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 Finally, we decided to release the gas. 
The weatherman was right.  It was a beautiful day, the sun was shining.  We 
should have been going on a picnic, not doing what we were going to do. …

  We sent the [German] infantry back and opened the [gas] valves with the 
strings.  About supper time, the gas started toward the French; everything 
was stone quiet.  We all wondered what was going to happen. 

  As this great cloud of green grey gas was forming in front of us, we 
suddenly heard the French yelling.  In less than a minute they started 
with the most rifle and machine gun fire that I had ever heard.  Every field 
artillery gun, every machine gun, every rifle that the French had, must have 
been firing.  I had never heard such a noise.  

  The hail of bullets going over our heads was unbelievable, but it was not 
stopping the gas.  The wind kept moving the gas towards the French lines.  
We heard the cows bawling, and the horses screaming. The French kept on 
shooting.  

  They couldn't possibly see what they were shooting at.  In about 15 
minutes the gun fire started to quit.  After a half hour, only occasional shots. 
Then everything was quiet again. In a while it had cleared and we walked 
past the empty gas bottles.  

  What we saw was total death.  Nothing was alive.  
  All of the animals had come out of their holes to die.  Dead rabbits, moles, 

and rats and mice were everywhere.  The smell of the gas was still in the air.  
It hung on the few bushes which were left.  

  When we got to the French lines the trenches were empty but in a half 
mile the bodies of French soldiers were everywhere.  It was unbelievable.  
Then we saw there were some English.  You could see where men had clawed 
at their faces, and throats, trying to get breath.  

  Some had shot themselves. The horses, still in the stables, cows, 
chickens, everything, all were dead. Everything, even the insects were dead.

  —Willi Siebert, a German soldier who witnessed the first chlorine gas 
attack, wrote this account of the event for his son in English. 

Courtesy of In Flanders Fields Museum, Ypres, Belgium. 
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 Nobody expected the first chlorine gas attack 
on April 22, 1915, to be quite so successful, including Fritz Haber, 
the weapon’s main advocate. The German scientist had proposed 
using chlorine gas on Allied troops, overseen its development as a 
weapon, and gone to the front lines himself to supervise placement 
of 5,730 gas cylinders along a 4-mile stretch of road near the 
trenches outside the Belgian town of Ypres.

  And then Haber waited at the front lines 
for weeks, until the prevailing wind turned 
northwest. This capricious breeze was the 
weapon’s weakness: It needed to blow the 
chlorine gas from the cylinders buried on 
the German side, across no-man’s-land, 
and into the Allies’ trenches.

  Haber had fought his own battle to just 
get the opportunity to try out the gas. Most 
of the German High Command was skepti-
cal of poison gas as a weapon. “They saw 
the first chlorine attack as an experiment 
at best, and at worst, a kind of stunt,” says 
  Andrew Ede , a science historian at the Uni-
versity of Alberta. Six months into the war, 
Haber had managed to convince only one 
commander on the Western Front  to try 
out chlorine gas. After this chlorine attack 
killed more than 1,100 soldiers and injured 
many more, the lack of support changed 
dramatically. 

  The first large-scale use of chemical 
weapons that day in 1915 ignited a chemical 
arms race among the warring parties. By 
the end of World War I, scientists working 

for both sides had evaluated some 3,000 
different chemicals for use as possible 
weapons; around 50 of these poisons were 
actually tried out on the battlefield, says 
  Joseph Gal , a historian of chemistry at the 
University of Colorado, Denver.

  The strategic power of chemical weap-
ons in WWI was in the psychological terror 
they caused rather than the number of 
soldiers they killed: Poison gas was respon-
sible for less than 1% of WWI’s fatalities 
and about 7% of its casualties. It might have 
done more damage, but both sides quickly 
developed protective gas masks that con-
tained a wide variety of neutralizing agents.

  Even though poison gas was not an ef-
ficient killing weapon on WWI battlefields, 
its adoption set a precedent for using 
chemicals to murder en masse. In the past 
century, poison gas has killed millions of 
civilians around the world: commuters on 
the Tokyo subway, antigovernment dem-
onstrators in Syria, and those incarcerated 
in Third Reich concentration camps, in-
cluding some of Haber’s own family. Haber 

and his colleagues had as much control 
over their new weapon as they had control 
over the wind that blew chlorine across no-
man’s-land on April 22, 1915 .

  By chance, the test site —what was to 
become known as Flanders Fields—also 
happened to be of strategic importance. The 
Allies held Ypres, located about 25 miles 
from the Atlantic coast and near a major 
supply port. If the Germans were to capture 
Ypres and block the Allies from accessing 
their supply port, that would have changed 
the “complexion” of the war, Ede adds.

  In the first weeks of WWI, Germany had 
marched, seemingly unstoppable, through 
Belgium and France, occupying land quick-
ly and easily. But the Allied defense ramped 
up. Within a few months, Germany’s mo-
mentum stalled, and both sides became 
mired in a muddy trench war that eventual-
ly stretched over 400 miles, from the North 
Sea to the French-Swiss border.

