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ABSTRACT 
This study concentrates on the analysis of an abstract painting attributed to the Russian avant-garde 
artist Vasily Kandinsky (1866-1944), often considered as the most important founder of abstract painting. 
The origin of this painting however is quite obscure and the question was posed if this work could be a 
copy. Since the occurrence of a modern pigment in a historic painting can point to a copy, a few pigment 
grains and chips were taken from different colours of the painting, and identified by micro-Raman 
spectroscopy (µ-RS). To avoid sampling of retouched zones, the painting was carefully studied under UV-
light and by X-radiography. The X-radiograph revealed a hidden painting, made in a completely different 
style. µ-RS proved the presence of synthetic organic pigments (SOP's) in the "Kandinsky paint". Although 
not impossible it is quite rare that SOP's are found prior to 1945. With the aid of an in-house built 
dedicated Raman reference library containing spectra of approximately 300 different SOP's, most SOP in 
the painting could be unambiguously identified. Comparing the dates of discovery or of first commercial 
use of these pigments with the date the painting is supposed to have been made, led to the conclusion that 
the painting could not have been created by Vasily Kandinsky.   
 
INTRODUCTION 
The Russian avant-garde movement encompasses many different but related art movements, such as 
futurism, suprematism and constructivism [1].  It reached a creative height in Russia in the beginning of 
the 20th century (roughly between 1890 and 1935) and produced some well-known artists like Malevich, 
Rodchenko, Popova, Goncharova and Kandinsky. In the West Russian avant-garde began turning up in 
the late 1960’s and 1970’s, but became only commercially popular by the end of the 1980's after 
perestroika [2]. The interest in Russian avant-garde artists grew also in Russia when Russian oligarchs 
and the new business elite started to buy (or buy back) their national heritage. This new impulse led to a 
quick rise in prices and in 2010 a work of Goncharova became the most expensive painting ever sold at 
an auction by a female artist. As a consequence of the high demand and high prices for Russian avant-
garde works, the number of copies and fakes on the market has risen to such properties that a recent study 
estimates that the fake Russian avant-garde works outnumber the genuine [3]. Moreover Russian avant-
garde art authentication is problematic. During the turbulent years around the Russian revolution and the 
Socialist Soviet era many works were destroyed or moved to remote provinces making it hard to prove 
their history from their first sale onwards (meaning determining their provenance). Many works of art are 
even accompanied by certificates of authenticity issued by Russian art historians and institutes that after 
the collapse of the Soviet Union made quick money by issuing fake certificates.  
 
As an exception the legacy of the artist Vasily Kandinsky (1866-1944) is well protected. The Kandinsky 
Society based in the Pompidou Center in Paris serves to protect and promote Kandinsky’s artistic oeuvre. 
No large auction house like Sotheby’s or Christies will accept a drawing or painting attributed to 
Kandinsky to be auctioned unless the Kandinsky Society has approved it. The Society does not deliver 
certificates; it will only list an approved work of Kandinsky in its catalogue raisonné. After handing in a 
painting that might have been made by Kandinsky, a short period later a positive, but more likely, a 
negative response, without any further explanation, is given. Especially the lack of comments on the 
decision can leave a bitter taste with the owner of the work. Some scholars also attest the monopoly of the 
Kandinsky Society and accuse it of monopolizing the right to authenticate the artist’s works [3]. 
Moreover in Eastern Europe over the last years many works possibly from the hand of Kandinsky 
emerged. Some of them were illustrated in an alternative monograph entitled Kandinsky in Russia by the 
prominent Russian art historian Valery Turchin, professor at the Moscow State University. None of the 
works in that publication are mentioned in the catalogue raisonné of the Kandinsky Society. As a 
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consequence some owners who received a negative answer form the Kandinsky Society, still have doubts 
on the authenticity of their painting or drawing, especially when they paid quite some money for it. 
 
