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Measurem;:nt of the VapouryPressures of

Concentrated Aqueous.Solutiohs. (IV). ?
! Vapour Pressure and Concentration. ¢y
\ By ’
. Taizo Kume .
s Abstract ' < "

* Under Prof. S. Horiba’s kind guidance, the abthor investigated the influence of nonvolatile
solutes upon the vapour pressure of their agueous solutions and reported the relation letween
the vapour pressure and lemperature of concentrated aqueous solutions in the previous paper.

9 Bln the present paper he discussed the relation between the vapour pressure and conceniTation
1 of their solutions. -
The experimental formula he obtained is as follows :
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Where p, and p denote the vapour pressures of the pure water and an aqueous solution respeg®
wtively ; n, and n the numbers of mols of the water and the solute in an aqueous solulion. k is .
*®, coefficient characteristic of a given solute and always constant, being independent of tempeg
ratare and concentration of the solution in the saturaled state, whilst it varies in unsaturated
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concentrations. 'This newly defined coefficieni he named ‘“saturation coeflicient”” of the solute,®”

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

' _ ayreous solutions reporled hitherto iz literatures. The values of k of about 50 salts are summa-
= qized in Table XIV. e
Thus it is clear that the solute is considlered 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

& n speaking, the solvent is g=Il/k times for the so]utc} For the determination of the state”of a

solutidn, the author praposed * effective concentration ™, that is, the modified mol fraction of a
solute, kn/(kn+4n,), and that of its solvent, n,,/(l.n—l—n,). Then the above mentioned relation (I)
means (hat the vapour pressure of concentrated aqueous is proportional to the effective concen-
“tration of the solvent (water).

On the other hand, the vapour pressure of a solution is theoretically proportional to the activity
of the solvent, and consequently, the activity of solvent is equal to its eflective oonoenuaiiorf.
Morcover, the activity of a solute is also a function 'of effective concentration of, the solate and
as a special case, the coefficient k is always constant in the saturated state, and the function is

£ able o Le integrated so easily that the aclivity 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
,becomes independent of temperature when the degree of saturation S=x/xs is taken instead of
cancentrauon (where x and xs are a concentration of the solalion and that of the saturated

‘ stale at the same temperature respectively).
[ Thus, this saturation coefficent k has a close connection with the degree of the saturation
» of an aqueous svlution, being independent of temperature and concentration, and is a charactes-
{ istic constant which decides the solubility of a salt. N
ar Though the physical meaning of k can not be clearly defined uow, yet the result prove
= that a certain inner state of the solution of the very salt remains in the same CCII'Id]llUlI, being
independent of temperature and concentration_in case Lhe degree of S js the same in an unsatu-
rated solution as well as in a saturated snlulmn m i
n
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1), AgE 10, () 73 (1086).
2) @~¥, J- N. Pearce and A. F. Nelson, J. Aw, Chem. Sec., §4, 3544 (1932).
I R. L Teplurn, J. Chem. Soc., 1932, 566, 575, 1284.
S. C. Bartford, Phil. Mag. 48, 936 (1924) : '50, 1147 (1925): £0. 160 (1930).
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Table 1
Saturation Coeflicients k of the Saturaled aqueous Solutions of CaCl,
CaCl, Roozeboom?)

—p | \
ec| Mo lpatm pams P |1°c N p—_—

50| 4.06 92.51 | 15.5 4.968 | 23.151 ]Iyﬂ 2.7 G.10 | 0.979 5.2309 14, 4‘!0
60 | 4.51 |[149.38 | 26.5 4637 | 20912 ) 165} 2.61 6,92 | 1.0895 | 5.6070 | 14.765
TO 437 | 2837 43.0 4.435 19.381 {| 170 | 242 7.82 | 1.097 | 6.1285 | 14.831
801 4.24 |335.1 63,56 4.35 18,307 [| 180 [ 2,06 9.90 | 1197 | 7.2707 | 14.905
90 | 4.08 |525.76 (100.0 4.258 | 17.373:f 1Ba | 2.04 11.09 | 1.324 | 7.3761 | 16.047
100 | 3.90 1.00 0.1908( 4.0505 | 15.797 (| 180 [ 2.02 1239 1 1.466 | T.4516 | 15.052
110 | 372 1414 0.208 [ 4.2761 [ 15907 | 185 | 2.00 13.80 | 1.818 | 7.5290 | 15.058
125 3.50 2201 O0.424 | 4.2403 | 15191 | 200 [ 1.98 15.34 | 1.782 | 7.6083 | 15.064
125 | 3.33 3.0801 0.572 | 4.400 | 14.652 | 205 | 1.960 17.01 | 1.962 | 7.6697 | 15.023
140 | $.28 3,667 | 0.654 | 4.4541 | 14.887
155 [ 2,88 53631 0.895 | 4.9922 [ 14.378 mean | 1G.188

# [Pressures are measured with inm unit helow 90°C,

8) #3E6. (K, 63 (1931).
4) 1L W. B. Roowboom, Z. physik. Chem., 4, 42 (1888). .
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‘CuCl, Speranski®
tec L Pa[mm) | p{mm) Po—P k 1%¢ B po(vimn) [ p{mm) Lo k
n, J m, P

15 | 0.10356 | 12.79 | 11.90 | 0.4735 | 4.5673 § 25| 0.1056 | 23.76 15.97 ‘0.‘18'?5 4.617
20 | 0.10364 | 17.54 12,05 | 0.4552 [ 4,309 300 01076 | 284 | 2130 | 0.4949 | 4.598

mean 4.545

CuSQy Pawlowiisché!

tec| Po[mm) | p{mm) A o L k we| N Po(mm) | p(mm)

Pa—P k
Ty P LY p

GO | 0.04410 | 149.35 141.0 | 0.05948 | 1.348 ' 490 | 0.07065 | 525.76 ) 468.0 ‘ﬂ.l?.:‘ri 1.747
70 1 0.0510G6 ) 213.7 216.5 [0.07945 | 1.538 | 100 | 0.08207 | T40.0 663.0 | 0.14630 | 1.7612
80 | 0.06050 [ 355.1 G23.0 ] 0.00938 [ 1.643 mean | I1.6G07

K80, F. Pohle?

