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Abstract : Interaction of ananionictextiledyenamdy
Acid Red 266 (AR) with cationic surfactant like
cetyltrimethylammonium bromide (CTAB) hasbeenin-
vestigated by means of UV-visible spectroscopy in
premicellar concentration range. The aggregation be-
tween surfactant and dye wasfound to be observed at
surfactant concentration far below the critical micelle
concentration of the surfactant. Aggregation isreflected
by asignificant changein’,__ (bathochromicshift), with
the appearance of two new band in the spectrum of the
puredye. The binding constant (K,) of complexation
was determined from the Benesi-Hildebrand plot. The
vauesof K for AR-CTAB complex increased within-
crease of dye concentrations. The values of binding
constant for AR-CTAB systemincreased up to certain
temperatures and then start to decrease with tempera-
ture. Theeffect of polyeectrolyte, sodium aginate (SA)
on AR-CTAB interactions was studied and was ob-
served that the binding constant (K,) valuein water-
polyd ectrolyte sysemwashigher in magnitudethan that
inpurewater system. Thebinding constant (K, ) gradu-
aly increases asthe sodium aginate concentrationin-
creased up to 0.01% and then with further increase of

INTRODUCTION

Theinteractions between dye and surfactant mol-

thesodium aginate concentration, preci pitation occurs.
Thevaluesof K, for AR-CTAB systemwerefoundto
be higher in magnitudein mixed solvent (water-al cohol)
compared to that of purewater. With increasing alkyl
chainlengthof acohol, thebinding congtant (K, ) of AR-
CTAB complex wasfound to beincreased. The effect
of pH on AR-CTAB interaction wasfound that there
wasasignificantincreasein K, valuewithincreasing
pH. Inal thecases, AG° va ues of the complexeswere
negativewhichindicated that thecomplex formationwas
thermodynamically spontaneous. Thebinding interac-
tion between dye and CTAB was found to be hydro-
phobicinnatureat lower temperaturewhereasboth dec-
trogtatic and hydrophobicinteractionsexig at higher tem-
peratures. Enthal py-entropy compensation isobserved
from alinear relation between enthal py and entropy
changesin agueoussolutionfor AR-CTAB complex.
© Global Scientificlnc.

K eywor ds: Acidred 266; Cetyltrimethylammonium
bromide; Binding constant; Sodium aginate; Thermo-
dynamic parameters.

eculesareimportant in various dyeing processes such
astextiledyeing, photography, luminescence, and la
sersand printingink, aswell asinchemical researchin
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fields such asbiochemistry, anal ytical chemistry, and
pharmaceutica applicationsy. Application of dyesas
auxiliary agentswill probably continueto beimportant
inthe coloration of materid sresulting from current and
future devel opmentsin fiber science and technol ogy.
Knowledgeof theseinteractions hel psusto understand
the chemical equilibrium, mechanisms, kineticsof sur-
factants, sensitized col orsand fluorescencereactiong?.
Knowledge of binding constant (K, ) hasmany applica-
tionsinvariousfieldsof chemistry. Different synthetic
chemical dyesareextensively used in many industria
processesfor various purposes. Effluents coming out
fromtheseindustriesare highly coloured, resultingin
major environmental problems. So these coloured
wastes need to be treated before disposal®. In addi-
tion, thechangein environmentd conditionssuchastem-
perature, pH, solvent propertiesetc. areknown to af-
fect thebinding properties of dyes. A recent literature
survey reveal sthat adetailed spectroscopic study on
theinteraction of AR with CTAB israre. Thisiswhy;
thestudy of interaction of AR asamodel textileanionic
dyewith CTAB, amode cationic surfactant in water at
different temperature, different water-organic mixed
sol vents and aqueous sol ution of e ectrolyte hasbeen
under takeninthisstudy. To characterizetheAR-CTAB
interactions, vauesof K, andthermodynamic param-
etershavebeen eva uated.

