
ISSN 0976-5727 (Print) 

ISSN 2319-8133 (Online 

Journal of Pure Applied and Industrial Physics, Vol.6(4), 50-56, April 2016 

(An International Research Journal), www.physics-journal.org 
 

50 

Study of Ultrasonic Properties of Binary Liquid Mixture  

at 313K and 1MHz Frequency 
 

Asole  A. W. 

 

Department of Physics, 

Shri Shivaji Science College, Amravati-444602, INDIA. 

email:anilasole15@gmail.com. 

 

(Received on: April 18, 2016) 

 

ABSTRACT 

 

The densities (ρ), viscosities (ɳ) and Ultrasonic velocity (U) of binary liquid 

mixture of Ammonium Hydroxide (NH4OH) with the solvent Ethanol (CH3CH2OH) 

were measured over the entire composition range at the temperature 313K and the 

frequency 1MHz. The observed experimental data have been utilized to evaluate some 

of the derived thermodynamic parameters such as adiabatic compressibility (βa ), free 

length (Lf), acoustic impedance (Za) and molar Volume (Vm) . The behavior of these 

parameters with composition of the mixture has been discussed in terms of molecular 

interaction between the components of liquids. The excess values of adiabatic 

compressibility (βa
E), free Length (Lf

E), acoustic impedance (ZaE) and molar Volume 

(VmE) were evaluated and discussed in the light of molecular interactions in the 

mixture. 
 

Keywords: Ultrasonic velocity, acoustical parameters, molecular interactions, binary 

mixtures, Ammonium Hydroxide (NH4OH), Ethanol, Excess parameters and 

Hydrogen bond. 

 

I.  INTRODUCTION 
  

Ultrasonic studies of the liquid mixtures are of great importance because of their 

extensive use in the textile, leather and pharmaceutical industries1,2. The ultrasonic velocity 

has been measured in order to understand the nature of molecular interactions in pure, binary 

and ternary liquid mixtures3,4. Organic solvents usually form Hydrogen bond in the solutions. 

The functional group of the organic solvents can form H-bonds due to hydrophilic effects in 

the mixture, while the hydrocarbon part of the solvent is responsible for the hydrophobic part5. 

The practical application of the organic solvents in industrial and biological process has been 

recognized all over the world as they provide wide choice of solutions with appropriate 

properties. The evaluated thermodynamic parameters from the experimental acoustical data 
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have been interpreted in terms of the molecular interactions between the components of the 

mixture6,7. Further, these measurements are found to be greatly significant in studying the 

structural changes associated with the liquids. They also provide important information about 

the molecular packing and various types of intermolecular interactions and their strength 

influenced by the size, shape and the chemical nature of the component molecules8. A thorough 

knowledge of the thermodynamic and transport properties of the liquid systems is essential in 

many industrial applications such as design, calculation, heat transfer, mass transfer, fluid flow 

and so forth9,10. 
 

           The acoustical and excess thermodynamic properties of the binary liquid mixture of 

Ammonium Hydroxide (NH4OH) with the organic solvent ethanol at the temperatures 313K 

have been studied in the present paper. The liquids under investigation have been chosen on 

the basis of their industrial applications11. The applications of the liquids under investigation 

have greatly stimulated the need of extensive information on the thermodynamic, acoustic and 

transport properties of the liquids and their mixture. On the basis of ultrasonic studies, it is 

interesting to note that the thermodynamic result of the binary mixture gives useful information 

of the molecular interaction12,13. In the present investigation, the acoustical and excess 

thermodynamic properties of Ammonium Hydroxide (NH4OH) with ethanol binary mixture at 

T= 313K & f=1MHz have been studied.  

 

II. EXPERIMENTAL DETAILS 

 

The liquids were of Analar grade and redistilled before use. The  binary mixture of 

different mole fractions of two components namely Ammonium Hydroxide (NH4OH) and 

Ethanol or Ethyl Alcohol (CH3CH2OH) were prepared immediately before use.  For Ultrasonic 

velocity (U) measurement, Ultrasonic Multi frequency Interferometer (Model No. F-83, 

Mittal, New Delhi) was used with an accuracy of ±0.1ms-1 working at fixed frequency 1MHz. 

