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Abstract 

 

The ultrasonic velocity (U), density (ρ) and viscosity (η) have been measured for the binary liquid mixtures containing 2-(p-methoxy 

phenylsulphonyl)-4-methyl sydnone in Ethanol at 303.15K. From these data some of acoustical parameters such as adiabatic compressi-

bility (β), free length (Lf), acoustic impedance (Z), relative association (RA), relaxation strength (r), Rao’s constant (R), molar compress-

ibility (W), relaxation time (τ), Vander waal’s constant (b), free volume (Vf)  and internal pressure (πi) have been computed using the 

standard relations. The results have been discussed in terms of molecular interactions. 
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1. Introduction 

In recent years, ultrasonic technique has become a powerful tool 

for studying the molecular behaviour of liquid mixtures1-3. This 

is because of its ability of characterizing physico-chemical behav-

iour of liquid medium4-6. The study of properties of liquid mix-

tures and solutions find direct applications in chemical and bio-

chemical industries7-8. Ultrasonic velocity and related thermody-

namic parameters helps us for characterizing thermodynamic and 

physico-chemical aspects of binary liquid mixtures such as molec-

ular association and dissociation9-10. Ultrasonic velocity together 

with density and viscosity data furnish wealth of information 

about the interaction between ions, dipoles, hydrogen bonding, 

multipolar and dispersive forces11-12.  The ultrasonic velocity in 

a liquid is fundamentally related to the binding forces between the 

atoms or molecules and has been successfully employed in under-

standing the nature of molecular interactions in pure liquids, bina-

ry and ternary mixtures13-15.  

The variation of ultrasonic velocity and related parameters throw 

much light upon the structural changes associated with the liquid 

mixtures having strongly interacting components16 as well as 

weakly interacting components17. Molecular interaction studies 

can be carried out by both spectroscopic18-19 and non-

spectroscopic20-21 techniques. The physical and chemical proper-

ties of liquid mixtures have been studied by number of workers22-

23 and they correlated the non-linear variation of ultrasonic veloc-

ity, compressibility and other related parameters with structural 

changes occurring in a liquid as its concentration is varied in a 

liquid mixture. 

Experimental: 

Density: 

The density of pure liquids and mixtures are measured using a 

10ml specific gravity bottle. The measured density was calculated 

using the formula 

ρ2 = (w2/w1) ρ1 

Where, w1 is the weight of the distilled water 

 

 

W2 is the weight of the experimental liquid  

ρ1 is the density of water  

Viscosity: 

The viscosity of the pure liquids and liquid mixtures are measured 

using an Ostwald’s Viscometer calibrated with doubly distilled 

water. The Ostwald’s Viscometer with the experimental liquid is 

immersed in a temperature controlled water bath at 303.15K. The 

digital stopwatch, with an accuracy of +0.01 sec was used to de-

termine flow time of solutions. Using the flow times (t) and 

known of standard water sample, the viscosity of solvent and solu-

tions were determined according the following equation:  

η2 = η1 (t2/t1) (ρ2/ρ1)  

Where 

η1 is the viscosity of water 

t1 is the time of flow of water  

ρ1 is the density of water  

η2 is the viscosity of the binary mixture 

t2 is the time of flow of the binary mixture  

ρ2 is the density of the binary mixture  

Ultrasonic velocity:  

The sound velocity of the liquid mixture have been measured us-

ing an ultrasonic interferometer (Mittal Enterprises, New Delhi) 

working at a fixed frequency of 2MHZ. 

The binary liquid mixture is filled in the measuring cell with 

quartz crystal and then micrometer was fixed. The circulation of 

water from the thermostat at 303.15K was started and test solution 

in the cell is allowed to thermally equilibrate. The micrometer was 

rotated very slowly so as to obtain a maximum or minimum of 

anode current (n). A number of maximum reading of anode cur-

rent were counted. The total distance (d) travel by the micrometer 

for n = 10, was read. The wave length (λ) was determined accord-

ing to the following equation: 

λ = 2d/n  

The sound velocity (U) of solvent and solutions were calculated 

from the wavelength and frequency (F) according to the following 

Equation: 
U = λF 
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Theory:  

The ultrasonic velocity (U), density (ρ) and viscosity (η) in pure 

liquids and liquid mixtures of various concentrations have been 

measured at 303.15K. Thermodynamic and acoustical parameters 

such as adiabatic compressibility (β), free length (Lf), acoustic 

impedance (Z), relative association (RA), relaxation strength (r), 

Rao’s constant (R), molar compressibility (W), relaxation time (τ), 

Vander waal’s constant (b), free volume (Vf)  and internal pres-

sure (πi) were determined using the observed values of velocity, 

density & viscosity using the standard relations given below. 

