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Fixing the Nitrogen 
Problem  

 

Each year the chemical industry synthesizes tons of nitrogen fertilizers, increasing agricultural 
production around the globe. But prior to 1915, humans had to rely solely on natural resources 
for fertilizers, and the decreasing  of these materials caused widespread fear of world starvation. 
A crisis was averted, however, through the discovery of an answer to the ‘nitrogen problem’ at 
term used at the time to describe the shortage of useful nitrogen despite its abundance in the 
atmosphere 

 

In 1798, Thomas Malthus published his famous “essay on population” a report predicting that 
the world’s food supplies could not keep up with the growing human population and that famine, 
death, and misery were inevitable.  Malthus’s warning seemed to be echoed in the 1840s by the 
great Irish potato famine. In fact, the rest of Europe likely would have suffered serious food 
shortages as well had crop yields per acre not been increased through the use of fertilizers 
containing nitrogen. 

Few living things can utilize the gas that forms 78% of the atmosphere; they need nitrogen that 
has been combined with other elements, or “fixed” to survive. But soil often lacks sufficient 
amounts of the organisms that fix nitrogen for plants, so fertilizers containing usable nitrogen 
compounds are added.  

 

As early as the 1890s, chemistry had shown that ammonia, a practical source of fixed nitrogen, 
could be synthesized at high temperature and atmospheric pressure from elemental 
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Nitrogen is released when living things 
die and also from animal wastes and 
plant material. Some bacteria are able 
to break the bond holding the nitrogen 
molecule together, freeing the 
nitrogen atoms to combine with 
hydrogen to form ammonia. Plants 
can absorb the nitrogen in this form 
from the soil. Animals then benefit 
from the nitrogen by eating the plants. 
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hydrogen and nitrogen. The problem was that the end product was present in such minute 
amounts that the product was not industrially practical.  

In 1904, the German chemist Fritz Haber seemed to confirm this assessment. He tried reacting 
hydrogen and nitrogen at temperatures of up to 1020o

Haber was convinced that he was right. He ran the reaction at increased pressure to attain an 
amount of ammonia that could be measured more accurately. 

C using pure iron as well as other metals 
as catalyst. He found that the amount of ammonia was a mere 0.005% to 0.012% at 
equilibrium. Haber had apparently closed the door on the synthesis of ammonia from its 
elements. But in 1906, Walter Nemst, using his new heat theorem, calculated the reactions 
theoretical ammonia concentration at equilibrium corresponding to several pressures. He found 
that his value at atmospheric pressure disagreed significantly with Haber’s and he publicly 
challenged Haber’s values. 

Haber and his assistants confirmed their original findings and Nermst later conceded a 
mathematical error. But more important, his new round of 
experiments indicated that a reasonable amount of ammonia 
might be attained at pressures of 200atm. Using uranium or 
osmium catalyst.  

Large –scale equipment that could withstand such high 
pressures was unheard of at the time and osmium and uranium 
were far too scarce to be cost-effective for industry. 
Nevertheless, in 1909, the German firm BASF bought the rights 
to Haber’s findings and put its gifted chemical engineer Karl 
Bosch in charge of creating an industrial scale system that would 
make the process profitable. After nearly five years, Bosch and 
the company’s chief chemist, Alwin Mittasch, succeeded in 
developing a suitable reactor that could handle the reactions 

high pressures. They also discovered that catalyst of iron containing small amounts of 
impurities was an effective replacement for the rare metals used by Haber. 

 

By September 1913, BASF was producing 20 metric tons ammonia a day using Haber’s 
process. Eventually enough ammonia was produced by the chemical industry to free Germany 
and the world of dependence on Chile saltpeter for fertilizer. New ammonia synthesis also 
became the basis of the production of nitric acid, used to make many of the explosive 
employed in the wars that rocked Europe and the rest 
of the globe in the first half of the twentieth century. 
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(1) Answer the following questions depending on your understanding of the 
paragraph above: 

Questions: Fixing the Nitrogen Problem  

 

a) What was the main industrial product that Haber wanted to prepare? 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 

b) What is the main use of this product? 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
 

c) New ammonia synthesis was the basis of the production of nitric acid, what is the main 
use of this product. 
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________
______________________________________________________________________ 
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(2) Use the following chemical formulas to complete given reaction: 

 

 

 

  

 + 

 

Write √ or X in front of the following sentences with correcting the wrong sentences.  

1. Each year the chemical industry synthesizes tons of oxygen fertilizers. (         ) 
 
…………………………………………………………………………………….. 

2. Few living things can utilize the gas that forms 78% of the atmosphere. (       ) 
 
        ………………………………………………………………………………………….. 
 
3. As early as the 1890s, chemistry had shown that ammonia, a practical source of fixed 
nitrogen, could be synthesized at low temperature and atmospheric pressure. (            ) 

……………………………………………………………………………………………………………………………………… 

4. The raw materials used to prepare ammonia were nitrogen and iron.(         ) 

……………………………………………………………………………………………………………………………………….. 

5. Haber’s new round of experiments indicated that a reasonable amount of ammonia 
might be attained at pressures of 200atm. Using uranium or osmium catalyst. (           ) 

………………………………………………………………………………………………………… 

6. By September 1913, BASF was producing 20 metric tons nitric acid  a day using Haber’s 
process.(            ) 

………………………………………………………………………………………………………….. 

7. New ammonia synthesis also became the basis of the production of hydrogen gas, used to 
make many of the explosive employed in the wars that rocked Europe and the rest of the globe 
in the first half of the twentieth century.(          ) 

…………………………………………………………………………………………………………… 

 

      Ammonia                         Iron 

Hydrogen gas                Nitrogen gas   
 


