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Publisher’s Note

As a result of demand, this volume of Artists’ Pigments is
reissued without modification in the form first published in
1986. For later developments and research in the field, the
reader is advised to consult the newer literature on the

subject.

Editor’s Note

Perhaps the most notable changes in pigment research in
recent years have been in the analytical and instrumental
methods used. Today, for example, surface-enhanced
Raman spectroscopy can be effectively applied to an
extremely small sample of an organic pigment. Pigments
can now be characterized in situ on a painting by such
methods as fiber optics reflectance spectroscopy. This
has permitted the scope of notable occurrences to be
augmented, especially noteworthy in the literature on
carmine. Synchrotron studies have added information on
the degradation mechanisms of cadmium yellow and red.

Considerable additional research has been carried out
on some of the pigments in this book and on their
dates of use. (See Glenn Gates, “A Note on the Artists’
Pigment Aureolin,” Studies in Conservation 40, no. 3
[1995]: 201-06.) The body of knowledge regarding lead
antimonate (Naples yellow) and its technical relationship
with lead stannate has grown significantly. In addition,
many pigments have been newly identified. For a
comprehensive source, which also supplies well-illustrated
information on polarized light microscopy of the
significant pigments, see:

Nicholas Easthaugh, Valentine Walsh, Tracey Chaplin,
and Ruth Siddall, Pigment Compendium: A Dictionary of

Historical Pigments (Taylor and Francis, 2008).

Robert L. Feller
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Preface

There is growing recognition of the importance of technical examination in the
study of works of art and in their care and preservation. In this light the
National Gallery of Art takes great pleasure in offering this volume which
describes the history and characteristics of ten pigments that have played a
major role in the history of painting. Scholars have written extensively on the
history of individual pigments and dyes, In the last several decades conservation
scientists have published an increasing number of articles on the scientific and
technical methods for identifying and characterizing artists’ colorants. Rarely,
however, have these two aspects of the study of pigments, their history and their
scientific analysis, been brought together in one publication.

The need for this handbook was brought to my attention by Rutherford John
Gettens in 1971 when he asked if the National Gallery of Art would oversee the
preparation of a series of monographs on pigments, a project of international
importance which he had been pursuing since 1966. With a grant from the
National Endowment for the Arts matched with funds generously provided by
the Ciba-Geigy Corporation and the David Lloyd Kreeger Foundation, we
gladly accepted Mr. Gettens’ challenge, assigning the responsibility to the
distinguished chemist, Robert L. Feller, then director of the National Gallery of
Art Research Project at Mellon Institute, Carnegie-Mellon University,
Pittsburgh.

Close collaboration on the project with our admired colleague at the Freer
Gallery of Art, John Gettens, was warmly anticipated. However, his untimely
death in 1974 left the full responsibility for the completion of the project with
the National Gallery of Art. Robert Feller’s patient perseverance as editor and
author is clearly evident in the quality of this volume. We are most grateful to
him for his effort and to the fourteen contributing scholars for their dedication
to the project through many years. Our special appreciation goes also to the
National Endowment for the Arts and the Ciba-Geigy Corporation, and the
David Lloyd Kreeger Foundation for their generous support.

J. CARTER BROWN
Director, National Gallery of Art
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Foreword

One is frequently asked: why were these specific pigments selected for
publication? The reason for the preparation of a particular monograph is often
circumstantial. In collecting material for this book we have chosen, as did
Rutherford J. Gettens before us, to rely on colleagues, wherever they may be
located in the world, who have had the need or the occasion to develop special
expertise and in-depth knowledge concerning a particular pigment or class of
pigments. Much of the information that the authors are able to supply is based
on original laboratory and bibliographic research. Descriptions of certain
distinctive microscopic characteristics of Indian yellow, aureolin, and cadmium
yellow, for example, came from hitherto unpublished investigations. Details on
the mineral character of green earth were drawn from the specialized literature
of geochemistry. Clarification of longstanding errors concerning the insect
source of kermes carmine has been accomplished only this past year. Thus, it
has been the search for the most advanced authorities — many of whom are still
actively engaged in research — and the task of persuading these colleagues to
find the time to prepare an extensive report on one area of their expertise,

that has made the process of assembling these monographs such a slow one,
extending over two decades of effort first by John Gettens and then by ourselves.
Nonetheless, we hope that the thoroughness and unique character of the
monographs will more than justify the time devoted to their preparation. We are
proud to be able to continue the tradition set by Gettens in the series of
monographs that he had published during the years from 1966 to 1974 in Studies
in Conservation, the journal of the International Institute for Conservation. The
director of the National Gallery of Art, J. Carter Brown, has supported the
preparation of this present volume in continuance of that tradition and has
formulated a vigorous program to continue this scholarly undertaking.

Work on the project was made possible by grants from the National
Endowment for the Arts, together with matching grants from the Ciba-Geigy
Corporation and the David Lloyd Kreeger Foundation. Of the many represen-
tatives of the National Endowment for the Arts who have been most helpful and
understanding throughout the undertaking, John Spencer, director of Museum



Programs at the time the work was initiated, deserves our special appreciation.
While assistant director of the National Gallery of Art, Charles Parkhurst
encouraged the project through many years of correspondence with the authors
and the persistent search for appropriate illustrations and bibliographic
citations. The authors themselves must be especially thanked for their under-
standing and cooperation in the effort to assemble a set of ten monographs
before publication. Many of the manuscripts were completed some years ago,
yet each author graciously agreed that the handbook should not appear until

it could include all ten pigments. Therefore, commercial sources cited by the
authors may not be current. The support of the Andrew W. Mellon Foundation
and the many valuable services of the professional and administrative staff at
the Mellon Institute have also helped to make this undertaking possible.

Many of the x-ray powder-diffraction patterns were kindly provided by
Elisabeth FitzHugh, using the x-ray diffraction equipment at the laboratory of
the Freer Gallery of Art, Smithsonian Institution, Washington. Ms. FitzHugh
also edited and reviewed the tables of diffraction data. Michael Bayard kindly
reviewed all sections on optical crystallographic properties as well as those
sections dealing with characteristics observable with a polarizing microscope.
With his collaboration, an appendix was prepared reviewing terminology used
in the characterization of pigment particles with the minerological microscope.
Ruth Johnston-Feller provided many helpful criticisms and suggestions in
addition to contributing an appendix on the measurement and description of
color.

Particular thanks and appreciation for her exceptional dedication and special
talents go to Mary Curran who served as editorial assistant and general
manager throughout the project. Mrs. Curran provided extensive sup-
plementary references and technical information which insured that the
subsections of each contribution were suitably complete and uniform. It was she
who insisted upon including the basic information on toxicity. Finally, we wish
to thank Sandra Melzer who with much patience and outstanding skill typed the
manuscripts through numerous drafts.

ROBERT L. FELLER

Research Center on the Materials of the
Artist and Conservator, Mellon Institute, Pittsburgh
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Introduction

The technical examination of historic and artistic works is essential to under-
standing the history and character of the work and to the selection of appro-
priate methods for care and treatment. Among the materials to be found in easel
paintings — wood, canvas, adhesives, paint vehicles, varnishes, and pigments —
the latter perhaps have the greatest story to tell. Throughout history, pigments
and dyes have varied in composition, quality, source, and popular usage. If one
can become knowledgeable and skilled in interpreting the subtle differences
introduced by such factors, much can be learned about the time, place,
character, and circumstances of a given work. The accompanying monographs
provide information that will be helpful in the characterization of ten pigments
of major importance in the history of painting. As indicated in the bibliography
at the end of this section, extensive monographs on nine other pigments,
prepared under the leadership of the distinguished conservation scientist, R. J.
Gettens, are also available to assist the scholar in the technical study of this
essential component of the painter’s oeuvre.

EXAMINATION SEQUENCE

The preliminary stage in the technical examination of a painting or painted
object usually involves the use of methods that do not necessitate the taking of
samples. Much can be learned by inspection with the aid of a low-powered
binocular microscope. Other techniques that do not involve the taking of
samples make use of reflectance spectrophotometry, analysis by x-ray fluores-
cence, and inspection by ultraviolet, infrared, and radiographic photography.
After these initial examinations, consideration can be given to the utility of
taking microscopically small samples from inconspicuous areas of the work.
Portions of these samples are usually first examined for their pigment content
with the aid of a polarizing microscope. Microchemical tests of both the
pigment and vehicle can also be carried out under the microscope. On the basis
of information thus gained, advanced analytical techniques may be applied to
the remainder of the sample to determine the elements and crystalline com-
pounds present. Typically, these procedures involve the use of an electron-beam
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microprobe, x-ray diffraction spectrometer, and scanning electron microscope
with x-ray fluorescence capabilities. The supplementary data permit a decision
to be made concerning the advisability of taking additional samples and the
necessity for using even more elaborate techniques, such as neutron activation
analysis, mass spectrometry, and radiocarbon dating. At each stage in the
investigation, the examination and evaluation should be a joint effort of the
analyst, conservator, and curator-connoisseur. One of the chief objectives of this
series is to provide, for the pigments discussed, the essential information needed
in each analytical step described above.

PURPOSE OF EXAMINATION

There are at least four different reasons for wanting to learn something about
the pigments that an artist has used. One purpose in undertaking technical
analyses is to provide an objective description of the artist’s way of working.
What were the basic set of pigments employed? Did the artist use relatively pure
pigments of one particular color — green for example — or was the hue based
on a mixture of colorants such as yellow and blue? Perhaps the final effect was
achieved by building up a number of layers of paint, each differing in pigment
composition. As evidenced by their pigmentation, were the paints essentially
opaque or transparent?

Pigments may also be characterized for purposes of restoration — to
determine what is original, to repair damaged areas, and to compensate for
missing portions of a painted surface. One may wish to match the original
pigments as closely as possible or to determine whether there have been changes
in color over the course of time. In addition, pigment analysis may help in
deciding if two passages are by the same hand and if either or both have a
distinctly different character from that of the initial work.

A third reason for analyzing the pigments used is for purposes of con-
servation, that is, to devise techniques necessary for the care and preservation of
the work. Pigments may be potentially sensitive to the deleterious effects of light,
heat, or gaseous pollutants in the atmosphere. One must also determine if any
chemical treatments being considered are likely to be harmful to the identified
colorants.

Finally, technical examination of pigments aids in authentication and in
assigning a probable date to a work of art. The analyst will wish to know as
much as possible about the history of manufacture and the dates at which a
particular pigment was introduced. Analysis can then reveal whether a pigment
is characteristic of those of recent production or more representative of types
manufactured many years ago. Investigation can also determine if a certain
pigment is likely to have been available to an artist at a particular time and
place.

PRECISION OF CHARACTERIZATION

Before undertaking an extensive technical examination, one should clearly
define the primary purpose of the investigation. Depending upon the purpose,
the required degree of analytical precision can be inferred. The usual question
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posed to the analyst is simply: what is the pigment used in this particular area of
the painting? But the analyst must ask in turn: how precise an answer is needed ?
There are at least three levels of specificity at which an identification can be
made. One may only need to know the general chemical type or class of the
substance — simply that a pigment is a yellow or brown mineral earth color, a
chromate yellow, a green earth, a lead white, or a zinc white. Such an answer is
usually all that is necessary to verify the safety of a proposed method for
cleaning a painting or to account for discoloration.

A higher level of precision is required to identify the variety or subspecies of
the chemical type. One may be interested in determining, for example, whether a
chrome yellow is the barium or the strontium salt, whether the zinc white is of
the acicular or a nodular-shaped variety, or whether the green earth is a
celadonite-glauconite type or a related silicate mineral such as cronstedtite.
Identification of the chemical, crystallographic, and morphological variety of a
pigment is often helpful in building up evidence concerning its possible age or,
more simply, in determining whether the pigment has the character of an older
type rather than that of a relatively modern variety.

The most precise level of characterization is required to establish cor-
respondence or identity. There may be a need to prove that a pigment in one
part of a work corresponds with — or is identical to — a pigment used in
another part. Many forensic investigations require this high degree of precision
to demonstrate that the pigment in a container or on a particular tool is identical
to one found in another artifact.

The level of precision desired governs the elaborateness of the analytical
procedures selected. The effort to establish the identical character of two
samples, for example, frequently requires the determination of the number and
proportion of ““trace elements,” often regarded as accidental contaminants or
impurities. Neutron activation and x-ray fluorescence analysis are advanced
methods appropriate for this purpose. Mass spectrometry, useful in determining
the ratio of lead or sulfur isotopes present in certain pigments, provides another
precise, objective way of characterizing the mineral source of pigments that
contain these elements.

