
Macromolecules 1994,27, 55-62 55 

Internal Wetting in Three-Component Polymer Blends 

Chuck YeungJ Rashmi C. Desai,+ and Jaan  Noolandi'J 
Department of Physics, University of Toronto, Toronto, Ontario M5S l A 7 ,  Canada, and 
Xerox Research Centre of Canada, 2600 Speakman Drive, 
Mississauga, Ontario L5K 2L1, Canada 
Received May  25, 1993; Revised Manuscript Received September 29, 1 9 9 P  

ABSTRACT We determine the interfacial properties of a three-component polymer blend in three-phase 
coexistence. We discuss how the presence of the third component affects the behavior of the interface 
between two phases and demonstrate the existence of a wetting transition in which one of the minority phases 
wets the other. Our results indicate that both first- and second-order wetting transitions can occur and that 
the range of parameters in which the wetting transition is second order may be experimentally accessible. 

I. Introduction 
The ability to characterize polymer interfaces is of both 

theoretical and technological importance. For example, 
if there is great deal of overlap between two types of 
polymers a t  an interface, the resulting entanglements can 
lead to a stronger material. More generally the interfacial 
properties of polymer blends can determine whether the 
material is useful for a particular purpose.' On the other 
hand, the thickness of a polymer interface relative to that 
of a simple liquid and the applicability of mean-field theory 
make polymer systems a good testing ground for theoretical 
ideas. One example is a three-component polymer blend. 
Helfand has recently discussed such a system in which 
two of the components are miscible while the third 
component is immiscible with the other two.2 It was found 
that the presence of the additional component, even at  
small volume fractions, can reduce the interfacial tension. 
Another example is the interaction of a two-component 
polymer blend with a rigid wall. Schmidt and Binder3 
and Carmesin and Noolandi4 found that such a system 
can undergo a first-order wetting transition. 

Wetting phenomena are relevant to many processes of 
practical importance where typically a macroscopically 
thick layer of liquid covers the entire surface of a solid in 
a thermodynamically stable manner. Wetting requires 
the presence of three stable  phase^,^ not necessarily in full 
thermodynamic equilibrium. For example, a solid sub- 
strate is generally not in equilibrium with an adsorbed 
two-phase fluid mixture since a low vapor pressure solid 
sublimates slowly. However, full thermodynamic equi- 
librium is achieved on an experimental time scale for three- 
phase simple fluid mixtures. The qualitative wetting 
behavior is the same in both cases. 

In this paper we determine the interfacial behavior of 
a three-component polymer blend at  three-phase coex- 
istence. We illustrate this with an experiment performed 
by Hobbs et ala6 where they studied a polymer blend, 
polystyrene (PS), Bisphenol A polycarbonate (PC), and 
poly(buty1ene terephthalate) (PBT), at three-phase co- 
existence, with PBT being the majority phase. It was found 
that the PC forms an encapsulating layer around small 
domains of PS. On the other hand, for other three- 
component polymer blends, it was found that the two 
minority components form separate domains. 

To describe the more general case, we label the inter- 
vening phase as A (e.g., PC), the majority phase as B (e.g., 

t University of Toronto. 
t Xerox Research Centre of Canada. 
@ Abstract published in Advance ACS Abstracts, December 1, 

1993. 

0024-9297/94/2227-0055$04.5~/0 0 

PBT), and the encapsulated phase as C (e.g., PS). Hobbs 
et al. interpreted their data in terms of the spreading 
coefficient of the A phase on the interface between the B 
and C phases. They confirmed that this was the important 
parameter by using a random copolymer as the intervening 
phase so that the spreading coefficient could be adjusted 
in a controlled manner. If the spreading coefficients were 
positive, encapsulated domains were formed, while for 
negative spreading coefficients, separate small domains 
were formed. 

The spreading coefficient of the A phase on the B-C 
interface is simply S = YBC - YAC - TAB where ypq is the 
surface tension of an interface between the p and q phases. 
The properties of the polymer blend are therefore con- 
trolled by the surface tensions of the three interfaces. If 
YAB + YAC > YBC (S < 0)  partial wetting will occur, there 
will be some enrichment of the A phase at  the B-C 
interface, but the thickness of the interface will be 
microscopic. If YAB + YAC C YBC (S > 01, complete wetting 
will occur, and a macroscopic wetting layer of the A-rich 
phase will form between the B and C phases. In this case 
the domains of C will be encapsulated by an A-rich layer. 

