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ABSTRACT: We have performed dynamic Monte Carlo (MC) simulations and pulsed-gradient diffusion
(D) experiments to study the effect of stereochemical composition on diffusion in linear polypropylene (PP)
melts. The coarse-grained simulations were based on the rotational isomeric state model and Lennard-Jones
potentials. For the proton NMR diffusion measurements we obtained three PP specimens of differing
molecular weight M and dispersity, with the probability of a meso diad P, = 0.02 (syndiotactic), 0.23
(atactic), and 0.89 (nearly isotactic). The experiment supplied the conversion factor K between MC steps and
real time. Both simulation and M-scaled experiment found D at high P, several times faster than at low Pp,.
The constant-M simulation also showed a maximum near P,,, = 0.8 due to quenched randomness. To permit
a more precise comparison with experiment, new simulations tracked the samples’ P,,, mean M, and
polydispersity, but K was found to vary significantly between samples. The GPC determination of M and its
distribution, based on linear polyethylene calibration, may be dependent on PP stereochemistry (via D),
generating misleading results. However, dilute PP diffusion measurements in a chlorinated solvent, consistent
with classical dilute diffusion theory, suggest that the observed P,-dependence of K may instead be an
intrinsic feature of this MC methodology, implying that MC cannot be relied upon to provide microstructure-

independent results for self-diffusion.

Introduction

In vinyl polymer melts, stereochemistry plays an important
and often overlooked role in determining properties. Atactic
chains behave fundamentally differently from isotactic or syn-
diotactic chains of the same monomer due to the quenched
randomness of stereochemical sequences.’ Melts of atactic vinyl
polymers, however, cannot be easily characterized because, even
in the rare case of a monodisperse system, the random stereo-
chemistry prevents us from describing samples with a single
conformational partition function. In this respect, atactic chains
are similar to random copolymers, being sequences of random
diads, unlike stereochemically pure isotactic and syndiotactic
chains.*

Dynamic simulation allows us to focus on a particular effect
through the creation of idealized samples with controlled dis-
persity and stereochemistry. Although dynamical Monte Carlo
yields diffusion measurements that map to real time* it is
challenging to create simulated samples that can be compared
to experimental samples. A recent comparison of trace diffusion
measurements of alkanes in polyethylene using pulsed-gradient
NMR and coarse-grained dynamical Monte Carlo simulation
shows excellent and consistent agreement once the relationship
between Monte Carlo steps (MCS) and real time has been
established.” These results confirm that this scaling relation
between simulation and experiment is independent of the mole-
cular weight of the polymer. Such independence, particularly at
molecular weights exceeding several monomers, is expected for
the detailed methodology used.

A more rigorous test for the mapping between dynamical
Monte Carlo and pulsed-gradient NMR diffusion measurements
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is provided by stereochemical differences: it is not clear a priori
that the same scaling factor should apply for moves conducted on
different stereochemical centers. In addition, comparison with
experimental samples can yield the relative importance of con-
trolling dispersity and tacticity. Recent simulations, which as-
sumed the scaling factor to be the same, have shown an enhanced
diffusion effect for atactic polypropylene (PP) chains.® Since this
result had not been observed experimentally due to the unavail-
ability of appropriate samples, the operational details of the
simulation method must be carefully examined. We therefore
wish to test the hypothesis that the scaling factor between Monte
Carlo steps and real time is not stereochemically dependent. The
assumptions implicit in the stylized representation of the mole-
cules and their dynamics in this and other MC methods are
too complex to permit full confidence in the consistency of the
dynamical predictions; at the current state of knowledge the
comparison between simulation and experiment is best regarded
as an empirical issue. However, this comparison is complicated
experimentally by the limited ability to create and accurately
characterize monodisperse systems of known tacticity and theo-
retically by the difficulty in simulating long PP chains.

