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ABSTRACT 

Density, viscosity and sound velocity of aqueous solutions of Zinc sulphate and ammonium sulphate with 

ammonium peroxodisulphate are determined at 303K.Applying these determined data acoustical parameters and 

excess acoustical parameters are also computed for different mole fractions. The measured excess parameters are 

excess viscosity, excess adiabatic compressibility, excess intermolecular free length, excess acoustical impedance, 

and excess molar volume. The deviation in the excess parameters such as positive and negative values of excess 

parameters is the strong evidence for the nature of the intermolecular interactions and they have been explained. 
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1. INTRODUCTION 
Ultrasonic characterization methods find wide applications in chemical industry and molecular dynamics. 

Ultrasonic velocity measurements play an important role in study of physicochemical behavior such as nature of 

molecular interaction in pure liquid as well as liquid mixtures. The acoustical properties of liquids and liquid 

mixtures are very important parameters in the study of chemical reactions and in the investigation of molecular 

interactions of the mixtures of aqueous or non-aqueous solutions ultrasonic velocity measurements. Zinc sulphate 

is used as in electrolytes for zinc plating, as a mordant in dyeing, as a preservative for skins and leather and in 

medicine as an astringent and emetic. Ammonium sulphate is primarily used as a fertilizer for soils. It is an 

agricultural spray adjuvant for water-soluble insecticides, herbicides, and fungicides. An attempt has been made in 

this paper to determine various acoustical and excess values of acoustical parameters of the liquid mixtures of 

aqueous ammonium persulphate (APS) with aqueous zinc sulphate(ZNS) and ammonium sulphate(AS).   

 

2. MATERIALS AND METHODS 

Chemicals used in this study were of AR grade and are used without further purification. Ultrasonic speed 

in the liquid mixtures at various concentrations is measured using an ultrasonic interferometer (F-81) with single 

crystal at a frequency of 2 MHz with an accuracy of ultrasonic velocity of ±.02%. Density and viscosity of the 

liquid mixtures were measured using specific gravity bottle and Ostwald’s viscometer respectively. These three 

experimental parameters are used to calculate the acoustical parameters like adiabatic compressibility, 

intermolecular free length, acoustical impedance and free volume for the mixture of aqueous solutions The operated 

temperature for all the measurements was maintained as 303K. 

 

3. RESULTS AND DISCUSSION 

From the measured and calculated acoustical parameters for the excess parameters like excess viscosity 

(E), excess compressibility (E), excess molar volume (Vm
E), excess acoustic impedance (ZE) and excess 

intermolecular free length (Lf
E) are calculated and presented in the table 1&2. The plots (Fig1-4) were drawn 

between the excess parameters and mole fraction. The deviations from the linearity exhibit the presence of strong 

interaction due to adhesive and cohesive forces between unlike molecules of the liquid mixtures. The value of  

Vm E has been found positive in all the concentrations except at 0.8 mole fraction in AS+APS. It is negative in 

Zns+ApS attains negative maximum value at 0.8 mole fraction. The negative values of the molar volume are due 

to dipolar forces which lead strong interaction between solute–solvent molecules.  

The excess values of compressibility, free length follows a same trend in both the mixtures. They are 

maximum in negative at 0.4 and 0.8 mole fractions. It is the evidence for the strong interaction at the concentrations 

between the unlike molecules. The impedance results also confirm strength of interactions between the component 

molecules in the binary mixtures. 
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Table.1.Excess parameters of mixtures of aqueous ZNS with aqueous APS at 303K 

Mole Fraction Ex103Nsm-2 Ex1010Kg-1m s2 Lf
Ex1011m ZEx10-6Kgm-2s-1 Vm

Ex106m3 

0.8772 -0.2111 -0.0153 -0.0085 0.0039 -0.0859 

0.7605 -0.1629 -0.0718 -0.0397 0.0229 -0.9695 

0.6493 -0.1379 -0.0684 -0.0377 0.0207 -0.9984 

0.5435 -0.1709 -0.0622 -0.0343 0.0192 -1.8789 

0.4425 -0.1123 -0.0399 -0.220 0.0126 -1.7185 

0.3460 -0.1361 -0.1080 -0.0596 -0.0068 -2.3362 

0.2538 -0.0855 -0.0803 -0.0442 0.0272 -3.1944 

0.1656 -0.0410 -0.1424 -0.0788 0.0437 -3.3618 

0.0810 -0.0795 -0.1299 -0.0717 0.0370 -3.0237 

 

Table.2.Excess parameters of mixtures of aqueous AS with aqueous APS at 303K 

Mole Fraction Ex103Nsm-2 Ex1010Kg-1m s2 Lf
Ex1011m ZEx10-6Kgm-2s-1 Vm

Ex106m3 

0.9396 -0.0604 0.0414 0.0220 -0.0138 1.6769 

0.8735 -0.0473 -0.0070 0.0026 -0.0015 0.7140 

0.8012 -0.0317 -0.0068 -0.0367 0.0190 0.3808 

0.7215 -0.0646 -0.1002 -0.0538 0.0271 0.5106 

0.6333 -0.0706 -0.1629 -0.0900 0.0410 0.6706 

0.5352 -0.0378 -0.0538 -0.0287 0.0102 1.5199 

0.4253 -0.0143 -0.1162 -0.0629 0.0350 0.0032 

0.3015 -0.0257 -0.0464 -0.249 0.0160 -0.0550 

0.1610 0.0520 -0.3342 -0.1862 0.1664 -12.8305 

 

 

      
 

Fig.1.Excess molar volume with mole fraction              Fig.2.Excess compressibility with mole fraction 

           of Zns & As with APS at 303 K                                       of Zns &As with APS at 303 K 
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Fig.3.Excess free length with mole fraction                 Fig.4.Excess impedance with mole fraction 

          of Zns &As with APS at 303 K                                       of Zns &As with APS at 303 K 
 

4. CONCLUSION 

Ultrasonic measurements have been applied to assess weak and strong molecular interactions of the 

mixtures of aqueous solutions of ZnS+APS and AS+APS. Negative deviations in the excess values of free length, 

molar volume, compressibility and impedance of Zns+APS mixture shows that the intermolecular interactions are 

strong in these mixtures and it may be due to dipole – dipole and dipole induced–dipole interaction.  
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