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Thermodynamic Properties of Simple Molecular Fluids: 
Tetrafluoromethane and Trifluoromethane 
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The thermodynamic properties of CF, and CHF, have 
been cakuiated from an equation of state of the 
Strobrldg. type, fitted to extenrlve p-Y-Tdata sets 
recently publbhed. The thormodynamic properties under 
saturation condltlons have been compared with previously 
pubitshed data, the agreement being satisfactory except In 
the neartrlticai region. The results have been used to 
dkcusr the performance of a monatomic fluid model, 
whkh k shown to be unsatisfactory. 

Introduction 

The hakcarbon refrigerants are of obvious Industrial impor- 
tance, and also a class of substances of great theoretical in- 
terest. Current theories of liquid state highlight the importance 
of the shape of the molecule and of its polarity. The halo- 
methane refrigerants are all based on a quasi-spherical non- 
polar molecuie-methane Rself-and so can be regarded as 
a series of case studies showing the effect of increasing shape 
anisotropy and Increasing polarity by the simple substitution of 
fluorine and/or CMorine for hydrogen atoms. As already polnted 
out (7-3),  lt is dlfficult to appreciate the overall effect of these 
substitutions without a correlation of the available experimental 
data, and such correlations, whether in the form of tables or 
equations, are essential to industrial designers and operators. 

Two of the simplest halomethanes are CF4 and CHF,. While 
their grosser features may be modeled by quasi-spherical 
molecules, the large differences of the behavior of the CF4 + 
CHF, mixture with respect to that of the ideal mixture are 
symptomatic of the anisotropies inherent in their microscopic 
Interactions ( 4 ,  5 ) .  Rublo et ai. ( 3 ,  6) have polnted out that 
a large number of papers In the literature arrive at contradictory 
conclusions concerning the intermolecular potential model for 
these two molecules. One can expect the anisotropies of the 
potential to be dependent on the packing of the molecules, i.e. 
the density (especially those arising from the shape of the 
molecules), and since this can be tuned by varying the tem- 
perature and the pressure, the availability of thermodynamic 
propedes In wide ranges of p and Twill be helpful in clarifying 
the main characteristics of the Intermolecular potential of these 
simple molecular fluids, a necessary step in our ability to predict 
their thermodynamic properties. 

Stewart et ai. (7) summarized the available thermodynamic 
data for many halocarbons and showed that most of the resutts 
are concentrated in the low-density region. Recently, extensive 
experimental studies of the p-V-T surfaces of CF, ( 3 )  and 
CHF, (6 )  have been publlshed. Although most of our mea- 
surements were obtained In the high-density region, there is a 
slgnbnt overtap wtth most of the prevkus lowdensity studies. 
Figures 1 and 2 show the p - T  ranges for which density data 
are available. 

In this paper we report calculated thermodynamic properties 
of CF, In the ranges 90 < T/K < 420 and 0 < pibar < 1000 
and of CHF, in the ranges 126 < T/K < 332 and 0 < pibar 
< 1000, derived from an equation of state of the Strobridge 
type fitted to the experimental p - V- T data. 

Equation of State 

used the Strobridge equation ( 8 )  
For describing and interpoiating the existing data we have 

Detailed discussions of the data used to obtain the A, pa- 
rameters of eq l and of the differences between experimental 
and calculated results have been included in previous papers 
( 3 ,  6). Table I gives the values of the A, ( i  = 1-16) constants 
for both fluids, as well as their estimated uncertainties and the 
variances of the fits. Even though, for the high-density data, 
each isotherm can be fitted with mean square deviations (msd) 
of 0.01 % in the density, the overall fit leads to an msd of 0.1 % 
for both CF, and CHF,. These resutts are similar to those found 
by Calado et ai. (2) for ethylene. The increase of the msd Is 
mainly due to the existence of some inconsistencies between 
the data obtained by different authors ( 3 ,  6). 