An opportunity presented itself to substantiate dynamical
Monte Carlo simulation of diffusion in stereochemically varied
melts by conducting pulsed-gradient "H NMR diffusion experi-
ments on well-characterized samples of polypropylene. Three
specimens of polypropylene were uniquely synthesized by Prof.
Geoffrey Coates, yielding unusually low-dispersity samples that
facilitate comparison with ideal simulations.

In this report, we attempt to validate the use of a single scaling
factor between Monte Carlo steps and real time for three
experimental samples of PP with differing tacticity, created to
best deal with the issues of molecular weight and polydispersity.
We perform pulsed-gradient NMR diffusion measurements on
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the three samples of PP and corresponding monodisperse simula-
tions of the same molecular weight and probability of meso diad
(P). We determine the values for the scaling factor and propose
explanations for these results. Further simulation is conducted to
determine whether polydispersity of the experimental samples
needs to be taken into account.

Methods

Polypropylene Samples. Samples and their characterization
were obtained from Dr. G. Coates. Details of the samples are
given in Table 1. Molecular weight M, and polydispersity
M., /M, were determined by gel permeation chromatography
at 140 °C in 1,2,4-trichlorobenzene relative to polyethylene
standards. The probability of meso diad P, was determined
using '*C NMR spectroscopy.

Samples for the melt diffusion measurements were prepared
by inserting 200—300 mg of polypropylene solids into 7 mm o.d.
NMR sample tubes. Samples were compacted mechanically,
after which the tubes were filled with nitrogen and flame-sealed.
To obtain a clean meniscus in the melted state and eliminate
bubbles, the samples were heated overnight to 150 °C. During
measurement, the samples were heated to 180 °C for 45 min. No
evidence of thermal degradation was found.

Pulsed-Gradient "H NMR. Diffusion coefficients were mea-
sured using proton pulsed-gradient spin-echo NMR (PGSE
NMR). This technique is based on pulsed nuclear magnetic
resonance; the details of our implementation of PGSE
NMR have been described previously.” To summarize, the
33 MHz Spin-Lock CPS-2 spectrometer was employed to pro-
duce a stimulated echo following the last 90° pulse in a three-
pulse radio-frequency sequence. The sequence was coordinated
with a matched pair of pulsed magnetic field gradients of
magnitude G =215 G/cm, separated by A =150 ms. A steady
gradient of magnitude Gy = 0.3 G/cm was also applied for
experimental convenience by narrowing the echo signal. As a
result of the gradient pulses, the spin-echo height A in the sample
is attenuated as the sample molecules diffuse. The gradient pulse
duration 0 was adjusted in 15—20 steps until the echo signal was
reduced to the background noise level. Audio signals were
obtained using single sideband radio-frequency phase-sensitive
detection offset by 3 kHz from the reference frequency, followed
by Hamming-windowed magnitude Fourier transforms inte-
grated over the echo peak, corrected for magnitude baseline
noise. Echo height measurements were averaged over 6—12
signal passes. Results were then analyzed off-line using the latest
version of the Fortran code DIFUS5.® The echo attenuation is
expected to follow the general form
A(X
% = Z wi exp| =y DiX] (1)

with >, w; = 1, where y is the proton gyromagnetic ratio
and X = 0°G*(A — 6/3) + small correction terms in GG,

The echo attenuation data were analyzed according to several
models, of which two were selected as most appropriate. The
first of these is a mapping of component D; to melt mass fraction
M; based on the measured polydispersity using either Rouse or
reptational scaling as appropriate given literature estimates’ for
the entanglement onset molecular weight M..'° The second is a
generalized log—normal diffusivity distribution model in which
both the mean diffusion rate and the rate distribution are
adjustable in a fit to the data; here the source of the diffusivity
distribution remains unspecified. In both models, nine discrete
amplitude-weighted components i are used to approximate the
continuum. The dispersity-based model, preferable in principle,
adequately described all three sets of our data provided that full
reptational scaling D~ M > was assumed. All three fits are
rendered somewhat inferior if Rouse scaling D =~ M~ ! within the
ensemble is substituted; the difference is greatest in the case of
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Table 1. Characteristics of Polypropylene Samples

sample amount (g) M, (g/mol)* M /M, Py' T, (°C)* Ty (CC)*!

