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Non-aqueous  reverse  micelles  are
created  without  the  addition  of
cosurfactant.
This  is  the first  report  where  stable
EG/BHDC  reverse  micelles  are  formed
and characterized.
EG solubilization  capacity  depends
on the  external  phase  composition,
and  decreases  as the  n-heptane  con-
tent increases.
The  micellar  size  increases  when  n-
heptane content  increases.
n-heptane  favors  the  droplet-droplet
attractions.

g  r  a  p  h  i  c  a  l  a  b  s  t  r  a  c  t

EG  and  BHDC  can  form  stable  non-aqueous  reverse  micelles  in  benzene:n-heptane  solvent  blends  without
the  needing  of co-surfactant.
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a  b  s  t  r  a  c  t

We  present  results  on a new  system  that  forms  non-aqueous  reverse  micelles  (RMs)  created  with  a
cationic  surfactant,  benzyl-n-hexadecyldimethylammonium  chloride  (BHDC),  encapsulating  ethylene
glycol  (EG),  in different  nonpolar  solvents  blends  of n-heptane:benzene.  It is  shown  that  a  cationic
surfactant  forms  RMs  using  EG  as polar  solvent  without  the  addition  of  a co-surfactant.  In  particular,
we  analyzed  the  EG  solubilization  capacity,  the droplet  size  values  and the  interface  composition  of
EG/BHDC/n-heptane:benzene  RMs,  using  dynamic  light  scattering  (DLS)  and  the solvatochromic  behavior
of  1-methyl-8-oxyquinolinium  betaine  (QB)  as  molecular  dye.
on-aqueous reverse micelles
HDC
B
LS

The EG  solubilization  capacity  depends  on  the  external  phase  composition  decreasing  when  the n-
heptane  content  increases.  Using  DLS technique,  we demonstrate  the  formation  of  RMs,  and  observe  that
for the same  [EG]/[BHDC]  ratio,  the  micellar  size  increases  when  n-heptane  content  increases.

Using  QB  it  was found  that EG  penetrates  into  the micellar  interface  changing  dramatically  the  com-
position  and  the  droplet-dropl
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et  interaction,  in  comparison  when  water  is  encapsulated.
© 2016  Elsevier  B.V.  All  rights  reserved.
1. Introduction

When a surfactant is dispersed in a non-polar solvent, under
specific conditions they may  self-assemble to form reverse micelles
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Fig. 1. Molecular structure

RMs) aggregates. The interesting fact of RMs  is that they can dis-
olve a polar solvent in their polar core. [1–3] Due to the large
iversity of nano-environments that these systems provide, such
s the micellar core and the interface, RMs  have found a wide range
f applications in different areas [4–6].

The nature of the encapsulated solvents make it possible to
iscriminate between aqueous [7] and non-aqueous RMs  [8]. To
haracterize RMs, it is useful to introduce a quantitative param-
ter, Ws, which is frequently associated with the micellar size,
nd defined in terms of the ratio between the molar concen-
ration of the polar solvent and surfactant namely Ws = [Polar
olvent]/[Surfactant]. When the polar solvent is water, the molar
atio is defined as W0 [7].

Depending on the head-group charge of the surfactant
olecules they may  be nonionic, anionic, cationic and zwitterionic.
ne of the most widely used surfactant is the anionic AOT (sodium
,4-bis-2-ethylhexyl sulfosuccinate) [2,3,9–12] On the other hand,
he analyses of cationic RMs  have been mostly performed in sys-
ems composed by quaternary aliphatic ammonium salts, such

s cetyltrimethylammonium bromide (CTAB) [13–15]. It must be
ighlighted that those systems require the use of alcohols in order
o form stable RMs. In this paper we will focus our attention
n a less employed cationic surfactant: benzylhexadecyldimethy-

ig. 2. Ethylene glycol (EG) maximum solubilization capacity, Ws
max, for

G/BHDC/n-heptane:benzene RMs. [BHDC] = 0.10 M.  T = 25 ◦C.
 BHDC, (B) EG, and (C) QB.

lammonium chloride, or BHDC (Fig. 1A) which is an interesting
cationic surfactant that does not need a co-surfactant to form sta-
ble RMs  [7,16,17]. Until recent years, the BHDC surfactant had been
employed only to produce RMs  dispersed in pure aromatic solvents,
such as benzene, and mostly using water or ionic liquid as the polar
solvent to be encapsulated [18–21].

