The case of the undiscovered Cézanne


You are a team of scientists who have just graduated and are trying to make a name for yourselves as art authentication chemists.  The Museum of Modern Art in New York City has hired you to investigate the following case.  A friend of the Museum recently purchased a work that may be a hereto undiscovered work of Cézanne.  (See web site for picture.)  Your task is to report to the curator of the museum whether or not the painting is authentic.  If you tell the museum that is real and you are correct, you will have helped the art world discover a lost treasure, your firm will get a lot of publicity, greatly increasing your companies fame, resulting in huge raises for all of you so you can pay off all those student loans.  If you incorrectly tell the museum that is real, your company will likely go bankrupt, all of your professional credibility will be lost, and you may end up asking, “Do you want fries with that?”  at your next job.


The evidence that your firm gathered to make a decision include UV data (absorption and fluorescence), XRF data, and IR data and is summarized below.  Your team must present the evidence to the curator of the museum (the instructor and rest of the class) so they can make the final decision but you must give them enough information to be informed about what the evidence means.  As the evidence is presented, advantages, disadvantages, and limitations of each technique should be discussed.  Other important questions to bring up in discussing the evidence are:  What does it mean that the spectra are almost identical?  What is the difference between fluorescence and absorption?  What is absorbance?  What is fluorescence?  Why do we weight the x-ray data more than the IR when talking about elemental composition?  Why should we worry about sampling?  In evaluating the fact that the UV absorption spectra for different layers are almost identical to each other, are those data representative of the whole painting?  And if they are, what is the conclusion?  Are we dealing with a trained forger?  Can we prove an artwork to be authentic?  Could someone fake the fluorescence given by the painting, which is almost identical to an original Cézanne?.  Perhaps your team may also recommend future tests that might help resolve the dilemma.

Evidence:

Art Historians:

You hired an outside consultant to do the art historian work, Dr. Marden.  She  was visibly excited when you met with her to discuss the results.  "Let me say up front that this is the most exciting painting I have ever seen.  I think Edgar (the friend of the museum) has purchased a previously unknown.  The painting is unsigned, but that is not unusual since Cézanne only signed a few of his paintings.  This painting is very similar to a Cézanne at the Barnes Foundation in Merion, Pennsylvania.  It is a little smaller, about 55 by 125 centimeters, and has many of the same visual elements, but these are composed into a different arrangement.  Cézanne did not paint from nature, but composed in his studio using elements that he had seen and sketched separately earlier.  It is a brilliant composition, very characteristic of his constructivist phase in the late 1880s.  The brushwork is characterized by solid groupings of parallel, hatched brushstrokes that build up a sense of mass within each visual element in the composition.  Under low magnification in the microscope the fine structure of the brushwork is indistinguishable from other paintings of his in our collection from that period.  In short, I would stake my reputation that this is a previously unknown Cézanne, probably painted in the late 1880s.  All of my colleagues agree."

UV-absorbtion data

Investigations of the ultraviolet (UV) spectrum of a paint chip collected from the upper right corner, and the UV spectrum of incident light showed a substantial absorption from a polyene present in the paint material.   A polyene is an organic constituent of the oil base used in this painting.  Typically polyenes are oxidized over time, which causes their absorption to decrease.  For paintings that are a century old, the absorbance at 300 nm is typically around 0.15.  However, this painting shows an absorbance of 0.6, suggesting that it is not likely to be a hundred years old.

IR Data

Infrared spectroscopy (IR) was used to detect anomalies beneath the paint, such as the presence of other paints, the types of binders used, and so forth.  The data from IR spectra obtained from both IR refractography and transmission spectra indicate that this might not be a Cézanne at all.  It is true, as Patricia Marden, the art historian, pointed out, that the heavy strokes applied with a palette knife, which are especially characteristic of Cézanne's early period, are there.  But the analysis of the yellow areas shows indirectly that they could be cadmium-based, maybe composed of Cadmium Yellow Lithopone (a mix of cadmium sulfide and barium sulfate).  This pigment mix wasn't widely used until 1927, and yet Cézanne had died some 20 years earlier.  However, IR spectra does not directly detect metal nuclei, so the presence of barium and cadmium must be confirmed by another technique.

Another interesting finding: by IR refractography there is an indication that there is an underdrawing, probably charcoal.  The image looks like a male figure.  But this is difficult to claim with certainty due to the thickness of the paint.

Last, the binder used is an animal glue binder.  There are signals in the transmission IR spectrum that indicate particular functional groups that are characteristic of amino acids.  The carbonyl (C=O) signal is present at 1760 cm-1 together with an N-H stretch at 3250 cm-1 .  These are sufficient to claim that the binder is based on an animal glue.  This binder was used widely in the late nineteenth century until the 1940s.  (See IR data on the web.)

Cézanne is known not to have done any underdrawings.  If it is true, then it is not likely to be a Cézanne.

XRF Data

Examination of the elemental composition of three samples taken from different colored areas of the painting, yellow, blue and green, by x-ray fluorescence (XRF) was done.  After reviewing the XRF data of all three samples (see web page for data), it appears that the elemental composition of the painting matches the composition of the pigments used during the period 1839-1906, and therefore there are no pigment anachronisms.  For instance, the yellow pigments are consistent with a mix of Chromium Yellow (lead chromate) and Yellow Ochre (ferric oxide hydrate).  The blues are in agreement with a mix of Azurite (basic copper carbonate) and Cerulean Blue (cobaltous stannate) and the green areas show cobalt, zinc, chrome, and lead emission lines in agreement with Cobalt Green (cobalt zinc oxide), Chrome Green Oxide, Lead White (basic lead carbonate), and Cerulean Blue.

