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ABSTRACT: Two syndiotactic polypropylene (sPP) samples were obtained by quenching the melt in a
bath at 0 °C, for 1 min (sample 1A) and 3 days (sample 1B). In these conditions sample 1A crystallized
in the disordered form I, having the chains in helical conformation, whereas sample 1B formed a
mesophase with the chains in trans-planar conformation, as evident by X-rays and FTIR analysis. Samples
1A and 1B were drawn at room temperature, obtaining fibers with a draw ratio between 4 and 7, which
were analyzed under tension. The fibers, with a draw ratio 4 and 5, obtained from sample 1A, show a
well oriented helical form and a fraction of oriented trans-planar form. When the draw ratio reaches the
value of 6 and 7, the crystalline form 111 with chains in trans-planar conformation is obtained. At variance,
the fibers obtained from sample 1B show a progressive orientation of the trans-planar mesophase, and
the appearance of form 111l at draw ratio of 6 and 7. Therefore, the fibers drawn at A = 6 and 7, coming
from the two samples 1A and 1B, are very similar, as shown by X-rays and FTIR analysis. Despite this
similarity, upon releasing the tension, they undergo different transformations, going toward the oriented
helical form or the oriented trans-planar mesophase, respectively.

Introduction

The recent use of metallocene catalysts for producing
polypropylenes with new tacticity microstructures and
high molecular weights spurred many investigations,
with the purpose to explore new properties, beyond
those of conventional isotactic polypropylene. In par-
ticular, syndiotactic chains with a wide range of tac-
ticities and molecular weights were obtained and
investigated.1—3 Although the syndiotactic polypropylene
displays interesting properties, it shows a poorer be-
havior than the isotactic one: the slow crystallization
rate and a very complicated polymorphism, not yet fully
clarified, are some examples.*~20

Four crystalline forms of sPP have been described so
far. Forms | and Il are characterized by chains in
(T2G2)n helical conformation,*1° whereas forms 111 and
IV present chains in trans-planar and (TeG2T2G2)n
conformations,®~9 respectively. Form I is the stable form
of sPP obtained under the most common conditions of
crystallization either from the melt state or from solu-
tion as single crystals.#=713 In this form, the helical
chains are packed, in the limit-ordered structure, with
an alternation of right-handed and left-handed helices
along both axes of the unit cell, that is othorhombic with
axesa = 1450 A, b=11.20 A, and ¢ = 7.45 A. Disorder
in this regular alternation is present in samples crystal-
lized from the melt at low temperatures: in this case
the unit cell is orthorhombic with axes a = 14.50 A, b
=5.60A,andc=7.45A.

Form 11 corresponds to the C-centered structure in
which the helical chains have the same chirality. So far,
form 11 was obtained by stretching at room-temperature
compression molded specimens of sPP samples with low
stereoregularity.*1° Stretching the most stereoregular
samples, obtained with the new metallocenic catalysts,
fibers in the trans-planar form Ill are obtained.*
However, also in this case, the pure form Il may be
obtained upon release of the tension in fibers initially
in the trans-planar form I11. Under these conditions, a
phase transition from form 111 to the isochiral form 11
occurs. Annealing fibers samples of form 11 or form 111
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at temperatures higher than 100 °C gives mixtures of
oriented form | and 11.1° The trans-planar form Il is
the metastable polymorph of sPP. It is obtained through
cold drawing of sPP samples, quenched from melt at low
temperatures.® Recently, Nakaoki et al.?° reported the
spontaneous crystallization of the trans-planar form 111,
taking the sPP, after melting, in a bath at 0 °C for a
long time. At variance, we suggested that this new
phase, characterized by chains in trans-planar confor-
mation, does not correspond to the crystalline form 111
and should be identified as a mesophase, or also
paracrystalline, disordered phase, containing lateral
disorder in the packing of the trans-planar chains. This
phase, stable up to 80 °C, is almost completely trans-
formed into the more stable form | at higher tempera-
tures.?!

