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Reversed micelles (RMs) are spatially ordered macromo-
lecular assembly of surfactants formed in a nonpolar sol-
vent, in which the polar head groups of the surfactants point
inward and the hydrocarbon chains point toward the nonpo-
lar medium.[1–3] Vesicles and liposomes are spherical aggre-
gates formed by some amphiphilic compounds, in which the
lipid bilayer surrounds an aqueous void volume that can be
“loaded” with almost any variety of water-soluble marker
molecules.[4,5] To prepare large unilamellar vesicles (LUVs),
application of different techniques (such as ultrasonication
or extrusion) to convert multilamellar vesicles (formed
spontaneously) into LUVs are mandatory.[6,7] There are a
wide range of surfactants that form RMs,[1–3, 8–21] and proba-
bly the most frequently used surfactant is the anionic
sodium 1,4-bis-2-ethylhexylsulfosuccinate (AOT).[8,9,11, 12,17,18]

AOT RMs have the remarkable ability to solubilize a large
amount of water with values of W0 (W0 = [Water]/[Surfac-
tant]) as large as 40 to 60 depending on the surrounding
nonpolar medium, the solute, and the temperature.[2] Anoth-
er surfactant is the cationic benzyl-n-hexadecyldimethylam-
monium chloride (BHDC) that forms RMs without addition
of a co-surfactant, but only in aromatic solvents.[9,10,17, 18,20, 21]

It is known that the mixtures of surfactants (catanionic)
can exhibit considerable synergistic advantages in their
properties and application.[22] Catanionic surfactants can be
classified into two categories: 1) when the surfactants coun-
terions are present in the final system, and the majority of

the studies are performed in water. Although these surfac-
tants are out of the scope of this contribution, we want to
highlight that Kaler et al.[23] reported the first vesicles
(known as catanionic vesicles) formed by mixing sodium do-
decylbenzenesulfonate and cetyltrimethylammonium tos-ACHTUNGTRENNUNGylate. 2) The second category corresponds to true catanionic
systems, that is, when surfactants are mixed and the counter-
ions are removed.[24,25] This category can also be divided
into two groups: a) the most studied systems are those built
with surfactants mixed from their acid or hydroxide forms,
and no salt from the initial counterions is present. This in-
cludes the typical mixtures of alkyltrimethylammonium hy-
droxide and fatty acids, in which the counterions of the sur-
factants recombine to form water. These kind of salt-free
catanionic surfactants were investigated generating them in
situ, and no attempts to isolate the resulting surfactants
were done (see the Supporting Information for more details
and related references). b) The other group of true catanion-
ic surfactants emerge when ionic surfactants (not the one in-
cluded in group (a)) are mixed in a 1:1 ratio, and the in-ACHTUNGTRENNUNGorganic salt is totally removed. Although these systems
show very different properties than the original surfac-
tants,[26] studies about the properties of the self-assembled
aggregates in aqueous solutions formed with this kind of
true catanionic surfactants are scarce.[26]

Another interesting topic is the emerging field, in which
ionic liquids (ILs) with amphiphilic properties are synthe-
sized. Thus, long-chain imidazolium ILs including a charged
hydrophilic head group and one or more hydrophobic tails
have been used as surfactants similar to the conventional
catanionic surfactant.[27,28]

Because our group has been interested for a long time in
the study of aqueous[2,8,9,17,20, 21,29] and nonaqueous
RMs,[12,19, 30] vesicles,[5,6] and ILs in confinement,[31] we were
interested if it is possible to create a surfactant that can join
all the above characteristics, namely, to be an ionic liquid
with surfactant properties that can form RMs in nonpolar
solvents and spontaneous LUVs systems without forming
multilamellar one, in water. Herein, we report for the first
time the discovery of a new ionic liquid that fulfill all the
above-mentioned requirements. Thus, the aim of this work
is to synthesize a new IL with amphiphilic properties made
by the combination of two known ionic surfactants, AOT
and BHDC, in which the counterions Cl� and Na+ are re-
moved giving genesis to the new molecule AOT–BHD
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(Scheme 1). This IL surfactant was isolated from the original
surfactant mixture and showed properties absolutely differ-
ent from AOT and BHDC. We have investigated its ability
to form RMs in nonpolar solvents and spontaneous LUVs

