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ABSTRACT: We have studied the adsorption of a weak flexible polyelectrolyte, poly(acrylic acid), at an
oppositely charged surface, the surface of water covered with a Langmuir film of dimethyldioctadecyl-
ammonium bromide. The surface charge density and the polymer ionization degree R were conveniently
varied by varying respectively the density σ of the Langmuir film and the pH of the polyelectrolyte solution.
By infrared spectroscopy we evidenced a change in the mean orientation of the adsorbed chains when
increasing the surface charge density, from parallel to the surface for σ < σ0 to perpendicular to the
surface for σ > σ0. A signature of this regime change also appears in the compression elastic modulus.
The value of σ0 scales as R at low R, as predicted by theory, but saturates when increasing R, presumably
because of a saturation of the polyelectrolyte charge fraction.

Introduction

The adsorption of charged polymers (polyelectrolytes)
onto oppositely charged surfaces plays a central role in
a wide range of biological and industrial processes, such
as cell adhesion, wastewater treatment, the stabilization
of paints and of food emulsions, etc. It has been the
subject of a tremendous amount of experimental and
theoretical work within the past 40 years,1-4 with an
increasing number of experimental techniques (such as
X-ray and neutron reflectivity,5 ellipsometry,6 second
harmonic generation,7 IR spectroscopy,8 etc.) and of
theoretical methods (field calculations, scaling argu-
ments, numerical simulations).4 For most of the ap-
plications thick adsorbed layers are desirable, but very
thin layers are in general observed.9 A recent theoretical
work10,11 predicted a transition in the conformation of
the adsorbed chains, from a 2-d layer at low surface
charge density to a 3-d layer at high surface charge
density.

We were able to evidence this transition in a system
in which both the charge density of the surface and the
linear charge density of the polyelectrolyte could be
varied: weak polyelectrolytes adsorbing from a dilute
aqueous solution onto its free surface, charged by the
presence of a Langmuir film.

Experimental Section

Chemicals. The amphiphile molecule for the preparation
of Langmuir films is dimethyldioctadecylammonium bromide
(DODA). It was purchased from Sigma-Aldrich and used
without further purification (purity ∼99%). The polyelectrolyte
is poly(acrylic acid) (PAA), bought from Sigma-Aldrich, either
in an acidic form PAAH, average molecular weight ∼5000 g
(average degree of polymerization: ∼69), or in a neutralized
form PAANa, average molecular weight ∼5100 g (average
degree of polymerization: ∼54). The polyelectrolyte solutions
were made in ultrapure water from a Millipore-Simplicity

system (resistivity 18.2 MΩ cm). Their concentration was
about the same in all the experiments: 1 × 10-4-2 × 10-4

mol of monomers per L (7.2-14.4 mg of poly(acrylic acid) per
kg of water). The pH of the solutions was adjusted by addition
of NaOH (Prolabo, Normapur) to the PAAH solutions or HCl
(Prolabo, Normapur) to the PAANa solutions. As the pH is
increased, the ionization degree R of the polymer (the fraction
of dissociated COOH groups) increases. No additional salt was
added to the solutions. PAAH is close to theta solvent condi-
tions in water at room temperature.12

Langmuir Film Preparation and Isotherms Record-
ing. The surface pressure measurements were held in a home-
built thermostated Langmuir trough, 13 × 30 cm2, coated with
Teflon and equipped with a Wilhelmy plate system (R&K,
Germany, resolution 0.1 mN/m). The experimental procedure
was as follows: pure water or a PAA solution is poured in the
trough, its free surface is cleaned by a suction device, the value
of the surface pressure on the Wilhelmy plate system is then
set to 0, and a controlled quantity of a solution of DODA in
chloroform (concentration ∼ 0.5 mg/mL) is deposited at the
surface; after waiting a few minutes for the evaporation of
chloroform, the surface pressure is recorded.

Compression Elasticity Measurements. The compres-
sion elastic modulus of a film is defined as ε ) -S dπ/dS )
-A dπ/dA ) σ dπ/dσ; π is the surface pressure, S the total
area of the film, A the area per amphiphile molecule, and σ )
1/A the density of the film. The compression moduli were
calculated directly from the isotherms. For the calculation, the
isotherms were first “smoothed out” by averaging the mea-
surements over a few Å2/molecule. From these smoothed data,
ε was calculated as ε ≈ -A[π(A + ∆A/2) - π(A - ∆A/2)]/∆A,
with ∆A ≈ 5 Å2/molecule.

