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Abstract

It is critically important to understand the interactions between surfactant triton X-114 and reactive orange 107/water due to
decolorization of waste water by surfactants. In this work, the structure of surfactant triton X-114, reactive orange 107 dyes, water,
surfactant triton X-114+ reactive orange 107, surfactant triton X-114 + water and reactive orange 107dyes+water were optimized
systematically at HF/6-31G level. It was found that reactive orange 107 is close to the surfactant triton X-114 structure. There exist
CH--z interaction, z--z interaction n--H interaction and n--z interactions between surfactant triton X-114 and reactive orange 107
dyes. The interaction energy between surfactant triton X-114 and reactive orange 107 dyes, water is-92073.8853, 4303.4720 kJ.mole
! showing preferential adsorption of reactive orange 107 by surfactant triton X-114,in agreement with experimental results of
surfactant triton X-114 + reactive orange 107 dyesin binary mixture at 303.15, 313.15 and 323.15K.
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1. INTRODUCTION

Textile industries consume large amount of water @yes for
the wet processing of textiles, especially émloring cotton,

degradedyeing waste water.
carcinogenic, mutagenic and bactericide propefties.

According to the directive of ecological and toxXagical

wool, silk and polyamide textilesAfter wet processing, the
colored effluents discharged from these industaes not
found to be environmentally friendly and econonlicaiable
due to very low concentration of dyes present ies¢h
effluents. The presence of very low concentratibrdyes in
effluent discharged from these industries is highgble and
undesirable due to their chemical structure whicuses
higher thermal stability, low reactivity. In additi, dyes are
highly resistant to fading when exposed to lightatev,
organic and inorganic solvents. Dyes have a syiatheigin
and complex aromatic molecular structures and foereit
possess more stable and difficult to biodegradation it's
highly soluble in water. Dyes have also been canrsid to be
responsible for changing properties of waste wated thus
the waste water has high COD, large amount of sulgue
solids, largely  fluctuating pH,high
unboundcolorants, dye impurities, auxiliaries andactants.
Thus, they affect dyeing process efficiency, dedsétion and

temperature,

association of dyes and organic pigments manufestuiew,
the removal of dyes from colored effluent is notemsy task
but it is essential to protect the environment aridimize the
teratogenic human health effect. On the other hahd,
environmental protection agency proposed limit nexgliless
than 5 ppm of dye content in waste water from 1p00. by
2015 or near the future [6-8]. So far, various rodthhave
been employed in wastewater treatment plant buy Hre

inefficient for such depth removal of dyes. The icas

methods are adsorption, oxidation, coagulation;cildation,

chemical degradation, ozonation,
surfactant, photo degradation and combination

physiochemical and biological treatment. Therefothe
development of new technologies is of particulaerest in
providing environmentally friendly solution for dydree
clean water. But it is a very serious challengaht® textile
industry.
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Cloud point extraction (CPE) as an extraction metlnas
been extensively used in the separation and patidic
process because of mild operating condition andy ver
straightforward processes [9]. CAE process can asilye
overcome the disadvantages of the above convehtiogtaod
for decolorization of degradation of wastewatemfda At a
certain temperature, aqueous solution of a nonisaitactant
becomes turbid. With further increase of tempeggtsolution
separates into two phases such as surfactant mabepand an
aqueous phase.Surfactant rich phase has small golum
compared to the solution and so- called coacerpatse,
whereas the aqueous rich phase containing surfactan
concentration slightly above the critical micellencentration
(CMC) [10]. This temperature is known as cloud poin
temperature (CPT) of the surfactant. The cloud tpisistrictly
defined as a particular surfactant concentratiog.,(dwt %)
due to phase boundary between two phases whichirly f
independent of concentration.The cloud point is egalhy
quite close to the lower consulate solution tenipeea At the
cloud point temperature, the solute present in agsigolution

of nonionic surfactant is distributed between twages [11].
This phenomenon is known as cloud pointextractiGRPE)
[12,13].

