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ABSTRACT: The crystalline structure of form | of syndiotactic pggfa-methylstyrene) is described. In this

form, the polymer chains assume a s(2/1)2 helical conformation and are packed according to the space group
P2y/a in a unit cell witha =245 A b =124 A c=8.1 A, andy = 143.5. The proposed model may be
described by a stacking of layers of alternating right- and left-handed helical chains efficiently packed in an
“interdigital structuré in which phenyl rings belonging to one chain interlock with the phenyl rings of the two
adjacent chains of opposite chirality. A disorder in the correct succession of the layers is suggested. A possible
similarity between this form and the nanopora@uform of syndiotactic polystyrene, suggested by the fact they

are both obtainable by guest removal frantlass clathrates, is analyzed.

Introduction

Highly syndiotactic polyfara-methylstyrene) $PPMS) is
characterized by a very complex polymorphic behavior. In
particular, it can crystallize in four different crystalline forms
(1, 11, 1, and V), a mesomorphic one (form IV), as well as in
several clathrate hosguest molecular complexés® Moreover,
the clathrate forms o&-PPMS described up to now can be
divided in three different classea,(, andy) differing in the
conformation of the polymer chains assumed in the crystalline
structure or in the way the chains are packed in the3dels
far as the conformations of the polymorphic forms are con-
cerned, forms Ill, IV, and V present a trans-planar conformation
(with a repetition period of 5.1 R)while a s(2/1)2 chain
conformation with a repetition period of 78 0.1 A has been
found for forms 1, Il, and foro. and class clathrated?’-1° In
y class clathrates, instead, polymer chains assum&ariG,
conformation with a repetition period of 117 0.1 A4 Up to
now, only for the forms I1f and I\V® (both with trans-planar

some experimental evidence suggesting a possible similarity
between this crystalline form stPPMS and the nanoporods
form of s-PS for which some promising applications have been
suggested due to its property to rapidly absorb low-molecular-
weight molecules from different environments, even if present
at low activity12-14 As a matter of fact, both of these two forms,
which present chains in the same s(2/1)2 conformation with an
identical periodicity, can be obtained removing guest molecules
from the respective clathrate forms, both presentinglass
cavities, by acetone treatmenits. Therefore, in this paper,
besides the structural model ®PPMS form I, we present also

a comparison between the packing evolutionsétPMS and
sPS a class clathrate structures after the removal of guest
molecules.

Experimental Section

s-PPMS was synthesized as described in ref 15. The syndiotac-
ticity of the insoluble fraction in 2-butanone was evaluated3y

conformation), and for some clathrate structures belonging to NMR analysis; the amount of therfr ] pentads was higher than

o andf classed,; 1% a complete structural characterization has 95

been proposed, while the crystalline structures of forms | and
Il (both with s(2/1)2 helical conformation) have not been
resolved yet. As far as the different types of clathrate forms of

s-PPMS are concerned, in the framework of the present paper

it is worth pointing out thatx class clathrates have been obtained
with o-dichlorobenzenextDCB), o-xylene,o-chlorophenol, and
N-methyl-2-pyrrolidone, which have very similar X-ray dif-
fraction patterns.On the basis of the crystal structure of the
clathrate form containing-DCB2 it can be said that these
structures are characterized by centrosymmetric caviietags
cavities) delimited by eight benzene rings belonging to two

enantiomorphous adjacent helical chains. These kind of cavities

are very similar to those present in all the crystal structure of
the clathrate forms of syndiotactic polystyrerseP(S), that for
this reason have been classifiedeaslass clathrates, to8.

In this paper, we present for the first time a complete
structural characterization of form | sfPPMS performed on

the basis of structure factors and packing energy calculations.

We were also motivated to investigate form IssPPMS from

T Dedicated to the memory of Professor Paolo Corradini.

%.

