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ABSTRACT: We report surface force measurements between emulsion droplets and flat air—water
interfaces (foam films) in the presence of an aqueous statistical copolymer solution (of poly(vinyl alcohol)
and poly(vinyl acetate)) in the dilute regime. We observe a repulsive force that is exponentially decaying
and that cannot be attributed to electrostatic double-layer repulsion. The qualitative behavior of the
repulsive force weakly depends on the polymer concentration, while its range is a function of the polymer
average molecular weight that is varied from 10 000 to 155 000. The force is drastically affected when
the temperature approaches the ® point (going from good to ® conditions). We show that the force range
scales as the polymer coil radius of gyration. These results are compared with theoretical predictions.

Introduction

Foams and colloidal dispersions require repulsive
surface forces to become metastable. The most impor-
tant forces that determine their stability are van der
Waals forces, electrostatic forces, and also steric forces
due to adsorbed polymers. The net force acting between
colloidal particles or air bubbles determines their stabil-
ity. A net attractive force leads to the aggregation of
particles. In the case of liquid particles, coalescence
may occur when the thin liquid films separating the
interfaces break. If the net force is repulsive, the system
can remain stable on a given time scale. Force mea-
surement techniques, and especially the so-called sur-
face forces apparatus, have been widely used to under-
stand the interactions between solid surfaces, which
give insights into the dispersion stability. Most of the
time, electrostatically stabilized dispersions become
unstable when the ionic strength of the medium is
increased sufficiently, due to the reduction in the spatial
extension of electrostatic double layers (screening effect).
Hence, one major advantage of using neutral macro-
molecules as stabilizers is that their repulsive adsorbed
layers are less sensitive to electrolyte concentration.?
Recently, we have developed a new technique that
allows the measurement of forces between colloidal
droplets.® Here, we use this technique and the thin film
balance technique* to probe the stability aspects of oil-
in-water emulsion and foam liquid films made from
polymer solutions.

The essential experimental contribution to the knowl-
edge of the forces behavior between polymer-covered
interfaces has been obtained with the surface forces
apparatus.® For technical reasons, these studies are
restricted to the interactions between solid surfaces with
intensities much larger than the thermal excitation.
Thus, except for the pioneering experimental work of
Lyklema and van Vliet,5 few things are known concern-
ing the interactions between fluid interfaces.

In this paper, we present the measurements of
repulsive forces that take place between two kinds of
fluid interfaces when a statistical neutral copolymer is
adsorbed. The measured repulsive force is exponen-
tially decaying. By varying the polymer molecular
weight and increasing the solution temperature toward
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the ® temperature (i.e., toward the poor solvent regime
in which the gyration radius is significantly reduced),
we show that the force range is proportional to the coil
radius of gyration. We compare our results to several
theories on polymer-induced repulsive forces.

Experimental Section

1. Force Measurement Techniques. First, we present
the two different techniques that have allowed the measure-
ments of forces between both oil—water and air—water inter-
faces.

The force profile between oil droplets is directly measured
using the recently developed chaining technique.>” A magnetic
oil (ferrofluid provided by Rhéne-Poulenc Co.), octane in which
small grains (10 nm in size) of Fe,O3 are dispersed, is used to
create monodisperse emulsion droplets stabilized with a water
soluble surfactant. By imposing a magnetic field, polarized
droplet chains align along the field and diffract the light,
allowing their spacing to be measured precisely. Since a given
field corresponds to an applied known attractive force between
droplets, we deduce the opposing repulsive force at various
separations. This force profile is measured from the onset of
chaining up to the saturation of the ferrofluid magnetization,
which corresponds to ratios F/R, where F is the force and R is
the droplet radius, that range from 1076 to 10~ N/m. In such
a force range, the droplets can be considered as undeformable
spheres. That technique allows the direct measurement of the
repulsive force—distance profile between individual ferrofluid
emulsion droplets having a radius R of around 100 nm. The
typical surface separation that can be measured ranges from
1 to about 150 nm with a precision of +£1 nm. In all
experiments, the emulsion volume fraction is low enough
(0.1%) to assume that the polymer bulk concentration remains
constant (the adsorbed amount is fully negligible).