EXPERIMENTAL

M aterialsand methods

AR wasobtained from Chinaand CTAB was ob-
tained fromAldrich, USA. BothAR and CTAB were
used without any further purification. Dye solution
(particular concentration) and surfactant sol utions of
varying concentrationswerefirstly prepared indis-
tilled de-ionized water separately. 2.5mL of thedye
and 2.5mL of each of the surfactant solutions were
mixed properly. Theresultant mixture werethen kept
in ashaking incubator (GFL 3031,USA) for about
half an hour with constant stirring (80 rpm) to form
dye-surfactant complexes. To observe the effect of
polyel ectrolyte (sodium a ginate) on theinteraction of
dye with the surfactant, both the dye and surfactant
solutionswere prepared in the polyel ectrolyte solu-

tion of aparticular concentration. Similar procedure
has been followed to observe the effect of alcohol
and pH on dye-surfactant interaction. Absorption
spectraover therange of 200-800 nm wererecorded
at desired temperature using aUV-visible spectro-
photometer (UV-1601PC, Shimadzu, Japan). During
the measurement of absorbance of dye-surfactant
complexes solution, thetemperature of the resultant
mixturewill be kept constant using the temperature
controller unit (TCC-controller, Shimadzu) of UV vis-
ible spectrophotometer.

RESULTSAND DISCUSSION

The UV-visible absorption spectraof dye solu-
tion in agueous medium are changed dueto the addi-
tion of CTAB solutionsisasshowninFigure 1. AR
may exist in anionic form in aqueous solution. The
spectrum of AR in aqueous sol ution exhibitsthe ab-
sorption maximum (A, __ ) at 498 nm. With addition of
CTAB, spectrashowed asignificant changein__
(517 nm, bathocromi c shift) with the appearance of
additiond two new bands, oneat 547 nm (bathocromic
shift) and other at 384 nm (hypsochromic shift). Such
changein)__ and appearance of two new bandsin-
dicated the presence of strong interaction between AR
and CTAB. Theformation of thedye-surfactant com-
plex isaconsequenceof mutud influenceof longrange
interaction (electrostati c attraction) and short range
interaction (hydrophobic interaction). In aqueous so-
lution both dye and surfactant mol ecul es dissociate
into ionsand therefore el ectrostatic attractiveinterac-
tion can appear between sulfonate group of dye and
head group of surfactant. Asthe electrostatic attrac-
tion between the oppositely charged ionsbring them
into close proximity toformion pair (Scheme 1), the
hydrophobi c interactions must align the hydrocarbon
chain of the surfactant with the hydrophobic moiety of
the dye. This may be the reason of the observed
bathocromic shiftin__ at 517 nm.

The new band may be attributed to dye dimeriza-
tioninthe presence of surfactant dueto J-aggregation.
According to Kashaexciton theory™®, J- or H-aggre-
gates can be formed depending on the angle (o) be-
tween thetransition dipoles and the mol ecul ar axis of
theaggregate. J-aggregates of dyesare characterized
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Figurel: TheUV-visiblespectraof aqueoussolution of Acid Red in absenceand presenceof 0.6 mM CTAB
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by anintensered shifted absorption band compared to
the monomer’s. The coupled monomers of J-aggre-
gateswould produce aside-by-sideor adipped face-
to-face stacking geometry!®. Dueto the formation of
oppositely charged dye-surfactant complex, there-
pulsion forces are decreases and the hydrophobic
interactionsaswell asvan der Waal sforces between
the same charged dye particles are affected™. Such
associates may induct premiceller surfactant aggrega-
tion and enhancesthe solubili zation of the dye®9.

Thebinding congtant, K_for AR-CTAB sysemwas
determined by using thefollowing Benesi-Hildebrand*?
equation
[DI/A=1Ke[C]+1/e )
Where[D] istheconcentration of dye, ‘A’is the absor-
bance of dye-surfactant band and [ C] isthe concentra-
tion of surfactant. Thevauesof K, forAR-CTAB sys-
temshaving different concentrationsof AR are presented
inTABLE 1.

TheK, vauewasfoundto beincreased within-
creasing concentration of AR. Suchtrendinincreasein
K, valuesuggested that the anionicAR might interact
electrogtatically with the cationic CTAB head groups
to revea micellar properties™. Moreover theforma-
tion of dye aggregates induced by surfactant is sup-
ported by the fact that the binding of AR to cationic
surfactant inwater iscooperative'?. AnAR molecule
that bindsto the cationic surfactant crestesamore hy-
drophobic binding steand facilitatesthebinding of an-
other dyemolecule. Thisimpliesthat next to el ectro-
dtaticinteractions, hydrophobic stacking of thearomatic
parts of theazo dyesisalso important in the aggrega-
tion process.

