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Abstract

Three homologues of a novel biodegradable diestked cationic gemini surfactant series,
CmH2m+1 (CH3)2N*(CH,COOCH,),N*(CH3)2CHam+1.2CI (M-E2-m; m = 12, 14, 16), were
used for investigation of the solubilization of yoyclic aromatic hydrocarbons (PAHS) such
as naphthalene, anthracene and pyrene in singedisas binary surfactant solutions.
Physicochemical parameters of the pure/mixed systepre derived by using conductivity
and surface tension measurements. Dissolution tgpafcthe equimolar binary surfactant
solutions towards the PAHs was studied from theamsblubilization ratioNISR), micelle —

water partition coefficienti,) and free energy of solubilizatioA@s) of the solubilizates.

Influence of hydrophobic chain length of the dimesurfactants on solubilization was
characterized. Aqueous solubility of the PAHs wabkaaced linearly with concentration of

the surfactant in all the pure and mixed gemini-gesurfactant systems.
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1. Introduction

The presence of polycyclic aromatic hydrocarbon8H$®) in nature is of great
concern as these are highly toxic, carcinogenicranthgenic to microorganism as well as to
all living beings including humans [1]. PAHs areghiy lipid-soluble, also get readily
adsorbed and distributed uniformly in the tissuéshe body cell producing carcinogenic
effect. The main reason for the prolonged perstgteri PAHs in the environment is their low
aqueous solubility owing to their hydrophobicityathenhances their sorption to soils and
sediments, accumulation in aquatic living organismdg transfer to humans through seafood
consumption [2,3]. The biological, physical and mieal methods used to remove these
pollutants have some limitations and side effedis gnd, therefore, the apparent water
solubility of the hydrophobic hydrocarbons couldibgroved by the addition of synthetic
surfactants [5]. An important property of the satémts is that they associate in water and
form colloidal aggregates called micelles abovehi@shold concentration known as the
critical micelle concentrationcinc). Micellar solutions have the ability to increadee
aqueous solubility of hydrophobic compounds by fpooating them into the
hydrophilic’/hydrophobic regions depending upon ptjleof the solutes [6]. Solubilization
power of the mixed surfactant systems depends nbt on the micellar and interface
properties of the component surfactant, but alstherhydrophilic/hydrophobic properties of
solutes. The amounts of organic compounds thabeasolubilized in the micelles depend on
the surfactant structure, aggregation number, meiggdometry, ionic strength, temperature,
solubilizate chemistry and their size [7]. A goodmber of studies has been taken up in
single surfactant systems [8-24] mostly with refalty high surfactant concentrations that
would increase the remediation cost. To reducdrdament cost, and also the consumption
of surfactants, a new class of amphiphiles, ile gemini surfactants, possessing two
hydrophobic chains and two hydrophilic head grogpsed together through a spacethat
may be rigid or flexible, hydrophilic or hydrophabt could preferably be used (instead of
the conventional surfactants). This is because hefir tlower cmc, higher dissolution
capability, good wetting property, and higher eéficy in reducing the surface and
interfacial tension of water [25-29]. As mixed nlles possess improved physicochemical
properties [30], last few years have witnessedrabar of studies in the gemini-conventional

mixed surfactant systems toward the solubilizatibsparingly soluble compounds [31-36].



Despite the potential use of gemini surfactants tfog solubilization of water-
insoluble compounds in micelles, solubilization BAHS in gemini-gemini surfactant
mixtures are poorly studied. Structure of surfactard composition of mixture influence the
solubilization capability of the mixed system. Tgeal of the present investigation is to
determine the extent of solubilization of PAHs e surfactant solutions as well as their
equimolar binary mixtures whereby influence of kiyelrophobic chain lengths of the dimeric
surfactants on solubilization behavior is also s&&ke have used, herein, the ester-linked
cationic gemini surfactants, because of their lowmc and low toxicity than the other
cationic gemini surfactants [37,38]. Such fundarakahd extensive investigations will help
to predict the properties of mixed micelles contagngemini surfactants of the same charge,
and also the mixing effect on solubilization cajfiibs that will extend the scope of

surfactantenhanced applications.
2. Experimental Section

2.1. Materials

Molecular formula and properties of the solubilesatised in this study, i.e., the PAHs
— naphthalene>99.0%, Fluka, Switzerland), anthracene (99.5%,Kloight Laboratories
Ltd., England) and pyrene (99%, Fluka, Switzerlandjre listed in Table 1. The cationic
gemini surfactants (m-E2-m, m = 12, 14, 16) wenlsgsized in the laboratory (Scheme 1),

using a known procedure and the details are rephetse=where [38].
2.2. Methods

Solutions of the gemini surfactants and their eaqu@mbinary mixtures were prepared

in double distilled water by mixing pre-calculatealumes of the stock solutions.
2.2.1. Surface tension measurement

