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Introduction
The development of Raman spectroscopy 
has come a long way since its discovery in 
1928. Its combination with optical microscopy 
in the latest, next-generation confocal 
Raman microscopes has enabled fast,  
non-destructive, non-invasive hyperspectral 
imaging of samples without the need for 
sample preparation in most cases. In view 
of the ever-increasing pressures upon 
healthcare companies to achieve the high 
standards of quality control imposed by 
regulatory authorities, the emergence of  
this efficient technique has proven timely.

In this eBook, we look at some of the  
wide-ranging applications of Raman 
microscopy to various formulation challenges 
encountered by the pharmaceutical and 
fast-moving consumer goods industries. In 
particular, we consider HORIBA Scientific’s 
latest confocal Raman imaging microscope, 
the LabRAM Soleil™, designed to make Raman 
imaging faster and easier than ever before 
with no compromise on resolution. Discover 
how Raman microscopy can yield information 
on molecular structures, crystal phases, 
polymorphisms and much more.
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Characterization of pharmaceuticals
Raman microscopy has multiple applications 
across the drug development life cycle, 
from discovery to formulation and quality 
control. It allows a drug developer to better 
understand what controls crystallization, 
solid-state reactions, phase stability and 
solubility. Discover:

•  Mapping of an 8-vitamin pharmaceutical 
tablet in order to control chemical grain 
sizes and distribution.

•  Characterization of the distribution of 
compounds such as actives and excipients 
in a pharmaceutical drug tablet, including 
their spatial distribution across the surface 
of the tablet.

•  Comparison of the size, shape and 
chemical homogeneity of compounds in 
two different nasal spray formulations, 
using the HORIBA LabRAM Soleil, 
and demonstrating rapid chemical 
identification of over 5,000 particles.

•  Discrimination between two polymorphic 
forms of active molecules in raw powders 
or final drug formulations. Using the  
super-low frequency module on the 
HORIBA LabRAM Soleil, Raman microscopy 
can provide qualitative and quantitative 
information on polymorphy with 1μm 
spatial resolution when necessary.

Characterization of cosmetics
Raman imaging is invaluable to dermatological 
and cosmetics laboratories looking to perfect 
formulations as part of quality control:

•  Sunscreens: Quality control in sunscreen 
production includes ratification of the 
sun protection factor (SPF) recognized 

by regulatory authorities. In formulation 
investigations, the spectral fingerprint 
from Raman spectroscopy can be used to 
discriminate between different sunscreens 
with different SPFs. Find out how HORIBA 
Scientific’s Raman technology can be used 
to characterize sunscreens.

•  Soaps: Raman mapping can evaluate the 
quality of soap preparation, distinguishing 
between handmade soaps and industrial 
products, and elucidate different oils. 
Quality control in this space is all about 
ensuring the non-invasivity of the final 
product on human skin. This application 
note demonstrates how Raman  
micro-spectroscopy can be a powerful 
technique to map the composition of soap 
bars for QC, detecting additives and traces 
of reagents.

•  Cosmetics: From tablets to creams, 
ensuring the homogeneous and stable 
distribution of compounds in the final 
product is key to guaranteeing its  
efficacy. We look at how to analyze the 
distribution of compounds after the 
application of cosmetic creams and 
emulsion to a skin surrogate, using 
HORIBA’s LabRAM Soleil.

The power and suitability of Raman microscopy
Read about the multiple applications 
of Raman hyperspectral imaging in this 
pharmaceutical white paper, including how 
the combination of Raman microscopy with 
surface-enhanced Raman scattering (SERS) 
can address issues of autofluorescence that 
arise with drug formulations comprising 
colored constituents or colored coatings. This 
can be a gateway to applying Raman imaging 
to low-dosage drugs or impurities in the 
pharmaceutical field.
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Raman
Spectroscopy Pharmaceutical compounds distribution 

and cosmetic products analyzed by 
confocal Raman spectroscopy

Application
Note

Pharmaceutical
& Cosmetic

RA78

Thibault Brulé and Céline Eypert
HORIBA FRANCE SAS, Palaiseau, France.

Abstract: In the final step of the formulation process, pharmaceutical and cosmetic industries have to control their products 
to check if the compounds' distribution in the final product, or in its application form, i.e. dispersed on a skin for an 
intracutaneous product, are homogenous and stable in order to guarantee the product's efficacy.  In this paper, we present 
why confocal Raman microscopy is an excellent tool for product characterization after formulation.

Keywords: Compounds distribution, Pharmaceutical, Cosmetic, Synthetic skin.

Raman
Spectroscopy

Introduction

During pharmaceutical and cosmetic formulation process, 
an important step is in the control of the distribution of 
the compounds once the product is designed in its final 
state. For example, in a pharmaceutical tablet, the size 
and distribution controls over a large area of the tablet 
are important for drug release control. That can be also 
applied on liquid products, like a nasal spray or oral 
suspensions. This specific subject is more detailed in 
Application Note (REF AN nasal spray). It also concerns 
the emulsions and creams commonly proposed by 
cosmetic companies. In that case, the point of interest is 
in the analysis of the distribution of the compounds after 
the application of the cream. In order to simulate skin, 
cosmetic manufacturers commonly use some rough 
PMMA slides.

This step in the control process is required so a technique 
is able to chemically characterize the product as they 
are, in a non-invasive and non-destructive manner. Thus, 
vibrational spectroscopies are well designed for such 
characterization. Moreover, confocal Raman microscopy 
is the perfect tool for this. Indeed, the micron resolution 
of this optical microscopy is required for a perfect 
characterization of small particles. The main interest of 
Raman microscopy also comes from the capability of 
this technique to be applied on any sample, with no need 
for preparation. Based on its very well resolved spectral 
bands, confocal Raman microscopy is also able to 
distinguish between a large amount of chemical products. 
In this paper, we demonstrate how confocal Raman 
microscopy is perfectly suitable for pharmaceutical 
and cosmetic characterization on final products. Thus 
we apply this technique on tablet characterization and 
cream on skin model distribution. Figure 1: HORIBA LabRAM SoleilTM Raman microscope
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Instruments and methods

Our HORIBA LabRAM SoleilTM is a confocal Raman 
microscope offering the highest throughput in the market 
with no compromise on resolution. This is a consequence 
of the unique optical design of this microscope basedon 
dielectric mirrors, with very low signal loss, coupled with 
high quality gratings, our main expertise. These outstanding 
characteristics are required to obtain the best quality spectra 
needed for compounds analysis in final pharmaceutical and 
cosmetic products.

