R Bois 
  
I Pezron 
  
A Nesterenko 
email: alla.nesterenko@utc.fr
  
Dynamic interfacial properties of sugar-based surfactants: experimental study and modeling

Keywords: sugar-based surfactants, dynamics properties, surface tension, surface viscoelasticity

Careful investigation about dynamic adsorption properties of surfactant molecules has a tremendous interest for their practical applications. The intention of this article is to study the dynamic adsorption properties at air/water interface for 15 nonionic sugar-based surfactants with gradual structure variation. Based on obtained results the dynamic surface tension (DST) behaviour of glycolipids was found to depend on both hydrophobic chain length and bulk concentration of surfactant. Interestingly, the plot of the maximum rate of surface tension decrease against the surfactant bulk concentration showed a linear trend for all studied surfactants independently of their structure. Furthermore, it was confirmed that all molecules were gathered on one unique curve representing a plot of the limit elasticity versus the relative surface concentration of surfactant. The using approach provided further insight into the anticipation of the dynamic surface properties of sugar-based amphiphiles.

Introduction

Surfactants are large group of surface-active compounds using in various practical applications of everyday life. Due to their amphiphilic properties, they can be used as emulsifying, foaming, solubilizing, wetting or detergency agents in diversity of formulations.

A large part of the worldwide surfactant production is still synthetized from non-renewable materials, and thus cannot be considered as sustainable. Over the past decades, the development and the use of environmentally-friendly amphiphilic molecules have been intensively studied [START_REF] Bhadani | Current perspective of sustainable surfactants based on renewable building blocks[END_REF]. Natural-based surfactants can be produced from different fractions of agricultural biomass, such as peptides and amino acids [START_REF] Infante | Amino acid-based surfactants[END_REF][START_REF] Bordes | Amino acid-based surfactants -do they deserve more attention[END_REF], cellulose [START_REF] Xiao | Preparation of oligosaccharide surfactant based on cotton cellulose and application in hydrophilic modification of docetaxel[END_REF], sugars [START_REF] Ruiz | Sugar-Based Surfactants[END_REF], fatty acids and alcohols [START_REF] Johansson | Surfactants based on fatty acids and other natural hydrophobes[END_REF][START_REF] Dembitsky | Astonishing diversity of natural surfactants: 1. Glycosides of fatty acids and alcohols[END_REF].

2 Sugar-based surfactants consisted of a hydrophobic chain alkyl group and a hydrophilic carbohydrate head-group are the category of mild amphiphilics well known for their high wetting, foaming and emulsifying performances, reduced environmental footprint, good biodegradability, low toxicity and dermal tolerability [START_REF] Bhadani | Current perspective of sustainable surfactants based on renewable building blocks[END_REF][START_REF] Ruiz | Sugar-Based Surfactants[END_REF][START_REF] Gaudin | Investigating the impact of sugar-based surfactants structure on surface tension at critical micelle concentration with structureproperty relationships[END_REF][START_REF] Lourith | Natural surfactants used in cosmetics: glycolipids[END_REF][10][START_REF] Yoshimura | Equilibrium Surface Tension, Dynamic Surface Tension, and Micellization Properties of Lactobionamide-Type Sugar-Based[END_REF]. They are mainly produced from starch (glucose, galactose, mannose, xylose, sorbitol and lactose derivatives), sugar beet, sugarcane or carbohydrate-based residues of hemicellulose. Due to their mild character, biodegradability and functional properties, sugar-based surfactants have found applications in pharmaceutical formulations, cosmetic, food and personal care products [START_REF] Ruiz | Sugar-Based Surfactants[END_REF][START_REF] Hill | Sugar-based surfactants for consumer products and technical applications[END_REF][START_REF] Tesmann | Alkyl Polyglycosides in Personal Care Products[END_REF][START_REF] Rybinski | Alkyl Polyglycosides-Properties and Applications of a new Class of Surfactants[END_REF][START_REF] Zhao | Study on the synthesis and properties of an eco-friendly sugar-based anionic-nonionic surfactant[END_REF].

