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It has been established for more than 35 years that
homopolymer melts can exhibit thermorheological com-
plexity, i.e., different relaxation processes which con-
tribute to viscoelasticity have different temperature
dependences.2 In particular, segmental and terminal
relaxation processes are known to have different tem-
perature dependences for polystyrene,? poly(vinyl ace-
tate),* polypropylene glycol,>8 poly(phenylmethylsilox-
ane),” polyisoprene,®® and polyisobutylene.1%11 Atactic
polypropylene (aPP) is an interesting model polymer for
understanding melt dynamics, being the simplest vinyl
polymer which is completely amorphous. The purpose
of this communication is to show the relationship
between recent NMR and dielectric relaxation results
on aPP with earlier light scattering, creep, and dynamic
mechanical measurements. The combined data set cov-
ers 15 decades of segmental relaxation times and 10
orders of magnitude in terminal relaxation shift factors.
While the earlier work established different tempera-
ture dependences for segmental and terminal relaxation
near Tg, the new results indicate that they have es-
sentially the same temperature dependences at high
temperature.

Figure 1 shows shift factors for terminal relaxation
in aPP melts. Plazek and Plazek'? determined shift
factors for the terminal mode from both viscosity and
creep recovery measurements over the range from —7
to +70 °C. Subsequently, Pearson et al.3 reported shift
factors for the terminal viscosity of aPP at temperatures
between 24 and 190 °C. Despite the use of different aPP
samples, the data from the two laboratories agree as
evidenced by the fit to a single Vogel—Fulcher—Tam-
man—Hesse equation in Figure 1. More recent viscosity
data due to Plazek!* are also included in the figure.

Also shown in Figure 1 are segmental relaxation
times for aPP melts as determined by a number of
different techniques. Plazek and Plazek determined
shift factors (but not absolute relaxation times) from
creep data for the softening (segmental) mode.'? Seg-
mental relaxation times for the same sample used by
Plazek and Plazek!? were measured by photon correla-
tion!® and dynamic mechanical®® spectroscopies. These
results cover the temperature range from —8 to +12 °C.
From 0 to 26 °C, dielectric results from Pakula are
shown.'” From 42 to 225 °C, segmental relaxation times
determined by fitting 13C NMR data are shown, as
reported by Ediger and co-workers.181° These dielectric
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Figure 1. Atactic polypropylene segmental relaxation times
obtained from dynamic mechanical spectroscopy (O),' dynamic
light scattering (O0),° dielectric relaxation (v),*” and 3C NMR
(= - -)181° (2),?° along with terminal time—temperature shift
factors for aPP from dynamic mechanical spectroscopy (a),*3
creep compliance (¢, ¢),'2 and viscosity (v).12* The hollow
symbols represent local segmental modes, while filled symbols
refer to the terminal relaxation. The legend indicates vertical
shifts applied to the relaxation time data. The symbol 7.
indicates the time integral of the segmental portion of the
relevant time correlation function, while for the frequency
domain techniques the symbol 7 indicates (27fmax) 2. All other
data are shift factors, vertically scaled for superpositioning.
The thin, solid curves are best fits to the VFTH equation.

and NMR results were obtained on an aPP sample
prepared in the same way as the one used by Pearson
et al. and thus can be fairly compared with the other
data sets. Finally, from 33 to 100 °C, segmental relax-
ation times from 3C NMR data due to Dekmezian et
al.2% are shown. These experiments were performed on
a different aPP sample, with a T4 which is 17 K lower
than the sample used in ref 18.

The construction of Figure 1 requires a few comments.
All the terminal relaxation data represent temperature
shift factors, which have been vertically shifted to
coincide. The absolute vertical placements of these data
points in the figure are thus arbitrary. For the segmen-
tal relaxation, the creep data have been vertically
shifted to overlap the other measurements. All other
segmental relaxation results in Figure 1 are absolute
relaxation times. With the exception of the 13C NMR
results of Dekmezian et al., the segmental relaxation
times have been vertically shifted by small factors (3
or less) in order to provide good superposition with the
results of ref 18. Shifts of this magnitude are reasonable
given that different experimental observables are in-
volved. For example, the NMR relaxation time for the
rotation of a sphere in a viscous continuum is three
times shorter than the corresponding dielectric relax-
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ation time. The 3C NMR results of Dekmezian et al.
have been shifted by a factor of 5 in order to overlap
with the results of ref 18. The justification for this shift
lies in the different Ty values of the samples, as
described in ref 18. Finally, we note that the data from
ref 18 are presented as a curve since NMR results from
across this temperature range were fit collectively, to
produce the segmental relaxation times shown; the
dashed section of the curve indicates a range of in-
creased uncertainty in the reported segmental relax-
ation times.

The combined data sets in Figure 1 provide a com-
prehensive view of the segmental and terminal relax-
ation processes in aPP melts. Quite different tempera-
ture dependences are apparent at low temperatures
while, at high temperatures, the two processes have the
same temperature dependence within experimental
error. Footnote 24 of ref 18 indicated that certain
aspects of the data in Figure 1 could not be reconciled.
This publication corrects that error.
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