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pinacone : hydrole, which are dependent on the group introduced.

It is to be expected that these differences will continue to exist
also in another medium provided this remains neutral, for instance’
when we reduce with aluminium amalgam in another saturated
alcohol. This indeed proved to be the case .

Ketone Solvent |Formed hydrole
i C,H,0H 689
Benzophenone
CH;0H 68,
C.HsOH 94,
o-Chlorobenzophenone
CH;OH 93,

On the other hand it was ascertained that a ketone which in a
neutral solution gave almost exclusively hydrole, yel yielded in a
feebly acid solution nothing else but pinacone.

2 grams of pp' di-chlorobenzophenone yielding in a neutral !
solution with AlHg 96 °, of hydrole gave with zinc dust and the
acetic acid-alcohol mixture 1.99 grams of pure pinacone m.p. 180°

0.1820 and 0.1926 gram gave 0.2060'and 0.2207 gram AgCl
Calculated for C, H,,0,Cl, 28.1°/, Cl (Found 28.0—27.7).
This also agrees with the assumption that the formation of pinacone,
in the absence of OH-ions and in this method of reduction, talkes
place very much more rapidly than that of other possible reduction
products and that the hydrole formation in a neutral medium must
be atiributed to the presence of OH-ions at the boundary layer.
The measurement of the velocity with which some pinacones are
converted into the mixture of ketone and hydrole will be the subject
of a following communication.
Lab. Organic Chemistry

Technical University.
Delft, May 1913. N

Chemistry. — “Equililria in tenary systems”. VIII. By Prof.
SCHREINEMAKERS.

Let us now consider the case when a liquid L 1s saturated with
the solid compounds #" and [’ and at the same time in equilibrium
with a vapour G. As the system® [+ /" 4 L 4 G contans the
three components in four phases it is monovariant; hence we can
consider the vapour pressure of the system and the composition of

L and G as fanctions of the temperature.
7+
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On a change in 7 the liquid therefore traverses a curve in &
conceniration diagram; this 1s also the case with the Qurre]ated
vapour. We will call these curves the saturation and vapour saturation
curves of F' -+ F’ under their own vapour pressure, or also the
liquidum and the vapour curve of the four-phase equilibrium
4~ F' 4+ L 4 (. The -relation between pressure and temperature
will also be represented by a curve in a P, 7T-diagram.

In fig. 4 this P,T-curve is represented by LSD R; in fig, 1, 2
and 3ac is the liquidum and a,c, the vapour curve of the system
F+4 F 4+ L4 G Pomt a of the curve ac therefore represents a
liquid saturated at a definite 2 and 7' with F - F”; point o’
indicates the correlated vapour.

Let us represent the composition, the entropy, the volume and
the § of F by: a, 8, 1—a—8; 5, v and §
that of F’ by: a8, 1—a'—p’, %' o' and &
that of the liquid by: «, y, 1—a—y, H, V and Z
that of the vapour by: a;, y,, l—a,—v,, H,, V, and Z,

The conditions of equilibrium then are: N

0Z 0Z
I a3, - 003, =t

0z 0L .
Z~(s—a)y=— —(y—B8) =¥¢
GE 0y )
@
0z, 3z,
Zl - (’ml__a)_a_: - (%‘*5)—5;1 — g
0z 8z, 0707,
9 om 3y Oy

Hence, we have five relations beiween the six variables
@, y, &, ¥,, P, and T, so that we can consider the vapour pressure
of the system and the composition of L and G as funetions of the
temperature as staled above. If we differentiate the equations (1)
and eliminate dz, and dy, we obtain:

[(@—c)r & (y —B)s) do + [(t—a)s 4 (y—B) £] dw = AdP—BRAT  (2)
l{e—e) r -+ (y—B) 5] do + [(v—a) s + (3—B) | &y = A'dP—BdT (3)
[z, —2) r + (y,—y) s) de + [(@,—2) s 4 (y,—p) t] &y = CAP—DdT (4)

