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Abstract

The predictive ability of the model proposed by Treszczanowicz and Benson [Fluid Phase Equilib. 23 (1985) 117] is tested
for temperature dependence of the excess volume: excess molar isobaric thermal expansion defined as A]l;: = (OVE/OT) , and
(82VE / 6T2)p for binary systems formed by an l-alkanol (from C, to C;,) and an alkane (from C4 to Cy4) for all available
literature data. The model equations for these properties are expressed as sums of the three contributions: self-association
described by athermal associated mixture model and free volume and non-specific interactions described by Flory equation of
state. The model correctly predicts Al]f and sign of temperature derivative (82VE /8T2)[, for regarded class of mixtures.
Moreover, the model predicts complex shape of the AE curve and its temperature changes for diluted 1-decanol in n-hexane
solutions. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The present study is an extension of the series of
papers about interpretation and prediction of the
excess volume VE [1,2] and excess molar isobaric
thermal expansion A; = (9V*/dT), [3-5] for binary
systems formed by 1-alkanols with alkanes applying
the model described by Treszczanowicz and Benson
[1,2]. The model correctly predicts V* and Al;‘ as
concentration function using only one set of para-
meters for the whole class of 1-alkanol + an alkane
mixtures. Moreover, model predicts double minimum
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on AE curve [4], occurrence common intersection
point for series of isotherms of the excess volume
and indicates on possibility occurrence such a point
for series of isotherms of the excess molar isobaric
thermal expansion [5]. The aim of the paper is to test
the model for A;: and A;: temperature dependence for
all available literature data for regarded class of
mixtures. The discussion obeys mixtures formed by
homologous 1-alkanols from C, to C;, and alkanes
from C,4 to Cy4 including branched alkanes.

2. Theory

The model relations for excess thermodynamic
properties are expressed as sums of self-association
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Nomenclature

APE excess molar isobaric thermal expansion
(=(0VF/IT),)

c constant

C;: excess molar isobaric heat capacity

K< association constant for homologous
alkanol

n(cl ) number of carbon atoms of the alkanol

P} characteristic pressure of the pure com-
ponent i

R gas constant (=8.314511J mol ' K1)

r; number of segments distinguished on
molecule of component i

t Celsius temperature

T absolute temperature

T characteristic temperature of the mixture

T; characteristic temperature of the pure
component i

v reduced volume of the mixture

V; reduced volume pure liquid i

|7 characteristic volume of the mixture
(=Vixi + Vix)

Vrig molar volume an ideal mixture (:V?x] +
Vixz)

1% characteristic volume of the pure com-
ponent i

1% molar volume of the pure component i

Ve excess molar volume

X; molar fractions of the ith component

X1 interchange interaction Flory parameter
given by Eq. (4)

X% the average degree of self-association in
pure alkanol i

XA the average degree of self-association of

an alkanol in mixture

Greek letters

1)
%oH

%p,i

P
Br.i

Ah
As

van der Waals volume fraction of
hydroxyl group in alkanol molecule
isobaric thermal expansion coefficient of
pure component i (=(9V;/dT),/V})
BralBr;1

isentropic compressibility coefficient of
pure component i

standard enthalpy for H-bond formation
standard entropy for H-bond formation

Av standard volume for H-bond formation

®; segment fractions of the ith component
(=rixi/(rix1 + rx2))

0, site fraction of the component

KL excess isentropic compressibility coeffi-
cient (=kgs — K¢

Ks isentropic compressibility coefficient of
real mixture

'Clsd isentropic compressibility coefficient an
ideal mixture (:%)

and equation of state contribution. The self-associa-
tion contribution is described by athermal associated
mixture model of the Mecke and Kempter type. The
free volume and non-specific interaction contributions
are described the by Flory [1,2] equation of state.
Relations for excess volume VE [1,2], excess molar
isobaric thermal expansion (cf. [3-5]) AE = (oVE/
dT), are as follows:

1 1
E _ y+[3 ~0 ~0
VE=Vi[b— (Vx1 + Voxa)] + Avxy (XO A
EOS contribution A A
association contribution

