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The architecture of polymers is a determining factor for
their adsorbance on a surface.!? Comparing ring and linear
chains of the same molecular weight in the neighborhood
of a surface, we found that cyclic macromolecules under
the same conditions are adsorbed more than the linear
ones.2 Recent experiments though on the adsorption of
linear and cyclic polystyrene on two surfaces of mica at
a distance D apart led to the opposite conclusion,?® and it
is the purpose of this note to investigate this contradiction.
We will show that the two different behaviors can be
explained by means of the solution of the problem of a
localized chain interacting with a surface via a potential
of the form*® u,6(2), where z is the perpendicular distance
of the monomers from the surface. The ideal Gaussian
distribution, which allows a large number of monomers of
the chains to adsorb at the surface, is affected by u,, which,
defined as the binary cluster integral u, = f[1 -
exp(-V(r)/kT)] dr, expresses the 1nten51ty of the unit-
surface interactions.® Close to its zero it is proportional
to 1~ T,/ T, where T, is a characteristic adsorption tem-
perature and has the same temperature dependence as
the Flory x parameters. Thesecond experimental behavior
of chains between two surfaces corresponds to chains
localized on one surface while interacting with the second
surface where some of their units are adsorbed. Finding
the amount of adsorbed units on a surface for chains
localized at a distance 2o from it, we will be able to see
how, for the two architectures of linear and ring polymers,
the distance of localization 2, affects their adsorption and
give an answer to the above question.

Before addressing the adsorption of localized linear and
ring chains, let us compare their coil density distributions
p1(p) and p:(p) when they are far away from the surface (u,
= 0) as a function of the distance p; = |[R — Rq| from the
point Ry of their localization. This will help us in
understanding their behaviors while they approach and
interact with the surface. We have already studied the
linear chain® and found that
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where Nl is the length of the chain made of N units each
of length [ and p = 61/2p,/(IN'/?) is_a reduced distance.
With the same method the density p.(p) of a ring can be
determined, and it is equal to
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The ratio p:(p)/pi(p) is shown in Figure 1. It is larger than
1 for p < 1.32, which means that for a ring and a linear
macromolecule localized at the same point, at small
reduced distances p < 1.32 the ring has a larger density
of monomers than the linear macromolecule, the reason
being the more compact structures of the rings. At larger
distances, p > 1.32, the extensivity of linear chains yields
larger densities so that p:(p)/p1(p) becomes smaller than 1.
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Figure 1. Ratio p:(p,U = 0)/m(p,U = 0) of the densities of local-

ized chains of ring and linear polymers as a function of the distance
pfor U=0. At p = 0.35 and 1.32 the ratio becomes maximum
and equal to 1, respectively.

Notice also that at p = 0.35 the maximum value of the
ratio is obtained, meaning that at these small distances
the ring is much denser that the linear chain. Now let us
study the density of monomers of the two macromolecules
at the surface as they start approaching the surface from
far away. First the linear chain with larger densities of
monomers at larger distances will touch the surface and
yield a larger number of monomers adsorbed at the surface.
Then at smaller distances rings with larger densities will
reach the surface and yield larger densities of adsorbed
monomers. This explains the two different behaviors of
the absorbances of the two macromolecules depending on
the distance of localization. We will arrive at the same
conclusions but in a quantitative manner by means of the
exact analytical expressions of the amounts of adsorbed
monomers for the two cases.

As far as linear chains are concerned, we have already
studied the behavior of a chain localized with one of its
ends at a distance 2o from an interacting surface. By means
of the summation of the effects to all orders of interactions,
we have described analytically the linear density of
monomers at the surface, which is defined to be equal to
the summation of the densities from all points of the surface
and expresses the amount of adsorbed units at the surface.
Foralinear chain localized with one of its ends at a distance
zofrom the surface, the linear density pn(zo,us) at the surface
as a function of z; and the interaction parameter u, is
given by®
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Z,) exp{U? + UZ} erfc (U+ ?")]/[1 - erfc (f) +
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where Zo = 61/2|zo)/ (IN'/2) and U = u,(6N'/2)/2 are reduced
dimensionless distance and interaction parameters, re-
spectively. By means of the same method the linear
density of monomers at the surface for a ring localized
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Figure 2. Linear densities py(Zy,U) (—) and pu(Zo,U)) (-—-) on
the surface of aring and a linear chain, respectively, as a function
of their localization distance Z, for various attractive energies U.
The distance Zg of crossing of pairs of graphs reduces on
increasing the attractions.

with one of its points at Z; is found as

Zol) = N(=2;

2UZ erfc (U + Zy) - 2Ux"/* exp{-Z,31/[1 -
Ur'/2 exp{lU? + 2UZ} erfe (U + Zy)] (4)
Plots of the two densities for attractions (U < 0) are shown
in Figure 2. The densities pu(Zo,U) and pir(Z,,U) on the

surface for the linear and ring chains respectively increase
as the localized distance Z) becomes smaller and as the
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attractions become larger (U more negative). We see that,
for each attractive energy U, there is a point of localization
Zox where the graphs for the chains of the two architectures
cross. Atlargerlocalizations Zo > Zgy the linear molecules
are adsorbed more while for smaller Zy, the opposite is
true and rings are adsorbed more. Zg becomes smaller
for larger attractions. The largest value of Zy, = 0.72 is
obtained at the limit U — 0, which corresponds to a
distance zo = 0.286 [N'/? almost equal to the radius of
gyration R, = 0.288IN1/2of thering. This behavior remains
the same for all attractive energies U up to the U = 0 case
and describes experiments of adsorption even if they
correspond to small adsorption energies.

The results from experiments on two surfaces of mica®
at distances larger and smaller than the radii of gyration
of the coils have been performed under conditions of small
negative U. These conditions correspond to points at the
right of the crossing of the two curves where the adsorption
of linear chains is larger,” and the experimental results are
not contradictory to those giving larger adsorption to rings
which deal with chains closer to the surface, correspond-
ing to points at the left of the crossings.
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