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Figure 2. Composition variation of thermal expansion coefficient (a) 
and molar expansivity (V,) of AI(NO3),.10.O3H20 -t M(NO,),-RH,O 
systems at 300 K. 

moles of water associated with the cations decrease from 10 
to 416 per mole of mixture. Both the factors would markedly 
decrease V,. I t  may be noticed that there is a parallelism 
between the composition variation of V ,  and CY of Ca2+- and 
Cd2+-containing mixtures while Zn2+- and Mg2+-containing 

mixtures exhibited a different trend. This may be attributed to 
an increased N03--ZN2+ interaction ( 76- 78). Zinc may un- 
dergo ion-pair formation resulting in an increase in V ,  and 
thereby a flattened curve for V ,  and large changes in cy. 

Registry No. Ai(NO,),, 13473-90-0; Ca(NO,),, 101 24-37-5; Cd(N03),. 
10325-94-7; Zn(NO,),, 7779-88-6; Mg(N03),, 10377-60-3. 

Literature Clted 

(1) Angeli, C. A. J. Phys. Chem. 1968, 70, 3988. 
(2) Braunstein, J.; Orr, L.; MacDonaid, W. J. Chem. Eng. Data 1967, 72, 

415. 
(3) Gupta, S.; Sharma, R. C.; Gaur, H. C. J. Chem. f n g .  Data 1981, 26,  

187. 
(4) Islam, N.; Ismail, K. J. Phys. Chem. 1975, 79, 2180. 
(5 )  Jain. S. K. J. Phys. Chem. 1978, 82, 1272. 
(6) Moynihan, C. T. J. Chem. Educ. 1987, 4 4 ,  531. 
(7) Sharma, R. C.; Gaur. H. C. J. Chem. Eng. Data 1978, 23, 228; 1980, 

25, 232. 
(8) Sharma, R. c.; Jain, S. K.; Gaur, H. C. J. Chem. fng .  Data 1978, 23, 

72. 
(9) Sharma, R. C.; Bhatla, K.; Gaur, H. C. J. Chem. Eng. Data 1079, 24,  

183. 
(10) Sharma, R. C.; Jain, R. K.; Gaur, H. C. J. Chem. fng. Data 1979, 24, 

185. 
(1 1) Braunstein, J. "Ionic Interactions"; Academic Press: New York, 

1971; Voi. 1, Chapter 4. 
(12) Frank, F. "Water: A Comprehensive Treaties"; Plenum Press: New 

York, 1973; Vol. 2, Chapter 2. 
(13) Husband, L. J. B. J .  Sci. Instrum. 1958, 35, 300. 
(14) Sharma, R. C.; Gaur, H. C. J. Chem. Eng. Data 1977, 22, 41. 
(15) Jain, S. K.; Tamamushi, R. Can. J. Chem. 1980, 58, 1697. 
(16) Irish, D. E.; Davlc, A. R.; Plane, R. A. J. Chem. Phys. 1959, 50, 

2262. 
(17) Lamley, A. T. G.; Plane, R. A. J. Chem. Phys. 1972, 57, 1648. 
(18) Sze, Y. K.; Irish, D. E. J. Solution Chem. 1978, 7 ,  395. 
(19) Jain, S. K.; Jindal. H. L.; Kulshreshtha, N. P. J. Chem. Eng. Data 

1970, 23, 36. 

Recelved for review September 7, 1984. Accepted January 28, 1985. We 
thank the Centre of Advanced Study, Department of Chemistry, for continued 
financial assistance. K.V.R. is grateful to the Department of Atomic Energy, 
Bombay, for a Junior Research Fellowshlp. 

