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Abstract

The vesicle-micelle transition in aqueous mixtuséslioctadecyldimethylammonium
and octadecyltrimethylammonium bromide (DODAB andgT@B) cationic
surfactants, having respectively double and singhain, was investigated by
differential scanning calorimetry (DSC), steadytestfluorescence, dynamic light
scattering (DLS) and surface tension. The experisgarformed at constant up to 1.0
mM total surfactant concentration reveal that thésenologue surfactants mix
together to form either mixed vesicles and/or nésglor both of these structures in
equilibrium, depending on the relative amount & surfactants. The main transition
melting temperature ,J of the mixed DODAB-GsTAB vesicles is larger than that for
the neat DODAB in water owing to the incorporatioh C;sTAB in the vesicle
bilayer, however, little amount of ;6TAB having a minor effect on theTof
DODAB. The surface tension decreases sigmoidaltiy WisTAB concentration and
the inflection point lies arounthopas = 0.4, indicating the onset of micelle formation
owing to saturation of DODAB vesicles by;dLTAB molecules and formation of
vesicle structures. At low gTAB concentrations Whenpopas > 0.5 GgTAB
molecules are mainly solubilized by the vesiclelayeirs, while at high (gTAB
concentrations but whexyopas < 0.25 micelles are dominant. Fluorescence data of
the Nile Red probe incorporated in the system fér@int surfactant molar fractions
indicate the formation of micelle and vesicle stuwes. These structures have
apparent hydrodynamic radius; ®f about 180 and 500-800 nm, respectively, as
obtained by DLS measurements.
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Introduction

In aqueous solution surfactants can form a vaétyolloidal aggregates and phases
depending on the surfactant concentration. Whenicelle-forming surfactant is
mixed with a vesicle-forming surfactant in aqueaadution, within the range of
concentrations that favours the micelle or vesiokenation of the neat surfactants,
vesicle-micelle transition occurs, and the interratxaggregate structures formed in
the mixed system depend on the surfactant composithemical structure and
solvent characteristics. In case these surfactantsdeally together, the structures of
the mixed aggregates are usually investigatedderaio elucidate the mechanism of
the vesicle-micelle transition.

Cationic vesicles from dioctadecyldimethylammonibnomide (DODAB) in
agueous solution can easily be formed by simplyimgixhe surfactant molecules in
water, followed by warming the mixture to aroundP@®Qthat is, safely above the
melting temperature of the surfactant gel to liqargistalline state transition, =
43°C [1-6]. The so prepared vesicle dispersionssémble for months even when
stored at a temperature below, Tor example, at the fridge temperature (5°C). The
properties of these vesicles can be mechanicallgifred by properly sonicating or
extruding the dispersion [3], or by adding co-sedutor co-surfactants to the
dispersion [4-11]. The Jof DODAB in aqueous dispersions can be raisedweied
on addition of co-surfactants [7]; the dependerfce@DAB T,, on the co-surfactant
concentration is determined by the nature of theswdtactant, like the chain length
and head group polarity [4-8]. For example, nordoand zwitterionic surfactants
reduce the J, of DODAB until complete solubilization of DODAB ntexules by the
surfactants and the vesicle-micelle transitionamplete, and the decrease i Aas
been ascribed to the formation of “softer” mixedaper [4,5]. The surfactant
counterion also plays an important role in therttwropic phase behavior of charged
vesicles in general and cationic vesicles in paldic It has been reported that in the
absence of inorganic salts like NaBr or NaCl, thg i§ larger for the chloride
homologue (DODAC) than for DODAB, owing to the sihecaffinity of these
counterions to the vesicle interfaces [10]. Fumi@e, NaCl rises whereas NaBr
lowers the T, of DODAB, as reported [9].

