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ABSTRACT: The polymorphic structure and the thermal transitions of several iPP-1-hexene copolymers have
been analyzed by performing DSC and variable-temperature X-ray diffraction experiments. Special attention has
been paid to the range of “intermediate” comonomer contents, between around 8 and 12 mol %, where the new
trigonal form of iPP starts to be observed. It was found that the mesomorphic modification is also easily obtained
in that comonomer range, so that the possibility of such mesomorphic phase acting as a transient structure of the
trigonal form was entertained. However, the results have clearly shown that the mesomorphic modification is not
acting as such transient structure, and rather it is a competitor (as well as the R crystals) for the formation of the
trigonal phase.

Introduction

Isotactic polypropylene, iPP, exhibits an amazing polymor-
phism, depending on microstructural features, crystallization
conditions, and other factors like the use of specific nucleants.
Thus, three different polymorphic modifications, R, �, and γ,
all sharing a 3-fold conformation,1-4 have been reported. In
addition, fast quenching of iPP leads to a phase of intermediate
or mesomorphic order.1,4-9

It is well established that the monoclinic R form10 is the most
common and stable modification, being found in all kinds of
solution-crystallized iPP samples and also in most melt-
crystallized specimens.1,2,4,10,11 The trigonal � modification12,13

is a metastable phase that does not appear on the phase
diagram,14,15 and it is produced only under special crystallization
conditions or in the presence of selective � nucleating
agents.1-4,16-18 The orthorhombic γ form19 has been found in
the case of low-molecular-weight iPP and in random copolymers
of propylene and R-olefins1,2,4,11,20 or by the effect of pres-
sure.14,15,21,22 Moreover, the γ modification is especially favored
in the case of iPP synthesized by metallocene catalysts because
of the presence of errors homogeneously distributed among the
different polymer chains.23-26

As usual in polymer crystallization, both thermodynamic and
kinetic considerations are of capital importance for the obtain-
ment of a certain modification, and it is usual to observe a
competition between the different polymorphs.27

In addition to those four modifications, a new trigonal form
has been recently reported28-34 in the case of copolymers of
iPP with high contents of 1-hexene or 1-pentene as comonomers.
The use of metallocene catalysts makes possible the synthesis
of such copolymers with a homogeneous distribution of comono-
mer.28,34 In those reports, and focusing the attention in iPP-1-
hexene copolymers, the new trigonal modification is the only
one obtained for comonomer contents above around 14 mol %,
while variable proportions of it with the R modification were
found in the comonomer range from around 8 to 13 mol %
1-hexene.

The reason given for the obtainment of this new trigonal
polymorph is the substantial inclusion of comonomer units in
the crystals, which is only produced when the comonomer
content is high enough. But, is this the only reason?

In recent years there has been also an increasing interest in
considering the polymer crystallization as a multistage process
via an intermediate mesomorphic phase.35-37 Foundations for
this scheme are based on the Ostwald‘s rule of stages,
formulated more than 100 years ago.38 This empirical rule states
that a phase transformation will proceed through metastable
states, whenever they exist, and it has been recently invoked in
the crystallization of different materials39 and specifically for
polymer crystallization35,36 by combining both phase stability
and kinetic considerations. These arguments have been applied
to the crystallization of a liquid crystalline copolyester40 finding
rather interesting differences between the crystals obtained from
the isotropic melt or from an intermediate smectic mesophase.

Since a kind of mesomorphic structure is also involved in
the crystallization of iPP, and considering that the quenching
conditions for its obtainment are getting more and more mild
as the comonomer content increases, as will be shown below,
our original hypothesis was that such mesomorphic phase may
exert a certain influence on the formation of the new trigonal
polymorph.

The aim of this paper is, therefore, the analysis of that possible
influence, by studying the polymorphic structure and thermal
transitions of iPP-1-hexene copolymers. Special attention will
be paid to the range of intermediate comonomer contents,
between around 8 and 12 mol %.