  Sometimes, one army’s trench sat just a 
few yards from that of its enemy; sometimes 
the gap was as large as a mile. Both sides 
capitalized on the Industrial Revolution to 
mass-produce weapons that could kill at 
close range—grenades, machine guns, shell 
artillery, and more—but neither warring 
party could get the upper hand. Haber ar-
gued that chemical weapons could help end 
the impasse—and the war—in a matter of 
months. He was wrong. WWI raged on for 
another three-and-a-half years after chlo-
rine gas was first deployed near Ypres.

 German soldiers 
run through 
poison gas 
during training. 
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  The First Chlorine 
Gas Attack
  It had been a spectacularly sunny spring day. 
Then late that afternoon, around 5:30 PM, 
German soldiers wearing rudimentary gas 
protection opened the valves on the chlo-
rine cylinders. What emerged was a “queer 
greenish-yellow fog that seemed strangely 
out of place in the bright atmosphere of that 
clear April day,” wrote the Canadian soldier 
A. T. Hunter in the book “Canada in the 
Great World War.” The gas began wending 
its way toward two French regiments. To 
the left of the gas and the French troops, 
Canadian soldiers watched as the cloud 
“reached the parapet, paused, gathered it-
self like a wave and ponderously lapped over 
into the trenches,” Hunter wrote.

  “Then passive curiosity turned to active 
torment—a burning sensation in the head, 
red-hot needles in the lungs, the throat 
seized as by a strangler,” Hunter wrote. 
“Many fell and died on the spot. The oth-
ers, gasping, stumbling, with faces contort-
ed, hands wildly gesticulating, and uttering 
hoarse cries of pain, fled madly through the 
villages and farms and through Ypres itself, 
carrying panic to the remnants of the civil-
ian population and filling the roads with 
fugitives of both sexes and all ages.”

  Haber and his scientific team had chosen 
chlorine gas for a few reasons. It was widely 
used in the German dye industry and thus 
widely available. The gas was also inexpen-
sive to produce and did not divert any re-
sources from the production of convention-
al weapons needed for the war, Colorado’s 
Gal says. From a practicality standpoint, 
chlorine gas was heavier than air and could 
sink into the trenches instead of disappear-
ing up into the sky. Finally, the gas was a 
powerful irritant to eyes, noses, lungs, and 
throats. At high enough concentrations, ex-
posed victims would die of asphyxiation.

  The gas attack decimated two French 
divisions, creating a huge gap—5 miles 
wide and 2.5 miles across—in the Allied 
front lines, says Piet Chielens, a curator at 
  In Flanders Fields Museum , in Ypres.  The 
German Army then began to march into 
the emptied trenches. “What we saw was 
total death,” wrote a young German soldier 
named Willi Siebert in a letter to his son. 
“Nothing was alive. All of the animals had 
come out of their holes to die. … You could 
see where men had clawed at their faces, and 
throats, trying to get breath. Some had shot 
themselves.”

  Despite the resulting devastation, the 
German Army couldn’t capitalize on its gas 

attack. Not expecting much to come of the 
experiment, the German High Command 
hadn’t assigned enough backup troops to 
take Ypres, says   Mélanie Morin-Pelletier , a 
WWI historian at the   Canadian War Muse-
um , in Ottawa, Ontario. Then darkness be-
gan to fall, stalling the forward march of the 
German soldiers: They did not think it was 
safe to march into the night without backup, 
and the infantry had no gas protection. “The 
German soldiers were afraid of their own 
gas,” Morin-Pelletier says.

  Meanwhile, to one side of the cloud, par-
tially gassed Canadian troops “were either 
too stubborn or too unaware of the danger 
to get out of the way of the cloud follow-
ing the attack,” Alberta’s Ede says. They 
and other Allied troops held their ground 
against the German Army until Allied re-
serves came to the rescue and forced the 
Germans backward.

The French troops “saw none of this 
installation of premeditated murder. Looking across 
to the German trenches at about five in the afternoon, 
they saw a series of sharp puffs of white smoke and then 
trundling along with the wind came the queer greenish-
yellow fog that seemed strangely out of place in the 
bright atmosphere of that clear April day. It reached 
the parapet, paused, gathered itself like a wave and 
ponderously lapped over into the trenches.

“Then passive curiosity turned to active torment—a 
burning sensation in the head, red-hot needles in the 
lungs, the throat seized as by a strangler. Many fell and 
died on the spot. The others, gasping, stumbling, with 
faces contorted, hands wildly gesticulating, and uttering 
hoarse cries of pain, fled madly through the villages and 
farms and through Ypres itself, carrying panic to the 
remnants of the civilian population and filling the roads 
with fugitives of both sexes and all ages.”

— A. T. Hunter, a Canadian soldier who witnessed 
the first chlorine gas attack. 