1°c : Pa(mm) | p(mm) _Eﬂ}%.p_ k t°C : Po(inm) |* p(inm) LQ_;)__I" k
o o

30 ' 0.01343 31.84 31.0 10.02716 | 2.022 70 | 0.02044 | 233.7 ll 223.0 | 0.04708 | 2.347

40 iO‘ﬂIﬁ-lﬁ 55.12 54.0 |0.02-152 1.589 80 | 0.02208 | 3565.1 i 336.0 | 0.05685 | 2.574

a0 0.01707 9251 50.0 I 0.02780 | 1.634 90 | 0.02362 | 525.76 : 493.0 [0.06645| 2.813

ti0  0.01882 ¢ 149.38 144.0 i 0.0°736 0 1.985 | 100 | 0.02488 | T760.0 ) T08.0 |0.07346 | £.951
| I | . imnean 2.641
MgCl, Speranki®)

t°C n Pe{inm) | p{mm) Pa—P k 1°C n Po{mm) | p(mm) Po—P k
n“ P no P

0| 0.1001 | 4.589 1.34 | 24172 | 24168 (| 15| 0.1021 | 12.70 | 4.00 | 2.1970 | 21.522

5| 0.1007 6.543 1.96 2.3383 | 23.252 20§ 0.1032 | 17.54 5.60 2.1313 | 20.650
10| 0.1014 | ©.208 2.82 22656 | 22.341 25 0141 23.76 7.76 2.0613 | 19.800
mean | 21,952

MgCla 3 F. PohleT!

‘ ‘
1°C _:D po(mm) | p(mm) ﬂf-;_"r x| ec _Dia po(nm) | p(mm) _En.i):.f‘_ k

30| 01055 | 31.8¢ 10.5 | 2.032G | 19.270 | 60 | 0.1150 | 149.38 43.0 | 2474 | 21.520
40 | 0.1078 } 55.42 18,0 | 2.0736 | 19.236 | 70 | 0,1194 | 233.7 G9.0 | 2.387 | 19.988
50| 01111 | 9251 200 | 2.19G0 | 19.712 || 80 | 0.1251 | 135.1 102,00 | 2.48]1 | 19.842
mean | 21.018

5) A. Speancki, Landolt-Barstein, physik. chem. Tabellen, IIw, II.
G) P. Pawlowitsch, Z. physik. Chem,, B4, 170 (1913). .
7) F. Pohle, Mitt. Kali-Forschungsanst, 1997, 83: Landolt-Bdmstein, physik. chem. Tabellen, Eg II.
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MgSO, I. Polileh
t°C L pPe(mm) [ p(mm) Pa—0 k 1°c 3 pa{mm} | pimm) Po—P k
Do p Ny P
40 | p.06818 | 55.32 48.0 (0.15250 | 2.235 || 80 )0.09400 | 355.1 285.0 | 0.2460 | 2.614
50 | 0.07539 1 02.51 78.0 {0.18607 | 2.468 }I 90 | 0.09893 | 525.74 | 408.0 | 0.2886 | 2.917
60 { 0.08237 | 149.33 | 125.0 |0.19504 | 2.308 ; 100 | 0.10271 | 760.0 587.0 | 0.2947 | 2.870
70 [ 0.08865 | 233.7 I87.0 | 0.24973 | 2.817 ” mean | 2.613
Na,CO, Speranskif!
trc| L | pgmm)| p(mm) [ Lo—P k fJrec| Zo | pmm) | p(mm) | Po=P | &
Po p [N p
40 1 0.08447 | 55.32 | 43.6 | 0.2869 | 2.985 1 50 | 0.08072 | 9251 | 74.55 | 0.2409 | 2.984
45 | 0.08206 | 71.88 57.25 | 0.2556 | 3.081 \i mean 8.017
NagCO, Gerasimow?)
t°C I po(mam) | p{nm) Pa—P k 1°C 2 p{mm) | p(mm) | Fa=P k
P P Ta P
40 | 0.08447 | 55.32 440 | 09574 | s.047 756 {0.07726 | 28%.1 | 235.56 | 0.2276 | 2.946
50 | 0,08072 | 92.51 74.5 | 0.2417 | 2.945 80 {U.07690 | 355.1 | 200.0 | 0.2245 | 2.919
60 | 0.07888 | 149.38 | 120.0 | 0.2448 | 3.104 Minel | 3.000
Tt | 007770 | 233.7 180.0 | 0.23645 | 3.040
N, S0, F. Pohle™
t°C = pe{mm) | p(mm) | PP k teC| 2. | pp{mm) | pymm) | Po=P | g
My P My P
35 | 0.06246 | 42.18 37.0 | 0.1399 | 2,239 70 | 0.05591 | 233.7 213.0 | 0.00718| 1.738
40 { 0.06106 | 55.32 47.5 | 0.1647 | 2.098 80 [ 1.05487 | 2385.1 $22,0 (0.1028 | 1.874
50 | 0.03913 ] 92.51 82.0 | 0.1282 [ 2.168 90 | 0.05400 | 525.76 | 473.0 | 0.1115 | 2.062
60 | 0.05751 | 140.38 134.0 {.0.1148 | 1.990 mean 2.111
Na SO, K. A
:ﬂc“ 2 | py(mm) | p(mm) | Pe=P P‘" k ] toc : p.(mm)} p{mm) Po—P k
e i b | P
35, 0.05641 | 42,08 | 37.01 D.l399| 2.480 | 45 0.05152| 71.88 63.74 | 0.1277 | 2.47
40 [ 0.05393 | 55.32 | 48.88 0.1132| (2.0090) i' 50 [ 0.04930 | 92.51 | 82.39 | 0.1228 | 2.491
I i' mean 2.483
s Seheffer1
t°C n [te{mm) p(mm) Ta=P k
Py P
100 0.2350 7680.0 454.0 0.6667 2,537