4, B, C and D have herein the values indicated in communication
II; 4’ and B’ are found from A and B by substituting in the
latier «, g, v and », by o, 8, ¢ and 7. If we eliminate dzand dy
from (2), (3) and (4) we get: ’

dP _ny+a'q +md A m 1,

) d no+nv+mVdmV, =~~~ )
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In this:
n=[§(@—e) + &, —y) + @ y—o 4l 2
w =B, —a) + a(y—y) + 2y, —a, ¥l 2
m= [z, ('—B) + 1, (a—d) + o B—u §]2 s
my, = & (—B) + y (¢ —a) +- a f'—a' B} 2
i which A is an arbitrary factor. The significance thereof is as

follows: In each fourphase equilibrium F-F’ 4 L - G a reaction
can always take place, which we represent by :

n quant. F -+ #' quant. ' 4 m quant. L 4 m, quant. G =0 (7)

It is evident that the four reaction coefficients in (7) cannot have
the same sign. With the aid of the known compositions of the four
phases we find from (7) that n, %', m and m, have the values given
m (6). The numerator of (5) therefore represents the change in
entropy, the denominator the change 1n volume occurring in reaction
(7). If we call the heat to be supplied or withdrawn 1n this reaction
AW and the change occwrring 1n volume AV, then (5) changes into
the well-known relation:

(6)

TdP__AW 8
ﬁ——-ﬁ . - . . . . . . ( )

which, of course, we might have deduced in ‘a different manner.

Before applying this formnla we will first mvestigate more closely
the hquidum and the vapour curve and the reactions which can
appear in the system F - I + L+ G.

Let us first consider the point of intersection S of the liquidum
curve ac (fig. 1, 2 and 3) with the line FF"; the vapoar apper-
taining to this liquid S is indicated by S,. As the three poinis F,
F, and § of this four-phase equilibtinm F + F 4 liquid 8 4 vapour
S; are situated on a straighi line, a reaction occurs in which the
vaponr does not take part. According to the situation of the three
points F, F”, and S in regard to each other this reaction will be
F+FP2Lor F2F+L o FZ2F 4 L.

If the three points are situated as in fig. 1 or 2, the reaction 1s
F+4 P2 L; the liguid S is then formed by the joint fusion of the
compounds F and F’, so tbat the point .S is a point of the melting
point line of the complex F 4 F’. As this liquid, however, can be
also in equilibrium with a vapour S,, the point .S is the minimum
meiting point of the complex I+ F".

If the three points are situated as in fig. 3 the reaction F"2F+ L
occurs ; the point S is then the incongruent minimum melting point
of the complex F - F".
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In the point of intersection D, of the vapour line a,c, with the
line FI” the correlated liquid has the composition D. As of this

four-phase equilibvium ¥ 4 £ - liqgmd D - vapour D, the three -

phases F,F" and D, are sitnated on a straight line, a reaction occurs

in which the liquid takes no part. According to the sifuation of -

the three points ¥, 7 and D,, in regard to each other this reaction
is: F-F2G (ig. 1) or "2 F 4 G (fig. 2) or F2ZF 4 G
(fig. 3).

The point D, is, therefore a point of (he congruent or incongruent -

sublimation curve of the complex F 4 F”. As, however, this vapour
D, may also be in equilibrium with a liquid D, the point D, is
the maximum sublimation point of the complex /7 F. -
Hence, we find : the point of niersection S of the line FF” with
the liquidum curve of the four-phase equilibrium "+ F + L+ G

represents the minimum melting point (congruent or incongruent);

the point of intersection D, of this line with the vapour earve of
this four-phase equilibrium represents the maximum sublimation point
(congruent or incongruent) of the complex F - 1.

Let us now ascertain which reaction can occur in the four-phase
equilibrium F 4+ F” 4 L 4 @ if the liquid is represented by a point
in the proximity of S. We will call that side of the line .7, where
the vapour S, conjugated with the liquid § is found, the vapour
side, the other side of F/F” the liquidum side. We distinguish three cases.

