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ABSTRACT: We discuss the adsorption of asymmetric diblock copolymers from a selective solvent onto an
adsorbing surface, in the case when the block interacting unfavorably with the solvent only partially wets
the surface. We calculate the wetting angle of an adsorbed droplet of copolymers, and we show that it differs
only slightly from the contact angle given by the Young law. The main prediction of the model concerns the
existence of a critical surface micellar concentration (csmc) different from the bulk one (cmc). When the
contact angle, which characterizes the interfacial interactions between the copolymer, adsorbing surface, and
solvent, is lower than some universal value ;¢ = 51°, surface micelles appear at a lower copolymer concentration
than bulk ones. The size distribution of these surface micelles is also studied.

I. Introduction

Recently, a considerable effort has been devoted to the
study of the adsorption of block copolymers!8 and end-
functionalized chains®12 from solution. In a selective
solvent, block copolymers adsorb in a conformation such
that the block interacting unfavorably with the solvent
adsorbs in a molten state to the surface, while the solvated
block extends away from the surface, forming a grafted
layer. When the density of grafted chains is large enough
to allow overlap, the chains are stretched and the layer
thickness is several times thicker than the radius of
gyration. Such layers are often called “brushes”. Note
that the same thermodynamic factors driving the adsorp-
tion cause block copolymers to aggregate into structures
such as micelles in a solution.

Previous studies! focused on the wetting case, when
A-blocks occupy all the available surface, leading to a
homogeneous adsorbed layer. Tassin et al.? have inves-
tigated the kinetics of adsorption of polystyrene—poly(2-
vinylpyridine) diblock copolymers on silver substrates.
They conjectured that, at short times, copolymer micelles
adsorb on the surface and create regions with a high
polymer density leading to an inhomogeneous adsorbed
layer. On the other hand, Johner and Joanny” argued
that, for copolymers in a selective solvent, the potential
barrier for direct adsorption of micelles is extremely high
and only nonassociated chains can adsorb to the wall. Then
the question arises as to how the surface coverage may be
so inhomogeneous. It has been argued that a possible
mechanism of inhomogeneous grafting is related to the
roughness of the surface.!® It has been shown that, in
contrast with the adsorption of homopolymers, which tends
tosmooth the defects of the surface, the terminal anchoring
of chains or the adsorption of asymmetric block copolymers
should amplify the effect of surface roughness and result
in an important inhomogeneous surface coverage. How-
ever, this decoration effect of rough surfaces by chain
grafting cannot explain an eventual inhomogeneity of
grafted layers on a liquid interface for which the curvature
of the defects is of the order of the capillarity length, and
thus much too high to expect any effects on the chain
grafting.

In this paper we propose another possible explanation
based on the existence of surface micelles (Figure 1) at
equilibrium with copolymers in solution. Indeed, in the
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Figure 1. Schematic representation of a surface micelle of A-B
diblock copolymers. The A-blocks, in a molten state, are ad-
sorbed on the surface, forming a cap of sphere characterized by
its wetting angle 0 and its radius of curvature R. The B-blocks
are swollen and stretched and form a corona of thickness L.

case when the A-blocks only partially wet the surface, one
expects the formation of droplets of copolymers on the
surface rather than a homogeneous film.

The paper is organized as follows: in section II we
present a simple model of a surface micelle whose shape
is supposed to be a spherical cap. We calculate the free
energy of a droplet of Q chains as a function of @ and the
contact angle . We show, in particular, that the confor-
mational energy of the stretched blocks depends only
weakly on the contact angle 8. This allows us to calculate
its equilibrium value as a perturbation of the Young angle
fo. The conformational energy turns out to be maximum
for 8 = 90°. Hence, quite surprisingly, the presence of
corona chains is favorable to the wetting for small contact
angles (6 < 90°) and unfavorable to the wetting for the big
ones (# > 90°). We also take into account the line tension
of the droplet, which should be of some relevance because
of the mesoscopicsize of thedroplet. Section IIlisdevoted
to the discussion of the equilibrium of a surface micelle
in contact with a solution of copolymers. We calculate
the grand canonical free energy, and we evaluate more
particularly the chemical potential as well as the aggre-
gation number corresponding to the surface critical mi-
cellar concentration. Weshow the existence of a universal
value of the Young angle 6,°, below which surface micelles
appear at lower concentration than bulk ones. Finally we
discuss the size distribution of surface micelles and
optimum conditions under which they can be detected.

