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Abstract— Over the entire range of electrolyte concentration, the equilibrium vapor pressures of an electrolyte
solution consisting of a single solvent (water, methanol, ethanol, 1-propanol) and calcium chloride (CaCl,) were obtain-

ed by using gas chromatograph at 30°C and 40°C.

The Scatchard-Raymond equation was introduced to obtain activities of solvents. These values were compared with
those calculated by two theoretical models: the ASOG model and NRTL model based on the concepts of group con-

tribution and new local composition respectively.

Calculated values by two models and experimental values obtained from Scatchard-Raymond equation were found

to be in a gooud agreement with the ASOG model showing a slightly better fit.
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Fig. 1. Schematic diagram of experimental ap-

paratus.

1. Gas chromatograph

3. Gas sampler

5. Thermometer

6. Const. temp. water bath
7. Flow meter

9. Carrier gas

2. Saturator
4. Threeway cock

8. Sampling gas

Table 1. Properties for the experimental materials.
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Fig. 2. An example for methanol-CaCl, system at
30°C(m = 0.5 mol/Kg).
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Materials - source
measured literature [14] measured literature{14]

Water d?0 = 0.9983 0.9982 n3’ = 1.3328 1.3320 Merck
Methanol d?5 = 0.7861 0.7866 n% = 1.3260 1.3265 »
Ethanol d? = 0.7859 0.7851 n% =1.3597 1.3594 »
1-Propanol d?s = 0.8011 0.8016 n3’ = 1.3859 1.3862 "
CaCl, d15=2.149 2.152 - ~ Kokusan
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Table 2. Second virial coefficient (cm3/mol).

Materials 30°C 40°C

Waler -1060.91 -917.86
Methanol ~-2445.10 -1942.32
Ethanol -1950.39 -1631.54
1-Propanol -2354.02 -1987.59

Table 3. Vapor pressure of pure solvents by eq.(2)

(mmHg).
Materials 30°C 40°C
Water 31.7504 55.1468
Methanol 160.5111 257.2484
Ethanol 77.6017 132.4084
1-Propanol 27.9196 50.8761
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Fig. 3. Schematic model for electrolyte solution.
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Table 4. Experimental data and calculated values for the solvent-CaCl, system at 30°C,

system molality P(mmHg) Ay Aeat DA
ASOG NRTL ASOG NRTL
0.600 30.6954 0.967 0.968 0.982 0.1034 1.5512
1.000 29.9287 0.943 0.943 0.962 0.0000 2.0148
1.501 28.7861 0.907 0.905 0.924 0.2205 1.8743
2.001 27.2012 0.857 0.863 0.873 0.7001 1.8670
2.502 25.8004 0.813 0.817 0.817 0.4920 0.4920
2.999 23.9841 0.756 0.767 0.756 1.4550 0.0000
3.484 22.6318 0.713 0.717 0.702 0.5610 1.5428
Water-CaCl, 4.006 20.8430 0.657 0.660 0.645 0.4566 1.8265
4,422 19.5514 0.616 0.615 0.602 0.1623 2.2727
4,801 18.2149 0.574 0.573 0.566 0.1744 1.3937
5.219 16.7502 0.528 0.527 0529 0.1894 0.1894
5.510 15.7308 0.496 0.495 0.504 0.2016 1.6129
6.000 14.1592 0.446 0.442 0.466 0.8969 4.4843
6.531 12.2009 0.385 0.387 0.430 0.5195 11.6833
7.140 10.3465 0.326 0.327 0.392 0.3067 20.2454
MDA (0.4293 3.5370
0.500 155.5421 0.970 0.973 0.983 0.3093 1.3402
0.790 152.7302 0.952 0.951 0.960 0.1050 0.8403
1.010 149.4512 0.932 0.933 0.940 0.1073 0.8584
1.300 145.3631 0.907 0.906 0.909 0.1103 0.2205
Methanol-CaCl, 1.500 141.2894 0.882 0.887 0.887 0.5669 0.5669
1.800 136.8419 0.855 0.856 0.853 0.1170 0.2340
2.000 133.0173 0.832 0.835 0.831 0.3606 0.1202
2.220 130.5792 0.817 0.811 0.808 0.7344 1.1016
2.521 123.9285 0.776 0.777 0.777 0.1289 0.1289
2.753 119.6034 0.749 0.750 0.754 0.1335 0.6676
MDA 0.2673 0.6079
0.301 76.5834 0.987 0.989 0.999 0.2026 1.2158
0.501 75.9407 0.979 0.976 0.990 0.1021 1.1236
0.652 75.2343 0.970 0.966 0.980 0.4124 1.0309
0.812 74.4105 0.959 0.956 0.967 0.3128 0.8342
1.037 73.3991 0.946 0.940 0.947 0.6342 0.1057
Ethanol-CaCl, 1.203 72.2016 0.931 0.927 0.931 0.4296 0.0000
1.502 70.4318 0.908 0.904 0.904 0.4405 0.4405
1.806 68.4031 0.882 0.879 0.877 0.3401 0.5669
2.001 66.7740 0.861 0.863 0.862 0.2323 0.1161
2.207 65.9461 0.851 0.846 0.846 0.5875 0.5875
2.407 63.9573 0.825 0.828 0.832 0.3636 0.83435
MDA 0.3689 0.6245
0.403 27.5007 0.985 0.933 0.997 0.2030 1.2183
0.601 27.0673 0.970 0.970 0.980 0.0000 1.0309
0.803 26.6209 0.954 0.955 0.960 0.1048 0.6289
1-Propanol- 1.002 26.2376 0.940 0.938 0.940 0.2128 0.0000
CaCl, 1.186 25.7008 0.921 0.921 0.922 0.0000 0.1086
1.364 25.3502 0.908 0.904 0.906 0.4405 0.2203
1.501 24.9481 0.894 0.890 0.895 0.4474 0.1119
MDA 0.2012 0.4741

