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TECHNICAL REPORT: 127.05 
 
Subject: Analysis of paint samples from a portrait of Christopher Frederick  
Date:  May 2009 
 

 
 
INTRODUCTION 
Portrait of Christopher Frederick 
Oil on canvas: 114 (w) x 130 (h) cm 
The portrait of Christopher Frederick, Master to the Company of 
Barbers and Surgeons in both 1609 and 1616, shows Frederick in 
possession of books, standing beside a view towards a castle (see 
right). The pigments used for the portrait have been investigated 
using polarizing light microscopy and Raman spectroscopy in order 
to determine their compositions and to establish when the painting 
may have been executed; the layer structure of the portrait has also 
been examined in order to understand its construction. The 
following report presents a summary of the findings, whilst full 
details of the results and analytical techniques employed are given 
at the end of the report in Appendix I. 
 
 

RESULTS 
Microscopic samples of the main pigments used for the painting have been examined in order to 
determine their compositions (see Figure 1 & Table 1). The analysis shows that the palette consists 
of: basic lead carbonate (‘lead white’), dry-process vermilion, indigo, natural ultramarine 
(lazurite), red and yellow ochres, a pink lake, green earth, carbon-based black and lead tin yellow 
(type I). These pigments have been used either individually or mixed together in simple 
combinations to produce the variety of colours observed at the surface of the painting. For example, 
lead white1 was identified as the white material used for the sleeve’s cuff (site 1; see Figure A1, 
Appendix I); it has also been used mixed with dry-process vermilion2 to create the pink flesh tones 
of Frederick’s right hand (site 2). Indigo has also been used mixed with lead white for the light blue 
pages of the book positioned at the proper right side of the painting (site 4); in the same pigment 
mixture, a minor amount of lazurite3 was also identified. A mixture of red and yellow ochres 
together with a pink lake (the composition of which was not fully determined) was used to produce 
the orange pages of the book on the proper right side of the painting (site 5); red ochre was also used 
mixed with the pink lake and carbon-based black for the red of the background drapery (site 6). 

                                                           
1 Lead white is an umbrella term that encompasses a wide range of white lead-based paints but typically refers to the 

more common basic lead carbonate pigment, 2PbCO3.Pb(OH)2, which has been used almost routinely from antiquity 
until the present day – Eastaugh, N., Walsh, V., Chaplin, T.D. & Siddall, R. The Pigment Compendium – A Dictionary 
of Historical Pigments Elsevier Science (2004). 

2 Dry-process vermilion is a synthetic pigment produced since Roman times from the natural red mercury sulphide 
mineral, cinnabar – Eastaugh et al., ibid. The natural and dry-process forms are difficult to distinguish chemically but 
here the observed absence of material typically associated with natural cinnabar (such as calcite, quartz and haematite 
minerals) suggests that the red pigment used for the portrait is this synthetic form of vermilion. 

3 Lazurite is the natural blue material which occurs in the decorative stone lapis lazuli (in which calcite and pyrite 
minerals are also present). The blue material has been made synthetically on an industrial scale for use as the pigment 
‘ultramarine blue’ since c. 1828. The natural form of the pigment is distinguished from its synthetic counterpart by its 
larger grain size, broader grain size distribution, incomplete colouration across the particles and presence of associated 
minerals – Eastaugh et al., ibid. The use of the natural material here suggests that it is part of a deliberate mixture by 
the artist rather than part of any restoration work (all samples were taken away from possible areas of retouching). 
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Figure 1. Digital image of the portrait of Christopher Frederick, with analysis sites indicated. 

 
 
 

Table 1. Details of pigment samples analysed 

Sample 
# 

Colour Description Location (cm) 

1 White White pigment from the edge of the frill of the proper right 
sleeve, at the edge of a small surface crack. 

�  23.5 �  31.8 

2 Pink Pink pigment from the flesh tones of the proper right hand, 
from the index fingers adjacent to a small crack 

�  12.5 �  25.6 

3 Yellow Yellow pigment from the base of the book held in the proper 
right hand, from the edge beside a crack. 

�  17.5 �  28.2 

4 Blue Blue pigment from pages of the book at the proper right edge of 
the painting. 

�  0.6 �  53.6 

5 Orange Orange pigment from the pages of the book at the proper right 
side of the painting. 

�  0 �  61.5 

6 Red Dark red of the background drapery taken from the proper right 
edge of the painting, above the whiter folds of the fabric. 

