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ABSTRACT: Some universal aspects of interfacial thermodynamics in nearly athermal blends and block 
copolymers are discussed. While the primary application of the theoretical analysis is to interfaces between 
polyolefins, the analysis also applies to interfaces between chemically identical but architecturally 
asymmetric components, such as linear and comb polystyrenes. Specific cases treated are interfaces 
between linear and short-branched polyolefins and interfaces between linear and comb polymers. For 
both situations, we derive expressions for the interfacial tension and profile and provide numerical results 
where appropriate. The implications for the phase diagrams of polyolefin block copolymers are also briefly 
discussed. 

I. Introduction 
There has recently been considerable interest in 

whether the bulk miscibility of nearly athermal polymer 
blends, such as mixtures of polyolefins, can be correlated 
solely on the basis of structural differences between pure 
components in the melt.1-4 The structural differences 
that have been argued to be relevant to miscibility can 
be broadly categorized as arising from either “confor- 
mational” or “architectural” a ~ y m m e t r y , ~  the former 
referring to differences in the melt conformational and 
packing states of the pure components being mixed and 
the latter reflecting gross differences (over mesoscopic 
distances) in architectures of the components, e.g., 
linear versus branched. 

In the case of model polyolefin blends that contain 
only linear components, or components with a t  most 
short (e.g., propyl or ethyl) side branches, the confor- 
mational asymmetry notion has been reasonably suc- 
cessful in correlating the liquid state miscibility of a 
number of homopolymer and random copolymer 
blends,1,2,6 as well as the order-disorder transition of 
a series of model diblock  copolymer^.^,^ While there 
appear t o  be exceptions,2 a growing body of evidence 
suggests that there exists a large number of systems 
that can be prepared by the hydrogenation of buta- 
dienes, isoprenes, and even styrene, which conform to 
the principle that miscibility improves as components 
are made more similar in their conformational and 
packing properties. 

There have been several theoretical attempts to 
quantify this principle, most recently by Schweizer4 and 
by Fredrickson, Liu, and  bate^.^,^ Our approach, which 
is more coarse-grained and less ambitious than that of 
Schweizer, has been to assume incompressibility at  
scales larger than a cutoff monomer size, Awl, and 
compute the first fluctuation corrections (one-loop order 
in field theory) to Flory-Huggins mean-field theory. 
While we refer the interested reader to ref 5 for details 
of the theory, we comment here that our approximate 
treatment of the many-body problem is a type of 
“random phase approximation” (RPA) in the sense of 
classical liquid state t h e ~ r y . ~  In this regard, we go a 
step beyond “polymer RPA”,l0 which is a mean-field 
theory consistent with Flory-Huggins theory. Thus, 
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while x = 0 for an athermal blend in either Flory- 
Huggins theory or polymer RPA, our theory leads to a 
positive effective x (of entropic origins) associated with 
mixing components different in conformations or archi- 
tecture. 

For a binary blend of molten linear components 1 and 
2, we obtained the following expression for the interac- 
tion density (proportional to the effective x parameter) 
arising from conformational a ~ y m m e t r y : ~ , ~  

In this expression, 4 is the volume fraction of component 
1 and pi for i = 1 or 2 are pure-component parameters 
that were first introduced by Helfand and Sapsell in a 
different context: 

(1.2) 

The quantities appearing in this expression are the 
statistical segment length, bi, statistical segment vol- 
ume, vi ,  mean-squared radius of gyration, Ri2, and total 
molecular volume, Vi, of a chain of component i in its 
pure melt a t  the temperature and pressure of interest. 
The final expression in eq 1.2, a ratio of two measurable 
quantities, makes it clear that pi is independent of how 
statistical segments are defined. From this definition, 
it is also clear that pL is largest for a linear component, 
such as polyethylene (PE), whose coil dimensions in- 
crease rapidly with increasing molecular weight or 
volume, and smaller for a short-branched component, 
such as poly(ethylethy1ene) (PEE), for which much of 
the molecular volume is carried by branches. Tempera- 
ture-dependent values of /$ have been tabulated for a 
large number of model polyolefins by Gehlsen and 
Bates7 and also by Fetters et  a1.12 In this regard, we 
note that the “packing length” p introduced by the latter 
authors and correlated with melt viscoelastic properties 
is proportional to p-2 for a given pure component. 

