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HIGHLIGHTS

e The surface pressure isotherms at the W/A surface exhibit much steeper run than

interfacial pressure at the W/TD interface.

e The adsorption kinetics of BLG molecules show that it is required the shortest time to
adapt the conformation at the interface at pH 5, while the re-conformation times are

larger at pH 3 and pH 7.

e The total adsorbed amount of BLG at pH 3 is significantly less than pH 5 and 7 at the

bulk concentrations of Cerg < 10° mol/l at the W/TD interface.

e The dependences of the interfacial pressure and the area per molecule on the adsorbed
amount of BLG at the W/TD interface show the similar trend as those of W/A surface,
therefore it is not the total adsorbed amount leading to the high interfacial pressure
values but the interfacial structure resulting from a strong interaction between BLG

and the oil molecules at the interface.
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e By assuming an additional change in the surface activity of the adsorbing BLG
molecules, the new mixed model describes the experimental data quantitatively while
the pure diffusion controlled adsorption model leads to a rather bad description of the

experiments.
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Abstract

Using drop profile analysis tensiometry the adsorption dynamics and the equilibrium equation
of state of B-lactoglobulin (BLG) at the water/tetradecane (W/TD) interface are studied at pH
3, 5 and 7. The data are well described by a thermodynamic adsorption model using almost
identical model parameters for all three pH values except for the surface activity coefficient.
The surface pressure isotherms at the water/air (W/A) surface exhibit much steeper run than
interfacial pressure at the W/TD interface for any of the studied cases at pH 3, 5 and 7, and the
calculated adsorption isotherm data point at smaller adsorbed amounts for these pH. This
seems to be in contrast to the much larger interfacial pressure changes reached at high BLG
concentrations at the W/TD interface, which are almost three times higher than those at the
W/A surface. The observations can be explained by a strong interaction between BLG and the

oil molecules at the interface.

The dynamic interfacial tensions can be adequately described by a mixed adsorption model,
assuming a diffusional transport of the protein molecules in the aqueous bulk phase and an
adsorption mechanism which assumes a change of the adsorption activity parameter in

dependence of the interfacial coverage.

Keywords

B-lactoglobulin, water-tetradecane interface, drop profile analysis tensiometry, dynamic

interfacial tensions, equation of state, pH effect
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1. Introduction

In many modern technologies proteins play an important role. In particular for the production
of various food products proteins are essential ingredients. For the tailored application of
proteins and the optimum solution conditions systematic fundamental studies are essential.
Although proteins do not decrease the surface or interfacial tensions in foam or emulsion
systems, their presence is essential for the stabilization of these liquid colloidal systems. Due
to the nature of the corresponding technologies, not only the equilibrium but also the dynamic

interfacial properties of proteins are of great importance [0,0].

The adsorption of proteins at water/oil interfaces is a process which does not only depend on
the protein’s bulk concentration. Due to their nature, protein molecules adsorb at an interface
and upon contact with the hydrophobic phase can change their conformation. This can change
the dynamics of the adsorption process, response of the interfaces to mechanic perturbations,
and even the overall structure of the formed interfacial layers. The so-called induction time,
for example, depends not only on protein bulk concentration [0-0] but also on the pH [0-0]

and ionic strength of the solution [0].

In this respect, the pH and the ionic strength of the protein solution have a tremendous impact
on the structure and interaction of protein molecules in the bulk and consequently at
interfaces. These effects were studied for several proteins at the water/air (W/A) surface for
example in [0,0-0], while only few special systematic investigations on B-lactoglobulin (BLG)
solution surfaces were performed regarding the adsorption kinetics [0] and the dilational
visco-elasticity [0]. Interesting experiments with aqueous BLG solutions at different pH and
ionic strength had been dedicated to the behaviour of rising bubbles [0], the local velocity
profile of which allows, in particular at very low protein concentrations, to look into the

surface layer structures.