Excerpt from “Canada in the Great World War” (1919), 
The Second Battle of Ypres
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  The Precedent For 
Poisonous Weapons
  The chlorine attack may have come out of 
the blue for the soldiers on the ground, but 
the idea of chemical warfare was not new to 
military strategists. Poisonous weapons had 
been used on and off for millennia: They 
were deployed in ancient Greece; the Chi-
nese used them against Genghis Khan; and 
indigenous people in South America had 
long used plant extracts as poison on their 
darts. Chemical and biological warfare was 
considered such an imminent threat that 
just seven years before the start of WWI, 
Germany, France, Britain, and many other 
Western nations had implemented an inter-
national treaty against poisonous weapons.

  During the first weeks of the war, 
French troops broke that treaty when they 
deployed tear gas grenades on German 
soldiers, albeit with little consequence 
to troops. The German military also un-
leashed tear gas on both Russian and Brit-
ish troops early in the war. Both attempts 
failed because of technical difficulties: The 
poisons wouldn’t vaporize because of cold 
weather in one instance, and they were in-
cinerated by explosive charges in the other. 
Allied commanders then began receiving 
reports from German prisoners of war and 
other intelligence that a larger gas attack 
was being planned, Morin-Pelletier says, 
but “they had no idea how to prepare.”

  Although the idea of using chemical 
weapons had precedent, the chlorine gas 
attack at Ypres was a watershed moment; it 
was the first to successfully deploy chemi-

cal weapons on a massive scale. In doing 
so, “the Germans also handed the Allies a 
propaganda coup,” writes Edward M. Spiers 
in the book “A History of Chemical and 
Biological Weapons.” As one German of-
ficer named Rudolf Binding wrote after the 
first chlorine gas attack at Ypres, “I am not 
pleased with the idea of poisoning men. Of 
course, the entire world will rage about it at 
first and then imitate us.”

  Within months, the British retaliated 
with chlorine gas at the Battle of Loos, in 
France. As news spread about the gas at-
tacks, Allied chemists in Europe and North 
America had mobilized to help establish 
chemical weapons research programs, such 
as the U.K.’s Porton Down research center 
and what would become the U.S.’s Chemi-
cal Warfare Service. Although Germany 
“seized the initiative repeatedly in the 
gas war,” Spiers notes, by introducing the 
most prevalently used chemical weapons 
in WWI—namely chlorine, phosgene, and 

mustard gas—the Allies were often quick 
to catch up.

  “It’s impressive   how quickly the Allies 
figured out what the new poisons were, 
typically in a matter of weeks, sometimes 
even days,”   Gal says. After all, he says, this 
was 1915, well before the introduction of 
top-notch analytical equipment.

  The rapid Allied response can be at-
tributed to a combination of things, Ede 
explains. At the time, Germany was leading 
the world in chemical research. As a result, 
many international chemists had spent a 
sabbatical or part of their training in the 
country. Because they’d been there, British, 
American, and French chemists “knew the 
chemicals used in the German chemical 
industry, and so they knew the chemicals 
likely to be stockpiled and on hand and 
thus available to weaponize,” Ede says. 
Furthermore, “at the time, there were only 
a handful of journals and everybody read 
them.”

  Examples of 
gas masks 
produced by 
the U.S. (from 
left), France, 
the U.K., and 
Germany. 

  The British 
Army first 

used poison 
gas in 

retaliation 
at the Battle 

of Loos in 
September 

1915. 
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  Mounting The 
Defense
  On the evening of that initial attack, one of 
the first frontline workers to realize the gas 
was chlorine was Lt. Col. George Nasmith, 
a sanitation expert from Toronto, Morin-
Pelletier says. The 4-foot-6-inch man was 
too short to enlist as a soldier, but he con-
vinced the Canadian Army to let him set up 
a small lab on the front lines to test soldiers’ 
drinking water. He spread the word that the 
poison gas was chlorine the evening of the 
attack, Morin-Pelletier says, as did a field 
ambulance doctor, Capt. Francis Scrimger. 
He told his staff to urinate on their hand-
kerchiefs and use them as a face cover when 
they went into affected areas to rescue the 
wounded, she adds. Scrimger knew that the 
ammonia in urine, a base, could help neu-
tralize chlorine gas, which transformed into 
a strong acid in body tissue.

  “Soldiers were also told to dip handker-
chiefs and rags in water,” which they would 
then place over their faces during gas at-

tacks, explains Michael Freemantle, author 
of “The Chemists’ War: 1914–1918” and 
“Gas! Gas! Quick, Boys! How Chemistry 
Changed the First World War.” Chlorine 
gas dissolves in water, he says, so the wet 
cloth helped pull the highly aggressive gas 
out of the air before soldiers breathed it in. 
These makeshift defenses helped defuse 
the new weapon—a necessary step because 
the German Army would deploy chlorine 
five times more on the battlefield near 

Ypres in the weeks after the first gassing.
  A variety of gas masks were soon devised 

and divvied out among Allied troops. Early 
gas masks, such as the Black Veil Respira-
tor, reminiscent of a bandit’s mask, were 
rudimentary. Full-body, canvas cloaks with 
clear plastic viewing windows might have 
doubled as military-issue ghost costumes.

