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PHASE DIAGRAM OF THE SYSTEM (NH,),S0,-Cs,SO,-H,0 AT 0°C
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A continuous series of solid solutions is produced at 0°C, whose solubility curve as well as distri-
bution curve of ammonium ion between both phases have a course analogous to that found for
temperatures of 25°C and 100°C. In order to achieve a steady composition of saturated liquid
solutions, stirring of the solution with excess of a solid phase for 50 h is sufficient, whereas com-
position of the coexisting solid phase depends on time of stirring and on the direcidon of bringing
the system to the equilibrium state. Different composition of coexisting solid solutions, established
under different conditions is explained by slowness of the exchange processes in the solid phase
at a low temperature. The course of the solubility curve at all the temperatures measured hitherto,
allowed to express it by empiric equations valid for the whole temperature region of 0°C to 100°C.

In the previous paper' on the phase diagram of the system (NH,),80,-Cs,SO,-
~-H,0 at 100°C, doubts were expressed about the reliability of data published for
this system at 0°C according to Ushakov?. The reason for it was both an extra-
ordinary great dispersion of experimental data concerning the composition of saturat-
ed solutions, and a quite differring course of the distribution curve of the ammonium
ion between the liquid and solid phases at this temperature, as compared with the
course of the curve at 25°C and 100°C. While a nearly consistent course of this
curve at 25°C and 100°C (refs.':***) puts this system according to the Roozeboom
classification® to the second group of systems with solid solutions, the distribution
curve exhibits according to paper® at 0°C within the whole concentration range
only a very small deviation from ideal behaviour with opposite distribution of ex-
perimental points around the diagonal than at 25°C and 100°C. We considered
therefore useful to measure again solubility data of this system at 0°C.

EXPERIMENTAL

Reagents. The reagents were of A.R. grade purity (Lachema). Ammonium sulphate was re-
crystallized before use, cesium sulphate was used without any further purification. Both products
were finaly crystalline.

Working procedure. The saturated solutions were prepared by stirring a liquid solution with
excess of the solid phase for a minimum period of S0 hours in glass vessels immersed into the
stirred water-ice mixture. The systems examined were maintained at the temperature of 0°C
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either within the whole period of mixing, or the temperature of equilibration was temporarily
increased within 20 to 25°C, and afterwards again decreased down to 0°C, and at that tempera-
ture the system was again stirred for a minimum period of 50 hours before taking-off the samples.
Total composition of the system was in minority of cases adjusted by direct mixing of a weighed
amount of the two dry pure salts with appropriate amount of distilled water (procedure A4).
In most cases further amount of pure cesium sulphate (procedure B) or ammonium sulphate
(procedure C) was added to the remainder of the system from the previous measurement so that
it was possible in this way to approach the equilibrium composition of the system considered
either from the side of cesium or ammonium sulphates. The data concerning the temperature
conditions applied as well as direction of approaching the equilibrium state are given in
Table 1. Individual measured samples are ordered in the Table in such a way that the sample
with a higher ordinal number in procedures B and C was prepared from the remainder of the
sample with the preceding ordinal number and appropriate pure solid salt (No 26, 19 and 20);
for. samples denoted by a number and letter, series denoted by the same letter belong to one
another (for instance, sample 8a was prepared from the remainder of sample 7a and admixture
of pure ammonium suiphate, and analogously sample 10b from sample 9b ezc.).

Analytical. The samples of coexisting liquid and solid phases were taken off analogously as
in paper1 (the “wet residue” method). Individual components in both phases were analyzed
in the same way, i.e. the ammonium ion content titrimetrically according to Hanu®, content
of the total salt amount by evaporating all the water, and from the dry residue content of cesium
sulphate was calculated after the portion belonging to ammonium sulphate having been sub-

tracted.

RESULTS AND DISCUSSION

Composition of the saturated solutions of various contents of individual components,
composition of “wet residues™ coexisting with them, as well as composition of dry
solid phases, which corresponds to the saturated solutions, are summarized in Table I,
where experimental conditions of individual measurements during establishing
the stationary state are likewise given. Solubility of ammonium sulphate itself
at 0°C was taken from tables’, solubility of cesium sulphate at this temperature
was calculated by means of the correlation equation derived' on the basis of tabular
data®. The phase diagram of the system studied, constructed with use of the given
data, is graphically presented in Fig. 1, in which also data according to Ushakov?
are simultanecously given.

It follows from the results measured that course of the solubility curve is even
at 0°C analogous to that at higher temperatures of 25°C [ref.>**] and 100°C [ref.'],
i.e. it shows two practically linear branches, if concentrations in weight 9, are ex-
pressed, with a relatively narrow transition region. This allows correlation of the
solubility data by simple empiric equations. In the region having molar ratio of am-
monium sulphate in the solid solution xyp,,, > 0-5 it is possible to express de-
pendence of the content of this component (y, weight%) in the saturated solution
upon the cesium sulphate content in the liquid solution (z, weight?%) by relationship

y = 4135 — 05111z, (1)
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which is valid at the given temperature within z < 45 weight% of Cs,SO,. For the
second branch with excess of cesium sulphate in the solid phase, it is possible to ex-
press dependence of the content of this component upon the content of ammo-
nium sulphate in the saturated solution by relation

z = 6245 — 0939y (2)

valid for y < 15-0 weight%;, of (NH,),SO,. If we compare values of coefficients in the
corresponding solubility branches at all measured temperatures of this system®
between one another, we can find that this coefficients are linear functions of tempera-
ture in both linear sections of the solubility curves. Accordingly, the course of linear
sections of the solubility curves of this system at arbitrary temperature within 0° to
100°C can be expressed by common equation

y =% — 0-5111(1 + 7-01. 10_41) .z, (3)
and by
z =z — 0-939(1 — 54, 10“4t) .Y, (4)
H,0
FiG. 1