Densities and Apparent M l a r  Volumes in the Binary System 
Dimethyl Sulfoxide-Water at 25, 40, 60, and 65 O C  

D. J. Pruett" and L. K. Felker 
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The densities of binary mixtures of dimethyl sulfoxide and 
water have been determlned at 25, 40, and 60 OC. These 
data are presented, along with Uterature values at 45 and 
65 OC, and used to calculate the apparent molar volume 
of each component at all five temperatures at 
composltlons of 0-100 wt % water. The denatles show a 
strong, posHlve deviation from Ideality. Correlations are 
presented that allow the calculation of densltJes and 
apparent molar volumes at each temperature and all 
compositions. 

Introduction 

As part of an ongoing research effort designed to investlgate 
the physicochemical properties of a variety of solvent systems, 
the densities of mixtures of dimethyl sulfoxide (Me,SO) in water 
have been measured at 25, 40, and 60 OC across the entire 

Operated by Martin Marietta Energy Systems, Inc., for the US. Department 
of Energy. 

0021-9568/85/ 1730-0452$01.50/0 

range of composition. The apparent molar volume of each 
component was calculated by using these data and literature 
data at 45 and 65 OC ( 7). Both the densities and the apparent 
molar volumes were fit to equations of the form: 

P ,  = P: -t AC,  + BC12 + ... + €C,6 (1) 

The agreement between values calculated by using these 
equations and the experimental values was approximately equal 
to the maximum experimental error of kO.000 10 g/mL in the 
density measurements. 

Experimental Method 

Distilled water from the house supply was further purified by 
using a Millipore "MiIICQ" reagent water system. Ultrapure 
Me,SO (Burdick and Jackson) was used without further pwifi- 
cation. Water was determined by Karl Fischer titrations that 
are consldered accurate to fO.O1 wt YO. Densities were de- 
termined with a Mettler/Parr DMA 55 digital density meter 
calibrated with deaerated water and dry air. Temperatures 
were held to f0.05 OC with a water bath. 

0 1985 American Chemical Society 
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Table I. Densities of Me2SO-H20 Mixtures at 25,40, and 60 
"C 

wt % Me.SO wt % H,O dZ6, a/mL d@, g/mL dao, a/mL 
100.00 
99.90 
99.75 
99.50 
99.25 
99.00 
98.00 
97.00 
96.00 
95.00 
94.00 
93.00 
92.00 
91.00 
90.00 
85.00 
80.00 
75.00 
70.00 
65.00 
60.00 
55.00 
50.00 
40.00 
30.00 
25.00 
20.00 
15.00 
10.00 
9.00 
8.00 
7.00 
6.00 
5.00 
4.00 
3.00 
2.00 
1.00 
0.00 

0.00 
0.10 
0.25 
0.50 
0.75 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
60.00 
70.00 
75.00 
80.00 
85.00 
90.00 
91.00 
92.00 
93.00 
94.00 
95.00 
96.00 
97.00 
98.00 
99.00 

100.00 

1.095 60 
1.095 79 
1.095 86 
1.095 96 
1.096 06 
1.096 15 
1.096 55 
1.096 95 
1.097 31 
1.097 50 
1.097 97 
1.098 27 
1.098 52 
1.098 76 
1.098 80 
1.099 19 
1.098 42 
1.096 40 
1.093 19 
1.08865 
1.082 96 
1.076 47 
1.06881 
1.053 89 
1.038 47 
1.030 96 
1.023 68 
1.01650 
1.010 06 
1.008 37 
1.007 05 
1.005 76 
1.004 46 
1.003 19 
1.001 93 
1.000 68 
0.999 46 
0.998 23 
0.997 02 

1.080 46 
1.080 60 
1.080 66 
1.08078 
1.080 89 
1.081 02 
1.081 49 
1.081 92 
1.082 36 
1.081 76 
1.083 16 
1.083 52 
1.083 85 
1.084 15 
1.084 43 
1.085 14 
1.084 75 
1.083 02 
1.079 99 
1.075 90 
1.070 76 
1.064 98 
0.058 62 
1.044 68 
1.030 73 
1.02378 
1.017 14 
1.010 47 
1.00431 
1.00290 
1.001 65 
1.000 45 
0.999 23 
0.998 03 
0.996 84 
0.995 67 
0.994 51 
0.993 36 
0.992 23 

