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ABSTRACT

Spectroscopic and surface tension measurements have been carried out to
study the micellar behavior of aqueous solutions of Tetraethylammonium
bromide in absence and presence of crown ether. The molar absorptivity
coefficient ‘€’ has been determined for the aqueous micellar solutions both
in absence and presence of crown ether. Binding constant, K has been used
to analyze the stability of the inclusion complexes. The values of critical
mi celle concentration, maximum surface excess concentration and minimum
area per molecule of the surfactant have been evaluated. Thermodynamics
of the systems was discussed in terms of the change in standard free energy
of micellization and standard Gibb’s energy change of adsorption .The re-

KEYWORDS

Tetraethylammonium
bromide;

Crown ether;
UV-Vishble
spectrophotometry;
Molar absorptivity
coefficient;
Surface tension;

M aximum surface excess
concentration.

sulting parameters allow the observation of concomitant reorganizations
occurring in the system.  © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Surfactantshavemicellar properties, which areef-
fected by addition of small amount of el ectrolytes, non-
polar and polar organic compounds®. Althoughthesolu-
bilization of additivesin micelesmakesthemicdlar sys-
tem more complicated than the binary system, it pro-
videsan additiond opportunity to exploremicdlestruc-
tureand micellar solution propertiesin termsof thein-
teraction between the micdlesand theadditives. Crown
ethersare heterocyclic chemical compoundsthat con-
sist of aring containing severa ether groups. Crown
ethers and related macrocycles are known to mimic
some partsof biologica molecular recognitionandto
mediate subsequent chemical processes. These mac-

rocyclic compounds have also been found to interact
withamphiphilicmolecules, likeionicsurfactants. While
dealing with themacrocycle-surfactant solution, acer-
tain type of association can be observed between the
micellesand the macrocyclic cavity inwater. Thena-
tureof suchassociation resultsintheformation of inclu-
sion complexes.

The objective of the present study isto study the
encapsul ation processesof cationic Tetraethylammo-
nium bromi de (quaternary ammonium compound) by
15-crown-5-ether (CE) anditseffectinthemicdlization
process of the surfactant itself. Spectroscopic and sur-
face tension measurementswere doneto predict the
thermodynamic parametersof micellezation/adsorption
andto understand thetypeof interactionsexistinginthe
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systemrespectively. Indl, theinfluenceof thepresence
of theinclusion complex onthemicdlization processof
thesurfactant hasbeenfocusedin detall.

EXPERIMENTAL

Materials

Tetraethylammonium bromide(TBR) (Purity>99%,
water content <1%) obtained from Merck wasrecrys-
talizedwith chloroform-ether mixtureand carefully dried
inahot air oven to constant weight. The Crown ether,
15-crown-5 (CE) from Huka (Purity>99%) was used
asreceived. The water used to prepare the agueous
solutionswastriply distilled with the conductance <3.0
uS.

Methods

The solutionswere prepared by weight using an
€l ectroni c balancewith an accuracy of +£1x10*g. For
binary S/W system and theternary S/ICE/W systems,
the concentration of thesurfactant wasvaried from 0.01-
0.3M and CE concentration wasvaried from 1-3mM.
In each measurement concentration of crown ether was
kept constant.

The UV-visible spectra were recorded with
JASCO V-530 spectrophotometer using quartz cells.
Surface tension measurements were done at 15.0 +
0.002°C using Kruss processor tensiometer with an
accuracy of 0.01 mNm,

RESULTSAND DISCUSSION

A solutecanarrangeitsdf inthemicdleindifferent
ways. it may be completely incorporatedin the hydro-
phobic core or may penetrate up to acertain depth; it
can be adsorbed on the micellar surface or can selec-
tively interact with the polar or non polar part of the
surfactant mol ecul es depending upon the nature of its
substituents. In order to have deeper insight in our mi-
cellar systems, spectroscopic and surfacetens on mea:
surementswere carried out at constant temperature.

UV-vis spectroscopic measurements

Spectroscopic andysis of inclusion complexes of
15-crown-5-ether (CE) with cationic surfactant Tetra:
ethylammonium bromide (TBR) hasbeeninvestigated
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Figurel: UV-visiblespectraof binary TBR/W system
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Figure2: UV-visiblespectraof ternary TBR /CE/W systems

asafunction of concentration of surfactantsand CE.
UV /visible spectrafor the agueous micellar systems
show one characteristic peak at 245 nm both in the
absenceand in the presence of CE. Thevaluesof ab-
sorbanceat A, werefitted linearly asafunction of
surfactant concentration. The data obeys Beer-
Lambert’s law. The molar absorptivity coefficient ‘¢’
for al thesystems, was estimated from absorbancevs.
conc. plotsandthevauesaretabulated inTABLE 1. It

is clearly seen that the molar absorptivities of the
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Figure3: Benesi-Hildebrand plotsat different concentra-
tionsof CE

TABLE 1: Estimated molar absor ptivity coefficientsand bind-
ing constants

[CE] (mM) (M) gMtem?) KM™)
0 0.33 -

1 0.38 104.67

175 0.41 97.52

25 0.44 72.65

3 0.47 65.17

uncomplexed and complexed TBR differed at thesame
wavelength. It showstheincreasein the magnitude of
molar absorptivity coefficient “” in TBR\CE\W systems.
Thisindicatesmore absorbance of TBR micellesdue
tolesser interactionwith crown ether. It seemsthat there
isonset of hydrophobicinteractionsas CE isadded to
theagueous TBR micellar sysems. Further increasein
vaueswithincreasein concentration of CE may bedue
to the weak encapsulation effect of CE for TBR mol-
ecules.

