
Introduction

Non-ionic surfactants are widely used to stabilize sus-
pensions and emulsions, among other important appli-
cations. Some dispersion systems used in pharmaceutical
and industrial applications also contain electrolytes,
occasionally at high concentrations, which may ad-
versely affect their stability.

Understanding the nature of non-ionic surfactant-
electrolyte interactions is relevant to the manufacture of

many products including detergents, cosmetics, paints
and coatings, adhesives and glues, lubricants, photo-
graphic films, and pharmaceutical products. Usually, the
simultaneous presence of surfactants and salts is re-
quired to achieve optimal dispersion effects in which
surfactants provide emulsification capacity, interfacial
tension control and colloidal stability.

A large number of studies have been made on the
effects of additives like electrolytes on the micellar
properties of polyoxyethylene non-ionic surfactants, e.g.
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Abstract The effect of NaCl and
HCl on two non-ionic surfactant
micelles was studied using several
techniques, including conductivity
and ion-selective electrodes. Both
surfactants exhibit opposite behav-
iour. When Tween 20 is titrated with
HCl the conductivity notably in-
creases in comparison with water,
whereas that of Triton X-100 solu-
tions do not change with respect to
water until a certain HCl concen-
tration is reached, when it increases.
The hydrogen ion activity is lower in
Triton X-100 solutions and higher in
Tween 20 solutions than in pure
water. Chloride ion activity is higher
in Tween 20 solutions than in water,
whereas in Triton X-100 the activity
does not significantly differ from
that in water. The activity of sodium
ion is lower in Tween 20 solutions
than in water, whereas that in Triton
X-100 solutions does not differ from
the titration of water. These phe-
nomena are explained by the chan-

ges in conformation of the non-ionic
headgroups, which capture water,
and in some cases ions, modifying
the activity of ions in the intermi-
cellar solution.
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the critical micelle concentration (CMC) [1–8] and cloud
point [3, 6, 9–14].

Many electrolytes salt in polyoxyethylated non-ionic
surfactants by complexation between the cations and the
ether oxygen atoms (e.g. Mg(NO3)2 and Al(NO3)3), or
because the anions break the structure of water (e.g.
NaSCN, NaI). Other electrolytes salt out the surfactants
by enhancing the structure of water or by dehydration
(e.g. NaCl, Na2SO4) [15].

In general, the studies in the literature were focused on
the effect of electrolytes on the non-ionic surfactant
aggregation structures and solubility. Here we have fo-
cused the study on how the activity of ions is affected by
the presence of non-ionic micelles, to put light on the
complex interaction between polyoxyethylene chains and
inorganic ions. We studied the interaction of three elec-
trolytes (HCl, NaCl and NaOH) with two non-ionic,
polyoxyethylenic surfactants having very different
hydrophilic groups: Tween 20 and Triton X-100, whose
structure is shown in Fig. 1. Triton X-100 was extensively
studied in the literature, whereas Tween 20 is less known.
The electrolytes were selected because they included both
salting in and salting out ions, and becausewith only three
ion-selective electrodes all solutions may be studied.

Theoretical background

In aqueous non-ionic surfactant—electrolyte systems
there are complex interactions among the components:
water, surfactant and ions. To understand the effect of
the presence of surfactant on the properties of electro-
lytes in solution, the interaction between water and
surfactant, and the effect of electrolytes on this interac-
tion must be taken into account.

The interaction of water with oxyethylene type surf-
actants and polymers is not yet fully understood, but
from the theoretical and experimental standpoint three
different models have been proposed to interpret the
mechanism [16–21].

The first mechanistic model is based on the assump-
tion that the rotational conformation around the C–C
bond of the oxyethylene groups is of importance for
interaction with water [16, 17]. The gauche conformer
has a larger dipole moment and is more soluble in water,
while the trans conformer has a smaller dipole moment
and is less soluble in water. The second model is a
hydrogen-bond mechanism where the solubility is ex-
plained as a consequence of hydrogen bonding between
the oxyethylene group and water [18, 19]. Finally, a third
water-structure model [20, 21] was proposed based on
the similarity between the O...O distances in water
(0.274 nm in the hexagonal water structure of ice Ih) and
in poly (ethylene oxide) molecules (0.276 nm), suggest-
ing that water sites are replaced by the oxygen atoms of
the oxyethylene group.

