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The following papers were read:

Chemistry. — “The course of the solubility curve in the region of
eritical temperatures of binary miztures” ). By Dr. A. Swrs.
(Communicated by Prof. H. W. Baxuuis Roozrsoom).

The results of the experiments on eritical temperatures of binary
mixtures, which have been suggesied by the theory of vaN prr WaALs,
and {he completion of the pressure-temperature-concentration-diagram
for the equilibrium of solid phases with liquid and vapour lately
given by Barnuis Roozrsoom ?), made it probable that the pending

1) My first communication on this subject appearcd in Zeitschr, f. Elektroch.
33, 663 (1903).

%) Proc. Royal Academy Amsterdam 1902, 276.
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problemn of the course of the solubility curve of a solid in the region
of critical temperatures was-now capable of solution. i

It follows namely from the combination of the two concepiions
mentioned above, that the course of the solubility curve cannot show
anything remarkable, unless the least volatile substance (B) oceurs
a8 a solid phase and its nelting point lies higher than the critical
temperature of the more volatile substance (A) which for the sake
of brevity we shall call solvent.

We will now consider only the case when the two substances in
the liquid state are miscible in all proportions. Then there is in the
P, ¢, a-diagram a continued eritical curve, connecting the critical poinis
of the two components. Three different cases may now occur.

Fig. 2

A= Gas.

B3 = Unsaturated solutions. B = Unsaturated solutions.
( = Supersaturated solutions or Cc =Supersaturated solutions or
solid £ -~ vapour. solid B -}~ vapour.

Fig. 1 and 2 are p,{-projections of the representation in space,
a is the critical point of 4, b of B, while d represents the melting
point of solid 5. The line ad is the critical curve and cd the p, #line
for the three-phases equilibrium: solid JB--solution--vapour. Further
e is the vapour-tension line of liquid 4, fb that of liqnid 5.

Now the case of fig. 1 will occur when the solubility of solid B
in A is comparatively great. In this case the vapour-tensions of the
saturated solutions are rather small and so the curve c¢d lies totally
below the critical curve.

The line c¢d runs on uninterruptedly as far as the melling point
of B; the series of the saturated solutions of B is not interrupied
by the critical phenomena of the solution; the solubility curve shows
nothing remarkable. On the other hand the critical curve also goes
on uninterruptedly, the critical phenomena being only those of
solulions which are unsaturated of solid B,
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In the second case, fig. 2, I supposed the solubility of B in A,
even at the critical temperature of 4, to be still so small, that just
a little above it the line e¢d intersects the critical curve. Then such
an intersection takes place in two poinis p and g¢.

Now the critical- temperatures and pressures between ¢ and p and
between ¢ and § vefer to wnsaturated solutions. At pand g, however
where the p, -line of the solutions and vapours saturated of solid B
and the ecritical curve meet, the case occurs, when the saturated
solution is found at its critical temperature; for here the vapour-
tension of the saturaled solution iz quite equal io the critical pres-
sure and so saturation temperature and critical temperature must
coincide.

If we were to prolong the critical curve from p to ¢, we should
pass through the region of solutions and vapours supersaturated of
solid B. Hence critical phenomena will be possible here only provided
that the solid phase B does not occur. So this part of the critical
curve is metastable. L

To prolong the three-phascs-line between p and ¢, on the other
hand, is impossible, as will soon be evident.

A third case forming a fransition between fig. 1 and 2 would be
the following: the curve cd would touch the inside of the critical
curve in one point. The points p and ¢ would coincide at this point.
Hence the chance that such a case should oceur is extremely small.

A Dbetter insight than by the p, #-projections of the representation
in space is, however, given by the p, a-projections, especially when
these are combined for different temperatures as in fig. 3 and 4,
which has already been indicated by Prof. Baknuis Roozesoom ).
That is why I here add p, -projeections both for case 1 and for
case 2 and.in order to be able to construct from these projections
the entire ¢, x-diagrams also, I have given the projections starting
from the critical temperature of 4 up to the melting point of B.