Recent studies performed using experimental techniques
[7,17,22] and computer simulation [17], have shown that
water/BHDC RMs  can also be formed in mixtures of n-
heptane:benzene. At a given value of W0, we observed that the
droplet sizes increase as the proportion of n-heptane in the solu-
tion increases. On the other hand, the local micropolarity of the
environment and the magnitude of the water-surfactant interac-
tion were found to change dramatically with the composition of
the nonpolar phase. The results were rationalized by taking into
account the magnitude of the solvent penetration into the inter-
face and its influence over both the droplet-droplet interaction and
the water structure inside the RMs.

All the studies mentioned above using BHDC as surfactant, had
used water, as the polar constituent encapsulated in the RMs. How-
ever, considering the application of RMs  as solubilization medium
or as nanoreactors, many organic reactants are not easily solubi-
lized in water and, moreover, dielectric constants at the interface
of aqueous organized media are lower than in water, and are close
to those found in salt solutions or in methanol [8]. These con-
siderations led us to the use of non-aqueous solvents, such as
propylene glycol (PG), ethylene glycol (EG, Fig. 1B), and formamide
(FA), that enhance solubility and reactivity in microheterogenous
media, such as RMs  [8].

In this context, due to the limited investigations on non-aqueous
cationic RMs, can be helpful to investigate RMs systems using BHDC
as cationic surfactant, and EG as a polar solvent highly immis-
cible in non-aqueous solvent (such as benzene and n-heptane).
We chose EG as the polar solvent because recently it has received
increasing interest in the non-aqueous category of solvents and,
has been applied in different application from photophysical stud-
ies to nanoreactor and enzymatic reaction [23–31]. Moreover, this
solvent has been studied by Durantini et al. [10] using AOT RMs. In
addition, given the “modulatory effect” of the external phase on the
properties of water/BHDC RMs  previously demonstrated [7,16,17],

we will use solvent mixtures as external non-polar phase to investi-
gate its effect on the new non-aqueous BHDC RMs presented herein.
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Table 1
Maximum solubilization capacity for EG (Ws

max) and water (W0
max), in BHDC/n-

heptane:benzene RMsa.

XHp Ws
max W0

max b

0.00 5.0 25.0
0.06 4.0 20.0
0.13 3.0 18.0
0.21 2.5 6.0
0.29 2.0 5.0
0.38 2.0 2.0
0.59 1.0 1.0
F.M. Agazzi et al. / Colloids and Surfaces A:

Thus, we study the new RMs  media formed with EG/BHDC/n-
eptane:benzene focusing the attention on the following: (i)
he possibility of forming stable ternary systems comprised of
G/BHDC/n-heptane:benzene; (ii) the determination of the EG
aximum solubilization capacity in the ternary systems; (iii) the

ormation or absence of an organized system consisting of RMs,
nd the functionality between micellar size, EG content (expressed
y the molar ratio WS)  and external phase composition (expressed
y molar fraction of n-heptane XHp) using dynamics light scatter-

ng (DLS) and, (iv) the determination of the interfacial composition
nd interactions using an absorption molecular probe, the 1-
ethyl-8-oxyquinolinium betaine, QB (Fig. 1B). In all cases, we

stablished comparisons between the behaviors of EG/BHDC RMs
nd water/BHDC RMs  previously studied [7,16,17]. Furthermore
omparison between the properties of EG/BHDC cationic RMs  and
G/AOT anionic RMs  was also carried out.

We  show that using DLS and spectroscopy techniques (using
olecular probes like QB) is very helpful to guarantee that RMs

re formed instead of structureless microemulsion. As it was pre-
iously described in reference [8], it is known that all RMs  are w/o
icroemulsion but, not all w/o microemulsions are RMs. It is nec-

ssary that the RMs  solutions have the following characteristics,
hat differ from microemulsion with no structure (structureless

icroemulsion): (a) it contains individual particles that move freely
n the non-polar solvent; (b) there is a clear interface that sepa-
ates polar from non-polar components; (c) three different phases
re clearly identified and includes the non-polar phase, the polar
hase and the interface; (d) the size of the particle depends on the
mount and structure of the polar solvent used.

