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ABSTRACT

Binary excess molar enthalpies for alcohol-alcohol mixtures are well represented by use of
the UNIQUAC associated-solution model, which includes two association constants for the
dimerization and polymerization of pure alcohol molecules and one solvation constant
between unlike alcohol molecules and takes account of non-polar interactions. The model is
further extended to predict ternary excess enthalpies for mixtures containing two alcohols and
one saturated hydrocarbon with only binary parameters. Calculated results agree with the
published data of many mixtures.

INTRODUCTION

Nagata [1] presented an empirical method, based on an association model,
to predict the ternary excess enthalpies of mixtures including two alcohols
and one saturated hydrocarbon using only binary parameters. Pando et al.
[2] proposed another empirical method to correlate the excess enthalpies of
binary alcohol-alcohol mixtures. Their method couid not be applied to
ternary alcohol-hydrocarbon mixtures. The UNIQUAC associated-solution
model [3,4] has been successfully used to correlate the excess enthalpies of
binary and ternary mixtures involving one alcohol. In this work the UN-
IQUAC associated-solution model is extended for the calculation of excess
enthalpies of binary alcohol-alcohol and ternary alcohol-hydrocarbon mix-
tures.

ASSOCIATION MODEL FOR TERNARY ALCOHOL-SATURATED HYDROCARBON
MIXTURES

A and B stand for two alcohols and C for the saturated hydrocarbon.
According to a previous approach [4], the alcohols self-associate in two
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ways: dimerization and polymerization, and solvate each other.
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The model assumes that excess molar enthalpy of the ternary mixture is
given as the sum of both chemical and physical contributions.

HE=HE +HE (6)

chem phys

The chemical contribution term is defined by

H Hf_xAHEkA_xBH?B (7)
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where H, is the total enthalpy of complex formation in the mixture, H % and
H?, are the values of H; at pure alcohol states.
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Finally HE__ is expressed in terms of the equilibrium constants, the enthal-



147

pies of hydrogen bond formation, and the monomer segment fractions.
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At pure alcohol states eqns. (13) and (14) reduce to
K2A¢:12(2 — Ka :,)
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(1-Kae2)’
K,.0*%(2 — K 0%
1= ¢’ﬁl + 2B¢B, ( BfBl) (16)
(1- Kaqb’ﬁ])

¢4, and ¢y are calculated from eqns. (13) and (14), ¢3, from eqn. (15), and
3, from eqn. (16).

HPF;,yS is derived from the residual term of the UNIQUAC equation {5].
ar
0 J1
HE =_quxm (17)
phys - It 2017_”
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where 8, is the surface fraction of component I and 7, is related to the
energy parameter a,.

9, = q1%; (18)
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TABLE 1
Association and structural parameters for alcohols
Substance K, K, r q
at 50°C
Ethanol 41.6 113.6 1.69 1.55
1-Propanol 240 95.0 2.23 1.98
1-Pentanol 26.7 515 3.31 285
1-Octanol 25.2 48.4 4.94 4.15
1-Decanol 20.8 421 6.01 5.01
1 =exp[ —ay/T| (19)
a,; is assumed to be temperature-dependent linearly.
a, = C,+ D,(T—273.15) (20)

CALCULATED RESULTS
Binary alcohol-alcohol mixtures

The values of the association constants of dimerization and polymeriza-
tion for pure alcohols were taken from a previous paper [4]. For the
enthalpies of hydrogen bond formation of pure alcohols we use a single
value of —23.2 kJ mol™', which is the same as the enthalpy of dilution of
ethanol in »n-hexane at 25°C [6]. This value is assumed to be temperature-in-
dependent and fixes the temperature dependence of the association con-
stants according to the van’t Hoff relation. Table 1 lists the association
constants and pure-component molecular structural constants estimated by
the method of Vera et al. [7]. Table 2 gives the values of r and g of saturated
hydrocarbons. K,p and h,z were considered to be adjustable parameters.
Table 3 shows the values of K,z and h,p used in data reduction. These
values were obtained after many trials. Table 4 presents the binary calcu-
lated results for alcohol-alcohol and alcohol-saturated hydrocarbon mix-
tures.

TABLE 2

Structural parameters for hydrocarbons

Substance r q

Cyclohexane 3.18 2.55
n-Heptane 4.15 3.52
n-Octane 4.69 3.95

n-Tetradecane 8.19 6.75
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TABLE 3

Values of K,p and A,

Mixture (A-B) K ,p at 50°C ~ hap (kI mol™1)
Ethanol-1-propanol 50 36.7
Ethanol-1-pentanol 30 36.7
Ethanol-1-octanol 25 36.7
Ethanol-1-decanol 20 36.7
1-Propanol-1-pentanol 30 36.7
1-Propanol-1-octanol 20 36.7
1-Propanol-1-decanol 15 36.7

Ternary alcohol-saturated hydrocarbon mixtures

Excess molar enthalpies for 18 ternary mixtures were calculated by use of
the model with the coefficients given in Table 4. Table 5 shows the absolute
arithmetic mean deviations between the calculated and experimental values.