© 1991 American Chemical Society



Macromolecules, Vol. 24, No. 10, 1991

II. Free Energy of a Droplet and Contact Angle

We consider a solution of diblock copolymers A~-B. We
denote by N and Np, respectively, the polymerization
index of the A- and B-blocks. For simplicity, we assume
that the solvent is highly selective, good for the nonad-
sorbing block B and poor for the adsorbing block A, so
that the B-blocks are swollen and the A-blocks are in the
molten state. The parameter 8 = Ng3/6/N!/3,! charac-
terizing the asymmetry of the chains, is supposed to be
very large, so that only the B-blocks contribute to the
deformation energy. A droplet, of spherical cap shape,
formed by @ chains adsorbed on the surface (the wall) is
characterized by the radius R, the thickness of the corona
L, and the wetting angle ¢ (Figure 1). The incompress-
ibility condition for the molten core relating 6 and R reads

V=@N,a®=(r/3)R*1-cos §)*2+cosf) (1)

The free energy of a surface micelle is the sum of three
contributions:

F=F +F+F, @

Here, within a Flory-type approximation, F¢ is the
deformation and excluded volume energy of the corona
shell, Fs represents the interfacial energy, and Fp, is the
energy related to the line tension.

Fo _ 3L? +UQNB2
QkT " anat T V(D)

The first term is the elastic deformation of the B-blocks,
and the second one comes from excluded-volume inter-
actions; v denotes the excluded volume and V(L) is the
volume of the corona. Note that,inthelimit of asymmetric
diblocks (3 >> 1), we can neglect the eventual contribution
of the deformation energy due to the A-blocks. V(L), L,
R, and 6 are related through the following equation: V(L)
= 7[(2/3)L8 + (2 - cos 6)L2R + 2(1 - cos )R2L]. In order
to obtain this equation, we only impose that the B-blocks
are grafted on the spherical cap constituted by the melt
core of A-blocks and that they cannot go across the wall.
The surface energy includes the contribution from A-sol-
vent and A-wall interfaces:

)

Fg = 2m(1 - cos O)R%y + (ywa - Yws)T(R sin 6)® (4)

The reference here is the wall in contact with pure solvent;
¥, Ywa, and yws, denote the interfacial tension between,
respectively, the A-solvent, wall-A, and wall-solvent. Note
that only the core contributes to the interfacial energy
because B-blocks are swollen by the solvent, so their
contribution to the interfacial energy can be neglected.

The last contribution comes from the line tension r: FL
= 2xR (sin 6)7. On dimensional grounds = « ya, and thus
the line tension introduces only small corrections when R
> a.

The corona thickness is obtained by minimization of F
with respect to L, keeping @ and 6 constant:

NgaQ
= _3_2 %’ (5)
VL) oL|,

Q

We consider two limiting regimes. In the first one, L >
R, the curvature effects are important, whereas in the
second one, L « R, they are negligible. Inthe first regime,
one gets: L = L* — | with L* = (3/2n)!/5(a2v)}/5Q1/5Ng?/5
and | = (2/5)(2 - cos §)R. Note that ! << L* and L* does
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not depend on 8. Putting the expression for L in (3), the
corona energy reads

Fo _[3.L¥ 3v @Ng’ +| 3L +S_92QN32 a
QT \2Nge? 27 L+ Nga® 8r L»% JL*
(6)

The first regime is valid when (1 — cos 6)%(2 + cos §) >
(Q%/5/8%). The second one corresponds to the opposite
limit. In fact, because of the high asymmetry of the
copolymers (3 > 1), only the first regime seems to be
realistic. The second one should be relevant only when
B~ lor8 ~ 0. Wheng =~ 1, the chains are symmetric
or slightly asymmetric and the shape of surface micelles
should be cylindrical or lamellar, whereas when 6 =~ 0,
long-range interactions such as van der Waals forces cannot
be neglected. Thus, in the following we restrict our
attention to the first regime.

