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Summary: The drainage of single foam films stabilized with a mixture of the non-ionic surfactants 
n-dodecyl--D-maltoside (-C12G2) and hexaethyleneglycol monododecyl ether (C12E6) was studied 
at two different mixing ratios (C12G2 : C12E6 = 1:1 and 50:1) as a function of the electrolyte and the 
total surfactant concentration, respectively. The electrolyte concentration was varied from 10-4 to 
10-1 M NaCl and the total surfactant concentration ranged from 0.01 to 1 CMC. Moreover, the 
influence the film radius has on the drainage of the foam films was investigated. From the h (film 
thickness) vs. t (time) dependence the values of the drainage coefficients () were determined. 

 It was found that the drainage of these foam films is generally in line with the theory. First, at 
concentrations below the CMC the value of  decreases with an increase in the total surfactant 
concentration. Second, increasing the ionic strength increases the rate of drainage at Csurf < CMC, 
while it does not significantly affect at CMC. Last but not least, films of smaller radius drain 
faster regardless of their composition. The differences obtained for the 1:1 and the 50:1 mixture are 
discussed and some of the results are compared with those obtained for the pure surfactants.  

Keywords: n-dodecyl--D-maltoside; hexaethyleneglycol monododecyl ether; foam films; drainage 
coefficient. 
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Abstract: The present study is dealing with mixture of non-ionic surfactants n-dodecyl--D-
maltoside (-C12G2) and dodecanol (C12E0). The aim of the study is to investigate how do small 
traces of C12E0 in the solution will influence the drainage coefficient and critical thickness of foam 
films obtained from mixture of -C12G2:C12E0 = 50:1. These films parameters were studied as a 
function of the total surfactant (0.1–10 CMC) concentration and film radius (0.05, 0.1 and 0.15 mm) 
at constant electrolyte concentration (10-3 M NaCl). In order to evaluate the C12E0 influence the data 
for films from mixed solutions were compared with those for films of pure -C12G2. It was found 
that the drainage coefficient decelerates with increasing Csurf irrespectively of solution (mixture or 
pure) and film radius. This trend is more pronounce for films from mixture. The values of measured 
critical thicknesses of the films from -C12G2 + C12Е0 increase with increasing of Ct (up to 5 CMC). 
Keywords: n-dodecyl--D-maltoside; dodecanol; foam films; drainage coefficient; critical 
thickness; composition of adsorption layer. 
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Резюме: Изследвано е изтъняването на пенни филми, образувани от смесени разтвори на n-
додецил--D-малтозид (C12G2) и додецил триметиламониев бромид (C12TAB) с молни 
съотношения 1:0, 50:1, 1:1, 1:50, 0:1 в отсъствието и в присъствието на NaBr. 
Интерферометрично са определени критичната и равновесна дебелина на филмите. 
Тоталната концентрация на ПАВ за всяка от смесите е равна на критичната ú концентрация 
на мицелообразуване (ККМ). Чрез молното съотношение на сместа са контролирани 
повърхностния товар, типа и електростатиката във филма.  

Филмите от разтвори с молни съотношения 1:0, 50:1, 1:1 (без NaBr) не изтичат с 
времето и са с дебелина около 100 nm, докато при 1:50 е намерен скок в дебелината им.  

За филмите при йонна сила (0.1 mol/l) е намерена разлика в типа на филма (NBF или 
CBF) в зависимост от молното съотношение на компонентите в сместа, но е установено, че 
природата на ПАВ не влияе върху стойността на коефициента на изтъняване. Влиянието на 
радиуса на филма върху скоростта на изтъняване и критичната дебелина е в съответствие с 
теорията на Манев и съавт.[5], което е доказателство, че тя е валидна и за филми от смесени 
разтвори. 

