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Ten portable instruments, XRF, FTIR,
UV-VIS, Raman, etc. (7 UNIPG, 2 CNR,
1 OPD) for in-situ not invasive
diagnostic on Cultural Heritage
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MO LA B modus operandi

* Spectral database

* New not invasive methods

New not invasive techniques

« Studies on the transformations

Data
treatement

In situ

* Data treatment
« Chemometrics approaches
* Mechanisms understanding
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The spectral region between 2000-2500 cm-! shows characteristics of
the specific crystalline phases oc calcium sulphate
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A technical in situ examination of paintings by
Vincent van Gogh: focus on the alteration of
chrome yellow paints

VAN GOGH

MUSEUM

AMSTERDAM

Low photochemical stability and

tendency to lose original brilliance. Sunflowers, repetition of the 4th
version (yellow background), Van
Gogh Museum, Amsterdam, NL.

What is the alteration mechanism?
What are the factors that induce the darkening?



Van Gogh was already aware of the
instability of the chrome yellow pigments.

“[..] You were right to tell Tasset that the
geranium lake should be included after all, he
sent it, I've just checked — all the colors that
Impressionism has made fashionable are
unstable, all the more reason boldly to use them
too raw, time will only soften them too much. So
the whole order T made up, in other words the 3
chromes (the orange, the yellow, the lemon)
the Prussian blue, the emerald, the madder lakes,
the Veronese green, the orange lead, all of that
is hardly found in the Dutch palette, Maris,
Mauve and Israéls. [...]"

(letter n. 595, to Theo van Gogh. Arles, 11
April 1888)
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European Synchrotron Radiation Facility

Grenoble (F)

Deutsches Elektronen-Synchrotron

Hamburg (D)

micro-mapping with XANES, XRF, XRD,...
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Aging experiments with commercial white sources

Aging of a series of oil paints containing the lightfast monoclinic PbCrO, and the

lighT-SensiTive Pbcro‘250‘804

PbCI'0¢ PbCI'o 250,804
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The darkening of the paint
surface depends on the
employed illumination device
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region around the maximium absorption
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SR p-XANES/XRF & colorimetric analysis
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lightfast PbcrO,: ~10-15% of Cr(III), irrespective of the used
lamp.
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Exposure of PbCr, ,S, 0, to monochromatic lights
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Study of the darkening response of the
light-sensitive chrome yellow pigment
toward exposure to selected wavelengths.

The wavelengths employed for the aging
experiments were selected on the basis
of the UV-Vis spectrum of the
PbCrq »S, 504 powder.



Confirmation of the effects of
the violet-blue-green light
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The Cr(III)-amount depends on the wavelength.
Two different positive correlations: indication of the formation of various Cr(IIT)-compounds.



Why is S-rich CY wvulnerable to green radiation?
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Cr(VI) is thermally reduced to Cr(V) by radicals produced during oil drying.
Cr(V) is stabilized by the ligands of the oil medium.

L. Monico et al., J. Anal. At. Spectrom., 30 (2015) 1500-1510 DOI: 10.1039/c5ja00091b
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Mulh/Hyper‘ spec'rr'al imaging

VIS hyper spectral imaging
NIR hyper spectral imaging
SWIR hyper spectral imaging
X-ray fluorescence mapping

Point chemical analysis
X-ray fluorescence
painting technigue Mid-FTIR

Near-FTIR
underdrawing | Raman
underpaints X-ray diffraction

| UV-Vis absorption
w UV-Vis fluorescence

pligments and dyes

organic components

alteration products

conservation treatments

MOLAB @ Munch Museum =
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S— fluorescence hyper
XRF Cd-L mapping spectral imaging @ 775nm

cd-L CdS emission
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-Hexagonal CdS-based
yellow pigment
characterized by a
fluorescence band at
7795nm
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- identification of
cadmium carbonate and

zinc oxalates and
ZnC0,2H,0  Cd(OH)Cl by MIR
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yellow areas: sky and
neck of the man

- Hexagonal €dS-based yellow pigment
characterized by a weak fluorescence band at
795 nm

- identification of cadmium carbonate and
oxalates by MIR spectroscopy
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Reflectance %
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-Cubic+Hexagonal CdS-based pigment
characterized by a fluorescence band at 860
nm and reflectance band with inflection point
at about 530 nm.

-Second inflection point at 590 nm indicating
a red pigment (HgS)

- identification of zinc oxalates (signals more
intense than in the yellow tones) and sulfates
and/or silicates by MIR spectroscopy. No
presence of cadmium carbonate and Cd(OH)CI
in this area.



mium sulphate and organo-metallic compounds
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