One of the essential functions of surface active molecules is the capacity to cover the newly created interface related to their non-equilibrium values of the interfacial tension. These dynamic surface properties of surfactants play an important role in various technological processes governed by non-equilibrium phenomena with continuous formation of new interfaces [START_REF] Aksenenko | Adsorption and surface dilational visco-elasticity of CnEOm solutions as studied by drop profile analysis tensiometry[END_REF][START_REF] Bastani | CFD simulation of bubble in flow field: Investigation of dynamic interfacial behaviour in presence of surfactant molecules[END_REF][START_REF] Kovalchuk | The effect of adsorption kinetics on the rate of surfactant-enhanced spreading[END_REF][START_REF] Pagureva | Surface properties of adsorption layers formed from triterpenoid and steroid saponins[END_REF]. For example, the rate of surfactant diffusion to a newly generated liquid/gas, liquid/liquid and liquid/solid interfaces has a direct bearing on respectively its foaming behavior, emulsifying capacity and wetting properties. Surfactant adsorption kinetic is the dominating factor controlling the interfacial film formation and stabilization. Furthermore, the film formation and resistance to rupture is often correlated to the viscoelasticity of the surface [START_REF] Champougny | Surfactant-induced rigidity of interfaces: a unified approach to free and dip-coated films[END_REF][START_REF] Lai | Interfacial dynamic properties and dilational rheology of mixed anionic and cationic Gemini surfactant systems at air-water interface[END_REF][START_REF] Noskov | Formation of protein/surfactant adsorption layer as studied by dilational surface rheology[END_REF]. The surface viscoelastic properties of adsorbed layer characterize the resistance of the interface to deformation. They affect strongly the stability of interfacial films and thus the properties of foams and emulsions [START_REF] Derkatch | Dynamic properties of gelatin/surfactant adsorption layers[END_REF][START_REF] Gadkari | Interfacial rheological behaviour of lentil protein isolate-fenugreek gum complex[END_REF][START_REF] Pepicelli | Characterization and modelling of Langmuir interfaces with finite elasticity[END_REF]. Thus, the optimal dosage of a surfactant needs the specific knowledge of dynamic adsorption properties. In the past years, in depth understanding the kinetics of surfactants adsorption and non-equilibrium surface properties have gained significant interest because of a direct relevance for their use [START_REF] He | Adsorption-desorption kinetics of surfactants at liquid surfaces[END_REF]. Additionally, the knowledge about dynamic properties can be useful to identify new molecules for potential applications and would be helpful to develop industrial formulations.

Regarding sugar-based surfactants, interfacial properties and particularly equilibrium properties, as the critical micellar concentration (CMC) or surface tension have been described previously. Several studies showed that even small changes in the molecular structure of glycolipids resulted in considerable differences in their physico-chemical properties [START_REF] Ruiz | Sugar-Based Surfactants[END_REF][START_REF] Gaudin | Investigating the impact of sugar-based surfactants structure on surface tension at critical micelle concentration with structureproperty relationships[END_REF][START_REF] Rosen | Surfactants and Interfacial Phenomena[END_REF][START_REF] Lu | Catalytic Synthesis of a New Series of Alkyl Uronates and Evaluation of Their Physicochemical Properties[END_REF][START_REF] Gaudin | New QSPR Models to predict the Critical Micelle Concentration of Sugar-Based Surfactants[END_REF][START_REF] Gaudin | Conformations of n-alkyl-α/β-dglucopyranoside surfactants: Impact on molecular properties[END_REF][START_REF] Gaudin | Impact of the chemical structure on amphiphilic properties of sugar-based surfactants: A literature overview[END_REF]. Gaudin et al [START_REF] Gaudin | Impact of the chemical structure on amphiphilic properties of sugar-based surfactants: A literature overview[END_REF] recently proposed a literature overview of structure effect on equilibrium surface properties. The CMC is strongly influenced by the hydrophobic chain while the polar head has a more significant effect on the value of surface tension at CMC. Furthermore established models based on quantitative structure-property relationship (QSPR) allow the prediction of the CMC of glycolipids according to the structure of the method represents an interesting approach for CMC estimation allowing to reduce both time and cost of experimental screening.