1.06062 
1.060 79 
1.060 86 
1.060 99 
1.061 13 
1.061 26 
1.061 78 
1.062 29 
1.062 80 
1.063 26 
1.063 72 
1.064 14 
1.064 53 
1.064 90 
1.065 28 
1.066 30 
1.066 19 
1.064 84 
1.062 27 
1.058 71 
1.05421 
1.049 15 
1.043 57 
1.031 30 
1.018 79 
1.012 71 
1.006 46 
1.OOO 37 
0.994 59 
0.993 31 
0.992 13 
0.99097 
0.989 82 
0.988 69 
0.987 57 
0.986 47 
0.985 36 
0.984 28 
0.983 20 

Statistical analysis of the data was carried out using the 
Statistical Analysis Pac for a Hewlett-Packard HP-87XM mi- 
crocomputer. 

Results and Dlscusslon 

The density-composition diagram for the Me,SO-H,O system 
(Figure l), constructed from the data given in Table I, shows 
marked, posbe deviations from ideality. This indicates that the 
interactions between Me,SO and water are stronger than 
Me2SO-Me,SO or water-water interactions. These results are 
in good agreement with those of previous authors ( 7 -4) who 
made similar measurements at 25 OC. There are no previously 
reported data on the density of Me,SO-H,O mixtures at 40 or 
60 OC. Cowie ( 1 )  has reported measurements at 45 and 65 
OC as shown in Table 11. 

I f  Me,SO and water formed an ideal solution, the density of 
a solution of any composition at a temperature of t OC could 
be calculated as 

(2) 

where d is the density, X is the mole fraction, D is Me,SO, and 
W is water. Unfortunately, as is clear from the data in Figure 
1, these solutions are far from Meal even when one component 
is quite dilute. Since there is no adequate theoretical treatment 
available to describe this behavior, we have adopted the purely 
empirical approach of fiiing the density data to a polynomial 
in the concentration of Me,SO or water (eq 3). I n  this equa- 

tion, dw' is the density of pure water at r O C ,  C, is the con- 
centration of Me,SO, and A ,  B ,  ..., Fare empirical Coefficients 

d ~ w '  = XDdd + Xwdw' 

dDw'= d w ' +  ACD + BCD2 + ... + FCD' (3) 

0 0 25'C .,.-.-.. ., '0 40°C 
0 60'C 

-\ t 
108.' 

I 

1.0756 1.0556 0.00 100.00 
1.0762 1.0564 1.12 98.9 
1.0768 1.0570 2.20 97.8 
1.0781 1.0582 5.01 95.0 
1.0799 1.0604 10.4 89.6 
1.0802 1.0612 20.1 79.9 
1.0787 1.0603 24.9 75.1 
1.0756 1.0574 30.1 69.9 
1.0715 1.0538 35.2 69.8 
1.0667 1.0495 40.0 60.0 
1.0548 1.0391 49.9 50.1 
1.0411 1.0268 60.0 40.0 
1.0280 1.0150 70.0 30.0 
1.0146 1.0032 79.8 20.2 
1.0026 0.9920 90.0 10.0 
0.9902 0.9806 100 0.00 

Source: ref 1. Cowie reported his data in terms of the mole 
fraction of water. These units were converted to wt % to facilitate 
comparisons with the values in Table I. 

whose values depend on the temperature and on the units used 
for CD as shown in Table 111. I f  the weight percent or mole 
fraction of water is known, then the same equations are used 
by substituting the density of pure Me,SO as the first term, and 
(100 - wt % H,O) or (1 - mole fraction H,O) for the concen- 
tration of Me,SO. I f  the molarity of the water in the two-com- 
ponent system is known, then the first term of the equation will 
be the density of pure Me,SO, and the coefficients for the 
remaining terms are those found in Table IV .  In all cases, the 
equations yield density values that agree with the experimental 
results to within fO.OOO1 g/mL. Note that the coefficients 
which correspond to dwt and dD' shown in Tables 111 and I V  
vary slightly from the actual measured values of these densities. 
These small variations arise from the statistical treatment of the 
data and are within the stated accuracy of the equations. 
Cowie's data were used to develop similar correlations at 45 
and 65 OC; these results are also included in Tables I11 and IV.  

