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Chemistry. - "A Third Kind of 8utphu1' Afolecule". (Fifth Oom

munication). By Dr. A. H. W. ATI<.N. (Oommunicated by Prof. 

A. F. HOLIJEMAN.) 

(Communicated in tbe meeting of Oct. 27, 1917). 

1. Intl'oduction. 

In the first publicahon on this subject 1) the solubility ot' rhombic 
sulphur was tl'eated in mixtures of sulphur chloride and snlphur, 
whieh were heàted to temperatures of 7~0-175°, and were then 
ql1irkly cooled down. It then appeared, that this heating greatly
enhanced the solubility of rhombie suJph_ur. This phenomenon is 
explained in thiS way, that the rhombic sulphur, when heated with 
slllphur chloride, is converted to another form of sulphur, Srr: • 

The qllestion how sulphur behave5, when it is heated with othet· 
solvents, has only been brietly treated In the preceding commn
nications. 

What had appeared was, that the conversion of S) into Srr: takes 
place at 100° not only in sulphllr chloride, but also in carbon 
snIphide. To enable us to make a better eomparison between sulphnr 
chloride and othel" ltqUIds as solvent,- tbe SOIllbihty of rhombic 
sulphur was determined In mixtures of sulphur and toIuene, whieb 
had been heated to different temperatures. 

2.\ Increas(~ of solubility of szdphu1' by heating in toluene-solution. 

The solubility of rhombic sulphur in toluene amollnts to 0,92 0
/ 0 

at 0°. When a solution of sulphnr in toluene is heated at 150° for 
some honI's, it is found thaI aftel' cooling the solllbility has berome 
greater at 0°, and the more so as the original solution rontained more 
sulphu,·. Thi& is accompanied by a change of the colour of the 
solntion. A solution of S~ in toluene is almost COIOlll'less at 0°. After 
being heated the same solution exhibits the yellow colonl' of 8rr: at 
0°. From this follow5 th at also in toluene 8l is pLut1y converted into 

1) Zeitschr. f. physik. Chem. 81, 257 (1912). Following communications ibid 83. 
4:42 (1913)j 86,1 (1913)j 88,312 (1914). 
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Srt. From the increase in solubility of rhombic sulphur in toluene 
aftel' heating, the quanhty of Srt formed can be caicllIated. 

In the first place it now appeared that the equiltbl'ium S).~Srt 
sets in much more sIowly in toll1ene than in suiphur chloride. in 
toluene it is about ~ix hOUl'S -at, 140° before the equilibrium has been 
established, whereas in sulphur -chloride at the same temp~rat~re 
only a few minutes are reql1iJ:ed for it. (Flfst commul1lcation, p. 
265). In view of this 140° was clIOsen as lowest temperature at 
whirh determinations were made. Deter"ffiinations were also earried 
out at 150° and 160° to study the influenee of the temperature on 
the equilibrium. 

The detel'mination of the soll1bility of sulphur in toluene aftel' 
heating took place as follows: A mixture of tolnene and sulphnr of 
known concentration was heated for six honI's at 140°, for four 
honrs at 150° or for two honrs at 160°, and then rapidly IcooIed, 
in which part of lhe sulphul' separated. Aftel' addition of a small 
quantity of rhombic suiphur the mixture was stirred for an hour at 
0°. Then a sample was taken from the solution, and the suiphur 
content was determined by evaporatlOn of the toluene. 

The results are giyen in Table 1. In figure 1 the soIubilIty of the 
sulphm' aftel' heating, is graphically l'epresented as fnnctwn of the 
concentration of the mixture. 

T ABLE I. 
, \ 

140° 150° 160° 

Concentra- Solubility Concentra- Solubility Con centra- Solubility tion of the tion of the tian of the 
solution at 0° solution at 0° solution at 0° 

I 
3.4°/0 1.18% 3.6 % 1.24 % 3.2 % 1.24 OIo 

6.2 1.42 6.6 1.50 6.2 1.54 

9.2 1.64 10.6 . 1.79 15.0 2.40 

22.0 2.69 22.6 2.96 21.6 3.00 

27.6 3.23 30.1 3.54 
\ 

30.0 3.64 

The lines for 140~, 150°, alld 160° stop at about 36, 41, 47% 
sulphur, mixtures of a highel' sulphur content not being homogeneons 
at these temperatures. 1) 

1) KRUYT. Zeitschl·. f. physik. Chemie 65, 502, (1909). 

-------
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Composition of the mixture in % S. 

10 lP JO 

3. T/ze eguilib1'iwn S);;! S10 in solutions 1'n toluene. 
Frorn the solubility of rhombic snIphnr in toluene, aftel' the soIu

ti on bas been heated, the quantity of S10 that is present in the 
soilltion can be caiculated. Thus we know the equilibrium S,;'!. SJ in 
a solution of given concentration at a given temperature. 

When we' eaU the solubility of rhombic sulpbur at 0° S, tbe 
S1O-content of the soIution is given by: 

Srr = 0.68 (S - 0.92) 
(4th communication). In_ this way we find,' in case of equilibrium, 
the quantities Srr and SJ present, which are given in table 11. 

TABLE 11. 

1400 150° 160° 

.. SJ. I Srr SJ I Sn: SJ. 
I 

S10 

8.6 0.51 9.2 0.63 8.1 0.63 

15.2 0.97 16.0 1.11 15.0 1.20 

21.4 1.39 24.2 1.67 31.9 2.82 
I 

43.0 3.'37 43.7 3.90 42.1 3.96 

50.3 4.39 53.2 4.96 
I 

53.0 5.13 

To facilitate a comparison with the values of sulphur cbloride, these 
vallles are exvressed in atom pel'centages. 
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These Iines of equilibrium for 1400 and for 1600 are drawn in 
ligure 2 on rectangulal' coordinate pap~r. It appears from these lines 
that the S1<-content at 160° is only little higher than at 140°. In 
this range of temperatm'e an important shifting of the equilibrium 
does, therefore, not take place. 

