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ABSTRACT

The ultrasonic velocity, density and viscosity haeen measured in the binary (hexanol+ benzene)tanthry
(hexanol + methyl benzoate + benzene) in all ranfjeoncentrations at 303K. From these measuremesieted
ultrasonic parameter were evaluated. The resuttsficmed solute — solvent interactions of hexanad &denzene
due weak forces and strong interactions exist helkamethyl benzoate through hydrogen bonding.
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INTRODUCTION

The ultrasonic properties of liquid mixtures findet various industrial and chemical applications 21, An
ultrasonic measurement gives the extensive apgitatsuch as the nature of molecular interactiom$ solute
solvent interactions. The organic liquid mixture® af considerable importance in industrial andcprsor.
Thermodynamic properties of liquid mixtures haveerbewidely used to identify the nature of the molecu
interactions by the method of an ideal liquid migtbehavior from ideality [3-6]. The ultrasonic reaeements
frequently used to understanding type of molecuntaractions in the liquid mixtures [7-11]. The ess properties
are also important to finds the structural charagsociated with the liquids [12]. The hexanol, mekienzoate and
benzene are selected in the investigations sirfaedi a variety of applications. The samples @ayimportant role
due to the ability to undergo self association viitiernal structures, hydrogen bonding [9-20]. Phesent work is
an attempt to study the solute — solvent interastiof hexanol containing solvent benzene and hydrdgpnding
interactions of hexanol — methyl benzoate usingsitnic measurements.

MATERIALSAND METHODS

The ultrasonic measurements made the pure liquidlignid mixtures discuss the following, Ultrasonielocity
measured using ultrasonic interferometer ( MitaletyM-80 series) at 2 MHz frequency with an accuraicy 0.1
ms*at 301K. The densities were determined using the §pecific gravity bottle immersed in the thertabst the
experimental temperature from the weight measurémand the accuracy in the measurements &g kgm®.
The liquids were used best available AR grade halxanethyl benzoate and benzene with purity 99.9%%e
liquid mixtures were prepared by mixing the caléethamount of pure liquids. The amount of pureitiqralculated

from the relation®; :zﬁxx‘ An Ostwald’s viscometer was used find the visgosiith an accuracy of

i
+0.0001NSnf. The temperature around the ultrasonic interfetemeviscometer and specific gravity bottle was
maintained at 303K with an error £0.1 using thenatsally water bath. All the safety measures welen to
reduce the possible experimental error.
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Theory and Calculation
The ultrasonic parameters were evaluated usingigrtal to 11 from the experimental values of sitraic velocity
(u), density ) and viscosityrf). Ultrasonic relations discussed following

Adiabatic compressibility[§ ) and acoustic impedance (Z) can be find from tlrasonic velocity and density given
as

1

B= - ..(1)
u’p

Z=up ..(2)

Intermolecular free length {Levaluate from the adiabatic compressibilityisLinversely proportional to the square
root of adiabatic compressibility. Since i€ proportionality constant known temperature deleat constant.

ie LfO(BT];2
K

|_f :BT/T2 ..(3)

Available volume (V) is related to molar volume (Y and ultrasonic velocity (u) given as

Vv, H_H @

Since \, is the molar volume (m) and U, is velocity of water (1600 m/s), m is the effectimelecular weight and
p is the density of solution.

Relative association gRris derived from the density of solutiop) (solvent py) and the ultrasonic velocity of the
solution (u) and solvent gu

u 1/3
Ra:{ﬂj (—j .(5)
Po u

Molecular associationd ) find from experimental ultrasonic velocity ande@ mixture of of ultrasonic velocity.
Ultrasonic velocity of ideal mixture find from theeselations wi=uX1+u,X,, since X and u are the mole fractions
and ultrasonic velocity of the components 1 anda interaction parameter can be written as

a= -1 ...(6)

Relaxation time T) find from viscosity and adiabatic compressibilifyen as

4
= (7
T SnB (7

Rao’s constant (R) obtained from the ultrasonioeiy and molar volume as

R=U"V, ...(8)

Wadas constant (W) obtained from the density amabadic compressibility can be written as
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-1/7
—f ..(9)

Where, Mg=Z xim;, Where Xis the mole fraction and mi is the molecular weighthe component.