in water, and the results demonstrate that this unique sur-
factant can form both different organized systems depending
on the solvent used. We clearly demonstrate the formation
of RMs in benzene and LUVs (that form spontaneously
without the help of any mechanical or chemical methods) in
water by using dynamic light scattering (DLS)[12,19, 21] and
small-angle X-ray scattering (SAXS) techniques.[28,32]

AOT–BHD RMs : The detailed synthesis and characteriza-
tion by 1H NMR analysis of this catanionic surfactant is pre-
sented in the Supporting Information (Table S1 and Fig-
ure S1). AOT–BHD solubility was tested in n-heptane,
chlorobenzene, and benzene; as in the case of BHDC,
AOT–BHD is only soluble in aromatic solvents. It must be
noted that BHDC is a surfactant that cannot be dissolved in
aliphatic hydrocarbons,[21] but AOT is perfectly soluble in
both kind of solvents. Based on these facts, apparently the
solubility of this new surfactant is governed by the cationic
surfactant moiety.

DLS measurements were carried out for benzene/AOT–
BHD/water at different W0 (W0 = [Water]/ ACHTUNGTRENNUNG[AOT–BHD])
values and at [AOT–BHD]=0.02 m. The droplets sizes
values obtained are shown in Figure 1, in which it is possible
to observe an increase in the droplets size values when the
water content increases. For example, the apparent diameter
(dapp) value for the RMs at W0 =0 is 4.8 nm and this value
increases to 10.5 nm at W0 = 1.5. Moreover, the linear tend-ACHTUNGTRENNUNGency observed indicates that RMs are not interacting, and
the shapes are probably spherical. Deviation from the lin-ACHTUNGTRENNUNGearity could be explained by several factors, of which the
most relevant are: droplet–droplet interaction and/or other
RMs shapes.[33] These results confirm the presence of RMs,
and that water molecules are effectively entrapped in the
orga ACHTUNGTRENNUNGnized system. If the spherical shape is assumed, the cat-
anionic surfactant distribution at the interface can be repre-
sented as shown in Scheme 2. It is important to note that
the dapp values obtained for AOT–BHD in benzene are

larger than the corresponding values reported for the AOT
or BHDC RMs in the same organic solvent (see the Sup-
porting Information).[21,33b] Thus, the intercalated distribu-
tion of the surfactants moieties creates a new interface with
unexplored physicochemical properties.

AOT–BHD vesicles : Although neither AOT nor BHDC
present the ability to form vesicles in water, when AOT–
BHD was dissolved in water, an opalescent solution, which
was stable for at least one month, was obtained probably
due to vesicles formation. To confirm this, DLS and SAXS
measurements were carried out. By DLS analysis, the effect
of the [AOT–BHD] on the vesicles sizes was also investigat-
ed. The results presented in Table S2 in the Supporting In-
formation show that the dapp value is around 80 nm inde-
pendently of [AOT–BHD] investigated even at high surfac-
tant concentration. Because one characteristic of the vesicles
is the lack of critical aggregate concentration (ca. 10�10

m),[7]

Scheme 1. Molecular structure of the catanionic surfactant AOT–BHD.

Figure 1. Apparent diameter (dapp) values of the benzene/AOT–BHD/
water RMs obtained at 35 8C by varying W0 = [Water]/ ACHTUNGTRENNUNG[AOT–BHD].
[AOT–BHD] =0.02 m. The straight lines were plotted to guide the eye.

