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The equilibrium of the systems consisting of barium or magnesium
oxide, acetic acid and water at 25°0°C. has been studied; and the présent
article is an account of the results.

I. The System: Bavium Oxide, Acetic Acid and Water.

The materials used were barium hydroxide, barium acetate, acetic acid
and water. They were mixed in different proportions, the free base and
acid not being used at the same time; and each mixture was put in an
Erlenmeyer flask of a capacity of about socc. The flasks were made
to rotate in a thermostat at 25'0° for at least one day; then the solution
was separated from the residue, and both, the latter still wet with the
former, were analysed for barium and acetic acid.

The ‘analysis was carried out in the following way. A given
quantity of a sample, mixed with some water and phosphoric acid, was
subjected to distillation; and when the liquid in the distillation flask
was reduced to a small quantity, the distillation was continued by passing
steam through, until the distillate ceased to react acid to a litmus paper.
Of this distillate, acetic acid was titrated with a decinormal solution of
sodium hydroxide, using phenolphthalein as indicator. Barium was
determined as the sulphate in the residue in the distillation flask in the
usual way. The amount of water was found by noting the difference.

The results are given in Table 1 and graphically represented in
Fig. 1.



82

Junicli ITwafki.

Tarre 1.
Yo, Selution. wet witlfle?f: es,,olution. Residue.

OBa [cH,co.2| H,O0 | OBa [cH,co.H| H.0

Il 039 o | 9961 —_ - — || (HO)sBa.8HL0.

2| 106 o056 | 9831 9'I0 026 | 9063 »

3| 2301 406 | 9364 8&25| 104 | gov2 »

4| 406 | 749 | 8345 922! 109 | 8oyI 2

HO),Ba.8H,0;

5| 522 | o980 | 8xoa| 982| 293 | 81 ECH:);éoz)zB;-3H2o-

61| 524 987 | 8489 || 11-36 864 | 8owco || (CHCO,)Ba 3H0.

7] 492 | 1004 | 8506 | 1776 | 3591 | 4631 »

8| 5% | 1rs3 | 8337 | 1800 3700 | 4502 {gféifgéléfﬁiggﬂcoz}x.quo.

9| so5 1149 | 8352 | 1076 | 2685 | 62:38 3(CH;CO,),Ba. 3CH;CO,H..x 1H,0.
Io| 388 1009 | 8630 686 | 2021 | 7298 »
x| 295 | 11-35 | 8572 | 510| 1737 | 7752 »
12 [ 294 1758 | 7949 851 | 3021 | 61-32 »
131 321 | 2276 | 7403 930| 3430 | 5637 »
4| 344 26-2% | 7036 | 1034 | 3732 | 5235 ”
X5 | 391 32:17 | 6392 9-8o | .3891 | 51-29 2
16| 453 | goq | 5644 || 1025 | 4252 | 4723 »
17 48 | 4107 | 5405 || 1137 | 4364 | 4498 »
18| 562 | 4553 | 4884 || 1182 4508 | 4310 2
19 | 629 | 5003 | 4363 | II'78 | 4709 | 4715 »
20| 680 | 5315 | 4005 || 1228 [ 4787 | 3984 »
21 810 | 5780 | 3609 || 1297 | 4853 | 38350 »

823 5913 | 3263 | 12:80| 5900 | 2820 ?((J(I:-Iljégj)zj %];ajcigé(éféi 2EHL0;
23| 822 | 5941 | 3236 || 1353 | 6orz | 2635 || (CE3CO,);Ba.2CI,CO.H.
24| 794 | 6377 | 2831} 12006 [ %158 | 16:36 »

25 | 802 6971 | 2227 || 1114 | %554 | I332 »
26 | 7-88 7570 | 1643 || 1272 | 8212 516 2
27 | 762 8116 | 1x24 | 1369 | 8766 | —133 »
28 | 723 8596 682 | xxo9| 8890 o »
29 [ 685 93°11 003 || 1228 | 9515 [ =7:43 »




Fig. 1.
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(T10), Ba. 811,0.
(CH,4COy), Ba. 3H,0.

3(CHyCO,), Ba. 3CH;CO,H. 11H,0.
(CH,CO,), Ba. 2CH,CO,H.
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In Fig. 1, triangular coordinates are used, barium oxide, acetic
acid and water, as the components, being represented by the angular
points. The compositions of the residues were estimated in the usual
way, as seen from the figure, and are given in formulas in the last
column of the table.

