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ABSTRACT: The lattice cluster theory (LCT) is used to study the influence of monomer structure, i.e.,
short chain branching, on the miscibility of binary polymer blends. The systems are chosen as
corresponding to united atom models of the monomer structures in the binary polyolefin blends studied
by Graessley and co-workers. We focus on the short chain branching by using a compressible blend
model with a single interaction energy for all united atom groups. The polyolefin blend miscibilities are
found to correlate well with a monomer structure dependent branching parameter r, the excess volume,
and the SANS interaction parameter øeff. Our calculations also demonstrate that except for very immiscible
polyolefin blends both the “entropic” and “enthalpic” portions of øeff are relevant and comparable to each
other, with an increasing dominance of the entropic part over the enthalpic contribution when the blend
miscibility improves. Computations are also provided for the pressure dependence of the blend
miscibilities. Solubility parameters and stiffness asymmetries do not correlate with our computed blend
miscibilities. Although quantitative comparisons with experiment will at least require the use of monomer
dependent interaction energies, the present LCT computations permit us to understand certain
experimental trends.

I. Introduction
The recent development of metallocene catalysts for

polyolefin production promises to revolutionize the
ability of tailoring polyolefins into thermoplastic elas-
tomers that will likely replace the engineering polymers
currently used in transportation. The new catalysts
produce random copolymers as opposed to the older
kinetically controlled ones that tend to have higher
degrees of short chain branching in the lower molecular
weight components. Thus, the new catalysts enable
controlling the sizes of the crystalline and rubbery
domains and, hence, the properties of the materials.
A series of experiments by Graessley and co-workers1-4

has sought to understand the physics governing the
miscibility of polyolefins. Their work indicates a rough
correlation between the patterns of miscibility and the
solubility parameters determined either from small
angle neutron scattering or equation of state experi-
ments. However, several systems exhibit departures
from this simple theory, especially those containing
poly(isobutylene) (PIB), and have lower critical solution
temperature phase diagrams. The origins of these
deviations from the solubility parameter theory, and
hence, from the Berthelot combining rule,5 remain
unknown. However, it may be surmised that the
explanation of these deviations should greatly expand
our understanding of the factors influencing blend
miscibility, thereby contributing to the goal of designing
new high-performance materials.
Bates, Fredrickson, and co-workers6 have proposed a

relation between blend miscibility and the asymmetry
in local chain stiffness of the individual blend compo-
nents. Their approach is simply based on a combination
of incompressible Flory-Huggins (FH) theory with the
contribution to the free energy from the Gaussian
fluctuations as calculated using the incompressible
random phase approximation. The theory6 represents
the Flory interaction parameter ø in terms of differences
of Kuhn segment lengths, ascribing the miscibility

patterns observed in polyolefins to purely entropic
factors associated with Kuhn length asymmetries be-
tween the blend components. (Small enthalpic contri-
butions may arise from the temperature dependence of
the Kuhn lengths.) Graessley and co-workers do find2
some agreement between their patterns of blend mis-
cibility and those predicted on the basis of the Bates-
Fredrickson theory, but the solubility parameter treat-
ment yields a superior, but still not totally adequate,
description.
Singh and Schweizer7 have sought to obtain a more

molecular understanding of both the Bates-Fredrickson
theory and of the experimental polyolefin data by using
integral equation PRISM computations. They model the
two blend components as linear chains with different
degrees of bond angle bending stiffness, a model de-
signed to mimic on a more molecular level the model of
Bates, Fredrickson and co-workers. The PRISM com-
putations consider athermal models that are the analogs
of the Bates-Fredrickson model, as well as models
containing the monomer-monomer interaction energies.
The near chemical identity of the polyolefin units leads
Singh and Schweizer7 to study simple models in which
all the units on the chains of both species interact with
the same interaction potential. The PRISM computa-
tions indicate that the polyolefin blend miscibility is
dominated by enthalpic interactions, with much smaller
entropic contributions to ø. The importance of enthalpic
interactions in a system with equal attractive interac-
tion potentials may be understood to emerge because
the PRISM calculations contain the realistic feature of
the presence of excess free volume.8,9 This excess free
volume acts as a noninteracting, nonselective solvent
whose affinity for the blend components is influenced
by what has loosely been associated with the “polymer
surface fraction”,10,11 which must be different for the two
blend components.11 Both the Bates-Fredrickson theory
and the solubility parameter analyses consider incom-
pressible blend models and, therefore, do not contain
the extra contribution, due to the presence of excess free
volume, that is obtained from the PRISM calculations
and that has been demonstrated using the lattice cluster
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theory12 (LCT) to exert a significant influence upon the
temperature, composition, molecular weight, and pres-
sure dependence of ø.13-17 Thus, we concur with Sch-
weizer and co-workers on the importance of using a
compressible model for describing the polyolefin blends,
a model that, of necessity, introduces important enthal-
pic contributions to ø.
Since the lattice cluster theory does not currently

treat bending energies and, consequently, cannot yet
consider the lattice analog of the model used by Singh
and Schweizer, we focus upon a different type of
analysis for the factors influencing polyolefin blend
miscibilities. We investigate how short chain branching
affects blend miscibility, a technologically important
phenomenon which is poorly understood and only
recently studied by considering more complex random
copolymer systems.1-4 The influence of short chain
branching in polyolefin blends may be described with
the LCT by using united atom models for the polyolefin
chains. These united atom models take each CHn
united atom group (for n ) 0, 1, ..., 3) to reside on a
single lattice site. The individual monomers cover
several lattice sites, as dictated by their molecular
structures. (See Figure 1 for several examples.) The
bonds between united atom units are completely flex-
ible, but the excluded volume prohibition of multiple
occupancy of any lattice site and the treatment of local
correlations by the LCT both conspire to introduce a
measure of stiffness into the LCT description of poly-
mers with structured monomers. Thus, we may also
investigate the existence of any correlations between the
LCT computations of blend miscibility and this chain
stiffness. However, we choose to focus primarily on the
very important influence of the monomer structure with
its short chain branching. This focus is consistent with
our desire for a deeper molecular understanding of blend
miscibilities.
The chemical similarity of the different united atom

units in polyolefins leads us further to introduce, as a
first approximation, a compressible blend model in
which all united atom units interact by the same
microscopic energy ε with united atom units of either
chain species that occupy nearest neighbor lattice sites.
This feature of our model accords with that of Singh