The preceding pa-diagrams 3 and 4 correspond with the p, i-dia-
grams 1 and 2. Let us first confine ourselves to fig. 3. Al the
critical temperature ¢ of the subsiance 4, a¢ and ac ave the p,a-
curves for coexisting vapours and lignids (unsaturated solutions).
The points ¢ and ¢ indicate the saturated solution and the vapour
in equilibrium with it. Further for the same temperature g ¢ is the
P a-curve for the wapours and ¢f the p,.w-curve for the solutions
coexisting with solid B. According to the {heory of van pur WaaLs
ge and ¢f are’at bottom two portions of a continuous curve, which

1) Zeitschr, f. Elekiroch. 83, 665, (1903).
12%
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g
A x B 4
A4 =2Gas. 4 ==(as.
- B == Unsaturated solutions. B = Unsaturated solutions.
C = Supersaturated solutions or C == Supersaturated solutions or
solid B vapour. sohid B -} vapour,

has between ¢ and ¢ a part only parily to be realized with a
maximum and a minimum.

For a somewhat higher temperature the diagram is a little different,
because now the vapour- and lignid curve continuously pass into
each other with a critical point in @,, the vapowr-line ¢,e, being
shorter than al the former temperature. At rise of temperature this
vapour-line continnally deereases in length, until at the melting point
of B in the point d it has disappearcd altogether. Above the melting
point a saturated solniion is no longer possible and so there we
gel only a liquid- and a vapowrline with a critical poini in a,. If
we draw a line through the points «, a,, «,, @, and b, a second
through the points ¢, ¢;, ¢, and « and a third through the points
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¢, ¢,, ¢, and d, these lines indicate the said ¢, z-projections; ab is
the critical curve, c¢d the curve of ihe saturated solutions and ed
that of the vapours saturated with B. In accordance with fig. 1
the whole of the critical curve lies above the solubility curve; above
the ecritical curve-lies the gas-region and below the solubility curve
the region of solid B - vapour or of the supersaturated solutions.

After what precedes the connection beiween the fig. 2 and % is
easy lo see. -

The solubility of B in 4 at the temperature ¢, being small, the
vapour and liquid-lines a¢ and ac are short. Above ¢ ae and ac
again fluenily pass into each other and have already approached
nearcr {0 cach other, because the saturaied solution ¢, and the
coexisting vapour ¢, differ less from each other; a consequence
of this is that the lines g, ¢, and ¢, f; have also approached to each
other. At ¢, the first critical temperature of the saturated solution,
the solubility curve ce, p, the vapour-line ee, p and the critical curve
aa, p concur. This implies that at this temperature the curve g,p
for the vapour coexisting with solid B is the prolongation of the
curve pf, for the solution coexisting with solid 5. The same oceurs
at a greal many higher iemperatures.

That a conlinuation of the lines ¢p and ep is wnuginary, clearly
appears from this diagram, as the vapour- and the liquid-line, if
both were prolonged, would change places, which is impossible. )

Whereas from ¢, to ¢, saturafed solutions are absolutely impossible,
al #, the same phenomenon occurs as ab #,; here also the solubility
curve de,q, the vapour-line de,q and the eritical curve b, a, ¢ con-
verge and the critical phenomenon is observed with a saturated
solution.

At higher temperatures a convergence of the three curves can
no longer occur and in consequence all eritical temperatures
between 7, and ¢, just as belween ¢, and 7,, are critical temperatures
of unsuturated solutions. If between p and ¢ solution -+ vapour -
solid 3 be impossible, it is conceivable, as suggested before, that
we may succeed in* geliing supersaturqted solutiors and observing
their critical phenomena. In such a case the dotted critieal curve
if prolonged might be realized belween p and ¢, sothis dotted line
is metastable.

