Vapor-Liquid Equilibrium:

Part |. An Appraisal of Data Reduction Methods

Correlations of the excess Gibbs function and the activity coefficients

of a binary, liquid-phase system at constant temperature depend on reduc-
tion of P-x-y data taken for the system in vapor-liquid equilibrium. It is
shown that use of a full P-x-y data set is for all practical purposes based on
just the P-y values, Alternative procedures require only P-x or x-y data. In
any case, effective use of a full P-x-y data set can be made only if redundent
experimental values of x,y, or P are compared for consistency with calculated
values. This cannot be accomplished by means of the popular area test

for thermodynamic consistency.
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SCOPE

The feasibility of vapor-liquid equilibrium (VLE) de-
termination from measurements at constant temperature
of just the solution vapor pressure as a function of liquid
composition has already been shown (Ljunglin and Van
Ness, 1962; Van Ness et al., 1967), and an apparatus has
been developed (Gibbs and Van Ness, 1972) for the rapid
accumulation of such data. The question arises as to
whether this method, which does not require measurement
of vapor compositions, is in some way deficient in com-
parison with methods based on measurement of all the
variables P, x, and y. In fact, measurements of any pair of
these variables provide sufficient data for the calculation

of the third variable through exact relations provided by
thermodynamics. When all three variables are measured
the data set contains redundant information, and thermo-
dynamics provides a means to test their internal consist-
ency. Correlation of VLE data is invariably accomplished
indirectly through thermodynamic functions for the liquid
phase, for only in such a form do the data take on any
theoretical significance. Thus the procedures used for re-
duction of VLE data are crucial, and it is important that
credibility not be sacrificed. We have therefore critically
examined all of the factors that play a part in the various
reduction methods for constant-temperature VLE data. II-
lustrative results are based on a set of published VLE data.

CONCLUSIONS AND SIGNIFICANCE

There are three distinctly different procedures which
may be used to reduce a set of P-x-y data for a binary
system at constant temperature to a correlation of the
liquid-phase activity coefficients. Each makes use of data
for just two of the variables—x-y, P-x, or P-y. Although
the usual method of data reduction is based on all the
data, P, x, and y, for practical purposes it makes effective
use of only the P-y data. Since experimental uncertainty
is likely greatest for y, prudence suggests that the pre-
ferred procedure for data reduction is the one based on
just the P-x data. Values of y calculated from the correla-
tion can then be compared with measured values as a
check on the thermodynamic consistency of the data. The
consistency test is the only possible advantage to be gained
from redundant measurements of y, for it is not possible

to use them so as to improve the reliability of the correla-
tion. Unless a consistency test is considered essential, ex-
perimental effort is better spent on improvement of the
accuracy of P-x measurements than on measurement of
redundant data. The attention given to consistency tests
in the past has been largely misdirected, for the com-
monly applied area test is so limited as to have little
value.

Any set of VLE data should include as an integral part
of the set the vapor pressures of the pure components.
The use of values for these vapor pressures that are dis-
cordant with the solution vapor pressures can cause severe
distortion in the final correlation of results. It is likely that
many correlations in the literature suffer from this fault
and that undue complication of correlating equations is a
consequence.

Vapor-liquid equilibrium data have most ‘commonly
been measured with a recirculating still. The data of
Fried et al. (1967) for the system pyridine-tetrachloro-
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ethylene at 60°C are typical, and they are reproduced in
Figure 1. We will examine this set of data in detail, em-
ploying various methods to find correlations for the excess
Gibbs function and the activity coefficients of the liquid
phase. The pertinent equations, which are restricted to
binary systems at low pressure and constant temperature,
are (Van Ness, 1964)

AIChE Journal (Vol. 19, No. 2)



1 — 1 i i 1 1 1 1

o 0.2 0.4 0.5 0.5 10
i K341

Fig. 1. P-x-y data for the system pyridine(1)—tetrachloroethylene(2)
at 60°C (Fried et al., 1967).
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where the identity g = GE/RT has been employed. We
have assumed that the vapor phase is an ideal gas and
that liquid properties are independent of pressure. These
assumptions are not essential but are appropriate here,
simplifying the discussion and influencing the results to
a negligible extent.

