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ABSTRACT: The synthesis and a preliminary structural characterization of syndiotactic poly(m-
methylstyrene) are reported. A complex polymorphic behavior has been revealed. Three different
polymorphic forms and two clathrate structures, characterized by the inclusion of guest molecules in the
crystalline lattice, have been found. The conditions for the obtaining of the various polymorphic forms,
in unoriented and oriented fiber samples, are described. Form |, obtained by crystallization from the
melt or from the amorphous phase, is characterized by chains in the s(2/1)2 helical conformation. The
same helical conformation has been found in the clathrate structures containing molecules of o-
dichlorobenzene or benzene. Form 11 can be obtained by crystallization from solutions of solvents which
do not form clathrate structure or by removing the guest molecules from the clathrate forms. Form I,
obtained in oriented fibers by stretching amorphous films, is a mesomorphic modification characterized
by chains in the trans-planar conformation with a high degree of disorder in the lateral packing of the
chains. Annealing treatments or solvent-induced crystallization of the oriented mesomorphic form allow
the obtaining of oriented fibers in some of the polymorphic forms. The differences and analogies with the
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polymorphic behavior of syndiotactic poystyrene and poy(p-methylstyrene) are outlined.

Introduction

It is well-known that homogeneous catalytic systems,
based on titanium or zirconium compounds and methyl-
aluminoxane, are able to produce highly syndiotactic
polystyrene (s-PS)12 and substituted polystyrenes.3~8

The complex polymorphic behavior of s-PS has been
described,®~12 and the crystal structures of the various
different modifications have been reported.13-23

Among substituted polystyrenes, syndiotactic poly-
(p-methylstyrene) (s-PPMS) has been extensively
studied.?*=33 A complex polymorphic behavior has been
revealed also for s-PPMS,24~29 and the crystal structures
of some polymorphic forms have been described.30-33

The crystalline forms of s-PS and s-PPMS are char-
acterized by the same conformations of the chains,
that is, trans-planar and s(2/1)2 helical conformations.
Moreover, clathrate crystalline forms, which include
guest molecules in the cavities of the crystalline lat-
tice, have been found for both s-PS910.1217-20 gnd
s-PPMS.242528,29.31.32 |n the case of s-PS, the crystalline
forms with chains in the trans-planar conformation (o
and j forms) are the most stable forms and are obtained
by crystallization from the melt.1° The crystalline forms
with chains in the 2-fold helical conformation crystallize
in the presence of solvents, by casting or precipitation
from polymer solutions or solvent diffusion in amor-
phous samples.®1° In this case clathrate structures are
generally obtained.%1012.17=20 pyre helical forms of s-PS
(y-form1912 and ¢, form!219) are obtained by removing
the guest molecules, by annealing or extraction proce-
dures.'?

Also, for s-PPMS the polymorphic forms with chains
in the helical conformation (forms I, Il and clathrate
structures) are obtained in the presence of solvent.?
Moreover, two crystalline forms with chains in the
trans-planar conformation (forms IlIl and V) are ob-
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tained by annealing at high temperature of amorphous
samples.?425

Finally, mesomorphic modifications with chains in the
trans-planar conformation have been found for either
s-PS23 or s-PPMS.33

In this paper a preliminary structural characteriza-
tion of syndiotactic poly(m-methylstyrene) (s-PMMS) is
presented. Also, this polymer presents a complex poly-
morphic behavior; possible routes for obtaining the
different pure polymorphic forms, even in oriented fiber
samples, are presented. The obtaining of fibers and the
corresponding X-ray diffraction patterns allow us to
suggest models for the conformations of the chains in
some of the polymorphic forms. The differences and
analogies with the polymorphic behaviors of s-PS and
s-PPMS are outlined.

Experimental Section

The s-PMMS sample was prepared in our laboratories using
the homogeneous catalytic system composed of pentamethyl-
cyclopentadienyltitanium trichloride (Cp*TiCls) and methyl-
alumoxane (MAO) in toluene.

m-Methylstyrene (Aldrich) was purified by distillation under
reduced pressure over CaH,. MAO was prepared by reaction
of AI(CHgz); with FeSO47H,0O in toluene.3* Cp*TiCl; was
prepared according to published procedure.®® Toluene was
refluxed 48 h over metallic sodium and distilled under a
nitrogen atmosphere.