For a thorough knowledge of the phenomenon a p, «, -diagram
is most desirable and a », z, {-diagram indispensable. Both space-

) In the first conumunication, Zeitsehr. f. Elecklr. 33, 603, this point was not
sufficiently cleared up.
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represeniation I hope to communicate after some time and now I want
to point out only the fact,-that the point p, which is bound to a
certain concentration can be reached at only one very definite volume,
which holds true for g also.

By means of the v, 2, t-diagram it can also be made clear, that no line
can be drawn of a definite limitation between the region for solid B -
vapour and the region of unsaturaied vapours. In the region for
solid B -} vapour we have namely a system consisling of two com-
ponents in two phases, therefore a bivariant system wherein there
are numberless ways in which with vise of temperature the pressure
can be changed. Consequently it depends altogether on the volume
what course we follow at increase of temperature.

In order to test the discussed phenomena by an example I chose
for the substances 4 and B ether and anthrachinon. The eritical
temperature of ether is 190° hence it is rather low, mor is the
critical pressure high, namely =+ 36 atmospheres. It is obvious that
these two circumstances make the experiment much easier. Anthra-
chinon was chosen Dbecause this substance is very little soluble in
ether, its melting point lies 283° above the critical temperature of
cther and it is still very stable at its melting point.

The experiments ere carried oul in thick-walled tubes of 5 c.m.
length filled with weighed quantities of ether and anthrachinon. The
ether was free from alcohol and water; the anthrachinon was crystallized
from icevinegar. The tubes filled with ether and anthrachinon were
closed by melting while in a bath of — 80° (solid CO, -} alcohol)
and then hanged up in an air-bath with little mica windows. This
air-bath had been supplied with an apparatus, driven by a motor,
for keeping the {ubes constanily swinging. The temperature of the
bath could be kept constani within 1°.

In order to determine the solubility curve the temperature was
observed at which all the anthrachinon had been dissolved. In order
o determine the critical curve at very slow decrease or increase of
temperature this was noted down when formation of nebula occurred,
rvesp. the liquid phase disappeared. The average of the two tempe-
ratures was noted down in the graphical representation. If possible
the volume of the liquid was chosen in such a way, that on reaching
the critical temperature the {ube was nearly filled with liquid. Only
saluration- and erilical {emperatures for mixtures of definile concen-
{ration _being determined by these experiments, only a ¢, a-diagram
can of course be consirneted from them, which is given in fig. 5.

From a comparison with fig. 4 it is casy to see that the divection
of the two picees of the critical line and that of the line for the
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solutions saturated with solid B is quite conformable with the ¢,
a-projection in fig. 4. The point p lies at 195°, 95°/, ether and
5°/, anthrachinon. The point ¢ has, as regards the concentration,
not yet exactly been determined; I estimate it at 70 °/, ether and
30 °/, anthrachinon, the temperature lies at 241°.

In order to elucidate the very remarkable phenomena we found,
I shall more closely consider the case that we start from a mixture
of cther and anthrachinon composed of 45°/, ether and 55°/, anthra-
chinon (4 fig. 5) and slowly heat ihis mixiure. The quantity of
anthrachinon being so great and the volume rather small, we always
have below 195° excess of solid anthrachinon together with a saturated
solution and vapour. The concentralion of the saturated solution
at rise of temperature moves along the line cp. At abont 195° we
reach the first critical temperature of the saturated solution, when
more heat is added the solution disappears and we get solid anthra-
chinon -} vapour. Apart from the continually increasing evaporation
of anthrachinon all remains unchanged up to about 241°. Afi ihis
{emperature the critical phenomenon occurs again; whereas at p the
liquidphase disappeared, heve it is formed again *). On further rise of
temperature more anthrachinon is continually disfolving and along

1) The points p and ¢ can never be accurately reached in one experiment, a
very definite volume being required for every concenlration.
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ch we go to the point A, where at 247° all anthrachinon has
exactly been dissolved. If -we now inercase the temperature still
more we come into the region of unsaturaied solutions; from A
therefore, we go parallel to the 7-axis upwards to the temperature
350°, where the wnsaturated solution has reached ils critical tem-
pemture and all passes into the gaseous state.