I n  addition to their utility in calculating the density of a 
Me2SO-H,O solution (or in estimating the composition of a so- 
lution from the measured density), these correlations can be 
used to make an analytical determination of the composition at 
which the measured density of the solution deviates most 
strongly from the theoretical density of an ideal solution. Table 
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Table 111. Coefficients Used with Ea 2 to Calculate the Density of 0-100 wt % M e 8 0  in H,O 
[Me2SO] units d A B C D E F 

X 0.99694 0.534 15 -0.777 01 -0.480 68 2.404 68 -2.337 17 0.754 85 
X 0.992 12 0.505 17 -0.859 41 0.070 58 1.351 55 -1.467 86 0.488 44 
X" 0.990 33 0.492 38 -0.864 86 0.214 06 1.03006 -1.172 74 0.389 99 
X 0.983 12 0.479 52 -0.981 35 0.745 33 0.11786 -0.467 91 0.184 16 
X" 0.980 79 0.456 94 -0.915 45 0.710 20 -0.026 04 -0.125 13 -0.084 30 
wt % 0.996 96 1.2284E-3* 5.757 7E-6 -7.653 3E-8 3.751 OE-9 -7.37043-11 3.568 7E-13 
wt % 0.992 2 1  1.131 3E-3 8.0754E-6 -2.1169E-7 5.9897E-9 -8.763 2E-11 3.835OE-13 
wt %" 0.990 22 1.207 9E-3 -8.737 4E-7 6.291 6E-8 1.819 2E-9 -5.57893-11 2.864 3E-13 
wt 7 0  0.983 20 1.0599E-3 9.527 1E-6 -3.4652E-7 8.4507E-9 1.043 7E-10 4.2134E-13 
wt %" 0.98062 1.144 1E-3 -1.855 1E-6 1.3147E-8 3.2696E-9 -6.87003-11 3.261 2E-13 
M 0.99697 9.5764E-3 2.930 1E-4 -3.8609E-5 7.682OE-6 -1.001 793-6 3.412 8E-8 
M 0.992 26 8.767 3E-3 4.798 5E-4 -1.046 4E-4 1.638 3E-5 -1.504 5E-6 4.485 7E-8 
M" 0.990 23 9.408 3E-3 -5.017 1E-5 1.837 3E-5 2.541 1E-6 -7.396 2E-7 2.8188E-8 
M 0.983 27 8.274 8E-3 5.654 4E-4 -1.609 3E-4 2.510 8E-5 -2.066 1E-6 5.805 OE-8 
M" 0.98062 8.929 2E-3 -1.387 8E-4 1.004 4E-5 5.521 OE-6 -9.581 OE-7 3.344 6E-8 

"Calculated by using data from ref 1. * 1.22843-3 1.2284 X and so on. 

temp, "C 
25 
40 
45 
60 
65 
25 
40 
45 
60 
65 
25 
40 
45 
60 
65 

Table IV. Coefficients Used with Eq 3 to Calculate the Density of 0-100 wt % MezSO in HzO 
[HzO] units d A B C D E F temp, "C 

M 1.095 77 6.071 1E-4 6.401 6E-6 -4.098 7E-6 9.235OE-8 -6.656 9E-10 7.539 8E-13 25 
M 1.08054 7.619OE-4 3.2609E-6 -4.3607E-6 1.1619E-7 -1.1839E-9 4.2666E-12 40 
MU 1.07563 8.6708E-4 -9.156 2E-6 3.533 2E-6 8.692 6E-8 -6.524 1E-10 5.514 2E-13 45 
M 1.060 72 8.913 6E-4 2.715 3E-6 -4.786 OE-6 1.463 9E-7 -1.820 2E-9 8.5607E-12 60 
M" 1.055 71 8.977 7E-4 -2.021 7E-6 -3.951 2E-6 1.051 2E-7 -9.787 5E-10 2.5156E-12 65 

a Calculated by using data from ref 1. 

