neon 
laser. In modern FTIR systems the constant 
mirror velocity is not strictly required, as long 
as the laser fringes and the original 
interferogram are recorded simultaneously with 
higher sampling rate and then re-interpolated on 
a constant grid, as pioneered by James W. 
Brault. This confers very high wave number 
accuracy on the resulting infrared spectrum and 
avoids wave number calibration errors. 
Near-infrared FTIR: The near-infrared region 
spans the wavelength range between the rock-
salt region and the start of the visible region at 
about 750 nm. Overtones of fundamental 
vibrations can be observed in this region. It is 
used mainly in industrial applications such 
as process control and chemical imaging. 
Applications: FTIR can be used in all 
applications where a dispersive spectrometer 
was used in the past (see external links). In 
addition, the multiplex and throughput 
advantages have opened up new areas of 
application. These include: 
• GC-IR (gas chromatography-infrared 
spectrometry). A gas chromatograph can be 
used to separate the components of a mixture. 
The fractions containing single components are 
directed into an FTIR spectrometer, to provide 
the infrared spectrum of the sample. This 

technique is complementary to GC-MS (gas 
chromatography-mass spectrometry). The GC-
IR method is particularly useful for 
identifying isomers, which by their nature have 
identical masses. The key to the successful use 
of GC-IR is that the interferogram can be 
captured in a very short time, typically less than 
1 second. FTIR has also been applied to the 
analysis of liquid chromatography fractions.[10] 
• TG-IR (Thermogravimetry-infrared 
spectrometry) IR spectra of the gases evolved 
during thermal decomposition are obtained as a 
function of temperature.[13] 
• Micro-samples. Tiny samples, such as in 
forensic analysis, can be examined with the aid 
of an infrared microscope in the sample 
chamber. An image of the surface can be 
obtained by scanning.[14] Another example is 
the use of FTIR to characterize artistic materials 
in old-master paintings.[15] 
• Emission spectra. Instead of recording 
the spectrum of light transmitted through the 
sample, FTIR spectrometer can be used to 
acquire spectrum of light emitted by the sample. 
Such emission could be induced by various 
processes, and the most common ones 
are luminescence and Raman scattering. Little 
modification is required to an absorption FTIR 
spectrometer to record emission spectra and 
therefore many commercial FTIR spectrometers 
combine both absorption and emission/Raman 
modes.[16] 
• Photocurrent spectra. This mode uses a 
standard, absorption FTIR spectrometer. The 
studied sample is placed instead of the FTIR 
detector, and its photocurrent, induced by the 
spectrometer's broadband source, is used to 
record the interferrogram, which is then 
converted into the photoconductivity spectrum 
of the sample. [17] 
Near Infrared Spectroscopy: The near-IR 
region of the electromagnetic spectrum 
comprises the wavelength range of about 800-
2500 nm. [18] Molecular overtone and 
combination vibrations form the basis for this 
method. The molar absorptivity in the near-IR 
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region is very small as these transitions are 
forbidden. But the near-IR has a good 
penetration power than mid-infrared radiation. 
Thus though it is not a sensitive technique, it 
can be used for the evaluation of bulk materials. 
Another advantage is that this technique 
requires no sample preparation in most cases. 
The broad nature of the molecular overtone and 
combination bands in the near-IR results in 
complex spectra. This makes it difficult to 
assign specific features to specific chemical 
components. Principal component analysis or 
partial least squares are mainly used as a 
multiple wavelength (multivariate) calibration 
technique. This helps in understanding the 
chemical details. The application of near-IR 
analytical method is mainly dependent upon 
two key factors - the calibration samples and 
calibration technique.[19] 

Instrumentation: The instrumentation mainly 
consists of a source, a detector, and a dispersive 
element. Incandescent, quartz halogen light 
bulbs, light-emitting diodes, etc. are also used 
as a source of near-IR radiation. Silicon-based 
charge-coupled devices, indium gallium 
arsenide devices, and lead sulfide devices are 
mostly used as detectors. A 2D array detector 
with an acousto-optic tunable filter is used in 
instruments used for chemical imaging. 
Diffracting gratings are mainly used for the 
purpose of dispersion of the radiation though 
prism is also used.[21]  

Measurement and data analysis: Transmission 
mode and reflectance mode measurements are 
possible with NIR spectroscopy depending upon 
the positioning of the sample and the detector. 

