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’ INTRODUCTION

Biological macromolecules such as proteins1 and DNA2 form
one-handed helical structures that influence their functions in
living systems. Inspired by this exquisite helix, many researchers
have been motivated to develop fully synthetic helical polymers
with controlled helicity. So far, a large number of helical polymers
have been synthesized and utilized as chiral materials because of
their one-handed helicity.3 Another important feature resulting
from the helical structure is the capability of the polymers to
include molecules in the inner helix. Amylose, a natural poly-
saccharide, is well-known to have a left-handed helical structure
in aqueous solutions and to form an inclusion complex with
iodine by encapsulating iodine molecules in its helical cavity; this
is the so-called “starch�iodide complex”.4 Amylose has also been
reported to form inclusion complexes not only with low-molec-
ular-weight organic compounds5 but also with synthetic poly-
mers.6 Some natural polysaccharides are now known to be helical
host molecules.4�7 However, inclusion complexes with synthetic
helical polymers as the host are still rare.

Syndiotactic poly(methyl methacrylate) (st-PMMA) has been
reported to form a thermoreversible physical gel in specific
organic solvents such as toluene, in which the st-PMMA chain
adopts a helical structure.8 Kusuyama et al. proposed a 74/4
(= 18.5/1) helical model for the st-PMMA helix induced by
organic solvents on the basis of X-ray analysis.9 The inner
diameter of the helix was reported to be ∼1 nm, and hence,
solvent molecules are encapsulated in the large cavity. Since the
solvent molecules are essential to form the helix, the helical
structure is lost once the solvents are completely removed by
evaporation in vacuum.9 Additionally, Saiani and Guenet re-
ported the existence of an irregular double st-PMMA helix in a

gel on the basis of small-angle neutron scattering analysis, in
which the 74/4 single helix is included in an irregular helix.10 So
far, the unique st-PMMA helical structure has been extensively
studied by using IR,8d,11 NMR,8a�c,12

fluorescence,13 X-ray,9,14

light scattering,13,14b rheological,11,13 and thermal analyses.10b

Recently, it was found that fullerenes such as C60, C70, and C84

are encapsulated within the helical cavity of st-PMMA to form
robust, processable, crystalline inclusion complexes.15,16 Atomic
force microscopy (AFM) and transmission electron microscopy
(TEM) studies of a st-PMMA/C60 inclusion complex prepared
through the Langmuir�Blodgett technique revealed a one-
dimensional alignment of the C60 molecules in the st-PMMA
helix.15 On the basis of the previous report, we anticipated that
the nanospace of the st-PMMA helix would serve as a novel
helical host to various guest molecules. In this study, we inves-
tigated inclusion complex formation between st-PMMA and
polycyclic aromatic hydrocarbons (PAHs), which are used as
novel guest molecules. We found that some PAHs such as pyrene
and phenanthrene can be encapsulated within the st-PMMA
helical cavity, leading to crystalline inclusion complexes with
molecular alignment of the guest molecules.

’EXPERIMENTAL SECTION

Materials. The st-PMMA was synthesized by the syndiotactic-
specific polymerization of MMA in toluene at �95 �C using a typical
Ziegler-type catalyst derived from Al(C2H5)3 and TiCl4.
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ABSTRACT: We found that polycyclic aromatic hydrocarbons
(PAHs) such as pyrene and phenanthrene can be encapsulated in
a syndiotactic poly(methyl methacrylate) (st-PMMA) helical
cavity, leading to the formation of a crystalline inclusion complex.
The inclusion complex of st-PMMA and pyrene (st-PMMA/
pyrene) was prepared from the st-PMMA gel formed in a toluene
solution of pyrene by drying under vacuum at room temperature
for 12 h and at 160 �C for 1 h. The st-PMMA/pyrene inclusion
complex containing 19 wt % pyrene showed a characteristic reflection pattern in its X-ray diffractogram and a melting point of
184.4 �C in differential scanning calorimetry experiments. Molecular modeling of the inclusion complex based on the pyrene
content indicated that the encapsulated pyrenemolecules are closely aligned in the st-PMMAhelix. The st-PMMA/pyrene inclusion
complex film containing 10 wt % pyrene showed a fluorescence emission because of the formation of a pyrene excimer in the
complex, supporting the inference of one-dimensional alignment of the guest molecules in the st-PMMA helical cavity.
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PMMA was prepared by the isotactic-specific anionic polymerization of
tert-butyl methacrylate in toluene at �78 �C with (1,1-diphenyl-3-met-
hylpentyl)lithium,18,19 followed by hydrolysis of the pendant esters19,20