Brewster Angle Microscopy. The technique allows to
directly vizualize inhomogoneities on a microscopic scale in
monomolecular films at the air-water interface. The instru-
ment we used in this study was described elsewhere in detail.13

The size of the images is about 300 × 400 µm2, with a lateral
resolution of about 1 µm. For the Brewster angle microscopy
(BAM) experiments, we used a home-built Langmuir trough,
15.5 × 50 cm2, coated with Teflon.

PM-IRRAS. The polarization modulated infrared reflection
adsorption spectroscopy (PM-IRRAS) spectra have been re-
corded following the experimental procedure previously de-
scribed.14 Each PM-IRRAS spectrum shown in this work is the
normalized difference between the PM-IRRAS spectrum of the
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DODA film on the PAA solution and the PM-IRRAS spectrum
of the corresponding PAA solution (without DODA film). The
method is sensitive both to the presence of molecules at the
water surface and to their orientation.14 The wavenumber of
a band in an IR spectrum is characteristic of each chemical
bond and of its surrounding. The intensity of a PM-IRRAS
band is proportionnal to the quantity of molecules present at
the surface and to a function of their orientation. The sign of
the band depends on the angle γ between the absorption
moment and the normal to the water surface. It is positive if
γ > 38° (absorption moment close to the water surface) and
negative if γ < 38° (absorption moment close to the water
surface normal).

Results and Discussion
Low Ionization Degree. The results about the

adsorption of PAA to a DODA film from a solution pH
) 4.8 (ionization degree of PAA R ≈ 0.12) were described
in a previous paper.15 We observed that the adsorption
is slow (a few hours). The adsorption isotherm πeq(σ)
was constructed point by point, by depositing a known
density σ of DODA molecules at the surface of a PAA
solution, and waiting for the surface pressure to reach
its equilibrium value πeq. The compression modulus ε
was as well measured one point at a time, either by a
fast compression from equilibrium or by the capillary
waves technique.15 Figure 1 shows the measured values
of πeq and of ε as a function of the DODA film density
σ. πeq scales as σ2 in the entire studied range (0.20-1.1
molecules/nm2). On the contrary, three regims can be
distinguished in the ε(σ) curve. The first regime change
(σ ) σ0 ≈ 0.4 molecule/nm2) was interpreted as a
possible signature of a transition from a two-dimen-
sional adsorbed layer for σ < σ0 to three-dimensional
adsorbed layer for σ > σ0, as predicted by theory.10,11,15

The second regime change (σ ) σ1 ≈ 0.8 molecule/nm2)
corresponds to the transition from a regime in which
the elasticity is dominated by the contribution of the
adsorbed polymers to a regime in which both DODA
molecules and adsorbed polymers contribute to ε.15

We now describe new results obtained by surface
infrared spectroscopy. Figure 2a shows infrared absorp-
tion spectra of PAAH and PAANa solutions in water.
(In these spectra the absorption of water has been
removed by subtraction.) The absorption bands relative
to the basic form are the carboxylate antisymmetric (νa

COO-) and symmetric (νs COO-) stretching vibration
bands, located at 1560 and 1405 cm-1, respectively.16

The absorption bands relative to the acid form are the
carbonyl stretching vibration mode (ν CdO) at 1720
cm-1 and three bands between 1200 and 1280 cm-1

corresponding to interacting C-O stretching (ν C-O)
and O-H deformation (δ OH) modes.16 The band located
at 1455 cm-1 corresponds to the CH2 bending vibration
(δ CH2).16 Finally, the band in the 1325 cm-1 region
corresponds mainly to CH2 “wagging” (γw CH2),16 a
collective vibration of the CH2 groups along the polymer
chain.

Figure 2b shows PM-IRRAS spectra obtained from
mixed DODA-PAA films for two different DODA film
densities, 0.35 and 0.55 molecules/nm2, both about 200
min after deposition of the DODA film. The only
absorption band related to DODA in the 1000-1800
cm-1 region is the CH2 deformation band, at around
1470 cm-1, but it is too weak to be observed in the
presented spectra. The spectra show the absorption
bands related to both the basic and the acid forms of
PAA. The intensity of the CdO stretching band (with
respect to the baseline) is weak as compared to the
intensities of the bands related to the C-O-H group,
while in the solution spectrum their intensities have the
same order of magnitude (Figure 2a). Using the PM-

Figure 1. Surface pressure π (disks) and compression elastic
modulus ε (diamonds) of Langmuir films of DODA at the
surface of PAAH solutions, 1.7 × 10-4 mol of monomers/L, pH
≈ 4.8, T ≈ 24 °C, as a function of the DODA film density σ.
The fit of π by a power law (σR, R ≈ 2.08), and the best linear
fits of ε are also shown.