1) The adiabatic compressibility (β) has been calculated from 

sound velocity (U) and the density (ρ) of the medium using the 

relation 

β = 1/U2ρ                                                                                      (1) 

 

2) Intermolecular free length (Lf ) is calculated using the stand-

ard expression 

Lf = Kβ1/2                                                                                    (2) 

 

Where K is a Jacobson’s constant (= 2.0965 X 10-6)  

3) Acoustic impedance (Z) was calculated by the equation  

Z = Uρ                                                                                          (3) 

 

Where ρ is the density of the mixture and U is the ultrasonic ve-

locity of the mixture. 

4) Molar compressibility or Wada’s constant (W) can be calcu-

lated by the following equation  

W = (M/ρ) β-1/7                                                                           (4) 

 

Where M is the molecular weight of the solution which can be 

calculated according to the equation 

M = M1X1 + M2X2                                                                     (5) 

 

Where X1 and X2 are mole fractions of solvent and solute, respec-

tively. M1 and M2 are the molecular weights of the solvent and 

solute respectively. 

5) The molar sound velocity or Rao’s constant (R) was calculated 

by the equation  

R = (M/ρ) U1/3                                                                             (6) 

 

Where ρ is the density and U is the ultrasonic velocity of the mix-

ture. 

6) The Relative association (RA) was calculated by the following 

equation 

RA = ρ/ρo (Uo/U) 1/3                                                                  (7) 

 

Where U, Uo and ρ, ρo are ultrasonic velocities and densities of 

solution and solvent respectively. 

7) Relaxation strength (r) was calculated by the following equa-

tion 

r = 1-[U/U∞] 2                                                                              (8) 

 

Where U∞ = 1600 m/sec. 

8) Vander Waals constant (b) was calculated by the following 

equation  

b = (M/ρ) [1-(RT/MU2) {(1+MU2/3RT) 1/2 – 1}]                     (9) 

 

Where R is the gas constant (=8.314 JK-1 mol-1) and T is the 

absolute temperature.  

9) Viscous relaxation time (τ) was calculated by the following 

equation  

τ = 4η/3ρU2                                                                                (10) 

 

Where η is the viscosity, ρ is the density and U is the ultrasonic 

velocity of the mixture. 

10) Free volume (Vf) was calculated by the following equation  

Vf = [MU/Kη] 3/2                                                                      (11) 

Where K is a constant (=4.28 X 109) 

11) The Internal pressure (πi) was calculated by the following 

equation  

πi = bRT [Kη/U] 1/2ρ2/3/M7/6                                                  (12) 

Where b is the packing factor (=2), K is a constant (=4.28 X 109). 

The following Tables represent the measured parameters viz ultra-

sonic velocity, density and viscosity and the acoustical parameters 

calculated from the measured data. 

 
Table 1: The ultrasonic velocity (U), density (ρ) and viscosity (η) at vari-

ous concentrations of 2- (p-methoxy phenyl sulphonyl)-4-methyl sydnone 

in Ethanol at 303.15K. 

Conc. 

(M) 

Ultrasonic velocty 
U 

(m/s) 

Density 
ρ 

(Kg/m3) 

Viscosity 
η 

(mPa.s) 

0.01 1201.6 801.7 0.5333 
0.03 1230.7 801.9 0.5507 

0.05 1253.3 802.7 0.5685 

0.07 1274.7 803.2 0.5918 

 
Table 2: Variation of acoustical parameters at various concentrations of 2-
(p-methoxy phenyl sulphonyl)-4-methyl sydnone in Ethanol at 303.15K. 

Conc. 
(M) 

Z 
(103Kg/m2s) 

β( 10-

10Pa-1) 
Lf(10-

10m) 
r RA 

τ 

( 10-10 

sec) 

0.01 963.322 8.6391 0.616 0.4359 1.0292 
6.1429 

 

0.03 986.898 8.2333 0.602 0.4083 1.0213 6.0454 

0.05 1006.023 7.9311 0.590 0.3864 
1.0161 

 

6.0118 

 

0.07 1023.839 7.6623 0.580 0.3653 1.0110 6.0460 

 
Table 3: Variation of acoustical parameters at various concentrations of 2-
(p-methoxy phenyl sulphonyl)-4- methyl sydnone in Ethanol at 303.15K. 

