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Nitrogen Fixation: the Growth of a New British Industry. 

THERE have always been those who delight 
in prophesying catastrophes to the human 

race, just as there have always been those who 
do not listen to them. The future of mankind 
may, indeed, be violently affected by some un
expected and extremely disconcerting cosmic 
disturbance ; it is certain to be influenced in a less 
spectacular although equally impressive manner 
by limitations in the natural productivity of the 
earth's surface, and in the extent of the remaining 
reserve areas of virgin soil. In a mere comparison 
of rates of productivity we appear to have ample 
material wherewith those so minded can, without 
much risk of contradiction, anticipate a first-class 
human disaster; we also have an indication that 
the so-called 'nitrogen problem' is not a transient 
condition, but a situation which in our own day 
needs courageous, systematic, and world-wide 
measures for its solution. We may assume that 
between a date which remains controversial and 
A.D. 1800 (perhaps half a million years, perhaps 
more) the population of this earth reached 800 
millions of human beings, whilst from A.D. 1800 to 
1900 it rose to 1730 millions ; if this rate of 
increase continues-and there is no reason to 
anticipate the contrary-an early intersection of 
the population curve and the soil productivity 
curve is necessarily to be expected. Indeed, it has 
been estimated that the present methods of farming 
will lead to a definite food scarcity before the end 
of the present century. 

However unpleasant an episode in the history of 
our race such an intersection might indicate, it 
would be more profitable to consider, while there is 
yet food enough and to spare and while any 
inadequacy of clothing is due to causes other than 
lack of raw materials, the alternative policies which 
are open to us. We may be compelled to find a 
means of restricting the rate of increase of the 
population, or we may submit to restriction by 
starvation ; we may even discover forms of food 
which are not agricultural in origin. The obvious 
line of advance is, however, to seek to increase 
substantially the average output of the soil under 
cultivation. This course involves not only a 
development of improved methods of farming, but 
also a cheaper and more abundant supply of 
inorganic fertilisers-particularly of suitable com
pounds of nitrogen. 

Both of these matters are major problems with 
which the intelligent world finds itself confronted, 
and both are of dimensions which are scarcely 
amenable to parochial, even strictly national, 
treatment. In the course of their development, for 
example, the primitive methods of cultivation in 
Eastern countries will gradually be replaced by 
more modern methods, in which the liberal, but 
always scientifically controlled, application of 
fertilisers not originating from previous agricultural 
operations will play their part in safeguarding the 
world's food supply and raising the standard of 
living. It has been computed that in pursuance of 
this policy an annual addition of 125,000 tons of 
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fixed nitrogen, that is, nitrogen in the form of suit
able compounds, to the world's productive capacity 
is immediately necessary, and that in the future 
the amount will need to be larger. 

The nitrogen in the atmosphere cannot in general 
be assimilated by plants, although certain classes, 
particularly leguminous plants, are able with the 
assistance of appropriate bacteria associated with 
their roots to draw upon this enormous reserve of 
nitrogen, and thereby, in fact, to enrich the soil. 
It will be remembered that in 1852, Lawes and 
Gilbert showed that non-leguminous plants require 
for their growth a supply of nitrogenous compounds, 
and that the ammonia in the air, supposed by 
Liebig to be the source of the necessary nitrogen, 
was insufficient for the purpose ; the stages in the 
investigations leading to Hellriegel and Wilfarth's 
discovery of the effect of bacterial action in the 
assimilation of atmospheric nitrogen by leguminous 
plants form a chapter of considerable interest. 
Rothamsted, the home of Lawes and Gilbert's, and 
of a continuous succession of similar, experiments 
enjoys the distinction of laying a not inconsiderable 
part of the foundations of scientific farming and of 
the nitrogen industry, not only in Great Britain, 
but also throughout the world. 