In this paper we investigated the drawing at room
temperature of this new phase, and compared it to the
drawing of a sample in form I, to obtain new information
on the complex polymorphic behavior of sPP. We
investigated the influence of the initial structure on the
structure of the fibers, both before and after the release
of the tension, trying to understand the dependence of
the final structure on the initial one, for fibers both
under tension and released. In fact it was observed that
sPP fibers undergo a strong shrinkage when the tension
is relieved, much higher that the shrinkage of isotactic
polypropylene fibers.?223

Experimental Section

The syndiotactic polypropylene was synthesized according
to a previous procedure.?* The polymer was analyzed by 3C
NMR spectroscopy at 120 °C on an AM 250 Bruker spectrom-
eter operating in the FT mode at 62.89 MHz, by dissolving 30
mg of sample in 0.5 mL of C,D,Cl,. Hexamethyldisiloxane was
used as internal chemical shift reference. It resulted composed
of 91% syndotactic pentads.

The sPP powders were molded in a hot press, at 150 °C,
forming a film 0.1 mm thick, and rapidly quenched at 0 °C in
an ice—water bath. One sample was extracted from the bath
after 1 min (sample 1A). Another sample was kept in the cold
bath for 3 days (sample 1B).
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Figure 1. X-ray powder diffractograms of sample 1A and
sample 1B.

Sample 1A and sample 1B were drawn up to 1 = 4, 5, 6,
and 7 (2A, 3A, 4A, 5A, and 2B, 3B, 4B, 5B), at room
temperature, using a dynamometric apparatus INSTRON
4301. The deformation rate was 10 mm/min, and the initial
length of the sample was 10 mm. The drawn samples were
analyzed by X-rays and FTIR, under tension, before unhook-
ing. Samples 4A and 4B were unhooked (1C and 2C) and again
analyzed.

Fiber diffraction spectra were recorded under vacuum by
means of a cylindrical camera with a radius of 57.3 mm and
the X-ray beam direction perpendicular to the fiber axis (V-
filtered Cr Ka radiation). The imaging plate Fujix BAS-1800
system was used to record the diffraction patterns.

The infrared spectra were obtained in absorbance by using
a FTIR—Bruker IFS66 spectrophotometer with a resolution
of 4 cm~* (32 scans collected). The absorbances of the trans-
planar conformational bands at 831, 963, and 1132 cm™* were
normalized with the absorbance of the band at 1153 cm™2.
Since this band overlaps with other vibrational modes, it was
decomposed in the different components, using a complex
fitting in which a Lorentzian and a Gaussian contribution was
considered in the form:

f(x) = (1 — L)H exp — [(ﬂ)zm In 2)] +L—H

w X — Xg)?
4——) +1
w

where X is the peak position, H is the height, w is the width
at half-height, and L is the Lorentzian component.

Results and Discussion

Powder Samples. The X-ray powder diffraction
patterns of sample 1A and sample 1B are shown in
Figure 1. The diffractogram of sample 1A indicates that
this sample crystallized in the usual form I, character-
ized by the most intense peaks at 12.3, 15.9, and 20.8°
of 2¢9. The absence of the (211) reflection at 2¢ = 18.9°
indicates that we obtained a disordered modification of
form 1, as expected for a sample rapidly quenched to 0
°C. In this case, as well documented in other cases,
departures from the fully antichiral packing both along
a and b axes may occur, leading to a less ordered form.
The preferential crystallization of this disordered form
was always found in samples of low syndiotacticity, or
in powder samples crystallized from the melt at low
temperatures.1©

The diffractogram of sample 1B, kept at 0 °C for 3
days, shows a broad peak centered around 29 = 17°,
with a shoulder around 2¢ = 24°. Nakaoki et al.?°
identified these reflections as characteristic of form |11,
having the chains in trans-planar conformation. At
variance, we suggested that this new phase, stabilized
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Figure 2. FTIR spectra in absorbance (1300—700 cm™) of
sample 1A and sample 1B.

at low temperature for a long time, although character-
ized by chains in trans-planar conformation, could not
be identified as the known crystalline form I11: it should
be rather identified as a mesophase, or also paracrys-
talline, disordered phase, containing lateral disorder in
the packing of the trans-planar chains.?!

