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PART 11. 

A N  INQUIRY IN REGARD TO THE CONDITIONS UNDER WHICH 
CYANOQEN IS PRODCCEL) BY DIRECT UNION OF NITROGEN 

A N D  CARBON. 

Tlie union of nitrogen with other chemical substances is brought 
about with so much difficulty that i t  has long been the cnstom to 
speak of nitrogen as an inert substance showing little affinity for or 
tendency to combine with other elements, yet the very large classcs 
of compounds in which nitrogen is an essential element show 
that  it is not difficult to retain i t  in a compound once formed, or 
t o  liand it over from one compound to another in the rcactions by 
which chemical compounds are formed or decomposed. The difficulty 
then, is simply that  of getting free nitrogen, as it exists in he air, 
to enter into direct combination with any other element, and this 
difficnly is so real and serious that, practically, all of the nitro- 
genous compounds used in the arts are obtained by the decomposi- 
tion of other nitrogen compounds. Free nitrogen is one of the 
most abundant substances on the earth, and combined nitrogen is 
essential to  some of the most valuable of conirnercial products, 
but the ready fixation of the nitrogen of the air on a manufactur- 
ing scale in any single compound which may be used as the start- 
ing point of a series of substances derivedfrom it, has yet to be 
accomplished. 
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This indifference t,o combination together w i  tli the considerable 
degree of 1)ermanence given by nitrogen to tlie compounds into 
wliicli it enters, lend to the conclusion t h t  a ceimtain quantity of 
work, reliresented by a certain quantity of lieat, iias to  be done in 
order to  bring free nitrogen to the coiiditioii i l l  wliich combina- 
tion is possible. Tile cliemist exphius this bysitgiiig tha t  the con- 
dition of free nitrogen is that  of two atoms joined t.2 one another 
to  form it ,molecule and requiring the expenditure of :I certain 
quantity of heat to tear them apart and leave eac!i :itom free to  
enter into new combinations. 

The  most prominent souice, perhaps tho only true source, of ni- 
trogenoiis compounds in nature is found in tlie uiiioii of nitrogen 
ancl osIgen of the air under the influence of the electric discharge 
as in liglitning, etc. Nitric acid is mashed down from the air by 
raiti during n thunder storm, either free or as arnnioiiium nitrate 
or nitrite, and these substances, and ammonia, the product of their 
reduction, are the starting points of mineral, vegetable and animal 
compounds containing nitrogen. The con\-ersion of nitrogen of 
animal dnd vegetable matter into ammonia and nitric acid under 
the  influence o€  bacterial life is a secondary process and does not 
deal wit11 f'rce nitrogeii. 

K'lietlier tile iiiiioii under the influence of ilie electric spark be 
l~iirelg it 1ie;tt ctbect, o r  wlieilier it imnlts in 11:iit frotn a special 
polarity ini1)i'essed upon the :itonis of nitrogen by t h o  dischirge, 
i t  is iiow defiiiitely proven that heat alone i n  1)resence of strongly 
h s i c  stLbstaiicc, like an alkali, is siifficicnt to effect the combination 
of ~ i i t r o g c ~ i  :md c:irbon. The  discovery, made accitlentally, that, 
the liot b h s t  iron furnace fulfils a t  titnes t h e  coiiditions iiecessitry 
for the l)t.oiiuctioii of cyanogen from nitrogen of tlie air, wits  thebe- 
giiiniiig of i~ series of experiments u1)on tlie fixation of free nitrogen 
which have cast r~iucli light iipon the  nii ture uf the problem. 

Kevertlieless, the conditions of tile blast furnace fnrnisli tlie best 
basis foi;tlie stiicly of tlie qnestion, and most of t,he early attempts 
t o  fix atiiiospliei.ic nitrogen :is c~aniogeii 1t:tve s t r iven to imitate 
tliezc conditions niorc or lcss closely. 1:iinsen iriileecl (p,  19) sug- 
gedtecl tiie construction of :i fiu.nace on tlie 1)lail of the blast fur- 
n;we for  production of c jmides  only, biit it is dificult to see tlic 
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practicability of such a plan unless the size of the furnace were 
very much reduced or the yield of oyanides very small as compared 
with consumption of fuel. We have to inquire then, what are the 
essential and what tlie lion-essential conditions for the fixation of 
free nitrogen as cyanogen ? The investigations of the blast furnace 
itself with this object has been done by Bunsen and Playfair (p. 13), 
and the varioiis forms of apparatus which have been applied to the 
manufacture of cyanides upon this plan and the experience drawn 
from them furnish mucli additional material for such an inquiry. 

We are limited here to the study of thc synthesis of cyanogen, 
but  the conversion of the nitrogen of the air into ammonia o r  
cyanogen on tlie one hand, or into an oxide of nitrogen on the 
other, are mere phases of the great question of the fixation of 
nitrogen, and as the synthesis of one of these substances by the  
aid of atmospheric nitrogen would lead to  the production of all, 
this limitation cannot exclude all considerations of these reliited 
substances. 

