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ABSTRACT:Most of the three parameter corresponding-states equations proposed for estimating vapor pressures use the critical
temperature Tc, the critical pressure Pc and Pitzer's acentric factor ω as input parameters. These equations must be self-consistent,
i.e. they must reproduce the value ofω used as an input. In this work, we have checked this consistency for nine well-known vapor-
pressure equations and we have found that it is satisfied with high accuracy for most of them, but not for all. On the basis of this
consistency, we propose some conditions that can help to reduce the number of fitting coefficients in this type of vapor-pressure
equations.

’ INTRODUCTION

The two-parameter corresponding-states principle (CSP)
uses the temperature Tc and the pressure Pc of the critical point
to characterize the thermodynamic behavior of a fluid. The CSP
establishes that fluids at equal reduced conditions should behave
identically. A paradigmatic expression in this framework is the
Guggenheim equation for the temperature dependence of the
vapor pressure along the liquid-vapor coexistence curve1

ln Pr ¼ 5:4 1-
1
Tr

� �
ð1Þ

where Pr = P/Pc is the reduced saturation vapor pressure andTr =
T/Tc is the reduced temperature. Guggenheim derived eq 1 on
the basis of the Clausius-Clapeyron equation by fitting experi-
mental data for a small number of simple, nonpolar fluids.

In order to extend the CSP to a wider range of fluids, including
polar fluids, a third or even a fourth parameter has been introduced
in the corresponding-states correlations. In particular, in the
three-parameter CSP the most commonly used andmost reliable
third parameter is the Pitzer acentric factor ω defined by2,3

ω ¼ - 1:0- log10 Pr at Tr ¼ 0:7: ð2Þ
Although the acentric factor was originally introduced to represent
the acentricity or nonsphericity of a molecule, nowadays it is used
as a measure of the complexity of a molecule with respect to its
size/shape and polarity and it is tabulated for many substances.4

In general, in the Pitzer three-parameter corresponding-states
theory, a vapor-pressure equation has the form

ln Pr ¼ f ðTr;ωÞ ð3Þ
with f(1;ω) = 0. Furthermore, taking into account definition 2,
the function f(Tr;ω) must satisfy the condition

f ð0:7;ωÞ ¼ - ð1þωÞ ln 10 ð4Þ
in order to be self-consistent. In this work, we check condition
4 for nine vapor-pressure equations of the form of eq 3 reported
in the literature and widely used for estimating the vapor
pressures of a great variety of fluids. Furthermore, as an

instructive application, we shall use condition 4 to build a three-
parameter corresponding-states vapor-pressure equation on the
basis of the Clausius-Clapeyron equation that provides theore-
tical support to the Guggenheim equation.

’CHECKING SELF-CONSISTENCY OF VAPOR-PRESSURE
EQUATIONS

Most of the vapor-pressure equations of the form of eq 3
proposed in the literature are expressed as a power series of ω,

ln Pr ¼ f ðTr;ωÞ ¼
Xn
k¼ 0

ωkfkðTrÞ ð5Þ

where fk(1) = 0. We note that the functions fk(Tr) usually have
the same analytical form for different values of k but including
different adjustable parameters. To our knowledge, only linear
(n = 1) and quadratic (n = 2) equations have been proposed.
Those used in the present work are reported in Table 1. Five of
them are linear in ω [Lee-Kesler5 (LK), Schreiber-Pitzer6 (SP),
Brandani7 (B1), Twu-Coon-Cunningham8 (TCC), andMejbri-
Bellagi9 (MB)] and three are quadratic in ω [Ambrose-Walton10

(AW), Brandani7 (B2), and Xiang11 (X)].
From eq 5, the self-consistency condition 4 leads toXn

k¼ 0

ωkfkð0:7Þ ¼ - ð1þωÞ ln 10 ð6Þ

and therefore, the temperature functions fk(Tr) must satisfy the
following conditions

f0ð0:7Þ ¼ - ln 10, f1ð0:7Þ ¼ - ln 10, and

fk g 2ð0:7Þ ¼ 0 ð7Þ
The values of fk(0.7) for the vapor pressure equations of
Table 1 are reported in Table 2. According with eq 7, the values
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of f0(0.7) and f1(0.7) must be compared with the value -ln
10 =-2.30258509..., while f2(0.7) must be compared with zero.
In parentheses we show the absolute percent deviations between
f0(0.7) or f1(0.7) and -ln10. For linear equations in ω, we can
see that such deviations are very small (≈ 10-3 % or smaller) for
the LK, SP, and TCC equations, indicating the high self-
consistency of these equations to reobtain the acentric factor
value used as an input. The B1 equation presents a good accuracy
for f0(0.7) but not for f1(0.7). The MB equation presents a fairly
good accuracy for both f0(0.7) and f1(0.7). In what respect to the
quadratic equations in ω, we can see that while the AW and B2
equations are highly self-consistent inω, the X equation deviates
appreciably from the conditions of eq 7. It should be noted that
Xiang proposed his equation as a four-parameter corresponding-
states equation including the factor θ = (Zc- 0.29)2, where Zc is
the critical compressibility factor, as a fourth parameter account-
ing for the main effects of highly nonspherical molecules. For
nonpolar substances, θ can be approximated by θ = 0.0064ω2

and X equation becomes a three-parameter corresponding-states
equation quadratic in ω. This quadratic form for the Xiang
equation is the one considered in the present work.