Keywords: n-dodecyl--D-maltoside; foam films; drainage constant; equilibrium thickness; surface 
charge.  
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Abstract: The aim of this paper is to evaluate four of the well-known models for drainage of thin 
liquid films, containing non-ionic surfactants, by applying them to different types of draining foam 
films stabilized by either strong or weak non-ionic surfactants. The effect of non-ionic surfactants 
on the drainage of foam films under different conditions was studied. The following series of 
surfactants were employed: (1) methylisobutyl carbinol (MIBC), (2) Dowfroth 200, (3) 
pentaethyleneglycol monodecyl ether (C10E5), (4) pentaethyleneglycol monododecyl ether (C12E5), 
(5) hexaethyleneglycol monododecyl ether (C12E6), (6) octaethyleneglycol monododecyl ether 
(C12E8) and (7) tetraethyleneglycol monooctyl ether (C8E4). The experimental ‘thickness’ vs ‘time’ 
dependences were processed with four kinetic models: (1) the model developed by Scheludko on 
the basis of the Stefan–Reynolds lubrication theory (Scheludko model); (2) the model of Radoev, 
Dimitrov and Ivanov for foam films confined between partially mobile planar gas–liquid surfaces 
(RDI model); (3) the model of Ruckenstein and Sharma for foam films with surfaces wrinkled by 
capillary waves (RSh model); (4) the model of Manev–Tsekov–Radoev for foam films with 
surfaces corrugated by quasi-stationary inhomogeneities (MTR model). A systematic validation 
based on the statistical level of uncertainty of the model predictions, as compared to the 
experimental results was preformed. The test on the model kinetic equations confirmed their 
validations reported in the literature. In addition, cases in which none of the models is valid were 
identified as well. Ultimately, it was concluded that thin film drainage is a complex phenomenon, 
which should be studied further by different experimental techniques and modelling approaches. 
 
Keywords: Foam film drainage, Thin liquid films, Marangoni effect, Surfactants. 
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Abstract: This paper compares the rate of drainage of thin liquid films (TLF) containing ionic 

surfactants to that of TLF containing non-ionic surfactants. In essence, the theory of drainage has 
been developed for films containing non-ionic surfactants, while the validation of the models, based 
on the theory in the literature, has been performed with experiments on TLF with both, non-ionic 
and ionic surfactants, usually in the presence of significant background concentrations of 
electrolyte. Due to the complexity of problem, the dynamic effects on the electrical double layer 
(EDL) during the film drainage have been ignored for many years in the literature. These effects 
were finally treated theoretically and the problem solved numerically in a recent work. The new 
theoretical development however has not yet been validated. In addition, the differences in the 
kinetics of thinning of TLF with ionic and non-ionic surfactants have not been exposed in the 
literature until present. This paper is dedicated to revealing these differences. Experiments on 
kinetics of thinning were conducted with microscopic planar TLF, containing two nonionic 
surfactants (tetraethyleneglycol mono-octylether C8E4 and n-dodecyl–D-maltoside C12G2) and two 
ionic surfactants (sodium dodecylsulfate SDS and tetrapentylammonium bromide TPeAB). The 
TLF with non-ionic surfactants drain according to the well-known theories of Scheludko or Radoev- 
Manev–Ivanov, which confirms their validity. On the contrary, TLFs with ionic surfactants drain in 
general at significantly slower rate, as compared to the TLF with non-ionic surfactants, when far 
from equilibrium. When they are close to the equilibrium conditions, the former drain according to 
the theory developed for TLF with non-ionic surfactants. An analysis of the experimental results, 
involving the latest achievements in the field is performed, indicating the complex behaviour of the 
electrical double layer under dynamic conditions.  
Keywords: Foam film drainage; Thin liquid films; Electrical double layer; Ionic surfactants; Non-
ionic surfactants. 
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Abstract: This paper is dedicated to studying dynamic effects in thin liquid films (TLF) 
containing ionic surfactants. The standard theory of TLF drainage has been developed without 
considering the electrical double layer (EDL) in the hydrodynamic equations, although EDL always 
exists. In addition, it has been found that this theory very well describes the drainage of TLF 
containing non-ionic surfactants in the presence of electrolytes. The inclusion of EDL into the 
hydrodynamics of TLF complicates the theory, producing additional dynamic effects during film 
drainage. For example, a gradient of electrostatic disjoining pressure across the film arises, thus 
causing non-uniform electrostatic repulsion between the film surfaces. This paper analyzes the 
hydrodynamics of TLF with EDL. A new equation of drainage was derived. This equation accounts 
for the non-uniform distribution of surface charges during the films drainage, whichis coupled with 
non-uniform electrostatic repulsion between the film surfaces and results in faster film drainage. 
The theory was tested with drainage experiments on TLF with ionic surfactants. Foam films 
containing sodium dodecyl sulfate (SDS) in the presence and in the absence of added electrolyte 
were studied and the experimental data compared to the theoretical predictions. The experimental 
results, however, disagree with the theory. For example, the kinetic equation predicted faster film 
drainage for foam films at low ionic strength; at high ionic strength the theory tends to “Reynolds 
drainage”. Inversely, the experiment exhibited slower drainage than predicted by the Reynolds 
equation in both cases of low and high ionic strengths. Numerical simulations yielded V/VRe < 1. In 
addition, cases of “positive” and “negative” velocity of film surfaces were shown. Despite the sign 
of the velocity the dependence V/VRe < 1 remained. The analysis showed similarity between the 
experimental data and the prediction of the Manev–Tsekov–Radoev (MTR) drainage model at R < 
Rcr . The analysis showed rather complex dynamics of the film drainage. The paper calls upon 
further development on this topic.  
Keywords: Foam film drainage; Thin liquid films; Electrical double layer; Ionic surfactants; Non-
ionic surfactants. 
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Abstract: Dynamic effects originating from the electric double layers (EDL) are studied in thin 

