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Wetting of a fluid interface by a homopolymer: A system with a rich
prewetting behavior

F. A. M. Leermakers, C. Dorrepaal, and N. A. M. Besseling
Laboratory of Physical Chemistry and Colloid Science, Wageningen Agricultural University,
Dreijenplein 6, 6703 HB Wageningen, The Netherlands

~Received 19 February 1999; accepted 7 May 1999!

A lattice-based self-consistent-field theory is used to reveal the wetting characteristics of a
polymeric phase at an interface between two solvent phases. Both solvents are monomeric and the
polymer chains are modeled as freely jointed chains ofN5100 similar segments. From the polymer
point of view we limit our investigations to the symmetric case; both solvents are equally poor for
the polymer. We show that the polymer wets the interface both in the limit of strongly and weakly
segregated liquids, but that at intermediate values of theL/L demixing the polymer phase can be in
a lens configuration~partial wetting!. The wetting transitions at strong segregation of the two
solvents is always first order, the ones at weak segregation can be either first or second order,
depending on the polymer/solvent interactions. For a particular value of the polymer–solvent
interaction parameter the two wetting transitions as generated by changing theL/L demixing~then
both of the first-order type! merge. At this point the two prewetting lines still exist and obviously
merge as well. It is further possible to find detached ‘‘prewetting’’ lines in the regime where the
polymer wets the interface at all relevant~i.e., consistent with the presence of three phase
coexistence! values of theL/L demixing. Physically this means that there is a range of interfacial
widths for which the formation of a new~polymeric! phase is hindered by a free energy barrier at
a certain film thickness, but that there is no wetting transition associated with this barrier. ©1999
American Institute of Physics.@S0021-9606~99!51329-9#
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I. INTRODUCTION

The formation of new phases, i.e., demixing of liqui
with limited compatibility, is of interest in many applica
tions. Exactly how the new phase is formed and where i
situated in the system, are the primary interests. The
phenomenon is positioned in the domain of nucleation
will not be discussed in this paper. Intimately connected
the formation of a new phase is the creation of interfac
The phase boundaries play an important role in the syst
There are degrees of freedom available to a given syste
play with the extend of its interfaces as a function of, e
the temperature. Phenomena related to this are studied i
field of wetting. This is the topic of the present, paper. W
ting theory has matured over the last decade and sev
excellent reviews have been written.1,2

We study a polymer phase to be formed or present
liquid–liquid interface. This system is idealized in seve
ways. From the polymer point of view we consider the s
tem to be symmetric; the polymer does not favor either o
of the solvents. This leaves essentially two interaction
rameters in the system. One parameter determines the~finite!
solubility of the polymer in the solvents, the other one det
mines the miscibility of the two solvents and therefore a
the width of the interface between them. Upon concentra
the system with polymer we observe the formation of
polymer phase in between the two liquids. The new ph
can sit as a lens at the interface~partial wetting! or can sepa-
rate the two solvent phases~complete wetting!. Wetting tran-
sitions ~changes from partial to complete wetting! can, e.g.,
be generated by varying the width of the interface at fix
2790021-9606/99/111(6)/2797/12/$15.00
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solubility of the polymer in the solvents. We will show be
low that it is possible to have prewetting characteristics~wet-
ting theory will be outlined below! in a system which be-
haves non-classical as a function of this control paramete
particular we show that the prewetting line~s! can be discon-
nected from the wetting transition~s! for a particular cut
through the parameter space. Detached prewetting lines
not forbidden in the general wetting theory, but we are n
aware of detailed analysis of it. Our system is still ve
simple and the results are expected to be significant for
plications in, e.g., polymer blends and microemulsion s
tems.

The remainder of this paper is as follows. First, we w
briefly outline the standard theory of wetting and review t
characteristics of a statistical mechanical theory which
handle complex inhomogeneous molecular systems~self-
consistent-field theory!. In the result section we will demon
strate that the interfacial width is an interesting control va
able and focus on the prewetting phenomena. In
discussion some attention will be given to possibilities
experimental verification.

II. INTRODUCTION TO WETTING PHENOMENA

The bulk phase diagram of a multicomponent mixtu
may exhibit so-called solubility gaps3 @cf. Figs. 1~b! and
1~c!#. This means that overall compositions within such
solubility gap are unstable; the system forms spontaneo
separate phases. At equilibrium~no chemical potential gra
dients! the phases have compositions given by the satura
values~binodals!. The amount of each phase is determin
7 © 1999 American Institute of Physics
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2798 J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Leermakers, Dorrepaal, and Besseling
by a mass balance~overall composition!. The interface be-
tween the two phases is minimized such that there is as
contact of one phase with the other. Over a century ago
der Waals formulated a molecular theory for the structure
the interface formed by two simple liquid phases
coexistence.4 It was shown that not too far from the critica
point the density profile is a hyperbolic tangent. The width
the interface increases and the surface tension decre
upon approaching the critical point. At the critical point th
distinction between the two phases ceases to exist, or
versely, when the opposite route is followed, the syst
passes from having one phase to two phases. Extensio
the van der Waals theory to more than two component
necessary to use such an approach for wetting studies. B
we will use a theory which deals with multiple interfaces a
is a van der Waals-type in several ways.

For a three-component system it is possible that th
separate phases exist. Let us for convenience denote
phases asa, b, andg. In this case it may happen that als
three different interfaces,ab, ag, andbg are present. Then
there is also a three-phase contact point where all th
phases meet,abg. Such contact region can be characteriz
by contact angles. The contact angle~s! are a function of the
three surface tensions of the three interfaces in the sys
The necessary relations were, in principle, already spec
by Young5 and Laplace6 and can be derived from a minim
zation of the excess free energy.2 It is also possible that one
of the phases sits in between the other two. Then only t
e.g.,ab andbg are present. This condition follows natural
from the three-interface case if the contact angles approa
or 180°.

The passing from the condition that the contact ang
are finite~one phase sits as a lens-shaped droplet in betw
the other two!, to one where the contact angles are zero~or
180°; one phase sits as a film in between the other two! is a
phase transition; the system passes from having three i
faces to the case that there are just two.1 In wetting language
the aforementioned wetting transition is one from par
wetting to complete wetting. By choosing suitable cont
variables one can often force a system to change its we
characteristics. Going from partial to complete wetting o
curs at a wetting transition which may be a first or a seco
order phase transition.