Of the normal salt, two hydrates, (CH;CO,),Ba.3H;0 and (CH,CO,),
Ba. H,0, are known and ftheir transition point has been determined to be
24-7°% The temperature of the present investigation was only 0-3°
higher than that transition point, and moreover it was not an easy matter
to obtain a system with the normal salt as the residue, as its solubility
aftains maximum at about 25°. If we take these facts into considera-
tion, it is not improbable that the trihydiate here obtained at 25°
was a metastable state.

Two acid salts have been found, namely 3(CH;CO,);Ba.3CH,CO,H.
IIH,0 and (CH,CO,),Ba 2CH;CO,H. The former is in prismatic or,
needle-shaped crystals and seems to be identical with that represented
as (CH;CO,),Ba.CH;CO,H.4H,O by Villiers? The difference in com-
position according to these two formulas is slight, and might be caused by
a minute quantity of adhering mother liquor. In the present method
of investigation, the adhering mother liquor does not affect the result.

To verify the Villiers’s result the crystals were pressed between
folded filter paper to remove as much of the mother liquor as possible,
and then exposed to a current of dry air. They were analysed in differ-
ent stages of the procedure. The results, in the order of the analysis,
together with those of Villiers are given in the following table.

TasLe II.
Bariumacetate  Excessive acid

Villiers 6553 15-85
Iwaki 1. 65-54. 16-39
2, 66-28 16:14

3- 66-42 1579

4. 68-32 15-37

Calc. for 3(CH,CO,),Ba.3CH;CO,H.IIH,O 66-94 15-73
w » (CHCOy),Ba CH,CO,H.4H,0O 65-01 15-49

1 Walker ;.nd Fyffe, J. chem. Soc., 83, 173 (1903).
2 C. R, 85, 1235 (1877).
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As may be seen from the table, it is quite difficult or almost im-
possible to determine the composition of the crystals by obtaining them
pure enough for analysis in the usual way.

To make sure, another method of analysis was adopted. The mother
liguor and the wet residue were diluted or dissolved respectively to a
given volume; and an aliquot part was titrated for the free acid, while
in another portion barium was determined. From this data the percen-
tage composition of the sample was calculated, and the results are given

in the following table.

Tasre III.
Solution. wet \vi;kl{lei;iuf:olution. .
No. Residue.
CH,CO,H)(CH,CO,),Bal H.O }CH;CO,H|(CH;CO,).Ba] H,0

I 330 348 | 9322 981 985 80-35 || 3(CH,;CO,),Ba.3CH,CO,H.IIH,0.

2| 1023 314 | 864 | 1404 10040 | 7556 »

3| 1692 324 [ 7984 || 1746 1277 | 69 68 Y

4| 2060 362 7577 18-77 14'19 6704 5

5| 2648 44X 69'10 || 2104 12°IX 66-86 9

6| 2872 452 | 6677 || 1987 1512 | 6495 »”

1 3314 523 | 6162 || 2067 1530 | 64°04. »

8! 3634 560 | 5786 || 2318 1400 | 6282 »

9 4:2-08 7-85 5005 24-87 1452 60 60 9
10 | 4528 882 |[4593| 2595 14:90 | 59'14 »
11 | 4690 892 44°17 23'54 15°92 60°57 »

From this data is derived the same conclusion as before as to the
composition of the residue, as seen in Fig. 2; and Villiers’s formula is
very improbable.

Villiers' obtained another acid salt from a glacial acetic acid solution
of barium acetate. It was so unstable that its formula could not be de-
termined definitely; but he suggested from anaytical results, that it might
have the formula (CH,CO,),Ba.2CH;CO,H.2H,0. 1In the present investi-
gation, the crystals obtained from solutions, comparatively concentrated
for acetic acid, were silky, as those described by Villiers, and had the
composition, (CH;CO,),Ba.2CH;CO,H, as graphically estimated in Fig. 1.

1 Zoc. cit.



Fig. 2.

H,0

(CH,CO,), Ba CH,CO,H

A.  (CH,CO,) Ba. 3H,0.
B.  3(CH,CO,), Ba. 3CH,CO,H. 11H,0.
C. (CH,COy), Ba. 2CH,CO,H.
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Experiments were begun for the study of the normal, acid and
basic acetates of barium, and barium oxide, acetic acid and water were
considered to be the components as in Table 1 and Fig. 1. The non-
existence of any basic salt being ascertained, it became convenient to
take acetic acid, barium acetate and water as the components; and to
make the equilibrium state more intelligible, the following table was
derived from the foregoing, supplemented by some new experiments.
It is graphicplly represented in Fig. 2.

TasLe IV.

Residue,

wet with the solution .
No Residue.

