VAPOR PRESSURES (SOLVENT ACTIVITIES) FOR BINARY POLYMER SOLUTIONS
Christian Wohlfarth

The vapor pressure of a binary polymer solution is given by the
activity of the solvent A, a,. Solvent activities in polymer solutions
are measured either by the isopiestic method applying a reference
system whose solvent activity is precisely known or by determin-
ing the solvent partial pressure, P,, and calculating the activity of
the solvent by equation (1):

(BAA_VX)(P_P.Z)

aAz(PA /Pz)exp RT

1)

where B,, is the second virial coefficient, P} is the saturation va-
por pressure, and V| is the molar volume of the pure solvent A at
the measuring temperature 7. The exponential term is neglected
in quite a lot of original papers, however, and only the reduced
vapor pressures are given (such data are indicated by an asterisk in
the table below). Vapor pressures of polymer solutions have been
measured since the 1940s, but the amount of experimental data
for polymer solutions is still relatively small in comparison to low-
molecular mixtures and solutions. The data scatter with respect
to temperature, concentration, molar mass, and other polymer
characterization variables. Furthermore, the concentration range
for measuring vapor pressures in good thermodynamic quality is
often limited to the polymer mass fraction range between 0.4 and
0.85. A recent review on methods for the measurement of vapor
pressures/solvent activities of polymer solutions and on related
problems is given in Ref. [1]. Experimental data have been col-
lected in several books [2-6].

The table in this Handbook provides data for a number of poly-
mer solutions as smoothed values over the complete range of sol-
vent activities between 0 (polymer mass fraction = 1) and 1 (poly-
mer mass fraction = 0). For this purpose, the data were selected
from data books [4—6] as well as from a number of original sources
[7—22] which are not included in these books. The appropriate
data were smoothed. The final table provides then the polymer
mass fractions at given fixed solvent activities between 0.1 and 0.9.
Of course, the user must keep in mind that the activity vs. concen-
tration range of the experimental data is sometimes smaller than
the below given complete range, thus the smoothed data should be
used with sufficient care.

Generally, vapor pressures or solvent activities of binary poly-
mer solutions depend on molar mass. However, for high molecular
weight polymers (well above the oligomer region), this molar-mass
dependence can be neglected in many cases. Therefore, the table
below presents only data for polymer solutions where the number
average molar mass, M , is in the order of 10°> g/mol or even high-
er, therefore, the molar mass is not specified. The temperature is

stated, even though the temperature dependence of a, is relatively
small for the temperature ranges where most of the experimental
data exist.
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Solvent Activity a, as Function of Temperature and Mass Fraction

Polymer/ a; 0.1 0.2

‘A
solvents T/K

Acrylonitrile/Styrene Copolymer (28 wt% Acrylonitrile)

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Mass Fraction of the Polymer

Benzene 343.15  0.982 0.962 0.940 0.915 0.886 0.851 0.809 0.753 0.670
1,2-Dimethylbenzene® 398.15  0.983 0.964 0.942 0.918 0.890 0.857 0.817 0.764 0.685
1,3-Dimethylbenzene® 398.15  0.983 0.965 0.944 0.921 0.893 0.861 0.821 0.769 0.690
1,4-Dimethylbenzene® 398.15  0.983 0.964 0.942 0.918 0.890 0.857 0.817 0.763 0.684
Propylbenzene® 398.15  0.987 0.972 0.955 0.935 0.913 0.885 0.851 0.804 0.732
Toluene® 343.15  0.982 0.962 0.940 0.915 0.886 0.851 0.809 0.753 0.669
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Polymer/ a,: 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

