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Relation between Binary Excess Volume on Mixing and
Solvent Selectivity in Ternary Extraction System( )
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Hanyang Univ.

Abstract

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

The ability to predict these ratios would be of great value in selecting a potential solvent for a separa-
tion process. The volume changes of mixing for solute-solvent and solute-water systems were determined
by pycnometric technique over the entire range of compositions except for 2-butanone {methylethylketone)-
water and also were measured at 25°C under atmosperic pressure for the following eight binaries: acetone-
water, acetone-n-hepatane, acetone-monochlorobenzene, acetone-1, 1, 2-trichloroethane, 2-butanone-water,
2-butanone-n-heptane, 2-butanone-monochlorobenzene and 2-butanone-1, 7, 2-trichloroethane.

Partial molal volume changes of mixing at infinite dilution of ketone to solvent were calculated from the
above data. These values were compared with partial molal heat of mixing and distribution coefficients at
infinite dilution which had aleady been reported for the same systems and the previously published
distribution coefficients 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
found to be more efficient as extracting agents.
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Toble 1. Properties of Materials

Material Source

Density, dj Refractive Index

Measured Literature Measured Literature
Acetone Showa Chemicals reagent grade d%=0. 7849 0. 7848 np¥=1. 3563 1. 35609
2-Butanone Merk reagent grade d%0==0, 8055 0.805®  2pi85-9=1.3794 1.28079®
n-Heptane Wako Pure Chemicals d®=0.6835  0.6840°®  #p®=1.3850  1.28517%
Pure grade (99 mol% min)
Chlorobenzene Fisher Scientific Co. reagent grade d¥=1,1068 1.107® np¥=1.5236 1.5251®
1, 1, 2-trichloroethane Tokyo Kasei Kogyo d20=1,4350  1.4380" np¥=1.4681 1. 458679

pure grade (99 mol% min)

*Manufacturer’ s measurement

et M1 A H13 1973 23



43

Tabls II. Volume Changes of Mixing at 25°C

Mole Fraction Acetone A4V, Cubic Centimeter per Mole Mole Fraction Acetone 4V, Cubic Centimeter per Mole

Acetone-Water Acetone-n-Heptane
0. 0499 —0.3781 0.1020 0. 5008
0.1076 —0.7602 0.1027 0.5207
0.1519 —0.9922 0. 1501 0.6715
0.1992 —1.1800 0.1992 0. 7999
0.2448 —1.3112 0. 2014 0. 8075
0. 3000 —1.4228 0.2508 0.9187
0. 3453 —1.4613 0. 2983 0.9942
0. 3995 —1.4883 0. 2992 0. 9980
0. 4420 —1. 4863 0. 3501 1. 0668
0. 4980 —1.4414 0. 4001 1.1107
0. 5455 —1. 3789 0. 4005 1.1200
0.6983 —1. 0995 0. 4990 1.1452
0. 8141 —0.7288 0. 5005 1.1546
0. 8982 —0.4173 0. 5509 1.1382
0. 6000 1.1095
Acetone-Chlorobenzene 0. 6007 1.1041
0.1011 ’ —0.0688 0. 6521 1. 0482
0. 1005 —0. 0679 0. 7494 0. 8911
0. 1992 —0.1458 0. 7993 0.7707
0.1994 —0.1362 0. 8500 0.6211
0. 3020 —0. 2076 0. 8979 0. 4458
0. 3998 —0.2604 0. 8991 0. 4489
0. 3999 —0. 2639
0. 4554 —0. 2620 Acetone-1, 1, 2-Trichloroethane
0. 4568 —0.2741 0. 0965 —0.1000
0. 5990 —0. 2880 0.1993 —0.1979
0. 5986 —0. 2824 0. 3002 —0. 2597
0. 6585 —0. 2507 0. 4005 —0. 3365
0. 7995 —0.1977 0. 5002 —0. 3597
0.7993 —0.1962 0. 6064 —(0. 3414
0. 8990 —0.1206 0. 7000 —0. 2847
0. 8993 —0.1136 0. 7992 —0.1992
0. 8997 -0.1165

Table ll. Volume Changes of Mixing at 25°C

Mole Fraction 2-Butanone 4V, Cubic Centimeter per Mole Mole Fraction 2-Butanone 4V, Cubic Centimeter per Mole

2-Butanone-Water 2-Butanine-n-Heptane
0. 0250 —0.2071 0.1045 0. 3889
0. 0250 —Q. 2085 0. 1999 0.5703
0. 0496 —0. 3980 0. 2014 0. 5866
0. 0496 —0. 3995 0. 3015 0.7459
0. 0691 —0.5304 0. 4005 0. 7867
0. 0691 —0.5345 0. 4965 0. 7986
0. 6920 —0. 8484 0. 5000 0.7782
0.6934 —0. 8407 0. 6000 0.7326
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0.7902 —0.6373 0. 7004 0.6156