To confirm that samples 1A and 1B have the chains
in different conformations, helical in sample 1A and
trans-planar in sample 1B, in Figure 2 we report the
FTIR spectra in absorbance (1300—700 cm™1) of the two
samples. Infrared analysis is very sensitive for the chain
conformation determination: as matter of fact helical
and trans-planar bands have been evidenced since the
first preparation of the syndiotactic isomer of polypro-
pylene.?526 We observe that, in sample 1A, the bands
of the helical form of sPP,2” appearing at 810, 868, 977,
and 1005 cm™1, are very evident and well developed. At
variance, in sample 1B, the helical bands are absent,
or strongly reduced, whereas the bands corresponding
to long strands in trans-planar conformation, appearing
at 831, 963, and 1132 cm™! are very evident and well
developed. This confirms that sample 1B, kept in the
cold bath for 3 days, assumed a prevalently trans-planar
conformation. However, the presence of some helical
bands, in particular the 868 and 977 cm~! bands,
indicates that a small fraction of chains in helical
conformation was formed too, probably upon removing
the sample from the cold bath. This is confirmed by a
small trace, in the diffractogram of sample 1B (see
Figure 1), of the reflection at 29 = 12.3°, corresponding
to the (200) reflection of the helical form I.

On the other hand, in sample 1A, the trans-planar
bands at 831, 963, and 1132 cm™%, are present too,
although of reduced intensity respect to sample 1B. This
means that the permanence in the bath at 0 °C, even
for 1 min, produced also in sample 1A a small formation
of a mesophase with chains in trans-planar conforma-
tion. This is also confirmed by the broadening of the
(010) reflection at 2¢ = 15.9°, with a prominent shoulder
at 29 = 17°, typical of the trans-planar mesophase (see
Figure 1).

Therefore, quenching the sPP melt at 0 °C for 1 min
allows the prevalent crystallization of form I, with the
chains in helical conformation, crystallizing when the
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Figure 3. X-ray fiber diffraction patterns of the fibers with
draw ratios A = 4 (2B), A =5 (3B), A = 6 (4B), and 1 = 7 (5B),
obtained from sample 1B.

sample is extracted from the bath and brought at room
temperature. A small quantity of mesophase with chains
in trans-planar conformation was probably formed
during the short time of permanence at 0 °C.

At variance, quenching the sPP melt at 0 °C and
keeping it for 3 days at this temperature allows the
prevalent formation of the trans-planar mesophase. A
small amount of helical chains, probably formed when
the sample is brought at room temperature, is present
too.

Oriented Samples. Oriented fibers were obtained
by stretching, at room temperature, the two sPP samples.
Sample 1A deforms with neck propagation, causing an
extremely not homogeneous deformation, up to 1 = 4.
When the neck propagated to the whole sample, the
deformation becomes homogeneous, and we observe the
strain hardening in the stress—strain curve, up the
draw ratio of about 7, where the sample breaks. The
persistence of the neck up to A = 4, prevented to obtain
intermediate draw ratios in the range 1—4. Therefore,
the first fiber of sample 1A that we could analyze was
characterized by a draw ratio of 4, and the maximum
obtainable was 1 = 7. At variance, sample 1B homoge-
neously deforms, without neck formation, but, for
comparison, also in this case we prepared fibers from 4
=4, uptol =7, which is the maximum obtainable draw
ratio, at room temperature.

Here we discuss first the structure of the fibers
obtained from sample 1B, because it is easier to inter-
prete.

In Figure 3 we show the X-ray fiber diffraction
patterns of the samples with a draw ratio 4 = 4 (2B), 1
=5(3B), 1 =6 (4B), and 1 = 7 (5B). We want to recall
that the patterns were obtained by holding the fibers
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under tension. For comparison, in the figure we also
show the pattern of the starting sample 1B. In Table 1
all the reflections, the spacing and the corresponding
29 (Cu) with the indices hkl for the helical and trans-
planar forms are reported.