  But eventually, more sophisticated res-
pirators were invented. These hoods, often 
made from canvas or rubber, had plastic 
viewing windows and featured tubing that 
connected to a canister, which filtered the 
incoming air. The filter in the canister was 
of key importance, Freemantle says. As new 
gases were deployed on the battlefield, the 
filters had to evolve to deactivate all man-
ner of poisons.

  Gas mask filters had three important 
components. The first was activated 
charcoal, which features a highly porous 
structure that allowed air to pass yet also 
trapped larger poison gas molecules such as 
phosgene. The filters also contained acid-
neutralizing agents, namely strong bases 
such as sodium hydroxide and calcium 
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  Both German soldiers and 
military dogs were issued 
protective gas masks. 
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hydroxide. And finally, the masks contained 
oxidizing agents, such as potassium or sodi-
um permanganate, which indiscriminately 
attacked and destroyed many poisons.

  Within a year of the first gas attack, the Al-
lies had gas masks that were as protective as 
those worn by German soldiers, Freemantle 
says. A major challenge on both sides was en-
suring soldiers actually kept their gas masks 
on. “I don’t know if you’ve tried putting a gas 
mask on, but it is a very claustrophobic thing 
to do,” says Chielens, curator at In Flanders 
Fields Museum. “You feel like you’re suf-
focating anyway.” Military strategists knew 
that soldiers didn’t like wearing the heavy, 
hot, and uncomfortable masks, and they 
sought a way to provide a reason to take 
them off. They hit on the idea of arsenic-con-
taining compounds that could penetrate the 
filters. “These were vomiting and sneezing 
agents,” Gal says. “The idea was to first fire 
these agents so that the soldiers would start 
vomiting. The first thing the soldiers would 
do was take off the gas mask. Then they 
would fire the real poison.” Although this 
plan was widely proposed, there’s not a lot 
of evidence that it worked well, Freemantle 
says. That’s because the chemicals didn’t 
always penetrate the filters, or the timing be-
tween poisons didn’t work out. The soldiers 
might also have simply stayed the course and 
kept their masks on.

  Poisonous Projectiles
  Eventually, both of the warring parties in 
WWI realized that deploying poison gas 
from cylinders was an unreliable strategy. 
“The wind was too difficult to predict,” Gal 
says. As a result, an overwhelming majority 
of chemical weapons used during the war 
were deployed in some form of artillery 
shell.

  But getting these poisons into the shells 
posed some major problems, from the 
danger to factory workers to the technical 
challenges of transporting the weapons to 
the front lines without leakage, Gal says. 
Chemical weapons containing halogens, 
for instance, attacked the iron-containing 
shells of the steel artillery. To address this 
issue, workers would line the shell contain-
ers with lead, ceramic, or glass to prevent 
corrosion, Gal explains. Historians esti-
mate that between 35 million and 66 mil-
lion shells filled with chemicals were fired 
altogether, Gal says. “That’s a lot of poison-
ous projectiles.”

  As gas mask technology improved, both 
sides got better at surviving onslaughts 
of poison-filled artillery shells, and once 
again the two sides hit a stalemate. That is, 
until the summer of 1917, when Germany 
introduced mustard gas. Within a year, the 
Allies were also deploying the poison. Soon 
known as the “king of the battle gases,” 
mustard gas is actually an oily liquid that 
can pass through leather, rubber, and most 
textiles. This liquid produces a toxic vapor 
that goes beyond hurting the eyes, nose, 
throat, and lungs, which are the standard 
gas target areas that can be protected with 
a mask. Mustard gas also attacks the skin. 
And it has a delayed reaction .

  “The effects did not become appar-
ent for up to 12 hours,” wrote John Ellis 
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  These British soldiers were 
casualties of a mustard gas attack. 

  Schematic of poison gas shells. 
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in “Eye-Deep in Hell: Trench Warfare in 
World War I.” “But then it began to rot the 
body, within and without. The skin blis-
tered, the eyes became extremely painful 
and nausea and vomiting began. Worse, the 
gas attacked the bronchial tubes, stripping 
off the mucous membrane. The pain was al-
most beyond endurance and in most cases 
[victims] had to be strapped to their beds.”

  Mustard gas caused the lion’s share 
of chemical weapons casualties in WWI. 
Victims were often temporarily and some-
times permanently blind, and they took 
weeks, sometimes months, to recover, 
bogging down frontline medical facilities. 
When the poison killed, “death took up to 
four or five weeks,” Ellis notes.

  Mustard gas was also persistent for 
weeks in the environment. Troops could 
be marching through contaminated areas, 
unaware that they were being exposed. Af-
ter returning to their trenches or barracks, 
they could then contaminate other soldiers 
many hours before their own blistering and 
blindness began.

  The War Ends, But 
Research Continues
  When armistice finally occurred on Nov. 11, 
1918—three-and-a-half years after the first 
chlorine gas attack—125,000 tons of poi-
son gas had been deployed by all warring 
parties, with little strategic benefit.

