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Abstract

The data available in the literature on vapour-liquid equilibria (VLE), molar excess
Gibbs energies GE, molar excess enthalpies HE, activity coefficients y*, and partial molar
excess enthalpies HF* at infinite dilution of 1-alkanol(1) + tetrachloromethane(2) mixtures
are examined on the basis of the DISQUAC group contribution model.

The components of the mixtures are characterized by three types of surface groups:
hydroxyl (OH group), alkane (CH; or CH, groups), and tetrachloromethane (CCl, group).
The alkane/CCl, and alkane/hydroxyl interaction parameters are available in the literature.
The parameters for the hydroxyl/CCl, interactions are reported in this work.

The model provides a good description of the VLE and of the related GE data. For the
HE data, surprising larger discrepancies are encountered for systems containing 1-propanol
or l-butanol. The temperature dependence of the HE values is fairly well represented.
Predictions for the natural logarithms of the activity coefficients at infinite dilution and on
HE* are similar to those for other 1-alkanol(1) + organic solvent(2) mixtures.

INTRODUCTION

The theoretical treatment of alcoholic solutions is of interest when
investigating the ability of any model to describe the non-ideal behaviour of
such solutions.

For this reason, we are engaged in a systematic study of 1-alka-
nol(1) + organic solvent(2) mixtures using DISQUAC [1, 2], a group contri-
bution method.

Up to now, we have investigated binary systems containing 1-alkanols
and n-alkanes [3-5], benzene or toluene [3, 4, 6], cyclohexane [3,7], or
1-alkanols [8]. In these works, each alcohol is considered separately in order
to report a characteristic set of interaction parameters for each of them,
which takes into account their different degrees of association.
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In our approach, a good representation of the phase equilibria, VLE
[5-7], liquid-liquid, LLE [4, 7], or solid-liquid [7, 9], and of the excess
functions G* and H", or the excess heat capacity CF, is obtained [5-8]. It
is noteworthy that DISQUAC describes fairly well the temperature depen-
dence of these excess functions [5—7], even that of the Cy [6].

The more important limitations of the model are related to prediction of
(a) the shape of the calculated H® and LLE curves which are not as flat as
the experimental ones close to the critical point [4, 7], which seems to be a
general trend of the model [2, 7]; and (b) the partial molar excess quantities
at infinite dilution, particularly HE* [5-7).

The study of binary mixtures involving 1-alkanols and tetra-
chloromethane is particularly interesting because, compared with those
containing different non-polar solvents such as n-hexane or benzene, their
heats of mixing are exothermic at high alcohol concentrations for the lower
alcohols at lower temperatures. This indicates an interaction between the
hydroxylic oxygen or hydrogen and the chlorine of the CCl,. This be-
haviour is more pronounced with the lower 1-alkanols due to the greater
number of such interactions in comparison with other long-chain alcohols.
Moreover, it is also more pronounced at higher alcohol concentrations and
at lower temperatures because of the relative absence of the opposing effect
due to dissociation of the alcohol [10].

The purpose of this paper is to test the ability of DISQUAC to represent
these general features of 1-alkanol + CCl, mixtures. To this end, we report
the interaction parameters for the hydroxyl/CCl, interactions.

Previously, this type of system has been investigated by Dacre and Benson
(1963) [11] in terms of the quasi-lattice theory developed by Barker [12].

ESTIMATION OF THE INTERACTION PARAMETERS

The molecules under study, i.e. 1-alkanols and tetrachloromethane, are
regarded as possessing three types of surface: (1) type a (CH; or CH,
groups in 1-alkanols); (2) type h (OH group in 1-alkanols); (3) type d (CCl,
group in tetrachloromethane).

The equations used to calculate GF and HF are the same as in other cases
[5]). The temperature dependence of the interaction parameters is expressed
in terms of the dispersive (DIS) or quasi-chemical (QUAC) interchange
coefficients C5F and CIYAC where s, f =a, d, h, and / =1 (Gibbs energy),
2 (enthalpy), or 3 (heat capacity). For the QUAC part, the coordination
number used is z =4.