In spite of the fact that eq 1.1 depends on a monomer- 
scale cutoff A whose value the theory does not address, 
the remaining factor in eq 1.1 is universa l  for all 
polymer blends with comparable values of the composi- 
tion 4 and “conformational asymmetry” parameter E = 
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(/31//32)~. It is clear from eq 1.1 that blends in which E 

differs significantly from unity will have a large interac- 
tion density a, (Le., Flory x parameter) and hence will 
be immiscible. In particular, since a is to be compared 
with the ideal entropy of mixing per unit volume at  the 
point of phase separation, E may differ from unity by 
no more than O(N-1’2) for miscibility to be achieved (N 
is a characteristic degree of polymerization). This 
prediction is in accordance with a growing body of 
experimental literature on poly olefin^.^,^^^ We also note 
that the form of eq 1.1 is quite robust in the context of 
a loop expansion in polymer field theoryi3 and resembles 
expressions derived by Schweizer4 on the basis of 
polymer RISM theory. The latter theory has the 
advantage of naturally imposing a cutoff through the 
inclusion of realistic hard-core potentials, yet is consid- 
erably more difficult to implement. 

The theory described above has been generalized5 to  
analyze the bulk miscibility of certain “architecturally 
asymmetric” polymer blends. In particular, mixtures 
of chemically identical linear and star polymers have 
been treated, as well as mixtures of chemically identical 
linear and comb polymers. For such systems, e.g., a 
mixture of linear and star polystyrene, the local con- 
formational properties of the branches and linear back- 
bones are precisely matched, but larger-scale intramo- 
lecular correlations differ between components. When 
such components are forced to mix at  constant density, 
the native conformational states are disrupted and a 
positive excess (entropic) free energy of mixing is 
obtained. This excess contribution, and hence the 
tendency for phase separation, naturally increases with 
both the density and functionality of branch points on 
the second component. As demonstrated by explicit 
 calculation^,^ the excess contribution to the free energy 
can be represented by expressions similar to  eq 1.1, but 
which are completely universal and contain no cutoff, 
i.e., A This absence of a cutoff is due to the fact that 
the dominant liquid state correlations that contribute 
to a( for such architecturally asymmetric blends are 
associated with length scales much larger than the 
monomer size. Thus, for such systems we anticipate 
that our field-theoretic and the RISM-based approaches 
should yield coincident results and, more importantly, 
that quantitative theoretical predictions can be made for 
blend miscibility. 

In the present paper, we extend the above methodol- 
ogy for analyzing the bulk phase behavior of nearly 
athermal polymer blends t o  study the interfacial ther- 
modynamics of such systems. In particular, we consider 
binary blends of polyolefins (or other applicable com- 
ponents) that possess sufficient conformational or ar- 
chitectural asymmetry for phase separation to occur. On 
the basis of a suitably constructed Cahn-Hilliard type 
theory, we analyze the equilibrium interfacial tension 
and composition profile of a planar interface between 
the two coexisting phases. We pay particular attention 
to the universal (system-independent) predictions that 
arise, especially the dependence of the tension and 
profile shape on the conformational asymmetry param- 
eter E = ( P ~ / P z ) ~  and on any architectural asymmetries. 
In the next section, we restrict our consideration to 
interfaces formed by mixtures of linear or nearly linear 
short-branched polyolefins, such as interfaces between 
PE and PEE. In section 111, we extend this analysis to 
interfaces formed by mixtures of chemically identical 
linear and comb polymers, e.g., a linear polyisoprene- 
comb polyisoprene interface. Finally, in section IV we 
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discuss how these results for the interfacial thermody- 
namics of polyolefins and related systems are important 
for understanding the phase diagrams and morphologies 
of polyolefin block copolymers. 

11. Interface between Linear Polyolefins 
In the present section we consider a phase-separated 

blend of two linear or short-branched polyolefins, such 
as polyethylene (PE) mixed with poly(ethylethy1ene) 
(PEE). For simplicity, we imagine a single planar 
interface separating the two bulk coexisting phases with 
surface normal taken to  lie along the z-axis. We shall 
be primarily concerned with the case of strong segrega- 
tion,11J4 for which the bulk phases are nearly pure in 
the two components and the interfacial thermodynamic 
properties are approximately molecular weight inde- 
pendent. 