�  0 �  39.2 

7 Green Brighter green pigment from the tree to the left of the figure 
from adjacent to a small crack (level with the sitter’s nose). 

�  14.5 �  35.8 

8 Yellow Brighter yellow pigment used for the ring on the proper left 
hand, just above the blue jewel and from adjacent to a crack. 

�  61.2 �  35.2 

9 Red Cross-section through the red drapery at the proper right edge 
of the painting, through the white folds. 

�  0 �  38.9 
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Lead white, dry-process vermilion, indigo, lazurite, red and yellow ochres, green earth4, pink lakes 
and carbon-based black pigments have been widely used as artists’ materials since ancient times and 
as such are of somewhat limited use in establishing a date for the painting. However, it is the 
identification of lead tin yellow (type I) that is of importance for this portrait: this pigment has been 
used for significant areas of the painting, for the cover of the book held in Frederick’s right hand 
and also for the ring on the little finger of his left hand (sites 3 & 8; Figure 2). Lead tin yellow (type 
I) is widely found on paintings throughout Europe from the second quarter of the fifteenth century 
until the first half of the eighteenth century; after the first half of the eighteenth century very few 
identifications of this pigment exist until its rediscovery in 19415. Thus there appears to be a distinct 
chronological gap of almost 200 years (c.1750-1941) when lead tin yellow (type I) is conspicuously 
absent from artists’ palettes. Hence when lead tin yellow (type I) is identified as an integral part of a 
painting, it indicates that the painting was executed during the period c.1425-1750 (or post-1941). 
Further, previous studies indicate that lead tin yellow (type I) is most commonly found on paintings 
dated to the 16th century and to the first half of the 17th century6; after this time, Naples yellow 
became the more widely used synthetic yellow pigment7, largely replacing lead tin yellow. Here, the 
extensive use of lead tin yellow (type I) pigment on the portrait of a man who died in 1623 suggests 
that the painting is more likely to have been executed during the first half of the 17th century. 
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Figure 2. Raman spectrum for lead tin yellow (type I) obtained from the yellow 

pigments used for the book and the ring in the portrait (with characteristic 
bands at 457, 291, 275, 194 and 129 cm-1).8 

 

                                                           
4 The green earth pigment identified here by polarizing light microscopy has been used mixed with yellow ochre to 

create the foliage in the background of the portrait (sample 7). 
5 ‘Lead tin yellow’ is a modern term which refers to two lead tin oxide compounds used as pigments; the ‘type I’ form 

has composition Pb2SnO4, whilst ‘type II’ also contains silicon in its structure (with chemical formula Pb[Sn1-xSix)O3] 
– Eastaugh et al. opp.cit. The rediscovery appears to have been made by R. Jacobi as published in “Uber den in der 
Malerei verwendenten gelben Farbstoff der alten Meister” Angewandte Chemie 54 (1941) 28-29. 

6 Kühn, H. “Lead-tin Yellow” in Artists’ Pigments. A Handbook of their History and Characteristics 2 Roy, A. (ed) 
National Gallery of Art, Washington and Oxford University Press, Oxford (1993), 83-112. 

7 Wainright, I.N.M., Taylor, J. & Harley, R. “Lead Antimonate Yellow” in Artists’ Pigments. A Handbook of their 
History and Characteristics 1 Feller, R.L. (ed) National Gallery of Art, Washington and Cambridge University Press, 
Cambridge (1986), 219-254. 

8 Bell, I.M, Clark, R.J.H., & Gibbs, P.J. “Raman Spectroscopic Library of Natural and Synthetic Pigments (pre-1850 
AD).” Spectrochimica Acta Part A 53 (1997) 2159-2179. 
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The structure of the portrait has been investigated by examining a cross-section through the paint 
layers at the edge of the painting, from the red background drapery (site 9, Figure 2). The cross-
section shows that the canvas was initially coated with a thick brown earth (ochre) ground layer, 
followed by a second thinner ground (imprimatura) layer of similar composition but lighter in 
colour (due to the addition of lead white) and with a finer grain size. Such a double ground structure 
is typical of 17th century northern European painting practices9 (although this layering method still 
continues to be used). Over the double ground, four layers of red ochre paint were applied in a 
sequence of alternating thin and dark layers and thick, lighter layers to which lead white was added 
(Figure 3); these layers were applied to build up the red drapery of the portrait’s background. Over 
the red paint layers, a comparatively thick layer of ‘lead white’ was added (layer 7, see Figure 3); 
this provides the white folds of the drapery visible at the painted surface. Over the lead white layer, 
the thin red glaze (established as composed of a mixture of red ochre, a pink lake and carbon-based 
black pigments – sample 6) is visible; further intercalculating layers of lead white and red glaze 
were then added to complete the appearance of the drapery. At the surface of the cross-section, a 
thin, colourless and reflective varnish layer is also evident (layer 11): 
 
