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data, we have to write everywhere, A and Iy, instead of x and y,
whence

_,__nlml x
= ontm jj)

The scale factors & and 2" can then be determined Ly putting
Aop en Apa =0

and the {wo unmixed means of the second order can be disposed
of for the determination of these constants:

1 1
o) = 5 en () = 5

If, further, we make the axes rotate about the origin so that they
coincide with the principal axes of inertia, then also 4;1 has to be
put equal to zero and the corresponding mean

fty (‘T’ y)
enables us to calculate the direction of the principal axes.
The series (30) then becomes :

+ AgoUs + A3 U3V + A2aUnVo + 4,30,V +
+ :’10_4 V4 —|— ENZ.

where all terms except the first represent the deviations from the
normal exponential law, the terms of odd degrece being a measure
of the differeni kinds of skewness, the terms of even degree of the
different kinds of symmeirical deviations.

Chemistry. — ‘“Liquilibric in quaternary systems.” By Prof. K. A, H,
SCHREINEMAKERS,

Let us first take the system with the componenis: water, eihyl
aleohol, methyl aleohol and  ammonium nitrate; we then have
al the ordinary femperafure one solid substance and three solvents
which are miscible in all proportions so that the resuliing equi-
libria avc very simple. The equilibria ocemring in this system
at 30° have been investigaled and are represented in the usnal
manner in Fig. 1; the angular points 1V, M, A and Z of the tétra-
hedron indicate the components: water, methyl alcohol, ethyl aleohol
and the salt: ammonium nitrate.

The curve we situated on the side plane [/4Z represents the
solutions consisling of water and ethyl aleohol and saturated with
solid salt; the curve wm represents the solutions of water and



methyl alcohol mixtures saturated with solid salt, whilst ma indicates
the solutions of mixiures of ethyl alcohol and methyl aleohol, also
saturated with solid salt.

The quaternary equilibria, namely the solutions of mixiures of
waler, methyl alcohol and cthyl alcohol saturated with solid salt are
represenied by the surface wina which we may call the satnration
surface of the solid salt 7.

It we introduce through onc of the sides for instance through
IVZ a plane such as the plane WZp all points of that plane
then represent phases containing the componenis 4 and A/ in the
same proporiion. This plane intersects the saturation surface along the
curve pg; this, therefore, indicates solutions saturated with solid
salt in which the relation belween methyl alcohol and ethyl alcolol
is constant.

The points of such a curve are easy to obtain; the two alcohols
are first added together so as to yicld a mixture represented by p
for instance; on adding varying quantities of water we oblain the
points of the line plV and on saturaling these solutions with the
salt the points of the curve ¢w are indicated.

In this manner different sections of the saturation surface with
planes passing through the side W./Z have been obiained.

In the system, water, methyl alcohol, cthyl alcohol and potassium
nitrate perfectly analogous equilibria occur; the saturation surface
for 30> in this system has becn determined by Miss C. pu Baar.

In the system : water, ethyl alcohol, ammonium mirate and silver
ntbrate the relations are somewhat less simple, for at 30° we have
two solid compounenis and one double salt: Ag NO,.NH, NO; the
equilibria oceurring at 30° are represented in TFig. 2. Whereas IFig. 1
is a perspective represcntation of the tetrahedron, Iig. 2 is a pro-
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jection on a plane parallel o lwo sides crossing each other, in
this case the sides: 1WA and AgWN, so thal in the projection, these
stand perpendicular to each other and divide each other in two.

The angular points W, 4, Ag and .V indicate the components
water, ethyl alcohol, silver nitrate and ammonium nitrate. The pro-
jection of an arbitary point within the (etrahedron on the projection
plane is easily indicated. TIf we take the line 4 as N-axis and
the line NAg as Y-axis of a co-ordinate system and if we take as
positive directions those towards 4 and 4y we find:

x=24=" Y — A_-q‘):iv

2 2

when A, W, Ag and N represent the guantities of alcohol, water,
silver nitrate and ammoninm nitrate indicaled by the said point
within the tetrahedron. l