Unoriented form | samples can be obtained by crystallization
from solution! by thermal treatments ai class clathrates in the
range 126-160°C 3 or by acetone treatments at room temperature
of a class clathrate.Crystallizations from solution produce

'samples of form | containing small amounts of form II, while the

thermal treatments aod class clathrates produce form | samples
with increasing amounts of form IV with rising of temperature.
The unoriented sample of form | used in this paper, which does
not contain any other crystalline form, was prepared by treatment
of an unoriented clathrate sample contain®BCB with acetone
at room temperature. The unoriented clathrate sample containing
0-DCB was prepared by casting at room temperature from 10 wt
% 0-DCB solution.

As far as oriented samples are concerned, these can be obtained
only from oriented fibers oft class clathrate samples by annealing
or acetone treatmenisThe acetone treatments produce samples
characterized by a low degree of orientation, while the thermal
treatments give rise to well-oriented samples, even if characterized
by some amount of form ¥ However, because this mesomorphic
form has a different periodicity (5.1 Awith respect to form |
(8.1 A), the only strong reflection that characterizes its diffraction
pattern (placed on the first layer line) does not overlap with those
of form I. For these reasons, oriented samples of form | were

* To whom correspondence should be addressed. E-mail: petraccone@obtained by annealing oriented fibers of the clathrate form contain-

chemistry.unina.it. Telephonet+39 081 674309. Fax+39 081 674090.
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ing 0-DCB for 2 h at 120°C. The clathrate samples used were

© 2006 American Chemical Society

Published on Web 06/30/2006

Ccbv



5038 Esposito et al. Macromolecules, Vol. 39, No. 15, 2006

obtained by exposing the mesomorphic form IV to solvent vapors (a)
at room temperature, keeping fixed the ends of the specimens. Fibers
of mesomorphic form IV have been prepared by drawing amorphous
specimens at a temperature in the range of-111Z °C, while
amorphous samples have been obtained from melted samples
guenched in icewater.

Wide-angle X-ray diffraction patterns of unoriented samples were
recorded by using an automatic Philips powder diffractometer (Ni-
filtered Cu Ko radiation) operating in thé/20 Bragg—Brentano
geometry using specimen holders nearly 0.2 cm thick. The X-ray
fiber diffraction patterns of oriented samples were obtained on a
BAS-MS imaging plate (FUJIFILM) with a cylindrical camera
(radius 57.3 mm, Ni-filtered Cu ¥ radiation monochromatized
with a graphite crystal) and processed with a digital scanner (FUJI- (b)
BAS 1800). Owing to the small number of reflections on the layer
lines of the diffraction pattern obtained, the periodidtiias been
determined collecting the 002 reflection with the same camera in
tilted geometry by placing the fiber specimen with its axis normal
to the cylindrical camera axis and oscillating it around the axis of
the camera over an appropriate angular range.

Calculated structure factors were obtainedas: (3 |Fi|2M;)Y2,
whereM; is the multiplicity factor and the summation is taken over
all reflections included in the@range of the corresponding spot
observed in the X-ray fiber diffraction pattern. A thermal factr ( . :
= 8 A?) and atomic scattering factors from ref 16 were used. The 5 10 15 20 25 30 35
observed structure factofs, were evaluated from the intensities 20 (deg)
of the reflections observed in the X-ray fiber diffraction pattern
(o) asF, = (I/Lp)*2 whereLp is the Lorentz-polarization factor
for X-ray fiber diffraction:

Figure 1. X-ray diffraction patterns of an oriented (a) and unoriented
(b) sample in form | of s-PPMS. In (a), the presence of an amount of
form 1V is revealed by the reflections a82= 20.4 (indicated by the
arrow), corresponding to the strongest reflections of that foFiter
0.5(cod 26 + co$ 26,) 0.5(1+ cos @, + co< 260) axis is vertical. In (b), the dashed line indicates the contribution to the
diffraction of the amorphous phase.
1+ co< 26, 1+ cos Dy