The process efficiency depends on the surfactgrgstyand
chemical structure because there are several @thyaitd
chemical interactions involved in the formationaotomplex
between surfactant and dyes at a cloud point testyrer [14-
16].0n the other hand there is some possibilitysfouctural
orientation between similar aromatic ring structucé
surfactant and dyes such as GHnteractiong--n interaction,
n--t interaction [17-20]. Apart from these interactiprike
charge -- charge interaction and hydrogen bond wittral
molecule interaction can also play important rofe the
separation of dyes from waste water [21]. In order
understand the reactivityof dyes with surfactame, tolecular
identification of structure and hetero atom in gteeicture and
their interaction energy are strongly needed tolaefied. But
the molecular level analyses of dyes and surfadtame not
been reported on elsewhere. It is well known tha t
thermodynamic properties could be explained vemsary
about the interaction between two compounds suatxesss
molar volume [22] and deviation of refractive ingdeiscosity
and surface tension [23-25].

Recently, ab initio molecular orbital calculatioashbecome a
powerful tool for studying intermolecular interamis and
structural orientation. The intermolecular inteiact and
structural orientation can give detailed informati@bout the
ability, feasibility and efficiency of the process, order to
minimize the experimental cost and have chosenngiate
candidate for the particular separation processceSithe
interactions energy control the structural assesskdind their
properties in the mixture. Further, the removatraée amount
of reactive dyes from aqueous solution by current
conventional method is not effective because otltemical

and physical resistant to the process. Howeveptagence of
heteroatoms in the aromatic structure of reactrange 107,
these species are involved in a great variety efhibal and
physical interactions in the decolourization andoxery
process using active absorbent, surfactant andyshatdt is
believed that a deep knowledge of these interastoam be of
fundamental importance to understanding the intringiture
of the microscopic forces that regulate the phagelibrium
in waste water treatment.So far as we know, theeen®
published quantum chemistry studies on the intEnact
between complex formed between triton X-114 sugfatcand
reactive orange 107 dye and /or water moleculesguab
initio methods with 6-31G* basis set.

The aim of the present work is to study the irdtoa energy
of the complex formed between surfactant triton 241+
water, surfactant triton X-114 + reactive orang@dy@s and
reactive orange 107 dyes + water system using o in
methods with 6-31G* basis set.To make the comparaw
understand the behavior of interaction parametetee above
complex systems have been studied through cloudt poi
extraction (CPA) process.Density, viscosity andraetfve
index of pure and mixture of surfactant triton X4]1teactive
orange 107 dyes and water were measured at 30BLB515
and 323.15K. From the measureddata,the thermodgnami
properties of these binary systems were calculiatedvery
easy to understand the behavior of surfactanntitd 14 with
reactive orange 107 dyes andwater molecules aerdiit
temperatures. In addition, the molecular aggregaticbinary
mixture can also be analyzed.

2. COMPUTATIONAL DETAILS

MOLDEN visualization package [26] has been useprgpare
the chemical structure of triton X-114 surfactalkig(re 1),
reactive orange 107 dyes(Figure 2) and water. Tdmptex
system of Triton X -114 surfactant with reactiveartge
107dyes (Figure 3), Triton X -114 surfactant witkater
molecules and reactive orange 107 with water nubdscwere
drawn wusing dummy atom initially. After geometry
optimization, the complex system does not have dymatom
which is making a barrier between these two mok=xat gas
phase studies. These similar concepts have beeheaasbker
by Meng et. al. [27] and Turnet et.all,[28] for ahitio
calculations.

Quantum chemical calculations were performed usiagee
Fock (HF) theory with 6-31G* basis set. The geometr
optimizations were carried out using HF/6-31G* lea#
theory. At the same level of theory, the fundamlenta
vibrational frequency calculations were carried tutensure
the true minima. The total electronic energiestfibon X-114
surfactant, reactive orange 107dyes, water and toenplex
were corrected with the basis set superpositioor eusing
Boys-Bernardi counterpoise techniques [29]. All dtetical
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calculations were performed using the GaussianG@vace
package [30].