Scheme 2. Schematic representation of the AOT–BHD surfactants distri-
bution in the reverse micelle system.
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the dapp value of the vesicles at low [AOT–BHD] should not
change compared with the values at higher surfactant con-
centration. The results seems to indicate that the organized
media created are vesicles and not normal micelles.[28b]

As can be seen from Table S2 in the Supporting Informa-
tion, the vesicles obtained at different [AOT–BHD] present
low polydispersity index (PDI) values that could suggest an-
other phenomenon: the existence of unilamellar vesicles. It
is interesting to denote that the same results were obtained
by working with the solutions after they have been passed
through an extruder apparatus (see the Supporting Informa-
tion). Figure 2 shows the SAXS pattern obtained for 5 g L�1

AOT–BHD vesicles. Several fit models were attempted to
reproduce the experimental data, and the best fit was
achiev ACHTUNGTRENNUNGed by using a vesicle model with a single diffuse-
lamel ACHTUNGTRENNUNGlar shell. The structure of the shell was simulated as-
suming a Gaussian profile for the excess electronic density.
The relevant vesicle parameters obtained from the nonlinear
fit are reported in Table S3 in the Supporting Information.
The Gaussian profile for the shell suggests a soft behavior
of the vesicle wall probably due to solvent interpenetration.
Moreover, the good fitting showed in Figure 2 is consistent
with unilamellar vesicles as was proposed by the DLS re-
sults.[34] Moreover, the occurrence of a peak in Figure 2
could be associated with intermolecular (in our case, inter-
vesicle) correlation. This interpretation can be ruled out, be-
cause experiments performed at lower vesicle concentra-
tions also showed that peak in the same position, indicating
that the feature arises more likely from intravesicle scatter-
ing. The use of the diffuse shell was justified as a way to
avoid introducing much structural details on the excess elec-
tronic density of the shell. Fit trials by using a “rigid” shell
did not produced the desired fit quality.[34]

It should be noted that other authors have obtained vesi-
cles with catanionic mixtures, but without using equimolar
mixture, and in those cases, the generated vesicles were mul-

tilamellar or unilamellar in equilibrium with multilamellar
ones.[35,36] Also, the vesicles phases were obtained at low sur-
factant concentration. We have obtained unilamellar vesicles
of AOT–BHD in water without need to add energy to the
system, as was required by traditional methods,[7] and the re-
sults were the same, independent from the surfactant con-
centration used.

In summary, a new catanionic surfactant (AOT–BHD)
was synthesized from two traditional ionic surfactants (the
anionic AOT and the cationic BHDC). This catanionic sur-
factant is not only an ionic liquid, but also has amphiphilic
properties and can be used to create RMs in nonpolar sol-
vents and spontaneously formed large unilamellar vesicles
in water that are not in equilibrium with multilamellar ones.
This is very important, because this new system may be used
as a drug-delivery agent, which is a field that we are current-
ly investigating. We think that our findings may prove valu-ACHTUNGTRENNUNGable and stimulating to fellow specialists because of the new
exciting molecule presented. The unique capacity of the new
ionic liquid AOT–BHD to form different stable organized
media depending on the surrounding solvents: spherical re-
verse micelles in benzene and chlorobenzene and spontane-
ous LUVs in water without forming multilamellar system,
may make a significant impact on surfactant and ionic liquid
sciences.

Acknowledgements

Financial support from the Consejo Nacional de Investigaciones Cient�fi-
cas y T�cnicas (CONICET) and Universidad Nacional de R�o Cuarto
and Agencia Nacional de Promoci�n Cient�fica y T�cnica is gratefully ac-
knowledged. F.M., M.C., J.J.S., R.D.F., and N.M.C. hold a research posi-
tion at CONICET. C.C.V. thanks CONICET for a research fellowship.
The authors thank Professor Bernd St�hn from TU Darmstadt for access
to SAXS equipment.

