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ABSTRACT

We have measured ultrasonic absorption and velocity in aqueous solution
of NaTC(bile salt) in water as a function of temperature and frequency.
Ultrasonic absorption measurements have been done in frequency range 5
to 35MHz using pulse-echo technique. Ultrasonic vel ocity measurements
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were performed at fixed frequency 2MHz using interferometric technique.
Relaxation frequencies have been evaluated using experimental data of
absorption at different temperatures. Thelyotropic liquid crystalline phase
dueto micelle formation took place at ~35°C at critical concentration 58.4

gm/1000ml of NaT C inwater.

INTRODUCTION

Ultrasonic absorption and vel ocity studies have
been made in variety of the solidg*?, liquids®4,
glassesd®® and liquid crystal 78 inawiderange of tem-
peraure, frequency etc. usng different theoriesand tech-
niques. Thereare several booksand review articles™
2 'which givedifferent studies of chosenlyotropiclig-
uid crystal systems(NaT C+water). The peculiar beha
viour of compressibility and € ectric conductance have
been reported at the concentration 58.4gm NaT C per
1000ml water at 35°C!¥. Bilesaltsarevery interesting
materials, which are used for formulation of pharma-
ceuticals. Bilesatsused as surfactant, those are meta
bolic by-products. The measurements are useful not
only justification of liquid crystalline state, but alsoin
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medica and biologica applications.
EXPERIMENTAL

H.,O and NaT C were taken as sample materials.
NaTC used in present work was supplied by Loba
Chemielndialtd. of stated purity 97% and 65% bile
acid content. Used H,0O was having 99% purity. No
further purification hasbeen donein NaT C and water.
Samplewas prepared with 58.4gm of NaTC in 1000
ml of water by heating up to 60°C for several hours,
then cooled up to room temperature. Prepared sample
wasof light yellow colour.

For ultrasonic characterization we have measured
theultrasonic velocity inthetemperaturerange 30°Cto
40°C at critical concentration 58.4gms of NaTC in
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1000ml of water using ultrasonicinterferometric tech-
niqueat fixed frequency 2MHz. Thetemperaurevaria
tionisaccurateto +0.5°C and velocity +£0.1%. Ultra-
soni ¢ absorption measurementsof the samplehavebeen
doneat frequenciesSMHz, 10MHz, 15MHz, 25MHz
and 35M Hz between temperature range 30°C to 40°C
using pulse-echotechnique. Weater fromathermostat is
circulated around the sampleto keep thetemperature
constant. Theaccuracy inthe absorption measurement
is+5%. Several known vauesof standard liquidswere
checked, including water so asto have satisfactionin
absorption and vel ocity measurements. The observa-
tionswererepeated severa times.

RESULTSAND DISCUSSION

The measured ultrasonic velocity in the present
sampleusinginterferometric techniqueisshowninfig-
urel. Theultrasonic vel ocity in aqueous sol ution of
NaTC at critica concentration (Figurel) increaseswith
temperatureand hasminimaat 35°C. Thevelocity (V)
iswell rel ated to adliabatic compressibility(E) as. V=(1/
Ep)¥2; where p isdensity. A rapid increasewasfound
intemperaturevariation of adiabatic compressibilityin
present sampleat 35°C19. Thusvel ocity minimaseem
to bejustify by thereciprocal relation between velocity
and compressibility. Theveocity inwater increaseswith
temperature, reaches abroad maximum at 74°C and
decreasesthereafter™. Besidesexceptioninwater, the
velocity inliquidsgeneraly decreaseswith tempera-
ture. The present anomal ous behaviour of ultrasonic
velocity can bequdlitatively explained intermsof the
mol ecul ar associ ation of water with NaTC. Theveoc-
ity minimaat 35°C may beascribed dueto collapse of
hydrogen networksor to asignificant reduction of hy-
drophobicinteraction.

Thetemperatureat which ok/oT ismaximum/mini-
mumand 0?k/0T%=0; k: eectrical conductance, iscdled
astransition temperature. There have beenfound an
anomdousminimainthetemperaturevariaionof k and
therma stability for the present mixtureat 35°C' . This
showsatrangtionfromliquidtoliquid crystalinephase.
A veocity minimumin binary solutionwith temperature
qualitatively explainstheformation of micelleat par-
ticular concentration and temperature™.

