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“The Houshold Cyclopedia” printed in 1881, Henry Hartshorne, M.D.
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Now my beloved, step down from your chariot, and let not your foot,
my lord, touch the Earth. Servants, let there be spread before the house
he never expected to see, where Justice leads him in, a crimson path.

- Aeschylus, from 458BC
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The Bug That Changed History

Jeft Behan

Surprise Valley. July. You're running sweep on the Tapeats/Thunder River/Deer Creek hike.
Conversation at the back of the pack is running something like this: “We’re surprised all right.
We're surprised how hot and dry and stupid it is up here!” Yep, they’re suffering from heat -
frustration, and you're still miles away from the boats at Deer Creek. Resting at the Big Shade
Rock, the glum crunching of a granola bar is the only sound. You think: “I need to divert at-
tention away from blistered feet, achy joints, and sunburns. I need a long, entertaining story””
Tell them the tale of the cochineal insect, a bug that changed world history.

The cochineal is found in many Colorado River side canyons, appearing on prickly pear
cactus pads inside matchhead-sized white fuzzballs. When you find some of these, carefully
pull one off. Go ahead and mash it. The brilliant red insect bodies now staining your fingertips
have been processed by New World cultures for thousands of years, and used to color every-
thing from warriors’ shields to their own bodies. By the 14th century, the Incas and Aztecs
both had whole agricultural systems based on cochineal, and apparently valued the dye as
much as gold.

At the same time in Europe, the best red colorings were made from another insect, a pest of
oak trees called kermes, which was dried, ground up and dissolved in water. Neolithic cave
paintings in France, the Dead Sea Scrolls, and the wrappings of Egyptian mummies were all
tinted with this dye. Compared to cochineal however, kermes tints look dull and faded. So
when Cortes invaded Mexico in 1519, he was amazed to find Montezuma and other nobles
dressed in robes dyed a brilliant, vivid red. He was also amazed to see the native women’s
hands and breasts painted the same intense color. In Tenochtitlan (now Mexico City) he found
bags of dried cochineal sent as tribute to Montezuma, which were promptly shipped back to
Spain. The dye was so much brighter than kermes it was almost instantly in high demand. By
1600, cochineal was second only to silver as the most valuable import from Mexico.

Around 1630, it was discovered that treating cochineal with an acidic tin solution made it bind
much better to fabric and even brighter in color, the first scarlet as we now know it. Because of
its expense and scarcity, scarlet cloth quickly became associated with money and power. Ro-
man Catholic Card Cardinals robes were made from it as were the jackets of the British mili-
tary. :

The Revolutionary War in which American colonists fought against these “Redcoats” was
brought on not only by British taxes on tea, but also by heavy taxes on cochineal, which could

easily have been imported directly from Mexico by the Colonies.

In addition to dye for fabric, cochineal became widely used as a food coloring. Cakes, cook-
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ies, beverages, jam, jelly, ice cream, sausages, pies, dried fish, yogurt, cider, maraschino cher-
ries and tomato products were brightened with it as were chewing gum, pills and cough drops.
Cosmetic rouge was developed with cochineal as the main ingredient. But while ever more
diverse uses were found for cochineal, it’s origin remained a mystery.

Most Europeans thought it was extracted from berries or cereals because the dried insects
looked like grains of wheat. This misconception was promoted by the Spanish, who had
launched a brutal cover-up of the dye making process as soon as they realized cochineal’s
potential. Many New World natives unfortunate enough to have chosen a career in red dye
production were simply put to death. Access to cochineal farms was tightly controlled, but
eventually French and Dutch adventurers succeeded in smuggling out live cactus pads cov-
ered with the insects. Cochineal “ranches” were started in dozens of countries in North Africa,
the Mediterranean and the Caribbean. Prickly pear and cochineal did particularly well in the
Canary Islands where whole farms and vineyards were cleared and converted to cactus planta-
tions. In 1868, the Canaries exported six million pounds of cochineal, equivalent to 420 billion
insects.

This time period proved to be the peak of the cochineal industry as new synthetic dyes in a
variety of fade-resistant colors rapidly superseded it. By the 1880s cochineal production was in
steep decline. A major crisis in Spanish financial markets ensued, as a key 250 year-old indus-
try failed within the span of a couple of decades.

Though not in high demand today, cochineal is used in medical tracers, artists’ paints and
microscopy stains. It is currently the only natural red food coloring authorized by the FDA.
Unfortunately, workers harvesting cochineal now are not much safer than those laboring
under the Spanish 200 years ago. The world’s primary growing area, Peru, is threatened by
ongoing political instability and violence. Conditions are so sketchy that the insects are usually
gathered at night. Revealing where his concerns lay, one cochineal importer noted: * Theres
high mortality in working staff right now, so supplies are a bit tight”

By now, if you've dragged the story out adequately, the boats should be in sight. If so, wrap
up your tale on this note: as food producers continue to switch back to natural colorings, more
and more of the stuff we eat and drink will be dyed with dead bugs. But at least the red color
won t have originated as some awful synthetic brew in a General Foods chemistry lab.
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The Chemistry of Why van Gogh Reds Are Going White

HYPERALLERGIC

NEWS

The Chemistry of Why van Gogh Reds Are Going White

Allison Meier  March 4, 2015

Vincent van Gogh’s reds have been turning white, but the
exact reason why has remained unclear. Research
published last month out of Belgium has identified a rare
lead mineral in his paint as the missing link.

As reported this
week by Matthew
Gunther at the

Vincent van Gogh, “Wheat Stack Under a
Cloudy Sky" (1889) (@ Peter
Horree/Alamy, via RSC)

Royal Society of
Chemistry’s
Chemistry World,

Examining the red lead in a van Gogh a team at the
painting [via Angewandte Chemie)

University of
Antwerp examined
a microscopic sample of van Gogh’s “Wheat Stack Under a Cloudy Sky” (“Heuschober
an einem Regentag”) from 1889 at the Krdller-Miiller Museum using X-ray powder
diffraction tomography, basically focusing beams to reveal crystalline compounds. Van
Gogh loved the vibrant lead pigment colors, and the red in “Wheat Stack” turned out
to contain a rare mineral lead called plumbonacrite that through light exposure was
gradually coated in carbonates that were causing the discoloration. Or, in less science
speak, the paint particles are now like if you had a Gobstopper with the red core inside
and a light blue layer and then gray layer on the outside of the particle mass.

What the team found was described last month in “Plumbonacrite Identified by X-ray
Powder Diffraction Tomography as a Missing Link during Degradation of Red Lead in a
Van Gogh Painting” in Angewandte Chemie, published by the German Chemical
Society. As they note in their abstract: “This is the first reported occurrence of this
compound in a painting dating from before the mid 20th century.” Interestingly, it’s a
different issue than the recent analysis of the fading of red in Renoir’s “Madame Léon
Clapisson” (1883), where the red lake pigment made of cochineal insects was
separating. With van Gogh’s “Roses” (1890) in the National Gallery of Art now
flowering in ivory blooms, and those “Wheat Stacks” once surrounded by flourishes of
red now muted, the continued research on the chemistry of van Gogh’s pigments
could have a wider influence on art conservation. And importantly, it could

influence the way his paintings are displayed in light, knowing that the rare mineral in
the red may fade from the colors the artist originally envisioned.

“Plumbonacrite Identified by X-ray Powder Diffraction Tomography as a Missing Link
during Degradation of Red Lead in a Van Gogh Painting” is available online in Angewandte
Chemie.

https://hyperallergic com/187745/the-chemistry-of-why-van-gogh-reds-are-going-white/
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European sailors throwing African captives slaves overboard during
Middle Passage to the Americas. woodcut, ca. 1750
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No one could see the colour blue until modern
times

KEVIN LORIA

Photo: Ross Gilmore/Getty Images for Unicef

This isn't another story about that dress, or at least, not really.

It’s about the way that humans see the world, and how until we have a way
to describe something, even something so fundamental as a colour, we
may not even notice that it’s there.

Until relatively recently in human history, “blue” didn't exist.

As the delightful Radiolab episode “Colours” describes, ancient languages
didn’t have a word for blue — not Greek, not Chinese, not Japanese, not
Hebrew. And without a word for the colour, there’s evidence that they may
not have seen it at all.

How we realised blue was missing

In the Odyssey, Homer famously describes the “wine-dark sea” But why
“wine-dark” and not deep blue or green?

In 1858, a scholar named William Gladstone, who later became the Prime
Minister of Great Britain, noticed that this wasn't the only strange colour
description. Though the poet spends page after page describing the intri-
cate details of clothing, armour, weaponry, facial features, animals, and
more, his references to colour are strange. Iron and sheep are violet, honey
is green.

So Gladstone decided to count the colour references in the book. And
while black is mentioned almost 200 times and white around 100, other
colours are rare. Red is mentioned fewer than 15 times, and yellow and
green fewer than 10. Gladstone started looking at other ancient Greek
texts, and noticed the same thing — there was never anything described
as “blue.” The word didn’t even exist.
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It seemed the Greeks lived in murky and muddy world, devoid of colour,
mostly black and white and metallic, with occasional flashes of red or
yellow.