ORGANIZATION OF THE MONOGRAPHS

The material in each monograph has been organized to be of assistance to
readers having a wide range of interests in the subject of artists’ pigments.
Section 1.0 in each chapter describes the nomenclature and general character of
the pigment; section 2.0 reviews the history of its use. Under section 3.0, matters
of particular concern to the artist are considered: color, permanence, com-
patibility, as well as certain painting and handling qualities. Section 4.0, on
composition, describes the known chemical and physical varieties or sub-species
of the pigment, particularly those variations in character that may arise owing
to differences in source or methods of preparation. Common adulterants and
impurities are also noted. Descriptions of the technical methods and procedures
that can be employed to characterize and identify the pigments, information of
primary concern to the analyst, are found in section 5.0. Finally, section 6.0 cites
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significant references to the pigment’s use by a particular artist or in a specific

work.

THE ESSENTIAL QUESTIONS

This handbook is part of an ongoing effort to assist the artist, curator-
connoisseur, and conservator in answering three recurring questions about
pigments found in artistic and historic works: what is the general chemical type
of coloring agent present; is the pigment of a variety normally found in works
executed at the particular time and place to which the piece is assigned ; and is
the pigment identical to that used in another area of the work or on another
object? The first question can usually be answered unequivocally. The second
and third, unfortunately, sometimes cannot. Nonetheless, the contributors to
this volume have sought to point the way. One trusts that their efforts will
encourage others to continue the search for more confident answers to the latter
two questions, matters that so frequently intrigue the scholar and challenge the

analyst.

BIBLIOGRAPHY

Monographs on artists’ pigments published under
the general title, ““Identification of Materials of
Paintings,” R. J. Gettens, series editor, in Studies in
Conservation, The journal of the International
Institute for the Conservation of Historic and
Artistic Works (London). Plans are underway to
issue these as volume 2 of this series, under the
editorship of Dr. Ashok Roy.

Azurite and Blue Verditer — R. J. Gettens and E. W.

FitzHugh, 11 (1966), 54-61.

Ultramarine Blue, Natural and Artificial —
J. Plesters, 11 (1966), 62-91.

Lead White — R. J. Gettens, H. Kithn, and W. T.
Chase, 12 (1967), 125-139.

Lead-tin Yellow — H. Kiihn, 13 (1968), 7-33.

Smalt — B. Mihlethaler and J. Thissen, 14 (1969),
47-61.
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Vermilion and Cinnabar — R. J. Gettens, R. L.
Feller, and W. T. Chase, 17 (1972), 45-69.

Malachite and Green Verditer — R. J. Gettens and
E. W. FitzHugh, 19 (1974), 2-23.

Calcium Carbonate Whites — R. J. Gettens, E. W.
FitzZHugh, and R. L. Feller, 19 (1974), 157-184.
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Indian Yellow

N.S.BAER, A. JOEL, R. L. FELLER,and N. INDICTOR

NOMENCLATURE IN
VARIOUS LANGUAGES

English: Indian yellow
German: Indischgelb
Russian: MHAMACKMIA YKETHIH
Indian: Purree, piuri

French: Jaune indien

Italian: Giallo indiano
Spanish: Amarillo indio
Dutch: Indisch geel

1.0 INTRODUCTION"

Indian yellow was probably introduced into
India from Persia in the fifteenth century
(Chandra, 1949b), and was known under several
designations, among them purree, peori or piuri,
and Monghyr puri. Derived from the urine of
cows that had been fed mango leaves (Mangifera
indica Linn.), the pigment was used mainly for

NORBERT S. BAER, professor, Conservation Center,
Institute of Fine Arts, New York University.

ABRAHAM JOEL, Fine Arts Conservation, 96 Spring
Street, New York, N.Y.

ROBERT L. FELLER, director of the Research Center on
the Materials of the Artist and Conservator, Mellon
Institute, Carnegie-Mellon University, Pittsburgh.

NORMAN INDICTOR, professor of chemistry, Brooklyn
College, City University of New York, adjunct
professor, Conservation Center, Institute of Fine
Arts, New York University.

*Much of the material in this chapter was presented
in 1972 at the IIC Lisbon Congress on the
Conservation of Paintings and the Graphic Arts
(Baer, Indictor, and Joel, 1972).

watercolor and tempera-like paints. It was also
occasionally used in the West as a glazing color
in oil or in underpainting (Wehlte, 1975). The
empirical chemical formula is given as
C,0H,;,0,,Mg-5H,0 by Gettens and Stout
(1966).

According to Heaton (1947), the Indian
government prohibited the pigment’s manufac-
ture on humane grounds in 1908 (see 2.3). Indian
yellow has fallen into disuse and today is only of
historic interest. It is listed as Natural Dye
CI No. 75320 in the Colour Index (1971).

1.1 Brief Definition of Pigment

The principal colorant compound in the pig-
ment is based on the yellow crystalline mag-
nesium salt of euxanthic acid. To create Indian
yellow, the cow urine was evaporated and the
resultant precipitate formed by hand into balls
which were exported as crude pigment, later to
be washed and refined by the pigment supplier.

1.2 Current Terminology
The names of the pigment at the present time are
as noted above.

2.0 HISTORY

2.1 Archaic, Obsolete, and
Misrepresentative Names

Names given to Indian yellow in the past have
been: piuri, peori, purree, pioury, purrea
Arabica, Hardwari peori, peri rung, peoli,
Monghyr puri, gogili and gaugoli. According to
Maerz and Paul’s Dictionary of Color, the
pigment is also called snowshoe yellow (Kelly
and Judd, 1976). The designation Indian yellow
has at one time or another been applied to cobalt
yellow.
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Fig. 1. Illustration from the Gita Govind, Mewar
Style, Rajput School, India, 1725-1735, Detroit
Institute of Arts, 71.317. 22 x 40 mm. A. As seen
under normal light. B. Viewed under ultraviolet
radiation, as recorded on Kodak Ektachrome 50
with 2A Wrattan filter. C. Infrared radiation, Kodak

2.2 History of use

Indian yellow was most popular in India. Moti
Chandra (1949b) is of the opinion that the
pigment was not employed in the miniatures of
the palm-leaf period (thirteenth—fourteenth
centuries A.D.); no Sanskrit text makes re-
ference to it. He suggests that the colorant was
introduced into India in the fifteenth century,
probably from Persia. Chandra (1949a) states
that peori could be obtained from Jaipur, where
it was known as gogili, an Indianized form of the
Persian implying “cow earth.” At the beginning
of the fifteenth century peori was used in minia-
tures on paper (Chandra, 1949b). Based on
notes found on drawings, Khandalavala (1958)
indicates widespread use of “peoli or gaugoli” in
Pahari drawings during the period from the
sixteenth to the nineteenth centuries.

Elisabeth FitzHugh’s survey of the occur-
rences of the pigment in Indian and Persian
paintings at the Freer Gallery of Art,
Washington (private communication, 1976),
indicates that its use appears to be limited to
Indian paintings. The earliest date of the
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high-speed infrared 4143 with Wrattan No. 25 filter,
3200°K bulbs. D. X-ray radiograph, SMA/30kV for
60 seconds, Kodak Type M Industrial film.
Photograph courtesy of Founders Society Detroit
Institute of Arts.

pigment’s occurrence could perhaps be late
sixteenth century, and its presence is limited
almost exclusively to the Mughal period (late
sixteenth—nineteenth centuries) (see fig. 1).

Although considerable amounts of Indian
yellow are known to have reached Europe, the
literature documenting its use either in the East
or in the West is surprisingly sparse. Harley
(1982) cites documentation (Dewhurst, 1784
1787; Fielding, 1830, 1842, 1844; Gartside,
1805; Henderson, 1806) indicating “‘that some
English painters used Indian yellow in the late
eighteenth century.” She also notes Bouvier’s
claim (1829) to have been one of the first
continental artists to use this pigment. Munkert
(1905) tends to support this date, saying that the
pigment had been used in Germany for about
seventy-five years. Kiihn (1969) cites two ex-
amples of the use of Indian yellow in nineteenth-
century paintings (see 6.0).

The use of Indian yellow as a dye — “I’acide
euxanthique dans teinture et la fabrication des
couleurs” was reported by Wagner
(1859-1860). The method employed for dyeing
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was simply to dissolve the pigment in hot water
and dip the cloth in the solution. However, the
objectionable odor imparted to the fabric soon
negated this practice (Watt, 1892). Indian yel-
low was also said to have been used for coloring
doors and railings (M’Cann, 1883).

2.3 Terminal Date
Heaton (1947) reported the original act pro-
hibiting the further manufacture of the Indian

yellow in 1908. An attempt to locate this docu-
ment by searching the Acts of the Lieutenant
Governor of Bengal in Council from 1902 to
1909 was unsuccessful. The Acts that may have
provided sufficient grounds for the prohibition
of the manufacture of Indian yellow are those
directed toward the prevention of cruelty to
animals (Bengal Acts, 1866/1869; Government of
India Acts, 1890).
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Act II of 1866 Bengal Acts.
An Act to provide for the better regulation of the
Police within the suburbs of the Town of Calcutta.

Section XL — Whoever, within such limits as shall be
from time to time defined by the Commissioner of
Police, with the sanction of the said Lieutenant-
Governor, in any public street, road, thoroughfare, or
place of public resort, shall commit any of the follow-
ing offences, shall be liable to a fine not exceeding fifty
Rupees:

Clause 16 — Cruelty to Animals. Whoever shall
cruelly beat, ill-treat, abuse, or torture, or shall cause
or procure to be cruelly beaten, ill-treated, abused or
tortured, any animal.

Act IV of 1866 Bengal Acts.

An Act to amend and consolidate the provisions
of Act xm of 1856 (for regulating the Police of
the Towns of Calcutta, Madras, and Bombay) and
of Act xLvii of 1860 (to amend Act x1i1 of 1856).

Section Lxvii — Whoever cruelly beats, ill-treats,
abuses, or tortures, or causes or procures to be cruelly
beaten, ill-treated, abused, or tortured, any animal,
shall, for every such offence, be liable, on summary
conviction before a Magistrate, to a fine not exceeding
one hundred Rupees, and, in default thereof, to
imprisonment, with or without hard labour, from term
not exceeding three months.

Act I of 1869 Bengal Acts.
An Act for the Prevention of Cruelty to Animals.

I. The word animal shall be taken to mean any
domestic or tamed quadruped. . . .
I1. Every person who shall cruelly and wantonly beat,

20 INDIAN YELLOW
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ill-treat, abuse, torture, overdrive, or overload, or
cause to be beaten, ill-treated, abused, tortured,
overdriven, or overladen, any animal, shall be liable to
a fine which may extend to one hundred Rupees.

II1. Section Lxvi of Act IV of 1866, and Clause 16 of
Section XL of Act II of 1866 . . . are hereby repealed.
IX. This Act shall extend to the Town of Calcutta, and
to the suburbs of the Town of Calcutta . . ..

X. It shall be lawful for the Lieutenant-Governor of
Bengal, by an order published in the Calcutta Gazette,
to extend this Act to any city, town, station, canton-
ment, village, district, or portion of a district to be
mentioned and defined in such order; and from time to
time, by any order published as aforesaid, to revoke,
vary, amend, or alter any such order.

Act III of 1869 Bengal Acts.

An Act to enable Police Officers to arrest without
warrant persons guilty of Cruelty to Animals.

I. Every Police Officer may arrest without a warrant

any person committing, in his view, any offence
against the said Act I of 1869.

Act XTI of 1890 Government of India Acts.

An Act for the Prevention of Cruelty to Animals.
Act XI of 1890 was passed by the Governor Gen-
eral of India in council and extended to the whole
of British India and gave power to the local gov-
ernments who may ‘‘by notification in the official
Gazette, extend, on and from a date to be specified
in the notification, the whole or any part of the
rest of this Act to any such local area as it thinks
fit.”” Pertinent portions of this Act read:



Section 2, sub-section (1) — Animal means any
domestic or captured animal.

