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Vapour-liquid equilibrium in the propionic acid-n-heptane ;ystem was measured at normal 
pressure. When treating the data, emphasis was laid on the correct expression of volumetric 
behaviour in the vapour phase and the analysis of the data obtained. 

The present experimental and prediction techniques make it possible, for prevailing 
systems around normal pressure, to obtain very precise data on vapour-liquid equi
librium and their very good prediction. 

Rather lower accuracy is reached for strongly associated systems, e.g. for those 
where one component is a lower fatty acid. In the experimental region it is especially 
caused by aggressiveness, higher heat of vaporization and hydroscopicity of these 
substances, in the region of the data treatment by the fact that neglecting the real 
behaviour in the vapour phase brings about approximately ten times higher per
cent error in activity coefficient than with common systems, in the region of the 
experimental data storage by inability of the generally used correlation equations 
to describe the measured data within their experimental inaccuracy. 

In this work we have focused on the correct expression of volumetric behaviour 
in the vapour phase and analysis of the data obtained. 

The reasonable description of deviations from the ideal behaviour in the vapour 
phase is a prerequisite of obtaining the acitivity coefficients consistent with the Gibbs
-Duhem equation. It is well-known that the assumption of ideally dimerizing mixture, 
usually used to model the volumetric behaviour of fatty acids, does not suffice 
to a thorough description. Attempts were therefore made to approach reality by con
sidering the existence of a small amount of another associate in the mixture l - 3 

which would have remained thenceforth an ideal mixture of ideal gases. In this 
work we have attempted to give an adequate description 3 in terms of the model 

Part XCVIII in the series Liquid-Vapour Equilibrium; Part XCVII: This Journal 48, 2879 
( 1983). 

Collection Czechoslovak Chern. Commun. [Vol. 50] [1985] 
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of real mixture of real gases consisting only of three components: of monomers 
and dimers of acids and of a nonassociated component. 

To express the activity coefficient for the standard state of pure component at the 
system temperature and pressure, it holds for the associating component 

(1) 

and for the nonassociating one 

Y = BIYBI exp - v.0l dP v P [ 1 IPBO 
] 

BOO m,B' 
VBIPBXB RT P 

(2) 

Meaning of single symbols is summarized at the end of this work. 
To calculate activity coefficients, it is necessary to solve the set of equations for 

YAI and YB1: 

YAI + YA2 + )'Bl = 1 , (3) 

(4) 

(5) 

(standard state pure component in the state of ideal gas at the temperature Tand pres
sure Pst) and the set of equations which arises from the foregoing equations in the 
limit for YA = 1, for Y!I: 

(6) 

(7) 

The fugacity coefficients in Eqs (1), (2), (5), and (7) can be calculated, knowing the 
values of the second virial coefficients, from the equation 

(8) 

where 

The virial coefficients can be estimated, for the system defined by us, from general
ized relations4 • 
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EXPERIMENTAL 

Preparation of Pure Substances 

Propionic acid (suppl:ed by Soyuzkhimexport) was dried with NaZS04 and, after adding several 
KMn04 crystals, rectified on a twenty plate glass column. Heat losses were partly compensated 
by additional heating of the column jacket. 

n-Heptane (supplied by Lachema, Brno) was distilled with sodium on a packed rectification 
column. 

The physico-chemical constants of substances used are given in Table I. 

Apparatus 

The equilibrium was measured using a recirculation still of the Dvohik-Boublik type whose capa
city was about 250 mlliquid. The difference between the normal and actual barometric pressure 
was adjusted by bubbling nitrogen through corresponding column of glycerine. 

Temperature was measured by a 100 n Pt thermometer calibrated by measuring boiling points 
of different pure substances. The values of boiling points of pure substances given in Table I 
were measured in the equilibrium still. 

Analy~is of the binary vapour and liquid samples was carried out by measuring density at 20°C. 
Twelve calibration points given in Table II were used for correlation of the dependence x = x(d) 

TABLE I 

Physico-chemical constants of substances used 

Substance n'&O 

Propionic acid 1'3865 
1'3865-1'3866 (ref. 5) 

n-Heptane 1'3875 
1-38756 (ref. 5) 

TABLE II 

dZO 

0'9935 
0'9934 (ref. 6 ) 

0'6838 
0'6835- 8 (ref. 5) 

141-35 
140'83 (ref. 6 ) 

141'35 (ref. 5) 

98'39 
98'40 (ref. 5) 

Dependence of density (g cm - 3) on composition in the propionic acid(A)-n-heptane(B) system 

XA 0 0'182 0·205 0·281 0·405 0'484 0'583 
d20 0'6838 0'7135 0'7177 0'7326 0'7598 0'7797 0'8083 

XA 0'658 0'701 0'841 0'925 1'000 
d 20 0'8314 0'8475 0'9056 0'9488 0'9935 
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in the form 

X B ~~ (73'5955 - 74'08d)/(7l-4872d - 25'9492) + 
+- Ar4(d - 0'99346) (d -- 0'68384) 

Malijevskli. Vlckova: 

with A ~. 0·29424 and a maximum deviation a':"' = 4'3. 10- 4 . The first term is calculated 
from the value of molar volume for ideal solution. 