sPP 0.94 12300 .05 0.02 -—34 140.3
aPP 0.43 5300 1.03 023 97 n.d.
iPP 0.65 9900 1.24 089 -—13.1 108.7

“Molecular weight and molecular weight distribution were deter-
mined by gel permeation chromatography at 140 °C in 1,2,4-trichlo-
robenzene relative to polyethylene standards. b Probability of meso diad
was determined using '*C NMR spectroscopy. ¢ Glass transition and
melting temperatures were determined from differential scanning calo-
rimetry (second heating run). ¢ For the melting temperature, atactic PP
melting temperature could not be detected; for sPP the value is the
average of two adjacent melting transitions.

-1,00 -0.50

Ln [ A(X)/A) 1

0.00 0.12 0.24 0.36 0.48 0.60
Gradient Parameter X

Figure 1. Diffusional echo attenuations in the three polypropylene melt
specimens (symbols) together with fitted models (lines) postulating
log—normal distributions of diffusion rates of optimized means and
standard deviations (see Table 3).

iPP, which has the highest polydispersity and is thus the most
sensitive to scaling. Lacking guidance due to the relative scarcity
of reliable data on M, for the PP melt system as a function of
tacticity,” it is tentatively concluded that in each case the ratio
M,/ M. is likely to exceed unity, i.e., that all three specimens are
at least marginally entangled. Nevertheless, for the final analysis
of our data the average diffusion coefficients reported here are
those obtained using the generalized log—normal distribution
model, which in each case provides additional improvements in
the goodness of fit (chi-square per degree of freedom). Figure 1
shows the echo attenuations and log—normal model fits for our
three specimens.

Dilute Diffusion Measurements. To test for the possibility that
the GPC determination of the samples’ molecular weight may
suffer a systematic misleading dependence on microstructure as
a result of differences in (dilute) diffusion rates, proton diffusion
measurements were conducted on each specimen dissolved in a
common solvent trichloroethylene at 70 °C, at two concentra-
tions below 2 wt %. The results were extrapolated to zero PP
concentration to obtain the infinite-dilution values. Careful
corrections for the presence and diffusion of trace protonated
species in the chlorinated solvent were required. The interpretive
model successfully fitted was based on the samples’ polydisper-
sity as described above for the melts, but using Rouse rather
than reptational ensemble M-scaling.

Coarse-Grained Monte Carlo. Dynamical Monte Carlo simu-
lations of diffusion in the polypropylene melt system at fixed
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Table 2. Details of Monodisperse Polypropylene Simulations

sample M, (g/mol) M, (g/mol) P, beads per chain parent chains lattice size replicas
sPP 12300 12300 0.02 293 40 46 3
aPP 5300 5300 0.23 126 21 28 3
iPP 9900 9900 0.89 236 28 38 3

molecular weight M, as a function of the probability of meso
diads (P,,) have been comprehensively described in a previous
publication.® Briefly, the coarse-grained model'! is based on a
high-coordination (second-nearest-neighbor diamond) lattice,
with each C3Hg monomer (42 g/mol) represented as a bead
placed at the stereochemical center; any snapshot in the simula-
tion can be easily reversed to the atomistic detailed chain. Short-
range interactions between bonded beads are based on the
rotational isomeric state model'? according to the stereochem-
istry of a particular dyad as previously parametrized for poly-
propylene.’ Long-range interactions between nonbonded beads
are represented by discretized 6—12 Lennard-Jones potentials
extending to either two or three neighbor shells.'® Bond lengths
and bulk densities correspond to actual values. The initial
simulations® build 64 PP chains of 25 bonded beads on a 24 x
24 x 24 unit cell, with a lattice spacing of 2.5 A. Experimental
temperature is correctly incorporated in the Metropolis algo-
rithm for kinetics and dynamics; the ensemble is maintained
under NVT conditions. Single bead and 2—6 bead pivot rotation
moves are used; the former, permitting occasional chain cross-
ings, serves for equilibration purposes only. In the present work,
a first attempt was made to correlate the results of these small-
box simulations with those of the experimental measurements,
by employing an M-scaling based on polyethylene, with indif-
ferent results (see below).

