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Figure 1. Interfacial tension as a function of time for some dietary oils.

Mass transfer highlighted by
Tracker™ two drops tensiometer

Jean-Luc Bridot1, Anaïs Bénarouche1, Frédéric Carrière2 and Alain Cagna1

Context: The Tracker™ drop tensiometer is well suited to measure the
dynamic interfacial tension γ(t) and rheological properties at the interface of
two phases. These measurements give information on the physical and
chemical phenomena that occur at the interface. It is a powerful, accurate
and non invasive tool for the characterization of liquid/gas and liquid/liquid
interfaces.

Drop2 : air/water

Drop1 : oil/water

𝛾0 − 𝛾 = 𝑅𝑇Γ∞𝑙𝑛 1 +
𝐶

𝛼

Fit parameters 
Γ∞= 2.37 10-6 mol/m²
𝛼 = 3 10-4 mM

Molecular area at the CMC
70 Å²/m

Teclis Desinger of experiments

Two drops tensiometer: A sensitive
apparatus was constructed with two
drops in the same bulk phase where,
the drops volumes and oscillations can
be controlled independently of each
other. The surface tension is read by
automated drop shape analysis for
each drop and simultaneously.

contact@teclis-scientific.com

Conclusion: Classical drop tensiometry is suitable to monitor how a surface
active molecule reaches the interface. The second drop allows to investigate
how the surface active molecule can desorb from the interface and get diluted
in the bulk. The two drops tensiometer highlights a mass transfer of C10E5

between the oil drop and the aqueous phase thanks to the second bubble.

oil

water

air

Figure 2. Surface tension vs ln C of aqueous solution containing various
concentrations of C10E5 and the fit of the experimental data with Langmuir
equation, T=25°C

One drop measurement application example: quality control. Dietary oil are
daily used in various applications. Monographies describe the oil by their
origin, chemical composition and some physical parameters such as viscosity
or optical density but the surface tension is not documented.

One drop measurement application example: critical micellar concentration 
(CMC) determination for the characterization of the tensioactives molecules.

Drop1 Drop2 

Figure 3. γ(t) of the oil (red) and air (black) against same aqueous phase.

Figure 4. γ(t) of the oil rich C10E5 (red) and air (black) same aqueous phase.

Drop tensiometer is a powerful tool for the quality control of oils. Dynamic
interfacial tensions are very useful to estimate the quality of an oil. The
results in fig. 1 demonstrate how interfacial tension of some commercial oils
decreases over time. Surface actives molecules present in the oil phase (free
fatty acids, monoacylglycerols, diacylglycerols, phospholipids, sterols,
vitamins) reach the oil/water interface and decrease the interfacial tension.

Adsorption of C10E5 at the air/water interface was monitored by drop
tensiometry. The CMC was determined from the surface tension vs log of
concentration curve. A CMC value of 0.7 mM was determined and
comparable to that obtained by Borchardt, J. K. (1996) Today’s Chemist 0.8
mM. A Langmuir fitting was performed, it allowed to determine the
molecular area of C10E5 at the CMC which was of 70 Å²/molecule.

The second drop as probe: When the first drop is made of oil and the second
is an air bubble, this later can be used as a probe for surface active molecules
released from the oil drop into the bulk.
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Experiments were carried out with a first drop containing a mix of trioctanoin
and a non-ionic surfactant C10E5 and an air bubble, both formed in pure MilliQ
water. The second drop detects clearly the presence of C10E5 released in the
bulk. According to the fig. 1, the final γ corresponds to a C10E5 concentration
of 0.04 mM. In the same time, γ(t) of the oil drop increases. It can be explained
by the decrease of C10E5 concentration in the oil phase.

CMC

Fig. 3 shows no change in tension with time for trioctanoin and air against
water. It indicates that both interfaces remain clear of surface actives
molecules.
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Drop 2 : air/water

Drop 1: oil/water


