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LXXV1.-The Constitution o f  Caybamides. Part 
II. The Relation of Cyanamide to Urea. The 
Constitution of Cyanamide and the Mechanism of  
i ts  Polymer isat ion. 

By EMIL ALPHONSE WERNER. 

THE constitution of cyanamide and ita hydrolysis to urea have a 
special interest in connexion with the cyclic formula for the latter 
substance which has been proposed by the author (T., 1913, 103, 
1014, 2281). It was recently shown (T., 1914, 105, 924) that  urea 
assumes the ‘ I  iso-carbamide ” configuration in its reaction with 
methyl sulphate, this being derived from the structure: 

which it is contended represents the true constitution of urea in 
the static condition, and when dissolved in a neutral solvent. 

Whilst the main object of the, present investigation was to  
obtain information regarding the structural relations of urea and 
cyanamide, the polymerisation of the latter has been incidentally 
examined, since this is a phenomenon which must be intimately 
associated with its constitution. A theory which explains the mech- 
anism of the change, in complete agreement with all the observed 
fa&, is now put forward, and is dealt with first, since it has a 
very important bearing on the main question under consideration. 
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716 WERNER: THE CONSTITUTION OF CARBAMIDES PART 11. 

The Polymerisation of Cyanamide. 

Two papers on this subject have appeared recently, one by Grube 
and Kriiger (Zei tsck.  physikal. Chern., 1913, 86, 65), and the other 
by Morrell and Burgen (T., 1914, 105, 576). Both investigations 
have ehown that  the well-known polymerisation of cyanamide to 
dicyanodiamide is greatly accelerated by the presence of alkalis, 
even in small amount, whilst Morrell and Burgen have also shown’ 
that  an equally powerful accelerating effed is produced by acids. 

The most interesting results which the latter investigators have 
brought to  light are those dealing with the behaviour of cyanamide 
in the absence of either acid or base. They have shown that  in a 
neutral aqueous solution cyanamide is remarkably resistant to poly- 
merisation, a fact which is even more evident in the preeence of 
alcohol, and, indeed, their results go to show that under such 
conditions cyanamide probably does not suffer polymerisation at  
all. Whilst the experimental results recorded in both investiga- 
tions are beyond question, their interpretation and the conclusions 
drawn from them are certainly open to criticism. 

An attempt has been made in  both cases to explain the phencl 
menon of polymerisation by the aid of a purely ionic theory, 
which, as Norrell and Burgen freely admit, is not in harmony 
with all the observed facts, since they state that  “ a  single explana- 
tion which will cover the accelerating action of both acids and 
bases cannot bel put forward.” Grube and Kruger (Zoc. c i t . ) ,  who 
have on!y examined the influence of bases on the change, are satis- 
fied with an ionic theory, and conclude that the course of the 
polymerisation proceeds according to the scheme : 

CN*NH2 + CN*NH’ = C2N2N2H,’, 
Cyap- Dicyano- 

amichon. diamidion. 

an explanation which certainly throws very little light on either 
the cause or the mechanism of the change. 

It must be remembered that  cyanamide undergoes polymerisa- 
tion when heated alone, in the absence of any solvent, and also 
when heated (at 1 5 0 O )  in-solution in a non-ionising solvent, such 
as dry ether, as was shown long since by Drechsel ( J .  p. Chem., 
1877, [ii], 9, 284), and since there is no reason to conclude that the 
mechanism of the polymerisation under these conditions is different 
from that under the conditions just mentioned, it is obvious that  
an ionic theory which cannot include all the fack cannot be 
sound. 

Curiously enough, in neither of the investigations has the 
primary question of the constitution of cyanamide itself been dis- 
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WERNER: THE CONSTITUTION OF CARBAMIDES. PART 11. 717 

cussed; the structural formula, CN*NH, has alone been considered 
to represent all the properties of the substance, a conclusion which 
has certainly helped greatly t o  obscure the meaning of the observed 
facts. 

