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Abstract
Objectives. To calculate the molar enthalpy of vaporization of binary homogeneous mixtures based on isothermal and isobaric vapor–
liquid equilibrium data, and to compare the results of calculation of molar enthalpy of vaporization by different methods with experimental 
data.
Methods. Simulation of the vapor–liquid equilibrium of binary systems according to the Non-Random Two Liquid  “local compositions” 
equation and thermodynamic calculations of molar vaporization enthalpies of binary mixtures at different conditions of vapor–liquid 
equilibrium were used.
Results. Arrays of calculated data were obtained with regard to molar enthalpies of vaporization for 25 compositions of binary 
azeotropes (isothermal, isobaric conditions of phase equilibrium), and the full range of compositions of the benzene–ethanol system 
at atmospheric pressure.
Conclusions. The accuracy of thermodynamic methods for calculating the vaporization enthalpy of binary azeotropic mixtures according 
to vapor–liquid equilibrium data is higher in 85% of cases for isothermal, and in 75% of cases for isobaric conditions. By taking into 
account the influence of temperature on the activity coefficients of components in the liquid phase, the values of excess molar enthalpy 
both for azeotrope compositions and for the full concentration range of the benzene–ethanol system under isobaric conditions of liquid–
vapor phase equilibrium can be accurately reproduced.
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Сравнение методов расчета энтальпии 
парообразования бинарных азеотропных смесей
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Аннотация
Цели. Расчет молярных энтальпий парообразования бинарных гомогенных смесей по изотермическим и изобарическим дан-
ным парожидкостного равновесия; сравнение результатов расчета молярных энтальпий парообразования по разным методам 
с экспериментальными данными.
Методы.  Моделирование парожидкостного равновесия бинарных систем по уравнению «локальных составов» NRTL 
(Non-Random Two Liquid); термодинамические расчеты молярных энтальпий парообразования смесей в разных условиях паро-
жидкостного равновесия.
Результаты. Получены массивы расчетных данных по молярным энтальпиям парообразования для 25 составов бинарных азео-
тропов (изотермические, изобарические условия фазового равновесия) и полного диапазона составов системы бензол–этанол 
при атмосферном давлении.
Выводы. Точность термодинамических методов расчета энтальпий парообразования бинарных азеотропных смесей по данным 
парожидкостного равновесия выше в 85% случаев для изотермических и в 75% случаев для изобарических условий. Учет вли-
яния температуры на коэффициенты активности компонентов в жидкой фазе позволяет качественно верно воспроизводить зна-
чения избыточной молярной энтальпии как для составов азеотропов, так и для полного концентрационного диапазона системы 
бензол–этанол в изобарических условиях фазового равновесия жидкость–пар.
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INTRODUCTION

The enthalpy of vaporization is the most important 
thermophysical property of substances and mixtures [1–4].  
The accurate estimation of the enthalpy of vaporization 
and its dependence on temperature is a requirement for 
the study of phase transitions [5–7]. In order to calculate 
the thermal balances of distillation columns, reliable data 
on molar enthalpies of vaporization of substances 0

VH  
and mixtures VH  (designations: V—vaporization, 
0—pure substance) in different conditions of phase 
equilibrium are necessary [8–10].

Direct calorimetric measurements of vaporization 
enthalpies are difficult and time-consuming [5, 11–15]. 
Experimentally measured VH  values of mixtures are 
given in [16–20] for individual compositions. There are 
few experimental data for the full range of compositions 
of binary systems V ( )H x  [9, 14, 21–23]. V ( )H x  

binary mixtures can be calculated using different arrays 
of experimental data: excess enthalpies (heat of 
mixing) of liquid solution E ( )H x  (index E stands 
for Excess); and enthalpies of vaporization of pure 
substances at a particular temperature [9, 23, 24]. 
Thermal calculations of distillation columns require 
data V ( , )H x T  on the isobaric conditions of vapor–
liquid equilibrium (VLE).

