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A Preliminary Study of the 
Thermodynamic Limitations of the NRTL/LEMF Equations  

Abstract  

Analytical evaluations of the second and third derivatives of the 

molar Gibbs energy of mixing for the NRTL/LEMF equations indicate distinct 

zones of miscible and inmiscible prediction. 

These calculations for a number of different O('s have produced approxi-

mate miscibility limits for both NRTL/LEMF energy parameters and infinite 

dilution activity coefficients of a given system. 



Introduction 

Phase equilibria equations relating temperature, composition and 

component activity coefficients provide the basis for the design of separation 

processes such as distillation and extraction. The approach of the system 

design to actual unit operation is basically a function of these eauations' 

accuracy in describing phase equilibrium. Over the years, many phase 

equilibria equation forms have been suggested by investigators, including 

Van Laar, Wohl, Black, Scatchard, and Margules (1,2). 

In 1964, G.M. Wilson (3) proposed a novel theory of liquid phase 

interactions based on his own conceived idea of local mole fractions. He 

developed a two-parameter per binary system expression which was able to 

describe miscible systems with accuracies surpassing those of previous 

equations. However, the expression could not handle immiscible cases. 

At the University of California, Berkeley, in 1968, H. Renon and 

J.M. Prausnitz (4) extended Wilson's theory, in conjunction with R.L. Scott's 
two-liquid concept (5), to generate the non-random two-liquid or NRTL 

equation. This expression was able to describe both miscible and immiscible 

systems with remarkable accuracy. In the course of their derivation, the 

authors introduced a third parameter, alpha °roc, which was hypothesized 

by Renon to be related to the nonrandomness of the liquid phase. 

The authors proposed guidelines for the choice of 0( based on the qualitative 

physics of a system and its components. However, these rules were unclear 

at times and resulted in ambiguity as to which of the three available 

alphas, 0.20, 0.30 or 0.47, to use. 

In 1971, Marina and Tassios (6) found that the use of a single 
alpha, -1. 0, in the NRTL equation yielded comparable accuracy for miscible 

and improved performance for immiscible cases, in relation to the original 

expression. Based on a new derivation, these investigators called this rela-

tionship the LEMF (local effective mole fraction) equation and transformed 

the NRTL equation into a true two-parameter phase equilibria model. 

Recently a group of Czech researchers led by J.P. Novak have stated, 

through private communication and published findings, that the use of any 

particular value of G( restricts the applicability of the NRTL equation.  

(7, 8, 9). 



and 
G 11 = 2 p 

G 11 

b/1-1 

They have also presented data which illustrates thermodynamic restraints for both 

positive and negative alphas. In the case of the LEMF expression, they contend 

that systems exhibiting the following conditions cannot be described with thermo-

dynamic consistency: 

0.35 1 L-0.40 

where = -0.51 

Agm = molar Gibbs energy of mixing 

TIP 

They also state that water-polar substance systems very often have r  's in the range 

of 0.20 to 0.40 and therefore are subject to this restriction. In effect, these inves-

tigators hold that the NRTL/LEMF equations may, under certain circumstances, predict 

phase separations where only a single phase exists. As a result of this work, it was 

decided to examine the thermodynamics of the NRTL/LEMF equations with the purpose of 

elucidating the miscible and immiscible prediction limits for a number of alphas. 

It was also hoped that sufficiently clear correlations might be provided to insure 

the choice of a "miscible alpha" for a given system; use of this alpha would guarantee 

that no erroneous phase separation be predicted for a truly homogeneous system. 



(2) 

Background  
Wilson, DIRTL/LEMF Equations  

Through his concept of local mole fractions, Wilson 

developed the following expression; 

    

exp11-(g2111)/RT] (1) 

/Pia AL'i 

where 

    

/41d = the local mole fraction of molecules L.  
which are in the immediate proximity of molecule] 

16. 

g 1,n1 = energies of interaction between an L-J 
pair ef molecules; parameters 

= the overall mole fraction of component), 
in the mixture. 

He then generated a relationship for the excess Gibbs 

energy through comparison with the Flory-Huggins model of athermal 

mixtures, 

GE/RT 7/7/1 in (Zia MY t/V-12 in  (2-22//9 ) 

wheren,A. are local volume fractions obtained from 
equation (1) or, 

/ 
-~Z 11 +,,y-2  (v2/vi) exp (-(g21-gll)/RT) 

2 .Ak 
(v1/v2) exp (-(g12-g22)/RT) 

where v L = molar volume of component i. 

-Z.22 =  
/12 



 +// = 1 (6)  

22 = 1 (7)  
and 

Differentiations of equation (2) yield the appropriate component 

activity coefficients. 

Renon and Prausnitz utilized Scott's two-liquid theory 

of binary mixtures to derive a modification of equation (1) in 

which they introduced a nonrandomness mixing factor, alpha orc).-: 

 . A)49xP 

All /61 

-0L(g21-g11)/RT (5) 

   

   

By using the following relationships, 

and:comparison with Guggenheim's quasichemical theory, (10),(they arrived-

at the proceeding excess Gibbs energy expression, 

GE =//1 (a21 all) 1 21 - +/56/5 2(g12-g22) 

which, upon full expansion, becomes, 

G   (g21-g11) exp [-L1.(621-g11)/RT] 
RT RT 

exp -0L(g21-g11)/RT] 

(g12-g22) exp (g12-a22)/RT]  
'21 exp (g12-g22)/RT 

This is the nonrandom two-liquid or NRTL equation. Differentiations 

of equation (9) for the respective components provide the corres-

ponding activity coefficients: 

(8) 

(9) 



1

(521 -g11)/Ril 

[Ak1 41' 2 

+ lig12-g22 ) /RT 

[*2 

b12-g22)/R'fl 

[41' 2 + (16 1 

+ g21-g 1 1 ) /RT.] 

[4'1 + Ak 2 

exp ( g21-g11 )/ivi] 

exp ( g21-g11),Ri-] 

exp (g12-g22)/Ral 

exp - g12 -g22 )/R'fj 2 

exp [ -2 i;X..1(g12-g22)/RT] 

exp - ‘2<s.. (g12-g22)/Rlii 2 

exp [ - t2( ( g21-g11 ) /R2] 

exp [- c)‹. (g21-g11) /R1 2 

(10) 

( ) 

With g12 = g21. 

These are the expressions which are able to describe both homogeneous 

and hetergeneous systems with fine overall accuracy. 

In actuality the energy parameters are obtained through regression 

with the existing data. 

Originally, Renon and Prausnitz (11, 12) recommended use of one 

of the following alphas, 0.20, 0.30, or 0.47, according to the nature 

of the system and components. They grouped liquid mixtures into seven 

categories according to polarity, association, etc., and suggested 

specific alpha values for each. However, at times the rules for alpha 

selection became ambiguous and were difficult to apply. As a result, 

Marina and Tassios investigated the whole question of this nonrandomness 

value. 
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Through a study of fifty-five binary and eleven ternary 

systems, these authors concluded that a single alpha of -1.0 

resulted in comparable accuracy for miscible cases and improved 

accuracy for immiscible systems when compared to the original 

NRTL equation (13). Since a negative alpha was not consistent 

with Renon's hypothesis of its physical significance, Marina undertook 

a new derivation, with the final equation resulting in an identity 

with equation (9). The new equation with 0( = -1.0 was termed 

the LEMF or local effective mole fraction expression. 
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Confirmation of Immiscibility Problem 

Seven published water-polar material binary systems, all mis-

cible, were chosen in an effort to confirm the existence of the 

immiscibility breakdown phenomenon for the NRTL/LEMF equations. 

Binary, isothermal data were selected because of its ease of handling 

in the calculations. Besides confirmation of the problem, it was 

expected that the seven cases would provide a data base from which 

to examine any results of the investigations into the thermodynamics 

of the respective equations. Four of the systems were checked for 

thermodynamic consistency. Two of the cases corresponded to binaries 

which were mentioned by Novak et.al., as being inconsistent with 

the LEMF expression ; the 3-methylpyridine-water and the tetra-

hydrofuran-water binaries. The thermodynamic consistency test used 

was a familiar form of the Gibbs-Duhem equation, in terms of 

activity coefficients : 

1

0 

 

in = 0 (12) 

Equation (12) is approximately true at constant temperature conditions; 

by plotting experimental data of y1/6-2 versus from 0 to 1.0, 

the net area of the graph should be close to zero. The following table 

lists the results of the consistency test, where all percentages are 

relative to the smallest area, positive or negative, measured: 
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TABLE 

Thermodyr ronsistency of Systems 

10 

SYSTEM 3-methynyridine- 3-methylpyridine- 
water water  

tetrahydrofuran- 4-methylpyridine- 
water water 

% Error 

69.86°c 

8.8 

ID 89.83°c 
8.6 

c 50°C 

1.1 

(0 69.86°c 

2.6 

It was concluded from these low relative errors that these data 

were thermodynamically consistent. 

Table II lists the system, chosen alphas, and the corresponding 

activity coefficient standard deviations (SD's) which were observed in 

the NRTL/LEMF equations. A table of typical system parameters is shown 

in the Appendix. Standard deviations were calculated as relative error 

according to the following expression : 

--2 

?r1 Cb.S 

2 N - 1 

Where N equals the number of experimental data points. The 

capital "M" or "I" after each SD value indicates whether the particular 

value of CX, predicted phase miscibility or immiscibility, respectively 

Miscibility was assumed at equal or increasing vapor compositions in the 

increasing " direction.(Note that this criterion, however, is an 

approximate measure of miscibility predictions. It is possible that within 

a range not covered by the existing data"y"would decrease. The only 

rigorous test is use of equation 16 with the parameter values obtained 

by regression of the experimental data.)Table III presents a list of 

experimental and predicted y's, atX =0.3, for the 3-methylpyridine- water 

binary and gives examples of both miscible and immiscible data. 

1) to be discussed 

SD = 
1 = 

0.5 



o'2E: Numbers in parentheses 
refer to bibliography 
cnVITIn.c 

 

T.4..6,1.2 

 

NRTIVLE,MrEclUation Performance  

3-Methylpyridine 3-Methylpyridine Tetrahydrofuran- 4-Methylpyrid: 
Acetone-water water water Water- . ridin  water Water-ThioAzole water  

25°C 69.66°C 89.83°C 80.0.5°c 50°C 
90°C 69.86°0 

arL SD L SD LL SD : sl SD 2L SD (1._ SD SD 
0.6 .0757 M 0.72 .1678 m 0.72 .1767 M 0.7 „-,0943 M 0,7 .2586 M 0.6 .0901 M 0.7 .1069 M 
0.5 .0702 M 0.7 .1533 I 0.7 .1633 M 0.6 .0718 M 0,6 ..1694 M 0.5 .0497 M 1.0 .1849 1 
0.5* .0678 M 0.6 .0710 I 0.6 .0847 I 0.5 i,0744 m 0.5 .0607 1 0.47 .0405 m 
0.7 .0687 m 0.5 .0581 I 0.5 .0500 I 0.47 .0772 M 0.47 ,0364 I 0.3 .0093 1 
0.8 .0692 m 0.47 .0713 I 0.47 .0600 I 0.3 .0948 I 0.3 .0579 I 0.2 .0120 1 
1,0  .0706 M 0.3 .1295 I 0.3 .1269 I 0.2 01038 I 0.2 .0747 I -1.0 .0201 M 
1.5 .0759 m 0.2 --- -- 0.2 .1835 M -0.5 .1139 M -0.5 .0620 I -3.0 .1289 M 
2.0 .0838 M 0.1 .1680 I -0.5 .1618 I -0.7 '.0928 M -0.9 .0304 I 
2.5 .0955 m -0.5 .1802 I -1.0 .1049 I -0.8 .0871 m -1.o .0257 I 
7.0 .1110 N -0,7 .1535 I -1.4 .2428 m -1.0 .0827 m -1.1 .0250 I 

-0.8. .1419 I -1.5 --- -- -1.5 .0812 M -1.2 .0286 I 
-1.0 .1224 I -1.6 .0954 I -2.0 .0736 M -1.3 .0353 I 
-1.5 .0966 I -1.8 .0872 I -2.5 .10732 M -1.4 .0435 1 
-2.0 .0937 I -2.0 .0785 I -3.0 .0916 M -1.5 .0524 I 

Figures 
-2,5 .0731 I -2.5 .0603 I -10.0 .2655 M -1.7 .0709 I from here 

down are -3.0 .0592 I -3.0 .0581 I -1.8 .0800 I 
negative  
figures -4.0 .0763 I -4.0 .0937 I -2.0 .0978 I 

-4.5 .0961 I -5.0 .1353 I -3.0 .1723 I 

-5,0 .1162 I -6.0 .1699 I -4.0 .2259 I 

-6.0 .1525 I -.7.0 .1978 I -10.0 .3709 I 

-7.0 .1826 1 -10.0 --- -- 

10.0 .2446 I . 

(15) (14) (14) (15) (7) (15) ( i4) 
_ 1 . 

. i . : . . 
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TAFT:F.. III   

MP) .../..L(3 

Basis for Predicting Phase Separations 

(Data from 3 MP-water system at 89.83°C) 

Y (EXPERIMENTAL) Y (PREDICTED, 

.00306 .04263 .034 

.0187 .1048 .121 

.0605 .1119 .150 

.0941 .1120 .135 

.1371 .1123 .117 

.1900 .1135 .106 . 

.2410 .1157 .101 

.3018 .1210 .102  

.3748 .1309 .110 

.4267 .1403 .119 

.4614 .1488 .127 

.5388 .1685 .148 

.5976 .1900 .17o 

.7118 .2508 .230 

.7818 .2948 .284 

.9747 .7947 .764 

-0.3  
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The experimental y's show a constantly increasing pattern with 

rising , illustrating miscible behavior. The predicted y's, how-

ever, increase initially then decrease and increase again, being 

indicative of immiscible systems. 

Figure I is a plot of these data. 

As Table II shows, both 3-methylpyridine binaries and the 

tetrahydrofuran binary were erroneously described as heterogeneous by 

the original-alpha NRTL and LEMF equations except for a single value 

of alpha ( = 0.20 for 3-methylpyridine Q 89.83°C). In addition 

the LEMF failed for the 4-methylpyridine system and two values of the 

original NRTL (0.20 and 0.30) brokedown for both the thioazole and 

pyridine binaries. Although the first three binaries mentioned are indeed 

borderline homegeneous cases, as seen in Table IV, the mispredictions 

of a phase separation by the NRTL/LEMF equations were confirmed. 