As mentioned above, proteins have not only to be transported to the interface in order to get
adsorbed, but upon contact with the interface their conformation may be changed. In [0], Song
and Damodaran discussed that changes in the orientation of globular protein molecules can
influence the adsorption kinetics. However, this kind of mechanism applies only to short
adsorption time data. Recently, we discussed the mechanism of BLG adsorption in terms of
changes in the surface activity due to the contact of the protein molecules with the
hydrophobic oil phase [0]. To do so, we assume that the parameter in the equation of state,

responsible for reflecting the surface activity of the adsorbing molecules, is changing as a
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function of the surface coverage. We have shown that the agreement of this theoretical
approach with experimental data for BLG solutions at pH 3 and low fixed ionic strength was

very good [0].

The present work is dedicated to the surface pressure isotherms for buffered (10 mM) BLG
solutions at three different pH values (3, 5 and 7). Based on these isotherm data, the dynamic
surface pressure dependencies I1(t) are analysed using the new theoretical approach given in
[0]. The obtained adsorption parameters are discussed in terms of the pH effect and the

particular impact of tetradecane as the adjacent oil phase.

2. Materials and Methods

The B-lactoglobulin used in this work had a purity of 89 % and a molecular weight 18300 Da.
It was prepared from whey protein isolate as described in [0]. To eliminate disturbing low-
molecular weight impurities, the stock solutions were purified with charcoal. Activated
charcoal was added to a BLG solution in a mass ratio of 1:3, the resulting suspension stirred

over 20 min, and finally the solution was filtered with a 0.45 pm pore size filter [0].

The BLG stock solutions were prepared for each pH value using a NaHPO4/Citric
Acid/Milli-Q water buffer with an ionic strength of Cputr = 10 mM, and stored in a fridge at 5
°C for a maximum of 3 days. The respective measurement solutions were then prepared by
dilution of the stock solution right before each experiment. The buffer solutions were prepared
always with Milli-Q water and they had a surface tension of 72.5 mN/m at room temperature

of 21 °C.

The n-tetradecane (TD) was purchased from Alfa Aesar and purified first by distillation.
Afterwards the TD was washed several times with Florisil until the measured interfacial

tension to the pure buffer solution was independent of time and had a value of 52.5 mN/m.

The dynamic interfacial tensions were measured with the drop profile analysis tensiometer
PAT-1 (SINTERFACE Technologies, Germany) according to the procedures given in [0].
The typical size of TD drops formed in the aqueous BLG solutions was 10 ul having a surface
area of about 21 mm?. Before a drop was quickly formed to be used in the measurements
several drops were first formed and discarded in order to have a drop with very fresh surface
at the beginning of the experiment t = 0. All measurements were performed over a time period

of about 80 000 s, which is almost one day. At certain moments harmonic drop oscillations
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were generated. Such experiments are suitable for the determination of the dilational visco-

elasticity data, however, we will report on these results only in a forthcoming paper.

The equilibrium interfacial pressure is defined by I1 = yo — yeq With yo = 52.5 mN/m for the
pure buffer/tetradecane (W/TD) interface. For low protein concentrations the yeq value was
obtained via the extrapolation of measured dynamic interfacial tension values to infinite time t
— oo in IT vs t 2 plots, while for higher concentrations the equilibration occurred in about
80000 s. The dynamic surface pressures I1(t) are just the differences between the measured

dynamic interfacial tensions yo and y(t).