The geometrical parameters, relative volumes r;, total surfaces ¢;, and
surface fractions o (s = a, h), for the alkanols investigated in this work
have been calculated on the basis of the group volumes and surfaces
recommended by Bondi [13], arbitrarily taking the volume and surface of
methane as unity. The relative molecular volume of an OH group
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TABLE 1

Dispersive interchange coefficients Coi5(n) (I =1, Gibbs energy; / =2, enthalpy) for the
contact (a, d) (type a, aliphatic; type d, CCl,); n is the number of heavy atoms, C and O, in
the 1-alkanol [16, 17]

! Cai

n <5 6 8 10 12 14 16
1 0.093 0.096 0.097 0.105 0.114 0.123 0.130
2 0.180 0.181 0.190 0.200 0.212 0.227 0.245

is rop = 0.46963, and the relative area gon = 0.50345. For the -CH; group,
these two values are 0.79848 and 0.73103, respectively; and for the -CH,—
group, they are 0.59755 and 0.46552 [14]. For the tetrachloromethane
molecule, the geometrical parameters are r, = 3.0543, ¢, = 2.5104, «,, =0,
and ag; =1 [15].

The general procedure used by us in the fitting of any set of interaction
parameters has been described in detail previously [5, 8]; for the adjustment
of the third interchange coefficients, see also, for example, refs. 6 and 7.

The three types of surface generate three pairs of contacts: (a, d), (a, h)
and (d, h).

TABLE 2
DIS

Interchange coefficients, dispersive C2J and quasichemical CZA¢ (I =1, Gibbs energy;
[ =2, enthalpy, / = 3, heat capacity), for the contacts (h, d) (type h, OH in 1-alkanols; type
d, CCl,). The coordination number used for the QUAC part is z = 4; m is the number of
carbon atoms in the 1-alkanol

m BN cois cRls coure caae cgupe
1 0.90 -0.33 —-9.10 12.20 14.00 62.50
2 1.30 —1.45 —-9.10 12.20 20.50 62.50
3 1.78 —1.55 —19.00 12.20 20.50 62.50
4 2.35 —1.40 —19.00 12.20 20.50 62.50
5 3102 —0.90°2 —27.002 12.20 20.50 62.50
6 4.10* —0402 —27.002 12.20 20.50 62.50
7 5.50* 0.152 —35.002 12.20 20.50 62.50
8 7.20 0.55 —35.00 12.20 20.50 62.50

10 12052 2.15 —42.00 12.20 20.50 62.50

12 18.402 6.652 —42.002 12.20 20.50 62.50

14 26.202 17.502 —42.00 2 12.20 20.50 62.50

16 35.202 39.502 —42.00= 12.20 20.50 62.50

2 Estimated value.
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TABLE 3

Comparison of some experimental (exp.) coordinates of azeotropes: pressure (P,,), tempera-
ture (7,,) and mole fraction (x,,,) for l-alkanol(1) + tetrachloromethane(2) mixtures with
values calculated (calc.) using the coefficients from Tables 1 and 2 (present work) and from
Tables 1 and 3 [5, 6]; m is the number of carbon atoms in the 1-alkanol

m T,/K P,J/kPa Xiaz Source of data

Exp. Calc. Exp. Calc.

1 298.15 27212 27.138 0.4894 0.5019 Yasuda et al., 1975 [29]
303.15 34680 34367 0.502 04900 Goral et al.,, 1990 [30]
328.15 17195 171.30  0.5844 0.5907 Wolff and Hoeppel, 1968 [31]

2 31815 46.809 46442 0.324 0.327  Barker et al., 1953 [32]
338.15 101.39  100.12 0.393 0.400  Barker et al.,, 1953 [32]

3 308.15 24916 25.267 0.0919 0.0969 Paraskevopoulos and Missen, 1962 [33]
34315 89.529 89.476 0.1600 0.1547 Papousek et al., 1959 [34]

4 308.15 23278 23426 0.0118 0.0181 Paraskevopoulos and Missen, 1962 [33]

(i) The non-polar alkane/CCl, (a,d) interactions are represented by
dispersive parameters (Table 1). A careful examination [16] has shown that
the CDf parameters increase with increasing chain length of the n-alkane.
This increase is attributed to conformational changes, or changes in molec-
ular order, when r-alkanes are mixed with the globular molecule, such as
tetrachloromethane (the Patterson effect [18]).

Due to the size of the OH group, we have taken the n-alkane with one
CH, more as the homomorph to the 1-alkanol under consideration.