For the vast majority of systems the empirical func-
tional relation between g and x is found to be quite
simple. For the system considered here, it can be faithfully
represented by the three-constant equation

= Axy -+ Bxy — Dxyxs (5)
X1Xg

When this equation is substituted into Equations (3) and
(4), they become

Iny; = x2[A + 2(B — A — D)z + 3Dx2]
Inys = %2[B + 2(A — B — D)xy + 3Dx,%]

(6a)
(6b)

ln—‘y—1 = Ax,®2 — Bxs2 4+ 2x:%3[B — A + D (%1 — x3) ]
r2
(7)
These equations are often called the four-suffix Margules
equations.
PROCEDURES FOR DATA REDUCTION

The most direct procedure for correlation of the set of
VLE data shown by Figure 1 is to calculate y; and v2 by
Equation (1) for each data point and then to apply
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Equation (2) to generate a set of values for g/xxg. All
of the data—P, x, and y—are used in this procedure. The
values of g/x;x; are then fit by a least-squares technique
t(o5 )a suitable empirical expression, in this case, Equation

Fried et al. (1967) did not follow this procedure.
Rather, they calculated values of In(y/ys) from their
data and fit these by Equation (7). The interesting fea-
ture of this procedure is that it made no use whatever of
their carefully measured values of P. It is clear from the
first equality of Equation (4) that the pressure cancels
from the ratio y1/y;, and that it might just as well never
have been measured.

It is well known that measurement of P, x, and y at
constant T represents an over-determination of the
thermodynamic properties of a binary system in vapor-
liquid equilibrium. It is, in fact, possible to base all cal-
culations not only on x-y data alone, but equally well on
P-x data alone or on P-y data alone. With a perfect set of
P-x-y data, one should be able to generate the same cor-
relation through use of all the data or from any pair of
the variables. With a set of real data, however, there are
likely to be discrepancies.

The calculational methods which require only P-x or
P-y data are based on Equations (8) and (9).

dy1 _ Y1Yys
dpP Py, — x1)

This is a form of the coexistence equation (Van Ness,
1964), and it may be solved for x;:

dpP
X1 =y1 (1 _12_..____)

An additional relation follows directly from Equation (1):

(8a)

(8b)

P = x(Py53%y; + x5Pp%%y, (9a)
When combined with Equation (3), this becomes
d,
P = x;,Py%3¢ exp (g + X2 dxg1 )
+ xyP552t ex ( —x 48 ) (9b)
ol P\8 1 s

Equations (8a) and (9b) provide two distinctly dif-
ferent calculational procedures that require just P-x data,
Equation (8a) may be integrated by a marching proced-
ure that starts at an appropriate point where limiting
values are given by the data (Van Ness, 1970). This
yields values for y, which in combination with the mea-
sured values of P and x, allow calculation of the activity
coefficients and of g/x1xp or In(y1/72).

With Equation (9b) one uses some technique to search
for the g versus x relation which allows this equation to
reproduce the measured P versus x data as closely as pos-
sible. The most flexible technique is numerical, and the
one proposed by Mixon et al. (1965) has proved to be
entirely satisfactory. Either method requires an initial fit
of the P versus x; data, and the least-squares spline fit of
Klaus and Van Ness (1967) is especially useful. For the
same input, the two methods produce identical results.
For effective application both require use of a digital com-

uter.
d Finally, Equation (8b) allows the use of just P-y data.
One first obtains a least-squares spline fit of the P versus
y1 values so as to produce reliable values for the deriva-
tive dP/dy. Values for x; then result from direct substi-
tution into Equation (8b). These, together with the mea-
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sured P-y data, allow calculation of the activity coeffi-
cients and of g/x;xs or In(y1/vs).