Experimental Part

Copolymerizations of propylene with 1-hexene were performed
as described elsewhere41,42 with toluene as a solvent in a Slurry
system in 1 L Buchi glass reactor, using the rac-Me2Si(2-Me-
Ind)2ZrCl2/MAO catalytic system. The results, determined by 13C
NMR spectroscopy, about either comonomer or stereodefect
contents found in the different samples analyzed are shown in Table
1. The different copolymers were labeled as CPH followed by a
number that specifies their comonomer molar fractions.* Corresponding author. E-mail: ernestop@ictp.csic.es.
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The molecular weights were determined by gel permeation
chromatography in a Waters 150 CV-plus system equipped with
an optical differential refractometer (model 150 C). A set of three
columns of the Styragel HT type (HT3, HT4, and HT6) was used
with 1,2,4-trichlorobenzene as a solvent. Standards of polystyrene
and polyethylene with narrow molecular mass distribution were
used for calibration. The results are also shown in Table 1.

Films were obtained by compression molding in a Collin press
between hot plates (at a temperature of around 40 °C above the
melting point) at a pressure of 1 MPa for 4 min. Two different
thermal treatments were applied. The first thermal history consisted
of a slow cooling from the molten state down to room temperature,
at the inherent cooling rate of the press, after the power was
switched off. The second one was a relatively fast cooling between
plates refrigerated with cold water after the melting of the material
in the press.

The thermal properties of the different specimens were analyzed
in a Perkin-Elmer DSC-7 calorimeter connected to a cooling system
and calibrated with different standards. The sample weight ranged
from 6 to 9 mg, and different heating and cooling rates were used.

Wide-angle X-ray diffraction (WAXD) patterns were recorded
in the reflection mode by using a Bruker D8 Advance diffractometer
provided with a Goebel mirror and a PSD Vantec detector (from
Bruker, Madison, WI). Cu KR radiation was used. The equipment
was calibrated with different standards. A first series of diffracto-
grams were registered at room temperature, on the different samples
prepared as films under the two thermal treatments described above.
Those samples had been at room temperature at least for 4 months.
A step scanning mode was employed for the detector, with a 2θ
step of 0.024° and 0.2 s per step.

Variable-temperature experiments were also performed on
selected specimens. In this case, an Anton-Paar TTK-450 chamber,
provided with a liquid nitrogen regulator and a vacuum pump, was
employed as temperature controller, and three different acquisition
modes were used: (a) A step-temperature mode: the temperature
was raised in steps of 10 °C (at a rate of 10 °C/min), and after 5
min for temperature equilibration the diffractograms were acquired
under the step scanning mode for the detector (time between
diffractograms around 10 min). (b) A real-time mode: the temper-
ature was raised at a fixed, continuous nominal rate of 10 °C/min,
while, simultaneously, the diffractograms were collected with the
PSD in the fixed scan position, covering the 2θ range from around
9.3 to 19°, and with a total time between diffractograms of 15 s,
so that real-time variable-temperature experiments are collected,
with a temperature resolution between frames of around 2 °C. (c)
A mixed mode, where the temperature is changed gradually (at a
nominal rate of 2 °C/min on cooling and 10 °C/min on heating)
while the detector was in the step scanning mode, but now at the
maximum scanning rate allowed by the software: 0.05 s per step,
so that the total acquisition time of a diffractogram is around 1
min.

Results and Discussion

The X-ray diffractograms of the different samples slowly
cooled from the melt are shown in Figure 1. As expected, and
considering the metallocenic nature of the catalyst employed
in the synthesis, the homopolymer exhibits the diffractions
characteristic of both the R and γ modifications of iPP. Other
features in this figure are also in accord with published work.
First, the γ content increases for low comonomer contents, but
decreases, and eventually disappears at higher contents.33

Second, the crystallinity decreases with the increase of comono-
mer content. And, finally, both the R modification and the new
trigonal form (with its most differentiating diffraction at 2θ
around 10.5°) are observed for the two copolymers with high
comonomer content: CPH8.6 and CPH11.3.

On the other hand, Figure 2 shows the diffractograms
corresponding to the samples rapidly cooled from the melt. As
usual,23,24,27 the γ phase is hardly observed in these samples
with fast cooling. However, some unexpected features are
deduced from this figure. A plausible hypothesis is that the new
trigonal form has to compete with the R modification, so that
the crystallization conditions leading to a depletion of the R
content should lead to higher amounts of trigonal form.
However, the results in Figure 2 indicate that this hypothesis is
not correct. Thus, the diffractogram for copolymer CPH8.6 is
characteristic of the mesomorphic modification1 of iPP (with a
minor amount of R crystals). Although this sample has been at
room temperature for more than 1 year after its preparation, no
sign of the diffraction at around 10.5° (trigonal form) is
observed.