Data on the enthalpies of vaporization of 
multicomponent mixtures is much less common. The 
calorimetric measurements are usually carried out for 
specific compositions of hydrocarbon fractions [25–27] 
and fuel mixtures [28–30].

Due to the limited amount of experimental data, 
including those under different VLE conditions, reliable 
methods need to be developed to calculate the enthalpies 
of vaporization of mixtures [9, 15, 20]. Currently, 
methods for calculating and/or predicting the enthalpies 
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of vaporization of individual substances belonging to 
certain classes of organic compounds using a limited 
amount of experimental data have predominantly 
been developed. The possibilities of calculations using 
various models and equations of state are considered 
in [32–35].

Thermodynamic methods for calculations of molar 
enthalpies of vaporization can be successfully applied 
to hydrocarbons and their binary mixtures [36–38]. 
For substances and mixtures, the components of 
which form hydrogen bonds, special methods for 
calculating enthalpies of vaporization have been 
developed [35, 39–41].

CALCULATIONS

A simplified method for calculating the molar enthalpies 
of vaporization VH  of multicomponent systems from 
P(T) data for the vapor phase under different VLE 
conditions is presented in [15]. Let us assume that the 
vapor phase state of a multicomponent system is 
determined by the equation of state (1) [42, 43]:

,=PV ZRT  (1)

where P—pressure; V—volume of vapor phase; Z—
compressibility coefficient; R—universal gas constant; 
Т—temperature, К. According to the Clausius–Clapeyron 
equation, the VH  values are defined as:

V
ln .

(1 / )
 

= −  
 x

d PH RZ
d T

 (2)

If by correlating the experimental P–T data, the 
following dependence coefficients can be obtained:

ln ,= +
bP a
T

 (3)

then we can calculate the values of molar enthalpies of 
vaporization by using the following formula [15]:

V ,= −H RZb  (4)

where a and b are correlation coefficients. Instead of 
correlation of experimental data, the following ratio can 
also be applied:

V
ln .
1

∆
= −

 ∆ 
 

RZ PH

T

 (5)

At phase equilibrium, the pressure P over the liquid 
phase of composition xi is defined as:

0

1
,

=
= g∑

N

i i i
i

P x P  (6)

where i—component; γi—activity coefficient of the 
component; 0

iP —saturated vapor pressure of the 
component. In order to calculate phase equilibria, phase 
equilibrium models can be used which take into account 
the dependence of activity coefficients on the mixture 
composition and model parameters in various 
ways [43, 44]. For example, for calculations of VLE and 
molar enthalpies of vaporization from P(T) data of 
N-component systems, we used the dependence of the 
activity coefficients of the components on the mixture 
composition and parameters of the following VLE 
model: UNIFAC (UNIversal Functional Activity 
Coefficient) [15] and NRTL (Non-Random Two 
Liquid) [45].

Tamir [15] obtained a thermodynamic expression 
which establishes the relationship between the pressure 
and temperature of the N-component system under VLE 
conditions:

0 0

1

0

1

lnln

.

=

=

   g
= +         
   g 

+         

∑

∑

N
i i i i

i
i

N
i i i

i
i

x P d Pd P x
dT P dT

x P d
x

P dT

 (7)

For azeotropes (Az), 0 / 1.g =i iP P  After introducing 
the assumption that the activity coefficients of the 
components are independent of temperature 
( / 0),g =id dT  which is strictly true only for athermal 
solutions, Eq. (7) can be transformed to the following 
form:

0
Az 2
V

1

ln
.

=

 
=  

  
∑
N

i
i

i

d P
H RT Z x

dT
 (8)

Tamir [15] used Antoine’s Eq. (9), in order to 
calculate the dependence of the saturated vapor pressure 
of the components on temperature, i.e., Eq. (10) is valid 
for pure substances:

0lg ,
( )

= −
+i i

i

BP A
T C

 (9)

( )

0
0

2 ,=
+

i i
i

i

dP B
P

dT T C
 (10)

where А, В, and C are equation coefficients (9).
In order to calculate the enthalpies of vaporization of 

mixtures of azeotropic composition Az
VH , a simplified 

expression is proposed [39]:

Az 2
V 2

1
2.3026 ,

( )=
=

+∑
N

i i

ii

x B
H RT Z

t C

where t is a temperature, °С.
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Tamir [15] calculated Az
VH  for the ideal vapor phase 

(Z = 1): 

Az 2
V 2

1
2.3026 .