For a homogeneous mixture of two such polyolefin 
components, it was argued previously by Fredrickson, 
Liu, and Bates5 that the free energy density of mixing 
can be written in the form 

A . F = A F o + A F E  (2.1) 

where the ideal entropy of mixing is given by the usual 
Flory-Huggins expression 

and the excess contribution arising from conformational 
asymmetry is given by15 

The parameter A in this expression is the cutoff wave- 
number discussed above and Si(k) is the structure factor 
of a single chain of pure component i ,  normalized as 
discussed in ref 5. The dominant contribution to the 
integral in eq 2.3 arises from wavevectors k that greatly 
exceed the inverse of the radius of gyration ~ c a l e ; ~ ! ~  in 
this regime, assuming Gaussian statistics, the Si(k) 
reduce to 

(2.4) 

Substitution of this expression into eq 2.3 leads to the 
following result for the excess free energy density: 

(2.5) 

where 

and E 
Equation 2.5 plays a similar role as the usual excess 

term x & l -  4) in Flory-Huggins theory; in the present 
case the “bare” Flory x parameter is zero because of our 
athermal assumption, but eq 2.5 generates an effective 
x (or interaction density a,) of entropic origin. The 
unusual form of eq 2.6 arises from conformational 
asymmetry effects that are assumed to be dominant in 

( P I / P ~ ) ~  with pi defined in eq 1.2. 
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the present case of nearly athermal blends. ~ E ( # , E )  
vanishes linearly with 4 or 1 - 4, respectively, in the 
limits 4 - 0 and 4 - 1. For weak conformational 
asymmetry, i.e. E = 1 + d with d << 1, this entropic 
excess free energy takes the conventional Flory- 
Huggins (regular solution) form: f~ (1/48n2)d2$A1 - 
4). An effective interaction density, ar, which is the 
quantity measured in scattering experiments and rel- 
evant to the spinodal, can be defined as 

By explicitly performing the indicated composition 
derivatives on eq 2.6, our earlier result for a, given in 
eq 1.1 is recovered. We also note that the spinodal 
equation, defining the bulk thermodynamic stability 
limit of a single homogeneous phase, is given by 

1 1 

12.8) 

Thus, as discussed in the Introduction, phase separation 
will proceed when a, is characteristically larger than 
the largest reciprocal molecular volume, lNl .  In the 
specific case of PE mixed with PEE, this condition is 
always met; for example E = (PPE/PPEE)~ = 2.53 a t  150 
0C,7 which implies that a, -- A3 - l/v, >> lNl.  It follows 
that such blends will be strongly segregated, with nearly 
molecular weight independent interfacial properties. 

With this background on the bulk thermodynamic 
properties of a homogeneous mixture of two polyolefin 
components, we now turn to the analysis of a flat 
interface in the strongly segregated regime. The method 
employed is a variant of classical Cahn-Hilliard theory,I6 
generalized to treat polymer interfaces in the strong 
segregation regime by and Broseta et al.I8 In 
principle, the more powerful self-consistent field method 
of Helfand and Sapsel’ could be used, but the present 
approach gives the same asymptotic results in the 
strong segregation limit.18 

We proceed by following the approach of Cahn and 
Hilliard16 and express the interfacial tension y as the 
extremum (minimum) of the following functional with 
respect to variations in the composition profile 4k): 

(2.9) 

The first term in this expression, which is purely local 
in describes the excess free energy associated with 
the fact that the interfacial region has compositions 
intermediate between those of the coexisting bulk 
phases. Because we restrict consideration to the strong 
segregation limit, the bulk phases have composition @+ 
= 1 i z  - -1 and 4- = 0 (z - --1 and the ideal entropy 
of mixing terms in eq 2.1, which are O( lN,) smaller than 
ME, can be neglected. The square-gradient terms in 
eq 2.9 reflect the conformational entropy penalty as- 
sociated with the portions of the two types of chains that 
participate in forming the interface. The numerical 
coefficients have been chosen to provide an accurate 
description of narrow interfaces, as discussed by Broseta 
et a1.18 and RoeIS (see also the discussion after eq 3.11). 

