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Measuremé_nt of the VapouryPressures of

Concentrated Aqueous.Jolutions. (IV). g
! Vapour Pressure and Concentration. e
] B)' )
. Taizo Kume . L
s Abstract ' < %

* Under Prof. S. Horiba’s kind guidance, the anthor investigated the influence of noniv"n]alile
solutes upon the vapour pressure of their agueous solutions and reported the relation hetween
the vapour pressure and temperatare of concentrated aqueous solutions in the previous paper.

 BIn the present paper he discussed the relation between the vapour pressure and concenifation
I of their solutions. -
The experimental formula he obtained is as follows :
B kot M

Tl g T .%

whete p, and p denote the vapour pressures of the pure water and an aqueous solution respact

tively ; n, and n the numbers of mols of the water and the solute in an aqueous solution. k is

"-a coefficient characteristic of a given solute and always constant, being independent of tempey

ratare and concentration of the solution in the saturated state, whilst it varies in unsaturated
concentrations. ‘This newly defined coefficient he named “saturation coefficient”” of the solute,®*

and the above obtained relation was verified to' be universal with all the data of the satugated

! _ agueous solutions reported hitherto i literatures. The values of k of about 50 salts are summa-

y = rized in Table XIV. L

Thus it is clear that the solute is considered to be in a special molecular state in the solution {

. and has, the effect equal to k times as much as its number of ‘mols for the solvent (or relatively
an speaking, the solvent is p=I/k times for the solute). For the determination of the state’of a
solutidn, the author proposed * effective concentration , that is, the modifiel mol fraction of 3
solute, kn/(kn+n,), and that of its solvent, ny/(kn+n,). Then the above mentioned relation (l)
means that the vapour pressure of concentrated aqueous is proportional to the effective concen-?
“ration of the solvent (water).

On the other hand, the vapour pressure of a solution is theoretically proportional to the activily
of the solvent, and consequently, the activity of solvent is egual to its eflective concentxanom
Moreover, the activity of a solute is also a function ‘of effective concentration of, the solule.aml
as a special case, the coefficient k is always constant in the saturated state, and the function is

4 able to be integrated so easily that the activity of a solute in the saturated solution becomes
equal to the kth power of its effective concentration. -

The coefficient k varies with temperature and concentration; but it has been proved Lhat k
ybecomes independent of temperature when the degree of saturation S=x/xs is taken instead of
concentrauon (where x and xg are a concentration of the solution and that of the saturated

€ stale at the same temperature respectively).

[ Thus, this saturation coefficent k bhas a close connection with the degree of the saturation
» of an aqueous solution, being independent of temperature and concentration, and is a character-

} istic constant which decides the solubility of a salt. N
ay Though the physical meaning of k can not be clearly defined now, yet the result prove
%+ that a certain inner state of the solution of the very salt remains in the same condluon, being

independent of temperature and concentration iy case llie degree of S is the same in an unsatu-
rated solution as well as in a saturated snluuon ”
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D). AZE 10, () 73 (1926).
2) #H~f, J- N. Pearce and A. F. Nelson, J. Am. Chem. Soc., 54, 3544 (1932).

I R. 1. Hepburn, J. Chem. Soc., 1932, 566, 575, 1284.

S. C. Bariford, Phil. Mag. 48, 936 (1924): 50, 1147 (1925): 60, 160 (1930).
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Table 1
Saturation Coefficients k of the Saturaled aqueous Solutions of CaCl,
CaCl, Roozeboom*)

tec| Mo po(atm)éiélp(atm)";é Po—P k 1oc | Po_ ! patm) p(atm) Pa=P k

n P n p
50 | 4.G6 92.51 | 15.5 4.968 | 23.151 | 160 | 2.71 6.10 | 0.979 | 5.2309 | 14.490
60| 4.51 |[149.38 | 26.5 4.637 | 20,912 || 165 ) 2.61 6.92 | 1.0895 | 5.6570 | 14.765

70 | 4.37 |233.7 43.0 4435 | 19.381 | 170 | 2,42 7.82 | 1.097 | 6.1285 | 14.831
80 ] 4.24 |355.1 66.5 4339 | 18.307 | 180 [ 2.05 9.90 | 1.197 | 7.2707 | 14.905
901 4,08 |525.76 [100.0 4.258 | 17.373.[| 185 | 2.04 11.09 | 1.324 | 7.3761 | 16.047
100 | 3.90 1.00 0.1908] 4.0505 | 15.797 || 190 | 2.02 1239 1 1.466 | 7.45616 | 15.052
10| 3.72 1.414| 0.268 | 4.2761 | 15.907 || 195 | 2.00 13.80 | 1.818 | 7.5280 | 15.058
125 | 3.50 2,201 0.428 | 43403 | 15.191 [ 200 | 1.98 15.2 1,782 | 7.6083 | 15.064
35| 3.33 3.089| 0.572 | 4.400 | 14.662 y 205 | 1.96 17.01 | 1.962 | 7.6697 | 15.033
140 | 3.23 3,667 | 0.654 [ 4.4541 | 14.387
155 ] 2,88 5.3631 0.895 | 4.9922 | 14.378 ) mean [ 16.188