( )=
=

+∑
N

i i

ii

x B
H RT

t C
 (11)

In fact, the enthalpy of vaporization of a mixture of 
azeotropic composition is determined in Eq. (11) by the 
data 0 ( )iP T  for individual components. 

Earlier we proposed a procedure for calculating the 
enthalpy of vaporization VH  of binary and three-
component systems under the assumption of ideal vapor 
phase behavior, while taking into account the temperature 
dependence of the activity coefficients of the components 
for any (zeotropic, azeotropic) compositions [45, 46]:

0

1
( ) ( , ).

=
= g∑

N

i i i
i

P P T x x T  (12)

For binary systems we formulate dP/dT as follows:

0
0

1,2

0
0

1,2
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=

 g
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= g +  

 

∑

∑

i i
i i i i

i

i i
i i i

i

dP T d x TdP x x T P T x
dT dT dT

dP T d x T
x x T P T

dT dT

 (13)

The values of dP/dT and enthalpy of vaporization 
of mixtures (14) were determined on the basis of the 
calculated data of VLE.

2
V =

dP RTH
dT P

. (14)

A comparison of experimental data arrays V ( )H x  
with calculated values was previously carried out for the 
full range of compositions of the benzene–cyclohexane 
system under isobaric VLE conditions [45], the behavior 
of the vapor phase of which can be considered ideal [47]. 
The maximum relative errors for arrays of calculated 
values of the benzene–cyclohexane system at 50.662, 
75.992, and 101.320 kPa do not exceed 5, 5.1, and  
6 relative % (rel. %), respectively [45]. A comparison of  
the results of calculations of molar enthalpies of 
vaporization, must not only be based on the quantitative 
indices. The qualitative correspondence of signs of 
excess values determined from experimental and 
calculated data was shown to be fundamental.

Molar enthalpies of vaporization can be represented 
through partial values of

0 E 0 E
V V1 1 V2 2V1 V2( ) ( ) .= + + +H H H x H H x  (15) 

Here E
V1H  and E

V2H  are partial excess enthalpies of 
the components, xi is the composition of the azeotrope 

(i = 1; 2). The partial excess enthalpies for the vapor and 
liquid phases have opposite signs. The excess value E

VH  
can be determined from experimental or calculated data 

VH  [23, 24, 45]:

E add
V V V ,= +H H H  (16)

where add
VH is an additive value:

add 0 0
V 1 2V1 V2 .= +H H x H x  (17)

A comparison of experimental and calculated values 
E
V ( )H x  for the benzene–cyclohexane system shows that 

the use of Eq. (14) provides a qualitatively correct 
reproduction of the sign of the excess thermodynamic 
quantity [45].

The purpose of the present study is to compare 
experimental and calculated data of molar enthalpies 
of vaporization for binary homogeneous azeotrope 
compositions under different VLE conditions.

RESULTS

Binary mixtures of azeotropic compositions exp
VH  for 

which viable modeling of VLE using the NRTL model is 
possible, were selected from the array of experimental 
data [15] (Tables 1 and 2). The parameters of the NRTL 
equation were taken from the database of the 
Aspen Plus V.10.0 software package. The azeotropic 
data description errors do not exceed 5 rel. % for 
compositions and 0.4 rel. % for temperature. 
Table 2 additionally summarizes the calculated pressure 
values Pcalc (kPa) obtained from the NRTL model.

The molar enthalpies of vaporization of binary 
mixtures of azeotropic compositions were calculated in 
different ways according to VLE data.