1. In the point S the reaction F—+ I > L takes place. We
imagine in fig. 1 or 2, on the part of the liquidum curve situated
at the vapour side of FF”, a liquid Z in the vicinity of the point
S, the correlated vapour G will then be represented by a point of
the vapour curve situated in the vicinity of .S,. As the point L now
lies within the triangle FF'Q the reaction F+ F' + G = L will
occur. If we take a liquid L situated in the vicinity of S at the
liquidum side of F£F”, the lines FF” and LG then intersect each
other in a point between F and F” and also situated between <
and (' so that the reaction F 4 " 2 L 4 G takes place.

It is evident that this goes on independently of the sitnation of
the point D,. ‘

2. In the point S the reaction F” 2 I 4 L occurs. If we take
in fig. 3 a liquid L in the vicinity of .S and at the _vapour side of
the line FF’, and a vapour G in the vicinity of S,, the lines FL
and #” G will interseet each other so that the reaction #* + G 2 F4- L
occurs. If we take a liquid L in the vicinity of S at the liquidum
side of the line F'F’, I’ then lies within the triangle £ (G and so the
reaction " 2 £ L 4 G takes place.

¢
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3. In the point S the reaction F = F 4 L occurs. In the previoiis
reactions F' and F” should then, however, be exchanged.

We can allow the liquid of the four-phase equilibrium '+ "+ L+ G
to traverse the liquidum curve from « to c; the vaponr then traverses
the vapour curve from a, to ¢,.-We will call this direction, where
the equilibrium arrives first in the minimum melting point and then
-in the maximuom sublimation point of the complex F 4 I, the
positive direction.

We now allow the equilibrium to move over a short distance
from the one side of the minimum melting point towards the other.
At the one side, as noticed above, a four-phase reaction takes place
different to that at the other side; in the minimum melting point
itself both reactions coincide and the vapour does not participate in
the reaction. Hence, in this moving we obtain a succession of
three reaction types which we will call a reaction series.

(

D c,'\ ~—

, Fig. 3.

We now-may summarise the previous results in the foliowing
manner; if a four-phase complex F -+ F' 4+ L4 G moves in a
positive direction through the minimum melting point of the complex
F 1 P’ there occurs the reaction series:

F+F4+G2L F+F2L FHF2Z2L4 G
oo " +G@2F+L FZ2F+L FZ2F+ L4 G
yor F+G@2F +L FZF AL F2F+L+G
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which we will call 4, B, and C, réspectively. It is evident that
this only applies so long as the four-phase equilibrium is found in
the vicinity of the minimum melting point. )

If we ascertain what reactions can occur in the four-phase equili--
brium F 4~ F" -+ L 4 G when the vapour is represented by a point
in the vicinity of D, we find in an analogous manner as above:
if a fourphase equilibriom # - 7"+ L + G woves in a positive
direction through the maximum sublimation point of the complex
F -+ F the following reaction series appears: ,

F+FPF2L4+ G F+FP 26 F+FP+L2G6G
oo FZF4+ L4+ QG FP2F4+-G FP+L2F4G
oo F2F AL L4+G F2FP+6G F+LZ2F +G -
which we will eall 4, B,, and C, respectively. We notice that the
last reaction of series 4, B and C agrees with the first reaction of
series A,, B, and C..

The above reaction series, as has been already stated, are only
valid so long as the four-phase equilibrium is present in the vici-
nity of the minimum melting point or the maximum sublimation
point; at a greater distance other reactions may occur besides the
above mentioned ones. We will explain this with a single example
and choose therefore fig. 1. If the system is found in the maximum subli-
mation point, bence the liquid in D and the vapour in D,, the reaction
F+ F' 2 G takes place. If now the system moves in a positive
divection, hence the liquid from D towards ¢ and the vapour from
D, towards ¢,, G' gets within the triangle /" L causing the reaction
P+ F 4 LZG to take place. (Also see reaction series A,).