. Experimental methodology

.1. Materials

Benzene and n-heptane (Merck, HPLC grade) were used as
eceived. The polar solvent ethylene glycol (EG) from Aldrich
more than 99% of purity) was used without further purifi-
ation. Benzyl-n-hexadecyldimethylammonium chloride (BHDC)
Sigma > 99% purity) was purified as described elsewhere [21]. 1-

ethyl-8-oxyquinolinium betaine (QB) was synthesized using the
escription showed in the literature [32].

.2. Procedure

The n-heptane:benzene solutions were prepared by weight, at
ny of the n-heptane bulk molar fraction, XHp, investigated. The
HDC stock solutions in the solvent mixtures were prepared by
eight followed by a solvent dilution. EG was added to the system

sing a microsyringe. The amount of EG dissolved in the RMs  media
s defined as Ws = [EG]/[BHDC], which is the molar ratio between
G and BHDC. Ws = 0 represents the RMs  without the addition of
he glycol.

A stock solution of 0.01 M in methanol was prepared for QB. To
repare the solutions with the QB concentration used in the RMs
edia, 2 × 10−4 M,  the proper amount of the stock solution was

ut into a volumetric flask. The methanol solvent was  evaporated
nder a flow of dry N2. After that, the BHDC RMs solution was  added
o the solid to obtain the stock surfactant concentration of 0.20 M,
hich were used to prepare all the other solutions with different

urfactant concentrations.

.3. General details
.3.1. Absorption spectroscopy
All the experiments were carried out at 25.0 ◦C. UV–vis spectra

ere obtained using a spectrophotometer Shimadzu 2401 with a
a [BHDC] = 0.10 M.
b W0

max values obtained from reference [7].

thermostated sample holder. A cell with a path length of 1 cm was
used in every experiment.

2.3.2. Dynamics light scattering
The RMs  apparent hydrodynamic diameters were determined

using dynamic light scattering. (DLS, Malvern 4700 with goniome-
ter). The laser used is an argon-ion operating at 488 nm. The RMs
solutions were filtered prior to the experiments using a Sigma PTFE
Acrodisc membrane of 0.2 �m.  The parameters needed for the sol-
vent mixtures, viscosities and refractive indexes, were obtained
from literature and the methodology employed were described
elsewhere [7,33].

To obtain statistic reliable results, 30 independent size measure-
ments were taken for each of the samples. The scattering angle used
was ninety degrees. CONTIN was  used as the algorithm to obtain the
apparent hydrodynamic diameter values. The polydispersity found
for the different solutions investigated is always less than 5%.

3. Results and discussion

3.1. Ethylenglycol maximum solubilization capacity

We will first focus in the EG maximum solubilization capac-
ity, define as Wsmax = [EG]max/[BHDC], of BHDC in different
n-heptane:benzene mixtures. It is noteworthy that EG is not signifi-
cantly soluble in benzene, heptane and its mixtures [8]. Fig. 2 shows
the Wsmax values as a function of the molar fraction of n-heptane,
XHp, for EG/BHDC/n-heptane:benzene systems. In all systems, we
observed a transparent and stable single phase for Ws ≤ Wsmax val-
ues. Above this threshold, the media becomes cloudy because the
phase transition occurs. It is worth to note that, for the first time,
it was possible to solubilize the polar solvent EG in the cationic
BHDC RMs, using different external non-polar phases. It is observed
that a maximum Wsmax ≈ 5 value is reached in pure benzene, i.e.,
XHp = 0.00, and the Wsmax values decrease upon the addition of
n-heptane.

At this point it is instructive to compare with previous results
obtained using water as the dispersed solvent. In previous work
[7], we  investigated the water solubility capacity, define as
W0max = [Water]max/[BHDC], for water/BHDC/n-heptane:benzene
systems, and observed a similar trends between W0max and the
n-heptane content. Thus, for BHDC/n-heptane:benzene systems,
the polar solvents solubility capacity decreases when increases the
aliphatic solvent content in the external non-polar phase. However,
as it is observed in Table 1, for each external phase composi-
tion, Wsmax « W0max, which means that the EG solubility capacity
is smaller than the water solubility capacity. For example, (i) at
X = 0.00, the W = 25, and W = 5 which is about five times
Hp 0max smax

smaller, (ii) at XHp = 0.21, the W0max = 6, and Wsmax = 2 which is
about three times smaller. In the next section, we  will propose a
possible interpretation of these differences.
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Fig. 3. Typical DLS measured correlograms of the scattered intensity from
EG/BHDC/benzene RMs  at different Ws. [BHDC] = 0.10 M.  T = 25 ◦C.