Now it must be conceded that the properties of cyanamide are 
in every sense characteristic of a tautomeric substance, and the 
constitution of the compound may be equally well expressed by 
the di-imino formula C(NH)2; in the author’s opinion both con- 
figurations of the molecule are present in a pure neutral solution, 
and the remarkable stability of cyanamide under such condition;% 
as shown by the experimental results of Morrell and Burgen, is 
very probably due to  an electrostatic equilibrium between the two 
forms, which may be represeated by the scheme: 

(a).  NH:C:NH. Z= CN*NH, ( b ) .  
Acidic form (-). Basic form (+). 

I f  this view be taken, the mechanism of the polymerisation may 
be easily explained by the aid of a theory similar to that  put 
forward by the author to  explain the polymerisation of the related 
cyanic acid (T., 1913, 103, 1017), which will be found to cover 
all the observed facts, 

Thus the addition of either an acid or a base to a neutral 
solution of cyanamide will disturb the above equilibrium, and poly- 
merisation will soon commence as the result of an effort to main- 
tain the equilibrium; for  example, if a sufficiently strong acid be 
added to the solution it will a t  once exert a neutralising effect on 
the electropositive form ( b ) ,  and will cause form (a) t o  change into 
form (71) in order to  meet the new condition; polymerisation will 
then take effect, as illustrated in the following scheme: 

( -*I  (Phase 1) (Phase 2.) 

the union of two molecules in phase (2) will give rise t o  the forma- 
tion of dicyanodiamide, thus : 

Hofmann’s f ormula. 

On the other hand, if a base be added to the solution it will 

* The author has had in his possession an aqueous solution of pure cyan- 
amide for more than four and a-hdf years, at the end of which time it still 
contained a large proportion of the unchanged substance. 
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718 WERNER : THE CONSTITUTION OF CARBAMIDES. PART 11. 

neutralke the electronegative form (a),  and ( b )  will then change 
in the following order : 

HN / N H  
\NH-.  . 

( 2 ) d N  --., c J H  -+ c 
\NH, \NH . 
(-I-*) (Phase 1.) (Phase 2.) 

and the union of two molecules in phase (2) will give rise to the 
formation of dicyanodiamide, thus : 

+---N H NH 
)fN: c :*,* \C:NH =: HN:C/ \CNH 

\NH. +*,* \NH/ 
Baumann’s formula 

Dicyandiamide, like cyanamide, is also a tautomeric substance, 
but, unlike cyanamide, is not capable of yielding salts with either 
acids or bases, and is, as Car0 and Grossmann have shown (Chem. 
Ze i t . ,  1909, 33, 734), a perfectly neutral substance; it can there- 
fore be only a transition product formed from the cyanamide in 
its efforts to attain equilibrium (neutrality) with the base or acid 
present. I n  the latter case equilibrium is quickly reached by the 
hydrolysis of the dicyanodiamide to the strong base, the so-called 
dicyanodiamidine. As a matter of fact, the latter change appears 
to proceed with a t  least as great a velocity as the polymerisation 
of the cyanamide, since dicyanodiamidine can be detected in the 
solution as soon as the cyanamide commences to disappear. For 
this reason i t  has not been found possible to  isolate any dicyan- 
diamide from the product of the action of an acid on a solution of 
cyanamide. 

In  the case of the action of bases, dicyanodiamide can be easily 
obtained, this being the method commonly employed for its pre- 
paration ; nevertheless, this does not represent final equilibrium 
under the conditions. 

Dicyanodiamide is sensitive to hydrolysis by alkalis, a fairly 
strong acid, probably Hallwachs’ amidodicyanic acid, being formed 
(ammonia and carbon dioxide being by-products), which ultimately 
neutralism the alkali. Whilst the velocity of this change is un- 
doubtedly very much slower than the velocity of polymerisation 
of cyanamide in the presence of alkali, still its influence cannot be 
ignored, particularly in experiments where the heating at looo 
was prolonged. 

Morrell and Burgen have scarcely given this question the atten- 
tion it deserves; it probably helps to  explain the gradual decrease 
in the velocity of polymerisation which they observed. Their 
contention that  during the course of the reaction the base (sodium 
hydroxide) is shared by the dicyanodiamide, and that  this k dis- 
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sociated primarily as a monobasic acid, is scarcely in agreement 
with the properties of the substance. 