3. Theoretical Model

There exist various theoretical models to describe layers of polymers adsorbed at liquid
interfaces. In the most frequently referred study by Graham and Phillips [0-0] no specific
adsorption models for proteins existed yet in literature and the authors used the equation
proposed by Singer [0] for analysing the measured surface pressure isotherms. Such rather
general model for polymers, however, cannot take any specific properties of proteins into
account. Only in 1991 Joos and Serrien [0] proposed to make use of the principle of Braun-Le
Chatelier for describing liquid interfacial layers. This principle describes the coexistence of
adsorbed molecules at an interface in different states controlled by the surface coverage or
surface pressure. The model derived in [0] is based on this principle and is suitable to describe
the adsorption of protein molecules over a broad concentration range. The model assumes that
adsorbed protein molecules can exist in the states with a molar area varying from a maximum
value (om) at very low surface coverage 0 (or low surface pressure) to a minimum value (o >
mo) at high surface coverage. The equations of this adsorption model are explained in detail in
[0]; here we present these equations only to the extent which is necessary for the purpose of

the present article.
The equation of state reads:

o,
RT

=1n(1—9)+9(1—&J+a62 (1)
(O]

Here R is the gas law constant, T is the temperature, ® is the average molar area of protein, a
is the protein intermolecular interaction parameter, wo is the molar area increment between
two “neighbouring” states, which is approximately equal to the molar area of an adsorbed

protein segment or a water molecule.
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The adsorption isotherm for adsorption state of the protein in state 1 reads:

ol )
bICS/S :WCXPL— 2aj9J (2)

where csis is the subsurface concentration of protein, and I'y and ®; are the “partial”
adsorption and molar area of protein in the 1-st state, i.e. the state with smallest molar area.
Note also that the adsorption activity coefficient of the j-th state is related to that of the 1-st
state via the parameter a: bj = (®j/®)*bi, which reflects the fact that the conformational
changes lead to the changes in the surface activity of the adsorbed protein molecules. This fact
results in the equation which expresses the average molar area via the partial areas of protein

molecule in different states:

Zn:oaj(mj] exp{mj — In(1 - 6)}
o="- ® (3)

Z((DJJ exp{wj (1~ 9)}

It was also assumed in [0] that there exists certain critical bulk concentration, and hence the

critical surface pressure I1* above which a formation of small aggregates in the monolayer
takes place. The adsorption isotherm in this post-critical concentration range is the same as in
the pre-critical regime, while the equation of state becomes dependent on the aggregation

number n,:

T *
H:H*(Hir L J (4)
na

1—‘*

Also, to account for a multilayer adsorption, an additional adsorption activity coefficient bx
was introduced, which can be referred to as the secondary layer constant. The value of this
parameter is much lower than bi. This assumption was successfully applied for the theoretical
description of BLG adsorption layers at the water/air interface [0]. For the total adsorption in

m layers I's is calculated as:

rzzri( bye J (5)

T\ 1+byc

where I = 0/ is the adsorption of protein in the first layer.
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In this study we are interested in the temporal evolution of the adsorption system, i.e. the time
dependence of surface tension of adsorbed layer. This behaviour is governed by the diffusion
kinetics. For proteins adsorbing at liquid/fluid interfaces, a simple diffusion model does not
apply, although in many publications it was used. For example, Graham and Phillips [0] used
a simplified approach based on the account for the first term only in the right hand side of
Ward-Tordai equation [0]. This so-called “square-root-of-time-approach” works well for
surfactants at low concentrations and short adsorption times, however, not for proteins.
Protein molecules, when coming into contact with the interface, are subject to conformational
changes. In particular at low bulk concentrations the process of self-assembly at the interface
is rather slow, leaving enough space and time for molecular modifications. In particular at the
water/oil interface the hydrophobic parts of the protein molecules have the tendency to
penetrate into the hydrophobic oil phase and by this changing the molecular conformation. At
low concentrations also the so-called induction time is observed, a period of time in which the

progress of protein adsorption does not yet lead to an increase in the interfacial pressure.

A possibility to describe experimental data for proteins properly is to consider a mechanism
that takes somehow the conformational changes of the adsorbed molecules into account. It
appears realistic to assume that conformational changes lead to an increase in the surface
activity. In the approach presented recently in [0], a combination of diffusional transport and
an additional time process was proposed. Instead of the Volterra type integral equation
proposed by Ward and Tordai [0], however, the diffusional transport problem given by a
partial differential equation was solved numerically assuming the geometry of a large
reservoir of an aqueous protein solution surrounding a spherical TD oil drop. More details of

these mathematical issues are discussed in [0].

