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Effect of the Solvent on the Conformation of Isolated
MEH-PPV Chains Intercalated Into SnS2
Eyal Aharon,[a] Steffen Breuer,[b] Frank Jaiser,[b] Anna Kçhler,[b, c] and Gitti L. Frey*[a]

Introduction

Conjugated polymers have been the subject of extensive aca-
demic and industrial research efforts due to their promising
potential for use as active layers in electronic and optoelec-
tronic devices.[1, 2] In these various applications it has been
found that in addition to the intrinsic chemical properties of
the polymers, the device performance is strongly dependent
on the conformation of the polymer chains and the inter-chain
interactions.[3–5] For example, p–p interactions between neigh-
boring chains significantly reduce intermolecular distance and
affect processes such as charge transport and charge separa-
tion. Interactions between chromophores on neighboring
chains can lead to the formation of excimers, exciplexes or ag-
gregates with inefficient, unstructured red-shifted emission.[5–7]

Therefore, to understand the physical processes limiting the
performance of conjugated polymer devices it is necessary to
isolate the polymer chains so that the inter- and intra-chain in-
teractions are decoupled. Inter-chain interactions can be sup-
pressed by dissolving the conjugated polymer in extremely
dilute concentrations in a “good” solvent, such as xylene or
chloroform,[7–9] yet, this typically results in a chain conforma-
tion that differs from that present in a solid film. To gain in-
sight on the correlation between polymer conformation and
device performance, it is therefore necessary to obtain isola-
tion of the conjugated polymer chains in the solid state.

Several approaches have been reported for the isolation of
conjugated polymer chains in the solid state, including dispers-
ing the polymer chains at extremely dilute concentrations in
an insulating polymer matrix such as PMMA, polystyrene or
polyethylene;[10–12] threading the polymer chains through cy-

clodextrins;[13] or shearing the polymer chains between mica
plates.[14] Mechanical sheering of polymer powders can insert
defects into the polymer chains transforming them into entire-
ly different, non-conjugated species. Isolating conjugated mac-
romolecules in polyrotaxane architectures has been demon-
strated for judiciously designed short conjugated oligomers,
but will not be efficient to fully suppress interchain interactions
in commercially available, high molecular weight conjugated
polymers.[13,15] Dispersing dilute commercial conjugated poly-
mer chains in insulating polymer matrices, on the other hand,
is simple, but requires sophisticated measurements and expen-
sive experimental tools to detect the resulting low optical sig-
nals. Furthermore, the dispersed chains attain a wide and un-
controllable distribution of chain morphologies and conforma-
tions obscuring the desired structure–property correlation.
Therefore, to study the intra-molecular photophysical process-
es occurring in isolated conjugated polymer chains as a func-
tion of chain conformation, it is necessary to isolate a large
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Photophysical processes in conjugated polymers are influenced
by two competing effects : the extent of excited state delocaliza-
tion along a chain, and the electronic interaction between
chains. Experimentally, it is often difficult to separate the two be-
cause both are controlled by chain conformation. Here we dem-
onstrate that it is possible to modify intra-chain delocalization
without inducing inter-chain interactions by intercalating poly-
mer monolayers between the sheets of an inorganic layered
matrix. The red-emitting conjugated polymer, MEH-PPV, is con-
fined to the interlayer space of layered SnS2. The formation of
isolated polymer monolayers between the SnS2 sheets is con-
firmed by X-ray diffraction measurements. Photoluminescence ex-
citation (PLE) and photoluminescence (PL) spectra of the incorpo-
rated MEH-PPV chains reveal that the morphology of the incor-

porated chains can be varied through the choice of solvent used
for chain intercalation. Incorporation from chloroform results in
more extended conformations compared to intercalation from
xylene. Even highly twisted conformations can be achieved when
the incorporation occurs from a methanol :chloroform mixture.
The PL spectra of the MEH-PPV incorporated SnS2 nanocompo-
sites using the different solvents are in good agreement with the
PL spectra of the same solutions, indicating that the conforma-
tion of the polymer chains in the solutions is retained upon inter-
calation into the inorganic host. Therefore, intercalation of conju-
gated polymer chains into layered hosts enables the study of
intra-chain photophysical processes as a function of chain con-
formation.
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number of polymer chains all attaining the same chain confor-
mation.

