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We show here the influence of n-alcohols (C2OH-C8OH) on the solubility behavior of cationic-anionic surfactant
mixtures, so-called “catanionics”.We studied catanionics of different compositions composed of sodiumdodecyl sulfate
(SDS)/cetyltrimethylammonium bromide (CTAB) and sodium dodecanoate (SDod)/CTAB mixtures. Interestingly,
with a molar excess of SDS, long chain n-alcohols (C4OH-C8OH) significantly depress the solubility temperature of the
SDS+CTAB catanionic and increase the kinetic stability of the solution. The visual observations of solubility
temperatures of catanionics were further confirmed by differential scanning calorimetry (DSC) measurements. For
the catanionics amultistep solubilization was observed byDSC, for which the sulfate headgroup is responsible. This was
probed by replacing SDS by SDod. A remarkable analogy was found between the influence of the alcohols on the
solubility patterns of the catanionic mixtures and on the anesthesia of tadpoles. Possible reasons for this analogy are
discussed also in this paper.

Introduction

Aqueousmixtures1-10 prepared of anionic and cationic surfac-
tants are called catanionics. They exhibit properties, which are
different from the corresponding properties of the individual
surfactants.11-14 One interesting feature of catanionics is the
reduction of the oil/water interfacial tension.15 For example, the
surface tension of sodium dodecyl sulfate (SDS) and of cetyl-
trimethylammonium bromide (CTAB) solutions above their
critical micelle concentration (cmc) were found to be about
36 mN m-1,16,17 whereas micellar systems consisting of 70 mol %
SDS+30mol%CTAB can decrease the surface tension of water
down to ∼24 mN m-1.17 The outstanding physicochemical
properties of catanionics are governed by various competing

molecular interactions and the resulting variety of microstruc-
tures.1,18,19 The phase diagrams in terms of solubility temperature
of catanionic micelles consisting of SDS and different cationic
surfactants have recently been reported.7,20

The solubility temperatures of 1 wt % SDS and 1 wt%CTAB
were reported to be 19.7 and 30 �C, respectively. The DSC pat-
terns, in this study, confirm these solubility temperatures. In
contrast, the solubility curves of SDS and CTAB mixtures at
different compositions below and above the equimolar composi-
tion are visibly different from those of the individual surfactants.
In the CTAB rich region (SDS mole fractione0.3), the solubility
temperature increases, whereas it decreases in the SDS rich region
(SDS mole fraction g0.65).7,20 For intermediate compositions,
the electrostatic interaction is strong between anionic and cationic
surfactants. Consequently, the solubility temperature increases
sharply and is not detectable up to the boiling temperature of
water at equimolar ratio.

The catanionic micelles of SDS and CTAB are not thermo-
dynamically stable and precipitation appears after some time. But
one can tune the solubility temperature and increase the stability
of catanionic micelles and make a promising candidate for prac-
tical applications.21-30 For example, undesirable precipitation in
washing cycles, where both, cationic and anionic surfactants are
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required, can be avoided.21 Furthermore, cationic and anionic
surfactants are applied in secondary oil recovery, and precipita-
tion phenomena can be useful to improve sweep efficiency in the
process.21 Moreover, these systems may be of practical impor-
tance in the field of cosmetics, pharmaceutical products, and
optimization of formulations.

Recently, the effect of alkali salts on the solubility behavior of
SDS+CTAB catanionics has been studied.7 Except for potas-
sium, alkali salts decrease the solubility temperature of the
catanionics in the SDS rich region. Nevertheless, the stability of
the catanionics is not improved. On the other hand, n-alcohols
with chain lengths g C5 significantly decrease the solubility
temperature and increase the stability of the catanionic solutions
containing objects of different size and shape (micelles, vesicles,
rod like micelles, disks). Yu et al.,31 Zhang et al.,32 and Wang
et al.33 demonstrated that n-alcohols (eC4OH) at different
concentrations significantly influence the solubility temperature
of catanionics and formation of vesicles. Nevertheless, the trans-
formation to vesicles could be observed, and the vesicles showed a
remarkable increase in stability compared to the pure catanionic
systems.34 In these reports, neither a systematic variation of
concentration nor a systematic variation of the alcohols’ chain
lengths and their influence on the solubilization of catanionics has
been studied. It should be mentioned that the dielectric constant
of the medium was found to govern the size of large objects,35 an
observation that will be important for the interpretation of the
results presented below.