The pattern 2B, relative to A = 4, indicates that the
sample, at this draw ratio, is already oriented, although
not completely. On the equator we observe a polarized
reflection, corresponding to the same diffraction angle
as the starting sample. Therefore, it is the mesophase,
orienting during the drawing: the orientation is clearly
not completed, and the reflection, although quite sharp,
is not yet completely concentrated on the equator. On
the first layer, we observe a weak reflection correspond-
ing to an identity period of 5.05 A: it is the (021)
reflection of the trans-planar form, that, although very
weak, indicates the presence of this form orienting
during drawing and getting more ordered. Very weak
reflections both on the equator (29¢, = 12.3°) and on
the first layer (20c, = 20.9°) characteristic of the helical
form are observable, too. They are due to the small
fraction of the helical form present in the starting
sample, which is orienting too.

Going to the successive draw ratio, the pattern is not
substantially changed: the equatorial reflection of the
mesophase results more concentrated, indicating a
further orientation. Also the first layer reflection of the
trans-planar form is more concentrated, although still
weak. The very weak helical reflections have disap-
peared.

In the sample drawn at 1 = 6 (4B) the equatorial
reflection is split in two well polarized reflections,
corresponding to the equatorial reflections of the crys-
talline form I11. They are the (020) and (110) reflections,
reported by Chatani.® On the equatorial line, also the
very weak reflection (130) of the same structure ap-
pears. On the first layer there is only one reflection, the
(021) of the trans-planar form, appearing still weak. In
the sample drawn to A = 7 (5B), the structure of form
111 is well developed, and besides the three reflections
on the equator, two reflections on the first layer,
corresponding to (021) and (111) planes of the Chatani
form 111, are now well observable. From these results
we can conclude that drawing the mesophase, with the
chains in trans-planar conformation, we obtain first the
orientation of the mesophase and successively, at a draw
ratio corresponding to 6, the transformation into the
oriented crystalline form 111, which appears well devel-
oped and oriented in the sample with draw ratio A = 7.
At 1 = 6 and 7, no reflections of the helical form are
visible.

In Figure 4 we show the X-ray fiber diffraction
patterns of the fibers with a draw ratio 1 = 4 (2A), A =
5 (3A), A = 6 (4A), and A = 7 (5A), obtained from the
starting sample 1A, quenched for 1 min at 0 °C. We
want to recall that, also in this case, the patterns were
obtained by holding the fibers under tension. For
comparison we report also the pattern of the starting
sample 1A. All the reflections, the spacing and the
corresponding 29, with the indices hkl of the allowed
forms are reported in Table 2.

First of all, we observe that the fiber drawn at A = 4,
after the neck propagated to the whole sample, is
already quite well oriented, as in the previous case.

On the equator, the first strong spot corresponds to
the (200) reflection of the helical form, present both in
form I and in form Il. The second spot, very strong, is
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Table 1. Reflections Observed in the X-ray Fibers Diffraction Spectra of Sample B

period along hkl (crystalline forms where the
sample chain axis (A) 26, deg (Cu) distance (A) | reflection is allowed)

2B (fiber 1 = 4) 200 form |2
12.32 7.18 vw 200 form Ib
200 form 11

16.0—18.0 Vs for the interpretation refer to the text
29.47 3.03 VVW 130 form 111
111 form |2
7.45 20.86 4.26 vw 121 form IP
111 form 11
5.05 23.73 3.75 ms 021 form 111

3B (fiber A =5) 16.0—-18.0 VS for the interpretation refer to the text
29.47 3.03 vw 130 form 111
5.05 23.73 3.75 ms 021 form 111
4B (fiber 1 = 6) 15.87 5.58 VS 020 form 111
18.76 4.73 Vs 110 form 111
29.47 3.03 ms 130 form 111
5.05 23.73 3.75 S 021 form 111
5B (fiber A =7) 15.87 5.58 S 020 form 111
18.76 4.73 Vs 110 form 111
29.47 3.03 ms 130 form 111
5.05 23.73 3.75 S 021 form 111
25.78 3.46 ms 111 form 111

a Form | orthorhombic unit cell with axes a = 14.50 A, b =5.60 A, and ¢ = 7.45 A ® Form | orthorhombic unit cell with axes a = 14.50

