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It is a familiar fact that there exist mixed crystals between sodium
sulphate and sodium chromate; but no systematic study from the stand
point of the phase rule has yet been published.

Sodium chromate forms three hydrates, namely, deca-, hexa- and
tetrahydrates, of which the first is isomorphous with the decahydrate of
sodium sulphate. A few data given by T. W. Richards' refer to the
relative composition of mixed crystals of decahydrates and mother liquor.
The present article is an account of the result of a study on the equi-
libriums of the system at 15.0° and 25-0°.

Materials: Pure crystallised sodium sulphate, of E. Merck, was
recrystallised as Na,50,.10H,O. Sodium chromate neutral, of the same
factory, was three times recrystallised as decahydrate Na,CrO,.10H,0,
which was found to contain no other impurities than sodium sulphate.
On standing its supersaturated solution at about 20° for crystallisation,
hexahydrate Na,CrO,6H,O was prepared. As the crystals thus ob-
tained contained a small quantity of sodium sulphate, pure salt, pre-
pared by neutralizing sodium bichromate with pure sodium hydroxide
after the method proposed by Richards?, was used whereat the
content of sodium chromate amounted to g5 per cent or more. Ordi-
nary distilled water was used.

Method of Experiment: Mixtures of the three substances in differ-
ent proportions were put each in an Erlenmeyer flask of capacity of
about 30cc. which was made to rotate in a thermostat. After one or
two days when the equilibrium would have been attained, the content
was filtered through cotton wool or filter paper to separate the satu-
1ated solution from the residue, filtration being carried out by means

L J. Am. Chem. Soc., 33, 855 (1911).
2 Joc. cit., 849.
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of a funnel and a receiver which had been immersed in the same
thermostat. In ordei to 1emove the adhering mother liquor from the
residue, the latter was piessed between folded filter paper previously
warmed to about the same temperature as that of the thermostat.

Method of Analysis: Chromate was estimated by the ordinary
method of iodimetry. Sulphate was determined as barium sulphate
after reducing the chromate to the chromic salt with hydrochloric acid
and alcohol. The precipitation of barium sulphate produced in this
way was not always quite free from chromic salt, but the latter did not
considerably affect the result, The residue was heated in a hard glass
tube diawn out upward at both ends' at 150°-200° and the water,
which might be contained as water of crystallisation, driven off.
The amounts of water in the residue and in the solution were both
found by subtiaction. It was impossible to remove perfectly the ad-
hering mother liquor from the residue, and consequently it had some-
times to be determined graphically by extraporation.

The results were as follows :

TABLE 1.

Temperatwie: 15.0°

Composition of solution in gram I Composition of residue in gram
percentage, percentage.
No.

Na,Cr0, Na,S0, 11,0 Na,CrQ, Na,50, H,0

1 o 11 70 88-30 [ 4408 5592
2 2:42 1058 87 00 066 4229 57+08
3 302 1008 86 co 125 4190 56 83
4 672 924 8404 1-95 4089 57:16
5 8or 8:35 8274 268 4097 5635
6 11°51 7°57 8092 396 3941 5663
Vi 14°90 641 7869 612 37°71 56 17
8 15'14 643 7843 6.63 3715 56-22
9 2003 5'05 7492 1096 3315 5589
10 22-83 433 7284 13:60 3072 5568
3¢ 24 21 423 7156 1594 2904 5502
12 26 06 378 7016 1878 2577 5545

1 See Ostwald-Luther, Physiko-Chemische Messungen., 3 Aufl., 264.
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Composing of solution in gram Composition of 1esidue in gram
percentage. percentage.
No.
NapCrOy Na,S0, OH Na,CrO, N2,S0, H,0

13 2849 318 69 33 22-89 22 37 54'74
14 3134 232 66 34 2903 16-39 54:58
15 3334 55 6511 3548 1071 5381
16 3390 131 64'79 3862 749 5389
17 3644 047 6309 4366 296 5338
18 37°17 024 62°59 46 06 106 52 88
19 3745 o 62 55 4735 o 5265

If we take the formula 10072 H,0 2#Na,CiO, (100~ %)Na,SO,
to represent the compositions of the solution and of the residue, the
last table gives the following :

TasLE II.
Solution Residue.
No.
X n X m

1 o 595 o 100
2 1669 540 1-35 10'5
3 2542 502 2'54 104
3894 438 403 106
5 4832 40 4 541 102
6 5718 361 811 104
7 67 o7 3179 12 46 10°3
8 67-36 314 1355 10°3
9 7766 261 2248 103
10 8222 236 2796 10°3
11 8337 22:2 3248 10 ¥
12 85.81 208 39'52 105
13 8871 191 4728 102
14 9z 22 176 6084 103
15 9498 16 7 74:40 102
16 95-80 165 81-90 103
17 08-56 154 92 83 10°2
18 19-27 150 9744 101
19 10000 150 100 00 100
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The coiresponding tables foir the other tempeiatwe are as follows :

Isakichi Takeucli.

TasrLe 1II.

Tempeiature : 25-0°.