and Schweizer7 since the creation of excess free volume
in the blend removes contacts between united atom
subgroups, thereby providing an enthalpic contribution
to the free energy and, hence, possibly affecting the
blend miscibility, in spite of the vanishing of the
exchange energy, εex ) ε11 + ε22 - 2ε12 ) 0. However,
it should be noted from the outset that the different CHn
united atom units (for n ) 0, 1, ..., 3)must have different
van der Waals interaction energies εnn′. For example,
standard Lennard-Jones potentials for united atom
models of alkanes18 have εCH3-CH3 ) 90 K for the
interaction of a pair of CH3 units, but only εCH2-CH2 )
70 K for the CH2 units. Flory’s classic description19 of
the thermodynamics of alkane mixtures uses a treat-
ment that loosely corresponds to a fluid of CH2 and CH3
units that interact with different van der Waals ener-
gies. Thus, we must emphasize that although our
molecular model represents a sensible first approxima-
tion for investigating the influences of short chain
branching, the model omits contributions from interac-
tion asymmetries in order to isolate the influences of
short chain branching. The experiments of Graessley
and co-workers find4 the greatest deviations from the
solubility parameter theory and, hence, from a random
mixing model as arising from blending two polyolefins
whose equations of state have rather different reduced
temperatures T*. The rough correspondence between
T* for a melt and the microscopic interaction ε between
subunits of the chain is a strong indication for the
ultimate necessity of including these differences by
introducing a set of species dependent {εnn′}. The LCT
is, indeed, designed to treat interactional asymmetries,12
but computations containing both these asymmetries
and the monomer molecular structures would have both
sets of effects inexorably intertwined. Section IV does,
however, discuss some general implications of the
presence of different interaction energies and how these
differences may explain some experimental findings. We
leave for a future study LCT computations with differ-
ent interaction energies since this future study will first
require the tedious process of fitting some pure compo-
nent interaction energies to PVT data and then fitting
heterocontact interaction energies to binary blend data.17
Thus, this quantitative comparison with experiment is
planned to follow the present more qualitative investi-
gation of how short side group branching affects the
miscibility of binary polyolefin blends.
Section II briefly sketches the LCT-generalized united

atom lattice model for polyolefin chains, the assump-
tions and content of the LCT, the constant pressure
stability conditions, the definition of the effective inter-
action parameter øeff, and the LCT equation for the
relative excess volume Ve/(V1 + V2) of a binary blend.
Section III summarizes the LCT computations of the
phase diagrams and describes correlations between the
blend miscibility and other thermodynamic quantities
[such as øeff or Ve/(V1 + V2)] of polyolefin blends, as well
as a blend branching parameter r which is a measure
of blend structural asymmetry. This parameter r
contains more detailed information concerning the chain
structure than provided by the common measure of
polymer similarity given by the ratio of end groups to
total groups in the chain. Section IV considers correla-
tions with structural parameters, such as solubility
parameters and chain stiffness, and discusses likely
physical origins for the discrepancies found by Graessley
et al.2,4 between solubility parameter theory predictions
and blend miscibility.

Figure 1. United atom models for portions of polyethylene
(PE), poly(ethylpropylene) (PEP), polypropylene (PP), poly(2-
butene) (P2B), and polyisobutylene (PIB) chains. Circles
denote CHn (n ) 0-3) groups occupying single lattice sites.
Filled circles indicate the backbone chain groups, while open
ones are for the side groups.
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II. Lattice Cluster Theory of a Binary Blend

A. Model of a Binary Blend with Identical
Monomer-Monomer Interactions. The extended
lattice model of a binary blend represents each compo-
nent R (R ) 1 and 2) as nR monodisperse polymer chains
placed on a regular array of Nl lattice sites and
coordination number z. A single chain of species R
occupies MR ) NRsR lattice sites, where NR is the
polymerization index and sR designates the number of
lattice sites covered by a single monomer of species R.
In contrast to the standard lattice model, the monomer
occupancy index sR is no longer forced to equal unity
and may, in general, take any value necessary for
realistically describing the monomer size and shape. The
monomer structure is chosen for the polyolefins as
corresponding to a united atom model in which indi-
vidual united atom groups CHn, for n ) 0, 1, 2, or 3,
reside at single lattice sites. The bonds between united
atom groups correspond to C-C bonds. Figure 1 depicts
the structures for the five model polyolefin chains
considered in the present LCT computations. These
models represent homopolymer analogs for the majority
of the systems studied by Graessley and co-workers.1-4

The non-zero blend compressibility implies the exist-
ence of excess free volume which is modeled in the LCT
by the presence of nv empty sites (voids) with volume
fraction φv ) nv/Nl. The void volume fraction φv is
determined from the equation of state for a given
pressure, temperature, blend composition, and unit cell
volume. The composition of the binary blend is ex-
pressed in terms of the nominal volume fractions Φ1 )
1 - Φ2 ) n1M1/(n1M1 + n2M2) which are simply related
to the actual volume fractions φR ≡ nRMR/Nl (useful only
within a lattice model) by ΦR ) φR/(1 - φv). The lattice
is assumed to be a three-dimensional (d ) 3) cubic
lattice with z ) 2d ) 6.
As for small molecule fluids, the interactions in

polymer blends involve short range repulsions and
longer range attractions. The former are naturally
represented in the lattice model by excluded volume
constraints that prohibit the double occupancy of any
lattice site, while the latter are introduced by ascribing
the attractive microscopic van der Waals energy εRâ

i,j to
nearest neighbor (on the lattice) portions i and j of
monomers R and â. All the sR portions of a monomer R
are taken as energetically equivalent units, which
interact with any of the sâ portions of a monomer â with
the same energy εRâ. In addition, as the simplest model
for studying the influence of short branches on blend
miscibility, the three independent interaction energies
ε11, ε22, and ε12 are assumed to be identical. This simple
model forces the exchange energy εex ≡ ε11 + ε22 - 2ε12
to vanish identically. Incompressible Flory-Huggins
theory would then imply øFH ≡ 0, corresponding to a
purely athermal system with complete miscibility. A
compressible system with εex ≡ 0, on the other hand, is
not athermal and may yield enthalpic contributions to
the free energy as explained in the Introduction.8,9 The
choice of εex ≡ 0 enables the focus to be entirely on how
branching and architecture affect the thermodynamic
properties of binary polyolefin blends. Previous LCT
computations13-17 have been performed with three
independent εRâ and could readily be applied here.
However, such three-parameter LCT computations would
involve an admixture of the influences of energetic
asymmetries and short chain branches and are therefore
best deferred to subsequent studies which would require
a more laborious determination of the pure component

εRR from melt equation of state data. (See ref 17 for
examples of this procedure.) Since actual liquids at
ambient pressures are liquids by virtue of the attractive
interactions, the above simplified model is preferable
to the often used highly unrealistic athermal limit
models in which attractive interactions are entirely
neglected.
B. Free Energy of a Binary Blend. The lattice

cluster theory12 (LCT) yields the Helmholtz free energy
F of a binary blend in the form

