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Abstract  

Ultrasonic velocity and density of potassium nitrate, potassium iodide, potassium chloride and potassium hydroxide 

solution in polyacrylmaide binary solution has been measured at 303K in different concentration. Ultrasonic velocity has 

been measured using single frequency interferometer at 2 MHz (Model F-81). From the experimental data, other related 

thermodynamic parameters, viz adiabatic compressibility, intermolecular free length, acoustic impedance and surface 

tension are calculated. The compressibility of a solvent is higher than that of a solution and it decreases with the increase 

in concentration of the solution. The abrupt variation of a velocity indicates the formation of complex. The results have 

been discussed in terms of solute-solute and solute-solvent interactions between the component and the compatibility of 

these methods in predicting the interactions in these mistures has also been discussed. 
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Introduction   

In the recent years, there has been an increased interest in 

the physico-chemical properties of aqueous solution in 

polymer media1-3. In the recent years, it has been found that, 

the acoustical properties of solution have to be important 

parameters  in  the  study  of  several  chemical  reactions  and  

in  the  investigation  of  molecular  inter actions.  These 

Parameters are required to compute the internal pressure, free 

volume and other thermodynamic quantities. In many 

industrial applications, liquid mixtures rather than single 

component liquid system are used in processing and product 

formulations. Thermodynamic properties of liquid mixtures 

have been extensively used4-5 to study the departure of a real 

liquid mixture from ideality. The same authors have studied 

the ultrasonic velocity and densities in mixtures of 

polyacrylamide solution in sodium (meta) silicate and potassium 

silicate solutions in different concentrations at 303 K6. The 

interaction of sodium dodecyl sulphate (SDS)/poly (vinyl 

Alcohol) (PVA) solution was studied by ultrasonic velocity 

measurements. The studies on ultrasonic parameters have 

become an emerging field in recent years. The objective of 

ultrasonic studies is to identify the molecular interaction 

between solute and solvent and to bring about the structural 

changes associated with them in terms of acoustic properties like 

sound velocity, adiabatic compressibility and acoustic 

impedance etc. Ultrasonic velocity, density, viscosity in 

mixtures of sodium dodecyl sulphate in polyvinyl alcohol was 

measured over the entire range of composition were studied by 

the same authors7. The present paper deals with further studies 

carried out by the authors on the ultrasonic behavior of potassium 

salts in polyacrylamaide solution at different concentrations. 

Material and Methods 

AR grade of Polyacrylamide (PAM) is used in the present 

study with a molecular weight of 5,000,000 g/mol. 5 gm of 

PAM were dissolved in 500 ml of distilled water to get a 

PAM solution of 1%. Highly purified quality of potassium 

nitrate,  potassium  iodide,  potassium  chloride  and  potassium  

hydroxide were dissolved in distilled  water  at  low temperature 

to get 0.5 N. The potassium salt solution was added with PAM 

in different concentration like 10:90, 20:80, 30:70… and 

ultrasonic parameters were studied.  The total volume of a 

solution should be maintained as 100 ml. For density 

measurements, the liquid mixtures were taken in a 10 ml 

gravity bottle (Borosil).  The bottle was immersed in a water 

bath. In order to obtain a constant temperature, the specific 

gravity bottle was kept inside the water bath for about 30 

minutes.   Finally, the densities of the pure liquids and 

liquid mixtures wee measured using an electronic balance.  

The results of the densities are accurate to ± 0.5%.  Ultrasonic 

interferometer of fixed frequency (2MHz) was used  for  

measuring ultrasonic velocity. (F-81, Mittel Enter Prices, 

New Delhi). Density and ultrasonic velocity were measured 

for the different concentration of the mixed solution at 303K.  

Different acoustic parameters like  adiabatic compressibility, 

acoustic impedance, intermolecular free length and surface 

tension were calculated at different  concentration at 303K 

temperatures. 
 

A quartz crystal is fixed at the bottom of the cell, which 

when excited by RF source produces longitudinal ultrasonic 

waves of particular frequency which propagates in the 

medium. These waves are reflected at the metallic reflector, 

attached to a sensitive micrometer which can be moved up and 
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down. The incident and reflected waves form standing wave 

pattern. By moving the micrometer in the sample, maxima and 

minima are formed which can be observed in the micrometer of 

interferometer. These maxima are separated by half integral 

multiple of the wavelength of the ultrasonic wave. The 

densities at different temperatures were measured using 10ml 

specific gravity bottle and single pan macro balance. The 

uncertainty in density measurements was found to be 0.5kg/m3. 

These parameters are calculated by using standard relations6. 
 

