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Measurement of the Vapour Pressures of .
Concentrated Aqueous Solutions (V)
s Saturation Coefficient of the Hydrates of a Salt
- By
"]? Taizo Kume
..' Abstract

Between the vapour pressures and the concentration of concentrated aqueous solutions holds &
. - the relation po/p=(kn+no)/no generally,”’ where po and p denote the vapour pressure of water "
. and a solution respectively ; no and n the numbers of mols of the water and the solute in the'
¢ solution. The coefficient k which the author named “saturation coefiicient of the solute in the,
) aqueous solution is always a constant characteristic of the solute in the saturated solution and
_-in the unsaturated solution it varies with temperature and concentration, but when the degree
T of saturation, S=x/xy, (where x and xs arc a given concentration and the saturation one respe-
ctively) is taken instead of the concentration, k becomes independent of the temperature.

The result of summarising the saturation coefficents of various silts slows on the whole
that the larger the radius of the ion becomes the smaller the value of k for the positive ion
‘m and viceversa for the negaive jon. Butas for a salt which forms hydrates, k takes an abnormal
¢ value. ’

In order to investigale the saturation coeflicient k of the hydrates of a salt, under Prof.

Horiba’s kind guidance, the author measured the vapour pressures of concentrated aqueous «
. solutions of CaCl. of various concentrations in the temperature range betw, 100°-300°C.,

Comparing k from the present data for CaCl.-hydrates of 1 ag. and 2 aq. with that from
=+ Roozeboom’s measured at lower temperatures for 2 aq., 4 aq. &, 4 aq. B and 6 aq. the author =
finds ghat k takes different values even for the same salt when the degree of hydration of the
"w  salt as “ Bodenkérper ” differs.
- Furthermore, the similar facts are found for any hydrates and anhydrate of a salt and even
- for the different crystal structure of the same salt as in the ease of NH,NO;.
) _ T'he table of k in the previous paper, therefore, is now revised in table VII, being classified e

according to the molecular stite of salts as the “ Bodenkdrper ~. ,

These facts show that a certain inner siate of the solution of a given salt remains in the

- 4 )
» same condition when the degree of saturation is the same. However, even for the same salt
in the solution of the same degree of saturation the molecular state of the salt is different when

g its state as’ the © Bodenkdorper 7 is different.

1) ‘This Review, 10, 137 (1936).
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1) S. Horiba, Trans. Farad. Soc. 15, 178 (1920).
2) Zkz, 10, 138 (1936).
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Table I.
(CaCl,, 1.5286 grms. 70.5624. 11,0, 0.6377 grms, 29.4425) _I“_=0.3391
2 .
t°C platm.) | Tlogp t°C platm.) ' Tlogp ” t°C p(atm.) Tlogp
100 0.195 —25482 | 160 0.918 — 16.09 29, 3.751 283.06
110 0.265 — 220,89 170 1.122 22.15 230 4.666 336,43
120 0.357 —175.80 180 1.435 71.05 240 5.835 492,93
130 0.474 —130.66 190 1.856 124.35 250 1.222 449,08
140 0.622 — 85.17 200 2,352 175.69 260 $.712 501.09
150 0.740 — 55,32 210 9,044 29550 l 270 | 10.752 554.67
Table II.
(CaCly, 1,9047 grms. 76.0525. I,0, 0.5993 grms. 23.9594) ni=o..5155
0
1°C p(atm.} | Tlogp "‘} t°C platm.) Tlogp | t°C p(atm.) Tlogp
] L -
100 0.191 —263.18 '! 170 1.024 4563 | 240 4.136 316.25
110 0.260 | —224.07 | 180 | LI 32,39 250 5.102 370.15
120 0.353 —175.32 ) 190 1.451 74.65 260 6.250 424.20
130 0478 | —120.19 ¢ 200 R 109,12 270 7.616 478,78
140 | .0.6%3 — s188 | 210 2.155 161.06 250 9.248 534.23
150 0.735 — 50.56 ‘ 220 | 2.695 212,97 290 | 1L.110 538,73
160 0.920 — 1568 , 230 3.336 -263.18 300
Table ITI. 21K+
4 Table IV.
(CaCl,, 2.0015 grms. 78.5725. H,0, 0.5458 grms. 21.4325) 2 =0.5953
Ny
t°C | platm.) ‘Tlogp l roc | platm.) l Tlogp \ t°C platm.) I'logp
100~ 0.196 | —263.99 170 1.021 400 1 290 3.607 235,82
110 0.265 — 220.90 180 1.175 3173 H 230 4,218 324,93
120 0.353 — 1773 ! 190 1,451 74.85 |‘ 260 4.851 363.55
130 0.471 —13L77 4§ 200 1.755 11554 | 270 5.565 404.79
140 0.620 — 85.74 1‘ 210 2,147 160.27 | 280 6.655 455.20
150 | 0.734 — 56.81 290 2,558 201.09 200 8.056 509,54
160 | 0.912 — 17.32 i| 230 3.036 242.60 | 300 9,337 557.26

3) I, W. B. Roozeboom, Z. physik.