and methylation with diazomethane.20,21 The number-average molecu-
lar weights (Mn), molecular weight distributions (Mw/Mn), and tacti-
cities (mm:mr:rr) are as follows: st-PMMA Mn = 648 000, Mw/Mn =
1.34, and mm:mr:rr = 0:6:94; it-PMMA Mn = 489 000, Mw/Mn = 1.12,
and mm:mr:rr = 96:4:0. The Mn and Mw/Mn values were measured by
size exclusion chromatography (SEC) in CHCl3 using PMMA standards
(Shodex, Tokyo, Japan) for the calibration. The tacticity was determined
from the 1H NMR signals due to the R-methyl protons. Toluene,
anthracene, phenanthrene, pyrene, and peryrene were purchased from
Wako Chemicals (Osaka, Japan) and were used as received.
Instruments. NMR spectra were recorded on a Varian Mercury

300 spectrometer (300 MHz for 1H) in CDCl3 using tetramethylsilane
(TMS) as the internal standard. Absorption spectra were measured in a
0.1 or 0.2 mm quartz cell by use of a JASCO (Hachioji, Japan) V-500
spectrophotometer. Photoluminescence spectra were recorded on a
quartz plate by use of a JASCO FP 6500 spectrofluorometer. Differential
scanning calorimetry (DSC)measurements were conducted on a Rigaku
(Tokyo, Japan) Thermo Plus 2 DSC-8230 under a nitrogen atmosphere
at the heating or cooling rate of 10 �C/min. X-ray measurements were
performed with a Rigaku R-AXIS VII system (Rigaku, Tokyo, Japan)
equipped with a Rigaku FR-E rotating-anode generator with confocal
mirror monochromated Cu KR radiation (0.154 18 nm) focused
through a 0.5 mm pinhole collimator, which was supplied at 45 kV
and 45 mA current, equipped with a flat imaging plate having a
specimen-to-plate distance of 300 mm. Molecular modeling, molecular
mechanics (MM), and molecular dynamics (MD) calculations were
performed using Materials Studio software (version 4.0, Accelrys Inc.,
San Diego, CA).
Preparation of st-PMMA/Pyrene Inclusion Complex Film.

A typical experimental procedure is as follows. 10 mg of st-PMMA was
dissolved in toluene (1 mL) containing 2.5 mg of pyrene at 110 �C. After
the solution was cooled to room temperature, the solution gelled within
a few minutes. The st-PMMA/pyrene inclusion complex film was
obtained by evaporating the solvent under reduced pressure at room
temperature for 12 h followed by further drying under vacuum at 160 �C
for 1 h. Pyrene may sublime during the drying process, affording film
with lower pyrene content than the theoretical content calculated from
the feed content. The exact pyrene content was estimated to be 19 wt %
on the basis of its 1H NMR spectrum. In the same way, st-PMMA/
pyrene inclusion complex films with various pyrene contents were
prepared.
Preparation of st-PMMA/Phenanthrene Inclusion Com-

plex Film. The st-PMMA (10 mg) was dissolved in a toluene solution
of phenanthrene (2.5 mg/mL, 1 mL) by heating at 110 �C. After cooling
to room temperature, the solution gelled within a few minutes. The
st-PMMA/phenanthrene inclusion complex film was obtained by drying
the gel under vacuum at room temperature for 12 h and at 120 �C for 1 h.
The exact phenanthrene and residual toluene contents were estimated to
be 19 and 0.5 wt %, respectively, by 1H NMR analysis.
Molecular Modeling of st-PMMA/Pyrene Inclusion Com-

plex. The geometrical parameters of the reported st-PMMA helix were
referred for the construction of an initial 74/4 st-PMMA helix model.9,15

Based on the X-ray diffraction (XRD) results for st-PMMA/solvent
inclusion complexes,9 the unit height and unit twist of the st-PMMA
helix were calculated to be 0.4784 Å and 19.459�, respectively. The bond
lengths and bond angles of the st-PMMA main chain were set to 1.54 Å
and 109.5�, respectively. According to Miyazawa’s equation,22 the two
dihedral angles were then calculated to be �127.92� and 132.96�. The
side-chain conformations were assumed to take trans and cis conforma-
tions to the R-methyl group, based on the IR analysis by Tretinnikov
et al.23 The initial model was optimized by using MM calculations with