Therefore, there can be a transition from partial to 
complete wetting as the parameters are varied. The 
wetting transition is first order if there is a discontinuous 
jump in the thickness of the wetting layer, while it is second 
order if the thickness grows continuously from microscopic 
to macroscopic size. Which of these occurs depends on 
the interactions between the phases. First-order wetting 
transitions are more commonly observed experimentally.' 
For reviews of equilibrium wetting, see refs 8-10. 

Therefore, to understand the interfacial properties of 
the three-component polymer blend, we need to obtain 
the surface tensions of the interface between the different 
phases in the presence of the third component. To do so, 
we use a numerical self-consistent-field method so that, 
rather than having a rigid wall, all three phases are in local 
equilibrium near the interface. We find that a wetting 
transition can occur in which one of the majority phases 
wets the other. We focus on two features. First, we 
determine how the presence of the third component affects 
the behavior of the interface between the two phases. We 
calculate the polymer concentration profiles and discuss 
the overlap of the different phases. We determine the 
surface tension and relate it to the surface tension of the 
pure two-component interface. We find that the presence 
of the third component reduces the surface tension of the 
three-component interface from its two-component value. 
Second, we discuss the nature of the wetting transition in 
the three-component blend. In particular, we show that 
first-order wetting transitions occur. Our results also 
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indicate that a second-order wetting transition can occur, 
and we find that the range of parameters in which the 
wetting transition is second order is fairly large and may 
be experimentally accessible. 

11. Model and Method 
To model the three-component homopolymer system, 

we assume that both the interaction energy and the 
configurational entropy are of the Flory-Huggins form. 
The total interaction energy is W = poJdr f($(r)) where 
the interaction energy per monomer f (in units of kBT) is 
given by 

f(4(r)) = XA&A(r) 4B(r) + XAC4A(r) $C(r) + 
xBC4B(r) 4c(r) (2.1) 

and the x's are the Flory interaction parameters, 4p is the 
local volume fraction of polymer p ,  and p o  is the density 
of the polymer in units of monomer segments per unit 
volume and is assumed to be the same for A, B, and C. The 
configurational entropy (in units of k B )  is 
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where 2, is the polymerization of a chain of type p .  The 
conformational entropy, however, is not approximated by 
a square gradient expansion but is obtained from the full 
conformational distribution function. The distinction 
between the more exact calculation and the square gradient 
approximation should not produce qualitative differences 
if x Z  is not too large. This was demonstrated in ref 4 for 
the case of wetting in the presence of a wall. However, it 
will produce quantitative differences which can be im- 
portant for comparison with experiments. Note that all 
terms in the interaction energy are short ranged. Complete 
details are given in the appendix. 

The Flory interaction parameters xpq are chosen so that 
an A-rich phase, a B-rich phase, and a C-rich phase are 
a t  coexistence. This requires that xpqZq > 2 for all p and 
q. Since we assume that A is the intervening phase between 
the B and C phases, we choose xm < XBC and XAC < XBC. 
The coexistence values of 4 for each set of x are obtained 
by the requirement that the chemical potentials are the 
same in each phase. 

To evaluate the partition function and, hence, determine 
the free energy, we use the numerical mean-field method 
of Hong and Noolandi." This method is now standard so 
we summarize the steps here and leave the details to the 
appendix. The partition function is evaluated via a saddle 
functional method with the constraint of local incom- 
pressibility, Zp4p(r) = 1. A set of extremization conditions 
is obtained for the local polymer volume fraction 4p(r), 
for a conjugate potential wp(r), and for the Lagrange 
multiplier function needed to enforce the incompress- 
ibility. In general, these equations cannot be solved 
analytically but must be solved numerically via an iterative 
method. We also assume that the polymer profile depends 
only on one direction so that the problem is reduced to 
solving a set of coupled equations in one dimension. 

