On the Double Salt of Sodium
and Potassium Sulphates.

By

Kichiro Okada.
(Received October 10, 1914.)

Mixed sulphates of sodium and potassium occur as a mineral
glaserite at Stassfurt in Germany. As to its composition and constitution
there have been controversies; and a complete literature is to be found
in an article by Retgers.! According to him, there is only one double
salt of the sulphates of the formula, X;Na (SO,),, while Brandrowsky®
has come to the conclusion that only one double salt of the composition,
2K;50,.Na,S0,, is formed from the solutions in which sodium and
potassium salts are present in a molar proportion of 1:2to1: 1; and
has considered the double salt of Retgers to be nothing but a mixture
of this double salt and patassium sulphate. The conclusion of Brand-
rowsky has been corroborated by Kubierschky,® and that of Retgers by
Grossner.? van't Hoff and Barschall® have insisted in their view that
glaserite is an extreme end of a long series of solid solutions, saturated
with potassium sulphate, having the composition I;Na (SO,)s.

Lastly Nacken® has corroboiated the existence of the double salt
K;Na (SO,);, and found that the double salt dissolved sodium sulphate
to a certain extent, the solubility- increasing with temperature.

At the suggestion of Prof. Y. Osaka the writer has undertaken,
from the stand-point of the phase rule, to determine the composition of
the double salt, its relation to the solid solutions, and the temperature
influence on the solid solutions, utilising the analytical method worked
out in the preceeding article.
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Experiment,

About 10 grams of mixtures of sodium and potas-
sium sulphates of various propoitions were dissolved in
10 c.c. of water in a flask of a capacity of about 30
c.c.,, which was made to rotate in a thermostat for a
period of 24 hours or more. The saturated solution
was separated from the residue by an apparatus shown
in Fig. 1. A is a so-called calsium chloride tube
containing purified cdtton, and B a receiver, com-
municating by a long side tube C with a pump.
The apparatus was immersed in the thermostat to keep
the solution at a constant temperature. After separat-
ing the mother liquor from the residue as much as
possible by the action of the pump, the latter was
pressed between filter paper and dried in an air bath.
The solution was evaporated on a water bath to com-
plete dryness. The samples thus obtained were analysed
exactly as described in the preceeding aiticle. The
results were as follows:

TasrE I.

Temperature : 15°0°.

Fig. 1.

/5

Sulphates in solution, in molar  Sulphates in residue, in molar

percentages. percentages.

No K480, Na,SO, X,S0, N2,80,
I 331 66-9 73 927
2 333 66-7 362 638
3 33-8 66-2 474 52-6
4 341 659 675 32-5
5 34-2 65-8 730 27-0
6 4172 58-8 731 269
7 437 563 732 26-8
8 498 50:2 73:6 26-4
9 554 44-6 74:6 254
1o 55-7 443 750 25-0
11 58:6 41:4 753 247
12 59-8 40-2 81-8 182
13 50-8 402 038 62
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Sulphates in solution, in molar

TasrLe II.

Temperature : 25 0°

percentages.
XK,S0, Na,S0,
19-8 80-2
201 700
19-7 80-3
20-2 793
20:6 79°4
24-1 759
28.9 71-1
31-8 682
32-2 67-8
34-8 65-2
361 639
42-0 58.0
46-2 53-8
58-7 41-3
60-8 392
59:6 404
609 30-1
Tasre IIT.
Temperature : 40 0.°
I1-X 88-9
I11-3 88-7
11-5 885
11-3 88-7
117 883
15-0 85-0
220 780
24-7 753
286 714
367 633
51-3 487
590 40°1
637 36+3

percentages.

K,SO4 Na,S0,

5-8 942
193 80-8
212 78-8
559 441
70-0 300
710 281
717 283
716 28-4
72-0 28-0
720 280
722 278
72:2 27-8
722 27-8
742 25-8
8o-5 195
8546 144
91-7 83
10-1 899
28:6 7Iod
393 6o-7
467 53°3
70-8 2¢9-2
720 280
737 263
738 262
7420 26-0
74°5 255
75°5 24-5
752 24-8

914

Sulphates in residue, in ‘molar
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Sulphates in solution, in molar

Kickiro Okada.

TABLE 4.

Temperature: 500°

percentages.
K,S0, Na,S0,
15-0 85-0
157 84-3
163 83-7
I5-5 84:5
16:6 834
175 82:5
220 780
24-8 752
29-1 70-9
34°3 65-7
TABLE 5.

16:8
172
167
174
20-3
25-8
316
356
43-8
486
629
673
66-8
687

178
17-8

Temperature s 600°,

83-2
82-8
833
826
797
742
684
64+4
5642
51+4
37-L
327
332
31-3

Tasre 6.
Temperature: 70-0°.

82.2
82.2

Sulphates in residue, 1n molar

percentages.
K,S0, Na,S0,
214 786
523 477
63-4 36+6
67-0 330
67-5 325
68-0 32-0
7241 27-9
72:4 27-6
722 27-8
735 26-5
1244 876
455 54-5
60-6 394
634 36:6
64-6 354
66-3 337
6g-0 31-0
704 296
728 272
727 273
742 25-8
743 25-7
77°3 227
87-8 122
19:6 80+4
38:6 61-4
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Sulphdtes in solution, in molar

) pergentages.
X,S0, Na;SO,,
174 82:6
180 82.0
17-8 82-2
17-3 82-7
18:3 81.7
10-1 309
233 777
28+6 714
345 655
347 653
553 447
689y 311
694 30:6

TaBLE 7.