The value of the wetting angle is given by minimization
of the total free energy with respect to 6:

9F/86 =0 %)

In view of (6), the corona energy depends weakly on the
wetting angle 8, because the first term in (6) isindependent
of 4, whereas the remaining terms bring only small
corrections. Thus the wetting angle 8 is only slightly
different from the Young angle 6 of a droplet of A-poly-
mers, which is given by minimization of the surface energy
Fg with respect to the core volume and equals cos 8 =
(yws — Ywa)/v. 0o measures the spreading power of
A-monomers on the wall in contact with the solvent. The
wetting angle of a @-surface micelle is given by minimi-
zation of the total free energy with respect to the core
volume. It can be written as 8 = 6y + 56 with |66/6¢| « 1,
because, as seen above, the angular dependence of the
free energy arises essentially from the surface contribution,
so that we can expand the left side of (7) in Taylor series
around 8 = 6, and, remaining that dFg/d0|s=s, = O by
definition of the Young angle, we get

_ O(F,+Fg)/o8 o
=-—
PR/ |,
with
L _a& = 3(3/21r)8/15Q8/15N -2/5N l/3(v/aa)1/5 X
kT a6 B A

sin 6 cos (1 - cos 8)%/3(2 + cos )™/ (9a)

dF
—L= -27(3/ m)3QN Al/ a1 - cos 8)Y3(2 + cos )43
% "~ (9b)

0*Fg

s 2(3/m)*2Q%3N,¥3va*(1 - cos 8;)V/3 x
9-00

(2 + cos 8) /% sin® 6, (9c)

By considering (9a), it appears that the corona energy
reaches its maximum for § = v /2. This result has asimple
interpretation. It is the consequence of a noteworthy
geometrical property of aspherical cap of constant volume.
One can show easily that the curved surface of an
incompressible spherical cap (the melt core of A-blocks in
this case) is minimal for a hemisphere (6 = 7/2). As a
consequence, the B-blocks, which are “grafted” on this
curved surface, reach their maximum of stretching for the
same value 6 = 7/2. This simple geometric property has
an important consequence. The corona energy will have
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opposite effects in two different cases: if 6y > 7 /2, the
corona effect will increase the wetting angle of the micelle
(6 > 6o) in order to decrease the corona energy. In this
case the corona effect is unfavorable to the wetting. On
the contrary, when 6 < /2, for the same reason it will
decrease the wetting angle (6 < ), and in this case the
corona effect is favorable to the wetting. It should also
be noticed that the line energy decreases when f increases,
meaning, as expected, that the line tension always opposes
wetting.

For example, using the set of parametersa =5 A; v =
8 A3 N = 20; Np = 1000; vy = 20 dyn cm™}; 7 ~ ya = 106
dyn, we can evaluate 86 for two different surfaces corre-
sponding to two different Young angles (6p; = 30° and 6
= 120°, respectively). In both cases 8 = 23.2 > 1; thus,
for reasonable values of @, both situations correspond to
the first regime. One obtains by putting these values in
(8 and 9) the following: 6, = —-0.2° and &4; = +2.4° for
@ = 10; 66, = -0.04° and 68, = +1.1° for @ = 100; 66, =
+0.02° and 66; = -0.5° for @ = 1000. One can remark that
3%F3/060% = Q23 whereas dF/d0 « Q8/15 and AFy /30 «
Q'/3; thus, the deviation from the Young’s angle decreases
when the aggregation number increases. Note also that,
for small @, the line contribution seems to dominate the
corona one, canceling the geometric effect that we have
discussed above.

III. Critical Surface Micellar Concentration and
Size Distribution

In this section we shall consider the thermodynamic
equilibrium of a surface micelle with a reservoir of chains
in solution, assuming that the aggregates formed by the
adsorbed copolymers on the wall have a bimodal distri-
bution: single chains and monodisperse spherical cap
shape surface micelles. The critical surface micelle
concentration is a sharp transition if we neglect the surface
micelles translational entropy on the wall. We shall then
discuss the surface micelle size distribution and, in
particular, check the validity of the bimodal approxima-
tion. We then shall compare these results with the
“classical” ones concerning the formation of spherical mi-
celles of the same block copolymer in the selective solvent.
Actually, we use a similar approach as for the treatment
of bulk micellar formation of diblocks, which has been
extensively studied.!>!® Thus we just give the results for
the bulk micellar formation; the same model will be
developed for surface micellar formation.

