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TEST ING VAPOR- LIQU ID EQU ILIBEIiTh DATA 
WITH THERMODYNAMIC EELATIONS 

ThTRODUCT ION 

Design. and perfcrxiiarice evaluation f the larae ad 

eostly equipitent used In d1sti11atiori, extraction, and. 

other separation processes are nonna]iy based ori the 

vapor-liquid equilibrium data gathered in the laboratory. 

It is unnecessary to emphasize the importa tace of having 

accurate data on which to rely. 

The literature contains an extremely large arnouat 

of published vapor-liquid equilibrium data. The data 

are located in ai innumerable number of places, and. is 

reported in many different forms. Ct would appear that 

no problem should arise in obtaining reliable data from 

this vast supply, Unfortunately, however, the accuracy 

of much of these data is questionable. For many comm on 

binary systems there are reported conflicting sets of 

data, thus presenting a confusing problem to the would- 

be user. That such conflicting information should exist 

is not entirely unreasonable since there are many methods 

for determining vapor-liquid equilibria, involving many 

kinds of equipment. Even if both method and apparatus 

were standardized, the dependability of measured data 

would still be contingent upon the care taken by the 

experimenter. 
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Otto Hedlich and A. T. Kister have proposed two 

nethoth baced on theriodynni.c relations for tC3tiflg 

expermenta1 vapor-liquid equí1ibriuir data of non- 

electrolyte solutions. These uethods were progranimed 

for the Aiwac III-E digttal computer and will be 

applied to binary systems in order to evaluate previously 

published data for thermodynamic consistency in an effort 

to eliminate erroneous literature. The best data will be 

smoothed so that it represents the particular system in 

a thermodynamically consistent manner. Finally the 

snìoothed, consistent data will be classified according 

to the characteristic types of solutions suggested by 

Redlich arid Kister. An analysis of the types of systems 

fitting into each classification may help provide a means 

for predicting equilibrium data not yet ascertained. 
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3ACKGOUND 

The basic expression of vapor-liquid equilibria is 

obtained Iron the laws of Raoult and Dalton in the form 

(i) y7r = xPO 

However, this expression is strictly applicable only in 

the eases of ideal solutions and ideal vapors. Since 

such systems are seldom encountered, it is necessary to 

adjust the equilibrium relationship for deviations caused 

by non-ideality. 

The first important modifications were proposed by 

Lewis and Jandall (4, p. 221,328). In order to account 

for deviations resulting from imperfect vapors, they 

suggested replacing the pressure terms by fugacities, 

determined for the pure vapors at the corresponding pros- 

sures. However, for most practical purposes, fugacity 

cari be taken equal to pressure when near one atmosphere, 

where for most systems the deviation from ideality is 

small and probably within any experimental error. 

The most important modification was concerned with 

correcting the deviations caused by non-ideal behavior 

of the liquid phase. Even at low pressures, most liquids 

do not behave as ideal solutions, and therefore Lewis and 

Randall proposed that a correction factor oe incorporated 

in the equilibrium relationship. This factor is called 
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the activity coefficient, and for 1ov pressures its use 

modifies equation (i) as follos 

(2) ir= xP0. 

An expression for the activity coefficient is readily 

obtained by rearran;in. equation (2) as 

(3) 
Xi;° 

In a binary system the activity coefficients corre- 

sponding to the respectIve components are in general not 

equal, but are related accordinp; to Duhem's equation 

(1) [àini1 ['n'21 - l[x1 j? 2[x2 ]PT 

It would involve considerable calculation to solve 

precisely iJuhem's equation for an activity coefficient; 

conseauently approximation methods were deduced by 

Van-Laar (7, p. 56-60), iiargules (7, p. 5L'56), and 

Soatoharci (7, p. 59) for predicting the required. activity 

coefficients. However, before any of these methods ma - y 

be used, experimental vapor-liquid equilibriun data are 

required. 

The use of experimental data makes it necessary to 

introduce some procedure for smoothing the data. The 

data should also be checked for thermodynamic consistency 

to insure the best possible results. Redlich and lUster 



(5),(6) proposed a iethod based on the use of two therliLo- 

dynamic relations for checking available experimental 

data. 

The first of these relations is derived from 

3catchard's excess free enory" function (9), from which 

the expression 

(5) = xiog'1 ± 

is obtained. The function is zero at all points for 

perfect solutions. When the usual convention i 

for x = i and. 
2 for x2 = i is adopted, the function 

ç becomes zero for any solution at the end points x1 

and x2 = i. 

Differentiation of equation (5) with respect to x 

yields the more useful relation 

(6) 
d_ 
-- - lo - . 
ax 

Since Q assumes tho value zero for x = O and x = 1, it 

becomes evident from equation (6) that 

- 

(y) d 

=J 
lo dx = O. 

Taus the first test requires the evaluation of' the 

respective activity coefficients from the experimental 

data utilizing equation (d). The quantity log( i'2 
is then plotted on the or'!ate against the mole fraction 
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in the liquid of the more volatile corxponent. If' the 

signed area bounded by the curve, the abscissa, and the 

lines x = O and x = i is not zero, the data are not 

therrnodynaniioal1y consistant. 
The area test is strictly applicable only at constant 

temperature, but for practical purposes it can be extended 

to data obtained in a moderately small boiling range. 

Johnson (2, p. ii) pointed out that if the net area 

under the curve is positive, the ratio of y/x is higher 

than it should be, and, conversely, if the net area is 
negative, the ratio of y/x is lower. Therefore, although 

this test indicates the direction of an error, it does 

not supply the information needed to decido whether the 

error is attributable to the vapor or to the liquid 
composition. 

