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S1. Theory
The surface excess concentration (/ max, mol.m'z) of a surfactant is a measure of adsorption at the
air/water interface. The surface excess (/' max) and the minimum area per molecule (4,,) were

calculated using the Gibbs adsorption equation:

—2 _ -1 ( dy )
Iinax /mol.m 2303nRT \dlog C/y p (1)
and
. 2 1 _ 1018 )
Apin/nm=. molecule™ = (2)
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Where R, T, C, and N4 are the gas constant, absolute temperature, surfactant concentration and
Avogadro’s constant, respectively. n is the number of species formed in the solution by the
dissociation of the surfactant molecules. For mixture of two different surfactants, the value of n
for the mixture, nmix= 11 Z, + ny Z,, where n; and n, are the values for individual surfactants 1 and
2 and Z; and Z, are their respective mole fractions at the interface.'

The surface activity, pCy, is an index of surface tension reduction efficiency:

pCz0 = —log Cy 3)

Cy is the molar concentration of surfactant required to reduce the surface tension of the solvent
by 20 mN.m".

The surface pressures 7, were calculated from

eme = Ve = Veme (4)

Where y, is the surface tension of the solvent (i.e. here water) and y,,- 1s the surface tension of
the solution at CMC.

Applying the mass action law, the Gibbs free energy of micellization has been derived for the
gemini surfactants as follows:

AG®pic /(kJ.mol™1) = RT (1.5 — agiss ) In Xeme (5)

Where Xcme 1s the CMC value on the mole fraction scale and agiss is the degree of counterion
dissociation.

The standard free energy of adsorption (AG°ys) for surfactants at the air/solution interface was

also calculated by the equation (6):
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Meyvc ) (6)

AG°qqs/ (K] mol™") = AG e — (Fmax
The nature and the strength of the interactions between two surfactants in binary systems can be
determined by calculating interaction parameter, f, which can be obtained using the regular
solution model developed by Rubingh et al.>>
The interaction parameter for mixed micelle in an aqueous medium, 8", is calculated using the
following equations:

()(1)2 ln(alclj\zl /chlM) _

(1= X))’ n[(1-e)]C /(1= X,)C)'

(7)
_Inlzcy /1 x,C) |

/ (1-X,)’

®)

Where X, is the mole fraction of SDS in the mixed micelle and C”, C)' and C)y are the
CMCs for surfactant 1, surfactant 2 and their mixture, respectively, at the mole fraction a;.

The activity coefficients of SDS (f;) and gemini surfactant (f>) within micelles were calculated by

following equations using the micelle mole fraction, X,, obtained by the Rubingh method:
fi=exp[f1-X,)*] 9)
fo=exp[B(X,)°] (10)

The interaction parameter for mixed monolayer at the aqueous solution/air interface, f°, is
calculated using the following equations:

le ln(alclzzlclo) _
(1-2,) |1 - e)]C,, (1-2,)C3

(11)
_ ln(alCIZ /ZICIO)

ﬂa (1 - Zl)2

(12)

Where Z, is the mole fraction of surfactant 1 in the total mixed monolayer (on a surfactant-only
basis); and Clo , C2° and C,, are the molar concentrations of surfactant 1, surfactant 2, and their

mixture, respectively, in the solution phases required to produce a given surface tension value at
the mole fraction a,; of surfactant 1. Equation (11) is solved numerically for Z;, which is then
substituted into equation (12) to calculate 5°.

The ideal mixing minimum area per molecule, 4i4ca1, calculated from the equation:

Ao = 2,4, +(1-2Z,) 4, (13)
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Where Z, is the mole fraction of SDS in the mixed monolayer, and A; and A, are the minimum
area per molecule of SDS and geminis, respectively.
The G values have been estimated using equation (14) and the values of activity coefficients,

/1 and f> calculated using equations (9) and (10), respectively.
Gé’x

mic

=RT[X,Inf,+(1-X))In f,] (14)
The experimental Gpi.™* values have also been calculated from:

G: =AG). —[X,AG).  +(1-X)AG) (15)

mic mic,mix mic,1 mic,2
Where AGY , and AG) , are the micellization Gibbs free energy of surfactantl and 2,

respectively.
In CV, the peak current #,, for a redox-active reversible system is given by the Randles—Sevcik

equation:

1

= 0.4463 FACH (" Pass )3
Ip, =0 n——pr ) (16)

Where 7 is the number of electrons involved in oxidation or reduction, F is Faraday’s constant, 4

is the area of the electrode, D, is the diffusion coefficient of the ferrocene probe, C is the

concentration of the ferrocene in the solution, R is the gas constant, 7' is the absolute temperature,
and v is the scan rate.

At concentrations above but not far from the CMC, aggregates mutually interact; consequently,
the calculated values for diffusion coefficients are lower than those at the CMC. The linear

interaction theory was used to calculate the interparticle interaction parameter, kq:

Dagg = Dggg[l _kd (Cv _CMC)]

(17)
Where DOagg is the self-diffusion coefficient in the absence of particle interaction (infinite
dilution), and C; is the surfactant concentration.
In CV measurements, the mean hydrodynamic radius (Ry), was determined by the Stokes—
Einstein equation:

kT
" 6D

agg

(18)

h

Where &, T and # are the Boltzmann constant, absolute temperature and viscosity of medium,

respectively.
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The packing parameter, p, is:'
p=Vy/l.a, (19)
Where Vy is the volume occupied by the hydrophobic portion of the surfactant in the micellar

core, /. is the length of its hydrophobic portion in the core, and a¢ is the cross-sectional area

occupied by its hydrophilic portion at the micelle-solution interface.
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(b)
Figure S1: Phase behavior of (a) esterquat gemini and (b) betainate gemini at various mole

fractions of SDS.
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Figure S2: Size distribution of gemini surfactants and mixed systems in the absence of KClI at: (a)
[Ciot]= 15 mM, (b) [Cyo]=5 mM ( m) pure esterquat gemini, ( #) esterquat gemini/SDS (a,..=0.1),
(4 ) esterquat gemini/SDS (ag,=0.2), ( ¢ pure betainate gemini, ( % ) betainate gemini/SDS

(0gpg=0.1).
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Table S1. The Viscosity of solutions in the presence of 0.05 M KCl and at 298K.

[Ciot] (mM) System Viscosity (cP)
5 esterquat gemini 1.27
15 esterquat gemini 1.31
5 betainate gemini 1.11
20 betainate gemini 2.82
5 esterquat gemini/SDS 1.31
Oy =0-1

15 esterquat gemini/SDS 1.93
Ogps=0.1

5 betainate gemini/SDS 1.22
Oy =0-1

15 betainate gemini/SDS 2.11
Oy =0-1
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