I Scicnce and society

y of the German Federal Archives/Wikimedia Commons

--.-‘I ] 3 f ! o B
\"M.scienceinschp_ol.org 1 1=

R
-

Experiments in integrity —
Fritz Haber and the ethics of

chemistry

One hundred years after the start of the First World War,
chemical weapons are still in the news. We consider some of
the ethical questions behind the war’s chemical legacy.
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By Jane Essex and Laura Howes

O ur lives today have been
greatly improved by chemistry,
but no discovery has been universally
positive. The negative consequences
of chemistry, from pollution to tha-
lidomide, have led to a public distrust
of the science and a fear that the work
of single-minded chemists in the labo-
ratory will harm society. No more so
than in the arena of war. One hundred
years ago, at the beginning of the First
World War, chemists worked to help
their respective countries. The story
of chemistry and chemists during

that time can help us explore some of
the complicated ethical history that
underlies the field to this day.
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Great power and great responsi-
bility in the industrial age

There is a simple chemical reaction
that, for many, symbolises the best
and worst of late 19 and early 20
century chemistry: N, + H, = 2NH,
The apparently uncomplicated mix-
ture of nitrogen and hydrogen was
in fact a triumph of chemistry that
earned Fritz Haber the Nobel Prize in
Chemistry in 1918. Today more than
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This article shows an in-
terdisciplinary  approach
to the study of the benefits
and risks related to scien-
tific research. The article
might provide valuable
background information
for oral presentations or
projects.

Angela Kohler, Romain-
Rolland-Gymnasium,
Germany
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Picture posed in France, near front-line
trenches, by Major Evarts Tracey, Engineer
Corps, USA, to illustrate effects of phos-
gene gas, 1918

130 million tonnes of ammonia are
produced each year using the so-
called Haber-Bosch process, providing
99% of all nitrogen fertilisers.

Yet, for many, Haber is a controver-
sial figure who also worked to create
chemical weapons. Although his work
on nitrogen fixing allows us to grow
more food than ever before, Haber’s
process for making ammonia is also
thought to have prolonged the First
World War by at least 18 months. The
man who ‘made bread from air’ is a
complicated figure.

During the 19th century, chemistry
flourished and with it the capac-
ity of chemists to do good or harm
on a scale never before imagined.
While the science rapidly improved
people’s lives and health, it raised a
spectre that threatened those same
individuals. As life expectancy rose,
and populations grew, more food
was needed. However, the fertiliser
of the time, nitrogen-rich guano from
South America, had nearly run out. A
new source of ammonia was needed.
In collaboration with the German
chemical firm BASF, and working
with Robert Le Rossignol, a young
British scientist, Haber achieved the
first synthesis of ammonia using just
hydrogen and nitrogen — gases from
the air around us — in the early 1900s.

The German state and its success
allowed Haber, the son of a Jewish
city councillor in what is now Wro-
claw, Poland, to pursue his intellectual
thirst. Haber was fiercely patriotic;
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today, we might feel uncomfortable
with such fervent nationalism, but at
the time it was quite normal. Haber
himself claimed that the sense of
Germanhood was something to adjust
to “like everything great and eternal”
and at the age of 24 he converted to
Christianity.

At the outbreak of war, British
ships blockaded the import of guano
from South America and so industrial
production of ammonia was vital
to feed the German population. The
blockade was also a problem for the
production of ammunitions, which
need nitrates. As early as September
1914, a team of experts, including
Haber, was appointed to find a solu-
tion to the problem; soon afterwards,
chemical manufacturers were using
Harber’s method to produce nitrates
for explosives. But if Haber’s ethical
standing could already be considered
complicated, his next steps were even
more controversial.

Father of chemical weaponry

It soon became clear that hopes of
the war being ‘over by Christmas’
would not be realised and what had
been planned as a lightning-fast war
was digging in. Increasing the amount
of firepower alone would not end the
war quickly.

For the patriotic Haber, it seems
there was little doubt that all other
considerations were secondary to the
interests of his country. New technol-
ogy could, he concluded, give Ger-
many the decisive advantage to end
the war quickly. If his efforts had suc-
ceeded, the war might have been over
sooner with many more lives saved,
but instead Haber’s discoveries have
become one of the most controversial
parts of modern warfare — chemical
weapons.

Weaponised chemical irritants were
already banned by the Hague Con-
ventions of 1899 and 1907, but Haber
was not working to produce just an
irritant gas. Instead, he focused his ef-

Clara Immerwahr
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Immerwahr

Before marrying Fritz Haber,
Clara Immerwahr was an
accomplished chemist in
her own right. In fact, she
was probably the first wom-
an to earn a PhD in chemis-
try in Germany. Societal ex-
pectations at the time were
that the highest a woman
could hope to rise was lab
assistant. After her marriage
to Fritz, Clara felt increas-
ingly stifled and found that
her research career became
incompatible with the role
of wife and mother that
she was expected to fulfill.
However she worked with
her husband behind the
scenes and continued to
give lectures to women.