The stability of aqueous solutions of non-ionic am-
phiphiles of the polyoxyethylene type is determined by a
rather special oxyethylene–water interaction. In this
interaction the ether groups form highly directional
hydrogen bonds with the water molecules while the
ethylene parts are accommodated in the overall water
structure [21]. The interaction between ether oxygen
atoms and water is affected by the presence of ions.

Some studies on polyethyleneglycol [22–29] have
shown that between two and three water molecules are
bound per oxyethylene repeating unit, and have led to
the development of structure models to account for the
bound water [21].

In general, hydration of non-ionic micelles appears to
be insensitive to changes in surfactant concentration and
to decrease gradually with increasing temperature [30–
32], although results for Triton X-100 suggest that, at
least for this surfactant, hydration increases with tem-
perature [33].

Non-ionic surfactants based on poly (oxyethylene)
form a number of aggregate structures and phases that
depends on surfactant structure and on the hydration of
the ethylene oxide chain [34–36].

Fig. 1 The structure of Triton
X-100 (above) and Tween 20
(below)
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In solid poly (ethylene oxide) the helical conformation
contains seven OE chemical units [(–O–CH2–CH2–)7],
and two turns in a fibre period of 1.93 nm (72 helix) [37–
39]. In dilute aqueous solution the polyoxyethylene chain
retains the helical conformation [40]. At low nOE, the
polymer chain is not long enough to fold into a hydrated
coil; once it has done so, high-molecular weight solutes
are excluded from the poly (ethylene oxide) coil [41, 42].
Accordingly Marszall [43] from the correlation between
the HLB and the Israelachvili–Mitchell–Ninham packing
number, for nOE £ 4, the polyoxyethylene chain is not
long enough to form an helix conformation.

The change in hydrate structure is consistent with the
hypothesis that, as the polymermolecularweight rises and
the polymer chains are more able to fold upon themselves
(adopt a ‘‘secondary’’ structure), loosely-bound water
molecules can be more easily shared between adjacent
segments of a single chain, e.g. as in a helix. This accounts
for the small rise with molecular weight in the amount of
water contained in the polymer hydrate [26].

Jonstromer et al. [44] concluded that water is not
distributed uniformly in the interfacial region but that
the fraction of the interfacial region of C12OE5 and
C12OE8 micelles filled by water increases radially from
the hydrocarbon core to the outer edge of the aggregate.
This is compatible with a helical conformation of the
poly (oxyethylene) chain. The hydration of polyoxyeth-
ylene surfactants is generally expressed as nw/nOE, where
nw and nOE are the number of hydration water molecules
and oxyethylene units in the surfactant molecule. For
long-chain polyoxyethylene non-ionic surfactants, nw/
nOE increases from 5.2 to 10.5 as the hydrophilic chain
length increases. Most of the water is mechanically
trapped in the polyoxyethylene chains [45].

There is detailed information on hydration for some
specific surfactants. The oxyethylene region of hexa-
oxyethylene monododecylther (C12OE6) micelles has a
hydration that depends on both the surfactant concen-
tration and temperature. The nw/nOE number was found
to gradually decrease with increasing C12OE6concen-
tration at 40�C from 3.5 at 0.01 mol dm)3 to 2.5 at
1.2 mol dm)3, and to 0.84 at 1.83 mol dm)3, above the
lamellar phase region. The nw/nOE number for
0.01 mol dm)3 C12OE6ranges from 4.2 at 20�C to 2.9 at
60�C, passing through the cloud point at 50�C [46]. A
two-state model would define the hydration of Triton X-
100: a bulk water zone and a hydration water zone that
is occupied by 5–7 water molecules per oxyethylene unit
[40].