Thermodynamic properties of CF, 

Information about the coexistence curve of the fluMs is 
necessary to calculate the thermodynamic properties. Lobo 
and Staveley (9) have discussed in detail the orthobarlc prop- 
erties of CF,, and we have used the vapor pressure curve 
proposed by them. The thermodynamic properties of the gas 
and saturated liquid were calculated by using standard ther- 
modynamic formulas. Contrary to ref 2, we have used eq 1 
for the gas phase instead of the virial equation of state. Table 
I1 shows the properties along the saturation cvve for CF,. The 
saturated densities agree with those of Lobo and Staveley within 
0.2% below 190 K, but the disagreement increases above that 
temperature, reaching about 2% at 220 K. I t  shouM be 
pointed out that the liquid densities reported by Lobo and 
Staveley are those of Terry et ai. (19). The main source of 
discrepancy is the fact that the orthobarlc vapor density pv of 
Lobo and Staveley was calculated from the virial equation of 
state up to the third coefficient, while we have used eq 1; the 
difference in pv at 200 K is 3 % . Using our value for pv and the 
law of rectilinear diameters obtained with the values reported 
In ref 9 for T < 180 K, we have found that the differences from 
our results decrease to less than 0.4%. McCormack and 
Schneider ( 1 1 )  have claimed that the fourth vkial coefficient is 
necessary in order to explain their p-V-T data in the ranges 
T < 750 K and p < 50 bar. Kratzke et ai. ( 72) have discussed 
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Table I. Coefficients Ai (i = 1-16), Their Estimated Errors, and Their Estimated Variance of Fit for Equation 1 for CF4 and 
CHFs 

I 

-! -.. 

substance CF, substance CHF, 
2 Ai i Ai 
1 0.041 f 0.001 dm3 mol-' 1 0.045457 f 0.003 dma mol-' 
2 1.76 f 0.04 bar dms mol-2 2 6.9009 f 0.07 bar dme m o P  
3 -5684.3 f 2 bar dma K mol-z 
4 (5.8935 f 0.01) X l@ bar dma K2 mo1-l 
5 -(2.6234 f 0.00s) X 108 bar dm6 K4 mol-a 
6 (0.53 f 0.02) X dms mo1-l 6 -(6.9026 f 0.5) X dm6 molv2 
7 -0.337 f 0.004 bar dme mol-, 7 -0.21356 f 0.007 bar dme mol4 
8 (2.2642 f 0.1) X 1od bar dm12 K-' mol-' 
9 -33930 f 80 bar dme Kz mol-3 
10 (2.9711 f 0.004) X lo7 bar dme K3 mol-, 
11 -(3.4292 f 0.00s) X 108 bar dme K4 mol-, 
12 47.361 f 0.3 bar dmlS K2 mola 
13 -64699 f 2 bar dm16 K* mol-6 
14 (7.8646 f 0.008) X l@ bar dm16 K4 mol" 
15 (4.749 f 0.002) x bar dm18 mol" 15 (2.0224 f 0.007) X 10" bar dm18 mol4 
16 -0.0040 f 0.001 dme mol-2 16 -0.0040 f 0.001 dm6 mol" ' 

estimated variance of fit = 23 

-1947 f 3 bar dma K moF2 
(1.347 f 0.002) X los bar dms K2 mo1-l 
(4.835 f 0.005) X l@ bar dme K4 mol-2 

(4.00 f 0.05) X lob bar dm12 K-' mol4 
(5846 f 5) X 10 bar dme K2 mol-, 
-(1.102 f 1) X lo' bar dme K3 mol-, 
(6.556 f 0.007) X 108 bar dme K4 mol-3 
-28.6 f 0.4 bar dm16 K2 mor6 
7970 f 14 bar dmlS K3 mol" 
-(1.2011 f 0.0004) X 10s bar dm16 K4 mol" 

3 
4 
5 

8 
9 
10 
11 
12 
13 
14 

estimated variance of fit = 15 

loo0 

800- 
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z n 

n 
. 
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Table 11. Thermodynamic Properties of Tetrafluoromethane along the Saturation Curve 
T/K P/bar pl/(mol dm") pv/ (mol d m 3  AHv/(kJ mol-') -E,/(kJ mol-') -S,/(J mol-' K-l) 
95 0.0032 21.067 4.0 X lo-' 14.038 13.246 57.378 

- 

- 

- 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
215 
220 
225 

0.0076 
0.0338 
0.1122 
0.3020 
0.6925 
1.4027 
2.5775 
4.3827 
7.0010 
10.6300 
15.4857 
21.8122 
25.6170 
29.9096 
34.7538 

