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A method for prcdictin, - isobaric binary and ternary vapor-liquid equilibrium 

data using only isothermal binary heat of mixing data and pure component vapor 
pressure data is presented. Three binary and two ternary hydrocarbon liquid mixtures 
were studied. The method consists of evaluating the parameters of the NRTL 
equation from isothermal heat of mixing data for the constituent binary pairs. These 
parameters are then used in the multicomponent NRTL equation to compute isobaric 

vapor-liquid equilibrium data for the ternary mixture. No ternary or higher order 
interaction terms are needed in the ternary calculations bccausc of the nature of the 
NRTL equation_ NRTL parameters derived from heat of mixing data at one temper- 

ature can be used to predict vapor-liquid equilibrium data at other temperatures up 
to the boiling temperature of the liquid mixture. 

For the systems studied this method predicted the composition of the vapor 
phase with a standard deviation ranging from 14% for the binary systems and from 

4-12% for the ternary systems. 

A method for predicting isothczma! binary vapor liquid equilibrium (VLE) data 
using only binary heat of mixing (hx) data proposed by Hanks et al.’ was extended 
recently by the present authors2 to include the prediction of ternary isothermal VLE 
data. The use of hE data to generate correlation constants in an excess fi-ezc energy 

model is attractive because hE data can usually be measured more accurately and 
easily than can VLE data. 

Since, most separation processes in the chemical industry are carried out under 

isobatic rather than isothermai conditions, isobaric VLE data are needed for the 
successful design of a wide variety of separation processes_ Thus, there-exists a need 
to extend the present prediction method to include the isobaric case. 

-- 
l Contribution No. IC6 from the -ical Institute of Sri&am Young University, Pro-to, 
UT. USA. 



30 

This paper shows how the method of Hanks et al. can be extended to the 
prediction of isobaric VLE data and demonstrates the feasibi!ity of calculating 
!sobaric binary and ternary VLE data for hydrourbcz mixtures from isothermal 
binary hE data_ 

CXLCULITION PROCEDURE 

An expression for hE derived from the local composition model of Renon- 
Pnusnitz3 (NRTL equation) is fitted to experimental binary hE data to determine the 
a.2justabIe parameters’- ‘_ Using these pammeters both binary and ternary VLE 
data under either isothermal or isobaric conditions are predicted. 

For binary mixtures. the following equations derived by Renon and Prausnitz 
are used to represent the exa free enerC7 (g”) and the liquid phase activitycoefikicnts 
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where 7ij = (rrii -gij)lRT, G,j - txd- 212 rij)and glzr(k1z -_g,,),(Lt~z -gzJ 
are three adjustable parameters_ The h’ function is related to the excess free ener,oy 
function by the following expression: 

hE = - T=WgEir)!Cl, (4) 

lf the three NKTL parameters are assumed to be independent of temperature, the 
following expression for 11” can be derived using eqns (I) and (4): 

hE = x,x2 721 G 21 
+ 

7,2G,2 612 X,7:*~2, --.-._- ---- - _ 
x, + x,G,, ~2 + x,G,2 RT (XI + x2G2J2 

(5) 

Equation (5) is fitted to the experimental 11~ data to evaluate the numerical vaIues of 
the parameters z,~, (g,? - g, !) and (g,? - g,,)_ A computer program was developed 
based on Powell’s~- 5 non-gradient technique to evaluate the parameters by minimizing 
the function given in eqn (6). 
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Once the parameters have been evaluated, the g” data and activity coefficients can be 
evaluated from eqns (l), (2) and (3). Using these activity coeficients to,g+hcr with . 

vapor pressure data (calculated using a correlation given by Renon and Praust~:llc~~ ‘) 
binary VLE data can be calculatedi_ 

For ternary mixtures, g’ and 7 data can be computed using the following 
expressions for multicomponent mixtures obtained from the NRTL equation. 

(8) 

The nine parameters in eqns (7) and (S) can be determined from binary 7~” data for 
the three binary systems comprising the ternary. These activity coefficients coupled 
with pure component vapor pressure data can then be used to calculate ternary VLE 
data. 