In order to differentiate the compounds presence in the 
product, the integrated MVAPlus multivariate tool is the 
solution. Including multiple algorithms, MVAPlus is able 
to analyze up to 4,000,000 of spectra to find the major 
compounds of a sample and display their distribution. 
Additionally, ViewSharp from EasyNav  package is also used 
to analyzed rough samples as the skin model. With this tool 
based on the video image contrast, the focus on the sample 
is automatically adjusted on the surface of the sample.

All of these hardware and software features leads to the high 
quality information that we can take from a tablet or cream 
samples.

Two samples were analyzed. The first one is a commercial 
8-vitamin pharmaceutical tablet. The second is a cosmetic 
cream spread on a rough PMMA slide used to simulate the 
roughness of skin.

Results

Controlling the compounds distribution is important in 
pharmaceutical and cosmetic products. Confocal Raman 
microscopy is the most appropriate technique to characterize 
such products in their final forms. First we analyzed an 
8-vitamin pharmaceutical tablet in order to control the 
chemical grain sizes and distribution. A Raman map of a 
part of the tablet was so acquired. Applying the Multivariate 
Curve Resolution (MCR) algorithm from the MVAPlus tool, 
the reference spectra are obtained. They are then used 
to decompose each spectrum of the map and obtain the 
distribution of the compounds over the sample as shown 
in Figure 2. The compounds are automatically identified 
thanks to the direct link with the spectral database software 
KnowItAll from Biorad Laboratories. Based on these analyzes, 
a complete characterization of the compounds distribution 
characteristics is provided directly, and provides information 
about the quality of the distribution of the grains in the tablet.

Figure 2: 8-vitamins tablet Raman mapping. Left: MCR spectra identified by the database. Right: Chemical distribution based on MCR 
decomposition. Scale bar: 200 µm.
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Then, we analyzed a cream spread on a rough PMMA slide 
simulating skin roughness. Adjusting the focus automatically 
based on the topographical profile provided by the ViewSharp 
module, a Raman map was acquired on a large area to control 
the compounds spread over this area. The compounds 
distribution based on the multivariate analysis of the spectra 
is obtained easily, correlated with the topographical profile 
provided by the ViewSharp tool (Figure 3). Based on this 
map, it appears that the cream is homogeneously spread 
quite well on the surface as we observe a good mixture of 
the different compounds on the surface, and no specific area 
with only one compound. As for the pharmaceutical tablet, 
the compounds can be identified by comparing with the 
spectral databases.

Figure 3: : Cosmetic cream spread on a synthetic skin Raman map. Left: Reference spectra. Right: Chemical compounds distribution 
based on CLS decomposition overlayed on the topographical image resulting from ViewSharp.

Conclusion

Confocal Raman microscopy is an excellent technique to 
characterize the compounds distribution in solid products 
like a pharmaceutical tablet, where compounds are in grain 
form. In this case, Raman spectroscopy offers a complete 
chemical identification based on spectra, correlated with 
spatial and size distributions. In the same way, confocal 
Raman microscopy is an excellent tool to characterize 
compounds distribution of a cream spread on a rough 
surface, as skin typically is.

mailto:info.sci%40horiba.com?subject=
http://www.horiba.com/scientific
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Raman 
Spectroscopy

Introduction

In the pharmaceutical environment, and especially in the 
research and development field, the quality of the medicine 
is a critical step as it faces challenges with increased 
demand from the regulatory affairs to improve the quality 
of a pharmaceutical drug product. In order to ensure its 
proper effect on the patient health, a product has to be 
manufactured with exacting quality. 

During pharmaceutical development or quality control, 
analysts must ensure the distribution of active(s) and 
excipients in the tablet. Indeed, the distribution of compounds 
is directly linked to the product stability (i.e. modification of 
crystalline form or degradation), active content (especially 
required for scored tablets) and drug release (agglomerates 
can modify the release profile). Raman images make 
possible the characterization of the pure compound in a 
pharmaceutical drug product and can provide its spatial 
distribution on the surface of a sample. It is non-destructive, 
and offers fast, versatile chemical identification within a 
small compact benchtop instrument. Excipients and actives 
can be analyzed within seconds, and extensive Raman 
spectral libraries allow easy chemical identification. More 
subtle changes in structure, such as polymorphism and 
crystallinity can also be investigated. Both can have strong 
influence on drug dissolution and efficacy, so understanding 
the true nature of an active is critical to the success of drug 
development and manufacture.

Conditions of Measurements

For the collection of the hyperspectral datacube, the 
XploRA equipped with a 532nm laser was used. The data 
were collected with the LabSpec 6 software and analyzed 

by using all the powerful functions within the software.

The XploRA brings Raman chemical identification directly 
to your microscope. Combining microscopy and chemical 
analysis, the system retains the full functionality of your 
microscope, coupled with high performance Raman 
spectroscopy. Compact and rugged in design, the XploRA 
is easy to use and transport due to its minimal footprint, 
making it the ideal smart microscope for every R&D, QA/
QC and forensic lab. 

Results

In figure 1, three Raman maps have been acquired, moving 
from a large area low resolution whole tablet image, to a high 
resolution small area of interest to analyze individual grains/
particles in detail. In the whole tablet map (a), which comprises 
50,901 pixels over a 7 x 18 mm² area, the major constituents 
of Aspirine, Paracetamol and Caffeine are visible, in addition 
to the tablet coating (pink color). A higher resolution image 
(b) highlights a fourth component (Cellulose) widely spread 
across the tablet, but present only in small and discrete areas. 
The final image (c) was acquired with 2 µm step (90,601 data 
points), and allows the size and shape of individual cellulose 
grains to be observed. 

A Chemometrics method, Classical Least Squares (CLS), 
available in LabSpec 6 software, was applied to a selected 
area to assess the percentage of each compound in the 
formulation. As presented in table 1, in the selected area, 
semi-quantitative analysis shows that Aspirine, Paracetamol, 
Caffeine and Cellulose represent respectively, 16.3%, 60.0%, 
6.3% and 17.3% of this total area.

Raman Spectroscopy to Study 
the Distribution of Compounds in 
a Pharmaceutical Drug Product

Application 
Note

Pharmaceuticals
RA66

Mathieu Boiret
HORIBA Scientific, Avenue de la Vauve, Passage Jobin Yvon, 91120 Palaiseau, France

Keywords
Pharmaceutical Drug - Distribution of compounds - Raman Spectroscopy

Resulting from the combination of Raman spectroscopy and optical microscopy, Raman hyperspectral 
imaging has proven to be an indispensable tool in the pharmaceutical field, especially to study the distribution 
of active(s) and excipients in a pharmaceutical drug product. 
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Conclusion

Raman microscopy can now be considered as a powerful 
analytical tool in the pharmaceutical environment through 
the entire drug product life cycle, from drug discovery 
to post-marketed analysis. It provides information on 
compound identification and solid state characterization, 
but also information on spatial distribution of compounds, 
particle size analysis and homogeneity of the distribution.