I I 

1000 

. 
a 

400 

~~ 200 0 0 

/ 

20.817 
20.288 
19.732 
19.163 
18.571 
17.955 
17.309 
16.623 
15.881 
15.063 
14.129 
12.998 
12.301 
11.431 
10.087 

9.2 X lo-' 

1.128 X 
2.817 X 
6.060 X 
0.1165 
0.2058 
0.3410 
0.5389 
0.8236 
1.2340 
1.8414 
2.2618 
2.8056 
3.5426 

3.69 x 10-3 
13.799 
13.360 
12.957 
12.566 
12.162 
11.721 
11.221 
10.642 
9.968 
9.169 
8.205 
7.003 
6.268 
5.391 
4.246 

12.965 
12.440 
11.952 
11.483 
11.017 
10.541 
10.046 
9.527 
8.979 
8.396 
7.768 
7.067 
6.670 
6.219 
5.636 

54.594 
49.799 
45.778 
42.270 
39.079 
36.074 
33.182 
30.365 
27.604 
24.880 
22.161 
19.378 
17.922 
16.378 
14.627 

I I 
400 600 

T / K  

3 
T /  K 

-re 2. p - T r a m  for whlch p-V-Tdata are available for CHF : 
(-1 Rubio et ai. (6): (-4 Hou and Martin (77); (---) BelrUe et al. (3d) . .  . . .  
and Hori et al. ( i s ) .  Fbure 1. p-Tranges for which p-V-Tdata are available for CF,: 

(-) RuMo et al. (2): (-.e-) Douskin et al. (30); (- .-) hnge and Stein 
(3 1):  (...) Mamn and Bhada (32); (- -) McCotmack and Schneider ( 1 1 ). 

in detail the errors arising in the thermodynamic properties from 
an insufficient knowledge of the virial coefficients. Figure 3 
shows the data from different sources. 

As a further test of the equatbn of state, we have calculated 
the second vlriai coefficients from extrapolation of B = (Z - 
1) lp  to p - 0, where Z is the compressibility factor. Figure 
4 shows the results, together with the values recommended by 
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Table 111. Mechanical Coefficients of Liquid 
Tetrafluoromethane under Saturation Conditions 

f i x  a x  71 Y.1 a, x 
T / K  10'/bai1 109IK-I (bar K-I) (bar K-l) 109/K-' 

95 0.85 2.32 27.13 0.00 2.32 
100 0.92 2.46 26.82 0.00 2.46 
110 1.09 2.67 24.62 0.00 2.67 
120 1.31 2.85 21.76 0.01 2.85 
130 1.61 3.04 18.92 0.03 3.04 
140 2.00 3.26 16.31 0.05 3.25 
150 2.52 3.53 13.98 0.09 3.51 
160 3.26 3.89 11.92 0.15 3.84 
170 4.34 4.37 10.08 0.22 4.28 
180 6.00 5.07 8.44 0.31 4.88 
190 8.82 6.13 6.95 0.42 5.76 
200 14.27 7.96 5.58 0.55 7.17 
210 27.56 11.82 4.29 0.72 9.85 
215 43.75 15.96 3.65 0.81 12.43 
220 85.00 25.38 2.99 0.91 17.63 

~~ 

100 150 200 
T I K  

Fl~urr 3. Orthobaric densitles for CF, according to different sources: 
(-) Lobo and Staveley (9); (.) Rubb et al. (3); (X) CP, critical point. 

I I I I \  

.* 

a 

+ 

a 

500 
Po 250 300 350 LM) 

T I K  

Flgure 4. Second vlrial coefficients obtained from the proposed 
equation of state for CHF, (X) and those recommended by Dymond 
and Smith (20) (0). For CF,, + are the values from eq 1 and are 
the values from Dymond and Smith. 

Dymond and Smith (20). The agreement is very good. 
We have calculated the heat of vaporization from 

where the subscript cr refers to orthobaric conditions. The 
disagreement with the values of Lobo and Staveley is less than 
2% except at 220 K, where it is of the order of 6%. On the 
other hand, the difference from the value reported by Smlth and 
Pace ( 73) at the normal boiling point is 1.5 % . Since we have 
used the same vapor pressure as Lobo and Staveley (9),  the 
differences in AHv cleariy arise from the calculated orthobaric 
densities. 

