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CCX1.-The I n j u e n c e  of C w t a i n  Salts on the D y n a m i c  
Isomerism of A m m o n i u m  Thiocyanate and Thio- 
car  bamide. 

By WILLIAM RINGROSE GELSTON ATHINS and 
EVIL ALPHONSE WERNER. 

THE experiments described in the present paper were carried out 
with two main objects in view: first, in the hope of obtaining some 
evidence likely to throw further light on the reversible isomerism 
of the above two compounds, and secondly, to  ascertain if  it is 
possible by the introduction of a new condition to disturb the 
normal equilibrium, and thus bring about a more complete conver- 
sion of ammonium thiocyanate into thiocarbamide than has hitherto 
been effected. Investigations of the change so far have proved that  
under the best conditions equilibrium is established when 25 per 
cent. of thiocarbamide, the less stable isomeride, has been produced. 
It is obvious from the study of the action of heat on thiocarbamide 
that  any hope for success in this direction must lie in attempts to 
increase the stability of the compound a t  about 170° (the melting 
point of thiocarbamide when determined in the usual manner), a 
temperature a t  which thiocarbamide, under ordinary conditions, 
reverts with great rapidity until the equilibrium mixture is 
attained. 

The comparatively high melting points of the compounds 
(GSN2H4)4,KI (189O : Werner, Proc., 1906, 22, 245) and 
(CSN,H,),,RbI (202O: Atkins and Werner, this vol., p. 1174) and 
other additive compounds seem to imply greater stability of the 
thiocarbamide in these substances, hence experiments have been 
made on the influence of different haloid salts of the alkali metals 
on the transformation of ammonium thiocyanate and thiocarbamide. 
Before describing the results which we have obtained, it may be 
stated a t  once that so far all attempts to increase the amount of 
thiocarbamide have been unsuccessful, and although the failure 
in this direction has been complete the results are nevertheless not 
without interest. 

EXPEBIMENTAL. 
Action. of Heat on. T'm'thiocarbamide Potassium Thiocyanate. 

The preparation of the compound (CSN,H,),,KS@N (m. p. 1430) 
has already been described (Atkins and Werner, Zoc. cit.). It is 
analogous to  the compound (C?SlN2H4),,NR48CN (Zoc. cit., m. p. 
1 4 4 O ) ,  which is produced in the equilibrium mixture already men- 
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tioned. This substance, however, changes during liquefaction, as 
the thiocarbamide reverts to ammonium thiocyanate. The following 
experiments were carried out to ascertain what effect was occasioned 
by the replacement of ammonium by potassium. The results in 
the subjoined table were obtained by heating a t  174O, the thio- 
carbamide, estimated by Reynolds and Werner's method in portions 
withdrawn at  intervals, being calculated as a percentage of that  
originally present in the compound, not on the total weight of the 
latter. 

t = 174'. 
Time, in minutes. 

2 
7 

13 
23 
33 
43 
53 
90 

Thiocarbamide, per cent. 
93-9 
77-0 
57 '8 
40-6 
34 '3 
26-7 
27'4 
25.5 

Mean of first five ...... . 

k = l / t  log a/a - 2. * 
0.0157 
0'0162 
0.0183 
0.0170 
0-0140 
0.0133 
0.0106 

.. 0.0162 

- 

* There is a mispiint in this forniula in onr previous paper. 

It is clear that  the reaction follows the unimolecular formula, 
although owing to the very great increase in velocity occasioned by 
small rises in temperature in  this region the values of k are not in 
good agreement. The equilibrium percentage appears to be reached 
in about forty-five minutes, the value 27.4 per cent. lying slightly 
off the curve when the results are plotted; thus it may be seen 
that both in the time required to attain equilibrium and in the 
percentage composition of the resulting fusion (Reynolds and 
Werner, Trans., 1903, 83, 3) the behaviour of this compound 
closely resembles that of pure thiocarbamide. The potassium thio- 
cyanate present has practically no effect, for as soon as ammonium 
thiocyanate is formed, t,he compound (CSN,H,),,NH,SCN must be 
present in the fusion, although largely dissociated ; the thiocarb- 
amide in this then reverts further. 