Some owners go further than asking the opinion of experts or tracing back provenances, and search for 
more objective and scientifically supported answers to the question if a painting or drawing might be a 
copy. Analytical study of the materials usage can reveal important information on the art object. Pigment 
studies, for instance, can tell if pigments identified correspond to the period the painting supposedly was 
made [4,5]. Especially for 19th and 20th century paintings this is an interesting approach since in these 
centuries, besides mineral pigments that have been used for many centuries, also synthetic inorganic and 
later organic pigments with often known first date of synthesis or commercialization are used in artists’ 
paints. This implies that certain synthetic pigments are to be expected, but when pigments of 
chronological inconsistency (pigment anachronisms) are found, the painting is likely to be copy or 
pastiche. These means that based on the pigments found often a terminus post quem date (the earliest 
point in time when a pigment, and hence painting or drawing, can have been used) can be given. Off 
course since one possibly deals with an expensive art work, the analysis of the material used, being it 
pigment or binder or any other material, must in any case be non-invasive or micro-destructive at least. 

 
An abstract painting attributed to Kandinsky, which the Kandinsky Society did not approve, was 
investigated during this study (see figure 1a). The goal was the identification of pigments by micro-
Raman spectroscopy (µ-RS) in order to establish a possible creation date of the painting. The analytical 
measurements are supported by X-radiography of the painting and observation under UV-illumination. 
Finally it needs to be noted that scientific analyses alone do not allow to authenticate a work of art. What 
they can allow is unmasking a painting as a copy.   
 
 

Figure 1. a) Picture of the painting under investigation; b) detail of the signature and date. 
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EXPERIMENTAL 
To discern what lies beneath the painting's surface and to aid in choosing the sampling locations a 
preliminary investigation with X-radiography was undertaken. The painting was radiographed using a 
Balteau Baltograph operated at 50 kV with a current of 15 mA. The distance between the instrument and 
the painting was 6 m, and an exposition time of 270 s was applied. The X-radiograph was recorded on 
two Agfa Structurix D4 films. The films were scanned and the digital images stitched together using 
Photoshop to produce the final image. 
 
Cross-sections of some of the samples taken were prepared by carefully positioning the sample in 
between two polymethyl methacrylate cubes, which are subsequently glued together with a fast curing 
Spofacryl acrylic dental resin (SpofaDental). After 30 minutes the cross-sections were polished 
mechanically with abrasive sheets with grit sizes from 200 to 4000 and fine polished by hand with micro-
abrasive sheets (Micro-Mesh) with grit sizes up to 12000. The cross-sections were observed with an 
Axioplan microscope (Zeiss) using polarised, non-polarised and ultraviolet light, and magnifications 
varying between 25x and 1000x. Digital images were registered with a Leica DC300 CCD camera (Leica 
Microsystems). 
 
Raman spectra were acquired on individual pigment grains or on embedded paint samples with a 
Renishaw InVia dispersive Raman spectrometer equipped with a Peltier cooled (203 K) NIR enhanced 
deep depletion CCD detector (576 x 384 pixels). All measurements were performed using a diode laser 
(Innovative Photonic Solutions) at 785 nm in combination with a 1200 l/mm grating. Samples were 
analysed at 1000x or 500x magnification in the direct-coupled Leica DMLM microscope with enclosure. 
The laser power was reduced to values between 0.1 and 1 mW to avoid damage to the sample. Under the 
conditions set the laser spot on the sample has a diameter of approximately 1 to 3 µm. Variable 
integration times were chosen to obtain an adequate signal-to-noise ratio. 
 
Additional measurements to identify inorganic pigments were carried out on the cross-sections with 
scanning electron microscopy-energy dispersive X-ray spectroscopy (SEM-EDX; Jeol JSM6300, 15 keV 
primary energy). Prior to analysis an ultra thin gold layer was deposited by low vacuum sputtering on the 
cross-section.  
 
RESULTS AND DISCUSSION 
The abstract painting under investigation (figure 1a; painted on canvas; dimensions 73.5 cm height x 61 
cm width; private collection) bears the monogram of Kandinsky (letter 'K' in a 'V') and is dated (figure 
1b). The date is due to damage to the painting only partially readable and indicates that it was painted in 
the 1930's, on stylistic grounds probably around 1932. In order to confirm this time period, a study was 
made of the pigments used. 
 