However, the experimental data on dynamic surface properties of sugar-derived surfactants are rare. For example, the dilatational viscoelasticity has been widely investigated for the dodecyl-β-maltoside solely [START_REF] Stubenrauch | Stability of Foam Films and Surface Rheology: An Oscillating Bubble Study at Low Frequencies[END_REF][START_REF] Grigoriev | Surface elasticities of aqueous β-dodecyl-d-maltoside solutions: A capillary wave study[END_REF][START_REF] Santini | A surface rheological study of non-ionic surfactants at the water-air interface and the stability of the corresponding thin foam films[END_REF][START_REF] Stubenrauch | Aqueous foams stabilized by n-dodecyl-[small beta]-d-maltoside, hexaethyleneglycol monododecyl ether, and their 1 : 1 mixture[END_REF][START_REF] Georgieva | Link between surface elasticity and foam stability[END_REF][START_REF] Stubenrauch | Mixtures of n-dodecyl-β-d-maltoside and hexaoxyethylene dodecyl ether -Surface properties, bulk properties, foam films, and foams[END_REF]. It was found that this alkylglucoside provides a higher surface elasticity compared to conventional ethoxylate derivatives surfactants. This particular property related to the film resistance properties and was shown to be closely correlated to foam stability [START_REF] Stubenrauch | Aqueous foams stabilized by n-dodecyl-[small beta]-d-maltoside, hexaethyleneglycol monododecyl ether, and their 1 : 1 mixture[END_REF][START_REF] Stubenrauch | Mixtures of n-dodecyl-β-d-maltoside and hexaoxyethylene dodecyl ether -Surface properties, bulk properties, foam films, and foams[END_REF]. Few studies describe the relationships between chemical structure and dynamic properties for conventional ethoxylates derivatives [START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: I. Basic paremeters[END_REF][START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: 3. Some effects of molecular structure and environment[END_REF][START_REF] Rosen | Dynamic Surface Tension of Aqueous Surfactant Solutions: IV Relationship to Foaming, in Surfactants in Solution[END_REF]. The results shown that the rate of surface tension reduction increases with an augmentation of the hydrophobic character of the surfactant. A predictive model for simulation of natural surfactants kinetic adsorption on solid surface was developed [START_REF] Faghihi | Modeling of kinetic adsorption of natural surfactants on sandstone minerals: Spotlight on accurate prediction and data evaluation[END_REF]. The results demonstrated that time parameter and surfactant concentration have the highest impact on the kinetic adsorption density. To our knowledge, there is currently no literature investigating the effect of chemical structure on dynamics of surface tension reduction for sugar-based surfactant.

The present study was conducted to analyse the dynamic adsorption properties of non-ionic glycolipids related to their applications. The effect of alkyl chain length, head group size, anomeric effect and concentration on the dynamic adsorption properties for a series of 15 nonionic sugar-derived surfactants was particularly examined. The adsorption kinetics at liquid/gas interface was studied. A comparison between experimental DST profiles and profiles calculated with empirical Rosen-model was performed. In addition, the numerical approach was employed to equilibrium surface tension data for calculating the limiting elasticity for different surfactants.

Materials and Methods

Materials

All commercial surfactants were used as received without further purification. Alkyl βglucosides as well as alkyl-α/β-maltosides (purity > 99%, HPLC) were purchased from Anatrace (Maumee, OH, USA). Octyl β-galactoside (purity > 99%, HPLC) was purchased from Carbosynth (Compton, Berkshire, UK). The synthesis of alkyl-uronates serie (purity > 99%, NMR spectroscopy) was described in previous study [START_REF] Lu | Catalytic Synthesis of a New Series of Alkyl Uronates and Evaluation of Their Physicochemical Properties[END_REF]. The same batch of synthetized surfactants was used in the present study.

Classic purification chain (Elga/Veolia, Wissous, France) was used to prepare aqueous solutions. Surfactant solution was prepared by dissolving a certain amount of each surfactant in water to obtain a desired concentration (between 0.001 and 1 C/CMC). All studied sugarbased surfactants were soluble in water at 25°C.

Equilibrium surface tension measurement

The measurement of surface tension at equilibrium (γeq) were obtained using K100 Krüss tensiometer (Hamburg, Germany) equipped with a Wilhelmy plate (length 10 mm, width 19.9 mm, thickness 0.2 mm) made of platinum. The tensiometer runs by holding a plate in a fixed vertical position attached to a microbalance. The microbalance measures the force acting on the plate, which is used for the calculation of surface tension. The sample solution was put in a glass vessel surrounded by thermostated system maintained at 25±1°C. Before each measurement, the plate was rinsed with ethanol and water, and burnt to red hot conditions in a blue flame to ensure perfect wetting (zero contact angle). The measurement of surface tension at the liquid/air interface was carried out by submerging a Wilhelmy plate in the solution during ten minutes, corresponding to the time required to reach an equilibrium surface tension (γeq). Each measurement was replicated three times. The Critical Micelle Concentration (CMC) of each surfactant was determined from the break point of concentration-surface tension curve.