8) Gerasimow, Journ, Kuss. 45, 1666 (1913) : Landolt-Bornstein, physik. Chem, Tabcllen IIw. II
9) K. Arii, Bull. Inst. phys. chem. Research (Tokyo), 7, 801: Eng, Ed. |, 83, (1928).
10) Scheffer. Versl, Amst. 25, 764 (1916) : Landolt-Birnstein, physik. chem, Tabellen, Hw. 11

1
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Table II
Saturation coefficients k of the saturated aquevus Solutions of salts at 100°C.
Po=760mm  C=gr. Salt/100zr. 1LO Bronsted.!!)
St : G | - P(““")i 2P ‘ k ‘ st | C | b p(mm)| =P ! K

NaCl 39.22(0.1200 | 561.5 | 0.3535 | 2.925 { KCl 56.05 | 0.1354 | 567.8 [0.3385 | 2.499
Nalir | 1210 {0.2134 | 382,90 [0.9840 | 4.615 || KBr 1053 | 0.1594 | 5264.3 | 0.4440 | 2.786
Naj 303.4 |0.4307 | 174.4 13.3561 | 7.798 " KJ 207.7 | 0.2264 | 427.0 | 07799 ‘ 4460
Nal” 4.2010.01840 | 734.0 | (03542 | 1.025 ‘ KF 150.0 | 0.4651 | 174.0 | 3.3603 | 7.224

Na,50, | 42.19|0.05350 | 684.7  0.1100 | 2.086 | K,SU, | 24.1 | 0.02491 | 723.9 ( 0.04987 t 2.002
NaNQ, | 176.3 [ 0.373 418.9  0.8143 | 2,179 ;| KNO, |244.8 [0.4362 | 496.0 | 0.5325 ' 1.220
NaClOy| 204.9 | 0.3468 | 410.0 ' 0.85387 | 2.462 | KClU; [ 57.7 | 0.08482| 668.3 | 0.1372 I 1.618

Table III
Saturation coeflicients k of the saturated aqueous solutions of salls at 18°C.
Pe=15.477mm M =molality Axcl Lannung!?)
i Salt M x p Po—P k Salt M x p PP k
p P
LiC1 | 10.556 | 0.3522 1.72 | 7.9982 | 22.71 RbF Z8.8 | 0.5189 1.28 | 11.001 | 21.37
LiBr | 17.15 | 0.3 .21 111.790 | 38.15 RLCI 7.10 1 0.1279 | 12.15 | 0-2788 | 2.141

LiJ 11.78 | 0.2122 3.05 | 4.074 | 19.00 RbBr 6:05 [ 0.1090 | 12.60 | 0.2283 | 2.005
_ Rb]J 6.77 1 0.12196 § 12.40 | 0.2481 | 2,034
NaCl 5.64 | 0.1016 | 11.98 | 12010 | 2.873
NaBr 8.57 | 0.1544 0.37 | 0.601B | 4.221| Gs¥ 38.4 | 0.6018 1.33 {45.90 66.34
NaJ 11.76 | 0.2119 2.90 | L.623 7.658] CsCi | 11.10 | 0.2009 | 10.46 | 0.4796 | 2,387
CsBr 5.06 | 0.09116) 12.32 | 0.16819 | 1.776
KF 18.95 [ 0.2513 4.85 | 2.191 87191 G 2.69 | 0.04846 | 14.35 | 0.07864 1.621
KCl 4.53 | 0.08161 | 13.20 | 0.17695] 2.114 '
KBe 5.34 | 0.09621 ) [2.75 | (L2130 | 2.223
KJ 0.2 [0.1657 | 10.70 | 0.4465 | 2.504

Table 1V

Saturation cuefficients k of the saturated aguevus Solutions of salts at 25°C.

Pe=23.756mm M =DMolality

Salt M 2 P PP k Observer

¢ = =
LiCl 10.219 0.3463 2,77 7.576 21.877 D. Tilden, 12!

NaCl T 6138 0.1106 17.825 0.3324 4.008 K. Fmdemlvall.'“-"

» y e P'earce, 'Talyor
NaBr 9.121 0.1643 | - 13,409 0.7716 4.697 { A ity

11) J. N, Broosted, Z. physik. Chem. 82, 633 .(1813).