Redlich and Kister ($),(6) suggested a second test, 
the "slope test" in order to pinpoint erroneous expon- 

mental data. LogarithiQic differentiation of equation (2) 

with subsequent substitution of the results into equation 
(LiP) furnishes the relation 

(8) /x i-x\ - I dlrP 
+ (i-x) 121 

(y T,/dt 
[ 

dt dt j 



which becomes after rearrangement 

(Q) o.443(xy) r i 

dy y1-y) I o C 
dlogP1 

- (1-x) 
dlogP2l 

Lat at j 

This equation is strictly applicable only at constant 

temperature and pressure, but it is sufficiently accurate 

to allow for small changes in either temperature or pres- 

sure. 

With suitable vapor-pressure data available, equa- 

tion (9) may be used to calculate the slope of the dew- 

point curve at the various experimental points. If the 

calculated slopes do not lie tangent to a smooth (y,t) 

curve drawn through these points, then the data are not 

thermodynamically consistent. If either y is higher or 

X lower than it should be, the calculated slope will be 

greater than the experimental slope; and., if the reverse 

is true, it will be smaller. It was suggested by ßedlich 

and Kister that adjustments could be made on these values 

of concentration to obtain the proper slope. The end 

points of the (y,t) curve should also be made to corre- 

spond to the correct boiling points of the components. 

Redlich and Kister stated this test had been found to be 

very sensitive, and the final (y,t) curve should. strictly 

satisfy the prescribed slope conditions, even if a close 

approach to the experimental data is sacrificed. 
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in order to represent the data tn a useful and properly 

smoothed marnier, a power ex»ies in x was developed for 
representing the function (5, p. Y46). Si.nce Q = O 

for x = O and. x = 1, it wa iecessary to include the 

factor x(1-x) in every term of the serles. Also, sin.oe 

lt was desirable to have a serles expansion which is 

sytunietric with respect to the two components, the variable 

(2x-1) was chosen because it is the simplest of that kind. 
ApplicatIon of these conditions gave for Q the expression 

Q = x(1_x)[B + C(2x-1) + D(2x-1)2 + E(2x-i) 

Differentiation of equation (io) yields 

13(i-2) + c[_i 6x(1-x)] 

+ D(2x_i)[-1 + 8x(1-x)] 
(ii) 

+ E(2x_i)2[_i + lox(i_x] 

± s... 

13y using the condition of equation (6), the ooeffioient$ 

in equation (10) can be determined from a diagram of 

log L = B(1-2x) + C [_i + 6x(1-x)] 
2 -I 

+ i)(2x-1) [_i 8x(1-x)j 
( 12) 

E(2x_i)2[_1 + iOx(1-x)] 

e... 



Th coefu1cient of this serie& furn1h a ratura1 

c1assificatioi of the vartou3 systenis in that a syste:. 

tiay be haracteri.zed accord.1n to wcìiCfl coefficients are 

necessary to define the function 10 C / '2' It was 

stated by Redlich and Kister (6, p. 50-51) that only the 

first teri is needed for a nearly perfect solution, and 

perhaps only two or three terms for 'ost s1utions. Only 

very imperfect solutions should require four or more terms. 
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DISCUSSION OF CONPUTER OPERATIONS 

i:ost of the vapor-liquid equilibrium data encountered 

in the literature have been presented in tabular form with 

the compositions of the more volatile component in both 

liquid and vapor phases Liven at various temperatures; 

the total pressure on the system bein constant. It is 

with data of this form that this particular work is con- 

cerned. 

In order to apply the proposed tests which are mathe- 
matically expressed by equations (7) and (9), it. was 

necessary to obtain vapor-pressure data for each component 

of the binary system under consideration. The Antoine 

formula, 

('3) loP0 = A-_L 
- C+t 

which L:ives the vapor-pressure as a function of tempera- 

ture, was found to provide the most useful representa- 

tirni of these data. The constants for the Antoine 

formula were, in most cases, readily available (3, p. lL.2J4_ 

1LI'38),(8, p. 336-367) for the more common substances. 

The mathematical relationships involved in this evalu- 
ation of vapor-liquid equilibrium data were programmed for 

calculation on the Alwac III-E diital computer. The over- 

all routine is comprised of fifteen channels of i.nstruc- 

tions and requires thirteen more channels for information 
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storage. The routi.ne is capable of hand1ir a set of 

data containing as many as twenty experimental points. 

A flow diagram, Figure 1, provides a schematic represen- 

tation of the calculations made by the machine for each 

set of data. 

In order to allow application of the program to many 

sets of data, it was necessary to provide a means whereby 

new (x,y,t) data could be readily substituted, and the 

constants for the Antoine formula be chancj'ed. The first 
part of the program, therefore, allows (x,y,t) data to 

be read into the machine from punched tape bearin the 

information. These data are followed by the total pres- 
sure on the system. Fin1ly the constants for the 

Antoine formula, first for the more volatile component 

and then for the less volatile componenìt, are entered. 

A scheme checks to seo that the same number of X, y, 

and t data points were accepted by the machine. If a 

mistake was made in the number of x, y, or t values 

entered, the machine was instructed to stop, and it 

would then be necessary to re-enter the data. 

After all of the necessary information was properly 

inserted, the computer proceeded to determine vapor- 

pressures and activity coefficients, according to equa- 

tion (3), corresponding to each experimental point. Inx 

order to apply the "area test't the logarithm of the 

ratio of the calculated activity coefficients was 



evaluated for each point. To represent t.k1s functIon 
an equation of a s.00th curve in the forrn of a power 

series ws detorined a follows: 

(1:3) io .12. = a 'ox ± ex2 + 1x + ex4. 