Gladstone thought this was perhaps something unique to the Greeks, but
a philologist named Lazarus Geiger followed up on his work and noticed
this was true across cultures.

He studied Icelandic sagas, the Koran, ancient Chinese stories, and an
ancient Hebrew version of the Bible. Of Hindu Vedic hymns, he wrote:
“These hymns, of more than ten thousand lines, are brimming with de-
scriptions of the heavens. Scarcely any subject is evoked more frequently.
The sun and reddening dawn’s play of colour, day and night, cloud and
lightning, the air and ether, all these are unfolded before us, again and
again... but there is one thing no one would ever learn from these ancient
songs... and that is that the sky is blue”

There was no blue.

Geiger looked to see when “blue” started to appear in languages and
found an odd pattern all over the world.

Every language first had a word for black and for white, or dark and light.
The next word for a colour to come into existence — in every language
studied around the world — was red, the colour of blood and wine.

After red, historically, yellow appears, and later, green (though in a couple
of languages, yellow and green switch places). The last of these colours to
appear in every language is blue.

The only ancient culture to develop a word for blue was the Egyptians
— and as it happens, they were also the only culture that had a way to
produce a blue dye.

If you think about it, blue doesn’t appear much in nature — there ar-

en't blue animals, blue eyes are rare, and blue flowers are mostly human
creations. There is, of course, the sky, but is that really blue? As we've seen
from Geiger’s work, even scriptures that contemplate the heavens continu-
ously still don’t necessarily see it as “blue.”

In fact, one researcher that Radiolab spoke with — Guy Deutscher, author
of “Through the Language Glass: Why the World Looks Different in
Other Languages,” tried a casual experiment with that. In theory, one of
children’s first questions is “why is the sky blue?” So he raised his daughter
while being careful to never describe the colour of the sky to her, and then
one day asked her what colour she saw when she looked up.

Alma, Deutscher’s daughter, had no idea. The sky was colorless. Eventual-
ly, she decided it was white, and later on, eventually blue. But it wasn’t the
first thing she saw or gravitated towards, though it is where she settled in
the end.

So before we had a word for it, did people not naturally see
blue?

This part gets a little complicated, because we don’t exactly what
was going through Homer’s brain when he described the wine-dark
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sea and the violet sheep — but we do know that ancient Greeks and
others in the ancient world had the same biology and therefore,
same capability to see colour that we do.

But do you really see something if you don't have a word for it?

A researcher named Jules Davidoff traveled to Namibia to inves-
tigate this, where he conducted an experiment with the Himba
tribe, who speak a language that has no word for blue or distinction
between blue and green.

Vidipedia/Himba colour experiment

Namibian tribe member participates in a research project.

When shown a circle with 11 green squares and one blue, they
couldn’t pick out which one was different from the others — or
those who could see a difference took much longer and made more
mistakes than would make sense to us, who can clearly spot the
blue square.

But the Himba have more words for types of green than we do in
English.

When looking at a circle of green squares with only one slightly
different shade, they could immediately spot the different one. Can

you?

ipedia/Himba Colour Experiment

‘Which square is the outlier?

18



For most of us, that’s harder.

This was the unique square:

Himba Colour Experiment

Davidoff says that without a word for a colour, without a way of
identifying it as different, it's much harder for us to notice what’s
unique about it — even though our eyes are physically seeing the
blocks it in the same way.

So before blue became a common concept, maybe humans saw it.
But it seems they didn't know they were seeing it.

If you see something yet can’t see it, does it exist? Did colours come
into existence over time? Not technically, but our ability to notice
them may have...

For more fascinating information about colours, including informa-
tion on how some “super-seeing” women may see colours in the sky
that most of us have never dreamed of, check out the full Radiolab
episode.

Business Insider Emails & Alerts Email Address
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ON THE DISCOVERY AND HISTORY OF

PRUSSIAN BLUE

Alexander Kraft, Gesimat GmbH, Berlin

Introduction

In the early 18th century Prussian Blue (ferric
hexacyanoferrate(I1)), the first purely synthetic pigment,
was discovered. This new blue pigment was less expen-
sive and more readily available or more easily produced
as compared to ultramarine or other blue pigments which
were in use at the time as a blue color in paintings. Prus-
sian Blue is a very stable compound with the exception of
being labile in alkaline media. The discovery of Prussian
Blue is still enigmatic and has not been well researched.
Today, Prussian Blue is still used as a pigment, but it also
has other applications ranging from electrochromics and
sensors to poison antidotes.

The Conventional Story of the Discovery of
Prussian Blue

Prussian Blue was first mentioned in the scientific lit-
erature in the first issue of the publication of the Royal
Prussian Society of Sciences (Kéniglich Preussische
Sozietit der Wissenschaften) (1) The Miscellanea Bero-
linensia ad incrementum Scientiarum in 1710 (2). (A
German translation of this Latin text was subsequently
published (3)). This first written account of Prussian
Blue was published anonymously (the author was most
probably Johann I.eonhard Frisch as will be discussed
below). This early report revealed almost nothing of the
discovery of Prussian Blue nor did it give a method for
the preparation of the pigment. Rather, it was a kind of

20

advertisement for the new material under the auspices
of the new scientific society, and it was stated that Prus-
sian Blue could be bought from the book dealers of the
society.

The conventional story of the invention of Prussian
Blue was told by Georg Ernst Stahl (1660-1734) (4) in
a book he published in 1731 (5). In this book, published
about 25 years after the discovery of Prussian Blue,
Stahl reported 300 experiments supporting the phlogis-
ton theory of oxidation and combustion. As related by
Stahl (5), the discovery of Prussian Blue (Stahl writes
“Caeruleum Berolinense™) took place in Berlin in the
laboratory of Dippel (“Dippelius™), although no date
was given. Dippel was preparing so-called animal oil
(“oleum animale’) by distillation of animal blood to
which potash (potassium carbonate, or as Stahl writes
“Sale tartari™) was added. Concurrently, a color maker
named Diesbach was working in Dippel’s laboratory.
Diesbach was attempting to produce Florentine lake, a
red pigment based on cochineal red. Usually he did this
by precipitation of an extract of chochineal (produced
by boiling dried cochineal insects with water to extract
the carminic acid) with alum (KAI(SO,), 12H,0), iron
sulfate (“Vitrioli Martialis™), and potash (*“Sale alcalico
Tartari’"). However, having no more potash, he borrowed
some from Dippel that had been used in his animal oil
production. This potash was contaminated with hexa-
cyanoferrate; and therefore the addition of contaminated
potash to the solution, which already contained iron
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sulfate, resulted in a blue precipitate, the Prussian Blue,
instead of the expected red product.

To date, these two reports (2, 5) have been consid-
ered to be the only sources of information on the very
early history of Prussian Blue. However, there exists
a neglected source of information on the first years of
Prussian Blue: the correspondence of Leibniz.
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Figure. First page of the first publication on Prussian
Blue from the Miscellanea Berolinensia ad incrementum
Scientiarum (2)

The Correspondence of Leibniz

Gottfried Wilhelm Leibniz corresponded with an enor-
mous network of people scattered throughout Europe.
This correspondence was conducted in several languages,
mainly in Latin, French, and German (6).

A major additional source on the very early history
of Prussian Blue is a set of letters sent from Johann Le-
onhard Frisch (1666-1743) in Berlin to Gottfried Wilhelm
Leibniz in Hannover (7), which were first published in
a book in 1896 (8). This book contained 37 letters from
Frisch to Leibniz between the end of 1706 and September
19, 1716 (Leibniz died on November 14, 1716), together
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with three responses from Leibniz to Frisch. Thirteen
of these letters from Frisch mention the new pigment
Prussian Blue; and in five letters Diesbach, one of two
inventors indicated by Stahl (5), is mentioned (Frisch
writes his name “Diessbach” or “Dieszbach™). Diesbach
ismentioned in direct connection with the new blue color.
The letters do not state the first name of Diesbach, the
story of the invention of Prussian Blue, or the names of
the inventors.

Johann Leonhard Frisch had been living in Berlin
since 1698. He taught at the Berlin Gymnasium located in
the former Grev Monastery of the Franciscans. Frisch had
been a member of the Berlin Society of Sciences since
1706 (8). In his first letter to Leibniz in which Prussian
Blue is mentioned, written on March 31, 1708, Frisch
informed Leibniz that he had already earned some money
with his blue color. In the second letter that mentions
Prussian Blue, dated April 28, 1708, Frisch stated that
he had made the color better than the original inventor
had done and that the production process was now less
expensive.

In a much later letter of September 14, 1715, how-
ever, Frisch informed Leibniz that he himself was the
inventor. This statement may have been a reaction to an
assertion made to Leibnitz by Diesbach’s father-in-law
Mliiller (at this time residing in Vienna), who claimed to
be the inventor of Prussian Blue. This letter also clari-
fied that the secret of the production of Prussian Blue
was strongly protected and that at this time (in 1715), at
least in Berlin, only Diesbach and Frisch knew how to
make Prussian Blue. (The name of Dippel, the second
possible original inventor, did not appear in the letters
from Frisch to Leibniz).

