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Adsorption isotherms and partition coefficients of dodecyl-, tetradecyl- and cetyltrimethylammonium bromides in the water–
p-xylene system were studied by the scintillation phase method.

Surfactant adsorption at liquid–liquid interfaces plays a central
role in biological, environmental and industrial processes. New
methods such as nonlinear optical techniques,1–3 light and neutron
diffraction1,4 and IR spectroscopy5 have been developed for
studying interfacial phenomena. We applied the scintillation
phase method to study surfactant adsorption at an interface
between two immiscible liquids. This method is based on the
introduction of a tritium-labeled surfactant in an aqueous phase
of the oil–water system followed by measuring the radioactivity
of the whole system. Taking into account that a tritium path
length in condensed media reaches a few micrometers, it is
obvious that tritium-labeled compounds can be detected both in
the bulk of the organic phase and at the interface. This method
was successfully used to study the partition of bovine serum
albumin in the water–toluene system.6,7

The scintillation phase method can be used over a wide
concentration range both below and above the critical micelle
concentration (CMC) for studying the behaviour of ionic or
nonionic surfactants.8

We studied the adsorption of dodecyl-, tetradecyl- and cetyl-
trimethylammonium bromides (DTAB, TTAB and CTAB, respec-
tively) from Merck at the water–p-xylene interface. The surface
tension (sOV) in the test system was measured by the Wilhelmy
plate method9 (Figure 1).

The CMCs of the surfactants are 1.45×10–2 mol dm–3 for
DTAB, 3.6×10–3 mol dm–3 for TTAB and 9.2×10–4 mol dm–3

for CTAB. Tritium-labeled surfactants were obtained by tritium
thermal activation.10 The 3H-surfactants were purified by extrac-
tion with toluene (radiochemical purity was ³ 99%).

Adsorption experiments were carried out in polyethylene
scintillation vials (7 ml) (Wallac Oy, Finland) according to a
published procedure.8 A 2 ml portion of an aqueous solution of

a 3H-surfactant (10–5–10–1 mol dm–3, 25 µCi ml–1) was placed
in a scintillation vial, and 3 ml of p-xylene with dissolved
2,5-diphenyloxazole (0.45 wt%) was added. Counting rate (I)
was measured using a RackBeta 1215 liquid scintillation counter
(Finland) until equilibrium was reached (48 h). When the system
was equilibrated, the organic phase was sampled (500–1000 µl)
and its counting rate (IV) and residual counting rate were
measured. This procedure allowed us to determine the inter-
facial (IS) and volumetric (IV) constituents of the counting rate
as IS = I – IV. The surfactant concentration in the organic phase
(Corg) was calculated from the equation

where V is the volume of p-xylene (dm3), Amol is the specific
radioactivity of the 3H-surfactant (Bq mol–1), e is the registration
efficiency in organic phase (0.55±0.03),11 IV is the volumetric
counting rate (counts s–1).

The surfactant adsorption (G ) at the p-xylene–water interface
was calculated according to the equation

where IS is the interfacial counting rate (counts s–1), S is the
area of the interface (cm2). Correction for registration efficiency
from the bulk of organic phase was used as 0.54CWh, where
CW is the surfactant concentration in water (mol dm–3), h is the
thickness of water where tritium registration is possible (1.6 µm12).
A coefficient of 0.54 appears from the difference between
registration efficiency from adsorption layer at the interface
(eS = 0.5e) and from the bulk of organic phase with equal
distribution of beta-emitters (eS = 0.27e).
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Figure 1 Isotherms of interfacial tension at water–p-xylene interface for
(1) DTAB, (2) TTAB and (3) CTAB.
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Figure 2 Correlation between the bulk concentrations of CTAB in water
and p-xylene.
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The area of interface was changed from bossy to flat with
surfactant concentration increased. Interface deformation near
walls was about capillary length a = (2sVO/∆rg)1/2, where ∆r
is the difference between water and p-xylene densities.13 The
interfacial area was calculated as

where r is the inner radius of the vial (0.75 cm).
Accuracy of adsorption determination was about 1% for low

concentrations and around 5% for high concentrations.
The dependence of surfactant concentration in organic phase

(CO) on its concentration in water (CW) obtained by the scintil-
lation phase method was a linear function with a salient point
at CMC. Figure 2 shows the dependence of CO on CW for
CTAB. Partition coefficients in concentration range below CMC
KOW = CO/CW were 0.0012, 0.0018 and 0.0042 for DTAB,
TTAB and CTAB, respectively. KOW decreased at CW > CMC
because KOW depends on the surfactant concentration in a
molecular (non-micellar) form.

Figure 3 shows that the adsorption of all the tested surfactants
increased with concentration, achieved a plateau and then sharply
increased at CW > CMC. Adsorption obtained by the scintillation
phase method was compared with that calculated by the Gibbs
equation

where R is the gas constant and T is the absolute temperature (K).
The dependence of the Gibbs adsorption on surfactant con-

centration is described by the Langmuir isotherm

where Gmax is a maximum adsorption and A is the relative
adsorption activity. Maximum adsorption Gmax, area per mole-
cule S1 in saturated adsorption layer S1 = 1/GmaxNA and adsorp-
tion activity A are given in Table 1.

A comparison between the data of two methods (Figure 3
and Table 1) shows that the adsorption determined by the
scintillation phase method is higher than that calculated by
the Gibbs equation at CW ³ 0.1CMC. This fact can be explained
by the formation of polylayers at the oil–water interface. When
CW > CMC, the growth of the adsorption is probably due to
surfactant aggregation and microemulsion phase formation.

This work was supported by the Russian Foundation for
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S = π(a2 + r2), (3)
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Figure 3 Adsorption isotherms of (1) CTAB, (2) TTAB and (3) DTAB,
obtained by the scintillation phase method.
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Table 1 Parameters of surfactant adsorption layers at the water–p-xylene
interface. 

Surfactant Gmax/µmol m–2 A/dm3 mol–1 S1/nm2

DTAB 5.73 790 0.31
TTAB 4.06 6100 0.41
CTAB 4.28 33765 0.39
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