The polymerization run was carried out in a 250 mL glass
flask provided with a magnetic stirrer and thermostated at
40 °C in an oil bath. The reactor was charged under nitrogen
sequentially with toluene (96 mL), MAO (5 x 1073 mol), and
m-methylstyrene (4 mL). The polymerization was stopped after
12 h by injecting acidified methanol. The polymer was recov-
ered by filtration, washed with fresh methanol, and dried in
vacuo at 60 °C. The yield was 1.5 g.

The polymer fraction insoluble in 2-butanone was 95%. The
syndiotacticity of the polymer was evaluated by 3C NMR; the
fraction of the fully syndiotactic pentads [rrrr] was higher than
95%. The intrinsic viscosity of the fraction insoluble in acetone,
measured in tetrahydronaphthalene at 136 °C, was 1.36 dL/

g.
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Figure 1. X-ray diffraction patterns of form I of s-PMMS,
obtained by slow cooling of the melt (a), and of amorphous
s-PMMS, obtained by quenching the melt to room temperature

(b).

The 13C NMR spectrum was recorded on an AM 250 Bruker
spectrometer operating at 62.89 MHz in the Fourier transform
mode and at a temperature of 413 K. The sample was prepared
by dissolving 30 mg of polymer in 0.5 mL of tetrachloro-1,2-
dideuterioethane. Hexamethyldisiloxane (HMDS) was used as
the internal chemical shift reference.

Crystallizations from solution were conducted by casting
procedures at room temperature from 1 wt % solutions in
various solvents. Melt-crystallized samples were prepared in
a hot press by heating as-prepared samples at 240 °C and
successive slow cooling to room temperature. Fast cooling from
the melt, for instance by quenching in ice—water, gives
amorphous s-PMMS samples.

Oriented fiber samples of s-PMMS were obtained by draw-
ing amorphous films. Crystalline oriented fibers of s-PMMS
in some polymorphic forms were obtained by performing the
stretching at different temperatures, by annealing the stretched
fibers at different temperatures, and by solvent diffusion-
induced crystallization. The latter is generally performed by
exposing stretched films, which are in a mesomorphic form,
to the vapor of different solvents. Depending on the conditions
used in these different routes, different polymorphic forms
were obtained.

The drawing was conducted in a Minimat apparatus with
a draw rate of 10 mm/min at temperatures in the range 80—
120 °C.

Wide-angle X-ray diffraction patterns were obtained with
nickel-filtered Cu Ka radiation. The diffraction patters of
oriented samples were registered on a BAS-MS imaging plate
(Fujifilm) using a cylindrical camera and processed with a
digital imaging reader (FUJIBAS 1800). The patterns of
unoriented samples were obtained with an automatic Philips
powder diffractometer.

The melting and glass transition temperatures of s-PMMS
samples were obtained with a differential scanning calorimeter
(Perkin-Elmer DSC-7), performing scans in a flowing nitrogen
atmosphere at a heating rate of 10 °C/min.

The thermogravimetric analyses were carried out with a
Mettler TG50 thermobalance in a flowing nitrogen atmosphere
at a heating rate of 10 °C/min.

Results and Discussion

Unoriented Samples. (a) Melt and Cold Crystal-
lization. s-PMMS crystallizes from the melt when as-
prepared samples are heated at temperatures higher
than 240 °C and slowly cooled to room temperature. The
X-ray powder diffraction pattern of s-PMMS crystallized
by cooling the melt at 10 °C/min is reported in Figure 1
(curve a). This polymorphic form is defined form I.
Faster cooling to room temperature prevents the crys-
tallization in form I, and amorphous samples of s-PMMS
are obtained. The X-ray powder diffraction pattern of
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Figure 2. DSC curves (10 °C/min) of melt-crystallized form |
(curve a) and amorphous samples (curve b) of s-PMMS. The

samples of curves a and b correspond to the samples of parts
a and b of Figure 1, respectively.
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the amorphous s-PMMS is also reported in Figure 1
(curve b). Crystallization of form | also occurs by
annealing the amorphous sample of s-PMMS at tem-
peratures higher than 120 °C (cold crystallization). The
X-ray diffraction pattern of the sample crystallized by
annealing the amorphous sample at 180 °C is similar
to the pattern of Figure la.

