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Symmetric polymer blend confined into a film with antisymmetric surfaces:
Interplay between wetting behavior and the phase diagram
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We study the phase behavior of a symmetric binary polymer blend that is confined in a thin film. The film
surfaces interact with the monomers via short-range potentials. We calculate the phase behavior within the
self-consistent field theory of Gaussian chains. Over a wide range of parameters we find strong first-order
wetting transitions for the semi-infinite system, and the interplay between the wetting/prewetting behavior and
the phase diagram in confined geometry is investigated. Antisymmetric boundaries, where one surface attracts
the A component with the same strength as the opposite surface attraddsctiraponent, are applied. The
phase transition does not occur close to the bulk critical temperature but in the vicinity of the wetting transition.
For very thin films or weak surface fields one finds a single critical poirtb@t%. For thicker films or
stronger surface fields the phase diagram exhibits two critical points and two concomitant coexistence regions.
Only below a triple point there is a single two-phase coexistence region. When we increase the film thickness
the two coexistence regions become the prewetting lines of the semi-infinite system, while the triple tempera-
ture converges toward the wetting transition temperature from above. The behavior close to the tricritical point,
which separates phase diagrams with one and two critical points, is studied in the framework of a Ginzburg-
Landau ansatz. Two-dimensional profiles of the interface between the laterally coexisting phases are calcu-
lated, and the interfacial and line tensions analyzed. The effect of fluctuations and corrections to the self-
consistent field theory are discussed.

PACS numbegps): 68.45.Gd, 05.70-a, 83.80.Es

[. INTRODUCTION the enrichment layers at both surfaces gradually develop and
stabilize anAB interface in the center of the filnf‘soft-

The phase behavior of fluid mixtures in confined geom-mode” phasg It is only close to the wetting transition tem-
etry has attracted abiding interest over many decatiey. perature that the symmetry is spontaneously broken and the
The preferential interactions at the surfaces give rise to alB interface is localized close to one surface. This interface
enrichment of one component at the surface. In a semilocalization-delocalization transitioi8—13] and the anoma-
infinite system at phase coexistence, the thickness of thiwus fluctuations of the delocalizesB interface in the “soft-
enrichment layer diverges at the wetting transiti@-7]. mode” phase have attracted recent intefdst,14—16 and
Upon approaching the wetting transition temperature fromexperimental realizations in terms of polymeric systems have
below, the thickness of the enrichment layer might increaséeen investigatefil4,15,11.
continuously(second-order wettingor jump from a micro- The application of experimental techniqu@sg., nuclear
scopically thin layer to a macroscopic layer at tffest-  reaction analysis or neutron reflectometry facilitated by
orden transition. This latter case is by far the most commonthe large length scale of the enrichment layers, which is de-
experimentally. If the transition is of first order, a continua-termined by the molecule’s end-to-end distarRg. The
tion of the singularity persists also slightly above the wettingmacromolecular architecture also allows a successful com-
transition temperature. At a chemical potentértial pres-  parison to the results of the mean-field theory. The free en-
surg of the preferred species, which is smaller than the coergy cost of anAB interface ¢R? on the length scal®,
existence valug¢undersaturation a thin and a thick enrich- increases with chain length; a fact that reduces the effect of
ment layer coexist. Upon following this coexistence lineinterface fluctuation on the phase diagram for very long
(prewetting to higher temperatures we decrease the differchains. The extended fractal shape of the polymers leads to a
ence in the enrichment layers of the coexisting phases arstrong interdigitation of different molecules. The large num-
encounter a prewetting critical point. ber of neighbors with which a molecule interacts strongly

If a symmetric binary mixture is confined into a film with suppresses composition fluctuations and imparts mean-field
antisymmetric boundaries, i.e., the upper surface attracts ortgehavior to the phase diagram except for the ultimate vicin-
species with exactly the same strength as the lower surfadgy of the critical point.
attracts the other species, no phase transition will occur close In the following, we consider a symmetric binary polymer
to the bulk critical point. Upon decreasing the temperaturemixture confined into a thin film with antisymmetric bound-

aries and study how the wetting transition in the semi-infinite
geometry affects the phase stability in a film. We employ
*Email address: Marcus.Mueller@uni-mainz.de self-consistent field calculationgl8—22 to calculate the
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range surface interactions, and the film thickness. Our paper 1-co A

phase diagram as a function of the incompatibility, the short- ( wx)
w

is arranged as follows: In the next section we describe the
self-consistent field techniqy®1,22. Then we present the
phase behavior in a thin film with antisymmetric boundaries. ®o(x)={ 1 for A,=<x<Ao—A4,

5 for 0=sx<A,,

For thick films or strong surface fields the phase diagram m(Ag—X)

contains two critical points, corresponding to the prewetting - S(—W

critical points of each surface. Interfacial profiles between 5 for Ag—Ay<x<A.
the coexisting, laterally segregated phases are discussed, and \ (1)

the interfacial and line tensions are analyzed. The paper

closes with a summary and a discussion of fluctuation ef- ) ,
fects A film with the same number of monomers but uniform den-

sity would have the thickness=A,—A,,. We assume the
width of the boundary region to be small compared to the
characteristic length scale of the composition profile, i.e.,
A, /R.<1. In accordance with previous studigsl—24 we
chooseA,,=0.1%R,. This particular choice of the density
profile is employed for computational convenience. If we
chose a smaller value of the ratlo, /R, the results would
We consider a binary polymer blend in a volurivg remain(almosh unaltered bu; the co_mputational effdrte.,
—AgxLxL. The film containsh polymers.A, denotes the the required number of basis functiofsee below] would

) . S . . increase substantially.
film thickness, whileL is the lateral extension of the film. Let Both polymer species of the blend—denotéd and

p be the monomer number density in the middle of the film.g_contain the same number of monomeric umitand are
The density at the film surfaces deviates from the density if the same architecture. We model them as Gaussian chains

Il. SELF-CONSISTENT FIELD CALCULATIONS (SCH)

the middle and it is useful to introduce the thicknégsl-  of end-to-end distancB,. There is a short-range repulsion
ume A(V) of an equivalent film with constant monomer between the two monomer species that can be parameterized
densityA=nN/pL2. by the Flory-Huggins parametgr The reduction of the total

The two surfaces of the film are impenetrable and hard. | onomer density i”.’pé.‘”s also a lower segregation to the
oundary regiong‘missing neighbor” effec}.

a boundary region of widti,, the total monomer density g walls interact with the monomer species via a short-

drops to zero at both walls. In our calculations, we assumeange potential. The monomer wall interactidirin units of
the monomer density profilp®, to take the form[21,22  the thermal energigT is modeled a$21,22

4A1Re X
1+cog—| for Agsx<A,,
Hoo | -
e 0 for Ays=xsAy—A,, 2
® 4A,R, m(Ag—X)
1+cog ———| for Ag—A,<x<A,.
A, Ay