3. EXPERIMENTAL

Triton X-114 surfactant, purchased from Sigma [Sfdences,
India, was used as nonionic surfactant. It is highlre and
water-soluble liquid. Triton X-114 contains approstely 8 -

9 ethoxy units per molecule (density at 298.15KL.i858 g.
ml-1, Mol. Wt.: 537,Amax: 223nm), and is abbreviated as
surfactant triton X-114 (Figure 1). The critical aelle
concentration (CMC) of surfactant triton X-114 i4210-4M

at 298.15K and cloud point temperature is 298.18K[3
Reactive Orange 107dye (Mol.Wt:566.49, density: ¢/ml,
Amax: 411 nm) purchased from Nuchem chemicals,
Ahmedabad, India was used as solute (Figure 2)CIABV-

Vis  spectrophotometer was used for recording
absorptionspectra and absorbance measurements Lising
glass cells and it was calibrated.The calibratiamve for
reactive orange 107 dyes is shown in Figure 4.

50 ml aqueous micellar solutions were prepared diitflerent
concentrations of solute and surfactant. The canaton of
reactive orange dye used was 25 ppm. Surfactaomn td-114
concentration was varied from 0.01 M to 0.1 M. larigus
literatures lower concentrations of surfactant wesed, here
we increased the concentration of surfactant up.ioM for
more efficient results. Solutions were heated above
CPT(298.15K) at three different temperatures 308,15
313.15K, and 323.15K. The temperature above thedgmint
temperatureof surfactant triton X-114 was takendficient
cloud point extraction to take place. The soluts@parated
into two phases above cloud point temperature.vbtheme of
surfactant-rich phase and dilute phase were nateahdThen

the concentration of reactive orange 107 dyes lutediphase
was determined by UV- Spectrophotometer.The visgasi

the separated phases was measured through Brabkfiel
Viscometer LVDVII+PRO and the refractive index was
measured by Deep Vision Refractometer(Guru Nanak
Instruments, New Delhi). The refractometer was brated
using water.For the measurement of density, 5 necifip
gravity bottles were used.

4 RESULTSAND DISCUSSIONS

The quantum chemical calculation and experimentsewe
conducted using reactive orange 107 deys as a namitahic
dye components and non-ionic surfactant triton-X.1There
are different kinds of interaction can exist betweakye and
surfactant / water molecules.It should be discugsextder to
understand the physical, chemical and structuraraction.
Dye solubilization results from the following inéetions [32]:
» Dye is included into the polyoxyethylene exteridr o
micelles by hydrophilic interactions.
» Hydrophobic interactions result in absorption okdy
into the hydrophobic core of surfactant micelles.

In non-ionic surfactants with the same hydrophapicup, as
the ethylene oxide chain length decreases whichsecau
micellize size increases whereasthe dye hydrophgbic
decreases that cause solubilization tendency dezsea

The possible physical and chemical interaction betw
surfactant triton X-114 and reactive orange 107sdyia the
mixture such as van der Waals interactions betwedkyl
chains, hydrogen bond interaction with neutral rooles,
charge-charge interaction, n(O,N,S)--H interacticdH-
interactiong--x interaction, n(O,N,S)r-interactions [17-20].

There are certain interactions between water amthaant
molecules which affect the micellization of surfaut
molecules and solubilizaton of dye [33].

0] Steric and electrostatic interactions between
surfactant hydrophilic moieties and water,

(i) Conformational effects associated with hydrocarbon-
chain packing in the micellar core,

(i) Curvature-dependent interfacial effects at the

micellar core-water interface, and
(iv) Hydrophobic interactions between
hydrocarbon chains and water.

surfactant

4.1 Structure and Interaction Energy

Reactive orange 107 dyes are having two aromatgsrand
several functional groups. The functional groupréactive
orange 107 dyes is classified into two categorieshsas
chromofore and auxochromoe. The chromofore corditipms
are represented by the azo group (-N=N-), ethylgrap
(=C=C=), methine group (-CH=), carbonyl group (=QzO
carbon-nitrogen (=C=NH), carbon-sulfur (=C=S), MNit(-
NO2;-NO-OH), nitrozo (-N=0O; =N-OH). These groupse ar
having highly electron acceptor which is indicatitimat the
groups of molecule looking for a rich electron endf the
atom in the chemical structure whereas the colondif/idual
dye is strongly depends on the presence of chroneege
chromophore groups in their structures. Therefibre reactive
orange 107 has a golden yellow color. The auxochrom
groups are ionizable groups which are responsibtetlie
dyeing capacity in the textile material and otheatenials. The
usual auxochrome groups are amines (-NH2), carbéxyl
COOH), sulphonate (-SO3H), and hydroxyl (-OH). Tes
groups of molecules are having electron deficien€ythe
atom in their molecular structure. Thus, the groap
molecules is existing low reactivity and high thefnand
chemical stability to deep conventional processhsas
adsorption, precipitation, chemical degradation, otph
degradation, etc. The optimized structure of suafactriton
X-114, reactive orange 107dyes and surfactanintiel14 +
reactive orange 107 is given in Figure 1 to Fighire