The name Prussian Blue (“Preussisch-blau™) is used
in one letter dated August 25, 1709 and the name Berlin
Blue (“Berlinisch Blau” or “Berlin Blau™) in two later
letters (from November 9, 1709 and September 2, 1712).
However, in most letters, it was simply called the blue
color (“blaue Farb(e)”). The name of Diesbach appears
for the first time in a letter from September 28, 1709,
which stated that Diesbach had printed an informational
sheet for painters about the blue color.

Diesbach seems to have been active in alchemi-
cal studies as well. Indications of these investigations
appeared in two letters (from September 28, 1709 and
undated, but perhaps from about spring 1710).

In aletter of November 9, 1709, Frisch sent Leibniz
a Latin text about the blue color. In another letter from
January 30, 1710, he told Leibniz that the text “notitia
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caerulei Berolinensis” that Leibniz sent back had been
added to the texts for the Miscellanea. These two letters
most probably refer to the first publication on Prussian
Blue (2). It appears that Frisch was the author of this
publication which had been published anonymously.

The profitable business of selling Prussian Blue was
cause to protect the secret of its preparation. In several
letters to Leibniz Frisch revealed details of his commer-
cial success with selling Prussian Blue. At that time,
Diesbach was producing Prussian Blue while Frisch was
selling it, at least outside Berlin. In aletter dated October
29, 1712, Frisch wrote that he was not able to satisfy the
demand for Prussian Blue. Soon imitation Prussian Blue,
perhaps indigo blue being sold as Prussian Blue, appeared
on the market (letter from August 25, 1709).

Because of the large amount of money Frisch earned
by selling Prussian Blue, he was able to buy land outside
the Spandau Gate of Berlin. He used this land for his
botanical experiments with mulberry trees and other
plants, according to a letter from July 26, 1715. As an
example of his sales, this letter indicated that he sold 100
pounds of Prussian Blue in Paris for 30 thaler per pound
in the year 1714,

Sales of Prussian Blue that were explicitly described
included those to Wolffenbiittel (9) (letters from Septem-
ber 28, 1709 and November 9, 1709), in Paris (letters
from July 26, 1715 and September 19, 1716) and in St.
Petersburg (letter from September 19, 1716). In the last of
these letters, Frisch reported to Leibniz that in Paris two
factories that produced ultramarine (10) (“Outremer™)
had been closed because of the large amounts of Prussian
Blue he delivered to Paris.

Leibniz was obviously somewhat involved in the
sale of Prussian Blue or at least was active in inform-
ing potential customers about this new pigment. Frisch
wrote Leibniz in a letter dated September 2, 1712, that
Bermnoulli (a Swiss mathematician from Basel who cor-
responded with I.eibniz, see below) could purchase his
half pound of Prussian Blue in Leipzig from Gleditsch
for 15 thaler.

The only use of Prussian Blue reported in these
letters is as a blue pigment for painters. The letter of
September 28, 1709 reported that (Christoph Joseph)
Werner (11), a Swiss painter in Berlin, had used the blue
color for along time and that he had sent it to other paint-
ers in quantity (8). Recently, Bartoll et al. (12) showed
in an investigation of paintings from the collection of
King Friedrich IT of Prussia (the grandson of Friedrich I)

that Prussian Blue can be found in paintings from Wat-
teau that were painted in Paris between 1710 and 1712.
Prussian Blue was also detected in paintings produced
in Berlin by Antoine Pesne and others, the earliest being
from 1710 (12). However, the earliest painting in which
Prussian Blue was identified by Bartoll and colleagues
was the “Entombment of Christ” by the Dutch painter
Pieter van der Werff (1666-1720), which was painted
in 1709 in the Netherlands . As shown below, during
this time Dippel lived in the Netherlands and was also
producing Prussian Blue.

In addition to the Frisch letters, other correspon-
dence of Leibniz referred to Prussian Blue. In his cor-
respondence with Johann Bernoulli (1667-1748) between
December, 1710 and December, 1711 (13), Prussian Blue
was discussed. Another example is a letter from Paris
(dated August 17, 1714), in which the writer Hasperg
told Leibniz (14) that Homberg (15) wanted Leibniz to
describe the procedure for production of Prussian Blue.
This letter mentioned that I eibniz had previously written
to Homberg about Prussian Blue. Hasperg also stated in
this letter that he and Homberg did not know the identity
of the inventor. He further told Leibniz that a German
in the Netherlands with the name “Dipelius™ was also
preparing the blue color and that he had a sample of
this color, which was not as beautiful as the blue color
from Betlin. Thus, it is clear that during his stay in the
Netherlands, Dippel, the second inventor indicated by
Stahl (5), was also producing Prussian Blue, but of an
inferior quality.

Dippel in Berlin and the Netherlands

According to Stahl (5), the invention of Prussian Blue
took place in the laboratory of Johann Konrad Dippel
(1673-1734) in Berlin. Documents from the period
showed Dippel’s name, variously written as Dippelio,
Dipelius, or Dippelius. He was a theologian, alchemist,
and physician. Many of his mostly theological books
were printed under the pseudonym Christianus Democri-
tus. (Further information on Dippel’s life can be found
in Ref. 16-18) (19).

Around 1700, after some years of theological
dispute, Dippel became interested in alchemy. First, he
concentrated on attempts to transmute base metals into
gold and later turned to finding a universal medicine. He
thought that a substance which he called animal oil, pro-
duced by destructive distillation of animal blood, would
be this universal medicine. Aynsley and Campbell wrote
of Dippel’ s animal oil (18):
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A glance at the list of principal constituentsis enough
to convinee one of the heroic nature of the cure.

In the autumn of 1704, he moved to Berlin, invited
by Count August David zu Sayn-Wittgenstein (1663-
1735), who was one of the leading figures at the court
of King Friedrich I. Here he rented a palatial house for
his alchemy studies. Johann Georg Rosenbach, also a
radical pietist, was living in this house and took part in
Dippel’s experiments.

Inthe early 18th century, Berlin was a good environ-
ment for alchemists who claimed to be able to convert
common metals into gold. However, if they were not
able to deliver gold, it could become dangerous. Of the
alchemists who were active at this time in Berlin, Johann
Friedrich Bottger (1682-1719) and Domenico Emanuele
Caetano (?-1709) are the most famous. In 1701 Béttger
fled from Berdin to Saxony, where he was later involved
in the invention of European porcelain. Caetano arrived
in Berlin in 1705. Dippel participated in the first tests of
the abilities of Caetano as an alchemist. In 1709 Caetano
was hanged in Kiistrin (20). Other alchemists active in
Berlin at that time, mentioned by Frisch in his letters to
Leibniz (8), included Felmi (or Felmy or Filmey) and
Meder.

Nothing specific is known about the alchemistic
work of Dippel in Berlin. In early 1707 Dippel was
arrested and held for about a week in the Hausvogtey
prison at the request of the Swedish ambassador. Dippel
had published a new theological book, which contained
some harsh criticism of the Swedish Lutheran church.
He was released on bail provided by Count Wittgenstein
and soon fled from Berlin to the Netherlands. Living in
Maarsen between Utrecht and Amsterdam, he worked
as a physician for the next few years. From the letter
of Hasperg to Leibniz, written in 1714 (14), it can be
concluded that Dippel was also producing Prussian Blue
during his stay in the Netherlands. He left the Netherlands
in 1714 (21).

Since Dippel arrived in Berdinin the autumn of 1704
and left Berlin early in the year 1707, the invention of
Prussian Blue most probably took place in 1705 or 1706.
In a handwritten Berlin chronicle from approximately
1730 (22), the invention of Prussian Blue by the Swiss
“Joh. Jacob Diesbach™ is recorded for the year 1706. This
date is the most probable year that is based on original
sources.

23

The Secret is Out

Despite the efforts to conceal the production method of
Prussian Blue, it remained secret for only about 20 years.
In 1724 John Woodward published a procedure for the
production of this color in the Philosophical Transac-
tions of the Royal Society in London (23), and it was
immediately followed by an account of some detailed
experimental work on Prussian Blue by John Brown (24)
in the same issue. The Woodward paper was based on a
letter sent to him from Germany that disclosed the here-
tofore secret procedure, but Woodward did not publish
the name of the author. Brown, a Fellow of the Royal
Society since 1721, stated in his paper that (24):

Dr. Woodward having lately communicated a paper
(which he receiv’d from another hand) to this Society,
containing a Process for making the Prussian Blue,
I was willing to go thro’ it exactly, according to the
proportions there prescrib’d.

Obviously, John Woodward (1657-1728) (25), a physi-
cian, naturalist, and geologist, had asked the chemist
Brown (7-1735) to perform some preliminary experi-
ments to verify the contents of the paper he had received
from Germany. In January / February, 1724 these two
papers (23, 24) were communicated to the Royal Society
and printed in the Transactions.

