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= Rocket fuel from thin

air

David Bradley on a fixation with
nitrogen
Special report: space exploration

Thursday August 3, 2000

A flash of light on a specially prepared
plastic plate can turn nitrogen from the
air into solid rocket fuel, say Japanese
scientists. Their discovery could lead to &
new process for making not just rocket
fuel but other important nitrogen
compounds, such as fertilisers,
pharmaceuticals and explosives.

The atmosphere comprises about four
fifths nitrogen gas, but it is notin a
chemical form that is very easy to use. In
the early 1900s, German chemist Fritz
Haber worked on combining nitrogen anc
hydrogen directly to form ammonia, the
basic feedstock for agricultural fertiliser.

The reaction was very, very slow. But by
heating the mixture under high pressure
and using an iron catalyst, Haber
speeded it up. When Carl Bosch
developed high-pressure chemistry, the
process was made viable on an industria
scale and now produces some 2,000
tonnes of ammonia every day.

Nature beat the chemists to nitrogen
fixation aeons ago. Plants such as clover
evolved in parallel with legions of
bacteria that live in their root nodules.
These microbes do the job of a whole
chemical plant with little more than a
selection of enzymes and metal ions and
operate at everyday temperatures and
atmospheric pressure.
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chemistry : Getting a fix
PHILIP BALL

All living things need nitrogen - it comprises almost four-fifths of the
air. But *fixing” it into forms that organisms can use is tough, so farmers
spread nitrogen-rich fertilizer on their soil. Capturing nitrogen from the
air to make fertilizers is a costly process, involving high temperatures
and high-pressure gases. Now a group of Japanese chemists report a
new, milder way to fix nitrogen gas into a solid compound.

Nitrogen in the air is in the form of ‘dinitrogen” molecules, two atoms of
nitrogen bound tightly together. Because the bond is so strong,
dinitrogen is very unreactive. Some soil-dwelling bacteria have
developed catalysts called ‘nitrogenases’ that fix dinitrogen into a
reactive form: ammonia. Other bacteria then convert ammonia into the
nutrient “nitrate’. Fertilizers aside, plants rely on these microorganisms
to get their nitrogen.

Today nitrogen fertilizers are made mostly by a method almost a century
old: the *Haber-Bosch process’, in which nitrogen and hydrogen are
combined to make ammonia. Discovered by the German chemist Fritz
Haber, this reaction uses an iron catalyst, on which the gases combine
under high temperatures and pressures. Haber s process marked the
beginning of chemicals-based agriculture - and, because explosives are
also nitrogen-rich, some say it is what enabled Germany to fight the First
World War. Carl Bosch later adapted the reaction into a viable industrial
process.

Chemists have long sought for an alternative to the Haber -Bosch process
for fixing dinitrogen. Ideally they would like a kind of synthetic
nitrogenase catalyst that works at everyday temperatures and pressures.
Katsuyoshi Hoshino and co-workers from Chiba University in Japan
have now identified something like this.

They use an unconventional approach: driving chemical reactions with
electricity and light. They coated a titanium electrode with a layer of
titanium oxide, and then partly covered this with a layer of an electrically
conducting organic polymer. Under the microscope, the polymer
appeared to have formed a fluffy deposit. The researchers then loaded
this layer with perchlorate ions, as they explain in the journal
Angewandte Chemie L

When they exposed the composite electrode to dinitrogen gas and
illuminated it with white light, microscopic needle -shaped crystals grew
on the polymer film. These consisted of ammonium perchlorate, an
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Angewandte Chemie International Edition

Angew. Chem. Int. Ed. 2000, 39 (14), 2509 - 2512 No. 14/2000

Needles of Nitrogen
A new method
of nitrogen fixation

Our air consists of 78% nitrogen. Despite this abundance, nitrogen from the air can’t be used just like that. Even plants have to get
necessary nitrogen compounds from the soil, or depend on the farmer to turn up with some liquid manure or artificial fertilizer.
On a large scale, nitrogen is usually bound into ammonia by the Haber-Bosch process. Most of the ammonia is then converted to fertilizers;
the rest is used by the chemical industry as a starting material for nitrogen-containing products.

