The density of monomers approaches a relatively high level near
the surface due to attached first layer of oligomers and it decreases
away from the surface, going through a plateau corresponding to the
second and third layer of reversibly attached oligomers. Far away from
the surface the density profile decays exponentially according to ¢(z) =
B(o)exp[-A(c)z] law. For a constant density of adsorbing sites the B
prefactor remains the same for all bulk concentrations, ¢, considered,
whereas the decay rate changes with ¢ according to the Table 1

Table 1. Decay rate, A, for the brush density profile formed by
oligomers of various bulk concentration c.

Bulk concentration, ¢ | 0.0030 | 0.0054 | 0.0093 | 0.0148

Decay rate, A 0.1449 | 0.1149 [ 0.0995 [ 0.087

As is seen from the Table 1 and Figure 2 lower bulk concentra-
tion results in a lower density of monomers in the brush and in a more
rapid decay of the density with the distance from the surface. The un-
usual density profile of monomers in the adsorbed layer is Iikelg to be
caused by the considerable polydispersity of chains in the bulk 6 typi-
cal for “living” polymers. Comparing the chain length distribution in the
bulk and in the adsorbed polymer brush we found that the probability to
find a shorter chain in the adsorbed layer exceeds that in the bulk.
Therefore, end-to-tail associated polymers produces polymer layers
noticeably distinct from that of traditional polymer brushes both be-
cause of the larger polydispersity and the capability of self-adjusting to
the layer conditions. The high responsiveness of reversibly associated
polymers to external condition allows their properties to be manipu-
lated. For instance, an increase in the association energy of donor-
acceptor interactions (which can be achieved chemically or by a tem-
perature decrease) results in considerable increase of the monomer
density and thickness of the layer.
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Figure 3. Adsorption/depletion conditions as a function of grafting
density and bulk concentration of reversibly end-associating polymers.

The overall effect of the surface on associated oligomers in the
bulk can be considered as an attraction if the density of polymer near
the surface is higher than the bulk density and is repulsive otherwise.
Since adsorption of end-to-tail associating polymers to the surface has
some common features with both grafted polymer brushes and freely
adsorbing chains, the effect of the surface depends on both grafting
density of the first oligomer layer and bulk density of free oligomers. As
is seen from Figure 3, a low concentration of oligomers requires also a
low density of adsorption sites for oligomers to adsorb on the surface.
With an increase in bulk oligomer concentration the critical density of
adsorption sites that ensures overall absorption of polymer on the sur-
face increases nearly linearly, tending to some leveling off at higher
oligomer concentrations. The observed effect is connected to the fact
that higher oligomer concentration in bulk implies larger average chain
length for which excluded volume effect near the surface is stronger
than for shorter chains. Therefore it requires larger density of adsorp-
tion sites to ensure polymer adsorption to the surface.

average height,

Figure 4. Average height for adsorbed polymer layer as a function of
grafting density oand concentration c.

Using the results for the density profile we have also calculated
the average height of the adsorbed polymer layer,

h= _[ap(z)dz/J}p(z)dz.

The result of these calculations is shown in Figure 4. As discussed
above, increasing the oligomer concentration in the bulk results in a
more dense adsorbed layer of higher thickness. This tendency persists
for any density of grafting sites considered. The increase in the grafting
density has a less obvious effect. For relatively low bulk oligomer con-
centration, increasing the grafting density results in the decrease of the
average height of the brush. The main reason for this is the decrease
of the average length of the chain attached to the surface to avoid
extra stretching caused by the decrease in the area per chain. For a
larger bulk oligomer concentration the height of the brush remains
constant or slightly increases with increasing grafting density and only
when sufficiently high density of adsorption sites is reached the height
of the brush starts to decrease. The difference in the behavior of oli-
gomers at low and high bulk concentration is a consequence of the fact
that for high oligomer density produces longer chains in bulk with their
large excluded volume for which the surface remains repulsive until
there is a relatively high density of grafting. Until that moment an addi-
tional chain adsorption and stretching occurs, resulting in an increase
of the average brush height. When the number of grafting sites be-
comes large enough to consider the surface as attractive a further
increase in the grafting density results in the decrease in average chain
length (similar to the case of low oligomer concentration) and the
height of the layer decreases as well.
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