APPLICATION TO EXPERIMENTAL DATA

All four calculational procedures have been applied to
the data of Figure 1, and the results are summarized in
Table 1, where the constants A, B, and D of Equations
(5), (6), and (7) as determined by the four different
treatments of the data are given. Figure 2 displays the
four corresponding curves of g/xixs versus x1. The dif-
ferent methods of treating the data clearly produce dis-
cordant results and indicate that the requirements of
thermodynamic consistency are not satisfied. We may go
one step further to show how the measured values of the
properties P and y differ from their values as recalculated
from the various correlations, as represented by Equation
(5). The correlated values for v; and y, are then given by
Equation (8), and once these are calculated for a par-
ticular value of x;, they are substituted into Equation
(9a) to give P. Equation (1) then gives y values. The
values of P and y, so calculated at each experimental value
of x; are compared with experimental values by means of
the differences AP and Ay;. The results appear in Figure
8. The root-mean square averages and the maximum ab-
solute values of AP and Ay; are listed in Table 2.

Additional tests for thermodynamic consistency are
now possible by comparison of calculated values of P or
of y with experimental values that were not used in any
way to generate the correlation. Where x-y data alone
were used, the plot of AP versus x; provides a consistency
check. Where P-x data alone were used the plot of Ay
versus x; provides the test. In either case consistency re-
quires that the A values scatter randomly about zero.
Where there is bias from the A = 0 axis, the data must
be judged inconsistent. In both cases bias is evident.
This could, of course, result also from use of a correlating
equation of a form not capable of adequately representing
the data. However, as discussed later, the evidence is that
the equation used is suitable.

TabLE 1. ConsTANTS FOR EQuaTions (5), (6), aND (7)
As DETERMINED BY DIFFERENT PROCEDURES

From From From From

P-x-y x-y P-x P-y

Data® Data? Datac Datad
A 0.93432 0.77882 0.82030 0.95665
B 0.84874 0.68925 0.77826 0.87698
D 0.48897 0.03721 0.09045 0.53546

2 By Equations (1), (2), and (5).
b By Equations (4) and (7).

¢ By Equations (9b), (4), and (7).
¢ By Equations (8b), (4), and (7).

TaBLE 2. DEviaTION BETWEEN COMPUTED AND

MEASURED VALUES

A = (Value Predicted by Correlation) — (Experimental Value)

Ay AP, mm Hg
Data used RMS Max RMS Max
P-x-y 0.0058 0.0119 0.43 0.99
x-y 0.0018 0.0038 1.35 1.87
P-x 0.0054 0.0092 0.25 0.50
P-y 0.0067 0.0136 047 1.10
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Fig. 2. g/x1xs versus x; for the system pyridine(1)—tetrachloroethyl-
ene(2) at 60°C. Curve A is determined from P-x-y data; Curve B,
from x-y dota; Curve C, from P-x data; and Curve D, from P-y data.
The filled circles are calculated from experimental data by Equation

(2).
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Fig. 3. Ay; and AP versus x; for the system pyridine(1)—tetrachioro-

ethylene(2) ot 60°C, where A denotes the difference between the

value determined from the correlation of results and the experi-
mental value.

PURE-COMPONENT VAPOR PRESSURES

It is important to note the influence of the values used
for the vapor pressures of the pure constituents Py and
P53t in the calculation of activity coefficients. At constant
T, these quantities are constants, and the values chosen
influence all values of all thermodynamic functions calcu-
lated from the data. Moreover, since they are constants,
use of inappropriate values can only introduce nonrandom
bias into the calculated thermodynamic properties, and
the effect can be severe.

The published set of VLE data considered here does
not include measured values for P;s2¢ and P,%at at 60°C.
Rather, the authors refer to other work for these values
and rely on the Antoine equation as an interpolation
formula.* This has been fairly common practice, and it is
a serious mistake. Vapor pressures are highly sensitive to

¢ Table 3 of the reference cited, which gives the Antoine constants,
contains a typographical error. The column headings A and B should
be interchanged.
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experimental conditions and to the purity of the materials
used. In any proper experimental determination of VLE
it is essential that the vapor pressures of the pure con-
stituents be measured with the same apparatus and for
the same lots of materials as are used for the other mea-
surements so that they are an integral part of the data set.
Otherwise they may be, and almost always are, discor-
dant in some degree with the solution vapor pressure
measurements. This is not readily evident from a plot
such as Figure 1 but shows up clearly when a spline fit
is made of the P-x; data. Thus in Figure 3 the AP plot
for the case where only P-x data are used reflects primarily
the deviations of the experimental pressures from the
spline-fit representation. The values at the ends stand out
as not fitting in with the other measurements. The vapor
pressures from which these two points were determined
come from the Antoine equations referenced by the origi-
nal authors, and they were treated as part of the P-x; data
set. The spline fit yields vapor pressures P;sat and Pysat
that are both about 0.5 mm Hg higher than those from
the Antoine equations.