CH,CO,H[(CH,CO,).Ba| H,0 [|CH,CO,H|(CH,CO,),Ba| H,0

Solution.

o 518 94:80 - —_ — [I(CH,CO,),Ba.3H,0.
2 o041 521 94°36 0°30 2411 75°59 »
3| 140 53¢ o322 || 122 | 2194 | 7684 (igﬁigé))s:gf;géaco,H.nH,o.
41 146 532 | 6322 787 1589 | 76 23 |l5(CH,C0,),Ba.3CH,CO,H.xrH,Q.
51 242 403 | 9356 696 736 | 8569 »
6 330 348 | 9322 931 985 | 8035 1
71 561 304 | or35 ) 756 538 | 8712 »
8| 1023 314 | 8664 || 1404 10'40 | 75'56 ”
9| 1602 324 | 7984 || 1746 1277 | 6968

10} 2060 362 7597 1877 14°19 6704

II | 2648 441 69'10 || 2104 1211 66 86 '

12 | 2872 432 | 6677 19 87 1512 | 6495 ”

13| 3314 523 6162 || 2067 15-30 6404 »

14 | 3654 5.60 | 5786 ( 2318 1400 | 6282 .

15 | 4208 7:85 5005 24°87 1452 | 6060 »

16 | 4528 882 | 4593 2595 14:90 | 59'14 »

| s | v |aa| sots | s6rs | sass OECOICRCOR L,
18 | 4650 897 44'52 38-30 14-68 47 02 || (CH,CO,),Ba.2CH,CO.H
19 | 4649 910 | 4440 || 5178 1549 | 32771 »

20 | 5198 862 | 3037 | 5396 1371 | 32°32 »

21| 5835 872 |32903| 5994 12:54 | 2753 »

2z | 6577 840 2580 || 6566 10°31 24:02 3

23] Y7134 823 2041 69-33 15-85 14:32 3

24 | 7706 779 | 1514 ) 7506 12:47 | 12°47 »

25 | 8527 7:36 739 || 9046 14:00 553
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I71. The System. Magnesium Oxide, Acetic Actd and Waler.

The materials used were magnesium.oxide (magnesia usta), acetic
acid and water, in some cases magnesium acetate instead of magnesium
oxide was used. The experiments were carried out as in the case of
barium, except that the rotation in the thermostat was continued for at
least two days instead of one. The solution was freed from the residue
by a centrifugal filter apparatus. Acetic acid was determined by distilla-
tion in the same way as before, and magnesium as the pyrophosphate
in the usugl way. The results are given in Table 5.

TasrLe V.

Residue,

wet with the solution. .
No. Residue.

CH,CO,H| OMg | H,0 |cm,co,n[ OMg | HyO

Solution.

336 | ‘173 | 9491 332 | 553 ori4 (I OMg

-

2| 565 | 293 | 9r41 || 535 | 766 8699 |
3| 806 | 421 | 873 780 | 843) 8377 |
4| 1246 | 654 | 8099 || 1223 | &350 | 7927 »
5| 1546 | 824 | 7630 | 1509 | 1092 | 7399 ?CMHié:og)ZM 24TL,0,
6 1538 | 831 | 7630 1729 | 1220 | 7049 || (CH3CO,),Mg 4H,0.
7| 1425 | 724 | 7851 | 2285 | 1176 | 6539 »
8| 2019 747 § 7232 || 2314 963 | 6722 ’
9| 2293 | 760 | 6947 | 2693 | 1137 ) 6169 »
10| 2661 | 774 | 6565 2869 | Y071 | 6061 »
11| 3137 | 799 | 6064 || 3251 | 1420 | 5329 »
(CHyCO,)eMg 4H,0 5

12 | 3623 818 | 5539 || 3580 | 1406 | 5013 2(CH,COp);Mg, 3CH,CO,H.3H,0.

13| 3577 | 817 | 5606 || 3893 | 12:88 | 4818 || 2(CH,CO,).Mg.3CH;COH.3H,0.

14| 4087 | 742 | 5v71 || 5131 | 1195 | 3674 »
15 | 4786 | 674 | 4539 | 56'30 | 12000 [ 3171 »
16 | 56:16 | 581 | 3804 | 6428 | 1421 | 21I'53 »
17 | 61°59 468 | 3375 6525 11.13 | 2364 »

18| 6519 | 436 | 3046 | 6741 | 11-11 | 2148 »
19 | 6913 375 | 2711 6926 | 1060 | 2015 2
20 | 7503 285 | 2121 74°64 732 | 18-02 »
21 | 8290 223 | 1487 7714 | 1004 | 1281 2




OMg CH,CO,H

A. OMg.
(CH,CO,), Mg. 4H,0.
C.  2(CH,COy), Mg. CH,CO,H. 3IL,0.

=



Fig. 4.