¥ Pressures are weasured with mm unit helow 90°C,

2y kg, (). 63 (1031).
4) 1L \W. B. Roozcboom, Z. physik. Chem., 4, 42 (1889). .
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CuCl, Speranski™
t°C n Po(mm) | p(mm) Po—b k 1°C | p mm) | p{mm) Po—p k
Mo P Ny p
15.00.10356 | 12.79 | 11.90 | 0.4735 | 4.575 25 | 0.1056 | 23.76 15.97 .0.4875‘ 4.617
20 10.10361} 17.54 12,05 | 0.4552 1 4.392 201 01076 | 31.84 | 21.30 | 0.4949 | 4.598
mean 4.545
CuSOy Pawlowitschs!
t°C n Po{mm) | p(mm) LK N k. t°C o Po(ram) [ p(mm) Lo—P k
Yo p "n P
G0 10.04410( 149.35 1 141.0 | 0.05948 | 1.348 ' 90 1 0.07065 | 525.76 | 468.0 | 0.1234 | 1.747
70 [0.05166{ 233.7 216.5 [0.07945 | 1.538 | 100 | 0.08207 | T60.0 6G63.0 | 0.14630 | 1.7612
80 | 0.06050 | 355.1 323.0 000938 [ 1.64% ) mean 1.607
K80, F. Pohle?
t°C 1 po(mm) | p(mm) | Lo=E k t°C i po(inm) | p(mnm) | Po—P. k
L) P o P
30 [ 0.01343 | 231.84 31.0 | 0.02716 | <2.022 70 | 0.02044 } 233.7 223.0 }0.04798 | 2.347
40 1 0.01543 | 55.32 54.0 0.02452| 1.589 §0 | 0.02208 | 355.1 336.0 | 0.05685 | 2.574
50 0.01707 | 92.51 90.0 |0.02789 | 1.63¢4 90 | 0.02362 | 525.76 : 493.0 | 0.08645{ 2.813
G0 [0.01882 1 149.38 | 144.0 1 0.03736| 1.985 [ 100 | 0.02488 | 7:0.0 } 705.0 10.07345( £.951
. mean 2.541
MgCl, Speran-ki®)
toc ] 2o | pofnm) | p(mm) | =P k t°C n po(mm) | p(mm) | BeZP k
n, p Po p
0] 0.1001 | 4.589 1.34 ¢ 24172 | 24169 | 15| 0.1021 | 12.79 4.00 | 2.1970 | 21.522
5| 0.1007 | 6.543 1.96 | 2.3383 | 23.232 (| 20§ 0.1032 | 17.54 5.60 | 2.1313 | 20.650
10 | 0.1014 | 9.209 2.82 | 220656 | 22341 §f 25 0.1041 | 23.76 7.76 2.06]3 19.800
mean | 21,952
MgCl, F. Pohle
t°C| " | pgmm)| p(mm) | PPk wec| 2 po(mm) | p(mm) | PP |k
] p 1 B P
30) 0.1055 | 31.84 10.5 | 2.0326 | 19.270 60 | 0.1150 | 149.38 43.0 | 2,474 | 21.520
40 | 0.1078 } 55.52 18.0 | 2.0736 | 19.236 | 70 | 0.1194 | 233.7 69.0 | 2.387 | 19.988
50 | o111 9251 29.0 | 2.1960 | 10.712 || 80 | 0.1251 | 385.1 102.0 | 2.481 | 19.842
mean | 21,018

5) A. Speranski, Landolt-Borstein, physik. chem. Tabellen, Hw, II.
6) P. Pawlowitsch, Z. physik. Chem,, 84, 170 (1913).

)

F, Polle, Mitt. Kali-Forschungsanst, 1927, 33: Landolt-Bamstein, physik. chen.

Tabeilen, Eg I1.



MBLZDES Vol.

10 No. 3 (1936)

#3 Ak, BIEARSEORERONME  (K#) 141
)
MgSO, I, Polilen
toC | | py(mm) | p(nm) LPa=P k 1°c n po{mm) | p{mm) Lo—P k
n, P Ny P
40 |.06818 | 55.32 45.0 | 0.15250 | 2.238 80 10.09409 | 355.1 285.0 | 0.2460 | 2.614
50 1 0.07639 | 92.51 78.0 {0.18607 | 2.468 90 | 0.09893 | 525.76 408.0 | 0.2886 | 2.917
60 [0.08237 | 149.38 | 125.0 | 0.19504 | 2.368 | 100 | 0.10271 | 760.0 587.0 | 0.2047 | 2.870
70 [0.08865 | 233.7 187.0 [0.24973| 2.817 mean 2.613
Na,COy Speranskis
t°C n po(mm) | p(mm) Po=P k toC o po(mm) | p(mm) PP k
no P l‘“ p
40 10.08447 | 55.32 43.6 0.2869 | 2.985 | 50 | 0.08072 92.51 74.55 | 0.2409 | 2.984
i
45 {0.08206 | 71.88 57.256 | 0.2556 3.081 f mean 3.017
Na,CO, Gerasimow$)
t°C n Po(mm) | p(inm) Pa—P k t°C n pe{mm) 1 p(mm) Po—P k
Po P L) P
40 [0.08447 | 55.32 | 44D | 0.2574 | s.047 | 75 |0.07726| 289.1 | 2355 | 0.2276 | 2.946
50 1 0.08072| 92.51 74.5 | 0.2417 | 2.945 80 (0,07690| 355.1 200.0 | 0.2245 | 2.919
60 1 0.07888 | 149.38 | 120.0 | 0.2448 | 3.104 Mittel 3.000
70 [0.07779] 233.7 | 180.0 | 0.2365 | 3.040
Na,S0, F. Pohle"
©C | 2 | pofmm) | pimm) | PP |k frec| Do | pymm) | pom) | PPk
LU p Ry p
35 1 0.06246 | 42.18 37.0 | 0.1399 2,23 70 {0.05591 | 233.7 2§3.0 | 0.00718| 1.738
40 { 0.06106 | 35.32 47.5 | 0.1647 2.698 80| 0.06487 | 3565.1 3220 (0.1028 1.874
50 1 0.05913 ) 92.51 82.0 | 0.1282 2.168 90 [ 0.05409 | 525.76 | 473.0 | 0.1115 2.062
60 | 0.05751 | 149.38 | 134.0 |.0.1148 1.996 mean 2.111
Na, SO, VK: Arii®) -
t°C Y n Po{mm) [ p(mm) Po—P k T toC n p‘(mm)‘ p(mm) ‘ Po—P k
i P | P ‘ | P
35 |0.05641 | 42.08 | 87.01 | 0.1399 | 2480 | 45 |0.05152| 71.88 | 6374 | 0.1277 | 2.478
40 [ 0.05393 | 55.32 48.88 | 0.1132 | (2.099) ’ 50 10.04930 | 92.51 82.39 | 0.1228 | 2.491
1 mean 2.483
NI, . o Schefferi®)
t°C n o{mm (mm ..Pi’—_-P k
o Po{mm) p(mm) 5
100 0.2350 760.0 4566.0 0.6667 2.837