The effects on g/xyxs of changes in the values of the
vapor pressures used for its calculation from experimental
data are given by the derivatives:

d a(g/xlxz) _ -1

oP. 2sat; x lpzsat

9 (g/xlxg) .~ 1
aPlsat - xzplsat

an

One of these derivatives approaches negative infinity at
each end of the composition range, and when either x; or
xz is small the value of g/xuxe is very sensitive to the
value used for one or the other of the vapor pressures.
Since this sensitivity is much less in the midcomposition
range, the result of use of inappropriate values for Py
and P,5at is a marked distortion of the g/xix; versus x;
curve. It is therefore best to use values of P52t and Py%at
as determined from a least-squares spline fit of pressure-
composition data rather than directly measured or litera-
ture values. This is the choice we have made, and it en-
sures that the pure-component vapor pressures are at least
in reasonable accord with the rest of the data.

The function In(y1/ys), on the other hand, is affected
only by the ratio of the vapor pressures:

8 In(y1/v2) _ Pysat
9 (Pysat/Pysat) - pysat

Since this effect is independent of x, the experimental
points on a plot of In(y1/y:) are merely shifted up or
down a constant amount by any change in the ratio of
vapor pressures. However, there is no way to adjust the
constants on the right-hand side of Equation (7) so as to
produce a constant shift in the representation of In(yi/
v2), and changes in the vapor-pressure ratio therefore
cause a distortion in the fitted function. Nevertheless, it
has been our experience that less distortion results from
fitting In(y1/yz) than from fitting g/x1xs, and this has
been our choice where the option is available.

RANDOM ERRORS OF MEASUREMENT

We must also consider the effect of random error in
the measured variables on the error in the calculated
thermodynamic functions. With temperature held con-
stant, the variables subject to such measurement error are
P, x, and y. Temperature is also subject to random fluctua-
tion, but this shows up as error in the other variables.
Although the vapor pressures P;53t and P,*®* are functions
of temperature, fixed values are used with the entire data
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set, and random error is not a consideration. Estimates of
the standard deviations in the functions g/x;x» and
In(y1/ye) when these quantities are calculated for a
finite data set are given by equations derived in the
manner of Ulrichson and Stevenson (1972).

For g/x;xs:
In In 2 Xy — 2
o= (-2 ) e (L)
Xz X1 X1XolY1Y2
S_pz
—_— 10
+ (Px1xg)? (10
For In(y1/v2):
82 5,2
$? = (11)

- (x1%9) 2 + (y1y2)2

In Equation (10) the coefficient of the s, term is rela-
tively very small, and it remains finite as x; and xp ap-
proach zero. Thus the error in g/xyx, is insensitive to
errors in x, and reflects primarily errors in y and P. The
coeflicients of s, and sp become infinite at the composition
extremes.

Equation (11) indicates that the function In{yi/vz) is
equally sensitive to measurement errors in x and y, and in
both cases the error contribution approaches infinity as
x; or x; approaches zero. A term for error in pressure
does not appear, because values of In(y1/y2) do not de-
pend on pressure measurements.

With respect to the data set under consideration, and
in view of the results in Table 2, we assign the values

sz = sy = 0.005 and sp = 0.5 mm. Hg.