Anionic [11,12] and cationic [7,13] surfactants calsnodify the T, of
DODAB. Sodium dodecyl sulfate (SDS) yields fusion@MODAB vesicles, while



sodium cholate (NaC) solubilizes DODAB to form niies that fuse into large
aggegates [12]. SDS increases [11] but NaC desefk?] T, of DODAB.
Alkyltrimethylammonium salts ((TAB, n = 12-18) may reduce, increase or leave
constant the J of DODAB, depending on the relative chain length these
surfactants [7,13].

In this communication it is reported that when ndixeith DODAB the single
chain cationic surfactant octadecyltrimethylammamilbromide (GsTAB) vyields
higher T, or leave it roughly constant depending on thetikedaamount of these
surfactants. The main,TJof DODAB increases slightly while a second eveghler
melting temperature appears at highensras. Furthermore, it is shown the
dependence of Jon the relative amount of these surfactants. At ¢oncentrations
and above the Krafft temperature, & 38°C in water) GTAB self-assembles as
globular micelles [14] and in small proportion a@syer structure, as suggested in this
communication. The melting temperature, hydrodyraradius, surface tension and
fluorescence emission of the hydrophobic probe NRled, are reported for the
DODAB/C,;sTAB aqueous mixtures to gain information on the hagism of
association of these surfactants as vesicles @lies; within the framework of on the

vesicle-micelle transition.

Experimental

Materials

Dioctadecyldimethylammonium bromide (DODAB),:dTAB (octadecyltrimethyl-
ammonium bromide) and 9-(diethyl-amino)-5H-benrgphenoxazin-5-one (Nile
Red) were used as supplied by Aldrich. Ultrapurdlid-Plus water was used in
sample preparation. Scheme 1 shows the moleculatstes of DODAB, GTAB
and Nile Red.

Sample preparation

DODAB and GgTAB (1.0 mM) aqueous solutions were prepared bygimang the
surfactants and warming the dispersion to 60 ar®€ 56espectively, that is, safely
above the melting (T~ 43°C) [3] and Krafft (k = 38°C) [14] temperatures of these

systems.



Mixed DODAB/CsTAB aqueous dispersions were prepared at totahstanft
concentration of 0.5 mM for light scattering mea&snents and 1.0 mM for
fluorescence, surface tension and DSC measurenagntsvarying the individual
surfactant concentrations. All the experiments weegformed at a constant total
surfactant concentration and varying the surfactaotar fractions. The data are
presented as a function of the surfactant molatitra, that for DODAB is given by

[DODAB]
[C1sTAB]+[DODAB]

(1)

XDODAB =

where the brackets account for the surfactant nuaacentration.

For fluorescence measurements, Nile Red was intextlun the 1.0 mM
surfactant systems by injecting 1. of a 10° M stock solution of the probe in
ethanol. The final concentration of Nile Red in #wdutions is ca @M. The solutions
were then cooled to room temperature and left stgnidr several hours (ca 24 h) to
stabilize.

Fluorescence

Fluorescence measurements were performed using eax Sgluorolog 2
spectrofluorimeter, equipped with a temperaturetrotlied cuvette holder. Polarized
emission spectra were recorded using Glan-Thompsterizers. All spectra were

corrected for the instrumental response of theegyst

Surface Tensiofy)

The surface tension of DODAB{gTAB/water solutions was measured by the drop-
volume technique. Drops of the solution were grégwextruded through a capillary
and the volume determined to obtamn as previously described [2,14,15]. The

measurements were made at 40°C to prevent crgstaafion.

Dynamic Light Scattering

Dynamic light scattering (DLS) measurements werdenasing a Zeta Sizer 3000 HS
operating with a laser with power efuipped with 10 mW He-Ne ion laser operating
atA = 633 nm was used as light source. From the medswrmalized intensity time
correlation function, we obtained, through the nsecLaplace transform analysis, the
relaxation time distribution, and from the momeatshis distribution the diffusion



coefficients of the particles were determined [TGje apparent hydrodynamic radius

was then obtained using the Stokes-Einstein equatio

KT

= 67m,D

(2)

where D is the mean diffusion coefficienk is the Boltzmann constant, is the

absolute temperature angis the solvent viscosity.

