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ABSTRACT

The ultrasonic velocity (u), density (p) and viscosity (1) have been measured in binary liquid mixtures containing a-
picolin in Ethanol at 301.15 K and 305.15 K. From these data some of acoustical parameters such as adiabatic
compressibility (£5,), free length (Ly), free volume (V) and internal pressure (77) have been computed using the
standard relations. The excess values of these parameters are also evaluated over the whole concentration range.
The result is interpreted in terms of molecular interaction such as dipole-dipole interaction through hydrogen
bonding between components of mixtures. The dependence of excess properties of mixture compositions were
compared and discuss in terms of the intermolecular free length and other factors affecting the solvation and self-
association effect. The excess values of these indicate dipole-induced dipole interaction complexity in the binary
liquid mixture.

Keywords: molecular interaction, Ultrasonic velocity, adiibacompressibility, inter-molecular free length,
internal pressure.

INTRODUCTION

The ultrasonic investigations of pure liquids aiglid mixtures consisting polar & non-polar compotseare
considerable importance in analyzing intermolecuigeraction between component molecules[1-3]. €lstadies
find several applications in industries. Such stadas variations in concentration and temperattgeuseful in
giving insight in to structure and various bondiofj associated molecular complexes [4-6] and otledated
molecular processes. Ultrasonic velocity and rdlateermodynamic parameters helps us for charactgriz
thermodynamic and physico-chemical aspects of pirajuid mixtures such as molecular association and
dissociation [7-8]. Thermodynamics studies of bnbauid mixtures have attracted much attentionsoientists.
These physico-chemical analyses are used to h#mllmixtures of hydrocarbons, alcohols, aldehyllegnes etc.
The measurement of ultrasonic speed enables udetcatcurate measurement of some useful acoustic and
thermodynamic parameters and their excess valud®][9These excess values of ultrasonic velocitialzatic
compressibility, molar volume and viscosity in bindiquid mixture are useful in understanding tloduge-solvent
interactions.

The study of molecular association in binary liquiikture having alcohol as one of component is aftipular
interest since alcohols are strongly self assagitpiids having three dimensional network of hygkn bonding
and can be associate with any other group havingestegree of polar attraction [13-16]. The variaiio ultrasonic
velocity gives information about the bonding betwemolecules and formation of complexes at various
concentration and temperature through molecularactions [17-20]. In order to have clear undewditam of
intermolecular interaction between component mdecwf an attempt has been made to study the oitims
behaviors ofa-picoline in ethanol at different temperature.
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MATERIALSAND METHODS

The chemicalsr- picoline and ethanol used were of analytical gradd obtain from Merck chemicals private Ltd.
(Purity 99.5%). The densities of pure componentsl@nary mixtures were measured by hydrostaticesimkethod
with an accuracy 1 part in10 Special attention was given to avoid the vaptionaof solution. Comparing their
density with literature values checked the purifychemicals. The mixtures of various concentratiomsnole
fraction were prepared. The ultrasonic velocitiepure liquids and their mixtures have been meashyepulse
echo-overlap techniquePEO) using ultrasonic time intervalometetJTI-101) supplied by M/s Innovative
Instruments Ltd. Hyderabad at a central frequerfciOoMHz with accuracy 0.01 m/s. The viscosity of pure and
mixture is measured by an Ostwald’s Viscometer witouracy+ 0.001 Nm 2?s. The temperature of pure liquids
and their mixtures is maintained constant withhbkp of thermostat/-10 with an accuracy of 0.01K.

Theory:
The adiabatic compressibility3,) has been calculated from sound velocity dnd the densitypj of the medium
using the relation

1
ﬂ_uzp

(1)

The intermolecular free lengttL¢ ) has been determined by the equation.
L, =K/ )
Where K is a Jacobsen’s constant.

The free volumel§) in terms of ultrasonic, velocity and the viscosityl ) of a liquid is

%
Meff u
V, = | ——— 3

f (kﬂj ©

WhereMg; is the effective molecular weight given as

Mg =D mx )

In above equatiomy’ & ‘ X’ are the molecular weights and mole fraction afiidual constituents respectively and
‘k ‘is a temperature dependent constant equal to>4 18 for all liquids in MKS system.

The Rao constanR]j is related to molecular weightlj and densityy) is by

R - (M_Jul/:i - Vmul/3 (5)
0

Where V,, is molar volume which obey the rule of additivity
Vm = XlVl + X2V2 (6)

On the basis of statistical thermodynamics suryayaar derived an expression for internal preségjaiven as

12 3/2
7= bRT( K7 j P @)
u M «

Where b’ is a constant, ‘K’ is an absolute temperatureKin®s;' is Viscosity inNSM?, ‘v’ is the ultrasonic
velocity inm/s and M is effective molecular weight.

An excess value of ultrasonic related parametesdban calculated by using the relations.
E — - .
B - Bexpt - z X1 B (8)
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VE=V o = > xi M ©)
r]E —

= Nexpr ~ 2 Xi N (10)
WhereVF, [35 and r]E are the excess values of molar volume, adiabatigpeessibility and viscosity respectively.

Gruenberg and Nissan give the relationship as

En(%): xifn(%)+ X; X, d (11)
0 0

Where ‘N, some constant of viscosity ardi is a constant proportional to the interchangergye

DISCUSSION

Ultrasonic velocity (u), densityp], viscosity {)) ,adiabatic compressibilitypf) and other related excess

E

thermodynamic parameterBEp ,V E, N ~ and Grunberg and Nissan parametirare evaluated for the binary

mixture a-picoline in ethanol over the whole concentratiange at two temperatures 301.15K and 305.15 K and
presented in Tabld-and TableH respectively.

