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ABSTRACT

Anew approach to verification of incoming raw materials through packaging in pharmaceutical manufac-
turing is proposed and demonstrated. The method is based around Spatially Offset Raman Spectroscopy
(SORS) and permits a rapid chemical identity analysis of incoming materials to satisfy regulatory require-
ments but without the need to open the packaging. This dramatically increases the throughput of
incoming raw materials into the pharmaceutical manufacturing chain and eliminates the need for a
chemically safe sampling environment required for invasive inspection methods. Since the inspection is
non-invasive the safety of the operators is ensured and the integrity of inspected material is not com-
promised by preventing exposure to the ambient atmosphere and cross contamination. The experiments
presented here demonstrate the ability to accurately identify common pharmaceutical materials, typi-
cally in under 10 s acquisition time, through a range of frequently used packaging, including translucent
plastic and paper sacks and coloured glass bottles, which can be challenging for conventional Raman
spectroscopy as well as other optical spectroscopy methods. With the exception of metallic containers
and cardboard drums all the tested packaging materials proved to be amenable to this technique. This
demonstrates the viability of this new rapid verification method for non-invasive materials identification
in pharmaceutical manufacture.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Anindependent verification of incoming raw materials is a basic
regulatory requirement in pharmaceutical manufacturing [1]. At
present this verification is typically achieved by invasive means
whereby the packaged material is taken into a chemically safe
environment, opened and inspected by conventional analytical
techniques, for example, using FTIR-ATR or wet chemical meth-
ods. Where incoming chemicals have to be taken through this
inspection area, with its limited throughput and resource-intensive
manual inspection, this creates a major bottleneck in pharmaceu-
tical manufacturing with associated high costs and a requirement
for highly trained employees. Regulatory pressure to verify each
unique item in a lot (100% inspection), instead of a small repre-
sentative sample, will add further delays and highlights the need
for rapid inspection tools. Additional complications may arise from
the fact that some materials when exposed to ambient atmospheric
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conditions can undergo rapid degradation - for example, due to the
uptake of moisture or oxygen from air, exposure to light or could be
cross-contaminated by previously inspected materials or sampling
tools.

A major benefit could therefore be brought about if such analy-
sis could be performed through the packaging non-invasively and
in situ. For this the portability or other type of mobility of the
device is also important in order to be able to bring the device
to the inspected containers within warehouse. In this area vibra-
tional spectroscopy techniques such as NIR absorption and Raman
spectroscopy have already been employed. Near-infrared (NIR)
absorption spectroscopy is however often hampered by interfering
signals from the packaging, a limited chemical specificity compared
with other vibrational techniques and difficult training due to the
influence of particle size, angle of probe contact and other physi-
cal properties. Raman spectroscopy has the potential to overcome
these limitations but its use in this area has been mainly limited
to probing opened packaging invasively or non-invasively probing
packaging that is transparent or semi-transparent. Also, whereas
colourless glass bottles tend to be amenable, any laser-induced flu-
orescence arising from colouring within the glass (especially with
green glass) can mask the Raman signal of the contents.
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Recent advances in non-invasive Raman spectroscopy [2] in the
area of subsurface probing of turbid media led to the development
of Spatially Offset Raman Spectroscopy (SORS) [3-5]. SORS pro-
vides the potential to considerably broaden the range of containers
one can scan non-invasively from substantially transparent con-
tainers to translucent ones such as paper sacks, plastic bottles or
highly fluorescing coloured glass bottles (e.g. green or amber glass)
that would be otherwise challenging for conventional Raman spec-
troscopy. The SORS technique has been successfully demonstrated
in many related areas, such as the detection of liquids and powders
in bottles in security applications and counterfeit drug detection
[2].Here we propose and investigate the extension of its use into the
raw materials verification in the context of pharmaceutical manu-
facturing. A range of common packaging materials and ingredients
used in pharmaceutical manufacture are tested and the capabili-
ties and limits of the technique established in the context of this
specific application.

1.1. Spatially Offset Raman Spectroscopy

In a SORS measurement, Raman spectra are typically collected
on the sample surface from two or more regions that are spatially
separated from the laser illumination point by different amounts
(see Fig. 1a). Such spectra contain different relative Raman contri-
butions from the packaging and the content. Typically, a zero spatial
offset and some non-zero spatial offset is used to interrogate a two
layer system such as a bottle or sack with their contents. This is
in contrast with conventional Raman measurements where only
one Raman spectrum would be collected from the zone directly
illuminated by the laser beam. Such a spectrum would typically
be dominated and often overwhelmed in diffusely scattering con-
tainers by the surface Raman signal (bottle, packaging) and any
fluorescence components, precluding the unambiguous inspection
of their content. In contrast, SORS can yield pure Raman spectra of
individual layers; in our case, those of the content and the container.
In this measurement, two Raman spectra are obtained at different
spatial offsets. These are then processed using a scaled subtrac-
tion of one from the other to yield pure Raman signatures of the
individual layers [2]. Of particular interest to this application is the
recovery of the pure Raman signature of the contents unobstructed
by the Raman and/or fluorescence interference from the bottle or
packaging. This processing approach can be fully automated and
requires no a priori knowledge of the chemical composition of
either the container or contents.