The surfactant triton X-114 is consisting of theraatic ring,
carbon, and hydrogen and oxygen atom in their cta&mi
structure. The total hydrogen atom in the surfactaton X-
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114 is 50 which is higher than reactive orange t§és
whereas the electronegative atom and ions suchtragen,
oxygen, sulfuratom and sodium ions located in thactive
orange is 19 (4 nitrogen, 3 sulfur, 10 oxygen ansodium
ions) which cause the rate of decolourization, degpbility
and recovery of dyes from aqueous solution. Howetherse
electronegative atom and ions are playing signitiaale in
the formation of a bond between active surfactaamely,
triton X-114 and reactive orange 107 dyes. Furttterre are
several possible electron donor sites as availablehe
surfactant to have hydrogen interaction with thegmgoring
molecules like reactive orange 107 dyes. Furtheemibe
surfactant triton X-114 and reactive orange 107 sdye
having similar aromatic ring structure at the cerd€ their
structures.lt can be influenced on the effectivauctuiral
orientation between those two similar molecules wiar
stacking and CHs interaction and no (N, S, O}-interaction
[17-20].

The total electronic energy of surfactant tritorL ¥4, reactive
orange 107 dyes, water and their complex structuage been
studied using ab initio method and the resultspaesented in
Table 1.The total electronic energy of reactivengeis -
8131907.327 kJ.mole-1 (Table 1) whereas the sarfatas -
2022439.464 kJ.mole-1 (Table 1) and -199505.706#A&&-1
(Table 1) for water molecules. The total electroainergy of
surfactant triton X-114 is less than reactive oemi§7 dyes
whereas higher than that of water molecules. It ban
explained that the removal of reactive orange 1¢&sdrom
water molecules required higher degree of adsorlment
catalyst than that of reactive orange 107 dyes. rEaetive
orange 107 dyes have more electron deficiency ofnat
located in their molecular structure as well asatmsted
bond orderwhich cause reactivity and stability dfet
molecules in the complex systems.

From the total electronic energy values of indiadu
molecules such as reactive orange 107 dyes, samntatfton
X-114, water, surfactant triton X-114+reactive aganl07
dyes, surfactant triton X-114+ water and reactivenge 107
dyes + water have been calculated and it's givemahle 1.
The interaction energy of the complex system canldfsned
as the difference between the total electronic gyneof
mixture and total electronic energy of individuablecules
which can give the information about the strendthymirogen
bond formation between two or more compounds in the
mixture. The interaction energy can be calculammbaling to
the following equation 1, 2 and 3.

I ESJrfactant—Dyes = TESJrfact art+Dyes - (TESJrfac tan + TEDy&)
1)

I ESJrfactant—Water = TESJrfact art-Water (TESJrfac tan + TEWaIer )
2

I EDyes—Water = TEDy$+Water - (TEDyes + TEWater )
©)

Where, IE and TE are the interaction energy andl tot
electronic energy of the molecules and their clusfehe
interaction energy of the complex formed betweerfiastant
triton X-114 and reactive orange 107 dyes have -
92073.8853kJ.mole-1 (Table 1) whereas 4303.4720dtd-1
(Table 1) for surfactant triton X-114 + water,
4203.10926kJ.mole-1 (Table 1) for reactive orarg@je dyes +
water systems. The interaction energy between carit
triton X-114 + reactive orange 107 dyes show smaliues
with negative sign than that of reactive orangd fyes
+water and surfactant triton X-114+water systeme ttuthe
presence of appreciable level of physical, chemiaatl
structural interaction between surfactant and dyisis
observed that surfactant triton X-114 has high miidé to
separate reactive orange 107 dyes from aqueougiosolu
because these two molecules have several possigkicpl,
chemical and structural interactions such as@H--
interactiong--nt interaction, n (S,N,O)& interaction , S--H
interaction, N--H interaction, O--H interaction,drggen bond
interaction with neutral molecules and charge-ghar
interaction[17-20]. Further, the charge--chargeeraction is
the dominant interaction in the attraction and thhe
interaction of surfactant triton X-114 with readierange 107
dyescomplex have smallervalues than that of swafadtiton
X-114 + water complex and reactive orange 107 dyester.
The surfactant triton X-114 is not close to wateslecules,
resulting in immiscible with each other. It can basily
observed that the interaction energy is inversebpertional
to distance between two interacting molecules. Hawvehe
conventional hydrogen bonds have strong directitynaind
therefore, hydrogen bonds play important rolesdntlling
the structure of molecular assemblies and theipgntces.

