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Abstract :

Ultrasonic waves are sound waves, which have frequency more than audible limit. The value of ultrasonic

velocity (?) with composition (c) in a binary mixture of Methanol + Aniline and 1-Propanol + Aniline shows

that ultrasonic velocity (?) increases progressively as composition of Methanol increases in the mixture. Adiabatic

compressibility (?a) of Methanol + Aniline show decrease wave like with increases of Methanol in the mixture

and this nature is exactly in reciprocate nature of velocity composition curve.

This curve is wave like changing in nature showing a molecular interaction between the Methanol and Aniline

mixture is weak interaction. This interaction between the molecules may be due to the functional groups of

Methanol and Aniline binary mixture.
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Introduction :

Ultrasonic waves are sound waves, which have frequency more than audible limit. The audible range of normal ear
is 20Hz to 20kHz. The sound which have frequencies less than the limit i.e. 20Hz are called Infrasonic while the
sound waves having frequencies above the audible limit i.e. 20 kHz are called ultrasonic waves. Ultrasonic waves

can be used to detect flaws in metal. When ultrasonic waves passed through a metal having some blow hole, or
crack inside it, there will be an appreciable reflection or absorption due the sudden change in the medium.[1]
Molecular behaviour is explained by ultrasonic velocity. Material is in general composed of atoms and molecules.

Attractive forces between them hold these atoms and molecules together. These shape and size of molecules in
liquid phase make the molecules to give response to external stimuli. Thus various properties of liquids and their
interaction in the mixtures have important role in building a life on earth planet [2]. Keeping this view in mind, the

binary mixture of Methanol + Aniline organic liquid systems has been considered for their ultrasonic velocity
measurements in pure and various compositions. Most materials are ultrasonically trans-parent1-3 and allow the
analysis of a broad variety of sample types, chemical reactions and processes. Ultrasonic analysis can now be easily

performed in chemistry, Physics, biotechnology, Pharmaceuticals, food, agriculture, environmental Control, medicine
oil petroleum and gas industries. [2-3]
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Materials and Methods :

To determine thermodynamic parameters, an accurate ultrasonic velocity is required. Ultrasonic velocities were

measured on 1 MHz ultrasonic interferometer supplied by Mittal New Delhi, which is direct and simple device for

measuring sound velocity in liquids. Densities of pure liquids and liquid mixtures were measured with a calibrated

Class-A certified density bottle (25m1) in a water bath thermostat whose temperature was kept within the range of

± 0.10C. Different composition of the one component with other in the range 0 to 1 mole fractions were prepared by

volume and then converted to mole fractions[4]. Acoustical study such as, ultrasonic velocity, adiabatic compressibility,

molecular free length and acoustic impedance have been calculated at four temperatures 250, 300, 350 and 400 C

respectively. Excess parameters are better measure of intermolecular interactions as compared to derived ones

[5,6]. The magnitude values of υE, βaE, LfE and ZE indicate interaction of strength between the components [7].

Weak molecular interactions cannot be resolved from the spectroscopic spectra [8]. Ultrasonic technique on other

hand provides its useful wavelength range and moreover ultrasonic parameters are directly related to a large number

of molecular and thermodynamic parameters[9].

The chemical and structural units of liquid systems, rates and formation of complex can also be studied by ultrasonic

measurement. In addition, the ultrasonic velocity and density of the liquids can be employed to calculate various

thermodynamic parameters of the liquids such as adiabatic compressibility (βa), intermolecular length (Lf) and

acoustic impedance (Z).

Ultrasonic measurements of (Methanol + Aniline)

Methanol and Aniline have been considered in the plan of work, because these two compounds have different

functional groups and different dipole moments10. The two functional group - OH and —NH
2
 may form hydrogen

bonding when they were mixed in stichometric ratio. To get a perfect combination of two components, we have

prepared seven different combinations of these two to get total volume of 40 cc of the mixture system. Hence, the

seven binary mixtures were prepared and kept in airtight 100 ml glass flask. Density (ρ) of each mixture was

measured at four different temperatures using a class - A certified density bottles 25 ml and single pan sensitive

balance. [10]

Ultrasonic measurements of (1-Propanol + Aniline)

1-Propanol and Aniline have been considered in the plan of work, because these two compounds have different

functional groups and different dipole moments10. The two functional group - OH and —NH
2
 may form hydrogen

bonding when they were mixed in stichometric ratio. To get a perfect combination of two components, we have

prepared seven different combinations of these two to get total volume of 40 cc of the mixture system. Hence, the

seven binary mixtures were prepared and kept in airtight 100 ml glass flask. Density (ρ) of each mixture was

measured at four different temperatures using a class - A certified density bottles 25 ml and single pan sensitive

balance. [11]
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Ultrasonic velocity of each binary mixture at four different temperatures 25, 30, 35 and 400C were measured by

circulating hot water from a thermostat. The same procedure of ultrasonic velocity measurement was adopted,

which was described in experimental part in Chapter III. Mittal’s ultrasonic interferometer working at 1 MHz

frequency was used in the measurement of the velocity. The ultrasonic velocity (υ) and density (ρ) data of (Methanol

+ Aniline) and (1-Propanol + Aniline) at each temperature was used in the calculation of thermodynamic parameters

such as adiabatic compressibility (βa), molecular free length (Lf) and acoustical impedance (Z). Density (ρ), ultrasonic

velocity (υ), adiabatic compressibility (βa), molecular free length (Lf) and acoustical impedance (Z) of seven different

compositions of 1-Propanol and Aniline at four different temperatures 25, 30, 35 and 400C were also studied [12,13]

At first the Mittal make ultrasonic interferometer working at 1 MHz was standardized by using the well-known

systems like double distilled water and benzene at four different temperatures. The densities of water and benzene

were measureexperimentally with class A-certified density bottle (25 ml) on sensitive K-Roys single pan balance.