The surface tensior)(measurement, used to determine the cmc valuesbased on
the Platinum ring detachment method with a Krus$géhsiometer (K11MK3, Germany).
The values were measured until consistency was noticed (Fig. 1a) indicating that the
equilibrium was attained. Intersection of linearrtpons of the plots ofy against log C
(logarithm of the total surfactant concentration thee pure solution or the equimolar binary

mixture) was themc.



2.2.2. Conductance measurement

Conductometry was also used for ttrec determination. The specific conductivity
data were collected with a ELICO conductivity bedghodel CM82T using a platinum
electrode with cell constant of 1.026 ¢nThe data obtained for all the measurements for al
the solutions at 30 + 0.C were perfectly reproducible. In each casa; was determined as
the concentration at intersection of the lineartipos of the plots of specific conductance

versus concentration of surfactants (Fig. 1b).
2.2.3. Solubility determination

Solubility of the PAHs was measured in pure genand mixed gemini-gemini
micellar solutions. Abovemc, surfactant solutions of different concentratiorese prepared
in double distilled water. To ensure maximum sdlaation, excess of the solute was added
to 3 mL of solvent in screw-capped sealed vial, #meh the mixture was shaken on a
magnetic stirrer for 24 h at room temperature. fitbeture was centrifuged at 12000 rpm to
remove the undissolved solutes and then aliquttte@fample was collected. Concentrations
of the dissolved solutes were determined by takagporbance of the solutions at
wavelengths 276 nm, 253 nm and 272 nm, respectiyetynaphthalene, anthracene and
pyrene, using the Shimadzu UV-Vis (UV-mini-1240)espophotometer. The surfactant
concentration was kept the same in both the referand measurement cells to minimize the
error on UV absorbance. Absorbance of the cleattisol (i.e., the supernatant liquid taken
after centrifugation) was determined .« of the PAH after suitable dilution with the
appropriate solvent. Solubility was calculated bwyltiplying the PAH concentration, so
obtained, by the appropriate dilution factor. Frtima absorbance data, concentration of the
PAH was calculated by using the Lambert-Beer lawol@m extinction coefficients of
naphthalene, anthracene and pyrene are 5.2 Miom', 1.82 x 18 M*cm” and 4.71 x 19
M~cm’, respectively, as reported by Moroi et al. [13]).

3. Resaultsand Discussions

The present study mainly focuses on the micelldubsi@zation of PAHs by ester-
bonded pure and mixed gemini-gemini surfactantesyst Solubilization is directly related
to solution properties of the surfactant systentsiirs important to understand the behavior
of micelles and mixed micelles in aqueous mediumfoR: the solubilization study, it is



necessary to discuss the micellar and surface grepeof the pure and mixed surfactant

systems.

3.1. Mutual interaction between the gemini surfactants in mixed surfactant systems

Pseudophase separation model, based on Clint'sieqya9], was used to calculate

the ideal cmcdmcigea) Which can then be compared with the experimeanted (cmc; 2)
1 o o

=+ (1)

CMC,i el cmc, cCmc,

wherecmc;, cmc; are thecmes andas, a, are the stoichoimetric mole fractions of surfactant
and surfactant 2, respectively, in the mixed mesblution.

cmcy; values of the binary mixtures are lower than timcs of the individual
components (Table 2). Negative deviatiortiwt,, from thecmcigeq Values in all the mixtures
implies that the mixed micelles show synergism dating nonideality of the systems. The
order ofcmcy, values is 16-E2-16 + 14-E2-¥416-E2-16 + 12-E2-17114-E2-14 + 12-E2-
12.

A guantitative estimation of the nonideality andumea of interactions among both the
components can be made by the regular solutiomythbased on Rubingh’s approach, which
explains nonideal mixing of the components in misgydtems [40]. Rubingh’s model was

used to find out the contribution of each surfaciarthe form of mole fraction in micellar

state (X1") and interaction parametep{') by means of the equations (2) and (3).