To measure the disjoining pressure isotherms between air—
water interfaces, a modified version of the porous plate
technique first developed by Mysels and Jones® has been
realized. The modified version includes some improvements
made by several authors.®

A thick liquid lens is formed in the center of a small hole
drilled in a porous glass disk fused to a capillary tube. The
disk is enclosed in a 200 cm?® hermetically sealed plexiglass
box, with the capillary tube exposed to a constant reference
pressure. Under the effect of a constant applied pressure
difference AP between the box and the reference, the liquid
drains and a flat horizontal liquid film is formed. The film
can be stabilized at a thickness h if the surface force per unit
area balances the pressure difference (AP) applied. To prevent
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Table 1. Characteristics of Poly(vinyl alcohol-co-vinyl acetate) in Solution

polymer good solvent conditions T (mg/m?) T (°C) mol wt solvent Rg (nm) C* (wt %)
PVA—Vac water at T < 97 °C 15-2.2 20 10 000 water 3.6 6.3

20 155 000 water 16 1.1

80 155 000 water 13 2.1

20 55 000 water 8 3.1

80 55 000 water 55 9.7
evaporation from the film during the experiments (i.e., to keep ' SARLEREL IR R DA DA R R
a 100% degree of humidity), an excess of solution is located C ]
under the porous glass disk during the experiments. The r )
temperature is set to 22 °C and several hours are needed to i i
establish the equilibrium. The experimental setup enables us RS |
to measure simultaneously the equilibrium thickness of the Z i .
film and its disjoining pressure under a constant pressure ~ s =1
applied in the box (the disjoining pressure (7) was first g 0 I :
introduced by Derjaguin and Obuchov’® and defined as the S r S e ]
excess pressure acting normal to a flat film interface that r 3°D. i
results from the overlap of molecular interactions between the L 00 e, i
two adsorbed layers). The film thicknesses are determined - 8 |
by an interferometric method developed by Sheludko.’* The ] R
force—distance profiles are calculated from the disjoining s T <
pressure—distance profiles by using the Derjaguin approxima- 1077 o
tion.? 40 50 60 70 80 90 100 110

h (nm)

2. Materials Description. The polymer is a statistical
copolymer with respectively 88% (or 80% for the lowest
molecular weight used in this study: 10 000) of vinyl alcohol
(CH2CHOH) monomers and 12% (20%) of vinyl acetate [CH,-
CH(OCOCHS3)] monomers, which are randomly distributed
along the polymer chain. The vinyl alcohol part is hydrophilic,
while the vinyl acetate is hydrophobic. This confers some
surface properties to this molecule, which adsorbs onto a
hydrophobic surface by the randomly distributed monomer on
the chain. The adsorption geometry is thus completely dif-
ferent from the case of diblock copolymer-adsorbed at inter-
faces.!?

We have worked with three commercial samples (Aldrich
Co. and Sigma Co.) with large polydispersity and respective
average molecular weight (M) 155 000, 55 000 and 10 000.
Using a viscosimetric technique, we measure the polymer coils
hydrodynamic radii that we assume to be equal to their
gyration radius Ry. The values are listed in Table 1 as well
as the deduced values of the dilute to semidilute crossover
concentrations (C*). This polymer is water soluble at room
temperature (the vinyl alcohol part is hydrophilic and the vinyl
acetate is lipophilic). As the temperature increases, water
becomes a poorer solvent. The © point of PVA—Vac in water
is 97 °C.