Therefore, new dynamical Monte Carlo simulations were
conducted to duplicate the attributes of the three samples, i.e.,
maintaining the samples’ M, as well as P,,. The new simulations
were conducted at 180 °C; the number of parent chains and the
lattice size were chosen to maintain a melt density of 0.76 g/cm®
and structured such that each cell dimension (lattice size) is twice
the average radius of gyration of the chains. Three independent
replicas were simulated at each P,,. Details are given in Table 2.

Systems were equilibrated for 4 million MCS. The dynamics
were then simulated using the two-bead moves for 10 million
MCS. Dynamical data were used to calculate the mean-squared
displacements of the centers-of-mass of each chain over differ-
ent time intervals. Data over time intervals of 2—8 million MCS
were used to calculate diffusion coefficients, to ensure that
measurements are not influenced by non-Fickian behavior over
short intervals or statistical error due to the small number of
measurements over long intervals.

Results and Discussion

Experiments in the Melts. The diffusion coefficients ex-
tracted from the echo attenuation data in our three samples,
for the two relevant models, are shown in Table 3. It should be
noted that separate spin—spin relaxation experiments yielded
nearly single-exponential relaxation decays with 7, near
50 ms without appreciable differences among the samples.

While we tentatively accept the measured M, for analyz-
ing the diffusion results, we note that the GPC technique
used to measure molecular weight leaves several unanswered
questions that will be discussed later.

Fixed-M Simulations. A comparison between the experi-
mental data and the original small-box simulations (see ref 6)
depended on two scalings. First, the molecular weight of this
simulation, 25 monomers (M = 1050), was rather smaller
than those of any of the samples. Thus, the experimental D
values were scaled up in rate in accordance with D ~ M 18,
the exponent taken from the D (M)-dependence in the
n-alkane/polyethylene system at this temperature.'*!> This

Table 3. Diffusion Coefficients from PGSE-NMR Measurements
Using Two Models

chi-
M,/ Dy reduced square-

sample M, M, P, model” or (D) o Nu
sPP 12300 1.05 0.03 A 561 x107% 3.84
B 6.19x 107  1.37 2.64

aPP 5300 1.03 023 A 3.85%x107% 1.00
B 3.94%107%  0.62 0.78

iPP 9900 1.24 0.89 A 2.63x107% 1.06
B 2.70x 107%  1.85 0.43

“Model A is based on measured GPC golydispersity and assumes
reptational ensemble scaling D ~ M ~. Model B represents a
log—normal D-distribution with geometric mean (D) and reduced
standard deviation ¢. All D are given in cm?/s.
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Figure 2. Comparison of small-box monodisperse simulation results
(ref 6) with experimental diffusion measurements scaled to a common
M = 1050 using a scaling law derived from the alkane/polyethylene
system (see text) and compromising on a conversion factor of 1900
MCS/ps.

extrapolation is too distant to inspire confidence, and the
approximation of PP to PE itself is regarded as highly
tentative. The second scaling, endemic to dynamic Monte
Carlo, involves deriving a conversion of MC steps to real
time. Shown in Figure 2 is the result, with a best compromise
conversion factor of 1900 MC steps per picosecond.

While the overall increase of D with Py, is captured in
general terms, the comparison falls substantially outside the
combined uncertainties of simulation and experiment. This
state of affairs was the motivation to perform further simu-
lations designed to achieve equivalence with the experimen-
tal specimens.

