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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—cthanol 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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AHHOTaUuS

He.Jm. Pacuer MOJISIPHBIX SHTAJIBITUN napoo6pa3033HHﬂ 6I/IHapHI)IX TOMOTCHHBIX CMECEH 110 HU30TEPMUYCCKUM U I/I306apI/I‘I€CKI/IM JaH-
HBIM IMApOKUAKOCTHOT'O PABHOBECHUSA; CPABHCHUC PEIYJILTATOB pacu€Ta MOJIAPHBIX SHTAJIBITAN napoo6pa3013aHHﬂ 10 pa3HbIM METOAaM
C SKCIICPUMECHTAJIbHBIMU JJTaHHBIMHU.

MeTtoapl. MonenupoBanie MapoXXKUIKOCTHOTO pPaBHOBECHS OWHAPHBIX CHCTEM II0 YPaBHEHMIO «IOKANBHBIX cocTtaBoB» NRTL
(Non-Random Two Liquid); TepMoanHaMIdeckne pacdeTsl MOISPHBIX SHTANBIHI TapooOpa30BaHus cMecel B Pa3HBIX YCIOBHUX Mapo-
JKHUIKOCTHOTO PAaBHOBECHSI.

Pesyabrarsl. [ToydeHbl MACCUBBI PACYECTHBIX JAHHBIX 110 MOJISIPHBIM SHTAIIBITHAM ApO0Opa3oBaHus 471 25 cOCTaBOB OMHAPHBIX a3€0-
TPONOB (M30TEPMUYECKHE, N300apHUYeCKHe YCIoBUs (Pa30BOTO PABHOBECHS) M TIOJHOTO JAUAITa30Ha COCTABOB CHCTEMBI OCH30JI—3TaHOI
pu aTMOC(EepHOM JIaBICHHH.

BriBoabl. TOUHOCTH TEPMOAMHAMUUECKHUX METOIOB pacyeTa SHTaNbIHi MapooOpa3oBaHKsl OMHAPHBIX a3€0TPOITHBIX CMECEH MO JAHHBIM
MapOKUJIKOCTHOTO PaBHOBECHS BBIIIE B 85% ciTyuaeB /I M30TEPMUUECKHX U B 75% ciydaeB A H300apHUECKUX YCIOBUH. YUeT BIH-
STHUS TEMIIepaTypbl Ha KO3()GUINEHTHI AKTHBHOCTH KOMIIOHEHTOB B XHU/IKOH (pa3e Mo3BoMseT Ka4eCTBEHHO BEPHO BOCIIPOM3BOUTH 3HA-
YeHHs U30BITOYHON MOJISIPHOM SHTANIBIINY KaK JJIsl COCTABOB a3€0TPOIOB, TAK U AJISI TOJTHOTO KOHIIEHTPAI[OHHOTO TUaNa30Ha CHCTEMBI
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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 H 8
and mixtures Hy (designations: V—vaporization,
O0—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 H+y, 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 Hy(x) [9, 14, 21-23]. Hy(x)

binary mixtures can be calculated using different arrays
of experimental data: excess enthalpies (heat of
mixing) of liquid solution HE(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 Hy;(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 Hy, 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;
T—temperature, K. According to the Clausius—Clapeyron
equation, the Hy; values are defined as:

dinP
Hy = —RZLI(I / T)L )

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

b
InP=a+—, 3
at ®)

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

Hy =—RZb, (4)

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

RZAIn P
Hy =-—2>——. 5)

{7
T

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

N
pP= inyipio’ (6)
i=1

where i—component; y—activity coefficient of the
component; P0 —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(7) 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 (UNlversal 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:

dlnP ZZV: nylPoj(dln};O H
+
P dT

5B P0 dy;

+ D x —L
For azeotropes (Az), Qoyi / P=1. After introducing
the assumption that the activity coefficients of the
components are independent of temperature
(dy; /dT =0), which is strictly true only for athermal

solutions, Eq. (7) can be transformed to the following
form:

N | dnpP?
HY? :RTzZZx{ dT’ } ®)
i=l1

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:

B
lg})z'oz‘/q‘i_(T_Fc_)’ (9)

d B,
=P 5 (10)
dr (T +C; )
where A4, B, and C are equation coefficients (9).
In order to calculate the enthalpies of vaporization of
mixtures of azeotropic composition H{}Z, a simplified
expression is proposed [39]:

H{? =2. 3026RT2ZZ(—C)2
r+

where ¢ is a temperature, °C.
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Tamir [15] calculated Héz for the ideal vapor phase
(Z=1):

N x.B
H{? =23026RT?Y —1_. (11)
S +C)?

