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ABSTRACT 

Scientific examination of the painting entitled While Baby Sleeps was undertaken 

due to concerns raised during a conservation treatment in 1986 regarding its attribution to 

Canadian painter Paul Peel.  At this time, doubts were cast regarding the signature in the 

lower left corner, “PAUL PEEL/PARIS -1888,” since it was soluble in the solvent mixture 

used to remove the varnish layer, suggesting it had been placed on top of the varnish.  

Furthermore, paint texture with no relation to the present image was detected, as well as 

evidence that the lower right hand corner of the painting had been scraped down. 

For this thesis, cross-sections were excised from the P and U in PAUL.  The cross-

section from the letter P showed a more complex layered structure than that obtained from 

the U.  Additionally, the U cross-section showed clear evidence that it had been reinforced 

in the past, since the final paint layer appeared over the varnish layer. 

Non-contact analytical techniques such as x-ray radiography, UV-induced 

fluorescence, and infrared reflectography indicated the presence of a previous composition. 

Micro-destructive samples were obtained in the form of cross-sections and paint 

microsamples and were used to evaluate whether any paints contain elements indicative of 

materials not available during Peel’s lifetime.  None of the samples tested by SEM-EDS 

revealed any such incongruencies.  The findings do not shed definitive light on the 

attribution debate surrounding While Baby Sleeps.  Therefore, Peel cannot be excluded as 

the artist of this work, nor can his authorship be proved beyond the shadow of a doubt.  

The subject matter depicted in While Baby Sleeps is in keeping with Peel’s style, however 

very little information regarding its provenance before arriving at the Agnes Etherington 

Art Centre (AEAC) is known.  
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1.  INTRODUCTION 

 

1.1 WHILE BABY SLEEPS 

 On a sunny day, in the cool, shady interior of a cottage rests a mother, worn and 

tired, fast asleep while baby naps.  Abandoned by her feet on the stone floor is a bowl of 

potatoes, only partially peeled, and a discarded woven rattle.  Behind her, her infant sleeps 

serenely, its head propped on its tiny hand (Figure 1.1).   

 While Baby Sleeps, housed at the Agnes Etherington Art Centre (AEAC), depicts this 

interior domestic scene.  The painting prompts the creation of narratives for the viewer, 

who may see the mother’s red hands and her neck craned onto her shoulder, and wonder 

what may have lead her to fall asleep on this wooden chair.  Even while speaking to the 

viewer on many levels, this evocative painting has remained in the AEAC vault for thirty 

years due to concerns raised about its authenticity: is it or is it not a genuine work of Paul 

Peel? 

1.1.1 Curatorial Details 

 While Baby Sleeps, attributed to Paul Peel, is a painting owned by the AEAC.  The 

dimensions of the oil on canvas painting are 91.5 cm by 71.0 cm.   The accession number of 

this painting is 00-118.  In 1986 this painting underwent conservation assessment and 

treatment at the Queen’s University Art Conservation Program, MAC object number PA-38-

GP, discussed in greater detail in section 1.5.   
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Figure 1.1.  While Baby Sleeps, 1888, attributed to Paul Peel.  Oil on canvas, 91.5 x 71.0 cm.  
Accession number 00-118.   
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1.1.2 Mabel Segsworth Bequest 

While Baby Sleeps is in keeping with Peel’s style, however very little information 

regarding the painting’s provenance is known.  The work in question was bequeathed  

by Mabel E. Segsworth (née Dalton) in 1944 before the Agnes was founded (Segsworth 

3).  Mabel lived in Toronto with her husband, barrister Robert F. Segsworth, but she was a 

native of Kingston (“Social and Personal”).  The Dalton family has longstanding ties to 

Kingston, and its retail store, Dalton's Wholesale Hardware, remained in business until 

1986 (Davies A7).  Segsworth served on the Selection Committee of the Queen’s University 

Art Foundation, which existed in the early 1940s; it was through the Foundation that her 

collection was donated.  Unfortunately, the Queen’s Library Archives have limited 

information available about the Segsworth bequest. 

Provenance is a critical component in the attribution debate, and yet no information 

was found prior to the painting being bequeathed.  A further complication in tracking 

provenance that might be associated with this work, and which is known to be an issue 

with other Peel paintings, is that titles of his compositions vary as a result of translating 

inaccuracies or inconsistencies (from French to English).  Furthermore, reading newspaper 

articles about Mabel and her husband in the hopes of locating information on their art 

collection has not shed additional light on the history of While Baby Sleeps. 

1.2 PAUL PEEL BIOGRAPHY 

Paul Peel was a nineteenth-century Canadian artist who gained international renown 

for his idyllic domestic scenes of women and children and, to a lesser extent, landscape and 

genre scenes.  A native of London, Ontario, Paul Peel was born on November 7, 1860 to 

John Robert Peel and Amelia Margaret Hall (Poole 36).  John Robert Peel was a successful 
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stone-carver and drawing instructor and introduced Paul to art. Peel received his initial 

professional instruction at the hands of William Lees Judson of the Western School of Art 

and Design in London, Ontario.  In 1877 Paul Peel enrolled in the prestigious Pennsylvania 

Academy of Fine Arts and was a pupil of Thomas Eakins.  After completing his studies in 

Philadelphia in 1880, he returned to London, Ontario (Baker 23).  Though Peel was raised 

and received his preliminary art instruction in North America, he prospered as an artist 

only after relocating to Europe.  Paul Peel left for London, England in 1880, where he 

briefly studied at the Royal Academy of Arts before continuing on to Paris, the international 

hub of the art world in the nineteenth-century (Baker 25).  During the next five years in 

Paris, Peel studied under such eminent teachers as Jean-Léon Gérôme at the École des 

Beaux Arts and Jules Joseph Lefebvre and Jean-Joseph Benjamin-Constant at the Académie 

Julian (Baker 24-25).  As Peel’s artistic mentors belonged to the traditional French 

Academy, the majority of his paintings also reflect this classical attitude. 

During the summer of 1883, while in Pont-Aven, France, Peel met Danish-born 

miniaturist painter Isaure Fanchette Verdier (1855-c.1935) (Baker 40).  The couple were 

married three years later and had two children: Robert André (1886-1956) and Émile 

Marguerite (1888-1959) (43).  Peel had commonly used family members in his paintings, 

and this tendency only increased following his marriage and the birth of his children (37). 

After his success at the Salon in 1890, he returned to Canada to visit his dying 

mother.  At this time, he brought 60-621 works to Toronto and held an auction, where his 

works sold for a total of $2000 (Poole 44).  While scholars continue to debate whether the 

obtained amount was adequate compensation for Peel’s efforts, contemporaries thought 

                                                           
1 The number of works of art varies between references, but it was in the sixties. 
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that the paintings brought in less than their true value (”Canada’s Foremost”).  In 

November 1890, Peel left for Paris never to return to Canada.  He died two years later at 

the age of 31, on October 3, 1892, possibly from influenza (Wistow).  Despite having died 

young, Paul Peel was a Canadian artist whose artwork gained notice at home and 

distinction abroad during his prematurely shortened career.         

1.2.1 Mother and Child Composition 

Peel’s initial composition figure painting of a mother and child was The Spinner, 

executed in 1881; it served as a prototype for several later canvases, notably Cottage 

Interior and Mother Love (Baker 31).  The Spinner was a studio venture of Brittany subjects; 

it was more a creation than a genuine study of an experience.  Curator Victoria Baker 

observes that “Peel consciously poses his models in the studio with an eye to achieving a 

particular visual effect, dressing them in traditional Breton costumes surrounded by 

various objects, or props, related to the general theme” (31).  The composition was an 

idealized representation of French peasantry, reminiscent of a simpler life and a certain 

sentimental sweetness, concealing the social and economic inequalities of rural living (31-

32).  Propelled by his success with The Spinner, which sold in Montreal, Peel would 

frequently revisit the theme of mother and child.  

1.2.2 Paul Peel’s Signature 

Paul Peel signed the majority of his paintings with tall, upper case letters and the 

painting herein discussed, While Baby Sleeps, is no different.  The contested signature is 

located on the lower left side, written across the stone floor in brown paint.  This type of 

signature, however, is easy to replicate by forgers.  Peel signed some works in cursive (e.g. 
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Bubble Boy; Luxembourg Garden, Paris I & II), in which the idiosyncratic writing style of a 

painter in more easily discernible and thus testable and comparable to other existing 

samples.   

1.3 FRENCH ACADEMY 

The nascent French Academy of Art borrowed heavily from the guild system, the 

Italian academy and the School of Fountainebleau in establishing its formal structure. King 

Louis XIV and his principal adviser, Jean-Baptiste Colbert, are purported to have founded 

the Academy, formally entitled the Académie royale de peinture et de sculpture ("Academy 

of Painting and Sculpture"), in 1648 (Kleiner 575).   The founding of the Academy served to 

extend the king’s control in artistic activity and established the classical style in France 

(Kleiner 575).  Over the years, the Academy underwent quite a few reinventions and re-

namings, becoming the Institut de France after the Revolution and then reassuming its 

original name ‘Academy’ in 1816.   

Paul Peel became a student in the French Academy in 1882, during the Third 

Republic (1870-1940).  At this time, the Academy’s classical attitudes and ideologies were 

starting to be challenged, signaling an impending decline in Academic art.  Alternative 

Salons were emerging, among these the soon-to-be-famous Salon des Refusés, which 

celebrated self-styled outcast art previously deemed inadmissible for display (Boime 17).  

The starting place for many French artists, both classical and avant-garde, was the 

École des Beaux-Arts, attached to the French Academy, at which students learned drawing, 

copying, and finally painting.  Additionally, the instruction of pupils took place at the 

various ateliers of instructors who were affiliated with the school and Academy.  Even with 

the Academy’s loss of prestige and the antagonistic attitudes it encountered during this 
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time, it maintained control over the guidelines for art instruction (programme) and 

contests held at the École. Furthermore, the private ateliers of associated instructors were 

regulated by the Academy (Boime 23, 24).   

Pupils registered at the École had previous drawing experience, and the private 

ateliers offered a place to practise under the watchful eye of a master (chef d’atelier).  

Ateliers were run as art schools with different masters in charge, offering elementary 

drawing instruction supplementary to that provided by the École (Boime 19, 23).  Both 

atelier and École practices were influenced by the Academy and were oriented around a 

series of competitions culminating with the Prix-de-Rome (Boime 19, 22).  As enrolment in 

a private atelier was a prerequisite to École admission, Paul Peel undertook his initial 

studies at the atelier of Jean-Léon Gérôme and later on became the student of Benjamin-

Constant at the Académie Julian (Boime 23; Baker 33, 44). 

Instruction at private ateliers was organized into the four main categories of 

“elementary drawing lessons, drawing and painting after [a] live model, compositional 

study in the form of sketches and copying” (Boime 24).  Student artists submitted samples 

of their work and were ranked within the atelier by the master.  Initially, the pupil focused 

the majority of his time on drawing.  Having mastered drawing, the pupil was then assigned 

plaster casts to draw (27).  During the drawing of plaster casts, emphasis was placed on 

demi-teintes, that is, on the transition from light to dark through half-tones, which results in 

a gradation of tonal values (28).  Upon mastery of cast drawing and demi-teintes, the artist 

was given permission to study a live model (30).  Moving onto live model drawings offered 

the pupil an elevation in social standing at the atelier (30).  In addition to figure drawings, 

the most gifted students were “assigned compositional problems” and were required to 
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render copies at the Louvre (34).  Only after demonstrating a thorough grasp of the 

Academic style was the pupil taught to paint (36).  Instruction by masters at ateliers and 

the École was accomplished by correcting pupils’ work (33), and, as the occasion required, 

by masters demonstrating their painting techniques before their students (37).  Upon 

successful completion of the above stages, the student artist’s training culminated in a final 

project in the form of an original composition, with sketches and copies comprising the 

preparatory phase (127).  This original composition (concours de composition) was added 

to the Academic curriculum in 1816 and was part of the École program at the time of Paul 

Peel’s education. 

1.3.1 Academy’s Stance on Copying 

 It should be reiterated that copying played an integral part in an artist’s training and 

was fundamental to the Academy.  “This painstaking reproduction of a painting was 

therefore admirably suited to the instruction of the nineteenth-century Academy, and its 

practice represented the core of its curriculum” (Boime 123).  Pupils were advised to visit 

the Louvre and make quick drawings (croquis) or oil sketches of its great works into their 

sketchbooks (Boime 42).  The Academy saw copying as a means of studying old masters’ 

compositions and technical procedures; it also stressed that copying developed the artist’s 

imagination and allowed for the accrual of compositional ideas (42).  Indeed  

 the Academy believed that only an exact copy [had] a ‘practical importance for the 

 artist’s education’.  It concluded that the most perfect copy ‘would be an identical 

 reproduction of the original,’ and it rejected the interpretive copy as a 

 ‘commonplace industry’. (Boime 43) 
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Additionally, the copy provided a means by which starting artists could support themselves 

and showcase their work (Boime 43). 

1.4 PARIS SALONS 

Salons are organized official art exhibitions, which from 1667 to 1789 were 

sponsored by the French monarchy to support members of the Académie royale de peinture 

et de sculpture.  In 1795, the École des Beaux-Arts replaced the Académie royale, and the 

Salon was subsequently opened to every artist (Boime 7).  Sponsorship of the Salon was 

then succeeded by various governmental bodies until 1880.  In 1830, during the July 

Monarchy, King Louis-Phillipe grew alarmed by the degree of control the Academy 

exercised over the Salon and deemed it an abuse of power (Boime 12).  As a result, the 

bourgeoisie were allowed to visit and examine the paintings at the Salon beginning in 1831, 

and thus public opinion began influencing policies concerning the arts (14).  In 1879, a 

petition accusing the Academy of flagrant bias at the Salon was signed by a group of Third 

Republic juste milieu2 artists asking to have the Salon restructured (Boime 17).  Unlike the 

Impressionist artists who exhibited independently, juste milieu artists claimed patronage 

from the state, and the Salon was the only place they could showcase their work. Therefore, 

starting in 1881, the administration acknowledged the complaints of artists and allowed 

the Salon to be entirely managed by them (17).  The annual exhibition was thereafter taken 

over by the Société des Artistes Français (SAF) until 1914.   It must be acknowledged that 

even though changes occurred within the Salon the official support for the Academic style 

was permanently entrenched (18).  

                                                           
2    The Third Republic juste milieu artists’ technique was a hybrid of independent and Academic styles.  
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As with previous Salons, there were illustrated catalogues commissioned by SAF 

accompanying the exhibitions.  The official Salon was known as the Salon des Champs-

Élysées.  In 1890, the Société Nationale des Beaux-Arts established it own Salon; it was 

known as the Salon de Champs-de-Mars and was held two weeks after the official Salon 

(Boime 14-18). 

1.4.1 Peel at the Paris Salon 

 During his years in France, Paul Peel’s career advanced rapidly.  His work was 

regularly included in annual exhibitions or salons organized by the Société des Artistes 

Français starting in 1883.  In 1889 Peel received an honourable mention for his painting 

The Modest Model, owned by the Museum London in London, Ontario.   The most famous of 

his works, After the Bath, which is part of the permanent collection at the Art Gallery of 

Ontario, was awarded a third-class medal at the 1890 annual Paris Salon (Wistow).   

1.5   ART CONSERVATION TREATMENT REPORT 

In 1986 While Baby Sleeps was examined and treated at the Queen’s Art 

Conservation Program.  The painting had suffered water damage, with visible cleavage and 

tenting of the ground layer along its bottom edge.  Additionally, paint losses due to canvas 

shrinkage were observed, and the natural resin varnish layer had turned yellow resulting 

in a diminished viewing experience (Pocobene 3).  At this time, it was also observed with 

UV-fluorescence that previous restoration work had been done on While Baby Sleeps.  It 

had been heavily overpainted to cover drying cracks and other inconsistencies in the 

painting, such as the “bottom right hand corner and to a lesser degree in the small puncture 

at b13/l15 [area]” (Pocobene 3).  
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During the conservation treatment in 1986 by student Gianfranco Pocobene, the 

signature in the lower left corner, “PAUL PEEL/PARIS -1888,” was found to be soluble in 

the solvent mixture used to remove the varnish layer, suggesting the signature had been 

placed on top of the varnish.  Additionally, in the lower right-hand corner, scratch marks 

were observed revealing remnants of what Pocobene suggests may be another signature.   

Paint texture with no relation to the present image was detected in the centre and 

background areas of the painting.  Pocobene further observed that “[t]he second coat of 

priming does not extend to the edge of the painting where the original is still visible” (2).   

An off-white ground layer was found in the drying cracks of the textured areas (Pocobene 

3).  Taken as a whole, the findings outlined above led to concerns regarding the attribution 

of While Baby Sleeps. 

1.6 AUTHENTICITY AND ATTRIBUTION DEBATE 

 When discussions on authenticity arise, certain scholars speak on the subject 

without defining the term, or else use the words ‘authentic’ and ‘authenticity’ in their very 

definitions.  Such casual use of these terms poses problems in academic literature and 

beyond, as their meanings can differ across fields of study and cultures.3  Direct definitions 

are lacking, even in the most serious and rigorous of scholarly texts.  One notable 

exception, however, is cultural theorist Walter Benjamin’s seminal essay “The Work of Art 

in the Age of its Technological Reproduction.”   In this essay Benjamin asserts that “[t]he 

authenticity of a thing is the quintessence of all that is transmissible in it from its origin on, 

ranging from its physical duration to the historical testimony relating to it.” (62)  Indeed  

                                                           
3 In particular, “in some languages of the world, there is no word to express precisely the concept of 
authenticity” (Nara Document on Authenticity UNESCO Convention 1994 qtd. in Brooks 7).   
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 [i]n even the most perfect reproductions, one thing is lacking: the here and now of 

 the work of art – its unique existence in a particular place.  It is this unique existence 

 – and nothing else – that bears the mark of the history to which the work has been 

 subject.  This history includes changes to the physical structure of the work over 

 time, together with any changes in ownership.  Traces of the former can be detected 

 only by chemical or physical analyses . . . ,while changes in ownership are part of a 

 tradition which can be traced only from the standpoint of the original in its present 

 location. (Benjamin 61) 

Therefore, for Benjamin, an object’s authenticity is synonymous with its uniqueness or 

aura, which “is identical to its embeddedness in the context of tradition,” and with an 

understanding of tradition as being “thoroughly alive and extremely changeable” (63). 

 Others embrace Benjamin’s concept of an authentic object embedded in an evolving 

tradition, not always with due credit given, and put forward similar definitions: 

 A work of art is truthful or reliable – and this is what we call ‘authentic’ – if, through 

 its form and material, it transmits to its viewer the intention of the artist in its 

 intellectual and historical context.  To put it another way: from looking at a physical 

 work of art it should be possible for the informed viewer to see the concept, 

 intellectual origin and the historical and social context in which the work was made.

 (Scheidemann 6) 

Furthermore, authenticity in art is often predicated on attribution which commences with 

 empirical observations about the materials, techniques, condition and  configuration 

 of an artwork, to establish a date . . . [B]y means of such observations in conjunction 

 with available documentation, the art expert, researcher or connoisseur aims to 
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 attribute works of art to specific periods and regions of production, and to suggest 

 an artist, designer or maker. (Hackforth-Jones and Aldrich 8) 

Within the conservation discipline, however, “[a] certain orthodoxy” prevails in which it 

has “by and large identified the authentic ‘state’ of the object with its original material 

constitution, linking its continued authenticity to the integrity of the physical fabric over 

time” (Hermens and Fiske ix).  Thus, in the context of conservation, there exists amongst 

certain academics, as well as informed laymen, the notion that “the authentic historical 

object has withdrawn from us.  What we see is an object willed into renewed life by loving 

restorers” (Glover). 

Given the above, it is clear that the word authenticity is a nuanced term, applicable 

to both the material as well as the conceptual authenticity of an object.  The scope of this 

research, however, does not extend to the conceptual authenticity of While Baby Sleeps and 

engages only its material aspect.   

As a starting point, it should be noted that establishing an artwork’s material 

authenticity is a multi-part process that involves: 

(1) determining the degree to which the artwork has been conserved or restored     

 and what percentage of the original work remains accessible; 

(2) obtaining the backing of a recognized expert, who has extensive knowledge in 

 the areas of interest (e.g. pigment manufacture history, the corpus of Rembrandt, 

 etc);  

(3) performing technical and scientific analyses on the work in question; 

(4) tracing its provenance;  
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(5) obtaining, if possible, relevant contextual evidence (e.g. sitter posing for the 

 portrait or when it was popular to own this object, etc.) (Hackforth-Jones and 

 Aldrich 8, 10). 

At this time, determining the material authenticity of an art object is acknowledged to be an 

interdisciplinary process, which requires the participation of an art historian to provide 

connoisseurship and a scientist or art conservator to assist in scientific analysis and 

interpretation of results (Bellingham 24; Wesley 40, 43).  

Nevertheless, interest in authenticity is not limited to the scientific or academic 

community, as shown by the success of the National Gallery of London’s 2010 exhibition 

“Close Examinations: Fakes, Mistakes and Discoveries,” which addressed problems of 

attribution and provenance of selected works in their collection.  The desire of galleries and 

museums to obtain and own the ‘real thing’ is due in part to the pressures placed on them 

by the public who expects absolute transparency surrounding the artworks (Bellingham 

26).  For this reason, it is understandable that the AEAC wants questions surrounding While 

Baby Sleeps’ attribution addressed.  

1.6.1 Originals 

 A unique artwork made by the artist, through his or her own unique interpretation 

and execution, is considered an original.  This definition is based on present day 

preoccupations with the autonomy of the artist and his or her product.   In particular, 

Plender and Saltmarsh note that a “‘prime version’ is a standard art historical term used to 

describe a work of art that is considered to be the first known version among a number of 

versions produced in the same medium” (140). 
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1.6.2 Copies and Reproductions 

 The reproduction’s purpose is also of importance if more ambiguous: is its intent to 

record, teach or deceive?  Copies of a successful painting or reproductions4 of a popular or 

desirable theme previously executed by the artist are still considered authentic by some, 

although not original.  Additionally, copying has always been a fundamental means of 

training students and remains so even today.  In sixteenth- and seventeenth-century 

European workshops, apprentices were made to copy works by their masters as a way of 

learning and with the purpose of having a uniform stylistic output for the workshop 

(Wesley 41).  In general, workshop productions were sold as works executed by the 

master.  This form of teaching and producing art was also implemented by the French 

Academy and its associated ateliers, as noted previously in section 1.3.1.  Moreover, in 

many cultures, copying is a means of preserving the traditional forms and skills of the past, 

especially as it pertains to religious and ritual items (Craddock 9).  It is not until we see the 

artist as an individual creative genius that there is an impetus to authenticate artworks and 

attribute a unique creator.   

 As a result of this change of perception, “[c]opies shifted from being seen as 

respectable reproductions of unobtainable paintings to becoming viewed as inferior 

substitutes” (Bucklow 252).  Furthermore, Benjamin suggests reproductions adversely 

affect perceptions of the original created object, “[s]ince [its] historical testimony is 

founded on [its] physical duration,” and, ultimately, calls into question “the authority of the 

object” (62).    

                                                           
4 Bellingham does stress though that reproductions “are currently considered of fractional value, both in the 
cultural context of the museum, as well as the sales room” (36). 
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1.6.2.1 Peel’s Reproductions 

It was not uncommon for Peel himself to revisit certain themes which garnered him 

previous success.  Indeed “one finds variant compositions and replicas of his many famous 

works.  Some he considered to be studies or trial compositions, while others were most 

likely painted to capitalize on the success of their precursors – or even for the artist 

himself” (Baker 52). 

Evidence of copies of Peel’s works exists, especially with respect to his Paris Salon 

bronze medal winning painting After the Bath.  There are at least four copies of this 

particular work owned by Canadian institutions and private collectors.  Three of these 

were executed by the artist himself and one was made by his contemporary, John Powell 

Hunt (1856-1938).  J. P. Hunt was a known copyist, and in the 1920s he produced a 

duplicate copy of Peel’s After the Bath for Henry Pocock, a London, Ontario businessman, 

who had at one point owned the original painting before selling it to R. S. McLaughlin 

(Poole 47).  This tendency to produce copies, both by the artist himself and his 

contemporaries, introduces some hesitation for potential purchasers of Peel’s works, who 

might be inadvertently buying copies instead of originals (Poole 47).   

1.6.3 Fakes and Forgeries 

The production of forgeries is not a modern phenomenon.  Forgeries are by-

products of societal demands (Jones 14). Copies and fakes have existed since antiquity, as 

evinced by the strong desire of Roman citizenry for Greek sculpture.  So well executed were 

some of these copies, that there exists some difficulty in discerning the ‘originals’ (Fleming 

6).  Today, brand-name goods, such as Louis Vuitton handbags and luggage, are the subjects 

of mass counterfeiting (Jones 13).   
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 Misleading imitations can be classified into four categories:   

(1) forgeries: replications of works of art made intentionally to mislead the          

viewer, purporting to be the work of a master, when in fact it is an imitation;  

(2) fakes: works that have been altered to give the impression of value and age; 

(3) pastiche: a composition of unrelated pieces to make up an authentic whole; 

(4) deceptive restorations:  genuine objects that have been deceivingly restored,  

        whereby extensive damage is hidden intentionally. (Craddock 11)  

Nowadays, the degree to which conservation is carried out on an object is a very 

contentious topic of discourse.   

Forgeries are most oftentimes exposed when forgers come forward and reveal 

themselves to prove the works in question are theirs.   An example of this is Henricus 

Antonius ‘Han’ van Meegeren, who on May 29th, 1945 was arrested and accused of selling 

Dutch national treasures to Nazi Germany, in particular to Hermann Göring (Fleming 43).  

Works whose attribution and authenticity are questioned may be unveiled as fakes and 

forgeries through scientific and technical examination, however even scientific data can be 

misinterpreted.  Mistakes in data collection are known to occur, resulting in erroneous 

conclusions.  Certainly 

[t]he major hindrance to scientific analysis lies in the interpretation of the 

quantitative results produced by the procedures.  Simple mistakes in calibration or 

of sampling can lead to the invalidation of test results . . . [M]istakes can lead to an 

attribution based on flawed science, in much the same way that misinterpretation of 

documents, diaries and archives leads to issues of faulty connoisseurship. (Wesley 

43) 
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Additionally, there are some artworks for which analysis will not provide any 

information to aid in attribution or answer questions surrounding authenticity.  Current 

analytical methods commonly used are insensitive in detecting light elements, such as 

aluminum in bronze and boron in glass, which would establish these works as modern 

forgeries (Craddock 45).  Some fakes will be discovered by scientific and technical analysis, 

however others may be revealed by future techniques or else escape detection, remaining 

part of a collection to distort our perception of the past.  

Therefore, it would be disingenuous to give the impression that technical and 

scientific analyses and scholarly knowledge will resolve all questions surrounding 

authenticity and attribution.  In some cases, demonstrating with certainty the authenticity 

of an artwork is not feasible.   Even if the work of art is attributable to the supposed artist, 

the history of the object itself has a “physical existence[,] . . . an evolving history of 

alteration” (Stoner 13). 

1.6.4 Detection of Fraudulent Paintings   

 As with other artistic objects of interest, the detection of fraudulent paintings is a 

prime concern.  A wide variety of scientific and technical analyses exist today which may be 

implemented to root out possible fakes.  In addition to the use of non-invasive techniques, 

microsampling allows for the scientific examination of a painting’s material components, 

such as pigments and ground layer, in an attempt to ascertain authenticity.  Initially, the 

scientist will examine whether the pigments used in the painting were available to the 

attributed or supposed artist.  Such an examination is pertinent given that “[e]ach colour 

has a well-documented history which, in broad terms, reflects the progressive replacement 

of pigments derived from natural sources by man-made materials” (Fleming 27).   If, 
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however, the paints used were available during the artist’s lifetime, then materials analysis 

corroborates but does not prove the supposition that the given artwork was conceivably 

executed by the artist (Townsend and Boon 365). Therefore, knowing during which time 

periods certain pigments were introduced or were discontinued or replaced aids in the 

identification of pigment anachronisms when questions surrounding a painting’s 

attribution arise (Craddock 272; Fleming 27).  Unfortunately, skilled forgers are likely to 

have adequate knowledge of pigment history, necessitating scientific tests for differences 

in trace impurities (subtle distinctions) to provide an alternate means of identifying 

modern versus time-appropriate materials (Fleming 35).   For example, 

 [a] sensitive indicator, the 206Pb/204Pb ratio shows little variation in lead whites 

 used in European paintings before 1800, independent of whether they came from 

 Italy, Germany, or Holland.  But early in the nineteenth century, as new trade links 

 with Canada, Australia, and the Unites States grew, new ore sources were exploited 

 and a much wider isotope ratio scatter emerges . . . [A]s an authenticity tool [the 

 ratio’s] potential is obvious.  Any ‘Old Master’ with a ratio less than 18.0 or more 

 than 19.0 can be labelled a fake, and this information can be gained using samples of 

 less than a microgram, thus causing a painting no significant damage. (Fleming 42) 

Other isotopes of lead, and ultimately other elements, have also proved useful in 

determining forgeries, as in the case of van Meegeren’s ‘Vermeer’ painting of Christ and His 

Disciples at Emmaus (Fleming 42). 