Table V presents the "best" vapor composition predictions obtained for 

these systems which still yielded a phase split. Very good agreement 

is apparent between experimental and predicted y's, neglecting the 

false heterogeneity. An interesting observation from Table II is the 

failure to predict homogeneity even up to alphas of -10.0 for these 

three "worst" binaries. In the reverse direction, miscibility was ob- 

tained for these three binaries individually at either 0.60, 0.70 or 

0.72. The,overall results from all systems suggested that an alpha of 

perhaps 0.70 or 0.72 would satisfy a majority of situations where lower 

alphas yielded a phase split prediction. However, it was also noticed 

that a considerable increase in activity coefficient standard deviation 

appears to be a by-product of shifting to higher alphas (see Table II). 

An analysis of this alpha-activity coefficient standard deviation relationship 

is beyond the scope of this work. Figure II presents perhaps the most 



FIGURE.  I BASIS FOR PREDICTING PHASE SEPARATIONS 

DATA FOR 341ETHYLPYRIDINE WATER 
AT 69,83 DEG. C 

O *. MPG DATA 

PRET. DATA 

04. = 0.3 

. -r .......•••...ram.;mammani 

1.0 

Mit 

.6 

f 

1" 

14 
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TABLE IV 

"Borderline" Homogeneous Systems - Actual Data 

3-methylpyridine-water 
(-@ 69.860C 

3-methylpyridine-water 
I) 89.830c 

tetrahydrofuran-water 
( 500c 

Y 

.00223 .03445 .00306 .04263 . .028 .700 

.0167 ' .0996 .0187 .1048 .08 .745 

.0484 .1068 .0605 .1119 .046 .767 

.0777 .1071 .0941 .1120 .075 .781 

.12)9 .1071 .1)71 .1123 .1165 .797 

.1606 .1075  .190o .1135 .183 .800 

.2028 .1090 .2410 .1157 .228 .802 

.2604 .1126 .3018 .1210 .264 .800 

.3225 e1207 .3748 .1309 .354 .802 

.3884 .1314 .4267 .140 .441 .803 

.4428 .1444 .4614 .1488 .531 ,805 

.4954 .1575 .5388 .1685 .611 .810 

.5923 .1932 .5976 .1900 '.698. .820 

.6869 .2395 .7118 .2508 .765 .832 

.7754 .3039 .7818 .2948 .798 .84o 

.9770 .8027 .9747 .7947 .868 ,865 

.888 .87o 

.922 .901 

.956 .936 

.979 ,965 



TABLE V - COMPOSITION ACCURACY OF IMMISCIBLE PREDICTIONS  

SYSTEM 3-METHYLPYRIDDIE-WATER 3-METHYLPYRIDINE-WATER TEIRAHYDROFURAN-WATER 
' 69.86°c 1D 89.830c 0 500c  

oc = 0.5, SD ( X ) =.0581 O(= 0 .5, SD (a') =.0500 C<= -1. 1, SD ( X )= . 0250 
Yyp(Exp.) Y3MP( FRED • ) y 3mp(Exp. )  Yyp(  FRED. ) YTTIF(EXP.) YTHF(TED.) 

.0445 .029 .04263 .08 .700 :706 

.0996 .110 .1048 .116 .745 .743 

.1068 .124 .1119 .126 .767 .762 

.1071 .114 .1120 .114 .781 ,794 

.1071 .103 .1123 .106 -797 .806 

.1075 .100 .11)5 .104 .800 .806 

.1090 .100 .1157 .106 .802 .803 

.1126 .104 .1210 .113 .800 .800 

.1207 .113 .1309 .125 .802 .796 

.1314 .126 .140) .1)6 .803 .797 

.1444 .138 .1488 .145 .805 .801 

.1575 .153 .1685 .166 .810 .808 

.1932 .187 .1900 .188 .820 .819 

.2395 ,235 .2508 .245 .832 .832 ,..„ 

.309 .30 .298 .299 .84o ,841, 

.8027 .809 .7947 .779 .865 .867 

.87o .878 

.901 .901 

• .936 .933 

.965 .964 



T, P 

where 41 

drastic example of this situation for the tetrahydrofuran-water system; 

the actual data and predicted results at = 0.6 and 0.7 are plotted. 

A full investigation would be needed to quantitatively determine the 

effect of higher alphas on composition predictions. 

Although not directly related to the purpose of this investiga-

tion, Figure III presents the SD-alpha relationship of the available 

miscible data for the three systems acetone, pyridine and thioazole, 

respectively. Use of ..= -1.0 for all three cases yields a miscible, 

accurate representation of the actual data. 

Thermodynamics of Phase Instability 

A single liquid phase will split itself into two phases if, upon 

doing so, it can lower its overall molar Gibbs energy. 

Mathematically, this phase separation or instability then requires that 

the second derivative of the molar Gibbs energy of mixing-composition 

function be negative for at least one value of in the range 

0 to 1. In equation form, this means 

2GE 

T, P 

It is also a mathematical fact that the minimum, maximum and 

inflection points of the second derivative of the Gibbs energy-composition 

relation ship are described by this energy's third derivative, with 

respect to concentration or, 

= 0 (15) 

at this point. 
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FIGURE II — EFFECT OF RIMER Cc 'S ON COMPOSITION PREDICTION 

- • • • • TEIRAHYI. )ROFURAN WATER AT 50 DEG. C 

- ACTUAL DATA 

• PREDICTED DATA 

AT 41'4. = 0070 

0- PREDICTED DATA 

- = 0.60 
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Theoretically, therefore, if a given Gibbs energy function could 

be evaluated for its various parameters, subject 6o satisfying equation 

(15), then the second derivative of this function, with these same 

parameters, would indicate whether a phase split will be predicted, i.e., 

equation (14) would be satisfied. 

Renon and Prausnitz (11) have shown that substitution of the 

NRTL expression, equation (9), into eauation (14) yields the following: 

(g21-g11)/Ri]  [exp  

[i - + /T'2 
exp 

(g12-g22)/Ri] [exp 

+ 411 exp  

E_ g 21- g11)/Rflf2 

[-P((g21-g11)/R113 

‹. ( g12-g22 ) /RI]] 2 c?  

Et„.‹.(g12-g22)/13 
2 

 

< (16) 

 

Evaluations by others of equation (15) for the NRTL equation, 

to date have involved numerical methods. Novak, et.al., have stated 

this procedure as their course, in various communications. (7, 8, 9). 

However, by insertion of equation (16) into equation (15), a rather 

straightforward, 
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analytical differentiation can be performed to geierate the following 

expression 

[6(g21-gl 1) /RT1 
21 2 x -exp E.,< ( g21-gl 1) /RTii 

[A/.' 
1 ". )2 

exp C- 0,c(g21-g11)/t]r .(X 

+Pg12-g22)/R1 xp F-p<(g12-g22)/Rfl'i 
2 
 x [exp a<(g-12-g22)/Ril -11 

[IL 2 +/AL 1 exp )( (g12_,221  
RT 

. (17) 

Equationt (16) and (17) therefore provide a complete explanation 

of the prediction performance of the NRTL/LEMF equations. 

With the setting of the parameters and g12-g11 and g21-g22, the 

latter differences obtained by regression of the experimental data, 

evaluation of equation (17) will yield an 4, vao lue. This value 

with the chosen parameters then may be put into equation (16) and this 

expression calculated. If this calculated value is a negative number 

a phase separation will be predicted; if positive, a completely homoge- 

neous phase is to be expected. 
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Solutions of Second and Third Derivatives  

One possible procedure for evaluating equations (16) and (17) might involve a 

choice of alpha and the more or less random choosing of the energy parameters for the 

purpose of generating generalized charts. However, a more reasonable and systematic 

approach involves the use of the NaTL/LEMF activity coefficients, equations (10) and 

(11). By letting it i __+ p• in equation (10) and /1'2—* 0 in equation (11), infinite 

dilution activity coefficients are obtained which are functions solely of alpha and 

the parameters, 

in el = (g12-g11)/RT + [(g21-g22)/RT exp [-at (g21-g22)/aTI (18)  

'H.."'0 

and 

in °2 = (g21-g22)/RT + [(g12-g11)/RT] exp [-60,Z (g12-g11)/RTI (19)  

42—) 

Now, for a chosen alpha and set of infinite dilution activity coefficients, the 

parameters can be determined. Therefore, simultaneous solution of equations (18) and 

(19), at set coefficients and alpha, yields a pair of parameters, which are related to 

the set values. One advantage of this method is the easy access to the infinite dilu-

tion activity coefficients of a system, which, it was hoped, would allow for similarly 

easy reference to the generalized charts, which were proposed. 

Equation (17) is first used by substituting the calculated parameters and chosen 

alpha into the equation and then solving for If  7 AD-meeting the _equality. Finally, 

this //- value, alpha and the parameters are inserted into equation (16) and the second 

derivative evaluated, which signifies whether or not a phase separation will be predicted. 

The results of following this procedure are presented in the proceeding section. 

Generalized Curves' and Results  

In carrying out the method described above, a large number of infinite dilution 

activity coefficients were used to generate an equal number of parameter pairs. 

These parameters were calculated in temperature independent form, g12-g11/RT and 

g21-g22/RT. 
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To date, the following alphas have been investigated : -3.0, -2.0, 

-1.0, 0.2, 0.3, 0.47 and 0.7. The first two valuei were suggested by 

the overall good SD values obtained with the systems as well as the 

desire to explore the negative alpha region. The final value of 0.7 

was chosen since all binaries examined, except one, could be accurately 

described as being miscible with this alpha. The remaining values are 

either the original NRTL alphas or the LEMF modification. The main 

result of following the calculated scheme described was the dis-

covery of approximate miscible and immiscible prediction zones for 

each alpha, except one, which will be discussed later. 

Figures IV and V present generalized curves signifying miscible and 

immiscible regions for each C>‹ as a function of limiting activity 

coefficient. Figures VI and VII show these areas as a function of the 

parameters corresponding to these activity coefficients. As a direct 

result of the forms of the equations and axes' scales, each of the 

plots is symmetrical, i.e. one side of any given curve is a mirror 

image of its extension on the opposite side of the 45°  line. In 

order to reasonably illustrate the results with respect to graph 

scale, the positive and negative alphas were plotted together, 

respectively, on both the limiting activity coefficient and parameter 

constructions. 

It must be pointed out that only the sections shown on the 

enclosed graphs could be constructed with any degree of reliability. 

Additional data points outside the line extensions of the various 

alphas were obtained, however, the lack of clarity between homogeneous 

and heterogeneous zones dictated the present terminations of the 

lines. Even so, a large degree of interpolation and extrapolation entered 

into the drawing of the figures. 
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'igure IV indicates the range .of miscible predict-

ability for decteasina negative alphas. The alpha of -1.0 

supplied the most well defined and complete phase differen-

tiation of the three negative alphas. Departing from the 

somewhat limited yet diottnamiscible/immiscible behavior of 

01,.= -1.0, parameters of -2.0 and -3.0 exhibit expanded mis,. 

cible ranges but with corresponding increased uncertainty near 

the line ends. A similar situation exists in Figure V with 

three of the four positive alphas. Constants of 0.20and 0.30 

produce clearly defined phase areas while (X = 0.47 shows a 

somewhat less definite region change at high limiting activity 

coefficientsnear the• 450  line. Results from investigations 

into o(.. = 0.70 indicated miscible predictions for virtually all 

limiting activity coefficients. Those data points which rep-

resented a phase separation were not sufficient in number to .  

justify drawing of a definite line. 

Figures VI and VII which were based on the parameters, 

parallel the findings shown in the corresponding limiting 

activity coefficient graphs, to a degree. Figtxre VI, containing 

the negative alphas, indicates that oC =.-1.0 appears to have a 

wider parameter miscibility range than either 0C = -2.0 or -3.0. 
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However, this situation is reversed if, instead of the "base" 

Rni the Parameters are , otted. 

This adjustment is reasonable since, although the equation contains 

the parameter term alone, it also contains exponential functions 

of the alpha-parameter product. As in Figure IV, the more negative 

alphas again have less definition in their graph constructions. 

Figure VII, illustrates basically the same behaviour observed in 

Figure V; increasing positive alphas again seem to cover enlarged 

miscibility ranges once the alpha-parameter products are taken 

into account. Also, an increasing uncertainty in the phase cross-

over line accompanies the increasing positive alphas. 

Suggested Procedures for Use of Graphs  

There are a choice of routes to follow in determining 

whether use of a given alpha in the NRTL equation will yield a 

miscible or immiscible prediction. The available experimental 

data for a given system may be regressed for a specific alpha 

to obtain the parameters which may, in turn, be checked with 

the appropriate alpha-parameter plot. This procedure would 

entail calculation of (g12-g11)/RT and (g21-g22)/RT for the system 

parameters and temperature. 
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if immiscibility is indicated, then a change in alpha to a 

"more miscible alpha", according to the graphs,'may eliminate 

the problem. .Obviously, experience and a degree of certainty 

should enter into the decision that the case being studied is 

actually homogeneous over the entire concentration range be-

fore forcing the equations to predict homogeneity. Another 

alternative for guaranteeing miscibility is to obtain the 

system's limiting activity coefficients from the available 

data and to consult the appropriate graphs for a suitable alpha. 

No recalculations are needed in this approach. Of course, the 

"guarantee" is dependent on the accuracy of the limiting activity 

coefficients. It is suggested that both of theabove approaches 

be applied to systems as independent checks on each other. 

Also, parameters may be generated from the system's 

limiting activity coefficients and the parateter graphs re-

ferred to for a satisfactory alpha, as in the first procedure 

mentioned. However, it should be stated that the parameters 

found in the two manners have been found to differ, sometimes 

substantially, and these differences may be sufficient to 

affect opposite phase predictions. As a result, it is again 

recommended that total-data-regression parameters be given the 

most weight since the alternate procedure of generating para-

meters relies on a single, sometimes highly extrapolated data 

point, the limiting activity coefficient. A final abhoice" is 

to evaluate the Gibbs energy second and third derivative 

equations for a given alpha. However, if the differentials 

indicate heterogeneity, this procedure will offer no direction 

as to reselecting an alpha. 



Correlation of Graphs with Table II Systems 

Table VI lists the Table II binaries with the system 

infinite dilution activity coefficients and corresponding phase 

results from consulting Figures IV and V. The parameter phase results 

are shown for only CY = 0.30 and -1.0 as an example of the method. 

Unfortunately not enough regression data results were obtained to 

construct reasonably confident extensions of many of the lines for the 

various alphas that would enable highly non-ideal systems to be predicted. 

