Discrimination of blue copper phthalocyanine polymorphs by
chemometric analysis of micro-Raman results from
paint layer samples of ‘real fakes’
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INTRODUCTION

The Rathgen Research Laboratory of the National
Museums Berlin studied a group of paintings,
supposedly from 1905-1927, made by the forger
Wolfgang Beltracchi.
By micro–Raman spectroscopy (µRS) blue copper
phthalocyanine (CuPc or PB 15), a synthetic organic
pigment commercialised from 1935, was found.
Two of the analysed paintings are:
No. 112 – Female act lying with cat
No. 115 – Cubistic still live

Female act lying with cat, oil on canvas - No. 112
Supposedly Hermann Max Pechstein, 1909 (54,4 cm x 60,2 cm)
peculiarities: phthalocyanine
Results of the Samples P1, P2 and P10 are presented
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Cubistic still life, oil on canvas - No. 115
supposedly Fernand Léger, 1913 (55,4 cm x 38,0 cm)
peculiarities: rutile and phthalocyanine
Results of the Sample P13 are presented
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The discrimination was made by a linear discriminant
analysis (LDA)[1]: a supervised classification method,
which means that the dataset has to be split into a
training set – used to develop the classification model and
a validation set, to evaluate the outcome from the
analysis. Twelve discriminant intensity ratios have been
used as variables of the LDA. The LDA classification of
paint samples based on data from dry pigments as
training set was found to be better than 90 % (expressed
as % of correct classified unknown samples).

CuPc (left) and a chlorinated form (right) to prevent
re-crystallisation

Twelve discriminant intensity ratios from dry pigments

Raman spectra (1250-1115 cm-1)
from dry reference pigments

Painting

Sample
code
P1 (112)
Female act
lying with cat P2 (112)
No. 112
P10 (112)
Cubistic Still P13 (115)

Four samples analysed:

RESULTS

CuPc-blue was found in
blue and green paint

Sampling Pigments detected
area
by μ-RS
Blue
PB15, PB29
Green
PB15, PY34
Turquoise
PB15
Green
PB15, PY34

Live
No. 115

The peak intensity ratios of
the Raman spectra from these
samples were used to identify
the crystal modification by
chemometric analysis.

CONCLUSIONS
Paintings contain β-CuPc

Production date after 1950
[1] Defeyt et al. (2013)
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