Whilst cyanamide affords a neutral solution, its acid character in 
so far its the production of metallic derivatives is concerned, is well 
known, and is very much more pronounced than the basic power; 
thus, according t o  Grube and Kruger, the salt NaN:C:NH in a 
molecular solution is dissociated only to the extent of about 3 per 
cent. 

It seems evident, therefore, that  a weak base should have a 
much greater disturbing effect on the equilibrium between the two 
forms of cyanamide than a correspondingly weak acid, and hence 
cause a much greater acceleration of the polymerisation. 

I n  order t o  test this point, the behaviour of cyanamide in the 
presence of acetic acid has been examined; the results are given 
below, and for  comparison a few values, calculated from Morrell 
and Burgen's experiments in the presence of ammonia, have been 
added. 

The concentration of cyanamide was approximately 2 per cent. 
(a) Cyanamide heated in a water-bath a t  looo for two hours: 

Per cent. of cyanamide 
polymerised. 

In N/20-Acetic acid .................. 6-3 

,, N/2 ,, ,, .................. 21.9 

,, N/10 ,, ,, .................. 8.8 
,, N / 4  ,, ,, .................. 16.3 

( b )  Cyanamide, heated as above in N/2-acetic acid, was poly- 
merised as follows: 

1. 3 hours, 28-8, 2. 4 hours, 33.8. 3. 5 hours, 38.1 per cent, 

( c )  Cyanamide heated in the presence of normal acetic acid for  

(d) Cyanamide heated as above in the presence of ammonia 

In N/'IO-Ammonia. In N/'I-Ammonia. 

ten hours was polymerised t o  the extent of 63.5 per cent. 

(M. and B.): 

Cyanamide 1 Cyanamide 
Time. polyrnerised. Time polymerised. 
2.5 hours 28.0 per cent. ' lhour 80.1 per cent. 
4-5 9 ,  39.5 ,, 1.5 hours 9 2 4  ,, 
8.5 ,9 52.0 ,, I 3 9 9  100.0 ,, 

It will be noticed that in order to obtain well-marked results 
with acetic acid it was necessary to start with a concentration of 
not less than N / 2 0 ,  and an inspection of the values obtained 
shows a t  once the enormously greater accelerating power of the 
weak base. 

Thus the amount of polymerisation produced by N/Z-acetic acid 
is only equal to that produced by Wj70-ammonia under approxi- 

VOlA. CVII. S B  
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780 WERNER : THE CONSTITUTION O F  CARBAMZDES. PART 11. 

mately the same conditions, whilst after five hours thO effect of 
A'/Z-acetic acid is less tliaii half that  produced by N /  7-ammouia 
iii one hour. These results are quite in agreement with the equili- 
brium theory, bearing in mind the properties of cyanamide. 

The accelerating effect of even a trace of alkali on the poly- 
merisation was so great, as shown by the very careful experiments 
of Morrell and Burgen, that  one might easily have arrived at  the 
erroneous conclusion that cyanamide was more stable in the presence 
of acetic acid than in aqueous solution. 

For example, the following results were obtained ( e )  after heat- 
ing a solution of cyanamide (3 per cent. approximately) in ordinary 
distilled water a t  100° in a soft glass tube, (f) after keeping the 
solution at  the ordinary t'emperature : 

(e) Time in Cyanamide 
hours. polymerised 

2 27-5 per cent. 
4 33.2 ,, 
9 56.8 ,, 

16 86.5 ,, 

Cyanamide 
(f) Time. polymerised. 

29.4 per cent. 
Y, 12 Y t  37.5 ,P 

,, 11 months 81.8 ,, 
After 10 weeks 

These results, which are higher than those obtained by Morrell 
and Burgen, are entirely due t o  basic matter extracted from the 
glass, and they serve merely t o  illustrate how the acceleration of 
the change may vary according to the quality of the glass vessel 
employed. 

