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Figure 4 shows an example (Phthalocyanine) of the calculation of the intensity of 
the strongest peak (Cns/Ws) with all set-ups, whereas Figure 5 shows the change of 
intensity (%) for each in-situ set-up in comparison to the traditional microscope for all 
pigments with both lasers.  

Reference samples: pellets of five pure pigments (Figure 2) chosen according to the 
homogeneity of distribution of their elements and presence in the case study painting.  

Comparison of the intensities of Raman spectra acquired for the 

identification of pigments by different instrumental set-ups for 

measurements on samples and in-situ 
Cristina Aibéo, Stefan Röhrs, Giorgia Marucci, Ina Reiche 
Rathgen Research Laboratory, National Museums in Berlin, Schloßstraße. 1 A,  14059 Berlin, Germany 

Figure 3.  Cubistic still life, oil on canvas, 
formerly attributed to Fernand Léger, 1913 
(55,4 cm x 38,0 cm). P: sampled spots; M: 
in-situ measured spots 
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1. INTRODUCTION 

5. CONCLUSIONS 

Aim: compare Raman measurements in-situ with those on a sample  

Pigment reference samples and a case study painting were measured with a 
Horiba XploRa Microscope. 

Figure 1 shows a scheme of: 

 1) the traditional microscope set-up;  

 2a) - 2d) the set-ups where the laser path is deviated by 90° with different extension 

tubes (for large objects) and  

 3) the fibre optics set-up, which allows the examination of an object few metres away 
from the Raman instrument.  

 Figure 1. Configurations of the Raman set-ups: 1) traditional microscope; 2) 
horizontal with different extension tubes and 3) fibre optics 

• Pigments were identified with all the in-situ set-ups 

The horizontal beam configurations (2a, 2b and 2d) on the reference samples 
showed spectral responses of 80% to 120% of the intensities measured with the 
microscope (1).  The intensities from the fibre optics (3) dropped to 10%.  

• The intensities from the horizontal beam set-ups were comparable to the 
microscope 

• The use of fibre optics induced a significant lost of signal 

On the painting, the in-situ response from the the horizontal beam set-ups (2a-d) 
shows fluctuations in intensity from 15% to 185%. Compared to the reference samples, 
the paint is much more heterogeneous as it is composed of pigment, filler and binding 
media. This induces a momentum of random to the composition of the analysed 
volume, influencing the intensity regardless of the set-up used. The intensities of the 
fibre optic set-up dropped to ca. 10%.   

• On the painting the choice of the measurement spot is more important 
than the choice between the different set-ups 

Case study: the falsified painting, 
“Cubist still life” formerly attributed to 
Fernand Léger, 1913 (Figure 3). 

Raman analyses of samples with the 
traditional microscope set-up were 
compared with results obtained by in-
situ set-ups. 

Figure 2. Reference samples in sample holder – anatase, chrome 
yellow, cinnabar, minium, phthlalocyanine blue (from left to right) 

Each measurement on the painting (summarised in Table 1 and Figure 1), was done 
when possible  close to the sampling spot, only once and only with the 785 nm laser. 
Their intensities are compared in Figure 6.  

Colour and identified 
pigments 

Spot sampled (P) + Spot 
measured in-situ (M) 

Blue – Anatase + 
Ultramarine 

P5 + M17 

Red – Cinnabar P7 + M22 

White - Anatase P9 + M20 

White - Anatase P10 + M21 

Yellow – Anatase + Chrome 
yellow 

P12 + M9 

Blue – Phthalocyanine P13 + M2 
 Figure 6. Intensity change (%) from each set-

up in relation to the microscope set-up   

 Table 1. Spots used to compare set-up 1 
(sampled – P) with set-ups 2a-d and 3 (in-situ – M)   
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2. STUDY MATERIALS 
4.2. RESULTS on the CASE STUDY 

Intensity, objective, grating and time of acquisition were kept constant 
whenever possible (or their differences were taken into account in the calculations).  

Two wavelengths were used: 532 and 785 nm. 

The baseline was subtracted and the strongest band was chosen for the 
comparison. 

The results were calculated in Cns/Ws - counts (Raman signal) per Watt of laser 
intensity and second of measurement.  

For several reasons, reference samples and painting could not always be measured 
exactly with the same set-ups.  

3. METHOD 

 Figure 4. Original Raman spectra of Phthalocyanine (left), after baseline subtraction 
(middle) and the respective intensities calculated in Cns/Ws (right) 

 Figure 5. Intensities from each set-up in relation to the microscope set-up  

4.1. RESULTS on REFERENCE SAMPLES 

Original spectra  
(Cns) 

After baseline 
subtraction (Cns) 

Calculation in Cns/Ws 

Not  
measured 

Microscope 

Microscope 

x x     x    x 

x – these spots could not be reached without an extension tube 


