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Introduction 
,\n~inono acids are compounds related to ammonia as the ordiriar v 

oxygen acids are related to water.’ It follows therefore that the familiar 
s~ibstances guanidine, biguanide, cyanamide, dicyanodiamide and mela- 
mine as well as the less well known melam, melem, melon and hydro- 
rileIonic acid, which many years ago were objects of intensive study.: 
are to be looked upon as ammono carhonic acids. 

Aquo Carbonic Acids and Ammono Carbonic Acids 
The formal analogy between the carbonic acids of the water or oxygen 

i s  stem on the one hand and the carbonic acids of the ammonia or nitrogen 
sl-qtem on the other is shown by the following schemes which represent 
(.I) aquo ortho carbonic acid and its dehydration products and (2) t he  
compounds enumerated abore represented as de-ammonation product5 
of R purely hypothetical ammono ortho carbonic acid.3 

(1) C(OH)d + -+ Con 

( 2 )  C(NH2)a -+ HBCNB -+ H T C Z N ~  + 

Guanidine Biguanide 
HzCKz -+ HCzNs 
Cyanamide Dicyanimide 

J. 

4 

H4C2N4 
Dicyanodiamide 

HeC3No ---L H~CSNII  
Melamine Melam 

C3N4 
hlelem Melon Hydromelonic Acid Carbonic Nitride 

1 Cf. A m .  Chem. J., 47, 285 (1912); Proc. Eighfh Int. Cong. A p p .  Chern., 6 ,  119 

2 Liebig, Ann., 10, 1 (1834); 50, 337 (1844); 53, 330 (1845); 95, 257 (1855). 
1,aurent and Gerhardt, A m .  chim. phys., [3] 19, 85 (1847). 

3 The following structural formulas are printed in the belief that  the relations 
lietween the members of the group of compounds under consideration will thereby 
1 ) ~  made clearer. Those given for guanidine, biguanide, cyanamide, dicyanodiamide 
and melamine are the generally accepted formulas. The remaining compounds are 
represented as successive de-ammonation products of melamine which for this purpose 
is formulated as the amide of the trivalent nucleus, C3N3. 

(1912). 

HS C -NHa Hh’ = C-NH 

Hah’ “2 / f,. UH2 )”, , Hh’=C \ , 
\ N H z  HN = C-NHz N C - “2, 

Guanidine Biguanide Cyanamide 
HINT 
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I'lic first scheme, familiar for its frequent use to  shon- the relations he- 
t u  een ortho carbonic acid, ordinary carbonic acid and carbonic anhydride, 
(:ills for no comment other perhaps than to contrast the y e 5  limited 
iimiher of compounds in this series of dehydration products with thi. 
iiiuch larger number of ammono carbonic acids listed in the second. and 
1 ( )  note that the end product in the former is a gas, while all the compound5 
I I I  tlie latter group are solids. Nelon, the hest known compound toward. 
rhc end of the second scheme, is an insoluble, infusible substance n-hich 
\rithstanrls without change a temperature approaching redness. 

I n  the second scheme guanidine, higuanide, cyanamide and dicq ail- 
imide are repreyented as stepwise de-ammonation products of ammono 
ortho carbonic acid, dicyanodiamide and melamine as a dimer and a trimer, 
respectively. of cyanamide, while the remaining members of the group 
ppear as iuccessive de-ammonation products of melamine. For thc 

tnoit part the transformations indicated have been experimentally e<- 
t :hlished. 

itiiiizdzizt to .Uelori.--The action of water and ammonia. respectively. 
on vhloropicrin or ethyl ortho carbonate might be expected to yield com- 
1)ounds of the respective formulas CIOH)? and C(SH?)d. -1s a matter oi 
i'ict, the products obtained are, in the first case, carbon dioxide, in tlie 
wcond, guanidine.4 Guanidine thus appear5 as a de-ammonation prod- 
iivt  of an hypothetical ammono ortho carbonic acid just as carbon d -  
( G i e  ii usually assumed to he the dehydration product of the primarily 
kortned ortho carhonic acid 

'I'hc. iecontl s tep in thii pro ol de-ammonation, namely, tlie conver- 
R c l '  :i, tout 

"I 

I 

/p 
\ / ; I  

PN PN3 =" 

\C&T3 = XH \cx S I  ix 

c c 
N-CK , N-GN:3=NH , 

/p 
\ / ; I  

PN PN3 =" 

\C&T3 = XH \cx S I  ix 

c c 
N-CK , N-GN:3=NH , 

Hydromelonic acid Carbonic nitride %C 

I-ToIrnann, A n n ,  139, 107 (1866); B e r ,  1, 145 (1868). 
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sion of guanidine into biguanide has been accomplished by carefully 
heating guanidine hydr~chloride.~ 

Apparently neither guanidine nor biguanide has been converted into 
cyanamide by simple loss of ammonia. When guanidine carbonate,fi 
or free guanidine' is heated melamine, a trimer of cyanamide, is obtained 
instead of cyanamide itself. However, the transformation of guanidine 
into cyanamide is easily accomplished by dissolving guanidine in fused 
sodium amide8 or by heating it with q~ ick l ime .~  It  is safe to assume that 
biguanide may also be converted into cyanamide by the action of fused 
sodium amide. 

In the table given above, cyanamide is represented either as losing 
~tmmonia to form dicyanimide or as undergoing polymerization to di- 
c.yandiamide. When cyanamide is heated i t  does not lose ammonia as 
iiiight be expected to form dicyanimide. Instead, i t  undergoes polymeriza- 
tioii first to dicyanodiamide10 and thence to melamine." The trans- 
formation of cyanamide into dicyanimide takes place when melon is 
(lissolved in fused disodium cyanamide. 

.It a higher temperature melamine loses arninonia to form melam w~liich 
iii turn is finally converted into melon. Further de-ammonation of melon 
to hydromelonic acid or to pure carbonic nitride has not been accomplished. 

Returning to dicyanimide i t  is interesting to note that this substance 
on being heated is polymerized to melon instead of losing ammonia to 
form carbonic nitride. 

Melow to Guawidine.-Among the inverse transformations but one 
case of simple addition of ammonia seems to be known. RathkeI3 found 
that melamine is formed when melem is heated with aqueous ammonia. 

Cyanamide, in the form of its disodium salt, is formed when sodium 
melonate, sodium dicyanimide, melon, crude melam, melamine or di- 
cyandiamide is dissolved in fused sodium amide. The ammono carbonic 
acids,14 hydromelonic acid, dicyanimide, melon and melam are thus 
ammonated, while melamine and dicyanodiamide are depolymerized to 
cyanamide, the only ammono carbonic compound which is stable in the 
presence of an excess of the fused ammono base. 

The simple stepwise ammonation of cyanamide through biguanide to 
Bamherger and Dieckmann, Ber., 25, 543 (1892). 
Nencke, J .  prakt .  Chem., [2] 17, 235 (1878); Smolka and Friedreich, Monafsh., 

Rathke, Ber. ,  12, 778 (1879). 

Emich, Monatsh., 10, 334 (1889). 
Beilstein and Geuther, Ann., 108, 99 (1858); 123, 241 (1862). 
Drechsel, J .  prakt. Chem., [2] 13, 331 (1876). 

10, 91 (1889). 

* Observations made in this laboratory. 

1 2  See p.  497. 
'"athke, Ber., 23, 1675 (1890). 
1'See p. 497. 
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,guanidine has apparently never been realized. Cyanamide, however, 
is ammonated to guanidine when heated with ammonium chloride in 
alcoholic s ~ l u t i o n ’ ~  and in a similar manner dicyandiamide is converted 
into biguanide.16 Dicyanodiamide is also ammonated to biguanide when 
heated with ammoniacal cupric hydroxide so1ution.l7 

The final step in this ammonation series, namely, the formation of 
guanidine from biguanide has not been accomplished. 

Hydrolysis of the Ammono Carbonic Acids and the Ammonolysis of 
Aquo Carbonic Acid.-In harmony with the view that  compounds under 
consideration are ammono carbonic acids is the behavior of the ammono 
carbonic acids toward water, on the one hand, and the action of ammonia 
011 aquo carbonic acid, or more generally, on the metallic carbonates, 
on the other. The ammono carbonic acids without exception when heated 
to  a high temperature in the presence of water are hydrolyzed, usually 
through various mixed aquo ammono carbonic acids to carbon dioxide 
and ammonia in accordance with the general equation x ; ? T H ~ . ~ C ~ N ~  + 
6yHzO = 3yCO2 + (x + 4y)Tu”~ in which xSH3.yC3N4 represents any 
one of the known ammono carbonic acids.ls 

The equation given above, read from right to  left, represents the am- 
monolysis of aquo carbonic acid, or strictly speaking, carbonic anhydride, 
to an ammono carbonic acid. In experimentslg in this direction, however, 
the ammonolysis has been carried only so far as the formation of urea, a 
mixed aquo ammono carbonic acid. The action of ammonia on ethyl ortho 
carbonate to form guanidine mentioned above and on calcium carbonate 
to form calcium cyanamidez0 are, in principle, reactions represented by 
the equation given above read from right to left. 

The Acid Properties of Guanidine and its De-ammonation Products.- 
.Xmong the members of the group of compounds under consideration i t  
happens that only dicyanimide and hydromelonic acid are endowed with 
distinct acid properties. Cyanamide and dicyanodiamide are neutral 
in reaction. The first forms an unstable hydrochloride; both form 
metallic derivatives which, excepting certain highly insoluble salts of 
heavy metals, are practically completely hydrolyzed in the presence of 
water. Guanidine and biguanide show not the slightest acid properties 
in water solution. Mel- 

16 Smolka and Friedreich, Monatsh., 9, 288 (1888); 10, 87 (1889); Ref. 5, p. 545. 
l 7  Herth, ibid., 1, 94 (1880). 
Is  For example, according to Knapp [“inn., 21, 256 (183711 melamine is hydrolyzed 

19 Mixter, A m .  Chem. J . ,  4, 35 (1882). Bourgeois, Rzrll. S O T .  rhinl., 131 7,48 (1892); 

?O Ger. pat. 138,456; Zentr., 1903, I, 677. 
2’ They are bases in the sense that ammonia is a base 

On the contrary, they behave as strong bases.?’ 
Erlenmeyer, Ann., 146, 259 (1868); Bannow, Ber., 4, 162 (1871). 

first to ammeline, thence to ammelide and finally to cyanuric acid. 