(sir? 20 — £A)2

Lp= Table 1. Diffraction Angles (2,), Bragg Distances ¢,), and
Intensities (1) in Arbitrary Units (AU) of the Reflections Observed

) o on the Layer Lines () of the X-ray Fiber Diffraction Pattern of the
with 26y = 26.6, the inclination angle of the monochromator, Form | Specimen of s-PPMS Shown in Figure 1&.

and ¢ = A(l/c), | andc being the order of the layer line and the
chain axis periodicity, respectively, arddthe wavelength of the
used radiation (1.5418 A). The observed intensitigswere
evaluated integrating the whole area of the crystalline peaks ! 200 (deg)  do(A) 1o (AU) 20, (deg)

X-ray fiber diffraction X-ray powder diffraction
pattern profile

observed in the X-ray diffraction profiles after the subtraction of o 7.6 11.63 4459 7.60
the background (including the amorphous contribution) determined 0  15.2 5.83 3610 15.35
for each reflection by measuring the intensity in a region closeto 0  16.3 5.44 9465 16.50
the reflection spot. 1 165 537 5275
The discrepancy factdR has been evaluated as 2 220 4.0# n.ec 22.5 (broad)
2 26.8 (broad) 3.33 842 26.8 (broad)
2 28.6 (broad 3.12 2201 28.7 (broad
R=% IF,—Fly Fy o oot o roned
Diffraction angles of the X-ray powder diffraction pattern of Figure
. . 1b are also reported for comparis&rithe 2, and d, reported here
taking into account only the observed reflections. corresponds to those read in the tilted geometry diffraction pattarne

E_nergy calculations were _Carried out by using Comr_nerCia"y intensity of the nearly meridional reflection has not been evaluated (n.e.).
available software (Ceri@sersion 4.2 by Accelrys Inc.) using the

Compasy force field. The energy was minimized using the Open
Force Field module by the smart minimizer method with standard pattern is poor of reflections showing only three reflections on
convergence. The starting conformation of §88PMS polymer the equatorial layer line, one on the first layer line, and two
chains corresponds to that found by molecular mechanics calcula-broad ones on the second layer line. This fact indicates a
tions reported in the literature. . _ probably disordered crystalline structure. As usual for this kind
Calculated X-ray powder diffraction patterns were obtained with of finer diffraction pattern, owing to the not complete orientation
thezsame software package using an isotropic thermal fater (o the crystallites in the fiber, a nearly meridional reflection,
8 A% and assuming the following dimensions for the crystalites: whose intensity is not evaluable, is also present. The positions

120 A alonga andb axes and 80 A along theaxis. In Figure 5, ; " . X . :
they are compared to the crystalline diffraction area obtained from and intensities of all the reflections observed in the diffraction

the total area of the diffraction profile of an unoriented sample of Pattern of Figure la are listed in Table 1. Table 1 also reports
sPPMS in form | by subtracting the amorphous halo. The scattering the positions of all the reflections observed in the powder
of the amorphous phase has been obtained from the X-ray diffraction pattern reported in Figure 1b of an unoriented sample.
diffraction profiles of amorphous samples prepared by rapid cooling A good correspondence with the position of the reflections
of the melt to room temperature. determined for the fiber is apparent.

Determination of the Crystal Structure. The choice of a
univocal unit cell only on the basis of a low number of observed

The X-ray fiber diffraction pattern of an oriented sample of reflections, as in this case, is rather problematic. To find a
form | of sPPMS is reported in Figure la. The diffraction possible cell, we started from the hypothesis that this stru%lﬂ%

Results and Discussion
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(b) (d)

