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Introduction

A recent experimental study has found that the
viscosity of molten syndiotactic polypropylene (sPP) is
substantially higher than those of atactic (aPP) and
isotactic (iPP) propylene at the same molecular weight.12
NMR techniques® have found a similar difference in the
segment dynamics of the melts as predicted by molec-
ular dynamics computer simulations.* The faster ele-
ments of the chain dynamics responsible for Raman
lines have also been found to be altered in both the solid
and molten states by tacticity.®> The effect of tacticity
on melt structure is mixed. For example, structure
functions from wide-angle X-ray scattering show little
if any effect from tacticity,®” and PRISM calculations
found only subtle differences in various pair correlations
of sPP and iPP.5 However, a recent SANS study of
molten sPP8 found a larger segment length and conse-
quently a larger characteristic ratio (C.) of 9.3 as
compared to values of 6.0 and 6.2 for aPP and iPP,
respectively. This indicates a considerably stiffer chain
for sPP.

The glass transitions for the three tacticities are all
similar, and aPP, in the terminology of Angell et al.,® is
a fragile glass former. Consistent with the ideas of
Sokolov et al., 10 it has been found to have a boson peak
below Tg that is rather indistinct and at relatively low
energy.1112 The amorphous phase in iPP has recently
been observed to have a very similar peak!® while in
contrast, amorphous, atactic head-to-head polypropy-
lene has a considerably more distinct peak at higher
energy.’> With the recent finding that sPP can be
qguenched to an amorphous phase,!* it is of interest to
compare the dynamic behavior of the polypropylenes as
exemplified by the boson peak and reexamine an earlier
suggestion!® that more flexible chains would be associ-
ated with lower energy boson peaks. Previous efforts
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have been made to relate the boson peaks in poly-
dienes'® and polyolefins'” with changes in microstruc-
ture. Some differences in peak energy were observed,
but no clear correlation with structure was apparent.

Experimental Section

The neutron scattering data were obtained using the Fermi
Chopper time-of-flight spectrometer (FCS) at the National
Institute of Standards and Technology. A wavelength (1) of 6
A with an elastic energy resolution of approximately 65 ueV
was used. Signals from detectors with 1.1 A1 < Qg (=(47/A)
sin(/2)) < 2.0 A~ were summed after correction for efficiencies
determined from a vanadium standard. The sample shape was
cylindrical.

Because of the high hydrogen atom content, the scattering
is primarily incoherent, and in the approximation of a one-
phonon scattering process involving harmonic vibrations, the
scattered intensity is proportional to the sum of an incoherent
elastic term Sy exp(—2W) and a term for a neutron energy
change of Aw:

2
Sin(Q) eXID(—ZW)(Soé(w) + sg_M[”(w) + 1]@) @

where M is the average atomic mass involved in the vibrational
mode and Q is the magnitude of the wave vector. The Bose—
Einstein occupation number is n(w) = [exp(hw/kT) — 1], the
vibrational density of states is g(w), and the Debye—Waller
factor is given by exp(—2W) = exp(—Q?Wi2[I3), where W2Uis
the mean-square displacement.

Syndiotactic polypropylene with M, of 180 000 and My/M,
= 2.2 was supplied by Fina, who also provided a value of the
racemic pentad content of 93%. A subsequent measurement®
at ORNL found a value of 86.3%. The sample was a film of
average thicknesses of 0.11 mm backed by an aluminum foil
of thickness ~0.003 mm. It was heated to 190 °C until liquid
and then quenched in liquid nitrogen and subsequently
maintained in dry ice (—78.5 °C) before installation on FCS.
Wide-angle X-ray scattering from quenched sPP showed a
broad amorphous peak similar to that in ref 14, and small-
angle X-ray scattering showed no indication of a lamellar peak.

The atactic polypropylene was provided by Rexene Corp. and
was from the same batch as was used in a previous study.?
My was approximately 70 000 and M,,/M, = 3—4. The midpoint
of the glass transition as determined by differential scanning
calorimetry (DSC) was 270 K.

Results

The Sin(Q,w) for aPP and sPP are shown in Figure
1. For sPP at 100 K a weak boson peak is distinguish-
able at about 1.1 meV. At 150 K there is very little
difference in the spectra for the two tacticities, and the
results for aPP are in good agreement with previous
investigations on different spectrometers.1112 Super-
posed on the plot is a vertical line indicating the position
of a boson peak of similar appearance that was found
in an analysis of the amorphous region in isotactic
polypropylene.1® Within the combined uncertainties of
the data, the peaks are the same. Comparison of the
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Figure 1. Comparison of aPP and sPP. Scaling by the Debye—
Waller factor and the temperature dependence of the Bose—
Einstein occupation number has been applied.

data at 280 K suggests a lower temperature onset of a
fast relaxation process in aPP.

Discussion

The results presented here show little if any indica-
tion that the dynamics responsible for the boson peak
in the polypropylenes reflect the differences due to
tacticity in the melt behavior at least as characterized
by the viscosities, segment dynamics, and chain flex-
ibility. Of the six polymers consisting of single bonds in
the backbone with variations in the methyl groups for
which boson peaks have been determined, aPP, sPP, and
iPP have the lowest energy boson peaks. Both alternat-
ing atactic poly(ethylene—propylene) (PEP)!” with one
less methyl group and poly(isobutylene) with two more
methyl groups per four backbone carbons have higher
energy peaks. Similarly, the methyl group rearrange-
ment to give head-to-head polypropylene results in a
higher energy boson peak.!?
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Conclusions

Despite affecting various aspects of the melt behavior,
tacticity in the polypropylenes has little if any effect on
the dynamics associated with the boson peak. Compari-
son with other related polymers suggests that the
number of methyl groups and connectivity (end to end
vs head to head) are more important factors, but the
relation of these structural differences to the boson peak
mechanism remains illusive.
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