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The topological analysis of phase diagrams for reciprocal chemical systems has been
- carried out. The number of structure components and the number of elementary
crystallization spaces for irreversible reciprocal simple eutectic systems as well as for
systems containing congruently melting compounds were determined.
A topological analogy has been found to exist between irreversible reciprocal systems
and additive systems containing congruently melting compounds.

Pa6oTa 3aHMMaeTCs O61LHUM TONOJIOrHYECKHM aHAJIH30M IHAarpaMM COCTOSHHUS Biauu-
HBIX XMMHYECKHX CHCTeM. Bbl10 onpegeneHo 4YMUCIO CTPYKTYPHbIX COCTaBJISIOLIHX
M YHCJIO 3/IEMEHTAPHBIX MPOCTPAHCTB KPHCTALIH3AUMH KaK [ HEOOPaTHMbIX B3aUM-
HbIX MPOCTbIX 3BTEKTHYECKUX CHCTEM, TaK M I CUCTEM C XHMHYECKHMH cOeHHEHHAMH,
NNaBAWMMHCA KOHIPY3HTHO.

Bbin0 HaiaeHo, YTO CylIeCTBYET TOMOJOrMYECKas aHAJIOrHsl MeXAy HeoOpaTUMbIMHU
B3aUMHBIMH CHCTEMAMH C NMPOCTON IBTEKTUKOW W alIHTUBHBIMH CHCTEMaMH, KOTOpbIe
COIEPXAT XMMHYECKHE COENHHEHHSA, MJABALIMECS KOHIPY3HTHO.

In previous papers [1—5] additive chemical systems have been subjected to
general topological analysis. The present paper deals with some categories of
irreversible reciprocal systems without any solubility in the solid state.

Irreversible reciprocal systems of the simple eutectic type

Determination of the number of structure components

The ternary system of this type is schematically shown in Fig. 1. The concentra-
tion connection line MA—NB has the character of a stable diagonal (of
a quasi-binary system). The point R is the van Rijn point [6] ; the points E, and E,
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NA NB Fig. 1. Projection of the isobaric phase diagram
of the ternary reciprocal irreversible system
M.N| A, B in the direction of the temperature
E axis on the concentration square of the system.
2
R E
MA MB

-

are ternary non-variant eutectic points. The presence of the stable diagonal
MA—NB means that the equilibrium

MA+NB =2 MB+NA

is entirely shifted in favour of the formation of the substances MA and NB.

In the triangle MA—MB—NB (see Fig. 1) there exist the following structure
components of the first order: the phases MA, MB, NB. If their number is (Z}),
(i being the order, & the number of components of the system), then it holds

(Z),=Ci=3.

(The symbol C; represents the number of combinations of the structure compo-
nents of the first order.)

The structure components of the second order are: MA + MB, MA + NB, and
MB + NB; thus

(Z3),=C3=3.

Finally, there exists a single structure component of the third order, viz., the
ternary eutecticum MA + MB + NB

(Z),=Ci=1.

In the triangle MA—NA—NB several new structure components appear, viz.,
the phase NA, the binary eutectica MA + NA and NA + NB, and the ternary
eutecticum MA + NA + NB.

Consequently

(Z),=CLi=G=1,
(Z),=CLi=C=2,
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(Z),=Ci=Ci=1.
After summation we obtain
Z,=(Z3),+(Z3),=Ci+ =4,
Z1=(Z3), +(Z9),=C+ ;=5
Z3=(Z),+(Z),=C+ C5=2.

The quaternary system of this type is shown in Fig. 2.

A quaternary system of this type is obtained by adding another component C to
the former system, forming with all basic components of the former system simple
eutectic systems. Analogically, as in the foregoing case, we find that

c

MA MB

Fig. 2. Tetrahedral concentration pyramid of the irreversible quaternary reciprocal system MA, MB,
NA.NB, C.

Z,=C,+Ci=4+1=5,
Z:=C+C'=6+3=9,
Z;=Ci+Ci=4+3=17,
Zi=Ci+Ci=1+1=2.

This procedure may be generalized.

From the numbers representing the number of structure components, we obtain
with respect to their order and the number of the components of the system,
a characteristic triangle (Table 1). For the number of structure components of the
i-th order of a k-component system the relation holds
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Table 1
Characteristic triangle for reciprocal systems of the simple eutectic type

Order of structure components

k I 2 3 4 5 6

3 4 5 2 — — —

4 5 9 7 2 — —

5 6 14 16 9 2 —

6 7 20 30 25 11 ;.
Zi=C.+C7 (1)

and for their sum

k

D Zi=2—1+42""=3-2¢"-1. (2)

Determination of the number of elementary crystallization spaces

This. number apparently equals the number of permutations of the really
coexisting solid phases. Thus

SE=Z% (k)!=2-(k)! (3)

We easily will find that the results are the same as obtained in the case of systems
with one congruently melting compound (see [2]). Thus we come to the interesting
conclusion: Reciprocal irreversible systems of simple eutectic type without com-
pounds are topological analogues of additive systems with one compound with
a congruent melting point.

Irreversible reciprocal systems without solid solutions containing
binary compounds with a congruent melting point

Determination of the number of structure components

The simplest system of this type, containing two compounds with a congruent
melting point is shown in Fig. 3.
Analogically as in the foregoing paragraph, we will find the following relations

Z\=6; Z:=9;, Z;=4.
If the system of the considered type contains 4 compounds, it holds
Z\=4+b; Z:=5+2b; Zi=2+5b.

These results may be arranged in the following way
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Fig. 3. Projection of the isobaric phase diagram NA NB
of the ternary reciprocal irreversible system M,
N|| A, B in the direction of the temperature axis
on the concentration tetrahedron of the system.
The system contains the congruently melting
binary compounds Q and R.
R
MA MB

Zi=3+(b+1); Z;=3+4+2(b+1); Zi=1+(b+1).
By substitution of (b + 1) =a, we obtain
Zi=3+a; Zi=3+42a; Zi=1+a.
These numbers correspond to the row for & =3 of the characteristic triangle for the

determination of the number of structure components of the systems with a
congruently melting compounds (Table 2). For details see paper [3]. Thus it holds

Z,=C+b+1)-C\, 4)
SZ.=(b+3)-2"""+1. (5)

Consequently we again find that reciprocal irreversible systems with & binary
compounds are topological analogues of additive systems with a number of (b + 1)
binary compounds (the compounds considered are always congruently melting

compounds).
Table 2

Characteristic triangle for simple eutectic additive systems with a congruently melting
binary compounds

Order of structure components

k

1 2 3 4 5 6
2 2+a 1+ a — — — —
3 3+a 3+ 2a 1+ a — — —
4 4+ a 6 + 3a 4+ 3a 1+ a — —
5 S+a 10 + 4a 10 + 6a 5+ 4a 1+ a —
6 6+a 15 + Sa 20 + 10a 15 + 10a 6 + Sa 1+a
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Determination of the number of elementary crystallization spaces

On the basis of the above presented law of topological analogy it holds

ZE=(b+2) (k)! (6)

Conclusion

The existence of a relationship and a similarity between irreversible reciprocal

systems on

compounds,

the one hand and additive systems containing congruently melting
on the other, has been demonstrated. It will be the object of further

studies to search for still other examples of topological analogy.
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