1.6.4.1 Forgeries of Peel 

As early as 1923, an article in the Toronto Telegram states that “imitations and 

forgeries” of Peel’s work are known to exist (“Canada’s Foremost”).  In 1936, the Toronto 
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Telegram reported the discovery of an After the Bath replica, found in Paris, by agents of 

the Mellors Fine Arts Galleries on Yonge Street (”Peel Twice Painted”).  Sir Wyly Grier, then 

President of the Royal Canadian Academy, certified that this was a reproduction made by 

Peel himself.  Similarly, George A. Reid and Curtis Williamson, fellow artists that Peel 

encountered and befriended while in Paris, were convinced of its attribution to Peel (”Grier 

Repeats”).  Peel’s daughter Marguerite, on the other hand, contested the validity of this 

painting.  She did, however, acknowledge the existence of two preliminary versions of After 

the Bath, both of which were in the possession of the family (“Paul Peel’s Daughter”).   

Despite the “emphatic repudiation by Peel’s daughter, Marguerite, the new After the Bath 

soon found a buyer.  It then quickly dropped from public view, and can no longer be traced” 

(Martin 75).   

In a 1997 article from the Globe and Mail, controversy surrounding the attribution 

of two more paintings to Paul Peel was highlighted.  During cleaning of the painting entitled 

Children in a Garden, its authenticity was called into question by Janice Passafiume of JANA 

Restoration.  The couple who purchased the painting from Waddington’s Auctioneers and 

Appraisers in Toronto learned that certain parts of the signature were removed during 

cleaning.  Subsequently, x-ray radiographs of the painting were obtained and it was noted 

that “the [x]-ray didn’t show the girls, which means they were not there in the initial stage 

of painting” (Kelly D1).   The conservators instead observed iris leaves.   Additionally, there 

were stylistic differences that the conservators noticed between the way the girls were 

painted and the background.  Waddington maintains that the “basis” of the painting is by 

Paul Peel and has offered to compensate the couple by paying to have the figures of the 

girls removed (Kelly D1).   
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The second painting called into question is a smaller version of Before the Bath, sold 

by Sotheby’s to an anonymous private collector from Toronto.  The Before the Bath from 

the Sotheby’s auction was in poor condition and limited information on its previous owner 

was available other than that he was English and purchased the painting in France.  A 

Sotheby’s spokesperson was quoted in the paper as feeling “confident that Before the Bath 

is not a fake.  If it were a fake Sotheby’s would not be selling it.  That’s our position to 

selling fake paintings” (Kelly D2).  Sotheby’s also approached curators, asking them to 

authenticate the painting.  Sotheby’s maintained that the painting was in possession of a 

single family after sale by the artist; later, it more concretely identified the owner as the 

wife of Lucien Robert (D2).  Despite the many controversies and rumours surrounding 

illegitimate copies, that is forgeries, of Peel’s works, these did not materially hurt the sales 

of his oeuvres.   

Though Paul Peel’s professional career lasted for only 12 years, he produced an 

impressive body of work during this time.  Baker notes that two factors contribute to his 

popularity, the first is that he died young and the second is that his death happened during 

an “apparent peak of production [which] leads to all forms of speculation” (59).  His 

reputation experienced both highs and lows following his death, but, in comparison to 

artists of his generation, he was and continues to be well recognized at home in Canada and 

abroad.   

1.7 NON-CONTACT ANALYSIS 

Paintings are initially examined using non-contact analytical techniques. Among 

these, as discussed in this thesis, are: 

(1) x-ray radiography; 
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(2) UV-induced visible fluorescence (UVF); 

(3) ultra-high resolution visible macrophotography; 

(4) ultra-high resolution infrared macrophotography (IRP); 

(5) transmitted infrared photography;  

(6) infrared reflectography (IRR); and 

(7) x-ray fluorescence spectroscopy (XRF).   

Imaging techniques using radiation from several regions of the electromagnetic spectrum 

allows for paintings to be examined, revealing information not readily available to the 

naked eye, as shown in Figures 1.2 and 1.3.  

1.7.1 X-ray Radiography 

 One of the most widely used non-sampling techniques is x-ray radiography.  X-rays 

have short wavelengths (0.01-10 nm) and high energies (100 eV-100 keV), and undergo 

absorption as they pass through a medium, such as a painting.   The extent to which x-rays 

are absorbed depends on the mass absorption coefficient, which is a function of an 

element’s atomic number (Z) and the x-ray wavelength.   Formation of radiographic images 

is dependent on the distribution of low and high Z number elements in the composition.  

Heavy elements (high Z number), like lead, absorb x-rays. Meanwhile, lighter elements (low 

Z number) allow x-rays to pass through largely unhindered.    Therefore, light elements 

appear dark and heavy elements appear white in the x-ray radiographic film.  Additionally, 

the images formed are also influenced by thickness and concentration of materials (e.g. 

dense objects, such as nails).    X-ray images can unveil compositional changes 

(pentimenti), damages, additions, composite canvases or panels, and even woodgrain 

patterns (Wainwright 83; Asperen de Boer 12-14; MacBeth 300-303).   
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Figure 1.2.  The electromagnetic spectrum (Edwards).  
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Figure 1.3.  Schematic of the penetration depths through a cross-section of a painted 
canvas, for each of the types of electromagnetic radiation used in this thesis.   
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1.7.2. Ultraviolet-Induced Visible Fluorescence 

Invisible to the human eye, ultraviolet light is radiation below the short wavelength 

end of the visible range (<400 nm).  Near-ultraviolet light is used to irradiate the painting, 

and the emitted light is visible.  The object’s surface materials undergo excitation with UV 

light followed by fluorescence emission.  Some pigments and dyes used in paintings emit a 

characteristic colour, however, this original fluorescence is obscured by later varnish layers 

(Wainwright 82; MacBeth 294-296).   

Ultraviolet-induced fluorescence (UVF) images of paintings provide information on 

discontinuities, for example in-painting, damage, partially cleaned areas, and whether a 

varnish was applied recently or has aged.  This capacity is due to differences in 

fluorescence between the original painting and more recent modifications (van Asperen 

de Boer 8; Wainwright 82).  As a result, UVF images are viewed prior to determining 

sampling locations for a painting, since they identify areas of in-painting to be avoided. 

1.7.3 Visible Light  

Wavelengths between 400 and 700 nm comprise the visible light range in the 

electromagnetic spectrum.  Visible light photography is used to document the appearance 

of the painting under ordinary viewing conditions. Ultra-high resolution visible 

photomacrography allows for the magnification of details, such as an artist’s brushstrokes 

and cracking patterns in the painting (Frey et al. 113, 128).   
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1.7.4 Infrared Radiation 

Infrared (IR) radiation is longer than 700 nm, corresponding to red light in the 

electromagnetic spectrum.  IR wavelengths range between 700-3,000 nm and possess 

energies ranging from 0.414-1.77 eV. 

1.7.4.1 Infrared Photography 

In Infrared Photography (IRP), the painting is illuminated with a tungsten lamp and 

the reflected radiation is detected by a charge-coupled device (CCD), which transforms the 

radiation into a visible image.  CCD cameras’ sensitivities range between 700-1,000 nm, 

referred to as the near IR (NIR) region.  IRP provides information on the condition of the 

artwork, the presence of retouching, and inscriptions. IRP also aids in the identification of 

carbon-containing paints and sketching materials (like carbon black, charcoal and 

graphite) used in paintings and their underdrawings (“Infrared Reflectography”;  

Wainwright 81).  IRP does not confirm the existence of underdrawings executed in media 

without carbon, such as white and red chalk or iron gall ink.  Thus the technique cannot be 

used to prove the absence of an underdrawing, merely to confirm that should an 

underdrawing exist, it has been rendered with carbon-containing materials. 

1.7.4.2 Transmitted Infrared Photography 

With transmitted illumination techniques, a painting is lit from behind and 

photographed from the front.  Infrared radiation that is able to penetrate the object is 

documented.  Transmitted Infrared photography images use the 700-1,000 nm range.  The 

transmitted IR photographs reveal inscriptions, watermarks, small losses, tears, variable 

thicknesses in the painting and obscured underdrawings.  Transmitted IR is often used 
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when x-ray radiographic examination is compromised or else to confirm findings from x-

ray radiographs; it is also highly effective at revealing an artist’s compositional changes, 

such as preliminary paintings under surface paintings (Frey et al. 140; MacBeth 300). 

1.7.4.3 Infrared Reflectography  

Infrared Reflectography (IRR), developed by Johan Rudolph Justus (J. R. J.) van 

Asperen de Boer, improves the detectability of underdrawings, because some paints (e.g. 

blues and greens) become more transparent at longer wavelengths (van Asperen de Boer 

9-10).  The painting is illuminated with infrared light, and IR imagers are used in place of 

CCDs to detect the reflected radiation.  The IR sensitivity of the imagers extends into the 

Near IR or NIR (780-3,000 nm) region and are therefore able to detect a wider range of IR 

wavelengths.  The IRR camera used in this study had an Indium Gallium Arsenide (InGaAs) 

detector, which had an infrared sensitivity from 900-1,700 nm (MacBeth 298;  Frey et al. 

135). 

The degree of paint layer penetration by IR is heavily influenced by the following 

factors:  wavelength of the IR source used, the thickness of the paint layer, and the specific 

pigments used in the paint layer (Faries, “Scientific Examination” 91).  Many pigments used 

are transparent or partially transparent to IR, and those pigments composed of carbon, 

such as carbon black, will absorb IR radiation and appear black in the IR images.  In short, 

“[a]n ideal painting for IRR imaging contains a white, reflective ground, thinly applied 

layers of paint and carbon-containing material in the preliminary sketch or underdrawing” 

(”Infrared Reflectography”).  How well the underdrawing can be detected and imaged is 

governed by several factors, including “the materials and technique of the underdrawing, 

the overlying pigment, and the spectral response of the detector” (Faries, “Scientific 
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Examination” 96).  Therefore, underdrawings executed with brown ink, such as iron gall 

ink, or red chalk, are transparent (Faries, “Technical Studies” 19).  Additionally, 

underdrawings will not be detected when thick overlying paint layers or dark, infrared-

absorbing material in the paint layers block the view to the ground, and when the 

underdrawings are executed on dark backgrounds (Billinge et al. 16; Faries, “Scientific 

Examination” 91; “Infrared Reflectography”). 

X-ray opaque pigments such as lead white are very transparent in IRR (Wainwright 

81).  Therefore, x-radiography and IRR are complementary techniques, both of which 

penetrate the layered painting structure and “reveal the interrelationship of the layout 

drawing and the subsequent application(s) of paint” (Faries, “Technical Studies” 4). 

1.7.5 X-ray Fluorescence 

X-Ray Fluorescence (XRF) is a well-established analytical technique used to 

determine elemental composition in a wide variety of sample types and fields of study 

(Newman 165).  As will be discussed, the technique is applicable to surfaces of objects 

(with x-ray penetration of several microns to a few mm of depth) and is semi-quantitative 

at best (Moens et al. 55-6). 

Elemental XRF takes place upon excitation of a liquid or solid sample with x-rays, 

gamma rays, or high-energy charged particle beams (Moens et al. 62).  The irradiating 

beam is chosen to be of high enough energy to remove core electrons (1s energy level) 

from the atoms in the sample.  As the affected atom has electrons in its outer electron 

shells, but now a vacancy in its inner electron shell, it is said to be in an excited state.  In 

order to relax to a lower energy state, an outer electron moves into the core vacancy, 

emitting electromagnetic radiation with energy proportional to the energy difference of 
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these levels’ orbitals, as illustrated in Figure 1.4 (Moens et al. 57).  As the emitted radiation 

is of lower energy than the incoming absorbed radiation, the phenomenon is called 

fluorescence, analogous to molecular fluorescence.  The migrating electron can originate 

from any number of outer orbitals, and consequently the energy of the emitted radiation 

can be one of several quantized values; thus it is characteristic of the atomic number (Z) of 

the nucleus involved.  The highest energy emitted photons are themselves in the x-ray 

region (Moens et al. 58). 

In practice, various instrument configurations exist but here emphasis will be 

placed on handheld XRF instruments.  The most used excitation source is an x-ray tube 

wherein a target of a pure metal in a vacuum is bombarded with high-energy electrons, 20 

to 100 kV (Artioli 35).  This causes the target to emit x-rays characteristic of the target 

metal, typically in the range of 30 to 70 keV (Artioli 35).  Consequently, care must be taken 

when selecting the type of x-ray tube in an instrument, and advanced non-portable 

instruments will have a variety available.  A handheld XRF instrument, having the detector 

located immediately adjacent to the x-ray emitter, is held within a centimetre of the target 

for optimum transmission of excitation and collection of emitted x-rays.  The instrument 

used in this work has an excitation spot size of 5 x 8 mm, which is a limitation of its optics 

(Sparagna).  This spot size dictates the lateral resolution of the technique.  While newer 

instruments can achieve a spot size of 3 mm in diameter, a trade-off is always observed 

between sensitivity and spot size.  Furthermore, an exceedingly small spot size might make 

interpretation difficult if the exact sampling location is not known or recorded on a 

corresponding visible light image.  For this reason, newer XRF instruments have a visible 

camera to record the sampling location (Sparagna). 
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Acquisition times are generally on the order of 30 to 120 seconds.  A solid-state 

detector measures the energy spectrum of collected x-rays, giving rise to the name energy-

dispersive x-ray fluorescence spectrometry, ED-XRF- (Artioli 36).  The resulting data is 

displayed as a graph of x-ray counts versus energy (keV) (Artioli 35).  Ideally, each 

elemental line would be spectrally distinct, but, due to the relatively poor resolution of EDS, 

spectral overlap is not uncommon (Artioli 36).  In contrast, wavelength-dispersive x-ray 

fluorescence (WD-XRF) spectrometers provide higher resolution, however they require a 

larger amount of sample and/or higher counting rates (Artoli 37).  Advantages of using ED-

XRF, in portable XRFs, is that they are cheaper, simpler, and allow for simultaneous 

observation of all x-rays (Moens et al. 61).   

While the peak intensities are proportional to the concentration of the elements in 

the sample, true quantitation is greatly hampered by a variety of matrix effects (Moens et al 

63).  In a sample which is non-homogenous by depth, signal intensity and sampling depth 

are affected by penetration depth (i.e. transmission) of both the incident and fluorescent x-

rays, which is proportional to the energy of the photon.  Penetration depth is also affected 

by the elements present in a sample, where lighter metals might allow sampling to a few 

100 µm while heavy metals only tens of µm (“Penetration Depths”).   

Paintings’ multi-layered nature, variable layer thicknesses, in addition to their 

intralayer heterogeneity are all confounding factors which make analysis of paintings by 

XRF challenging (McGlinchey 138).  Other potential pitfalls in the use of XRF are missed 

elements caused by spectral overlap of a less abundant or more deeply placed pigment  
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Figure 1.4.  Representation of the x-ray fluorescence process.  The emitted x-ray shown 
here belongs to the K-line series. Adapted from Horiba Scientific website on X-ray 
Fluorescence - The Basic Process.  
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(McGlinchey 139).  False positives are also possible, usually occurring when sum peaks 

take on an energy similar to an element’s usual peak energy (McGlinchey 141-2). 

1.8 MICROSAMPLING  

The non-sampling techniques mentioned above offer information on underdrawings 

(IRP/IRR), underpaintings (x-ray), and the qualitative identification of the pigments (XRF).  

Microsampling, in the form of cross-sections, aids in the visualization of the various layers, 

and the analysis of the composition of different layers present in a painting.  Additionally, 

the use of powdered samples allows for a subsequent, more-rigorous determination of 

paint components, such as pigment, filler, extender and identification of the binding 

medium (van der Weerd 4; McCrone 11).  

1.8.1 Sampling  

Samples should be obtained from areas of interest where there is no previous in-

painting and, if possible, near areas of pre-existing loss or cracks.  As Townsend and Boon 

assert “[t]he most difficult painting to sample is in excellent condition, free of cracks and 

damages, and of such modernity that it is generally displayed without a frame, exposing its 

support on all sides” (361).  The samples obtained should be sufficiently large for the 

intended analysis of the painting; otherwise, it is best not to sample at all.  Conservation 

scientists or conservators can be responsible for removing such samples.  As selection of 

an appropriate sample area is of utmost importance, it is performed only after a thorough 

examination of the painting has been conducted and the research questions identified.    

Sample removal is usually done with the aid of a stereomicroscope and appropriate 

sampling tools (e.g. scalpels and sharpened tungsten needles).  Types of samples can fall 
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into several categories, however this thesis addresses painting cross-sections, paint 

microsample, and fibre samples.  Cross-sections are “miniature cores of material removed 

from an object” which reveal information about the painting’s stratigraphy (Wainwright 

85).  Cross-sections deliver detailed information on a very small area of the painting and 

complement non-contact techniques, such as x-ray radiography for example, which 

provides more general information on the whole painting (Tsang and Cunningham 163).  

Paint microsamples are usually obtained from the top layer of a painting, and are chosen 

to study the pigments present.  In order to carry out the analysis, the paint microsamples 

are made into pigment dispersion slides.  The sample amount needed for microscopic 

analysis is about 1 nanogram (McCrone 11-12).  Fibre samples are samples obtained from 

the verso side of the painting near the tacking edge of the canvas.  

1.9 SCIENTIFIC ANALYSIS TECHNIQUES 

In this thesis, paint microsamples are analyzed using polarized light microscopy 

(PLM), scanning electron microscopy coupled with energy dispersive x-ray spectroscopy 

(SEM-EDS), and Fourier transform infrared spectroscopy (FTIR); whereas, cross-section 

samples are analyzed by PLM and SEM-EDS.  Fibre sample strands are analyzed by PLM and 

FTIR only.  A discussion of the techniques utilized follows below. 

1.9.1 Polarized Light Microscopy 

Polarized light microscopy (PLM) is the instrument of choice for identification of 

pigments and grounds. The technique is useful for studying pigments, since it allows for the 

observation of properties of crystalline compounds.  Crystalline substances have an 

underlying structure in which atoms are arranged in a specific geometry.  Every crystalline 
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material belongs to one of six crystallographic systems.5   Particle properties used in the 

identification of pigments are summarized below:  

Morphological properties 

(1) size: is described as either an absolute value or a relative quantity.  It usually    

indicates the means of production, natural versus synthetic.  Terms such as fine, 

very fine, medium, large, coarse and very coarse are used to describe the relative 

size of particles (Feller and Bayard 286); 

(2) shape: is influenced by crystal geometry, however the preparation process (e.g. 

crushing, grinding) also has an effect.  Therefore, particle shapes are highly 

variable, but certain vocabulary is still used to describe them, such as equant, 

acicular, lamellar, columnar, etc. (Feller and Bayard 286; Eastaugh et al. 518-

520);6 

(3) surface structure: usually described as rough or smooth, highly influenced by the 

relief of the mineral (a function of the refractive index) (Eastaugh et al. 521); 

(4) homogeneity: a measure of the composition of the pigment, indicating whether it 

is made up of a single or multiple substances.  Pigment homogeneity is 

influenced by the method of production and source region (McCrone 17);7 

(5) degree of association (agglomeration): qualitative gauge of the grouping of 

various crystals to form a larger structure.  Terms used to describe the 

                                                           
5 The six crystallographic forms are: cubic, tetragonal, hexagonal, orthorhombic, monoclinic and triclinic. 
6 Equant are any shape particle of equal length, width and height (e.g. sphere).  Acicular are needle-shaped 
particles. Lamellar are stacked plate particles.  Columnar crystals are pillar shaped (Eastaugh et al. 519).   
7 Impurities present in the pigment indicates a “natural mineral origin for that pigment” (Tsang and 
Cunnningham 16).  
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agglomerate are: stellate, spherulite, framboidal forms etc. (Eastaugh et al. 520-

521);8 

(6) cleavage: inherent crystallographic weakness which results in crystal separation 

along planes.  Materials which do not separate along well-defined cleavage 

planes are said to fracture (Eastaugh et al. 522-523); 

Polarized light optical properties 

(1) colour in plane polarized light: a fundamental property of the pigment; it is 

governed by crystal structure and chemical composition (Feller and Bayard 

289); 

(2) pleochroism: colour exhibited by some anisotropic crystals, which varies as a 

function of crystallographic orientation.  A colour change is often observed as the 

microscope stage is rotated (Tsang and Cunningham 17; Eastaugh et al. 525-

526); 

 (3) relative refractive index: is a unitless, comparative quantity, characteristic of the 

pigment.  Certain pigments are isotropic and have only one index of refraction; 

others are anisotropic and have two or three indices.  Usually a pigment’s 

refractive index is defined relative to the mounting medium used (in this thesis: 

Meltmount, with an RI of 1.662)9 (Feller and Bayard 289-292);     

                                                           
8 Stellates are two-dimensional aggregates and are star-like in appearance.  Spherulite are three-dimensional 
and remind one of pom-poms.  Framboidal are clusters of equant crystal resembling a raspberry in shape 
(Eastaugh et al. 520). 
9 To determine whether the pigment or mounting medium has the higher or lower index the Becke line test is 
used.  On adjusting the focal plane higher, the Becke line moves toward the higher refractive medium.  It 
should be noted, as the microscope is focused upward the stage in turn moves down (Feller and Bayard 291-
292).        
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(4) relief: is an optical effect that is a function of the refractive indices of adjoining 

substances and accounts for the ability of particles to ‘stand-out’ from the 

medium.  Common descriptive terms are: low (particle boundaries almost 

indistinguishable from the Meltmount), medium, moderate, high and very high 

(very distinct lines delineating the particle boundaries) (Eastaugh et al. 526-

528);  

(5) transparency: the degree to which light is transmitted through a particle, 

influenced by its size and refractive index.  Particles are said to be transparent, 

translucent or opaque (McCrone 16); 

Cross-polarized light optical properties 

(1) isotropism and anisotropism: an isotropic material is either cubic or amorphous 

(non-crystalline) in shape and possess the same refractive index in all directions.  

Under cross-polarizers, isotropic substances do not transmit light and appear 

black (are extinguished).  Anisotropic substances are non-cubic crystalline 

structures.  Anisotropic substances are those where the refractive index varies 

with the light propagating through the crystal lattice and they transmit light 

under crossed polarizers (described in further detail below under extinction 

behaviour) (Eastaugh et al. 529-531); 

(2) extinction behaviour: as the microscope stage is rotated 360°, the particle will 

not transmit light (goes black) every 90° at its so-called extinction positions. 

There exist three types of extinction dependent on the orientation of vibration 
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directions with respect to crystal faces or edges: straight, parallel, and oblique10 

(Eastaugh et al. 531-532); 

(3) birefringence (): the difference between refractive indices of a given 

(anisotropic) crystal. Described as high n>0.05, medium n=0.01-0.05 and low 

n<0.01 (McCrone 17-18; Feller and Bayard 292-294); 

(4) interference colours: an array of colours observed under cross-polarized light 

between extinction points.  “These interference colours (also known as 

‘polari[z]ation colours’ are a function of the birefringence and the thickness of 

the sample through which the light is passing” (Eastaugh et al. 529); 

(5) optical sign: a feature of elongated crystals or fibres that have a parallel 

refractive index greater or smaller than their crosswise indices.  When the 

parallel (lengthwise) refractive index is greater than the perpendicular, the sign 

of elongation is positive.  Likewise, when the perpendicular refractive index is 

greater than the parallel RI then the sign of elongation is negative (McCrone 18; 

Eastaugh et al. 532, 533).  

The above listed properties are used in determining an unknown pigment sample, which 

can be compared to a reference sample or charts.  Fibres possess some of these 

characteristics, and PLM can therefore be used to similarly identify an unknown fibre 

sample by comparing its optical properties to that of a reference fibre or charts.   

 

                                                           
10 Straight or parallel extinction is observed by unaxial crystals when the long axis of the crystal is parallel to 
the north-south or east-west cross-hairs, which occurs at every 90°.  Oblique extinction is exhibited by biaxial 
crystals and occurs at an non-zero angle to the cross-hairs (Eastaugh et al. 531-532).  



 
 

38 
 

1.9.2 Fluorescence Microscopy 

Fluorescence is the process by which light-absorbing material absorbs and then re-

emits energy at longer wavelengths.  Initially a molecule’s electrons are excited to higher 

energy orbitals by the impinging photons, after which electrons relax to the first excited 

state through an emission of heat energy.  Once the electrons drop from the first excited 

state to the ground state, they emit photons; this phenomenon is termed fluorescence and 

is illustrated in Figure 1.5.  

In fluorescence microscopy two values are of particular import: the excitation and 

emission wavelengths, controlled by standardized filters within the microscope.  The 

presence of autofluoresce (also known as intrinsic fluoresce) in paint layers aids in the 

determination and differentiation of these layers (Wainwright 86; Eastaugh et al. 524-525).  

Each paint layer will emit a slightly different fluorescence spectrum, allowing for easier 

discernment of layers that are not visible when viewing the cross-section under incident 

and reflected light (86). 

1.9.3 Scanning Electron Microscopy - Energy Dispersive Spectroscopy 

 In any type of microscopy, the lateral resolution is limited by the wavelength of light 

used to illuminate the sample, as famously described by Ernst Abbe: 

 =   / 2 ⋅  

where dmin is the minimally resolvable distance, λ is the wavelength of the light, and NA is 

the numerical aperture of the microscope objective. 

 From this equation it naturally follows that shorter wavelength light will allow for 

higher resolution.  Electron microscopy is capable of significantly greater spatial resolution  
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Figure 1.5.  Jabłoński diagram illustrating the processes of absorption and fluorescence in 
molecules (“Photophysics of fluorescent proteins”).  
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than optical microscopy due to the short (de Broglie) wavelength of accelerated electrons.  

For example, an electron at 100 keV has a relativity-corrected wavelength of 3.70 pm 

(“Electron Microscopy Tutorial”).  In practice, the electron beam can be focused from 1 nm 

to 1 μm, but spatial resolution is limited because this excitation will cause x-ray emission 

from an area of ~ 1 μm wide and 1 μm deep (Goldstein 14, 43).  This is comparable to the ~ 

1 μm resolution for optical microscopy (“The Diffraction Barrier in Optical Microscopy”).  

The limited penetration depth of even high-energy electrons beams limits the depth 

resolution of this technique to around 0.5 to 3 μm (“Energy Dispersive Spectroscopy”; 

Townsend and Boon 345).   

 Scanning electron microscopy (SEM) seeks to produce high-resolution images over 

a large sample area, relative to its resolution, by raster scanning a sample.  Many processes 

take place when a sample is struck by high-energy electrons, including back-scattering and 

transmission of incident electrons, generation of secondary electrons, and photons of wide 

ranging wavelengths, including x-rays (José-Yacáman and Ascencio 407).  The analysis of 

emitted x-rays is used in this thesis to obtain elemental information on cross-sections and 

paint microsamples.  The x-ray emission process is similar to that described in section 1.7.5 

XRF-EDS, as is the energy dispersive detector. 

 Two practical problems arise when analyzing paint cross-sections by SEM-EDS.  

First, the technique works best under vacuum to avoid attenuation and electron scattering, 

but a number of sample types are not stable under high vacuum.  For instance, in the case 

of paint samples less than some 25 years of age volatile solvents may still be present, and 

their sudden removal under high vacuum can alter a sample’s surface appearance and foul 

the instrument (Townsend and Boon 345; José-Yacáman and Ascencio 413). 
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 The second complication involves sample charging.  Even though bombarded 

samples emit secondary electrons, the rate of this emission can not match the flux of the 

incoming electron beam.  In a vacuum, this continual gain of electrons will eventually lead 

the sample to accumulate a charge sufficiently large to decelerate or even deflect the 

primary electron beam, resulting in severe image distortion (Goldstein 671).  Classically, 

this issue is solved by vapour deposition of a 5 to 30 nm layer of metal (Al, Au or Au/Pd) or 

carbon to the sample, giving its surface sufficient conductivity to carry out the analysis 

(Goldstein 729).   