The first three terms on the right hand side of eq 2.1
provide the combinatorial part of F, while the last term
represents the noncombinatorial portion as a polynomial
in the actual volume fractions φ1 and φ2. The coef-
ficients fkl in eq 2.1 are generated as double expansions
in the inverse lattice coordination number 1/z and in
the three dimensionless microscopic van der Waals
attractive energies εRâ/kBT, as described in a series of
our papers.12-17 The structure and molecular weight
dependence of the free energy F enters solely through
the coefficients in these double expansions. The present
calculations of F are performed through orders 1/z2 and
(εRâ/kBT)2. This approximation fixes12 the upper limit
of k in the double summation in (2.1) as k* ) 6.
Polymer blends at constant pressure P are more

appropriately described by the Gibbs free energy G,

The pressure P is computed from eq 2.1 as

where the volume vcell associated with one lattice site
is assumed to be a constant. Equations 2.3 and 2.1
automatically produce the equation of state P )
P(Φ1,φv,T,vcell), which enables φv to be determined as a
function of Φ1, T, and vcell. Both the free energies G
and F as well as the void volume fraction φv are
practically insensitive to the choice of vcell over wide
ranges of pressures and temperatures. The different
polyolefins are assumed, again for simplicity, to have
the same vcell. More general treatments of species
dependent vcell are possible, as discussed in ref 17, and
are appropriate when used in conjunction with compu-
tations employing three different εRâ for a binary blend.
C. Stability of a Binary Blend at Constant

Pressure. Generally, a binary system at constant
pressure P and temperature T is stable (or metastable)
if

where g designates the specific Gibbs free energy and
X1 denotes a composition variable normalized such that
X1 + X2 ) 1. Standard thermodynamic analysis shows
that the normalization of g and the choice of X1 must
be conjugate.20 Since the polymer blend compositions
are represented here in terms of the nominal volume

F

NlkBT
) φv ln φv + ∑

i)1

i)2 φi

Mi

ln
2φi

Mi

-

(ln z - 1)∑
i)1

i)2(1 -
1

Mi
)φi + ∑

k)1

k*

∑
l)0

k

fklφ1
l
φ2

k-l (2.1)

G ) F + PV ) F + PNlvcell (2.2)

P ≡ - ∂F
∂V|T,n1,n2 ) - 1

vcell
∂F
∂nv|T,n1,n2 (2.3)

∂
2g

∂X1
2|
P,T

> 0 (2.4)
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fractions,

the free energy g used in the constraint of eq 2.4 must
be expressed per occupied lattice site, i.e., g ) G/Nocc.
Equating the left-hand side of the inequality (2.4) to zero
and specifying the variable X1 as Φ1 produces the
stability limit (called the “spinodal”) for the constant
pressure binary polymer blend,

The condition of eq 2.6 may be converted into a more
computationally convenient form,

by introducing the exchange chemical potential µex ≡
µ1 - µ2, where the chemical potentials µ1 and µ2 are
defined on a per lattice site basis as

Since the derivatives ∂µ1/∂Φ1 and ∂µ2/∂Φ1 of eq 2.7 are
related to each other through the Gibbs-Duhem equa-
tion,

eq 2.7 further simplifies to

where the constant pressure derivative ∂µ1/∂Φ1 is cal-
culated from the LCT free energy expansion (2.1) along
the lines derived previously by us.21 The treatment of
constant pressure coexistence curves is numerically
much more tedious than the determination of stability
boundaries, so such a computation is deferred to a future
work on the interfacial properties of the polyolefin
blends. The general trends for the coexistence curves
parallel those for the spinodals presented here.
D. Small Angle Neutron Scattering Interaction

Parameter øeff. The small angle neutral scattering
effective Flory interaction parameter øeff is a central
quantity in theories of polymer fluids. Within the
extended lattice model of binary blends, øeff is generally
defined in conjunction with small angle neutral scat-
tering experiments as,

where S(0) represents the extrapolated zero angle
neutron scattering function (expressed on a per lattice
site basis), the MR denote individual chain site oc-
cupancy indices, and the ΦR designate the nominal
volume fractions which satisfy the condition Φ1 + Φ2 )

1. When the scattering is dominated by a single
polymer species, say species 1, S(0) reduces to S(0) )
S11(0). (Reference 15 considers S(0) for cases with
incomplete contrast.) The zero wave vector partial
structure factor S11(0) is related to the chemical poten-
tial µ1 of eqs 2.8 by

The absence of the occupancy index M1 in the denomi-
nator of the prefactor in eq 2.12 arises from the
normalization of the chemical potential µ1 on a per
lattice site basis (see eqs 2.8).
Another way of defining the effective interaction

parameter is based on the application of the standard
formula commonly used in the analysis of experimental
SANS data,

where I(0) is the absolute scattering intensity, v1 and
v2 are the monomer molar volumes for species 1 and 2,
respectively, vo is an arbitrarily normalizing volume,
often taken as vo ) (v1v2)1/2, and kN involves the
scattering contrast. Both the absolute scattering in-
tensity I(0) and the structure factor S(0) may be
determined from the LCT provided that the free energy
expansion of eq 2.1 is known.17 Since our goal lies in
studying the qualitative influence of short chain branch-
ing in polymer chains on blend thermodynamic proper-
ties rather than in detailed quantitative comparisons
with experimental data, the computations of the inter-
action parameter are performed with the simpler defini-
tion in eq 2.11. Rather minor differences would emerge
from using eq 2.13 instead.
E. Excess Volume of a Binary Blend at Constant

Pressure. The excess volume Ve ≡ ∆V ) Vblend - V1 -
V2 for a binary blend is the difference between the blend
volume Vblend and the sum of the volumes V1 and V2 for
the pure components that are mixed (at constant
temperature and pressure) to produce the blend. Under
the assumption of equal cell volumes for both pure
component melts and the blend, the appropriate formula
for the relative excess volume is given by

where Φ1 and Φ2 are the nominal volume fractions in
the blend, while φv and φv

(R) denote, respectively, the
excess free volume fractions in the blend and in the pure
melt of species R at the same pressure P and the
temperature T.