Dynamic surface properties

In the present study, the maximal surfactant concentration for determination of all dynamic surface properties was fixed at the CMC. Below this value, surfactants are under a monomer form and higher adsorption at the air-water interface occurs at higher surfactant concentration [START_REF] Kovalchuk | The effect of adsorption kinetics on the rate of surfactant-enhanced spreading[END_REF]. Above CMC, surfactants aggregate as micelles, resulting in a different thermodynamic state that involves additional factors, such as the micelles stability. By limiting the study to concentrations below the CMC, all analyzed solutions will be considered at the same thermodynamic state. Solely the effect of surfactant concentration on dynamic surface properties will be investigated.

Dynamic surface tension measurement

The measurement of dynamic surface tension (DTS) of glycolipid solutions was realized using maximum bubble pressure method. This technique allows the measurement of surface tension at the newly formed surface of bubble in a surfactant solution. An inert gas (nitrogen) is bubbled continuously through a glass capillary. The maximum bubble pressure is directly related to the surface tension by the Laplace equation. Measurements of DST were performed using the BP2 Krüss tensiometer (KRUSS, Hamburg, Germany) at 25±1°C. Prior to each experiment, the capillary was rinsed with water and acetone, and oven dried. The time associated with the interface formation (surface age) was varied from 30 ms to 50 000 ms in every single experiment. Analyses were performed in triplicate.

Determination of limiting elasticity

The limiting elasticity or the high-frequency limit of the surface elastic modulus is defined by the expression of Equation 1 [START_REF] Lucassen | Dynamic measurements of dilational properties of a liquid interface[END_REF][START_REF] Lucassen-Reynders | Gibbs elasticity, surface dilational modulus and diffusional relaxation in nonionic surfactant monolayers[END_REF].

Eq. 1 E = -
With E0 the limiting elasticity (mN.m -1 ), γ the surface tension (mN.m -1 ) and Γ the surface concentration (mol.m -2 ).

From this equation, E0 can be determined using state equation of surfactants. For the present study, the value of limiting elasticity was calculated from experimental curve of surface tension versus concentration. First, the equation state based on Völmer isotherm (Eq. 2) was applied to calculate surface concentration, Γ [START_REF] Danov | Equilibrium and Dynamics of Surfactant Adsorption Monolayers and Thin Liquid Films[END_REF][START_REF] Kralchevsky | Chemical Physics of Colloid Systems and Interfaces[END_REF].

Eq. 2 γ = γ -RTΓ

where R is the universal gas constant (J.K -1 .mol -1 ), T is the temperature (K). Γ is the maximum (saturated) excess surface concentration (mol.m -2 ) obtained from Gibbs equation for concentrations close to CMC (Equation 3) [START_REF] Rosen | Surfactants and Interfacial Phenomena[END_REF][START_REF] Kralchevsky | Chemical Physics of Colloid Systems and Interfaces[END_REF][START_REF] Eastoe | Dynamic surface tension and adsorption mechanisms of surfactants at the air-water interface[END_REF][START_REF] Myers | Surfactant Science and Technology[END_REF]. Plots of surface tension versus concentration used for calculation of Γ are proposed in supplementary data (Figure SD1).

Eq. 3 Г = -

C is the concentration of surfactant (mol.m -3 ).

Then, the combination of equations 1 and 2 allowed to determine the final expression of E0 :

Eq. 4 E = RT ( )

Results and discussion

The CMC and the surface tension at CMC (γCMC) values for each series of surfactants with different alkyl chain length and different polar head structures were determined from the equilibrium surface tension isotherms. The maximum excess surface concentration Γ at the liquid/gas interface was calculated according to equation 3. The results obtained are presented in Table 1 and showed the same trends as already discussed in earlier studies from our group [START_REF] Gaudin | Investigating the impact of sugar-based surfactants structure on surface tension at critical micelle concentration with structureproperty relationships[END_REF][START_REF] Gaudin | Impact of the chemical structure on amphiphilic properties of sugar-based surfactants: A literature overview[END_REF].

Dynamic adsorption properties

Influence of surfactant structure on the kinetics of adsorption

The DST of surfactant solution depends on several factors: concentration of amphiphilic molecules, diffusion rate of surfactant monomer that can migrate and adsorb on the newly formed liquid/gas interface, stability of formed micelles, or phenomena that hinder adsorption (steric repulsions at interface or electrostatic interactions) [START_REF] Eastoe | Dynamic surface tension and adsorption mechanisms of surfactants at the air-water interface[END_REF]. The value of DST is also related to the surface age or rate of liquid/gas interface formation. The measured surface tension is lower at high surface age due to the time available for the surfactants to migrate to the newly created interface.