Method I. VLE and VH  were calculated independently 
using the Aspen Plus V.10.0 platform. Saturated vapor 
pressures of components 0

iP  in the software package 
were determined by the following expression: 

720
1 4 5 6

3
ln ln .= + + + +

+
ii C

i i i i i
i

C
P C C T C T C T

T C
 (18)

C1i–C7i coefficients are given in the 
Aspen Plus V.10.0 database.

Molar enthalpies of vaporization of substances 0
ViH  

were calculated by means of the Watson equation in the 
following form:

c
1

c0 *
V V 1

1

c

1
( ) ( )

1

 
+ −  

  
− 

 =
 

− 
 

i i
i

Ta b
T

i
i i

i

T
T

H T H T T
T

, (19)
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where ciT  is the critical temperature of component i (index c 
stands for critical); Т1 is the temperature for which the 
experimental value of enthalpy of vaporization *

VH  is 
known; and T is the temperature for which the calculation 
of 0

ViH  is performed. Parameters ai, bi, and critical  
temperature ciT  values are from the NIST database1.

The enthalpy of vaporization of the mixture VH  was 
determined as follows:

V L
V = −H H H , (20)

where HV and HL are molar enthalpies of vapor (V) and 
liquid (L) of a mixture of a particular composition.

Method II. The calculations of mixtures VH  were 
carried out using the VLE data (Eqs. (13) and (14)). The 
procedure for calculating dP/dT is described in detail 
in [45]. The molar enthalpies of vaporization of individual 
substances 0

ViH  (18) were determined using the 
coefficients of the Antoine equation in the form presented 
in a previous study [46]:

1 Standard Reference Database of National Institute of Standards and Technology. NIST Chemistry WebBook. Number 69 (SRD 69). 2022. 
https://doi.org/10.18434/T4D303

0 2
0
V 0= i

i
i

dP RTH
dT P

. (21)

In all tables, molar enthalpies of vaporization of 
mixtures VH  are given in kJ/mol, compositions of 
mixtures—in molar fractions of the component indicated 
in the name of the mixture first.

Tables 3 and 4 show the data sets for comparison of 
experimental values exp

VH  with the results of calculations 
calc
VH  by methods I and II. Relative errors V∆H were 

determined in the standard way:

exp calc
VV

V exp
V

100%
−

∆ = ×
H H

H
H

. (22)

For Eqs. (4) and (11) in [15] only errors (22) are 
given, by which we determined the calculated values of 

VH  (Tables 3 and 4).

Table 1. Experimental values of molar vaporization enthalpies for binary mixtures (azeotropic compositions)  
at atmospheric pressure [15]

No.* Mixture 1–2 Т, К x1, mol. fr. exp
V ,H  kJ/mol

1 p-Xylene–hexanol-1 411.49 0.870 42.0

2 Toluene–2-methylpropanol-1 372.64 0.550 39.9

3 Toluene–butanol-1 378.20 0.680 34.2

4 Benzene–methanol 330.62 0.609 33.6

*Experimental point number.

Table 2. Experimental values of molar vaporization enthalpies for binary mixtures (azeotropic compositions) at isothermal VLE [15]

No. Mixture 1–2 Т, К x1, mol. fr. exp
V ,H  kJ/mol Рcalc, kPa

5 Chloroform–ethanol 320 0.859 31.7 65

6 Acetone–chloroform 320 0.384 33.6 54

7 Propanol-1–ethyl acetate 330 0.218 34.6 52

8 Ethanol–1,4-dioxane 330 0.871 39.7 42

9 Water–1,4-dioxane 330 0.447 39.7 30
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No. Mixture 1–2 Т, К x1, mol. fr. exp
V ,H  kJ/mol Рcalc, kPa

10 Carbon tetrachloride–propanol-1 320 0.876 33.0 39

11 Methanol–benzene 350 0.649 33.2 198

12 Cyclohexane–propanol-2 330 0.647 34.9 64

13 Water–2-chloroethanol 350 0.852 42.8 45

14 Benzene–ethanol 350 0.522 34.9 139

15
Tetrahydrofuran–water

300 0.903 31.0 24

16 320 0.855 32.1 55

17
Water–formic acid

320 0.582 42.4 9

18 360 0.490 41.1 50

19
Water–pyridine

310 0.718 44.7 8

20 350 0.758 41.5 53

21

Ethanol–ethyl acetate

293.8 0.296 36.4 11

22 314.2 0.341 36.0 30

23 320 0.384 35.8 38

24 334 0.417 35.5 67

25 363.2 0.543 34.8 189

Note: Experimental point numbers are given for each temperature condition.