Crucial in this kind of research is that no retouched zones are analysed. In order to avoid this, the painting 
was carefully studied under UV-light. Only a limited number of retouchs was observed. Also X-
radiography can indicate retouched zones, at the same time revealing information on underlying layers. 
Although X-radiography did not add substantial information on retouchs to what was observed under UV-
light, the X-radiography revealed a painting hidden under the abstract composition (see figure 2). 
Stylistically it differs from what can actually be seen: an Oriental man with turban holds a piece of cloth 
to cover (uncover?) a woman with raised arm and hand, which partially covers her face. Instances where 
Kandinsky re-used canvases are known, but they do appear to be painted on top of Kandinsky's images, 
what in this case seems unlikely.  
 
Carefully avoiding touched up zones, the spots for µ-Raman analyses were chosen. As µ-RS is a non-
invasive technique, direct pigment analysis without sampling is feasible. In this case however the painting 
was recently covered with a 'retouching varnish' to re-secure the paint, which caused a very strong 
fluorescence signal during direct Raman measurements, masking the much weaker Raman signal. 
Sampling was the only alternative, and with a surgical scalpel tiny amounts of paint were removed. About 
half of the samples were limited to a few pigment grains, while for the other half all layers were sampled, 



 - 4 - 

including the ones from the older painting. 
These last samples were converted into 
cross-sections prior to further analyses; the 
pigment grains were analysed as such. 
Sixteen samples were taken for pigment 
analysis, covering as many different colours 
as possible. Results of the Raman analyses, 
in some cases completed by SEM-EDX 
measurements, of the pigments of the upper 
most paint layers, supposed to have been 
painted by Kandinsky, are summarized in 
table 1.      
 
To the best of our knowledge not much 
research has been done on the painting 
palette of Kandinsky, but considering the 
time period, the presence of (synthetic) 
inorganic pigments is very likely. This is 
confirmed by analyses conducted at the 
Guggenheim Museum – New York on five 
paintings of Kandinsky dated between 1910 
and 1934 [6]. Pigments were identified with 
the aid of X-ray fluorescence and polarizing 
light microscopy. Many (synthetic) inorganic 
pigments were observed including cadmium 
yellow, strontium yellow, goethite, cadmium 
oxalate, zinc white, lead white, gypsum, 
Prussian blue, ultramarine blue, vermilion and viridian. Only the presence of two organic pigments could 
be established, a red lake and charcoal black. Kampasakali and co-workers [7] mention that red lead, 
orpiment, verdigris, ultramarine blue, and black ochre were amongst the pigments favoured by 
Kandinsky. In another study by Kampasakali the emphasis is placed on organic colorants used by the 
Russian avant-garde artists [8]. Only two organic pigments were positively identified, carmine and 
madder/alizarine lakes. According to the same publication Kandinsky refers positively to the use of 
traditional madder and smooth madder lake red. 
 
In this study a few mineral pigments were found, such as chalk and earth pigments, which offer no 
information on a possible creation date of the painting. Also (synthetic) inorganic pigments were found:  
ultramarine, barium white, zinc white, cadmium yellow, green earth and rutile (titanium white). 
Considering the time period the painting is supposed to have been made, rutile is the only pigment in the 
list that was at that time not commercially available. Titanium white used in artists’ paints exists in two 
varieties, anatase and rutile. The first synthetic produced titanium white artists’ paints, available since 
1921, did contain the anatase variety, while the rutile variety only became commercially available in 
Europe after 1945 [9].    
 
Contrary to the Guggenheim Museum studies, also synthetic organic pigments (SOP's) were discovered. 
Although some SOP's were already commercially available during the lifetime of Kandinsky, research on 
the usage of SOP's in the first part of the 20th century is rather limited, and no information is available on 
possible use by Kandinsky. Their presence in a painting before 1945 seems rather exceptional, but not 
impossible. The identification of the SOP's with µ-RS can lead to a better insight in the creation date of 
the painting. As identification of pigments with Raman spectroscopy most often relies on comparison of 
the spectrum of the unknown compounds with a reference spectrum, dedicated reference libraries play an 
important role in the accurate identification of the pigment. Reference spectra of inorganic pigments are 
well covered by the scientific literature, but only a few publications deal with SOP's [10-15]. Moreover, 
due to the high number of spectral bands SOP's in general display, digital libraries are a necessity. In 

Figure 2. Digital scan of the X-radiograph of the painting 
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order to identify SOP's we've created a reference library containing at the moment over 300 unique 
Raman reference spectra of pigments (the major part taken with al laser wavelength at 785 nm, a limited 
number at 514 nm). Details on this library and its application to identify pigments in contemporary works 
of art will be the subject of a future publication and is discussed in another paper in this volume as well 
[16].  
 