In his experiments Brown (24) not only followed
the method communicated by Woodward, but also var-
ied the procedure by precipitation of alternative metal
hexacyanoferrate compounds, using silver, mercury, cop-
per, bismuth (denoted as “Tin-Glass™), and lead instead
of the iron used for preparing Prussian Blue. Thus, he
performed the first documented research on the so-called
Prussian Blue analogs, which continue to represent a ma-
jorresearch field today. However, these experiments did
not result in the beautiful blue precipitate that iron hexa-
cyanoferrate gave. He also showed that in the calcination
step, animal blood could be replaced by flesh (“beef™)
during the production process of Prussian Blue.

From whom Woodward received the information
for making Prussian Blue is not clear and remains open
to further investigation. Shortly after the two publica-
tions of Woodward and Brown, other people repeated
the experiments and came to additional new conclu-
sions. Notably Etienne-Francois Geoffroy (1672-1731)
(26) in 1725 commumicated to the French chemists the
secret of the Prussian Blue production and published
some new information (27-29). He found that Prussian
Blue production could be achieved from other parts of
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animals such as horn, hair, skin, or hoof, in addition to
dried blood and flesh (28).

With the secret of its preparation revealed, produc-
tion of Prussian Blue began throughout Europe. Often
it wag sold under different names such as Paris Blue or
Milori Blue, usually named after the production loca-
tion, the owner of the facility, or based on an advertising
idea (30). The production technology changed greatly
over time. Asai analyzed about 100 methods published
between 1724 and 1904 and documented the increasing
improvements in product quality that resulted (30).

Prussian Blue was not only used as a pigment for
painters but it was soon applied to the dyeing of textiles,
following the work of P. J. Macquer (1718-1784) (31)
conducted in 1749 toward this goal (32). Prussian Blue
was also used for blueing textiles, is still used as a pig-
ment today, and sold under the commercial name Iron
Blue.

The Continuing Story of Prussian Blue

Starting in 1724 and continuing for about 250 years,
chemists tried to define the composition, stoichiometry,
and structure for Prussian Blue. Eminent scientists such
as Priestley, Scheele, Berthollet, Gay-Lussac, and Ber-
zelius were among the researchers in the field (33). In
1782 Scheele discovered hydrogen cyanide by heating
Prussian Blue with diluted sulfuric acid (34), and in
1811 Gay-Lussac’s determination of the composition of
hydrogen cyanide (35) led to the conclusion that Prussian
Blue contained cyanide. Because of the lack of modermn
analytical methods, the details of the crystal structure
and even of the analytical composition of Prussian Blue
were for a long time only partially resolved.

The first structural hypothesis for Prussian Blue was
presented by Keggin and Miles with the help of X-ray
powder patterns (36). Finally, in the 1970s Ludi et al.
(37) published a detailed structure and confirmed the
composition as Fe, [Fe(CN) ], xIL,O (x = 14-16), which
is now accepted as correct.

The use of Prussian Blue as a painter’s pigment in
the early 18th century and as a dye for coloring textiles
was followed by other uses. An important example is
the cyanotype or blueprint process invented by Herschel
in 1842 (38). This was a commercially successful photo-
copying process in use from 1843 umtil the early 1940s.
Prussian Blue is also used in analytical applications, e.g.,
spot tests in the classical analytical chemistry of iron.

Prussian Blue has a very high affinity for thallium
and cesium ions (39). Therefore, people who have be-
come internally contaminated with radioactive thallium,
nonradioactive thallium, or radiocactive cesium can be
treated by orally administered Prussian Blue, which traps
thallium and/or cesium in the gut and thereby increases
fecal excretion. Thus, the biological half-life of thallium
and cesium is significantly reduced after capture therapy
with Prussian Blue (39).

In 1978, Neff published a short notice in which he
described the electrochemical deposition of thin films of
Prussian Blue from aqueous precursor solutions onto con-
ducting substrates. These films can be switched revers-
ibly by electrochemical means between different colored
oxidation states (40) in a process called electrochromism.
Especially interesting for practical use is the alternation
between colorless and blue oxidation states. One possible
new application is the construction of so-called smart
windows which can reversibly change their transmission
of light between very high and low values (41).

Another technically interesting property of Prussian
Blue is its ability to catalyze the reduction of hydrogen
peroxide and molecular oxygen (42). Currentinvestiga-
tionis underway to employ this effect for the construction
of sensors for clinical, environmental, and food analysis
{(43). Prussian Blue also holds some potential as an active
material in modern batteries (44) or as an electrocatalyst
for fuel cells (45).

Conclusions

Prussian Blue was discovered by Diesbach and Dippel
between 1704 and 1707, but most probably in 1706 in
Berlin. Written evidence indicates that Prussian Blue
was produced at least between 1708 and 1716 in Berlin
by Diesbach and Frisch, and that it was mainly sold by
Frisch. Dippel also produced Prussian Blue during his
stay in the Netherlands until 1714. Diesbach and Frisch
tried to protect the secret of Prussian Blue production
because of its great commercial success. Once the secret
was given away in 1724, production and research started
in various European countries. The use of Prussian Blue
as a blue pigment still continues today. Although Prus-
sian Blue has been known in the scientific community
for 285 years and has attracted much research ever since,
new and promising areas of application are still being
explored today.
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PRUSSIAN BLUE AND ITS PARTNER IN CRIME

By Philip McCouat

Part 1: The accidental birth and career of Prussian Blue
Part 2: A blueprint for murder

PART 1: THE ACCIDENTAL BIRTH AND CAREER OF PRUSSIAN BLUE

The story of Prussian blue begins with an More on colours

accidental but fateful discovery made in an = Egyptian biue: the colour of
alchemist's laboratory in Berlin in the early 1700s. technology

As we shall see, it was a discovery that would * The life and deatfi of Mummy Brown
electrify the art world and prove to have valuable And on crime.....

applications in many fields, ranging from + Colonial artist, thief, forger and
medicine to technology. But there was also a mutineer

s Watchmen, goldfinders and the

much darker side — as we shall see in Part 2,
plague bearers of the night

Prussian blue would also come to play a part in
many deaths and, ultimately, in a human disaster
of almost unimaginable proportions.

THE ALCHEMY OF CREATION

The Berlin laboratory where this story starts was run by a German named Johann Dippel.
Originally a theologian and physician, Dippel had become interested in alchemy, and had
moved to Berlin in 1704. At that time, Berlin was somewhat of a centre for alchemists,
though the penalty in cases of fraud (or failure) could be high — one prominent Berlin
alchemist was hanged after failing nhumerous times to produce gold for the king [1].

With the benefit of some highly-placed patronage, Dippel's original efforts were also
directed at transmuting base metals into gold. But when that proved unfruitful, his efforts
turned to the equally over-optimistic task of finding a universal medicine. The supposed
key to this was a substance that Dippel called “animal cil”, produced through the
distillation of animal blood to which potash had been added [2].

Around 1706, Dippel had been joined in his laboratory by a colour-maker named Diesbach.
One afternoon, Diesbach was engaged in producing Florentine Lake, a red pigment based
on cochineal. Having run out of the potash he needed, he borrowed some from Dippel.
Unknown to him, however, this batch of potash had been contaminated by the iron in the
blood used for Dippel's animal oil. The result was startling — when Diesbach checked the
next morning, he found a dense blue pigment instead of the red that he would normally
have expected. Further testing revealed that the new pigment was stable, or colour-fast,
an important attribute for use in artworks.

s www.youronlinechcices.eu Remind me later
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Fig 1: Prussian blue pigment (ikimedia Commans)

A CURE FOR THE BLUES

Artists had traditionally struggled to find an inexpensive, stable, brilliant blue pigment for
their artworks. A gap had been left after the knowledge of the ancient recipe for Egyptian
biue had gradually been lost. Atthe time of Diesbach's discovery, the most commonly
used blue resources were indigo, smalt, azurite and ultramarine, derived from lapis lazuli,
which was expensive and normally had to be imported [3]. A blue pigment that was less
expensive, non-toxic, colour-fast and readily available would be a godsend.

Itis not surprising, therefore, that the commercial possibilities of Diesbach’s fortuitous
discovery were quickly realised. By 1709, the name “Prussian Blue” had already been
coined [4], and there were now two men claiming credit for the invention — Diesbach
himself and a Johann Frisch, who had become involved in the pigment's commercial
distribution and sale [5]. Soon, the laboratory owner Dippel, who had in the meantime fled
Berlin to escape a possible theological prosecution, had also started producing Prussian
blue from his new base in the Netherlands. By 1724 the secret of Prussian blue's recipe
had become widely known, due to its publication in a paper delivered to the Royal Society
in London. Large scale production began throughout Europe, becoming considerably
more refined in the process [6].

