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Subject: Analysis of Seven Items Attributed to Frida Kahlo
Barabe Associates Project BA2106

March 18, 2022

Mr. Graeme Howard
C/O La Conexion PMB 225
220 N. Zapata HWY 11
Laredo, TX 78043

Dear Mr. Howard,
The analyses of the objects associated with Frida Kahlo, Mexican artist, is completed. This work was
performed under authority of your retainer.

Request for Analysis
In our discussions, you requested that we examine selected items from a collection of artifacts including
letters found in a small painted box. Working from your collection’s exhibit catalog 1, we mutually
decided to examine seven objects; these are listed and described below. The item numbers are those
used as identifiers in the exhibit and the catalog. The purpose of the analysis was to determine whether
the items were consistent with having been created by or used by Frida Kahlo during her lifetime (1907
– 1954).

1

The Heart of Frida, Frida Kahlo’s Secret Letters and Drawings, Graeme K. Howard and Jesús Juárez Malagón,
Editors (2006)
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Imaging
Each of the items was removed from its protective frame and photographed. The items were handled
using neoprene or cotton gloves. The photographs were conservatively edited in Adobe Photoshop™.
The resultant images are included as Figures 1 - 16 in this report.

Sample Collection
Microsamples of colorants and papers were collected from the items as appropriate. The samples were
collected with a chemically sharpened tungsten needle, and each was placed under a cover glass on a
microscope slide. The sample types and their locations are listed in Tables I – VII.

Analysis
You also requested analysis of the material constituents of the painting in order to shed light on the
possible dates of the items’ creation. Portions of each sample were mounted on microscope slides in a
thermoplastic resin of refractive index 1.660. The samples were analyzed by polarized light microscopy
(PLM).
When appropriate, a separate portion of each sample was also placed on a beryllium stub and analyzed
by energy dispersive x-ray spectrometry in the scanning electron microscope (SEM-EDS) to provide the
elemental composition of each sample. The samples on the beryllium stub were analyzed by SEM-EDS
at SGS-MSi Laboratories under my personal direction. The spectra and images generated at that time
are included as Figures 17 – 48.
Selected samples of paper were also forwarded to Integrated Paper Services for analysis of the paper
substrates. Their report is included as Appendix I.
Selected samples were also forwarded to the Indianapolis Museum of Art Conservation Science
Laboratory for additional instrumental analysis. Their report is included as Appendix II.
The results of the analyses are discussed in detail for each sample and summarized for each item in
Tables I - VII.

Items Received and Examination Notes
Images and analyses of each item are listed below.
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Item A, The Box. This box is 10.4 cm high by 19.c cm wide by 12.3 cm deep. It is richly painted with a
floral design on black background. The edges and corners of the box are worn through to bare wood in
places. The initials F K are scratched into the black paint of the box’s lid, and, in the inside lid is the
place, “Coyoacán”, her signature, “Frida Kahlo”, and the date “1950”. There is also what appear to be
wax crayon and/or color pencil designs lightly colored on the inside lid. The lid hinges are fragile and
have been repaired with pins. There is white material between the cracks and other locations on the
lower inside of the box. When examined with ultraviolet light, the white areas fluoresced white.
Item A is the box in which several letters were located and was clearly dated in paint or ink as 1950.
Images of the item are included as Figures 1 – 4. Because of its complexity, a total of twelve
microsamples were collected and analyzed. The results of these analyses are discussed below and
summarized in Table I.