III. LCT Computations
A series of LCT computations is performed for the

spinodal curves T ) T(Φ1), the relative excess volume
Ve/(V1 + V2), and the SANS effective interaction param-
eter øeff. These computations are applied to model
binary polyolefin blends composed of all pairs of the five
polymer species depicted in Figure 1. These species
represent the united atom molecular structures for
chains of polyethylene (PE), poly(ethylpropylene) (PEP),
polypropylene (PP), poly(2-butene) (P2B), and poly-
isobutylene (PIB). The five polymer species differ from

Φi ) niMi/(n1M1 + n2M2) ) niMi/Nocc (2.5)

∂
2g

∂Φ1
2|
P,T

) 0 (spinodal) (2.6)

∂µex
∂Φ1
|
P,T

) 0 (2.7)

µi ) 1
Mi

∂F
∂ni|V,T,nj*i )

∂[F/Nl]
∂φi
|Nl,T,φj*i

i ) 1 and 2

(2.8a)

) 1
Mi

∂G
∂ni|P,T,nj*i (2.8b)

Φ1

∂µ1
∂Φ1|P,T + Φ2

∂µ2
∂Φ1|P,T ) 0 (2.9)

∂µ1
∂Φ1|P,T ) 0 (2.10)

øeff ) - 1
2[ 1
S(0)

- 1
M1Φ1

- 1
M2Φ2] (2.11)

S11(0)
-1 )

n1M1 + n2M2

M2kBT
∂µ1
∂n2|T,V,µ2 (2.12)

kN
I(0)

) 1
N1v1Φ1

+ 1
N2v2Φ2

- 2
øeff′
vo

(2.13)

∆V
V1 + V2

) 1
Φ1(1 - φv)

1 - φv
(1)

+
Φ2(1 - φv)

1 - φv
(2)

- 1 (2.14)
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each other in the degree of short side group branching,
with this branching increasing from top to bottom of
Figure 1, i.e., from PE to PIB.
An ideal choice of molecular weights for probing how

these short branches affect the blend thermodynamics
would have the site occupancy indices M1 and M2 for
both species large enough, equal to each other, and
identical for all the blends studied. Such an approach,
however, leads in many cases to blends whose one-phase
regions at 1 atm pressure are unrealistically diluted
systems at astronomically high temperatures. Hence,
we retain the convenient condition M ) M1 ) M2 but
must admit variations in M for the different blends in
order to describe sensible physical systems and for
clarity in presenting the results. However, we attempt
to maintain minimal variability in molecular weights.
The single microscopic interaction energy ε ) ε11 )

ε22 ) ε12 is taken as ε ) 0.5kBTo (To ) 415.15 K). While
the absolute magnitudes of the calculated critical tem-
peratures, excess volumes, or effective interaction pa-
rameters depend somewhat on the choice of ε, the
general trends describing how these properties vary
with blend architecture are fairly insensitive to the
selected value of ε. Another adjustable parameter of
the theory is the unit cell volume vcell, which is assumed
to be independent of the system and is chosen as vcell )
2.54773 Å3. The cell volumes for the actual polymer
blends must vary slightly, but this assumed simplifica-
tion follows from our goal of investigating the influence
of the short chain branching. The use of a common cell
volume is also consistent with the assumption of only
one microscopic interaction energy ε.
A. Constant Pressure Spinodal Curves. The

LCT constant pressure spinodal curves T ) T(Φ1) are
generated from eq 2.7 and are presented in Figure 2a-
e. Each of the individual portions of Figure 2 depicts a
series of four binary blends having one common com-
ponent, labeled as component 1, in order to illustrate
the variation of the blend miscibility with the architec-
ture of the second component (called species 2). As the
degree of branching of polymer species 2 departs more
from that of species 1, the blend miscibility is dimin-
ished and the upper critical solution temperature (UCST)
phase diagram is shifted to higher temperatures. The
four spinodals in each of Figure 2a-e are generated for
blend samples with different molecular weights (as
described in the figure caption). Otherwise, the spinodal
curves for the less miscible systems (for instance, for
PE/PIB or PE/P2B blends in Figure 2a) would appear
for unphysically extremely high temperatures. This
point may be understood by applying simple Flory-
Huggins (FH) theory to Figure 2a, but ignoring for now
the fact that, for our model, the FH ø ) εexz/(2kBT) is
identically zero. Bearing in mind the above inadequacy
and noting that our compressible theory generates a
non-zero ø, FH theory for a symmetric blend yields the
critical øc scaling as øcN ) 2, where N is the polymer-
ization index. The range in Mi between the most
miscible PE/PEP and the least miscible PE/PIB of
Figure 2a is roughly 1 order of magnitude. Thus, a PE/
PIB blend withM ) 2000 would roughly be expected to
yield a Tc ≈ 4000-5000 K, well above a decomposition
temperature. Similar considerations may be applied for
the other blends depicted in Figure 2b-e. An examina-
tion of Figure 2a-e demonstrates clearly that blend
compatability is enhanced by the presence of an archi-
tectural similarity between the monomers of the two
blend components. For example, PIB and P2B chains

have the most branched architectures of the five chains
in Figure 1, and PIB mixes with P2B much better than
either mixes with the least branched PE (see Figure 2e).
On the other hand, P2B forms a homogeneous phase
with PP more easily than even with PIB (see Figure 2d).
An important question immediately emerges from the

observation of the spinodals in Figure 2a-e concerning
the definition of a measure for this structural similarity
and its eventual application to predicting blend misci-
bility. One commonly used measure of polymer misci-
bility is the fraction of end groups to total groups in the
chain. However, this fraction of end groups is identical
for the united atom models of P2B and PIB in Figure 1.
Thus, the different LCTmiscibilities of these two species
lead us to consider other possible structural parameters
that correlate with polyolefin blend compatibilities. Our
earlier model LCT calculations14 for incompressible
binary blends provide a possible structural parameter.
In particular, we have shown that the entropic portion
øeff
(S) of øeff arises in the long chain (M1,M2 f ∞), infinite
pressure limit solely from the difference in the ratios
N2
(R)/MR for the two blending components,

The combinatorial coefficient N2
(R) in eq 3.1 denotes12,14

the number of sequentially bonded sets of two bonds in
a single polymer chain of species R and is, in general, a
function of MR and the chain architecture. (The table
in the Appendix presents values of N2