Differential Scanning Calorimetry (DSC)
A VP-DSC (MicroCal, Northampton, MA) calorimeterwepgped with 0.542 ml twin

cells for the reference and sample solutions wad.u3he measurements were
performed with the scan rate ofCImin and temperature range of 5280 The two
cells filled with water were run as baseline refee From the thermograms we
obtained T,, which is the temperature at the peak maximum getitbalpy change of
this transition, which is proportional to the angader the transition peak, and the
transition cooperativity, which is inversely proponal to the peak width. Further
Details on the DSC methods and setup can be fousewkere in previous

publications [4-6].

Results and discussion

When GgTAB (critical micellar concentration, CME 0.35 mM at 468C) [17] and
DODAB (critical vesicular concentration, CVE€0) [2] are mixed together in water,
either vesicles or micelles or both can be formeepending on the surfactant
concentration, temperature and ionic strength,esthe structure of these surfactant
aggregates depends individually on these param@gd«]. In this communication, it
is reported the effect of the surfactant conceianadnd temperature on some physical
properties of the DODAB/GTAB/water system.

Above CMC and at room temperature (ca 25°C), &gTAB in water
precipitates as hydrated crystals (HC) within c&.h®urs of preparation, since the
system is below the Krafft temperature (1 38°C. [14] of this surfactant in water.
DODAB, on the other hand, has quite low CVC [2] asdoorly soluble in water
below T, = 43°C. Above this critical temperature DODAB formasge unilamellar
vesicles (LUV) at concentrations up to ca 1 mM §l-1



In presence of up to c@opas = 0.25 kcistas > 0.75) the dispersion is rich in
C1sTAB micelles and there are some HC precipitate@€ in equilibrium with
mixed vesicles; abovesopas = 0.25 this DODAB concentration the dispersion is
bluish and rich in vesicle structures, and mosthaf GsTAB molecules are either
incorporated in the vesicle bilayers or free inusoh as monomers. The phase
diagram for the DODAB/GTAB/water system for 1.0 mM total surfactant
concentration and 25°C is shown in the supporintenads (Fig. SM1). It indicates
the region of vesicle dispersionfl xpopag > 0.25 and that of crystal precipitates in
vesicle dispersion L+ HC), Xpopas < 0.25. Most probably the unboundsCAB
surfactants to the vesicle structures precipitagehgdrated crystals. The phase
diagram was constructed by preparing a number ofipks having different
compositions that were kept standing for month®€C before the phase border
being defined. The samples were observed by naked and the properties of
surfactant mixtures at varying surfactant conceimnawere monitored by a number
of techniques, as discussed below. For all experiahelata the error does not exceed
5%.

Surface Tension results

The surface tensiory)(data for the DODAB/¢TAB/water system were collected at
40°C (slightly above Jof neat GsTAB in water and below  the of neat DODAB in
water) and constant 1.0 mM total surfactant comaéioh (Fig. 1). Forxpopag = 1
(neat DODAB in water)y approaches that of pure water (ca 72.0 miNrowing to
the very low CVC of DODAB in water [2]. In presenctup toXcigtas = 0.5 Kpopas

> 0.5), there is no significant decrease changey, imndicating that GTAB is
solubilized into the vesicle bilayer to form mixBDDAB-C;gTAB vesicles instead
of adsorbing at the air/water interface. At high€sTAB content, however,

y decreases sigmoidally, with the inflection poindward Xpopas = 0.4, to attain the
minimum value of ca 36 mNM that is comparable similar to the value of neat
C1sTAB in water above CMC [14]. The decrease \ins most probably due to
saturation of the vesicle bilayer bydCAB and the excess surfactant monomers that
remain free in solution act at the air-water irded of the system. Fepopas < 0.25
the solution is dominated by;§TAB-DODAB mixed micelles. Finally, neat.gT AB

(1.0 mM) in water assembles mainly as globular itéseas reported [14].