Conformational control of a large population of isolated
chains can be achieved by geometrically restricting the poly-
mer chains into spatially well-defined voids of 3D or 2D porous
matrices.[16,17] In the latter, the conjugated polymers are incor-
porated into the inter-layer galleries of a layered compound.
The 2D layered host materials, such as clays, layered metal
oxides and layered metal chalcogenides, have sheet-like struc-
tures that are characterized by strong covalent bonds within
the layers and weak van der Waals forces between the layers.
Consequently, the interlayer space can be considerably sepa-
rated to incorporate guest polymers while preserving the in-
tegrity of the layer structure.[18] Several methodologies have
been developed for the incorporation of polymer chains into
the interlayer galleries of layered compounds including poly-
mer infiltration,[19] in-situ polymerization,[20] and exfoliation-ad-
sorption. In the latter, the host stacks are delaminated into
single layers, followed by their flocculation in the presence of
the guest polymeric species, effectively encapsulating the poly-
mer chains in between adjacent layers.[21]

Recently, a blue-emitting polymer, PFO (poly 9,9-dioctylfluor-
ene), was incorporated into the interlayer-space of layered sili-
cates[16] and layered sulfides.[22] In both cases, confining the po-
lymer chains within the spatially-limited planar gallery prevent-
ed the p-stacking of polymer chains. Decoupling of the inter-
and intra-chain interactions provided control over the opto-
electronic processes in the composites and corresponding de-
vices. Intercalation of PFO and MEH-PPV into layered silicates
improved its color purity and the luminescence stability, and
corresponding light emitting diodes (LEDs) showed an en-
hancement of exciton recombination and electroluminescence
efficiency compared to pristine polymer devices.[16,23,24] Co-in-
tercalation of blue, green and red emitting polymers into semi-
conducting[25] layered SnS2 resulted in simultaneous emission
from the three polymers, that is, white emission.[26] The white
photo- and electro-luminescence, an elusive challenge for or-
ganic light emitting diodes, was obtained due to the suppres-
sion of the efficient energy transfer between co-facially stacked
polymer chains when incorporated into the layered host.

Herein, we demonstrate that intercalation into layered hosts
can also provide control over the conformation of the incorpo-
rated isolated conjugated polymer chains by judicious selec-
tion of the solvent used for the polymer intercalation. In this
study, the red-emitting polymer, MEH-PPV [poly (2-methoxy-5-
(2’-ethyl-hexyloxy)-1,4-phenylene vinylene)] , is intercalated into
SnS2 from a variety of solvents and solvent mixtures. Photolu-
minescence excitation and photoluminescence spectra of the
incorporated polymer chains show that the conformation of
the polymer chain in solution is retained upon intercalation
into the inorganic host. More specifically, MEH-PPV chains in-
tercalated into SnS2 from chloroform showed more planar con-
formation, compared to those intercalated from o-xylene or a
methanol:chloroform mixture. Therefore, the conjugated poly-
mer/layered compound guest/host nanocomposites provide a
platform to study conformation-dependant photophysical pro-
cesses in conjugated polymer chains that contribute insights

to the design of organic optoelectronic devices with enhanced
performances.

Results and Discussion

The optical absorption and emission spectra of conjugated po-
lymer films depend on a variety of controllable parameters in-
cluding: the polymer molecular weight,[28] the deposition tech-
nique[29, 30] and parameters[31] , the nature of solvent used to
prepare the solutions from which the film is cast,[9, 32, 33] and the
concentration of the polymer in the solution.[3,34] The confor-
mation of MEH-PPV chains in dilute solutions depend on the
interactions between the polymer chains and the solvent mol-
ecules. MEH-PPV dissolves in both aromatic and non-aromatic
solvents such as xylene/toluene and chloroform, respectively,[32]

but the conformation of the dissolved chains depends on the
solvent. In toluene, for example, MEH-PPV chains tend to mini-
mize interactions with the solvent by backbone twists, while in
chloroform the polymer backbone has an extended conforma-
tion.[8,9] Consequently, the absorption and emission spectra of
dilute MEH-PPV solutions in xylene are weighted to the blue
compared to those with the same concentration but in chloro-
form, as shown in Figure 1. MEH-PPV solutions in chloroform

and o-xylene both show a broad absorption peak centered at
495 nm, associated with the fundamental p–p* transition, but
the o-xylene solution also shows significant contributions of
high-energy transitions in the wavelength range below
500 nm. These transitions originate from the twisted, shortly
conjugated MEH-PPV segments in o-xylene that are not pres-
ent in the chloroform solution.