From this analysis one can obtain the self-consistent 
polymer profiles 4 p ( x ) ,  calculate the free energy of the 
different solutions and also, if desired, extract more 
detailed statistical quantities such as the polymer end 
distribution. For a homogeneous system (4&) = constant) 
the Flory-Huggins free energy is recovered. To study the 
interfacial behavior, we consider a system of size L and fix 

0.15 

h 

++ 0.10 

ap 
Y 

Y 
P 

?- 
0.05 

0 

A-A 2 = 100 
0-0 2 200 
.-H 2.400 
V-v z a00 
- 2 infinite 

0.1 0.2 0.3 
x '12 

Figure 1. Surface tension for a symmetric two-polymer interface 
as a function of the Flory parameter x and polymerization index 
2. In the 2 - m limit, the surface tension is given by y = k ~ T p o -  
( X / ~ S / ~ .  

the values of 4 at  the edges, x = 0 and x = L, to be at  the 
two coexistence values. For example, for the A-B interface 
we would choose the values of 4 to be given by the A-rich 
phase coexistence values a t  x = 0 and the B-rich coexistence 
values a t  x = L. We then solve the extremization equations 
iteratively with these boundary conditions. To obtain the 
surface tension, we simply calculate the free energy per 
unit area of the system with the interface and subtract the 
bulk contribution. 

111. Two-Component Interface 
The first approximation one can make in the treatment 

of the three-component polymer interface is to ignore the 
presence of the third component entirely and assume that 
the surface tensions are the same as that of the pure two- 
component interfaces. In order to determine the validity 
of such an approximation, we need the surface tension for 
the pure two-component interface. 

We assume homopolymers of the same degree of 
polymerization. The interaction energy is given by W = 
p$dr x 4A(r) $B(r) where 4~ + 4~ = 1. In this case Helfand 
and Tagami12 find that in the 2 - = limit the surface 
tension is independent of the chain length and is given by 

Y = ~ B T / J O ( X / ~ ) ~ / ~  (3.1) 
while the interfacial width is proportional to x-'/~. On 
the basis of this estimate, the condition for the existence 
of a macroscopic wetting layer is XBC'/~ > X B ' / ~  + X A C ' / ~  
in the infinite chain limit. 

However, for the values of 2 we consider in the following 
section, the finite chain effects are very important. We 
solve for the surface tension for the two-component case 
using the same numerical method as for the three- 
component case. Figure 1 shows the surface tension as a 
function of x and 2. The infinite chain result of Helfand 
and Tagami is also plotted. For the three-component case 
we consider 2 from 100 to 200 and the x's of order 0.05. 
We will use the values of surface tension from Figure 1 as 
the reference for the three-component surface tensions. 

IV. Three-Component Interfaces 
A. General Results. In this section we will consider 

some general results. Figure 2 shows the polymer profiles 
obtained for 2 = 100, xm = 0.03, XBC = 0.09, and XAC = 
0.062. These values of x were chosen because they are on 
the phase boundary between complete and partial wetting. 
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Figure 2. Polymer concentration profdes for 2 = 100, x*s = 
0.03, XBC = 0.09, and XAC = 0.062. These values correspond to 
the phase boundary between complete and partial wetting. The 
upper panel shows the complete wetting profile in which there 
is a macroscopic layer of the A-rich phase between the C- and 
B-richphases. The lower panelshows the partialwettingprofile. 
There is a substantial enrichment of A at the B-C interface. 

The phase boundary was found by fixing Z, xm, and XBC, 
slowly decreasing XAC, and calculating the surface energies 
of the three interfaces at each value of XAC. In this way 
wecan follow boththecomplete wetting and partialwetting 
profiles. For this set of parameters, we found that YAC + 
ym > YBC for XAC > 0.062 so that the partial wetting 
solution has a lower free energy. For XAC < 0.062, YAC + 
ym < YBC and the complete wetting profile is the 
equilibrium phase. For somewhat smaller XAC the partial 
wetting branch disappears. 

Figure 2 (upper panel) shows the complete wetting 
profile. This is obtained by joining an A-C interface to 
an A-B interface. The important thing to note is that, 
due to large repulsive interaction between B and C, there 
isalmostnoC atthe A-Binterfaceandonlyasmalloverlap 
of B and C at the A-C interface. The two-component 
estimate for the surface tension of these two interfaces 
should be relatively accurate. This is confirmed in Figure 
3 where we have plotted, as a function of XAC, the 
normalized surface tension of the A-B and A-C interfaces. 
That is, we divide YAB and YAC by the value of the surface 
tension (y2) expected for the pure two-component interface 
with the same x value. 

