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Measurement of the Vapour Pressures of
Concentrated Aqueous Solutions (V)

. Saturation Coefficient of the Hydrates of a Salt
- By
' Taizo Kume
l L
. Abstract
[ 4

Between the vapour pressures and the concentration of concentrated agueous solutions holds ¢
the relation Po/p=(kn+no)/no generally,'” where po and p denote the vapour pressure of water
. and a solution respectively ; np and n the numbers of mols of the water and the solute in the'
¢ golation, The coellicient k which the autlior named “saturation coefiicient of the_ solute in the 4
" 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

of saturation, S=3x/x4, (where x and xy are a given concentration and the saturation one respe-
. ctively} is laken instead aof the concentration, k becomes independent of the temperature.
The result of summarising the saturation coefficenis of various silts sliows on the whole

that the larger the radius of the ion becomes the smaller the value of k for the positive ion

o ® and viceversa for the negaive fon. But as for a sall which forms hydrates, k takes an abnormal
¢ value

= In order lo investigate the saturation coeflicient k of the hydrates of 2 salt, under Prof.
Horiba’s kind guidance, the author measured the vapour pressures of concentrated aqueous «
solutions of CaCl. of various concentrations in thé temperature range betw, 100°-300°C,

Comparing k from the present data for CaCle-hydrates of 1 aq. and 2 ag. with that from
<+ Roozeboom’s measured at lower temperatures for 2 aq., 4 a4. @, 4 aq. B and 6 aq. the anthor =
. finds that k takes different values even for the same sait when the degree of hydration of the
"z salt as “ Bodenkdrper ” 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 tase of NH,NO,.
s - ‘I'he table of k in the previous paper, therefore, is now revised in table VII, being classified , .,
ro according to the molecular stite of salts as the “ Bodenk&rper ™. , h
I'hese facts show that a certain inner siate of the solution of a given salt remains in the
» ™ “same condition when the degree of saturation is the san'w. However, even for the same salt

in the solution of the same degree of saturation the molecular state of the salt is different when
ﬁu its state as the Bodenkarper " is different. _ . -
o
’
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Table 1.
(CaCl,, 1.5286 grms. 70,5624 1.0, 0.6377 grms. 20.4427) .%:0_3391
(]
1°C Matm.) ! Tlogp | 1°C ’ p{atm.) | Tlogp “ t°C p{atnv) Tlogp
100 | 0195 | —2s482 | 160 | 0918 | — 16.09 20 | 3751 283,06
110 0.265 | —220.89 | 170 1122 28,15 230 4,660 136,48
120 0.357 —17580 | 150 R 71.05 240 5.835 199,93
130 0,474 — 130.66 ‘ 190 | LA 124.35 250 1.222 449,08
140 0.622 — 8517 | 200 | 2352 175.69 260 8.712 501.00
150 0.740 — 55.4¢ || 910 | 2udd 298,50 270 | 10.75" 55467
Table IIL
(CaCly, L9047 grms. 76.0525. 11,0, 0.5993 yrms. 23.9524) %:n.ama
(1]
t°C p(atm.} ’I‘l'agp I g poatm.} Tlogp t°cC p(atm,) Tlogp
i
100 0,191 — 263,18 ‘f 170 1.024 4.563 240 4.135 316.25
110 0.260 | —2M.07 | 130 L174 32,39 250 5.102 370.15
120 0.353 — 17532 - 190 1.451 74.65 2060 6.250 494.90
130 0478 1 —129.19 & 200 Rl 109,12 270 7.616 478,75
M0 | 0625 - 488 | =0 215 161.06 250 | 9.248 514.93
150 0.785 — bG.56 ‘ 020 | 2,604 21897 200 | 11110 53871
160 0.920 — 1368 | 230 3396 ‘961,18 200
Table III. 2m%3.
Table IV.
{CaCls, 2.0015 grms. 78.672;. 11,0, 0.5458 gnns. 21.4323) —E—:O.ﬁ‘.}ﬁ:'r
']
teC l platm.) I Tlogp I oc | platm.) J Tlogp * t°C platm.) Tlogp
T g -
100 0.196 — 963,99 170 1.021 400 1T 240 | 307 235,89
110 0.265 — 220,90 180 1.176 3173 ! /O | 4218 33801
120 | 085 —u7as | 160 b3l 74.85 |" 260 | 1851 263.5
130 | 0471 I — 13177 § 200 1.755 1534 | 270 1 5.505 404.79
40 ' 0.620 — 85.74 l 210 2,147 160.27 880 6.655 455,20
150 1 0.734 — 56881 L a9 2.558 201.00 } 0 .08 509,54
160 | 0912 | - w3z | 280 3,030 24260 | 300 9.357 557.26

3) I1. W. B. Roozeboom, Z. physik. Chem., 4, 43 (1589).
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otk 3.

