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Various heterogeneous equilibria in systems consisting of water
and almost all possible combinations of the chlorides and sulphates of
sodium, potassium, magnesium, and calcium were studied by J. H.
van’t Hoff and his co-workers during the years 1897-1908. Their
work had in view the explanation of the genesis of the oceanic salt
deposits in Stussfurt and other places. Up to this present, however,
there has been no systematic study of those reciprocal salt pairs
above-named. We have some data for some parts of this system, but
some of them are not sufficiently exact. Therefore the author, on the
suggestion of Prof. Y. Osaka, took up the study of the equilibrium of
the system at 25°C. from the standpoint of the phase rule.

About two months ago when the present work was nearly com-
pleted, an article on the same subject by W. C. Blasdale® came to
the author’s notice, but since his results are not in agreement with
the author’s at several points, he continued his work, which seemed
not to be superfluous. The results are given in this article.

Materials: Sodium sulphate, magnesium sulphate, and magnesium
chloride were purified by thrice recrystallisation from commercial pure
salts, as Na,S0,.1oH,0, MgSO,.7H,0, and MgCl,.6H,0 respect-

1 J. H. van’t Hoff: Untlersuchungen iiber die Bildungsverhiltnisse der ozeanischen
Salzablagerungen. Leipzig Akademische Verlagsgesellschaft, 1912; J. Chem. Soc. Abst.
(1898), ii, 564, ff. from Sitzungsber. K. Akad. Wiss, Berlin.

2 J. Ind. Eng. Chem. 2, 164 (1920).
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ively, and sodium chloride was prepared by precipitation from a
saturated solution of commercial pure salt by hydrochloric acid gas.

Methods of experiments: All the experiments were divided into
three parts, namely,

Measurement of solubilities of four single salts.

2. Study of equilibria between two salts which have a common

ion. ‘

3. Study of the equilibria among three salts, namely, that of the

reciprocal salt pairs. ‘

The experiments were carried out in the following way: Mix-
tures of salts in different proportions were put each in an Erlenmeyer
flask of a capacity of about 30c.c. which was made to rotate in a
thermostat at 25-0°C. for at least twenty-four hours. When equilibrium
was attained, the flask was allowed to stand for a while in the same
thermostat until the suspended matter had settled. Then about 10c.c
of the solution were sacked up by a pipette through a cotton filter
into a weighing bottle, and subjected to analysis. The residue which
had been pressed between a porous plate and folded filter paper, was
redissolved in water to a definite volume, for analysis. The residue
taken for analysis was sometimes still wet with some mother liquor,
but naturally it had no influence over the determination of the nature
of the residue,

Magnesium and sulphate radicals were determined as magnesium
pyrophosphate and barium sulphate respectively, and chlorine by titra-
tion with a 1/20-normal silver nitrate solution. Sodium was estimated
by difference.

1. The solubilities of single salts : The solubilities of single salts,
found in the present investigation, are given together with the data
found in literature as follows (Grams anhydrous salt per 100 grams of
solution) :V '

a. Sodium chlovide.

L. 2652 } 2649 (Takegami)

2. 2646
26-47 (Osaka)®
26-52 (Mulder)
26-30 (Kopp)”

1 Here and in the following pages, the data quoted from the literature were recalcu-
lated, when necessary, to make them comparable with the author’s.

2 J. Tokyo Chem. Soc., 29, 116 (1908).

3 Landolt, Bernstein, Meyerhoffer’s Tabellen, p. 556.
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b. Sodium sulphate.

I. 21-33
2. 2155 } 21-54 (Takegami
3. 21-53 ( gami)

21-9 (Mulder)
c. Magnesium chloride.

I 3590 } 35-86 (Takegami)

2. 3581
36:1  (Léwenherz)®
362 (van’t Hoff and Meyerhoffer)®
d. Magnesium sulphate.

