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Introduction the vibrational modes of a molecule. Although some vibra-
Vibrational spectroscopy includes several techniques, but the

most important are mid-infrared (MIR), near-IR (NIR), and

Raman spectroscopy. Both MIR and Raman spectroscopy pro-

vide characteristic fundamental vibrations that are used for the

elucidation of molecular structure. NIR spectroscopy measures

the broad overtone and combination bands of some of the

fundamental vibrations (only the higher frequency modes) and

is an excellent technique for rapid and accurate quantitation.

Vibrational spectroscopy was the first structural spectro-

scopic technique widely used by organic chemists. One of the

great advantages of these techniques was that virtually any

sample in any state could be studied. Liquids, solutions, pastes,

powders, films, fibers, gases, and surfaces can all be examined

with a judicious choice of sampling technique. As a conse-

quence of the improved instrumentation, a variety of new

sensitive techniques have now been developed to examine

formerly intractable samples.

Almost any compound having covalent bonds, whether

organic or inorganic, absorbs various frequencies of electro-

magnetic radiation in the infrared region of the electromag-

netic spectrum.

Vibrational spectroscopy, especially when measured by the

Fourier transform method (FTIR or FT-Raman), is a powerful

technique useful for the physical characterization of pharma-

ceutical solids.1–4 When the structural characteristics of a solid

perturb the pattern of vibrational motion for a given molecule,

one can use these alterations as a means to study the solid-state

chemistry of the system. FTIR spectra are often used to evaluate

the type of polymorphism existing in a drug substance and can

be very useful in studies of water contained within a hydrate

species.5,6

In the recent years, the analytical chemistry research has

been focused on the development of new methods and tech-

niques for the identification and quantification of ever smaller

amounts of various pharmaceutical drugs. General identifica-

tion of compounds at the picogram level can now be carried

out through the techniques of molecular microspectroscopy,

that is, molecular spectroscopy through a microscope.

Raman and MIR spectroscopy are complementary tech-

niques and usually both are required to completely measure
tions may be active in both Raman and IR spectroscopies, these

two forms of spectroscopy arise from different processes and

different selection rules. In general, Raman spectroscopy is best

for symmetric vibrations of non-polar groups, whereas IR spec-

troscopy is best at the asymmetric vibrations of polar groups.

Raman and FTIR spectroscopies are sometimes referred to as

“sister” techniques and provide complementary information

about molecules, but they differ in several fundamental ways.

The objective of this article is to present new applications of

vibrational spectroscopy in drug analysis, covering the period

between 2010 and 2015. It is useful to give first a short intro-

duction to the theoretical aspects related to pharmaceutical

analysis using vibrational spectroscopy methods followed by

examples for the quantitative and qualitative determination of

active principle ingredient (API) content in different dosage

forms.
Theoretical Aspects Related to the Pharmaceutical
Analysis

The applications of vibrational spectroscopy are one of the

most fundamental and useful spectroscopic techniques avail-

able in the arsenal of a pharmaceutical scientist. Typically,

when most scientists think of vibrational spectroscopy, the

studies in the IR region of the spectrum come to mind. The

IR spectroscopy is routinely used as an identification assay

method for various intermediate compounds, active pharma-

ceutical ingredients, excipients and formulated drug products,

and the methodology can also be developed as a quantitative

technique for any of these.

The greatest challenge for a specialist is the sample prepa-

ration. An abundance of sampling techniques for analytical

purposes has been developed, and it is most appropriate to

examine the most important of these that are widely used for

pharmaceutical problem-solving and method development.

There are many different ways that a sample can be analyzed

using vibrational spectroscopy.

Infrared spectroscopy has been extensively used in both

qualitative and quantitative pharmaceutical analyses.7 This

technique is important for the evaluation of the raw materials
2-409547-2.12214-0 575
n, (2017), vol. 4, pp. 575-581 

http://dx.doi.org/10.1016/B978-0-12-409547-2.12214-0


576 Vibrational Spectroscopy Applications in Drugs Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Author's personal copy
used in production, the active ingredients, and the excipients

(the inert ingredients in a drug formulation, e.g., lactose pow-

der and hydroxypropyl cellulose). Taking into account the

pharmaceutical literature, it is very clear that the physical char-

acterization of the API is crucial for the development of each

drug.8

Vibrational spectroscopy offers complete information on

the chemical composition of samples regarding both major

and minor compounds, which present many characteristic

bands in the range studied. In addition, the presence of trace

compounds can be modelled in some cases through the mul-

tivariate treatment of the whole IR or Raman spectra of well-

characterized samples based on the influence of molecules at

low-concentration levels on the size and the shape of the bands

of major compounds.

