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ABSTRACT

Inclusion complexes of 15-crown-5-ether (CE) with two different surfac-
tants, Sodium dodecy! sulphate (SDS) and Cetyl trimethyl ammonium
bromide (CTAB) have been studied in agueous solution spectroscopically.
The molar absorptivity coefficient ‘e’ has been determined for the aqueous
micellar solutions both in absence and presence of crown ether. The ‘g’
varies in the order CTAB/ W ) CTAB/ CE/W ) SDS/W ) SDSICE/W. An
increase in intensity of absorption of surfactants was observed with the
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increase in the concentration of crown ether. Binding constant, K has been
used to analyse the stability of the inclusion complexes. Interaction of
crown ether with Sodium dodecyl sulphate has been found to be more
favorable ascompared to Cetyl trimethyl ammonium bromide.
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INTRODUCTION

Surfactants place aspecia rolein modern day to
day lifeand technol ogical applications. Theproperties
of surfactantssolutionslargely depend upon the nature
and amount of additives. Although the sol ubilization of
additivesin micellesmakesthemicellar system more
complicated than the binary system, it providesan ad-
ditionda opportunity to exploremicdlestructureand mi-
cdlar solution propertiesintermsof theinteraction be-
tween the micellesand the additives*2,

Crown ethersareheterocyclic chemica compounds
that consist of aring containing several ether groups.
Crown ethersand rel ated macrocycles areknown to
mimic some partsof biologica molecular recognition
and to mediate subsequent chemical processes. Among
the various properties of crown ethers, their unique

chemical architecture playsaprominent roleand opens
theway to practica design of host moleculesfor sdec-
tive complexation of various metal ions. However the
rational design of new formulationsrequiresagood
knowledge of the encapsulation process. Several in-
vestigationsbased on crown ethersin mice lar systems
have been reported*>22,

Structurd information, such asthestoi chiometry and
the geometry of the complex, and thermodynamicin-
formation of binding, are necessary to draw acomplete
pictureof thedriving forcesgoverning thecrown ether-
surfactant interactions. Keegping in view of theimpor-
tanceof complexation of crown etherswith surfactants,
it was planned to investigate the association of 15-
crown-5-ether (CE) with two different surfactants,
Sodium dodecyl sulphate (SDS) and Cetyl trimethyl
ammonium bromide(CTAB) inagqueousmediawiththe
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help of UV/ visible spectroscopic technique.

EXPERIMENTAL

Materials

15-crown-5ether (CE) and Sodium dodecyl sul-
fate (SDS) having purity greater than 98% were pur-
chased from Merck and Cetyltrimetyl ammonium
bromide (CTAB) having purity greater than 98% was
purchased from Fluka All the chemica swere of ana-
Iytical grade and were used without further purifica-
tion. Water used for the preparation of sampleswas
deionized and triply distilled (conductivity lower than
3us).

Methods

The UV/Visible spectra were recorded with
SHIMADJU UV-160 spectrophotometer using quartz
cellshaving pathlength of 1cm each. For binary SDY
W system and theternary S/ CE/ W systems, the con-
centration of the surfactant wasvaried from 3-15mM
and CE concentration was varied from 1-10mM. In
each measurement concentration of crown ether was
kept constant.

RESULTSAND DISCUSSION

Spectroscopic anadysi s of inclusion complexes of
15-crown-5-ether (CE) with two different surfactants,
Sodium dodecyl sulphate (SDS) and Cetyl trimethyl
ammonium bromide (CTAB) hasbeeninvestigated as
afunction of concentration of surfactantsand CE. Fig-
ure 1 showsUV/visible spectrain the absence of CE
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with one characteristic peak at 260 nm both for the
aqueous micdllar systemsof SDSand CTAB. UV vis-
ible spectrain the presence of CE with one character-
istic peak at 260 nm both for theaqueous micellar sys-
temsof SDSand CTAB hasbeen plottedin Figure 2.
Thevaluesof absorbanceat A 260 nmwerefitted lin-
early asafunction of surfactant concentration (Figure
3). The data obeys Beer-Lambert’s law. The molar
absorptivity coefficient ‘e’ for all the systems, was esti-
mated from absorbance vs. conc. plotsand thevalues
aretabulatedin TABLE 1.

