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ABSTRACT

The ultrasonic vel ocity and the attenuation in the n-cetyl-N, N, N-trimethyl-
ammonium bromide(CTAB)+decanol +water lyotropic systems have been
measured at different physical conditions like temperature, frequency of
the wave and concentration of the componentsin the solution. The criti-
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cal temperature and the critical concentration of the component were
determined 35°C and 0.5 wt% of CTAB in the solution respectively for the
formation of liquid crystalline phase. The characteristics and peculiarities
of specific textures, which were spontaneously formed, have been dis-

cussed correlating with the other studies.
© 2007 Trade Sciencelnc. - INDIA

INTRODUCTION

Liquid crystal shaving anisotropy of physical prop-
ertiesdisplay alargenumber of mesophases. Liquid crys-
talinemesophaseswerecharacterized by different struc-
turesand different spatid symmetriesthereforedisplay a
gresat variety of textures. These possessdifferent mor-
phological, optica and structural peculiarities1,

Extensive studieson ultrasonic absorptionand dis-
personinsolidg2®, liquidg'®9, glasses®2, nematic
liquid crysta$%2%, smectic-A liquid crystd §%2, cho-
lestericliquid crystad 2= and lyotropicliquid crysta 93+
“ arereportedintheliterature. Inmost of the cases, the
phenomenacf ultrasonic attenuationwerewd | explained.
Different investigatorshavetried with different theories
and techniquesto explain ultrasonic behaviour inbinary

lyotropicliquid crystds, but inliteraturefew sudieshave
beenfoundto explain theultrasonic propertiesof ternary
lyotropicliquid crystal systemd®!. Intheknowledge of
authors, no ultrasonic studiesof ternary lyotropicliquid
crystd sysemg CTAB+Decanol+water) wasfoundinlit-
erature,

Theliquid crystalscan beclassfiedintotwomain
categories, thermotropic and lyotropicliquid crystals.
Thermotropictransactionsoccur inmost liquidsand they
aredefined by fact, that thetrangtionstotheliquid crystal
areinducedthermaly, whilelyotropicliquid crystd tran-
sition occur withinfluence of solvent, not only by the
changeintemperature.

Inthe present investigation, we have studied the
liquid crystdlinebehaviour of n-cetyl-N, N, N-trimethyl-
ammonium bromide (CTAB)+decanol +water system.
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Ultrasonic absorption measurements have been made
asafunction of concentration, temperature and fre-
guency. Theultrasonic vel ocitieshave a so been mea
sured at different concentration and temperatureat fre-
quency 2MHz. Thesgnificant featuresof the observa
tion arediscussed.

EXPERIMENTAL

The CTAB, usedinthe present investigation were
supplied by Loba ChemmielndiaLtd and has stated
purity 99%. Decanol, used asdiphatic a cohol wassup-
plied by Johnson M atthey company and has stated pu-
rity 99%. Thewater used asmain solvent, wasdistilled
and dei onized twice and was 99.9% pure. The 100ml
of solvent has4% decanol and 96% water respectively.

The velocity measurements have been madeby a
standard variable path interferometer technique at
2MHz. The temperature variation was accurate to
+0.5°C and vel ocity to +0.1%. For the ultrasonic char-
acterization, we have measured the ultrasonic vel ocity
inthetemperature range 25°C to 45°C at the concen-
trations 0.1wt%to 1.25wt% of CTAB inthesolution.
The concentration dependent ultrasonic vel ocities at
temperature 25°C are shown infigure 1. Variation of
theultrasonic velocity withtemperature at thecritical
concentration 0.5wt% of CTAB isshowninfigure 2.

Standard pul se-echo technique(PET) hasbeenused
for ultrasonic absorption measurementsat different fre-
guencies. Theultrasonicintensity decreases exponen-
tidly withthepath length. Thustheintensity at particu-
lar distancebetween the quartz crystal and thereflector
intheexperimenta arrangement can bewritten as:

I =1, e )
where x is twice the distance between quartz crystal and the

reflector. | isthe maximum intensity and ‘o’ isthe absorption
coefficient.