CH,CO,H

A.  2(CH4CO,), Mg. 3CH,CO,H. 3H,0.
B. 5(CH;CO,), Mg. 10CH3CO,H. 7H,0.
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The data in Table 5 are graphically iepresented in Fig. 3, referring
to triangular cooidinates; and the chemical formulas of the residues
estimated from the figure in the usual way, are given in the last column
of the table.

The normal salt with four molecules of water of crystallization is
one well known in the liteiature of the subject.

No acid salt bas yet been described in the literature. When magne—
sium acetate was dissolved in hot acetic acid and shaken in a thermostat
at 25°0° for.several days, an acid salt crystallised out. Again, magnesium
oxide was dissolved in glacial acetic acid, the solution was evaporated
to a certain extent; and when the cooled solution was rubbed by a glass
rod against the side of the vessel, the syrupy solution solidified to a
mass, due to the formation of an acid salt. Thus having obtained some-
evidence of the existence of an acid salt, a systematic study for it was
undertaken ; and the results are to be found in Table 5. The composi-
tion of the acid salt was estimated graphically to be 2(CH;CO,).Mg.
3CH3.C02H.3H20. It is a precipitate of microscopic rhombic plates.

When the experiments were nearly closed, another kind of acid
salt was found from a solution in concentrated acetic acid. The crys-
talline form was almost like that of the other. The expeiimental data
for that acid salt are given in Table 6.

TABLE 6.

Residue,

. i h lution, s
. wet with the solution Residue.

cH,COH OMg | H.O |cH,co,m| OMg | H,0

Solution.

-

6350 | 391 | 3250 | 6738 949 | 2312 || 5{(CH;CO,),Mg.10CH;CO,IL.7H,0
7009 317 | 2673 7223 | 1219 | 1559
75:39 | 287 | 2173 || 7432 | 1231 | 1339
7784 | 283 | 1933 || 74:9% | 1266 | 1245
8g05 | 161 | 1435 || 7953 | 077 | 1065
8650 | 219 | x31 fl 7872 | 12046 | 882

»

2

»

ot W B

These data together with those in Table 5 relating to the acid salt
are graphically represented in Fig. 4. The new data led to the formula
5(CH;3CO,),Mg.10CH;CO,H.7H,O. This was almost always produced
from solutions in concentrated acetic acid and the other from such



88 Junichi Fwaki, On the System: Barium Oxide, elc.

solutions only when induced by the presence of the same kind of crystals.
These facts, together with the relative position of the solubility curves,
seem to evidence that the heptahydrated acid salt is a stable one at
least in concentrated acetic acid solutions; but time did not allow fur-
ther study of the acid salts.

Lastly, as to the basic salt; the problem has been studied by Kubel.!
From very slight differences in the density of solutions differently
treated, he concluded that there exits an insoluble basic salt. His
method of investigation and his conclusion, however, seem to me not
free from objections.

In the present investigation the existence of the basic salt was sought
by adding acetic acid in different proportions to mixtures of magnesium
oxide and water. The mixtures were boiled for ten minutes and then
rotated in a thermostat for more than two days. The solutions being
syrupy, the separation of the residue from the mother liquor was very
difficult; and, since the solution and the wet residue were very like in
composition, it was almost impossible to estimate graphically the com-
position of the residue. ‘But the residue was only the oxide, and there
was no sign of the existrence of any basic salt in a solid state.

Summary.

1. The equilibrium of the systems: barium oxide, acetic acid and water,
and magnesium oxide (magnesia usta), acetic acid and water, has been
studied at 25.0°.

2. The following acid salts, hitherto unknown, have been found:

2. 3(CHyCO,)Ba.3CH,COH.11H,0,
5. (CHyCO;);Ba.2CH;CO,H,

c. 2(CH,CO,),Mg.3CH,CO,H.3H,0,
4. 5(CH,CO,):Mg.10CH,CO,H.7H,0.

3. The acid salts described by Villiers, as having the composition
respectively of (CHyCO,),Ba.CH;CO,H.4H,0O and (CH;CO,),Ba.2CH;
CO,H.2H,0O(?), seem to be nothing others than those here given.

4. No basic salt in a solid state exists in either’ case.

To Prof. Y. Osaka, at whose suggestions this work was undertaken,
the auther wishes to express thanks for his interest and encouragement.

1 Arch. Pharm. [3] 230, 173 (1892.)