[22] The ratio of the intensity of radiation that 
passes through the sample to the intensity of 
radiation falling on it is called as transmission 
whereas the ratio of the intensity of radiation 
reflected by the sample to the intensity of 
radiation falling on it is called as reflectance. 
The process of diffuse reflectance involves the 
re-emergence radiation after penetration into the 
bulk of the sample and undergoing multiple 
reflections within the sample substance. For the 

evaluation of solid samples like tablets, mainly 
reflectance spectroscopy is used. NIR spectra 
are complex with multiple broad overlapping 
peaks. This necessitated the use of chemometric 
data processing to gather sample properties 
from spectral information. [17] Typically to 
correct collinearity and the typically poor 
selectivity of NIR spectra, multivariate models 
are used though some researchers were able to 
develop a univariate calibration model for 
pharmaceutical analysis based on NIR 
spectra.[23] 
Near-infrared imaging: Digital imaging with 
the attributes of spectroscopic measurements is 
possible with chemical imaging techniques. The 
measurement of the photon interacting with a 
molecule or matter is involved in vibrational 
spectroscopy as in NIR spectroscopy. A pattern 
of absorption of photons of specific energy is 
obtained as a result of absorption or scattering 
of these photons by the interacting molecules. 
This obtained pattern in chemical imaging 
provides spatial or chemical information about 
the sample. An illumination source, an imaging 
optic, a spectral encoder selecting the 
wavelengths and a focal plane array are the 
basic instrumental requirements for this 
technique. The resulting data are recorded as a 
series of images. Even coating layers on a tablet 
can be visualized by this technique. [17] 
Applications: Near-IR finds its major 
applications in food and drug industry, 
combustion products, medicine, and 
astronomical spectroscopy. It is used in 
studying the atmospheres of cool stars. It can be 
used for remote monitoring of plants and soils. 
Its medical uses include noninvasive 
measurement of the amount and oxygen content 
of hemoglobin, noninvasive assessment of brain 
function, NIR imaging or functional NIR 
imaging, oximetry (determination of blood 
flow, volume, and oxygenation), etc. Particle 
size measurement can also be carried out by 
NIR spectroscopy. The application of near-IR, 
though established, is still in its infancy for its 
utility in the pharmaceutical industry. Near-IR 
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has been proposed as an in-process real time 
test for tablets by FDA. [24] Major 
pharmaceutical applications include 
identification of actives/excipients, moisture 
determination in samples, determination of 
blend uniformity, determination of particle size, 
quantification of actives/excipients, etc. 

The following sections describe in detail about 
the application of near-IR for the non-
destructive evaluation of tablets.  
Tablet hardness: The use of near-IR as a 
nondestructive method of tablet hardness has 
been reported first in 1991. [25] Later on so 
many studies were reported for the quantitative 
and qualitative evaluation of tablet hardness. 
NIR spectrum can be obtained by the 
determination of absorbance (inversely 
proportional to reflectance, R) as a function of 
wavelength or wave number. A change in the 
slope of the best fit line of the spectrum can be 
used for the determination of tablet hardness. 
This approach is based on the established fact 
that changes in tablet hardness cause a variation 
in the slope of the baseline of the NIR spectra. 
[Fig no. 2] displays a schematic representation 
of NIR spectra of tablet samples with the same 
composition but with different hardness. The 
straight lines represent the regression line of the 
corresponding spectrum. Sample positioning 
also affects the baseline of the spectrum. So it is 
of importance to take due care to maintain same 
sample positioning during the analysis of all 
samples.  

 
Fig no. 2   Schematic NIR spectra of tablets of 
same composition but with different hardness 

values (Hardness: .....Highest ——Medium ----
Lowest) 

The calibration of the method involves the 
laboratory determination of tablet hardness and 
fitting each spectrum with a regression line. 
Then a plot is prepared using the slopes of the 
regression lines versus the corresponding 
hardness of the tablets using a mechanical 
hardness tester by a destructive technique. 
Using this calibration plot the tablet hardness is 
predicted from the slope of the NIR spectra of 
the tablet sample. [Fig no. 3] displays a 
schematic representation of a typical calibration 
curve for the determination of tablet hardness 
using NIR spectroscopy. The standard error of 
calibration and standard error of prediction 
should be small and almost same for a robust 
calibration model.  

 
Fig no. 3 Schematic calibration curve for the 
determination] of the tablet hardness from the 
slope of regression line of the NIR spectrum 

Disintegration time :From the results of the 
studies on the effect of tablet hardness, it is 
clear that as the tablet hardness increases the 
NIR absorbance of the samples also increases. 
As increased tablet hardness is indicative of the 
increased tablet disintegration time, NIR 
spectroscopy can provide useful information on 
tablet disintegration by measuring the NIR 
spectrum. A calibration model has to be 
generated for this purpose.[26] 
Dissolution: The dissolution profiles of tablets 
are found to be inversely proportional to their 
NIR absorbance. NIR diffuse reflectance 
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spectroscopy can be used for the prediction of 
drug dissolution. [27] 
Identification and quantification of actives and 
excipients: Pharmaceutical actives and 
excipients can be identified with the help of an 
NIR spectrum. The NIR spectrum consisting of 
a plot of absorbance versus wave number or 
wavelength will be unique for a compound with 
definite absorption peaks. The particle size of 
pharmaceutical excipients and thus their grades 
accordingly can be determined by checking the 
spectral reflectance baseline and the absorbance 
peaks. A reduction in particle size causes 
decreased absorbance resulting from increased 
light scattering. [Fig no. 4] shows the schematic 
NIR spectra of three different concentrations of 
an active/excipient in a tablet formulation. A 
significant change in the absorbance values is 
observed in the characteristic region of the 
particular compound.  

