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ABSTRACT 

This work deals with Ultrasonic Studies on Zinc Sulphate in Polyvinyl Alcohol. The velocity, density and 

viscosity studies were carried out on the solutions of Zinc Sulphate in Polyvinyl Alcohol at the temperatures 303 K 

and 318 K. Using these above three parameters, another coefficient values are determined. The ultrasonic velocity 

measurements were made in ultrasonic Interferometer at the frequencies 1 MHz and 3 MHz. Density and viscosity 

of the solutions were made using specific gravity bottle and Ostwald viscometer respectively. The related Acoustical 

parameters were calculated using standard formula. 
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I. INTRODUCTION  

Nowadays, Ultrasonic studies an important tool to find acoustical properties of chemicals. The measurements 

of velocity, density, viscosity and parameters have been used to determine ion-solvent interactions in electrolytic 

solutions (Chen Hou, 2003; Vinod Kumar, 2013). Interactions of molecules depends on solubility and salt 

concentration. Ultrasonic waves can be used in different engineering and medical applications (Shahina Islam, 2004; 

Sangeetha, 2015). Ultrasonic determinations are mainly used in the ionic interaction with poly vinyl alcohol. In this 

paper, I have been studied to determine the density, viscosity and ultrasonic velocity in zinc sulphate solution with 

poly vinyl alcohol at 303K and 318 K. 

 Ultrasonic waves are classified into three categories based on the mode of vibration of the particle in the 

medium, with respect to the direction of propagation of the initial waves. They are as follows; longitudinal wave 

transverse or shear waves surface or Ray Leigh wave’s plate or lamb waves.  

2. MATERIAL AND METHODS 

Zinc Sulphate: The Zinc Sulphate (ZnSO4) is formulated using solid zinc to a copper (II) sulfate solution 

(Mathammal, 2015). The hydrated form (ZnSO4·7H2O), historically known as "white vitriol", is prepared by reacting 

zinc with aqueous sulfuric acid. The Zinc sulfate is a colorless crystalline that is accurate in composition and highly 

water-soluble chemical compound. Zinc Sulphate, a very water soluble, transparent, colorless, crystalline compound.  

 
Polyvinyl Alcohol 

Polyvinyl alcohol has excellent film forming, emulsifying, and adhesive properties (Guru prasad, 2014). It 

is also resistant to oil, grease and solvent. It is odorless and nontoxic. It has high tensile strength and flexibility, as 

well as high oxygen and aroma barrier properties. 

Theory and Determinations: Ultrasonic determinations in aqueous solutions of chemical compounds with 

polyvinyl alcohol gives useful information to understanding the physical – chemical behaviour of the components. 

The strength of ion – dipole interaction fully depends on ion size and nature of the solvent.  

 In this study, I have been made to determine the density, velocity and viscosities of Zinc Sulphate in PVA 

solution at 303 K and 318 K. The density was measured using a specific gravity bottle. The viscosity was measured 

an Ostwald’s viscometer. The accuracy of the density, viscosity and velocity measurement was ± 0.1 kgm-3, ±0.0001 

Nsm-2 and ±0.1 ms-1 respectively. By using these values of ultrasonic velocity, density and viscosity for various 

concentrations of Zinc sulphate in PVA at the temperatures 303 K and 318 K at the frequencies 1 MHz and 3 MHz. 

measured quantities such as adiabatic compressibility. Adiabatic bulk modulus, were calculated using the standard 

formula is shown in the tables.1 to 5, respectively.  

Table.1. Ultrasonic velocities with different concentrations in the solutions of ZnSO4 in PVA at 303K and 

318K temperatures at 1 and 3MHz frequencies. 