To distinguish between the two, let us again conside
three-component system wherein two phases~one rich in one
component, the other rich in a second component! exist and
let us study the structure of the interface, or more precis
study the accumulation of molecules of the third kind at t
interface. Let us thus take the situation that the third com
nent is not completely soluble in the two phases. Then u
the approach of the solubility limit of the third component
this two-phase system the third component will accumu
substantially at the interface. This accumulation~adsorption!
is experimentally~and theoretically! accessible~for a graphi-
cal example see Fig. 9 below!. So-called adsorption iso
therms give the adsorbed amount at an interface as a fun
of the chemical potential of this component. Upon the a
proach of the solubility limit the adsorption isotherms m
reveal information where and how the third phase will
Downloaded 28 Feb 2012 to 137.224.252.10. Redistribution subject to AIP 
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formed. In the case of partial wetting the adsorbed amo
remains finite when the saturation value is reached. In
case of complete wetting the adsorbed amount diverge
the saturation value~coexistence value!. The order of the
wetting transition can be extracted from the evolution of t
adsorption isotherms as a function of a suitable control
rameter, e.g., the temperatureT.

A wetting transition can most easily be observed by e
amining the adsorbed amount at the coexistence cond
~i.e., at the chemical potential defined by the presence of
third macroscopically large phase! as a function of this con-
trol variable.1 As mentioned above, two scenarios exists.~i!
One may witness the adsorbed amount to grow continuo
upon the increase in temperature and find it to diverge
Twet. This case is not very common and it is called a seco
order wetting transition or critical wetting@see Fig. 11~b!
below, where the control parameter is not the tempera
but an interaction parameter#. ~ii ! Much more frequently one
may find that upon the approach of the wetting temperat
the adsorbed amount exhibits a discontinuity; it remains
nite for all T,Twet and it is infinite atT.Twet. This scenario
is called a first-order wetting transition. Inspection of t
corresponding adsorption isotherms is very instructive. Fo
range of control variableT ~not too far belowTwet!, at some
value of the applied chemical potential~not too far below the
coexistence value!, the adsorbed amountuexc exhibits a dis-
continuity called a prewetting transition; limT↓Tprewetuexc is
considerably larger than limT↑Tprewetuexc. In a mean-field
theory such a step shows up as a van der Waals loop@see
Figs. 2–4 and 11~a! below# from which the ‘‘step’’ can be
obtained, e.g., by a Maxwell construction. The magnitude
the step grows upon a decrease in temperature and dive
at the wetting temperatureTwet. The step shrinks upon a
increase in temperature and vanishes at a~prewetting! critical
point, Tpcp.

In a wetting phase diagram~see, e.g., Fig. 5 below! one
can plot the chemical potential at the step in the isothe
against the value the control variable. In this phase diag
these points form a line. This line is called the prewetti
line. In the case of a first-order wetting transition it is natu
to find a prewetting line in the wetting phase diagram a
that this prewetting line is connected to the wetting tempe
tureTwet at the bulk coexistence line, given bym5m#. In the
case of critical wetting such a prewetting line does not ex
and the wetting phase diagram only features the bulk co
istence line onto which one point reflects the wetting tran
tion. Below we will show that variation in the wetting phas
diagrams may occur even for relatively simple model s
tems.

One may be interested in forcing a system from a par
wetting condition to complete wetting. Basically just on
general guideline exists which is due to Cahn.7 In a partial
wetting condition one will generally have the condition th
three phases calleda, b, andg, come together at some poin
in space characterized by some type of contact angle. C
argued that when this system is pushed to the condition
it goes from a three-phase~a,b,g! to a two-phase~ab,g!
system at some critical temperatureTc, one should expect a
wetting transition to occur before the critical temperature
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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2799J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Wetting of a fluid interface by a homopolymer
reached. In other words, when the system is sufficiently cl
to a critical temperature for thea,b mixture, there cannot be
a partial wetting condition. We will not repeat the argume
here, but the background is that the interfacial tension of
interface that becomes criticals~a,b! scales differently with
the relative temperature (T2Tc) than the difference betwee
the ~noncritical! interfacial tensionss~a,g!2s~b,g!. The
physical background of the different scaling behavior is t
the interface between the liquids that approaches the cri
point becomes increasingly diffuse, whereas the noncrit
interfaces remain relatively sharp. Therefore both type
interfaces have different entropic and energetic contributi
to the interfacial tension and thus respond differently to
change in relative temperature.

Some experimental and theoretical approaches are a
able in the literature of wetting at liquid–liquid and liquid
air interfaces. Of interest to mention is a recent study of
wetting behavior of alkanes~e.g., pentane, hexane,...! on a
water–air interface.8 This system was found to exhibit non
trivial behavior not predicted by the standard wetting theo
Here an interesting interplay between short- and long-ra
forces leads to first-order transitions from microscopically
mesoscopically thick layers at coexistence~bulk binodal val-
ues!, while the system remains in the partial wetting regim
A Cahn-type theory for this case has been proposed.9 In the
present paper we will not consider long-range van der Wa
contributions to the wetting problem.

The experimental investigation of the formation of a ne
phase in a liquid–liquid interface is also feasible. For e
ample, the formation and the wetting characteristics of a
croemulsion phase in a Winsor 3 system has b
investigated10,11 and compared to theoretical predictions12

We will return to this system below, as it resembles t
present system in several ways.

In this paper we will study wetting at an existing liquid
liquid interface in an approach similar in spirit to the o
used by Van Eijk and Leermakers.13 We will use a similar
system as these authors. More specifically, we will inve
gate the case that the existing interface is formed by
monomeric liquids and the new phase is formed by a po
meric one. Van Eijk and Leermakers limited their investig
tions to the case that the pre-existing interface had a g
width ~the distance from the critical point of the binary liqu
was kept constant! and studied the effects of several para
eters such as the degree of polymerization of the polym
component, and the stiffness of these molecules on the o
of the wetting transition. In the present paper we will foc
our attention to the effect of the interfacial width and fi
other molecular characteristics of the system.

III. THE SCHEUTJENS FLEER SELF-CONSISTENT-
FIELD THEORY

To study wetting transitions in complex systems o
needs in principle accurate ways to generate adsorption
therms. This is not a trivial problem as for each point in
adsorption isotherm one has to solve for the equilibri
structure of the inhomogeneous molecular distributions at
interface. Considering that there are nonideal interacti
~natural for a system with a solubility gap! and that the mol-
Downloaded 28 Feb 2012 to 137.224.252.10. Redistribution subject to AIP 
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ecules may have internal degrees of freedom one ne
rather sophisticated models. In passing we note that very
Molecular Dynamics or Monte Carlo simulations exist o
these issues.14 Clearly most wetting theories are on a mea
field level. Classical examples of this are models based o
phenomenological free energy expansion known as
Ginzburg–Landau approach.1 It is from this branch of mean-
field models that the general wetting theory as outlin
above has emerged. This method can only be used nea
critical points where the interfaces are not sharp. Moreo
there is no direct link between the parameters in a Ginzbu
Landau theory and the molecular system that is studied.