J3y utilIzing the ethoth3 of least cuares and solving' 

the resulting systern of linear equations, the series 

coefficients were evaluated. Integration of equation 
(13) and evaluation at the proper limits according to 

equation (7) yielded 
I 
J- 

(14) j lo ï! = 
1 23 5 

12 

and subsequent substItution of the values of the coef- 
flc:Le,ntc a , e, d, and e irto equation (114V) resulted 

in a measure of the theruodynauic inconsIstency of the 

system. 

The same procedure wa used to determine froi the 

experimental data, a snooth curve relating the tempera- 

turc and the composition of the rore volatile component 

in the vapor. The resulting: expression took the form 

(15) t = a + by + cy2 + dy + ey4. 

DIfferentiatIon of equation (15) yIelded the following 

expression from which an "experimental" slope could be 
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evaluated at any point of the 5oilinr poTht curvo: 

(16) = b + 2oy + Jdy2 + 4ey3. 

The experiiientai siope were determined for the y-data 

points in order to be compared with the tkiermodynanioal.ly 

predicted slopes obtaincd fror. the s1ope tsst'. 

Dirrerent1aton of equation (13) with rcspect to 

temperature as follows 

(17) dlop; P = 

dt (C+t)2 

provided a convenient form of the expression needed for 

evci.uation of ecuation ('), the "elope test's equation, 

at each experimental point. These results when compared 

with the results obtained front equation (16) provided 

inforiration necessary to determine which of the points 

needed adjustent. 

The coefficients of equation (12) were computed by 

solviri,; a system of 1near ecuatiotis dervcd frc the 

application of the least sçures method. These coeffi- 

cients (E, C, D, E), when substituted into equation (12), 

yielded an expression which best represents the euiiibria 

of the system in a smoothed and thermodynamically consist- 

ent manner. 
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RESULTS 

The experental and calculated results for the 

systenis acetone - chiorofori (1, p. 13-15), carbon 

tetrachlorld.e - ethyl acetate (1, p. 57,58), toluene - 

ri-octane (1, p. 197,202), niethanol - water (1, p. 145, 

116), carbon tetrachlori.de - ethanol (1, p. 5,56), 

ethanol - benzene (1, p. 82,8L), and acetone - water 

(i, p. 23,2L) are presented ln Tables i throuh 8. At 

least two sets of' data were examined for each of these 

systems. The first set tabulated in each case represents 

the data which appeared to be more consistent for the 

particular system. The widest temperature range encouri- 

tered was pprox1niately 30 degrees centigrade. It was 

mentioned previously that the 'tarea test" was strictly 

applicable only at constant temperature. However, Redlich 

and Kister have applied the "area test" in a case where 

the boiling interval was more than 40 deL:rees centigrade. 

Along: with this, however, it was stated (6, p. 51) that 
this interval was "somewhat too large for the strict 
validity of equation (7), but any likely deviation from 

(7) would increase the discrepancy". The data studied 

were chosen to include systems which were believed to 

range f' rom near ideality to extremely imperfect solutions. 

The experimental data were checked by the computer 

for thermodynamic consistency with both the "area test" 
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and the "slope test". The computer evaluated the coef- 

f icients of equation (12) in each case for trie purpose 

of classifyin the systems. 

The system acetone - chloroform will be used for 

the interest of discussion to describe the procedure. 

For this system three sets of experimental data were 

available (1, p. 13),(1, p. and (1, p. 15). Each 

set was somewhat different front the other two, as shown 

in Figure 2 and Table 1. Upon inspection of these three 

sets it was immediately apparent that the reported 

temperature measurements belonging to the first set were 

approximately one degree lower than the corresponding: 

temperatures in the other sets. Boiling point informa- 

tion for the pure components of the system (3, p. 387, 

1463) further indicated that the temperature measurements 

for Set 1 were probably in error. Other discrepancies 

amen the sets of data appeared in the composition 

values, and it was irpossible to decide from inspection 

which set, if any, was reliable. 

The tlare 
test'1 was applied to the three sets in 

order to determine which one most closely approached 

thermodynamic consistency. It was found that for this 

system better ajreement with the experimental data was 

obtained when the coefficient e in equation (1Li) was set 

equal to zero. The result s, determined from Figure 3 
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and recorded in Table 1, iriloated that Set i rrost nearly 

sattsfied the coriditon of the area tect". In all cases 

it was nece3sary to extrapolate beyotid the rance of data 

in order to bound the curve at the end points x = O and 

X = i, as shown by the dashed lines in Figure . There 

is undoubtedly sone error incurred In this procedure. 

However, sInce the curves fitted very well the data which 

were available, lt was felt that any extrapolation was 

done in a reasonable manner which would enable inoonsist- 
endes Inherent In the particular set of data to be pointed 

out. 

The data for Set i were than smoothed according to 

equation (12). The coefficients necessary to define the 

smoothed data and to classify the syste were deteriì;ined 

and appear in Table 2. Figure k presents the thermody- 

namically consistent data in the fori of a diagram of 

equation (12) wIth the computed values of 13, C, D, arid 

E included. The values of lo calculated from 

the original data were indicated on Figure in order 

to check the compatIbility of the original data and the 

siootri curve representing thermodynamically consistent 

data, Since the "area testt had already shown the data 

of Set I to be very nearly consistent, the correspondence 

in Figure was extremely ood. The system acetone - 

chloroforn would be classified as highly tperfect 
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according to Redlich and Kister's method (6, p. 51), 

since four terms were used to represent tke ratio of the 

activity coefficients, 

Havin deteriined the nost reliable set of experi- 

mental data, it was necessary to check the x-y-t relation- 

ship at each point. In order to do this the dew-point 

curve was first adjusted to make the end-points correspond 

to the respective boilin points of the pure components. 

The slope test" was then applied, with the coefficient 

e in equation (15) set equal to zero. The calculated 

slopes were compared with the experimental slopes as 

shown in Table 1. Any considerable discrepancy indicated 

that that particular point should be adjusted or discarded. 