Fig no.4:   Schematic NIR spectra of three 
different concentrations of an active/excipient in 

a tablet 
A second-derivative spectrum is also useful in 
the identification and quantification of a 
compound. The intensity of the band at specific 
wavelengths characteristic to the compound 
could be observed to be changed as its quantity 
changes in the sample being analyzed. This 
forms the basis for the quantification of actives 
and excipients using NIR spectroscopy. A 
calibration curve can be prepared using these 
derivative spectra and can be used for the 
prediction of drug content in tablet samples. 
[28] 

Process analytical technology and tablet 
evaluation by NIR: The NIR spectroscopic 
method can be used as a routine technique for 
the monitoring of a manufacturing process and 
as a real time release testing. Thus this 
technique is very useful in establishing a valid 
process analytical technology. [29] The 
technique is a valid PAT tool for the rapid 
characterization of pharmaceutical tablet 
quality. [30] ICH Q8 (R1) guidelines have 
mentioned the possible use of NIR spectroscopy 
for real time release testing of tablets such as 
weight variation. [31]  
Rationale for the study: To study in detail 
about nondestructive evaluation of tablets using 
the multi advanced  technique 
• To find out an alternative for the current 

methods of evaluation. 
• To find out the possibility of identification 

and quantification of drugs and excipients.  
• To study about various statistical techniques 

and software useful for carrying out this 
technique.  

• To study about NIR spectroscopy as it may 
be considered to be of high importance in 
terms of process analytical technology.  

• To gain wide acceptance this non 
destructive quantification techniques as a 
rapid and simple real time in-process testing 
for tablets. 

• To study about the suitability of this 
technique even after packaging renders it 
highest suitability for pharmaceutical 
evaluation.  

• To study whether, it is also suitable for 
routine quality control of tablets. 

Literature Review: Javed Ali et.al reported 
that a rapid and simple non-destructive 
technique can be used for the in-process 
evaluation of a pharmaceutical product. This 
can be helpful in achieving the goals of process 
analytical technology (PAT). Chemical and 
physical information of virtually any matrix can 
be extracted using near-infrared (NIR) 
spectroscopy and imaging. [30] Multivariate data 
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analysis combined with these methods can be 
used for exploring both qualitative and 
quantitative data. NIR spectroscopy has been a 
very interesting area of research for the 
development of nondestructive evaluation of 
pharmaceutical products especially that of 
tablets. Its utility in the development, 
optimization, and monitoring of the process has 
been established and nowadays it is being 
increasingly used for the purpose. The possible 
pharmaceutical applications of NIR 
spectroscopy include identification, 
determination of composition, moisture content 
determination, detection of impurities, checking 
of homogeneity of blending, etc. For NIR 
spectroscopy, data calibration is required using 
the measurement of the property being studied. 
The calibration models developed should be 
robust enough. [30] 
Iyer et al. have carried out comparative studies 
of the reflectance and transmittance 
methodologies for the evaluation of tablets. The 
study results showed that both methods might 
be sensitive to sample inhomogeneity and that 
transmittance measurements are sensitive to 
path length variations. [31] 
Kirsch et al. proposed a new algorithm for 
testing tablet hardness using near-IR 
spectroscopy. They carried out their study in 
cimetidine-containing tablets. Different tablets 
having 1-20% w/w of cimetidine were used. 
Both tablet hardness and sample positioning 
were found to affect the spectral baseline. A 
destructive diametral crushing test was carried 
out on each tablet using a calibrated hardness 
tester, after recording the spectra from the 
unscored face of the tablets. The study was 
carried out using excipients showing plastic 
deformation (sodium chloride and 
microcrystalline cellulose) and brittle fracture 
(dibasic calcium phosphate dihydrate and 
lactose). After compression of the blends, one 
punch was removed and a fiber-optic probe was 
inserted into the die and the NIR spectra were 
recorded. Principal component 
analysis/principal component regression and 