42 Effect of

Temperature on Refractive | ndex

Surfactant Concentration and

Refractive index is related to the polarizabilifynoolecules in
binary mixture. They can provide clear informatiaiboutthe
interactionbetween those two molecules.In ordesttmly the
effect of interactions with increasing alkyl chdength, the
refractive index of pure and mixture were meas\fieble 2).
It was noted that there is chemical resistanceredfavhich
cause familiar physical and chemical interactid3#] [due to
the deficiency of the hydrogen atom.Figure 5 shdiws
variation of refractive index with surfactant contration 0.01
M to 0.1 M intwo differentphases. For aqueous phase
refractive index is constant with increasing sudat
concentration at 25ppm of dye concentration. Theeaqgs
phase mainly consists of water, whereas dye arfdctant are
present in negligible amount. The aqueous phas¢hkasame
refractive index of water at room temperature 1832 with
increasing surfactant concentration. The constitienf
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coacervate phase are same as aqueous phase putdbptof
water is in negligible. In Figure 5, the refractivedex
increases with surfactant concentration. The irsgredn
surfactant concentration causes more solubilizaténdye
which increases the dye concentration in the coatephase.
This shows the refractive index of the phase isddpnt upon
the composition of the phase and the amount of titoast
present.

The refractive index of the aqueous phase is sasneater
1.332, even at different temperatures (Table 2% itoted that
the amount of water influences on the refractivéein of the
aqueous phase as well as the concentration of yheadd
surfactant has negligible. The refractive indexinsreased
with the increase in temperature (Table 2). As terature
increases, the CMC value of surfactant decreasdstlzet
causes increased dye solubilization. Water molscwdee
dehydrated with increase in temperature in the ewate
phase. Polar interaction between water and surfacta
molecule decreases whereas the hydrophobic inkemact
surfactant with dye increases with increase in txapre.
Due to decrease in the amount of water and increasiee
amount of dye in coacervate phase the refractividexn
increases (Table 2). Thus, the refractive indexbofary
mixture depends on the amount of dye and wateeptés the
coacervate phase.

Concentration and

4.3 Effect of Surfactant

Temperature on Density

Reactive Orange is an anionic dye. The densithehtixtures

is very strongly affected by the nature of the aniDensity is
related to the compactness of the structure of outds. The
density in dilute phase is almost constantly wiib increase

in surfactant concentration (Table 3) whereas thecervate
phase density increases with increase in surfactant
concentration due to the presence of physical dmnical
interaction. Reactive orange 107 dyesare presene nmo
coacervate phase than dilute phase. Therefore themebig
difference in the values of the density of dilutel &oacervate
phase and also to increase in surfactant conciemtfaensity

of dilute phase decreases with increase in temperatue to
the presence of water and thus reduces the streofyth
hydrogen in the mixture (Table 3). At lower congatibns of
surfactant, there is not much effect of temperatoue as
surfactant concentration increases the densityedses with
increase in temperature (Table 3). This can beagxgd that
thehydrogen bonding is more temperature dependeam t
compositions. At lower temperature, there is moydrbgen
bonding interaction between water and surfactanteoutes
but at higher temperatures there is a dissociatibmwater
molecules from the surfactant molecules. So, theuarn of
water increases in dilute phase of higher surfactan
concentration therefore resulting in a decrease in
density.Density of coacervate phase increasesindtiease in
temperature. For temperature 303 and 323 K thegeaidual

increase in density with increase in surfactantceotration
but for 313 K there is a rapid increase in densitgurfactant
concentration (Table 3). The density of coacervatase
increases with temperature because there is a dehyd of
water molecules from surfactant molecules presemt i
coacervate phase. The decrease in water contert wit
temperature causes the density to increase withdeature.
Concentration and