These situations are typified by the tetrahydrofuran-water and 

methylpyridine-water binaries in Table II. The phase predictions 

contained in parentheses are therefore only expected circumstances 

based on limited data; at this point in developing these graphs, 

these data suggest line extensions for all alphas similar to those 

seen with o< = 0.20 and 0.30. This, of course, will need be 

confirmed by future work. 

Overall, there appears to be only reasonable agreement 

between the actual phase predictions based on the total data 

31 
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TABLE VI - Phase Predictions Based on Figures IV, V, VI and VII 

*Acetone:a-water 
5-Nothylpyridine 

grater 
3-Methylpyridi*Water- 

water pyridine 
Tetrahydrofuran- 
• water 

*Water- 
thioamole 

4-Methylpyridine. 
water 

025°C a 69,86°c 0 89.83°c 0 80.05°C 0 50 C 0 90°C 0 69.86°c 

\tri
o 6 70.81 64.72 3.5 21,98 3.5 61.56 

)r.
2
0 4 2.75 2.59 21 8,85 17 2,61 

f0 franhs 

0.47 M (I) (I) M m.. m (I) 
0.30 M (I) (I) I I I (I) 
0.20 M (I) (Z)** I I I (I) 
-1.0 m (I) (I) 1** . I  m (I) 
.2.0 M (I) (I) DI , m** M (I) 

-3.0 M (I) (I) M m** M (I) 

rameter 
csranhs 

0.30 _ -- 1- I I 

1,0 IC' I ' I 
e* 

*Approximate Limiting Activity Coefficient Values 

**Discrepancies with Total Data Regression Rest; its (Table II) 
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for the systems and the predictions resulting from the limiting 

activity coefficients. The discrepancies are, 

1) The pyridine-water system where, at 'X, -1.0. 

The total data regression shows miscible behavior while use 

of the e's indicates a phase separation. 

2) The 3-methylpyridine-water binary at 89.83°C; use of 

DK, = 0.2 points to an expected phase separation while 
Table II, results indicate a single, homogeneous phase. 

3) The tetrahydrofuran-water system's total data 

regression yields phase separations, among other values, 

at Pc = -3.0 and 0.47. Miscible behavior is predicted 

by use of the limiting activity coefficients. 

It is thought that these inconsitencies are due to a combination 

of inaccuracies in the graphs themselves and the limiting coefficients, 

as explained earlier. Unfortunately the last two systems are extremely 

borderline miscible cases. 

Also included in Table VI, are some partial results obtained 

from consulting the parameter graphs with total data regression para-

meters. The only discrepancy is in the water-pyridine binary at 

pC = -1.0, a phase separation being predicted while the total data 

regression indicates miscible system behavior. The actual regression 

results are listed here: 



2 

.892 .714 

.815 .585 

.747 .501 

.724 .476 1 2 

.541 .339 Water-pyridine 

.424 ,287 g 80.050c 

.336 .262 

.216 .247 
Regression results 

.109 .247 -1.0 

.073 .241 

.046 .219 

.002 .022 

According to the phase designation rules on page 10, 

this system is termed miscible. However, the extreme closeness to 

immiscibility at the asterisked data points suggests that in fact 

this system might show a phase split at an intermediate value of '24  

Thus the discrepancy may in fact not be real but only apparent. 



Discussion and Conclusions  

The confirmation of the miscibility limitations for the 

NRTL/LEMF has led to investigations into their thermodynamics. 

Analytical differentiation of the molar Gibbs energy of mixing 

allows rigorous determination of the miscible/immiscible regions 

of the NTITL equation for both positive and negative alphas. 

Preliminary graphs have been constructed which show definite one 

and two-phase areas for both -limiting activity coefficients and 

energy parameter variables at these alphas. Only fair agreement 

exists between phase predictions based on these plots and total 

data regressions for the systems studied. Possible explanations 

are included in the text. The choice of alphas to insure miscible 

prediction may be based on a number of approaches, however, use of 

a suitable alpha may result in extremely large standard deviations 

for activity coefficients and consequently, predicted compositions. 

Much refinement remains to be done on these basic 

plots; fortunately, the main limitation appears to be computer size, 

speed and availability. Worthwhile future work might include 

clarification of the miscible/immiscible envelope for any alpha 

through simultaneous solution of the second and third derivatives 

of the molar Gibbs energy of mixing with both expressions set 

equal to zero. One of the three parameters, g12-g11, g-21-g22 

or //-) would be preset with the remaining two obtained by the 

equations' solution. The figures contained in this present work 

would provide direction in the envelope construction. 
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Nomenclatnre  

A erM GE - molar Gibbs energy of mixing 

- second derivative of molar Gibbs energy of mixing 

- local mole fraction of molecules G around moleculed 
. . 

- interaction energy parameter between an G -polecular pair 

- overall mole fraction of component i 

- local volume fraction of molecules t around moleculed 

- molar volume of component i 

- gas constant 

- absolute temperature 

- nonrandomness parameter, alpha 

- activity coefficient of component i 

- standard deviation in activity coefficient prediction 

- number of experimental data points 

- limiting (infinite dilution) activity coefficient of 
component i 
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TEMPERATURE-INDEFEMETT PARAMETERS AND PHASE PREDICTIONS 

BASED ON 0'S 

g21-g11 g12-g22 

= 0.20 

g21-g11 g12-g22 

4 .8 -1.595 1.374 M 6 6 .984 .984 M 

.4 1.0 -1.578 1.360 M 6 9 1.667 .597 m 

.6 .6 -.249 -.249 m 6 12 2.108 .409 I 

.6 1.2 -1.105 .994 m 6 15 2.428 .298 I 

.6 1.5 -1.095 .987 M 6 18 2.676 .225 I 

.6 1.8 -1.10o .991 m 6 36 3.536 .048 I 
2 4 .2.243 -.827 M 6 60 4.111 .015 I 
2 5 2.634 -.862 m 7 70 4.113 .139 I 
2 6 2.919 -.935 m 8 8 1.160 1.160 I 
2 12 3.878 -1.088 m 8 12 1.780 .833 I 
2 14 4.018 -1.106 I 8 .16 2.189 .667 I 
2 20 4.416 1.133 I 8 24 2.726 .500 I 
4 4 .745 .745M 10 10 1.300 1.300 I 
4 6 1.559 .245M 10 15 1.882 1.011 I 
4 8 2.056 .023 m 10 20 2.271 .861 I 
4 10 2.405 -.100 M 10 25 2.560 .768 I 
4 12 2.670 -.179 M 10 30 2.788 .706 I 
4 16 3.062 -.274 I 12 12 1.417 1.418 I 
5 20 3.042 -.046 I 12 24 2.349 1.017 I 
5 25 3.321 -.100 I 14 14 1.519 1.518 I. 
5 40 3.87o -.176 I 14 21 2.056 1.276 I 
5 50 4.118 -.198 I 14 28 2.420 1.148 I 

14 35 2.693 1.067 I 

NOTE: The values listed under g21-g11 and g12-g22 on this page and 

proceeding ones are, in effect, temperature independent or 
g21-g11/AT and g12-g22/RT. 



= 0.20 0.30 

42 2.911 1.013 1 5 4o 3.348 .383 I 
15 1.564 1.564 I 5 5o 3.568 .386 I 
18 1.687 1.687 I 6 18 2.370 .628 I 
36 2.548 1.360 1 6 12 1.908 .715 I 
54 3.023 1.238 I 6 24 2.682 .592 I 
40 2.605 1.449 I 6 36 3.104 .589 I 
44 2.658 1.529 I 6 6o 3.614 .57o I 
68 2.922 1.898 I 7 7o 3.665 .726 I 
76 2.993 1.993 I 8 8 1.229 1.230 M 
8o 3.027 2.037 I 8 12 1.717 1.054 I 

8 16 2.047 .972 I 
= 0.30 

8 24 2.491 .900 1 
12 3.016 -.530 M 10 15 1.853 1.240 I 
14 3.264 -.533 M 10 20 2.172 1.171 I 
16 3.399 -.534 I 10 3o 2.608 1.108 I 
18 3.514 -.532 I 12 24 2.284 1.334 I 
20 3.615 -.529 I 14 21 2.080 1.525 I 
4 .773 .773 m 14 28 2.386 1.472 I 
6 1.381 .474 m 14 42 2.833 1.430 I 
8 1.767 .346 M 15 15 1.687 1.692 I 
12 2.263 .239 M 15 30 2.432 1.536 I. 
20 2.829 .176 I 16 4o 2.708 1.571 I 

40 3.535 .162 I 18 18 1.833 1.833 I 

4o 

42 fl° g  2 1 - g 1 1 g12-g22 io g21-g11 g12-g22 
14 

15 

18 

18 

18 

20 

22 

34 

38 

4o 

2 

2 

2 

2 

2 

4 

4 

4 

4 

4 

4 
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(7‘,.. 0.30 = 0.47 

 

g21-g11 g12-g22 

   

g21-g11 g12-g22 

    

      

18 36 2.562 1.70) I 4 16 2.317 .607 M 
18 45 2.791 1.682 I 4 20 2.534 .616 m 
18 54 2.977 1.672 I 4 4o 3.198 .675 I 
20 30 2.343 1.836 I 5 25 2.650 .847 I 
20 40 2.640 1.800 I 5 20 2.432 .834 m 
20 6o 3.052 1.774 I 5 3o 2.827 .861 I 
22 22 1.995 1.995 I 5 35 2.976 .875 I 
22 33 2.417 1.921 I 5 4o 3.104 .888 I 
22 44 2.712 1.889 I 5 45 3.217 .900 I 
22 55 2.939 1.874 I 5 5o 3.318 .912 I 
34 68 3.066 2.304 I 6 12 1.855 1.016 M 
38 76 3.160 2.413 I 6 18 2.262 1.015 M 
40 80 3.205 2.464 I 6 24 2.546 1.023 I 

6 36 2.941 1.054 I 

OC = 0.47 6 6o 3.436 1.109 I 
7 7o 3.548.  1.276 I 

2 6 1.878 -.083 m 8 8 1.361 1.361 m 
2 12 2.563 -.075 M 8 12 1.777 1.309 m 
2 14 2.707 -..065M 8 16 2.068 1.297N 
2 18 2.937 -.046 m 10 15 1.964 1.522 m 
2 20 3.302 -.036 I 
4 6 1.297 .681 m 10 20 2.251 1.522 M 
4 8 1.611 .631 M 10 25 2.474 1.529 I 
4 12 2.030 .604 m 10 30 2.654 , 1.540 I 
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010‹ = 0.47 0.47 

g21-g11 g12-g22 2 11 ° 
r‘r. 0 
01 g21-g11 g12-g22 

10 4o 2.939 1.564 I 4o 60 3.362 2.997 I 
lo 5o 3.159 1.587 1 4o 80 3.653 3.033 I 
12 24 2.413 1.709 M 7N, = 0.70 
14 21 2.269 1.858 M 

14 28 2.555 1.870 I 2 2 .394 .394 M 

14 42 2.960 1.903 1 2 12 2.288 .232 M 
15 15 1.929 1.929 m 2 14. 2.430 .250 M 

15 30 2.622 1.944 1 2 6 1.639 .173 M 
16 16 1.992 1.992 M 2 18 2.660 .280 M 

16 4o 2.907 2.031 I 2 20 2.757 .293 M 
18 18 2.108 2.108 m .2 16 2.552 .266 M 
18 36 2.801 2.139 I 2 6o 3.779 .425 m 
18 45 3.024 2.160 I 2 70 3.924 .441 m 
18 54 3.207 2.180 I 4 4 .906 .906 m 
20 30 2.619 2.231 I 4 6 1.320 .862 m 
20 40 2.908 2.254 I 4 8 1.608 .865 m 
20 60 3.314 2.298 I 4 20 2.507 .953 M 
20 8o 3.603 2.333 1 4 40 3.186 1.044 M 
22 22 2.311 2.311 M 4 12 2.007 .894 m 
22 33 2.717 2.333 I 5 20 2.480 1.172 M 
22 44 3.006 2.359 1 5 35 3.034 1.247 m 
22 55 3.230 2.383 I 5 40 3.167 1.265 I 
3o 60 3.336 2.706 I 5 45 3.284 1.280 I 



43 

- 0.70 

g12-g22 02 01 21-g11 g12- 22 g21-g11 

5 50 3.389 1.294 m 18 36 3.156 2.544 m 

6 18 2.366 1.340 m 18 45 3.382 2.573 m 

6 12 1.962 1.295 M 18 54 3.567 2.597 m 

6 24 2.653 1.378 m 18 48 ( 3.447 2.581 m 

6 36 3.058 1.432 m 20 30 2.984 2.626 M 
6 6o 3.569 1.498 M 20 40 3.276 2.665 M 
8 8 1.556 1.556 m 22 22 2.681 2.681 M 
8 12 1.962 1.583 M 22 33 3.094 2.736 m 

8 16 2.251 1.614 M 22 44 3.386 2.775 M 

8 24 2.659 1.666 m 22 55 3.613 2.80 M 

8 20 2.490 1.867 M 34 68 3.888 3.270 M 

10 25 2.716 1.897M 38 76 4.016 3.396M 

10 3o 2.827 1.922 M 4o 8o 4.074 3.454 M 

10 5o 3.418 1.990 m 26 52 3.579 2.966 M 
12 24 2.693 2.076 M 

-1.0  
0( _,  

14 

14 
21 
42 

2.574 
3.279 

2.215 M 
2.309 m 

14 28 2.876 2.254 M .4 .4 -.589 -.589 m 

15 15 2.241 2.241 M .4 .8 .144 -1.082 m 

15 3o 2.946 2.334 m .4 to .345 -1.416 m 

16 16 2.315 2.314 m .6 .6 -.293 -.293 m 

16 4o 3.246 2.438 M .6 1.2 .527 -1.404 M 
18 18 2.449 2.450 M .6 1.5 .690 -1.887 m 
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-1.0 

g21-g11 g12-g22  

.6 1.8 .813 2.343 m 

.8 .8 -.118 -.118 M 
2 2 .296 -.296 M 

2 4 0 .693 M 

2 5 -.097 .781 m 
2 6 -.186 .848 M 
2 12 -.677 1.076 M 

2 14 -.686 1.101 m 

2 16 -.693 1.123 M 
2 18 -.700 1.141 I 

2 20 -.706 1.157 I 

4 4 .527 .518 m 
4 6 .45o .68o m 
4 8 .408 .772 M 
4 10 .378 .835 m 
4 12 .354 .882 M 

