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Chapterr 8 

Improvementss in surface preparation of paint 
cross-sectionss necessary for advanced imaging 
techniquess * 

AA new polishing procedure is presented for the preparation of paint cross-

sectionssections with enhanced surface quality. As a result, chemical surface analysis by 

FourierFourier Transform Infrared (FTIR) imaging spectroscopy and Laser Desorption 

IonIon Trap Mass Spectrometry (LDMS) is now possible. Surface quality is 

demonstrateddemonstrated by FTIR-imaging, Differential Interference Contrast (DIC) 

microscopymicroscopy and Interferometric Profiling. 

**  This chapter is based on the publication: Wyplosz, N., Koper, R., Van den Weerd, J., Heeren, R., 
Boon,, J.J. Improvements in surface preparation of paint cross-sections necessary for advanced 
imagingg technique Art et Chimie, La Couleur, Paris 16-18 September 1998, CNRS Editions. 
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ChapterChapter 8 

8.1.8.1. Introduction 

Inn the last decades, Fourier Transform Infrared Spectroscopy (FTIR) and 
Masss Spectrometry (MS) have found an important place in the scientific 
examinationn of works of art 5. These techniques only require minute amounts of 
samplee to perform analysis at the molecular level. They are well suited for the 
analysiss of microscopic samples removed from easel paintings and have found 
particularr use in the study of binding media and other organic materials. 

Typicall  samples removed from easel paintings have microscopic size and 
presentt a complex superimposition of layers, each composed of different materials 
mixedd together. Restoration treatments and degradation induced by the passing of 
timee may add further to the intricacy. It is desirable to understand complex 
phenomenaa such as the changes upon aging of the different organic compounds, 
thee interactions of the different materials within one layer or between adjacent 
layers,, or the side effect of restoration treatments. 

Onee of the major difficulties in the investigation by FTIR and MS is to 
relatee the molecular information about the various materials to their distribution 
withinn the sample. For MS the different layers of a sample are habitually dissected 
manuallyy and analyzed separately. Separation is often inaccurate or simply 
unachievable,, and no spatial resolution is available within the isolated paint 
fragments.. For FTIR, the structural information can be conserved by investigating 
sectionedd samples. Sectioning is a routine procedure common to other 
spectroscopicc and microscopic techniques and extensive collections of cross-
sectionss already exist in conservation laboratories. Samples are first embedded in a 
supportivee medium (usually a transparent synthetic resin) and sectioning is 
achievedd by polishing from one or two sides, or by microtoming. Cross-sections 
aree made to be observed in reflection and thin-sections in transmission 62. Higher 
qualityquality visual information is obtained with thin-sections but for practical reasons 
cross-sectioningg is often preferred: microtoming is problematical with brittle paint 
materialss and polishing from the both sides is admittedly demanding. 

Inn our laboratory, novel instrumentation is being developed for the rapid 
locall  chemical analysis of the surface composition of paint sections with a spatial 
resolutionn better than 10 jam. FTIR-imaging microscopy affords for the first time 
thee rapid visualization of the distribution of functional groups at the surface of 
paintt sections. A Laser Desorption Ion Trap Mass Spectrometer (LDMS) allows 
thee study of embedded paint sections by mass spectrometry. 

182 2 



SampleSample preparation of paint cross-sections 

Manyy samples obtained from conservation laboratories were proved to have 
aa thin layer of embedding material left on top of the sample section after polishing. 
Albeitt the presence of this thin film is unimportant in visual microscopy, it 
hamperss surface chemical analyses. A new surface preparation was developed in 
orderr to remove the embedding material from the surface of the paint sections and 
too ensure that the actual paint is being examined with a surface analytical 
technique. . 

8.2.8.2. FTIR-imaging and Laser Desorption Ion Trap Mass 
Spectrometry Spectrometry 

Thee novel FTIR-imaging spectrometer consists of a Michelson 
interferometerr equipped with a step-scan mirror, an FTIR-microscope and a 64x64 
pixelss Mercury-Cadmium-Telluride (MCT) infrared-camera (spectral range 4000-
9000 cm-1) l74. In the MCT infrared-camera each pixel is an independent detector. 
AA 400x400 urn surface area from a paint cross-section is imaged through the 
microscopee onto the camera providing a diffraction limited spatial resolution of 
approximatelyy 6 jxm for a pixel in the central wavelength region. One single 
measurementt with the MCT infrared-camera provides simultaneously 4096 FTIR-
spectraa at different positions resulting in high-resolution FTIR chemical images. 