As a surface layer is directly connected with the bulk solution, the dynamic surface properties also strongly depend on molecular exchange processes. When the adsorption is driven by diffusion, the time to reach equilibrium strongly depends on the concentration of amphiphilic molecules. For the same amphiphilic molecule, the higher the surfactant concentration the faster the adsorption and desorption between bulk and surface, leading to lower DST.

For each series of glycolipids, DST was measured by maximum bubble pressure method. One example of comparison between alkyl-β-maltosides with different chain lengths is proposed in Figure 1. In this particular case, aqueous solutions were prepared at C = 0.2mM, corresponding to CMC of C12-βMalt. Thereby, no micelles were formed for none of the surfactant solutions. The DST of glycolipids decreased with the increase of surface age. This indicates that the amount of amphiphilic molecules onto the newly formed interface increases due to the lower rate of generation of a newly liquid/gas interface. Another observation made from these measurements is a remarkable decrease of the surface tension in the plateau region with the increase of the carbon number in hydrophobic chain.

The type of polar head showed slight effect on kinetics of surface tension reduction (Figure 2). For surfactants of alkyl chain with 10 carbons, surface tension reduction followed same mechanisms until of surface age around 1000 ms. For longer surface ages, surface tension of C10-βMalt approached its equilibrium value whereas surface tension of C10-βGlc kept decreasing. For shorter chain glycolipids, (C8-βGlc and C8-βGMalt), one could notice similar behaviour: at fixed concentration (C=0.2Mm), kinetics of adsorption are the same for the two surfactants. From Figure 2b, α/β anomer position has no significant influence on reduction of surface tension. More studies are needed with a greater number of glycolipid molecules to conclude on the effect of α/β position on DST reduction.

Dynamic surface tension curves for various concentrations of dodecyl-β-maltoside are plotted on Figure 3. Reduction in surface tension is faster when concentration increases. For example, considering 1000 ms of surface age, γ = 61 mN.m -1 for C = 0.2 mM while γ > 70 mN.m -1 for more diluted solutions.

Modeling of kinetic adsorption properties

The classical steps of surface tension reduction can be distinguished on Figure 1 and Figure 2 [27, [START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: I. Basic paremeters[END_REF][START_REF] Lin | Impact of surface dilation rate on dynamic surface tension[END_REF]. Firstly, an induction phase is observed, in which the surface tension remains elevated, close to that of pure water, as surfactants are diffusing from bulk to the interface.

This induction period is mainly related to the surfactant size and concentration. Once the adsorption has begun, surface tension rapidly decreases, followed by the meso-equilibrium that corresponds to a slower diminution. Finally, equilibrium is reached. For a same molar concentration, equilibrium surface tension reduces with an increase of hydrophobic chain length, due to a stronger adsorption [START_REF] Ruiz | Sugar-Based Surfactants[END_REF][START_REF] Rosen | Surfactants and Interfacial Phenomena[END_REF][START_REF] Lu | Catalytic Synthesis of a New Series of Alkyl Uronates and Evaluation of Their Physicochemical Properties[END_REF]. From Figure 1, induction phase is very similar for the three alkyl-β-maltosides. The next steps are more influenced by surfactant structure:

for C12-βMalt for example, surface tension is more reduced and on a longer time scale.

Meso-equilibrium and equilibrium are achieved faster for C8-βMalt. The same observations for the influence of hydrophobic chain length on DST are made for other series of glycolipids analyzed (see supplementary data, Figure SD2).

At long times, surface tension decreased towards its equilibrium value. To better describe kinetics of surface tension reduction, Rosen & al developed empirical model that showed consistent agreement with experimental data [START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: I. Basic paremeters[END_REF][START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: 3. Some effects of molecular structure and environment[END_REF][START_REF] Rosen | Dynamic Surface Tension of Aqueous Surfactant Solutions: 5. Mixtures of Different Charge Type Surfactants[END_REF]. This model (Equation 5) is generally employed to describe the first three stages of surfactant adsorption prior to equilibrium. Firstly, surface tension remained closed to that of pure water while surfactants are diffusing from the bulk (induction). Once they adsorbed at the air/water interface, surface tension goes with a fast decrease. When the surface tension varies more slowly, mesoequilibrium is reached.

