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A NUMERICAL PROCEDURE FOR CALCULATING CONSTANTS
FOR THE ANTOINE EQUATION BY THE FIXED POINT METHOD
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Department of Chemistry, Illinois State University, Normal, IL 61761 (U.S.A.)
(Received 19 August 1982)

The representation of the vapor pressure of a liquid as a function of
temperature is a frequently encountered problem [1]. Although a number of
different equations are used, the Antoine equation

logp=4-7517 (1)

where 4, B, and C are constants, is perhaps the best of the three parameter
equations for fitting vapor pressure data [1-5]. Furthermore, the constants
A, B, and C are useful in calculating other thermodynamic quantities.
However, determining the values for the constants is not a simple procedure
and several methods have been discussed [3,4]. While the most accurate
method is a nonlinear least squares approach, it is mathematically the most
complex to perform. The least desirable method is to use the vapor pressures
at three temperatures and solve the three equations for A4, B, and C.
Thompson [3] described a graphical method based on choosing one ( p,t)
point as being without error. While this might at first seem to be a gross
approximation, it is not always so since the boiling point is usually accu-
rately known. Thus, the method of Thompson can provide values for 4, B,
and C that are nearly as accurate as those from least squares methods.
Furthermore, the graphical method of Thompson is easily implemented
numerically using a programmable calculator of medium capacity. We
describe here the procedure for this numerical evaluation of the Antoine
constants.

METHOD

For simplicity, we begin by letting y = log p. If it is assumed that the exact
data pair is ( y,, ¢,), then
B
C+1,

Yo=A4-— (2)
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All the other data are represented by

B
from which
B=—(y—4)C+T)
Then

1 1
y,—-y0=(yi—A)(C+t,-) C+ti—C+t0 (4)
or
(y,—A)(C+1)

o =y — 4 — i i 5
yl yO yl (C+t0) ( )
Equation (5) simplifies to

(to— 1)y, —4)

- — i i 6
yl yO (C+t0) ( )
which is then placed in the form for computation as [3]
yi_yO . A yi (7)

t,—t, C+1, C+1,

If we let F,=(y, —y,)/(t; — ty), a linear relationship exists between F; and y,

PR im t b Aot

with a slope of —1/(C + ¢,) and an intercept of 4 /(C + ¢,). Thus, 4 and C
can be evaluated. However, a better way of calculating 4 and B is from eqn.
(3) by using linear regression of y, and ¢, when the value of C has been
obtained. Thus, a linear relationship exists between y, and 1/(C +¢,) for

which the slope is — B and the intercept is 4.
The program

In order to handle N data pairs, 2N registers are required. Additionally,
most programmable calculators utilize six data registers for linear regression.
Thus, (2N + 6) registers are required in addition to some sort of loop
control. The program described here for the Texas Instruments T1-59 calcu-
lator can load 20 ( p,, ¢,) data pairs without repartitioning.

To program the analysis, it is necessary that linear regression be per-
formed twice. The first case uses F, and ;. For N data pairs, there will be
(N ~ 1) values of F, and y,. In performing the second linear regression, all
the data are used with y, vs. 1 /(C + ¢,) so that there are N data pairs. Thus,
the loop control must be changed during program execution. A data counter
is built into the data storage routine and the loop control is changed as
required during processing.
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Fig. 1. Flowchart for computing Antoine constants. Numbers refer to steps in the program
and letters refer to program labels.

The initialization consists of clearing memories (CMS) and pressing key
E’, a label to execute a subroutine to set initial address registers. Next, the p,
values are entered pressing key D after each. They are converted to log p,
and stored. Finally, the ¢, values are entered pressing key E after each.
Computation begins by pressing key C which results in the value of C being
displayed. Pressing key A causes the computation of 4 and pressing key B
causes the computation of B. Pressing key R/S computes the value of the
correlation coefficient for the fit of the data to eqn. (1). Pressing the R /S
key again clears the register holding the number of data pairs and initializes
the address registers for a new data set. Figure 1 shows a flowchart of the
computation and a complete program listing is given in the Appendix.

RESULTS

In order to determine the accuracy of the program, vapor pressure data
for several types of compounds were studied [6-9]. In each case, the entire
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set of data was used as reported with no attempt being made to remove data
which were less accurate. In all cases, the highest (p,t) pair listed was
assigned as ( py,t,). For other data sets for which the calculated results are
not shown, it was frequently found that selecting a different pair as ( p,, t,)
improved the accuracy of the results. The results of the computations are
shown in Table 1. For most purposes, the accuracy of +0.005 in 4, +0.5 in
C, and + 1.0 in B is sufficient [3]. The results shown in Table 1 indicate that
the calculator program implementing the numerical equivalent of Thompson’s
graphical method provides a sufficient level of accuracy. The computation is
completed in a total computing time of 50 sec (for a set of 10 data pairs) and
the computed constants enable data to be presented using the Antoine
equation rather than the usual log p =4 + B/T form.
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