In his address to the British Association in 1898, 
Sir William Crookes said : " The fixation of at
mospheric nitrogen is one of the great discoveries 
awaiting the ingenuity of chemists. It is certainly 
deeply important in its practical bearings on the 
future welfare and happiness of the civilised races 
of mankind." Before 1914 the world's require
ments of nitrate-nitrogen were supplied from Chile, 
where immense deposits of sodium nitrate (associ
ated with a small proportion of iodine in combina
tion) were discovered only a hundred years ago. 
Apart from similar nitre beds in Peru and Bolivia, all 
rainless districts, no other extensive deposits are 
known or anticipated to exist. Exportation from 
Chile commenced about 1830, and by 1912 had 
reached more than two and a half million tons, repre
senting 57 ·5 per cent of the total world's output of 
fixed nitrogen; 38 per cent was accounted for as by
product ammonium sulphate, originating from the 
illuminating gas and metallurgical coke industries. 
Various estimates have been made of the probable 
life of the South American deposits ; apart from 
considerations of economics, it is probable that 
they would be able to supply requirements for 
at least a century-a ' breathing space ' but not 
a very long period in the normal life of an animal 
species. 

The agricultural prosperity of the British Empire 
has therefore been to an appreciable extent 
dependent on the goods exported by another 
nation, and this subjection the British chemical 
industry has the power, and the intention, to 
neutralise. The existence of the British Empire 
was, not very long ago, dependent on its oppor
tunity to purchase nitrate from Chile and its ability 
to transport the material to our own ports. This 
three-fold dependence is one which, it is to be 
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hoped, will never again exist. The intention in this 
article is not to dwell on the place of the nitrogen 
industry in the defence of the British Empire, but 
it would be an affectation to ignore the undisputed 
fact that that position is vital. God forbid that it 
should ever again be necessary for Great Britain 
to defend her shores with arms, but only while she 
can fix her own nitrogen has she the certainty of 
possessing the raw materials for her munitions. 
So crucial, indeed, is the supply of fixed nitrogen 
in such an emergency, that voices have been raised 
against allowing the British industry to be under 
any control but that of the State ; on the other 
hand, the record of State fixation of nitrogen in 
Great Britain is not such as to lend undue support 
to the contention. 

The methods which have been employed in 
solving what is commonly known as the ' nitrogen 
problem ' are familiar. Apart from the striking 
development of natural supplies already mentioned 
-supplies of by-product ammonia being stationary, 
or even on the decline-methods based on the 
union of atmospheric nitrogen with oxygen or with 
hydrogen, either directly or indirectly, have been 
worked out on a laboratory scale, applied to a 
technical process, and have met with considerable, 
although naturally fluctuating, economic success. 
The three most important processes are : 

(a) The arc process, in which nitrogen and 
oxygen are exposed to the very high temperature 
of an electric arc, whereby 1·15 per cent of nitric 
oxide is formed, this gas then being oxidised by air 
to nitrogen dioxide, which by reaction with water 
or alkaline liquids yields nitric acid, nitrites, and 
nitrates. This process is losing ground on account 
of the high production costs and power require
ments, and is manifestly unsuited for use in Great 
Britain, where cheap electrical energy is not avail
able ; in Norway, however, and elsewhere, it con
tinues to be employed. It has the advantage of 
employing free materials and a small amount of 
labour, and of producing nitric acid directly ; on 
the other hand, the installation costs are high, and 
nitric acid is not a convenient product for trans
portation and agricultural use. For this purpose 
calcium and ammonium nitrates are manufactured. 
The credit of invention of the process, or rather of 
the successful technical adaptation of Lord Ray
leigh's method for combining nitrogen with oxygen, 
belongs to Prof. Birkeland of Christiania, and 
Dr. Eyde, a Norwegian engineer; subsequent 
developments in furnace construction are associated 
with the names of Schi.inherr and of Pauling. 

(b) The cyanamide process, in which impure 
calcium carbide is exposed at a high temperature 
to the action of nitrogen, producing calcium cyan
amide, CaCN2, which when subjected to hydrolysis 
in an autoclave affords ammonia. This process has 
been in use at Niagara since 1909, and is a familiar 
process elsewhere ; it was the process chosen for 
use at the great war factory erected at Muscle 
Shoals, Alabama-a factory which cost twenty 
million pounds but never came into production. 
Here again Great Britain suffers from the dis
advantage of the high cost of electrical energy 
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necessary for producing the carbide from lime and 
coke, and for heating it in contact with nitrogen ; 
admittedly Great Britain (except in the Scottish 
Highlands) lacks adequate water power, but she 
has been slow to harness such natural power as is 
available. 