Eq. 5 γ(t) = γ + ( * ) "

Where γ(t) is the dynamic surface tension at time t, γ0 surface tension of pure water (in the present study 72.8 mN.m -1 for air/water interface at 20°C), γm is the meso-equilibrium surface tension, often approximated to the equilibrium surface tension [START_REF] Kawale | The relation between the dynamic surface tension and the foaming behaviour in a sparger setup[END_REF], t* corresponds to the time needed to reduce by half the surface tension between γ0 and γm and n determines the rate of the surface tension reduction at t=t*. n and t* represent the constants that vary with surfactant concentration and structure. These parameters were determined from a fit of the measured data.

Comparison between the experimental data and the results of Rosen model is shown in Figure 3, for solutions of dodecyl-β-maltoside. These plots indicate that experimental and modelling results of kinetic adsorption exhibit good correlation. The same observations were made for other series of studied glycolipids (see supplementary data, Figure SD3).

Derivation of Eq. 5 gives the rate of surface tension reduction (Eq. 6).

Eq. 6

# $ # = n(γ -γ & ) ( * ) " $( ' * ( " )
Maximum value for rate of surface tension reduction (#

dγ dt # max
) is obtained at t=t*, corresponding to the inflection point of DST curve (Eq. 7) [START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF][START_REF] Kanokkarn | Equilibrium and dynamic surface tension in relation to diffusivity and foaming properties: Effects of surfactant type and structure[END_REF].

Eq. 7

# $ # &-. = n / 0$ *
This property gives a precise information about surface tension reduction. In the literature, one can also find the calculation of the surface tension fall rate (R1/2) that is of similar interest [START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: I. Basic paremeters[END_REF][START_REF] Kawale | The relation between the dynamic surface tension and the foaming behaviour in a sparger setup[END_REF]. For a high value of # dγ dt # max , or R1/2, the surfactant adsorption at the interface is fast and surface tension rapidly reaches its equilibrium value. This parameter depends on the surfactant mobility. In their study, Hua & Rosen [START_REF] Hua | Dynamic surface tension of aqueous surfactant solutions: I. Basic paremeters[END_REF] showed that an elevation of temperature accelerated the process of diffusion and adsorption : surface tension fall rate increased with temperature. The maximum rate of surface tension reduction is a property of interest as it could play a significant role in liquid film formation, for example during the foaming process [START_REF] Kawale | The relation between the dynamic surface tension and the foaming behaviour in a sparger setup[END_REF][START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF][START_REF] Kanokkarn | Equilibrium and dynamic surface tension in relation to diffusivity and foaming properties: Effects of surfactant type and structure[END_REF][START_REF] Loubière | Influence of liquid surface tension (surfactants) on bubble formation at rigid and flexible orifices[END_REF].

The variation of # dγ dt # max for alkyl-β-maltosides at different concentrations is presented in arises with a concentration increase for different surfactants. For the same C/CMC ratio, alkyl-β-maltosides with higher CMC are more effective in increasing the adsorption rate at air/water interface corresponding

to higher # $ # &-.
values. Higher amount of surfactant molecules in solution results in greater rate of surface tension decrease. Furthermore, high rate of surface tension decrease is associated with shorter time t*. From the results obtained, the values of t* decrease with the increase in concentration and carbon chain length of surfactant. This observation is in accordance with literature [START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF]. For a single surfactant, experimental points for different concentrations are aligned on a straight line.

An interesting observation can be made from Figure 4a, as all the data concerning alkyl-βmaltosides seemed to align on a same line. Figure 4b presents the results for all the surfactant of this study, at various concentrations. Experimental points of 15 surfactants were gathered on a same straight line, with correlation coefficient R²=0.93. These findings suggest that, for glycolipids studied, the evolution of kinetic of adsorption with solution concentration is independent of surfactant structure. This particular result differs from literature. For example, Tamura & al [START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF] studied the kinetics of adsorption for ethoxylate derivatives. The results obtained showed that the curves intersection with the y-axis depend on number of ethylene oxide units in the surfactant structure. Thus, glycolipids behave very differently than ethoxylate derivatives regarding kinetics of adsorption at the interface. This could be attributed to the little variation in the polar head size and molecular weight of studied glycolipids compared to ethoxylate surfactants for the similar concentration range (0.002-150 mM and 0.01-30 mM respectively). Notably, for ethoxylate derivatives the molecular weight varies from 406 to 1551 g.mol -1 for molecules with fixed hydrophobic chain length and size of polar head changing from 5 to 31 ethylene oxide units [START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF]. Whereas the molecular weight for the glycolipids of the present study is ranging from 264 to 510 g/mol -1 .

