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and les in the plane ([F,s,"). Both component parts are variable.

There ave apparently five more systems equivalent to this, each
determined by a pencil (6%) and a pencil (/).

The locus of the conics d* is therefore also here of ovder ten.

The surface 4 appears to be-of order eight; it has d,, as quadruple
straight line, each of the siv straight lines s as nodal lines. For if
the complete intersection of two surfaces 4 is considered, it appears
that the order a is to be found from the equation 4* — 3z —40=0;
hence z = 8. g

In a plane @ a cubic involution possessing one singular point of
order four and six singular points of order two is determined .by
this (0] It has been described in § 14 of my paper quoted above.

Chemistry. — “Equilibria in Ternary Systems” XVIIl. By Prof.
SCHREINEMAKERS.

In the previous communications here and there some equilibiia
between solid substances and vapour have been brought in discussion
alveady ; now we “will consider some of these equilibria more in
detail. We may distinguish several cases according as /" and G are
unary, binary or ternary phases.

I. The equilibrium /- G; [ is a ternary compound, G a
lernary vapour.

The equilibrium £ -+ G is monovariant (P and 7" conslant), this
means that the vapours, which can be in equilibriam with solid Z
are represented by a curve. In order to find this carve we construct
a cone, which touches the vapourleaf of the &surface and which
has its top in the point, representing the & of the solid substance /.
The projection of the tangent cwrve is the curve sought for, viz,
the saturationcurve (£ and 7’ coustant) of the substance #. From
this deduction it is apparent also, that this curve is circumphased
and that we cannot construct from F a tangent to it.
~ The equilibrium F - ¢ is determined by :

2z, 22,
Zl"l‘(“'—’mt)ﬁ"}‘(ﬁ"yi)gy_: N ¢
“1- 1

When we keep P and 7" constant in (1), it determines the vapour-
saturationcurve (P, I') of . When we assame that in the vapour
the compound /" is completely decomposed into its components and
that the gas-laws are true, (1) passes into:

alog s, + Blogy, + (1—a—pP)log (-, —y)=C . . (2)
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or: .

a2y fl—a,—yP—~-8=C . . . . . (20

wherein C and C, are independent of P and 7. When we intro-

diice the partial vapour-tension :

_PA:'&'IP, Pp—=y P and Po=—(l—az,~—y,)P

then (2) passes into:

alog P4+ Blog Pg+ (1—a—3)log Pc=C . . . . (3)

or: / '
Py.PrPiP=c,. . . . . . . (B

When we keep the temperature constant, it follows from (1)

[(‘Ul_‘“) ! + (yl_‘ﬂ)sd d""'x + [(‘?"1—"1) $q + (yl"“ﬂ)tl] dy1 =
v, o7, S )
= [Vl——v + (a——wl) *a—l + (B—yl) T:I aP
"Ul cy]

We call [ the distance from F to a point (e, y,) of the vapour-
saturationcurve ; we take d/ positive in such a direction that /
becomes larger. Then we have:

A ds, _ dy,
4 —_wl_a_—yl"“ﬁ.

When e substitute these values of dw, and dy, in (4) and when

we represenl the coefficient of dP by AV, we find:
1.AV,.dP
(@,—a) r, + 2 (z,—a) (v, —B) &, + (7.—8) L,

Herein AV, is the increase of volume when 1 mol. solid F
sublimates into such a large quantity of vapour that the composition
does not change. It follows from (3): each point of the vapoursatu-
rationcurve moves on increase of pressure (4P >0) away from
F (dl > 0) and on decrease of pressure (dP<0) towards I
(dl<0). We may express this also in the following way: on
increase of pressure the vapoursaturationcurve extends itself, on
decrease of pressure it contracts.

In a similar way we find: on increase of pressure the vapour-
saturationeurve contracts, on decrease of pressure it extends.

When we keep the temperature constant and when we lower the
pressure, then the vapoursaturationcurve shall, as it contracts, reduce
itselt under a definite pressure to the point /. The solid substance F'is
then in equilibrium with a vapour of the composition J or in other
words : the solid substance J7 sublimates. To every temperature 7’
consequently a definite pressure P belongs, under which F subli-
Jnates. When we draw in a P, T*diagram ‘the temperatures and the

dl =

()
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corresponding sublimation-pressures, we obtain the sublimationcurve

2 of the substance F. [Confer for instance carve aK in fig. 3 (III)].
Previously we saw that this eurve ends in the uppermost .sublima-
tionpoint K ; at higher temperatures viz. is formed solid X -} liquid
-+ vapour. When the formation of liquid fails to make its appear-
ance, this curve may be extended of course.

