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Part Il.—The Vapour Pressures of Concentrated Solutions.

By G. B. Paranjpé, M, Se., Springer Research Scholar of
the Universily of Bombay.

Accurate valucs of the vapour pressures of concentrated
solations of potassiam hydroxide are sometimes required in gas-
analysis, where these solutions are largely used as absorbents.
There are no data available for concentrated potassium hydroxide
solutions containing 50 gm of anhydrous substance and more in
100 gm of water for temperatures above 20°C.

The most extensive series of measurements was made by
Wuellner (Pogg. Ann. 1860, 110, 566) for different concentrations

of solutions of sodium and potassium hydroxides over a tempera-
ture range of 10° to 99°C.

Gerlach (Zeitschr. Analyt. Chem. 1887, 26, 413) has
eiven the boiling points at 760 mm pressure of sodium and
potassivun hydroxide solutions of various strengths.

Tammann’s (Mém. de 1’Acad. Petersh. 1887, 7, 35) re-
sults supply the vapour pressures of solutions of sodium hydroxide,
potassium hydroxide, caleium chloride and other salts for different
concentrations at 100°C.  The highest concentrations are, how-
ever, about 75 gm of salt in 100 gm of water.

Bmden (Wied. Ann. 1887, 31, 170) made measurements
hetween 197 and 40°C of solutions of calcium chloride but the
range of concentration was very small, lying between 12 to 20 gm.
of anhydrous salt in 100 gm. of water.

Perman and Price (Trans. Faraday Soc. 1912, 8, 68)
carricd out some necurate measurements on the vapour pressures
of caleimm chloride solutions for different concentrations and at
temperatures of 70° and 90°C, by using the dynamical method.

Dieterici (Wied. Ann. ‘1891, 42, 513; }893, 50, fL7 ;
1897, 6.2, 616) has given figures for sodium hydroxide, potassium
hydroxide and caleium chloride solutions of different strengths ut
0°C. Reference will he made to these later on.

Potassium  hydroxide solutions were investigated by
Smits (Zeitschr. Physik. Chem. 1902, 39, 385; 1905, 51, 33) at
0° but the highest concentration used by him was only 146 gm.
of salt in 106 gm. of water.
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For satisfactory and complete absorption work, solutions
of considerably greater concentration than 50 gm. in 100 gm.
of water are used and the room temperature in this country is
nearly always above 20°C. This made the work of direct
measurements of vapour pressures over a greater range of coneen-
trations and temperatures desirable. An extrapolation with the
help of already existing results is unsatisfactory, firstly because
the laws governing the vapour pressures of concenfrated solutions
are not known, and secondly beeause the change of vapour
pressure with temperature is very rapid and approximate estima-
tions on the basis of some assumed law may introduce a consi-

derable error.

Various theories have been put forward dealing with the
vapour pressures of concentrated solutions of salts in water, but
the measurements necessary to verify them are few in number.
In order to supply more data for this purpose the presont measure -
ments have been extended to solutions of caustie sada and ealcium

chloride.
Ezxperimental.

The general method of carrying out this series of experi-
ments was, with a few modifications, identical with that adopted
for the determination of the vapour pressure of acetone (of.
pp. 47, 48, 56.)

Instead of admitting the solution under examination
directly into a glass container, a small thin silver tube of 22 1.
diameter and 60 mm. hright was wsed. This precaution was
necessary in order to prevent the concentrated alkaline solutions
from acting on glass, particularly as the solution occasionally re-
mained in the vessel for a weok or more.  The silver vessel was
contained in a tight fitting glass tube which was direetly fused on
to the manometer. ‘

) In the rubber cork, which closed this olass fube, ¢on-
taining the solution, there was a funnel to ey water; the
latter consisted of a series of five bulbs of various sizes blown on
a very fine capillary and ealibrated carefully between marks on
successive portions of the capillary with air-free distilled water.
These were joined through a tapon to a wider capillary which
w2s long enough to reach about half the leneth of the silver tube.
By this means known quantitics of water could be added to the
solution. The wider bore of the lower part of the funnel, i. e.
?elolw the tap, was necessary to allow the water to drain out of it
reely.
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The weight of water delivered out of cach of these bulbs
is given below and was found to be a consistent figure. The top-
most bull is numbered 1 and so on.