Analysis
Sample A.1 contains a white pigment that is either a mix of zinc white and barium sulfate, or, more
likely, lithopone, which is a synthetic pigment of slightly different composition. They can be
distinguished through specialized analytical methods, but, as both were available in 1950, further testing
was not performed. Barium sulfate was first used at the beginning of the 19th century, zinc white in the
early 20th century, and lithopone was first introduced in 1872.
Sample A.2 is a different white pigment, anhydrite, unhydrated calcium sulfate, which is only rarely used
as a primary white pigment. It was the most common white pigment mixed with other pigments; note
its presence in other box samples. Its orthorhombic crystal form is clearly seen in Figure 21. While not
common as a filler in paint, it is highly unusual as a primary white pigment. Anhydrite has a tendency to
absorb water and be transformed to gypsum; it is more prevalent in dry climates.
Sample A.3, blue, contains the possible lithopone and anhydrite. The blue colorant was not identified
at this time but probably contains Prussian blue, based on a microchemical test; however, this finding
has not been further confirmed.
Sample A.4, green, contains lithopone and anhydrite as modifiers and chrome green as the colorant.
Chrome green is a mix of lead chrome and Prussian blue. The Prussian blue was not fully confirmed but
its presence should be considered highly probable; note the presence of iron in the EDS spectrum
(Figure 23). Chrome yellow is discussed below.
Sample A.5, yellow, contains the colorant chrome yellow, a lead chromate pigment. Chrome yellow
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was first commercially available in the early 19th century2. Lead-containing paints were banned in 1977
in the United States by the Consumer Product Safety Commission (CPSC) but were in common use in the
mid-20th century3. Chrome yellow and chrome green have been long considered obsolete.
Sample A.6 contains β-naphthol red PR49:2. The naphthol pigments were patented in 1899 and, in the
mid-20th century, were widely used as a red ink in the printing industry, crayons and industry. Mark
Rothko was known to have used it during this time 4.
Sample A.7, turquoise, contains both lithopone and anhydrite. Small amounts of blue and very small
amounts of red colorants were seen in PLM preparations but were not isolated or identified.
Sample A.8 and A.9, blacks, were identified as carbon black, with some used from ancient times.
In Sample A.10, blue crayon used to highlight the “F” and “K” scratched into the top lid, only the clay
filler material was identified; the anhydrite present is most likely from the ground layer.
Sample A.11 was identified as relatively pure anhydrite. This sample was taken from the interior of the
box and was thought to possibly be part of an adhesive; it is most likely a ground or priming layer,
present inside as well as outside of the box.
Sample A.12, red crayon, was identified as PR57 or PR57:1, a BONA monoazo lake pigment.

Pigment Red 57 was first discovered in 1903 and subsequently became one of the most
commercially important organic pigments used in a wide variety of applications.
Possible Date of Creation

The most recently available materials identified in this item are the organic pigments βnaphthol red PR49:2 and PR57 / PR57:1, a monoazo lake pigment, both known from the early
20th century and in common use in the middle 20th century. In summary, all of the identified
materials are appropriate for Frida Kahlo’s lifetime; no inappropriate materials were identified.

Kühn, H. and Curran, M., “Chrome Yellow and Other Chromate Pigments,” Chapter 8 in Artists’ Pigments: A
Handbook of Their History and Characteristics,” Volume 1, Robert L. Feller, Editor, Washington (1986), pages 188 –
190
2

3

http://en.wikipedia.org/wiki/Lead_paint
https://www.tate.org.uk/research/publications/tate-papers/10/history-and-manufacture-of-lithol-red-pigmentused-by-mark-rothko-in-seagram-and-harvard-murals-1950s-and-1960s
4
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Table I
Constituents Identified in Item A, The Box

Sample
No.

Color & Item

Sample Locations
Vertical, cm.
from bottom

A1

Cream
Flower petal

3.2

A2

White
Flower petal

2.9

9.5

Blue
Flower petal

3.2

A3

Figures

Horizontal, Constituents Identified
cm. from left
Zinc white-barite or
8.8
lithopone
Iron earth

17 - 19

Anhydrite

20 - 21

10.5

Unidentified blue
Possible lithopone
Anhydrite

22

5.8

Chrome green
Lithopone (minor)
Anhydrite (minor)

23

Green
Leaf

2.3

A5

Yellow
Line

1.0

Left edge

A6

Red
Flower

7.5

4.0

A7

Turquoise
Design

Center

Left edge

Lithopone
Anhydrite

26

A8

Black
Bottom of “F:

6.7

Carbon black
Anhydrite
Clay

27 - 28

A9

Black
Inside signature

Carbon black
Anhydrite
Clay

29

Clay
Anhydrite

30

Anhydrite

31A – 31B
Appendix
II

PR57 or PR57:1
Clay

32
Appendix II

A4

A10

Blue
Crayon

A11

White material inside
box seams

A12

Red
Crayon
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7.5

“K” of “Kahlo”
“F” and “K” on top lid
crayon

Knot inside lid

24
Chrome yellow
Anhydrite
Appendix II
B-naphthol red PR49:2
25
Clay
Appendix II
Titanium white (traces)
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Figure 1
Photograph of Item A, The Box, closed
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Figure 2
Photograph of Item A, The Box, open
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Figure 3
Photograph of Item A, The Box, inside
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Figure 4
Photograph of Item A, The Box, top, and close-up photographs of incised F and K
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Item I, Self Portrait. This item is a drawing on brown paper, 24.8 cm high by 34.8 cm wide. This item is
in fragile condition: there is a small tear ~ 5.3 cm from the bottom right, another ~ 16.7 cm from the left
on the bottom edge, another 8.5 cm from the left on the bottom edge, another ~ 4.3 cm from the top
on the left edge; a hole (~3 mm) ~ 5 cm from the top and 2.6 cm from the left; worm holes ~ 6 cm from
the bottom, 1 and 2 cm from the right; a hole ~ 9 mm from the bottom and ~ 2 cm from the right; a tear
~ 1.5 cm long, 10 cm from the left and 8.5 cm from the top. There is a rough area, possibly a glue blob, ~
13 cm from the left and 4.5 cm from the top. There is a black hair in this area imbedded into the
drawing materials. The back has a major tear 11.0 cm from the left (viewed from the front); also, a thin
area ~ 11.5 cm from the bottom on the left edge. With UV fluorescence, tape marks are seen on the
upper corners. The drawing method includes what appears to be watercolor plus some stamping with
an unknown object. These methods are reminiscent of those seen in Kahlo’s diary 5. See Figures 5 and
6.I, Self Portrait, front.

Analysis
Seven samples were collected from Item I, Self Portrait, but only the filler materials such as anhydrite,
barium sulfate and clay were identified. The colorants appear to be primarily dye-based inks, all of
which are unidentified at this time.

Possible Date of Creation
All of the identified materials are appropriate for Frida Kahlo’s lifetime; no inappropriate materials were
identified.

5

Rotas, Alas, The Diary of Frieda Kahlo, New York (1999)
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Table II
Constituents Identified in Item I, Self Portrait

Sample
No.

Color & Item

Sample Locations
Vertical, cm.
Horizontal, Constituents Identified
from bottom cm. from left

Figures

I.1

Brown-green
Background

Top edge

19.7

Organic ink

33

I.2

Blue
Outline of face

12.5

5.8

Prussian blue (possible)
Clay
Titanium white

34

I.3

Orange
Face

13.8

18.5

Clay
Orange dye (unidentified)

35

I.4

Violet
Cheek

5.0

8.9

Barium sulfate
Clay
Prussian blue (possible)

36

I.5

Dark-green-brown
Splatter

2.9

7.4

Clay
Carbon black

37

I.6

Dark red
Splatter

3.0

7.4

Organic dye (probable)

38

I.7

Paper

Softwood fibers
Acidic
Non-fluorescent

Appendix I
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Figure 5
Photograph of Item I, Self Portrait, front
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Figure 6
Photograph of Item I, Self Portrait, back
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Item II, In the Blue Lagoon. Drawing on an old lottery ticket sheet dated 1945. The lottery portion is all
relief printing, mostly letterpress, or, on the back, stamped impressions. It had been folded once,
lengthwise. The paper appears to be a blank end sheet removed from a book; three sides are clean cut,
the top edge is roughly torn. The drawings (two tadpoles) with text are done in black ink, possibly with a
brush. There is also writing in red ink. UV examination produced a dull green fluorescence on both
sides, but the red ink fluoresces bright orange, consistent with Rhodamine B, which was confirmed
spectroscopically. See Figures 7 and 8 and Appendix II.
Analysis
Item II, In the Blue Lagoon, yielded three samples, all largely organic. Sample II.1 yielded a strong Raman
spectrum, but it did not closely match anything in the spectral library. While it partially matched
manganese violet, none of this distinctive pigment was seen in our PLM analyses. Sample II.2 gave
similar, though weaker, results to Sample II.1. Interestingly, Sample II.2 contains a small amount of
manganese, but II.1 none. However, Sample II.3, magenta ink, contains rhodamine B, a synthetic dye
used in making lake pigments. Rhodamine was first discovered in 1892 6.
Possible Date of Creation
All of the identified materials are appropriate for Frida Kahlo’s lifetime; no inappropriate materials were
identified.

Table III
Constituents Identified in Item II, In the Blue Lagoon

Sample
No.

Color & Item

Sample Locations
Vertical, cm.
Horizontal,
from bottom cm. from left

II.1

Blue

14.9

II.2

Blue
Eye

9.5

II.3

Magenta
Ink, “n” in “Estayas”

2.9

1.3 from right

Constituents
Identified

Figures

Unidentified organic blue
39
colorant
Appendix II

20.5

Zinc white (possible)
Unidentified blue like
that in Sample II.1

40

6.3

Rhodamine B

41
Appendix II

6

Gettens, Rutherford J., and Stout, George L., Painting Materials: A Short Encyclopedia, Dover edition (1966),
reprint, originally D. Ban Nostrand Company, Inc., (1942).p. 154
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Figure 7
Photograph of Item II, In the Blue Lagoon, front
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Figure 8
Photograph of Item II, In the Blue Lagoon, back
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Item VI, Frida’s Colorful Butterfly. Drawing and ink/paint transfer on striated brown paper, signed and
titled in the lower right corner. The item is 22.6 cm high by 31.3 cm wide. The top of the paper is
ragged and may be a blank page torn from a book. The artwork appears to be a combination of
watercolor and a stamping or smearing process of some kind. The deep blues have a reddish, metallic
sheen. The surface has a sharp right-angled impression on the lower left, with a straight line going
diagonally across the sheet. Ultraviolet fluorescence examination was dull on the front; on the back,
two previous tape impressions fluoresced weakly. The color scheme is similar to that of item I, the Self
Portrait. See Figures 9 and 10.