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

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

13) N. Pearce, M, D. Taylor. and R. M. Bartlett, J. Am. Chem. Soc., 50, 29561 (1928B).
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Pearce and Snow!®

Pearce a. Nelsion,1®

Hepburn.16)

A% BNOKEROREROME (JHE)
20,021 0.1866 2.163
16,370 0.4512 2802 |P T B
10.460 1.2720 5.400
7.00 2,3938 18.27
16.90 0.4057 6.409
21.53 0.1034 3.213
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Table Y
Saturation coeflicients k of Saturated aqueous Solutions of HgCl.
s .Soﬁ!bility Vapour pressure, (atm.) Pn;PllgO 1
== Ny Pa P Prgars Pase Hau
80 0.016071 ﬂ.‘il}?n 0.4625 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 0.020029 0,58433
110 0.053851 1.414 1.3700 1.3700 0.072343 0.6006
120 0,077890 1.960 1.874 1.874 0.045890 0.5892
130 0.10378 2.660 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
180 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 8.981 o2 8.961 0.38265 0.5913
200 0.85621 15.34 10.204 0.031 10.173 0.50731 0.5939
210 1.0977 18.83 11.156 0.050 11.106 0.69548 0.6336
220 1.4767 22.80 | 11.810 0.071 11.739 0.94990 0.6432
230 2.0071 27.61 12,117 0,100 12.017 1.2975 0.6465
240 2.7417 33.03 12,072 0.151 11.821 1.7701 0.6459
250 3.9811 30.24 11311 0.217 11.094 2.5370 0.6372
250 6.5080 46.51 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
7 ‘{ mean 0.5946
14) N. Pearce and Snow, J. phys. Chem., 31, 281 (1927),
15) N. Pearce and A. F., Nélson, J. Am. Chem. Svc.,- 54, 3044 (1932)"
16) J. R. L. Hepbumn, J. Chem. Soc., 1932, 566.
1) A3& 10, (K, 73 (193?5).

3 (1936)
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i) WERF b YT LRUINED ) 9 LOWMKRE
IO HIORA R TITRITY I5E (100°C PUF) Kk TR EROREEERL ) k o
FidbNTH2HHIT, RICHEESF M) ¥ alc BT k=179, HiE» Vv AiCHT k=112
AT, Ao =ZMBH IR T3 ILSBBIORMELR Q) &Ik 100°C 11
I a3t mFkigikO X ER L L TR .
HOR IR 2 PAERCFELRICRTHCD 5.
Table VI

Vapour pressures of the saturated aquecus Solutions of NaNO, calcarated with k=1.79

1°C | py(ntm.) =" kx  p= Pa 'p(alm.)

I
® __n i . Pa I p(atm.) |
1°C | pyfatm.) | x e kx P—"m—l]@mﬁd)‘ 1y k,;+]£(dmt\'e:i)

80 | 0467 | 0.3139 | 0.5618 | 0.2026 | 0.282 l“ 200 | 15.34 | 1.2801| 2.2023| 4.661 | 4.458
100 | 1.000 | 0.3836 | 0.6866 | 0.6928 | 0.56) | 220 | 22.89 | 1.7505| 3.133 5.538 | 5.281
120 | 1.960 | ¢.4717 | 0.8444 | 1.063 1.002 | 240 | 33.03 | 2.613 | 4.677 5.818 | 5.653b
140 | 3567 | 0.5788 | 1.0360 | 1.752 1.631 ! 260 | 46.31 | 4.027 | 7.208 5.642 | 5.349
160 | 6.10 0.7428 | 1.3206 | 2.6518 2,456 } 280 | 63.31 | T.620 | I13.65T7 | 4.319 | 4.247

1801 9.90 | 0.9982 | 1.7867 | 3.553 3.404 1 300 | 84.80 [30.062 |53.810 1547 | 2.56L

Table VII

Vapour pressures of the saturated aqueoss solutions of KNQ, calcurated with k=1.12

—

| " ' | t | I
o Ve N % 1 p(atm.) I o 3 x=_"_ < = Po p{atm.)
oG = ) P T e =] b gl dR,

80 | 0.467 | 0.2093 | 0.2553 | 0.350 | 0.547 | 220 | 22.84 | 2.406 | 2.694 | 6.182 | 6£.025
100 | 1.00¢ | 0.4383 | 0.4909 | 0.671 | 0666 | 240 | 43.03 | 3.208 | 3.593 | 7.192 | 6.911
120 | 1960 1 0.6623 | 0°7418 | 1.1256 | 1.135 | 260 | 46.31 | 4508 | 5.149 | 7.531 | 7.316
140 | 3.667 | 0.8411 ) 0.9420 | 1.837 | 1.774 | 280 | 63.31 6.772 | 7.586 | 7.8974 | 7.000
160 | 610 | 1.0692 | 1.1975 | 2.776 | 2.667 [ J0D | 84.80 ) 11.492 | 12,878 | a.111 | 8.830
180 [ 9.9 1.3000 | 1.557 3872 2.720 | 320 | 111.46 | 26,035 | 20.159 | 8.695 | 3.601
200 | 1534 1.8184 | 2.006 5.054 | 4.858 |

PEEORS W% BBICEH & QB RO =, I=H R U IR 267 X ¢
— L THD.

PLEOMWEEL D, BHEX (D) IXMAEBRAOBRMIITICRAT b £ T D, k ol LB
i, #lio sl BEEEn)AE2R45ICEZEELRBIE < ITRT010H8: 53
D 200, 700, 1200MF) OIEFICHWTERICEOTRIC—ERE BT 2HEr 5.

EROEw
THEET X D 2 5 RS S I M & OF BRI A O ST T~ e ki

3) &3 6. (B, 63 (1981).
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Qa - [o)
- ,%, dT 4V, -—-V,,}dp—-n,,a—fndx=0 (\——- N &)

T Qy TR OB, V., Vo R 2EHOR, ORI 348 TE, n, n 135 % iF#E
BICRY BIFH. R0 er ¥, ¢ HFHOERT o v e #TT.