Keywords: catanionic surfactants · ionic liquids · micelles ·
nanostructures · vesicles

[1] T. K. De, A. Maitra, Adv. Colloid Interface Sci. 1995, 59, 95– 193.
[2] J. J. Silber, M. A. Biasutti, E. Abuin, E. Lissi, Adv. Colloid Interface

Sci. 1999, 82, 189 – 252.
[3] S. P. Moulik, B. K. Paul, Adv. Colloid Interface Sci. 1998, 78, 99 –195.
[4] M. Kępczyński, K. Nawalani, B. Jachimska, M. Romek, M. Nowa-

kowska, Colloids Surf. B: Biointerfaces 2006, 49, 22– 30.
[5] F. Moyano, M. A. Biasutti, J. J. Silber, N. M. Correa, J. Phys. Chem.

B. 2006, 110, 11838 – 11846.
[6] a) J. S. Florez Tabares, M. L. Blas, L. E. Sereno, J. J. Silber, N. M.

Correa, P. G. Molina, Electrochim. Acta 2011, 56, 10231 – 10237;
b) F. Moyano, P. G. Molina, J. J. Silber, L. Sereno, N. M. Correa,
ChemPhysChem 2010, 11, 236 – 244.

[7] R. R. C. New, Liposomes: A practical approach, Oxford University
Press, New York, 1997.

[8] N. M. Correa, M. A. Biasutti, J. J. Silber, J. Colloid Interface Sci.
1995, 172, 71–76.

[9] N. M. Correa, M. A. Biasutti, J. J. Silber, J. Colloid Interface Sci.
1996, 184, 570 –578.

[10] R. McNeil, J. K. Thomas, J. Colloid Interface Sci. 1981, 83, 57 –61.

Figure 2. Scattering intensity I of SAXS measurements as a function of
scattering vector q for 5 g L�1 AOT–BHD vesicles. The solid line is fitted
according to Gaussian profile; T =24 8C.

www.chemeurj.org � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Eur. J. 2012, 18, 15598 – 1560115600

R. D. Falcone, N. M. Correa et al.

http://dx.doi.org/10.1016/0001-8686(95)80005-N
http://dx.doi.org/10.1016/0001-8686(95)80005-N
http://dx.doi.org/10.1016/0001-8686(95)80005-N
http://dx.doi.org/10.1016/S0001-8686(99)00018-4
http://dx.doi.org/10.1016/S0001-8686(99)00018-4
http://dx.doi.org/10.1016/S0001-8686(99)00018-4
http://dx.doi.org/10.1016/S0001-8686(99)00018-4
http://dx.doi.org/10.1016/S0001-8686(98)00063-3
http://dx.doi.org/10.1016/S0001-8686(98)00063-3
http://dx.doi.org/10.1016/S0001-8686(98)00063-3
http://dx.doi.org/10.1021/jp057208x
http://dx.doi.org/10.1021/jp057208x
http://dx.doi.org/10.1021/jp057208x
http://dx.doi.org/10.1021/jp057208x
http://dx.doi.org/10.1002/cphc.200900557
http://dx.doi.org/10.1002/cphc.200900557
http://dx.doi.org/10.1002/cphc.200900557
http://dx.doi.org/10.1006/jcis.1995.1226
http://dx.doi.org/10.1006/jcis.1995.1226
http://dx.doi.org/10.1006/jcis.1995.1226
http://dx.doi.org/10.1006/jcis.1995.1226
http://dx.doi.org/10.1006/jcis.1996.0653
http://dx.doi.org/10.1006/jcis.1996.0653
http://dx.doi.org/10.1006/jcis.1996.0653
http://dx.doi.org/10.1006/jcis.1996.0653
http://dx.doi.org/10.1016/0021-9797(81)90009-6
http://dx.doi.org/10.1016/0021-9797(81)90009-6
http://dx.doi.org/10.1016/0021-9797(81)90009-6
www.chemeurj.org


[11] A. M. Durantini, R. D. Falcone, J. J. Silber, N. M. Correa,
ChemPhys ACHTUNGTRENNUNGChem 2009, 10, 2034 – 2040.