Table I11 shows the mechanical coefficients of liquid CF, 
under saturation conditions. Besides eq 1 and the vapor 
pressure equation of Lobo and Staveley, the speed of sound 
data of Bagbl et al. (14) and the heat capacity resutts of Smith 
and Pace (73) have been used. For the thermodynamic rela- 
tions involved in the calculations, we refer the reader to the 
paper of Lobo and Staveley (9). Once again, the small dif- 
ferences between the results of Table I11 and those of ref 9 
show the results of the thermodynamic properties of CF, at 
round values of p and T. Tables IV-IX show the thermody- 
namic properties at selected values of p and T. 

I I I I I I  

. p i  lot 

x 

u--k 

t i  
I d I  

150 200 250 300 
T I K  

FIgm 5. Orthobark densities for CHF, according to different sources: 
(-) equation of Hori et al. (16); (X) near-crltical data of ref 16; (0) 
data of Rubio et ai. (6);  (B) data of Kondo et al. (79). 

Thermodynamic Properties of CHF, 

For CHF, the vapor pressures reported by Valentine et al. 
(75), Hori et al. (76), and Hou and Martin (77) were fitted to 
an equation like that proposed by Goodwin ( 78). Table X shows 
the thermodynamic properties of CHF, under saturation con- 
ditions at selected values of T ,  and Table X I  shows the m a  
chanical coefficients at the same conditions. Figure 5 shows 
the saturation density for the liquid, as well as the values r a  
ported by Kondo et al. (79) and the near-critical data of Horl 
et al. (76). I t  can be observed that the agreement with the 
most recent equation of state of Horl et al. (76) is excellent, 
with discrepancies starting to appear near the lower limit of 
applicability of Hori's equation (203 K). Our results extrapolate 
very smoothly to the near-critical experimental data (76). The 
heat of vaporization at 190.97 K measured by Valentine et al. 
( 75) is 1 % lower than that reported in Table 11; no other AH, 
data have been found. 

Figure 4 shows the second virial coefficients of CHF, cab 
culated as described above for CF,. As it can be observed, the 
results follow the general trend of the very scattered available 
data (20). Tables XII-XVII show the thermodynamic prop- 
erties at selected values of p and T. 

Monatomic Fluid Model 

As already mentioned, there exists a strong controversy 
about the intermolecular potential model suitable for simple 
molecular fluids such as the ones discussed in this paper. WhHe 
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Table V. Isothermal Compressibility (lO-'/bar) fo r  Tetrafluoromethane at Various Pressures (P, bar) and Temperatures (T, 
K) 

isothermal commessibilitv 
T P = 5  P=lO P = 1 5  P - 2 5  P = 5 0  P = 1 0 0  P = 2 0 0  P = 3 0 0  P = 4 0 0  P = 5 0 0  P = 6 0 0  P = 7 0 0  P=m P=m 
95 0.85 0.84 0.84 0.83 0.81 0.77 0.70 

100 0.91 0.91 
110 1.08 1.07 
120 1.30 1.29 
130 1.59 1.58 
140 1.98 1.96 
150 2.50 2.47 
160 3.23 3.18 
170 4.32 4.22 
180 5.89 
190 
200 
210 
220 
240 2083.40 1091.83 
250 2071.97 1077.91 
260 2062.27 1066.46 
270 2053.98 1056.94 
280 2046.86 1048.94 
290 2040.72 1042.18 
300 2035.41 1036.41 
310 2030.79 1031.46 
320 2026.76 1027.20 
330 2023.23 1023.50 
340 2020.15 1020.28 
350 2017.40 1017.46 
360 2014.99 1014.99 
370 2012.86 1012.81 
380 2010.96 1010.89 
390 2009.28 1009.18 
400 2007.78 1007.67 
410 2006.44 1006.33 
420 2005.24 1005.13 

0.90 
8 1.07 

1.28 
1.57 
1.94 
2.43 
3.12 
4.13 
5.71 
8.46 

768.82 
751.50 
737.82 
726.80 
717.78 
710.31 
704.05 
698.76 
694.25 
690.38 
687.04 
684.13 
681.61 
679.39 
677.44 
675.73 
674.21 
672.86 
671.67 