If 1, ,andl,, aretheintensitiesof ultrasonicwaves
at X, and X, distancesfrom quartz crystal then from
Eq. (1) onecanwritethefollowing expressions.

Iy, =o€ @)

lx, =o€ ©)

Onsolvingtheegs. (2) and (3) onecaneasly obtain
thefollowing expressonfor theultrasoni c attenuation.
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Figurel: Velocity vsconcentration at temperature 25°C
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tion of CTABTr in decanol and water
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Theabsorption coefficient isca culated usngtheeq,
(4). Findlyweobtainthevauesof ultrasonic absorption
coefficient over frequency square (o/f?). Accuracy inthe
absorption measurement is+5%. Severd knownvalues
of ‘a’ and °V’ for gandard liquidswerejustified 0 asto
havesatisfactioninaosorption and vel ocity measurements.
The observationswererepeated severd times.

We have measured the ultrasoni c absorption from
25°C to 45°C at the frequencies5SMHZ, 15MHz, 25
MHz and 35MHz at different concentrations. Theval-
uesof ultrasonic aosorption coefficients(o/f2) areshown
infigures3-6.

o

RESULTSAND DISCUSSION

Previousultrasonicwork ontrangtion phenomenon
had found the absorption coefficient maximaand ve-
locity minimaontemperatureand concentration scal €Y,
Theam of present udy wasto see, whether the CTAB
(C,,H,,BrN) in decanol and water system show mi-
celleformation“? or not. Firstly, thevel ocity measure-
mentswere being considered, asthey are very accu-
rateand toinsuretheover al behaviour of liquid crys-
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td. Thevariation of ultrasonic velocity asafunction of
concentration at 2MHz and at 25°C hasthe character-
isticvelocity minimum at 0.5wt% of CTAB in decanol
+water infigure 1. Next velocity measurements have
been madeat concentration 0.5wt% asfunction of tem-
perature. The characteristic velocity minimumwasob-
served at 35°C (Figure2).

Thevariation of ultrasonic absorption over frequency
sguare (o/f?) with concentration at SMHz and at 25°C
(Figure 3) hasthe characteristic maximum for 0.5wt%
of CTAB in decanol +water. Thus both the concentra-
tion dependent ultrasonic vel ocity and absorption (Fig-
ure 1 andfigure3) revealed acharacteristic behaviour
of thesolution at 0.5wt% of thesolute, caled ascritical
concentration. Theminimuminvelocity dsofoundits
andogy intheve ocity at thecritica pointinthebinary
liquids, whichdso hasminimaat critica pointg“.

Thecharacteristic maximum at 35°C hasal so been
observed in temperature dependent o/f2 at thecritical
concentration for thedifferent frequencies(Figure4-5).
Thusthetemperaturevariation of ultrasonicveocity and
absorption(Figure 2 and figures 4-5) determine, 35°C
asthecharacterigtic temperaturefor thesolution, called
ascritica / trangition temperature.

Anomal ous behaviour of ultrasonic absorptionand
velocity inthepresent system at critica pointsisdueto
micdlleformation. Themicdleformation of thissystem
at thecritical pointswas aso proved by the study of
changeingtructurd orderingand symmetriesof thesys-
tem?, Hence, our work isjustified.