To also permit the inspection of transparent containers with a
single illumination and collection geometry a special SORS optical
arrangement has been used [6]. The need is brought about by the
different nature of the propagation of light through such media. In
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transparent containers the light propagates in straight paths but in
diffusely scattering media its direction is continuously randomised
as the photons diffuse through the medium (see Fig. 1). The collec-
tion system therefore has to account for two different illumination
situations and be effective in both. This can be satisfied by the illu-
mination setup adopted here. In this configuration an obliquely
angled laser beam is used to pass through transparent container
walls spatially offset from the collection zone at an angle to inter-
sect the Raman collection zone located below the wall within the
probed medium (see Fig. 1b). When such a setup is presented with
a diffusely scattering sample, e.g. an opaque plastic bottle, this con-
figuration acts as a conventional SORS setup as the laser photons
quickly lose memory of their direction of travel when encounter-
ing the diffusely scattering medium (e.g. the container wall). This
setup also suppresses fluorescence and Raman signals originating
from transparent container wall, e.g. green glass, as long as the spa-
tially offset laser beam intersects the container wall out of sight of
the Raman collection system.

As with conventional Raman and other types of optical spec-
troscopy, the technique is limited to non-metallic containers. Other
restrictions include the limitation to contents that do not fluoresce
at the excitation laser wavelength excessively and materials not
excessively absorbing laser or Raman photons (e.g. black or very
darkly coloured packaging materials such as cardboard drums).
However, fluorescence originating from the packaging can be effec-
tively suppressed with SORS as also demonstrated here [7].

To date, SORS has been used in various forms [2,7] in a range of
applications including biomedical analysis, pharmaceutical anal-
ysis and aviation security. In the biomedical field it is under
development to detectin vivo bone diseases [8] and cancer [9]. Else-
where it is used to detect counterfeit and concealed drugs [10,11]
or to quantitatively characterise drug mixtures in containers [12]
in pharmaceutical analysis and in aviation security SORS to screen
for liquid and gel explosives in bottles [6,13]. Recently, it has also
been used to extend the applicability of Surface Enhanced Raman
Spectroscopy (SERS) to detect signals deep within biological tissue
(SESORS - Surface Enhanced Spatially Offset Raman Spectroscopy)
[14-16].

2. Experimental

The SORS setup used here has been described earlier [17]. A
500 mW, 830 nm laser beam was delivered to the sample at an angle
of ~40° to the collection optics onto a spot of a diameter 2.5 mm.
A computer controlled motorised linear translation stage was used
to set the spatial offset by moving the laser beam delivery optics to
direct the beam onto sample at an appropriate point. Raman scat-
tered light was collected using a lens (25 mm diameter, 40 mm focal
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Fig. 1. A schematic illustration of SORS noninvasive concept with (a) opaque packaging and (b) transparent packaging.
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Fig. 2. SORS (middle) and conventional Raman (top) spectra of ethylene glycol measured through amber glass bottle. A reference spectrum (bottom) measured without the

bottle is also shown. The spectra are offset for clarity.

length), filtered to reject elastically scattered light using a pair of
long pass dielectric edge filters and imaged onto a fibre-optic bun-
dle. The vertically oriented fibres at the other end of the bundle
were placed at the entrance slit position of the spectrograph. The
Raman spectra were detected using a back-thinned, deep-depletion
CCD detector (Andor iDus, 1024 by 256 pixels). Acquisition times
varied depending on the sample. Since the spectra acquired at the
surface (“zero offset”) are significantly more intense than the off-
set spectra, acquisition times are typically an order of magnitude
greater at the offset position. Zero offset spectra were acquired in
<0.5 s and offset spectra acquisition times ranged between 2 s and

10s. Contents with poorer Raman responses or in more challenging
containers required longer acquisition times.