DSC scans, performed at 10 °C/min, of melt-crystal-
lized and amorphous samples of s-PMMS are reported
in Figure 2 (curves a and b, respectively). The cold
crystallization exotherm (curve b) at 138 °C and the
melting endotherms of form | (curves a and b) are
apparent. The melting temperature of form I, evaluated
from the peak temperature in curve a of Figure 2, is
220 °C. The melting temperature in curve b is slightly
lower than 220 °C, indicating that less perfect crystals
of form | are obtained by cold crystallization. The glass
transition of s-PMMS, evaluated from curve b of Figure
2, is nearly 80 °C.

(b) Crystallization from Solution. The X-ray dif-
fraction patterns of s-PMMS samples obtained by cast-
ing from o-dichlorobenzene (0-DCB) and benzene solu-
tions at room temperature and dried under vacuum at
room temperature are reported in parts a and b of
Figure 3, respectively. The patterns of Figure 3 are
different from that of form | of Figure 1 and therefore
correspond to different crystalline forms of s-PMMS.
The thermogravimetric analyses of the samples of
Figure 3a,b show weight losses of 25% and 15%,
respectively, corresponding to the loss of the solvent
molecules included in the crystalline phases. This
indicate that, as in the case of s-PS9101217-20 gnd
s-PPMS,24.25.28,29.31.32 g|s0 s-PMMS forms clathrate struc-
tures characterized by a crystalline lattice containing
spaces in which molecules of a second chemical species
are located.

It is well-known that in the case of s-PS and s-PPMS
the precise location and the intensities of the reflections
in the X-ray diffraction patterns of clathrate structures
depend on the kind and the amount of guest molecules
included in the crystalline cavities.1219.2528 Therefore,
the differences observed in the X-ray diffraction pattern
of the two clathrates of s-PMMS of Figure 3 could be
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Figure 3. X-ray diffraction patterns of clathrate forms of
s-PMMS containing o-dichlorobenzene (a) and benzene (b),
obtained by casting at room temperature from o-dichloroben-
zene and benzene solutions, respectively.
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Figure 4. DSC curves (10 °C/min) of clathrate samples of
s-PMMS containing o-dichlorobenzene (curve a) and benzene
(curve b) and of form Il of s-PMMS, obtained by annealing at
160 °C for 20 min the clathrate sample containing o-dichlo-
robenzene (curve c). The samples of curves a, b, and ¢
correspond to the samples of Figures 3a, 3b, and 5, respec-
tively.

due to the different kind and amount of guest molecules
included, even though a different mode of packing of
the polymeric chains could be also involved.

The DSC scans of the clathrate forms containing
o-dichlorobenzene and benzene are reported in Figure
4 (curves a and b, respectively). It is apparent the
presence in the DSC curve (a) of a broad endotherm in
the range 80—140 °C corresponding to the loss of the
guest molecules from the samples, in agreement with
the thermogravimetric analysis. In the DSC scan of
Figure 4b, the endotherm corresponding to the loss of
the benzene molecules overlaps with a large exotherm
at 113 °C, which suggests a transition into a different
crystalline phase. Both the DSC scans of Figure 4a,b
indeed show melting endotherms at nearly 218—219 °C,
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Figure 5. X-ray diffraction pattern of form Il of s-PMMS,
obtained by annealing at 160 °C for 20 min the clathrate
sample of s-PMMS containing o-dichorobenzene of Figure 3a.

indicating that a crystalline phase is present after the
removal of the guest molecules. The double melting peak
observed in Figure 4a is probably due to the occurrence
of recrystallization phenomena.

To understand the nature of this crystalline phase,
both the clathrate forms have been annealed in the
range 140—160 °C.