A detailed molecular-level theory can be formulat
which makes use of self-consistent-field~SCF!
approximations.15,16We use a lattice-based SCF method fi
proposed for polymers at interfaces by Scheutjens and F
~SF SCF! to model the structure~formation! of a polymer
phase at a fluid interface. In the following we will briefl
outline the method and concentrate on the problem of w
ting at such an interface.

A. The system

Let us consider a system that contains three molec
components,i , j 5PN ,A,B. Molecule i 5PN is a polymer
component composed ofN segments of typeP, each of size
b3 whereb is the length of a segment of the chain. Molecul
i 5A and i 5B are both monomericNA5NB51 and of size
b3 and let the system be within the solubility gap betwe
the two type of molecules. Let us consider the interface
tween theA-rich andB-rich phases, and let this interface b
flat. As told above we are interested in finding the adsorpt
isotherms of the polymeric component adsorbing at t
~macroscopic! interface. Let us assume that the adsorpt
takes place in a homogeneous way. In this case the symm
is such that we expect that the main density gradients
perpendicular to the interface and that less important fluc
tions in density occur parallel to the interface. This allows
to apply a mean-field approximation parallel to the interfa
which renders density gradients to be one-dimensional~1D!,
perpendicular to the interface. This direction will be denot
by z. By applying the local mean-field approximation w
ignore that the newly formed polymer-rich phase assume
lens shape at the interface between theA-rich and B-rich
phase. Although a lens would be the stable configuration
the partial wetting regime, this is not necessarily a proble
because from the 1D-adsorption isotherms one will, in su
case, notice that part of the isotherm is not stable~as it rep-
resents systems that are supersaturated!. The macroscopic
contact angle of the lens can be found from the evaluation
the interfacial free energies of the thick and thin film at c
existence~stable! conditions. Alternatively, one can set-up
2D-gradient SCF calculation and calculate the droplet sh
of mesoscopically small droplets directly.17 We will not do
this here.

B. The lattice

In the SF SCF theory it is customary to develop t
equations in discrete form. Thus a system of discrete coo
nates is used which is referred to as a lattice. The charac
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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2800 J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Leermakers, Dorrepaal, and Besseling
istic spacing in the lattice is set equal to the monomer sizb.
Lattice layers parallel to the interface, withL lattice sites
each, are formed and the layers are numberedz51,...,M . L
is chosen in the macroscopic limit so that edges can be
nored. It is convenient to introduce a priori step probabilit
lz2z8 , wherez8 takes the three values,z85z21,z,z11. For
example, a cubic latticel054/6, andl15l2151/6. We
note that other types of lattice may be used. The discret
tion of the space by means of a lattice is a rather good
proximation as long as one is not interested in details that
smaller than the lattice spacing.

C. The SCF formalism

A proper derivation of the SCF equations from an e
pression for the partition function can be foun
elsewhere.15,16 Here we will just review the most importan
relations. In a SCF theory the observable segment dens
are a functional of the so-called segment potentials~which
are, by means of a mean-field construction, a type of exte
field that depends on thez-coordinate!, and the segment po
tentials are a functional of the segment densities. Typic
in the present system there are reflecting boundary co
tions nearz51 and nearz5M , and the interface betwee
A/B is positioned roughly nearz5M /2. The reflecting
boundaries guarantee that all densities inz50 equal those in
z51 and similarly the densities inz5M11 equal those in
z5M . Further the equations are solved using an incompr
ibility constraint. This last condition implies that on avera
each lattice layer is exactly filled or, mathematically,

(
i

w i~z!5(
i

Ni~z!

L
51, ~1!

whereNi(z) is the number of units that molecules of typei
have in layerz. Equation~1! also definesw as the volume
fraction of segments. The incompressibility constraint th
prevents that there are unoccupied sites. Note that the inc
pressible three-component system can also be interprete
a two-component lattice-gas where the positions of one
the monomeric components are interpreted as vacant sit

The SCF method thus naturally splits up into two se
rate parts which can be introduced briefly as follows.

D. From segment potentials to densities

In this section we assume that for each molecule ty
i , j 5PN ,A,B, or segment typex,y5P,A,B there exists po-
tential profilesui(z,s)5Sx5P,A,Bd i ,s

x ux(z), where ux(z) is
the potential felt by segments of typex in layer z, ui(z,s) is
the potential felt by segments of moleculei in layer z, and
d i ,s

x is the chain architecture operator, which assumes
value 1 when segments of molecule i is of the type x
and zero otherwise. Correspondingly, free segment wei
ing factors are defined as the Boltzmann weight,G
5exp(2u/kT), wherekT is the thermal energy, and the sam
labels and parameters carry over from theu to theG. These
free segment weighting factors are used to compute the
ment densities. The operations that need to be performed
conceptually simple;~i! one has to generate all possible a
allowed conformations of the molecules in the system,~ii !
Downloaded 28 Feb 2012 to 137.224.252.10. Redistribution subject to AIP 
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determine the external potential felt by each of these con
mations,~iii ! use the Boltzmann weight to find a weightin
factor for these conformations, and~iv! normalize them to
obtain the probability of finding them in the system. For lo
chain molecules the number of conformations is too large
do this. The problem is solved by introducing Markov stat
tics. In this approach the chains are ghostlike and can v
previously occupied sites. The only requirement is that t
consecutive segments along the chain are sitting on ne
boring sites on the lattice. In this Markov approximatio
very efficient methods are available to obtain the segm
densities from the potentials. To illustrate this, two comp
mentary chain end distribution functionsGi(z,su1) and
Gi(z,suN) are introduced. These two quantities collect t
statistical weight of all chain conformations of compleme
tary fragment of the chain, from the first segment to a
including segments and from the last segmentN to and
including segments, respectively. The product of these tw
quantities is a measure for the probability to find segmens
of moleculei at coordinatez,

w i~z,s!5Ci

Gi~z,su1!Gi~z,suN!

Gi~z,s!
, ~2!

where the denominator corrects for the fact that the poten
field for segments in coordinatez is accounted for in both
complementary chain end distribution functions.Ci is a nor-
malization which can be found easily and will be discuss
below. There exists a propagator scheme which links
chain end distribution functions to those that correspond
chain fragments that are one segment shorter,

Gi~z,su1!5Gi~z,s! (
z85z21,z,z11

lz2z8Gi~z8,s21u1!,

Gi~z,suN!5Gi~z,s! (
z85z21,z,z11

lz2z8Gi~z8,s11uN!.

~3!

These equations are started by the condition that the c
end distribution function of a walk of one segment equals
corresponding free segment distribution functio
Gi(z,NuN)5Gi(z,N) andGi(z,1u1)5Gi(z,1).