The conditions essential to the fixation of nitrogen and the pro- 
duction of cyaiiides are indicated iu tlie operation of the blast fur- 
nace, but only in tlie most general way. Neither observittions nor 
,experiment with the blast furnace have yet enabled ring one to con- 
trol i t  for the productioii of cyanides. The nppe:iraiice of cjanides 
as  a product of these furnaces, wlienever obsei~ed, has occurred 
unexpected17 a i d  has generally ceased as siiddeiily and mystei*ioiisly 
as it  began. Buiisen’s proposal, to  erect a furnace similar to a blast 
furnace to be worked for cyanides only, has never been fully acted 
upon, aiid iii the light of present experience i t  offers little pi oniise of 
mccess. We have learned from the study of the blast furnace only 
that  a high temperature, a reducing atmosplici-e, an nlkaliiic flus 
.and an excess of nitrogen are conditiolis firvorable to  tlie process. 

The conditions most sui table in respect to temperature, flow of 
nitrogen, quality and density of carbon or carbo~~aceoiis fuel, pro- 
portion and nature of base, etc., :we as yet undefined. 

The more manageable furnace of Possoz and Boissiere (p. 13) 
sltliougli holding nrther closely to the principle of the blast fur- 
nace, is free froui its greatest defects in that i t  has no very deep 
column of coal to resist tlie flow of gases or crush the lower por- 
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tioiis into a cornpiict mass by its weight. Tlic :ti? or nitrogeii is 
admitted a t  maiiy points also, add tlie c ~ o s s  section of the fur~iace  is 
not small enougli to prevent access of tlic gases to  the centre of tlic 
colunin of coal. Ita defects are, slon~iicsa of coiirei.sion of iiitrogcn 
iiito cy:tnog(~iil r:ipid destruction of t l ~ e  liiiiiig (if r l i e  fiirnnce, 
and cont:imiiiation of tlie cyanides witli si1ic:itcs tlierch) forriied. 

The process of lh rguer i t te  itiid S;oiirtlev:il (1). 15) :mtl t l i n t  of 
Roniilv (p. 24) are encli, for :L differelit r c m ~ i i ,  f i w  froni tlic 
chief of these defects, yet they 1i:irc Lceii 110 ~ n u r c  fortuii:itc 
than tlicir l)redecessors in findiiig ;I 111~;ictIc;tl~le, comnicrci:il pro- 
cess. 

In order to re;tcli :t coiiclusion as to tlic 1ircseiit aspect of tlie 
whole question, i t  ni:iy be isell til take i i p  itiril coiisi(ier in dctai1 
tlic wrioiis conditiolis upon wliicii t l ic :tIisoq)tioi! of free Iijclrogcn 
by c;ii,hii dcpeiids, to  sce horn f a y  tile t l i c o r ~  (if clieiiiistr~ may 
lend LIS i i i  :tiiticilxiting tlie effect of encli :~iid to  fiiid, i f  liossible, 
wliat com1)in:ttioli of conditiolis gives, i i i  tlic light of tlieory and 
past experience, most pruniisc of ~ ~ i c c c w .  

1. The Influetice of Temperature. 
Possoz a i i d  Uoissierc (11, 13), to wliorn great deference is dne- 

ns tlie autlioi,s nf tlie niost. pei,sistelit :is well :is tlie inost sue- 
scssfiil etfoits eyer ni:ide in this fieid, give uiiqiialified testi- 
n i u i i ~ ,  as the itsiilt  of long esperieiice, to  the  iiecessily for very liigli 
teriiper;tturcs. A ~vliire 1iea.t is s:tid t o  Le required ai id  tlic fixation 
of i i i  trogeii, otl ier tliiiigs bciiig equal, is directly proportional 
to teiiipcratiire. On tlic other littiid, Arnicngaiid and Ertel  
both claim that lower teniper;itiii.cs :ire qui te  adcquate to effect 
tlie curribination of nitrogeii and caibon.  Walter Weldon, iilso, 
one of tile foremost aiithorities i i i  t l ic application uf clicrnistry to  
manufactures of th i s  or of a n y  age, attitcil, in 1879, as the result 
of liis own expei.inicnt3, that  tlie limit of teriiperaturc in this 
operation had been placed too liigli :tiid t1i:it it red 11e;rt wits suffi- 
cient. Siepermann, iii 1887, testified to the same effect, basing 
his views on a series of experiments. 

'Yhe question a t  issue relates only to the  difference between a. 
cherry red aiid a white heat, b u t  tliis difference is of the utmost- 
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importance in the practical operation of a plant, and may of itself 
Be the point upon which the whole question will ultimately turn. 
I t  is possible, however, that, uncler conditions, either of the above 
views may be correct and the question must remain an open one 
iuntil the process shall have been more fully studied. 