Composition of solulion in gram Composition of residue mn gram
percentage. percentage.
No.
NayCrO, Na,S0O, H,0 Na,CrOy4 Na,S0, H,0
1 o 21°90 78 10 o 44-0“8 5592
2 1-56 2076 77 68 055 4285 56+60
3 2'53 2012 77°35 082 4348 5570
4 402 18:96 77 02 1-22 4203 5675
5 | 495 18:62 7643 129 439 5562
6 9 66 16-49 7385 2:91 41-02 56 07
7 1419 1471 71°10 4°49 3956 5595
8 1485 1387 71:28 418 3936 56:46
9 16-22 1391 69 87 572 3846 5582
10 2372 10 69 6550 922 37 00 5378
i1 26 13 1002 6385 12:51 32.35 5514
12 3170 832 5998 1611 3001 5388
13 3143 849 60 08 1559 3408 5033
14 3184 863 5953 12:86 54-14 3300
15 3234 803 5963 571 85 81 848
16 3475 6'75 5850 5:94. 84-35 971
17 3859 4:44 5697 570 86:94. 7:36
18 3922 438 56+40 883 79-22 1195
19 4248 279 5473 1327 72 66 14 07
20 4380 220 5400 2550 5672 1778
21 4383 2:29 5388 4854 1821 3325
22 4326 244 5430 5818 345 3837
23 43'57 218 5425 5385 10'59 3556
24 4369 212 84:19 5389 878 37°33
25 4349 224 54:27 5793 210 3997
26 4353 2:20 5427 5850 147 4003
27 44°61 108 5431 5917 038 4045
28 4576 o 5424 5975+ o 4025
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35
TasrLe IV.
Solution. Residue.
No.
X n X m

I o 281 o 100

2 619 277 111 103

3 994 27'3 162 99

4 15 68 270 248 104

5 1893 262 255 99

6 3393 233 583 102

7 4570 21 3 906 100

8 48:43 209 853 104

9 5057 196 11°56 10°%
10 66-12 164 1702 941
Il 69 57 15.3 2533 100
12 76 97 131 3200 964
13 76 44 132 28 63 831
14 7639 128 17-23 400
I5 77°95 12:9 552 074
16 81-87 124 5-82 086
17 88-40 117 544 062
18 88 71 115 890 108
19 93 06 108 13-81 132
20 94 57 105 28-27 177
21 94 41 104 7003 431
22 9396 106 9367 5'55
23 94 60 106 81 67 4.85
24 9476 106 84°32 525
25 04°46 106 9603 506
26 94°55 106 97°23 598
27 97-30 107 99 29 614
28 100 00 10°6 100 00 600

1 and Fig. 2 respectively, taking =z as ordinates and & as abscissas.

The data in Tables II and IV are diagrammatically shown in Fig.

From Fig. 1, it is seen that decahydrates of sodium chromate and

sodium sulphate are mutually miscible in all proportions at 15-0°.

The solubility curve, however, has a point of inflection from which we

can suspect some discontinuity in the residue, probably at the point,
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# =ca. 33, and this becomes conspicuous in the results at the other
temperature.

From Fig. 2 it is clear that the solubility curve at 25-0° consists
of three bianches. The solutions represented by the first branch A8
are in equilibtium with decahydrated mixed crystals which are 1epre-
sented by the points in the hoiizontal @4, & denoting the limiting
composition of the mixed ciystals. Thus the range of existence of
mixed ciystals at 25.0° is fiom o to about 34 mol. per cent of the
chromate. When more chromate is added to the system, the mixed
crystals aie decomposed and give rise to the anhydrous sulphate, the
composition of the solution remaining constant at B so long as the
mixed crystals still remain. The solutions repiesented by the second
branch BC are in equilibrium with anhydrous sulphate as the residue
In these cases the residue was a very fine powder and ievealed its
crystalline state only under a microscope, so that the adhering mother
liquor. could not be completely removed and this fact caused a some-
what remarkable error in the result. But in Fig. 2 the tie lines which
connect the points in BC and their corresponding points representing
the residues pass almost through the origin which represents anhydrous
sodium sulphate, and, consequently, this salt must form the iesidue in
those solutions.

The third branch of the solubility curve intersects with the
second at C. One of the two solid phases with which the solu-
tion € is in equilibrium is obviously anhydrous sodium sulphate, the
other is very likely pure hexahydrated chromate, since the straight
line connecting the points representing anhydrous sulphate and pure
hexahydrate passes through almost all the points which represent the
1esidues with which the solution C is in equilibiium Thus it seems
that the hexahydiated sodium chromate does not form mixed crystals
with the sulphate at 25-0°.

The point & which 1epresents the limit of miscibility in the crystals
is determined in Fig. 2 by the intersection of the straight line repre-
senting the 1esidues which are in equilibrium with the solution £ and
the horizontal line iepresenting ten mols of water. Within the limit
of the error of the extrapolation, the composition of 4 is in good coin-
cidence with that of a double salt 2Na,SQ,.Na,CrO,; 30H,0. But fui-
ther investigations are 1equired for the conclusion of the existence of
the double salt and to my regret, time has not allowed me the solu-
tion of the question.
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To Prof. Y. Osaka, at whose suggestion this work was undertaken,
the auther wishes to express sincere thanks for his inteiest and
advice,
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