Figure 2. Comparison between the packing models proposed for the crystal structure of form | of s-PPMS (a, b) and for the crystal structure of
the clathrate form of s-PPMS witb-DCB® (c, d), in the space group2i/a. In (a) and (c), the content of four unit cells is shown in tig
projection. In the upper cells of (c), two possible different arrangementsREB molecules in the clathrate structti@e shown, while in the

lower cells of (c) and in (d), only the “emptied” structure is shown. Gray stripes indicate the direction along which the polymer chains are supposed
to approach to each other passing from clathrate to form | structure (see text for details). The distance between abtigy@Bspolymer chain

layers is also shown. In (b) and (d), the projection, perpendicular to the layers direction, of the packing between the couples of enantiomorphous
polymer chains, drawn with bold lines in (a) and (c), are shown together with the distances among their chain=axgéghtfhanded, L=
left-handed helices.

Table 2. Fractional Coordinates of the Atoms of an Asymmetric
Unit of the Model Proposed (Figure 2a,b) for the Form | of

s-PPMS
xla yib zc

C1 0.248 —0.004 0.258

Cc2 0.211 —0.144 0.129

C3 0.171 —0.307 0.214

C4 0.221 —0.291 0.321

C5 0.184 —0.443 0.390

C6 0.095 —0.617 0.354

C7 0.044 —0.633 0.250

C8 0.081 —0.481 0.181

C9 0.285 —0.066 0.008

C10 0.056 —0.782 0.422

Cl1 0.177 —0.079 0.387

C12 0.094 —0.161 0.300

. L . . C13 0.100 —0.058 0.204
Figure 3. Projection of the two enantiomorphous helices represented cl4 0.023 —0.136 0.132
in Figure 2b enlarged and rotated suitably with the aim of highlighting c15 —0.064 —0.319 0.151
the interpenetration of the phenyl groups of the chains in the proposed c16 —0.069 —0.423 0.243
structure. The closest nonbonded distances betweeragpon atoms c17 0.008 —0.345 0.316
of interlocking phenyl groups, and those involving the methyl carbon c18 ~0.148 —0.403 0.079

atoms of a chain with the neighboring helix are indicated. Phenyl rings
drawn with bold lines come toward the reader while those drawn with a2 Hydrogen atoms were included in the structure factors calculation, but
thin lines go away. they are omitted in this table for simplicity

. to that found for the clathrate form containioddCB.® provided
was strictly related to the crystal structurecotlass clathrates, —hat the couples of polymer chains delimiting the cavities should
from a class clathrates by acetone or thermal treatments (in this approach turned out to be winning, and it brought us to

particular, in ref 3 is shown thatc class clathrates, after jndexing the experimental reflections in terms of a monoclinic
immersion in acetone at room temperature for few minutes, are cell with constanta = 24.5 A,b = 12.4 A,c = 8.1 A, andy

transformed into form I, while in ref 18, electron diffraction = 143.5. The suggested space groupPig,/a, in agreement
experiments point out that, by heating to 1ZDsingle crystals  with the systematic absence lak0 reflections withh = 2n +
of the clathrate form o§-PPMS includingp-DCB, transforma- 1 and 00 reflections withl = 2n + 1. Assuming two polymer

tion into form | occurs). In particular, we supposed th@PMS chains in the s(2/1)2 helical conformation included in the unit
form | could preserve a relative disposition of the chains similar cell, the crystalline density is 1.06 g/émin reasonabIeCDV
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Table 3. Comparison between Observed Structure FactorsH), Evaluated from the Intensities Observed in the X-ray Fiber Diffraction Pattern
Shown in Figure 1a, and Calculated Structure Factors ¢ _ordered fOr the Completely Ordered Model and F_disordered fOr a Partially Disordered
One) for the Model of Packing of Figure 2a,b in the Space GrouP2,/a®