Bulb No. Wt. of distilled water (delivered)
1 07356 grams.
2 07596 ,
: 10520 ,,
4 15632 ,,
5 24382

The bore of the capillary tube was determined, so that, in
the event of the water not reaching exactly to a mark, a corree-
tion would be applied.  One millimeter length of this capillary
had a volume of 0°15 cubie millimeters, so that the magnitude of
the correetion is exceedingly small.

The thermostat consisted of a large Dewar’s ceylindrical
vacuum vessel, filled with water at the desired temperature.  The
accuracy with which it was proposed to measure the temperatures
of the solutions was 0.1°C and it was found possible by means of
astirrer and an eleetrie heater, to keep the temperature of the
thermostat steady within a smaller range than this for at least an
hour.  The heater was made of nichrome wire, 532 mm. long and
3 ohms resistance, cnclosed in a glass sheath. A rough calibra-
tion was done to obtain an ilea of the current that must be sent
throuesh this heater to produce enough heat to balance the loss
due to radiation, ete. at various temperatures.

It was not found convenient to place a thermometer
directly in the solution under observation, so the temperature
measurements were made in the bath as close as possible to the
silver tube containing the solution. A mercury thermometer
graduated in 173 and carefully calibrated with a standard instru-
ment, was used. Readings were only taken when the pressure in
the manometer was quite steady and with this condition there
seems no reason for suspecting that equilibrium between the
solution and the thermostat liquid was incomplete.

BEvery time an experiment was started, a weighed quan-
tity of the substance under investigation was introduced into the
silver tube, the stirrer adjusted, and the cork, carrying the bulbs
filled with air-free distilled water, mounted and cemented with a
mixture of beeswax and resin.  All possible air in the apparatus
was removed by means of the pump after the solution  tube was
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cooled below—-60"C in aleolio]l cooled in Hguid air. The water
from the first hulb was then Tet into the sitver tnbe wider canstant
agitation of the electro-magnetie stivver, The salufion was after-
wards repeatedly frozen and the gases ahove it pumped ot rpidly
a number of times to wet all possible air ont of the <olution, The
temperature was then kept as constant as possible and mensures
ments of the vapour prossure weres meade ot intervals by reading
the pressure difference in the mmnomet w0 Under suitable enndi-
tions the equilibrium was maintained for hedfan honr at least,
to minimize the ereors due to elanwes in temperature, After.
wards similar series of veadings were takon st ditfferent tempera-
tures of the thermostat,  The contents of the seeand bull of
water were then emptied into the solution and the e proeess
rone throuch as hefore.  When the messurements had been eome
pleted, the quantity of the anhydeons snbstanee was estimated
either by titvation or gravimetrieally,  Thus, knowine the weisht
of the anhydrous substance, the original weisht taken of the moist
substance, and the weieht of water in eaech of the hulbs the eon-
centrations of the various solutioms coulld Le ealenlated. A eon-
centrations in these experiments are exprossed o e s of the
anhydrous substanee dissolved in 100 erams of water, This isthe
method followed by Tammnnn, Dieteriei and others,

It is to be remembered that the vapour pressre of jee
helow---60°C s lower than 00002 mm. ( Webor, Seiones Ahstret:
1917, 20, +11,) and henee the vapour pressure of the solation at
that temperature is lower still; so that, if the evaeuation is
effected rapidly enough, while the solution is frozen at o tenpern-
ture Delow -607, no wmensurable quantity of water is removed from
the solution and there is no appreciable change in the coneentra-
tion.