spectral best-fit method were compared using 
two different approaches. In one approach, the 
data from the group of a particular potency of 
cimetidine were used to predict the hardness of 
the tablets in the other potency groups. In the 
second approach, the data from half of the 
group of a particular potency of cimetidine were 
used to predict the hardness of the rest of the 
tablets in that particular potency group. The 
standard error of calibration and the standard 
error of prediction were used for the comparison 
and evaluation of the data. The spectral best-fit 
method was compared to the established 
multivariate principal component 
analysis/principal component regression 
method. The results showed that the spectral 
best-fit method was easier to develop and can 
be used for the determination of tablet hardness 
using NIR spectroscopy. The spectral best-fit 
method was also found to be applicable for a 
wide range of drug concentration.[23]  
Donoso et al. determined tablet hardness using 
NIR diffuse reflectance method. Seven 
theophylline tablets with different hardness 
values were used in their study for developing a 
model equation, validating the model and 
testing the model predictive ability. Placebo 
tablets with different hardness values were also 
prepared for the study for evaluation. The 
relationship between tablet hardness and the 
NIR spectra were evaluated using linear 
regression, and quadratic, cubic, and partial 
least-squares methods. The study results 
suggested that NIR absorbance was increased as 
the tablet hardness increased. The predicted 
values using the models were found to be in 
agreement with the experimental values using 
destructive evaluation of the tablets by a 
hardness tester. They concluded that the NIR 
diffuse reflectance method could be an 
alternative for the destructive testing of tablet 
hardness. [32]  
Morisseau et al. evaluated and quantified the 
effect of compression force on tablet hardness 
using NIR spectroscopy. They used drug-
containing formulations and one placebo 
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formulation for their study. Two formulations 
each were of hydrochlorthiazide (15% and 
20%) and chlorpheniramine maleate (2% and 
6%). The placebo was prepared out of 
microcrystalline cellulose and magnesium 
stearate. The NIR reflectance data were 
compared to the destructive hardness test data 
using multiple linear regression and partial 
least-squares regression methods. They 
correlated these data and showed that the 
increased tablet hardness caused by the 
increased compression force resulted in an 
increased absorbance of NIR radiation. The 
study results revealed that the NIR 
spectroscopic evaluation was as precise as the 
hardness tester in determining the tablet 
hardness. [33]  
Ebube et al. investigated the application of 
diffuse reflectance NIR spectroscopy for the 
determination of hardness of three different 
grades of microcrystalline cellulose. Tablets of 
different hardnesses have been prepared by 
varying the compression force from 0.2 to 1.2 
tons. The partial least-squares technique was 
employed for the prediction of tablet hardness. 
The error of prediction was found to be 8.8%, 
5.3%, and 4.6% for MCC PH 101, MCC PH 
102, and MCC PH 200, respectively. [34]  
Otusuka et al. used NIR chemometrics to study 
the effect of lubricant mixing on tablet 
hardness. Two formulations were prepared for 
the evaluation. The first formulation contained 
sulpyrine, microcrystalline cellulose, and 
magnesium stearate whereas the second 
formulation contained sulpyrine, spray-dried 
lactose, corn starch, and magnesium stearate. 
Blends of the above two formulations without a 
lubricant (magnesium stearate) were prepared. 
Finally the blends were lubricated by mixing 
with magnesium stearate for various mixing 
times. A reflection-type Fourier transform NIR 
(FT-NIR) spectrum spectrometer was used for 
recording the spectra of the blend samples. A 
principal component regression technique was 
employed for evaluation. All the NIR spectra 
showed change with the lubricant mixing time. 

The evaluated blends were compressed and 
hardness was checked. Their study results 
showed that the tablet hardness decreased with 
the increasing mixing time. They concluded that 
the evaluation of tablet blends using NIR 
spectroscopy prior to compression can be used 
for predicting the hardness of the tablets after 
compression which in turn helps in assuring the 
product quality. [35]  
Chen et al. evaluated the possibility of 
predicting hardness of tablets using artificial 
neural networks and NIR spectroscopy. The 
tablet formulation contained microcrystalline 
cellulose and magnesium stearate. Different 
tablet hardness values were obtained by varying 
the compression force from 0.4 to 1 ton. Two 
sets of tablets were prepared for each hardness 
value and one set was used for generating the 
models whereas the other set was used as a test 
sample for the evaluation of prediction of tablet 
hardness. Artificial neural network and partial 
least-squares models were used to predict the 
hardness of tablets. They found that artificial 
neural network calibration models can be used 
as a powerful tool for the analysis of NIR data. 
[36]  
Otsuka et al. evaluated the effect of the scale-
up factor of blending and tableting processes 
using NIR spectroscopy. They prepared tablets 
containing sulpyrine, microcrystalline cellulose, 
and 1% magnesium stearate both in lab-scale 
and plot-scale. Principal component regression 
was used for data evaluation. They observed 
that in both the cases, tablet hardness decreased 
as the mixing time increased. [37]  
Otsuka et al. evaluated the effect of the amount 
of water used for granulation on tablet hardness. 
They prepared granules using antipyrine, 
hydroxylpropylcellulose, lactose, and potato 
starch. Granulation was done with water in 
varying quantities from 11% to 19% w/w. The 
calibration model was prepared using principal 
component regression using the data obtained 
from tablet hardness and NIR spectra. The 
hardness of tablets was found to decrease as the 
quantity of added water increased. The 
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correlation coefficient for the prediction of 
tablet hardness was observed to be 0.8064. Thus 
from their study they concluded that that the 
chemometric evaluation of tablet granules by 
NIR spectroscopy can be used for predicting 
resultant tablet hardness. [38]  
Tanabe et al. evaluated the use of NIR 
spectroscopy to predict tablet hardness by 
principal component regression analysis. The 
study was conducted on tablets formulated from 
berberine chloride, lactose, and potato starch. 
The tablet weight was 800 mg and the diameter 
was 8 mm. Tablets of different hardnesses were 
obtained by varying the compression pressure 
from 59 to 195 MPa. The reflectance NIR data 
and the corresponding tablet hardness data were 
used for preparing a calibration for further 
predicting the hardness of test samples. 
Principal component regression analysis was 
carried out for the study. The Pearson product 
moment correlation coefficient was found to be 
0.925 between the actual and predicted tablet 
hardness values. [39] 

