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INFLUENCE OF TEMPERATURE ON ULTRASONIC VELOCITY
MEASUREMENTS OF ETHANOL+WATER+1-PROPANOL MIXTURES
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The ultrasonic velocity of the ternary mixtures ethanol+water+1-propanol at the range 288.15-323.15 K and atmospheric pressure,
has been measured over the whole concentration range. The corresponding change of isentropic compressibility was computed from
the experimental data. The results were fitted by means of a temperature dependent equation, such parameters being gathered.
The obtained experimental values indicate varying extent of interstitial accommodation among unlike molecules as a function of
steric hindrance attending to 1-propanol composition as key component and as a function of hydrogen bond and temperature

attending to ethanol composition as key component.
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Introduction

Knowledge of thermodynamic properties and phase
equilibria of ethanol, water and the different flavour
components in distillated alcoholic beverages is of
practical interest to the food industry since industrial
procedures applied are close related on their tempera-
ture and pressure dependence in order to obtain a qual-
ity final product. Thermodynamics studies provide the
additional advantage of an interesting trend of analysis
of microscale interaction for understanding macroscale
behaviour of gases and liquids on mixing. In accor-
dance to that, a considerable effort has been developed
in the field of thermodynamic properties although a
great scarce of data is observed in open literature for
mixtures enclosed into commercial alcoholic bever-
ages, this fact is described in [1].

Experimental
Materials

All chemical solvents used in the preparation of samples
were of Panreac quality with richness better than

99.5 mol%. The pure components were stored in sun
light protected form and constant humidity and tempera-
ture. In order to reduce fraction molar errors, the vapour
space into the vessels was minimized during samples
preparation. Mixtures were prepared by mass using a
Salter ER-182A balance, the whole composition range
of the ternary mixture being covered. The accuracy in
molar fractions was obtained as higher than +5-10™*.

Methods

The ultrasonic velocities were measured with an
Anton Paar DSA-48 device with a precision of
+1 ms . Calibration of the apparatus was performed
periodically, in accordance with technical specifica-
tions, using Millipore quality water (resistivity,
18.2 MQ cm) and ambient air. Maximum deviation in
the calculation of changes of isentropic compressibil-
ity for these mixtures have been estimated better than
1 TPa™'. The values of the pure components, as well
as, open literature data are enclosed into Table 1.
More details about techniques and procedure in our

Table 1 Comparison of experimental speed of sound (m s') with literature data for chemicals at the studied temperatures in K

Component Molecular lit.
mass 288.15  293.15 298.15 303.15 308.15 313.15 318.15  323.15  (298.15)
Ethanol 46.1 1178.2  1160.3  1143.1 11262 11094  1092.7 1075.9  1058.8 1143*
Water 18.0 1466.4  1482.5 14969 1509.5  1520.3 1529.3 1536.6  1542.1 1497°
1-propanol 60.096  1238.8  1221.0 1203.6 1186.6  1169.7 1152.9 1136.0 11189 n. a.

%7, n.a. — not available

* Author for correspondence: igpredij@vc.chu.es
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Table 3 Parameters of Eq. (3) in the range 288.15-323.15 K

Ethanol+Water
B()() =-5621.928 B01=32.53 B02 =-0.048
B9 =2240.750 B =-11.282 B;=0.015
Bz() =-5654.858 B21:29884 B22 =-0.042
B30 =18652.408 B31= -110.576 B32= 0.168
B4 =18652.408 B4=-110.576 B4, =0.168
Water+1-propanol
Boo =—4402.688 B(=23.338 By, =-0.027
B1p=3027.912 B 1=-18.507 B1,=0.026
B,y =2369.873 B, =-14.187 B, =0.023
B3, =17979.324 B;1=—-104.762 B3;=0.157
B4() =-26361.265 B41: 152.481 B42 =-0.229
Ethanol+1-propanol
B()() =-109.503 B01=0.930 B02 =-0.002
B10 =-247.501 Bl]: 1.649 B12=70.002
B,y =-781.068 B,1=4.994 B,,=-0.008
B3() =775.317 B31: —4.984 B32 =0.008
B40 =1884.772 B’41= —12.088 B42 =0.019
Table 4 Parameters of Eq. (6) in the range 288.15-323.15 K and 8 in accordance to Eq. (7)

Co0=3364.918 Co1=5.113 Cp2=-0.002 Co3=0.000

C10:1820884 C1110.245 C12:—0.015 C13:0.000

Cy0=-9865.899 Cy=-15.144 Cy,=10.006 Cy3=10.000 c=34.15

laboratory could be obtained from previously pub-
lished works [2].