8) Gerasimow, Journ, Russ. 45, 1666 (1913) : Landolt-Bornstein, physik. Chem. Tabcllen Hw. IL
9) K. Arii, Bull. Inst. phys. chem. Research (Tokyo), 7, 891: Eng. Ed. 1. 83, (1928).
10) Scheffer, Versl, Amst. 25, 764 (1916) : Landolt-Bdrnstein, physik. chem, Tabellen, Hw. IL

!
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Table 11
Saturation coefficients k of the saturated aqueous Solutions of salts at 100°C,
Po=760mm  C=gr. Salt/100zr. 11,0 Brénsted.!)
Salt cC | -2 |pmm) Po=P | Salt C b mm) [ PP | g
o |Pmm) = o | p(mm) | Fo

NaCli 39.22(0.1209 | 561.5 {0.3535 | 2.925
Nakr |[121.9 [0.2134 | 382.9 :0.9849 4.615 | KBr 105.3 | 0.1504 | 526.3 | 0.4440 | 2.786
Na]j 303.4 |0.4307 | 174.4 !3.3561 7.7935 J 207.7 | 0.2254 | 427.0 [0.7799 | 3.460
Na¥ 4.29)0.01840 | 734.0 |, 0.03542 | 1.925 ’ KF 160.0 [ 0.4651 | 174.0 |3.3603 | 7.224

ka1l | 56.05|0.1554 | 567.8 [0.3385 | 2.499
l

R

-

Na,S0, | 42.190.05350 | 684.7 | 0.1100 | 2.056 ” K,S0O, | 24.1 10.02491 ) 723.9 { 0.04987 | 2.002
NaNQ; [ 176.3 | 0.375 418.9 [ 0.8143 | 2.179 ” KNO; | 244.8 |0.4362 | 496.0 [ 0.5323 | 1.220

NaClO; | 204.9 [0.3468 | 410.0 1 0.8537 | 2.462 | KClU, | 5§7.7 |0.08482| 668.3 }0.1372 | 1.518

Table III
Saturation coefiicients k of the saturated aqueous solutions of salts at 18°C.
Pa=15.477Tmin  M=molality Axel Lannung!®
Salt M x P .‘10;_" k Salt M x P Po_p‘". k

LiCl 19.55 | 0.3522 1.72 | 7.9982 | 22,71 RbF 28.8 |0.5189 1.28 | 11.091 | 21.37

LiBr | 17.15 | 0.30980 1.21 {11.790 | 38.15 RbCl 7.10 | 0.1279 | 12.15 0'2738 2 141
LiJ 11,78 1 0.2122 3.05 | 4.074 |19.00 RbBr 6.05 | 0.1090 | 12.60 | 0.2283 | 2.095
_ RbJ 6.77 10.12196 | 12.40 | 0.2481 | 2.034
NaCl

5.64 [0.1016 | 11.98 [ 0.2019 ) 2.873
NaBr 8.57 | 0.1544 9.37 | 0.6218 | 4.221f GsF 38.4 |0.6018 1.33 {45.90 66.34
NaJ 11.76 | 0.2119 5.90 | 1.623 7.658 ) CsCi | 11.15 | 0.2009 | 10.46 | 0.4796 | 2.387

CsBr 5.06 | 0.09116] 13.32 | 0.1619 | 1.776
KF 13.95 | 0.2513 4.85 | 2.191 8.719] CsJ 2.69 [ 0.04846 | 14.35 | 0.07854 1.621
KCl 4.53 [ 0.08161 | 13.20 | 0.17695 2.114 ‘
KBr 5,34 [0.09621) 12.75 | 0.2139 | 2.223
KJ 9.2 |[0.1657 | 10.70 | 0.4465 | 2.594

Table 1V

Saturation coefficients k of the saturated aqueous Sojutions of salts at 25°C.
Pp=23.756mm M=DMolality

Salt M n p PP k Oliserver

) My P
1iCl © o 19.219 0.3463 2.77 7.576 21.877 D. Tilden.12)
NaCl T 6138 0.1106 17.825 0.3324 3.006 | ¥. Fordenwalt.s

. . - Pearce, 'I'alyor
NaBr 9.121 0.1643 < 13,409 0.7716 4.697 { and Bartlett.14)

11y J. N, Bidosted, Z. physik. Chem. 82, 633. (1913).

17) Axel Laonung, Z. physik. chem. {A) 170, 135 (1934).

12) D. Tilden, ¥, Fordenwalt, J. Am. Chem, Soc.. 54, 3544 (1932).

13) N. Peéarce, M, D. Taylor. and R. M. Bartlett, J. Am, Chem. Soc., 50, 2951 (1928).
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0.1034

2.153
2.802

5.400

18.27

6.400
3.213

MBLZDES Vol.