liquid films (TLF) containing ionic and nonionic surfactants. To account for such effects, the EDL 
are to be incorporated into the differential equations describing the TLF drainage. Numerical 
simulations in the literature have shown that foam films containing ionic surfactants can drain at a 
slower rate than that predicted by the Reynolds equation (VRe) which postulates rigid planar film 
surfaces. However, the physical reason of the trend has remained unclarified, and the numerical 
results have not been validated by any experimental data. In the present study, experiments on the 
drainage of planar foam films were conducted with the anionic surfactant sodium dodecylsulfate 
(SDS) in the presence of additional electrolyte (0.02MNaCl) and with the cationic 
tetrapentylammonium bromide (TPAB). The obtained results are in accord with the numerical 
simulations from the literature (V/VRe< 1). Such behavior was observed already in our preceding 
experiments on planar TLF with SDS without added electrolyte. These results were compared to the 
data of the experiments with TLF containing nonionic surfactant, and differences in the drainage 
pattern between ionics and nonionics were established.Anew theoreticalmodel was developed to 
account for the dynamic effects arising from EDL. According to the present model, the liquid 
outflow drags the bulk charges of EDL toward the filmborder, thus generating streaming potential 
(as in capillary tubes), which in turn brings the charges back toward the center to maintain the state 
of zero total electrical current. This creates reverse convection of the liquid near the surfaces, 
resulting in a velocity of film drainage smaller than VRe. The present theory predicts kinetic 
dependence closer to the experiment than the Reynolds equation. The limitations of this new model 
are specified: it is valid for high ionic strength or low value of the surface potential. 
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Abstract: This work presents new study on dynamic effects in thin liquid films (TLF) with ionic 
surfactants. The conventional theory of TLF drainage has been developed with no account for the 
dynamic effects originating from the electrical double layer (EDL) due to the complexity of the 
problem. Experiments on drainage of TLF with non-ionic surfactants show that the dynamics of 
such films occur in line with the classical theory.  On the contrary, films with ionic surfactants show 
significantly slower dynamics than the prediction of the classical theory. The present paper shows 
basically why these films drain slower that what is expected. A new kinetic equation is suggested 
showing better agreement between experiment and theory. 
 