WIDESPREAD USE BY PAINTERS

The demand from artists for the new pigment was enormous, and it quickly gained
widespread adoption in both oil painting and watercolours. The first recorded user was
the Berlin-based Swiss artist Christof Werner, though the earliest verified useina
particular painting was in the Entombment of Christ {(1708) by the Dutch painter Pieter van
der Werff (Fig 2) [7]. French painters were also using the pigment as early as 1710,
including Nicolas Lancret and Antoine Watteau in his celebrated Embarkation to Cythera
[8]. Among many others, Canaletto was an early adopter, using Prussian blue for his skies
by 1719.

Fig Z Pieter van derWerff, Entambment of Christ, 1709 {detail

In the coming decades, Prussian blue would grow to become a staple ingredient on
artists' palettes all over Europe. It would be used by artists as varied as Gainsborough (for
example. in Mrs Siddons. 1785). Sir Joshua Revnolds. Viaée-Lebrun (Portrait of Theresa
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Fig 3 Vincent van Gogh, The Stare Might, 1889

While the pigment in its pure state produced a deep blue appearance, it was also
amenable to being mixed with other pigments. So, for example, green colours could be
produced by mixing Prussian blue with yellow — van Gogh would later mix Prussian blue
and chrome yellow to depict a green garden scene [10]. It could also be used in
association with ultramarine — Watteau, for example, mixed the two pigments, and
Lancret's practice was to use ultramarine for skies and Prussian blue for figures, and
sometimes to mix it with green [11]. During the 18th century, Prussian blue was commonly
mixed with white lead, to produce lighter shades, though it now seems that this reduced
its resistance to fading [12].

Fig 3a Elizabeth Louise Wigée Le Brun, Theresa, Countess Kinsky' (1 793)
A “BLUE REVOLUTION" IN JAPAN

Prussian blue's influence was also felt outside the West. Its export to Japan, which
increased significantly in the 1820s, would prove to have major implications, with its
vividness, tonal range and “foreign-ness” combining to make it somewhat of a sensation.
Commentator Henry D Smith even described its effect in Japan as a “blue revolution” [13].

Japanese woodblock painters had previously created blue from vegetable dyes macde from
dayflower petals, or natural indigo. These were prone to fade when exposed to light, with
the result that the blues in many 18th century prints gradually faded to atan or beige [14].
Prussian blue made it possible for artists and print publishers to create a wider range of
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Katsushika Hokusai's Thirty Six Views of Mount Fuji (1830) made early and prolific use of
the new colour, a feature that was highlighted in the publisher's advertising for the series
[15]. Some of the prints in this series were entirely in shades of blue, contributing to an all-
blue aizuri style in the process [18]. Others, including the now-famous Great Wave off
Kanagawa (Fig 4), were predominantly in blue, with the new pigment proving to be
particularly effective in expressing depth in water and atmospheric distance -- spatial
qualities that were so importantin landscapes and seascapes.

Fig 4 Katsushike Hokusai, Great Wave off Kanagawsa, fram Thirty Six Yiews of Mount F uji (1830)

Like Hokusai, Utagawa Hiroshige also used Prussian blue extensively in his landscape
prints, such as his Full Moon at Tsukuda (Fig 5). Timothy Clark has even suggested that
the new colouring became so popular that it may have been the major factor in
establishing pure landscape as a new genre of ukiyo-e print [17].

Fig 5: Utagawa Hiroshige, Full Moon at Tsukuda, from Sty Mine Stations of the Kisokaido (1852)

When the Western craze for collecting Japanese woodblock prints began in the 1860s,
those featuring Prussian blue were the most prized; ironically, the very boldness of the
Japanese usage of the pigment, with its impressive depth and tonal range, misled
Europeans to assume that this was a novel new colour, which they initially called
Hiroshige blue. It was only later that it was realised [18] that this supposedly-
quintessentially Japanese colour was itself an “old” European invention.

A VERSATILE SUBSTANCE

Prussian blue's value was not limited to artworks. It was very early adopted for inks,
including those used on postage stamps, perhaps most notably in the Mauritius 1847 two-

pence stamp (Fig 6), now classed as one of the rarest and most valuable stamps in the
world [19].
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Fig 6 Unused blue 2d Mauritius stamp 1847

The pigment was also used for textile dyeing and later for laundry bluing. It was the main
colour used in by infantry and artillery regiments of the Prussian army from the 18th
century up until the early 20th century.

Prussian blue was the basis of the first ever industrial photocopying process, invented by
the chemist John Herschel in 1842, As a very early adopter of the newly-invented
photography (see our article on early influences of photography), Herschel realised that if
he held a pattern drawn on tracing paper over photo-sensitive paper and exposed them
both to a light source, the parts that were not protected by dark lines would change their
chemical formulas in the light. As described by Victoria Finlay, they would shift subtly
from ammonium ferric citrate to ammonium Fferrous citrate. If the paper was then dunked
in potassium ferrocyanide, the ferrous bits would turn into Prussian blue, while the ferric
ones would stay neutral. The resulting ghostly pattern of white lines on blue paper
became known by the now-familiar term “blueprint” [20].

Prussian blue also has its medical uses. It is used in pathology tests for bone marrow. It
can also be administered orally to people who have become internally contaminated with
thallium or radioactive caesium. It acts by trapping the thallium or caesium in the gut,
thereby increasing its faecal secretion. It was used with varying levels of success in
treating victims of the 1987 radicactive contamination accident in Goiania in Brazil [21].

In solution, films of Prussian blue can appear either as their normal dark colour or as
colourless, depending on the type of electrochemical charge that is applied. It is possible
that this process, called electrochromism, can be applied in the development of “smart”
windows which can reversibly change their transmission of light between very high and
very low values. The pigment may alse have applications in the construction of sensors
for clinical, environmental and food analysis [22].

PART 2: ABLUEPRINT FOR MURDER

While Prussian blue has had many beneficial uses, there is also a dark side to its story.
Like its original invention, this came about in an unexpected way.

It had been recognised for thousands of years that many plants — such as cherry laurel
leaves, peach pits, cassava and even apple pips — are potentially poisonous, with the
poison often being detectable by its distinctive odour of bitter almonds. While the
naturally occurring poison is normally only present in very small doses [23], it can be
lethal if delivered in concentrated form. Peach pits, for example, were used in judicial
executions (described as the “penalty of the peach”) as far back as the ancient Egyptians.
The ancient Romans used cherry laurel leaves as an execution method (the “cherry
death”), and the emperor Nero used them to poison members of his family [24]. To take a
more modern example, an inheritance-seeking Englishman, Captain Donnellan, was
convicted in 1781 of a poisoning murder by using laurel water infused from cherry leaves
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The breakthrough was made by the Swedish pharmaceutical chemist Carl Wilhelm
Scheele, and it involved an unlikely culprit. Scheele discovered that if he mixed Prussian
blue with diluted sulphuric acid, he was able to produce a “new” gas that was colourless,
water soluble and acidic. We now know this gas as hydrogen cyanide (HCN), a name
derived from the Greek kyanés for “dark blue”. In its soluble form, it was called blue acid
{blausdure) in German, and as prussic acid in English. Even in small doses, it would prove
to be one of the most deadly of all poisons. Today we know it by its more common
shorthand name - cyanide.

On ingestion by humans, cyanide is absorbed rapidly into the blood from the intestines
and other mucous membranes. It acts by binding irreversibly to the iron atom in
haemoglobin {blood), which prevents the blood from transporting oxygen to the body's
cells and tissues. Symptoms include rapid heartbeat, headache and drowsiness, followed
by coma, convulsions and death by asphyxia. To some, there is a slight smell of almonds,
which may persist in the stomach contents of victims.

Cyanide’s newness and extreme toxicity resulted in a number of accidental, but almost
invariably fatal, overdoses, and to its use in pest extermination or even as a lethal agent
for harpoons on whaling ships [26]. But it would also make it extraordinarily effective in
one other thing... murder.

AMYSTERIOUS DEATH AT SALT HILL

Perhaps the most notoricus and sensational example of prussic acid peisoning occurred
in England, on the evening of New Year's Day 1845. A man dressed in the long dark coat
and broad-brimmed hat of a Quaker was seen hurrying away from the house of Sarah Hart
in the village of Salt Hill, in Aylesbury, just outside London. The withess to the man's
departure, a next-door neighbour, had been alerted that something was wrong by hearing
several alarming groans coming from Sarah's house, and had gone out to investigate. The
appearance of the departing man was familiar to her, as he had been a regular visitor to
Sarah's house for some time. But he brushed past her, refusing to answer her concerned
queries as to what had happened, and disappeared down the road toward the local railway
station.

Curious, and a little afraid, the neighbour ventured into Sarah's house. She found Sarah
sprawled on her back, moaning and panting for breath, frothing at the mouth and with her
clothes in disarray. A half-drunk bottle of porter ale was on the table. A few minutes later, a
local doctor called to the scene declared Sarah dead [27].