Table 1. Summary of the µ-RS results of the pigments sampled. aCadmium yellow was identified by 
SEM-EDX; bTitanium white was identified by SEM-EDX; in samples 6 and 8 its presence was confirmed 
by µ-RS and further specified as rutile.  
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Sample 
number 

Colour 
                

1 Orange X         X X      
2 Red X        X X       
3 White   X              
4 Pale blue X    X         X   
5 Burgundy X  X           X   
6 Orange/ 

yellow X   X  X    X   X    

7 Blue/ 
grey     X            

8 Green X   X   X      X X (X) (X) 
9 Bright 

yellow X           X     

10 Dark purple X X      X X        
11 Bright red X  X      X        
12 Purple/ 

red X        X        

Brown X   Xb    X  X       13 
White 
underlayer  X  X           X   

14 Pale blue X  X Xb          X   
Orange/ 
yellow X  X Xb  X           

15 

Green 
underlayer              X   

16 Dark blue X  X      

 

     X   
 
The most frequently encountered SOP (found in seven out of the sixteen samples) is PB15, belonging to 
the blue polycyclic copper phthalocyanines. They are the single most important blue organic pigments in 
present-day artists’ paints [17]. Copper phthalocyanine was patented in 1929 by the Scottish Dye Works, 
and has been commercially available since 1935. Also other SOP's are present. PO34 belongs to the 
disazopyrazolones. This pigment class was discovered as early as 1910; commercial application however 
was delayed by some 20 years. It was not until the early 1950's that PO34 gained recognition as a 
commercial product [18]. PR112 is a Naphthol AS pigment. These pigments were first developed as from 
1911 on, and first used in artists’ paints in the 1920’s. The specific compound identified in this painting, 
PR112, was only available since 1939 [19]. In a bright yellow paint sample, PY97 was discovered. This 
pigment belongs to the monoazo yellow pigments, which are also known under the trade name of "Hansa 
Yellows". The "Hansa Yellows" belong to the oldest SOP's. This specific pigment however was 
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commercially introduced by the company Hoechst AG as late as 1961 [20]. Also a second monoazo 
yellow has been identified, PY65, patented in 1936 and commercialised prior to WWII [21]. PG7 or 
PG36 was identified in a green layer. Due to the low concentration of the pigment, an exact attribution of 
the spectrum was not possible. Both PG7 and PG36 however are copper phthalocyanines introduced in 
1938 and 1957, respectively [4]. Finally an as yet unidentified yellow pigment (labelled PYXX) is present 
in two samples. Based on the Raman wavenumbers it must be a SOP belonging to the diarylide yellow 
pigments. Raman spectroscopy at the applied wavelength of 785 nm however was not capable of 
distinguishing between different diarylide yellows such as PY12, PY13, PY17, PY174, PY176 or PY188. 
This class of pigments was first patented in 1911, but it took 25 years before diarylide pigments were 
appreciated. The first diarylide pigment, PY13, entered the market in 1935 and some of them were 
introduced as late as the 1980's [18].  
 
Quite often mixed Raman spectra, to which more than one pigment contributes, were registered. Using 
the in-house compiled digital library these composite Raman spectra can be unravelled and the individual 
compounds identified. The Raman spectrum of sample 4 is given as an example in figure 3. The most 
important contribution to the Raman spectrum comes from ultramarine, which main bands at 584 and 
548 cm-1 dominate the spectrum. Additional Raman bands at 1529, 1452, 1341, 1146, 955, 748, 682 and 
484 cm-1 are identified as the main peaks of PB15:x (according to our library it seems impossible to 
differentiate between the different varieties of PB15, especially not in real-life samples [16]. We therefore 
use the notation PB15:x to indicate any PB15 pigment). Finally chalk was identified by its main peak at 
1087 cm-1.  

