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ABSTRACT
We investigated the effect of specific interactions on the structure of interfaces between a
brush and a hydrogel, at the polymer chain length scale. We used a model system for which
the interactions between the brush and the gel are switchable. We synthesized weak
polyelectrolyte brushes of poly(acrylic acid) and hydrogels of polyacrylamide and poly(&V, V-
dimethylacrylamide) which interact solely when the poly(acrylic acid) is mainly in its acidic
form. The monomer density profiles of the poly(acrylic acid) brush immersed in pure
deuterium oxide (D,0O) or in contact with a D,O-swollen gel were determined by neutron
reflectivity. At pH 2 when the brush is in its neutral and acid form, it interacts with the gel by
hydrogen bonds while at pH 9 when the brush is a polyelectrolyte, it is not interacting with
the gel. Our results show that the presence of interactions with the gel at pH 2 increases the
swelling ratio of the brush relative to pure D,0O, meaning that the brushes exhibit

conformations which are more extended from the surface than in the absence of interactions.



1. INTRODUCTION

Many hydrogels, in particular those originating from renewable resources, are used in food
science, biology and biomedicine or targeted drug delivery or artificial tissue applications.'”
Hydrogels are attractive biomaterials, generally biocompatible, highly deformable and with
tunable mechanical properties through their chemistry. However, since they contain large
amounts of water, they are also fragile and not naturally sticky.® Yet, their adhesive or
lubrication properties are essential in many applications.” 8

The use of simple model systems should lead to a better understanding of the mechanisms
controlling the adhesion between hydrogels and surfaces. To control and tune the adhesive
properties of hydrogels on surfaces, two approaches can be considered: the functionalization
of hydrogels with responsive chemical groups which can then trigger interactions with a
substrate or the modification of the surface with responsive polymers which can interact with
the hydrogel network.” '® We chose the second approach and used responsive polymer
brushes synthesized by chemical grafting onto solid substrates for their ease of synthesis and
ease of verification of successful synthesis.'' Polymer brushes have been widely used for that

reason to functionalize surfaces and to control the adsorption properties'? of bacteria,'? cells,"
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antibodies, surfactants'’, nanoparticles'® or proteins.
In the studies performed with elastomers in the absence of solvent, surface tethered polymer
chains can greatly enhance the adhesion phenomena between the functionalized surface and
an elastomeric network: when the surface of the elastomer is in contact with the grafted
surface, the entanglements between the brush chains and the elastomer are the cause of a
significant increase in adhesion.” However, in the case of diluted networks such as hydrogels,

the effect of entanglements should be substantially reduced and only specific molecular

interactions between monomer units should contribute to adhesion.



We selected chemically cross-linked neutral model hydrogels and brushes which are pH-
sensitive. The molecular interactions between the hydrogel and the polymer brush in water are
hydrogen bonds triggered by a change in pH.?® In acidic conditions (pH < 3), interpolymer
complexes between the proton-donor poly(acrylic acid) and the proton-acceptor
poly(acrylamide) (PAM) or poly(N, N-dimethylacrylamide) (PDMA) are expected to occur.”’
The pH-responsive PAA brushes were synthesized on silicon wafers by the “grafting onto”
approach”™ and hydrogels of PAM or PDMA were prepared by redox free radical
polymerization. The gels were designed for the adhesion tests: highly elastic (G’ >> G”) and
dimensionally stable upon pH, ionic strength and temperature changes. The adhesive
properties between the neutral gels and the pH-responsive brushes can then be tuned simply
by a change in pH without any change in mechanical or structural characteristics of the gel.
Besides the macroscopic approach consisting in underwater adhesion tests,” the effect of the
interactions between the hydrogel and the polymer brush can be probed at the molecular scale
by neutron reflectivity which gives access to the profile of neutron scattering density across a
planar interface. We previously determined the monomer volume fraction as a function of
distance from the surface for PAA brushes at various pH.” Here, we probe the interface
between a hydrogenated polymer brush and a hydrogenated gel swollen in deuterium oxide.
Using poly(N-isopropylacrylamide) (PNIPAM) brushes as a control sample, we show that the
swollen hydrogel can be considered a continuous medium. Then, the reflectivity data can be
used to determine the monomer concentration profile of the PAA brushes. We focus on how
the structure of the brush, in contact with the swollen hydrogel, changes with the variation of

the specific interactions between the monomers of the brush and those of the gel.