131 17, 474 (18973. 



ariiiiie is a \veal\ Ixisc.. Alelaiii, iiiclciii and melon are insoluble substance+,. 
c(.)iicerning the acid properties of nhicli practically nothing is known. 

Conclusion.----The formal analogy existirig between the two carbonic 
acids as derivatives of water on the one hand and the group of compounds 
under consideration, looked upon as derivatives of ammonia, on the other; 
the readiness with which one may pass stepn-ise from guanidine to melon 
111: processes of de-ammonation and polynerization and, beginning with 
melon, return to  guanidine by reactions of ammonation and depolymeriza- 
t ion, the fact that  each of these compounds may be hydrolyzed into carbon 
dioxide and ammonia are considerations which certainly lend support 
t o  the view that guanidine and its de-ammonation products are carbonic 
acids of the ammonia system. 

This view is established, as i t  would seem, by the experimental work 
described below which shows that all the soluble members of this group 
of compounds are capable of forming metallic salts when liquid ammoniac2 
instead of water is used as solvent in which to carry out the necessary 
reactions. 

Guanidine 
HLCX3 

IVithout going into details it will serve present purposes to point out 
that  the large majority of methods listed in Beilstein’s “Handbuch” for 
the preparation of guanidine involve processes of ammonolysis, ammona- 
tion or de-ammonation, while none is in disagreement with the view that 
i t  is an ammono carbonic acid. 

The acid properties of guanidine are demonstrated by the following 
described reactions which have been carried out in liquid ammonia solu- 
tionsZ3 

Dipotassium Guanidine, K2H3CN3.--It has been found that potassium 
:imide in excess added to a solution of guanidine nitrate?-‘ results in the ior- 
mation of dipotassium guanidine which is insoluble and potassium ni- 

2 2  compounds which, dissolved in ionizing solvents give a very low hydrogen-io11 
concentration, are not recognizable as acids in water solution because of the relatively 
Iiig-11 degree of ionization of water itself into hydrogen and hpdrosyl ions. 111 liquid 
:inimonia the very much lower degree of auto-ionization, which characterizes this 501- 

5 c n t  as compared urith water, permit? the acid properties of compounds which as aeki. 
;lrc much too weak to  he recognized as such in aqueous solutions to show themselv(.s. 

2 3  For descriptions of methods of manipulating liquid ammonia solutions. cf. 
‘rItIs JOURNAL, 27, 831 (1905); 29, 169-1 gm::l; 35, 1 x 0  ( im . r ;  .r. ~ i i g s .  c i ~ ~ ,  
15, 915 (1911); 16, 694 (1912). 

2 4  It is a matter of very considerable difficulty to prepare pure guanidine, and once 
ol)tained it is so very hygroscopic that the esclusion of water and carbon dioxide from it.; 
liquid ammonia solution would be a tedious undertaking. It ~ r a s  therefore decided 
to make use of guanidine nitrate which is easily obtained in a pure dry state. This 
c*ompound disolved in liquid ammonia may lie looked upon :IS a solution coi~taini~ig 
‘I mi~tiirr- of nitric acid and guanidine 
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Lrak which is soluble. The reaction is represeiitecl by the equatioii, 
H5CN3.HNO3 + 3KNHz = KZHCN:, + KN03 + 3NH3. The salt was 
obtained in the form of a non-crystalline powder which was vigorously 
hydrolyzed by the action of water into guanidine and potassium hydroxide. 

Preparation 1.-Half a gram of guanidine nitrate in solution in liquid ammonia 
added to  a solution of 3 equivalents of potassiutn amide gave a bulky, amorphous 
precipitate which after standing for some time became denser and then settled fairly 
wel'l. After the manner described in an earlier paper the precipitate was washed, dried 
in it vacuum and weighed. Preparatory to analysis the salt was treated first with 
water. Hydrochloric acid was then added which gave an aqueous solution of guanidine 
hydrochloride and potassium chloride. The specimen dried in a vacuum a t  20" weighed 
0.5.397 g. An accident prevented the 
determination of nitrogen. 0.50 g. of guanidine nitrate and 0.48 g. of potassium gave 
0 .54  g. of dipotassium guanidine and 0.42 g. of potassium nitrate. Calc. for KsH&Nu'?, 
0 . 5 5  g.; for KNOI, 0 .41 g. 

Preparation 11.-With the possibility in mind of obtaining a monopotassium salt 
a scilution containing 2 equivalents of potassium amide was added to a solution of 0.30 
g. 01  guanidine nitrate. On concentrating the solution a 
crop of mixed crystals of potassium nitrate and, presumably, the monopotassium salt 
of guanidine separated from the solution. The isolation of the monopotassium salt 
from the mixture appearing impracticable, the react,ion tube was opened and somewhat 
more than 4 additional equivalents of metallic potassium were introduced with the ob- 
ject in view of determining whether a salt could be obtained containing more than two 
atoms of potassium in the molecule. The solution of potassium amide formed by the 
action of ammonia on the potassium (in the presence of platinum black) was then added 
to 1:he solution of the monopotassium salt with the result that a white amorphoriq 
precipitate was formed. The precipitate was washed and prepared for analysis in the 
usual way. One half 
gave 0.2155 g. of KzS04; the other half gave 0.0580 g. of N. 

It is to  be noted that in the presence of a large excess of potassium amide only two 
of .the acid hydrogen atoms were replaced. 

Reparation 111.-In a third experiment the potassium amide from 0.38 g of po- 
tassium, and 0.30 g. of guanidine nitrate were used. The preparation dried in a vacuum 
3t XI" weighed 0.3250 g. One half gave 0.2082 g. of KzSOa. 

Analysis. Calc. for K2H3CN3: K, 5 7 . 7 ;  N, 31.0. Found: K, (I) 5 5 . 3 ,  (11'1 
54.7, (111) 5 7 . 5 ;  N, (11) 32 .8 .  

IMonosilver Guanidine, AgH4CN3.-'l'his salt was obtained by the  
action of guanidine nitrate on silver amide in accordance with the equation 
13$2N3.HiKOa + 2AgNHz = .AgH&X:, + AAgNOs + 2XHx. The salt 
is insoIuble in liquid ammonia, It was not obtained in crystalline form. 

Preparation 1.-The silver amide obtained from 0.50 g. of silver nitrate was trans- 
[erred in suspension to  a solution containing 0.179 g. of guanidine nitrate, a quantity 
slightly in excess of the amount required for the formation of a monosilver salt. The 
firsl: portions of the silver amide dissolved in the guanidine nitrate solution,z5 the later 
portions failed to  dissolve, nor could any marked change in the appearance of the in- 
soluble residue be observed. The mixture was allowed to  stand for 36 hours with 
occasional shaking with the object in view of transforming the insoluble silver amide 

"j The solution of the first portions of the silver amide is the result of the action 

One half gave 0.3333 g. of potassium sulfate. 

No precipitate was formed. 

The preparation dried in a vacuum a t  20' weighed 0.3338 g. 

-- 

of nitric acid on silver amide t o  form silver nitrate which is solulile. 



-$:I2 EDWARD C. FRANKLIN 

BS completely as possible into the guanidine salt. Digestion was followed by a thorough 
washing of the precipitate. From the washings 0.245 g. of silver nitrate was recovered 
(calc. 0.250). The salt dried a t  20' in a vacuum, was prepared for analysis by 
treatment, first with water, then with dil. sulfuric acid. The specimen weighed 
0.3106 g. The other half gave 0.0322 g. of N. 
Calc. for AgH4CNa: Ag, 65.1; N, 25.4. Found: Ag, 64.8; N, 20.7. The low result 
for nitrogen is probably due to incomplete recovery of nitrogen by the Kjeldahl process 

One half gave 0.1334 g. of AgC1. 

Triphenylguanidine 
Accepting guanidine as an ammono carbonic acid, then the readily ac-. 

cessible triphenylguanidine is an ammono ester; and since the ammono- 
ester contains amide hydrogen i t  is an acid ester and should react with 
metallic amides to form salts. hioreover, in view of the fact that  typically 
organic compounds are in a general way readily soluble in liquid ammonia, 
it was anticipated that the alkali metal salts of triphenylguanidine would 
he found to he sufficiently soluble to permit their crystallization from 
liquid ammonia. 

Dipotassium Triphenylguanidine, Kz(C6H5)3CN3.-X well crystallized 
specimen of this salt has been prepared by the action of potassium amide 
on triphenylguanidine in accordance with the equation, H2(C6H5)3CK;3 + 

Preparation I.-One g. of triphenylguanidine in solution in liquid ammofiia was 
added to a solution of potassium amide prepared from 0.50 g. of metallic potassium. 
After a short time and without concentrating the solution beautiful crystals began 
to  separate on the walls and bottom of the tube. Without recrystallization the crop 
of crystals was washed several times with small quantities of the solvent and then dried 
in a vacuum a t  laboratory temperature. After drying the product took on the ap- 
pearance of a salt which has undergone efflorescence. The salt therefore probably 
separates from solution with ammonia of crystallization. For analysis the salt was 
first hydrolyzed by the introduction of a small quantity of water, then dissolved in 
dilute alcohol and hydrochloric acid. One 
half gave 0.0667 g. of KzS04. 

Preparation 11.-The above described experiment was repeated, excepting that 
1 . 00 g. of triphenylguanidine and the potassium amide from 0.31 g. of metallic potassium 
(2 .2  equivalents of potassium amide per molecule of triphenylguanidine) were used 
and the product obtained was recrystallized. The light yellow, effloresced, crystals. 
when dried in a vacuuni finally to looo, weighed 0.9226 g. One half gave 0.2149 g. 
o f  KzSOa. Calc. for ( C B H ~ ) ~ K ~ C N ~ :  K, 21 . G  
N, 11.6. Found: K, (I) 21.3, (IT) 21.0;  N (I)  12.0, (11) 12.0. 

