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ABSTRACT: A detailed numerical study, utilizing our RISM integral equation theory, of the static structure 
factor and isothermal compressibility of athermal polymer melts composed of nonoverlapping freely jointed 
chains is reported. Trends associated with variable density, degree of polymerization, and intramolecular 
details are established. At  small wave vectors a crossover in the behavior of the structure factor from 
semidilute-like Lorentzian decay to simple liquid behavior is found with increasing (decreasing) melt density 
(molecular weight). Comparison of the integral equation theory predictions for the intermolecular pair correlation 
function with those of a simple incompressible model and an analytical continuum limit model is carried out. 
The range of validity and limitations of these simplified descriptions for both the short-range order and the 
correlation hole are determined. Local intermolecular correlations out to three or four monomer diameters 
are poorly represented by the simple theories even at high densities and molecular weights. On the other 
hand, the long-range correlation hole structure is well described by the incompressible model and displays 
a large degree of universality. 

I. Density Fluctuations and the Static Structure 
Factor 

A. Basic Features. The static structure factor is the 
Fourier transform of the total density fluctuation corre- 
lation function and is defined as 

S ( k )  = N-1 c G,,(k) + ph,,(k) 

3 ( k )  = G ( k )  + p,h(k) 

N 

LY,y=l 
(la) 

(1b) 

( I C )  

where eq IC follows from employing the Fourier transforms 
of eq 4 of paper 1 (a monomer-independent scattering form 
factor is assumed). System specificity enters directly via 
the intramolecular structur_e factor, G ( k ) ,  and also via the 
direct correlation function, C ( k ) ,  which itself is a functional 
of G ( k )  through the RISM integral equation. The Fourier 
transform of the direct correlation function normalized by 
its zero wave vector limit is plotted in Figure 1 for several 
packing fractions, degrees of polymerization, and intra- 
molecular models. At relatively small wave vectors, ka 5 
1, C ( k )  is well described in all cases by the quadratic form: 

s ( k )  = G(k)[l - p m G ( k ) e ( k ) ] - l  

@(k) = e(0)  + f/2k2cyo),  k a  I 1 (2) 

At larger wave vectors, e ( k )  displays some system spe- 
cificity but retains the sa_me qualitative shape. Both the 
rate of initial decay of C ( k )  and the depth of the local 
minimum increase with decreasing density, increasing 
molecular weight, and intramolecular flexibility. The ab- 
solute value of C(0) is a measure of the strength of the 
intermolecular correlations and is a strongly increasing 
(decreasing) function of packing fraction (degree of po- 
lymerization). 

The qualitative behavior of the structure factor at small 
wave vectors is controlled by a competition between in- 
tramolecular fluctuations and intermolecular correlations. 

+This work performed at Sandia National Laboratories, supported 
by the US. Department of Energy under Contract DE-AC04- 
76DP00789. 

The present paper is a continuation of the preceding paper in 
this issue’ (referred to as paper 1) and prior publicationsz4 and 
includes the wave vector dependent density fluctuations of polymer 
melts composed of nonoverlapping freely jointed chains. 
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At the very smallest wave vectors, kR, C 1, where R, is the 
radius of gyration, one can expand the structure factor 
through second order about k = 0. Since the result is 
well-known, we simply state the result: the structure factor 
always decreases initially for inverse wave vectors larger 
than the radius of gyration. However, in the more ex- 
perimentally interesting “intermediate” (universal) wave 
vector regime, Rgl << k < 8, the intramolecular structure 
factor assumes the Debye scaling form: O ( k )  - 12 
Substituting this into eq IC and expanding the Fourier 
transform of the direct correlation function through 
quadratic order, one obtains a Lorentzian form 

1 
(ka)20 + u2 

s ( k )  = 

where 

0 E 1 - ‘/,a-2p,C”(0); E -p,e(O) (3b) 

Two qualitatively different types of behavior are possible 
depending on the sign of 0. At sufficiently low densities 
and/or large chain lengths 0 is positive, yielding a simple 
Lorentzian decay. Such “diffusive” behavior is analogous 
to the structure factor in the semidilute regime studied by 
Edwards5 and implies a screened Coulomb (Yukawa) decay 
of the total density fluctuations in real space with a 
screening length, 5,  given by 