Analysis
Sample VI.1, a black-violet material, and VI.2, a dark violet material, both contain phthalocyanine blue
PB15:1. Phthalocyanine blue was first manufactured as a dye in 1928 but not generally available as a
pigment until about 1935 7. The introduction of the PB15:1 variation was later but thus far
unreferenced. Sample VI.3 contains anhydrite and also titanium white. Titanium white has been
available in numerous forms, some as early as 1916, others as late as the early 1940s. Carbon black was
also identified in Sample VI.4; it has been available since ancient times.

Possible Date of Creation
All of the identified materials are appropriate for Frida Kahlo’s lifetime; no inappropriate materials were
identified.

7

Keijzer, M. de, “The history of modern synthetic inorganic and organic artists’ pigments,” Contributions
to Conservation: Research in Conservation at the Netherlands Institute for Cultural Heritage (ICN),
(2002), p. 51.
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Table IV
Constituents Identified in Item VI, Frida’s Colorful Butterfly

Sample
No.

Color & Item

Sample Locations
Vertical, cm.
Horizontal,
from bottom cm. from left

Constituents
Identified

Figures

VI.1

Black/violet
Butterfly torso

10.8

16.5

Phthalocyanine blue
(PB15:1)
Unidentified green

42
Appendix II

VI.2

Dark violet
Butterfly torso

3.7

12.4

Phthalocyanine blue
(PB15:1)

43
Appendix II

VI.3

Yellow
Butterfly torso

10.6

5.9

Titanium white
Yellow dye (probable)

44

VI.4

Black
Butterfly torso

10.6

1.9

Carbon black

45
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Figure 9
Photograph of Item VI, Frida’s Colorful Butterfly, front
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Figure 10
Photograph of Item VI, Frieda’s Colorful Butterfly, back
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Item 14, Diego’s Tales and Fables. This item includes two pieces, a drawing on good quality stationary,
and an elegant envelope appropriate in size and color to those of the drawing. The drawing is 12.7 cm
(5”) high by about 17.0 (6 2/3”) wide. The paper is sharply cut on three sides, but the right-hand side
has been carefully torn, probably with a straight edge. The envelope is 9.1 cm (3.5”) by 12.5 (5.25”)
high. (The “inches” dimensions are included as the items may have been manufactured in the United
States.) There is a signature “Frida Kahlo” on the front of the envelope and, on the back, gold trim
around the flap and fold edges and a thin purple paper insert in the envelope. The envelope had been
opened at the top, probably with a knife or letter opener. The drawing was probably made with a dip
pen, with mauve ink. The ink is thick and shiny. The paper had been folded in two perpendicular folds
at the centers. See Figures 11 and 12.

Analysis
Item 14., the Diego drawing with matching envelope, provided a significant amount of information. The
fiber content of the envelope is consistent with Mexican manufacture, and its acidity in a piece of fine
stationary suggests pre-1970s manufacture. The probable styrene component of the binding medium
suggests possible post-WWII manufacture. The lack of optical brighteners is also consistent with mid20th century creation.

Possible Date of Creation
All of the identified materials are appropriate for Frida Kahlo’s lifetime; no inappropriate materials were
identified.
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Table V
Constituents Identified in Diego’s Tales and Fables

Sample
No.

Color & Item

14.1

Tan paper
Envelope

14.2

Violet paper
Inside envelope

Sample Locations
Vertical, cm.
Horizontal,
from bottom cm. from left

Top edge

Top edge

2.0

Constituents
Identified

Softwood and hardwood
fibers, various processes
Grass chemical pulp
Appendix I
Acidic
Non-fluorescent

Right side

Softwood fibers
Grass chemical pulp
Non-fluorescent

14.3`

Paper
Drawing

Bottom

Right corner

Softwood fibers
Grass chemical pulp
Acidic
Non-fluorescent

14.4

Mauve ink
Droplet

9.1

7.6

Shellac
Polystyrene-based
polymer
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Figure 11
Photographs of Sample 14, Diego’s Tales and Fables, envelope front and back
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Figure 12
Photographs of Sample 14, Diego’s Tales and Fables, front (top) and with transillumination
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Item 24 is a Postcard from Paris, from a photo of Notre Dame Cathedral, Le Penseur de Notre Dame,
13.2 cm high by 8.8 cm wide. It includes the number 344, probably a printer’s series number.
Examination with a stereomicroscope showed that the printing method was collotype, a printing
method common in the late 19th and early 20th centuries but rarely used today. The back has
handwritten text in black ink, probably from a dip pen. See Figures 13 and 14.