Section 3 — If any person in any street or in any place,
whether open or closed, to which the public have
access, or within sight of any person in any street or in
any such other place, — (a) cruelly and unnecessarily
beats, overdrives, overloads or otherwise ill-treats any
animal . . . (c) . .. he shall be punished with fine which
may extend to one hundred Rupees, or with imprison-
ment for a term which may extend to three months, or
with both.

The Acts of Bengal, traced over the years 1866
to 1869, indicate that the increasing pressure was
brought to bear against violators of the act.
However, the possibility that the production of
Indian yellow continued even after the passage
of the Government of India Act XI of 1890 must
be considered. Only gradually did production
terminate, due perhaps to a combination of
several factors. The escalating consequences of
violating the acts or a decrease in demand for the
pigment would certainly have been relevant.
With a decrease in demand the milkmen would
not have needed to feed the cows on mango
leaves exclusively, thereby preventing the pre-
mature deaths of these animals. The local autho-
rities may have condoned preparation of the
pigment, knowing no harm would come to these
animals. Thus production may have been car-
ried on past the date of passage of the prohi-
bition. For this reason it seems improbable that
a certain date for the end of production of

Fig. 2. Behavior of Indian yellow under ultraviolet
radiation, showing: A. fluorescence (relative intensity
of emitted radiation) when activated by 435 nm
radiation, and B. the relative intensity emitted at
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Indian yellow can be specified. Wehlte (1975)
states, however, that the pigment has not been
available commercially since 1921.

3.0GENERALPIGMENT PROPERTIES

3.1 Color and Spectral Reflectance
Indian yellow yields a beautiful clear yellow
color and a light powdery texture of greater
body and saturation in masstone than gamboge
(Field, n.d., p. 157). This description is sup-
ported by Eibner (1905): “the pure pigment has
an incomparably beautiful, deep and lumines-
cent gold yellow in a shade which is achieved
with no other pigment.” Parry and Coste (1902),
chose, on the other hand, not to consider Indian
yellow as fine a color as gamboge.
Measurement of the color of Indian yellow is
complicated by its fluorescence in the visible
range. Moreover, as the curves in Fig. 2 indicate,
the pigment’s fluorescence is stimulated most
strongly by radiation in the visible range, 435 nm
(Feller, 1968). Fig. 3 illustrates the spectral
reflectance curve as measured by a Kollmorgen
Kkcs-10 Color-Eye®. This abridged spectropho-
tometer illuminates the sample with an in-
candescent lamp of color temperature 2857°K
and measures the reflectance relative to barium
sulfate at individual wavelengths, as transmitted
through narrow band-pass filters. Thus, the
reflectance curves should include the fluores-

535 nm when the sample is irradiated by various
wavelengths from 300 to 500 nm. After Feller (1968).
Sample courtesy of Winsor & Newton.
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Fig. 3. Spectral reflectance of Indian yellow as
measured using polychromatic illumination on a
Model D-1 Kollmorgen Color-Eye® abridged
spectrophotometer. (Fluorescence is thus included.)
Measurements courtesy of Catherine W. Bailie and
Ruth Johnston-Feller, Research Center on the
Materials of the Artist and Conservator, Mellon
Institute, Pittsburgh.

cence stimulated by 435 nm radiation. A re-
flectance curve of Indian yellow was reported by
Barnes (1939) during his early investigation of
artists’ pigments.

The pigment specimens assembled at the
Conservation Center, N.Y.U., for these in-
vestigations are listed in table 1. The Munsell
notations of the masstone color of six specimens
are given in table 3.

In the series of paints prepared to test light-
fastness (table 2), it was noticed that the
paint’s initial acidity or alkalinity influenced the
color, acid causing a tendency toward a paler
yellow (see 3.5). The colors in this series of six
paints ranged in Munsell Notation from 3-
9Y/8.7-9.1/8-10 (hue/value/chroma). The NBs-
1scc color name (Kelly and Judd, 1976) for a hue
in this range is light yellow.

On Indian paintings the pigment has also been
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identified by microscopy in mixtures with other
pigments. It was most commonly found with
lead white when a bright yellow was desired.
Indigo was added to produce green; vermilion
or hematite were added with varying amounts of
lead white to give a dark brown, a pinkish
yellow, or a pinkish brown flesh tone. Red lead
was mixed with Indian yellow to give an orange-
yellow (FitzHugh, private communication).

3.2 Hiding Power and Tinting Strength
In samples of Indian yellow taken from paint-
ings and examined at the Freer Gallery of Art,
Washington, the yellow particles were uni-
formly clear and transparent (FitzHugh, private
communication, 1976). The refractive index of
the particles is sufficiently close to that of
Canada balsam (N = 1.53) that at first glance
there often appears to be only a yellow stain.
From the behavior of the Becke line it appears
that the refractive index is indeed higher than
that of Canada balsam. Gettens and Stout
(1966) report the refractive index of Indian
yellow as 1.67. The yellow particles are aniso-
tropic (see 5.1).

The low refractive index means that prepara-
tions in oil and varnish are translucent; how-
ever, a bright color with good hiding can be
obtained in the usual aqueous binders. The
tinting strength of this pigment was considered
by Wehlte (1975) to be very good but its hiding
power extremely low. He believed that Indian
yellow was invaluable for retouching paint
losses on works with yellowed varnish.

3.3 Permanence
Indian yellow was included in the palette of
lightfast artists’ pigments (Normalfarben) es-
tablished about the turn of the century by the
German Society for Rational Painting
Techniques (Munkert, 1905). Tests of its light-
fastness that will be described below indicate
that in a traditional water-dispersed binder the
pigment is indeed more lightfast than alizarin.
Authors have traditionally suggested that it may
not be as stable in oils, perhaps undergoing
reactions with the vehicle (Church, 1915, p. 175).
In order to confirm the pigment’s light stabi-
lity, paints were prepared in various vehicles by
the National Gallery of Art Research Project,
Mellon Institute, Pittsburgh. A sample of genu-
ine Indian yellow, kindly provided by Winsor &
Newton, was used. The samples were exposed
for 205 and 384 hours in an Atlas Electric



Table I. SAMPLES EXAMINED (Labeled Indian Yellow)

Sample Number Source

Other Information

1 Doerner Institute, Munich [Gelb
3.04.1]

1 Doerner Institute, Munich [Gelb
3.04.2]

I Forbes Collection [3.14.4 (372)]

v Conservation Center, New York
University

v Forbes Collection [3.14.3 (373)]

VI Conservation Center, New York
University

VII Conservation Center, New York
University

VIII Conservation Center. New York

University

Purchased from Giinther & Wagner,
Hannover, c. 1955 (Kiihn, personal
communication, 1972)

Purchased from Winsor & Newton,
London, c. 1955 (Kiihn, personal
communication, 1972)

Label marked Rowney

Purchased from Fezandie & Sperrle, New
York, 1971; artists’ dry color, Acid yellow
23 in Aluminum Lake

Label marked Roberson, London; 1914
(EWF)

Date of acquisition unknown

Winsor & Newton, London; purchased
1972; watercolor; prepared from a
mixture of organic pigments (Winsor &
Newton)

Winsor & Newton, London; purchased
1972; oil color; prepared from a mixture
of organic pigments (Winsor & Newton)

Due to the limited supply of several of the samples, not all of the analytical procedures discussed in the text were applied to the
complete series. Some specimens could only be studied as mounted slides.

Devices 600 wrRC xenon-arc fadeometer with
Pyrex-glass filter. The results, summarized in
table 2, indicate that the pigment tends to be at
least as lightfast as alizarin, particularly in an
aqueous dispersed medium such as gum arabic,
which may be close to the type of glue or gum-
based vehicle in which it was traditionally
employed. After an exposure of 384 hours, the
British Standard (Bs1006:1971) blue-wool
cloths, exposed at the same time, had faded as
follows: Cloth No. 7to GGs 4.2 (Geometric Grey
Scale Contrast 4.2), No. 6 to GGs 3.0, No. 5 to
GGs 2.0 and No. 4 to GGs 1.2 (Bs2662, 1961).
These results indicate that the exposure was
considerable. In view of the degree of fading of
the alizarin and of the Bs1006:1971 blue-cloth
controls, it seems fair to state that Indian yellow
in gum arabic compared in lightfastness to
Bs1006:1971 Class 5-6 (Feller, unpublished).
When an ultraviolet filter that sharply cuts off
about 400 nm (Rohm and Haas Plexiglas® url,
now UF4) was placed over the sample during
exposure in the Atlas Electric Devices 600 wrc
Fadeometer (Pyrex-glass filter), the net color
change was reduced slightly in four of the

Table 2. FADING OF INDIAN YELLOW
PAINTS IN XENON ARC FADEOMETER,
PYREX GLASS FILTER. COLOR
DIFFERENCE (AE) IN CIE L*a*b* UNITS

AE after
205 hrs.

AE after

Test paint 384 hrs.

Control (Alizarin in
Rhoplex® AC33 polymer
emulsion paint, 94% TiO,)
Indian yellow in various
mixtures:

Gum arabic

Gum arabic (with added
zinc white)

Acryloid® B-72
methylacrylate/ethyl
methacrylate copolymer
Rhoplex® AC-33
methylacrylate/ethyl
methacrylate copolymer
emulsion (alkaline)

14.6 20.8

2.6 10.3

6.9 12.5

8.4 28.2

18.5 34.6

Schweitzer 5712 vinyl

emulsion adhesive (acidic)  25.1 39.1
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samples, perhaps fading only about 807 as
much as when unprotected. Scarcely any effect
was noticed in the mixtures with zinc and
titanium white, possibly because these pigments
themselves filter ultraviolet radiation.

Since Indian yellow fluoresces, and the
fluorescence is reduced upon exposure to light,
measurement of the color changes upon fading
will contain uncertainties unless all aspects of
the measurement procedure are carefully con-
sidered. Although the data in table 2 may
contain a degree of uncertainty owing to the
problem of fluorescence, it is nonetheless con-
sidered that the pigment’s lightfastness relative
to that of alizarin and the Bs1006:1971 blue
cloths is fairly indicated.

Field (n.d., p. 158) stated that Indian yellow
resisted the sun’s rays with singular power in
watercolor painting; yet in ordinary light and air
or even in a book or portfolio, the beauty of its
color was not lasting. The explanation of this
inconsistency eludes us. Church (1915, p. 176)
also claimed that, as a watercolor, Indian yellow
retained its hue unimpaired when exposed to
diffused daylight. However, he further stated
that ““sunlight very slowly bleaches it; the hue it
acquires being somewhat brownish.”

In Field’s notebooks from 1809, currently at
the Courtauld Institute of Art, London (Harley,
1979), is a sample of Indian yellow and some
brief notes in Field’s hand. We are grateful to
Dr. Harley for the following transcriptions of
these passages and for her information that folio
338 (Field, 1809) bears a watercolor sample of
Indian yellow.

Folio 338. Indian Yellow of Mr. Newman in lumps
of a powdery, soft, light, spongy texture, which appear
to have been in a liquid state. Semi-transparent, pure,
weakened by acids, brightened by alkali and rather
greened thereby, equally unaffected (owing the time in
which Cochineal lake was destroyed) by the Sun and
Jakes. Weakened but not discoloured by much longer
continuance in the sun. In oil, dried nearly as soon or
sooner than the oil and teints — faded in thin glazing
even in the shade, totally destroyed by the sun — in
body and teint it stood rather better and was not
discoloured.

Folio 337v. This pigment is said to be produced
from the wine of the (buffalo/camel after feeding on
Mangoes) in India. Its principal use is to follow
Gamboge in water colour being rather deeper or
stronger but not more durable. Yet it is not to be
depended on so much as Gamboge. The first executed

specimens in my Chromatics having faded in two or
three years shut in the Book.

At a considerably later date, Eibner (1905)
had this to say:
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The unfavorable judgments as to the light-fastness of
Indian yellow, which were mentioned at the beginning
are unfounded. I have applied pigment, which was
produced purely from Indian piuri, with gum arabic
on water-colour paper in different intensities of shade.
Then I exposed these sheets partially without pro-
tection and partially under glass in a room with a glass
roof. For two years, I have not observed the slightest
decrease in intensity of the shade or any change in the
color value.

Since a pigment which withstands an exposure of a
year can no longer be counted among the poor
pigments, it may be said that the true Indian yellow
corresponds extensively to the requirements with
respect to light-fastness which are to be reasonably set
for an organic pigment. The exposure tests are being
continued. As a result of the afore-said tests, it can
already be concluded that Indian yellow is useful as a
water-colour.