[ = ga-10112 (4) 

In the large N limit u2 - l/s(O), and hence the screening 
length becomes proportional to the square root of the 
compressibility, which is a direct measure of the equilib- 
rium density fluctuations. In particular, the density de- 
pendence of ,$ in the liquid regime is significantly strong- 
erZ4 than the pm-l iz  found for semidilute  solution^.^ The 
second type of behavior can occur at sufficiently high 
density and/or low molecular weight where 0 < 0 whence 
eq 3a is valid only for ka  << -a/01f2. In this case the 
structure factor is a (weakly) increasing function of wave 
vector in the intermediate regime and therefore qualita- 
tively resembles the simple atomic liquid case.8 A crossover 
between these two different behaviors is expected for 
particular values of density and molecular weight. 

B. Numerical Results. In this subsection we present 
our numerical results for the structure factor of nono- 
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Figure 1. Fourier transform of the direct correlation function 
normalized by its zero wave vector value. Results are shown for 
the-nonoverlapping freely jointed chain: N = 2000, qm = 0.5, 
pmC(0) = -1.445 (short dash); N = 2-000, vm = 0.3, pmC(0) = 0.13 
(long dash); N = 20, qm = 0.5, pmC(0) = -3.226 (solid). The 
dash-dot curve is for the ideal freely jointed chain with N = 2000, 
qm = 0.5, pmC(0) = -2.1605. 
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Figure 2. Structure factor of an N = 20 nonoverlapping freely 
jointed chain melt at three packing fractions. 

verlapping freely jointed chains for a variety of packing 
fractions and degrees of polymerization. It is worth 
reemphasizing that we consider only the "tangent" bead- 
rod models in which the intramolecular bond length and 
hard-sphere diameter are equal. More general bead-rod 
modeIs are straightforwardly treated. 

The structure factors for N = 20 chains a t  three packing 
fractions are presented in Figure 2. The small wave vector 
regime is very sensitive to density both in magnitude and 
functional form.g In particular, at qm = 0.3, S ( k )  initially 
increases slightly and then goes through a minimum at k a  - 3.5 corresponding to  the intramolecular excluded vol- 
ume effect on G ( k )  (see Figure 1 of paper 1). As the density 
increases, long wavelength density fluctuations are strongly 
suppressed and the structure factor rises monotonically. 
The peak at high wave vectors is compound in nature 
reflecting both the fixed bond length constraint and local 
intermolecular structure in the melt. The high wave vector 
peak increases in intensity and decreases in position as the 
system densifies. More specifically, G(k)  attains a local 
maximum of -1.276 a t  k a  - 7.6, while the maximum 
p,h(k) is 0.096 (0.703) at ka - 6.4 (6.9) for qm = 0.3 (0.5). 

The results of an analogous set of calculations for N = 
2000 are shown in Figure 3a. The enhanced screening 
present in the high polymer melt results in significantly 
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Figure 3. (a, Top) Same as Figure 2 but for N = 2000. The qm 
= 0.3 curve goes off scale and attains the indicated value at k = 
0. The small crosses represent the corresponding intramolecular 
structure factor, cj(k), and beyond ka = 2.5 it is indistinguishable 
on the scale of the plot from the full vm = 0.3 structure factor. 
(b, Bottom) Ornstein-Zernike plot of the inverse structure factor 
versus the dimensionless wave vector squared in the intermediate 
regime. The solid circles are the RISM results, and the line is 
a fit through the small wave vector points. 
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Figure 5. Same as Figure 4 but for N-dependent packing frac- 
tions chosen to mimic the polymethylene experimental values (see 
text): qm = 0.549 for N = 20, qm = 0.571 for N = 200, and qm = 
0.572 for N = 2000. The Percus-Yevick hard-sphere result for 
qm = 0.45 is also shown. 