Calculations based on Equation (10) then provide esti-
mates of the standard deviation in g/xix, and these re-
sults are reflected by the dashed lines of Figure 4, which
show g/x1xs = s and provide the 68% confidence interval
around the curve generated through use of just the P-x;
data. This is curve C of Figure 2. The points represent
the direct experimental results and are the same points
shown in Figure 2. This curve was chosen in view of
Table 2 and Figure 3, where it is seen that this fit pro-
duces the best compromise for goodness-of-fit with respect
to both y and P. In addition, this curve represents an ex-
cellent correlation of the 10 data points lying within the
narrowest region of the 68% confidence interval. The
remaining 7 points lies close to the upper bound of the

oosf o

X

Fig. 4. g/x1x2 versus x; for the system pyridine(1)—tetrachloroethyl-

ene(2) at 60°C. The filled circles and Curve A of Figure 2 are re-

produced here; in addition, the 68% confidence interval is indicated
by the dashed lines.
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Fig. 5. In(y1/7v2) versus x; for the system pyridine(1)—tetrachloro-
ethylene(2) at 60°C. The filled circles represent data points calcu-
lated from the experimental data. The solid curve is the least-squares

fit of the data to Equation (7). The dashed lines indicate the 68%
confidence interval.

confidence interval, and their deviations appear more
systematic than random.

Figure 5 shows a plot of In(yi/y,) versus x;. The
points are calculated from the experimental data, and the
solid line represents the correlation based on just the x-y
data, corresponding to curve B of Figure 2. The dashed
lines indicate the 68% confidence interval as determined
by Equation (11). Note that there is no tendency for
the points here to deviate widely from the correlating
curve, even where the confidence interval spreads.

ANALYSIS OF DATA-REDUCTION METHODS

With respect to Figure 3, it is evident that the plots
based on the full set of P-x-y data bear a remarkable
resemblance to those based on just the P-y data. This is
not accidental and is a consequence of the fact that the
quantity g/x,x; upon which use of the P-x-y data depends
is very insensitive to errors in x. This means that it is not
possible to make effective use of the measurements of x
because errors in x have little influence on the resulting
correlation. The reliability of the correlation rests on the
measurements of P and y. The measurement of x is super-
Hluous and may as well be omitted. The procedure based
on P-y data alone makes no use of the x values, and the
similarity in results obtained by the two procedures as
shown by Figures 2 and 3 naturally follows.

The correlation based on just P-y data does not admit
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to use of AP and Ay for a consistency check. However, we
do have a set of calculated x; values from Equation (8b)
which can be compared with the unused experimental
values of x;. The resulting plot of Ax; versus x; is shown
by Figure 6. There is a clear bias of these results from
the Ax = 0 axis, and again the data must be judged in-
consistent in some degree. The root-mean square value
of Ax is 0.0057.

It is perhaps surprising that the points on the AP plot
(Figure 3) in this case do not scatter randomly about
zero, since the initial step is a least-squares spline fit of
the experimental pressures. The reason is that the spline
fit of P is with respect to the measured values of y,, while
the fit of In(y1/y:) to provide the final correlation is nec-
essarily with respect to the calculated values of x;, be-
cause this function is a liquid-phase property. Thus bias
appears in both AP and Ay. The same effect is produced
when calculations are based on the full set of P-x-y data,
because only P-y data are effectively used, and the final fit
is to x;. This split in the bias of results between AP and
Ay reflects a slight mismatch between the form of the
correlating function used and the form required for a
perfect correlation of the measured P-y data. It is not
possible to determine whether the deficiency lies with
the form of the correlation or with the data. At best one
can point out that curve A of Figure 2 represents the
points based on experimental data as well as can be ex-
pected in view of the confidence interval associated with
it. Similarly, Figure 5 suggests no serious deficiency in
the form of the correlating function. It should be noted
that the correlating function is used here merely as a
convenience, not as an essential part of our consideration.
All final correlations could be strictly graphical or nu-
merical,

We conclude from this analysis of data-reduction
methods that in reality only three truly different methods
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Fig. 6. Axy versus x; for the system pyridine(1)—tetrachloroethyl-

ene(2) at 60°C as determined from P-y data, where A denotes the

difference between the value calculated from the correlation of re-
sults and the experimenta! value.
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exist for the correlation of a full set of P-x-y data, and
each makes use of just two of the measured variables.
Thus we have the options to base the correlation on x-y
data, on P-x data, or on P-y data. We do not really have
the option to make effective use of the full P-x-y data set,
except through use of redundant measurements for test-
ing of thermodynamic consistency.