3. Sample Preparation. The preparation of monodisperse
polymer-stabilized emulsions can be performed with PVA—
Vac. The process is as follows: an initial polydisperse emul-
sion, stabilized by sodium dodecyl sulfate (SDS), is first
fractionated using several processes described in refs 13 and
7 to obtain a monodisperse emulsion. Then, the emulsion can
be strongly concentrated either by centrifugation or by sub-
mission to a magnetic field gradient. Then the excedent
continuous phase is removed and replaced by the appropriate
polymer solution of a given concentration. This procedure can
be repeated as many times as needed to completely wash the
initial emulsion. In the end, the emulsion bulk phase can be
considered as SDS free since, after three “washings”, the SDS
concentration does not exceed 1076 M. The obtention of
“stable” emulsions is possible in various polymer concentration
domains ranging from 0.05% to at least 10% (by weight). The
amount of polymer-adsorbed on the emulsion droplets has been
determined using a gravimetric measurement technique. The
obtained values (from 1.5 to 2.2 mg/m?) are comparable to the
adsorbed amount of polymer on solid surfaces (like the mica
sheets of the surface force apparatus).t?

The solutions for both experiments are prepared using only
ultrapure water from a Milli Q system. Two kinds of pore size
(10—20 and 20—40 um) are used for the foam films experi-
ments, depending on flow resistance of the solution and on
the disjoining pressure range studied.

Figure 1. Reversibility of the force—distance profile between
emulsion droplets, My, = 155 000, C, = 0.5%: (®) force profiles
obtained by increasing the applied magnetic field (in); (O) force
profiles obtained by decreasing the applied magnetic field (out).

Results and Discussion

1. Compression—Decompression Profiles. We
have first checked that the force profiles were fully
reversible upon “compression” and “decompression”. By
compression and decompression, we mean a measure
of the profile with increasing forces and decreasing
distances and, opposingly, decreasing forces and in-
creasing distances (see Figure 1 on which no significant
hysteresis is observed). The same behavior is observed
at the air—water interface. The full reversibility of the
profiles contrasts with the results obtained with the
surface forces apparatus in similar conditions.1415 This
means that the structure of the adsorbed layer is not
modified when compressed. In the case of emulsions,
a slight hysteresis is observed when approaching the
O point, i.e., in a zone where the solvent becomes poorer.
This is consistent with the appearance of net attractive
forces when approaching the bad solvent regime, as seen
previously with the SFA technique.®

2. Adsorption and Desorption Kinetics. Ad-
sorbed Amounts and Surface Tension. We have
evaluated the polymer adsorption and desorption char-
acteristic times by measuring the evolution of the force
profiles a few seconds and 3 days after the emulsion
preparation. The profile exhibits no significant changes
as a function of time, as shown on Figure 2a, meaning
that the adsorption time is significantly smaller than
the time scale of our experiments (which last typically
from 30 min to 1 h).

Whether the polymer adsorbs irreversibly or not at
the interface is of considerable importance in the
theoretical treatment of polymer forces. To check this
point, we have measured the polymer typical desorption
time. An emulsion is immersed in a solution of polymer
concentration 0.5%. After a sufficient incubation time,
the polymer-covered droplets are separated from the
continuous phase that is replaced with pure water. The
evolution of the force—distance profiles is measured as
a function of time (see Figure 2b). Note that this kind
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Figure 2. (a) Adsorption Kinetics, My = 55 000, C, = 0.5%:
(») force profile measured 5 min after the emulsion prepara-
tion; (O) force profile measured 3 days after the emulsion
preparation. (b) Desorption Kinetics M,, = 155 000: (O) initial
force profile performed in a continuous phase with polymer
concentration C, = 0.5%; force profiles obtained at different
times after immersion of the original emulsion droplets in pure
water [(a) t =5 min; (®) t =4 h; (O) t = 20 h].

of experiment cannot be performed for foam liquid films,
the interfaces being formed during the measurements.
The range of the force slightly decreases as a function
of time, which can logically be attributed to a desorption
of the polymer layer from the interface with a time scale
that is typically of tens of hours, i.e., much larger than
the time required to perform one experiment (=30 min).
Thus, we can consider that, at the time scale of our
experiment, the adsorbed amount remains constant and
that we explore a regime of irreversible adsorption.