Tablel. - Ultrasonic velocity (u), densities (p), viscosities (), molar volume (V), intermolecular freelength (Lg), internal
pressure (m;) and grunberg parameter (d) asa function of mole concentration (x) of a-picolinein ethanol at 301.15K.

X u px10° | #x10° | B, x10™ | Vx10° | Lyx10™ | = x10°® d
ms? kgm® | Nm?s ntn’ m* m Pas

0 1138.6| 0.7875 0.9659 9.799 58.53 0.64{72 2.9483 D
0.1 | 11446/ 0.7924 0.9298 9.632)7 64.11 0.6415 2.5860.1464
0.2 | 1160.9| 0.8071 0.905[ 9.1591 68.51 0.6258 2.3200.0154
0.3 | 1174.3| 0.8283 0.894p 8.7540 72.68 0.6119 2.1160.0185
0.4 | 1208.9| 0.8375 0.886]/ 8.170Qp 77.6 0.5911 1.9[160.029
0.5 | 1242.9| 0.8493 0.872P 7.6210 81.96 0.5709 1.74480761
0.6 | 1248.1] 0.8783 0.855p 7.558b 87.b 0.5685 1.16280259
0.7 | 1271.1| 0.8847 0.832p 6.9950 89.31 0.5469 1.409310261
0.8 1292 0.899| 0.8226 6.6636 93.13 0.5338 1.3p080549.
0.9 | 1339.2| 0.9197 0.791p 6.062b 96.14 0.5092 1.2[766.1022

1 1398.3| 0.9358 0.770b 5.4658 99.51 0.4834 1.1j737 D

Tablell. - Ultrasonic velocity (u), densities (p), viscosities (), molar volume (V), inter molecular freelength (Ly), internal
pressure (z;) and grunberg parameter (d) as afunction of mole concentration (x) of a-picolinein ethanol at 305.15K

X u px10° | 5 x10° | p.x10% | vx10°® | Lyx10™ | 7 x10° d
ms? kgm® | Nm?s ntn’ m* m Pas

0 | 1120.8] 0.7849 0.890L 10.14f 58.44 0.6635 2.8581 D
0.1 [ 1119.4] 0.7914 0.863¢ 10.08% 64.97 0.6614 2.5518.2662
0.2 1126.9] 0.8057 0.8312 9.7944 68.97 0.6919 2.27620628
0.3] 1159.7] 0.815]1 0.8106 9.1221  73.86 0.6291  1.0320.0026
0.4 ] 1195.2] 0.836d 0.7920 8.371p  77.62 0.6027  1.8446.0684
05| 1227.3] 0.8461 0.7698 7.8466 82.27 0.5834  1.6660.0557
0.6 | 1230.8] 0.8759 0.7493 7.5366 84.84 0.5718 1.5564.028
0.7 1258.5| 0.8819 0.723p  7.1598 89.5 0.5973  1.41140.0745
0.8 [ 1281.8] 0.7254 0.725p 6.793b 9345  0.5429  1.3258.0652
0.9 [ 1317.8] 0.9074 0.710R 6.347¢p 9747 05248 1.2239.067

1 | 1382.9] 09317 07121 5.6128B 99.95 0.4934 1.2583 D

In the binary liquid system under investigatione thariation of ultrasonic velocity (u) and exceshabatic
compressibility (3 ) indicate existence of molecular interaction be&weolvent and solute. The excess adiabatic
a

compressibilityBE is positive over whole concentration range arfieitomes minimum at a concentration (0.5) of

a-picoline in ethanol at observed temperatures. Trdgates that the intermolecular interactionhés bptimum at
this concentration and it may leads to formatiomkvibydrogen bonded complex in binary liquid mixturee same
effects are also observed in excess voludi® &nd excess viscosity{). The Grunberg and Nissan parametdr (
which indicate the extent of molecular interactiomthe liquid mixture also shows same variatiomsrahe whole

1834
Pelagia Research Library



J. N. Ramteke Adv. Appl. Sci. Res., 2012, 3(3):1832-1835

concentration range. This conclusion is furtherpsufed by thermodynamic studies [4-10] on a simslgstem by
IR and NMR [21-22].It is observed that beyond tbfgimum concentration, addition of solute-fjicoline) in a
solvent (ethanol) tries to break this weak compgucture and tends towards the values of pure oaents. The
presence of hydroxyl group and shortness of chitheocarbon in ethanol is responsible to partigpa hydrogen
bonding leads to the association with the molecafes-picoline. It is evident that in the case @fpicoline, the
normal inductive effect of methyl group has inté¢i@t with ethanol is also observed. [4.6].

CONCLUSION

The acoustic data of ultrasonic velocity (u), dgnép), viscosity ) and Related thermodynamic parameters with
their excess values of picoline in ethanol over the whole concentratrange may suggest the existence of a
strong molecular interaction in binary liquid mixtu The negative values of some thermo-acoustiarpeters like
excess compressibility indicate a strong intermdkacinteraction in the constitute molecules dugtesence of
hydroxyl group of binary liquid mixture and it mégads to the formation of weak complex in the lijniixture at
particular concentration.
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