CONSISTENCY TESTS

Thermodynamic consistency tests for VLE measure-
ments are all based on the Gibbs-Duhem equation, and
much has been written in the literature about various ap-
plications of this equation through the activity coefficients.
We have in passing made reference to six different sensi-
tive and comprehensive consistency tests that are obvious
when one looks at the treatment of P-x-y data from the
point of view adopted here but which have not previously
been proposed. Comparison of the g/a;x, versus x; curves
of Figure 2 resulting from any two of the three basic
methods of data treatment (curves A and D being con-
sidered equivalent) provide three such tests. Similarly,
the comparison of calculated and experimental (but un-
used) data as shown by Figures 3 and 6—AP for x-y data,
Ay for P-x data, and Ax for P-y data—represent three ad-
ditional tests. Unfortunately, consistency tests, either
alone or in concert, cannot indicate how or where the data
are in error. In fact, a restricted consistency test may well
fail to indicate error even when the data are inconsistent.

The widely used area test, which requires the area
under a plot of In(y1/ys) versus x; to be zero is a con-
sistency test only in the most restricted sense, because the
only data needed to construct the plot are x and y values
and the ratio P,/P;53, The pressures, which represent
the redundant data, are not involved, except for the
limiting values P;*#* and Py*at. Thus the only testing done
by the area test as applied to isothermal data is of whether
the vapor pressure ratio Py%3t/P %3¢ is appropriate to the
set of x-y data. With respect to the present data set, the
area test is very nearly satisfied, as can be seen from
Figure 5, where the solid line meets the requirement ex-
actly. However, the comparison of experimental and cal-
culated pressures based on the same x-y data and shown
in Figure 3 indicate a clear departure of the data from
consistency. A plot of In(y1/y2) versus x; will be sensitive
to scatter in the x-y data, but it will show nothing about
the internal consistency of such data.

RECOMMENDATIONS FOR DATA REDUCTION

If a full set of P-x-y data is determined experimentally,
one must choose one of the three basic methods for data
reduction. The measurements of y are usually the least
reliable, and it is therefore reasonable to base all calcula-
tions on just the P-x data. The calculated values of y are
then available for comparison with the measured values
for a comprehensive and directly meaningful consistency
check. Where VLE data are represented by just the P-x
trace, as measured in a static equilibrium cell, there is
no alternative to use of the method based on just the P-x
data, and no consistency test is possible because there is
no redundancy in the data.

In either case one needs a standard procedure for data
reduction. The steps recommended are as follows:

1. Generate a least-squares spline fit (Klaus and Van
Ness, 1967) of the P versus x; data that exhibits smooth
first derivatives and reasonably smooth second derivatives

AIChE Journal (Vol. 19, No. 2)

of P with respect to x,. This may require several trials that
depend on the number of data intervals chosen and on
the location of the interval boundaries. The vapor pres-
sures P;%2® and Py*** to be used throughout the data re-
duction process are those values given at x;y = 0 and
x; = 1 by the spline fit.

2. Process the smoothed data by some method which
is based on Equation (9b). The procedure described by
Prausnitz et al. (1967) is certainly satisfactory and pro-
duces directly the constants in the correlating equation
chosen. The disadvantage is that the form of the equation
must be assumed from the start. We have found the more
flexible method of Mixon, Gumowski, and Carpenter
(1965} to be very efficient. It produces numerical values
of the various functions, yi, y2, g/x1%s, and In(yi/vs), and
these may then be fit by the most appropriate correlating
equation. The coexistence equation, Equation (8a) can
certainly be integrated, but it is often a much more
troublesome process than those based on Equation (9b).

3. If numerical values of the thermodynamic functions
have been generated, we recommend that In(y;/y,) be
chosen for fitting, as our experience is that this procedure
minimizes the distortion caused by nonrandom errors in
the data set.

