Chemistry. — ““In-. mono- and dwariant equilibria’. XXIV. By
Prof. F. A. H. ScHREINEMAKERS.

(Communicated at the meeting of October 27, 1923).
Components and composants.

In our considerations we have represented the composition, the
thermodynamical potential ete. of the different phases with the aid
of the quantities of the components; we may, however, also represent
them in another way.

For example we take a quaternary system with the components
X Y Z and U. The composition of an arbitrary phase may be
represented by :

F=zX+4+yY+::Z24+(01 wo—y—2)U . . . (1)
wherein X, yV etc. represent x quantities of .X, y quantities of
Y, ete. In a system of coordinates with the axes « y 2z the com-
ponent [/ is situated, therefore, in the origin of the coordinates; we
call U the fundamental-component.

We now take in the quaternary system under consideration, four
arbitrary phases M N P and Q; we may represent the composition
of the phase /' by:

F=mM++aN+pP+(1l—m—n—p)Q . . . (2

As definite values of m n and p belong to each composition of
F, we may, therefore, also consider the composition of F as a function
of m n and p.

We call the phases M, N, P and @, in which we express the
composition of a phase F, the composants of the system; we shall
call Q the fundamental composant.

When we represent the composition of a phase F by (1), con-
sequently expressed in its components, then its thermodynamical
potential, its free energy etc. a function of « y and z; when we
represent the composition by (2), consequently expressed in composants,
then we may represent its thermodynamical potential, its free energy
etc. also as functions of m n and p. Of course there exist relations
between those two way of representations; we shall deduce them
further.

We now consider the equilibrium between a variable (f.i. liquid)
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phase L and a constant (f.i. solid) phase F. The composition of L
may be &, y, z and 1-—2—y—z expressed in the components, the
composition of F: a, b, ¢ and 1—a—b—c. )

When we deduce in some way the condition of equilibrium for
this system F <4 L, then we find:

05 13 0% ‘
5—(“’—“)d—m—(:‘/—b)gé—(z—c)a:gl <. @)

wherein [ represents the thermodynamical potential of L and ¢,
that of F.

We now express the composition of L and F in the composants
M, N, P and Q. Let be the composition of L: m, n, p and
1—m—n—p; that of /: «, 3,y and 1—a«—pB— 7. In a similar way
as we may deduce (3) we then find:
c—m«m%—w—mg—@—wgza.--(ﬂ

Let us take two variable phases L and L, (f.i. two liquids or
vapour -+ liquid or mixed crystals 4 liquid etc.). We express the
composition of those phases with the aid of the components viz.
xy z and 2, y, z,, with the aid of the composants viz. m n p and
m, n, p,. In the first case we find as conditions for equilibrium:

5 o5 0% 95, 0§, a%,
g—wd—;—ﬁ@—za—zZQ—%a—%—yn&Z—z:5;; )
05 03, 0% 05, 0F_ 5, AR
do  da, oy 0y, 9z 0z,
When expressed in the composants, we find:
0§ 05 05 08, 0¢&! 05, |
G“'"a'm‘"a';; —P5;=51—m13m—1—"x§;:—]?161;; '
0 a5, 05 9L, 85 95, ‘ 8
om — Om, on  Om, o Op,

Generally we may say that the equations for equilibrium have a
same form, independent on the fact whether they are expressed in
components or in composants.

We now shall consider more in detail the relations between
components and composants. For this we take again the composants
M N P and Q. We represent, expressed in components, the com-
position :

of M b)’ a, 61 71 and l_ax'—ﬁi-‘h
) N » O lsa s » 1_“2—51_71
w Py By vy 1—e,—8,—,
”” Q n @ Bo Yo » 1—a4—ﬂ4_74
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In order to express the composition of a phase

F=2X4+yY42:2Z+4+Q—2—y—2)0. . . . (7)
in the four composants, we put:
F=mM+4+naN+pP+(l —m —n—p)Q . . . (8

so that @ is the fundamental composant. As (7) and (8) represent
the same phase F, it follows:

m(e, —a)+ n(e,—a)+pa, — @) =2 — «a, '
m@ —8) +n@,—8)+prB —8)=y—8 [ 9
my—v) tnl,—r) tpln—r)=2—7,

8o that mn and p are defined.

In order to define, however, m n and p from (9) the determinant,
formed by the coefficients of m n and p may not be zero. Conse-
quently in general we have the following:

in a system of n components we may choose n arbitrary phases
like composants, notwithstanding their determinant is not zero.

For a ternary system this means: we may choose three arbitrary
phases as composants notwithstanding those are not situated on a
straight line. In a quaternary system we may take 4 arbitrary phases
as composants notwithstanding those are not situated in a flat plane.