RESULTS AND DISCUSSION 

The experimental equilibrium values of temperature and composition of the liquid 
and vapour phases are given in the first part of Table III. From the data measured, 
the values of activity coefficients of both components were calculated from Eqs (1) 
and (2). 

The Antoine constants used for calculating the saturated vapour pressures of pure 
substances as a function of system temperature are given in Table IV. Values of the 
equilibrium dimerization constant were evaluated from its temperature dependence 
given for the standard state of pure component in an ideal gas state at the system 
temperature and the pressure of 1 Pa in the form 

In K = 8 858'32!T - 33·356. 

TABLE III 

Equilibrium data for the propionic acid(A)-n-heptane(B) system, P = 101'325 kPa 

T. K x-\ YA YA YB yidas f~das 
wln"f A Wlnyll 

._------ _.- --

371'01 0·006 0'011 13'5 ± 2·2 1'011 ± 0'002 13'9 1'012 28·7 281090 
370·77 0'014 0'016 8·1 ::t 0'9 1'021 ± 0'003 8'3 1'023 120'8 261 466 
37 I-30 0·073 0'056 4'2 ± 0·2 1'037t 0'002 4'3 1'037 2417 246616 
371· 56 0·139 0'087 3'0 ± 0·2 1'081 J:. 0'002 3·1 1·081 7354 217347 
373'61 0'376 0'166 1'65 ± 0'08 I· 324 ± 0'008 1'70 1'320 26683 132814 
374'0\ 0'408 0'183 1'61 ± 0'08 1'36 ± 0·0\ 1'66 1'36 28310 120280 
375·09 0'465 0'203 1'48 ± 0·07 1·44 ± 0'01 1'52 1'43 30414 102601 

378'70 0'668 0'277 1'18 ± 0'05 1'96 t 0'04 1·21 1'94 32675 51 891 
383·89 0'799 0'371 1'08 ::I.: 0'04 2'55 J:: 0·09 1·10 2'50 34182 23029 
391·86 0'897 0'510 1'02 ± 0'03 3'3 1:: 0·2 1·04 3·2 42732 7426 
394'56 0'919 0'554 1'00 :1:: 0'03 3-6 -±: 0·2 1·02 3'5 49022 4931 
397·90 0'939 0'628 1'01 ± 0·02 3·8 1.. 0'3 1·02 3·7 57665 2963 
403'94 0'966 0'747 1'00 :.1: 0'01 4·2 L 0·4 1'00 4'0 95485 1023 
404'34 0·968 0'756 1'00 ± 0·01 4'3 ;: 0·4 1'00 4·1 99441 915 
407·01 0'978 0'813 0'99 ± 0'01 4'5 ± 0'5 1'00 4'3 134741 451 
409'5 0'986 0'876 0'997 ± 0'007 4·6 1:: 0'6 1'00 4'3 184294 188 
410·49 0'989 0'898 0'995 ± 0'006 4·7 ± 0'7 1'00 4·4 209679 117 

--- ._-------
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This temperature dependence was calculated from the Taylor data8 by fixing to the 
Mac Dougall data9 for Taylor assumed when treating his data that at O°C there 
exists only dimer of propionic acid in the vapour phase. The temperature dependence 
given leads to rather lower values of equilibrium constants in the temperature range 
considered. Critical constants for the monomer and dimer of propionic acid were 
estimated in foregoing work3 to 

Pc,Al = 5·5 MPa, TC • A1 = 600 K , 

Pc ,A2 = 3·3 MPa, Tc ,A2 = 630 K. 

The temperature dependences of molar volumes 5 (cm3mol- 1) were expressed by 
the following relations: 

for propionic acid 

V~l = 51·3183 + 7·918. 1O- 2 T 

and for n-heptane 

V~l = 97·07 + O·17T. 

For calculating the fugacity coefficients of monomer and dimer of propionic acid 
and n-heptane from Eq. (8), the estimates of the second virial coefficients from the 
generalized Martin relation4 ,lo were used: 

Bi = 0·188 - ~ [1 + 18·952 exp (-5Tr ,i)] R ~. { 0·468 } T. 

Tr,i Pc,i 

The cross virial coefficient was calculated from the same relation but the critical 
constants were taken as a geometrical mean of critical constants of corresponding 
pure substances. 