For long-chain polyoxyethylene non-ionic surfac-
tants, nw/nOE increases from 5.2 to 10.5 as the hydro-
philic chain length increases. Most of the water is
mechanically trapped in the polyoxyethylene chains [45].
For polyoxyethylene, the ‘‘bond’’ water varies from 2.3
to 3.8 water molecules per repeat unit, with a change at
the molecular weight of 750–1,000 (nOE=17–23). Over a

wide range of nOE, the amount of tightly bond water is
constant and between 2 or 3 water molecules per repeat
unit. At high nOE, some free water is loosely trapped
within the secondary structure. [47].

The properties of hydration water molecules were also
determined in several cases. For small ethylene oxide
oligomers and polymers the hydration water relaxation
time increases with nOE. Above nOE =6, however, the
relaxation time is independent of the degree of polymer-
isation (sh/sw=2.2±0.1), where sh and sw are the relax-
ation times of hydration and free water molecules [48, 49].
In highly concentrated mixtures, the relaxation time of
water may be unusually high. While for solutions at low
or moderate solute concentration sh/sw £ 3 has been
found throughout, the relaxation time ratio may be
substantially higher if the water content remains below a
certain value, and may reach values as high as
100sw�0.8 ns. These high relaxation-time values seem to
be due to an entropy effect rather than an unusual energy
of interaction [50]. Measurements on polyethylene oxide
[48, 51] show that this effect starts at a volume fraction of
solute of about 0.3. In general, with polyoxyethylene
groups, interfacial water is less structured than bulk wa-
ter. Neutron diffraction measurements in the lamellar
phase of C12OE4 in water showed that the hydration
water has enhanced hydrogen-bonded structure and
modification of the inter-molecular structure over the
intermediate range (0.25–0.8 nm). [52]. The same con-
clusion was reached about the hydration layer of non-
ionic and zwitterionic micelles by NMR spectroscopy
measurements [53]. However, the water of hydration of
Triton X-100 is less structured than bulk water [54–56]. In
aqueous Triton X-100 systems, the OH stretching fre-
quency of water increases with increasing water content
up to about nw/nOE=0.4 and decreases suddenly up to
about nw/nOE=2, after which it stays constant. The initial
increment in OH stretching frequency is due to the pro-
gression of the hydrogen bonding between water and the
ether oxygen in the oxyethylene groups of Triton X-100,
and the subsequent reduction is the result of the linkages
among the water molecules. Above nw/nsurf=5, the water
added in excess interrupts the linkage among adjacent
oxyethylene chains of the nw/nOE=2 complex and de-
stroys the liquid crystalline phase. The polyoxyethylene
chain is completely surrounded by a second nearest
neighbour water layer. This layer can be considered as
bulk water. [40].

Accordingly Florin et al. [57, 58], in the presence of
many salts, the above-mentioned hydration shell around
the poly-OE chain with enhanced water structure also
corresponds to a zone with decreased salt concentration
(i.e. with an excess of water molecules), as compared with
the bulk. This must increase the activity of ions in the
bulk, which might be detected with ion-selective elec-
trodes. The addition of electrolytes affects both the
hydration amount and the properties of hydration water.
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The salting in and salting out effects of electrolytes on
aqueous non-ionic surfactant solutions are commonly
disclosed by their effects on the cloud point. Cloud
points are independent of surfactant concentrations be-
tween relatively wide limits [59] but are markedly af-
fected by additives [2, 9, 13].

Other properties of non-ionic surfactants are also
affected by the presence of electrolytes. Some authors [4,
60] have reported that the aggregation number of
polyoxyethylene glycol alkyl ethers decreases in the
presence of NaCl. The existence domains of mesophases
are also affected by the presence of lyotropic salts like
NaCl [61].

The influence of electrolytes can be separated into the
effects of cations and that of anions [62–65].