MSS characterization of microscopic objects can be obtained by vaporizing 
materiall  with focused laser pulses (LDMS) " . An external ion source Quadrupole 
Ionn Trap Mass Spectrometer (ITMS) was built on this principle for the analysis of 
paintt cross-sections. Material is locally removed from the surface of a section with 
thee help of a laser (UV or IR). The accurate targeting of the laser is realized with 
thee help of a micro-positioning system and a visual microscope. The spatial 
resolutionn of the ablation is defined by the spot size of the laser beam (ca. 10 \xm). 
Ionisationn is either performed directly by the laser (laser desorption and ionisation) 
orr with the help of an electron beam (laser desorption and post electron ionisation). 
Thee injection of the ions generated externally to the ITMS is achieved by 
homebuiltt ion optics. ITMS affords the determination of ion structures by serial 
MSS analysis (MS") m. 

8.3.8.3. Evidence of smearing 

AA series of samples obtained from various conservation laboratories were 
analyzedd by FTIR-imaging. A visual microscopic image of the surface area viewed 
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byy the MCT-camera was collected on the same microscope with a CCD camera 

mountedd on the triocular. Areas of interest were selected on the optical image and 

thee corresponding IR-spectra were displayed (Figures 8.1 and 8.2). Unfortunately 

thee embedding resin strongly interfered almost everywhere at the surface of the 

sample.. The embedding material typically shows up at 1750 cm"1 through its 

carbonyll  group (C=0). 

Figuree 8.1 Optical microscopy (a) before and (b) after re-polishing (see Figure 

8.3.8.3. for FTIR-images) 

1.2 2 
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 P af ter po l i sh ing 

Figuree 8.2 Single pixel FTIR spectra in the [2000-1000cm'] range for pixel E 

(in(in grey) and pixel P (in black) before (thin line) and after (thick 

line)line) re-polishing (see Figure 8.1.). 

Falsee colour FTIR-images (seen here in black and white) displaying the 

relativee absorption intensities for each pixel at particular spectral bands revealed 

blurredd contrast (Figures 8.3.a and 8.3.c). This prevents totally the imaging of the 

differentt functional groups' distribution at the surface of the section. The bad 
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qualityy of the contrast could be either attributed to the masking of the surface 

sectionn by some embedding material or to an excessive corrugation of the surface. 

Ann image viewing absorption at 1750 cm"1 indicates the presence of embedding 

materiall  (through its C=0 group) covering the paint surface. 

Figuree 8.3 FTIR-imaging at 1750 cm' (a) before re-polishing and (b) after re-

polishing,polishing, at 1500 cm'1 (c) before re-polishing and (d) after re-

polishing,polishing, (see Figure 8.1. for optical images). 

Observationn by Differential Interference Contrast microscopy (DIC) 

disclosedd scattered smears of embedding material on top of the paint section. A 

DICC picture shows a typical cross-section as received from a conservation 

laboratoryy (Figure 8.4.a). A thin transparent film of embedding material is revealed 

byy the narrow tracks left on the surface during polishing by the abrasive. Standard 

microscopicc observation is not sufficient to make this film perceptible (e.g. in 

Figuree 8.1). 

Oftenn overlooked or considered as a negligible hindrance, smearing is 

sufficientt to substantially worsen the FTIR-imaging and LDMS analytic results 

(forr LDMS it hinders the laser desorption of the paint material). A surface 
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preparationn method was thus sought to remove the smears of embedding material. 
Fastt Ion Millin g (FIM) '76 or cryo-microtoming was tried, but the most convincing 
proceduree appears to be lapping with rolling alumina. 

Trackss indicative of the smearing 

Figuree 8.4 Differential Interference Contrast (DIC) microscopy (a) before, (b) 
afterafter re-polishing with rolling alumina. 

8.4.8.4. A new sample preparation 

Sampless are embedded in a cylindrical block of Technovit 2000 LC 
(Heraeuss Kulzer, Wehrheim). A cylinder was chosen simply because it fits well 
ourr sample holder. Technovit 2000 LC is a one component acrylic light curing 
resinn '77. It cures in ca. 30 minutes at a low temperature (<32°C), does not 
fluorescee or infiltrate the sample excessively, and is slightly toxic. The major 
drawbackk is the slight shrinking during curing. 

AA three-step procedure was devised to embed samples. A silicone mould 
(Elastosill  M-4500, Wacker, Munich) with three different types of cavities was 
manufacturedd (Figure 8.5) in order to cast different block of resins: (8.5.a) 3mm x 
08mmm cylinders, (8.5.b) halves of the same cylinder, and (8.5.c) truncated halves. 
AA block or resin is first prepared using the hole (8.5.c). The bottom side of the 
manufacturedd block is perfectly flat despite the shrinking of the resin (Figure 6a). 
Thee block is placed in the hole (8.5.b), flat side on the top; the paint sample is 
positionedd correctly on this side (Figure 8.6.b). Technovit 2000 LC is particularly 

186 6 



SampleSample preparation of paint cross-sections 

Figuree 8.5 Silicone mould 

Figuree 8.6 Technovit 2000 LC blocks 

Figuree 8.7 (A) Sample holder on the rotating wheel and (B) polishing wheel. 
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convenientt since it stays workable until it is placed under blue light (440 nm) 

wheree tiny amounts solidify within minutes. The sample can be first accurately 

positionedd in a droplet of resin which is cured and the block is subsequently 

completedd (Figure 8.6.c). The block (8.6.c) is then placed in the hole (8.5.a) and 

thee whole cylindrical block is eventually completed (Figure 8.6.d). 