On the contrary, the previous hypothesis seems to be fulfilled
by copolymer CPH11.3, since the diffractogram of the specimen
of this copolymer rapidly cooled from the melt indicates a
majority of trigonal form and only a very minor amount of R
modification, if any (see lower diffractogram in Figure 2).

Trying to understand the reasons behind these “contradictory”
behaviors, several variable-temperature X-ray diffraction experi-
ments were planned, focusing the attention on copolymers
CPH8.6 and CPH11.3.

Prior to this study, the different samples were analyzed by
DSC. Figure 3a shows the DSC melting curves corresponding

Table 1. Characterization of the Different Samples

sample
comonomer

content (mol %) % mmmm % mmmr
Mw

(kg/mol)

iPP 0 95.0 2.2 224
CPH0.9 0.9 94.7 1.8 215
CPH2.9 2.9 95.0 1.2 174
CPH8.6 8.6 96.1 1.0 183
CPH11.3 11.3 136

Figure 1. X-ray diffractograms, at room temperature, for the different
samples slowly cooled from the melt. From top to bottom: iPP, CPH0.9,
CPH2.9, CPH8.6, and CPH11.3, respectively.

Figure 2. X-ray diffractograms, at room temperature, for the different
samples rapidly cooled from the melt. From top to bottom: iPP, CPH0.9,
CPH2.9, CPH8.6, and CPH11.3, respectively.
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to both the slowly and rapidly cooled specimens of copolymers
CPH8.6 and CPH11.3. The four curves are not very different,
with a more prominent endothermic peak centered at around
50 °C. This peak has been traditionally assigned to the melting
of those crystals reorganized during the long time annealing at
room temperature. We will come back to the real origin of this
peak later on.

On the other hand, Figure 3b shows the DSC curves for those
two copolymers on cooling from the melt at 10 °C/min, and
the subsequent heating, again at 10 °C/min, is shown in Figure
3c. Regarding the cooling curves, it can be observed that CPH8.6
exhibits a relatively intense exotherm centered at around 11 °C,
with its low-temperature tail very close, or overlapping, to the
glass transition. On the contrary, no exotherm is observed for
copolymer CPH11.3, and only the glass transition appears in
its cooling curve; i.e., this copolymer does not crystallize
appreciably on cooling at 10 °C/min. However, its subsequent
heating curve exhibits a cold crystallization peak, centered at
around 10 °C, followed by two small endotherms at 40 and
63 °C.

The heating curve for copolymer CPH8.6 shows also a small
cold crystallization peak, indicating that the crystallization
process was not completed on cooling, and again two endot-
herms are observed, now at 50 and 80 °C.

An additional experiment was performed on copolymer
CPH11.3, by cooling from the melt at a smaller rate: 2 °C/min.
The corresponding DSC cooling curve and its subsequent
melting (again at 10 °C/min) are shown in Figure 4. Now, a
crystallization exotherm is observed at around 0 °C, but clearly
overlapping with the glass transition, in such a way that also a
cold crystallization peak appears on heating.

With all this information, variable-temperature X-ray dif-
fraction experiments were performed on those two copolymers
of interest. For practical reasons, different kinds of experiments
were carried out: step-temperature and real-time ones. The first
kind had the advantage of acquiring the entire diffractogram,
with a proper signal-to-noise ratio, working with the PSD
detector as a goniometer. The second ones are superior in what
they are real-time and simulate perfectly the DSC experiments,
working with the PSD in fixed position, but the covered 2θ
window is only of around 10°.

Figures 5 and 6 present the diffractograms in the step-
temperature mode corresponding to the specimens of copolymer
CPH8.6 slowly and rapidly cooled, respectively. Although only

semiquantitative conclusions can be extracted from these
experiments, a rather clear picture of the very big differences
among these two specimens of the same copolymer is evident.
Thus, Figure 5 indicates that the trigonal modification melts at
around 50 °C, and the remaining R crystals survive up to around
90 °C. On the contrary, the diffractograms in Figure 6 for the
rapidly cooled specimen show that the mesomorphic phase
recrystallizes into the R form again at around 50 °C, and the R
crystals melt at 90 °C. Previous works on conventional iPP

Figure 3. DSC curves corresponding to the indicated specimens: (a)
first melting curves of the two processing conditions (fast and slow
cooling) of copolymers CPH8.6 and CPH11.3; (b) curves on cooling
from the melt and (c) subsequent heating. Cooling and heating rate:
10 °C/min.