Electrolytes that raise the cloud point extend the
temperature range in which the surfactant is soluble in
water (salting in), while electrolytes that lower the cloud
point reduce the solubility range (salting out). Among
the cations, only Na+, K+, Cs+ (and presumably Rb+),
NH4

+ and tetramethylammonium salt out non-ionic
surfactants, lowering their cloud point. H+, (which form
oxonium salts) Ag+, Li+, and di- and tri-valent cations
salt in polyoxyethylated surfactants by complexation
with their ether groups. The polyoxyethylene moiety of
the amphiphiles acts as a polydentate ligand [13, 66, 67].
Weak cation binding imparts a slightly cationic char-
acter to the non-ionic surfactants micelles, which ac-
counts for the salting in [68].

Anions which enhance the structure of water, pro-
moting association among water molecules, and anions
that compete with the surfactant for water of hydration,
salt it out and reduce the cloud point. These anions in-
clude SO4

2), F), PO4
3), OH) and Cl). [64, 69, 70].

The large polarizable anions I), SCN), and ClO4
)

break the structure of water. This action increases the
amount of unassociated water molecules which, not
being hydrogen-bonded to other water molecules, can
form hydrogen bonds with the ether groups of the
non-ionic surfactants, thereby increasing their cloud
point and solubility [3, 13, 66, 67]. NO3

) and Br),
which occupy intermediate positions in the Hoffmei-
ster series, leave cloud point and solubility unaffected
[72].

The polarity in the hydrated outer layer of Triton X-
114 (which has 8 OE units as an average) micelles with
NaCl added in the temperature range of 5–13�C was
higher than in the solution without any additives. Since
NaCl is a strong electrolyte, it increases the polarity of
this region, which implies that the electrolyte is distrib-
uted in the polyoxyethylene zone [72].

In n-octyl polyoxyethylene glycol micelles the addi-
tion of NaCl modifies the hydrodynamic radius of mi-
celles and changes the intermicellar interactions [73]. The
effect of added strong salting-out agents such as NaCl
and NaF was explained in terms of a reduced interaction

of the oxyethylene chains with the aqueous solvent [74].
The effect was explained by the presence of salt-deficient
regions around the micellar hydrophilic layer. If the
interaction of the oxyethylene chains with the solvent is
observed at a specific temperature, then added NaCl
reduces the absolute apparent hydration, whereas the
temperature dependence of the interaction remains un-
changed.

Deguchi and Meguro [75] found that in aqueous
C12OE7, the addition of salting-out salts increases the
compactness of micelles, whereas the addition of salting-
in salts increases their looseness.

The effect of the adding electrolytes is not absolute,
and may change with concentration. HCl and H2SO4

increase the cloud point of non-ionic surfactants.
However, at low concentration they caused a slight
reduction in the cloud point. The minimum cloud point
in Triton X-100 solutions was 63�C in 0.031–
0.125 mol dm)3 of HCl. Other salting-in salts also show
this phenomenon [13]. The salting-in effect of KSCN on
oxyetylated methyl dodecanoates increases with con-
centrations up to 2 mol dm)3, and then decreases at
higher KSCM concentrations, so this salt can even act as
salting-out at high concentration [76].

The non-ionic surfactant itself may affect the struc-
ture of water. As an example, Brij 35 below the CMC is
a strong water structure breaker [77]. This situation af-
fects the properties of added electrolytes and must be
taken into account when the properties of electrolytes in
aqueous non-ionic systems are studied.

Experimental

Triton X-100 (SigmaUltra having Cl)<0.5%,
Na+<0.1% and K+<0.005%, total content of ionic
impurities<0.66%) and Tween 20 (SigmaUltra having
Cl)<0.05%, Na+<0.01% and K+<0.005%, total
content of ionic impurities<0.26%) were used as pur-
chased. All measurements were performed by titration
of 50 mL of solution 0.015 mol dm)1 of each surfactant
with 0.1000 mol dm)1 HCl, 0.1000 mol dm)1 NaCl or
0.1000 mol dm)1 NaOH solution at 25�C. HCl was 37%
A.C.S. reagent from Aldrich, having £ 5.2 ppm total
ionic impurities, NaCl was 99+% A.C.S. reagent from
Aldrich, having £ 12 ppm total ionic impurities, and
NaOH was semiconductor grade 99.99% from Aldrich.
Only double-distilled water was used.