When we represent the composition of a phase / as in (8) with
the aid of composants, then we may consider the thermodynamical
potential C of this phase also as a function of m n and p. Hence
it follows:

05 _0% de 08 dy 05 s )
om  Ox dm 0y dm ' 0z dm
aud still 2 similar relations, which we obtain by substituting in (10)
m by n and p. With the aid of (9) we now find :

3¢ 0% .08 8%

e = (a,—a,) 3z + (8, —8)) Bé + (=7 3z

3¢ 8% 2% T

6;1 = (tt,-—'-(t‘) 5;_ ;i (31—184)63; + (Y: B Yq) 6; LI (11)
0§ 0§ § §

5 =(a|_“4)“a; + Bs—5.)

0 0

oy z
From those equations it follows also, with the aid of (9)

< 08 ( 0§
T + 7 on + Pa;) (r—«,) Py + !/—ﬂ‘)b'

o8
4 vy, - (12)
x Y z
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Above we have seen that for an equilibrium F 4 L as well
equation (3) as (4) is valid; we are able also to prove this by
converting equation (3) into (4) with the aid of the above relations.
We write (3) in the form:

ST S| S Y T S
T Yy T T e

0x oy ‘3z
With the aid of (12) we may write:
08 o058 a8

g—m— —n— —

0 on p5};=

08
0y

The composition of the phase in components is represented by
a, b and ¢; « g and y represent the composition of this same phase

in composants. In accordance with (9) the following relations are
valid :

(14 9
gl = (“'—“a)a":c_([’—ﬁa) _(6‘74)5:5 . (13)

a(e,—a,) + B(e,—a) + v (a,—a,) = a—«,
a(B,—B) + B8@B,—8) + v(B,—B) =08,
a(t,—r) + B@s—r) + v (r,—r) = e—v,
When we add those three equations to one another, atter having

multiplied the first one with 6?' the second one with 5—’ and the
& Y

0
third one with b_;' then we find, with the aid of (11)
z

05 05 0% 0§ 05 ]9
5 + ﬂa—n + 751—)— (a'—“.)a—z -+ (b‘ﬂ.)g!; + (0—74)5;
With the aid of this (13) now passes into:
0
{— 98 n-a—g-— ag:gl—a—g—ﬂgs—- 0%

"om T "on p_a; on Y%
which is in accordance with (4).
We may also write the four equations (5) in the form (6). For

the first one of the equations (5) we may viz. write:

om

0§ o 08 ‘

C—la—a) g, — =R 5 — e—v) |
- 3 5 | = (14)

=§1—(m|'_ac)a:; - (yx—_ﬂJ a_y_l ""(21—74) a—_z‘ ‘

With the aid of (13) (14) passes into the first one of the equations (6).
The three equations (11) excepted, which are valid for the phase
without index, we have still also three similar equations, which we
obtain from (11) by giving to all variables and to { also, the index 1.
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We call those three equations 11«. As, however, in accordance with ()

0f _ 0f, - of __ 05,
- = — etc., it follows from (11) and (11¢) also =— = — etc.
0r  Or, om  om,
For a ternary system with the composants F, F, and F, we
have, when we choose F, as fundamental component:

F—mF +nl,+Q-m—n)F, . . . . (1))
When we represent the compositions of the components by « and
# with the corresponding index, then the equations (9) pass into:
m(a,-—a,) - n(a,—a,) = r—a,
m (3, —B8,) + n(B,—B,) = y—0,
We now shall deduce those equations also in another way, by
which at the same time the meaning of m and n in the graphical
representation becomes clear.

We take a system of coordinates with the axes OX and OV
(Fig. 1) in which we represent the composition of the phases,

4

(16)

|
|
|
—
w
Fig. 1.

expressed in the components. We imagine the three composants
F,F, and F, and the arbitrary phase F to be represented by the
points F, F, F, and F. Consequently in the figure is F,o = «,,
Fu =8, etc. Now we take F,F, as new X-axis and F,F, as new
Y-axis; then the new coordinates of the point F are Fg and Fr;
we put Fg =2’ and Fr —=y’. When we call the angles, which the
new axes F,F, and F,F, are making with the original X-axis ¢,
and ¢, then it follows from the figure:
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(17)

z=ua, + &' cosq, + ' cos ¢,

y=20, + a'sin @, + y'sin @, :