F
o

3

b
e
v
i
s
w
u
c
W
o
s
t
s
I
v
t
m
m
f
o
i

Table 2
Droplets apparent diameters (dA) for BHDC/benzene:n-heptane RMs  encapsulating
water or EGa.

XHP W Waterb dA (nm) EG

0.00 5.0 5.0 8.5
0.13 3.0 4.0 5.5

face and could affect the packing parameter surfactant molecules,
ig. 4. EG/BHDC/n-heptane:benzene droplets apparent diameters, dA, as a function
f  Ws for (a) XHp = 0.00, (b) XHp = 0.13, and (c) XHp = 0.21. [BHDC] = 0.10 M.  T = 25 ◦C.

.2. Dynamic light scattering

In the previous section, we showed that EG can be dispersed
y BHDC surfactant in n-heptane:benzene mixtures but, is EG
ffectively sequestrated by BHDC forming RMs  media in every sol-
ent mixtures investigated?. Dynamics light scattering, DLS, is an
nteresting technique to evaluate this issue [7,34,35]. If EG is encap-
ulated to give RMs  then, the droplets size values must also increase
ith Ws. If this happens, it is because of EG molecules are not sol-

bilized in the external non-polar phase [7]. Fig. 3 shows typical
orrelograms of the DLS experiments for BHDC RMs in benzene, at

s = 3.0, Ws = 4.0 and Ws = 5.0. Similar results were obtained for the
ther RMs  in the different solvents blends (results not shown). Fig. 4
hows the apparent hydrodynamic diameter values, dA, as a func-
ion of Ws, for EG/BHDC/n-heptane:benzene systems at different
olvent blends with XHp = 0.00, 0.13 and 0.21, and [BHDC] = 0.10 M.
n all the systems monitored, it can be observed that when the Ws

alues increase, the dA values also increase. This tendency shows
hat EG molecules are effectively sequestered by BHDC surfactant

olecules, yielding non-aqueous cationic RMs, in every solvent
ixture investigated. Moreover, the droplet size values of the dif-

erent RMs  were obtained at different days and no variation was

bserved. This make us confident that the RMs  are thermodynam-

cally stable. Riter et al. [36] explored EG/AOT/isooctane anionic
a [BHDC] = 0.10 M.
b dA values for water/BHDC RMs  were obtained from reference [7].

RMs through DLS, and they obtained a similar tendency with Ws

and similar droplet micellar sizes.
Herein, some features deserve some comments. The droplet

sizes for BHDC RMs  in benzene (XHp = 0.00) are significantly smaller
than the droplet sizes in the solvent mixtures. Thus, at Ws fixed,
when the n-heptane content increases, the size of aggregates also
increases. For example, at Ws = 3, the droplet size is (i) 3.0 nm in
XHp = 0.00, (ii) 5.5 nm in XHp = 0.13, and (iii) 7.0 nm XHp = 0.21. In
previous work [7], we  obtained a similar trend for water/BHDC
RMs in n-heptane:benzene mixture. The explanation that we  pro-
posed to explain those results was that n-heptane in the external
non-polar phase, increases the inter-droplets attractive interac-
tions, with the consequent increment in the droplet size [7]. As
the benzene concentration increases, the inter-droplet attractive
interactions are “switched off” and decreases in magnitude.

Moreover, to obtain a molecular view of the process, in a more
recent work, we  studied the influence of the external phase on
the inter-micellar interactions, using molecular dynamics simula-
tion in water/BHDC/n-heptane:benzene [17]. We  determined the
free energy profile by the coalescence process between two  RMs
of similar size, in pure benzene and, in a n-heptane:benzene mix-
ture. The results showed that the free energy barrier is lower for the
RMs made in mixed solvents. Therefore, we were led to conclude
that the difference in the overall shape and size of both solvent
molecules would lead to a less efficient packing, that is, a more
straightforward release, of the n-heptane molecules in the inter-
micellar domain, leading to an overall reduction in the local free
energy barriers controlling the association process [17]. Then, the
results reported in Fig. 4, show that the same analysis can be extrap-
olated to the EG/BHDC RMs: as the n-heptane content increases,
the inter-droplet attractive interaction also increases (due to the
more straightforward release of the n-heptane molecules from the
interface), with the consequent increment in the size of micellar
aggregates. This seems to be a common trend when protic solvents
like water and EG are confined to a nanometer scale, independently
on the surfactant used [7].