Chem., 4, 42 (1889).
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Table V.

Saturation coefficient k of Saturated aqueous Solutions of CaCl,.

T, Kume.

Bodenkorper : CaCl, » 21L.O Bodenkdrper ; CaCl, « H.O
. p(atm.) ny ° platm.} n,
t°C pofatm.) (mean) - k t°c polatm.) (mean) - k
100 1.000 0.193 3,91 16.349 180 9.90 1,175 2.05 15.222
110 1.414 0.264 3.75 16.335 190 12,39 1.452 2.02 15.217
120 | 1.960 0.:365 3.60 16.276 200 15.34 1.737 1.98 15,506

6 (1936)
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55 6 Wit A IR O HRSAROWE (i) 313
130 | 2.666 | 0,474 342 15.816 210 | 1883 | 215 1.95 15.120
140 | 3.567 | 0.623 3.23 15.263 220 | 2289 | 255 1.91 15.201
150 | 4.693 | 0735 3.03 16.337 230 | 27.61 | 3.033 1.88 15.234
180 | 6.10 0.915 277 15.697 240 | 33.03 | 3.610 1.84 14.996
170 | 7.82 1.02 2.42 16.133 250 | 39.24 | 4.218 1.81 15,028

260 | 46.31 | 4.851 1.78 15.213
mean 16.025 mean 15.193
CaCl.. Roozeboom!
t°C Po{mm) p{mm) o Bodenkdrper k k
n (mean)
0 4.579 1.944 10.37 (A) CaCl, « 611,00 14.056
10 9.209 3.456 9.49 . 15.797
2 17.535 5.616 8.23 " 17.573
25 93.756 6.696 7.52 " 16.903
255 | 20189 7.02 6.81 " (21.501) 16.082
295 | 20923 6.91 6.46 (C)  CaCl, + 6110 schm. 22449 |
20.2 | 32191 6.696 6.00 " 22845 |
29.6 | 31102 | 5.83 6.70 o 24.708 |
2.2 | n0ae2 | 5.67 541 | (1) ((C‘;g: : 2{}8 .8 23588 | 2008
2 17.535 4744 6.73 (C)  CaCly - 41O « & (18.280)
25 2756 | AT 6.42 " 20.924
298 | 31461 £.50 610 | (CO) 22,122
35.0 | 42175 | S.64 575 | ” 22,318
400 | 55324 | 1037 | 535 | " 23,102
53 | 7290 | 1077 473 \ (1) (g’;g‘L : j}{g ") 24.603 22,492
20 17.535 3.564 5.90 | (1) CaCly+ 411,08 23.128
25 93,756 | 4.644 5.66 “ 23,202
20.2 | 30.392 5.67 5.41 () 23.588
30 31,842 5.83 5.40 " 24008
35 42.175 7.123 5.04 ” 24,781 l
384 | 50774 | 7.803 483 | () (gg a0~ 5) 26.599 24,247
50 | 9251 15.5 4.66 CaCl, « 2H,0 (23.157)
70 | 2337 3.0 4.7 . (19.381)
90 | 525.76 | 100,0 4.0 " (17.373) -
110 1.414 0.268 372 " (15.907)
135 2,089 0.572 3.33 " 14.652
155 5,363 0.895 2.88 " 14.278
170 7.82 1.097 2.42 - 14.831 14.671
130 9.90 L197° | 2.05 CaCl, « H,0 14.905 :
190 2,39 1.466 2,02 - 15.052
200 15.: 1.782 1.98 " 15.064 15.193
1) H. W, B, Roozeboom, Z. physik. Chem., 4, 42 (1889).

- mmem..®
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Saturation coeflicients k of the sitorated aqueous Solutions of various Salts.

Na,S80), K. Arii®
o~ n . | k
1°C py{mm) p(mm) o Bodenkérper I k (1hcan)
20 17.635 .| 16.24 0.013876 Na,S0; ¢ TH0 4224
2h 23,756 321.61 0.021824 " 4,550
30 31.842 28.38 0.024341 “ 4.911
33 37,729 32.99 0.026827 » (5.354) 4.561
35 43,08 37.01 0.05641 Na.80, 2.430
40 H5.32 48.88 0.05393 ” (2.099)
45 71.88 63.74 0.05152 ” 0478
H0 92.51 §2.39 0.04030 . £.491 2.488
MgSO, ¥, Pohle2
o n a . g
1°c Po(mm) p(mm) o0 Bodenkarper | k (mcan)
30 31842 30.0 0.061125 MgSO0, - TH.O 1.005
40 05.32 43.0 0.06818 2.238 1.621
a0 92,51 78.0 0.07539 MgSO, « 6110 2.468
60 149.38 125.0 0.03237 » 2.368 2.418
70 | 2337 187.0 | 0.08865 MgSO0, « H,0 2817
S0 355.1 285.0 0.09409 . 2,614
90 825,76 408.0 0.09393 ” 2.917
100 760.0 587.0 0.10271 »” 2.870 2,804

