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Presented work discloses characteristic interfacial behavior of amphiphilic aroma molecules and
justifies the advantages of their usage as surfactants and co-surfactants in dynamic interfacial
processes [1,2]. Time-dependent surface tension y of solutions of volatile compounds - a mono
terpene alcohol (linalool), an aromatic alcohol ester (benzyl acetate), and of conventional surfactant
sodium dodecyl sulfate (SDS) is shown to depend strongly on the chosen method (Figure 1).

At non-equilibrium conditions, aroma compounds demonstrate a high interfacial dynamic
activity, i.e. an ability to decrease the surface tension of aqueous solutions at a time scale of
milliseconds. Tensiometric measurements with pendant drop reveal that in open systems the
adsorption-desorption at the liquid / air boundary is accompanied by evaporation, and the dynamic
interplay of these processes defines the surface tension. A phenomenological model is developed and
applied to account for the increase of the surface tension of the drop with time, y(t), spanning the
time range of ~10 min, which allowed to achieve a good agreement between theory and experiment.
One adjustable parameter (material constant) is determined — the mass transfer coefficient of the
volatile amphiphile across the water-air boundary.

Revealed synergetic behavior of volatile and conventional surfactants suggests revisiting
numerous interfacial phenomena and processes which involve aroma molecules (perfumes), such as
emulsion preparation, foam stability, spraying and cleaning.
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Figure 1. Kinetic curves of the surface tension of linalool solutions measured using indicated methods. Solution
concentrations (mM) from top to bottom: (a) o, 10, 2.5, 7.5; (b-c) 1, 2.5, 5, 10.
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Volatile Surfactants — Definition & Application Areas

/ Non-conventional volatile surfactants

light amphiphilic compounds

possess a distinct odour

have low to negligible solubility in water

e.g. synthetic perfumes, essential oils, terpenes
Quantified physico-chemical properties
+ boiling temperature,
+ solubility and partition coefficient logP,
Challenge — to characterise and to link molecular
structure to polarity, volatility, interfacial activity
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Volatile Surfactants — Synergetic Behavior with Conventional Surfactants
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Evaporation Behavior
™

~

/~2~ In contrast to conventional surfactants, volatile amphiphiles
evaporate from air-water interface, so that the static surface tension
increases with the surface age time on a time scale of seconds.

4 Phenomenological Model

Theory — main assertions:
po — partial pressure of LL in the bulk of gas ~ 0;
ps — at the interface (from the gas side), p, = Ki,.c,
K — Henry’s constant (local equilibrium between
vapor and water at ¢, )

Balance of fluxes:

deg

—=—x(p,

L, po)=1Kige, =-ac,

Benzyl Acetate Linalool

Py
W 5mmollL
® 10mmolL
W 20 mmolL.

10 ‘ ‘ 0 2 4 6 8
Time, min
< Continuous water flux due to evaporation accelerates
the desorption of benzyl acetate molecules.
« Evaporation of linalool does not depend on the
surface/bulk concentration, except a deceleration for
the most concentrated solutions, in agreement with [3]. j
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Verification of the model:

o depends on time due to its connection with c,(f), that is,
o(t) = ofcs(f)]
» We combine the predicted c,(f) with the established
o(cs ) = {o(6) & B(c; )} — the ,isotherm*, to draw the
theoretical dependence.
I" also rests in local equilibrium with o, so that:
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Conclusions

Specific features of the interfacial adsorption and desorption
behavior of volatile aroma substances — linalool and benzyl acetate
— are assessed in comparison to the behavior of conventional
surfactant SDS under equilibrium and non-equilibrium conditions.
Specific emphasis in the discussion is put on the comparison of the
surface tension data derived at different conditions / with different
measuring methods including assessment of the fast-adsorbing
regimes.

The insights into the evaporation mechanisms have been attained
by applying a simplified phenomenological theory based on the
balance of fluxes.

Revealed synergetic action of mixtures of conventional and volatile
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surfactants suggests promising applications of aroma molecules as
co-surfactants in surface-emerging technologies.

drops and vice versa: Interplay of diffusion and barrier
mechanisms. Colloids and Surfaces A: 2021, 126931.
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10. Liquid Interfaces and Membranes: Structure, Surface forces, Dynamics
11. Colloids in Food Science and Technology
12. Colloids and Interface Science in Energy Technology
13. Colloids and Interface Science in Environment

14. Wetting, Superhydrophobicity, Superoleophobic Surfaces and Capillarity
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