The influence, which greatly diminishes the accuracy of Lhe results,
is the dependency. of the volume; the error created by it, is small
for the critical curve ap and for the solubility curve g, because
these curves have a rather slight curvature. For the critical curve Og
and especially for the lower part the possivle error in the concentra-
tion is rather greaf, so that the point ¢ is preity unceriain.

It seemed very interesting to me to investigate, whether or not it
would be possible to determine points of the metastable part of the
critical curve. I indeed succeeded to get between the temperatures
t, and ¢, a solution, which, as discussed before, was supersaturated.
A tube filled with 6°/; anthrachinon and 94°/, ether was heated in
ihe air-bath. The solution saturaled at the first critical temperature
containing only 5°/, anthrachinon, some solid anthrachinon was still
left above the critical temperature of 195°. At increase of temperature
always more anthrachinon passed into vapour and at last all had
become gas. Now, if I made the temperaiure fall rather quickly, no
solid anthrvachinon was deposited, which would have been normal,
but at 211° a mnebula appeared and a supersaturated solution was
formed. Then, when I made the temperature fall slowly, the solution
remained over a range of femperature of 9°. At 202° suddenly
a transformation appeared by which the solution passed into solid
anthrachinon and vapour and tihe metastable phase disappeared.
On subtracting more heat the formation of nebula once more appeared
at =195°, the first critical temperature of the saturaied solution, and
for the second time a liquid was formed, but now this liquid was
a stable phase. This phenomenon shows, that vapours are also possible,
which are supersaturated of solid and for their {ransition inlo the
stable phase choose a round-about way by another metastable pha,sc,
viz. a supersaturated solution.

I repeated the same experiment with a grealer anthrachinon-con-
centration; now the formation of nebula appeared al 2167, it is true,
but before a visible quantity of liquid had been formed, solid anthra-
chinon already was depesited. These two temperatures could fiot serve
to determine the metastable part of the critical curve, because the
vapour-space in the tube happened 1o be too large. So the lempera-
tures under observalion were not critical {emperalnros, -
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The results obtained enable me to somewhal elucidate a few dark
poinis occurring in literature. From the experimenis of Warpen and
CrntNErszWER') on  the solubility of KJ in liquid SO, up to 96°, it
is obvious that after one of the two liquid layers, which are coexis-
tent between 77°.3. and 88°, have disappeared, the solubility decreases
and at 96° amounts to no wmore than 0,58 mol. °/, KJ.

On account of this in their diagram they make the solubility
curve below 100° terminate into the Z-axis, as indicaled in fig. 6.
It is obvious, that this is not ecompatible with the theory given above,
the prolonging of the solubility curve as far as the f-axisis certainly
wrong. Most probably the same phenomenon appears with SO, and
KJ as with ether and anthrachinon; the diagram may be somewhat
different, the type, however, will be the same?). Hence it is not
improbable, that on prolonging the solubility curve up to higher tem-
peratures we should again observe an increase of the solubilily, so
that the divection up to_the first ‘eritical temperature of the satnrated
solution will be somewhat like that indicaled in fig. 7.

Fig. 6.
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Since 1880 many morce experiments have been made which point,
o the fact, that gases above their crilical state are able {o dissolve

—_—

1} Zeitschr. £ physik. Chem. 42, 456 (1903)

®) For the systéms SOy +DbJ and SO, -+NaJ the same holds leue. Zeitschr £
physik. Chem., 39, HhH2 (1002).
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liguids and solids "). ViLLARD e. g. found, that when he compressed
oxygen at the nsual temperature (17°) to =200 atmospheres in a
tube with bromine, this cvaporated in a much higher degree than
corresponded with the vapour-tension at the temperature of observation.
This could be observed becanse, while the oxygen wasbeing com-
pressed, the colour of the vapour grew darker and darker and because
bromine on decrease of pressure was deposited against the wall in
the form of little drops.