Thereisadecreasein the magnitude of molar ab-
sorptivity coefficient ‘¢’ in all ternary SDS /CE/W sys-
temswith increase of concentration of CE. Thisindi-
cateslessabsorbance of SDSmicellesduetoitsinter-
actionwith CE moities. However, thereisanincrease
inthemagnitude of molar absorptivity coefficient ‘e’ in
al ternary CTAB /CE/W systemswithincrease of con-
centration of CE. Thisindicates more absorbance of
CTAB micellesduetoitslesser interaction with CE
moities. Theresultsindicateacurve showingadiminu-
tionintheintensity of absorbance at 260 nmwithin-
creasing concentration of CEindl thecases. Themo-
lar absorptivitiesof thecomplex and surfactant differed
a the samewavelength. Thisphenomenonmay beas-
signed to thepossibility of association between CE and
surfactants. Thiscan bevisuaized inaway that inthe
solution thesurfactant moleculeisinteractingwith CE
moleculeby orientingits hydrophillic groupstowards
the cavity of the CE and startsmovinginsidethe cavity,
which causes decreasein the surfactant concentration
inthebulk solution and hence decreasein intensity of
absorbance.
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Figurel: UV-visblespectraof binary systems
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Figure3: Lambert-Beer linear plotsfor aqueoussolution of surfactantsat different concentrationin absenceand presenceof CE.

UV-Visbleabsorption spectroscopy isacommonly
used techniquefor the determination of equilibrium con-
stants, particularly in biochemical applications. The
changein absorbance with concentration of Swill be
used to ca culatethe equilibrium constant for binding.
Congder thefollowing equilibrium:

S+CE & SCE

Theequilibrium congtant for thisreactionis:.

_ [SCE]

~ [SIICE]
Where, CE isuncomplexed crown ether and SCE is
the crown ether — surfactant complex. The values of

molar absorptivitieshavefurther been analyzedto cal-
culatethe binding constant of the associ ation between
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surfactant and CE using thefollowing equationz24!;

1 1 1 1

M " [SrKae  [CE T[S he

Where, A = changein absorbance, [ CE] = concentra-
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tion of crown ether in moleg/litre, [S] = concentration
of surfactant in moles/litreand Ae = changein molar
absorptivity coefficient

Figure 4 showsthe Benesi-Hildebrand plots be-
tween /AA and 1/[S]. The stability constant K was

120

CE 1 mM
CE4 mM
CE & mii
CE 10 mM

100

H 4 & @

20

AFs
A
b
ll\'u
.
k8

70 - J-f*'ff

40

T T
o 100 300 400

200
1[SOS] (M)

Figure4: Benesi-Hildebrand plots

calculated from theintercept/d operatio for each sys-
temand arereportedin TABLE 1. The estimated bind-
ing congtant K valuefor SDS\CE\W systemislarger as
compared to avalue for CTAB\ CE\W system. The
higher value of K in caseof SDS confirmsthat the as-
sociation between CE and SDSismorefavorablethan
CE and CTAB interactions.

TABLE 1: Estimated molar absor ptivity coefficients and
binding congtants

[CE] € K [CE] € K
(mM) (M-*em?) (M)  (@MM) (M-iem?) ™)
SDS/CEW CTABI/CE/W
0 54 - 0 760.1 -
1 52 802.75 1 656.0 618.69
4 50 647.44 4 674.2 515.69
6 47 431.06 6 6834 397.20
10 43 345.13 10 694.1 196.03

COMPARATIVEACCOUNT OF BINDING

The purpose of studying the additive effect of CE
insurfactant/W mixturewasto check theinfluence of
CE onthemicellization of both surfactants (SDSand
CTAB) intheternary mixtures. Dueto the hydropho-
bi c interactions between the nonpolar tailsof the sur-

factant monomersto formthe micellecoreandthere-
pulsiveinteractions between the micellar head groups
which are pushing each other on the surface of themi-
celle, micellesareformed at the cmc. The presence of
counter-ionson the surface of micelleshelpsintheir
simultaneous stabilization. However, presence of an
additivelike CE greatly affectsthe stabilization of the
systems as CE isdi stributed between the agueousand
micellar phases.