Hepburn.!6)

Pearce and SnowH)
P. T. B.
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Table V

Saturation coeflicients k of Saturated- aqueous Solutions of HgCl.,

c S:E,bi,l,“y Vapour pressure, (atm.) Po; Priso .
- Dy Pa p Prigol, Pao Ha
80 0.016071 0.4670 0.4622 0.4625 0.009730 0.6054
90 0.024663 0.6918 0.6817 0.6817 0.014815 0.6007
100 0.035883 1.000 0.9795 0.9795 0.020929 0.5833
110 0.053851 1.414 1.3700 1.3700 0.032343 0.6006
120 0.077890 1.960 1.874 1.874 0.045890 0.5892
130 0.10378 2.666 2.515 2.515 0.06004 0.5785
140 0.14100 3.567 3.316 3.316 0.075693 0.5368
150 0.19285 4.698 4.241 4.241 0.10775 0.5558
160 0.26540 6.10 5.350 5.350 0.14018 0.5281
170 0.35359 7.82 6.521 6.521 0.19920 0.5633
180 0.46446 9.90 7.813 0,01 7.803 0.26874 0.5786
-190 0.64713 12.39 8.081 0.02 8.961 0.38265 0.5913
200 0.85521 15.34 10.204 0.031 10.173 0.50791 0.5939
210 1.0977 18.83 11.156 0.050 11.106 0.69548 0.6336
220 1.4767 22.89 | 11.810 0.071 11.739 0.94990 0.6432
230 2.0071 27.61 12117 0.100 12.017 1.2975 0.6465
240 2.7417 33.03 12.072 0.151 11,921 1.7701 0.6459
250 3.9811 39.24 11.311 0.217 11.094 2.5370 0.6372
260 6.5689 46.31 9.553 0.310 9.243 4.0102 0.6105
270 19.090 54.30 5.000: 0.431 4.569 10.884 0.5701
- mean 0.5946
14) N. Pearce and Snow, J. phys. Chem., 31, 231 (1927).

15)
16)

1) A& 10, (), 73 (1936).

N. Pearce and A. F. Nélson, J. Am. Chem. Soc., 54, 3544 (1932).
J- R. L. Hepbum, J. Chem. Soc., 1932, 566.

10 No.

3 (1936)
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Table VI

Vapour pressures of the saturated aqueous Solutions of NaNO, calcurated with k=1.79

1°C |po(atm.) jx=-"_.| kx jp=_Po p(atm.)

t°C | py(atm.) | x= kx  p= ) T kx - 1j{observed)

n, kx+1‘(ol)scrved|

80 [ 0.467 | 0.3139 | 0.5618 | 0.2926 | 0.282 ] 200 | 15.34 | 1.2801| 2.2023| 4.661 | 4.458
100 | 1.000 | 0.3836 | 0.6866 | 0.5928 | 0.56) y 220 ( 22.89 | 1.7505| 3.133 5.538 | 5.281
120 | 1.960 | 0.4717 | 0.8444 | 1.063 1.002 ‘ 240 | 33.03 | 2.613 | 4.677 6.818 | 5.685
140 | 3.567 | 0.5788 | 1.0360 | 1.752 1.631 | 260 | 46.31 | 4.027 | 7.208 5.642 | 5.349
160 | 6.10 [ 0.7428 | 1.3296 | 2.518 2.456 | 280 | 63.31 | 7.629 | 13.657 4319 | 4.247

180 | 9.90 | 0.9982 | 1.7867 | 3.558 3.404 || 300 | 84.80 |30.062 |53.810 1.547 | 2.561

Table VII
Vapour pressures of the saturated aqueous solutinns of KNO, calcurated with k=1.12
o _n . ~_Do lp(alm.)! o Vg D c —_ Po_| p(atm.)
t°C | pofatm.) | x= T kx p kx+1:‘(0b$ﬂ"’ed)\ t°C | pofatm.) | x D, kx P kx+1!(obsewul)

80 | 0.467 | 0.2993 | 0.2353 | 0.350 | 0.347 || 220 | 22.84 | 2.406 | 2.694 | 6.182 | 6.025
100 | 1.000 | 0.4383 | 0.4909 | 0.671 | 0.666 || 240 | 33.03 | 3.208 | 3.593 | 7.192 { 6.911
120 | 1.960 | 0.6623 [ 0-7418 | 1.125 | 1.185 || 260 | 46.31 | 4.598 | 5.149( 7.531 | 7.316
140 [ 5.667 | 0.8411 ) 0.9420 | 1.837 | L.774 || 280 G3.31 | 6.772| 7.586 | 7.374 | 7.099
160 | 6.10 | 1.0692 | 1.1975 | 2.776 | 2.667 }i 300 | 8$4.80 ; 11.492 | 12.873 | 6.111 | 5.930
180 | 9.90 | 1.3000 | 1.5567 S3.872 ) 2,720 | 320 | 111.46 | 26.035 | 20.159 | 3.695 | 3.601
200 | 15.94 | 1.8184 | 2.0%6 5.054 | 4.858 |

LSO W x BB ICEHIT & B CRHIED =, FH SR FRBM) L aki X <
—FLTH3B.

PLEOTE L b, BHEX (1) 1SRN0 SRSHIT R T D X WD, k ol i
i, #iihoradil, BIEO>n)R 3R ICESLEELBE x KR T010HH-5 3
D3 200, 700, 12005 DIERICKEWIEIIC EOTRIC—EMY 8T 3 W 5.