Conductivity measurements were made with an
immersion cell and an automatic conductimeter, namely
an Antares II of Instrumentalia.

The pH determinations were made with a millivolt-
meter and pH-meter CRIBABB and a Broade and
James glass electrode. The same millivoltmeter was used
with an Orion 8411 Ross Na+-ion-selective electrode
and a combined Cl)-ion-selective electrode (Oakton).
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The Na+-ion-selective electrode was used against a
saturated calomel electrode. All electrodes were cali-
brated by titration of 50 mL of double-distilled water
with the appropriate electrolyte.

Details about the treatment of potentiometric data
may be found in the literature [78, 79]. The electrode
potential may be written:

E ¼ E� þ Selog am ð1Þ

where am is the true monomer activity and Se the
experimental slope, which may or may not be Nernstian
[80].

Results

Figure 2 shows the specific conductivity of Tween 20,
Triton X-100 and water when titrated with HCl.
Figures 3 and 4 show the variation of pH on HCl and
NaOH addition. Figure 5 shows the response of the Cl)

ion-selective electrode to the titration of water, Tween 20
and Triton X-100 with HCl.

Figure 6 shows the Na+ ion-selective electrode re-
sponse to the titration of water and Tween 20 solution
with NaOH.

Discussion

Interaction with HCl

Figure 7 shows the conductivity increase D j=jsurf -

jwater for Tween 20 and Figure 8 that of Triton X-100

solutions as a function of the concentration of the
added HCl. Here jsurf and jwater are the specific con-
ductivity of surfactant and water at the same HCl
concentration. Tween 20 shows an increase of the
specific conductivity with respect to the same HCl
concentration in pure water. Except for low concen-
trations in which D j is negative, Triton X-100 shows
the same behaviour. Concentrations at which changes
in the dependence of D j on added HCl occur are
indicated in both figures. This is a surprising result,
because one may expect that the presence of the non-
ionic surfactant does not influence the conductivity, or,
if the polyoxyethylene chain captures the electrolyte as
suggested in the literature, that the conductivity should
be reduced. The contribution of the charged micelles
cannot compensate the loss of highly mobile H+ ions.
The reduction in the volume fraction of the conducting
phase, i.e. the aqueous intermicellar phase, by the
inclusion of the non-ionic surfactant micelles should be
negligible. In case that it was not negligible, the effect
should be the opposite, i.e. a reduction in the specific
conductivity.

The pH dependence on HCl concentration is different
for both surfactants (Fig. 3). For the most diluted
samples, Triton X-100 solutions show pH below that is
water but for [HCl]‡0.0074 mol dm)3 the pH is above
that of water with the same HCl total concentration,
whilst Tween 20 solutions show pH monotonically
lower than water. Figure 9 shows the difference D[H+]=
[H+]surf - [H

+]water for the titration of both surfactants
with HCl, [H+]surf and [H+]water being the concentration
of hydrogen ions in the surfactant solution and in water,
having the same HCl concentration.

Fig. 2 Specific conductivity of
Tween 20 (diamonds), Triton X-
100 (open circles) aqueous
solutions and water (solid line)
as a function of the concentra-
tion of added HCl
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Except for [HCl]<0.0074 mol dm)3, Triton X-100
shows negative values with a reduction of the con-
centration of hydrogen ions with increasing HCl con-
centration, with a slight step increase at [HCl]=0.0375
mol dm)3. This means that above [HCl]=0.0074
mol dm)3 the hydrophilic moiety of Triton X-100
micelles captures H+ ions, thus reducing the proton
activity in the intermicellar solution. This is in agree-
ment with assertions in the literature [13, 51, 66]. The
behaviour below this concentration was detected pre-

viously for HCl with some surfactants, including Tri-
ton X-100 [13]. Figure 10 shows the nH+/nOE ratio as
a function of the HCl concentration, nH+ and nOE

being the moles of hydrogen ions and oxyethylene
groups in solution. It is easily seen that the retention
increases with HCl concentrations, but the increase is
not linear.