COMPASS force field.24 Pyrene molecules were manually inserted into
the optimized st-PMMA helix so as to form a st-PMMA/pyrene inclu-
sion complex, in which the distance between the encapsulated pyrene
molecules was kept constant at 4.12 Å. This spacing is required to satisfy
the maximum pyrene content of 19 wt % determined by the DSC
analysis. Optimization of the st-PMMA helix was then carried out by
MM calculations with the COMPASS force field under the condition
that the coordinate of pyrene molecules was fixed. MD simulations were
performed for the model using an NTV ensemble.

’RESULTS AND DISCUSSION

Formation of the Inclusion Complex of st-PMMA and
Pyrene. The st-PMMA/C60 inclusion complex is obtained as a
gel by dissolving st-PMMA in a toluene solution of C60 by
heating at 110 �C and then cooling to room temperature.15 The
st-PMMA/C60 condensed gel is precipitated through centrifuga-
tion, and the supernatant becomes colorless because the C60

molecules are spontaneously encapsulated in the st-PMMA
helical cavity. The inclusion complex formation can be mon-
itored quantitatively throughUV�vis analysis of the supernatant.
First, we attempted to form inclusion complexes between the

st-PMMA gel with toluene and various PAHs, as shown in
Figure 1. The st-PMMA was dissolved in a toluene solution of
PAH (st-PMMA 10 mg, PAH 2.5 mg, toluene 1 mL) by heating
at 110 �C. The solution gelled within a few minutes after cooling
to room temperature. The obtained gel was centrifuged and the
supernatant was analyzed using UV�vis spectroscopy. However,
the concentration of PAH in the supernatant did not change from
that of the feed solution, indicating that spontaneous inclusion
complex formation with the PAH did not occur in toluene.
In an st-PMMA gel with toluene, the toluene molecules are

encapsulated in the st-PMMA helical cavity to form the st-
PMMA/toluene inclusion complex. When C60 is present in the
gel, the st-PMMA/C60 inclusion complex is formed.15 Therefore,
it is considered that the affinity of C60 for the st-PMMA helix is
higher than that of toluene. In the case of PAHs, their affinities for
st-PMMA may be equal to or lower than that of toluene;
consequently, inclusion complex formation between the PAHs
and st-PMMA was not observed in the presence of toluene
molecules.
Therefore, we tried to prepare inclusion complexes of

st-PMMA and PAHs by removing the toluene molecules from
the st-PMMA gel formed in the toluene solution of pyrene. The
st-PMMA gel containing pyrene was prepared by dissolving
st-PMMA in a toluene solution of pyrene by heating at 110 �C and

Figure 1. Chemical structures of various PAHs.



3454 dx.doi.org/10.1021/ma200255m |Macromolecules 2011, 44, 3452–3457

Macromolecules ARTICLE

then cooling to room temperature (st-PMMA 10 mg, pyrene
2.5 mg, toluene 1 mL). Then, a film was obtained by drying the
gel under vacuum at room temperature for 12 h; this film
contained ∼15 wt % toluene, as estimated from its 1H NMR
spectrum. The film was further dried at 160 �C for 1 h to remove
the solvent completely. After the drying process, the residual
toluene content in the film was estimated to be less than 0.3 wt %.
Other st-PMMA films containing different PAHs and a pristine
st-PMMA film without PAH were prepared in the same way.
Figure 2 shows the X-ray diffraction (XRD) profiles of the

obtained films. The pristine st-PMMA film showed a broad XRD
pattern, as is typical for amorphous st-PMMAs (Figure 2a); this
indicates that the st-PMMA helical structure was disrupted once
the solvent had been completely removed by drying under
vacuumat 160 �C for 1 h.15 Similarly, the st-PMMA films containing
anthracene, phenanthrene, and peryrene showed broad reflections
corresponding to amorphous st-PMMAs, indicating that inclusion
complexes were not formed (Figure 2b,c,e). Although sharp reflec-
tions are observed in the st-PMMA film containing peryrene (e),
these correspond to peryrene crystals (i). In contrast, the st-PMMA
film containing pyrene revealed a characteristic XRD pattern
(Figure 2d) that is completely different from those of the pristine
st-PMMA film (Figure 2a) and pyrene powder (Figure 2h), but
which is similar to the previously reported XRD pattern of the
st-PMMA/C60 inclusion complex,