4. Note the crossover from semidilutelike behavior a t  
small wave vectors to simple liquidlike behavior with de- 
creasing N .  The Percus-Yevick result* for atomic hard 
spheres is also plotted for comparison. Figure 4 is a vivid 
demonstration of the complementary relationship between 
bulk density and degree of polymerization resulting from 
the significant screening effects in polymer melts composed 
of flexible, ideal chains. 

An attempt to make contact with real systems is pres- 
ented in Figure 5 where the structure factor for N = 20, 
200, and 2000 freely jointed chain melts with packing 
fractions representative of alkane liquids is plotted. The 
packing fractions employed are identical with those uped 
in Figure 8 of paper 1. Clearly, the N dependence of S ( k )  
seen in Figure 5 is much less than that in Figure 4, espe- 
cially a t  small wave vectors, but there remain significant 
differences at  high wave vectors reflecting the different 
short-range order (see Figure 9 in paper 1). 

The effect of intramolecular overlap on the computed 
structure factor has been explored by comparing ideal 
freely jointed chains with their nonoverlapping counter- 
parts. Although we do not plot the results here, the general 
features of S(k)  and trends with Nand qm are qualitatively 
similar. Indeed, the structure factor appears to be con- 
siderably less sensitive to intramolecular structure details 
than the radial distribution function (see Figure 7 of paper 
1). This is a consequence of a partial compensation effect 
between D ( k )  and h(k)  arising from the general fact that 
the intermolecular structure is a functional of the intra- 
molecular correlations. 

Finally, the zero wave vector limit of the structure factor 
is related to the isothermal compressibility, KT via 

The molecular weight dependence of this quantity for ideal 
and nonoverlapping freely jointed chains is plotted in 
Figure 6 for two high-density states. The relative differ- 
ences between the ideal and nonoverlapping cases are 
qualitatively similar to the behavior of g(a+) (see Figure 
10 of paper 1). In addition, as found for g(u+), convergence 
to a limiting value is slow, especially for the nonoverlapping 
chain, but it appears to be considerably more rapid at  the 
higher density. 

There are two important questions concerning our re- 
sults in this section: (1) How reliable are the RISM pre- 
dictions, especially for high N and small wave vectors? (2) 
What are the experimental implications of these results? 
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Figure 6. Zero wave vector limit of the structure factor of non- 
overlapping (solid squares and circles) and ideal (open square and 
circles) freely jointed chain melts as a function of the logarithm 
of the degree of polymerization and two values of the packing 
fraction. The corresponding values of N are listed along the top 
horizontal axis. 

Concerning the first question, it is hard to come to an 
a priori conclusion since even for small rigid molecules S(k)  
is difficult to reliably compute at  small wave vectors via 
molecular dynamics ,or Monte Carlo-computer simulati0n.l' 
This occurs since S(0) requires h(O), and such a long- 
wavelength property is sensitive to numerical uncertainties. 
For flexible polymers, as discussed in paper 1, we believe 
that RISM is quite accurate for local structure. In addi- 
tion, on long length scales and large N the integral equation 
theory reduces (see section 1II.A) to the correct limiting 
form for the correlation hole as predicted by deGennes.' 
Nevertheless, there are indications that RISM overesti- 
mates the magnitude of small wave vector density fluc- 
tuations, especially for long chains. This conclusion is 
based on our comparison of the virial and compressibgity 
equation of state predictions,1° which imply that the S(0) 
computed via RISM is being overestimated by approxi- 
mately a factor of 2-3. A full discussion of these issues 
is presented elsewhere,'O but we simply note here that even 
for small, rigid molecules RISM tends to overestimate the 
zero wave vector compressibility, and this behavior is 
presumably related to known deficiencies of RISM on large 
length scales.12J3 In addition, neglect of the self-consist- 
ency issues discussed in paper 1 can be increasingly serious 
as the molecular weight increases. The magnitude of such 
deficiencies in the case of high polymers and specific 
properties remains to be quantified and fully understood, 
but their existence does not automatically imply that the 
local intermolecular structure predicted by RISM is in 
serious error. There are several recent studies14 which 
document the fact that integral equation theories that have 
difficulties describing certain long-wavelength properties 
nevertheless represent an accurate and reliable tool for 
studying short-range order. 