(ii) The polar alkane/alkanol (a, h) interactions are represented by DIS
and QUAC parameters reported previously [5, 6]. We have shown that both

depend on the alcohol. So, CR] increases regularly with the length of the

1-alkanol; the reverse behaviour is encountered for CR'3, which is constant

from 1-dodecanol; CLI3 decreases as far as propanol, and then increases
regularly. However, CSUA¢ and CQUA€ are constant, and CQUA€ varies in a
similar way to the maximum of the HE for 1-alkanol + n-alkane mixtures,
being constant from 1-decanol. When SLE data are considered, it is shown
that CDh§ and CLS are constant from 1-octadecanol [9).

As a matter of interest, we must point out that the QUAC coefficients are
equal to those for the OH/C4H,, contacts, a behaviour which seems to be
rather general because it is also encountered in mixtures of ethers [19],
ketones, [20], organic carbonates [21] or chloroalkanes [15], with n-alkanes
or cyclohexane.

(iii) The polar alkanol/CCl, (h,d) interactions are represented by
parameters which are considered, as usual, to be chain-length dependent, in
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TABLE 4

Molar excess Gibbs energies GE(T; x, = 0.5) for 1-alkanol( 1) + tetrachloromethane(2) mix-
tures at various temperatures (7/K) and equimolar composition. Comparison of experimen-
tal results (exp.) with values calculated (calc.) using the coefficients from Tables 1 and 2
(present work) and from Tables 1 and 3 [5, 6]; m is the number of carbon atoms in the
1-alkanol

m T/K GE/J mol™! Source of data
Exp. Calc.
1 293.15 1297 1292 Goral et al., 1988 [35]
1323 Wolff and Hoeppel, 1968 [31]
298.15 13152 1311 Matteoli and Lepori, 1986 [36]
1296 Yasuda et al., 1975 [29]
303.15 1338 1330 Goral et al., 1990 [30]
308.15 1361 1347 Scatchard and Ticknor, 1952 [37]
1255 Moelwyn-Hughes and Missen, 1957 [38]
323.15 1415 1393 Wolff and Hoeppel, 1968 [31]
328.15 1427 1406 Scatchard and Ticknor, 1952 [37]
343.15 1463 1432 Wolff and Hoeppel, 1968 [31]
2 298.15 11372 1138 Matteoli and Lepori, 1986 [36]
318.15 1172 1187 Barker et al., 1953 [32]
338.15 1204 1199 Barker et al., 1953 [32]
3 293.15 1028 948 Markuzin and Sokolova, 1966 [39]
298.15 960 * 959 Matteoli and Lepori, 1986 [36]
308.15 934 979 Paraskevopoulos and Missen, 1962 [33]
343.15 1034 1004 Papousek et al., 1959 {34]
4 298.15 896 888 Matteoli and Lepori, 1986 [36]
308.15 946 905 Paraskevopoulos and Missen, 1962 [33]
8 293.15 604 559 Platford, 1977 [40]
333.15 54772 559 Paraskevopoulos and Missen, 1962 [33]

2 System used in the estimation of the interchange coefficients.

order to take into account the different degrees of association of each
alcohol.

For mixtures of a polar molecule (characteristic group: X) and benzene
or tetrachloromethane (characteristic group: s), this dependence is, of
course, a function of the nature of the polar group X. If X is ClI [22, 23], Br
[17], T [24], F [25] or the carbonate group [26,27], the CRL5 coefficients
change with the length of the polar molecule, and the CR:/*€ coefficients are
taken as being equal to zero. If X is the alkanol group, the DIS and QUAC
parameters present, respectively, inductive and steric effects [28]. However,
for the hydroxyl/aromatic contacts, only the inductive effect is encountered,
while there is no steric effect for the QUAC parameters, these now being
different to zero [6].



266 J.A. Gonzdlez et al.[Thermochim. Acta 237 (1994) 261-275

TABLE 5

Molar excess enthalpies H5(T; x, =0.3) for 1-alkanol(1) + tetrachloromethane(2) mixtures
at various temperatures (7/K) and x, = 0.3. Comparison of experimental results (exp.) with
values calculated (calc.) using the coefficients from Tables 1 and 2 (present work) and from
Tables 1 and 3 [5, 6]; m is the number of carbon atoms in the 1-alkanol