20, 20 do dc
hkl (deg) (de9) (A) (A) Fob Fc_ordered Fc_disordered
210 7.60 7.55 11.63 11.70 85 79 79
420 15.20 15.14 5.83 5.85 109 93 93
220 15.99 5.54 126 126
{ 210 16.30 16.32 5.44 543 183 13$ 181 1 181
210 23.04 3.86 49 49
011 16.25 5.45 97 97 135
{ 201 16.50 16.36 5.37 5.42 118 9é 135 9
321 18.05 4.91 42 30
521 21.20 4.19 57 40
531 24.22 3.66 60 42
431 24.63 3.61 34 34
621 24.99 3.56 40 40
731 27.83 3.21 37 26
121 31.42 2.85 37 26
002 22.0 22.0 4.04 4.04 n.el 87 87
102 n.ed 22.79 n.e 3.90 n.e 46 32
212 n.ed 23.24 n.e 3.83 n.e 60 60
112 n.ed 23.38 n.e 3.80 n.el 66 46
322 26.31 3.39 73 51
{ 422 26.80 26.77 3.33 3.33 52 4 % ) 8
522 28.60 3.12 103 72
{ 302 28.60 28.70 3.12 311 92 1 104 1 73
532 30.95 2.89 55 39
432 31.27 2.86 49 49
622 31.57 2.83 66 66
632 31.85 2.81 37 37

aBragg distances, observed in the X-ray fiber diffraction pattern and calculated for the proposed monoclinic umitclls A b= 124 A c=8.1
A, andy = 143.5), are also shown. Reflections not observed VFitHess than 30 have not been reportedhe reported=, have been scaled in order to
compare WithF¢_gisordered © The 2, andd, reported here correspond to those read in the tilted geometry diffraction pdti¢ohevaluable.

agreement with the experimental value determined for amor- that for thea class clathrate form of this polymer containing
phous samples (1.02 g/énT1° 0-DCB (Figure 2c,d¥. As hypothesized in the precedent section
The resulting structural model, optimized through molecular within the discussion about the choice of the unit cell, the
mechanics calculations, is shown in Figures 2a,b and 3. Thecrystalline structure of form | is strictly related to the structure
fractional coordinates of the atoms of the asymmetric unit in of the clathrate form witro-DCB.8 Referring to Figure 2, it
the model of Figure 2a,b for the space grdrfy/a are listed in can be said that the crystal structure of form | could be obtained
Table 2. The calculated structure factdfs fered are compared  starting from the “emptied” clathrate form containingDCB
in Table 3 to the experimental structure factdfs)(evaluated through a closer approach of the polymer chains alongthe (
from the X-ray fiber diffraction pattern of Figure 1a. A good + a/2) direction (the distance between their chain axes passes
agreement is apparent; the discrepancy factét is 15% for from 12.5 to 7.7 A), accompanied byc# shift of alternating
all observed reflections. polymer chains along the axis (so that the phenyl rings of a
Packing Analysis. The proposed model may be described chain interlock with those of adjacent chains of opposite
by a stacking of layers of alternating right- and left-handed chirality). As a consequence, new short distances arise between
helical chains in the plane defined by thexis and thelf + lateral groups of chains belonging to different layers that are
a/2) direction. Within each layer, polymer helices are efficiently re|axed through the retreat of the layers revealed by an increase

packed through aniriterdigital structuré in which phenyl rings of the distance between them from 9.9 to 11.7 A.
belonging to one chain interlock with the phenyl rings of the