Turning to the second question raised above, we first 
note that the crossover in the small wave vector form of 
S ( k )  from "diffusive" to small-molecule-like behavior 
predicted by RISM must be qualitatively correct. This 
conclusion follows immediately from the general and rig- 
orous analysis represented in section 1I.A. The only 
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question is how accurately, for the specific model of choice, 
does RISM predict the quantitative point of the crossovers 
as a function of density and degree of polymerization. 
From eq 3b, one sees that the crossover is controlled by 
the curvature of the direct correlation function at  zero 
wave vector,-not by C(0) itself. Therefore, it is conceivable 
that even if S(0) is being overestimated by our formulaJion 
of RISM for polymers (implying an underestimate of C(O), 
(see eq 4)) O(p,,N) Gay be more accurately predicted, and 
hence the shape of S(k)  at  small k could be more reliable. 
Finally, we note that in regards to real systems the pre- 
dicted crossover phenomenon may be a moot point since 
the relevant packing fractions of high polymer melts are 
very large (see paper 1). Therefore, a "diffusive" S(k)  may 
be hard to observe experimentally, unless the degree of 
polymerization is very high (N > lo4) or the polymer liquid 
can be significantly diluted by either elevated temperature 
or possibly the preparation of a very concentrated solution 
(C - lOOC*). 

Our final comments concern the limitations and im- 
plications of our numerical results and model, especially 
with regard to the slow convergence with N .  Clearly, a 
more experimentally sensible way to study the degree of 
polymerization dependence of observables is comparison 
at  constant pressure, not at fixed packing fraction. Such 
a program has been carried out by us utilizing the RISM 
theory to determine the virial equation of state.1° Fixing 
the pressure induces a significant N dependence of the 
density (as found experimentally) which severely sup- 
presses any large N dependence of properties such as the 
compressibility, static structure factor, and pair correlation 
function.l0 Another point, discussed at  length in paper 1, 
is that for highly flexible models, such as the freely jointed 
chain, corrections introduced by a fully self-consistent 
treatment of intramolecular and intermolecular correla- 
tions may be significant. In particular, we expect such 
corrections to be larger for the more compressible melts 
composed of longer chains, and the net result would again 
be a suppression of the N dependence of observables even 
at fixed packing fraction. Finally, as the level of chemical 
detail included in the intramolecular model is raised (e.g., 
wormlike chain), the chains become stiffer and are able 
to pack more efficiently. The introduction of a relatively 
short length scale (e.g., persistence length) associated with 
intramolecular stiffness will provide a natural mechanism 
for the development of sharper local order and, presum- 
ably, a concomitant suppression of a large sensitivity to 
the global length scale controlled by the degree of polym- 
erization. 

11. Comparison with the Predictions of 
Incompressible and Continuum Limit Models 

A. Incompressible Limit. The incompressible ran- 
dom-phase approximation of deGennes7 assumes the 
vanishing of density-fluctuations in neat polymer melts a t  
all wave vectors: S ( k )  = 0. It  is therefore completely 
devoid of content for describing the neat polymer liquid 
structure factor. The connection between our RISM in- 
tegral equation theory and the incompressible RPA for the 
partial  (site-site) structure factors has been derived 
el~ewhere.~ The incompressibility condition does make a 
specific prediction for the intermolecular pair correlation 
function given by3s7 

p m W )  = -&I (6) 

This prediction is universal in the sense that the deviation 
from the bulk density of monomers on different chains 
around a tagged site is independent of density and inter- 
molecular forces. 

Integral Equation Theory of Polymer Melts 3085 

O" t / 

0.5 o.6 1 
0.4 i 

\ 
\ 
\ 

\ 

4 

1 2 3 " 4  6 8 10 1 2  

r/o 

Figure 7. Total intermolecular correlation function times reduced 
density and separation for a high molecular weight model and 
several intramolecular models: Gaussian chain, qm = 0.5 
(short-dash) and qm = 0.3 (dash-dot); ideal freely-jointed chain, 
vm = 0.4 (solid); nonoverlapping freely jointed chain, vm = 0.3 (long 
dash). Note the break in the horizontal axis between r / u  = 3 and 
4. Beyond r / u  N 4 all four curves fall on the same curve (long 
dash-two short dashes) to within the resolution of the figure. 