The capture of H+ by the hydrophilic groups of non-
ionic surfactants may be explained by their nature. All
groups are weak Br/nsted acids with the following p Ka

Fig. 3 pH of of Tween 20 (dia-
monds), Triton X-100 (open cir-
cles) aqueous solutions and
water (solid line) as a function
of the concentration of added
HCl

Fig. 4 pH of Tween 20 (dia-
monds), Triton X-100 (open cir-
cles) aqueous solutions and
water (solid line) as a function
of the concentration of added
NaOH
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values (for the reaction HX+
M X, relative to water):

aliphatic alcohol p Ka= )2; aliphatic ether p Ka=)3.5,
and aliphatic carbonyl group p Ka=)7 [81]. Since p
Ka=)1.74 for water, all the preceding groups are stronger
Br/nsted acids than water but weaker than HCl.

Figure 11 shows the difference D[Cl)]=[Cl)]surf )
[Cl)]water for the titration of both surfactants with HCl,
[Cl)]surf and [Cl)]water being the concentrations of chlo-
ride ions in the surfactant solution and in water having

the same HCl total concentration. The behaviour of
both surfactants is similar, but the chloride excess for
Tween 20 is higher than that of Triton X-100. Concen-
trations at which changes appear in the dependence of
D[Cl)] on [HCl] are marked in the figure.

It may be concluded that the low-concentration
region where HCl causes a slight reduction of the cloud
point of Triton X-100, is associated with the exclusion of
H+ and Cl) ions from the hydrophilic layer of micelles.

Fig. 5 Response of the Cl) ion-
selective electrode to the titra-
tion of water (solid line), Tween
20 (diamonds) and Triton X-100
(open circles) with HCl

Fig. 6 Response of the Na+

ion-selective electrode to the
titration of water (solid line)
and Tween 20 (diamonds) with
NaOH
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Increasing HCl concentrations above 0.0074 mol dm)3,
protons are captured by the polyoxyethylenic layer and
the excess of chloride ions is reduced, until it become
negative at [HCl]>0.036 mol dm)3. A glance at Fig. 8
indicates that all the concentrations showing changes
with the ion-selective electrodes are represented in the Dk
curve by changes in behaviour. In particular, the inclu-
sion of Cl) ions in micelles is marked by a sudden in-
crease in Dk. This is rather surprising, because the

reduction of H+ and Cl) ions activity and the reduction
of the neat charge of micelles by partial neutralization of
the trapped protons by the inclusion of chlorine, should
decrease the specific conductivity. A possible explana-
tion is that the non-micellised surfactant molecules re-
duce the viscosity of the inter-micellar solution by water
structure breaking as Brij 35 below the CMC [77].

Tween 20 shows only positive values of D[H+] in
Fig. 9 and a monotonic increase up to [HCl]=0.046

Fig. 8 Difference D j=jsurf )
jwater for Triton X-100 aqueous
solutions when titrated with
HCl

Fig. 7 Difference D j=jsurf )
jwater for Tween 20 aqueous
solutions when titrated with
HCl
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mol dm)3, where the hydrogen excess is stabilised. Thus
there is an increase in the proton activity in the inter-
micellar solution.

For Tween 20 D[Cl)] (Fig. 11) is always positive and
almost parallel to that of Triton X-100. Then, both ions
are excluded from the hydrophilic layer of Tween 20
micelles. The behaviour of the D j curve roughly reflects
the above points (Fig. 7). Since both H+ and Cl) ions
activities in the intermicellar solution are higher than in
water, the positive excess conductivity may be easily
explained.