I n  the experiments where a solution of cyanamide was heated 
a t  looo for  nine and sixteen hours respectively, a small quantity of 
a basic substance separated in each case; this proved to be neither 
melamine nor ammeline, and has not yet been identified. 

The polymerisation of cyanamide by heat alone, which is the 
chief factor in pronioting the change, all other conditions being 
equal, can also be explained by the theory just described. 

An increase in the vibratory motion within the molecule will 
naturally accompany a rise' in temperature, and the stability of the 
cyanamide molecule will be thereby diminished, and the less stable 
form will tend to ehange into the more stable in accordance with 
one or  other of the two schemes already given. 

The direction of the change must depend on this relative 
stability of the two forms, and since the balance of evidence 
certainly favours the greater stability of the di-imino- or sym- 
met'rical form, the change will very probably take the course 
indicated in scheme (2). 

The more complex polymerisation of cyanamide a t  high tempera- 
tures (above 200°) with the production of the very strong base 
melamine is also in agreement with this view. 

The sudden depolyrnerisation of dicyanodiamide by heat will 
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give rise for the moment to cyanamide in the di-imino-form, the 
tendency to co-exist in equilibrium with the amino-f orm will 
persist, and by the union of three molecules in phase (Z), 

scheme (l), the very stable, six-membered ring melamine, 

It may be added, in further support of the scheme (l), that  a 
small quantity of melamine has always been detected in the pro- 
duct from the polymerisation of cyanamide in the presence of 
acids, but could not be found when bases were used. 

The presence of traces of melamine and dicyanodiamidine in 
solutions containing an excess of cyanamide or dicyanodiamide may 
be easily recognised by the aid of picric acid. 

Melamine picrate forms characteristic, tangled masses of ex- 
tremely delicate, hair-like threads of a pale yellow colour, which 
decompose, without melting, a t  about 2 6 8 O  ; dicyanodiamidine 
picrate separates slowly from solution in  the form of nodules, or 
small rosettes of stout, prisms of a dark yellow colour, which melt 
a t  265O. 

Interaction of Cyanamide and Nitrous Acid,  

The behaviour of cyanamide towards nitrous acid does not 
appear to  have been hitherto examined. A few quantitative 
experiments have supplied what appears to be conclusive evidence 
in favour of the views already expremed regarding the constitu- 
tion of cyanamide in solution. 

The experiments were carried out  in a nitrometer, and the 
details are described in the experimental part of the paper. 

The main facts observed may be stated as follows: 
(1) Cyanamide and nitrous acid (liberated from sodium nitrite 

by an excess of acetic acid) showed practically no signs of inter- 
action, so far as the evolution of gas was concerned, even after 
one hour. 

Such a negative result could scarcely have been expected if 
cyanamidel was wholly present in the form CN*NH,. 

(2) I n  the presence of sulphuric acid there was an immediate 
brisk evolution of gas (almost entirely nitrogen), which, after an 
interval of two minutes, amounted t o  half the theoretical volume 
required by the equation: 

This was followed by a very slow and continuous evolution of gas 
CN*NH, + ON*OH = N, + H20 + CN-OH. 

3 B 2  
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722 WERNER : THE CONSTITUTION OF CARBAMIDES. PART XI. 

largely composed of carbon dioxide, and therefore mainly due to 
the gradual hydrolysis of the cyanic acid generated in the first 
stage. An interval of on0 hour was required for the evolution 
of a volume of gas equal to that set free in the first few minutes. 
An examination of the residual liquid at this point showed that  
slightly over half of the cyanamide was still unchanged, whilst 
there was much nitrous acid present (see Expt. I). 

(3) When the reaction was allowed to proceed for twenty 
minutes, nearly 60 per cent. of the cyanamide was unchanged, and 
in  a final experiment, where the reaction was allowed t o  continue 
for twenty hours, nearly 13' per cent. of the cyanamide was still 
undecomposed (see Expls. I1 and 111). 