R 26'59} 26-68 (Takegami)

2. 2677
28-2  (Mulder)®
259 (Lowenherz)?”
27-9 (van’t Hoff )* _
2. Egquilibria between two salts whick have a common ion.
a. Sodium chlovide and sodium sulphate.
The results of the determination of solubility are given in the
following table :—

TaBLE 1.
Composition of solution in gram Composition of residue in gram
percentages. percentages,
No. Na,Cl, Na,804 H,0 Na,Cl, Na,S0, H,0
I 2649 7351
2 24°57 300 72°43 90-92 014 894
3 2298 680 7022 4954 3590 1456
4 2047 860 7093 504 7965 1531
5 1895 1012 7093 365 81-05 1530
6 1306 15-60 71-34 i 413 7859 17-28
7 1307 15-60 71.33 1'54 9061 . 785
8 13-61 1518 7121 2-64 4563 5173
9 974 1565 7461 368 3337 6295
10 421 18:25 77°54 112 37°51 61-37
11 2154 ' 7846
1 Seidell: Solubilities of inorganic and organic substances, p. 31I.
2 Zs. physik. Chem.,, 13, 459 (1894).
3 Ozeanische Salzablagerungen, p. 42.
4 Loc. cit.
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The following table was recalculated from the last one by rep-
resenting the compositions of solutions and residues by the formula :

1oomH;0.xNa,Cl,.(100-x)Na,SO,,

where x denotes the molar percentage of Na,Cl, and #2 the number
of moles of water to one mole of salt.

TABLE 2.
Solution Residue
No.
X m x m Solid phase
1 10000 1802 NayCl,
2 9088 17.40 99-87 064 '
3 8040 15:96 6265 120 Na,Cly; Na SO,
4 74'32 1673 714 140 NayS0,
5 69-42 1689 519 141 »
6 5044 17:go 6-00 1-63 »
7 5044 17:90 z'0z 067 »
8 5131 18-03 657 838 NayS0; ; NaySO410H,0
9 4306 2142 11-82 1313 Na,ySO410H,0
10 2191 26-20 350 12:46 »
11 000 2851 »

From the .dada on this table, we obtain Fig. 1.

From Fig. 1, it may be seen that the decahydrate of sodium
sulphate is dehydrated to the anhydrous form when the amount of
sodium chloride in the saturated solution of sodium sulphate is
increased to some definite degree. And there is no formation of any
double salt between them.

About this equilibrium, though a part of it has been reported by
van’t Hoff,” it scems, there has been no complete investigation except
the most recent studies of Blasdale.? The values found by these two
authors are in fair agreement with those found in the present inves-
tigation.

The solution, saturated with sodium chloride and sodium sulphate,
corresponds to the point 3, of which

1 van’t Hoff: Ozeanische Salzablagerungen, p. 73.
2 Loc. cit.
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Fig. 1.
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m=1596 and x=80-40,
while according to the previous investigatiors, they are

m216-0, x=81-6 (van’t Hoff)
m=16-12, x=79-93 (Blasdale)

The coordinates of the points 8, which represents the solution
saturated with anhydrous and decahydrated sodium sulphate are

m=18-03, X=5§1-31
while those.found by Blasdale are

m=17-70,  X=51:34

b. Sodium chlovide and magnesium chloride.

The equilibrium of this system is very simple as shown in Fig. 2,
Tables 3, and 4, as there is no formation of any double salt nor
change of water of crystallisation in the salts.

TABLE 3.

Composition of solution in gram [ Composition of residue in gram
percentages | percentages

No. !

Na,Cl, MgCl, H,0 Ma,Cl, MgCl, H,0
1 26+49 7351 .

2z 19:77 624 7399 | 71°44 224 2632
3 16:62 915 74°23 { 78:41 2:52 19-07
4 780 1879 341 | 735 548 2137
5 4.11 2440 7149} 8253 1173 574
6 112 3165 6723 | 55-20 1527 2953
7 048 3568 638 | 1628 3516 4856
8 o2I 3573 6406 i‘ 000 45°55 5445

9 3586 6414
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TaBLE 4.

1oomH,0-x Nay,Cly(100--x)MgCly

Solution Résidue
No. S
x m b m Solid phase
1 100 00 18-02 Na,Cl,
2 71-95 17°49 9611 2:30 ”»
3 59'50 17:26 96:19 152 ”
4 2515 15-38 91°56 1-72 ”
5 I2:00 1359 9827 044 ”
6 279 1086 74-54 2:59 »
7 1-08 932 27-95 542 Na,Cly; MgCl,.6H,0
8 027 940 0'00 629 MgCl,.6H,0
9 @00 941 »
Fig. 2.
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The composition of the solution saturated with the two salts,
represented by the point 7 in Fig. 2 is

X=1-08 and m==9g-32.
The corresponding values found by van’t Hoff are
X=2-3 and Mm=ge4.