0.89 
1.05 
1.26 
1.54 
1.90 
2.37 
3.02 
3.96 
5.38 
7.75 

12.39 
24.99 

531.86 
502.70 
482.28 
467.19 
455.62 
446.50 
439.15 
433.13 
428.13 
423.93 
420.37 
417.32 
414.70 
412.43 
410.45 
408.72 
407.20 
405.86 
404.67 

0.87 
1.02 
1.22 
1.48 
1.81 
2.23 
2.80 
3.58 
4.71 
6.44 
9.33 

14.91 
28.90 

625.38 
383.64 
317.24 
284.27 
264.16 
250.54 
240.67 
233.21 
227.38 
222.71 
218.90 
215.74 
213.09 
210.84 
208.92 
207.27 
205.84 
204.59 
203.49 

0.82 
0.97 
1.15 
1.37 
1.65 
2.00 
2.45 
3.03 
3.81 
4.88 
6.39 
8.65 

12.18 
28.35 
46.19 
71.63 
94.78 

107.55 
112.33 
113.19 
112.39 
110.97 
109.38 
107.83 
106.40 
105.09 
103.93 
102.89 
101.97 
101.15 
100.43 
99.79 

0.75 
0.87 
1.02 
1.20 
1.41 
1.67 
1.97 
2.34 
2.80 
3.35 
4.04 
4.89 
5.96 
8.97 

11.01 
13.47 
16.30 
19.41 
22.65 
25.81 
28.74 
31.34 
33.56 
35.42 
36.94 
38.19 
39.19 
40.00 
40.65 
41.18 
41.60 
41.95 

site-site potentials seem to be necessary for dealing with no- 
ticeable anisotropies of shape (27, 22), surprlsingly good results 
were reported by Huang and O'Connell(23) from a correlation 
based on the assumption of a spherical reference system 
c o m m  to all the fluus, which implies the same intermolecular 
potential to be valld for all of them. Recently, it has been shown 
that although bulk modulus data of several molecular fluids 
seem to support this conclusion (24), other properties, such as 
the residual heat capacity at constant volume, indicate that 
some characteristics of the intermolecular potential (e.g. the 
slope of the repulsive branch) differ from fluid to fluid. This 
conclusion is in agreement with resuits obtained from applica- 
tion of the Gubblns-Gray perturbation theory (2, 3). I n  this 
paper we pursue a little further the study carried out in ref 24, 
since new information can be obtained from the residual 
properties reported in this paper. 

As previously (24, the starting point Is the assumption of an 
effective intermolecular potential of the form 

(3) 

Values of n and m for different molecular fluids have been 
reported by Compostizo et al. (24)). 

Using eq 3 and the virial theorem, Grindley and Lind have 
concluded that 

(m - n N d ( U , ) / d V )  = 

where 

(3 + n ) p  + 3V(dp/dV) - nT(dp/dT) (4) 

Nl V being the number density. As is obvlous from eq 5, (U , )  

0.69 
0.80 
0.92 
1.07 
1.24 
1.44 
1.66 
1.93 
2.23 
2.58 
2.99 
3.47 
4.02 
5.38 
6.20 
7.12 
8.14 
9.25 

10.38 
11.56 
12.76 
13.94 
15.08 
16.15 
17.16 
18.09 
18.95 
19.72 
20.42 
21.05 
21.61 
22.11 

0.64 
0.74 
0.85 
0.97 
1.11 
1.27 
1.44 
1.64 
1.87 
2.12 
2.40 
2.71 
3.05 
3.86 
4.32 
4.82 
5.36 
5.92 
6.52 
7.13 
7.75 
8.37 
8.99 
9.60 

10.19 
10.76 
11.31 
11.82 
12.31 
12.76 
13.19 
13.59 

0.68 
0.78 
0.89 
1.01 
1.14 
1.28 
1.44 
1.61 
1.80 
2.00 
2.23 
2.47 
3.02 
3.32 
3.64 
3.98 
4.33 
4.70 
5.08 
5.46 
5.85 
6.23 
6.62 
7.00 
7.37 
7.73 
8.08 
8.41 
8.73 
9.04 
9.33 