The escaping man, still wearing his distinctive clothing, eventually caught the 7.42 train
from Slough to Loendon, where he obviously felt that his trail would be lost. He was not to
know that the attending doctor and a companion had followed in his footsteps to Slough
station and had seen him catch the train. But what could they do about it? They could
hardly chase the train.

Fortunately for the pursuers, however, a technology even newer that the railway was about
to play its part. The electric telegraph — the first commercial use of electricity -- had only
recently been invented, with the prototype being developed in 1837 by the Briton Charles
Wheatstone. In 1845 it was still regarded as something of a novelty, with great scepticism
as to its future usefulness. But, by an extraordinary and fateful chance, one of its first
installations was on the Great Western Line, between Slough Station and London's
Paddington Station, just 18 miles {30 km) away (Fig 7). The original version of this line,
established in a truncated form in 1839, was actually the world's first operational electric
telegraph [28].

Quickly, the telegraph operator was located and was soon tapping a message to
Paddington station: “A murder has been committed at Salt Hill and the suspecfed
murderer was seen fo lake a first-class ticket for London by the train which left Slough at
7.42. He is in the garb of a kwaker....”
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period of half an hour, just a few minutes before the Quaker's train was due to arrive there
at 8.20. After an initial delay caused by confusion over the idiosyncratic spelling of kwaker
[29], the Paddington station telegraph operator alerted his superiors and the railway
police, one of whom followed the suspect once he disembarked from the train. The
suspect was eventually arrested the next day at a coffee house. He was identified as John
Tawell, “a gentleman and a merchant”.

\‘\

U

)

it ey Ftis 8 John Tawell, 1845
John Tawell had unwittingly scored a unique double - not only did he hecome probably
the first person to make his escape from a murder scene by catching a train, but he also
became the first person to be arrested as a result of a telegraph message. As one local
newspaper put it, “ Steam bears him off more rapidly than the winds of heaven; but the
electric current is his pursuer” [30]. Impressed commentators were prompted to dub the
telegraph as “the electric constable” or “Geod’s lightning”, and the telegraph lines were
described as “the cords that hung John Tawell” [31]. Unfortunately for Tawell, as we shall
see, these were not to be the only unwanted firsts that he would achieve.

The role played by the telegraph in Tawell’s arrest was a major factor in its gaining general
acceptance. As one commentator wrote at the time, “The telegraph ... might have
continued for some time longer in obscurity but for its remarkable agency in causing the
arrest of the Quaker Tawell. This event ... placed it before the world as the prominent
instrument in a terrible drama, and at once drew universal attention to its capabilities”
[32].

SWIFT AND SURE.

A VISION VERY LIKE REALITY.

Fig 7a: Punch cartoon of malefactor being caught by the "&lectric constable”

TAWELL'S HIDDEN PAST

John Tawell certainly did not look like a murderer should. A short and slender 61year-old
with “the most thorough air of a Quaker” (Fig 8) [33], he appeared to be a sober,
prosperous and respectable gentleman, with a wife and two children. But he had a
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forged bank notes, and been sentenced to 14 years transportation to Sydney Town, some
12,000 miles away. By 1820, however, after obtaining a conditional pardon, he set up as an
apothecary in what would be Sydney's first retail pharmacy. The business prospered, and
he would eventually make a fortune there with astute property deals [34]. He eventually
returned to England in 1828 as a rich {and free) man.

A few years later he returned to Sydney, partly for health reasons, and partly because
business prospects appeared to be brighter there than in London. In Sydney he was
instrumental in setting up the first Australian branch of the Quaker movement [35],
financing a new meeting hall which he combined with a girls' school, and carrying out
various philanthropic projects. Essentially now completely rehabilitated, at least in his
own eyes, he returned once more to England. Despite his good deeds, however, his
felonious past still dogged him; the Quakers still denied him official membership.

His real problems, however, began when he hired a nurse to care for his ailing wife. After
she died, he secretly carried on an affair with the nurse. When he later remarried, he
arranged for the nurse to live in cottage out of London, and paid her regular allowances to
support the children of their union. The nurse adopted an assumed name. It was none
other than the unfortunate Sarah Hart.

ASENSATIONAL TRIAL

Tawell’s arrest in such novel and dramatic circumstances, coupled with his Gluaker
connections, the gruesomeness of the death, and the suggestion of a secret lover, all
combined to create a national sensation. Not surprisingly, it filled the newspapers for
months [36]. As Beppe Sabatini has noted, the hysteria surrounding criminals such as
Tawell was “scarcely to be believed. Cheap penny broadsides of criminal deeds and
confessions were purchased—incredible as it seems—in the millions; and outsold
Dickens by one hundred to one. Dreary junk, much of it fabricated by the printer, these
broadsides were unguestionably among the most widely-read material throughout all of
Britain” {Figs 9A, 9B) [37].

_ LIFE, VCUJ'FESSION AND
BXEECTI0N OF
JOHN TAWELL, THE QUAKER,

Al Ayleshiry For (e Murder of Sarah Tart,
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Fig 94 Convict broadside "Life, confession and execution of John Tawellthe Quaker, 1845
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By this anhsppy mou ; Hea strongly does deny, g
Whe went unto her residence But an istelligeat ]_n:i; . 33
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Fig 9B "Copy of verses on the awful murder of Sarab Hart", 1845

Murder by poisoning has always its own peculiar fascination in the public mind. This type
of crime is almost always premeditated and cold blooded, somehow intimate yet cowardly,
with the victim forced to face an extremely agonising end. The means are often invisible
and rarely ohvious, unlike an honest stabbing, shooting or bashing. And suicide or
accident are in many cases just as consistent with the facts as murder.

These difficulties are magnified where the forensic evidence is not strong. At the time of
Tawell's trial, there had not been a successful conviction involving cyanide for over 60
years [38]. Moreover, forensic science was in its infancy. Tawell's trial, which featured a
number of conflicting testimonies, would not just be a test for Tawell, but also atest of the
value of “expert” evidence. None of the reputedly expert withnesses who gave evidence at
the trial had any real-life experience of human cyanide poisoning. On the state of medical
knowledge at the time, there was no agreement about the dosage necessary to cause
death, nor whether cyanide poisoning was invariably associated with a smell of bitter
almonds, as was popularly believed. At this time, too, many jury members had limited
educations and were simply not equipped to properly evaluate the technical evidence
given.

Despite this, the evidence against Tawell seemed very strong. He had been seen hurrying
away from the murder scene. As aformer chemist he had a knowledge of poisons and
had, in fact, purchased a bottle of prussic acid shortly before he visited Sarah. When
arrested, he had initially lied about his whereabouts, and even about his knowledge of
Sarah’s existence. Evidence of his philanthropy and good character was more than
counteracted by his criminal past and the fact of his secret affair. And finding a motive
was not a problem — a temporary cash flow problem which he happened to be
experiencing at the time provided some sort of motive for his wishing not to have Sarah
continuing to be a drain on his resources. .

Moreover, the defence provided by his eminent lawyer
Fitzroy Kelly (Fig 10), primarily an expert in
commercial law, was long on rhetoric and short on
facts. The defence also suffered from an ill-advised
attempt to blame the death on Sarah's apparent
consumption of large amounts of cyanide-bearing
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———— Pip” Kelly for years afterwards [39]. It was also
directly contrary to Tawell’s earlier (and seemingly
more credible) claim that Sarah had actually poisoned
herself when she realised that he would no longer
support her.The presiding judge’s hostile summing
up was probably the last nail in Tawell's coffin — the
jury took only half an hour to bring in a guilty verdict.
Tawell thus collected some more unwanted firsts,
becoming the first man to be convicted of murder by
prussic acid in Britain that century, and almost
certainly the first Quaker murderer as well.

Fig 10; Fitzroy Kelly, K

EXECUTION AND BEYOND

At this time, the automatic penalty for murder was death by public hanging. These events
normally drew enormous, boisterous crowds and had a distinctively festive air,
particularly in cases as sensational as Tawell's. Onlookers poured in by train to Aylesbury.
As one commentator observed, “every minute spot from which a glimpse of the gallows
could be obtained was occupied, and the concourse of spectators was immense and
beyond all computation” [40].

Yet opposition to the very idea of capital punishment was slowly growing, fuelled in part
by the fear that a wrongful conviction might lead to an irreversible execution. Charles
Dickens, for example, was originally a strong opponent, writing a series of letters to the
Daily News on the topic. He commented on its “horrible fascination” for even “good and
vittuous and well-conducted people”, noting that Tawell's trial, among others, had
“awakened a vast amount of this depraved excitement”, which had attained an “unusually
indecent and frenzied height” [41].

Despite a number of petitions for mercy (including one supported by Dickens and signed
by the foreman of the jury), Tawell was hanged at Aylesbury on the cold and bleak
morning of 28 March 1845. According to most accounts, the executioner Henry Calcraft
botched the job, not allowing enough rope for the drop, and Tawell “died hard”, taking an
excruciatingly long time to strangle to death [42]. Apparently even the crowd fell silent. It
was later revealed that Tawell had supposedly made a full confession to the prison
chaplain on the previous night, admitting that he had lived in constant dread that his wife
would find out about his relationship [43].