Concentration 

(C) moles 

Ultrasonic velocity (V) ms-1 

303 K 318 K 

1MHz 3MHz 1MHz 3MHz 

0.0 1548 1524 1524 1536 

0.2 1550 1548 1532 1548 

0.4 1520 1536 1500 1530 
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0.5 1554 1548 1544 1542 

0.6 1560 1536 1562 1548 

0.8 1524 1530 1553 1542 

1.0 1556 1560 1560 1552 

Table.2. Ultrasonic densities with different concentrations in the solutions of ZnSO4 in PVA at 303 K and 

318 K temperatures 

Concentration 

(C) moles 

Ultrasonic Density (ρ) kgm-3 

303 K 318 K 

0.0 1250.2 1276.8 

0.2 1252.4 1263.8 

0.4 1275.8 1261.8 

0.5 1292.4 1253.8 

0.6 1293.4 1286.4 

0.8 1322.4 1287.2 

1.0 1323.0 1292.0 

Table.3. Ultrasonic viscosities with different concentrations in the solutions of ZnSO4 in 

PVA at 303 K and 318 K temperatures 

Concentration 

(C) moles 

Ultrasonic viscosity (η) Nsm-2 

303K 318K 

0.0 1.0000 1.0000 

0.2 0.7740 0.8263 

0.4 0.6958 0.6960 

0.5 0.6735 0.6668 

0.6 0.6113 0.6658 

0.8 0.5529 0.6400 

1.0 0.4970 0.5631 

Table.4. Adiabatic compressibility with different concentrations in the solutions of ZnSO4 

in PVA at 303K and 318K temperatures at 1 MHz and 3MHz frequencies. 

Concentration 

(C) moles 

Adiabatic Compressibility (β) x 10-10 kg-1m2s 

303 K 318 K 

1MHz 3 MHz 1 MHz 3 MHz 

0.0 3.3380 3.4439 3.3721 3.3197 

0.2 3.3245 3.3321 3.3713 3.3020 

0.4 3.3925 3.3227 3.5223 3.3855 

0.5 3.2050 3.2289 3.3456 3.3564 

0.6 3.1770 3.2770 3.1861 3.2440 

0.8 3.2558 3.2303 3.2211 3.2672 

1.0 3.1219 3.1059 3.1804 3.2133 

Table.5. Adiabatic Bulk modulus with different concentrations in the solutions of ZnSO4 in PVA at 303 K 

and 318 K temperatures at 1 and 3MHz frequencies. 

Concentration 

(C) moles 

Adiabatic Bulk modulus (K) x 109 kgm-2s-1 

303 K 318 K 

1MHz 3 MHz 1 MHz 3 MHz 

0.0 2.9959 2.9037 2.9654 3.0123 

0.2 3.0009 3.0011 2.9661 3.0284 

0.4 2.9476 3.0099 2.8390 2.9537 

0.5 3.1210 3.0969 2.9889 2.9812 

0.6 3.1476 3.0515 3.1386 3.0826 

0.8 3.0713 3.0956 3.1044 3.0606 

1.0 3.2032 3.2196 3.1442 3.1120 
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Figure.1. Ultrasonic velocities with different 

concentrations in the solutions of ZnSO4 with Poly 

Vinyl Alcohol [PVA] at 303K and 318 K 

temperature at 1MHz and 3MHz frequencies. 

Figure.2. Ultrasonic Densities with different 

concentrations in the solutions of ZnSO4 with PVA 

at 303K and 318K temperatures. 

  
Figure.3. Ultrasonic Viscosity (η) with various 

concentrations in the solution of ZnSO4 with PVA at 

303 k and 318k temperatures 

 

Figure.4. Ultrasonic Adiabatic compressibility (βa) 

with various concentration in the solution ZnSO4 

and PVA at 303k and 318k temperature at 1 and 3 

MHZ frequencies 

 
Figure.5. Ultrasonic Adiabatic Bulk Modulus (K) with various concentrations in the solutions ZnSO4 and 

PVA at 303K and 318K temperature at 1 and 3 MHz frequencies 

3. RESULTS AND DISCUSSION 

The Study of Ultrasonic Velocity: The ultrasonic velocity is plotted against concentration in fig.1. At 303 K, it 

increases at concentration 0.2 M and decreases at concentration 0.4 M and reaches a minimum at concentration 0.8 

M. It increases at concentration 0.5 M for the frequency 1 MHz. The same trend is observed for 303 K at 3 MHz 

also. At the temperature 318 K at 1 MHz, ultrasonic velocity increase at concentration 0.2 M and reaches a minimum 

at concentration 0.4 M It further increase at concentration 0.5 M and decreases at concentration 0.8 M . The same 

trend is observed for 318K at 3 MHz also.  

