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ABSTRACT. The relative viscosities and osmotic cofficients of solutions of urea, 1, 3-dimethyl-
urea(DMU), acetamide(AA), and propionamide (PA) in dimethylsulfoxide(DMSO), water,
methanol, and in ethanol have been measured at 25 and 45°C by viscometry and osmometry.

Visvosity increment in nonaqueous solutions decreased with increasing of the partial molal
volumes of the solutes, but in aqueous solution the result was inversed. Viscosity increment of
aqueous solution was smaller than that of aqueous DMU solution, but that of nonaqueous urea
solution was larger than that of DMU, Amides, however, showed similiar viscosity increment in
any solvent,

Osmotic coefficients of aqueous solution of urea were larger than those of DMU. In the non-
aqueous solutions urea exhibited larger deviation from Raoult’s law than DMU.

The results indicated that urea molecules break water-structure in water, self-associate in
DMSO, and showed larger solute-solvent interaction in alcohols than DMU. It can be also
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confirmed that amides break alcohol structure to a greater extent than any other solutes,
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Fig. 1. Relative viscosity-concentration curve for the nonelectrolytes. (a) in DMSO at 45°C; (b) in HzO
45°C; (¢) in CHiOH 45°C; (d) in C;H;0H 45°C; (e) in DMSO at 25°C; (f) in C,H:OH at 25°C.
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Table 1. B and C coefficient, and temperature dependence of B coefficient of the nonelectrolytes in  the

various solvents.

DMSO H:0
Temp. B c dB/dT B c dB/dT

(°C

Urea | 25 0. 259 0. 286 ~L1x10® | 0-035° 0.007 1.6x107
45 0.232 0.068 0.067 0.029

o | 0.140 —0.043 —11x100 | 0-265° 0.003 | _p g 10
45 0.120 —0.057 0.209

" 25 0.151 0.043 _ogxige | 0 0.003 | _gsig0e
45 0.09 0.037

PA 25 0- 183 _0‘ 015 —'2‘3X 10—3 0- 188‘ _1-3X10-3
45 0.142 —0.050 0.163

EtOH MeOH

Urea 25 0.115 0. 062 ~2,.5%x107¢ 0.115 0.035 —2.5x1074
15 0.110 0.042 0.110 0.015

oMU | 0-114 0.045 -3.5x107 | 0109 0-0385 | _35x107
45 0.107 0.031 0101 0.020

AA 25 0.083 ~0.051 o 3xios | 0-089 | —o0.027 2 2510
45 0.129 ~0.085 0.112 | —0.047

PA % 0.83 2.8x10° | 0075 2.8x10?
45 0.129 0. 066 0.121 | —0.0%

“Data taken from T.T. Herkovits and T.M. Kelly, J. Phys. Chem., 77. 381 (1973).
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Table 2. Viscosity increments of the nonelectrolytes in the various solvents.

Sh - FXR

Einstein-Shima 1}%‘0“5* H,0 DMSO EtOH MeOH

Urea 2 56 25 0.78° 5.62 2.5 2.56
45 1.45 5.16 2.4 2.4

DU 2 6t 25 324 171 1.47 1.3
45 2.55 1.45 1.8 1.24

AA 2 g2 25 1.98° 2.70 1.48 1.00
45 2.03 171 1.98 2.00

PA 560 25 2.65° L7 1.47 1.81
45 2.55 1.45 1.31 1.24

* Data from T. T. Herkovits and T.M. Keily, J. Phys. Chem., 77, 381 (1973).
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Table 3a. Osmotic and activity coeflicients of the nonelctrolytes in water at 45°C.