On the other hand, can be instructive to compare the
droplets size for water/BHDC and EG/BHDC RMs at similar polar
solvent content. Table 2 shows the dA values, for water/BHDC/n-
heptane:benzene [7] and EG/BHDC/n-heptane:benzene RMs, for
two molar fractions of n-heptane XHp, at [BHDC] = 0.10 M. It can
be observed that the dA values are larger for EG/BHDC RMs  than
for water/BHDC RMs, at the same Ws and XHp values. This result
suggests that the attractive interactions between RMs  are favored
in the presence of EG, which could generate larger aggregates. This
is not surprising since it is known that EG penetrates deeply the
AOT RMs  interface making it less rigid and prompt to favor the
droplet-droplet interactions [8].

The fact that the droplet-droplet interactions are favored when
EG is encapsulated, would explain the significant decreases in the
EG solubilization capacity obtained for EG/BHDC RMs, compared to
water/BHDC RMs  (Table 1). In EG/BHDC/n-heptane:benzene RMs,
some of EG molecules would penetrate into the micellar inter-
defined as P = v/al where v and l are the volume and the length
of the surfactant tails and, a is the surface area of the surfac-
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Fig. 5. QB absorption spectra in EG/BHDC/n-heptane:benzene RMs at
XHp = 0:00,Ws = 2.5 and different BHDC concentration: (a) 0.00 M, (b) 4.92 × 10−4 M,
(c)  1.95 × 10−3 M,  (d) 7.81 × 10−3 M,  (e) 2.69 × 10−2 M,  (f) 0.10 M and (g) 0.20 M.
[QB] = 2 × 10−4 M.

Table 3
Critical Micellar Concentration (cmc) for EG/BHDC/n-heptane:benzene RMs  at
Ws = 0.0a and 2.5, and at different XHp, obtained by QB solvatochromism.
[QB]  = 2.0 × 10−4 M.

cmc  (M)

XHp Ws = 0.0a Ws = 2.5

0.00 (1.0 ± 0.2)x10−2 (7.6 ± 0.2)x10−3

0.13 (6.0 ± 0.2)x10−3 (2.2 ± 0.2)x10−3
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Fig. 6. (A) Maximum wavelength B1 values and (B) Absorbance B2/Absorbance B1

ratio values, as a function of log[BHDC] for EG/BHDC/n-heptane:benzene RMs, at
Ws = 2.5, and XHp values of (a) 0.00, (b) 0.13 and (c) 0.21. The inset in panel B,
extracted from reference 7, show the Absorbance B2/Absorbance B1 ratio values,
0.21 (4.0 ± 0.2)x10−3 (3.3 ± 0.2)x10−4

a Values obtained from reference [7].

ant headgroups [7]. Thus, the EG penetration could increase the
ails effective length by disfavoring of the folding of the surfactant
ailswith the consequent increase in the l value, This produces a
ecrease in P and increases the interfacial fluidity. Thus, the micellar

nterface is more fluid in EG/BHDC compared to water/BHDC RMs,
ncreasing the inter-droplets attractive interactions, and dimin-
shing the stability and solubilization capacity of EG/BHDC RMs.
urantini et al. [10] investigated EG/AOT/n-heptane RMs using FT-

R technique monitoring the AOT carbonyl and sulfonyl vibrational
odes. They demonstrated that EG molecules penetrate into the

il side of the interface, and interact through hydrogen bonding
ith AOT C O group. In EG/BHDC RMs, there is not possibility of

 specific interaction between EG and BHDC, such as the hydro-
en bonding observed in EG/AOT RMs, therefore, EG molecules
ocated into the BHDC RMs  interface would have more mobility,
nd its average localization could be somewhat different to the one
bserved in EG/AOT RMs. In order to obtain additional evidences
bout the average localization and interaction of EG molecules with
he cationic interface, we used an absorption molecular probe, QB.
he main results obtained with QB as molecular probe are shown

n the next section.

.3. Studies using QB as molecular probe

QB molecule (Fig. 1C) presents two electronic absorption bands,
1 and B2, which sense different effects as we  have previously
emonstrated [9,20]. It is known that the solvatochromism of
he B1 band, the one located in the visible region, is mainly due

o the polarity/polarizability ability of the solvent. However, this
and also correlates with the hydrogen bond donor ability of the
edium. With increasing the polarity or the hydrogen bonds donor

bility of the solvent, the ground state becomes more stable, which
as  a function of log([BHDC]) for water/BHDC/n-heptane:benzene RMs, at W0 = 5:0,
and  XHp = 0.21. [QB] = 2 × 10−4 M.

leads to an increase in the transition energy, that is, the band shows
negative solvatochromism [9].