A third preparation was undertaken with the object in view of determining the 
ammonia of crystallization. An unfortunate breakage in the apparatus put an end 
to the experiment, which was not repeated. 

Monopotassium Tripheny1guanidine.-One g. of triphenylguanidine 
and one equivalent of potassium amide were brought together in liquid 
ammonia solution. After the expenditure of much time in fruitless 
attempts to crystallize the salt a crop of extremely soluble crystals was 
finally obtained which was unfortunately lost while being prepared for 
analysis. There is little doubt of the existence of a monopotassium salt. 

2KNH2 = Kz(CGHj)3CN3 + 2"s. 

The weight of the specimen was 0.2814 g. 
The other half gave 0.0169 g. of N. 

The other half gave 0.0555 g. of N. 
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In view, however, of the time-consuming operations involved i t  did not 
seem worth while to repeat the experiment. 

Disodium Triphenylguanidine, Naz(CsH&CN, and N ~ ~ ( C O H ~ ) ~ C N ~ . -  
3NH3.--Sodium amide, which is but slightly soluble in liquid ammonia, 
dissolves readily in a solution of triphenylguanidine. The disodium salt 
separates well crystallized from very concentrated cold solutions. The 
disodium salt has also been prepared by the action of metallic sodium 
011 the acid ester in accordance with the equation H2(C6H5)3CN3 + 
2Na = Sa2(C6H5)3Cr\;3 + H2. 

Preparation I.--A solution containing 1 .OO g. of triphenylguanidine was poured 
uplm about 1 . 2  equivalents of sodium amide. The ammono base dissolved readily 
in the acid, forming a solution which on concentration a t  laboratory temperature, and 
even a t  -33O, is converted into a viscous mass. When, however, the highly concen- 
trated solution was cooled to a temperature near the freezing point of the solvent a 
crop of very soluble crystals was obtained. The mother liquor, in small quantity, 
was drained from the crystal mass, and the latter was then recrystallized from a sniall 
qmnti ty  of solvent. The preparation, dried a t  -33', and blackened as a result of 
the  inadvertent entrance into th- tube of a small quantity of air, weighed 0.3300 g. 
One half gave 0.0612 g. of Na2SO4. Losses of 
nitrogen were known to have occurred. Calc. for Pia2(C,H&CN3.3NH3: Na, 12.0;  
N, 22.0. Found: Pia, 12.0; N, 18.0. 

Preparation 11.-To a solution containing 1.00 g. of triphenylguanidine portions 
of a solution containing 0 . 2 4  g. (3 equivalents) of metallic sodium were successively 
added. The blue color of the sodium solution was rapidly discharged as a result of 
thc action of the acid on the metal. After the addition of approximately z /3  of 
of the metal sclution the disappearance ol the color of hr ther  small portions became 
very slow. The resulting salt so- 
lution was evaporated to high concentration and cooled to -78" when a crop of crystals 
separated. The product was drained of mother liquor, dissolved in pure solvent and 
recrystallized. Then, maintaining a 
low pressure within the tube to prevent the melting of the salt in its ammonia of crystal- 
lization, the temperature was gradually raised to 70°, the ammonia given off, collected 
anij determined. When dried the specimen weighed 
0.5265 g. The other half gave 0.0333 g. of N. 
Calc. for P\Ta2(C6H&CN3:Na, 13.9; N, 12.7. Found: Na, 14.5; N, 12.7.  Calc. 
for Nal(C6H:)&!Ns.3NH3: 3NH3, 13.4. Found: 13.9. 

:Monosilver Triphenylguanidine, HAg(C6H5)3CN3 and HAg(CsHs)3CN3.- 
S H3.--X monosilver salt of triphenylguanidine has been obtained by the 
action of a solution of the acid ester on silver amide as represented by the 
equation, H2(CsH5)3CN3 + -4gNH2 = HL4g(C6H5)3CN3 + NH3. The 
salt separates from solution with one molecule of ammonia of crystalliza- 
tion which is lost in a vacuum a t  20". 

Preparation 1.-To 1.00 g. of silver nitrate in solution in liquid ammonia potassium 
amide prepared from 0.23 g. of metallic potassium was gradually added. The pure 
white precipitate of silver amide was thoroughly washed and then treated with a so- 
lution containing l .  13 g.26 of triphenylguanidine. 9 considerable quantity of the silver 

The other half gave 0.0295 g. of N. 

The hydrogen was not collected and measured. 

The specimen was dried a t  -33' in a vacuum. 

The amount was 0.0840 g. 
One half gave 0.1181 g. of NazS04. 

26 It had been intended to use equimolecular quantities which would have required 
1.69 g. of triphenylguanidine. The smaller quantity u-as used inadvertently. 
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amide dissolved but the solution liecoming supersaturated, crystals ol the salt beyail 
to separate before all the silver izmide had gone into solution. The saturated solution 
was poured into the second leg of the reaction tube and evaporated to  small volume. 
Crystals of the salt were deposited. The solvent distilled into the first leg of the tube 
was shaken up with the crude salt, the undksolved portion allowed to  settle, after which 
the supernatant solution was poured into the second leg and evaporated to  small volume. 
Additional pure salt was thus transferred to  the second leg. This operation, once more 
repeated, gave an adequate specimen for analysis. The dried salt was treated first 
with water and then dissolved in a dilute alcohol sulfuric acid mixture preparatory to 
analysis. One half gave 
0.1101 g. of AgCl. 

Preparation 11.-In this experiment the silver amide prepared from 0.50 g. ol 
silver nitrate was dissolved in a solution of 0.90 g. of triphenylguanidine or about 106:+, 
of the equivalent quantity. Soon after the amide had dissolved, beautiful crystals 
began forming on the walls and bottom of the reaction tube. The preparation was 
not recrystallized but was simply washed several times with pure solvent. The salt 
was then dried in a vacuum a t  -33'. On warming to  laboratory temperature i t  lost 
0.0231 g. of ammonia. One half gave 
0.1069 g. of AgCI. 

Preparation 111.-0.50 g. of silver nitrate and 0.90 g. of triphenylguanidine were 
I~rought together in liquid ammonia solution in order to  determine whether a silver 
Yalt might be formed in accordance with the equation AgN03 + C~H~NC(NHCGHS)I  
= CfiH6NC(NHCsH5)(NAgC6H5) + HN03. The failure to obtain a crop of crystak 
from this solution was interpreted as showing that the silver salt of triphenylguanidine 
is soluble in a liquid ammonia solution of nitric acid. Neutralization of the acid (am. 
monium nitrate) by addition of potassium amide was followed by the immediate de- 
position of a crop of crystals. The crystals were washed and dried as described above 
for analysis. Heated a t  70" in a vacuum i t  weighed 
0.5529 g. One half of the 
specimen gave 0.1134 g. of AgCl. The filtrate 
from AgCl gave 0.0298 g. of N. Calc. for HAg(C6H5)3CN3: Ag, 27.6; N, 10.7. 
Found: Ag, (I) 30.9, (11) 28.9, (111) 30 .9 ;  N, (I) 10.8, (11) 10.8, (111) 10.6. 
Calc. for H A ~ ( C ~ H ~ ) ~ C N ~ . N H I :  "3, 4 . 1 .  Found: "3, (11) 4.0,  (111) 5.4. The 
high silver content in these preparations is probablv due to  the presence of disilver 
salt. 

Cuprous Triphenylguanidine, HCu(C6H5)3CS3.-Mono~uprous tri- 
phenylguanidine is formed as a brown insoluble powder without ammonia 
of crystallization by the action of a solution of the acid ester on cuprous 
amide. 

Preparation 1.-A portion of cuprous amide precipitated from a solution containing 
1 .OO g. of Cu(N03)2 .4NHa2' was treated with a solution containing 1.13 g. of triphenyl- 
guanidine. The amide was not dissolved and there was no evidence of any action 
excepting some change in the appearance of the precipitate. The cuprous amide was 
left in contact with the solution overnight after which it was thoroughly washed in the 
usual manner. After drying in a vacuum a t  20' the specimen weighing 0.7885 g. 
was dissolved in alcohol hydrochloric acid mixture for analysis. One half taken for 
the determination of nitrogen was lost. One fourth gave 0.0493 g. of CuO. Another 
fourth gave 0.0246 g. of N. A second portion of the salt which had stood longer i n  

Dried in a vacuum a t  20°, the preparation weighed 0.5373 g. 
The other half gave 0.0290 g. of N. 

Dried a t  20' the specimen weighed 0.5565 g. 
The other half gave 0.0302 g. of pi. 

The salt was dried first a t  -33'. 
It lost 0.0316 g. of ammonia between -33' and 70". 

The other half gave 0.0292 g. of N. 

The pure salt is undoubtedly colorless. 

27 The action of potassium amide on a solution of cupric nitrate gives cuprous 
amide;  cf. THIS JOURNAL, 29, 657 (19n7); 43, 1.501 (1921). 



(oiitiu L with the solution gave 19 954 ol C u  Cdlc lor I - ICu lC~Hs i~CX~ CU 18 2; 
K ,  12 0 Found Cu, 20 0 ,  S ,  1.2 4 

The high copper content may \cry N L I I  I x  due to the piesence of copper amide 
which escaped conversion into the salt. 

Biguanide 
HsCzSb 

;It tempts have not yet been made to prepare biguanide salts using 
liquid ammonia as a solvent principally because of the prospective diffi- 
culties in the way of preparing a pure, dry specimen of the acid. It is 
practically certain that salts rnay be bo prepared. The existence of a 
coppc’r compound of the formula (CzHhNb)~Cu.2H& is recorded in the 
1 iter ‘it tire. 

Cyanamide 
HzCNz 

The acid properties of cyanamide are so well established-first by the 
rccorded existence of a considerable number of metallic salts ,28  second, 
I)! the work of Franklin and S t a f f ~ r d ? ~  in preparing beautifully crystallized 
5pecimens of the magnesium salt by the action of a liquid ammonia so- 
lution of cyanamide on metallic magnesium, and third, by the observation 
ot Franklin and Kraui?O to the effect that liquid ammonia solutions of 
c! snarnide are fair conductors of electricity-that i t  was not considered 
tiecessary to  the present purpose to prepare further salts in liquid ammonia 
d u t i o n  by the action of cyanamide on ammono bases. It rnay be as- 
iume-l as a matter of course that salts may be so made. 