A positive value[H(x)>0] corresponds to an attraction for as a functional of the polymer conformatiofis,(7)}:

the A monomers and a repulsion for tBespecies. The range

of the monomer-wall interaction is assumed to be much N M

smaller than the chain extension and, for convenience, we - 1

employ the same numerical value as we do for the width of Pa(r)= ;0;0 o d75(r—=r4(7)), 3
the boundary region in the monomer density profile. The

normalization of the surface fields; andA ,, which act on

the monomers close to the left and the right wall, is chosen

such that the integrated interaction energy between the wallhere the sum runs over alj A polymers in the system and
and the monomers is independent of the width of the boundo< r<1 parametrizes the contour of the Gaussian polymer.
ary regiond,, . In the following we consider antisymmetric A similar expression holds foﬁ)B(r). With this definition

surface fields, i.e.A=A;=—A,. ) the semigrandcanonical partition function of a binary blend
The microscopi@ monomer densityp , can be expressed takes the form
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exp(+Auna/2kgT) expl—Aung/2kgT)

Na=1 Nna! ng!

fDA[r]PA[r]fDB[r]PB[r]

xexp(—pj dr{xéAéB—H(r)[&)A<r>—<i>B<r>]})5<<1>o<r>—<i>A<r>—<i>B<r>), (4)

wheren=n,+ng andA u represents the exchange potential 1 1
betweenA and B polymers. The functional integrdd sums QalWal= V_OJ Dl[r]Pl[f]eXl{ - Jo dTWA(f(T))),

over all chain conformations of the Gaussian polymers and @)
3 (1 [dr\? I .
Plr]~exg — _ZJ drl — and a similar expression holds f@g .
2RgJo dr The functional integration in Eq5) cannot be carried out

explicitly. Therefore we employ a saddle-point approxima-
denotes the statistical weight of a noninteracting Gaussiafion, Which replaces the integral by the largest value of the
polymer. This simple model neglects the coupling betweenntegrand. This maximum occurs at values of the fields and
the interaction energy and the chain conformati¢@s] and  densities determined by extremiziggwith respect to each
a finite stiffness of the polymers. Hence, the chain extension@f its five arguments. These values are denoted by lower-case
parallel to the walls remain always unperturbed. The Boltzletters and satisfy the self-consistent set of equations
mann factor in the partition function incorporates the thermal

repulsion between unlike monomers and the interactions be- Wa(r)=xNegg—H(r)N+&(r),
tween the monomers and the walls. The last factor represents

the incompressibility of the melt in the center of the film and wg(r)=xN@a+H(r)N+&(r),
enforces the monomer density to decay according to(Bq.

at the walls. A finite compressibility of the polymeric fluid, V DO VexpAu/2ksT)

which results in a reduction of the monomer density ad8&n
interface, is neglected.

Introducing auxiliary fieldSW,, Wg, @5, ®g, andE, 1 1
we rewrite the partition function of the multichain system in X f dr 8(r— r(r))exp{ —f dTWA(r(T))),
terms of the partition function of a single chain 0 0

d)A(r):_éD\NA_ VOQ 17)1

®

2~ j DWaDWgDPADPgDE and a similar expression fafz . The abbreviatior® denotes
the semigrandcanonical single chain partition function

XeXF{-g[WA,WB,CDA,q)B,E] (5)
kBT ' Q:eXF(AlLl//ZkBT) QAJF exq_A[.LIZI(BT) QB . (9)
The free-energy functional has the form At this stage, fluctuations around the most probable con-
figuration are ignored. Most notably, tiha interfaces in the
GIWa ,Wg,Dp,Pg,E] self-consisten{SCH field calculations are ideally flat and
nkaT there is no broadening by fluctuations of the local position of
B the AB interface(capillary waves
n To calculate the monomer density it is useful to define the
=+In v In{exp(A w/2kgT) Qal Wa] end segment distributioga(r,t):
0
+exp(—Au/2kgT W, t t
P Aul2keT) ol Wo ) Gu(r, 0= fom[r]ﬂ[rw(r—r(t))exp( - fodfwa(ru))),
1 1
+vf erN<bA(r)q>B(r)—vf dr H(r)N{®A(r) (10
1 and a similar equation holds fayg(r,t). The end segment
—dg(r)}— Vj dr {Wa(r)®a(r)+Wg(r)®g(r)} distribution satisfies the diffusion equation
1 ga(r,t) R
-5 [ arzo@in-e,0-egn @ A AW (D)

where Q, denotes the single chain partition in the externalThe A monomer density can be expressed via the end seg-
field Wy : ment distribution
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VexpAu/2kgT) (1 and Eq.(14) yields
¢A(r)=—J dt ga(r,t)ga(r,1—t),
VoQ 0 G - n n2 xN ) 1 Ap
(12 nkgT My, M2cos — (2¢a- )+m
and the single chain partition function is given by ¥N
~XNPA(Ll—pp)+ > (16)

1
=— | dr r,1). 13 ) ) i
O VoJ Aa(r2) a3 The Helmholtz free-energ¥ in the canonical ensemble is

related toG via the Legendre transformation

Substituting the saddlepoint values of the densities and fields
into the free-energy function#b) we calculate the free en- B Aup
ergy of the different phases: F=G+ —-(na—ns), 17

G xN 1 and for the homogeneous bulk systémtakes the Flory-
W: —InQ— vj dr ¢A¢B_ vj dr fq)o (14) Huggins form

The free energy and the monomer densities are invariant un- F _ In£+ Ndat(l— In(1—
der a changé(r)— &(r) +c. Hence, we adjust the constant nkeT Vo Paln dat (1= ¢a)in(1=¢n)
such that the last term in the equation above vanishes. For an

homogeneous bulki.e., A;— ), we obtain from Eq(8): FXNGA(L— ). (18
A In inhomogeneous systems we expand the spatial depen-
2K Pa _ _ dence of the densities and fields in a set of orthonormal func-
In XN(2¢p—1), (15 °
keT ~ 1—¢a tions:
|
v2sin(mkx/Ay) for 1=0,k=1,2,...,
(19

fal0 = V2 sin(mkx/Ag)v2 cog2mly/L) for 1>0,k=1.2,... .

This procedure results in a set of nonlinear equations thaappears only in the combinatioh;N and A,N. Moreover,

are solved by a Newton-Raphson-like method. For the oneye employ the reduced chain length= (pR3/N)? to mea-
dimensional profiles =0,k=1, ...) we use up to 120 basis gyre the degree of mutual interdigitation. In the framework
functions and achieve a relative accuracy 10n the free  f the SCFT, systems with the same valueghfandR, but

energy. different N exhibit identical behavior. As we shall discuss,

.In_order to investigate the mterfgce be.tween laterally C%%he mean-field approximation is appropriate in many aspects
existing phases, we employ two-dimensional SCF calcula- . — .
the limit N— o, whereas there are corrections to the SCF

tions in the canonical ensemble. In the canonical ensembl¥ -
the relation between the fields, andwg and the densities is calculations for finiteN. A different interesting behavior

still given by Eq.(8), but the densities are obtained via emerges at strong segregatjpN— < (SSL). In this regime,
many properties of the SCF calculations are describable by

simple analytical expressions, and we shall denote these ex-

— V. DOx  Vép (1 _ . ; .
da(r) d)AQA Dwa VoOn Jo dt ga(r,t)ga(r,1—t); pressions by SSL in the following.
(20)
_ Ill. RESULTS
¢ denotes the average composition of the system. We use ) ) ,
320 basis functions for film thicknesd,=0.9R,. The A. Bulk phase diagram and wetting behavior
Helmholtz free energy takes the form Coexistence between different phases occurs if the two

phases have the same semigrandcanonical energy at fixed
- = — - = temperature YN and exchange potentidl . Since the

nkeT baln gat (1= a)In(1=ba) = haln Qa bulk is symmetric with respect to exchangiAg=B, phase
coexistence occurs @ u..e=0 and the phase diagram is
given implicitly by Eg. (15). The critical temperature is
given by 1k.N=1/2. Of course, the SCF theory yields a
parabolic shape of the binodal close to the critical point,
where we have usefidr ¢®,=0. because it is a mean-field theory.