 
From table 1 it can be deduced that in almost all samples rutile or a SOP – all for the first time used in 
artists' paints after 1932 - were found. The brown paint used to sign the painting (sample 3) consists of a 
mixture of earth pigments, chalk, bone black and PO34 (commercially introduced in the early 1950's). 
The whitish paint underneath the signature contains PB15, available since 1935. This implies that the 
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Figure 3. a) Raman spectrum of sample 4 together with the reference Raman spectra of b) PB15, 
c) ultramarine and d) chalk.  
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signature could not have been applied in 1932, and not even before the early 1950's, causing a conflict 
with the supposed creation date, and the time of death of Kandinsky in 1944. This is confirmed by SOP's 
(and rutile) found in other samples, indicating that the painting itself could not have been made in 1932. 
Moreover some SOP's (such as PO34, PY65 and PY97) and rutile were not even commercially available 
during the lifetime of Kandinsky. Since care was taken to avoid possible retouchs, it must be concluded 
that the painting is a fake.  
 
In a selection of cross-sections the older paint layers were analysed by SEM-EDX and a limited number 
of additional analyses by µ-RS. In between the older paint layers and the layers forming the "Kandinsky 
painting" a layer of zinc white was applied, to cover up the old paint layers or to smoothen the surface 
(figure 4). In the older paint layers only inorganic pigments were detected such as lead white, zinc white, 
barium sulphate, cobalt blue, vermilion, chalk, earth pigments, chromium containing pigments and 
emerald green. Based on the typical 19th – early 20th century painting palette, without SOP's, the canvas 
seems to be older than the abstract painting, and dates likely from the 19th – early 20th century. Based on 
stylistic grounds of the underlying painting made visible by X-radiography the same conclusions were 
drawn [22]. It can be concluded that an 19th – early 20th century canvas was re-used as support for the 
Kandinsky painting. Likely the creator of the copy/pastiche wanted to by-pass the dating of the support. 
 

Sampling location, sample 6 Layer description 

 

6. Yellow layer: cadmium yellow, PO34, rutile, chalk, PYXX 
5. White: zinc white, chalk 
+-+-+-+-+-+-+-+border between old and new paint layers+-+-+-+-+-+-+ 
4. Organic layer: old varnish? 
3. Older coloured layer (applied in 2 layers): barium sulphate, cobalt blue, earth 
pigments, lead white, chalk 
2. White layer: lead white 
1. Preparation layer: chalk, zinc white, earth pigments 

VIS • 250x UV • 250x 

  

 
 
 
 
CONCLUSION 
µ-RS is well suited to identify pigments of mineral origin, as well as of synthetic inorganic and organic 
nature. A single grain can be sufficient, but since many colours are a result of mixing different pigments, 
a few grains are required to characterize the colour. The technique is also employable for the direct 
analysis of pigments in cross-sections. Besides the good spatial resolution, in the order of 1 µm, also the 
high spatial resolution is advantageous. Many SOP's, producing a high number of Raman bands, can be 
readily identified, without any sample pre-treatment and in a non-destructive way using dedicated digital 
reference libraries. Composite Raman spectra are obtained when different pigments are mixed together. 
Usually composite spectra can be unravelled and the individual pigments present identified. Especially 
towards the identification of SOP's µ-RS is a powerful technique. Due to their high tinting strength often 
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2 

3 

Figure 4. Sampling location and images (under white and UV illumination) of the cross-section of sample 
6, together with the µ-RS and SEM-EDX results. 
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the concentration of SOP's in paint is limited. The high sensitivity of µ-RS towards most SOP's makes 
identification of pigments present in low concentrations possible. The addition of inorganic fillers such as 
barium sulphate or calcium carbonate leads to mixed spectra, but the fillers are easily discerned from the 
SOP's and Raman bands of most fillers do not fall in the highly diagnostic region for SOP's between 1000 
and 1800 cm-1. The binding medium in general does not produce any Raman signal; it might only cause 
an increase in the baseline due to fluorescence. µ-RS was therefore chosen as the preferred method to 
study the pigment use in the abstract painting tentatively attributed to Vasily Kandinsky. 
  
In fourteen out of sixteen samples taken for pigment analysis, SOP's have been found that were 
commercially not available in the period the painting is supposed to have been made (around 1932). 
SOP's found (with their date of commercial availability between brackets) included PB15 (1935), PR112 
(1939), PY65 (between 1936-1945), PO34 (early 1950's) and PY97 (1961). Some other SOP's are present 
as well, but their identification is due to their low concentration and presence of other SOP's in higher 
concentration less certain: PG7 (1938) or PG36 (1957), and a yellow unidentified diarylide pigment 
labelled PYXX (post 1935). Also one diagnostic synthetic inorganic pigment, titanium white in the rutile 
form, introduced in Europe in 1945, is present in several samples. Since sampling of retouched zones was 
avoided, it must be concluded that this painting cannot have been made in 1932. Since pigments are 
present (even in and underneath the signature) that were not available during the lifetime of Kandinsky, 
this painting cannot be attributed to Vasily Kandinsky either. 
 