 Recent innovations aim to circumvent this problem: low vacuum SEM (LVSEM) and 

environmental SEM (ESEM) analyses are performed at 0.4 - 50 Torr.  The presence of air 

molecules, which become charged, and thus conductive due to interactions with the 

electron beam, allow for continuous charge neutralization of the sample.  Meanwhile, the 

weak vacuum causes less sample disruption than the vacuum used in standard SEM 

(Goldstein 729).  Due to these advantages, ESEM was used in analyzing the paint 

microsamples in this thesis. 

1.9.4 Attenuated Total Reflection - Fourier Transform Infrared Spectroscopy  

 In contrast to the two previously discussed elemental analysis techniques, FTIR 

provides molecular information.  That is to say, one can deduce the nature of the molecules 

present in a sample instead of merely the identity of the elements which make up the 

sample.  IR spectrometry is extremely helpful at identifying chemical groups in a sample, 

such as alcohols, amines, hydrocarbons, and so on. 
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1.9.4.1 Infrared (IR) Radiation 

 The infrared region of the electromagnetic spectrum has sufficient energy to excite 

vibrational modes of molecules.  The simplest example of a vibrational mode is the bond 

stretching of a diatomic molecule such as carbon monoxide (CO).  One caveat of IR 

spectrometry is that the molecule must have a dipole moment; molecules such as O2, N2 

and Cl2 do not absorb IR radiation (Skoog et al. 382).  Returning to CO however, the 

distance between the two nuclei in this molecule is not fixed, but instead oscillates around 

an average distance.  The force of oscillation is proportional to the bond strength, and the 

frequency of oscillation depends on both the bond strength and the reduced mass of the 

atoms involved.  For molecules containing more than two atoms, numerous other 

vibrational configurations are possible, given names such as symmetric and asymmetric 

stretching, bending, wagging and scissoring, to name just a few.  There exist extensive 

tables of vibrational frequencies for most chemical groups in a wide range of molecules, 

which were commonly used in the early days of IR spectrometry (Colthup 397; Skoog et al. 

412-413).  As instruments have become computer operated and data digitized, the 

collection of spectral libraries has simplified spectral interpretation and compound 

identification.  It is tempting for inexperienced users, however, to become over-reliant on 

spectral assignments based on libraries (Moffatt 13).   

1.9.4.2 Instrumentation and Spectra 

 Due to their speed, reliability and price, the vast majority of today’s IR 

spectrometers are multiplexing Fourier transform instruments (Borman 1054A; Skoog et 

al. 393).  The speed and resolution advantages are analogous to those discussed for energy-

dispersive vs. wavelength-dispersive XRF instruments, section 1.7.5.  However, rather than 
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having energy-sensitive detection, an FT-IR instrument creates a time-domain signal using 

a Michelson Interferometer.  The light from an IR source is split by a 50% beamsplitter to 

impinge upon both a movable and fixed mirror.  As the beams return to the beamsplitter, 

they can recombine constructively or destructively.  By translating the moving mirror back 

and forth at a fixed rate (and calibrating with a stable, monochromatic light source such as 

a laser), the interferometer produces an interference pattern.  For monochromatic light this 

appears as a sine wave, but once multiple frequencies (wavelengths) are mixed, the pattern 

is that of a burst at time zero with a rapid decay.  Fourier transform of this time-domain 

signal resolves all component frequencies, thus producing the (infrared) spectrum (Skoog 

et al. 184-6). 

 IR spectra can be plotted as either absorption or transmittance as a function of 

wavenumber.  The latter is measured in cm-1, and for historic reasons is plotted from high 

to low.  Wavelengths, converted to units of cm, are inverted to give wavenumbers (Skoog et 

al. 118).  Wavenumber is directly proportional to the frequency of radiation, and thus the 

energy; and since spectra are normally plotted from low to high wavelengths, this 

convention is maintained in plotting wavenumber from high to low. 

1.9.4.3 Attenuated Total Reflection (ATR) 

 While a number of techniques are available to present the sample to the instrument, 

here only attenuated total reflection (ATR) will be discussed.  ATR has the advantage that it 

requires no preparation of the sample, in contrast to all other means of sample 

introduction.  The sample is pressed, sometimes using pressures up to 2 kbar, between an 

IR-transparent diamond window and another hard surface, in this case a sapphire crystal 

(“GoldGate ATR”).  The beam of incident light is internally reflected within the diamond.  
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However, in regions where tight contact is made between the sample and the diamond, the 

evanescent wave of the IR light is partially absorbed (attenuated).  The process requires 

that the sample have a lower index of refraction than the (diamond) crystal, otherwise all 

incident light will pass into the sample (Derrick et al. 66).  The depth of penetration is 

dependent on several factors including the refractive indices of the crystal and the sample, 

the wavelength of the light, and the angle of incidence.  For the system used in this work, 

the penetration depth and thus the volume sampled is on the order of 0.5 – 2 µm.  The 

absorption of the evanescent wave is frequency-dependent, as dictated by the molecular 

nature of the sample.  Thus, a background-corrected absorbance spectrum will show 

characteristic IR bands, as discussed above, and allow for some degree of characterization 

of the sample (Derrick et al. 66). 

Regarding a painting, the ATR-FTIR measurements are destructive, as they require 

that a sample be extracted from the painting and presented to the instrument.  FTIR has 

been used extensively to identify organic materials (e.g. adhesives, plastics, varnishes and 

paint media) and inorganic materials (e.g. pigments, grounds, and clays) associated with 

art (Moffatt 12).  It is a comparative technique and therefore accurate identification occurs 

through matching a reference spectrum of known composition to an unknown sample 

spectrum (Moffatt 13).  Today, programs are available which match the unknown to 

spectral libraries of compounds, and gives a percentage of fit. 

 

While Baby Sleeps was examined using the above discussed non-contact and micro-

destructive scientific analysis techniques.  Investigation of pigment and fibre samples was 



 
 

45 
 

undertaken to determine whether the materials are consistent and were available during 

Peel’s lifetime.  It is hoped that via these techniques useful information will be obtained 

that will shed light on the painting’s disputed attribution.   
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2. EXPERIMENTAL 

 

2.1. INVESTIGATION OF WHILE BABY SLEEPS USING NON-CONTACT TECHNIQUES 

 Non-contact or non-sampling approaches were utilized initially to examine the 

painting in question.  These examinations employed electromagnetic radiation including x-

ray, ultraviolet, visible, and infrared wavelengths in the following analytical techniques: x-

ray radiography, ultraviolet-induced visible-fluorescence photography (UVF), ultrahigh-

resolution visible macrophotography, ultrahigh-resolution infrared macrophotography 

(IRP), infrared reflectography (IRR), transmitted infrared photography, and x-ray 

fluorescence (XRF). 

2.1.1 X-ray Radiography 

 X-ray radiographs were taken by a previous student, Gianfranco Pocobene, prior to 

the conservation treatment in 1986.  No information concerning the parameters used to 

make these x-ray radiographs was found.  Individual x-ray radiographs were photographed 

using the copy-stand which was fitted with incandescent lights.  A NIKON D300 camera 

with a Nikon AF Micro-NIKKOR 60mm f/2.8D lens set to f/18.0 and shutter speed of 1/10 s 

was used.  The acquired images of the x-ray radiographs were then stitched using Adobe 

Photoshop.        

2.1.2 Ultraviolet-Induced Visible Fluorescence Photography 

 For the UV-fluorescence photographs, the camera used was a NIKON D810 HDSLR 

with a 60mm f/2.8D Nikon AF Micro-NIKKOR lens.  An f-stop of 8.0, ISO of 100 and 
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exposure time of 123 s were used.  All UV images were post-processed in Adobe Camera 

Raw.  A white balance temperature of +10 000K and a tint of +35 were used.    

 During UVF photography, the room was completely dark and a non-fluorescing 

background around the painting was used.  The painting was illuminated by two UV 

vertical black light blue (BLB) lights, manufactured by CLE Design Limited, which emit UVA 

light (320-400 nm).  Lighting uniformity was achieved by viewing the images and adjusting 

the lamps.  An incident angle of 25-35° to the horizontal plane of the painting was used.  

For personal safety, protective glasses against exposure to UV light were worn.   

2.1.3 Overall Visible Photography 

 In visible photography, the camera employed was the NIKON D810 with an AF 

micro-NIKKOR lens specification of 60mm f/2.8D.  An f-stop of 11.0 was used, and the 

exposure time was 1/100 s.  The ISO value was 100 with a bit depth 16.  The camera-to-

painting distance was 90 cm.  Two flashes at a temperature of 5600 ± 100 K, manufactured 

by Promaster, were positioned at 25° to the horizontal plane of the painting.  Constant 

illumination was measured using an incident light meter at the four corners of the painting. 

2.1.4 Ultrahigh-Resolution Visible Macrophotography 

 The same camera and lens as above was used to produce the visible light 

macrophotograph but at a camera-to-painting distance of 51.3 cm, resulting in high-

resolution images.  Twenty images were taken of While Baby Sleeps, and these were then 

stitched together using Adobe Photoshop to create the final visible high-resolution 

macrophotograph.  The following camera settings were used: f/13.0, shutter speed of 1/60 

s, an ISO value of 100 and a bit depth of 16.  
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2.1.5 Ultrahigh-Resolution IR Macrophotography  

 For IR macrophotography, the camera utilized was a NIKON D810 with a B+W 093 

filter and a 60mm f/2.8 Nikon AF Micro-NIKKOR lens.  The aperture value and exposure 

time were f/8.0 and 1/40 s, respectively.  A bit depth of 16 and an ISO value of 200 were 

used.  The distance from the camera to the painting was again 51.3 cm.  Two tungsten 

halogen lights (Promaster 9479 PL400) were placed in front of the painting at angle of 25° 

to the horizontal plane of the painting.  To ensure consistency between images used to 

stitch the high-resolution photograph, the lights and camera distance remained fixed 

relative to the position of the painting.  Additionally, the lights were turned off when the 

painting was not being photographed, since heat given off by them is deleterious to the 

painting.  

 Images taken were stitched to create a high-resolution photograph of the painting.  

IR images required additional adjustments in Adobe Photoshop.  The images were 

converted to grayscale (Gray gamma 2.2 B &W).   

2.1.6 Transmitted IR Photography  

 A NIKON D70 camera model was used, modified by having the infrared absorbing 

filter removed and replaced with an 89B Wratten filter to block wavelengths below 820nm, 

thus allowing only IR radiation to pass.  The NIKON AF-S DX Zoom-Nikkor 18-70mm f/3.5-

4.5G IF-ED lens was employed.  An f-stop value of 25.0 was used, and the exposure times 

were variable; values of 3.0, 6.0 and 8.0 s were tried to ascertain if varying the exposure 

time revealed more features in the painting.  A tungsten light source was placed behind the 

painting, and the painting was briefly illuminated during the times it was photographed.   
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As discussed above in Section 2.1.5, the IR images required additional adjustments in 

Adobe Photoshop, once again converting the image to grayscale. 

2.1.7 IR Reflectography 

The IR reflectography image of While Baby Sleeps was obtained using an Osiris 

camera.  The Osiris infrared imager is designed specifically for the technical examination of 

paintings and is manufactured by Opus Instruments (a subsidiary of Scientific Digital 

Imaging (SDI) Group).  The operational sensitivity of the Osiris camera ranges from 0.9-1.7 

µm.  The Osiris camera has an indium gallium arsenide (InGaAs) sensor array, as well as a 

scanning camera with a line sensor of 512 pixels that makes a scanning movement of 512 

lines.  The images generated by the Osiris are referred to as infrared reflectograms.  For the 

infrared reflectograms, a refinement setting of 300 pixels/in was used.  The distance from 

the camera to the painting was 51.3 cm.   

The infrared images generated by Osiris appear black and white, but are actually 

RGB files that need to be converted to grayscale.  The reflectograms are stitched together to 

form the final image of the painting using Adobe Photoshop.     

2.1.8 X-ray Fluorescence 

 The X-ray fluorescence (XRF) spectrometer used by the Queen’s Art Conservation 

Program is the Bruker Tracer III-SD.  The following instrument parameters were used:  a 

40kV x-ray tube voltage and 30 μA current, with no filter present.  The collection time used 

was 21 s.  The selected regions examined by XRF are illustrated in Figure 2.1.  Even though 

the XRF is a hand-held instrument, the spectrometer was mounted on a tripod to ensure 

the painting’s safety.  The data collected from the XRF was analyzed using S1PXRF software 



50 
 

from Bruker.  Elements present in the paint were identified with the software and 

compared to the Table of Energies and Elements, summarized by Emeritus Professor H.F. 

Shurvell. 

 Subsequent experiments were performed in an effort to obtain more information 

about the artist’s intent as concerns pigment mixing.  The areas of interest explored were 

regions where colour-change gradations are observed in While Baby Sleeps.  These regions 

are illustrated in Figure 2.2 (a through d): a) mother’s face; b) mother’s skirt; c) baby’s 

blanket; and d) mother’s coat.  These readings were taken at 1.5 cm increments in the 

direction of the arrow as indicated in Figure 2.2.  The number of sampling sites along the 

arrows in Figure 2.2 (a) – (d) were 7, 11, 6, and 6, respectively.  The instrument was also 

mounted on the tripod for these experiments.  While Baby Sleeps is a large painting with a 

relatively flat surface.  It was secured onto a wooden easel prior to taking any 

measurements with the XRF.  The XRF was then brought close to the canvas, without 

touching the painted surface, such that the distance from instrument nose to the painting 

surface was maintained as constant as possible.       
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Figure 2.1.  Photograph showing approximate locations of XRF analysis of While Baby 
Sleeps.  The circles are used to illustrate the areas analyzed (not to scale) by XRF.  
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Figure 2.2.  Photographs show the areas further examined by XRF.  XRF observations were 
recorded in the direction of the arrow.  The regions examined are: (a) mother’s face; (b) 
mother’s skirt; (c) baby’s blanket and (d) mother’s coat.  The number of sampling sites 
along the arrows in (a) – (d) was 7, 11, 6, and 6, respectively. 
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2.2. INVESTIGATION OF WHILE BABY SLEEPS USING MICRO-DESTRUCTIVE TECHNIQUES 

2.2.1 Sampling 

Depending on the type of sample collected, that is either paint microsample or 

cross-section, the technique used for sampling was slightly modified and is described in 

greater detail in subsequent sections 2.2.1.1 and 2.2.1.2.  In all cases, images of the painting 

prior and post sampling were taken using a stereomicroscope, Leica M 651, with camera 

model Leica IC80 HD.  The software used to view the photomicrographs was LAS EZ, Leica 

microsystems version 3.0.0. 

2.2.1.1 Paint Microsamples 

 Paint microsamples were obtained by gently scraping the surface of the painting 

with a 00 scalpel blade to expose the pigment particles of the colours of interest (regions 

investigated are described in Table 2.1).  Samples were taken in areas where there is no 

previous in-painting or overpainting.  Samples were collected with a scalpel or a fine point 

tungsten needle and were placed inside concave microscope slides.  The slides were sealed 

by overlaying a flat-sided slide over the sample-containing concave slide and taping them 

together.   

2.2.1.2 Cross-section Samples 

Samples were taken from the painting using a scalpel with a 00 blade.  Samples were 

taken in areas where there is no previous in-painting and, if possible, near areas of pre-

existing loss or cracks.  Even pressure was applied at a slight angle along a crack, and the 

sample was dislodged from the remainder of the paint surface.  Samples were collected 

with a scalpel or a fine point tungsten needle and were placed inside concave microscope  
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Table 2.1. Paint microsample descriptions and locations 

Description of sampling site 
Coordinates (x, y) on canvas 

x (cm): from left 
y (cm): from bottom 

mauve - mother’s skirt (35.5, 12.5) 
blue - mother’s stripped blue sock  (15.4, 16.8) 
blue - object on window ledge (6.5, 58.7) 
red-orange - highlight in the baby’s 
blanket 

(54.6, 27.2) 

red - jar on window ledge (9.0, 60.7) 
yellow - potato peel (51.3, 7.0) 
light brown – crib (70.0, 22.1) 
brown – background (38.1, 90.4) 
black – shoe heel  (19.0, 8.8) 
grey brown – floor (30.7, 2.1) 
white – tablecloth (4.3, 47.5) 

 

 

 

Table 2.2. Cross-section descriptions and locations 

Description of sampling site 
Coordinates (x, y) on canvas 

x (cm): from left 
y (cm): from bottom 

1. dark brown, tacking edge ----- 
2. dark brown, background (38.1, 90.4) 
3. brown, adjacent to present-
day window 

(13.4, 58.7) 

4. blue, mother’s coat near the 
brown background 

(38.7, 58.8) 

5. brown of signature, ‘P’ in 
PAUL 

(2.9, 6.5) 

6. brown of signature, ‘U’ in 
PAUL 

(4.4, 7.1) 
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 slides.  As with the paint microsamples, the slides were sealed by overlaying a flat-sided 

slide over the sample-containing concave slide and taping them together.  

Two cross-sections, described below, were taken from the “PAUL PEEL” signature, 

as illustrated in Figure 2.3.  One sample was collected from the “P” of PAUL, which 

appeared to be under the varnish layer, and one sample from the “U” of PAUL, which was 

considered to be over the varnish.  Cross-sections were also removed from textured areas 

(one near the window and one near the mother figure) and two from a non-textured area 

(brown background and the tacking edge) for a total of six cross-sections (see figure 2.4). 

The sample descriptions and locations are summarized in Table 2.2 and are shown visually 

in Figure 2.4. 

2.2.1.3 Fibre Canvas Sample 

Fibre samples were acquired from a thread 1 cm in length.  The thread was obtained 

from the verso side of the canvas, where it had come loose on the bottom right-hand side of 

the wax-lined canvas. 

2.2.2 Preparation of Pigment Dispersion Slides  

 Due to previous conservation intervention treatment, the paint microsamples 

required processing prior to making permanent pigment slides.  The paint microsamples 

were treated initially with acetone to remove the B72 varnish and then with hexanes to 

remove wax and liberate the pigment particles.  It was found that solvents stored in glass 

vials contained far fewer nonvolatile residues than ones stored in plastic dispensers, 

presumably due to the leaching of plasticizers from the plastic dispensers.  
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The majority of the permanent pigment slides were made by placing a drop of 

mounting medium onto a flat slide and then introducing the pigment sample into the 

medium.  Afterward, the coverslip was added and the slide was placed on a hotplate.  

Pressure was applied using the eraser end of a pencil in order to disperse and crush the 

pigment particles.  Alternatively, a few permanent pigment slides were made by placing 

dispersed sample on a slide, crushing them with a coverslip and then adding mounting 

medium from the sides.  Capillary action draws the mounting medium under the coverslip 

to encase the sample.  The mounting medium used in the preparation of these slides was 

Cargille Meltmount (Cargille Laboratories, Cedar Grove, NJ) with a refractive index (RI) of 

1.662. 

2.2.3 Preparation of Fibre Slides 

 Fibre samples were washed with mineral spirits to remove the wax.  Fibres were 

later separated into single strands by wetting with water and teasing them apart with 

tungsten needles while viewing them under a stereomicroscope.  The separated fibre was 

then dried.  The fibre samples were made as outlined in section 2.2.3 with one notable 

difference in the use of Cargille Meltmount medium with a RI of 1.539 instead of 1.662.  

2.2.4 Pigments and Fibre Analysis by Polarized Light Microscopy 

 The pigment and fibre slides were examined using both plane-polarized light (PPL) 

and cross-polarized light (XPL) conditions at 40x, 100x, 200x and 400x magnifications.  The 

Olympus BX 51 polarizing light microscope was used and photomicrographs were made 

with the Olympus D72 camera.  The pigment and fibre slides, at varying magnifications, 

were examined in the presence of compensator plates (¼λ and λ plates).  The compensator 
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plates aid in the determination of birefringence.  Additionally, the full (λ)plate (also known 

as the red plate) was used in the modified Herzog test.  The modified Herzog test is used to 

help differentiate bast fibre types (e.g. linen, hemp, jute and ramie) by determining 

whether the unknown bast fibre has an S or Z-twist.   

2.2.5 Preparation of Cross-sections from While Baby Sleeps 

Cross-sections were obtained from areas of underlying texture (inconsistent with 

the current image of the sleeping mother and child) and from two adjacent areas without 

underlying texture, as illustrated in Figure 2.4.  Prior to sampling, the paint surface was 

viewed using the Leica stereomicroscope at magnification ranging from 1x-40x in order to 

determine the best site for sampling.  In addition, the UV-fluorescence image was consulted 

in order to avoid areas where there had been previous art conservation treatment (e.g. 

overpaint). 

 The paint cross-sections were embedded in Ward’s Bio-Plastic®.  Initially, molds 

were half filled with Bio-Plastic®.  Each specimen from the painting was then carefully 

placed upside-down on top of the half-filled, semi-hardened mold after which the entire 

mold was filled with freshly made Bio-Plastic®.  Once the Bio-Plastic® had hardened, the 

sample was cut with a Buehler Isomet 11-1180 saw within 2-10 mm of the sample.  The cut 

surface was ground down with coarse grades of sandpaper (400, 600 and 800), and then 

was further dry polished using finer grit (1000, 1200 and 2000) sandpaper.  Finer grit 

sandpaper was used the closer the paint microsample was to the surface, until the sample 

was exposed. 

 



58 
 

 

 

 

 

 

 
Figure 2.3.  Detail of the author’s signature, an area of interest.  Cross-section samples 
were obtained in the areas with overlaid circles (not to scale).   
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Figure 2.4.  Image of While Baby Sleeps showing approximate sample locations used to 
make cross-sections.  The size of the circles is not representative of the size of sample 
obtained from the painting.    

Tacking edge sample
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2.2.6 Cross-section Analysis using Reflected Light and Fluorescence Microscopy 

The Olympus BX 51 polarizing light microscope was utilized and photomicrographs 

were made with the Olympus D72 camera.  Thick sections were observed by using 

reflected light from an external Zeiss KL 1500 LCD light source, and examined using 

fluorescence microscopy.  The ultraviolet light source was the X-cite series 120Q by Lumen 

Dynamics.  Only two filter combinations were used.  The wide UV (WU) has an excitation 

range of 330-385nm and a long pass filter allowing for light from 420-700nm to be 

observed.  The narrow UV (NV) provides excitation < 400nm with a long pass barrier filter 

for wavelengths between 455-700nm to be observed.  Photomicrographs were taken at the 

following magnifications: 40x, 100x, 200x and 400x.  

2.2.7 SEM-EDS Analysis of Paint Microsamples 

The paint microsamples were analyzed by scanning electron microscopy and energy 

dispersive spectrometry (SEM-EDS) using an FEI Quanta 650 FEG ESEM (environmental 

scanning electron microscope) with two X-Flash 5010 energy dispersive detectors.  The 

equipment is in the Department of Geological Sciences and Geological Engineering at 

Queen’s University.  Bruker Esprit 1.9 was the software used in subsequent EDS analysis.  

The SEM was operated at an accelerating voltage of +15 kV in low vacuum (0.45 Torr) 

mode.  Topological images of the paint microsamples were obtained using a backscattered 

electron (BSE) detector.  

2.2.8 SEM-EDS Analysis of Cross-sections 

Chemical vapour deposition (CVD) was used to carbon-coat the cross-sections and 

thereby ensure the conductivity of the sample surface.  The Denton Vacuum was used in 
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the process.  The same equipment and software was implemented as outlined in Section 

2.2.7.  The SEM was operated at an accelerating voltage +25 kV in high vacuum mode.   

Images of the cross-sections were also obtained using the BSE detector.  

2.2.9 ATR-FTIR Analysis of Fibre Samples 

 The ATR-FTIR spectrometer used was the Thermo Nicolet Avatar model 320 with 

the Golden GateTM ATR module.  The Golden GateTM is comprised of a diamond ATR encased 

in a tungsten carbide mount and a bridge which holds a hard, inert sapphire pressure anvil.   

This horizontal, single reflection diamond ATR accessory top plate is supplied on an optical 

unit that contains mirrors and beam condensing optics.  The single reflection ATR allows a 

number of sample types to be analyzed with no sample preparation.  The instrument is 

controlled using Nicolet’s OMNIC software.  To generate a spectrum, 32 scans with 4cm-1 

resolution were collected from 400-4000 cm-1, summed, and processed with Grams 6 

software.  These spectra were then compared to a reference spectral library, collected 

either by Emeritus Professor H.F. Shurvell or from the Infrared and Raman Users’ Group 

(IRUG) spectral library, to determine the identity of the unknown.    
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3.  RESULTS AND DISCUSSION 

 

3.1  NON-CONTACT ANALYSIS 

3.1.1 Visual Examination of While Baby Sleeps 

An initial examination of While Baby Sleeps was undertaken to assess its current 

state and to identify potential areas of inconsistencies in the painting as sites for further 

technical and scientific investigation.  During this examination, surface texture and brush 

marks not consistent with the present-day painting were noticeable in the areas to the left 

of the sleeping mother and to the right of the current window, suggesting the presence of a 

previous composition beneath While Baby Sleeps.  A whitish underlayer was observed 

through the cracks of the brown background textured area, to the left of the sleeping 

mother.  Additional textured lines, starting from the top left side of the canvas and ending at 

the mother’s skirt, were observed and could possibly be due to overlapping of ground 

applications (Figure 1.1).  Drying cracks seen throughout the painting have a translucent 

hazy appearance, and appear to have been filled with wax during the wax-resin lining 

treatment in 1986.  Today these hazy cracks are especially noticeable in the dark brown 

background to the right of the present-day mother (Figure 3.1).    

In addition, a visual examination of the mother’s shoe revealed an area of inpainting.  

This area had a more granular texture than the surrounding paint.  A smaller area of 

inpainting below ‘PARIS-1888’ was also noted. An accidental brushstroke, not related to the 

composition, was observed on upper rim of the potato bowl.  Last, the bottom right corner 

of the canvas was also examined and was found to show signs of damage and red coloured 

paint not in keeping with the surrounding area (see Figure 3.2).  The red coloured paint  
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Figure 3.1.  Drying cracks seen throughout the painting have a translucent hazy 
appearance.  Detail of hazy cracks noticeable to the right of the present-day mother.  
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Figure 3.2. Right bottom corner of the canvas.  Show signs of damage and red coloured 
paint not in keeping with the surrounding area.  
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suggested to Pocobene during his treatment in 1986, “the remnants of another signature 

[which] had been scrapped [sic] away with a sharp instrument” (Pocobene 5).      

Brush marks are apparent throughout much of the painting.  However, brushstrokes 

are much more prominent in the foreground floor area.  Figure 3.3 shows details of brush 

marks from the bowl holding the potatoes in the foreground.  The face was executed with 

well-blended, thin paint resulting in few visible brushstrokes.  The artist’s use of scumbling 

application is noticeable in the mother’s coat.  Additionally, translucent brown glazes were 

used for the background.  Slightly textured, thick paint can be seen in the mother’s mauve 

skirt noticeable under raking light. 

To complete the analysis, the verso side of the painting was also examined visually.  

The canvas verso is darkened such that the previous inscription is barely visible today.  

Prior to the 1986 treatment, the verso read ‘PAUL PEEL/PARIS/1888’.  The signature, 

location and date of completion were painted in dark brown paint, very similar to the 

signature observed on the recto side.  The discolouration of the canvas on the verso side is 

most likely due to the wax-resin lining method implemented in 1986.  The wax-resin lining 

method was used to consolidate the tenting and cleavage of the ground and paint layers 

along the bottom of the canvas; it also offered support to the weak, degraded original 

canvas.  A transparent lining, in this case fiberglass, was used in 1986 on While Baby Sleeps 

to allow the inscription on the back to remain visible after lining.  Even though a 

transparent lining was used, the inscription of the reverse side is scarcely visible today due 

to the extensive darkening of the canvas.   

At the time of treating While Baby Sleeps, wax-resin lining was within the bounds of 

acceptable treatments used for overall consolidation of paintings.  Today, wax-resin lining  
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Figure 3.3.  Details of brush marks from the bowl holding the potatoes in the foreground 
area of While Baby Sleeps. 
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has largely fallen out of favour, because it is highly interventive and considered irreversible.  

Wax-resin adhesive penetrates the canvas and ground, infiltrating the binding medium and 

paint, thus making complete removal of the wax impossible.  Research into the effects of 

wax-resin lining have also shown visual changes over time, manifesting themselves as a 

darkening of the canvas and ground layers (Hackney et al. 432; Burnstock et al. 94).  

Additionally, the paints in wax-resin lined paintings have an increased sensitivity to 

solvents (Sutherland qtd. in Hackney et al.  432).  Today, conservation places a greater 

emphasis on using less intrusive methods and preserving the original state of a piece. 