3.4 Compatibility

Plenderleith (1937) states that Indian yellow
“may become brown, emitting a volatile agent
which influences adjacent colours and may even
stain adjacent pages in a book of miniatures. A
green colour containing this pigment may be-
come deep blue.”

Field (n.d., p. 158) considered that in oil
Indian yellow ““is exceedingly fugitive both
alone and in tint. Owing probably to its alkaline
nature it has an injurious effect upon cochineal
lakes and carmine when used with them. As lime
does not injure this colour, it may be employed
in fresco, according to its powers.”

As a general rule, Church (1915, p. 176)
believed that Indian yellow would undergo no
change upon admixture with any permanent
pigment, nor would it be affected by sulfur
compounds. The authors are not able to affirm
or deny these statements of historical interest
based on direct experience. Yet they seem
reasonably confirmed for either the colorant
itself or mixtures with stable pigments in tradi-
tional temperalike vehicles, as found in Indian
paintings in the Freer Gallery of Art,
Washington (FitzHugh, private communi-
cation). Church, however, reported observing
both unchanged and changed specimens when
Indian yellow was prepared in linseed oil.

3.5 Chemical Properties

The working properties of the pigment may be
related to the structure. The glucuronic acid
portion of the molecule confers upon it con-
siderable water solubility; the euxanthone por-
tion permits compatibility with oily media. The
color of Indian yellow is discharged in excess
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aqueous acid and may be regenerated by aque-
ous alkalinity. This reversibility suggests that
the color arises either from the highly con-
jugaded phenolate anion, of the euxanthone
moiety (fig. 4A) or possibly from potentially
p-quinoid structure also in the euxanthone
moiety (fig. 4B).

Treatment with hydrochloric acid — remov-
ing the bases with ammonium carbonate and
reprecipitating with hydrochloric acid — pre-
cipitates euxanthic acid (m.p. 154-156°C with
decomposition [Church, 1915]) (fig. 4C).

3.6 Oil Absorption and Grinding
Qualities

The oil absorption given by Doerner (1949) is up

to 1007 ; that by Wehlte (1975) is approximately

407

3.7 Toxicity

Little has been written with authority about the
toxicity of this obsolete material. However,
since Indian yellow is a product of cow urine,
undoubtedly it needed to be handled with
reasonable standards of cleanliness.

) OH
+(CH3C0)0 ——
_H20 0
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4.0 COMPOSITION

4.1 Chemical Composition

The principal constituent of Indian yellow is a
mixture of the calcium and magnesium salts of
euxanthic acid (fig.4C) (Riffault, et al., 1874;
Eibner, 1909; Meyer and Jacobson, 1920;
Weber, 1923; Kittel, 1960). The calcium or
magnesium salt usually occurs as the basic
hydrate. The euxanthone moiety is the active
principal of mango leaves, and in the metabolic
process, it is converted into soluble salts at-
tached to the oxidized carbohydrate moiety. The
best grades of Indian yellow contained up to 657%
euxanthic acid (Wehlte, 1975); the poorest
grades contained only about 347 (Zerr and
Riibencamp, 1908).

An abundance of publications indicate the
early chemical interest in Indian yellow, its
structure and synthesis (Erdmann, 1844;
Stenhouse, 1844; Schmid, 1855; Baeyer, 1870;
Salzmann and Wichelhaus, 1877; Graebe and
Ebrard, 1882; Graebe, 1883, 1889; Van
Scherpenberg, 1918 ; Wiechowski, 1923 ; Mayer,
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Table 3 COLOR,? ULTRAVIOLET FLUORESCENCE, AND ELEMENTAL
COMPOSITION® OF SPECIMENS OF INDIAN YELLOW®

Y Weight
Sample  Munsell® Ultraviolet loss
number  designation Sfluorescence ondrying 7% C y:4 % Ashd
I 7.5YR7/14  orange-yellow N.D.® N.D. N.D. N.D.
11 2.5Y 7/10  yellow N.D. N.D. N.D. N.D.
I 10YR 7/12  yellow none 36.97 3.99 5.0
Ive 2.5Y 7/12  red-orange none 9.81 4.71 41.948
A% 2.5Y 8/12  yellow 3.2 40.66 4.03 17.03
VI 10YR 7/12  vyellow 6.7 44.73 4.17 14.39

a. Hue, value/chroma as per Munsell designation (Munsell 1929-1970).
b. Percentages based on sample dried to constant weight at 105°C.

c. See table 1 for descriptions.

d. Residue obtained at 900-1000°C.

e. N.D. denotes: no data.

f. Determined under “Tensor” incandescent illumination.
g. Sample is not Indian yellow.

Elemental analyses, Schwartzkopf Microanalytical Laboratory, Woodside, New York.

1924; Reindel and Anschutz, 1947). The struc-
tural connection between Indian yellow and the
naturally occurring yellow pigments in the
family of compounds known as xanthones has
been made by Karrer (1947).

The chemical structure of Indian yellow has
been proved by hydrolytic degradation. The
mild action of mineral acids generates euxanthic
acid from the essentially magnesium salt. More
exhaustive hydrolysis (heat, concentrated acid)
gives euxanthone and glucuronic acid. Proof of
structure of the euxanthone involved its syn-
thesis from B-resorcylic acid, hydroquinone
carboxylic acid, and acetic anhydride. In this
reaction dehydration and decarboxylation oc-
cur simultaneously (see fig. 4D).

Several samples of Indian yellow specimens
were submitted for carbon, hydrogen, and ash
analyses. The results are reported in table 3.
Included among the samples was one modern
specimen known commercially as Indian yellow.
The variability of the carbon, hydrogen, and ash
analyses for the samples, all of which gave
satisfactory infrared spectra, implies that signi-
ficantly different amounts of magnesium salts
are present in each. (Emission spectra of these
samples all show Mg to be the principal metal
present, vide infra.) The samples most likely also
contain bound water in some form. The
theoretical percentages for C,,H,,0,,Mg are
C 51.32%, H 3.63%, ash as MgO 9.07%; the
theoretical percentages for C;,H;,0,, Mg are
C 54.93%, H 3.647%, ash as MgO 4.85%.
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Comparison of these figures with the results
reported in table 3 reveals the high variability in
purity associated with samples of the pigment.

A fine sample of piuri, reported by Graebe
and Ebrard in 1882, analyzed as follows: euxan-
thicacid 51.0, magnesium 4.2, calcium 3.4, silicic
acid and alumina 1.5, volatiles 39.0 — total 99.1
(Perkin and Everest, 1918). The compositions of
five samples, apparently from M. M. Lefranc et
Cie of Paris, as given by Parry and Coste (1902),
are listed in table 4. The authors state that as the
quality goes down the proportion of magnesium
euxanthate steadily decreases and that of euxa-
nthone increases.

4.2 Sources

The source of Indian yellow was once the subject
of much speculation. Some thought it to be from
a deposit formed in the urine of the camel (Field,
1809; Bachhoffner, 1837), elephant, or buffalo;
others, an intestinal concretion (Watt, 1892).
Some went so far as to identify the pigment’s
origin as “‘the urine of certain varieties of
serpents” (Hilier, 1957). However, in the late
nineteenth century it was Mukharji (1883-1884)
who clearly established that Indian yellow was
made from the urine of cows fed exclusively on
mango leaves (Mangifera indica, Linn).

4.3 Preparation

In 1883 Mukharji visited the village of Mirzapur
near Monghyr, where he found a sect of gwalas
(milkmen) who manufactured the pigment. (The



Table 4. COMPOSITION OF FIVE SAMPLES OF INDIAN
YELLOW, APPARENTLY FROM M. M. LEFRANC ET
CIE OF PARIS ABOUT 1902 (Parry and Coste, 1902)

Euxanthicacid  72.3%  70.967% 4.35% 9.3% 33.347%
Euxanthone 0.0 1.12 2.80 7.40 34.00
Mg 5.35 4.88 4.85 4.60 3.70
Ca 1.75 2.43 2.61 3.33 3.70

district of Monghyr is today located in northeast
Bihar [Seltzer, 1962].) He described how the
urine was collected in small earthen pots, cooled,
and then concentrated by heating over a fire in
earthen vessels to precipitate the pigment. After
straining the liquid through a cloth, the gwalas
would make the sediment into a ball, dried first
over a charcoal fire and then in the sun. The
pigment was sold in this crude form to local
merchants (chiefly marwaries) who would even
advance money to the milkmen for its manufac-
ture. The marwaries paid Rs 1 (1 sh. 8d) per
pound and shipped the pigment to Calcutta and
Patna (Mukharji, 1883-1884) where the price
was marked up from 100 to 2007 (Watt, 1892).
De Puyster (1919) says that it was sold in various
brands marked A to G, the latter being the
poorest in quality.

One cow is said to have provided three quarts
of urine, resulting in 2 oz. (56 grams) of peori per
day. It is said that the annual production of this
substance was as much as 10,000 to 15,000
pounds, but Mukharji considered this estimate
too high. The trade was profitable, for M’Cann
(1883) records that one or two dealers in Indian
yellow reached an income level requiring tax
payments (Watt, 1892).

The balls (fig. 5), weighing 2 to 4 oz. and
having a yellow interior with a brown or green-
ish exterior (Watt, 1892), were shipped to
Europe where manufacturers washed and puri-
fied them, separating the yellow and greenish
portions. The material was then formed into
yellow tablets which were redried and used as a
base for water or oil color (Hilier, 1957).

Church (1915) described a procedure for
purification. The crude imported material was
thoroughly powdered, then washed with boiling
water until the liquid filtered from it had no
color. This removed the brown impurities. The
washed pigment was left in contact with a
saturated solution of salammoniac for a day or

Fig. 5. Ball of Indian yellow pigment. The
approximately 6-cm diameter ball has been cut open
for preparation of purified pigment for technical
study. The traditional golden yellow hue is thus
revealed. Specimen courtesy of Winsor & Newton.

two, this enriched its color. The process of
washing was then repeated with hot water. The
purified product produced a translucent orange-
yellow color. In the mid-nineteenth century,
Lejort (1855) quotes the price of Indian yellow
as selling for ““ne vaut pas moins de 200 francs le
kilogramme.”

It was recorded that cows used for the manu-
facture of Indian yellow died after two years,
but Mukharji stated the cow-keepers informed
him that this was false. He himself saw cows six
or seven years old which had produced peori for
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Table 5. MODERN SUBSTITUTES FOR INDIAN YELLOW

C.I. designation Type

Chemical formula

Pigment 40 cobalt yellow 2K ;Co(NO,)43H,0
HO N—-C,H,SO;Na-p
Acid yellow 23 azo yellow p-NaO,SC.HN=N— /N
COONa :
Acid yellow 63 azo yellow NaO,SC,H,N=NC,H; NO,N(NO)C;H,(NO,),
Acid orange 1 azo yellow NaO,SC,H,N=NC,H,N(NO)C,H,(NO,),

Table 6. CHEMICAL REACTIONS OF SUBSTITUTE INDIAN YELLOWS (Colour Index,

1971)

Designation Solubility

Reactivity with Acids and Bases

C.I. pigment 40 water — sl. soluble

C.I. acid yellow 23 ~ water — soluble (yellow)

ethanol — sl. soluble

C.I. acid yellow 63
ethanol — soluble (yellow)

benzene — v. sl. soluble

C.I. acid orange | water — soluble

water — soluble (lemon-yellow)

Mineral acid (decomposes)

Conc. NaOH (decomposes to brown
oxide)

Conc. HNO; (yellow)

Conc. H,SO, (yellow)

Conc. NaOH (redder yellow)

Conc. HNOj (red) changing to (brown)
Conc. H,SO, (red) on dilution (yellow-
red) then (yellow-brown ppt.)

NaOH (yellow-brown) then (brown
yellow ppt.)

Conc. H,SO, (red-violet) on dilution
(brown-yellow) to (olive brown ppt.)

ethanol — soluble (yellow-brown)

acetone — v. sl. soluble

NaOH (yellow-brown) with excess to
(brown ppt.)

at least four years (Watt, 1892). The cows,
however, appeared ill, and the villagers were
reluctant to change their diets fearing a resultant
drop in pigment production. The cow-keepers
were labeled ‘“‘cow-destroyers.” On humane
grounds, the production of Indian yellow was
said by Heaton (1947) to have been prohibited in
1908 although it was probably in use after this
(see 2.3).