(R) appropriate to
the five polyolefin structures in Figure 1.) The ratio
N2
(R)/MR, on the other hand, depends almost entirely

only on the chain structure, provided thatMR is not too
small (MR > 100). Hence, we likewise consider the use
for compressible blends of the quantity

as a possible measure of blend structural asymmetry
and miscibility. The Appendix describes an approxi-
mate analytical representation of the stability conditions
from the LCT and eq 2.10. This approximate treatment
provides some additional impetus for our choice of r as
a measure of blend miscibility.
Table 1 summarizes the computed r values along with

the critical temperatures Tc for the phase separation of
all ten compressible binary blends constructed from the
polymer species of Figure 1. Since all these blends
exhibit upper critical temperature phase diagrams, a
higher critical temperature implies, in general, poorer
miscibility (see Figure 2). Comparing Table 1 with
Figure 2 demonstrates that blend miscibility diminishes
with an increase of r, and there is a perfect correlation
between the magnitudes of r and Tc. Of particular note
are the nonintuitive cases of greater miscibility for P2B/
PIB over P2B/PEP, for PP/PE over PP/PIB, or for PEP/
PP over PE/PEP. These features accord with ordering
of r’s in Table 1.
The examples of Table 1 employ different site oc-

cupancy indices M ) M1 ) M2 for different blends in
order to prevent the critical temperatures Tc from
growing unreasonably for the less miscible systems.
These choices for M do not, however, exert a practical
impact on r or on the ordering of the binary blend
critical temperatures. The values of r∞ ≡ r(M1,M2f∞)
for the long chain limit (M1,M2f∞) are included in Table

øeff
(S) ) 1

z2[N2
(1)

M1
-
N2

(2)

M2
]2 (3.1)

r ≡ |[N2
(1)/M1 - N2

(2)/M2]| (3.2)
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Figure 2. (a) LCT computations of spinodal curves at P ) 1 atm for a series of polyolefin blends with PE as a common component.
All curves are generated for the same microscopic interaction energy ε ) ε11 ) ε22 ) ε12 ) 0.5kBTo (To ) 415.15 K), but for different
sets of site occupancy indices M1 ) M2 ) 169, 354, 754, and 2002 (top to bottom, respectively). (b) Same as Figure 2a but for a
series of polyolefin blends with PEP as a common component. The curves from top to bottom are obtained for different sets of
site occupancy indices M1 ) M2 ) 312, 992, 2102, and 4522, respectively. (c) Same as Figure 2a but for a series of polyolefin
blends with PP as a common component. The curves from top to bottom are obtained for different sets of site occupancy indices
M1 ) M2 ) 541, 793, 2914, and 4522, respectively. (d) Same as Figure 2a but for a series of polyolefin blends with P2B as a
common component. The curves from top to bottom are obtained for different sets of site occupancy indices M1 ) M2 ) 380, 972,
1253, and 2812, respectively. (e) Same as Figure 2a but for a series of polyolefin blends with PIB as a common component. The
curves from top to bottom are obtained for different sets of site occupancy indicesM1 ) M2 ) 173, 297, 485, and 1213, respectively.
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1 to indicate the proximity of the chosenM to this limit.
As mentioned above, an adequate comparison of misci-
bility for two blends formally requires the same M for
both of them. Comparing the compatibility of two
different UCST blends with different M ) M1 ) M2 is
justified only when the blend that exhibits the higher
critical temperature Tc has the lower molecular weights
because its Tc would only grow further with increasing
M. All the blends illustrated in Figure 2 and Table 1
satisfy this condition. Of course, a large increase in M
for a more miscible blend would increase its Tc above
that for a much lower M, less miscible blend. Thus,
Table 1 is also constructed with the requirement that
blends with higher Tc must also involve lower values
for M.
The presence of the second-order energy (ε2) terms in

eq 2.1 represents contributions from nonrandommixing.
When the spinodals are recalculated (see Appendix)
without these ε2 terms, the resultant errors in the
determination of Tc range from 15 K for the most
miscible PEP/PP to 45 K for the least miscible PE/PIB
system. Hence, nonrandom mixing contributions are
more significant for the more immiscible blends. In
spite of the errors incurred by introducing a more
approximate random mixing assumption into the LCT
theory, the computed critical temperatures preserve the
same order as illustrated in Table 1 for the full non-
random mixing LCT theory.
In contrast to systems exhibiting a lower critical

solution temperature (LCST) phase diagram where an
applied pressure favors16,17 blend miscibility, an increase
of pressure renders the binary UCST polyolefin blends
less miscible (for εex ) 0). Figure 3 shows a sample
prediction of such behavior by the LCT for a PEP/PP
binary blend. Similar qualitative trends are found for
the other model polyolefin blends constructed from the
polymer species of Figure 1. Our ability to describe the
pressure dependence of phase diagrams17 is one useful
bonus from using a more realistic compressible model.
B. Excess Volume for Binary Polyolefin Blends

at P ) 1 atm. The non-zero excess volume ∆V of binary
blends is one important blend property that can be
computed only by treating the blends as compressible
systems. Equation 2.14 represents the relative excess
volume ∆V/(V1 + V2) as a function of the blend composi-
tion Φ1, the void volume fraction φv in the blend, and
the analogous quantities φv

(1) and φv
(2) for the pure

component 1 and 2 melts. These three free volume
fractions are obtained from the appropriate LCT equa-
tions of state. Because our model involves only one
interaction energy parameter ε, the excess volume is
expected to be positive, with its magnitude governed

solely by the monomer structures of the two blend
components.
Parts a and b of Figure 4 present a few examples of

the excess volume calculated over the whole range of
blend compositions for two series of blends having,
respectively, PP and PE as the common components.
The architectural similarity of the blend components
leads to a small excess volume (see Figure 4b for PE/
PEP), while an increasing structural asymmetry be-
tween both polymer species yields a large Ve/(V1 + V2)
(see the same figure for PE/PIB). Comparing both
figures with the spinodal curves of Figure 2c and Figure
2a for the same series of systems demonstrates the
existence of a correlation between the blend miscibility
(or the critical temperature Tc for the phase separation)
and the excess volume. Such a correlation is addition-
ally confirmed by identical calculations for the other
binary blends constructed from the chains of Figure 1.
These computations are summarized in Table 1, which
includes the values of Ve/(V1 + V2) for the single
composition Φ1 ) 0.5. A poorer miscibility correlates
with a higher r and also implies a larger excess volume
since the less miscible polymer chains have more
asymmetrical side groups which, in turn, need more
space to mix in a stable homogeneous phase. The
computed relative excess volumes are practically insen-
sitive to the molecular weights M over the ranges
considered, so the use of different M for the different
blends is irrelevant to Ve/(V1 + V2).

