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From the experimental data on the ultrasonic velocity and viscosity of thorium nitrate, 
lanthanum acetate and lanthanum chloride, it has been found that the product of adiabatic 
compressibility and viscosity is fairly constant over the concentration range studied. From those 
data the relation between ultrasonic velocity and viscosity has been derived which can explain 
the variation in sound velocity with the concentration.

Prakash and Srivastava,1) from their ultrasonic 

velocity and viscosity measurements in aqueous
1) S. Prakash and S. P. Srivastava, Indian J. Chem., 

2, 499 (1964).
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solutions of silver nitrate, have explained the de-

crease in sound velocity with the concentration as 

due to the relative variation in density and vis-

cosity parameters. These conclusions were drawn 

from an empirical equation obtained from the 

experimental data on sound velocity and viscosity 

in aqueous solutions of silver nitrate. Here in 

this present work we have again found that the 

variation in ultrasonic velocity with the concentra-

tion can be explained on the basis of the proposed 

empirical equation. No theoretical explanation of 

this relation can, however, be given at this time. 

Experimental

Ultrasonic velocities at the frequency of 5 Mc./sec. 
have been measured by the light diffraction method 
introduced by Debye and Sears.2) The source of the 
ultrasonic waves was a generator comprising of an 
oscillator and a quartz transducer unit, operating at 
either of two frequencies, 1 Mc./sec. or 5 Mc./sec. The 
output of sound energy at 5 Mc./sec. was 3.5 W.; all 
the work was done at this frequency. 

Solutions of thorium nitrate, lanthanum acetate and 
lanthanum chloride were prepared by dissolving pure 
substances (B. D. H. analar) in doubly-distilled water. 
The densities of these solutions were measured with 
the help of a relative density bottle, while the viscosities 
were measured with an accurate Ostwald viscometer. 
The errors in the measurement of the density and vis-
cosity were 0.02 and 0.4 per cent respectively. The
adiabatic compressibility,β, was calculated using the

equation:

where V is the ultrasonic velocity and p, the density

of the solution. 
The probable errors involved in the measurement of 

sound velocity and adiabatic compressibility are 0.13 
and 0.24 percent respectively. 

Results and Discussion 

Several workers have reported that the presence 

of a heavy or complex ion in a solution decreases 

the ultrasonic velocity. Here thorium nitrate, 

lanthanum acetate and lanthanum chloride all 

have a heavy ion; nevertheless, it is interesting to 

note, the ultrasonic velocity does not decrease, 

but instead increases linearly with the increase 

in concentration. 

Whenever an electrolyte is dissolved in water, 

its compressibility is decreased. This lowering 

in compressibility may be attributed due to the 

influence of the electrostatic pressure of the ions 

on the surrounding water molecules, thus increas-

ing the total internal pressure and making the 

solution harder to compress. The variation of 

adiabatic compressibility in all the cases is quite

normal. It decreases regularly with the increase 

in concentration. 

The values of the velocity, adiabatic compres-

sibility, density and viscosity are given in Tables 

I, II and III.

TABLE I. THORIUM NITRATE

TABLE II. LANTHANUM ACETATE

TABLE III. LANTHANUM CHLORIDE

From the last column of the tables it can be seen 

that the product of adiabatic compressibility and 

viscosity is fairly constant over the concentration 

range studied. The average value of the constant

is 43.38 × 10-12 cm2/dyne.

It follows, therefore that:
2) P. Debye and F. N. Sears, Proc. Natl. Acad. Sci., 

U. S., 18, 410 (1932).
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By combining the equation with the well-known 

equation:

we have:

(2)

or:

or:

(3)

where K ' is another constant equal to 1/1/K.
By differentiating Eq. 3 with respect to the con-

centration, we get;

(4)

This equation indicates that the variation in 

the ultrasonic velocity depends upon the magnitude 

of the viscosity and density parameters. Equa-

tion 4 can explain the anomalous variation in 

ultrasonic velocity with the concentration. Prakash 

and Srivastava') have explained the decrease in 

ultrasonic velocity in aqueous solutions of silver

nitrate as due to the value of 1/p,。-dp/dC being

greatcr than 1/η ∞・dη/dC

The increase in ultrasonic velocity in thorium 

nitrate, lanthanum acetate and lanthanum chloride 

solutions can also be explained, on the basis of 

the above equation, as being due to the greater

value of 1/η ∞・dη/do than 1/ρ ∞・dρ/dC.

These experimental results indicate that the 
variation in ultrasonic velocity with the concentra-
tion is governed by two factors, the viscosity and 
the density of the medium. 
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