Figure 2. (a) Absorbance of PAAH (plain line) and PAANa
(dashed line) in solution in water. (b) PM-IRRAS spectra of
PAAH adsorbed at DODA Langmuir films from a PAAH
solution, 1.7 × 10-4 mol of monomers/L, pH ≈ 4.8, T ≈ 20 °C.
Plain line: DODA film density σ ) 0.35 molecule/nm2; dashed
line: σ ) 0.55 molecule/nm2.
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IRRAS selection rule,14 this shows that the angle
between the CdO groups and the surface normal is
probably close to 38° (a little higher, since the band is
positive), while the C-O and O-H bonds are preferen-
tially oriented in the surface plane. On the contrary,
the carboxylate antisymmetric and symmetric stretch-
ing bands have relative intensities comparable to what
is observed in bulk (Figure 2a). Since the corresponding
transition moments are orthogonal to each other, the
COO- groups either lie in the surface plane or have a
random orientation. In principle, the ionization degree
R of the adsorbed polymer may be deduced from the
relative intensities of the bands related to the COOH
and COO- groups.17 Unfortunately, it is not possible
here because of the difference in the orientations of the
two groups with respect to the surface.

There are two main differences between the two
spectra of Figure 2b. First, in the spectrum at low
density (0.35 molecule/nm2), all the bands are positively
oriented with respect to the baseline. That shows that
the angles between all the corresponding transition
moments and the surface normal are higher than the
“magical” angle 38° or have a random orientation. On
the contrary, in the spectrum at higher density (0.55
molecule/nm2), two bands are negatively oriented: the
CH2 wagging band, located at 1295 cm-1, and one of
the C-O-H bands, located at 1190 cm-1. This is
perfectly consistent with a change in the orientation of
the adsorbed polymers, from lying flat at the surface
for σ < σ0 (positive orientation of the CH2 wagging band)
to forming a 3D adsorbed layer for σ > σ0, with a mean
orientation of the chains orthogonal to the surface
(negative orientation of the CH2 wagging band). Second,
the spectrum at low density shows a normal dip at 1650
cm-1, which is due to the refractive index dispersion of
water in this spectral domain,14 while the spectrum at
high density shows a very large positive baseline in the
1800-1400 cm-1 region. This could as well be the
signature of a difference in the organization of the
adsorbed PAA layers. The dip at 1650 cm-1 in the PM-
IRRAS spectra appears when the sample is formed of
separate layers,14 as would be the case for adsorbed
polymers lying flat at the surface. On the contrary, for
a diffuse layer (as would be the case for an adsorbed
3D layer containing water) the PM-IRRAS signal is also
sensitive to the change in the optical indices of water
near its absorption bands at the interface. The change
in the baseline in the 1600 cm-1 region could also
correspond to a very wide band in this region due to
the formation of strong H bonds, as is observed in the
IR spectra of carboxylate salts.18

The flat orientation could be an out-of-equilibrium
state of the adsorbed molecules. A change in the
orientaton of the adsorbed molecules was indeed ob-
served during the adsorption of PAA to a DODA film
with a density a little higher than σ0: σ ) 0.55 molecule/
nm2. Figure 3 shows the corresponding PM-IRRAS
spectra. In the first spectrum, taken 80 min after
deposition of the DODA film on the PAA solution, all
the bands are positively oriented with respect to the
baseline. On the contrary, in the second spectrum, taken
210 min after the beginning of the experiment, two
bands are negatively oriented: the orientation of the
adsorbed polymers changes during the adsorption, from
parallel to the surface to orthogonal to the surface.
Nevertheless, the adsorption of PAA is slow: for σ )
0.55 molecule/nm2 the adsorbed quantity reaches its

equilibrium value within ∼4 h.15 The amount of poly-
mers adsorbed in 80 min is probably low enough to allow
a flat orientation of the chains, while in 210 min, it has
exceeded the value imposing a 3D layer. Furthermore,
for σ < σ0, the orientation of the adsorbed polymers
remains flat for the entire observation time (which could
not exceed about 200 min). Finally, the expected change
in the orientation of the polymer during adsorption is
the other way round: first a rapid adsorption of coils,
followed by a slow reconfiguration to extended chains.
Such a behavior has indeed been oberved,7,19 but at time
scales (a few seconds to a few minutes) beyond our
experimental resolution.