(1)
| ow i ~
A]];: =V, [(ﬁ)p_(ap,lvlﬁol - ap,2V2¢2)1
EOS contribution
Ah Av 0 (N 1 1
s Ay 2
* RT? . <(pA ?q XXJFXA @

association contribution

where x;, x, =1 —x; and @4, ¢, = 1 — @, are mole
and segment fractions of the nominal (stoichiometric)
components, ¢%,®,, and X, X are segment frac-
tions of an alkanol monomer and average degree of
association in pure alkanol and mixture. The v, v; are
reduced volumes of the mixture and pure component i
and a,,; is coefficient of isobaric thermal expansion of
the pure component i. The self-association constant of
an alkanol

) _ exp[(1 — Ah/RT) + (As/R)]

r

Kl

3)

depends on alkanol number of segments r; = V| /
VY, where V7 is the characteristic volume of alkanol
and VW =17.12cm’mol™' the van der Waals

volume of methane used as volume unit. Association
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Table 1

117

Physical properties of component liquids: molar volume V;, coefficients of isobaric thermal expansion o, ;, isothermal compressibility f; at
298.15 K and characteristic parameters: volume V;, pressure P; and temperature 7}

Component i V; (cm®/mol) a, (x10°K™) Br (TPa™h) Vi (cm’/mol) P! (J/em®) T: (K)

1-Alkanols
Ethanol 58.678 1.093 1162.2 46.332 4497 4987.5
Propanol 75.161 0.995 1015.2 60.289 454.1 5245.6
Butanol 91.984 0.932 942.4 74.566 448.7 5442.0
Pentanol 108.681 0.893 882.2 88.694 453.1 5577.9
Hexanol 125.316 0.870 839.4 102.682 460.3 5663.9
Heptanol 141.90 0.850 800.0 116.68 468.5 5742.5
Octanol 158.474 0.827 775.7 130.848 466.2 5837.8
Nonanol 174.97 0.818 750.1 144.704 475.4 5876.6
Decanol 191.503 0.812 738.0 158.549 478.6 5903.0
Dodecanol 224.290 0.800 712.6 186.100 486.2 5956.9

Alkanes
n-Butane 101.45 2.021 29743 71.19 4115 3814.9
n-Pentane 116.137 1.610 21325 85.353 416.7 4158.1
n-Hexane 131.597 1.387 1703.9 99.543 424.2 4436.1
n-Heptane 147.448 1.256 1460.6 113.601 4319 4648.1
n-Octane 163.504 1.164 1302.4 127.698 436.8 4827.0
Iso-octane 166.098 1.197 1542.1 129.083 383.2 4759.5
n-Nonane 179.696 1.092 1175.4 141.910 444.1 4989.0
n-Decane 195.945 1.051 1109.6 155.750 447.0 5091.4
n-Undecane 212.24 0.994 1026.4 170.271 448.6 5248.4
n-Dodecane 228.550 0.960 987.7 184.397 4452 5351.0
n-Tetradecane 261.33 0.885 877.4 213.571 450.4 5607.6

parameters: standard enthalpy Ah = —24.4 kJ mol ',
entropy As = —33JK 'mol™! and volume Av =
—10 cm® mol ™! [1,2] are the same for regarded homo-
logous 1-alkanols [1,2]. The interaction parameter in
the Flory equation of state contributions, X, (see
Appendix A), depends on the length of component
molecules in the whole regarded class of mixtures
according to the formula

2 =108V A (V) 2[101.35())) + 1.254]

“4)
where
agl){ VW . )
VER + Vel + () — v
is volume fraction of the hydroxyl group and n(cl) the

number of C-atoms in alkanol molecule, and V&' =

8.04, V&Y =13.21 and VY = 10.21 em*/mol are
van der Waals volume, respectlvely, for OH, CH; and
CH, group. The model parameters were estimated
using excess enthalpy H® and excess molar isobaric

heat capacity CE for the one chosen system and excess
volume VE for series systems formed by 1-alkanols
from C, to Cy, and alkanes from Cs to C¢ [1,2].

It should be noted the functional identity of the
chemical contributions to C[‘f and to AE (see Eq. (A.3)
in Appendix A). Therefore, detailed discussion of the
chemical contribution to C;‘ as a function of the
concentration, self-association constant and molecular
size ratio, which was presented by Treszczanowicz
and Kehiaian [6,7] is valuable also in the case of
chemical contribution to A}.

All relations for properties which appear in the
paper and which are necessary to understand the paper
are given in Appendix A. Properties of pure compo-
nents and calculated characteristic parameters were
collected in the Table 1.