When we represent the length of F, ¥, and F,F, by [, and /[,
then we may write for (17)

g Vla—a) |y (e
T ll l'
(B, —B,) (B, —8,) )
& 17 o 1~ Mo
y—p, =200 | Y |

Now we shall express the composition of the phase I in that of
the three composants: ¥, ¥, and F,. We find:
quantity of F,: quantity of (¥, 4+ F\)= Fs: FF,
or: quantity of ¥,: quantity of (¥, + I/, + F,)= Fs: F,s
When we put the total quantity of ¥ = F, 4+ F, + F, equal to
zero, and when we bear in mind that:
Fs:Fs=Fr:F, F, =y :1

/

then follows: quantity of F, ='Qli—.
In a similar way we find: quantity of F, = T
1
Consequently there are wanted for forming the unit of quantity of the
phase F': ‘;— quant. of I, and ;/— quant. of F, and consequently also
1 3

/

1—-7— — ‘1;— quantities of ¥,. We may write, therefore;

.r! yl ; zl y'
F=rF +2F, +(1 -2 —Z)\F,. . . . (19
ll l’ Il l!

When we put ';i: m and';/—= n then (18) and (19) pass into

(15) en (16).

Hence it appears a.o. that m and n do not represent the coordinates
' and y’ of the phase F, but they are functions of them; when
m and n are known, then also &’ and y’ are known and reversally.
For this reason we may call m and n yet also coordinates.

The coordinates of the composant

F, are £ =0 7' =0 consequently m =0 and n =0
¥, » t'=l =0 . m=1 , n=20
F, , d=0y=1 s m=0 , n=1
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Of course this is also in accordance with (15); when herein we
put £i. m=1 and n=0 then phase # represents the composant ¥.

When we express the composition of a phase in its components,
consequently in & and y, then @ and y are positive and x4y <1.
When, however, we express its composition in composants, then m
and n may also be negative and also m 4+ n > 1. The latter isthe
case f.i. for a phase, represented by the point P. In (15) m and n
are then positive and 1—m—n is negative.

When we have a quaternary system then similar relations exist
between the coordinates viz.

z'=ml y=nl, d=pl,

Till now we have assumed that each of the n composants of a
system of » components contains also those n components. It is
apparent, however, that we may choose the composants also in such
a way that one or more or even all composants contain less than n
components. Of course the n composants together must contain the
n components. We may consider the representation with the aid of
components as a special case of the representation with the aid of
composants; each of the composants then contains a single component
only. We shall, however, continue by calling this a representation
with the aid of components. When, however, there is at least one
composant, which contains more than one component, then we shall
speak of a representation with the aid of composants.

As it is known, the deduced functions of the thermodynamical
potential become infinitely large when the quantities of one or more

-

0
of the components approach to zero. In a quaternary system f.i. 2

becomes infinitely large when » or 1—x—y—z approaches to zero;

- o4

0
5:-; when y or 1—r—y—z anda—z when : or 1—a—y—z approaches

to zero.
Using composants this is otherwise, however. It follows viz.

. - -

s S > o e
-~ , — and - become infinitely large, only then when

from (11) that i 5m 5p

one or more of the functions .-, — and-- are infinitely large and
ox Oy 0z

this may take place, as we have seen above, only when one or more
of the conditions:

z=20 y=20 z2==0 1l —2—y—2=0 . (20)
0& oL

is satisfied. In general g g= OF 5,) become, therefore, infinitely
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large when we give such values to m, n and p, that one or more
of the conditions (20) are satistied. It is apparent that this may be
casually only for m =0 or n=0 or p =0 or 1—m—n—p =0.

At the same time the following is apparent. When we give to
m, n and p such values that fi. » becomes — 0, then in (11)
05 . 05 0% 3
— becomes infinitely large, so that —, — and =~
oz ' om  on op

large at the same time. When, however, we have chosen the com-

become infinitely

0 0
posants in sach a way that ¢, = e, then only -~ and i become
on op

9
infinitely large, while a_; remains finite.
m

When a liquid has the composition:
L =zX | yY 4 22+ ...
wherein X, )" etc. represent components, then the stability requires
that for all values of da, dy ete.

Y3 o (2)
(»»d.z+ dy+...) > | 1§
ox dy

When we imagine L to be divided into
=x L, + (1—=x) L,
wherein :
Ly=(x t de,)X + @+ dy) Y+ ....
Li=@w-+da)X + (v + dy,) Y +
then must
E<=8 +(1—x)§,
from which (21) is following. When we now express the composition
of L in composants viz.:
L=mM+nN+pP+4+ ....
then it follows in the same way that

(] (] (2)
—§—dm+ —gdn 4 ) >0
om dn

must be true for all values of dm, dn etec.

(To be continued)
Leiden. Inorg. Chem. Lab.