solvents T/K Mass Fraction of the Polymer
Butadiene/Styrene Copolymer (41 wt% Styrene)
Benzene® 343.15 0.968 0.934 0.896 0.853 0.805 0.748 0.680 0.591 0.461
Cyclohexane® 343.15 0.978 0.953 0.925 0.893 0.856 0.811 0.754 0.678 0.556
Ethylbenzene® 39815  0.974 0.945 0.912 0.875 0.831 0.779 0.713 0.625 0.491
Mesitylene® 398.15 0.977 0.950 0.921 0.887 0.847 0.799 0.738 0.656 0.526
Toluene® 343.15 0.970 0.936 0.899 0.857 0.808 0.751 0.682 0.591 0.456
Cellulose Triacetate
Dichloromethane 298.15 0.979 0.956 0.930 0.899 0.863 0.819 0.762 0.683 0.554
Trichloromethane 298.15 0.978 0.953 0.924 0.892 0.853 0.806 0.747 0.665 0.533
Dextran
Water 313.15  0.988 0.975 0.960 0.942 0.921 0.894 0.860 0.810 0.725
Hydroxyethylcellulose
Water 368.15 0.988 0.974 0.958 0.939 0.915 0.884 0.841 0.775 0.650
Hydroxypropylstarch
Water 29315  0.989 0.977 0.963 0.947 0.927 0.903 0.872 0.827 0.749
Nitrocellulose
Ethyl acetate 293.15 0.938 0.885 0.835 0.786 0.737 0.685 0.627 0.560 0.471
Ethyl formate 293.15 0.958 0.916 0.873 0.828 0.780 0.728 0.668 0.595 0.494
Ethyl propionate 293.15 0.941 0.889 0.839 0.789 0.739 0.685 0.625 0.555 0.460
Methyl acetate 293.15 0.890 0.820 0.763 0.711 0.660 0.609 0.554 0.490 0.406
2-Propanone 293.15 0.922 0.861 0.807 0.756 0.706 0.653 0.596 0.530 0.443
Propyl acetate 293.15 0.937 0.881 0.827 0.775 0.722 0.665 0.602 0.528 0.426
Polybutadiene (random cis-trans-vinyl)
Benzene 298.15 0.964 0.925 0.884 0.839 0.788 0.731 0.663 0.578 0.455
Cyclohexane 29815  0.974 0.945 0.913 0.876 0.833 0.782 0.719 0.635 0.507
Dichloromethane 298.15 0.951 0.902 0.852 0.800 0.745 0.684 0.616 0.532 0.415
Hexane 298.15 0.984 0.965 0.943 0.916 0.881 0.837 0.775 0.683 0.534
Tetrachloromethane 29815  0.932 0.865 0.799 0.731 0.660 0.585 0.503 0.409 0.288
Toluene 298.15 0.969 0.935 0.898 0.856 0.809 0.754 0.688 0.603 0.476
Trichloromethane 298.15 0.925 0.855 0.788 0.720 0.650 0.578 0.498 0.406 0.289

1,4-cis-Polybutadiene

Benzene 298.15 0.966 0.930 0.890 0.846 0.796 0.738 0.668 0.580 0.450
Cyclohexane 298.15 0.977 0.951 0.922 0.888 0.849 0.803 0.747 0.677 0.581
Dichloromethane 298.15 0.948 0.898 0.848 0.796 0.742 0.683 0.616 0.536 0.424
Hexane 298.15 0.983 0.963 0.941 0.916 0.886 0.850 0.804 0.741 0.639
Tetrachloromethane 298.15 0.936 0.871 0.805 0.736 0.665 0.588 0.505 0.409 0.287
Toluene 298.15 0.969 0.936 0.900 0.860 0.815 0.763 0.701 0.622 0.506
Trichloromethane 298.15 0.915 0.840 0.770 0.702 0.634 0.562 0.485 0.396 0.283
Poly(butyl acrylate)

Benzene 298.15 0.964 0.926 0.887 0.845 0.799 0.749 0.691 0.619 0.519
Dichloromethane 29815  0.868 0.801 0.744 0.690 0.636 0.577 0.511 0.430 0.318
Tetrachloromethane 298.15 0.932 0.868 0.805 0.742 0.677 0.607 0.529 0.438 0.317
Toluene 298.15 0.967 0.932 0.893 0.849 0.801 0.744 0.676 0.590 0.463
Trichloromethane 29815  0.901 0.811 0.733 0.662 0.595 0.529 0.459 0.381 0.282
Poly(butyl methacrylate)