I n  spite of the secondary change introduced by the continuous 
decomposition of cyanic acid, the results have shown that  the 
course of the reaction is in perfect harmony with the equilibrium 
theory; thus whilst all the cyanamide premnt a t  the outset in the 
amino-form is rapidly decomposed by nitrous acid in the usual 
manner, the more stable imino-form a t  the ordinary temperature 
changes very slowly into the amino-form, which is then attacked 
by nitrous acid as fast ils it is generated. The resulix also indicate 
that  in a normal solution of cyanamide the equilibrium mixture 
is approximately 60 per cent. C(NH)% and 40 per cent. CN*NH, 
(Expt. 11). 

TTie Formation o j  Urea b y  the Hydrolysis of CyamamkcEe. 

A study of the constitution of cyanamide was a necessary preli- 
minary to  an examination into the mechanism of its hydrolysis. 
The formation of urea from cyanamide was originally shown many 
years ago1 by Baumann (Ber., 1873, 6, 1373), but  the exact condi- 
tions under which the hydrolytic change takes place have not, in 
the author's opinion, been properly appreciated. Thus Baumann 
showed that  whilst very concentrated acid was necessary to obtain 
urea (as a salt) from cyanamide, this was always accompanied by 
more or less dicyanodiamidine, the proportion of the latter increas- 
ing with the dilution of the acid, and Drechsel (J. p. Chem., 
1880, [ii], 20, 77) has pointed out that  the compound 

CN*NH&2HC1, 
when decomposed by water, did not afford urea, but only dicyano- 
diamidine. 

The usual equation, CbN*NH, + H20 = H,N*C"O*NH,, so freely 
expressed in text-books and works of reference, and commonly 
accompanied by the simple statement that  cyanamide readily 
combines with water t o  form " carbamide," betides being mislead- 
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ing when the real facts are considered, has led to the impression 
that cyanamide is a substance easily hydrolysed. This is not 
the case. 

Whilst cyanamide is readily polymerised when heated in the 
presence of dilute acids or alkalis, i t  is remarkably rwistant to 
hydrolysis, as is shown by the fact .that not a trace of urea can be 
detected in  the products after heating solutions of cyanamide for 
various intervals of time under the aforesaid conditions. 

Negative resnlts, so far as the hydrolysis to urea was concerned, 
were also obtained after heating cyanamide with water alone for 
several hours a t  looo, and after heating in a sealed tube a t  
130-130° for three hours. 

A comparison 0.f bhe urea formula, HN:C<rH3, with either of 0 
the two formulze of cyanamide shows that the relation between the 
two compounds is evidently not. the simple one so generally  up- 
posed, namely, that  of nitrile and amide. 

By the addition of nitric acid (D 1-42) to a solution of cyan- 
amide in moist ether, Baumann (Zoc. cit.) obtained urea nitrate 
together with morel o r  less of the nitrate of dicyanodiamidine, but 
the production of urea in the free state directly from cyanamide 
by hydroIydis has not yet been accomplished. 

A quantitative study of Baumann’s experiment has shown that 
whilst thO proportion of water present may be more than sufficient 
to hydrolyse all the cyanamide in solution, the amount of urea 
nitrate formed is determined by the quantity of nitric acid added. 
When the latter was insufficient in amount to  form urea nitrate 
from all the cyanamide present, the excess of this remained un- 
changed; i t  was not polymerised, since the nitric acid was removed 
from solutlon’by the urea generated, and the equilibrium of the 
remaining cyanamide was not further disturbed (see Expts. IV 
and V). When, on the other hand, the amount of water preeent 
was sufficient (without being in very great excess) to bring about 
the complete dissociation of the salt of urea, if formed, then no 
urea was generated, and the cyanamide was slowly polymerised 
with the subsequen€ production of dicyanodiamidine. 

These results, which are in marked cont,rast t o  those commonly 
associated with the hydrolysis of nitriles or amides, may be readily 
explained if the mechanism of the change be carefully considered, 
and supply, in the author’s opinion, an interesting confirmation of 
his views regarding the constitution of urea in the static condition 
and in the presence of an acid. 