  To round out the preliminary examination of While Baby Sleeps, a stereomicroscope 

was also used to scrutinize the painting.   Paint losses were observed along the bottom of 

the canvas near the tacking edge.  A medium-sized loss was detected in the mauve skirt, 

which had been filled with the wax-resin treatment mixture.  Additionally, several paint 

chips were discovered to have migrated during the wax-resin lining to a different area of 

the painting not in keeping with the colour of their surroundings.  The scratched area in the 

lower right corner was also examined with the stereomicroscope in addition to the unaided 

eye.  Clear evidence of scratch marks was observed; the red paint identified could 

conceivably represent leftover traces of a previous signature, as the red paint is an obvious 

outlier when compared to the browns used in the bottom right region.  However, due to 

effective removal of the paint (a possible previous signature), it is difficult to discern any 

letters.   

The hazy overall appearance near the cracks was further examined with the 

stereomicroscope.  Figure 3.4 clearly shows that hazy areas correspond to cracks in the 

paint surface, most likely manifesting the interaction of the wax with varnish.  All samples  
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Figure 3.4.  Macrophotograph of brown area of baby’s crib illustrating the hazy appearance 
at areas of cracks.  Image taken with the Leica M 651 stereomicroscope, with camera model 
Leica IC80 HD at a magnification of 25x. 
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were taken with the aid of a stereomicroscope, as it allowed for more precise examination 

of the sampling area and easier manipulation of the sample once removed.  Last, the brown 

paint utilized for the signature was viewed using the stereomicroscope.  It seems that the 

brown paint of the signature is not consistent throughout, as shown in Figure 3.5; it 

appears more heavily applied in the U and L of PAUL and for most of PEEL. 

 

 

 

Figure 3.5.  Detail of the signature on the left bottom corner of While Baby Sleeps. 
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3.1.2 X-ray Radiography  

 Figure 3.6 shows (a) the visible light image taken in 2016 and (b) the x-radiograph 

of the nineteenth century painting While Baby Sleeps, taken before the 1986 conservation 

treatment.  The radiograph was made on 14” x 17” film, which was photographed and 

stitched, as outlined in chapter 2 (experimental).  The dramatic image from x-ray 

radiography shows an earlier painting beneath the current painting of While Baby Sleeps.    

Visible to the left of the sleeping mother is an upright seated woman in a three-quarter 

view with her eyes open, wearing traditional Breton peasant garb, see Figure 3.6.  Just 

below her is an animal in side view (possibly a dog).  Given its orientation only one pupil is 

visible, appearing white in the x-ray image.  The animal is furry and looks to be resting its 

head in the present-day mother’s lap (Figure 3.7).  Also visible in the upper left hand corner 

is a window whose orientation is drastically different from the visible light image of the 

present-day window (Figure 3.8).  Surrounding the window is a white mass, which could 

perhaps be a curtain.  The visible light and x-ray images are superimposed in Figure 3.9, to 

illustrate the exact positions of the aforementioned underlying painting features in relation 

to the surface paint. 

 These obscured features were revealed because the pigments predominantly used in 

the lower layers were made of heavy elements (high Z number), such as lead white.  The 

paint used to cover the underpainting allowed for x-rays to pass through them (they are x-

ray transparent).  Therefore, the x-radiograph revealed that lead white, in addition to 

another heavy element pigment (such as vermillion possibly), was used to paint the face of 

the upright woman.    

  



71 
 

 

 

 

 

 

 

 

 
Figure 3.6. Visible light (a) and x-radiograph (b) images of the nineteenth century painting 
While Baby Sleeps. 
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Figure 3.7. Detail of mother’s lap (a) visible light and (b) x-ray images.  Furry animal 
(possibly a dog) resting its head in the present-day mother’s lap.  
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Figure 3.8.  Detail of window (a) visible light, (b) x-ray images.  The x-ray image reveals the 
presence of a hidden window whose orientation is different from the present-day window 
(as shown in a).  
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Figure 3.9. While Baby Sleeps, x-ray and visible images are superimposed to illustrate the 
exact positions of the underlying painting features in relation to the surface paint. 
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 The canvas weave was also observed in Figure 3.9 due to lead white,  a common 

constituent of ground layers, which fills the interstices of the canvas, therefore allowing for 

the pattern to be seen.  Tacks, which appear white in the x-ray image, surround the edge of 

the canvas.   Also visible at the bottom edge of the canvas is a scalloped pattern known as a 

stretcher garland or tension garland.11  Faint white lines starting from the upper left side 

and continuing down to the current mother’s skirt are visible in the x-ray image.  The 

canvas repair patch, a light-greyish white square on the lower left hand side, is also evident.  

Additionally, smaller dark losses at the bottom of the canvas are observed.   

The subject matter of the first composition is consistent with Paul Peel’s oeuvre.  

The Breton peasantry was one of Peel’s “leading pictorial motif[s]” (Baker 30).  Peel has 

featured dogs in his paintings, as seen in Two Friends painted in 1886.  A second version of 

this painting exists, executed in 1886, and is included in Victoria Baker’s catalogue as A 

Country Boy and His Dog Among the Daisies (129).  Moreover, Peel won best amateur 

painting at the age of 16 for his portrait of a St. Bernard dog (Sher A1).12  

 The presence of double painting shows that the artist changed his mind during 

painting, replacing the original composition with the one currently seen.  The presence of 

pentimenti is often cited as evidence that a work is original (Bellingham 30).  Nevertheless, 

it should not be over looked that skilled forgers have been known to reuse old painted 

canvases (Craddock 288).  However, the double painting observed in While Baby Sleeps, is 

                                                           
11“Tension garland – a scalloped pattern along the edges of a canvas indicating where the original tacks or 
staples held the fabric to an auxiliary support during sizing and priming of the canvas” (“Condition 
Reporting”).  
12 In 2009 the curator of Museum London received a phone call from a collector claiming to have purchased a 
long absent Peel painting, which Peel created for the 1876 Western Fair.  The curator was skeptical, but it was 
discovered in Lancaster County, Pennsylvania just 60 km from Philadelphia, where Peel had attended the 
Pennsylvania Academy of Fine Arts.  The painting was purchased from an antique shop, which claimed to 
have acquired it in an estate sale (Sher A1). 
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in keeping with the subject matter that is dealt with in the present-day painting.  The two 

paintings are not compositionally different in nature, as was the case in a previous painting 

attributed to Paul Peel, entitled Children in Garden.  In x-ray radiographs of the latter 

painting, the girls were not shown in the earlier stage and instead iris leaves were observed 

(Kelly D1).   It would be interesting to obtain other x-ray images of Peel’s works with 

catalogued provenance, to see whether he made compositional changes there as well.  

Sketches drawn by Paul Peel were examined at the National Gallery of Canada (NGC) to find 

instances where he depicts the same subject as the underlying (hidden) composition or the 

current painting While Baby Sleeps.  It must be reiterated that though this avenue was only 

modestly explored in this thesis due to time constraints, it should be delved into further by 

examining sketches by Paul Peel housed at various institutions.  Finding other occurrences 

of underlying and current composition of While Baby Sleeps among Peel’s known sketches 

would lend further credibility to its current (questioned) attribution.   

3.1.3 UV-Induced Visible Fluorescence 

In the present-day UVF image, Figure 3.10, hazy-greenish regions of fluorescence are 

observed, suggesting partial removal of the natural resin varnish during the 1986 

treatment.  The current painting has a final protective coat of sprayed 10% B-72 in xylenes; 

in addition, an isolation layer of 15% B-72 in xylene was used prior to filling losses and 

starting inpainting (Pocobene 5).  A UVF image of While Baby Sleeps was taken prior to 

treatment in 1986, which showed an overall greenish fluorescence, as seen in Figure 3.11.  

The natural varnish was described as yellowed and therefore modifies the surface 

appearance of the painting.   In addition to the yellowing varnish, regions of overpaint on 

the left-hand side of the mother, near the bottom right hand side and close to the mother’s 
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shoes near the puncture, were noticeable.  It was also stated that “the varnish [was] 

inconsistent, ranging from matte to very glossy” (Pocobene 2).  From the pre-treatment 

UVF image, there is strong evidence to suggest that While Baby Sleeps had had previous 

restoration work done, before 1986.   

The current UVF image shows areas of minor retouching in several areas: near the 

present-day window, below the window ledge, at the bottom of the painting, and in the 

upper middle background region of the painting.   These inpainted sites appear darker, 

indicating that the material used fluoresces much less than the aged oil paint, where no 

conservation intervention has occurred (Figure 3.12).  The UVF image also shows larger 

areas of inpainting, such as near the mother’s left ankle and shoe, well into the right sock 

and on the bottom right hand corner.     A smaller but nevertheless observable area of 

inpainting is noted below ‘PARIS -1888’.  There is also a noticeable variation in fluorescence  

in the left-hand corner close to the tacking edge, suggesting that the varnish may have been  

more aggressively removed in this area, was not present near the edge, or was the result of 

the lining added to While Baby Sleeps during the 1986 treatment (see Figure 3.13).  Once 

the overpaint in the bottom right hand corner was mostly removed in 1986, “remnants of 

another signature [were revealed]” (Pocobene 5).  This area still appears dark in the 

current UVF image but not as pronounced as the regions which were inpainted in 1986.   An 

accidental brushstroke on the potato bowl was noticed.  Last, in Figure 3.14, the double 

painting of the hidden window seen by x-ray radiography is also discernible under UV light.   

During the 1986 treatment, it was observed that the signature ‘PAUL PEEL’ was found to be 

soluble in the solvent mixture used to remove the varnish layer.  The varnish removal 

around the signature area was stopped and the area was examined in greater 
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Figure 3.10.  UV-induced fluorescence image of While Baby Sleeps. 
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Figure 3.11. UV-induced fluorescence light image of While Baby Sleeps, before treatment in 
1986, showing green fluorescence from the natural varnish. 
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Figure 3.12.  Detail showing smaller areas of inpainting in the background of While Baby 
Sleeps. 
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Figure 3.13.  Detail of left corner tacking edge, suggesting that the varnish may have been 
more aggressively removed in this area or was not present near the edge. 
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detail.  Additionally, the partially cleaned signature “absorbed UV light and appeared dark 

unlike before when the deteriorated varnish layer obscured this” (Pocobene 4).  Following 

the natural resin varnish removal, in 1986, it was established that the signature was seen to 

fluoresce less, that is it “appeared dark,” suggesting perhaps that different materials 

(pigment and oil media) used were newer than the original oil paints; thus fueling the 

attribution debate surrounding While Baby Sleeps.  Therefore, the area of particular interest 

examined under UV light in this study was the signature.  Figure 3.15 is the present-day 

UVF image of the signature area in further detail.  It shows darkened portions of certain 

letters indicating that the signature had been reinforced in the past.  Specifically, part of the 

P (the stem) as well as most of the U and L of PAUL appear to have been inpainted.  Most of 

PEEL appears to have been inpainted with only small areas of the P and L appearing to be 

unmodified. 

Original natural varnish applied in the nineteenth century at the time the painting 

was executed or shortly thereafter (less than a year after completion) is rarely observed on 

present-day paintings.  If these natural varnishes survive it is because they are non-

yellowing, thinly applied (so that if yellowing does occur, it does not modify the appearance 

greatly) or because conventional solvent based cleaning methods cannot ensure their safe 

removal (Townsend 156).  Nineteenth century varnishes were commonly brush applied 

and show uneven yellowing.  There is clear evidence that While Baby Sleeps had restoration 

work done prior to the 1986 conservation intervention, as shown in the pre-treatment UVF 

image (see Figure 3.11).  Additionally, it was noted that a natural varnish was yellowing and 

appeared unevenly applied.  Therefore, the initial restoration work done on While Baby 

Sleeps could have been done as early as the late nineteenth century, but probably more 
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likely in the twentieth century and that a natural varnish was applied by a restorer at this 

time.  However there exists no precise knowledge of this pre-1986 restoration, and, since 

no history of treatment has been found for While Baby Sleeps, no information as to whether 

the signature had been reinforced is available.   

French artists of the nineteenth century who followed the French academic style, 

including Peel, had their paintings varnished in contrast to their Impressionist 

counterparts.  The application of varnish indicated the completion of the painting and was 

an important part in its presentation (Phenix and Townsend 260).  As Callen notes, “[t]he 

act of varnishing at the great annual exhibitions was itself symbolic as well as practical: the 

term vernissage stood both for the work of varnishing and for the social event, the Opening”  

(738).  Varnish deepens, saturates colour, unifies the surface and gives a glossy, more 

completed finish, something which was stressed by the French academy (Callen 738).   

Paintings submitted for Salon competitions had to be delivered six weeks prior to 

the opening.  Some artists submitted completed works that had been varnished. However, 

not all artists could afford the services of skilled colourmen.13  Additionally, it was not 

uncommon to have newly completed unvarnished works submitted to the Salon if there  

was no time for the paint to dry sufficiently prior to varnishing.  In the nineteenth century it 

was less likely for an artist to participate at the Salon’s vernissage (Swicklik 164).  Instead, 

he was dependent on Salon artists’ colourmen to varnish his painting.  A single colourman 

was charged with varnishing a number of artists’ paintings and therefore “[it is] less likely 

that the paintings on exhibition would have received a varnish toned in a manner specific to 

                                                           
13 Colourmen, also known as artist merchants, were in the business of selling art supplies.  Some were also 
employed to varnish finished paintings. 
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Figure 3.14.  Detail of window (a) visible light, (b) UV induced fluorescence and (c) x-ray 
images.  UVF and x-ray images reveal the presence of a window whose orientation is 
different from the present-day window (as shown in a). 
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Figure 3.15.  Detail of signature: (a) visible and (b) UV-induced fluorescence images.  
Certain letters, under UV-light, such as the curve of P (in PAUL) appear under the varnish 
whereas the stem portion of P appears over the varnish. 
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each artist” (Swicklik 165).  Therefore, if submitted to a Salon for competition, While Baby 

Sleeps would have undoubtedly been varnished soon after completion.  No record of this 

painting by Peel having been entered into a Salon competition either in 1888 or 1889 has 

been found, however.  Without question, this painting had a natural varnish applied to its 

surface and had been restored prior to 1986.  What is unclear, though, is if the signature 

‘PAUL PEEL’ in the bottom left was retouched (forged) prior to the 1986 conservation 

intervention, and whether an alternate signature may have been present on the lower right 

side, which appears as a dark area both in the 1986 and in the present-day UVF image.   

3.1.4 Visible-light Photography 

 In photographing While Baby Sleeps with visible light, the images captured show the 

condition of the painting at the time of photography.  These visible images were used to 

compare the surface paint to the images obtained by techniques that use different 

wavelengths of the electromagnetic spectrum such as infrared, ultraviolet and x-ray.  Two 

different visible-light photographs were taken while documenting the painting: a standard 

resolution visible-light photograph followed by an ultrahigh resolution macrophotograph, 

achieved by taking 20 close-range images of While Baby Sleeps and stitching these together.  

The macrophotograph provides a high-resolution image of the painting that can be 

revisited when the original is not accessible, and allowing one, for example, to examine 

areas of interest and brushstrokes in greater detail (shown in Figure 3.3).  The ultrahigh-

resolution visible macrophotograph allows the study of the artists’ paint application and 

can reveal information about the painter’s technique.   
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3.1.5  Infrared Radiation 

 In technical examinations of paintings using IR, two different imaging techniques 

are commonly employed: IR photography (IRP) and IR reflectography (IRR).  In this thesis, 

the additional technique of transmitted IR photography was used to document While Baby 

Sleeps.  Both IRP and transmitted IR use digital, IR-sensitive cameras, the difference being 

the positioning of the infrared source.  In the case of transmitted IR, the infrared source 

was placed behind While Baby Sleeps and an IR sensitive camera recorded the transmitted 

radiation.  In contrast, both IRP and IRR had the infrared source in front of the painting and 

the reflected radiation was recorded.  The difference between the two reflected radiation 

techniques lies with the device used to capture the image.  In IRP, a digital IR-sensitive 

camera with a charge-coupled device (CCD) sensor is used, giving a wavelength cutoff of 

about 1000 nm.  In infrared reflectography, the OSIRIS IRR camera is equipped with an 

InGaAs detector which is sensitive to longer IR wavelengths and cuts off at 1700 nm.    

 When examining infrared images, it is important to remember that “we are looking 

at and through superimposed layers – partially transparent paint over drawing” (Bomford 

16).  IR radiation is absorbed by any carbon-based pigment at the uppermost occurrence in 

the painting’s layered structure.  Once absorbed, IR radiation will not penetrate through 

the painting to reveal anything beneath (Bomford 16; Faries 18).  Therefore, when studying 

IR images, it would be a mistake to study them in isolation because it could lead to 

erroneous conclusions about the underdrawing.  For instance, in certain locations the IRP 

image closely resembles the visible image, indicative that the IR radiation is not 

penetrating the paint layers.  In other areas, however, the visible and IR images appear 

quite different.  Without referring to the visible image, it is impossible to know whether the 
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IR image represents a surface or a sub-surface layer.  Accordingly, when examining the IR 

images of When Baby Sleeps, they were viewed alongside the visible images, so that the 

surface paint was not mistaken for the underdrawing. 

3.1.5.1  Infrared Reflectography 

 One of the most prominent areas in which an underdrawing appears visible is the 

hands of the mother, see Figure 3.16.  The revealed underdrawing seems to be more fluid 

than sketchy in nature.  The right hand (mother’s left) leaning on the back of the chair in 

the IRR image shows an extra finger facing the viewer with the nail visible, while the visible 

light image shows only the palm and outside of the little finger around the chair. 

Furthermore, the forefinger on the left hand (mother’s right) has also changed, from a more 

flexed position to a more relaxed version in the visible image.  In addition, there appear to 

be diffuse painted lines for the fingers of the left hand, indicating some indecision about 

their placement. 

 The mother’s face is quite dark in the IRR image, as seen in Figure 3.17, which 

matches the shadowed areas in the present-day painting.  Carbon-based paint was used by 

the artist, as observed in the IRR image, to create this effect.  It also seems that a dark wash 

was applied near the neck and across the upper half of the chest in the IRR image, which is 

not observable in the visible image of While Baby Sleeps.  Further, on the right side of the 

mother’s tilted head, her ear is noticeable in the IRR image but is covered by hair in the 

current painting (see Figure 3.17). 

 Another region which shows differences between the IRR image and the present-day 

painting is the chair legs perceived in Figure 3.18.  With the right rear chair leg,  there looks 

to be uncertainty or correction as to the angle and positioning of that leg.  As a result, two  
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Figure 3.16.  Detail of mother’s hands in: (a) visible light, (b) IR reflectography images.  IRR 
reveals underdrawing of the mother’s hands.  

a b 
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Figure 3.17.  Detail of mother’s face under (a) visible light and (b) IR reflectography 
images.  The dark areas of mother’s face in IRR (b) corresponds to shadow in the present-
day painting (a).  The dark regions suggest that a carbon-based black paint that absorbed 
IR was used.   
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Figure 3.18.  Detail of chair under (a) visible light and (b) IR reflectography images.   
 
  

a b 
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right rear chair legs are observed, however Peel has resolved the problem in the visible 

image.  Furthermore, the left rear leg is seen in the underdrawing of the IRR image but is 

covered by the mother’s skirt in the current painting.   

 During the 1986 conservation treatment, it was observed that the “canvas [was] 

primed with [a] brown coloured . . . oil type ground” (Pocobene 2).  It was also noted that 

in the locations where the current painting’s underdrawing had been observed, a new “off-

white” ground layer was used to cover the first painting (Pocobene 2).  Therefore, the 

multilayered structure appears to be composed of an initial ground layer, possible 

underdrawing and earlier painting, followed in some locations by a new ground layer, 

underdrawing and final surface paint.  The earlier composition of the upright woman 

observed by x-ray radiography was not visible by IRR.  The visualization of the first 

painting’s underdrawing could be difficult due to the presence of a coloured ground layer.  

Rhona Macbeth has noted that this is a common problem with reflected IR, but can be 

solved with transmitted IR (300; “Infrared Reflectography”).  In addition, the ability to see 

any potentially concealed underdrawing of the first painting is diminished by the presence 

of any carbon-based pigments in the layers above (Wainwright 81).  Underdrawing 

corresponding to the present-day painting is also not discernible in other areas, if it is 

indeed present.  In these other areas, the paint may be relatively thick, and thus infrared 

radiation may not able to penetrate so as to detect the underdrawing (Faries 18).       

 Damages to While Baby Sleeps were also shown clearly in the infrared images.  In the 

bottom left, the heel of the left shoe and part of the right sock appear, lighter, granular, 

greyish in the IRR image.  The greyish area is not in keeping with the surroundings, 

indicating inpainting.  Across the bottom of the canvas losses are apparent, manifesting 
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themselves as white areas.  The scratched area in the lower right hand corner noted during 

the initial stages of examining the painting and in the visible and UV-induced fluorescence 

images, are not observed in the IRR image.  

3.1.5.2.  Infrared Photography 

An ultrahigh resolution IR macrophotograph was achieved by taking 20 close-range 

images of While Baby Sleeps and stitching these together.  The underdrawing features listed 

above for IRR were either faintly detected or not observable using IRP.   Figure 3.19 shows 

detail of the mother’s face photographed by (a) visible light, (b) IR photography and (c) IR 

reflectography, clearly illustrating that details seen in IRR are more faintly noticeable by 

IRP.  Perhaps the best example of the difference in the degree of penetration between the 

two IR imaging techniques is illustrated by the mother’s blue coat.  In Figure 3.20, the 

stripes of the mother’s blue coat become more transparent on moving to longer IR 

wavelength, from IRP to IRR. 

Areas of inpainting are clearly visible in the IRP image.  These areas appear black 

compared to their surroundings, and are better seen in IRP.  In the large area of inpainting 

on the bottom left heel of the left shoe and part of the right sock, a lighter granular greyish 

area is more clearly observed in the IRP image than the IRR image (Figure 3.21).  Smaller  

areas of inpainting are also seen more easily in IRP and are noticeable by their darker 

(black) appearance compared to their unaffected surroundings.  Additionally, areas of loss 

appear white again in the IRP, identical to what was observed with IRR. 

  In conclusion, underdrawings can be used in artist attribution debates, since “[t]he 

visual characteristics of underdrawings and the working methods they help reveal may be 

idiosyncratic of one master or workshop” (Dijkstra qtd. in Faries 21).  Underdrawings can  
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Figure 3.19.  Detail of mother’s face under (a) visible light, (b) IR photography and (c) IR 
reflectography images.  The mother’s face is darker in (c) IRR compared to (b) IRP.  The 
dark regions suggest that a carbon-based black paint that absorbs IR was used, which 
creates shadow in the present-day shadow.  
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Figure 3.20.  Detail of mother’s blue coat in (a) visible light, (b) IR photography, and (c) IR 
reflectography images.  Difference in the degree of penetration between the two IR imaging 
techniques is illustrated by the mother’s blue coat. 
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Figure 3.21.  Images of While Baby Sleeps produced using (a) Infrared photography, and 
(b) Infrared reflectography. 
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also aid in discerning a copy from an original.  In copies, the painting closely follows the 

underdrawing and fewer compositional changes are observed (Faries 22).  For 

underdrawings to be used in attribution debates for Paul Peel’s work, however, there needs 

to be an established repository of additional IRR photographs of authenticated Peel 

paintings.  If these unchallenged works are shown to contain visible underdrawings, the 

underdrawing style of Paul Peel might then be established and would allow for comparison 

with paintings whose attribution is in question, such as While Baby Sleeps.   

3.1.5.3  Transmitted Infrared Photography  

 The transmitted IR image, Figure 3.22, confirms the presence of the upright woman 

to the left of the current  mother asleep on the chair, as was seen in the x-ray image.  Also 

shown is the double painting of the window, which was later painted over in the final 

version of the painting.  The window is observed as a black area in transmitted IR, 

confirming once again what was seen by x-ray radiography.  Additionally, thick black lines 

starting from the top of the left side of the canvas and extending down to the mother’s skirt 

are observed by transmitted IR (Figure 3.22).  In the x-ray image, these lines are white and 

were mostly likely made by a heavy element, such as lead present in lead white.  These 

lines, observed in both transmitted IR and x-ray images, were also noted as regions of 

texture during the initial stages of visual inspection of the painting.  It was difficult to 

discern the areas of underdrawing in the transmitted IR images.  There are regions where 

underdrawing could potentially be present, such as the headdress near the present day’s 

mother’s head.  However, it was difficult to draw any firm conclusions about noticeable 

underdrawings from the transmitted IR image, given that the painting was not evenly and 
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completely illuminated.  Further studies of this painting by transmitted IR under optimized 

conditions will aid in determining the presence of underdrawing. 

 

 

Figure 3.22.  Transmitted IR image of the nineteenth century painting While Baby Sleeps. 
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3.1.6 Targeted X-ray Fluorescence 

 Numerous locations on While Baby Sleep were examined using targeted XRF analysis 

to gain an overview of the elements present for certain paint colours and to confirm the 

presence of or suggest a possible pigment used.  Table 3.1 suggests the most likely 

pigments given the elements identified by XRF.  The method common at Queen’s employs 

40kV and 30A source tube conditions, which is considered optimal for high Z element 

identification.  If one is interested in low Z elements (including calcium and below), it is 

recommended that a low voltage (e.g. 15 kV) and high current in the presence of a vacuum 

be used (McGlinchey 150).  The latter method, which highlights the low Z elements, was not 

utilized in this experiment.  However, it should be considered when trying to answer 

questions surrounding elemental information of paint colours.  

 The peak determination method implemented was similar to Jenkins, as quoted by 

McGlinchey.  First, the maximum peak counts were obtained.  Then, the baseline intensity 

on either side of the peak was averaged and subtracted from the peak, unless the baseline 

was influenced by the tail of an adjacent peak.  The background noise of each spectrum was 

calculated from the region of 4.0 to 6.0 keV.  A peak was confirmed only when the counts of 

the peak was three times the background’s standard deviation.  Additionally, in analyzing 

the data, the element is confirmed only when two main peaks are observed.  If this not 

possible, then a putative assignment for that element is made but another technique needs 

to be used to confirm the XRF results (McGlinchey 152). 

 Lead was identified in all spectra by its characteristic L lines (Pb Lα1 at 10.56 keV, 

L1 at 12.61 keV, L1 at 14.76 keV, L2 at 15.20 keV and Ll at 9.18 keV) and its additional M 

line of 2.39 keV.  The intensity of the lead white peaks was by far the most abundant in all  
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Table 3.1.  List of possible pigments for the XRF lines observed in this study 

Element Spectral 
lines (keV) 

Possible pigments Chemical formulae 

Mercury, Hg Lα1 = 9.99 
Lβ1 = 11.82 

vermillion/cinnabar HgS 

Lead, Pb Lα1 = 10.55 
Lβ1 = 12.61 

lead white 
chrome yellow 
red lead 

2PbCO3·Pb(OH)2 
PbCrO4∙xPbSO4 
Pb3O4 or 2 PbO·PbO2 

Calcium, Ca Kα1 = 3.69 
Kβ1 = 4.01 

chalk, gypsum 
bone black or ivory black 

CaCO3 
Ca3(PO4)2· CaCO3  

Iron, Fe Kα1 = 6.40 
Kβ1 = 7.06 

Prussian blue 
iron earth (2 common forms) 
   goethite 
   hematite 
   black iron oxide 

Fe3O4, Fe4[Fe(CN)6]3 · H2O 
FeO(OH)·nH2O 
FeO(OH) 
Fe2O3 
FeO·Fe2O3 

Manganese, Mn Kα1 = 5.90 
Kβ1 = 6.49 

umber Fe2O3(·H2O)+MnO2·(n H2O)+Al2O3 

Cobalt, Co Kα1 = 6.93 
Kβ1 = 7.65 

cobalt blue 
smalt 
 
cobalt violet 

CoAl2O4 

SiO2(65%) + K2O(15%) + Al2O3(5%) 
+ CoO (10%) 
Co3(PO4)2 or Co3(AsO4)2 

Arsenic, As Kα1 = 10.54 
Kβ1 = 11.73 

orpiment As2S3 

 

spectra and obscured the visualization of other elements present.  Therefore, it can be 

concluded that lead white was ubiquitously used, either in the ground layer or in a sublayer 

(perhaps the layer used to cover the underpainting) or both.  Peel also admixed lead white 

with other colours to make lighter shades. 