Donoso et al. evaluated the application of NIR 
reflectance spectroscopy for the determination 
of the disintegration time. Seven theophylline 
tablets of different disintegration times were 
prepared by varying the compression force 
while keeping the tablet composition same. Five 
placebo formulations with different 
disintegration times were also prepared for the 
study. They used linear regression, and 
quadratic, cubic, and partial least-squares 
methods for establishing a relationship between 
the laboratory tablet disintegration time and the 
NIR absorbance and found that an increased 
NIR absorbance caused an increased 
disintegration time.[24] 
Freitas et al. evaluated 10 different 
formulations of clonazepam tablets varying in 
excipient content. Three dissolution media were 
employed for the study. Seven dissolution times 
were chosen in the study using conventional 
dissolution apparatus and HPLC analysis of the 
dissolution samples. Multivariate analysis using 
the partial least-squares regression was used for 

the correlation between the dissolution data and 
NIR spectra. The study results revealed that this 
non-destructive method using NIR can be used 
for the dissolution study of tablets.[40]  
Malik et al. reported that A simultaneous 
determination of the identification and 
composition of tablets was carried out by using 
NIR spectrometry. Aspirin tablets were taken 
for their study. The tablets were packed in a 
blister package. A hole was punched through 
the foil backing. Through this hole the tablets 
were exposed to water vapor or a pH 9.0 
ammonium hydroxide solution. The salicylic 
acid content and water absorption were 
determined in the study using NIR 
spectrometry. The salicylic acid content and 
water absorption were also determined by 
HPLC analysis and weighing, respectively. 
They prepared a calibration curve for the water 
absorption and salicylic acid content from the 
obtained data. They used an IRC-160 InSb focal 
plane array video camera with a NIR bandpass 
cold filter for the 0.5-m multispectral imaging 
of the tablet samples. Imaging with the 
bootstrap error-adjusted single-sample 
technique (BEST) was carried out in their study. 
The study results showed the technique to be 
very fast (approximately 1000 times) and the 
precision to be very close to that obtained by 
spectrometric analysis of single tablets. 
Multispectral imaging enabled simultaneous 
analysis of a large numbers of samples. [41]  

The application of a combination of 
chemometrics with NIR spectroscopy has been 
demonstrated by Jedvert et al. They compared 
the results with those obtained with liquid 
chromatography. The NIR spectroscopic 
method was found to be equally good as liquid 
chromatography and demonstrated a good 
stability. They could analyze the sample even 
after 1.5 years after applying baseline 
correction. [26] 
Blanco et al. have demonstrated the suitability 
of reflectance NIR spectroscopy for 
pharmaceutical process monitoring by carrying 
out quantitative analysis of an active ingredient 
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in different production steps of tablet 
formulation. [42]  
Meza et al. determined the drug content in a 
low-dosage formulation by transmission NIR 
spectroscopy. Ibuprofen concentrations of 0.5%, 
0.7%, and 1.0% (m/m) were selected for the 
study. Microcrystalline cellulose, colloidal 
silicon dioxide, and magnesium stearate were 
used for the preparation of tablets. A 
multipurpose analyzer FT-NIR spectrometer 
was used for the recording of transmission 
spectra. The drug content was estimated by a 
validated UV method. A calibration model was 
developed using partial least-squares regression 
from the data obtained for 110 tablets. The 
accuracy, repeatability, intermediate precision, 
and linearity of the method were evaluated and 
were found to be satisfactory. The results 
obtained indicated FT-NIR transmission 
spectroscopy to be industrially applicable to 
facilitate process development and optimization. 
They suggested that the method can be used for 
a large number of tablets during process 
development and detect drug agglomeration 
problems. [43] 
Ricci et al. developed a method for the 
identification of counterfeit medicines in blister 
packs by a combination of spatially offset 
Raman spectroscopy (SORS) and attenuated 
total reflection FTIR (ATR-FTIR) imaging. 
They carried out their study in genuine and fake 
artesunate antimalarial tablets. They also 
claimed the method to be useful for forensic 
investigation of counterfeit medicines. [44]  
Yang and Irudayaraj  reported that A rapid 
infrared spectroscopic determinations of 
vitamin C in food and pharmaceutical products 
have been carried out by. NIR, FT-NIR, and 
FTIR-ATR were studied for the quantification 
of vitamin C in powdered mixtures and 
solutions. Correlation coefficient (r 2) values 
0.988, 0.992, and 0.999 were obtained for the 
developed methods using NIR, FT-NIR-, and 
FTIR-ATR, respectively. The methods were 
found to be highly useful for the quantification 
of vitamin C. [45] 