The temperature scale in the SCF calculations is set by the The location of the wetting transition can be determined
incompatibility YN, the length scale is set by the molecule’s via the Young equatiori26]. The A component wets the
end-to-end distanc®., and the strength of the surface fields surface, ifowg— owa> 0, Whereo g denotes thé\B in-

— N
(-3 Qe- 57 [ dr s, @2
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terface tension between the coexisting bulk phasespggpd behavior has been studied within the square-gradient ap-
andog denote the excess surface free energies per unit arggoximation[30,31. The latter assumes that the concentra-
of a surface in contact with thA-rich or B-rich phase, re- tion varies slowly on the length scaR,. In this approxima-
spectively. In the strong segregation lingBSL), i.e., yN  tion the dependence of the bare surface free energy on the
>2, the AB interface tension takes the forfd7] composition at the wall plays a central role. In our model,
both the surface fields and the “missing neighbor” effect
due to the decay of the monomer density at the wall give rise
to a composition dependence of the bare surface free energy:

g

ABRi — 41In2
o " VNYYN/B| 1— Nt

(SSb. (22

The excess surface free energy of a surface in contact witr}baret bad) = AF L

the A-tich phase has two contributions. On the one hand the %al' A8 = j1 2k =~ #1Pas™ 501Pas

polymer conformations are restricted due to the presence of A A
the surface and the decay of the density profile in the vicinity N _ _ Sw
of the wall. Since théA andB polymers have identical archi- Jo dZ(da~de)H+ xPadel~ X Pastess
tecture, this conformational entropy contribution to the ex- L

cess surface free energy is, however, the same for the two =~ (das— Pps)ReA —5AWX Pasps, (25)

species and does not enter into the differeaggs— owa whereda=lim, o da(2)/Po(2) denotes the composition at

[.28]' On the qthe_r hand, the surface fiels and A, give the surface. Other contributions to the bare surface free en-
rise to a contribution to the excess surface free energy. If the

: . _ ergy (e.g., terms proportional to the gradient of the compo-
Sl.Jrfa?e is completely covered by thecomponent, this con sition at the surfageare omitted. From this we identify the
tribution amounts to

coefficientsu,=2AR.+ xA,,/8 andg,= — xyA, /4. One cen-

E, Agl2 tr_a_l result of the squarejgradie_nt theory is that wetting tran-
m=pf dX H(X)®o(x)=pRA. (23 sitions close to the critical point are of second order and
B occur atu;=—g;(1— ¢ (a detailed derivation of this
equation in the framework of the square-gradient approxima-
tion can be found in Ref30]). Using the parameters of our

model we rewrite this result in the form

0

The contribution of a surface covered by tBecomponent
has the opposite sign.

If the wetting transition occurs at high incompatibility it
will be of first order. In this case the enrichment layer in the Ay
nonwet state is negligibly small. Monte Carlo simulations AwetN%TexweNR—(l—2¢R”'k ,
show that this is a good approximatid@8]. The Young €
equation 28] yields for the strength of the surface field at the

; - (WSL, second-order wetting (26)
wetting transition
For arbitrary strength of the surface fields we expect the

41In2 ; .
Ao N~ vN/24l 1— e \{arlableAwgtN to be.a functlon ofyweN @nd the above equa-
wet XweN/ A( XwelN ) tions describe the limityN—o and yN— 2.

(SSL, first-order wetting (24) B. Interface localization-delocalization transition

Rather than focusing on the detailed composition profile

If the integrated monomer-wall interactioh Ra~ A N, . o
which is the experimentally relevant quantity, does not deacross the enrichment layers at the surface, much qualitative

pend on the chain lengtX, the left-hand side of the equation :nS|g|ht t.lntod :he Ilwett_tlngt beh_?wor andb the : mgen;ace
will be large and the wetting transition in the binary polymer ocalization-delocalization fransftion can e gained 1rom
blend will occur in the strong segregation limit, i.e characterizing the profile only by the distaricketween the

~(ARg)2>1/N. This is in contrast to the behavi(’)r ofwrﬁix- wall and theAB interface. The dependence of the free energy

tures of small molecules, where the Cahn argunighsug- per unit area—the effectivAB interface potential,,.(l)

— 2_ H H
gests that the wetting transition occurs close to the criticaFF(I)/L =pkgTAT/N—on the distancd determines the

point wetting behavior. The short-range surface fields distort the
If the wetting transition is first order, a prewetting line profile in the vicinity of the wall and give rise to an effective

emanates from the coexistence curve above the wetting trart[]teracilhon th"l’}t d%c?hyASBe.xpt)or;entlally Wll'ih tj[hel dltsrgahbg—
sition temperature. Along this line, a thin and a thick enrich- ween the wall an interface. Qualitatively, the effec-

ment layer coexist at undersaturation. For short-range forcdiy® Interface potentia,q(l) in the semi-infinite system
an be expanded in the forf4]

the prewetting line approaches the bulk coexistence curvé

!inearlyA,uprewet~ (T—Twe,)/I_n(T—Twe,)_ [29]. Uppn increas- Guan(1)=a(xN)exp( —\1)—b exp — 2\ 1) + ¢ exp( — 3\ ).

ing the temperature, the difference in the thickness of the (27)

enrichment layers decreases and the prewetting line ends in a

prewetting critical point. This prewetting behavior is perti- This expression retains only the lowest powers of

nent to the phase behavior in thin films. exp(—Al), which are necessary to bring about the salient fea-
Only for very weak surface fields the wetting transition tures of the wetting behavior. We neglect the temperature

occurs close to the critical point. In this limit, polymers ex- dependence of the coefficiertisindc. N denotes the inverse

hibit a behavior similar to small molecules and the wettinglength scale of the interaction between the surface and the
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FIG. 1. (a) Schematical illustration of the Ginzburg-Landau free energy for the case of the two critical peirts>0) and for a single
second-order transitiorr &€ —1<0) (inse). The values of the temperaturelike variabkre given in the key. Coexisting values and critical
points are marked by points, while straight lines present Maxwell constructions connecting the two coexistingphiseesenergy in the
canonical ensemble as a function @l and ¢ for A;=0.9 andAN=0.5. The temperatures correspond to a supercritical isotherm, the
critical isotherm, a temperature betwegpand T, the triple temperature, and an even lower temperature.