Results and Discussion 

Ultrasonic velocities of potassium salts solutions in 

polyacrylamide solution in different concentration at 303K 

have been determined and are presented in tables 1-4. Ultrasonic 

velocity varies in accordance with molecular interactions in 

solutions. The variation of ultrasonic velocity in a solution  

depends upon the intermolecular  free length (Lf). The 

ultrasonic velocity increases whereas the free length decreases 

and vice versa. Presence of ion alters the intermolecular free 

length.  Therefore, ultrasonic velocity of a binary solution will 

be different from that of the solvent. The minimum value of 

ultrasonic velocity indicates weakening of the molecular 

association at these concentrations. The variations of ultrasonic 

velocity with mole fraction of potassium salt solution at 

different concentrations are shown in Figure 1. It is observed  

that the ultrasonic velocity varies  non-linearly with  

concentration  and a  sudden  decrease at a  particular 

concentration as reported earlier
8-9

. 
 

Density increases with increase in concentration of 

potassium salts in polyacrylamide solution, due to the 

presence of ions or particles. The variations in density with 

increase in concentration are shown in tables 1-4. When an ion 

is added to a solvent, it attracts certain solvent molecules 

towards itself by wrenching the molecular from bulk 

compressibility of a solvent is higher than that of a solution and 

it decreases with the increase in concentration of the solution. 

The deviation in adiabatic compressibility can be explained by 

taking into consideration of the following factor. i. Loss of di-

polar association and difference in size and shape of the 

component molecules which leads to decrease in velocity and 

increase in compressibility. ii. Dipole-dipole interaction or 

hydrogen bonded complex formation between unlike molecules 

which lead to increase in sound velocity and decrease of 

compressibility. 
 

The actual deviation depends on the resultant effect. The 

observed decrease/increase in adiabatic compressibility, 

intermolecular free length, acoustic impedance and relative 

association with composition is an evidence of significant 

interaction between the component molecules in the binary 

mixtures. Adiabatic compressibility (βad) of the solution was 

calculated using the formula- 

 

(βad)=1/(U
2ρ)-                (1) 

 

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

solution. The variation of adiabatic compressibility with the 

mole fraction for all the systems is shown in table 1-4. From the 

data, it is observed that adiabatic compressibility varies non-

linearly with mole fraction of the salts solution. The variation of 

adiabatic compressibility of different potassium salts with 

polyacrylamide solution is shown in figure 2. In this present 

study, adiabatic compressibility is decreases with   increase in 

the potassium salts which may be due to departure of solvent 

molecules around the ions. It means, insolvent  interaction 

increases
9-11

. 
 

Acoustic impedance (Z) was calculated using the formula - 

(Z) = (Uρ)                (2) 
 

The acoustic impedance (Z) also shows the same trend of 

relative association. The variation of acoustic impedance with 

concentration is shown in f igure 3. Acoustic impedance is 

almost reciprocal of adiabatic compressibility.  In this present 

investigation, it is observed that these acoustic impedance (Z) 

value increase with increase in concentration of potassium salts 

in polyacrylamide solution. The linear variation of acoustic 

impedance with concentration confirms the presence of 

molecular association between the solute-solvent molecules. 

Such in increasing trends of impedance further support the 

possibility of molecular interaction between the solute-solvent 

molecules
12,13

. 

 

Intermolecular free length (L ) were calculated using the formula 

– 

(Lf ) = K√βad                 (3) 

 

Where K is the Jacobson’s constant, βad is the adiabatic 

compressibility of the mixed solution. Intermolecular free length 

(Lf) decreases with the increase in concentration of the 

solution. It may be stated that, density and free length are 

inversely related. The intermolecular free length is decrease 

with increase in concentration. The inter molecular free 
length 

has an inverse behavior. The structural changes are also 

found to affect the variation of inter molecular free length. 

An increase in free length produces decrease in ultrasonic 

velocity. The variation of molecular free length of different 

potassium salts with polyacrylamide solution is shown in 

f igure 3. The data shows that, the decrease of free length with 

the increase in concentration of potassium salts and reaches the 

minimum. The existence of minimum free length is an 

indication that the structural readjustment in the liquid mixture 

in the direction of les compressible phase or closer packing of 

molecules. Consequently the ultrasonic velocity increases. The 

sudden increase in free length with decrease in velocity at a 

high concentration of potassium nitrate and potassium iodide 

at a mole fraction of 0.6666 indicates that there is a significant 

interaction present between the solute molecules due to which 

structural arrangements of molecules are considerably affected
14

. 

