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Physics. — “On the hidden equilibria i the p-z-dingram of a
binury system in consequence of the appearance of solid
substances”” By Dr. A. Swirs. (Commumcalcd by Prof. J. D.
VAN DER WAALS).

1. Some time ago Prof. van prr Waars?) showed that in a
binary mixture (4,.5) one of the two p-7'lines for the three phase
pressure, viz. that which runs from the eutectic point to the higher-
melling substance (5), can present some particularity.

It proved, namely, that at the triplepoint this p-#line must have
the direction of the melting line (of B).

As for most substances v; >, or in other words the substance
expands when meliing, increase of pressure causes as a rule a rise
of the melting point.

If in the p-#projection, (Fig. 1), the triplepoint of the substance
B is denoted by d, then the melting line dg will in most cases
run from the {iriplepoint to the right, and as the three phase line
¢ d must have the direction of d ¢ at d, this three phase pressure line
will have to present the particularity, that it does nof only possess
a maximum of pressure, but also a maximum of temperature, as is
represented in Fig. 1 in an exaggerated manner.

2. As has been shown before?) and will be further discussed in
the sccond paper, in a dissociating composition the same course may
be found on a larger scale, and it is this part of the three phase
line, that is the most important in compositions. Therefore it seemed
desirable io me to examine the p-i-diagrams from the triplepoint to
higher {emperatures for the simple case discussed just now, and io
treat the compositions afterwards.

3. The p-v-diagram at {hc triplepoint, and at a temperature
slightly higher are presented in Fig, 2. A

As appears from Fig. 1, we find a double section of' the three
phase line for the first time at the triplepoint, When commg
from lower temperatures, and a consequence of thls is, that
besides at the triplepoint pressure; three phases may also ocuu'
at a much hloher pressure. This case is more closely defitied’ in
Fig. 2 by the p-e-diagram corresponding {o the temperature ¢,.
The lowest three phase pressure or the iriplepoint pressure is repre-

1) These Proe. Vol. VI, p. 280
9 Bakmuis Roozesooy, Zéilschr, f. phys, Chem. 4. 31.
STORTENBEKER, 2 s » ” 3. 71,
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senled by the point g, where the liquid curve acg, the vapour
curve g ¢g and the solubility isotherm fc¢eg meet.

The second three-phase pressure is represented by the curve ecs
and lies considerably higher. The coexisting phases have here different
concentration, and are denoted by ¢, ¢ and s. Here cis the salurated
liquid phase and ¢ the vapour phase which coexists with the solid
phase s.*

If we now start from these three phases, and lower the pressure
at constant temperature, we reach the region for solid B -}- vapour,
as Tig. 1 represenis. So below the ihree phase pressure e¢cs and
above the triplepoint pressure of B3, only vapour can occur by the
side of solid B in stable condition, ‘and the curve representing the
vapours which can coexist with solid B is the lowest branch of the
continuous solubility isotherm, viz. eg.

The line @ c¢ denotes the unsaturated liquids coexisting with the
vapours lying on the line @ ¢. The lines ¢g and e g represent meta-
stable conditions, viz. supersaturated solutions with their coexisting
vapours. The curve ¢ f, the upper parl of the solubility isotherm
represents the liquids coexisting with solid B.

The second p-z-diagram, represented in Ifig. 2, corresponds with
a somewhat higher temperature #,, We are now above the triplepoint
temperature and the lowest t{hree phase pressure is not a triplepoint
pressure now, but perfectly comparable with the highest three phase
pressure. A result of this is, that we get below the lowest three
phase pressurc a reflection of what takes place above the highest
three phase pressure. The solubility isotherm f, ¢, ¢, ¢, ¢, fi' cuts, as
it were, a portion out of the region for lignid - vapour, on account
of which between the two occurring three phase pressures indicated
by the curves ¢ ¢, s, and ¢, ¢, s, only solid B can coexist with
vapour in stable cond1t10n Tlle lme c fis like ¢, /i represents now
the hqmds coexisting with solid B3, and the portion ¢, ¢, the vapours
coexisting with solid B.