The Reversion of Thiocarbamide in the Tetrathiocarbarnide AIkala' 
Halogen Compounds. 

The following experiments were carried out chiefly with the 
potassium iodide member of the series, (CSNaH4),,K1 (m. p. 189O). 
In  dilute aqueous solution it is practically completely dissociated, 
as shown by the molecular-weight determinations here recorded, 
giving four thiocarbamide molecules and two ions of the salt. 

Compound, per cent. 
2-12 
5 ?3 

M. W. 
77 
78 
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Theory requires 78.3 for complete dissociation. 
in boiling ethyl alcohol give the following values: 

Determinations 

Compnnnd, per cent. 
2.19 
4 *39 

M. W. 
81 
96 

Theory requires 94 for dissociation into thiocarbamide and 
potassium iodide, five molecures in all. Since this is so, it is to be 
expected that the reversion will be complete in aqueous solution, 
so it was not studied. It may here be remarked that thiocarbamide 
itself consists of simple molecules when in aqueous solution. 

The high melting point of the compound (CSNzH&,KI, namely, 
189O,  determined in the usual manner, as against 169O for t h b  
carbamide under similar conditions (we have already shown that 
the true melting point of the latter is about ZOO0), leads one to 
expect that  its stability is greater than that of free thiocarbamide. 
The action of heat on the potassium compound gave results as 
follows : 

SERIES I. 

142" 72 100.0 
178 72 15.8 
182 72 14'8 
188 90 13.5 
188 315 13'9 

Temperature. Time, in minutes. Thiocarbamide, per cent. 

In the last two experiments the percentages recorded are corrected 
for loss by volatilisation. A t  the lower temperatures and shorter 
times this loss did not amount to 0.2 per cent., usually much less. 
It may be seen that, whilst a t  142O the potassium compound is 
perfectly stable, whereas free thiocarbamide a t  this temperature 
reverts fairly rapidly, yet a t  the higher temperatures the reversion 
proceeds even further than with thiocarbamide alone, a state of 
equilibrium being reached a t  about 14 per cent. of the latter. 

To determine this point more accurately, the compound 
(CSN2H4),,KI was heated at  189O and at  184O for various lengths 

SERIES III.--t = 184O. I SERIES 11.--t = 189O. 

carbamide, 
per cent. 

43 '4 
15.5 
15.0 
143 
14'4 
14.0 
14'4 
14.5 
13.7 

Time, in k=llog a . 
minutes. t a-x 

10 
20 0.0447, between 
30 t=lOandt=20 
41 
50 
60 
70 
80 
100 

carbamide, 
per cent. 
59.7 
20 -8 
15'6 
14'1 
13.7 
13'3 
13'6 
13.6 
12'1 

Time, in 
minutes. k. 

6 0.0373 
18 0.0378 
24 0,0336 
30 - 
48 
63 - 
63 - 
73 - 
105 - 

- 
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of time, and the results are shown in Fig. 1; the data are given 
in Series I1 a.nd 111. 

A t  189O equilibrium was reached in about thirty minutes; the 
amount of thiocarbamide which remained was found to be 14.3 per 
cent. of that  originally present, taking the mean value of Series 11. 
It may be pointed out that  the isomerides were then present in the 
ratio of one molecule of thiocarbamide to six of ammonium thio- 
cyanate, and that there was 1 molecule of thiocarbamide to 2.03 
molecules of potassium iodide, assuming that  double decomposition 
had not occurred. Since, however, the reversion proceeds further 
in the case of the compound (CSN2H4)4,KI than in that of thio- 
carbamide, it seemed probable that this was due to double decom- 
position with the production of ammonium iodide and potassium 
thiocyanate. Experiments with the compound (CSN2H4),,KSCN, 

FIG. 1. 
Temperature 184". 
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5 
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Minutes. 