 

Surface tension (σ) were calculated using the formula- 
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(σ) = (6.3×10
-4

) ρU3/2
               (4)         

 

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

solution. Surface tension is used to study the surface 

composition of aqueous solution of the mixtures. A variation of 

surface tension shows the attractive interactions between the 

two solutions. The surface tension of a liquid mixture is not a 

simple function of the surface tension of the pure Liquids. At 

the interface, there is migration of the species having the lowest 

surface tension, or free energy per unit area, at the temperature 

of the system. This migration at the interface results in a liquid-

phase rich in the component with the highest surface tension and 

a vapor phase rich in the component with the lowest surface 

tension. Surface tension increases with the addition of solute. 

The observation is in accordance with the change in mean free 

length
15

. The velocity, compressibility, impedance and 

molecular free length of all the systems are studied. Potassium 

nitrate and potassium iodide shows a non-linear variation with 

the concentration of solute.  Further, the data have exhibited a 

dip in compressibility, there by indicating the complex 

formation. 

 

The effect of potassium nitrate on the ultrasonic velocity of 

polyacrylamide is illustrated in table 1. So there is oscillation 

with much non-linearity in the results, the general trend appears 

as an increase with increase in the potassium nitrate 

concentration. Hence the inter-chain interaction in 

polyacrylamide may be may be gradually suppressed with 

increase in the concentration of polyacrylamide.  Since in 

polyacrylamide, there is dipole-dipole and Vander walls force of 

interaction.  The former is more affected by potassium nitrate.  

In other words, the increase in the dielectric constant of the 

medium decreases the inter-chain interaction in polyacrylamide 

solution. The effect of potassium iodide on ultrasonic velocity 

of polyacrylamide is illustrated in table 2. There is a gradual 

decrease in velocity was noted within the mole fraction of 

potassium iodide.  Hence potassium iodide might not enhance 

dielectric constant significantly in order to decrease the inter-

chain interaction in polyacrylamide.  Since there is a decrease, 

there must be enhancing interaction in polyacrylamide. The 

effect of mole fraction of potassium chloride inultrasonic 

velocity of polyacrylamide is illustrated in table 3. There is a 

gradual increase in ultrasonic velocity. Hence potassium 

chloride might significantly alter the dielectric constant of a 

medium and suppresses the inter-chain interaction in 

polyacrylamide solution. The effect of mole fraction of 

potassium hydroxide on velocity is illustrated in table 4.  Here 

also, there is increase in velocity with mole fraction of 

potassium hydroxide is noted. From the above discussion it is 

evident that the inter-chain interaction in polyacrylamide is 

strongly influenced by the dielectric constant of the medium. 

 

 

Table-1 

Experimental  values  of  ultrasonic  velocity,  density,  adiabatic  compressibility, acoustic impedance, molecular  free  

length  and  surface  tension  of  potassium nitrate  in  polyacrylamide solution 

 

Mole fraction 

of potassium 

nitrate 

Ultrasonic 

velocity (U)ms
-

1
 

Density 

( ρ) 

kgm
-3

 

Adiabatic 

compressibility 

(βad)10
-10

 

kg
-1

ms
2

 

Acoustic 

impedance 

( Z ) 

kgm
-2

s
-1

 

Free length 

(Lf) 

10
-10 

m 

Surface 

Tension 

(σ) 

Nm
-1

 

0.0526 1519 1017 4.2591 1545326 0.8833 37948 

0.1111 1524 1025 4.2010 1561686 0.8772 38412 

0.1765 1522 1030 4.1891 1568066 0.8760 38545 

0.2500 1532 1031 4.1366 1578431 0.8705 38916 

0.3333 1530 1039 4.1131 1589168 0.8680 39160 

0.4286 1528 1048 4.0854 1601909 0.8651 39449 

0.5385 1539 1054 4.0073 1621405 0.8568 40074 

0.6666 1522 1058 4.0818 1609584 0.8647 39562 

0.8181 1541 1061 3.9718 1634333 0.8530 40413 

1.0000 1554 1063 3.8975 1651078 0.8450 41005 
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Table-2 

Experimental values of ultrasonic velocity, density, adiabatic compressibility, acoustic impedance, molecular free length and 

surface tension of potassium iodide in polyacrylamide solution 

Mole fraction 

of potassium 

iodide 

Ultrasonic 

velocity (U)ms
-

1
 

Density 

(ρ)kgm
-3

 

Adiabatic 

compressibility 

(βad) 10
-10

 

Kg
-1

ms
2

 

Acoustic 

impedance 

( Z )kgm
-2

s
-1

 

Molecular free 

length (Lf)10
-

10
m 

Surface 

Tension (σ) 

Nm
-1

 

