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FOREWORD 

ADVANCES IN CHEMISTRY SERIES was founded in 1949 by the 

American Chemical Society as an outlet for symposia and col
lections of data in special areas of topical interest that could 
not be accommodated in the Society's journals. It provides a 
medium for symposia that would otherwise be fragmented, 
their papers distributed among several journals or not pub
lished at all. Papers are referred critically according to ACS 
editorial standards and receive the careful attention and proc
essing characteristic of ACS publications. Papers published 
in ADVANCES IN CHEMISTRY SERIES are original contributions 
not published elsewhere in whole or major part and include 
reports of research as well as reviews since symposia may em
brace both types of presentation. 

Pu
bl

is
he

d 
on

 J
un

e 
1,

 1
97

3 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

ba
-1

97
3-

01
16

.f
w

00
1



PREFACE 

his volume is a complete revision of Azeotropic Data I and II pub-
± - lished as ADVANCES IN CHEMISTRY SERIES NO. 6 and No. 35, American 

Chemical Society. It includes revised data on systems in the original 
tables plus new data on azeotropes, nonazeotropes, and vapor-liquid 
equilibria collected since 1962. 

No attempt has been made to evaluate the accuracy of the data. Where 
appreciable differences occur in the data from a single investigator, only 
the most recent data are recorded. Where differences in values from 
two different sources occur, both sets of data are recorded. To aid the 
reader in evaluating data on a given system, however, all references to 
that system are included. 

In general, data have been obtained from the original literature. Where 
the original litereature was not available, data have been taken from 
Chemical Abstracts. In a few instances, data have been taken from col
lections of azeotropic data in handbooks, review articles, and so forth. 

The tables are arranged in the same manner as the previous volumes. 
This is based on empirical formula as in Chemical Abstracts except that 
all inorganic compounds are listed first, alphabetically by empirical 
formula. 

For a given binary system the lower order component according to 
empirical formula is chosen as the Α-component, and under each A-com-
ponent the B-components are also arranged according to empirical for
mula. For ternary and quarternary systems, the same arrangement is used, 
using the lowest order formula as Α-component, the next lowest order as 
B-component, and so on. 

Abbreviations 

max. b.p. Maximum boiling point azeotrope (negative azeotrope) 
min. b.p. Minimum boiling point azeotrope (positive azeotrope) 
atm. Pressure in standard atmospheres 
mm. Pressure in millimeters of Hg 
p.s.i.a. Pressure in pounds per square inch absolute 
p.s.i.g. Pressure in pounds per square inch gage 
v-1 Vapor-liquid equilibrium data are given in the original 

v.p. 
reference 
Vapor pressure 
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vol. % Azeotropic concentration is given in volume per cent. Unless 
so indicated, all concentration data are in weight % 

r-> Approximate 
>, < Greater than, less than 

While all volumes in this series, "Azeotropic Data," are collections of 
data, mostly from the literature, the supplement that was published as 
No. 35 in the Advances in Chemistry Series included previously un
published data from industrial files, of which most was from Union 
Carbide Chemicals Co., assembled by William S. Tamplin. Additional 
contributions came from Commercial Solvents Corp., Eastman Chemical 
Products, Inc., Farbenwerke Hoechst, Imperial Chemical Industries 
Ltd., and Minnesota Mining and Manufacturing Co. These data are con
tinued in the present volume. 

Special thanks go to David C. Young for his invaluable work on this 
volume. 

The Dow Chemical Co. L E E H. HORSLEY 
Midland, Mich. 
November 1972 
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Prediction of Azeotropism and 

Calculation of Azeotropic Data 

Whether or not a system of two compounds is azeotropic depends 
essentially on two factors: (1) the difference in boiling point of 

the two components, and (2) the degree to which the two components 
form an ideal system. The closer the boiling points of the two compo
nents are, the more likely that they will be azeotropic; the more ideal 
the solution of the two components is, the less likely that they will form 
an azeotropic system. 

The ideality of a two-component system depends largely on the differ
ence in certain physical properties of the components such as polarity, 
degree of association, tendency toward hydrogen bonding, etc. When 
the two components are similar—e.g., two hydrocarbons or two alcohols 
—there is little tendency toward azeotropism. However, if the two com
ponents are markedly dissimilar—such as an alcohol and a hydrocarbon— 
they tend strongly toward azeotropism. 