2. The Influence of Oxygen. 
Is  is generally admitted, as the result of all experiments upon 

t h e  manufactnre of cyanides, that  oxygen and cyanogen cannot 
exist together a t  high temperatures. Theory leads to the same 
conclusion. Cyanogen is a combustible substance and the effect of 
oxygen upon cyanides is either, in the case of the alkaline cya- 
nides, to  convert them, first into cyanates and then into carbonates, 
or in the case of cyanides of the heavy metals, to decompose them 
with liberation of carbon monoxide and dioxide. All processes, 
rtherefore, using air as a source of nitrogen, provide for absorption 
of oxygen or its conversion into oxides of carbon. The mixed 
gases of the cyanogen furnace must be as a whole reducing, not 
axidizing, in charactcr. 

3. The Influence of Water. 
Here again we have P. and B. (p. 13) with their weight of prac- 

t i c d  experietice insisting upon tl condition which receives little sup- 
port from others. I t  is evident, however, that  the conditions of their 
furnace did not prevent the exclusion of moisture to such an extent 
8 s  to decide the question absolutely, and the ill effects of water 
when admitted purposely and in greater quantity may be aecribed, 
in great part, to its cooling effects merely, when we remem- 
ber the great expenditure of heat under which water is decom- 
posed by carhon. Water in excess, also, decomposes cyanides, 
yielding ammonia. The experiments of Langlois are quite conclu- 
sive as to the principle that  water in moderate quantity does not 
influence the production of cyanides, and Armengaud, Ertel and 
others (p. 15) speak positively a8 to its advantages. If the for- 
mation of ammonia is a preliminary stage in the synthesis of 
cyanogen, L L ~  Kuhlman suggests (p. 22), the presence of hydro- 
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gen, or, what, is in effect the sume, of vapor of water, is a neces- 
sary condition. Vapor of water is an oxidizing agent under 
certain conditions of temperature and for certain elements, but it 
is possible that cyanogen is no t  attacked 11)- i t  :tt high tem- 
periitures in presence of hot carbon. cnrbonic oxide or liydrocar- 
bons. The  conclusions of s e ~ e r a l  exj~erinientei.~ t1i:i.t water does. 
not hinder the fornia,tion of cyanides is not, a t  aiiv rate. definitely 
contradicted. by theory. 

4. Time of Contact Between h'itrogen and Carbon ana 
Degree of Subdivision of Carbon. 

If we assume that the base, which is found to ba necessary in 
production of cyanogen from nitrogen of the ttir, combines instltiitly 
with the nnwent cyanogen, tlie question of time is one simply of 
the speed of the preceding reaction betmeeii nitrogen m d  carbon. 
Chemical action between a solid and a gas, wlieii the temperature 
necessa,ry for the i3eaction has been att:i,ined, depcnds principally 
upon tlie surface exposed. The action may be assumed to be instan- 
taneous like the action of oxygen upon hot and finely divided car- 
bon und to be retard.ed only because the products of combustion 
caiinot he removed from the sphere of action at the same mte  at. 
which the action takes place. 

I n  a process like that of Possoz and Boissiere, and when each 
fragment of chmcoal is bathed in n film of fused potash, action 
is limited by the rate a t  which the  fused cyanide circulates in the 
pores of the charcoal and gives place to uncliaiiged potash on tlie 
surface. New surfaces of carbon for attack, 01' of potiish for absorp- 
tion, are therefore exposed less frequently than is required, a n d  
complete saturation. tha t  is, conversion into cyanide, is attained 
only after a long exposure and with muoh  waste of gas aiid heat.. 
The absorption of nitrogen ib probably also retarded progressively 
as combustion proceeds, both because the pieces of carbon are re- 
duced in size and therefore facilitate clogging of tlie flow of gas,. 
and because t h e  potash and fused cyanide are relatively more abun- 
dan t  as carbon decreases and lesser surface of carbon is exposed. 

Both practice and theory, therefore, lend to  the conclusion that 
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other things being equal, the process will be hastened by any ar- 
rangement thab tends to  increase the surface of carbon exposed. 
The use of pulverized fuel would seem to be the ideal condition so 
far as carbon is concerned, and with a n  excess of ammonia, the only 
grtseous alkali, would probably, a t  a proper temperature, yield am- 
monium cyanide readily, as shown in Romily’s experiment (p. 24) in 
which a smoky flame of hydrocarbon gas burning in air yields am- 
monium cyanide when the gas is charged with ammonia. 

The effect of ;upplying the base also in  the condition of powder 
would probably be to still fnrther facilitate the action, as gaseous 
cyanogen would meet solid particles of highly heated base as 
soon as formed, and would combine with the metals of these 
bases to  form cyanides. Alkalies would fuse and would probably 
tend to produce aggregations with particles of carbon, to that ex- 
tent impeding access of air to them, but wlien we take into 
account the increased rapidity of chemical action under these con- 
d i t i o ~ ~ ~  and the short time given to  each group of particles in pass- 
ing through the furnace, the gain by the process of pulverizing will 
probably be greater than the loss. Solid bases, like lime or baryta, 
are free from tlie latter objection, bot also hnve less chemical 
energy. 