The conditions show that cyanamide must have assumed the 
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amino-form before hydrolysis, and since the ions H’ and OH’ are 
undoubtedly the active agents which take part in the change, this 
may be represented by the following equation: 

/NH,*HNO, 
+ H e  + OH’ + HNO, = C--NH 

,NH, 
co, . \OH 

This reaction, which is analogous to the formation of isocarb- 
amides from cyanamide and alcohols in the presence of hydrogen 
chloride, shows that urea, when generated, has the isocarbamide 
configuration, which is retained only in the salt and in the presence 
of a small quantity of water. 

Now the hydrolysis of cyanamide is a rapid change which pro- 
ceeds a t  the ordinary temperature, in contrast to polymerisation, 
which is a very slow change unless aided by heat; therefore, the 
formation of urea nitrate must be the outcome of a rapid effort 
to  attain more stable equilibrium under the disturbing influence 
of the strong acid. This stability can only be attained provided the 
conditions are such that a salt of urea can be formed, because the 
isocarbaniide configuration of the urea molecule is too unstable to 
exist in the static condition, and hence urea can only be generated 
in quantity sufficient to  form a salt, with the particular amount of 
acid present. It follows, therefore, that  if  the salt cannot exist 
even though acid be present, a condition brought about, for 
example, by the presence of too much water, no urea can be formed, 
which, as the experimenh have shown, was actually the case. I n  
further confirmation of this, it may be mentioned that fuming 
hydrochloric acid was added t o  cyanamide dissolved in moist ether, 
and after keeping for twenty-four hours, practically all the cyan- 
amide was found unchanged (Expt. VI). 

Apart even from the remote relationship between cyanamide and 
urea, as indicated by the cyclic structure of the latter, the fact 
that  cyanamide has not been, and probably cannot be, directly 
hydrolysed to yield urea in the free state, is in perfect agreement 
with the above explanation of the mechanism of the change. 

Thus wliilatl i t  is true that  urea in its static condition is a more 
stable compound than cyanamide, it is equally true that the latter 
must be much more stable than urea when this is in its tautomeric 
or isocarbamide configuration, and hence the more stable compound 
cannot be produced through the intermediary of a substance less 
stable than cyanamide itself. 

I n  conclusion, i t  may be added that if cyanamide is related t o  
urea, as nitrile to amide, a’nd if urea has the “carbamide ” struc- 
ture both in the free state and as a salt, as is generally supposed, 
the facts observed become unintelligible, and there appears no 
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reason why cyanamide should not be hydrolysed in the normal 
manner, and be capable of directly furnishing urea whether a 
certain fixed quantity of acid were present or not. 

The converse change, namely, the production of cyanamide from 
urea, will form the subject of another communication. It may be 
stated here that  the facts hitherto recorded regarding the forma- 
tion of cyanamide by the' removal of the elements of water from 
urea, ha$e not been confirmed. 

EXPERIMENTAL. 

P o l y n i e & z t i o n  of Cyanamide irt t h e  Preseizce of A c e t i c  Acid. 

The estimations of cyanamide were made by precipitation with 
an excess of N /  10-ammonio-silver nitrate solution, the excess of 
silver being estimated by Volhard's method. The details and pre- 
cautions recommended by Morrell and Burgen were carefully 
adhered to, and in some cases the estimations were checked by a 
direct weighing of the precipitated silver cyanamide previously 
dried a t  looo. 

I n  view of the work already published by the above-mentioned 
investigators. the following few results will suffice t o  illustrate how 
the values already given were obtained. 

Five C.C. of the cyanamide solution used required 53.3 C.C. 
iV/lO-AgNO, (1 C.C. =0*0021 gram CN,H,) ; the concentration of 
cyanamide was therefore 2-24 per cent. After heating for two 
hours a t  looo under a reflux condenser, the values obtained were: 

N/10- 
AgNOa 

required, CN,H, 
Acetic acid C.C. unchanged. 
In N/20 = 50 =93.7 per cent. 
, N/10 = 48.6 =91.2 ,) 

N/10-  
AgNO,, 

required CN2H2 
Acetic acid C.C. unchanged. 
In N/4 = 44.6 = 83.7 per cent. 
,, N / 2  = 41.6 = 78.1 ), 

Fif ty  C.C. of cyanamide solution in normal acetic acid after 
boiling fo r  ten hours under a reflux condenser required for 5 c.c., 
19.6 C.C. NIlO-AgNO, ; unchanged cyanamide = 36.5 per cent. ; this 
result represents the maximum change reached in the experiments 
in thel presence of acetic acid. 