The conformations of the MEH-PPV chains in solution are
partially preserved in the corresponding spun films, as evident
from the differences between the absorption spectra of films
spun from chloroform and o-xylene in the high energy
(<500 nm) region (Figure 1). However, these differences are

Figure 1. Room-temperature optical absorption spectra of MEH-PPV dilute
solutions, 0.01 mgmL�1, and corresponding spun films in chloroform (c)
or o-xylene (a).
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smaller than those observed for the solutions because solvent
evaporation during film forming induces conformation
changes and interchain interactions leading to more extended
conformations.[33,35] Therefore, to study the conformation-de-
pendent optical properties of isolated MEH-PPV in the solid
state, it is necessary to inhibit inter-chain interaction during
film processing. These conditions are achieved by intercalating
MEH-PPV into sterically restricted galleries of layered matrices.
The spatial confinement in the planar galleries hinders polymer
aggregation and p–p inter-chain interactions,[26] and was re-
cently shown to reduce excitation transfer compared to that in
a pristine polymer film.[36]

Incorporation of conjugated polymers into layered SnS2, a
wide-gap semiconductor transparent to MEH-PPV emission,[37]

was recently reported using the exfoliation-restack method.[26]

In this process, Li atoms are intercalated into the inter-layer
galleries of SnS2, followed by LixSnS2 exfoliation to form a sus-
pension of SnS2 single layers. Restacking the SnS2 layers in the
presence of MEH-PPV effectively encapsulates the polymer
chains between two adjacent SnS2 layers. Herein, MEH-PPV and
exfoliated SnS2 are co-assembled in three different solutions to
examine the influence of the solvent on the conformation of
the incorporated polymer chains. The selected solvents were
chloroform, o-xylene and a mixture of chloroform and metha-
nol (1:1 vol%), each known to influence the MEH-PPV confor-
mation in solution. Chloroform and xylene induce extended
and less extended conformations of MEH-PPV chains, respec-
tively.[8, 38,39] Addition of methanol, a poor solvent for MEH-PPV,
to a chloroform MEH-PPV solution, decreases the chains effec-
tive conjugation length and solubility, leading to a collapsed
coiled conformation.[9,40, 41] The restacked nanocomposite pow-
ders are subsequently washed in the same solvent used for
the nanocomposite restack to remove non-incorporated MEH-
PPV, and cast into thin films (see Experimental Section). A sche-
matic illustration of the exfoliation-restack process, along with
the chemical structure of MEH-PPV, is shown in Figure 2a.

X-ray measurements of the restacked films, Figure 2, confirm
that MEH-PPV is successfully intercalated into the interlayer
galleries of SnS2, regardless of the solvent used for the interca-
lation. The patterns of as-received SnS2 powder, and SnS2 re-
stacked without polymer in Figure 2b show an intense reflec-
tion at 5.8 L (2q=15.48), corresponding to the c-axis inter-
layer spacing of SnS2 single crystals.[18] The reflection broaden-
ing after exfoliation and restack indicates a reduction in the
number of layers in a SnS2 stack. A very broad weak reflection
in the vicinity of ~9 L (2q=108–118) is observed in the pattern
of the SnS2 restacked with no polymer, assigned to the interca-
lation of methanol molecules between the restacked SnS2

sheets.[42]

The patterns of SnS2 restacked with MEH-PPV in chloroform
or o-xylene in Figure 2b, show two additional strong new
peaks at ~11 L (2q~88), and ~5.5 L (2q~168), assigned to the
(001) and (002) reflections of MEH-PPV-incorporated SnS2.
These reflections are also noticeable, although weakly, in the
pattern of the film restacked with MEH-PPV from a 1:1 vol%
chloroform:methanol mixture. The expansion of the interlayer
spacings by ~5 L, to accommodate the MEH-PPV guest spe-

cies, is in good agreement with the c-axis expansion observed
for the intercalation of PANI[43] and polyfluorenes[22] monolayers
into layered hosts. Figure 2a shows a schematic illustration of
a MEH-PPV chain, in its stretched conformation, occupying
3.65 L,[44] with some free torsion along the polymer backbone,
incorporated between adjacent SnS2 layers. The scanning elec-
tron microscopy (SEM) image of the SnS2 thin film restacked
with MEH-PPV from chloroform, Figure 3, shows SnS2 platelets
with the c-axis aligned mainly perpendicular to the substrate.
This film morphology is typical of all exfoliated and restacked

Figure 2. a) Schematic illustration of MEH-PPV intercalation into the van der
Waals gap of SnS2, b) XRD patterns of as-received SnS2 powders and SnS2 ex-
foliated and restacked without or with MEH-PPV in different solvents.