The X-ray diffraction pattern of the clathrate form
containing o-dichlorobenzene annealed at 160 °C for 20
min is reported in Figure 5. The same pattern is
obtained by annealing the clathrate form containing
benzene. The X-ray pattern of Figure 5 is different from
either that of the clathrate forms of Figure 3 or that of
form | of Figure 1. It therefore corresponds to a different
crystalline form of s-PMMS, which we define form I1.
The DSC scan of the sample of form Il of Figure 5,
reported in the Figure 4c, shows a melting endotherm
at nearly 216 °C. Since the annealing of the clathrate
forms induces the formation of form 11, the endotherms
observed at 216—220 °C in the DSC scans of Figure 4a,b
also correspond to the melting of form II.

The data of Figures 4 and 5 indicate that the clathrate
forms of s-PMMS transform into the crystalline form 11
upon the removal of the guest molecules. This behavior
is similar to that of s-PS, where the clathrate 6 forms
transform into the y form by removing the guest
molecules (by annealing treatments at 130 °C).1° In the
case of s-PPMS, instead, the removal of the guest
molecules produces amorphous samples or crystalline
modifications, depending on the annealing tempera-
ture.24v25v28

Casting procedures from different solvents, like tolu-
ene or chloroform, do not induce the formation of
clathrate structures, but a direct crystallization of form
11 of s-PMMS is observed. The X-ray diffraction patterns
of samples obtained by casting from these solvents are,
indeed, very similar to that of form Il of Figure 5.
However, clathrate structures, containing toluene, tet-
rahydrofuran, etc., can be obtained by exposing amor-
phous samples to the vapors of these compounds.

Oriented Samples. Oriented fiber samples of s-
PMMS have been obtained by stretching amorphous
films of s-PMMS, which have been prepared by quench-
ing compression molded films in ice—water. The X-ray
fiber diffraction pattern of an amorphous film of s-
PMMS stretched at 90 °C is reported in Figure 6. The
reflections present in the pattern of Figure 6 do not
correspond to those present in the powder patterns of
forms | and Il of Figures 1a and 5, respectively. A new
crystalline polymorphic form, which we define form 111,
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Figure 6. X-ray fiber diffraction pattern of the mesomorphic
form 111 of s-PMMS, obtained by stretching at 90 °C of
amorphous films.

has been obtained by stretching the amorphous s-
PMMS. The X-ray diffraction pattern of form Il of
Figure 6 presents diffuse haloes on the equator, centered
at 20 = 6.0° and 20 = 11.2° (d = 14.7 and 7.90 A,
respectively), and only one strong reflection on the first
layer line at 26 = 20.2° (d = 4.40 A). From the reflection
on the first layer line a chain axis periodicity of 5.1 A
has been evaluated. This value of the chain axis
indicates that form 111 is characterized by chains in a
trans-planar conformation. The absence of sharp reflec-
tions on the equator indicates that a high degree of
disorder in the lateral packing of the trans-planar
chains is present in form 111, whereas a long-range order
is maintained only along the chain axis. These data
clearly sugget that form Il may be considered as a
mesomorphic modification, characterized by a degree of
order intermediate between the order typical of a crystal
and the disorder of the amorphous phase. It is worth
noting that mesomorphic forms with chains in trans-
planar conformation have been found also for s-PS?3 and
s-PPMS.2433

By annealing oriented fiber samples in the mesomor-
phic form 111 of s-PMMS at temperatures higher than
90 °C, crystallization occurs, and oriented fibers in a
crystalline polymorphic form of s-PMMS are obtained.
The X-ray fiber diffraction pattern of the fiber of Figure
6 (form 111) annealed at 180 °C for 30 min, keeping the
fiber under tension, is reported in Figure 7. Sharp
reflections are present on the equator and on the layer
lines corresponding to a chain axis periodicity of 7.9 A.
This indicates that a crystalline form with chains in the
2-fold helical conformation, with s(2/1)2 symmetry, has
been obtained. All the reflections presents in the fiber
pattern of Figure 7 are listed in the Table 1 and
compared to the Bragg distances and the intensities of
the reflections present in the X-ray powder diffraction
pattern of form | of Figure 1. It is apparent that the
reflections in the fiber pattern of Figure 7 well cor-
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Figure 7. X-ray fiber diffraction pattern of form I of s-PMMS,
obtained by annealing the fiber in form 11l at 180 °C.