I n  referring t o  the stability of cyanamide in the solid state, 
Morrell and Burgen have shown that' a specimen after six months 
still contained 91.1 per cent. of the substance unchanged. A speci- 
men of cyanamide, crystallised from ethereal solution, has given 
the author, after ten months, the following result: 

0.1165 required 51.75 C.C. N/lO-ammonical silver nitrate ; cyan- 
amide = 93.28 per cent, 

It is evident, therefore, that  the pure substaiice is much more 
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stable in the solid skate than is generally supposed. On the 
other hand, a 4 per cent. aqueous solution, aftper keeping for  the 
s2me period in a stoppered bottle of clear, white glass, was found 
to have developed a distinct alkaline reaction towards phenol- 
phthalein, and contained only 20-2 per cent .of the cyanamide 
unchanged, whilst a few crystals of dicyanodiamide (m. p. 205O) 
had separated. A determination of the solubility of dicyano- 
diamide in water a t  1 5 O  gave 2.56 grams in 100 C.C. 

Action of Nitrous Acid om Cyanamide. 

solution of cyanamide was used, since on the basis of the equation : 

1 C.C. should be capable of giving 22.36 C.C. of gas a t  Oo and 
760 mm. 

Expt .  Z.-One C.C. of the cyanamide solution and 0.069 gram 
of sodium nitrite,* dissolved in 0.5 C.C. of water, were introduced 
into the nitrometer over mercury, and 1 C.C. of dilute sulphuric 
acid (1 : 10) was added. Gas was rapidly evolved, which amounted 
to 12 C.C. a t  18O and 769 mm. after two minutes; a t  the end of this 
short interval the evolution of gas diminished considerably, and 
after one hour 23-8 C.C. were obtained a t  the same temperature 
and pressure. The composition of the gas was N=64*8; CO,= 
26'4; NO=8*8 per cent. 

An analysis of the gas evolved in  the first two minutes showed 
the prmence of 86.3 per cent. of nitrogen. 

Since, on account of the hydrolysis of the cyanic acid produced, 
no useful information was t o  be obtained by correcting the gas to 
the normal temperature and pressure, this was not done. 

I n  a repetition of the experiment the residual solution, after the 
expulsion of the evolved gas, required 10.7 C.C. N /  10-ammoniacal 
silver nitrate; cyanamide= 53.3 per cent. of that  originally present. 

Expt .  11.-Same proportion as in the previous experiment, but  
the reaction was allowed t o  proceed for only twenty minutes. 

Volume of evolved gas=16 C.C. a t  1 5 O  and 763 mm.; this was 
not analysed, and was expelled from the nibometer. 

The residual solution required 11.8 C.C. N /  10-amrnoniacal silver 
nitrate; cyanamide = 59 per cent. of that  originally present. 

Thus approximately 60 per cent. of the cyanamide was un- 
changed after the completion of the first stage of the decomposi- 
tion. Whilst this is apparently finished after two or  three 
minutes, the reaction was allowed to continue for twenty minutes 

* The specimen of sodium nitrite used was assayed ; 0.072 gram wras found 
to be equivalent to 0.069 gram of the pure salt. 

The experiments were made in a Lunge nitrometer. A normal 

CN*NH2 + HNO, = N, + H,O + HCNO 
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on account of the secondary change which no doubt accompanies 
the primary t o  a small extent. 

Ezpt.  Ill.--Same proportions as before, but the reactions were 
allowed to proceed for  twenty hours. 