An electronically and digitally operated constant temperature water bath has been used to 

circulate water through the double walled measuring cell made up of steel containing 

experimental solution at the desired the temperature. The density of pure liquids and liquid 

mixtures was determined using pycknometer by relative measurement method with an 

accuracy of ±0.1Kgm-3. An Ostwald’s viscometer was used for the viscosity measurement of 

pure liquids and liquid mixtures with an accuracy of ±0.001NSm-2. The temperature around 

the interferometer, viscometer and pycknometer was maintained within ±0.1K. All necessary 

precautions were taken to minimise the possible experimental errors. The present work was 

conducted under normal pressure 

 

III. THEORY/FORMULAE 

 

Using the experimental data of U,  and , various acoustical and their excess 

parameters such as a, Lf, Za, Vm,& aE, Lf
E, ZaE and VE

m were calculated by using standard 

equations:- (symbols have their usual meanings) 
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a = 1/ (U2)                            (1)                         

Lf =KT (a)1/2                      (2)  

Za = U.                                   (3)        

Molar Volume (Vm) = M/AB                    (4) 

(Vm) = (MAXA+ MBXB)/ AB                                                                                           
 

Excess parameters (AE) represent the difference between the parameters of real mixtures 

(Aexp.) and those corresponding to an ideal mixture (Aid.). 
 

AE = Aexp. – Aid.                                               (5) 
 

Where Aid. = ∑Ai Xi, i = 1, 2, 3, n.  Ai is any acoustical parameters and xi the mole fraction of 

the liquid components. Where, KT is the Temperature dependent Jacobson's constant in MKS 

system, T is the absolute temperature = 313K. M is the molecular weight, X is weight fraction, 

AB  is the  density of  liquid  mixture.  After calculations, graphs were plotted for adiabatic 

compressibility (a), free length (Lf), Acoustic impedance (Za), Molar Volume (Vm) and their 

excess values verses mole fraction (X) of Ammonium Hydroxide (NH4OH) in Ethanol 

(CH3CH2OH).  

 

IV. TABLES AND GRAPHS 
 

TABLE-1:- Basic Parameters like Density (ρ), Velocity (U), viscosity (η),& adiabatic 

compressibility (βa), Intermolecular free length (Lf) , Acoustic impedance (Za)and molar 

Volume(Vm) of Ammonium Hydroxide + Ethanol at 313K and at 1 MHz  frequency, in MKS 

system 
 

Mole fraction of  

NH4OH in Ethanol 

ρ 

(kg/m3) 

U 

(m/s) 

η*10-3 

(CP) 

βa*10-10 

(Pa-1) 

Lf*10-10 

(m) 

Za*106 

(kg/m2s) 

Vm 

m3/mol 

0.0 822.70 1130.00 0.752 9.777 0.624 0.934 0.05599 

0.1 824.21 1210.00 0.635 9.000 0.630 1.000 0.05455 

0.2 826.56 1305.66 0.510 8.010 0.645 1.100 0.05306 

0.3 828.63 1403.66 0.457 7.100 0.660 1.181 0.05160 

0.4 835.75 1505.66 0.391 6.100 0.680 1.287 0.04984 

0.5 845.45 1601.33 0.320 5.600 0.703 1.407 0.04796 

0.6 850.37 1706.00 0.273 5.101 0.725 1.524 0.04639 

0.7 875.12 1807.66 0.225 4.800 0.750 1.705 0.04382 

0.8 880.18 1903.00 0.190 4.100 0.775 1.900 0.04231 

0.9 900.14 2106.33 0.150 3.900 0.810 2.301 0.04015 

1.0 915.00 2410.00 0.117 3.829 0.907 2.778 0.03829 
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TABLE-2: - Excess parameters such as βa
 E, Lf

E, ZaE and Vm
E of Ammonium Hydroxide + Ethanol 

Binary system at 313K and at 1 MHz frequency 

 

Mole fraction 

of  NH4OH in 

Ethanol 

βa
 E*10-10  

(Pa-1) 

Lf
E*10-10 

(m) 

ZaE*106 

(Kg/m2s) 

VE
m 

(m3/mol) 

0 0 0 0 0 

0.1 -0.1822 -0.0223 -0.1184 0.00033 

0.2 -0.5774 -0.0356 -0.2028 0.00061 

0.3 -0.8926 -0.0489 -0.3062 0.00092 

0.4 -1.2978 -0.0572 -0.3846 0.00093 

0.5 -1.203 -0.0625        -0.4492 0.00082 

0.6 -1.1072 -0.0688 -0.5164 0.00102 

0.7 -0.8134 -0.0721 -0.5198 0.00022 

0.8 -0.9186 -0.0754 -0.5092 0.00048 

0.9 -0.5238 -0.0687 -0.2926 0.00009 

1 0 0 0 0 

 