Thus, the PM-IRRAS experiments confirm that the
regime change in the elastic modulus at σ ) σ0 corre-
sponds to a change in the orientation of the adsorbed
polymers.

Intermediate Ionization Degree. We looked for the
same regime change for other values of the ionization
degree, using the same techniques: measurements of
surface pressure and compression modulus and PM-
IRRAS.

Isotherms as a Function of Temperature. For pH
> 5, the adsorption of the polyelectrolytes is more rapid
than at low pH: it only takes a few minutes. Isotherms
π(σ) could be obtained at one time by a (relatively) slow
compression of the film. The compression rate was about
15 mm2 s-1 or about 5 Å2 molecule-1 min-1.

Figure 4a,b shows isotherms of DODA on pure water
and on solutions of PAAH pH ) 7 at several different
temperatures between ∼11 and 23 °C. The pH was
adjusted either by adding NaOH to a PAAH solution or
by adding HCl to a PAANa solution. The isotherms of
DODA on pure water are similar to the ones found in
the literature.5,20,21 At low density, the surface pressure
is very low, and the film shows a gas-liquid expanded
(LE) coexistence, as confirmed by Brewster angle mi-
croscopy. For σ ≈ 0.8 molecule/nm2, the film enters the
pure LE phase, and the surface pressure begins to
increase. A kink in the isotherms, for σ ≈ 1.33 molecule/
nm2 and π ≈ 20 mN/m at 23 °C, is the signature of a
first-order phase transition between the LE and the LC
(liquid condensed) phases. A first-order transition is
expected to appear as a plateau in the isotherm. Here
there are only kinks in the isotherms for several

Figure 3. PM-IRRAS spectra of PAAH adsorbed at a DODA
Langmuir film σ ) 0.55 molecule/nm2: plain line, 80 min after
the deposition of the DODA film at the surface of the PAAH
solution; dashed line, 210 min after the deposition of the film.
Two bands (indicated by arrows) have different signs in the
two spectra.
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reasons. First, the DODA we used is only 99% pure: the
film is a mixture, and the transition plateau is deformed
by the presence of impurities. Second, the long-range
electrostatic repulsions between the molecules prevent
the plateau from being completely flat. Finally, the
counterion of the ammonium head, OH-, seems to
penetrate the alkyl part of the DODA molecule, thus
increasing repulsions between the molecules;20,21 when
using another counterion, for instance Cl-, in concen-
tration as low as 0.1 mM, we have checked that the
plateau is much more flat and at a lower surface
pressure. On the isotherms shown in Figure 4a, the
transition “plateau” is all the more pronounced, wide,
and at low pressure, as the temperature is low. On the
contrary, the isotherm is almost independent of the
temperature before the LE/LC transition. These are
classical results for the LE phase and the LE/LC
transition in a Langmuir film. The LE/LC phase coex-
istence can be observed with Brewster angle micro-
scopy: Figure 5a shows LC domains growing in the LE
phase, in that region of the isotherm. The LC domains
are fractal or perhaps dendritic. This particular shape
probably comes from the combination of two effects:
first, the presence of impurities in DODA gives an
impurities-diffusion-limited growth of the domains (which
leads to fractals or dendrites), and second, the high
viscosity of the LC phase prevents the domains from
relaxing rapidly toward their equilibrium round shape.

Figure 4b shows isotherms of DODA on PAAH solu-
tions (0.1 mM) at different temperatures. The isotherms
have the same general feature as the ones on pure
water: at low DODA film density a gas-LE coexistence
is observed, then a pure LE phase, a LE-LC transition,

and finally a pure LC phase. At high temperatures, the
LE-LC transition does not clearly appear on the
isotherms. However, it can be observed with Brewster
angle microscopy, as shown in Figure 5b. As for DODA
films on pure water, the isotherms depend on the
temperature only in the LE/LC transition region.