2. EXPERIMENTAL SECTION

2.1 Synthesis of PAA and PNIPAM brushes

The synthesis of poly(acrylic acid) brushes on silicon wafers using the “grafting onto”
strategy was reported elsewhere.”® Briefly, the carboxylic acid functions of carboxy-
terminated poly(tert-butylacrylate) chains were thermally reacted at 120°C on a silicon single
crystal previously functionalized with a self-assembled monolayer of y-
glycidoxypropyltrimethoxysilane, (GPS). Then the ester functions were degraded by pyrolisis
at 200 °C to obtain PAA brushes (either short chains of M = 2.4 kg.mol, or long chains of M
=24 kg.mol™"); the detailed procedure is described in the Supporting Information. Specifically
for this study, the PAA brushes were synthesized on 100 x 50 x 10 mm’ silicon single
crystals. They remained stable in the pH conditions at which they were studied. The brush
thickness was measured by ellipsometry and the brush chemistry was characterized by infra-
red spectroscopy in the Attenuated Total Reflection mode. Both thickness and infra-red
spectra were identical before and after the experiments.

The synthesis of PNIPAM brushes is somewhat similar to that of PAA brushes, except that
carboxy-terminated poly(N-isopropylacrylamide) chains (M = 121 kg.mol™") were thermally
reacted on the GPS-functionalized single crystals at 150 °C. The substrates were used after

being extensively rinsed with water and dried at room temperature under a nitrogen flux.

2.2 Synthesis of hydrogels

The synthesis of poly(acrylamide) or poly(&V,N-dimethylacrylamide) hydrogels was described
in detail elsewhere.’® Free radical polymerization was carried out using N, N’-methylene-bis-
acrylamide (MBA) as a cross-linker and the potassium persulfate/tetramethylethylenediamine

(KPS/TEMED) redox couple as initiator. Unless otherwise noted, gels were synthesized with



a monomer to deuterium oxide (D,0O) mass ratio of 10 %, an MBA to monomer molar ratio of
2 % and an initiator to monomer molar ratio of 1 %. Two hydrophobic glass slides (treated by
octadecyltrimethoxysilane) sandwiched a PDMS gasket to be used as molds for the formation
of hydrogels. By taking the glass slides apart from the gasket, the PAM or PDMA gels were
removed from the glass mold; they were dialyzed in DO and were finally stored in their
swollen state until final use. The hydrophobic treatment allows the demolding of the gel from
the glass molds without causing any damage to the surfaces of the gels. The gels were then

put in contact with the PAA brushes on the silicon single crystals.

2.3 Neutron reflectivity

Neutron reflectivity measurements were carried out on the time-of-flight reflectometer EROS
at the Laboratoire Léon Brillouin, CEA-Saclay (France). On this reflectometer equipped with
a “He detector, the accessible wavelengths are in the range of 3 to 25 A (AMA = 0.1), the
sample-to-detector distance is fixed at 2.0 m and we used a grazing angle of 1.34°, giving
access to a wave vector range of 5.8 10° A™ - 4910% A, The acquisition time was set
between 6 and 8 hours during which the samples were regulated at 25 °C for the PAA brushes
and either 20 °C or 60 °C for the PNIPAM brushes. The beam size was adapted to the sample
size and incident angle: 25 mm wide and 1 mm high. A schematic of the sample cell is shown
in the SI: it consists of the silicon single crystal and a thermoregulated Teflon trough (in
which the deuterium oxide or the swollen gels are placed) sandwiched in a stainless steel
holder.

The reflectivity raw data was corrected for the direct beam and for the non-specular signal; it

was then normalized using the position of the total reflectivity plateau. The logarithm of the
corrected intensity is plotted as a function of the wave vector g = 2Tﬂsin(G), where 4 is the

wavelength and 6 the grazing angle.



Neutron reflectivity is sensitive to the scattering length density profile normal to the interface
Nb(z) which provides the monomer volume fraction profile ¢z) or the local monomer
concentration at a distance z from the interface. The reflectivity experiments were performed
using in all cases hydrogenated polymer brushes and deuterium oxide. The choice of a
hydrogenated polymer brush in a deuterated solvent gave access to a total reflection plateau
and a low incoherent neutron scattering. However two types of experiments were carried out;
in experiment 1, the brush was immersed in pure D,O, while in experiment 2 the brush was in
intimate contact with a gel (hydrogenated PAM or PDMA) swollen in D,0. In the data
analysis, we assume that (i) the PAM or PDMA networks are continuous media — which
basically means that the concentration of the networks is independent of the distance from the
surface within the penetration depth of the neutrons; and (ii) the scattering signal from the
hydrogenated polymer in the swollen gel has a negligible contribution to the reflectivity
signal. The extents to which these assumptions are valid are discussed in the next section.