AB interface(see below. In principle, the numerical values perature, we encounter a triple point at which these two
of the coefficients can be obtained from fitting the results ofphases, where th&B interface is located close to the right or
our SCF calculation to the equation above, but we cannothe left surface, respectively, coexist with a third phase,
offer analytical expression for the coefficients in the frame-where theAB interface is delocalized at the center of the
work of the SCFT. In the following, we discuss the qualita— film. The location of the trip|e pOir(utriple andatriple) is given
tive behavior that arises from an effective interface potentiahy the conditionsy(l,)=g(A/2) anddg/al|, =0. For large
of type (27). !
If the coefficientb is negative, the wetting transition is of
second order and occurs when the coefficemhanges its

film thickness this yields ayipe—awer=b eXp(—AA/2)
+O(exp(—\A)); i.e., as the film thickness is increased, the
sign. Following Parry and Evari@,9] we obtain the effec- triple temperaturq converges e>.<p0nentia_lly fast to the ter_n—
tive interface potentiag(l) in a thin film by superimposing pe@ture of the first-order wetting tran§|t|on qf the semi-
the interactions originating from each individual wajil) infinite system from _above. Above this triple point there are
= guan(l) + Guai(A —1). The qualitative form of the potential tyvo coex[stence regions thaF gaph correspond to the prewet-
is shown in the inset of Fig. (&), where the parameten  ting coexistence of the semi-infinite system. Ap<<0 we
~|—AJ/2 is proportional to the distance of the interface fromfind the coexistence of a thick and a thin enrichment layer of
the center of the film. The values btorrespond to various the A species at the-attracting surface and atu>0 a
temperatures. A second-order wetting transition gives rise tgimilar coexistence at the opposite surface. The two coexist-
a second-order interface localization-delocalization transience regions end in critical points close to the prewetting
tion. Above the transition, a singl&B interface parallel to critical temperature of the semi-infinite system. This first-
the surfaces is stable, the system is in the one-phase regioorder interface localization-delocalization behavior is the
Below the transition, the system phase separates lateralgnalogon of the first-order wetting behavior of the semi-
into phases where thaB interface is located close to the infinite system.
right or the left surface, respectively. The transition is of The different coexisting phases and their semigrandca-
second order, i.e., the composition difference between thaonical free-energyG are presented in Fig. 2 foA,
coexisting phases increases continously. The transition tem=0.9R, and AN=0.5. Below the triple point 3/N<0.108,
perature approaches rapidly the wetting transition temperahe phases are well-segregated. The monomer density pro-
ture of the semi-infinite system from below as we increasdiles of theA component are depicted on the left side. Upon
the film thickness. following the coexistence curve to higher temperatuf@s,

If the coefficientb is positive, the form o, (!) leads to  decreases. At the triple temperature, these two phases coexist
a first-order wetting transition in the semi-infinite systemwith a third phase in which the interface is delocalized in the
where a thin layer of thicknesk =1/\ In(2c/b) coexists middle of the film. From there onward, there are two coex-
with a macroscopically thick enrichment layer af,; istence regions at positive and negative values of the ex-
=b?/4c. The prewetting critical point is located at,,.  change potentiadu. Profiles of the two phases of thepoor
=16a,,/9 andl .= 1/\ In(9c/2b). The superposition of in-  coexisting region are presented on the right side. They con-
teractions between th&B interface and the opposing walls sist of a thin(upper right inset of Fig. Rand a thick(lower
yields the effective interface potential in a thin film. The right inse} enrichment layer of thé component at the sur-
gualitative shape of the potential is shown in Figalsche- face that favorsA.
matically, while panel 1b) presents the results of the SCF  For our strictly antisymmetric system, the concentration
calculations forAy=0.9R, and AN=0.5. corresponding to the triple point always is exactly 1/2 due to

At low temperature, we find phase coexistence betweethe symmetry. This has an interesting consequence if one
two laterally segregated phases. Upon increasing the tentools a mixture aip=1/2: while in the bulk this mixture
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FIG. 2. Semi-grand-canonical free-energ@yof the coexisting FIG. 3. Curvature of the interface potential at the center of the

phases atAN=0.5 and A;=0.9R,. FOr Apuge,=0 and T<T, film. Symbols represent SCF calculations fpl=5 and 8, and
=0.108 anA-rich phase coexists with B-rich phase, while for AN=0.5. Solid lines correspond tg~f,/A~exp(=\A/2) with

A peoex<0 andT>T,; both coexisting phases aBerich and differ 1/\=¢, while dashed lines depict the behavior fok Hw/2.

in the thickness of th& layer at the surface. FGr>T,, there exists

another coexistence region withuq..,=>0 that is related to one Strong segregation. For smdl i.e., distances between the
displayed by exchanging vs B. The insets show thé density ~ AB interface and the surface that are not very much larger
profiles across the film for the coexisting phasegit=10 (left)  than the interfacial widthv, the interaction decays somewhat

and yN=28.7 (right). faster:w<1/\<¢. At these intermediate distances a rather
o complicated interaction has been prediciad].
would undergo a second-order phase separdtidtical un- Upon varying the sign of the coefficiemt we alter the

mixing at x= xit= 2N, ¢= ¢¢ir=1/2), one finds a single order of the interface localization-delocalization transition.
first-order unmixing transition 8¢ = xyipe. FOr asymmetric At the tricritical point the order of the transition changes. For
compositions, however, enrichment layers form gradually agmall values ofb we make a phenomenological Ginzburg-
a wall close to the bulk critical temperature. This stabilizes| andau ansatz for the effective interface potengjén) in

an AB interface, which runs parallel to the surfaces. Theterms of the(not normalizedl order parametem~ ¢— 2 ~|
interface is located close to one surface; its position is given- A/2. For antisymmetric surface fields, the effective inter-
by the composition of the system. Close to the prewettingace potential is invariant under the transformatidns: B
critical point, the enrichment layer may phase separate lateand must be an even function of We assume the simplest

ally into a thick and a thin enrichment layer. Upon further ansatz that allows for three-phase coexistence:
cooling, we encounter a second phase transition where the

thickness of the thick enrichment layer becomes comparable g(m)=m?(m?—r)2+tm?. (28

to the film thickness, i.e., two almost completely segregated . ) )

phases coexist. The coefficients of this Landau expansi@@8) can be de-
Previous Monte Carlo simulation28] yield evidence fived from an effective interface Hamiltonia27): r

that the interaction rangeX.in Eq. (27) is determined by the =—15J4/ds and t=360y,/9s—2250;3/gs, Where g,

bulk correlation lengtle for large distances between th®  =9"Gwan/dl"s2 denotes thenth derivative of the wall-

interface and the surface. This is in accordance with the exhterface potential at the center of the film.