It proves convenient to rescale the spatial variable 
in eq 2.9 by the following fundamental length scale (bare 
interfacial width): 

(2.10) 

Denoting the scaled variable by x = 2/60, eq 2.9 can be 
rewritten in the form 

Finding the extremum of the above functional is a 
standard problem in the calculus of variations. The 
minimizing composition profile is given implicitly by the 
equation 

(2.13) 

Moreover, the interfacial tension can be written as a 
simple quadrature: 

The universal features of the equilibrium interfacial 
profile are now clearly apparent. The composition 
profile, when expressed as a function of the scaled 
coordinate x = 2/60, is a universal function of x for all 
polymer blends with the same value of the conforma- 
tional asymmetry parameter E = (PA/ /~B)~ .  In Figure l, 
we illustrate three such profiles for different values of 
c. As E - 1, the interfacial width 6 diverges like 5” - 
tdll - € 1 ,  while it is bounded for any E t 1. Actually, 
when 11 - E /  - N-1’2 (N is a characteristic degree of 
polymerization), the interface becomes too broad for the 
present theory to be quantitative. Moreover, the ho- 
mogeneous phase regains stability in this regime of c 
very near unity. For more typical values of E ,  the 
interfacial width is of order 60 and we note that the 
interface shape is asymmetric about x = 0 (defined as 
the midpoint of the profile, @(01 = 1/21. In particular, 
the large /3 component penetrates more deeply into the 
small /3 phase than the reverse. This feature is a 
consequence of the compositional asymmetry of f E ( + , € ) :  
a large-@ (linear) chain is more miscible with a small-jj 
(short-branched) melt than a comparably small$ chain 
is with a large$ melt. Finally, we note that a similar 
trend was predicted by Helfand and Sapse,ll but the 
asymmetry calculated by these authors was less pro- 
nounced due to their use of the conventional Flory- 
Huggins excess free energy density, f~ = x@(1 - 4). 

The universal properties of the interfacial tension are 
readily deduced by rewriting eq 2.14 in the form 

y = kBTA3/2(P&J1’2H(~) (2.15 I 

where 

H(E) = 2h1d4 [ ~ E ( ~ , E ) K ( $ , E ) I ” ~  (2.16) 

Thus, aside from the nonuniversal prefactor, A3I2, the 
variation of the interfacial tension with the asymmetry 
parameter E is described by the universal dimensionless 
function H ( E ) .  In Figure 2 we provide a plot of this 
function obtained by performing the integral in eq 2.16 
numerically. As expected, the tension vanishes at the 
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Figure 1. Composition profile +(x)  of conformationally asym- 
metric blends obtained by numerical integration of eq 2.13. 
The dashed, solid, and dotted curves correspond, respectively, 
to values of E = (p1//32)~ equal to 2.0, 0.5, and 1.1. The 
dimensionless spatial coordinate x: = Z / [ O  is scaled by the bare 
interfacial width EO. defined in eq 2.10. 

\ I 

I I 
-4  -2 0 2 4 

In e 
Figure 2. Dimensionless function H ( E )  obtained by numerical 
integration of eq 2.16. The interfacial tension, which is 
proportional to H(E) ,  vanishes at the point of conformational 
symmetry, E = 1. 

point of conformational symmetry, E = 1, and grows 
symmetrically and monotonically as E departs from 
unity. In principle, this quasi-universal behavior could 
be tested by experimental studies of interfacial tension 
in a series of polyolefin random copolymers, such as 
PE-PEE copolymers. By measuring the random co- 
polymer tension against a second homopolyolefin, e.g., 
polypropylene, as a function of copolymer composition 
(hence varying the effective p of the random copolymer9, 
it should be possible to examine the validity of eq 2.15. 

As a final comment, we note that both the interfacial 
tension and the composition profile are predicted to vary 
with temperature not only because of explicit factors of 
kBT but also because the p1 and hence E vary with 
temperature. Explicit expressions for the temperature 
dependence of these pure-component parameters for a 
number of polyolefins have been given in the litera- 
ture.‘J2 The cutoff, A, will in general also vary with 
temperature, although perhaps in a predictable man- 
ner.24 

111. Interface between Linear and Comb 
Polymers 

In the present section we generalize the above results 
for “conformationally asymmetric” interfaces to  inter- 
faces between “architecturally asymmetric” components. 
In particular, we treat the specific case of a molten 
mixture of linear and comb polymers that are otherwise 
chemically identical. Component 1 is taken to be a 
linear polymer. Component 2 is a comb polymer with 
the architecture shown in Figure 3; we adopt a simple 
model of a comb in which branches (teeth) of degree of 
polymerization L are equally spaced every L monomers 
along the main backbone. The degree of polymerization 
of the linear chain is denoted by N I  and the degree of 
polymerization of the backbone of comb component 2 is 