4.4 Effect of Surfactant

Temperatureon Viscosity

Viscosity is an important parameter in moleculaeiaction
studies. It has a strong effect on the rate of ntemssport
within the solution. The viscosity of water is 00B9CP at 298
K. The identities of the anion and the cation whitimposes
the mixture have a huge effect on the viscosityhef liquid
mixture. Viscosity is also affected by the Van ti¢aals force
interaction. The interaction increases with ionkileiting long
alkyl chains or a higher degree of branching. Wébpect to
the anionic species, higher basicity, size andivelaapacity
to form H-bonds leads to more viscous mixtures. \likeosity
is almost constant with an increase in surfactantentration
for dilute phase (Table 4). There is much amountvafer
present in dilute phase so the viscosity of dilptease lies
around that of water.

The viscosity increases with increase in surfactant
concentration in coacervate phase (Table 4). Bhikie to the
anionic nature of more dye solubilized with inciegs
surfactant concentration. With the increase in asant
concentration, micelle concentration also increadas to
which more dye is solubilized. As the more dyedhikilized

in surfactant, van der wall interaction between dyed
surfactant increases. As already mentioned viscosst
affected by increased van der Waal interaction efloee
viscosity is increased.There is no significant agon with
temperature in coacertvate phase (Table 4). Theosity of
dilute phase is almost in between 0.75 and 0.89a.8i2 .
This shows that the viscosity of dilute phase ipeateed
strongly on water content and weakly on temperatiitee
viscosity increases with increase in temperatutkdectreases
with water content. As temperature is increased the
dehydration of surfactant molecules results in eesed
content of water in coacervate phase. As contentvater
decreases with temperature the viscosity of thecarvate
phase increases as it leads to more solubilizatiadye with
increasing temperature. With increase in tempegatur
hydrophobicity of surfactant molecules increaseschvibeads

to more interaction of dye with the hydrophobictp&Vater
interacts with the hydrophilic part of TX-114 thighudipole-
dipole interactions. As temperature increases Iphilic
nature of surfactant is reduced which results imydeation of
water molecules. A small quantity of water causegreat
viscosity decrease. Thus this figure shows thetgradations

of viscosity depend on the water content at all shedied
temperature (Table 4).
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45 Effect of Temperature and Concentration on
ExcessMolar Volume (VE)

The excess molar volume depends on the compositiwh
temperature and is of great importance in undedgtgnthe
nature of molecular aggregation that exists inrttiture. The
excess molar volume is calculated by the followfimgnula:

3 3
V. :;xMi _zxiMi

pmix i=1 pi
(4)

Where xi (i =1, 2,3) is the mole fractions of dyReéctive
Orange), surfactant (TX-114) and water respectivily, (i
=1, 2, 3) is the molecular weights of dye, surfattand water
respectivelyi (i =1, 2, 3) is the density of the mixture (dye +
surfactant +water).

VE is the result of contribution from several opipgseffects
which is divided into three types — physical, cheshiand
structural effect [29]. Physical effects are duentm-specific
physical interactions such as dispersion force tdugreaking
of dipoles or weak dipole-dipole interaction and aer Waals
interaction between alkyl chains. Chemical effeutiudes
charge — charge interaction, H-bond interactiord donor-
acceptor complex forming interactions,Cklinteractionn--n
interaction n(O,S,N)--H interaction and n(S,O,N)--
interaction [17-20].Structural effect isgeometrifitiing of the
component molecules into each other’s structure dunal to
the difference in molar and three volumes.Physefécts
make a positive contribution to VE, chemical andictural
effects make a negative contribution. Negative V&ugs
indicate that the chemical contributions are domin&he
chemical or specific intermolecular interactionsule in a
volume decrease, and these include charge traygkeforces
and other complex forming interactions. The strradtu
contributions are mostly negative and arise espgcdieom
interstitial accommodation and changes of free mau
Values of VE nearly zero, implies that the inteiats
between unlike molecules are very similar to the
intramolecular interactions.