The density profile deduced from the neutron reflectivity data is the profile of the polymer
brush either in D,O or in contact with the D,O-swollen hydrogel. The scattering length
densities used for the determination of the profile of the brush were 0.78 10° A for
PNIPAM, 2.68 10 A for neutral d;-PAA (PAA in D,0) and 2.10 10® A for ionized PAA,
2.07 10 A for silicon, 3.48 10 A for silica and GPS, and (6.25 + 0.15) 10°® A for the pH
equilibrated deuterated water or hydrogels. The brush was modeled as a set of layers, each
characterized by a fixed thickness and a fixed scattering length density. Two adjacent layers
were connected using error functions (erf) of fixed width to get a continuous profile. The
procedure consisted of choosing a scattering length density profile and finding the
corresponding parameters for which the calculated reflectivity curve fitted the experimental

reflectivity data the best. This reliable method allowed the determination of a continuous



scattering length density profile, without making any assumptions about its analytical form.
The monomer volume fraction profile ¢(z) was then deduced from Nb(z).’'

From the density profile ¢(z), one can calculate the dry thickness y of the polymer brush:

4 :J:ooqﬁ(z) dz. y 1is independent of the shape of @(z) and can be compared to the values

provided by ellipsometry: in all cases, the thickness measured by ellipsometry was identical to

the thickness obtained from simulated density profiles. The swollen thickness of the brush L

j0+°° 2.4(2).dz
IO“O #(2).dz

can also be calculated from the profile #z): L =2 . It is twice the normalized

first moment of the volume fraction profile which is defined with complementary error
functions (erf) connecting two adjacent layers. The degree of swelling defined as the ratio of

the thickness of the swollen brush to that of the dry brush, L/y, quantifies the level of
stretching of the chains. Similarly to the swollen thickness, the mean volume fraction 5 can

[ #=(pdg
[ z(p)a9

0

be calculated from the profile: ¢ =2



3. RESULTS AND DISCUSSION

Before presenting the main results of the study we need to take a critical look at the
assumption that the reflectivity signal and analysis can be treated as if the PAM or PDMA
networks were continuous mediums, which basically means that their concentration is

independent of the distance from the surface.

3.1 Effect of the presence of hydrogels on the determination of the brush density profile

3.1.1 The gel concentration at its surface is low. In a previous paper, we have shown that
the position of the critical wave vector of the total reflection plateau (g.i) can be used to
determine the average hydrogel concentration at the interface between the deuterated water
and the silicon wafer.’® Using this method, we demonstrated that when a PDMA hydrogel
(DMA to water mass ratio of 10 wt % and MBA to DMA molar ratio of 2 mol %) is
synthesized between OTS-treated glass plates and put in D,O to reach its equilibrium
swelling, the polymer volume fraction at the surface (¢ =4 107) is significantly lower than
the polymer concentration in the bulk of the gel (¢pux = 7.1 107). This means that for our
system, the signal from the hydrogenated PAA grafted brush (of maximum scattering length
density 2.68 10 A for neutral PAA), the concentration of which can reach tens of percent at
the surface, is significantly higher than the signal due to the gel networks, the SLD of which
are either 0.94 10° A for PDMA or 3.16 10° A for PAM. Except in the region at the very
top surface of the brush, where the volume fraction of PAA becomes smaller than a few
percents, it is reasonable to consider that the reflectivity signal coming from the gel is
negligible. The whole reflectivity signal on the first 500 nm near the surface is dominated by

the polymer brush.”