Equation 6 can be deduced from the generalized Orn- 
stein-Zernike formalism by making a specific limiting 
assumption. In particular, we have the general result 

(7) 

-pmG(k)C(k)  >> 1 (8) 
then eq lreduces to the incompressible prediction of eq 
6. Since C ( k )  - 0 for large k (see Figure l), eq 8 and hence 
eq 6, are valid only at relatively small wave vectors (large 
intermonomer separations) and large N ,  as expected, and 
in this regime eq 6 and 8 become more accurate with in- 
creasing density. 

The purpose of this subsection is to test the ability of 
the incompressible model to describe our microscopic in- 
tegral equation results and to establish the former's range 
of validity and applicability. We consider Gaussian chains 
and ideal and nonoverlapping freely jointed chains of high 
molecular weight (N = 2000). The packing fractions 
considered are deliberately chosen such that there is no 
structure in g(r);  Le., g(r)  rises monotonically with in- 
creasing separation to its asymptotic value of unity. Such 
cases would seem to be optimum for the applicability of 
the simple incompressible model. Figure 7 presents our 
results for -rpmh(r) (in dimensionless units) where the 
prefactor r has been included since it represents the inverse 
of the N - m limiting Coulomb behavior of h(r )  for large 
~eparations.~ There are two features of importance in 
Figure 7. First, at relatively small separations, r 5 3a, both 
specific system dependence (intramolecular models) and 
density dependence are evident. For both the ideal chain 
cases and the relatively low-density nonideal case, the 
initial rise of rh(r)  away from its contact value (r  5 2u) is 
exponential. Clearly, universal behavior does not apply, 
and the specific functional dependence of eq 6 is not valid 
even though all the g(r)  values calculated by RISM are 
smooth and monotonically increasing functions. The 
second feature, however, is that beyond r = 4a universal 
behavior is found to be an excellent approximation even 
for the freely jointed chain with intramolecular excluded 
volume, and the specific form of h(r)  is in good agreement 
with eq 6. The latter result is in accord with our previous 

pmh(k)  = pmG2(k)C(k) [ l  - p,e(k)G(k)]-'  
If one makes the assumption 
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findings3 for Gaussian ring polymers a t  relatively lower 
packing fractions than those considered in Figure 7. In 
addition, even for the very high density (7, = 0.5) nono- 
verlapping freely jointed chain (not plotted in the figure) 
the behavior for r 2 4a also falls very nearly on the same 
curve! This occurs despite the fact that a modest amount 
of short-range structure is present for this system (see 
Figure 4a in paper 1). 

In conclusion, the simple incompressibility relation ap- 
pears to be remarkably accurate for flexible high molecular 
weight polymer liquids a t  relatively “large” separations, 
r Z 4a; hence they provide an accurate description of the 
long-range intermolecular correlations in dense melts. 
However, at “small” separation;, r 5 4a, the incompressible 
description fails even for ideal polymers, which display no 
sharp intermolecular structural features. 

B. N -- m Continuum Limit Model. A great deal of 
recent theoretical work has concentrated on deriving 
“scaling laws” valid in the N - limit which are inde- 
pendent of the details of local chemical ~ t ruc ture .~  Such 
studies often adopt an Edwards-like d e ~ c r i p t i o n ~ ? ~  of 
polymer structure in which the finite range intramolecular 
and intermolecular hard-core repulsions are replaced by 
&function pseudopotentials. The latter approximation 
corresponds in our language to letting the microscopic 
hard-core diameter approach zero with a finite value for 
the reduced monomer density p,$ and a divergence of the 
radius of gyration in the melt. We refer to such a model 
as the “continuum limit model”. 