Ziyaur R et.al  reported that the focus of 
present investigation was to assess the utility of 
non-destructive techniques in the evaluation of 
risperidone solid dispersions (SD) with methyl-
β-cyclodextrin (MBCD) and subsequent 
incorporation of the SD into orally 
disintegrating tablets (ODT) for a faster release 
of risperidone. The SD was prepared by a 
solvent evaporation method and evaluated by 
scanning electron microscopy (SEM), Fourier 
transform infrared (FTIR), near infrared 
spectroscopy (NIR), NIR-chemical imaging 
(NIR-CI), powder X-ray diffraction (PXRD) 
and differential scanning calorimetry (DSC). 
DSC and XRD analysis indicated that 
crystallinity of SD has reduced significantly. 
FTIR showed no interaction between 
risperidone and MBCD. Partial least square 
(PLS) was applied to the NIR data for the 
construction of chemometric models to 
determine both components of the SD. Good 
correlations were obtained for calibration and 
prediction as indicated by correlation 
coefficients >0.9965. The model was more 
accurate and less biased in predicting the 
MBCD than risperidone as indicated by its 
lower mean accuracy and mean bias values. SD-
3 (risperidone: MBCD, 1:3) was incorporated 
into ODT tablets containing diluent (D-
mannitol, FlowLac® 100 or galenIQ™-721) and 
superdisintegrant (Kollidon® CL-SF, Ac-Di-Sol 
or sodium starch glycolate). Disintegration 
time, T50 and T90were decreased in the 
formulations containing mannitol and 
Kollidon® CL-SF, but increased with 
galenIQ™-721 and sodium starch glycolate, 
respectively. NIR-CI images confirmed the 
homogeneity of SD and ODT formulations. [46] 
C. Cahyadi et al.  has demonstrated that The 
Supercell coater is a newly introduced coater 
which utilizes air fluidization for tablet coating. 
The aim of this study was to define a suitable, 
fast and non-destructive method for the 
quantification of coat thickness for Supercell-
coated tablets. Various coat thickness 
characterization methods were carried out on 
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tablets coated at different process conditions. 
These include the use of optical microscopy, 
micrometer, X-ray fluorescence (XRF), Raman 
and near-infrared (NIR) spectroscopy. Coat 
thicknesses obtained from direct measurements 
were used to calibrate the spectral data from 
spectroscopic methods for model generation. 
The models were subsequently validated to 
evaluate their prediction capabilities, especially 
the ability to differentiate tablets coated at 
different conditions. XRF spectroscopy was 
viewed to be more suitable for the assessment 
of process yield and efficiency but both Raman 
and NIR spectroscopy were shown to be more 
appropriate methods for the rapid prediction and 
evaluation of coat thickness. However, only 
Raman spectroscopy was able to differentiate 
tablets coated under different conditions 
accurately. In conclusion, direct thickness 
measurements were more time-consuming but 
provided assured coat thickness data. On the 
other hand, XRF, Raman and NIR spectroscopy 
methods were viable alternatives to provide 
complementary information for the study of 
tablet coatings. [47] 
Sérgio et al. reported that this work was aimed 
at the investigation of the use of near-infrared 
spectroscopy (NIRS) for the identification of 
counterfeit drugs. The identification is based on 
the comparison of the NIR spectrum of a 
sample with typical spectra of the authentic 
drug using multivariate modelling and 
classification algorithms (PCA/SIMCA). 
Initially, NIRS was evaluated for spectrum 
acquisition of various drugs, selected in order to 
observe the diversity of physico-chemical 
characteristics found among commercial 
products. The parameters which could affect the 
spectra of a given drug (especially if presented 
in solid form) were investigated and the results 
showed that the first derivative can minimize 
spectral changes associated with tablet 
geometry, physical differences in their faces and 
position in relation to the probe beam. The 
power of NIRS in distinguishing among similar 
pharmaceuticals was demonstrated and a 

protocol is proposed to construct a multivariate 
model and to include it in a library allowing 
testing for drug authenticity. The methodology 
was evaluated with real samples of counterfeit 
drugs and was able to recognize all those 
presenting changes in composition as false. The 
results show unequivocally the potential of 
NIRS for rapid, on-site and non-destructive 
identification of counterfeit pharmaceuticals. 
[48] 