Keywords: streaming potential, foam film drainage, thin liquid films. 
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Abstract:  The strong influence of surfactants on foam film drainage has been quantified by the 
Marangoni stress. This paper reviews and experimentally validates the theoretical developments 
aimed to describe the Marangoni effect on foam film drainage. They have been presented by four 
models, namely, 1) the Scheludko model developed on the basis of the Stefan Reynolds lubrication 
theory for liquid films confined between plane-parallel solid surfaces, 2) the model of Radoev, 
Dimitrov and Ivanov (RDI model) for foam films confined between partially mobile plane-parallel 
gas-liquid surfaces under the Marangoni stress generated by adsorbed surfactants, 3) the model of 
Ruckenstein and Sharma (RSh model) for foam films with surfaces wrinkled by capillary waves, 
pumping out peristaltically the liquid to the film periphery, thus causing faster drainage, and 4) the 
model of Manev, Tsekov and Radoev (MTR model) for foam films with surfaces corrugated by 
quasi-stationary inhomogeneities in the local film thickness which reduce the hydrodynamic 
resistance and accelerate drainage. Experimental data on foam film drainage stabilized with 
nonionic surfactants, imposing variety of different experimental conditions were compiled and used 
in validating the models. A systematic validation based on the statistical level of uncertainty of the 
model predictions as compared to the experimental results was preformed. The experimental data 
were collected for foam films containing hexaethyleneglycol monododecyl ether (C12E6). The test 
on the model kinetic equations confirmed their validations reported in the literature. Thus, the 
applicability of each one of the models to different experimental conditions of film drainage was 
specified. Ultimately, it was concluded that thin film drainage is a complex phenomenon, which 
should be studied further by different experimental techniques and modelling approaches.  
Keywords: foam film drainage, thin liquid films, Marangoni effect, surfactants. 
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Abstract: Drainage of foam films with different radii (50–150 m), stabilized by hexathylene 
glycol dodecyl ether C12E6 and in a presence of 0.024 M NaCl, were analyzed in the light of a 
recent dynamic fractal classification of [1]. The latter accounts for the effect of film surface 
corrugations developed during the film drainage. For simplicity, the film surface mobility is 
neglected since the presence of surfactants reduces dramatically the film surface velocity [2]. The 
magnitude of surface non-homogeneities, caused by the film drainage, is accounted via a dynamic 
fractal dimension parameter a being spanned between zero and two. Depending on the -value the 
film drains by different kinetic laws. For example, if the thin film is planar  = 2 and it drains 
according to the Reynolds law [3]; if  = 1 the film contains an axisymmetric dimple causing faster 
drainage; if  = 1/2 the film exhibits number of asymmetric dimples [4] and the film drains even 
faster; finally if = 0 the film contains spatially uncorrelated domains causing the fastest possible 
drainage. The present analysis of experimental data suggests that the parameter  is inversely 
proportional to the film radius R and it is independent of the type and concentration of surfactants. 
A semi-empirical model for a is proposed, thus completing the generic dynamic fractal 
classification. 
Keywords: Thin liquid film drainage; Surface corrugations; Dynamic fractal dimension. 
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Abstract: The  critical thickness of foam films from solutions of n-dodecyl--D-maltoside, dodecyl 
trimethylammonium bromide and their mixtures (50:1; 1:1; 1:50) was measured interferometrically. 
The obtained values were compared with those calculated by formula of Radoev, Sheludko, Manev 
using experimental data for the velocity of film thinning. It is found a good correlation between 
measured and calculated values for critical thickness of foam films from investigated solutions. 

Keywords: n-dodecyl--D-maltoside; dodecyl trimethylammonium bromide; foam films; drainage 
coefficient; critical thickness. 
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Effect of bovine serum albumin adsorption on the thinning of foam films 