As an additional time-dependent process for the protein adsorption, it was proposed that the
adsorption activity of the protein increases with the adsorbed amount. Typically, the
adsorption activity coefficients in each state b; are assumed to be independent of the bulk
concentration ¢, which is also true under dynamic conditions. However, it was assumed in [0]
that at short adsorption times the adsorption activity coefficient is equal to a certain value bo
and then increases with the adsorption time. This process should allow reflecting the structure
formation by the protein and tetradecane molecules at the interface, supposing that some time
is required for protein molecules to adapt to the conformation which they assume at the
interface. The following relation for the change of the adsorption activity coefficient b with

time t was used:
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6
b, =b,(I+kxt_ )  fort>t__ (6)

m

b(t)=b0(1+k><t), fort<t }

The increase of b is limited by a maximum time tmax, beyond which it remains constant equal
to bm. Hence, in the moment the adsorption equilibrium has been reached, the adsorption
activity coefficient should have the value obtained from fitting the entire experimental
adsorption isotherm. The coefficient k can be called the kinetic constant. With this temporal

dependence of the adsorption activity coefficient, Eq. (2) becomes:

I
b(t)~cs/S = (I—OE)WGXPL_ 2a%9) (7

It was demonstrated in [0] that the value of by is remarkably lower than b; obtained from the
fitting of surface pressure isotherm given by Eqgs. (1) and (2). This value of bo appears actually
to be rather close to the corresponding parameter obtained for BLG adsorbed at the W/A
surface [0,0]. This fact allows speculating that in the beginning of the BLG adsorption layer
formation process, i.e. at short adsorption times, the structure of the interfacial layers at the
W/TD interface is similar to that at the W/A surface. On the contrary, the b, value was shown

to be approximately equal to b.

In what follows, for the sake of brevity the model which is described by a diffusional
transport and Eqgs. (1) - (5) is referred to as the TIC model (“the model with time-independent
adsorption activity coefficient”), while the model which implements Egs. (1), (3) - (7) is
called the TDC model (“the model with time-dependent adsorption activity coefficient”). This
new model was first discussed in our recent manuscript [0] and used now for the data analysis

of the dynamic interfacial pressure dependencies.
4. Results and Discussion

In [0] BLG was studied at the water/olive oil interface at pH 2.5 and 7, and in [0] Benjamins
presented the adsorption isotherms of several proteins at the water/air and different water/oil
interfaces. To the best of our knowledge, however, there are so far no systematic
investigations of the adsorption dynamics at a water/oil interface at different pH values of the
aqueous phase. Only recently, Ulaganathan et al. [0] reported on the effect of pH on the
adsorption kinetics and the surface pressure isotherm for BLG at the W/A surface. The
experimental data for BLG at the W/TD interface for the three studied pH values (3, 5 and 7)

are shown in Fig. 1(top). The three obtained isotherms IT1(Cgrg) show significant interfacial
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pressure values of 5 mN/m and more already at bulk concentrations of CpLg= 107" mol/l, i.e.
the isotherms start at much lower bulk concentrations as compared to the W/A surface (cf.
[0]). Also the maximum interfacial pressure values of about 31 mN/m for pH 7 and 36 mN/m
for pH 3 and pH 5 are significantly higher as compared to about 20 to 25 mN/m measured at
the W/A surface. However, the specific kinks in the isotherms, discussed in literature are the
transition from monolayer adsorption to the formation of multilayers, appears at
concentrations of around 10”7 mol/l for pH 7 and at almost 10~ mol/l for pH 3 and pH 5,
which seems to be rather high concentrations. The possibility of the BLG molecules to
protrude with their hydrophobic parts into the oil phase leads obviously to quite different

structures of the interfacial layers, expressed by the isotherms.