0.64 
0.73 
0.82 
0.92 
1.03 
1.15 
1.28 
1.42 
1.57 
1.73 
1.90 
2.08 
2.48 
2.70 
2.93 
3.16 
3.41 
3.66 
3.92 
4.18 
4.45 
4.71 
4.98 
5.24 
5.50 
5.75 
6.00 
6.24 
6.48 
6.70 
6.92 

0.60 
0.68 
0.76 
0.85 
0.95 
1.05 
1.16 
1.27 
1.39 
1.52 
1.66 
1.80 
2.11 
2.28 
2.45 
2.62 
2.81 
2.99 
3.18 
3.38 
3.57 
3.77 
5.96 
4.15 
4.35 
4.53 
4.72 
4.90 
5.08 
5.25 
5.42 

0.57 
0.64 
0.71 
0.79 
0.88 
0.96 
1-06 
1.15 
1.25 
1.36 
1.47 
1.59 
1.84 
1.97 
2.10 
2.24 
2.38 
2.53 
2.68 
2.82 
2.97 
5.12 
5.27 
3.42 
3.57 
3.72 
3.86 
4.00 
4.14 
4.28 
4.41 

0.54 
0.60 
0.67 
0.74 
0.81 
0.89 
0.97 
1.05 
1.14 
1.23 
1.33 
1.42 
1.63 
1.73 
1.84 
1.96 
2.07 
2.19 
2.30 
2.42 
2.54 
2.66 
2.78 
2.90 
3.02 
3.14 
3.25 
3.37 
3.48 
3.59 
3.69 

I 1 I 1- 
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Figure 6. Density derhrake of the mean attractive energy vs reduced 
temperature ( T ,  = kT / t )  for CF, and CCI,: (--) CF, at the saturation 
curve; (-) CF, isochores; (- - -) CCI, at the saturatlon curve. 

gives a measure of the contribution of the attractive forces to 
the total energy of the fluid. Figure 6 shows (8 (U , ) /dV) r  
calculated from eq 4 for CF, and for CCI, along the saturation 
curve. We have used n = 19 for CF,, n = 22 for CCI, (24) 
and m = 6 in both cases. As shown by Grindley and Und (25), 
eq 4 implies that (8 ( U , ) / d V ) r  should be temperaturainda 
pendent along an isochore, whereas Figure 6 shows a clear 
temperatwe dependence, which indicates that eq 3 is not good 
enough for simple molecular fluids like CF,. sknllar conclusions 
hold when the results of CHF3 are analyzed. 
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Table XI. Mechanical Coefficients of Liquid 
Trifluoromethane under Saturation Conditions 

6 X  a x  Y l  YS/  x 
T/K 10'lbar-l l@/K-l (bar K-l) (bar K-l) 1@/K-' 
130 0.62 0.86 13.88 0.00 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
285 
290 

0.73 1.14 15.50 0.00 
0.85 1.41 16.54 0.00 
0.99 1.67 16.90 0.01 
1.15 1.92 16.66 0.02 
1.36 2.17 15.97 0.03 
1.61 2.41 14.98 0.06 
1.94 2.67 13.79 0.09 
2.36 2.86 12.50 0.13 
2.95 3.29 11.18 0.18 
3.76 3.70 9.86 0.24 
4.94 4.24 8.57 0.32 
6.77 1.97 7.33 0.41 
9.86 6.07 6.16 0.51 

15.74 7.92 5.03 0.64 
29.74 11.75 3.95 0.77 
46.23 15.78 3.41 0.85 
85.75 24.48 2.86 0.93 

0.sS 
1.14 
1.41 
1.67 
1.92 
2.16 
2.40 
2.65 
2.93 
3.24 
3.61 
4.08 
4.69 
5.56 
6.92 
9.45 

11.84 
16.47 

Flgure 7. Test of eq 6 for COP The numbers indicate the density in 
mol dm4. The dashed lines indicate the region for which eq 6 does 
not hold. 

-3.869 I 1 
1.115 1.026 

I - u  ) IO-'/ J mol-' 
Figure 8. Test of eq 6 for C,H,. Additional details are as given in 
Figure 7. 