4.4 Adulteration and Sophistication

Various types of organic dyestuffs have long
been used to provide the artist with substitutes
for Indian yellow. Azo dyes of similar hue have
occasionally been employed, although they are
structurally unrelated to euxanthic acid (table
5). Simple chemical tests for distinguishing some
modern substitutes from genuine Indian yellow
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are outlined in table 6. Cobalt yellow (aureolin)
was also frequently called Indian yellow in the
nineteenth century (Colour Index, 1971) (see
chapter on Cobalt Yellow, Aureolin).

Mukharji (1883-1884) mentions that piuri
was also derived from a mineral which was
imported from London and that it sold for only
4d per pound. The mineral could very well have
been wilayiti peori, the chromate of lead which
Powell (1868) distinguishes from Hardwari
peorior true Indian yellow. Church (1915) noted
that Indian yellow adulterated with lead chro-
mate turns dark brown when moistened with
ammonium sulfide. If samples of “Indian yel-
low” are incompletely bleached in acid or
change from yellow to orange, lead chromate is
indicated as a significant adulterant.



5.0 IDENTIFICATION —
CHARACTERIZATION
5.1 Characterization by Optical
Microscopy
The character of Indian yellow particles varies.
One of the most striking characteristics is the
presence of needle-shaped (acicular) prismatic
rectangular yellow rods that tend to be bright
green in certain orientations under crossed
polars, the thicker shafts tending toward an
olive shade (fig. 6). Extinction is parallel and
under a gypsum retardation plate the prisms are
seen to exhibit positive elongation. Occasionally
what appear to be prisms of the same substance
appear as short stubby fragments, thick enough
to produce the more olive hue. When these are
viewed in the vertical position under a re-
tardation plate, one vertical section is usually
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Fig. 6. Photomicrograph of Indian yellow showing
needle-shaped particles, concretions, and at lower
left, an olive-hued particle. Purchased from
Roberson, 1914, Edward W. Forbes Collection.
A. Plane polarized light in medium of refractive
index 1.53 with substage shadowing.

B. Same view between crossed polars. 350x.

yellowish, the other greenish in hue — as though
the crystal prisms were twinned on the center
line. The refractive index of these yellow par-
ticles is definitely above 1.52. It should be
pointed out, however, that these acicular crys-
tals are not always seen in Indian yellow from
Indian  paintings (FitzZHugh, private
communication).

An amount of colorless highly birefringent
material is usually present, varying in quantity
and character in different samples. Most charac-
teristic are concretions that under the crossed
polars somewhat resemble starch grains or the
coccoliths in chalk. These must be clusters of
radiating crystallites, for they exhibit an upright
cross between crossed polars (see fig. 7). Under
the gypsum retardation plate the radiating
crystals are seen to exhibit negative elongation

A

Fig. 7. Photomicrograph of Indian yellow with high
concentration of quatrefoil-shaped concretions and
relatively few needles. Purchased from Rowney by
Edward W. Forbes, perhaps in the 1920s. A. Plane
polarized light in medium of refractive index 1.53.

B. Same view between crossed polars. 350x.
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(the upper right and lower left quadrants are
yellow).

Dilute acid dissolves the yellow birefringent
prisms, generating what appear to be oil-in-
water globules as the front of the acid solution
attacks the material. Later, these globules
gradually participate in the formation of fine
needles that exhibit negative elongation. Per-
haps these particles are euxanthic acid, for when
needles of this substance are intentionally pre-
cipitated by the addition of mineral acids, they
also have negative elongation.

5.2 Chemical Identification

5.21 Test for Magnesium with Quinali-
zarin. According to Feigl (1958, p. 225), a drop
of the test solution and a drop of distilled water
are placed on adjoining depressions of a spot
plate and mixed with two drops of an alcoholic
solution of 0.01-0.02% quinalizarin (1,2,5,8-
tetrahydroxyanthraquinone). If the solution is
acid, it will be colored yellow-red by the reagent.
Sodium hydroxide (2N) is added drop by drop
until a change to violet occurs, and then an
excess is added amounting to about % to 4 of the
volume then present. According to the amount
of magnesium present, a precipitate of blue
coloration appears; the blank remains blue-
violet. The difference in shade is intensified on
long standing, because the dyestuff is gradually
decomposed in magnesium-free solutions owing
to oxidation, whereas the colored magnesium
compound is stable.

Interference by other ions is minimal; how-
ever, Feigl discusses the possibilities thoroughly.
5.22 Other Tests. If a large sample is avail-
able, Zerr and Riibencamp (1908) describe a
series of tests for Indian yellow and its possible
adulteration by chromate. Hydrochloric acid
produces a colorless solution while depositing
white flakes of euxanthic acid. Saturating this
test mixture with ammonia should produce a
clear yellow solution.

5.3 Instrumental Methods of Analysis

5.31 X-ray Diffraction. Two types of powder
camera were used to obtain x-ray diffraction
data. A Philips Powder Camera (No. 52056-B)
with a 114.59 mm diameter was used to obtain
the conventional Debye-Scherrer powder pat-
terns. Because lines due to planes with very high
d values are lost with this camera, a Guinier-De
Wolff focusing camera (Guinier, 1963) with a
bent crystal monochromator (Model #11-Y919;
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Enraf-Nonium, Garden City, New York) was
also employed. As was anticipated, the Debye-
Scherrer patterns for Indian yellow samples,
such as that shown in fig. 8, were diffuse with
frequent indications of impurities. In samples
taken from Indian miniatures, the lines of
ground material inadvertently mixed with the
pigment tended to dominate the pattern. The
spacings and relative intensities for the Indian
yellow specimen that gave the best diffraction
pattern (Sample VI) are given in table 7.

In a separate series of experiments, Pollack
(1971) measured the intensity for diffraction
peaks using a Philips diffractometer and xenon-
filled proportional counter. The peaks were
scanned at one-half degree two-theta per min-
ute; the intensities listed in table 7 are peak
intensities above background. Nickel filtered
copper radiation was used in the diffractometer
work. Table 7 contains the dspacings for the two
additional samples. The presence of d spacings
ranging from 5-20 A and the absence of lines
lower than 1.50A suggests the presence of un-
identified compounds, probably organic.

5.32 Infrared Spectroscopy. Infrared spec-
tra of typical samples of Indian yellow prepared
in a KBr pellet (concentration range 0.4-1.0
mg/100g KBr) are shown in fig.9. The spectra of
some four or five samples displayed absorption
peaks characteristic of both glucuronic acid salts
and euxthanthone. Particularly complex spectra
were obtained in the 6.0-8.0 microns
(1650-1200 cm™!) region; these are attributable
to carbonyl, carboxylate anion, and C=C aro-
matic absorption. Broad hydroxyl absorption
3.4-2.8 microns (3000-3500 cm ') was also
observed as were ether, phenol and secondary
alcohol absorptions between 7.2 microns
(1400 cm™ ') and 10.0 microns (1000 cm™1).
Among the several samples examined, the great-
est variation was in the band at 7.35 microns
(1370 cm™ '), which at times was missing al-
together. There were also variations in intensity
and resolution in bands at 6.99, 7.07, 8.62, 9.10,
9.20, and 9.40 microns (1430, 1414, 1160, 1099,
1087, and 1064 cm™'). The complexity of the
spectra did not permit specific assignments to
individual peaks.

Treatment of Indian yellow samples with HCI
and recovery through ether extraction gave
material whose infrared spectra were in general
similar to that of the starting material but with
certain obvious differences. Although the car-



Fig. 8. X-ray powder diffraction pattern of Indian
yellow. Sample from ball of pigment provided by

Winsor & Newton. Photograph not to be used for
measurement purposes.

Table 7. X-RAY DIFFRACTION PATTERNS OF INDIAN YELLOW SAMPLES

E.W. Forbes Collection®
Lump pigment. Freer

Sample VI**© Sample VI>© 1966 Sample® Roberson 1910—-1920° Gallery of Art

d(d) I d(d) 1 a(d) 1 ad) 1 a(d) I
— — — — 20.3 12 — — — —
— — — — 17.7 4 — — — —
— — — — — — 15.6 1 — —

10.0 vwé 9.7 vwé 10.0 8 10.2 12 9.72 10
9.5 VW — — 9.6 16 — — — —
— — 9.0 vw 9.0 43 — — 9.03 100
7.8 \A — — — — 7.70 71 — —
s — — — 7.48 34 — — 7.56 80
7.25  w-i 7.0 w 7.00 100 7.00 44 6.92 50
6.7 VW — — 6.60 37 6.60 90 6.61 80
— s — — — — — — 6.07 <10
595 ww o — 5.79 14 — — 5.72 <10
5.60 vw — — 5.50 22 5.52 16 — —
54 ww — — — — — — — —
5.2 VW 5.2 VW 5.25 36 524 25 — —
4.9 w—i — — 5.05 40 5.06 100 5.07 100
— — 4.82 VW 4.82 34 4.79 15 4.80 <10
— s — — 4.65 10 4.63 25 4.62 <10
=— — — — 4.53 12 — — — —
— — — — 4.41 16 4.41 49 4.42 40
— — — — 4.26 11 4.25 27 4.23 <10
4.1 w—i 4.11 i 4.06 42 4.05 23 4.00 20
393 w-i 3.91 w 3.90 32 3.90 24 3.88 <10
378w 3.72 VW 3.75 32 3.79 50 3.78 80be
3.66 vw — — — — — — — —
355 ww — — 3.52 30 3.53 85 3.53 100
350 w — — 3.46 34 3.48 35 3.48 80
— — 34 VW 3.36 5 3.41 9 — —
330 wvw — — — —— — — — —
— — — — 3.23 8 3.23 29 3.23 20
305 w 3.14 VW 3.035 21 — — — —
3.00 wvw — 2986 20 3.000 48 2.99 90b
— — — — 2.870 4 2.857 9 — —
283 w — — 2.812 20 2.812 26 2.81 40
s — — — 2.764 8 2.760 11 2.75 40
— — — — 2.688 16 2.684 34 2.70 60
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E.W.Forbes Collection'
Lump pigment. Freer

Sample VI*© Sample VI>© 1966 Sample® Roberson 1910—-1920° Gallery of Art

d(d) I d(d) I d(d) 1 d(d) 1 d(d) 1
— — — — — — —— — 2.66 30
— — — — 2.587 8 2.589 10 — —
- — — — 2.527 5 — — 2.55 30
— — — — 2474 11 2473 17 2.47 70
— — — — 2.411 6 — — — —
— — — — 2.325 6 2324 11 2.33 50
— — — — — e — — 2.29 20
— — — — — - — — 2.21 40b
— — — — 2.120 6 — — 2.12 30
— — — — 2.077 5 2072 12 2.08 40b
— — — - — — — — 2.03 30b
— — 1.98 w 1.956 5 1.955 5 1.96 50b
— — — — 1.888 5 — = — —
—_ — — — 1.845 5 — — — —

a. Guinier-DeWolff, copper tube, no filter, 10-hour exposure, 35 KV, 17 ma.
b. Debye-Scherrer, copper tube, Ni filter, 20-hour exposure, 30 KV, 15 ma.

c. See Table | for description of sample.

d. Phillips Diffractometer, Mellon Institute, Research Center on the Materials of the Artist and Conservator, Pittsburgh.

Indian yellow 1966 sample (Pollack, 1971).

e. Phillips Diffractometer, Mellon Institute, Research Center on the Materials of the Artist and Conservator, Pittsburgh.

Indian yellow Roberson 1910-1920 sample (Pollack, 1971).

f. Data kindly provided by E. W. FitzHugh, Freer Gallery of Art, Washington, Film F1841. Debye-Sche:rer technique,

114.6 mm Gandolfi camera. (4 additional lines below 1.81A)

g. Visual estimates of intensity: vw, very weak ; w, weak ; w—i, weak-intermediate; i, intermediate; b, broad line.

bonyl absorption region remained complex, a
principal absorption band was now discernible
at 5.7 microns (1750 cm™!), characteristic of a
free carboxylic acid. Apparently the glucuronic
acid moiety is not readily hydrolyzed by warm
HCl.

Drying of the KBr pellet at 105°C slightly
improved the spectrum quality. Reduction of
the concentration of Indian yellow in the pig-
ment below 0.4 mg pigment/100 mg KBrledtoa
considerable loss of spectral detail. At 0.1 mg
sample/100 mg KBr virtually no details of the
spectrum were recognizable.