5 5 .578 .578 m 
5 20 .419 .974 I 

4 40 .210 1.127 I 

5 40 .354 1.105 I 

5 50 .335 1.142 I 
6 18 .513 .934 I 

0 2 Q 1 g21-g11 g12-g22 

6 60 .418 1.156 

6 36 .457 1.071 I 
6 24 .489 .995 I 
6 15 .530 .$92 M 

8 8 .693 .693 m' 
8 16 .634 .884 m 
8 20 .618 .934 I 

8 24 .605 .973 I 
7 70 .480 1.170 I 

9 18 .665 .903 I 
10 10 .743 .743 M 

10 15 .712 .852 M 

10 20 .692 .919 I 

10 25 .678 .967 1 
10 3o .667 1.00 I 
12 12 .781 .781 M 

12 18 .754 .883 I 

12 24 .736 .947 I 
12 30 .724 .992 I 

12 36 .714 1.027 I 

14 14 .812 .812 m 
14 21 .787 .909 I 
14 35 .76o 1.014 I 
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-1.0 = -2.0 

g21-g11 g12-g22 1 g21-g11 E22-g22 

14 28 .772 .970 I 

14 42 .751 1.048 I 

15 15 .825 .825 M 

15 30 .787 .981 I .6 1.8 .604 -2.531 M 
16 16 .838 .838 m 2 6 .111 .555 M 
16 24 .815 .931 I 2 12 .033 .658 M 
16 32 .801 .990 I 2 14 .018 .677 M 
16 4o .789 1.033 I 2 16 0 .693 M 
16 48 .781 1.065 I 2 20 -.027 .719 I 
18 18 .860 .86o I 4 4 .419 .419 m 
18 45 .815 1.049 I 4 6 .397 .506 M 
20 20 .879 .879 I 4 8 .385 .557 M 
20 30 .859 .967 1 4 12 .368 .617 M 
20 40 .847 1.023 I 
22 22 .896 .896 I 4 20 .351 .680 M 
22 33 .877 .981 1 4 4o .330 .75o I 
22 44 .865 1.036 I 5 25 .405 .697 I 
22 55 .856 1.075 1 5 35 .397 .731 I 
24 24 .911 .911 I 5 45 .391 .755 I 
26 26 .925 .925 I 5 4o .394 .744 1 
34 68 .945 1.095 1 5 50 .389 .764 I 
38 76 .964 1.110 1 6 18 .456 .656 m 
4o 80 .973 1.116 I 6 24 .689 .449 m 
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= -2.0 

g21-g11 g12-g22 y. 20 10 g21-F11 g12-g22 ° 

12 .604 .467 M 18 18 .634 .634 M 

6 36 .440 .730 I 18 36 .625 .712 I 

60 .430 . .776 I 18 45 .622 .734 I 

7 70 .461 .786 I 20 20 .646 .646 Fl 

8 .533 .533 M 20 40 • .637 .721 

12 .522 .596 M 20 60 .632 .759 I 

8 16 .515 .635 M 22 22 .656 .656 Ni 

8 24 .507 .682 M 22 33 .651 .701 

10 15 .555 .621 M 22 44 .647 .729 I 

10 20 .549 .657 M 22 55 .645 .750 I 

10 25 .545 .683 M 25 50 .661 .740 I 

10 30 .542 .702 I 34 68 .692 .765 I 

10 40 .537 .730 I 38 76 .703 .773 I 

12 24 .574 .687 M 40 80 .707 , .777 I 

10 50 .534 .752 I 

14 21 .599 .657 Ni 

14 28 .594 .690 M 

14 42 .588 .731 I 

15 15 .614 .614 M 

15 30 .603 .696 M 

16 16 .621 .621 M 

16 40 .608 .724 I 
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= 3.0 

,g21-g11, ,g12-g22 X 1°, 4z21-g11 g12-g22 610 

.8 -.153 -.820 I 5 10 .373 .471 M 

4 1.0 .052. -.977 M 5 25 .360 .550 

6 .6 .390 -.390 M 5 30 .358 .563 I 

6 1.8 ..567 -3.618 t. 5 35 .356 .573 I 

6 1.5 .410 -1.915 x 5 45 .353 .589 I 

6 1.2 .234 -.983 M 5 40 .355 .562 I 

4 .181 .383 M 5 50 .352 .596 I 

2 5 .168 .415 m 6 18 .392 .522 H 

2 8 .144 .471 M 6 36 .385 .573 I 

2 10 :134 .494 M 6 60 .380 .605 I 

2 6 .158 .438 M 7 14 .416 .499 M 

2 12 .126 .510 N 7 70 .401 .613 I 

2 14 .119 .524 N 8 8 .439 .439 M 

16 .113 .535 M 8 12 .434 ..482 N 

2 18 .108 .544 M 8 16 .431 .509 DI 

2 20 .103 .552 M 8 24.  .436 .542 16 

4 4 .355 .355 M 8 32 .425 .563 I 

4 8 .339 .451 M 8 .20 .429 .528 M 

4 10 .335 .474 X 10 15 .457 .501 m 

.4 6 .345 .416 N 10 20 .455 .525 N 

10 30 .451 .556 M 
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0( =-3 0 

g21-g11 g12-g 22 2° 10 g21-g11 g12-g22 
IC 1 0  

10 40 .449 .576 I 

10 50 .447 . .590 I 25 50 .533 .585 
10 60 .446 • .601 I 25 75 .531 .609 I 
12 24 .472 .538 M 30 30 .549 .549 M 
14 14 .492 .492 M 34 68 .555 .602 M 
14 42 .484 .577 M 40 80 .565 .611 I 
14 28 .486 549 M 

15 15 .497 .497 Di 
15 60 .488 .599 I 

16 16 .503 .503 M 

16 40 .496 .579 M 

15 30 .492 .553 M 

18 18 .512 .51-2 M 

18 27 .509 .544 DA 
18 36 .507 .565 M 

18 45 .506 .580 M 

20 30 .518 .551 M 

20 40 .516 .572 I 

22 22 .527 .527 M 

22 33 .525 .558 Fl 

22 55 .522 .591 M 

20 60 .514 .597 I 
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ADDITIONAL RESULTS  

These parameter values were chosen to aid in refining the 

actual I M boundary for the various alphas; 

the second and third derivatives (third set equal to zero) of the excess 

Gibbs energy of mixing were evaluated directly from them. 

"42(= 0.2 

g21-g11/RT g12-g22/RT 2nd der. g21-g11/RT g12-g22/RT 2nd der. 

2.934 -.293 -.174 I .587 1.614 .178 M 

2.347 .147 -.133 I .293 1.760 .471 m 

.587 1.760 -.035 I .440 1.467 .645 M 
1.174 1.174 -.089 I 1.174 .88o .356 M 
1.174 1.320 -.301 I 1.027 1.027 .351 M 

.587 2.054 -.459 I 



g21-g11/RT g12-g22/RT 2nd der. g21-g11/RT g12-g22/RT 2nd der. 

-.293 1.760 1.920 M 1.320 1.320 -.086 I 

-.293 2.934 .194 M .587 2.054 -.068 1 

.147 2.347 .220 M .587 1.614 .471 M 

.587 1.760 .293 M .293 2.347 -.030 1 

1.174 1.174 .241 M .44o 2.201 -.053 I 

1.174 1.320 .074 M .440 2.054 .139 m 

C4 . 0.47 

1.76o 1.760 .374 M 2.347 2.934 .733 m 
1.760 2.347 .107 m '1.760 2.641 -.236 I 
1.174 2.347 .074 m 1.174 2.494 -.095 I 
.587 2.347 .323 M .587 2.494 .135 M 
.587 2.641 -.086 I  1.760 2.567 -.135 I 

2.347 2.347 .274 m 2.054 2.641 -.159 I 

50 



= -1.0 

g21-g11/RT g12-g22/RT 2nd der. g21-g11/11T g12-g22/RT 2nd der. 

1.174 
.88o 

1.174 
.88o 

.624 M 
-.131 I 

-.88o 
.587 

1.100 

.587 
1.034 M 
1.229 M 

1.027 .587 -1.002 I .880 .734 .033 M 
-.880 1.027 1.774 M .293 .88o .645 M 
-.587 1.174 -1.016 I .293 1.027 -.658 I 

-1.174 1.247 -.693 I .293 1.174 3.067 I 
1.218 -1.174 -.099 I .652 .971 -.501 I 

.968 .653 -.477 I .734 .734 .525 M 
-.88o 1.174 -.085 I .807 .807 .192 M 
-.587 1.027 1.212 M .844 .844 .033 m 
.477 -1.174 .035 M .867 .867 -.062 I 
.880 .587 .211 M -.293 1.027 .050 M 
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THE-H20 system parameters 



= -2.0 

g21-g11/AT g12-g22/AT 2nd der. g21-g11/AT g12-g22/RT 2nd der. 

-.147 .734 -.237 I .147 .660 .968 M 

.734 .734 1.095 M .44o .66o .714 M 

-.147 .587 2.396 M .587 .66o .683 M 

.293 .66o .803 M .697 .697 1.154 M 

.697 .734 1.127 M .587 .770 -2.493.1 

cX = -3.0 

.367 .587 -1.631 I .550 .587 2.000 M 

.550 .624 2.006 M .440 .587 -1.625 I 

.550 .550 2.004 m .147 .514 1.614 m 

.514 .587 1.533 M .293 .514 1.514 m 

.220 .403 2.492 M 



VAPOR PRESSURE DATA FOR SYSTEMS  

1 2 1 2 1 2 
SYSTEM Acetone-water 3-methylpyridine-water 3-methylpyridine-water 

fib25oc a 69.86°c CD 89.83°C  

P1 (mm Hg) 229.6 60.05 134.4 

P2 (mm Hg) 23.7 232.3 522.4 

1 2 1 2 1 2 
SYSTEM Water-pyridine Tetrahydrofuran-water Water-thioazole 

G80.05°0 a 50°C G 900C  

P1 (mm Hg) 355.0 439.55 526.0 
P2 (mm Hg) 238.9 92.49 320.0 

1 2 
SYSTEM 4-methylpyridine-water 

fa 69.86°c  

P1 (mm Hg) 57.6 

P2 (mm Hg) 232.3 

NOTE: Pressure data for all binaries were taken directly from the system 
data sources as listed in the bibliography. The THE-water binary 
pressures were calculated from the following Antoine constants, also 
from its data source, reference 

CONSTANT THE WATER 

A 6.99589 7.96681 
B 1202.7 1668.2 
C 226.3 228. 



EXAMPLE OF TYPICAL SYSTEM PARADEitt RESULTS 

'@ 
3-METHYLPYRIDINE- 3- THYLPYRID 

89.83°c 
PYRIDIME-WATER 
Q 80.05°C 

ACETONE-WAIER 
25°C WATER 069.860C WAllai." 

-1.0 -2.0 -1.0 -2.0 -1.0 -2.0 -1.0 -2.0 

SD (X) .0706 .0838 .1224 .0937 .1049 .0785 .0827 .0736 

g12-g11/RT .665 .676 -.965 .072 -1.022 .143 1.220 .696 

g21-g22/RT  .665 .498 1.256 .778 1.280 .776 1.172 .205 

TETRAHYDROFURAN THIOAZOLE- 4-MTHYLPYRIDINE- 
WATER (D 50°C (-. 90°C WATER (a) 69.860c WATER 

o( -1.0 -2.0 -1.0 -3.0 -1.0 0.7 

SD ( Y) .0257 .0978 .0201 .1284 .1849 .1069 

g12-g11/RT .652 .578 .995 .557 -.930 3.445 

g21-g22/RT - .971 .723 .208 .324 1.244 1.212 
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COMPUTER PROGRAMS  

The following programs, NLREGR and GIBTH, were used in this work. NLREGR is a 

non-linear regression program generating g21-g11/RT and g12-g22/RT from a given 

system's experimental data. Additionally9 predicted vapor compositions are obtained. 

GIBTH is a root-finding program solving first equation (17), the Gibbs third derivative, 

and then evaluating equation (16), the second derivative. Typical results are also 

attached. 



A FORTVA1 IV (V(:R 1.470 SuuRcc LISTP411.; 02/22/74 

1 , PRuGiun LiGR 
0(10)AX(10.7101pY(10),JJ(10),, A(10,16) 

3 uppitiST C:1.iAJ7(25),02QUI(25).°)RESS(25) 
4 Co" ' rpTsAvA,V01(2.5)2(z5),,C.10s(25),G20r)5(25) ,iA03:1cAL 

1i72rV'L(25).•II,ALPHA 

7 :1;rTr6 
nn 49'2 

9 XT (1) j,0 
Y(1) 42 . 080 

11. 0 
12 pa 490 J=1,10 
13 A(I,J) = 0.0 
14 x(T,J) = 0,0 
15 490 C II 11.1E 
10 R1F.AD (ikEAD0188) ISWTH 
17 18S.  FZ1RAT (15) 

READ WRLIA1).,68) HAT,VA:413,ALPHAPi;p1,4E,OX.IN1.1X -1(1)PX1(?.),i'012 
19 .33 )nRMAT C12,415,0,21202F540,11204F5,0) 
zo 491 00 90 
21 REA° (WACAD,b9) Xl(I),X2(I),G1085(I)0G2(MS(I),PREI) 
2% 61PUT(1) = G106SW 
23 2111 (I) O5 (1) 
24 90 COrTIOUE 
25 89 FOrgIAT (2F540,3F1010) 
26 91 M31104.3 
27 WRIT((MWTE,500) 
28 500 FoRmAT(1,11,10x,INnm-LINEAR REGRESSION INPUT OATA//) 
29 wRITE(mwRTE,510)1,,T,VAAW; 
30 510 FORliAT(IXAIN=1012X0I3/1X,IT=IA5X,F10g 3 / 1WVA0 124X/F10,13 / 1X.,  
31 14X,F10,3) 
32 WR1IF(.IWRTE/520)ALPH4jr,L,'E 

. 33 5Zo FORMAT(1X/IALPHA4' 1 46-7 100)/1)(1 1 117.1 012Xii3/1X,IL:41,12X,13/1:6 1  
34 1,1=10,3), 
35 • • WRITE(MWRTE.#530)DX,M1A XT(1),XT(2) 
36 530.FORMAT(1XAIDXv 1 ,4X0F10:3/1XiIM114.10,13/040XT(1):7 W10,3/ 
37 1(2)= 'F103/) 
33 IF (ISWTH.-2) 4920493,493 - '- 
39 492 WRITE(MWRTE,540) 
40 540 FRMAT(1X,, , N01,9X, , X11,10,70(2 1 .0100/G11 ,010, 1 02 1 /) 
41 • wRITE(NdRTE,550)(I,X1(I)2X2(I)AGIOGS(1),c200(1),0I=1,N) 
42 550 FORMAT(1X,I2,1X,F120,1X0F120,1X;FL20,1W1241) • 
43 493 L1C=0 
44 — INL,LE,o)C0 TO 
45 IHC = ml t 1 
46 EN 
47 EN a EN ' 1,5 
48 L1 2 L 
49 L = —L 
50 L2 m (3 * / 2 +.5. 



