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The processes of adsorption of grafted copolymers onto negatively charged surfaces were studied 
using a dissipative quartz crystal microbalance (D-QCM) and ellipsometry. The control 
parameters in the study of the adsorption are the existence or absence on the molecular 
architecture of grafted polyethyleneglycol (PEG) chains with different lengths and the chemical 
nature of the main chain, poly(allylamine) (PAH) or poly(L-lysine) (PLL). It was found out that 
the adsorption kinetics of the polymers showed a complex behavior. The total adsorbed amount 
depends on the architecture of the polymer chains (length of the PEG chains), on the polymer 
concentration and on the chemical nature of the main chain. The comparison of the thicknesses 
of the adsorbed layers obtained from D-QCM and from ellipsometry allowed calculation of the 
water content of the layers that is intimately related to the grafting length. The analysis of 
D-QCM results also provides information about the shear modulus of the layers, whose valúes 
have been found to be typical of a rubber-like polymer system. It is shown that the adsorption of 
polymers with a charged backbone is not driven exclusively by the electrostatic interactions, but 
the entropic contributions as a result of the trapping of water in the layer structure are of 
fundamental importance. 

1. Introduction 

The study of the adsorption of macromolecules (synthetic 
polymers, polyelectrolytes or proteins) onto solid1 (or fluid2) 
surfaces is a field that has had an intense development, both 
theoretically and experimentally, over the last years.3'4 This 
interest is due to the importance of polymer thin coating in 
many technological applications: fabrication of biocompatible 
films, stabilization of colloidal solutions and particle disper-
sions, flocculation process, surface treatment, cosmetics and, 
in general, in a large number of áreas that are included in the 
field of nanotechnology.5 

The modification of surfaces using comb-like polymers has 
received a great attention over the last years,6-8 because those 
polymers strongly modify the lubrication properties of the 
coated surfaces as revealed by macro- and microtribological 
studies.9-11 This is essentially due to the fluid character of the 
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layer formed by the grafted chains that reduces the frictional 
forces.12 In addition comb-like polymers increase the solubility 
of complexes formed by polyelectrolytes and surfactants of 
opposite charges.13 These particular properties make 
comb-like polymers attractive for applications such as the 
fabrication of biomedical devices,14 or as conditioning agents 
in cosmetic applications.15 One of the most important advan-
tages of the use of this type of comb-like polymers, in relation 
to other methods of fabrication of surfaces with grafted 
chains, is the possibility of tailoring the grafting density prior 
to the adsorption process. The latter allows selecting a poly
mer with the desired grafting ratio (ratio between the number 
of monomer units on the backbone and the number of grafted 
chains).11 High grafting ratios lead to the formation of surfaces 
without good tribological properties, whereas low grafting 
ratios result in not high enough binding to the surface.11'16 

While the influence of the grafting ratio on the solution 
properties is well understood, less is known about its influence 
on interfacial properties such as adsorption and interfacial 
friction. Nanotribological studies of layers of PLL-g-PEG 
adsorbed onto silicon oxide substrates have shown that the 
adsorption of a grafted polymer on the surface reduces 
significantly the interfacial friction.9 Additionally, the investi-
gation of PLL-g-PEG polymers that differ only in the length 
of the PEG side chains revealed that the interfacial forces 
measured in the aqueous médium decreased with an increase 
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in the chain length of PEG. However, at the same time 
the lubrication properties were significantly improved10 as a 
consequence of the higher capacity of binding water by the 
longer PEG chains.17 More recently, Perry et al.ls have 
analyzed the effect of the adsorption time on the lubrication 
properties of PLL-g-PEG layers and showed that after 
5 minutes of adsorption the lubrication properties are not 
modified considerably. However, publications on the adsorp
tion kinetics and its relation to the final performance of the 
adsorbed films are very scarce. 

The importance of the molecular architecture in the tribo-
logical properties of the surface modified by comb-like poly-
mers is well known.16 Below we investígate the effect of the 
molecular architecture of grafted polymeric chains on several 
aspects of the adsorption process. We consider two types of 
possible modifications of the molecular architecture: (a) modi-
fications of the length of the grafted PEG chains, and (b) 
modifications of the chemical nature of the main chain of 
the polymers, poly(allylamine) and poly(L-lysine). The 
adsorption kinetics, the total adsorbed amount, the water 
content, the shear modulus properties of the adsorbed films, 
and the mechanism driving the adsorption process are 
discussed, as well as the effect of polymer concentration on 
the adsorption. 