The ultrasonic velocity in water at temperatures
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Figure2: (o/f?) vstemperature

20°C, 30°C and 40°C are 1.482x10°m/s, 1.509x10?
m/sand 1.529x10°m/s respectivel yi*419, The present
velocitiesarelarger than these values. In anisotropic/
crystalline solids, theve ocitiesarelarger in compari-
sonto pureliquids. Thuswe can say that larger vel oci-
tiesin the samplemay bedueto itsanisotropic nature
or crystalline phase. Hence the present study of ultra-
sonicvelocity justifiesthat agueous solution of NaTC
undergoesliquidtoliquid crystalline phaseat critical
concentration 58.4gm/1000ml and at critical tempera
ture 35°C duemicelleformation.

Themeasured ultrasonic absorptionin present
sampleisshowninfigures2-3. Thetemperaturevaria-
tion of o/f2 has maximafor each frequency at 35°C.
The ultrasonic absorption (a/f?) isproportional ton/
v3(n: viscosity) for solid/liquids™. Thevariation of ou/f?
with temperatureis oppositein nature with respect to
temperature variation of ultrasonic velocity. Hence
present investigationjudtifiesthere ation(a/f?) oc V-3and
provesthetransition in phase of solution. Theultra-
sonic absorption o inwater at 20°C wasfound 25x10
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Figure4: Relaxation frequency vstemperature

3Np/m, whichisequivaent to 10°Nps’/m at 5SMHz.
Thepresent o/f? islarger than purewater value asre-
portedinliterature®. Thelargevaueof o/f2isdueto
large volumeviscosity caused by mixing of bilesalt
(NaTC). Theviscousmechanismisrelaxationa in na
tureand hasavolumere axationa frequency!*®.

At higher frequenciesit appearsthat the absorption
coefficient should increase, assuming that viscosity re-
mainsconstant whilethefrequency alowedtoincrease.
Thispredictionisgpproximately trueover only alimited
frequency rangefor which theeffectivevaueof viscosity
coefficientissameasthevaueat low frequencies, that is,
under static conditions. Asthefrequency increases, the
effective viscosity decreases monotonically towards
zerd™, Thus a/f? decreases with frequency, wherevis-
cosity isresponsiblefor absorption. Such characteristic
of a/f?vs frequencyisfoundin presentinvestigation (Hg-
ure 3). Thisprovesthat theviscosity of the sampleis
predominant factor for ultrasonic absorption. Hencethe
frequency dependent absorption graph (Figure 3) indi-
catesthat the processof trangitionfromliquidtoliquid
cryddlinephaseisrelaxationd innature, sothesolution
must haveare axationa frequency at each temperature.
Inrelaxationa process, theo/f? followsthefollowingre-
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where : o ultrasonic absorption, f: frequency, f : relaxational
frequency, A: relaxational amplitude and B: constant absorp-
tion at higher frequency.

Thereaxationfrequency for thesampleat eachtem-
perature hasbeen showninfigure4. Therelaxation fre-
guency decreases with temperature and have charac-
teristic maximaat 35°C, whichisanindication of the
phasetrangition caused by themicelleformation.

According to Giglio and co-worker*”*%, long rod
like aggregatesbased on ahelical arrangement of bile
sdt (NaTC) may formin solution causing anisotropic
structurewhen concentration of micellar surfactant ex-
ceedsacertain valueat certain temperature. The phe-
nomenon issupported by maximum ultrasonic absorp-
tionat 35°C(Figure2).

A microscopicinteraction of Nal C moleculeswith
water moleculesgppearsto becriticd parameter to con-
trol thefina ultrasonic absorption. Theeffective ab-
sorptioninthe sample can beexpressed as:

+B (1)

o= otat a, 3)

where o, and o, are contribution of BS (NaTC) and water in
absorption, o, describes the change in the final o-value ow-
ing to a macroscopic interaction. The parameter o, includes
the effect of the modified structure (lyotropicliquid crystalline
nature) of the sample which appears at ~35°C at critical con-

centration.

On the basis of above discussion the ultrasonic
propertiesof the bile salt(NaT C) with water arevery
important to detect thelyotropicliquid crystaline phase
at critical conditions. Behaviour of ultrasonic absorp-
tion and velocity at different conditionswith other ex-
perimental findingsreved sthe qualitativeinformation
about theliquid crystalline phase appearing in the bi-
nary mixture.
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