Dynamic light scattering (DLS) results

DLS data were collected at 25°C and constant 0.5tot# surfactant concentration,
and the mean apparent hydrodynamic radiug @ the aggregates monitored as a
function of xpopas the surfactant molar fraction (Fig. 2). At highencentrations
DODAB vesicles scatter too much light, thus being suitable for the data analyses
[1]. Accordingly, for the neat DODAB vesiclesyR 544 nm and in presence of
increasing amount of T AB (decreasingpopas) Ry tends to increase to a maximum
value of Ry = 820 nm whenpopas = 0.3, and then it decreases to the valuepfdR
the neat GTAB micelles, Ry = 180 nm. The large micelle size has to do with the
trend of GsTAB not to assemble as globular micelles, as reploit4].

The vesicle growth may be attributed to the inooaion of GgTAB into the
DODAB bilayer to favor larger vesicle formation. &Ry maximum atpopas = 0.3
corresponds to the onset of micelle formation. Belythis point Xpopas < 0.3), Ry
decreases to attain the value of the ngaT&B micelles. The decrease iy most
probably related to the formation of increasing antoof mixed micelles in
equilibrium with a decreasing amount of mixed DOD#&&sicles. Since the micelles
are smaller than the vesicles, the mean size egonight be the average size of the

vesicle and micelle populations.



Differential scanning calorimetry (DSC) results
The DSC traces for 1.0 mM total surfactant conegiutn in mixed DODAB/GsTAB

aqueous dispersions are shown in Fig. 3 for vargmdactant concentrations. The
melting temperature, .f melting enthalpy4AH) and peak widthAT,,,) related to the
main transition are also shown in Figs. 4 and 5&addle SM1, as function cbopas.
Accordingly, the neat DODAB/water dispersiobdpas = 1) exhibits a small pre-
transition peak aroundsE 33.3C, in addition to the main transition at, & 42.5C,

as reported before [3]. The pre- and main transstiare related to the transitions from
the gel phase to the rippled gel phase and from tthithe liquid-crystalline (LC)
phase, respectively, upon raising the temperatli8gl9]. Since the pre-transition
vanishes in presence of a small amount @TEB (Fig.3), mixed GgTAB-DODAB
vesicles exhibit a direct gel-LC phase transion.

Even though the vesicle dispersions are quitedigerse [1,2], the width of
the main transition peak is rather narrow [3], tmdicating a little dependence of, T
on the vesicle curvature and structure (like matiéllar or multistructural) in
dispersions of large vesicles, and does not chamtje surfactant concentration
except for the intermediate range Xfopas = 0.5-0.9 where there is some peak
overlaping,indicating that GgTAB is solubilized in different vesicle populatigns
according to the two-population model for the viesaispersions of DODAB [1]. In
this range of concentration the large value€\®f, (Fig. 5) are meaningless since
they are related to peak overlaping instead ofisitrgnsition peaks.

The peak related to the main transition for ne®DAB in water is slightly
shifted upward, that is,Jincreases just a little bit slightly on increaskagsrag up to
ca 0.7 wt%, when the relative amount gETAB, whereas a new peak appears at a
slightly higher temperature overlapping the maiansition peak. By further
increasing the amount of 16TAB, the intensity of the neat DODAB main peak
decreases while the intensity of the additionalkpbacomes more pronounced.
Finally, the main peak for the DODAB-rich vesicldisappears around c@opas =
0.5 (Fig. 3), indicating the presence of mixed olesi dominated by {gTAB that
exhibit higher T,.

