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Acoustic Behaviour of Dysprosium Soapsin Methanol
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The studies of ultrasonic velocity in solutions of dyspro-
sium butyrate and vel erate soaps in methanol 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 compress-
ibility and intermolecular free length decreases with increas-
ing soap concentration. The values of solvation number are
almost constant for dilute solution but decreasesrapidly above
thecritical micelle concentration (CM C) 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 compressibil-
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INTRODUCTION

The complimentary use of apparent molal compressibility and
adiabatic compressibility data can provide interesting information an ion-
solvent interaction and the structure of the sol ution. Severa workers'® have
used ultrasonic velocity measurements for the determination of ion-sol-
vent interaction and the solvation numbers obtained by thistechnique were
found to be in agreement with those computed by other techniques.

EXPERIMENTAL

All chemicals used were of BDH/AR grade, Dysprosium soaps were
prepared by direct metathesis as described earlier™®. The solutions were
prepared by dissolving known weight of the soap in methanol and were
kept for 2 h in a thermostat at 40 £ 0.05°C and then used for velocity
measurements. The ultrasonic vel ocity of the soap solutions was measured
with a multi-frequency ultrasonic interferometer (Mittal Enterprises, New
Delhi) at afrequency of 1 MHz at constant temperature.
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RESULTSAND DISCUSSION

The ultrasonic velocity of dysprosium solutionsin methanol at differ-
ent concentration are givenin Fig. 1.
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Fig. 1. Ultrasonic velocity vs. concentration of dysprosium soaps in methanol

For any homogeneous dissipative fluid system, the ultrasonic velocity
(v) of a compressional acoustic wave is related to the density (p) and
adiabatic compressibility () by the relationship

v=(pR)*

Adiabatic compressibility iscalculated for solutions of dysprosium soap
solutions of different concentrations from ultrasonic velocity values and
presented in Tables 1 and 2.

The resultsindicate that the density increases but adiabatic compress-
ibility 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
explainsthelowering of compressibility of the soap solution. Thisexplains
the decease in 3 with concentration.

The decrease in the intermolecul ar free length (L = kBY?) isdueto the
decreasein the compressibility with increasing soap concentration (Tables
1 and 2). The plots of intermolecular free length vs. soap concentration
which corresponds to CMC of the soap (Fig. 2).
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Fig.2 Intermolecular free length vs. concentration of dysprosium soaps in methanol

The plots of specific acoustic impedance vs soap concentration (Fig.3)
show break at adefinite soap concentration which correspondsto the CMC
of the soap.
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Fig.3 Specific acoustic impedance vs. concentration of dysprosium soaps in methanol
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The increase in the values of specific acoustic impedance, z, with the
soap concentration, ¢, may be due to interaction between the soap and
solvent molecules which increases with intermolecular distance making
relatively wider gaps between the molecul es 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 mola compressibility @ can
be expressed as:

@ = 1000/cp (PofB-Bop) + HBo/Po
where M isthe molecular weight of the soap. The value of ¢k increase with
increasing soap concentration and aso 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
moleculesin immediate contact are compressible. Thisis becausetheions
add some el ectrosatatic stiffing on the adjacent solvent moleculeswhichis
considered to be equivalent to alargeinternal pressure on these molecules.
Pasynkic™ defined the solvent number S, and the number of solvent
molecules present in the primary solvent sheath and is given by the
relationship.

Sq = (n1/n2) (1-VB/n1VoBQ)
where V isthe volume of solution containing n, moles of solute and Vo 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
arein agreement with the results reported by Padmini and Rao™ for cobalt
acetate.

The plots of ultrasonic velocity vs concentration (Fig. 1) showsthat it
consists of two straight lines intersecting at a point. The slope of thisis
positive, in agreement with the behaviour reported for electrolytic
compounds'®*,

The values of molar sound velocity, R increase linearly with increas-
ing soap concentration and chain length of soap molecules (Tables 1 and
2).

The linear part in lower concentration range represents normal solu-
tion of the soap; the point of intersection represents CMC. The value of
CMC decreases with the molecular weight of the soaps (Table-3). Thelin-
ear increase in V with C can be represented by the equation®.

(V-Vg) =GC
where G isthe 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).
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TABLE-3
CMC AND VARIOUS OTHER ACOUSTIC CONSTANT OF DY SPROSIUM
SOAPSIN METHANOL AT 40 + 0.05°C

S Nameof CMC  SAWYS Constant Constant giox o
No. theSosp (gmolLY) 7% Ax10" Bx10" 10 A

1 Buyrae 0021 195 20  +1/5 65 122

2 Vdeae 0018 277 72 +125 94 242

The adiabatic compressibility, (3, of the dilute solution of dysprosium

soaps is found to obey Bachem’s'® relationship.

B= Bo+AC + BC*
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 @ have been
obtained by extrapolating the linear portion of the plots of ¢, vs. C¥? and
found to increase with molecular weight if the dysprosium soap (Table-3).
The values of ¢ are negative for all the solutions.
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