A P0RTRAH IV (VP; 1.43) SOUURCE' LISTING; NLRE6R PROGRAM 0 2 / 2  /71: 

51 K3 = 2 
52 irc1,7,73)),3 = 3 

a,4 Lz - 1 
C ' 2 

1...) 
5f; 1-,;! to0 
57 1,):.) = X1(I) 

02 1-1  47;2,71e)olVT 1 
9 700 CALL l'ITI(1),XT) 

1f) CO T:; 
61 710 CALL IN (Y(1),XT) 
6 720 00 106 4112,M1 
(3 X1 (J-1) = XT(4-1) 
64 :WI 104 I=1An 
65 104 X(I/J) = )(T(L) 
6A IF .(Ism-2) 721,722,722 
67 721 CALL FN(Y(J),XT) 
6a GO Ti 7?.1 
69 722 CALL TN(Y(J)AxT) 
70 '723 XT(4-1)=X(J-1,1) 
71 1Cu GONTIHUE 
72 L.2C = 0 
73 FLG = 1.0 
74 GU TO 50 
75 108 L1C = L1C 1 
-76 -- TF(L1C,GE,1.1)GI TI) 41:0 
77 5v Y4 = Loin3b 
78 YH = YL 

-79- Y2 = YH 
60 Y3 4' YL 
8/ ou 11') J=1,,!11
.82- IF(Y(4).LT.YH)G0-70-1091.-  
i.j3 Y2 YH 
64 12 = IH 

-85" '01 R.  Y(4)- 
86 = 
87 GO TO 109 
83 1o91 IF(YWoLT.Y2)G0 To 109 
89 Y2 = Y(J) 
90 12 = J 
91 "109 IF(Y(J),CT;Y4)00 TO 1101 
92 Y3 = YL 
93 13 = IL 
94 11. =*J 
95 YL A Y(J) 
96 Gil Tn 11c 
97 1101: IF(Y(4)0;j6 Y3)60 TO 110 
98 Y3 = Y(J) 
99 13 = 
100 110 cumnNuE. 



A rURTION IV (VCR L(0) SOURO.  LIS1INC: NL1.L0(1 PROGItAN 02/P.2/74 

101 12C = 12C +,1 
102 IF(L2Ca47012)G0 TO 111 
103 1.2C = 0 
1Q4 JJ(1) T. IL 
105 4J(2) = 12 

4,1(3) = • 106 
107 00 60 K1=1,00 

,I1jj(k1) loa 
109 AW 60 K2=KliK3 
110 J2 = jJ(v.2.) 
111 S v 0,0 
112 1)0 55 I=1AM 
113 55-  S r S (X(I,J1) X(IPIH)) * (X(12%12) X(I,I14)) 
114 60 A(X1,K2) r 
Ll~ 1a = A(1,). ) * A(2/2) A(142)**240 
116 Ta(62,,61)9K4 
117 61 01 = A(1 !1) * A(2,3) m A(102) *A(1.0.3)* . 
113 0 = (CA(1,1) * A(3A3)mA(1,3)**2.0)*D-01*01) / (A(14) * 0.0) 
110 62 0 = (0 / 4,0)**G 
12.0 IF(O•LT,1")0 Id 65. 
121 FLG = 1,0 
1 -22 Go To 111 
123 6$ IF(FLG.LT.0,0)GO TO 400 
124 FLG = —1;0 
125 111 00 115 I=1,M 
126 XT(I) = 0,0 
127 Do 112 474101 
1211 IF(4411E,1H)XT(I) XT(I) + X(IsJ) 
129 112 CONTINUE 
130 11,5 XT(I) = (3,0 * XT(I) X(1,I2) X(I,I4)) / EN x(1,111) 
131 121 IF (ISWTH-2) 771A7240724 
'132 - 771 CALL FN(yTAT) 
133 GO TO 725 
134 724 CALL TNcYT,XT) 
135 -  725 IF (Y7,GUsY2)GO TO 167 
130 IHC = N1 + 1 
137 IF(YT.GE.YL)G0 TO 140 
138 • YTT = YT 
.139 PO 135 I=1,01 
140 135 XT(I).= 1.5 * XT(I) m 0.5 * 
141. IF (ISWTN-2) 7260727,727 
142 726 CALL FN(YT.IXT) 
143. 00 TO 72n 
144 727 CALL IN(YT,XT) 
145 728 IHYTeLERYL)G0 TO 140 
146 DO 138 I=I'M 
147 = (2.0 * XT(I) XII;IN)) / 3.0 
143 Y(1H) = YTT 
149 GO TI) 
150 140 00 142 I=1,0:1 



A FORTRAN IV (VER L43) SuORCE LISTING; NI,REGR PRI)CRAM 02/22/74• 

151 142 XCIAIH) z XT1I) 
152' VT • 
153 GO Tfi 
154 167 IHC.  = 1i-1C — 3. 
155 IF(Ilicer)cin To 30.. 
156 IF(YT.0E0YO)00 TI.) 173 
15( 01  

XS AT (I) 
159 xi( I) 7.1 
100 1.6 A(11I'1).  g XS 
161 173 PO 174 I=Ipt4  
162 174 XT(I) = 0.75 * X(1.9I:1) * 

163 Ir(1547H-2) 729,7300130 
164 729 GAIL -PO (YT,XT) 
1.6" GO TI' 733. 
166 730.CALL TM (VT, X) 
167• 731 IF(YT•GT,YH)G0 TO 180 
16A Y(I1.1) = YT 
169 0( 175 Izlam 
170 175 X(III) zXTW 
171 Cr) TO 108 
172 180 00 185 J=1,01 
173 IF(Jor.10.1L)CO TU 185 
174 DO 02 1=1,M 
175 XT(I) = (X(I,J) X(I;IL)) / 2,0 

.176 182 X(1J) = X7(I) 
177 IF(15W714-2) 732,7330733 
176 732 CALLFM(Y(J),XT) 
179 GO TU 185 
l(o 733 CALL TN(Y(...1),XT) 
101 185 CONTINUE 
182 GO To lon 
183 300 IFIC = 2 * M1 
184 IF(1IXPE,I)G0 TO 350 
185 S = 090  
106 00 302 I=1,M 
187 X(IAM+2) = X(I,IH)— 

= X(I,IH) 
109 302 $ = $ x(1,m+2)**2.0 
190 . 303 S g S(MT(S) 
191 1) n —X(2,114-2) / S 
192 X(204.2) = X(14M+2) / S 
193 X(1.0+2) = ‘: 
3.94 S = X(10M+2) 44 A(10)114.3) X(2,04-2) 
195 00 305 1=10 
196 305 X(T,M+2) = X(I,M+2) * 5 
197 306 DI) 307 I=1,M 
198 307 XT(I) = X(I,IH) X(I0M+2) 

199 IF (ISWTH-2) '734,735j735 
200 734 CALL FNCYT40(T) 

* X(2,M4.3) 



A FORTRA14 IV (vER 1.43) SUURCE LISTING: .1411EGR PRUGRAVI 0)122/7i: 

201 ON TO 736 
202 735 CALL TN(YTAXT) 
203 736 DO 309 It413M 
204 30) XI (I) = x(I.,11) x(lAri.?) 
205 IF (I6wro-2) 717.'738)738 
20( 717 CALL. FI:(YTFoxi) . 
7 07 60 70 73')  
"iy3 73fs CALL 1.-(YTTAXT) 
209 739 SF OrTTO.EorT) GO TO 320 
210 0o 311. 1=14r 
211 311 %i (I) = N(14IH) + X(II.M+4) 
212 YTT = YT 
213 320 Y(IH) = VII 
214 DO 321 1101.0 
215 321 X(T4TH) = )(TM 
216 CO TO 10,3 
217 350 00 352 1=14M 
218 XT(I) = X(I,IH) X(IAIL) 
219 X(L,M+2) , x(1212) 
220 J52 X(1,0+3) = — X(TAI3) 
221 5 m 0.0 
222 Si a 0,0 
22:3 DO 355 I=14M 
224 S = S + XT(I)**2,0 
225 355 Si = Si + X(I4M+3)**2,0 
226 S = SORT(S) 
227 Si = SOT(S1) 
22R 52 m 0,0 
229 DO 357 I=I'M 
2,30 XT(/) F XT(I) / S 
231 S2 = S2 + XT(I) * X(I,m4e2) 
232 357 X(I,M+3) a X(I A M+3) / 
233 DO 360 
234 360 X(I,M4.2)- = X(10M+2) XT(I) * 
 235 51 = 0.0 
236 DO 362 I=1.01 
237 362 51 m X(1,M+2)**Z..0 
'238 51 .= SCIRT(51) 
439 DO 365 I=1,M 
24u 365 X(I,M+2) = X(I•11+2) / S1 
241 S1 = 0,0 
242 52 a 0,0 • 
243 DO 367 I=1.01 
244 S1 m S1 X7(1) * X(I,141.5) 
245 367 S2 = 52 X(I.01+2) * X(Lan+3) 
246 DO 370 '010 
24'7 '370 X(IPM+2) = S * (51 * XT(I) S2 * X(I,M+2) w  X(10M+3)) 
24.t 110 TO 306 
249 400 S = y(1) 
250 Y().) = Y(IL) 



A FORTRAN IV (VER L43) SOLMCE LI3TING: rROGRAM 02/22/74 

2,01 = S 
25 2 01) 402 I=1,M -.  
253 XT(()  
254 X(I/IL) = X(14,1) 
255 402 X(711) = >T( I) 
P.56 WRITL(tlWrz.TE,060) 
257 . 560 roP:i4TI/1Xplw3N-LINEAR Rr.cRESSION RESULTSI/) 

4RIfti(W:M;Tr A 565) 1. 
;'60 56!:i FnvhAT (1WITFRATIM= 1 215/) 
261 F (ISWTH-2) 602,.6010601 
262 (")2 WRITE (MWRTEP560) P014002.  
263 568 FORMAT (1X,OPRESSURE flF X1= 1,F12,5//1X0IPRESSVRE OF X2771 4r120:; 
264 601 WRITE (M.;RTE,579) YT,g7(1),XT(2) 
265 570 FOR:IAT(IX,05TANOAR1) DEVIATION= 1pF12,4//1X0 1 G12.-.11=fR12XAM3.4  
2(6 1k 1 612-?22= 1,12X,F13(14/0 
267 IF (ISwiN-2) 603'600;600 
268 603 wKITE(MnTE,572) 
26q 572 FOKMATi/TIZo I C,1 1 .113XstG1 1 )13X, 1 011,13X, , (12 1 ,11X,Ir#2 1 30WG2 1 ) 
?70 WRITE (W:RTE.P574) 
271 574 F1)n1AT(1x,IN01./T7,1 0nsERVE01,T22.0PREDICTED 1 0737,IDEVIATIO1IJT 
272 1 1 08SERVATIoNI,T67,1 PRFOICTF01,781,00EVIATIONI/) 
273 • 00 570 In1A N 
274 GlX = GlOUT(I) G1MCAL(7) 
275 G2X G2NUT (I) (;2MCAL(I) 
276 WRITE(MWRICA576)1,G1OuT(I),G1MCAL(I),G1X/020QT(I),02MCAL(I).162 
277 576 FoRmAT(LX,I2A1X/6(F12,50X)) 
27n 578 CONTINUE 
279 WRITE (MWRTE0540) 
240 580 FORMAT (//1)0INOIAT17.11 1 X1 1,T370 1 Y11,T56,1 X2 1 ,9T77RIY21,T9141PRE 
281 1E1/) 
282 00 595 I=10N 
243 Yin(G11CAL(1)*X1(1)*POli/PRESS(1) 
284 Y2(02MCAL(1)44)(2(I)*P02)/PRES5(I) 
285 -AlAW=Y102 
286 Y1=1/1/RAW 
287 N2mY2/RAw 
280 - WRITEAMwRTE0585) I,X1(I),,YIJX2(1)0Y20PRESS(I) 
289 5135 FORMAT (1X,I201.905IF1203,X)/) 
290 595 CONTINUE 
291 -60u CALL 080. (XI) 
292 WRITE (MW1TE,868) 
293 :808 FoRMATC1H1,1***END OF 406***1/) 

STOP 
295 END 



A FORTRAN xv (vER L43) MACE LISTINI;1 SuBRVOINE 02/22/74 

1 5111.1 ROOME 17 N(Y,XT) 
2 DimEN5ION 2)T( 3,0) 
3 Commi TATSAvApvil,x1(25)AX2(25),nloRS(25),c,20(;S(2)AupG1OCAL 

1G2nAL(2.5).1I1.0ALpHA 
5 "=)(T(l) 
6 u2=XT(2) 
7 
8 VinVA 
9 V2nVil 
10 R 1 3. 9 7 * (273,2 T) 
11 G2111 = u), / RI 
12 61222 = u2 / RI 
13 E2111 n EXPC,ALPNA * 62111) 
14 F1222 = EXP(-ALPHA * 61222) 
15 DO 6 1<vi'M 
16 1)2111 = (X),(K) X2(K) * E2111)**a o0 
17 01222 = (X2(K) + Xl(K). * E1222)**2,0 
13 uNExl(K) =(X2(K)**2,o)*(((G2111*(E2111**2,01)/D2111)+((G1222: 
19 1)/01222)) 
20 umFX2(K) 
21 1)/02111)) 
22 r.1CAL(K)=.EXP(ONExl(K)) 
23 G2CAL(K)=EX2(UNEX2(K)) 
24 Y=(((01CAL(K).mG1oB5(K))/0106S(K))**2)+MG2CAL(K)t,C20r3S(K))/r 
25 3.K) )''2) 
26 YS=YSO 
27 z=2*N 
ae 01NCA1,(K)=G1Ca(K) 
29 G2MCAL(K)=G2CAL(K) 
30 6 coNTIwg 
31 STDEv=54T(Y5/(z,10 )) 
32 Y=STOEV 
33 10 CONTINUE. 
34 RETURN 
35 