Measurements of the surface tension as function of
the bulk polymer concentration lead to the determina-
tion of a plateau concentration Cp above which the
surface coverage might be considered as constant. The
surface tension—bulk concentration curves are plotted
in Figure 3a,b for both the oil—water (3a) and the air—
water interfaces (3b) and for two molecular weights. We
obtain Cp ~ 0.5% at the oil—water interface and Cp ~
4% at the air—water interface. Cp remains roughly
constant for the two molecular weights. For C = Cy,
the adsorbed amount at the oil—water interface is equal
to T ~ 1.5-2.2 mg/m2, as described in the sample
preparation section.

3. Molecular Weight and Concentration Effects.
In Figure 4a,b, we report the influence of the molecular
weight on the force—distance profiles at the same
polymer bulk concentration (0.5%) with the two tech-
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Figure 3. (a) Surface tension measured in PVA—Vac solution
at the oil—water interface: (O) M,, = 55 000; (O0) My, = 155 000.
Surface tension measured in a PVA—Vac (M,, = 55 000)
solution at the air—water interface.
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niques. In both cases, we measure repulsive forces in
a range of surface separation going roughly from 10 to
100 nm. The profiles systematically reveal an expo-
nential behavior with a decay length that increases with
the molecular weight. These results are similar to the
one first obtained by Lyklema and van Vliet with the
analogue of our foam film measurement technique.®
Note also that such behavior was also detected in
previous SFA experiments. In previous papers, Luck-
ham and Klein indeed indicate the presence of an
exponential regime when the measured forces are very
low, i.e., when the polymer-adsorbed layers start to
interact one with another.'* Therefore, our measure-
ments can be considered as an extension of theirs in
the regime of low forces and large distances.

The slopes of the semilog plots are roughly identical
from one technique to the other. The exponential
behavior cannot be attributed to double-layer forces that
would be induced by the presence of parasitic charges
since the introduction of sodium chloride does not
perturb the repulsion (Figure 5). The origin of the force
is thus purely steric.

First, we analyze our data with a simple exponential
function:

F(h) = A exp(—h/4) Q)
where h is the surface separation and 1 is the decay

length. We have tried to fit our data to a power law
with an adjustable exponent, but the agreement is less
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Figure 4. (a) Influence of the polymer molecular weight on
the repulsive force—distance profiles between emulsion drop-
lets (C, = 0.5%) (<) My, = 10 000; (O0) M\, = 55 000; (O) My, =
155 000. The continuous lines are the best fits to the data using
eq 3 in the text. (b) Influence of the polymer molecular weight
on the disjoining pressure isotherms at the air—water interface
(Cp = 0.5%): (@) M,, = 10 000; (m) M,, = 55 000; (®) M,, =
155 000. The continuous lines are the best fits to the data using
eq 3 in the text (this equation being adapted for pressure
measurements).
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Figure 5. Influence of the continuous phase NaCl concentra-
tion on a force—distance profile between emulsion droplets (My
=155 000, C, = 0.5%): (O) [NaCl] =0 M; (+) [NaCl] = 0.2 M.

satisfying than with an exponential. We shall come
back to this point further.

A first guess is that the characteristic length 1 should
scale as the polymer coil gyration radius (Rg). To test
this assumption, we have varied the gyration radius by
raising the temperature closer to the ® temperature,
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Figure 6. Effect of the temperature on the force—distance
profiles between emulsion droplets (C, = 0.5%): (+) My
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Figure 7. Evolution of the exponential characteristic distance
A (deduced from the best fits to the data using eq 3 in the text)
as a function of the polymer coil hydrodynamic radius Ry
(deduced from viscosimetric measurements): (®) oil—water
interface; (O) air—water interface.

i.e., in a region where the gyration radius becomes
smaller. The evolution of the profiles are plotted in
Figure 6. The force range clearly decreases as expected.
In Figure 7, we have plotted the evolution of the decay
length (4, fitted to our data with eq 3) as a function of
the gyration radius. The two lengths can be considered
as linearly related with a slope of around 1.