BEorg2 & b Wk ZEHCULAEREIOR A b 2 BT, BEBOKILITILOKIEOFIEITHK D

n

K. Arii, Bull. Inst. phys. chem. Research (Tokyo), 7, 891:FEng. Ed. 1, 83, (1428).
2) F. Pohle, Mitt, Kali-Forschungsanst. 1927, 33 I Landolt-Bornstein, physik. chem. Tabellen, Lg. II.
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Table VII.

Saturation Coefficients of various Salts including their Hydrates

9
o

10 No.

LiCl «2H,0
LiBr « 2H,0
LiJ - 3H,0

LiNO; « 3H,O

NaF
NaCl

NaBr
— « 2H.O
NaJ
C e 2,0
* NaNOy
NaClOy

NaCOy « 1,0

Na, S0y .
« TH,O
Na,§0,

KF
— s 2HO

KClr

KBr

K]
KNO;
KCIO,
K.50,
K.Cra0);

RbYF « H.O
RbCl
RbBr
Rb]

CsF « 11,0

CsCl, -
CsBe
Cs]J

21.88
33,15
19.20

5.49

1.93
2.82
2.95
4.62
4.9
7.79
7.66
1.77
2.46
.00
2,48
4.56

206

7.22
8,71
2.05
2.15
2.22
2.70
111
1.62
2.00
2.51

2137
2. 14
2.10
2.03

66.34
2.39
1.78
1.62

22.71

2.11
2.25
2.60
2.80
Li2
1.65

2897

[72)
o

1o 1
o
N

1.90

2.11

213
2.23
2.79
3.40

a2
1.88

2.52

2,90 298
3.01
2.04 218

218 214
945 2.50

NH,Cl

NH,Br
NH,NOz; « 3
. x
(NH,)S0,
(NH)H,;PO,

CuCl, - 21,0
CuS0y « 5H.O

AgNO,
MgCl, - 61,0
MgS0, - H;0

— 6H.O
— THLO

CaCl, « H,0

« 2H,0
— s 4H.O s
—— . ‘6
— . 6H,O

StCly » 6H,0

BaCl. « 2H.O
Ba(NOy),

ZnSO, « 6H,0)
CdCl, « 6H,0
CdBr, « 4H,0
CdJ,

Cdso4 - %nco

HgCl,

2.05
2.84
L11
1.37
2.10
L17

4.95
1.61

1.02

21.02
2.80
2.42

1.62

15.19
14.67
22,49
2425
16.08

6.35

3.31
211

1.50

- 2,08

1.96

1.58
0.80

0.595

224
1.30

172

15.19
16.05

[3
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1) #ig, 10, 152, (1936).
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" Table VIIL
Saturation Coetflicients k of the saturated agueous Solutions of NI NOy

Adams u. Merz®

t°C Po{mm) p{mm) % Bodenkarper k (mean)
10 9.21 6.88 0.3587 NH;NO; rhomb. « 0.9440

20 17.54 11.74 0.4338 " 1.125

3 31.84 18.93 0.5379 ” 1.268 1112
40 55.38 29.11 0.6541 NILNO; rhomb. 8 1.377

50 92.51 44.71 0.7797 " 1.371 1374

W2, WRREOHETL Y, F—REICRTEKIRRO RAEESHIE L EoKifio
PITBIRIEL 2 iR, BEEICAERM (RIr 2B HOR—IREIC S B 2 B~bhv 305, HiIClkofl
Fiffes. Rlkokkic, E—hEICET KL oKk, F—8oKiemcT ok
LDIEFITIK ) MR 2L 29 2 WL, B—iHHICTHHIEIEL LToio kg
BN KRR AT 2 HOSFIRE D REECHRN S 0T 2RERLTH .

Bt it fRH & IR OO & OMIOBBEIC R TITADRGICER L Thl w2 Ba.

M ITREBRRUESEY 2 TI08 ) SR 2858 I ) 2 SRR g 5 R
HrklLET.
BHE-— ) ST BIA SR B A LA KIS T

EEYEEY]

84F{. GBI Table XXI, XXII, XXII, @ x {1i8}& (grms./1grm. 11,0)
rHRIXT.
85E(. (iIF3®) Fig. 10, 11, 12, o solubility (grms/100grms, 1L.O) (%

solubility (grms./igrm. H.O) o>t h.

G) Adams v, Merz. Ind. En. chem, 21, 305 (1929).
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