Thee cylindrical block is fixed on a homebuilt sample holder (Figure 8.7. A). 

Thee sample holder enables to adjust the surface of the section precisely parallel to 

thee polishing wheel. The vertical position of the resin block can also be regulated 

inn order to apply a minimal and uniform pressure during polishing. The block is 

firstfirst sectioned by grinding the block on a series of fixed-abrasive papers. The grain 

sizee is lowered down to grit 1200 (grain size 14 urn). To ensure an omnidirectional 

cutting,, the sample holder is engaged in a three-branched pathway (Figure 8.7.B). 

Thee turning of the wheel induces a slow-rotational self-motion of the sample 

holderr in the pathway. After this rough preliminary polishing, the cross-section is 

re-polishedd on rolling alumina. A continuous stream of water droplets containing 

500 nm grain size alumina in suspension is deposited over a rotating thin cloth. For 

thee comparison, 4000-grit abrasive paper has a grain size of 5 um (Figure 8.8). The 

samplee holder is placed on the rolling alumina and checked under DIC at regular 

intervalss until complete removal of the smearing film is achieved (Figure 8.4.b). 

Alreadyy existing cross-sections of other forms (e.g. parallelepipedic) or 

Figuree 8.8 (a) Grinding with fixed abrasive on a cloth (grain size 5 /um), (b) 

LappingLapping with rolling abrasive in a lubricant: (50 nm rolling AI2O3 

inin water). 
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madee from other common types of resins were also successfully re-polished with 
rollingg alumina. 

8.5.8.5. Analyses after polishing 

Thee re-polishing significantly enhances optical microscopy's contrast 
(Figuree 8.1). On the FTIR-image at 1750 cm-1 (Figure 8.3.b) no interference of the 
embeddingg material is found in the region of the paint section and the outline of the 
sample/embeddingg material interface is sharp. The IR-spectrum of the pixel 
correspondingg to the point P reveals now the paint material. Interestingly the 
spectrumm of the pixel corresponding to the point E (embedding material) is also 
better.. This can be accredited to a decrease in corrugation of the sample after re-
polishingg (a smooth surface has a predominant specular reflection behaviour 
whereass a rough surface has a predominant diffuse reflection behaviour). At the 
pointt P, the presence of the functional group carbonate (CO3) is inferred from its 
characteristicc absorption band around 1500 cm-1. The distribution of carbonate at 
thee surface of the section is shown on the image (8.3.d). 

Atomicc Force Microscopy (AFM) l78, a technique capable of revealing 
surfacee corrugation down to the nanometric scale (the alumina grain size is 50 nm), 
wass tried to obtain information on the surface morphology of the paint section after 
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Figuree 8.9 Interferometric profdometry reveals the surface corrugation of a 
samplesample after polishing with rolling alumina. 
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polishing.. Unfortunately the scanning of the paint surface was inconclusive. 
Failingg of the AFM was ascribed to the inadequacy of our instrument (Nanoscope 
II ,, Digital Instruments) to analyze corrugation in excess of Sum. Interferometric 
profilometryy l79, a non-contact analytical surface technique was subsequently 
employed.. Figure 8.9 shows the surface of a sample after polishing with rolling 
alumina.. The microscopic amplitude of the surface corrugation could be attributed 
too the distinct abrasion rates of the different materials within each layer. 

8.6.8.6. Conclusion 

Thee surface condition of most samples we obtained from conservation 
laboratoriess was insufficient for correct FTIR-imaging and LDMS analyses 
becausee of the smearing of embedding material during polishing. A new polishing 
proceduree for embedding paint cross-sections using a homebuilt sample holder and 
lappingg with 50 nm grain size rolling alumina suspended in water was developed. 
Itt was proved suitable both for the preparation of new samples in Technovit 2000 
LCC and the re-polishing of already existing samples. Paint cross-sections prepared 
inn this manner were successfully analyzed by FTIR-imaging. Good surface 
chemicall  contrast can now be obtained in reflection mode by viewing functional 
groups'' distributions. Since the sample preparation also opens the way to spatially-
resolvedd LDMS of paint sections, dissection of sample will not be necessary 
anymoree in future MS analyses. 
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