The results for Set i indicated that all of the exper- 

imental points were good, although the first and third 

points needed slight adjustments. For each of these 

points the calculated slope was greater than the experi- 

mental slope, indioatin that either y was hiçher or x 

lower than it should have been at the given temperature. 

In order to obtain the correct x-y-t relationship, a value 

for the ratio "'2' correspondin to the x value of 

the point, could be obtained from Figure Li. F1ure 5 

shows the necessary y-t relationship. From equation (3) 

it is apparent that 

(18) '1 y(1-x)P 

x(1-y)P 



Since the vapor pressure is a function of' the teiiperature, 

a trial and. error determination was necessary for the x, 

y, arid t va1ue which would satî&fy Figures 4 and 5 as 

well as equation (18). Point one was adJusted by correct- 

i.n the equilibrium teaperature from 62.L to 62.5, while 

ua1ntainir:j the sane vapor and liquid coiipositions. For 

point three it was necessary to adjust the liquid oonpo- 

sition from 0.260 and 0.26k, at the given temperature 

and vapor composition. The adjusted equilibrium data 

for the system acetone - chlorofor-ì is presented in 

Table 2 and Figure 6. 

All the systems except carbon tetrachioride - ethyl 
acetate were well represented by equations (iLl-) and (15). 

It was found that that particular system was better 
described by setting the coefficient e in equations (14) 

and (15) equal to zero. The shape of the det-point curve 

can greatly influence the degree of' the equation to use 

for best eva1uatiu the "slope test". The system 

ethanol - beuzene readily shows this fact as can be seen 

in Table 9. 

In all cases it was found that at least four terms 

of equation (12) were useful in representing the sioothed, 

consistent data. It s possible that even more than four 

terms would be required for many systems. Jhen deriving 

the coefficients by least squares for a specified series 
in order to represent a riven set of data over the whole 
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coLposition range, it ou19 be improbable to obtain a 

zero result for any coeffictent un1e6 the data perfectly 

saticfied a curve of mal1er degree than the specified 

scrie. Therefore, havine applied equation (12) with 

four terrs, and having obtaed tachi.r..e accuracy ir± the 

proce, four coeffci.eiitr were obtained n all cases, 

siuce none of the data were perfect. In orcer to sat.sfy 

te clasficaton Dethod, the proper decree ser.es would 

have to be chosen for a given systen. in the beginninL,, 

and then the computer could determine the bestS coefficients 

for that chosen series. The subject of classification of 

systen.s, as proposed by fledlich and Kister, thus lends 

itself to further tnvesti.ation. 
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CONCLUS IONS 

1. The literature has become flooded with such a lar'e 

amount of worthless vapor-liquid equilibrium data, 

that it often causes unnecessary confusion, wastiri 

of time, and, incorrect results. 

2. Erroneous information could be eliminated il' 

experimenters would check their results witu methods 

such as those proposed by Redlich and Kister. 

3. Satisfying the method of classifying binary systems, 

as proposed by kedlich arid Kister, will be difficult 

unless one beforehand has some idea as to which 

classification a system in question belongs. 
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HECOMMENDATI ONS 

1. It is reconended that work be continued on evalu- 

atin vapor-liquid equilibrium data for therniody- 

namic consistency in. order to remove inaccurate 

information from the literature. 

2. The author advises that binary systems already 

properly classified be used as a basis for pre- 

dictin: the classification for systems heretofore not 

investiF:ated; and that further study be done in 

order to determine the reliability of such a 

procedure. 
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NOENCLATUE 

Symbol Description Units 

..L J. 2 Corjatants of Antoine formula note 

B, C, D, E oonstants for determining none 
c1sa1f1eati.on of systezz 

a, b, o, d, e constants none 

(x) a function = (12x) none 

h(x) a function = [_i+6x(1_x)] none 

rn(x) a function = [_1+8x(1_x)] (2x-1) none 

n(x) a function = [-1+lOx(1-x)] (2x-1)2 none 

p0 vapor pressure of pure component miri Hg 

Q a function = x1log 1+x21og 2 none 

X uoIe fraction n liquid phaue none 

y mole fraotion in vapor phase none 

t teiiiperature 

, activity coefficient none 

if total pressure m Hg 
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Symbol Description Units 

subscript denoting more volatile none 
component 

subscript denoting less volatile none 
component 
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Table i 

EXPERIkNTAL ath CAl JJATEJ) DATA 

Systri Acetone - chloroform 
Antoine Constants: 

A1- 7.O25 A- G.9033 
1161.00 = 1163.03 

C- 22.O Q- 227.1i 
Boiling Points: 

Acetone - 56.5 c (3 p. 37) 
Chloroform - 61.2 °c Us p. 463) 

Set i (1, p. 13) Pressure - 760 niu H 

expt. cale. 

dt dt 

I I 

'l l 

.o860 .0650 6.1.000 .63149 1.0339 11.9759 10.739# 

.1820 .114.70 62.5000 .6514.5 1.0175 3.5L.86 8.722 

.2600 .2380 63.0000 .7298 .9839 h7983 3.7961 

.3300 .3200 63.2000 .7681 .9685 1.1.672 1.11.379 

.4I1.10 .11.760 62.9000 .8633 .903]. -11.71137 .Ji.3739 

.5830 .66o 61.5000 .9608 .7996 -12.2003 -11.9518 

.72110 .6120 9.6000 .7297 -17.5615 -17»73 

.86o .9222 57.11.000 1.olSli. ß3 -21.5987 22.O2148 

Area Test: -.0020 

log :L_ Bg(x +Ch(x) + Dn(x) + En(x) 

B - -.2607 
C - .th62 

D = .0713 

E - -.0301 
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Table I (Cant.) 