Table 1. Bragg Angles (20), Bragg Distances (d),
Reciprocal Cylindrical Coordinates £ and &, and
Intensities (1) of the Reflections Observed on the Layer
Lines | of the X-ray Fiber Diffraction Pattern of Form I
of s-PMMS of Figure 72

oriented sample unoriented sample
26 26

(deg) d(A) EA™H LAY I 1 (deg) d@A) 1
44 201 0050 O 0 ww 45 196 ww
6.8 130 0077 O 0 ww 6.8 13.0 ww
91 972 0103 0 0 s 92 96 s

129 686 0146 0 0 m 129 69 m

176 504 0198 0 0 m 176 5.0

207 429 0233 0 0 m

112 790 0012 0126 1 w

151 587 0115 0126 1 vs 152 58 vs

187 474 0169 0126 1 vw 187 47 w

208 427 0197 0126 1 s 203 44 vs

242 368 0240 0126 1 w

229 388 0. 0252 2 net

242 365 0107 0252 2 m

283 315 0193 0252 2 m 283 32 w

2 The Bragg angles, the Bragg distances, and the intensities of
the reflections observed in the X-ray powder diffraction pattern
of form 1 of Figure la are also reported for comparison. P n.e. =
not evaluated.

respond to those of form I. Therefore, annealing of the
oriented trans-planar form Il1 induces the crystalliza-
tion into form | of s-PMMS, characterized by chains in
2-fold helical conformation. If amorphous films of s-
PMMS are stretched at temperatures higher than 90
°C, fibers with a mixture of crystals of the mesomorphic
form 111 and form | are obtained.

X-ray fiber diffraction patterns of form I, similar to
that of Figure 7, have been also obtained by solvent
diffusion in fibers of the mesomorphic form Ill. For
example, by exposing the fiber sample of form IlIl,
keeping the fiber under tension, to the vapors of toluene,
tetrahydrofuran, cyclohexane, cyclohexanone, or o-dichlo-
robenzene at room temperature, form | always crystal-
lizes and X-ray fiber patterns similar to that of Figure
7 are obtained. It is worth noting that, whereas in the
case of powder samples casting procedures from solu-
tions of these solvents induce the crystallization of form
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Figure 8. X-ray fiber diffraction pattern of the clathrate form
of s-PMMS containing benzene, obtained by exposing the fiber
in form 111 to the vapors of benzene.

I1, the exposition of oriented fibers of form Ill to the
vapors of the same solvents induces the crystallization
of the oriented form I.

Therefore, the helical form | can be obtained in
unoriented samples, by crystallization from the melt or
cold crystallization (annealing of the amorphous sample)
and, in oriented fibers, by crystallization of the meso-
morphic form 111 by annealing at temperatures higher
than 90 °C or by diffusion of the most common solvents.
In the latter procedures a transformation of chains in
trans-planar conformation (form I11) into helical con-
formation (form 1) is involved. It is worth noting that a
different behavior has been observed for s-PS and
s-PPMS, where annealing of the trans-planar mesomor-
phic forms induces the crystallization of crystalline
forms with chains still in the trans-planar conforma-
tion.23,25