 Calcium was also detected in all spectra by its characteristics K lines (Ca Kα1 at 3.69 

keV and K1 at 4.01 keV).  Calcium, unlike lead, is present in low or trace levels and in 

certain instances only one peak, the Kα1 could be confirmed, shown in Appendix A.1, 

therefore calcium presence was only suggested.  Calcium could be present in the ground 

layer, as a component of the pigment or added intentionally (e.g. chalk added to lead white 

to increase its transparency).   
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 Nickel (Ni) is also present in all the spectra regardless of the colour examined as 

shown by the Ni Kα1 at 7.38 keV and Kβ1 is sometimes observed as well.  The nickel signal 

is a known instrument artifact peak, and thus will not be discussed.  Additionally, copper 

(Cu) Kα1 which was overlapped with the Ni Kβ1 was also found to be an artifact of the 

instrument and was present in all spectra at trace levels, except one.  Trace level peaks 

were observed in the region where barium (Ba) Lα1 (4.47 keV) and titanium (Ti) Kα1 at 

4.51 keV emit. However, neither the L1 at 4.83 keV of barium nor the Kβ1 at 4.93 keV of 

titanium were above the background noise and therefore, the presence of titanium or 

barium cannot be confirmed.  Nonetheless, the presence of barium could be due to barium 

white.  Titanium trace levels are most likely an instrument artifact, rather than from an iron 

earth pigment.  Titanium has been found in earth pigments depending on the soil from 

which it was manufactured (e.g. maghemite) and therefore might not necessarily imply 

titanium white (Eastaugh et al. 252; Helwig, “Iron Oxide” 88).   

 In order to compare spectra of the similar colour present in While Baby Sleeps, the 

spectra’s intensities (counts) were normalized to the highest intra-spectrum signal and 

multiple spectra were plotted on the same axes.  For clarity, multiple graphs were 

progressively offset vertically.  

 In the graph showing the reds and pinks (Figure 3.23) intense peaks for mercury 

(Hg) Lα1 at 9.99 keV and L1 at 11.82 keV were detected in certain red and pink paints 

indicating the presence of HgS (mercuric sulfide), as cinnabar or vermillion.  This technique 

does not allow for the differentiation between the natural mineral (cinnabar) and the 

synthetic form (vermillion).  Vermillion will be used here on in when taking about mercuric 

sulfide regardless of whether present in the natural or synthetic forms.  It can be 
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reasonably established that vermillion and lead white were used in the flesh tones of the 

mother by Peel.  Additionally, mercury was observed in the red-orange of the mother’s hair 

and the highlights of the baby’s blanket.  In red coloured objects in the background that 

surround the mother (e.g. red pot, red rim of bowl and reddish cobblestone), mercury 

peaks were absent.  In these spectra the intensity of iron (Fe) Kα1 at 6.40 keV and K1at 

7.06 keV peaks were notable, which demonstrate the use of a red iron earth pigments by 

Peel.  The presence of manganese, Mn (Kα1 at 5.90 keV), was observed in some of these 

iron rich red spectra and implies that umber may have been used.  Manganese cannot be 

confirmed conclusively since only the Kα1 was observed in these spectra; the K1 at 6.49 

keV was obscured by Kα1 of Fe. 

 The graph illustrating the blue paint (Figure 3.24) shows that iron peaks in the blue 

paint may originate from Prussian blue.  However, given the instrument’s inability to detect 

lighter elements, the absence of aluminum, sodium, sulphur and silicon can not exclude the 

possibility of ultramarine, but merely that it is beyond the capabilities of the instrument.  In 

four of the six spectra, significant levels of mercury were observed.  The presence of 

mercury in the blue paint of the mother’s coat could be from the underpainting of the 

upright woman, visible by x-ray radiography (Figure 3.6).  The dark purple-blue paint of 

the baby’s jumper is most likely made by mixing vermillion and a blue paint therefore 

explaining the presence of mercury.  The presence of vermillion in the mother’s sock is a 

little more difficult to explain.  Perhaps it is due to Peel not cleaning his brushes and is 

therefore a contaminant.  For the mauve colour of the mother’s skirt, the presence of 

vermillion suggests that it and another blue paint were mixed to create that colour.  The 

mauve-associated spectrum appeared to contain cobalt (Co) due to the Kα1 at 6.93 keV.   



103 
 

 

 

 

 

 

 

Figure 3.23.  XRF spectra of the red areas in While Baby Sleeps.  Traces have been offset 
vertically for clarity.  Note that some data points for the very intense Pb lines are off scale. 
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Figure 3.24.  XRF spectra of the blue and mauve areas in While Baby Sleeps.  Traces have 
been offset vertically for clarity.  Note that some data points for the very intense Pb lines 
are off scale. 
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Cobalt is a complicated case since its lines are affected by the presence of other elements, 

such as iron and nickel, which are both present in While Baby Sleeps.  Given that this 

element cannot be confirmed by XRF in the presence of iron and nickel, another technique 

is required to confirm cobalt, such as SEM-EDS and polarized light microscopy.  For 

chromium (Cr) both the Kα1 at 5.41 keV and the K1 at 5.95 keV were detected.  The 

presence of chromium suggests a chromium pigment (e.g. chrome yellow).  The findings for 

the mauve skirt will be addressed in greater detail in the XRF translational study below 

(section 3.1.7).  

 Brown is the one colour that is abundant in While Baby Sleeps, and therefore was 

also examined using XRF.  The graphs showing the elements present in the brown paint are 

illustrated in Figure 3.25.  In the brown background areas examined, iron is present in high 

levels, an indication of iron earth pigments.  For the middle background region to the left of 

the mother, the presence of mercury is substantial compared to the other spectra.  This 

must be due to the underpainting of the other figure’s head, which is covered by the 

present-day image.  The reddish-brown of the crib is composed of a mixture of earth 

pigment (high level of Fe K lines) and possibly umber because of the higher Mn Kα1signal 

compared to other brown spectra in the figure.  The brown crib spectrum also shows low 

albeit detectable levels of mercury (Hg L lines) confirming the presence of vermillion.  The 

high levels of iron in the black of the mother’s shoe is from an black iron oxide (also known 

as Mars black), an iron oxide manufactured during the eighteenth century (Eastaugh et al. 

259).  The presence of trace to low levels of mercury in the black of the mother’s shoe is 

more difficult to explain.  The presence of mercury may be from brush which was not 

thoroughly cleaned before painting the shoe.  
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 The yellow colours in While Baby Sleeps shown in Figure 3.26 display predominant 

Fe K lines implying that iron earth paint was used.  However, the yellow arsenic (As)-

containing pigment orpiment cannot be ruled out since Kα1 at 10.54 keV of arsenic is 

difficult to detect in the presence of Pb Lα1 at 10.56 keV.  Additionally, As K1 at 11.73 keV 

is close to Hg L1 which is necessary for positive identification.  Given that both lead and 

mercury are present in the painting, it is exceedingly difficult to detect arsenic and rule out 

orpiment (As2S3). 

 The white coloured areas predominately showed elevated levels of lead as was 

identified by its characteristic L lines (Pb Lα1 at 10.56 keV, L1 at 12.61 keV, L1 at 14.76 

keV, L2 at 15.20 keV and Ll at 9.18 keV) and its additional M line (Pb M at 2.39 keV), as 

represented in Figure 3.27.  This indicates that Peel used lead white.  The two white areas 

of the blouse analyzed show low levels of iron.  The presence of iron implies that iron earth 

could have been used to provide dimensionality and flow to the blouse or the signal could 

be from an underlayer.  Trace levels of mercury were discerned in the spectra also.  For the 

grey shears in the upper left hand corner of the painting, the most noticeable elemental 

peaks observed were lead and iron.  Most likely, lead white was mixed with iron black 

oxide to create the grey, however carbon-based black pigment which is not detectable 

using this XRF method cannot be ruled out.  

 To conclude, it should be recognized that the XRF technique employed in this study 

only provides one with qualitative findings.  The very nature of paintings, their “multi-

layered stratigraphies . . . intralayer heterogeneity and variable paint-layer thicknesses” 

makes data interpretation of XRF analysis problematic (McGlinchey 138).  Therefore, when 
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Figure 3.25.  XRF spectra of the brown areas in While Baby Sleeps.  Traces have been offset 
vertically for clarity.  Note that some data points for the very intense Pb lines are off scale. 
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Figure 3.26.  XRF spectra of the yellow areas in While Baby Sleeps.  Traces have been offset 
vertically for clarity.  Note that some data points for the very intense Pb lines are off scale. 
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Figure 3.27.  XRF spectra of the white and grey areas in While Baby Sleeps.  Traces have 
been offset vertically for clarity.  Note that some data points for the very intense Pb lines 
are off scale. 
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analyzing the pigments by XRF, the subsurface layers in addition to the surface paint can 

not be ignored, since x-rays can penetrate the surface anywhere from a few micrometers to 

millimeters.   Therefore, the XRF information obtained is influenced by the painting’s 

overall structure - the support, ground layer, thickness of intermediate paint layers, 

pigment heterogeneity within layers and the way the paint was applied are all factors 

which complicate this analysis.  Nevertheless, the findings above point to tentative 

identities of some of the paint colours analyzed.  The elemental composition of the 

pigments themselves fit in with those available to Peel in the nineteenth century.  No 

anachronistic pigments appear to have been used in While Baby Sleeps.  XRF cannot 

differentiate between ancient and modern forms of the paints identified.  From the XRF 

analysis alone therefore one cannot confirm the authenticity of While Baby Sleeps, however 

most of the plausible pigments suggested here do conform to those available to Peel during 

his lifetime.  Further investigation using micro-destructive techniques, such as SEM-EDS, 

which required sampling from the painting in the form of paint microsamples and cross-

sections, allowed for more precise determination of the elements present.  SEM-EDS was 

used to determine the elemental composition of paint samples and for the paint layers of a 

cross-section from a given area.        

3.1.7  Translational XRF Analysis 

 In this section, areas of interest were studied in greater detail to scrutinize the 

elements used to make the colours.  In this study, the same analysis procedure as in the 

previous section was used to confirm the plausible elements.  In order to illustrate how 

each element’s abundance differs in the regions of interest, only the signal from the Kα line 

is plotted.  The x-axis corresponds to the movement of the XRF sampling site across the 
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painting and the y-axis is expressed as counts/s for various elements detected.   An 

assessment of this type was utilized by Philippe Walter at the Université Pierre and Marie 

Curie (also known as the University of Paris VI) in studying Nicolas Poussin’s painting style 

(Glanville et al. 325-331).  Given the information ascertained by this group, it was decided 

that a similar study be undertaken here to understand Peel’s painting technique. 

3.1.7.1 Mother’s Face Analyzed with XRF 

 For the mother’s face in While Baby Sleeps, seven readings were taken using the XRF 

to gain further insight into Peel’s painting style.  As illustrated in Figure 2.2(a), the area 

from light to shadow on the face was examined.  In creating the flesh colour of the mother’s 

face, it was determined that lead (Pb), mercury (Hg) and iron (Fe) were observed.  These 

elements suggest the following pigments: lead white (lead carbonate hydroxide, 

2PbCO3∙Pb(OH)2), vermillion (mercuric sulfide, HgS) and iron earth pigment (iron oxides, 

Fe2O3∙xH2O).    

 Lead white and vermillion  could have been mixed to create the flesh tones.  The 

appearance of elevated levels of Hg coincide with visible areas of redness, such as the tip of 

nose bridge and blush of the mother’s cheeks in While Baby Sleeps (see Figure 3.28).  The 

highest lead levels were observed in the lightest regions.  However, high levels of lead were 

also detected even in dark and shaded regions of the mother’s face.  A consistently high 

level of Pb (Kα peak) of 4.4 x 103 counts/s was observed.  Therefore, in addition to lead 

white pigment on the surface of the painting, the high lead counts point to the possible 

presence of a lead underlayer or ground layer.  Iron levels, in association with manganese 

(the Mn Kβ was not observed, making true confirmation difficult), were also detected, and 

the concentration was found to increase in areas of shadow (see Figure 3.28).  Both 
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elements are present in one of several of the iron earth-based paints used to depict flesh.  

The darkest shadow region (umbra) on the mother’s face was achieved through the use of a 

carbon-based black pigment, confirmed by IRR, as revealed in Figure 3.17(b).    

3.1.7.2 Mother’s Mauve Coloured Skirt 

 Attention was given to the mother’s skirt because of the different hues achieved 

(Figure 2.2(b)).  The mother’s skirt has faint horizontal lines and areas of light and shadow 

to create folds and creases in the skirt.  One question surrounding the colour is whether the 

mauve is the result of an organic dye or a combination of pigments.  Preliminary findings 

by targeted XRF suggest that a combination of two colours was used.  This study found the 

following elements while analyzing the mauve skirt: lead, mercury, iron, chromium (Cr), 

and cobalt (Co).  The presence of cobalt represents a more complicated case since both its 

Kα and K are impossible to assign, as discussed below in greater detail.   

 From Figure 3.29, the levels of Pb (Lα) are inversely related to the levels of Fe (Kα), 

correlating to the stripes of the skirt.  For the lighter areas of the mauve skirt, the lead 

levels were higher.  In the darker regions an increase in iron was observed suggesting that 

an iron earth pigment was used. Additionally, in the regions that are distinctively more 

bluish-purple in colour, the levels of cobalt were higher than mercury.  The Co Kα at 

6keV was difficult to detect in the presence of Fe due to the Fe K at 7.06 keV.  In the 

spectrum shown in Figure 3.24, with the highest levels of cobalt, the Co Kα peak had an Fe 

K shoulder to its peak.  Additionally, the Co K at 7.65 keV was obscured by the Ni Kα at 

7.48 keV, where cobalt is a shoulder on the nickel peak.  Figure 3.30 is zoomed in between 

6-8 keV, illustrating the cobalt peak and its overlap with nickel and iron lines.  Cobalt could 

either represent a blue cobalt-containing pigment (CoO∙Al2O3) or a violet cobalt 
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(Co₃(PO₄)₂).  Another technique would need to be used to confirm the presence of cobalt.  

Since some cobalt-containing pigments are amorphous, crystallographic methods such as 

XRD would not confirm its structure and therefore would fail to identify the pigment.  In 

this instance, SEM-EDS, SEM-wavelength-dispersive spectroscopy (WDS) or polarized light 

microscopy would be suitable alternate approaches (McGlinchey 141).     

The area of the mauve skirt that is reddish in hue displayed elevated levels of 

mercury, which indicate that Peel had used vermillion.  For chromium both the Cr Kα at 

5.41 keV and the Cr K at 5.95 keV were detected.  The presence of chromium suggests a 

chromium-based pigment (e.g. chrome yellow).  The mixture of elements found suggests 

the use of lead white, vermillion, iron earth, cobalt and chromium-based pigments were 

used to make up mauve coloured skirt.  However, one cannot rule conclusively that an 

organic purple dye was not used in addition to those pigments listed above, since dyes are 

made of elements like Al, Si, and K which cannot be detected using the XRF method 

implemented here.  

3.1.7.3 Baby’s Blanket    

 The blanket covering the baby’s body is of an orange-red hue and is creased in a few 

places, an effect which Peel deftly creates with shading in the under-folded areas.  The XRF 

readings are shown in Figure 2.2(c).  The resulting elements observed, iron and mercury, 

were monitored and shown in Figure 3.31.  As stated above, iron corresponds to an iron 

earth pigment and the mercury is indicative of vermillion.  Towards the darkening of the 

fold, an increase in the levels of iron, concomitant with a decrease in the level of mercury, 

was observed. 
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3.1.7.4 Mother’s Blue Jacket 

 The mother is wearing a light blue jacket with traces of dark blue and grey areas.  

This area is fascinating because of the composition of the blue colour used to paint the 

jacket. The XRF readings are shown in Figure 2.2(d).  The elements present are iron, lead 

and mercury.  The resulting elemental composition for this region is illustrated in Figure 

3.32.  Iron is not only present in the blue paint but the concentration rises in the shaded 

locations.  Perhaps, Prussian blue (Fe4[Fe(CN)6]3∙xH2O), iron earth and  lead white were 

used in the mother’s jacket.  For the regions of shading, which Peel employed to visualize 

creases in the fabrics, elevated levels of iron were noted, suggesting an iron earth or black 

iron oxide pigment.  The mercury is most likely from the underpainting of the upright 

woman seen in the x-ray image (Figure 3.32).  As mentioned previously, and this cannot be 

overly stressed, Peel could have used ultramarine blue, but given the limitation of the 

current method used, the elements which make up ultramarine blue (Na,Ca)8(AlSiO4)6(SO4, 

S, Cl2) colour cannot be detected.   

 These preliminary findings illustrate some aspects of Peel’s use and handling of 

colour.  The purpose of this study was to more closely document and hence understand 

Paul Peel’s working method.  It is recommended that future further studies of this nature 

be untaken, because they will not only offer additional elemental information but can also 

provide a larger context in which to understand the relationship between mixed pigments 

and the resulting colour for Peel’s paintings. 
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Figure 3.28.  Elemental results, determined by XRF, at different positions as shown by the 
direction of the arrow in Figure 2.2(a).  XRF analysis proceeded in the direction from light 
to shadow in the mother’s face (one point per 1.5 cm). 
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Figure 3.29.  Elemental results, determined by XRF, at different positions as shown by the 
direction of the arrow in Figure 2.2(b).  XRF analysis proceeded in the direction of the line 
from light to shadow in the mother’s mauve skirt (one point per 1.5 cm).  The Pb Lα1 was 
omitted for visualization of the lower abundance elements. 
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Figure 3.30.  XRF spectra, zoomed in between 6-8 keV, illustrating the cobalt peak and its 
overlap with nickel and iron lines for 11 consecutive sampling sites. 
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Figure 3.31.  Elemental results, determined by XRF, at different positions as shown by the 
direction of the arrow in Figure 2.2(c).  XRF analysis proceeded in the direction of the line 
from light to shadow of the baby’s blanket (one point per 1.5 cm). 
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Figure 3.32.  Elemental results, determined by XRF, at different positions as shown by the 
direction of the arrow in Figure 2.2(d).  XRF analysis proceeded in the direction of the line 
from light to shadow in the mother’s blue coat (one point per 1.5 cm). 
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3.2 SCIENTIFIC ANALYSIS TECHNIQUES  

3.2.1  Paint Microsamples 

3.2.1.1 SEM-EDS Elemental Analysis of Paint Microsamples 

 Eleven scalpel-excised paint samples were taken for pigment identification.  These 

paint samples were placed onto a carbon taped planchet for SEM analysis as described in 

section 2.2.1.1.  The precise removal locations of these paint microsamples from the 

painting are given in Table 2.1 of chapter 2.  Table 3.2 lists the elements identified by SEM-

EDS and provides the most likely corresponding pigments the artist may have used.  For 

example, if high concentrations of lead were identified by SEM-EDS, and the area analyzed 

was white, then it can be assumed that lead white or lead carbonate pigment was applied.  

The elements determined by SEM-EDS and their tentative pigment assignments are 

summarized in Table 3.2.  The BSE images of the paint microsamples are included in 

Appendix A.2. 

Analysis of the mauve paint of the skirt by SEM-EDS indicated the use of ultramarine 

blue, iron earth, calcium carbonate, cobalt containing pigments, lead white or lead 

carbonate and possibly red lead.  The elements identified by SEM-EDS, not counting 

elements with Z number less than 20, were similar to those identified by XRF, with the 

exception of mercury and copper, which were not detected in the paint microsample 

collected from the skirt.  The blue paint used in rendering the object on the windowsill 

contained ultramarine blue, calcium carbonate and lead white or lead carbonate.  XRF 

studies previously discussed found iron, lead, and possibly calcium and mercury.  The  
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Table 3.2. Elemental studies by SEM-EDS of paint microsamples from While Baby Sleeps 

 major elements, minor elements, (trace elements) 

Site Description Elements Identified by SEM-EDS Possible Pigments and Fillers 
mauve: mother’s skirt  C, O, Fe, Si, Al, Ca (Pb, Mn, Co, P) ultramarine blue 

Prussian blue 
calcium carbonate 
iron earth 
trace lead white, cobalt-containing 
pigments, bone black 

blue: object on window 
sill 

C, Ca, O, Si, Al, Na, K, Cl, (Mg, Pb) ultramarine blue 
calcium carbonate 
trace lead white 

blue: striped blue socks C, Pb, O, Al, (Si, Ca, Fe, P) ultramarine blue 
lead white 
trace Prussian blue, black iron oxide, 
bone black 

red: jar near the window C, Pb, O, Si, Fe, (Al, Mg) iron earth 
red lead 
lead white 

red-orange: highlight in 
baby’s blanket 

C, Hg/S, O, (Si, Mg, Ca) vermillion 
trace calcium carbonate, kaolin 

yellow: potato C, O, Si, Al, Pb, Fe, (K, Ca) iron earth 
lead white 
kaolin 
quartz 
trace calcium carbonate 

light brown: baby’s crib C, O, Pb, Si, Al, Fe, (Ca, Mg, P) iron earth 
lead white 
kaolin 
quartz 
black iron oxide 
trace calcium carbonate, bone black 

brown: middle 
background 

C, Pb, O, Si, Fe, (Ca, Al, P, Mg) lead white 
iron earth 
kaolin 
quartz 
carbon-based black 
trace bone black, calcium carbonate 

black: shoe heel C, Pb, O, P, Ca, Al, Mg, (Na, Fe, Cl) bone black 
carbon-based black 
iron earth 
kaolin 
trace black iron oxide, iron earth 

grey-brown: floor  C, Pb, O, (Si, Al, Ca, Fe) lead white 
carbon-based black 
black iron oxide (e.g. Mars black) 
trace quartz, kaolin 

white: tablecloth  Pb, C, O lead white 
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presence of the calcium and mercury by XRF could only be suggested since only one peak, 

the Kα1 and Lα1 respectively, could be confirmed.  Mercury was not detected in the SEM- 

EDS analysis of the blue object.  Analysis of the striped blue sock suggested pigments such 

as ultramarine blue, lead white, lead carbonate, and possibly Prussian blue, black iron 

oxide and calcium carbonate.  The XRF findings for this blue region suggested lead, iron and 

mercury; however, once again no mercury was observed by SEM-EDS.  

An iron earth or perhaps red lead, in addition to lead white, lead carbonate and 

calcium carbonate were used to render the red jar on the windowsill.  XRF-identified 

elements for the paint microsample of the red jar are in keeping with heavier elements 

identified by SEM-EDS.  Analysis of the red-orange pigment from the highlight of the baby’s 

blanket identified the use of vermillion, kaolin and calcium carbonate.  The findings from 

SEM-EDS coincided with the XRF detected elements for the red-orange of the baby’s 

blanket area, with the exception of the strong lead lines identified in XRF which most likely 

originated from a sublayer. 

Pigments such as iron earth, lead white or lead carbonate, kaolin, quartz and 

possibly bone black and iron black oxide could conceivably have comprised the yellow 

paint used to execute the partially peeled potato near the mother’s skirt.  Lead, iron and 

calcium were the elements determined by XRF that were in agreement with the SEM-EDS 

findings (see Appendix A.1).  The brown paint used for the baby’s crib indicated the use of 

iron earth, lead white or lead carbonate, kaolin, quartz and possibly calcium carbonate, 

bone black and black iron oxide.  The elements found via XRF in the brown paint of the 

baby’s crib were in partial agreement with those identified by SEM-EDS.  Using XRF, the 

heavy element mercury was identified, however in the microsample used for SEM-EDS no 
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mercury was found.  Additionally, the lighter elements observed by SEM-EDS were not 

detected by XRF due to instrumental limitations.  Brown paint of the background was 

thinly applied over the ground layer.  The elements detected (Table 3.2) indicated the use 

of carbon-based black, iron earth, kaolin, lead white, quartz and possibly black iron oxide 

and bone black.  For the brown background paint, the elements determined through XRF 

were mercury, lead, iron and calcium.  However, calcium exhibited only one confirmable 

peak (Kα1) such that the presence of calcium was only suggested via this method.  With 

SEM-EDS, no mercury was detected in the brown background paint microsample, however 

the other elements detected were in agreement with those identified by XRF.  Carbon-

based black, bone black, iron earth, black iron oxide, and kaolin were used to paint the 

black heel of the mother’s shoe.  The elements found via XRF in the black paint of the heel 

were in partial agreement with SEM-EDS result since lead, iron and calcium were also 

detected.  Using XRF, the heavy element mercury was identified, but in the microsample 

used for SEM-EDS no mercury was found.  The grey-brown stone floor indicated lead white, 

carbon-based black, black iron oxide, quartz and kaolin.  The elements identified for the 

white colour of the tablecloth near the window suggested lead white or lead carbonate.  

The areas from which the last two microsamples were obtained for SEM-EDS were not 

examined by XRF. 

The pigments noted above are based on the elements identified when using SEM-

EDS to analyze the paint microsamples collected from While Baby Sleeps.  None of the 

elements and therefore tentative pigments assigned were inconsistent with those available 

in the nineteenth century and used during Peel’s lifetime.  No immediate red flags, such as 

the non-negligible presence of elemental titanium indicating use of titanium white 
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(available from 1916 onwards), were observed in the paint microsamples obtained.  Skilled 

forgers, however, would likely have significant knowledge of pigment history and would 

use specific pigments commonly employed by the individual artist whose work they are 

trying to duplicate.  Hence the findings above do not shed definitive light on the attribution 

debate surrounding While Baby Sleeps. 

To further narrow down the identities of the pigments used, analysis by polarized 

light microscopy would be required.  However, only a select number of the paint 

microsamples were analyzed by polarized light microscopy in this thesis.  More conclusive 

identification of the pigments used by the artist could be ascertained through the use of x-

ray diffraction (XRD), as this technique has been shown to identify paint samples from 

high-microgram amounts of material, when comparing the acquired spectra to database 

values (Townsend and Boon 347).  For this painting, it was not possible to obtain enough 

material for the XRD instrument at Queen’s.  It should noted that other XRD instruments, 

for example at CCI, can analyze the small sample sizes used in this thesis.  To differentiate 

between pigments processed at a time available to Peel and those of modern manufacture, 

a technique such as neutron activation analysis (NAA) must be employed.  NAA has been 

used in provenance and chronological studies for authenticity debates because it identifies 

trace element impurities, allowing for the chronological differentiation of pigments 

(Craddock 289).  As Craddock states succinctly:  

[t]he trace element composition of the pigments, whether natural or synthetic, can 

 sometimes be of great help in determining the likely period in which a given 

 pigment was used, and thus whether or not it is commensurate with a particular 

 artist. (302) 
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Differences in lead white ratios, through the analysis by mass spectrometry have helped to 

determine the likely date of a suspect painting, as in the infamous case of van Meegeren’s 

Christ and His Disciples at Emmaus. 

 In the future, further identification of the exact pigments by XRD is recommended 

and possibly analysis by NAA.  Both NAA and mass spectrometric determination of lead 

isotope ratios require the use of standards.  In the case of NAA “known trace impurity 

content [standards] and bulk compositions similar to that of the ‘unknown’ are needed so 

that the general absorption characteristics are matched” (Fleming 36).  The use of NAA is 

not a trivial analysis and requires expert knowledge.  Although a decision needs to be made 

whether the investment of resources coincides with the importance in assessing 

attribution to Peel in the case of While Baby Sleeps, it would be up to the AEAC to determine 

whether to proceed with further analysis.   

3.2.1.2  PLM Analysis of Selected Paint Microsamples  

 Artists’ pigments have well-studied optical properties and by comparing these 

properties with those of an unknown pigment one can potentially determine the identity of 

the pigment under investigation.  It must be noted from the outset that even though the 

paint microsamples studied here were washed to remove the wax and B72 varnish, it 

appears that some pigment particles were still surrounded by a translucent residue.  

Nevertheless, characterization of pigment particles was undertaken and possible 

identifications are given.  The relative particle sizes of the pigments examined are 

summarized in Table 3.3.  These suggested pigment assignments were made with the use of 

reference slides available in the Queen’s University Art Conservation Microscopy Lab as  
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Table 3.3.  Particle size classification for pigments (Feller and Bayard 286). 

Absolute particle size (μm) Relative particle size 
<0.3 very fine 
1.0-0.3 fine 
3-1 medium 
10-3 large 
40-10 coarse 
>40 very coarse 

 

well as thorough consultation of literature.  There were clear similarities between the 

pigment particles and their respective standard slides, but a few differences existed as well. 

3.2.1.2.1 Microsample of Mauve Paint of Mother’s Skirt  

 The pigment dispersion slide for the mauve skirt was composed of many different 

types of pigment particles, as assessed by polarized light microscopy.  Due to the degree of  

heterogeneity of the sample particles present, only a select number of particles were 

examined individually.  The observed particles’ optical properties were summarized in 

Table 3.4.     