Figure 6 implies that the negative values of excesdar
volume are due to the dominant chemical effects ttiee
other effects in cloud point extraction. VEdecresaseth
increase in temperature and surfactant concemratist
higher temperature the chemical effects decreasestlae
interaction between the like and unlike molecules @most
similar i.e VE approaches zero, so there is vesy Iateraction
between dye and surfactant and extraction of dyeeiicient.
So up to a certain value of temperature there igffactive
extraction of dye by surfactant and above a certain
temperature solubilization of dye decreases. Adastant
concentration is increasing there is increase itegx molar

volume which shows increasing chemical and stratteifect
with increasing surfactant concentration. So, th@ardye is
solubilized with increasing surfactant concentratidable 5).

CONCLUSIONS

A systematic study on the relative surfactant trit§-114,
reactive orange 107 dyes, water and its clustef abéectronic
energy and thereby interaction energy for complesméd
betweensurfactant triton X-114+reactive orange 1iyés,
surfactant triton X-114+reactive orange 107 andctiea
orange 107+water were performed in this work usibgnitio
methods with 6-31G* basis set. The results on thmplex
systems relative interaction were interpreted itmge of
influence of structure of both surfactant triton1X4 and
reactive orange 107 dyes, deficiency of hydrogemain the
reactive orange 107 dyes, the presence of elegiative atom
in the aromatic structure of reactive orange 108schnd some
other phytochemical interactions such as chargeharge
interaction, H-bond interaction, and donor-accemomplex
forming interactions, van der Waals interactionnesn alkyl
chain, CH-r interaction, n--n interaction n(O,S,N)--H
interaction and n(S,O,N)- interaction. To identify the
possible molecular interaction in the mixture oé thbove
systems experiment was carried out at differentpature
and different concentration of surfactant.In orttermeasure
the density, refractive index and viscosity of panel mixedat
303.15, 313.15 and 323.15K and calculated theiegxenolar
properties. There is no significant concentratidfea in
dilute phase of mixture properties whereas in coate phase
shows reliable influenced by the concentrationuwfactant. It
is noted that density is strongly depends on teatpez as
well as concentration of surfactant and the vidgoss
dependent on water or moisture content than terhperdt is
also observed that the surfactant triton X-114 asactive
orange 107 dyes have mutual molecular interactiod a
therefore they exhibit negative deviations whilereasing
temperature the deviation has been changed dathgtittie to
minimize the effect of hydrogen bonds in the migtur
Moreover, itis concluded that there is a strongsjimlty
toremovetraces of dyes from aqueous solution withou
additional equipment requirements. But the structur
assemblies and their propertyrelationships arenéisséactors
to enhance the process efficiency.

NOMENCLATURE
CPE Cloud point extraction
IE Interaction energy
TE Total electronic energy
Xi Mole fraction of component i
Mi Molecular weight of component i
pi Density of component i
PMiX Density of mixture
VE Excess molar volume
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Tablel: The total electronic energy and Interaction eresrgpetween triton X-114, reactive orange 107 aeil tomplex using ab
initio method with 6-31G* basis set.

S.No Name Total energy I nteraction energy
(kJ.mole™) (kJ.mole™)
1 Dyes: -8131907.327 -
Reactive orange 107 (RO107)
2 Surfactant: -2022439.464 -
Triton X-114 (TX-114)
3 Water -199505.7064 -
4 RO107+Water -8327209.924 4203.109259
5 TX-114+Water -2217641.698 4303.472023
6 TX-114+R0O107 -10246420.68 -92073.88529
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Table 2: Experimental Refractive index values for dilutelacoacervate phase as a function of temperatursufiactant

concentration.
Surfactant Temperature (K)
flv(l’;‘ce””a“"” 303.15K 313.15K 323.15K
Dilute Coacervate Dilute Coacervate Dilute Coacervate