3. Results and discussion

The experimental excess volume data measured at
three or more temperatures [8-24] were used to
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estimate A = (OV*/9T), and the temperature deri-

vative (9°VE/OT?), at 298.15 K. These properties
were calculated (at the same concentration) using
the relation

VE = VI + A% o (T — 298.15) + L o(T — 298.15)°
(6)

where st is excess volume, Ag.zs the excess molar
isobaric thermal expansion and c¢ the temperature
second derivative of the excess volume ¢ = (9*VE/

Table 2

OT?),at T = 298.15K. The AE and (6°VE /OT?), data
estimated at equimolar concentration are compared
with the model predictions in the Table 2. The experi-
mental error A estimated using best V¥ data rather not
exceed £0.4 x 107 cm® K™' mol ™" in the middle of
the temperature range [5], what leads to the value
+0.8 x 107* cm® K2 mol ™! for the second deriva-
tive. The derivative (9°VE/ 8T2)p was calculated
numerically and given in the Table 2.

Interesting regularities for AE and (9”VE/0T?),
observed for investigated mixtures are given in

Comparison of experimental data and model predictions for A'p‘: = (oVE/ 6T)p and (82VE/6T2)p at equimolar concentration for 1-
alkanol + alkane mixtures at 298.15 K and 0.1 MPa, size ratio parameter r»; = V;/ V7, ratio of compressibility coefficients f,; = Br,/fr;
calculated from data reported in Table 1 and Flory interaction parameter X, calculated from Eq. (4)

System (1 + 2) a1 P21 X1, (Jem®) A'p‘: (x10° cm®> K~ mol™h) (82VE/0T2)/, References
(x10* cm® K~ mol™")
Experimental Predicted Experimental Predicted
2 + n-4 1.54 2.56 45.898 —0.8* —0.48 —0.09* —0.091 [8]
2 + n-6 2.15 1.47 27.755 5.0,5.6 5.53 0.08, 0.04 0.066 [9,10]
2 4 n-7 245 1.26 22.771 5.5 5.96 —0.16 0.076 [11]
2 + iso-8 279 1.33 18.798 6.2 5.92 0.15 0.079 [12]
3 4+ n-4 1.18 2.93 32.236 —4.8° -7.8 —0.15% —0.212 [13]
3 + n-6 1.65 1.68 19.496 33,37 2.19 0.11, 0.21 0.018 [14,10]
3 4 n-7 1.88 1.44 15.994 4.8¢c 4.20 0.05¢ 0.051 [15]
3+ n9 235 1.16 11.454 6.8 5.35 0.16 0.071 [16]
3 4+ n-11 2.82 1.01 8.715 7.0 5.84 0.13 0.079 [17,18]
3 4 n-12 3.05 0.97 7.733 6.4 6.02 0.17 0.082 [17,18]
4 + n-4 0.95 3.16 25.507 —8.2° —12.25 —0.24* —0.283 [19]
4+ n6 1.33 1.81 15.427 1.6 0.85 0.07 —0.001 [14]
4 +n-7 1.52 1.55 12.653 2.8 2.79 0.28 0.031 [20]
4 + n-10 2.09 1.18 7.882 42° 5.08 0.21° 0.067 [21]
5 4 n-6 1.12 1.93 13.131 —6.6 —0.93 0.03 0.026 [22]
54 n-7 1.28 1.66 10.770 2.3¢ 1.46 0.034 0.013 [15]
54 n-8 1.44 1.48 9.037 1.6 2.89 0.10 0.035 [23]
54 n-10 1.76 1.26 6.709 6.4 4.47 —0.19 0.058 [22]
6 + n-6 0.97 2.03 11.731 -22 —2.44 —0.01 —0.045 [14]
6 + n-9 1.38 1.40 6.892 3.1 322 0.01 0.040 [16]
7 4 n-7 0.97 1.83 8.891 0.2° —0.88 —0.005° —0.017 [15]
8 + n-6 0.76 2.20 10.256 —54 —4.96 —0.08 —0.078 [14]
8 + n-9 1.08 1.52 6.025 -0.2 1.87 0.09 0.022 [16]
9 + n-10 1.08 1.48 5.037 2.0 2.09 —0.03 0.026 [24]
9 + n-14 1.48 1.17 3.137 2.7 5.02 0.09 0.061 [24]
10 + n-6 0.63 2.31 9.592 —8.3 —6.81 —0.98 —0.099 [14]
10 4+ n-9 0.90 1.59 5.635 0.7 0.76 0.04 0.008 [16]
12 + n-6 0.53 2.39 9.299 - —8.20 - —0.116 -
At p = 5 MPa.