The B2 band, the one located in the UV region, also shifts hyp-
sochromically with the polarity of the solvent, although in lesser
magnitude than the visible band [9]. Moreover, it was shown that
the B2 band wavelength is also sensitive to the hydrogen bond
donor capability of the solvent. The absorbance ratio of both bands
(Abs B2/Abs B1) is sensitive to the hydrogen bond ability of the sol-
vent. Abs B2/Abs B1 value decreases as the solvent hydrogen bond
capability increases [9]. In addition, we demonstrated in previous
works that the Abs B2/Abs B1 ratio is also sensitive to electro-
static interactions which make even stronger the versatility of QB
as molecular probe [7].

It is important to note that despite that QB  is soluble in
benzene and can undergoes a partition process between
two different pseudophases, the RMs  and the organic sol-
vent, we have previously shown in water/BHDC/benzene
[21] and 1-butyl-3-methylimidazolium tetrafluoroborate or
1-butyl-3-methylimidazolium bis-(trifluoromethylsulfonyl)
imide/BHDC/benzene [20] at any polar solvent content, that the
molecular probe resides mainly at the RMs  interface because
of a strong interaction between the cationic polar head of the

surfactant and the QB aromatic ring. Thus, QB can monitor the
changes at the BHDC RMs  interfaces, probably at the same level as
the surfactant headgroup [7,16].
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ig. 7. Schematic representation of the proposed localization of EG molecules in EG
f  micellar interface are shown. In blue dash line, the interaction between QB mole
he  references to colour in this figure legend, the reader is referred to the web  versi

The systems studied using QB were EG/BHDC/n-
eptane:benzene RMs, at Ws = 2.5, and XHp = 0.00, 0.13 and
.21 to investigate the effect that the external solvent blend has
n the RMs  interfacial properties. We  will compare the results
btained in this work with the obtained in previous work, for
he system BHDC/n-heptane:benzene at Ws = 0.0 (i.e., without
he addition of EG) [7]. Typical QB absorption spectra varying
he BHDC concentration at Ws = 2.5 and XHp = 0.00 are shown in
ig. 5. Similar spectra are observed in all the RMs  investigated
not shown). We have investigated the EG addition up to Ws = 2.5
nd, in such case, the maximum amount of n-heptane that yields
ransparent RMs  solution is XHp = 0.21 (Fig. 2 and Table 1).

.3.1. Analysis of the B1 wavelength
Fig. 6A shows the wavelength values of the absorption maxi-

um  of the QB B1 band (�maxB1), versus BDHC concentration, in
G/BHDC/n-heptane:benzene RMs, at Ws = 2.5 and different XHp
alues. Once RMs  are formed, QB is mainly located at the RMs  micel-
ar interface, a more polar microenviroment, causing the decrease
n �maxB1 values with the increases in the surfactant concentration.

In Fig. 6A it is observed a range in the BHDC concentration where
he micropolarity changes dramatically and, the operational criti-
al micellar concentration (cmc) can be obtained for each system
nd gathered in Table 3. An analysis of the cmc  values reveal two
onclusions: (i) the EG addition favors the formation of RMs  (i.e., at
ame XHp the cmc  values decrease when Ws values increase), and
ii) the n-heptane also “benefits” the formation of RMs (i.e., at same

s, the cmc  values decreases when XHp values increase). Similar
rends between cmc  values with Ws and XHp were obtained pre-
iously for water/BHDC RMs, with cmc  values of a similar order of
agnitude [7,37]. Our data show that, the presence of polar solvent,

s EG, favors the RMs  formation in comparison with the system
ithout polar solvent. This is probably due because the surfac-

ant molecules will trend to decrease the highest interfacial tension
etween the polar droplet (EG) and non-polar molecules (as ben-
ene and n-heptane), forming the RMs. So this interfacial tension
etween the polar and non-polar phase is the driving force that
avors the RMs  formation. In the absence of polar molecules, the
nterfacial tension, and therefore the driving force, does not exist
nd the RMs  formation is energetically less favorable.
.3.2. Analysis of absorbances ratio
Fig. 6B shows the Abs B2/Abs B1 ratio values for QB, versus BHDC

oncentration, in EG/BHDC/n-heptane:benzene RMs  at Ws = 2.5 and
/n-heptane:benzene reverse micelles. In red, the EG molecules localized in oil side
 probe and nitrogen atom of BHDC surfactant is represented. (For interpretation of
this article.)