Equations~2! and~3! reduce for monomeric componen
to the Boltzmann equation,

wx~z!5CxGx~z! xP$A,B%. ~4!

From Eqs.~2! to ~4! it is straightforward to collect the seg
ment densities per segment type. These will be used in
next step where the segment potentials are computed.

E. From segment densities to potentials

At this point we assume that the segment densities
available. The segment potentials are a function of these d
sities. Here we account for two terms,

ux~z!5u8~z!1(
y

xxyS (
z85z21,z,z11

lz2z8wy~z8!2wy
bD .

~5!
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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2801J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Wetting of a fluid interface by a homopolymer
The first term is a Lagrange field coupled to the space-fill
constraint. The second term in Eq.~5! accounts for short-
range nearest-neighbor contacts parameterized by Flo
Huggins interaction parametersxxy . For given segmen
typesx,y these parameters can be measured and are tabu
for many polymer systems. The potentials are normalize
be zero in the bulk and for this reason the bulk volume fr
tion of componenty is subtracted in Eq.~5!. Note that the
segment potential is nonlocal due to the nearest-neigh
contact a segmentx in layerzcan have with segments of typ
y in z85z21, z11. Long-range contributions to the segme
potentials~e.g., van der Waals contributions! can in principle
be included in Eq.~5! but in the standard SF SCF model th
is not done.

F. The solution

The above set of equations is closed and can be sol
This is done routinely using a Newton-type iteracti
scheme. Details about this procedure can be fo
elsewhere.16 For two out of three components we fix the tot
amount of molecules in the system. The amount ofA in
equivalent monolayers is given by,uA5M /2 ~this forces the
A–B interface somewhere halfway the system! and the nor-
malization of this component is

CA5
(zwA~z!

(zGA~z!
5

uA

(zGA~z!
5wA

b . ~6!

The adsorption isotherm for the polymer chains is found
increasing in steps the amount of polymer in the system.
corresponding normalization is given by

CP5
uP

(zGP~z,Nu1!
5

wP
b

NP
. ~7!

The normalization of the solventB follows from the condi-
tion that in the reference bulk phase the overall den
should be unity,

CB512wP
b 2wA

b5wB
b . ~8!

In the limit of a homogeneous solution the SF SCF the
reduces to the Flory–Huggins theory.18 For this reason it is
possible to evaluate the bulk phase behavior of the sys
from this theory.

G. Adsorption isotherms

Each SCF solution gives a point for an adsorption i
therm. Moreover, for a given solution of the SCF equatio
one can evaluate the partition function and from this vario
thermodynamic and mechanical parameters of interest
low. Below we will discuss the excess adsorbed amoun
the polymer component defined in the case that the poly
solubility characteristics are chosen to be symmetric w
respect to the two bulk solvents. In this case the excess
sorbed amount of the polymer does not depend upon
choice of the dividing surface,

uP
exc5(

z
wP~z!2wP

b 5uP2MwP
b . ~9!
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For each componenti the chemical potentialm i is constant
throughout the system. It is most conveniently expresse
terms of the composition of one of the bulk phases. F
polymeric components the equation can be expressed a

m i2m i*

kT
5 ln w i

b112Ni(
j

w j
b

Nj
2

Ni

2

3(
x

(
y

~wx
b2d i

x!xxy~wy
b2d i

y!, ~10!

whered i
x is unity when molecules of typei are composed of

segments of typex and zero otherwise.
When there are steps in the adsorption isotherms

condition for the transition is found by an equal area pro
dure~Maxwell construction!. Equivalently, and more conve
niently, one can find such a transition point by plotting t
interfacial tension as a function of the chemical potent
The crossing point in such a curve corresponds to the e
librium point between the two adsorbed amounts. The in
facial tension follows from the partition function and can
written in the form,

sb2

kT
52(

z
F(

i

w i~z!2w i
b

Ni
1

u8~z!

kT

1
1

2 (
x

(
y

xxy$wx~z!^wy~z!&2wx
bwy

b%G . ~11!

IV. PARAMETERS

As said above we will consider systems where there
two monomeric components that have effectively repuls
interactions such that there exists a solubility gap. This is
case forxAB.2. The higher this value the larger the n
repulsion is between the units and the stronger the liqu
will segregate leaving a more and more sharp interface
value of 2.2 will already yield an interface that is just a fe
molecules in width. The polymer chains have a fixed len
of NP5100. We will examine systems that are symmet
with respect to interchange of the two solventsA andB ~and
hence with respect to interchange of theA-rich phase and the
B-rich phase!. The solubility of the polymer in the solvents i
bound to some upper limit. This is guaranteed whenxAP

5xBP. 1
2(11NP

20.5)250.605. The indicated lower limit rep
resents the critical value at which the polymer becomes c
pletely miscible with a monomeric solvent. This value is al
a reasonable indication for the limit where the polymer b
comes miscible with the binary solvent mixture discussed
the present paper. The lattice used consisted typically oM
5100 layers, but to avoid boundary effects this value w
increased for relative low values ofxAB . The step probabili-
ties were fixed tol15l215l051/3. This choice is popular
as relative to a cubic lattice there are only small adve
effects of the discretisation of space. SCF solutions w
generated with a precision of 7 significant digits.

V. RESULTS

Wetting problems are, because there are at least t
phases involved, complex. It is therefore of significant h
to have insight in the bulk phase behavior of the syste
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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2802 J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Leermakers, Dorrepaal, and Besseling
studied. The SF SCF theory reduces for bulk systems to
well-known Flory–Huggins theory for which it is relativel
straightforward to generate ternary phase diagrams. In F
we show a few typical ones which are in the parameter ra
studied below. The three examples differ in the value of
solvent demixing parameterxAB and all have the sam
polymer–solvent interaction ofxPA5xPB51.02. The ter-
nary phase diagrams show a three-phase coexistence r
@Figs. 1~b!, 1~c! inner triangles# and three two-phase region
connected to them~a few tie lines connecting coexistin
phases are given!. Of interest is the way the three-phase t
angles change upon a decrease ofxAB . As theA–B critical
point depends on the polymer–solvent interactions and
polymer–solvent critical point depends on the interaction
tween the solvents, the outcome is not trivial. The thr
phase solubility gap as shown in Figs. 1~b!, and 1~c! by the
inner triangles shrinks upon decrease ofxAB. In Fig. 1~a!, the
three-phase solubility gap is lost and three two-phase reg
remain. WhenxAB,2 only two two-phase regions are lef
The systems that we are interested in are balanced with
spect to the amount ofA andB in the system; they thus ar
on a vertical line from the top of the phase triangles. O
interest will also be limited to those systems that have thr
phase coexistence@e.g., Figs. 1~b! and 1~c!#. From the series
shown in Fig. 1 we finally draw the conclusion that for va
ues ofxAB close to 2, there is no three-phase coexistence
this region the polymer rich phase dissolves completely i
the solvent phases; wetting ceases to exist here.