As to the whole course of the solubility isotherm it may be observed

that tlns lme has now two maxima, two minima and four vertical

tanoents. For the portion f; ¢, e, the points of contact of the vertical
tangents lie in the metastable or the stable region, whereas those
for the second piece ¢, ¢, f', arc situated in the unstable region.
At higher temperatures the three phase pressures draw nearer and
nearer to each other and coincide finally, as may be seen from fig. 1.
When we examine this change in the p-z-diagram it appears that
the points ¢, and ¢, move downward and at the same time to the
right, whereas the points ¢, and ¢, move upward and to the left,
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As to the poinis a, and ¢,, they move upward with increase of
temperature.

The resull of these shifiings must of course be, as has been just
said, thal al the maximum temperalure of the ihree phase line (see
Fig, 1) the two three phase pressures become equal, and the points
¢, and ¢, like ¢, and ¢, coincide; then the solubility isotherm does
nol cul the liquid line any longer, bul just touches it in the point
where ¢, and ¢, have coincided, after which no three phase pressure
is possible and the solubilily isotherm has got detached from the
liquid line. ‘

Though all this seems very simple, the representation of the inter-
mediate slages presented some difficulties, which Prof. v. p. WaaLs
was kind enough {o remove by allowing me to examine some 7-2-
diagrams corresponding with pressures respectively smaller, equal
and larger than the three phase pressure, in which exactly the same
succession of stales occurred ?).

What has been drawn in accordance with this in the figs. 3, 4
and 5, may be broughi into words in the following way :

When the two three phase pressures have drawn so near, that
the two branches of the solubility isotherm would fouch, intersection
takes place, and we get a curve as is indicated by fi ¢, ¢, ¢, ¢, /',
in Fig. 3. Immediately aflerwards, i.c. at somewhat higher temperature
a portion gets delached, as represenied in Fig. 4 and we get two
solubility isotherms; ome is fecc'f' and the other forms a closed
curve ¢¢ d, a part of which (¢¢) runs through the stable region.

At the maximum temperature of the three phase line the two
three phase pressures e¢cs and ¢' ¢’ s' have coincided, as is represented
in {he diagram corresponding with the temperature %, in Fig. 4,
and the solubility isotherm f, ¢, /' no longer cuis the liquid curve,
but only fouckes it in the point c,. ’

With ihe exception of this one point it runs therefore wholly
through the slable region. The other closed branch no longer- cuts
the vapour curve, but only touches it in e,; further this branch
as a whole has contracied through the shifting of d to d,..This
second branch of the solubilily isothern lies therefore at the maximum
three phase pressure partly in the unstable region, partly: in the
metasiable region.

At a temperature slightly above the maximum temperature of the
‘three phase curve £, the solubility isothern f f'is quite detached
from the liquid curve, as is represented in Fig. 5; in the same

1) See the foregoing paper by van ppr WaaLs, .
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way the closed branch has got detached from the vapour branch,
and has further contracted. At the temperature ¢, the distance between
the solubility isotherm f, /', and the liquid curve has increased, and
the closed branch has vanished, after having coniracted 1o a point.

4. In the figs. 6, 7 and 8 I have drawn the v-z-sections of the
v-z-t-space diagram for the case discussed here ; they follow immediately
from the v-z-sections, given by me last year ™).

The section indicated by continuous lines in Fig. 6 holds for the

triplepoint temperature £,. There aecd is the region for liquid -+ va- -

pour, elc the three phase triangle, sed the region for solid
B 4 vapour, b ¢ fm the liquid region and ¢/n f the region for solid
B 4 liquid.

The curve for solid-fluid or the solubility isotherm dec f meets
the metastable vapour branch ¢ d exacily on the line for the substance
B, because at the {riplepoint temperature of B the vapour which is
in equilibrivm with solid B, is perfectly the same as that which is
in equilibrium with liquid B.