TABLE 4

Calculated results for binary mixtures at 25°C

Mixture (A-B) No. of Abs. arith. Parameters Ref.
da?a mean cle]v. A Cs Da Dy
points (J mol™ ") (K) (K)
Ethanol-1-propanol 15 42 ~129.27 —571.54 —0.3887 —2.0495 8
Ethanol-1-pentanol 13 49 —23.62 —63649 ~0.0338 -—22897 9
Ethanol-1-octanol 20 32 ~349.05 —639.61 —1.3064 —22956 8
Ethanol-1-decanol 19 45 —243.04 —666.90 —0.9590 —2.3998 8
1-Propanol-1-pentanol 25 37 —207.75 —~481.50 —0.6624 —1.7159 10
1-Propanol-1-octanol 20 42 —259.59 —718.95 —0.9284 —2.5997 8
1-Propanol-1-decanol 19 6.1 —207.45 ~754.09 —0.7007 —2.7356 8
Ethanol-cyclohexane 20 0.8 —-97.60 25840 —0.5665 09085 11
Ethanol- n-heptane 12 6.0 105.84 24321 0.3721  0.6525 12
Ethanol- n-octane 12 20 87335 270.20 3.2825 0.7022 12
1-Propanol-cyclohexane 18 43 207.43 —-150.66 0.2818 —0.4864 11
1-Propanol-n-heptane 13 7.2 22711 —-193.19 0.3449 -0.6003 12
1-Propanol- n-octane 13 7.3 202.25 —444.37 04957 —1.6280 12
1-Propanol- n-tetradecanel4 5.7 —28041 -28.67 —1.0697 —0.2024 12
1-Pentanol-n-heptane 25 13.0 24641 —471.49 0.6976 —1.6934 13
1-Pentanol-n-octane 13 10.7 182.60 —496.20 04780 —1.7802 12
1-Pentanol- n-tetradecanel3 4.0 128.16 —508.69 0.2526 —1.8134 12
1-Octanol- n-heptane 20 5.1 26.40 -358.79 0.0133 —1.3004 14
1-Octanol- n-octane 14 10.0 54.10 -397.61 0.1198 —1.4493 12
1-Octanol- n-tetradecane 14 13.8 —80.22 ~31998 ~0.3615 —1.1631 12
1-Decanol- n-heptane 19 6.6 120.57 —-290.83 3.0754 —1.0281 15
1-Decanol- n-octane 20 15.0 265.57 —342.78 0.7367 —1.2015 15

1-Decanol- n-tetradecane 14 18.3 152.21 —494.98 04545 —1.7942 12
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TABLE 5

Predicted results for ternary alcohol-alcohol-saturated hydrocarbon mixtures at 25°C

Mixture No. of Abs. arith. mean dev. Ref.
data AHE AHE/HE
points d mol—l) %)
Ethanol-1-propanol-cyclohexane 30 19.34 7.22 11
Ethanol-1-propanol- n-heptane 32 26.72 6.23 16
Ethanol-1-pentanol- n-heptane 35 19.70 6.61 16
Ethanol-1-octanol - n-heptane 30 15.32 427 16
Ethanol-1-decanol- n-heptane 30 8.98 2.48 16
Ethanol-1-propanol- n-octane 30 17.27 4.40 16
Ethanol-1-pentanol- n-octane 30 41.23 12.82 16
Ethanol-1-octanol- n-octane 30 21.13 5.44 16
Ethanol-1-decanol- n-octane 30 2294 5.94 16
1-Propanol-1-pentanol- n-heptane 30 9.73 2.56 16
1-Propanol-1-octanol-n-heptane 35 11.38 3.35 16
1-Propanol-1-decanol- n-heptane 30 14.95 3.81 16
1-Propanol-1-pentanol- n-octane 37 16.35 3.59 16
1-Propanol-1-octanol - n-octane 30 8.96 2.50 16
1-Propanol-1-decanol- n-octane 30 16.13 4,28 16
1-Propanol-1-pentanol- n-tetradecane 30 19.96 4.32 16
1-Propanol-1-octanol- n-tetradecane 35 21.58 3.94 16
1-Propanol-1-decanol- n-tetradecane 30 23.36 4.21 16

The largest deviation of 41.23 J mol~! is obtained for ethanol-1-
pentanol-n-octane. For the other mixtures studied here the agreement
between calculated values and experimental results is acceptable. In conclu-
sion, the proposed model is able to correlate well the excess molar enthalpies
of binary alcohol-alcohol mixtures and to predict the ternary excess molar
enthalpies of mixtures including two alcohols and one saturated hydro-
carbon with sufficient accuracy.
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LIST OF SYMBOLS

A, B, C alcohols and saturated hydrocarbon
A, A,, A; monomer, dimer, and i-mer of alcohol A
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complex between alcohol A i-mer and alcohol B j-mer

energy parameter

monomer, dimer, and i-mer of alcohol B

coefficients of eqn. (20)

total enthalpy of complex formation

excess molar enthalpy

enthalpy of hydrogen bond formation for alcohol A dimer and
i-mer (i > 2)

enthalpy of complex formation between unlike alcohols
enthalpy of hydrogen bond formation for alcohol B dimer and
i-mer (i > 2)

association constants of dimerization and polymerization (i > 2)
for alcohol A

solvation constant between unlike alcohol complexes
association constant of dimerization and polymerization (i > 2)
for alcohol B

number of moles of a particular species

pure-component molecular surface parameter

gas constant

pure-component molecular size parameter

absolute temperature

liquid-phase mole fraction

Greek letters

U1

Subscripts

A, B, C
AB
chem
1, J
phys

Superscript

surface fraction

exp[—a;/T]
segment fraction

alcohols and saturated hydrocarbon

complex formation between alcohols A and B
chemical

components

physical

pure liquid alcohol
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