Con

c. 

(M) 

R 

(m3/mol)(m/s

)1/3 

W 

(m3/mol)(N/m2

)1/7 

b 

(m3/mol

e) 

Vf(10-

6m3/mol

e) 

πi 

(106 

Pa) 

0.01 0.6337 1.18 0.0056 0.126 
6.585

7 

0.03 0.6864 1.27 0.0064 0.139 
6.079
2 

0.05 0.7380 1.37 0.0072 0.151 
5.661

9 

0.07 0.7901 1.46 0.0080 0.160 
5.323

6 

 

 
Fig. 1: Variation of Ultrasonic velocity (U) with concentration (M) in 

Ethanol at 303.15K. 

 

 
Fig. 2: Variation of Density (ρ) with concentration (M) in Ethanol at 
303.15K. 
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Fig. 3: Variation of Viscosity (η) with concentration (M) in Ethanol at 

303.15K. 

 

 
Fig. 4: Variation of Acoustic impedance (Z) with concentration (M) in 

Ethanol at 303.15K. 

 

 
Fig. 5: Variation of Adiabatic Compressibility (β) with concentration (M) 
in Ethanol at 303.15K. 

 

 
Fig. 6: Variation of Intermolecular free length (Lf) with concentration (M) 
in Ethanol at 303.15K. 

 

 
Fig. 7: Variation of Relaxation strength (r) with concentration (M) in 

Ethanol at 303.15K. 

 

 
Fig. 8: Variation of Relative association (RA) with concentration (M) in 

Ethanol at 303.15K. 

 

 
Fig 9: Variation of Molar compressibility (W) with concentration (M) in 
Ethanol at 303.15K. 

 

 
Fig. 10: Variation of Rao’s constant (R) with concentration (M) in Ethanol 
at 303.15K. 
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Fig. 11: Variation of Vander Waals constant (b) with concentration (M) in 

Ethanol at 303.15K. 

 

 
Fig. 12: Variation of Relaxation time (τ) with concentration (M) in Etha-

nol at 303.15K. 

 

 
Fig. 13: Variation of Internal Pressure (πi) with concentration (M) in Eth-
anol at 303.15K. 

 

 
Fig. 14: Variation of Free Volume (Vf) with concentration (M) in Ethanol 
at 303.15K. 

 

2. Results and discussion 

Acoustical and thermodynamic properties are of great significance 

in studying the physico-chemical behaviour and molecular interac-

tions of multi-component liquid mixtures. The molecular interac-

tions existing in the binary liquid mixture are discussed in terms of 

the acoustical parameters. 

Ultrasonic velocity is the speed in which sound propagates in a 

certain material. It depends on material density and elasticity. 

Velocity is constant for a given material.  Ultrasonic velocity in-

creases with increase in concentration. This increase in ultrasonic 

velocity suggests powerful solute-solvent interactions. As density 

increases number of particles in given region is increased, this 

leads to quick transfer of sound velocity and hence ultrasonic ve-

locity increases with increase in concentration, this result is ac-

cording to Kharkale ET al24. 

Density is an intensive property that increasing the amount of a 

substance does not increase its density; rather it increases its mass. 

The density increases with increase in concentration. Increase of 

concentration results in increase in number of particles in given 

region which leads to shrinkage in volume of solution and hence 

density increases with increase in concentration25. The viscosity 

of a solvent or solution is a measure of cohesiveness or rigidity 

present between either ions (or) ion-solvent (or) solution. The 

viscosity increases linearly with concentration. This indicates that 

there exist a strong interaction between solute and solvent. 

Adiabatic compressibility is the property of a substance capable of 

being reduced in volume by application of pressure; quantitative-

ly, the reciprocal of the bulk modulas. The adiabatic compressibil-

ity decreases with increase in concentration. Decrease in adiabatic 

compressibility might be due to aggregation of solvent molecules 

around solute molecules. This indicates the existence of solute-

solvent interactions26. The change in adiabatic compressibility in 

liquid mixtures indicates that there is a definite contraction on 

mixing and the variation is may be due to complex formation. 