(c) Haber's catalytic process, in which a mixture 
of hydrogen and nitrogen under pressure is heated 
to a moderate temperature in chrome-steel bombs 
in the presence of a suitable catalyst, such as pure 
iron mixed with small quantities of alkalis and 
acidic oxides, the ammonia so formed being re
moved by dissolution in water. This process makes 
no extravagant power demands, and is suitable for 
development in Great Britain ; for reasons which 
will appear later, it is, nevertheless, associated with 
technical difficulties of no mean order. The 
hydrogen can be produced by the electrolysis of 
water, by the action of iron on steam, from water
gas, or in the fermentation process for the produc
tion of acetone and butyl alcohol ; the nitrogen 
can be obtained by fractionation of liquid air. In 
the Bosch process the mixture of nitrogen and 
hydrogen is obtained from producer gas and water 
gas. The famous German factories at Oppau and 
at Merseburg are devoted to the direct synthesis of 
ammonia. Claude 's modification of the process 
employs pressures of the order of 1000 atmospheres, 
and removes the ammonia by liquefaction. 

These three methods, as has been explained, form 
the backbone of nitrogen fixation as a technical 
operation subject to economic considerations. Any 
process which produces ammonia is naturally to be 
combined with an oxidation process if-as is the 
case when munitions of war or intermediates for 
the chemical industries are concerned-it is desired 
to manufacture nitric acid. This is accomplished 
by a catalytic method, generally known as Ostwald's 
method, in which a mixture of gaseous ammonia 
with air or oxygen is passed over heated platinum, 
whereby nitric oxide, afterwards oxidised by the 
further action of air or oxygen to nitrogen dioxide, 
is obtained. On dissolution in water under oxidis
ing conditions, this gas affords nitric acid. Numer
ous variations in the arrangement of the catalytic 
converter have been worked out and employed in 
Great Britain and elsewhere. Incidentally, it has 
been found that the catalytic oxidation process can 
be profitably applied to the production of nitrogen 
oxides in the lead chamber process for manu
facturing sulphuric acid ; indeed a British report 
on the subject was issued so early as 1917. 

Passing reference may also be made to other anrl 
less successful processes for the fixation of nitrogen. 
The Serpek process is based on the production of 
aluminium nitride when nitrogen is passed over a 
mixture of carbon and impure aluminium oxide ; 
the reaction may be carried out under pressure. 
On hydrolysis of the product with sodium hydroxide 
solution in an autoclave, <1mmonia and sodium 
aluminate solution result, the latter affording pure 
alumina (suitable for the manufacture of alu
minium) on treatment with carbon dioxide. In 
Bucher's process, nitrogen is passed through a 
mixture of sodium carbonate and carbon, together 
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with a little finely divided iron as catalyst, heated 
at about 950°, when sodium cyanide and carbon 
monoxide are produced ; the sodium cyanide is 
then decomposed by steam yielding sodium formate 
and ammonia. Partington and Parker (" The 
Nitrogen Industry," 1922) state that the United 
States Government made careful investigations of 
this process, and that a large plant was said to be 
ready to begin operations in 1918. 

However, the direct catalytic synthesis of 
ammonia is probably to be regarded as providing 
the key to the world problem of nitrogen supplies. 
The atmosphere contains enough-some 4 x 1015 

tons, it is said-and to spare ; Haber's process 
makes no excessive demands as regards power or 
fuel, and it now holds a pre-eminent position in the 

field of nitrogen fixation. In view of its proved 
success and its established position in Germany 
under conditions both of war and of peace-manu
facture there having been proceeding since 1913, 
and production in Germany to-day being of the 
order of 600,000 tons per annum of nitrogen-it is 
not surprising that in the development of the 
nitrogen fixation industry, which continues to 
extend rapidly in most European countries, as well 
as in the United States of America and in Japan, 
new plants should envisage the application of this 
process almost exclusively. The advantages which 
direct synthesis of ammonia offers are, in fact, 
such as to introduce the method into Norway, the 
home of the arc process. 

(To be continued.) 