 First, fine red particles (particle 1, Figure 3.33) were observed under plane-

polarized light (PPL), which appeared either orange-red or red in hue as the stage was 

rotated.  The red pigment particle examined exhibited high relief, and had a refractive 

index greater than that of the medium used.  Under cross-polarized light (XPL), the red 

particle showed a strong red internal reflection (Figure 3.34).  The red particles were 

anisotropic, but it was difficult to observe the interference colours due to the strong 

internal reflection.  Particle 1’s characteristics suggested vermillion or red earth for the red 

particle.  Both vermillion and red earth have a refractive index greater than that of the  
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Table 3.4.  Optical properties of the pigments in the mauve paint of the mother’s skirt  

----- not applicable 
  

 Particle type 1 Particle 2 Type 3 particles 
Colour red or orange red light blue, 

surrounded by 
translucent residue 

yellow-orange  

Shape irregular to 
rounded 

rounded amorphous (plate-
like shards) 

Surface smooth smooth pitted 
Size variable variable; fine to 

medium 
(0.3-1 μm) 

variable (range 2-
10μm) 

Cleavage none discernible none discernible ----- 
Aggregates ----- difficult to discern angular 

agglomerates 
Refractive Index 
 

RI>1.662 (Becke 
lines go into 
particle; stage 
down) 

RI < 1.662 (difficult 
to discern -
surrounded by 
translucent residue) 

RI<1.662 (stage 
down; Becke lines 
out) 

Relief medium to high low  high 
Pleochroism red to red-orange none observed ----- 
Isotropic/Anisotropic anisotropic isotropic isotropic 
Polarization Colour difficult to discern none none 
Extinction Behaviour exhibits red colour 

under XPL, strong 
internal reflection 

complete extinction exhibits slight 
orange colour, 
under XPL (internal 
reflection) 

Birefringence difficult to discern ----- ----- 
Optical Sign difficult to discern ----- ----- 
Chelsea filter ----- red ----- 
Tentative Identification vermillion 

iron earth 
ultramarine blue 
 

humic earth (such as 
VanDyke brown) 
yellow lake 
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Figure 3.33.  Red pigment particle examined in mauve skirt under plane polarized light 
(PPL).  Magnification: 400x.   
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Figure 3.34.  Red pigment particle in mauve skirt examined under (a) PPL and (b) XPL 
conditions.  Under XPL, red-internal red internal reflection observed for red particle.  
Magnification: 400x.   
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Meltmount (1.662).  In plane polarized light vermillion particles exhibit a red-orange 

colour, but as the particle size decreases the hue appears more orange.  Vermillion has a 

high RI (> 2.90) and is anisotropic.  Under XPL, vermillion has high birefringence, although 

this is masked by a combination of strong internal reflection, body colour and high relief 

(Eastaugh et al. 735; Gettens et al. 164-165).  Iron earth pigments also have a high RI 

(>2.39) and are anisotropic.  Red earth pigment particles also have red to orange-red 

pigment particles, with the latter applying to finer grained specimens.  Under XPL 

conditions, red earth pigments have high birefringence, however it is masked by the body 

colour and strong red internal reflection (Eastaugh et al. 685; Helwig, “Iron Oxide” 73-75).  

As a result, these two similarly coloured pigments are difficult to differentiate using 

polarized light microscopy (Helwig, “Iron Oxide” 74).  While iron oxides can take on a 

number of crystal structures, all of these could easily be distinguished from vermillion 

using XRD.  

 Second, several blue (particle 2) particles were observed in this sample in the fine to 

medium size range (Figure 3.35).  The pigment particles had a refractive index less than the 

medium used to make the pigment slides.  The medium used to make up the pigment slide 

had a refractive index (RI) of 1.662, thus restricting the list of possible pigments to 

ultramarine blue, smalt, and Prussian blue.  Under XPL, the unknown blue pigment particle 

was extinguished and was therefore isotropic.  Smalt pigment particles have a refractive 

index of 1.46-1.55, are isotropic and show complete extinction under cross-polarized light.  

Under plane-polarized light, smalt appears transparent; therefore even particles with 

greater colour intensity under normal illumination are weakly coloured under PPL, 

especially at the particle edges (Eastaugh et al. 581).  The unknown particle had a   
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Figure 3.35.  Unknown blue pigment particle in mauve skirt (outlined in the image with 
black square) examined under PPL conditions.  Magnification: 400x.  Clear, translucent 
material surrounding particle investigated and others, suggesting incomplete removal of 
wax or B72 varnish during washing stages. 
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distinctive blue colour throughout and did not exhibit the transparent edges characteristic 

of smalt.  Thus, smalt was not considered a likely candidate for this particle.  Prussian blue 

pigment aggregates are shard-like, have a refractive index less than Meltmount (1.662), 

and possess a colour range from medium to deep blue.  Prussian blue has a cubic 

crystallographic structure and is therefore isotropic.  Under XPL, the Prussian blue pigment 

aggregates are completely extinguished (Berrie 204-205; Eastaugh et al. 653, 655).  

Ultramarine blue is a fine grained, blue pigment that forms aggregates.  These aggregates 

are of irregular size, and are angularly shaped.  The refractive index of ultramarine blue is 

1.50, less than the Meltmount.  Ultramarine has a cubic crystal structure and is therefore 

isotropic.  Under XPL ultramarine blue pigment aggregates are extinguished (Craddock 

585; Plesters 42).   

Chelsea filters are used to help differentiate pigment particles and therefore aid in 

the characterization of artists’ pigments.  The Chelsea filter was used to determine the 

degree of red transmission, if any.  Blue pigment particles, such as ultramarine blue and 

smalt should show red transmission, whereas Prussian blue should exhibit brown or grey 

transmission colours (Stoney 72).  The unknown particle showed red transmission, 

characteristic of ultramarine blue and smalt.  However, it is unlikely that this particle was 

smalt, based on the observed non-transparent edges of the particle and its distinctive blue 

colour.  Thus, the data strongly suggested that this particle was ultramarine blue. 

 Last, orange-brown particles (type 3 particles) of variable size were noted in the 

mauve skirt pigment slide.  They appeared to be angular agglomerates as seen in Figure 

3.36, and ranged in size from large (3µm) to coarse (40μm).  Those examined had a lower 

RI than the medium used.  Under XPL, a few of the orange-brown particles exhibited slight  



133 
 

 

 

 

 

 

 

 

 

Figure 3.36.  Unknown yellow-orange pigment particle or aggregate in mauve skirt 
(outlined in the image with black circle) examined under PPL conditions.  Magnification: 
400x.  Clear, translucent material surrounding particles could be residual wax or B72 not 
completely removed during washing. 
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orange reflected light, however the majority of orange-brown particles were completely 

extinguished under XPL and were therefore isotropic.  Initially, it was thought that these 

orange-brown pigment particles might be yellow ochre, based on SEM-EDS elemental 

analysis, however yellow ochres have RI between 3.15-3.22 (Eastaugh et al. 683).  Given 

that the RI is a property inherent to the pigment and used in their identification, it can be 

concluded that type 3 particles were not yellow ochre.  It was then thought that the orange-

brown was more likely a humic earth pigment, such as Van Dyke brown, which can have an 

RI lower than 1.662.  Humic earth pigments have a low relief and possess refractive indices 

ranging from 1.62-1.69.  In colour, they span from red-purple to a more yellow-red (Feller 

and Johnston-Feller 166).  Under crossed polars, these pigments are isotropic with small 

amounts of interference colours observed (Eastaugh et al. 779; Feller and Johnston-Feller 

178-179).  Alternatively, the unknown orange-brown pigment could have been a yellow 

lake, given that SEM-EDS found the paint microsample of the mauve skirt to contain a 

significant amount of elemental aluminum.  It should be stressed that the paint 

microsamples collected offer a small glimpse of the overall painting’s complexity.  

 It should be noted that only a select number of pigment particles were examined 

from the mauve slide.  In addition, the analysis was somewhat complicated due to the 

incomplete removal of the wax.  Nevertheless, there was a clear indication that the mauve 

paint of the mother’s skirt was the result of a combination of several different pigment 

particles.   

 3.2.1.2.2 Microsample of Blue Paint from Object on Window Ledge  

 The pigment slide for the blue object on the window ledge appeared to be composed 

of predominately blue and fine, pinkish translucent pigment particles, although an orange-  
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Figure 3.37.  Blue pigment particle or aggregate in blue object near windowsill (outlined in 
the image with a black square) examined under PPL conditions.  Orange pigment particles 
associated shown by the circle.  Magnification: 400x.  Clear, translucent material 
surrounding particles, could be residual wax or B72 not completely removed during 
washing. 
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Table 3.5.  Optical properties of pigment particles that constitute the blue object in 
window. 

 Particle 1 Type 2 particles Particle 3 
Colour blue  translucent, pinkish-

green hued 
orange 

Shape amorphous granular irregular shape 
Surface appears pitted difficult to discern difficult to discern 
Size variable size small, very fine (<0.3 

μm) 
medium (1.0-3.0 μm)  

Cleavage none discernible difficult to discern not discernible 
Aggregates translucent blue, 

rounded particles 
create angular  
agglomerate 

not observed not observed 

Refractive Index RI< 1.662  (Becke 
lines out; stage 
down) 

RI<1.662 (stage 
down; Becke lines 
out) 

RI<1.662  (Becke lines 
out; stage down) 

Relief low to moderate  medium to low high 
Pleochroism  none observed ----- ----- 
Isotropic/Anisotropic isotropic anisotropic isotropic 
Polarization Colour none pinkish-white none 
Extinction Behaviour complete extinction Twinkle, white under 

XPL, reflected light. 
complete extinction 

Birefringence none too fine to discern none 
Optical Sign ----- too fine to be able to 

discern 
------ 

Red compensator 
plate colours 

----- small particles show 
orange and blue 
colours 

------ 

    
Tentative 
Identification 

ultramarine calcium carbonate humic earth   
yellow lake 

----- not applicable 
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brown particle was observed in association with a blue pigment particle.  As in the mauve   

skirt pigment slide, the particle appeared to be associated with another pigment particle as 

a result of the translucent substrate, suggesting incomplete removal of wax or B72 varnish 

during the washing stage (see Figure 3.37).  As shown in the Table 3.5, the blue pigment 

particles (particle 1) had an RI less than the medium, a moderate-low relief, and were 

extinguished under XPL indicating them to be isotropic.  This blue particle with RI less than  

1.662 is most likely ultramarine, since no cobalt or iron was detected by SEM-EDS from the 

paint microsample of the blue object. 

 The translucent particles (type 2 particles) had a slight pinkish-green appearance 

under PPL.  Under XPL, the translucent particles were white in colour and they twinkled as 

the stage was rotated.  When focusing on one particle, which was challenging given the size, 

it was observed that it went extinct as the stage was rotated every 90° and was therefore 

anisotropic.  In Figure 3.38, an image of the pigment slide using the red compensator plate 

showed certain translucent particles appearing orange and others aqua-blue.  In addition, 

when the stage was rotated, the colours alternated.  It was difficult to determine the 

birefringence of these particles given their small size.  The blue pigment particle was 

unaffected in the presence of the red compensator plate.  Given that particle 2 had a lower 

RI than the Meltmount, appeared translucent in PPL, and exhibited “twinkling” behaviour 

under XPL, this particle was tentatively identified as calcium carbonate.  In plane-polarized 

light, calcite particles are colourless, have an RI less than 1.662 and range in size from small 

(0.03 μm) to large (10 μm).  Under cross-polarized light, calcite has high birefringence and 

the particles “twinkle” as the stage is rotated (Eastaugh et al. 815; Gettens et al. 208).  
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Figure 3.38.  Translucent particles observed using the red compensator plate.  Translucent 
pigment particles appear orange and other aqua-blue.  Magnification: 400x.    
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 An orange-brown particle (particle 3) was noted in the pigment slide of the blue 

object and it was associated with a blue particle.  Very few orange-brown particles were 

observed in the blue object pigment slide.  Nevertheless, characterization of the orange-

brown pigment particle was attempted, with observations summarized in Table 3.5.  The 

orange-brown pigment particle had an RI less than that of the medium and was completely 

extinguished under XPL, showing it to be isotropic.  Given that particle 3 had a lower RI 

than the medium, it was not an ochre or sienna, since these have RI much greater than  

1.662.  This particle suggested that, as with the orange particle observed in pigment slide of 

the mauve skirt, it was most likely a humic earth pigment particle. 

 3.2.1.2.3 Microsample from Blue Coat Cross-section Remains 

 The paint microsamples used to make this pigment slide originated from remains 

that were collected during removal of the cross-section from the mother’s blue coat.    

Flakes appeared not to have been completely crushed when making the pigment slide and 

thus, particles were not completely dispersed.  The pigment slide for the blue coat was 

composed of several different types of pigment particles (Figure 3.39).  The observed 

particles’ optical properties were summarized in Table 3.6.   

 The pigment slide contained several red particles with variable sizes, from medium 

to large (1μm -10μm).  The findings for the red particles examined by microscopy were 

summarized in Table 3.6.  Given the observed optical characteristics, the red particles were 

assigned as vermillion or red earth.  Identification of vermillion is most plausible given that 

this is the location of the first composition of the upright woman’s head or neck.  This was 

confirmed from the SEM-EDS elemental analysis of the blue coat thin-section, which  
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Figure 3.39.  Unknown blue, red and translucent pigment particles in remnants from blue 
coat cross-section.  The large masses of paint indicate incomplete dispersion of material in 
the microscope slide.  Black circles outline the location of red particle examined. 
Magnification: 400x.    



141 
 

 

 

Table 3.6.  Optical properties of the pigment particles from remnants of the mother’s blue 
coat cross-section. 

 Particle 1 Particle 2 Particle 3 
Colour red translucent, 

colourless   
translucent, 
colourless   

Shape irregular equant equant 
Size large to coarse to 

large (3-40 μm) 
very fine (<0.3μm)  very fine (<0.3μm) 

Cleavage difficult to discern none discernible ----- 
Aggregates none discernible none observed difficult to discern 
Refractive Index RI >1.662 RI <1.662 RI >1.662 
Relief high low difficult to discern 
Pleochroism  none ----- ----- 
Isotropic/Anisotropic anisotropic anisotropic anisotropic 
Polarization Colour difficult to discern white difficult to discern 
Extinction Behaviour exhibits red 

colour under XPL, 
strong internal 
reflection 

Twinkle, white 
under XPL, reflected 
light. 

Twinkle, white 
under XPL, 
reflected light 

Birefringence difficult to discern too fine to discern difficult to discern 
Optical Sign difficult to discern too fine to be able to 

discern 
difficult to discern 

    
Tentative 
Identification 

vermillion 
red earth 

calcium carbonate lead white 

----- not applicable 
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showed that an underlayer contained vibrant red mercury-containing particles, thus 

confirming the presence of vermillion.   

 A single blue pigment particle was observed but was difficult to characterize, 

because it was surrounded by a cluster of small, globule-like particles.  In addition to the  

transparent particles (particle 2) as outlined in Table 3.6, which suggested the presence of 

calcium carbonate, other translucent particles were observed in this sample.  These very 

fine particles appeared to have an RI greater than 1.662, mostly likely indicating the  

presence of lead white.  However, under XPL it was difficult to differentiate whether the 

“twinkling” observed came from the lead white (particle 3) or calcium carbonate (particle  

2).  The literature describes lead carbonate particles under PPL as translucent, rounded 

and having a very fine particle size (< 0.3 μm).  Additionally, the refractive index was 

greater than the medium and showed high relief.  Under XPL, lead carbonate displays high 

birefringence and particles “twinkle” as the stage is rotated (Eastaugh et al. 839, 843; 

Gettens et al. 70).  Other than the different RI between these two particle types, it was 

difficult to differentiate them given their small particle size.   

 The microscopic analysis of the selected pigment slide shed some light on the 

composition of the areas examined.  For example, the mauve skirt is composed of several 

pigment particles, as different coloured particles were viewed by transmitted light.  The 

different pigment particles identified confirmed the findings of elemental analysis by SEM-

EDS.  However, microscopic analysis proved challenging due to the heterogeneity of the 

pigment slides made from a painting, as opposed to analysis of simplified colourmen’s 

samples.  Additionally, the incomplete removal of the wax, B72 varnish or both, further 

complicated identification of the unknown pigments.  Once again, it must be stated that this 
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thesis project would have benefited from a second analytical technique, like XRD, which 

would have allowed for positive identification of pigments used.  In particular, the identity 

of the blue pigment(s) in the mauve skirt were of interest, since elemental identifications 

from SEM-EDS suggested the possible presence of Prussian blue and cobalt-containing 

pigment.  Even though the use of ultramarine blue pigment was concluded from the 

microscopy analysis, the presence of cobalt and iron identified by SEM-EDS allowed the 

possibility that other blue pigments were present simultaneously.  The trace amounts of 

cobalt detected indicate that a cobalt-containing pigment was also used, or else was carried 

over as a contaminant through incomplete brush cleaning.  This technique of mixing 

several blue pigments has previously been observed in a painting attributed to Peel where 

both ultramarine blue and cerulean blue were detected (Helwig, “CCI Analytical Report” 9).   

  Furthermore, with respect to the attribution question, the select samples examined 

once again showed that the tentatively identified pigments were available to Peel during 

his lifetime.  None of the pigments examined had optical properties which suggest pigment 

anachronisms.  As previously mentioned, an additional technique such as neutron 

activation analysis (NAA) must be employed to determine whether the pigments used in 

While Baby Sleeps are chronologically appropriate to Peel’s creative years or are more 

modern in manufacture.  Regardless of whether the pigment is natural or synthetic in 

nature, trace elemental composition analysis would aid in determining its likely period of 

production (Craddock 302).    

3.2.2 PLM Analysis of the Fibre Sample 

Identification of canvas fibre provides information about the type of canvas the 

artist had available or preferred to use.  Determining the type of bast fibre present can help 
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to date a canvas due to the evolving popularity of certain canvas materials over time.  A 

thread was obtained from the verso side of the canvas.  Under plane-polarized light, the 

unknown canvas fibre was transparent and had a slight pink-green hue, as seen in Figure 

3.40.  The fibre observed had a generally smooth surface texture, an average thickness of 

13 μm, and a very narrow lumen that was difficult to observe under PPL (Figure 3.40).  The 

nodes showed the characteristic V, X and Y pattern as was observed with PPL, however the 

dislocations were best detected under cross-polarized conditions (Figure 3.41).  When the 

fibre was oriented parallel to the polarizer, the RI of the fibre was greater than the 

Meltmount medium (RI=1.539).  Also, when the fibre was perpendicular to the polarizer, 

the RI of the fibre was less than the medium, thus indicating a positive sign of elongation.  

At an angle of 45° under cross-polarized light, the fibre exhibited second order green-

yellow interference colours.  Complete extinction for the entire fibre was difficult to 

observe due to the curved nature of the ultimate examined.  The unknown canvas fibre 

exhibited parallel extinction for certain segments (between nodes).  The fibre’s optical 

properties were summarized in Table 3.7. 

In addition to polarized light microscopy, the fibre was also analyzed by FTIR.  FTIR 

spectra were collected from both the fibre and the residue coating the fibre (Figure 3.42 

and Figure 3.43).  The spectra confirmed that the fibre was cellulosic in nature and not 

from an animal.  It did not, however, differentiate between the type of cellulosic material  

(e.g. cotton or flax).  Additionally, the residue on the fibre was confirmed to be wax from 

the wax-resin lining treatment, illustrated in Figure 3.43. 

 Polarized light microscopy clearly showed that this fibre was not cotton.  Cotton 

fibres show flattened, helical twists.  The unknown fibre examined displayed none of these  
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Figure 3.40. Photomicrograph of a sampled fibre under PPL.  The fibre was transparent 
and had a slight pink hue.  The lumen is narrow and indistinct.  Magnification: 400x. 
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Figure 3.41.  Photomicrographs of fibre ultimate reveal nodes from unknown canvas type 
observed under (a) PPL and  (b) XPL.  Lumens appear to be small and almost invisible.  
Magnification: 400x. 
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Figure 3.42.  ATR-FTIR spectra comparing two samples of the fibre with reference 
materials for hemp and linen.  Spectra have been offset vertically for clarity. 
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Figure 3.43.  ATR-FTIR spectra comparing two samples of the fibre and the waxy residue 
on the fibre, with reference materials of C10 beeswax and pure crystalline wax.  Spectra 
have been offset vertically for clarity. 
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Table 3.7.  Characteristics of unknown canvas fibre from While Baby Sleeps 

Property Fibre Observations 
Colour dark yellow 
Shape and Morphological 
Features 

cylindrical fibre with visible nodes, dislocations in the 
shape of X and Y were observed 

Diameter 12-14 μm 
Surface texture no texture; kinks in the fibre 
Transparency transparent with lumen barely visible 
Refractive Index RI of fibre (ǁ to polarizer) > RI 1.539 Meltmount medium  

(Becke lines go into fibre as stage goes down) 
RI of fibre (⏊ to polarizer) < RI 1.539 of medium 
(Becke lines go out of the fibre as stage goes down) 

Sign of Elongation positive 
Relief medium to high relief (depends on fibre orientation) 
Isotropic/Anisotropic anisotropic 
Polarization Colour at 45° 
under XPL  
(topmost part of fibre) 
 

XPL: green-yellow, corresponding to retardation of 826 
nm 

Interference Colours red (full)-plate 
               (+λ): green 
               (- λ): grey 
quarter-plate 
               (+¼λ): orange-yellow 
               (- ¼ λ): dark blue 

Birefringence  2nd order 0.064 (calculated) 
Extinction Behaviour parallel 
Modified Herzog Behaviour fibre parallel to polarizer: blue 

fibre parallel to analyzer: red 
indicates S-twist 

Tentative Identification flax (linen) 
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characteristics.  The characteristics observed by polarized light microscopy and described 

in Table 3.7 concurred with known optical properties of bast fibres.  Flax (linen), nettle, 

hemp, jute and ramie are among the better known bast fibres; they are derived from the 

stems of dicotyledonous plants (Katlan 116; Bergfjord and Holst 1192).  Nettle will not be 

discussed here, because it is not a material used for painting supports, however the 

remaining four bast fibres are categorized based on the direction in which they are spun.  

Spinning of the bast fibers “result[s] in a twist which is directional where the slant of the 

central section . . . form[s] a[n] ‘S’ slant (\) or a ‘Z’ slant (/)” (Emery qtd. Katlan 117).  Flax 

and ramie possess an S-twist, while hemp and jute display a Z-twist.  Ramie, an S-twist 

fibre, has a well-defined lumen and longitudinal striations.  Also, ramie fibres are usually 40 

μm wide (ranging from 25-80 μm) and have thick cell walls (“McCrone Particle Atlas”).  The 

above listed properties excluded this fibre, since the unknown fibre lacked all of these 

characteristics.  Jute, a Z-twist fibre, has a thick cell wall, an irregularly shaped lumen, and 

fibre widths between 15-25 μm; therefore this bast fibre type could also be ruled out given 

that the sampled fibre had an indistinct lumen.  

 There remained but two possible bast fibres, flax and hemp, which are difficult to 

differentiate.  The average fibre width of hemp is ~22 μm (range from10-50 μm), whereas 

that of flax is between 11-17 μm.  The thickness of the unknown fibre was around 13 μm, 

which is within the range for both hemp and flax.  Therefore, this feature could not be used 

to differentiate between the types of bast fibres.  Hemp and flax share many other optical 

features, such as fibre colour, width, refractive indices, sign of elongation as well as 

magnitude, further complicating identification.  The unknown fibre was compared to the 

Art Conservation Microscopy Lab reference fibre slides for hemp and flax, but given  
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Figure 3.44. Photomicrograph illustrating the colour of the fibre using the modified 
Herzog test.  The fibre sample is parallel to the polarizer (a) and the fibre is perpendicular 
to the polarizer, but parallel to the analyzer (b).  Based on the modified Herzog test the 
fibre has an S-twist and is tentatively identified as Flax (linen).  Magnification: 400x. 
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that it was difficult to differentiate the optical properties between the two reference slide 

types, it was even more problematic comparing these features to the unknown fibre. 

 Distinguishing whether the unknown fibre was flax or hemp could be accomplished 

by using the Herzog test or modified Herzog test (Haugan and Holst 166; Goodway 36).  

The modified Herzog test determines the twist of the fibre.  Flax has an S-twist, whereas 

hemp has a Z-twist.  Using the modified Herzog test, the unknown fibre was taken to 

extinction under XPL when the fibre was parallel to the polarizer.  Once the red 

compensator plate was inserted, the fibre parallel to the polarizer displayed a blue colour.  

The fibre was then rotated 90° with the fibre parallel to the analyzer (perpendicular to 

polarizer), and the second colour observed was a pinkish-red (Figure 3.44).  Therefore, 

based on the modified Herzog test, the unknown fibre obtained from the canvas exhibited 

an S-twist and was most likely flax (linen).  Flax fibres have an S-twist, as compared to 

hemp counterparts that have a Z-twist. 

The main painting support fabrics in France during the eighteenth and nineteenth 

century were hemp and linen.  Prior to and at the start of the nineteenth century, finer 

hemp canvases were more commonly used, however with the reduction of hemp 

manufacture there was a switch to linen.  Therefore, linen had become the main fabric used 

for canvases in the late nineteenth century.  Most artists during the nineteenth century 

purchased their canvases from colourmen of which at least twenty were active at this time 

in France (Katlan 139).  In conclusion, the identification of flax (linen) is in keeping with 

the most prevalent canvas type used in nineteenth century France and therefore available 

to Peel. 
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3.2.3  Cross-section Analysis using Reflected Light and Fluorescence Microscopy 

 Cross-sections used in art conservation scientific analyses are relatively small, down 

to 100 μm, multilayered samples obtained from a painting.  To perform proper microscopic 

examination, the paint fragment is embedded in a synthetic resin to form a rigid, 

transparent structure, which is then polished down until the cross-section surface is 

exposed (Tsang and Cunningham 164).  Once exposed, the sequence of layers within the 

sample can be viewed by a microscope.  One thin-section was also made in this work.  The 

blue coat area sample was divided and was used to make both a cross-section and thin-

section.  Thin-sections start off as cross-sections, but are then mounted to a slide and 

ground down using progressively finer abrasive grit paper until the sample can be viewed 

by transmitted light microscopy (van Asperen de Boer 19-20).   

The most common method to examine cross-sections is reflected light microscopy.  

Examination by reflected light microscopy is indispensable since it provides information 

about the paint layer application, the colour and thickness of the layers, and information 

about the pigment particles distributed throughout the different layers (Plesters 110,112).  

In addition to reflected light, the cross-sections were also examined via fluorescence 

microscopy.  The cross-sections are irradiated with UV light, however only the visible light 

fluorescence is observed and photographed (Wainwright 86).  Such examination of cross-

sections provides detailed information from a very small area of the painting and 

complements non-contact analysis techniques such as x-ray radiography for instance, 

which gives an overview of the entire painting (Plesters 110).   

 With the permission of the curator, six cross-sections were obtained from While 

Baby Sleeps.  The locations sampled included: the tacking edge, the brown background 
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paint, two areas where pentimenti was observed, and two from the signature region.  The 

thin-section from the blue coat derives from the sample near the brown background, which 

was divided and prepared accordingly.  Of particular interest were the two cross-section 

samples obtained from the signature region, because they may provide information on the 

layered structure and whether these layers were painted at the same time or subsequently 

added over the varnish layer, possibly with the intent to deceive.  If paint layers are 

separated by a varnish layer, this suggests that the painting was restored or fraudulently 

painted, and therefore the observed paint layer is not one originally lain down by the artist.  

Detailed tables of the cross-sections examined by reflected and fluorescence light 

microscopy are provided in the Appendix A.3.  The cross-section layers will be numbered 

from the ground layer as layer 1, toward the surface paint layer. 

3.2.3.1  Cross-section from the Brown Background 

 This sample was taken to understand the structure of the paint in the upper part of 

the background, because in this area no re-working is observed.  The reflected light and 

UVF images are shown in Figures 3.45 and 3.46.  The cross-section under reflected light 

showed a cream-coloured layer (layer 1), followed by an off-white coloured layer which 

was grainy in appearance (layer 2).  Layers 1 and 2 exhibited white fluorescence under 

illumination with wide UV and narrow UV light.  In the fluorescence photomicrograph one 

was not able to differentiate these two layers.  The third layer is a dark brown paint layer.  

