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ABSTRACT

The ultrasonic measurements like ultrasonic velocity, density, and viscosity of the ternary system butanol with
methyl benzoate in benzene systems have been measured the whole range of mole fraction at 303K. From the
measured values evaluate ultrasonic parameter such as adiabatic compressibility (5), free length (Ly), free volume
(V) using standard relations also predict the excess parameter. The ultrasonic measurements, acoustical parameter
and related excess parameter give the results of the molecular interaction between liquids. These values indicate
the specific interaction of the liquid mixtures. The presence of strong dipole- dipole- type interaction was confirmed
in theses system.

INTRODUCTION

The ultrasonic studies are important to understhrdnature molecular interactions exist in liquitktores [1-3].

The molecular interactions of the liquids and l@junixtures has been investigated through the walivias
measurements and related acoustical parameteasblitic velocity is related to inter molecular fardeetween the
atoms or the molecules [3-5]. The study of molecutgeraction of butanol with methyl benzoate imbene

mixtures has been important due to butanol as btieeccomponents. A methyl benzoate highly polauill seems
to be better among the industrial and chemical gs9¢5-6]. The association of methyl benzoatestigated using
various methods [6-10]. Our research group invastid nature of interactions are identified usingiotes

techniques including refractive index, FT-IR, datec measurements [11-16]. Benzene is a non-pb&ng

aromatic and methyl benzoate also aromatic witbarayl group act as electron donors. Though thearailbgroup

is comparatively a strong proton - acceptor, thggex atoms in the carbonyl group can also playrtiportant role

for proton acceptor; hence butanol with its hydioggoups can interact with carbonyl components. phesent
work reports the results of ultrasonic measurementsrelated ultrasonic parameters at 303K inehgaty system
of butanol + methyl benzoate +benzene.

MATERIALSAND METHODS

AR grade butanol , methyl benzoate and benzen&lfquere used. It is purified by standard proceshith purity
>99%. The ultrasonic velocities of the liquid misgés were measured using a single crystal ultrasoni
interferometer (Mittal type, Model F-80) operated 22 MHz The temperature of the cell was controlkeg
circulating water through the liquid cell from thawstatically controlled constant temperature wdtteth. The
densities of pure liquids and liquid mixtures waetreasured by using a 5 ml specific gravity bottléhvein accuracy
of £ 0.5%. The viscosities were measured using @lsft® viscometer with an accuracy + 0.5%. The e
valued of ultrasonic velocity, density and visgpand related ultrasonic parameter at 303 K Far pure liquids
are shown in table 1.
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Table 1 The experimental values of pureliquidsat 303 K

. Ultrasonic velocity (u) | Density (p) | Viscosity (n)
Chemical Name mis Kg/m® NS
Butanol 1233 796 0.563
Methyl benzoate 1404 1030 0.175
Benzene 1276 870 2.07

THEORY AND CALCULATIONS

From the experimental values, the acoustical patemseich as adiabatic compressibiliy, (free length (b, and
free volume (V), and their excess parameter have been evaluaied the following standard relations. The
relations discussed given below

Adiabatic compressibility
Adiabatic compressibility has been calculated fittin speed of sound (u) and denspy ¢f the medium using the
relation as

B=u ®

Intermolecular freelength
Intermolecular free length {L has been evaluated using the standard relation as

Lf = KTﬁl/z (2
Where K is a temperature dependent constant known as satslzonstant.

Freevolume (V")
The relation for free volume in terms of ultrasownéocity (u) and viscosity) of the liquid as:
Mefo 3/2
v = (745) ®)

nK

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 whichgisaleto
4.28x10 for all liquids.

Excess parameter
The excess parameter like ultrasonic velocit§),(adiabatic compressibilitysf), intermolecular free length {f)
and free volume (¥) evaluated using relations as

AF= Agyp - Aideal 4)
AjgearArX 1+ AxX; (%)
RESULTSAND DISCUSSION

Ultrasonic velocity (u), density] and viscosity#) for the binary (Butanol with benzene) and tern@uytanol with
methyl benzoate in benzene) mixtures at 301 K hoave in table 2 to 3 also present ultrasonic patamigke
adiabatic compressibilityp}, intermolecular free length (Land free volume (Y and related excess parameter
(ultrasonic velocity (B), adiabatic compressibilipf), intermolecular free length (f) and free volume (%) . The
variations of ultrasonic velocity, adiabatic congsibility, inter molecular free length and free wole with mole
fractions of butanol for the binary and ternary ties shown in figure 1 to 4. The excess paramékersiltrasonic
velocity, adiabatic compressibility, inter moleaufeee length and free volume plotted against nfi@letion butanol
given in figure 5 to 8.

In the case of binary (butanol with benzene) mixtuultrasonic velocity and density decreases imitheasing
concentration of butanol also ultrasonic velocityl @ensity decreases with increasing concentratidrutanol for
the ternary mixtures (butanol + methyl benzoateetizene). Reverse trend observed in the variafiofsoosity
with the concentration of butanol both binary agichary mixtures.