The features of the normalized surface tension curve 
for the A-C interface are interesting. As XAC is increased 
toward xm, the interaction energy cost of B-C overlap 
relative to A-C overlap is decreased. The presence of the 
third component at the interface increases the entropy, 
thereby providing a small reduction (=2%) in the inter- 
facial energy. For smaller values of XAC the small but 
nonzero B-C overlap actually increases the surface tension 
slightly above the two-component estimate. However, 
these effects are very small and the surface tension of the 
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Figure 3. Surface energy per unit area of the three-component 
interfaces y divided by yz, the value expected for the pure two- 
component interface, plotted aa a function of uc for Z = 100, 
x*s=0.03,andx~~=0.09. Thearrowmarksthephaseboundary 
between the complete wettingphaae (smaller XAC) and thepartial 
wetting phase (larger XM). 

A-C interfaceisessentiallythat ofthe pure two-component 
interface. 

Figure 2 (lower panel) shows the partial wetting profile, 
i.e., the B-C interface. Since XBC is larger than XAC and 
xm, the surface energy can be reduced by increasing the 
amount of A-C and A-B contact and thereby reducing 
the B-C contact. Therefore, there is an enrichment of the 
A phase at the B-C interface. This is in contrast to the 
complete wetting interfaces where there is no enrichment 
of the third phase (C a t  the A-B interface and B at the 
A-C interface) at the two interfaces. For example, 
$y, the maximum value of $A at the interface for partial 
wetting is 0.48 while the value of $A in the B-rich phase 
is 0.07. This effect leads to a substantial reduction in the 
surface tension of the B-C interface (relative to the two- 
component prediction) as XAC is reduced. As shown in 
Figure 3, the surface tension is reduced by 13% at the 
wetting transition. For smaller values of XBC (at the same 
values of xm and Z) the fractional reduction of the surface 
tension a t  the wetting transition can be much larger. For 
XBC = 0.07, the fractional reduction is 21 % at the wetting 
transition. 

The net effect is that the values of XAC for which the 
partial wetting branch is stable is increased relative to the 
two-component estimate. For this set of values, the two- 
component estimate would predict that the complete 
wetting branch would be stable for XAC < 0.073, while the 
full three-component solution predicts that the partial 
wetting branch is stable down to XAC > X*AC = 0.062. 

Although we have discussed the result for a specific set 
of parameters, the arguments given in this subsection are 
general. For general values of XAB, XAC < XBC, we find that 
the third component is repelled from the A-C and A-B 
interfaces due to the larger value of XBC. Therefore, the 
surface energy for the macroscopic wetting profile is 
essentially given by the two-component estimates. On 
the other hand, there is a large enrichment of the A phase 
a t  the B-C interface. This reduces the surface tension 
relative tothe pure two-component estimate and increases 
the regime of XAC in which the partial wettiig branch has 
the lower surface energy. 

B. The Wetting Transition. To further investigate 
the wetting transition, we repeat the process described in 
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Figure 4. Surface energy per unit area for the complete wetting 
branch (dashed line) and the partial wetting branch (solid line) 
as a function of XAC for 2 = 100, xm = 0.03, and (a) XBC = 0.09, 
(b) XBC = 0.075, and (c) XBC = 0.06. The two branches for the 
surface energies cross for XBC = 0.09 and XBC = 0.075 but seem 
to approach each other tangentially for XBC = 0.06. 

the previous subsection for different values of XBC. That 
is, we fix xm = 0.03 and Z = 100. This effectively fixes 
the value of in the host B-rich matrix. Then for different 
values of XBC we slowly increase the value of XAC following 
both the complete wetting and partial wetting branches. 
We calculate the polymer profiles and surface energies a t  
each value of XAC. In this way we determine the value of 
XAC at  which the stability of the two branches is inter- 
changed for each set of xm, XBC, and Z. 

Figure 4 shows the surface energy per unit area of the 
partial and complete wetting solutions as a function of 
XAC for XBC = 0.06, 0.075, and 0.09. Note that for XBC = 
0.075 and XBC = 0.09 there is a clear crossing of the two 
surface energies as a function Of XAC but the angle a t  which 
the curves cross is smaller for smaller XBC. For XBC = 0.06 
(Figure 4c) the two branches seem to approach each other 
tangentially. However, it is difficult to pinpoint the exact 
value of XAC at  which the surface energies of the two 
branches are equal since the numerical convergence 
becomes increasingly difficult as that value is approached. 
Therefore, we cannot be certain for XBC = 0.06 whether 
the approach of the two curves is exactly tangential or if 
they actually cross one another. 

