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Summary y 

Conservationn scientists have been studying easel painting materials for 
decades,, generally focussing on problems related to the preservation of the works 
off  arts, or the history of artists' techniques. Investigation of easel painting is no 
easyy task and a major problem that plagued previous technical investigations is the 
highh intricacy of the paint samples. On the one hand painting materials are intricate 
mixturess of molecules that have undergone complex transformations with ageing, 
andd on the other hand sampling is highly problematical because works of art are 
preciouss and unique artefacts. 

Thiss thesis discusses the use of laser desorption mass spectrometry, known 
inn short as LDMS, as a novel technique of analysis in the field of conservation 
science,, and more particularly for the investigation of natural and synthetic organic 
pigmentss encountered in easel paintings. LDMS is a technique that has been 
advantageouslyy used in the past by physicists and chemists for the study of 
surfaces.. Here, this promising technique has been applied for the first time to the 
analysiss of artists' paint materials and the investigation of samples in cross-section. 
Analysiss focussed on the study of organic pigments present in old masters' and 
modernn easel paintings. 

Adaptationn of the LDMS technique to the study of easel painting materials 
hass required various technical developments. A sample holder was specially 
designedd to make the analysis of samples of microscopic size or in the form of 
embeddedd cross-section possible. Preliminary studies addressed a series of 
experimentss to test the performance and characteristics of two LDMS instruments, 
namelyy a commercial time of flight mass spectrometer (TOF-MS) and a home-
buildd ion trap mass spectrometer (ITMS). The results of these experiments, 
discussedd in Chapter 3 and 8, put to the light the main experimental benefits and 
disadvantagess of each technique. The key advantage of using LDMS for the study 
off  paint materials is the possibility to perform spatially resolved surface analysis of 
minutee amounts of materials with a lateral resolution down to 10 micrometers. In 
practice,, an essential requirement of the success of LDMS surface analysis 
appearedd to be the correct preparation of the samples under investigation. Chapter 
88 describes the efforts to improve the surface preparation of paint cross-sections. A 
neww polishing procedure is presented that was employed to remove the smearing of 
embeddingg material resulting from sample sectioning. Various precision surface 
analyticall  techniques were used to ascertain the success of the method. 

Severall  phenomena stemming from the use of a laser for sampling have 
particularlyy attracted our attention and are discussed in Chapter 3. The nature of 
thee ions detected, hence the analytical information delivered by the measurements, 
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iss directly connected to the choice of experimental parameters such as the 
characteristicss of the sample surface, the laser power density, the pressure in the 
analyticall  instruments and the time-scale of the experiments. As a result of these 
observationss it became clear how experimental conditions had to be optimised in 
orderr to obtain the highest amount of information during LDMS analysis. The 
surfacee of cross-sectioned samples must be smoothly polished and present the 
smallestt possible corrugation. In terms of laser power density, it was established 
thatt minimum amounts of energy were the best guarantee for good analytical 
informationn and limited sample consumption. Tests performed on pure reference 
compoundss showed that samples could be advantageously deposited on TLC plates 
coatedd with cellulose. Optimal desorption and ionisation conditions were obtained 
withh multiple laser shots in close succession. 

Inn Chapter 4 and 5, two ionisation techniques were examined for the 
LDMSS analysis of flavonoid and anthraquinone reference materials, namely LDI 
andd MALDI . LDI is the direct laser desorption and ionisation of the sample 
surface,, whereas MALDI involves the added use of a strong chromophore (a 
matrix)) to assist the LDI process. These experiments revealed several fundamental 
characteristicss of LDMS experiments with organic pigments. LDI spectra showed 
thatt ions are predominantly formed as protonated molecules and simple- or 
multiple-alkalii  adducts. Unexpected formation of multiple-alkali adducts was 
accountedd for by the modification of the surface of the sample induced by laser-
matterr interaction in the course of the experiment. Dimeric species were 
additionallyy observed whereas ion fragmentation was observed to be small to 
negligible.. These experiments gave also evidence that ablation occurs during LDI 
ratherr than desorption (as the appellation of the technique suggests it). Finally the 
intensityy of the signal shows that substantial amounts of ions are obtained with low 
laserr power densities in LDI. This particular feature makes it possible to perform 
multiple-stagee analysis (MS") with the ITMS set-up. This was proved to be 
particularlyy advantageous in cases where MS" experiments added analytical 
informationn essential to structural identification. MALDI experiments were equally 
successful,, but in view of the good quality of the LDI signal, MALDI did not 
providee additional analytical information. 