Figure 1: Color-coded Raman images of a pharmaceutical tablet highlighting the spatial distribution of the 
various components at different scales, to explore the tablet uniformity, as well as the grain size and boundaries

Compounds Area (%)
Aspirine 16.3

Paracetamol 60.0

Caffeine 6.3

Cellulose 17.3

Table 1: Distribution of Aspirine, Paracetamol, Caffeine and Cellulose 
in percentage of the total area

mailto:info.sci%40horiba.com?subject=
http://www.horiba.com/scientific
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Raman
Spectroscopy Morphological and chemical 

characterization of pharmaceutical 
formulations

Application
Note

Pharmaceutical
RA73

Thibault Brulé
HORIBA FRANCE SAS, Palaiseau, France.

Introduction

One of the major challenges in the pharmaceutical 
development of a new product consists in its formulation, 
highly impacting the release and the efficiency of the active 
molecules in the body. During this step, actives and excipients 
are mixed together to produce the drug in its final form. The 
size and shape of the particles, the chemical form of the 
active, as well as its distribution, are multiple parameters that 
could have a huge effect on the drug efficiency. 

In this paper, we present how Raman microscopy can be 
used as a powerful tool for pharmaceutical compounds 
characterization, both morphologically and chemically. 
Raman microscopy is the combination of optical microscopy 
and Raman spectroscopy. Optical microscopy provides 
information about the 2D morphology of particles down to a 
few hundred of nanometer-size, while Raman spectroscopy 
gives access to chemical composition of the dispersed 
particles. This technique  not only distinguishes the different 
chemicals in a mixture but also identifies polymorphs.

We focus on the analysis of generic and innovator nasal 
sprays, by investigating their differences in terms of particles’ 
size and shape distribution, as well as chemical fraction 
homogeneity. 

Materials and methods:

The LabRAM Soleil Raman microscope from HORIBA 
has been used for the morphological and chemical 
characterizations of the pharmaceutical product. This system 
incorporates unique and powerful functions in a reliable, high 
performance system, ideally suited to research and analytical 
labs. It is fully confocal, providing high image quality and 
spatial or depth resolution.

Abstract : In order to control formulations of pharmaceutical products, characterizing their active compounds is critical, 
especially in terms of morphological and chemical characterization of particles. In this application note, two formulations from 
a generic and an innovator nasal spray have been analyzed to compare their compounds size and shape, and chemically 
characterized to compare the two formulations based on the ParticleFinderTM app for LabSpec 6. A focus is done on the 
active compound. 

Keywords: Raman microscopy, ParticleFinderTM, Particle Analysis, Pharmaceutical Products, API Characterization

A specific software tool has been used to achieve these 
analyses: the software application (or App) ParticleFinderTM 

proposed in the LabSpec 6 Spectroscopy Suite that 
operates the LabRAM Soleil. ParticleFinderTM automates 
static image analysis and Raman identification via an intuitive 
user interface. It identifies, locates and counts all the particles 
present, then characterizes their size and shape before 
performing the Raman analysis of each one individually. It 
offers the possibility to record a spectrum at the center of the 
particle, an average of multiple spectra from the particle, or a 
complete map covering the particle.

Raman
Spectroscopy

Figure 1: LabRAM Soleil Raman microscope.
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For the experiments, the samples  have been dispersed by 
spraying one shot of the product onto a clean glass slide 
from a distance of approximately 40 cm. This operation has 
been repeated twice per nasal spray, on different slides.

Morphological characterization

Based on the image contrast, particles are automatically 
identified by the software. Statistical distributions for various 
morphological parameters, such as size and shape, can 
then be obtained. Here, we  have focused  on the equivalent 
circular diameter, i.e. the diameter of a circle having the same 
area than the particle considered, and the circularity. Figure 2 
shows a optical image of the particle spatial distribution 
considered for Innovator sample 1 (a), the equivalent circular 

diameter distribution (b) and the circularity distribution (c) of 
8,584 particles.

As this operation has been applied on the different nasal 
spray dispersions, the statistical distributions have been 
easily obtained for innovator and generic products. These 
results are summarized in Table 1. 

Based on this table, one can easily conclude that the 
circularity is highly similar between generic and innovator 
products. However, the generic particles are slightly smaller. 
Static image analysis is also useful in that case to monitor 
the size and shape distributions between a generic and an 
Innovator nasal spray. 

Chemical characterization

Based on particle locations obtained with ParticleFinderTM, 
the Raman spectral analysis of every particle has been 
realized for one of each product (Innovator 1 and Generic 
1). The total  measurement times were 2:20 and 4:07 hours 
for Generic (4,894 particles) and Innovator (8,584 particles), 
respectively. A statistical clustering (K-means Clustering 
Analysis) has then been applied on each spectra assembly 
to separate Active Principal Ingredient (API) from excipient 
particles. Reference spectra have also been obtained based 
on these classifications. 

Table 1: Morphological statistics for the different nasal spray 
dispersions.

Figure 2: (a) Optical image of the analyzed area for Innovator 1 sample 
showing the particle distribution. (b) Equivalent circular diameter 
distribution and (c) circularity distribution of the 8,584 particles localized 
with ParticleFinderTM.
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As shown in Figure 3, the reference spectra of generic and 
innovator products are similar, confirming the formulation 
similarities between the two products. The spatial distributions 
of the different chemicals have also been obtained to inform 
about the homogeneity of dispersion of the actives within the 
product. Each particle has been so tagged with a specific 
color on the optical images, as  shown on Figure 4a-b (red 
for API and blue for excipient particles).

It has been also easy to obtain the diameter and circularity 
distributions of the API in these two products to compare the 
morphological distribution of the API only between generic 

and innovator formulations (Figure 4c-f). Table 2 summarizes 
the size parameters and the estimated fraction of API in the 
two forms. The results indicate that API in the generic and 
innovator sprays have similar forms and that API D-estimates 
are in a similar range.

Conclusion

To summarize, the ParticleFinderTM application for LabSpec 6 
Spectroscopy Suite enables a quick and accurate analysis of 
nasal spray products. Morphology of particles, identification 
of API and estimated fraction of API have been determined. 
The LabRAM Soleil high-performance Raman microscope 
enables fast chemical identification of more than 5,000 
particles.  The static image analysis with ParticleFinderTM 
application is a perfect solution to morphologically and 
chemically compare generic and innovator nasal sprays, and 
more generally to characterize pharmaceutical formulations.
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Figure 3: Average Raman spectra of generic and innovator 
particles obtained from K-means clustering analysis

Table 2 : API particle size statistics.