Benzene 313.15 0.971 0.939 0.902 0.861 0.813 0.756 0.685 0.592 0.453
1-Butanol 313.15 0.991 0.980 0.968 0.953 0.936 0.914 0.885 0.842 0.762
2-Butanol 313.15 0.992 0.982 0.969 0.953 0.933 0.906 0.869 0.815 0.719
2-Butanone 313.15 0.982 0.963 0.940 0.914 0.884 0.846 0.799 0.732 0.623
Butyl acetate® 308.15 0.982 0.961 0.936 0.908 0.875 0.836 0.789 0.730 0.652
Cyclohexane 313.15 0.985 0.968 0.948 0.925 0.899 0.866 0.823 0.764 0.666
Cyclopentane 313.15 0.984 0.965 0.944 0.918 0.886 0.846 0.792 0.714 0.579
Diethyl ether® 298.15 0.987 0.973 0.956 0.937 0.914 0.885 0.848 0.795 0.703
1,4-Dimethylbenzene 333.15 0.971 0.940 0.905 0.866 0.822 0.770 0.706 0.622 0.497
Ethylbenzene 333.15 0.969 0.935 0.899 0.859 0.815 0.764 0.704 0.627 0.517

Methyl acetate 313.15 0.984 0.965 0.944 0.920 0.891 0.856 0.811 0.748 0.645
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Polymer/ a,: 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

solvents T/K Mass Fraction of the Polymer
2-Methyl-1-propanol 333.15  0.988 0.974 0.958 0.940 0.919 0.893 0.860 0.815 0.744
Octane 313.15 0.988 0.974 0.959 0.942 0.921 0.896 0.865 0.823 0.758
1-Propanol 333.15 0.990 0.980 0.967 0.952 0.934 0.911 0.881 0.834 0.746
2-Propanol 313.15  0.991 0.981 0.970 0.956 0.939 0.918 0.889 0.845 0.755
2-Propanone 313.15 0.989 0.976 0.961 0.944 0.921 0.892 0.850 0.783 0.647
Propyl acetate 313.15 0.980 0.957 0.932 0.903 0.870 0.830 0.780 0.714 0.612
Toluene 31315 0971 0.939 0.903 0.863 0.818 0.764 0.698 0.613 0.485

Poly(e-caprolacton)
Tetrachloromethane® 338.15 0.956 0.910 0.864 0.815 0.762 0.704 0.637 0.554 0.438

Poly(dimethylsiloxane)

Chlorodifluoromethane 298.15 0.976 0.950 0.921 0.888 0.850 0.805 0.750 0.677 0.565
Cyclohexane 303.15 0.979 0.955 0.928 0.898 0.863 0.822 0.770 0.702 0.596
Hexane 303.15 0.982 0.962 0.939 0.912 0.880 0.842 0.793 0.724. 0.611
Pentane 308.15  0.982 0.962 0.940 0.913 0.881 0.842 0.791 0.720 0.600
Pentane 423.15 0.984 0.966 0.946 0.922 0.893 0.858 0.813 0.749 0.641
Poly(ethyl acrylate)

Benzene 298.15  0.970 0.939 0.904 0.866 0.823 0.774 0.716 0.641 0.533
Dichloromethane 298.15 0.900 0.830 0.768 0.709 0.648 0.584 0.512 0.427 0.313
Tetrachloromethane 298.15 0.950 0.900 0.848 0.794 0.736 0.672 0.598 0.509 0.385
Toluene 298.15  0.972 0.942 0.910 0.874 0.833 0.786 0.730 0.659 0.555
Trichloromethane 298.15 0.866 0.776 0.701 0.632 0.566 0.499 0.428 0.349 0.248
Poly(ethylene oxide)

Benzene 323.15  0.972 0.942 0.908 0.869 0.824 0.771 0.706 0.620 0.490
2-Butanone 353.15 0.981 0.959 0.934 0.902 0.863 0.813 0.746 0.651 0.503
Cyclohexane 353.15 0.989 0.976 0.960 0.943 0.921 0.893 0.855 0.798 0.688
Methanol 303.15  0.964 0.927 0.887 0.844. 0.797 0.744 0.682 0.604 0.494.
2-Propanone 353.15 0.979 0.947 0.896 0.815 0.719 0.625 0.532 0.434 0.315
Water 293.15 0.977 0.951 0.923 0.890 0.852 0.806 0.748 0.671 0.550
Poly(ethylenimine)