Experiment-Tracking Simulations. The results of the new
simulations, based on the samples’ measured M, and P,,, but
without taking into account polydispersities or their differ-
ences among the samples, are given in Table 4. Diffusion
coefficients reported are center-of-mass values.

Because of the relatively large polydispersity of the iPP
sample, an additional simulation was conducted to better
reproduce the properties of this experimental sample, by
correctly modeling both M, and M,,. While there are several
bidisperse systems that will correctly generate these values,
we chose the values for the length of each chain and the
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Figure 3. Molecular weight distribution from GPC measurements
(curve) and as coarsely rendered by a corresponding bidisperse model.

Table 4. Properties of Monodisperse Simulation Systems

diffusion
parent ind (cm?/million
sample P M, chains sim MCS)
sPP 0.02 12300 40 3 1.9x 10718
aPP 0.23 5300 21 3 1.2x107"
iPP 0.89 9900 28 3 1.7x 107"

Table 5. Molecular Weight Properties of iPP Experimental Sample
and Simulations

sample M, (g/mol) M, (g/mol)
experimental 9900 12200
monodisperse simulation 9900 9900
bidisperse simulation 9900 12200

number of each component to best match the approximately
log—normal distribution as measured. Figure 3 shows this
GPC M-distribution. For our bidisperse approach, this
distribution is divided into two parts to create a histogram,
with the cumulative probability of each part yielding the
fraction of the component. The molecular weights of each
component are chosen to minimize the error in M, and M,
yielding the histogram shown in Figure 3.

The simulation consists of six chains of 533 beads (22 000
g/mol) and 40 chains of 193 beads (8100 g/mol), on a 45 x
45 x 45 lattice. Table 5 summaries the properties of the
experimental sample, the original monodisperse simulation,
and the bidisperse simulation.

The inclusion of bidispersity results in an average center-of-
mass diffusion coefficient for each of the two iPP components.
These are shown in Table 6 together with the resulting number-
average diffusion coefficient D(M,,) characterizing the mixture.

It is of interest to note that the ratio of the two component
D values compared with the corresponding ratio of M
generating them corresponds to a scaling M exponent of
—1.4. Thus, the simulation is still in the midst of the transi-
tion between Rouse-like and entangled diffusion, whereas
the experiment already appears to be consistent with en-
tangled diffusion. The simulation’s mean diffusion coeffi-
cient D(M,,) for the bidisperse system is 3.8 x 10~'7 cm?/
million MCS, which is somewhat higher than that of the
monodisperse system. The large number of short chains
required to duplicate the number-average and weight-aver-
aged molecular weights skew to a faster average diffusion for
the overall mixture.

Average diffusion coefficients in cm?/s measured by PGSE
NMR are shown in Table 7. Also shown are the diffusion
coefficients for the simulations in cm? per million MCS and
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Table 6. Diffusion of Components in Bidisperse Mixture

diffusion
component M (g/mol)  mass fraction (cm?/million MCS)
short 8100 0.71 49x 107"
long 22000 0.29 12x107"
weighted mean 1.00 3.8x 10717

Table 7. Diffusion Coefficients for Experiment and Simulation

sample exptl D (cm?/s) simul D (cm?/10° MCS)  ratio of MCS/ps
sPP 6.20x 107° 19x107"8 3260
aPP 3.95x 1078 12x107Y 3290
iPP 2.70x 1078 1.7x 107" 1590
5 x
M Experiment Polydisperse |
O Simulation
41 T
_ i
)
o~  E—
S 3
o
(-]
2 2
o
1 —
Nl =l |
sPP aPP iPP

Sample

Figure 4. Diffusion coefficients in three PP specimens from experi-
ments and simulations. Simulation results are scaled using the single
best-fit conversion factor (monodisperse) of 2220 MCS/ps.

the value of the ratio of MCS to real time calculated
individually to match each of the three samples. A significant
difference is seen between the ratio required to duplicate
diffusion rates in iPP vs in sPP and aPP. Attempts to model
all three systems using the same ratio were conducted by
minimizing the cumulative error of all three samples, leading
to aratio of 2220 MCS/ps. This approach does not yield fully
convincing results, as shown in Figure 4.

