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it was supposed that this substance would always behave in a unary
way. Experimeni has fully confirmed this conjecture. Whether mer-
cury was suddenly cooled by water in vacuo from 4 3007, and
then by solid carbonic acid and alcohol, or whether it was rapidly
heated from 80, the point of solidificalion, resp. melting-point always
remained the same, and the subsiance perfectly behaved as a unary
one, from which we may therefore draw the conclusion that when
the substance is complex the internal transformations must proceed
with extraovdinarily great rapidity, or what is more probable that
mercury really consisis of one kind of molecules.

The third substance examined by us, for whieh in view of ils
transition points, the sawme was expecled as for the phosphorus,
was tin.

Though the investigation made bears as yel still a preliminary
character, we 1nay yet communicate thai tin of particularly great
purity can solidify entirely as a unary substance, but that it
betrays 1s complex characler when the experiment is made very
rapidly, just as phosphovus does. In a following communication we
hope briefly to communicate the result of the final mvestigation.

Amsterdam, December 23'¢ 1910.
Anory. Chem. Lab. of the University.

Chemistry. “On the delermination of threephase pressures in the
system lydrogen sulphide — rwater.” By Dr. F. B. C. Scuprrer.
(Communicated by Prof. A. F. Horrumax).

1. In the inveshgation of the systems in which hydrogen sulphide
is one of the components, the difficulty presents itself that a chemical
action can affect the mercury that shuts off the mixtore, when it is
not sufticiently purified from adwixtures. This action will chiefly be
due to the presence of slight guantities of air. By excluding the
presence of air (and aler), as completely as was possible in the
methods used, I succceded befove in determining the situation of the
three-phase curves in the system hydrogen sulphide - ammoniac.
Tlhe metlods uwsed in the investigation, had to be adapled to
high pressures, as it was my principal aim to delermine the poinls
of “infersection of the critical line and the ihvee-phase curves, the
eritical end-points. In (his [ lave at the same iune (ound an oppor-
tunity to determine (he shape of the spacial figure of the mentioned
system al lower {emperatuve; (he observalions af {hese low (empe-
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ratures and the low three-phase pressures corresponding with them
though perfectly sufficient qualitatively, could of course lay claim
io but little accaracy, particularly because the pressures were read
on a metal manometer, which indicated up 1o 250 aunospheres, and
which can give only rough values below aboul 20 atmospheres, and
because the slow setting in of equilibriwin can cause a great relative
error at these low pressuves.

I have now tried to find an improved method for (he investigation
at pressures below 20 atmospheres, which could yield more accurate
results. I intend to give here a description of this method and to
demonstrate its efficiency mnot by the aid of the system hydrogen
sulphide - ammoniac, as this would only involve a repetition
of former observations, which would not open new vistas'), bnt
apply this method to another system with hydrogen sulphide as
component, namely the system hydrogen sulphide -~ water. As will
appear from the following description, mercury is not affected by
moist hydrogen sulphide, at least below 30° when presence of air
is cavefully excluded.

2. Preparation of the maustures.

For the preparation of a hydrogen sulphide - water mixture the

v
]

Fig. 1.

1) These observalions will shortly appear in lhe Zeitschrifl fiir physikalische
Chemie. 1l may only be remaked here thal aclion of hydrogen sulphide on
mereury was no longer ohserved, and thal e.g. reduclion ol Lhe volume under
thiree-phase pressure lo hall ils size, gave an incrcase of pressure, which generally
amounted to less, but in one case to slightly more than 0,1 almosphere; these
devialions are about as greal as lhe crrors of chscrvalion,
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apparatus was used, represenfed in figure 1. The hydrogen sulphide
was prepared from a solution of natrium sulphide, which was free
from carbonic acid and diluted sulphurie acid; (he former solulion
was obtained Dby safurating natron, which had been freed from
ils carbonic acid by the addition of barinm hydroxide, with hydrogen
sulphide. The gas prepared in this way was dried by phosphoric
anhydride, and led into the exhausied vessel 7 through the cock
A (tig. 1); it was then freed from air by condensation in O by

means of the (wo vessels /2, and P,, which were filled with carbon.

of cocoanut; O, P, and P, had been placed in liquid air for this
purpose. If now (here were no discharges at all in the GuissLEr
tube A, the hydrogen sulphide was again conveyed from O into
the reservoir /3 by evaporalion. Then the gas which had remained
in the tubes of the apparatus between 4/ and L could be sacked
off by means of a water-jet-pump, when the cock C was opened.