Our interest in such a limiting model resides in what it 
predicts for the intermolecular pair correlation function 
within the generalized Ornstein-Zernikef RISM formalism. 
The major simplification introduced by the continuum 
limit is that the scaling or intermediate wave vector regime, 
defined as Rg’ << k < a-’, plays a dominant role, and the 
simplifications of the intermediate regime previously in- 
voked (see sestion 1I.A) can be introduced in the general 
equation for h(k) (see eq 7) and can be assumed to be vglid 
forpll wave vectors. Substituting i j (k)  = 1 2 ( k ~ ) - ~  and C(k) 
= C(0) Co (which follows from the assumed &function 
repulsion) into eq 7, one obtains 
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144 PmCo 
p,h(K) = - Ii“ I%- 12pmc, 

where K 
lytically. The result is 

ka.  Equation 9 can be Fourier inverted ana- 

-3 3 
aR aR p,a3h(R) = - + -e-R/t 

where R r f a  and the dimensionless screening length is 
(11) 

The result in eq 10 contains two fundamentally different 
contributions: the first term is the universal asymptotic 
“correlation hole” contribution derived by deGennes7 based 
on incompressibility and describes the long-range inter- 
molecular correlations induced by polymeric connectivity. 
The second term is system and density specific and de- 
scribes the local short-range correlations that decay via 
density fluctuations in the fluid. The general form of eq 
10 can be interpreted as suggesting that in general the 
intermolecular pair correlations in polymer melts contain 
two fundamentally distinct physical contributions: a 
universal long-range correlation and a small molecule, li- 
quidlike short-range order. In the continuum limit model 
these two aspects can be rigorously separated. For realistic 
fiiite size monomer and molecular weight cases, a complete 
separation cannot be rigorously made, but our results in 
Figure 7 suggest such a decomposition approximately holds 

5’ = [-12pmC0]’/2 = (S(0)/12)’/2 

‘ N=20000 I ‘. ‘. 
‘, N=2000 

1 

0.2 1 
0.0 

10 15 20 25 30 0 5 
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Figure 8. Same as Figure 7 but for three Gaussian chains of very 
high molecular weight at a fixed packing fraction. Each curve 
is plotted out to the value of rlu where g(r/u) = 0.98. The 
corresponding radii of gyration are R /u = 18.26 (N = ZOOO), 57.735 
(N = 20000), and 182.6 ( N  = 200bOO). 

for flexible high molecular weight polymers. 
Within $he continuum model the direct correlation pa- 

rameter, C(0) = Co (which is the dense liquid analogue of 
the &function pseudopotential strength in polymer solu- 
tions), can be self-consistently determined by invoking the 
“core” condition: h(r=O) = -1 (implying the contact value 
g(a+) = 0). Employing eq 10 and 11 and performing the 
integral, one obtains the simple result 

E = 3/a(pma3) (12) 
The inverse relation between liquid density and screening 
length is stronger, as expected, than the E - P,-’ /~ result 
derived by Edwards for semidilute  solution^.^^^ However, 
it is weaker than the results found from numerical solution 
of the RISM equations for large Gaussian chains4 with a 
nonzero hard-core diameter, which obey roughly E - pm-2 
over the dense liquid regime. In addition, the absolute 
magnitude of E / .  for the continuum model is roughly a 
factor of 2-3 times smaller than its full RISM counterpart. 
Both these trends are typical of continuum models, which 
neglect the finite size of molecular ~ubuni ts . ’~ 

Finally, we note that an approximate result for h(r) of 
the form in eq 10 can be derived for melts composed of 
monomers of finite size. As before, in the intermediate 
wave vector regime &(k) - 12(k~7)-~ and C ( k )  can be rep- 
resented as a quadratic function of ka  (see Figure 1). If 
one assumes the resulting expression for h(k) is valid for 
all k, then the inverse Fourier transform can be interpreted 
as approximately describing the real space intermediate 
regime a < r << R,. Mathematically, a result identical in 
form with eq 10 is obtained except exp(-R/t) - 6’ X 
exp(-R/() and r2 = -12pmC0/B, where 0 is defined in eq 
3b. The validity and limitations of such a simple analytic 
description can be tested by plotting -rpmo3h(r) calculated 
by RISM versus r / a .  If a continuum-like description ap- 
plies, then the former quantity should be constant over 
the regime a < r << R, and exponential for r/a near unity. 
Numerical results for a series of very high molecular weight 
athermal Gaussian chains a t  a fixed packing fraction are 
plotted in Figure 8. At very small separations, exponential 
behavior is found, but significant corrections to Cou- 
lomb-like scaling on intermediate length scales are clearly 
evident. 
111. Summary and Discussion 