A, b=1120A andc=7.45A

4A : 5A

Figure 4. X-ray fiber diffraction patterns of the fibers with
draw ratios 1 = 4 (2A), 1 =5 (3A), 1 = 6 (4A), and 1 = 7 (5A),
obtained from sample 1A.

not easily interpretable: it could be either the (110) of
the helical form 11, or a superposition of the (020) or
(010) reflection of the helical form | (ordered and
disordered, respectively), and the oriented reflection of
the trans-planar mesophase. It is worth recalling that

in the starting 1A sample there is a small fraction of
trans-planar mesophase, as evidenced both by X-rays
and infrared analysis, and more chains in trans-planar
conformation are formed during the drawing process.
The third spot, very weak, corresponds to the (400)
reflection, common to both the helical form | and form
I1. On the hkl layer we observe a strong reflection,
corresponding to the identity period 7.45 A: it could be
indexed as (111) of the disordered form I, as (121) of
the limit ordered form I with doubled b axis, or as (111)
of form I1. In any case it is a reflection of a helical form,
either | or Il. Another weak reflection, corresponding
to an identity period of 5.05 A, is distinguishable and
must be indexed as a reflection (021) of the trans-planar
form. In conclusion, the sample drawn at 1 = 4 shows
the prevalence of an oriented helical form together with
a small fraction of oriented phase in trans-planar
conformation, as resulting by the presence of the reflec-
tion with identity period 5.05 A on the first layer. As
for the helical form, it is not possible to discriminate
between form I or form Il: indeed the presence of the
trans-planar reflection, corresponding to an identity
period of 5.05 A on the first layer, indicates the presence
of the trans-planar form and suggests that the second
strong reflection on the equator could be due to a
superposition of the reflection of form I (either ordered
or disordered) and that of the trans-planar mesophase.
The same situation is observable for the sample drawn
at 1 = 5 (3A), very similar to the previous one.

At variance, in the sample drawn at A = 6 (4A) the
helical reflections, either the (200) on the equator, or
the (121) on the first layer are very weak, almost
indistinguishable, whereas the reflections of the trans-
planar form are strong and well resolved. Indeed, the
second spot on the equator now is split in two reflec-
tions, corresponding to the (020) and (110) reflections
of the trans-planar form 111, described by Chatani.® On
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Table 2. Reflections Observed in the X-ray Fibers Diffraction Spectra of Sample A
period along hkl (crystalline form where
sample chain axis (A) 26, deg (Cu) distance (A) | the reflection is allowed)

2A (fiber A = 4) 200 form 12
12.32 7.18 S 200 form 1P

200 form 11

15.4-18.4 S for the interpretation refer to the text

400 form 12

24.79 3.59 w 400 form IP

400 form 11

111 form |2

7.45 20.86 4.26 ms 121 form 1°

111 form |1
5.05 23.73 3.75 mw 021 form 111

3A (fiber A =5) 200 form 12
12.32 7.18 S 200 form I°

200 form 11

15.4-18.4 S for the interpretation refer to the text

400 form 12

24.79 3.59 w 400 form 1P

400 form 11
29.47 3.03 vww 130 form 111

111 form 2

7.45 20.86 4.26 ms 121 form 1°

111 form 11
5.05 23.73 3.75 mw 021 form 111

4A (fiber 1 = 6) 200 form 12
12.32 7.18 vw 200 form Ib

200 form 11
15.87 5.58 Vs 020 form 111
18.76 4.73 S 110 form 111
29.47 3.03 w 130 form 111

111 form 12

7.45 20.86 4.26 w 121 form I°

111 form 11
5.05 23.73 3.75 ms 021 form Il
25.78 3.46 w 111 form 111
5A (fiber A =7) 15.87 5.58 Vs 020 form 111
18.76 4.73 S 110 form 111
29.47 3.03 mw 130 form 111