Water 353.15 0.975 0.947 0.917 0.883 0.845 0.801 0.748 0.680 0.581

Poly(ethyl methacrylate)

Benzene 298.15  0.970 0.938 0.903 0.864 0.821 0.771 0.712 0.637 0.529
Dichloromethane 298.15 0.912 0.838 0.769 0.703 0.636 0.567 0.491 0.404 0.292
Tetrachloromethane 298.15 0.935 0.873 0.812 0.750 0.686 0.616 0.540 0.449 0.328
Toluene 298.15  0.974 0.945 0.913 0.877 0.836 0.787 0.727 0.647 0.527
Trichloromethane 298.15 0.859 0.760 0.678 0.604 0.533 0.464 0.392 0.313 0.217
Polyisobutylene

Benzene 313.15  0.984 0.965 0.945 0.921 0.892 0.858 0.813 0.751 0.645
Cyclohexane 313.15 0.976 0.950 0.921 0.888 0.850 0.805 0.749 0.676 0.563
Cyclopentane 313.15 0.977 0.952 0.924 0.892 0.855 0.812 0.758 0.687 0.579
1,4-Dimethylbenzene 313.15  0.979 0.955 0.929 0.899 0.863 0.821 0.767 0.694 0.579
2,2-Dimethylbutane 298.15 0.983 0.964 0.942 0.917 0.887 0.852 0.806 0.743 0.640
Ethylbenzene 313.15 0.979 0.955 0.927 0.895 0.857 0.810 0.750 0.668 0.535
Heptane 298.15  0.983 0.964 0.942 0.917 0.887 0.851 0.804: 0.741 0.637
Hexane 298.15 0.980 0.959 0.934 0.906 0.873 0.834 0.784 0.715 0.606
Octane 298.15 0.983 0.963 0.940 0.914 0.883 0.845 0.797 0.729 0.617
Tetrachloromethane 298.15  0.962 0.921 0.877 0.829 0.776 0.715 0.643 0.552 0.423
Toluene 313.15 0.984 0.966 0.944 0.918 0.884 0.840 0.779 0.688 0.537
Trichloromethane 298.15 0.969 0.935 0.899 0.858 0.813 0.761 0.698 0.619 0.503
2,4,4-Trimethylpentane 298.15 0.981 0.961 0.937 0.911 0.879 0.842 0.794 0.730 0.628
1,4-cis-Polyisoprene

Benzene 313.15 0.982 0.962 0.937 0.908 0.873 0.827 0.766 0.679 0.537
2-Butanone 353.15 0.986 0.970 0.953 0.933 0.910 0.883 0.850 0.808 0.746
Cyclohexane 313.15  0.978 0.954 0.928 0.899 0.865 0.825 0.778 0.716 0.625
Dichloromethane 298.15 0.969 0.935 0.898 0.857 0.811 0.757 0.693 0.610 0.488

1,4-Dimethylbenzene 313.15 0.977 0.951 0.923 0.892 0.857 0.816 0.767 0.704 0.613
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Polymer/ a,: 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