Decomposition of thiocarhamidc in (CSN,H,),, KI. 

however, showed that in the latter case equilibrium was established 
when the normal 25 per cent. was present; thus it would appear 
that  the further transformation was due to the amount of 
ammonium thiocyanate having diminished. Considering molecular 
proportions, however, it is seen that, assuming double decomposi- 
tion to be complete, this explanation will not explain the results 
quantitatively, as out of every gram-molecule of the compound 
(CSN,H4),,KI there remains more than 54 grams of ammonium 
thiocyanate above that  accounted for both by the above assump- 
tion, and by the formation of the 25 per cent. equilibrium. So 
even allowing that  the double decomposition has been complete, the 
equilibrium percentage of thiocarbamide is 18.9. 
In order to ascertain whether the potassium iodide compound 

alters the equilibrium percentage of thiocarbamide when the two 
are heated together, a mixture containing free thiocarbamide and 
the compound in the proportion of 3 grams of the former to one 
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(CSN,H,),,RbI (m, p. 202O). 
Thio- 

carbamide, Time, in 
per cent. minutes. k. 

16'9 62 - 
47 -5 12 0,0269 

of the latter was maintained a t  184O until equilibrium was reached. 
Calculating on the basis that  the compound (CSN,H,),,KI leaves 
only 14.3 per cent. of its thiocarbamide unchanged after heating, 
it wits found that of the added thiocarbamide only 20.2 per cent. 
remained instead of 25 per cent. This result was confirmed in 
another experiment. The addition of potassium iodide to the 
compound (CSN,H,),,KI so that the total salt was slightly in excess 
of the thiocarbamide only lowered ' the equilibrium position to 
12.3 per cent. The temperature maintained in the previous experi- 
ments was 184O, as in Series 111. 

The results of the action of heat on the reversion of thiocarb- 
amide in the compounds (CSN,H,),,RbI and (@SN,H,),,CsI are 
shown in Fig. 2. The details are given in Series IV. They furnish 
almost identical equilibrium percentages, namely, 16.9 and 16.6 

(CSN,H,),,CsI (m. p. 191'). 
Thio- 

carbamide, Time, in 
per cent. minutes. k. 
29.3 12 0'0444 - 16'6 60 

FIG. 2. 
Temperature 184". 

100 

O O  20 40 60 80 

Deco?nposition of thiocarbwnzide in ( CSNnH4),, RbI. 
Minutes. 

(a). 
(b). $ 7  9 )  (CSN,H,),,CsI. 

respectively. The velocity-constant of the caesium compound is 
slightly higher than that of the potassium member of the series at 
the same temperature, whilst that  of the rubidium member is much 
lower. This may probably be taken as due to delay a t  the start 
owing to  the much higher melting point of the latter substance. 

The Reversion of Thiocarbamide in the Presence of Alkali 
Halogen Salts. 

Since potassium iodide altsrs the equilibrium percentage of t h b  
carbamide, it became advisable to study the influence of this salt 
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CSN,H, ............... 0.0056 
4CSN,H, + KI ...... 0.0074 

NH,SCN ............ 0.0037 
4NII,SCN + KI ..... 0-0034 

Thiocarbamide per cent.--t = 170O. 

K ............... 12.89 12.24 9 -04 
Ne .............. 14-64 17.26 0 -58 
N H, ............ 19.57 21 *70 12'43 

When a small quantity of water was added to a mixture of 
potassium iodide and thiocarbamide similar to the one taken above, 
only 3-27' per cent. of the latter remained after heating. 

A peculiar feature of the above table is the great difference 
between the effect produced by sodium iodide as compared with that  
of the other salts; thus, whilst reversion proceeds furthest in the 
presence of iodides, it is almost complete with the sodium salt. A 
larger percentage of thiocarbamide appears to persist with the 
bromides than with the chlorides, except for potassium, where the 
small difference is in favour of the chloride, and may be due to 
experimental error. It will also be noticed that, except in the 

u1. Br, I. 
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case of sodium iodide, reversion to ammonium thiocyanate dimin- 
ishes in the order : potassium, sodium, ammonium. 