[12] R. D. Falcone, J. J. Silber, N. M. Correa, Phys. Chem. Chem. Phys.
2009, 11, 11096 –11100.

[13] J. Faeder, M. V. Albert, B. M. Ladanyi, Langmuir 2003, 19, 2514 –
2520.

[14] A. M. Dokter, S. Woutersen, H. J. Bakker, Proc. Natl. Acad. Sci.
USA 2006, 103, 15355 – 15358.

[15] B. Baruah, J. M. Roden, M. Sedgwick, N. M. Correa, D. C. Crans,
N. E. Levinger, J. Am. Chem. Soc. 2006, 128, 12758 – 12765.

[16] J. Chowdhary, B. M. Ladanyi, J. Phys. Chem. A J. Phys. Chem. B.
2009, 113, 15029 –15039.

[17] S. S. Quintana, F. Moyano, R. D. Falcone, J. J. Silber, N. M. Correa,
J. Phys. Chem. A J. Phys. Chem. B. 2009, 113, 6718 –6724.

[18] F. Moyano, R. D. Falcone, J. C. Mejuto, J. J. Silber, N. M. Correa,
Chem. Eur. J. 2010, 16, 8887 – 8893.

[19] A. M. Durantini, R. D. Falcone, J. J. Silber, N. M. Correa, J. Phys.
Chem. B 2011, 115, 5894 – 5902.

[20] D. Blach, N. M. Correa, J. J. Silber, R. D. Falcone, J. Colloid Inter-
face Sci. 2011, 355, 124 –130.

[21] F. M. Agazzi, R. D. Falcone, J. J. Silber, N. M. Correa, J. Phys.
Chem. B 2011, 115, 12076 – 12084.

[22] a) K. Yang, L. Z. Zhu, B. S. Xing, Environ. Sci. Technol. 2006, 40,
4274 – 4280; b) A. A. Dar, G. M. Rather, S. Ghosh, A. R. Das, J. Col-
loid Interface Sci. 2008, 322, 572 – 581.

[23] E. W. Kaler, A. K. Murthy, B. Rodriguez, J. A. N. Zasadzinski, Sci-
ence 1989, 245, 1371 – 1374.

[24] B. F. B. Silva, E. F. Marques, U. Olsson, Soft Matter 2011, 7, 225 –
236.

[25] B. Ab�cassis, F. Testard, L. Arleth, S. Hansen, I. Grillo, T. Zemb,
Langmuir 2007, 23, 9983 –9989.

[26] B. F. B. Silva, E. F. Marques, U. Olsson, R. Pons, Langmuir 2010, 26,
3058 – 3066.

[27] a) Y. R. Zhao, X. Chen, B. Jing, X. D. Wang, F. Ma, J. Phys. Chem.
A J. Phys. Chem. B. 2009, 113, 983 –988; b) F. Geng, J. Liu, L. Q.
Zheng, L. Yu, Z. Li, G. Z. Li, C. H. Tung, J. Chem. Eng. Data 2010,
55, 147 –151.

[28] a) P. Brown, C. P. Butts, J. Eastoe, D. Fermin, I. Grillo, H.-C. Lee, D.
Parker, D. Plana, R. M. Richardson, Langmuir 2012, 28, 2502 –2509;
b) P. Brown, C. Butts, R. Dyer, J. Eastoe, I. Grillo, F. Guittard, S.
Rogers, R. Heenan, Langmuir 2011, 27, 4563 – 4571.

[29] a) F. Silva, M. Fern�ndez, J. J. Silber, R. H. de Rossi, N. M. Correa,
ChemPhysChem 2012, 13, 124 –130; b) S. S. Quintana, R. D. Falcone,
J. J. Silber, N. M. Correa, ChemPhysChem 2012, 13, 115 – 123.