Figure 5 shows @Amax, the maximum value of $A, for the 
two branches as a function of XAC for the same set of XBC'S 
as in Figure 4. For the two larger values of XBC it is clear 
that there is a discontinuous jump in $fax as the stability 
ofthe branches is interchanged. Figures 4 and 5 therefore 
show that the phase transition is first order for these values 
of XBC. For XBC = 0.06 the result is less clear-cut. Since 
we do not know the exact value of XAC at  the wetting 
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Figure 5. Value of 4:" for the complete wetting (dashed line) 
and partial wetting (solid line) profiles as a function of XAC for 
XBC = 0.06, 0.075, and 0.09. The arrows indicate the phase 
transition points. For XBC = 0.06 the line indicates where the 
surface energies of the two branches are within 0.1% of one 
another. 
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Figure 6. &(z) for the partial wetting solution near the possible 
second-order phase transition point for XBC = 0.06, XAC = 0.03, 
and 2 = 100. The profiles for XAC = 0.036,0.037, and 0.038 are 
shown. The solid lines show QA(x)  for the A-B and A-C interfaces. 
These have been translated so they fall onto the B-C interface. 
It is seen that ~ A ( x )  converges to the complete wetting result as 
XAC is decreased. 

transition, we cannot tell whether there is a discontinuous 
jump in 4rax. However, the fact that 4;- increases 
rapidly with decreasing XAC before the phase transition 
indicates that the jump is very small. This is shown in 
Figure 6 where we plot ~ A ( x )  for the B-C interface for 
several values of XAC near the transition. We also show 
~ A ( x )  for the A-B and A-C interfaces. These two interfaces 
have been translated so that they fall on top of the B-C 
interface. It is seen that the polymer profile for the B-C 
interface is approaching that of the combination of the 
A-B and A-C interface. Thus, it is not surprising that 
this profile has a surface energy very close to that of the 
macroscopic wetting profile and therefore that the surface 
energies of the wetting and partial wetting profiles 
approach each other tangentially. Although, within the 
numerical mean-field method, we cannot state conclusively 
that there exists a continuous transition, these results along 
with the evidence to be discussed below indicate that the 
wetting transition is continuous for XBC = 0.06. We find 
that the results for XBC = 0.055 and XBC = 0.065 are also 
consistent with a second-order phase transition. 
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Figure 7. Discontinuity in d r  at the wetting transition as a 
function of XBC. Results for XAB = 0.03 and w = 0.04 are shown. 
Note that for XAB = 0.03 there is a rapid decrease in A ~ A  near 
~ B C  = 0.07. For XAB = 0.04 the rapid decrease occurs at a slightly 
smaller value of XBC. 

Figure 7 shows A4,"", the jump in 4ra at  the transition 
as a function of XBC. Results for X A B  = 0.03 and XAB = 0.04 
are shown. From the figure we see that there is a rapid 
drop in A 4 F  a t  approximately XBC = 0.695 for X A B  = 0.03 
and XBC = 0.068 for X A B  = 0.04. This result combined 
with the previous analysis indicates that these are the 
dividing lines between the first- and second-order phase 
transitions. For example, for XAB = 0.03, the wetting 
transition is first order for XBC 5 0.069 and second order 
for XBC 5 0.069. A similar result holds for xu = 0.04, with 
the dividing line between the first- and second-order 
wetting transitions being at  approximately XBC = 0.068. 
For interactions with rigid walls, second-order phase 
transitions are relatively rare and the wall interactions 
are difficult to characterize.1° Critical wetting for a binary 
fluid with long-range interactions in three-phase coex- 
istence with its vapor has been predicted by Dietrich and 
Schick.13 Our result indicates that a large regime of second- 
order wetting transition may be obtained for these three- 
component blends, possibly providing useful systems to 
investigate second-order wetting transitions. 
C. 2 Dependence. To study the behavior as a func- 

tion of the polymerization index 2, we fix XAB = 0.03 and 
XBC = 0.06 to determine the polymer profiles and behavior 
of the wetting transition for 2 = 100,150, and 200. Figure 
8 shows a plot of the surface energy of the complete wetting 
and partial wetting branches of the free energy vs XAC for 
different values of 2. Also shown on this plot are the 
estimates of the surface energy based on the pure two- 
component interfaces. The point where the branches cross 
corresponds to the wetting transition. 