The ratio of 2220 MCS/ps is fitted by minimizing the error
of all three measurements simultaneously, but the fit results
in deviations from the experimental values somewhat outside
combined uncertainties. Still, the improvement of the agree-
ment by comparison between the original small-M simula-
tions and the scaled experiment is reassuring.

Discussion. We note that the diffusion rates are a function
of both the molecular weight and the stereochemistry, mak-
ing their absolute value difficult to interpret. In the case of
the simulations, the relative magnitude of the diffusion rates
follows the relative magnitude of the molecular weights,
indicating that molecular weight effect dominates the stere-
ochemical effect in the simulation. Stereochemistry plays a
role as well, but it is more difficult to isolate, given the large
range of molecular weights in the samples.

The ratios of MCS to real time are quite similar between
the sPP and aPP sample, but the iPP sample shows a
significant difference. While the probability of meso diad is
similar in the sPP and aPP case compared to iPP, the more
obvious difference is that of the polydispersity (see Table 1),
which may mask the effects of stereochemistry. The differ-
ence in the ratio for iPP compared to aPP and sPP may be due
to the fact that, in the case of iPP, a polydisperse sample is
being compared to a monodisperse (or bidisperse) simula-
tion. This is of great interest considering that a polydispersity
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ratio of 1.24 for iPP is regarded as extremely well controlled
for most commercial PP samples. Further analysis of the
molecular weight distribution and its effect on diffusion is
needed to determine whether and to what extent stereochem-
istry affects the scaling factor between simulation and
experiment.

The comparison of the iPP experimental sample to the
bidisperse system reveals that adding a second component to
better match the experimental molecular weight distribu-
tions leads to an experiment-to-simulation scaling of 710
MCS/ps. This is much less than that predicted in the mono-
disperse system, leading to two conclusions. First, the addi-
tion of polydispersity cannot account for the difference in
scaling factors between the isotactic and syndiotactic sys-
tems, since addition of polydispersity takes the scaling
further away from the observed scaling of ~3275 + 50
MCS/ps for the other two systems. Second, possession
of correct data for the molecular weight distribution is
vital since results depend so strongly on the details of the
distribution.

The characterization of the molecular weight distribution
for vinyl polymers requires a further note. The measurement
of molecular weight and polydispersity of the samples may in
fact account for the difference in the scaling for samples with
different tacticity. Given the fact that the calibration stan-
dard for the GPC molecular weight measurement is poly-
ethylene, one should question whether the technique is
capable of giving accurate measurements for stereochemi-
cally varied chains. In fact, since GPC operates on the basis
of hydrodynamic volume, it is more likely that diffusion itself
is implicit in the molecular weight determination. Therefore,
isotactic and syndiotactic samples of polypropylene with
identical actual molecular weights may display different
apparent molecular weights when using GPC, since they
have different diffusion rates and hydrodynamic volumes
due to stereochemistry. Unfortunately, attempts to use other
techniques for measuring molecular weight distribution were
unsuccessful. Because the molecular weights were too high,
attempts at mass spectrometry techniques by Dr. David
Dabney and Professor Wesdemiotis at the University of
Akron were unable to yield reliable data. For this reason,
the GPC data were taken at face value for this analysis.