[n this manner Fig. 2 has been deduced and it is readily noticed
that the eyuilibria are represenied by threc surfaces, namely ss,», 7,
r7,q,q and qq,p,p- The fivst surface is the saturation surfare of silver
nitvate, the second that of the double salt and the ihird thai of the
ammoninm nitrafe.
. The double sall is represenied in the fignre by the point D which,
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of course, must be situated on the hne Ay N. If the compositions
of the phases were expressed in mol.*/; D would fall in the origin
of the co-ordinate system; this is however, not the case as the com-
positions are expressed in percentages by weight. The curve s 5, s, 84 5,,
situated on the side surface IV Ay A is the saiuration line of silver
nitrale in water-alecohol mixtares; the solubility of this salt in water
(point ) gradually becomes less on addition of aicohol; the solubility
in absolute alcohol is represented by s,.

The saturation line of ammonium nitrate in water-alcohol mixtures
is represenied by p p, p, ps p,- It will be noticed thal the solubility
of ammonium nifrale in waler is much lessened by alcohol. The
cquilibria in the ternary system waler, silver nitrate and ammoninm
nitrate are represented by (he three saturation lines sr, ¢ and ¢p,
situated on the side sarface W Ay N; ¢ indicates the solutions satu-
raled with silver nitrate, ¢p those saturated with ammonium nitrate
and rg those saturated with the double salt. On drawing the line
WD this will be seen to intersect the saturation line rq of the double
salt; this is therefore soluble in waler without decomposition.

In order to study the equilibria in the quaternary system 1 operated
as follows. Instead of swater, I took a water-alcohol mixture con-
taining 41,8/, of alcobol and in this determined the saturation lines
or the silver niirate, ammonium nitrale and the double salt. As the
solutions all contained water and alcohol in constant proportion they
must lic in a plane passing thvough the side 4g N of the prism
and infersecting V4 in a point @ indicating, a 41,8 °/; alcohol. In
{his manner I found the threc safuration lines s, ,1¢, and ¢,p,
which therefore are all sitnated in the surface @ 4g &V : if the line
al is dvawn it will be noficed that this branch intersects r,gq,
showing thal the double salt is also soluble without decomposition
in dilute alcohol.

In a similar manner I determined the saturation line in wafer-
alcohol mixtures containing 71,23 and 91,3 °/, of alcohol; I always
found three branches in the figure; they are ropresented by s,1, , 2,9,
and q,p, and by sy, 7,q, and g;p,.

As the line 0D intersects the satnration line ¢,7,, the double salt
is soluble without decomposition in 71,23 °/; alcohol; with the line
¢D it is different; this no longer intersects the saturation line ¢,r,
of the double salt bul only that of the silver nitrate »,s, showing
this is decomposed by 91,3 ¢/, alcohol with separation of silver nitrate.

As the solubilify of the components in absolute alcohol amounts
to a few percent only, I have not investigated the ternary system
alcohnl — silver nitrafe — ammonium nitrate bul there is hardly
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any doubit that the solubility lines will give something as represented
by s,7,9,p, and the donble salt is bound to be decomposed by
absolnie alcohol with separation of silver nilrafe.

From the preceding il is .obvious that the following cquilibria
occur in the qualernary system: .

L - Ag NO; of which L is vepresented by the surlace: s+ 7,8,
L - NH, NO, » v o ’ T »  4PD.Y,
L -+ Ag NH, (NO,), m v on o » P  TaQTy
L+ sgNO;-+AgNH, (NOy), 5 o 4 » " sy curve: 77y
L+ NH,NO;+ AgNILL,(NOz), » 5 5 » noo v 4%

On looking at these equilibria several questions arise one of which
I will mention. If, for instance we know that in the ternary system
wader, silver nitrale, ammonium nitrate, of which both salls arve
anhydrous, an anhydrous double salt occurs at 30° we may ask
oursclves what equilibria will oceur if the water is subslituted by
another solvent such as aqueous or absolute alcohol.

It is impracticable to answer this question in its entirely ; if, however,
we argue that no solid phases are formed which erystallise with the
new solvent it becomes a fairly easy one. As a rule we can demon-
sirate that the same three saturafion lines will occur also in the new
solvent so that a solution saturated with the two components or
solutions saturated with another double salt cannot be formed.