Figure 4: API distributions. (a) Spatial distribution of API (red) and excipient (blue) in the innovator spray 
area. (b) Spatial distribution of API (red) and excipient (blue) in the generic spray area. (c-f) Equivalent 
circular diameter and circularity distributions of API only in the innovator and generic sprays.

mailto:info.sci%40horiba.com?subject=
http://www.horiba.com/scientific
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Raman
Spectroscopy Polymorphisms characterization: 

when Raman microscopy supports the 
pharmaceutical industry

Application
Note

Life Science
RA75

Thibault Brulé, Céline Eypert
HORIBA FRANCE SAS, Palaiseau, France.

Abstract: Polymorphisms characterization of active molecules is one piece of important information for the pharmaceutical 
industry, not only on raw powders, but also in the final form. Raman microscopy remains the most appropriate solution for 
this application. In this paper, we present an example of polymorphisms characterization by Raman microscopy using the 
super low frequency module.

Keywords: Raman microscopy, polymorphisms, pharmaceuticals, carbamazepine, super low frequency

Instruments and methods:

Our HORIBA LabRAM SoleilTM is a Raman microscope 
offering high throughput with no compromise on resolution. 
This is a consequence of the unique optical design of this 
microscope based on dielectric mirrors, with very low signal 
loss, coupled with high quality gratings, our main expertise. 
These outstanding characteristics are required to obtain the 
best quality spectra needed for polymorphy analyses. 

By definition, the differences between two polymorphic 
phases is in the crystal modes, which can be characterized 
on the low Raman frequencies region. That increases the 
difficulty for the discrimination of the phases. Thanks to the 
standard super low frequency standard module available 
on LabRAM SoleilTM, it becomes easy to reach 30 cm-1 

Raman
Spectroscopy

Figure 1: HORIBA LabRAM SoleilTM Raman microscope

Introduction

Since the physical state can affect the pharmaceutical 
behavior of drug substances, it is important to know 
what controls crystallization, solid state reactions, phase 
stability, and solubility. There are numerous methods that 
have been used to measure the solid state composition of 
pharmaceuticals; these include X-ray diffraction, optical 
microscopy, thermal analysis, dissolution testing, particle 
size analysis, NMR, and infrared (IR) spectroscopy. Raman 
spectroscopy is a newcomer in this industry as a very 
powerful characterization technique. 

Indeed, Raman spectroscopy can provide qualitative and 
quantitative information of the polymorphy, with 1 µm spatial 
resolution when necessary. The new generation in Raman 
technology provides many advantages over the other 
techniques. As a non-destructive analysis, samples can 
even be examined in transparent glass or plastic containers. 
Microscopic samples as small as 1µm can be easily 
characterized, and finally, little or no sample preparation is 
required. Moreover, polymorphic and pseudo-polymorphic 
phases in microscopic samples can be mapped. This last 
point is important as the pelletizing can create pressure-
induced polymorphic transformation.

In this paper, we investigate different polymorphic phases of 
carbamazepine, firstly on pure powder, and secondly after 
tableting.
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frequency, and so to characterize polymorphisms without 
additional options. This spectral range is achievable by 
changing automatically the angle of the injection/rejection 
edge filter. Consequently, the Raman throughput is largely 
better than through “classical” ultra low frequency filters. 

Results

In a first approach, we compared different single spectra 
obtained on raw carbamazepine powder. Two different 
spectra are observed. As shown on Figure 2, these spectra 
are similar, except in the low frequency range, i.e. below 
50 cm-1. In this specific range, we observe on Form I a specific 
band of this crystal phase at 40 cm-1. This is exactly the type 
of bands that helps to discriminate between polymorphisms. 
Raman is an excellent tool to discriminate between two 
polymorphic forms on raw product.

Nevertheless, Raman microscopy can also be used to 
discriminate polymorphic forms on pellets or tablets. In a 
second approach, we analyzed a homemade tablet of different 
forms of carbamazepine mixed with excipients. A Raman map 
was first acquired to identify carbamazepine particles in the 
tablet, and second, the polymorphic phases of these particles. 
Based on the spectral range 30-50 cm-1, it became easy to 
distinguish between the different forms I and III. Results on the 
polymorph distribution are shown on Figure 3. 

Conclusion

Raman microscopy is an excellent tool for polymorphic 
phases characterization of API. The super low frequency 
module available on HORIBA LabRAM SoleilTM as a 
standard, is a perfect tool to attain crystal phases bands 
with no compromise on the acquisition time, a must have for 
genuine product characterization.

Figure 3: Carbamazepine distribution in tablet (blue: Form I, orange: Form III, black: excipients)

Figure 2: Low frequency Raman spectra of Carbamazepine grains 
of powder
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This Application Note outlines three different kinds of spectroscopic tools being used for the 
characterization of sunscreens and discusses the obtained results. These include, Fluorescence 
spectroscopy for photoactivity, Particle Size analysis for composition and Raman microscopy for 
formulation investigation.

Introduction

Sunscreens protect the skin from the damaging effects 
of both UVA and UVB rays of natural light. They are 
characterized by the Sun Protection Factor (SPF). This 
term is adopted by many regulatory authorities and by the 
cosmetics and pharmaceutical industries to define the ratio 
of the least amount of ultraviolet energy required to produce 
minimal erythema on sunscreen-protected skin to the 
amount of energy required to produce the same erythema on 
unprotected skin (Food & Drug Administration, 1978, 1993, 
1998, 1999). It is popularly interpreted as how much longer 
skin covered with sunscreen takes to burn compared with 
unprotected skin (Health Education Authority, 1998). 

In this work we discuss the photoactivity, composition and 
formulation of two sunscreens products, namely SPF20 and 
SPF50 by using three techniques: Fluorescence spectroscopy, 
Raman microscopy and Particle Size distribution Analysis (PSA).

Instruments

Fluorescence spectroscopy: The new Aqualog® is the 
only instrument which measures simultaneously absorbance 
spectra and fluorescence Excitation-Emission Matrices 
(EEMs). The Aqualog® optical bench (Fig.1) includes a 
special aberration-corrected double-grating excitation 
monochromator, a reference detector and absorbance 
detector (both Si photodiodes), and a unique emission 
detector comprised of a thermoelectrically cooled back-
illuminated CCD and spectrograph. The system incrementally 
scans excitation from high energy to low energy and can 
collect the full emission spectrum at each excitation increment 
to rapidly and simultaneously generate absorbance spectra 
and fully corrected EEMs.
 

Spectroscopic Methods for 
Sunscreens Characterization

Application 
Note

Cosmetics
FLUO RA PSA 02

The spectrofluorometer is equipped with a bifurcated fiber 
bundle 6 mm in-diameter accessory which transmits light 
to the skin and returns the fluorescence emission to the 
detector. The tip of the fiber bundle is placed in contact 
with the volunteer skin with minimal pressure. Each spot 
before and after treatment was measured in triplicate 
using batch scanning.