Table V. Composition of MezSO-HzO Solutions Where the 
Density Deviates Most Strongly from Ideality 

XH;10 XMenSO H20:MezS0 t ,  "C 
0.68 0.32 2: 1 25 
0.72 0.28 3: 1 40 
0.77 0.23 3: 1 45" 
0.83 0.17 5: 1 60 
0.83 0.17 5: 1 65" 

"Calculated by using the data in ref 1. 

V lists the composition of the solution at each temperature 
where the first derivative of eq 3 - eq 2 is zero. Cowk ( 1 )  and 
LeBel(2) have reported the maximum deviation at 25 O C  oc- 
curs at a 2: 1 water:Me,SO ratio (Me,SO mole fraction = 0.33), 
and noted that this maximum moves toward higher water: 
Me,SO ratios as the temperature is increased. The results and 
data analysis reported here confirm and quantify these results. 

Apparent Molar Volumes. DeVisser et ai. ( 4 )  summarized 
the previously reported values for the apparent molar volumes 

Table VI. Coefficients Used with Ea 5 to Calculate the ADDarent Molar Volume of Me&O in Me,SO-H,O Mixtures 
coefficient 

A B C D E F temp, "C 
W e 8 0 1  

units @V,Me2S00 

X 68.88 -16.595 62 77.603 61 -123.351 62 91.832 54 -28.648 1 2  1.58539 
X 69.76 -15.31646 80.642 92 -155.962 02 164.392 20 -94.060 13 22.857 54 
X 69.39 -0.005 39 -25.306 98 177.061 11 -360.041 53 308.738 85 -97.211 13 
X 70.45 -11.701 84 72.758 89 -160.531 74 197.747 36 -131.743 99 36.388 55 
X 71.00 -5.572 35 25.132 98 -9.022 24 -37.000 37 44.15041 -14.676 86 
wt '70 68.90 -4.428 4E-2 5.628 5E-4 1.054 7E-5 1.659 9E-7 3.2955E-10 -8.14863-12 
wt % 69.83 -5.596 4E-2 1.612 8E-3 -3.885 3E-5 5.445 8E-7 -2.350 5E-9 -1.599 3E-13 
w t %  68.05 2.264OE-1 , -1.303 1E-2 3.428 2E-4 -4.733 2E-6 3.4505E-8 -1.023 1E-10 
wt % 70.84 -5.042 9E-2 1.601 2E-3 -2.941 OE-5 2.646 8E-7 3.959 5E-10 -9.17303-12 
w t %  72.73 -2.436 4E-1 1.177 6E-2 -2.910 8E-4 3.7594E-6 -2.298 OE-8 5.282 1E-11 
M 68.90 -0.331 69 2.2805E-2 -6.415 7E-5 -1.214 5E-4 3.674 OE-5 -1.641 1E-6 
M 69.82 -0.408 23 7.625 6E-2 -1.087 7E-2 9.4728E-4 -1.641 7E-5 -5.7599E-7 
M 68.17 1.573 13 -6.867 9E-1 0.135 83 -1.3948E-2 7.4536E-4 -1.601 17E-5 
M 70.83 -0.376 90 8.495 1E-2 -9.982 7E-3 4.943 4E-4 2.408 7E-5 -1.699 2E-6 
M 72.02 -1.120 83 3.841 8E-1 -6.796 6E-2 6.2394E-3 -2.577 1E-4 3.737 8E-6 