Several important features are to be noted. First, as 2 
increases, the wetting transition is pushed toward smaller 
values of XAC. This is simply because y m  increases by a 
larger proportional amount than the surface tensions of 
the other interfaces. In fact, in the infinite 2 limit, the 
two-component estimate would predict that the transition 
occurs a t  XAC = 0.005. Second, we find that as 2 is increased 
the surface energy estimate for the complete wetting 
branch becomes extremely accurate. For 2 = 150 one sees 
hardly any difference between the two-component estimate 
and the three-component result on this plot. Third, the 
wetting transition is always at  a slightly smaller value of 
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Figure 8. Surface energy per unit area for the complete wetting 
branch (solid squares) and the partial wetting branch (open 
circles) as a function of XAC for XAB = 0.03 and x e ~  = 0.06 for 2 
= 100,150, and 200. The arrow indicates the wetting transition 
for each 2. For each 2, the dashed line corresponds to the two- 
component estimate for the complete wetting branch and the 
solid line to the two-component estimate for the partial wetting 
branch. 
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Figure 9. Value of d r  for the complete wetting (dashed line) 
and partial wetting (solid line) profiles as a function of uc for 
2 = 100,150, and 200 and w = 0.03 and XBC = 0.06. The arrows 
indicate the phase transition points. For 2 = 100 the line indicates 
where the surface energy of the two branches are within 0.1 % 
of one another. 

XAC than predicted by the two-component estimate 
because, as discussed earlier, there is a reduction of YBC 
from its two-component value which increases the regime 
of partial wetting. However, we find that the fractional 
reduction is also becoming smaller as 2 is increased. The 
result is that with increasing2 the two-component estimate 
for the transition becomes more and more accurate (at 
least a t  fixed XAB and fixed XBC). 

As 2 is increased, the angle a t  which the two branches 
of the surface energy cross also increases. The transition 
becomes more strongly first order with increasing 2. This 
is confirmed in Figure 9 in which we show a plot of 
$Amar for the two branches as a function of xAc for different 
values of 2. For 2 = 100 the transition is seemingly second 
order. However, the jump becomes larger with increasing 
2. This result can be understood as follows. For fixed 
XAB, the volume fraction in the host B-rich phase is a 
decreasing function of 2 and there is less of the A phase 
to pull in from the background. This reduces the effective 
enrichment of A at  the interface and makes the discon- 
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tinuity a t  the transition larger as well as the transition 
more strongly first order with increasing 2. 

We conclude that, for fixed x a ,  the two-component 
estimate will become increasingly accurate with increasing 
2. Note that this would not be true if we increased 2 with 
x ~ Z  fixed, Le., holding the background concentration of 
$A fixed. In this case we would expect a large enrichment 
of A at the interface and a corresponding reduction in the 
B-C surface tension. 
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V. Summary 

We have investigated the wetting behavior of a three- 
component (A-B-C) polymer blend using a numerical self- 
consistent mean-field method. We find that a wetting 
transition can occur in which one of the minority phases 
(A) wets the other. First, we determine how the presence 
of the third component affects the behavior of the interface 
between two phases. We calculate the polymer profiles 
and find a substantial enrichment of the A phase at  the 
B-C interface. This leads to a significant reduction of the 
interfacial tension and extends the partial wetting regime 
relative to what is expected from a simple two-component 
estimate. Second, we find the existence of first-order 
wetting transitions and our results indicate that a second- 
order wetting transition may also be possible. We discuss 
how the phase boundary varies as a function of the 
microscopic parameters. Finally, we discuss the polym- 
erization dependence. We find that as 2 is increased the 
transition becomes increasingly first order and the two- 
component estimate become more precise. However, we 
note that the infinite 2 limit is somewhat subtle. If 2 is 
increased with XAB fixed, the wetting transition becomes 
increasingly first order due to the reduction of the minority 
phase in the bulk. However, if Z is increased with the 
product x& fixed, the opposite would occur. There will 
continue to be a substantial reduction in the B-C surface 
tension. This will result in an increase in the regime in 
which the wetting transition seems to be second order. 