15 suggesting the formation of an
inclusion complex between st-PMMA and pyrene.
Further evidence for the formation of the st-PMMA/pyrene

inclusion complex was found in its characteristic differential
scanning calorimetry (DSC) thermogram. St-PMMA/pyrene
films with various pyrene contents were prepared and subjected
to DSC analysis (Figure 3). The pristine st-PMMA film showed a
glass transition temperature (Tg) of 124.3 �C but did not show a
melting point (Tm), indicating an amorphousmaterial (Figure 3a).On
the other hand, the st-PMMA/pyrene film containing 10 wt %

pyrene revealed a Tm at 165.3 �C with an endothermic heat
(ΔH) value of 10.0 J/g (Figure 3b) corresponding to the st-
PMMA/pyrene inclusion complex, which was essentially differ-
ent from the melting point of pyrene (Tm = 153.1 �C, Figure 3g).
Increasing the pyrene content up to 19 wt % brought about an
increase in the crystallinity, a shift in the Tm to over 180 �C, and
an increase in ΔH (Figure 3c,d). Further increasing the pyrene
content caused ΔH to decrease, while the Tm value of the
complex was maintained at ∼185 �C. In addition, we notice
the appearance of an endothermic peak at ∼150 �C in Figure 3e,f,
corresponding to crystals of pyrene. Parts a and b of Figure 4
show the changes in theTm andΔH values, respectively. TheΔH
goes through a maximum at 19 wt % pyrene content, whose
stoichiometry is 1.2 pyrene molecules per 10 monomeric units
of PMMA.10b This result suggests that the st-PMMA helical
cavity was filled with pyrene molecules at this pyrene content
(19 wt %), which is slightly lower than the maximumC60 content
(23.5 wt %) for the st-PMMA/C60 inclusion complex reported
previously.15

The st-PMMA/pyrene inclusion complex was obtained from
the st-PMMA gel formed in the toluene solution of pyrene by
drying under vacuum at room temperature for 12 h and at 160 �C

Figure 2. XRD profiles of st-PMMA (a), st-PMMA/anthracene (b),
st-PMMA/phenanthrene (c), st-PMMA/pyrene (d), and st-PMMA/per-
yrene (e) films, and anthracene (f), phenanthrene (g), pyrene (h), and
peryrene (i) powders. The films were prepared by dissolving st-PMMA in a
toluene solution of PAH (st-PMMA10mg, PAH2.5mg, toluene 1mL) by
heating at 110 �C, cooling to room temperature, and drying under vacuum
at room temperature for 12 h and then at 160 �C for 1 h.

Figure 3. DSC thermograms of the st-PMMA film (a), the st-PMMA/
pyrene films containing 10 (b), 14 (c), 19 (d), 26 (e), and 50 wt % (f)
pyrene, and pyrene powder (g). The st-PMMA/pyrene films were
prepared by dissolving st-PMMA in a toluene solution of pyrene by
heating at 110 �C, cooling to room temperature, and drying under
vacuum at room temperature for 12 h and then at 160 �C for 1 h. The
pyrene contents were determined by 1H NMR analysis.
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for 1 h.We investigated the influence of the drying process on the
inclusion complex formation. An st-PMMA film without pyrene
was prepared by drying st-PMMA/toluene gel (st-PMMA 10mg,
toluene 1 mL) under vacuum at room temperature for 12 h. The
residual toluene content was estimated from its 1H NMR
spectrum to be∼18 wt %. XRD of the film revealed a character-
istic reflection pattern corresponding to the st-PMMA/solvent
inclusion complex (Figure 5a).14 After drying at 160 �C for 1 h,
the film, containing less than 0.3 wt % toluene, showed a broad
XRD pattern as mentioned above (Figure 2a) because the
induced helical conformation of the st-PMMA chains in the gel
formed in toluene was disrupted when the solvent was removed.9,15