Analysis
Item 24, the Paris postcard, was printed as collotype, a printing process already largely obsolete by the
mid-20th century. The ink was carbon black, available from ancient times.

Possible Date of Creation

Carbon black ink usage ranges from prehistory to modern times and is appropriate for Frida
Kahlo’s lifetime. All of the identified materials are appropriate for Frida Kahlo’s lifetime; no
inappropriate materials were identified.

Table VI
Constituents Identified in the Postcard from Paris

Sample
No.

24.1

Color & Item

Black ink
“P” in “Para”
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Sample Locations
Vertical, cm.
from bottom

Horizontal,
cm. from left

1.7

4.1

Constituents
Identified

Figures

Carbon black

46
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Figure 13
Photographs of Sample 24, Postcard from Paris, front
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Figure 14
Photographs of Sample 24, Postcard from Paris, back
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Item 31, My X-Ray, is a drawing on lined notebook paper, 20.0 cm high by 24.7 cm wide. The paper is
light brown with blue lines. The colors appear to have been transferred from a different substrate to the
present one, and the symmetry of the composition suggests that the original may have been folded to
create a “Rorschach” type print and then transferred as a monoprint. Viewed from the back, some
bleeding of the inks have occurred. Ultraviolet fluorescence examination was unremarkable; no optical
brighteners were used in the paper manufacturing process. See Figures 15 and 16.

Analysis
In Item 31, My X-Ray, the black ink most likely contains copper phthalocyanine blue, based on its PLM
characteristics and the presence of copper in the EDS spectrum.
Possible Date of Creation

All of the materials identified in this work, including Phthalocyanine blue, are consistent with
mid-20th century creation and Frida Kahlo’s lifetime. No inappropriate materials were identified.

Table VII
Constituents Identified in Item 31, My X-Ray

Sample
No.

Color & Item

31.1

Black

31.2

Blue
Red sheen

31.3

Red-orange

31.4

Paper
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Sample Locations
Vertical, cm.
Horizontal, Constituents Identified
from bottom cm. from left
12.4
15.0

5.9

Bottom
left corner

Figures

Top edge

Phthalocyanine blue
(probable)

47

40.5

Phthalocyanine blue
(probable)

48

14.0

Probable organic
Softwood mechanical
Appendix I
pulp
Softwood
unbleached sulfite
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Figure 15
Photograph of Sample 31, My X-Ray, front
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Figure 16
Photograph of Sample 31, My X-Ray, back
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Possible Date of Creation
In summary, all of the materials identified in all seven items were available and are appropriate for mid20th century creation and were available to Frida Kahlo No inappropriate materials were identified.

Disposition of the Items and Samples

All of the items sent to us will be returned using a mutually agreed-upon method. Those portions of the
materials not consumed in the analyses will be returned to you upon request or will be stored in the
event you many need further analyses.
Thank you for consulting with Barabe & Associates LLC. If you have any questions concerning any
portion of this report, or should you require further analysis, please do not hesitate to contact me.

Respectfully submitted,

Joseph G. Barabe
Senior Research Microscopist

Enclosures

Page 31 of 33

Barabe & Associates LLC Project BA2106

APPENDIX I
SGS-IPS Testing Test Report
Analysis of Five Paper Samples
Seven Pages
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Test Report
July 2, 2021
Page 1 of 7
SGS-IPS 01118-21
Report to:

Joseph G. Barabe
Barabe and Associates LLC
1178 Clinton Avenue
Oak Park, IL 60304

Sample Description:
Date Received:

Five Paper Samples

June 16, 2021
Fiber Identification and Fiber Dating

Test(s) Requested:

PO Number: BA2106.1
Analysis of Five Paper Samples
SGS-IPS Testing performed the testing listed above on five paper samples provided by Barabe
and Associates LLC. The results are summarized in Tables 1 to 2 on the following pages of this
report.
If you have any additional questions, please contact us.