Figure 4. DSC curves on cooling at 2 °C/min (upper frame) and on
the subsequent heating at 10 °C/min (lower frame) of sample CPH11.3.

Figure 5. X-ray diffractograms, at the indicated temperatures, corre-
sponding to the heating, in a step-temperature mode, of specimen
CPH8.6 slowly cooled from the melt.

Figure 6. X-ray diffractograms, at the indicated temperatures, corre-
sponding to the heating, in a step-temperature mode, of specimen
CPH8.6 rapidly cooled from the melt.
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homopolymer reported9,43,44 that the mesomorphic to R transi-
tion appears as an exothermic peak centered at around 100 °C,
and the final melting of the R crystals occurs at around 162 °C.

More precise temperature information is deduced from the
real-time experiments shown in Figures 7 and 8, where the two
specimens of copolymer CPH8.6 are heated at a rate of 10 °C/
min, acquiring diffractograms every 15 s. The thermal transitions
of the different modifications can be easily obtained individually
from these experiments, by monitoring the intensity of selected
diffraction peaks: the ones at around 10.3°, 14.3°, and 16.7°
were chosen for the trigonal, mesomorphic, and R modifications,
respectively.

The results deduced from the melting experiment in Figure
7, i.e., for specimen CPH8.6 slowly cooled from the melt, are
shown in Figure 9. Since trigonal and R crystals are present in
this sample, the intensity and position of the diffractions at 2θ
) 10.3° and 16.7° have been determined as a function of
temperature. The upper frame in Figure 9 represents the variation
of the position of the two peaks. As expected, a small decrease
of the angle (a small increase of the corresponding Bragg
spacing) is observed when the temperature increases, as corre-
sponds to a thermal expansion.

More interesting is the evolution of the area of those two
peaks (Figure 9b). It can be observed that the trigonal peak
vanishes at around 52 °C, while the R diffraction intensity begins
to decrease also at around 50 °C, melting completely at 90 °C.
It follows, therefore, that the trigonal crystals melt directly, and

they do not recrystallize into the R form. On the other hand,
the derivative of the areas of those two peaks is displayed in
Figure 9c. These derivative curves are more intuitive for the
analysis of the transition temperatures, since they resemble
somehow the DSC curves.

There is another aspect, however, that must be considered
when trying to extract more quantitative information. The areas
in Figure 9b refer to those of the selected diffraction peaks,
and it can be observed that the initial area of the selected R
peak is around 3 times bigger than the one for the trigonal peak.
If we come back to Figure 5, where the entire diffractograms
are displayed, and considering that the profile of the molten
sample is also registered, the fractional X-ray crystallinity of
both the R and the trigonal modifications can be estimated. Thus,
the diffractogram at 20 °C involves a 71% of amorphous profile,
while that at 50 °C, where the trigonal crystals have disappeared,
is composed of 86% of amorphous component. The conclus-
ion is, therefore, that sample CPH8.6 slowly cooled from the
melt is composed of around 15% of trigonal crystals, 14% of R
crystals, and 71% of amorphous component.

If the areas in Figure 9b are scaled with these numbers, and
the derivatives are then made, and the values for the two
modifications are added, the final result is displayed in Figure
9d, compared to the corresponding DSC melting curve (with
the Y scale arbitrarily chosen). The resemblance between the
two curves is noticeable, although the resolution in the DSC
curve is better. Nevertheless, the results from the X-ray
diffractograms are more interesting since we can extract
unambiguous information about the melting of the two modi-
fications separately.

On the other hand, the results deduced from the diffracto-
grams in Figure 8 for specimen CPH8.6 rapidly cooled from
the melt are shown in Figure 10. The monitoring of the
mesomorphic peak at 14.3° is not very informative, since it
overlaps with an R diffraction. Anyway, the top frame in Figure
10 represents the position of the maximum around 14°-14.3°
as a function of temperature. The discontinuity observed at 55
°C indicates clearly the transformation of the mesomorphic
phase into the R form.

More interesting for the analysis of the phase transitions is
the variation of the R peak at around 16.7°. This peak is
practically undetectable until the temperature reaches around

Figure 7. X-ray diffractograms corresponding to the heating at 10 °C/
min, in a real-time mode, of specimen CPH8.6 slowly cooled from the
melt.