EEBMER
THBHEE X U & 5 R &0 FH & O BRI A D S e AT ik~ e £

3) &g 6 (), 63 (1931).
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— AT (V) Ve dp- no~a——d\ 0 (=2).®

WIT Qy ILIREEOXBES, V), V, BR2FHOR, FOHIKRT 28 TFH, n, ne XK 2 FH
IR BIEHE, R0, ¢ IFHOLERF vy Yo pHLT.

SUIEOBIER 3) T, BEr—EL L, V, ¥ V) KL TERL, AKRIAMRELIC
fiea & Rk oikic s 3. )

dinp _ n, d¢ o
=R e (x- ) T @)

RO RHERM & D 75 BHSEORTIRE BIE L 0 —BEIRRTH 3. i LT—RusRIC
ITIE4 O O MEREASI TR {, foTiie 22 9 7t BEBAIR L 3 AT, BT
WOBER Z DT F 2T REETIID 543, }mmxﬁx&rcﬁ'\mizaumzf% F Yl

KROEBICHFL2IILHBS.
E=0FRTIN N .ovoviiiteeeeieeeeeee e en 5)

IT ¢ 1ZIEE. BoaoEEic LT, N IZFEEMICRD 23 O BE (58 ¥ #13+.
T (D ITMA KIS TII=RDHIT K 3. :

dinp _ x d /. . X . n
dx — RT dx (‘”m'“ +1 ) ("_ B,
JIERAY NS T (o

lnp=—In(x+1)+C
IR C IKBETIE Inpy=C & & ZHHICHE L DKOMKRK %135,
p 1

Po x+1
AT Raoult ® A LT, iRROEFMRIFHPOREOBIE (5T4) THH+T 25y
Tkt 3.
MU b 5 BRI MR BAAERITHTO DI LT, —iR0ESITIT s I wititic,
WICHBREHTERTO Tewis OFHEES BB L TR ICREOILERT v o ¥ 2 (A0
Ith 5.

o=p+RT I a=3F+RT In N+RTIn frrreerrerrrereannnn. )
i a, [ B N 3R 2 FEOFEHLE, SR ERERCBE (GTFE) Y #iXT.
PEDTIEDEIRE R WITRA T Ll & BT LT ko i 3.

Inp=—In(x+1)— |x d :“ S R ®
i L TR EO R RUTRIE R R e o x 2, i & ThE—fitic
dinf
tn fy=—{x110 Ly
B B
’ Inp=—In(x4+1) +10 f4I Preeeicrreeiinerinncerrnnin.. &)
P f _
e~ x+1 TSR seererenisisitionner s es ettt e s rara e renes 9

BN BIFROBRRIHOBREDTFTHE AT 3 L E3.EA0BIRR ¥ 572,

18) G. N. lewis and M. Randall, Thermodynamics and ‘the free energy of ¢hemical substances, 1923.
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TR ET ZCBIENRFEROERR L BE L OBRIL, MR T2, R ES
HICIIEEO A RBEIC AT 248, BRI o FEEc AT 2. citofErR—
FEDO IO L BT THCHUBIEL THHEL OBMRESS. BHRANVEZ@DRL LD

U ...
kx4+1 n+m
- ; (=) ..(10)
f x+1 =/«‘(n+ 1i,)
" kx4+1  n+pn,

Bl BIKIERTIT R G B 70 2 KD EE I ROAFHERE, B bigEkidd b icpcio
LYo k EOfE RT3 GEiRERKCETE~EHoELHEO ¢ 15 (—REIC <D
BERT3) & E~PEOKIT-ORIEGTE)ICE L.

ROTHFHEOTHE a (TROHITh 5.

1 __Sl d In a,
A==y~ &

(11 dw
_Sx kx+1 .dx oY

Ina=k In—=% SI ke dk oo }
1

dx

k‘+1 kx+1 dx

kx dk In— ln X

+1 i :
IHEOBMBRICRT k & x CORBRSETEWY LLEEHST 2 JIHRE V.
RLaHD, HICHONREEE L L THAKERICRTIE KX BEICEEIR—ETs 2
B, HOBEOIFHOTFIE a HHEERY & 1TROBICE 3.

In f=k In L

kx
In as=k In
k
’;“ R QS—— (11"
IX.
In k=knp iy —Ineig
it
_( - .
S a2)
P kx  \kx+1
“—( kx+1 X
Bl B ARUKIEROB AR TIR kK Z—ER LTHFHOBHEERIHOFERIED k FiLE 5.
R EHK

IKIEHEIT AT 2RO B RMY 2T TR k 13, LB x Chligd 23T d 545
fatnk e RTIXBECERIRCEC—Elix 2T 30000, k IDNKEROBEL ) bR
oiMEcEER 2Hitsd L EBE~b 5.

feoT k wHTE, BEOMYIC, KFROWMORE vRIIT s BP L BTN, k
HOSHICBELTRIBECERR TSI ZEETH 3.

LIKIEROITEOBEY x 2L, HoBECHY 3BEXRBEGHIHED Y w 2@, Holt
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oftilz e 0~1 OlEld 5. ko S L/KEEOMHTE & £40 5. .
KT AHERKRIC T, ¥ERUMO ., ZOWREOERWMIELIT, k Oﬁfﬂ: r, &
B x ofthic, fkoffE S 8L TH~NTRS LHMAKUTIORTHEREREE 3.

Table VIII
Relations between k (Saturation coeflicient) and $ (degree of Saturation)
of the Concentrated aqueous Solutions of HgCl,

T. Kume.

= n ¢ . b_-i k =_x- = n tm. PO_—P k S:i :
X o patm.) > S = X o p(atm.) > Xs
270°C  py=>54.30atm. 240°C  p,=33.03a1m.