Moreover, a non-continuous layer 4 was observed within the brown top layer (layer 3) and 

was greyish in appearance, because white was mixed with black pigment particles.  A tan,  
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Figure 3.45.  Reflected light photomicrograph of the cross-section from the brown 
background. Magnification: 400x. From the canvas upward the layers are: (1) cream 
coloured ground layer; (2) white priming layer; (3) brown paint layer; (4) grey non-
continuous coloured layer, within the brown paint layer; (5) thin, non-continuous and 
translucent layer. 

  



156 
 

 

 

 

 

 

 

 

 

 

Figure 3.46.  Autofluorescence under WUV of the cross-section from the brown 
background. Magnification: 400x. From the canvas upward the layers are: (1) white, 
fluorescent ground layer (2) white priming layer also shows fluorescence; (3) non-
fluorescent brown layer; (4) white, non-continuous, embedded layer within brown paint 
layer gives white fluorescence; and (5) natural varnish layer (white fluorescence).   
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slightly fluorescent, non-continuous layer and a white, brightly fluorescent, undulating  

layer were observed with UV light.  Particles dispersed throughout layer 3 were non-

fluorescent.  This layer was followed by layer 5, a thin translucent and disjointed layer 

which was transparent under reflected light.  Layer 5 appeared to fluoresce and was most 

likely the residual natural varnish which was not completely removed during the 1986 

conservation treatment.    

 3.2.3.2  Cross-section from the Brown Tacking Edge 

 This sample (reflected light in Figure 3.47 and NV fluorescence in Figure 3.48) was 

similar to the brown background sample in its layered structure.  Layer 1 was a cream-

coloured layer, granular in appearance with white particles dispersed throughout and 

visible in the reflected light photomicrograph.  The second layer was once again an off-

white layer, albeit thinner than the underlying layer.  Layers 1 and 2 comprised the ground 

or the ground and preparatory layers.  As above, layers 1 and 2 produced white 

fluorescence, and one was unable to differentiate between the two layers in the 

fluorescence micrograph.  Additionally, red, orange, white and black, flake-like particles 

were clearly visible throughout layer 3.  Layer 3 showed a non-continuous brown layer, 

which had greyish regions within it.  In addition, this greyish, translucent region observed 

in the reflected light micrograph could possibly illustrate the infiltration of the wax-resin 

lining adhesive into the paint layers or a grey paint layer.  Layer 3 was the brown paint 

layer of the tacking edge.  The brown paint gave off a tan fluorescence, and a cream 

coloured non-continuous layer was visible in the fluorescence micrograph (layer 4).  Next 

observed was layer 5, a discontinuous, translucent layer.  Layer 5 was assumed to be the 

natural varnish layer, and displayed a white fluorescence; it was thicker than the layer 5 



158 
 

 

 

 

 

  

 

Figure 3.47.  Reflected light photomicrograph of the cross-section from the brown tacking 
edge. Magnification: 200x. From the canvas upward the layers are: (1) cream coloured 
ground layer; (2) white priming layer; (3) brown paint layer; (4) grey-white, non-
continuous layer within the brown paint layer; (5) opaque to translucent topmost layer.  
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Figure 3.48.  Autofluorescence under NV excitation of the cross-section from the brown 
tacking edge. Magnification: 400x. From the canvas upward the layers are: (1) white, 
fluorescent ground layer (2) white priming layer, whose white fluorescence can not be 
differentiated from layer 1.  (3) partially fluorescent brown layer, as a result of the 
embedded material of layer (4); (5) white fluorescent, non-continuous, natural varnish 
layer.    
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of the brown background sample, which was expected since this region had not had its 

natural resin varnish removed.  As outlined above, layers 1 and 2 constituted the ground or 

ground and preparatory layers, layer 3 was the brown paint layer, layer 4 the grey 

embedded layer and 5 was the natural varnish layer.  The fluorescence that was observed 

in the brown paint (layer 3) could have been a result of the ketone resin N, used in the wax-

resin lining treatment in 1986, having seeped into this layer.   

3.2.3.3  Cross-section from Brown Adjacent to Present-day Window 

 Figures 3.49 and 3.50 show the microscopy images of this cross-section by reflected 

light and wide UV illumination.  Layer 1 of this cross-section was off-white, followed by 

layer 2 which was rich in black plate-like pigment particles.  A large white particle, or 

concentrated region of white was observed in layer 1.  It had a cream-coloured 

fluorescence and was consistent with a ground layer.  Smaller white equant particles were 

also visible in much of this layer.  Layer 2 appeared greyish, most likely due to the high 

concentration of black pigment particles.  This layer could either have been a paint or 

priming layer.  The fluorescence micrograph of layer 2 showed a more muted fluorescence.  

The black pigment particles were non-fluorescent.  The next layer, numbered 3, was light 

brown.  The black particles observed in layer 2 continued and were dispersed throughout 

layer 3, perhaps suggesting a wet layer 2 was mixed with layer 3.  Additional red and 

orange pigment particles were observed in this layer.  Layer 4 was an orange-tan layer of 

variable thickness.  Layers 3 and 4 were more clearly differentiated by fluorescence 

microscopy and were found to be non-fluorescent.  These layers, 3 and 4, were consistent 

with paint layers.  Finally, layer 5 in the reflected light photomicrograph, was translucent.   
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Figure 3.49.  Reflected light photomicrograph of cross-section from brown adjacent to 
present-day window.  Magnification: 400x. From the canvas upward the layers are: (1) 
white ground layer; (2) white priming layer mixed with black flake particles; (3) beige 
paint layer; (4) tan paint layer; (5) translucent, non-continuous layer, possibly a varnish 
layer or an interface layer. 
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Figure 3.50.  Autofluorescence photomicrograph of cross-section from brown adjacent to 
the present-day window.  Magnification: 400x.  From the canvas upward the layers are: (1) 
white fluorescent ground layer; (2) white, fluorescent layer with non-fluorescent particles;  
(3) beige paint layer, non-fluorescent; (4) tan paint layer, slightly fluorescent; (5) white 
fluorescent, non-continuous, natural varnish layer. 
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Under UV light, layer 5 could be subdivided into two layers  (5a and 5b).  In Figure 3.50, 

layer 5a, had white fluorescence and was of variable thickness, most likely corresponding  

to the natural varnish layer.  On the other hand, layer 5b could have been the non-

fluorescent protective B72 layer or the interface between the Bioplastic® and the cross-

section. 

 A cross-section from the brown painted area adjacent to the present-day window 

was obtained, because this was the location of the pentimenti of the full window observed 

by x-ray radiography.  Paint layer 3, observed by reflected light microscopy, mostly likely 

corresponded to the windowpane paint of the former window observed by x-ray 

radiography and UV-induced fluorescence.   

3.2.3.4  Cross-section and Thin-section from the Blue Coat near the Brown Background 

 Examination of the two cross-sections showed that there was complex layering of 

paint in this area with 10 paint or varnish applications, seen in Figure 3.51 and 3.52.  The 

first application in both these cross-sections was an off-white, slightly cream-coloured 

layer consistent with the ground.  In the cross-section from the blue coat, the ground layer 

contained yellow pigment particles of irregular shape and variable size.  An interface layer 

or a thin, orange, layer 2 was observed in the cross-section and the thin-section.  A pale 

salmon-coloured layer 3 was observed in the incident light photomicrograph of the cross-

section.  Red, orange and black pigment particles were dispersed throughout layer 3.  Layer 

3 appeared cantaloupe-coloured in the transmitted light photomicrograph of the thin-

section; it was followed by a thin, tan layer 4 in the blue cross-section, and appeared as a 

tan transparent layer in the thin-section.  The observations from the thin-section of this 

layer 4 suggested it was most likely an interface layer between two paint layers.  The thin,  
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Figure 3.51.  Reflected light photomicrograph of cross-section from the blue coat near the 
brown background.  Magnification: 400x. From the canvas upward, the layers are: (1) an 
off-white, slightly cream-coloured layer; (2) thin, orange, layer; (3) pale salmon-coloured 
layer; (4) thin, tan layer; (5) white layer containing red particles; (6) thin, tan layer; (7) 
similar to layer 5, (8) thin, tan layer; (9) final, blue, translucent paint glaze. 
 
 

 
 
Figure 3.52.  Transmitted light photomicrograph of a thin section from the blue coat near 
the brown background, exhibiting the same layered structure as the cross-section above. 
Magnification: 400x. 
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brown, non-continuous layer 4 was followed by a thick white layer 5; the latter had 

particles of a vibrant red (perhaps fuchsia) and orange pigment dispersed throughout.   

Layer 6 was a thin, tan-coloured, non-continuous layer in the blue coat cross-section.  In the 

thin-section of the blue coat, this layer was observed throughout the sample.  Layer 7, a 

thin, white layer identical to layer 5, contained vibrant red and black particles observed in 

both the cross- and thin-section.  Layer 8 was a thin, tan layer similar to layer 6, observed 

more clearly in the thin-section than the cross-section.  Layer 9 was a translucent blue 

glaze layer, only visible in the cross-section from the blue coat.  The final layer, layer 10, 

was a translucent surface layer.  To note, fluorescence microscopy was only performed on 

the cross-section from the blue coat.  The thin tan layers (such as 6 and 8) proved to be 

non-fluorescent, while the white layers (1, 5 and 7) showed a white fluorescence.  The 

vibrant red and orange pigment particles showed red and orange fluorescence.  The 

topmost translucent layer was made up of a fluorescent varnish layer preceded by a non-

fluorescent layer. 

 The sequence of the layered structure was fairly complex in this region.  It indicated 

that this area was extensively re-worked by the artist.  These findings obtained by reflected 

microscopy confirmed the pentimenti of the upright woman, observed by x-ray 

radiography.   

 Cross-sections from the signature, specifically from the P and U in PAUL, were 

examined by microscopy.  Figure 2.3 indicates the regions from which the cross-sections 

were obtained; the precise locations are given in table 2.2 of chapter 2.  For the remainder 

of the text, the cross-section obtained from the U in PAUL will be referred to as cross-

section U, and cross-section from the P in PAUL as cross-section P.  
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3.2.3.5  Cross-section U  

 The reflected light micrograph and UV-induced fluorescence images are shown in 

Figures 3.53 and 3.54.  Layer 1 was a white layer observed by reflected light, suggesting a 

ground layer.  This ground layer was only partially removed during sampling, since it did 

not span the entire length of the cross-section.  The fluorescence photomicrograph of layer 

1 indicated a white fluorescence.  The second layer was tan-coloured with pigment 

particles dispersed throughout.  Layer 3 had a more beige appearance as seen in reflected 

light microscopy, and had fine, black flake-like particles as well as red-orange irregular-

shaped particles dispersed throughout.  Layers 2 and 3 did not show fluorescence and were 

indistinguishable by fluorescence microscopy.  Layer 4 was a translucent, discontinuous 

layer showing two different layers in the fluorescence photomicrograph.  Lower layer 4a 

showed a strong white fluorescence, followed by a non-fluorescent layer 4b.  Finally, the 

brown coloured layer 5 corresponded to the brown paint used for the signature.  The 

brown paint was non-fluorescent.  The top brown layer was separated from the beige layer 

(layer 3).  This separation was quite discernable when using fluorescence microscopy, 

suggesting that the upper brown layer was applied over layer 4 (both the fluorescent and 

non-fluorescent layers).  This suggests that the letter P in PAUL had been reinforced. 

3.2.3.6  Cross-section P 

 The reflected light micrograph and UV-induced fluorescence images are shown in 

Figures 3.55 and 3.56.  Numbering again from the canvas upward, layer 1 was probably the 

size layer as observed in the reflected light photomicrograph.  Layer 2 corresponded to the  
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Figure 3.53. Reflected light photomicrograph of cross-section from letter U in PAUL.  
Magnification: 400x.  From the canvas upward the layers are: (1) white, non-continuous 
ground layer, not completely removed, (2) tan paint layer, (3) translucent layer, appears 
like a varnish; (4) brown paint layer. 
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Figure 3.54.  Near-UV autofluorescence photomicrograph of cross-section from letter U in 
PAUL.  Magnification: 400x.  From the canvas upward the layers are: (1) white, non-
continuous ground layer, not completely removed, (2) tan paint layer, (3) translucent layer 
in reflected light microscopy, appears to be composed of: (3a) fluorescent natural varnish 
layer and (3b) non-fluorescent synthetic varnish layer and (4) brown paint layer. 

  



169 
 

 

 

 

 

 

 

Figure 3.55.  Reflected light photomicrograph from cross-section of letter P in 
PAUL.  Magnification: 400x.  From the canvas upward the layers are: (1) translucent, size 
layer, (2) a white ground layer, (3) tan paint layer, (4) thin, white paint layer, (5) 
translucent, possibly varnish layer, (6) thin, brown layer, could be a thin paint layer or 
settled dirt, (7) translucent natural varnish layer, and dislocated layer compose of layer (7) 
and (8) thin brown layer, which could be a thin paint layer or settled dirt.  
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Figure 3.56.  Near UV autofluorescence photomicrograph of cross-section from letter P in 
PAUL.  Magnification: 400x.  From the canvas upward the layers are: (1) translucent size 
layer, not fluorescent; (2) white ground layer, white fluorescent layer; (3) tan paint layer or 
priming layer, (4) thin, white paint or varnish layer; (4b) interface or fine dirt layer; (5) 
thin, white fluorescent natural varnish layer, (6) thin, brown layer, could be a thin paint 
layer or settled dirt, (7) white fluorescent, natural varnish layer; and (8) thin brown layer, 
could be either thin paint layer or settled dirt. 
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white ground layer and exhibited white fluorescence.  Layer 3 was a tan-coloured paint 

layer with pigment particles spread throughout (see appendix A.3).  Layer 4 appeared to be  

the application of another white paint layer.  Layer 5 was translucent, succeeded by a thin 

layer 6.  Layer 6 could either have been a thin paint layer or settled dirt.  Layer 7 was again 

a translucent layer capped by a thin brown layer 8, which once again represented a thin 

paint layer or settled dirt.  Layer 7 was dislocated from the rest of the sample and appeared 

to have separated from layer 6, as suggested by the complementary notched patterns of 

each layer.  All the translucent layers in this cross-section had a strong white fluorescence 

and suggested varnish.  The thin lines between varnish layers could have been dirt or other 

applications of thin paint layers.  If these were dirt layers then they show that time had 

elapsed between successive varnish layer applications. 

 In conclusion, the two signature area cross-sections exhibited a clear differentiation 

in paint layer application.  Cross-section P showed a more complex layer structure than the 

stratigraphy observed for cross-section U.  Also of particular note was that the final paint 

layer of cross-section U had been applied over the varnish layer.  As discussed above, the 

ground layer was not intact over the entire length of the cross-section U.  In addition, it is 

also possible that some of the lower layers were missing from this cross-section, thus not 

providing a view of all the layers down to the canvas.  Layer 4, the top brown paint layer of 

cross-section U, was different in appearance than all the layers observed in cross-section P.  

In addition, the topmost layer of cross-section U appeared darker under UV-induced 

fluorescence photography than that observed in cross-section P.  The ground layers and tan 

layers appeared consistent for both cross-sections.  In the region of cross-section P, there 
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was clear reworking of this painting; however the letter U shows evidence of being 

reinforced both in reflected light and fluorescence light microscopy.  

3.2.4  SEM-EDS Analysis of Cross-sections 

 The exact locations from which these SEM-EDS cross-sections were obtained are 

summarized in Table 2.2, chapter 2.  Cross-sections from the signature area were selected 

because certain letters of the signature appeared darker under UV-induced fluorescence 

than others, and it was, therefore, important to establish the stratigraphy of these areas 

and compare them to one another.  The blue coat area near the brown background and the 

brown area adjacent to the present-day window were selected for cross-section sampling 

because these regions showed pentimenti (an upright woman and a full window) in the x-

ray image of While Baby Sleeps.  In contrast, the brown background and brown tacking edge 

cross-sections were areas where no hidden painting was observed.  SEM-EDS was used to 

determine the elemental composition of paint microsamples (as shown in section 3.2.1.1) 

and of the paint layers of a cross-section.  Cross-section layers were numbered from the 

canvas upward, with layer one lying closest to the canvas.  Additional information on the 

pigment particles observed within the layers of these cross-sections is available in the 

Appendix A.4.  The elements identified have been interpreted to infer the possible 

pigments, given the observed paint colour and the presence of minerals oftentimes 

associated with pigments and fillers. 

3.2.4.1  Cross-section from the Brown Background 

Figures 3.57 shows the reflected light photomicrograph, backscattering electron 

image and additional detail of a zoomed area of the BSE image, illustrating the layered  
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Figure 3.57.  Reflected light photomicrograph (a), BSE image (b), and detail of BSE (c) of 
the cross-section from the brown background. 
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Table 3.8.  Analysis of layers in the cross-section from the brown background 

 major elements, minor elements, (trace elements) 

 
 
 

  

Layer Description Elements Identified by SEM-EDS 

layer 1 (ground) Ca, Pb, C, O, (Si) 
layer 2 (white layer above ground) 
white particle – layer 2 

Pb, O, (C) 
Ca, O, (C) 

layer 3 (embedded grey layer) 
white particle – layer 3 

Pb, C, (O) 
Pb, C, (O, Si) 

layer 4 (brown paint layer) Fe, Pb, C, O, Si, Ca, P, (Al, Mg, Cl) 
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nature of the cross-section obtained.  Table 3.8 lists the elements identified therein.  The 

white ground layer (layer 1) suggested a mixture of calcium carbonate and lead white.  An  

additional lead white layer, perhaps a preparatory layer, characterized as layer 2 in Table 

3.8, was observed in the BSE image of this cross-section.  Layer 3 was embedded within 

layer 4, the brown paint layer.  Elements identified by SEM-EDS in layer 3 suggested that 

lead white and possibly carbon-based black pigment and quartz were used.  The brown 

pigment layer’s elemental composition suggested a mixture or combination of the following 

pigments: iron earth, lead white, bone black, quartz, possibly kaolin and carbon-based 

black.   

3.2.4.2  Cross-section from the Brown Tacking Edge 

As stated above regarding the brown background cross-section, the ground layer 

(layer 1) was a mixture of calcium carbonate and lead white, with this layer being 

predominantly composed of calcium carbonate.  A white second layer, possibly a 

preparatory layer, was predominantly composed of lead white.  In layer 3, the grey layer as 

observed in the reflected light photomicrograph, Figure 3.58, indicated the use of lead 

white, kaolin and carbon-based black pigments.  Finally, layer 4, a brown pigment layer, 

suggested the use of iron earth oxide, carbon-based black and lead white.   

Both of the above cross-sections, the brown background and the brown tacking 

edge, had similar layered structures.  Their ground layers appeared black in the BSE image, 

in Figure 3.58 and Table 3.9, indicating a light element which, by SEM-EDS was identified as 

calcium.  The white layer in the reflected light photomicrograph appeared white in the BSE 

images indicating a heavy element that was identified as lead by SEM-EDS.  The intensity of 

the BSE image is related to the element’s atomic number (Z).  Therefore, high Z elements  
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Figure 3.58.  Reflected light photomicrograph (a), BSE image (b) and detail of BSE (c) of 
the cross-section from the brown tacking edge. 
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Table 3.9.  Analysis of layers in the cross-section from the tacking edge 

 major elements, minor elements, (trace elements) 
 

 

 

 

 

 

 

 

 

  

Layer Description Elements identified by SEM-EDS 

layer 1 (cream coloured – ground) 
white particle – layer 1 

Ca, C, O, (Pb) 
Ca, C, O 

layer 2 (white – preparatory layer) Pb, C, O, (Ca) 
layer 3 (grey – embedded within layer 4) Pb, Si, C, O, Al, (Fe, K)  
layer 4 (brown) Pb, C, O, Fe 
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(heavier elements) appear brighter (white) in the BSE image (Artoli 67; José-Yacamán and 

Ascencio 409).  The paint layers were slightly variable in their composition, however iron 

was identified in both, suggesting an iron earth was used for the brown paint layers.  These 

cross-sections showed a simpler layered structure, indicating that there was less layering 

and reworking of the paint in these areas. 

3.2.4.3  Cross-section from Brown Adjacent to Present-day Window 

The ground layer’s elemental composition suggested lead white, calcium carbonate 

and a dense dispersion of black particles which were probably bone black, but could 

possibly have been a carbon-based black pigment.  The large white particle in the ground 

(layer 1) was composed of lead white.  Layer 2, above the ground layer, was composed of 

lead white and possibly calcium carbonate and quartz.  Iron earth, kaolin, lead white, 

calcium carbonate, quartz, possibly bone black and carbon-based black pigment were 

plausible pigments comprising the light brown layer given the elements identified and the 

dispersed particles observed by reflected light microscopy (layer 3).  Layer 4 was a thin, 

intermediate or interface layer observed by SEM-EDS and was more prominent on either 

side of the zoomed BSE image.  This layer was not observed by examination of the cross-

section by reflected light, as shown in Figure 3.59.  The elements identified, in layer 4, listed 

in Table 3.10, suggested kaolin, lead white, iron earth, perhaps bone black and a carbon-

based black pigment.  Analysis of the beige layer 5 indicated lead white, kaolin, iron earth, 

quartz, and conceivably bone black and carbon-based black pigment.  This cross-section 

corresponded to the pentimenti region of the former window.  In the x-radiograph, the 

sampled region corresponded to the windowpane area and appeared white in the x-ray 



179 
 

image, indicating the use of a heavy element pigment, most likely corresponding to layers 2 

or 3 of this cross-section.  

3.2.4.4  Cross-section from the Blue Coat Area near the Brown Background 

 Figures 3.60 shows the images of this cross-section obtained from the blue coat area 

near the brown background and Table 3.11 lists the elements identified therein.  The 

ground layer (layer 1) was composed of lead white and possibly quartz.  Bright yellow 

particles in the ground layer suggested iron earth, kaolin, lead white and perhaps an 

organic dye or lake.  Tan, non-continuous layers were observed throughout this cross-

section.  These tan layers (2, 4, 6 and 8) observed under reflected light were either 

distinctive layers or could have been interface layers.  The tan layers indicated the use of 

iron earth, kaolin, lead white, bone black, calcium carbonate, and quartz.  The pale salmon-

coloured layer 3 suggested iron earth, kaolin, and possibly lead white.  The two white 

layers 5 and 7 contained vibrant red particles dispersed throughout.  The vibrant red 

particles were white in the BSE image, indicating the presence of a heavy element.  SEM-

EDS elemental analysis of these red particles identified mercury such that the pigment was 

most likely vermillion.  White layers 5 and 7 contained lead white and possibly calcium 

carbonate and quartz.  The translucent blue paint layer (layer 9) was composed of 

ultramarine blue and lead white.  The cross-section from the blue coat region showed a 

complex layered structure indicating that this area had been extensively reworked.  This 

cross-section corresponded to the area where the hidden painting of an upright woman 

was observed via x-ray radiography.  The characteristic pigments generally employed in 

rendering flesh are vermillion, lead white and iron earth.  The elements corresponding to  
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Figure 3.59.  Reflected light photomicrograph (a), BSE image (b) and detail of BSE (c) of 
the cross-section from the brown adjacent to present-day window. 
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Table 3.10.   Analysis of layers of cross-section from the brown adjacent to present-day 
window 
 

Layer Description  Elements identified by SEM-EDS 
layer 1 (ground layer) 
layer 1 – large white spot 

Pb, Ca, P, C, O, (Mg, Si) 
Pb, C, (O) 

layer 2 (white layer) Pb, C, (O, Si, Ca) 
layer 3 (tan layer) Pb, O, Fe, Al, Si, C, Ca, (P, K)  
interface/intermediate layer Si, Al, O, Pb Fe, C, K, (Ca, Mg) 
layer 4 (beige layer) Pb, O, C, Al, Fe, Si, Ca, (P, K, Mg) 
 major elements, minor elements, (trace elements) 
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Figure 3.60.  Reflected light photomicrograph (a), BSE image (b), and detail of BSE (c) of 
the cross-section from blue coat near brown background area. 
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Table 3.11.  Analysis of layers in cross-section from the blue coat area near the brown 
background 

 major elements, minor elements, (trace elements) 
 

  

Layers Description Elements identified by SEM-EDS 
layer 1 (ground layer) Pb, C, (O, Si)  
layer 2 (thin tan layer) Pb, C, (Mg, O, Si) 
layer 3 (pale salmon layer) Fe, Si, Pb, Al, O, C, (K, Mg) 
layer 4 (thin tan layer) Pb, C, O, (Mg, Si) 
layer 5 (white layer, vibrant red particles) Pb, C, O, (Ca, Mg, Si) 
layer 6 (thin tan layer) Pb, Fe, C, O, (Al, Si, Mg) 
layer 7 (white layer, vibrant red particles) Pb, C, O, (Si) 
layer 8 (thin tan layer) Pb, C, O, Al, Fe, (Ca, K, Si, Mg) 
layer 9 (translucent blue, paint layer) Pb, C, (O, Al, Si) 
  
large yellow spot – zoomed region 2 Fe, O, Si, Al, Pb, (C, K) 
small yellow spot – zoomed region 2 Fe, O, Pb, (C) 
brown spot – zoomed region 3 Pb, Ca, P, (O, C, Mg) 
red spot - zoomed region 4 Hg/S 
red spot2 - zoomed region 4 Hg/S 
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these paints and the layers observed by reflected light microscopy confirmed the presence 

of an underpainting in this area consistent with the x-ray image. 

3.2.4.5  Thin-section from the Blue Coat Area near the Brown Background 

 For the blue coat thin-section examined, it had a similar structure to the blue coat 

cross-section, because the sample broke in half and one half was used for each.   In the 

backscattered electron image, the thin-section showed that the red particles in layer 4 

appeared white (indicative of a heavy element) (see Figure 3.61).  SEM-EDS analysis of the 

red particles showed mercury and sulfur pointing almost certainly to vermilion (Table 

3.12).  The blue particle in layer 4, appeared grey in the BSE image suggesting an element 

with a lower Z number.  Based on the elements identified by SEM-EDS in Table 3.12, it is 

assumed that  ultramarine blue paint was used. 

3.2.4.6  Cross-sections from the Signature 

 Cross-sections of the U and P letters from “PAUL” were also examined by SEM-EDS 

and the elemental composition of the layers were summarized in Table 3.13-3.14.  For the 

remainder of the text, the cross-section obtained from the U in PAUL will be referred to as 

cross-section U, and cross-section from the P in PAUL as cross-section P.  These areas were 

of particular interest given the suspect attribution of While Baby Sleeps to Paul Peel.  Of 

particular importance were the layered structures of these cross-sections: should the 

presence of anachronistic pigments, such as titanium white, be detected in any of the layers 

examined, it would provide useful information toward the authenticity debate surrounding 

this painting.  
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Figure 3.61.  Transmitted light photomicrograph (a), BSE image detail of BSE (b) of the 
thin-section from the blue coat near brown background area. 
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Table 3.12.  Analysis of layers in thin-section from the blue coat near the brown 
background 
 

Layer Description Elements identified by SEM-EDS 
layer 1 (ground) Pb, C, O, (Si) 
layer 2 (cream, off-white) Pb, C, O, Fe, (Al, Si, Mg) 
layer 3 (translucent, white) Pb, C, O, (Mg, Si) 
layer 4 (white, red particles dispersed) Pb, C, (O, Si) 
large red particle – layer 4 Hg/S 
small red particle with thin film of lead 
white – layer 4 

Hg/S, (C, O, Pb) 

small blue particle – layer 4 Pb, Al, O, C, (K) 
layer 5 (tan, translucent) Pb, C, Ca, O, Si, Fe, P, (Al, Mg) 
layer 6 (white) Pb, C, O, (Si, Ca) 
layer 7 (beige) Pb, C, O, Al, (Si, K, Fe, Ca) 
 major elements, minor elements, (trace elements) 
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 3.2.4.6.1  Cross-section U 

 The removal of this cross-section was incomplete, missing the lower layers of part of 

the cross-section, as shown in Figure 3.62.  Layer 1 might have been the ground or, as in the 

other cross-sections examined, the preparatory layer, because it was composed of lead 

white and possibly kaolin.  The tan-coloured, translucent layer 2 of the photomicrograph 

suggested the use of lead white.  Elements identified in the off-white layer 3 with black 

pigment dispersed throughout, indicated the use of lead white, calcium carbonate, black 

iron oxide, kaolin, perhaps quartz and carbon-based black pigment.  Layer 4 was a varnish 

layer and not analyzed by SEM-EDS.  Layer 5 appeared light brown with orange, red and 

black particles dispersed throughout, as seen in the reflected light photomicrograph, and 

was added over layer 4.  The composition of this layer suggested the presence of kaolin, 

chromium-containing pigment and possibly carbon based pigment.  Additional SEM-EDS 

readings of the tail region were taken, and the elements identified indicated kaolin, carbon 

based pigment, lead white, chromium-containing pigment, and possibly calcium carbonate. 