6. Influence of Alkalies or Other Bases. 

The influence of a base upon the union of carbon and nitrogen, 
both being in contact with the base and at  a temperature suffi- 
ciently elevated for combination to occur, is probably due merely 
t o  the fact that  the base swves to  remove cyanogen from the sphere 
of action as fast as i t  j s  formed. The belief in a predisposing affi- 
nity, a non-correlated power, acting from a given centre to bring 
about a reaction in which the predisposing body has no share ex- 
cept to combine, subsequently, with the products of the reaction, isc 
an ingenious fiction of the older chemistry, which finds little sup- 
port a t  the present time. The influence of a foreign substance in 
impeding the union of two bodies by lessening the opportunities 
for contact of their respective atoms within a given time supplies 
8 more tangible explanation. Every chemical reaction is limited 
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in violence after the first moment of action-is impeded and finally 
checked-by tlie products of the reaction, unless tliese are re- 
moved. Like any foreign substance these substances iinpair the  
freedom of access of the reacting atoms to one another and absorb 
heat wliicli is nehessary to the reaction. W11:itever tends to re- 
move these products quickly from the field of actioii tends to  
facilitate tlie reaction itself. When n and b unite to  form ab, the 
presence of a third substance, c, capable of conibining witli the 
compound ab t o  forin nbc, but riot wit11 (c 01’ 6 separately, nil1 
facilitatc the  union of a and b,  for tlie abovc re;tsoi;s. 

This would seem to be the function of the nlkali or other base 
in tlie syntliesis of cyitnogeli. The conclusion is sustained appar- 
ently by tlie experiment of Laiigiois niic! t lie carlier clicrnists 
(pp. I O ,  21-22), in wliicli nmmoriia passed oyer liot c.liarco:il yiclds 
ammonium cyinide. Y’rommsdorff first suggested that i t  was 
tlie pi’esence of ammonia that favored here the  form;ttioii of cyano- 
gen by furiiisliing a mems of fixing it iis soon as fornied. 

‘l‘lie theory of tlic action of bases, of alkalies a t  least, is suscepti- 
ble of another explanatioii. illany :~utlioritici (Bronieis, Uniisen and 
Playfair, Orucgei., Rickcn e t  (il., I)II. 7 ,  10, 11, 22)  lit,licve t l ia t  tlie 
union of c;trlton :iiid i i i  trogen O C C I I I ~ S  only :it o r  ;tho\ e t!ic tcni1)erature 
at wliicli put;issiuiii is i,cduced froni its osit lc b~ C;II boil. illet;tllic 
potassiiini or i i s  \:i]ior must be taben into accoiiiit iil)o1l t>liis 1iy1w- 
thcsis wlieii t h e  rewt ion  i t i  yuestioii Is sliidiecl. ‘l’liis yicw would 
explaiu tlie lceser activity of soda i l l  foiniiiig cyinides, iis i t  is Ices 
readily reducible. Graeger (Jsb. cliem. Tech., I d S ,  81) finds tha t  
in the  old fusion process for prussiates the Field is lessened in pro- 
portion as l~otash is replaced by soda,.even at  temperatures ap- 
proaching the fusing point of the cast iron pot. H e  believes tha t  
nitrogen from the  organic matter in this case is volatilized and 
lost before metallic sodium is formed, owing to tlie high tempera- 
tu re  required for reduction of sodium. Lime and  burytn, from 
tlicjr infusibility, are also difficult to rcduce, and sliould be less 
suitable for tlie process. Kiiowiiig the incompatibility of cyanogen 
and oxygen a t  high temperatures and the fact that cj:inogen unites 
directly witli tlie nietals, i t  is quite 1)ossible that cyaiiogei~ ciin 
only combine when the metal itself is preseiited to it, and cannot 
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reduce tlie oxide, a t  least only by being itself destroyed. Bunsen 
and Playfair lield (p. 18) that  cyanogen i n  the upper part of the 
iron furnace acted 21s a reducing ageiit and was itself destroyed in 
reducing oxides of iron. 

The theory of Bertlielot (p. 16) is interesting in this connec- 
tion. He holds that a direct compound of potassium and carbon 
(C2K2) is formed and that this compound absorbs nitrogen, form- 
ing with it potsssinm cyanide. The theory is in perfect accord 
with the preceding one. Delbrncli (p. 10) has also showni that cya- 
nogen is formed wlieii t mixture of nitrogen or ammonia with 
carbon dioxide is brought i n  contact with fused potassium. 

It is possible also, that  potassium or other metal, under these 
conditions, unites directly with nitrogen to form nitrides which 
then combine with carbon, yielding cyanides. The observation of 
Brieglied and Geuter, already referred to (p. 19), that magnesium 
nitride, when heated with carbonic oxide 'or carbonic acid evolves 
cyanogen, lends color to this view. 