Table 1. Correlation of Blend Miscibility with the Blend Branching Parameter r, the Relative Excess Volume Ve/(V1 +
V2), and the SANS Effective Interaction Parameter øeff for Model Binary Polyolefin Blends at P ) 1 atm

blend M1
b M2 Tc, K rc r∞ [[Ve/(V1 + V2)] × 10-3]a øeffa

PE/PIB 173 173 488 0.7457 0.75 4.387 0.113 × 10-1

PEP/PIB 312 313 477 0.5489 0.55 2.308 0.615 × 10-2

PE/P2B 354 354 432 0.4972 0.5 1.852 0.510 × 10-2

PP/PIB 484 485 395 0.4158 0.4167 1.306 0.354 × 10-2

PE/PP 742 742 383 0.3329 0.3333 0.821 0.229 × 10-2

PEP/P2B 902 902 365 0.2993 0.3 0.659 0.187 × 10-2

P2B/PIB 1212 1213 351 0.2502 0.25 0.593 0.135 × 10-2

PE/PEP 1972 1972 340 0.1998 0.2 0.290 0.829 × 10-3

PP/P2B 2782 2782 328 0.1664 0.1667 0.209 0.608 × 10-3

PEP/PP 4342 4342 311 0.1333 0.1333 0.132 0.366 × 10-3

a Quantity calculated for a symmetric blend (Φ1 ) Φ2 ) 0.5) at T ) 500 K. c The blend branching parameter r is given by eq 3.2. The
long chain limit r∞ ≡ r(M1,M2 f ∞). b MR is the site occupancy index for polymer species R and Tc designates the critical temperature for
the blend phase separation.

Figure 3. LCT computations of spinodal curves for a PE/PEP
blend at different pressures as indicated in the figure. The
single interaction energy parameter is ε) 0.5kBTo (To ) 415.15
K).

Macromolecules, Vol. 29, No. 2, 1996 Miscibility of Binary Polymer Blends 631



C. SANS Effective Interaction Parameter øeff for
Binary Polyolefin Blends at P ) 1 atm. As men-
tioned earlier, the LCT computations of the effective
interaction parameter øeff are performed with the com-
monly used defintion of eq 2.11. First of all, the
computed øeff is practically independent of composition
(see Figure 5a,b), except for the occurrence of a slight
parabolic upward curvature at high Φ1 (Φ1 > 0.8) and
low M. The absence of a composition dependence for
øeff stems from the presence of only one interaction
energy ε) ε11 ) ε22 ) ε12 and, therefore, of an identically
vanishing exchange energy εex. A nontrivial composition
dependence øeff(Φ1) is anticipated for some of these
systems when lifting the assumption of a common ε.
Table 1 also contains the computed effective interac-

tion parameter øeff at T ) 500 K, P ) 1 atm, and Φ1 )
0.5 for the series of ten model binary blends. These øeff
suggest the existence of a correlation between blend
miscibility and the effective interaction parameter

similar to that found for the excess volumes Ve/(V1 +
V2) and for the structural parameter r. Both øeff and
Ve/(V1 + V2) decrease when the miscibility improves.
Such a behavior of øeff confirms the validity of the
traditional interpretation in which a smaller øeff implies
a more negative free energy of mixing and a better
compatibility of the two blend species. The fact that
the øeff values in Table 1 are computed for different M
does not affect the ordering øeff with Tc since øeff is found
to grow slightly (by only a few percent) with an increase
of M. Hence, the øeff for the lower molecular weight
blends in Table 1 would only slightly increase if the
same, highest molecular weights (M ) 4342) could be
used in all calculations.
The conventional analysis of SANS scattering data

for øeff involves the separation of the temperature
independent portion of øeff, called the “entropic” part øs,
from the temperature dependent contribution, called the
“enthalpic” part øh, following the usual empirical rela-
tion,

Figure 4. (a) LCT computations of the relative excess volume
Ve/(V1 + V2) at P ) 1 atm and T ) 500 K for a series of
polyolefin blends with PP as a common component. The single
interaction energy parameter is ε ) 0.5kBTo (To ) 415.15 K).
The curves from top to bottom are obtained for different sets
of site occupancy indicesM1 ) M2 ) 541, 793, 2914, and 4522,
respectively. (b) Same as Figure 4a, but for a series of
polyolefin blends with PE as a common component. The
curves from top to bottom are obtained for M1 ) M2 ) 169,
354, 754, and 2002, respectively.

Figure 5. (a) LCT computations of the effective interaction
parameter øeff at P ) 1 atm and T ) 500 K for a series of
polyolefin blends with PP as a common component. The single
interaction energy parameter is ε ) 0.5kBTo (To ) 415.15 K).
The curves from top to bottom are obtained for M1 ) M2 )
541, 793, 2914, and 4522, respectively. (b) Same as Figure
5b, but for a series of polyolefin blends with PE as a common
component. The curves from top to bottom are obtained for
M1 ) M2 ) 169, 354, 754, and 2002, respectively.
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The LCT calculations for the temperature dependence
of øeff provide important information concerning how
these entropic and enthalpic portions of øeff vary for
polyolefin blends. The øs and øh are determined for each
of the blends in Table 1 using the temperature range
between Tc and Tc + 50 K, for Φ1 ) 0.5 and P ) 1 atm.
Table 2 summarizes both portions of øeff as well as the
enthalpic contribution øh

(T) ≡ øh/(Tc + 25 K) calculated
at a temperature T ) Tc + 25 K for all ten blends of
Table 1. The enthalpic contribution øh decreases mono-
tonically with improved blend miscibility (i.e., with
lower Tc), while the ratio of øs to øh

(T) increases quite
sharply. Hence, the less miscible blends have their
interaction parameter øeff mostly of enthalpic origin,
whereas the øeff for highly miscible blends become
dominated by the entropic portion. This observation
matches an intuitive picture in which the entropic
contribution to øeff arises solely from packing con-
straints, while the enthalpic one is a consequence of both
packing- and interaction-induced correlations. The
numerical results of Table 2 depend on the temperature
range over which the least squares fit to eq 3.3 is
applied, but the general trends remain unchanged for
other ranges, as explained below. The entropic portion
øs of øeff in Table 2 displays a maximum, while the
enthalpic portion øh monotonically decreases with the
blend miscibility. If eq 3.3 is applied using a common
temperature range between 500 and 550 K for all the
blends, we obtain the same qualitative behavior for the
øh, but no systematic variation is found for øs (which
becomes negative and exhibits an oscillatory character
with several extrema) although øs/øh still increases
substantially with blend miscibility. This observation,
as well as the occurrence of different signs for øs in the
different temperature ranges used, illustrates the rather
complex character of øs and suggests caution in its
interpretation for this simple model with εex ) 0.