The presence of two main transitions associatethéomain peak can be
explained by the presence of two populations ofclesin the neat DODAB aqueous



dispersion that differ mainly in size and struct@maultilamellar vs. multistructural)
[1] and also to the different surfactant packing @DPDAB and GsTAB which
determines the vesicle curvature. Singgetdnds to increase with vesicle size [3], the
lower and higher temperature main peaks may bé¢eckl® the higher- and lower-
curvatured vesicles, respectively. SincgT@B yields vesicle growth (Fig. 2), the
population of smaller vesicles may be reduced immarison with the larger ones.
Thus, as the relative concentration ofsTAB increases, the peak intensity for the
CigTAB-rich vesicles increases, while the one for DABAch vesicles decreases to
disappear around the equimolar concentration o$tinactants.

Up toXcistas= 0.3 kpopas > 0.7), T is roughly the same (or slightly higher),
(Fig. 4) thus indicating that the;§TAB monomers are incorporated into the DODAB
vesicles to form mixed DODAB-GTAB vesicles with the GTAB monomers
distributed homogeneously within the DODAB bilaysuch that the mixed vesicles
exhibit similar characteristics to the neat DODA&sicles. FOKpopag lower than 0.7,
there is a pronounced increase until Xxpopag approaches 0.3, whemE 47°C and
mixed DODAB-GgTAB micelles are formed. In fact the higheg, Tomes from a
second peak in the thermogram that initially oyeriath the original peak, and these
two peaks may be due to solubilization oETAB in different vesicle populations.
When the amount of {gTAB is further increased, ,J remains roughly constant,
indicating that the gTAB monomers are not solubilized anymore by theufsded)
vesicle bilayers.

Fig. 3 insert indicates a rather broad peaka&T26.7°C for neat GsTAB in
water. This critical temperature is lower than tegpected for the Krafft point of this
system (ca 3&) [14] and may be related to a transition in theethe structure, since
at this concentration and temperature the rateystal formation is much slower than
the DSC scan rate. In presence of small amountGiDBB T, increases but the peak
intensity decreases to vanish arou@pas = 0.8. The sharper peak above’@0
comes from the main transition.

Interestingly GsTAB exhibits in addition to the peak at'T= 26.7°C, an
additional peak centered at, E 46°C. Neither these peaks have to do with the Krafft
phenomenon that takes place for this surfactamiraratGC [2]. Even though the
origin for these peaks is not clear, the smallez oantered at ;] = 46°C is most
probably related to the trend ofidTAB to form bilayer-like structures, as reported

[14]. Upon addition of DODAB, the peak af, Tncreases intensity whereas the one at



Ty’ is inhibited. According to Fig. 4 [ initially increases to a maximum plateau
around 47C and then it decreases to values comparable toofhaeat DODAB,
meaning that the vesicle bilayers dominated pyf 8B are more compact than those
dominated by DODAB.

The melting enthalpy decreases monotonically wiita amount of GTAB
concentration (Fig. 5), also indicating that thgT@B-rich bilayer is more densily
packed relative to that of DODAB . Figure 5 als@sh the effect okpopag On the
width ATy, of the main transition peak. The larg€ry/, for Xoopas = 0.5-0.9 is due to
the overlap of the two main peaks that might bateel to the two populations of
DODAB vesicles present in solution that mainly eiffoy the relative fraction of
C1sTAB solubilized into the vesicle bilayers. Except the region of peak overlap,
the width of all single peaks is rather narrow,i¢ating high cooperativity of the
main transition. In fact the peaks are narrower tft@@ GgTAB-rich than for the
DODAB-rich vesicles.

Fluorescence results

The fluorescence probe Nile Red (NR) has been sixtely used as a probe for lipid
aggregates, such as vesicles, due to its hydrophosiure that allow it to be
incorporated in the bilayer moiety [20-23]. In dduh, this probe exhibits a
solvatochromic behavior and in polar media it iserved a red shift in the emission
maximum, together with fluorescence quenching, tlughe capability of NR to

establish hydrogen bonds with protic solvents [24% a consequence, the NR
emission in water is very weak wikax= 660 nm [25].