 3.2.4.6.2  Cross-section P 

 The cross-section excised from the letter P in PAUL had a detached layer, as 

illustrated in Figure 3.63.  Elemental analysis by SEM-EDS is presented in Table 3.14.  

Detached layer 8 was separated from the rest of the cross-section sample; it appeared to 

have separated from layer 6, as suggested by the appearance of complementary grooved 

patterns, but this speculation cannot be confirmed.  The cross-section P showed that at this 

site, the painting had been reworked with two layers of varnish.  In the bottom tan 

coloured layer 1, the elemental composition suggested that lead white, kaolin, and possibly 

iron earth, quartz and calcium carbonate were used, or some combination of the above  
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Figure 3.62. Reflected light photomicrograph (a), BSE image (b) and detail of BSE (c) from 
the cross-section of the letter U in PAUL. 
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Table 3.13.  Analysis of layers in cross-section from letter U in PAUL 
 

 major elements, minor elements, (trace elements) 
  

Layer Description Elements identified by SEM-EDS 

layer 1 (preparatory/ground?) Pb, C, O, (Si) 

layer 2 (tan translucent) 
red particle 

Pb, Al, Si, O, C, Fe, (Mg) 
Hg/S 

layer 3 (cream coloured) Pb, C, Ca, (O, Si, Al, Fe) 
layer 4 (colourless) varnish; not analyzed 
layer 5 (brown paint) Pb, Ca, O, Si, Al, (C, Cr) 
tail region (brown paint) Al, Si, Pb, C, O, (Cr, Ca, K) 
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listed pigments.  Layer 2 was white in colour and most likely consisted of lead white and 

possibly quartz.  A tan-coloured layer 3 contained iron oxide, kaolin, lead white and 

calcium carbonate, and was followed by thin white layer 4 composed of lead white and 

calcium carbonate.  Translucent layers 5 and 7 were most likely varnish layers.  Finally the 

tan-coloured layer (layer 6) was most likely made of a mixture of kaolin, calcium carbonate, 

lead white and possibly a chromium-containing pigment.  Additionally, the detached layer 

showed many of the elements identified in layer 6 and most likely the same pigments were 

used therein.  Therefore, even though the layered nature of the cross-section U and P differ, 

none of the elements identified, and therefore tentative pigment assignments, were 

inconsistent with those available to Peel in the nineteenth century.   

   In conclusion, none of the elements identified by SEM-EDS of the cross-sections 

examined suggested pigment anachronisms in any of the cross-section layers.  The one 

surprising discovery was the absence of iron detected by SEM-EDS in both cross-section P 

and U of the signature.  In those letters, the thin, red-brown paint seemingly derived most 

of its colour from a darker kaolin (clay).  Additionally, trace amounts of chromium were 

detected, which was not found in the other brown cross-sections examined from While 

Baby Sleeps.  
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Figure 3.63.  Reflected light photomicrograph (a), BSE image (b) and detail of BSE (c) of 
the cross-section from the letter P in PAUL. 
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Table 3.14. Analysis of layers in the cross-section from letter P in PAUL 
 

 major elements, minor elements, (trace elements) 
 

 

Layers Description Elements Identified by SEM-EDS 
layer 1 (tan layer) Pb, C, (O, Si, Fe, Al, Ca) 
layer 2 (white ground or preparatory layer) Pb, C, (O, Si) 
layer 3 (tan layer) Pb, O, Fe, C, Ca, (Si, Al) 
layer 4 (thin white paint layer) Pb, C, Ca, O, (Al) 
layer 5 (translucent layer) varnish 
layer 6 (thin tan layer) Al, Si, O, Ca, Pb, C, (K, Cr) 
layer 7 (translucent layer) varnish 
layer 8 (detached layer) Al, Si, C, O, Pb, Ca, (Cr, Fe, K) 
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4.  CONCLUSIONS AND FUTURE WORK 

 

 The non-contact analysis techniques, such as x-ray radiography, UVF and 

transmitted IR, used within the scope of this thesis toward a scientific examination of While 

Baby Sleeps indicate the presence of a previous composition beneath the present-day 

painting.  Microscopic analysis of the cross-section from the blue coat area clearly shows 

that certain areas of the painting have been reworked, for example to the left of the mother, 

due to the complexity of the layered structure of this cross-section.  Reflected light 

microscopic observation of this cross-section further confirms the pentimenti of the 

upright woman originally observed by x-ray radiography.  Furthermore, IRR revealed areas 

of underdrawing, such as the mother’s hands and the chair, suggesting that the artist was 

undecided about their exact positioning in the composition.  Underdrawings have been 

used in artist attribution debates, especially in Netherlandish paintings, where the 

underdrawings help to reveal the working methods of a particular master or workshop.  

However, if IRR is to act as an aid in authenticating uncertain Peel paintings then a 

repository of Peel works containing underdrawings with a well-catalogued provenance 

would first have to be established.  Pentimenti observed in x-ray images often provide 

evidence that the artist changed his or her mind during painting, something not usually 

observed in works by a copyist or forger.   

While Baby Sleeps is signed ‘PAUL PEEL/PARIS -1888’ in the lower left corner. 

During the 1986 conservation intervention, it was observed that the upper layer of the 

signature ‘PAUL PEEL’ was soluble in the solvent mixture used to remove the natural resin 

varnish.  UV-induced fluorescence images of the signature further indicate that certain 
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letters have been reinforced.  Moreover, the paint in the lower right corner appears 

scratched suggesting the possibility that an alternate inscription may have existed here, 

which has since been removed.  

With regards to the signature area, a cross-section from the letter P in PAUL showed 

a more complex layer structure than the stratigraphy observed for the cross-section of the 

letter U.  Additionally, the top brown paint layer of cross-section U is different in 

appearance than all the layers observed in cross-section P, and the final paint layer of 

cross-section U has clearly been applied over the varnish layer, indicating that the letter U 

had been reinforced.  As for cross-section P, the thin top layer above the varnish could be a 

dirt stratum, and therefore this cross-section could show the original layering of the work 

in this area.  Taken as a whole, the findings from the bottom left current signature area and 

bottom right raise some uncertainty regarding the attribution of this painting to Paul Peel.     

 Additional micro-destructive scientific examination was then undertaken through 

the use of pigment microsamples and cross-sections to evaluate whether any of the paints 

contain compounds which would indicate the presence of materials available only after 

Peel’s death in 1892.  None of the elements and therefore indirect pigment assignments 

identified by SEM-EDS from the paint microsamples or the cross-sections are inconsistent 

with those available in the nineteenth century and used during Peel’s lifetime.  No 

immediate red flags, such as the non-negligible presence of elemental titanium indicating 

use of titanium white (available from 1916 onwards), were observed in either of these two 

sample types.  It should be noted, however, that complete analysis of the paint 

microsamples was not undertaken, as only selective paint areas of interest were examined 

by polarized light microscopy.  For example, the mauve colour used for the mother’s skirt is 
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composed of several pigment particles as identified by PLM, and the blue paint used in the 

execution of the blue object near the window can be identified as ultramarine blue.   

Ultimately, the findings above based on the scientific techniques used do not shed 

definitive light on the attribution debate surrounding While Baby Sleeps.  The pigments 

suggested by the elemental profiles obtained were available in the nineteenth century, 

however a skilled forger would likely be sufficiently aware of pigment history to avoid any 

obvious pitfalls.  Therefore, in order to differentiate between pigments processed at a time 

available to Peel and those of a more modern manufacture, a technique such as NAA should 

be employed.  NAA has been used previously in authenticity debates because it identifies 

trace element impurities, allowing for the chronological differentiation of pigments 

(discussed in greater detail in Section 3.2.1.1).   

   

 In conclusion, Peel cannot be ruled out as the artist of While Baby Sleeps, but, at the 

same time, certain findings of this thesis do not fully support the painting’s current 

attribution to Peel.  Further work must be done toward obtaining a definitive result on the 

authenticity debate.  Two possible avenues to be pursued are: 1) looking through Peel’s 

sketches to find other occurrences of the first (hidden) painting  and current composition 

of While Baby Sleeps, which would lend further credibility to its current (questioned) 

attribution, and 2) performing further scientific analysis, either mass spectrometry on the 

lead white ground layer or NAA for trace elemental pigment composition in While Baby 

Sleeps.  Neither of these analyses are a trivial undertaking, as they require standards which 

resemble the painting’s composition and expert interpretation of the results.  Of course if 

these additional investigative routes are to be undertaken, a decision needs to be made 
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whether the investment of resources coincides with the importance in assessing 

attribution to Peel; it would be up to the AEAC to determine whether to proceed with 

further analysis of While Baby Sleeps.  
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Appendix A.1 - Table 1. Elements detected by Targeted XRF 

*Pb was excluded from the table due to the strong Lα and L lines observed in every spectra collected by XRF. 
* maybe – a peak might be present; difficult to discern 

Site Description Elements Detected in XRF spectra 

 Hg 
(L) 

Hg 
(L) 

Fe 
(K) 

Fe 
(K) 

Mn 
(K) 

Mn 
(K) 

Ni 
(K) 

Ni 
(K) 

Ca 
(K) 

Ca 
(K) 

Co 
(K) 

Co 
(K) 

Ti/Ba 
(K/L) 

Ti/Ba 
(K/L) 

Cu 
(K) 

Cu 
(K) 

                 
red – mother’s lips        maybe         maybe 

red – tip of ring finger        maybe         maybe 
pink – blush of cheek         maybe         maybe 
pink – forearm        maybe         maybe  
pink – clavicle        maybe         maybe 
red-orange – hair        maybe         maybe 
                   
orange-red – baby’s blanket        maybe         maybe 
red – jar near window        maybe         maybe 
red – rim of bowl        maybe         maybe 
light red – cobblestone        maybe         maybe 
                   
blue – jar near window        maybe         maybe 
blue – mother’s sock        maybe         maybe 
blue – mother’s coat        maybe         maybe 
blue-purple – baby’s jumper        maybe         maybe 
mauve – mother’s skirt           maybe maybe       
                   
brown – middle background        maybe         maybe 
brown – top background        maybe         maybe 
light brown – baby’s crib        maybe         maybe 
brown – P in PEEL        maybe         maybe 
brown – 2nd E in PEEL        maybe         maybe 
black – shoe heel        maybe         maybe 



 
 
Appendix A.1- Table 1. Elements detected by Targeted XRF 

*Pb was excluded from the table due to the strong Lα and L lines observed in every spectra collected by XRF.  
* maybe – a peak might be present; difficult to discern 

 

 

 

 

 

 

 

Site Description Elements Detected by XRF  

 Hg 
(L) 

Hg 
(L) 

Fe 
(K) 

Fe 
(K) 

Mn 
(K) 

Mn 
(K) 

Ni 
(K) 

Ni 
(K) 

Ca 
(K) 

Ca 
(K) 

Co 
(K) 

Co 
(K) 

Ti/Ba 
(K/L) 

Ti/Ba 
(K/L) 

Cu 
(K) 

Cu 
(K) 

                 
yellow-brown – window wall        maybe         maybe  
yellow – potato peel        maybe         maybe  
light yellow – window        maybe         maybe  
yellowish red with blue 
checkers –scarf 

       maybe         maybe 

                   
grey – shears         maybe         maybe  
white – mother’s blouse        maybe         maybe  
white -highlight of blouse        maybe         maybe  



 

 

 

 
 
Appendix A.2 - Figure 1.  BSE image of a pigment microsample collected from mauve area 
of mother’s skirt from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 
15 kV was used. 
 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A.2 - Figure 2.  BSE image of pigment microsample collected from blue object on 
windowsill from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 
kV was used. 

 

 

 

 

 



 

 

 

 

Appendix A.2 - Figure 3. BSE image of pigment microsample collected from blue stripped 
mother’s sock from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 
kV was used. 

 

 

 

 

 



 

 

 

 

Appendix A.2 - Figure 4.  BSE image of pigment microsample collected from red jar near 
window from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 kV  
was used. 

 

 

 

 

 



 

 

 

Appendix A.2 - Figure 5.  BSE image of pigment microsample collected from red-orange 
highlight of baby’s blanket from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) 
operating at 15 kV was used. 

 

 

 

 

 

 



 

 

 

Appendix A.2 - Figure 6. BSE image of pigment microsample collected from yellow of 
potato of While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 kV was 
used.    

 

 

 

 

 

 



 

 

 

 

 

 

Appendix A.2 - Figure 7.  BSE image of pigment microsample collected from light brown 
of baby’s crib from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 
kV was used.    

 

 

 



 

 

 

 

 

 

Appendix A.2 - Figure 8.  BSE image of pigment microsample collected from dark brown 
background from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 
kV was used. 

 

 

 



 

 

 

 

 

Appendix A.2 - Figure 9.  BSE image of pigment microsample collected from black from 
heel of shoe from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 
kV was used. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A.2 - Figure 10.  BSE image of pigment microsample collected from grey-brown 
region of floor from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 
15 kV was used. 

 

 

 



 

 

 

 

 

 

Appendix A.2 - Figure 11.  BSE image of  pigment microsample collected from white of  
tablecloth from While Baby Sleeps.  An SEM (FEI Quanta 650 FEG ESEM) operating at 15 kV  
was used. 

 

 

 



Appendix A.3 -Table 1.  Analysis of pigment particles in the cross-section from brown 
adjacent to present-day window.  Zoomed area map 2. 
 

Pigment Particle Elements identified by SEM-EDS 
1 Si, O 
2 Fe, Pb, O, Si, Mg, (Ca) 
3 Pb, O 
4 Pb, O 
5 Pb, Ca, P, C, O, Mg 
6 Si, Al, K, O, Pb, (Na) 
7 Fe, Pb, O, Si, Al 
8 Pb, O 
9 Si, Pb, O 
10 Pb, O 
11 Si, O, Al, Fe, Pb, (K) 
12 Pb, Fe, Si, O, Ca, (Mg, Al) 

 

 

 

Appendix A.3 – Figure 1.  BSE image of cross-section from brown adjacent to present-day 
window.  Zoomed area map 2. 



 
Appendix A.3 – Table 2.  Analysis of pigment particles in the cross-section from  
brown adjacent to present-day window.  Zoomed area map 3. 
 

Pigment Particles Elements identified by SEM-EDS 
13 Pb, Si, C, O, (Cl) 
14 Pb, C, (O) 
15 Pb, Ca, P, O, C, Mg, (Si) 
16 Si, Pb, O, C, Fe 
17 Si, Pb, Fe, Al, O, C, Ca, K, (Mg) 
18 Pb, Fe, Si, O, C, Al, Mg, (Ca, P, K) 
19 Fe, Pb, Si, O, C, Ca, P, (Mg, Al , Na) 
20 Pb, C, Si, O 

 

 

 

  
 

Appendix A.3 - Figure 2.  BSE image of cross-section from brown adjacent to present-day 
window.  Zoomed area map 3. 



Appendix A.3 - Table 3.  Analysis of pigment particles in the cross-section from blue coat 
near the brown background.  Zoomed area map 2. 
 

Pigment Particle Elements identified by SEM-EDS 
1 Pb, (O) 
2 Pb, (O) 
3 Si, Fe, Pb, O 
4 Ca, Pb, Mg, C, O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix A.3 - Figure 3.  BSE image of cross-section from the blue coat near the brown 
background.  Zoomed area map2. 

 

 



Appendix A.3 – Table 4.  Analysis of pigment particles in the cross-section from blue coat 
near the brown background.  Zoomed area map 3. 
 

Pigment Particle Elements identified by SEM-EDS 
5 Pb, O 
6 Hg/S 
7 Hg/S 
8 Hg/S, Pb 
9 Hg/S, Pb 
10 Pb, O 
11 Si, Pb, Al, O, Fe, C, (K, Mg) 
12 Pb, C, O, Si, Fe, (Al) 
13 Pb, C, O 
14 Pb, O 
15 Pb, O 
16 Pb, Ca, O, C, P, (Fe) 
17 Pb, C, O 
18 Pb, C, O 

 

 

Appendix A.3 - Figure 4.  BSE image of cross-section from the blue coat near the brown 
background.  Zoomed area map3. 



Appendix A.3 - Table 5.  Analysis of pigment particles in the thin-section from blue coat 
near the brown background.  Zoomed area map. 
 

 

 

 

 

 

 

 

 

Appendix A.3 - Figure 5.  BSE image of cross-section from the blue coat near the brown 
background.  Zoomed area map. 

 

 

 

Pigment Particle Elements identified by SEM-EDS 
1 Pb, C, O 
2 Pb, Ca, P, C, O, (Mg) 



Appendix A.3 - Table 6.  Analysis of pigment particles in the cross-section from letter U in 
PAUL.   
 
 
 

Pigment Particle Elements identified by SEM-EDS 
1 C, Si, Al, Pb, O, Cr, K, Ca, Cl, (Na, Fe) 
2 Hg/S, C, (Pb, O) 

 
 

 

 

 

Appendix A.3 - Figure 6.  BSE image of cross-section from the letter U in PAUL.   

 

 

 

 



Appendix A.3 - Table 7.  Analysis of pigment particles in the cross-section from letter P in 
PAUL.   
 
 
 
 

 

 

 

 

 

 

Appendix A.3 - Figure 7.  BSE image of cross-section from the letter P in PAUL.   

 

 
 
 
 
 

Pigment Particle Elements identified by SEM-EDS 
1 Pb, O 
2 Pb, Ca, P, O, S, (Mg, Fe, Al) 
3 Pb, C, O 



Appendix A.3 - Table 8.  Analysis of pigment particles in the cross-section from brown 
tacking edge.  Zoomed map 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Appendix A.3 - Figure 8.  BSE image of cross-section from the brown tacking edge.  
Zoomed map 2.  

 
 
 

Pigment Particle Elements identified by SEM-EDS 
1 Ca, Pb, C, O 
2 Pb, O 
3 Pb, Fe, C, O, Mg, (Al, Ca) 



Appendix A.3 - Table 9.  Analysis of pigment particles in the cross-section from brown 
tacking edge.  Zoomed map 3. 
 
 

Pigment Particle Elements identified by SEM-EDS 
4 Pb, (O) 
5 Ca, Pb, O, C 
6 Pb, (O) 
7 Pb, O 
8 Fe, Pb, C, O, Al, (Si) 

 

 

 

 

 

Appendix A.3 - Figure 9.  BSE image of cross-section from the brown tacking edge.  
Zoomed map 3. 

 
 



Appendix A.3 - Table 10.  Analysis of pigment particles in the cross-section from brown 
tacking edge.  Zoomed map 4. 
 

 

Pigment Particle Elements identified by SEM-EDS 
9 Si, O, Al, K. (Na, Fe) 
10 Si, O, Al, K Na, (Pb) 
11 Pb, O, (Si) 
12 Ba, Pb/S, O 
13 Ca, (O, Pb) 

 

 

 

Appendix A.3 - Figure 10.  BSE image of cross-section from the brown tacking edge.  
Zoomed map 4. 

 



Appendix A.3 – Table 11.  Analysis of pigment particles in the cross-section from brown 
background.  Zoomed map 1. 
 

 

Pigment Particle Elements identified by SEM-EDS 
1 Pb, C, (O, Si) 
2 Ca, O, (C) 

 

 

 

 

 

 

Appendix A.3 – Figure 11.  BSE image of cross-section from the brown background.  
Zoomed map 1. 



Appendix A.4 - Table 1.  Cross-section from brown tacking edge (from bottom to top) 

Layers Reflected Light Description Thickness (μm) Fluorescence (WU or NV) 
1 cream coloured, granular  layer range: 12-24 white fluorescence 

 
2 off-white                                        

grainy in appearance 
white circular particles 
large white particle or aggregate 

14 
 
 
27 

white fluorescence 
opaque to translucent 
fluorescence in some areas 

3 brown layer, with black, orange 
and red pigment particles 
dispersed throughout 
 
black: plate-like pigment particles  
orange: circular and translucent 
red: equant and translucent 
 
particle size: black < orange < red 

47 3a: cream, fluorescent layer, 
continuous, rich in dark, non-
fluorescent and faintly orange 
fluorescent particles 
3b: white, brightly fluorescent 
undulating layer (between layer 
3a and 3c) 
3c: tan, slightly-fluorescent, non-
continuous layer; non-
fluorescent particles dispersed 
throughout 
3d:  white fluorescent, 
discontinuous layer 
3e: brown, non-fluorescent; flaky 
black particles  

4 slightly opaque, non-continuous  1-2 bright white fluorescence, 
opaque 

5 thin, translucent, non-continuous 3 non-fluorescent, translucent 
 

Under both NUV and WUV light, layers 1 and 2 are indistinguishable; both layers emit a 
white fluorescence.  The brown layer, which appears homogeneous under reflected light, is 
composed of several layers which are easily discerned under UV-fluorescence.  

 

 

 

 

 

 

 

 



Appendix A.4 - Table 2.  Cross-section from brown background (from bottom to top) 

Layers Reflected Light Description Thickness (μm) Fluorescence (WU or NV) 
1 cream coloured 10 white fluorescence 
2 off-white 

grainy in appearance 
white circular particles 

15 white florescence 
no differentiation of between 
layer 1 and 2 under 
fluorescence 

3 dark brown layer 
embedded non-continuous 
white and black pigment 
particles (appears grey 
layer) 

10 
 
 
range: 2-4 

slightly fluorescent layer 
 
non-continuous, white 
fluorescent 
black particles non-fluorescent 

4 thin, translucent  1 white fluorescence 
non-continuous 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix A.4 - Table 3.  Cross-section sampled from brown adjacent to present-day 
window (from bottom to top) 

Layers Reflected Light Description Thickness(μm) Fluorescence (WU or NV) 
1 off-white, rich in black 

plate-like particles 
grey tinge to layer 
white particle: ~27 μm 

 
15-52 

1a: white fluorescence 
1b: less fluorescence 
non-fluorescent black particles 
fluorescent orange particle 
white particle – white 
fluorescence 

2 tan, with orange, and black 
particles 
continuous layer 
white inclusion or particle 
~10 μm 
large tan circular particle: 
20 μm 

 
22-27 

slightly fluorescent layer 
white inclusion/particle: 
fluorescent 
tan particle: non-fluorescent 
 

3 slightly lighter tan-orange 
dispersed red particles 

4-12 non-fluorescent layer, distinct 
layer 
fluorescent layer, non- 
continuous 
under NV observe red 
fluorescent pigment particles 

4 translucent, continuous 7-10 fluorescent, grainy layer 
non-fluorescent 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix A.4 - Table 4.  Cross-section sampled from the blue coat near the brown 
background, which split into two halves (from bottom to top) 

Layers Reflected Light Description Thickness 
(μm) 

Fluorescence (WU or NV) 

1 cream coloured layer 
 

64 white fluorescence 

2 interface between layer 1 and 2  
thin tan layer 

1 non-fluorescent 

3 salmon coloured layer 
red, orange, fuchsia and brown 
particles dispersed throughout 
white circular protruding 
particle: 100 μm 

65-90 white fluoresce 
bright pink fluorescent 
particles 
orange fluorescent particle 
(especially in NUV) 
white particle: white 
fluorescence 

4 thin, tan layer, possibly an 
interface 
black particles within layer 
non-continuous  

10-20 non-fluorescent 

5 white layer rich in vibrant red 
coloured particles 

~25 non-homogeneously 
fluorescent layer 

6 thin tan line, possibly an 
interface 
non-continuous, within white 
layer 5 

1 non-fluorescent 

7 white layer 5 white fluorescence 
8  dark brown layer 

black particles embedded in 
layer 8 

~4 non-fluorescent 

9 light blue, translucent  ~10 white fluorescence 
10 yellow, translucent layer, non-

continuous 
2 white fluorescence 

 

 

 

 

 

 

 

 



Appendix A.4 - Table 5.  Thin-section sampled from the blue coat near the brown 
background (from bottom to top) 

Layers Reflected Light Description Thickness 
(μm) 

Fluorescence (WU or NV) 

1 cream coloured layer 
orange pigment particles dispersed 
within layer 1  
large orange equant particle: 10μm 

10 cream fluorescence 
orange particle: orange 
fluorescence 
no differentiation between 
layer 1 and 1b 

2 thin tan line, possibly an interface 1 non-fluorescent 
3 salmon coloured layer 

red, black, orange and white 
(clump) pigment particles 
observed in layer 3 

10-15 diffuse, infiltration of tan 
colour from layer 4 into 3 
 

4 thin tan line, possibly an interface 1 non-fluorescent  
5 white layer with fuchsia and 

orange particles dispersed 
throughout 

14-16 white fluoresce 
fuchsia, and orange 
fluorescent particles 
(especially in NUV) 

6 tan line, slightly discontinuous 
black pigment particles dispersed 
throughout layer 6 

2-5 non-fluorescent 
non-fluorescent black 
particles 

7 white layer with fuchsia and black 
particles  

3-7 cream, slightly fluorescent 
layer 7 

8 thin tan line, possibly interface 
with black pigment particle 
distributed throughout layer 8 
non-continuous 

1-2 non-fluorescent 

9  blue, translucent layer 3-4 white fluorescence 
10 translucent layer ~10 white, slightly fluorescent 

 

 

 

 

 

 

 

 

 



Appendix A.4 - Table 6.  Cross-section sampled from P in PAUL (from bottom to top)  

Layers Reflected Light Description Thickness 
(μm) 

Fluorescence (WU or NV) 

1 tan coloured layer with black 
flake particles 
orange pigment particles and 
poss. white globular particle ~ 
10 μm 

9-12 non-fluorescent  

2 white layer with a single black 
particle on the right hand side 

~ 24 off-white fluorescence 

3 tan coloured layer with red 
large, oval, irregularly shaped 
particles ~10μm  
black plate-like particles ~3μm  
few orange, irregular, small 
particles 

6-20 non-fluorescent 

4 thin white layer 
non-continuous 

6-7 4b: thin, non-fluorescent 
layer separating the cream 
coloured layer (?); non-
fluorescent, irregularly 
shaped particle embedded 
between two layers 
                       OR  
4b: thin highly fluorescent 
layer above 
4c: cream coloured layer 
(and see the boundary line 
between the two layers) 

 5 thin brown, non-continuous 
layer 
brown, blue and black, fine 
particles at the top of layer 

 non-fluorescent 

6 thick translucent layer ~ 8-20 white fluorescence layer 
7  thin brown layer, with fine black, 

brown, orange particle 
separated from rest of cross-
section (the varnish layer 
appears to have separated 

1  non-fluorescent 
 

 
Layer 7 is dislocated from the rest of the sample; it appears to have separated from layer 6, 
as suggested by the grooved patterns of each layer seeming to be complementary to each 
other.  This sample shows top most layers separated by varnish layers, which show a 
strong white fluorescence.  The thin lines in between varnish layers could be dirt or other 
applications of pigment. If these are dirt layers, they show that time elapsed between 
varnish layer application and dirt settling.  



Appendix A.4 - Table 7.  Cross-section sampled from ‘U’ in PAUL (from bottom to top) 

Layers Reflected Light Description Thickness 
(μm) 

Fluorescence (WU or NV) 

1 white layer, non-continuous 
not completely removed 

27 white fluorescence  

2 brown coloured, with fine, black  
plate-like particles, white equant 
particles, red, oval-shaped and 
orange circular particles 

 
10-28 

non-fluorescent 
white, globular fluorescent 
particle 

3 translucent layer, thickness varies 
non-continuous 

 
13 

3a: minor fluorescence, 
transparent layer; fine black 
particles dispersed 
throughout this layer 
3b: highly fluorescent, white 
bottom layer, separating 
layers 2 and 4 

4 dark brown layer; not sampled 
down to canvas 
orange circular; small, round, blue 
and black flake-like particles 
large, round brown particle ~10 μm 
layer appears granular  

 
2-20 

 
non-fluorescent 

5 thin, translucent layer, irregular 
(may not have removed the 
complete varnish layer) 

~ 9 non-fluorescent 

 

For this thick-section sampled from the ‘U’ in PAUL the top most layer appeared darker 
under UV fluorescence photography compared to the ‘P’ in PAUL.  Therefore, the ‘U’ in 
PAUL appears to be enhanced compared to the ‘P’ sample.  Layer 4 in this sample is 
different in appearance to the all the layers observed in the thick section obtained from ‘P’ 
of PAUL.  The top brown layer is observed to be separated from the bottom tan coloured 
layer; this separation is quite discernable when using fluorescence microscopy.  There are 
two layers which can be distinguished (layer 3a and 3b) separating layers 2 and 4.  This 
suggests that the upper brown layer was placed over the varnish layer. 

 

   