The high resolution (2 cm™ ') Fourier trans-
form infrared spectrum (Low and Baer, 1977)
reveals no major new structural details.

5.33 Spectrochemical Analysis. Arc-
excited emission spectra were obtained for
samples II1-VI with a Jarrell Ash 21" Grating
Spectrograph. The true Indian yellow specimens
(Samples III, V, and VI) gave good magnesium
spectra with traces of calcium. As was expected,
the aluminum lake (Sample I'V) gave only strong
aluminum lines. In a separate analysis, Hodge
(1971) observed magnesium (major), silicon,
calcium (1,000 ppm), and sodium in a specimen
kindly supplied by Winsor & Newton.
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5.34 X-radiography. In ordinary x-
radiographs, the pigment can be expected to
exhibit very low density. Fig. ID shows a radio-
graph of an Indian miniature taken with Kodak
Type M Industrial x-ray film, a 60-second
exposure at 5 MA and 30 KV. Whereas paints
that contain heavy metal elements show clearly
in the radiograph, paints containing Indian
yellow are highly transparent.

5.35 Ultraviolet Fluorescence. Feller
(1968) (fig. 2) reported details of the spectral
distribution curve of the fluorescence, indicating
that the strongest emission is stimulated by 435
nm radiation. Nevertheless, fluorescence can be
conveniently observed by use of a long wave-
length ultraviolet lamp (365 nm). The results of
the examination of a number of specimens under
the usual ultraviolet lamp are presented in table
3. The modern imitation did not give the typical
yellow fluorescence of true Indian yellow. If
necessary, the spectral excitation and emission
characteristics can be used to distinguish genu-
ine Indian yellow from modern fluorescent dyes.

The examination of a series of Indian minia-
tures of known provenance, all more than 100
years old, demonstrated the liberal use of the
pigment in areas of yellow, green, and orange



(see 2.4 and 6.0). Modern miniatures are re-
markable for the absence of the characteristic
fluorescence associated with Indian yellow.
Thus, examination with an ultraviolet hand
lamp provides a convenient method for dis-
tinguishing potentially genuine older works
from possible modern ones (FitzHugh, private
communication). Fig. 1B shows the typical
appearance of Indian yellow under an ultra-
violet lamp, the bright yellow areas indicating
the pigment.

5.4 Criteria for Positive ldentification.
As a mixture of materials, Indian yellow can be
expected to vary slightly in character from
sample to sample. The following four character-
istics would make the identification highly prob-
able: a) yellow pigment that fluoresces yellow-
to-orange under long wavelength ultraviolet

Fig. 9. Infrared spectra of Indian yellows.

A. Roberson, 1914 sample, Edward W. Forbes
Collection. B. From ball supplied by Winsor &
Newton. Upper curve plotted against linear
wavelength; lower curve is linear in wavenumber.

light; b) particles of intense yellow color when
examined microscopically under plane polar-
ized light; c) highly birefringent particles of a
refractive index about 1.67, yellow in transmit-
ted light and yellow-to-green under crossed
polars, showing olive hues in the thicker par-
ticles, usually rather coarse in particle size and
irregular-to-prismatic in shape exhibiting paral-
lel extinction and positive elongation (samples
from Indian paintings do not show such par-
ticles); d) all yellow particles should dissolve in
dilute mineral acids. The above characteristics,
accompanied by an infrared curve similar to that
in fig. 9, may be considered to provide positive
identification. The last is the most conclusive
objective evidence available through normal
analytical methods.

Although not necessarily present in every
sample, the occurrence of highly birefringent
colorless materials, particularly rosette-shaped
concretions, would provide supplementary sup-
porting evidence, as would a test for magnesium
and an appropriate x-ray diffraction pattern.
Excitation and fluorescence spectra would pro-
vide strong supporting evidence, while the de-
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tection of euxanthic acid by chromatography or
the preparation of suitable derivatives would
provide excellent additional evidence.

6.0 NOTABLE OCCURRENCES

Kiihn (1969) cites two examples of the use of
Indian yellow in nineteenth-century paintings
(Ernst Willers, Hain bei Aniccia im Abendlicht,
1873; August Wolf, Madonna after Giovanni
Bellini, 1873). His reference (Kiihn, 1968) to the
occurrence of the pigment in 4 Woman
Weighing Gold, painted c. 1662-1663 by Jan
Vermeer, has subsequently been found er-
roneous, complicated by the unusually small
sample available at the time (Feller, 1976,
unpublished results).

Carlson and Krill (1978) tentatively identified
Indian yellow in a Reeves and Inwood box
of nineteenth-century watercolors in the
Winterthur collection. Weston (1977, p. 70,
Table 11, R4) reported an investigation of a box
of watercolors owned by Winslow Homer con-
taining the commercial pigments of Winsor &
Newton. The yellow, analyzed by emission
spectroscopy is listed as ‘‘organic possibly
Indian yellow or gamboge.” The yellow in the
watercolor box of Winslow Homer has been
identified (Newman, et al., 1980) as Indian
yellow using Debye-Scherrer x-ray diffraction
and microscopy.

SOUTH ASTAN PAINTINGS on paper from
the Freer Gallery of Art, Washington

Artist or School

Title, Date Method of
Accession No. Identification
Mughal, Indo-Persian UV, Opt.,
A Shahnamah MS, Micr.,
late 16th—early 17th XRD*
century 07.276

Mughal UV, Opt.
Mongol Chieftain with

Attendants

c. 1600 52.2

Agra UV, Opt.
The Beloved and the Confidant

from a Rasikapriya MS

1617 31.5

Agra UV, Opt.

The Lover Receiving a Message
from a Rasikapriya MS
1617 31.6
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Mughal, School of Jahangir UV, Opt.
Love Scene

1605-1627 29.80

Mughal, School of Jahangir, by UV, Opt.,
Hashim Micr.,
Portrait of Khan Khanan XRD*
17th century  39.50a

Mughal, School of Jahangir, by ~ UV, Opt.
Ab’ul Hasan

Jahangir Standing on a Low

Dais

17th century 48.28

Jaipur UV, Opt.,
Scenes from the Micr.,
Markandeya Purana XRD*
1799 07.602

Late Mughal UV, Opt.
A Ruler Seated on a Terrace

19th century  07.261

Late Mughal, same artist as UV, Opt.,
07.261 Micr.,

A Prince with an Attendant XRD*
19th century  07.621

Nepalese (?) UV, Opt.,
Portrait of a Maharajah Micr.
19th century 07.218

Burmese or Siamese (?) UV, Opt.

Figure of a Man with a Sword
19th century  07.225

Analyst, Elisabeth West FitzHugh.

XRD* = x-ray diffraction; UV = ultraviolet light; Opt. =
optical properties; Micr. = chemical microscopy.

*X-ray diffraction did not supply confirmation of the
presence of Indian yellow. It did support microscopic
evidence of the presence of pigments which were mixed with
Indian yellow : lead white (07.276 and 07.602), vermilion in
a brown area (39.50a), and red lead in an orange area
(07.621).
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Cobalt Yellow (Aureolin)

MAURA CORNMAN

NOMENCLATURE IN VARIOUS
LANGUAGES

English: cobalt yellow (aureolin)
German: Kobaltgelb (Aureolin)
Russian: KOOQJIBTUHUTPUT KaJus
French: jaune de cobalt (aureolin)
Italian: giallo di cobalto

Spanish: amarillo de cobalto

1.0INTRODUCTION

Cobalt yellow, or aureolin, was introduced as an
artists’ pigment in 1851 and enjoyed popularity
in the late nineteenth century; today it finds only
limited use in the artist’s palette. The name is
derived from the Latin aureus, meaning golden.
Chemically, this synthetic inorganic yellow
compound is based on the precipitation of
potassium  cobaltinitrite, K;[Co(NO,),]
(Durrant and Durrant, 1970; Parkes, 1967).
Almost everyone who has taken an elementary
chemistry course will recall the yellow precipi-
tate formed as a test for potassium.

Because of its moderate refractive index and
its chemical properties, cobalt yellow has been
more important in watercolor than in oil
mediums. In modern usage, either of the terms
aureolin or cobalt yellow may be used to de-
signate the pigment. In the Colour Index (1971) it
is listed as Pigment Yellow 40, No. 77357.

MAURA CORNMAN, assistant professor of art history
and associate curator of conservation, University of
Missouri, Columbia.

2.0 HISTORY

2.1 Archaic, Obsolete, and
Misrepresentative Names

Almost from the outset of its use as a painting
material and extending to modern times, aure-
olin has also been sold under the misnomer
jaune indien (Gentele’s Lehrbuch, 1909;
Mierzinski, 1881) or Indian yellow (Bersch,
1901 ; Hofmann and Burger, 1907; Kittel, 1960).
Although vaguely similar in hue, the organic
colorant Indian yellow is distinctively different
both optically and chemically from cobalt
yellow (see chapter on Indian Yellow).
Coflignier (1924) used the term aurocoline.

2.2 History of Use
Cobalt yellow was first synthesized by N. W.
Fischer (1831) at Breslau during his investi-
gation of nitrite salts. In his 1831 publication he
mentioned that potassium nitrite combined with
many metal nitrites, including cobalt nitrite, to
form what were then considered to be “double
salts,” but he did not describe specific com-
pounds until 1848. Apparently unaware of
Fischer’s work, Saint-Evre (1851, 1852) re-
discovered the pigment in Paris. Thus, while
credit for its invention has been assigned to
Fischer — the pigment frequently being called
Fischer’s Salt (Colour Index 1971; Erdmann,
1866; Sadtler, 1870) — the introduction of
cobalt yellow into the art world is accredited to
Saint-Evre (1851) (Mayer, 1948). We find the
pigment associated with his name in Tschelnitz’s
(1857) contemporaneous text. According to
Winsor & Newton (1910) cobalt yellow was
introduced in England by T. Salter in 1860.
Following the discovery of Fischer’s Salt the
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determination of its chemical formula was the
object of considerable investigation, most no-
tably by Stromeyer (1855), Erdmann (1866),
Braun (1868), Sadtler (1870), and Rosenheim
and Koppel (1898). In addition to the interest in
the compound as an artists’ pigment, its for-
mation by reaction with potassium nitrite was
early suggested for the detection of potassium
and cobaltous ions; the reaction could also be
used to separate cobalt from other metals,
especially nickel (Adie and Wood, 1900;
Bowser, 1909, 1910; Bray, 1909; Burgess and
Kamm, 1912; Cunningham and Perkin, 1909;
Drushel, 1908 ; Erdmann, 1866; Fischer, 1848;
Fresenius, 1909; Rose, 1860; Rosenheim and
Koppel, 1898).

Cobalt yellow is said to have been popularized
as a pigment by the watercolorist Aaron Penley
(Gettens and Stout, 1966, p. 110) and by the
Leipzig artist Arthur Miihlberg (Wehlte, 1967,
p. 105). It was among the pigments investigated
and shown to be satisfactory by Russell and
Abney in their 1888 work on the lightfastness
of watercolors; at the time it apparently was
a moderately popular pigment (Brommelle,
1964).

Partly owing to its high cost of production,
and also to the availability of superior yellow
pigments, aureolin was in vogue only a short
time (Blythe, private communication, 1975;
Eibner, 1909 ; Gettens and Stout, 1966; Wehlte,
1967; Bersch, 1905). Currently many better and
less expensive yellows are available, with the
result that colbalt yellow is only rarely found in
modern colormen’s catalogues. Although the
compound has uses for the painting of glass and
porcelain, where it yields a blue color on firing
owing to the presence of cobalt (Colour Index,
1971; Kittel, 1960), it remains essentially a
pigment for watercolor.

2.3 Terminal Date

The pigment is still available today, manufac-
tured by Blythe Colours Ltd., Stoke-on-Trent,
England.

3.0GENERALPIGMENT PROPERTIES

3.1 Color and Spectral Reflectance

Spectral reflectance curves of the pigment in oil
and in watercolor mediums are shown in fig. 1.
Based on these samples, the 1scC-NBS color name
for aureolin in watercolor is brilliant yellow
(Munsell designation 6Y/8.4/10.9); when the
compound is mixed with titanium white in oil,
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Fig. 1. Spectral reflectance curves for cobalt yellow in
oil and aqueous glue.

the color name is strong yellow (Munsell de-
signation 3Y/7.2/10). These names are also the
hue designations given in Mairz and Paul (Kelly
and Judd, 1976). According to Saint-Evre
(1851), the pigment corresponds to the yellow in
Chevreul’s first circle of chromaticity.