Exery one of the numerous methods collected in Beilstein for the for- 
maticin of cyanamide and its salts is in harmony with the view that cyanam- 
ide i i  ;L carbonic acid of the ammonia system. Since however a detailed 
tliicu ,\ion of all the reactions involved would lead too far, a limited number 
I \  hic.11 shon clearly and simply the strict analogy between cyanamide and 
its d t s  on the one hand and carbonic acid and the metallic carbonate.; 
( n i  tlic. other will be briefly considered. 

‘I‘hl. best known reaction for the formation of a salt of cyanamide is 
tha t  inxwlvcd in the commercial preparation of calcium cyanamide. 
\\‘he1 L .calcium carbide is heated iii the presence of nitrogen nitridation 

place with the result that calcium amide is formed in accord- 
.ince ~ i t h  the equation, CaC.2 + N! = C + CI, just as similar treat- 
ment with oxygen converts calcium carbide into ayuo carbonate of calcium 
i s  represented by the equation CaC? + ,O = CaCOi + COz. The analogy 

I )f considerable importance in its bearinq on the view that cyanamide 
2% Heilstein, “Handbuch der organischeii Chemie ,” I leu t iche  Chemische &iell- 

-9 Frankliii and Stafford, A m  CIzcvz J ,  28, 103 (1902’l. 
7 Franklin and  Kraus, T H I ~  JOURUAL,  27, I%? (1‘405~ 

w e n  the two processes is obvious. 

\chaft, 4 t h  Ed , 111, 28 (1921) 
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is an ammono acid is the reaction represented by the equation, CaCXs 
+ 3Hz0 = CaC03 + 2NH3, whereby ammonia is obtained from calcium 
cyanamide. This equation represents a well-known type of reaction, 
namely, the hydrolysis of an ammono acid to an aquo acid. For example, 
the mixed aquo ammono acetic acid, acetamide, is easily hydrolyzed 
to aquo acetic acid and ammonia as represented by the equation, CH3- 
CONHz + HzO = CH3COOH + ”3. Moreover, just as aquo acetic acid 
may be ammonolyzed to aquo ammono acetic acid and water as rep- 
resented by the above equation read from right to left, so also has the 
ammonolysis of aquo carbonate of calcium to the ammono carbonate 
been accomplished as represented by the second equation above read 
from right to left,31 in accordance with the specifications of a German 
patent. 

In the abstract of this patent it is stated that barium and lead carbo- 
nates have in this manner been converted into the respective cyanamide 
salts. These results have been confirmed in this laboratory and i t  has 
also been found that cyanamide salts of calcium, sodium, potassium 
and lithium are formed when the carbonates of these metals are heated 
in a platinum crucible in an atmosphere of ammonia. The formation 
of cyanamide in each experiment was shown by dissolving the melt iii 
water, adding aqua ammonia and obtaining the characteristic yellow pre- 
cipitate of disilver cyanamide by the addition of ammoniacal silver ni- 
trate. 

This formation of cyanamide by the action of ammonia on the alkali 
carbonates has apparently never been observed before but such formation 
was certainly to  be expected in view of recorded facts. Siepermann:’! 
found that ammonia acts on hot potassium carbonate in accordance 
with the equation KzC03 + NH3 = KCKO + KOH + HzO. Since 
D r e c h ~ e l ~ ~  observed the formation of alkali cyanamide on fusing a mixture 
of potassium cyanate and sodium hydroxide as represented by the equation 
2KNCO + 2KOH = &CNz + KzC0333a + HzO, i t  necessarily follows that 
Siepermann’s reaction mixture must have contained cyanamide. 

Siepermann’s equation represents the ammonolysis of an aquo qarboti- 
ate to an aquo ammono carbonate; Drechsel’s represents the conversion 
of a mixed aquo ammono carbonate into a mixture of an aquo carhonatc 
and an ammono carbonate. 

D r e c h ~ e l ~ ~  found tlpt calcium cyanate, when heated, decomposes 
31 Ger. pat. 139,456; Zentr., 1903, I, 577. 
3 3  Siepermann, Ger. pat. 38,012; Ber. ,  20, Ref., 180 (1887). 
3 3  Drechsel, J .  prakt. Chem., [2] 21, 89 (1880). 
3aa This reaction rather takes the course represented by the equation 3KNCO + 

3KOH = KtCN2 + 2K2C03 + ”3, for it has been found in this Laboratory that 
ammonia is liberated during the reaction. 

34 Drechsel, J .  p r a k t .  Chem., [ 2 ]  16, 206 (1877). 
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into calcium cyanamide and carbon dioxide The equation Ca(NC0)2 
= CaCN2 + CO2 represents the conversion of a mixed aquo ammono- 
carbonate into an ammono carbonate by the elimination of carbonic 
anhydride, a reaction which is analogous to that which takes place on 
similarly exposing potassium pyrosulfate to a high temperature. 

The fusion of any carbonic acid or carbonate whatever with excess of 
\odium amide, the caustic soda of the ammonia system. results in the 
formation of the disodium salt of cyanamide. This general statement 
includes the action of sodium amide on carbon dioxide and sodium carbon- 
ate, the anhydride and sodium salt, respectively, of aquo carbonic acid; on 
urea, a mixed aquo ammono carbonic acid, and on sodium cyanate and 
sodium carbamate, salts of aquo ammono carbonic acids; on thio-urea, a 
t.hio ammono carbonic acid and on sodium thiocyanate, a salt of a thio am- 
iiionrr carbonic acid and on any one of the ammono carbonic acids listed 
in thc:: scheme a t  the beginning of this paper. 

Dicyanimide 
(CN)~NH 

Aqueous solutions of d i~yanimide~~ '  have been prepared by decomposing 
silver dicyanimide, in suspension in water, by means of hydrogen sulfide. 
(h evaporation of the strongly acid solution thus obtained continuously 
deposited white, flocculent material of undetermined composition. The 
moderately concentrated solution solidified to a jelly-like mass which dried 
to an amorphous colorless powder. Analyses failed to identify this powder 
as a pure compound. 

Calc. for HCtNI: C, 35.8;  H, 1 . 5 ;  N, 62.5.  Found: C, 30.2 to 32 .2 ;  H, 2 . 2  
to 3.0,  in 3 different preparations; N, 56.1 and 59.3.  

That the product thus obtained was nevertheless composed largely 
of dicyanimide was shown by the preparation of the potassium and barium 
salts of dicyanimide from the crude acid in the manner described below. 

When such a solution 
is heated in a closed tube to 150' for a time, the acid is completely hydro- 
lyzed to carbon dioxide and ammonia. On heating the crude material 
in a 13ry state considerable quantities of ammonia and other volatile prod- 
ucts are driven off, leaving a yellow residue of melon. 

The impure acid dissolves readily in warm water. 

Calc. for (HC2N3)x: C,  35.8, H, 1.5. Found: C, 35 .7 ;  H, 1.9. 
Sodium Dicyanimide, NaCZn'3 and ?JaC~?J~.HzO.--This ammono 

carbonate of sodium has been prepared by two independent methods, 
first by the action of fused sodium amide on melon, and second, by heating 
a mixture of sodium cyanide and mercuric cyanide. 

iT.'it,st Jfethud.-On the assumption that the ammono carbonic acids 
inay be looked upon as carbonic nitride ammonated in successive steps 

This ammono carbonic acid has not hitherto been prepared. 
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from hydromelonic acid, SH3.3CaS4, through to guanidine, 3XHa, C3S,. 
just as in accordance with the binary theory of Berzelius the phosphoric. 
acids are phosphorus pentoxide combined respectively with I ,  2 and : I  
molecules of water, it  appeared reasonable to expect that  the action o f  
fused sodium amide on carbonic nitride mould result in the formation r ~ i  
the sodium salt of hydromelonic acid, dicyanimide or cyanamide. ( I C . -  
pending upon the relative quantities of the two substances entering in to  
the reaction. Since carbonic nitride is an unknown compound, m c l r i i  I 
was used in its stead in the experiments described (p. 506). 

133th the lattcr i t 1  

excess disodium cyanamide is formed. IVhen the reaction is carried o r l i .  

by dissolving an amount of melon slightly less than that required by t l i r .  
equation, xNaNH2 + ( H C ~ S S ) ~  = xKaC?X3 + xlJH3, a good yield of  
sodium dicyanimide has been obtained. -Ittempts to prepare the sodium 
salt of Liebig's hydromelonic acid by adding melon to fused sodii:m 
amide in the proportion required by the equation, ( X a S H ?  + :;H:jC,iS!a 
= ?Na3C9N13 + 7"s have given unsatisfactory results. From tiii 
aquous solution of such melts the reaction product separated in a hull;- 
non-crystalline form of variable sodium content. Some of the solution. 
solidified to a gelatinous mass on cooling. 

The following described procedure has been found to give a satisfactor!- 
yield of pure sodium dicyanimide. 

In  a capacious gold crucible 10 g. of sodium amide and 10 g. of melon are 1iea:eti 
together out of contact with the air (conveniently in an atmosphere of arnmoiiiii 
until the reaction mixture is completely fluid. Heating is continued until all the melon 
is dissolved but no longer, for the I-YdSOll that the yield is thereby diminished. -1ftl.r 
cooling the cake is placed in water in which i t  gradually disintegrates. The prodiic( 
is then transferred to a filter and separated by suction into a solution contaiiiing sodiuiii 
cyanamide and sodium cyanide, and a solid residue of crude sodium dicyanimide. 'I ' l ic .  
latter is dissolved in hot water and the solution thus formed set aside to  crystalliLr 
.4 bulky crop of fine needle-like crystals separates after a time. Further quantities 
of the salt separate from the mother liquor on the addition of alcohol. In one experirnciit 
the salt separated from solution in the form of colorless, granular crystals. 

The empirical composition of sodium dicj-animide is established 1 )!- 
the analytical results given herewith. 

