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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 γ 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, γ(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) 0, 10, 2.5, 7.5; (b-c) 1, 2.5, 5, 10. 

 
Acknowledgements: This work is supported by the Russian Foundation for Basic Research 
(RFBR), project N 18-53-76005 20-53-18008\20, and by Bulgarian Science Fund (FNI–MON), 
project #KP-06-Russia/3 – 09. 12. 2020. 
 
References 
[1] O.A. Soboleva, L.A. Tsarkova, Colloid J., 2020, 82, 437-447.  
[2] O.A. Soboleva, et al. ACS Appl. Mater. Interfaces, 2019, 11, 40988-40995. 

(a) (b) (c)

time, s time, s



10-4 10-3 10-2
30

40

50

60

70

10-4 10-3 10-2
30

40

50

60

70

1E-4 1E-3 0,01
30

40

50

60

70

  BA (PD)
 LO (PD)
 BA (MBP)
 LO (MBP)
 LO (WP)

 

g, 
m

N
/m

lgC [mol/L]

 

 

 SDS, PD
 SDS, MBP

 lgC [mol/L]

 SDS
 Benzyl acetate
 Linalool

 

g, 
m

N
/m

lgC [mol/L]

Conclusions References Acknowledgements

Evaporation Behavior

Volatile Surfactants – Definition & Application Areas

Volatile surfactants: characterization of the interfacial 
behavior at dynamic and equilibrium conditions

Volatile Surfactants – Synergetic Behavior with Conventional Surfactants

L.A. Tsarkova1 , O.A. Soboleva1, P.V. Protsenko1, 
R.D. Stanimirova2, K.D. Danov2, R. Uzunova2, T.D. Gurkov2

1Department of Chemistry, Chair of Colloid Chemistry, Moscow State University, Russia
2 Department of Chemical & Pharmaceutical Engineering, Faculty of Chemistry & Pharmacy, University of Sofia, 1164, Bulgaria

tsarkova@colloid.chem.msu.ru

Non-conventional volatile surfactants
v light amphiphilic compounds 
v possess a distinct odour
v have low to negligible solubility in water
v e.g. synthetic perfumes, essential oils, terpenes
Quantified physico-chemical properties
• boiling temperature, 
• solubility and partition coefficient logPow

Challenge – to characterise and to link molecular 
structure to polarity, volatility, interfacial activity
Goal: Using facile and low cost static and dynamic 
tensiometry methods, we systematically evaluate 
surface activity and volatility of aroma molecules 
(volatile amphiphiles)

Bubble Pressure Tensiometry (MPB)

Pressure
sensor

Capillary

Liquid

Pressure
Input 

4 - 6 Bar

Gas

Surfactant 1
Surfactant 2

Surface age from tens of ms to
hundreds of seconds (quasi-static)

Amphiphilic molecules show differences
in the dynamic adsorption behavior at
interfaces depending on the
concentration, temperature, molecular
weight and molecular structure.

Ø 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. 

Ø 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.

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

Ø Revealed synergetic action of mixtures of conventional and volatile 
surfactants suggests promising applications of aroma molecules as 
co-surfactants in surface-emerging technologies.
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v Continuous water flux due to evaporation accelerates
the desorption of benzyl acetate molecules.

v Evaporation of linalool does not depend on the
surface/bulk concentration, except a deceleration for
the most concentrated solutions, in agreement with [3].

Dynamic surface activity

Phenomenological Model

Surface tension isotherm 
(Pendant drop (PD) measurements)

Comparison of the 
isotherms at 
equilibrium (PD) and 
at dynamic (MBP -
20 s surface age) 
conditions

vVolatile amphiphiles act as co-surfactant at
air-water interface

vDominant adsorption of volatile amphiphiles
at air-water interface at low surfactant
concentrations and at short time-scales

Time (s)
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Benzyl 
acetate  

C9H10O2   150.18 20.6  212 1.96 0.18 
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Mixtures of SDS with:
Benzyl Acetate Linalool

s depends on time due to its connection with cs(t), that is,
s(t) = s[cs(t)]

Ø We combine the predicted cs(t) with the established 
s(cs ) = {s(q) & q(cs )} – the „isotherm“, to draw the 
theoretical dependence.
G also rests in local equilibrium with s, so that:

Theory – main assertions:
p0 – partial pressure of LL in the bulk of gas » 0;
ps – at the interface (from the gas side), ps = KH.cs

KH – Henry’s constant (local equilibrium between 
vapor and water at cs )
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v 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. 

Benzyl Acetate Linalool

C, mM tev, s (1/amt) amt, s–1  

5 mM 462 s 0.002165 
10 mM 420 s 0.002381 
20 mM 355 s 0.002817 

 

BA – Benzyl acetate
LO – Linalool
SDS – Sodium 
dodecylsulfate

Total concentration of surfactant is indicated

fraction 
of BA

Time, s

SDS
LO
0.5 LO

Both mixtures 
reveal synergetic 

effect at high 
surfactant 

concentration. 
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Conference Topics

1. Micro and Nanostructured Materials and Nanoparticles

2. Emulsions, Microemulsions, Foams and Paints

3. Surfactants, Lipids, Proteins, Peptides and Self-Assembly

4. Colloids and Interfaces related to COVID-19

5. Colloids for Delivery of Bioactives, Pharmaceutical applications

6. Colloids and Interface Science in Cultural Heritage

7. Theory, Modeling and Simulation of Colloidal Systems and Complex Fluids

8. Dynamics, Stability and Phase Behavior of Colloids and Complex fluids

9. Polymers, Polyelectrolytes, Gels, Liquid Crystals, Anisotropic Fluids

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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Li Yue 
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EP 3.57 Lipo-oligoureas as a new class of antimicrobial compounds Burdach Kinga  
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improve lubricating oil efficiency
Deyab Mohamed  

EP 3.61 Detection of ovalbumin amyloid-like fibrils at the oil-water interface 
in oil-in-water emulsions by spinning disk confocal microscopy

Huyst Arne 

EP 3.62 Characteristics of beta - lactoglobulin from whey protein isolate Gołębiowski Adrian
EP 3.65 The effect of bubble approach velocity and surfactants on 

coalescence of bubbles
Sandra Orvalho 

EP 3.66 Bubble–vortex-ring interactions: effect of surfactants on the bubble 
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Maria Zednikova

EP 3.67 Metal-biosurfactant ligand complex could promote the solubilization 
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