If now the system moves further in a positive direction, the poini
(G can arrive outside the triangle FF'L, this, for instance, 1s the
case with the system F~ F" ++ L.+ G, .

The reaction F -4 F” 4 L 2 G then becomes F” + L2 F4 G,
by way of transition the three-phase reaction: /" 4+ L2 G occurs.
This is the case at the moment that the conjugation line liquid-
vapour passes through the point 7.

It the four-phase egquilibrinm moves still further in a positive
direction, the point L can arrive within the triangle FF'G; the
reaction L2 I'+ I 4+ G then lakes place. By way of transition,
at the moment that the conjugation line liquid-vapour passes through
the point F, the three-phase reaction L Z= /- G' appears.

On moving the four-phase equilibrium in a positive direction we
thus get fixst the reaction series A and 4, followed by the reactions:
4+ L2Z26 M+ L2F4G; L2+ G and LZ2F4+F 4 G
This latter reaction is the same as the first reaction in series A.

-
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From all this it follows that in the system F -+ F' -+ L+ G
many reactions are possible as a rule; in the vicinity of the minimum
melting point, however, always one of the reaction series 4, B or
C occurs and in the vicinity of the maximum sublimation point
one of the series 4,, B, or C,. -

Let uws now consider the four points F, F”,S and D, situated
on a straight line. In fig. 1 these lie in the order FSD.,F’ or in
the reverse order F”D,SF; in fig. 2 the order is F'SF' D, ox D, F'SF;
in fig. 3 it is D, FF'S or SF'FD,.

In all, we can distinguish 24 cases; as, however, each sveeession
from the right to the left corresponds with a succession from the
left to the right, there are only twelve types. If we replace the
point S of the hqmdum curve by Z and the pomt D, of the vapour
carve by G we find:

FFPLG, FFGL, FFLG, FFGL, FLGF,
FGLF, FLF'G, FGFL, FLFG FGFL,
LI Gandl " FG.

We now allow the four-phase equilibrium fo move in a positive
durection starting from a point just before the minimum melting
point, to a point just behind the maximom sublimation point.
To this movement belongs a definite Teaction series which however,
is dependent on the situation of the powts F, £, S and D,, in
regard to each other, so that to each type belongs a definite reaction
series. Bach of these series commences of course, with one of the.
series 4, B or C and terminates with one of the series 4,, B, or C,,

From a consideration of the different cases we can deduce the
following table in which the different types and thewr correlated
veaclion series are united.-

Type: Reaction series:

1) FLGF 4; A,

2) FGLEF 45 4,

3) FF'LG B; B,

4 FFGL B; B,

5 F'FLG G C,

6) 'FGL C. C

7) FLEF' (G 4, ' 2 L+ G B,
8) I LFG A, P2 L+ @G G,
9) FG'FL B, "2 L+ G; 4,
10) F'GFL G FZL-}—G; 4,

11) LI"FG B; 'L+ G F
12) LFF'G C F2ZL+4+ G F
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The last reaction of A4 bemng the same as the first of 4,, the
reaction sevies Ad, consists of five reactions, two of which are
{hree-phased. The same applies to the series BB, and CC,. In the
cases marked 7— 10 each series consists of seven reactions of which
three are three-phased; in the cases marked 10—12 each series
consists of nine reactions, four of which are three-phased. .

From the above table we also notice that if the liquiduin point
Z, and the vapour point ( appear in direct succession (type L1—®6)
the veaction series consists of 5 reactions; if the points L and &
are separated from each other by a solid phase the reaction series
congists of 7 veactions (fype 7—10) and if Z and & are separated
from each other by both solid phases (type 11-—12) it consists of
9 reactions.