Figure 6 shows the emission spectra of NR incotpdrain the
DODAB/CygsTAB/water system at 25°C, for selected surfactaolamfractions. The
fluorescence intensity increases whgppas decreases<{i1stag increases). The lower
fluorescence emission for the neat DODAB/wateresysfopas = 1) indicates that
NR feels a water-rich environment in DODAB vesiclés fact, the maximum
emission wavelength fatpopas = 1, Amax= 650 nm, is close to the value for pure
water Amax= 660 nm) [25], probably due to the fact that atmoemperature (below
Tm= 42.5°C) DODAB vesicle bilayers are in the gel gghahus hindering the probe

to penetrate deeper in the lipid bilayer.
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When xpopas decreases, the emission intensity increases muoicatly (Fig.
6), indicating that NR becomes less exposed tomwatéhe mixed aggregates. This
can be explained by the formation of larger strreguwith a lower curvature, due to
the incorporation of GTAB into the DODAB bilayer, as shown by the light
scattering data (Fig. 2). At highegdTAB content kpopas < 0.3), the further increase
in NR fluorescence intensity may be justified by tformation of an increasing
amount of mixed micelles, where NR feels a moréfijless viscous) environment
and may achieve a deeper penetration.

The variation of the maximum emission wavelengh.f) of NR with
increasingXpopas (Fig. 6 insert) indicates the same trend. At 28%€low T,), in the
gel phaseAmax decreases with decreasingopas, thus indicating an increasing
hydrophobicity of the local environment of NR whigre relative amount of GTAB
Is increased. An opposite behavior Xgf.« is observed at 55°C (above,)T in the
liquid-crystalline phase, where NR feels a morerbgtiobic environment at higher
Xpopag. These results indicate that the aggregate bil#lyedity depends both on
temperature and surfactant composition, and playsmgportant role in the probe
location in the mixed systems.

Figure 7 shows the average steady-state fluorescamsotropyr, of NR in
DODAB/CygTAB/water mixtures, obtained at increasing tempegt for Xpopas

varying from 0 to 1. The anisotropy is given by

Ivv _GIVH

r=———m——— 3
lw +2G1, ©

wherelyy andlyy are the intensity of the emission spectra obtawi vertical and
horizontal polarization, respectively (for vertigalpolarized excitation light), and

G=1,,/l,, isthe instrument correction factor, whég@ andlny are the emission

intensities obtained with vertical and horizontablgpization (for horizontally
polarized excitation light).

A high steady-state fluorescence anisotropy vauelated to a low degree of
rotation of the fluorescence probe. Therefore, @ropy variations are indicative of
changes in fluidity of the probe environment. Wiemperature increases abovg &
decrease in anisotropy is observed resulting frove decrease in the medium

viscosity in the liquid-crystalline phase.
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For neat DODAB vesiclexfopas = 1) the anisotropy is high at temperatures
below Ty, in the gel phase, and exhibits a pronounced dserapon the gel to liquid-
crystalline transition, as previously observed [Byr the mixed surfactant systems
and temperature below 35°C, the anisotropy decseasenotonically with the
decrease in the DODAB content, indicating an aweragrease in fluidity of the
mixed aggregates.

In the liquid crystalline phase the anisotropy lod thixed systems foopas
> 0.3 is similar to the value obtained for neat DXBDvesicles. However, a different
behaviour was observed fRsopas < 0.3, where the anisotropy approaches the value
for neat GsTAB in water. This indicates that for saopas > 0.3, the aggregates are
dominated by mixed vesicles, while for lowejopas, the aggregates are dominated
by mixed micelles. This is supported by the surfeaesion data that approach the
value for the neat DODAB/water system wheapas > 0.5 (Fig. 1). Since the CMC
of CisTAB in water at 40°C is ca 0.35 mM [17], it is pids that some mixed
micelles and vesicles co-exist whepopas < 0.5. This could explain the strong
attenuation of the phase transition in the aniggtrplots forxpopag = 0.4 and 0.5
(Fig. 7).