(XM?In(cme,a, cme, X[") _
(L= X{")?In{eme,, (L-a;) /eme, (1- X{™)}

(2)

 _ In(eme,a, fome X0)
Py ©

The p™values, listed in Table 2, give an idea about fipe tof interactions among the two

components in the mixed micelles, which lead tartHeviation from ideality. Positivg™
values are related to the net repulsive interactetween the two components, while

negative ™ are caused by an attractive interaction. In al $slgstems, we have obtained
negative 8™ values indicating synergistic interaction betwéeth the geminis in the mixed

surfactant systems which again favors the mixedeligation process. Highesg™ value



was obtained for the system containing both thepmrants of higher hydrophobicity, i.e.,
the 16-E2-16 + 14-E2-14 system. The system 14-E2-1¥2-E2-12, in which both the
components are of lower hydrophibicity, shows |legstergism.

The ideality/non-ideality of mixed micelles and fxesence of synergistic interaction

among the surfactants can be suggested by evaudhie activity coefficients ofith
component, i.e.f;™.

f," =exp{™ - X %} (4)

f;" =exp{B™(X,) %} 5)
The resultsf," > f,", for 14-E2-14 + 12-E2-12 and 16-E2-16 + 12-E2-dplies that the
activity coefficient of 12-E2-12 is lower than there hydrophobic gemini surfactant present

in the system, whereas for 16-E2-16 + 14-E2-14esystf," < f,", and activity coefficient of
16-E2-16 is lower than that of 14-E2-14 (Table 2).

3.2. Interfacial properties of the pure and mixed surfactant systems

Maximum surface excess fay generally represents the amount of surfactardrads at
the air-water interface. It can be evaluated, ierdilute solution, by Gibbs equation

Fmax: - 1 ay (6)
230N RT\ dlogC

where y;, n, C, R andT are the interfacial tension, number of countersjaoncentration of
surfactant, universal gas constant and temperaturthe surfactant solutions, respectively.
Here, the values ai are taken as 3 and 4, respectively, for pure amxaangemini-gemini
surfactant systemg.ax values for the mixed micelles of 16-E2-16 + 12-E2are greater
than the other systems (Table 2) which indicatest threater is the difference in

hydrophobicity higher is the adsorbing tendencthatair-water interface.

The minimum surface area of surfactant molecalg,j can be determined by Eq. (7)

A’nin = (7)

The values of max and Anin for the single and binary solutions are listedTable 2.Anin
values of the surfactant mixtures are higher thia@ pure surfactants because of the
6



electrostatic repulsion which requires larger gpea molecule. Among all the surfactant
mixtures,Anin IS highest for the 14-E2-14 + 12-E2-12 system Wwhiay be due to relatively
shorter alkyl chains.

There is genuine interest in determining the thelynamic parameters of mixed

micelles like the standard free energy of micell@a (AG;,) and excess free energy of

micellization (AG,) as thesguantify the relative importance of the hydrophabieractions
and head group repulsions (for ionic amphiphiles).

AG? and AG,, were calculated using the following equations
AG?n =RTIn Xcmc (8)

AGD =RT [ X1"Inf,™ + (1 -X1")Inf,"] (9)

The values of free energie8G® , AG.,) were found to be negative suggesting the stgbilit

and spontaneity of the formation of mixed micelles.

3.3. Solubilization capacity of the single/binary surfactant systems towards PAHS

In this investigation, we have mainly focused be solubilization of PAHs in the
micellar solution of cationic dimeric surfactantghwariable hydrophobic chain lengths (m-
E2-m) and their equimolar binary mixtures. Micel&olubilization is associated with the

properties of surfactant solutions.
3.3.1. Molar solubilization ratio and micelle phase/aqueous phase partitioning of PAHs

Plots of the variation of solubility of naphthale@thracene and pyrene, as a function
of total surfactant concentration of the singledninsurfactant systems, are shown in Figs. 2
and 3. Solubility of the PAHs was significantly amiged by the single/binary surfactant
solutions— the linear increase over the range of surfactantentrations abovenc suggests
micellar solubilization of the solutes. These resdemonstrate the potential capacity of the
pure and mixed micelles to enhance the solubilitAHs efficiently due to adsorption at
micelle-water interface, in addition to solubilization idsithe micelles.

In order to quantify these observations, the sbaation capacities were analyzed in
terms of molar solubilization ratidMSR) [10]. MSR depends on the ratio of the number of

solubilizate molecules inside an aggregate and nbenber of surfactant molecules



constituting the micelle. Evidently, mole fractiohthe solutes in the micellar pseudophase
(Xm) and theM SR are related aX,, = MR/ (1+ MSR).