Of a specimen of the salt crystallized once from the crude product 0.211'; 
S .  heated to  160" lost 0.0327 F. of water and gal-e 0.1360 g. of iYa2SO;. 11. Fc,rii 

separate preparations were united and recrystallized. Of this specimen 0.2423 g 

lost 0,0402 g. of water at 160' and gave 0.1607' g. of Na2SOa. 111. -4nother preparatioii 
purified by recrystallization was heated in a vacuum to the temperature a t  which thc  
soft glass container began to  collapse. The specimen, which weighed 0.6002 g, ,  10ii 
(luring this treatmelit 0.1008 $. of water; 0.205L! g .  ol' this dry salt on combustioil 
cave 0.0050 g. of HzO and 0.2042 g. ol C o d .  A uitrogen determination by t h y  

absolute method of Dumas was made on still another preparation; 0.1072 g. of ?he 
hydrated salt gave 3 7 . 4  CC. of N measured over water a t  22' and 762 mm. barometi-ic 
prrssi.ire {uncorr.). Calc. for iYaC?iY: H,O: Na, 21 c, 22.4;  iY, 39 s :  FI.(?. 

Melon dissolves readily in fused sodium amide. 

I. 

Is'. 



AMMONO CARBONIC ACIDS 499 

16.8, Found: Na, (I) 21.8, (11) 21 N, (IV) 39.3; HsO, (I) 16.2, (11) 16.6, (111) 
1ci.8. Calc. for NaC2N3: C, 27.0.  Found: C, (111) 27.2; H, (111) 0.3.  

Second Metlzod.--The reaction upon which the second method for the 
preparation of sodium dicyanimide is based is represented by the scheme 
S a K C  + C?Nn + T\;aS(CN)2. When sodium cyanide is heated in 
c(.lritact with cyanogen the former is nitridized to sodium dicyanimide 
while the latter undergoes reduction probably to carbon, possibly to 
carbonous nitride, although as a matter of fact the products of such re- 
diiction have not been isolated. 

The clue to this method for the preparation of sodium dicyanimide 
goes back to  ban now^^^ who, by extracting the melt formed by heating a 
mixture of potassium cyanide and mercuric cyanide, obtained a solution 
t'mm which ammoniacal silver nitrate precipitated a compound of the 
formula AgC2N3. Bannow apparently also had the potassium salt of 
dicyanimide in his hands but no analytical data appear in his papers in 
support of this supposition. 

Xfter several unsuccessful attempts to isolate the potassium salt, fol- 
lowing Bannow's directions, the following procedure was found to give 
a satisfactory yield of sodium dicyanimide. 

Thirty g. of mercuric cyanide and 15 g. of sodium cyanide were thoroughly ground 
together and the mixture thus formed was heated in a glass retort until all the mercury 
was driven o f f .  The residue was placed in a deep porcelain crucible and heated to  
complete fusion out of contact with the air. The cooled melt covered with water 
rapidly disintegrated. The soluiion, rich in sodium cyanide, was separated from the 
undissolved portion which latter was then dissolved in hot water. To the filtered so- 
lution alcohol was added until turbidity appeared. Then on standing a crop of yellow 
crystals separated, of which 0.1713 g. dried a t  200" gave of f  0,0272 g. of water and on 
tr'eatment with sulfuric acid yielded 0.1099 g. of Na2S04. Calc. for NaC2N3.H20: 
Ya,  21.5; H20, 16 8. Found: Na, 20.9;  H20, 15.9. 

The yellow salt was then heated to  fusion in a platinum crucible, cooled and re- 
crystallized. A crop of well-formed colorless crystals resulted; 0.1331 g, of the 
salt dried a t  200' gave 0.1044 g. of ITalSO4. Calc. for NaCzN,: Na, 25.8. Found: 
2:1.5. 0.1901 g. of the crystallized salt lost 0.0320 g. of H20 on heating to  200' and 
ga.ve 0.1227 g. of Na~S04. Calc. for KaC2Na.HsO: Na, 21.5; H20, 16.8. Found: 
Na, 21.0; HsO, 16.8. 

Sodium dicyanimide is moderately soluble in cold water and abundantly soluble 
in the hot solvent. It is also readily soluble in liquid ammonia. It is insoluble 
in alcohol. At temperatures around 160" i t  loses its water of crystallization. The 
anhydrous salt then resists further change up to  the temperature a t  which soda glasi 
begins to  soften. Heated to dull redness out of contact with air i t  is decomposed into 
sodium cyanide, cyanogen and nitrogen. In contact with air i t  is converted into sodium 
carbonate. Boiled with aqueous sodium hydroxide solution i t  yields as  final products 
sa'dium carbonate and ammonia. Heated with water alone in a sealed tube i t  is con- 
verted into sodium carbonate, carbon dioxide and ammonia. 

Monosodium Tri-dicyanimide, N a H ~ ( C z K ~ ) ~  and NaH2(C2N&.2H20.- 
h.Ionomolecular formulas for dicyanimide and its sodium salt have _. been 

.j6 Bannow, Ber., 4, 253 (18il); 13, 2201 (1880). 
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used in the preceding discussion for the simple reason that the real molec- 
ular weights of these substances are unknown. It appears, however, 
with the preparation of an acid salt of the composition represented by the 
formula NaH2C6Ng that the free acid is a trimer of dicyanimide. I n  
view of the ease with which cyanamide undergoes polymerization to di- 
cyanodiamide and thence to melamine it would not be surprising to find 
an even greater tendency to  characterize the nearly related dicyanimide. 

Preparation I.-A solution of 2 g. of NaCzNs.Hz0 in about 10 cc. of water waq 
poured into an equal volume of glacial acetic acid. After standing for a short time a 
crop of beautiful crystals was obtained. 0.2752 g. of the salt dried in an desiccator lost 
0.03i8 g.  OF HzO a t  200" and gave 0.0780 g. of NazS04. 

Preparation 11.-In a second experiment carried out in the same manner excepting 
that hydrochloric acid was substituted for glacial acetic acid, a crop of crystals was 
obtained, 0.1753 g. of which lost 0.0235 g. of H?O a t  200" and gave 0.0483 g. of NasSOa. 
Calc. for P\:aHsCsN~.2Ha0: Na, 8 .9 ;  2H20, 13.9. Found: Na, (I)  9 .2 ,  (11) 8.9;  

Other Metallic Salts of Dicyanimide.-Although the acid properties 
of dicyanimide are presumably established with a sufficient degree of 
certainty by the work just described, it nevertheless seemed worth while 
to confirm this conclusion by the preparation of a limited number of salts 
of other metals. 

Potassium Dicyanimide, KCzNa.-A portion of a solution of dicyanimide prepared 
by the action of hydrogen sulfide on silver dicyanimide was neutralized with potassium 
hydroxide. On adding alcohol until a slight turbidity appeared and allowing the 
the solution to stand for a time a bulky crop of crystals of the potassium salt of dicy- 
animide was obtained. 

I n  a second experiment a portion of the dry crude acid was dissolved in water and 
neutralized by potassium hydroxide. By manipulating this solution as described 
above a crop of u-ell-formed crystals was obtained. 0.1235 g. dried a t  200" gave 
0,1014 g. of KzSOc. Calc. for KC2N3: K, 37.2. Found: (I) 37.2, (11) 36.9. 

Silver Dicyanimide, AgCzGs.-On adding silver nitrate to a solution of sodium 
dicyanirnide the silver salt separates as a pure white, very bulky precipitate insoluble 
either in aqua ammonia or dil. nitric acid. When dried the precipitate shrinks to hard, 
more or less strongly discolored masses. The composition of the salt is shown by the 
observations, first, that somewhat more than an equivalent quantity of silver nitrate 
added to a solution of 2 g .  of sodium dicyanimide gave a precipitate which, after thorough 
washing and drying, weighed 3 , 2 1  g. (calc. 3.26 g.), and second, that 0.2106 g. of the 
salt on ignition left 0.1297 g. of silver. Calc. for AgC2Nz: Ag, 62.0. Found: 
61.7. 

Magnesium Dicyanimide, hIg(C&3)2 and M ~ ( C Z N ~ ) Z . ~ H Z O . - T O  a solution con- 
taining 1 g. of sodium dicyanimide, an equivalent amount of magnesium sulfate was 
added. From the concentrated solution well-formed crystals separated. 0,1085 
g. of the salt heated to 160' lost 0.0441 g. of HzO and gave 0.0454 g. of MgzPzO,. Calc. 
for LIg(C2N3)2.6Hz0: hlg, 9 .2 ;  6Hz0, 40.8. Found: hfg, 9.1; H20, 40.7. 

Barium Dicyanimide, Ba(CzN& and Ba(C2N&.3HzO.-Half a g. of sodium 
dicyanimide and an equivalent quantity of barium bromide were brought together ill 
aqueous solution. After a short time the solution set to a solid mass of needle-like 
crystals. Of the air-dried salt 0.1509 g. lost 0.0249 g. of HzO a t  160' and gave 0,1069 

H.0, (1) 13.7, (11) 13.4. 

0.1087 g. of the salt dried a t  200' gave 0.0902 g. of &SO4. 
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g. of BaS04. Calc. for Ba(C?N&3H?0: Ba, 42.4;  HzO, 16.7. Found: Ba, 41.8; 

A second specimen of the salt was prepared by neutralizing a solution of crude 
dicyzmimide, prepared in the manner already described, with barium hydroxide solution. 
0 i4, i . i  g. of the salt dried a t  160" gave 0.1228 g. of BaSOa. Calc. for Ba(C2N3).': 
Ea, i1 .0 .  Found: 49.7. 

Cupric Dicyanimide, CU!C&J)Z and Cu!Cn~3)?.3H?0.-Addition of cupric sulfate 
to a solution of sodium dicyanimide gave a dark green insoluble precipitate. 0.1024 
g. of the salt dried a t  100" gave 0.0328 g. of CuO. .4 second portion weighing 0.1004 

1o:;t 0.02l-6 g. of H20 on heating to 160" and gave 0.0324 g. of CuO. Calc. for Cu- 
2K.;s)?.:3H?O: Cu, 25 5 ;  3H20, 21.6.  Found: Cu, (I) 25.6, (11) 25.8;  H20, (11) 

3l..j .  
Nickel Dicyanimide, Ni(C1~:3)2.3HnO.-.~ddition of an equii-alent quantity of 

iiickc:l sulfate to  a solution of 0 .50  g. of sodium dicyanimide gave a beautiful green 
iilsoluble precipitate. 0.1084 g. of the vacuum-dried salt gave 0 033.5 g .  of NiO; a 
second portion of 0 .  1590 g. gave 0.0486 g. of NiO. Calc. for lu'i(C?hT,)?.3H2O: hTi, 
21 , ( I ,  Found: S i ,  24.2, 24 0. The salt could not be satisfactorily dehydrated by 
Iieat,.ng. 