Molecular vibrations can be excited via two physical mech-

anisms (i.e., the absorption of light quanta and the inelastic

scattering of photons), as can be seen in Fig. 1.9

The vibrational energy levels of a molecule in its solid form

can also be studied using Raman spectroscopy. Because most

 

Fig. 1 The excitation of molecular vibrations in IR (top) and Raman
(bottom) spectroscopies.

Fig. 2 Spectroscopic transitions underlying several types of vibrational spe
vibrational quantum number. The virtual state is a short-lived distortion of th
Reproduced from30 McCreery, R. L. In Raman Spectroscopy for Chemical Ana
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compounds of pharmaceutical interest are characterized by

low molecular symmetry, the same bands observed in the IR

absorption spectrum will also be observed in the Raman spec-

trum. However, the fundamentally different nature of the

selection rules associated with the Raman effect leads to the

observation of significant differences in peak intensity between

the two methods. In general, symmetric vibrations and non-

polar groups yield the most intense Raman scattering bands,

whereas antisymmetric vibrations and polar groups yield the

most intense IR absorption bands, as can be seen in Fig. 2.

Spectral transitions that are observed in the NIR region of

the spectrum are associated with overtone and combinations

of the fundamental bands detected in the IR absorption or

Raman spectroscopies. Some of the spectral features that have

found the greatest utility are those functional groups that con-

tain unique hydrogen atoms. For example, studies of water in

solids can be easily performed through systematic characteri-

zation of the characteristic –OH band, usually observed

around 5170 cm�1. The determination of hydrate species in

an anhydrous matrix can easily be performed using NIR

analysis.8

The use of vibrational spectroscopy in pharmaceutical anal-

ysis has become very diverse. Bulk drug substance characteri-

zation uses traditional techniques, including structure

elucidation, routine compound identification, and solid-state

characterization. In addition, hyphenated techniques, such as

liquid chromatography-IR spectroscopy and thermogravi-

metric (TG) analysis-IR spectroscopy (TG-IR), have entered

the arsenals of analytical and pharmaceutical scientists.10

Drug–excipient interactions, drug and/or excipient interac-

tions with storage vessels, particulate identification, contami-

nant analysis, mapping of pharmaceutical tablets, and

dissolution test studies are just a few of the microscopy-related

applications of vibrational spectroscopy.

There are two principal methods for infrared spectroscopy

methods: transmission and reflectance methods.
ctroscopy. n0 indicates the laser frequency, whereas v is the
e electron distribution by the electric field of the incident light.
lysis; Winefordner, J. D., Ed.; Wiley-Interscience, Wiley: New York, 2000.
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Fig. 3 Major sampling techniques for infrared spectra collection.
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Transmission is the oldest and most straightforward infrared

spectroscopy method. This method is based on the absorption

of infrared radiation at specific wavelengths as it passes

through a sample, presented schematically in Fig. 3. It is pos-

sible to use this method for the analysis of samples in the

liquid, solid, and gaseous forms. A very important advantage

of transmission sampling is that they are practically universal;

there are few samples that would not yield usable transmission

spectra. Transmission sampling should not be confused with

transmittance, which is a y-axis unit used to plot spectra.

Reflectance may be used for samples that are difficult to

analyze by the conventional transmittance methods. In the

reflectance techniques the light is reflected from the surface of

the samples. It is convenient when talking about reflectance

spectroscopy to define a line drawn perpendicular to the

reflecting surface called the surface normal. When an infrared

beam approaches a sample, the angle it makes with the surface

normal is called the angle of incidence, yi. The angle the reflected
beammakes with the surface normal after leaving the sample is

called the angle of reflectance, yr. When an infrared beam

encounters a rough surface, diffuse reflectance takes place. In

diffuse reflectance the angle of incidence is fixed, but the angle

of reflectance has many values. The reflectance methods can be

divided into two categories: internal and external reflectance

methods.