[30] N. M. Correa, J. J. Silber, R. E. Riter, N. E. Levinger, Chem. Rev.
2012, 112, 4569 –4602.

[31] a) R. D. Falcone, N. M. Correa, J. J. Silber, Langmuir 2009, 25,
10426 – 10429; b) R. D. Falcone, B. Baruah, E. Gaidamauskas, C. D.
Rithner, N. M. Correa, J. J. Silber, D. C. Crans, N. E. Levinger,
Chem. Eur. J. 2011, 17, 6837 –6846; c) D. D. Ferreyra, N. M. Correa,
J. J. Silber, R. D. Falcone, Phys. Chem. Chem. Phys. 2012, 14, 3460 –
3470.

[32] A. S. Picco, B. Yameen, O. Azzaroni, M. Ceolin, Chem. Commun.
2011, 47, 3802 –3804.

[33] a) P. L. Luisi, M. Giomini, M. P. Pileni B. H. Robinson, Biochim.
Bio ACHTUNGTRENNUNGphys. Acta. 1988, 947, 209 –246; b) A. Maitra, J. Phys. Chem.
1984, 88, 5122 –5125.

[34] M. Gradzielski, D. Langevin, L. Magid, R. Strey, J. Phys. Chem.
1995, 99, 13232 –13238.

[35] J. Zhang, S. Liu, Phys. Chem. Chem. Phys. 2011, 13, 12545 –12553.
[36] L. Chen, H. Xing, P. Yan, J- M. Ma, J.-X. Xiao, Soft Matter 2011, 7,

5365 – 5372.

Received: September 11, 2012
Published online: November 5, 2012

Chem. Eur. J. 2012, 18, 15598 – 15601 � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemeurj.org 15601

