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Ultrasonic velocities and densities of the ternary liquid mixtures of
tetrahydrofuran+octane+decane have been measured at temperatures 303 K,
308 K and 313 K over the entire composition range of mole fractions. The
theoretical values of ultrasonic velocity were evaluated using Nomoto's
Relation (UNR), Junjie's Method (UJM), Ideal Mixing Relation (UIMR), Free
Length Theory (UFLT), Collision Factor Theory (UCFT) and Impedance
Dependence Relation (UIDR). Theoretical values are compared with the
experimental values and the validity of the theories is checked by
calculating the average percentage error (APE).
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INTRODUCTION
In recent years measurement of ultrasonic investigations
found extensive applications in determining the
physicochemical behaviour of liquid mixture. Theoretical
evaluations of ultrasonic velocity give a better understanding
of molecular arrangements in liquids.  Several researchers1-5

carried out ultrasonic investigations and correlated the
experimental results of ultrasonic velocity with the theoretical
relations of Nomoto6, Junjie7, Van Deal and Vangeel8,
Jacobson9, Schaaf10 and Impedance dependence relation11. In
the present communication the aforementioned relations have
been used to predict ultrasonic velocity in ternary liquid
mixture of tetrahydrofuran with octane and decane at
temperatures of 303 K, 308 K and 313 K.

Experimental Techniques

All the chemical used are of analytical reagent (AR) and
spectroscopic reagent (SR) without further purification. The
purities of the above chemicals were checked by density
determination at 303, 308 and 313 0.1 K, which showed an
accuracy of  1×104 gcm-3. The ternary liquid mixtures of
different known compositions were prepared in stopper
measuring flasks. The density and velocity were measured as
a function of composition of the ternary liquid mixture at 303,
308 and 313K for mixed solvent systems in which
tetrahydrofuran wasadded to binary mixtures of octane and
decane. For this purpose binaries with fixed volume ratios⁄  3:1were prepared. The density was determined
using a specific gravity bottle by relative measurement
method with an accuracy of  0.01 kgm3. The weight of the
sample was measured using electronic digital balance with an
accuracy of  0.1 mg (Model: SHIMADZU AX-200). An
ultrasonic interferometer having the frequency of 3 MHz
(MITTAL ENTERPRISES, New Delhi, Model: F-81) with an
overall accuracy of  0.1% has been used for velocity

measurement. An electronically digital operated constant
temperature bath (RAAGA Industries) has been used to
circulate water through the double walled measuring cell
made up of steel containing the experimental solution at the
desired temperature. The accuracy in the temperature
measurement is  0.1 K.

Theory and Calculations

Nomoto’s Relations (NR)

=

Where, Molar sound velocity,

= ; = ; =

Molar volume = ; = ; =

Junjie’s Method (JM)

= + ++ + U + U+ U
Ideal Mixing Relation (IMR)

= + +
The degree of molecular interaction (α)12 is given by

α = – 1

Free Length Theory (FLT)U = ⁄
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Where, = 2
(

Molar volume at absolute zero,

= ∝ ; = ∝ ; = ∝
Surface area per mole,

=
( )

; =
( )

; =
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Where, 1, 2, represents the first and second component of the
liquid mixture and the other symbols have their usual
meanings.

Impedance Dependence Relation (IDR)

=

Collision Factor Theory (CFT)

= ∞ ∑ ∑
Here, ∞ = 1600 m , S is the collision factor and B the
actual volume of molecule per mole, given as,

B = N

where stands for molecular radius and N the Avogadro
number. The value of has been obtained using Schaaffs
expression as follows

=
⁄

b = 1 − 1 + − 1
Average Percentage Error (APE)13

APE = × 100

Where, n- number of data used.
= experimental values of ultrasonic velocities of

mixtures.
= theoretically computed values of ultrasonic velocities

of mixtures.
In all the above equations the symbols used have their usual
meanings.

RESULTS AND DISCUSSION
The values of ultrasonic velocities computed theoretically
using the relations of Nomoto, Junjie, Van Dael and Vangeel,
Jacobson’s Free Length Theory, Impedance Dependence
Relation and Schaaf’s Collision Factor Theory together with
experimental values for the ternary mixture of
tetrahydrofuran(x1)+octane(x2)+decane(x3) at the
temperatures 303 K, 308 K and 313 K are summarised in
Table 1. The percentage deviation, Average Percentage Error
(APE) and of sound velocity using the above theory and
molecular interaction term α for the mixture studied are given
in Table 2.

It is assumed that all the molecules are spherical in shape,
which is not true every time.