DA~ 12em =2l \p 2 DA/n
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Table 5. Experimental data and calculated values for the solvent-CaCl, system at 40°C.
" Jali P(mmH i DA
system moaity (mmHg) B ASOG NRTL ASOG NRTL
0.612 53.5661 0.971 0.968 0.983 0.3090 1.2358
1.034 52.3159 0.949 0.940 0.963 0.9484 1.4752
1.509 50.2871 0.912 0.903 0.927 0.9868 1.6447
2.013 47.6513 0.864 0.861 0.877 0.3472 1.5046
2.405 45.7102 0.829 0.825 0.833 0.4825 0.4825
2.899 42.5360 0.772 0.777 0.775 0.6477 0.3836
Water-CaCl, 3.461 39.6918 0.720 0.719 0.710 0.1389 1.3889
3.985 36.5109 0.663 0.664 0.652 0.1508 1.6591
4.397 34.1374 0.620 0.620 0.609 0.0000 1.7742
4.791 31.8361 0.578 0.580 0.571 0.3460 1.2111
5.246 29.2940 0.532 0.530 0.530 0.3759 0.3759
5.501 27.6139 0.501 0.503 0.508 0.3992 1.3972
5.984 24.8322 0.451 0.453 0.471 0.4434 4.4346
6.507 21.7041 0.394 0.401 0.434 1.7766 10.1523
7.188 18.3009 0.332 0.337 0.391 1.5060 17.7711
MDA 0.5906 3.1264
0.496 250.1349 0.973 0.973 0.986 0.0000 1.3361
0.812 244.0413 0.951 0.950 0.965 0.1052 1.4721
1.053 239.8603 0.934 0.930 0.943 0.4283 0.9636
Methanol-CaCl, 1.476 228.9518 0.893 0.891 0.899 0.2240 0.6719
1.825 220.7362 0.361 0.856 0.861 0.5807 0.0000
2.034 215.3057 0.841 0.834 0.838 0.8323 0.3567
2.292 210.0391 0.820 0.807 0.811 1.5854 1.0976
2.712 194.4208 0.761 0.761 0.768 0.0000 0.9198
MDA 0.4695 0.8522
0.405 130.4543 0.985 0.982 0.998 0.3046 1.3198
0.804 127.9031 (0.966 0.959 0.973 0.7246 0.7246
1.042 125.6072 0.949 0.943 0.952 0.6322 0.3161
1.202 124.0029 0.937 0.931 0.938 0.6403 0.1067
1.457 121.0945 0.915 0.913 0.915 0.2186 0.0000
Ethanol-CaCl2 1.749 117.6348 0.390 0.891 0.890 0.1124 0.0000
1.986 115.2670 0.872 0.872 0.871 0.0000 0.1147
2.189 113.4391 0.858 0.857 0.856 0.1166 0.2331
2.443 110.4206 0.836 0.837 0.838 0.1196 0.2392
MDA 0.3188 0.3394
0.412 50.1684 0.986 0.986 1.000 0.0000 1.4199
1-Propanol 0.607 49.5637 0.975 0.974 0.986 0.1026 1.1282
-CaCl2 0.824 48.7761 0.958 0.959 0.966 0.1044 0.8351
1.013 48.5637 0.944 0.946 0.947 0.2119 0.3178
1.221 47.3038 0.927 0.930 0.929 0.3236 0.2157
1.437 46.3982 0.908 0.912 0.912 0.4405 0.4405
MDA 0.1972 0.7262