M3SR = (St_s:mC) / (Ct_Ccmc) Ilo

where§ is total apparent solubility of the solute in aeqvsurfactant solution at a specific
total surfactant concentratio@; is concentration abovanc, S is the apparent solubility of
PAH atcmc. MSR values of the single/mixed surfactant systems wbtained from the slope
of the straight line obtained from the plot of ttecentration of solubilizate against the total
surfactant concentration aboeexc (Figs. 2 and 3). The most interesting variablejctvh
influences the solubilization of the PAHSs [8], ietmc.

To further measure the effectiveness of solulilire the micelle-water partition
coefficients Ky), which depend on the molecular structure of tbkilslizate [12-14,41],
were determinedk,, is a thermodynamic parameter that represents ftiretya of a given
solubilizate to micellar phase as compared to theeaus phase, and is used to determine the
amount of PAH molecules solubilized by the micellEsr evaluation oK, Eq. (11) was

used
Kn=MSR/{[Smd Vm (1+ MSR)} (11)

Here Vi, is the molar volume of water (= 0.01807 Lfait 30 °C). The increase #m
parallels the increase in hydrophobicity of theubdizate indicating that the solubilization is
controlled mainly by the hydrophobic interactions.

In single surfactant systems, the ordeM&R is 16-E2-16> 14-E2-14> 12-E2-12 for
naphthalene, 14-E2-14 12-E2-12> 16-E2-16 for anthracene and 14-E2446-E2-16>
12-E2-12 for pyrene (Table 3). With the increasewffactant concentration abogsc, the
number of micelles increases thereby enhancingPtkl solubility. There are different
possible localization sites in the micelles forikklity of the solubilizate. Their structural
arrangement and polarity decide the location sitebe micellar systems. Slight polarity of
the aromatic hydrocarbons allows these compounde tocated both in outer shell and also
in the hydrophobic core of surfactant micelles 1915,17]. Naphthalene is slightly polar and
participates in hydrogen bonding with water becaniséhe presence af-electrons in the
aromatic rings [17,42]. Surface of the micellesacgpbetween the hydrophilic head groups,
i.e., palisade layer, and inner core of micellestae possible localization sites of the solutes

affecting the extent of solubilization.



In mixed micelles the order of solubilization foaphthalene is 16-E2-16 + 12-E2-12
> 16-E2-16 + 14-E2-14 14-E2-14 + 12-E2-12, but for anthracene and pytBeeorder is
16-E2-16 + 12-E2-12 14-E2-14 + 12-E2-12 16-E2-16 + 14-E2-14. HigheviSR values
were obtained for the 16-E2-16 + 12-E2-12 systemalicthe three solubilizates which might
be due to the difference in chain length of botd domponent surfactants in the mixed
systems. In general, electrostatic interaction betwthen-electrons of PAH and positive
charge on the quaternary ammonium head groupstd&eimicellar solubilization. The outer
hydrophilic corona of the micelles has efficiencygr fsolubilizing the slightly polar
naphthalene of smaller molecular volume. The presesi diester bonded spacer may also
play an important role in solubilization as comphte the polymethylene spacer. Longer
spacer provides hydrophobic environment by loopipgn itself whereas ester-linked spacer
facilitates the solubilization of slightly polar pisthalene as there is a possibility of
interaction between the-electrons of naphthalene and the carbonyl graep, [FCO(O)-].
Naphthalene gets solubilized at the micelle/waterface and between the hydrophilic head
groups, i.e., the palisade layer.

Higher MSR and K, values for pyrene than anthracene in all the stafa systems
indicates that anthracene is less soluble in n@sdilecause of its larger lateral dimension
resulting in lesser intercalation in the micelles @ompared to pyrene. The extent of
solubilization depends upon molecular architectfréthe solute and space between the head
groups of the surfactants in micelles. In gendfare is a positive correlation between the
micellar core size and the solubility enhancematihough the potential of expansion of
micelles due to addition of the solute (i.e., fotima of swollen micelles) also plays an
important and additional role in solubilization [22]. The fused aromatic rings makes
pyrene more hydrophobic than naphthalene and igonsible for its deeper occupancy
resulting in the increase of more hydrophobic regioe., micellar core volume. This is
indicated by the appreciably largKr, values for the binary mixtures. Such difference in
solubilization probably suggests the location & BAHSs in micelles. The dicationic gemini-
gemini surfactant mixtures represent better systemsolubilization of PAHs than the other
studied surfactant systems [31-34]. For anthra@me pyrene, higheMSR andK, values
were observed in the mixed systems than the sisigtactant systems. The synergism is
attributable to the reduced polarity of the mixetates which results the increase MER
(or Kp).