REWLTSAXD DISCUSSIOS 

This section is divided into the following three main areas: 
1 _ Temperature dependence of N RTL parameters 
2. Prediction of isobaric binary VLE data 
3. Prediction of isobaric ternary VLE data 
The first area deals with the use of the NRTL equation to calcu!ate VLE data 

at one temperature using NRTL parameters evaluated at a difkcnt temperature. The 
second area reports the results of predicting isobaric binary VLE data from isothermal 
binary /rE data; the tempcratun- of the h’ data being different from the temperature 
at which the VLE data are calculated. The third area contains the results of predicting 
isobaric ternary VLE data from isothermal binary h” data for the constituent binary 
pairs_ 

Temperature dependence of NRTL parameters 
Isobaric VLE data are measured over the solution boiling temperature range at 

a particular pressures This temperature range frequently differ% signikantJy from the 
wmmon temperatures (15-45”C) used in measuring isothermal ti data. Also it is 
usually impractical to measure h” data over the solution boiling temperature range. 
The temperature dependence of the NRTL parameters and the possibility of using 
parameters obtained from he data at one temperature to predict VLE data at another 
temperature were examined for the following thra binary systems: 
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TABLE I 

BXSARY ZXBll36: A_ PARAMZI’ERS FOR SPXL EQI.!Am DREKUlSZD FRCM ix DATA_ B_ STA- 

SUSSlXFS OF FITS OF hx A?GD VLE DATA 

_ --_- ---_ _ . -_.- _____.._ _._ -.--.. .-. . -. -- _ _. ._.... __- -_-- ____... 

Sysrem Cdculb- VLE NRTL PCWO?tIClCTS SIrrrisriCOl Sourer of 
rkm 

___._ _ __ 

ha =c= alf 

-_ -.--__- _.______ 

grt--81x g1+-gn mLuIm? of fir exprl 
/=a _-_ 

S‘Z G#b &xa rt/. 
VLE h” 
fha 

-Pm__._ _ -_-- - 

in 1 
lb 1 
IC I 

Id 2c 
.m 

E 3’ 

IC 3 

II3 1 
llb 1 
llc P 
II? 3 
llb 3 

111a 1 
IUa 3 

70 15 0.3 401.0 
70 25 0.3 al.4 
70 45 0.3 392.s 
70 -- 0.3 387-O 
70 15 - 1.617 - 252-4 
70 25 -3S25 -265.5 
70 45 - 1.102 - - 232.8 

50 25 0.3 2cB.3 
50 35 0.3 202.7 
59 - 0.3 192.0 
50 25 0.001416 371.8 
50 35 0_04*%M 3324 

75 25 0.3 917.5 
75 25 0.369 1111.0 

-91.85 
-- 105.60 
- 130.5 
-- 16x0 

199.9 
106.1 
230.9 

206.2 
153.2 
78.0 

-0.002612 
0.0344 1 

-365.3 
- - 558.0 

20 lO.cn 8 9 
21 926 8 IO 
1.6 7.69 8 9 

-__ 5.82 8 - 
2.0 217 I 9 

51.4 2.38 8 10 
0.4 2.37 8 9 

40.4 8.45 11 11 
29.0 6.14 11 II 
- 2.84 11 - 
44.9 7.48 11 IX 
30.7 5.6% 11 11 

13.8 5.13 12 13 
cM.8 4.50 12 13 

~Tcmpaaturcs at which /I” was musured. b cr - (I/N-- 1 IS, IthI - _Yrspd!ye~~llqP= x 100. 
C Exlrapohtcd NKTL ~~JCS JI 70°C obtained from MIIKS or parart~tcrs at 15°C. 25% and 45°C 
(Fig_ I). d Extrq~~Ltcci NRTI. ~;~Iucs It 5OO’C obtained from sal:cs of paramctcrs It 25’C and 35’C 
(Fig 2)_ 

Smtem I - cyclohcximc( I )-n-hcxanc(2) 

System II - methylacetatc( I )-ben7meQ’) 

System II1 - benzene( I)-n-heptane(2) 
For thesesystems NRTL paraamcters at one or more temperatures were used to calculate 

NRTL parameters and tie corresponding VLE data at a higher temperature and the 
results compared with experimental VLE data (Table I)_ 

In Table 1 S;’ and a, are statistical measures of the fit of the /zE and VLE data, 
respectively_ S,l is defined by eqn (6) and Q, is the percent standard deviation of the 
predicted fit of the VLE data. Two versions of the NRTL equation were used in the 

calculation routine: (I) IX was set equal to 0.3 as recommended by Renon’ (‘we 
parameter equation); (2) a was allowed to be free and was determined directly from 
the cxperimcntal h’ data (three-parameter equation); Systems la, lb, Ic in Table 1 
represent three sets of /rE data measured at l&25, and 45”C, respectively. Systems IIa 
and ilb represent two se!& of hL data measured at 25 and 35’C, respectively. Each 
individual set of hE data was used to detemline NRTL paranlcteis. . . 