The internal reflectance measurements can be made by

using an attenuated total reflectance (ATR) cell. The beam pene-

trates a fraction of a wavelength beyond the reflecting surface,

and when a material that selectively absorbs radiation is in

close contact with the reflecting surface, the beam loses energy

at the wavelength where the material absorbs. The resultant

attenuated radiation is measured and plotted as a function of

wavelength by the spectrometer and gives rise to the absorp-

tion spectral characteristics of the sample. ATR is one of the

most popular sampling technologies used in FTIR spectroscopy

because it is quick and non-destructive, and requires no sample
Encyclopedia of Spectroscopy and Spectrometry

 

preparation. ATR requires excellent contact between the sam-

ple and the crystal and is therefore an excellent method for

liquids or soft, easily deformed solids. Use of micro-ATR crys-

tals with a protective ATR coating enables much greater pres-

sure to be used to insure good contact between the ATR crystal

and harder materials.

There are also a variety of external reflectancemeasurements

that involve an infrared beam reflected directly from the sample

surface, which refer to specular reflectance and diffuse reflectance

spectroscopies, presented in Fig. 3. External reflectance mea-

sures the radiation reflected from a surface. The material must,

therefore, be reflective or be attached to a reflective backing.

Specular reflectance occurs when the reflected angle of radiation

equals the angle of incidence. In the diffuse reflectance tech-

nique, commonly called DRIFTS (diffuse reflectance infrared

Fourier transform spectroscopy), a powdered sample is mixed

with KBr substance. The DRIFTS cell reflects radiation to the

powder and collects the energy reflected back over a large angle.

Diffusely scattered light can be collected directly from material

in a sampling cup or, alternatively, from material collected by

using an abrasive sampling pad. The DRIFTS spectrum can

show a strong dependence on the refractive index of the sample,

the particle size and size distribution, packing density, and

sample homogeneity. Diffuse reflectance is the net result of a

number of different phenomena including reflection, refrac-

tion, diffraction, scattering, absorbance, and transmittance.

This is why the reflected light leaves the sample at so many

different angles. For quantitative analysis, the particle size,

sample packing, and dilution must be carefully controlled.

The FT-Raman method, typically employing a 1064 nm

excitation laser, is particularly used in the pharmaceutical

industry for process, quality, and quantity control applications.

Comparing the accuracy of the results, FT-Raman spectroscopy

proved to be a reliable alternative to the expensive and time-

consuming high-performance liquid chromatography method

to quantify the amount of drugs in formulated tablets.11
, Third Edition, (2017), vol. 4, pp. 575-581 
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Pharmaceutical Applications of Vibrational
Spectroscopy

The quality assurance of the product during the whole devel-

opment and manufacturing cycle of pharmaceuticals is the

main aspect for any industry or research and development

institution. Therefore, for the monitoring of quality of phar-

maceuticals as well as raw material testing, there is a strong

need for the improvement of the existing method or develop-

ment of new, rapid, and environmentally safe analytical

methods for routine analysis. Various classical and modern

analytical techniques are being widely used for the quantitative

analysis of different active pharmaceutical ingredients in phar-

maceutical formulations and complex biological samples. The

most frequently used and readily available analytical tech-

niques include titrimetric, chromatographic, electrochemical,

and spectroscopic methods. Among spectroscopic techniques

vibrational spectroscopy has gained much attention. Here we

present some pharmaceutical applications (quantitative analy-

sis of different active substances, polymorphic analysis, and

dissolution tests).

Ibuprofen is a non-steroidal anti-inflammatory drug

(NSAID) used for treating pain, fever, and inflammation. A

very simple and green strategy for the simultaneous determi-

nation of ibuprofen (IBP) and paracetamol (PC) using trans-

mission FTIR spectroscopy in tablet formulations for routine

quality control has been described.12 For the determination

KBr pellets were used. The partial least squares (PLS) calibra-

tion model was developed using the spectral region from 1781

to 1683 cm�1 for IBP and 1630 to 1530 cm�1 for PC. Excellent

coefficients of determination (R2), 0.9999 and 0.9998 were

achieved for the two compounds. The accuracy was verified

through root mean square error of cross-validation (RMSECV),

obtaining a value of 0.064.

Another rapid, reliable, and cost-effective analytical proce-

dure for the estimation of ibuprofen in pharmaceutical formu-

lations and human urine samples was developed using

transmission FTIR spectroscopy.13 For the determination of

ibuprofen, a KBr window with 500 mm spacer was used. PLS

calibration model was developed based on the region from

1807 to 1461 cm�1 using ibuprofen standards ranging from

10 to 100 mg ml�1. The developed model was evaluated by

cross-validation to determine standard error of the models

such as root mean square errors of calibration (RMSEC),

RMSECV, and root mean square errors of prediction

(RMSEP). The coefficient of determination (R2) achieved was

0.998 with minimum errors in RMSEC, RMSECV, and RMSEP

with the value of 1.89%, 1.63%, and 4.07%, respectively. The

method was successfully applied to urine and pharmaceutical

samples and obtained good recovery (98–102%).