The X-ray fiber diffraction pattern of the fiber in the
mesomorphic form 111 exposed to the vapor of benzene
at room temperature for 12 h, keeping the fiber under
tension, is reported in Figure 8. Also in this case the
solvent induces crystallization, and reflection peaks are
present on the equator and layer lines. The pattern of
Figure 8 is different from that of form I of Figure 7, but
also in this case the reflections on the layer lines
correspond to a chain axis periodicity of 7.8 A, typical
of a 2-fold helical conformation of the chains. All the
reflections in the pattern of Figure 8 are listed in Table
2. The Bragg distances and the intensities are compared
in Table 2 with those of the reflections present in the
X-ray powder diffraction patterns of the clathrate form
containing benzene of Figure 3b. It is apparent that this
comparison indicates that the reflections in the fiber
pattern of Figure 8 well correspond to those of the
clathrate form. Therefore, oriented fibers of the clath-
rate forms of s-PPMS containing benzene have been
obtained by exposing fibers in the mesomorphic form
11 to the vapors of this compound. The fiber pattern
clearly indicate that the clathrate form of s-PMMS is
characterized by chains in helical conformation with s(2/
1)2 symmetry. As in the case of the clathrate structures
of sPS17720 and s-PMMS,%132 also for the clathrate
structures of s-PMMS, the crystalline lattice containing
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Table 2. Bragg Angles (260), Bragg Distances (d),
Reciprocal Cylindrical Coordinates £ and &, and
Intensities (1) of the Reflections Observed on the Layer
Lines | of the X-ray Fiber Diffraction Pattern of the
Clathrate Form of s-PMMS Containing Benzene of
Figure 82

oriented sample unoriented sample
26 20

(deg) d(A) &A™ ¢AYH | I (deg) d(A) 1
6.0 14.6 0.068 0 0 vs 5.8 15.3 wvvs
9.2 961 0104 O 0 m 8.9 99 w

12.3 717 0139 O 0 vww 119 74 m

18.1 490 0204 O 0w 18.0 49 m

15.3 577 0116 0129 1 vs 15.1 59 m

20.3 525 0140 0129 1 wvs 20.1 44 m

23.5 378 0231 0129 1 w

23.1 3.85 0. 0.255 2 neb 225 39 m

24.4 365 0100 0255 2 w 24.6 36 m

28.4 314 0191 0255 2 w 29.0 31 vw

a2 The Bragg angles, the Bragg distances, and the intensities of
the reflections observed in the X-ray powder diffraction pattern
of clathrate form containing benzene of Figure 3b are also reported
for comparison.  n.e. = not evaluated.

cavities occupied by the guest molecules is formed by
the packing of polymer chains in 2-fold helical confor-
mation.

Annealing of the oriented fibers of the clathrate
structure of SPMMS containing benzene in the temper-
ature range 120—160 °C produces removal of the guest
molecules, and fibers in form | have been obtained. It
is worth noting that, whereas powder samples of the
clathrate structure of sSPMMS containing benzene trans-
forms into form Il by annealing, the same clathrate form
transforms into the pure helical form I in oriented fiber
specimens.

Since oriented fibers of form Il have not been ob-
tained, we cannot suggest models for the conformation
of the chains in form Il. By analogy with the behavior
of s-PS10 and s-PPMS,?* the obtaining of this form of
s-PMMS by crystallization from solutions or by anneal-
ing of clathrate structures suggests that form I1 could
probably be characterized by chains in helical conforma-
tion. Further studies are in progress in order to clarify
this point.

Conclusions

Syndiotactic poly(m-methylstyrene) presents a com-
plex polymorphic behavior. Three different polymorphic
forms and various clathrate structures have been found
so far. In the different crystalline forms, the polymer
chains assume trans-planar or 2-fold helical conforma-
tions. The possible routes for obtaining the pure poly-
morphic forms in unoriented and oriented fiber samples
are reported in the scheme of Figure 9.

Form 1 is characterized by chains in s(2/1)2 helical
conformation and is obtained by crystallization from the
melt or by annealing the amorphous phase. Form 11 is
obtained by crystallization from solutions of various
solvents or by removing the guest molecules from the
clathrate forms by annealing treatments. Form IlIl1,
obtained in oriented fibers by stretching of amorphous
films, is a mesomorphic form, characterized by chains
in a regular trans-planar conformation with a high
degree of disorder in the lateral packing of the chains.
Oriented fibers of form | are obtained by annealing of
the fibers in the mesomorphic form 111 or by exposing
the same fibers of form Ill to the vapors of various
solvents.