According to Blasdale, however, the solubility of sodium chloride
in the saturated solution of magnesium chloride is negligibly slight,
so that it may be represented by

X=0-00 and m=9-63

As seen from the above statement, the solubility of sodium chlo-
ride in the saturated solution of magnesium chloride is much less
than that found by van’t Hoff but not so trifling as Blasdale has
observed.

c. Magnesium sulphate and sodium sulphate.

Into the only double salt, astrakanite, Na,Mg(SO,),.4H;O, which
these two sulphates form, there are many investigations,’but no sys-
tematic study of the equilibrium of this system at 25°C. seems to
have been published until the work of Blasdale appeared. The
results of the author are represented in Table 5, 6, and Fig 3.

TaBLE §5.
Composition of solution in gram Composition of residue in gram
percentages percentages

No. _

MgSO, Na,S0, H,0 MgSO, Nay50, H,0
1 2668 7332 e
2 2377 669 6954 3935 252 5813
3 2006 10:80 6714 3785 318 58-97
4 1984 26'54 6362 36-2g 7-08 5663
5 21-60 12:48 65-95 3359 2491 4150
6 19:46 1413 66-41 3096 3275 3629
7 18-28 1589 6583 2940 2658 44-02

1 J. H. van't Hoff and Ch. M. van Deventer; Zs. physik. Chem,, 1, 170 (1887);
3, 337 (1889); Ber, 19, 2144; H. W. B. Roozeboom : Zs. physik. Chem., 2. 518 (1888).
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8 16-31° 18-22 6547 - 2825 3128 4047

9 1614 1816 65-70 28-68 32-21 3911
10 1414 20°50 65°36 2785 34°00 3815
i1 1563 18-63 6574 12:56 3759 4985
12 17-67 1816 6417 632 3468 5900
I3 1093 19-17 69-90 375 3597 6031
14 1078 18 85 7037 454 3328 6218
15 3'34 . 2088 7578 055 41°40 58-05
16 21-54 78:46

TaBLE 6.

100mH,0'xMgS0, (100—x)Na,SO,

Solution Residue
No.
x m x m Solid phase
1 100°00 1831 MgSO,.7H,0
2 81-79 1574 9480 932 »
3 7068 14:35 9338 969 »
4 5870 12:54 85 86 893 »
5 67-28 1369 61-51 506 MgSO,.7H,0; Astrakanite
6 62-01 14°09 52-83 413 Astrakanite
7 5770 13-84 5173 571 »
8 51°49 1377 51-70 493 »”
9 51°30 13-91 51:30 466 »
10 4498 1385 4926 449 ”
11 49°86 13:97 28 35 7:00 Astrakanite ; NaySO,.lJoH,0
12 5355 12:95 17-76 11-0% N2,50,.10H,0
13 4031 17-18 11-00 11-79 ”
14 4041 17:57 1392 12-70 »
15 15'95 2408 155 1090 »
16 000 2851 .

The transition points, 5 and 11, as found by Blasdale, are
respectively :
x=65-77, m=13J1 and
X=15248, m=1383

against the author’s values

x=67-28, m=1369;
x=4986, m=1397.
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As may be seen, there is some difference between them, but it

does not much matter for the present purpose.
The data marked with an * refer to labile equilibrium, and that

part is represented in the diagram with dotted lines.

Fig. 3.
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d. Magnesium chloride and magnesium sulphate.

Of the equilibria of the four systems each of two salts with a
common iron, those of the three already mentioned do not much
differ in essential points from those found by previous investigators.

Now, as to the fourth system, the opinions of the previous
observers are divided; and as the equilibrium state of this system
has a great influence upon that of the reciprocal salt pairs, it is the
most important and the most interesting of the four ternary systems.

According to Lowenherz, the first systematic investigator of this
system, the solubility curve in this system consists of three branches
in consequence of the change of water of crystallisation of magnesium
sulphate from hepta to hexa. He determined the compositions of the
solutions which have the two salts, MgSO.7.H,0O and MgSO,.6H,0,
and MgSO,.6H;O and MgCl,.6H,0, as residue respectively to be

x=83, m=11-3 and x=88, m=38.5.

According' to van’t Hoff,? however, there exist two more hydrates,
namely, penta and tetra, and his results are as follows:

x m Residue.
830 114 MgS50,.7H;0 ; MgSO,.6H,0.
904 10-7 MgS0,.6H,0 ; MgSO,.5H;0.
92-2 104 MgSO,.sH,0 ; MgS0O,4H,0.
949 94 MgSO,.5H,0 ; MgCl,.6H,0.