Set 2 (1, D, 14) Pressure - 750 nu H 

expt. cale. 

dt dt 

$ z, :a ___ 

.1870 .1020 63.ozoo .1.2O9 1.o62 6.0620 29.1037 

.3z100 .3200 63.3400 .7207 .9508 1.1159 2.8879 

.ìi.620 .13o 63.i.1oc .8705 .3381 -.1387 -7.0116 

.5750 .61430 62.l9oo .90311. .8169 -7.8298 -9.1611 

.600 .76140 61.o3oo .9569 .7218 -11.6783 -15.9605 

.7590 .8330 59.9100 .9555 .7253 -13.9937 -16.1217 

.8310 .8910 58.8300 .9678 .6991 -16.0090 -18.5611k. 

.8920 .9360 57.7900 .9808 .661+6 -17.6151 -21.8718 

.9500 .9714.0 57.0000 .982 .5986 -19.000i -28.0220 

Area Pest: -.1026 

log a Bg( + Ch(x f Thn(xi + n(x) 

b -.3032 
C = I111 
D 
E .11124. 

Set 3 (1, p. 15) Pressure - 760 nu 

.1108 .o6o 62.8000 .708 1.0163 11.5892 23.6362 

.1375 .1000 63.1000 .5780 .9990 10.21401 13.0859 

.2108 .1760 63.8000 .6Ls.86 .9777 7.3028 7.567 

.2660 .2370 G.000 .6790 .552 1h93614 5.0707 

.li.771 .5170 63.9000 .8392 .8622 -6.0209 -5,0107 

.5750 .611.80 62.3000 .90 .8005 -11.2012 -9.9376 

.6633 .7505 61.6000 .91i43 .74142 -15.2790 -lZh3lk8 

.7388 .823 6o)ioc .9677 .7053 -18.1956 -17.733± 

.7955 .8688 59.000 .9802 .6918 -20.0111 19.14079 

.0590 .9165 58.3000 .9934 .6618 -21.9270 22.7Z4 
.9111.5 .9522 57.5000 .9959 .617 -23.3636 _214..5915 

Area Test: -.0228 

log i.!. = Bg(x) + ch(x) + fln(xi) + En(x 

B - -.3017 

C- .08814V 

D - *,0320 

E = 
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FIGURF 2 

EXPERIMENTAL VAPOR-LIQUID 

EQUILIBRIJM DATA 

SYSTEM: ACETONE - CHLOROFORM 

SET I - O :. P 3) 
SET2- D (11P.14) 

SET 3- A ', P. 

0 2 0.4 0.6 0.8 

X' 
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FIGURE 3 

EVALUtTION OF AREA TEST" 

YST EM ACETONE - CHLOROFORM 

'A 

02 0.4 0.6 0.8 1.0 

X, 



-"j 

Table 2 

1OOT, CON$ISThNT DATA 

System: Acetone - Ch1orofoi 
Antoine Constaxts: 

;= 7.0245 .z= 6.9033 

)= 1161.00 Z 1163.03 

QI= 224.0 Qz= 227.4 
Boiling Points: 

Acetone -56.°C (3, p. 337) 

Chloroform - 61.2°C (3, p. 463) 

Pressure - 760 nun Hg 

expt. cale. 

, : ' 
clvi ay, 

.0860 .0650 62.5000 .6125 .9982 11.4598 10.8214 

.1820 .1470 63.4000 .6356 .9888 8.2437 8.7795 

.2640 .2380 64.0000 .6959 .9633 4.6998 4.5196 

.3300 .3200 64.2000 .7437 .9384 1.5295 1.4479 

.4410 .4760 63.9000 .8358 .8749 -4.4414 -4.4042 

.5830 .6690 62.5000 .9299 .7745 -11.7204 -12.0354 

.7240 .8120 60.6000 .9672 .7064 -17.0355 -17.5702 

.8690 .9220 58.4000 .9844 .6633 -21.0793 -22.0467 

log Bg(x + Ch(x + Dixi(x + 

13 = -.2604 
C = .0470 
D = .0715 

E = -.0323 
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FIGURE 4 

SMOOTHED,CONSISTENT DATA 

SfSTEM'ACETONE-CHLOROFORM 
SET I ORIGINAL 

DATA - O 

LOG -.2604G(X)+ 0470H(X) 
z 

-s-.0715M(X)- .0323N(X) 

0.2 0.5 0.8 1.0 
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FIGURE 

ADJUSTED DEW-POINT CURVE WITH 

CALCULATED SLOPES INDICATED- 

SYSTEM:AGETONE-CHLOROFORM 

SET I 

0.2 0.4 0.6 0.3 1.0 

Y' 
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FIUNE S 

ADJUSTED VAPOR - LIQUID 

EQUILIBRIUM DATA 

SYSTEM: ACETONE - CHLOROFORM 

0.2 0.4 0:6 LO 

X, 



Table 3 

W_ERIMIrrAL AND CkLCULATED DAV 

System: Carbon Tetrachioride - Etl)r1 Acetate 
Antoine Constants: 

6.93390 7.09808 
= 1242.43 = 1238.71 

Qa 230.0 = 217.0 
Boiling Points: 

Carbon Tebrachlcride - 76.8°C (3, p.451) 
Etbyl Acetate - 77.1°C (3, p.539) 

Set 1 (1, p. 58) Pressure - 685 mm Hg 

ex1t. calo. 

