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Abstract
The ultrasonic velocity of solution of dysprosium myristate and state soaps in methanol have been
measured at constant temperature and results have been used to evaluate the various acoustic
parameters. The result shows that ultarasonic velocity molar sound velocity density and specific
acoustic impedence increases but adiabatic compressibility and intermolecular free length
decreases with increasing soap concentration. The values of solvation number are almost constant
for dilute solution but decreases rapidly above the critical micelle concentration with increasing
soap concentration. The apparent molal compressibility and apparent molal volume of dysprosium
soap solution in methanol vary linearly below the CMC.
Key Words: Ultrasonic velocity, adiabatic compressibility, intermolecular free length, specific
acoustic impedence, solvation number.
I. Introduction
The studies[1-4] on higher rare earth metal carboxylate have not been carried out
systematically so far although these metal carboxylates have found wide applications in various
industries. The complimentary use of apparent molal compressibility and adiabatic compressibility
data can provide interesting information an ion-solvent interaction and the structure of the solution.
Several workers [1-14] have used ultrasonic velocity measurements for the determination of ionsolvent interaction and the solvation numbers obtained by this technique were found to be in
agreement with those computed by other techniques.
II. Experimental
All chemicals used were of BDH/AR grade, Dysprosium soaps were prepared by direct
metathesis of corresponding sodium soap with slight excess of aqueous solution of dysprosium
nitrate at 50-550C. the purity of the soaps was checked by the determination of melting point
myristate of 1120C and stearate 880C. the absence of hydroxyl groups in these soaps was confirmed
by IR spectra.
The ultrasonic velocity of the soap solutions was measured with a multi-frequency ultrasonic
interferometer (Mittal Enterprises, New Delhi) at a frequency of 1 MHz at constant temperature.
III. Results and Discussion
The ultrasonic velocity of dysprosium solutions in methanol at different concentration are
given in Fig. 1.
For any homogeneous dissipative fluid system, the ultrasonic velocity (v) of a compressional
acoustic wave is related to the density (ρ) and adiabatic compressibility (β) by the relationship
v = (ρβ)-1/2
Adiabatic compressibility is calculated for solutions of dysprosium soap solutions of different
concentrations from ultrasonic velocity values and presented in Table1 & 2.
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The results indicate that the density increases but adiabatic compressibility decreases with
soap concentration. These soaps behave as weak electrolytes and ionize. The ions in solution are
surrounded by a layer of oriented solvent molecule firmly bound. The increase in internal pressure
results in lowering of the compressibility of the soap solution. This explains the lowering of
compressibility of the soap solution. This explains the decrease in β with concentration.
The decrease in the intermolecular free length (Lf = kβ1/2) is due to the decrease in the
compressibility with increasing soap concentration (Table 1 & 2). The plots of intermolecular free
length vs soap concentration which corresponds to CMC of the soap (Fig. 2.1 and 2.2).
The plots of specific acoustic impedance Vs soap concentration show break at a definite soap
concentration which corresponds to the CMC of the soap.
The increase in the values of specific acoustic impedance, z, with the soap concentration, c,
may be due to interaction between the soap and solvent molecules which increases with
intermolecular distance making relatively wider gaps between the molecules and becoming the main
cause of impediment in propagation of ultrasonic waves.
The apparent molal properties are found to be dependent on the concentration of the
solutions. The apparent molal compressibility φk can be expressed as:
φk = 1000/cρ (ρ0β-β0ρ) + µβ0/ρ0
where M is the molecular weight of the soap. The value of φk increase with increasing soap
concentration and also the molecular weight of the soap molecule.
The adiabatic compressibility data have been used to determine the solvation number of the
soap by assuming that the ions and the solvent molecules in immediate contact are compressible.
This is because the ions add some electrosatatic stiffing on the adjacent solvent molecules which is
considered to be equivalent to a large internal pressure an these molecules. Pasynkic [16] defined the
solvent number Sn and the number of solvent molecules present in the primary solvent sheath and is
given by the relationship.
Sn = (n1/n2) (1-Vβ/n1V0β0)
Where V is the volume of solution containing n2 moles of solute and V0 is the molar volume
of the solvent. The results show that the solvation number decreases with increasing concentration
and increases with the molecular weight of the soap. The higher values of the solvation number are
in agreement with the results reported by Padmini and Rao [17] for cobalt acetate.
The plots of ultrasonic velocity vs concentration [Fig 1.1 and 1.2] shows that it consists of
two straight lines intersecting at a point. The slope of this is positive, in agreement with the
behaviour reported for electrolytic compounds [18, 19].
The values of molar sound velocity, R increase linearly with increasing soap concentration
and chain length of soap molecules (Table 1 & 2).
The linear part in lower concentration range represents normal solution of the soap; the point
of intersection represents CMC. The value of CMC decreases with the molecular weight of the soaps
(Table 3). The linear increase in V with C can be represented by the equation [20].
V-V0 = GC
Where G is the Garney’s constant. The value of G has been calculated from the slope of the
linear graph (Fig 1) and found to increase with the molecular weight of the soap (Table 3).
The adiabatic compressibility, β, of the dilute solution of dysprosium soaps is found to obey
Bachem’s [21] relationship.
β=
β0 +AC + BC3/2
where A and B are constants and C is the concentration of soap solution. The values of A for
dysprosium soaps increase while B decrease with the increase in atomic mass of metal ion in the
soap (Table 3)
The values of limiting apparent molar compressibility φk have been obtained by extrapolating
the linear portion of the plots of φk vs C1/2 and found to increase with molecular weight if the
dysprosium soap (Table 3). The values of φk are negative for all the solutions.
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