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Our previous investigations by means of synchrotron radiation (SR)-based micro X-ray fluorescence (µ-
XRF) and X-ray absorption near edge structure (XANES) methods performed at the ID21 beamline of ESRF 
have revealed that a photo-redox process is responsible of the darkening of various form of chrome yellows 
(PbCrO4, PbCr1-xSxO4), a class of pigments commonly encountered in paintings by Vincent van Gogh and 
some of his contemporaries [1-4].  
SR-based X-rays experiments at the Cr K-edge on photochemical aged paint model samples and paint micro-
samples originating from Van Gogh’s paintings established that the original bright yellow color of lead 
chromate based pigments turn green-brown as a consequence of the reduction of the original Cr(VI) to 
Cr(III). We found that the chemical composition and crystalline structure play a key role to determine the 
photochemical stability of this class of compounds: under light exposure, the orthorhombic S-rich PbCr1-

xSxO4 (x≥0.5) co-precipitate show higher tendency toward degradation with respect to the equivalent 
monoclinic S-poor compounds (0≤x≤0.4) and it can degrades even under exposure to the “blue” light[4].  
SR XRD investigations carried out at the P06 beamline of DESY combined with laboratory spectroscopic 
methods, such as Raman and FTIR spectroscopy, permitted us to demonstrated that Van Gogh frequently 
made use of different type of chrome yellows, including the more unstable ones [3]. 

These alteration phenomena make it challenging to establish the optimal museum conditions to ensure a safe 
display of unique masterpieces containing photo-sensitive yellow pigments; accordingly there is a growing 
need within museums for more precise information to support the best choice of lighting systems. 

For this purpose, oil paint models composed of various form of chrome yellows (~25 samples total) 
previously exposed to the light emitted by several types of commercial illumination systems (such as 
halogen lamps and different types of LED lamps) or irradiated employing “quasi-monochromatic” 
wavelength bands were investigated by means of Cr K-edge XANES mapping experiments .  

The latest generation X-ray semiconductor type Maia detector[5], recently implemented at the P06 
Hard X-ray micro/nano-probe beam line of the PETRAIII storage ring,  was used to perform this 
type of investigations. 
Cr K-edge XANES spectra were obtained by using a multispectral “STACK” imaging approach [6]. With 
this methods chemical speciation information are achieved through the acquisition of a series of images 
while small incremental changes in the primary energy are made. By employing a X-ray focused beam of ca. 
0.7 x 0.6 μm

2
 (h x v) and dwell times of 1 ms, a stack of 126 μ-XRF maps was recorded at energy 

increments around the Cr K-edge with the following step sizes: 2 eV before and after the absorption edge 
(5.9600 -5.9810 keV and 6.0200-6.0900 keV), 0.5 eV around the pre-edge peak and the absorption edge 
(5.9810- 6.0200 keV). The deconvolution into elemental concentration maps of the full spectral XRF data 
was performed by means of the GeoPIXE software [7]. This program and the TXM wizard software [8] were 
used to extract the Cr chemical state maps and the corresponding XANES spectra.  

Figures 1vl-a illustrate the optical microscope pictures of a thin section of a oil paint model containing the 
light-sensitive orthorhombic PbCr0.2S0.8O4 solid solution  after exposure to the light emitted by a “cool-
white” LED lamp (a lighting system that is characterized by a quite strong band emission centered at around 
450 nm). This sample clearly shows the presence of a superficial brown layer, which was formed as a 
consequence of the degradation of the original bright yellow pigment. No damage was observed for the 
monoclinic PbCrO4 paint aged in similar conditions. 
This type of alteration behavior is very similar to the one we have previously observed in the equivalent 
samples aged using a laboratory UV-filtered Xenon lamp (300-1100 nm energy range) [4]. 
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Figure 1. (vl) Visible light microscopy image of a thin section of a PbCr0.2S0.8O4 paint irradiated using a “cool-white” LED 

lamp and (a) detail of the area where Cr K-edge XANES mapping experiments were performed. In (vl) the red dotted 

rectangle indicates the region reported in (a). (b) μ-XRF Cr distribution collected from the region shown in (a) and acquired 

at a primary beam energy of (red) 5.992 and (green) 6.086 keV (pixel size: 0.5 × 0.5μm
2
; dwell time: 1 ms). (c) Cr phase 

distribution maps obtained as a linear combination fitting of a series of Cr-reference compounds of the single pixel XANES 

spectrum of the stack of images. (d) quantitative estimation of (red) Cr(VI) and (black) Cr(III) relative abundance 

percentages vs. depth obtained by linear combination fitting of spectra extrapolated from the region shown in (c). 

The qualitative information observed at the naked eye, it was unequivocally confirmed by Cr K-edge 
XANES imaging experiments (Figure 1b-c), that reveal the presence of a superficial thin layer richer of 
Cr(III)-species (about 5 µm thickness). The relative amount of Cr(VI) is around 50% (Figure 1d) at the 
exposed paint’s surface, while progressively it reaches a value of about 100% below 10 µm in depth. 
Each single pixel XANES spectrum of the stack of images can be adequately described when in the 
fitting model the XANES profiles of PbCrO4, Cr(OH)3, and Cr(III)-organo metal compounds (such 
as acetylacetonate or acetate) are included (Figure 1c).  

As for the case above discussed, also for the other samples analyzed, Cr K-edge mapping 
experiments allowed us to established a close correlation in terms of darkening and the relative 
amount of Cr(III)-species, that are formed as a consequence of the aging treatment.  
Generally, we could conclude that the darkening/Cr(III) amount of the photo-sensitive PbCr0.2S0.8O4 
solid solution become progressively more significant when the amount of light emitted by the lamp 
in the 400-500 nm energy range is increased. 
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