0.01 1.332 1.3580 1.332 1.3605 1.332 1.3530
0.02 1.332 1.3560 1.332 1.3630 1.332 1.3560
0.03 1.332 1.3585 1.332 1.3640 1.332 1.3588
0.04 1.332 1.3595 1.332 1.3660 1.332 1.3610
0.05 1.332 1.3610 1.332 1.3665 1.332 1.3625
0.06 1.332 1.3610 1.332 1.3690 1.332 1.3670
0.07 1.332 1.3680 1.332 1.3685 1.332 1.3695
0.08 1.332 1.3680 1.332 1.3695 1.332 1.3745
0.09 1.332 1.3610 1.332 1.3700 1.332 1.3750
0.1 1.332 1.3610 1.332 1.3710 1.332 1.3780

Table 3: Experimental Density values in g/cc for dilute ao@cervate phase as a function of temperatursafiactant

concentration.

Surfactant Temperature (K)

Concentration

(M) 303.15 313.15 323.15

Dilute Coacervate Dilute Coacervate Dilute Coacervate

0.01 1.000032 - 1.000030 - 1.000022 -
0.02 1.000073 - 1.000142 - 1.000037 -
0.03 1.000163 - 1.000196 - 1.00000( -
0.04 1.000254 - 1.000175 - 1.000251 -
0.05 1.000456 1.013099 1.000187 - 1.000222 -
0.06 1.000417 1.014066 1.000227 1.012756 1.000235 .017372
0.07 1.000472 1.014194 1.000379 1.015736 1.000273 .017889
0.08 1.000636 1.013592 1.000444 1.018362 1.000354 .019479
0.09 1.000626 1.014833 1.000525 1.019535 1.000317 .019%204
0.1 1.000707 1.015070 1.000527 1.020131 1.0003p6 019183
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Table 4: Experimental Viscosity values in mPa/s for dilatel coacervate phase as a function of temperatdrewafactant

concentration.
Surfactant Temperature (K)
flv(l’;‘ce””a“"” 303.15 31315 32315
Dilute Coacervate Dilute Coacervate Dilute Coacervate

0.01 0.74 - 0.820 - 0.840 -
0.02 0.74 - 0.820 - 0.860 -
0.03 0.7 - 0.820 - 0.860 -
0.04 0.74 - 0.840 - 0.860 -
0.05 0.8 - 0.840 - 0.880 -
0.06 0.78 122.7 0.840 - 0.880 155.700
0.07 0.82 123.9 0.860 135.900 0.880 173.600
0.08 0.84 126.9 0.860 148.800 0.900 181.800
0.09 0.84 127.9 0.860 161.100 0.900 174.600
0.1 0.84 129.8 0.880 161.100 0.900 171.900

Table 5: Experimental Excess molar values in mPa/s fanteiland coacervate phase as a function of temperand surfactant
concentration.

Surfactant Temperature (K)
Concentration(M)
303.15 313.15 323.15
0.01 -0.00057 -0.00054 -0.00038
0.02 -0.00129 -0.00254 -0.00066
0.03 -0.00292 -0.00351 0.00456
0.04 -0.00456 -0.00314 -0.00450
0.05 -0.00476 -0.00476 -0.00398
0.06 -0.00749 -0.00398 -0.00422
0.07 -0.00628 -0.00628 -0.00491
0.08 -0.01143 -0.00807 -0.00637
0.09 -0.01126 -0.00943 -0.00570
0.1 -0.01271 -0.00947 -0.00711
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Figure 1: Optimized structure of surfact: triton X-114structure; octyl phenol polyethylene glycol ethéou@ Pointtemperatur:
298.15K; Density at 298.15K: 1.052 gi*; max (visible): 223nm; molecular weight: 537g.mc™.

i ?
H{24)

Figure2: Optimized structure afeactive orange 107 dyes; class: diazo; reagroup: vinyl sulphone; Density at 298.15K: 1.7g"
! max (visible): 411nm; molecular weight: 566.49d™.
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Figure 3: Optimized structure of complex formed betweenastenttriton X-114+ reactive orange 104 dyes using HHG3

level.

2.5
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Figure 4:Calibration curve for Reactive Orange 107 dye
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Figure5: Variation of refractive index with TX-114 conceaiion for dilute and coacervate phase at 25ppmtiRea®range
concentration and at 313 K temperature
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Figure6: Variation of excess molar volume with temperatame surfactant concentration at 25ppm reactivega@oncentration.
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