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Abstract: Experimental values of density, viscosity and ultrasonic velocity of binary mixtures of 

polymethylmethacrylate with acetic acid studies have been carried out over entire concentration 

range 0.3% to 1.0% at 55 ºC temperature are reported. The measurements were carried out at 1 MHz 

frequency. From these different acoustical parameters adiabatic compressibility, acoustic impedance 

and intermolecular free length have been calculated by using measured values of ultrasonic speed, 

density and viscosity. The solute and solvent interactions are discussed. 
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Introduction 

Ultrasonic
1,2 

volumetric
3
 and viscometric

4,5
 properties of binary liquid mixtures have been 

investigated by a number of researchers over the past several years. The extensive use of 

polymeric materials in technology has necessitated investigations of the molecular 

investigations of the molecular interactions of polymers and solvents
6-10

. The ultrasonic 

technique is powerful and effective tool for investigation of polymer solutions and behavior 

of polymer chain in an ultrasonic field. In chemical industry, knowledge of the 

thermodynamic properties of non-electrolyte solutions is essential in the design involving 

chemical separation, heat transfer, mass transfer and fluid flow. The ultrasonic investigation 

finds extensive application in the characterizing aspects of the physiochemical behavior of 

liquid mixtures. Mixed solvents, rather than pure solvents find practical applications in most 

chemical processes, their properties are less known
11-12

. Derived parameters from ultrasonic 

speed measurement and the corresponding excess functions provide qualitative information 

regarding the nature and strength of interactions in liquid mixtures. 

 Ultrasonic waves can propagate through matter and therefore they can be used for 

detecting the discontinuities present in cast or forged materials
13

. The extensive uses of 

polymeric materials in technology have prompted ultrasonic studies to help to understand 

the structures of polymers and molecular interactions in solutions that provide knowledge on 

the solvophilic or solvophobic nature of polymers
14-17

. 
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Experimental 

In the present investigation liquid solution of polymethylmethacrylate (of molecular weight 

≈15,000 in solid form) with acetic acid is used. The solutions were prepared by adding 

known weight of polymethylmethacrylate to fixed volume of acetic acid and stirring under 

reflex, until a clear solution was obtained. The concentration range studied in the solution is 

0.3%-1.0% (v/v). Different acoustical parameters like adiabatic compressibility, acoustic 

impedance and intermolecular free length were calculated at different concentration like 

1.0%, 0.8%, 0.6%, 0.5%, 0.4% and 0.3% and at 55 ºC temperature at 1 MHz. The ultrasonic 

speeds were measured by using variable path ultrasonic interferometer with reproducibility 

of ±0.4 m/s at 35 
o
C. The temperature of the solution has been kept constant by circulating 

water from the thermostatically controlled (±0.1 
o
C) water bath. The densities at different 

temperature were measured using10 mL specific gravity bottle and single pan microbalance. 

The uncertainty in density measurements was found to be about 0.5 kg/m
3
. The viscosity of 

the mixtures was determined by using Ostwald’s viscometer, which was kept inside a double 

walled jacket, in which water from thermostat water bath was circulated. Inner cylinder of 

this double-wall-glass jacket was filled with water of desired temperature so as to establish 

and maintain the thermal equilibrium. The accuracy in the viscosity measurements is within 

±0.5%. These parameters are calculated by using standard relations
18,19

. 

Results and Discussion 

Densities, viscosities and ultrasonic velocities of polymethylmethacrylate are shown in 

Tables 1 to 3 and Figure 1 to Figure 3 respectively. Table 1 and Figure 1 represent the 

variation of density of polymethylmethacrylate with concentration at 55 
o
C temperature. It is 

clear from Figure 1 that density increases with increase in concentration this behavior is in 

agreement with the results reported by other workers
20

. Table 2 and Figure 2 show that, 

viscosity increases with increase in concentration of polyvinyl alcohol in the solution. 