SIEOBIER (3) AT, Bl —EL L, V. ¥ Vo CHELTERL, Hiamsic
Fea & BRI 5. ’

d II’I[) T a@’ __L
% =RT & (\— [ (4)

My
LS RATRMRIT L b 7 B ORI L BIE L o~ CH 5. i L T—RHEEIC
PCUA 0 AROMIIESTTR ¢, #£07Hic S5 & sHErIRE T 55T, BiC
ORI HTR T 2 FE EECE S 54, IR A TRRTOREET o v A o}
KOBRTICEE R LS.
v P=@FRTID N riiiiiiiiiiiiirncsiearesisssrnsseeananns (&)
I G ML WOBOEKIC LT, N WiINCIY SHROBIEC ) cT.

Hmﬁunmﬂzm&mﬁtaﬂﬂﬁma%

dinp x d _n
=R w (PR ) (=2
IEDRIRX F BT

" Inp=—In(x+1)+C
WICHMEE C T3 Inp,=C & & ZAIICE L D KO 218

p__ 1

FEIC Raoult o gfllic LT, i#ROERRE iR P ORECBE (4TE) citf+ o3y
Bk,

RUT A5 o BIR iR BIRRICHTO b OI LT, — /DS ITIT TS B witii,
WIEPHERCRTO Tewis OFEEY 2EE L TRICIHTOCIER 7+ v+ 2 |3kot:
Lk 3.

¢=¢+RT In a=%+RT In N+RT In frrericrrnirnrannnans )
#IT a, [ BOE N XK 2EEOELE, SHERE R B E (5T3) y #1.
WD TIEPBRIIRE K WHTICA FIUE ik & T L CADRERIFER 24 5.
d In f

np=—1n (1) = [ LTI HC rcennnec @
il L T4 Pk R R iRt e f%%(i:“ cxoag, [ &ThUE—ftic
In fy=—{x 20 Ly

I Aadilic
Inp=—=In(x+1)+in L+ priiinin.. (89

fo
B cenen(9)
B iR ARRIILORED R ILH T 3 & ELEMoIER £ 7.

T =Ap sasavsentaneiie

18) G. N. Iewis and M. Randall, Thermodynamics and the free energy of chemical substances, 1923.
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RPET 2 RILKEROKRREL BEL OBIRIT, MECRTil~PoliT, AR KR
AT RO BRRIIC LB T 29, BERAICII KO FHEEIC AT 2. HICIORE L A—
HO L DL R TR BHBIEL T ORI L3, MHRANZORL LD

Ayt MDa

" kx41 npm, 1

w1 it (u— k) reereeeer oo (10)
* kx+1 n+un,

BP BRI A B B 18 e B RO ISR RO E, BH iRk cpTiko
= & B0 2T 5 ETIEE R KR TEZ~FHosrlio 2 12— p<)o
Mk BT ) LHE~THEOKAT OBREGHTE) CTEL

FEOTIHFONGHEE a2 ZkoFTh 3.

_ (1 dna, ..
]na—-—Sx ds dx

(1 _1  dkx) dix
_Bx kx+1  -dx o~

: lex kx  dk, |
har=k ln kx+1_'§1r'k::+1 ix ]
kx kx dk .
x+1 _Slnld-!-l ey
ORI RT k & 5 CoBRSETE VWY BT TS T 3 FIHRT V.
ARLEHD, WcHoHhEE: L THRARRICA T KIXBECREL—#TH 3

AT, UOHEOTFHOFIL 2, HHEEREK G (ZROHITE %,

In f=k In E

kx
In 2,=k In——
kx+1
3:“ B G e (11
In =k Iy =Ty
F)d o
kx \F .
a‘“( ka1 ;,
L Ex yexrl tevereeieansenraressrensesssrannesaes (12)
sﬁ(kx+l X
B REFIKEEO B A R TIE k13 —EC LTiREo Sk ER o iBEo k Fick 3.
e Bk

I DIT I B DRV O R R Y 22 T6 M & 1%, JLBE x CBi$S 2 TIICLlE S 345,
Rk I R CIBE T RRIC I ~Efi 2T 385000, k (ZKIFROBE L ) d ¥
ofEcEELsRirBd5 LB~ RS.

foT kCELTIE, BEOMD T, KISEORMORIE ¥ T a8 BIEThuL, k
FHOsSECBELTILRECERETCH I 2R TH -

SOKIERDEROBEY ¢ 2L, HoBECHY 3 RKBEGHIEE w L 4@, Hoil
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BYIT FEUFKRIEIC T, BT, EOFRAOERNELINT, kK o8y, &
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Table VIII

Relations hetween k (Saturation coefficient) and § (degree of Saturation)

of the Concentrated aqueous Solutions of HgCly

10 No. 3 (1936)

147

T I-{ume.

__n Pi—=D ; e T P Po—P % Gl X

X= = p(atm.) __"_i-)—— k S = X B p(atm.) = -
270°C iy =54.30atm. 240°C  py=33.03a1m.

19.090 = 4.5680 | 10.884 0.5701 | 1.0000 | 2.74175| 12,072 | 1.7361 0.6332 | 1.000
9.9870 7.465 6.2730 | 0.6282 | 0.5232 | 1.3521 15.472 | 1.1348 0.8302 | 0.4931
2.1471 | 15.896 2.4164 | 1.125 0.1145 | 0.3496 | 24.000 | 0.37625 | 1.076 0.1272

260°C  py=46.3latm, 230°C  py=27.61alm.

