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Abstract

Solvent selectivity for the solvent-solute-water systems is decided most simply by the ratios of mole
fraction of the solute dissolved in solvent-rich layer to the mole fraction dissolved in water-rich layer.

The ability to predict these ratios would be of great value in selecting a potential solvent for a separation
process.

The volume changes of mixing for solute (acetic acid) -solvent and solute-water systems were determined
by pycnometric technique at small acetic acid concentrations and also measured at 25°C under atmospheric
pressure for the following ten binaries: acetic acid-n-butanol, acetic acid-2-butanone, acetic acid-ethylacetate,
acetic acid-toluene, acetic acid-benzene, acetic acid-1, 2-dichloroethane, acetic acid-cyclohexane, acetic
acid-z-hexane, acetic acid-carbon tetrachloride and acetic acid-water.

Partial molal volume changes of mixing at infinite dilution of acetic acid to solvent were calculated from
the experimental data. These values were compared with the distribution coefficients which were gained
at the origin of the distribution curves already reported for the same systems and the distribution
coefficients at infinite dilution were correlated qualitatively with the trends of these values interpreted
from a view-point of the intermolecular attraction forces which arised from the hydrogen bonding based on
Ewell’s theory. The solvents having the greater contraction of volume changes of mixing at infinite

dilution were also found to be more efficient as extracting agents.
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Table . Properties of Materials
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Refractive Index
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Material Measured Lit.

Measured Literature
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Acetic acid | 1.0479 1.049® 7%;WMLWW” TARET HATAT o1& 1ol FrotdH
20
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Table J. Volume Change of Mixing at 25°C

Mole Fraction
Acetic acid

4V, Cubic Centi
meter per Mole

4V, Cubic Centi

} Mole Fraction !
meter per Mole

Acetic acid |
)

Acetic acid-Benzene

} Acetic acid-z-Butanol

0. 0249

0.0677
0. 0502 0.1374
0. 0751 0.1972
0. 1020 0. 2640
Acetic acid-2-Butanone
0. 0259 —0.1219
0. 0500 —0. 1695
0. 0750 —0. 2260
0. 0997 —1. 2700
Acetic acid-Cyclohexane
0. 0249 0. 1365
0. 0494 0. 3042
0. 0496 0.3071
0. 0749 0. 4409
0. 1005 0. 6052
Acetic acid-Ethylacetate
0. 0248 —0. 0595
0. 0500 —0. 0844
0. 0754 —0. 1236
Acetic acid-Toluene
0. 0255 0. 0540
0. 0520 0.1235
0. 0752 0.1623
0.1003 0.2219

1 0. 0323 —0.3292
‘ 0. 0594 —0.5778
i 0. 0884 —0.8771

Acetic acid-Carbon tetrachloride

0. 0252 0. 0884
0.0523 0. 1470
0.0776 0.2353
Acetic acid-1, 2-Dichloroethane
{ 0.0263 0.0611
; 0. 0507 0.1026
| 0.0746 0.1568
i 0. 1002 0. 1903
i Acetic acid-n-Hexane
| 0.0273 0. 1305
| 0. 0508 0.2435
5 0.0764 0. 3369
‘ 0.1038 0. 4472
i Acetic acid-Water
\ 0.0256 —0. 1434
‘ 0. 0501 —0. 2664
| 0.0762 —0. 3908
i 0.1001 —0. 4965
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Table [. Constants for Equation 2
Solvent A B C
Benzene 2.7325 0. 3205 —18.0413
#n-Butanol —11.6129 57.9103 —438. 8362
2-Butanone —6. 4239 79. 2448 —425. 6230
Carbon tetrachloride 5. 0869 —80. 2248 700. 8601
Cyclohexane 4.7476 40. 5223 —286. 6450
1, 2-Dichloroethane 2.5239 —9. 9954 40. 5593
Ethylacetate —3.7449 67.1847 —520. 7442
n-Hexane 4.9298 —3. 4306 —27.5670
Toluene 1. 9256 10. 8749 —83. 4920
Water —5. 8330 9. 6871 —0.6951
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Table IV. Limiting Values of Yolume Changes for Acetic
acid-Solvent Systems and Distribution Coefficients for Acetic
acid-Water-Solvent Systems at 25°C

Solvent Linav LinK
n-Butanol —11.613 1.500
2-Butanone — 6.424 1.285
Ethylacetate — 3.745 1. 000
Toluene 1.926 0.079
Benzene 2.732 0.079
1, 2-Dichloroethane 2.524 0. 045
n-Hexane 4.930 0.039
Cyclohexane 4.748 0.032
Carbon tetrachloride 5.087 0.025
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Toble V. Comparison between Hydrogen Bond and Volume Change

Ewell’s Classification (11)

This Experiment

Class

I (acetic acid)
+V (benzene, carbon tetrachoride,
cyclohexane, n-hexane & toluene)

)
j
11 (acetic acid) +1{water)
1 ¢{ ” ) +1I (#-butanol)
11 { ” )+ (2- butanone &
ethylacetate)

Il (acetic acid) +
IV (1, 2-dichloroethane)

Hydrogen Bonding

H bonds broken only

H bonds both broken
and formed

1 H bonds both broken
and formed

Volume Change

+ deviations

— deviations

+ deviatons
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Nomenclature

A, B, C=empirical constants for Equation 2
K=distribution coeflicient, the ratios of mole
fraction of acetic acid in solvent-rich layer to mole
fraction in water-rich layer
V=molal volume, cm® per mole.
4V =partial molal volume change of mixing, cm?
per mole.
z=mole fraction
o=as superscript, designation of a pure component.
1=as subscript, designation of acetic acid, compo-
nent 1.

2=as subscript, designation of solvent, component 2.

N=number of total moles
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