Dicyanodiamide 
H4GX4 

111 view of its position in the series of ammono carbonic acids, cyanamide 
might be expected to undergo de-ammonation to form dicyanimide and 
possibly even carbonic nitride. .is a matter of fact, however, the reactions 
which take place when cyanamide is heated, follow another course, namely, 
polymerization successively to dicyanodiamide and melamine, the latter 
then losing ammonia after the manner already described. The dimeriza- 
tion of cyanamide to dicyanodiamide may be looked upon as a process 
ardogous to the hydration of cyanamide to urea or its ammonation to 
guanidine. In the formation of dicyanodiamide a second molecule of 
cya:namide functions as water does in the formation of urea and as am- 
monia does in the formation of guanidine. Dicyanodiamide is a neutral 
sub:stance which does not form salts in aqueous solution though indica- 
tions of its acid nature are on record to the extent that a sodium36 anda  
si1vi:r salt are known. The reactions described below, carried out in 
liquid ammonia as solvent, bring out clearly the acid properties of this 
ammono carbonic acid. 

Dipotassium Dicyanodiamide, KzHzCz?;4.--This salt is formed in ac- 
cordance with the equation H4C2N4 + 2KNH2 = K2H2C2N4 + 2NH3, 
Tvhc:n potassium amide in excess and dicyanodiamide are brought together 
in liquid ammonia solution. It was obtained as a very slightly soluble 
crystalline product. 

Preparation I.-h ordcr to  replace as much of the hydrogen as possible in the 
tctr;tbasic acid a solution containing 0 .  40 g. of dicyanodiamide was added to  a solution 
containing a generous excess of potassium amide. An amorphous precipitate was formed 

36 The sodium salt was obtained by bringing together sodium ethylate and di- 
cyarlodiamide in absolute alcohol solution (Bamberger, Ber. ,  16, 1461 (1883)). 

HyO, 16.5. 
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which, after standing over night in contact with the mother liquor, changed to a crystal- 
line product. The salt was washed sparingly with the object in view of avoiding 
possible ammonolysis of a hypothetical tri- or tetrapotassium salt. The salt was dricd 
at ?OD in a vacuum. The dry salt was treated first with water, then dissolved in dil. 
hydrochloric acid preparatory t o  analysis. One lialf 
gave 0,2430 g. of K2S04. The other half gave 0,0777 g. of X. Calc. for KzH2CI.Kn 
I;, 48.8; PIT, 35.0. Found: K, 48.8; N, 35.0. 

Since the dipotassium salt of sharply definite composition was obtained in I lic 
presence of a large excess of potassiuaamide it is obvious that in liquid ammoiiia 
solution not more than two atoms of hydrogen are replaceable by metals. 

Monopotassium Dicyanodiamide, KH3C2K4.-7'he monopotassium sa I t  
( ~ i  dicyanodiamide is formed when equimolecular quantities of dicyanodi- 
amide and potassium amide are brought together in liquid ammonia so- 
lution. The salt crystallizes beautifully and is fairly soluble. 

Preparation I.-To a solution containing 0.40 g. of dicyanodiamide the potassiutii 
amide from 0.19 g. of potassium (1 equivalent) was added. The precipitate which 
lormed on the addition of each portion of potassium amide solution dissolved completely 
to a clear colorless solution. On evaporating the solution to a fairly high concentration 
the monopotassium salt separated as a crop of well-formed crystals. The pr0duc.t 
was drained of mother liquor and washed twice with small quantities of pure solvent. 
Dried a t  20" the specimen Reighed 0.5107 g. One half gave 0.1810 g. of K2SOI 
The other half gave 0.1170 g. of N. Calc. for KH3C2N4: K, 32.0; N, 45.5. Founcl: 
I(, 31.8; N, 45.7. 

Magnesium Dicyanodiamide, hIg(H3Cz~\1;4)z.2NH3.-~rhe magnesiuin 
salt of dicyanodiamide has been prepared by the action of a solution of tlic 
acid on metallic magnesium in accordance with the equation, 1'11~ -- 

Preparation I.--% solution of 0.60 g. of dicyanodiamide was poured upon O.0iO :, 

of magnesium metal. The metal was immediately attacked with the evolution of h:.- 
drogen and was completely dissolved after the lapse of half an  hour. The solution wa- 
poured from a small quantity of white insoluble material and evaporated to  a rat1ic.r 
high degree of concentration when well-formed crystals separated. Once formed, tlic 
crystals seemed to be practically insoluhle. The crop of crystals was washed, tl1i.11 
dried in a vacuum a t  20". One half gave 
o 1372 g. of MgS04. 
_"Ha: Mg, 10.5; N, 62.4.  Found: hlg, 10.8; K, 82.5. 

Calcium Dicyanodiamide, Ca(H3C?S4I2.NH3 and Ca(H3C~N4)2.4SHs. - - 

'i'his salt is formed by the action of a liquid ammonia solution of dicyanodi- 
amide on either metallic calcium or calcium amide. It separates froiii 
\-cry concentrated solutions a t  Inn- temperatures with 4 molecules ( ~ i  
ammonia of crystallization, three of which are lost on heating to 50 ". 

Preparation 1.-The blue color ol :L wlution of metallic calcium in liquid ammoIiiJ 
iolution was in.;tant,ly discharged when the calcium solution was poured into one o i  
tiicyanodiamide. The products ol the reaction were an insoluble white portion a11t1 an 
cutremely soluble salt which remained as n viwous m d S S  when the solvent was distillvrl 
at laboratory temperature. The specimen was lost by the explosion of the reaction tubt 

Preparation 11.-In the presence of platinum black 0.133 g. of metallic calcium 
\vas conl-erted into calcium amide w!iich is practically insoluble in liquid ammonia 

The specimen weighed 0.4452 g. 

'13AC2Ni = 1lg(H3Czi\;4)2 + H?. 

The weight of the specimen was 0.5132 g. 
The other half gave 0.1600 g. of N. Calc. Lor Mg(HaC2N4'i: 
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On pouring a solution containing 0.56 g. of the acid upon the amide the latter went 
rapidly into solution excepting a white insoluble residue, the nature of which was not 
tltstermined. The solution was poured from this residue and evaporated a t  low tem- 
perature to crystallization. The salt, which i. 

soluble, exhibits the phenomenon of wpersaturation to a surprising degree. Tlic 
mother liquor in considerahle quantity was drained from the crop of crystals which werc 
1 1 1 ~ 1 1  dried in a vacuum a t  After heating to 50' 
tlic. wcight was 0.3374 g. One jifth gax-e 0,0:395 g. of N. Four fifths gave 0 .  I764 K .  
or CnS04. Calc. for CaiHsC&a)a.h"s: Ca, 17.9; iY, 56.4. Found: Ca, 18.1, 
S .  5 i  8 .  Calc. for Ca(H,C2Ka,'?!r.NH,.3;1".: 3iSH3, 18.6. Found: 19.5. 

The high degree of solubility and the bulky nature of this salt macle its separation 
xnI1 proper drying a matter of considerable difficulty. The attempt was not madc to 
obtain an ammonia-free salt. 

A bulky crop of crystals was obtained. 

The weight was 0.4144 g. 

Monosilver Dicyanodiamide, hgH3C2S4, -AgH&Xd.S Ha and -lgHa- 
C'.S,."SH3.--?rlonosil~er dicyanodiamide is formed by the action of ;L 

bolution of the acid on either silver amide of silver oxide: I t  was obtained 
u.ell-crysta1lized with two molecules of ammonia. I t  loses one molecule 
( , I  ammonia a t  40°, melts a t  about GO" and gives up all its ammonia a t  
II somewhat higher temperature. 

Preparation I.-Silver amide prepared lrom 0.42 g. silver nitrate dissolved rapidly 
a:id completely in a solution containing 0 .21  g. of dicyanodiamide. On evaporating 
the solution to proper concentration a crop of crystals separated on the walls and bottom 
( I '  the tube. After washing the crystals with several small portions of pure solvent 
they were dried in 3 vacuum a t  -33". Heated to 45' the specimen lost 0.020-1- g. 
o i  ammonia and weighed 0 . 2 7 0 i  g .  I t  gave 0 0938 g. of hT and 0.1768 g. of AgCI. 
Calc. for AgHJC1N4.2-\;HJ: Xg, 48 .0 ;  SN, :;i . 2 ;  lIiH3, 7.5.  Found: Ag, 45.8, 

Preparation 11.-Silver amide rrom 0..N g .  of silver nitrate was dissolx-ed in a in- 
liitioii containing 0 . 2 5  g. of the ammono carbonic acid. On concentrating the solutioii 
:: crop of crystals was obtained which was washed and dried in the usual manner. 
Since the analysis of the first preparation shoned that not all the ammonia of.crysta1- 
lization WAS removed, the preparation \VAS exposed to a higher temperature in this 
cyperiment. At 60" the crystals melted to a viscous frothy mass which lent itself 
illy to complete de-ammonation. Dried a t  -33' in a vacuum the salt weighed 0 421:: 
g, dfter heating to 70" it weighed 0..3613 g. and gave 0.1026 g. of N and 0.2(j% 
fi, of AgCI. Calc. for .lgHaC?Nd.2XH:I: Ax, 48.0; 4S, 94.8;  2XHs. 15.1.  Found- 

Preparation 111.--X specimen of silver dicyaiiodiamide was also made by the action 
c ~ f  a liquid ammonia solution of 0 .20 g. of dicyanodiamide on 0 60 g. of silver oxide. 
Sitice silver oxide was in excess of the amount necessary for the formation of the moiio- 
.ilver salt, a portion on!y of the silver oxide uent  into solution. The solution t ~ , ,  

1.ransferrerl to the second leg of the reaction tulx and the residue then extracted sex-ei-a] 
t.imes with pure solvent. The crop of crystals obtained when dried a t  laboratory 
I emperature weighed 0.1300 g. and gave 0,0824 g. of -4gC1 and 0.047:1 g. of S. Calc. 
h r  -lgHaC2h74.2NH:,: Ax,  4S.rl; S.  47 ;;. I ~ o i i i ~ ( I :  -4g, 47.7: N, 36.4.  