19.090 = 4.569 | 10.884 0.5701 | 1.0000 [ 2.74178| 12.072 | 1.7361 0.6332 | 1.000
9.9870 7.465 6.2739 | 0.6282 [ 0.5232 | 1.3521 | 15.472 | 1.1348 0.8392 | 0.4931
2.1471 ) 15.896 2.4160 | 1.125 0.1145 | 0.3496 | 24.000 | 0.37625 | 1.076 0.1275

260°C  py=46.31atm. 230°C p,=27.61atm.

6.5689s 9.553 3.8477 | 0.5857 | 1,000 2:0072 s} 12,117 | 1.2786 0.6370 | 1.000
3.8159 12.702 2.6459 [ 0.6954 | 0.5809 | 1.3521 13.694 | 1.0162 0.7515 | 0.6736
1.3521 19.214 14102 | 1.043 0.2059 6.34958 21.290 | 0.29685 | 0.8491 | 0.1742

250°C  p,=39.24atm. 220°C pb=22.89atm.

3.9811s | 11.311 2.4692  0.6202 1.000 1.4767 s 11.810 | 0.93819 | 0.6353 | 1.000
3.8159 11.626 2.3752 | 0.6224 | 0.9585 | 1.1521 ] 12.105 | 0.89095 | 0.6589 | 0.9156

1.3521 17.240 1.27611 0.9438 | 0.3306 0.34958! 17.311 | 0.32228 | 0.9219 | 0.2367

Table IX
Relation betw. k {Saturation coeflicient) and S (degree of saturatiun)

of Concentrated aquecus Solutions of NaNO,

T. Kume
=N Pa—P . g=_% =_0 Po—P X =X
= tm. Lo P k S==. [[ x= tm. . ek k S=—
x o p(atm.) > = ™ p(atm.) > =

300°C py=84.80atm, 260°C  p,=46.31atm.

30,0623 1.650 | 50.393 1.676 1.000 4.02665 5.349 7.6877 1.901 1.000
4.1940 7.828 9.8329 | 2.344 0.139% [ 1.9038 9.023 4.1324 | 2.170 0.4728
1.9038 14.844 4.7127 | 2.475 0.0633

280°C  p,=63.31latm, 240°C  po=2383.03atm.

7.62948 4.247 |° 13.907 1.823 1.000 2.6131s 5.650 | 4.8048 1.853 1.000
4.1940 6.352 8.9669 2.138 0.5497 1.9038 6.816 | 3.8459 2.020 0.7289
1.9038 11.646 4.4362 2.330 0.2495 0.6379 | 11.752 | 1.8106 2.838 0.2441




.

MIBILZEDES Vol. 10 No. 3 (1936)

148 Ak RIKBRORAROME (B#) Riog

Table X
Relation Letw. k (Saturation coefficient) and S (degree of Saturation)
of the Conccutrated aqueous Solutiuns of KN(‘)3

T. Kume.
.__n Po—P X X n Py—P i X
Xx= alm. 01 k S=—. |[ x= Hatm. L S k S=_—_
n | P 5 = o | platm) b o
3820°C p,=111.46a'm. 240°C  p,=33.03atm.

26.036 5|  3.601 | 20,952 1.150 1.000 [ 3.2073¢| 6.911 3.7793 1.178 1.000
4.7717 | 11.722 8.5086 1.783 0.1833 || 1.6115 9.449 2.4956 1.548 0.5024

300°C  p,=84.80atm. 220°C  p,=22.89atm,

11.493 | 5.930 | 13.300 1.157 1.000 || 2.4055 6.025 | 2.7991 1.163 1.000
10.062 7.032 | 11.059 1.099 0.8754 1.6115 7.078 | 2.2340 1.386 0.6695
4.7717 9.939 7.5320 | 1.578 0.4151 0.6623 | 10.822 | 1.1151 1.683 0.2753

280°C  p,=63.31atm, ' 200°C p,=15.34atm,

6.7709s 7.099 7.9181 1.169 1.000 1.8175%| 4.858 2.1577 1.187 1.000

5.2563 8.099 6.8170 1.297 0.7763 | 1.6115 | b5.162 1.9717 1.224 0.8866
4.7717 8.435 6.5056 | 1.363 0.7047 | 0.6623 7.550 1.0318 1.558 0.3644
1.6115 16.754 3.0186 1.87: 0.2380

Table XI
Relation betw. k (Saturation cofficient) and S (degree of
Saturation) of aqueous Solutions of LiCl

18°C  p,=15.477mm R . Axel Lanoung?

n
Ny

Po=P k S==2 [ x= p(mm) it k 5=
p Xs n, P Xg

X=

p(mm})

0.013062 | 15.10 ‘ 0.024667 | 1.911 0.0371 | 0.17295 6.69 1.3135 7.505 | 0.4910
0.034717 14.32 0.080796 | 2.327 0.0985 | 0.21187 4.87 2.1780 | 10.280 | 0.6015
0.061146 13.14 1 0.17785 2.908 0.1736 | 0.23087 2.78 4.5673 | 16.261 | 0.7974
0.088657 11.65 | 0.32850 3.705 0.2517 | 0.31060 2.24 5.9094 | 19.025, 0.8818

0.12017 9.21 |0.68046 5.268 0.3668 | 0.35455 1.68 8.2124 | 23.163 | 1.0087
25°C  py=23.756mm A D. Tilden!®
_n Po—p =X |y=n Po—P - =X
X= o p(mm) e k s r x e p(mm) > k 8 -

0.00721 23.50 1 0.01089 | 1.510 0.0208 0.1802 9.54 1.490 8.296 | 0.5204
0.01441 23.18 | 0.02485 | 1.724 0.0416 0.2522 5.28 3.499 13.874 | 0.7283
0.03603 21.89 0.08524 | 2.368 0.1040 0.2883 4.10 4.794 16.620 | 0.8325
0.07206 19.16 0.2399 3.329 0.2081 0.3243 319 6.542 20.173 | 0.9365
0.1081 15.94 0.4903 4.536 0.3122 0.3463 2.77 7.576 21.877 | 1.0000

.