Thevaluesof K, for thedye-surfactant complex in
water are changed due to the addition of the agueous
solution of apolydectrolytelikesodium aginate (SA)
at 303.15K and the corresponding valuesare presented
in TABLE 2. It wasfound that the binding constant
(K,) vaueinwater- polyelectrolyte system was higher
inmagnitudethan purewater system. Thisproved that,
stronger complexesareformed in the presence of so-
dium alginate™®. The binding constant gradually in-
creases asthe sodium aginate concentrationincreased
up to 0.01% and then precipitation occurson further
increase of the sodium al ginate concentration. Thisis

because, in the presence of higher concentration of
polyelectrolyte, water insoluble dye-surfactant—poly-
electrolyte complexesareformed and they remainin-
solublein much broader concentration rangesof the
components®3. Decrease of surfactant solubility with
increas ng salt concentration isknown assalting out ef-
fect. Thisisbecauseof an eectrical attraction between
the charged ion and the € ectri c dipole moment of wa-
ter mol ecul es, which causesthe so-called tying up of
thewater molecules. Thenet result isthosewater mol-
eculesareeffectively removed fromthesolutionwhich
causeslessavailability of water moleculesfor solvating
the surfactant. Hence the surfactant can more effec-
tively bind the dye molecule and hencethe K, values
areincreased. A polye ectrolyte such assodium algi-
nate seemsto break the hydrated shell around the sur-
factant molecul€3. The surface chargesdueto added
polyelectrolyteallow the particlesto settleto smaller
volume. Theeffect isfound to beincreased with the
increase of the concentrationsof the polye ectrolyteand
thus the dye has more accessibility to the surfactant
mol ecul e thereby forming stronger binding. So extent

TABLE 1: Effect of concentration of AR on binding con-
stant of AR-CTAB system

Car/ (Mx107) Kyx 10% (Litre mole™)
5.00 1.17
10.0 1.83
25.0 1.99

TABLE 2: Valuesof thebinding constants (K,) for thedye-
surfactant complexin water and in aqueoussolution of so-
dium alginateat 303.15K

x 3
System (%C,SC\f/v) a e r:m?alie'l)
Water 0.0000 3.81
Water-Na Alginate 0.0001 8.63
Water-Na Alginate 0.0010 10.50
Water-Na Alginate 0.0100 11.50

TABLE 3: Effect of solvent composition on thevaluesof bind-
ing congtant (K,) of dye-surfactant inter action at 303.15K.

x 3
Solvent (53',"3“&7&) (Li}t<gr ril?)lle'l)
Water 0.00 381
Water-methanol 10.00 3.99
Water-methanol 20.00 8.86
Water-Ethanol 10.00 10.50
Water-2-Propanol 10.00 16.80
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of binding (K,) increaseswithincreasing concentrations
of satsodium aginate.

Effect of solvent composition onthevauesof bind-
ing constant (K, ) of AR-CTAB interaction at 303.15K
arepresented in TABLE 3. It has been found that the
vauesof binding constants of the dye-surfactant com-
plex at afixed temperatureare higher in magnitudein
mixed solvent (water-a cohol) compared tothat in pure
water and the K, values of AR-CTAB complex was
increased withincreasingakyl chainlength of adcohoal.

Thedid ectric constant of water, methanol, ethanol
and 2-propanol are 80, 33, 24.55 and 18 respec-
tivelyl*, Aswater hasahigh dielectric constant!*®, so
addition of methanol to water decreasesthedielectric
constant of solution resultinginagrester atractiveforce
between water and methanol molecules. On the other
hand, methanol isacting asaco-solvent and asastruc-
ture-breaking solute. The presence of structure break-
ersin the aqueous phase may disrupt the organization
of thewater produced by the dissolved hydrophobic
group thereby water moleculesarelessavailablefor
solvating the CTAB. Thus CTAB can bind withAR
moreeasily. At high alcohol content more and more

TABLE 4: Thevaluesof K for AR-CTAB system at differ-
ent pH values.

water and methanol mol ecules hel d together duetoion
pair formation. Thusthebinding constant of AR-CTAB
complex increased withincrease of methanol content.

Among the homologous series of alcohols such as
methanol, ethanol, 2-propanal at 303.15K, 2-propanol

not only havethelargest hydrophobic surface. 2-pro-
panol a so lowersthedielectric constant of water toa
greater extent; ethanol falsin between 2-propanol and
water whereas methanol hasthe smalest hydrophobic
surfaceaswel| astheleast effectinloweringthedielec-
tric constant(®.

