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and for the number, the length and the colouxr
of the staminodes, the proportions of the phae-
notypes differ widely in the different sowings,
in spite of the fact that the 'l consisted of a
single individual; so that the segregation of
the hybrids is variable; -

2) that in none of the sowings the segregation
ratios correspond to those which may be expected
from an independent Mendelian segregation.

Chemistry. — “In-, mono- and divariant equilibria”. X11. By Prof.
F. A. H. SCHREINEMAKERS.

-

(Gommunicated in the meeting of November 26, 1916).

19.  Ternary systems with two indifferent phases.

In communication II we have seen that in ternary systems three
types of P, T-diagram [fig. 2 (II), 4 (II) and. 6 (II)] exist. When,
lhowever, two indifferent phases occur in the invariant point, then,
as we shall see further, four types of P,7-.diagram exist.

When “in the invariant poinl two indifferent phases occur, then
consequently there ave three singular phases, they are represented
by three points, situated on a straight line. In the types of concen-
tration-diagram of figs. 1, 3, 5 and 7 the indifferent phases are
represented by 4 and B, the singular phases by C, D and Z.

In figs. 1 and 3 4 and B are situated on the same side, in
figs. 5 and 7 on different sides of the line CDE.

In fig. 1 the prolongation of the line AB intersects the prolon-
gation of the line EDC, in fig. 3 the prolongation of AR intersects
the line CDE in a point between C and D. [Of course the type
of -~ concentration-diagram of fig. 3 remains unchanged, when the
point of intersection was situated between D and E).

In fig.-5 the point of intersection of 45 and CDE is situated
on the line CDE, in fig. 7, however, on the prolongation of the
line CDE.

Of course "a type of P,7T-diagram belongs to each of the four
types of concentration-diagram, they are represented in the figs. 2, 4,
‘6 and ‘8. We find in each of these diagrams:

the three singular curves:

M=C+D+ £
A)=B+C+ D+ E=B+ M)
B=44+CH+D+E=4+ M)
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and further the curves:
: CO)=A4+B+ D+ &
(D)=A+B+C+E
(Ly=4+B+4C+ D
In the singular equilibrium (M) the reaction:
C+EZ2D
may occur. Hence it follows for the partition of the curves with
respect 1o the (M)-curve:
O E | I Dy oL n

In each of the figs. 2, 4, 6, and 8 the curves (C) and (£) must
be situated, therefore, at the one side and curve (D) at the other
side of the (M)-curve.

In communication I we have deduced the rule for the partition
of the cuxves for the general case, that each curve of a system of
n components represents an equilibrium of 72 -1 phases. As the
(M)-curve represents, however, an equilibrium of only = phases, we
have to deduce this rule also for this case. ‘

As the "(M)-curve coincides with the two other singular curves
(d) and (B), we may consider instead of the (I)-curve also curve
(4) or (B). In the equilibrinm (4)= B 4 C -+ D + E, as B takes
no part in the reaction as indifferent phase, the reaction:

C+EZ2D
occurs. Hence follows for the partition of the regions with respect
to curve (4):
B+ E+D
B+ C+D

Each of those regions is limited, besides by curve (4), also by
an other curve; the region B C'+4 £ by curve (D), the region
B+ E+4 D by curve (C) and the region B+ C+ D by curve
(£). As each region-angle is smaller than 180° it appears that
curve (D) must be situated at the one side, and the curves (C)and
(E) at the other side of (4). Consequently we find: y

(C) (&) () | (D) )
or, as the curves (4) and (M) coincide: o
(CYE)Y | (M) | (D).

Now already we know, therefore, thai in each P,71-diagram-type
the curves (C) and (#) must be situated at the one, and curve. (D)
at the other side of the (M)-curve. It is apparent, however, that
this is not sufficient to determine the P,7T-diagram-type completely.
Now we shall deduce this type for each of the four cases.

B+ C+E
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a) The five phases form a concentration- daagnam type as in fig. 1.
From the position of thé phasés with respect to one another
follow the reactions:

A+D*B+F..... )
A+C*B+E )

44+ C2ZB+D . .. .. L@

and from this: )
AHWD) | O (BYEY . . . . . . (a

(45(C) | (D) | (B) (&) C. Ba)
GHEOYIETBWD) . . . .