For a more precise comparison, Figure 6 shows
together isotherms of DODA on pure water and on a
solution of PAA pH ) 7 at the same temperature, ∼16.5
°C. The isotherm on the polyelectrolyte solution differs
from the one on pure water. That shows that some
polyelectrolyte has adsorbed at the surface, replacing
the counterions of DODA. There are two main differ-
ences between the isotherms: (i) the slope of the
isotherm in the LE region is higher with the polyelec-
trolyte than on water (the LE phase is less compressible,
as will be discussed later); (ii) the LE-LC transition is
shifted toward higher density and higher surface pres-
sure (∆σLE-LC ≈ 0.2 molecule/nm2, ∆πLE-LC ≈ 10-12
mN/m). The isotherms converge in the LC phase. Both
∆σLE-LC and ∆πLE-LC are almost independent of T.

In conclusion, the isotherms of DODA on PAA solu-
tions, at pH > 5, look like the ones on pure water: they
show the same phase transitions. This restricts the
range of σ values which can be explored. For instance,
on the gas-LE plateau (σgas < σ < σLE) the film is not
uniform; it is a mixture of LE and gas domains. At any
point of the film, the surface density is equal either to
σLE or to σgas; σ is only an average value. In practice,
the range of σ values which can be explored, for an
adsorption of polymers to a uniform film, is restricted
to σLE < σ < σLC.

Figure 4. Isotherms of DODA at different temperatures: (a)
on pure water; (b) on PAAH solutions, 10-4 mol of monomers/
L, pH ≈ 7.

Figure 5. Brewster angle microscope images of DODA films
at σ ) 1.6 molecules/nm2, T ≈ 20 °C (a) at the surface of pure
water and (b) at the surface of a PAAH solution, 10-4 mol of
monomers/L, pH ≈ 7. The bar represents 25 µm.

Figure 6. Isotherms of DODA on pure water (plain line) and
on a PAAH solutions, 10-4 mol of monomers/L, pH ≈ 7 (dashed
line), at T ≈ 16.5 °C.
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Isotherms, Compressibility, and PM-IRRAS as
a Function of pH. Figure 7 shows isotherms of DODA
films on PAA solutions at room temperature (∼22 °C)
and for different values of pH between 4.8 and 8.5. By
increasing the pH, the ionization degree R of the
polyacid is varied from ∼0.1 to ∼1. For pH > 5, the iso-
therms are similar to the one on pure water; in parti-
cular, they show a gas-LE plateau. The density at
which this coexistence ends, σLE, increases with the pH.
For a given value of the DODA film density, the surface
pressure increases when decreasing the pH: the quan-
tity of adsorbed polymers increases when decreasing R.
If each counterion of DODA is replaced by a charged
monomer of PAA, the total number of adsorbed mono-
mers per unit area, Γ, is expected to be equal to σ/R; it
is indeed expected to increase when R is decreased.

Figure 8a shows the elastic compression moduli ε
deduced from these isotherms along with that of a
DODA film on pure water and on PAAH solutions at
pH ) 4.8.15 For clarity, only a few curves are shown. In
all these curves, at low DODA film density, the elastic
modulus is equal to zero: when compressing the film
in the gas-LE plateau, the fraction of LE phase
increases at constant pressure. When entering the LE
phase, ε steeply increases to a finite value. Note that
the variations of ε are smoothed since they are calcu-
lated from a smoothed curve, so that the increase at σ
) σLE does not appear abrupt. In the same way, ε of
DODA on pure water collapses when entering the LE-
LC transition, at σ ≈ 1.2 molecules/nm2. The case pH
≈ 4.8 differs from the others because the gas-LE
transition does not exist or begins for a value of σ below
the explored range.

The compression modulus ε is higher for DODA films
on PAA solutions than on pure water: the mixed
DODA-PAA film is more difficult to compress than the
DODA film with small counterions. In the same way
the film is as stiff as R is low (at least in the beginning
of the LE phase). This is again consistent with a
quantity of adsorbed polymers as high as R is low. A
change in the slope appears in some of the ε(σ) curves;
it appears more clearly in the ε(π) curves (Figure 8b).
As discussed for pH ) 4.8, this is probably the signature
of a change in the conformation of the adsorbed mol-
ecules, from flat layer to adsorbed carpet, at σ ) σ0(R).
This was again confirmed by IR spectroscopy. For
instance, Figure 9 shows PM-IRRAS spectra at pH )

6.5 and for two different densities of the DODA film:
0.75 and 0.86 molecule/nm2. In the first spectrum the
CH2 wagging band is positively oriented with respect
to the baseline (the polymers lie flat at the surface)
while it is negatively oriented in the second spectrum
(the average orientation of the polymers is orthogonal
to the surface).