II. The equilibrivm F+4 G; F is a binary compound, G is a
ternary vapour. .
* With the aid of the vapourleaf of the S-surface we find that the
vapours, which can be in equilibrium with solid #, form again a
curve. When F is a binary compound of B and C, this vapour-
saturationcurve has two terminatingpoints on side BC; the point F'.
is always situated between these two terminatingpoints. Therefore
we call this curve circumphased again. Consequently the binary
compound can be in equilibrinm with a series of ternary vapours and
with two Dbinary vapours, consisting of B and C. The equilibrium
is determined by (1) when we put herein ¢=0. We find from
this for the vapoursaturationcurve:

[‘7"1 £ + (.7/1_6) 81:[ d‘”1 + ['7"1 & + (,1/1""5) t:] dyl =0. . (6)
[We find this also from (4) by putting herein ¢ = 0 and dP = 0].
For a terminatingpoint of this ¢urve on the side BC is #, = 0 and
Lim 2, v = RT; the tangent in this terminatingpoint is conse-
quently fixed by : y
(C_@_l) — RT + (.7/1_6) 5y _ __.’/1 (1'—'.7/1) + .7/1"_5
dz

3‘1—=_0 ((y—B) ¢ B h—>8 @

The first expression is generally applicable ; the second only when
the gas-laws hold good.

The rules mentioned sub I apply to the movement of this curve
on change of P or of 7. .

In a similar way as we have acted in I, we find also liere, that at
each temperature a definite pressure exists, under which the vapour-
salurationcurve reduces itself 1o the point F; this pressure is the
sublimation-pressure of the binary compound F. Therefore we may
draw in a P,7-diagram a sublimalioncurve of F.

11J. The equilibrium '+ G'; F is one of the components, G is
a ternary vapour. .

‘We find that the vapours, being in equilibriumn with solid #, form
again a curve. When F is the component B, fthis vapoursaturation-
curve has two terminatingpoints, the one on side BA, the other on
side, BC.t The companent. B can, therefore, be in. equilibrium. with

1
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a series: of ternary-and:with:two. binary vapours. The:one binary '
vapour contains B and C, the other B.and A.The equilibrium is
determined by (1) when we put: herein ¢« =0 and 3=0. The
rules mentioned above, apply again to the mevement of this curve
on change of P or of 7. The same as in thercase I applies to the
disappearance of the vapoursaturationcurve in .point /3, {o the subli-
mation-pressure and to the sublimationcurve of B.

1V. The equilibrium /4 /" 4 G; G is a ternary vapour.
We distinguish herewith two cases. according as the solid sub-
stances together contain the three components or not.

1. /7 and [ contain together the three components.

The line I'F" ' consequently is situated within the triangle; of
course this is always the case, when one of the substances or both-
are ternary compounds. It may however be also the casec when both
substances are binary compounds and even .when one of those is
one of the components.

The equilibrinm # -+ /" 4+ G is, under a constant P and at a
constant 7. invariant; this means that at a given temperature and
under a given pressure the vapour has a fixed composition. We may
understand this also in thefollowing way. We imagine under the
given P and at the given 7' the vapour saturationcurves of F and
/" to -be drawn. These may either intersect one another or not;
they can touch one another as transition-case. When they do not
intersect one another, no vapours exist; when they intersect one
another, two vapours (7, and G, exist, which may be in equilibrium
with £ F”, both these vapours are situated on the two sides of
the line FF”.- The points F, F”. and » may be situated with respect -
to one another in three ways: ,

A. The point r is situated between J' and #”; consequently the
two curves touch one another outwardly in .r. Consequently the
reaction F 4 F' > G may occar. When we. bring # and F’ into
a space, a part of each of these substances evaporates in ovder to
form the vapour . We call this a congruent sublimation of F' 4 F,

B. The point /7 is situated between I and »; both the curves
touch one another in 7, consequently externally; the vapoursatu-
rationcurve of /" surrounds that of F”. Consequently the reaction
F' 2 F+ G may occur. When we bring & and F’ into a space.
then, in order to form the vapour (. only a part of /7 shall eva-
porate, while -at .the same time solid /' is separated. In order to
obtain the equilibrium £~ I" 4 (#, consequently we have only to -
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bring a sufficient quantity of 77 into a ‘space. We call this an in-
congruent sublimation of I 4 7.