3.1.2 The PNIPAM brush, as a control sample, demonstrating that the gel does not
invalidate the reflectivity analysis. In this part, we use a control sample made of PNIPAM
(SLD ~ 0.75 10° A) brushes to check the influence of the gel on the determination of the
structure of the brush. PAM (from the gel) and PNIPAM (from the brush) are known not to
form complexes in water at any pH or temperature conditions, but PNIPAM is a well studied
thermo-sensitive polymer for its LCST in water at 32 °C. Thus, a significant difference in the
conformation of the brush is expected for the PNIPAM brush immersed in water when
changing the temperature from 20°C to 60°C. Using the setup shown in the Supporting
Information, we have measured the reflectivity of a PNIPAM brush at T = 20 °C < LCST
when the polymer is soluble in D,O and at T = 60 °C > LCST when the polymer is collapsed.
These measurements have been carried out in pure D>O and in contact with a PAM hydrogel
equilibrated at pH 9 in D,O.

The reflectivity curves obtained in water at 20 °C and at 60 °C are shown on Figure 1.
Comparing these curves, one can first notice the difference in the Kiessig fringes, which are
more pronounced at 60 °C and which are the signature of a steeper density profile. At 20 °C,
the brush is stretched away from the surface with a maximum extension of 1400 A (about
five times further from the surface than the PAA brushes studied later). On the contrary at 60
°C, the brush is collapsed on the surface (maximum extension below 400 A) with a small
depleted layer and a high polymer fraction (~ 0.6) close to the surface. The LCST has caused
the appearance of two phases: polymer-poor and polymer-rich. Nevertheless, the PNIPAM
chains are not completely collapsed on the surface since the polymer profile is not that of a

dry brush.
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Figure 1. (a) Neutron reflectivity curves and (b) polymer volume fraction corresponding to
the best fit of the reflectivity data for temperature-responsive PNIPAM brushes. The
reflectivity curves are shifted vertically for clarity. In figure (a), the immersing medium is,
from top to bottom: D,0 at 20 °C; PAM gel in D,O at 20 °C; D,0 at 60 °C; PAM gel in D,O
at 60°C. In figure (b), solid lines are for the brushes immersed at 20 °C and dashed lines for
the brushes immersed at 60°C; dark colors are for brushes immersed in D,O, light colors for

the brushes in contact with the D,O-swollen PAM gel.
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In the presence of the PAM gel, the profiles of the PNIPAM brushes obtained from the fits
(which neglect the presence of the gel) are nearly identical; a small difference can actually be
seen close to the total reflection plateau (see Figure 1). This result confirms that the
reflectivity signal is dominated by the signal from the brush and that the presence of the gel is
only visible through a slight modification of the total reflection plateau. In other words, our
hypothesis (considering the gels as continuous semi-infinite mediums, ¢f. Neutron reflectivity

section in the experimental part) is valid.

In conclusion, three main reasons justify neglecting the gel in determining the brush profile:
(a) First, we have shown that the gel concentration at its surface is a lot smaller than the
concentration in the bulk of the gel, and as a consequence, it is possible to consider that within
the neutron penetration depth in the gel (which is about 500 nm), the gel concentration
remains low (¢ =~ 4 107) and constant or its variation is small close to the surface.

(b) Secondly, we have used a control system where the brush is made of PNIPAM, which has
no specific interaction with the gels, to show that the presence of the gel was not invalidating
the analysis method of the neutron reflectivity signal.

(c) Finally in the absence of interactions at pH 9, the determined profile of the PAA brush is
identical in water or in contact with the gel, as could be expected (see Figure 2); this latter
result also demonstrates that the scattering signal from the gel has a negligible contribution to

the reflectivity signal.

3.2. Effect of pH on the stretching of the brush in contact with the gel
Figure 2 displays the neutron reflectivity curves and the corresponding density profiles of the

polymer brush which best fit the experimental curves; the data are shown for the PAA brush
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immersed in D,0 and in contact with the PAM hydrogel at pH 9. The curves show no obvious
Kiessig fringes, suggesting that the density profiles are not sharp. In D,O at pH 9, the PAA
brush is completely ionized and stretched. The density profile has a Gaussian shape, as

expected from theoretical models.* **

The reflectivity data do not change much, whether the
brush is immersed in D,O or in contact with the gel and therefore the density profiles of the
brush obtained at pH 9 are very close. This is expected since no specific interaction is

expected to occur at high pH between the PAA chains of the brush and the PDMA or PAM

chains of the hydrogel.”’
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Figure 2. (a) Neutron reflectivity curves and (b) polymer volume fraction profiles
corresponding to the best fit of the reflectivity data. Experiments were carried out with the
PAA brush at pH 9, in D,O (dark red and dashed line) or in contact with a PAM gel (light red

and solid line). The reflectivity curves are shifted vertically for clarity.