Ying et al. evaluated that the two components 
(paracetamol and amantadine hydrochloride) 
were simultaneously determined in combined 
paracetamol and amantadine hydrochloride 
tablets and powder by using near-infrared (NIR) 
spectroscopy and artificial neural networks 
(ANNs). The ANN models of three pretreated 
spectra (first-derivative, second-derivative and 
standard normal variate (SNV), respectively) 
were established. The mathematical corrected 
models of tablets were compared with those of 
the powder. In the models, the concentrations of 
paracetamol and amantadine hydrochloride as 
the active components were determined 
simultaneously and compared with the results of 
their separate determination. The parameters 
that affected the network were studied and the 
concentrations of the test set samples were 
predicted. The degree of approximation, a new 
evaluation criterion of the network was 
employed to prove the accuracy of the predicted 
results. [49]  

Karen M. Morisseau. et.al. reported that Near-
infrared reflectance Spectroscopy (NIRS) was 
used to evaluate and quantify the effect of 
compression force on the NIR spectra of tablets. 
A Flat, white tablets with no orientation 
(scoring, etc.) were manufactured on a Stokes 
Rotary Tablet Press. NIRS was used to predict 
tablet hardness on the following four 
formulations and one placebo matrix: 
hydrochlorothiazide (HCTZ) 15% and 20% in a 
placebo matrix (microcrystalline cellulose and 
magnesium stearate), and chlorpheniramine 
maleate (CTM) 2% and 6% in a placebo matrix. 
Five or six levels of tablet hardness from 2 to 12 
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kg were used for each formulation. Laboratory 
hardness data was compared to NIR reflectance 
data using a NIR Systems Rapid Content 
Analyzer®. Multiple linear regression and 
partial least squares regression techniques were 
used to determine the relationship between 
tablet hardness and NIRS spectra. An increase 
in tablet hardness produced an upward shift 
(increase in absorbance) in the NIRS spectra. A 
series of equations was developed by calibrating 
tablet hardness data against NIR reflectance 
response for each formulation. The results 
of NIRS hardness prediction were at least as 
precise as the laboratory hardness test (SE = 
0.32). A NIRS method is presented which has 
the potential as an alternative to conventional 
hardness testing of tablets. [50] 

Camilla et al. reported that The use of a 
combination of Fourier-transform infrared 
(FTIR) spectroscopic imaging and desorption 
electrospray ionization linear ion-trap mass 
spectrometry (DESI MS) for characterization of 
counterfeit pharmaceutical tablets. The 
counterfeit artesunate antimalarial tablets were 
analyzed by both techniques. The results 
obtained revealed the ability of FTIR imaging in 
non-destructive micro-attenuated total reflection 
(ATR) mode to detect the distribution of all 
components in the tablet, the identities of which 
were confirmed by DESI MS. Chemical images 
of the tablets were obtained with high spatial 
resolution. The FTIR spectroscopic imaging 
method affords inherent chemical specificity 
with rapid acquisition of data. DESI MS enables 
high-sensitivity detection of trace organic 
compounds. Combination of these two 
orthogonal surface-characterization methods has 
great potential for detection and analysis of 
counterfeit tablets in the open air and without 
sample preparation. [51] 

John D. Kirsch; James K. Drennen evaluated 
that this study was to investigate the potential of 
near-infrared (near-IR) spectroscopy for non-
destructive at-line determination of the amount 
of polymer coat applied to tablet cores in a 
Wurster column. The effects of coating 

composition on the near-IR spectroscopic 
determination of ethylcellulose (Aquacoat 
ECD-30) or hydroxypropylmethylcellulose 
(HPMC)-based (Spectrablend) coating were 
evaluated, as were the performance of several 
chemometric techniques. Tablets were coated 
with up to 30% ethylcellulose or 22% HPMC, 
and samples were pulled at regular intervals 
during each coating run. Near-IR reflectance 
spectra of the intact tablets were then collected. 
The spectra were preprocessed by multiplicative 
scatter correction (MSC) or second derivative 
(D2) calculations, and calibrations developed 
using either principal components (PCs) or 
multiple spectral wavelengths. The near-IR 
method provided predictions of film applied 
with standard errors of 1.07% w/w or less. 
Near-IR spectroscopy can be profitably 
employed in a rapid and non-destructive 
determination of the amount of polymer film 
applied to tablets, and offers a simple means to 
monitor the film coating process. [52] 