pectation that theAB interface profile in the outer wing is  This effective interface potential is depicted in Figa)l
characterized by the length scalewhich measures the de- For r<<0 (insey the coefficient in front of the fourth-order
cay of composition fluctuations in the bulk, rather thaf2, ~ termm® is positive and we find a single second-order phase
which characterizes the slope of th® interface profile at transition att;=—r?, m=0, andu.=0. The case>0 cor-

the center of the interface. This is further corroborated by ouresponds to a first-order interface localization-delocalization
SCF calculations. For two temperaturg=5 and 8 above transition. Fort=0, there is a three-phase coexistence, at
the critical temperature we have measured the free-energyhich the order parameter of the coexisting phases takes the
densityf as a function of the compositios for various film  values 0 and*- Jr. Of course, the Landau expansion is only
thicknesses. Around=3, the free-energy density can be appropriate for smalt. The parametet characterizes the
expanded in the forni=f,+ f,(¢—%)2. This yields for the temperature difference to this triple point. Above the triple
effective AB interface potentialg(l)=pkgTAf/N~const temperature, we find two coexistence regions and, eventu-
+1,(1—A/2)%/A. Above the critical temperature, we can es-ally, we encounter two critical points &t=7r%/5 and order
timate the effective range X/of the interaction according to parametersm,=*2r/5. The critical chemical potential
g()~exp(=AA/2)~f,/A. In Fig. 3, we plotf,/A vs the u.=af/am|, is given by 642r>%25,5. r=0 marks the
film thicknessA. For large film thicknesses the data exhibit tricritical transition; the three coexisting phases collapse to a
an exponential dependence on the film thickness. Upon insingle one with order parametar=0. The critical and triple
creasing the temperature, the interaction increases as the stemperature coincide likewise. The fourth-order coefficient
faces repel thé\B interface more strongly. For large the  in the Ginzburg-Landau ansatz vanishes and the binodals
interaction range is compatible with N# é~ Re/\/ﬂa, close to the critical temperature open like~ + (—1t)# with
where we have used the behavior of the correlation length g8,;= 3 rather than with3= 3 (in mean-field approximation
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FIG. 4. Phase diagrams in a thin film {= 0.9R.) with antisymmetric surface fields. The values of the surface fiélNsare indicated
in the key. ForAN=<0.1425 we find a single critical point, while we find two critical points for larger surface fiedgislisplays the phase
diagram in the temperature-composition plane, wtb)epresents the coexistence cundeg ., xN). [For AN=0.15 the two critical points
are indistinguishable on the scale of pafisl.

The qualitative features of this scenario are confirmed byo be AN~0.1425. The corresponding power laws for the
the SCF calculations. Results for film thicknesg=0.9R.  location of the critical points in the vicinity of tricriticality
are presented in Fig. 4. Par(@) presents the phase diagram are also displayed in the Figs(a} and 4b). Additionally,
for various strengths of the surface fields as a function othe inset of Fig. 5 shows that the binodals are characterized
temperature and composition. For weak surface fisldé by an exponenB,,=3 at this tricritical value of the surface
the interface localization-delocalization transition is of sec-field. This provides strong evidence that the Ginzburg-
ond order and we obtain phase diagrams with one criticalandau ansatz captures the salient features of the tricritical
point at¢.=3. Upon increasing the strength of the surfacetransition.
fields, the critical point shifts to lower temperatures. Around Square-gradient calculation$0] and recent Monte Carlo
AN=0.1425 the binodal become flatter and are compatiblesimulationg32] of the Ising model indicate that the interface
with an exponenp,;=3. In accordance with the Ginzburg- localization-delocalization transition can be second order in
Landau ansatz this marks the tricritical transition. At strongetthin films (Ay<<Ay;), even if the wetting transition is first
surface fields we obtain phase diagrams with two criticalorder. Within our Ginzburg-Landau ansatz this finding can
points, which correspond to the prewetting critical points ofbe rationalized as follows: Close to the tricritical point the
the first-order wetting transition in the semi-infinite system.coefficientr ~g, is small and the temperature of the triple
When we increasd N further, the two critical points, which point is given by the condition ©9t~g,+O(r?) or Ayriple
are located symmetrically arounp=%, gradually move to =4b exp(—\A/2)—9c exp(—AA)+O(r?). At the tricritical
lower temperatures, and higher or loweconcentration, re- film thicknessAy,; the coefficientr(t=0) changes its sign.
spectively. Moreover, the temperature distance between the

critical points and the triple point increaséSee Table ). ° 5.62(¢I ~415° I I .
Figure 4b) depicts the behavior in terms of temperature 041, 2-35(TCC-Tt)1/2 o |

and chemical potential difference. For second-order interface o Ap®

localization-delocalization transitions the coexistence chemi- 03 | $

cal potential iSA pcoex=0 by virtue of the symmetry with
respect to exchanging=B. The same holds true for first-
order transitions below the triple point. At the triple point, 02 r /
however, the coexistence curve bifurcates into two sym- /
metrical branches, which correspond to the prewetting lines 01 | AmN/./
of the semi-infinite system. These lines end at critical points. ' /
Upon increasing the strength of the surface fields, the two ¥ %.1 02 1N 03
critical points move to lower temperatures and larger abso- 0 s - . s
lute values ofAu. 0.1 0.2 0.3 0.4 0.5
To make a closer connection to the Ginzburg-Landau an- AN
s_a_tz, we assume that the parametejvhich_ drives the tran- FIG. 5. —12 T T, andAu?S as a function of the
Smon, between the two _types of phase dlqgrams, Varies as @face field(/q\si\l. 2Ir)1 agreéme;t with t#ec Ginzburg-Landau ansatz,
function of the surface field N. Then the Ginzburg-Landau 4 quantities show the same dependence on the paran{etét).
ansatz predicts that the quantitiespe(-3)>~\Tc—T;  The dashed line is only a guide to the eye. The location of the
~Ap?P~r(AN). This is tested in Fig. 5. Indeed, our SCF critical surface field is indicated\; N~0.1425. The inset display
calculations confirm that these quantities exhibit a very simithe behavior of the binodals fokN=0.1425<A.N. The curve
lar dependence on the surface field close to the transitiortorresponds to the SCF calculations, while the dashed line indicates
Moreover, we estimate the critical value of the surface fieldthe ¢—0.5~ +|T—T|# with B=1.

©-1/2)*
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TABLE |I.

SYMMETRIC POLYMER BLEND CONFINED INTOA . ..

Properties of the antisymmetric system At
=0.9R.. Phase diagrams with two critical points.

AN be ApclkgT — Te=1/xN  T=1/xN
0.5 0.2414  —0.113 0.1190 0.10791
0.3 0.2667  —0.0574 0.2033 0.19123
0.2 0.3249  —0.0123 0.2770 0.27163

0.175  0.3584 —0.00378 0.3011 0.29867
0.15 0.429  —0.00014 0.32949 0.32927

Neglecting terms of orde®(r?) we obtain

r(t=0)~—a+216bexp —AA/2)—8lcexp—AA)
~12bexp(—NA/2)—T72cexp(—\A).
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transition. Upon decreasing the film thickness, the two criti-
cal points move to lower temperatures and closer to the sym-
metry axis.Ay~0.605 corresponds to the tricritical transi-
tion: There is only a single critical point but the binodals are
describable by the expone@t;= 3. Upon further decreasing
A, the critical temperature increases and the binodals as-
sume parabolical shape. The corresponding coexistence
curves are shown in Fig.(6).