stabilized by n- dodecyl  -D maltoside 
 

Abstract: The kinetic behavior and equilibrium properties of foam films from individual n-dodecyl 
-D maltoside, C12G2 (110-4 M) or from its mixed solutions with bovine serum albumin, BSA 
(110-6 M) with molar ratio 100:1 at pH = 4.9, 3.8 were studied. A difference between evolutions of 
singe and mixed film thinning was found. It was shown that the drainage of films from the mixture 
depends on the time of film interfaces aging. Тhe values of surface charge density of the air/C12G2 
solution and air/C12G2+BSA solution interfaces at pH = 4.9 and 3.8 were estimated based on the 
films equilibrium thicknesses. It was found that at pH = 4.9 the number of OH- ions expelled from 
air/C12G2+BSA film interfaces by adsorbed BSA molecules is an order smaller that those by C12G2. 
At pH=3.8 the co-adsorption of positively charged BSA molecules in the C12G2 adsorption layer 
recharges the film interfaces which explains why the obtained films are common black ones.  
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Dilyana St. Ivanova1, Jana K. Angarska2, Emil D. Manev3 

 
Abstract: A new procedure for the determination of the foam film critical thickness is proposed. 
Films produced from n-dodecyl--D-maltoside aqueous solutions, of concentration equal to CMC, 
were used in the presence of 0.1 mol/l NaBr. The new element in the procedure is the determination 
of the reflected light intensity from a video recording of the film evolution. The values of the 
critical thickness, calculated via the reflected light intensity measured in places where black spots 
have appeared “hcr in the spot”, are compared to the values estimated for other thinner segment of the 
same films “hcr in other places”. It is found that “hcr in the spot” are noticeably smaller, than “hcr in other places” 
– especially for films of radii larger than 0.05 mm. Furthermore, it is shown that the hcrbl does not 
depend on the film radius. These findings made us conclude that the value of the film critical 
thickness should be averaged from the thickness values determined in many different places of the 
film during its critical phase. 

 
Keywords: foam film; n-dodecyl--D-maltoside; video record of film thinning; critical thickness, 
Hamaker constant (AH). 
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Определяне на вискозитета в пенни филми от говежди серумен албумин и 

от смесите му с  n- додецил - D малтозид  
 

Abstract: The thinning of foam films from pure Bovine Serum Albumin (BSA) and its mixed 
solutions with a composition BSA : C12G2 = 1:7.5; 1:50; 1:100, was recorded and analyzed with 
appropriate equations in order to calculate the viscosity.  It was found that the thinning of films 
formed from pure BSA solution and from mixed BSA:C12G2 = 1:7.5 one is slower than that 
predicted by Reynolds (Re) equation The thinning of films from 1:50 mixed solution follows Re 
law, while the thinning of films from 1:100 mixed solution is in accord with Manev-Tsecov-Radoev 
(MTR) equation which points out that the film interfaces in the case of 1:100 are most mobile which 
is due to a lowest content of BSA molecules in the adsorption layers. h(t) dependences before 100 
and after 100 nm for single and mixed films were plotted in coordinates h-2(t) or h-7/5(t) respectively 
and from their slopes the viscosities in the films were calculated. The values obtained for pure BSA 
and mixed (1:7.5) films are 50 % higher than the values of  measured  bulk viscosity. In the same 
time the viscosity obtained from h-7/5(t) dependence for film from 1:100 is in accordance with the 
bulk viscosity of native protein (1.0410-3 Pa.s). Based on viscosity data and Einstein equation the 
radius of BSA molecule in pure and mixed solutions was estimated. According to the obtained data 
it was concluded that in the mixed solution 1:50; 1:100 there is not aggregation between BSA 
molecules due to their hydrophilization by C12G2 molecules bind per BSA molecule. The difference 
found between viscosity values measured by Ostwald method and those obtained from the film 
thinning gives a possibility for using of TTF as a precise osmometer. 