A rr.r.;;RAil Iv (VFR 1.47)51IURCC LISTPIn; Ti •J StAIRWTIME 

SI.W.RO(JT Z HE i N rip X7 
ppiENsIaN (ACAL(25).;6?CAL(25)pUNEX1(25),UnX2(25);XT(10) 
CWINWA TiTS,VA,PVR/X1(2.5)0X2(a5)AGIODS(75),G2OBS(25),NRAI, 
16211CAL(25),II,ALPHA 
U1=XT(1) 
1)? X1'(2) 

7 YS;10,0 

1.,2111=U1/R7 
Cl 61:W=UVRr 

11 E211.1z:EX:'(-;J.P4'A'4,G7111) 
12 E12227;EXPC-A1,P1JAn1V2) 
1.3 0g111=(X1(1)+N2(1)*F2111)**4.0 
14 '01.22?,t7(X2.(1)+X1(1)*E1222)**4.0 

5 F2111=E2)11**20 
16 rin?..=EU.22**2,0  
17 '-THRDV=(6,0*62111*F2111/02111)*(111 0.4.:21).131-(6,01222*F1222/01 
111 ).te1222..-1410)+10/(X(1)**2..0)-,(1;10/(X2(1)**290)) 
19 Y=THREIV 
2() Y=Y+YS 
21 RETURN 
22 END 



JkTRA,i IV ("ER. Le0)suOnt LISTING; - 02116/74 PAGE 

1 PRPGRAM GILiTHe 
2 OIMLN$I1P1  TITLE(1P),1(3)02(3),THREW(3),D2111(3).01222(3) 
E) 1,407Ar= 
ea H4RTE=6 . 

0. PEA0(i1READ:# 10) MUMtTITLE .• 

6 
o 

(. 

e, 

10 FThiAT (12,).644)..  
IF (:. 01) 12,12,3 

12 IFI"J (Hc0,1) (Xi ( I ), 1=102 )AALPHAsUVU2,T 
• 1 FiiPHAT (73F 5.0,3E10 ,'..) ) 

RITE (voRTE.P10) 140iiiTITLE 
HMV': (t.,10"Er 4 ) 

It RWMAT (0(..1 X1 1 02XA 1  XV ,2X, I ALP;V: t..A 2X, 11.) 1,5X,1 1.121,2X0 IT') 
,IRrii.: (i.p.TE,1).  X1 (1 ),041 (2),ALPHA...UI.A112,Y • 

r i 7 FililAT (4x,F4.2,2xiF4.2,4X,F5•2,)X,FS.2,2X,F8.2,3XsF6•2) 
3 4I=1,9z37*(273.2+1 ) 
6 G2111=11 1/RT 
7 G1222=02/RT • 

F:2111=0(P(-,ALPHA*G2111) 

0 
"2"=LX°( -ALPHA*G1222) 
olf 2 1=1..2 

1 23 )2(1)=1.0-X1(X) 
D•2111 (I )==A;St (X1M+X2(I)*E2111))**4.0 

•
1 / 1.22“ I )=A5S( (X2( I )+Xi ( I )4E ,f rmi.i211,1**2.0 

122) )**4,O 

,. 1- 1=r1.4?.?0,?.0 
;! 1J-0V(I)=(6.04,0211102111/D4111(I))*(140.-E2111)+(6.0*G1222*F1222/0 

7 
Us, 22 SLIh'Es CroRt2V(1 )-IHRDV(2 ) ) / (X/. (1 )-X1 (2) ) 

0 
n=THROV(1)-SLOPE*X1(1) 
WIE:17.-ii/SLOPE 

1 - .X1(3)=X14.1,4 
X2(3)=1•(')-X1(3) 
(1.222(3)=AP,SC(X2(3)+X1(3)*E1222))**440 

4 ')2111(3)mArS((X1(3)+X2(3)*12111))**4.0 
TOrMV(3) =( 60*n2111*F2111 /2111 ( 3 ))*( 10"*E2111)+( 6 O*01222*F1222 /0 

6 11222(3))*(r1222-.1.0).^1,10/(X114LW*442.0)+(1.0/((1.10-•X1NEW)**2.10)) 
7 IF (A6S(1HRUV(3))m401) 9,9,16 

1(1 Tr (rHRDv(1)) 30,30,1 
9 3.1 IF (THRDV(3)) 32,32,63 
n 32 X1(1)=X1NE.W 
1 r.:0 Ti 6 . 
2 3.3 X1(2)=X1NEW 

co_j To 6 
I; 31 IF (THROV(3)) 33,33,32 
5 9 X1(2)=X1PEW 
6 X.!(2)21 1.0X1(2) 
7 c10.01 I(Ult1**2.0)/(0(1M+0(2(2)*C2111))**2.0))*(.4.0*6n11)/(A1( 

j2) 4 (X4(2)*C2111)) 
9 
0 i2)+"1(2)44:1222)) 



A FoRTkAi4 iv 

51' 

(vER 1.47.0 SOURCE LISTI161 (113111 -- PRQGPAM 

-SECOE=6;:iLF.-i-GbRT-0.(fR/X1(2) )441:;/X2'(2) 
52 9RITE (itiRTF,11) THROv(1),THRUV(1),SLOPE,BoxlMN,SPCOE 
53 1 raRrAT (6(2X,F10,3)) 
54 TO $7, 
55 3 0RITEWW;'Tf.E.#1.3) 
56 _13 Fiji MAT (1HIAIEND or AnE11/0 
57' STOP  
5s END 



56 

Table II Miscible Predictions  

The following computer print-outs were obtained for the 
tetrahydrofuran-water and 3-methylpyridinerbinaries at values 
yielding miscible predictions. 



• 
N. 20 
To 51.t:, 00 
VA. 4v.prO 
VB. 40,0 

u.7 ,0 
m. 2 
L. 50 
E. v,v8U 
Dx. 160,  
1)1. 
X7(1). 
XE(2). 

NO 

1 

3 
O., .1 
0.61 

X1 

0.G2E 

X2 Cl 

17,245 

G2 

1.011 
2 0,038 .962 16,048 
3 0.046 14,544 1.012 
4 0,075 .925 9.962 1.076 
5 0.117 - 6.854 1.094 
6 0.183 .817 4.43 ,  1.179 
7 0,228 "9773 3.577 1.24) 
9 0,264 (.736 3.087 1.316 
9 0.354 , .646 2.316 1.489 

10 0,441 ,.559 1.869 1.719 
11 0.531 '.469 0' 1.564 2.039 
12 voll '.389 1.376 2.4.9 
13 0,698 1.229 2.963 
14 0.765 1.146 3.582 
15 0.798 ,.202 1.113 3.960 
16 0.868 1.005 5.1, 5 
17 0.888 0.112 1.035 5.847 
18 0.922 1.027 6.341 
19 U.956 (.044 1.017 7.178 
20 0.979 1.009 8.1,9 

-rpt F )4,0 

sec, 
)._0(0F 

.7 

NON-LINEAR REGRESSJON RESULTS 

ITERA-10Nw 1 

PRESSURE OF Ale 439.6 009 

PRESSURE OF A28 92.49001 

STANDARD DEVIATION. 0.2586 

012-118 1450.0398 

012-228 1177.6911 

NO 
Li 

ORSERvED 
01 

FRED1E1I0 
' C1 

DEVIATION 
G2 

OSSERVATION 
02 

PREDICTED 

1 
2 

17.245 ) 
16.:, 40 0 

9.37817 
5.0612' 

7,;,6689 
7,98681 

1.01210 
1.03100 

I.' 0716 
1. ,1236 3 14,544 0 7.22367 -- 7.32"31 i.o120c, 1. 1788 4 9,762 ' 5.19739 4.76461 1.97601 1. 3,78 5 

6 
7 
8 
9 

10 
11 

6,854 .; 
4.430 , 
3.577 V 
3.0a7 0 
2.310 1, 
1.869 0 
1.564 u 

3.712,9-  
2.63259 

-2.25856 
2.C55.5 
1.73523 
1.55'73 
1.41594 

3,14191 
1.79741 
1.11144 
I. 3195 
0.58077 
001821 
0.146;.6 

1.09400 
1.17900 
1.24000 
1.31600 
1.48900 
1.71900 
2.03900 

1. 7518 
1.14175 
1.18764 
1,2247, 
1.311'34 
1.42 95 
1.54848 12 

11 
14 
15 
16 
17 
18 
19 
20 

1.376 u 
1.229  
1.146 u 
1.113 0 
1.005 v 
1.635 0 
1.027 0 _ 
'1.017 , 
1.01- 9 L 

1.31913 
1.22623 
1.16(07 
1.129,0 
1.16814 
1.05252 
1.02889 
1.01 57 
1.01 207 

-. 5087 
0..0277 

-G. 14,7 
..0, 16,6 
-..'6314 
-0.,1752 
-0..,0189 
0. v641 
u..,613 

2.4090o 
2.96300 
3.5e230 
3.9p(m 
5.14600 
5.82700 
6.34100 
7.17800 
8.10900 

1.72,0 
1.9565,,  
2.278 5 
2.51, 38 
3.32411 
3.69635 
4.5959) 
6. 7837 
7,69592 

NO X1 YE 82 T2 
1 ).028 3060 0.972 0.440 

2 v.o33 0,593 ..,.962 v.401 
3 0.046 0.819 0.954 v.381 
4 t.075 V.658 .925 o.342 
5 0.117 0.684 :083 '.316 
6 0.182 0O1) vs617 vs289 
7 0.228 :'.727 ".772 .•'.273 
a 0.264 v.741.  ...736 0,259 
9 0.354 1•.774  1, .646 ...226 

10 0.441 0,T,  4 (..551 ,.196 
11 v.531 . %'.831 :.461 ,.169 
12 0.611 0.853 0.389 v.147 
13 u.698  v.873 v.302 :.127 
14 ,.765 ,'.187 -.231 '.113 
15 0,798 '...1-94 (.202 .106 

16 ,•.866 :.9,9 ..132 c.091 
17 4.388 .1.11, 0.113 .'. 085 

18 
. 

0.922 - - O26 (.078 0.074 

19 ,0.0 56 -.9.0 vo044 , ..35 

20 0,979 967 0.021 t.,:,13 

G2 
DEVIATION 

0...0484 
v.-11564 
,,L523 

o. 3/22 
•1804 

,03/25 
0..5236 
0.'9130 

.16916 
,.2v805 
,.49052 
I.70100 
1...0050 
1,30195 
1.46902 .  
1.82169 
2.13)65 
1.74510 
1.'9901 
., .41308 

PRESSURE 

- 303.200 

__ 359.800 

383.400 

' ' 42 0000 

440.400 

445.400 

447.000 

447.800 

449.400 

451.100 

453.500 

456.200 

459.800 

463.400 

4 04.800 

405.400 

464.10(1 

462.100 

455.400 

45v,000 



Vka 
V64 - 
410984 
mg,  
L. 
E. 
Oz

01 0 
 

87(1). 

XT(2). 

20 
50.000 
40.490 
4060741 
0.600 

2 
. 50 

0.780 
170,700 

3 
0.081 
0.001 

NuN.L1NEA4 RE44ES5/014  /60u4 DATA 

TY F-AL0 

sec,  
81 X? 01 G2 

0.028 0.972 17,245 .014 4-6 . 
0.038 0.962 16.048 .251 
0.746 0,954 14.544 .012 
0,075 0.925 9.962 .076 
0.116 4.883 6.854 .094 
4.183 0,817 4,430 .179 
0.228 3,77? 3,577 .240 
0.264 0.736 3,087 .316 
0.354 4,646 2.316 .489 
0,441 8,599 .869 .119 
0.531 4.469 6564 2601 ,  
7.611 0.349 .3Tb 2.479 
7.698 4.3o? .229 2.984 
7.165 0.235 6 146 3.582 
0,798 0.272 .113 3.981  
0,868 0.132 .005 5.14,  
7.480 0.112 .035 5.82/ 
4.922 4,076 .027 6.344 
4.956 0,044 .017 7.178 
0,979  0,448 ,009 8.109 

NON.L1,, E14 4E44,58/09 RESULTS 

IT(41180%. 

1,41$5v7t CF x:s 439.60 ,01 

NO 

2 
3 
a 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

IS 
16 
IT 
18 
19 
20 

Zia( 
h 

?GoaS 

PWSSC4L OF X?. 92,49000 

34144. 90 169141I04,4 06 1094 

8I2.119 1697.6603 

017-278 1194.3092 

GI GI GI G2 G2. 1.7 U.L.E.4940 067 107E0 DEVIATION 088 0947207 PRE ICTED 

1 17624500 686488 3,38012 .01200 .70843 
2 16,74878 00244 4.44557 ,73170 .71457 
3 14,54404 1 .19672 4,34728 .01208 .02732 
4 9,96?7 .92718 3,04162 .87600 ,74582 
5 6...5400 .85439 26 19961 .09400 09087 
6 4.4.50vo .10497 1 632971 .17930 .16929 
7 3,577o4 .589.'14 0,99196 .04080 .24532 
8 3.4870 .37996 0.77732 01604 .21176 
9 2,31604 688479 0,43121 .48900 .39860 
14 06977 6.'4441 0.2459 .71900 .52145 
11 06404 .97212 0,09188 2.03900 .68871 
12 .3/600 .35165 0,02435 2,4'0900 09255 
13 .2297o .24833 -0.01133 2.96300 2.22941 
14 6 141,70 .16465 -0,71865 3.58288 2,64423 
13 .11310 .13645 .008745 3,98010 2,94790 
16 0o507 .16672 .0,48892 5.14600 3,96441 
1 7  .03544 05721 -0.01521 5012708 4,41530 
18 .02709 .00693 8,48807 6.34100 5,47278 
19 01700 .08950 009742 7.17800 7.13062 
20 .00900 .07237 0,00663 8,10900 8,84789 

G2 
DEVIATION 

0.0035/ 
0.71643 
-0,008 2 
0,03018 
0.00393 
0,00971 
0.01448 
0.04494 
0,095.0 
0.19795 
0.35023 
0,51645 
0,73359 
0.93277 
1.03210 
1.18159 
1.41170 
0.86822 
0,04738 

.2.73189 

NO X1 , 
, 

71 
Actm 
Ys x2 42 

A3cgo,.. 
1z PRESSURE 

srrolAL. 