XHp = 0.00, 0.13 and 0.21. In all the systems, it is observed that the
Abs B2/Abs B1 values decrease until a BHDC concentration about
the value of the cmc, and then begins to increase for higher con-
centrations of surfactant.

In previous work, we  carried out a similar analysis for the Abs
B2/Abs B1 values of QB in water/BHDC/n-heptane:benzene RMs
[7]. A similar trend was  obtained: for systems with XHp = 0.00
and XHp = 0.13, above the value of the cmc, the Abs B2/Abs B1
values increases, independently of polar solvents encapsulated
(water or EG). We  attributed this trend to an electrostatic inter-
action between the negative charge of QB (the phenolate oxygen)
and the positive charge of the BHDC surfactant (cationic head-
group), which alters the QB intramolecular charge transfer band,
diminishing the molar extinction coefficient of the B1 band [7].
Thus, a similar interpretation can be invoked for EG/BHDC/n-
heptane:benzene RMs  at XHp = 0.00 and 0.13: in both cases,
QB-BHDC interaction is stronger than QB-EG interaction, and above
the value of cmc, the absorbance ratio value increases. This can be
due to EG molecules penetrate into the non-polar region of the
interface [10], as it is shown in Fig. 7, among BHDC tails, where QB
molecular probe is not located (QB reside mainly in polar region
interface).

On the other hand, if we compare the aqueous and non-aqueous
systems for XHp = 0.21, can be observed very different behavior. For
the system of water/BHDC/n-heptane:benzene at XHp = 0.21 (inset
in Fig. 6B), we observed that QB monitors the water molecules,
and the changes in the absorbances ratio values are the expected
for a hydrogen bond donor environment [7]. Thus, above the cmc
values, the Abs B2/Abs B1 ratio reached a plateau. In contrast, for
EG/BHDC/n-heptane:benzene at XHp = 0.21 we observed that, above
the cmc  value, the absorbance ratio values increase and, in this
case, we could infer that QB does not monitor EG molecules at the
interface [7]. As was  mentioned above, this can be due to that EG
penetrates mostly into the oil side of interface (Fig. 7) allowing
the electrostatic interaction between QB and BHDC, with the con-
sequent increases of the absorbance ratio values above the cmc
value.

Finally, since EG resides in the oil side of the RM interface, it
increases its fluidity, favors the inter-micellar attractions, decreases
the capacity of solubilization of polar solvent and increases the size

aggregates, in comparison to water/BHDC RMs. In this sense, the
“sticky effect” on RMs  previously attributed to n-heptane solvent
[7,16,17], is increased even more by encapsulation of EG molecules.
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. Conclusions

We  have presented the first studies performed on non-aqueous
ationic RMs  formed by EG/BHDC dispersed in n-heptane:benzene
ixture without the presence of a co-surfactant. We  observed that

he EG solubilization capacity depends on the external phase com-
osition, and decreases as the n-heptane content increases.

Using DLS technique, we demonstrated the presence of RMs,
nd observed that for the same [EG]/[BHDC] ratio, the micellar size
ncreases when n-heptane content increases. We  attributed this
ffect because of n-heptane favors the droplet-droplet attractions.

e observed that the solubilization capacity and the droplet sizes
f the aggregates are significantly different to the one observed for
ater/BHDC RMs. Thus, we propose that EG changes the interface
uidity, and favors the increment of the inter-micellar attractions,
ompared to water/BHDC RMs.

Using QB as molecular probe, we determined the critical
icellar concentration for EG/BHDC RMs, and observed that the

ormation of RMs  are favored when n-heptane content increases.
n addition, we demonstrated that EG molecules penetrates into

icellar interface, and are mainly located in the oil side of the inter-
ace. Consequently, EG change the interface composition, and has

 “sticky effect”, enhancing a similar effect exerted by n-heptane
hen is added to benzene. Thus, we hope that the results can

e employed in using these RMs  as nanoreactors, for example in
anoparticles synthesis, controlling the inter-micellar interactions
nd thus the sizes and morphologies of the nanoparticles, venue
hat we are currently investigating.
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