m T/K HE/J mol ! Source of data
Exp. Calc.
1 273.15 100 115 Otterstedt and Missen, 1962 [10]
293.15 266 252 Otterstedt and Missen, 1962 [10]
298.15 2902 302 Nagata and Tamura, 1983 [41]
310 Dacre and Benson, 1963 [11]
308.15 433 427 Otterstedt and Missen, 1962 [10]
323.15 668 684 Otterstedt and Missen, 1962 [10]
2 288.15 255 215 Luo et al., 1985 [42]
298.15 3812 375 Luo et al., 1985 [42]
394 Nagata and Tamura, 1984 [43]
412 Tai et al., 1972 [44]
308.15 558 584 Luo et al., 1985 [42]
539 Otterstedt and Missen, 1962 [10]
3 273.15 171 254 Otterstedt and Missen, 1962 [10]
293.15 429 386 Otterstedt and Missen, 1962 [10]
298.15 4752 440 Nagata and Tamura, 1986 [45]
308.15 641 582 Otterstedt and Missen, 1962 [10]
323.15 884 889 Otterstedt and Missen, 1962 [10]
4 288.15 271 351 Luo et al., 1985 [42]
298.15 463 * 450 Luo et al., 1985 [42]
503 Dacre and Benson, 1963 [11]
308.15 663 588 Luo et al., 1985 [42]
632 Otterstedt and Missen, 1962 [10]
8 273.15 364 423 Otterstedt and Missen, 1962 [10]
293.15 498 486 Otterstedt and Missen, 1962 [10]
298.15 5302 520 Dacre and Benson, 1963 [11]
308.15 631 615 Otterstedt and Missen, 1962 [10]
323.15 836 834 Otterstedt and Missen, 1962 [10]
10 288.15 459 477 Kardo-Sysoeva et al., 1977 [46]
303.15 5872 571 Kardo-Sysoeva et al., 1977 [46]
318.15 727 746 Kardo-Sysoeva et al., 1977 [46]

2 System used in the estimation of the interchange coefficients.

In view of the differences observed in the evolution of the interchange
coefficients for this class of (X,s) contacts, we decided to describe the
(h, d) contacts by DIS and QUAC parameters, but while trying to keep the
latter constant for the whole set of 1-alkanols. That is, we proceeded as
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TABLE 6

Natural logarithms of activity coefficients at infinite dilution Iny® in 1-alka-
nol(1) + tetrachloromethane(2) mixtures at various temperatures (7). Comparison of exper-
imental results (exp.) with values calculated (calc.) using the coefficients from, Tables 1 and
2 (present work) and from Tables 1 and 3 [5, 6]; m is the number of carbon atoms in the
1-alkanol

m T/K Inyy{ Iny% Source of data

Exp. Calc. Exp. Calc.

1 29315 427* 451 213 2.15 Wolff and Hoeppel, 1968 [31]
298.15 3.87* 441 207 2.15  Matteoli and Lepori, 1986 [36]
3.592 2.04 Yasuda et al., 1975 [29]
303.15 396* 430 213 2.15  Wolff and Hoeppel, 1968 [31]
308.15 4.47°% 419 198° 2.15 Paraskevopoulos and Missen, 1962 [33]
323.15 347* 384 210 2.15 Wolff and Hoeppel, 1968 [31]
328.15 2542 371 194 2.14  Scatchard and Ticknor, 1952 {37]
2 298.15 355* 423 159 1.64 Matteoli and Lepori, 1986 [36]
318.15 3.02® 361 1.55 1.63  Barker et al., 1953 [32]
3 298.15 3.182® 401 1.22 1.25 Matteoli and Lepori, 1986 [36]
308.15 4.87% 370 1.11° 1.25 Paraskevopoulos and Missen, 1962 [33]
3149 27749 349 - 1.24  Trampe and Eckert, 1990 {47]

329.0 2489 305 - 1.22  Trampe and Eckert, 1990 [47]
293 1.16¢ 1.22  Trampe and Eckert, 1990 [47]

3328 -

338.8 2284 275 - 1.20  Trampe and Eckert, 1990 [47]

343.1 - 261 1.14¢ 1.19  Trampe and Eckert, 1990 [47]

3442 2174 258 - 1.19  Trampe and Eckert, 1990 [47]

3529 - 1.84 1.134 1.18  Trampe and Eckert, 1990 [47]

369.6 - 433 1.11¢ 1.08 Trampe and Eckert, 1990 [47]
4 293.15 408 098¢ 1.11  Thomas et al., 1982 [48]

298.15 2.78* 392 1.13 1.11  Matteoli and Lepori, 1986 [36]
308.15 3.22% 3.62 1.09° 1.10  Paraskevopoulos and Missen, 1962 [33]