Therefore, although the same double salt must appear in both
solvents, ils behaviour in regard (o the two pure solvents, may
however, be quite dilfferent and various cases may oceur; il may,
" for instance be soluble in both solvents withont decomposition or 1
may be that, as in the case mentioned, il is soluble in the one
solvent without and in the other with decomposition; or it may
dissolve in both solvents with decomposition. In the latter cvent we
may meel with {wo more cascs; it may be that the same component
is deposited from both solvents or it may be that one of the com-
ponents is deposited from the one and the other from the other solvent.

Similar equilibria occur also al 30 in the systems:
waler — alcohol — silver unitrate — potassinm nitrate
and water — alcohol — benzoie acid — ammonium bezoate.

In the firsl system occurs a double sall of silver nitrale and polassium
nitrate; in the latter, which is being investigated by Dr. 11, Finipro,
a combination of benzoic acid and ammoniam benzoale is formed.
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In the system: waier, alcohol, ammonium salphafe and manganese
sulpbate quite different equilibria ocenr. The results of this investi-
gation for 50” are represenied in fig. 3; this is again the projection
of the tetrahedvon on a plane parallel w the sides WA and MnuNN.
The angular points W, A, N and Mn indicale the components :
water, alcohol, ammoninm sulpbate and manganese sulphate.

In this system an anhydrous compound (Mn SO,), (NH,), SO, occurs
at 50° which is vepresented in the figure by the point D,. The
Mn SO, gives at thalt temperature the compound Mn SO, . H,0,
represented by the point Mn, .

On the side plane MnWN we find the equilibria in the ternavy
system waler, mangancse sviphaie, ammonium sulphate. Three satma-
fion lines arc found: sr is that of the Mn SO,. H,0, g that of the
donvle salt 0,, and ¢p that of the MnSO,. As the line WD,,
intersects the saturation line of the double salt in ¢ this is soluble
in water without decomposition; ¢ vepresents this saturated solution.

The isotherm sy, which indicates the equilibria in the ternary
system water, alcohol, manganese sulphate consists of two satnration
fines of which only one s3, has been determined. This indicales the
solution saturated with Mn SO, . H,0; to this should join a saluralion
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line with the anhydrous Mn SO, as sohd phase which however, has
not been determined.

The equilibria occurring in the ternary system: waler, alcohol,
ammoninum sulphate arc represenfed in the plane VAN by the
isotherm pp,ap,p,; this consists of the saluration lines pp, and
paps of the ammomum sulphate and of the branch p,ep, of a binodal
line with the critical liquid «. The points p, and p, therefore represent
two ternary conjugated liquids saturated with ammonium sulphate.

The (uaternary equilibria are represented by four surfaces:

srr,s, is the saturation surface of the Mn SO, .H,0

119q.8q.q., 1s the saturation sarface of the Da.

qrp:g; and ¢,p,p,q, are the saturation surface of the ammoninm sulphate
4P,Q.Bq, is the binodal surface.

The latier surface is divided in two parts by the critical line «f;
with each point of the onc part, a point of the other is conjugated;
a simnlarly conjugated pair of points represents a paw of quaternarly
conjugated liquid phases. The binodal surface, therefore, ropresents the
equilibria liquid <~ liquid. The sections of the four saturation surfaces
give three saturation lines.

rr, represents the solutions saturated with Mn SO, . H,0 -+ D,
qq, and ¢,q, represent ”» " » o (NHY, SO, + Ds.y

¢.8q, represents the conjugated liquid pairs saturated with ammonium
sulphate. The point B is the critical solulion saturated with ammo-
nium sulphaie.

If a plane is brought through the side W4 and the point
Dy, this intersects as far as has been determined the saturation
surface of D, ; in the curve ¢, ; the double salt is therefore not
only soluble in waler bul also in dilute alcohol without decomposition.

Al 25° quite different equilibria occur in this system; on the side
plane IV Mn A a new area of immiscibility is developed. At the
same {ime the double salt Dy, = (Mn S0)), (NH),), SO, disappears
in order (o make room for the double salt Mn 8O, . (NH,), SO, .61L,0.
The resylting cquilibria much resemble those mentioned previously
which occur at 307 in the system : water, alcohol, ammonium sulphate
and lithium sulphate.

[ will therefore not discuss these equilibria any further.