The density values were verified from literature values.[14,15]

Result and discussion :

Ultrasonic and thermodynamic properties of Methanol + Aniline :

The experimental values of ultrasonic velocity and density of Methanol + Aniline binary mixture along with

thermodynamic parameters as a function of temperature are recorded. These ultrasonic velocity and thermodynamic

parameters such as adiabatic compressibility, molecular free length and acoustical impedance are plotted as a function

of composition at various temperatures Fig. 1 (a) and (b). The value of ultrasonic velocity (υ) with composition (c)

in a binary mixture of Methanol + Aniline shows that ultrasonic velocity (υ) increases progressively as composition

of Methanol increases in the mixture. The increasing nature of the curve indicates a weak molecular interaction

between the components of the mixture. Adiabatic compressibility (βa) of Methanol + Aniline show decrease wave

like with increases of Methanol in the mixture and this nature is exactly in reciprocate nature of velocity composition

curve (Fig. 1 (a). This curve is wave like changing in nature showing a molecular interaction between the Methanol

and Aniline mixture is weak interaction. Fig. 1(b) shows a decrease wave like in free length (Lf) and increase in

impedance (Z) with concentration. These both curves (Fig.1 b) of wave like decrease nature in impedance and free

length indicating that there is strong molecular interaction between the components of the mixture. This interaction

between the molecules may be due to the functional groups of Methanol and Aniline binary mixture.

Ultrasonic and thermodynamic properties of 1-Propanol + Aniline:

The experimental values of ultrasonic velocity and density of 1-Propanol + Aniline binary mixture along with

thermodynamic parameters as a function of temperature are recorded in Tables 2 (a) and (b). These ultrasonic

velocity and thermodynamic parameters such as adiabatic compressibility, molecular free length and acoustical

impedance are plotted as a function of composition at various temperatures Fig. 2 (a) and (b). The value of ultrasonic

velocity (υ) with composition (c) in a binary mixture of 1-Propanol and Aniline shows that ultrasonic velocity (υ)
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increases wave like as composition of 1-Propanol increases in the mixture. The increasing nature of the curve

indicates a weak molecular interaction between the components of the mixture. Adiabatic compressibility (βa) of 1-

Propanol and ethyl acetate show decrease as wave like with composition increases of 1-Propanol and this nature is

exactly in reciprocate nature of velocity composition curve (Fig. 2 a). This curve is wave like changing in nature

showing a strong molecular interaction between the 1-Propanol and aniline mixture. (Fig. 2 b) shows an increase

and decrease in nature of free length (Lf) and impedance (Z) with concentration. These both curves (Fig.2 b) of

increase decrease nature in impedance and free length indicating that there is strong molecular interaction between

the components of the mixture. This interaction between the molecules may be due to the functional groups of 1-

Propanol and Aniline binary mixture.

The results are discussed from the graphs of ultrasonic velocity (v), adiabatic compressibility (βa) and molecular free

length (Lf) and acoustic impedance (Z) with composition of the binary component in the mixture. The nature of the

curves for all the plots of thermodynamic function show nonlinear, and wave like changes. This type of behavior

indicating that there is interaction between the components after forming the binary mixture. In this work it finds that

for all the binary systems, there is intermolecular interaction in solutions as well as in pure binary mixtures.
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Table 1(a). Ultrasonic Velocity and other thermodynamic parameters for Methanol + Aniline at different temperatures.

Table 1(b). Ultrasonic Velocity and other thermodynamic parameters for Methanol + Aniline at different temperatures.
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Table 2 (a) Ultrasonic Velocity and other thermodynamic parameters for 1-Propanol + Aniline at different

temperatures.

Table 2 (b) Ultrasonic Velocity and other thermodynamic parameters for 1-Propanol + Aniline at different temperatures.



SJIF Impact Factor 8.169 Peer Reviewed Journal 105

   AMIERJ
Volume–XI, Issue No.–I
Jan – Feb 2022

Original Research Article

ISSN-2278-5655

Aarhat Multidisciplinary International
Education Research Journal

Fig 1 (a) .Plot of Ultrasonic Velocity ‘υ’ and Adiabatic Compressibility ‘βa’ versus Mole fraction of Methanol +

Aniline at 298, 303, 308, 3130K.

Fig. 1 (b) Plot of Free length ‘Lf’ and Acoustic Impedance ‘Z’ versus Mole fraction of Methanol + Aniline at 298,

303, 308 and 3130K.
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Fig 2 (a) Plot of Ultrasonic Velocity ‘υ’ and Adiabatic Compressibility ‘βa’ versus Mole fraction of 1-Propanol +

Aniline at 298, 303, 308, 3130 K.
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Fig 2 (b) Plot of Free length ‘Lf’ and Acoustic Impedance ‘Z’ versus Mole fraction of 1-Propanol + Aniline at 298,

303, 308 and 3130K.
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