Three kinds of calculations were employed in Table 1. In calculation 1 the II 
parameter was set equal to O-3 and the other two energy parameters were determined 
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Fig. I. NRTL pamnclm for Syslcm I-cyclokxan=(l)-n-hame as a function of taiqxrm.m 
for the esc where a =- 0.3. 

from the hE data. In calculation 2 the ener.gy parameters dcrivcd at other temperatures 
for the case where z = 0.3 were extrapolated to the particular temperature of interest. 
In calculation 3 all three NRTL parameters were determined directly from the h” data. 

SbwV7z .r -- cyclohexane(l)-n-hexane(2). The binary h” data were available 
at 15, 25 and 45°C. while the VLE data were available at iO”C. The three sets oih” 
data were individually fitted with eqn (5) for the two cases where z was _set equal to 
0.3 (calculation I) and a was allowed to be free (calculation 3) giving two values for 

each NRTL parameter for each data set. 
Calculation 1 for systems la, lb and Ic (Table 1) gives the values of the twc 

panmeters otS2 - g, I) and (fi12 -- gz2) at IS,25 and 4ScC when z is set equal to 0.3. 

These values were found to vary linearly with temperature (Fi,o. I) and values were 

obtained at 70°C by extrapolation. For these systems an examination of the Q, values 
in Table I indicates that the accuracy of the x-y fit incrcascs as the tempcraturc of the 

binary hE data used increases. No such trend is obsemed when z is not fixed (~Jcula- 

tion 3). When CL is not fixed, the three parameters show no systematic de_pcndcnce on 
temperature; hence, no extrapolation to another temperature is possible. Generally, 

the Iparameter NRTL equation offers a much better VLE correlation than the 2- 
parameter equation_ Details of the vapor phase calculations are tabulated in Table 2. 

Sysrcm II - mefhylacefafe(I)-benzene(2). The binary h’ data were reported 

at 25 and 35”C, and the VLE data were available at 50°C. Calculation J of systems 
JIa and iIb (Table I) for the case where a = 0.3 produczd parameters’ (g,2 - g, ,) 

and kl, - g,,) which differed and were treated as a linear function of temperature. 
These values were extrapolated as shown in Fig. 2 to obtain NRTL paramctcrs at 
50°C. Calculation 3 for systems IIa and IIb rckeals that ‘the NRTL patzme:crs are 



TABLE 2 

Erpeharntal Ca&cdated yf 

S~erwcaIcu~atkm _ --- 
_. _- 

--_--- - -__-- . __-- 
m Y1 h-1 IhI I*1 u-2 IO-3 lb-3 zc-3 

-- --- 

0.1250 0.0990 0_1156 0.1139 0.1105 0.1063 O_WSS o.cm7 0.0967 
0.2Mo 0.1pJo 0.2259 0.2% I 0.2200 0_2150 0.2009 0.1976 0.2029 
0.3750 0.:910 0.3170 0.3157 0.3129 0.3093 0.298 I 0.2939 03aM 
O._WW 0.4100 0.4130 0.3129 O.Sl2.t 0.4119 0.4086 0.4037 0.4 103 
0.6250 0.5350 0.5141 0.5153 0.5179 0.5211 0.5287 O-5243 0.5-w 
0.7sOo 0.6&O 0.6300 0.6325 0.6378 0.W-U O&Z?7 0.66IJ 0.6609 
0.8750 o.tE-10 0.7785 0.7814 0.7877 0.7953 0.8169 0.8225 0.8813 

% Standard detition, c.m IO_00 9.26 7.69 5-82 2.17 X38 2.37 

-me_- _. .-_ _- --__- .- M - -_ - ._- 0. 
8 !ke Table 1 for g?mamctcrs used in ~lcularions. 

a- . r . , 1-7 

7 

Fig. z Ma-L paIatxceTs for syscan II-mccby~rd:I )-bermd2) as a function of canvtm 
fofLhecL!zwherea =-O-3. 

not a function of temperature when CL is allowed to float. Tbcs~ olxervatioos arc 

con.sistent with rhosc found for system I_ Calc~~lation 2 was found to give tbe best 

VLE prediction. Cornpark, 7 the values of G, in TabIe 1, it is observed that the 3- 
parameter NRTL equation gives a slightly better VLE prediction than the 2-parameter 
qliUioo_ . 