Table 2. Continued 

Table 3. Calculated values of molar vaporization enthalpies and relative errors at 101.32 kPa

No.

Eq. (4) Eq. (11) Method I Method II

calc
V ,H   

kJ/mol V,∆H  %
calc
V ,H   

kJ/mol V,∆H  %
calc
V ,H   

kJ/mol V,∆H  %
calc
V ,H   

kJ/mol V,∆H  %

1 45.2 7.6 43.8 4.4 37.2 −11.5 39.0 −7.1

2 40.7 1.9 46.2 15.7 35.6 −10.8 37.3 −6.5

3 30.5 −10.8 29.8 −12.9 34.7 1.5 36.4 6.3

4 32.6 −3.0 32.7 −2.6 32.3 −3.9 33.9 0.9

Note: the mixture number corresponds to the same number in Table 1.
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Table 4. Calculated values of molar vaporization enthalpies and relative errors at isothermal VLE

No.
Eq. (11) Method I Method II

calc
V ,H  kJ/mol V,∆H  % calc

V ,H  kJ/mol V,∆H  % calc
V ,H  kJ/mol V,∆H  %

5 31.5 −0.6 31.4 −1.0 31.8 0.3

6 36.4 8.3 32.0 −4.9 32.8 −2.3

7 32.7 −5.5 34.3 −0.7 34.6 0.1

8 38.7 −2.5 39.7 −0.1 40.4 1.7

9 40.4 1.8 39.2 −1.2 39.7 0.1

10 32.4 −1.8 32.5 −1.5 33.1 0.4

11 31.5 −5.1 31.7 −4.6 33.8 1.8

12 33.6 −3.7 34.5 −1.1 35.1 0.6

13 43.3 1.2 42.4 −1.0 42.7 −0.3

14 35.2 −3.7 33.8 −3.2 35.1 0.7

15 28.5 −8.1 32.9 6.0 33.2 7.1

16 30.9 −3.7 32.4 0.8 32.9 2.5

17 44.5 5.0 36.4 −14.1 40.8 −3.9

18 44.1 7.3 33.7 −17.9 38.8 −5.5

19 33.6 4.5 43.3 −3.1 43.6 −2.5

20 46.7 1.0 41.5 0 41.8 0.7

21 41.9 4.5 36.8 1.1 36.7 0.8

22 38.0 4.3 35.7 −0.8 35.9 −0.4

23 37.5 −4.5 35.5 −0.7 35.8 −0.1

24 34.2 4.6 34.8 −2.0 35.4 −0.3

25 37.1 5.7 33.4 −3.9 35.2 1.3

Note: the mixture number corresponds to the same number in Table 2.

Method II provides a higher level of calculation 
accuracy when compared to Eqs. (4) and (11), and 
method I for atmospheric pressure in 75% of cases 
(Table 3). For isothermal VLE conditions, method II 
provides a more accurate calculation compared to the 
results of (11) for 85% of azeotropic compositions 
(18 out of 21) (Table 4). The accuracy of calculations 
using method II is lower than by method I only in the 

systems ethanol–1,4-dioxane, tetrahydrofuran–water, 
and pyridine–water (Nos. 8, 15, 16, 20, Table 4).