7354 De Rosa et al.

Melt
Slow cooling Fast cooling
F I Annealing T>120°C
ormI |
« Amorphous
powder
Stretching
T>90°C,
> Form I
fiber
A
Annealing Strecthing T = 90°C
T>90°C
Exposing to
vapours of

toluene, THF,

cyc}o:exane, DB Exposing to
cyclohexanone, o- F vapours of
orm III ot
fiber
Annealing T > 120°C
Annealin; rm Annealing
T > 140‘% FO II T > 140°C
powder A
Clathrate Clathrate | Clathrate
0-DCB Benzene | Benzene
powder powder fiber

Casting toluene,

cyclohexane,

cyclohexanone,

chloroform Casting

benzene
Solution

Figure 9. Scheme showing the possible routes for obtaining
the different polymorphic forms of s-PMMS.

Casting
0-DCB

Two clathrate structures, containing molecules of
benzene or o-dichlorobenzene in the crystalline lattices,
have been found and characterized. In these clathrate
forms the polymer chains assume a s(2/1)2 helical
conformation.

The polymorphic behavior of s-PMMS shows some
analogies with the behaviors of s-PS and s-PPMS. First
of all, the various polymorphic forms are characterized
by chains in trans-planar and 2-fold helical conforma-
tions. Second, as in the case of s-PS and s-PPMS, also
s-PMMS forms clathrate structures characterized by
polymer chains in 2-fold helical conformation which are
packed in a crystalline lattice containing cavities oc-
cupied by guest molecules. Moreover, mesomorphic
modifications with chains in the trans-planar conforma-
tion have been found for s-PMMS as well as for s-PS
and s-PPMS.

However, notable differences between s-PMMS, s-PS,
and s-PPMS have been revealed. By melt and cold
crystallization polymorphic forms with chains in the
trans-planar conformation are obtained for s-PS (o and
p forms), whereas a crystalline form with chains in
helical conformation is obtained for s-PMMS (form 1).
Moreover, while in the case of s-PS and s-PPMS the
mesomorphic trans-planar forms transform by anneal-
ing into crystalline forms with chains in the trans-
planar conformation, in the case of s-PMMS the trans-
planar mesomorphic form 111 transforms into the helical
form 1.

Acknowledgment. Financial support from the “Min-
istero dell’'Universita e della Ricerca Scientifica e Tec-
nologica” (PRIN 2000) is gratefully acknowledged.

Macromolecules, Vol. 34, No. 21, 2001

References and Notes

(1) Ishihara, N.; Seimiya, T.; Kuramoto, M.; Uoi, M. Macromol-

ecules 1986, 19, 2465.

Zambelli, A.; Longo, P.; Pellecchia, C.; Grassi, A. Macromol-

ecules 1987, 20, 2035.

(3) Resconi, L.; Albizzati, E.; Giannini, U.; Giunchi, G.; Mazzoc-

chi, R. Italian Patent Application, 22827 A, 1986.

(4) Ishihara, N.; Kuramoto, M.; Uoi, M. Europen Patent Applica-

tion, 0224097 A1, 1987.

Ishihara, N.; Kuramoto, M.; Uoi, M. Macromolecules 1988,

21, 3356.

(6) Pellecchia, C.; Longo, P.; Grassi, A.; Ammendola, P.; Zambelli,
A. Makromol. Chem., Rapid Commun. 1987, 8, 277.

(7) Grassi, A.; Pellecchia, C.; Longo, P.; Zambelli, A. Gazz. Chim.
Ital. 1987, 20, 2035.

(8) Grassi, A.; Longo, P.; Proto, A.; Zambelli, A. Macromolecules
1989, 22, 104.

(9) Immirzi, A.; De Candia, F.; lannelli, P.; Vittoria, V.; Zambelli,
A. Makromol. Chem., Rapid Commun. 1988, 9, 761.

(10) Guerra, G.; Vitagliano, V. M.; De Rosa, C.; Petraccone, V.;
Corradini, P. Macromolecules 1990, 23, 1539.

(11) Chatani, Y.; Shimane, Y.; Inoue, Y.; Inagaki, T.; ljitsu, T.;
Yukinari, T. Polymer 1992, 33, 1488.