S~sZem IfI - benzene(I)+z-hqwane(Z). This system was studied previously 
under isothermal conditions at 25% and the NRTL parameters used here were 
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obtained from that study’. J3ccause of the lack of hE data at other temperatures, no 
extrapolation of the NRTL p-meters was possible- The values of n, for calculations 
1 and 3 show that the Iparameter equation offers a 14% improvement in VLE 

accuracy o~cr the Z&parameter equation. 
It appears from the above results tbzt one can use NRTL parameters obtained 

from binary H” data at one temperature to correlate VLE data at another significantly 
different temperature- This eliminates the need of introducing the cumbersome 
additional parameters of AsseGneau and Renonz9. Typical perccmage standard 
deviations of the fit of the X-)r data vary from 2-6x which is within the range of 
experimental accuncy. Also. the above results show that when z is fixed according 
to solution type as defined by Renon and Przusni&, the two parameters (gz2 - x, ,) 

and kll - g,,) vary linearly with temperature. If I is permitted to float as a free 
third parameter, however, no systematic temperature variation of the Parameters can 

be observed. 

Prediction of isoburic binary VLE data 
it was shown above that NRTL parameters obtained at one temperature can 

be used to predict isothermal VLE data at another tcmpcnturc. This suse& that 
it might be possible to extend the scheme fo preciict isobaric VLE data for muiti- 

component mixtures. This possibility was examined using fwo of the systems studied 
in the previous section (Systems I and Ii). Ideal vapor phase behavior wzs assumed. 
The two binary systems considered were: 

system 1 -- cyclohexanef I)-n-hexane(2) at 1 atm. 
System II - methylacetate(benzen@) at I atm. 
The results are given in Table 3 tosther with the temperature range over which 

TABLE 3 

BIXARY SYsIEl5: A. PARUUETW fDR NXTt EQVAlTOS DtTERMlXUJ MD!4 /I” DATA. B. STATISIXAL. 
MEASURES Of FITS Of b” ABLY YLE DATA 

System car- 
cJ4.b 

NRTL 
-_ _--__ 
‘C UJI 

..-_. .-. 

lb 
Ib 
Id 

IIb 
Ilb 
IIC 

-. .-_ 

I 
2 
P 

I 
2 
3b 

-_.-- 

70.05-79.50 
70.05-79.50 
70.05-79.50 

57.90-74.90 
57.9tL76.W 
57.9Ck76.90 

-._-__-_ . 

2!i 0.3 

z 
- I.321 

o-3 

35 0.3 
35 0.04404 
50 0.3 

Paramrlrn SIorrjtical 
--. - -_.___ _ 
#ZZ--RlZ gJ:-RSZ measure o/fir 

.__- ___ ___ 

3002 -79.12 33.3 7.90 
-252% 202.10 32.1 1.34 

387-O -164.0 - ti90 

an_7 153.2 w-0 13.87 
3324 0.03441 37.0 1366 
1920 78.0 --- 6.75 

SbJmce of 
exprt 
dolo reJ -.-- 
VLE h” 

14 14 
14 14 
8 - 

15 11 
15 II 
15 -- 

l Extrapolati NRTL mluer ot 70-C obkincd frcm values of pramctcrs for system I at !S°C 
25°C and 45-C (Fig_ I). b Exr~polaed NRTK. a!ues at SO’C c4szhed from values of pan?met~~~ 
for rys*~l~llI at 25 and 35% (Fig. 2)_ ,, - “. 
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the two qstems were studied, the NRTL parameters used in the ckulations, and the 
statistical measure of the h’ and VLE fit_ The tc parameter was fixed at 0.3 in calcula- 

tion 1 and allowed to be f.nze in calcuiation 2 
Sjxfem I - c~ciohcxanelI)-n-hexane(2). The NRTL parameters used for 

calculations I and 2 (Tabie 3) were obtained from binary ti data at 25°C. The boiling 
temperature range of the mixtures is 70 to 79S”C. The parameters used for calcula- 
tion 3 were obtained by extrapohting the values of the parameters obtained at 15,25 

and 45 to 70°C (see Fig I). Comparison of the values of Q, for calculations 1 and 3 
shows that for the twoprameter equation the extrapolated parameters at 70°C offer 
a 14% improvement in the VLE prediction over that obtained using the parameters 
d&bed at 25°C. The three-parameter NRTL equation _eives a prediction which is 
6 times more accurate thaa the two-pammeter equation for this system. Calculated 
and experimental vapor phase mole fractions values are summarized in Table 4 for 
this system_ 