two adjacent chains of opposite chirality (see Figures 2b and This behav_ior is different from that observed for the clathrates_
3). This kind of packing generates CsfCsp® and methyt- of sPS. Also in those cases, acetone can be used as an emptylng
Csp? carbon atom nonbonded distances (between pheny! rings29€nt. but at variance withPPMS, those clathrate forms give
belonging to adjacent enantiomorphous helices) in the range'iS€ to an emptied nanoporous form, théorm, characterized
3.4-3.6 A, as shown in Figure 3. These distances can be Py @ crystal structure basically identical to that of the clathrate
justified by taking into account the fact that the phenyl rings from which it has been obtained, in whichclass cavities are
are arranged in parallel planes, similarly to what happens in Still present even if with a smaller voluntéThese cavities can
graphite crystals. The interlocking of the phenyl rings is likely host small guest molecules (like dichloroeth&he)ithout
to be the cause for the slightly greater value oftais found modifying significantly the unit cell dimensions or bigger
for this form (8.1 A) with respect to that usually found for the molecules (likeo-DCB)? varying properly the cell paramete¥s.
clathrate structures of the same polymer whose structure hasAs a consequence, the crystalline density of the nanoparous
been determined up to now (780.1 A). All the other distances ~ form is 0.98 g/crd, noticeably lower than the density of
between carbon atoms of the same layer are equal to or greateamorphous samples (1.05 g/ It is worth noting that, by
than 3.6 A. Distances between atoms belonging to chains of annealing at temperatures higher thgnof s-PS &100 °C),
different layers are greater than 3.7 A. the 6 form gives rise to the thermodynamically more staple
Figure 2 shows also a comparison between the crystal form (experimental density 1.07 g/éfor samples with a degree
structure proposed for the form | efPPMS (Figure 2a,b) and  of crystallinity of nearly 45%}%3 CDV
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(a) (b)

Figure 4. Possible disorder present in the proposed structure of the form | of s-PPMS. In (a), the completely ordered sucoebsibra/@)
layers of chains is represented (see also Figure 2a) according R@lassymmetry, while in (b), a possible fault is representeds Rght-handed,
L = left-handed helices. The approximate fractional coordinatesf the barycenters of the phenyl rings are also shown.

Reasonably, this is a consequence of the fact that the crystal
structure of thed form represents a metastable structure,
corresponding to a local relative minimum of energy, close to
the structure of the-PS clathrates deprived of the solvent from
which they have been obtained (as indicated by the calculations
reported by one of us in Table 3 of ref 11). Unluckily, this ©
situation does not happen in the case of ¢helass clathrate
forms ofssPPMS, for which the removal of the solvents brings
directly a very efficient packing of the chains that were
delimiting the cavities. Therefore, in the casessPPMS, an
analogous “empty” form does not exist. ®)

Possible Disorder.As apparent from Table 3, the suggested
structural model for the form | o§-PPMS is characterized by
a good agreement with the observed experimental data, but it
produces also some calculated but not observed reflections @
slightly greater than the lowest observed one (see column I SR S
Fc_ordereg. These calculated reflections are all on the layer lines >0 15200 25 30035
and for @ greater than 20 This fact leads us to suppose the 20 (deg)
presence of some kind of disorder in the structure, mainly related Figure 5. Comparison between experimental X-ray powder diffraction
to thez coordinate of the atoms. A possible disorder compatible profile of the sample of s-PPMS form |, reported in Figure 1b, after
with this kind of layered structure is a random translation of the subtraction of the amorphous halo (curve a) and the diffraction

(a/2 + b) of each layer with respect to the others. An example Profiles calculated for the ordered model of Figure 2a, b (curve b) and
of this kind of disorder is shown in Figure 4 for the completely disordered one (curve c). See text for details.