The processing of SORS spectra included a standard scaled
subtraction of the two Raman spectra acquired at a zero and non-
zero (3-10mm, depending on the container) spatial offsets to
obtain a pure signature of the content cancelling the container
Raman contribution. The process was semi-automated with a user-
defined variable scaling tool in the SORS control and measurement
software. In some examples, the fluorescence backgrounds were
subtracted before the scaled subtraction by fitting a polynomial
baseline. Automated software has subsequently been developed
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Fig. 3. SORS and conventional Raman spectra of active pharmaceutical ingredient (API) measured through opaque polypropylene container. The reference spectra of the two

polymorphic form of API are also shown. The spectra are offset for clarity.
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Fig. 4. SORS and conventional Raman spectra of neopentyl glycol measured through opaque polyethylene sack. Reference spectra of the sack (LD-PE) and neopentyl glycol
measured without the sack are also shown. The spectra are offset for clarity. (For interpretation of the references to colour in text, the reader is referred to the web version

of the article.)

for the application that iteratively fits a smoothing spline to remove
fluorescent baselines, before subtracting automatically scaled spec-
tra.

3. Results and discussion

Fig. 2 illustrates the results of the non-invasive probing of an
amber glass bottle containing ethylene glycol, both with conven-
tional and SORS configuration with a 3 mm spatial offset. Whilst the
conventional Raman spectrum is polluted with a large fluorescence

background and Raman components from the glass, the SORS spec-
trum yields a clean Raman spectrum of the contents as evidenced
by comparing the SORS result with a conventional Raman spectrum
of pure ethylene glycol.

The measurement of a polymorphic form of perindopril, an ACE
inhibitor, through a 2 mm thick white plastic (HDPE) tub is shown
in Fig. 3. There are two polymorphic forms of this active pharma-
ceutical ingredient (API) and for manufacturing it is naturally vital
that the right form is correctly identified. Again, the results of SORS
are compared with those obtained using conventional Raman
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Fig. 5. SORS spectra of Na citrate measured through 1, 2 and 3 layers of paper sacking. A conventional Raman measurement through 3 layers of sacking is shown for
comparison. A reference spectrum of Na citrate is also shown. The spectra are offset for clarity. (For interpretation of the references to colour in text, the reader is referred

to the web version of the article.)
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measurement. Processed SORS spectra show close correspon-
dence with the reference Raman spectrum of Form I evidencing
the nature of the content. In contrast, the conventional Raman
spectrum is dominated by the Raman signatures of the container,
making it an inappropriate method to identify the API and its form.

Fig. 4 shows the results of the measurement of a pharmaceutical
reagent, neopentyl glycol, through the blue plastic sack indicated
with a circle in the photograph. Although the conventional Raman
spectrum contains components belonging to the contents it is again
heavily polluted with the Raman signal of the container making the
unambiguous identification of the content difficult. On the other
hand, the processed SORS spectrum shows a close correspondence
with the reference spectrum.

Fig. 5 illustrates the measurement of sodium citrate powder
through a paper sack, indicated in the insert with an ellipse.
Two inner brown paper layers are covered by an outer paper
layer coloured yellow. The results are shown for 1, 2 and 3 lay-
ers of the packaging. Although with only the outer, yellow paper
layer conventional Raman was capable of providing an adequate
answer albeit with the presence of fluorescence and the cellulose
Raman signature of the paper packaging material, when the sec-
ond and third (inner brown paper) layers are introduced (shown),
the sample becomes highly challenging or impossible for con-
ventional Raman spectroscopy. In contrast, the processed SORS
spectra exhibit close correspondence with the Raman spectrum of
the contents, even through all three packaging layers, making the
identification of the chemical content unambiguous and straight-
forward.

Overall the applicability of Raman spectroscopy has been
considerably extended with the deployment of SORS including
transparent and translucent plastic and coloured glass containers
and paper and plastic sacks. Non-viable containers include metallic
and thick cardboard packaging. The limits of detection cannot be
always drawn accurately as it is blurred depending on the strength
of the Raman signal of the content; for example very strong Raman
scatterers could possibly be detected in some challenging con-
tainers. However, it is evident that a substantial extension of the
applicability of non-invasive inspection in this area is achieved with
the SORS technique.

4. Conclusions

A non-invasive, chemically specific inspection method has been
demonstrated to be viable in materials verification within phar-
maceutical manufacturing. The key benefits include the ability
to perform the identification through packaging, thus eliminating
need for opening the packaging, with its associated safety haz-
ards, potential for sample degradation or cross contamination and
the requirements for special chemical handling environments. The
analysis can be performed within seconds and the device can be
portable or mobile. Viable packaging materials include transparent

and opaque plastic sacks and tubs, paper packaging and coloured
glass bottles (e.g. green or amber glass). Packaging materials that
could not be probed with this method include metallic containers
and drums with thick cardboard walls. The concept demonstrates
the viability of a new rapid, cost effective inspection of incoming
materials in pharmaceutical manufacturing.
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