6. The Riitllre of the Base to be Used. 
As fiira,s esperinwnts 1i:ive gone, pot:tsh secms to  be tlie base 

best suited. I ts  g r w t  clieniicitl eiiergyand ready fusibility :md redu- 
cibility in presence of carbon give i t  adwiltages over all other b:ues. 
Soda, besides being somewhat ] C R Y  powerful as a base, fuses a t  a 
higher temperittiire and therefore involves increase of wear and 
Gost in apparatus. On the other hand i t  is cheaper, weight for 
weight, tlian potash, and, in addition, its lower molecular weight 
enttbles it to do more work for a given weight than potash in the 
proportion of 138.2 to 106. 

The facility with wliicli amnionium cyanide is formed when am- 
monia is passed over hot charcoal indicates that  ammonia, like the 
fixed alkalies, combines very readily with cyanogen. I t  has the 
advztutage of not acting as a flux tipon the material of the furnace. 
The use of ammonia, itself produced from nitrogen of the air, to 
facilitate the synthesis of cyanogen a t  a lower temperature than that 
thought necessary for cyanogeii alone, 'is suggested by Romily's ex- 
periment and may be a feature of future development in the fixa- 
tion of nitrogen. 



40 T H E  F I X A T I O N  OF ATMOSPHERIC NITROGEN. 

Of the infusible bases the alkaliile earths, lime, baryta, strontia 
and magnesia only, seem to have sufficiently strong basic power to 
form cyanides with the air. The cyanides of other metals decom- 
pose quite readily when heated. The advantages of the alkaline 
earths are their infusibility, which prevents clogging of the mix- 
ture of coal and basic substance and SO permits perfect access of 
nitrogen, and their cheapness. The corresponding cyanides a r e  
sduble and easily conrerted into alkaline cyanides. These quali- 
ties compensate to some extent for the deficient chemical energy of 
the alkaline earths. Margueritte and Sonrdeval (p. 20) tound 
that  baryta, absorbed nitrogen rapidly and that barium cyanide 
yielded ammonia on treatment with steam. Siepermann (p. 23) 
mixes baryta wikh alkalies to prevent fusion and clogging. Lime, 
the cheapest of these bases, seems to have been little used. Armen- 
gaud speaks of using i t  in his apparatus i n  1843 (p. 20) a n d  
Fleck (p. 23) claimed the discovery that  hot calcium hydrate could 
convert a mixture of nitrogen and carbonic oxide into ammonis  
and carbon dioxide. 

7. The Relation of Ammonia to Cyanogen and the Con- 
ditions which Determine the Formation of One or the 
Other. 

The production of ammonia by bringing together a t  a high 
temperature carbon, air OP nitrogen, steam and a basic substance 
has long been known. The  history of the subject although closely 
related in many respects to the question in hand has been omitted 
in this discussion for want of time. I t  is, however, difficult t o  
separate two questions which deal, in a certain sense, with different 
phases of the same reaction. If any definite conclusion can be 
drawn from the results of industrial experiments it is that  higher 
temperatures favor the production of cyanides and lower tem- 
peratures, of ammonia, with the addition also that  yapor of water 
in excess is certainly unfavorable to the productions of cyanides 
but probably favorable t o  the prodnction of ammonia. It is 
possible even that, for a temperature sufficiently high, sup- 
posing that it could be maintained against the cooling effect 
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involved in the decolpposition of water by hot carbon, the propor- 
tion of water above OP below a given limit might be the condition 
determining the production of ammonia in one case or cyanides in 
the other. I t  is difficult in the  present state of our knowledge up- 
on the subject to mention any conditions, other tlian variation in 
temperature and variation in quantity of water, which can account 
for the production a t  one time of ammonia and a t  another of cyanides 
i n  a furnace using in both cases precisely similar materials. T h e  
belief of Berzelius, Wohler. Bromeis and others (pp. 7, 9), that  for- 
mation of ammoiiin was the preliminary stage in  the synthesis of 
cyanides and that water acted as an intermediary, accords with 
this view. An excess of water both by lowering the temperature 
and by impeding contact of nitrogen and carbon would retard the 
formation of cyanides and proportionally iiicrease the ammonia. 

The extraordi1i:try pcrmaneiice of arnmonium cyanide, in com- 
parison with other ;~mmonium salts, u t  high temperatures (p. 22), 
(talien in coniiection with the fact that  ammonia by itself is dissocia- 
ted a t  high temperatures) may indicate that  a t  very high tem- 
peratures ammonia can resist dissociation only in presence of a more 
refractory substance, hydrocyanic acid, with which it can combine. 
Ammonia in contact with coal, a t  a very high temperature, forms 
amnioiiiuni cyanide (p. 21, 22). This may be taken to mean that 

ammonia is more unstable in presence of hot carbon a t  that  tem- 
periitnre than when merely heated alone, and that the portioii first 
decomposed forms hydrocyanic acid which unites at once with a 
portion of ammonia not yet decomposed (because not yet in con- 
tact with not carbon). and thug, in forming the stable compound 
ammonium cyanide, the ammonia is protected from dissociation or 
chemical decomposition. But if ammonia is decomposed a t  these 
temperatures i t  is  inl likely that  i t  caii.form under the same condi- 
tion, while i t  is evident that  cyanogen not only can bnt does form. 
We are led then to  the hypothesis that, other conditions remaining 
unchanged, temperature is an important, if not the leading condi- 
tion, which determines the production, respectively, of ammonia 
or cyanogen. 