The solubility of SDS+CTAB catanionics with and without
salts and n-alcohols is not straightforward because different
types of interactions prevail compared to pure surfactants in
solution. The catanionics in the presence of n-alcohols sponta-
neously form micelles and vesicles.7,31,32,36 Visually, we observed
that the solubility of SDS+CTAB catanionics took place over a
small time scale, during which different polymorphs and meso-
phors are formed. This indicates that the solubility process of the
SDS+CTAB catanionics follows multiple steps. These visual
observations could further be confirmed by DSC measurements.

n-Alcohols act as anesthetic agents and their potency onmodel
biological membranes are reported.37,38 Surfactant mixtures well
above the cmcare good examples of biological cellmembranes.39-42

Further, we could recently demonstrate that the catanionic
microemulsion is a superior medium compared to a cationic
microemulsion for enzymatic activity.41 We note that there is an
interesting theory about the influence of inserting hydrophobic
molecules in membranes on the propagation of nerve impulses.43

It seems that the insertion of such molecules can induce a change
in curvature, which inhibits a necessary reversible phase transi-
tion. In the present study we do not consider such phase transi-
tions, and they will be discussed in the next phase of our
investigations. Nevertheless, we indicate this type of mechanism
because it might also be part of the final explanation of the
anesthetic action of alcohols.

As already mentioned, in the present paper we are interested in
the effect of n-alcohols on the solubility of SDS+CTAB and
sodium dodecanoate (SDod)+CTAB catanionics. Particularly,
we investigate the effect of added n-alcohols (n-C2OH to n-C8OH)
aswell as benzyl alcohol in the SDS rich region. The reason for the
incorporation of SDod is to examine the influence of the surfac-
tant headgroup. The visual observations have further been con-
firmed by DSC measurements. Finally, the trend in which the
different alcohols decrease the solubility temperature of the
catanionics has been compared to their capacity to produce a
general anesthesia of tadpoles.44

Experimental Section

SDS (g99%, Merck, Germany), CTAB (>99%, Acros,
U.S.A.), sodium dodecanoate (99-100%, Sigma,U.S.A.), ethanol
(99.9%, JT Baker, The Netherlands), n-propanol (g99.5%,
Merck, Germany), n-butanol (99.5%, Merck, Germany), n-pen-
tanol ((>99%, Aldrich, Germany), n-hexanol (98%, Merck,
Germany), n-heptanol (99%, Alpha Aesar, Germany), n-octanol
(98%,Acros,U.S.A.) and benzyl alcohol (99%, Sigma,Germany)
were used as received. Millipore water was used for preparing
solutions.

A stock suspension of 70 mol % SDS + 30 mol % CTAB
catanionics in Millipore water was prepared keeping the total
surfactant concentration at 1 wt %, and it was stirred to ensure
homogeneous suspension. Five milliliters of the suspension was
transferred to a series of preweighed screw-capped sample tubes,
and the final weights were taken. To these suspensions different
amounts of a particular alcohol were added, the final weights
were taken, and the concentration of alcohol was calculated.
The resultant mixtures were stirred for 5 min and then kept at
about-40 �C for complete freezing. After∼12 h the sample tubes
were placed in a water bath, and the temperature was increased at
∼1�/10 min. The solubility temperatures of all suspensions,
detected by visual observation, were noted with an accuracy of
(0.1 �C.

The DSC thermograms of 70 mol % SDS+30 mol % CTAB
catanionics in the presence of 0.05mol kg-1 n-alcohols and benzyl
alcohol were recorded with a Micro DSC-III (Setaram, France).
The solubility patterns of catanionics at different compositions
and in the presence of 0.5 mol kg-1 n-butanol were also recorded
via DSC. About 500 μL of the suspension was transferred in a
preweighed cylindrical stainless steel cell, and the final weight was
taken. The cell containing the suspension and the reference cell
with water were cooled down to -10 �C (at this temperature the
suspension freezes) and were held for 2 h. The DSC thermograms
were recorded through the instrument software at a heating rateof
1�/min up to 70 �C. The total concentration of surfactants was
kept at 1wt% (which is 0.022mol kg-1 SDS and 0.0096mol kg-1

CTAB corresponding to a 70:30 molar ratio) for our studies.