  A vast majority of WWI historians argue 
that chemical weapons had no decisive ef-
fect on the outcome of the war. According 
to Haber’s son Ludwig, a historian, chemi-
cal weapons were an ineffective weapon 
and a waste of resources. For Germany’s 
military, poison gas “did not win them a 
battle, let alone give them a victory,” Lud-
wig wrote in “The Poisonous Cloud: Chem-
ical Warfare in the First World War.”

  Yet in the postwar aftermath, chemical 
weapons had some notable fans. Winston 
Churchill didn’t understand “this squea-
mishness about the use of gas.” He argued 
that gases could be used to inconvenience 
the enemy and spread terror, not necessar-
ily to kill. According to author Freemantle, 
“In July 1944, when [Churchill] was Secre-
tary of State for Defence, he wrote a memo-
randum to the War Office requesting that 

Germany be drenched with poison gas.”
  Until his death in 1934, Haber also 

argued in favor of chemical weapons, con-
tending that they were more ethical than 
conventional weapons. “Chemical warfare 
is certainly no more horrible than flying 
pieces of steel; on the other hand, the mor-
tality from gas injuries is smaller,” Haber 
noted in 1919.

  Haber was correct that machine guns, 
high explosives, and artillery shells led to 
far more casualties and deaths than chemi-
cal weapons: Poison gas caused less than 
1%  of total WWI fatalities and less than 2% 
of American war fatalities. “Strategically, 
poison gas wasn’t effective,” Chielens says. 
“But from the point of view of the men who 
had to work with it—be exposed to it—it 
was a terrible weapon.” Chielens should 
know: As a young boy in Belgium, he played 
in Flanders Fields and grew up listening to 
local veterans talk about the First World 
War. “The psychological terror on the ordi-
nary soldier was immense,” Chielens says. 
“Will I be able to stand this?” and “How 
much longer can I be able to hold out?” 
were common sentiments.

  Postwar public perception of chemical 
warfare in the U.K., Germany, and the U.S. 
was negative. “People fear gas in a way they 
don’t fear conventional weapons. I don’t 
think it’s based on any rational analysis of 
battlefield statistics,” Ede says. “I think 
it’s just based on the idea of what it would 
personally be like to suffer through a gas at-
tack. The public perception is that it is evil 
and unsportsmanlike.”

  Many in the military also thought 
chemical weapons were unsportsmanlike. 
In the U.S., Peyton March, the Army’s chief 
of staff in 1918, tried to disband the U.S.’s 
Chemical Warfare Service (CWS) on hu-
manitarian grounds but failed after heavy 
lobbying from many in the chemical enter-
prise, Ede says.

  For the chemists, “CWS offered the 
biggest, best-funded, and best-staffed 
laboratories in North America,” Ede notes. 
“In the short time CWS had existed, it had 
spent more than $83 million,” or $1.1 billion 
in U.S. dollars today, he notes. “And [it] 
had the capability to produce 675 tons of 
offensive chemical agents a week.” It was a 
Manhattan Project before the Manhattan 
Project, he says.

  The  Journal of Industrial & Engineer-
ing Chemistry,  published by the American 
Chemical Society (which also publishes 
C&EN), was the mouthpiece of the postwar 
chemical weapons lobby, Ede says. The jour-
nal’s editor, Charles H. Herty, argued often 
that “chemical warfare has come to stay.”

 C
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  Mustard gas victims with 
bandaged faces await transport. 
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  Even a decade after the end of WWI, 
the pro-chemical-weapons lobby was still 
going strong. One chemist, Harry Holmes, 
argued in both the  New York Times  and 
 Scientific American  that the public would be 
less afraid of chemical warfare if it could be 
demonstrated scientifically that defense 

against attack was an easy matter. “He sug-
gested that tear gas be dropped on a small 
[American] city to test the effectiveness of 
gas defense training,” Ede says. “Holmes 
found no volunteers to undertake his ex-
periment, and such suggestions did little 
to reassure the public as to the humanity 

of the supporters of the Chemical Warfare 
Service.”

  In the end, many Allied countries con-
tinued their chemical weapons research, 
such as in the U.K., at the Porton Down 
research station, and in the U.S., eventually 
under the umbrella of the Army’s Chemi-
cal Corps. Meanwhile, in Germany, Haber 
continued researching chemical weapons 
through the 1920s as well, although he did 
it secretly and in direct contravention of 
the terms of Germany’s surrender.

  “Haber recognized after the war that you 
couldn’t think of the next war without be-
ing concerned about chemical weapons,” 
Ede says. Here, he was absolutely correct. 
Today, even though chemical weapons dis-
armament treaties such as the Geneva Pro-
tocol and the Chemical Weapons Conven-
tion have been drafted and signed, national 
armies and terrorists alike have continued 
to deploy poisonous compounds on sol-
diers and civilians.

  If Haber realized he had opened Pan-
dora’s box in 1915 and suffered any regret 
about it, he did not say so: He maintained 
that chemical warfare was an ethical war-
time weapon until his death. Certainly,  he 
knew that trying to undo the precedent of 
chemical warfare would be as difficult as 
stuffing chlorine gas back into a cylinder 
buried in the mud in Flanders Fields . ◾ 
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  A WWI cemetery for French soldiers near Ypres, Belgium, includes 
some who died in the first gas attacks. 