359.6 205 09549 0.98 Trampe and Eckert, 1990 [47]
8 29315 - 3.58 0.55°¢ 0.60 Thomas et al., 1982 [48]

333.15 3.84° 235 0.76° 0.54  Paraskevopoulos and Missen, 1962 [33]
12 308.15 - 3.01  0.39f 0.40  Alessi et al., 1982 [49]

326.15 - 238 0.34fF 0.34  Alessi et al., 1982 [49]

33315 - 2.14 028 0.32  Alessi et al., 1982 [49]
14 31795 - 235 0.15° 0.20 Alessi et al., 1982 [49]

329.15 - 1.81 0.14F 0.11  Alessi et al., 1982 [49]

34895 - 092 0f —0.03  Alessi et al., 1982 [49]

2 From reduction data using the Wilson equation. ® From an exponential equation for G¥ in
the region of high dilution in alcohol. © From a Redlich—Kister equation for GF in the region
of high dilution in CCl,. ¢ From a differential boiling-point technique. ¢ From gas—liquid
chromatography. f From gas—liquid chromatography using the retention time method.
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TABLE 7

Partial molar excess enthalpies of 1-alkanol(1) + tetrachloromethane(2) mixtures at infinite
dilution H}=, and at various temperatures T. Comparison of experimental results (exp.)
with values cglculated using the coefficients from Tables 1 and 2 (present work) and from
Tables 1 and 3 [5, 6]; m is the number of carbon atoms in the 1-alkanol

m T/K HE>[J mol~! HE%*{J mol~! Source of data
Exp. Calc. Exp. Calc.

1 273.15 20920 9940 —1171 —421 Otterstedt and Missen, 1962 [10]
293.15 16736 14539 —795 —348 Otterstedt and Missen, 1962 [10]
298.15 - 15675 —636 —265 Trampe and Eckert, 1991 [50]
308.15 23012 17921 —318 -1 Otterstedt and Missen, 1962 [10]
323.15 18828 21210 318 685  Otterstedt and Missen, 1962 [10]

2 283.15 18200 19215 - —904  Stokes and Burfitt, 1973 [51]
298.15 18400 22570 —820 —339  Stokes and Burfitt, 1973 [51]
308.15 18828 24732 841 246  Otterstedt and Missen, 1962 [10]
318.15 18300 26813 - 1045  Stokes and Burfitt, 1973 [51]

3 27315 18828 17725 — 1448 308  Otterstedt and Missen, 1962 [10]
293.15 25104 21743 —586 302 Otterstedt and Missen, 1962 [10]
298.15 17200 22700 - 364 Trampe and Ekert, 1991 [50]
308.15 20920 24538 —113 583 Otterstedt and Missen, 1962 [10]
323.15 18828 27057 510 1205  Otterstedt and Missen, 1962 [10]

4  308.15 16736 24477 4 792 Otterstedt and Missen, 1962 [10]

8 273.15 16736 18683 377 997 Otterstedt and Missen, 1962 [10]
293.15 25104 22167 669 950 Otterstedt and Missen, 1962 [10]
308.15 16736 24511 966 1104 Otterstedt and Missen, 1962 [10]
323.15 20920 26516 1205 1480  Otterstedt and Missen, 1962 [10]

for the l-alkanol + benzene mixtures. The final parameters are listed in
Table 2.

Naturally, they behave very similarly to those of the hydroxyl/aromatic
contacts. We note the inductive effect in the DIS parameters, and that the
CRAC value of methanol is different from the normal value of this
parameter for the other alcohols. This exemplifies the difference beiween
methanol and the remaining alcohols in the mixtures under study, a
behaviour which has been already pointed out by Dacre and Benson [11] in
their study of these systems using Barker’s theory [12].

RESULTS AND DISCUSSION

Tables 3—7 and Figs. 1-5 show numerical and graphical comparisons,
respectively, between experimental data and DISQUAC predictions. As usual,
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Fig. 1. Comparison of theory with experiment of the isothermal vapour-liquid phase
equilibrium diagram of CCl, + methanol at 303.15 K: total pressure P vs. x; or y, (the mole
fractions of CCl, in the liquid and vapour phases, respectively). Full lines, predicted values;
points, experimental results [30].

the model yields a good description of the concentration dependence of the
VLE data (see Table 3 and Fig. 1), and of the related GE values (Table 4,
Fig. 2).