Older work by this laboratory,'® in a set of 14 plasticizer
species intended for use with poly(vinyl chloride) (PVC), had
clearly demonstrated that although their diffusion rates in
their own melts, as well as dissolved in PVC, were strongly
dependent on molecular shape as well as molecular weight,
their diffusion rates extrapolated to infinite dilution, Dy, in a
good small-molecule solvent lacked any shape dependence,
resembling the classical dilute-solution power-law variation
with molecular weight alone. These observations provided
an incentive to conduct similar measurements for our PP
samples. The results are shown in Figure 5.

Although the M and D, ranges are comparatively small,
substantial P,,-dependent deviations of M(GPC) from some
putatively correct value should be detectable. The minimum
required to remove the apparent discrepancy for the iPP
sample in the scaling factor of MCS to real time, a horizontal
relative shift of M by a factor approaching two, would be
clearly seen as anomalous. A comparison of the M-depen-
dence of Dy with a power-law slope near —0.5 to —0.6 based
on classical dilute-solution theory shows no substantial
departures outside experimental uncertainty. In the absence
of such a deviation, the case for a P,,-dependent GPC error
cannot be supported, leading to the tentative conclusion that
some, or much, of the P ,-dependence of the scaling may be
an intrinsic feature of our MC methodology. In that case, the
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Figure 5. Diffusion coefficients of the three PP specimens dissolved in
trichloroethylene, extrapolated to infinite dilution, as a function of the
GPC-determined molecular weight. The dashed line suggests the Flory
M-dependence (arbitrary intercept) of Dy in beta solvents.

quantitative interpretation of the trend seen in the simula-
tions in Figure 2, taken from ref 6, would also require
appropriate adjustment, although the qualitative conclu-
sions remain unaltered.

Itappears evident that the operation of dynamic MCis less
straightforward than our earlier results under less arduous
conditions had optimistically led us to expect. Although the
evidence presented here is necessarily somewhat indirect, we
suggest that variations in molecular architecture and micro-
structure most likely do significantly affect the success of
simulated diffusional steps and hence the scaling with real
time. This inference might well be of interest to other workers
using MC methodology to simulate dynamics in assemblies
of large molecules. The additional effects of polydispersity
represent a complicating factor which deserves further ex-
ploration.

Conclusions

We have conducted dynamical Monte Carlo simulations and
pulsed-gradient spin-echo NMR experiments on polypropylenes
with different tacticity. Isotactic, atactic, and syndiotactic poly-
propylene samples with unusually low polydispersity were ana-
lyzed to yield diffusion coefficients. Analogous simulations were
conducted on monodisperse systems of the same average mole-
cular weight and probability of the meso diad. While the scaling
of Monte Carlo steps to picoseconds was consistently ~3200
MCS/ps for the syndiotactic and atactic samples, the isotactic
sample resulted in a scaling of ~1600 MCS/ps. We note that the
isotactic sample differs from the syndiotactic and atactic sample
both in the probability of meso diad (the atactic sample is much
closer to syndiotactic PP) and in the polydispersity. An addi-
tional simulation of a bidisperse iPP system was conducted to
match both the number-averaged and mass-averaged molecular
weights. However, this refinement of the molecular weight
distribution generated a scaling even further from the syndiotac-
ticand atactic systems than the monodisperse iPP simulation. We
suggest that the GPC measurement technique should be called
into question for vinyl polymers. This technique implicitly
assumes that stereochemistry is not affecting the elution time of
the sample, even though we have previously established that
stereochemistry strongly affects diffusion in the melts. However,
our dilute diffusion measurements, a better basis for comparison
because of their closer resemblance to GPC practice, offer no
direct support for this hypothesis. Thus, we are unable to verify
that microstructure does not affect the scaling between Monte
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Carlo steps and real time in the present MC methodology. It is
known'” that relatively subtle changes in microstructure can have
major effects on the physical properties of polymer melts and
blends; the current findings likely reflect the difficulty of reprodu-
cing such effects in simulations. This work, thus, represents a note
of caution to users of MC simulations to avoid their uncritical use
under changing conditions of molecular architecture, microstruc-
ture, and polydispersity.
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