Other three-parameter corresponding-states equations for
vapor pressure have the form

ln Pr ¼ f ðTr;ωÞ ¼
Xn
k¼ 1

AkðωÞ gkðTrÞ ð8Þ

where the functions Ak(ω) include several fitting parameters and
the temperature functions gk(Tr) usually are simple functions
without fitting parameters and they satisfy gk(1) = 0. The
application of the self-consistency condition 4 into eq 8 yieldsXn

k¼ 1

AkðωÞ gkð0:7Þ ¼ - ð1þωÞ ln 10 ð9Þ

The knowledge of the functions Ak(ω) is required in order to
obtain conditions more detailed than that of eq 9. Nevertheless,

Table 1. Three-Parameter Corresponding-States Equations for Vapor Pressure Used in This Worka

equation n fk(Tr)

LK5 1

Ak þBk
Tr

þCk ln Tr þDkTr
6

SP6 1

Ak þBk
Tr

þCk log10 Tr þDkTr

� �
ln 10

B17 1

1
Tr

½Akð1-TrÞþBkð1-TrÞ1:5 þCkð1-TrÞ2:5 þDkð1-TrÞ5 þ Ekð1-TrÞ10�

TCC8 1

1
Tr

½Akð1-TrÞþBkð1-TrÞ1:5 þCkð1-TrÞ3 þDkð1-TrÞ6�

MB9 1

Ak
1
Tr

- exp 1-
1
Tr

� �� �
þ Bk

1
Tr

� �Ck

- exp 1-
1
Tr

� �" #

AW10 2

1
Tr

½Akð1-TrÞþBkð1-TrÞ1:5 þCkð1-TrÞ2:5 þDkð1-TrÞ5�

B27 2

1
Tr

½Akð1-TrÞþBkð1-TrÞ1:5 þCkð1-TrÞ2:5 þDkð1-TrÞ5 þ Ekð1-TrÞ10�

X11 2

½Ak þ Bkð1-TrÞ1:89 þCkð1-TrÞ5:67� ln Tr

aThe equations have the form given by eq 5. The values of the coefficients can be found in the corresponding references.
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since most fluids have values of ω comprised between 0 and 1,
two possible conditions to check the self-consistency of eq 8 are

f ð0:7, 0Þ ¼
Xn
k¼ 1

Akð0Þ gkð0:7Þ ¼ - ln 10 ð10Þ

and

f ð0:7, 1Þ ¼
Xn
k¼ 1

Akð1Þ gkð0:7Þ ¼ - 2 ln 10 ð11Þ

The following equation of the form of eq 8 was proposed by
Edelat et al.12 for estimating the vapor pressure of hydrocarbons:

ln Pr ¼ 1
Tr

A1ðωÞ 1-
1
Tr

� �
þA2ðωÞ 1-

1
Tr

� �1:5
"

þA3ðωÞ 1-
1
Tr

� �3

þA4ðωÞ 1-
1
Tr

� �6
#

ð12Þ

From the analytical expressions for the functions Ak(ω) reported
by these authors12 one has

f ð0:7, 0Þ ¼ - 2:3025737 and

f ð0:7, 1Þ ¼ - 4:6051447 ð13Þ
which present absolute percent deviations of 4.9 � 10-4 % and
1.1 � 10-3 % with respect to the conditions given by eq 10 and
eq 11. This shows that eq 12 presents a high degree of self-
consistency in the acentric factor ω.

’A SIMPLE APPLICATION

As a nice, instructive application of the self-consistency
condition (4) we consider the construction of a three-parameter
corresponding-states equation for vapor pressure on the basis of
the Clausius-Clapeyron equation. Substituting fk = Ak(1 - 1/
Tr) into the series expansion (5) one obtains

ln Pr ¼
Xn
k¼ 0

ωkAk 1-
1
Tr

� �
ð14Þ

where, taking into account the conditions of eq 7 one has

A0 ¼ A1 ¼ 7 ln 10
3

and Akg2 ¼ 0 ð15Þ

and eq 14 becomes the well-known equation13

ln Pr ¼ 7 ln 10
3

ð1þωÞ 1-
1
Tr

� �
ð16Þ

Since (7/3) ln 10 = 5.37...≈ 5.4, eq 16 becomes 1 forω = 0; that
is, the Guggenheim vapor-pressure equation is the zeroth order
(spherical) contribution to the three-parameter corresponding-
states form of the Clausius-Clapeyron equation. This supports
the choice of the acentric point (Tr = 0.7) as an useful reference
point in the vapor-pressure curve.

’CONCLUSIONS

Most of the three-parameter corresponding-states equations
proposed in the literature for estimating the vapor pressure of
pure fluids use the temperature and pressure of the critical point
and the acentric factor as input parameters. Such equations must
show self-consistency to reobtain the same value for the acentric
factor than the one used as an input. This self-consistency can be
used for testing the existing vapor-pressure equations or for reducing
the number of adjustable coefficients appearing in them. We have
checked this acentric factor self-consistency for nine vapor pressure
equations often used for estimating the vapor pressure of a great
variety offluids.Wehave found thatmost, but not all, of the analyzed
equations present a high degree of self-consistency. This is an
example showing that care should be taken in order to include
coherent information in predicting or in correlating equations.
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