1 0.028 8.543 .9109.653 0.972 0,299 .347 303.200 .3%1854  .91.820 

2 0.738 0.539 -44.04 .491- 0.962 0,251 3,2 359,800 .790 

3 0.046 0.538 898 0.954 0,235 .3.1e.y. 383.400 .773 

4 0.075 0.545 .782 0,925 0.215 2E2 420,500 .754 

5 0.116 0.541 alt 0.883 0.202 .272 440,400 .793 

e 0.183 0,560 .73' 0.817 0,198 .241 445.400 .753 

1 0.228 0,580 .147 0.772 0.146 .453 447,000 .776 

8 0.264 0.599 ,756 0,736 0,195 .24.5 447.800 .791 

9 0.354 0,653 -.719 0,646 0,185 .2.21 449.400 .337 
10 0,441 0,707 Jot 4.559 0.174 .012 451,100 .327 

11 0.531 0.758 .844 4,469 0.162 .874 453.500 .(1 7-0 

le 0.611 0.796 iSt 0.389 0.149 ./3e 456.200 .946 

13 0.698 2.228 .8G6 18.322 4,135 .140  asciore .q83 

14 0.769 0.845 .971- 0.235 0,124 .122 463.400 .049 

IS 0.798 0.853 .1171 . 0.202 0.816 ozi 464,800 .,171 

16 06464 11,874 .25.1T P.132 0,104 Ack 4656402 ,'7( 

17 0,898 0.883 A99 4.112 P,099 ./e/ 464.300 412 

18 0,922 21.901 .1 if 0,078 4,7e5 .c74 862.100 .0/6 
6 

19 ('.956 0.930 ,909 0.044 8.0b8 .06 1 456,400 .,141 

20 0,914 0.959 .961.. 0,021 0,038 .8,18 450,000 .917 



NO3-LINEA4 REGRESSION INPUT DATA 

• N. 16 
Ts 89,830 
VA. 40,000 
VB. 40,000 
ALP714. 0.200 
Me a 
L. 50 
Es 0,080 
Ox. 100,000 
mt. 3 
XT(1). 0.701 
0T(2). 0.001 

Cq.33°C 
6 dV.5 

4 6.  Z 

No XI X2 Gt G2 

1 0,003 0,997 56,783 1.007 
2 ;.A 0.019 0.981 24,210 1.014 
3 0,060 0.939 8,036 1.057 
4 0.394 0.906 5.173 1.096 
5 0,137 0,863 3,559 1.150 
6 0.190 0.810 2,596 1,224 
7 0.241 0,759 2,080 1.299 
8 0,302 0.698 1,721 1,392 
9 0,375 0.625 1,473 1.5e- 
10 - 0.427 0.573 ,. 1,354 1.588 
11 0,464 0.539 1.301 1.440 
12 0,539 0.461.- -  1,193 1;770 
13 0,598 0.402 1.141 105' 
14 0.112 '0,288 1,094 2.07 
15 0,782 0,218 1,035 2,202 
16 0,975 0,025 1,040 2.662 

NON.LINEAR REGRESSION RESULTS 

ITERATION. 

PRESS.RE OF xl. 13404499 

PRESSURE OF 42. 522,47002 

STANDARD DEVIATION. 0.1835 

2150.0291 

012-.221, .147,7101 

NO 
Cl 

OBSERVED 
G1 

PREOTCTEO 
Gt 

DEVIATION 
G2 

OBSERVATION 
G2 

PREDICTED 
G2 

DEVIATION 

1 56,78300 11,94563 44,83737 1.00700 .00006 0.07694 
2 24,21000 10,01580 14,19420 1,01390 .00199 
3 8,03830 6.61431 1,42399 1,05690 0,03786 
4 5,17270 4.94334 ' 0,11934 1.09600 :7014;722 0.05278 
5 3.55920 3,68809 .0.12889 1.15000 .08515 0.06485 
6 2.59570 2.73019' .0,13449 1.22350 .15049 0,07301.  
7 
8 
9 
10 
11 
12 
13 
14 

2,06000 
1,72300 
1.47290 
1.35360 
1.30050 
1,19320 
104120 
1,09430 

2.17064 
••-• -1.75557 

1.45596 
1.31932 
1,24847 
1.14396 
1.09160 
1.03328 

-0,09062 
.0,03257 
0,61694 
0.03424 
0,05203 
0,04924 
0,04960 
0,06102 

1.29870 
1,39200 
1.50830 
1.58830 
1,63970 
1,76980 
1.85880 
2.07710 

::!iiii 

,7818;t2i 
.09063 

0.0/371 
0.06677 
0,05090 
0.03192 
0,01305 

.0.01499 
-0.02840 
-0.01353 

15 1,03500 101535 0,01965 2.28220 2.20053 0,08167  
16 1.03980 1.00710 0,03970 2.66240 2,42236 0.28004 

NO XI V1 
020,  

X2 9I- 92 PRESSURE 

0.003 0,009 .901 0.951 0.997 .441 547,800 9(0 ,4  

2 0,019 0,043 .0" 0.981 .97 0,885 •978584,600 •978  

3 0,060 0.092 .047 0,939 .483 0.856 584,100 .941 

• 0,094 0.106 .110 0.906 ,917
. 

 0.845 584,100 -963 

5 0.137 0,116 .,27.,  0.863 AO? 0.838 584.000 ,9•,1-  

6 0,190 0,119 sLi. 0.810 .875  0,834 584,000 .y83 

7 0,241 0.121 ,111  0,759 .f73 0.834 582.300 .gif  

6 0.302 0,123 .,23  0.698 .777. 0.837 577,600 .46e 

0.375 0,129 .,33 566,820 0.625 .i47 87,540 .90' 

10 0,427 9037 A40 0.573 -144 0,842 

11 0,464 0.144 441. 0.539 .7SY 0,844 ::::::: :41:: 

12 0,539 0,162 .4,3  0.461 
.f37 

512.800 .994 

13 0,598 0,182 .ai P.402 41,1 ::::: 482,400 /.4o 7 

14 0,712 0.237 .x11 0.288 .161 0,784 417.402 * q4,  

15 0,782 0.289 .29n 0.218 ;70I. 0.680 368,900 .141 

16 0,975 0,764 . 143 0.025 .144 0.187 171,400 ,Tag .9S/ 



NON-LINEAR REGRESSION INPUT DATA 

Na 16 
Ts 89.830 
VA, 40.000 
VO4 40.020 
ALPHAS 0.720 
Ns 2 
L4 50 
El 0.080 
Dxs 140,000 
MI6 3 
41(1) 4  0.001 
X0(2) 4  0.041 

ND XI 32 GI 42 

1 0.003 0.997 56.783 1,007 
2 0,019 0.981 24.214 1,014 
3 0,060 0,939 8.038 1.257 
4 0.09a 0.906 5.173 1.496 
5 0.137 0.863 3.559 : 1.150 
6 0.190 0.610 2.596 1.224 
7 0.241 0.759 2.080 1.299 
a 0,382 0,698 1,723 1.392 
9 0.375 0,625 1.473 1.544 

10 0,427 0.573 1.354 1.588 
11 0.464 0.539 1.301 1.642 
12 0.539 0.461 1.193 1.770 
13 0.598 0,402 1.141 1.859 
14 0,712 0.288 '1.094 2.477 
15 0,782 11,218 , 1.035 0.282 
16 0,975 0.025" 1.046 2.662 

NONLINEAR RE9RESS1ON RESULTS 

1-in-ayrA;La - a 0 

e)Ectil sc 

+0.72  

ITERATION. 1 

PRESSURE OF XI* 134,39999 

PRESSURE OF X2,1 522.40002 

STANDARD DEVIATION. 

012.11s 

012-22' 

GI . 
NO OBSEMD 

0.1767 

2227.1067 

700.3625 

01 
PREDICTED 

01 
DEVIATION 

o2 
OBSERVATION 

G2 G2 
PREDICTED vEvIAT/D9 

I 56.78300 29.92274 26,46030 1.[,t704 0,../06 4,0:674 
2 24.21000 14.97136 9.23064  1,41394 01476/ v.,..44 
3 8.03830 5.29743 2,74287 1.05691* .24467 ,.1̂ .....53 
4 5.17270 305791 1,71477 1.44600 .48596 2.4 1.22 
5 3.55926 2,51364 1,24556 1.15,-.40 .13134 V.i.1862 
6 2,59570 2.02383 0.59187 1.2235c .16185 2.., 416, . 
7 2.08004 1.75409 0.32941 1.29870 .22623 2,07247 
6 1.72300 1.56972 0,15328 1.192/.5 .27655 0.11545 
9 1.47290 1.43150 0.84140 1.50834 .33700 0.0252 

10 1.35360 1,3592, 00.00567 1.58834 ,30444 0.24144  
11 1.30050 1.31659 00.01649 1.63974 .42074 2.21940 
12 1,19320 1.20434 a0,44112 1,76984 ,54439 4.26141 
13 1.14120 1.19005 ..0.04685 1.65680 .59247 9.869.5 
14 1.09430 1.10418 .0.01386 2.47714 .82523 2.25187 
15 1.03540 _1,06722 -0.03120 2.28220 .64056 6.24172 
16 1.03980 1.20121 0.45859 4.66240 3.35147 -0.68907 

NO 11 71 x2 72 PRESSuNE 

1 0.003 0.023 0.997 0.977 547,81^0 

2 0.019 0.068 0.981 0.932 580.6;1 

3 0,060 0.077 2,939 0.923 544.140 

4 0,094 0.278 0.916 0.982 584.140 

5 0.157 0,083 0.863 0.917 584.040 

6 0.190 0.093 0.610 0.907 584.0c/ 

7 0.241 0.104  4,759 0.096 562.30o 

a 0.302 6,120 0.698 9.860 5 / 7 .600 

9 0.375 0,142 0.605 0,858 566.800 

10 0.427 0.158 6.523 6.646 551.3V1 

11 0.464 0.176 6.519 4.831 542..+1, 0 

12 0,539 0.198 0061 0.4v? ..,) 1 

13 0,598 6.222 0.4.14 ,...778 

14 0,712 0.214 1'.284 ,'.7?? 

15 0.782 0.385 8.814 r.6/5 

16 . 0;975 6,748 . 0,425 2.26? 171.4e/ 



)11  

7.074L1NEAR Rt0455401  INPUT 04TH 

N. lb 
Ts 49.830 
V44 480000 
48. 
ALPHA* . .1.477 
Mg 2 

SO 
E. 8,862 
OX. 102.2.60 
MIA 3 
X7(1) 4 0.701 
X1(0) 3 7,01/1 

NO X1 X? G1 772 

I 0.225 2,997 56,743 

2 0.019 0.981 24.217 

3 7.267 7.939 8,638 
4 7.084 0,978 5.113 

5 8.137 2.863 3.559 
6 0.190 8.614 2.546 
7 7.241 7.759 2,060 
8 2.3..:e 0.298 1.763 
9 0.375 7.825 1,473 

10 7,427 0.573 1.354 
11 8.464 8.549 1,321 

12 0.539 2.451 1,193 
13 2.548 0.472 1.141 
14 7.712 0,288 1.094 
15 0.752 0.216 Less 
16 2.475 2,025 1.740 
F0917740V5 1.217  GALLED 4118 IXFONENT 0.84114  THAN 

NA84 St. 
FN 70/19 
MAIN, 7118 

FORT/1042PS 128 CALLED 4178 EXPONENT GREATER THAN 87. 
NAPE .501 
ON 7,719 
2..46, 06118 

NoN-Lirt.Ak 8EGRE551UN NtSul4S 

14E9.1169. 1 

011E3574E OF XII 134.14999 

PRESSURE OF Ye. 522.40282 

STA474k7 OFX1A1108., 0.2428 

G12.11. .742.9623 

017.22. 774,1400 

NU 
G1 

685E'171.7 
GI 

282014140. 
Gf 

DEVIATION 1725 
GP De 

RvATION PREDICTED 

.56.74302 9,97385 48.80995 .04704 .00048 
2 14,11222 7.93711 16,07289 0,1397 00256 
3 
4 5.17017.  

4.84887 
3.59411 

3.14843 
1.5/859 

.05890 

.09800 
.7226t 
.2.440 

5 
6 

3.55420 
2.59577 • 

2.87834  
2.75817 

0.88086 
0.53893 

.15008 

.22350 
08913 
.14632 7 1.71129 0.38811 .29070 .20534 

8 1.723.7 1.46185 0.26115 .39200 .27767 9 1,47290 1.24421 4,18869 .57838 .36455 
10 1.35354 1,.2281 0.15773 .58830 .42523 
II 1,3,751 1.16252 0.13998 .63970 .46667 
12 1.19322 1.24716 009644 .76980 .55112 13 1.141i7 1.76451 7.27889 .85880 .61377 14 1.09430 1.70815 7,787'15 .01/ 1 0 .72843 
15 1.03570 1.81318 4„:.1162 .28024 .79414 
lb 1.83940 1.01713 7,73967 2.66240 .95825 

.001 
.014 
.057 
.796 
.150 
.024 
049 
.392 
.508 
.588 
.642 
.77e 
059 

2.2/7 
2.286 
2.682 
67, 

G2 
DEvIATICN 

0.82192 
0.71134 
2.03428 
2.04760 
0.08787 
0,07718 
0.09336 
8.11433 
2.14375 
0.16307 
0.17303 
0.21870 
0.24573 
8.34807 
0.48806 
0,70415 

No 11 71 82 72 

1 0,203 0,208 cot 0.997 0.951 

2 0.219 0,034 4.37 2,981 0.885 

3 14780 0,068 c73 8.939 0.859 

0.844 0.078 014 0.906 0.849 

0.137 0,265 0 X12 0,863 0,841 

6 vow 0.090 043 0.810 0.831 

7 0.095 I Off 0,759 2.821 

8 7.3.2 0.103. 117 0.698 0,807 

9 0.115 0.114 1L7 2.625 0.786 

10 0.4e7 2,125 I4o 0,573 0.771 

11 0.484 0.134 4-5-1.0 I2"7- 0,539 .2061 
/50 

12 0.839 0.155 17 S 2,461 0,729 

13 0.546 0,177 2of 0.402 0,703 

I. 7.71.! 0.735 0.240 0,613 

15 8.752 2.289 343 2.218 0.554 

16 0,975 0,764 b35"" 2.225 0.151 

PRESSURE 

41- 547,800 

582,602 

417 584,100 

916 584.100 

q06 584,000 

(101_ 584,000 

744, 562.300 

347 577.600 

) 566.800 

160 553.320 

FSC 542,222 

t S 512.800 

7 9 7 422.420 

-7Z 417,400 

457 • 368.902 

Is- 171,400 



N. 