In Figure 3, the results at pH 2 are shown. As observed at pH 9, the density profiles are very
gradual. At pH 2, the brush in contact with D,O has a parabolic profile, as expected by
theoretical models.*>” However, when the brush is in contact with the gel, it is obvious that it
is more stretched. At pH 2, the PAA chains are protonated and not ionized so that PAA and
PAM (or PDMA) chains can form interpolymer complexes through hydrogen bonds.>” The
specific interactions through hydrogen bonds between the brush and the gel are the most

likely reason for the stretching of the brush.
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Figure 3. (a) Neutron reflectivity curves and (b) polymer volume fraction profiles
corresponding to the best fit of the reflectivity data. Experiments are carried out with the PAA
brush at pH 2, in D,O (dark green and dashed line) or in contact with a PAM gel (light green

and solid line). The reflectivity curves are shifted vertically for clarity.

The mean characteristics of the brushes (the dry thickness y , the mean height in the swollen

state L, the mean volume fraction of polymer inside the brush (Z and the swelling ratio L/y)

calculated from the profiles are displayed in Table 1. The swelling ratio at pH 2 in the
presence of the gel is even higher than that of the brush at pH 9. For many different
experiments carried out at pH 2, we systematically found that the mean height of the brush
was extended of at least 20 % when in contact with the gel. The same applies to the swelling
ratio of the brush which was in the range of (or slightly higher than) the swelling ratio
obtained at pH 9. Accordingly, the mean polymer volume fraction is smaller for more
stretched brushes (at pH 9 and in contact with the gel at pH 2) for the same dry thickness or
integral of the profile. These results suggest that the H-bonds are the source of the stretching
of the brush in contact with the gel. This additional extension could be explained by the

interpenetration of the brush inside the gel. This effect differs from what was observed for a
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gel and a brush interacting through Coulombic interactions by La Spina et al.'® They took
advantage of the pH-sensitive electrostatic complexation between a weak polyacid gel
(precisely poly(methacrylic acid) PMMA) and a weak polybase brush (poly[2-(dimethyl
amino)ethyl methacrylate] PDMAEMA) to tune the adhesive properties. The two neutron
reflectivity curves shown in their work were obtained by using a deuterated PDMAEMA
brush in H,O at pH 7 and in contact with a hydrogenated PMAA hydrogel. The density
profiles revealed that the brush was not extended at its extremity but rather had a sharp
interface with the gel, suggesting that there was no interpenetration of the brush inside the gel.
In their system, both the PDMAEMA brush and the PMAA hydrogel are polyelectrolytes at
pH 7 whereas our system is made of neutral chains at pH 2: the osmotic pressure due to the
presence of counterions could explain the difference between the two systems. Additionally,
H-bonds are very short and oriented interactions, which can be formed only when the
interacting molecules are in very close vicinity, while Coulombic interactions are active on

longer distances.

Immersing medium y (A) L(A) 5 Ly
D,0, pH 9 43 116 0.36 2.77
PAM gel, pH 9 43 116 0.36 2.77
D,0, pH 2 43 89 0.48 2.07
PAM gel, pH 2 46 132 0.34 2.87

Table 1. Characteristics of swollen poly(acrylic acid) brushes (with M, = 23.6 kg/mol) when

varying the immersing medium. The dry thickness y , the mean height L, the mean volume

fraction of polymer inside the brush 5 and the swelling ratio L/y are calculated from the

profile.

Effect of the characteristics of the gel and of the brush

16



Given that the interactions in water for the polymer couples PDMA/PAA and PAM/PAA are
different”’, is it possible to notice a variation in the profile of the brush when the gel
chemistry or composition are changed? To answer this question, we have carried out neutron
reflectivity measurements on similar but different brushes. We have compared the profile of
the brush at pH 2 when it is in contact with pure D,O with the profile of the same brush in
contact with a swollen gel, either PDMA or PAM. The average characteristics of the brushes
as deduced from the measured concentration profiles are given in the Supporting Information.
In contact with the PDMA gel, the brush extends further from the surface than in D,O and
consequently, both the mean height of the brush and its swelling ratio increase. The presence
of either gel - PAM or PDMA — stretches similarly the concentration profile of the brush by
more than 25 %. We also have studied the effect of the gel concentration on the structure of
the brush by using PAM hydrogels synthesized with 5, 10 and 15 wt % of monomer in water
(results given in Supporting Information). When varying the gel concentration, the distance
between anchoring sites D (specific lengthscale of the brush) was kept constant at 28 A and
the specific length scale of the gel ¢ (the thermal correlation length) did not vary much
(between 10 and 13 A as described in detail in the Supporting Information). No trend could be
observed.