The mechanism is most clearly visible in the effectie
interface potentiag(1)~Af, which is presented in Fig.(6)
for YN=9 as a function of the distande= A ¢ between the
surface and thé\B interface. For the largest film thickness
Ay=2.6R.g(l) is to a good approximation the effective po-
tential of the nearest surfacg,,;.- xN=9 corresponds to a
temperature above the wettiffgiple) transition but below
the (prewetting critical temperature of the thick film. Each

If the semi-infinite system exhibits a first-order wetting tran-surface repels thAB interface and there is a shoulder in the
sition, the coefficient® andc are positive. Hence, for large effective interaction around,,e/~0.22R.. Qualitatively,
A the coefficient is positive and leads to a first-order inter- the SCF calculations confirm thg(l) is the linear superpo-

face localization-delocalization transition. If the film widith
becomes comparable to the correlation length hbwever,
the second-term might drive the coefficignbegative upon

decreasing the film thickness.

sition of the interactions with each surface. When we de-
crease the film thickness larger valued d&fecome unfavor-
able, because the more the interface moves away from one
surface the more it experiences the repulsion from the oppo-

This is further explored in our SCF calculations. In Fig. site surface. This results in a minimum gfl) close to each
6(a) we present the phase diagrams as a function of the filrsurface. The shape of(l) corresponds to a temperature be-
thickness atAN=0.5. For large film thicknesa ,=2.6R,,
we find a first-order interface localization-delocalizationthe other surfaces. This shows that the triple temperature
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FIG. 6. () Phase diagram foAN=0.5 and various film thicknesses,. For A;=2.6R, and 0.R., the interface localization-
delocalization transition is first ordery,=0.603R, corresponds to a tricritical transition, while the transition is second orden for
=0.5R.. (b) Phase diagram as a function of temperature and chemical potential for the same parameter@tham Effective interface
potentialg(l)~Af(¢) atl =A¢ as a function of the film thickness, for yN=09. (d) Surface field(circles and temperaturésquarey of
the tricritical transition as a function of the film thickness.



5290 M. MULLER, E. V. ALBANO, AND K. BINDER PRE 62

increases when we decrease the film thickness. The first-
order character of the transition is associated with the shoul-

e

der of gy aroundlener. Obviously, this feature ofj(l) — ijff
disappears when the film thicknesss of the order 2,,, and _ );EN;H
we find second-order transitions for smaller film thicknesses. —— yN=12

This thickness dependence implies that the valygN
=0.57 obtained from the phase diagram of rather thin films
Ay=0.9R; is not a reliable approximation of the strength of
the surface fields at which a tricritical wetting transition in
the semi-infinite system occurs. We have attempted to locate
the strength of the surface fields at which the binodals are
describable by the exponeft,;=3 as a function of the film
thicknessA. The results of this procedure are collected in
Fig. 6(d). As we increase\, the surface fields at which the
tricritical transition occurs decreases and the transition tem-
perature approaches the critical point. For film thickness
much larger than the range of interactior\ between the Fﬂﬂ:ﬁl
surface and thé&B interface we expect a thin film to behave
similar to a semi-infinite system. Close to the critical point,
however, the range of interaction\t* £ between the surface FIG. 7. Shape of the interface between the coexistingh and
and theAB interface increases. Therefore we anticipate veryB-rich phases below the triple point. The profiles have been ob-
pronounced finite-size effects even for film thicknesses thaigined from the Eq(31) using input from the one-dimensional SCF
exceed the end-to-end distanRe by far. These difficulties ~calculations.
prevent us from reliably estimating the tricritical wetting
transition of the semi-infinite system or comparing our cal-
culations to the predictiori26) of the square-gradient ap-
proximation [30,31. From the behavior at film thickness
Ay=5R, we conclude that critical wetting transitions in the
semi-infinite systems occur only foAN<0.01 and yN
<2.04 in our model. Qualitatively, this is in agreement with
SCF calculations of Carmesin and Noolaf@8] and Monte
Carlo simulationg28] that find only first-order wetting tran-
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Close to a first-order interface localization-delocalization
transition, the effective interface potential exhibits more
structure and this will modify the shape of the interface.
Within the mean-field approximation, the shape of the inter-
face will minimize the effective interface free energy. Ap-
proximating theAB interface profile as a sharp kink at the
position|, we obtain for the free energy the effective inter-
face Hamiltoniar{ 34]:

sitions, except for the ultimate vicinity of the critical point F[1
that has not been investigated. ﬁ:J' dydZ oag[V1+(dl/dy)?—1]+g(l)}
B
C. Interfacial profiles %LJ dy A8 ﬂ 2_|_ g() (30)
2 \dy '

The effective interface potential also determines the com-

position profiles across an interface between the laterally coyhere we have assumed that the positiaf the AB inter-
existing phases. At low temperatures the coexisting phas&gce depends only on one lateral coordingtdhe last ap-
are almost completely segregated, i.e., the thickness of thgroximation is valid if the angle between the interface and
enrichment layers of the minority components are small. Inhe surface is small. This is justified in the vicinity of the
this case the interface between the coexisting phases is plgzetting transition, but the approximation breaks down at low
nar and makes an angl@ with the surface. The contact temperature, where the interface runs almost perpendicular to
angle® is given by the Young equation the surfaces. This effective interface Hamiltonian yields the
Euler-Lagrange equation

Twa—ows_ AN (SSD) (29)
costk) = ~ . 2
oas \xNI24 “a__di_e® 31)
dy2 dl (TAB

The widthw of the interface between the coexisting phases ighat can be interpreted as the trajectbof a particle in the
given byw= A, cot®, whereA;/2 denotes the distance of the potential—g/og. To obtain a qualitative insight we extract
AB interface from the center of the film in each phase. At athe effective interface potential from the one-dimensional
second-order interface localization-delocalization transitionSCF calculationsg(l)/oAB=kBT\/ﬁAf(m)/oABRg at |

the contact angle decreases linearly with the distance from=A ¢, .

the transition temperatureand the composition difference  Typical shapes of the interface between the coexisting
between the coexisting phases vanishes like-|t|¥2  phases for a film thickness,=0.9R, are presented in Fig.
Hence, the width of the interface between the coexisting’. Far below the triple temperature, the interface is planar
phases diverges like~|t| ¥, wherev= 3 is the mean-field and makes an angl® with the surfaces. Slightly below the
exponent for the correlation length upon approaching theriple temperature, however, the interfacial profile becomes S
critical point. shaped, i.e., the angle between the interface and the surface
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FIG. 8. Composition profiles of the interface between Argch andB-rich phase ajyN=13, 12, 10, 9.63, and 9.44 and film thickness
Ag=0.9R, and lateral extensioh/2=5.25, 6 and 8.B.. For clarity the aspect ratio of the figure has been decreased.

»

is larger in the vicinity of the surface than at the center of thereaches a finite positive value at the wetting transition tem-
film. Note that the lateral interfacial width can exceed theperature, while it is negative far below the wetting tempera-
film thickness by far in the vicinity of the triple temperature. ture.