Data procedure

The changes of isentropic compressibilities are pre-
sented in Table 2 and were computed from the Eq. (1):

50=0-3x.0, (1)

In this equation, 8Q means the variation of a
magnitude Q (ks, isentropic compressibilities calcu-
lated by the Laplace-Newton equation from density
and ultrasonic velocity),

Ke=— @)

being p density and v velocity of sound.

Q; is the pure solvent magnitude, x; is the mole
fraction, and N is the number of components into the
mixtures.

A Redlich-Kister [3] type equation was used to
correlate the derived properties of the binary mix-
tures, Table 3, by the unweighted least squares
method, all experimental points weighting equally:

6Qij =xiszBp(xi _xj)p (3)
p=0

244

where 8Qj; stands for the derived magnitude, B, are
the fitting parameters and M is the degree of the poly-
nomial, determined applying the F-test due to
Bevington [4]. The B, parameters were computed us-
ing a non-linear optimization algorithm due to
Marquardt [5]. The ternary derived magnitudes were
fitted to the equation:

80123 =001 + 08013 T80 + A3 4)

where the binary magnitudes 3Q; have been corre-
lated to Eq. (3) and A3 is the ternary contribution fit-
ted by means of a modified Cibulka equation [6]:

A1z = x1x063RT(Coy + Crxy + Cox) (5

where x; is the molar fraction, R, the universal con-
stant for gases and 7, the temperature in Kelvin de-
grees. The B; parameters are temperature dependent
as follows:

3 )
C, =>C,T (6)

i=0

The Cj; parameters were computed and enclosed
with their root means square deviations in Table 4.
The root mean square deviations presented were com-
puted using the Eq. (7), where z is the value of the de-
rived magnitude, and npar is the number of experi-
mental data:
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1/2
0 par

Z (Zexp = Zpred )?
o=z (7)

n DAT

Results and conclusions

In Table 2, it can see measurements of ultrasonic ve-
locity at range of temperature 323.15-288.15 K. Also
isentropic compressibility has been calculated in
same table, deviation of isentropic compressibility
has been obtained in the same range of temperature.

To correlate this experimental data Cibulka
equation [6] has been used. The parameter of this
equation have been reported in Table 4. Standard de-
viation is very good for these experimental data.

The behavior of this system for deviation of
isentropic compressibility is gathered in Fig. 1. In

: 0.0
00 01 02 03 04 05 06 07 08 09 1.0
1-propanol Ethanol

Fig. 1 Curves of changes of isentropic compressibility for eth-
anol+water+1-propanol 298.15 K

0.9
1.0 0.0
00 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0
1-propanol Ethanol

Fig. 2 Curves of ternary contribution of the changes of
isentropic compressibility for ethanol+wa-
ter+1-propanol 298.15 K
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Fig. 2 it can see ternary contribution, equation [5], of
ethanol+water+1-propanol.

There are two clearly different regions this fact
can see in Fig. 1, there is one contractive region near
of pseudobinary ethanol+water, this binary has nega-
tive values of deviation of isentropic compressibility
that is, it has contractive tendency. Second region is
near of pseudobinary ethanol+1-propanol that is ex-
pansive region, the behavior in binary etha-
nol+1-propanol is according with trend of this ternary
region. At last third binary 1-propanol+water have
two different trends one contractive in x (1-propanol
mole fraction)>0.8 where deviation of isentropic
compressibility is negative and other one expansive x
(1-propanol mole fraction)<0.8 where deviation of
isentropic compressibility is positive. In general we
can see that influence of ethanol+water system is very
strong, this is because water have hydrogen bounds
and it have strong unions between molecules.

In Fig. 2 can see two parts of ternary contribu-
tion one of them positive and the other negative. This
ternary contribution around pure water till, x~0.2 (wa-
ter mole fraction), in binary ethanol+water, and
x~0.35 (water mole fraction), in binary 1-propanol+
water, this region have a contractive contribution to
system, we can see that, this contribution is around
60% of all trend. Other region ternary contribution is
positive that is, expansive. This contribution is
around 60% of total deviation property.
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