MISCELLANEQUS ITEMS

Two special topics descrve brief mention. There is a
restriction on the terminal slopes which may be assumed
by a P-x; relationship. This is illustrated for the state at
x; = y; = 0, where the following relationships hold (Van
Ness, 1964):

P,sat d
:limln—’l_—_limlnyl:ln 2 (L)
Plsﬂt dx1 0

lim
x>0 X1Xs 210 Y2 2150

[ P2sat + (dP/dxl)o
=In

P 1sa': ] (12)
Since the quantity in brackets in the last member of this
set cannot be negative, its minimum values is zero. The
restriction on (dP/dx;), is therefore

Pysat + (dP/dxy)o = 0
or
(dP/dxl)o = ___P2sat

Similarly at x; = 1, we have the restriction
(dP/dx;)1 = Py

Thus the terminal slopes of the P-x curve are restricted
in such a way that this curve must lie above the dashed
lines of Figure 7.

The difficulty is that when the data approach one of
these restrictive conditions the values of g/xx» and of
In(y1/ys) in the dilute region become highly sensitive to
the values of the slopes dP/dx determined by a fit of the
data. If the spline fit of P versus x; is not exactly right
in this dilute region, then the computed values of g/xixs
and of In(v1/y:) take a wild turn up or down. Such be
havior must be completely discounted as an artifact. One
way to circumvent the problem is to make further trials
with the spline-fit in an effort to find a representation of
the data that does not cause an erratic effect. Slight
changes have an enormous influence on the results.

This problem is not unique to the treatment of P-x data;
it appears no matter what data are measured or used.
Comparison of the last two members of Equation (12)
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Fig. 7. Schematic representation of P versus x1 for VLE, showing by
the dashed lines the limiting values of the terminal sfopes that are in
theory possible.

shows that when the term in brackets of the last member
is close to zero, then (dy:/dx;)s must also be very small.,
This means that near x; = y; = 0 there can be little
change in y;. Thus y; remains small over a considerable
range of x;. Reference to Equations (10) and (11) shows
that the coefficients of the s, terms are large whenever y,
(or ys) remains small, and the confidence intervals do
not narrow until one is well away from the dilute region.

We have not included in this study any corrections for
nonideal behavior of the vapor phase. Such corrections
can readily be incorporated if the necessary data, such as
virial coefficients, are available. However, if such correc-
tions are applied, they should be complete. The common
practice of making partial corrections that amount to the
assumption of an ideal solution in the vapor phase is
generally a mistake, for it often produces an overcorrec-
tion that is less realistic than no correction at all (Van
Ness, 1964).

Once a correlation is formulated and published, its
proper use becomes a consideration. The correlation is a
compact representation of much valuable information in
that it can be used to regenerate VLE data. In regenerat-
ing these data the user should remember that where the
thermodynamic functions are most sensitive to errors in
experimental data, the regenerated values are least sen-
sitive to deficiencies in the correlation, that is, near the
composition extremes. The user is also free to pick the
vapor pressures P;%®* and P2t to be used with the cor-
relation in the regeneration of data. He may for good
reason wish to use values other than those on which the
correlation was based, and he should be aware of the
effect of this choice on his results. The following equa-
tions give the effect on the recalculated values of P and y
of use of vapor pressures differing by 8Py and 8P,%8t
from those originally used:

8P = y1x18P15“ + 72x28P25“
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or

SP SP. lsat 8P2sat
P =4 P,sat + 42 Pyset
and
[ Splsat 8P2sat ]
Y1 = Y1y2 P,sat - p,sat
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NOTATION

A, B, D = empirical constants in Equations (5), (6),
and (7)

GE = excess Gibbs function, liquid phase

g = GE/RT

P = vapor pressure in general

Psat = vapor pressure of a pure component

R = universal gas constant

s = estimate of standard deviation

Sp, Sz, Sy = estimate of standard deviations for the errors
of measurement of P, x, and y

T = absolute temperature

x = mole fraction, liquid phase

y = mole fraction, vapor phase

y = activity coefficient, liquid phase

A = signifies the difference between a calculated and
an experimental value

1,2 = as subscripts, identify the two components of a

binary system
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