(12) Manfredi, C.; De Rosa, C.; Guerra, G.; Rapacciulo, M.;
Auriemma, F.; Corradini, P. Makromol. Chem 1995, 196,
2795.

(13) Greis, O.; Xu, Y.; Asano, T.; Petermann, J. Polymer 1989,
30, 590.

(14) De Rosa, C.; Guerra, G.; Petraccone, V.; Corradini, P. Polym.
J. 1991, 23, 1435.

(15) De Rosa, C.; Rapacciuolo, M.; Guerra, G.; Petraccone, V.;
Corradini, P. Polymer 1992, 33, 1423.

(16) Chatani, Y.; Shimane, Y.; ljitsu, T.; Yukinari, T. Polymer
1993, 34, 1625.

(17) Chatani, Y.; Shimane, Y.; Inagaki, T.; ljitsu, T.; Yukinari,
T.; Shikuma, H. Polymer 1993, 34, 1620.

(18) Chatani, Y.; Inagaki, T.; Shimane, Y.; Shikuma, H. Polymer
1993, 34, 4841.

(19) De Rosa, C.; Guerra, G.; Petraccone, V.; Pirozzi, B. Macro-
molecules 1997, 30, 4147.

(20) De Rosa, C.; Rizzo, P.; Ruiz de Ballesteros, O.; Petraccone,
V.; Guerra, G. Polymer 1999, 40, 2103.

(21) De Rosa, C. Macromolecules 1996, 29, 8460.

(22) Cartier, L.; Okihara, T.; Lots, B. Macromolecules 1998, 31,
3303.

(23) Petraccone, V.; Auriemma, F.; Dal Poggetto, F.; De Rosa, C.;
Guerra, G.; Corradini, P. Makromol. Chem. 1993, 194, 1335.
Auriemma, F.; Petraccone, V.; Dal Poggetto, F.; De Rosa, C.;
Guerra, G.; Manfredi, C.; Corradini, P. Macromolecules 1993,
26, 3772.

(24) luliano, M.; Guerra, G.; Petraccone, V.; Corradini, P.; Pel-
lecchia, C. New Polym. Mater. 1992, 3, 133.

(25) De Rosa, C.; Petraccone, V.; Guerra, G.; Manfredi, C. Polymer
1996, 37, 5247.

(26) Guerra, G.; luliano, M.; Grassi, A.; Rice, D. M.; Karasz, F.
E.; McKnight, W. J. Polym. Commun. 1991, 32, 430.

(27) Guerra, G.; Dal Poggetto, F.; luliano, M.; Manfredi, C.
Makromol. Chem. 1992, 193, 2413.

(28) Dell'lsola, A.; Floridi, G.; Rizzo, P.; Ruiz de Ballesteros, O.;
Petraccone, V. Macromol. Symp. 1997, 114, 243.

(29) Rizzo, P.; Ruiz de Ballesteros, O.; De Rosa, C.; Auriemma,
F.; La Camera, D.; Petraccone, V.; Lots, B. Polymer 2000, 41
, 3745.

(30) De Rosa, C.; Petraccone, V.; Dal Poggetto, F.; Guerra, G.;
Pirozzi, B.; Di Lorenzo, M. L.; Corradini, P. Macromolecules
1995, 28, 5507.

(31) Petraccone, V.; La Camera, D.; Pirozzi, B.; Rizzo, P.; De Rosa,
C. Macromolecules 1998, 31, 5830.

(32) Petraccone, V.; La Camera, D.; Caporaso, L.; De Rosa, C.
Macromolecules 2000, 33, 2610.

(33) Ruiz de Ballesteros, O.; Auriemma, F.; De Rosa, C.; Floridi,
G.; Petraccone, V. Polymer 1998, 39, 3523.

(34) Tornquists, E. G. M.; Welborne, H. C., Jr. Eur. Pat. Appl.
208561, 1987 (to Exxon Chemical Patents Inc.); Chem. Abstr.
1988, 106, 120391.

(35) Bercaw, J. E.; Marvich, R. H.; Bell, L. G.; Brintzinger, H. H.
J. Am. Chem. Soc. 1972, 94, 1219.

MAO010894N

@

—

G

=