The hydrophilic group of Tween 20 is very different
from that of Triton X-100. It is much more hydro-
philic and bulky, as it can be seen in Fig. 1. Thus, at
equal surfactant and acid concentration, Tween 20
must retain much more water than Triton X-100, not
only by primary hydration but by mechanically
trapping in the secondary conformation of the
hydrophilic group, as stated in the theoretical back-
ground section.

It is noteworthy that both surfactants behave differ-
ently when HCl is added to the micellar solution. Some
differences in behaviour have been previously found
between Triton X-100 and other surfactants [33].

Interaction with NaCl

Figure 12 shows the difference D[Na+]=[Na+]surf )
[Na+]water for the titration of Tween 20 with NaCl,
[Na+]surf and [Na+]water being the concentration of

sodium ion in the surfactant solution and in water
having the same NaCl concentration. There is a slight
excess of sodium ions at low NaCl concentration,
corroborating that the interaction between non-ionic
micelles and electrolytes may depend on concentration.
D[Na+] decreases as NaCl concentration increases,
becoming negative at [NaCl]=0.01 mol dm)3 and
constant at [NaCl]=0.033 mol dm)3 with D[Na+]=
)0.01456± 0.00023. Triton X-100 does not show any
noticeable effect. Above 0.01 mol dm)3 the behaviour
is the inverse of the H+ ion, as expected by the dif-
ferent general effect of Na+ and H+ ions on poly-
oxyethylene surfactants. Na+ ions are captured by the
hydrophilic moiety of Tween 20 micelles, thus reducing
the intermicellar activity and increasing the polarity, as
found by Komaromy-Hiller et al. [72] in Triton X-114
micelles. This is in opposition to the suggestion of
Weckström and Zulauf [74] that NaCl generates salt-
deficient regions around the micellar hydrophilic layer
in n-octyl polyoxyethylene glycol micelles. However, as
the present work corroborates, different non-ionic
surfactants may interact in different ways with the same
electrolyte.

As mentioned above, the polarity in the hydrated
outer layer of Triton X-114 (which has 8 OE units as
an average) micelles with NaCl added was higher than
in the solution without any additives [73]. Since NaCl
is a strong electrolyte it increases the polarity of this
region, which implies that the electrolyte is distrib-
uted in the polyoxyelthylene zone [72]. Since D[Cl)]
was positive, this increase of polarity must be

Fig. 9 D[H+]=[H+]surf )
[H+]water for the titration of
Tween 20 (diamonds) and Tri-
ton X-100 (open circles) aque-
ous solutions with HCl
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caused by the capture of Na+ ions by the hydrophilic
layer.

Crown ethers have the property of forming com-
plexes with positive ions, generally metallic ions or
ammonium and substituted ammonium. In most cases
the guest ions are held tightly in the centre of the
cavity. Each crown ether binds different ions, e.g. a six
oxygen atoms ring binds K+ but not Li) [82]. Since

the polyoxyethylene chains adopt a helix conforma-
tion, each step seems a crown ether structure and can
capture ions in its inner space.

Interaction with NaOH

Figure 13 shows D[OH)]=[OH)]surf ) [OH)]water when
NaOH is added to the solutions of each surfactant.

Fig. 11 The difference
D[Cl)]=[Cl)]surf ) [Cl)]water for the
titration of Tween 20 (diamonds)
and Triton X-100 (open circles)
aqueous solutions with HCl

Fig. 10 The ratio of moles of
protons captured by Triton
X-100 micelles to moles of
oxyethylene units, nH+/nOE, as
a function of the concentration
of added HCl
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Results for both surfactants are similar. At very low
NaOH concentrations the excess is positive for both
surfactants and has a maximum at 0.00385 mol dm)3.
Then, D[OH)] decreases and becomes negative at
[NaOH]=0.014 mol dm)3 (Triton X-100) and
0.017 mol dm)3 (Tween 20) seeming to approach
asymptotically to a value of D[OH)]�)0.00019
mol dm)3 (Triton X 100) and )0.00006 mol dm)3

(Tween 20). Notice that the behaviour of OH) and Na+

ions is similar. Since both ions are salting out, this
coincidence is not surprising.