C. The point F is situated between /" and ». This case is exactly -
analogous with the previous.

D. As transitioncase between A and B (or C) point r coincides
with F” (or F). We shall vefer to this later. '

When we lower the pressure below P, the points of inter-
section disappear. In the case, mentioned sub A4, then the two curves
are situated outside one another; the equilibria I'-} G and /" 4 G
then both occur in stable condition. On further decrease of P these
curves disappear; that of /7 under the sublimationpressure 'of 7,
that of Z” at the sublimationpressure of F". -

In the case B the two curves touch one another internally in r;
further the curve of F” is surrounded by that of #. On decrease of
P Dboth the curves contract and then two cases are imaginable.
When in the vicinity of » carve J contracts more rapidly than curve £,
two points of intersection arise; when, however, curve F” contracts
more rapidly than curve F, curve F” happens to fall completely
within curve F. In order to show that only this latter is the case,
we apply (5) to the point of contact » of the two curves. When
we represent Fr by [, formula (5) is true for curve . When we
represent [”r by [’, then for curve F” a formula (5) is true, in
which 7, « and 8 are replaced by [/, o and . Asthe valueof AT,
is very approximately the same in both the formulae, the relation
dl:dl’ =10:1 follows. This means: on change of P the velocities
of the two curves in the vicinity of their point of contact are in
inverse ratio to one another, as the distances from r to F and F".
In the case, now under consideration, ({ > I’) curve F” consequently
moves in the vicinity of the' point » more rapidly than curve /.
On increase of P consequently two points of intersection arise; on
decrease of I these points of intersection disappear and curve [
is completely surronnded by curve Z. The equilibrium # - G oceurs,
therefore, in stable condition; the equilibrium F” 4+ G can occur
only in metastable condition.

When we lower the pressure still further, firstly curve £” disappears
and afterwards curve ['; consequently the sublimation-point: of the
substance F” is metastable. In the case 4, F and F’ may both
sublimate without decomposition; in the case B only F sublimates
without decomposition, while F” converts itself into F 4 G.

As to the case /3 analogous considerations apply to the case C.

From the previous considerations among others the following can
be deduced: To each temperature 7 belongs a definite congruent or
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incongruent sublimationpressure of F - F”. This sublimationpressure
is higher than that of each of the substances /' and /" separately,
independent of whether both or only one of them has a stable
sublimationpressure. ‘

When we draw in a P,7T-diagram the temperatures and the cor-
responding sublimationpressures of F, F’ and I 4 I, we obtain
three curves. In fig. 1 (VII) «X is the sublimationcurve of £, a’K’
that of # and a"D that of F 4 A”. According to the previous
curve a"D must of course be situated higher than the curves aX
and o'K’. Formerly we saw that these curves terminate in K, X’
and D; when the formation of liquid fails {o come, we can pursue
them further.

In the case A the curves alf, a’K’ and a"D can be realised in
stable condition; for this we must bring into a space solid F, or
I or F}+ I and we must take care that the solid substances are
not evaporated completely. In fig. 1 (VII) a’K’ is situated above
aK, the reverse can of course be the case also. i

In the case B only the curves «/ and @"D may be realised in
stable condition, for this purpose we must bring into a vacuum
I or F- F'. When, however, we bring [ into a space, then
solid #” -+ vapour F” is not formed, but in more stable condition
'+ I’ 4 vapour. Consequently we do not determine the sublima-
tioncurve o’K’ of F’, but that of F -+ F”, therefore, curve a"D.
We would be able to determine the curve «’K’, only when the
reaction £’ — [+ G failed to come. Further it is apparent that

~curve a’K’ must be situated higher than aX.