Figure 8. X-ray diffractograms corresponding to the heating at 10 °C/
min, in a real-time mode, of specimen CPH8.6 rapidly cooled from
the melt.

Figure 9. Temperature dependence of different parameters from the
heating experiment of Figure 7 corresponding to specimen CPH8.6
slowly cooled from the melt: (a, b, and c) position, area, and derivative
of the area, respectively, of the two selected diffractions for the R
(circles) and trigonal forms (squares); (d) comparison of the normalized
derivative (see text) of the areas of the two selected diffraction peaks
(solid circles) with the DSC melting curve (continuous line).

Macromolecules, Vol. 42, No. 3, 2009 iPP-1-Hexene Copolymers 705



55 °C, when the mesomorphic phase recrystallizes into the R
modification, and it survives up to 90 °C, when it melts
completely.

The variation of the position and intensity of this diffraction
is displayed in parts b and c of Figure 10, respectively. The
corresponding derivative of the area is shown in Figure 10d
compared to the DSC melting curve (Figure 10e). Again, the
real-time X-ray results are superior, since the recrystallization
of the mesomorphic phase into R crystals is not inferred from
the DSC melting curve, because it does not go below the
baseline (exothermic). However, the derivative of the X-ray
results clearly shows that recrystallization, prior to the final
melting of the R crystals.

Regarding copolymer CPH11.3, the real-time X-ray experi-
ments on the two specimens (slowly and rapidly cooled from
the melt) do not show any additional interesting feature. The
slowly cooled sample exhibits both trigonal and R crystals
(lower diffractogram in Figure 1), the trigonal ones melting at
around 50 °C and the R crystals disappearing completely at
around 80 °C. As to the rapidly cooled sample (lower diffrac-
togram in Figure 2), the majority of the crystals are now of the
trigonal type, which melt again at around 50 °C, and a very
minor amount of R crystals is left, melting at around 70 °C, in
agreement with the DSC results in Figure 3.

However, the subsequent crystallization from the melt turned
out to be more interesting than expectations. Thus, from the
DSC cooling curves in Figures 3 and 4 (and from the cooling
curves, not shown, for the other copolymers with lower 1-hexene
content), it seems to be deduced that, on cooling from the melt
at a typical DSC rate of 10 °C/min, the exotherm corresponding
to the nonisothermal formation of the R crystals occurs at
a temperature that decreases with increasing comonomer content.
This is trivial. Moreover, when the comonomer content is higher
than around 11 mol %, no crystallization exotherm is observed
at that cooling rate, and this rate has to be reduced to observe
crystallization on cooling, as happens in Figure 4 for copolymer
CPH11.3 cooled at 2 °C/min. The logical assumption is that R
crystals are again formed.

However, the DSC experiments in Figure 4 were reproduced
in the X-ray diffractometer. Since now the cooling rate is only
2 °C/min, variable-temperature experiments were programmed,

with continuous cooling, but with the detector acting as a
goniometer, acquiring the entire diffractograms. Thus, the
temperature resolution on cooling is good enough, although the
one on heating, at 10 °C/min, is much poorer.

The corresponding diffractograms are shown in Figure 11.
Surprisingly, what crystallizes at around 0 °C is the mesomor-
phic phase and not the R crystals. Even more, the lower part of
Figure 11 shows the diffractograms in the subsequent melting.
Surprisingly again the cold crystallization on melting observed
in the DSC curve (see Figure 3) corresponds once more to the
formation of additional amounts of mesomorphic phase (char-
acterized by a relatively broad diffraction at around 21°), and
this phase melts directly, with no sign of R phase formation on
heating.

The evolution of that mesomorphic diffraction with temper-
ature is shown in Figure 12. The upper frame represents the
variation of its area during the cooling and subsequent melting,
and the derivative of that area is displayed in Figure 12b. The
resemblance with the DSC curves (Figure 12c) is evident,
especially for the cooling experiment, since the melting part of
the X-ray results involves a rather low temperature resolution.

The important findings are therefore (a) when cooling at
relatively low rates, sample CPH11.3 leads to the mesomorphic
phase and not to R crystals, and (b) the mesomorphic phase
melts directly, and its transformation into the R phase on heating
is not observed.