  The Brooding Soldier memorial 
commemorates the Second 
Battle of Ypres, which included 
the first gas attack of WWI. 
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 Fritz Haber is one of the most important 
and controversial scientists of the 20th century. How many 
chemists have been the subject of multiple plays, television 
documentaries, and graphic novels? How many scientists can 
report that their discoveries have helped feed billions? Or 
maimed millions? Haber has been called many things: scientific 
genius, war criminal, Jew, husband and father, and friend and 
colleague . Here we examine many sides of the man who oversaw 
the first chlorine gas attack of World War I.

  Scientific Genius
  At the turn of the 20th century, hu-
manity faced the prospect of incred-
ible famine. One concerned chem-
ist, William Crookes, predicted in 
1898 that “millions will starve to 
death due to lack of nitrogen fertil-
izer for plant growth.” Nitrogen was 
abundant in the air, but it was out 
of reach for those who wanted it for 
industrial-scale fertilizer produc-
tion. Fritz Haber, though, put his 
mind toward harnessing it to make 
fertilizer at a volume that could help 
feed Earth’s growing population.

  Some mix of Haber’s vast 
intellect—he was already an ac-
complished electrochemist in 
Karlsruhe, Germany—and his ap-
preciation of applied science—he 
spent the early part of his career 
working in his father’s dye business 
as well as at an alcohol distillery, a 
cellulose factory, and an ammonia-
soda factory—helped him invent a 
straightforward strategy for nitro-
gen fixation. The achievement gar-
nered Haber the 1918 Nobel Prize 
in Chemistry. Although his strategy 
paved the way for making fertil-
izer from air, Carl Bosch made the 
discovery workable on an industrial 
scale by replacing the expensive os-
mium or uranium catalysts Haber’s process 
called for with cheaper magnetite and alu-
minum oxide ones. The Haber-Bosch pro-
cess remains the workhorse of this industry.

  Because fertilizer gets incorporated 
into the agricultural products we eat, an 
estimated 40% of the essential nitrogen in 
every human’s body now originates from 
the Haber-Bosch process. Yet in a perfect 
example of how one discovery can benefit 
humanity just as easily as it can destroy it, 
the Haber-Bosch process was also vital to 
manufacturing nitrogen-based explosives 
for the German Army during World War I.

  Haber’s scientific genius was multifac-
eted. He made important developments in 
organic chemistry (his doctoral thesis was 
on derivatives of the fragrance molecule pi-
peronal, found in pepper, dill, and vanilla), 
his work on molecular adsorption formed 
the basis of Irving Langmuir’s now-classic 
theory of adsorption, and he developed a 
whistle device for alerting miners of toxic 
fumes. He also put his mind to weaponiz-
ing toxic compounds during WWI, particu-
larly chlorine, phosgene, and mustard gas, 
which led to the first large-scale deploy-
ment of chemical weapons in history.

   War Criminal
  After World War I, the Allies named Fritz 
Haber a war criminal and requested his ex-
tradition, prompting the chemist to hide in 
Switzerland in 1919.

  The Allies took that action because Haber 
proposed the use of chlorine gas on Allied 
troops to the German High Command in 
1914, a recommendation that was in direct 
contravention to a 1907 international agree-
ment against the use of poisonous weapons. 

He then worked to weaponize the 
gas: He oversaw its deployment first 
in Ypres, Belgium, then elsewhere; he 
led the development of at least two 
other chemical weapons deployed 
in WWI, phosgene and mustard gas; 
and he advocated the use of chemical 
weaponry until his death in 1934.

  Haber’s name was later removed 
from the Allied war criminal list, 
and he returned to Berlin as a war 
hero. What the Allies did not know is 
that during the postwar period, go-
ing against the Treaty of Versailles, 
Haber secretly continued poisonous 
gas research.

  Haber ignored the near-universal 
testimonials of soldiers, nurses, and 
doctors that described the horrors 
of poison gas, notes Joseph Gal, a 
chemical historian at the University 
of Colorado, Denver. As John El-
lis wrote in the book “Eye-Deep in 
Hell: Trench Warfare in World War 
I,” “With mustard gas the effects 
did not become apparent for up to 
twelve hours. But then it began to rot 
the body, within and without.” Haber 
strongly believed poisonous gas was 
a more humane form of weaponry 
compared with standard artillery, 
and he argued that it would bring 
WWI to an end quickly. It did not.

  The Haber-Bosch process did, 
however, boost production of tra-
ditional weaponry during WWI. 

Scientists used this nitrogen fixation strat-
egy to make nitrate-based explosives. Ac-
cording to several military historians, after 
a year or two of war, Germany would have 
run out of explosives had it not been for the 
Haber-Bosch process .

  Jew
  Much is made of Fritz Haber’s German 
Jewish heritage, and rightly so: He was 
born in 1868   to a Jewish dye merchant, he 
faced anti-Semitism throughout his life, 
and he died a Third Reich Jewish exile 

 A
R

C
H

IV
 D

E
R

 M
A

X
-P

L
A

N
C

K
-G

E
S

E
L

L
S

C
H

A
F

T
, 

B
E

R
L

IN
 (

B
O

T
H

)

A
K

G
-I

M
A

G
E

S
/

N
E

W
S

C
O

M

 Who Was 
Fritz 
Haber? 