Public executions took some time to be outlawed in England, finally being abolished in
1868, though it appears that Dickens’ views played a significant role in this change. The
spectacle of botched hangings, such as John Tawell’s, would also have played an
important part.

CYANIDE AND GAS CHAMBERS

Cyanide has gone on to have many modern applications in mining, industry and medicine
[44]. However, its toxicity to humans has continued to be a particular attraction for those
interested in killing, both legally and illegally. In the United States, for example, following
on the ancient practices of Egypt and Rome, it was used at various times during the 20th
century in judicial executions. This was usually achieved by combining cyanide salt with
sulphuric acid and releasing it in a gas chamber in which the subject was restrained.
Death normally followed within 5 to 10 minutes (Fig 11) [45]. Cyanide was also used in the
multiple Tylenol contamination murders in 1982, in which seven people died, and in the
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Fig 11. Gas chamber, Mew Meaxico State Penitertiary (et daibvmail.couk, 26 January 20143

Even more ominously, cyanide held enormous potential as an efficient weapon of mass
destruction. France rather ineffectively tried it as a poison gas in World War | [46], but it
came to the fore with the German development of the amethyst blue Zyklon-B as a
genocidal agent from about 1941, during World War [I. German Nazism’s need for highly
efficient methods of mass execution arose from its quest for racial purity, which required
the extermination of “inferior beings and the sub-human races”. Hitler had concluded that
anti-Semitism must “become the focal point of our spiritual struggle” and that “all the
rubbish of small States still existing in Europe must be liquidated as fast as possible” [47].
A significant part of this policy was implemented in extermination camps such as
Auschwitz-Birkenau. The affidavit of Rudolph Héss, the Commandant of Auschwitz,
describes the procedure in chillingly clinical detail:

“I visited Treblinka [another extermination camp] to find out how they carried out their
extermination. The Group Commandant told me that he had liquidated 80,000 in the course
of one half year. He was principally concerned with liquidating all the Jews from the
Warsaw ghetto. He used monoxide gas, and | did not think that his methods were very
efficient. So at Auschwitz | used Cyclon [Zyklon] B, which was a crystallised prussic acid
dropped into the death chamber. It took from three to fifteen minutes to kill the people in
the chamber, according to atmospheric conditions. We knewthe people were dead when
their screaming stopped. We usually waited about half an hour before we opened the
doors and removed the bodies. After the bodies were removed our special commandos
took off the rings and extracted the gold from the teeth of the corpses. Another
improvement that we made over Treblinka was that we built our gas chambers to
accommodate two thousand people at one time..." [48].

Although estimates differ widely, itis generally now accepted that well over a million
prisoners were executed with hydrogen cyanide in this way. Ironically, cyanide also
became a preferred method of committing suicide in high Nazi circles in the final stages or
aftermath of the war. Apparently, Goering, Himmler, Hitler’s wife Eva Braun, and the
Goebbels children all used it. Tragically, it was also a principal method of suicide for
thousands of people among the general population in Germany as defeat became
inevitable [49].

CONCLUSION

Prussian blue's story, while sensational and shocking in many aspects, is also instructive
in a number of rather more prosaic ways. First, it is a reminder of the close connections
between art and chemistry — both for good or for evil. As Philip Ball has pointed out, many
advances in chemical technology and the chemicals industry have depended on the social
demand for colour. In turn. manv advances in the composition and techniaues for
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It is also a striking example of the role of serendipity and accident in the development of
both art and technology. Many of the steps in this story — starting with the discovery of
Prussian blue itself, its impact in Japan, the development of its horrifically-lethal
derivative, and its possible uses in advanced technology — could not easily have been
anticipated. Its story is a reminder that sometimes what we take to be logical
developments only appear so with the illuminating benefits of hindsight.

Note: For other articles on art colours, see Egyptian Blue: the colour of technology and The Life and Death of
Mummy Brown.

© Philip McCouat 2014, 2018

Mode of citation: Philip McCouat, "Prussian blue and its partner in crime”, Journal of Art in
Society, www.artinsociety.com
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END NOTES

1. The alchemist was Domenico Caetano: see Alexander Kraft, “On the Discovery and History of Prussian Blue”

Bull Hist. Chemn, vol 33, No 2 (2008) at 64.

2. Kraft, op cit at 61-2, citing correspondence between Johann Frisch and Gottfried Liebniz, over the period

1708-16. See also note 5.

3. The name ultramarine Is itself based on the Latin for beyond ifie seas.

4, Kraft, op cit at 62. The name Berlin Blue was also used.

5. It was Frisch’s correspondence with the German mathematician and philosopher Gottfried Liebniz, which

provides much of the background to Prussian blue’s early days: see Kraft, op cit. The other source is G E Stahl,

Experimenta, Obsetvationes, Animadversiones (1731) p 280-283.

6. Prussian blue is technically ferric hexacyanoferrate(ll). Its actual chemical composition 1s extremely complex

and was only finally determined In the 20th century as Fer(CN)18-xH20 (x = 14-16).

7. Kraft, op cit at 63; Jens Bartoli, “The Early Use of Prussian Blue in Paintings”, Paper delivered at 9th

International Conference on Non-Destructive Testing of Art, Jerusalem, 25-30 May 2008.

8. This painting contains a mix of Prussian blue and ultramarine.

9, See letter by Vincent van Gogh to his brother Theo, 11 April 1888:

ttp:/ivangoghletters.org/vg/lettersilet595/letter.html

10. See letter by Vincent van Gogh to his brother Theo, 17 September 1888:
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You probably take the blue in your favorite jeans or denim bean bag chair for granted
now, but it was once prized by slave traders, spiritual leaders, royalty and rag traders
alike.

A decade ago, Catherine McKinley embarked on a trip through nine West African coun-
tries, armed with a fellowship and her fascination for the blue dye. She tells her story in
her book Indigo: In Search of the Color that Seduced the World.

The History of Indigo

While indigo traces its roots to India, the African slave trade made it exceedingly valu-
able on that continent.

“Indigo was more powerful than the gun,” McKinley tells Tell Me More host Michel
Martin. “It was used literally as a currency. They were trading one length of cloth, in
exchange for one human body”

Enslaved Africans carried the knowledge of indigo cultivation to the United States, and
in the 1700s, the profits from indigo outpaced those of sugar and cotton.

“At the time of the America revolution, the dollar had no strength, and indigo cakes were
used as currency, McKinley says.

The original American flag was also made from indigo textiles.

African Women and the Story of Cloth

Across the ocean, on the African continent, indigo-dyed cloth helped financially em-
power many African women. Although nowadays, most cloths on the continent are dyed
with a much cheaper synthetic color, owning cloth is considered a huge asset. During
her stay in Ghana, McKinley learned that cloth is valued more than many women’s bank
accounts and insurances.

“If you have 300 pieces of good cloth, like a real Madame, well then you have something.
A person’s spirit is in their cloth,” McKinley says.

Each cloth has a name based on its pattern, and it usually tells a cautionary story full of

folksy wit: “When my husband goes out, I go out,” “Attending school does not mean one
would be wise,” or “My head is correct”

But for McKinley, tracing the significance of indigo also sets her a on a more personal
journey.

“I learnt through looking at the dye pot and how cloth is used and worn, really the value
of life and how the color represents life,” she says.
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Artist's Pigments: The
Accidental Discovery of
Prussian Blue Paint

How an attempt to make a red pigment created Prussian blue
instead
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by Marion Boddy-Evans
Updated May 24, 2019

Any artist who enjoys using Prussian blue will find it hard to imagine that such a beautiful blue was actually the result of an
experiment gone wrong. The discoverer of Prussian blue, the colormaker Diesbach, was in fact not trying to make a blue, but
ared. The creation of Prussian blue, the first modern, synthetic color was completely accidental.

How Red Became Blue

Diesbach, working in Berlin, was attempting to create cochineal red lake in his laboratory. (“Lake” was once a label for any
dye-based pigment; “cochineal” was originally obtained by crushing the bodies of cochineal insects.) The ingredients he
needed were iron sulfate and potash. In a move that’ll bring a smile to any artist’s who’s ever tried to save money by buying
cheap materials, he obtained some contaminated potash from the alchemist in whose laboratory he was working, Johann
Konrad Dippel. The potash had been contaminated with animal oil and was due to be thrown out.

When Diesbach mixed the contaminated potash with the iron sulfate, instead of the strong red he was expecting, he got one
that was very pale. He then attempted to concentrate it, but instead of a darker red he was expecting, he first got a purple,
then a deep blue. He'd accidentally created the first synthetic blue pigment, Prussian blue.