An st-PMMA/pyrene film containing ∼15 wt % toluene was
prepared from the st-PMMA gel formed in the toluene solution
of pyrene (st-PMMA 10 mg, pyrene 2.5 mg, toluene 1 mL) by
drying under vacuum at room temperature for 12 h. Figure 5b
shows the XRD profile of this film; the profile shows sharp
reflections (indicated by the arrows) corresponding to crystals of
pyrene, similar to those observed in Figure 2h. This result
indicates that the pyrene molecules were not encapsulated in
the st-PMMA helical cavity at this stage. After further drying at
160 �C for 1 h, the sharp reflections due to the pyrene crystals
disappeared, and new reflections corresponding to the st-
PMMA/pyrene inclusion complex appeared (Figure 2d).
After melting (by heating above Tm), the st-PMMA/pyrene

inclusion complex showed a Tg at∼110 �C but did not show an
endothermic peak corresponding to Tm, as observed in the DSC
measurement during the second heating process (Figure S1b in
Supporting Information). Even after annealing at 160 �C for 15
h, Tm was not observed (Figure S1c in Supporting Information).
Therefore, it is considered that the prior formation of the
st-PMMA helical structure induced by toluene (formation of
the st-PMMA/toluene inclusion complex) is essential for the
formation of the st-PMMA/pyrene inclusion complex.
On the basis of these results, we propose a possible mechanism

for the formation of the inclusion complex of st-PMMA and
pyrene from the gel with toluene (Figure 6). In the toluene
solution of pyrene, the st-PMMA adopts a helical conformation,
which is accompanied by encapsulation of the toluene molecules
within the inner helix, resulting in gelation (Figure 6b). After
drying the gel under vacuum at room temperature, a mixture of
the st-PMMA/toluene inclusion complex and pyrene crystals is

obtained (c). By drying the film further at 160 �C under vacuum,
the residual toluene molecules evaporate, while the pyrene melts
at this temperature (melting point of pyrene: 145�148 �C).
Therefore, the molten pyrene is encapsulated in the st-PMMA
helical cavity instead of the toluene molecules, affording the st-
PMMA/pyrene inclusion complex (d). The drying process at
160 �C is required not only to evaporate the encapsulated toluene
molecules but also to melt the guest molecules.
Preparation of st-PMMA/Phenanthrene Inclusion Com-

plex. The drying process strongly affects the formation of the
st-PMMA/pyrene inclusion complex from the mixture of the
st-PMMA gel with toluene and pyrene. The drying temperature
should be higher than the melting point of the guest but lower
than that of the inclusion complex. Bearing this finding in mind,
we succeeded in preparing an st-PMMA/phenanthrene inclusion
complex containing 19 wt % phenanthrene from the st-PMMA
gel formed in the toluene solution of phenanthrene (st-PMMA
10 mg, phenanthrene 2.5 mg, toluene 1 mL) by drying under
vacuum at 120 �C (the residual toluene content was estimated to
be 0.5 wt % by 1H NMR). The film containing st-PMMA and
phenanthrene prepared by drying at 160 �C showed an amor-
phous XRD pattern (Figure 2c), whereas the one prepared by
drying at 120 �C showed a characteristic XRD pattern corre-
sponding to the inclusion complex (Figure 7a). The DSC ther-
mogram of the st-PMMA/phenanthrene inclusion complex film
also showed an exothermic peak at 123.9 �C corresponding to
the melting point of the complex (Figure 7b), thus confirming
the formation of the inclusion complex. On the other hand,
anthracene and peryrene did not form inclusion complexes even
when the drying temperature was varied in the range
120�220 �C, probably because the melting points of anthracene
and peryrene are higher than the expected melting points of the
st-PMMA inclusion complexes.
Array of Guest Molecules within the st-PMMA Helical

Cavity. From the DSC analysis mentioned above (Figures 3
and 4), it was suggested that the st-PMMA/pyrene inclusion
complex film containing 19 wt % pyrene had high crystallinity
and that the st-PMMA helical cavity was filled with pyrene
molecules at this pyrene content. Molecular modeling of the

Figure 4. Changes in Tm (a) andΔH (b) values of blends of st-PMMA
and pyrene as a function of the pyrene content.