Analogous considerations apply to the case C as in the preceding
case B. ' )

In the transition case D we assume that r coincides with .
While the cases 4, B, and ' may occur at a series of temperatures,
D occurs ai a definite temperature only. In order to understand
this, we imagine the vapoursaturationcurves of F and F’, which
touch one another in a point » on the line F/V. When we change
the temperature, we must also change the pressure, in order to let
the two curves touch one another again ; their point of contact
however, shall also get another place on the line F7”. Consequently
on change of 7' not only the sublimation-pressure of /' -+ £, but
also the composition of the vapour r changes. As, therefore, the
point » shifts on change of temperature along the line £/, it may
coincide at a definite temperature with /”. The vapoursaturation-
curve -of I is reduced in this case to the point F” and that of 7'
goes through the point /. The pressure corresponding with this
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temperatare: is consequently the sublimationpressure of F”. Thereford-
we find: » can coincide with /7 the equilibrium /4 F + G .~
passes then into I+ - vapour F”. This can only be the case at
a definite temperature and under a corresponding pressure ; this,
pressure is the sublimation-pressure of F’. ~

In the P,7T-diagram the sublimation-curves of I 4 F’ and of F’
have, therefore, a point in common with one another, as the first
curve is situated generally above the second, the two curves touch
consequently one another in this point. We may express this also
in the following way: when in the concentrationdiagram the com-
mon point of contact of two vapoursaturationcurves goes through
F”, then in the P,T-diagram the sublimationcurves of /' -+ F” and /"
touch one another.

This point of contact divides both the curves into two parts. At
the one side of this point on the curve of /- F’ congruent subli-
mation takes place and the curve of /¥ is stable; at the other
side of this point on the curve of I'-- F” incongruent sublimation
{akes place and the curve of F’ is metastable.

2. F and F” contain together two components only.

The line FI” coincides, therefore, with one side of the triangle.
This is always the case when both the substances are components ;
it may yet also be the case when one of them or both substances
are binary compounds. The previous considerations sub IV. 1. apply
still also now, with slight changes however, which we shall indicate
briefly. Firstly we take (at 7’ constant) a pressure, under which
the two vapoursaturationcurves intersect one another. The two curves
have, however, one point of intersection now, so that only one
equilibriom F -4~ ¥ 4+ G occurs. When we assume, for fixing the
ideas, that Z" and F” coutain together the components B and C,
this point of intersection moves on decrease of pressure towards the
side BC, in order to fall on the side BC under a definite pressure
P,. As r is now a binary vapour, the equilibrium F4 "+ G, is
binary; P, is the sublimationpressure of F - F”.

Although F, /' and r are situated on a straight line, yet the
two curves do not touch one another in this point 7 in this case;
this is, as we have seen above, indeed the case when 7 is situated
within the triangle. The cases 4, B and C of IV.1. apply to the
position of the points F, " and » with respect to one another.

On further decrease of pressure the two curves contract, the
same as is described in IV.1 applies to their position with respect
to ‘one another, the considerations given there about the sublimation-
curves-remain also valid here.
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It follows immediately from the direction of the tangeni which
is detetmined by (7) that, as has been said above, the two curves do
not touch one another in the point » on side BC. As this direction
depends not only on -y, but also on B, and as 3 is different for
F' and F, the two tangents do not coincide. ’

V. The equilibrium F -4 F* 4 F" 4 G; G is a ternary vapour.

We may also distinguish here two cases, according as the solid
substances contain together the three components or not.

1. F,F and F" are not situated on a straight line.

As the three components occur in four phases, the equilibrium is
monovariant, consequently at each temperature it exists under a
definite P only and also the vapour has a definite composition. We
can understand this also in the following way. We imagine the
vapour saturationcurves of F, I’ and F" to be drawn for any 7 and
P; it is evident that as a maximum six points of intersection
can occur. Now we change the pressure, while the temperature
remains constant; a definite pressure /°, will occur, under which the
three curves go through one and the same point ». Conseguently
the equilibrium F-4/"4+F"4-G occurs under a definite pressure
P, and the vapour G has then the composition u. As each curve
intersects each of the two other curves in {wo points, P, is higher
than the sublimationpressure of the three pairs of liquids : /- /", F4F"
and /7 4+ F". Consequently we find: the sublimationpressure of
F+ I+ F" is larger than that of #' I,/ 4+ " and £ - #"'
and, therefore, also larger than that of £, I, and F”.

Now we can distinguish thrée cases, according to the position of
w with respect to the solid substances.