2. Experimental section 

2.1. Chemicals 

Fig. 1 shows the chemical structure of the polymer used. We 
used three different polymers derived from polyallylamine. 
Linear-polyallylamine (PAH) was purchased from Aldrich 
(Germany) with a molecular weight of 17 kDa and two 
different grafted copolymers of PAH and polyethyleneglycol 
(PEG) were purchased from Susos AG (Switzerland), where 
PAH of 14 kDa is the main chain and the PEG chains appear 
to be grafted to the PAH chains with the grafting ratio of 
3.5 in both cases. The difference between the two grafted 
polymers, Gl and G2, is the molecular weight of the PEG 
chains, 2 kDa and 5 kDa, respectively. The influence 
of a chemical nature of the main chain was also investi-
gated. For this purpose we used a poly(L-lysine) (PLL) based 
grafted copolymer purchased from Susos AG (Switzerland), 
where the main chain of PLL has a molecular weight of 
20 kDa with a grafting ratio of 3.5 and a molecular weight 
of the PEG chains is 5 kDa. The latter polymer is referred 
below as G3. All polymers were used as received without 
further purification. 

Sodium chloride (purity >99.9%, Sigma-Aldrich (Germany)) 
was used for adjusting the ionic strength of the solutions to 
100 mM at pH = 5.6. The water used was of Milli-Q quality 
(Millipore RG model) with a resistivity higher than 18.2 MQ. 
All experiments were run at (298.1 ± 0.1) K. Solutions 
were prepared by weight using an analytical balance with a 
precisión of ±0.01 mg. 

2.2. Techniques 

A dissipative quartz-crystal microbalance (D-QCM) from 
KSV (Model QCM Z-500, Finland) was used. The quartz 
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Fig. 1 Chemical structures of the polymers used in the study. (a) 
PAH. (b) PAH(14 kDa)-£(3.5)-PEG(2 or 5 kDa). (c) PLL(20 kDa)-
£(3.5)-PEG(5 kDa). 

crystals, AT-cut, were cleaned with piranha solution 
(70% H2SO4/30% H202) over a period of thirty minutes 
and then thoroughly rinsed with puré water. The characteristic 
frequency under vacuum was/0

 = 5 MHz. In order to charge 
the gold electrode of the quartz crystal, a self-assembled 
monolayer of sodium salt of 3-mercapto propanesulfonic acid 
was initially built onto the gold electrode, the surfaces modi
fied in this way present a C-potential valué of —42 mV.19 

D-QCM provided the impedance spectra of the crystal for the 
fundamental mode, and for odd overtones of the fundamental 
resonance up to the l l th central frequency (fu = 55 MHz). 
For the analysis of the data, we adopted the model proposed 
by Johannsmann et al.20 that provides the total adsorbed 
mass (polymer and water) and the shear compliance of the 
adsorbed layer. 

The polymer mass adsorbed has been measured by ellipso-
metry. We used an imaging nuil ellipsometer from Nanofilm 
(Model EP3, Germany). All the experiments were carried out 
using a solid-liquid cell at a fixed angle of 60°. Nature oxidized 
charged silicon wafers (Siltronix, France) were used as the 
substrates, the C-potential of the silicon oxide was —43 mV. 
The silicon wafers were cleaned following the same protocol as 
for the D-QCM quartz sensors. The ellipsometric angles A and 
W describe the changes in the state of polarization when light 
is reflected at a surface.21 For the analysis of the ellipso-
metry results, a four layer model has been used as in previous 
works.22'23 



We repeated some of the D-QCM experiments using an Au 
electrode coated with Si02 in order to check whether the use of 
modified-gold or Si02 surfaces had any significant influence on 
the adsorption. We found the same results as those with the 
thiolated gold electrode. 

3. Results and discussion 

3.1. Adsorption process 

All the adsorption experiments were performed under static 
conditions without stirring. In Fig. 2 the results obtained by 
D-QCM for the adsorption process of a layer of G3 onto a 
solid substrate are shown as an example. Qualitatively similar 
results were found for all other polymers studied. 