Results and Discussion

Solubility Behaviors. The solubility patterns of 70 mol %
SDS+30 mol % CTAB catanionics in the presence of different
concentrations of n-alcohols (C2OH toC8OH) and benzyl alcohol
as a function of temperature are shown in Figure 1. For better
observation, the inset in Figure 1 exhibits the variation of the

(31) Yu, W.-Y.; Yang, Y.-M.; Chang, C.-H. Langmuir 2005, 21, 6185–6193.
(32) Zhang, X.-R.; Huang, J.-B.; Mao, M.; Tang, S.-H.; Zhu, B.-Y. Colloid

Polym. Sci. 2001, 279, 1245–1249.
(33) Wang, C.-Z.; Tang, S.-H.; Huang, J.-B.; Zhang, X.-R.; Fu, H.-L. Colloid

Polym. Sci. 2002, 280, 770–774.
(34) Yeh, S.-J.; Yang, Y.-M.; Chang, C.-H. Langmuir 2005, 21, 6179–6184.
(35) Ramesh, R.; Cassel, S.; Rico-lattes, I. Langmuir 2009, 25, 6733-6738.
(36) Huang, J.-B.; Zhu, B.-Y.; Zhao, G.-X.; Zhang, Z.-Y. Langmuir 1997, 13,

5759–5761.
(37) Thewalt, J. L.; Wassall, S. R.; Gorrissen, H.; Cushley, R. J. Biochim.

Biophys. Acta 1985, 817, 355–365.
(38) Ho, C.; Stubbs, C. D. Biochemistry 1997, 36, 10630–10637.
(39) Israelachvili, J. N. Intermolecular and Surface Forces; Academic Press:

Orlando, FL, 1985.
(40) Evans, D. F.; Wennerstr€om, H. The Colloidal Domain: Where Physics,

Chemistry, Biology, and Technology Meet, 2nd ed.; Wiley-VCH: New York,
1999.
(41) Mahiuddin, S.; Renoncourt, A.; Bauduin, P.; Touraud, D.; Kunz, W.

Langmuir 2005, 21, 5259–5262.
(42) O’Driscoll, B. M. D.; Nickels, E. A.; Elder, K. J. Chem. Commun. 2007,

1068–1070.
(43) Hyde, S.; Andersson, S.; Larsson, K.; Blum, Z.; Landh, T.; Lidin, S.;

Ninham, B.W.The Language of Shape: The Role of Curvature in CondensedMatter:
Physics, Chemistry, and Biology; Elsevier Science B.V: The Netherlands, 1997. (44) Franks, N. P.; Lieb, W. R. Environ. Health Perspect. 1990, 87, 199–205.



12518 DOI: 10.1021/la901771x Langmuir 2009, 25(21), 12516–12521

Article Mahiuddin et al.

solubility temperatures in the presence of higher alcohols
(gC5OH) on an extended scale. We can distinguish between
two kinds of solubility patterns, and n-butanol roughly demar-
cates these patterns. For ethanol and n-propanol the solu-
bility temperature of catanionics remains quite constant up to
∼0.05 mol kg-1; thereafter it increases for ethanol, whereas it
decreases for n-propanol. On the contrary, for longer chain
alcohols (gC4OH) the solubility temperatures of catanionics
decrease significantly as a function of their concentrations.