Another interesting aspect, coming back to the DSC melting
curves in Figure 3, is the origin of the main melting peaks at

Figure 10. Temperature dependence of different parameters from the
heating experiment of Figure 8 corresponding to specimen CPH8.6
rapidly cooled from the melt: (a) position of the diffraction at around
14° (corresponding initially to the mesomorphic phase and later to the
R modification); (b, c, and d) position, area, and derivative of the area,
respectively, of the diffraction at around 16.7° (corresponding to the R
modification); (e) DSC melting curve.

Figure 11. X-ray diffractograms, in a mixed mode (see Experimental
Part), corresponding to sample CPH11.3 on cooling from the melt at 2
°C/min (upper) and subsequent heating at 10 °C/min (lower).

Figure 12. Temperature dependence of different parameters from the
cooling (squares) and heating (circles) experiments of Figure 11
corresponding to sample CPH11.3: (a) area of the diffraction at around
21°; (b) derivative of that area; (c) corresponding DSC curves.
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around 50 °C. It was commented above that it is usually
attributed to the melting of those crystals (R crystals)
reorganized by annealing at room temperature. This is
certainly true for copolymers of low comonomer content.
However, the results obtained here for copolymers CPH8.6
and CPH11.3 indicate that the dominant contribution of this
peak may have well different origins: either is due to the
melting of trigonal crystals or to the disappearance of the
mesophase.

A final aspect refers to the influence of the mesomorphic
phase on the formation of the trigonal form. It is well known1,4

that the mesomorphic phase in iPP homopolymer is obtained
under very fast quenching conditions. However, as the comono-
mer content increases, the quenching conditions are getting
milder, as shown above. Thus, Figure 2 indicates that copolymer
CPH8.6 leads almost to the pure mesomorphic modification by
cooling in the press with refrigerating water, while the ho-
mopolymer and the other copolymers with smaller comonomer
content lead to the R polymorph. Moreover, Figure 11 shows
that the mesomorphic phase is obtained for copolymer CPH11.3
when cooling from the melt at 2 °C/min (and no R phase is
identified), although that formation takes place below room
temperature.

Since the minimum 1-hexene content where the trigonal
polymorph is observed coincides with the region where the
mesomorphic phase is easily obtained, one of the aims of this
work was to analyze a possible relation between the formations
of these two phases. Even more, one of our original hypotheses
was that the mesomorphic phase could act as a transient phase
for the trigonal modification. The results presented here,
however, indicate that the mesomorphic phase is not acting as
a transient structure, and rather it is a competitor of the trigonal
modification.

A more detailed analysis of the mesomorphic phase charac-
teristics of these copolymers, and of other iPP copolymers with
different comonomer, is under study, considering the relatively
high importance of this phase at intermediate or high comono-
mer contents.

Some interesting conclusions can be extracted from all the
previous information. First, the R crystals are not the only
competitors of the trigonal form for these iPP-1-hexene
copolymers of “medium” comonomer content: the influence of
the mesomorphic phase is also very important.

Second, it is presumed that in a narrow comonomer content
interval around 11 mol % the mesomorphic formation is faster
than that of the R crystals at “normal” cooling rates. A crossover
of the actual free energy curves of these two modifications seems
to occur at this comonomer content, in such a way that, on
heating, the mesomorphic phase does not transform into R
crystals, as it happens for iPP homopolymer and for the
copolymers with lower comonomer contents (CPH8.6 for
instance).

Third, fortunately the formation of the mesomorphic phase
in such case occurs below room temperature. This turns out to
be of capital importance for the development of the trigonal
modification, since a normal crystallization procedure involves
the cooling from the melt to room temperature at a certain rate
and the subsequent crystallization (a slow process30) at ambient
conditions in order to obtain the trigonal modification. Under
such circumstances, the mesomorphic phase will not be a
competitor for the formation of the trigonal crystals.

Fourth, at higher comonomer contents (above around 13 mol
% considering the published data28,30) the cooling from the melt
at normal experimental rates will lead to amorphous samples,
and neither the R crystals nor the mesophase is formed. The
trigonal modification is, therefore, free to be developed, without
competitors.

Incidentally, the other possible competitor is the γ modifica-
tion. However, the results in Figure 2 indicate that this
modification is not observed in the rapidly cooled samples, as
commented above. Moreover, and in agreement with other
literature reports, the diffractograms in Figure 1 for the slowly
cooled samples show that the amount of γ form increases first
for low comonomer contents,25,33 but it disappears33 when the
comonomer content is higher than around 9 mol %. Therefore,
at high contents the γ modification is not a competitor.
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