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

Earlier we proposed a procedure for calculating the
enthalpy of vaporization Hy, 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]:

N
P=>Y PUT)x;y,(x.T). (12)
i=1

For binary systems we formulate dP/dT as follows:

dPo(T dy.(x,T
ar _ it )xiyi(x,T)+}}0(T)xiM =
dar 5\ dr dT
P (13)
dPX(T dy;(x,T
=3 | LD oy oy DT
fary) dT dT

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

_ dP RT?

Voar p -

A comparison of experimental data arrays Hy;(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

(14)

Hy =(HY, + HE)x + (HY, + HE))x,. (15)

Here H%l and I-_I{E,Z are partial excess enthalpies of
the components, x; 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 {5,
can be determined from experimental or calculated data
Hy, [23,24, 45]:

HE =Hy + HY, (16)

where H{4 is an additive value:

H¥ = 7Y x + HY x,. (17)

A comparison of experimental and calculated values
H 5 (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 H%"p 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 P°¢ (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.

MethodI. VLEand Hy; werecalculated independently
using the Aspen Plus V.10.0 platform. Saturated vapor
pressures of components Pl-o in the software package
were determined by the following expression:

C,.
lnPl.0 =C; + 2

+C, T+Ce.InT+C..T 7. (18
i T+C3l- 4i Si 6i (18)

C,/C;;  coefficients are given in  the
Aspen Plus V.10.0 database.

Molar enthalpies of vaporization of substances H?,,-
were calculated by means of the Watson equation in the
following form:

HY,(T) = Hy, ()| —= : (19)
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where T; is the critical temperature of component i (index ¢
stands for critical); 7| is the temperature for which the
experimental value of enthalpy of vaporization H:‘, is
known; and T is the temperature for which the calculation
of HY, is performed. Parameters a, b, and critical
temperature T,; values are from the NIST database'.

The enthalpy of vaporization of the mixture Hy, was
determined as follows:

Hy=HYV -H, (20)

where HY and H" are molar enthalpies of vapor (V) and
liquid (L) of a mixture of a particular composition.

Method II. The calculations of mixtures Hy, were
carried out using the VLE data (Egs. (13) and (14)). The
procedure for calculating dP/dT is described in detail
in [45]. The molar enthalpies of vaporization of individual
substances 1 {),l. (18) were determined using the
coefficients of the Antoine equation in the form presented
in a previous study [46]:

0
o _dF’ RT?

= —. 21

In all tables, molar enthalpies of vaporization of
mixtures Hy, 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 H S,Xp with the results of calculations
HE by methods 1 and II. Relative errors AH\, were
determined in the standard way:

HeXP _Hcalc

AH,, =
v x
HV

(22)

For Egs. (4) and (11) in [15] only errors (22) are
given, by which we determined the calculated values of
Hy; (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 T,K x;, mol. fr. HG®, 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 0.680 342
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 T,K x,, mol. fr. Hy'?, kJ/mol Peale 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

I Standard Reference Database of National Institute of Standards and Technology. NIST Chemistry WebBook. Number 69 (SRD 69). 2022.

https://doi.org/10.18434/T4D303
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Table 2. Continued

No. Mixture 1-2 T,K x, mol. fr. Hy?P, kI/mol Peile kPa

10 Carbon tetrachloride—propanol-1 320 0.876 33.0 39

11 Methanol-benzene 350 0.649 332 198

12 Cyclohexane—propanol-2 330 0.647 349 64

13 Water—2-chloroethanol 350 0.852 42.8 45

14 Benzene—cthanol 350 0.522 34.9 139

15 300 0.903 31.0 24
Tetrahydrofuran—water

16 320 0.855 32.1 55

17 320 0.582 42.4 9
Water—formic acid

18 360 0.490 41.1 50

19 310 0.718 44.7 8
Water—pyridine

20 350 0.758 41.5 53

21 293.8 0.296 36.4 11

22 314.2 0.341 36.0 30

23 Ethanol—ethyl acetate 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 3. Calculated values of molar vaporization enthalpies and relative errors at 101.32 kPa
Eq. (4) Eq. (11) Method I Method II
No. H{’/alc , Al % H\c/alc , AH.. % H\c/alc , AH.. o H\c/alc , AH.. o
kJ/mol v kJ/mol v kJ/mol v kJ/mol v