 

 

 
Figure 3. Digital image of the cross-section through the red background drapery at the proper right 

edge of the painting (site 9). The section shows 11 layers including two brown ground layers 
at the base (layers 1 & 2), a sequence of light and dark red ochre paint layers (3-6), 
intercalculating white and red paint layers (7-10), and a varnish layer (layer 11) at the 
surface (see Appendix I, Table A2 for further details; image taken in reflected white light at 
x200 magnification). 

 
 
 
 
 
                                                           
9 See, for example, Dunkerton, J & Roy, A. National Gallery of Art Technical Bulletin 6 (1982) 19-25 and Hamsik, M. 

Technologia Artis 3 (1993) 103-107. 
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CONCLUSIONS 
The analysis shows that the palette used for the portrait of Christopher Frederick consists of: basic 
lead carbonate (‘lead white’), dry-process vermilion, indigo, natural ultramarine (lazurite), red and 
yellow ochres, a pink lake, green earth, carbon-based black and lead tin yellow (type I). Although 
the majority of these pigments have been used extensively on works of art since ancient times, the 
identification of lead tin yellow (type I) as the pigment used for the book held by Frederick and for 
the ring on his left hand, indicates that the painting could have been executed during the period 
1425-1750 or post-1941, the accepted chronological occurrences for this pigment. However, studies 
of the usual occurrence of lead tin yellow (type I) indicate that this pigment is most typically found 
on paintings of the 16th century and particularly on those of the first half of the 17th century. Thus 
given the sitter’s lifespan (d.1623), the portrait examined here is more likely to have been painted 
during the early 17th century (provided that the recent, post-1941, provenance of the painting is 
known). 
 
 
 
 
 
 
 
Dr. Tracey Chaplin 
Forensic Art History 
33 Cromwell Road 
Camberley 
Surrey GU15 4HY 
United Kingdom 
 
Telephone: 01276 684616 (business) 
Telephone: 07790 990498 (business mobile)
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Appendix I 
The following appendix provides details of the analytical methods used during the investigation, together with 
the full results obtained (sections i, ii & iii). 
 
i) Raman Spectroscopy 
Raman spectroscopy is an analytical technique which can be used to determine the compositions of a wide 
range of materials. It is a non-destructive, non-invasive technique which, put simply, measures the energy of 
light scattered by a sample. The process involves illuminating the sample with a monochromatic beam of light 
(that is, light of one wavelength only). The majority of the incident light, consisting of a stream of photons, is 
scattered by elastic collision with the molecules of the sample in which no change in energy is involved 
(Rayleigh scattering). However, a very small percentage of the incident photons (much less than 1%) are 
scattered inelastically. This is known as Raman scattering, after its reported discovery in 1928 by 
Chandrasekhara Raman10. The inelastic or Raman scattering occurs when the incident photons gain or lose a 
small amount of energy, e, by interaction with the sample. The technique of Raman spectroscopy measures the 
energy (E-e or E+e) of these inelastically scattered photons.  
 

Each material is composed of a unique set of atoms bound together in a characteristic way which distinguishes 
it from any other material. The atoms in a material vibrate about their equilibrium positions in a number of 
particular ways, at frequencies which are related to the mass of the constituent atoms and the geometry and 
strength of the bonds between them. Thus each material is characterized by a particular set of vibrational 
frequencies unique to that material. The change in energy of a photon scattered inelastically by the material 
corresponds to the energy of a vibration of the sample. Thus, by measuring the energy changes of a set of 
scattered photons, i.e. a Raman spectrum, we can determine the characteristic vibrational frequencies of the 
sample. The Raman spectrum is unique to each material, and can be treated as a ‘fingerprint’, thus allowing 
rapid characterisation. Raman scattering is a weak phenomenon which requires an intense light source to 
generate a readily detectable effect. For this reason a laser light source is used, although for the examination of 
artist’s materials, the laser power is kept strictly to a minimum, never exceeding 0.4 mW at the sample 
surface.  
 

