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VELOCITY OF ULTRASONIC WAVES IN SOLUTIONS
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ABSTRACT. An oquation for tho velocily of nltrasonic waves in solutions of electrolytes
has been doveloped on the basis that eloctrostatic forces hetwoen tho 10ns merease the pressure
wheroby the volume olasticity 18 meroased, meionsmg the velocity.

Mohanty and Deo (1955) published their results on ultrasonic volocities in zine
and magnesium sulphato solutions at different concentrations and over different
ranges of temperatures. Similar experimental results published by Kirishna-
murthi (1950, 51) are available for solutions of electrolytes like potassium odide,
potassium bromide, potassium fluoride, sodium fluoride, godjum nitrate, potassium
nitrate, strontium nitrate and barium nitrate.

Whoreas it is easier 10 cxplain the variation of ultrasonic velocities in\case
of solutions of non-electrolytes, the treatment becomes extremely difficult for
solutions of eloctrolytes.

Salts are jonised in solution and consequently the electrostatic forces exerted
by the ions causc an extra local pressure and since the pressure of the liquid is
increased, the lignid becomes harder to compress, i.e., the compressibility f or

— DZ; decreases. In other words, we may also say that back and forth motions

of the particles or the ions are guided by two forces; firstly, the normal pressure
P experienced by the particles as if the salt was non-ionised and secondly, the
pressure P’ due to the eloctrostatic forces in case of electrolyles. These two
pressures combined together, contribute towards the compressibility of, or the
velocity in, the solutions of tho electrolytes. From the equations,

I = 2mvVdA? .. ()
z = 2mvA v (2)
P :—{5 z . (Bl
we may write,
- P 1)
v 2Id
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where I i8 the intensity of ultrasonic waves in ergs/sec/sq. cms. v is the frequency;
V is the velocity of the waves in the medinm, d is the density of the solution; 4
18 the maximum particle displacement ; zis particle velocity; X is the volume
elasticity.

As already stated this pressure p is the sum of tho two pressures P and P’
and equation (4) may be written as,

v= AP . ()

Now P’ may be calculated as given below The potential of an ion m solu-
tion may be writlen from Debye-Huckel theory of electrolytes as

Zcx
D .. (6)

where Zi is the valency of an ion, ¢ 18 electronic charge, D is dielectric constant
of the medium and

=F

S, 72\
x=( e n, ,,) W)

(where & is Boltzmann constant given by ‘g; N bemy the Avogadro number and

R the gas constant, 7' is temperature, n, is the number of jons per c.c. of
kind.

Trom the well known laws of electrostatics the forco per unit area between
two chargod particles at a potential difference of ¥ is given by

: Dy
force per unit area = Y
m

where D is the dielectric constant of the medium. Hence force per unit area, i.c.
pressure is given by

T Zex \?
oo
Pr= g
22632 . @®
8nD @

Thus from equations (5) and (8)
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Equation (9) may- be simplified with the help of the following equations,

NC, _
Tooh = ™ .. (10)
£C, 22 =2 e (11)

where C, is the number of gm. ions per litre ; 4 is ionic strength.

The final form of the equation may be writlen as,

Vi R + BZ2 (2p)
@Iayp T DT(Id) e (12)
|
where B= — ,ﬂ',d?*
1000 . 24/2R

Assuming the pressure P in equation (12) to be constant (this mcludes one
constant. term and the other term for osmotic pressure which can be expanded
for accuracy) to an extent of approxunation, equation (12) ropresents a straight
line. In figuro 1 we have plotied (V .d)} against p (lonic strength) from the

(v d)%
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Fig. 1.

data published by Mohanty and Deo (loe. cit), for zinec and magnesium sulphate.
The graphs are straight lines. It is interesting to note, as is expected from our
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equation, that the slopes of the straight lines for the two electrolytes are almost
the same. '
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