For the benzene–ethanol system, experimental data 
exp
V ( )H x  is also available for the full range of 

compositions at atmospheric pressure, but no 
temperature values are given [22]. The calculated 
values obtained by the NRTL model are presented in 
Table 5.
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The calculation of VLE using the NRTL model was 
performed with the binary interaction parameters (tij, tji, 
Gij, Gji, α) in the following form:

, exp( ),τ = + = −ατij
ij ij ij ij

b
a G

T
 

where i and j are component indices; τ, α, and G are 
parameters of the NRTL equation. The parameter α 
determines the ordering of the molecule distribution in 
the solution and is related to the coordination number 
of the liquid, τ is the reduced energy parameter, and 
G is a variable characterizing the interaction energy. 
The values i = 1; 2, j = 1; 2. The parameters were 
estimated on the basis of experimental data of the VLE 
of the benzene (1)–ethanol (2) system [48, 49]. Where 
a12 = 0.7596, b12 = 309.183, a21 = −5.8653, b21 = 2314.74, 
and α = 0.604. The average relative errors of the array 
descriptions do not exceed 1.01 (maximum 3.55) 
rel. % for vapor phase compositions and 0.02 
(maximum 0.08) rel. % for temperature.

The arrays of calculated data for the benzene (1)–
ethanol (2) system at atmospheric pressure are 
summarized in Table 5. The average relative errors of 

calculation of molar enthalpies of vaporization of binary 
mixtures do not exceed 3 rel. %.

The concentration dependencies V ( )H x  are 
presented in Fig. 1. Quantitative differences are caused, 
as in the case of the benzene (1)–cyclohexane (2) 
system [45], by the values of molar enthalpies of 
vaporization of pure substances calculated differently by 
Eqs. (16) and (18).

Method II provides a qualitative coincidence of 
concentration dependence types for experimental and 
calculated data, namely in the whole range of 
compositions VH  < add

VH (Fig. 1b). Method I provides 
qualitatively incorrect results for benzene-enriched 
mixtures: VH  > add

V ,H  which does not correspond to 
the experimental data (Fig. 1a).

The excess values E
VH  were calculated using 

Eqs. (16) and (17). Quantitative agreement of the values 
of E

V ,H  determined on the basis of experimental and 
calculated values under isobaric VLE conditions was not 
achieved. However, method II also qualitatively correctly 
reproduces the sign of the excess component of the molar 
enthalpy: E

VH  < 0 for all compositions of binary mixtures 
(Fig. 2b).

Table 5. Experimental and calculated values of the enthalpy of vaporization and relative errors for the benzene (1)–ethanol (2) system  
at 101.32 kPa

х1,  
mol. fr.

Experiment [22] Method I Method II

exp
V ,H   

kJ/mol

E
V,H   

kJ/mol
calc
V ,H   

kJ/mol V,∆H  %
E
V,H   

kJ/mol
calc
V ,H   

kJ/mol V,∆H  %
E
V,H   

kJ/mol

1 30.6 0 30.7 −0.36 0 32.0 −4.35 0

0.929 31.2 −0.02 31.9 −2.18 0.53 30.9 0.81 −1.64

0.852 31.6 −0.23 32.2 −1.80 0.19 31.6 −0.04 −1.63

0.770 32.3 −0.20 32.3 −0.13 −0.34 32.6 −0.99 −1.35

0.672 32.5 −0.77 32.5 −0.01 −0.98 33.6 −3.17 −1.27

0.540 32.9 −1.45 33.0 −0.36 −1.58 34.4 −4.40 −1.61

0.410 33.6 −1.82 33.9 −0.97 −1.78 34.9 −3.78 −2.24

0.310 35.2 −1.01 34.8 1.19 −1.74 35.2 0.11 −2.79

0.208 36.5 −0.57 35.9 1.61 −1.50 35.5 2.65 −3.34

0.086 37.8 −0.25 37.7 0.47 −0.80 36.4 3.71 −3.53

0 38.8 0 39.2 −1.05 0 40.7 −4.98 0
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Fig. 1. Dependencies of molar vaporization enthalpy for benzene (1)–ethanol (2) system on the composition:  
(a) method I,  
(b) method II
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Fig. 2. Comparison of experimental and calculated values of the excess molar vaporization enthalpy for benzene (1)–ethanol (2) 
system at 101.32 kPa:  
(a) method I,  
(b) method II

The results obtained are similar to the conclusions for 
the benzene–cyclohexane system at 50.663, 75.992, and 
101.320 kPa (Table 6). Method II allows qualitatively 
correct types of concentration dependencies 

E
V ( )H x  < 0 to be obtained, while method I familiar-

variable ones to be obtained, when in one region of 
compositions E

VH  are negative and in the other—
positive [45].