A primrose or more greenish shade is said to
have been introduced by Winsor & Newton in
1889 (Gettens and Stout, 1966, p. 110). Standage
(1896) states “with cobalt blue and rose mad-
der it forms exceedingly pure and transparent
aerial greys.”

3.2 Hiding Power and Tinting Strength
The pigment possesses only a moderately high
refractive index, 1.72 to 1.76, a value similar to
that of emerald green (copper aceto-arsenite)
and blue verditer (Gettens and Stout, 1966). Asa
consequence of its relative transparency in oil
mediums cobalt yellow is most useful when
employed in watercolor, although it can also
serve as a glaze in oil.

3.3 Permanence

The permanence of the pigment has been subject
to question ever since aureolin’s introduction as
an artists’ material. Experimentation over the
years has indicated that cobalt yellow is given



to apparently capricious reactions. Thus, the
evidence in the literature concerning its per-
manence is contradictory — some reports sug-
gest that it is extremely stable while others
indicate that it may turn brown on exposure or
contribute to the degradation of admixed or-
ganic pigments. An inconclusive picture re-
mains, and cobalt yellow’s replacement by more
reliable and less expensive pigments has all but
eliminated interest in further investigation of its
properties and value as an artists’ colorant.

Most of the older literature published con-
cerning cobalt yellow’s permanence refers to its
stability in watercolor, implying thatits use in oil
paints was not considered a major application.
Several writers state flatly that the compound is
not a desirable oil pigment. Martin Fischer
(1930) unequivocably declared that it should not
be a part of the oil painter’s palette. Laurie
(1926) said that if too much oil is used the
pigment will go brown. Ordinarily in the evalua-
tions described, little or no reference is made to
the process by which the particular pigment
discussed was prepared; hence, there is little
documentation concerning the possible pre-
sence of impurities and their effect on the com-
pound’s stability. It seems likely that impurities,
present because of poor washing for example,
would contribute to the inferior performance
reported by some experimenters (Toch, 1911).

The pigment is said to be unaffected by
atmospheric action (Bersch, 1905; Blythe, pri-
vate communication, 1975) and resistant to
hydrogen sulfide attack (Saint-Evre, 1852;
Toch, 1911), although suspensions of it in water
are slowly attacked by the gas (Church, 1915,
p-169; Mellor, 1928; Stromeyer, 1855). It is
sensitive to heat (Colour Index, 1971; Eibner,
1909 ; Mellor, 1928; Stromeyer, 1855), decom-
posing at 200°C to give cobalt oxide; hence, the
pigment cannot be used in an enamel. It can,
as the manufacturer suggests, be used in
temperature-indicating paints. Cobalt yellow is
not limefast (Eibner, 1909) and is consequently
unsuitable for fresco.

From all reports, cobalt yellow is lightfast in
most mediums and considered to be a per-
manent pigment in watercolor (Laurie, 1926).
The account published by Russell and Abney in
1888 spoke highly of the compound; their
specimen faded only very slowly (Brommelle,
1964). There is some indication that the pigment
may decompose over time (Rose, 1860), but no
modern studies have investigated the question.

While reports of the stability of cobalt yellow
have varied somewhat through the years, today
it is generally considered to be a relatively
unstable pigment, particularly in its reactivity
toward organic substances. Standage (1896)
cautioned against the use of a steel spatula in
blending cobalt yellow with another pigment,
especially when the latter is impure. Such an
action, he felt, might cause the reduction of
cobalt yellow by the metal and thus accelerate its
deterioration.

3.4 Compatibility

Aureolin appears to blend well with other
inorganic pigments, but mixing it with organic
colorants may prove disastrous. Winsor &
Newton caution against its use with traditional
organic pigments. The compound is known to
accelerate the decomposition of such pigments
as indigo, cochineal, and many lakes. In the
process, cobalt yellow itself turns brown
(Gettensand Stout, 1966; Toch, 1911 ; Winsor &
Newton, 1910). The reaction with indigo was
noted by Standage (1896): “Indigo is oxidized
. . . by admixture with it, the yellow of the
aureolin becoming brown.” In watercolor,
where the relative concentration of vehicle
would be at a minimum, the pigment apparently
is quite stable. In 1910 Blockx stated that he
had been experimenting with cobalt yellow since
1879 and that several specimens in his posses-
sion had been exposed to air and summer sun for
seven years and had “perfectly stood this severe
test.”

3.5 Chemical properties

While the results of testing are often disputed,
the pigment appears indeed to be a relatively
reactive substance on the basis of its reported
chemical properties. It is only slightly soluble in
water, 0.89 g/1 at 17°C, whereas the correspond-
ing sodium salt is readily soluble (Mellor, 1928).
It is also sparingly soluble in alcohol, ether, and
carbon disulfide (Saint-Evre, 1851). At 25°C the
solubility in alcohol is about one-tenth that in
water, 0.026 g/1 in alcohol versus 0.21 g/1 in
water (Pierrat, 1921).

Decomposition of cobalt yellow in boiling
water, with the evolution of nitric oxide fumes,
leaves an alkaline, rose-red colored liquid
(Mellor, 1928; Saint-Evre, 1851; Stromeyer,
1855). While the pigment resists the action of
H,S, ammonium and sodium sulfide cause
immediate decomposition yielding a black resi-
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due (Mellor, 1928; Laurie, 1930). Cobalt yellow
is decomposed by concentrated nitric acid and
by both dilute and concentrated bases; the latter
turn the remaining substance dark (Kittel, 1960;
Laurie, 1930; Saint-Evre, 1851). When warmed
with dilute nitric or hydrochloric acid, the
pigment dissolves, producing a pink-colored
solution.

3.6 Oil Absorption and Grinding
Qualities

As an oil color, the pigment requires 6 parts oil

to 4 parts dry powder for mixing and grinding

(Uebele, 1913). The manufacturer states that

severe grinding will cause the pigment to darken

(Blythe, private communication, 1975).

3.7 Toxicity

The toxicity of cobalt salts ingested by mouth
is low, although soluble nitrites ingested in
large amounts by mouth are extremely toxic.
Repeated small doses cause rapid pulse, fall in
blood pressure, headache, and visual distur-
bances. Principal results are from experiments
on animals, however, and no information with
respect to humans is considered valid (Sax,
1963). If handled with care, this relatively in-
soluble salt should be reasonably safe; ingestion
should be regarded as requiring medical advice
and attention.

4.0COMPOSITION

4.1 Chemical Composition

From the time of cobalt yellow’s discovery, its
composition has been in dispute. The accepted
formula for the salt is K;[Co(NO,),], with a
degree of hydration considered to vary from 0 to
4 molecules of water, depending on the con-
centrations of the solutions used (Church, 1915;
Rosenheim and Koppel, 1898; Sadtler, 1870).
X-ray powder diffraction work by van Driel and
Verweel (1936) showed the anhydrous salt to
have a cubic unit cell containing four
K;Co(NO,),. Ferrari et al. (1955) determined
the unit cell edge a to be 10.505 A. The Adie and
Wood method of preparation, as noted by
Church (1915), produces an especially brilliant
yellow precipitate having the formula
K,Na[Co(NO,),] (Adie and Wood, 1900;
Kittel, 1960). Blythe Colours (private com-
munication, 1975) states that this is the formula
of the substance now being marketed. From the
limited information available, it appears that
this compound is at least equal in pigmentary
properties to the tripotassium salt and may even
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Fig. 2. Regular octahedral coordination of Co (I11I)
by six NO, groups in the complex anion of cobalt
yellow [Co(NO,),] 3.

oe superior because it is less soluble (Adie and
Wood, 1900; Church, 1915).

These and related salts may be considered
derivatives of the complex acid, H;Co(NO,),
(Kittel, 1960). X-ray crystallographic measure-
ments demonstrate that the molecule is stabi-
lized by the formation of the complex anion
[Co(NO,)¢] 3, in which six nitro groups are
coordinated about the central Co (I11) ion at the
vertices of a regular octahedron, as shown
schematically in fig. 2. Thus the earlier concept
of potassium cobaltinitrite as a double salt was
erroneous. The six Co-N bond lengths are
identical, 2.04 A, and the bond lengths within
the NO, groupsare N-O =1.11 A and 0-O =
2,10 A (Bailar et al., 1973; van Driel and
Verweel, 1936; Durrant and Durrant, 1970).

Hexanitrocobaltates of this structure are
strong oxidizing agents, tending to revert to the
more stable cobalt (IT) forms. Hence, we expect
and indeed find that this complex is reactive with
many substances. The distinctive yellow color
of the potassium compound and other cobalti-
nitrites, compared with the perhaps more
familiar reds, pinks, or blues of other cobalt
compounds, is the result of the octahedral
coordination.

4.2 Sources

There is currently only one manufacturer of the
pigment, Blythe Colours Ltd., Stoke-on-Trent,
England.
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Fig. 3. Photomicrographs of (A) typical
rhombohedral-type cobalt yellow, and (B) dendritic

4.3 Preparation

The pigment is principally produced by the
acidification of solutions of cobaltous salts with
acetic acid, followed by mixing with a con-
centrated solution of potassium nitrite. Cobalt
yellow then slowly precipitates as a yellow
crystalline mass (Bearn, 1923; Gentele’s
Lehrbuch, 1909; Kittel, 1960; Rose, 1860).

Developed by Hayes, another method of
production directs the vapors of nitric acid,
derived from its action on copper, into a solution
containing cobalt nitrate and potassium, the
latter preferably present as the hydroxide or
acetate (Gentele’s Lehrbuch, 1909; Mierzinski,
1881). Itis necessary to add further potassium to
the mixture from time to time until no additional
precipitation occurs.

More recent than either of the above-
mentioned methods is one probably first used by
DeKoninck as a means of detecting potassium,
and later published by Adie and Wood (1900)
(Bowser, 1909). The yellow salt is precipitated
by mixing solutions of a potassium salt and
sodium cobaltinitrite, acidified with acetic acid.
However, there are some problems with this
method, because the relative concentrations of
the solutions are critical to the salt’s formation.
If the potassium is in great abundance, the
tripotassium salt is formed, but if the sodium
cobaltinitrite is in excess, the dipotassium
monosodium salt is formed. The latter is con-
sidered by the current manufacturer to be the

g, A

variety. Sample in mounting medium of refractive
index 1.53, with substage shadowing. 450x.

salt produced (Blythe, private communication,
1975). However, atomic absorption analysis for
sodium does not confirm this composition (see
5.33).

Following its preparation by any of the above
procedures, the salt must be thoroughly washed
to achieve maximum stability (Weber, 1923).

4.4 Adulteration and Sophistication
Owing to its translucent quality, cobalt yellow is
often adulterated to give better hiding power
and to enrich the hue. The most frequent adul-
terants are chrome and cadmium yellows
(Church, 1915; Gentele's Lehrbuch, 1909;
Standage, 1896). A simple means for the de-
tection of adulterants is to place a sample in a
crucible with sulfuric acid, and to heat until the
acid evaporates; if the sample is free of barium
and lead contaminants, no residue will be seen
when water is added to the crucible (Gentele’s
Lehrbuch, 1909). Another simple test involves
mixing the sample with alcohol and adding a few
drops of ammonia; if the pigment contains
chromate, the liquid will turn orange or yellow
(Church, 1915).

5.0 IDENTIFICATION

5.1 Characterization by Optical
Microscopy

Cobalt yellow crystals, although belonging to

the cubic system, appear as rhombs or diamond

shapes terminated with four triangular facets

(see fig. 3) (Gibbs, 1874; Mellor, 1928; Saint-
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Fig. 4. Scanning electron micrograph of well-formed
rhombs of cobalt yellow. 2500x. Compare with fig.
3A to see the appearance of these same particles
under an optical microscope.

Fig. 5. Photomicrograph of a variety of commercial
aureolin having high concentrations of dendritic
particles. Samples in mounting medium of refractive
index 1.52, with substage shadowing. 650x.
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Evre, 1852). Fig. 4 shows the appearance of
these well-formed rhombs under the scanning
electron microscope. Being cubic (Bailar et al.,
1973), the crystals have the distinction of being
one of the few isotropic inorganic pigments.
Therefore, the polarizing microscope can fre-
quently provide an immediate indication of the
presence of true cobalt yellow rather than one of
its birefringent substitutes (Gettens and Stout,
1966).