STsrem If - merhJIactvufe( I)-benrtvze(2). NKTL pawmeters for this system 
for calcu?arions I and 2 were determined from binary h’ data at 35°C. The boiling 

temperature range of the system is from 57.9 to 76.9X Parameters used in calcula- 
tion 3 were obtained by extran&ting the values of the parameters at 25 and 35 to 
5O=C assuming a linear relation (see Fig. 2). These extrapolated parameters at 50°C 
compared to the parameters at 35% gave the best VLE prediction with improvements 

as high as 100% being attained. The 3-parameter equation gives a 9% improvement 
in VLE prediction over the 2panmeter equation. 

The results of the above computations indicate that parameters obtained from 

TABLE 4 

_-- -- - .----._- --_-, ._. ._ . . . . . .---.--.- _ _ _ _ -_------.- -_ . . _. 

ErpsimnIaf Cafcuhretf U; ___--_-._-- _------.-_ -_- _-_ ---_- --_- 
SysIcrecakuhIian 

B.P. /“Cl Xl Yl 
_~~___ -_____-_-___ __ 

161 J&3 

70.05 0.1230 0.0960 0.1094 0.093 1 0.1071 
70.85 0.2030 0.1600 0.1792 0.1562 0.1764 
7205 0.3290 02100 0.2877 02597 0.28Si 
7290 O-j090 0.3290 0.3574 0.3292 0.3553 
74.70 0.56?0 0.4770 0.4966 0.4732 0.4957 
7540 O-6160 os3m 0.5489 0.5283 0.5484 
76.40 0.7000 O.Gl60 0.63r) 0.6168 0.6318 
78.20 0.8330 0.7740 0.7788 0.7725 0.n89 
79.50 0.9180 0.8790 0.8864 0-m 0.8865 

:& Standard chiarion, cr, 7.90 

- -.._ - .- -__-_-_ 

s Set Table 3 for NRTL pramnxtus used in ca!culahns. 

1.34 6.90 
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binary isothermal h” data at one temperature can be used successfully to correlate 
binary isobaric VLE data at a higher temperature. The cr,_ values obtained fall within 
the range of l-7%. Generally, the >parametcr form of the IURTL equation offers a 

sli_ght improvement in prediction accuracy over the 2-parameter form of the equation. 
The accuracy of the bpanmetcr form is improved if low temperature parameters can 
be extrapolated to the boiling temperature range. 

Predicrion of isohzric ternar_r VI-E duta 

it was demonstrated above that the isothermal prediction scheme could be 
applied successfu!ly to the prediction of isobaric binary VLE data using parameters 
obtained from isothermal h’ data. In this section the method of Hanks et al. is 
extended to include the prediction of isobaric ternary VLE data. The two ternary 
hydrocarbon systems at I atm which were studied are: 

System IV -. bcnzznc(!) -n-heptanc(Zbacetonitrile(3) 

System V - cyclohexane(lbn-heptane(2)-toluend3) 
The ;NRTL parameters used were taken from a previous analysis by Tan : 6 

of isothermal h’ data for the binary pairs and are given in Table 5. Only those para- 
meters giving the best binary isothermal VLE correlations were used in the present 
study. 

The three vapor phase mole fractions can either be calculated separately from 
the NRTL equation, or two can IX calculated from the NRTL equation and the third 

TABLE 6 

-- .__ -..-_-_.. 