The Caillelet tube, which was made of common glass for this
experiment, where the pressures did not exceed 25 atmospheres, and
which could have a comparatively large bore (5 mm.), was sealed
to a glass spring £, and thus connected with the apparatus.

Now a quantity of mercury freed from air by boiling which
was sufficient to fill the entive test-tube D, was brought into the
veservoir A through G. After G had been sealed, F was provided
with a litile distiled water, and the upper end of this tube was
also sealed. Now the water i F was frozen, and the iest-tube
was evacuated by means of the water-jet-pump (cock C) and carbon
(I, and P,). After the cock /. had been closed, the water could
now be distilled over from J to the upper end of the test-tube,
which had been cooled with liquid air (vessel S).

A quantity of hydrogen sulphide was admitied from B3 inlo the
apparatus between M and L with open vessel O; by means of the
manomeler 3, whose rightside leg had been evacuated, this quantity
could be roughly estimated. This gas too was solidified in the upper
end of the test-tube when L was opened.

When 1 had then convinced mysell that no air was present in
the test-tube (discharge in N), the Cailletet lube was tilted, in con-
sequence of which (he mercury flowed from H into the U-shaped
lower end of the tesi-tube, and was forced up to the top of the test-
tube by the air in consequence of the opening of the cocks (' and
L. Now the Caillelct tube was separaled from the apparatus at
and placed in the pressure cylinder which was filled with mercury
purified and freed from air by boiling.

When we work in this way the presence of air is practically

54
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excluded and the mixture is only in contaci with a small quantity
of pure wmercury; so contact with not entirely air-free mevcury and
rubber joints are entirely avoided in this way. i

3. Determunation of presswre and temperature. A cylindric vessel
conically narrowed al the lower end was fastened to the Cailletet-
tube by means of a cork, and filled with water. The healing took
place electrically; the {emperalure was regulated by means ol an
incandescent lamp resistance, and read on an Anschiitzthermometer,
which had been compared with a normal thermometer. The stirring
took place in the waterbath by means of lead plates, which moved
vertically up and down, in the test tube by means of a KumNex
stirrer; the electromagnetic coil required for this was vertically moved
round the heating-vessel.

For the determination of the pressure I used two air-manometers,
one of which indicated a minimum pressure of about 3, the other
of about 8 atmospheres. The errors of the method remain in this way
below 0°1 and 0.1 atmosphere (errors of the manometer and difference
of position between the mercury in the test tube resp. manometer
and in the pressure cylinder); the errors which can be made in the
determination of the three phase curves, may be generally estimated
at about 0.1 atmosphere, as appears [rom the concordance of ihe
results. I shall, however, return to this, when discussing the-results.

4. Results. In fig. 2 the P-7-projection of the spacial figure is
represented. In the first place we see drawn in it the vapour-pres-
sure curve of hydrogen sulphide, which had been determined beforce
by many observers. Just as in my previous determinations concern-
ing the system hydrogen sulphide 4- ammoniac I arrived again at the
rosult that the values given by RmexauLr, are too high; in the range
of temperature investigated by me the deviations vary between 0.8
and more than one atmosphere. The only value which was deter-
mined by Owzszewskr in the range examined by me, presenis a
deviation of less than 0.1 atmosphere from mine, and has been denoied
by O in the graphical representation; Ruenavur’s deviating values
I have omitted in the sfigure for the sake of clearness.

The hydrogen sulphide showed a variation of pressure of less
than 0.1 atmosphere on isothermal compression o a lourth of the
total volume, while also the pressure at which the last quantily of
vapour disappeared differed less than 0.1 aimosphere from that at
the greatest possible volume. :

Immediately Dbelow this line two three phase curves appear in
the P-T-projection, one of which indicates the coexistence of the
bydrogen sulphide hydrate by the side of vapour and a lignid rvich
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in hydrogen sulphide, and the sccoud the equilibria between two
liquid layers and vapour. The former threc-phase curve (S, () gives
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stable states all over its course; the other (L, L,() melastable staies
below 29.5°, above this stable equilibria. The isothermal differences
of pressure Dbetween these (wo (hree-phase curves and the above-
mentioned boiling-poini curve of hydrogen sulphide, are very slight,
and are near the errors of obscrvalion, as vegards their order of
maguitude. Still I think I am jostified in coneluding with cerlainty
from the greal number of observations given in the table that the
pressures arc greater on the three-phase curve SL,G than on
[, [,G, and that the boiling-point line of hydrogen sulphide lies
higher than eiiber.