All these pigments were known and widely used before and during Cézanne's life span.  In addition, the absence of titanium, cadmium, barium, and manganese lines is also good news!  Pigments containing those elements were not available until the 1920s and 1930s.  Therefore, from an x-ray spectroscopist's point of view, this painting is an original nineteenth century painting in agreement with the compositions of pigments available during Cézanne's time.

Fluorescence

Examination of the fluorescence from the surface of the painting using both short-wave and long-wave UV excitation from a mercury lamp was done.  Some of the areas of the painting, particularly the dark green areas in the trees and the orange in the rooftops, do show brighter fluorescence than the remainder of the painting.  Such bright areas are also found in another painting by Cézanne called Gardanne now at the Brooklyn Museum of Art and they are found in the same visual elements:  the trees and the rooftops.  The emission spectra of both the green pigment and the orange pigments in this painting are very similar to those found in the Brooklyn Cézanne.  Agreement of this is strong support that the pigments were made in the same studio and even by the same artist because of the variability in hand-ground pigments.  But I should add that I find no evidence from fluorescence for polyene emission from the painting, even though fluorescence should be clearly more sensitive than UV absorption. 


As a group, decide how you want to present your data to the class.  One suggestion is that each member be an expert on a particular technique, explain the technique in general, how it is used in art authentication, and the evidence that you have for the Cezanne.  One student in the team would be the moderator, asking leading questions, etc.  Something this complicated will be much easier for the curators (the class) to learn about if visuals are used effectively when presenting the information.

References to get you started

Electromagnetic Radiation

· http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html 

· http://www.physics.sfasu.edu/astro/color.html#spectra 

Art Analysis

· Taft, W.S., and J.W. Mayer.  2000.  The Science of Paintings.  New York:  Springer-Verlag. 

· Lesnev, M.  2002.  Analyzing artistry.  Today's Chemist at Work 11(3):22-24, 26, 29.
http://pubs.acs.org/subscribe/journals/tcaw/11/i03/html/03lesney.html 

· Atkinson, W.I.  2000.  Spectroscopy ranges far afield.  Today's Chemist at Work 9(12):19-22.
http://pubs.acs.org/subscribe/journals/tcaw/09/i12/html/12inst.html 

· Klockenkamper, R., A. von Bohlen, and L. Moens.  2000.  Analysis of pigments and inks on oil paintings and historical manuscripts using total reflection x-ray fluorescence spectrometry.  X-ray Spectrometry 29(1):119-129. 

· Mantler, M., and M. Schreiner.  2000.  X-ray fluorescence spectrometry in art and archeology.  X-ray Spectrometry 29(1):3-17. 

· Anglos, D.  2001.  Laser-induced breakdown spectroscopy in art and archaeology.  Applied Spectroscopy 55(6):186A-205A. 

· Ember, L.R.  2001.  Chemistry & art.  Chemical & Engineering News 79(31):51-59.
http://pubs.acs.org/cen/coverstory/7931/7931art.html 

· Vandiver, P.B., J.R. Druzik, J. Merkle, and J. Stewart.  1996.  Materials Issues in Art and Archeology V.  (Materials Research Symposium Proceedings, vol. 462.) Warrendale, PA:  Materials Research Society. 

UV-Vis Spectroscopy

· http://www.chemistry.ccsu.edu/glagovich/teaching/472/uvvis/uvvis.html 

· http://www.cem.msu.edu/~reusch/OrgPage/VirtualText/Spectrpy/UVVis/spectrum.htm 

· http://acept.asu.edu/PiN/rdg/color/color.shtml 

· http://acept.asu.edu/PiN/rdg/visnxray/visnxray.shtml 

· http://acept.asu.edu/PiN/rdg/irnuv/irnuv.shtml (Fluorescence) 

IR-Spectroscopy

· http://wwwchem.csustan.edu/Tutorials/INFRARED.HTM 

· http://www.ino.it/%7Eluca/rifle/rifle_en.html 

· http://www.artmuseums.harvard.edu/renaissance/noframe/nIRR1.html 

X-Ray Fluorescence

· http://ie.lbl.gov/xray/ 

· http://acept.asu.edu/PiN/rdg/electrons/electrons.shtml 

· http://ie.lbl.gov/xray/mainpage.htm 

Art Forgery

· http://www.museum-security.org/forgery1.htm 

· http://whyfiles.org/081art_sci/ 

· Dutton, D.  1983.  The Forgers's Art.  Berkeley, CA:  University of California Press. 

· Hebborn, E.  1999.  The Art Forger's Handbook.  Woodstock, NY:  The Overlook Press. 

Pigments

· http://www.webexhibits.org/pigments 

· Feller, R.L.  1986.  Artists' Pigments:  A Handbook of Their History and Characteristics.  6th edition.  Washington, DC:  National Gallery Art. 

· http://webexhibits.org/pigments/intro/paintings.html 

· http://www.sewanee.edu/chem/Chem%26Art/default.html 

Cézanne

· http://www.oir.ucf.edu/wm/paint/auth/cezanne 

· http://www.albrightknox.net/ 

· http://www.nga.gov/ 

Example of a painting analyzed by X-rays and IR spectroscopy (Bellini's "Feast of the Gods")

· http://webexhibits.org/feast/analysis/xrayinfrared.html 