-TIIY gr:tyi\li rcsidiie from which tile ~ ~ l ) O , . l .  
1.repamtion was estt-ncted was in all prol)aIi~lity impure disilver dicyandiamidc, f,)]. 

after washing and drying it wa.; foiintl to contain A:.. G I .  2 ;  S, 18. I 

X, 3 2 . 2 ;  XH3, 7 .0 .  

.j,g, 48.0; S, 24.4: XHs, 11.:3. 

Disilver Dicyauodiamide, .lg,lI.C 

Calc. for -Ig2H?x, 
Ag. 7 2 . 5 ;  N, 18.8. 

Cuprous Dicyanodiamide, Cu I-fsCzS 4 .  2 N I-IB.--Cuprous diCyanodiami(1c 
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is extremely soluble in liquid ammonia and crystallizes only from ver!- 
concentrated solutions a t  low temperatures. I t  separates in the form of 
colorless crystals containing two molecules of ammonia of crystallization 
which are incompletely lost on heating. The merest trace of air gaining 
entrance to the preparatioq tube imparts a blue color to the salt. 

Preparation 1.-The cuprous amide obtained from I .OO g. of CulN03)2.4NH3 w s  
treated with a solution containing for each atom of copper 2 molecules of the acid. 
The amide dissolved slowly giving a slightly blue solution. The color was completely 
discharged by allowing the solution to  stand in contact with hits of copper foil for a few 
hours. The extremely soluble salt separated from the highly concentrated solutioii 
on cooling strongly. 
Adhering mother liquor readily accounts for the low content of copper and the high 
nitrogen found on analysis. 
One half gave 0.1092 g. of CuO. The other half gave 0.1237 of N. Calc. for Cu- 
H3CrN4.2NH3: Cu, 35.2; N, 40.6.  Found: Cu, 33 .6 ;  N, 47.0. 

Preparation 11.-Again the cuprous amide from 1.00 g. ol Cu(NOa)2.4hTFI w a y  
dissolved in a solution of excess of dicyanodiarnide. The blue color due to the presciicc 
or a small amount of cupric salt was removed by the reducing action of copper roil. 
The crop of crystals obtained from the very concentrated cold solution was r e c r p h l -  
lized for analysis. 0 1 1  

heating slightly above laboratory temperature the crystallized salt fused to  a viscous 
liquid which changed to a mass of froth as the escaping ammonia was pumped off. 
Dried finally a t  40' the specimen weighed 0.2087 g. One half gave 0.0436 g. of N. 
The other half gave 0 . 0 3 0  g. of CuO. Calc. for CuH3C2N4.2NH3: Cu, 35 2 ;  total 
S, 46.7;  2NH3, 18.8. Found: Cu, 3 4 . 6 ;  total N, 47.9; NHs, 13.1. 

The crystals were merely drained from mother liquor for analy 

The salt dried a t  20" in a vacuum weighed 0.5198 

Dried in a vacuum a t  -33' the specimen weighed 0.2458 g. 

Melamine 

Melamine, a trimer of cyanamide, is a basic substance which iornis 
salts by direct union with acids. Contrary to the  statement^"^ frequentl!. 
made to the effect that  melamine is a strong monacid base, it  is, as a matter 
of fact, a very weak base. I ts  aqueous solution has no effect on litmus 
or phenolphthalein while, as observed by Liebig,38 its salts all show an 
acid reaction towards vegetable colors 

The specimen of melamine used for making the potassium salt de- 
scribed below was obtained in the form of beautifully developed crystals 
by heating a liquid ammonia solution of dicyanodiamide a t  a temperaturc 
of 100 O for several hours. 

The identity of the product a5 melamine wa5 established by observations on its 
solubility in water and in liquid ammonia, on its crystal form and on its behavior on 
heating. 0 2070 g. of substance gave 0 0872 
g .  of H20 and 0 2169 g. of COL. Calc for H G C ~ N G '  H, 4.7;  C, 28 6. Found. H, 4 7; 
C, 28.6. 

I ts  purity was shown by a combustion. 

37 Beilstein "Handbuch der organischeii Chemie," Leopold Voss, Hamburg and 
Leipzig, 1, 1443 (1893) ; Meyer and Jacobson, "Lehrbuch d. organischen Chemie," 
Veit and Company, Leipzig, 2nd Ed.,  1, 2, 1337 (1913). 

38 Liehig, Ann , 10, 19 (1834). 



hIelamine is moderately soluble in liquid ammonia at  laboratov tem- 
perature. On cooling to -33" most of the solute separates from solution 
in the form of beautiful crystals. 

Tripotassium Melamine, K3H3C3N6.-This salt has been obtained 
iri the form of a practically insoluble microcrystalline powder by the 
action of potassium amide on melamine in solution in liquid ammonia in 
accordance with the reaction represented by the equation, H6C3N6 + 
3 KNH2 = K3H3C&ti + 3"s. It is vigorously hydrolyzed into potassium 
lrvdroxide and melamine in the presence of water. 

Preparation 1.-In one leg of a reaction tube was contained 1.20 g. of melamine 
i n  solution in liquid ammonia, in the other a solution of a large excess of metallic po- 
ta.ssium. A portion of the metal solution poured into the solution of melamine lost 
its blue color instantly, a behavior which shows the acid properties of melamine. The 
rtaction tube was then allowed to stand until the metal in solution, in the presence of 
a trace of platinum black, was converted into a solution of potassium amide. Succes- 
sive additions of melamine to this solution gave a colorless, bulky precipitate which 
changed rapidly to a microcrystalline powder. The washed salt dried in a vacuum 
ai. -33" showed no loss in weight on warming to laboratory temperature. The dried 
salt was hydrolyzed by the addition of water and the hydrolytic products resulting were 
dissolved in dil. hydrochloric acid preparatory to analysis. The preparation weighed 
0 : M i  g. One half gave 0.2120 g. of K2SO4. The other half gave 090673 g. of N. 
Calc. for K3HsCaNc: K, 48 8; N, 34.9. Found: K, 48.8;  N, 34.6. 

Preparation 11.-Tripotassium melamine prepared as described above not only 
has  the same empirical composition as dipotassium dicyanodiamide but it is also very 
slightly soluble and was obtained as a microcrystalline product indistinguishable in 
:il~pearance from the latter salt through the walls of the reaction tube. Since there 
thus appeared the possibility that melamine in the presence of pot.assium amide might 
lx converted into dicyanodiamide or even into cyanamide (by fusion with sodium amide, 
i L  will be recalled, both of these substances are converted into sodium cyanamide) a 
wcond specimen of the tripotassium salt of melamine was prepared, decomposed by 
the action of water, the hydrolytic product other than potassium hydroxide recovered 
and identified as melamine. The potassium hydroxide solution was neutralized with 
sulfuric acid and evaporated to dryness. Ignition of the residue gave 0.1188 g. of 
potassium sulfate. The specimen weighed 0.1108 g. Calc. for K3H3C3N6: K, 48.8. 
1:ouiid: 48 2. 

Monopotassium Melamine, KH&nNa.NH3.-'I'his salt separates as 
:I very slightly soluble precipitate when potassium amide is added to  an 
('xcess of melamine in liquid ammonia solution. 

Preparation 1.-To a solution containing 0.30 g. of melamine, a potassium amide 
solution prepared from 0.092 g. of metallic potassium was gradually added. Each 
at Itlition of the amide gave a gelatinous insoluble mass which rapidly disintegrated 
aiid settled to the bottom of the tube in the form of a fairly compact-precipitate. Five 
extractions of this precipitate carried out in the manner which has been described 
~l~sewhere gave a specimen of minute brilliant crystals covering the walls and bottom 
of the reaction tube. I t s  
Lveight was 0.0950 g. For analysis the salt was treated with water, then dissolved 
iii dil. hydrochloric acid. The other half was in- 
a,dverteutly lost, 

The specimen was washed, then dried in a vacuum a t  30". 

One half gave 0.0231 g. of KnSOa. 



Preparation 11. .'l~Iic prccipitaic iroii i  wliicli t l w  lirccecliiig preparation was a- 
tmcteti was washed in the usual inaiiiicr and preparcd for analysiq as described abovc 
l'rom a portion of the precipitate the niclnmine was recovered and identified. The 
remaining portion was dried in a vacuiini a t  20" and submitted to analysis, One half 
of the specimen which weighed 0.1553 g. gave 0.0:.382 g. of K2S04, the other half gave 
0.0417 g. of N. Calc. for KHSC~NG.NH; K. 21.6;  N, 54. I .  Pound: K, (1) 21 8 :  
'11) 22 1 ;  N, (TI) 53 .7 .  

The ease with which these potassium salts have been obtained make 
it practically certain that melaniine salts of other metals may be pre- 
pared. 

Zimmerrnanna9 obtained a disihrer salt of melamine by treating melam- 
ine disilver nitrate with aqua ammonia. 

Melam H9C6hTil Melem HsCsNl 

These compounds are said to be present in Liebig's crude melam, the 
residue remaining after heating ammonium thiocyanate a t  a tempera- 
ture around 300" to 360" so long as rolatile products are given off. They 
are colorless, amorphous, insoluble substances, the  existence of which 
as chemical individuals is open to some doubt. 