I n  the production of these equilibria two and possibly three 
factors are obviously concerned. Since equilibrium between thio- 
carbamide and ammonium thiocyanate is one between the molecules, 
and not directly between thiocarbamide and ammonium and thio- 
cyanate ions, as is shown by the complete reversion of the non-saline 
isomeride in dilute aqueous solution, and by the decrease in thio- 
carbamide when water as well as potassium iodide was added to the 
fusion, it is clear that  any cause which increases the degree of 
ionisation of ammonium thiocyanate in the fusion m w t  alter the 
equilibrium percentage in favour of the latter isomeride. The 
addition of any salt appears to  increase the ionisation, as double 
decomposition has already been shown (in the case of the compound 
(CSN,H,),,KI) to be by itself insufficient to explain the quantita- 
tive results obtained ; thus, although double decomposition with 
the formation of partly undissociated chlorides, bromides, and 
iodides of ammonium and thiocyanates o$ sodium and potassium in 
the respective cases must lessen the amount of the saline isomeride 
and so disturb the normal 25 per cent, equilibrium, yet this in itself 
cannot explain the reaults; for when ammonium salts are added 
there can be no such exchange, since the only positive ion present 
is ammonium. Indeed, it is rather t o  be expected that the ionisation 
of ammonium thiocyanate would have been diminished by such an 
addition, but  as the composition of the fusion has obviously 
changed, its properties as an ionising medium have probably 
changed also. 

The third factor is the possibility of the occurrence of compounds 
such as (GSN,H,),,MX undissociated in the fusion, thus probably 
increasing the stability of thiocarbamide and checking its reversion. 
I n  the case of the alkali chlorides, however, the existence of such 
compounds is so far only represented by (CSN,H,),,NH,Cl (m. p. 
1 5 4 O :  Emerson Reynolds, Trans., 1891, 59, 385), and hence this 
is probably not a factor of importance. 

Prepamtiom of Additive Compounds of Thiocarbamide with 
Saline Iodides. 

The general procedure adopted in the preparation of the follow- 
ing compounds consisted in mixing hot alcoholic solutions of thio- 
carbamide and the saline iodide; in many cases the additive com- 
pound was directly produced and separated on cooling, whilst in 
a few instances, more particularly with the complex tertiary and 
quaternary iodides, it was found necessary to heat the solutions to 
boiling under a reflux condenser for fifteen minutes to an hour. In 
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all cases the compounds were purified by recrystallisation from 
absolute alcohol before being analysed. The results obtained are 
as follows: 

Thiocarbamide and Hydrazine H ydriodide.-The compound 
separated in  a felted mass of long, slender needles, with satiny 
lustre, melting at 136O: 

0.25 gave 0.068 I. I'=27.2. 

Thiocarbamide and Hydroxylarnine €Zydriodide.-This forms 

0.25 gave 0.0685 I .  I=27*4. 
C,H,,NsS4,NH,*OH,HI requires I = 27.31 per cent. 

Thio carbarnid e and A minogmnidine H ydriocEide.-This com- 
pound separates in long, slender, hair-like needles with satiny 
lustre, melting a t  174O : 

C4H,NsS4,N,H4,HI requires I = 27-37 per cent. 

long, slender, silky needles, melting at 178O: 

0.25 gave 0.0628 I .  1=25.12. 

Guanidine hydriodide did not form it compound. 
Thiocarbamide and Pym'dine HydriodicEe.-It was found neces- 

sary to boil the alcoholic solution for half an hour. The compound 
separates in slender, glistening needles, melting a t  157O : 

C4H,,N8S4,CN4H,,HI requires 1 = 25.09 per cent. 

0.25 gave 0008826 I.  I=35-3 .  

Thiocarbamide and Pyridine Methiiodide.-The compound is 
It separates from alcoholic solution in slender, 

C2H8N4f&,C,H,N,HI requires I = 35.37 per cent. 

readily formed. 
flat, lustrous prisms, melting a t  144O : 

0.25 gave 0*08509 I .  I=34*036. 
C&HsN4S&,H,N,MeI requires I = 34.04 per cent. 