Thus, the calculation of molar enthalpies of 
vaporization of binary systems from dP/dT data under 
VLE conditions is more correct for isobaric conditions.

The properties of binary systems formed by non-
associated liquids are usually linear functions of 
composition or exhibit insignificant deviations from 
additive values. However, the enthalpies of vaporization 

of mixtures VH  are an exception [9]. Therefore, for 
systems containing substances which form complexes of 
molecules, the association constants of molecules in the 
vapor phase must be taken into account [40]. Analysis of 
experimental calorimetric data for binary systems 
containing lower carboxylic acids allowed the 
authors [40] to conclude that simplified methods for 
estimating enthalpies of vaporization in mixtures with 
associated components are acceptable, if the excess 
molar enthalpy (heat of mixing) of the liquid solution 
does not exceed 5% of the enthalpy of vaporization.

It was established that calculated values calc
V ,H  

obtained from dP/dT data at VLE are less accurate than 
calculations based on independent arrays of experimental 
data in systems formed by components capable of 
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forming hydrogen bonds in solutions: tetrahydrofuran–
water, water–pyridine, ethanol–1,4-dioxane. The 
application of method II for calculations of molar 
enthalpies of vaporization of benzene–cyclohexane 
system provides more accurate reproduction of 
experimental data exp

VH  in comparison with benzene–
ethanol mixtures. This can be explained by the use of the 
assumption of ideal behavior of the vapor phase 
containing ethanol.

CONCLUSIONS

Molar enthalpies of vaporization of azeotropic mixtures 
were calculated for 18 binary systems under different 
conditions of phase VLE and for the full range of 
compositions of the benzene–ethanol system at 
atmospheric pressure.

Rigorous thermodynamic methods of calculating 
the molar enthalpies of vaporization from VLE data 
of binary systems, even under the assumption of ideal 

behavior of the vapor phase, are more accurate than 
simplified methods of calculation.

The comparison of experimental and calculated data 
arrays obtained by thermodynamic methods I and II was 
carried out. The proposed calculation method II provides 
more accurate results for 85% of the compositions of 
azeotropic mixtures in isothermal conditions, and for 
75% of them in isobaric conditions.
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Table 6. Excess values for benzene (1)–cyclohexane (2) system at isobaric vapor–liquid 

x1, 
mol. fr.

Рcalc, kPa

101.320 75.992 50.662

exp
V ,H   

kJ/mol

Method I Method II exp
V ,H   

kJ/mol

Method I Method II exp
V ,H   

kJ/mol

Method I Method II

calc
V ,H  kJ/mol calc

V ,H  kJ/mol calc
V ,H  kJ/mol

0.143 −0.34 0.03 −0.05 −0.35 0.01 −0.05 −0.41 0.01 −0.04

0.250 −0.42 0.01 −0.08 −0.47 0.00 −0.07 −0.72 −0.01 −0.07

0.397 −0.57 −0.03 −0.11 −0.54 −0.03 −0.10 −0.78 −0.04 −0.09

0.443 −0.59 −0.04 −0.12 −0.55 −0.05 −0.11 −0.66 −0.06 −0.11

0.541 −0.55 −0.06 −0.13 −0.60 −0.07 −0.13 −0.73 −0.08 −0.13

0.700 −0.37 −0.05 −0.15 −0.41 −0.06 −0.14 −0.37 −0.07 −0.14

0.842 −0.12 −0.02 −0.12 −0.47 −0.03 −0.14 −0.34 −0.04 −0.14
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