3.3.2. Micelle-water partitioning of the PAHs

Each surfactant mixture is different from the otbecause it contains the gemini
surfactants with unequal length of hydrophobicstarom thermodynamic point of view [43,
44], the partition coefficient in mixed micell&2, can be expressed as a function of the
micellar composition. The partition coefficient BAH between the aqueous and micellar

phases in the binary surfactant solutions can btuated by using Eq. (12)
In Kmi= leInKm1+ (1— le)InKm2+ B le(l- le) (12)

Km1, Km2, Km12 are the micelle-water partition coefficients of tRAHs in micelles having
component 1 (gemini surfactant with higher chaimgté), component 2 (gemini surfactant

with lower chain length) and in mixed micelles, pestively (Table 4)B is an empirical
parameter that considers both the surfactant-garfagas in8™) and surfactant-solute

interactions. WheB = 0, mixing has no effect on the partitioning of@ute between the
aqueous and micellar phases [45)values are positive for all the binary surfactamttures
except for naphthalene in 14-E2-14 + 12-E2-12 a@h2-16 + 14-E2-14 (Table 4). Negative
value ofB implies that the solubilization decreases uponimgiof surfactants.

Deviation ratio R) can be defined as the ratio BSR (experimental) andMSRigea
(ideal MSR), given asR = MRMRgeay Where MRgeal = ZiMSRe;. MR is the
experimental MSR value of solubilizate in the pitresurfactant solution whose bulk mole
fraction in the mixture ig;. Values of the paramet&; from Table 4, show positive deviation
from ideality for all the binary surfactant mixtsreexcept for the solubilization of
naphthalene in 14-E2-14 + 12-E2-12 and 16-E2-1@-E2-14. PositiveR value implies the
positive mixing effect of the amphiphiles on the H%)\ negativeR for the dissolution of
naphthalene in 14-E2-14 + 12-E2-12 and 16-E2-16l-E2-14 may possibly be due to the
reduction in surface adsorption of naphthalene oubds in the mixed micelles. Such a
variation of deviation ratio depends upon the suaiat molecular microstructures (packing
of surfactant molecules at micelle—water interfasewnell as in the mixed micelle core), and
also on the surfactant-solute interaction in th&eadimicelles. As compared to the other
cationic gemini-gemini mixed surfactant systemgstr-linked cationic gemini surfactant
mixtures show notably highelR values, implying greater positive effect of miximan
solubilization [33,34].
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The standard free energy of solubilizatiaG<, was obtained by using Eq. (13) [46]
AGs’= -RT InKp, (13)

The AGS values come out to be negative for all the mixestesys (Table 4) indicating
spontaneous solubilization. Solubilization of theeidsed bi-component micelles can be
considered as a normal partitioning of the solabtks between the micellar and aqueous
phasesAG< values of the mixed micelles for different solutsfies follow the order: pyrene
> anthracene > naphthalene. Among all the surfactaktures the magnitude &G<’ is
maximum in case of 16-E2-16 + 12-E2-12 for all tineee PAHS.

4. Conclusion

Physicochemical properties of pure and mixed (Xkdjfactant solutions of the
biodegradable ester-linked dicationic geminis dfedént chain length (m-E2-m: m = 12, 14,
16) were investigated by the conductivity and stefeension methods. Various surface and
micellar properties were evaluated in the lightsefreral theoretical models suggested by
Clint and Rubingh. All the mixed surfactant solagoshowed nonideality as indicated by the

cmec andp ™ values. Effect of the solution compositions of fedected single/binary gemini-

gemini surfactant systems on solubilization of ¢hi2AHs — naphthalene, anthracene and
pyrene— were studied. The single/binary surfactant sohgimcrease the aqueous solubility
of PAHs which illustrates potential capacity of thesed systems to facilitate the
solubilization in water. Anthracene and pyrene weotublized synergistically in all the
mixed systems. In the gemini-gemini mixed surfactaicelles the solution properties are
influenced not only by the constituents but alseelectrostatic interaction of the head groups
of surfactants with thetelectron ring of PAHs. The binary surfactant solus have

relatively selective solubilization capacities todsthe PAHS.
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Tablel
Some important properties of the PAHs usedHerstudy.