Wetting of a polymer phase at a simpleL/L interface has
recently been studied by Van Eijk and Leermakers.13 In this
work the width of the interface was kept constant~xAB was
fixed! and attention was given to the variables associa

FIG. 1. Ternary phase diagrams for systems containing the compon
P100, A1 , andB1 as calculated by the Flory–Huggins theory. Paramet
xPA5xPB51.02, and the solvent demixing parameter was~a! xAB52.02,
~b! xAB52.05, ~c! xAB52.125. The diagrams show how the three-pha
region ~panel b and c! vanishes upon the approach of thexAB towards the
critical value of 2. In panel 1 there are 3 two-phase regions.
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with the polymer. Here we will extend this work and loo
also to the interfacial width as a control variable.

In Fig. 2~a! a few adsorption isotherms are present
where we have varied the polymer solubility parameter
constant interfacial width (xAB52.15). From this figure it is
seen that a first-order wetting transition can be induced
using the polymer–solvent interaction as a control variab
There is a curve that corresponds to the case that the poly
adsorption at the interface occurs without any special f
turesxPA5xPB51.0. There is an adsorption isotherm typ
cal for partial wettingxPA51.03. The curve that~almost!
corresponds to the wetting transition point happens to b
xPA51.02 and the curve forxPA51.01 is a typical example
of an adsorption isotherm with a prewetting step. ThexPA

51.01 condition is close to the prewetting critical point. T
van der Waals loop is still present but rather small. In F
2~b! the corresponding surface-tension vs chemical-poten
curves are plotted. Note that all the lines in this graph end
DmP5mP2mP

# 50, wheremP
# is the chemical potential a

the saturation value of polymer in the solvents. This is na
ral as thick polymer layers in between theA–B interface can
only exist at coexistence. The surface tension typically
creases with increasing chemical potential. This is so for
point for thexPA51.0 case. The cusp seen forxPA51.01
@see inset in Fig. 2~c!# is in line with the stepwise increase i
adsorbed amount. The crossing point of the lines correspo
with the transition condition. The lower lines are the stab
lines. Thes(DmP) exhibits a discontinuity in the first de
rivative at the step. ForxPA51.02 the crossing of the line
coincide with theDmP50 axis. From this it is concluded
that the wetting transition is indeed atxPA51.02. The partial
wetting case shows an unfinished cusplike figure; there is
crossing of lines.

As told above there are two interaction parameters in
system. In Fig. 3 we examine the second one. For a fi
value of the polymer–solvent interaction set of adsorpt
isotherms are shown which differ with respect to theAB
interaction. One of the reasons for the polymers to ads
onto theAB interface is to screen unfavorableAB contact. At
constant polymer–solvent interaction it is thus natural tha
higher affinity isotherm is found for higher values ofxAB . In
Fig. 3~a! three adsorption isotherms and in Fig. 3~b! the cor-
responding surface-tension-vs-the-chemical-potential p
are presented. Inspection of these curves shows that t
must be two consecutive wetting transitions, or equivalen
that there is a window of partial wetting. Both at stron

nts
s

-
a-

ase
of
FIG. 2. ~a! Adsorption isotherms~excess adsorbed
amount vs the chemical potential! of the polymer com-
ponent in theA–B interface.~b! Dimensionless surface
tension vs the chemical potential of the polymer com
ponent. Values for the polymer–solvent interaction p
rameters are indicated and thexAB52.15. In ~b! the
inset gives an expanded view of the cusps for the c
xPA51.01. The position of the step in the isotherm
~a! coinsides with the point where the lines cross in~b!
This is equivalent to using a Maxwell construction.
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2803J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Wetting of a fluid interface by a homopolymer
FIG. 3. ~a! Adsorption amounts~ad-
sorption isotherms! and~b! normalized
surface tension against the chemic
potential of the polymer component a
a fixed polymer–solvent interaction
parameterxPA5xPB51.02 for three
values for the effective repulsion be
tweenA andB units as indicated. The
position of the step in the isotherms i
~a! can be obtained from a Maxwel
construction or equivalently this can
be deduced from the crossing points
~b!.
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For
co-

co
segregationxAB.2.15 and weak segregationxAB,2.11 of
the two liquids we find isotherms that correspond to co
plete wetting. Both at weak and at strong segregation we
a step in the adsorption isotherms which indicates that b
transitions are first order. From the cusps in Fig. 3~b! it is
concluded that only thexAB52.125 case corresponds to pa
tial wetting and that there must be a wetting transition b
above and below this value.

The wetting scenario as shown in Fig. 3 is expected to
subject to change upon variations of the polymer–solv
interaction parameter. In Fig. 4 a selection of adsorption iso
therms is presented which belong to systems with a slig
better polymer–solvent interaction ofxPB5xPA51.011.
This value was chosen as in this case all isotherms co
spond to complete wetting; all isotherms, in fact for all re
evant values ofxAB also those that are not shown in Fig.
diverge upon the approach of the saturation value. Quite
expectedly, and this is a major result of this paper, there
still steps in the adsorption isotherm which resemble
prewetting steps discussed above. These steps occur
well-defined range, 2.11,xAB,2.18. xAB52.11 can be
called the lower criticalxAB andxAB52.18 the upper critical
xAB for these steps in the isotherms. The physical interp
tation of the step in the adsorption isotherm is that a mic
scopically thick polymer film and a mesoscopically thick o
can coexist.

A standard procedure for this type of phase transition
to connect the compositions of the layers that can coexis

FIG. 4. Excess adsorbed amount of the polymer component in theAB in-
terface as a function of the~normalized! chemical potential. The polymer–
solvent interaction was fixed toxPB5xPA51.011, and thexAB was varied
in steps of 0.02 from 2.11 until 2.19~the extremes are indicated in the plot!.
The dashed line is the closed-loop phase diagram which is found by
necting the transition adsorbed amounts with each other.
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form so-called binodals~see, e.g., Ref. 3!. In this case a
closed-loop phase diagram emerges. Closed loops are
uncommon in~multicomponent! bulk phase diagrams, bu
they are to our information not reported for interfacial pha
equilibria. In Fig. 4 a closed-loop phase diagram is plot
by the dashed line~which was constructed from a muc
larger set of adsorption isotherms!. At these critical points
the adsorption isotherms go over from having an inflect
point ~second-order transition! to isotherms which feature
van der Waals loops. The very first van der Waals loops h
rather tiny unstable regions and therefore the critical po
are usually rather difficult to examine with high precisio
Away from the critical points the van der Waals loops a
much more pronounced and can be analyzed routinely.