In the case of ethanol, the solubility temperature of the
catanionics remains constant (39.5 ( 0.1 �C) up to ∼0.1 mol kg-1

and a blueish solution was observed. At very low concentration
only fewer ethanol molecules enter the assemblies45 because of
higher solubility in water, and reside in the layer close to the
surfactant’s head groups.31 As a result, at low concentration
of ethanol the packing parameter, Pc, remains in the range of
0.5-1.46 As the concentration of ethanol increases, a linear
increase in solubility temperature of the catanionics and a
disappearance of the blueish color was observed. The dielectric
constant of water/ethanol mixtures decreases with increasing
ethanol concentration47 resulting in increase in solubility tem-
perature of the catanionics. It is noteworthy that the dielectric
constant of the medium critically governs the size of vesicles/
micelles.35 A preliminary investigation showed that the size of the
objects formed in catanionics in the presence of ethanol increases
up to a certain concentration (e.g.,∼0.15 mol kg-1 ethanol), and
then decreases. Parallel to the increase in ethanol concentration
more ethanol molecules reside in the polar head group and the
packing parameter becomes less than 0.5,46 and consequently, the
blueish color disappears and precipitation occurred after 24 h.

In contrast, n-propanol induces three solubility temperature
regions: (i) up to∼0.1 mol kg-1 the solubility temperature of the
catanionics remains constant (39.5 ( 0.1 �C) as in the case of
ethanol, (ii) in between 0.1 and 1.4 mol kg-1 the solubility
temperature decreases linearly, and (iii) beyond ∼1.4 mol kg-1

the decrease of the solubility temperature is significant. However,
the stability of the vesicles/micelles on increasing the chain length
by one unit did not exceed 24 h at 25 �C.

At low concentration of n-propanol (region-i), as discussed for
ethanol, only a small fraction of n-propanol resides at the
surfactant interface and the catanionics form large objects be-
cause of optimum hydrophobic and electrostatic interactions
resulting in a packing parameter higher than 0.5.46 In regions-ii
and iii, the trend of the solubility pattern indicates that the
dielectric constant of the medium has little effect on the solubility
temperature. With the increase in carbon chain length, alcohol
molecules prefer to stay in the catanionic micelle assemblies or
bilayers rather than in the bulk water because of their solubility
limits. In addition, there is a proper hydration of the headgroup
of the surfactants, which also contribute to catanionic micelles
formation.48

For n-alcohols of chain length g4, the solubility temperature
of the catanionics decreases roughly linearly as a function of
their concentration. n-Butanol decreased the solubility tem-
perature of the catanionics by 13.7 �C within its solubility limit
(∼1.1 mol kg-1),49 and the solutions remained blueish. The
decrease of the dielectric constant has less effect on the packing
parameter compared to shorter alkyl chain length because of the
solubility limits. The stability of the large objects and micelles
further increased up to 5 days.

n-Alcohols with chain lengths of C5 to C8 remarkably decrease
the solubility temperature of the catanionics. C5OH-C8OH, on
entering the assemblies, increase the area of the headgroup and
keep the packing parameter in the range of 0.5-1. Therefore, all
solutions form large objects and are stable up to 30 days at
ambient temperature.

These results clearly demonstrate that the solubilization of
catanionics depends on the chain lengthof n-alcohols. To examine
such effects, we further studied the solubility temperature of
catanionics as a function of benzyl alcohol concentration and is
similar to that of n-pentanol up to ∼1.3 mol kg-1 and then
diverges (Figure 1, inset). It can be concluded that alcohols with
comparable chain lengths produce roughly similar effects on the
solubilization of catanionics.

To summarize the effect of the chain length, we show in
Figure 2 the solubility temperature as a function of the chain
lengths of the alcohols at 0.05 mol kg-1. In addition a plot of the
slope of solubility temperature versus SDS/(SDS+alcohol)
(Supporting Information, Figure 1S) as a function of chain length
of alcohols used is also shown in Figure 2, which clearly
demonstrates that the short (C2-3OH), intermediate (C4-6OH),
and long (gC7OH) chain alcohols exhibit different effects on the
solubility curve of the catanionics with onset of depression of the
solubility temperature at∼0.05mol kg-1 n-butanol. Note that the
effect of chain lengths of n-alcohols correlates with the transition
temperature of the membranes of liposomes.50,51

The solubility behaviors of catanionics at three different
compositions as a function of n-butanol concentration are dis-
cussed in the Supporting Information and illustrated in the
Supporting Information, Figure 2S.
Differential Scanning Calorimetry. The DSC thermogram

patterns of 1 wt%CTABand of 1 wt%SDS are illustrated in the
Supporting Information, Figure 3S. The DSC curves of different