It appears from 2a, 34 and 4a that the curves (4) and (B) are
situated at different sides of each of the three curves (), (D) and
(E) As  (4) and (B} are singular curves and they coincide,
thelefme with the (M) curve, the (M)-curve is consequently bidirec-
tmnable We draw, therefore, iri a P,T-didgram the curves (4), (B)
and (M) as in fig. 2.

(8] (£)

Fig. 1. Fig. 2.

B (M)

At the one side of the (M)-curve we draw curve (D) [fig. 2];
at the other side of the (#)-curve are situated then the curves (C)
zmd (L), of which the position with respect to (4) and (B) has still
to be defined. Tt appears from 3a that (4) and (C) are situated at

the one and (B) and (&) at the other side of curve (0); the curves -

(C) and (E) arve situated, ttierefore, as in fig. 2.

We see that this diagram is also in accordance with 2¢ and 4a.

b) The five phases form & ‘type of concentration-diagram as
in fig. 3.

From the position of the phases with respect to one another
follows: )

D ©C)|BE. . . . . .G
(4) (C) (L? I (P) €2 EP (TG)
GHOWDY | BB . . D

-
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Because, as it appears from (5), (6), and (7), the singular curves

(M)

(E)

¢ (M)
Fig. 8. Fig 4

(4) and (B) are situated on different sides of each of the three curves
(C), (D) and (E), it follows again that the (M)-curve is bidirec-
tionable. With the aid of (1) and (6) we find a type of P, T-diagram
as in fig. 4. We see that this diagram is also in accordance with
(5) and (7).

¢) The five phases form a type of concentrationdiagram as in fig. 5.

From the position of the phases with respect to one another
follows: °

HBED O Dy. - B
@sdioleeE - -0 ©
@®@ @B ... 10

Hence it appears that the singular curves (4) and (B) are situated
on the same side of the three curves (C), (D) and (£); the (3)-curve
is, therefore, monodirectionable and the three singular curves (M), (A4)
and (B) coincide, therefore, in the same direction. We draw, therefore,
in a P, 71-diagram those three curves as in fig. 6. When we drasw

v (M)




on the one side of éﬁé (jl)-éuf*vé fhe curve (b!), then (O and (1)
must be situated on the other side. Now it follows further from (9)
that (C) and, (£) must_be situated within the angle which is formed
by the.metastable parts of the curves (D) and (H . Now it appears
from 8) or 10) that those curves (C) and (£) must be situated, as
is drawn in fig. 6.

~ -
d) The five pbases form a type of concentration-diagram as in fig. 7.
From the position of the phases with respect to one another follows:

AHByE || D .. ... (11
ABE D¢ . ... 1Y
R ABWDy & |y ... (18

Because, as it ;Lppkems from (11), (12) and (1§) the singular curves
(A) and (B) are situated on the same side of each of the three curves
(C, (D) and (E), the (M)-carve is, therefore. monodirectionable and
the three smgulm curves (M), (4) and (B, coincide, therefore, in
the same direction. Now we draw those three curves in a P, 7-dia-
gram, as in fig. 8. When we draw curve (D) at the oﬁe side of

the (M)-curve, then (C) and (£) must be situated al the other side.
It appears from (12) that (C) must be situated at the one side, and
(4), (B) and (F) at the other side of (D); we obtain, therefore a
type of P,7'diagram as in fig. 8.

We are also able to find the different thes of- £, 7~ dlaglam by
using the three mam Aypes of PTdmglamb [viz. T, 114 ‘and I1B],
which we have deduced in comuunication X.

In main-type I curve (1/),is monodirectionable, so that the three
singular corves coincide in lhe same direciion; the P,7-diagram of
a system of n-components has then the same appearance as that of
a system with n—1 components. The P, T'diagram of a ternar Y
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system has, thexefone the same appearance ad that of a binary
system consequentlv it exisfs, as 2 (I) of one twoeurvical and two
onecurvical bundles. Ore of thez, culves of this figure must représent
now,. the three coinciding singular curves.

When the singular curves are repieserted hy one of the clirves
of the twocurvical bundle, then fig. 8 arises; When they ateé ieépre-
sented by one of the two other _curves, then fig. B arises.

In main- type II curve (M) is bldue(_tlonable thé two other sin-
glllal CLIIVGS coincide therefore in opposite ditettioh rfig. 2 X 3‘X)
and 4(X)]

In main-type 114 curve (M) is a middle-curve of the (M)-biuidle
[fig. 3(X)). The type of P,T-diagram consists of:

(M)-bundle ++ 22 Gther bundles
viz. # bundles on each of the sides of the (/)-bundle. [In fig. 3 (X)
15 2 =2]. The (M)-bundle 1tself consists of one cnrve at the one
side and three curves at least al the other side of the invariant
poinc; it consists, therefore, of four curves at least. [In fig. 3X of 5].