The single difference between the systems presente
Figs. 3 and 4 is the difference in solubility of the polymer
the solvent~s!. When the solubility is low, there is a window
of partial wetting, bracketed both at weak and at strong s
regation by first-order wetting transitions. When the solub
ity is a bit higher the first-order transitions vanish. Appa
ently the window for partial wetting closes upon increasi
the solubility of the polymer for the solvent. The steps in t
isotherms in Fig. 4 are the remainder of the prewetting ste
but remarkably there is no longer a corresponding wett
transition as at fixedxPB5xPA51.011 there is complete
wetting for all xAB .

It is instructive to examine the fate of the prewetting lin
DmP(xAB) when the system changes from having two w
ting transitions to none by changingxPA . The whereabouts
of prewetting lines can be analyzed in wetting phase d
grams. In Fig. 5 such a wetting phase diagram is prese
for the present system. On thex-axis thexAB value, and on
they-axis the normalized chemical potential is plotted. Lin
in this phase diagram are lines of first-order phase tra
tions. One of these is theDmP50 line. Below this line there
is just a two-phase system~A-rich, B-rich! and above this
line there are three phases~A-rich, B-rich and a polymer-rich
phase!. The prewetting steps in the adsorption isotherms
first-order transitions. For values of the polymer–solvent
teraction parameterxPA.1.018 there are two wetting trans
tions and connected to both wetting transitions there
prewetting lines extending into theDmP,0 half-space.
However, at aboutxPA51.018 the two wetting transitions
merge and obviously also the prewetting lines merge.
xPA,1.018 the prewetting lines are disconnect from the

n-
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2804 J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Leermakers, Dorrepaal, and Besseling
existence lineDmP50. Now we understand that the prewe
ting lines are still there in absence of the wetting tran
tion~s!. The length of the detached prewetting lines redu
subsequently with decreasingxPA . The prewetting line
shrinks to one point nearxPA51.009. ForxPA,1.009 there
is no step in the isotherm any longer and the polymer w
the interface without any special features when thexAB in-
teraction parameter is used as control variable.

It is of special interest to note that the upper and low
prewetting critical points, which are points of second-ord
phase transitions, all fall on a curve which is remarka
linear over a wide range of parameters. We will return to t
point below.

It is possible to assemble as was done in Fig. 4, ph
diagrams in coordinates which give some information on
structure~excess adsorbed amounts! of the microscopically
and mesoscopically thin films that coexist. In Fig. 6 a set of
those phase diagrams is shown. For the range of 1
,xPA,1.018 the phase diagrams are of the closed-lo
type. For valuesxPA.1.018 the phase diagrams are n
closed; the excess adsorbed amount of the mesoscopi
thick branch of the phase diagram diverges~becomes mac-
roscopically thick! upon the approach of the bulk coexis
ence lineDmP50. NearxPA51.009 the closed loops shrin
to a point and subsequently vanish.

One more way to present the data is to plot the exc
adsorbed amount of both the microscopically and the me
scopically thick film that coexists as a function of thexAB

value where the prewetting transition takes place~Fig. 7!.
This is perhaps the most common way to present the ph
diagram of the system, asxAB can be seen as the invers
temperature and the excess adsorbed amounts as a me
for the composition of these phases. Obviously, in the ra
1.009,xPA,1.018 the phase diagrams are closed. The l
shrinks to a point and vanishes nearxPA51.009. The phase
diagrams open up as soon as wetting transitions emerg
the system nearxPA51.018.

FIG. 5. Wetting phase diagram. The chemical potential of the wetting c
ponent PN against the control parameterxAB for various values of the
polymer–solvent interaction parameter in the rangexPB5xPA51.009 to
1.020 ~with steps of 0.001!. The solid part of the lines are computed. Th
short dashed extensions towards the prewetting critical point are draw
hand based also on information from Figs. 6 and 7. The prewetting cri
points are connected by a dashed line. The way this line approachesDmp

50 is sketched on the basis of data presented in Fig. 11.
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As told above, the phase diagrams are not very accu
near critical points. However combining the data of Fig
5–7 gives a good impression how the various missing p
of the calculations should go. We have extrapolated th
parts~by hand! and filled them in by dashed line—parts
Figs. 5–7.

VI. DISCUSSION

Both at very strongAB segregation and at weakAB seg-
regation the polymer wets theAB interface. If there is a
region of partial wetting in this system, it is bracketed by tw
wetting transitions in such way that the previous statem
remains true. It is easily understood why the polymer w
the interface at strong segregation. In this case the sur
tension of theAB interface is high and the polymer sprea

-

by
al

FIG. 6. Interfacial phase diagrams. The amount of polymer at the liq
interface in both the microscopically thin films~lower parts of the loops!
and the mesoscopically thin layers~upper parts of the loops! which coexist
at the points of the prewetting steps as a function of the chemical poten
The parts of the phase diagrams near the critical points are not compute
estimated also on the basis of data presented in Figs. 5 and 7. The poly
solvent interaction parameters are indicated and are the same as in F
and 7. The upper and lower critical points are connected to each other
dashed line for illustrative purposes.

FIG. 7. Interfacial phase diagrams. The amount of polymer at the liq
interface in both the microscopically thin films~lower parts of the curves!
and the mesoscopically thin films~upper parts of the curves! that coexist at
the prewetting step as a function of the effectiveAB repulsionxAB in the
system. The dashed lines near the critical points are drawn by hand
using information from Figs. 5 and 6. The upper and lower critical points
connected by a dashed line for illustrative purposes.
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2805J. Chem. Phys., Vol. 111, No. 6, 8 August 1999 Wetting of a fluid interface by a homopolymer
along the interface to remove theAB contacts. The wetting
transition at weak segregation is expected from the Ca
type argument mentioned in the introductory wetting the
section. In the first instance one would expect that upon
ducing the value of thexAB the AB interface becomes criti
cal. However, theP–A and thusP–B miscibility increase
also whenxAB is reduced. We can define an effective po
mer solvent interaction as were the polymer just in a sin
solvent,

xPS
eff 5wAxPA1wBxPB2wAxABwB . ~12!

The polymer concentration in the solvent rich phases is ty
cally very low and thus we may usewA1wB51 and Eq.~12!
reduces to

xPS
eff 5xPA2xABwA1xABwA

2, ~13!

where we usedxPA5xPB . Not too far from theAB-critical
point we can estimate the density of solventA in the B-rich
phase from the Van der Waals theory~see, e.g., Ref. 19!,

wA5
1

2
2A3

8
~xAB22!'