DA= |8egs — Bea |

2exp
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Table 6. Group Wilson parameter.
30°C 40°C
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Table 7. Hydration number and solvation number.

30°C 40°C
Solvent
n, n. n, n_
Water 3.1092 0.4429 2.6154 0.4632
Methanol 1.7452 0.3692 1.4185 0.3307
Ethanol 0.4878 0.2497 0.3547 0.1885
1-Propanol 0.4731 0.2753 0.3582 0.1824
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Fig. 4. Activities of water for water-CaCl, system
at 30°C.
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Table 8. NRTL interaction parameter.

Solvent 30°C 40°c

Tea,s Ts,ca Teas Tsca
Water -6.2501 12.2944 -6.2475 12.3832
Methanol -5.5823 9.4359 -5.6226 9.6610
Ethanol -5.1074 8.2726 -5.4175 8.3786
1-Propanol  -4.8582 7.2081 -4.6831 6.5694
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NOMENCLATURE

. Activity

ym . Group Wilson parameter

: lon size parameter, 4 x 10-¥cm)

. Debye-Hiickel constant for the osmotic coef-
ficient

. Second virial coefficient (cm3mol™)

: Solvent density (g cm™)

. Dielectric constant (c*J"'m™") ]

. Protonic charge (opposite in sign to that of
an electron), (¢

. Molar excess Gibbs free energy (cal)

M : lonic strength in mole fraction scale (mol

kg™)

K : Boltzman constant (Jk™!)

k : Reciprocal of average radius of ionic at-
mosphere (the Debye reciprocal length),
(cm)

: Molality (mol kg™")

. Solvent molecular weight (kg mol!)

. Number of solvent molecules bound to a ca-
tion

n . Number of solvent molecules bound to an

anion

N : Number of ions per unit volume of solution
(cm™)

: Avogadro number (mol™)

: Pressure (mmHg)

: Gas constant (cm® mmHg K-!' mol™')

: Absolute temperature (K)

: Molar volume (cm®mol-")

: Partial molar volume (cm®mol-!)

: Group fraction

: Mole fraction in liquid phase

: Algebraic valence

oo o W ?aaam

T ua

>

N> X o< XU Z

Greek Letters

: NRTL nonrandomness factor

: Activity coefficient

: Osmotic coefficient

. The closest approach parameter of the Pitzer-
Debye-Hiickel eq.

: Number of groups
V, +V_

D V=R

A~}

sistmst Mi25 ™ N2E 19874 4

v, v_ : Numbers of cations and anions produced by
dissociation of one molecule of electrolyte

vfH . Number of atoms other than hydrogen in
molecule i

v, - Number of interacting groups of kind { in
molecule i

T : NRTL binary interaction energy parameter

Superscripts

el . Electrostatic contribution

FH  : Size contribution given by the Flory-Huggins
eq.

G . Group contribution

lc : Short range contribution, represented by the
local composition model

pdh . Long range contribution, represented by the
Pitzer-Debye-Hiickel eq.

0 . Pure component

0] ¢ Standard state

Subscripts

Aa : Anion

d : Cation

ijk : Any molecule of species

{,mn : Group!/,m and n

s . Solvent

cal : Calculated value

exp : Experimental value

@ : Osmotic coetticient
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