The experimental curves of HF against the mole fraction are very
asymmetrical. For the lower alcohols, they present a positive part which is,
moreover, rather flat, and an exothermic region at high alcohol concentra-
tions (see the introductory section). This complex behaviour is fairly well
represented by DISQUAC for those systems containing methanol or ethanol
(Fig. 3). However, with the standard coordination number used (z = 4) and
our interchange coefficients, the model cannot reproduce the exothermic
part of the H® curve for 1-propanol or l-butanol + CCl, mixtures. Cer-
tainly, it is possible to obtain s-shaped HE curves for these systems,
although in this case they become very shifted to the region of low
concentration in alcohol, and a worse overall representation is then ob-
tained. For mixtures involving higher 1-alkanols, such as 1-octanol or
1-decanol, the shape of the HE curves is again fairly well represented by
pIsQUAC (Fig. 4). Thus, new measurements for HE for systems containing
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Fig. 2. Comparison of theory with experiment for the molar excess Gibbs energy GE at
298.15K of l-alkanol + CCl, mixtures. Full lines, predicted values; points, experimental
results: O, methanol; O, ethanol; A, 1-propanol; <, 1-butanol [36].

1-propanol and 1-butanol are needed to test the ability of the model to
represent H® curves for such mixtures.

The more severe tests of any theoretical model are related to its ability to
reproduce the temperature dependence of H®, C; and partial molar excess
quantities at infinite dilution.

For the mixtures under study, the model describes fairly well the change
with temperature of the excess enthalpy (Table 5, Fig. 5). When the
temperature is decreased, larger discrepancies are found because the asym-
metry of the H® curves is then more marked.

Unfortunately, we have not found direct calorimetric data on Cj. Otter-
stedt and Missen [10] report values for this quantity obtained from an
equation used to correlate HF values at different temperatures. As an
example, for the methanol + CCl, mixture we compare “experimental” with
calculated values at equimolar composition and at 273.15, 293.15, 308.15
and 323.15 K. Under these conditions, the values given by Otterstedt and
Missen are (in Jmol=' K~!) 7.9, 8.8, 11.7 and 16.7; while the DISQUAC
values are, respectively, 2.9, 7.7, 12.7 and 19.2, in the same units.
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Fig. 3. Comparison of theory with experiment for the molar excess enthalpy HE at 298.15 K
of 1-alkanol + CCl, mixtures. Full lines, predicted values; points, experimental results: O,
methanol [41]; [, ethanol [42].

Table 6 shows a comparison between experimental and theoretical values
of Iny¥. We note that Iny5 is well reproduced and that the differences
AlnyP (InyyF(calc) —In y(exp)) are positive and somewhat large. Such
differences are  similar to  those encountered in  l-alka-
nol(1) + cyclohexane(2) systems [7] (mean value of Alny{, 22%); and
larger than when benzene or toluene is the second compound [6] (mean
value of Alnyy, 15%). These results are related, at least in part, to the
predictions given by the model for 1-alkanol(1) + n-alkane(2) mixtures [5],
which present a mean value of Aln y{° close to 10%, due, to some extent, to
the combinatorial term used (Flory—Huggins equation), which, as known,
overestimates the combinatorial entropy. In the case of systems containing
cyclohexane, Alny{ is increased because the calculated GF curves are
shifted to the region of low concentration in alcohol [7]. However, Fig. 2
shows that the symmetry of these curves for the mixtures under study is well
represented by DISQUAC; thus, one would expect lower values of Aln yy.
The large values obtained for this quantity in the investigated mixtures
could be related to: (a) a quasi-chemical contribution of the 1-alkanol which
is really less than anticipated (probably a general trend in alcoholic solu-
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Fig. 4. Comparison of theory with experiment for the molar excess enthalpy HE at
temperature 7" of 1-alkanol + CCl, mixtures. Full lines, predicted values; points, experimen-
tal results: O, 1-octanol (298.15K) [11]; O, 1-decanol (303.15 K) [46].

tions); and (b) to some experimental inaccuracies [33]. We note that the
partial molar excess quantities of mixtures containing 1-alkanols and or-
ganic solvents typically increase very steeply with increasing mole fraction
of the organic solvent, and their experimental determination becomes rather
difficult.