Intermolecular Free length denotes the magnitude of either the 

solute-solute interaction or the solute –solvent interaction or both 

of the system.  Free length decreases with increase in concentra-

tion. Decrease in free length is due to compression of liquid, 

which indicates that the molecules are coming closer to each oth-

er; hence the intermolecular cohesion is stronger leading to strong 

molecular association27. 

 According to Eyring and Kincaid28 the regular fall in free length 

causes a rise in sound velocity in the mixture. This is also in ac-

cordance with expected decrease in adiabatic compressibility fol-

lowing an increase in sound velocity. This trend is an indication of 

clustering together of the molecules into some cage like agglom-

erates due to associative effect of the polar group predominating 

over the other type of interactions29. 

Specific acoustic impedance is defined as the impedance offered 

to the sound wave by the components of the mixture. Acoustic 

impedance increases with increase in concentration. Increasing 

trend of acoustic impedance further support the possibility of mo-

lecular interaction due to hydrogen bonding between sydnone and 

alcohol molecule. Specific acoustic impedance is directly propor-

tional to ultrasonic velocity and inversely proportional to adiabatic 

compressibility and shows similar behaviour to that of ultrasonic 

velocity and opposite to that of adiabatic compressibility30. 

Relative association is the measure of extent of association of 

components in the medium. The Relative association depends on 

either breaking up of the solvent molecules on addition of solute 

to it or the salvation of ions that are present. The Relative associa-

tion decreases with increase in concentration.  Decrease in relative 

association which indicates the breaking up of the solvent mole-

cules on addition of solute31. 

The Rao’s constant and molar compressibility increases with in-

crease in concentration which indicates that the magnitude of in-

teractions is enhanced. This increasing trend of Rao’s constant and 

molar compressibility indicates that availability of more number 

of components in a given region of space. This leads to tight pack-

ing of the medium and thereby increases the interactions32. 
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Viscous relaxation time is the time taken for the excitation energy 

to appear as translational energy. The variations in specific relaxa-

tion time are mainly due to the change in viscosity of solutions 

due to both concentration and temperature. The non-linear varia-

tion of relaxation time with increase in molar concentration is due 

to the existence of significant molecular interaction between the 

solute and solvent molecules. 

The term relaxation strength describes several processes by which 

nuclear magnetization prepared in a non-equilibrium state returns 

to the equilibrium distribution. The relaxation strength decreases 

with increase in concentration. The Vander Waals constant in-

creases with increase in concentration. 

Cohesion creates a pressure within the liquid of between 103 and 

104 atmospheres. This pressure may be regarded as a pressure in 

the interior of a fluid, resulting from the attractions and repulsions 

of the molecules and termed as the internal pressure. The internal 

pressure decreases with increase in concentration, which indicates 

the decrease in cohesive forces. The reduction in internal pressure 

may be due to loosening of cohesive forces leading to breaking the 

structure of the solute. Due to weakening of intermolecular forces 

of attraction the internal pressure should fall. Decrease in internal 

pressure indicates that there is a weak interaction between the 

solute and solvent molecules33. 

Free volume is the average volume in which the centre of mole-

cule can move due to repulsion of the surrounding molecules. The 

free volume increases with increase in concentration. The decrease 

in molecular association causes an increase in free volume. The 

increase in free volume may be attributed to lose packing of the 

molecules inside the shield, which may be brought about by 

weakening of molecular interactions34. Thus free volume is an 

inverse function of internal pressure. Hence, increase in free vol-

ume causes internal pressure to decrease, which indicates the ex-

istence of solute-solvent interactions. 

Alcohols are strongly self-associated liquids with a three dimen-

sional network of hydrogen bonds35 and can be associated with 

any other group having some degree of polar attractions36. The 

associative alcohol molecule act as proton donor enabling hydro-

gen bonding with sydnone molecule. In the system, studied, the 

complex formation is likely to occur between Hδ+ of alcohol and 

Oδ- of C=O group of Sydnone. Hence in the present study there is 

existence of solute-solvent interactions which are discussed in the 

above calculated acoustical parameters. 

3. Conclusion  

The Ultrasonic velocity, density, viscosity are measured and re-

lated acoustical parameters were calculated from the measured 

data. The existence of molecular interactions in solute-solvent is 

favoured in the system , confirmed from the U, ρ, η, β, Lf, Z & πi . 

Hence it is concluded that there exist a molecular interaction be-

tween Sydnone and alcohol due to Hydrogen bonding and degree 

of complexation. Internal pressure gives the idea of the solubility 

characteristics. 
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