With respect to water as a determining cauBe, it maynow be said 
that  while an excess of water probably tends more and more 
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t o  oxidize or otherwise decompose oyanogenl as fast as it 
i s  formed at very high temperature its influence would 
be merely mechanical i n  retarding the formatiou of ammonia 
a t  a temperature somewhat lower. When the temperature 
is sufficiently high to enable carbon to decompose water one 
of the products of decomposition (GO) is without influence 
upon the formation of ammonia, while the other, hydrogen, 
is in the nascent state and therefore in the condition most 
favorable for union with nitrogen irrespective of the presence 
sf carboil. If water were in i~ state of dimociation due to heat 
.alone, oxygen coming from water could not, under those condi- 
tions, act upon ammonia, since i t  coiild unite neither with hydrogen 
or nitrogen. 

a. Ammonia is not permanent at very liigli temperature, except 
i n  combination with cyanogen but is permanent at someahat lower 
temperatures, still above a red heat. It is not decomposed by 
water a t  any temperature, but a t  certain temperatures its forma- 
t ion will be favored by the very conditions that make water an 
unstable compound: i. e., high temperature and pesence of carbon. 

b. Cyanogen is permiinelit u t  very high temperatures with or with- 
m i  t presence of ammonia. Cyanides itre probably decomposed by 
water in excess at very high .temperatures. 

Finally, the presence of water i n  moderate quantity a t  certain 
elevated temperatures may favor the production of cyanides by 
permitt ing a ceptain formation of ammoniii wliicli is then con- 
verted into cyanides, the temperature heing lower on the whole 
than  that  reqnired for the formation of cyanogen without water. 
Here ammonia clearly acts as an  intermediary, but the tempera- 
ture, being above a certain limit, favors the production of cyanides 
rather than ammonia as the final product. A t  a slightly lower 
Semperature-still, however, above the point a t  which water is de- 
composed by carbon-ammonia would form in preference to cyanides 
and  in greater quantity j with an  excess of steam ammonia would 

The case may be stated as follows : 

~ ~~ 

1 Karmrodt found that steam paeaed over hot potaasinm cyanide caused evolution of un 
snonia and the heated residue no longer contained cyanogen. 
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be the sole product. This may siiggest the possibility of working 
a fnrnace intermittently with changes of temperature for the 
production in successioii of cynnogeii and ammonia or, what 
is the same in principle, the working of two furnaces in con- 
junction, oiie to produce ammonia and the other to convert th i s  
ammonia into cyiinidee. 

8. The Influence of Other Gases Upon the Absorption of 
Nitrogen by Carbon. 

The influence of carbon monoxide and carbon dioxide cannot 
be definitely stizted. Bramwell expressed a preference for the latter 
in his cyanogen retorts, along with nitrogen, but i t  is hard to  find 
tliiy reason in theory for this preference, since tliehigher oxide of 
carbon is always reduced to the lower in presence of hot carbon 
and must be so changed in the cyanogen furnace. As it is there. 
fore, an oxidizing agent, i t  should in theory, be more objectionuble 
than carbon inonoxide. It is more probable that  foreign gases, 
provided they liave no oxidiziiig character, merely impede the ac- 
cess of nitrogen to  carbon and only act mechanically to retard the 
union of carbon and nitrogen. 

It may perhaps be expected that  the above theory should also 
explain why cyanogen is not formed i n  R coal fire by simple union 
of cai.bon and nitrogen. In  the first place i t  has never been defi- 
nitely settled that  i t  does not. Many anthorities (Binks, 
R. Wagner, Brunquill) liave held with greater or less force to the 
belief that  it does, or a t  least that  i t  may so form under certain 
conditions. That  i t  does not form i-eadily or abundantly must, 
however, be conceded. Again the instability of cyanogen itself 
may be such, under the conditions of an ordinary fire, that  it is de- 
composed as fast as formed, and its instant fixation by combina- 
tion may be essential to its formation in appreciable quantities. 
The effect of fire gases, carbon dioxide or monoxide, sulphur 
dioxide, etc., upon free cyanogen has never been investigated, al- 
though several of the authorities already quoted have, from their 
own experience in the synthesis of cyanides, indicated a belief i m  
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the influence of one or other of these gases upon the process (p. 
15-1 6). 