Fig. 1 (top) also includes the dependencies calculated with a theoretical model derived and
applied in previous papers [0,0,0]. The values of the model parameters used to obtain the best
fit of the experimental data are listed in Table 1. The majority of them do not vary
significantly with changes in the solution pH except the parameter b;. This parameter
accounts for the surface activity of the protein molecules (line marked grey in Table 1). A

similar situation was also observed in [0] for BLG adsorption layers at the W/A surface.

In Fig. 1 (bottom) the adsorbed amount of BLG is shown as calculated with the given model
and the parameters listed in Table 1. For pH 5 and 7 the total amounts of adsorbed BLG at the
W/TD interface differ only slightly from each other, whereas smaller adsorbed amounts were
obtained for layers obtained from solutions at pH 3. Only at very high bulk concentrations
above C > 107® mol/l the adsorbed amount of BLG at pH 5 becomes highest also at the W/TD

interface.

On a first glance, the number of model parameters is tremendous. Note, however, that the first
block of parameters refer to the thermodynamic model, which was developed earlier. It was
applied successfully to a number of protein and polymer systems and the physical limits and
independence of the parameters was discussed in great detail for example in [5]. The
additional parameters, however, refer to the adsorption kinetics model, for which the
thermodynamic equations (and the respective parameters) represent to base line, i.e. the target

to which the kinetic process proceeds before the equilibrium state is reached.
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The dependencies shown in Fig. 2 were calculated using the optimum model parameters listed
in Table 1. The major difference is that the critical point in the IT dependence on I, after
which the interfacial pressure changes only very slightly with the increasing adsorbed amount,
appears at a rather large adsorbed amount (I" = 2.2 mg/m?) for pH 5, whereas for pH 3 and 7
the critical points are comparable to each other, and appear at lower adsorption (I' = 1.9
mg/m?). Apparently, the stronger adsorption at pH 5 cannot be explained by a smaller molar
area as the data of ® dependence on I in Fig. 2 show that the molar areas in the range around
the critical points in the I dependence on I" are very close to each other for any studied pH.
Obviously, the average shape and orientation of the adsorbed BLG molecules control these
dependencies. For the case of pH 5, we conclude that a secondary adsorption layer is formed
onto the primary monolayer. This is also in correlation with the adsorption dependence on
concentration in Fig. 1, which show strong increase of the adsorbed amount at BLG
concentrations higher than the critical point of ca. 4x10~7 mol/l on the interfacial pressure

dependence on concentration.

In addition to the equilibrium state of adsorption of BLG at the W/TD interface at different
solution pH, the dynamics of the adsorption process was studied experimentally. These

experiments were done at many concentrations and all three pH values 3, 5 and 7.

In Figs. 3a, 3b and 3¢ the dynamic interfacial tensions for one selected BLG solution at the
studied pH values are shown. The BLG concentration 5x10°® mol/l was selected such that it
has been below the critical point for all three pH values as the model we want to apply was
elaborated only for monolayer adsorption processes. Together with the experimental results,

the values calculated using the two theoretical models described above, are shown in Figs. 3

(lines).
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The dashed lines correspond to a TIC model which assumes pure diffusion controlled
adsorption kinetics, while solid lines correspond to the TDC model, i.e. a mixed model
proposed recently in [0], which assumes the diffusion-governed transport of the BLG
molecules in the solution bulk, and the additional dependence of surface activity coefficient
on time as described by Egs. (6) and (7). The model parameters for the data given in Figs. 3
are summarised in Table 2. As one can easily see, the new TDC model, assuming a physically
reasonable diffusion coefficient of protein transport in the bulk in the range between 2.5x107'°
and 3.5x107'° m/s?, describes the experimental data very well (solid lines). In contrast, a
mechanism based on a pure diffusional transport (dashed lines) cannot adequately reflect the
experimental data. Also many more experiments performed in the whole concentration range
below the critical point showed a similar kinetic behaviour, i.e. the dynamic interfacial

tensions could be adequately described be the given TDC model.