This kind of disorder is certainly compatible with the
proposed crystal structure because, for the “ordered” and columnFc¢ oreredOf Table 3). The best compromise, for which
“disordered” structure, both the smallest nonbonded distancesthe lowest discrepancy factdR is obtained € 13%), ac-
(3.7 A) between atoms of polymer helices belonging to different companied by a decrease of the calculated but not observed
layers and the packing energy remain basically unaltered. Thereflectionshkl with h = 2n + 1, is the introduction of a partial
expected consequence of this disorder is the lowering (until disorder of 15% of the layers shifted with respect to the ordered
reaching zero for a complete statistical case) of the calculatedstructure (see columB¢_gisorderecOf Table 3).
intensity for layer line reflectiondkl with h = 2n + 1. This ) ) )
fact is beneficial for the most of the calculated but not observed An alternative representation of the effect of a possible
reflections discussed before, while the unique strong reflection disorder of this type on the diffraction pattern is given in Figure
observed on the first layer line (indexed as 62 201) would 5, where there are reported the experimental diffraction pattern
remain unaltered. At the same time, this fact would improve (after the subtraction of the amorphous contribution) of the
the agreement with the experimental data of the first reflection unoriented sample of form | (Figure 5a) of Figure 1b, the
at 20 = 26.8 on the second layer line (see Table 3). The only calculated one obtained from the proposed model (Figure 5b)
“negative” consequence of the introduction of this kind of and the calculated diffraction pattern corresponding to the limit
disorder would be a too low calculatdel for the second disordered model in which each site is occupied at 50% by a
observed reflection attP= 28.6° on the second layer line (see right- and a left-handed polymer chain (Figure 5c). CDV
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Conclusions (6) Ruiz de Ballesteros, O.; Auriemma, F.; De Rosa, C.; Floridi, G.;
. . . Petraccone, VPolymer1998 39, 3523-3528.
The crystalline structure of form | &-PPMS is described. (7) Petraccone, V.; La Camera, D.; Pirozzi, B.; Rizzo, P.; De Rosa, C.
The structure presents a monoclinic unit cell watk= 24.5 A, Macromoleculest998 31, 5830-5836.
b=124 A ,c=8.1A, andy = 143.5, in which s(2/1)2 (8) Petraccone, V.; La Camera, D.; Caporaso, L.; De RosaMatro-

| hai ked ding to th Y molecule200Q 33, 2610-2615.
polymer chains are packed according to the space gPaup. (9) La Camera, D.; Petraccone, V.; Artimagnella, S.; Ruiz de Ballesteros,

The proposed model may be described by a stacking of layers 0. Macromolecule2001, 34, 7762-7766.
of alternating right- and left-handed helical chains. Within each (10) Petraccone, V.; Tarallo, Qdacromol. Symp2004 213 385-394.

. . S (11) De Rosa, C.; Guerra, G.; Petraccone, V.; PirozzBcromolecules
layer, polymer helices are efficiently packed through &m 1007 30, 4147-4152.

terdigital structuré in which phenyl rings belonging to one  (12) Guerra, G.; Milano, G.; Venditto, V.; Musto, P.; De Rosa, C.; Cavallo,
chain interlock with the phenyl rings of the two adjacent chains L. Chem. Mater200Q 12, 363-368.

of opposite chirality. The proposed structure seems strictly (13) Milano, G.; Venditto, V.; Guerra, G.; Cavallo, L., Ciambelli, P.;

. . Sannino, DChem. Mater2001, 13, 1506-1511.
related to that of the class clathrate forms in the sense that it (14) Mensitieri, G.: Venditto, V.: Guerra, Gens. Actuators, BOO3 92

could be obtained starting from the “emptiedtlass clathrates 255-261.
through a closer approach of the polymer chains along the (15) Zambelli, A.; Longo, P.; Pellecchia, C.; Grassi, Macromolecules

iraetian i i it i ; 1987, 20, 2035-2037.
d|rect|on_|n_wh|ch the cavities are formed until the phenyl rings (16) Cromer, . T.. Mann. J. Bicta Crystallogr., Sect. A968 24, 321—
of a chain interlock with those of adjacent chains of opposite 324.

chirality. The obtaining of this structure could explain why (17) Sun, HJ. Phys. Chem. B998 102, 7338-7364.
s-PPMS does not give rise to a nanoporous form as observed(18) giZZO, P-BRllljithe Ba”es\t/efcisytoé El)e ROZS&,) élilA;;fsnjfg%igF-: La
; amera, D.; Petraccone, V.; Lotz, Bolymer. , .
in the case 08-PS0 form. (19) The crystalline density of form | is compared to the experimental one
. . o determined for completely amorphous samples obtained by compres-
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