17), 12) loc, cit.
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Table XII
Relation betw. k (Saturation coeff.) and s (degree of saturation) of aqueous solutions of KCl
25°C  p,=23.756mm Peéarce and Snow.H)
=" Po—P k = flx=_" mm Po—P k s=%
x ny p(mm) P Xg * N, P( ) P g
0.003603 | 23.597 |0.006738| 1.870 0.0416 || 0.03603s| 22.243 | 0.06802 | 1.888 0.4158
0.007210 23.448 | 0.01314 1.822 0.0832 || 0.05405 | 21.497 | 0.1105 2.044 0.6237
0.01441 23.155 | 0.0256 1.801 0.1663 | 0.08667 | 20.021 | 0.18G6 2.153 1.0000
50°C py=92.4mm Harrison and I’crm’an.“"
= Po—P k s=2 fx=_D p(min PP k s=
x=— | plmm) = ' - oy | Pem) > =
0.0233 89.1 0.03704 [ 1.5895 0.255 0.0660 81.7 0.1310 1.984 0.638
0.0296 87.6 0.05479 | 1.851 0.286 0:0863 77.9 0.1861 2.157 0.824
0,0402 87.2 0.07068 { 1.758 0.388 0.1035 4.7 0.2369 | 2.287 1.000
80°C Pa=353.4mm Harrison and Perman'®
=0 Po—P X =% —_n 'o—P =
X= mm = k s=—_ [ x= nm I k 5=
o p(mm) o - o p(mm) = .
0.031% 338.1 | 0.05117 | 1.635 0.251 0.0711 311.3 0.1417 1.993 0.571
0.0431 330.5 | 0.07534 | 1.748 0.346 0.1016- | 289.1 0.2293 2.257 0.816
0.0552 322.3 | 0.1027 1.861 0.432 01245 2774 0.2812 | '2.257 1.000
Table XIII
Relation betw. k (Saturation coeff.) and s (degree of Saturation) of aqueous Solutions of CaCl,
256°C p,=23.756mm Hepburn, 1
=_n Po—P < ==X (=_" Ta—P ’ ==
x= mm 40T k s=— || x= mm LN k S=—o
L) punm) P Xy Do p(mm) P Xz
0.00358 23.50 | 0.01080 | 3.042 | 0.02734 || 0.02707 | 21.61 | 0.09930 3.668 | 0.2067
0.00511 2342 | 0.01391 [ 2.722 | 0.03902 | 0,07207 | 14.73 | 0.6128 8.502 | 0.5502
0.00619 23.43 | 0.01391 | 2.247 | 0.04727 [| 0.1048 9.48 | 1.5059 14,369 | 0.8005
0.00889 23.28 | 00.2045 | 2.300 | 0.06788 || 0.1310 s 7.00 | 2.3938 18.27 1.000
0.01433 22.88 | 0.03828 | 2.671 | 0.10937
40°C: ' py=55.2mm Iarrison and Perman.9)
=_" Po—P - =X n Po—P : X
= mm Lo k S=m— [ X= mm 20 & k S=——
e | PO > o oy | Pmm) o ra
0.0180 52.2 0.05747 | 8.192 | 0.08708 || 0.0488 45.5 0.2132 4,369 | 0.2361
0.0233 52.0 0.06154 | 2.641 | 0.1127 0.0791 M7 0.5908 7.469 | 0.3827
0.0325 49.7 0.1107 3.406 | 0.1572 0.1311 20.7 1.667 12.713 | 0.6342
0.0382 48.1 0.1476 3.864 | 0.1848 [ "0.2067s 11.1 3.973 19.221 | 1.0000

14) loe. cit.
19) W. R. Harrison and E. P. Perman, Trans. Famd. Soc., 23, 1, 14 (1927).

16), 19)

loc. cit.
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80°C  p,=355.4mm Harrison and Permaui®)
=_" y(mm Po—P k s=" || x=_" N Po=P k =X
X o p(mm) 5 ~ o p(mm) = s o
0.0100 346.2 | 0.02657 | 2.657 0.0401 | 0.0741 240.9 0.4753 6.414 | 02975
0.0144 342.9 | 0.02645 | 2.531 0.0578 | 0.1312 143.4 1.478 11.265 | 0.52067
0.0208 328.8 | 0.08090 | 3.019 0.1076 | 0.1833 96.4 2.678 14.659 | 0.7358
0.0475 295.2 | 0.2039 4.293 0.1907 | 0.2491 63.2 4.623 18.559 | 1.0000

Wit SoMRN 3B IC AT 280 Rk 2« A—R LRy SRUToick 5.

10 No. 3 (1936)

Fig. 1
Relation between k and Degree
of Saturation S of Unsaturated
Adqueous Solutions of HgCl,.
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Relation between k and Degree
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Fig. 5 Fig. 6
Relation between k and Degree Relation between k and Degree
of Saturation S of Unsaturated of Saturation S of Unsaturated
Aqueous Solutions of KCL. Aqueous Solutions of CaCl,,
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DL ORI RALE, k SRF0EE S BT a8HLI, BT, BUEICEMIETHS 2 MixmD.