9. The Influence of Hydrocarbons in the Preparation 
of Cyanogen or Ammonia. 

If hydrocarbon gases or vapors of heavy hydrocarbons were 
brought i n t o  a ftirnace containing the materials for production of 
cyanides or ammonia, namely, hot coal, nitrogen, water i n  greater or 
less quantity and analkali or other basic substance, the result would 
be n partial decomposition or dissociation in  which carbon, and hy- 
drogen would be set free. and fixed gases having the composition 
of tlie lower paraffines or olefines W077ld remain. Heavy hydro- 
carboiis, oils lilre crude petioleurn, might be used in part to supply 
the carbon necessary to the reaction ; being in a condition of most 
minute subdivision as set free from combination, i t  would be most 
suitable for rapid combination. It is possible also that  hydrogen 
liberated at the same time and in the nascent state would be 
better adapted to the synthesis of ammonia than a t  any other time, 
anif further, this 11)-drogen would be obtained ;it less eslwiditnre 
of heat than hydrogen from decomposition of water by carbon. 
T h e  condition of :L fnrn:tce ied n i r i i  hydrocarlon rapois would re- 
seniljlc to  a great estent the snioky gas flames of Levoir :old Romily, 
(1). 23-14) in \t iiicli ammoniuni c y n i d e  was prociaced even without 
the iiitervention of a base o the r  tlian ammonia. 

10. The Influenee of Pressure. 

The data derived f rom experiment on the large scale give little 
inforniation upon this point. Sewton  reninrks (p. 11) that 
t h e  production of cyanides is improved by a certain pressure and 
by friction between the soli& and gases of the furnace, but  
this remark applies to  very low pressures such as depend 
merely upon friction in retarding the gases as they are drawn or 
forced through the alkalized charcoal by a pump. There is no 
evidence of systematic use of high pressures, exceeding one atmos- 
phere for example, and the furnaces tlius far designed f o r  making 
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cyanides or ammonia are none of them adapted to  the use of pres- 
sure. I t  is possible that  tlie necessary reaction would be much as- 
sisted by pressure. There is every analogy indeed to  favor this 
view, Combustion in compressed air or oxygen is more rapid than 
at normal pressure; and the union of nitrogen and carbon should 
be also accelerated. More of the unlike particles are brought in 
contact in a given time, and the opportunities for combination be- 
i n g  multiplied combination should occur in the same proportion. 
Moreover the heat lost in  expansion of gases is lessened and the 
temperature within the furnace should be more readily main- 
tained. 

If i t  were possible to  maintain a pressure of several atmospheres 
within a furnace while the gaseous contents of the furnace were 
eontinually supplied and discharged, tliere is every reason to be- 
lieve tha t  the furnace would be more economical and more effective 
i n  the production of cyanides or ammonia. 

SUMMARP. 
The preeent aspect of the question may be summarized as fol- 

lows : 
The manufacture of cyanides and ammoiiia from the iiitrogcn 

of the air, while quite possible on the small sciile, is beset 
wit11 difficulties i n  its economical and commercial application, 
wliicli, up to this time, have been insurmountable. These diffi- 
culties are probably riiatters relating mainly to construction and 
to  endurance of niateritils. 

A t  the same time there is still ninch uncertainty in regard to 
t h e  chemical and physicd conditions most favorttble to  the fixation 
of nitrogen. 

The following conclusions arc the result of the foregoing inqniry: 
1. The temperature necessary for formation of cyanogen may be 

lower than at first supposed, but certainly not below a high red 
hcat. For amnionin a low red heat is sufficient. 

2. The presetice of frec oxygcn is deleterious in all cases. 
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3. Water in rery snirill quantities I S  not prejud~cial t o  production 
of cyanogen, :ind an exces  is probnbly necessary in the synthesis of 
:immonia. 

4. The long-continued contact of carbon :uid nitrogen is of less 
jni1)ort:tnce t l ini i  thorough corn ni I irgliiig of all renctiirg mnterinls. 

a.  ‘l’ltc i)iwciice of a strong b:ise I S  esscnlial, bnt iiitder certsiir 
coticiitioits :ininionin, prodnced s j  iitlieticdly, ma! s e n e  the  purpose 
of :i h e  aiid effect the sytrtliesis of animoiiiiini c!:uride. 

6.  A11,:iliiie bases are prefertlble, potasli especially, mid probably 
becausc of the intermediate :iction of nietdlic potassium, wlricli is 
reclnccd at :t lower tem1)er;iture thtin sodium. Bar) ta is’ the best 
of the nlkalitre earths for the purpose. 

‘7. Amnioiiia and cyanogen are probably formed under conditions 
differing in respect to temperatiire and moistnre, but otherwise 
similar, :is already indicated. (2.) 
S. The presence of carbonic oxide and of reducing gases in gen- 

eral is probtlbly favorable, while oxygen, carbonic acid and steam in  
excess (the latter only in the case of cyanogen) are probably in- 
jurious. Kothing is known :is to the influence of snlpliurous acid 
or l r~drogen sulphide, but they are probably undesirable. 