ACKNOWLEDGEMENTS 
This research was partially funded by the Belgian Science Policy in the framework of the project 
"Modern and Contemporary Art in the laboratory: Analytical study of 20th century paint" (project 
number MO-39-010). The authors would also like to express their gratitude to Mrs. Catherine Fondaire 
and Dr. Christina Currie for the X-radiography of the painting. The fruitful discussions on the results 
with Mrs. Gillian McMillan from the Guggenheim Museum – New York are also greatly appreciated. 
Furthermore our gratitude goes to Dr. Tom Learner from the Getty Conservation Institute and Dr. 
Maarten van Bommel from the Netherlands Institute for Cultural Heritage (ICN) for kindly sharing their 
reference collections of synthetic organic pigments.    
 
REFERENCES 
[1] J. Petrova, J. Marcadé, Avant-Garde in Rusland, 1900-1935, Mercatorfonds, Antwerp, 2005. 
[2] R. Hughes, Time Magazine 133 (1989). 
[3] K. Akinsha, S. Hochfield, ARTnews 108 (2009). 
[4] P. Craddock, Scientific Investigation of Copies, Fakes and Forgeries, Butterworth-Heinemann, Oxford, 2007. 
[5] S. Saverwyns, J. Raman Spectrosc. 41 (2010) 1525-1532. 
[6] G. McMillan, V. Kowalski, in: T. Bashkoff (Ed.), Kandinsky, Guggenheim Museum, New York, N.Y., 2009, pp. 121-

133. 
[7] E. Kampasakali, Z.E. Papliaka, D. Christofilos, E.A. Varella, Ann. Chim. (Rome) 97 (2007) 447-472. 
[8] E. Kampasakali, E.A. Varella, J. Cult. Herit. 9 (2008) 77-88. 
[9] M. Laver, in: E. West FitzHugh (Ed.), Artists' Pigments: A Handbook of Their History and Characteristics, Volume 3, 

National Gallery of Art– Washington/Oxford University Press, 1997, pp. 295-355. 
[10] P. Ropret, S.A. Centeno, P. Bukovec, Spectrochim. Acta, Part A 69 (2008) 486-497. 
[11] F. Schulte, K. Brzezinka, K. Lutzenberger, H. Stege, U. Panne, J. Raman Spectrosc. 39 (2008) 1455-1463. 
[12] N.C. Scherrer, S. Zumbuehl, F. Delavy, A. Fritsch, R. Kuehnen, Spectrochim. Acta, Part A 73 (2009) 505-524. 
[13] K. Lutzenberger, H. Stege, E-PS 6 (2009) 89-100. 
[14] M. Bouchard, R. Rivenc, C. Menke, T. Learner, E-PS 6 (2009) 27-37. 
[15] A. Colombini, D. Kaifas, E-PS 7 (2010) 14-21. 
[16] W. Fremout, S. Saverwyns, in: 10th International Conference Art2011 Proceedings CD, Florence, 2011. 
[17] S.Q. Lomax, Rev. Conserv. (2005) 19-29. 
[18] W. Herbst, K. Hunger, Industrial Organic Pigments: Production, Properties, Applications, Wiley-VCH, 2004. 
[19] H.G.M. Edwards, Analyst 129 (2004) 870-879. 
[20] M. de Keijzer, in: 9th Triennial Meeting, Dresden, German Democratic Republic, 26-31 August 1990: Preprints, ICOM 

Committee for Conservation, Dresden, German Democratic Republic, 1990. 
[21] S. Lake, Q. Lomax, in: B.H. Berrie (Ed), Artists' Pigments: A Handbook of Their History and Characteristics, Vol.4, 

Washington: National Gallery of Art and London: Archetype Publications, 2007, pp. 178-222. 
[22] Oral communication with the painting restoration workshop of KIK/IRPA. 


