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Chapterr 5 

Ann LDMS investigation of traditional colouring 
materialss - Part II: Anthraquinones 

InIn this chapter, LDMS was used for the investigation of red natural organic 
colouringcolouring materials traditionally used as artist's pigment and textile dye. It is 
shownshown that alizarin is amenable to characterization with ultraviolet LDMS but the 
interpretationinterpretation of the spectra is not straightforward. Alizarin was detected in 
mixturesmixtures with linseed oil in naturally aged samples, as well as in two alizarin lakes 
samples.samples. In-situ LDMS analyses of madder lakes at the surface of dyed wool fibres 
werewere demonstrated. Molecular structures are proposed to explain the coordination 
ofof characteristic ions detected in LDMS of alizarin lakes. 
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ChapterChapter 5 

5.1.5.1. Introduction 

Anthraquinonee red organic colouring materials are known since antiquity 
andd have been traditionally used as dyes for textiles and pigments for paintings ' 
28.. Their manufacturing process and use bear a strong resemblance to flavonoids. 
Thee colouring material is extracted from plants or animals and rendered insoluble 
byy preparation of a lake. Various possible biological sources, substrates and modes 
off  preparation create a large range of potential chemical compositions of the 
originall  lake. 

Inn easel paintings, red lakes were extensively used over opaque underlayers 
too add richness and depth to the painting of draperies. They were especially 
appreciatedd for their relative translucency when combined with the painting 
mediumm (the substrate itself is then transparent), allowing their use as a glaze. It is 
welll  known that red lakes present in museum objects are prone to severe 
degradationn with ageing. Over the years original red colours irreversibly fade 
away.. There is therefore a great need for better understanding of these degradation 
mechanisms.. Unfortunately technical investigation is particularly problematical 
withh samples that are microscopic in size, are build-up as a very complex stack of 
layerss and/or contain only a very small amount of the colouring material. This 
chapterr explores the analysis of red organic materials with LDMS. 

First,, reference materials were analysed including commercial alizarin as 
welll  as lakes of alizarin and madder prepared in the laboratory, to establish 
whetherr LDMS can detect anthraquinone. Then, artificially aged reconstructions of 
alizarinn mixed with linseed oil were investigated to evaluate the applicability of the 
methodd to the detection of anthraquinones within a paint medium. Finally LDMS 
wass employed for the in-situ identification of anthraquinone lakes on the surface of 
dyedd wool fibres, using the accurate sample-positioning feature for spatially-
resolvedd targeting of the laser beam onto the sample. 

5.2.5.2. Anthraquinone pigments 

5.2.1.5.2.1. Materials and practice 

Amongg the large number of biological sources containing red organic 
colouringg materials, a small group has been mostly used in Europe to produce 

98 8 



Anthraquinones Anthraquinones 

pigmentss for easel paintings and dyes for textiles (see Table 5.1). This group 
comprisess red pigments of vegetable origin, such as madder roots and Brazil wood, 
andd red pigments of animal origin such as cochineal, lac and kermes. History, 
preparationn and use of red organic colouring materials have been discussed in the 
literaturee '.2,5, .7,22,23.27, ,44> 

Plant t 
origin n 

Animal l 
origin n 

Name e 
Madderr roots 
(Rubia(Rubia tinctorium L.) 
Brazill  wood 
{Caesalpinia{Caesalpinia brasiliensis L.) 
Kermess insect 
{Kermes{Kermes vermilio Planchon) 
Americann cochineal 
{Dactylopius{Dactylopius coccus O. Costa) 
Polishh cochineal 
(Porphyrophora(Porphyrophora polonïca L.) 
Lacc insect 
{Kerr{Kerr  lacca Kerr) 

Majorr component(s) 
Alizarin,, Purpurin 

Brazilin n 

Kermesicc acid 

Carminicc acid 

Carminicc and kermseic acid 

Laccaicc acids 

Tablee 5.1 Principal sources of organic red colouring materials for the 
preparationpreparation of dyes and pigments. 