1 452 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 -10.8 373 -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 -2.6 323 -39 339 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

Eq. (11) Method I Method II
No.
HE®, KkJ/mol AHy,, % HE®, KJ/mol Ay, % HEC, KkJ/mol AHy;, %

5 31.5 -0.6 31.4 -1.0 31.8 0.3
6 36.4 8.3 32.0 —4.9 32.8 -23
7 32.7 =55 343 -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
10 324 -1.8 325 -1.5 33.1 0.4
11 31.5 —5.1 31.7 —4.6 33.8 1.8
12 33.6 -3.7 345 -1.1 35.1 0.6
13 433 1.2 424 -1.0 42.7 -0.3
14 352 -3.7 33.8 -3.2 35.1 0.7
15 28.5 —8.1 329 6.0 33.2 7.1
16 30.9 —3.7 324 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 4.5 433 -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 -0.8 359 -0.4
23 37.5 —4.5 355 -0.7 35.8 —0.1
24 342 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
HyP(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 (<., T

. . e
Gij, Gji, a) in the following form:
= + bl G.. = (_
T =4y 7 Ui =exp ocrl.j),

where i and j are component indices; 1, o, and G are
parameters of the NRTL equation. The parameter o
determines the ordering of the molecule distribution in
the solution and is related to the coordination number
of the liquid, t 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
a,;,=0.7596,b,,=309.183,a,,=-5.8653,b,,=2314.74,
and o = 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 Hy(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
Egs. (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 Hy, < H{‘;dd (Fig. 1b). Method I provides
qualitatively incorrect results for benzene-enriched
mixtures: Hy, > H{‘,dd, which does not correspond to
the experimental data (Fig. 1a).

The excess values H\E, were calculated using
Egs. (16) and (17). Quantitative agreement of the values
of H\E/, determined on the basis of experimental and
calculated values under isobaric VLE conditions was not
achieved. However, method Il also qualitatively correctly
reproduces the sign of the excess component of the molar
enthalpy: H \E, <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
Experiment [22] Method I Method II
m())cll fr. HYP il JBIEE it HEE /282
tejfil Kl/mol Wiol | A% | iyl el | SR g
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 -0.23 322 —-1.80 0.19 31.6 —0.04 —-1.63
0.770 323 —-0.20 323 —-0.13 —0.34 32.6 -0.99 —-1.35
0.672 325 -0.77 325 —-0.01 —0.98 33.6 -3.17 -1.27
0.540 329 —1.45 33.0 —-0.36 —1.58 344 —4.40 —-1.61
0.410 33.6 -1.82 33.9 —-0.97 -1.78 34.9 —3.78 —2.24
0.310 352 -1.01 34.8 1.19 -1.74 352 0.11 -2.79
0.208 36.5 —0.57 359 1.61 —-1.50 355 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
286 Tonkie Khimicheskie Tekhnologii = Fine Chemical Technologies. 2024;19(4):279-292
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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
H{E,(x) < 0 to be obtained, while method I familiar-
variable ones to be obtained, when in one region of
compositions H\F7 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 wusually linear functions of
composition or exhibit insignificant deviations from
additive values. However, the enthalpies of vaporization

of mixtures Hy, 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 HEC,
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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Table 6. Excess values for benzene (1)—cyclohexane (2) system at isobaric vapor—liquid

Pcalc, kPa
. 101.320 75.992 50.662
1°
mol. fr.
P Method I | Method II P Method I | Method II P Method I | Method II
v > Vv Vv o

K/mol HE, K)/mol K/mol HE', kJ/mol IcJ/mol HE, 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

forming hydrogen bonds in solutions: tetrahydrofuran—
water, water—pyridine, ethanol-1,4-dioxane. The
application of method II for calculations of molar
enthalpies of wvaporization of benzene—cyclohexane
system provides more accurate reproduction of
experimental data H{}Xp 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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