I . I 
,Z ' ___ 

.0500 .0700 73.6)0 1.3812 .9794 -7.7815 -9.1337 

.1000 .1330 73.1000 1.3325 .9802 -6.8787 -8.5105 

.2000 .2450 72.5000 1.2506 .9300 -5.2330 -7.2667 

.3000 .3420 72.1000 1.i73 .9395 -3.7658 -5.6350 

.4000 .4330 71.8000 1.1297 1.0051 -2.3540 -4.0636 

.5000 .5180 71.6000 1.0880 1.0323 -1.0042 -2.1954 

.5820 .5820 71.5600 1.0514 1.0723 .0316 -.0000 

.6000 .5970 71.6000 1.0449 1.0789 .2769 .3833 

.7000 .6810 71.8000 1.0152 1.1309 1.6674 2.7119 

.8000 .7730 72.1000 .9989 1.1949 3.2237 4.8245 

.9000 .8810 72.6000 .9962 1.2313 5.0955 5.7487 

.9500 .9400 72.9000 .9976 1.2292 6.1385 5.6588 

Area Test: .0195 

1og-- = Bg(x4) + Ch(x,) + Dm(x) + ErL(x) 

B= .1437 

C = .0015 
D -.0141 
E -.0280 



Table 3 (Cont.) 

Set 2 (1, p. 57) Pressure - 745 r 11g. 

expt. caTh. 

j :. ' 
z dyt thrj 

.0950 .1000 75.8000 1.0554 1.0051 -7.902a 1.34l 

.1790 .2000 7.2OOO 1.1410 1.0043 -6.1071 -3.9357 

.24O .3000 74.1000 1.0955 1.0251 -4.3201 -2.3272 

.3730 .4000 74.3000 1.1259 1.0170 -2.422 -3.4500 

.4400 .5000 74.1000 1.2005 .9552 -.7/30 -7.3933 

.,00 .6000 74.1000 1.0929 1.0329 .9873 -2.5982 

.6E20 .7000 74.3000 1.0776 1.0026 2.7384 -2.6973 

.390 .8500 74.9000 1.0442 .9704 5.3488 -2.7648 

Area Test: .0386 

10 - = Bg(x,) Ch(x + 1(x En(x) 

B = .3418 
C = .3649 
D = .3529 

E = .1826 



Tabi 4 

Wi! IX 

System: Toluene - n-Octane 
Antoine Constants: 

= 6.9464 = 6.92377 
1344.BOO l3.126 

= 2l9,42 C') 2O9.17 
Boiling Points: 

Toluene - 110,6°c (3, p. 695) 
n-Octane -i2.7°C , p. 641) 

Set 1 (1, p. 197) Pressure - 760 mm Hg 

expt. cale. 

dt dt 

36 

.0970 .1640 123.0000 1.2047 .9975 -14,5562 -17.4266 

.2030 .2970 120.0000 1.1291 1.0351 -15.7200 -15.875E 

.3000 .4100 119.0000 1.U36 1.0180 -16.8969 -16.0423 

.3460 .4605 lliL0000 1.0843 1.0257 -17.3115 -16.2l0 

.4075 .265 117.3000 1.0728 1.0141 -17.6292 -16.71 

.4O0 ¿5E55 115.0000 1.0769 1.O24 -17.6098 -15.1506 

.5270 .6235 115.8000 1.0237 1.0555 -17.4045 -14.4453 

.6145 .6975 114.0000 1.0323 1.0977 -16.4750 -13.7517 

.7215 .775 112.0000 1.0378 1.1813 -14.488 -11,5031 

.7570 .8030 112.3000 1.0117 1.1934 -1.6574 -10.1599 

.7945 .325 112.0000 1.0(179 1.2106 -i2.494 -9.5338 

.9075 ,9225 110.9000 1.0086 1.2866 -7.7975 -7.3477 

.9450 .9550 110.8000 1.0056 1.2604 -.6268 -.1621 

Area Tect: -.0085 

log 
f- = 

3g(xi) + C (xi) + Dm(xi) + En(x 

B= .1125 

C = .0134 

D = .0231 

E = -.0739 
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Table 4 (Cont.) 

Set 2 (1, p. 202) Pressure - 760 mm Hg 

expt. cale. 
g 

_L ;LL 
t dyi 

.0090 .0340 124.0000 2.320S 1.0211 -14.ß015 -27.l45 

.0:300 .0730 123.0300 l.527 1.0241 -l5.l43 -23.6988 

.0600 15()0 122.2300 1.8194 .9966 -16.9348 -24.98d0 

.1100 .2200 120.7000 1.5149 1.0080 -17.4613 -22.5626 

.1950 .3300 U9.0000 1.3417 1.0053 -17.3700 -21.3897 

.2500 .4250 117.4000 1.4077 .9701 -16.6059 -24.9372 

.3250 .4800 116.2000 L2639 1.0097 -15.9606 -21.5741 

.4000 .5800 115.0000 1.2626 .9505 -14.5635 -25.6143 

.5000 .6550 113.8000 1.1980 .9710 -l3.I493 -23.7635 

.5900 .7000 113.0000 1.1095 1.0546 -12.8018 -la.171]. 

.650 .7900 112.3000 1.1162 .9511 -11.6580 -24.0830 

.7650 .8400 111.6000 1.068]. 1.0236 -11.1624 -19.4285 

.3400 .8850 111.0000 1.0424 1.1004 -l0.340 15.4189 

.9170 .9330 11;.5000 1.0210 1.2550 -10,6324 -.9421 
C,573 .9670 110.2000 1.0227 1.2041 -10.5969 -10.9557 

Area Test: .0817 

log --= Bg(x + + + 

B .1573 

C -.0058 
D = .0211 

E -. :1979 
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Table 5 

WIMENTAL jLQ&ATDDA 

System: Methanol - Water 
Anto!ne Constantc; 

k = 
P.l = 1473.11 2 

= 230.0 Ç2 
Boiling Points: 

Methanol - 

Water - 100°C 

= 7.96681 
= i66.21 
228.0 

(:3, p' 599) 
(': 
._', p. 