Particle Size analysis: Particle Size analysis is based on 
laser diffraction. The central idea in laser diffraction is that a 
particle will scatter light at an angle determined by its particle’s 
size. Larger particles scatter light at small angles while smaller 
particles scatter light at wide angles.  A collection of particles 
produces a pattern of scattered light defined by intensity and 
angle that can be transformed into a particle size distribution 
result. The system used here (LA-960®, Fig.1) combines the 
most popular modern sizing technique with state of the art 
refinements to measure wet and dry samples measuring 10 
nanometers to 5 millimeters. 

Fluorescence
Raman

Granulometry
PSA

Fig.1 (Left) Aqualog® system, (Middle) Particle size analyzer 
LA-960®, (Right) XploRATM PLUS Raman microscope
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Both cream samples were previously pre-dispersed in 
“ultrapure” water. The cream slowly became more and more 
liquid by adding the water progressively. This solution was 
directly introduced into the LA960 tank containing “ultrapure” 
water at an optimal concentration. The tests were performed 
twice with a new solution. The refractive index chosen for the 
two samples was 1.52 + 0i.

Raman microscopy:  Raman microscopy combines Raman 
spectroscopy and optical microscopy.  Raman spectroscopy 
is a non-destructive and non-invasive vibrational spectroscopy 
that provides information on molecular structures, crystal 
phases, polymorphism, and much more.  Optical microscopy 
visualizes and captures images of particles based on static 
image analysis. An XploRATM PLUS from HORIBA was used 
for Raman analysis (Fig.1). 
In this study, we used respectively the 638nm and 532nm 
laser wavelengths for sunscreens SPF 20 and 50. The choice 
of the wavelength is related to the intrinsic fluorescence of 
the different creams. Acquisition times were set at 3 seconds 
and 5 accumulations.

Results

Photoactivity effect
In-vivo 2D contour plot of excitation emission matrix (EEM) 
on forearm skin (before sunscreen application) of a volunteer 
is shown in Fig.2. The major skin fluorophores have been 
discussed elsewhere (AN Horiba FLSS41).

 

The same area was then applied with the product following 
the internationally agreed procedures (Food & Drug 
Administration, 1978; COLIPA, 1994) which defines protected 
skin as that to which a 2 mg/cm² layer of sunscreen has been 
applied. After air-drying for 20 minutes, the Fluorescence 
EEM spectra have been measured (Fig.3) showing the filter-
effect (more intense for the SPF50 in comparison to the 
SPF20) of the applied sunscreens.

 

The main photo-process occurring in sunscreen is 
absorption: they absorb into the outer skin layer (stratum 
corneum) and block the UV radiation from entering the 
inner skin layers by acting as optical filters, so the in-vivo 
fluorescence attenuation reflects the realized protective 
effects of the applied compounds. Although most of the high-
energy UV photons are transformed, dispersed or absorbed 
by sunscreens, a certain amount of UV light will enter the 
epidermis. We have already shown how this technique can 
be used to diagnose damages (AN Horiba FLSS41). 

Composition control
The composition control is important in sunscreen industry 
to explain the photoactivity and the skin absorption. In this 
aim, particle size analyzes based on laser diffraction were 
performed on the two creams. The obtained size distributions 
are displayed in Fig.4.

 

Both samples showed a common population centered on 
270nm, certainly corresponding to sunscreens. Regarding 
the SPF20 sample, a population from 80nn to 800nm 
represents 65% of the total volume of the sample against 
16% for the SPF50 plus sample.

Regarding those values, SPF20 contains 4 times more 
filtering products than SPF50 if this population can be 
associated with the filtering products.
 

Fig.2 Normalized 2D-EEM contour plot of in-vivo forearm skin. 
Excitation wavelength range: 240-450nm.

Fig.3 Normalized 2D-EEM contour plot of in-vivo forearm skin 
after a) SPF20 and b) SPF50 sunscreen application. Excitation 

wavelength range: 280-400nm.

Fig.4 Size distribution of the two different sunscreens SPF20 and 
SPF 50.
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Commercial products are mainly resulting of complex 
formulas, generally remaining confidential. The exact and 
complete identification could be so difficult. That is why it 
is important to note that these identifications, simply based 
on a blind spectral comparison without knowledge of the 
incomings.

Raman micro-spectroscopy revealed so as a good technique 
for composition and formulation investigation / control in the 
final product.

Conclusions

In this application, we presented how spectroscopic 
methods can help for sunscreens characterization in terms 
of photoactivity, composition and formulation respectively 
based on Fluorescence spectroscopy, laser diffraction and 
Raman microscopy. These techniques are complementary 
and the results show that these systems could be useful 
tools for dermatological and cosmetic laboratories.

The samples showed a second population that can be linked 
to the hydrating part. This population is centered at 2μm for 
the SPF20 sample and 2.8μm for the SPF50 plus sample. 
This second population is more heterogeneous with the 
SPF20 sample. This may reflect a worse dispersion of this 
phase and may lead to a lower stability.

Formulation investigation
Raman micro-spectroscopy analysis may bring a valuable 
contribution for composition and formulation investigation 
of creams. Indeed, Raman spectroscopy technique is able 
to provide a direct chemical and molecular identification of 
different compounds within a cream. Thus, the discrimination 
between several types of creams is possible by using the 
spectral fingerprint. We present here the Raman study 
of two different sunscreens with different sun protection 
factors (SPF) (respectively 20 and 50). The obtained Raman 
fingerprints shown on Fig.5 were identified using spectral 
databases from KnowItAll software.

 

For each of these sunscreens, the comparison with spectral 
databases enables the investigation of the compounds and 
explains the spectral differences. The compositions are 
summarized in the table.
 

Fig.5 Sunscreens Raman spectra. Top: Cream with SPF 20. 
Bottom: Cream with SPF 50.

Table 1: Compound identifications based on Raman spectra
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Raman 
Spectroscopy

Thibault Brulé, Application Engineer, HORIBA Scientific, Palaiseau, France

Introduction 

In the soap industry, many chemical reactions are involved 
for the preparation of the final product. A hight control of 
the reactions is a major part of the quality control mission 
in these industries in order to ensure the non-invasivity of 
the final product on human skin. Many soaps also contain 
additives as fragrances or dyes that should improve the 
commercialized result. However, these additives could be 
involved in chemical reactions and their presence in the final 
bar could be questioned. In this application note we show 
how Raman micro-spectroscopy, and more specifically 
Raman mapping, can help to investigate the presence of 
additives and/or traces of reagents in soap bars.

