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a  b  s  t  r  a  c  t

Vibrational  spectroscopy  (MIR, NIR and  Raman)  based  hyperspectral  imaging  is  one  of  the  most  pow-
erful  tools  to analyze  pharmaceutical  preparation.  Indeed,  it combines  the  advantages  of vibrational
spectroscopy  to  imaging  techniques  and allows  therefore  the  visualization  of distribution  of compounds
or  crystallization  processes.  However,  these  techniques  provide  a huge  amount  of  data  that  must  be
processed  to  extract  the  relevant  information.

This review  presents  fundamental  concepts  of  hyperspectral  imaging,  the  basic  theory  of  the  most  used
chemometric  tools  used  to  pre-process,  process  and  post-process  the  generated  data.  The  last  part  of the
present  paper  focuses  on pharmaceutical  applications  of hyperspectral  imaging  and  highlights  the  data
processing  approaches  to  enable  the  reader  making  the  best  choice  among  the  different  tools  available.
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1. Introduction

First developed in the environmental and remote sensing fields,
chemical imaging also called hyperspectral imaging is now com-
monly used in a variety of sectors such as material, food, biological
and pharmaceutical analysis [1].

The main interest of chemical imaging is that it combines both
spatial and spectral information. It is therefore possible to observe
things invisible to the naked eye such as distribution of components
based on their chemical properties (different compounds, polymor-
phic forms, salts). The advantage of these properties appears clearly
in the frame of pharmaceutical forms development and analysis.
Indeed, most of the compounds used in the pharmaceutical indus-
try are white or nearly white powders and it is impossible with
naked eyes to observe the distribution of a white powder in a white
powder.

Since the last decades, many initiatives have been set up in
the pharmaceutical industries to get more understanding of pro-
cesses with the objective of quality enhancement. To achieve this
goal, a lot of research has been performed mainly with vibra-
tional spectroscopic techniques such as Near-Infrared (NIR), Raman
and Attenuated Total Reflectance-Mid-Infrared (ATR-MIR) [2–5].
Obviously, chemical imaging has its role to play within this frame
and has been progressively more and more used for pharmaceutical
dosage forms analysis [6].

Depending on the information sought, the appropriate spectro-
scopic technique and the appropriate data handling should be used.
Indeed, each technique has its specificities, advantages and draw-
backs that must be evaluated before starting any experiment. Once
obtained, the collected data will encompass a specific pretreatment
and analysis depending on the information that should be retrieved
and interpreted.

The objective of this review is to present the most used chemical
imaging techniques for pharmaceutical products analysis. Theoret-
ical background of the most used chemometric techniques will be
provided. Finally, a review of the literature concerning pharma-
ceutical applications of vibrational spectroscopy-based chemical
imaging techniques will be presented with a focus on the spe-
cific data handling performed for each application or technique.
We wrote this review to provide the reader basic guidelines to
help him performing state of the art chemical imaging analysis of
pharmaceutical products.

2. Fundamental concepts

2.1. Instrumentation for chemical imaging

NIR and Raman devices for chemical imaging are composed of
a light source, optical parts (microscope objectives or lenses), a
splitter (interferometer for Fourier-Transform devices, diffraction
grating for dispersive devices or a tunable filter for global imaging
devices) and a detector. MIR  chemical imaging devices are mostly
ATR devices with a germanium crystal and a mercury cadmium tel-
luride (MCT) detector. All the spectroscopic parts of the device may
be tuned for specific applications depending on the kind of sam-
ple studied and the sought information. More information about

technical properties and tuning of devices may be found elsewhere
[1,7,8].

2.1.1. Configurations for chemical images acquisition
Chemical imaging devices may  be arranged in three configu-

rations: point mapping, line scanning and global imaging [6,9,10].
These configurations may  exist with both macroscopic and micro-
scopic imaging devices [11,12].

a. Point mapping (Fig. 1a). This configuration is probably the most
used for Raman chemical imaging. It consists of recording a spec-
trum at a specific spatial location, then the sample is moved,
another spectrum is recorded at location adjacent to the pre-
vious one and so on until the whole mapping area is covered.
The main advantage of this technique is the high spectral quality
(resolution, full spectral range) achievable since all parameters of
spectral acquisition may  be optimized. However, the main draw-
back is the acquisition time limited by the acquisition time and
the moving of the sample. Nevertheless, new Raman spectrome-
ters allow ultra-fast acquisition modes with acquisition times
around 1 ms  with acceptable signal-to-noise ratio (SNR).

b. Line scanning (Fig. 1b). Also known as the push-broom configura-
tion, this technique is directly inspired from the remote sensing
field. As with point mapping, spectra are recorded at defined spa-
tial locations but with this configuration, the spectra of a whole
line of the mapping area are simultaneously recorded. The advan-
tages are the same as point mapping but the acquisition time is
reduced.

c. Global imaging (Fig. 1c). This configuration is probably the most
used in NIR imaging devices. The sample is entirely illuminated
with a high power light source and the whole mapping area is
recorded simultaneously at a single wavelength. Then the tun-
able filter moves, selects another wavelength and so on until the
whole spectral range is recorded. The main advantage of this con-
figuration is the fast acquisition time allowing the acquisition of a
whole map  in seconds. However, the spatial resolution is limited
by the size (pixels) of the detector and the spectral resolution is
limited by the type of tunable filters used. Furthermore, the heat
produced by the high power light source may  be a limiting factor
with some kind of samples as it may  melt them down or degrade
the compound of interest.

As one can see, each configuration has its advantages and draw-
backs. Unfortunately, these configurations are built-in and the
analyst must choose a device that will meet its expectations based
on a priori knowledge of the studied problem.

2.1.2. Sampling and spatial resolution consideration
Spatial resolution may  firstly be limited by the resolution power

of the instrument (e.g. laser spot of ca. 100 �m for a macroscopic
Raman system). But, when using microscopes, analysts want to
have the highest possible spatial resolution. This resolution is, how-
ever, limited by the diffraction limit given by the equation:

r = 0.61
�

NA
(1)
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