The reaction series appertaining to a definite type may be readily
deduced from a diagram in which the points #, F', S and D, are
sitnated accordng to that assumed type. In fig. 1 they lie accord-
ing to type 1 or FLGE", in fig. 2 according to type 7 ov FLEG,
in fig. 3 according to type 11 or GFF'L. We now allow the four-
phase equilibrium in these figures to move in a positive direction,
starting from a point just before the minimum melting point, to a
point just behind the maximnm sublimation point. The Jiquid then
traverses curve ac from a point close to S and situated between
S and a to a point close to [ and sitvated between 1) andc. The
vapour then fraverses curve m,c, from a point situated close to .S,
and situated between S, and a, to a point close to D), and sitnated
between ), and ¢,

If now we counsider the situation of the four points F, I, I and G
in regard to each other and the changes occurring in this system
owing to the moving of the system, we notice that in fig. 1 occurs
the reachon series 1 or A4, in fig. 2 the reaction series 7 and in
fig. 3 the reaction series 11.

The three-phase reactions 7> L + G or F' 2= L - G, which we
find in the series 7-—12 can only appear in exceptional circomstances;
we shall see later that in this case the four-phase curve of the com-
plex F 4 F comes into contact with the three-phase curve of the
eompound For £, ,

We will now consider move closely the P, T curve of the four-

phase equilibrinm F -+ /" 4 L + G and for this take the relation
dP AW
ar- av’

As noticed previously gh'is curve meets in the minimum melting



. 107

point S the melting point curve Sd”, and ‘in the maximum subli-
mation point D the sublimafion curve a”’D of the complex /74 F.
These curves arve indicatéd in fig 4 by the same letters.

If the system F 4 "+ L + G is found in the minimum melting
point S the reaction: - R

F4+FPZL oo FFZF+L oo FZF+L

takes place (Series 4, B or (). We always take these and the
following reactions in the divection from the left (o the right. As
we always assume that in these reactions heat must be supplied
for the formation of ligmd from the solid substance, & W for each
of these reactions is positive.

During the fusion or transformation the volume may, however,
increase as well as decrease; AT can, therefore, be posifive as
well as negm‘[i\'e Here, we will call AV positive so that in agreement

with fig. 4: IS positive in the point-S in case of the fonr-phase

aT
curve as well as of the melting point line Sd”’.

Fig. 4.

We now consider the equilibviom F - F” 4- L 4- G in a pomt
X (ot drawn in the figure) on branch LS in the immediate vicinity
of the pomt S. The equilibrium has thus been shifted in the negative
direction. From the reaction series A, B, and ( it follows that the
reaction
F+F+G2L oo '+ GZ2F+L o F+GZF 4L
now occurs. These differ from the previous three-phase reactions
only in so far that in the first term only the vapour phase has
been introduced. So long as the point V lies very close to S, only
a very little quantity of vapour will iake part in the reaction:
AW and AV ave, therefore, both still positive.

If, however X gets removed from & still further in the negative

-10 -
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direction, the quantity of vapour taking part in the reaction becomes
greater. Now, at the same P and 7, a substance has in the gaseous
condition a much larger volume than in the liquid or solid state;
at a definite position of X the small increase in volume that occurs
at the formation of liquid will be just compensated by the conden-
sation of the vapour taking part in the reaction. Let this be the
case in the point IV of fig. 4 In this point NV, therefore, AV =0
so that the tangent stands vertically. The point X, thus traverses a
curve as SNV in fig. 4 on which the pressure increases with a rising”
temperature. ' . .

If the point X moves further in the negative direction A ¥ becomes
negative ; AW, however, is still positive. Hence, the point X traverses
a curve like NM in fig. 4 on which the pressure increases with a
falling temperature.

When, however, the point X moves away furiher from N, the
quantity of vapour taking part in the reaction accordingly inereases. The
quantity of heat generated at the condensation of this vapour will,
therefore, also increase. This, in a definite point M will now just
compensate the heat required for the formation of liquid so that
AW becomes =0. In the -point M the tangent is therefore
horizonfal. )

On further moving the point X in the negative direction AW
becomes negative; AT and AV now being both negative the point
X will traverse a carve like ML in fig. 4 on which with a falling
temperature lhe pressure decreases likewise.