When we take an (M)-bundle of 4 curves, then, as 5 curves occur
in the invariant point, 4 4 2 .v =5, consequently * =3%. An (M)
bundle of four curves cannot exist, therefore. Wben we take an
(M)-bundle of 5 curves, then 54 2z =215 or # = 0. Consequently
the P, T-dragram consists only of an (M)-bundle of 5 curves; we
obtain, therefore, a diagram as in fig. 4.

In main-type Il B curve (A) is a side-curve of the (M)-bundle
lfig. 4 X'|. The type of P,7-diagram consists, therefore, of:

(M)-bundle 4 (2 & 4 1) other bundles
viz, x bundles at the one side and (z~-1) bundles at the otherside
of the A/-bundle. [In fig. 4 (X) is #=1]. The M-bundle consists of
two curves at least al each side of the invariant poini; consequently

it consists of four curves at least. [In fig. 4 (X) of '6].

When we lake 'an (#)-bundle of four curves, then 4 +2¢}1=5,

‘consequently #=0. At the one side of the (M)-bundle is situated,

thexefme one curve |viz. ¢t 4+ 1 =1] on the other side notasingle
cirve is situated [viz. #='0]. Now we obtain the type of P,7-
diagram of fig. 2.

In communication (X) we have deduced the rules:
¢ . 1 . 2y ’ ¥ i . H .
1. The two indifferent phases have the same sign or-in other
words: the singular ‘equilibrium (/) is transformable into tl’ie in-

'vanant one and 1evensqll) Curve (11[) is monddireciionable; the
‘three bmgulal Cuives coincide in ‘fhe “same diréelion [fig. L (X)]
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2. The two indifferent phases have opposite sign or in other
words: the singular equilibrinm (M) is not transformable. Curve (M)
is bidirectionable; both the other singular curves coincide in opposire
direction [fig. 2 (X), 3 (X) and 4 (X)|.

The four types of P,T-diagram [figs. 2, 4, 6 and 8] are in
accordance with those rules. In figs. 5 -and 7 the singular equili-
brium (M)= C - D -+ E is viz. transformable; in accordance with
rule 1 in figs. 6 and 8 the (d/)-curve is monodirectionable. In figs.
1 and 3 the singular equilibrinm (M) is not transformable; in
accordance with rule 2 the (M)-curve is bidirectionable in figs. 2

and 4.

We may also deduce the types of P,7-diagram from the types,
which ave valid for ternary systems without indifferent phases; we
find them in the figs. 2(1I), 4 (1) and 6 {Il). [We have to bear in
mind that the figs. 4 (Il) and 6 (I[) must be changed mutually. ]

We may consider viz. fig. 1 as a particular case of fig. 1 (ll) or
3 (II). When viz. in fig. L (II) we let point 5 coincide with a point
of the line 2 3, then this conceniralion-diagram passes into the type
of fig. 1; this is also the case when poini 4 coincides with a point
of the line 12, or point 3 with a point of the line 15 etc. When
point 5 coincides with a point of the line 23, then 1 and 4 are
the indifferent phases and (J) and (4) the singulae equilibria. In the
P,-T.diagram of fig. 2 (Il) the singular curves (1) and (4) must then
coincide; it is apparent from the figure that this coincidence must
take place in opposite direction. The P,7T-diagram of fig. 2 (II) passes
then into the type of fig. 2.

When in fig. 3 (II) point 4 coincides with a point of theline12,
then this concentration-diagram passes also into that of fig. 1. The
indifferent phases are then represented by 3 and 5, the singular
equilibria by (3) and (5). In the P,7-diagram of fig. 4 (II) the curves
(3) and (5) coincide then in opposite direction ; then the P, 7-diagram
becomes the same as that of fig. 1.

In the same way we are also able to deduce the other types of
the P,7T-diagram. We may viz. consider fig. 3 as a particular case
of fig. 3(II) or 5(II). Fig. 5 is to be considered as a special case
of fig. 3; fig. 7 as a particular case of fig. 5.