Redd organic colouring materials are mostly anthraquinone dyestuffs. 
Anthraquinoness have a molecular structure based on a quinone with two anellated 
benzenee rings on either side I45. Substitutions on the two benzene rings give the 
particularr colour properties to the pigment. Like flavonoids, anthraquinone 
dyestuffss are soluble in water and therefore must be prepared under the insoluble 
formm of lake to be used as dyes or pigments. Dyestuffs are first extracted in 
solutionn from the biological source, and the resulting colouring material in solution 
iss co-precipitated with an inert inorganic substrate. In this fashion, insoluble 
particless coloured with the dye are formed. These coloured particles are collected, 
washedd and dried as a solid pigment. Possible substrates include calcareous 
materialss such as chalk or gypsum, hydrated alumina derived from rock alum, and 
occasionallyy lead white. When alum was used, the product of the reaction is a 
complexationn between the colouring material and the metal ion produced by alum. 
Thee technique is called mordanting since it is common to the dying of textile 
wheree the substrate, called mordant, is used to fix the dye on to the textile. Red 
colouringg materials were usually re-extracted from dyed fabrics to produce 
pigmentss at lower costs. It is likely that fabrics dyed with different organic reds 
couldd have been used as a re-extraction source. The resulting pigment is then a 
mixturee of coloured materials originating from different biological origins. 
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Inn this chapter, LDMS experiments have been conducted with colouring 

materialss obtained from the madder plant Rubia tinctohum L. . Madder, a 

Rubiacaee plant, was the largest source for the manufacture of red pigments. Its root 

containss principally alizarin (shown in Figure 5.1) and several other 

anthraquinoness in minor proportion such as purpurin, pseudo-purpurin, alizarin 2-

methyll  ester, rubiadin and munjistin 146. LDMS investigations were focussed here 

onn the alizarin, the main colouring matter in the madder lakes. 

Figuree 5.1 Alizarin (m/z 240, Ci4H804) is the principal compound of the red 

organicorganic pigment extracted from the Rubiacae plant Rubia tinctoria. 

AlizarinAlizarin (1-, 2-dihydroxyanthraquinone) is a tri-cyclic aromatic 

diketonediketone with two hydroxyl substituents. 

Alizarinn is a transparent crimson, moderately saturated to moderately 

unsaturated.. It is the most fugitive pigment still in common use ' ' ' . It fades 

rapidlyy in tints, but is more stable in mass tone. Alizarin of synthetic nature is 

knownn in the Colour Index of the Society of Dyers and Colourists '47 under the 

namee of PR83 (Pigment Red 83)*. Alizarin was one of the first synthesised organic 

pigmentss and was obtained by Graebe and Liebermann as early as 1871. Next, 

syntheticc alizarin lakes have rapidly supplanted organic reds of natural production. 

Modernn chemistry has found excellent light-fast replacements for fugitive 

anthraquinonee red pigments, such as quinacridone and pyrrolidone. Despite of its 

lightfastnesss problems, traditional alizarin remains however a popular pigment 

amongg professional artists. 

Molecularr structures of red lake pigments found in painting are so far 

poorlyy understood. Generally the source of the red pigment is unknown and 

thereforee the colouring matters that have been used as starting material. In addition 

thee preparation method is also unknown and therefore the original composition of 

thee resulting pigments. To compound the problem, it is most likely that 

degradationn with time has induced severe molecular transformation to the pigment. 

Molecularr structure for reference materials have been given by Kiel ' who 

**  PR83 is the synthetic compound corresponding to the traditional organic pigment called madder 
lake.. PR83 is the calcium lake (aluminium complex) of the 1,2-dihydroxyanthraquinone, commonly 
knownn as alizarin. 
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proposedd CaAl(OH)(Az)2.xH20 for the structure of an alizarin lake (Figure 5.2) 
preparedd with the addition of an alkali and aluminium hydrate. Here covalent and 
coordinationn bonds fix the aluminium atom to two deprotonated alizarin 
molecules,, with the additional adjunction of water molecules. The model adopted 
byy Butler and Furbacher '50 proposes apart from aluminium that forms chemical 
bondss with alizarin, also calcium that bridges the alizarins by their 2-hydroxy 
groups. . 

AA B 

fibre e 

OHH O 0 OH 

AT' ' 

Figuree 5.2 Alizarin lake bound to a fibre with a mordant (A) and lake pigment 
afterafter precipitation in presence of alum and calcium (B), (after Kiel). 

5.2.2.5.2.2. Molecular analysis of anthraquinone pigments 

Currentt methods of analysis for the identification and characterization of 
redd organic colouring materials in conservation sciences have been reviewed by 
Schweppee '7' l46 . Determination of the molecular composition of red organic lakes 
inn paintings and historical textile is problematical, for the same reasons as 
discussedd for the flavonoids in the previous chapter. 