Therefore, results from property could be anticipated directly from the molar concentration, regardless the surfactant structure. It would be interesting to extend this study to more structures of surfactants in a wider concentration range.

Interfacial elasticity of surfactants

The mechanisms of liquid film formation, stabilization using surfactant and breakup are strongly linked to the viscoelastic properties of the films [START_REF] Georgieva | Link between surface elasticity and foam stability[END_REF][START_REF] Fainerman | Dilational surface visco-elasticity of CnEOm solutions under dynamic conditions[END_REF][START_REF] Pugh | Bubble and Foam Chemistry[END_REF][START_REF] Reichert | The importance of experimental design on measurement of dynamic interfacial tension and interfacial rheology in diffusion-limited surfactant systems[END_REF]. The dynamic properties of surfactants and stability of interfacial film could be characterised by using their viscoelasticity. This property depends on the concentration and the frequency of the disturbance of interfacial film [START_REF] Lai | Interfacial dynamic properties and dilational rheology of mixed anionic and cationic Gemini surfactant systems at air-water interface[END_REF][START_REF] Lucassen-Reynders | Gibbs elasticity, surface dilational modulus and diffusional relaxation in nonionic surfactant monolayers[END_REF][START_REF] Fainerman | Dilational surface visco-elasticity of CnEOm solutions under dynamic conditions[END_REF]. The rupture of liquid films stabilised by surfactants generally occurs on very short timescale corresponding to the high frequency surface elasticity. The properties of the interfacial film in this case can be characterized by the limiting value of elasticity (E0) or the high-frequency limit of the surface dilational elastic modulus. E0 was calculated for all studied glycolipids as detailed in Section 2. Values of surface concentration Γ and limiting elasticity E0 are summarised in Table II for alkyl-βmaltosides at various concentrations.

For the concentration of different glycolipids varying between 0.001 C/CMC and 1 C/CMC corresponding to a molar concentration range from 0.002 mM to 226.7 mM, the limiting elasticity E0 was found to vary from 1.9 mN.m -1 to 263.4 mN.m -1 (see supplementary data, Table SD1). The results reveal that E0 increases with an increase in surfactant concentration.

The same dependence of concentration and E0 was also found in the literature for other surfactants [START_REF] Stubenrauch | Stability of Foam Films and Surface Rheology: An Oscillating Bubble Study at Low Frequencies[END_REF][START_REF] Grigoriev | Surface elasticities of aqueous β-dodecyl-d-maltoside solutions: A capillary wave study[END_REF][START_REF] Santini | A surface rheological study of non-ionic surfactants at the water-air interface and the stability of the corresponding thin foam films[END_REF][START_REF] Boos | Dilational surface rheology studies of n-dodecyl-β-dmaltoside, hexaoxyethylene dodecyl ether, and their 1:1 mixture[END_REF]. For example, for C12-βMalt E0 calculated from Gibbs adsorption isotherm increased from 35 mN.m -1 to 71.5 mN.m -1 for concentration change from 0.01 mM to 0.069 mM respectively [START_REF] Grigoriev | Surface elasticities of aqueous β-dodecyl-d-maltoside solutions: A capillary wave study[END_REF]. Physically, the limiting elasticity is reached for very high frequency oscillations. In these conditions, oscillation is too fast to enable surfactants exchange with the bulk solution and the surfactant film behaves as an insoluble monolayer [START_REF] Lucassen-Reynders | Interfacial Viscoelasticity in Emulsions and Foams[END_REF]: film viscoelasticity equals the limiting elasticity E0. In addition, E0 is related to the surfactant surface concentration (Γ) that gives cohesion and rigidity to the film. Equation 4relating limiting elasticity with surface concentration demonstrates that the higher the value of E0, the more likely the film is to resist rupturing. Thus, the increase in value of limiting elasticity eventually provides better interfacial film stability and prevent coalescence [START_REF] Stubenrauch | Aqueous foams stabilized by n-dodecyl-[small beta]-d-maltoside, hexaethyleneglycol monododecyl ether, and their 1 : 1 mixture[END_REF][START_REF] Georgieva | Link between surface elasticity and foam stability[END_REF].