In Fig. 2a the shift in frequency of the quartz sensor, Af is 
presented. The shift was normalized by the number of over
tones, v, for different overtones measured. In general overtones 
v = 3, 5, 7, 9 and 11 were measured, however, only v = 3, 7 and 
11 are shown in Fig. 2a. Three consecutive stages can be 
distinguished as shown in Fig. 2a: first stage, the frequency of 
the base crystal immersed in the solvent was determined; second 
stage, the measuring chamber was then filled with the polymer 
solution, which resulted in a sharp decrease in Af/v. The latter 
was due to the adsorption of material on the surface of the 
sensor. Note, possible changes in viscosity and density of the 
polymer solution were neglected because in dilute solutions 
those properties were virtually undistinguished from those of 
the solvent. Third stage: after the adsorption process was 
finished (Af/v = constant) the measurement chamber was 
flushed with the solvent (rinsing process) in order to remove 
the chains which were weakly adsorbed on the substrate. Fast 
shifts in Af/v were observed during the injection and rinsing, 
however, they were not taken into account for the analysis of 
the adsorption process.24 The shift in the signal after the rinsing 
can be attributed to swelling/deswelling processes of the layers. 
The latter agree with the scenario of irreversible adsorption of 
grafted polymers reported previously by other authors.25'26 

Fig. 2a also gives qualitative information on the mechanical 
behavior of the adsorbed polymer layers. For purely elastic 

layers (where the Sauerbrey equation is valid)20 the data Af/v 
of all the overtones should collapse onto a single master curve. 
This was not the case in our experiments, which indicates that 
the adsorbed layers behave as viscoelastic layers.20 The latter 
was further confirmed by an increase in the dissipation factor, 
D, presented in Fig. 2b. Note in Fig. 2b each experimental 
point corresponds to a different time. Fig. 2b shows that the 
dissipation factor D sharply increased during the adsorption 
process after a short induction period. Data presented in 
Fig. 2b give additional information on the existence of 
rearrangement of the preadsorbed chains, which is related to 
the type of behaviour of the plot (linear or non-linear 
trends).27 Fig. 2b also allows obtaining qualitative information 
on energy/entropy balance in the adsorption process.28 High 
AD valúes in this plot indicate that the energetic factors 
predomínate, while low AD valúes indicate that entropy is 
the factor that controls the adsorption process. The results 
obtained by ellipsometry are in good qualitative agreement 
with those obtained from D-QCM and they are in agreement 
with the results obtained for other similar systems.15'29 

3.2. Adsorption kinetics 

The adsorption kinetics is controlled by a complex balance of 
polymer-solvent and polymer-surface interactions.30 There 
are several theoretical studies in the literature available on 
this topic.31 33 However, there are substantial problems in 
studying the kinetics of the process experimentally in a very 
short time scale.34^36 The kinetic data presented below can be 
described as those from a bimodal process in the way proposed 
by Chiang et al.31 Our data agree with the results previously 
reported for other polyelectrolyte systems.15 The adsorption 
process proceeds in two steps. The first fast step can be related 
to the transport of the chains to the surface. However, it was 
found that the mentioned transport process was not diffusion 
controlled because the adsorbed mass did not show at112 

dependence. The latter conclusión is in agreement with the 
predictions made by Cohen-Stuart31 and could be related to 
the first two stages according to the model proposed by Linse 
and Kállrot33 for the adsorption of neutral polymers. After the 
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Fig. 2 (a) Kinetics of the adsorption and rinsing for the adsorption of a layer of G3: the time variation of the shift of the central frequency of the 
different overtones of the quart sensors. For clarity only the curves for v = 3, 7 and 11 are shown. (b) AD vs. Af/v graph. The experiments 
correspond to a polymer solution with c ~ 0.05 mg mL_ 1 . 
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Fig. 3 Adsorption times of different studied polymers. Legend: 
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first step almost 70-80% of the total adsorption was reached. 
The second slow step might be related to the reorganization of 
the preadsorbed chains. This model agrees with the description 
by Perry et al.ls on the adsorption of PLL-g-PEG copolymers. 
However, below only the total adsorption time, T, required for 
the complete adsorption of the polymers used is presented. 

