Interpenetrations in polymer brushes
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In this Note, we consider a system of two polymer
brushes' grafted on rigid flat surfaces separated a distance
d apart. At plate separations d less than the sum of the
individual equilibrium brush heights A* the polymer
chains grafted on opposing surfaces interfere with each
other causing the brushes to either penetrate each other or
to compress with no interpenetration, or some combination
of the two. The self-consistent-field (SCF) formalism of
Milner, Witten, and Cates (MWC)?2 predicts that no inter-
penetration occurs for brushes in the “classical” limit of
large chain length N. Hence, only compression of the
brushes can occur. Since the SCF calculations neglect ef-
fects which could be important for experimentally relevant
chain lengths, it is important to simulate realistic model
systems to study the validity and the applicability of the
theoretical calculations.

We report results from Monte Carlo simulations in a
lattice model® of two polymer coated square plates sepa-
rated a distance d apart. We choose the parameters of our
calculations (chain length, grafting density, etc.) in the
lattice model closely following a previous numerical-SCF
calculation by Shim and Cates,4 so that it is possible to
make a direct comparison of our results to those obtained
from numerical SCF calculations. We also carry out off-
lattice simulations, and, after suitable rescaling of the pa-
rameters, we have checked that the results obtained in the
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FIG. 1. Density profile #(z) as a function of distance z from one of the
grafting plates in the symmetric case of coverages o;=0,=0.05, chain
lengths Ny=N,=20 and distance between plates d=7. This plot shows
the total density and the contribution coming from each of the two
brushes separately. The symbols and the dotted lines are the results of the
lattice simulation whereas the continuum line is the result of the SCF
calculation of Ref. 4.

748 J. Chem. Phys. 100 (1), 1 January 1994

0021-9606/94/100(1)/748/2/%$6.00

lattice simulations are not influenced by the underlying
lattice structure.

The lattice model consists of a simple cubic lattice of
dimensions L X L,X(d+1) with L,=L,=40, and d
varying from 7 to 15. Periodic boundary conditions in the
x and y directions are employed. The polymer chains con-
sist of N; monomers each, and o, is the surface coverage at
plate /, where i=1,2 refers to plate 1 and plate 2, respec-
tively. Figure 1 shows the Monte Carlo results for the
monomer density profiles for d=7, along with the corre-
sponding density profiles obtained by Shim and Cates in
their numerical SCF work. The density profiles for only the
left plate are superimposed in Fig. 2 for various plate sep-
arations. It is evident from Figs. 1 and 2 that both
compression and interpenetration effects are present in this
system.

Comparing the results to the numerical-SCF calcula-
tions of Shim and Cates® we find that their SCF method
appears to work reasonably well to produce the general
functional form for the density profiles even for these very
short chain lengths. There are, however, systematic differ-
ences from the Monte Carlo results. For example, the SCF
results tend to underestimate the monomer density at the
grafting surfaces. To quantify the interpenetration between
opposing brushes, Shim, and Cates have defined an inter-
penetration parameter

d d
B =55 ,Eo $1(2)¢,(2),

where ¢,(z) and ¢,(z) are the density profiles for the two
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FIG. 2. Density profiles for one of the brushes corresponding to the
d=15, 11, and 7 to show the effect of compression on the density profile.
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TABLE 1. Comparison of the interpenetration parameter 8 (see text)
obtained in lattice Monte Carlo simulations and numerical SCF calcula-
tions.

N, o) N, %) d Bscr Buc
20 20 0.05 0.05 15 0.021 0.012
20 20 0.05 0.05 11 0.148 0.131
20 20 0.05 0.05 7 0.478 0.497
40 40 0.025 0.025 11 0.534
40 40 0.025 0.025 7 0.777 0.838
20 40 0.05 0.025 7 0.595 0.656

plates, and 6, and 0, are given by 6;=37_,¢,(2); 6,
=3?_, #,(z). Table I compares the interpenetration val-
ues calculated from the Monte Carlo resuits to the SCF
calculations of Shim and Cates.

For chains end-grafted at opposing surfaces, the Monte
Carlo results, thus show that both compression and inter-
penetration effects are present as the plate separation is
decreased, instead of the “classical limit” pic’ture2 which

predicts an absence of interpenetration of the brushes in
such situations. This discrepancy may be attributable to
the fact that the simulations correspond to the “nonclassi-
cal” regime of short chains.
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