Variouss analytical techniques are currently in use. Spectroscopic methods 
off  investigation are UV-VIS 14\ solution spectrophotometry 52' 54, infrared 
spectroscopyy with FTIR 8' 53' 59 67 and three-dimensional fluorescence 57. An 
investigationn of colour changes has been reported by Kirby 32. Chromatographic 
techniques,, which afford the separation of the different anthraquinone components, 
havee provided the most detailed molecular analysis so far. TLC 70 was mostly used 
inn early days, whereas today HPLC 7I 72-74-76"79 stands out as a method of choice. In 
thee case of dyed fibres, extraction of the dye is required prior to analysis . A 
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commonn observation however is that chromatographic analyses could fail to 
identifyy anthraquinone components in complex samples obtained in too small 
quantity.. When samples are not available for dissection, authentication of the red 
organicc lake has been proposed by the elemental analysis of the substrate with 
techniquess such as EDX and XRF. Lately, DT-M1KES and high-resolution DIMS 
hass been successfully used by Van den Brink l51 to investigate ageing of alizarin in 
eggg tempera matrices. The viability of LDMS has been demonstrated earlier by 
Bennettt with L2TOF-MS 133 and LDMS 87. 

5.3.5.3. Experimental 

5.3.L5.3.L Instrumental set-ups and mass calibration 

Anthraquinonee samples were analysed by LDMS on the ITMS with a UV 
laserr emitting at 355 nm and on the TOF-MS with a UV laser emitting at 337 nm. 
Forr a detailed description of both instruments we refer to Chapter 2. 

AA mass calibration for TOF-MS measurements was realised before each 
seriess of measurements to obtain optimal mass accuracy. Two samples of 
polyethylenee glycol (PEG) with a molecular weight distribution of averaging m/z 
4000 and 1000 respectively served as calibrant. MALDI measurements were 
performedd with a mixture of a ImM ethanol solution of PEG and a 1M ethanol 
solutionn of DHB. The mixture was deposited on the surface of the probe and the 
ethanoll  vehicle was left to evaporate. Calibration was realised with peaks from the 
DHBB and the PEG at regular intervals in the m/z range [0-1500]. 

Byy accurate positioning of the probe under the laser beam individual lake 
particless (typically 10-50 urn) or a single wool fibre can be easily targeted with a 
spatiall  resolution of 10-30 micrometers. The diameter and form of the laser beam 
ass well as the camera output (sharpness, clarity and centring) were controlled 
beforee each set of analyses to guarantee optimal observation of the sample and 
accuratee targeting with the laser. 

5.3.2.5.3.2. Samples 

Syntheticc alizarin (1,2-dihydroxyanthraquinone) was obtained from Fluka. 
Commerciall  alizarin calcium lakes PR83 (aluminium complex) were provided by 
Tomm Learner (Tate Gallery). An alizarin lake (reconstruction prepared and 
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gratefullyy supplied by Jana Sanyova, Royal Institute for Cultural Heritage, 
Brussels)) was prepared by adding alum to a suspension of synthetic alizarin and 
subsequentt neutralisation with the addition of potassium carbonate. The 25 years 
oldd naturally aged sample of alizarin in linseed oil paint was obtained from the 
Vonn Imhoff collection kept at the CCI (Ottawa). Fibres supposedly from ancient 
Peruviann civilisation68, dyed with a red organic lake, were supplied by A. Wallert 
(Rijksmuseum,, Amsterdam). Fibres dyed with a madder lake were provided by Dr. 
Quyee (Edinburgh). 

Alizarinn was deposited on the stainless steel probe in solution (dissolved in 
aa droplet of water). After evaporation of the solvent, alizarin forms thin particles 
adsorbedd on the surface. Insoluble lakes and paint samples were adsorbed on the 
surfacee of the probe by deposition of a droplet of water with discrete particles in 
suspension,, and subsequent evaporation of the water vehicle. Since anthraquinones 
lakess are insoluble in water it is supposed that only additives or contaminants are 
broughtt into solution during sample deposition. 

Thee MALDI experiments were performed in a similar fashion as with 
flavonoidd samples (see section 4.3.3) using 2,5-dihydroxybenzoic acid (DHB) as a 
matrix.. A thin layer of the sample is first absorbed on the surface of the probe and 
subsequently,, a thin matrix layer is deposited on top of the sample. 