For this reason, the H* values from Otterstedt and Missen [10] (Table
7) should be taken with caution, because they are obtained from only a few
HF data in the dilute alcohol region. Data derived by Stokes and Burfitt
[51] were obtained from a high enough number of HE measurements at very
high dilution of one component, and show, as with other 1-alka-
nol(1) + organic solvent(2) mixtures, the constancy of HT* with tempera-
ture. In contrast, H5* depends strongly on temperature, at least for systems
involving the lower alcohols. This indicates that when increasing the tem-
perature, H® becomes positive over the whole range of mole fraction.
DISQUAC predictions are similar to those for 1-alkanol(1) + n-alkane(2), or
+cyclohexane(2) mixtures [5, 7], but show, as in the latter case, an unex-
pected strong dependence of H}* on temperature.
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Fig. 5. Comparison of theory with experiment for the molar excess enthalpy HE at tem-
perature T of methanol + CCl, mixtures. Full lines, predicted values; points, experimental
results: <, 273.15K; A, 293.15K; 0, 308.15K; O, 323.15K [10].

REFERENCES

1
2
3
4

5

10
11

H.V. Kehiaian, Fluid Phase Equilibria, 13 (1983) 243.

H.V. Kehiaian, Pure Appl. Chem., 57 (1985) 15.

J.A. Gonzalez, J.C. Cobos, I. Garcia and C. Casanova, Thermochim. Acta, 171 (1990),
153.

J.A. Gonzilez, 1. Garcia, J.C. Cobos and C. Casanova, Thermochim. Acta, 189 (1991)
115.

J.A. Gonzalez, 1. Garcia de la Fuente, J.C. Cobos and C. Casanova, Ber. Bunsenges.
Phys. Chem., 95 (1991) 1658.

J.A. Gonzalez, 1. Garcia de la Fuente, J.C. Cobos and C. Casanova, Fluid Phase
Equilibria, 93 (1994) 1.

J.A. Gonzalez, I. Garcia de la Fuente, J.C. Cobos and C. Casanova, J. Solution Chem.,
in press.

J.A. Gonzalez, 1. Garcia de la Fuente, J.C. Cobos and C. Casanova, Fluid Phase
Equilibria, 78 (1992) 61.

J.A. Gonzalez, 1. Garcia de la Fuente, J.C. Cobos, C. Casanova and U. Domanska, Fluid
Phase Equilibria, 94 (1994) 167.

J.-E.A. Otterstedt and R.W. Missen, Trans. Faraday Soc., 58 (1962) 879.

B. Dacre and G.C. Benson, Can. J. Chem., 41 (1963) 278.



274 J.A. Gonzalez et al.|Thermochim. Acta 237 (1994) 261-275

12
13

14
15
16
17

18
19

20

21

22

23
24

25

26

27

28
29

30
31
32
33
34

35
36
37
38
39
40
41
42

43
44
45
46

47
48

J.A. Barker, J. Chem. Phys., 20 (1952) 1526.

A. Bondi, Physical Properties of Molecular Crystals, Liquids and Glasses, J. Wiley, New
York, 1968.

H.V. Kehiaian, J.-P.E. Grolier and G.C. Benson, J. Chim. Phys., 75 (1978) 1031.

H.V. Kehiaian and B. Marongiu, Fluid Phase Equilibria, 40 (1988) 23.

A. Ait-Kaci, Ph.D. Thesis, University of Lyon, France, 1982.

N. Garcia-Lisbona, I. Garcia Vicente, J. Moz Embid, 1. Velasco, S. Otin and H.V.
Kehiaian, Fluid Phase Equilibria, 45 (1989) 191.

D. Patterson, Pure Appl. Chem., 47 (1976) 305.

H.V. Kehiaian, M.R. Tin¢, L. Lepori, E. Matteoli and B. Marongiu, Fluid Phase
Equilibria, 46 (1989) 131.

H.V. Kehiaian, S. Porcedda, B. Marongiu, L. Lepori and E. Matteoli, Fluid Phase
Equilibria, 63 (1991) 231.

H.V. Kehiaian, J.A. Gonzalez, I. Garcia, J.C. Cobos, C. Casanova and M.J. Cocero,
Fluid Phase Equilibria, 64 (1991) 1.

I. Garcia Vicente, N. Garcia-Lisbona, I. Velasco, S. Otin, J. Mufioz Embid and H.V.
Kehiaian, Fluid Phase Equilibria, 49 (1989) 251.

H.V. Kehiaian and B. Marongiu, Fluid Phase Equilibria, 42 (1988) 141.