6.5680% 9.553 3.8477 0.8857 1,000 2.0072 #| 12.117 | 1.2786 0.6370 1.000
2.8159 12,502 2.6459 | 0.6934 | 0.5809 | 1.3521 13.604 | 10162 0.7515 | 0.6736
1.4521 19.214 1.4102 1043 0.2059 h.349-53' 21.290 | 0.29685 | 0.84%1 0.1742
9230°C  p,=39.24atm. 990°C p%=92.89atm.
3.9811s| 11.311 2.4692  0.8202 L 1.000 1.4767 o 11.810 | 0.93810 | 0.6393 ‘{ 1.000
3.5159 11.626 2.3782 . 0.6224 0.9585 || 1.1621 12.105 | 0.89095 0.6589 ‘ 0.9156
1.3821 17.240 1.2761 ll 0.9438 | 0.3306 || 0.349568 ! 17.311 | (.32228 | 0.9219 I 0.2367

Table IX
Relation hetw. k (Saturation coeflicient) and S (degree of saturatiun)
of Concentrated aqiects Solutions of NaNO,

T. Kume
= B . ——PG?P 3 .=—x. = n i Po—P R =_¥_
x o p(atm.) = k - X —~ p(atm.) J‘—P k 5 =

I00°C  p,=54.80atm. 280°C  p,=46.31atm.

30.062¢ 1.650 |.50.393 1.676 1.000 4.0266¢ | 5.349 7.6577 1.901 1.000
4,1940 7.828 9.832% | 244 0.13495 1.9038 9.023 4.1824 2.170 0.4728
1.9038 14.844 4.7127 2,475 0.0633

#R0°C  py=03.31atm, 240°C  p,=33.03atm.

7.62940 4.247 |° 13.907 1.823 1.000 2.6131= 5,650 4.8048 1.853 1.000
4.1040 6.352 8.9669 2,138 0.5497 1.9038 6.916 | 3.345% 2.020 0.7289
1.0038 11.646 4.4362 2.330 0.2495 0.6379 11.752 1.8106 2.838 0.2441
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Table X
Relation Letw. k (Saturation coeflicient) and S {degree of Saturation)

of the Concculrated agueous Solutivns of I{N(')3

T. Kume.
" PP x n Py—P X
N alm. o k S=— || x= yatm. i Bt = k S=—
= p(atm.) S - | B ) o =
320°C  pp=111.462'm. 240°C p,=33.03aim.

26.038 5|  3.601 | 20.952 1.150 1.000 | 3.20732| 6.911 3.7793 1.178 1.0600
47717 | 11722 8.5086 1.783 0.1833 | 1.6115 9.449 2.4956 1.548 0.5024

300°C  p,=84.80atm. 220°C  p,=22.8%atm,

11.498 »| 5,030 | 13.300 1.157 1.000 2.4055¢ 6.025 | 2.7991 1.163 1.000
« 10.062 7052 | 11.059 1.000 0.8754 1.6115 7.078 | 2.2340 1.386 0.6695
4.7717 9,930 7.6320 | 1.578 0.4151 0.6623 | 10.822 | 1.1151 1.683 0.2753

280°C 1, =63.3latm. ' 200°C  p,=15.34atm,

6.7709e 7.099 7.9181 1.169 1.000 1.8175%| -.858 21877 1.187 1.000

5.2563 8.090 | 6.8i70 1.207 0.7763 | 1.6115 | 5.162 1.9717 1.224 0.8866
4.7717 8.435 6.6056 1.363 0.7047 } 0.6623 7.550 1.0218 1.658 0.3644
1.6115 15.754 3.0186 1.873 0.2380

Table XI

Relation betw. k (Saturation cofficient) and S (degree of

Saturation) of aqueouns Salutions of LiCl

18°C  pa=15.477mm . . Axel Lannung.1®
-0 PP [ g | fe [t Pt |k 52X
x_...!_’ﬂ_ p(mm} 5 k 5 = |* R p(mm) = S a

0.013062|  15.10 ‘ 0.024667 | 1.911 0.037F | 0.17295 6.6 1.3135 7.006 | 0.4910
0.034717 14.32 0.080796 | 2.527 0.0985 | 0.21187 4.87 21780 | 10.280 | 0.6015
0.061146. 134 | 0.17785 2.908 01736 | 0.28087 2,738 4.5673 16.261 | 0.7974
0.088657 | 11.656 | 0.32850 $.705 0.2517 | 0.31060 2,24 5.9094 | 19.025; 0.8818

0.12917 7.21 | 0.65046 5.268 0.3668 | 0.554565 1.65 2124 | 23.165 | 1.0067
95°C  po=23.756mm Dy Tilden'®
[ -
x=_" [ Po=P k =2 [x=_"1 (mm Th—P k s=_
x = p(mm) | = r T p(mm) m

0.00721 23.50 L 0.01089 1.510 0.0208 = 0.1802 9.54 1.4%0 8.29¢ | 0.5204
0.01441 23.18 | 0.02485 1.724 0.0416 0.2522 5.28 3.499 13.874 0.7283
0.03603 | 21.80 0.08524 | 2.366 0.1040 0.2883 4.10 4.704 16.620 | 0.8325
0.07206 19.16 0.2399 3.320 0.2081 0.3243 3.15 6.542 20.173 | 0.9365
0,1081 15,04 0.4903 4.536 0.2122 0.3463 277 7.576 21.877 | 1.0000