Figure 1. Solubility of 70mol% SDS+30mol%CTAB as func-
tion of temperature at different concentrations of n-alcohols and
benzyl alcohol. Inset: solubility of the same catanionic surfactant
pair in the presence of alcohols having chain length C5 to C8. The
total concentration of the surfactant pair was kept at 1 wt %. The
experimental points correspond to the concentration and tempera-
ture, where a homogeneous and single phase was obtained. Below
these limits, all systems separated into two phases.
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molar ratios of SDS+CTAB and SDod+CTAB catanionics are
shown in Figure 3. DSC patterns of 70 mol % SDS+30 mol %
CTAB catanionicswith different alcohols at a fixed concentration
of 0.05 mol kg-1 [SDS/(SDS+alcohol)=0.31] and the SDS+
CTAB catanionics at three compositions and with 0.5 mol kg-1

n-butanol are shown in Supporting Information, Figures 4S and
5S, respectively. The corresponding enthalpy and entropy
of solubilization steps are given in Supporting Information,
Table 1S.

The DSC thermogram of 1 wt % SDS (Supporting Informa-
tion, Figure 3S) indicates that the solubility of SDS in water takes
place in multiple steps with three distinct endothermic peaks. In
contrast, the solubility of 1 wt% of CTAB occurs in a single step.
The trends of DSC thermograms are not surprising and are in
accordance with surfactants having sulfate and tetraalkylammo-
niumhead groups.52,53 Themultiple endothermic peaks are due to
the presence of mesophases in aqueous SDS solutions. The small
endothermic peak at around ∼14 �C (below the complete
solubilization) indicates presolubility or pretransition chain rota-
tion.54 It could also be due to a certain chain melting of the
molecules in the interfacial film. On the contrary, the solubility of
1 wt%CTAB is completed in a single step. Nevertheless, the total
enthalpy of solubilization for both systems is very low (390.4 and
512.7 J/mol) in comparison to few kJ/mol for melting of solid
single chain surfactant pair.55,56

The DSC thermograms of catanionics at different composi-
tions (Figure 3) exhibit a complex pattern and are not simply
superpositions of the individual solubilization patterns. In the
CTAB rich region (30 mol % SDS+ 70 mol % CTAB), the
catanionics produce one major endothermic peak with ΔH=
154.1 J/mol and a minor endothermic peak (ΔH=35.4 J/mol).
Themajorpeakat 32.5 �Ccorresponds to theprimary solubilization

of the catanionic pair and is in good agreement with the reported
solubility phase diagram.7,20 Therefore, the second endothermic
minor peak might corresponds to a transition to an isotropic
phase.

The thermograms of the catanionics in the SDS rich region
(SDS=60, 65, 70, and 80 mol %) exhibit a multistep solubiliza-
tion process as well indicating the existence of a number of
polymorphs. The patterns of thermograms of catanionics in
question follow the similar multiple endothermic peaks for
different asymmetric catanionic surfactants pairs.56,57 The first
and last endotherms at ∼18 and ∼45 �C, respectively, are a
doublet followed by a weak singlet at ∼30 �C. Taking the
endotherm of (30 mol % SDS+70 mol % CTAB) catanionics
as the base value, the endotherms become very complex with
progressively increasing SDS amounts. The endotherms at∼45 �C,
which correspond to the final solubilization and/or transition to
an isotropic phase of catanionics, are broad.We conclude that the
sulfate head group is primarily responsible for such complex
thermograms. The firstminor peakswith smallΔH (25-94 J/mol)
are due to the beginning of the solubilization process or pre-
transition chain rotation.54 TheDSC thermograms reveal that the
solubilizationof the catanionics begins at∼12 �Cand ends at∼50 �C
with multiple endotherms because of different interactions of
different magnitudes resulting in a multistep solubilization.