In Fig. 3 the valúes of T are summarized for different 
polymers studied. The T valúes decrease as the polymer 
concentration increases for all the polymers used as expected. 
The data presented in Fig. 3 also demónstrate a slowing down 
of the adsorption kinetics with the increase in the size of the 
grafted chains. The slowing down can be due to the steric 
limitations imposed by the grafted chains which restricts the 
reorganization process. The reorganization is expected to be 
more important for longer PEG grafted chains (recall that in 
this case the total molecular weight is larger).8 The change of 
PAH to PLL as the main chain results in a faster adsorption 
kinetics. The latter can be attributed to a higher affinity of the 
PLL to the surface. The higher separation of PEG grafted 
chains in PLL-based copolymers as compared with 
PAH-based copolymers at the same grafting ratio is likely 
responsible for this. Note, the monomer sizes are 2.8 and 3.6 A 
for PAH and PLL, respectively. As a consequence the steric 
repulsión between PEG chains with a weaker interaction with 
the surface makes the adsorption easier for the copolymer with 
PLL. A similar explanation has been also proposed by 
Hartung et al}6 as a characteristic of the interaction between 
amine based polymers and negatively charged surfaces. 

3.3. Adsorbed mass and water contení 

The data in Fig. 4 summarize the amount of material 
adsorbed. These data were obtained using both the D-QCM 
technique, r a c , and ellipsometry, Top, for the different layers 
studied. The amount of adsorbed material obtained using the 
D-QCM is higher than that using ellipsometry in all the cases 
studied. The latter is due to the different sensitivity of those 
methods to the adsorbed amount.38 The total thickness of the 
layers increased with the concentration of polymers for all the 
polymers studied as expected. The latter can be understood by 
considering the arrangement in the layers of the adsorbed 
polymer chains: for low polymer concentration the polymer 
chains adsorb on the surface in an extended conformation; 
however, more chains compete for the adsorption sites on the 
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Fig. 4 (a) Experimental isotherm obtained using D-QCM (symbols) 
for the different poly(allylamine) based polymers studied. From (b) to 
(e): comparison of the experimental isotherm obtained using D-QCM 
and ellipsometry for the different polymers: (b) PAH, (c) Gl, (d) G2, 
(e) G3. 

surface at higher concentrations. The latter results in an 
increasing disorder of the adsorbed layers with an increase 
in the number of segments protruding into the solution, and a 
higher adsorbed mass as a result. The adsorbed mass increases 
with the size of the grafted chains, it is expected that the PEG 
chains are expanded into the solution as water is a good 
solvent.39 The latter conclusión is in agreement with the results 
for PLL-g-PEG by Perry et ails and Müller et al.26 Our results 
show that the adsorption is not governed solely by the length 
of the grafted chains, but also by the chemical nature of the 
main chain as shown in Fig. 4d and e. The latter figures show 
that the adsorption of G2 is higher than that of G3, while the 
length of the grafted chains is identical in both cases. 

It is possible to extract the relative packing of the grafted 
chains in the film using the results obtained by ellipsometry. 
The efficieney of the surface grafting is defined by the areal 
density of PEG chains n?BG

39 (see Fig. 5a): 

ropNA 
«PEG 

^backboneg + M P E G 
(1) 

where Top is the adsorbed mass per unit área measured 
by ellipsometry, Mbackbone is the molecular weight of one 
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backbone repeat unit (not including the counterion), g repre-

sents the grafting ratio, M P E G is the molecular weight of one 

P E G side chain, and NA is Avogadro 's number. It is possible 

to define the surface density of copolymer molecules, «brush? i n 

a similar way. nhrush
 w a s calculated in the following way: 

P E G chains of 2 k D a and 5 kDa, respectively. L is calculated 

«brush : 
r0P^A 
M\ brush 

(2) 

that is an expression similar to eqn (1) (see Fig. 5b). In the 

latter equation M b r u sh is the molecular weight of the copoly

mer. The estimated distance between P E G side chains along 

the backbone may be calculated as the grafting ratio multi-

plied by the length of the backbone's repeating unit,1 6 that is 

9.8 Á and 12.6 Á for PAH-based and PLL-based grafted 

copolymers, respectively. The relative packing factor, F, 

is defined as F = L/2Rg,
25,39 where Rg is the radius of gyration 

of the P E G chains and L is the average spacing between the 

P E G side chains. F describes the degree of overlapping 

between the P E G chains: a low valué of the relative packing 

factor means a high degree of overlapping between the P E G 

side-chains that extend from the surface as a result of the steric 

effects.11 

The calculation of Rg and L considers the existence of 

backbones that are extended parallel to the surface and Rg 

can be calculated using an empirical formula based on light 

scattering measurements:4 0 

Rg = 0.1817V0-58 (nm), (3) 

where N is the number of ethlyleneglycol monomers on the 

P E G chains. This leads to valúes of R„ of 1.1 and 2.3 nm for 

o 3 9 as (see Fig. 5c): 

V3. «PEG 

0.5 

(4) 

The results presented in Fig. 5 show that the packing 

of the grafted chains is controlled by both the size of the 

grafted chains and the chemical nature of the main chain. 