0.0526 1516 1031 4.223 1562526 0.87953 38322 

0.1111 1509 1039 4.225 1568300 0.87974 38383 

0.1765 1504 1049 4.214 1578112 0.87855 38555 

0.2500 1508 1058 4.156 1595449 0.87257 39032 

0.3333 1505 1067 4.138 1606067 0.87063 39249 

0.4286 1503 1075 4.117 1615569 0.86847 39463 

0.5385 1504 1084 4.082 1629599 0.86467 39808 

0.6666 1496 1092 4.091 1633851 0.86562 39817 

0.8181 1498 1103 4.042 1651605 0.86047 40272 

1.0000 1517 1012 4.293 1542148 0.88679 11974 
 

Table-3 

Experimental values of ultrasonic velocity, density, adiabatic compressibility, acoustic impedance, molecular free length and 

surface tension of potassium chloride in polyacrylamide solution 

Mole 

fraction 

of potassium 

chloride 

Ultrasonic 

velocity (U)ms
-

1
 

Density 

(ρ)kgm
-3

 

Adiabatic 

compressibility 

(βad)10
-10

 

Kg
-1

ms
2

 

Acoustic 

impedance 

( Z )kgm
-2

s
-1

 

Molecular free 

length (Lf)10
-

10
m 

Surface 

Tension (σ) 

Nm
-1

 

0.0526 1523 1013 4.260 1541749 0.88339 37900 

0.1111 1526 1018 4.218 1553382 0.87900 38233 

0.1765 1530 1022 4.178 1563875 0.87488 38542 

0.2500 1536 1025 4.133 1575163 0.87009 38894 

0.3333 1539 1029 4.105 1582974 0.86712 39124 

0.4286 1546 1032 4.055 1595255 0.86187 39515 

0.5385 1549 1038 4.015 1607523 0.85763 39863 

0.6666 1548 1040 4.011 1610185 0.85720 39915 

0.8181 1555 1044 3.964 1622651 0.85211 40309 

1.0000 1562 1049 3.925 1624502 0.84878 40525 
 

Table 4 

Experimental values of ultrasonic velocity, density, adiabatic compressibility, acoustic impedance, molecular free length and 

surface tension of potassium hydroxide in polyacrylamide solution 

Mole fraction 

of potassium 

hydroxide 

Ultrasonic 

velocity (U)ms
-

1
 

Density 

(ρ)kgm
-3

 

Adiabatic 

compressibility 

(βad)10
-10

 

kg
-1

ms
2

 

Acoustic 

impedance 

( Z )kgm
-2

s
-1

 

Molecular free 

length (Lf)10
-

10
m 

Surface 

tension 

(σ)Nm
-1

 

0.0526 1516 1014 4.288 1537837 0.88633 37727 

0.1111 1523 1015 4.245 1546591 0.88185 38026 

0.1765 1526 1016 4.227 1550390 0.87990 38157 

0.2500 1534 1022 4.158 1567855 0.87273 38687 

0.3333 1537 1025 4.131 1575194 0.86986 38905 

0.4286 1548 1028 4.060 1591143 0.86239 39440 

0.5385 1567 1031 3.951 1615366 0.85076 40282 

0.6666 1572 1035 3.910 1626786 0.84629 40638 

0.8181 1571 1043 3.888 1637507 0.84394 40885 

1.0000 1574 1051 3.815 1645206 0.84021 41305 
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Conclusion 

In this study, the measurement of ultrasonic velocity and other 

acoustical parameters of some potassium salts in 

polyacrylamide solution was studied in different concentrations 

at 303K. The experimental ultrasonic velocity data and other  
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Figure-2 

c compressibility of various Potassium salts in polyacry
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Figure-3 
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In this study, the measurement of ultrasonic velocity and other 

acoustical parameters of some potassium salts in 

polyacrylamide solution was studied in different concentrations 

at 303K. The experimental ultrasonic velocity data and other  

acoustical  parameters  contain  valuable  information  regarding  

the  solute-solvent  interactions  in  the  aqueous

Based on our measurements, it can be concluded that the 

concentration of the potassium nitrate affects the dipole

interaction and also affect the dielectric constant of the solution. 

The concentration of the potassium
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solvent  interactions  in  the  aqueous solutions. 

Based on our measurements, it can be concluded that the 

concentration of the potassium nitrate affects the dipole-dipole 

and also affect the dielectric constant of the solution. 

The concentration of the potassium iodide decreases the inter-
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chain interaction in the binary solution. In conclusion, the 

concentration, nature of the solvent, nature of the solute and its 

potion play an important role in determining the interactions 

occurring in the solutions. Similarly, potassium chloride and 

potassium hydroxide were also affecting the dielectric constant 

of a medium. These conclusions have given scope for further 

studies on the thermodynamic properties for the system. 
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