IV. Discussion

Our LCT calculations employ a generalized united
atom lattice model for polyolefins to study the effects of
short chain branching on blend miscibility and other
thermodynamic properties [such as the SANS effective
interaction parameter øeff and the relative excess volume
Ve/(V1 + V2)] of binary polyolefin blends. This goal is
accomplished by using a simplified model, in which all
united atom units interact with the same microscopic
energy ε. This single energy model yields liquid densi-
ties at ambient pressures and is, therefore, far superior

to the commonly used athermal limit model (with all
interactions vanishing) that requires elevated pressures
for producing liquid densities. On the other hand, the
absence of interaction asymmetries for the individual
C, CH, CH2, or CH3 united atom groups of polyolefin
chains represents an evident approximation since these
groups must interact with different energies, in spite
of their similar chemical structures.18 The next simplest
molecular level model would contain at least three
independent average interaction energies ε11, ε22, and
ε12 which are ascribed to given monomer pairs. Intro-
ducing this feature into the LCT calculations is straight-
forward (see our previous applications13-17) and is
deferred to a future study which will consider detailed
quantitative comparisons with experiment. The present
single interaction energy model is used to focus solely
on the general but poorly understood phenomenon22 of
how blend miscibility and other thermodynamic proper-
ties are qualitatively affected by short chain branching.
It is no surprise that the LCT computations find the

blend miscibility to vary with the monomer structures
of the two blend components. Blends with higher
degrees of structural asymmetry are more poorly mis-
cible, while blends whose side groups are more “similar”
exhibit better compatibility. Of more significance is
addressing the question of devising a quantitative
description for this phenomenon and, in particular,
devising a quantitative measure of the morphological
similarity in chain architecture that would enable the
prediction and comparison of blend miscibilities. The
LCT computations display the purely theoretical blend
branching degree parameter r, defined by eq 3.2, as an
appropriate quantity for such a purpose. Additional
correlations with blend miscibility are the excess volume
Ve and the effective interaction parameter øeff. Although
these predictions are based on the simplified, single
energy parameter model, they can be treated at least
as a first-order estimation until we have more elaborate
treatments with monomer dependent interaction ener-
gies. The computations of r are trivial compared to
those for the spinodal curves. The evaluation of r
requires only a knowledge of the geometrical factors
N2
(1) and N2

(2) for the two blend components (see Table 3
for the values appropriate to the chains in Figure 1).
Smaller differences in N2

(R)/MR between the two blend
components yield a smaller branching degree r which,
in turn, favors blend miscibility. This branching pa-
rameter r is more general than a commonly used
miscibility index constructed as the ratio of end CH3
groups to total CHn groups. The latter structural
parameter does not distinguish between PIB and P2B,
whereas the parameter r correctly correlates with their
differing blend miscibilities.

Table 2. Comparison of the “Entropic” and the “Enthalpic” Portions of the Effective Interaction Parameter øeff for
Model Binary Polyolefin Blends at P ) 1 atm

blend M1 M2 Tc, K øs,a K øha øh
(T) ≡ øh/(Tc + 25 K) øs/øh

(T)

PE/PIB 173 173 488 -0.3248 × 10-3 5.8188 0.1134 × 10-1 -0.029
PEP/PIB 312 313 477 0.4560 × 10-3 2.8443 0.5666 × 10-2 0.080
PE/P2B 354 354 432 0.1877 × 10-2 1.6352 0.3578 × 10-2 0.52
PP/PIB 484 485 395 0.1840 × 10-2 0.9062 0.2158 × 10-2 0.85
PE/PP 742 742 383 0.1356 × 10-2 0.5150 0.1262 × 10-2 1.07
PEP/P2B 902 902 365 0.1327 × 10-2 0.3259 0.8358 × 10-3 1.59
P2B/PIB 1212 1213 351 0.1049 × 10-2 0.2119 0.5635 × 10-3 1.86
PE/PEP 1972 1972 340 0.6486 × 10-3 0.1249 0.3423 × 10-3 1.89
PP/P2B 2782 2782 328 0.5463 × 10-3 0.0569 0.1611 × 10-3 3.39
PEP/PP 4342 4342 311 0.3249 × 10-3 0.0424 0.1262 × 10-3 2.58
a Quantity calculated for a symmetric blend (Φ1 ) Φ2 ) 0.5) using a least squares fit of øeff vs 1/T in the temperature range between

Tc and Tc + 50 K, where Tc designates the critical temperature for the blend phase separation as given in Table 1.

øeff ) øs + øh
1
T

(3.3)
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Another suggested6 defining measure of the blend
structural asymmetry involves the use in eq 3.2 of the
Kuhn lengths,

instead of the geometrical coefficients N2
(R)/MR. The

radius of gyration for a chain of a given species R is
defined as,

where the summation indices i and j run over all
distinguishable pairs of subunits occupying single lattice
sites and where NR denotes the number of these pairs.
The exact computation of RG,R

2 for the structured
monomer chains is, unfortunately, extremely tedious.
Thus, we have employed an approximate non-self-
reversing random walk model for the chain conforma-
tions, a model that accords roughly with the conforma-
tional properties deduced from simulations and
observations for single chains in the melt. To leading
order in z-1, this model enables us to assume that only
adjacent bond vectors rij are correlated if these bonds
are attached to a common lattice site. However, the
computed Kuhn lengths to order z-1 are found mostly
to be independent of the chain architectures (although
they should differ in higher orders). Thus, these lR do
not scale as the geometrical parameter r, and the
differences in computed Kuhn lengths do not correlate
with blend miscibilities to order z-1. Perhaps, when the
LCT is extended to include explicit trans-gauche energy
differences, similar model system computations would
display the partial correlations with blend miscibility
that are found by Graessley and co-workers.2,4
The analytical formula for the critical temperature

Tc is rather lengthy. A simpler estimation for Tc is
obtained by invoking a random mixing approximation
within LCT, where the nonnegligible second-order con-
tributions in the interaction energies are ignored. The
analysis is provided in the Appendix. The parameter
(r/z)2 figures prominently in eq A.1 along with several
other combinatorial factors associated with the mono-
mer structures. Since the ratio r exhibits an excellent
correlation with blend miscibility, we have not consid-
ered possible correlations with the other quantities in
eqs A.4a-A.4b. The nonrandom mixing contributions
to Tc increase in importance as the blend miscibility
diminishes. Thus, the least miscible PE/PIB blend
yields Tc differing by almost 50 K between the random
and nonrandom mixing calculations.
Blend miscibility grows monotonically with a decreas-

ing branching degree parameter r, and miscibility is also
correlated directly with the excess volume Ve/(V1 + V2)
and with the SANS effective interaction parameter øeff.
The examples in Table 1 demonstrate that the poorest
miscibility implies the highest excess volume and the