Table V.
Saturation coefficient k of Saturated agueous Solwtions of Ca€ly.
T, Kume.
Bodenkbrper : CaCl. » 2HLO H Bodenkarper : CaCl. » HLO

o p{atm.) Dy ° ; platm.j L]

tCc pafatny) frcan) = k ‘ 1°C platm.) [mean) i k
100 1.000 0.14%3 3,91 16,344 0.90 1,175 2.05 15222
110 1.414 0.264 53,70 16.335 12,39 1.452 2.02 15,217
120 | 1.480 0.355 500 16.276 \l 15.34 1.707 1.98 16,500

6 (1936)
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Py 313
130 | 2666 | 0.474 242 15,818 210 18.83 5.151 1.95 15,120
40 | @567 | 0633 3.23 15.263 220 | uo.88 | 2555 1.91 15,201
150 | 4698 | 0.735 3.03 16,337 230 | 27.61 | 35.033 | 1.88 15.234
180 | 6.10 0.915 2.77 15.607 240 | smon 3610 | 1.84 14.996
e | 7.8 1.020 2.42 16,133 %0 | s 4218 | 181 15,093

260 | 46381 4.851 1.78 15213
mean 16.025 mean 15,193
CaCl.. Roozeboom!
t°C Polmm) p{mmy) -—?‘2- Bodenkdrper k (me:'m)
0 1.579 1944 | 10.87 (A)  CaCly= 11,0 14.056
10 9209 3.456 .49 - 15.797
20 17.545 5.618 8.23 v 17.573
25 2,756 6,606 7.52 o 16.903
255 | 20.189 7.02 6.81 " (21.501) 16.082
29.5 30.923 6.91 6.46 (C) CaCl, » 611.0) schm. 22,449
20.2 | 30191 | 6.696 6.00 W 22845
26 | sp0e | AS3 6.70 24708
W2 | BOZ | 567 5.41 (1) {Rﬂ'?ﬁ"gﬂ 25.588 25,395
20 17,585 | 4744 6.73 (C7)  CaCly- 41O - a (18.280)
2 21,766 } D794 641 " 20,8504
208 | o3L461 | K80 610 | (C) i 22,192
5.0 | 42175 §.64 575 | s soalg |
40.0 50.3M4 | 10.57 5.3 | " =3 LU
B3 | 1290 | na s \ (1) (S8 10 =) 24.608 | 2402
20 17.585 3.564 5.90 (1) CaCly+ 41L,O .« § 23,128
o 93,756 4644 5.66 & 23,208 l
2| o 5.67 5.1 (1) .59 |
20 31,842 5.82 5.40 i 24,008
5B 42175 | 728 5.04 _ " 24.781
334 | 50774 | 7.503 488 | () (Ei%i,'iﬁgs) 26,599 24,247
50 | o231 | 155 166 CaCl, - 2H,0 (22.157)
70 | @7 | 430 4.7 (19.381) |
90 | 52576 | 100.0 4.08 # (17.373) -
110 1414 | 0.268 272 (15.907)
w5 | a0se | 0872 | a2 " 14,652
135 5.363 0.895 2.88 " 14278
i70 7.8 1.097 9.47 " 14.831 14.671
180 000 | 1197 2.05 CaCl, « H,0 14905
190 12,59 1.466 .08 i 15.052
200 15,54 1,788 1.98 15064 15,1493

1y

H,

WV, BB, Roozeboom, Z. physik. Chem., 4, 42 (1880).
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2. UIBEREOBEREIMNC il CaCl, - HO, Brr CaCls - 2H.0 12T 248 k=15.19,
P43 k =16.03, Romeboom O EEFHINE fikhid CaCly, - H.0, CaCl,y- 2110, CaCly- 4110 - a,
CaCl, - 4H.0. 8. Call - 6HL0 128792 2 k=15.19, 1467, 2249, 2425, 16.08 e afilix 2L
FRICEBICTIZIN L 2 R0 2. HUIESEOLPIEIE T R G 5 IS0 0 AL BTG I
50°~100°C oIz fuFrfEl k DA 3 FITHORERI H—TR {, TEERDN
WO K i T 22 CH D L E~LNE.
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Table VI,
Saluration coethicients k of the saturated aqueous Solutions of various Salts.
Na,50), ) K. Ardib
i ;.
1°c palmm) p(mm) % | Bodenkorper I k (in eL ah)
a0 17585 .| 16.24 0.018876 N2.80; = THLO 4.y
85 o756 | 31.61 0.021824 . 4,550
30 1842 | 29.3% 0024341 " 4011
5] 47,799 | 32.00 0.026327 4 | Gasg 4,561
2 | 408 | 2701 | 0.03641 NS0, | 2480
10 AA2 | 4888 | 0.05393 ,. T (2.009)
15 71.88 G374 0.05158 " ; 2478
A0 92,51 $2.59 | 0.04930 “ Po24m 2,483
MgSO, 19, Pohle®
o ] n !
°C Po(mm) p{mm) Oy Bodenkarper | k B
20 21,843 30.0 | 0.0611%5 MgS0, - TH.O | 1.005
10 55.32 45.0 | 0.06818 “ 2,938 1621
5 92,51 75.0 | 0.07539 MgS0, « 61LO L 2468
60 149,38 125.0 | 0.05237 5 | 368 2418
70 | =837 187.0 | 0.08%65 MgS0, « [L,O | w17
80| 335.1 235.0 | 0.09409 i I 2614
90 | 52576 408,0 | 0.00893 i | 2ot7
100 | 760.0 587.0 | 0.10271 : " | zsTo 2.504