Set 1 (1, p. 145) Pressure - 7o0 iì Hg 

exnt. cale. 

dt dt 

XI Li .' 

1 dj 

.0460 .2670 92.7000 2.1420 1.0031 -23.3116 -30.4135 

.0940 .4020 88.1000 1.8376 1.0257 -33.7226 -33.7350 

.1570 .5330 84.0000 1.6766 1.0099 -40.8861 -39.06'74 

.2170 .6020 80.8000 1.5313 1.0528 -43.1894 -41.0344 

.3210 .6E00 77.4000 1.3193 1.1211 -44.3619 -41.7799 

.4250 .7450 74.8000 1.1994 1.1753 -44.0488 -42.5293 

.5340 .7910 72.4000 l.10'71 1.3153 -43.0547 -39.2158 

.6320 .8290 70.5000 1.0524 1.4784 -41.7194 -35.0850 

.7270 .8830 68.7000 1.0431 1.4743 -38.9759 -38.1738 

.8170 .9200 67.3000 1.0202 1.5990 -36.4941 -35.5012 

.8910 .9560 66.1000 1.0181 1.5572 -33.5832 -39.2957 

Area Test: -.003 

Log = Bg(xJ + Ch(x + Dm(x) + En(x) 
2. 

B = .2884 

O = -.0944 
D = -. 0453 
E = -.0414 



Table (Cont.) 

Set 2 (1, p. 14.,) Prec8ure - 7o0 mm g 

expt. 

.-j-. :L 

.1450 .4730 2.6OOO 1.6O1 !.194 -57.1046 

.2050 .5450 79.6000 1.5303 1.2444 .-44.779 

.260() .6000 7'7.2000 1.4476 1.2965 -37.10:37 

.4000 .7050 73.000 1.2510 1.3589 -27.6907 

.5550 .7950 71.0000 1.1230 1.4344 -27.34L3 

.7130 .8720 68.5000 1.0584 1.5476 -34.5139 
.9510 65.)300 1.0276 1.657 -50.5759 

Area Te3t: -.0656 

log = 8(x) + Ch(x1) + Dm(x1 + Eii(xi 

D .0774 

E = -.2932 

39 

cale. 

-33.3885 
-34.6863 
-.5408 
-36.6600 
-36 . 9096 
-35.8965 

-35.9517 
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Table 6 

System: Carbon tetrachioride - Ethanol 
Antoine Constants: 

l 6.93390 = .O4494 

l 
1242.43 

.2 
1554.3 

Ql 230.0 Q2 222.65 
Boiling Points: 

Carbon tetrachioride -76.°C (3, p. 451) 

Ethanol - 78.4°C (3, p. 541) 

Set i (1, p. 56) Pressure - 745 Hg 

e)'-pt. cale. 

&' L' j :LL ___ 

.0320 .1660 74.8200 5.3603 .9716 -14.3785 -24.1164 

.0690 .2650 72.4400 4.2'/24 .9812 -24.3881 -24.3941 

.1140 .3550 70.2500 3.7115 .9907 -28.7302 -25.9375 

.1660 .4380 68.3500 3.3415 .9931 -28.1593 -27.2285 

.2290 .4980 66.6400 2.9106 1.0320 -24.7258 -26.6226 

.3100 .5390 65.3200 2.4297 1.1207 -20.3126 -23.0715 

.4110 .5720 64.4200 2.0032 1.2673 -16.6915 -16.8020 

.5450 .5970 63.8800 1.6051 1.5815 -12.9737 -5.7050 

.7300 .6650 64.3000 1.3164 2.1753 -.1423 8.1395 

Area Test: .0683 

log = Bg(xj) + Ch(x) + tn(x,) + En(x) 

B = .8179 
C = .1770 

D .2620 

E = .1590 
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Table Ú (Cont.) 

Set 2 (1, p. 55) Pressure - 745 imn Hg 

expt. cale. 

dt dt 

I :: : j d,y dv 

.0640 .2500 72.8000 4.2972 .9313 -29.4954 -24.5717 

.1140 .3500 70.3000 3.6536 .9962 -29.3363 -25.5727 

.1760 .4500 68.0000 3.2748 .9984 -24.6869 -27.2E25 

.3360 .5500 65.0000 2.3116 1.1526 -17.a454 -21.7441 

.,000 .6000 63.00O 1.4692 1.7918 -14.3215 -.0000 

.6300 .6300 63.ó000 1.4790 1.075 -12.3401 -.0000 

.7230 .6700 64.3900 l.2? 2.1270 -9.919 7.3134 

Area Test: .1031 

log f = Bg(x1) + Ch(x) + Dm(x) + En(x 
B = .776S 

C = .1046 

D .2022 

E .270 



Tab1 7 

3ysten: thano1 - BEnzene 
Antoine Constants 

=8.O4494 2=().9O65 
_i = 

1554.3 2 1211.033 
Q=222.65 Ç220.79O 

Boiling Points: 
Ethanol - 78.400 (3, p. 541) 

Bnzene - 80.1°C (3, p. 421) 

Set I (1, p. 84) P:'ure -'70 11g 

expt. c1c. 

_1;L J_ i - 1v' 

.coo .1500 75.2000 4.1937 1.0186 -50.5479 -26.8192 

.1100 .3000 70.8000 1.0431 -24.4626 -26.7989 

.2800 .4000 68.3000 2.1241 1.2005 -6.5618 -13.9417 

.4300 .4400 67.8000 1.5540 1.4390 .0797 -1.0883 

.6100 .5000 68.3000 1.2187 1.8468 9.0113 11.3396 

.8000 .6000 70.1000 1.0339 2.7141 19.9039 20.8333 

.8900 .7000 72.4000 .9857 3.4330 23.7664 22.5301 

.9400 .8000 74.4000 .9C30 3.9341 13.2504 21.8491 

Area Test: -.0279 

log f 13g(x1) + Ch(z) 1n(x + En(x) 

, tr,Ç1 
JJ - 
C = -.0368 
D .0204 

= .0405 



43 

Table 7 ( Cant.) 