solvents T/K Mass Fraction of the Polymer
Ethylbenzene 313.15 0978 0.954 0.928 0.898 0.864 0.823 0.774 0.709 0.612
Methyl acetate 313.15 0.968 0.935 0.900 0.862 0.820 0.773 0.717 0.649 0.554
Octane 313.15 0.984 0.967 0.948 0.926 0.901 0.871 0.834 0.785 0.711
Propyl acetate 333.15  0.983 0.964 0.942 0.916 0.886 0.850 0.803 0.738 0.633
Tetrachloromethane 298.15 0.929 0.864 0.800 0.737 0.672 0.602 0.526 0.435 0.316
Toluene 313.15 0.978 0.954 0.927 0.898 0.865 0.827 0.782 0.725 0.645
Trichloromethane 298.15  0.930 0.867 0.807 0.747 0.685 0.620 0.547 0.462 0.346
Poly(methyl acrylate)
Benzene 298.15 0.979 0.956 0.930 0.901 0.867 0.826 0.776 0.710 0.608
Dichloromethane 29815 0917 0.851 0.791 0.732 0.671 0.605 0.532 0.444 0.326
Tetrachloromethane 298.15 0.963 0.924 0.882 0.838 0.788 0.733 0.668 0.586 0.470
Toluene 298.15 0.981 0.960 0.936 0.909 0.878 0.840 0.792 0.727 0.626
Trichloromethane 29815 0912 0.830 0.753 0.678 0.603 0.527 0.446 0.357 0.248
Poly(methyl methacrylate)
Benzene 298.15 0.982 0.961 0.938 0.912 0.881 0.843 0.795 0.729 0.622
2-Butanone® 308.15 0.989 0.976 0.961 0.945 0.925 0.900 0.869 0.825 0.751
Cyclohexanone® 32315 0978 0.954 0.928 0.899 0.866 0.827 0.781 0.723 0.640
Dichloromethane 298.15 0.939 0.882 0.825 0.766 0.704 0.637 0.560 0.468 0.343
Ethyl acetate® 308.15 0.986 0.969 0.950 0.928 0.902 0.869 0.826 0.763 0.649
Toluene 29815  0.981 0.959 0.935 0.908 0.877 0.841 0.795 0.736 0.646
Trichloromethane 298.15 0.924 0.848 0.771 0.694 0.616 0.536 0.451 0.358 0.246

Poly(a-methylstyrene)

Cumene 33815  0.984 0.965 0.944 0.918 0.887 0.848 0.796 0.721 0.593
o-Methylstyrene 338.15 0.978 0.954 0.927 0.896 0.859 0.816 0.761 0.687 0.570
Poly(propylene oxide)

Benzene 333.15 0.967 0.932 0.893 0.850 0.801 0.744 0.675 0.588 0.460
Metvhanol 298.15 0.992 0.982 0.970 0.955 0.936 0.910 0.872 0.812 0.689
Polystyrene

Benzene 333.15 0.978 0.953 0.924 0.891 0.852 0.804 0.742 0.657 0.521
2-Butanone® 298.15 0.986 0.971 0.954 0.935 0.912 0.885 0.851 0.804 0.724
Cyclohexane 313.15  0.990 0.978 0.965 0.949 0.931 0.908 0.877 0.833 0.754
Cyclohexanone® 313.15 0.970 0.937 0.900 0.858 0.810 0.753 0.684 0.593 0.459
Dichloromethane 298.15 0.949 0.899 0.849 0.797 0.743 0.684 0.617 0.536 0.423
1,3-Dimethylbenzene® 323.15 0.980 0.956 0.926 0.891 0.846 0.791 0.723 0.638 0.524
1,4-Dimethylbenzene 423.15 0.974 0.944 0911 0.872 0.826 0.770 0.698 0.601 0.452
Ethyl acetate® 313.15 0.976 0.948 0.918 0.882 0.841 0.791 0.728 0.642 0.507
Hexane 423.15  0.980 0.958 0.933 0.904 0.869 0.827 0.772 0.697 0.574
2-Propanone 323.15 0.991 0.980 0.969 0.955 0.938 0.918 0.892 0.854 0.788
Propyl acetate 343.15 0.983 0.965 0.943 0.919 0.891 0.858 0.815 0.758 0.667
Tetrachloromethane 29815  0.961 0.917 0.869 0.814 0.751 0.678 0.592 0.486 0.344
Toluene 313.15 0.981 0.959 0.933 0.901 0.861 0.809 0.738 0.638 0.481
Trichloromethane 298.15 0.949 0.898 0.847 0.793 0.736 0.675 0.604 0.519 0.400
Poly(tetramethylene glycol)

Methanol 303.15 0981 0.961 0.938 0.913 0.883 0.849 0.806 0.751 0.671
Poly(vinyl acetate)