The Raman spectroscopic system used for the present investigation is a Renishaw System 1000 Raman 
spectrometer, equipped with a helium-neon laser (red, wavelength 632.8 nm). The instrument is attached to a 
Leica microscope which focuses the laser light through an objective lens onto the sample supported on the 
microscope stage. The laser spot diameter at the sample surface was approximately 3 mm. The light scattered 
by the object (both Rayleigh and Raman) was collected back through the same microscope lens (180º 
backscattering geometry) and directed onto a holographic notch filter which removes the Rayleigh scattered 
light. The remaining (Raman) scattered light was then directed onto a thermoelectrically cooled CCD detector, 
operating at a temperature of –70 ºC. The information from the detector was converted into a Raman spectrum 
using GRAMNS32 software operating on a standard PC. The spectra were calibrated using a silicon wafer 
and bands are reported to with an uncertainty of ±1 cm-1 in Figure A1. The spectra obtained from the pigment 
samples were compared with those reported in published libraries of spectra obtained from reference 
materials.11,12,13  
 
 
 
 
 

                                                           
10 Raman, C.V. & Krishnan, K.S. “A new type of secondary radiation” Nature 121(3048) 1928, 501. 
11 Bell, I.M, Clark, R.J.H., & Gibbs, P.J. “Raman Spectroscopic Library of Natural and Synthetic Pigments (pre-1850 

AD).” Spectrochimica Acta Part A 53 (1997) 2159-2179. 
12 Burgio, L. & Clark, R.J.H. “Library of FT-Raman Spectra of Pigments, Minerals, Pigment Media and Varnishes, and 

Supplement to Existing Library of Raman Spectra of Pigments with Visible Excitation” Spectrochimica Acta Part A 
57 (2001) 1491-1521. 

13 De Faria, D.L.A., Silva, S.V. & De Oliveira, M.T. “Raman microspectrometry of some iron oxides and 
oxyhydroxides” Journal of Raman Spectroscopy 28 (1997) 873-878. 
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Figure A1. Raman spectra obtained for the pigments from the portrait showing a) basic lead carbonate 
(‘lead white’) from sample 1, white sleeve cuff, b) vermilion/cinnabar from Frederick’s right hand, c) 
indigo and d) lazurite from the blue pages of the book, e) a mixture of red iron oxide (bands below 600 
cm-1) and carbon-based black (bands at 1580 and 1325 cm-1) from the background red drapery, and f) lead 
tin yellow (type I) from the book held by Frederick and also from the ring on his left hand. 
 

 
 

a) b) 

c) d) 

e) f) 
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ii) Polarizing Light Microscopy 
In this technique, small samples are dispersed in a colourless mounting medium of known refractive index and 
examined using a polarizing light microscope. By observation of the optical properties of the sample (such as 
pleochroism, relief, interference colours etc) and by comparison with known materials, the sample can be 
identified. In the current study, the samples were dispersed in Cargille Meltmount of refractive index 1.662; 
the observed optical properties were compared with those obtained from known materials studied in the 
author’s experience and in the Pigmentum collection14. The samples analysed by this method were those for 
which the Raman analysis did not yield sufficient information regarding their composition or origin. 
 

Table A1. Results of PLM analysis of selected samples 

Sample 
# 

Main components Description 

Indigo Dark blue aggregates of very fine-grained material which appear isotropic 
under cross-polarized light (XPL). 

4 

Lazurite Deep blue anhedral (subangular) non-pleochroic particles with moderate 
relief and refractive index (RI) less than that of the mounting medium 
(1.662). The particles shows a strong red transmission and under XPL 
appear isotropic. 

Yellow/red ochre Sample contains a high proportion of euhedral prismatic (rod-like) yellow 
particles which have high relief and RI>1.662. The particles are 
anisotropic under XPL, appearing yellow with interference colours 
masked by the body colour. The particles also show straight extinction 
which allows them to be identified as the iron oxide goethite and 
distinguished from chrome yellow. 
Also present are deep red anhedral (subangular) particles of the red iron 
oxide haematite which have high relief, RI>1.662 and no pleochroism. 
Under XPL, the particles remain red to red-orange with interference 
colours masked by the body colour. 
Colourless particles of quartz and calcite are also present. 