  SARAH EVERTS ,  C&EN BERLIN  

SPECIAL REPORT



19CEN.ACS.ORG FEBRUARY 23, 2015

in Basel, Switzerland, in January 1934.
  Both of Haber’s wives were of Jewish 

descent, as were his closest friends. Haber 
became the first head of the Kaiser Wilhelm 
Institute for Physical Chemistry & Electro-
chemistry, now known as the Fritz Haber 
Institute, because its benefactor, a Jewish 
banker named Leopold Koppel, agreed to 
finance the institute only if Haber was its 
director.

  Yet Haber converted to Christianity 
as a young man and spent his entire adult 
life—some 40 years—as a Lutheran. This 
conversion was a “gesture of opportunistic 
conformity,” writes Fritz Stern, a historian 
at Columbia University and Haber’s godson 
( Angew. Chem. Int. Ed.  2012, DOI:   10.1002/
anie.201107900 ). Many Jews in that era 
converted so that they could still attain their 
career objectives despite Germany’s anti-
Semitic culture. “Haber embraced the new 

religion with more fervor than inner faith—
in the service, I think, of one overriding 
genuine passion: his pride in being German, 
his loyalty, even subservience to Germany’s 
rulers,” Stern writes.

  When Adolf Hitler came to power in 1933, 
Haber’s daughter, Eva Lewis, then 15 years 
old (now 96), recalls, Haber sat her and her 
brother down to explain that they were of 
Jewish descent. “We didn’t know,” Lewis 
told C&EN. It was “possibly the first real 
shock I had in my life—to be suddenly told, 
‘Well, you’re Jewish, according to that man 
Hitler.’ ”

  Husband & Father
  Fritz Haber married twice and fathered 
three children. In 1902 Haber had his first 
son, Hermann, with his wife, Clara Im-
merwahr, one of the first female Ph.D. 
chemists in Germany. Their marriage soon 
turned rocky because of Haber’s traditional 

family values, Immerwahr’s frustrated 
career aspirations—she went from being 
an active chemist to a housewife—and the 
family’s financial difficulties. Immerwahr 
also strongly objected to Haber’s work on 
chemical weapons. A week after the first gas 
attack in Ypres, Belgium, in 1915, she shot 
herself. Their son, Hermann, nearly 13 years 
old, found his mother dying. Haber left for 
the Eastern Front the following day to pre-
pare for a gas attack on Russian troops.

  Two years later, in 1917, Haber married 
his second wife, Charlotte Nathan, who 
worked at a social club he attended. Nathan 
was intelligent, but not an intellectual like 
Immerwahr, Colorado’s Gal notes . Nathan 
was fiercely independent, though; they di-
vorced a decade later. From the second mar-
riage came two children, a daughter, Eva, 
and another son, Ludwig.

  Hermann had a sometimes tumultuous 
relationship with his father. Haber objected 
to Hermann’s  desire to study law and forced 
him to pursue chemistry instead. Hermann 
was also a source of contention for Haber’s 
second wife: In her memoirs, she says that 
their marriage’s first and last fights were 
about Hermann. Despite their problems, 
Hermann was at his father’s side the night 
Haber died of a heart attack in 1934. Al-
though Hermann was never able to fully get 
his career going, he eventually worked in pat-
ent law before committing suicide in 1946, 
shortly after his own wife died of cancer.

  If Haber was preoccupied with Hermann, 
he had a modest interest in his younger 
two children. According to his daughter, 
Eva, now 96, Haber didn’t treat them badly. 
“There was just a sheer lack of interest,” she 
says. He’d ask, “ ‘Do they have enough to eat 
and to drink, and [are they] dressed prop-
erly and do they speak properly and are they 
schooled properly?’ Beyond that, I don’t 
think he had any particular interest in us.”

  Friend & Colleague
  Fritz Haber was, by many accounts, a de-
voted friend. One of his closest friends, 
1915 Chemistry Nobel Laureate Richard 
Willstätter, wrote that “the most beauti-
ful trips were the ones I took with Fritz 
Haber; they were hours of friendship in 
which I came to know and understand his 
individuality, his noble mind, goodness of 
heart, wealth of ideas, and his boundless 
extravagant drive.”

  Haber often took trips to recuperate 
at spas after overextending himself with 
work and wrote charming postcards to 
his friends and family in rhyme. Here’s an 
excerpt from a poem he wrote for Albert 
Einstein:

   I walked a whole day—or very near— 
   To see Sturmann’s cave and the ravine 
   But had to leave them both unseen: 
   My body’s strength denied my desire. 
   This is the pain, this is the inner fear: 
   Will you persist in what you have begun 
   When autumnal storms of life about you run 
   And around your steps, cold fogs drear? 