The relation for free volume in terms of ultrasownéocity (u) and viscosityo) of the liquid as

vy = (e .(10)

Here My is the effective molecular weig, ., = ¥ m;x; which m and x are the molecular weight and mole
fraction of the individual components respectively.is a temperature independent constant whichgisleto
4.28x10 for all liquids.

The Lennard - Jones potential is given by

LJP—% (11)
=y

a
Where, \,and V, represent the molar volume and available volumb@imixtures.

The ultrasonic parameters were evaluated fromelaions 1 to 11 and shown in table 2 and plothedfigure 2 to
11.

RESULTSAND DISCUSSION

The experimentally measured values of ultrasoniocity (u), density §) and viscosity1f) at 301K for the binary
(hexanol with benzene) and ternary (hexanol witthylebenzoate in benzene) systems are listed ie thb

Table 1 Variation of ultrasonic velocity (u m/s) , density (p Kg/m® , viscosity (n 10°Nsm) with the mole fractions (X) of hexanal for the
binary and ternary mixturesat 301 K

Xo ] U T p |l m [ X ] ulp] ] H
Benzene Methyl benzoate + benzene
0.1 | 1278| 864 0.277 0.0b 134 971 0.424
0.2 | 1280| 858/ 0.403 0.1 134 968 0.523
0.3 | 1282| 852 0.563 0.1p 134 965 0.636
0.4 | 1284| 846 0.761 0.2 134 962 0.7/p4
05| 1286| 841 1.001 0.2 134 b9  0.908
0.6 | 1288| 835 1.285 0.3 134 955 1.p07
0.7 | 1290| 829 1.619 0.3p 134 952 1p5
0.8 | 1292| 823 2.007% 0.4 134 949 1.448
0.9 | 1294| 818 2.452 0.4p 134 946 1.667

N[O A|[W[N|F|O
©

Table 2 reported the values of adiabatic compraisgibp X10'° kg'ms?), free volume (Y10°m°), relaxation time
(T 10'%s), inter molecular free length10™ m ), acoustic impedance (ZX%Rg m? sec'), relative association
(Ry , available volume (%10 m%, Linard John Potential (LJP 3Q Rao constant (R #imole)(m/sj” , Wadas
constant (W (rfimole)(nnf)Y") of binary and ternary mixtures also plotted i figure 2 to 11.
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Table 2 hexanol+benzene mixtures at 301K

Xe | Bl vi | = JLi]z[rRA] Ve [LOP[R]W
Hexanol + benzene
0.10| 7.09| 25,54 26.19 5.674.10( 0.09| 18.75| 2.981.01|1.89
0.20| 7.11| 15.24 38.20 5.68.10( 0.10| 19.33] 3.001.05|1.96
0.30| 7.14| 9.67 53.60 5.9.09| 0.10| 19.91] 3.021.09|2.03
040 | 7.17| 6.43| 72.75 5.7.09| 0.10| 20.48| 3.041.13|2.10
050 | 7.19| 4.46| 9587 5.711.08| 0.11| 21.04| 3.061.17|2.17
0.60| 7.22| 3.19| 123.70 5.72.08| 0.11 | 21.61| 3.081.21|2.24
0.70| 7.25| 235/ 156.50 5.74.07| 0.11| 22.19| 3.101.25|2.32
0.80| 7.28| 1.77| 194.81 5.18.06| 0.12 | 22.77| 3.121.29|2.39
0.90| 7.30| 1.36| 238.6p 5.1/3.06| 0.12 | 23.33| 3.141.33|2.46
Hexanol + methyl benzoate + benzene
0.05| 5.74| 5.13 32.44 5.1A.30| 0.04| 6.74| 3.690.46|0.87
0.10| 5.74| 3.91 40.03 5.1AL.30| 0.04 | 6.93| 3.710.47|0.90
0.15| 5.75| 3.05 48.7¢ 5.111.30| 0.04 | 7.13| 3.720.49|0.92
0.20| 5.76| 2.42 58.64 5.111.29| 0.05| 7.32| 3.740.50| 0.95
0.25| 5.77| 1.95 69.8§¢ 5.12.29| 0.05| 7.52| 3.750.52|0.98
0.30| 5.79| 1.58 82.60 5.13.28| 0.05| 7.72| 3.760.53|1.01
0.35 5.8 1.31| 96.67 5.131.28| 0.05| 7.92| 3.780.55| 1.04
0.40| 5.81| 1.09| 112.1F 5.13.28| 0.05| 8.11| 3.790.57|1.07
0.45| 5.82| 0.92| 129.3p 5.14.28| 0.05| 8.31| 3.810.58|1.10
—4—Benzene == Methyl benzoate + benzene =—4=—Benzene
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Figure 1 Plotsof u versus X;