Property Naphthalene Anthracene Pyrene
ploooifata
Shaadia®

Molecular formula GoHs CiaH1o CieH10

Molecular weight 128.2 178.2 202.3

Aqueous Solubility 2.44x10" 2.53x10' 6.57x10

(mol/dn?)

%log Kow 3.36 4.54 5.18

Molecular volume (&) 126.90 157.60 161.90

®Kow is octanol-water partition coefficient.



Table2

Experimental cmc dmnc,,), ideal cmc €mcigea), Micellar mole fraction Xi"), interaction parameters("),
activity coefficients (", f,"), maximum surface excess concentratibpaf), minimum area per head group
(Amin), excess free energy of micellizatiohG,) and standard free energy of micellizatid&(, ) of the binary
surfactant (1:1) solutions at 30 °C.

. m m m m X 7 . m 0
cracton | "o | | X LT | ey | @ | A0k | Aoy
o (mM) (kdmor)
14-E2-14+12-E2-12
0.C 0.001¢ - - - - - 8.41 197.3¢ - -
0.E 0.001C | 0.001% | 0.523¢ | -1.4¢ | 0.713( | 0.665( 7.14 232.5: 0.97 44.¢
1.C 0.001¢ - - - - - 8.87 188.0¢ - 44.1
16-E2-16+14-E2-14
0.C 0.001¢ - - - - - 8.87 188.0¢ - 441
0.E 0.000€¢ | 0.001¢ | 0.489: | -2.1Zz | 0.574: | 0.601: 7.8¢ 211.4¢ 1.3¢ 45.F
1.C 0.001% - - - - - 11.8( 140.6¢ - 43¢
16-E2-16+12-E2-12
0.C 0.001¢ - - - - - 8.41 197.3¢ - --
0.E 0.001C | 0.001¢ | 0.509: | -1.7¢ | 0.650: | 0.628¢ 7.8¢€ 210.5¢ 1.1¢ 45./
1.C 0.001% - - - . - 11.8( 140.6¢ - 43¢

®Average of themc values obtained by conductivity and surface tensi@asurements.
PRef. [38a] Ref. [38d],°Ref. [38c].



Table3

MR, MSR4ea fOr naphthalene, anthracene, pyrene in the puxetsirsurfactant systems at 30 °C.

NapHére Anthracene Pyrene
System MSR MSRigeas MR MSRigeal MSR MSRigeal
12-E2-12 0.6070 0.0064 0.0183
14-E2-14 0.8550 0.0076 0.0634
16-E2-16 1.0820 0.0014 0.0408
14-E2-14+12-E2-12  0.5910 0.7312 0.0143 0.0070 @.088®.0409
16-E2-16+14-E2-14  0.7170 0.9687 0.0132 0.0045 206D.0521

16-E2-16+12-E2-12  1.0400 0.8445 0.0160 0.0039 @1.0949.0296
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Table4

Partition coefficient(In K,), free energy of solubilizatiomGs), deviation
ratio (R), and experimental interaction parame®y for the binary surfactant
(1:1) systems at 30 °C.

System In Ko, R B AGS
(kImol%)

Naphthalene

14-E2-14+12-E2-12 11.34 0.81 -0.48 -28.58

16-E2-16+14-E2-14 11.60 0.74 -0.25 —-28.88

16-E2-16+12-E2-12 11.66 1.23 0.17 -29.38
Anthracene

14-E2-14+12-E2-12 14.94 2.11 3.01 -37.65

16-E2-16+14-E2-14 14.86 1.95 5.73 -37.46

16-E2-16+12-E2-12 15.05 3.90 6.60 -37.93

Pyrene
14-E2-14+12-E2-12 15.73 2.16 3.53 -39.66
16-E2-16+14-E2-14 15.39 1.17 0.69 -38.80

16-E2-16+12-E2-12 15.79 3.18 4.68 -39.82




Highlights

» Mixed micellization of diester-linked cationic gemini surfactants was studied.

* PAHSs (naphthalene, anthracene and pyrene) were effectively solublized in pure/mixed
systems.

» Solubilization was influenced by hydrophohobicity of the PAHSs.

* Anthracene and pyrene were solublized synergistically in all the mixed systems.