Here we conjecture on the difference between polymeric 
and simple liquids in regards to the wetting behavior. The 
existence of the second-order wetting transition depends 
crucially on the reduction of the surface tension of the 
partial wetting interface due to the presence of the third 
polymer. As was shown here and in ref 2 polymeric systems 
produce a significantly larger decrease in surface tension 
than for simple liquids. This is mainly because of the 
smaller role that the configurational entropy plays for 
large macromolecules than for small molecules. This does 
not contradict our result that the transition becomes 
increasing first order with increasing 2, since here we 
assume increasing 2 with fixed bulk volume fraction of 
the minority phase. 

The ideas used here should be applicable even to systems 
which are not in global equilibrium. This is because the 
times required to achieve global equilibrium may be so 
long that it is never reached in practice. However, the 
interfaces between polymers should approach local equi- 
librium fairly quickly. Then the approach presented in 
this paper should give a good description for the exper- 
iment of Hobbs et a1.6 for melt blends of homopolymers, 
provided that the x parameters can be determined 
accurately. 
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Appendix A: The  Numerical Mean-Field Method 

tion for a multicomponent polymer blend is given by 
1. Mean-Field Approximation. The partition func- 

Here the index p is A,  B, or C and denotes the type of 
polymer. The contour of the j th  polymer of type p is 
given by (Rpj} and Zp,kin is the factor due to kinetic energy 
for a chain of type p .  The probability functional for a 
given space curve is given by Po[Rpj(*)] and is assumed 
to be the standard Weiner form, i.e. 

Here the Kuhn length b is the same for all species and 2, 
is the polymerization of a chain of type p .  The interaction 
energy (in units of ~ B Q  is W = PoJdr f(4(r)) where the 
interaction energy per monomer f is given by eq 2.1, f (4)  
= X A B ~ A ~ B  + X A C ~ A ~ C  + X B C ~ B ~ C .  Here PO is the density 
of the pure polymer in units of monomer segments per 
unit volume and x's are the Flory interaction parameters. 

The local volume fraction can be written as a functional 
of the chain contours 

Using the integral representation of &r), Z can be written 
as a functional of 4,p(r), 

Z = Ja14p(*)lJWpl exp(-F[t4,(*)),lop(*)l1) (A2) 

where 

&Jdr E( In[ Np ] - 1) (A3) 
P zp ~ ~ Z k i n , p Q p  

Qp is the partition function for a single non-self-avoiding 
chain of species p in potential wp(r), 

= S d r S d r ,  Qp(r,zplro) = Jdr  qp(r,Zp) (A41 

The Green function Q,p(r,tlro) is the primary quantity of 
interest and obeys the diffusion equation 

We define &p V-lJdr @p(r) and Gp via 

Qp = V exp(-ZpGp) (A61 
where Vis the volume of the system. We rewriteF[(@,(*)J,- 
{wp(*)l1 as 

where 6wp(r)  = op(r) - Wp. 
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edges, x = 0 and x = L,  are chosen to be at different 
coexistence values. For example, for the AB interface we 
would choose the values of 4 to be given by A-rich phase 
coexistence value at x = 0 and the B-rich phase a t  x = L. 

The surface tension is then given by 

Y = PoJdx [ f (# (x ) )  + I.LA@A(X) + I . L B ~ B ( ~ ) ]  - 

To this point there are no approximations other than 
those used to obtain the initial model. To proceed further, 
we make the mean-field approximation by performing the 
functional integrations in eq A2 using the saddle function 
method. This must be done with the constraint of local 
incompressibility of the polymer mixture. 

Note that, since the partition function is already written 
with Np fixed, we do not need an additional Lagrange 
multiplier for this constraint. In fact, if we include this 
constraint, we simply obtain a set of arbitrary constants 
A, which can be absorbed into up. 

To carry out the extremization of the free energy with 
this constraint, we introduce the Lagrange multiplier 
function q(r). The function to extremize becomes 

P 

Extremizing with respect to up@), we obtain 

Extremizing with respect to 4p(r) gives 

There is one arbitrary constant which we set by fixing q(r) 
= 0 at one of the boJndaries. Note that expression (A10) 
is independent of up but depends only on 6up(r). 

In the mean-field approximation the free energy becomes 

P 

where +p(r) and wp(r) are the solutions to the extremum 
equations and we have used Np = poJdr 4,(r)/ZP. Note 
that the last term can be absorbed into chemical potentials 
in W(4). 