The ability of diblock copolymers to self-assemble into
micelles, even in very dilute solution, has been established
over 2 decades. At extremely low concentration only
individual chains are found in solution. As the concen-
tration increases, it reaches the cmc, where spherical mi-
celles form. The optimum aggregation number @* for bulk
micelles is given by minimization of the free energy per
chain in the micelle F'/Q with

F/Q = (5/2)(3/4m)*%(/a®)*/*Ng'/*Q*/°k T +
(97/16)**va®N,23Q /3 (10)
F’ is the sum of two contributions: the first one is the
corona energy calculated with the simple Flory model that
we used for surface micelles, and the second one is the
surface energy between the molten core of A-blocks and

the corona of swollen B-blocks. @* is given by the
requirement 3(F’/Q)/3Q = 0. One gets

Q* = 2—8/11(1r/3)(7a2/kT)15/11(as/v)e/uNB—:i/llNAlO/ll(11)

Using a blob model, Halperin!? obtains with equivalent
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arguments @* ~ N,#/5. The chemical potential of a chain
at the cmc can be evaluated by peme = 0F'/3Q}g=g+, which
gives

Meme/ BT = (11/2)27%/ 1 (va?/RT)®1 x
(v/aS)Z/llNBl/llNA«i/ll (12)

Below the cmec, if the concentration of free chains is ¢,
inadilute solution the chemical potential of the free chains
is

u; = kT log ¢, + 4rya®N,*® (13)

The dominant contribution to the free energy of a collapsed
chain is the surface energy between the solvent and the
molten A globule. One canshow, using a classical pseudo-
phase-equilibrium model!517 that the distribution of bulk
micelles is peaked around the optimum aggregation
number @*. Above the cmc, the fraction of free chains in
solution remains roughly constant, whereas the fraction
of chains self-associated in @-mersincreases. The chemical
potential increases much more slowly above the cmce than
below, because the entropy of mixing @-mers is approx-
imately € times weaker than the entropy of mixing free
chains. Indeed, above the cmc the chemical potential

reads!6t?
_¢—) (14)
(2m)'/2Q* 5Q
where 6@ is the root-mean-square average spread of the
distribution (when the distribution is approximated by a
Gaussian function with average @ ~ @*), and ¢ is the
total concentration of chains. One gets

5Q = [62(F//Q)/8Q2|Q=Qt]1/zQ*_1/2 ~ NA-7/11NBI/11 (15)

Let us consider a surface micelle in contact with a
reservoir of chains in solution, which imposes the chemical
potential of chains uey. The equilibrium values of @ and
6 may be obtained by minimizing with respect to @ and
6 the grand canonical free energy of the micelle Q

Q=F-pu,Q+ VLI, (16)

where II.,; denotes the osmotic pressure acting on the mi-
celle. The equilibrium condition reads

{asz/aa =0
90/0Q = 0

In amicelle the B-blocks are stretched and overlap strongly;
thus, the concentration is much higher than the overlap
threshold c*, so that we can neglect the osmotic term in
the grand canonical free energy.!

The first equation in (17) was solved in the previous
section. It gives the wetting angle of the surface micelle
as a correction of the Young angle 6,. For high enough
chemical potential uey, 2(Q) has a minimum correspond-
ing to a stable micelle. The surface critical micellar
concentration is thus given by

82/0Q = 0
{9 =0 (18)

As shown above, because the corona energy is roughly
independent of the wetting angle, this one differs only
slightly from the Young angle 6. That allows us to make
the approximation 8 = 6 in order to calculate the optimum
aggregation number @*(8y) and the critical surface mi-
cellar chemical potential pesmc(f0). Equation 15 is equiv-
alent to the requirement d(F/Q)/3Q = 0, leading to

Q*(6,) = 2"/11£(8,)5/11Q* (19)

kT
Hext = #cmc + -Q: IOg (

(17
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where
2 —cos f,(1 + cos 6;)
(2 + cos ) %/3(1 - cos 8,)*/®

f is an increasing function of 8y. It varies between f(0) =
0 and f(x) = 22/3. Obviously the micelle exists only for
Q@*(8y) > 1. This condition imposes from (16) 6y > ™Iz,
where 6pmin is defined by the condition f(6,™in) >
2-14/11Q*-11/15 Below this value, that is, for sufficiently
good wetting, one could expect adsorption of isolated
chains at low concentration in solution and formation of
a homogeneous adsorbed layer at higher concentration.