Authorized by

Signed
MaiPa Xiong
Laboratory Manager

SGS Integrated Paper Services, Inc

3211 E. Capitol Drive

Walter J. Rantanen
Lab Operations Lead
Fiber Science
920-749-3040

Appleton, WI 54911 USA t+1 920 749 3040 f+1920 749 3046
www.ipstesting.com www.sgs.com Member of the SGS Group (SGS)

Report to Barabe and Associates LLC
SGS-IPS 01118-21

July 2, 2021
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Table 1. Fiber Identification on Four Paper Samples
Barabe & Associates Project BA2106.I, Sample 7
Mix of Softwood Bleached Sulfite (possibly some Softwood Bleached Kraft or
well-cooked Softwood Unbleached Sulfite) and Softwood Mechanical Pulp –
[Spruce and/or Hemlock]. A few Softwood Unbleached Sulfite fibers were
detected.
Barabe & Associates Project BA2106.14, Sample 2
Mix of Softwood Unbleached Sulfite – [Spruce and/or Hemlock], Softwood
Mechanical with some Softwood Bleached Kraft and Grass Chemical Pulp (Appears
to be a Cereal Straw).
Barabe & Associates Project BA2106.14, Sample 3
Mix of Softwood Bleached Sulfite and Grass Chemical Pulp (likely Cereal Straw).
Some Softwood Mechanical Pulp is also present.
Barabe & Associates Project BA2106.31, Sample 4
Mostly Softwood Mechanical Pulp with some Softwood Unbleached Sulfite.
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Table 2. Fiber Identification and Dating on One Paper Sample
Barabe & Associates Project BA2106.14, Sample 1
Mix of mostly Softwood Bleached Sulfite (possibly well-cooked Softwood
Unbleached Sulfite or some Softwood Bleached Kraft fibers) – Fir and [Spruce
and/or Hemlock] fibers identified. With Grass Chemical Pulp (which resembles a
type of Cereal Straw). Some Softwood Mechanical fiber [Spruce and/or Hemlock]
and Hardwood Mechanical (Populus spp.). A few Softwood Unbleached Sulfite
fibers were also detected.
The fiber types were most common in the 20th Century. From the acid type sheet
and the nature of the nonwood fibers used for Mexican papers, it is most consistent
and likely these were from before the 1970’s.
Overall Comments: All samples tested negative for UV fluorescence. Samples 1, 3 and
7 spot tested positive for acid wet chemistry of the paper. While samples 2 and 4 were
inconclusive.

Method and Notes
Method: TAPPI Test Method T 401 om-15 “Fiber Analysis of Paper and
Paperboard.”
Analyzed by WJR
Quality review by ESB
Date(s) of testing June 30 – July 2, 2021
Notes: These results relate only to the item(s) tested. This test report shall not be
reproduced, except in full, without written consent of SGS-IPS. See the method(s) cited for
available estimates of measurement uncertainty. Unless otherwise noted, sampling was
performed by the customer.

Report to Barabe and Associates LLC
SGS-IPS 01118-21

July 2, 2021
Page 4 of 7

This document is issued by the Company with the expectation that the document will be used internally only and not be used for any marketing or any other public
use and is subject to its General Conditions of Service printed overleaf, available on request or accessible at www.sgs.com/terms_and_conditions.htm and, for
electronic format documents, subject to Terms and Conditions for Electronic Documents at www.sgs.com/en/Terms-and-Conditions/terms-e-document.aspx.
Attention is drawn to the limitation of liability, indemnification and jurisdiction issues defined therein. Any holder of this document is advised that information
contained hereon reflects the Company’s findings at the time of its intervention only and within the limits of Client’s instructions, if any. The Company’s sole
responsibility is to its Client and this document does not exonerate parties to a transaction from exercising all their rights and obligations under the transaction
documents. This document cannot be reproduced except in full, without prior written approval of the Company. Any unauthorized alteration, forgery or falsification
of the content or appearance of this document is unlawful and offenders may be prosecuted to the fullest extent of the law. Unless otherwise stated the results shown
in this test report refer only to the sample(s) tested and such sample(s) are retained for 30 days only.
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Appendix A

Figure 1. Login Sample Photos Barabe & Associates Project BA2106.I, Sample 7

Figure 2. Login Sample Photos Barabe & Associates Project BA2106.14, Sample 1
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Figure 3. Login Sample Photos Barabe & Associates Project BA2106.14, Sample 2

Figure 4. Login Sample Photos Barabe & Associates Project BA2106.14, Sample 3
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Figure 5. Login Sample Photos Barabe & Associates Project BA2106.31, Sample 4
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Barabe & Associates LLC Project BA2106