Further the adiabatic compressibility, free lengktows reverse trend both the binary and ternaryumgs to the
ultrasonic velocity as shown in figures 1 to 3. Magiation of adiabatic compressibility due to charin ultrasonic
velocity also interacting molecules bond brokere tluthe releasing dipoles of inter molecularratéons. In view
of strong force of attraction between the molectihese will be an increase in cohesive force amdpthenomenon
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of structural changes takes place due to the existef electrostatic field. Thus structural reagement of
molecules results in change adiabatic compredsiltiereby performance increasingly intermolecimdgractions.
Many researchers report the similar results in sbimary and liquid mixtures [7].

Table 2 Variation of experimental values, related acoustical parameter and excess valueswith the concentration of butanol for the binary
and ternary mixturesat 303 K

Xe [ u [ p [ n [ B [V | e | v [ B | VE [LF
Butanol+ benzene

0.1 | 1275| 863| 0.697 7.13 6.5 66.26 6 -0/08  -0.p00.03-

0.2 | 1274| 857| 0.85]1 7.19 445 81.58 11 -0]17  -0.p66.06

0.3 | 1274| 850| 1.026 7.25 3.33 99.18 1§ -0j27  -0.p10.09

04 | 1273| 844| 1224 731 2854 119.30 23 -0{36  -0,018.13

0.5 | 1272| 837| 1.44% 7.39 1.96 142.19 29 -0{44 -0.016.16

06 | 1271| 831| 1.692 7.4 1.53 168.p7 34 -0{52  -0,019.19

0.7 | 1270] 824| 1.965 7.57 1.21 197.p2 4 -0{60 -0.020.22

0.8 | 1270| 818| 2.264 7.58 0.97 229.p2 47 -0{70 -0.02@.26

09 | 1269| 811| 2597 7.66 0.18 265.p4 52 -0{77  -0)026.28

Butanol+ methyl benzoate + benzene

0.05| 045| 1337 970/ 0.398 5747 525 30.235 4/54 3-0.30.02

0.10| 0.40]| 1334 966 0.458 5.82 4.0y 35.153 5|59 6-0.30.02

0.15| 0.35| 1332 962| 0.518 586 3.1 40473 6|66 9-0.30.03

020| 03| 1330, 958/ 0.59p 5.9 251 46413 7[/2  -0/4D.03

0.25| 0.25| 1328 954 0.66B 5.94 1.9 52.906 878 5-0.40.03

0.30| 0.20| 1326 950/ 0.75B 5.99 159 60.14 9)85 -0.49.03

0.35] 0.15] 1323 946 0.844 6.04 1.2 67.97 10.92 1-0.50.04

040 | 0.10| 1321 942| 0.943 6.08 1.0p  76.446 13.00 55-0. -0.04

045| 0.05| 1319 938 1.040 6.13 0.8 85.438 13.07 57-Q. -0.04
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The ultrasonic velocity (u m/s), density (gm/cn?) , viscosity § x10° Nsm?), adiabatic compressibility3( 10
kg'ms?, free volume (Y 10°m°), and inter molecular free length; (110"°m ) and also excess values &f gf
VFand L for the butanol with benzene , butanol with methghzoate in benzene systems.

From tables 2, it was observed that as the coratémr of butanol increases, free volume decreasesta the
closed packing of molecules inside the cavity. Bhbeshaviors indicate highly associative nature betwthe
components of liquid mixture. The magnitude of thirasonic parameter indicate solute — solventramigon
(butanol — benzene) smaller than the dipole — diflolitanol — methyl benzoate). But it is essemtialiscuss about
the excess parameters rather than the real valbeg.can give an idea about the nature of assogiat other type
of interactions. The variations of excess parametersus mole fraction of butanol have been showiigire 5 to
8. The sign of @ 5, V£ and L ¥ indicate weaker type (dipole- induced dipoléntéractions occurs in the binary
mixtures and strong type (dipole — dipole) intéimacs occurs in the ternary mixtures. Many invesions
suggested that the negative excess compressibdisybeen due to closed packed molecules and mositivess
values are due to weak interaction between thé&keimfiolecules. Similar reports were reported by yramhors
[14].
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The value of excess inter molecular free lengtlofed the same trend as that of excess adiabatipremsibility.
The value of excess inter molecular free lengthreagative. The negative deviations of excess falarme have
been suggested strong interaction between commoenfirmed.

CONCLUSION

The present report indicates that the ultrasoniampaters understand to the molecular interactiosgntein liquid
mixtures. From Ultrasonic velocity and related atmal parameters for binary (butanol in benzene) grnary
(butanol with methyl benzoate in benzene) mixturgghe various concentrations, it is expert tharehexists a
weak interaction due to dipole — induced dipoleneein the binary components and strong associattwelen the
ternary components due to hydrogen bonding.
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