The kinetic constants summarized in Table 2 demonstrate that the adsorption kinetics of BLG
molecules at pH 5 show the smallest k values, i.e. require the shortest time to adapt to the
conformation required at the interface, while at pH 3 and pH 7 the re-conformation times are
larger. The time tmax at which the interfacial layers approach a kind of quasi-equilibrium state
is similar for all three studied pH values. As mentioned above, the interfacial activity
coefficient b, obtained from the kinetic data is, averaged over all studied BLG concentrations
(not shown here), very close to the corresponding value of b; obtained as the best fitting
parameter for the equilibrium interfacial tension isotherm (see Table 1) shown as lines in Fig.

I.

As mentioned above, we present here only the data for one selected concentration at the three
selected pH values but not all studied systems as the dependencies look pretty much the same.
The quality of fitting the data by the TDC model is very good and allows us to interpret the
adsorption process at the W/TD interface more in terms of the molecular re-conformation and

changes in the interfacial activity of the corresponding BLG molecules.

We finally consider qualitatively the phenomenon of the induction time which is a typical
feature of protein adsorption processes. In [0] and [0] the induction time of BLG adsorbing at
the W/A surface at different solution pH was discussed and it was demonstrated that it
depends almost linearly on the BLG bulk concentration. For pH 3 the longest induction times

of tina > 50 000 s were found at bulk concentrations up to 5x10® mol/l. The values of ting for
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BLG solutions at pH 5 and 7 were lower. In particular for pH 7 these times were almost one
order of magnitude shorter. However, even at a bulk concentration of 10~® mol/l an induction

time of about 100 s was still determined.

In contrast to the above, the induction times for BLG adsorbing from aqueous solutions at the
W/TD interface at different pH are very short. Even at a bulk concentration of 2x10~° mol/Il
the values of ting are of the order of 100 s, at all three pH values studied here (see Fig. 4). For
larger BLG concentrations the inductions times are of the same order and only at very high
concentrations (> 107 mol/l) they get shorter. As it was discussed above, the adsorption of
BLG at water/oil interfaces starts at concentrations much lower than those required for the
W/A surface to change the surface pressure. This goes along with the induction times
observed here. Even rather small amounts of adsorbed BLG molecules start to increase the
interfacial pressure. The number of molecules adsorbed at the very low BLG concentration of
1071 mol/l is already quite large and obviously sufficient to change the interfacial tension (cf.

Fig. 2).

5. Conclusions

The interfacial tension isotherms determined for BLG at the solution pH of 3, 5 and 7 can be
well described by a thermodynamic TIC model developed earlier in [0]. All model parameters
obtained by fitting the theory to the experimental data are more or less identical for the three
pH values, except for the surface activity parameter b, which increases with the pH. A striking
difference to the adsorption of BLG at the W/A surface is that the interfacial pressure for the
solutions at the W/TD interface starts to increase at concentrations many orders of magnitude
lower. Moreover, the isotherms at the W/A surface are much steeper than the corresponding
isotherms at the W/TD interface. While the isotherms at the W/A surface reach the critical
point of secondary layer formation rather quickly, at the W/TD interface the critical points are
reached at much higher protein bulk concentrations. In addition, the interfacial pressure values
IT" at these critical concentrations are much larger by almost a factor of three. Hence, one
could conclude that the adsorbed amounts at the W/TD interface should be much larger.
However, the calculated adsorption values shown in Fig. 2 are similar to those observed for

example in [0] or [0] for the same BLG at the W/A surface at pH 7. Hence, it is not the total
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adsorbed amount leading to the high interfacial pressure values but the interfacial structure
resulting from a strong interaction between the hydrophobic parts of the adsorbed protein

molecules and the TD.