A possible error when dealing with enneentrated  solu-
tions might arise from the anemnt of water present in the appara-
tus as vapour althoush assumed to be in the solution.

The total volnme of the dead spaee above the solution
and in the manometer was 100 ce, so that the weicht of water
vapour it would hold at 10 moan pressuee is 000005 e The
smallest weicght of water evor in the silver tube was 0% zm oanld
the greatest pressure with this quantity abont 10 mm so that the
water in the dewd spree would weigh the above amount and the
difference in eoneentration produced is probably beyoud the Jimit
of experimental error.

Another error may arise froa fmparities in the <nb-
stances nseil. It is very difiendt o work with sodinan and

»
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potassium  hydroxides quite free from carbonate, and analysis
showed that the samples used both contained on an average 2:0%
of carbonate. As however the potassium hydroxide contained
about 16% of water while the sodium hydroxide was practically
anhydrous, the ratio of carbonate to hydroxide was greater in the
former case.

Now 2 g of sodium carbonate is equivalent to 1'5 g of
hydroxide and the vapour pressure of 98 g of hydroxide mixed
with 2 g of carbonate in a solution may be assumed very nearly
equal to that of 996 ¢ of pure hydroxide. Consequently if the
mixture is estimated volumetrically with methyl orange as indi-
cator and the concentration caleulated as that of pure hydroxide,
for the purpose of vapour pressure measurements, the error would
be negligible. 1t will be observed, however, that if this is done,
the weight of water obtained by difference will be 0-56 g too large.
As in the largest concentrations used about 76 g of water were
taken to 100 g of hydroxide, this small extra quantity would not
affeet the results.  The same holds good for potassium hydroxide.

Results.

The results of direct observations are given in Tables
I, IT and 111, The logarithms of the vapour pressures for each
solution were first plotted against the corresponding temperatures
and smooth curves drawn through the points as shown in diagram
No. 2.

This method of plotting is adopted because the pressure-
temperature  diagram is given approximately by an exponential
curve so that the log p and [ curve is nearly a straight line.

From these curves a second set was drawn showing the
variation of vapour pressure with change in concentration for a
constant temperature. These are shown in diagram No. 3 and
the results are tabulated below in Tables IV, V and VI.

In the case of the lower concentrations and higher tem-
peratures, direct measurements of the vapour pressure could not be
made, as water distilled from the solution and condensed in the
manometer as soon as the vapour pressure of the solution rose
above about 23 mm. The figures given in brackets were obtain-
ed by extrapolation along curves running parallel to the water
vapour pressure curve, and any error introduced should be slight,
since all the curves were approximately parallel except at the
higher concentrations. The vapour pressures for water are taken
from the measurements by Scheel and  Heuse (Ann. d. Physik.
1010, 31, 715).
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The experiments were c:n'x'%(-d .(‘)ut regardless of the
solability of the substance under examination, and consequently,
in several cases there was a solid present in the solution.  When
this condition oceurs the vapour pressure should remain constant
with increasing quantities of solid and be equal to that of the
saturated solution, In practice, it was found that the vapowr
pressure continued to di minish alter passing the saturation point,
but more slowly than before, and sometimes an approximate con-
stancy was found.  The deorcase is probably  due to- supersatwen-
tion and was most marked in the case of calcium chloride.  As
the solutions were in a silver tube it was not possible to ohserve
the point at which solid separated, but in many cases the mass
became viscous and difficult to stirv, and the readings were irvegu.
lar, showing that equilibrium was not properly established.

A mark is made on the eurves at the saturation point
as determined by Pickering (Journ. Chexn. Soc. TRD3, 65, H0%)
and concentrations apparently greater than this are wuderlined
in the tables. 'The change in direction of the curves howins
very approximately with these points.