1

2
2S 12

1

xAB
DA3

8
xAB. ~14!

Obviously, this concentration increases with decreas
xAB . The combination of Eq.~14! with Eq. ~13! shows that
thexPS

eff reduces more than linearly withxAB . It is likely that
the system can evolve toxPS

eff ,0.605 where the polymer be
comes miscible with the solvents. This analysis is confirm
by comparison of the surface tensions of thePA and PB
interfaces with that of theAB interface. A typical result is
presented in Fig. 8, where the difference between the

FIG. 8. Difference between the surface tension of thePA1PB interfaces
and the surface tension of theAB interfaceDs52sPA2sAB at the three-
phase coexistence condition in the partial wetting condition forxPA5xPB

51.02.
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evant surface tensions,Ds52sPA2sAB , is plotted in the
range of partial wetting,sAB,sPA1sPB52sPA . The wet-
ting transition occurs whenDs50. The wetting transition on
the weak segregation side of theA-B phases is thus becaus
2sPA drops more quickly withxAB thansAB . Indeed upon
reduction ofxAB at fixedxPA5xPB the system moves mor
slowly towards itsAB critical point than towards the two
critical points for thePA and PB phases. As the three pos
sible critical points are not approached simultaneously,
we do not hit the triciritical point in the system, the result
compatible with the Cahn argument; the polymer rich ph
tends to become critical both with theA and B phase, and
thus the interfacial tensionsPA5sPB , and the difference
Ds52sPA2sAB approach zero in different ways such th
before theAP and BP interfaces become critical there is
wetting transition in the system. The absolute values of
surface tensions however are not yet extremely small. In
8 they increase approximately linearly withxAB in the re-
gime shown, sAB(xAB52.11)'0.0177 and sAB(xAB

52.154)'0.03.
In a considerably asymmetric case, where the polym

prefers one phase over the other, the scenario is likely to
fundamentally different. In this case the transitions near
critical condition for theAB system involve the uptake of th
polymer phase into the solvent that has the highest affi
for the polymer. This last case can be considered as a we
transition for the high affinity solvent on the polymer pha
~or the drying transition for the low affinity solvent!. Again
this system is not considered here. Asymmetric cases are
for future work.

Figures 5–7 give a detailed survey of the wetting ch
acteristics of this system. There are a few interesting iss
to elaborate on. Inspection of Figs. 6 and 7 shows that
prewetting critical points fall on an almost horizontal lin
characterized by an excess amount in the range 1,uP

exc

,1.2. This does not mean that the prewetting polymer film
just one~lattice! layer thick. In Fig. 9~a! typical density pro-
files are collected which correspond to a system reason
close to the upper prewetting critical point~solid lines!, and
in Fig. 9~b! the corresponding density profiles are given f
the lower critical points. ThexPA was fixed to a value for
which the closed loop has its maximum sizexPB5xPA

51.018. Although the excess amount is the same in b
cases, the structure of the interface depends strongly on
magnitude of the repulsion between the solvents. The den
of the polymer phase increases, and then the thickness o
ion

-

FIG. 9. Some density profiles through a cross-sect
of the interface at~a! the upper critical valuexAB

52.225, ~b! the lower critical valuexAB52.09. The
following profiles are shown:~i! the bareA–B interface
uP50 ~dotted lines!; ~ii ! near the critical conditions
uP

exc51.2 ~solid lines!; ~iii ! at coexistenceuP58
~dashed lines!. The polymer–solvent interaction is
given byxPB5xPA51.018. The lattice layers are arbi
trarily numbered.
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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FIG. 10. ~a! The normalized chemical
potential at the prewetting critica
point as a function of the polymer–
solvent interaction parameterxPA . ~b!
The xAB at the prewetting critical
point ~open symbols! and xAB at the
wetting transition ~closed symbols;
dotted line! as a function of the
polymer–solvent interaction param
eter. The points are extracted from
Figs. 5 and 11. The two lines meet i
the multicritical point.
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polymer film decreases upon an increase of thexAB . The
polymer film assumes its maximum density offP,0.2 near
z50 and the film thickness is more than 10b ~lattice layers!.
Thus the polymer layer is considerably swollen by the t
solvents, most significantly for the case withxAB52.225.
The radius of gyration of the polymer component is appro
mately 4b, and thus the polymer molecules are not stron
deformed. The polymer density does not reach a plat
~bulk! value and thus we should consider all polymers to
interfacial molecules. For comparison the density profiles
the bareA–B interfaces are given in Figs. 9~a! and 9~b!
~dotted lines!. With decreasingxAB the intrinsicAB interfa-
cial width increases. Clearly the width of the interfac
broadens when there are polymers in the system. Also
comparison we give in Figs. 9~a! and 9~b! ~dashed lines! the
profiles for the case that there is a wetting film in betwe
theA–B interface. From these graphs one can see the w
of the A–P and B–P interfaces. As noted above as we
upon decreasing thexAB , the system also moves conside
ably closer to theA–P and B–P critical points. This ex-
plains why theA–P and B–P interfaces broaden upon
decrease ofxAB . This confirms the conclusion of Fig. 8 tha
upon decreasingxAB the system moves more dominantly
the critical points ofA–P and B–P rather thanA–B. Re-
turning now to the profiles seen for the prewetting critic
conditions, we conclude that the interfacial profiles are
combination of theA–P andB–P interfaces more than th
bareA–B interface.

Another point of interest, already mentioned above,
that the critical points of the prewetting lines form a cur
which is in the parameter space selected in Fig. 5 linear o
a wide region. At present it is not clear why all these poi
Downloaded 28 Feb 2012 to 137.224.252.10. Redistribution subject to AIP 
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fall on such a straight line. It is tempting, but as we will s
wrong, to extrapolates this line to theDmP50 axis ~Fig. 5,
the dotted extrapolation!.

In Fig. 10~a! the line of second-order phase transitions
presented as the chemical potential at the prewetting crit
point versus the polymer solvent parameterxPA ;
DmP

pcp(xPA) ~where pcp refers to the prewetting critic
point!. Again the interesting point of this graph is the valu
of xPA , where theDmP

pcp50. By the nature of the curve it is
not easy to extract an accurate value ofxPA , whereDmP

pcp

50, however, it is clear that atxPA51.04 the prewetting
lines are within numerical accuracy. In Fig. 10~b! the corre-
sponding view graph of thexAB at the prewetting critical
point is given, also as a function of the polymer-solvent
teractionxPA . Besides the data extracted from Fig. 5, info
mation on the wetting behavior atxPA51.03, 1.04, and 1.05
included as well. Relevant adsorption isotherms for the c
dition thatxPA51.03,1.04 are given in Figs. 11~a! and 11~b!.
The adsorption isotherms of Fig. 11~b! show that in this case
there is a second-order wetting transition in the syste
whereas in the conditions of Fig. 11~a! the transition is still
first order. We thus conclude that there is a multicritic
point in the system which is located nearxAB52.062, and
xPA of near 1.04.

