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A TOER chemistry has been greatly advanced in recent years".
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Real—world solutions Here is what chemists should do instead:
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FIGURE 1 THE NUMBER OF UNDERNOURISHED PEOPLE HAS BEEN ON THE RISE SINCE 2014,
REACHING AN ESTIMATED 815 MILLION IN 2016
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NOTE: Prevalence and number of undernourished peaple in the world, 2000—2016. Figures for 2016 ore projected estimates.
SOURCE: FAD.
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Justus von Liebig (1803-1873)
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Nitrogen cycle centered on crops.

V. Smil “Enriching the Earth” (The MIT press; 2001)
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Address by Sir. William Crookes at the British Academy of Sciences in September 1898

Smithsonian Institution Libraries, SIL14-C6—
03
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_William_Crookes.jpg

Photo from Wikipedia Commons
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It is the chemist who must come to the rescue of the ZEICELIN TR HLER
threatened communities. It is through laboratory that sz (1{p2EcHDE, ZBE

starvation may ultimately be turned into plenty. £ELT. OSIEERMIzILe
(Omitted) BIZEHLHTHAD,

The fixation atmospheric nitrogen, therefore, is one of —

the great discoveries awaiting the ingenuity of Zfigiozﬁﬁl?ﬂtli‘ ’“iﬁ%‘@
chemists. It is certainly deeply important in its practical EJ;%%&:E?;QTL Cl
bearings on the future welfare and happiness of the ¢ °

civilized races of mankind. This unfulfilled problem,

which so far has eluded the strenuous attempts of

those who have tried to wrest the secret from nature,

differs materially from other chemical discoveries

which are in the air, so to speak, but are not yet

matured. The fixation of nitrogen is vital to the

progress of civilized humanity. Other discoveries

minister to our increased intellectual comfort, luxury,

or convenience; they serve to make life easier, to

hasten the acquisition of wealth, or to save time,

health, or worry. The fixation of nitrogen is a question

of the not far-distant future. Unless we can class it

among certainties to come, the great Caucasian race

will cease to be foremost in the world, and will be

squeezed out of existence by races to whom wheaten

bread is not the staff of life. [William Crookes“The Wheat Problem”, 1899 p. 7/pp45-46]
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In the Haber-Bosch process nitrogen (white) reacts with hyrogen (striped) on an iron surface to then form molecules of ammo-
nia which are released from the surface. This reaction, which extracts nitrogen from air, is an important step in the production
of artificial fertilizer. 36
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TPD: HCOOH/Cu(111)
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of formic acid on Cu(111): the importance of hydrogen bonding
between adsorbed species" J. Chem. Phys. 143, 234707 (2015).
http://aip.scitation.org/doi/full/10.1063/1.4937414
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Infrared reflection absorption spectroscopy (IRAS)
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TR-IRAS at 155.3 K: HCOOH/Cu(111)
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“Quantitative analysis of desorption and decomposition kinetics of
formic acid on Cu(111): the importance of hydrogen bonding
between adsorbed species” J. Chem. Phys. 143, 234707 (2015).
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TR-IRAS: HCOOHMD A B E L T R ILF—
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