At a somewhat higher temperature the curve for solid-fluid cuts
the vapour and liquid curve twice each, just as was the case in
the p-z-diagram. The curve for solid-fluid has then a shape as is
indicated by the dotted line f, ¢, e ¢, ¢, f, in fig. 6. Just as in
the p-z-diagram, this line cuts a piece out of the liquid-vapour region ;
in consequence we get two separated regions for liquid and vapour
viz. a,e, ¢, 0, and ¢, d, , c¢,. From this particular situation ensues
further the existence of two three phase triangles, viz. ¢, ¢, g, and
¢, ¢, g, between which is situated the region for solid B - gas
g, 6 ¢y, two liquid regions 0, ¢, fym and 2, ¢, f' and two regions
for solid: B 4 liquid viz. ¢, ¢, f; and g, ¢, fi"

With increase of temperature ithe line solid 5 -} flnid assumes the
shape of a loop, as is indicated by the line fe¢eé'ec /' in fig. 7;0n
this follows immediately detaching of a part, splilting up into two bran-
ches, viz. into the line /', ¢, ¢, /, and the closed line ¢, ¢, 0. Al the
maximum three phase temperature (fig. 8) the line f¢ /' touches ihe
liquid Jine and the closed line ¢ o ¢ touches the vapour line. Above
this temperature the.two lings get detached from the liquid, respec-
tively the vapour line and the closed line ¢, 0, ¢, disappears as a point
in the metastable region.

1) These Proe. Vol. VI, p. 484.
% At a temperature, only very lillle higher than the triplepoint temperature,
a part of the branch ¢ ¢y fy will fall outside the line for B,
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5. Fig. 9 represents the most interesting part of the projection of
the p-t-z-space diagram on the p-T-plane for the case that the plait-
point curve meets the solubility curve, as with ether and anthra-
quimone. In this fig. the possibility has moreover been assumed,
that the second plaitpoint temperature ¢, of a saturated solution lies
above the triplepoint temperature ¢,. Fig. 10 represents for this.case
the p-a-sections corresponding with the temperatures 4, and #, (see
fig. 9).

The section for ¢, differs from the second section in TFig. 2 only
in this, that the liquid branch passes continuously into the vapour
branch with the point K as plaitpoint. If we now pass on to lower
temperatures, the downmost three phase pressure becomes smaller
and the upmost greater, while the plaitpoint pressure diminishes. In
consequence of these last two changes the points ¢, ¢ and K get
nearer and mnearer to each other, and when we have descended to
the temperalure ¢,, the points ¢, ¢ and A have coincided orin other
words the upmost three phase pressure has become a plaitpoint
pressure; this circumsiance is accounted for in the p-g-section, corre-
sponding with the temperature ¢, (Fig. 10).

At the temperature i, the triplepoint temperature, for which no
p-z-section is drawn here, because it immediately follows from that
for ¢,, the remaining downmost three phase pressure has become
triplepoint pressure, and the points ¢, ¢', and ¢, have coincided.

Below this lemperature the p-z-sections over a certain temperature-
range consist only of a solubility isotherm of the shape of ¢, ¢ f,
in Fig. 10, as has been discussed before.

That the casc assumed in Fig. 9 is not often to be realized, is
obvious, but that it is a possible case, is, in my opinion, not doubtful

Amsterdam, June 1905. Chemical Laboratory of the University.
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Physics. — “Contribution to the knowledge of the pa- andl the pT-
lines for the case that two substances enter inio a combination
which s dissociated in the Liquid and the gasphase” By Dr.
A. Swrs. (Communicated by Prof. J. D.' van per 'WakLs).

The purpose of the following paper is to give a connected repre-
sentation which is in logical connection with the p,,¢-diagram which
bas been recently drawn up by Bakmurs Roozesoom and in which it is
assumed that only the components can occur as solid phases, for the
most Importani particulavities of the equilibria between a vapour,
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