When fitted to power laws, our data reveal exponents
that range from —3 to —4.5 as the investigated force
intensities decrease. As previously indicated, our re-
sults are similar to the one shown in the pionneering
paper of Lyklema and van Vliet.®

Looking at the literature, several models predict
exponential behaviors. We briefly describe two of these
models.

(i) Semenov, Joanny, and Colleagues. Based on the
seminal papers of de Gennes,'® Semenov and co-work-
ers!” have developed a theory that describes the differ-
ent force—distance profiles between two polymer-
covered walls. The model distinguishes the loop and
the tail sections of the adsorbed chains and involves
three length scales: the adsorbed layer thickness (1),
an adsorption length z* that separates the region where
the monomer concentration is dominated by loops and
by tails, and a microscopic length b inversely propor-
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tional to the adsorption strength. In the case of ir-
reversible strong adsorption and good solvent condi-
tions, they predict two kinds of behavior depending on
the force—distance regime. Repulsive forces obeying
power law functions are expected at short distances, or
equivalently large forces, with exponent values that
decrease (from —2 to —4) as the separation distance
increases. At these distances from the plates, the
adsorbed polymer concentration profile is mainly due
to loops. Above a given distance (namely 1), the
contribution of the polymer tails becomes predominant
and the force shifts from a power law to an exponential
function with a characteristic decaying length 1 that
reads

A = R/(In(1/govb?))*? 2)

where v is the Flory excluded volume parameter and
¢o is the polymer bulk concentration. The force between
droplets reads explicitly

F(h) = (k, TR/A%)h exp(—hiA) ©)

where k;, is the Boltzmann constant, T is the tempera-
ture, and R is the droplet radius. Note that this
expression is valid only if 4 is large enough (essentially
larger than z*), i.e., for a polymer-adsorbed amount close
to the saturation value. For smaller adsorbed amounts,
the force may become attractive even in cases of
irreversible adsorption.

In the weak adsorption limit, the authors claim that
the only relevant length scale is the chain radius of
gyration, and the adsorbed layer thickness is propor-
tional to it.

(ii) Dolan and Edwards. A similar behavior has been
also proposed by Dolan and Edwards.’® Treating the
case of plates covered by end-grafted polymer, the
authors predict a positive interaction energy that reads:
E(h) ~ I" exp(—h/Ry) where I' is the amount of adsorbed
polymer. This relation is valid for the large distance
(h > Rg) and at low surface coverage (low I).

We believe that the first model is more adapted to
our data since it describes the case of randomly an-
chored polymers. Thus, as previously described in a
recent paper,® we have interpreted our data within the
frame of the model of Semenov and collaborators, i.e.,
fitted our data to egs 2 and 3. We have used the
Derjaguin approximation and this model to transform
the disjoining pressure into a force. The obtained curves
are plotted in Figure 8. As previously indicated, the
slopes are very similar from one technique to the other.
Also, the force intensities at identical molecular weight
are comparable; i.e., the difference never exceeds half
a decade. As we argue in section 4, such variation might
be due to different adsorbed amounts at the air—water
and the oil—water interfaces.

We now compare the theoretical values of the prefac-
tor deduced from eq 3: k,TzR/A3. The results are
presented in Table 2 and, considering the precision of
our data, the agreement is satisfying. It thus comes out
that the measured repulsive force is well described by
the model and that, in the large distance regime that
we explore, the repulsion is probably due to the polymer
tails.