Figure 3. Schematic architecture of the comb polymer 
considered in section 111. Each polymer has a branch of L 
statistical segments, equally spaced every L statistical seg- 
ments along the backbone. The total backbone degree of 
polymerization is denoted Nz. The branches (teeth of the 
comb) and backbone are assumed to  be chemically identical, 
with statistical segment length b and segment volume Y .  

denoted by N z .  We shall assume throughout that N1jV2 
>> L but that L is large enough for the conformational 
properties of the teeth to be described by Gaussian 
statistics. Since the two components are assumed 
chemically identical on the monomer scale, a single 
statistical segment length, b, and a single segment 
volume, v, suffice to specify the local conformational and 
packing properties of the blend. 

For such a linear-comb mixture, it was argued in an 
earlier paper5 that the interaction density defined in eq 
2.7 is given by the expression 

w(4,l) a, = - 
2RL3 

(3.1) 

where RL = (Lb2/6)lI2 is the radius of gyration of a tooth 
of the comb and w(4,l) is a function of blend composition 
(4  is the volume fraction of the linear component 1) 
tabulated in ref 5 .  This function varies smoothly and 
monotonically from a value of 0.02933 at 4 = 0 to a value 
of 0.04563 a t  4 = 1. I t  is also important to note that eq 
3.1 is completely universal and independent of any 
monomer-scale cutoff. According to eq 2.8, bulk phase 
separation of the mixture is thus expected when R L ~  is 
of order V,, the smaller of the two molecular volumes, 
VI = vN1 and V2 = 2vN2. 

The excess free energy density for a homogeneous 
mixture of such components can again be written in the 
form of eq 2.3, but for the present linear-comb blend 
the cutoff proves unnecessary for the convergence of the 
integral: 

Because the dominant contribution to this integral 
occurs for wavevectors comparable to RL-’, the structure 
factors for two pure components can be simplified by 
taking N1 and N2 to infinity. Assuming Gaussian 
single-chain statistics, this leads to 

2 
k2p2 

S,(k)  = - 

where p2 = b2/(6v) and 

(3.3) 
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S,(kl = rQ&$x, i 4- Ih(x,)I' -c 

2x, - ' h (x , )~1  + exp(-x1,)I} 13.4) 

In the latter equation, we have used the shorthand X L  
i h R ~  and the functions g(x)  and h ( x )  are Debye and 

Debve-like functions defined by 

g1.u) = ~ x - ~ [ x  -+ exp(-x.r - 11 13.5) 

h(xi = [I - exp(-x)l/x (3.6) 

By rescaling the integral in eq 3.2, the excess free 
energy of a homogeneous mixture of linear and comb 
polymers can be written 

where 

13.71 

In this expression, G ( x )  is a function defined by 

GLXI = g!r) + ih(.x)12 + 2x-'h(x)[l + exp(-x)l (3.9) 

The integral in eq 3.8 is easily performed numerically. 
Figure 4a shows the 4 dependence of fE over the full 
composition range. The excess free energy is weakly 
asymmetric about 4 = 1/2; to highlight this fact, we have 
replotted the free energy as fE(f$)/[4(1 - 411 against 4 in 
Figure 4b (solid points). The solid curve in this figure 
is a polynomial fit that is accurate to  better than 1%: 

&(dI @(l - @)(0.003384 + 0.00037474 + 
0.000156242) (3.10) 

It should be noted that the sign of this compositional 
asymmetry is consistent with the form of fE for short- 
branched blends; cf. eq 2.6. Again, we can summarize 
by stating that mixing a few linear chains into a 
branched melt (4 - 01 is energetically more favorable 
than mixing a few branched chains into a linear melt 
14 - 11. As a final note, we comment that eq 3.1 can 
be derived by taking two derivatives of eq 3.7 with 
respect t o  composition (cf. eq 2.7). 

Having discussed the free energy of a homogeneous 
mixture of linear and comb polymers, we now turn t o  
the analysis of interfacial thermodynamics. In the 
subsequent discussion, we consider a flat interface 
between two strongly segregated phases. The bulk 
phase lrjcated at  2 - M is taken to  be pure in component 
1 (linear chains), while the phase at  z - --m is assumed 
to be pure in comb polymers. From the above, it is clear 
that the strong segregation condition is easily met for 
mixtures in which RL.~ .ci V- , Le., combs with frequent 
and proportionally short teeth. 