Besides changing the gel concentration, the number of possible interactions between the gel
and the brush and the ratio of the specific length scales can also be varied by changing the
grafting density of the brush or the length of the chains. In the Supporting Information, we
report the average characteristics of the brush conformations for various D (27 A to 37 A) and
chain lengths (M = 23.6 or 2.36 kg.mol™) in contact with PDMA hydrogels (¢ =~ 25 A): all
chains are extended at pH 2 in the presence of the gel but no obvious effect of the grafting

density could be observed within the range that we studied.
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Relationship between microscopic structure and macroscopic measurements

In terms of macroscopic measurements, it is not easy to measure the energy of formation of
the polymer complexes in water by micro-differential scanning calorimetry.”” However, the
macroscopic adhesion has been found larger for PAM hydrogels than for PDMA hydrogels: at
pH2 and for a contact time of 300 s, the energy of adhesion for 2 similar PAA brushes is of
about 10 mJ.m” for a PDMA hydrogel and of about 100 mJ.m™ for a PAM hydrogel (both
synthesized with 10 wt % of monomers in water and 2 mol % of crosslinker).”® In terms of
interactions of entropic origin, the additional stretching of the brush for the PAM gel
compared to the PDMA gel is not sufficient to account for the difference in adhesion energies

measured.

AZ

P H

$(2)

Figure 4. Schematic representation of the brush structure against the gel and against water at

pH 2. The brush is more extended in the presence of the gel at pH 2 when there are specific
interactions between the gel and the brush with hydrogen bonds. h; and h,, are the mean

heights of the brush in the presence of the gel, and in water respectively.

If the system is in thermodynamic equilibrium, the loss in free energy due to the additional
stretching of the brushes induced by the presence of the gel, as schematized on Figure 4,
might be a way to measure or characterize the energy of the interactions. This elastic energy

can be statistically calculated using a Flory-type self-consistent approach:
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h:—h’

F, (kT / chain) = —=—

0

By using this expression with the value of Ry, = (Conl?/6)Y/? ~35A (with n =330,
[=1.54 A and C, = 8.3), we obtain an additional elastic energy in the range of 1.5-
8 kT/chain.*® This is much smaller than the in-air thermodynamic work of adhesion and it is
also far below the energy of adhesion measured under water with the PDMA hydrogel
(synthesized with a monomer to mass ratio of 10 % and a cross-linker to monomer molar ratio
of 2 %), which is the weakest and of the order of 50 kT/chain. It is more likely that the
additional stretching observed favors the formation of longer lived multiple hydrogen bonds

which should have an important effect on macroscopic adhesion.
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CONCLUSION

This work was motivated by understanding the effects of tunable H-bond interactions on the
conformation of a pH-sensitive brush in contact with a hydrogel. Complementary to the
macroscopic approach which consisted in underwater adhesion test,” this paper explores the
structural aspects of these interactions at the molecular scale by using neutron reflectivity.
After demonstrating that the presence of a gel as a semi-infinite medium does not alter the
reflectivity study, the structures of the polymer brush were determined in contact with either
water or a hydrogel, both of them being equilibrated at the same pH.

pH-responsive PAA brushes were synthesized on silicon wafers following the “grafting onto”
approach. They form hydrogen bonds triggered by pH with chemically cross-linked model
hydrogels of PAM and PDMA. As a result, we have shown that at pH 2 (when the brushes are
able to form H-bonds with the gels), the brushes are additionally stretched when they are in
contact with the swollen gel instead of being immersed in D0, indicating that the presence of
polymer-polymer interactions has an effect on the conformation of the brush. We found the
same additional stretching of the brush for both PAM and PDMA hydrogels at any
concentration between 5 and 15 wt % (of monomers in the gel) and for various grafting
densities of the polymer brush. The effect of the additional stretching of the brush was
attenuated for short chains for which the number of hydrogen bonds per chain causing the

interpolymer complexes with the hydrogel was weaker.
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TOC GRAPHIC

The brush in contactwith the gel isadditionnally stretched.
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