Present dependence is in accordance with the reported by other workers
21

. The variations of 

ultrasonic velocity with temperature and concentration have been shown in Table 3 and 

Figure 3. Ultrasonic velocity increases with increase in concentration of PMMA in the 

solution. It is evident from our investigation that our present results are in good agreement 

with the results reported by others workers
22

. Variation of adiabatic compressibility with 

concentration is shown in Table 4 and Figure 4. It is evident that adiabatic compressibility 

decreases with increase in concentration of polymethylmethacrylate in solution. Table 5 and 

Figure 5 depict the variation of acoustic impedance with concentration. It increases with 

increase in concentration of polymethylmethacrylate in the solution. Variation of 

intermolecular free length with concentration is presented in Table 6 and Figure 6 which 

shows that it decreases with increase in concentration of PMMA in solution.  

Table 1. Density (x10
3
kg/m

3
) of polymethylmethacrylate (PMMA) with concentration at 

55 
o
C temperature and at 1 MHz frequency 

Concentration, % Density, kg/m
3
 

1.0 0.9999 

0.8 0.9996 

0.6 0.9994 

0.5 0.9992 

0.4 0.9991 

0.3 0.8926 
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Figure 1. Variation of density with concentration at 55 
o
C 

Table 2. Viscosity (x10
-1

Pa.s) of polyvinyl alcohol (PVA) at different temperature and 

concentration at 1 MHz frequency 

Concentration, % Viscosity, Pa.s 

1.0 0.078 

0.8 0.067 

0.6 0.059 

0.5 0.048 

0.4 0.045 

0.3 0.043 

 

 

Figure 2. Variation of viscosity with concentration at 55 
o
C 

Table 3. Ultrasonic velocity (m/s) of with concentration at 55
o
C temperature and at 1 MHz 

for polymethylmethacrylate (PMMA)- 

Concentration, % Ultrasonic velocity, m/s  

1.0 1482.5 

0.8 1473.4 

0.6 1468.3 

0.5 1466.8 

0.4 1464.6 

0.3 1459.0 

 
 

 

Figure 3. Variation of ultrasonic velocity with concentration at 55 
o
C 
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Table 4. Adiabatic compressibility (x10
-10

kg
-1

ms
2
) with concentration at 55 

o
C temperature 

and at 1 MHz for polymethylmethacrylate (PMMA)-      

Concentration, % Adiabatic compressibility, kg
-1

ms
2
 

1.0 6.78 

0.8 6.92 

0.6 7.15 

0.5 7.17 

0.4 7.28 

0.3 7.61 

 
 

 

Figure 4. Variation of adiabatic compressibility with concentration at 55 
o
C 

Table 5. Acoustic impedance (x10
3
kgm

2
s

-1
) with concentration at 55 

o
C temperature and at 

1 MHz for polymethylmethacrylate (PMMA)  

Concentration, % Acoustic impedance, kgm
2
s

-1
 

1.0 1220 

0.8 1194 

0.6 1189 

0.5 1186 

0.4 1170 

0.3 1165 

 
 

 
Figure 5. Variation of acoustic impedance with concentration at 55 

o
C 

Table 6. Intermolecular free length (x10
-13

m) at different temperature and concentration at   

1 MHz for polymethylmethacrylate (PMMA)- 

Concentration, % Intermolecular free length, m 

1.0 3.568 

0.8 3.575 

0.6 3.620 

0.5 3.625 

0.4 3.630 

0.3 3.758 

 1        0.8      0.6      0.5     0.4      0.3     

7.4

7.8

7.6

7.2

7

6.8

6.6

Concentration, % 

A
d

ia
b

at
ic

 

co
m

p
re

ss
ib

il
it

y
 

55 

A
co

u
st

ic
 i

m
p

ed
an

ce
 

55 

Concentration, % 

 1        0.8      0.6      0.5      0.4       0.3     

1230

1210

1190

1170

1150



Chem Sci Trans., 2019, 8(1), 43-47                    47 

 
 

 

Figure 6. Variation of intermolecular free length with concentration at 55 
o
C 
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