To justify our views on the effect of the sulfate headgroup
on the multiple solubilization pattern, DSC thermogram of
60 mol % SDod+40 mol % CTAB catanionics is shown in
Figure 3 to comparewith 60mol%SDS+40mol%CTAB.Note
that SDod and SDS have roughly equal chain length but with
carboxylate and sulfate headgroups, respectively. It is interesting
to note that 60mol% SDod+40mol%CTAB produces a single
and sharp endothermic peak with ΔH=0.85 J/g (∼0.24 kJ/mol),
which is less than the total enthalpy (ΔH=0.60 kJ/mol) for
60 mol % SDS+40 mol % CTAB catanionics. Therefore, the
thermogram of 60 mol % SDod+40 mol % CTAB catanionics
indicates that the multisteps solubility patterns are primarily
governed by the presence of the sulfate head group. Note that
in a recent paper, it was argued that both sulfate and trimethy-
lammonium headgroups are soft and should strongly interact,
whereas carboxylate is a hard headgroup, which should interact

Figure 2. Effect of chain length of n-alcohols on the solubility
temperature of 70 mol % SDS+30 mol % CTAB in aqueous
solutions with 1 wt % total surfactant concentration at a fixed
concentration (0.05 mol kg-1) of alcohols. The plot of the slope of
solubility temperature versus SDS/(SDS+alcohol), Supporting
Information, Figure 1S, as function of chain length of alcohols is
also shown.Open symbols represent the solubility temperature and
the closed symbols represent the slope, and the open and closed
triangle represents benzyl alcohol. The data points are taken from
Figure 1.

Figure 3. DSC thermograms of SDS+CTAB andDdod+CTAB
catanionics at different compositions. Total concentration of the
surfactant pair was kept at 1 wt %.
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much less with the positively charged headgroup,58 and the
complex nature of the DSC thermograms of the present catanio-
nics is due to these reasons.

In this context, it is interesting to check if a fundamental
difference between SDS and SDod is readily detectable from the
area per molecule in the pure anionic solutions, as inferred from
the change of surface tension with concentration below the cmc.
We calculated the area per molecule for both the anionic
surfactants using the reported surface tension at 25 �C59,60 and
was found be 49 Å2 for both SDS and SDod. Values are in
reasonable agreement with closely packed films. No hint of a
specialmelting of SDod chains can be detected.As a consequence,
the very different calorimetric patterns for SDS/CTAB and SDS/
SDod catanionics must come from the different headgroup
interactions and not from the anionic surfactant itself.

The solubility patterns of catanionics and in the presence of
different alcohols at 0.05 mol kg-1 are shown in Supporting
Information, Figure 4S. Alcohols with chain length g4 signifi-
cantly alter the pattern of the endothermic peaks, and the tran-
sition temperatures are shifted to lower temperatures, as expected
from Figure 2. A small endothermic peak at the beginning for
all alcohols indicates the presolubilization process. The major
and broad endotherm pattern in the presence of ethanol and
n-propanol indicates that the final solubilization is comparable to
catanionics without alcohol. Moreover, the transition tempera-
ture of catanionics at ∼43 �C is not shifted by 0.05 mol kg-1 of
either ethanol or n-propanol. The DSC thermograms, therefore,
indicate that ethanol and n-propanol at 0.05 mol kg-1 do not
influence the solubilization process of 70 mol% SDS+30mol%
CTAB catanionics, in agreement with the results shown in
Figure 2. The transition temperature shifting to lower tempera-
ture is noticed for C4OH-C7OH. In contrast, the transition
temperature for n-octanol is slightly higher with respect to
n-heptanol. The DSC thermograms also demonstrate the level-
ing-off for alcohols in solubilization of catanionics as observed in
Figure 2. Another interesting point to note is that the thermo-
grams of 70 mol % SDS+30 mol % CTAB catanionics in the
presence of n-pentanol and benzyl alcohol at 0.05 mol kg-1 are
roughly equivalent, with transition temperatures at ∼37 �C. It
seems as if the chain lengths and not the detailed structure of the
alcohols are the main features determining both the transition
temperature and the solubility patterns (Figure 1) of the catanio-
nics.