A quantitative NIR diffuse reflection spectroscopy method

was used to analyze contents in ibuprofen sustained-release

capsules from seven major manufacturers in China.14 The

quantitative model was based on 117 batches of ibuprofen

samples with the API contents ranging from 73.6% to 85.4%.

The RMSECV and RMSEP values of the model for ibuprofen

sustained-release capsule were 1.14% and 0.85%, respectively.

The obtained results showed that it was feasible to build a

universal quantitative model for ibuprofen sustained-release

capsules.
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Low- and high-frequency Raman experiments in the 5–200

and 600–1800 cm�1 ranges were carried out in the crystalline

and amorphous states of ibuprofen.15 Low-frequency investi-

gations indubitably reveal the existence of a molecular disorder

in the metastable phase (phase II), through the observation of

a quasi-elastic contribution below 30 cm�1, and the absence of

phonon peaks in the Raman susceptibility which mimics the

density of vibrational states of an amorphous state. High-

frequency Raman spectra indicate a local order in phase II

similar to that in the glassy state. Raman investigations suggest

that phase II can be considered a transient metastable state in

the devitrification process of ibuprofen on heating from a far

from equilibrium state toward the stable phase I.

Piroxicam (Pir) is a well-known and effective NSAID that

exhibits anti-inflammatory, analgesic, and antipyretic activities

in animal models.16 A new rapid and direct FTIR spectrometric

method for the determination of piroxicam in pharmaceutical

drugs was reported.17 Conventional spectra were compared for

the best determination of the active substance in pharmaceu-

tical preparations. The Beer–Lambert law along with two che-

mometric approaches, PLS and principal component

regression methods, were used in data processing. The pro-

posed method is simple, precise, and not time consuming,

about 10–15 min, compared to the chromatographic methods.

NIR spectroscopy in combination with multivariate control

charts based on the net analytical signal to monitor the differ-

ent polymorphic forms of piroxicam samples (I, II, and III) was

used.18 Three control charts were developed: the net analyte

signal, the interference, and the residual. From the limits esti-

mated for each chart, it was possible to identify the samples

that were inside the polymorphic form I or outside polymor-

phic forms II and III. The use of multivariate control charts

provides a rapid evaluation of purity and the polymorphic

composition of pharmaceutical formulations based on

piroxicam.

Acetaminophen is a pain reliever and a fever reducer, and it is

used to treat many conditions such as headache, muscle aches,

arthritis, backache, toothaches, colds, and fevers. A novel, non-

destructive NIR spectroscopic method for acetaminophen

determination based on an online mixing process using PLS

calibration models was proposed.31 The proposed method

covered the concentration range from 0% to 15% (w/w) acet-

aminophen. The overall accuracy of the model was 0.41%

(w/w). The results obtained were very promising as the varia-

tion in the drug concentration in the powder blends was

similar to that of the reference analytical method, indicating a

high degree of blend homogeneity.

At the same time, a robust NIR calibration model to deter-

mine the acetaminophen content of a low-dose syrup formu-

lation (2%, w/v) was proposed.32 A prediction model was built

using PLS regression and standard normal variate (SNV). The

method was validated for the concentration range of

16–24 mg ml�1 (1.6–2.4%, w/v) using an external validation

set. The NIR model showed good agreement with theoretical

concentrations during monitoring in real-time mixing of API.

The FTIR and powder X-ray diffraction (PXRD) data in

combination with fusing complex data were used to improve

the accuracy in quantifying acetaminophen, caffeine, aspirin,

and ibuprofen in mixtures of pharmaceutical powders.33 The

FTIR and PXRD data were preprocessed and combined using
hird Edition, (2017), vol. 4, pp. 575-581 
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two data fusion methods: fusion of preprocessed data (FPD)

and fusion of principal component scores (FPCS). A PLS

model built on the FPD did not improve the RMSEP. However,

a PLS model built on the FPCS yielded better accuracy predic-

tion than PLS models built on individual FTIR and PXRD data

sets. The improvement in prediction accuracy of the FPCS was

attributed to the removal of noise and data reduction associ-

ated with using PCA as a preprocessing tool.