The change in ultrasonic velocity in a particular temperatures, due to increase in mobility of the molecules, 

which may lead to increase cohesion between molecules filling all available free spaces and also suggested the 

presence of strong solute – solvent interaction.  

The Study of Ultrasonic Density: The ultrasonic density is plotted against concentration for different temperatures 

in fig.2. At the temperature 303 K the value of ultrasonic density increases gradually from the concentration 0.0 M 

to 1.0 M. At temperature 318K, the value decreases at concentrations from 0.2 M to 0.5 M. It further increase at 

concentration from 0.6 M to1.0 M.  

The change in density indicates that the structural changes. The density show an increasing trend with 

increase in solute concentration of ZnSO4 in PVA confirms the interaction between the two species.  

The Study of Ultrasonic Viscosity: The Fig.3, shows the plots of ultrasonic viscosity against the concentration for 

the temperature 303 K and 318 K. Ultrasonic viscosity decreases with increasing from the concentrations 0.0 M to 

1.0 M. The same trend is observed for 318 K also.  

The viscosity data indicate the formation of a more rigid structure as a function of concentration. Change in 

Viscosity indicates that the structural Changes. The Viscosity show an increasing trend with increase in solute 

concentration of ZnSO4 in PVA confirms the interaction between the two species. 

The Study of Adiabatic Compressibility: The adiabatic Compressibility is plotted against concentration for 

different temperatures and frequencies in fig.4. At 303 K, adiabatic compressibility decreases and reaches a minimum 

at concentration 0.2 M. It further increases at the concentration 0.4 M and shows further decreases at concentrations 
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from 0.5 M to 0.6 M for the frequency 1 MHz. In the case of 3 MHz the adiabatic compressibility curves decreases 

and reaches a minimum at concentration 0.2 M. It further increase at concentration 0.4 M and decreases at 

concentration 0.6M and increases at concentration 0.8 M and 0.5 M respectively.  

In general the trend is that adiabatic Compressibility decreases with increasing concentration. This signifies 

the stronger binding forces between the solute and the solvent.  

The Study of Adiabatic Bulk Modulus: The adiabatic bulk modulus is plotted against concentration for different 

temperatures and frequencies in fig.5. At temperature 303 K at 1 MHz the value of adiabatic bulk modulus increases 

and reaches a maximum value at the concentration1.0 M and it reaches the minimum at 0.4 M. The value increases 

from concentration 0.5 M to 0.6 M. The Same trend is observed for 303 K at 3 MHz also. At temperature 318 K the 

value of adiabatic bulk modulus increases and reaches a minimum value at Concentration 0.4 M. The value increases 

from Concentration 0.5 M to 0.6 M and at 0.8 M the value decreases, and increases at 1.0 M. This is for the frequency 

at 1 MHz. The same trend is observed for 318 K at 3 MHz also.  

In general trend the adiabatic bulk modulus increases with increasing concentration. This indicates an 

interaction leading to the formation of ionic complex and ion-solvent interaction is very strong. 

4. CONCLUSION 
In this present investigation deals with Ultrasonic Studies on Zinc Sulphate in Polyvinyl Alcohol. The 

ultrasonic velocity, density and viscosity studies were carried out on the solutions of Zinc Sulphate in Polyvinyl 

Alcohol at the temperatures 303 K and 318 K. Using these above three parameters, another coefficient values are 

determined.  

The ultrasonic velocity measurements were made in ultrasonic Interferometer at the frequencies 1 MHz and 

3 MHz. The density and viscosity the solutions were made using specific gravity bottle and Ostwald viscometer 

respectively. The related Acoustical parameters were calculated using standard formula. 

It may be concluded that the solute – solvent interactions exist in the systems of Zinc Sulphate in Polyvinyl 

Alcohol studied and structural changes may occur after about 0.2M concentration. 

The ultrasonic investigations of Zinc Sulphate solutions in polyvinyl Alcohol determined the presence of 

strong ion – dipole interactions. Zinc sulphate solution is both slightly weak and strong interaction with polyvinyl 

alcohol solution due to the repulsion by the election pairs of the ligands. In my conclusion I found that the 

concentration, nature of solvent, nature of the solute and nature of the substituent are playing vital role in finding the 

interactions happening in the solutions.  
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