Raman and EDXRF Chemical Imaging for
Formulation Process Development and
Quality Control

Compounds of magnesium and calcium are common components of pharmaceutical formulations. Spectroscopic imaging can provide a complete understanding of a formulation. This
paper compares two spectral imaging techniques — energy dispersive X-ray fluorescence
(EDXRF) microscopy and Raman microscopy.
Fiona Clarke, Andrew Whitley, Sergey Mamedov, Fran Adar,
Neil Lewis, and Eunah Lee
ispersion of the API (active pharmaceutical ingredient) and excipients in pharmaceutical formulations
(for example, tablets) is of vital importance to the
performance of the final drug product. Among other
things, the components’ particle size, morphology, and distribution can determine correct dosage as well as correct
chemical behavior between the components during dissolution following ingestion and also can determine shelf life. It
is not typically possible to measure particle size, morphology, and distribution in a formulation via a simple visual
inspection because of the lack of contrast in the optical
image. By utilizing the hyper-spectral imaging capabilities of
Raman and EDXRF (energy dispersive X-ray fluorescence)
microscopies the chemical distribution of the components
in pharmaceutical formulations can be observed directly.
This is because these techniques provide chemical contrast
based upon inelastic scattering by molecular vibrational
Figure 1. (a) Raman maps showing the distribution of
transitions and differences in elemental composition,
the different components in the pharmaceutical formurespectively.
lation. (b) Raman spectra of four excipients plus API.
While many types of transitions other than vibrations
(magnetic transitions, rotations, transitions between electronic levels) can mediate Raman scattering, it is the study of and built the first Raman microscope with functionaliof molecular and crystalline vibrational transitions that ties including Raman imaging.
has proved most useful for analytical purposes. During the
X-ray fluorescence first was observed early in the last
mid-1970s, Michel Delhaye in northern France conceived century by Moseley and widely used thereafter for
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Chemical Imaging
chemical analysis. A commercially available microscope
provides 10 µm spatial resolution by introducing a collimated X-ray beam through a monocapillary.
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Raman and EDXRF Microscopy
In a recent study, in collaboration with the Pfizer Process
Analytical Support Group at the Sandwich Laboratories in
Kent, we have compared the information provided by
Raman and EDXRF microscopy; these two techniques
provide molecular and elemental images, respectively. Both
analytical techniques are used currently in pharmaceutical
process development and quality control. Raman
microscopy permits molecular maps with very high spatial
resolution (better than 1 µm), which reveals particle size
and distribution in a formulation.
The EDXRF microscope provides a rapid method to
obtain hyperspectral elemental images with 10-µm spatial
resolution. For both techniques, little or no sample preparation is required. Magnesium, calcium, and phosphorus
are common components of pharmaceutical formulations. Previously, the distribution of one of the excipients,
magnesium stearate, which often is added because of its
lubricating properties, has proven particularly difficult to
study because it is present in low concentration, spreads
very finely, and has weak spectral bands in Raman, FT-IR,
NIR, and EDXRF spectroscopy. Because magnesium
stearate is added to ensure the uniform mixing and dispersion of the particles of the other components, knowledge
about its distribution is important.
Raman and XRF chemical maps are acquired by rastering the sample under the exciting beam and collecting
spectra at each point. In the Raman system, this method
maintains full confocality. Because full spectra are recorded, all information inherent in the data are available for
post processing. The simplest method to prepare chemical
maps is to bracket peaks of the species of interest and then
color-map the intensity at each pixel in the map of those
species. This works well as long as each species has a spectral band that does not overlap with bands of other
species. The reality is that for complex organic species this
requirement often is not met in multifiles of Raman as
well as other complex spectra. In such cases, treatment of
the spectra with multivariate techniques enables one to
quantify the variances of the individual species. In addition, this multivariate approach can also be helpful in
EDXRF (even though the spectra are much simpler)
because of the possibility that X-ray fluorescence lines of
some elements might overlap.

P

0.5 mm

Transmission image

Figure 2. EDXRF map of Mg, Ca, and P and
the X-ray transmission image acquired with
the 10-µm capillary.

The second map shown in Figure 1a corresponds to the
distribution of magnesium stearate. This map has been
produced using full spectra information and multivariate
algorithms from ISys™ software (Spectral Dimensions;
Olney, MD). In this case the color is used to code for
intensity. Careful comparison of the two maps indicates
that the magnesium stearate seems to be accumulating at
the interfaces between the other particles, which is what
one would expect for a lubricant.
Figure 2 presents the EDXRF maps of magnesium, calcium, and phosphorus elements acquired with the 10m capillary. The Ca and P maps are well correlated,
which is what one would expect since these two elements
occur in the same molecule (dicalcium phosphate). The
magnesium stearate is more uniformly distributed than
the DCC, showing size domains similar to what was
observed in the Raman map. When Mg was mapped with
the 100-m capillary (result not shown here) the distribution was even smoother.
In addition to producing such intensity maps, the software enables statistics to be performed on the multifile,
to set thresholds in the maps, and to calculate the percentage of area that is occupied by the species of interest.
This capability then allows particle size, morphology and
concentrations to be estimated.

Conclusion

In this discussion of an X-ray fluorescence and Raman
mapping study of a pharmaceutical formulation we
have shown both molecular and elemental composiExperimental
tional maps. These maps provide complementary
Figure 1a shows first a Raman image (RGB micrograph) information at different spatial resolution (1 m for
of microcrystalline cellulose (MCC), dicalcium phosphate Raman, 10 m for XRF), which is helpful in charac(DCP), and sodium starch glycolate (SSG). This has been terizing the effectiveness of particle dispersions in
produced by bracketing the Raman bands near 850 cm-1 tableting. In particular, the role of magnesium stearate
(SSG), 900 cm-1 (DCP) and 1100 cm-1 (MCC). Inspec- in assisting the mixing can be assessed. ■
tion of the spectra in Figure 1b indicates that these bands
exhibit minimum overlap with other species.
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