BEOTIED kIDKIFEORMEICEER 2B AEL, RE, BTS2 Rk, fgm
IRAEIC AT BRI ORI L BET 2 1HANHE TS 5. RITIko k XKIFRIT AT 2 i
Hofehifl " & 0400 3. ' .

il LTS klic A THRIIRE K OBLICR/DUIRROD 3 ¢ & X HITHD 24, ko
B TiTROIITHEAL LS.

Bl BRiFEA A TIRE RO A FRHEO—BA L AT IR O TR INTH 2 L REML
185, MENCCHBEATT & U 2RO HFRMS FEOMRIT S { JhoMIT KK T 5 & #
~BNBH, SRIRRCEZHOEN Y v RUTRITEE, Kigdicpd 3Kk n, =412
HoOR m =LA TEYRETOSHL £ 3.

i L TKirsko AR oK PoigEo AhaToBEIC KN T 35T, &

Po__ Mo

B T Dagm T (14)
@G, HOMEXEIXMELY
2= n,—7n
Ny
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TN=(1780) Mg ceemreererrtriieiianeerereeinanaeeearnenareenernns (15)

WMUT, FXTHRER OIS T o [ LKERBOKO A BT, MkOIGHEE & Kig#dho
KEDEIEEOEXHIT b DIRFE L B, v IKETRAE, IFERIREEOK) ITRIET0”
ZRALBIE (n/n) ITERTD, HikE KiFHPOKEDEHEEDOEITEL .
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BEOTHFRE k SIHSREOL Y RIT IO TH DI, HoMIZiBIE, BIECmE
i LTHRBRBCRTRIBIC—ETH 2 L E 3100 NEKS.
SR (16) % S KETRATIE

ds

dk

dk

=Xg——
dx

(1

_Xa
A—rx)?

+r)

MiLT—RT v oBLIL x ltiﬁltfﬁll,(x\,(lf))#ﬂ“),

CHEDT, EkoBT, k OBMEICE/INULRAY i+ O L R
SEI 135 L 7e 3 S5 HEBRIC T RIRIE R k O % #8135 L TR s Hkokic

Rics

aT>
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5. GEORPHUMALL > HEBEO LOCHTOFLHTHS.)
Table XIV

Saturation coeflicient of various Salts,

35 .

Licl 21.877 22.71 NH,Cl 2046  2.256 2.269
Linr  38.15 NH,Br 2.837 ,
Tij 19.20 NII,NO, 0.8105 1.284 1.285
LiNO, 549 (NH,),S0, 2101 2235 243
(MIGH,PO, 1.167  1.502
NaF 1.925 o
NaCl 2.819 2.873 2.851 2.895 2.925 -
2.940 2,950 2.969 3.006 Ezg(') 1545 -
NaBr 4.608 4.921 4.615 4 R S
NaJ 7793 7.658
NaNO, 1786 1.792 2.039 2.179 AgNO, 1.021
NaClO,  2.462
Na, CO,  2.000 3.017 A .
00y MgCl, 21,018
Na,SO, 2,056 2.075 2.111 eSO, A
KF 7.794  8.719
KCl 2,052 2114 2133 2131 2.144 CaCl, 16.19  17.065 19.09 20.50
995 2.98 2481 2153 2.499
Klir 2.786 2,993 2.60 . o
K] 270 2,004 2.802 3.40 3.460 3.632 | SCh 6.350
RNO, 1108 1118 1.220 1.224
KClO,  1.618 1.649 1.831 HaCl, 3.312
KS0, 2541 2,651 2.520 2.360 2.002 Ba(NOy), 2.108
K0, 2512 .
ZnCl,
RbF 21.37 ZnCl, i
RILCH 2.141 250, 1.50
RbBr 2.095
RbJ 2034 cdcl, 2.08
CdBr, 1.96
Cs¥ 66.34 CaJ, 1.58
CsCl 2.387 Cdso, 0.80
CsBr 1.776
Cs] 1.621 HgCl, 0.595
R ~HEICHTO k ORICE SORBOD 2T, AN R IHIET T OWER

ES k OICRETHEILREKTCHINETD 5.

WLTIOEERBIT, KLEOH N EOIATIR KITEIHC AR ZHE AL THZA,

5

KoPootgc k<1 naHbd 3. WEOHEERLC v EHKIFHAPITRY 2150kl 37k
AFRIETIHAOBINVCHRFT s LB~ S,
WLTXEKMT,%J#zmﬁfuix/kﬁoi&7LoﬁkmdmLf [ F ]
BTRBCHET 3.



MIBILZEDES Vol. 10 No. 3 (1936)

B3R Ak WEAREHEOBAEOME () 153
i m

— R TR A X D 7 2 BRI ORI & BRI T, MfRICRER L3
I ¢ REFIKIEKIT A TIE Van der Waals-Roozeboom  (DZER RS T OMERHIKIL L, AfRFIK
FEEIC AT IfTIC SR, BIZIT T b KR AT S 21 kix Causius-Clapeyron DBR
BT D.

BEOKISEOZRIR L BE & ofifficitTiy, —fic, ERBLGER B KOEZERE (8
BIFITKHERPIOATREREATIRCS2 20T, HoSr o kitoffir LT 230
& R L BB 0RE 2 ROFTE) T 5.

ARITILFROFERRITREO ISIEE R T 228, GHEEIH A ZEARMEIC & e
ANz E b OTRINHEDBIE & ORIRINIR C RO,

ROTIHEOAERIRL BIE L ORIRZ O SIEE & iR 2303 HIsR0RAS, HicEHLA R
T 2AUBIER B b OWK D KIFRICR T 2TEEE L BIE L OB~ b N7, BIHKEK
T THEEE7e B KO GHEEITHOFRBRIEICEL {, HHORMEEZIOFUBEON 2
LT, $HaEA L LTHMIRRICATREDO HEIBIED k R,
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