0. 8832 —0.3672 0. 8002 0.4691

0. 8825 —0.3729 0. 8997 0. 2364

0. 8998 0. 2559
2-Butanone-Chlorobenzene

0. 0261 —0.0177 2-Butanone-71, 7, 2-Trichloroethane

0. 0487 —0.0349 0. 0265 —0.0198

0. 0927 —0. 0804 0. 0499 —0.0387

0. 0983 —0. 0986 0. 0763 —0.0801

0. 2001 —0.1943 0.1015 —0. 1006

0. 2004 —0.1958 0.1996 —0.1681

0. 3068 —0.2785 0. 3003 —0. 2447

0. 3999 —0.3445 0.4003 —0.3119

0. 4002 —0. 3505 0. 4481 —0. 3513

0. 4989 —0. 3766 0. 5000 —0. 3636

0.5025 —0.3737 0.6499 —0. 3446

0. 5996 —0. 3690 0.6998 —0. 3156

0. 7060 —0. 3317 0. 7005 —0.3120

0.7995 —0. 2692 0.7993 —0.2252

0.7993 —0. 2819 0. 8987 —0.1386

0. 9000 —0.1701

0. 9002 —0.1764

Table 1Y. Constants for Equation 2 and Standard Deviations

System A B C Standard Deviations
Acetone-Water —5. 8189 2. 0540 —0. 6467 0. 0135

n-Heptane 4.,5681 —0. 2805 1. 0090 0.0121

Chlorobenzene —1.1172 —0.3114 0. 1522 0. 0070

1, 1, 2-Trichloroethane —1.3939 —0.0575 0. 0100 0. 0100
2-Butanone-

Water —4. 8718 2.7104 ~—1.3374 0. 0082

n-Heptane 3.1472 ~0. 7548 0. 3740 0. 0141

Chlorobenzene —1. 5226 —0. 5425 0.1927 0. 0122

1, 1, 2-Trichloroethane —1.4110 —0. 3807 0.2779 0. 0102
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Table V. Limiting Values of Volume Changes and Heats
of Mixing for Ketone-Solvent Systems and Distribution

Coefficients for Ketone-Water-Solvent Systems

System lim AV: lim 4H\® lim K®
N—0 1—0 a0
Acetone—
n-Heptane 5.86 9.1 1.57
Chlorobenzene —0.65 —0.1 5.6
1, 1, 2-Trichloroethane —1.00 —4.5 9.3
Water —8.63 —10.0
2-Butanone-
n-Heptane 4.56 7.2 4.85
Chlorobenzene —0.787 —0.9 9.75
1, 1, 2-Trichloroethane —0.824 —4.2 39.0
Water —8.92 —10.5
Toble VI. Comparison between Hydrogen Bond and

Volume Change of Mixing

Ewell’ s Classification® This Experiment

Volume

Hydrogen
Class Change

Bonding

I (acetone, 2-butanone)
+ W (1, 1, 2-trichloroethane)

I (acetone, 2-butanone)
+ I (water)
H (acetone, 2-butanone)

-+ 1 (chlorobenzene)

Il (acetone, 2-butanone) } no H bonds
+ V (#-heptane) involved

}H bonds formed - deviations
only

H bonds both
broken and formed

— deviations

~+ deviations

Z $HES S, o o) BEMEA A B K
ol EEFTE WS T kS WESTY 3159 e
b ERAE e Aoz @BE =2, &R ERG
Bl el BmES BER o FoAE 2 KHRY
3 #{b= Solvent 9] Selectivity phigol] %3+ Rpgg7t
2 % s,

Nomenclature

A, B,C=Empirical constants for Equation 2.
H=DMolzal enthalphy, k joules per mole.
4dH =Partial molal heat of mixing, k joules per

mole of mixture.

sistEE M 11 M135 1973 29

K=Distribution coefficient, the ratios of mole
fraction of ketone in solvent-rich layer to
the mole fraction in water-rich layer.

N=Mumber of total moles

P=Pressure
V=Molal volume, cm?® per mole.

AV =Partial molal volume change of mixing, cm®

per mole of mixture.

x=DMole fraction.

=Difference between experimental 4V and the -
value calculated from Equation 2.

o=0ver-all standard deviation

0=As superscript, designation of a pure compo-
nent.

1=As subscript, designation of ketone,
component 1.

2=As subscript, designation of solvent,

component 2.
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