® vE at various p.
© At x; = 0.52263.
4 At x; = 0.49259.
° At x; = 0.4859.
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Fig. 1. The excess molar isobaric thermal expansion
AE = (6VE/6T)P for equimolar mixtures of 1-alkanol with n-
alkane at 298.15K vs. ratio of isothermal compressibility
coefficients of an alkane and alkanol f,) = f;,/f;,. Points
denote data for mixtures formed by: ([J) n-butane; (O) n-hexane;
(/) n-heptane; (37) n-octane; (W) iso-octane; (@) n-nonane; (4)
n-decane; () n-undecane; (<) dodecane and (x) n-tetradecane.
Lines are labeled with alkane C atoms.

Table 2, e.g. in series of binary mixtures formed by an
alkane with homologous 1-alkanols. Fig. 1 presents AE
data at equimolar concentration plotted against the
ratio ff5; = Pr.,/ P, of the isothermal compressibility
coefficients of an alkane and I-alkanol. The ratio
reflects in a certain degree on magnitude of the pack-
ing effects (free volume and interstitial accommoda-
tion) in the mixture. We can see that AE data at
equimolar concentration for series of mixtures formed
by n-butane, n-hexane and n-nonane with homologous
1-alkanols fall on approximately along straight line.
The A]p“: data for mixtures formed by alkane with
number of C-atoms between 6 and 9 are located
mostly between line for n-hexane and for n-nonane.
Single experimental points presented in Fig. 1 for
mixtures formed by longer alkane molecules are out
of the line for n-nonane exhibit visible shift depending
on the length of alkane molecule. Unfortunately, lack
of the excess volume data which allow to estimate A[‘f
for homologous series of mixtures formed by alkanes
with number of C-atoms higher than 9. Moreover, lack
of the data for systems formed by branched alkanes
[2], except ethanol + iso-octane [12] system. It is
worth noting that the excess volume at equimolar
concentration plotted against the ., for series formed

— ;
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Fig. 2. Series of isotherms (temperature ¢ (°C) given in parenthesis)
of the excess molar isobaric thermal expansion AE = (OVE/ ar),
for ethanol + iso-octane system vs. ethanol mole fraction x;. Points
denote A,‘f data estimated from VE [11] by Eq. (6): (A\) isotherm at
0°C; (Q) isotherm at 25°C and (/) isotherm at 50°C. Solid lines
represent model predictions.

by given 1-alkanol with homologous n-alkanes also
fall on along the straight line (see Fig. 4 in [2]).

In Fig. 2 are compared experimental and predicted
A;: data for ethanol + iso-octane system as a function
of ethanol mole fraction. The model predicts correctly
positive A[If values in the whole concentration range
and increase A;: magnitudes with temperature rise (cf.
Table 2). Such behavior is characteristic for systems
with low fi5; ratio, for these systems large, positive
sum of association and non-specific interaction con-
tributions predominates over the slight, negative free
volume contribution.

In contrary, the 1-decanol + n-hexane system pre-
sented in Figs. 3 and 4 characterizes predomination of
the large, negative free volume contribution nearly
over the whole concentration range except the region
of diluted alkanol. Considerable asymmetry of the
chemical contribution as a function of concentration
(see Fig. 5) leads to occurrence positive AE values in
diluted alkanol region. Similar behavior is observed
also for other systems with high f5,; ratio. These are
systems formed by n-butane with short molecule
alkanols: ethanol [8], 1-propanol [13], 1-butanol



120 A.J. Treszczanowicz, T. Treszczanowicz/ Thermochimica Acta 375 (2001) 115-123

——
0 —
- L d
e -2+ {0 N
1S
v Ll (25} i
«” - 4
5
= -6Bf .
™
1= r v |
wa -8F
o o
<C | v {40) |
-0h vV -
i I i i L L L L L

X

Fig. 3. Series of isotherms (temperature ¢ (°C) given in parenthesis)
of the excess molar isobaric thermal expansion AY = (9V®/ or),
for 1-decanol + n-hexane system vs. decanol mole fraction x;.
Points denote A;: data estimated from VE [14] by Eq. (6): (A)
isotherm at 10°C; (Q) isotherm at 25°C and (5/) isotherm at 40°C.
Solid lines represent model predictions.