highest effective interaction parameter and that these
two quantities monotonically diminish as the miscibility
becomes more favorable, achieving a minimum for the
most compatible PEP/PP blend. The positive sign of Ve/
(V1 + V2) stems from the absence of an energetic
preference (εex ) 0) that arises as a consequence of using
a single interaction energy model. The existence of
similar correlations to those illustrated in Table 1 can
be anticipated for more general models with three
independent εRâ.
One of the main controversies concerning binary

polyolefin blends lies in the origin of the SANS effective
interaction parameter øeff. While the theory of Bates,
Fredrickson, et al.6 describes the øeff for polyolefin blends
as a quantity arising almost entirely from architectural
and flexibility differences between the two components,
the recent PRISM analysis of Singh and Schweizer7
suggests that the enthalpic portion øh of øeff is much
more important than the purely entropic part øs. On
the other hand, our LCT calculations for a single
interaction energy model indicate that except for the
very immiscible polyolefin blends (such as PE/PIB or
PEP/PIB), both portions of øeff are relevant and compa-
rable to each other, with an increasing dominance of
the entropic part øs over the enthalpic contribution øh/T
when the blend miscibility improves. This observation
extends the PRISM prediction of Singh and Schweizer7
by relating the relative magnitudes of øs and øh to the
monomer structures of the two blend components and
to the blend miscibility. Both the LCT and PRISM
theories, in contrast to the approach of Bates, Fredrick-
son, et al.6 treat polyolefins as compressible systems,
and this is probably the reason for their similar conclu-
sions on the relevance of øh. Our many examples with
the LCT demonstrate13-17,23 that polymer blend com-
pressibility is a crucial ingredient of the meaningful
thermodynamic description9 of these systems. Ignoring
the presence of compressibility can lead to serious
oversimplifications in the theoretical predictions of
blend thermodynamics.
The LCT is a mean field theory, albeit very sophis-

ticated, and ignores the presence of long range fluctua-
tions, the feature used by Bates, Fredrickson, et al.6 to
predict a relation between Kuhn length asymmetry and
blend miscibility. Since the øeff determined by Bates,
Fredrickson, et al. is proportional to the cube of a cutoff
parameter on k-space integrals, 99% of the contribution
emerges from the range between lR and 5lR. Equating
lR to the lattice constant suggests that the dominant
contributions are indeed of short range, as included in
the LCT.
The SANS experimental data of Graessley et al.1-4

for random copolymer binary polyolefin blends have
recently been analyzed in terms of the solubility pa-
rameter theory. In spite of some successes, this type of
analysis is not universal and fails to explain the effective
interaction parameters for LCST systems. The solubil-
ity parameters are defined in ref 3 by

Table 3. Combinatorial Factors for the Model Polyolefin Chains of Figure 1

polymer N1 N2 N3 N⊥ N1,1 N1,2

PE Na N - 1 N - 2 0 (N - 1)(N - 2)/2 (N - 2)(N - 3)
PEP (5N - 1)/4 3/2(N - 1) (3N - 7)/2 (N - 1)/4 (N - 1)(25N - 53)/32 (15/8)N2 - 9N + 89/8
PP 3/2N 2N - 1 2(N - 2) N/2 (N - 2)(9N - 4)/8 (N - 2)(3N - 5)
P2B 2N - 1 3(N - 1) 4(N - 2) N - 1 2(N - 1)(N - 2) 2(N - 2)(3N - 7)
PIB 2N 7/2(N - 1) 3(N - 2) 2N (N - 2)(4N - 1)/2 7(N - 1)(N - 2)

a N is the number of bonds in the chain backbone. The site occupancy index M (the total number of sites occupied by a single chain)
is equal to N1 + 1 for all the polymer chain architectures in Figure 1.

lR ) [6RG,R
2/NR]

1/2 (4.1)

RG,R
2 ≡ 1

NR
2
∑
i<j

〈rij〉
2 (4.2)

634 Freed and Dudowicz Macromolecules, Vol. 29, No. 2, 1996



where the thermal expansion coefficient R and the
compressibility coefficient â are obtained from the
equations of state for pure components. The definition
in eq 4.3 explicitly treats the pure melts as compressible,
but the resultant solubility parameters are inserted into
an incompressible model for øeff. Such an incompressible
model misses the importance of the enthalpic contribu-
tions found to be relevant by both LCT and PRISM
computations.

Solubility parameters may also be computed from eq
4.3 and the LCT equations of state for the pure
components. These LCT solubility parameters are
almost identical for all ten blends and therefore fail to
correlate with the LCT blend miscibilities. More deci-
sive tests on the utility of the solubility parameter
theory for understanding blend miscibility may require
the use of more realistic models for polyolefin blends.
For instance, consider the next level model of compress-
ible blends with three independent averaged interaction
energies ε11, ε22, and ε12 for the united atom subunits of
the different homopolymers. The LCT for this model
already provides insight into the origin of what Graess-
ley et al.2 call the excess portion of øeff that is associated
with deviations from solubility parameter theory. The
LCT free energy expression contains terms with the
differences ε11 - ε22, ε11 - ε12, etc. When the common
representation of the pure melt reduced temperatures
is introduced as T*1 ∼ ε11 and T*2 ∼ ε22 and the common
combining rule ε12 ) xε11ε22 ∼ xT*1T*2 is invoked, these
additional interaction terms scale as T*1 - T*2, xT*1
(xT*1 - xT*2), etc. and appear only because the system
is compressible. Graessley and co-workers note4 a
marked increase in deviations from solubility parameter
theory with increasing |T*1 - T*2|, a feature that
presumably arises from these compressible system
interaction terms. Indeed, some computations15 with
a three interaction energy model have already produced
closed loop phase diagrams, but more extensive com-
putations are required with the energetic parameters
determined laboriously from empirical data.
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Appendix: Random Mixing LCT Estimation of
the Critical Temperature Tc for the Phase
Separation of Model Polyolefin Blends

Ignoring the second-order energy terms in eq 2.1 and
assuming that the maximum of the spinodal curve
occurs exactly at Φ1 ) 0.5 enable us to obtain a simple
random mixing model estimation for the critical tem-
perature Tc as

where To ) 415.15 K as in section III,

with

All the quantities λR, γR, and κR in eqs A.2 and A.3 are
defined in terms of the structure-dependent geometrical
coefficients12 {Ni} and site occupancy indices MR as

and

The coefficients N1
(R), N2

(R), N3
(R), N⊥

(R), N1,1
(R), and N1,2

(R)

represent the number of ways of selecting various
combinations of bonds in a single polymer chain of
species R. The definitions of {Ni} are presented in refs
12 and 14 along with the explicit values for twelve vinyl
monomer structures, but for convenience Table 3 sum-
marizes these combinatorial factors {Ni} for all five
model polyolefin chains of Figure 1.
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