In Nomoto’s theory, it is supposed that the volume does not
change on mixing. Therefore, no interactions between the
components of liquid mixtures have been taken into account.
The assumption for the ideal mixing relation is that the ratio of
specific heats of ideal mixtures and the volumes are also
equal. Again no molecular interaction is taken into account.
Similarly as per the assumption for the collision factor theory,
the molecules are treated as real nonelastic substances, which
is not really the case. But on mixing two liquids, the
interaction between the molecules of the two liquids takes
place because of presence of various types of forces such as
dispersion forces, charge transfer, hydrogen bonding, dipole-
dipole and dipole-induced dipole interactions. Thus the
observed deviation of theoretical values of velocity from the
experimental values shows that the molecular interaction is
taking place between the unlike molecules in the liquid
mixtures.

In general, the predictive abilities of various ultrasonic
theories depend upon the strength of interactions that exist in a
ternary system. In case strong interactions exist between the
molecules of the mixtures, there is much deviation in
theoretical prediction of velocity than the molecules of the
mixture where less interaction are present.

A general survey of Table-2 shows that α is positive. The
positive values of α in the system at all the temperatures
clearly indicate the existence of strong tendency for the
formation of association in mixture through hydrogen bonded
complexes14. As is evident from the APE values (Table 2), the
best results are obtained by NR followed by the results
obtained from other theories.

Keeping in view of the aforementioned system, it can be
thought that positive deviations in velocity are a result of (a)
molecular association and (b) complex formation whereas
negative deviations in velocity are due to molecular
dissociation of associated species as a result of addition of
inner solvent or an active solvent.

Table 1 Experimental and theoretical values of velocities
in tetrahydrofuran(x1)+octane(x2)+decane (x3) (x2/x3=3:1)

at 303, 308 and 313 K.
Mole

Fraction
X1

U EXP

ms-1
U NOM

ms-1
U JUNJ

ms-1
U IMR

ms-1
U FLT

ms-1
U CFT

ms-1
U IDR

ms-1

303K
0.0 1178.0 1166.9 1166.2 1158.6 1151.0 1160.9 1165.9
0.1 1199.0 1170.9 1167.6 1157.4 1176.8 1155.2 1176.3
0.2 1193.5 1175.5 1169.5 1158.3 1141.8 1137.9 1186.2
0.3 1185.5 1180.6 1172.0 1161.3 1115.8 1123.2 1195.6
0.4 1175.5 1186.4 1175.4 1166.4 1110.9 1115.2 1204.6
0.5 1163.1 1193.1 1179.9 1173.7 1079.3 1098.5 1213.1

308K
0.0 1137.6 1120.9 1119.7 1111.8 1157.5 1132.2 1119.7
0.1 1175.7 1124.5 1120.8 1110.5 1141.1 1119.2 1129.5
0.2 1169.4 1128.7 1122.3 1111.1 1125.5 1106.3 1138.8
0.3 1161.2 1133.4 1124.4 1113.8 1099.1 1089.6 1147.6
0.4 1153.4 1138.7 1127.2 1118.5 1080.4 1075.3 1155.9
0.5 1145.9 1144.9 1131.2 1125.4 1051.6 1057.2 1163.8

313K
0.0 1069.0 1081.3 1080.5 1073.4 1148.7 1105.1 1080.4
0.1 1141.8 1084.6 1081.2 1071.3 1125.1 1088.9 1089.3
0.2 1137.2 1088.3 1082.3 1071.2 1099.8 1071.9 1097.6
0.3 1130.6 1092.5 1083.9 1073.1 1081.9 1057.3 1105.5
0.4 1120.9 1097.3 1086.3 1077.1 1070.5 1045.0 1113.0
0.5 1112.1 1102.8 1089.6 1083.1 1037.3 1024.2 1120.1
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The actual sign and magnitude of deviations depend upon
relative strength of two opposite effects. The lack of
smoothness in deviations is due to the interaction between the
component molecules15.

The deviations between theoretical and experimental values of
ultrasonic velocities decrease with increase of temperature due
to breaking of hetero and homo molecular clusters at higher
temperatures 16.  On increasing the temperature, the ultrasonic
velocity values decrease in the ternary liquid mixture. This is
probably due to the fact that the thermal energy activates the
molecule, which would increase the rate of association of
unlike molecules. Based on the theoretical values of ultrasonic
velocity; it is worthwhile to state that NR method yield the
best result at all temperatures. The magnitude of APE is in
order: NR<IDR<JM< IMR<FLT<CFT.

CONCLUSION
It may be concluded that out of six theories and relations
discussed above, the Nomoto’s mixing relation, Impedance
dependence provided good results.  Thus the linearity of molar
sound velocity and additivity of molar volumes, as suggested
by Nomoto and Impedance relation, in deriving the empirical
relations have been truly observed in the studied ternary liquid
mixtures.
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