By taking account of the above factors it is sometimes possible to 
predict azeotropic data fairly well. For example, the departure from 
ideality of a series of solutions of methanol with hydrocarbons will be 
relatively constant. As a result the tendency for a methanol-hydrocarbon 
system to be azeotropic will be related to the other factor, the difference 
in boiling point. As a result the lowering of the boiling point ( designated 
δ) and the azeotropic composition will be related to this difference in 
boiling point. Therefore we can predict δ and azeotropic composition 
for any methanol-hydrocarbon system from the boiling point of the 
hydrocarbon. 

This procedure is the basis for the series of relations shown in Figures 
1-6 which can be used to predict azeotropic data for related systems. 
The procedure also indicates the effect of pressure on azeotropic compo
sition if one determines the difference in boiling point of the system at 
any desired pressure and applies the data to the appropriate curve. This 
is illustrated in Figure 6. 

In the special case where the two components are immiscible, it is 
possible to calculate azeotropic boiling point and composition to a high 
degree of accuracy. For such a system the total vapor pressure is equal 
to the sum of the vapor pressures of the two components at a given 
temperature. Therefore, from a plot of vapor pressures of the two com-
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616 AZEOTROPIC D A T A 

ponents it is possible to determine the temperature at which the sum of 
the component vapor pressures is equal to 760 mm. This temperature 
will be the azeotropic boiling point. The azeotropic boiling point can be 
determined at any other pressure in a similar manner. 

Further, the azeotropic composition can be calculated from the ex
pression: 

V A X 100 
Mole % A = 

V A + V B 

where V A + V R are vapor pressures of A and Β at the azeotropic boil
ing point. 
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Prediction of Azeotropism 617 
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Figure 1. C-Δ and δ-|Δ| curves for alcohol-hydrocarbon, glycol-hydrocarbon, 
and phenol-hydrocarbon systems 

C: Azeotropic composition in weight % first component 
δ: Boiling point of lower boiling component minus azeotropic boiling point 

|A| : Absolute difference in boiling points of components 
A: Boiling point of first component minus boiling point of second component 
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618 A Z E O T R O P I C D A T A 
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Figure 2. C-Δ and δ-|Δ| curves for phenol-hydrocarbon, acid-hydrocarbon, 
and alcohol-halide hydrocarbon systems 
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Figure 3. C-Δ and δ- |Δ| curves for alcohol-halide hydrocarbon, glycol-halide 
hydrocarbon, phenol-halide hydrocarbon, and acid-halide hydrocarbon systems 
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Figure 5. C-Δ and δ- |Δ| curves for alcohols-ethers, glycols-ethers, water-
ethers, acids-ethers, alcohols-ketones, glycol-ketones, alcohols-phenols, and 
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Curves show agreement with experimental data at various 
pressures 
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Vapor-Liquid Equilibrium Diagrams of 
Alcohol-Ketone Azeotropes as a 
Function of Pressure 

E. C. BRITTON,1 H. S. NUTTING, and L. H. HORSLEY 

The Dow Chemical Co., Midland, Mich. 

Pressure has a marked effect on the azeotropic composition and vapor
-liquid equilibrium diagrams of alcohol-ketone systems (1). This is due 
to the fact that the slopes of the vapor pressure curves of alcohols are 
appreciably greater than for ketones; it results in an unusually large 
change in the relative boiling points of the components of an alcohol
-ketone system with change in pressure. 

As a result of the study of these systems, it has been found that the 
methanol-acetone azeotrope exhibits the unusual phenomenon of becom
ing nonazeotropic at both low and high pressures—that is, below 200-mm. 
pressure the system is nonazeotropic with methanol as the more volatile 
product, while above 15,000 mm. the system is nonazeotropic with ace
tone the more volatile component. 

Some of the equilibrium data for this system and two other alcohol
-ketone azeotropes are shown in Figures 1 and 2 on the following pages. 