Thiocarbamide and Quinoline Hydriodide.-The compound is 
readily formed, and separates in minute rosettes of silky, yellow 
needles, melting a t  137O: 

0.25 gave 0-07874 I. I=31.49. 
~H8N4S, ,CQH,N,HI requires 1 = 31 -05 per cent. 

Tltiocarbamide and Quinoline iKethiodide.-This compound forms 
very slender, silky needles melting a t  134O, and resembling in 
appearance the characteristic form of tetrathiocarbamide deriv- 
atives : 

0.25 gave 0.0757 I .  1=30*28. 

Thiocarbamide and Quinoline Ethiodide.-This compouad 
After 

C&H8N4S2,@QH7N,MeI requires I = 30.02 per cent. 

separates in bright, canary-yellow prisms, melting at  126O. 
two recrystallisations : 
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0.25 gave 0.88 I. 1=35*2. 
C,H,N,S,,C,H,N,EtI requires I = 35.18 per cent. 

Thiocar b amide and T T h e  thyleth ylamrnonkni lodide.-This com- 
pound separated in slender, glistening prisms, melting a t  141°, after 
the alcoholic solution of the components had been boiled for half- 
an-hour : 

0.25 gave 0.08763 I. 1=35.05. 

Thiocarbamide and Tripropylamine Hydriodide.-This compound 

0.25 gave 0.075 I. I=30*0. 
C,H8N4~,N(C,H.,),HI requires I = 30.02 per cent. 

Thio curb amidme and Methyl  tripropplammo nium Iodide.-This 
compound separates in stout prisms or slender needles depending 
on the concentration. It melts a t  128O: 

C,H8N4S2,NMe3EtI requires 1 = 34.6 per cent. 

separates in microscopic, silky needles, melting a t  166O : 

0-25 gave 0.073 I. 11=29-2. 
C2H,N,E&,N((73H,),MeI requires I = 29.06 per cent. 

2’hiocarbanzide atid Triethyl~opylammonium Iodide.-This com- 
pound forms slender, brittle, needlelike crystals, melting at  165O : 

0.25 gave 0.074 I. 1=29-6. 
C,E,N4E+,NEt3(C?3H,)I requires I = 30.02 per cent. 

Z‘hiocarbamide and Yhenyl~~methyletFvylarnmoiLium 2odide.- 
This compound separates in stout, truncated prisms, which melt a t  
112O, and a t  a higher temperature readily decompose, giving 
mer capt an : 

0.25 gave 0.07366 I. 
C2H8N,S,,NPhMe,EtI requires I = 29.60 per cent. 

Tetramethylammonium iodide and thiocarbamide were boiled 
together in alcoholic solution for two hours, but not a trace of 
a compound was formed. The iodine was estimated in all the 
above compounds by boiling with an excess of ferric sulphate in 
strong solution, and titration of the liberated iodine with 
iV/ 10-sodium thiosulphate. 

The above series of compounds was prepared in order to  obtain 
data regarding the ratio in which thiocarbamide unites directly 
with saline iodides of different constitution. 

It is noteworthy that although aminoguanidine hydriodide unites 
readily with thiocarbamide, no compound was obtained with 
guanidine hydriodide. The compound (CSN,H,),,NEt,I (m. p. 
135O) was prepared by Emerson Reynolds (Trans., 1891, 59, 388). 
We have not been able to obtain any compound with tetramethyl- 
ammonium iodide, which thus behaves like sodium iodide, in 

I = 29-46. 
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exhibiting no tendency to unite with thiocarbamide (Werner, 
Proc., 1906, 22, 245); the displacement of one methyl group by 
ethyl, however, is sufficient to enable a compound to be formed. 

Whilst the simple ammonium bases and primary amines (see 
Emerson Reynolds, Zoc. cit.) form tetrathiocarbamide derivatives, 
the tertiary amines and quaternary bases appear to always produce 
dithiocarbamide compounds. 

We have obtained one exception to the latter rule, namely, the 
compound CsN,H,,C,€€,N,C,H,I (m. p. 126O) .  
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