By analogy with eq 2.9, a Cahn-Hilliard free energy 
functional for a flat interface between linear and comb 
polymers can be easily constructed: 

(3.11) 

The first term on the right-hand side is again the local 

[/ \, I I I I 
0 2  0 4  0 6  0 8  1 0  

0 

0 0038 

0 0037 - 
- 

0 0036 - 
0 0035 - 

I 
r 0 2  0 4  0 6  08 1 0  

@ 
Figure 4. (a) Excess free energy function f ~ ( + )  for a mixture 
of chemically identical linear and comb polymers. (b) The 
compositional asymmetry of f~(#) is more clearly illustrated 
by plotting f~ (+) l [$~( l  - 411. versus 4. The solid points denote 
results obtained by numencal integration of eq 3.8. The curve 
represents a polynomial fit to this numerical data: f ~ ( @ l z  dil 

free energy penalty associated with compositions # ( z )  
differing from the coexistence values of zero and unity 
throughout the interfacial region. The square-gradient 
terms resemble those used for the short-branched blends 
(cf. eq 2.91, except that the term arising from the 
conformational entropy of the comb component is a 
factor of 1/2 smaller in eq 3.11. This extra factor of 112 
is appropriate because the interfacial width will 
subsequently be shown to greatly exceed RL. Thus, in 
the random phase approximation analysis used to derive 
the square-gradient terms,18 Sz(k) should be evaluated 
in the regime kRL << 1 rather than kRL >> 1, accounting 
for the factor of 112. 

We can now repeat the analysis of X f $ I  outlined in 
the last section for the present case of a linear-comb 
interface. First, it proves convenient to  rescale z ac- 
cording to x = 216, where the interfacial width [ is 
defined by 

- +)(0.003384 + 0.0003747+ + 0.0001562~2). 

(3.12) 3 2  [=/3RL >>RI, 

The latter inequality confirms our above claim about 
the interfacial width. With this spatial scaling, the 
minimizing composition profile is given implicitly by 

The corresponding equilibrium interfacial tension is 
given explicitly by 

0.051762pRL-3i2 (3.14) 

The above equations make it clear that the thermo- 
dynamic properties of interfaces between chemically 
identical linear and comb polymers are universal for all 
polymers with identical values of the measurables Rra 
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Figure 5. Composition profile 4(x) for a linear-comb blend 
obtained by numerical integration of eq 3.13. The spatial 
coordinate x = z / t  is scaled by a characteristic interfacial width 
5 defined in eq 3.12. 

and p. The composition profile that satisfies eq 3.13 is 
a universal function of the scaled variable x.  In Figure 
5, we show numerical results for this profile; the deeper 
penetration of linear chains into the branched phase is 
another manifestation of the asymmetry of f ~ ( q 5 )  dis- 
cussed above. Moreover, the universal form of the 
interfacial tension, y - ~ B T P R L - ~ ’ ~ ,  provides guidance 
in tailoring the tension of polymer-polymer interfaces 
of the type described here. The tension increases in 
proportion to /3 at fixed RL; thus, e.g., polyethylene 
linear-comb interfaces would be expected to have a 
larger tension than polypropylene linear-comb inter- 
faces at the same RL. It is also apparent that the 
interfacial tension scales as R L - ~ ~ ~  at fixed p; thus the 
tension can be decreased or increased by adjusting L 
according to y - L-3’4 (assuming L is long enough to 
permit the use of Gaussian statistics). 

IV. Application to Polyolefin Block Copolymers 
The results of the previous two sections, besides 

having obvious applicability to  homopolymer interfaces, 
are also relevant to the bulk phase behavior of polyolefin 
block copolymers. Such materials have been studied 
extensively in the laboratory of F. S. Bates and have 
become standard model systems for exploring phase 
transitionslg and rheologyz0 in complex fluids. The most 
extensively studied systems are the diblock copolymers 
poly(ethy1ene-propylene)-poly(ethylethylene1 (PEP- 
PEE) and polyethylene-poly(ethylethy1ene) (PE-PEE). 
However, Gehlsen and Bates7 have recently reported on 
the synthesis and phase behavior of a large number of 
polyolefin diblock copolymers, including some with 
blocks of poly(vinylcyc1ohexane) (PVCH). 