CONSERVATION ANALYSIS REPORT
Accession Number:
Artist:
Title:
Materials: crayon, adhesive, ink, paint
Date of creation: unknown
Previous number/accession number: BA2106
Dimensions:
Rank
CMS record # (CON #):
Scientist: Dr. Gregory Dale Smith
Date analysed: 6/25/2021-10/12/2021
Requesting party: Barabe & Associates LLC

OBJECT DESCRIPTION
Three samples were mailed on June 15th, 2021to the IMA by Mr. Joe Barabe for
analysis. The samples included a red waxy crayon, a white adhesive with an
unknown mineral component, and a taupe-colored ink. Afterwards, a second
set of samples (labelled Howard II and IV, samples #1-4 and ink sample 14.4)
were sent on July 12th,2021 for Raman analysis of pigments.
RATIONALE FOR ANALYSIS
The compositions of the unknown materials were desired.

METHODS OF ANALYSIS
Sampling Permission:

Sample location:

Cross sectioning for BF/DF/UV/ staining
imaging

Microchemical analysis/spot tests

Fourier transform infrared (FTIR)

Modulated differential scanning
calorimetry (MDSC)

Raman microspectroscopy

Colorimetry/radiometry

Liquid chromatography – mass
spectrometry (LCMS)
gas chromatography – mass
spectrometry (GCMS)
Scanning electron microscopy with
energy dispersive spectrometry (SEMEDS)

Microfadeometry (MFT)
Fiber optic reflectance spectroscopy
(FORS)
Ultraviolet/visible spectroscopy (UV-vis)

X-ray fluorescence (XRF)

Fiber ID

Cross-section sampling

Thread count analysis

Dendrochronology

Wood identification

Outside analysis

Other

--------------------------------SCIENTIFIC ANALYSIS------------------------------------

Raman microspectroscopy:
Raman spectra were acquired using a Bruker Senterra microspectrometer on a Zaxis gantry. The spectrometer utilizes 3 selectable excitation lasers (532, 633, and
785 nm), an Andor Peltier-cooled CCD detector, and a 50 µm confocal pinhole.
Laser power at the sample was generally below 5mW. The spectra are the result
of 2 or 4 sec integrations with 100 coadditions. A 50X ultra-long working distance
objective was used to focus slightly below the varnish layer on select pigment
particles. The analysis spot size was on the order of 1 µm, and the spectral
resolution was in the range of 9-18 cm-1. OPUS software allowed for automated
cosmic spike removal, peak shape correction, and spectral calibration.

Sample A12, a red crayon, was analyzed using the 785nm excitation laser to yield
a high-quality Raman spectrum that matched closely the library spectrum of PR57
and PR57:1, a BONA synthetic organic pigment, Figure 1. Herbst and Hunger
comment specifically that PR57 type pigments have specialty uses in colored
pencil and wax crayon artist materials [1, pg 333].
6/24/2021 3:31:21 PM
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Figure 1. Comparison of the red waxy crayon (Sample 12, red trace) with the library
spectrum of PR57:1 (pink trace) showing good correlation.

Sample A11, a white adhesive, was analyzed in a similar fashion for its mineral
component. The white pigment was identified as anhydrite (CaSO4), distinct from
the hydrated form of calcium sulfate, gypsum.
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Figure 2. Comparison of white adhesive mineral component
(Sample 11, pink trace) to anhydrite (CaSO4, blue trace).

In the second batch of materials, Sample A.5, a yellow paint, was identified as
lead chromate yellow (not shown). Sample A.6, a red paint, gave a Raman
spectrum (red trace) that was a close match to that of a B-naphthol red PR49.2
(blue trace).
9/21/2021 10:00:44 AM
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The sample marked Howard II #1, a blue paint, yielded a strong Raman
spectrum, but one that only partially matched a spectrum in the reference
library, namely manganese violet. The identification of this pigment is therefore
uncertain. Sample Howard II #2, identified as a blue colored eye, appeared
more as grayish particles under the microscope, and they gave a fainter
spectrum, but one that resembled sample #1. Howard II #3, a magenta ink,
produced a spectrum (below, red trace) that matched closely to that of
Rhodamine B (blue trace). The particles were further examined under a black
light and exhibited the orange fluorescence typical of this dye.
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The final sample from the Howard II group, sample #4, was difficult to locate on
the slide. A single white particle was found, and its spectrum (blue trace) was
identified as rutile TiO2 (orange trace).
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Sample 1 in the Howard VI slides, a black/violet material, was identified as
phthalocyanine blue PB 15:1. Sample 2, a dark violet paint, produced a similar
spectrum.
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Sample 3 and 4 in this set were yellowish orange-stained fibers, an example from
sample 3 shown in the photomicrograph.

