
Introduction

Knowledge of thermophysical properties of ethanol,

water and the different flavour components in

distillated alcoholic beverages is of practical interest to

the food industry since thermal/mechanical procedures

applied are close related on their temperature and pres-

sure dependence to obtain a quality final product.

Thermodynamics studies provide the additional advan-

tage of an interesting trend of analysis. Currently it can

be observed a considerable lack of accuracy or thermo-

dynamic consistency in the disposable open literature

data. Simulation and optimization are not used in a

right way in this matter, an overestimation of equip-

ment or high energy-consuming conditions being usu-

ally applied due to inaccurate calculations. The diffi-

culties of simulation in these types of processes have

been commented upon previously [1, 2], due to the in-

finite dilution of key compounds.

In the scope of investigating physical properties

related to equipment design of distillated alcoholic

beverages processes, as well as, energy optimization

and quality and flavouring ensurement, we present in

this paper the temperature dependence of excess mo-

lar volumes of the mixture ethanol+water+1-propanol

at the range 288.15–323.15 K and atmospheric pres-

sure, as a function of molar fraction. Study of speed of

sound for this system has been published in [3].

Experimental

All chemical solvents used in the preparation of

samples were of Merck quality with richness better

than 99.5 mol%. The pure components were stored in

sun light protected form and constant humidity and

temperature. In order to reduce fraction molar errors,

the vapour space into the vessels was minimized dur-

ing samples preparation. Mixtures were prepared by

mass using a Salter ER-182A balance, the whole

composition range of the ternary mixture being cov-

ered. The accuracy in molar fractions was obtained as
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Table 1 Comparison of experimental density (g cm–3) with literature data for chemicals at the studied temperatures

Comp.
Mol.
mass

288.15 K 293.15 K 298.15 K 303.15 K 308.15 K 313.15 K 318.15 K 323.15 K
lit.

(298.15 K)a

Ethanol 46.070 0.79444 0.79016 0.78589 0.78159 0.77724 0.77285 0.76848 0.76402 0.78493
0.78730b

Water 18.015 0.9991 0.99820 0.99704 0.99565 0.99403 0.99221 0.99021 0.98804 0.99705
0.99712b

1-propanol 60.096 0.80742 0.80350 0.79951 0.79544 0.79137 0.78727 0.78320 0.77904 0.79960a

0.79952b

aRef. [4], bRef. [5]
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higher than �5·10–4. The densities of pure compo-

nents and their mixtures were measured with an

Anton Paar DSA-48 vibrational tube densimeter and

sound analyzer, with an uncertainty density measure-

ment 5·10–5 g cm–3. Apparatus calibration was per-

formed periodically in accordance with vendor in-

structions using a double reference (Millipore quality

water and ambient air at each temperature). Uncer-

tainty in the calculation of excess molar volumes was

estimated as better than �2·10–2 cm3 mol–1. The tem-

perature is measured with uncertainty of �10–2 K.

The experimental and literature densities of solvents

are gathered in Table 1. More details about tech-

niques and procedure in our laboratory could be ob-

tained from previously published works [6].

Data correlation

The excess molar volumes of the ternary mixture,

were computed applying the following equation

(Table 2):

V x ME

i i i

i = 1

N

� �� ( )– –� �1 1 (1)

where � is the density of the mixture, �i the property

of the pure components, and xi is the molar fraction. N
stands for the number of components in the mixture.

Densities of the mixture are also given in Table 2 as a

function of temperature. The computed excess molar

volumes of the binary mixtures were fitted using a

temperature dependent Cibulka expression. All data

correlation details are published in [7].

Derived properties

A frequently applied derived magnitude for industrial

mixtures is the temperature dependence of volumetry

which is expressed as isobaric expansibility or ther-

mal expansion coefficient (�). The data reported in

literature normally give only values of thermal expan-

sion coefficients both of pure compounds and its mix-

tures, showing the relative changes in density, calcu-

lated by means of (–	�/�) as a function of

temperature and assuming that � remains constant in

any thermal range. As in the case of pure chemicals it

can be computed at a molar fraction by way of the ex-

pression:

�
� �

�
��


�
�



�
�

ln

T P,x

(2)

The isothermal coefficient of pressure excess

molar enthalpy can be derived accurately from volu-

metric measurements by application of the following

expression:

�
�

�
�

H

P
V T

V

T

E

T,x

E
E

P,x




�
��



�
�� � �




�
��



�
�� (3)

All data correlation details are published in [7].

Results and conclusions

In Table 2 it can see measurements of density at range

of temperature 323.15–288.15 K, excess molar vol-
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Table 3 Parameters of Cibulka equation in the range 288.15–323.15 K and � in accordance to reference [5]

C00= 34681.1607 C01= –340.3062 C02= 1.1085 C03= –0.001

C10= –58129.9367 C11= 570.0468 C12= –1.8598 C13= –0.002

C20= –55385.2504 C21= 542.6686 C22= –1.7670 C23= –0.002 �=0.60
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Fig. 1 Curves of constant excess molar volumes (cm3 mol–1),

attending to Cibulka equation of ethanol+

water+1-propanol at temperature 298.15 K
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Fig. 2 Curves of constant ternary contribution to the excess

molar volumes of ethanol+water+1-propanol at temper-

ature 298.15 K



umes, isobaric expansibility or thermal expansion co-

efficient, isothermal coefficient of pressure excess

molar enthalpy have been calculated too.

To correlate these experimental data Cibulka

equation has been used [7]. The parameter of this

equation have been reported in Table 3. Standard de-

viation is very good for these experimental data.

Trend for this system for excess molar volume is

gathered in Fig. 1. In Fig. 2 it can see ternary contribu-

tion. There are two big regions seen in Fig. 1, there is

one contractive region near of binary ethanol+water,

this binary has this behavior and other near of binary

1-propanol+water that is expansive region.

In Fig. 2 can be seen two parts of ternary contri-

bution one of them small and positive near of pure

water and the other negative.

Figure 3 shows isobaric expansibility or thermal

expansion coefficient and Fig. 4 shows isothermal co-

efficient of pressure excess molar enthalpy repre-

sented vs. z which expresses the product of total mole

fractions in mixture.

z x�� n

n

1

(4)

being n number of system compounds and x mole

fraction. In Fig. 3 the following facts are observed: in-

fluence of temperature, which decreases the negative

for higher temperatures, secondly, it may be observed

three pseudobinary trends.
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EXCESS MOLAR VOLUMES OF ETHANOL+WATER+1-PROPANOL

Fig. 3 Curves of constant excess isobaric expansibility (�E,

K–1) of ethanol+water+1-propanol at the temperatures

� – 288.15 K, 	 – 298.15 K and � – 323.15 K as a

function of z

Fig 4 Curves of constant isothermal coefficient of pressure

excess molar enthalpy (�HE/�P)T/JMPa–1 mol–1 of the

mixture of ethanol+water+1-propanol at the tempera-

tures � – 288.15 K, 	 – 298.15 K and � – 323.15 K

(same symbols used above) as a function of z
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