5.4.5.4. LDI and MALDI of A lizarin 

5.4.1.5.4.1. Synthetic alizarin 

Thee LDI-TOF-MS spectrum of synthetic alizarin (Ci4H804; mw 240) at 
loww laser power density is presented in Figure 5.3.A. The dominant peaks at m/z 
2411 and 242 are assigned to the protonated molecule [M+H]+ and its C13 isotope. 
Sodiatedd and potassiated molecules [M+Na]+ and [M+K] + are observed at m/z 263 
(highh intensity) and 279 (low intensity). Additional smaller peaks are assigned to 
thee following species: (M-H*)Na+ at m/z 262, [(M-H*)Na]Na+ at m/z 285, [(M-
H')Na]K++ at m/z 301 (negligible). These ions are in agreement with the ion 
formationn model proposed in Chapter 4 where labile hydrogen atoms are 
substitutedd by alkali atoms forming an organic salt. 

Thee same synthetic alizarin analysed under MALDI-TOF-MS conditions at 
loww laser power density is presented in Figure 5.3.B. Many of the main peaks are 
duee to the DHB matrix. A strong [M+H]+ ion of alizarin is observed while sodiated 
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LDI-TOFMSS (A) and MALDI-TOFMS (B) of alizarin at low laser 
powerr density. 

orr potassiated ions are suppressed or absent due the sample preparation method. 
Alizarinn in very low concentrations however may be hard to discriminate from the 
matrixx peaks (identified with an asterisk). 

Thee LDI-ITM S spectrum of synthetic alizarin at low laser power density 
presentedd in Figure 5.4 is puzzling. In the mass range from 150-300 we observe a 
veryy low pseudo-molecular ion at m/z 241 that can be assigned to [M+H]+ of 
alizarin.. The ion at m/z 257 cannot be interpreted in a straightforward way. If we 
assumee that the alizarin has taken up one oxygen implying that the sample is 
oxidativelyy degraded to purpurin, we can interpret the m/z 257 as an [M+H]+ also. 
Masss differences of 16 Da between ions also appear at m/z 285 and 301 and at 
higherr mass between the high intensity ions m/z 487, 503 and 519. The m/z 503 
andd m/z 519 can be nominally assigned to [2M+Na]+ and [2M+0+Na ]+. The m/z 
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4877 cannot be easily explained in the same manner. Further work using the MS" 
capabilitiess of the ITMS to resolve this matter would have been the logical next 
stepp but this became impossible due to irreparable failure of the instrument. 

150 0 200 0 250 0 300 0 350 0 400 0 450 0 500 0 m/z z 

Figuree 5.4 LDI-ITMS of alizarin at low laser power density. 

Thee question was also explored whether alizarin could be traced when 
presentt in oil paint. Figure 5.5 shows the MALDI-TOF-MS spectrum of a 25-year-
oldd paint-out of alizarin in linseed oil. The protonated molecule of alizarin is 
detectedd at m/z 241 [M+H]+ between some peaks from the DHB matrix (identified 
withh an asterisk) which demonstrates that alizarin can still be identified with 
LDMSS when found mixed in an aged oil medium. There is also a very small peak 
forr [M+Na]+ at m/z 263. Other peaks of interest are indicative characteristic of the 
oil:: diacylglycerols around 600 Da (labelled d) and triacylglycerols around m/z 900 
Daa (labelled t). These ions were also detected in commercial oil paint samples 
(dataa not shown). Similar ions have been reported by Van der Berg using MALDI -
TOF-MSS of linseed oil  152. It should be noted that the ions observed are only a 
fractionn of the total number of different triglycerides that are present. 

Intens.; ; 

2000 400 600 800 m/z 

Figuree 5.5 MALDI-TOF-MS of a 25 years old mixture of alizarin and linseed 
oil. oil. 
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5.4.2.5.4.2. LD1 of an alizarin lake 

Alizarinn is usually not used as such in paints but is present as lake pigment. 
Inn the view of the successful LDMS of the alizarin reference compound, the same 
samplee methodology was applied to alizarin as lake pigment. The alizarin lakes 
weree only investigated with LD-TOF-MS at 337 nm. Two different samples were 
investigated.. One sample is an alizarin lake prepared in the laboratory (courtesy of 
J.. Sanyova) whereas the second sample is PR83, a commercially available 
syntheticc alizarin lake precipitated as calcium salt. The samples were investigated 
ass received. 
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Figuree 5.6 LDI-TOF-MS of an alizarin lake prepared in the laboratory 