The Blasdale’s results are very near to those of Lowenherz, and
no investigations have been undertaken about the penta and tetra
hydrates of magnesium sulphate. His data are as follows:

X m Residue.

88-98 I1-55 MgS0,.7H,0; MgSO0,.6H,0.
93465 930 MgSO,.6H,0 ; Mg.Cl,.6H,0;

The author’s results are represented in Tables 7, 8, and Figs. 4
and 5.

L Zs. physik. Chem., 13. 459, (1894).
2 van’t Hoff: Ozeanische Salzablagerungen p. 71, Ber. Berl. Akad., 1898, 487.
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TasLE 7.
Composition of solution in gram Composition of residue in gram
No. percentages percentages

MgCl, MgSO, H,0O MgCl, MgSO, H,0
1 26-68 7032
2 1-62 2443 7395 052 4038 59'10
3 531 1963 7006 - — -
4 942 14-89 7569 313 36-81 60°06
5 1051 14-02 7547 318 37°89 5893
6 14°05 1068 7527 478 3577 5945
7 1477 11-c8 7415 460 3735 58-05
8 16:22 10'14 7364 476 37°17 58-07
9 2353 544 71-03 511 39-21 5568
10 2606 502 68-92 744 37-83 54'73
11 2636 490 6874 922 35-80 5498
12 2784 429 67-87 335 4566 5099
13 28-21 435 6744 11'55 32:59 5586
14 2872 414 67:14 1063 3426 5511
15 3008 380 6612 941 3710 5349
16 3091 376 6533 9-82 37°16 5302
17 3139 375 6486 8.60 3887 §2-60
18 3214 377 6409 941 3811 52:48
19 3236 385 6379 1089 3610 5301
20 3079 387 65:34 1916 2478 56-06
21 3248 304 6448 11-68 37-60 5072
22 3297 291 64.12 11-30 3960 49°'10
23 3309 2:82 64-09 12:27 4402 4571
24 3356 2-81 6363 1720 3144 51:36
25 3403 2:96 63-01 36-52 1058 5290
26 3389 2'99 6312 4439 91 5470
27 34-80 145 6375 4324 065 5611
28 35-86 6414
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TABLE 8.

329

100mH,0-xMgCly(100-x)MgS0,

Solution Residue
No. U
X m b m Solid phase
1 000 18:31 MgS0,.7H,0
2 775 18:61 1-60 959 »
3 25'51 18-97 - - »
4 4446 18-80 972 9:82 "
5 4872 18:39 960 937 ”
6 6248 17-60 14:48 947 » -
7 62-80 1648 1348 8-96 »
8 6695 1599 1394 896 ”
9 8457 1343 1447 812 "
10 86-81 12-08 19-94 772 MgS0,.7H,0; MgS0,.6H,0
1§ Ol 87-20 1196 2459 7-72 MgS0,.611,0
12 8916 11°43 850 6-81 5
13 8913 11-21 3094 788 '
14 89-80 11-04 2821 7-69 .
15 90'92 1051 24°32 7-27 »
16 91-22 10-14 2508 7312 »
17 91-38 993 21-89 704 »
18 9I'54 g-60 2382 6:99 »
19 91°40 948 2765 7-08 .
20 9097 10°15§ 4948 . 762 MgHO,.sH,0
21 9311 972 28-24 645 »
22 93'49 9-56 2534 617 ”
23 9370 955 22:81 534 MgSO44H,0
24 9380 936 4094 643 »
25 9358 911 8139 6 20 MgS0,4H,0; MgCl,.6H,0O
26 0346 916 98.39 638 MgCl,.6H,0
27 96-82 933 9884 675 »
28 10000 941 - »
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It may be clearly seen from Fig. 4 that the solid phases of this
system are MgSO,.7H,0, MgSO,6H,0, MgSO,s5H,0, MgSO,4H;0,
and MgCl,.6H,;O. Thus van't Hoff’s observation was confirmed qua-
litatively, but quantitatively there are some differences.