We now allow the point X to move away from S as far asjust
past the point D (fig. 4). The three-phase reaction :

F4+FF2L e l"ZF+Lo F2F L
occarring in the point S then appears in one of the reactions:

P+ +L2G@o P+ L2F+G o F+LZF 4 G
This transition takes place according to one of the reaction series
1—12 and depends on the situation of the points 7, F’, L and G
in regard to each other. As in each of these reactions AWand AV
are positive the point X will traverse a curve §.D R on which the
pressure diminishes with a falling temperature.

It the point X moves away further in a positive direction, other
reactions may again take place as we have already demonstrated
by a single example ; hence exists the possibility that the curve DR
in its further progress changes its direction. We will refer to this
later. From the above considerations follows: on moving in a
positive direction the fourphase equilibrium F 4 F 4 L 4 G attains

-11 -
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successively a pressure and a temperature maximurn, the minimum
melting- and the maximnm sublimation point.

We have assumed in the above considerations that, in the three-
phase reaction appearing in the_point S, the volume increases. If
the volume decreases, the poinl § arrives on the branch MN of
the four-phase curve and the melting point line Sd’’ proceeds from
S towards lower temperatures.

We have noticed above that the four-phase equilibrinm
F+F 4+ L4 G is represented in fig. 4 by points of the curve
LS DR. On supply or withdrawal of heat or on change in volume
one of the four_ three-phase equilibria:

F4+F 4L F4+FP 4+ G F+L4+6Gor 'L+ G
is formed from this equilibrinm.

The question now arises: by which points of the P, 7-diagram
are these equilibria represented.

Let us take at the temperature T, and the pressare P, a corre-
lated point . of the curve LSDR. As we have already stated, to
such a poinl applies the rule that we find:
to the right of x the three-phase systems formed from the four-phase
system * F' -+ I’ 4 L + G on supply of heat (&AW >0), to the left
of z those formed on withdrawal of heat (AW < (), above x those
formed with decrease in volume {4V <0) and below @ those formed
with inerease in volume (A T >0).

Here, the supply or withdrawal of heat must take place at the consiani
pressure P and the change in volume at the constant temperature i

In ovder to apply the above rule we must, of course, know the
reaction to take place in the point z. Let us take as an example a
four-phase complex belonging to type 1 so that the reaction series
A and A, appear.

Let us first take the point @ on the branch LM (fig. 4). From
series 4 it follows that in this peint the reaction /'~ 1"+ G2 L
takes place; further we have noticed that in this reaction AV and
ATV are negative in the point a (n the direction from the left
to the vight). We now easily find which three-phase equilibria are
sitnated  to the right or to the left of 2 and which above or below
that point. As this applies to all points of the branch LM we find :
at the right of and below branch LJ] exists the system F4-F" -,
at the left of and above this branch exist the three other systems :
F4+F +L F+L+Gand B+ L4 G

If we take the point & on branch MAN (fig. 4) the reaction will
siill be I F" 4 G5 L, but ATV is positive and 'AV negative.
We now find: at the-left of and below branch MV exists the syse

-12 -
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tem F4 I 4 @, at the right of and above this branch exist the
three other systems.

If the point @ is situated on the branch NS the reaction will stiil-
be the same, but AW and AV are both positive. Hence, we find
the system I F" 4 G at the left of and above branch NS, the
three other systems at the right of aud below this branch.

If the point 2 gets on the branch SD a quite’ different reaction, -
namely F -+ "2 L 4 G takes place; in this reactton AV and .

o

AW are both positive. From this we deduce: at the lefi of and above

branch DS we find the systems I~ F' + L and F 4+ I 4+ ¢
al the right of and below this branch we find the two other systems.

If the point 2 gets on the branch DR the reaction again changes
and becomes F'4- F - L5 G (see the last reaction of series 4,);

AV ‘and AT are both positive. From this we deduce: al the left
of and above branch DR we find the system F 4 I’ - L, atl the

right of

and below this branch the three other systems.