S. Sonja Sekulic et.al reported that Near-
infrared spectroscopy is evaluated as an on-line 
technique for monitoring the homogeneity of a 
pharmaceutical blend during the blending 
process. Blends containing 10% sodium 
benzoate (model active), which provided an 
aromatic functionality typical of many 
pharmaceutical compounds, 39% 
microcrystalline cellulose (Avicel PH102), 50% 
lactose, and 1% magnesium stearate were 
developed to mimic the properties of an actual 
pharmaceutical blend. A twin-shell V-blender 
was modified to allow installation of a diffuse 
reflectance fiber-optic probe at the axis of 
rotation, and spectra were collected during three 
experiments using a commercially available 
near-infrared spectrophotometer. In each 
experiment, blender control and spectral data 
collection were controlled by a compilation of 
software packages. The experiments detected 
spectral changes which eventually converged to 
a point of constant variance. Further analysis of 
the spectral data showed the blend is 
homogeneous long before a typical blending 
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period is complete. Near-infrared spectroscopy 
has proven to be a feasible and effective method 
for the “real time” non invasive determination 
of homogeneity in a pharmaceutical blend. [53] 

Ana Carolina de Oliveira et.al. suggested that 
the utilization of the near-infrared spectroscopy 
(NIRS) and multivariate calibration to measure 
the percentage drug dissolution of four active 
pharmaceutical ingredients (APIs) (isoniazid, 
rifampicin, pyrazinamide and ethambutol) in 
finished pharmaceutical products produced in 
the Federal University of Rio Grande do Norte 
(Brazil). The conventional analytical method 
employed in quality control tests of the 
dissolution by the pharmaceutical industry is 
high-performance liquid chromatography 
(HPLC). The NIRS is a reliable method that 
offers important advantages for the large-scale 
production of tablets and for non-destructive 
analysis. NIR spectra of 38 samples (in 
triplicate) were measured using a Bomen FT-
NIR 160 MB in the range 1100–2500 nm. Each 
spectrum was the average of 50 scans obtained 
in the diffuse reflectance mode. The dissolution 
test, which was initially carried out in 900 mL 
of 0.1 N hydrochloric acid at 37 ± 0.5 °C, was 
used to determine the percentage a drug that 
dissolved from each tablet measured at the same 
time interval (45 min) at pH 6.8. The 
measurement of the four API was performed by 
HPLC (Shimadzu, Japan) in the gradiente 
mode. The influence of various spectral 
pretreatments (Savitzky-Golay smoothing, 
Multiplicative Scatter Correction (MSC), and 
Savitzky-Golay derivatives) and multivariate 
analysis using the partial least squares (PLS) 
regression algorithm was calculated by the 
Unscrambler 9.8 (Camo) software. The 
correlation coefficient (R2) for the HPLC 
determination versus predicted values (NIRS) 
ranged from 0.88 to 0.98. The root-mean-square 
error of prediction (RMSEP) obtained from PLS 
models were 9.99%, 8.63%, 8.57% and 9.97% 
for isoniazid, rifampicin, ethambutol and 
pyrazinamide, respectively, indicating that the 
NIR method is an effective and non-destructive 

tool for measurement of drug dissolution from 
tablets.[54] 

Rafael da Silva Fernandes et al. reported that 
this study describes a method for non-
destructive detection of adulterated 
glibenclamide tablets. This method uses near 
infrared spectroscopy (NIRS) and fluorescence 
spectroscopy along with chemometric tools 
such as Soft Independent Modeling of Class 
Analogy (SIMCA), Partial Least Squares-
Discriminant Analysis (PLS-DA) and Unfolded 
Partial Least Squares with Discriminant 
Analysis (UPLS-DA). Both brand name 
(Daonil) and generic glibenclamide tablets were 
used for analysis. The levels of glibenclamide in 
each type of tablet were evaluated by derivative 
spectrophotometry in the ultraviolet region. The 
results obtained from the NIR and fluorescence 
spectroscopy along with those obtained from 
multivariate data classification show that this 
combined technique is an effective way to 
detect adulteration in drugs for the treatment of 
diabetes. In the future, this method may be 
extended to detect different types of counterfeit 
medications. [55] 
Conclusion 
The non-destructive techniques are widely 
accepting the popularity now-a-days for the 
evaluation of tablets in pharmaceutical 
industries an alternative for the destructive 
techniques methods of evaluation. Non-
Destructive techniques are advantageous over 
the destructive techniques. In non-destructive 
techniques, FTIR and IR Spectroscopy 
techniques are used. So, the ideas behind the 
non-destructive techniques will be helpful in 
pharmaco-economics in coming future. 
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