A. The reaction /' 4 F' + F 2 G occurs. When we bring,
therefore, the three substances into a space, a part of each of these
substances evaporates in order to form the vapour . Consequently
we have a congruent sublimation of F -} F" 4+ F'.

B. The reaction /4 " 2 F*' 4+ G oceurs. When we bring I, 1"
and [’ into a space, consequently, in order to form @, only a part
of /7 and I" will evaporate, while at the same time solid /"’ is
deposited. In order to obtain the equilibvium F 4 F’ 4 "' + @,
we have, therefore, only to bring a sufficient quantity of /- F”
into a space. Consequently we have an incongruent sublimation of

F+F 4+ 7.

C. The reaction ' 2 F" 4 "' 4 G occurs. When we bring the
three solid substances into a space, then, in orvder to form the

vapour (, only a part of /' will evaporate, while at the same

84
Proceedings Royal Acad. Amsterdam. Vol, XVII,
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time solid /" 4 F’’ is deposited. In order to obtain the equilibriam
F+ F 4+ F" 4 @, consequently we have only to bring a sufficient
quantity of /7 into a space. We have, therefore, again a congruent
sublimation.

D. The vapour G is represented by & point, which is situated
with two of the solid substances on a straight line. We shall refer
to this later.

When we change the temperature, then also the sublimation-
pressure of [+ F" 4 I’ changes, consequently in a P,T-diagram
a sublimationenrve of I I 4 J"/ may be drawn. Herein the
sublimationcurve of 17 J¥ - F’’ is situated higher than that of
r+r, F4+F’ and [ 4 I/, that of F'—- /7 higher than that
of I and F, that of # - /"’ higher than that of £ and /"’ and
that of JF - F”’ higher than that of // and I”’. Of these seven
curves, several may represent metfastable conditions. To each of
these sublimationcurves applies:

aP LW
TN @

Herein ATV is the heat, which must be added, AV the change
of volume, when a reaction occurs under a constant P and at a
constant 7’ between the phases, which are in equilibrinm. When
the gas-laws are valid (8) can also be written in another torm

We can represent the sublimationcurve of F -+ F' - F"’ also in
the concentration-diagram. At change of 7' we change viz. not only
the sublimationpressure, but also the composition of the vapour G
(point ). The point « consequently traces a curve in the concentra-
tion diagram, the sublimationcurve, of [I'-+ F' -4 I"/. With each
point of thls curve a definite 7' and P couespond s

When this curve intersects one of the sides (or, 1ts prolongation)
of the threephase-triangle I'F'I"’, the nansmonease mentioned sub D
occurs. We assume that this point of mtexsecnon 1 18 smlated on the
line Z'I". Consequently a definite temperature 7% and a deﬁmte pressnre
P, belong 1o this point . When we imagine the vapoulsa.turatlon—
curves of #, I and I’ to be drawn, it is apparent that those of F
and /" touch one another in the point u. Consequently the pressure
P, is the congruent or incongruent sublimation-pressure of ' I
belonging to the temperature 7. Inthe P,T- dlagram the sublimation-
curves of F-4 F + ' and F-+F will therefore, touch one
another at the temperature 77,. Consequently we find: when in the
concentration-diagram the sublimationcurve of 17~ Vas =+, - intex-
sects the line AF’, then in the P,T- dlagram the subhmatloncurves
of F+F + F'' and F -+ F' touch one another in the P, Tdmgm,m.

-10 -
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We may also imagine the, case that the sublimationcurve of
4 " 4 F' goes casually through the point /7. We see easily
that then in the P, 7T-diagram the sublimationcurves of 7 +T’+F”,
4+ I, '+ F" and F touch one another.

The sublimationcurve of /- /4 I’ ends when a new phase
A occurs; X can be a solid substance or a liquid. This equilibrinm
P+ 1" -4 4+ X+ G .is invariant; it exists, therefore, only at
a definite 7" and under a definite P. In the P, T-diagram it is con-
sequently 1eplesented by a point, the quintuple point. Five quadruple-
curves proceed from this quintuplepoint, the position of these curves
and of the.threephase regions with respect to one another is fixed
by definite rules and is dependent on the position of the five phases
in the concentration-diagram. ?)

2. F, I" and I ave situated in a straight line.

We distinguish, with respect to the position of this line FF’F"
two cases.