Bates and co -~orke r s l ,~  have shown that in such 
polyolefin diblock copolymers a strong correlation exists 
between the value of the Flory-Huggins parameter x 
deduced from measurements of the order-disorder 
transition temperature (ODT) and the difference in the 
pL parameters (cf. eq 1.2) for the two blocks. Indeed the 
trends are in qualitative agreement with eq 1.1 (noting 
that )I = va,, where 11 = ( ~ 1 ~ 2 ) ~ ’ ~  is a mean segment 
volume). That eq 1.1 should be applicable t o  diblock 
copolymers, even though it was derived from homopoly- 
mer blends, is perfectly natural since the only composi- 
tion fluctuations contributing to eq 1.1 are those with 
wavelengths intermediate between the monomer size 
and the radius of gyration scale. Thus, the connectivity 
of the blocks in a copolymer melt, relevant at  the R, 
scale, does not significantly influence the shorter-ranged 
fluctuation contributions t o  x. 

On the theoretical side, there have been a number of 
recent attempts t o  incorporate the effects of conforma- 
tional and architectural asymmetry on the phase dia- 
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grams of block  copolymer^.^^-^^ While these authors 
have properly accounted for the effects of conformational 
and architectural asymmetry on the elastic free energy 
of the block copolymer microphases, they have uniformly 
adopted the simple Flory-Huggins description of the 
excess free energy density, f~ = x4(1 - 41, to estimate 
the interfacial free energy contribution. Thus, x (or the 
interfacial tension y )  and E = ( /?~/PZ)~ are considered to 
be independent parameters in these theories. 

The arguments of the previous sections, however, 
suggest that x (or y )  and E should not be regarded as 
independent for polyolefin block copolymers. In such 
systems, sub-R, composition fluctuations render ;5 a 
function of E. Thus, a proper theoretical description of 
the weak segregation limitlg of a polyolefin diblock 
copolymer melt should involve replacing x by va,, where 
a, is given as an explicit function of E in eq 1.1. (For 
certain systems it may also prove necessary to include 
an enthalpic contribution to x.) In theories for the so- 
called strong segregation limit,lg where interfaces are 
narrow, the interfacial tension y should be replaced by 
the c-dependent expression given in eq 2.15. Thus, in 
both limits, conformational asymmetry should be in- 
corporated into the interfacial as well as the elastic 
contributions t o  the free energy. While the phase 
boundaries between microphases are sensitive to  this 
reinterpretation (i.e., c dependence) of x in the weak 
segregation limit, the free energies of all the mi- 
crophases scale with the same power of the interfacial 
tension in the strong segregation limit. Thus, while 
phase boundaries are not shifted in the strong segrega- 
tion limit by employing an c-dependent y ,  the micro- 
domain spacings and free energy densities are. Finally, 
we note that the temperature dependence of such a 
theory for polyolefin block copolymers arises naturally 
through the temperature dependence of E ,  which is well 
characterized.lJ2 A complication for quantitative analy- 
sis is that the cutoff A may also vary with temperature, 
although possibly in a predictable fashionz4 

V. Summary 
In the present paper we have demonstrated that the 

interfacial thermodynamic properties of nearly athermal 
polymer blends have certain universal characteristics. 
Specifically, we have shown that the interfacial compo- 
sition profile can be expressed in a dimensionless form 
such that all polymer blends, when compared at the 
same values of certain measurable conformational and 
architectural parameters, have the same profile. The 
asymmetry of this profile reflects the tendency for linear 
chains t o  penetrate more deeply into phases rich in 
branched polymer chains than the reverse. Our results 
also provide insight into the conformational and archi- 
tectural parameters that can be used to manipulate 
interfacial tension. Finally, we have shown how the 
present description of blend interfacial thermodynamics 
can be used to properly account for conformational 
asymmetry in the phase diagrams of polyolefin block 
copolymers. 

Experimental tests of our findings would be extremely 
valuable, particularly in model linear-comb blends 
where numerical predictions can be made independent 
of any cutoff. For such tests, it may prove desirable to  
generalize our model t o  combs with teeth more closely 
spaced than L to maximize architectural asymmetry 
between linear and comb components and hence dimin- 
ish enthalpic effects associated with coupling agents 
used to affix the teeth. Systematic studies of interfacial 
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tension in linear-comb blends with varying numbers 
and lengths of teeth could be used to confirm the trends 
predicted herein. 
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