We can now calculate the chemical potential at the
critical surface micellar concentration (csmc): pegme(6o) =
dF | 3Q|q=q+(,), leading to

Heame(80) = 21168 . (20)

From (20), we can define a critical angle 6,° by the
requirement pemc(0o°) = Meme- It is important to remark
that 8¢ has a universal value and depends only on the
model that is used to calculate the corona energy of a
micelle: in the Flory model 8¢ =~ 51°. When 6, < 6",
Hesme(Bo) 18 less than ueme. In this case from (13) and (20)
we can evaluate the polymer concentrations at the cmc
and csmc, respectively:

f (00) =

Dome = exp(—47r('ya2/ kRT)N Az/ 84 Feme)

Beame00) = Deme €XP(Begme(80) — Meme) (21)

Clearly, surface micelles appear at lower concentration
than bulk ones, and because of their exponential depen-
dence on the chemical potential, the csmc can be much
less than the cmc. One can interpret this preferential
surface micellization tendency of the block copolymer
within the framework of the free energy contributions.
For micelle formation to occur, the net free energy of mi-
cellization per chain must be negative. The corona free
energy contribution is positive, because the B-block has
tostretch if chains self-associate. The contribution of the
entropy of mixing is positive too because the entropy of
mixing decreases with increasing aggregation number. On
the contrary, the interfacial free energy contribution is
negative, because the aggregation of A-blocks diminishes
the contacts between A monomers and solvent, which are
unfavorable. Thus, one can understand clearly that, for
high enough concentration, chains will prefer to self-
associate in micelles (bulk or surface ones) than to stay
isolated. By comparison of (4) and the second term in the
right-hand side of (10), it appears clearly that, for the
same aggregation number @, the interfacial energy of a
surface micelle is less than the interfacial energy of a bulk
one (they are equal for 6y = 7). On the other hand, the
corona energy of a surface micelle is bigger than the corona
energy of the same micelle in the bulk: actually, because
the corona energy of a surface micelle is in first approx-
imation, independent of the wetting angle, such a micelle
can be viewed as hemispherical, and, obviously, the corona
energy of a @ hemispherical micelle is half the corona
energy of a 2@ spherical one. More concisely, corona energy
favors bulk micelle formation, whereas interfacial energy
favors surface micelle formation. These opposite effects
cancel for 6y = 6,°. It means that for 6, < 6¢°, the spreading
power of A-blocks is big enough to favor surface micelle
formation. Thus, as seen above, csmc is less than cmc.
For the same reasons, @*(8) is less than @*. Therefore,
when 6y < 6,°, one expects for Gegme < ¢ < Pemc the
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coexistence of free chains in solution, free adsorbed chains,
and aggregated adsorbed chains.

In the opposite case, that is, for 8y > 60°, Heamc(fo) is
higher than ucme. Thus, bulk micelles appear at lower
polymer concentration than surface ones, and from (14)
and (20) the polymer concentration at the csmc is

Deame(p) = (27)/2Q*5Q exp(Q* / kT (b gnc(0) = Heme))
(22)

Note the presence of the factor Q in the exponential in
(22). This means that ¢csmc is much higher than ¢eme, 80
that, in most practical cases, one never reaches ¢eme. In
this way, if 6o > 6%, the spreading power is not big enough
to favor surface micelles formation. Indeed, above the
cmc, as seen previously, the external chemical potential
increases much more slowly with the polymer concentra-
tionthan below. Thusit canhappen that ue neverreaches
the value ucsme necessary for the formation of surface mi-
celles.

Let us discuss briefly the validity of the bimodal
approximation, which has been implicitly used to describe
the surface micelle formation. We now suppose that 8 <
00° (Posme < deme) and that the surface micelles appear for
¢ > desme- On the surface coexist isolated adsorbed chains
and aggregates of several sizes. Each aggregate is char-
acterized by its number of aggregation @ and its wetting
angle 8(Q). As seen in the previous section, 6(Q) depends
only slightly on @Q; therefore, we assume 06(Q) =~ 8.
Following classical treatments,!” we begin with the con-
dition of chemical equilibrium between Q-adsorbed-mers

po(Bp) = 1y = Hexe (23)

forall . ugqisthe full chemical potential of a single chain
in a @-surface micelle, and y, is the chemical potential of
an isolated adsorbed chain. If one defines oq to be the
surface density of adsorbed chains in @ aggregates, (23)
gives