Keywords: Bovine Serum Albumin (BSA); n-dodecyl--D-maltoside (C12G2); mixed 
BSA/C12G2 solutions; viscosity from film drainage. 
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Abstract: The competitive adsorption of Bovine Serum Albumin (BSA) and n-dodecyl- -d-
maltoside (C12G2) on foam films surfaces formed from mixed solutions with a composition 
(BSA:C12G2= 1:7.5; 1:50; 1:100),corresponding to weak and strong binding of C12G2 molecules to 
BSA molecule was experimentally investigated. In order to answer the question which one of the 
surfactants or both of them is/are adsorbed on the film surfaces data for: (i) the kinetics of surface 
tension of the single surfactants and their mixtures; (ii) the AFM images of single BSA surface 
layer and its mixed layers with C12G2; (iii) the viscosity in the foam film determined from its 
thinning; (iv) the kinetics behavior and equilibrium properties of foam films from single and mixed 
solutions at pH = 4.9, 3.8; (v) the BSA concentration in the solution obtained by dissolving of a 
dried foam were obtained. Data for the surface activity of investigated solutions showed that in the 
mixed adsorption layers from solution with molar ratio BSA:C12G2= 1:7.5 BSA molecules 
predominate, while from BSA:C12G2=1:50 and 1:100-C12G2 molecules. This conclusion is 
supported by AFM images. The lower viscosity calculated from the thinning of foam films 
stabilized by these mixtures than this from the thinning of films from individual BSA solution is 
explained by the less aggregation between albumin molecules due to their hydrophilization by bind 
C12G2 molecules. The stable foams produced from the mixtures BSA:C12G2 = 1:50 and 1:100 were 
dried to such an extent enough for black foam films formation in them. Quantitatively, it was found 
that the concentration of BSA in the solution obtained after dissolving of the dried foam is an order 
lower than the concentration of the solution drained from the foam during its drying. The thinning 
evolutions of the films from pure and mixed solutions, recorded at pH = 4.9 showed that C12G2 
films thin up to 90 nm, while the thinning of films from the mixture (1:100) depends on the time of 
film interfaces aging: the films with fresh interfaces have a similar drainage as the pure C12G2 films, 
but they thin to the thickness of 67 nm; the films with intermediate times of aging become unstable, 
or stableones when black spots (mobile or frozen) are formed in them; the aged films thin fastest 
and they jump to NBF as the films from C12G2 solution but with pH = 3.8 or with 10−1M NaBr. It 
means that the films electrostatic stabilization is screened which can be due to BSA adsorption. This 
suggestion was checked by an estimation based on the surface charge density of the following 
interfaces: air/water; air/C12G2 solution and air/BSA + C12G2 solution. It was found that the number 
of OH−ions expelled by BSA is oneorder smaller that those by C12G2. Nevertheless, it is a proof for 
the presence of BSA in the film interfaces,as well as for its role on the film thinning. The values of 
films equilibrium thickness, surface potential and drainage in the case when pH of the mixed 
solution is 3.8 indicate that the films are common ones. This finding demonstrates again that BSA 
molecules adsorb on the film interfaces. At pH = 3.8 BSA molecule is charged positively that is 
why the film interfaces are recharged. 
Keywords: Mixed BSA/C12G2 solutions; Surface tension; AFM images; Film drainage; Viscosity 
from film drainage; Dried foam. 
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Abstract: Experimental data for kinetic and equilibrium parameters for foam films, stabilized by 
mixtures of n-dodecyl-β-D-maltoside (C12G2) with hexaethyleneglycol monododecyl ether (C12E6), 
dodecanol (C12E0), and dodecyl trimethylammonium bromide (C12TAB) are obtained 
interferometrically. The influence of mixture composition and total surfactant concentration on the 
film thinning, film type and its stability is investigated at low (0.001M) and high (0.1 M) ionic 
strength. The results follows that: (i) the film stability strongly depends on the surfactant nature at 
low ionic strength; (ii) the thinning rate for films from mixtures of 50:1 correlates with that for films 
stabilized by pure C12G2; (iii) for films from mixtures of 1:1 thinning rate is controlled by the 
component dominating in the adsorption layer - for films from mixtures of C12G2 + C12E6 it is 
determined primarily by C12E6, while for the C12G2 + C12TAB mixtures – by both components.  
Keywords: foam films; n-dodecyl--D-maltoside, hexaethylene glycol dodecyl ether, dodecyl 
trimethylammonium bromide, film thickness; velocity of film thinning. 
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