Figure 2 Plots of p versus X,
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Figure 3 Plots of V; versus X,

Figure 4 Plots of T versus X,
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Figure 5 Plotsof Lt versus X,

Figure 6 Plotsof Z versus X,
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Figure 7 Plots of u versus X,

Figure 8 Plots of B versus X,
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—¢—Benzene =—fe=Methtyl benzoate + Benzene | |==@==Benzene =—fe=Methtyl benzoate + Benzene
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Figure 9 Plotsof LJP versus X, Figure 10 Plots of R versus X,
—4—Benzene == Methtyl benzoate + Benzene —4—DBenzene =fe=Methyl benzoate + benzene
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Figure 11 Plots of W versus X, Figure 12 Plots of a versus X,

Table 1 and figure 1 shows that velocity increasi#b concentration of hexanol for binary and tegnarixtures.
This indicates that strong interaction observedigher concentrations of X. The density values dlage the
reverse trend with velocity in the binary and teynaixtures. Viscosity increases in binary and éeynmixtures,
suggesting thereby more association between sahdesolvent molecules. . On mixing several comptaére
intermolecular free length and adiabatic comprégsilare affected. This directly influences theesg of sound. On
addition of greater proportions of hexanol, the tami& forms compact molecular aggregates and soandl$ faster
through the mixture by longitudinal waves. This whothe existence of strong intermolecular intecargi
highlighting the effect of a strong structure makeffect of the binary solvent mixture. This fagtlso represented
in the present investigation of methyl benzoatbéranol benzene mixtures. From the same table Zigune 2, it
has been observed that adiabatic compressibfijtintreases with increase in concentration of hekaa expected.
This increase in structural order of hexanol mauitein more cohesion, and leads to a increage The increases
B results in an increase in the value of u decreagthsincrease in concentration of hexanol. Thermiolecular free
length is considered as the distance between tifi@ces of the adjacent molecules. The increasecredse of the
intermolecular free length is directly a resulttbé variation in ultrasonic velocity of a solutiem mixing the
several components Similar trend observed relaxdtioe (t) , intermolecular free length (L, available volume
(Vo)  Linard John Potential (LJP), Molar volume () Rao constant ( R ), Wadas constant (W), anddnt®n
parameterq) as shown in figures 4, 5, 8, 7,9 10, 11 rethpely.. The free volume (Y have completely reverse
trend with that of velocity as shown in figure 3dasiso similar trend observed acoustic impedange &Xailable
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volume (V) and interaction parametes)(as shown in figures 6, 8, 12 respectively. Tdlso supports the
significant interactions in the binary and ternaygtems.

The variation of specific acoustic impedance (Z&laxation time %), molar volume (Y,), Rao’s constant (R) and
Wadas constant (W) against the mole fraction ak3fait the binary and ternary systems indicatistexce of

interaction between the molecules. The decreate amd increase of Z with the concentration of hekasuggest

the presence of solvent-solute interactions inryirzand ternary systems. Rao’s constant (R) is asirgy linearly

with molality of hexanol indicating the solute-seht interactions may occur in the binary and termaixtures. The

variations all the ultrasonic parameter supporteel to each other binary mixtures exist solute wvedlinteractions

due weak kind of forces and ternary mixtures egisbng interactions due to the hydrogen bondingvben the

components also supported the variations intenasfp@rameter, and relative association with thke fmactions of

hexanol. From these parameter concluded thathexitolecular interactions between the components.

CONCLUSION

Intermolecular interactions are confirmed in theaby systems due to weak dispersive forces andginteractions
due to the hydrogen bonding. Polarity is incredgifigund to be more in hexanol with methyl benzaatéenzene
system compare than the hexanol benzene system&xXplerimental ultrasonic velocity and other relatirasonic
parameter are strongly correlated with each other.
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