Table VII. Coefficients Used with Eq 5 to Calculate the Apparent Molar Volume of Water in Me2SO-H20 Mixtures 

25 
40 
45 
60 
65 
25 
40 
45 
60 
65 
25 
40 
45 
60 
65 

~~ 

[Me,SO] units A B c D E F temp, OC 
X 
X 
X 
X 
X 
wt % 
wt % 
wt 70 
wt % 
w t %  
M 
M 
M 
M 
M 

15.46 
15.87 
15.97 
15.84 
15.68 
15.63 
15.87 
15.89 
15.98 
15.88 
15.62 
15.87 
15.89 
15.97 
15.87 

4.924 4 
1.831 4 

-1.7500 
3.696 64 
5.939 50 
4.693 OE-2 
1.755 1E-2 
1.392 3E-2 
3.183 2E-2 
7.146 2E-2 
8.439 3E-2 
3.329 6E-2 
2.493 4E-2 
5.990 5E-2 
1.340 4E-1 

-16.838 7 
-9.15080 
16.033 9 

-18.875 1 
-24.775 53 
-2.036 5E-3 

1.228 1E-4 
6.8104E-4 

-7.438 5E-4 
-3.706 1E-3 
-7.089 3E-3 
-5.670 3E-4 

1.537 3E-3 
-3.481 6E-3 
-1.343 8E-2 

82.821 4 
29.869 6 

-47.244 9 
54.239 1 
54.608 7 
8.785 7E-5 
1.876 8E-5 

-3.662 1E-6 
4.494 7E-5 
1.436 8E-4 
5.153 5E-4 
1.572 1E-4 
7.920 5E-6 
3.275 4E-4 
9.1664E-4 

-133.563 5 
-48.447 3 

-77.889 7 
-60.382 24 

69.657 57 

-1.617 6E-6 
-5.416 9E-7 
-1.433 5E-7 
-9.635 8E-7 
-2.588 3E-6 
-1.609 9E-5 
-6.496 8E-6 
-1.714OE-6 
-1.1796E-5 
-2.962 1E-5 

115.049 4 
46.295 5 

-42.383 27 
62.076 1 
39.667 37 
1.325 3E-8 
5.1689E-9 
1.856 3E-9 
8.552 1E-9 
2.145OE-8 
2.271 1E-7 
1.020 4E-7 
2.966 E-8 
1.826 1E-7 
4.387 8E-7 

-39.786 8 
-18.051 4 

-20.767 4 
-12.37093 

7.911 08 

-4.052 1E-11 
-1.699 1E-11 
-6.472 2E-12 
-2.751 9E-11 
-6.694 4E-11 
-1.209 5E-9 
-5.741 2E-10 
-1.544 8E-10 
-1.043 2E-9 
-2.463 OE-9 

25 
40 
45 
60 
65 
25 
40 
45 
60 
65 
25 
40 
45 
60 
65 
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of both components of the Me,SO-H,O system as calculated 
from the usual equation 

(4)  

where c # I ~ , ~ ,  MA, and m A  are the apparent molar volume, mo- 
lecular weight, and molality of component A, respectively, d:  
is the density of pure component B at t OC, and dABf is the 
density of the AB mixture at temperature t .  

Following the example of Kiyohara, Perron, and Desnoyers 
(3) we have used our density data to calculate the apparent 
molar volumes of both Me,SO and water, and then correlate 
the results using polynomial equations in the concentration of 
each component (eq 5). The coefficients derived for calcu- 

dV,A = 4V.A'  + ACA + BCA2 + ... + FCAs (5) 

lating the apparent molar volumes of Me,SO and H,Q at all 

Vapor-Liquid Equilibrium 
/U ,N-Dimethylformamide 

Glenn S. Shealy and Stanley I.  Sandler' 

for Four 

concentrations (using a number of different units) at 25, 40, and 
60 OC are listed in Tables I V  and V, respectively. We have 
used the results of Cowie to derive similar equations for the 
apparent molar volume of water at 45 and 65 O C .  These 
results are also included in Tables V I  and V I I .  