111 form 12

7.45 20.86 4.26 vww 121 form 1°

111 form 11
5.05 23.73 3.75 S 021 form I
25.78 3.46 ms 111 form 111

a Form | orthorhombic unit cell with axes a = 14.50 A, b =5.60 A, and ¢ = 7.45 A ® Form | orthorhombic unit cell with axes a = 14.50

A, b=1120A andc=7.45A

the first layer the reflection (021) corresponding to the
identity period of 5.05 A (trans-planar form I11) is now
much stronger than that of 7.45 A. Therefore, at this
draw ratio we observe the appearance of the crystalline
trans-planar form 111, although not yet completely
ordered.

In the sample drawn at 1 = 7 the reflections of the
crystalline form 11l are very intense, and only a very
weak reflection of the helical form is still present on the
first layer.

Therefore, by drawing sample 1A, which crystallized
in a disordered form I, containing also a fraction of
mesophase in trans-planar conformation, we obtained,
for the first draw ratio after the neck propagation, an
oriented helical form, and a small fraction of oriented
trans-planar form, not yet corresponding to the crystal-

line form I11. Only at higher draw ratios of A = 6 and 1
= 7 did we obtain the oriented crystalline form I11.

In Figure 5 we show the FTIR spectra of the fibers
drawn from sample 1B. In all the samples the trans-
planar bands, appearing at 831, 963, and 1132 cm™1,
are present and well developed as well as they were in
the starting sample 1B (see Figure 2). It is interesting
to note that the trans-planar band at 831 cm™1, is split
in two bands when the crystalline form Il is formed.
Considering now the helical bands, we observe that the
810 and the 1005 cm™! bands are completely absent,
whereas the 977 cm~1 band decreases going from sample
2B (4 = 4) to sample 5B (4 = 7), where it appears only
as a shoulder.

In Figure 6 we show the FTIR spectra of the fibers
drawn from sample 1A. As shown before (Figure 2) in
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Figure 5. FTIR spectra in absorbance (1300—700 cm™1) of
the fibers drawn from sample 1B.
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Figure 6. FTIR spectra in absorbance (1300—700 cm™?) of
the fibers drawn from sample 1A.
the starting 1A sample the helical bands were present
and very intense, being this sample in the helical form
I. We can observe that in the sample drawn at 1 = 4
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Figure 7. The ratio R for the trans-planar bands at 831, 963,
and 1132 cm™! as a function of the draw ratio for the fibers
drawn from sample 1A (®) and sample 1B (4).

(2A), the helical bands at 810, 868, 977, and 1005 cm~1
are still present, although of lower intensity than in
sample 1A. They are strongly reduced or disappear in
the samples drawn at 1 = 6 (4A) and 1 = 7 (5A). At
variance, all the trans-planar bands increased very
much respect to the starting sample. Also in this case
the trans-planar band at 831 cm™1 is split when the
crystalline form 111 appears. Indeed, the FTIR spectra
of samples 5A and 5B are very similar, as the X-ray
patterns.

To follow the development of the trans-planar infrared
bands in the two different series of fibers, we normalized
the absorbance of these bands with the absorbance of
the band at 1153 cm™%, which is independent of the
conformation,?® obtaining the ratio

R = absorbance ans—pianar band)/20S0rbance 153 ¢m-

The band at 1153 cm™! which overlaps with other
vibrational modes, was decomposed in the different
components, as showed before in the Experimental
Section.

In Figure 7 we report the ratio R for the three trans-
planar bands at 831, 963, and 1132 cm™1, as a function
of the draw ratio. For the fibers drawn from sample 1A
we can observe a strong increase of the R parameter
going from the starting sample to the first fiber, at A =
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Table 3. Reflections Observed in the X-ray Diffraction Spectra of Relaxed Fibers

period along

hkl (crystalline form where

sample chain axis (A) 20, deg (Cu) distance (A) | the reflection is allowed)