The contribution of the length of the grafted chains may 

be attributed to the existence of a higher influence of 

steric hindrance: the P E G chain length increases leading 

to a decrease of the packing of the chains. The contribution 

of the molecular nature of the main chain may be due to 

the distance between monomers of PLL and PAH: for 

identical grafting ratios and lengths of the PEG, in the 

case of G2, the P E G chains are closer thus increasing the 

importance of the steric contribution and leading to a lower 

packing in G2 than in G3 . The decrease in the packing density 

with an increase in the concentration may be due to the higher 

mass adsorbed that can increase the steric effects.16 

The packing of the P E G chains is strongly correlated 

with the water content inside the adsorbed layer. It is impor-

tant to remind that the charged polymer chains adsorb 

in a hydrated form which explains why in all the cases 

^ac > ^op-26 '38 The weight fraction of water associated with 

the adsorbed layer, Xw, can be obtained by comparing the 

adsorbed amount from D - Q C M measurements, acoustical 

mass, r a c , and ellipsometry, T o p , using the procedure 

introduced by Vórós.3 8 The latter procedure gives valúes 
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of Xw, which correlate with those obtained using neutrón 

reflectivity:19 

1 Í\C 1 o 
^ w 

ac ± op 
(5) 

The differences between acoustical and optical masses are 

shown in Fig. 4b-e for the different polymers. The water 

contents reported in Fig. 6 show a clear dependence on the 

length of the grafted chains, while there is no dependence on 

the chemical nature of the main chain. This is because most of 

the water hydrated the P E G chains that protrude into the 

solution. Henee, the increase in the adsorbed amount of the 

layer also increases the water content of the layers39 in 

agreement with the decrease in the packing density of the 

grafted chains. 

F rom the results, it is possible to estímate the average 

number of solvent molecules for polyethyleneglycol chains, 

ABG, adapting the method proposed by Müller et al .26 

NA(r,{ opy 

¿ E G 

H 2 0 — 

NA 

M H 2 o 

^ P E G ^ o p 

MEG(Mmonomerg + MP E G ) 

^ E G = 
^ H 2 0 

¿ E G 

(6) 

(7) 

(8) 

where ¿ H 2 O and ZBG are the surface densities of the solvent 

and the ethyleneglycol monomers, respectively; M H 2 o , MBG 

and M m o n o m e r are the molecular weights of water, ethylene

glycol and monomer units of the main chain of the grafted 

copolymer, respectively. The results for ABG for the different 

layers analyzed are shown in Fig. 7. The number of molecules 

of water for monomeric units of ethyleneglycol is in good 

agreement with the valúes of F for the grafted chains 

previously discussed, and with the valúes of water content 

obtained for the different layers studied. 

3.4. Mechanical properties 

The analysis of D - Q C M experimental data provides informa-

tion on the mechanical behavior of the adsorbed layers. The 

complex compliance J(f) allows calculating the shear modulus 
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Fig. 7 Number of water molecules for ethyleneglycol monomer units 
for the grafted chains. The lines show the average trend of the data. 
Legend: • , Gl; A, G2; D, G3. 
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, PAH; 

G(f) = 1 / / ( / ) , and henee its real, G1', and imaginary compo-

nents, Gff.20 The results for all the systems studied are in the 

range of M P a (Fig. 8), typical for highly plasticized polymers 

as a consequence of the associated water.18 '41 For the systems 

investigated G' « G" that is typical for gel-like materials. 