17), 12) loc. cit.
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Table XII
Relation betw. k (Saturation coefl.) and s (degree of saturation) of ‘aqueous solutions of KCl
23°C  p,=23.T56mm Pearce and Snow.M)
_.n P—P ; —x " Po—P ! _x
x= 5 p(mm) _"P_ k -‘_x_* = - P(mm) g k S_Tg
0.003603 [ 23.597 |0.006738 | 1.870 0.0416 || 0.03003:| 22.943 | 0.00802 | 1.888 0.4158
0.007210( 23448 |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 1.6000
50°C py=92,4mm Harrison and Perman.®)
L B e k =X el ol k —
T p{mm) = . s s x T p{mu) 5 8 =
0.0233 $9.1 0.03704 1.5895 0.235 00660 8.7 0.1310 1.954 (.638
0.029t 87.6 0.05470 | 1831 0.286 0:0563 7.9 0.1361 2.157 0.824
0,0402 87.3 0.07068 | 1.758 0.388 0.1035 4.7 0.2369 | 2.287 1.000
80°C p,=353.4mm Flarrison and Perman®?
_ PP | g | =X |,on PP | | o
X ™ p(mm}) - k 3 = I x " plmm) > k 3 %
0.0318 a3e.1 0.058117 1.638 0.251 40,0711 1.3 ,1417 1.993 0.571
0.0431 a30.5 | 0.07534 1.748 0,346 0.101G 289.1 0.2293 2,257 0.516
0.0552 322.3 | 0.1027 1.861 0.43% G1245¢ 0 277.4 0.2812 | 2.257 1.004
Table XIII
Relation betw. k (Saluration coefl.) snd s (degree of Saturation) of aqueous Solutions of CaCl,
26°C py=23.736mm Hepburn, 1%
. Po—P 3 X c__n =D : x
A= — mm b k s=—0— || x= min LY LEE k f=—
" pumnim) P X3 o p(mm) P Xg
(.00358 23.50 0.01089 8.042 0.02734 | 0.02707 21.61 0.09930 3.668 0.2067
1.00511 23.43 | 0.01891 | 2.722 | 0.08902 || 0.07207 | 14.73 | 0.5128 8.5(2 | 0.5502
0.00619 .43 (101301 2.247 0.04727 || 0.1048 0.48 1.5059 14,369 | 0.8005
0.00889 23.28 | 00.20456 | 2.300 | 0.06788 | 0.1310 5| 7.00 | 2.3938 18.27 1.000
0.01433 2288 | 0.03828 | 2.671 | 0.10037
40°C: p,=355.2mm Ilarrison and Perman®)
= Pa—P k = xe2. To—P k i
x = p(mm) = 5 3 x = p{mm) > =
0.0180 52.2 005747 | 3.192 | 0.08708 || 0.0488 45.5 0.2132 4,369 | 0,2301
0.0233 52.0 0.06154 2.041 0.1127 0.0791 M7 0.5908 7.460 0.3897
00325 | 497 | 01107 | 3.406 | 01672 | 01311 | 207 | 1.667 | 12713 | 0.6342
0.0382 48.1 0.1476 3.86G4 | 0.1848 | 0.2067¢ 11.1 3.973 19,291 | 1.0000

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

16), 19)

loe. cit.
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80°C p,=355.4mm Harrison and Perman'®)
= n Pg—P k G = ¥ = L ; .]’Uup 1 = 3
.3 o p(mm) —-‘1-—-p s = x . p(mm) = 1 H =

0.0100 346.2 | v.02657 | 2657 | 0.0401 | 0.0741 240.9 0.4753 G.4l4 | 02975
0.0144 342.9 | 0.03645 | 2.531 00578 | 0.1312 143.4 1.478 11.265 | 0.5207
0.0268 328.8 | 0.080%0 | 3.01% | 0.1076 | 0.1833 96.4 2.678 14.65% | 0.735

0.0475 205.2 | 0.203Y 4.203 | 0.1%07 || 0.2491 63.2 4.623 18.5650  1.0000

Wi ptFoHRN 2 WEITAY 28 RE K +F—B Licre SR TFodkc ik 3.

Fig. 1 Fig. 2
Relation between k and Degree Relation between k and [iegree
of Saturation S of Unsalurated of Saturation S of Unsaturated
Aqueons Solutions of HgCl,. Adqueous Solutions of NaNO,.
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Fig. 5 Fig. 4
Relation between k and Degree Relation between k and Degree
of Saturation S of Unsaturaled of Saturation S of Unsatumated
Aqueous Solutions of KNO,. Anueous Solutions of 1.iCl.
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Fig. 5 Fig. 6
Relation between k and Degree Relation between k and Degree
of Saturation § of Unsaturated of Saturation S of Unsaturated
Aqueous Solutions of KCL Aqueous Solutions of CaCl,,
T T
| 11 [ e is°C
L . s 20— A oo {
1 * ”. . |+ 50°
|| o 40 < 80"
— a8 a0
1
' 1
- i
20 O
i 70 =
2 lo
a -
4 £
1]
[ 0.5 10 @
&S — ] s 2.5 114

L oS Yr RAVE, k 2R S s, Hic, EKICEMETHINIEmD.