M2 L b A% BEGIC LRI B A & 2 R, BEHoKRIbT ILoKILOFEITHKD

1y K. Arii, Bull, Tnst. phys. chem. Research (Tokyo), 7, 891 ;Eng Ed. 7, 83, (10u8).
2} F. Pohle, Miut, Kali-Forschungsanst. 1927, 33 : Landolt-Bomstein, physik. chiem. Tabellen, Eg. LI
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Table VII,
Saturation Coefficients of various Salts including their Hydrates

LiCl «2H.0 21.88 22.71 .NH,Cl 205 226 207
LiBr « 2H.0 23,15 NH,Br 234
LiJ « 3H,0 19.20 NTI,NO; » 3 111
LiNO, « 3H,0 5.49 ‘a 137
(NH,).S0, 2,10 224 243
NaF 1,93 (NIIHILPO, L17  1.30
NaCl 2.8 287 %86 D90 i
205 295 297 3.1 CuCL » 21LO 435
NaBr 1,62 CuS0, + SH.0 .61 172
< BHLO 1.09
NaJ T.79 AgNO, 1.02
$— s 2110 7.66 :

*NaNO; 177 L79 180 2,04 815 MgCh . 6H.O 21.02
NaClO, 2,46 . Mg50, « HO 2.80
Na,CO, « 11,0 1,00 s.02 —«B6H,0 O 24n
NaSO, . 248 — THLO 1.62

« TH.O 1.56
Na$§0, L o08 208 ozl
KF 7.22 CaCla » H.O 1519 15.19
— o 2HLO 8.71 — 2,0 14,67 16.00
Ka = 2,05 201 203 213 2.4 0 — 4HO .« 2249
215 225 228 948 2350  ~e—.—o B 2495
KHr 292 200 279 — . 6D 16.08
K] ’ 270 280 340 346 8.63
KNO, L1 LIz 102 o2 SrCly » 6H,0 .35
KClO, 162 165 183
K-S0, 200 3T 252 254 265 BaClas 2140 1.31
KeCrql); .51 Ba(NOsh 2.11
REE - ELO 21,537 ZnSO0, - 6H,0 1.50
RbCI 214
RbBr 2,10 CdCl, « 6H,0 -
Rb] 2,03 CdBra » 4H.0 196
) ’ CdJ, 1.58
CsF o 11,0 66.34 casos- 210 080
CsCl -« 2,390
CsBr 1.78
Cs] 1.62 HeCl, 0.595

LEO R P —EIC TR LTS 3 HHIT R 2 N2 HERED $ OITRTO B ADTHfT
3. #OTHOMITL LOEROB ZHBIIFHEERTCHI K+ HOoBEREI =i 2 PRIC
TAHHICR B,

1) gk, 10, 152, (1936).
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" Table VIIL
Saturation Coefficients k of the saturated agueous Solutions of NIT[NO,

Adams u. Merz®

» o k
1°C Po{mm) p{mm) % Rodenkarper k (mean)
10 9.21 6.38 0.3587 NHNOy rhomb. & Q.9440
20 17.54 11.74 0.4338 " 1.125
30 3184 18.93 0.5379 " 1.268 L1
0 | 5500 20.11 | 0.6541 N11,NO, rhomb. 8 1.377
50 92.51 44.71 0.7797 " 1.371 1.374

B, MBENROMRYL L, MR TE KO REEAHIE L B g o Rifiko
PRBIRE L O F iR, BB RN R 2RZHOM—IRECD 5 L E~LL D85, Yo
TRt Likodkic, FM—MWEIcET b ke bokittn, F—8ok{bmicT b Jtok
fEOBEEITH ) HIRL DMt 29 2 HEE. F—iRHICT LHEIRE LToikoa-1-ikiEs
AN EKIFR ) 2O THRE L FRICHRIL S O CH2B/ERLTH S

S faf{Ed & iFH oo L ollloB RS T AOBGITER L TRV 2 Pa..

A0 ICARBERRUCKEE Y 2T ICH D SRS 2 S I ) 2 2 IR R IR 2 2 e
BEELET.
BE—Y N TR SRS I (LR IT RIS N T

E B % T M

S = (A8, TR, H=E)

84E(. Gatm Table XXI. XXII, XXI1L @ x |28 (grms./1gem. 11,0)
Ty o g
S5EL- (i) Fia. 10, 11, 12, @ solabilily (¢rms/100zrms. FE0) (%

solubility {erms./lgem. HAAN o 3ib .

6) Adams u Merz. Ind. En chem., 21, JU5 (1129).
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