The similarity of the diagrams for the different systems at suitable pres
sures is of interest. For example, the diagram for methanol-acetone at 
10,000 mm. corresponds approximately to the diagram for methanol
-methyl ethyl ketone at 1000 mm. and for ethanol-methyl propyl ketone 
at 100 mm. 

Literature Cited 
(1) Britton, E. C., Nutting, H. S., Horsley, L. H. U.S. Patent 2,324,255 (July 

13, 1943). 

1 Deceased. 
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Figure 1. Vapor-liquid equilibrium diagrams of alcohol-ketone systems at 
various pressures 
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Figure 2. Difference in composition of vapor and liquid in equilibrium 

Shown as a function of corresponding average composition of vapor and liquid for 
alcohol-ketone systems 
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Graphical Method for Predicting Effect of 
Pressure on Azeotropic Systems 

H. S. NUTTING and L. H. HORSLEY 

The Dow Chemical Co., Midland, Mich. 

A rapid and easily applicable method has been found for indicating the 
effect of pressure on the composition and boiling point of an azeo

tropic system. The method is based on the use of the Cox vapor pressure 
chart (1) on which the log of vapor pressure is plotted as a function of 
1/(t° C. + 230) to give a straight line over a wide range of pressures. 

Lecat (2) has considered the use of the vapor pressure curves of azeo
tropes to indicate the pressure at which a system would become nonazeo
tropic. However, he plotted in the conventional manner and could obtain 
the curves only by detailed experimental work. 

It has been found that the vapor pressure curves of azeotropes are 
straight lines when plotted on a Cox chart which permits determination 
of the complete vapor pressure curve from the data at two pressures. 

Since an azeotrope by definition has either a higher or a lower vapor 
pressure than that of any of the components, the azeotropic vapor pres
sure curve will always lie above or below the curves of the components. 
This is indicated schematically in Figure 1 where A and Β are vapor 

AZEOTROPE DISAPPEARS AT Ρ AND P1 AZEOTROPIC AT ALL PRESSURES 
COX SCALE l / ( T ° C . + 230) 

Figure 1. Schematic of vapor pressure curves of binary azeotropes 
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Figure 2. Azeotropic vapor pressure curves of methanol-methyl ethyl 
ketone, methanol-acetone, water-n-propanol, and water-ethanol 
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628 AZEOTROPIC D A T A 

pressure curves of the components and C is the vapor pressure of the 
azeotrope. If curve C crosses either A or B, the azeotropic vapor pressure 
is no longer greater or less than any of the components and the system 
will become nonazeotropic at the point of intersection. On the other hand, 
if the azeotropic curve is parallel to the other curves the system will be 
azeotropic up to the critical pressure. 

The method has been successfully applied to numerous systems, four 
of which are shown in Figure 2. The azeotrope methanol-methyl ethyl 
ketone became nonazeotropic at 3000 mm. of mercury after it was pre
dicted that this would occur at 2000 to 4000 mm. The azeotrope methanol-
acetone was studied in detail after it was predicted that the azeotropism 
would disappear at both low and high pressures. This system is nonazeo
tropic below 200 mm. of mercury and above 15,000 mm. compared to 
predicted limits of 200 to 500 mm. and 10,000 to 20,000 mm. While this is 
the only azeotropic system known to become nonazeotropic at both low 
and high pressures, there are indications that the phenomenon occurs in 
several other systems, contrary to the conclusions of Lecat that such sys
tems probably do not exist (3). 

Caution should be used in extrapolating curves to very low pressures 
because of the possibility of curvature in the vapor pressure lines over a 
manyfold range of pressures. 

In cases where only the normal azeotropic boiling point is known, it is 
possible to predict the effect of pressure on the sytem by drawing the 
azeotrope curve through the normal boiling point with a slope equal to 
the average slopes of the component vapor pressure curves. This proce
dure will permit a fairly accurate prediction of whether the azeotrope 
will cease to exist below the critical pressure. 

Literature Cited 
(1) Cox, Ind. Eng. Chem., 15, 592 (1923). 
(2) Lecat, Ann. soc. sci. Bruxelles, 49B, 261-333 (1929). 
(3) Lecat, "Traité de Chimie Organique," Vol. 1, p. 139, Paris, Grignard, 

Mason et Cie., 1935. 
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