Malesinski (26) has shown that from eq 3 and the virial 
theorem it is possible to derive 

n 
p V -  RT = 3 ( u )  - (c - m)(u,) 

3 3  

with the configurational energy ( U ) given by 

Figures 7-9 show pV - RT vs ( U )  for three different sub- 
stances: COP, C2H4, and CHF,. The data for CHF, are those 
reported in this work, while those for C02 and C2H4 were taken 
from refs 27 and 28, respectively. I t  can be observed that the 
linear behavior predicted by eq 6 along an isochore is limited 
to the highdensity high-temperature region for which many 
perturbation theories of fluids have been developed (29). Even 
for that region, the apparent validity of eq 6 (which implies that 
(U , )  is constant along each isochore) is in contradiction with 

-3 205 
1 873 1 166 

1-u) 10-41~ mol-' 
Flgure Q. Test of eq 6 for CHF,. Additional details are as given in 
Figure 7. 

the failure of eq 4 (see Figure 6). 
Fixing m = 6, the slopes of the lines shown in Figures 7-9 

lead to the following values of (n): 14,9, 10, and 21 for CA4, 
CO,, CHF,, and CF4, respectively. I t  should be pointed out that 
while n is almost densky-independent for C4i4, with only a 1 YO 
scattering around (n ) = 14, for CO, and CHF, n changes up 
to 20% in the density ranges of Figures 7 and 9 and the var- 
iation of n rises up to a maximum of 30% for CF,. This denslly 
dependence of n again is an Indication of the weakness of the 
spherical effective potential model, eq 3, even for relatively 
simple molecular fluids like the ones considered in this work. 
Even though the value (n ) = 2 1 obtained for CF4 agrees quite 
well with that used in ref 3, and with the one obtained by 
Compostizo et al. (24), the small value obtained for CHF, is 
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somewhat surprising, and it is perhaps related to the simulta- 
neous existence of anisotropy of shape and multipolar inter- 
actions. 

R.gk(w NO. CF,, 75-73-0; CFaH, 75487 .  
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Isobaric Vapor-Liquid Equilibrium Data for the Binary Systems 
1 ,a-Dimethoxyethane + Alcohols 

Josh Luis Cabezas and Sagrario Beltrh 
Department of Chemical Engineering, University College, 09002 Burgos, Spain 

JosO Coca’ 

Department of Chemical Engheering, University of Oviedo. 33071 Oviedo, Spain 

Vapor-liquid equlllbrkrm data are reported at 101.32 kPa 
for the binary systems formed by 1,2Umethoxyethane 
with the following alcohols: methanol, ethanol, l-propanol, 
and l-butand. An azeotrope was observed for the 
systems ethanol + 1 , P ~ h o x y e t h a n o  and 
1,2dIfnethoxyethane + l-propanol. Experimental data, 
activity coeffklents, fugacity coefficients, and correlation 
parameters for the Marguhs, Van Laar, Wlkon, NRTL, and 
UNIOUAC equations are reported. 

I ntroductlon 

Experknental data of vapor-liquid equilibrium (VLE) are useful 
for designing some types of separation processes. When ex- 
perimental data are not available, estimations are made, based 
mainly on group contribution models (7) .  Hank et al. (2) pro- 
posed a method for predicting VLE data from excess molar 
enthalpies HE at different temperatures. 

* To whom correspondemce should be addressed. 

I n  this paper we report VLE data for 1,2dimethoxyethane 
(2,5dioxahexane) + l-akanol (methanol through butanol) sys- 
tems. Excess molar enthalpy data at 298.15 K are available 
for ail these systems (3), but no VLE measurements have been 
published. The data reported here wHI be used as part of a 
program to determine the applicability of liquid models for the 
calculation of activity coefficients (4). 

Experlmental Sectlon 

Apparatus and P”. Vapor-liquid equilibrium mea- 
surements were carried out in an all-glass equillbrkrm stlfl of the 
Gillespie type (5) as modified by Rock and Sieg (6). I t  is a 
commercial unit manufactured by Frkz QmbH (Normag, Hof- 
heim, Germany), and its features have been described previ- 
ously (7). The apparatus allows good mixing of the vapor and 
liquid phases and good separation of the phases once they 
reach equilibrium, and it prevents entrainment of liquid drops 
and partiil condensation in the vapor phase. 

The boiling point temperature T in the equilibrium stili was 
measured with a mercwy-hglass thermometer (0.1 K dMsbns), 
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