Figure 8 shows the variation of the total fluoresee intensity,

ltotal = vy +2Glypy , with temperature for three different DODAB mofeactions

(for other values okpopas Similar data were obtained — results not showm)thie
mixed surfactant systems, a maximum is observednard7°C, close to.f Below
this temperature, in the gel phase, it can be gbdea slight increase in fluorescence
intensity followed by a steep rise aroung This may be due to an increase in bilayer
fluidity (chain melting) of the system, causing eegder penetration of NR in the
mixed aggregates. This behavior exceeds the uswatefcence quenching with
temperature, due to the increase in the competitiga-radiative processes, as
observed for the neat;§TAB system Xpopas =0). Above DODAB T, in the liquid-
crystalline phase, the emission intensity decreastbsincreasing temperature, which
is the usual behavior.

The less abrupt increase il for Xpopas = 0.3 relative tXpopas = 0.7 may
reflect the lower transition temperature for thiéeelamolar fraction (Fig. 4 and Table
SM1). However, the fluorescence measurements aresarsitive enough to small

variations in T, as observed by DSC.

12



Conclusions

Based in the present results of differential saagncalorimetry, dynamic light
scattering, NR fluorescence and tensiometry théowimhg conclusions can be
outlined: At 1 mM DODAB and gTAB form vesicles and micelles, respectively. By
mixing these surfactants mixed vesicles and/or heseare formed. The melting
temperature () for the mixed vesicles is higher than that foatn@ODAB, so as the
hydrodynamic radii for the mixed micelles and mixeskicles. In the gel phase the
average fluidity of the aggregates increases withihcreasing amount of;6TAB,
while in the liquid-crystalline phase two regionee aistinguished, one with the
presence of vesicle structuresdpas > 0.3) and the other dominated by higher fluid
mixed micelles.

Association colloids with well defined and conteol properties, such as
melting temperature, size and polydispersity, canostbe formed by mixing
surfactants aiming the developement of structurkat tcontain domains of
solubilization for specific solute molecules foffdrent applications.
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Figure texts

Fig. 1 —The effect of DODAB (or gTAB) molar fraction on the surface tension of
water-air interface for the DODAB/GIAB/water system. The total surfactant
concentration is 1.0 mM and data obtained 4C4@ indicates regions dominated by
micelles (1), micelles and vesicles (II) and vessc(lll). Ves = vesicle, Mic = micelle,

Surf = surfactant.

Fig. 2 — The effect of DODAB (or &TAB) molar fraction on the apparent
hydrodynamic radius (R of the surfactant aggregates in the DODARBI@B/water
system, at the total surfactant concentration M (25C). The dashed line is just

a guide for the eyes.

Fig. 3 —DSC upscan thermograms for the mixture DODARI®@B/water, for 1.0
mM total surfactant concentration and varying DODAMlar fraction (numbers
beside the curves). Insert shows the expanded tduygams for neat {gTAB in water

and forxpopag = 0, 0.1 and 0.2.

Fig. 4 — The effect of DODAB (or @TAB) molar fraction on the melting
temperature () of the cationic mixed DODAB/GTAB aqueous dispersions.

Fig. 5 — The effect of DODAB (or &TAB) molar fraction on the enthalpy change
(AH) width of the melting peakAT1,) for the cationic mixed DODAB/{TAB

aqueous dispersions.

Fig. 6 — Fluorescence spectra of Nile Red in DODARBI&AB/water mixed systems
for severalkpopag at 25°C Rexc= 550 nm). Insert: Maximum emission wavelength of
Nile Red in DODAB/GgTAB/water mixed systems in water, below £125°C) and

above (T=55°C) the melting temperature, as a functioroebag.

Fig. 7 — Steady-state anisotropy of Nile Red in DODARKAB/water mixed

systems for selected DODAB molar fractions.

16



Fig. 8 — Total intensity of fluorescencew i = lw + 2Ghy) of Nile Red in
DODAB/CygTAB/water mixed systems for selected DODAB molaictrons.