The final results do not agree very closely with those of
other observers as may be seen from table VIIL The greatest dis-
crepancies are found in the case of Dieteriei’s values for potassium
hydroxide (a) although his figures for sodivun hydroxide anud ¢al-
cium chloride (h) are almost identical with the present mensure-
ments. The author does not state the method he used for
determining the concentrations of his solutions and he gives the
vapour pressure at 0° for a solution containing 173 2 of potassium
hydroxide to 100 g of water while the solubility aceording to
Pickering (Journ. Chem. Soc. 1893, 63, 908) is only 97 gms,

If Dieterici's values are recalendated, assumine that his
potassium  hydroxide contained 76 of salt, the figures in
column four—table VII (a)—are obtained, agreeing almost exactly
with the present measurements, It appears therefore that there
is some cxror in the caleulation of these figures.

It is interesting to notice that the isothernal curves
have the same shape as Tammann’s curves for potassium and
solium hydroxide and caleiwm chloride at 100°C and thoese of
Perman and Price for caleium chloride at 70° and 90°C.

A comparison of Wuellner’s results with those obtained
here in the case of potassium and sodinm hydroxide indieates that
the former are invariably higher.  Table VI (e, di.
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Summary.

[t is shown that under proper conditions the statical
method can be conveniently used for measuring the vapour pres-
sures of solutions of various concentrations.

Mecasurements are made between temperatures 0° and
40°C of vapour pressures for solutions of :—

1. Potassium hydroxide for concentrations between 18-81
and 1382 gms. of anhydrous salt in 100 gms. of water.

2. Sodium hydroxide for concentrations between 14-62 and
113-1.

3. Calcinm chloride for concentrations between 1481 and
119-5.

In the case of potassium hydroxide, it is pointed out
that the accuracy of Dieterici’s determinations of vapour pres-
sures at 0° is doubtful.

I have great pleasure in expressing my sincere gratitude
to Dr. H. E. Watson for his valuable advice and constant interest
in the course of these experiments. My best thanks are also due
to Dr. J. J. Sudborough for allowing me to work in these labo-

ratories.
[

DErARTMENT 0F GENERAL AND Oreanic CHEMISTRY,
INDIAN INSTITUTE OF SCIENCE,

BANGALORE.
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TABLE 1.

Potassium Hydroxide.

g grams of anhydrous salt in 100 grams of water.

r,i{"‘ 188 ; Qg...).2 4 g=28'5 g=29'3 g=331
t°C pmm t°C p mm t°C p mm t°C  p mm t°C pmm
00 33 ] 0-0 842 00 818
93 748 280 1787 1 217 21.22 | 105 699 | 99 6:04
lfj.l 14°31 © 284 2427 ' 324 2767 | 197 1278 1 21'4 1264
253 2078 i 300 2669 i 364 32:68 | 215 14.24 | 272 1899
‘ 283 21-61
g=348 g=37"4 g=412 g=440 g=45"7
t’C  p mm t°C pmm t°C p mm t°C p mm t°C pmm
00 2:62
200 1240 | 211 1218 | 50 418|257 1455 | 105 517
278 14-48 199 10-64 | 275 16-54 | 19'8 9-21
301 22:07 30-3 19-98 | 816 2081 | 29'1 1695
332 26-36 86-3 26-97
=53K g=>548 g=57"3 g=62-3 g="733
t°C pmm t°C pmm t°C p mm t°C pmm t°C pmm
i 00 2-00 00 1:28
210 921 96 413 152 5351 176 565 1 96 251
200 1402 191 7-67 | 18-3 663 | 23-4 %15 | 195 479
320 16497 301 1487 | 245 9-90 | 30-2 12-39 | 300 9-33
40-1 271 30-1 14-06 | 35-2 16-60 | 400  16-68
! 348 18-87 | 39-1 20-99
I
€
; =840 ﬂ g=87'1 | g=027 =944 =101-2
"(&/ pmm ; t°C pmm % t°C p mm t°g p mm t‘gO p mm
i |
0-0 022
204 373|188 310 l215 3190 90 L
26°1 543 | 192 329 | 225 839 | 217 333 | 245 3-09
28-0 613 242 465 | 22-8 350 5 30-0 4.46
360 9-u5 | 307 691 | 80-4 568 | 30-3 563
406 12-28 41 0 12:57 | 40-2 10-18 | 399 968 | 40-0 769