Occasionally, particles of dendrite fragments
can be seen under the microscope, which pro-
vides further indirect evidence that the pigment
is cobalt yellow. The photomicrograph in fig. 5
indicates the appearance of one commercial
product that was dendritic in character.

5.2 Chemical Identification

The presence of cobalt can be demonstrated by
means of several spot tests, two of which deserve
particular mention, one employing a-nitroso- -
naphthol and the other, rubeanic acid reagent
(Plesters, 1956; Feigl, 1958). The procedure
using the latter is as follows: the sample is heated
in a porcelain crucible to burn off the organic
matter, and while still warm the residue is
treated with dilute HCl or HNO,. A spot of this
solution on filter paper is placed over a beaker
containing ammonium hydroxide, and a drop of
1% solution of rubeanic acid in ethanol is added.
The development of an orange-brown color-
ation indicates the presence of Co*™. It is advis-
able to run a control test with a known sample of
cobalt yellow.
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Fig. 6. X-ray diffractometer trace of cobalt yellow
using Cu K, radiation. The d-spacing in A
corresponding to the diffraction peaks is shown
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Fig. 7. X-ray powder diffraction pattern of
commercial cobalt yellow pigment (Blythe Colours,

Ltd.). Photograph not to be used for measurement
purposes.
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Fig. 8. Infrared absorption spectrum of typical cobalt yellow pigment.

A blue glass bead is formed when a sample
is heated with borax on a platinum wire
(Stromeyer, 1855; Weber, 1923).

5.3 Instrumental Methods of Analysis

5.31 X-ray Diffraction. Fig. 6 contains a
diffractometer trace of Blythe cobalt yellow. The
reported d-spacings appear in table 1. The

Debye-Scherrer powder diffraction pattern of a
representative sample appears in fig. 7.

5.32 Infrared Spectroscopy. The infrared
spectrum of cobalt yellow, shown in fig. 8, has
several sharp, distinctive absorption bands, in
particular two at about 1337 and 1398 cm™!,
followed by a somewhat weaker one at 832
cm !. This pattern has been verified on samples
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Table 1. X-RAY DIFFRACTION DATA
FOR POTASSIUM NITROCOBALTATE
(IIT) (POTASSIUM COBALTINITRITE,
CUBIC), K,Co(NO,),? (Diffractometric Data,
CuKa, = 1.5405 A)

d(4) I
6.07 30
5.257 35
3.718 60
3.035 25
2.628 100
2.412 14
2.352 45
2.1464 75
2.0234 16
1.8585 18
1.6622 20
1.4576 12
1.4046 30
1.3145 12
1.2390 10
1.1752 16
1.1204 20

45cpps Powder Diffraction File, 9-404. Courtesy of JcPDS
International Centre for Diffraction Data (1982).

acquired from three artists’ supply houses.
Similar bands, at 1430, 1335, and 847cm™ !, have
been reported for the trisodium salt by Miller
and Wilkins (1952).

Minor absorption bands appear at 1632,
2660, and 2720 cm™ ! in the spectrum of the
pigment. The absorption at about 3450 cm™ ! is
probably due to hygroscopic water. Miller and
Wilkins (1952) report corresponding bands for
the sodium salt at 1645, 2665, 2780, and 3450
cm™ ! respectively.

5.33 Spectrochemical Analysis. The pro-
minent lines of sodium at 5889.9 and 5895.9 A,
potassium at 7664.9 and 7698.9 A, and cobalt at
3453.5, 3465.8, and 3529.8 A were observed in
the test samples of modern cobalt yellow burned
in a direct current arc.

Atomic absorption analysis gave the follow-
ing values: potassium 24.54, cobalt 13.89, so-
dium 0.93%. which may be compared with the
respective values 25.93, 13.63, 0% for anhy-
drous K,;Co(NO,), (courtesy, E. S. Hodge,
Carnegie-Mellon University, Pittsburgh). This
was an unexpected result because the current
suppliers believed to the best of their under-
standing that they were preparing the mono-
sodium-dipotassium salt (Blythe, private com-
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munication, 1975). The detection limits are
approximately 0.1, 1.0, and 0.01 ppm, respec-
tively, for potassium, cobalt, and sodium.

Small amounts of cobalt yellow might be
difficult to detect when mixed with lead white or
barite because of the high x-ray absorption of
lead and barium. In addition, one of the two
strongest lines of cobalt yellow superimposes
on the strongest line of each of these white
pigments.

5.4 Criteria for Certain Identification
The identification of isotropic yellow particles
with a refractive index between 1.72 and 1.76
provides a reasonably good indication of co'alt
yellow. X-ray diffraction or infrared spectro-
scopy must also be used, particularly if the
particles are too small for optical study. Either
of the two latter techniques can show that the
pigment is a cobaltinitrite, but some form of
elemental analysis, such as emission spectro-
scopy, is required to establish the presence of
potassium and/or sodium. If the infrared bands
are weak because of contaminants or diluents, it
may not be possible to distinguish cobalt yellow
positively from potassium and sodium nitrate or
nitrite.

Positive identification of cobalt yellow, es-
pecially distinguishing the tripotassium from the
dipotassium-sodium cobaltinitrite, is best ac-
complished through a combination of x-ray
diffraction to identify the basic compound pre-
sent and elemental analysis to identify cobalt
and the alkali metals.

6.0 NOTABLE OCCURRENCES

We have been able to find only one technically
documented occurrence of cobalt yellow, that
reported by Kithn (1969) in a work by August
Wolf painted between 1874 and 1880. It is of
interest to note, however, that of the forty-six
watercolor artists who reported the pigments
they used to Russell and Abney (1888), eighteen
reported the use of aureolin. Moreau-Vauthier
(1923) quotes from the artist Dagnan, who says
that he occasionally employed aureolin for
special subjects such as flowers and fruit.

One also finds Huish (1904), in a summary of
the pigments used by thirty-two British water-
color artists of the period 1804 and 1904, report-
ing that half the artists used this yellow.
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Barium Sulfate — Natural and

Synthetic

ROBERTL. FELLER

NOMENCLATURE IN VARIOUS
LANGUAGES

Pigment —

Language Mineral Natural, Synthetic

English  barite barytes, blanc fixe

French barytite, blanc fixe, sulfate de
barytine barium

German Baryt, Barytweiss,
Schwerspath ~ Permanentweiss

Italian  barite sulfato de bario

Spanish barita blanco fijo

Russian  Gaput nanduKce GapuToBasi

cyabpar

1.0INTRODUCTION

For more than one hundred years, barite, the
naturally occurring barium sulfate mineral
(BaSO,), CI Pigment White 22, and the syn-
thetic product CI Pigment White 21 (Colour
Index No. 77120, 1971) have provided the paint
formulator with a reasonably priced white pig-
ment of moderate hiding power. The pulverized
natural mineral is traditionally called barytes in
English-speaking countries; the synthetic pro-
duct, blanc fixe. The natural product was first
suggested as an artists’ pigment about 1782, but
the major introduction of both natural and
synthetic materials into commerce probably
took place in the period 1810 to 1820.

The principal virtues of barium sulfate white
have been its chemical inertness and its non-
poisonous character. The primary uses in the

ROBERT L. FELLER, director of the Research Center on
the Materials of the Artist and Conservator, Mellon
Institute, Carnegie-Mellon University, Pittsburgh.

paint industry have been as an extender for lead
white and as a base for the preparation of lakes.
Barium sulfate presently finds extensive appli-
cation in industrial undercoats, particularly
automotive primers. The primary use of crude
barytes, however, is in oil-drilling muds.

The compound barium sulfate is also en-
countered in paints and colorants known as
“lithopones.”” Lithopone is a white pigment that
is a mixture of zinc sulfide and barium sulfate
made by the following double-decomposition
chemical reaction:

BaS + ZnSO, = ZnS + BaSO,.

There is also a “cadmopone” type based on
coprecipitated CdS and BaSO,. Thus, the in-
vestigator of decorative paints may expect to
encounter BaSO,in three principal types of
white pigment: the natural mineral, the syn-
thetic pure substance, and the synthetically
prepared mixture of BaSO, and ZnS known as
lithopone.

2.0 HISTORY

2.1 Archaic, Obsolete, and Mis-
representative Names

2.11 The Mineral. The names barite (mineral)
and barytes (pigment) are derived from the
Greek word barys meaning “heavy.” It is said
that Agricola described the mineral in the six-
teenth century. Other citations of the period
refer to Lapis Solaris (a name used by
Casciorolus in 1602) and to Lapis Bononiensis
(used by Licetus in 1640). An outline of the early
history of the mineral can be found in Mellor
(1923). Fine examples of barite are shown in
fig. 1.
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Fig. 1. Examples of Barite. The large specimen in the
center is from Marienberg, Saxony. The blocky form
on the right is from Felsobanya, Hungary. Specimens
courtesy the Carnegie Museum of Natural History,

In the eighteenth century Werner gave the
mineral the name Schwerspath (heavy spar), and
Bergman called it Terra ponderosa vitriolata. 1t
was also known as Bolognian spar and spath
pesant. Cauk (or cawk) was the name used by the
Derbyshire miners for the white, opaque ag-
gregates of the mineral familiar to the workers in
those mines since at least 1668 (Percy, 1870). Tiff
was also used, apparently by French-speaking
miners. In the great barite mining area of
Washington County, Missouri, a crossroads
that once marked the village of Tiff still is known
by that name.

The terms baryta and baryta white are en-
countered in the nineteenth-century literature.
Coftignier (1925) mentions baratine and Tyrol
white.

It was Scheele, in 1774, who first identified
barium as a new element occurring in magnesia
nigra (Urdang, 1942). In the early 1800s the
name barytes may have referred to the oxide.
This usage, found in Parkes’ (1816) discussion of
the substance, is apparently the meaning of the
early chemical symbols shown in fig. 2 (Coward,
1927; Caven and Cranston, 1928). For example,
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Carnegie Institute, Pittsburgh. The fine-grained
white specimen on the left is a high-grade white
mineral often used by pigment manufacturers; this
sample is from a German source, probably Meggen.

Fig. 2. Early chemical symbols for barytes taken
from Caven and Cranston (1928). A. After
Hassenfratz and Adet. B. After Dalton. The symbols,
although labeled ““barytes,” probably represented
barium oxide.

the triangular-shaped symbols of Hassenfratz
and Adet, with appropriate letters inside, are
used for silica, alumina, magnesia, and lime as
well as “barytes.”



2.12 The Synthetic Product. Precipitated
(synthetically prepared) barium sulfate is tradi-
tionally referred to as blanc fixe, a name said to
have been proposed by Kuhlman (Coffignier,
1924, p. 87). The early popular names employed
for barium sulfate in artists’ colors were process
white and permanent white. We also find ref-
erences to an ‘“‘elegant and permanent white” for
watercolors sold in London around 1832 under
the name mineral white. At the end of the
nineteenth century, enamel white, schneeweiss,
mineralweiss, and neuweiss were also familiar
names (Mierzinski, 1881). Baryta is an obsolete
term that may have been used both for the
synthetic and the natural substance.

One must be on guard in reading the older
literature because zinc white at times was also
called “permanent white” (Toch, 1911, p. 150).

2.2 History of Use

2.21 Barytes. The history of the use of barite
as an artist’s pigment formally begins in 1782
with Guyton de Morveau’s report of investi-
gations into alternatives to lead white (Harley,
1982). It is true that the natural mineral was
known in the sixteenth and seventeenth cen-
turies, but there is no indication that barium
sulfate was considered a possible pigment until
de Morveau’s investigations. Reference to per-
manent white appeared shortly thereafter in the
sixth edition of Bowles’ Art of Painting in Water-
Colours, printed in 1783 (Harley, 1982). Hence,
the earliest probable date for the introduction of
natural barium sulfate into paints seems to be
17821783, close to that of the early studies on
zinc white by Guyton de Morveau.

The natural mineral was not always available
in a high quality deposit of white mineral, and
because of this, its extensive use in paints
apparently did not begin prior to the early
nineteenth century. The widespread practice of
adulterating lead white with barytes at that time
has been noted by Leuchs; lead white thus
adulterated was called Venice white at 1/1
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