Concentration effects

It is evident that there is an interaction between electro-
lytes and micelles of Triton X-100 and Tween 20. This
interaction changes in nature at three concentrations:

Fig. 13 The difference
D[OH)]=[OH)]surf ) [OH)]water
for the titration of Tween 20
(diamonds) and Triton X-100
(open circles) aqueous solutions
with NaOH

Fig. 12 The difference
D[Na+]=[Na+]surf ) [Na+]water
for the titration of Tween 20
aqueous solution with NaCl
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C1=0.015±0.014 mol dm)3 (Triton X-100) and
0.0098±0.0067 mol dm)3 (Tween 20); C2=0.0300±
0.0048 mol dm)3 (Triton X-100) and 0.0321±0.0013
mol dm)3 (Tween 20); and C3=0.0368±0.0017 mol
dm)3 (Triton X-100) and 0.049±0.012 mol dm)3

(Tween 20). The main change occurs at C2.
Since the interaction of electrolytes with non-ionic

surfactants affects the hydration of the OE units, and
this change in hydration affects the structure and con-
formation of the hydrate, it may be concluded that the
above concentrations are possibly associated with
changes in hydration, structure and conformation of the
polyoxyethylene chains.

Conclusions

By studying of the ion activity of the electrolytes added
to two different non-ionic surfactants we found that:

– Both surfactant solutions show higher specific con-
ductivity than water when titrated with HCl.

– While Tween 20 excludes protons from its micelles
hydrophilic moiety, Triton X-100 reject H+ at low
concentrations but captures it al high [HCl].

– Chlorine ion is rejected from the hydrophilic groups
of both surfactants micelles.

– Sodium ion is rejected at low concentrations and
captured by the hydrophilic group of Tween 20 mi-
celles at high [NaCl].

– OH) ions are rejected from both surfactant micelles at
low concentrations, and captured at high [NaOH].

– The above results confirm in general the behaviour of
salting out and salting in ions described in the litera-
ture, including the change in effect when ion concen-
tration is increased, and the fact that Triton X-100
sometimes has a different behaviour than other non-
ionic surfactants.
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61. Jonströmer M, Strey R (1992) J Phys

Chem 96:5993
62. Huibers P, Shah D, Katrizky A (1997) J

Colloid Interface Sci 193:132
63. Materna K, Szymanowsky (2002) J

Colloid Interface Sci 255:194
64. Schott H (1997) J Colloid Interface Sci

189:117
65. Schott H (2001) Colloids Surf A

198:129
66. Schott H, Han SK (1975) J Pharm Sci

64:658
67. Schott H, Royce AE (1984) J Pharm Sci

73:793
68. Schott H (1975) J Colloid Interface Sci

173:265
69. Kavanau JL (1964) Water and sol-

ute—water interactions. Holden-Day,
San Francisco, pp 52–60

70. Collins KD, Washabaugh MW (1985)
Quart Rev Biophys 18:323

71. Schott H (1984) Colloids Surf 11:51
72. Komaromy-Hiller G, Calkins N, von

Wabdruszka R (1996) Langmuir 12:916
73. Weckström K (1985) Chem Phys Lett

119:503
74. Weckström K, Zulauf M (1984) J Phys

(Paris) 45:137
75. Deguchi K, Meguro K (1975) J Colloid

Interface Sci 50:223
76. Materna K, Cote G, Szymanowsky J

(2003) J Colloid Interface Sci 260:466
77. Baptista MS, Tran CD (1995) J Phys

Chem 99:12952
78. Minardi RM, Schulz PC, Vuano B

(1996) Colloid Polym Sci 274(11):1089
79. Schulz PC (1989) Boletı́n Soc Quı́m
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