Figure 5. XRD profiles of st-PMMA (a) and st-PMMA/pyrene (b)
films containing 18 and 15 wt % toluene, respectively. The st-PMMA
film was prepared from the st-PMMA gel with toluene by evaporating
the solvent under vacuum at room temperature for 12 h. The st-PMMA/
pyrene film was prepared from the st-PMMA gel formed in the toluene
solution of pyrene by evaporating the solvent under vacuum at room
temperature for 12 h.
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st-PMMA/pyrene inclusion complex was performed in accor-
dance with these results. The st-PMMA 74/4 helix was con-
structed on the basis of the XRD results of st-PMMA/solvent
inclusion complexes reported by Kusuyama et al.9 Subsequently,
pyrene molecules were manually inserted into the helix so as to
satisfy the maximum pyrene content of 19 wt % determined by

DSC analysis. The st-PMMA helix was then optimized by molec-
ular mechanics (MM) calculations with the COMPASS force
field.24 The model constructed is shown in Figure 8; the pyrene
molecules were stacked in the st-PMMA helix and the distance
between them was 4.12 Å, suggesting their one-dimensional
alignment. Molecular dynamics (MD) simulations of the st-
PMMA/pyrene inclusion complex using an NTV ensemble
revealed that the encapsulated pyrene molecules remain within
the st-PMMAhelical cavity even at 400 K for 200 ps (Figure S2 in
Supporting Information), which indicates the high thermal
stability of the complex.
On the basis of the molecular modeling, it is proposed that the

pyrene molecules are encapsulated in the st-PMMA helix to form
a regular one-dimensional array. Pyrene is known to form an
excited-state dimer (excimer) upon close encounter with another
pyrene molecule. Therefore, it was anticipated that the st-
PMMA/pyrene inclusion complex might reveal excimer fluores-
cence properties. Figure 9a shows the photoluminescence spec-
trum of an st-PMMA/pyrene inclusion complex containing
10 wt % pyrene, formed on a quartz plate. The film revealed a
fluorescence emission due to the pyrene excimer at 462 nm,
whereas a mixture film of isotactic PMMA (it-PMMA) and
pyrene prepared under the same conditions mainly showed a

Figure 6. Schematic illustration of a possible mechanism for the formation of the inclusion complex of st-PMMA and pyrene from the toluene gel.

Figure 7. XRD profile (a) and DSC thermogram (b) of the st-PMMA/
phenanthrene film prepared from the st-PMMA gel formed in the
toluene solution of phenanthrene by drying under vacuum at room
temperature for 12 h and at 120 �C for 1 h.

Figure 8. Possible structure of the st-PMMA/pyrene inclusion complex
containing 19 wt % pyrene (left: side view; right: top view).

Figure 9. Photoluminescence (excitation wavelength = 337 nm) spec-
tra of st-PMMA/pyrene (a, solid line) and it-PMMA/pyrene (b, dashed
line) films. The pyrene content was 10 wt %.
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monomeric fluorescence emission at around 390 nm (Figure 9b).
This result supports the conclusion that the encapsulated pyrene
molecules in the st-PMMA helical cavity are closely aligned.
In summary, we have found that some PAHs such as pyrene

and phenanthrene can be encapsulated in the st-PMMA helical
cavity, leading to the formation of crystalline inclusion com-
plexes. In order to form the st-PMMA/PAH inclusion complex,
prior formation of the st-PMMA/toluene inclusion complex is
essential. The high-temperature drying process conditions are
also crucial: the temperature should be higher than the melting
point of the guest species but lower than that of the correspond-
ing st-PMMA/PAH inclusion complex. The formation process is
quite different from that of the st-PMMA/C60 inclusion complex
reported previously.15 The st-PMMA/pyrene inclusion complex
film was obtained from the st-PMMA gel formed in the toluene
solution of pyrene by drying under vacuum at room temperature
for 12 h and at 160 �C for 1 h; the complex formed showed a
characteristic XRD reflection pattern and a melting point over
180 �C fromDSCmeasurements. The maximum pyrene content
was estimated to be 19 wt % from the DSC analysis. Molecular
modeling based on the maximum content implied that the
encapsulated pyrene molecules are closely aligned in the st-
PMMA helical cavity. The st-PMMA/pyrene inclusion complex
film containing 10 wt % pyrene showed a fluorescence emission
due to a pyrene excimer formed in the st-PMMA helix, support-
ing the one-dimensional alignment of the guest molecules. By
using the methodology developed here, other molecules may be
encapsulated in the st-PMMA helical cavity, which can serve as a
one-dimensional host to array the guest molecules. This techni-
que could provide advanced polymeric materials with unique
characteristics based on the arrayed guest species.

’ASSOCIATED CONTENT

bS Supporting Information. DSC thermograms of the
st-PMMA/pyrene film after melting and MD simulations of
the st-PMMA/pyrene inclusion complex. This material is avail-
able free of charge via the Internet at http://pubs.acs.org.
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