The flatter portion in the center of the film is a consequence The effective interface Hamiltonian captures only the
of the metastability of the third phase with compositign quali'tative behavior. Monte Carlo simqlations apd SCF cal-
=1 or the additional local minima irg(l), respectively. culations have shown that the properties of iinterface
Upon approaching the triple temperature, the interfaciafjepe”,q on the distand¢drom the surface. This gives rise to
width becomes larger and the central portion of the profile POSition dependence of the tensi@g] and width of the
becomes flatter and more extended. This central portioftB INterface(16]. A more detailed description of the inter-
might be conceived as a microscopic layer of the metastablElce is provided by the two-dimension composition profiles

. : . Fig. 8. Due to the choice of basis functions, the profiles
delocalized phase#=3), which completely wets the inter- n T T )
face betwee?\ th:—(ﬁ(ichzgndB-rich pha?se atythe triple point. are periodic iny direction and only half the system is shown.

o . ) . - In qualitative agreement with the considerations above, the
In the semi-infinite system, the interfacial tension varies; .-t~ o petween tha-rich andB-rich phases runs straight
smoothly upon raising the temperature through the Wettin%cross the film at low temperaturégN=13 and 12 The
transition temperature. The excess free energy ef the intefsontact angle ayN=12 is about 30°.
face approaching the surface—the line tensiesvaries rap- Upon increasing the temperature, the contact angle be-
idly close the wetting transition. Employing an effective in- tyeen the surface and the interface decreases and the inter-
terface Hamiltonian of the form30), Indekeu[35] has  face becomes S shaped in the vicinity of the triple point. The
obtained a simple expression for the line tension SCF calculations also reveal that the interface becomes
. broader when we increase the temperature. Moreover, the
— _ - width of the interface is broader in the vicinity of the sur-
7 JZ”ABﬁld'{wgwa”(') Voguai()h (32 than in the middle of the film. This effect is dus to the
reduction of the monomer density in the vicinity of the sur-
wherel; is the position of the minimum af,,(l) close to  face, which imparts a reduced effective incompatibility
the surface an@gy,.1= 9wai(!) — Gwan(l1). This formula has (“missing neighbor effect’) on the surface region. A similar
been applied to analyze recent experim¢B8&. The behav- effect has been observed in confined systems containing co-
ior of the line tension close to the wetting transition dependsolymers[21,22. This effect gives rise to a negative contri-
on the order of the transition and the range of the monomerbution to the line tension when the interface approaches the
wall interaction. For short-range forces, the line tension surface.
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1.2 . . - - - - we apply the above approximation to thicker films, the value

1 /M/ of the line tension increases. If we use the film thickness
08 | '_'§°f 1 Ay=2.6R, instead ofAy=0.9R,, the approximation yields
06 F —— 201, 7=—0.016 instead 6F¥= —0.032. Unfortunately, we are un-
04 | | - . =0 able to extend our SCF calculations to larger film thick-
o2 b\ . 1 nesses.

AN ° e ] In addition to the finite film thickness there are other ef-
. Y = fects that might upset the comparison between the SCF cal-
: Tl culations and the effective Hamiltonian description: It is un-
Bl Tl 1 clear how accurate the identification of the effective interface
-0.6 f T potential viag(l)=pkgTAf(¢=1/A)/N is. This identifica-

-0.8

tion of the interface position via the absorbed amount is a
good approximation for large distances between the surface
and theAB interface. In this case, the composition profile
FIG. 9. Behavior of the line tensiof upon approaching the across theAB interface is well described by the interfacial
triple point. Squares denote the line tension as extracted from twoprofile between the coexisting bulk phases. If tig inter-
dimensional SCF calculations, the dashed line corresponds to Indéace is close to the surface, however, the profile becomes
keu's approximation applied to a thin film. The coefficiéhtand  strongly distortedsee Fig. 2 and the definition of the inter-
the AB interface tensionr,g are displayed as a circle and full line, face position is somewhat ambiguous, but this is exactly the
respectively. The vertical lines mark the triple temperature. region that gives the dominant contribution to the line ten-
sion. Moreover, there are nonlocal contributions to the free
We decompose the free energy of systems containing twenergy, e.g., due to the conformational entropy. The poly-
interfaces between af-rich and aB-rich phase into bulk, mers change their conformations so as to fill the wedge-
surface, and line contributions: shaped volume between the surface and AlBeinterface.
This differs from the behavior close to a surface or/A
interface and gives rise to a contribution to the line tension,

9 95 10 105 11 115 12 125
xN

F_Fbu|k:2(LA2+2L7) or

IR 5 which is only partially described by the effective interface
3 ~ ; Hamiltonian.
f=fou(d)= =S+ 17 with toni

ERé R, IV. SUMMARY AND DISCUSSION

S = (33

\/: T= \/: : We have calculated the phase diagram of a symmetric
NkgT NkgT polymer mixture confined to a thin film in mean-field ap-

, . proximation. The left surface attracts thecomponent with
Note that the surface fields and the entropy loss of the chai e same strength as the right surface attractsBtaempo-

at the surfaces give rise to a thickness dependence of tq’?ent of the mixture. The calculations reveal a rich interplay

bulk free-energy densityp,,. Varying bothl and A, we etween the phase behavior in confined geometry and the
have estimated the coefficients in our SCF calculations an

h | displaved in Fi litatively simil h etting behavior of the semi-infinite system. If the wetting
the results are displayed in Fig. 9. Qualitatively similar to they o ifion of the semi-infinite system is second order, so is

behavior at a first-order wetting transition, the line tensiony,q jyterface localization-delocalization transition in a thick
changes its sign from negative to positive upon approaching, [9].
the triple point temperature from below. The coefficiént At stronger surface fields, the wetting transition in the
decreases as we approach the triple point. To a first approxgemi-infinite system is first order and this gives rise to a
mation, one would expect a behavior of the forBh first-order interface localization-delocalization transition in a
~oap0. thick film. The phase diagram in a thick film exhibits two
The data are also compared to Indekeu’s forn{@B@. In critical points symmetric aroung= 3. These correspond to
order to apply the formula to thin films, we extend the inte-the prewetting critical points of the semi-infinite system. At
gration only to the middle of the film and we shift the con- lower temperatures we encounter a triple point at which an
stant 8gyai(e°) accordingly to8g,.i(A/2). In the dimen-  A-rich phase, a phase where thB interface is located in the
sionless units of the SCF calculations we obtain center of the film, and &-rich phase coexist. This triple
temperature converges from above to the wetting tempera-
ture as we increase the film thickness. Below the triple tem-
perature there is a single coexistence region between an
A-rich and aB-rich phase. The interplay between the prewet-
ting behavior and the phase diagram in a thin film has been

1/2
[ astiio—tcan
Re ¢1
considered for symmetric surface fiel@spillary condensa-

—Vi(3) —f(#)}. (34
tion) [28,37,3§, but, to the best of our knowledge, phase

This approximation for a thin film gives a reasonable esti-diagrams with two critical points far below the bulk critical
mate for the temperature dependence and the order of matemperatures in films with antisymmetric surface fields have
nitude of the line tension; however, the value of the lineneither been discussed analyticalBB,24 nor observed in
tension in a thin film is systematically underestimated. Wherexperiments or simulations. As we shall discuss below, we

A)s O‘ABRg v

2
- 2(_
' VNkgT
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do not expect corrections to the mean-field calculations t@apillary waves lead to a broadening of profiles across the
alter our conclusions qualitatively and we hope our predicinterface. The “internal” AB interfaces run parallel to the
tions will be confirmed by experiments or simulations. surfaces and the effective interaction betweenABeinter-
Qualitatively, the interplay between the prewetting behavface and the surface imparts a long wavelength cuiptb
ior and the phase diagram in a film with antisymmetricthe spectrum of capillary waves. Hence, the interfacial width
boundaries is not specific to polymer blends but is rathefloes not grow unbound as we increase the lateral system
characteristic of all binary mixtures. Symmetric polymer SiZ€, but still the self-consistent field calculations might se-
mixtures might, however, be especially suitable model sysVerely underestimate the width of the “internaAB inter-
tems for exploring these effects experimentally and we hopéAc€s[14—16. Within a convolution approximation, the ap-
our detailed calculations will provide some guidance. parent widthw,,, of the AB interface, which is observed in