Benzene 313.15 0.985 0.967 0.945 0.919 0.886 0.844 0.784 0.696 0.548
1-Butanol 313.15  0.992 0.982 0.971 0.958 0.942 0.923 0.896 0.856 0.779
2-Butanol 313.15 0.987 0.972 0.956 0.937 0.915 0.889 0.856 0.813 0.747
2-Butanone 313.15 0.980 0.958 0.934 0.906 0.873 0.835 0.787 0.724 0.626
1,2-Dichloroethane® 300.15  0.955 0.906 0.851 0.790 0.722 0.644: 0.556 0.450 0.315
1,4-Dimethylbenzene 313.15 0.990 0.978 0.964 0.948 0.928 0.903 0.868 0.814 0.705
Ethylbenzene 313.15 0.990 0.979 0.966 0.950 0.932 0.910 0.880 0.836 0.759
Methanol 333.15  0.990 0.978 0.965 0.949 0.931 0.908 0.877 0.834 0.757
Methyl acetate 313.15 0.976 0.949 0.919 0.886 0.849 0.805 0.752 0.684 0.583
2-Methyl-1-propanol 353.15 0.984 0.966 0.946 0.924 0.899 0.868 0.832 0.784 0.715
1-Propanol 353.15  0.987 0.972 0.955 0.936 0.914 0.888 0.856 0.815 0.753

2-Propanol 353.15 0.988 0.974 0.958 0.940 0.919 0.894 0.863 0.820 0.754
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Polymer/ a,: 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

solvents T/K Mass Fraction of the Polymer
2-Propanone 333.15  0.983 0.963 0.940 0.913 0.880 0.838 0.784 0.707 0.578
Propyl acetate 333.15 0.979 0.955 0.930 0.901 0.869 0.831 0.786 0.728 0.645
Tetrahydrofuran 323.15 0.973 0.943 0911 0.874 0.831 0.781 0.720 0.640 0.519
Toluene 333.15  0.983 0.965 0.944 0.920 0.891 0.857 0.815 0.756 0.664
Poly(vinyl chloride)
2-Butanone® 313.15 0.976 0.949 0.920 0.887 0.849 0.804 0.749 0.676 0.566
Cyclohexanone® 33315 0971 0.934 0.889 0.839 0.781 0.714 0.635 0.536 0.397
Poly(vinyl methyl ether)
Benzene*) 298.15 0.969 0.935 0.897 0.855 0.807 0.751 0.683 0.596 0.466
Chlorobenzene® 34315  0.972 0.941 0.906 0.867 0.822 0.769 0.705 0.620 0.494
1,2-Dimethylbenzene® 363.15 0.973 0.943 0.910 0.871 0.826 0.772 0.705 0.616 0.478
Ethylbenzene® 343.15 0.978 0.954 0.927 0.895 0.857 0.811 0.753 0.672 0.542
Propylbenzene® 37315 0977 0.951 0.923 0.890 0.852 0.808 0.752 0.678 0.563
Poly(4-vinylpyridine)
Methanol 343.15 0.986 0.971 0.953 0.931 0.905 0.871 0.825 0.756 0.627
2-Propanol 343.15 0.989 0.977 0.964 0.948 0.928 0.904 0.872 0.826 0.743
Poly(1-vinyl-2-pyrrolidinone)
Water 368.15 0.984 0.966 0.946 0.924 0.899 0.870 0.835 0.790 0.727
Starch (amorphous)
Water 383.15 0.991 0.981 0.970 0.956 0.939 0.918 0.889 0.845 0.754
Styrene/Methyl methacrylate Copolymer (41.45 wt% Styrene)
Benzene® 308.15 0.982 0.963 0.940 0.913 0.881 0.841 0.789 0.716 0.590
Vinyl acetate/Vinyl chloride Copolymer (12 wt% Vinyl acetate)
Benzene 398.15 0.976 0.949 0.918 0.883 0.841 0.791 0.728 0.643 0.509
Chlorobenzene 398.15 0.984 0.965 0.944 0.920 0.891 0.856 0.810 0.746 0.638
1,4-Dimethylbenzene 398.15 0.989 0.977 0.963 0.946 0.926 0.899 0.863 0.807 0.692
Ethylbenzene 398.15 0.989 0.976 0.961 0.944 0.924 0.899 0.866 0.818 0.735
Octane 398.15 0.992 0.982 0.971 0.958 0.942 0.922 0.893 0.847 0.739

® a,=P /PS





