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ABSTRACT

Theoretical ultrasonic velocity for the binary mirés of pentanol with benzene and ternary mixtafegentanol
with methyl benzoate in benzene systems have bedittpd at 301K using various theoretical relaso. The
experimental values are compared with the theométralues of ultrasonic velocity of Nomotos relati&’an Dael
relations, Impedance relations, Junjies relatiompledance relations, Rao relations. The deviatiothebretical
values of velocity from the experimental valuesaghthat the molecular interaction is taking placetveeen the
unlike molecules in the liquid mixture. The dewatin the variation of E&Xp/ Ui« from unity has also been
evaluated for explaining the non-ideality in thextares. It is observed that the Nomoto's relationegthe better
results followed the other theoretical models fogge systems.
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INTRODUCTION

Theoretical ultrasonic velocity for liquid mixturesed to predict the molecular interaction. [1]raBbnic velocities
of liquid mixtures containing organic liquids areimportance to understanding intermolecular intdom between
component molecules due to applications in indalstnd technological processes. [2] Ultrasonicowgiies in

liquid mixtures have been predicted through diffétdeoretical models [3-4]. From theoretical wdtvaic velocities
with those obtained experimentally is expectedeteeal the nature of interaction between componaoigcules in
the mixtures are studies various investigators J[5¥heoretical findings are useful defining a costpnsive
theoretical model for a specific liquid mixture. &yhare also testing validity various theories qlid state [7].
Many researchers compared the experimental valuekrasonic velocities with theoretically evaludtealues for
organic liquid mixtures using different theories18]. Our research investigates the nature soluselvent and
other type of interactions using various techniguetuding theoretical methods [12-20]. The aimtloé present
investigation is to compare the experimentally dateed ultrasonic velocity binary and ternary lidumixtures for
various theoretical relations at various composgio

MATERIALSAND METHODS

The ultrasonic velocity was measured using a sioglstal interferometer (Mittal type, M-80 ) witm @accuracy of
0.001 m/s operating at 2 MHz frequency. The chelmipantanol, methyl benzoate and benzene werewisedut
further purification.

THEORY
The following theoretical relations for used foetfind the ultrasonic velocity in the binary mixgst

Nomotos (NR) established the mixtures relation $guaning molar sound velocity
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Where x is the mole fraction of specie and R isrttodar sound velocity related to the molecular Wweignd density
ie.,

3
R, :{%} u’=vy”..

o m

The molar volume is given by, = —-
[

Van Dael etal. (VVD) obtained the re

lation for ultrasonic velocity in the liquid mixtes as

: F} @)
mx, +mx, || ] mi mi

Junjies relations (JR) given by

U.., =
M (Ximi)uz piuiz

Impedance relation (IR) written as

D xZ,
zxipi

u= (5)

Z is the acoustic impedance

m
Ri —| u1/3 — Vl 1/3
{ P } !

X, V.m, andp are the mole fraction, molar volume, molecularghiand density of constituent’s species.

From the Rao constant (RR) obtained the ultraseeliacity of the mixtures

RESULTSAND DISCUSSION

The experimental ultrasonic velocity along with dhetical ultrasonic velocity find using the follavg relations,
Nomotos , Van Dael and Vangeel, Junjes theory, ettapce relation, and Rao specific sound veloditpentanol
with benzene , pentanol with methyl benzoate iBGit K are given in table 1 to 2 also reported fieecentage
deviations of all the binary mixtures. The averpgecentage error reported in table 3. Check thalityalof the

theoretical relation in terms of average percentigéation for alcohols with benzene mixtures.

It can be seen from table 1 to 2 that the themaktialues of ultrasonic velocity computed by vasiaelations
shows the deviation from experimental values. Tingdtion and approximations incorporated in thedations are
responsible for it. It is assumed that all the rooles in spherical shape which is not true evenetiln Nomotos
relations, it is supposed that the volume doeshahge on mixing, there is no interaction betwéencomponents
of liquid mixtures has taken into account.

Similarly, the assumption for the formation of itlemixing relation is that the ratios of specificateof ideal
mixtures and the volume are equal. Again no mokeciateraction is taken into account. But on mixingre than
one liquids, the interaction between two liquidsstaplace because of the presence of various tyfeeaes such as
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dispersion forces, charge transfer, hydrogen bapdiipole-dipole, dipole-induced dipole interactidhus the
observed deviation of theoretical ultrasonic velpfiom experimental values shows that the molecul@ractions
is taking place between the unlike molecule inlitpeid mixtures.