The Haber-Bosch process is expensive, because it requires very high pressures and temperatures. However, a Japanese research group
working with Katsuyoshi Hoshino has developed a new, distinctly unconventional method of nitrogen fixation that works under mild
conditions - room temperature and atmospheric pressure. A titanium electrode is electrochemically coated with a layer of titanium dioxide,
onto which is then deposited a further layer of electrically conductive polymer. The layers are infused with perchlorate ions. This array of
layers is then set out in a moist nitrogen atmosphere and irradiated with white light. The astonishing result: depending on the strength of
the irradiation, needle-shaped crystals grow out of the polymer matrix after a few days or weeks. The needles were identified as
ammonium perchlorate, a nitrogen compound already known as a rocket propellant.

"The mechanism of needle formation and nitrogen fixation is not yet understood in detail," explains Hoshino. This much seems clear: the
light produces a charge at the interface between the titanium dioxide and polymer layers, which makes possible the reaction of nitrogen
with adsorbed water to form ammonia. At the same time hydrogen ions are formed, which react with perchlorate ions from the polymer
matrix to form perchloric acid. An acid-base reaction between the perchloric acid and ammonia results in a salt - the observed ammonium
perchlorate needles.

"The current process of nitrogen fixation requires harsh conditions. Our mild method could develop into an interesting alternative,"
Hoshino says optimistically.

http//www.wiley-vch.de/vch/journals/2002/press/index.html
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David Bradley

A flash fix for nitrogen

A flash of light on a plastic plate turns nitrogen from the air into solid rocket fuel, according to Japanese scientists. The discovery could
lead to a new way of making nitrogen-containing compounds.

While the Haber-Bosch process for ammonia production is not expensive and, despite its high temperatures and pressures, is very safe,
nature clearly does things very differently and chemists have been curious to find alternatives for many years.

Nature, of course, beat the chemists to nitrogen fixation aeons ago. Leguminous plants such as clover evolved in parallel with legions of
bacteria that live in their root nodules. These microbes do the job of a whole chemical plant with little more than a selection of enzymes
and metal ions and operate at everyday temperatures and atmospheric pressure.

An accidental discovery by Katsuyoshi Hoshino and his team at Chiba University may have taken chemists a step closer to an alternative
nitrogen fixation method without having to copy nature or use high temperatures and pressures.

One of Hoshino's students was working on the electrical properties of composite plastic materials containing titanium dioxide and
perchlorate. He had left a sample on a bench at the back of the lab by mistake and forgotten about it. "One day | happened to find the
sample and realised its surface glittered slightly," explains Hoshino, "so | asked my student to do a chemical analysis, which showed the ﬁi‘sﬁ:xgs“'
glitter was due to ammonium perchlorate crystals, solid rocket fuel!"

The nitrogen could only have come from the air but how did it get fixed into the crystals? The team prepared a new sample by coating a

titanium plate with a layer of titanium dioxide, or titania, familiar as the whiter than white pigment in household paints. They then covered

this with a layer of electrically conducting polymer. Reactive "perchlorate” ions were then infused into this coating. The plate was sealed

in a box moist nitrogen fed in.

Nothing happened at first but when they suddenly realised that the reaction had been driven by the overhead fluorescent light, which is

left on twenty-four hours a day, they gave the plate a blast of light and sure enough glittering crystals began to form.

"We are not sure exactly how the nitrogen needles form," explains Hoshino, "but we believe the light produces a charge at the interface

between the titanium dioxide and polymer layers, which allows the nitrogen to react with the moisture to form ammonia." Simultaneously,

hydrogen ions are produced, which react with the perchlorate ions making perchloric acid. The perchloric acid then neutralises the alkali

ammonia forming crystals of ammonium perchlorate salt. The longer they exposed the plate to light the bigger the needles got.

"The current process of nitrogen fixation requires harsh conditions," explains Hoshino, "our mild method could develop into an interesting

alternative.” This, he adds, is the first time a solid material has been produced synthetically using nitrogen fixation.

Reference:

, 2000, 39, 2509.
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