Traditional Blues

It’s hard to imagine now, given the range of stable, lightfast colors we can buy, that in the early eighteenth century artists
didn’t have an affordable or stable blue to use. Ultramarine, which is extracted from the stone lapis lazuli, was more expen-
sive than vermilion and even gold. (In the Middle Ages, there was only one known source of lapis lazuli, which means sim-
ply ‘blue stone’ This was Badakshan, in what is now Afghanistan. Other deposits have subsequently been found in Chile and
Siberia). Indigo had a tendency to turn black, was not lightfast, and had a greenish tinge. Azurite turned green when mixed
with water so couldn’t be used for frescoes. Smalt was difficult to work with and had a tendency to fade. And not enough was
yet known about the chemical properties of copper to consistently create a blue instead of a green (it's now known that the
result depends on the temperature it was made at).

The Chemistry Behind the Creation of Prussian Blue

Neither Diesbach nor Dippel was able to explain what had happened, but these days we know that the alkali (the potash) re-
acted with the animal oil (prepared from blood), to create potassium ferrocyanide. Mixing this with the iron sulfate, created
the chemical compound iron ferrocyanide, or Prussian blue.

The Popularity of Prussian Blue

Diesbach made his accidental discovery sometime between 1704 and 1705. In 1710 it was described as being “equal to or
excelling ultramarine”. Being about a tenth of the price of ultramarine, it'’s no wonder that by 1750 it was being widely used
across Europe. By 1878 Winsor and Newton were selling Prussian blue and other paints based on it such as Antwerp blue
(Prussian blue mixed with white). Famous artists who have used it include Gainsborough, Constable, Monet, Van Gogh, and
Picasso (in his ‘Blue Period’).

The Characteristics of Prussian Blue

Prussian blue is a translucent (semi-transparent) color but has a high tinting strength (a little has a marked effect when
mixed with another color). Originally Prussian blue had a tendency to fade or turn grayish green, particularly when mixed
with white, but with modern manufacturing techniques, this is no longer an issue.
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Tacuina sanitatis (XIV century)
3-aspetti di vita quotidiana, insonnia, Taccuino Sanitatis,
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= Navigstion Q

Jonathan Crary's 24/7: Late Capitalism and the
Ends of Sleep

Vince Cerducci — November 29, 2063 o f wE P

=i Book gover of 24/7; Lete Capitalism and the Ends of Slesp by Jonathan Crary © 2013 Yeno

When | was & kid in the 1960s one of the big questions | remember being tossed about was what to do with all of
the free time that modem socisty would aefford us. That there would be a virtually unlimited horizon of material
sbundance and thus leisure, and how bast to use it, was a topic of talkin the madia and &t dinner. Year after yaer,
union contracts (back when there were such things) negotiated incressingly generous bensfits, including
substantisl time off from work, John Kenneth Galbraith’s 1958 clessic The Affluent Society set the terms of the
conversation early on by challenging Americans 1o muster the country’s broadly experienced largesse, made
possible by the productive capacity of modern mess menufecturing, to serve the larger social good. Lyndon
Johnson's Great Society was subsequently founded on the notion thet widespread wealth, and along with it laisure,
ware faits accompli.

The decedes since have provided the answaer to what we would do with all of our spare time, though it’s not the one
most people expected. We have deslt with the problem of leisure by getting rid of it. Instesd, we now work

wharw publicseminar org/201%/1 1onathan - rarys-247-late-capitalism-and-the-ends-of-sleep-2/ e
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nonstop. Digital technology and the communications network it supports allow us to be on the job morning, noon,
and night, wherever we may be. In his important new book, 24/7: Late Capitalism and the Ends of Sleep, visual
culture theorist Jonathan Crary tells us that rather than herald a new age of freedom and self-determinaticon, the
new media technologies have ensnared us in a stickier web of control. This condition is characterized by the
obligation to always be “on,” the better to surrender ourselves to the continual means of our own mutual self-
surveillance and hence domination in the form of Tweets, Facebook and Tumblr updates, texts, emails, blog posts,
multi-tasking regimens, and the like.

r‘*f

.
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& Jonathan Crary

Crary, who is Meyer Shapiro Professor of Modern Art and Theory at Columbia University, is the author of two other
significant books. The first, Techniques of the Observer: On Vision and Modernity in the Nineteenth Century,
published in 1990, looks at the origins of modern visual culture in the first half of the 1800s, in particular the ways in
which then emerging physiclogical science reduced human perception to a function of biological impulses,
replacing the spiritual definition of self (i.e., the soul) with a more mechanistic one grounded in pure motor
response and base instinct. The second, the award-winning Suspensions of Perception: Attention, Spectacle, and
Modern Culture, was published a decade later and loocked at the crucial period between 1880 and 1905 when vision
was redirected toward solving the problem of attention (actually the lack of it), called upon to focus on specific
phenomena as a way to combat the sensory overload of newly industrializing society. Both books essentially argue
that these changes came about in the service of capitalism — a cadre of isolated self-interested individuals was
created who could function as perfect cogs in the machine constructed by the modern division of labor.

Though brief (a mere 133 pages) and lightly annotated, 24/7is the capstone of Crary’s archeclogy of the spectacle
and arguably the most significant of the lot, lt's informed by the erudition of one of the most thorough and original
researchers at work today. The vast bodies of knowledge Crary seamlessly weaves together in 24/7is reminiscent
of the work of Michel Foucault, but without the gnarly, headache-inducing sentence structure. It's marked by a
meral passion that fuels Crary’s polemic and underscores what's at stake, specifically the future of the human
being in both the physical and emotional sense. Plus, it's eminently readable, eschewing the critical theory
gobbledygocok of the tribe of radical art historians he’s most closely associated with, the so-called October group
that includes Rosalind Krauss, Hal Foster, and Benjamin H.D. Buchloh. (Those folks have done and continue to do
important work in their fields, but the need for cultural critique these days is simply too dire to be locked away in
the ivory tower.)

In the round-the-clock world of twenty-first century global capitalism, our only relief is sleep, and as Crary notes,
even that is coming under attack. 24/7 starts with a report on research being undertaken by the US military to
extend the amount of time combat soldiers and other personnel can go without sleep, seeking 1o extend it from
days to weeks. Given that military innovations usually make their way into broader aspects of everyday life — air
travel, the Internet, GPS, over-the-counter medications, all manner of consumer electronics, recreational assault
weapons — there is every reason to believe, as Crary asserts, that the sleepless scldier is the prototype of the
sleepless worker/consumer. “Sleep is an uncompromising interruption of the theft of time from us by capitalism,”
Crary writes. The endless here and now of 24/7 proposes to harvest surplus value not from only our bodies but
from our psyches, rendering us little more than real-life Matrix pod-humans.

Crary doesn’t discuss it in 24/7, but an early iteration of this process can be discerned in the first part of the
twentieth century when the techniques of mass manufacturing greatly reduced the amount of time needed to
produce goods and services. In Time and Money: The Making of Consumer Culfture, historian Gary Cross details
the conscious policies adopted by the government and industry in the 1920s and 1930s to encourage material
consumption, and along with it increased profit, instead of allowing spiritual respite. The commodity fetish, to use
an old-fashioned term, became the mechanism by which capitalism increasingly inserted itself into everyday life,

www.publicseminar. org/2013/11/jonathan-crarys-247-late-capitalism-and-the-ends-of-sleep-2/ 3/9
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replacing personal relationships and local cultural practices with cold market logic mediated by consumer goods,
proffering more stuff in lieu of more time.

gl I ELeN
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B Book gover of Television: Technology and Cultursl Form by Rxymond Wilkimrs © 2003 Routiedge

A wetershed moment Crery does address is the introduction of brosdcest television sfter the Second World War.
Following Reymond Willisms ‘s 1974 study Television: Technology and Cultural Form, Crary recognizes the way in
which TV was inserted into everyday life as a soft modes of socisl control, Through what Williams terms its “plannsd
flow,” television orgenized the deily routine from moming commuting information and weather reports o midday
newsbreak to avening enterteinment, culminating in nightly sign off, all the whila promoting tha ostensible benasfits
of a mass industrial consumer utopis. In the 1950s and 1960s, telavision was & relatively stable system, drawing an
increasingly suburban and decentraelized population into & homogenizad national imaginary. The advant of cable
TV and programmable VCRs in the 19705 offered the opportunity for time shifting and what McKenzis Wark in his
new book terms the “disintegrating speciacle,” the way in which control has become stomized and diffused yet
more difficult to circumvent. This is represented todaey by such technologies as social medis, wireless
communications, and the Intemat,

Agasinst the relentless tide of 24/7 production and consumption, Crary proposes that we reclaim sleep &s a site of
unregulated desire, 8 mode of resistance to the rational calculation of the mearket, 8 stete in which we might
imagine “a workd without billionaires, which has a future other than barbarism or the post-human, end in which
history can take on other forms than reifiad nightmares of catastrophe.” Going to sleep presupposas that one will
grise anew the next day, refreshad and with the hope of new possibilitias. As the web of 24/7 gats harder and
herder {0 escape, sleep becomes as good & plece es any to kickstert the opposition. So, workers of the world — go
to bad)

This article was first published in Motown Review of Art.
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Engraving of the holotype fossil of Prodryas persephone,
from an advert in Canadian Entomologist, 1887,
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