Experimental conditions 

Raman Spectroscopy is a non-destructive chemical analysis 
technique which provides detailed information about 
chemical structure, phase, polymorphism, crystallinity and 
molecular interactions.  It is based upon the interaction of 
light with the chemical bonds within a material. The system 
used is an XploRATM PLUS. It incorporates unique and 
powerful functions in a reliable, high performance system, 
ideally suited to the research and analytical labs. It is fully 
confocal, providing high image quality, spatial and depth 
resolution.

As a complex product, soaps may contain various organic 
compounds that may scatter fluorescence when interacting 
with a laser source. As we would like to obtain the proper 
Raman signal, it is necessary to reduce as much as 
possible the fluorescence emission. Depending on the 
fluorescence level scattered by the different soaps, different 
lasers (638, 785 nm) have been used to acquire the Raman 
fingerprints of the compounds. In order to find additives 

Abstract
Soap compound investigation is an important point in quality control in the soap industry. In this application note, we 
demonstrate how Raman micro-spectroscopy can be a powerful technique to investigate the composition of soap bars by 
studying different types of hard soaps. 

Soap compound investigation 
by Raman mapping

Application 
Note

Cosmetics
RA69

and/or reactive traces, and to obtain the chemical 
distributions of the different compounds, soaps have been 
mapped with the laser using a 50xLWD objective. The 
acquisition time was one second per pixel of 2x2 µm-sizes. 

Multiple soap bars were studied: Aleppo soap, olive oil 
soap, grape seed oil soap, Marseille’s soap, and a low-cost 
soap. The three first soaps are handmade, and the two 
others are industrial products. 

In terms of composition, soaps are traditionally an 
association of fatty acids / oils, glycerol, and many additives 
like perfumes, dyes, emulsifiers, etc. All of these additives 
aim to enhance the final product. 

Figure 1: Pieces of soap studied by Raman spectroscopy. (From 
left to right) Aleppo soap, olive oil soap, grape seed oil soap, Mar-
seille's soap, low-cost soap.

Results

For each soap, a Raman map were acquired. In order to 
highlight the different compounds, a Multivariate Curve 
Resolution (MCR) analysis was applied on the different maps. 
For each map, the colors are based on the decomposition on 
the associated reference spectra. These obtained reference 
spectra were then compared with the Raman KnowItAll® 



Confocal Raman microscopy

18

info.sci@horiba.com                        www.horiba.com/scientific
USA: +1 732 494 8660 France: +33 (0)1 69 74 72 00 Germany: +49 (0)6251 8475 -0
UK: +44 (0)20 8204 8142 Italy: +39 2 5760 3050 Japan: +81 (75) 313 8123
China: +86 (0)21 6289 6060 Brazil: +55 (0)11 2923 5400 Other: +33 (0)1 69 74 72 00 Th

is
 d

oc
um

en
t 

is
 n

ot
 c

on
tr

ac
tu

al
ly

 b
in

d
in

g 
un

d
er

 a
ny

 c
irc

um
st

an
ce

s 
- 

P
rin

te
d

 in
 F

ra
nc

e 
- 

©
H

O
R

IB
A

 F
R

A
N

C
E

 1
1/

20
17

Figure 2: Raman reference spectra and Raman maps of different 
handmade soaps. Raman spectral identifications based on Know-
ItAll® databases. (a) Aleppo soap. (b) Olive oil soap. (c) Grape seed 
oil soap. 

databases provided with LabSpec6 software and powered 
by BIO-RAD. 

We first analyzed the handmade soaps. The Raman maps of 
the different soaps are shown on Figure 2.

Figure 3: Raman reference spectra and Raman maps of different 
industrial soaps. Raman spectral identifications based on 
KnowItAll® databases. (d) Marseille's soap. (e) Low-cost soap. 

Based on the Raman analyses, it is clear that the main 
compound of all soaps is oleic acid. Poly-ethylene 
glycol (PEG) contribution is also obtained in the more 
manufactured handmade soaps. PEG plays the role of 
emulsifier in the soap composition. This higher complexity 
in the formulation, compared to the Aleppo soap was 
expected. Indeed, Aleppo soap, is a very simple soap made 
from olive oil and lye. Instead of the addition of PEG in the 
olive oil and grape seed oil based soaps, the distributions 
of the elements are relatively homogeneous and no other 
compound were found for these soaps. This homogeneity 
is the direct result of the handmade manufacturing during 
which all soap elements are highly mixed.

In order to understand the lack of differences between the 
two complex handmade soaps, it is important to notice that 
these soaps were manufactured by the same company. 

Based on the Raman chemical analyses, it is clear that these 
soaps are not from handmade manufacturing. Indeed, the 
soap compositions are less homogeneous and some single 
compounds are found. Thus, in both Marseille’s and low-
cost soaps, TiO2 was found. This compound is mainly used 
in the soap industry for its ability to lighten the color of the 
soap. In the case of the low-cost soap, pigment molecules 
are also observed (lazurite). All of these compounds poorly 
mixed confirm the industrial preparation of these soaps. 
Raman is a good way to evaluate the quality of preparation 
of soaps and to investigate the presence/absence of 
additives.
Another benefit is the ability of Raman spectroscopy to 
differentiate between the different oils used during the soap 
preparation.

Conclusion 

To summarize, we have shown how Raman micro-
spectroscopy can be a powerful technique to characterize 
soap homogeneity and to investigate the presence/absence 
of additives or traces of reagents in the final product.

That explains the homogeneity between the two soaps 
formulations/composition.

The second type of analyzed soaps were industrial soaps. 
The Raman maps of the different soaps are shown on 
Figure 3.
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Abstract

Resulting from the combination of Raman spectroscopy and optical microscopy, Raman hyperspectral imaging 
has proven to be an indispensable tool in the pharmaceutical field. This article will broach a number of Raman 
hyperspectral imaging applications that were developed in our laboratory, in order to demonstrate the significance 
of the technique.

Raman
Spectroscopy

Raman Hyperspectral Imaging:
An essential tool in the 
pharmaceutical field

White Paper 
Pharmaceutical

Pierre-Yves Sacréa, Lauranne Netchacovitcha, Elodie Dumonta Johan Cailletauda, Charlotte De Bleyea, Mathieu Boiretb, Philippe Huberta, Eric Ziemonsa 

a University of Liege (ULg), CIRM, Laboratory of Pharmaceutical Analytical Chemistry, Avenue Hippocrate 15, 4000 Liège, Belgium.
b HORIBA Scientific, avenue de la Vauve, Passage Jobin Yvon, 91120 Palaiseau, France

Keywords:
Raman hyperspectral imaging, Pharmaceutical applications, Distributional homogeneity, Polymorphism, Surface-enhanced Raman chemical imaging (SER-CI).