  Haber and Einstein were very different 
individuals: Einstein was flamboyant; 
Haber conservative. Einstein was a proud 
Jew; Haber a proud German. Einstein was 
critical of Germany; Haber loyal to this na-
tion. Yet the two developed a friendship: 
When the Third Reich robbed Haber, one 
of Germany’s proudest citizens, of his job 
and disowned him, Einstein wrote him to 
say: “I can imagine your inner conflicts. It 
is similar to having to give up a theory that 
one has worked on all one’s life.”

  Another one of Haber’s closest friends 
was his physician, Rudolf Stern. Stern’s 
son Fritz was Haber’s namesake and also 
his godson. In an article about his Onkel 
Fritz, the younger Stern, now an emeritus 
historian at Columbia University, writes, 
“Haber was hailed not only for his own 
achievements but also for his tireless fur-
therance of others, for the quick brilliance 
with which he grasped the core of a prob-
lem and intuited a solution.”

  During the Third Reich, most chem-
ists adopted Hitler’s anti-Semitic poli-
cies without contest, and many actively 
participated in research programs that 
advanced Hitler’s goals. Yet one certain 
act of defiance against the regime was Max 
Planck’s attempt to organize a memorial 
for Haber in 1935, a reflection of the es-
teem in which Haber was held by his col-
leagues, some of whom attended at great 
personal risk. 

 Haber and his friend Einstein 
in Berlin. 

  Haber (pointing) instructs 
soldiers about chlorine gas 
deployment in WWI. 
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 1961–71

The U.S. 
deploys the 
herbicide 
Agent Orange 
during the 
Vietnam War. 

 1980s
Iraq uses chemical weapons 
against Iran during the Iran-Iraq 
War. After unsuccessfully seeking 
international support against the 
attacks, Iran establishes its own 
chemical weapons program. Both 
countries are  signatories of the 
Geneva Protocol. 

 13TH CENTURY 
The Chinese produce gunpowder 
bombs filled with feces and poison to 
use against the Mongols. The poisonous 
ingredients include arsenic compounds; 
crushed Mylabris beetles, many of 
which produce a blistering agent 
called cantharidic acid; and aconite 
root (shown), which causes nausea, 
convulsions, and breathing impairment.  

 Chemical Weapons Then And Now 

  ACROLEIN  Bis(2-CHLOROETHYL SULFIDE) (MUSTARD GAS)  BROMINE  CHLORINE  CYANOFORMATE ESTERS  DIMETHYLCHLOROARSINE  ETHYL IODO

 CIRCA 600 B.C. 
The Athenians besiege the city of Kirrha, in ancient 
Greece. They poison the besieged city’s water supply 
with heart-toxic extracts of hellebore plants (shown). 

 A.D. 256 
Dura-Europos, a Syrian outpost of the Roman Empire, 
is under siege by a Persian army. The Persians ignite 
jars of bitumen and sulfur to suffocate the Romans.  

 AUGUST 1914
The French Army uses 
tear gas grenades 
on the Western Front 
during World War I.  

 OCTOBER 1914
At Neuve-Chapelle battlefield, in France, 
the German Army fires 3,000 shells 
containing the lung irritant dianisidine 
chlorosulfate at the British Army. The 
poison, however, is destroyed in the 
explosion. The British soldiers don’t 
realize they’ve been attacked with a 
(failed) chemical weapon.  

 JANUARY 1915
The German Army deploys 18,000 shells containing xylyl bromide 
against the Russian military. Because of cold weather, the liquid 
irritant does not vaporize into tear gas and fails as a weapon.   

 MAY 6, 1953
A British soldier is killed by sarin when he participates in human experiments at the British 
chemical weapons research facility at Porton Down. The military covers it up for decades. 

 1972
In conjunction with the 1925 
Geneva Protocol, the Biological 
& Toxin Weapons Convention 
bans the development, 
production, or possession of 
biological weapons.  

 1925
International efforts 
to ban the use of 
chemical weapons 
intensify after World 
War I. The Geneva 
Protocol bans the 
use of chemical 
and biological 
agents in war, but 
it does not prohibit 
the development, 
production, or 
stockpiling of such 
weapons.   

 DEC. 23, 1936
Trying to develop a new 
pesticide for use in food 
preservation, German chemist 
Gerhard Schrader synthesizes 
tabun, a deadly nerve agent. 
The discovery is reported 
to the Nazis, who 
then develop sister 
poisons sarin and 
soman. 

 1935–36

The Italian 
military, under 
Mussolini’s 
direction, deploys 
mustard gas in 
Ethiopia against 
indigenous 
fighters who have 
no gas protection.  

 APRIL 22, 1915
The Germans launch the first large-scale, successful gas attack 
against Allied troops in Belgium, near the town of Ypres. Chemist Fritz 
Haber oversees the deployment of 170 metric tons of chlorine gas in 
5,730 cylinders. More than 1,100 people die and 7,000 are injured.  

 SEPT. 25, 1915

The British 
Army retaliates 
against the 
German 
chemical 
weapon attack 
with chlorine 
gas at the Battle 
of Loos, in 
France.   

  Tabun  
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