Acetaminophen is known to crystallize in three polymor-

phic forms. The simultaneous application of differential scan-

ning calorimetry (DSC) and Raman microscopy for the

observation of thermally driven transitions between poly-

morphs of pharmaceutical materials was reported by Kauffman

et al.19 The results demonstrate the advantage of simultaneous

Raman spectroscopy and DSC for the unambiguous assign-

ment of thermally driven polymorphic transformations.

A method based on vapour-phase generation followed by

FTIR measurement for the determination of water-soluble pen-

icillin G was proposed.20 Samples were transferred into a

heated reactor, and a potassium iodate solution was injected

into the reactor to generate carbon monoxide. The generated

gas was then carried via a N2 gas stream. The method involved

the measurement of the area of the infrared band correspond-

ing to the CO band at 2170 cm�1. The figures of merit of the

proposed method involved a linear calibration curve over the

range of 3–320 mg l�1, a limit of detection of 0.5 mg l�1, and a

precision of 2.6%.

Another method for the simultaneous determination of

penicillin G salts in pharmaceutical mixtures using FTIR spec-

troscopy was proposed.21 PLS and radial basis function-PLS

(RBF-PLS) method were developed to study the linear and

nonlinear relation between spectra and components. The

orthogonal signal correction (OSC) preprocessing method

was used to correct unexpected information. The obtained

results demonstrated that OSC clearly enhanced the perfor-

mance of both RBF-PLS and PLS calibration models. The che-

mometric models were tested on an external data set and

finally applied to the analysis of commercialized injection

product of penicillin G salts.

The counterfeiting of medicines has been known since

around 1990 and the problem has escalated — in both devel-

oping and developed countries.22 Malaria continues to be a

major cause of mortality in third world countries. In support of

the efforts to combat the illegal sale and distribution of coun-

terfeit anti-malarial drugs, a new analytical approach for the

characterization and fast screening of fake and genuine artesu-

nate tablets using a combination of Raman spectroscopy, spa-

tially offset Raman spectroscopy (SORS), and attenuated total

reflection-Fourier transform infrared (ATR-FTIR) imaging was

evaluated.23 Vibrational spectroscopy provided chemically spe-

cific information on the composition of the tablets; the com-

plementary nature of Raman scattering and FTIR imaging

allowed the characterization of both the overall and surface

compositions of the tablets. The depth-resolving power of the

SORS approach provided chemically specific information on

the overall composition of the tablets, non-invasively, through

a variety of packaging types. Spatial imaging of the tablet

surface (using ATR-FTIR) identified the location of domains

of excipients and active ingredients with high sensitivity and

enhanced spatial resolution. The advantages provided by a
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combination of SORS and ATR-FTIR imaging in this context

confirm its potential for inclusion in the analytical protocol for

forensic investigation of counterfeit medicines. In another arti-

cle a combination of FTIR spectroscopic imaging and desorp-

tion electrospray ionization linear ion-trap mass spectrometry

(DESI MS) for characterization of counterfeit pharmaceutical

tablets was used.24 The results obtained revealed the ability of

FTIR imaging in non-destructive micro-attenuated total reflec-

tion mode to detect the distribution of all components in the

tablet, the identities of which were confirmed by DESI MS. NIR

spectroscopy is a powerful tool in pharmaceutical forensics,

and it was tested for discriminating between counterfeit and

genuine artesunate anti-malarial tablets.25 Using NIR spectros-

copy, it was founded that artesunate tablets could be identified

as genuine or counterfeit with high accuracy.
Polymorphic Analysis

Furosemide, a loop diuretic drug, indicated for the treatment for

hypertension, edema, and nephrotic syndrome, was studied to

evaluate the ability of NIR chemical imaging (NIR-CI), NIR,

Raman, and ATR-IR spectroscopy to quantify three polymor-

phic forms (I, II, and III) in ternary powder mixtures.26 For this

purpose, PLS regression models were developed, and different

data preprocessing algorithms such as normalization, SNV,

multiplicative scatter correction (MSC), and first to third deriv-

atives were applied to reduce the influence of systematic dis-

turbances. This study proves that NIR-CI, NIR, and Raman

spectroscopies are well suited to quantify forms I–III of furo-

semide in ternary mixtures, as shown in Fig. 4. Because of the

pressure-dependent conversion of form II to form I, ATR-IR

was found to be less appropriate for an accurate quantification

of the mixtures.