[19] and formed by n-hexane with 1-alkanols from Cy4
to Cy [3], all characterized by ‘“S-shaped”’ A:f. The 1-
decanol + n-hexane system is especially interesting
for one more reason, because for this system appears
“W-shaped” A‘E curve (see Fig. 4 and compare

10° A5 rem3 mol™

X4

Fig. 4. Series of predicted isotherms (solid line) of the excess
molar isobaric thermal expansion A,]:: = (oVE/ ar), for diluted 1-
decanol solutions at different temperatures (given in parentheses)
in n-hexane vs. molar fraction of alkanol x,. Points denote A data
estimated from VE data [14] by Eq. (6): (/\) isotherm at 15°C; (O)
isotherm at 25°C and (57) isotherm at 35°C. Dashed line is drawn
through points estimated at 25°C.
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Fig. 5. The model representation of series of isotherms (tempera-
ture ¢ (°C) given in parenthesis) of the association contribution
AR = (QVE*[JT), for 1-decanol + n-hexane system vs. 1-
decanol mole fractions x;. The figure added in top right reflects
changes of the AI';:“S in diluted alkanol region.

discussion [4]). The narrow minimum on Al]f curve
occurs for this system in high dilution region of
alkanol at the room temperature. The minimum
quickly decreases with decrease of temperature, which
is due to increase asymmetry of the chemical con-
tribution (cf. Fig. 5). The temperature increase leads to
enlarge this minimum (cf. Fig. 5) and free volume
contribution become more negative. It leads to fast
decrease of the maximum and then, to junction of the
both minima through series of A;: isotherms, see Fig. 4.
Quite similar behavior is observed for excess isen-
tropic compressibility coefficient KE in series formed
by l-alkanol with homologous n-alkanes in diluted
alkanol region [25,26]. This similarity of the shapes of
the series of A;: isotherms for 1-decanol + n-hexane
system (Fig. 4) and series of & curves for systems
formed by 1-alkanol with homologous n-alkanes is
due to important role of free volume changes in both
cases and asymmetry of the association contribution.

Fig. 6 shows predicted temperature dependence A,‘f
and its contributions: association, non-specific inter-
actions and free volume for 1-decanol + n-hexane
system: (a) at mole fraction x; = 0.014 (correspond-
ing to local maximum in diluted alkanol region at
t = 25°C, Fig. 4) and (b) at mole fraction x; = 0.60
(corresponding to minimum at = 25°C, Fig. 3).



A.J. Treszczanowicz, T. Treszczanowicz/ Thermochimica Acta 375 (2001) 115-123 121

o
T T T T 3

i 15 0
[} [«]
£ £
- T
(v X
o ™
£
5 5
o o
S o
jiigah wa
< <

Fig. 6. Excess molar isobaric thermal expansion AE = (OVE/ ar),
for 1-decanol + n-hexane system vs. temperature ¢ (°C) for
concentrations close to: (A) maximum of the positive lobe at
x1 2 0.014 and (B) minimum of the negative lobe at x; = 0.60
mole fraction of 1-decanol. The lines denote: (—), total Af; ),
association contribution AE‘“S; (---), free volume contribution
Af'r"" and (—-—), non-specific interactions contribution AS"““. Points
denote experimental data calculated by Eq. (6) from smoothed data
[14].

These contributions were calculated as follows: (1)
association contribution was calculated from Eq. (2)
omitting equation of state contribution; (2) free
volume contribution was calculated omitting associa-
tion contribution and putting Flory interaction para-
meter Xj, = 0, in equation of state contribution; (3)
non-specific interactions contribution was calculated
as difference between equation of state contribution
and free volume contribution. The AIE at x; = 0.014,
presented in Fig. 6A as temperature function shows
maximum due to distinct maximum on the association
contribution. The temperature rise leads to increase
free volume effect and decrease A} values. The A} at
x; = 0.60, presented in Fig. 6B, is negative and
quickly decrease with temperature rise. The associa-
tion contribution shows indistinct maximum but nega-
tive free volume contribution predominates over
positive ones. In both cases, the model predicts A[‘f
and its temperature changes very well. The analysis of
these figures indicate on possibility to find tempera-
ture range, where maximum increases and minimum
decreases with temperature rise, leading to more sharp
“S-shape” of AE curve as a function of concentration
[5] and even to appearance common intersection point

of AIE isotherms. Such behavior is also characteristic
for excess volume [5].