Also looked upon from a theorefical point of view (his ovder
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seems (he most probable one; for if the liquid-vapour surface ofthe
hydrogen sulphide continually descends to the side of the waler, the
three-phase pressures will lie below the maxXimum tension of liquid
hydrogen sulpbide al a cerfuin temperature, and (below 29.5°) the
metastable L, L,G' curve will have to lie lower than the siable 5L, G-
curve. We can see this, among others, already from this that for
the coexistence L, L,(, the liquid [L,, being metastable, must be
super-satarale with respect to the hydrate, and so richer in water
than the liquid L, on the three-phase curve SL,G.

LG (HsS) LiLsG SLG SL,G
T p - P T P T | P | 7 | P P
15 16.38 R
15.8 15.94 19.4 | 17.3  17.4 |16.6 {15.5 6.6C
15.9 [16.0—; 16.0+4 19.8| 17.4  |18.4 [17.0—{[16.3 [5.3—
16.0 16.0 00.6 | 17.8— [[18.7 |I7.05 ||i7.5 58F
16.2 16.1 0.8 | 17.9— [19.0 17.2 117.9 [6.3—
17.04  16.5- 21.2 |18.0;18.0 ||19.9 17.6—18.1 . ]7.9¢C
17.6 16.7 91.4 |18.15;18.2|120.9 |18.0—|[19.7 7.6
17.8 [16.8—; 16.8— 28| 18.85 |l21.2 |18.14H19.8 7.4 F
18.9 . l16.950[23.0 | 18.95 |21.8 [18.4H|[1.0 |8.6+
19.0 17 83— 93.65| 19.3— [[22.9 [18.94l2.8 11.0C
20 18.62R|24.6 | 19.74 |128.65 [19.3 |&23.0 9.2F
90. 4 17.94 94.8 119.85:19.8{(23.8 {19.35 |23.3 }10.7
24.9 18.25 5.1 20.0— |Ra.1 [19.5H04.84]12.9
220 18.65 %.4 | 90.0— |96.0 120.5 |25.0 11F; 16C
93.6 19,44 95 6 | 90.1— [26.6 [20.7—[25.6 [14.0—
24.9 [20.04; 20.1— 95.8 (20.2;20.3—(27.2 [21 0H27.4 [17.1
9% 21.07R26.4 | 20.6  [27.34(21.05 |[28.5 (19.54{16 F
9.4 20 3— 26.9 | €0.75 (28,2 [21.5H929.2 [21.34
2.8 20.5— 975 | 91.04+ |[28.8 |21.8
9.1 20.64- 98.0 | 21.3— [09.4 |02.4 SLiL,
96.2 20.7— 98.2 | 91.4 T P
97.5 21.3 08.4 | 21.51
99.6 99,35 9291 | 91.75 29.8 32
30 93.73R|29.2 | 921.9— Quadruple point.
30.6 29.9 0.3 | 22.45 T9.5 ; P®AL
31.6 93,4 31.0 | 22.9—
31.64 23.45 31.2 | 22,94 R = REeGrauLT
33.4 % .45 20| 23.4 O = OLSZEWSKI
02,7 | 23.84 C = CaILETET and BORDET
33.2 | 24.04- F = pe Forcrann
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The possibility that on the liquid-vapour plane a line of maximum
pressure occurs, cannol be excluded beforehand, of course, more
ospecially because in this system a compound occurs, and moreover,
one of the components (/,0) is certainly abnormal. I{ seems even
still possible here, that immediately on the hydrogen sulphide side
suclh a line of maximum pressure oceurs; then it must lie, however,
al concentrations which are smaller than the gas and liquid con-
centrations on both the three-phase curves. This, however, does not
seem probable for the present, and so I have not taken it into
consideration in the f-z-section (fig. 3).