That part of the diagram where the opinions of previous investi-
gators are not in agreement, was studied with special care in the
present work. Fig. 5 is drawn to expose this part on a greater scale.
It may be seen from Fig. 5 that the hexahydrate has the transition
point to the pentahydrate at the point 16, but the curve for the
hexahydrate might be further continued as represented by the points
17, 18, and 19. From the relative position of the curves for the
hexa and penta hydrates, it is beyond doubt that the three latter
points represent metastable equilibria.

The compositions of solutions, represented by points 16 and 20
in Fig. 5, and having the hexa- and penta-hydrates as residue res-
pectively, are almost the same, and it may be permitted to take the
average values of them as the composition of a solution saturated
with these two hydrates. They are

xX=9I-10, m=10-15.

In a similar way, the composition of the solution saturated with
the penta- and tetra-hydrates of magnesium sulphate, is determined at
the points 22 and 23 as follows:

x=9360, m=g-56.

Thus the existence of the penta- and tetra-hydrates of magnesium
sulphate was confirmed. Though Lowenherz and also Blasdale believe
that they had obtained a solution saturated with the hexahydrates of
magnesium sulphate and of magnesium chloride, it is evident from the
present investigation that the hydrate of magnesium sulphate which
coexists with the hexahydrate of magnesium chloride in stable equili-
brium is the tetra- and not the hexahydrate.

The following observation may be added as an evidence of the
existence of the lower hydrates of magnesium sulphate. The crystals
of the hexahydrate in equilibrium flasks were somewhat translucent,

but as soon as they changed into the lower hydrates, they became
opaque.
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3. The weciprocal salt pairs of sodium chlovide and magnesium
sulphate, and sodium sulphate and magnesium chlovide at 25°.C.

There are two methods for the graphical representation of the
equilibrium of reciprocal salt pairs, one referring to octahedral coordi-
nates first used by R. Lowenherz" and the other referring to the
quadratic prism proposed by E. Janecke.” Since the second mode of
representation is simpler and more convenient, it is adopted here to
reproduce the results of the work.

Fig. 6 represents a model of the system, Fig. 7 is its horizontal
projection, and in Fig. 8, a portion of it is reproduced in a larger

Fig. 6.

]\(Na?son

P

(Mg304)

' Zs. physik, Chem., 13, 459 (1894).
2 Zs. anorg. Chem,, 15, 132 (1906).
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scale. The vertices of the square represents the four single salts
respectively as indicated in the figure. The sides represent the
equilibria of the systems of two salts, with a common ion, and water,
and they are nothing but the projections of the rectangle diagram
of those ternary systems on the horizontal side, which have been
already described.

Fig. 7.
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Fig. 8

MgS0, 7H,9
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1 ]
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Now, the experimental method, by which the data necessary for
the construction of the model and Fig. 7 were sought, and the results
thus obtained will be described.

The experiments were carried out in the following way: Into a
solution saturated with two salts having the common ion, another salt
was added in different proportions, and it was so arranged that, when
equilibrium was attained, two or three salts remained as residue.
Then the solution was analyzed.

The composition of the solution was represented by the formula :

100mH;0.aNa,.(100-a)Mg.6Cl,.(100— b)SO,

and by the values of @ and &, the position of the points representing
the solution in the diagram was determined. Fig 7 was obtained as
the results of such determinations and some details about the diagram
will be given in the following pages.

The curve: AK.

The solutions, represented by the points on this curve, have
always Na,SO,.10H,0 and Na,SO, as the residue, and they change
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from A to K along this curve when the concentration of magnesium
salts increases. When K is reached, a new solid phase, astrakanite,
comes into existence. The data for some points on the curve are
given in the following table.

TaABLE 9.

No. a b m
A 100700 51-31 18-03
1 9455 4940 17-07
2 8733 4349 16:33
3 82-84 3910 1621
4 7903 3594 15-89
5 6989 2577 1474
7 5977 1571 1394
7 5963 1558 13:81

K 5792 1405 1371

The curve : JK.

The solutions, represented by the points on the curve, have
always astrakanite and Na,SO,.10H,0 as the residue and when K is
reached, a new solid phase, Na,SO,, separates out.

TABLE 10.
No. ‘ a b m
J 49-86 " o000 1397
60-00 996 1368
K 5798 13-70 1364

The values for the point K in table 9 is in good agreement with
those in table 10, and the means are taken as the values for K as
follows :

K: a=15795, b=13.88, m=13-66.
The corresponding values found by Blasdale are

a=2380-47, b=40-42, m=16-92.
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There is a great discrepancy between the two sets of values. In the
author’s experiments for the points on the curve AK, the residue in
every equilibrium flask was examined for magnesium and first, when
the composition of solution reached the point K, a noticeable amount
of magnesium was found in the residue. Moreover the fact that the
data for K found along the curve AK is in fair agreement with those
found along the curve JK makes it very probable that the values
now found are the true ones for the solution having Na,SO, Na,SO,.
10H;0, and astrakanite as the residue. ’

The curve : BL.