The Skull of Lord Darnley.1 

I N the year 1869 Mr. J. W. Belt presented to 
the Royal College of Surgeons a skull-minus 

a mandible-and a thigh bone, believed by the 
donor to be those of Lord Darnley. He had 
obtained them from Mr. Grimshaw, a dealer, who 
had bought them four years earlier at a sale by 
Messrs. Sotheby and Co. of certain effects belonging 
to the Hon. Archibald Fraser of Lovat. The Con
servator of the Museum, looking the gift horse in 
the mouth, entered the bones in the Museum cata
logue, with the remark that " the internal evidence 
afforded by both bones conclusively negatives 
their authenticity. Darnley at the time of his 
death in 1567 was about 22 years old, and the bones 
are those of a man considerably more advanced in 
life and of great muscular development. The 
almost complete absence of frontal elevation, which 
is one of the most striking features in the skull, 
finds no corroboration in any of the known portraits 
and descriptions of the young Earl, and the femur 
could not be that of a person invariably described 
as 'tall' or 'long,' as calculating at the usual ratio 
of 27 ·5 to 100 it would give a height of only 5 feet 
2·2 inches." So adverse a decision would be 
sufficient to deter most from further inquiry, but 
not Prof. Karl Pearson, who has attempted, with 
what success we shall see, to establish the authen
ticity of the more important of the relics, namely, 
the skull. 

In 1880 Mr. T. M. Grimshaw-presumably the 
same man from whom Mr. Belt obtained the bones 
mentioned above-offered the Conservator of the 
Museum of the Royal College of Surgeons a femur 
bearing a manuscript label to the effect that it was 
"the thigh bone of Lord Darnley, husband of 
Mary Queen of Scots, murdered and blown up, 
February lOth, 1567." This, he stated, had been 
bought at a sale at Sotheby and Wilkinson's, 
together with two other bones, " the thigh bone of 
Little John, the companion of Robin Hood, and 
the shin bone of Humphrey, Duke of Gloster" ; 
no mention is given of the date of this sale. The 
femur was purchased and entered in the Museum 

1 Biometrika : a Journal for the Statistical Study of Biological 
Problems. Edited by Karl Pearson, assisted by Egon S. Pearson. 
Vol. 20 B, Part 1, July. Pp. 104+46 plates. (London: Biometric 
Laboratory, University College, 1928.) 21s. 6d. net. 
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catalogue as " that of a very tall man, probably 
the real thigh bone belonging to the skull," pre
sented eleven years earlier by Mr. Belt, an assump
tion which is almost certainly correct, for skull and 
femur exhibit the same peculiar coloration, "such 
as usually obtains," to quote the new catalogue, 
"in bones that have lain long in a peat bed." 

If we accept, as we think we safely may, the 
single origin of the two relics, namely, the skull 
presented in 1869, and the femur purchased in 1880, 
then clearly, from the point of view of authenticity, 
they must stand or fall together. The authenticity 
of the femur gains support from the manuscript 
label, but suffers from the strange company in 
which the bone appears, company for which Prof. 
Pearson has no use, dismissing them summarily as 
"bones of most absurd attribution." In this we 
think Prof. Pearson has done wrong, for a little 
inquiry would have shown that the bones might 
very well be those of the more or less venerable 
Englishmen to whom they were ascribed. ' Little 
John '-or such part of him as was not apocryphal 
-was a big, stalwart man, whose grave is still to 
be seen in Hathersage churchyard. The grave was 
rifled, we are told, in 1782, and again in the early 
years of last century, when a thigh bone, measuring, 
it is said, 32 inches, was taken from it.2 

Humphrey, Duke of Gloucester, murdered at 
Bury St. Edmunds, was buried in St. Albans 
Cathedral. The leaden coffin containing his body, 
and "full of pickle," was opened in the reign of 
Queen Anne ; the body was taken out of the pre
serving fluid, and " reduced to a skeleton, the 
smaller bones of which the vergers permitted 
visitors, for a due consideration, to carry away." 3 

If, then, the two bones can scarcely be described 
as Daniels come to judgment, they are nevertheless 
not the guys which at first sight they appeared. 
They further serve the useful purpose of restoring 
our confidence in .the good faith of Sotheby and 
Grimshaw, a not unimportant matter, seeing that 
they are among the sponsors for the relics. Sir 
Arthur Keith 4 thinks it " most probable " that 

' " Guide to Buxton, the Peak, Dovedale, etc." (London: I Ward, 
Lock and Co.) 

• .. Saint Albans " (Bell's Cathedral Series). 
• British Medical Journal, Sept.. 8, 1928. 
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