The existence of the triple point also influences the Shapgxpgriments or simulati_ons, i$ related to the intrinsic width
of the interface between the laterally segregated, coexistinlﬂ’SCf in the SCF calculations via
phases. At low temperatures the interfaces run straight across W2 kT ¢
the film and the angle between the interface and the surface ( Cap) ~— In(—)

is given by the macroscopic contact angle. Upon approach- Wt 40ABW§Cf B

ing the triple point from below, however, the profiles become

S-shaped with a flatter portion at the center of the film. This 3\/8 \/W &

signals the metastability of the third delocalized phase with ~1+ o ?'” B (SSb, (39
compositiong= 3. At the triple point the delocalized phase N

completely wets the interface between theich andB-rich )
phase. Upon approaching the triple temperature from below/’here we have used the temperature dependence of the in-
the line tension changes sign from negative to positive. Théerfacial tension and width for strong segregation to obtain
properties of the interface between the coexisting phases afge last expressiofi8,27). B is a short length cutoff for the

in qualitative agreement with the results of an effectivecapillary wave spectrum. Analytical calculations and recent
Hamiltonian description. Monte Carlo simulations show th&tends tomw[39] or

In thin films the interface localization-delocalization tran- 3-8Wsc [40], respectively, in the strong segregation limit.
sition might be of second order even though the wettingEven though the second term in the above equation is only of
transition is of first order. This has been predicted in thethe order 1)(/N, the increase of the apparent interfacial width
framework of a square-gradient approach by Sweftal.  due to capillary waves typically is of the order of the intrin-
[10], and is in accordance with simulations of the Isingsic width for experimentally relevant chain lengths
model[32]. A similar behavior is found in our self-consistent [41,14,15.
field calculations for polymer blends. For our model, second- On the other hand, capillary waves renormalize the effec-
order wetting transitions are restricted to the ultimate vicinitytive interaction between the surface and &interface. For
of the critical point of the bulk while second-order interface instance, the effective interaction range 1¢ increased to
localization-delocalization transitions can be observed fa(1+ w/2)/\, where the capillary parametp42,43
below the bulk critical temperature for film thicknesses com-
parable to the end-to-end distanRg. This leads us to an- KaTA2 1 K T\/ﬁ
. . . . . . B B
ticipate very strong finite film thickness effects close to a 0= -
second-order wetting transition even for film thicknesses that Aopg 4W\/ﬁ oasRE
exceedR, by far.

Of course, our self-consistent field calculations neglec
fluctuations. In the vicinity of the critical point, we rather —
expect 2D Ising critical behavior with much flatter binodals k€ 1N _ ) )
than the parabolic binodals of the mean-field universality At weak segregation\Re)“~(Re/¢)“~(1-2/xN) and
class. The Ginzburg criterion ensures, however, that thesleBT\/NaABR§~(1—2/XN)’3’2, and the capillary parameter
composition fluctuations are only important in the ultimatejncreases Iikeu~[ﬁ(1—2xN)]‘1’2. In the ultimate vicinity

vicinity of the critical point|1— x.N/xN| ~1/N, where the  of the bulk critical point, the mean-field theory breaks down

reduced chain lengthl=(pR3/N)? measures the degree of 3_”d we EXpefst a crossover htP aﬁons_t?ntl V@j‘i?-_ Th? .
interdigitation. As we increas#l, the relative temperature lvergence ok upon approaching the critical point Is cuto

distance from the critical point for which these composition@0und 1= xcN/xN~1/N, in accordance with the Ginzburg
fluctuations are important decreases. For small and interm&/iterium for the crossover from mean-field to Ising critical
diate chain lengths an interesting interplay between mearf€havior. In the strong segregation limit, the correlation
field, 3D Ising and 2D Ising critical behavior is anticipated. length ¢ approaches th? temperature-independent |.|m|t
In the limit of large interdigitation, however, we expect com- Re/V18 and_ the capillary ~parameter scales like
position fluctuations to be only of minor importance for most9/[27-r\/XN/6\/ﬁ].
parts of the phase diagram. Conformational changes are incompletely described by
Moreover, the interface profiles in the self-consistent fieldour self-consistent field calculations. Within the Gaussian
calculations are ideally flat, i.e., there are no capillary waveghain model the lateral extensi&) of a molecule parallel to
of the interfaces. The importance of these fluctuations is nathe surfaces remains always unperturbed, i.e., it is indepen-
restricted to the vicinity of critical points. On the one hand, dent of the local composition, the distance between the mol-

(36)

easures the strength of fluctuation effects and decreases
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ecules and the surface, and the film thickness. Experimenimportant even in the limit of infinite interdigitation. The
and Monte Carlo simulations, however, do reveal a depenfinite compressibility of the polymeric fluid, for instance,
dence of the lateral chain extension on the parameters abovgives rise to packing effects at the surfaces. The monomer
Partially, some of these effects can be rationalized as foldensity profile in the vicinity of the wall is determined by an
lows: If the film thickness is very thin, the lateral chain ex- intricate interplay between equation of state effects, loss of
tensionR; has to increase so as to restore a constant mon@onformational entropy, fluidlike packing effects, and sur-
mer density. This increase of the lateral chain extensionface fields. These effects are not included in the SCF calcu-

oceurs iprﬁA<N or A/R.< 1/\/ﬁ_ Under these conditions, Iat.ions of Gaussian chains, t_)ut require a de.tailled cons?der—
the chains are quasi-two-dimensional and the density oftiON of the molecular architecture and fluidlike packing
monomers belonging to the same chain inside the coil volStructure. However, we do not expect these effects to change
ume is not smal[44]. An A chain in aB-rich environment OUr conclusions qualitatively. _ o
shrinks as to exchange energetically unfavorable intermo- Likewise, it is difficult to find an experimental realization
lecular contacts with contacts along the same chain. By re2f @ symmetric mixture confined into a film with antisym-
ducing its size, it increases the density of its own monomer&1€lric boundaries. The effects of deviations from perfectly
inside the coil volume. The energy gain upon shrinking is2ntiSymmetric surfaces and the crossover between capillary
counterbalanced by the loss of conformational entropy. Scaondensatiorifor strictly symmetric boundary fieldso in-

ing arguments, Monte Carlo simulations, and SCF calculatérface localization-delocalization has been explored in the
tions[25] yield for the relative reduction of a minority chain framework of our mode]24] This study shows that phase

. L —= diagrams with two critical points also occur for nearly anti-
in the strong segregation I'm'ﬁR/RNXN_/‘/N' symmetric surface fields. The stronger the order of the wet-

correction to the SCF calculations becomes small. Howeveinore stable is the topology of the phase diagram against
even for experimentally relevant chain lengths, finiteef-  small deviations from perfect antisymmetry.
fects might give rise to sizable corrections to the SCF calcu-
lations (e.g., broadening of the apparent width &B inter-
faces by capillary waves

Aside from finite N effects, there are other corrections  Financial support was provided by the DFG under Grant
that are not captured by the SCF calculations and that remaiNo. Bi314/17, the VW Stiftung, and PROALAR2000.
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