A. The substances together contain the three components, the line
LI F" is, therefore, sitnated within the components-triangle. In order
to find the vapour, which is in equilibrium with F4- #" 4 I, we
may act in the following way. We represent the §’s of the solid
substances [, I’ and F" by £, F\' and F,". As F, I" and F"
are situated on a straight line, /), F,' and F|" are situated in a
vertical plane, but generally not on a straight line. Consequently
the equilibvium £+ F' 4 F" cannot occur and of the equilibria
-+, F+ F" and F' 4+ F" two (one) are stable and, therefore,
one (two) are metastable. Now we take a definite P and 7T'; we
keep the temperature constant and we change the pressure; under
a definite pressure the_ points /), F,' and F," fall then in a straight
line, so that the equilibrium # -4 F’ 4 I occurs.

When this line is sitnated below the vapourleaf of the &-surface,
then the equilibrium F 4 F” 4+ F" is stable; we can construct then
through this line two tangentialplanes to the vapourleaf; we call
uw and v the projections of the two points of contact. These points
u and v are situated on either side of the line "I, At the assumed
temperature consequently a pressure P.—= P, exists, under which
occur the equilibtia: F-LF - F", F+F 4+ F'+ G, and
F4+F 4+ F'+ Gy

Generally the vapoursaturationcurves of F, I’ and F" intersect
one another in six points; it is apparent from the previous that

1) F. A. H. Scuremenaxers, Die helerogenen Gleichgewichte von Baxmuis Roo-
ZEBOOM, 11}, 218—248.

84*
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they intersect one another under the pressure P, = P, only in two
points, viz. % and v. It follows from the intersection of these curves”
that the pressure P, = P, is greater than the sublimationpressure of -
F+F, F4F" and 17 4+ F".

We have seen above that at each temperature a pressure P, = P,
exists, under which the points /7, /)’ and /", fall in a straight
line. When this line is situated below the vapourleaf of the &-surface,
the equilibria: 4+ F + F" F+F + F"+ G, and F+ 7 4
+ F"4- G5 occur in stable condition. When this line is situated
above the vapourleaf or when it intersecis the vapourleaf, then the
equilibrium /' £ -+ F" is metastable and the equilibria /' + I 4
~ F" 4 G are impossible. As transition-case this line touches the
vapourleaf at a definite temperature 7 and under a corresponding
pressure P, ; the projection » of the point of contact is sitnated on
the line FI"F". The vapoursaturationcurves of F, /' and I touch
one another at this temperature and under this pressure consequently
in the point #. In this transitioncase the vapourpressure is P, there-

{ore, not larger but equal to the sublimationpressure of I /7,
F+ F" and I+ F".

When we bring the three substances at a given temperaturc into
a space, then vapour is formed, the’composition of which is repre-
sented by a point of the line FF"F". 1t is apparent from this that
the equilibrivm F 4 F' 4+ F" 4 G, (or (,) cannot arise in this
way, unless casually the temperature 75 was chosen. Therefore, we
shall not call the pressure P, = P, the sublimationpressure, but the
equilibriumpressure of 7+ F’ -+ I'". When we bring together the
three solid phases into a space, generally, therefore, one of them
will disappear ; then one of the equilibria /' " 4+ G, F++F"4+@G
or "+ F"+4 G is formed. Then the pressure becomes also not
the equilibrium-pressure P, = P, but one of the lower sublimation
pressures.

We may. draw the equilibvium F - F” + F" 4+ G as well in
the P, 7, as in the concentrationdiagram. When we draw the com-
positions of the vapours G, and @, in the concentrationdiagram,
the points « and v trace a curve on change of 7. Definite T'and P
correspond with each point of this curve. At the temperature 7,
the points % and v coincide in the point » of the line FF"JF". This
point » divides the curve into two parts; with each point u of the
one branch viz. a point v of the other Branch corresponds and

-in this way, that a same 7" and P belong to these points. Hence
it follows that along this curve in the points, 7'and P (consequently
7, and P,) are maximum or minimum.