Introduction

In the pharmaceutical environment, and especially in the 
research and development field, the quality of the medicine 
is a critical step as it is facing challenges with increased 
demand from the regulatory affairs to improve the quality of 
a pharmaceutical drug product. In order to ensure its proper 
effect on the patient health, a product has to be manufactured 
with the appropriate quality. [1-3]

Today, a lot of techniques are used in pharmaceutical 
laboratories to ensure the quality of a drug product. Several 
tests such as dissolution profiles, stability studies or control of 
active content are required from the pharmaceutical guidelines 
and authorities to ensure that the analysed product is included 
within pre-determined specifications. In the QC labs, most of 
the analytical tools are based on chemical analyses (liquid 
chromatography, dissolution apparatus…) which generally 
damage the sample, require solvent and a lot of time or 
important human resources.  

In the last decade, the use of vibrational spectroscopy has 
grown quickly and has appeared as an alternative analytical 
tool to usual techniques [4-5]. By allowing fast and non-
destructive analysis, without needing sample preparations in 
most cases, these analytical tools are particularly appreciated 
by the analysts.

Since its discovery in 1928 by Raman and Krishnan [6], Raman 
spectroscopy, which is based on the inelastic scattering of 

light, has attracted increasing attention due to its numerous 
advantages, such as the lack of need to use organic solvents, 
the reduced sample preparation step and the ability to perform 
qualitative as well as quantitative analyses in relatively short 
data acquisition times [7]. 

Recently, Raman spectroscopy has been combined with 
optical microscopy, giving rise to Raman hyperspectral imaging 
[8]. The use of the latter has expanded in the pharmaceutical 
and biomedical fields since microspectroscopic techniques 
present several advantages by combining the acquisition 
of spatial and spectral information from a sample. Raman 
hyperspectral imaging allows to characterize the sample 
in terms of chemical (API and excipients identification and 
content for example) and physical properties (solid state, 
particle size, amongst others) by adding information on the 
spatial distribution. Therefore, data are collected in the form of 
a three-dimensional hyperspectral datacube (x,y and l) with x 
and y as spatial dimensions and l as spectral dimension.

Hyperspectral data analysis is based on chemometrics and 
may be divided in three main parts: (i) preprocessing of the 
raw spectral data, aiming at correcting the perturbations 
that occurred during the analysis or at limiting the effect of 
undesired phenomena to ease the access to the relevant 
information, (ii) processing of preprocessed data based on 
univariate (peak height, area or ratio) or multivariate data 
analysis (for instance PCA, ICA, MCR-ALS or PLS) depending 
on the data complexity and (iii) post-processing of the image. 
Each chemometric tool has its own specificities and will be 
used depending on the available and desired results [9]. 
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However, more and more user-friendly software are provided 
directly by the manufacturer to help the analyst to manage 
conventional sample analysis.

In order to illustrate the power and the suitability of Raman 
chemical imaging, several pharmaceutical applications 
developed in our laboratory will be presented in this article.

Material and methods

For the collection of the hyperspectral datacube, a LabRAM 
HR Evolution (HORIBA Scientific) equipped with a two-
dimensional EMCCD (1600 x 200 pixels sensor) detector 
was used. A 785 nm laser (XTRA II single-frequency diode 
laser, Toptica Photonics AG), a 50x Fluotar long working 
distance objective (NA=0.55) and a 300 gr/mm grating were 
selected. The data were collected with the LabSpec 6 
software (HORIBA Scientific) and analyzed by using MATLAB 
homemade functions and PLS/MIA toolbox (Eigenvector).

Before analyzing the samples, their surfaces were prepared 
with a Leica EM Rapid milling system (Leica Microsystems) 
equipped with a tungsten carbide miller to obtain a plane and 
smooth surface.

Results and discussion

Identification and spatial distribution 

During pharmaceutical development or quality control, analysts 
must ensure the distribution of active(s) and excipients in the 
tablet. Indeed, the distribution of compounds is directly linked 
to the product stability (i.e. modification of crystalline form 
or degradation), active content (especially required for score 
tablet) and drug release (agglomerates can modify the profile). 
The Raman images make possible the characterisation of the 
pure compound in a pharmaceutical drug product and can 
provide its spatial distribution on the surface of a sample.

In this example, an effervescent tablet for fever and pain relief 

was analyzed by Raman imaging. First, a map of 4 x 4 mm² 
with a step size of 20 µm (low lateral resolution) was realized 
(Figure 1b). Once obtained, the datacube underwent pre-
processing (baseline correction) and processing (Multivariate 
Curve Resolution – Alternating Least Squares analysis (MCR-
ALS)) to resolve the different component spectra and spatial 
distribution [10]. After data treatment, the map allowed us to 
identify each component of the tablet (API and excipients alike) 
and to obtain information on both particle size and spatial 
distribution of each compound. 

Based on this information, one may be able to detect 
counterfeit tablets even if the correct API is present in the 
correct amount but if one excipient is different in nature or 
amount [11]. It is also possible to explain inconsistencies in 
dissolution profiles due to inhomogeneity in spatial distribution 
of API or to select the most homogeneous formulation without 
destructive analysis [12]. 

Another very important information that may be obtained is the 
particle size. In this case, the lateral resolution may be a critical 
parameter. This resolution can be enhanced by a decrease 
in the step size. The step size is the distance between two 
adjacent pixels. The bigger the step size, the lower the spatial 
(or lateral) resolution. However, at constant analyzed area, the 
lower the step size is, the higher the pixel (and therefore the 
spectra) number will be. If the number of pixels’ increases, the 
analysis time also does. The analyst must keep this in mind 
and design the analysis in function of the desired information. 
Figure 1b to figure 1d show three Raman hyperspectral images 
with the same number of pixels (200 x 200) and consequently 
the same analysis time. However, as the step size decreases 
the details increase but the obtained information is completely 
different. The blue particle highly resolved in Figure 1d (very 
accurate particle size with an effective lateral resolution 
of ~1 µm) is hardly observable in Figure 1b. But the spatial 
distribution and chemical composition of the tablet can only 
be observed in Figure 1b.
Particle size is not a crucial issue for tablets since this 
parameter may be obtained accurately on the raw materials. 
However, hyperspectral imaging is nearly the only technique 
that can provide this information on semi-solid formulations 
due to the melt step of the raw materials and recrystallization 
when the formulation is cooled [13].