In eq 3, we voluntarily omitted an attractive depletion
term that reflects the difference in the solvent chemical
potential between the gap separating the interfaces and
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Figure 8. Influence of the polymer molecular weight on the
force—distance profiles between oil—water (filled symbols) and
air—water interfaces (empty symbols). The pressure—distance
data are transformed into forces using the Derjaguin ap-
proximation and eq 3 in the text (C, = 0.5%). Oil-water
interface: () My = 10000; (dO0) My, = 55000; (O) My =
155 000. Air—water interface: (®) M,, = 10 000; (m) M,, =
55 000; (®) M,, = 155 000.

Table 2. Compared Values of the Theoretical Prefactor
with the Fitted Ones

fitted prefactor  fitted prefactor

theor prefactor (N/m) (N/m)
(N/m) (oil—water (air—water
mol wt kp TZR/AZ interface) interface)
10 000 101 8.4 x 10712 2.6 x 1071
55 000 3.3 x107%2 3.2 x107%2 7 x 10712
155 000 4 x 10713 8.3 x 10718 2.9 x 107%2

the bulk.”20 We can evaluate this term by assuming
that the polymer solution behaves as a perfect gas of
hard spheres with radius equal to the coil gyration
radius (in that case mosm ~ Nak, TCp/My Where Nj is the
Avogadro number). Also, we suppose that the polymer
free coils are totally expelled from the interface gap as
soon as the surface separation becomes lower than their
diameter. Following these two assumptions, we obtain
a force that is typically of the same order of magnitude
as the measured forces and that should be proportional
to the bulk polymer concentration. This is clearly not
what is observed in Figures 2b and 9a,b where no
relevant decreases of the measured forces are observed
as the polymer concentration increases. One explana-
tion for this difference with the expected behavior would
be that the polymer coils behave as soft spheres and
can change their shape to occupy the space between the
interfaces. In this respect, the depletion term can be
considered as negligible in the concentration range that
we explore.

4. Adsorption at the Interfaces. Effect of Added
Nonionic Surfactant. In this section, we examine the
influence of the polymer-adsorbed amount on the force
profiles. As seen in Figure 9b (in the case of foam films),
the force intensity slightly increases with the concentra-
tion. This effect is not evidenced in the case of ferrofluid
emulsion droplets (Figure 9a). We believe that these
two different behaviors are due to the different plateau
concentration values measured at the two interfaces.
From Figure 3a,b, we indeed deduce a plateau concen-
tration Cp above which the surface tension no longer
evolves significantly. This means that the polymer
surface concentration remains constant above this
polymer bulk concentration. As previously mentioned,
Cpi(air—water) > Cy(oil—water) and it might be the
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Figure 9. (a) Influence of the polymer concentration on the
force—distance profiles between emulsion droplets, M,, =
55 000; (+) Cp = 0.05%; (a) Cp, = 0.08%); (@) C, = 0.4%; (<) Cp
= 1.5%; (O) Cp = 3.7%. (b) Influence of the polymer concentra-
tion on disjoining pressure isotherms, M,, = 55 000: (®) C, =
0.5%; (O) Cp = 1%; (@) C, = 5%.

reason why the force intensity slightly increases as the
polymer bulk concentration evolves from 0.5% to 5%
(~Cp) in the case of foam films. Opposingly, in the case
of emulsion, we do not observe any significant evolution
of the force intensities as the bulk concentration is
varied from 0.5% to 3.7%, i.e., above the plateau
concentration.