Theoretical Ultyrasonic Velocity Per centage Deviation
X2 |[uExp | NR [WR]JR [JIR]JRR|NRJWRJ]JR ] IR |RR
Pentanol + Benzene
0.1 1273 | 1275 1274 1276 1275 12f5 -0{16 -0.11 -0.1@.18| -0.17
0.2 | 1271 | 1274 1273 1273 1274 12y4 -0j25 -0.16 -0.18.28| -0.27
0.3 1268 | 1273 1272 127 1274 124 -0{41 -0.3 -0.3845| -0.44
0.4 1266 | 1272 1271 1271 1243 123 -0{51 -0.38 -0.42.55| -0.54
05 | 1263 | 12720 127Q 1270 1272 12y2 -0/68 -055 -0.50.72| -0.71
0.6 1260 | 1271 1269 127p 1271 12f1 -0{86 -0.73 -0.78®.9 | -0.89
0.7 | 1258 | 12700 1269 126P 1271 12y0 -0j96 -0.85 -0.891 -0.99
0.8 1255| 1269 1268 126p 1270 120 -1j14 -106 -1.09.17| -1.16
0.9 | 1253 | 1269 1268 1268 1269 1269 -1j25 -1.2 -1.22.27| -1.26
Pentanol + methyl benzoate + benzene

0.05| 1328| 1350 1273 1332 1348 1340 -1|168 -1.68 4.19.3 | -1.49
0.1 | 1317 | 1351 1274 133 1349 1341 -2|55 -255 3.18l.1 | -2.42
0.15| 1306| 1351 1274 1331 1350 1342 -3|44 -344 2.0892| -3.37
0.2 | 1296| 1351 1282 1331 1351 1343 -4]27 -4.27 1.08.68 | -4.25
0.25| 1285| 1352 128f 1330 13%2 1344 -5]19 -5.19 6-0.03.53| -5.23
0.3 1274 | 13520 1289 133D 1353 1345 -6/12 -6.12 -1.244 | -6.22
0.35| 1264| 1352 1293 1330 13%4 1346 -6/98 -6.98 9-2.25.2 | -7.15
0.4 1253 | 1353 1297 133D 1355 1347 -7/95 -7.95 -3.48.11| -8.18
045| 1243| 1353 1301 1329 135%7 1348 -8/84 -8.84 3-4.66.94| -9.14
0.05| 1328| 1350 1273 1332 1348 1340 -5j22 -1.68 4.19.3 | -1.49

Table-2 Average per centage deviations of alcoholsinbenzene systems

System NR | VWR | JR IR RR
Pentanol+Benzene -0.69 -059 -0.63 -0{72 -0.71
Pentanol+Methyl benzoate +Benzepe -5[22 -0.13 -3.58.27 | -4.64

Fig.1 Plots of mole fraction of pentanol with UZup/U%m;

The table 1 shows they in the systems of pentaitbllvenzene , there is good agreement betweemxgerimental
and theoretical values of Nomotos relations. Heeal mixing relation provides between results ttrenresults of
Nomotos relation. However, higher values obsernedan Dael and Vangeel Relations, Junjies relatimpedance
relation, Rao Relations.

From the table 2, it is observed that in the systénpentanol with methyl benzoate in benzene, thigrgood
agreement between the experimental and theoretdaés of Nomotos relations followed by impedanslations.
However, higher values observed in Junjies relatimpedance relation, Rao Relations.

The good agreement between theoretical and expetamealues of Nomotos relations in all the binamixtures,
suggests that R is additive property in all thetays. The higher deviation in some intermediatecentration
range suggests the existence of strong tendencyageociation between the component molecules, i th
concentration range as a result of hydrogen bondihgse values vary non linearly with the composituggesting
that there is association in some composition. phecentage deviation is shows maxima at an inteiateed
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2

u

concentration in all the binary mixtures. Figureepresents the variation% with the mole fraction of pentanol.
uMi><

It is observed to be similar for all the systems.

2

u

The deviation of the ratie% from unity and its variation as a function of paml in a direct measure of non
Mix
ideality of the systems as a consequence of aswwciar other type of interaction. The figure 1 wlsothe
u2
interaction parameter and variation efzzipwith the values of mole fraction of pentanol witenzene. From the
Mix
2
. - . " . . u Xp . .
figure it is observed that maximum positive dewiafi are observed are 0.5. The rat|o—e§— is an important
uMi><

component to measure the non ideality in the meguwspecially in such cases where the perhaps thiherthe
sound velocity are known.

2

u
Figure 1 represents the variationeg with the mole fraction of pentanol for binary atednary mixtures. It is
uMix
positive for the system and infers strong intemactietween the mixing molecules. It is negativaigahdicate the
dominance of dispersion forces arising from breekafghydrogen bonds in the associates. The positige of the
systems clearly indicates the evidence of stromgldecy for the formation of association in mixtutésough
dipole-dipole interaction.

The high values of percentage deviation point cakimum departure the particle theory from experinarthese
particular concentrations finally determine the rallevalidation of these theories. The percentageiation are
given in table 2 on the whole, all the theoreticaddels fairly close to the experiment values far Hinary and
ternary mixtures represents in this work thus shgwthe validity of theoretical models for the bipanixtures. The
order of percentage deviations of theoretical mode¢ Nomotos relations < Impedance relations <ekations <
Junjies relations <Impedance relations.

The prediction ability of various ultrasonic thexmidiscussed above depends on the strength cddtiter providing
in a system. These theories generally tool to pteaticurately the ultrasonic velocity where stramtgractions are
supposed to exist and average absolute percertag®n deviation is small in system where theretéon is less.

CONCLUSION

From the experimental and theoretical ultrasonloaity discuss about the solute-solvent interact®the order of
pentanol + benzene < pentanol + methyl benzoatenzdne. Different theoretical methods used to exalthe
ultrasonic velocity of the binary and ternary mie also predict the percentage deviations. Frasnvilue check
the validity of these relations. Nomotos relatisiéetter than the other theoretical methods.
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