M.J. Soriano, I. Velasco, S. Otin and H.V. Kehiaian, Fluid Phase Equilibria, 45 (1989)
205.

M. Artal, J. Fernandez, J. Mufioz Embid, I. Velasco, S. Otin and H.V. Kehiaian, J.
Solution Chem., 20 (1991) 3.

H.V. Kehiaian, J.A. Gonzalez, 1. Garcia, J.C. Cobos, C. Casanova and M.J. Cocero,
Fluid Phase Equilibria, 69 (1991) 81.

J.A. Gonzalez, 1. Garcia de la Fuente, J.C. Cobos, C. Casanova and H.V. Kehiaian,
Thermochim. Acta, 217 (1993) 57.

M.R. Tiné and B. Marongiu, Thermochim. Acta, 199 (1992) 63.

M. Yasuda, H. Kawade and T. Katayama, Kagaku Kogaku Ronbunshu, 1 (1975) 172;
see also ref. 52.

M. Goral, P. Oracz and S. Warycha, Fluid Phase Equilibria, 55 (1990) 337.

H. Wolff and H.E. Hoeppel, Ber. Bunsenges. Phys. Chem., 72 (1968) 1173.

J.A. Barker, J. Brown and F. Smith, Disc. Faraday Soc., 15 (1953) 142.

G.C. Paraskevopoulos and R.W. Missen, Trans. Faraday Soc., 58 (1962) 869.

D. Papousek, Z. Papouskova and L. Pago, Z. Phys. Chem. (Leipzig), 211 (1959) 231; see
also ref. 53.

M. Goéral, P. Oracz and S. Warycha, Fluid Phase Equilibria, 44 (1988) 77.

E. Matteoli and L. Lepori, J. Chem. Thermodyn., 18 (1986) 1065.

G.C. Scatchard and L.B. Ticknor, J. Am. Chem. Soc., 74 (1952) 3724.

E.A. Moelwyn-Hughes and R.W. Missen, J. Phys. Chem., 61 (1957) 518.

N.P. Markuzin and E.P. Sokolova, Zh. Prikl. Khim., 39 (1966) 1765; see also ref. 53.
R.F. Platford, J. Chem. Soc. Faraday Trans. 1, (1977) 267.

I. Nagata and K. Tamura, Fluid Phase Equilibria, 15 (1983) 67.

Y.S. Luo, P. L. Cen, B.G. Li, J.D. Zhou and Z.Q. Zhu, Fluid Phase Equilibria, 20 (1985)
137.

1. Nagata and K. Tamura, J. Chem. Thermodyn., 16 (1984) 975.

T.B. Tai, R.S. Ramalho and S. Kaliaguine, Can. J. Chem. Eng., 50 (1972) 771.

I. Nagata and K. Tamura, J. Chem. Thermodyn., 18 (1986) 827.

L.G. Kardo-Sysoeva, E.V. Komarov and V.P. Belousov, Vestn. Leningr. Univ., Fiz.
Khim. (1977) 83; see also ref. 54.

D.M. Trampe and Ch.A. Eckert, J. Chem. Eng. Data, 35 (1990) 156.

E.R. Thomas, B.A. Newman, Th.C. Long, D.A. Wood and Ch.A. Eckert, J. Chem. Eng.
Data, 27 (1982) 399.



J.A. Gonzdlez et al.|Thermochim. Acta 237 (1994) 261-275 275

49 P. Alessi, I. Kikic, C. Nonino and M.O. Visalberghi, J. Chem. Eng. Data, 27 (1982) 448.

50 D.M. Trampe and Ch.A. Eckert, J. Chem. Eng. Data, 36 (1991) 112,

51 R.H. Stokes and C. Burfitt, J. Chem. Thermodyn., 5 (1973) 623.

52 J. Gmehling, U. Onken and W. Arlt, Vapor-Liquid Equilibrium Data Collection
Organic Hydroxy Compounds: Alcohols (Supplement 1), DECHEMA Chemistry Data
Series, Vol. I, Part 2c.

53 J. Gmehling and U. Onken, Vapor-Liquid Equilibrium Data Collection Organic Hy-
droxy Compounds: Alcohols, DECHEMA Chemistry Data Series, Vol. I, Part 2a.

54 J.J. Christensen, R.W. Hanks and R.M. Izatt, Handbook of Heats of Mixing, John
Wiley, New York, 1982.