Above we have deduced the situation of the four three-phase
systems in regard to the curve LSDR in the assumption that the
four-phase equilibrium belongs to type 1: if, however, the system
appertains to one of the other types 2—12 the sitvation may be
found in the same manner. . '
the four-phase equilibviam traverses the curve LSDR
(fig. 4) one of the following three-phase reactions will oceur in
definite points.

When

W F+P2L , P2F+L ; F2F L
W F+@F26 ; P2FLG ; F2F 4G
CF2L+G ; PHL2G ; FLGSL

HF2L+G ; FP+L26¢ ;. F+G2L

.

In each of the reaction series 1—6 are found two of these three-
phase reactions; in each of the series 7—10 three, and in each of
the series 11—12 four of the same.” The last two of the group ¢
and « can only take place when the four-phase equilibrium moves
away further from the point 8 or from D.

Previously we alrveady found:

If in the four-phase equilibrium a reaction of group « takes place
it finds itself in the minimum melting or conversion melting point
of the complex I+ F; in a P, T-diagram the four-phase curve
then meets the melling point curve or the conversion curve of the

complex

F+ I (Point S in fig. 4).

A

If in the four-phase equilibrium appears a reaction of group b6 it
finds 1tself i the maximum sublimation or conversion sublimation’

-13 -
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)
point of the complex F 4 I"; in a P, 7T-diagram the four-phasé
curve then meets the sublimation curve of the complex I/ F”
(Point D in fig. 4).

Further we have: .

If in the four-phase equilibrium occuvs a reaction of group ¢ (or d)
the four-phuse curve meets in a P, 7-diagram the three-phase or
boundary curve of I7 (or 7).

We may readily deduce this last property in the following manner.
Suppose in a point @ appertaining to the temperatore 7% and the
pressure P of the four-phase curve there occurs a three-phase reac-
tion of group c¢. If now we remove from the equilibvivm #4277+ L4 G
the compound Z” we retain in the point & the three-phase equilibrinm
F+ L+ G. As according to our assumption a veaciion of group ¢
occurs between these three phases, ihey have such a composition
that between them a phase reaction is possible. Now, as we have
noticed previously, such an equilibrium '+ L 4 G is represented
in a P, T-diagram by a curve that we have called the three-phase

or boundary curve of /' (KI" in fig. 3 (I1I); mKFM in fig. 4 (IV).-

From this it follows that the boundary ecurve of the compound Z

passes through the point x of the four-phase curve.
dP AW

aTT AV
and as in the point # AW and AV are the same for both curves,
these curves must meet in the point 2.

We may summarise the previous considerations as follows: if in
a point x of a four-phase curve occurs a three-phase reaction the
four-phase curve in the P,7-diagram comes into contact with a
three-phase curve appertpining to that reaction. To a reaction of
group @ appertains the melting point curve, to one of group & ihe
sublimation -curve of the complex F'+4 F”; to one of ¢ the boundary
curve of F and to one of d the boundary curve of F.

From the reaction series 1—12 it appears that in each four-phase
equilibrinum occurs one reaction of group a and one of group 0.
In harmony with our previous considerations it follows that each
four-phase curve meets the melting-poini curve and the sublimalion
carve of F - F'. If now in a four-phase system occurs one of the
series 7—10 the four-phase curve mcets the boundary curve of #
(series 8 and 10) ov of /" (series 7 and 9); if one of the series 11 or
12 appears, it meets the {wo boundary curves. These points of
contact lie between the minimmm melting and the maximum subli-
mation point of the curves coming into conlact wilh each other.