5 

Pink lake Anhedral, low relief pink particles which are isotropic under XPL. 
6 Dry-process 

vermilion 
 
 
Quartz 

Deep red and weakly pleochroic particles which are anhedral (angular to 
subangular) in morphology . Particles have high relief and RI>1.662; 
under XPL, particles remain red-orange with interference colours masked 
by the body colour. 
Also present are colourless anhedral (subangular) particles which have 
moderate relief and RI<1.662. The particles show subconchoidal fracture 
and under XPL are anisotropic, exhibiting low first order interference 
colours.  
The sample also contains a pink lake and carbon-based black particles. 

7 Green earth The sample contains fine-grained aggregates of green fibrous particles 
which have moderate relief. Under XPL, the particles are anisotropic and 
exhibit low first order interference colours. Colourless material in the 
form of clay particles are also present.  

The green pigment is also mixed with low relief yellow grains which are 
likely to be yellow ochre or a yellow lake pigment. 

 
 
 
 

                                                           
14 Eastaugh, N.; Walsh, V.; Chaplin, T.D. & Siddall, R. The Pigment Compendium – Optical Properties of Historical 

Pigments Elsevier Science (2004). 
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iii) Cross-section analysis 
For the current investigation, cross-sectional analysis was used to determine the layer structure of the portrait in 
order to establish how the painting was constructed. This method of analysis allows the layer structure of any 
object to be examined. Typically small sample fragments are embedded in a block of synthetic resin. The excess 
resin is then ground away and the surface polished to reveal the layer structure of the sample. The resulting cross-
sections are then viewed under a microscope using reflected white light and ultraviolet (UV) light if required. In 
the current study, the sample was embedded in a polyester setting resin. Upon hardening of the resin, the samples 
were ground and polished using abrasive papers (400 to 12,000 grade MicroMesh) to reveal the layer structure. 
The samples were examined by reflected white light on a Brunel Instruments SP300-XP microscope which 
provided required magnifications of up to 400x. The appearance of the individual layers are illustrated in the 
main body of the report in Figure 3 and formally here in this section (see Table A2); it is not expected that the 
reader should engage with all details of Table A2 which is included here mainly as a record of observations 
made. 
 
Table A2: Results of cross-section analysis (sample 9) 

Layer 
# 

Appearance in reflected white light 

 

Thickness 
(mm) 

11 Thin and transparent surface finish layer (varnish) 0-20 
10 Thin and fine-grained red paint layer which is only present over part of the section, particularly 

over the areas of white highlights [layer 9]; in some places this red paint layer lies directly over 
red paint layer [8]. 

0-5 

9 Thin, fine-grained lead white layer which is incomplete across the section, present as a lense of 
white paint over the underlying red layer [8], added as a highlight at the paint surface. 

0-10 

8 Thin, red and fine-grained paint layer, established as composed of a mixture of red ochre, 
carbon-based black and pink lake pigment grains. 

0-8 

7 Thick lead white paint layer of variable thickness and uniform appearance across the section (the 
presence of lead was confirmed by the lead iodide microchemical test). 

0-50 

6 Thicker, fine-grained pale red paint layer with relatively even thickness across the section and 
smooth upper surface character. The layer also contains a limited number of white particles or 
aggregates of lead white (confirmed by the lead iodide microchemical test for lead). 

30 

5 Thin, dark red and fine-grained paint layer of variable thickness across the section; this layer has 
the same appearance as layer [3]. 

5-30 

4 Thicker, pale red and fine-grained paint layer of uneven thickness caused by variations in the 
surface of the underlying layer [3]. 

10-20 

3 Thin, dark red and fine-grained paint layer of uniform internal appearance but with variable 
thickness across the section.  

5-15 

2 Thinner and finer grained, brown composite layer with a similar bulk appearance to the 
underlying layer [1]. This layer contains a higher proportion of subrounded orange grains and 
has a more yellow appearance; the surface of the layer is slightly uneven. This is likely to be a 
finer-grained second ground layer with a similar composition to the first layer; the boundary 
between the two preparative layers is difficult to distinguish due to the similarities in 
composition and colour.  

40 

1 Thick, brown composite ground layer composed of anhedral (subangular to subrounded) yellow, 
red, orange, brown, black and white particles which have a broad grain size distribution, set in a 
finer grained brown-yellow matrix. This layer has the appearance of a natural earth material, 
such as an ochre. The layer also has several cracks which probably developed during sample 
preparation. 

>200 
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