TABLE 2.
Sodium Hydroxide.

g grams of anhydrous salt in 100 grams of water.

g = 153 g = 175 g = 212 g = 271 g = 336
t°C pmm | t°C p mm t°C p mm 1°C p mm t°C p mm
0-2 3-94 0-4 3-88
72 6-33 1-4 3:42
152 10-S0 152 9-76 89 579 204 10-50
22-8 1771 209 1523 24-1 17-45 15-4 886 248 1371
28-0 23-59 217 13-22 30-3 19-30
232 1444
288 20-58
30°1 22:11
| 7
g =536 | g =602 g = 685 g = 895 i g = 1131
t°C p mm t°C p mm t°C p mm t°C p mm ‘ t°C p mm
00 1-03
9-8 18-2 476 10-4 2:10 97 2:03 92 051
117 199 5-35 19-8 4:02 20-3 1-85 20°1 1-24
200 232 6-70 25°1 542 : 23-2 1-48
i) 301 1041 | 303 83l | 805 763 | 304 388 | 303 255
29.8 35.4 1413 | 406 1558 35-1 529
401 18-81 o 40-4 13-90 40-2 728 | 40-3 4-57




TABLE 3.
Calcium Chloride.

g grams of anhydrous salt in 100 grams of water.

14:81 g = 21'0 g = 2774 g = 3317 g = 3732 g = 4357
p mm t°C p mm t°C pmm | t°C p mm t°C p mm t°C P mm
424 0-0 3-81 00 3:33 00 326 00 2:95
7:69 97 7-43 48 578 a6 6-82 9.1 6-05
17-59 14-0 11-07 220 14-99 22:2 14-31 1404 766
18-85 234 1825 222 1648 l 286 22:01 29-8 22:02 235 13-44
f
d2-H% g = 6212 ! = 6%'68 \ = 8366 g = 1195
p mm t°C pmm | tC p mm i t°C p mm | t°C p mm
i |
248 0-0 195 | i 0Q 1-09 00 0-97
4:39 T4 325 | 155 461 ! u-§ 273
532 12-0 450 ! 200 6-17 154 460 187 3-69
1R 19:4 728 i 244 LU ‘ 2145 13 RR 626
1303 212 519 ' 30-2 11-90 } 25-2 677 29+7 088
2107 20-8 1407 [ 30 1618 29-9 904 39+ 10-95
341 1504 ; 40-2 21:30 Y 1:2:58 40'5 11-20

i

89



o grams of aubydr

¢ pmm WG pmm ‘I SO p mm 1 250'C p mm

Potassium Hydroxide.

(¢

)

TABLE 4.

ous salt in 100 grams of wator.

10y

100

110

120

125

130

K.t

KX

MiE

315

101

0-H7

o075

g

56

7R

(RIK]

B 6

03

hros

LR

XD

36

B

e

447

w17

1'RH

167

104

1350

14°K7

1R

1276

11°63

Hihe

906

K61

770

6-85

600

509

4-K3

A

142

1685

17°35

1500

1453

1321

1190

10°66

0949

Hedd

738

42

374

3-22

2:79

2:46

2
[
w2

2:06

164

188

1:82

B0°CHp mmn
(27°14)
(2:v26)
2355
2170
1987
1809
16:85
1471
1818
1158
1024
900
787
695
605
526
454
895
346

307

281

260

245

2:33

40"C p mm

(44:87)
(41-18)
(37°70)
(84°43)
(81-20)
(28-16)
(25-34)
2271
2027
18-02
1594
14:06
12:85
1081
944
825
728