17



N ‘

:j: o

CH,CH ‘
RN 0 0

|
CH,CH,

Nile Red

e
CHy(CH,)1CH,—N CH, - Br ~
CH,
C1sTAB

-§:Zi§

DODAB

Scheme 1 Molecular structures of Nile Red;$TAB and DODAB.

18



Ves

Ves
_l’_

Mic
_l’_

70

T T T
o [=) o
© 0 <

TF_ZCL\COEC®~®0mt3m

xDODAB

Fig. 1,Alveset al.

19



RH/nm

800 .
.
o L
600 — u. N
B m
[
400
200 4 =
T T T T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0
XDODAB

Fig. 2,Alveset al.

20



Endothermic

Endothermic

Temperature (°C)

60 80

Temperature (°C)

Fig. 3,Alveset al.

21



47
46
45
= 44
43

42

N ./.\.\.
] / \.
5 \
.\
- .\
@
‘.\.\.
]
T T T T T T T

0,0 0,2 0,4 0,6 0,8 1,0

XDODAB

Fig. 4,Alveset al.

22



AH / kcalmol™

12

10

'\.<.,./ '
_ " .\
N

DODAB

Fig. 5,Alveset al.

23



Fluorescence intensity (a.u.)

1x10’

5x10°

Fig. 6, Alveset al.

24



anisotropy, r

0.25

0.20 -
0.15 -
0.10 -
0.05 L . : : ! :
20 30 40 50 60
T(°C)

Fig. 7, Alveset al.

25



26

o ;
yx\ \n
S /
£
.‘\ {
A /
5 $
B 11
.u 7 \.ﬂ
.. /
{ i
\ H
PRSI Fo..
< T 2
/
) \
o <
: i
A )
O Dy : |
AT u
Qoo | 1
L L < | |
a g a . |
9 9 9 “ |
a o 0o : |
X R OR : “
| S . A_
¢ o4
I
) 1
_ P
- o
o =
> >
8 <

A.q._.wv _SE-

40 %0 ®

T (°C)

30

Fig. 8,Alveset al.

20



27



Graphical Abstract

70

-1

60 —

50

40

Surface tension / mN m

Mic Ves | Ves
+ + ;
Ves Mic

11

T T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

xDODAB

Vesicle-micelle transition in aqueous mixtures oftte cationic

dioctadecyldimethylammonium and octadecyltrimethylanmonium bromide

surfactants

Fernanda Rosa Alves, Maria Elisabete D. Zaniqualatson Loh, Elisabete M.S.
Castanheira, M. Elisabete C.D. Real Oliveira, aluil Eeitosa

28



Supporting materials for JCIS-07-1096
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Fig. SM1 —Phase diagram for the DODABY§T AB/water system, at 1.0 mM total
surfactant concentration and varying the individsiafactant molar fraction. Similar
diagram was obtained for 0.5 mM total surfactantcemtration (not shown).;land

HC account for vesicle phase and hydrated crystdpectively.

Table SM1: Main and pre-transion temperatures, enthalpy auithvof the melting
transition peak for different DODAB molar fraction accounts either for DODAB

pre-transiton temperature or neagTAB/water structure transition. Feg .. = 0.7

and 0.8 there are two values gf due to the overlapping of the peaks.

Xoooae | Tn(’C) | ) | AH (kealmor®) | ATiz (C)
10 | 4259 | 333 9.74 1.33
09 | 4242 | 325 9.57 1.60

2271
08 | (g | - 7.71 2.39
42.81
07 | iy | 7.85 2.93
06 | 4529 | - 8.65 3.48
05 | 4632 | - 6.80 133
04 | 4675 | - 5.44 1.06
03 | 4700 | - 3.92 1.07
02 | 47.02 2.87 1.06
01 | 4688 | 31.66 1.29 1.07
00 | 4585 | 26.70
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