Reglstry No. Me,SO. 67-68-5. 
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Mixtures Containing 
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Low-pressure Isothermal vapor-llquld equilibria have been 
measured for N,N-dlmethylformamide 
(DMF)/benzaidehyde, n -butyl acetate/DMF, acetlc 
acld/DMF, and cyclohexyiamlne/DMF. ACtlvRy 
coeff lclents derived from our measurements have been 
correlated wlth five thermodynamlc models by using the 
maxlmum ilkellhood method, and used to estimate 
UNIFAC group contrlbutlon parameters. 

Introduction 

Two previous papers in this series ( I ,  2) have reported va- 
por-liquid equilibrium (VLE) measurements of hydrocarbons/ 
oxyhydrocarbon mixtures. These results were used to test 
activity coefficient models and to calculate parameters for the 
UNIFAC group contribution model (3). In this study we report 
measurements on systems containing N, Ndlmethylformamlde 
(DMF) as one component. DMF is a commonly used aprotic 
solvent. I t  is capable of separating saturated and unsaturated 
hydrocarbons either as a selective solvent or as a third com- 
ponent in extractive distillation. Because of the high dielectric 
constant of DMF, It is a good reaction solvent and, in some 
cases, it even has catalytic propertles. These phenomena can 
be described if a model for the activity of compounds in mix- 
tures with DMF is available. UNIFAC is an especially useful 
thermodynamic model because it only requires data on the 
interactions among individual chemical groups, such as a 
methylene group or an aldehyde group, and these are a rela- 
tively small number of groups compared to the number of 
molecules. I f  information is available on DMF and a relatively 
small number of groups, one can use these data to predict the 
activity of any compound in DMF, provided this compound is 
composed of the same chemical groups that are in the data 
base. Thls paper presents isothermal VLE values of DMF with 
four functional groups and makes estimates for previously un- 
available group interaction parameters for DMF with each 
group. 

Table I. Anto ine  Constants f o r  Representat ion of V a p o r  
Pressure  of Compounds Used" 

A B C 
DMFd 6.0459 1401.382 193.864 

(lit.*) 6.2334 1537.78 210.39 
benzaldehyded 6.3711 1691.620 210.02 
n-butyl acetated 6.0380 1294.2 195.09 

(lit:) 6.1534 1368.50 204.00 
acetic acid (lit.b) 6.5522 1558.03 224.79 
cyclohexylamined 5.6851 1152.538 178.904 

"log @/PO) = A - B / ( T  + C), where p o  = 1.0 kPa, T in "C.  
bFrom ref 4. cFrom ref 5. dThis work. 

Experlmental Section 

DMF is embryotoxic to laboratory animals and should not be 
inhaled or allowed to contact skin; all experimental work was 
performed in a fume hood. Since DMF is such a good solvent, 
care must be exercised in the choice of materials which contact 
it. 

The experimental equipment and operating procedures have 
been discussed previously ( 7 ,  2). As before, a significant 
portion of the experimental effort was devoted to the purification 
and determination of the boiling points of the pure compounds. 
All compounds except DMF and acetic acid were purified by 
fractional distillation under dry nitrogen at reduced pressures. 
Acetic acid and DMF were acceptably pure as received; since 
they are very hygroscopic, they were kept under dry nitrogen 
at all times. Table I gives the Antoine constants we derived 
using the same chemicals that were used in the later VLE 
experiments. Note that the Antoine constants for DMF previ- 
ously reported In the literature (4) underpredict the vapor 
pressure at the reported normal boiling point by about 1 kPa. 
We have determined the boiling points for anhydrous DMF 
supplied by Aldrlch and by du Pont, and the results obtained with 
these two samples were essentially indistinguishable. We have 
also derived new Antoine constants which are consistent with 
the normal boiling point of DMF. 
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