1C (relaxed fiber A = 3.8) 200 form 12
12.32 7.18 Vs 200 form Ib
200 form 11

15.7-18.2 S for the interpretation refer to the text
400 form 12
24.79 3.59 ms 400 form IP
400 form 11
111 form |2
7.45 20.86 4.26 S 121 form I°
111 form 11
27.38 3.26 mw 311 form 12
321 form 1P
5.05 23.73 3.75 mw 021 form 111

2C (relaxed fiber 1 = 4) ~17.0 5.21 S trans-planar mesophase

111 form 2
7.45 20.86 4.26 vvw 121 form IP
111 form 11
5.05 23.73 3.75 m 021 form 111

a Form | orthorhombic unit cell with axes a = 14.50 A, b =5.60 A, and ¢ = 7.45 A ® Form | orthorhombic unit cell with axes a = 14.50

A, b=11.20 A, and c = 7.45 A.

4, and then a further increase up to 4 = 7. Only the
band at 831 cm™~! shows a decrease at A = 7, but it is
worth recalling that this band splits in two bands when
the crystalline form 111 is obtained, and this explains
its decrease for draw ratio 7.

In the case of sample 1B, which already had the
chains in trans-planar conformation, we observe an
increase for the band at 831 cm™1, an almost constant
value for the band at 1132 cm™1, and an initial decrease
for the band at 963 cm™1, followed again by an increase.
We suggest that this band contains a strong contribu-
tion of the trans-planar mesophase, and it decreases at
the beginning, due to a decrease of mesophase. As
before, the R parameter for the band at 831 cm™!
decreases at A = 7, when the crystalline form 111 is
obtained.

The interesting observation is that the two series of
samples reach for A = 7 almost the same value of the R
parameters relative to the 963 and 1132 cm™1, as well
as they show very similar X-ray diffraction patterns.

Relaxed Fibers. After the release of the applied
tension, the fibers drawn at 1 = 6 both from sample 1A
and 1B strongly contract, reaching 4 = 3.8 and 4.0,
respectively. They were analyzed by X-rays (Table 3)
and infrared spectra, to follow the conformational
transitions and to observe if they behave in a similar
manner.

In Figure 8 we report the X-ray diffraction patterns
of the fibers obtained from sample 4A (sample 1C) and
from sample 4B (sample 2C). In the first case we can
observe a partial transition from the trans-planar form
111 into the helical form. The reflections of the oriented
helical form are present on the equator, as well as in
the first layer. A very weak reflection of the trans-planar
form is still observable on the first layer. The residual
presence of chains in trans-planar conformation, as
suggested by this reflection, again makes it difficult to
interpret the second spot on the equator: it could be
the (110) reflection of the helical form Il or a superposi-
tion of the (020) reflection of the helical form | and a
reflection of the trans-planar mesophase, formed on
disordering form I11.

2C

Figure 8. X-ray diffraction patterns of the fibers after
releasing the tension of sample 4A (1C) and sample 4B (2C).

The pattern of sample 2C is clearer, being present
the polarized reflection of the trans-planar mesophase
on the equator, and the reflection corresponding to the
trans-planar form on the first layer, too. In this case
undoubtedly the crystalline form 111 transformed in the
oriented mesophase, upon releasing the tension. These
results are confirmed by the FTIR spectra shown in
Figure 9.

The helical bands, which were completely absent or
strongly reduced in sample 4A (see Figure 6), increased
in the released sample 1C. At variance sample 2C we
do not observe the appearance of the helical bands at
810 and 1005 cm-1: only the band at 973 cm™! is
slightly increased, and the spectrum is very similar to
that of the sample 2B (1 = 4).

This result shows that, despite the similarity of the
fibers at A = 6 under tension, when released they
transform into different forms with a memory of the
initial structure: the sample coming from the form I
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Figure 9. FTIR spectra in absorbance (1300—700 cm™?) of
the fibers 1C and 2C.

and the sample coming from the mesophase, upon
releasing the tension, undergo different transforma-
tions, going toward the oriented helical form the first,
and the oriented trans-planar mesophase the second.
Both show a large shrinkage and an elastic behavior.

Work is in progress to understand the reasons of the
strong shrinkage and the nature of the elastic behavior.
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