Volume of gas evolved=38*8 C.C. a t  16O and 763 mm. 
Composition : N = 55 ; CO, = 40.1 ; NO = 4.9 per cent. 
The large increase in the proportion of carbon dioxide shows 

that the cyanic acid generated was hydrolysed as fast as cyanamide 
was being attacked by the nitrous acid, after the first rapid decom- 
position had been completed. 

The residual liquid required 2.55 C.C. N /  10-ammoniacal silver 
nitrate; cyanamide:= 12.7 per cent-. of that  originally present. The 
remarkable1 resistance of cyanamide t o  further attack by nitrous 
acid, after the first rapid action has been completed as shown by 
these experiments, suggests that  the change C(NH), -+ CN-NH, 
must proceed a t  a very slow rate a t  the ordinary temperature even 
in the presence of a dilute mineral acid. 

The possible formation of a nitroso-derivative as an intermediate 
product has yet to be investigated. 

The Hydrolysis of Cyanamide. 

A 4.25 per cent, solution of cyanamide in ether saturated with 
water, after keeping for three weeks a t  the ordinary temperature, 
and after heating a t  looo for ten hours in a sealed tube of soft 
glass, was found to have suffered no change. After the addition 
of a few drops of concentrated nitric acid crystals of urea nitrate 
were slowly deposited. I n  order to examine the course of this 
change, the1 follo8wing experiments were made. 

Expt.  IV.-To 15 C.C. of the moist ethereal solution of cyan- 
amide (0.638 gram CN,H,), 1.5 grams of nitric acid (D15 1.425) 
were added. This was slightly more than sufficient t o  form urea 
nitrate by the hydrolysis of all the cyanamide present. After two 
hours crystals commenced to separate, and the product was kept 
for t'wenty hours. 

Weight of crystals deposited=1*9 grams. Theory for urea 
nitrate = 1.87 grams. All the cyanamide had disappeared from the 
ethereal solution. The hydrolysis was therefore complete, although 
it  should bel mentioned that the crystals contained a small quantity 
of dicyanodiamidine nitrate. 

Exyt.  V.-Tlie last experiment was repeated, but  only 1 gram 
of nitric acid was added. 

Weight' of crystals deposited after twenty hours= 1.57 grams. 
The residual ethereal solution was shaken with 400 C.C. of dis- 

tilled water, and then required 63 c . ~ .  N /  10-ammoniacal silver 
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nitrate for the complete precipitation of the remaining cyanamide, 
which is t>hus found t o  be 20.7 per cent. of the amount originally 
present. 

Thus whilst all the nitric acid was removed as urea nitrate, the 
excess of cyanamide remained unchanged, although there was more 
water present than was necessary t o  effect its complete hydrolysis. 

The remarkable stability of cyanamide and its indifference 
towards hydrolysis were shown by the following striking and con- 
clusive result. 

Expt.  BI.-0*42 Gram of cyanamide was dissolved in 20 C.C. of 
moist ether, and 1 C.C. of fuming hydrochloric acid (D=1.16) 
added; the mixture was repeatedly shaken in a small stoppered 
separating funnel during an interval of six hours, and was then 
kept until the following morning. The small aqueous layer was 
removed, and after neutralisation with an excess of aqueous 
ammonia, the cyanamide was precipitated in the form of its silver 
salt. 

Weight of Ag2CN, obtained = 1.742 ; CN,H, = 0.2856. 
The ethereal solution required 46.1 C.C. N /  10-ammoniacal silver 

nitrate; CN,H,=0*0968. Hence 0.3824 gram, or  91.04 per oent. 
of the Cyanamide originally taken, was unchanged. 

Thus, whilst in this experiment the amount of hydrochloric acid 
present was sufficient t o  form urea hydrochloride by the hydrolysis 
of the cyanamide, the amount of water present was too great to  
allow the undissociated urea salt to separate, and hence very little, 
if any, hydrolysis of cyanamide took place. A small quantity of 
dicyanodiamidine was found in the aqueous layer. 

UNIVERSAL CHEMICAL LABORATORY, 
TRINITY COLLEGE, 

DUBLIN. [Received, April 13th, 191 5.1 
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