The simultaneous quantitative analysis of sulfathiazole poly-

morphs (forms I, III, and V) in ternary mixtures by ATR-IR,

NIR, and Raman spectroscopies combined with multivariate

analysis was reported.27 To reduce the effect of systematic

variations, four data preprocessing methods (MSC, SNV, and

first and second derivatives) were applied and their perfor-

mance was evaluated using their prediction errors. NIR spec-

troscopy exhibited the smallest analytical error, highest

accuracy, and greatest robustness. When these advantages

were combined with the greater convenience of the “in glass

bottle” sampling method of NIR, both ATR-IR and Raman

methods appeared less attractive. A combination of DSC and

hot-stage microscopy with image analysis was used to investi-

gate the polymorphism of sulfathiazole.28 The results of the

experiments proved that sulfathiazole tended to crystallize as

mixtures of polymorphs, even though the literature methods

for producing pure polymorph were followed.
Dissolution Tests

The distribution of the pharmaceutical ingredients in the layers

and core is a very important parameter for appropriate drug

release, especially for pellets manufactured by the process of

layer gain. Physical aspects of the sample are normally evalu-

ated by scanning electron microscopy (SEM), but it is in many

cases unsuitable to provide conclusive chemical information

about the distribution of the pharmaceutical ingredients in
, Third Edition, (2017), vol. 4, pp. 575-581 
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both layers and core. On the other hand, methods based on

spectroscopic imaging can be very promising for this purpose.

A method based on NIR-CI for the analysis of diclofenac

sodium pellets was proposed.29 As all the compounds present

in the sample were known in advance, therefore classical least

squares method was used for calculations. The obtained results

showed that the method was capable of providing chemical

information about the distribution of the active ingredient and

excipients in the core and coating layers and therefore could be

used as an alternate of SEM for the pharmaceutical develop-

ment of pellets.
Conclusions

The recent vibrational spectroscopy analytical methods in

quality control of API have been presented. It is obvious that

vibrational spectroscopy is capable of the analytical quantifi-

cation of pharmaceutical products. With the commercial soft-

ware involving chemometric approaches, the methods

proposed are simple, precise, and not time consuming com-

pared to other methods that are available in literature. Quan-

tification can be carried out in about 10–15 min, including

sample preparation and spectral acquisition.
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45: 206–219.

3. Bunaciu AA, Mahesar SA, and Aboul-Enein HY (2016) Current Pharmaceutical
Analysis (in press).

4. Larkin PJ (2011) Infrared and Raman Spectroscopy: Principles and Spectral
Interpretation. Amsterdam: Elsevier.

5. Bunaciu AA, Aboul-Enein HY, and Hoang VD (2015) Trends Analyt. Chem.
68: 14–22.

6. Haleblian J and McCrone W (1969) J. Pharm. Sci. 58: 911–929.
7. Clark D (2002) In: Chalmers JM and Griffiths PR (eds.) Handbook of Vibrational

Spectroscopy, vol. 5, pp. 3574–3589. Chichester: Wiley.
8. Byrn S, Pfeiffer R, Ganey M, Hoiberg C, and Poochikian G (1995) Pharm. Res.

12: 945–954.
9. Bunaciu AA, Aboul-Enein HY, and Fleschin S (2015) Appl. Spectrosc. Rev.

50: 176–191.
10. Salzer R and Siesler HW (eds.) (2009) Infrared and Raman Spectroscopic Imaging.

Weinheim, Germany: Wiley-VCH Verlag GmbH & Co. KGaA.
11. Vergote GJ, Vervaet C, Remon JP, Haemers T, and Verpoort F (2002) Eur. J.

Pharm. Sci. 16: 63–67.
Encyclopedia of Spectroscopy and Spectrometry

 

 
 
 
 
 

12. Mallah M, Sherazi S, Mahesar S, and Khaskheli A (2012) Am. J. Analyt. Chem.
3: 503–511.

13. Khaskheli AR, Sirajuddin STH, Sherazi SA, Mahesar AA, Kandhro NHK, and
Mallah AM (2013) Spectrochim. Acta A Mol. Biomol. Spectrosc. 102: 403–407.

14. Wang X, Fu Q, Sheng J, Yang X, Jia J, and Du W (2010) Vib. Spectrosc.
53: 214–217.

15. Hédoux A, Guinet Y, Derollez P, Dudognon E, and Correia NT (2011) Int. J. Pharm.
421: 45–52.

16. Florey K (1986) Analytical Profile of Drug Substances. New York: Academic Press
vol. 15, pp. 509–531.
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