4. Conclusions

The review of literature data for excess volume 1-
alkanol + alkane mixtures measured at three or more
temperatures was done. The set of 29 binary systems
formed by 1-alkanols from ethanol to dodecanol and
alkanes from butane to tetradecane [8-24] (see
Table 2) was used for estimation A} = (9V*/dT),
and (9°VE /8T2)p. These results were used to test
predictive ability of the model proposed by Treszcza-
nowicz and Benson. This simple model taking into
account association and packing effects predicts cor-
rectly excess volume, its first temperature derivative
and also sign of second temperature derivative. The
model is able to predict these properties even in
diluted alkanol region. Moreover, the model predicts
also appearance of a double minimum on AE curve and
their junction with temperature rise observed for 1-
decanol + n-hexane system. It is interesting that dou-
ble minimum can be observed for excess isentropic
compressibility curves in series of systems formed by
given alkanol with alkanes differing in molecular
length and shape [25,26]. Moreover, the model pre-
dicts possibility appearance of the common intersec-
tion point for the series A;: isotherms. These results
indicate also for interesting changes of the pressure
derivative of the excess enthalpy (OH®/OP), = VE—
T(QV*/AT), and excess molar isobaric heat capacity
(OCE/OP), = —T(0°VE/OT?), and suggest an inter-
esting area for experimental research.
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Appendix A.

The model equations for the excess properties are
expressed as a sum of the association and equation of
state contributions (see [1,3])

ZE — ZE,aS + ZE,EOS (Al)
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where ZE = HE, VE, Cf,AE. The relations for asso-
ciation contributions are described by athermal asso-
ciated model with the Mecke-Kempter mode of
continuous self-association of alkanol. The associa-
tion contribution to excess volume and excess
enthalpy are given by the same functional dependence
on association constant and concentration, as it was
pointed out by Kehiaian [27] and for regarded model
are expressed by

VE,as HE,as
Av Ak
Therefore, the association contribution to excess
molar isobaric thermal expansion and excess molar
isobaric heat capacity also exhibit the same functional
shape

E.as E.as

A, C

— P —
AhAv/RT?  AR2/RT?

= (K", p,) (A2)

FKY o)) (A3)

where, for Mecke and Kempter mode of alkanol self-
association

1 1
hK(“’), =x [———],
( ®1) 1 Xg Xx

SK?,p1) =x [qf,l - Z—A} —h(K'7,01) (A4
1
where X9, X, are the average degree of self-associa-
tion and ¢%, ¢, the segment fraction of monomer of
the self-associated component in pure liquid 1 and in
mixture, respectively, are given by relations

1 In(14K9) 1 In(1+K9ep))

X7 K@ 7 Xa KW,
(A.5)
1 ®
0 1
= = A.6
Pa 1+ K(‘/’) ’ (N 1+ K(q))(pl ( )

and where K'” is an alkanol association constant
given by Eq. (3).

The equation of state (EOS) contributions to excess
enthalpy, HE’EOS, volume, VE’EOS, isobaric molar
thermal expansion, A,];:’EOS, and heat capacity,

CyP0% are given by the Flory equation of state theory
VEESS = Vio = (19) + 72002)) (A7)
AEEOS _ v+ v ST AR

» =V, T p_;(/’ivi“p,i (A.8)

2
HEEOS — x0,Vip*Xia — Y xiPiVi(pi—p)  (A9)
P

C;: = X192V1*,52X12
2 ~ ~
ov; ov
PV =) —p?* (= A.10
+;x Vi | <6T)p p <8T>p (A.10)

where v; = V?/Vi = 1/p; and v = V/V: = 1/p are
the reduced volumes of pure liquid i and mixture, and
their temperature derivatives are given by relation

e G
o), Tr4—30" \oT), T+(4-3p'P)
(A.11)

where P;, T;, V; are the characteristic pressure,

temperature and volume of pure liquid i, V; and T"

are characteristic volume and temperature of a mix-
ture, X, is interaction parameter in the equation of
state contribution given by Eq. (4). More details and
derivation of the model equations, see [1,3].
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