The solutions, represented by the points on this curve, have
always Na,SO, and NaCl as the residue and when L is reached, a
new solid phase, astrakanite, comes to appearance.

TABLE 11.
No a b m
B 10000 8040 1596
1 91°70 7763 1567
2 77°57 7240 1510
3 7555 7155 15-10
L 7335 70'70 1506

The curve: KL.

The solutions, represented by the points on this curve, have
always Na,SO, and astrakanite as the residue, and when the curve
reaches K or L, a new residue, Na;50,.10H;0 or NaCl comes to
existence in addition respectively.

T4BLE 12.
No a b m
K 5795 13-88 13:66
1| 661s 2248 1467
I
2 6932 3351 15:02
3 7210 48-09 1564
4 7365 66-52 1547
L 7340 7061 1506
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The data for L in Tables 11 and 12 are in fair agreement with
each other, so the respective mean values of them are taken as the
correct ones, namely :

L: a=17338, b= 70:66, m=15-06.
The corresponding data’ found in the literature are as follows:

a=71-38, b=72-71, m=15-19 (Blasdale)
a=748, b=703, m=153 (van't Hoff)

The curve: QL. ’

The solutions, represented by the points on this curve, have
always NaCl and astrakanite as the residue; and when the point Q
is reached, a new solid phase, MgSO,.7H,0, comes into existence.

TaBLE 13.
No. a b m
L 73:38 7066 1506
I 7098 7384 1540
2 6286 74-62 1534
3 5618 7470 1514
4 55:29 74:53 1512
5 5075 76:29 1516
6 4762 7510 1511
7 4332 7373 15-38
8 4378 7272 15:32
9 43726 72°03 1514
10 4377 6374 1392
11 4346 6267 1398
12 4439 6001 13-95
Q 3852 4955 13-94

The curve . HQ.

The solutions, ’represented by the points on this curve, have
always MgSO,.7H,O and astrakanite as the residue; and when the
point Q is reached, a new solid salt, NaCl separates out.
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TABLE 14.
No. a b m
H 3272 000 1369
1 3444 8-02 1397
2 3575 12-28 1400
3 3864 3467 1415
4 37-66 41-88 1404
Q 3742 49'87 1398

As the data for Q) in Tables 13 and 14 are practically the same,
the respective mean values of them are taken as the correct ones for
Q, namely : '

Q: a=37:97, b=4971, m=1396.

The corresponding data found in the literature are as follows:

a=21:00, b=7494, m=1393 (Blasdale)
a=388, b=49-3, m=149 (van't Hoff)

The author's data are very near to van't Hoff’s and greatly
different from Blasdale’s. When the curve was followed from the
point H by increasing the amount of chloride radical gradually, very
fine crystals of astrakanite, difficult to settle, were always observed
in the interval between H and Q, but as soon as the solution passed
over QQ, such a phenomenon could be recognized no more. Moreover,
a noticeable amount of chloride radical was first found in the residue
at Q. Thus, it will not be unreasonable to take the data, above
obtained, as the correct composition of the solution saturated with
those three salts.

' The point: M.

The point, representing the solution saturated with MgCl,.6H.0,
NaCl, and MgS0O,4H,0 was determined as follows :

T a b m
020 9379 929
018 9375 9:25

M: o024 9377 927
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van’t Hoff’s data, corresponding to this, are

a=09, b=95,3, m=9-3.

The space, enclosed by C, M, and D, is the field of MgCl,.6H,0,
and the point D corresponds to a solution saturated with MgCl,.6H,O
and MgSO,.4H,0.

The point: N.

In the ternary system, magnesium chloride, magnesium sulphate,
and water, the solution saturated with MgSO,.4H,0 and MgCl,.6H,0O
and that saturated with MgSO,.4H;0 and MgSO,.5H;0 contain the
two salts almost in the same ratio, as seen in Fig. 5. So in Figs.
7 and 8, the points D and E representing the respective solutions can
not be distinguished.

