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(a) Adsorption at the air/solution interface from catanionic mixtures

The regular solution theory has been proven to be remarkably successful in modeling the nonideal
behavior of mixed surfactant systems. According to this theory and the standard state surface tension
method, the mixed monolayer composition, the surface activity coefficients of the components, the
monolayer interaction parameter and the excess free energy of mixing were calculated.” In the
mixture, DDACI was denoted as Surfactant 1, whereas AOT was denoted as Surfactant 2. The value of
standard surface tension was chosen arbitrarily as if being situated in the region within which a
complete monolayer was formed but corresponding to the concentrations sufficiently below the cmc.

This method required only one set of data for thermodynamic parameter calculations.

The molar fraction of the cationic surfactant in the mixed monolayer (Xppaci) Was estimated from the
solution molar concentrations of DDACI (Cppaci), AOT (Caor) and their mixture (C,,) required to

obtain the same value of surface tension in all three cases. The basic equation is

1= [(XDDACI)Z In (eppaci C1,2) /Copaci Xopaci)] / (1'XDDACI)2 In [(1-appact) C1.2/(1-Xppac) Cal, (1)

where appac is the molar fraction of DDACI in solution. The iterative solution of the above equation
gives Xppaci- The surface molecular interaction parameter (fmon) and the surface activity coefficients
for the cationic surfactant, (fopac)) and AOT (faor), in the mixed monolayer are calculated according to

the following equations:

Pnon = In [(appaci C1.2) /Copact Xooac) / (1 = Xopaci)’, (2)
f1 = eXP Bnon (1 = Xopac)? 3
and

f2 = eXP Brnon (Xopac)’- 4)

The regular solution theory attributes all nonideality in mixing to the heat of mixing, which is
represented by an interaction parameter. When parameter £ is negative, the interaction is attractive;
however, when it is positive, the interaction is repulsive. Theoretically, the excess free energy of

mixing (AGnix) is equal to the excess enthalpy of mixing (AHy):
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AGpix = AHmix = B Xopaci Xaot RT. (%)

According to the regular solution theory, the deviation of experimentally obtained mixed micelle cmc
value (cmc”) from that calculated by assuming ideal mixing can be represented by the molecular
interaction parameter in the mixed micelle (fyic). The parameters for mixed micelles, molar fraction of
surfactants 1 and 2 in the mixed micelle (Xppaci and Xaot), the corresponding activity coefficients
(fopact and faor) and Siic are calculated using Equations 1-5. These parameters were determined using
the cmc of individual surfactants (cmcppac) and cmcaor) and of their mixture (cmc*) at the molar

fraction of surfactant 1 (aaor) in @ mixture instead of Cppaci, Caor and Cy ;.
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(b) Additional POM images of catanionic surfactant aggregates
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(a) CaoT =0.01 mol dm'3 (aDDACI = 067)
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CaoT =0.03 mol drn_3 (aDDACI = 040)

Figure S1. Optical microphotographs of samples prepared with various AOT concentration (Caor) and
at constant DDACI concentration, copaci = 0.02 mol dm®; (a, c) between crossed polarizers, (b, d) by
using phase contrast. caor and bars are denoted. Enlarged images of flexible tubular vesicles filled

with pearls are inserted in Fig. S1b.
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(a) Copaci = 0.005 mol dm (aDDACI 0. 33) (b) 0.01 mol dm ((XDDACI 050)
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(c) Copaci =0.01 mol dm™ (appaci= 0.50) (d) copaci = 0.04 mol dm™ (appaci= 0.80)

Figure S2. Microphotographs of samples prepared with various DDACI concentration (Cppaci) and at
fixed AOT concentration, caor = 0.01 mol dm™, (a, b, c) between crossed polarizers and (d) by phase

contrast. Cppact and bars are denoted.
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(a) Copaci = 0.007 mol dm™ (appaci = 0.19) (b) Copaci = 0.01 mol dm™ (appaci= 0.25)

: < - s 4 :
() Copaci = 0.05 mol dm (appaci = 0.63) (d) copaci = 0.07 mol dm™ (appaci= 0.70)

Figure S3. Microphotographs of samples prepared with various DDACI concentration (Cppaci) and at
fixed AOT concentration, caor = 0.03 mol dm™ (a, b, d) by using phase contrast and (c) between
crossed polarizers. cppaci and bars are denoted. Enlarged image of flexible tubular vesicles filled with

pearls is inserted in Fig. S3a.
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(a) Copact = 0.0003 mol dm_3 ((XDDACI = 023) (b) Copact = 0.005 mol dm_S(OLDDAu = 063)

Figure S4. Microphotographs of samples prepared with various DDACI concentration (Cppaci) and at
fixed AOT concentration, caor = 0.001 mol dm?, between crossed polarizers. cppaci and bars are

denoted.

(a) Caom = 0.0005 mol dm™® (appaci = 0.67) (¢) caom = 0.005 mol dm™*(appaci= 0.17)

Figure S5. Microphotographs of samples prepared with various AOT concentration (caor) and at fixed

DDACI concentration, cppaci = 0.001 mol dm™, between crossed polarizers. caor and bars are denoted.