When in a ternary system no indiffereni phases occur, then, as
we have seen in communication 11, the curves succeed one another
in ‘“diagonal succession”. With the aid of this rule we are also able
to find the saccession of the curves, when two indifferent phases ocecur.
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In order to apply this rule to fig: 1 we imagine the point D a
little left from the line CE; then we obfain a concéntiation-diagram
of the type of fig. I(II), viz. a convex quintangle. The diagonal
stceession of the phiases is then: A-—C—E—B—D-A4; the succes-
sion of the c¢urves in the P,7T-diagram must be, therefore, (4)—(C)—
(B)—(B)-(D)—(4) or reversally, we see that this is in accordance
with fig. 2.

When we imagine the point D a little right from the line CE,
then the cohcéntration-diagram forms a monoconcave quintangle,
as in fig. 8 (IT). The diagonal succession of the phases is then also:
A—C—E—~B—D, so that the curves have to succeed one another
as in fig. 2.

In order to apply the rule io fig. 3 we imagine in this figure
“he point D a little at the right or al the left of the line CE. In
the first case a biconcave guintangle arvises [fig. 5 (D], in the second

“case a monoconcave quintangle [tig. 3 (I[)]. In both cases the dia-
gonal succession of the phases is: A—C—E—B— D—A; the succes-
sion of the curves in the P, 7-diagram must be, therefore: (4)—
(C)—(E)—(B)—(D); this is in accordance with fig. 4.

In order to apply the rule to fig. 5, we imagine also the poini D
in this figure a httle at the right or at the left of CE. In both
cases a monoconcave quintangle arises [fig. 3 (II)]. The diagonal
succession of the phases is then: 4A=~B—D -C=F or A—B—FE—
C—D.. When we bear in mind that in the P7-diagram the curves
(4) and (B) coincide, then we get a succession of the curves as
in fig. 6.

In order to find the succession of the curves in the P, 7-diagram
which belongs to fig. 7, we imagine in fig. 7 the point D to be
sitnated again a little at the Tright or at the left of the line CE;
thén in both cases a biconcave quintangle arises [fig. 5 (II)]. The
diagonal succession of the phases is then 4—B—D—C—E or
A—B- E—C—=D. As the ¢ubves (A4) and (B) coincide, a P,T-dia-
gram ds in fig. 8 arises. ,

In our previous considerations we have shifted ‘a little the point
D in each of the figures 1, 3, 5, and 7; it isevident that we might
have shifted also the point C' or £ a little.

20.  Quaternary systems with two indijferent phases.

We have seen in communication III that four types of P, 7-dia-
gram exist in quaternary systems. When however, 2 indifferent
phases occur in the invariant point, then, as we shall see further,
12 types occur. In order to find those types, we might, just as in
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the case of the ternary systems, construct the different concentration-
diagrams and the lype of P, T-diagram belonging to each of those
diagrams. Now we shall deduce them, however, without using the
concentration-diagrams, with the aid of the three main-types I, 114
and I13, which we have deduced in communication X.

In main-type I curve (M) is monodirectionable and the 3 singular
curves coincide in the same direction. Consequently the P,7-diagiam
has the same appearance as that of a ternary system. In the lypes
of P,Tdiagram of the ternary systems [fig. 2 (II), 4 (II) and 6 (II)]
we let one of the curves represent the (M/)-curve. Then we find
the following diagrams :

BMy+B,+8,+B,+B, . . . ..
BM+ B, + B, . e T . e D
i B 4+BM+1H+B,. . . . .3
B +BA+My+B,. . . . . ... @
BMY+B,+B, . . . (B
B4+ B +BMA2 . . . . . . .. (6
B +B+BA+M+Y) . . . . .. D

Heremn B, means an onecurvical bundle, B, a twocurvical bundle
ete., B(M) ndicates a bundle which consists of the (M )-curve only,
B(M+41) a bundle, which consists of the (M)-curve and still
another curve, ete.

With the aid of main-type 11 A we find the diagrams

BM)y+ B +BA+M+H+B.. . - . (8
BMy+BA+M+3 . . . . . . . .9
BMY+B2+M42 . . . . . . . .10

With the aid of main-type Il B we find yet the diagrams:
BM+1D+BAS+M+B,. . . . . D
BM+1HY+BR+M)+B,. . . . . (12

The reader himself may easily draw the 12 P,T-diagrams of which
the diagrams (1)—(12) are the symbolical representations.
(To be continued).

Leiden, Inorg. Chem. Lab.
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