A great deal of trouble was taken to obtain such a solution
saturated with NaCl, MgSO,sH,0, and MgSO,.4H,0O, which is rep-
resented by an assumed point N, but it was in vain, as the solution
represented by the point O which is saturated with MgSO,.5H,0,
MgS0,.6H,0, and NaCl always resulted. Van’t Hoff assigned the
following composition to that point N:

a=1I-I, b=91-6, m=10-5.

But in the present investigation, taking the data for the curves DM
and OP, and the point D in consideration, it may be estimated as

N: a=025, b=937, m=9}

The point: O.

The point representing the solution saturated with MgSO,.5 H,0O,
NaCl, and MgSO,.6H,0 was determined as follows :

a b m
075 91-21 991
064 OI-14 10.08
0:64 91-01 1011

O: 0-68 gI1-12 10-03

van't Hoff’s data for it are as follows:

a=2-1, b=99+4, m=106
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The curve: OP.

The solutions, represented by the points on this curve, have
always MgSO,6H,0 and NaCl as the residue; and when the point
P is reached, a new residue, MgSO,.7H,0, comes also into existence.

TABLE 135.
No., a b m

o] 068 9I'I2 1003

1 089 90°49 10-64

2 1-70 9017 10-81

3 137 9000 1075

4 1-34 9015 1076

5 57 9000 Io'95

6 210 8970 1093
7 204 8931 11-17

8 2-61 8811 1157

9 355 8749 177

392 8708 11-90

{ 362 87-00 1194

P 377 87-04 11°92

But van’t Hoft’s data for the solution corresponding to the point
P are as follows:
a=134, b=280:8, m=12-y.
As may be seen, the difference between the two observations is

very considerable.
The curve: PQ.

The solutions, represented by the points on this curve, have
always NaCl and MgSO,.7H,O as the residue.
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TasLE 16.
No a b m
P 377 8704 1192
X 463 86-21 12+18
2 498 8562 12-41
3 613 8504 1262
4 1163 8093 13°41
5 14:26 7935 1358
6 2958 66-02 1304
7 31-83 6521 1398
8 34°61 61-88 13-81
9 3515 5840 1393
10 3514 5%7-20 14-00
11 3610 5311 14°04
Q 3797 4971 13:g6
SUMMARY.

There exist nine kinds of solid phases in the system of equili-
brium of the reciprocal salt pairs of sodium chloride and magnesium
sulphate, and sodium sulphate and magnesium chloride at 25°C,
namely, Na,SO,.10H,0, Na,50, NaCl, astrakanite, MgSO,.7H,0,
MgS0,.6H,0, MgSO,.;H;0, MgS0,.4H;0, and MgClL.6H,0.

The special points representing the saturated solutions of a single,
two, or three salts are summarized in the following table.
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TaBLE 17.
Solid phase a b m

NaCl 100 100 18-02
MgSO0,.7H,0 [ o 18-31
NayS0,.10H,0 100 o 2851
MgCl,.6H;0 ' o 100 041

B NaCl; Nay,SO, 100 8040 1596
A NapS0y4; N2,S0,4.10H,0 100 5131 1803
C NaCl; MgCl,.6H,0 1-08 100 932
H MgSO,.7H,0; Astrakanite 3272 o 1369
J Astrakanite ; NaySO,. 10H,0 5014 o 1397
G MgS0,.7H,0 ; MgSO,.6H,0 o 8681 12:08
F MgSO046H,0; MgSO,.5H,0 o 91°10 1015
E MgSO0,.5H,0 ; MgSO.4H,0 o 93-60 9'56
D MgS044H,0; MgCl,.6H,0 o 9358 91t
K Na,S0,.10H,0; Na,SOy; Astrakanite . 5795 1388 13-66
L NagSOy; NaCl; Astrakanite 7338 70-66 1506
Q NaCl; Astrakanite; MgSO,.7H,0 3797 4971 13-96
P NaCl; MgSO,.7H,0; MgSO, 6H,0 377 87:04 1192
O NaCl; MgS0,.6H,0; MgS0O,.5H,0 068 91-12 1003
N NaCl; MgSO0,.5H,0; MgSO,4H,0O 025 937 95
M N:Cl; MgSO44H,0; MgCl,.6H,0 024 9377 927

In conclusion the author wishes to express his sincere thanks to
Prof. Y. Osaka for his valuable suggestions and kind instructions.




