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Summary y 

Artistss have used paint to express themselves for thousands of years. Paintings form an im-
portantt part of our cultural heritage, but many questions regarding their chemical composition, 
ageingg and correct conservation remain to be answered. The analysis of paintings presents a 
numberr of challenges because of the high complexity of these multi-layered, inhomogeneous, 
andd impure systems. Many of the current analytical techniques require the dissection of a physi-
call  sample and therefore restrict the accuracy with which the original position of a sample can be 
determined.. The distinction of different sections within a sample can be greatly improved by a 
spatiallyy resolved analysis of paint cross-sections using imaging techniques. This Thesis focuses 
onn the development and application of spectroscopic imaging techniques for paint research. 
Chapterr 1 provides a short introduction into the composition of a painting, followed by an over-
vieww of the most important non-destructive and destructive analytical techniques. The remain-
derr of this Thesis can be divided into three sections: development and evaluation of different 
imagingg techniques and sample preparation methods (Chapters 2, 3, 4), the characterisation of 
severall  naturally aged paints from test panels (Chapter 5), and the investigation of samples from 
variouss paintings by the application of several imaging and other techniques (Chapter 6,7,8). 

AA VIS-imaging (visual light microspectroscopic imaging) system has been built, tested and 
appliedd to several paint cross-sections (Chapter 2). The presented technique provides the possi-
bilityy to acquire visual light spectra with a maximum spatial resolution of about 1 jum. Visual 
lightt spectra of different traditional and modern pigments that can hardly be discriminated by 
normall  microscopy show distinctly different features. This imaging technique has proven to be 
effectivee for distinguishing the visual light spectra of several 17lh century blue pigments. It was 
possiblee to recognise the spectral characteristics of smalt, even in partly or completely discoloured 
particles.. Analysis of paint cross-sections by VIS-imaging is easy and does normally not require 
samplee preparation. 

Analysiss of cross-sections by FUR and FTlR-imaging provides a higher chemical specificity, 
butt the experimental procedure for sample preparation is not straightforward. Several commonly 
usedd and newly developed sample preparation techniques are evaluated in Chapter 3. Transmis-
sionn spectra of physically dissected samples yield high-quality infrared spectra, but limit the 
spatiall  resolution to about 50 urn. Smaller details can be analysed individually when the applied 
samplee preparation method leaves the layer structure intact, for example when a sample is em-
beddedd in a synthetic resin. Specular reflectance measurements of these paint cross-sections 
compromisee the chemical specificity, as the obtained spectral quality is rather poor. Other tech-
niquess to allow the acquisition of higher quality spectra from embedded cross-sections (diffuse 
reflection,, microscopic ATR. microtomy. Raman spectroscopy) however were not successful. A 
neww sample preparation technique for making thin sections by polishing of paint cross-sections 
embeddedd in KBr provides the best combination of high spatial resolution and high spectral 

quality. . 
Chapterr 4 describes a study of a paint cross-section of Rembrandts Portrait of a standing 

manman (Staatlichen Gemalde Galerie Kassei, GK 239). FTIR imaging of this cross-section identi-
fiedfied and localised different compounds such as lead white, calcium carbonates, and metal car-
boxylatess in the layers of this sample. These findings could be correlated well to SEM-EDX 
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analysess and art historical evidence. The most interesting feature of this specimen was a discol-
orationn that was observed in large parts of the described painting. The hypothesis on the nature 
off  this discoloured paint layer is the increased porosity of the upper paint layer due to the loss of 
bindingg medium was proposed to explain this effect. 

Chapterr 5 provides an overview of the ageing processes involved in the drying of oil and 
naturallyy aged oil paint. The initial reactions in a drying oil were monitored by FTIR spectros-
copy.. A large number of naturally aged paints were analysed to evaluate the long-term influence 
off  pigments on the ageing of oil. The most significant effects of pigmentation are the accelera-
tionn of hydrolysis of ester bonds (most pronounced for paint made with minium or zinc white), 
changess in the effects of oxidation (in paint with ochre or ultramarine) and the formation of 
metall  carboxylates (in paints with lead white, zinc white, Naples yellow, or minium). 

Thee final part of this Thesis focuses on the observation and further analysis of a paint defect 
foundd in several 17th and 19th century paintings by the Dutch painters Van Rijn. Seghers and 
Bosschaert,, Cuyp, Vermeer, Hals (Chapter 6) and Van Gogh (Chapter 8) and the American painter 
Churchh (Chapter 7). These defects are visible as -100 pirn diameter homogeneous aggregates of 
aa transparent material. Isolated samples and cross-sections taken through these defects in the 
fivee 17lh century Dutch paintings were investigated by FTIR, FTIR-imaging, SEM-EDX, V1S-
imaging,, and SIMS. These studies indicated the presence of metal carboxylates in the aggre-
gatedd material. Different remineralised compounds were found in this metal carboxylate matrix, 
e.g.. minium, basic lead carbonate, and basic lead chloride (fiedlerite). Very similar defects were 
foundd in a primed but unfinished canvas that was found in the archives of Olana, the former 
homee of the 19th century American painter Frederic Church. Samples from these canvases were 
investigatedd by the techniques mentioned above as well as by GC-MS and DTMS. The results 
implyy that the defects are formed in the priming, which consists of different layers pigmented by 
chalkk and/or lead white. The material found in protrusions contains large amounts of lead car-
boxylatess of mainly saturated fatty acids, but appears to lack an ionomeric oil network fraction. 
Itt is hypothesised that protrusions arc formed upon phase separation of the mobile, saturated 
fattyy acids from the oxidised oil network and the subsequent reaction of these fatty acids to lead 
carboxylates.. This hypothesis was supported by a pilot experiment, in which lead white trans-
formedd into lead carboxylates quantitatively upon reaction with fatty acids. The unfinished can-
vasess found in Olana are also affected by efflorescence, the exudation of a material on the sur-
facee of the painting. The compounds identified in the efflorescent material are very similar to 
thosee of protrusions, and it is hypothesised that they are formed by a similar mechanism. 

Similarr protrusions were found in Falling Leaves (Les Alyscamps) by Vincent van Gogh. 
Thesee protrusions formed in a paint containing lead chromate, calcium sulphate is paint mainly 
consistt of zinc carboxylates. The carboxylic acid part of these protrusions also consists mainly 
off  saturated fatty acids, similar to the lead based protrusions. Evidence was found for the mobil-
ityy of the involved zinc components, probably induced by a higher pressure or temperature. This 
impliess that the aggregation may have occurred after formation of the zinc carboxylates. 