Phase Diagram of the System (NH,),80,-Cs,50,-H,0 at 0°C

Conditions of equilibration: ® 50— 70 h (0°)'A; @ 100 h (0°) A; ® 150 (0°) A; @ 250 h (0°) 4
+9d(22°)+ 50h (0°) A; © 50—75h (0°) B; © 100 h (0°) B; © 60— 75 h (0°) C; ® 100 h (0°) C;
© 250 g(0)° - 9d (22°) - 50 h (0°) C; ® 16 d (22°) - 50 h (0°) C; @ Ushakov2. Full line denotes
course of solubility according to equations (I) and (2).
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where y° and z° are solubilities of pure ammonium and cesium sulphates, respectively,
at °C. By comparing with the composition of saturated solutions according to
paper?, it is evident that the previous data® are for the most part considerably far
from the real state of saturation.

Whereas it is possible to conclude on the basis of the achieved data thatcom-
positions of the saturated solutions of the system in question are at 0°C unambiguously
defined by the given results, it is not possible to say the same about the composition
of coexisting solid phases. The results give evidence of the fact that even at this
temperature a continuous series of solid solutions is produced, but from the course
of tie lines connecting composition of saturated aqueous solutions and composition
of taken-off samples of coexisting “‘wet residues”, it is evident that composition
of that “wet residue” and hence of the dry solid phase, achieved by extrapolation,
considerably depends on reaction conditions under which the system of the total
composition approached its equilibrium stiate. On the basis of the data achieved
it is not possible to determine, whether the equilibrium state within the whole volume
of the solid phase was in some cases attained.

From factors affecting composition of coexisting solid phases, determined analyti-
cally, time of stirring the solution with excess of the solid phase (see measurements
7a—8b and 15—17), temperature conditions during the equilibration (measurements
16 and 17), and direction of the change of the total composition of the system (see
measurements 3—6 and 12a— 13b) are applied. The intensity of stirring which may
influence the results as well, was not examined.

Total recrystallization of starting solid phases of different composition is a condi-
tion of attaining the equilibrium composition in the whole mass of the coexisting
solid phase in the formation of solid solutions. The process quoted, which consists
of a series of transport and exchange processes in the solid phase, is very slow, parti-

FiG. 2
Distribution Curve of Ammonium Ion
between Liquid and Solid Solutions in the
System (NH,4),80,-Cs,80,-H,0
Signification of Symbolsis for 0°C the same
as in Fig. 1. Fuil line denotes the course
at 25° (1) and 100°C (I1).

Collection Czechoslov. Chem. Commun. {Vol. 40] [1975]



3296 Balej, Seveuk :

cularly at low temperatures. The equilibrium composition of a solid solution is
therefore produced predominantly in the surface layer of the solid phase and its
inside may be according to reaction conditions more or less far from the equilibrium
composition. For that reason, composition of the solid phase samples taken off does
not often as a whole correspond to the equilibrium composition, from which it can
deviate to a different extent. The observed intersection of conodes is cbviously
due to a different choise of initial experimental conditicns or to a different direction
of bringing the system to its equilibrium state. The greatest differences in the com-
position of coexisting solid phases, which manifest themselves by a distinct inter-
section of conodes from appropriate regions of saturated aquecus solutions, were
found for cases, when new composition of the system was adjusted by addition
of either pure solid cesium sulphate or ammonium sulphate to the remairder of the
system after a previous measurement. If solid cesium sulphate (process B) was added
to the remainder of the preceding system, a higher relative content of this component
in the solid solution than in the opposite case was established (procedure C).
This means that no complete recrystallization of the solid phase, which inside con-
tained the original starting solid component, occurred in the period of establishing
the equilibrium state. In spite of this, composition of the aqueous soluticn corres-
ponded to the equilibrium state of saturation, for it was present in a quasiequilibrium
with the solid phase composition in the crystal surface, this fact being obviously
sufficient for achieving fairly reliable data on the composition of saturated aqueous
solutions.

The explanation given is obviously of more general validity and accounts for similar
findings on the difference of composition of coexisting solid phases during formation
of solid solutions, made by various authors, even when compositions of saturated
liquid solutions are consistent between one another, and correspond to the state
of saturation. Here, a question remains, whether real attaining of the equilibrium
state in the composition of a coexisting solid solution within their whole volume
is possible in an experimentally acceptable time, particularly at low temperatures.
Another technique of the measurements than the commonly used stirring under
excess of the solid phase might be needed.

The obtained results on the composition of coexisting solid solutions in the given
system at 0°C cannot be on the basis of the given findings regarded as equilibrium
ones. Nevertheless, it follows from them that even at this temperature shape of the
distribution curve of the ammonium ion between liquid and solid solutions (Fig. 2)
corresponds to that established at the temperatures of 25°C and 100°C and comes
near to it more closely, the longer was the time of establishing the equilibrium state.
The real equilibrium shape of the distribution curve of the ammonium ion most
probably seems to be even at 0°C identical with the previously found course! for
25°C and 100°C. At the same time, this character of the distribution curve, which
corresponds to systems belonging to the second group according to the Roozeboom
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classification®, remained unchanged also for all estimated compositions of co-
existing solid phases, whose conodes have a differring course. This is the reason
for regarding as incorrect the data in paper?, relating to the composition of co-
existing solid phases of this system at 0°C, according to which the distribution
curve of the ammonium ion has only negligible deviations from ideal behavicur
within the whole concentration range. Our results show, even with. respect to the
given reservations, that a distinct point of inflexion appears on the distribution curve,
which corresponds to a congruent dissolution of the solid solution of both com-
ponents having molar fraction xyy,(,, = 0-5.
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