645
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TABLE 6.
Sodium Hydroxide.

g grams of anhydrous salt in 100 grams of water

g 0°C pram | 10°C p mm | 20°C p mm | 25°C p mm 30°C p mm ‘l 40°C p mm
i T
15 397 i 1518 20-52 (27-73) a (48°37)
20 369 708 13:90 18-84 (25-54) | (44-90)
25 334 630 1250 17-04 23-23 (10 82)
30 2:92 556 1111 15-13 20-56 (86-41)
35 251 483 975 13-22 17°91 (82-10)
40 216 412 840 : 11-33 15-35 (27-67)
!
45 182 851 717 ' 9-79 ) 13-21 23-62
50 1°50 298 6:08 | g5 | 1T 20.26
55 190 252 513 ; 7-01 9-59 17-44
60 092 213 481 5OV 8-23 1510
s :
85 188 g61 505 | 7-05 12:99
« i
70 307 4-36 | £-12 11-30
7 262 ‘ 366 5-20 986
80 9008 | 323 | 461 874
85 195 2.74 407 7477
90 : 174 049 3-56 693
e
1131 118 166 | 235 457
1842 ros | 156 2-30 39
1731 P | 229 | 3:76
J
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TABLE 6.

Caleium Chloride.

g grams of anhydrous salt in 100 grams of water.

g 0°Cpmm | 10"Cpmm | 2°Cpmm | 25°Cpmm| 80°C pmm 40°Cp mm
15 426 839 1573 21-22 (98+68) (50°87)
20 402 804 1584 2049 ©@1-24) (48-18)
25 378 702 14448 19:26 (25-78) (45-25)
a0 352 717 1358 1809 (24-29) (42-52)
35 ik ! 670 12°63 1689 2266 (89-64)
10 3-00 : 6-21 11°62 15-65 21-04 (86:74)
45 wo2 s | 108 14:32 19-48 (83:88)
50 261 g 512 95 1811 17-93 (31-12)
5 204 i 460 804 11-90 1688 (28-46)
60 201 : 418 778 1072 14-85 (35-95)
i
b s 368 681 9-50 13:40 28:59
70 151 332 598 850 12:09 2145
75 140 . 803 546 772 10-91 10-49
B f] ; 112 278 518 710 985 17-78
#5 R 268 495 662 884 16-17
1105 6447 1090
i
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TABLE 7.
(a)
*In this column Dieterici’s re-calculated values are given (cf. p. 64.)
KOH Dieteriei Paranjpé Dieterici*
o° 0° U
g P mm p mm p mm
2714 3-898 1 356 352
40-40 3470 ; 2.84 2779
66-86 2-593 i 145 1-40
107-2 1-547 i 0-38
(v)
| . .. "
NaOH Dieterici ~ Paranjpé ~ CaCls Dicterici  Paranjpé
. 0°; 0° ! ’ 0° 0°
g p mm p mm g p mm p mm
20-50 3-598 3-65 1 1816 1 4137 I 4-12
2724 3-112 315 36-83 3-296 327
85-18 2-516 2-49 } 5434 2277 2-26
47-44 1-624 1-63 ] '
(c)
10°p mm 20° p mm 30° p mm 40° p mm
KOH |Wuellner Paranjpé w P W p
_g
20 813 7-78 1542 14-87 2761 = 274 478 | 4748
30 7-16 660 13-80 1276 2541 2855 435 | 41-18
40 650 552 12-40 10-56 22.91 19-87 38-46 | 3443
49 562 463 10:75 880 20.89 16-70 34-51 | 28-77
i
(d)
20° p mm | 30° p mmn 40° p mm
NaOH Wuellner ~ Paranjpé | w |4 w P
g i
20 14-0 l 13:90 26-0 25-54 457 44-90
30 119 ] 11-11 22-4, 20-56 40-5 36-41