TABLE IV 

Constants of the Antoine equationa 

- ----- ------------------ -------------

Substance 

Propionic acid7 

n-Heptane7 

A 

23·29189 
22·12922 

B 

4442·377 
3988·814 

c 

-36·807 
4·604 

a In pO = A - B/(T + C), the values of constants correspond to pO in Pa. 
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For computing, the following errors in input quantities were considered 

Sy = Sx = 0'001, ST = 0·05 K, Sp = 50 Pa , 

sK/K = 0'1, sB/B = 0·1 . 

The weights of single values of logarithms of activity coefficients, given also in Table 
III, are calculated on their basi,s. 
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FIG. 1 

Effect of errors in input data in the propionic acid(A)-n-heptane(B) system on the value of 
activity coefficient of propionic acid for different compositions. S denotes the values of 
natural logarithm of standard deviation in natural logarithm of activity coefficient. 0 y Sy = 
= 0'001, • xSx = 0'001, <t TST = 0·05 K ,0 P sp = 50 Pa, e K sK!K= O·!. @ B sB!B = 0'\ 
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FIG. 2 

Effect of errors in input data in the propionic acid(A)-n-heptane(B) system on the value of 
activity coefficient of n-heptane for different compositions. 

(For designation see Fig. 1) 
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The effect of errors in single input quantities on the logarithms of both activity 
coefficients can be seen in Figs 1 and 2. In case of propionic acid, the predominant 
effect in the region of its low concentration has the error in the composition of the 
liquid (and vapour) phase. However, in the region of higher concentration the effect 
of inaccuracy in the equilibrium constant predominates. The greatest effect on the 
accuracy of the n-heptane activity coefficient in the region of low concentrations 
shows inaccuracy in the liquid phase composition, followed by inaccuracies in the 
equilibrium constant. In the region of more concentrated solutions, the effect of errors 
in measuring temperature comes forward. Small is in both cases the effect of error 
in measuring pressure. 

It follows from Table III, where the sixth and seventh columns give the values 
of activity coefficients calculated from the model of ideally associating mixture 
(VAl = VA2 = V!l = V!2 = 1), that only if more than double precision in input 
quantities is used, the correction for real behaviour of associating mixture becomes 
significant in this system. 

The calculated activity coefficients were subjected to tests of consistence. They 
fully satisfied the Herington integral test of consistence!l, the differential Councell 
and Hicks test l2 proved the data to be consistent, and without the first two 
points subject to the highest absolute error - which is not considered by the test -
really very consistent. 

The correlation of activity coefficients on composition of the liquid phase was 
carried out by minimizing the weighted deviations in logarithms of the ratio of activity 
coefficients. The Wilson, Orye, and HMW equations were used for the correlation, 
none of them expressed the given dependence with experimental accuracy. The values 
of constants obtained by correlation along with their standard deviations and co
variances are given in Table V. Forms of the equations used are given below. 

TABLE V 

Constants of correlation equations 

Equation kl ± sk k2 ± sk Covariance (k!, k 2 ) 
Standard 
deviationa 

Wilson 749 ± 37 18 ± 22 -39600 4'5 
NRTL (0( = 0'47) 290 ± 22 462 ± 35 -31329 5'2 
HMW 475 ± 12 -105± II - 7225 5,3 
Orye 428 ± 16 -177±14 -14400 5'7 

n 

a [L wi((ln YA,di'B.i)"p - (In YA,dYB,i)ou\)2]l/2 (n _ 2)-1/2. 
i=1 
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The course of activity coefficients is best described by the Wilson equation even 
though nor it expresses the high values of activity coefficients at concentration 
ends with sufficient accuracy. 

Back calculation of the vapour phase compositions from the experimental P, T, x 
values on using the computed constants of the Wilson equation brings out the experi
mental values with an average error in the vapour phase composition about 0'005, 
the other equations still worse. 

The estimations by the UNIF AC method lead to an average error in the vapour 
phase composition 0·009. 

Forms of the correlation equations used: 

Wilson 

where 

NRTL 

where 

Orye 

X2 + XIA21 

Xl A12 

Xl + X 2A12 ' 

Gll = exp (-0(. kdT), G21 = exp (-0( . k2/T) 
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HMW 

LIST OF SYMBOLS 

P pressure 
T absolute thermodynamic temperature 
R gas constant 
K equilibrium constant 
B second virial coefficient 
x mole fraction in the liquid phase 
y mole fraction in the vapour phase 
d density 
I\' weight (reciprocal of variance at the given experimental point) 
J'm molar volume 
i' activity coefficient 
l' fugacity coefficient 
s standard deviation 

* 

S u perscri pts 

pure substance 
value referring to pure acid at a given temperature 
liquid 

Subscripts 

A value referring to fatty acid 
B value referring to nonassociating component 

2109 

ZI value for monomer of component Z (Z = A, B) in the mixture of monomers of nonas
sociating component, monomers of associating component, dimers of associating com
ponent 

c value of the given quantity at the critical point 
A2 value for dimer of associating component 
st standard 

reduced quantity 
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