NON-LINEAR WOAESSIUN 

16 

INPUT DATA 

111a 
T. 89,830 
04* 40.000 
V8* 
ALP344 

40,000 
' 0.700 e, aq,erc 

ms 
L. 
Es 

2 
50 

0.080 
16catix 

Ox* 100,000 
RI. 
37(1)10  

3 
0,001 .-70 

17(2). 0,301 

NO X1 X2 01 07 

1 .0.003 0.997 56.783 1.007 
2 0,019 0.981 24.210 1.014 
3 0.060 0.939 8.038 i  1.057 
4 , .0,094 0.906 5.173 1.4)96 
5 0.131 0.863 3,559 1.150 
6 0.190 0.810 2.596 1.024 
7 0,241 0,759 2.080 1.299 
8 0,302 0,698 1.723 1.392 
9 0.375 0.625 1.473 1.508 

10 0,427 0.573 1.354 1.'58 
11 0.464 0.539 1.301 1.640 
12 0.539 0 4 461 1.193 1,170 
13 0.598 0,402 1.141 1.859 
14 0.712 0.288 1.094 2,271 
15 0.782 0.218 1.035 2.:82 
16 0.975 '0.025 1.040 2.662 

NON-LINEAR REGRESSION RESULTS 

ITERATION* 1 

PRE SURE OP XI' 134,39999 

PRESSURE OF v2 8 322,40002 

STANDARD DEVIATION* 0.1633 

012.11R 2302.1940 

012.22 8 697.8329 

RD 
01 01 

OBSERVED PREDICtED 
01 

DEVIATION 
62 

08888967 ION 
02 

PREDICTED 
02 

DEVIAT/ON 

1 56.78300 33.24452 23,53848 100700 1,00027 000R673 
2 24.21000 16,15493 8,05507 1.01390 1.00792 0..2596 
3 8,03830 5,50411 2,53419 1.05690 10,5039 0006.51 
4 5.17270 3,54615 1.62655 1.09603 10,69+,3 0,3881 
5 3,55920 2.55545 100375 1.15000 1,13543 3,v1417 
6 2,59510 2.0?580 0.56990 1.2?550 1.16776 0.t3574 
7 2.00000 1.76376 0.31624 1.29070 3.7.134 2 0,06528 
8 .72300 1.37617 ' 0.14483 1.39200 1.00518 0.17,-42 
9 .47290 1.43636 0.03654 1.50834 1.34619 0.16011 

10 .35360 1.36245 0.00885 1,58630 1.39660 0.19170 
11 .30050 1.31886 -0.81836 1,63974 1,43345 2.2!'425 
12 09320 1.24110 -004798 1,76984 1.52349 0,24631 
13 .14120 1.19019 .0.04899 1,85880 1.61004 0.24876 
14 .09430 1.10759 -0.01329 2.07710 1,84702 0.25Je6 
15 ,03500 1.06661 -0.03161 2,28220 2.06524 0.1898 
16 .03980 1.00119 0,03861 2.86240 3.37227 -0.12987 

NO 11 
. 

. 91 X2 72 PRESSURE 

1 0.003 0.026 0.997 0.974 547,800 

2 0.019 0.073 8,981 0.927 580.870 

3 0.060 0.080 0.939 0,920 584.100 

4 0.0911 Mae 0.906 0.920 589.100 

5 0.137 0,884 0,883 0.916 584,000 

6 0,190 0.093 0,810 0.907 584.000 

7 0.241 0.165 0.759 9,895 582.5e0 

8 0,302 8,122 0.696 0,880 577.6e0 

9 0.375 0.141 0.625 0.059 586,810 

10 8.927 0,157 0.573 0.843 553.300 

11 2,464 0.169 0.539 0,831 5020va 

12 0.539 0.197 0.461 , 0,803 512.80A 

13 0.598 0.220 0.402 0,788 482,400 

14 0.712 8.276 0.288 0,724 417,40* 

15 0.7152 0,323 0.218 0.677 360,9:o 

16 0.975 0.794 0,025 0.254 171.4,*0 



G2 

0.002 0.998 61.900 1.002 
0,017 0.983 25.455 1,010 
0,048 0,952 9,484 1,043 
0,0/8 0,922 5.927 1,076 
0.124 0.876 3,715 1,132 
0,161 0,639 2.877 1,181 

0.203 0.747 2,307 1,240 
0,260 0,740 1.847 1,325 
0.322 0,678 1.577 1,414 

0,388 0.612 1,393 1.51. 
0.443 0.557 1,302 1,584 
0,495 0.505 '1.225 1,1,63 

0.592 0.408 1.145 1.796 
0,681 0,313 1,085 1.957.  

0.715 .0.225 1,043 P.13_ 
0.971 -.. 0.023 0,982 2.651 

6us-LI6tAm 6EGRE58106  INPUT DATA 

No 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
It 
12 
13 
14 
15 
16 

Now-116E6R NEGRESsIUN RESULTS 

ITER.7108. 1 

P9E55,  08 08 11' 80.05000 

PRESSURE OF 32' 232.300440 

STANDAR', UEvIATION. 0,1678 

G/2-I/+ 2166,1880 

012-22 6 654,4834 

5-yri-s* -1 °_ 

/6 .(24Fil-s 

.7( -t 6.7? 

Ni 16 
T. 69,060 
VA* 40,000 
V8. 40.063 
XI.Pm.. 0.7e2 

L.  
a 

L 50 
E. 0,060 
Dz. 140,000 
MI. 3 
XIII)* 0.001 
111(2). 0,001 

X2 GI XI 

ND 
GI 

OBSERVED PRE 
DI 

IC TED 
GI 

DEVIATION 
G2 

OBSERVATION 
Ge 

PREDICTED 
02 

DEVIATION 

1 61.9v444 3 .90091 27,97910 1.00230 100015 0,00215 
2 25,45500 .52401 8,93099 . 1,01000 1.00618 0,00328 
3 9,46400 07166 3.01234 1,00300 1.03722 0.00578 
4 5.9000 opz96 1,90605 1.07609 1.01029 8,20571 
5 3,71599 .64994 1.0E520 1.1320J 1.12021 0,01179 
6 2.61700 ,14639 0,69967 1.18100 1.15607 0,02493 
7 2.3100 .817450,- - 0.4 1650 .24•,;o0 1,19368 0,04632 
8 104/00 .65'461 8.14719 1.32500 1.24298 0,08404 
9 1,577.:9 ;5045e 0,06748 1,41490 1.29075 0,12395 

10 1.39300 .49177 .0.00807 1.51700 1.34349 ' 0,16701 
11 1.3o2o0 .33229 -0,03929 1,58420 1,39292 0.19108 
12 1.20500 .27646 -0,05146 1,66394 1,44660 0,21640 
13 1.14590 .19944 .0,04594 1,79800 1,57158 0,22442 
14 1,065019 .12e31 -0,03137 1,95400 1.74686 0,20114 
15 1,94340 .76951 -0.02651 0.13200 1.99345 0,13855 
16 0.96240 .00099 0.01859 2,65100 3.31101 -0.66001 

NO 01 71 02 72 PRESSURE 

1 0.002 0.019 0.998 0,981 240,600 

2 0,077 0,067 
.

0.963 0.933 256.300 

3 0,046 0.076 0.952 0.924 258.100 

4 0.078_ 0.076 0.922 0.924 256.200 

5 0,124 0,080 0.876 0,920 258,100 

0.161 0.086 0.639 0.914 258.100 

0,203 0,094 0,797 0.906 251,800 

8 0.260 0.109 0.740 0.891 256,500 

9 0,322 0,126 0.678 0,674 253.100 

10 0,388 0.146 0.612 0,854 247.200 

11 0.443 0.164 0.557 0.836 239.700 

12 0.495 0,183 0,505 0.817 231.400 

13 0,592 0.222 0,408 0.778 212,800 

14 0,687 0,267 0.313 0.733 166.900 

15 0.175 0.324 0.225 0,676 159,800 

16 0.977 0,764 0,023 0.231 71,800 



DATA & DATA SOURCES 

The following pages list the data and data sources 

used in the work. 
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VAPOR-LIQUID EQUILIBRIUM in THE 4MP-WATER SYSTEM AT 69.86°C  

X4MP Y4MP P,mmHg 

0.0000 ' 0.0000 232.3 
0.00155 0.0210 236.7 
0.0141 0.0819 251.0 
0.0683 0.0948 254.1 
0.1094 0.0958 253.7 
0.1925 0.0993 252.8 
0.2640 0.1059 250.5 
0.3201 0.1140 246.9 
0.4069 0.1317 237.1 
0.4967 0.1569 222.3 
0.5953 0.1939 201.9 
0.8379 0.3735 132.6 
1.0000 1.0000 57.6 

Source: Andon. R.J.L., Cox, J.D., Herington, E.F.G., Trans. Far. Soc., 
53, 410 (1957). 



VAPOR-LIqUID E')UILIBRIUM in THE 3MP-WATER SYSTEM AT 89.83°C  

7,3MP  Y3MP P.mmHg 

0.0000. 0.0000 522.4 
0.00306 0.04263 547.8 
0.0187 0.1048 580.6 
0.0605 0.11 19 584.1 
0.0941 0.1120 584.1 
0.1371 0.1123 584.0 
0.1900 0.1135 584.0 
0.2410 0.1157 582.3 
0.3018 0.1210 577.6 
0.3748 0.1309 566.8 
0.4267 0.1403 553.3 
0.4614 0.1488 542.0 
0.5388 0.1685 512.8 
0.5976 0.1900 482.4 
0.7118 0.2508 417.4 
0.7818 0.2948 368.9 
0.9747  0.7947 171.4 
1.0000 1.0000 134.4 

Source: Andon, R.J.L., Cox, J.D., Herington, E.F.G., Trans. Far. Soc., 
53, 410 (1957) 



VAPOR-LIQUID EQUILIBRIUM in THE 3MP-WATER SYSTEM AT 69.86°C  

LUMP 1:312 P mmHG 

0.0000 0.0000 232.2 
0.00223 0.03445 240.6 
0.0167 0.0996 256.3 

0.0484 0.1068 258.1 
0.0777 0.1071 258.2 

0.1239 0.1071 258.1 
0.1606 0.1075 258.1 
0.2028 0.1090 257.8.  
0.2604 0.1126 256.5 
0.3225 0.1207 253.1 
0.3884 0.1314 247.2 
0.4428 0.1444 239.7 
0.4954 0.1575 231.4 
0.5923 0.1932 210.8 
0.6869 0.2395 186.9 
0.7754 0.3039 159.8 
0.9770 0.8027 71.8 
1.0000 1.0000 60.05 

Source: Andon, R.J.L., Cox, J.D., Herington, E.F.G., Trans, Far.Soc., 
53, 410 (1957) 



VAPOR-LIQUID EQUILIBRIUM in THE WATER-PYRIDINE SYSTEM AT 80.050C  

XH2O YH2O P mmHG 

0.00 0.00 238.9 
0.1082 0.3488 312.9 
0.1853 0.4738 344.7 
0.2527 0.5544 367.8 
0.2758 0.5600 373.8 
0.4587 0.6654 415.2 
0.5759 0.7122 431.0 
0.6636 0.7440 439.1 
0.7842 0.7558 441.0 
0.8912 0.7646 437.9 
0.9268 0.7765 432.7 
0.9542 0.7822 428.9 
0.9982 0.9755 356.8 
1.000 1.000 355.0 

Source: Chu, J.C., Wang, S.L., Levy, S.L., Paul, R., 
"Vapor Liquid Equilibrium Data" Ref. 273, J.W. Edwards, 
Publisher, Inc. Ann Arbor, Mich. (1956) 



VAPOR-LIQUID EQUILIBRIUM IN THE THIOAZOLE-WATER SYSTEM AT 90°C  

am . YH20 P,mmHg 

0.0 0.0 320 
0.015 0.076 340 
0.10 0.356 450 
0.18 0.494 530 
0.35 0.644 645 
0.50 0.697 684 
0.62 0.715 693 
0.72 0.716 695.5 
0.76 0.716 694.5 
0.90 0.723 689.5, 
0.95 0.761 658 
0.98 0.860 601 
1.00 1.00 526 

Source: Chu, J.C., Wang, S.L., Levy, S.L., Paul, R., "Vapor Liquid 
Equilibrium Data" Ref. 56 p  J.W. Edwards, Publisher, Inc. 
Ann Arbor, Mich. (1956). 



VAPOR-LIQUID EQUILIBRIUM in THE ACETONE-WATER  SYSTEM AT 25.00°C 

XACET 

e 

YACET P mmHG 
0.0 0.0 23.7 
0.01936 0.5234 50.1 
0.0289 0.6212 61.8 
0.04495 0.7168 81.3 
0.0556 0.7591 91.9 
0.0939 0.8351 126.1 
0.0951 0.8416 126.6 
0.1310 0.8618 144.3 
0.147 0.8768 150.6 
0.1791 0.8782 159.8 
0.2654 0.8856 176.1 
0.3538 0.8954 184.4 
0.5808 0.9158 199.1 
0.7852 0.9421 213.5 
1.00 1.00 229.6 

Source: Chu, J.C., Wang, S.L., Levy, S.L., Paul, R,. "Vapor Liquid 
Equilibrium Data", Ref. 17, J.W. Edwards, Publisher, Inc. 
Ann Arbor, Mich. (1956) 



VAPOR-LIQUID EQUILIBRIUM in THE THE WATER SYSTEM AT 50°C 

'CHF YTHF P. TORR 

0.028 0.700 303.2 
0.038 0.745 359.8 
0.046 0.767 383.4 
0.075 0.781 420.5 
0.1165 0.797 440.4 
0.183 0.800 445.4 
0.228 0.802 447.0 
0.264 0.800 447.8 
0.354 0.802 449.4 
0.441 0.803 451.1 
0.531 0.805 453.5 
0.611 0.810 456.2 
0.698 0.820 459.8 
0.765 0.832 463.4 
0.798 0.840 464.8 
0.868 0.865 465.4 
0.888 0.870 464.3 
0.922 0.901 462.1 
0.956 0.936 456.4 
0.979 0.965 450.0 

Source: Sueca, J., Novak, J.P., Matous, J., Pick, J. 
Collection Czech. Chem. Comm. 37,2664, (1972) 



X,Y PLOTS OF EXPERIMENTAL  & PREDICTED DATA 

The following graphs provide comparisons between the experimental 

and predicted vapor compositions of the following systems: 

THIOLZOLE WATER .AT 90°C 

WAUR - PYRIDINE AT 80.05°C 

ACETONE - WATER AT 25°C 
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The predicted data was obtained using ang,= -1; (see Figure III). 



Comparison of Experimental and Predicted Data 
Acetone—Water at 25°C. 

= Experimental Data 
0 = Predicted Data, 0( = —1 
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Comparison of Experimental and Predicted Data 
Thioazole-Water at 90°C. 

04 = Experimental Data 
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