Melon 
(HC~SB!, 

This name was given by Liebig to the yellow, amorphous, insoluble 
residue obtained by heating to redness the yellow precipitate formed by 
the action of chlorine on a solution of potassium thiocyanate. The com- 
pound was first observed by Berzelius who obtained it by heating mercuric 
thiocyanate. Formed in this manner it is familiar as the substance of the 
so-called Pharaoh's serpents. Melon'O is left behind as the final de-ammo- 
nation product on heating any one of the previously discussed ammoiio- 
carbonic acids. It is also formed by heating urea, ammonium thiocyanate 
:rnd a large number of other mixed carbonic acids. Heated with water 
in a sealed tube to 200° for several hours it is hydrolyzed through a coii- 
siderable number of aquo ammono carbonic acids finally to carbon dioxidts 

R'l Zimmermann, Ber., 7, 287(1874!. 
41' Although 1,aurent and Gerhardt (.Am. chint., [3]  19, 89 (1847)) and Vorlckel 

I'ogg. Au t z . ,  62, 104 (1844)) have apparently shown melon to have the composition 
represented by the formula H3CsT\IT9, i t  is nevertheless a diflicult matter to obtain the 
compound of sharply definite composition. Carbon and hydrogen determinations in 
4 specimens of melon prepared from dicyandiamide and one from ammonium thio- 
(*vanate gave results varying from 34 .Y to 36.9:; of carbon and from 1.1 to 2 .O c;; O F  
hydrogen. Nitrogen determinations by the  method of Kjeldahl gave persistently 
low results varying lrom iil . O  to 0 2 . 8 ' ,  . One nitrogen determination by the absolute 
inethod gave 6 2 . 8 5 .  (Calc. for HsCtiN!,: H, 1 -7; C, 33 8; S,  62.7.'1 It is interesting 
to note in this connection that Liebig states in several places (Ann . ,  50, 341 and 
:L54 (1811); ihid. ,  95, 2.58 (1855)) that he was unable to o l ) tn in  inelon or constant 
coinposition CT. Yoelckel. Po<?. A v t 7 . ,  58, 1.71 (1833) 

(Kot volume 9, as given in Beilstein.) 



m t l  .uiiiiimi;l. 
oi ciicyanimide. 

1Ielun is to 1)c. looked t i p o i i  : ~ s  :I liiglily po1ymc.rizetl foriii 

Cyamelon or Hydromelonic Acid 
H3C9K13 

Melon and the salts of hydromelonic acid are substances which were 
a t  one time of much theoretical importance. Their nature and, strange 
as it may seem, even their elementary composition were through years 
the wbject of an acrimonious controversy between Liebig on the one side 
and 1,aurent and Gerhardt on the other,41 the outcome of which, inso- 
far its our present interest is concerned, was to show that the metallic 
melonates are the salts of an acid, not known in the free state excepting 
in solution, of the composition represented by the formula given above. 
I t  is an acid of sufficient strength to form salts in water solution and is the 
final known member of the series of ammono carbonic acids. 

Carbonic Nitride 
(C3N41, 

One might expect to obtain carbonic nitride as the final de-ammonation 
product of the series of ammono carbonic acids by heating melon, but in- 
stead of losing ammonia a t  the high temperature required to effect any 
change a t  all i t  undergoes complete decomposition.42 Attempts have 
been made in this laboratory to prepare carbonic nitride by heating mer- 
curic. thiocyanate, with results which, while far from unequivocal, show 
that impure specimens of carbonic nitride have passed through our hands. 

Specimens of mercuric thiocyanate prepared in the usual manner were dried by 
long standing in a vacuum over sulfuric acid, others by heating in a vacuum a t  150’. 
The d t  was then decomposed by  heat and the extremely bulky residue heated in quartz 
it1 a vactium until free fro= mercuric sulfide. Six separate specimens gave on com- 
bustisn 2 . 4 .  1 6, 0.6,  0.7 ,  1 . 5  and 1 7% of hydrogen; and 40.2, 39.7, 38.4,  -, 36.9 
u i d  ;Lj,9<; of carbon respectively. Calc. for C3NI: C, 39 1. Nitrogen determina- 
t i o n \  were more tonsistent. Four determinations on different specimens by the method 
ilt I)t.inas gavc ti0 4, ii0 7,  j 8 ,O  and  60.652 of nitrogen, while one by the method of Kjel- 
t l a h l  gave 60 G C ; .  Calc. for C,!S4: K, 60 9. Further attempts will he made to pre- 
]):ire tlie pure compound. 

The Action of Fused Sodium Amide on the Ammono Carbonic Acids 
’l‘he :mimono carbonic acids constitutc a series of compounds the 

mrnilws of which are related to each other as are the ortho-, 
1 ’  111 the older test-hooks and dictionaries of chemistry melon and related compounds 

wet-r given a great deal of attention; cf. Liebig, ”Trait6 de Chim. org.,” 3rd Ed.  1845, 
ocibt6 Typographique Belge Xdolphe Wahlenet Cie., p. 127; Gerhardt, “Trait6 dc 
h i r n ,  org, ,” Firman Didat Fritres, Paris, 1853, 1-01, 1, 46-4, 473; Gmelin-m’atts, “Hand- 

Imok of Chemistry,” The Cavendish Society, London, 1855, vol. 9, p ,378. In  modern 
work; of  the same kind they are scarcely more than mentioned. 

4 ”  There is entire disagreement concerning the products of this decomposition. 
CT. liebig, i4i2iz., 10, 6 (1834); Laurent and Gerhydt,  Ann. chin?. Phys., 131 19, 
1 0 1  ‘ lM7‘) :  Toelckel, Po,y,q. A n n . ,  61, 376 ilX41). Gmelin-m‘atts, Ref. 41, 11. 381. 



pyro- and metaphosphoric acids within the group of phosphoric acids or 
the less well defined individuals within the group of silicic acids. Accord- 
ingly, sodium ammono carbonates of greater or less aciditylj are formed 
by the action of fused sodium amide in excess or in dearth upon any one 
of the ammono carbonic acids just as the relative proportions in which 
sodium hydroxide and any one of the phosphoric acids are fused to- 
gether determine which of the phosphates will be formed. 

Experiment has shown that disodium cyanamide is formed when sodium 
melonate, melon, crude melam, melamine,44 d i~yandiamide ,~~ sodium 
dicyanimide, cyanamide or guanidine4s is dissolved in an excess of fused 
sodium amide and inversely that disodium cyanamide is converted into 
sodium dicyanimide by dissolving melon in the fused salt. Attempts to  
carry the process to  the formation of trisodium melonate have so far re- 
sulted in the formation of gelatinous products of varying composition. 

In successive experiments smal! amounts of each of the above named substance4 
excepting that guanidine nitrate and guanidine carbonate were used instead of guani- 
dine itself, were added to approximately 1 g. of sodium amide maintained in a state 
of fusion in an atmosphere of ammonia. Each substance was observed to dissolve 
readily with effervescence due to the escape of ammonia, one of the products of the ie- 
action. Each cooled melt, together with the silver boat in which the reaction was 
carried out, was dropped into a beaker of water. To the solution formed, strongly 
alkaline from the presence of sodium hydroxide and ammonia resulting from the hy- 
drolysis of excess of sodium amide, ammoniacal silver nitrate was added with the re- 
sult that in each case an abundant precipitate of disilver cyanamide was formed. The 
precipitates were identified as disilver cyanamide by their characteristic yellow color 
confirmed in one instance by noting the ready solubility of the yellow substance in d i l  
nitric acid and by a determination of its silver content. 

Hydrolysis of the Ammono Carbonic Acids 

The hydrolysis of calcium cyanamide to  calcium carbonate and the in- 
verse reaction, namely, the ammonolysis of calcium carbonate to calcium 
cyanamide have been discussed above. There remains to be given here 
the results of experiments which show that all the ammono carbonic 
acids undergo hydrolysis to carbon dioxide and ammonia when heated 
in the presence of 

Guanidine carbonate, dicyanodiamide, melamine, melon and crude dicyaniinide 111 

half gram portions together with 5 cc. of water were sealed in 5 respective glass tubes 

43 Acidity is here used in the sense in which the mineralogist uses the term in tle- 

44 Of course in the case of these two compounds the reaction is merely one of tir- 

45 It is interesting to note that excess of sodium amide does not form a guanidine 
The analogous situation in the case of the phosphates is that excess of sodiani 

scribing his silicates. 

polymerization. 

salt. 
hydroxide does not form a salt of the composition XabPOb. 

46 Cf. Emich, Moizntsh., 9, 378 (1888). 



AMMONO CARBONIC ACIDS 509 

and heated to a temperature of 200’ for a day. On cooling and examining the con- 
tents of the tubes each substance was found to have been hydrolyzed completely into 
carbon dioxide and ammonia. 

Summary 
As is shown in the scheme at  the beginning of this paper, guanidine, 

biguanide, cyanamide] dicyanimide, dicyanodiamide, melamine, melani, 
melcm, melon and hydromelonic acid constitute a group of compounds 
which may be looked upon as ammono carbonic acids. That is to say, 
they are compounds related to ammonia as ordinary carbonic acid is related 
to wiater or in other words, they are carbonic acids in which nitrogen 
functions as oxygen does in ordinary carbonic acid. 

It is pointed out that  not only formally may these substances be looked 
upon as constituting a series of products resulting from the successive 
de-ammonation of an hypothetical ammono ortho carbonic acid of the 
formula C(NH2)4, but that  also by processes of de-ammonation one may 
pass from guanidine to melon and inversely by processes of ammonation 
return to the first member of the group. 

In face of the facts that  guanidine and melamine are alkaline and di- 
cyanodiamide is neutral in aqueous solution, it has been shown that these 
substances behave as acids when in solution in liquid ammonia. Guanidine 
for example, has been found to react with potassium amide, the caustic 
potash of the ammonia system, in accordance with the equation, H&NS 
+ 2:KT\”2 = K2H3CN3 + 2NH3 to form a dipotassium salt. 

It has been shown that the reaction whereby atmospheric nitrogen is 
fixed in the cyanamide process is to be looked upon as the nitridation of 
calcium carbide to a calcium ammono carbonate and that the production 
of arnmonia by the action of steam on calcium cyanamide consists in the 
hydrolysis of calcium ammono carbonate to calcium aquo carbonate. 

Dicyanimide, a hitherto unknown member of the group of ammono 
carbonic acids, has been prepared together with a considerable number 
of it3 metallic salts. Attempts to prepare carbonic nitride, the theoretical 
final de-ammonation product of the series of ammono carbonic acids, are 
described. 
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