If one of the reaction series 1—6 occurs the curves KF, K'F

As the direction of both curves is determined by T
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and SD will be situated in regard to each other as in fig. 1 (VII);
if series 7 or 9 appears K’F’ meets the curve DS;if 8 or 10 occurs-
KF meets DS and if 11 or 12 appears K'F’ as well ag KF meels _
that curve. g

As a rule the case dvawn in fig. 1 (V1) and corresponding with

!'series 1—6 is the one likel& to occur. If, however, the minimum
meliing or the maximum sublimation point of the complex F - F’
is situated bul a very little lower, or somewhat higher, than the _
same points of one or of both compounds separately, KF or K'F"
or both will then lie in the vicinity of DS and contact may take place. -

We now imagine drawn in the figs. 1, 2, or 3 the straight lines
al' and al”; the first may be considered as being part of a recti-
linear solution path of 7, the second as a part of such a path of
F" under its own vapour pressure. We have noticed previously
(communication IV) that the P, 7-curves of these paths meet the
melting point line of the compound in the minimum melting point.

+We now imagine drawn, as in fig. 1 (VI), the melting point lines
Fd and Fd' in fig. 4 also.

We now take on the four-phase curve LSDR of fig. 4 a point
corresponding with point a of fig. 1—3 which we will also call q.
From this point o the two P, T-curves of the solution paths of F
and F’ then proceed; the one meeis the melling point line of 7,
the other that of £ in the minimum melting point.

It is now evident that from each arbitrary point X of the curve
LSDR in fig. 4 proceed two solution palhs of which the one
meets the melting point line of [” and the other the melting point
line of /; in fig. 1 (VII) are drawn only the two paths proceeding
from the point S.

The paths proceeding from an arbitrary point X of the four-phase
curve generally intersect this curve in X. Contact takes place if in
the point X oceurs a reaction of group ¢ or d; in the first case
the solution path of F, in the second case that of 7 meets the
four-phase curve in the point X.

We have seen previously (communication IV): if in a point X
of a solution path of F a reaction is possible between the three
phases it comes into contact in the point X with the boundary
carve of [ Previously we have deduced also: if in the point X of a
four-phase curve oceurs a reaction of group ¢ it meets in the point
X the boundary curve of J. From this now follows: if in a point
X of a four-phase curve occurs a reaction of group ¢, the four-
phase curve, the boundary curve of /' and the solution path of ¥
come into contact with each other in the point X,
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This may be also shown in the following manncr. The direction
of the solution path of /' is determined by 5 (IV), that of the
boundary curve by 16 (IV) and that of the four-phase curve by 8.

If now between the phases occurs a reaction of group ¢ we get:

y—B8 _%—y__4:—8.

s—a a,—a &—0

. From this relation follows:
! M s—a

N a,—=z
so that 5 (IV) passes into 16 (IV).

With the aid of the above relation we readily find from (2) and
(3) the formula 16 (VI), with which the above mentioned property
is indicated.

(ZTo be continued).

Physics. — “Further cxperiments with liquid heliwum. H. On the
galvanic resistance of pure metals etc. VIL. The potential
difference necessary for an electrical current through wmercury
below 4°19 K. By Prof. H. Kamerriner Onxns. (Continued.)

§ 1. Local nature of the loss of heat by a mercury thread enclosed
m a glass capillary carrying a current, when the temperature sinks
below 4°.19 K. While the supposition that the thread should acci-
dentally consist of some other substance than mercury for a small
part of its length, is in contradiction to the regularity of the poten-
tial phenomena, yet on the other hand the supposition that the mer-
cury thread has a microresidual resistance similar to the ordinary
resistance in OmM’s Jaw (therefore independent of the strength of
current, see § 4), gives rise to no less difficulties *). Such a micro-
resistance proper to the mercury will be evenly distributed over the
whole thread. If we calculate from the potential differences observed
during the warming up at low temperatures and the strength of
current to which they belong, the resistance of the thread under
the conditions of the experiment, then we find that the thread, when
the threshold value of the strength of current is only very slightly
exceeded, must for a part of its length be partly heated distinctly
above the vanishing point. Let us take for example the experiments

1) Besides those mentioned in § 9, the difficulties here freated also preseut
themselves if we try to explain the polential phenomena by an even distribution
of additive mixtureresistance.

8
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