The absorption maximashift hasbeen observedin
the variation of ultrasonic absorption(a.) versusthe
frequency(Figure6) at different temperaturesat thecriti-
cal concentration. The shiftsof peak werefoundin
relaxational behaviour of molecular diffusion pro-
cesses ™,

o/f2isaconstant quantity if only thecontributions
from shear viscosity are considered and theviscousre-
laxation doesnot occur. However, if atemperature de-
pendent molecular processoccursin the solution, then
pressure and temperature perturbation isintroduced
andamaximumi interactiontakesplaceat acertain char-
acterigticfrequency(f.:relaxationfrequency) at eechtem-
peratureresulting absorption maximaat eechtempera:
ture. An explanation of shifting of themaximacan be
understood by taking placerel axationa behaviour char-
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Figure7: Compressibility (B) vsTemper atureat 0.5wt%

CTABr inthesolution

N
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acterized by thefrequenciesgreater than 15MHz and
at the critical concentration. This may be dueto the
molecular associ ation of the solvent and the solute by
hydrogen bonding, but the detail s of the mechanism do
not concern usin the present phenomenol ogical con-
Sderation. Theshifting of absorption maximumwithre-
laxation frequency provesthe spontaneousformation
of micdle.

Theadiabatic compressibility (B ) iswell related to
the velocity of the ultrasonic wave (B =1/pV?). The
eva uated adiabatic compressibility at different tempera-
turesfor thecritica concentration (0.5wt%) of CTAB
isshowninfigure?.

Thebehaviour of ultrasonic velocity givesinforma:
tion about the density and compressibility of the me-
dium asthey arewd | related.

VZ= 1 =1 ;
PBs  PB:
Thetemperature variation of adiabatic compress-
ibility at critical concentration (Figure7) hasmaximum at
35°C. Thisisdueto the collapse of hydrogen bonding
networksor aggnificant reduction of hydrophobicinter-
actionsat thistemperature. Theanomaouschangeinthe
adiabatic compressibility indicatesabout theformation
of theliquid crystalinestatd*. Thusthe characteristic
behaviour of adiabatic compressibility demondtratesthe
formationsof liquid crystalline state at thecritical con-
centration and thetemperaturein the present sol ution.
Phasetrangtionswereinferred from thesignificant
changesindopeintheconductivity (K) versestempera-
tureplots* of theliquid crystalinematerid. More pre-
cisaly, thetrangtion temperatureisthepoint at which
(k/oT) hasmaximum and(cx/0T?)=0. If wecorrdate

CP T
Y =—— p=Compressibility
CV
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thetemperaturevariation of theultrasonic velocity/ ab-
sorption (Figures 1,4,5) and thetemperature variation
of thee ectrica conductance of the present system then
phasetransition at thecritical point may be predicated
with the plot of the temperature dependent electrical
conductance of the present system.

Thetherma stability and theionicconductivity have
minimaat 35°C at the critical concentration for the bi-
nary mixture*, Corréelating thebehaviour of theultra-
sonic velocity of the present system with that of the
thermd stability and theionic conductivity of thebinary
mixture®!, we may predict that thermal stability and
theionicconductivity of the present ternary system has
minimum valueat 35°C.

Thenonaguoussolution formed by CTAB and eth-
yleneglycol formsthelyotropicliquid crystaline state
(4, Thecritical concentration and critica temperature
for this nonaguous sol ution were 6.5wt% and 15°C.
The characteristic behaviour of the concentration and
thetemperaturevariationsof the ultrasonicvelocity and
absorption hassimilar trend asin our casebut hasdif-
ferent magnitude. Theultrasonic vel ocity inthe present
solution haslower magnitudethanfor thesolutionformed
by the CTAB and ethylene glycol, thushaslarger ab-
sorption in comparison to that becausefor liquid and
crystdlinestate (a/f?) oc V31219 whereV istheveloc-
ity of ultrasonicwave.

Thusultrasonic propertiesof the CTAB+decanol +
water arevery important to detect theliquid crystaline
phase. Behaviour of theultrasonic absorption/ vel ocity
at different conditionswith other experimenta findings
reved sthequdlitativeinformation about theliquid crys-
talline phase appearing in theternary mixture. Our ul-
trasonic techniqueisthe simplest technique, whichis
non-radiative and non-destructivefor the study. The
resultsmay beused in gpplicationsinindustriesfor the
purpose and further investigations.
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