Fromm an analytical point of view, Chapter 4 and 5 established LDMS as a 
valuablee tool in the analysis of flavonoid and anthraquinone pigments. All samples 
analysedd were proven to respond positively to the LDI technique. MS/MS was 
provenn to be capable of differentiating between three flavonoid isomers, luteolin, 
morinn and kaempferol. Complex forms of alizarin (called lake) were successfully 
investigatedd with LDI although the interpretation of the spectra was not always 
straightforward.. The potential for spot selected analysis of a focussed laser beam 
forr LDMS sampling was proven to be successful for the analysis of a flavonoid at 
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thee surface of a wool dyed fibre. On the other hand, LDMS analyses remained 
unsuccessfull  in several instances. In particular, LDMS-MS was unable to 
differentiatee groups of flavonoid isomers such as quercetin from morin, or apigenin 
fromm genistein. LDMS spectra of flavonoid lakes were partially successful for the 
molecularr characterisation of the complexated form. Finally, LDI was only 
successfull  in the identification of major compounds of flavonoid and 
anthraquinonee plant extracts. Chromatographic techniques, notably HPLC can also 
identifyy minor compounds and therefore provide more information. 

Inn Chapter 6, LDMS studies were extended to the blue pigment indigo. 
LDMSS was proven to be a suitable technique for the differentiation between 
naturall  and synthetic indigo. To study LDMS of paint mixtures containing indigo, 
laboratoryy samples were prepared with indigo mixed with basic lead white and/or 
linseedd oil. In lead white mixtures the LDI spectra revealed a strong contribution of 
leadd related species. This suggests a chemical reaction between indigo and lead 
whitee in the condensed phase under the action of the UV laser. Spatially-resolved 
analysiss was successful with the direct identification of indigo on dyed fibre and 
withinn cross-sectioned paint samples. A significant attenuation in the signal 
intensityy was however observed in comparison with bulk analyses. Irregular 
productionn of the ions from the surface of sectioned samples emphasised the 
importancee of surface preparation. Use of a thin film of matrix deposited on the 
surfacee of the section did not improve the results, suggesting a phenomenon of 
surfacee scouring during polishing of soft areas in which indigo is preferentially 
removedd from the sample surface. 

Inn Chapter 7, the effectiveness of the LDMS is demonstrated for the 
analysiss and characterization of modem pigments. Mass resolution of the TOF-MS 
analyserr is sufficient to afford molecular formula determination of multi-
chlorinatedd and brominated species by assigning their different isotopes. Analysis 
off  quinacridone pigments shows that it is possible to simultaneously identify 
differentt compounds in a mixture (multi-component analysis). In MALDI 
experimentss additives to the paint in trace amount were detected, which shows that 
thee technique is suitable for interrogation of the purity of the samples. 
Unfortunately,, the dramatic increase of peaks at low masses in MALDI spectra can 
obscuree the analyte signal. In acrylic emulsion paint, pigments are selectively 
desorbedd at low laser power density. LDMS does not yield information about the 
medium,, as is the case in DTMS experiments. 

Inn conclusion, the experiments conducted in this thesis demonstrate that 
LDMSS could be beneficially employed in the field of conservation science. The 
neww possibilities offered by LDMS to investigate organic pigments by mass 
spectrometryy directly from the surface of paint cross-sections represent a 
significantt improvement. Spatially-resolved experiments at the surface of paint 
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cross-sectionss showed that it is possible to positively identify the presence of a 
pigmentt - or a mixture of pigments - in an individual layer of circa 10 
micrometers.. Furthermore the use of an ITMS mass analyser opens the way to 
investigationn by MS". On the other hand this study establishes the condition and 
limitationn in which LDMS could be used. It shows that the technique is limited by 
aa range of complications introduced by the particularity of the laser sampling. 
Analysiss is not straightforward and is not successful in all conditions. LDMS can 
thereforee be only usefully employed in combination with other current analytical 
techniquess such as microscopy and chromatography. 
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