SDSbd ongsto acategory of anionic surfactantsin
which Na' isthe counterion. Whereas, CTAB belongs
to acategory of cationic surfactantsinwhich Br-isthe
counterion and itisknownthat cationslikeNa havea
significant affinity towardsthe cavity of crown ether
molecules, whereas, anionslike Br haveleast affinity
towardsthe cavity of crown ether mol ecul es. Experi-
mental dataindicatesthat in caseof SDS, asignificant
binding isobserved over the measured concentration
range of the CE. Thisisbecause of thefact that in case
of SDS, CE cavity undergoes strong el ectrostaticin-
teractionswith Na' inorder to form theinclusion com-
plex. Thusinorder to form complex withthe CE cavity
Na* can easily bedissociated from the monomer |ead-
ing to theformation of loose aggregates. The complex
drawsthe counterion away from the sulfate head group,
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increas ng the repul sion between head groups, thereby
inducing adecreasein micellar sizeand acorrespond-
ing greater surface curvature. The presenceof theNar-
CE complex inthe padisadelayer, of coursehelpsinthe
stabilization of themicdlesbut theoverdl micele-solu-
tioninterfacid interactionsremainsamost thesamedue
tothesimilar natureof themicelle-solution interfacein
the absence and presence of CE. Addition of CE may
reduce the hydration of micelle surfaceand increase
therepulsveforcesbetweenionic head groups because
of theincreaseof thecharge dendity of micellesurfaces.
It can be concluded that the crown ether- sodium com-
plexispartialy associated tothemicelle.

However, in case of CTAB, Br-hasnon-interact-
ing nature for the CE cavity. Thusin order to form
micellesin presence of the CE cavity Br-can not be
easi |y dissociated from the monomer leading to the
formation of aggregateswith lower binding. Thesere-
sults show that structures and nature of both the sur-
factant and CE are major factorswhich govern the
binding of themicellar systems. It seemsthat within-
crease in concentration of CE in the CTAB/CE/W
ternary mixtures, themicellesstart denaturating regard-
less of the nature of the polar head groups and the
hydrophilicinteractionswhich arethe primefactors
responsiblefor themicellar stability in caseof SDSY
CE/W ternary mixtures. It can be concluded that the
transfer of the surfactant mol eculesfrom monolayers
to the bulk solvent by the addition of CE seemsto
affect the degree of Br- counter- ion binding to the
micelles. It can be attributed to the sal vation of Br-
ionsby thewater moleculesdueto the structure break-
ing properties of Br-ions. This again confirms the
strong hydrophobicinteractionsof the CTAB/CE com-
plex. Addition of CE to the aqueous surfactant solu-
tions enhancestherepulsiveinteractions between the
polar heads of CTAB at the micellar surfaces and
micellization becomesunfavourable. However, increase
in concentration of CE causesadecreasein the bind-
ing of both surfactants over the measured concentra-
tion range of the CE. This may be attributed to the
increase of stericinteractions.

CONCLUSION

Inclusion complexesof SDSand CTAB inaque-

—— Fyll Peper

ous mediabothin absence and presenceof 15- crown-
S5ether hasbeen investigated with the help of UV vis-
ible spectroscopy. Results show thein presenceof CE,
micellization of SDSismorefavorableascomparedto
CTAB. Themolar absorption coefficient ‘e’ and the
binding constant K va ueindicatesthat theassociation
between CE and SDSismorefavorablethan CE and
CTAB. Theresultsalso indicatethat the association of
CE and surfactants decreaseswith theincreasein con-
centration of CE.
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