FIGURES(Graphs): The variations of βa
 E, LfE, ZaE and VmE   w. r. to mole fraction (X) of 

the system: Ammonium Hydroxide + Ethanol at 313K & 1MHz frequency are shown in Figs. 

given below: 

 

               
 

Fig. no.1 Adiabatic comp. (βaE)           Fig. no.2 Free Length (Lf 
E) 

 

             
 

Fig. no.3  Acoustic impedance (ZaE)     Fig. no.4 molar volume (Vm
E) 
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V.  RESULT AND DISCUSSION 

 

The experimentally determined values of density (ρ), viscosity (η), ultrasonic velocity 

(U) and evaluated some of the acoustical parameters such as adiabatic compressibility (βa), 

free length (Lf) , acoustic impedance (Za) and molar Volume (Vm) at 313K & 1MHz frequency 

for the system of Ammonium Hydroxide + Ethanol were listed in Table-1 and the excess 

parameters of adiabatic compressibility (βa), free length (Lf) , acoustic impedance (Za) and 

Free Volume (Vm) are shown in the Table-2. The variations of excess adiabatic 

compressibility (βaE), excess intermolecular free length (Lf
E), excess molar Volume (VmE) and 

excess acoustic impedance (ZaE) with respect to mole fraction (X) of Ammonium Hydroxide 

+ Ethanol binary systems are shown in Figs. From the Table-1, it has been observed that the 

ultrasonic velocity and density increases with increasing the mole fraction of Ammonium 

Hydroxide in ethanol while the viscosity decreases. This may be due to association and dipole 

–dipole interaction between the component molecules. In the present systems, due to thermal 

agitation of component molecules, the inter-molecular interaction becomes weak and this is 

indicated by increase in ultrasonic velocity values.  

In the present investigation, it is observed that adiabatic compressibility decrease and 

free length increase with increase in the concentration of Ammonium Hydroxide in Ethanol. 

The decrease in adiabatic compressibility indicates the enhancement of the bond strength. It is 

also observed that the values of acoustic impedance increase with increase in molar 

concentration of Ammonium Hydroxide in Ethanol. Acoustic impedance Za is resistance part 

of medium of mechanical vibration. This resistance increases proportional to density of 

medium and ultrasonic velocity of sound in medium. This is due to increase in pressure and 

cohesive energy of the system because of strong interaction. The molar volume is observed to 

be decreased. The variations of Adiabatic compressibility (βa) , Intermolecular free length (Lf) 

,molar Volume (Vm) ,acoustic impedance (Za),excess adiabatic compressibility (βaE), excess 

molar volume (Vm
E) , excess free length (Lf

E) and excess molar volume (VmE) with respect to 

concentration (X) of  the binary system: Ammonium Hydroxide + Ethanol at 313K temperature 

are shown in Figs.  
 

            The excess adiabatic compressibility (βa
E) is overall negative over the entire 

composition range of the mixture for the system. The negative values of excess adiabatic 

compressibility indicate that the liquid mixture is more compressible than the pure liquids 

forming the solution and the molecules in this mixture are less tightly bound in the liquid 

mixture. Thus negative value of   excess adiabatic compressibility of this system indicates 

weak interaction between the component molecules and interstitial accommodation of small 

molecules in the voids created by bigger molecules. The excess molar volume (Vm
E) is positive 

for the system over the entire composition range of the mixture. The positive value of excess 

molar volume (Vm
E) for the systems suggests the component molecules are more closed 

together in the liquid mixture than in the pure liquids forming the mixture, indicating that, 

weak attractive interactions between component molecules such as hydrogen bonding and 

dipole-dipole interactions. The variation of excess free length (Lf
E) is negative over the entire 
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range of composition, for the system. The negative value of excess free length (Lf
E) for the 

system, indicate structural readjustment in the liquid mixture toward a less compressible phase 

of fluid and closer packing of the molecule. The excess acoustic impedance (ZaE) is observed 

to be overall negative. 

 

VI. CONCLUSION 

 

The molecular interactions present in Ammonium Hydroxide with ethanol as a solvent 

have been studied by viscosity, density and ultrasonic velocity study. The result indicates the 

existence of molecular interaction between the solute and the solvent in their solutions. The 

result also shows the presence of higher degree of molecular interaction between Ammonium 

Hydroxide with ethanol in solution. The excess thermodynamic parameter such as excess 

compressibility (βa
E), excess free length (Lf

E), excess molar Volume (Vm
E)and acoustic 

impedance (ZaE)  for different mole concentration of solute for the above binary system(X) is 

evaluated and these parameters suggests  the presence of weak molecular interactions 
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