Thee LDI-TOF-MS spectrum at low laser power density of the alizarin lake 
preparedd by Sanyova in the laboratory is presented in Figure 5.6. Many of the 
peakss cannot be directly related to the earlier data on free alizarin. Protonated 
alizarinn is not observed. However, sodiated and potassiated alizarin is observed at 
m/zz 262 [M-H*]Na+ and m/z 279 [M-H*]IC . The peaks at m/z 543 and 581 are 
alsoo attributed to the alizarin lake. The peak at m/z 543 corresponds numerically to 
[C28Hi208,Al(OHNa)]++ and the peak at m/z 581 corresponds numerically to 
[C28H|208,Al(OKNa)]\\ These ions imply that two alizarin molecules are bridged 
byy aluminium with sodium or sodium plus potassium as counter ions. According to 
thee formula, four hydrogen atoms are involved in binding. In the case of m/z 581, 
onee of the hydrogens is exchanged for potassium assuming that sodium is the ion 
formingg atom for the MS. Therefore three of the hydroxyl groups of the alizarin 
mustt be involved in ionised form as bonds with aluminium. This explanation does 
nott agree with the model proposed in the literature. The model proposed by Kiel 

suggestss that aluminium is only bound to one of the hydroxyl positions of 
thee alizarin molecule and bonded with a weaker Van der Waals bond to the 
carbonyll  of the alizarin. In the case of m/z 543, the potassium is replaced by a 
proton.. There are no larger ions in the TOF-MS data that could elucidate other 
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formss of the complex. Several smaller ions were detected at m/z 495, 429, 410 and 
317.. The m/z 317 can be explained as a sodiated ion of alizarin aluminium 
hydroxidee complex [C|4H804,Al(OHNa)]. 

2000 400 600 800 1000 1200 1400 1600 1800 m/z 

Figuree 5.7 LDI-TOF-MS of an alizarin lake PR83. 

Thee LDI-TOF-MS spectrum of the reference compound PR83, a calcium 
complexx of alizarin aluminate in Figure 5.7 displays several dominant peaks with a 
masss difference of 278 Da up to mass m/z 1923. Peaks at m/z 821 and 1099 
correspondd to mass differences of 278 Da with respect to m/z 543. The peaks 
startingg at m/z 1144 with 1422, and 1700 and the peaks starting at m/z 1366 with 
16444 and 1923 also present mass increments of 278 Da. The mass difference of 
2788 Da can be assigned to a monomeric block [Ci4H604Ca]. The model used by 
Butlerr and Furbacher 15° proposes that calcium not only binds alizarin molecules 
viaa the meta hydroxide group but also forms a bridge between the aluminium 
hydroxidee that complexes two alizarins. Our spectrum supports the idea that 
calciumm bridges the alizarin. The peak at m/z 321 is assigned to the ion [Ci4H504-
Al-OCa]++ supporting the existence of aluminium in hydroxide form. The peak at 
m/zz 543 is assigned to a calcium complex of an alizarin-aluminium-alizarin with 
thee proposed formula of C28Hi204-Al-Ca. This formula suggests that aluminium is 
nott present in a hydroxide form and is bound to more than one hydroxy group of 
thee alizarin. The ions at 821 and 1099 support the proposal that two calcium-
alizarinn complex units are connected to the structure of ion m/z 543. The ions at 
m/zz 1144 and 1366 would be larger starter nuclei for the addition of Alizarin-Ca 
units.. We infer that LDMS makes only a few ionisable parts visible of a more lake 
substancee that probably consists of much larger complexes that are not easily 
ionisedd by laser induced ionisation. 
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5.5.5.5. Alizarin lake in oil paint 

Sampless from alizarin lake in aged oil paint obtained from a painting by 
Frankk Stella did not produce any significant ions (data not shown). MALDI-M S 
withh DHB produced a pattern of ions at m/z 413, 429, 441, 457, 471 and 485 but 
thesee have no apparent relationship to the MS data of alizarin nor to the alizarin 
lakee standard samples. It is possible that a chemical treatment of the sample 
surfacee would have released ions reminiscent of alizarin or alizarin derived 
chemicall  compounds, but this was not the purpose of the experiment, which 
intendedd to explore the direct analysis with the laser beam. Remarkably, the same 
ionn pattern was observed when MALDI-M S with a DHB matrix was applied to a 
syntheticc madder lake prepared by Dr. J. Sanyova. 