Fig 8. Prof. Baxuuis Roozusoow 2) has alveady given
an explanation of this phenomenon by means of
the p-w-loop, which applies to the said system of
oxygen—bronmzne at 17°, because this temperature
lies far above the critical témperature of oxygen
(— 111°) and also above the melting point of
bromine (— 7,3%).

According {0 Harrmann *) this p-a-loop has the
1 £ form, given in fig. 8. It follows from the great
A X x B yise and running back of the vapourline ERP,
that*the partial pressure of the vapour of B between E and > must
be much greater than the pressure in J/f. Though increase of pressure
alone is sufficient (0 increase the vapour-tension, the influence of
compressed gases is much greater in consequence of the solution of
the gas in the lignid.

It is clear that by increase of the oxygen-iension fotal evapomtlon
can be reached here, the region liquid 4+ vapour having for a cerfain
concentration of A given place to the gas-region.

With the systems CH,—C,H,Cl, CH,—CS,, CH,—C,H,0H ViLLARD
found the same phenomenon in an cven more siriking way. Also
with solids Vinuarp could observe an increase of the pamtial pressure.
The partial pressure of iodine was perceplibly increased by an
oxygen-pressure of == 100 almospheres, whereas wifh hydrogen a
perceptible increase didl mot occur until ai 200 & 300 aimospheres
At == 300 atmospheres methance dissolves very perceptible quantitics
of camphor and paraffine, even so much that on decrease of pressure
the dissolved subsiances crystallize in visible quantities against {he

walls of the tube.
At 300 atmospheres acthylene dissolves rather much J, which on

1) ITannay and Iocanri. Proe. Roy. Soc. 30, 178, (1880).

ViLLarn. Journ. de Phys (3) 5, 453 (189G).

Woep. Phyl. Mag. 41, 423, (1896). ‘
9 Die Helerogene Gleichgewichte 2, 99.
8) Journ, phys. Chem. 5 425 (1901).
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decrease of pressure is deposiled in erystals. Parafine strongly dissolves
in aethylene; so much so that nnder a pressure of 150 atmospheres
we can ake it evaporale alfogether. Stearine acid also easily dis-
solves in aethylenc, but not to such a high degrec as paraffine.

As yet we have not been able to explain the total evaporation of
a solid by a gas above its critical state, without an intermedinte
liguid phase; this is owing to the fact, that there was no suspicion
of the behaviour shown by the system ether and anthrachinon. If
we compare the figures 3 and 4 with each other, it is obvious that
it in fig. 3 we start from solid B and by compression of 4 at a
constant temperature we follow a course parallel o the a-axis from
right to left, a liquid phase will always appear first before we
come into the gas-region. This phenomenon observed by ViiLarp
in the system camphor-aethylene will also oceur in fig. 4 between
the temperatures ¢, and ¢, and between f, and ¢, so that this be-
haviour does not decide the type to which the system belongs.
Investigations al different {emperatures only would enable us to do so.

It is, however, quite different, when the solid evaporates altogether
without giving a liquid first. 1If this be the case we can dirvecily
point out the type; then it belongs namely to type fig. 4, for there
only it is possible when cominy from the region jfor solid B+vapour
o pass into the gas-region without an intermediate lguid-phase, as
long as we work between the temperatures t, and 1,.

Probably the systems aleohol 4 KI, KBr, CaCl, and CS, + I, ot
Hasway and HoeartH, ether-Hgl, of Woop and CO,-}+I, of ViLrarD
belong for the greater part to the type fig. 4.

That, as would follow from ViLnArD’s experiments, also the partial
vapour {ension of solids would be considerably inercased by relai-
ively slight pressures (100 & 200 aimosphercs) of an additional gas,
secins, however, possible to me only when the vapour-line of the
system solid-vapour can get a course similar to that of lignid-vapour,
which will probably be the case only when the added gas A dissolves
in the solid phase B. This point will soon be invesiigated by nie.

Chemical laboratory of the University.
/Y Y

Amsterdam, September 1903.
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