Figure 1: Visible image of a tablet (a), distribution maps indicating the composition and the spatial distribution of six components (sodium bicarbonate, 
citric acid, acetylsalicylic acid, sorbitol, ascorbic acid and paracetamol) for a map size equal to 4 x 4 mm2 with a step size of 20 µm (b), 500 x 500 µm2 

with a step size of 2.5 µm (c) and 100 x 100 µm2 with a step size of 0.5 µm (d).
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Solid state investigation

Solid state information is becoming more and more important 
in the pharmaceutical industry partly because of patent issues 
and partly because of the physical properties of the different 
polymorphs. Indeed, the pharmaceutical industry uses a lot of 
API coming from a total chemical synthesis, which are often 
BCS class II APIs [8]. It is therefore interesting to obtain specific 
polymorphs or the amorphous form of the API to enhance its 
aqueous solubility and increase its bioavailability. As the solid 
state is crucial for some formulations, it is crucial to be able 
to monitor it properly, during drug discovery, pharmaceutical 
development or stability studies.

Since Raman spectroscopy is one of the European 
Pharmacopoeia’s recommended technique (EP 9.1 general 
text 5.09) to characterize solid states of raw materials, it is 
consequently the same for hyperspectral Raman imaging. 

In this example, a tablet composed of the three polymorphs of 
mannitol (produced in house from the commercial β form) was 
analyzed by Raman hyperspectral imaging. Once obtained, 
the spectra were baseline corrected and processed by MCR-
ALS. This analysis allowed us to resolve both the spectra and 
distribution maps of each polymorph (Figure 2). It is therefore 
possible to use hyperspectral imaging as a tool to detect 
solid state transitions on samples placed in stability studies, 
especially because of its non-destructive character.

Even if it is often possible to characterize solid states based on 
the usual spectral range (200-1800 cm-1), it is recommended 

to work in the low-frequency Raman scattering (0-400 cm-1) 
as this range is the most affected by differences in crystalline 
lattices [14]. It is now possible to reach very low frequencies 
(up to 5 cm-1) on conventional Raman microspectrometry 
systems when using Volume Bragg Gratings (VBG) as laser 
rejection filters [15].

Surface-enhanced Raman scattering

The main issues limiting the implementation of Raman imaging 
in the pharmaceutical field are its low sensitivity and the 
appearance of autofluorescence especially with formulations 
comprising colored constituents or colored coatings. However, 
by combining Raman imaging with surface-enhanced Raman 
scattering (SERS), it is possible to fix these issues and to 
increase the number of pharmaceutical applications. 

In this context, one case which was studied in our 
laboratory was the quantitative detection of an impurity in a 
pharmaceutical formulation [16]. Impurities are, most of the 
time, present in a very low dosage in the pharmaceutical 
products, consequently preventing their detection using 
Raman imaging. Surface-enhanced Raman chemical imaging 
(SER-CI) was therefore used for the quantitative detection of an 
impurity. A rather simple pharmaceutical formulation based on 
paracetamol tablets, comprising a small number of excipients, 
was selected as a model. The aim of this study was to detect 
quantitatively 4-aminophenol (4-AP), the main impurity of 
paracetamol, using SER-CI. 4-AP is actively researched due 
to its hepatotoxicity and nephrotoxicity.

Figure 2: Raman spectrum of α, β, δ mannitol (a), distribution maps indicating the spatial distribution of mannitol forms (b) and α, β, δ distribution map 
indicating the composition and the spatial distribution of mannitol forms of a tablet (c).
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During the development of this method, the SERS substrate 
synthesis was firstly considered. Silver nanoparticles (AgNps) 
were synthesized according to the protocol described by Lee 
and Meisel [17]. After their characterization in terms of size 
and shape, the surface of these AgNps was modified using 
1-butanethiol in order to follow the nanoparticles distribution 
along the paracetamol tablet surface. Then, different strategies 
to cover the tablet surface with the colloidal suspension 
of functionalized AgNps were tested and are described in 
Figure 3. In a first time, the tablet surface was covered by 
dropping AgNps on the top of these tablets as it is illustrated 
in Figure 3a. In a second time, the tablet surface was covered 
by dropping the AgNps on a microscope glass slide and by 
putting the tablets on the drop as it is illustrated in Figure 3b. 
The AgNps were absorbed by capillarity on the top of the 
tablets. A homogeneity study of the AgNps covering was 
further performed in order to select the best way to cover the 
tablet surface. Linescanning acquisitions were done along 
the tablet surface using Raman spectroscopy and it was 
observed that the method using the capillarity absorption was 
more appropriate.

Then, paracetamol tablets comprising different 
concentrations of 4-AP were prepared. These tablets were 
covered by AgNps using the capillary method before being 
analyzed using Raman imaging. The data acquired were 
processed using two different normalization approaches and 
the normalization by the band intensity of 1-butanethiol was 

shown to be the best one, reducing the inter-series variation. 
Finally, as it is illustrated in Figure 4, a SER-CI quantitative 
method was developed allowing the 4-AP detection from 
0.025% to 0.2% in paracetamol tablets. 

These researches will pave to way to new developments 
using Raman imaging applied to low dosage drugs or 
impurities in the pharmaceutical field.

Conclusion

As a conclusion, Raman microscopy can be considered as 
a powerful analytical tool in the pharmaceutical environment 
through the entire drug product life cycle. Indeed, it retains 
the advantages of Raman spectroscopy, namely compound 
identification, solid state characterization, but also add 
those of imaging, such as spatial distribution of compounds, 
particle size analysis or homogeneity of distribution analysis. 
Moreover, the application of hyperspectral imaging to SERS 
allows the analysis of low dosage drugs or impurities, which 
extends the field of application of the technique.

Figure 3: Strategies tested to cover the surface of a tablet with a suspension of nanoparticles: dropping nanoparticles on the tablet (a) or placing of a 
drop of nanoparticles on a glass slide and putting the tablet on it in order to let the drop be absorbed by the tablet by capillarity (b).

Figure 4: Concentration maps of 4-AP in a paracetamol tablet from 0.025% to 0.2% obtained by SERS chemical imaging [11].
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“A new versatile imager which paves the way for fast 
and inexpensive chemical imaging.”

Dr. Olivier Vitrac, INRA French National Institute for 
Agricultural Research

This is a very versatile system and 
great product service

“The system comes with user-friendly analytical 
software for the rapid analysis of materials. The 

data can be analyzed in real time and stored easily 
for future detailed results.”

David Cortez, J&J

Additional Resources
Videos:

Discover LabRAM Soleil™ - your ideal lab companion

How to detect cancer in vivo using nanoparticles

Webinars:

Raman hyperspectral imaging: An essential tool in the pharmaceutical field

A revolution in confocal Raman ultrafast imaging

Flyers:

LabRAM Soleil™: A feature-packed solution

ParticleFinder™: Automatic particle location and raman chemical ID

EasyImage™: Makes Raman imaging easy

Learn more:

Find further information on LabRAM Soleil™, including features, specifications and specifications here

Dr. Fay Nicolson, from the Dana-Farber Cancer Institute and Harvard 
Medical School, uses nanoparticles to precisely image cancer in  
pre-clinical animal models
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