Poxt = ItQO + Q ln (¢/Q) = I-’-o +kTlno, (24)

where pg® = 3F/0Qs=q, and puo! are, respectively, the
standard energy of an adsorbed chain in a @ aggregate
and the standard energy of an isolated adsorbed chain.
Rewriting (23), we get the law of mass action:

0q=®Q exp{“ext Q} (25)

Equation 25 shows that values of @ for which pest > ug®
dominates the distribution. That is, for small uey one
sees only isolated adsorbed chains in equilibrium with
free chains in solution. If one increases the concentration
(increasing u.yt) at a special concentration (corresponding
to csmc), asecond free energy minimum can compete with
the minimum that describes isolated adsorbed chains. If
the distribution of @-surface micelles can be approximated
by a Gaussian function centered upon @*(8) that corre-
sponds to the minimum of ug? one gets

oq =~ exp(-|Q — QI*/26Q%(8,)) (26)

where @ = Y q>180q/ L g>10¢ is the mean aggregation
number (note that in this approximation § ~ Q*) and
8Q(8o) denotes now the root-mean-square average of the
surface micelles distribution:

5Q(8y) = Q*(0) "/ 2(ug’/0Q) lgugeuy (27
From (1)-(3), (4), and (6), pg® & (v/a®)2/5Q¥/5Np!/%, and
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thus, using (19), one obtains

8Q(6,)
Q*(8y)

The bimodal approximation gives a rather good description
of surface micelle formation as long as §@Q(6o)/ @*(6p) «< 1.
The function £, defined by (19) vanishes for 6, = 0, so that
there is a value of the wetting angle 6% below which the
bimodal approximation is not correct. 8od may be defined
by the requirement 6@Q(609) / Q*(6¢d) = 1. This result means
that, in contrast to the case of bulk micelles for which the
size distribution is essentially monodisperse, one has to
distinguish between two different cases for surface mi-
celles: when the spreading power of A-blocks on the surface
is strong (6p < 6p?d), surface micelles of small size form
with a large-size distribution. In the opposite case (fp >
60%), that is, for a spreading power of A-blocks weak enough,
the distribution size of surface micelles is rather similar
to that of bulk ones: they are very monodisperse, with a
high aggregation number of about @*{8).

It should be noticed that we did not take into account
the interactions between surface micelles, which start to
play an important role at high surface coverage and may
lead to the formation of ordered structures: two-
dimensional macrocrystals. The surface coverage for the
same polymer concentration is higher when the spreading
power is stronger; therefore, it may be that the approx-
imation, which consists in neglecting interactions between
surface micelles, is not realistic. Thus, our brief analysis
of size distribution should be carefully considered, in
particular, in the case of high spreading power.

a f(ao)-2l/22(7a2)—21/22(v/a3)2/1INBI/llNA—7/11 (28)

IV. Conclusion

In this paper, we have developed a theoretical model
describing the adsorption of asymmetric diblock copol-
ymers from a selective solvent onto a surface, in the case
when the short block wets only partially the surface. We
have shown that droplets of copolymers can form on the
adsorbing surface, leading to a nonhomogeneous adsorbed
layer. This effect can, in principle, be experimentally
observable. The free energy of a single droplet has been
calculated, as well as its contact angle, which turns out to
differ only slightly from the well-known Young angle. The
conformational effects of the chains in the droplet play a
minor role for the wetting angle; they favor the wetting
when the Young angle is less than 90° and oppose it when
it is higher.

The main result of this model concerns the existence of
a critical surface micellar concentration (csmc) different
from the bulk one (cmc), which has been exhaustively
studied: when the Young angle, which characterizes the
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interfacial interactions between copolymer, adsorbing
surface, and solvent, is less than a universal value 6,° =
51°, surface micelles appear at a lower concentration of
copolymers in the solution than do bulk ones; in the
opposite case the csme is higher than the cmec, and thus,
when the csmc is too high, surface micelles cannot be
observed. Finally we predict that, in the existence domain
of surface micelles, we can distinguish between two regions:
in the first one, surface micelles are small and very poly-
disperse, whereas in the second one, they are very mon-
odisperse and their aggregation number is large.

We have restricted our study to the case of the adsorption
from a solvent, but it could be easily extended to the
adsorption from a melt constituted from homopolymers
and copolymers, and as in the solvent case, one expects
in the melt case the existence of a csmc different from that
of the cme.
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