3.5. Control of the adsorption process: entropic vs. energetic 
contributions 

The entropic contribution to the adsorption process was 

studied using D-QCM. 4 2 For this purpose, we plotted the 

shift of the dissipation factor for the third overtone of the 

quartz sensor versus the change in the normalized frequeney 

for the same overtone (the results for the other overtones were 

similar). Olanya et al.43 have pointed out that an increase in 

the dissipation factor is associated with a lower entropic 

contribution. This assumption was also used by Ozeki 

et al44 in the analysis of the binding processes of different 

biopolymers to the quartz crystal sensor. Fig. 9 shows the 

effect of the size of the grafted chains of P A H based copoly-

mers on the entropic contribution of the adsorption process. 

The latter is presented as the variation of the dissipation 

factor, AD, for the third overtone, with the change in the 

normalized frequeney for the same overtone. Note that the 

entropic/energetic contributions here obtained are established 

in a relative scale,45 thus they are only useful for the compar-

ison of the layers of the different polymers when they present 
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Fig. 9 Effect of the size of the grafted chains on the entropic 
contribution to the adsorption process represented as the shift in 
dissipation factor of the third overtone versus shift in normalized 
frequency for the adsorption of the different poly(allylamine) based 
polymers studied from solutions of concentration 0.1 mg mL_1. 

similar lengths of the PEG-grafted chains, similar chemical 
nature of the main chain or both simultaneously. 

The results presented in Fig. 9 prove that the entropic 
contribution to the adsorption process strongly depends on 
the size of the grafted chains. The increase in the length of the 
grafted chains decreases the entropic contribution (increase in 
the absolute valué of the entropy) and enhances the energetic 
contribution (increase in the absolute valué of the energy) to 
the adsorption. This counterintuitive behavior can be 
explained by the formation of an ordered liquid layer around 
the grafted chain: it has been already mentioned that longer 
grafted chains promote the formation of thicker ordered liquid 
layers in accordance with the higher valúes of Tac (Fig. 4) and 
with the higher water content (Fig. 6). Note, for the PAH and 
Gl the effect on the entropic contribution is similar and 
smaller than for G2. The latter suggests that a minimum valué 
of the grafted chain length is required to obtain an important 
effect on the entropic contributions to the adsorption. This 
may result in the improving of the lubrication properties as the 
length of the grafted chains increases due to the increase in the 
water content of the layers (Fig. 6).18 The results presented in 
Fig. 10a confirm the above assumption: the adsorption is 
controlled by the energetic effect independently of the mole
cular nature of the main chain (G2 and G3), which agrees with 
the fact that the water content in both cases is very similar 
(Fig. 6). The smaller differences observed between G2 and G3 
may be due to the effect of the structure of the main chain 
where the higher flexibility of the amine groups of PLL 
increases the entropic contribution.16'33 The increase on the 
number of segments protruding into the solution with polymer 
concentration also increases the water trapped by the 
adsorbed layer, thus reducing the entropic contribution 
(increase in the absolute valué of the entropy) as shown in 
Fig. 10b for Gl (similar results were found for G2 and G3). 

4. Conclusions 

The adsorption of grafted polymers was studied using both 
D-QCM and ellipsometry. The influence of polymer concen
tration, the length of the PEG grafted chains and the chemical 

-45 -30 -15 
(Af/v)/Hz 

-15 0 
(Af/v)/Hz 

Fig. 10 Effect of the polymer concentration on the entropic contri
bution to the adsorption process represented as the shift in the 
dissipation factor of the third overtone versus shift in the normalized 
frequency for the adsorption of the different layer. (a) Influence of the 
nature of the main chain on the entropic contribution for layers of G2 
and G3 adsorbed from solution of cpoiymer = 0.2 mg mL"1. (b) 
Example of the effect of the polymer concentration on Gl layers. 

nature of the main chains are discussed. Both techniques 
indicate that the adsorption process was essentially irreversible 
on the experimental time scale used. It is shown that the 
adsorption kinetics of the polymers investigated is a complex 
process which involves several steps. The adsorbed amount of 
polymer depends on the polymer concentration, the length of 
the grafted chains and the chemical nature of the main chain. 
The comparison of the thicknesses of the adsorbed polymer 
layers obtained by D-QCM and ellipsometry allowed estima-
tion of the water content inside the adsorbed layers, which 
showed dependence on the length of the grafted chains. The 
D-QCM allowed calculation of the complex shear modulus of 
the adsorbed polymer layers, G' and G", at low frequencies. 
The latter had valúes in the range of a rubber-like polymer. 
The entropic contribution associated with the adsorption is 
related to the trapping of water molecules around the grafted 
chains. 
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