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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 (Ung), Junjie's Method (U,y), Ideal Mixing Relation (Ujyr), Free

Length Theory (Ug1), Collision Factor Theory (Uce) and Impedance
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Dependence Relation (U,pgr). Theoretica 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. Severa researchers™®
carried out ultrasonic investigations and correlated the
experimental results of ultrasonic velocity with the theoretical
relations of Nomoto®, Junjie7, Van Deal and Vangee!®,
Jacobson9, Schaaf10 and | mpedance dependence relation™. 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 + 1x10™* gcm™. The ternary liquid mixtures of
different known compositions were prepared in stopper
measuring flasks. The density and velocity were measured as
afunction 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
X;/X;= 3:lwere prepared. The density was determined
using a specific gravity bottle by relative measurement
method with an accuracy of + 0.01 kgm . 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
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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 Catlculations
Nomoto’s Relations (NR)

_ [X1R1+X2R2+X3R3]3
X1V1_+X2V2+X3V3
Where, Molar sound velocity,
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Junjie’s Method (JM)
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| deaf Mixing Reiation (IMR)
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The degree of molecular interaction (o)™ is given by
Uivr
Free Length Theory (FLT)
Ugpr = —_Kﬁf
Lf ix%exp
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Vin— (X1 Vo1 +X2Voz+XaVos
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Where Ly, X1Y] +Xo Yo+ X3Ys

Molar volume at absolute zero,
_ Us _ Uz | _r Us
VUI ) VIE;:VDZ ) VZE;-: VDB ) VBE;
Surface area per mole,

Y, = 2(V1-Vo1) LY, = 2(V2-Vo2) Y, = 2(V3-Vo3)
Lfy Lf, Lfs

Where, 1, 2, represents the first and second component of the
liquid mixture and the other symbols have their usua
meanings.
I mpedance Dependence Relation (IDR)

U _X1Z1+X2Z51X3Z3
DR X1p1+Xzp2+X3ps
Collision Factor Theary (CFT)

Uper = U 2xiS; ¥ x;Bj

Vmix

Here, U, = 1600 ms~! , S is the collision factor and B the
actual volume of molecule per mole, given as,

_ i 3 T
B_?ﬁn-'h"

where 1, stands for molecular radius and N the Avogadro
number. The value of r,, has been obtained using Schaaffs
expression as follows
(3 \U/3
Tm = (mmv)

b= (2) 1 - {1+ 321

Average Percentage Error (APE)"’

APE=1Y " Vem=lUineo 99
nA i=1 Uexp

Where, n- number of data used.
Uepy = experimental values of ultrasonic velocities of
mixtures.
Usheo = 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 Vanged!,
Jacobson’s Free Length Theory, Impedance Dependence
Relation and Schaaf’s Collision Factor Theory together with
experimental values for the ternary mixture of
tetrahydrofuran(x,)+octane(x,)+decane(xz) 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 a for the mixture studied are given
inTable 2.

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

Table 1 Experimental and theoretical values of velocities
in tetrahydrof uran(x;)+octane(x,)+decane (Xz) (Xo/x3=3:1)
at 303, 308 and 313 K.

Mole

Fraction Uexp Unom Usunas Uimr Urt Ucer Upr
X ms® ms' ms' ms'! ms'! mst ms?
1

303K
0.0 1178.0 11669 1166.2 1158.6 1151.0 1160.9 1165.9
0.1 1199.0 11709 1167.6 11574 1176.8 11552 1176.3
0.2 11935 11755 11695 11583 1141.8 11379 1186.2
0.3 11855 1180.6 1172.0 1161.3 11158 1123.2 1195.6
0.4 11755 1186.4 11754 11664 11109 11152 1204.6
05 11631 1193.1 11799 1173.7 1079.3 10985 1213.1

308K
0.0 1137.6 11209 1119.7 1111.8 11575 11322 1119.7
0.1 11757 11245 1120.8 11105 1141.1 11192 11295
0.2 11694 1128.7 11223 1111.1 11255 1106.3 1138.8
03 1161.2 11334 11244 11138 1099.1 1089.6 1147.6
0.4 11534 1138.7 11272 11185 10804 10753 1155.9
05 11459 11449 1131.2 11254 1051.6 1057.2 1163.8

313K
0.0 1069.0 1081.3 1080.5 10734 1148.7 1105.1 1080.4
0.1 1141.8 1084.6 1081.2 1071.3 1125.1 1088.9 1089.3
0.2 11372 1088.3 1082.3 1071.2 1099.8 1071.9 1097.6
0.3  1130.6 10925 10839 1073.1 10819 1057.3 1105.5
0.4 11209 1097.3 1086.3 1077.1 1070.5 10450 1113.0
05 11121 1102.8 1089.6 1083.1 1037.3 1024.2 1120.1

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 isthat 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 a is positive. The
positive values of a in the system at all the temperatures
clearly indicate the existence of strong tendency for the
formation of association in mixture through hydrogen bonded
complexes™. Asis 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.
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Table 2 Percentage deviation, Average Percentage Error and molecular interaction parameter valuesfor the system
tetrahydrofuran(x,) +octane(x,) +decane (xz) (Xo/xs=3:1) at 303, 308 and 313 K.

oy aaole x, %Unow %Uww %Uwe %Unr %Ucr %Uoe (@
303K
0.0 0.94104 100357 164424 228816 145565 102549 0.0337
0.1 233958 261753 346752 1.85358 3.64956  1.88957 0.0731
0.2 151044 200929 294933 433385 4.65910 0.60882 0.0617
0.3 041475 113529 204378 5.88247 525667 -0.85440 0.0422
0.4 -0.92731 0.00868 077527 549767 513081 -2.47263 0.0157
0.5 257784  -1.44465 -0.91415 7.20247 555620 -4.29687 -0.0180
APE 0.28344  0.88829 166100 4.50970 4.28467  -0.68333 -
308K
0.0 147221 157145 226571 -1.75256 0.47210 157315 0.0470
0.1 435119 467001 554986 294062 4.80503  3.92900 0.1210
0.2 348143 402837 498629 3.75608 539421 261881 0.1077
0.3 239607 317227 408578 535031 6.16659 117526 0.0870
0.4 127246 226996 302660 6.32798 6.76933 -0.21472 0.0634
0.5 0.08928 128607 179111 822755 7.73891 -1.56045 0.0368
APE 217711 283302 361756 414166 522436  1.25351 -
313K
0.0 -1.15441 -1.07317 -0.41048 -7.45549 -3.37844 -1.06851 -0.0082
0.1 500675 530730 617563 145848 4.63035 4.60041 0.1360
0.2 429714 482686 580417 328515 574293 348016 0.1270
0.3 336801 412771 508479 430722 648054 221858 0.1100
0.4 210531 308979 391039 449885 6.77215 070581 0.0831
05 0.83547 202319 260458 6.72929 7.90147 -0.71683 0.0542
APE 240971 305028  3.86151 213725 4.69150 153660 -
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