-12 -
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-

In order to examine this more in detail, we take the conditions

of equilibrium for F 4 F’ + F" 4 G they are:
Z, —}(a—’cl) -yl)%_—g-_:o. N ()]
3 0y,

and still two of such equatlons wherein the magnitudes, which
relate to the solid substance F#, have been replaced by those of
F' and I". With the aid of (9) we may write them also in this
way:

w—ah + (8 — H% +P—5=0 . . . (10)

and

07, 0z,
(@—d)5=+@—f) 5> +§—5=0 . . . (1]
.’Ll yl,

The conditions (9), (10) and (11) are generally valid, when /7,
F' and F" ave situated on a straight line, we have
B—8)ile—d)=B—8):(la—d)=pn . . . (12)
It follows from (10) and (11) with the aid of (12) that: .
@ — )5+ (a —a)8 + (@ —a)§'=0. . . . (18
This equation (13) is at the same time the condition for the
occurrence of the equilibrivm F 4 F” -+ F". It is apparent from
this, thereiore, as has already been found above, that the equilibria
F4+ P4 F" and F+ F 4 F'"4 G occur at the same 77 and
under the same P. From (13) follows:
dH _ (a"—d)p+(a—d '+ (d—ay" AL AW
ar (¢"—a)o +(a— "W 4 ('—a)v" TAV T TAV
which is true as well for the equilibrivm F - £ 4 F" as for
F4+ F + F'"4 @ The meaning of AH, AW and AV is easily
seen. When we choose the reaction in such a way that AW is
positive, then AV may be 20. The equilibrium #4 F'-+ F'"+ @
is fixed by (9), (10) and (14). Now we shall consider it in the
point r: the point of intersection of the equilibrium-curve with the
line FF'F". In this point:
E—8):le—a)=@—y):le—w)=p . . . (149

when we develop (9) into a series, we find:

V.—v I, —
(r1+us,)da;1-|-(sl-k-ut,)dy,—}—( — A) dP— (*T?;—-I"B)dT‘[" /
= 0 )as, *+(———+D)do dy,+ (15)

o—- L
~ -H(— )%W-R =0. -
a\—.’u, .

(14)
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It tollows from (10) that:

P "
(v, 4 ps,Yda, 4 (s, -ty )y, + (i——i, + A) dP— (7——-——‘ 71’ +B)CZT—{-—
¢—ca a—a
Fo . (16)
+4Cda*~+Ddw,dy, - $Ldy,* - - -

=0
—aQa

We may easily calculate what is represented in (15) and (16) Ly
A, B, C, D and E. R and R’ contain only terms which are in-
finitely small with respect to those, which have been written down
already. When we subtract (15) from (16) and when we put for
the sake of abbreviation: .

§ rda® -}-sd?,d‘/l—}—%tlclylz:K PSP § V)
then we find:

4 'V‘__ ! H’___ .
( LI )dP (__17 W ") ar— 5 —p as)
a—z, oa—d a—uz a—d u—z,

Herein R" contains only terms which are infinitely small with
respect to dP,dT,dz®, de, dy, and ey,’. Now between the phases
F, F" and G we imagine a reaction to take place, at which the
unily of quantity of vapour is generated. Let AV, be the increase
of volume, AH, the increase of entropy at this reaction. When we
put as first approximation in (18) R"=0, then follows:

AV, .dP—AH, .dT=K . . . . , . (19)

Hence follows with the aid of (14):

LH
AV, is a thousand times larger than AV; consequently the
coefficient of dP is generally positive; it is apparent from (17) that
K is also positive. Thezefme we find dP >0 or: the pressure is

(AVI L4, AV)dP K . . ... (0

AV
a minimum in r. As clT =7g dP, dT'is Z0; consequently the

temperature is in » maximum or minimum.

Now we consider the P,7T-diagram. The equilibrium jf—}—F’—}—F"
1s represented by a curve; as on this curve the conversion of one of
the solid substances takes place into the two others, or 1evelsa113,
we call this carve the conversion-curve. It follows from (14) that
on increase of 7 the pressure can as well increase as decrease.
The equilibrium-curve /' F' - F"-- G coincides with the conversion-
curve; it covers this curve, however, only partly. As the pressure
is a minimum in ifs terminatingpoint », it proceeds starting from ¢
towards higher pressures, Through this point » moreover go the

-14 -
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sublimation-curves of £+ F’, F4 F" and F" - F'’. 1t is apparent
from (8) that these three curves do not touch one another in », but
they intersect one another. According to our previous considerations,
these curves, except in the point », are always situated below the
equilibrinvm-carve F - F 4 F'’ -+ (. Further it appears that at
the one side of the point # two of these curves represent stable
conditions, cn the other side one of these curves.