Erperinwmzi~ 
--~. --- 
XI Xf 13 

.._ ._.- -..-_. _. __._ 

0.9070 0.0530 
0.8610 0.0510 
0.7830 O.looo 
0.6iW 0.1890 
0.6540 0.2590 
O.W90 O.ZR80 
0.5310 0.3940 
0.5080 0.3190 
0.4990 0.3800 
0.4780 0.36:XI 
0.4750 0.3590 
0.44iO 0.3030 

__. .--__.- _. _ 

.- __._-___ .--_ 
I.1 I-= 1% 

0.8590 OAMO 0.0950 
OACiiO O.fX40 0.1490 
0.4%0 0.0820 0.2320 
0.5870 O.l%)o 0.2730 
0.5890 0.1770 0.2340 
0.4980 0.1500 0.3520 
0.4880 0.2240 0.2880 
0.4100 0.1960 0.3940 
0.4280 0.2180 0.3x0 
03950 0.2140 0.3910 
0.3880 O-21 10 0.4010 
0.3390 0.2080 0.4530 

------- --.. _. .----.- ---_-___ 

Ca!cuk17!c4b 

-y, 
-.--- 

I= 3 sum + 
-.- . ._ _ _-___-_- - _ ___ ___ 

0.8628 OAU34 0.0957 
0.8106 0.0419 0.1490 
0.6830 0.0763 0.2371 
0.3736 0.1288 0.2916 
0.5886 0.1632 0.2525 
0.4923 0.1459 0.3652 
0.4846 0_7w!!7 02986 
0.3994 O-I990 0.4233 
0.4151 3.2195 0.3912 
0.3773 0.2166 0.4385 
o-s728 02165 0.+-t% 
0.33 14 O-2089 0.4862 

2.31 4.5% 7.26 

1.0019 
1.0015 
0.99&l 
0.9WO 

l.ow3 
J .0034 
1.0089 
I.0217 
I.0258 
1.0324 
1.0349 
1.0265 

a VLE data from Ref. 17_ b See Table 5 for vahcs of MRTL pararraers used. e Sum y = yl i y* f 
)=& xvg -- 1.013. 
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TABLE7 

-- - _.. - -__--- ___._ ._ _. .__. _-_ __. _.-_-._ ---.- _...- - 

obtained from an overall material balance. When calculated separately the summation 
of the vapor phase mole fractions averaged between I .O! and 1.07, corresponding to a 
l-7% error in the oven!! material balance. 

System IV --- benrem( I)-n-l~epfane(2)-aceronitrik!(3). The 9 NRTL para- 
meters used were obtained from hE data at 45°C (Table ~3~ The ternary isobaric VLE 
data” consist of 12 actual experimental data points and 36 calculated points. Only 
the 12 experimental data points were used in this study. Table 6 reports the agrezyment 
between calculated and measured VLE data for the case where a!! three vapor phase 
mole fractions were calculated sepantcly. A s!i@t!y better correlation between 
calculated and experimental VLE data was achieved for this method than for the one 
whcrc one of the vapor phase molt fractions was detcrmincd from an overall material 
balance. 

Sy.rtem V - cyciohexane(I)-n-heprane(Z)-loIuene(3). The 9 NRTL pan- 
meters used were obtained from hE data at 25’C (Table 5). T!IC isobaric ternary VLE 
data” were divided into 4 cases corresponding to cyc!ohcxane/hcptane ratios of 
O-25, 0.67, 1.5 and 4.0, respectively. The results of the VLF. calculations are given in 
Table 7_ Standard deviations were calculated for each cast separately and were found 
to range from 9.2 to 14.9%. A composite standard deviation was calculated for a!! 
the data points together and was found to be 1!.90/ 

The resuits obtained from these two systems indicate that the method can k 
extended to the prediction of ternary isobaric VLF. data to within a standard deviation 

of about !2%, a result comparable to those obtained for isothermal conditions. 

COKCLUSlONS 

Several conclusions can bc drawn from this study: (I) Using the method of 

predicting VLE data from heat of mixing data, isobaric binary and ternary VLE data 
can !X predicted to within 12%; (2) isobaric VLE data can bc prcdictcd almost as 



accJrateIy as can isothermal VLE data using isothermal heat of mixing data; (3) the 
3-panmettr NRTL equation usuafly correlates. isobaric VLE data ktter than does the 
I-parameter equation; (4) NRTL parameters obtained at a particular temperature 

can be used to corxlatc VLE data at another temperature to within 2-5x; (5) if z 
is fixed at the value of 0.3 recommended by Renon and Prausnitq the other two energy 
parameters are linezwly dependent on tem_penture; (6) if cx is allowed to float fi-eefy, 

no qxtematic temperature variation was observed in any of the three parameters_ 

This work was partially supported by a grant from the Union Carbide Corpora- 
tion, South Char!eston. West Virginia. 
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