For a homogeneous system 6wP = 0 and 4,(r) = 4p and 
the standard Flory-Huggins free energy is recovered. For 
example, for a two-component symmetric polymer system, 
the free energy per monomer is 

where 4~ + 4~ = 1 and we have neglected constant terms. 
2. Surface Tension. To calculate the surface tension, 

we consider a system of size L in the x direction. First, 
the values of 4 at coexistence are obtained from the bulk 
three-component Flory-Huggins free energy with the 
requirement that chemical potentials are the same in each 
phase. (As noted in the previous subsection this method 
recovers the bulk Flory-Huggins free energy for the 
homogeneous system.) We fix the interface to be at x = 
L/2 and assume that the polymer concentration is ho- 
mogeneous in the y-z directions. The values of $I at the 

where x can be either 0 or L. 
3. Computational Algorithm. We implement the 

mean-field method for the three-component polymer blend 
as follows: 

1. For each set of values of Z and XAB, XAC, and XBC, we 
determine the values of 4 and p corresponding to the three 
coexisting states. 

2. Make an initial guess for WA, WB, and WC. 

The values of up at the boundaries are set by fixing ~ ( 0 )  
= 0 so that, from eq A10,23 have pwP(O) = a W/a4p(0) at 
x = 0. We assume that the other boundary is far into the 
bulk. Then the value x = L is given by 

For the initial condition, either we can use values of up 
which converge for parameters x close to the present values 
and rescale up so that the above boundary conditions are 
met or we start with an entirely new initial condition. To 
make a new initial condition, we set oP(x) = ~ ~ ( 0 )  for x 
< L/2 and wp(x)  = w,(L) for x > L/2. We set o,(L/2) = 

For the partial wetting solution (C-B interface) we 
choose 4,(0) to be in the C-rich phase and #,,(L) to be in 
the B-rich phase. We make the complete wetting solution 
in two steps. First, we choose $p(0) to be in the C-rich 
phase and 4p(L) to be in the A-rich phase to obtain the 
A-C interface profile. We next choose &(O) to be in the 
A-rich phase and 4p(L) to be in the B-rich phase to obtain 
the A-B interface. We then combine the two interfaces 
to obtain the complete wetting solution. A check is made 
that the combined interfaces are a solution to the mean- 
field extremum equations. 

3. Solve eq A l l  using up(%) to obtain pp(x). In general 
the incompressibility condition will not be met. We define 

(Up(0) + wp(L)) /2 .  

so that d'p(x) meets the incompressibility condition. 
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4. Use eq A10 and $J’~(X) to obtain q ( x )  via 
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7. Return to step 3 with the new guesses for up and 
continue until convergence is reached and incompress- 
ibility is met. In practice we required that Jdx IC,@,(x) 
- 11 < 1od and Jdx IwP(x) - w’P(x)I C 1od. 

The numerical details are given below. We used a system 
size of L, = 100 (in unib of b).  We used a nonlinear mesh 
of 100 points with a finer spacing in the middle near the 
interface. For the integration over the chain contour in 
eq A10 we break the chain into 50 points. The Green 
function equation (eq A5) was integrated using the Crank- 
Nicholson method with dt = 2/200. In general, it was 
found that the A-B interface converges very quickly. The 
A-C interface takes somewhat longer and the B-C interface 
takes an extremely large number of iterations in order to 
converge when the maximum value of 4~ is close to that 
of the value of $JA in the A-rich phase. 

(A171 

Here the weight function wght,(x) is chosen to be wght, 
= min($’,, 1 - 4b). This weight function is chosen so that 
the two-component algorithm would be recovered when 
the volume fraction of one species of polymers is much 
less than the other two. 

5. Use the value of q ( x )  and the constraint equation 
(A10) to obtain o’,(x). 

P 

This would be used to obtain the new guess. However, it 
is found that we can enhance the convergence by adding 
an extra term to push the potentials toward incompress- 
ibility. We define 

where 1 1 a 1 0. It is clear that, if Lq@q > (<) 1, then w”, 
> (<) a‘, and the concentration is reduced (increased) on 
the next iteration. The original constraint equation is 
recovered when the local incompressibility constraint is 
met. 

6. Use w”,(x) to make the next guess for w,(x) using 
either 

w,(x) ---* w,(x) + &w”,(x) - w,(x)) (A191 
or the modified secant method. In practice it is found 
that convergence is enhanced by switching from one 
method to the other in the iteration process. 
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