Consequently we find: in the point » five curves come together,
the conversion-curve (I 4+ F 4 F'’) and the equilibrinm-curve
(F+ F' + F"" 4 @) of which coincide. This last curve ends in r;
the four other curves go throngh this point; the point » divides
these curves into two parts, the one of. which represents stable con-
ditions and the other metastable conditions.

We find these results also in the following way. We may consider
the equilibvium F -+ B’ 4+ F"" 4 G, when @ is represented by a
point of FF'F'/, consequently it is invariant and it can be represented
in the P, T-diagram by a point ». Therefore, through » foor triple-
curves must go, viz. the conversion-curve (F -+ F’ 4 F'’') and the
sublimation-curves of F - F',F-+ F" and F' 4 F’. When we
consider stable conditions only, we may say that these curves start
all from » or that they end in r. The situation of these four curves
with respect to one another is fixed by a definite rule.') We may
determine the direction of these curves with the aid of the iso-
volumetric and the isentropic reaction, which can occur between
these 4 phases.?) Let the isentropical reaction be:

nF4+a P +2F'26 . . . . . . @)

wherein one or two of the coefficients 7, n' and n" can be negative ;
in the ordinary manner we must write the phases relating to that
in the right part of the equation. As the volume of the vapour (7
is very large with respect to that of the solid substances, the reaction
will take place from the right to the left with decrease of volume.
The equilibria, which are formed at this reaction {from the right to
the left) occur consequently under higher pressures. As we, in order
to get the equilibrium /4 F -+ /7, must cause the reaction to
take place from the right to the left, the conversion-curve (F4 £+ F")
will go consequently always starting from » towards higher pressures.
,This is in accordance with our previous considerations,

' 1) F. A. H. ScHREINEMAKERS, Z. {. Phys. Chem. 82 59 (1913).
F. E. C. ScurrreR, These Proceedings 21 446 (1912).
2) F. A, H. ScHREINEMAKERS, Die heterogenen Gleichg. von Baxuurs Roozk-
BooM, 1L, 219]—-220. .

¢
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We may also represent the isovolumetric reaction by (21), then

the coefficients will have another value. As at the reaction from
right to left heat can as well be given out as absorbed, the equili-
brium F+ F' -+ F'’ can, therefore, starting from » go as well towards
higher as towards lower temperatures.

Leyden, Anorg. Chem. Lab. (To be continued).

i

Chemistry. -— “Action of Sunlight on the Cinnamic Acids”. By
Dr. A. W. K. pE Jone. (Communicated by Prof. P. van
RoMBURGH).

(Communicated in the meeting of March 27, 1915).

Some time ago ') I communicated that allo-cinnamic acid is converted
in sunlight into «-, p-truxillic acid and normal cinnamic acid.

In a communication as to this photo-action in the Recueil®) I
drew, in connexion with the progressive change of the transformation
and also because the addition of normal cinnamic to the allo-acid
increased the quantity of f-truxillic acid, the conclusion that g-truxillie
apid was formed by the combination of one molecule of allo-acid
with one molecule of normal acid. .

For a farther study of B-truxillic acid it was of great importance
1o possess larger quantities of the same. ‘

The preparation may take place from the split off coca acids, or
from the allo-cinnamic acid that has been affected by sunlight.

The first process 1s tedious and, from a comparatively large
quantity of split off acids, it yields but a small amount of g-truxillic
acid.

In connexion herewith, attention may be called to the fact that
commercial cinnamic acid may often contain not unappreciable
quantities of B-truxillic acid which very hkely has got into itin the
preparation of the cinnamic acid from the above coca acids (both
acids possess calcium salts sparingly soluble in water). For instance,
a product called Ac. cinnamylicum puriss. D. Ap. V. contained 1.8°/,
and another labelled Aec. cinnamylicum synth. puriss 3°/, of g-truxillic
acid, whilst in the Ac. cinnamylicum purum of the same ,works,
occurred a trace. The p-truxillic acid, being the stronger acid, may
be readily separated from the cinnamic acid by dilute aqneous
sodium hydroxide.

1) Proc. 14, 100 (1911).

%) R. 31, 2568 (1912). Tt e
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