The fiber samples were highly fluorescent with visible Raman excitation. The
Raman spectrum using the NIR diode laser at 785nm was weak and did not
correspond to a known pigment or dye. The spectrum showed features loosely
overlapping those of cellulose. The identity of the colorant for the fibers is
unknown.
Pyrolysis - gas chromatography – mass spectrometry (PY-GC-MS):
A small scraping of ink was characterized by PY-GC-MS. The sample was
analyzed using the method similar to Tsuge et al. [2]. In short, a Frontier Lab PY3030D double-shot pyrolyzer system with a 320oC interface was coupled to a
Thermo Trace Ultra gas chromatograph and an ISQ single quadrupole mass
spectrometer. A Thermo TG-5MS capillary column (30 m x 0.25 mm x 0.25 µm) was
used for the separation with 1 mL/min of He as the carrier gas. The split injector
was set to 250oC with a split ratio of 100:1. The GC oven temperature program
was 40ºC for 2 min, ramped to 320ºC at 20ºC/min, followed by a 13 min isothermal
period. The MS transfer line was at 320ºC, the source at 230ºC, and the MS
quadrupole at 150ºC. Mass spectra were collected from 29-250 amu for the first
3 min and from 45-600 amu thereafter. The electron multiplier was set to the autotune value. Samples were placed into a 80 µL stainless steel Eco-cup and purged
with He for at least 3 min in the microfurnace prior to pyrolysis. The samples were
pyrolyzed at 600C for 6 sec. GC peak identification was aided by searching the
NIST/Wiley MS library.

Very little ink was available for pyrolysis analysis. Four small crumbs were used in
the analysis, and as such, the pyrogram was weak. The blank run was subtracted
from the sample analysis to improve peak shape and signal to noise ratio. A small
number of pyrolysate peaks were detected between 2- and 6-min retention time,
but these were very weak. Three of the peaks could be identified as benzene
(2.93min), toluene (4.07min), and styrene (5.45min), consistent with a polystyrene
based polymer [2, pg 42]. Methylsiloxane peaks were also present at 4.36 and
5.61 min but could arise from the GC column. A second miniscule sample labeled
14.4 was insufficient for pyrolysis and was not analyzed by PY-GC-MS, but it was
sufficient for infrared spectroscopy.
RT: 1.98 - 5.99

2.93

100
95
90
85
80
75
70

Relative Abundance

65
60
55

1.99

50
45

5.45

40

5.61

35

2.13

30
25

2.31

20

4.07

2.14

2.15

2.33 2.43
2.44

2.73

2.78

4.35 4.36

2.98
2.99
3.11

2.51 2.72

2.30

15

5.18
5.13

4.16

3.13

3.37

3.2

3.4

3.44

4.33

3.78 3.80 3.90

4.37
4.42

5.08
5.04
4.67 4.75 4.89

5.75 5.82

5.21

10
5
0

2.0

2.2

2.4

2.6

2.8

3.0

3.6

3.8

4.0
Time (min)

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

Fourier transform infrared (FTIR):
Fourier transform infrared (FTIR) spectroscopy was performed using a Continuum
microscope attachment with MCT-A detector coupled to a Nicolet 6700
spectrometer. The instrument was purged with dry, CO2-free air. The spectra are
the sum of 32 coadditions at 4 cm-1 spectral resolution. Sample identification was
performed using the Infrared and Raman Users Group (IRUG) reference spectral
library as well as commercial libraries from Aldrich.
The taupe ink sample 14.4 was prepared on a diamond compression cell and
analyzed on the face of a diamond window. The spectrum (red trace) was a
good match with shellac (orange trace). A similar spectrum, but with traces of a

paper fiber’s cellulose component, was observed in the same ink from the earlier
sample set that had given only weak styrene pyrolysates by PY-GC-MS analysis.
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Figure 3. Pyrogram of taupe ink (Sample 14).

SUMMARY OF ANALYSIS:
The red crayon’s pigment (Sample 12) was identified by Raman spectroscopy as
the BONA red colorant PR57, while the white mineral in the adhesive (Sample
11)was confidently assigned as anhydrite. PY-GC-MS found weak traces of
aromatic compounds including styrene in the pyrolysates of the taupe-colored
ink (Sample 14), but FTIR of two samples was consistent with shellac. Other
pigments identified included chrome yellow, PR49.2, phthalocyanine blue
PB15:1, rhodamine B, and rutile TiO2.

Gregory Dale Smith, Ph.D.
The Otto N. Frenzel III Sr. Conservation Scientist

October 12, 2021
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