Limiting elasticity was put in regards with relative surface concentration (Г Г ⁄ ) for alkyl-β- Nevertheless, basic measurements could eventually help to predict various properties related to the interfacial film stabilization and to the limiting elasticity of surfactants, particularly in foam and emulsion formation [START_REF] Kawale | The relation between the dynamic surface tension and the foaming behaviour in a sparger setup[END_REF][START_REF] Kanokkarn | Equilibrium and dynamic surface tension in relation to diffusivity and foaming properties: Effects of surfactant type and structure[END_REF][START_REF] Nikseresht | Prediction of oil/water interfacial tension containing ionic surfactants[END_REF]. Thereby, the systematic characterization of dynamic properties brought better understanding on behaviours of sugar-based surfactants in solution. It would be of interest to expand the study to more structures of glycolipids and potentially surfactant mixtures. Surely, more complex systems involving addition of salt or ionic surfactants are to be investigated, as adsorption mechanisms can dramatically be modified.

Conclusions

Figure 4 .

 4 b involved the existence of correlation between # dγ dt # max and molar concentration of sugar-based surfactants. For glycolipids studied, this particular

maltosides (Figure 5

 5 .a). As expected, the figure indicates similar behaviours for the different molecules as surfactants seem to gather on one unique curve. The adsorbed surfactant layer can be described by the state equation based on Völmer model (Eq. 2). Thus, due to relatively little variation of Г values for studied glycolipids, experimental data points follow the same curve. The same methodology was applied for the determination of E0 for the 15 studied glycolipids. The global evolution with relative surface concentration is plotted in Figure5.b. results showed strong correlation (R²=0.98). This finding highlights the common behaviour of sugar-based surfactants at the liquid/air interface independently of their chemical structure as they follow a similar trend. Therefore, for studied glycolipids, the limiting elasticity could be anticipated directly from knowing the relative surface concentration, obtained from classical surface tension measurements. It should be noted that prediction accuracy of E0 is reduced for high Г Г ⁄ values (Г Г ⁄ >0.75).

  Dynamic surface properties of surfactants have a significant role in various technological processes involving the non-equilibrium phenomena with continuous formation of new interfaces. Many previous studies have shown that the maximum rate of surface tension reduction, , 52-54] and the limiting elasticity, E0,[START_REF] Stubenrauch | Aqueous foams stabilized by n-dodecyl-[small beta]-d-maltoside, hexaethyleneglycol monododecyl ether, and their 1 : 1 mixture[END_REF][START_REF] Georgieva | Link between surface elasticity and foam stability[END_REF][START_REF] Kawale | The relation between the dynamic surface tension and the foaming behaviour in a sparger setup[END_REF][START_REF] Pugh | Bubble and Foam Chemistry[END_REF] represent relevant dynamic properties, closely correlated to different applications of surfactant systems.In the present study, dynamic surface properties of 15 nonionic sugar-based surfactants with gradual structural variation were determined experimentally. In a first step, kinetics of surfactant adsorption were studied by maximal bubble pressure method. The dynamic surface tension was only marginally affected by the structure and anomery of sugar-derived polar head; however, results showed the significant increase in adsorption rate with the growth of carbon number in hydrophobic chain and concentration of surfactant. Fitting trials with Rosen empirical model allowed to calculate # dγ dt # max . In a second step, the limiting elasticity E0 was calculated for each glycolipid, from curve of surface tension versus concentration and use of Völmer isotherm. Experiments showed astonishing results for both dynamic properties. The maximum rate of surface tension reduction as found to be strongly correlated with the molar concentration of surfactant within the solution. More importantly, for studied glycolipids # dγ dt # max can be directly determined from knowing the solution system, independently on surfactant structure and without needing to perform characterization of dynamic surface tension. This result highlights that glycolipids behave differently than ethoxylate derivative surfactants regarding kinetics of adsorption at the interface[START_REF] Tamura | Dynamic Surface Tension and Foaming Properties of Aqueous Polyoxyethylene n-Dodecyl Ether Solutions[END_REF]. Furthermore, the limiting elasticity can be determined directly from the classical curve of surface tension versus concentration in two steps. The Gibbs equation allows the calculation of maximum excess surface concentration at CMC, Γ , whereas application of Völmer isotherm state equation enables to determine the relative surface concentration, Г Г ⁄ , for each concentration. Then, this two-step procedure is sufficient to estimate the limiting elasticity of surfactant. This workproposes a new way for the prediction of several properties of surfactants related to the dynamic of the interfacial film stabilization.

Table II and

 II Fig. 4a. The obtained results show that # $ # &-.
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