Figure 7. Isotherms of DODA on PAAH solutions, 10-4 mol
of monomers/L, T ≈ 22 °C, at different pH values; from right
to left: pH ) 8.5, pH ) 7, pH ) 6.5, pH ) 5.8, pH ) 5.1, pH
) 4.8.

Figure 8. Compression elastic modulus ε of DODA films on
water and on PAAH solutions, 10-4 mol of monomers/L, T ≈
22 °C, at different pH values; (a) ε as a function of the DODA
film density σ, from right to left: water pH ) 4 (adjusted with
HCl), PAAH solutions pH ) 8.2, 7, 4.8; (b) ε as a function of
the film pressure π, from right to left: PAAH solutions pH )
5.1, 6.5, 7; arrows indicate changes in the slopes of the ε(π)
curves.

Figure 9. PM-IRRAS spectra of PAAH adsorbed at a DODA
Langmuir film from a PAAH solution, 10-4 mol of monomers/
L, pH ) 6.5, T ≈ 20 °C: plain line, DODA film density σ )
0.75 molecule/nm2; dashed line, σ ) 0.86 molecule/nm2. Two
bands (indicated by arrows) have different signs in the two
spectra.
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Figure 10 summarizes the measured values of σLE
(beginning of the LE phase) and of σ0 (transition from
flat to carpet configuration) as a function of R; R is the
fraction of dissociated COOH groups along a PAA chain
in solution, and it was calculated from the concentra-
tions and from the measured pH. The measured values
of σ0 and σLE are close to each other. This could explain
why the signature of σ0 in the elasticity curves or in
PM-IRRAS spectra could not be observed in some of the
experiments. The expected value of σ0 is R/a2, where a
is the size of the monomer.10,11 Such a linear law is
compatible with our measurements at low R (see Figure
10). But when increasing R, both σLE and σ0 saturate,
presumably because R saturates. There are several
possible explanations for this phenomenon. The value
of R is governed both by the pH and by the local electric
field around the polyelectrolyte.22 Both differ at the
surface with respect to within the solution, so that the
ionization degree of the adsorbed polymers, Rsurf, prob-
ably differs from that of the polymers in solution, R, and
could saturate. Unfortunately, as already mentioned,
the value of Rsurf could not be deduced from the PM-
IRRAS spectra because of the strong orientation of the
COOH groups at the surface. Another possible explana-
tion for the saturation of σ0 is a saturation of the charge
fraction f of the polymer rather than of its ionization
degree R, an analogue to the Manning condensation. For
polyelectrolytes in solution in water, at low ionization
degree, the values of R (fraction of dissociated COOH
groups) and f (fraction of monomers carrying a charge)
are equal to each other. But when increasing R, some
counterions condense on the polymer so that the dis-
tance between charged groups always exceeds the
Bjerrum length lB, and f saturates to a/lB.23 A similar
phenomenon probably occurs at the surface, leading to
a saturation of fsurf and of σ0, which is expected to be
equal to fsurf/a2 rather than to Rsurf/a2. Once again, the
value of fsurf, which is controlled by the local electric field
around the adsorbed polyelectrolytes, probably differs

from the value of f for the polyelectrolytes in solution.24

To confirm these hypotheses, independent measure-
ments of the amount of adsorbed sodium ions (for
instance by radiolabeling) would be necessary.

Conclusion
We have evidenced by elasticity measurements and

by PM-IRRAS that the conformation of polyelectrolytes
adsorbed at oppositely charged surfaces depends both
on the surface and on the polyelectrolyte charge densi-
ties. This result could be used for a better control of the
properties of adsorbed polymers. Nevertheless, the
system we used is very particular (air-water interface,
weak polyelectrolyte in theta-solvent condition, rela-
tively short chains, low salinity). The results need to
be generalized, for instance, by a systematic study of
the effect of temperature, chain length, and salinity.
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Figure 10. DODA film densities corresponding to the end of
the gas-LE transition, σLE (diamonds), and to the transition
in the configuration of the adsorbed polymers, σ0, as deduced
from the PM-IRRAS spectra (open squares) or by the compres-
sion elastic modulus measurements (disks).
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