The present paper has had two major objectives. The 
first was to study in detail the static structure factor of 
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nonoverlapping athermal freely jointed chain melts over 
the entire wave vector regime. At  zero wave vector we 
found that the compressibility was a strongly increasing 
(decreasing) function of degree of polymerization (density). 
The former trend reflects the enhanced self-screening and 
loss of intermolecular order with increasing N. The 
qualitative behavior of intermediate wave vectors is also 
very sensitive to Nand packing fraction. Either “diffusive” 
semidilute-like behavior or simple liquid behavior is pos- 
sible with a crossover region occurring for specific ranges 
of degree_ of polymerization and density. At  large wave 
vectors, S ( k )  attains a local maximum which increases ‘in 
magnitude and decreases in ku position and breadth as 
molecular weight (density) is decreased (increased). The 
peak is compound in nature, reflecting both the intramo- 
lecular bonding constraint and local intermolecular order. 
More general polymer models in which the chemical bond 
lengths and hard-sphere diameters are not equal will po- 
tentially allow a resolution of the intra- and intermolecular 
features. Finally, calculations performed for experimen- 
tally realistic, very highly packing fractions, a t  constant 
pressure,lO reveal a major suppression of molecular weight 
dependence of the structure factor. 
Our second major theme was to contrast our microscopic 

RISM integral equation results with the predictions of 
simpler “more universal” theories. We found that the 
incompressible model was seriously inadequate a t  small 
intermolecular separations, even for high molecular weight 
systems which did not display any obvious structural 
features. This finding has potentially important conse- 
quences for the theoretical treatment of many polymer 
phenomena. For example, triplet exciton transport, or 
singlet exciton transfer via short-range exchange in poly- 
meric systems with a high density of chromophores (e.g., 
polystyrene), is sensitive to local structure and may not 
be adequately described by theories which employ Gaus- 
sian configurational statistics and the incompressible 
model. However, beyond three to four monomer diame- 
ters, the incompressible model predictions are in excellent 
agreement with our high molecular weight RISM calcu- 
lations, implying long-range correlations in dense polymer 
melts possess a high degree of universality even at  finite 
N. On the other hand, we found very slow convergence 
to the N - m continuum limit predictions in the inter- 
mediate length scale regime, casting doubt on the quan- 
titative usefulness of such a model for experimentally 
accessible molecular weights. 

Many questions and theoretical directions remain to be 
pursued. An obvious one is the calculation of thermody- 
namic properties. A detailed study of the equation of state 
of athermal chains has been completed’O and reveals sev- 
eral interesting and surprising trends not accounted for 
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by simple lattice/mean field theories. Another technical 
direction is to further raise the level of chemical realism 
in our description of intramolecular structure. In partic- 
ular, future work on homopolymer melts will focus on 
semiflexible wormlike chains and rotational isomeric-state 
chains. On a conceptual level, the construction of a fully 
self-consistent theory is being pursued. Such a develop- 
ment is important in potentially nonideal physical situa- 
tions such as very high density/low-temperature homo- 
polymer melts composed of stiff chains and certain poly- 
mer blends and block copolymer liquids. I t  may also be 
important for an accurate theoretical determination of the 
molecular weight dependence of local chain expansion. 
Self-consistency corrections will in general have both 
structural and thermodynamic consequences. A tractable 
generalization of our integral equation theory to blendP 
and copolymers (alternating, random, and b1ock)l‘ has 
been completed and provides microscopic expressions for 
the apparent Flory X-parameter measured by neutron 
scattering. Finally, upon completion of the above theo- 
retical program a host of important polymer phenomena 
will become amenable for the first time to a fully micro- 
scopic treatment, including phase separation and wide- 
angle X-ray scattering. 
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