19'2
19:7
192
19-8
2001
20-0
24+2
253
306
38-3
512
64+2
704
70-7

Temperature : 800°.

80-8
803
80-8
80-2
799
8o-0
758
7447
69-4
617
488
35-8
294
29-3

percentages.
X,S0, Nz,S0,
473 52-7
56-2 438
684 316
68-9 31-1
69:3 307
69+3 307
70-8 292
723 277
731 269
732 26-8
752 24-8
75-8 24-2
826 17:4
16-3 837
46-8 532
51-0 49-0
595 405
685 315
701 299
7240 280
716 284
741 259
749 25-1
75%2 24-83
749 25-1
874 126
930 70

Sulphates in residue, in molar

99

These results are represented in square diagrams in Fig. 2 to 8.
the horizontal side representing the composition of residue, and the
vertical that of the salts in solution.
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Fig. 2. Fig, 3.
Temperature : 15:0°. Temperature : 25-0°.
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Sulphates in residiue. Sulphates in vesidue.
Fig. 4.
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Temperature : 40.0°.

Sulphates in solution.
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Sulplates in residue.

Fig. 5.
Temperature : 50 0°.

Fig. 6.

Temperature : 60-0°,
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Sulphates in residue.

Sulphates in vesidue.
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Sulphates in solution.

Na.st,;

Sulphales in vesidue.

Discussion.

Fig. 7. Fig. 8.
Temperature : 70-0° Temperature: 8o0°
K80, K 80
.E f—x+
~ -4
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Sulphates i residue.

The curves in these seven figures have a general form as shown in
Fig. 9,' where

Fig. 8.
K,S0;

B C
§ F
% g B
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2 |H G
3

A |1 G T D
N2a,S50,

Sulphates in residue.

-

c

CE

EF

FG

represents a pure saturatec‘l
solution of potassium sulphate ;
solution saturated with potas-
sium sulphate together with
a gradually increasing quantity
of soduim sulphate;

solutions saturated with potos-
sium sulphate and a residue
represented by the point #7;
a solution, as the residue,
having a series of solid solu-
tions of which the composition
varies from &’ to G;

GH solutions saturated with sodi-
um sulphate and a residue represented by the point G';

HA solutions safirated with sodium sulphate, with a gradually decreasing.
quantity of potassium sulphate;

A a pure saturated solution of sodium sulphate.
Now it is clear from the figure that at least one of the point F’

1 TFhe curve FG is concave to the residue axis at lower temperatures.
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and &' must represent a double salt.
Fig. 2 to 8 will decide.

Temperature,

15-0°
25:0°
40-0°
50-:0°

60-0°
70-0°

80.0°

Kickivo Okada.

TaBLE 8.

Composition of 7,
in molar percentages.

K,S0,

750
750
750
(75-0)
750
75:0
750

Na,SO,4
250
25.0
25-0

(250)
25.0
250
250

Composition of G,
in molar percentages.
Na2SO4

K,S0,
730
71-7
69-5
667
61:8
68-8
695

270
283
305
333
38-2
31+2
305

The followirg: table derived from

Difference.

20

33

545
(8-3)
132
62

55

As seen from the table, the composition of G’ varies with a change

of temperature but that of A’/ does not;

and it may be inferred that

the residue represented by Z/ is a compound but the other not. The
point A just corresponds to the formula K;Na(SQ,), and the pomt G’
represents the double salt saturated with sodium sulphate, and the curve
G F has the double salt unsaturated with sodium sulphate’as the residue.

To tesﬁ the influence of tempexature on thevsolubility of sodium
sulphate 'in the double salt, the data in the fore-going table are gra-
phically represented in Fig. 10. In the figure, B being the transition

Fig, 10.

Temperature.

C Fi iH K
90— !
80}— l 3
70}— %
B /J
69—— % e 4
50— ,X( o
40— X3
B £|
30— 11
20}— 1
x .
16— 11
A | (S AN N 1011 ¢ I S
Na,S0, K50,
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temperature of sodium sulphate from decahydrate to anhydrous, namely-
320383°%, 4B represents the decahydrated sodium sulphate and BC the
anhydrous. The curve JEF represents the double salt saturated with
sodium sulphate, G/ glaserite, and /K potasium sulphate. In the field
a there exist decahydiated sodium sulphate and the double salt saturated
with sodium sulphate, in # that solid solution and anhydrous sodium
sulphate, in y unsaturated solid solutions and in ¢ the double salt and
potassium sulphate.

The results as a whole are concordant with those of Nacken as
far as 60°; but above that temperature the field of the solid solution

becomes narrower again, whereas Nacken assumed it to widen with the
rise of temperature up to 180°.

Summary.
I. Sodium and potassium sulphates form a double salt of the formula
KNa(SO0,),.

2. 'This double salt dissolves sodium sulphate as a solid solution but
not potassium sulphate.

3. The limit of the solid solutions has been determined for the tem-
perature interval from 15° to 80°.

In conclution I wish to express my sincere thanks to Prof. Y. Osaka
for his valuable suggestions and kind instruction.