~.z lbo· 

~ 
~ 

~ 
",#pt7m % 5,< 

10 1.0 JO Ifo .ro 

Seen from below the Iines are convex, i.e. with increasing total 
sulphur content the relative quaptity of S1< increases more than the, 
relative quantity of SJ. From this follows that the toluene present 
shifts the equilibrium towal'ds the si~e of SJ. In very dilute solution, 
where the quantity of toluene is practically ronslant, the equilibrium 
must' move towards the side of S1< with increasing dilution, as the 
molecule S1< is smallel' than the molecule 8J. (fourth communication 
p. H69). The accuracy of tl)e experiments in case of great dilution 
is, however, not suffieient to allow us to demonstrate this. 

_ 4. Compm'ison of the equilibrium SJ.;: 81< in toluene and in 
sulphur chloride. 

In order to be able to compare the quantity of 81< in toluene with 
that in sulphul' chloride, we must a.lso calculate the quantities of 
81< and S)., present in case of equilibrium, for these lattel' solutions 
from the solubility of rhombir sulphur. This is, however, not possible 
without fm'Hler suppositions about the course of the solubility lines 

11 of SJ. in mixtures of S1< with sulphur chloride, 
The course of these solubility lines being unknown, only a probahle 

situation of the eqmlibl'ium S).~S" in sulphur chloride can be given, 
and' this in the following way: 

We assume a cel'tain situation for the line of equilibrium 81<;:'&' 
and construct the solubility lines for 25°, 0°, and - 60° with this 
line and the values of the solubiIity in Table I of the lirst com
munication, 
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From the more or less probable form of the solubility Iines foood 
th us. we éan then decide whether the assumed line of equilibrium~ 
is more or less pl'obable. 

Thus it has been assumed in figlll't' 3 that tue lioe of the equili
brium S) ~ Sr in sulphul' chloride at 100° bas the same form as 
in toluene at 140°, 

"'-;' J '1 

This Hne is ABC in figul'e 3, the part Beis eitl'apolated, 
except the point C. fi"'rom tbis 1ine we find fOl' the solubility curves 
at 250 D F F, at O~ G H I, at -60° J( L M. ' 

The course of these solubility lines is very improbable. In tbe 
th'st place, accol'diug to these lines the solubility of 8). in sulphul' 
chloride would be gl'eatly enhanceä by Srr. especiaUy ~t - 60°. FOI' 

sulphide of cal'bon, in whieh SJ. dissolv~s almost equally weU as in 
8ulphur chloride, the solubiÎity of Si- is, on the Icontl'al'y, but liWe 
increased by Srt (31d communication 2, 3, 4), It can, tberefore, not 
be accepted tbat by addition of Srt tbe solubility of S;. is sa .much 
increased, as is drawn in figul'e 3. 
, In the second place the points M, land P, whicb indicate tbe 
solubility of S~ in pure Srr at - 60°, 0°, and 25°, lie very close 
together, and at a very great ;5l-con ten t. 

This would mean that rhombic sulphur, even at - 60°, wOlJld 
possess a solubility in Srr of 77 %, This, too, is impl'obabJe, becallse 
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in the best solvents, sulphur ch}oride and sulphide of ('arbon, the 
solubility only amounts to 10 % at the same temperature. 

The -line of equilibrium S);! S1t in suIphUl' chloride ~ust, ther'e
fore, be dl'awn so that the solubihty lines l'un more steeply at D, G, 
and K, and that the points F, 1, and M get to lie fal'thel' apart. 

This is satisfied in figul'e 4. 
The situation of the solubility lines drawn here, is however not 

probabIe either, for hel'e the solubility of Sj in sulpllul' ehlodde 
would be lessened by addition of not too large ql1antities of S1t' 

c 
~~~----~----~----------~$~ 

If, howeyer, the homoge-neous equilibrium linè is given a form 
as AB G in figure 5, we al'l'lve at a plausible shape of the solu
bility lines. It is thel'efol'e probable that in tigure 3 the line of rhe 
equilibrium S~;;:! S1t lies too Jow, in tigure i too high, and that 
figure .5 gh'es about the trne situation, We may, therefol'e. assume 
the equilibrium S1t-;;;!.S). in sulphul' rhloride at 1000 in a mixture 
of 50 at, 0/0 of total sul ph UI' to lie at abont 250 10 S1t. In toillene the 
equilibrium mixture at 1-100 contains not quite 5 at. 010 S1t, Accord· 
ingly sulphUl' chlOl'ide has a pal'ticularly speeifieally favolll'abie 
intluence on the formation of S1t' That this is not excJusively caused 
by the gl'eatel' solubiIity of S). in snlphul' chloride, appears from 
an obsel'vation l'ecorded in t.he third communication. It was 
found there that a sollltioIl in sulphide of ('al'bon with b6 at °10 of 

Proceedings Royal Acad. Amsterdam. Vol XX. 
\ 

59 
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total sulphul' contains only about 3 at. % of Sn at 100°, when the 
equilibrium Sn~Sl has been established. 

C 
~~--____ ~ ____ J-____________ ~ ~ 

The quantity of Sm which is formed in sulphide of carbon, is 
therefore mueh smaller than in sulphur chloride, and of the same 
order of magllitude as in toluene. 

Chemical Lab01'atory of tlte UniV81'sity. 

Amsterdam, June 1917. 
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