To test the variation of the force with the polymer-
adsorbed amount (I'), we have introduced increasing
guantities of a nonionic surfactant (nonylphenol oxy-
ethylene NP10 of CMC = 7 x 1075 M) that is known to
adsorb preferentially at the interface and displace the
polymer.2t The use of nonionic surfactant introduces
no long range double-layer forces that would disturb our
measurement of steric repulsive forces. In Figure 10a,b,
we show the evolution of the disjoining pressure and
force—distance profiles with increasing NP10 concentra-
tions. The characteristic distance A remains unchanged,
while the preexponential factor decreases with the
polymer-adsorbed amount. The same behavior is ob-
served in both cases. Above a given NP10 concentra-
tion, the exponential profile vanishes and the equivalent
of a “hard sphere” behavior is measured. However, the
concentration above which the profile becomes “hard
sphere” (Cps) varies from one interface to the other (from
Cnhs = CMC at the oil—water interface to C,s = 3 CMC
at the air—water interface). The different values of Cps
reveal a difference in the polymer-adsorbed amount and
adsorbing strength from one interface to the other, thus
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Figure 10. (a) Influence of a nonionic surfactant concentra-
tion (NP10 of CMC = 7 x 10°° M) on the force—distance
profiles between emulsion droplets (C, = 0.5%; My, = 155 000):

(+) [NP10] = 0 M; (O) [NP10] = CMC/20; (®) [NP10] = CMC/
10; () [NP10] = CMC/3; (O) [NP10] = CMC. (b) Influence of
NP10 concentration (CMC = 7 10> M) on the pressure
isotherms (C, = 0.5%; My, = 55 000): (+) [NP10] = 0 M; (O)
[NP10] = CMC/10; (®) [NP10] = CMC; (<) [NP10] = 3 CMC.

confirming our hypothesis that the force intensities are
connected to I'.  Also, a discontinuous profile, typical of
structuration effects, is detected in the foam film at C
= 3 CMC, due to the trapping of micelles between the
interfaces.2?2 This structuration was never observed in
the case of emulsions, even at higher surfactant con-
centration,” probably because of curvature effects (the
droplet/micelle radius ratio is typically around 10, while
it is quasi infinite in the case of foam films).

Such evolution of forces as function of T" is incompat-
ible with the prediction of Semenov and co-workers in
the large adsorption regime in which the force prefactor
is supposed to vary very smoothly with T'. This suggests
that, in the presence of surfactant, the experimental
conditions are those of an intermediate adsorption
regime. This regime tends to be similar to the one
described by Dolan and Edwards in which the force
prefactor is directly proportional to I'.

Conclusion

We have probed the forces that arise between polymer-
covered fluid interfaces in good solvent conditions. In
the absence of any added surfactant, the neutral sta-
tistical copolymer is shown to adsorb irreversibly at the
interface but gives rise to fully reversible force—distance
profiles upon compression and decompression. By vary-
ing the polymer molecular weight and solvent condi-
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tions, our measurements reveal exponential profiles
with characteristic distances that scale as the free coil
gyration radius. This length is insensitive to the
polymer bulk concentration and to the nature of the
fluid—fluid interface since no significant qualitative
differences are observed between air—water and oil—
water interfaces. When compared to previous experi-
mental results obtained between solid surfaces, our data
fit well with the lowest force intensity regime that was
probed with the surface forces apparatus. Therefore,
we believe that the main differences between the SFA
results and ours are due to the different regimes of
forces intensities that are probed with these techniques.

The force intensity is slightly different between the
two techniques used in this study. By varying the
polymer-adsorbed amount I" through the use of a sur-
factant that displaces it from the interface, we demon-
strate that the force intensity is a direct (though
unknown) function of I" and thus depends on the nature
of the interface.

Comparing our results to the different theories on
polymer-induced forces, it seems that our data fit quite
well with the predictions of Semenov and collaborators.
The authors indeed expect such an exponential behavior
with a length proportional to Rq, as we observe. Also,
evaluations of the forces prefactors lead to values
comparable to the ones deduced from the fit to our data.
A disagreement appears when the polymer-adsorbed
amount is decreased, which is not surprising since their
predictions refer to a large adsorption regime. There-
fore, we believe that the observed discrepancies are
mainly due to the fact that we probe a regime of
intermediate adsorption strength that does not fully
enter the theoretically treated strong adsorption limit-
ing case. Opposingly, in this weak adsorption limit, our
results compare well with the predictions of Dolan and
Edwards in which the force prefactor is directly pro-
portional to the adsorbed amount I'.
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