9. The preseiice of hydrocarbon vapors is favorable, and may, 
under certain conditions, permit the formation of both cyanogen 
and ammonia without the presence of a base. 

10. There :ae no direct data for estimating the influence of pres- 
sure upon the reactions in question. The application of pressure is 
a t  least worthy of trial. 

DISCUSSION. 

Dr. TValler said tha t  the  so-called ‘‘ catalytic action ” afforded 
no explanation of the  effect of certain elements in the cyanogen 
forming process, and  mentioned the  apparent inducements offered 
for the  production of a salt by the  presence of a base, as for in- 
stance, the  formation of calcium chromate by heating chrome iron 
ore with lime. 
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Dr. Alsberg called attention to  the fact that  addition of lime 
would in some cases contribute merely physical conditions which 
would aid in the reaction, such as porosity, infusibility, eto. Also 
tha t  frequently in such instances of so-called catalytic action t h e  
temperature of formation and of dissociation of the new compound 
are so nearly the same that  unless a base is present to  unite with 
and retain it, as a salt not dissociated a t  that  temperature, no 
reaction results. H e  expressed i t  as his opinion that  not even a 
momentary formatipn of such compounds takes place under such 
temperature conditions unless in the presence of a base to  retain 
them. The addition of iron in the cyanogcn process has some- 
thing to do with its success-as in the Castner sodium process. 

Dr. Doremus referred to  the production of oxygen from 
KCIO, and MnO,, and to a paper published in the Cheniical News 
intended to  show the  existence of a number of definite successive 
reactions between these substances. Experimonts made with 
indifferent substances-e. g., sand-substituted for MnO,, gave 
dissimilar results. 

Mr. Sabin : The escape of nitrogen as ammonia in the old prus- 
siate process may be very great if the management is unskillful. 
A cyanide is first formed and then, a t  a higher temperature or on 
prolonged heating, ammonia is produced. I believe that  in a 
properly constructed and continuonsly acting furnace all of the 
nitrogen of leather scrap could be converted into ammonia in 
presence of caustic soda and moisture, although the process might 
not be economical. I doubt whether any cyanide manufacturers 
in this country, with one exception, are making a paying business 
of it, as such large quantities of cyanides and ferrocyanides are im- 
ported. The exception, a firm in h’ewark, are using an improved 
pear-shaped retort heated only a t  the central wide portion, 

Dr. S lsberg :  We are on the eve of a complete revolution in 
prussiate processes ; cyanides and ferrocyanides are manufactured 
in Germany from gas purifier waste in such quantities as to have 
reduced the price 25 per cent. The process of making cyanides 
from sulphocyanides is not easy because of difficulty of elimi- 
nating sulphur. The only practical process a t  present is by 
heating sulpliocyanides and finely divided iron under pressure 
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a t  12O-14OvC., whereby ferrocyanide and ferrous sulphide are 
formed. It is also stated that  if a sulphocyanide and ferrous sul- 
phate are mixed and exposed to  air, that  sulphur is gradual?;v 
taken u p  in presence of free alkali, but  it seems somewhat doubt- 
ful. The old method of making cyanides mill 11al-e to be aban- 
doned for cheaper methods. Sodium ferrocyanide is now made in 
large quantites to  replace potassium ferrocyanide using gas house 
wastes and commercial soda ash. Nore o f  sodium bichromate is 
nscd in dyeing and calico printing than of potassium bichromate, 
but  certain colors, it is claimed, will not permit of the substitiition. 

Dr. Doremus said the Vilkinson process for maniifact~uring 
wood gas produced little cyanogen and no ammonia; in fact he had 
never heard of either as impurities requiring anv attention. 

Prof. Breneman: The formation of ammonia by an ordinary 
c o d  fire may not be impossible. I n  the gas retort the amount 
of ammonia and cyanides produced is very large, possibly larger 
than thQt due to the nitrogen in the coal alone, although the access 
of atmospheric nitrogen, through leakagennd a t  time of clianging, 
cannot be very free. 

I n  regard to  the queetion of action by presence or predispoeing afflnity, the ciiee.inits strict- 
est senre, is  inconceivable. I t  involves action for a purpose by inanimate thinge. AIs0.t he 
siipposition that action of a certain kind cannot take place, even momentarily, under conditions 
in which decomposition also occiirs. is a nereseity only in theory. I t  presupposes that every 
newly formed molecule is inetantly solicited by ~ l l  of the conditions. chemical and phyeical, 
that  affect the mas& whereas in a reacting mnssof solids (less eo in the case of liqnidsor gase6, 
although still existing) there are difficulties in the way of instnnt diffueion of all conditions. 
Heat may be locally increased or decreased moment,arily by chemical action, and %'ice l'erPn, 
and these changes may favor the local formation of prodncts which are instantly flsed by 
active eabstancee preeent in excess, as has been already explained (11. :Nl.-A, A. B. 