The marriage was already
in trouble by the time Fritz
Haber began his war work.
A pacifist,  Immerwahr
pleaded with him to stop
his  work on chemical
weapons, and publicly de-
nounced it as a “perversion
of the ideals of science”. He
responded by denouncing
her as a traitor.

This year, Clara Immerwahr
has been the subject of a
successful biopic on Ger-
man television
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forts on a gas that would be a weapon
in its own right. After extensive tests
and analyses, Haber travelled to Ypres
in April 1915. It was there that he
supervised the first use of chlorine
gas, now so inextricably linked to the
trench warfare of the First World War.

Chlorine gas worked “well’, killing
thousands, but it did not prove to be
the military advantage Haber hoped it
would be. Instead, chemical weapons
just became another weapon during
the war, and by defying the Hague
Conventions, Germany’s actions
provided the excuse that the Allies
needed to roll out their own gases in
response.

Shortly after Haber returned from
Ypres, his wife committed suicide in
protest at his work. Haber’s loyalty
to the German cause seems to have
remained unshaken and the next
morning he left to oversee chlorine
gas being used on the Eastern Front.

The ethical legacy of Fritz Haber

Subsequent generations, who have
enjoyed the fruit of ammonia-based
fertilisers, may have a more moder-
ate view of Haber’s impact than his
contemporaries, including his wife
Clara. In 1918, just after the end of the
First World War, Haber was awarded
the Nobel Prize in Chemistry but his

A poppy field in
Flanders
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The ethical history of the

Nobel Prizes

Another chemist forced to re-
evaluate the ethicality of his
work was Alfred Nobel, whose
name is now most common-
ly associated with the Nobel
Prizes that are funded from his
legacy. Nobel made his fortune
manufacturing dynamite, origi-
nally for mining. However, the
use of dynamite in warfare was
criticised by the Swedish soci-
ety, as Nobel was distressed to
discover when his obituary was
mistakenly published while he
was still alive. Perhaps because
of these criticisms, when Nobel
did die, his will founded the
Nobel prizes.

Alfred Nobel (1833-1896)
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war work was widely known and

there were protests against the award.
However, the Nobel Committee
recognised that as well as contributing
to the creation of weapons, Haber’s
work on the synthesis of ammonia
meant that he was a man who had
“conferred the greatest benefit to mar
kind”.

)

-

Haber’s work illustrates the idea
of individual responsibility. Al-
though some of his work caused
suffering and was designed to do
so, other parts benefitted human-
ity. Doing good to others is viewed
positively by all ethical criteria, but
it could be argued that such good is
cancelled out by unethical behaviour
and harm.
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Events during the Second World
War, many of which were highly
dependent on the work of scientists,
such as the use of atomic weapons
and the events of the Holocaust, were
more enormous and more terrible
than ever before. Society was forced
to re-evaluate whether individual
conscience could be sufficient to
regulate the work of scientists. In 1947
the Nuremburg Code was drafted
to set out the principles by which
scientific research on humans should
be conducted. All research, whether or
not it involves living subjects, is now
required to conform to the principles
of research ethics, which consider
both the reliability of the findings
and the ethical impact of the research
methods. Research ethics specify the
standards of honesty expected of each
researcher and make it obligatory to
open work up for scrutiny by oth-
ers. However, we can never truly be
sure of the impact of our work, and of
what others might use it for.

Resources

The Haber process helps to feed the
world but has also taken its toll on
the environment. To find out more,
watch Daniel Dulek’s lesson on ‘The
Haber process’ at TED-Ed: http:/ /
bit.ly / ImQunRP
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A recent short film about Fritz Haber,
called “Haber’, is now available on
DVD. The filmmakers have also
made free teacher resources includ-
ing scientific overviews of Haber’s
discoveries and the surrounding
ethical debate. See: www.haberfilm.
com/education.html

The First World War website, which
describes itself as a multimedia
history of World War I, also has an
interesting page on the develop-
ment and use of chemical weapons
during the conflict. See:
www.firstworldwar.com/
weaponry / gas.htm

The Nobel Prize website contains
information about all Nobel Prize
winners and Alfred Nobel himself.
For an article exploring Alfred
Nobel’s thoughts on war and peace,
visit: http:/ /bitly /1saZgZv

If you found this article interesting,
why not browse the other science
and society articles in Science in
School. See www.scienceinschool.
org/society
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Jane Essex is a lecturer in Science
Education at Keele University in
the UK. After graduating from the
London School of Pharmacy, she un-
dertook a postgraduate Certificate in
Education and qualified as a science
teacher with a specialty in chemistry.
While teaching, Jane studied for a
masters degree in Education and later
completed a doctorate in Education.
Jane is interested in all aspects of
science education, with a major focus
on chemistry education and, more
widely, interdisciplinary approaches
to science. She specialises in the study
of the history, philosophy and ethics
of science, and how these issues can
best be presented in school.

Laura Howes is Editor of Science in
School. She studied chemistry at the
University of Oxford, UK, and then
joined a learned society in the UK to
begin working in science publishing
and journalism. In 2013, she moved to
Germany and the European Molecular
Biology Laboratory to begin work at
Science in School.
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