Inn view of these negative results, no experiments with lake pigmented 
layerss in paint cross sections were undertaken. 

5.6.5.6. Analysis of natural dyed fibres 

LDMSS analysis was also explored for the study of the surface of dyed wool 
fibress using a sample holder that allows targeting of the laser on the fibre. Two 
casess were investigated that involved dyeing with alizarin or with madder. Madder 
iss not one substance but a mixture of alizarin and hydroxylated and acidic 
derivativess of alizarin. 

Figuree 5.8 shows the LDI-TOF-MS spectrum of an ancient Peruvian red 
dyedd fibre provided by Dr. A Wallert (Amsterdam). A dominant peak is observed 
att m/z 241, which was assigned to the protonated molecule of alizarin. Sodiated or 
potassiatedd alizarin is not observed. There are quite a few other mass peaks in the 

100 0 200 0 300 0 400 0 500 0 600 0 m/z z 

Figuree 5.8 LDI-TOF-MS of a fibre from an ancient Peruvian civilization dyed 
withwith red organic colouring material of unknown origin. 
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spectrumm that are not easily assigned. The m/z 521 is assignable to 
[C28Hi20gA10H]H++ which implies that an aluminium containing mordant would 
havee been used. The main point of our result is that it seems feasible to analyse dye 
substancee directly from a single fibre. However, fibres from controlled dye 
experimentss are desirable for comparative studies. 

Intens. . 
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2000 0 

2000 300 400 500 600 700 800 m/z 

Figuree 5.9 LDI-TOF-MS of a fibre dyed with a madder lake. 

Figuree 5.9 shows the LDI-TOF-MS spectrum of a fibre dyed with madder 
usingg an Al/Sn mordant provided by Dr. A. Quye (Edinburgh). The spectrum is 
remarkablyy different from the Peruvian fibre shown above. The spectrum shows 
peakss series around the 300, 470-560 and near 738-800 mass range. The mass 
differencee between m/z 315 and 554 is 239 Da, while the difference between m/z 
5544 and 794 is 240 Da. These mass differences suggest that one or two alizarin 
moleculess are grafted to a parent structure of 315 Da. Unfortunately, none of the 
ionn structures proposed above for the alizarin experiments discussed earlier can be 
fittedd to this ion. A formula [CRHÖCVAI-OH] H+ can be fitted to m/z 315 but no 
feasiblee structure is evident. An ion at m/z 287, which is 28 Da lower in mass, 
suggestss that CO can be lost from the parent ion structure during analysis. 
Remarkably,, the high intensity ions at m/z 470, 498, 526 and 554 also have mass 
differencess of 28 Da and similarly the ions at m/z 738, 766 and 794. 

Thesee results demonstrate that although promising spectra can be obtained 
fromm dyed fibres, the interpretation of the ion distribution in the LDMS spectrum is 
nott at all straightforward. Further studies would require a closer inspection of the 
dyee compounds that actually bind to the fibre and a prior understanding of the 
naturee of the coordination complex with other methods before LDIMS from a 
specificc spot on the fibre is undertaken. 
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5.7.5.7. Conclusion 

Inn this chapter we have employed laser desorption mass spectrometry 
(LDMS)) for the analysis of anthraquinone compounds traditionally encountered in 
artists'' pigments and textile dyes. Alizarin, a main component in madder dyestuff 
wass successfully analysed with LDI and MALDI . Alizarin was also detected in a 
25-year-oldd alizarin/linseed oil paint paint-out. LDMS spectra of alizarin lakes are 
shownn to be far more complicated. The two lakes investigated show evidence for 
alizarinn aluminium complexes. In the case of a commercial calcium alizarin lake 
(PR83)) evidence for calcium bridged alizarin molecules could be deduced from the 
spectraa as well. Anthraquinone lake pigments in aged oil paint failed to produce 
anyy relevant ions. Experiments with dyed wool fibres produced evidence for 
alizarinn or complexes with alizarin showing the potential of the LDMS approach 
forr these systems. 

Althoughh laser desorption approach is able to produce relevant ions in a 
numberr of the cases that were explored, the ion identification process needs further 
attentionn for example by analysis of ion under high resolution conditions in order 
too prove elemental composition or by MS/MS analysis. 
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