COMMUNICATIONUnique Ionic Liquid with Amphiphilic Properties

http://dx.doi.org/10.1039/b917197e
http://dx.doi.org/10.1039/b917197e
http://dx.doi.org/10.1039/b917197e
http://dx.doi.org/10.1039/b917197e
http://dx.doi.org/10.1021/la026755w
http://dx.doi.org/10.1021/la026755w
http://dx.doi.org/10.1021/la026755w
http://dx.doi.org/10.1073/pnas.0603239103
http://dx.doi.org/10.1073/pnas.0603239103
http://dx.doi.org/10.1073/pnas.0603239103
http://dx.doi.org/10.1073/pnas.0603239103
http://dx.doi.org/10.1021/ja0624319
http://dx.doi.org/10.1021/ja0624319
http://dx.doi.org/10.1021/ja0624319
http://dx.doi.org/10.1021/jp906915q
http://dx.doi.org/10.1021/jp906915q
http://dx.doi.org/10.1021/jp906915q
http://dx.doi.org/10.1021/jp906915q
http://dx.doi.org/10.1021/jp811326z
http://dx.doi.org/10.1021/jp811326z
http://dx.doi.org/10.1021/jp811326z
http://dx.doi.org/10.1002/chem.201000437
http://dx.doi.org/10.1002/chem.201000437
http://dx.doi.org/10.1002/chem.201000437
http://dx.doi.org/10.1021/jp1123822
http://dx.doi.org/10.1021/jp1123822
http://dx.doi.org/10.1021/jp1123822
http://dx.doi.org/10.1021/jp1123822
http://dx.doi.org/10.1016/j.jcis.2010.11.067
http://dx.doi.org/10.1016/j.jcis.2010.11.067
http://dx.doi.org/10.1016/j.jcis.2010.11.067
http://dx.doi.org/10.1016/j.jcis.2010.11.067
http://dx.doi.org/10.1021/jp203014j
http://dx.doi.org/10.1021/jp203014j
http://dx.doi.org/10.1021/jp203014j
http://dx.doi.org/10.1021/jp203014j
http://dx.doi.org/10.1021/es060122c
http://dx.doi.org/10.1021/es060122c
http://dx.doi.org/10.1021/es060122c
http://dx.doi.org/10.1021/es060122c
http://dx.doi.org/10.1016/j.jcis.2008.03.022
http://dx.doi.org/10.1016/j.jcis.2008.03.022
http://dx.doi.org/10.1016/j.jcis.2008.03.022
http://dx.doi.org/10.1016/j.jcis.2008.03.022
http://dx.doi.org/10.1126/science.2781283
http://dx.doi.org/10.1126/science.2781283
http://dx.doi.org/10.1126/science.2781283
http://dx.doi.org/10.1126/science.2781283
http://dx.doi.org/10.1039/c0sm00477d
http://dx.doi.org/10.1039/c0sm00477d
http://dx.doi.org/10.1039/c0sm00477d
http://dx.doi.org/10.1021/la902963k
http://dx.doi.org/10.1021/la902963k
http://dx.doi.org/10.1021/la902963k
http://dx.doi.org/10.1021/la902963k
http://dx.doi.org/10.1021/jp809048u
http://dx.doi.org/10.1021/jp809048u
http://dx.doi.org/10.1021/jp809048u
http://dx.doi.org/10.1021/jp809048u
http://dx.doi.org/10.1021/je900290w
http://dx.doi.org/10.1021/je900290w
http://dx.doi.org/10.1021/je900290w
http://dx.doi.org/10.1021/je900290w
http://dx.doi.org/10.1021/la204557t
http://dx.doi.org/10.1021/la204557t
http://dx.doi.org/10.1021/la204557t
http://dx.doi.org/10.1021/la200387n
http://dx.doi.org/10.1021/la200387n
http://dx.doi.org/10.1021/la200387n
http://dx.doi.org/10.1002/cphc.201100634
http://dx.doi.org/10.1002/cphc.201100634
http://dx.doi.org/10.1002/cphc.201100634
http://dx.doi.org/10.1002/cphc.201100638
http://dx.doi.org/10.1002/cphc.201100638
http://dx.doi.org/10.1002/cphc.201100638
http://dx.doi.org/10.1021/cr200254q
http://dx.doi.org/10.1021/cr200254q
http://dx.doi.org/10.1021/cr200254q
http://dx.doi.org/10.1021/cr200254q
http://dx.doi.org/10.1021/la901498e
http://dx.doi.org/10.1021/la901498e
http://dx.doi.org/10.1021/la901498e
http://dx.doi.org/10.1021/la901498e
http://dx.doi.org/10.1002/chem.201002182
http://dx.doi.org/10.1002/chem.201002182
http://dx.doi.org/10.1002/chem.201002182
http://dx.doi.org/10.1039/c2cp23481e
http://dx.doi.org/10.1039/c2cp23481e
http://dx.doi.org/10.1039/c2cp23481e
http://dx.doi.org/10.1039/c0cc05472k
http://dx.doi.org/10.1039/c0cc05472k
http://dx.doi.org/10.1039/c0cc05472k
http://dx.doi.org/10.1039/c0cc05472k
http://dx.doi.org/10.1021/j150665a064
http://dx.doi.org/10.1021/j150665a064
http://dx.doi.org/10.1021/j150665a064
http://dx.doi.org/10.1021/j150665a064
http://dx.doi.org/10.1021/j100035a030
http://dx.doi.org/10.1021/j100035a030
http://dx.doi.org/10.1021/j100035a030
http://dx.doi.org/10.1021/j100035a030
http://dx.doi.org/10.1039/c0cp02856h
http://dx.doi.org/10.1039/c0cp02856h
http://dx.doi.org/10.1039/c0cp02856h
http://dx.doi.org/10.1039/c1sm05115f
http://dx.doi.org/10.1039/c1sm05115f
http://dx.doi.org/10.1039/c1sm05115f
http://dx.doi.org/10.1039/c1sm05115f
www.chemeurj.org