To observethepH effect on the binding constant of
AR-CTAB complex, different concentrationsof CTAB
were mixed with agueous solution of AR at three dif-
ferent pH valuessuch as 2.85, 6.00 and 8.40. Hydro-
chloric acid and sodium hydroxide were used for the
pH adjustment respectively to avoid interactionswith
buffer solutions. TheK, valuesof AR-CTAB complex
at different pH vauesisshownin TABLE 4. Thevaues
of K, werefoundto beincreased with increase of pH
values. In acidic solution, AR exists in protonated
(HAR) form and showsred shiftin UV spectra. When
base is added, deprotonated (AR’) form of AR ap-
pears and in aqueous solution thereisapossibility to
exist aszwitterionicformand hasaresonance structure

pH Kpx10% (Liter mole™) between thetwo extremeforms. Inacidic solutions, as
2.85 3.02 thedyeexist asprotonated form therefore el ectrostatic
6.00 3.81 attraction becomelessand hydrophobicinteractionis
8.40 5.08 predominant in this case. But in basic deprotonated
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Figure2: Plot of In (K,) versusT to calculateAH® for AR-CTAB systemin water.
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Figure 3: Enthalpy —entropy compensation plot for AR-CTAB system in water.

TABLE 5: Valuesof thethermodynamic parameter sfor the
AR-CTAB complex.

(4] 0 0*
TK oo kmol J.onls'(l)/.K'l gt TelK
20815 2038 2260 14417 2132 30607
30315 2079 424 8255
30815 2135 -17.64 1204
31315 2106 -36.95  -50.75

form, electrostati cinteraction occurs between negetive
chargegroup of AR and positive head group of CTAB.
Asthe € ectrostatic attraction between the oppositely
charged ions bring them into close proximity, the hy-
drophobic interactions must align the hydrocarbon
chain of the CTAB with the hydrophobic moiety of the
AR, Thereforebinding constant isincreasedin basic
solution. In neutral solution, asAR may beazwitterion
form, electrostatic and hydrophobicinteractionisin
between acidic and basic form. So binding constant
(K,) of neutrd solution of AR dsofdlsinbetween acidic
and basicform.

The thermodynamic parameters for AR-CTAB
complexation wereca culated from thefollowing stan-
dard thermodynamic equations. The standard entha py
changeof the processeswas cal cul ated using the modi-
fied van’t Hoff equation(*

AH°=RT?In (K,) /8T @)
In(K,) vs. T plot wasmadeto calculate AHwhere
vauesof K weretakenin molefractionunits. Theplot

wasfound to be nonlinear and showninFigure 2.

Theslopeintheplot of In(K)) vs. T a each tem-
peraturewastaken asdln (K, )/0T and wasthen used to
calculate AHY%9, Thevaluesof thermodynamic pa-
rametersfor dye-surfactant solutionsin purewater are
presentedin TABLE 5. Thevduesof AG’forAR-CTAB
complex werefound to be negativewhich indicatethat
the binding process occurs spontaneoud Y. Thenegar
tivevalues of AGP increased with increase of tempera-
tureindi catethat compl exation processisthermodynami-
cally spontaneous over range of temperatures studied.
For AR-CTAB system in water, the AH®valueswere
initidly pogtive, thesignof AHvauechangesfrom pos-
tiveto negativeand thenthenegative AHva ueincreases
with further increase of temperature. Thevauesof AS
were postivewhich decreased up to acertain tempera-
tureandthesignchanged from pogitiveto negativeat T=
313.15K. Thusthebinding processisentropy controlled
at lower temperature whereas that becomes both en-
thal py and entropy controlled at higher temperature. The
resultsrevedl that the binding interactionsbetweenAR
and CTAB areboth dectrogtatic and hydrophobicin na
tureat higher temperaturewhereasonly hydrophobicin-
teraction playsthemgjor roleat |ower temperatures.

A linear relationship (Figure 3) between AHand
ASwasobserved in Figure 3 according to thefollow-
Ing regress on equiati on known asthe entha py-entropy
compensation’?l,
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AHO=AHY + T AS €)
Wheretheslope, T_, the compensation temperature
andtheintercept AH®", istheintrinsic enthapy gain.
Thevauesof AH* and T_for AR- CTAB complex in
purewater are presented in TABLE 5. Theintercept
AHO" characterizesthe solute-soluteinteraction and
standsfor anindex of the effectiveness of the hydro-
phobic chainto participatein the micelleformation.
The AH®" values stand for the enthal py effect under
thecondition AS=0. The higher negative AH® value
indicatesthat the micellization of CTAB isfavoured
evenat AS=0. For AR-CTAB systemin purewater
thevalue of T_is306.07 K whichis comparableto
that of thebiologicdl fluid?.
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