Urea DMU PA
Molality
¢ 4 @ 7 @ Y ¢ 7
0. 010 0. 990 Q- 982 0.972 0.948 0. 960 0.922 0.948 0. 900
0. 020 0.978 0. 965 0. 948 0. 905 0. 920 0. 869 0. 885 0. 815
0. 030 0. 965 0- 950 0. 920 0. 870 0. 882 0.798 0. 865 0. 760
0. 040 0.951 0.938 0. 895 0.835 0. 850 0.735 0.840 0.710
(. 050 0. 840 0. 922 0. 870 0. 8060 0. 824 0. 695 0.820 0. 670
0.070 0.915 0.8%0 0.838 0. 740 0.798 0.623 0. 795 0. 603
0.100 0.872 0. 840 0.818 0.685 0.786 0. 566 0. 785 0. 565
0.120 0.848 0.798 {. 808 0. 650 0.785 0. 650 0.782 0.538
0.169 0. 800 0. 720 0.785 0. 570 0.777 0. 518 0.775 6. 500
Table 3b. Osmotic and activity coefficients of the nonelectrolytes in DMSO at 60 °C.
) Urea DMU PA
Molality
9 Y ¢ 7 ¢ 7 é r
0. 010 0.986 0.975 0.992 0.989 0. 945 0.898 0.9 0.953
9.020 0.973 0. 949 0.984 0.975 0.885 0. 800 0. 947 0. 908
0. 030 0. 963 0.929 0. 975 0. 962 0.833 0.723 0. 920 0. 863
0.40 0. 950 0. 905 0. 965 0. 950 0.790 0. 650 0. 892 0. 815
. 050 0.938 0. 885 0. 955 0.935 0.775 0. 600 0. 863 0.770
0. 070 0. 921 0. 847 0.944 0. 910 0.702 0.515 0.812 0. 685
0. 100 0. 906 0. 822 0.925 0.873 0. 680 0. 445 0. 763 0. 600
0.120 0. 895 0. 789 0.912 0. 851 0.675 0.433 0.755 0. 576
0.160 0. 875 0.750 0. 890 0.812 0. 669 0. 378 0.745 0. 535

Vol. 24, No.3, 1980
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Table 3c. Osmotic and activity coefficients of the nonelectrolytes in methanol at 45 °C.
Urea DMU AA PA
Molality
¢ 7 ¢ r ¢ e ? 7
0.010 0.974 0. 949 0.985 0.972 0. 841 0.728 0. 949 0.903
0.020 (0. 944 0.897 0.979 0.953 0.835 0.645 (. 918 0.837
0. 030 0.910 0. 842 0. 054 0.917 0. 831 0.600 0. 895 0.788
0. 040 0.876 0. 789 0.938 0. 889 0.828 0.570 0.872 0.744
0.050 0.856 0. 751 0.923 (. 862 0.826 0. 547 0. 857 0.712
0.070 0.841 0.694 0.894 (. 812 0.818 0.511 0. 846 0. 670
0.100 0. 831 0.648 0. 867 0.758 0. 809 0.463 0. 833 0.624
0.120 0.821 0.621 0. 851 0.727 0. 800 0.454 0. 826 0. 601
0. 160 0. 800 0. 576 0. 823 0. 675 0.787 0.423 0.875 {1 546
Table 3d. Osmotic and activity coefficients of the nonelectrolytes in ethanol at 45 °C.
Urea DMU AA PA
Molality
¢ 7 ¢ 7 ¢ 7 ¢ Py
0. 010 0.995 0. 985 0. 998 0.987 0. 960 (. 910 0.970 0. 945
0.020 0. 990 0.975 0.993 0. 980 0.940 0. 865 0. 955 0.912
0. 030 0. 985 0. 965 (. 987 0.970 0.925 0. 840 0.943 0. 890
0. 040 0. 980 0.953 0.982 0. 960 0. 920 0. 820 0.940 0. 870
0. 050 0.975 0.940 0.977 0.945 0.913 0. 802 0.936 0. 855
Q. 070 0. 966 0.925 0. 970 0.910 0. 905 0.770 0.930 0.830
Q. 100 0. 950 0. 905 0.952 0. 895 0. 895 0.730 0.925 0.809
0.120 0.943 0. 880 0. 950 0.884 0. 885 0. 710 0. 920 0.795
0.160 0.925 0.8%0 0. 940 0.860 0. 870 0.675 0.919 0.767
e AFAFE e R o] ofA|Eol| 13, 478, 507(1945).
=3t & 447 & AR =2 golv|ee 3 3. R H Stoked, J. Phys. Chem., 70, 1199

& £A-8d 4528e 3 $8A04 2 =

77t AR e zEdepmjest §4-¢ 0 4
dgguc g F2E o 44 S5 @E 5
oz} A4},

2 dFE 197995 FEA S oo 3}

q o] %1 4T Y¥olmz AE

FFe A A4 E 28

ol

20 & &

FgAg 7
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