#eoT o kiZkiFkORBECEELAREEEL, BE BIEI0E2 BRI, fuf
HRREIC R TIT B FTOERHE L ET 5 HAHIE TS 5. RITIEO k L KIFRICHR T 5 “iF
Hoffifl " & 4410 3.

mbfwﬁmmmﬁfmmﬁmL@ﬁ&kﬁ¢iﬁﬂkmaaa&&%mwbaﬁ,ﬁoﬂ
(1 i o5 &7 22T 2 e SN OF (P8

Bl Bk ik TR OR) A FR Lo —-BA Y sl A TIcK-oTIEINTH 2 & BML
B3, PPN AR L VA 3 KEHOZEEARR TSoRRULZE S oMic kK« 5 24
~AbLah, SRR oY v RLUTERISE. KEORCAB 2K n, =1l
HOA m =rLophsFEELTOSL I 2.

i L TR A AL H OB PO Eo B ih AT REICHAT 2 40K, 4

Pa 0,
?‘= =10 --(14)
L. HoOMELLIL@L LD
_ Na—7n
a.r"—n"
(b '
FH={I 00Ny s i s R (15)

MUT, BRITAREIROBAHS T o IXKERPOKRO AT, HkoFHHh:E & Kikfsho
REDFTEED Y b DIREL L ED- 7 KRTEA~E i AN GR) 1o i T80
uﬁmmﬁmmamﬂra,mmamﬁﬁ$@m&@ﬁﬁﬁmﬁm$Lm.

L TR (D) ER (1) & X DADEERRBIREHNS.

Ny _ kn+n,
Ha—TR I,

i
The n__ n,

k= = =no R R e e ot (16)
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DI AT 5.

PEOTHMES k 2 ITHSREOH YRR T LOTHaHMIC, oWl BIFICmiy
fRic LCHIFRBIKR TR IR —ETH 5 & £ 4400 N3KD.

SDX (M) % S KR TRATILE

dk dk i _ar.
d_s=K dx (1—-1’:\) +T-)

MiLT—REIT + O8{LIL x IC{QH:‘.W]L(IK. (15) #), —— liﬁ@f_ﬁ&éz 2T
T

icftoT, Eiltoikic, @Eﬂ:mﬁd&timke‘:'iﬂmafﬁ%%u%z,.
KITH NE 6 N2 #FERIC BT O MRMEN k OffiE MI5 L TR Fdnkic
%, EORPRUHUIL « AHBHO boRToFLHitds.)

Table X1V

Saturation coefficient uf various Salts,

Licl 21.877 22.71 NH,Cl 9046 2256 2,209
Lilir 28.15 NH, Br 2.837
1iJ 19.20 NI1,NO, 0.8105 1.284 1,285
LiNO, 5.9 (NHLSO, 2101 2935 241
(NI[GH,PO, 1167  1.502
Ealél %'3123 2,873 2.851 2.895 2.925
aNval 5 L TS - o 2320 1 ==
2049 2.950 2961 3,006 tﬂgj ‘;‘-E;?, 45
NaBr 1608 4921 4615 4 607 1T
Naj 7793 7.658
NaNO, 1786 1.792 2.030 2,179 AgNO, 1.021
NaClO, 2. 462
NaCO;  2.000 3.017 ot
NSO, 2.056 2075 2110 ?:Es:(lf; i‘,:g%g
KF 7794 8.719
KCl 20052 2114 2.133 2131 2.144 CaCl, 16.19 17065 19.08 20.50
995 298 2481 2.153 2.499
KDr 2786 2203 2.60 . s
K] 270 2,004 2.802 3.40 3460 z.axg | SCh (350
KNO, 1108 1.118 1.220 1.224
KCO, 1518 1.649 1.3l RaCl, 2.312
K80, 2541 2651 2520 2.360 2.002 Ba(NOy), 2.108
K.Cr0, 2512 .
ZnCl.
RbF 2137 ok Je .
RICI 2.141 ZnS0y 150
RbEr 2.005
RbJ 2.031 cdCl, 2,08
Cabr, 1.96
Cs¥ #6.34 cdj, 1.58
GsCl 2.387 caso, 0.80
CsBr 1.776
CsJ 1.621 | HgCL 0.595

LR AR I BT O k OffiicE POXRO B 2 TL, AWML ToREX
EA k ORI RETIEBSERATHEINKTD S

ML THOEERDIT, KLEOHNOICATIE KITBIHCKEZHERLTHIA, 5
ROPOOHIT k<1l 23Hbd 5. HOHIRIIZC 7 EIHKIFEPICHRT 55875 K
AFERIETIFEOBEIVCHM T3 LE~BRS.

mbrxﬁmﬂf.%41/mﬁ1m4xzkﬁﬂitatmﬁkuder &4x/m
HoiiiciET 3.
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= ]

—RIT TR X D B 2 IBEKREOZEFNEIE 2 oBIRICE T, MIRICRER L7222
4N { IFUAGEHEIC ST 1L Van der Waals-Roozeboom OZERMWS FOMERAESIL, ARFIK
HEEIT A TIUNTIC BTR, BIMIT T b KIERA TS 3B kE Clausius-Clapeyron o B3R
IO

@K O AR & B & ofRicEi T, —iic, ZERRBRIIGE B ROAEERE (8
BIRE L AGERDIC AT IX R A TIRIC S 2 20T, Hosrfio ko 2+3io
& R L 7B DN 2 KOS TFR) ICHRAT 5.

BRMIT RO R B IS I LT 2 5%, AT 5 AT & b RE
ENB~E LD THEINRHD BE L ORIRIAERIA TR DT,

ROTHEOAETRL BIEL OBIRE HOMNGIEE & v+ 3IN2BRaAS, HITRHAR
TAEABRIER 2 L OTH D KIS T 2 3GHEE L 8 L GDEHI%:&{LH&«& e, Bk
ICFA TP D KD ITHEIEIT RO HRRIEITH L <, iHEOGPERII IO TR OB 2 g
LT, WRHAL LCRIREBICATRIILHHEBED k RiciEL .

MLT, EAFHRECHRE 3RE k BB RRIC R TRMERLE A40 722 &8 k 10KiE
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