The conclusion must be that the extrapolation of the l
of second-order prewetting critical points as suggested ab
is not allowed and that this line bends over and connect
theDmP

cep50 with a much smaller angle~possibly with angle
zero!. The actual crossing point of the line of second-ord
prewetting critical points touch theDmP

cep50 line has a
physical meaning. For values ofxAB smaller than this con-
-

n

FIG. 11. Adsorption isotherms for a
fixed polymer–solvent interaction pa
rameter of~a! xPA51.03 and~b! xPA

51.04. The value of thexAB param-
eter was varied with steps of 0.0025 i
the indicated range.
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nection point the wetting transitions are second order.
the values above this connection point the wetting transiti
are first order.

In Fig. 10~b! we have also plotted thexAB at the wetting
transition ~dotted line closed symbols!. The point where
xAB

wet5xAB
pcp corresponds to the multicritical pointxAB

mcp. Thus
for xAB

wet,xAB
pcp are wetting transitions of the second-ord

type. In other cases the wetting transition is first order.
A polymer-rich phase at a liquid–liquid interface is st

a very simple system. An interesting analogy of the pres
problem may be noticed with the wetting of the middle pha
in a balanced Winsor III microemulsion system. Recen
there have been both experimental10,11 and theoretical
investigations12 of this system. The surfactant rich midd
phase is in between the oil and water phases. This mid
phase can either wet the oil–water interface partially or co
pletely. Wetting transitions can be generated by changing
temperature. The middle phase can be characterized
length scale~correlation length! which corresponds to the
typical distance between surfactant layers. This length s
is much larger than the size of the oil or water molecules
our system the length scale connected to the polymers is
much larger than the size of theA or B monomers and there
fore the physics is likely related. In the microemulsion sy
tem the middle phase only exists when the spontaneous
vature of the oil–water–surfactant system approaches z
Therefore, this system may be near or at~balanced! the
‘‘symmetrical’’ conditions chosen in the present system.

It is of special interest that in this context it has be
suggested that there are detached prewetting lines.20 In the
Winsor III system two wetting transitions may be expect
upon a change in temperature. These transitions do not o
because the oil–water system becomes critical, but bec
the system can move either to a critical point of mixing
the microemulsion–water or the microemulsion–oil phas
These wetting transition differ from the ones discuss
above and should be linked to the wetting scenarios m
tioned above for the case that our system becomes asym
ric as to the role ofA andB. It may be of interest to inves
tigate whether the Ginzburg–Landau theory for the
microemulsion systems can be used to model the pre
system as well. When doing so, it becomes possible to
the phenomenological parameters in a Ginzburg–Lan
theory to the molecular parameters of the SF SCF theor

In model studies of polymer blends it is customary to
to build a system with as much symmetry as possible. T
molecular weight of the homopolymer melts is matched a
the block-copolymer compatibilizer is composed of tw
blocks which each resemble one of the homopolymers in
system. In the same spirit we can imagine that one can se
systems with the characteristics discussed in the presen
per. A suggestion is to take two~oligomeric! nonmiscible
solvents and an alternating copolymer with repeat units s
lar to the solvents. This polymer may then be limited, b
equally soluble, in both solvents. This type of system co
be used to study the wetting behavior as discussed abov

As it is likely that some residual asymmetry with respe
to interchange of the two solvents can never be remo
from a system it remains essential to know how import
Downloaded 28 Feb 2012 to 137.224.252.10. Redistribution subject to AIP 
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asymmetrical interactions, i.e., when the polymer prefers
solvent phase over the other, are. There are additional
interesting effects of an asymmetry in the interactions. F
example one should expect that the interface has a non
preferential curvature~cf., the effect on nonzero preferentia
curvature in microemulsions!. Also it remains of interest to
investigate the effect of the molecular weight of the polym
and the molecular weight disparity between solvents a
polymer on the wetting behavior, in particular concerning t
range of second-order transitions and the existence of
tached prewetting lines. Some of these effects have alre
been examined before,13 but the full picture is far from com-
plete. We are planning to keep working on these issues in
near future.

VII. SUMMARY AND CONCLUSIONS

Wetting at liquid–liquid interfaces has been studied
means of a lattice-based self-consistent-field theory. In
theory it is possible to mimic molecular properties of t
system. It features explicitly the relative size and chainl
character of the molecules, and the various interactions in
system. For this reason we might refer to this approach to
explicitly molecular based, in contrast to e.g., Ginzbur
Landau approaches to wetting which are basically phen
enological.

This study was restricted in several ways. The sizes
the three molecular components were fixed. Two monom
bulk solventsA,B, and one polymer component with 10
repeat units were used. The system was always symm
with respect to interchanging the solventsA andB. Thus the
preferential curvature in the system remains zero through
There were only two interaction parameters in the syste
namely the parameter accounting for the repulsion betw
the two monomeric solvents and the polymer-solvent int
action. The effect of these two parameters, in the domain
incomplete miscibility, was exhaustively studied. We ha
assumed that these parameters can be varied independ
from each other.

At three-phase coexistence theA–B interface is polymer
wet when the polymer solvent interaction is good enou
When this is not the case it is possible to induce wett
transitions in this system by varying the width of theA–B
interface. In the case of partial wetting, i.e., when t
polymer-rich phase sits as a lens in theA–B interface, one
can induce wetting by either increasing or decreasing theAB
contact energy~at fixed polymer–solvent interactions!. The
wetting transition which occurs on the strong segregat
side was found to be first order. The wetting transition on
weak segregation side, can either be first or second or
Wetting transitions belowxAB

mcp are second order.
In a small region of polymer–solvent interaction para

eters~in this case 1.009,xPA,1.018! detached prewetting
lines are found. These prewetting lines are the remainder
the merging of the two first-order wetting transitions. T
detached prewetting lines have been analyzed in detai
was found that the prewetting critical points all fall on on
straight line in the wetting phase diagram with coordina
~xAB andDmP!. Only nearDmP50 the linearity is lost and
license or copyright; see http://jcp.aip.org/about/rights_and_permissions
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the curve of second-order transitions bends over to con
to DmP50 smoothly. Closed-loop phase diagrams were c
structed for the behavior of the polymer film at theA–B
interface. The upper and lower critical points were all sho
to have about the same excess amount of polymer~per unit
area! in the interface. The critical thickness of a polymer fil
with this critical excess amount depends however stron
on the intrinsic width of theA–B interface.
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