Set 2 (1, p. S2) Pressure - 760 nmi Hg 

expt. cale. 

.0200 .050 7E.0000 2.9373 1,0259 -l9.l35 -22.1434 

.0270 .1130 77.1000 4.3959 1.0008 -24.73l6 -27.1119 

.0373 .2020 75.0000 6.2356 .9722 -31.373e -3l.L004 

.0510 .2200 74.6000 5.0084 .9767 -32.044 -30.4032 

.0760 .3030 71.2000 .3l99 1.0005 -31.419 -32.2091 

.1040 .3430 70.3000 4.5638 1.0017 -28.2444 -3l.346 

.1220 .3730 69.0000 4.472 1.0184 -24.4007 -31.3023 

.1440 .4190 68.000 4.3472 .9a42 -15.7537 -32.6482 

.2400 .4200 68.3000 2.6366 1.1140 -15.278 -20.8101 

.3320 .4250 68.0000 1.95% 1.2691 -14.3614 -10.4554 

.3820 .4260 67.9000 1.7089 1.3741 -14.1249 -4.8792 

.420 .4410 67.9000 1.5901 1.4382 -10.3309 -1.7411 

.4740 .4470 67.9000 1.4451 1.553 -8.6934 2.8969 

.5230 .4620 68.0000 1.3480 1.6629 -4.3073 6.4395 

.5640 .4770 68.0000 1.2906 1.7686 .203 9.0639 

.6130 .4820 68.1000 1.1947 1.9670 2.2267 13.4950 

.6610 .4980 68.2000 1.1399 2.1688 8.0491 16.5966 

.6870 .5180 68.3000 1.1361 2.2478 16.0948 17.1401 

.7300 .5240 68.6000 1.0679 2.5478 18.6782 20.7565 

.7610 .5410 68.8000 1.0487 2.7571 26.4441 22.1431 

Area Test: -.0322 

lag f = 
Bg(x.) Ch(x i- Dm(x.) + En(x 

B = .7603 
C = -.1777 
D -.0400 
E = .2783 
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Table 

System: Acetone - Water 
Antoine Constants: 

k 7.0245 2 7.96681 

= 1161.00 = 166a.21 

Q;i. 224.0 Q2 = 228.0 
Boiling Points: 

Acetone - 56.5°C (3, p. 38?) 

Water - 100°C (3, p. 327) 

Sot 1 (1, p. 23) Pressure - 760 rx Hg 

ext. cale. 

l .L' i l 

.0150 .3250 89.6000 7.8393 1.0056 -4.7115 -37.2677 

.0360 .640 79.4000 7.5503 .9914 -68.4867 -53.3687 

.0740 .7340 68.3000 6.6785 1.0056 -72.9530 -78.9214 

.1750 .8000 63.7000 3.5629 1.0411 -61.5959 -91.0636 

.2590 .8310 61.1000 2.7218 1.1027 -53.3118 -95.6656 

.3770 .8000 60.5000 1.3361 1.5954 -1.5959 -64.1626 

.5050 .8490 59.9000 1.4838 1.5588 -47.5786 -67.6043 

.6710 .f3680 59.0000 1.1764 2.1378 -40.7710 -45.5558 
SQ4Q .9020 58.1000 1.0515 2.7788 -26.5762 -30.6185 
.8990 .9380 57.4000 1.0013 3.5254 -8.6056 -19.1016 

Area Test; .0181 

log f : Bg(x,) + Ch(xi) + flrn( + En(x 

B = .7824 

C -.1760 
D = .1322 

E = .1521 



Table 8 (Cont.) 

Set 2 (1, p. 24) Pressure - 760 nn Hg 

t L) j 

.0500 .6200 74.0000 .3240 1.0963 

.0820 .7200 68.9000 .3237 1.0401 

.1250 '7j0 5.8000 .3043 1.0230 

.2200 .000 62.9000 .2620 1.1418 

.4450 .8310 62.0000 .189 1.4127 

.6600 .8660 %.3000 .338 2.1698 

.7600 .8880 7.8000 .4681 2.6301 

.8650 .9;300 7.3000 .7491 2.9924 

.9300 .9600 56.7000 14.4141 3.3913 

Area Test: -.6648 

4 

expt. cale. 

thr_ 

-55.2524 -60.4299 
-64.8197 -79.0301 

-63.612 -93.8113 
-0.9468 -102.0585 
-56.4417 -107.4581 
-49.2180 -109.0945 
-43.4796 -110.2203 
-29.8699 -146.4624 
-17.9340 -205.9226 

log -- = 
Bg(x i- Ch(x + tn(x,) En(x) 

B -.1452 

C = .2490 

D =-1.2310 
E =-1.8389 
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Table 9 

EFFECT OF THE DEGREE OF EQUATION (15) ON EVALUATION 
OF THE "SLOPE TEST" 

System: Ethanol - ì3enzene 

Set 1 (1, i. 4) 

3rd Degree 4th Degree 
expt. expt. cale. 

dv1 c]j, ___ 

-47.7Ea9 -50.5479 -26.192 
-19.2990 -24.4626 -26.799 
-1.9666 -6.561e -13.9417 
4.596a .0797 -1.O83 
14.0416 9.0113 11.3396 
28.7231 19.9039 0.8333 
42.075e 23.7664 22.5301 
54.1039 18.2504 21.8491 