The solubility patterns of SDS+CTAB catanionics at different
compositions as functions of n-butanol concentration demon-
strated that the systems at∼0.5mol kg-1 n-butanol have equivalent
solubility temperatures (Supporting Information,Figure 2S),which
can be related to similar microstructures. In that case, the enthalpy
of SDS+CTAB catanionics at all compositions and 0.5 mol kg-1

n-butanol would roughly be equivalent and is discussed in the
Supporting Information taking Figure 5S as a reference.
Comparison of the Solubility Results to Studies of the

General Anesthesia of Tadpoles. Figure 4 provides informa-
tion concerning the concentration of alcohols needed to anesthe-
tize whole tadpoles.61,62 A comparison of Figures 2 and 4 indi-
cates the similar trend between the two reported phenomena in
regard to the activity and concentration of the n-alcohols. To our

surprise, the position of the benzyl alcohol in Figure 4 coincides
with the place where n-pentanol is expected (not reported by the
authors). Benzyl alcohol and n-pentanol also occupy the same
position in Figure 2, which further justifies our view that alcohols
of comparable chain length exhibit equivalent solubility tempera-
ture of the catanionics. To some extend, the present study of the
solubility of catanionic by alcohols seems to reflect the so-called
anesthetic properties of a series of alcohols.

There is much speculation about possible reasons for the
anesthetic action of alcohols.44,61,62 Two pathways of action are
generally proposed: One is in relation with lipids and the other
with membrane proteins. The first pathway of action is described
by the so-calledMeyer-Overtonmodel. Another explanation for
the anesthetic action is that there is a change in curvature of the
bilayer that prevents the propagation of the nerve signal.43 Any-
way, the correlation between our findings and those described by
this model is remarkable. What seems to be clear is that the
alcohols are incorporated in lipid membranes and alter their
melting points, flexibility, and curvature. For a significant effi-
ciency, the alcohol must be long enough to be incorporated in the
hydrophobic parts of the biologicalmembranes. This is the reason
why short-chain alcohols are not efficient. Long-chain alcohols
can enter into hydrophobic parts of the membranes that contain
both cationic and anionic headgroups and can disrupt the strong
headgroup pairs, which results in a destabilization (or melting or
solubilization or curvature) of the membrane structure. There-
fore, we feel that catanionic mixtures could be a good model
system to examine some aspects of anesthesia. Of course, the
model is very crude, and in our model system a leveling-off is
discoveredwith alcohols having a chain length greater than seven.
However, this could be also due to the very small solubility of the
long-chain alcohols so that the error bars are high.

Conclusions

The solubility and DSC studies are valuable techniques to
investigate the influence of n-alcohols of different chain lengths on
the catanionics. Ethanol is not inserted into the catanionic film,
and the dielectric constant of the medium enhances the solubility

Figure 4. Comparison of general anesthetic concentrations
needed to anesthetize whole tadpoles and to inhibit firefly lucifer-
ase activity by 50%, for a diverse range of simple anesthetics over a
100.000-fold range of aqueous potencies. The data62 are plotted as
potencies, defined as reciprocals of aqueous ED50 molar concen-
trations. ED50 is the aqueous concentration of a given anesthetic
agent required to anesthetize 50% of tadpoles. The figure is
reproduced with permission from the publisher.
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temperature of the mixtures. n-Alcohols with carbon chain
lengths in the range 4 e C e 8 significantly depress the solubility
temperature of the catanionics. The general trend of n-alcohols
and of benzyl alcohol on the depression of solubility temperature
of 70 mol % SDS+30 mol % CTAB catanionic is as follows:
n-octanol≈ n-heptanol>n-hexanol>n-pentanol≈ benzyl alco-
hol>n-butanol>n-propanol>ethanol. The DSC thermograms
of individual aqueous SDS and CTAB (1 wt %) suggest that the
solubility of SDS follows amultistep process.On the contrary, it is
single step for CTAB. Therefore, the presence of the sulfate
headgroup in SDS is primarily responsible for the multisteps
solubility of the SDS+CTAB catanionic, which is probed by
replacing the sulfate headgroup in SDod+CTAB catanionic. The
general trend of the solubility temperature depression by alcohols
is in line with their anesthesia properties.61,62 The reason is that
certainly the incorporation into the catanionic model systems
studied here and the biological membranes studied in the context

of anesthesia follow the Meyer-Overton observation. As the
model is very crude, all the possible biological action pathways of
long-chain alcohol are not reproduced, and particularly the
possibility of a particular activity on defined proteins is not
captured.
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