Binding constant, K for the ternary systems has
been cd culated by using Benesi-Hil debrand equati on'®':

1 1 1 1
AA " [s[xkas Tce] " [sfxac @)
where, AA = changein absorbance, [ CE] = concen-
tration of crown ether in moles/litre, [S] = concentra-
tion of surfactantin moleg/litreand Ae = changeinmo-
lar absorptivity coefficient.
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Figure4: Surfacetension plotsat different concentrationsof
CE

TABLE 2: Thermodynamic par ameter sof the micellization/
adsorption

Mce cmc AG%  Tnax10® ALinx10°  fiome AG°y
(mM) (mol kg") (kImal™®) (molecm? (nm?) (MmN m?Y) (kJ mal?)
0 0.187 -8.03 2.81 58.97 40.41 -14.36
1 0.174 -8.38 2.82 58.98 40.9 -14.53
1.75 0.163 -8.69 2.80 59.40 39.48 -14.12
25 0.155 -8.93 2.68 62.06 39.12 -14.62
3 0.149 -9.12 245 67.69 35.02 -14.28

It can be seen that increasein concentration of CE
causesadecreasein thebinding of the surfactantsover
the measured concentration range of the CE (Figure
3). Thismay beattributed to theincrease of stericin-
teractions. The above observations confirm theinter-
action between surfactant and CE so asto affect the
micellization process. Thisaspect hasbeeninvestigated
using the phys co-chemical measurementsfor the stud-
ied systems.

Surface/interfacial tension studies

Theplotsof surfacetension (y) vs. logm . of ague-
oussolutionsof thestudied systemsat 15°C areshown
in figure 4. It was found that the presence of CE in
SDS/W systems can depressthe surfacetension. The
cmc valueswere obtained through aconventiond plot
of thesurface/interfacia tension versusthe surfactant
concentration. The cmc concentration correspondsto
the point where the surfactant first showsthe lowest
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surface/interfacia tensgon. Thesurface/interfacia ten-
sonremainsreatively constant after thispoint™7. As
the surfactant concentration increases, surface/interfa-
cia tensiondecreases until thesurfactant cmcvaueis
reached and remainsrel atively constant there after-
wards. Thereisadecreasein cmc values asthe con-
centration of CEisincreased. Thiscan beinferred that
addition of CE is playing an important role in the
micellisation process. From the surfacetension plots,
the maximum surface excess concentration, I, _ , and
from the maximum adsorption, the minimum area per
molecule, A ;. werecomputed using thefollowing equar
tiong*+12:

1-‘max=_i aY
nRT(2InC ),

AL.=1/NT,. 2

where R isthe gas constant, N isAvogadro’s number
and Cistheconcentration of thesurfactant in solution.

AdecreaseinI’,  values(TABLE 2) inthepres-
ence of CE may bedueto thefact that addition of these
macrocycles causesapartia displacement of surfac-
tant moleculesfrom theair-liquid interfaceto the bulk
phase. A . increasesbothwiththeincreasewith the
increasein concentration of CE inthe surfactant solu-
tion (TABLE 2). Thisbehaviour can beexplainedin
terms of the enhanced compatibility of surfactant with
the solvent in the presence of CE, thereby, causing a
shift of surfactant moleculesfromair-liquidinterfaceto
the bulk phase. Surface pressure at CMC (r_ ), an
index of surfacetension reduction at CMC, hasbeen
cd culated using the equation**12:

Teme = Yo~ Yome (©)
wherey, = surfacetension of water andy_ = surface
tension of surfactant solution at CMC. = values
(TABLE 2) show margina decreasewithincreasein
concentration of CE in thesurfactant solution.

Thestandard Gibb’s energy change of micellisation
(AG® ), hasbeen cal culated using the equationg™:
AG° =nRT InX 4
where X isthe surfactant molefractionat CMC. The
AG° valuesarefound to be negative indicating the
spontaneity of micellization processin aqueoussystem
(TABLE?2).

Thestandard Gibb’s energy change of adsorption

(AG®_), hasbeen cal cul ated using the equiationsg™:
AG®=AG° —Nm_ A (5)

Thelower AG°,valuesascomparedto AG® indi-
catesthat adsorption of the surfactant moleculesat the
arr-liquid interfaceispreferred over themicellization

(TABLE2).
CONCLUSION

Thepurpose of studying the additive effect of CE
in surfactant/W mixturewasto check theinfluence of
CE onthemicdlization of TBRintheternary mixtures.
Addition of CEleadsto reinforcement of thewater struc-
turethroughincreased network of intermol ecular inter-
actions. Strengthening of thewater structureforcesthe
aurfactant moleculesto micdlliseat lower concentration
and cmcislowered. Surfacetension studiesreved that
the addition of CE causesashift of surfactant molecules
fromtheinterfaceto the bulk of the solution. Thermo-
dynamic parametersfurther support for the spontaneity
of dl thesystems studied.
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