The new mixed (TDC) model proposed in [0] combined with a transport of the adsorbing
molecules in the solution bulk by diffusion describes the dynamic interfacial tension data very
well. In contrast, a pure diffusional transport cannot properly reproduce the experimental
dependencies. A conformational change of the BLG molecules is considered when coming in
contact with the hydrophobic tetradecane phase at the interface. The consequence of this
changed conformation is expressed through the adsorption activity constant in the
corresponding equation of state. The rate constant k obtained by a best fit of the results using
the diffusion controlled adsorption model differs depending on the BLG bulk concentration
and solution pH. The kinetic constant k in Eq. (5) is the smallest for BLG solutions at pH 5
which physically means that the protein molecules change their conformation at the interface

to the smallest extend. In contrast, at pH 3 the conformational changes are the largest.

To our surprise, the induction time observed for BLG at the W/TD interface are very short and
do not significantly depend on the solution pH. Even at a very low bulk concentration of
5x10~° mol/l the induction time is of the order of 100 s for the three studied pH values and
decreases only at very high concentrations. This is in contrast to the findings for the W/A
surface where we found a strong dependence of ting on the BLG concentration and the pH of
the aqueous solution. This phenomenon seems to be caused by the same reason as the
remarkable change of the interfacial tensions at very low BLG bulk concentrations due to the

strong interaction between protein and TD molecules at the interface.
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Fig. 1 Surface properties of 10 mM buffered BLG solutions with different pH values at the
W/TD interface. Top, surface pressure isotherm; bottom, adsorption isotherm. Symbols,
experimental points; Lines: best fit of the results calculated using the model described in
[0,0,0] to the experimental data. o, red solid line, pH 3; A, black dashed line, pH 5; o, blue
dotted line, pH 7.
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Fig. 2 Calculated dependences of the interfacial pressure (top) and the area per molecule
(bottom) on the adsorbed amount of BLG at the three selected pH values using the parameter

values listed in Table 1. Red solid line, pH 3; black dashed line, pH 5; blue dotted line, pH 7.
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Fig. 3 Dynamic interfacial tensions y(t) for BLG solutions with a concentration of 5x10~®
mol/l at the W/TD interface: (a), (b) and (c), pH 3, pH 5 and pH 7, respectively. Symbols,
experimental data. Dashed lines, calculations using TIC model; Solid lines, calculations using

TDC model which implies additional dependence of surface activity coefficient on time.
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Fig. 4 Dynamic interfacial tension of BLG solution with concentration 2x10~° mol/l (filled
symbols) and 5x107% mol/l (open symbols), at three different pH values: pH 3 (o,e), pH 5 (A,
A), and pH 7 (o,m); lines are guides for eye.
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Table 1. Summary of the values of the model parameter used to obtain the best fit between the

theoretical model and the experimental data of BLG adsorption layers at the W/TD interface.
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Parameters pH 3 pH S5 pH 7
a 0 0 0
o 1.2 1.2 1.0
oo [10° m?/mol] 4.2 4.7 4.2
1 [10°m?/mol] 8.2 7.5 7.9
®m [107 m?/mol] 2.5 2.0 2.2
Ny 38 22 48
IT* mN/m 35 36 31
b; [10° m’/mol] 1.0 6.0 4.8
bx [10'm?*/mol] 5 340 2
m 2 2 2

Table 2. Parameters values in the adsorption activity equation bm = bo-(1 + kxtmax) for a

selected BLG concentration of 5x107® mol/l at pH 3, 5 and 7.

Parameters pH 3 pH 5 pH 7
bo, 10* [m?/mol] 0.1 15 6.0
k, 107 [1/s] 100 3.2 6.5
tmax, 10% 5] 6.0 5.5 5.5
bm,10° [m*/mol] 0.61 4.1 2.7