The "two three-phase curves SL,G and L,L,( inlersect in the
quadruple point (29.5% 22.1 alm.); the two other three-phase curves
which pass through this point, where resp. solid hydrate occurs by
the side of two liquid layers (SL,L,) and by the side of vapour
and liquid rich in water SL,G, have also been represenied in the
graphical representation.

The preceding table gives a survey of the observations of the
discussed lines of equilibrium.

5. By the aid of the above data, a [-az-section has been given

| schematically in fig. 3, which has

' been drawn through the spacial

P ' Pl figure for about 20°. In this we
: S +L, have assumed, as was meniioned

11| above, that the liquid-vapour sur-

L|| face descends continually from the

T first 1o the second component; the
point «, the maximum tension of
liquid bydrogen sulphide lies higher
than the stabie three-phase curve
; S Ly ¢+ (6) and ihe metastable
L, L, (F() ). The other equilibrium
& curves and the regions given in
the figure do not call for a further
explanation. 1 will only draw at-
fention fo the fact that the hydrate
in this section can ne longer occur

€

X stable below the three-phase curve
H,S HO' . N .
S L, G (d); for with isothermal in-
[Mg. 3. crease of volume the iransformation
S— L+ ¢ occurs on this threc-phase curve, in other words, the

1y All the metastable lines of cquilibrium bave been indicaled by dotled lines.
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hydrale evaporates and nelts. Then 1 will be clear at the samne
time that the earlier observations of by Forcrxp ') and of CAILLETET
and Borpwr %) refer fo ihis three-phase curve, as they have determined
pressires which were necessary for the formation of hydrate; then
it Dbecomes also clear that this pressure as pr Forcraxp points out,
is independent of the concentration of the mixinre, which is, indeed
required for this three-phase equilibrinm by the phase rule.’) 1 have
indicated their observations by the figures C'and /7 both in ihe table
under S L, G and in the P-7-projection of fig. 2. My observations
appear (o lie between them. The prefty large devialions between the
three lines must, in my opinion be ascribed to this, that the formation
of the hydrate in case of compression, and the melting in case
of expansion takes place slowly; in t(he first case we tind 100
low, in the second too high pressure. I have made my obsevvations
of these three-phase equilibvia by slowly heating at constant
pressure, and Dy delermining the temperature at which the trans-
formation S—>L-4G occurred. This method of working appeared
to yield more accurate results than that in which the transformations
were observed for isothermal change of volume.

Whereas the equilibria on the other three phase curves establish
themselves sponianeously at constan! temperature, and the deviations
ravely exceed 0.1 atmosphere, I think I shall have {0 esiimate the
accuracy of the observations on the lines SL,G and SL,L, at 0.1
to 0.2°4).

In the P-z-seclion the gasphase G and the liquid phase L, lie
on the three-phase-curves on the hydrogen sulphide side; now it
appeared from some preliminary experiments that the liquid phase
L, lies near the water side, in other words that the region of non-
miscibility extends over almost the fnll width of the figure.

Finally a few remarks may be made on the composition of the
hydeate. It is not lo be derived with cerfainty from the literature
on ihe subjeci. Du Forcraxp, who has made numerous analyses of
hydrate, considered successively H,8.15H,0, H,S.12H,0, and H,S.7H,0
the most probable formula. He justly ascribes the very bad agree-
ment of the analysis vesnlts to the fact that the hydrate easily

) pg Vorowrann. Cr. 94, 967 (1882); pw Forcranp and Vinnarp Cr, 108,
849 (1888).

%) Camnerer and Bororr. Cr. 95, 58 (1882).

% pE Forcraxnp. Cr. 94, 967 (1882).

+) Also the observation ol SI, L, look place by lhe delerminalion of the lem-
perature al which the lransformation S—> Ly -~ £, is found with slow healing al
conslant pressure.
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rotains water. When we further bear in mind thai the hydrate is
only constant below 0.35° under atmospheric pressure, and ihai,
accordingly, formation of the Lydrate al atmospheric pressure without
formation of ice will only be possible Letween 0° and 0.35°, it will
be clear that we must here have recourse 1o special methods of
analysis. I shall have o postpone a description of a method suitable
for {his purpose to a fellowing communication; it may only be
mentioned here that even the formula H,S.6H,0 derived later by
Dt ForcrAND on theoretical grounds probably still contains too great
a‘quantity of waler.

(February 28, 1911;.
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