Figure 3. SEM image of a SnS2 thin film restacked with MEH-PPV from
chloroform.
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SnS2 thin films used in this study, with or without polymer in-
tercalation.

The broad intercalation reflections in the X-ray patterns of
the MEH-PPV-incorporated SnS2 nanocomposites obscure the
correlation of the interlayer expansion with the conformation
of the incorporated chains. Similarly, scattering of light by the
inorganic host platelets precludes absorption spectra to be
taken. Therefore, the conformation of the intercalated MEH-
PPV chains was analyzed by photoluminescence excitation
spectroscopy (PLE). The PLE spectra were constructed by meas-
uring the photoluminescence spectrum as a function of excita-
tion wavelength, and plotting the area under the emission
peak as a function of excitation wavelength. This procedure
ensures that the PLE spectra correspond directly to the optical
absorption spectra. To allow for direct correlation of the PLE
spectra with the absorption spectra, PLE spectra were taken
from both nanocomposites and pristine MEH-PPV films, and
are presented in Figure 4. The PLE experiments were per-

formed at 5 K to substantially improve the signal-to-noise ratio
of the spectra. The absorption of MEH-PPV is well-known to
significantly shift to the red, and shows better resolved peaks
at reduced temperatures. For example, the room temperature
broad absorption band centered at about 500 nm (Figure 1),
shifts to 530 nm and a shoulder appears at 550 nm when the
temperature is reduced to 23 K.[45]

The PLE spectra taken from pristine MEH-PPV films, shown
in Figure 4 (bottom panel), closely resemble the reported low
temperature absorption spectra of MEH-PPV films.[45] The 5 K
PLE spectrum of the film spun from xylene is red shifted com-
pared to its room temperature absorption spectrum, and ex-
hibits shoulders around 565 and 530 nm. The 5 K PLE spectrum
of the film spun from chloroform shows a broad peak centered
at 550 nm, which is also red shifted compared to its room tem-
perature absorption spectrum, but does not show additional

high-energy contributions. The differences between the PLE
spectra of the pristine films deposited from xylene or chloro-
form reflect the different distribution of conjugation lengths
present in both films. In the case of the pristine films deposit-
ed from xylene, the short conjugated chain conformation of
the polymer chains in solution is partially retained in the films,
and hence, the PLE spectrum shows intense contributions in
the high-energy region. These high-energy transitions are less
abundant in the films deposited form chloroform due to the
more extended conformation of the chains in chloroform solu-
tions. Therefore, the PLE spectra of the pristine films presented
in Figure 4 are in good agreement with the absorption spectra
shown in Figure 1, and corroborate that films deposited form
chloroform include mainly extended conformations, while
those deposited form xylene include a high population of
short-conjugated segments retaining their solution conforma-
tion, and also extended conformations which were either pres-
ent in the solution or induced during film processing.

The type of solvent used for preparing the nanocomposites,
xylene or chloroform, also has a strong effect on the PLE spec-
tra, as shown in Figure 4 (top panel). However, while the type
of solvent used for the deposition of pristine films affects the
high-energy range (<530 nm) of the PLE spectrum, (Figure 4,
bottom panel) ; the PLE spectra of the nanocomposites pre-
pared form xylene or chloroform also differ significantly in the
low-energy region (>530 nm) (Figure 4, top panel). As for the
pristine films, the intense contributions in the high-energy part
of the xylene-prepared nanocomposite PLE spectrum are at-
tributed to the presence of MEH-PPV chains preserving their
xylene solution short-conjugated conformations upon interca-
lation into SnS2. These conformations are scarce in chloroform
solutions and are thus absent in the chloroform-prepared
nanocomposites.

The preservation of the xylene or chloroform solution con-
formations upon intercalation into the layered host from the
corresponding solutions is even more pronounced in the low-
energy region of the nanocomposites PLE spectra. In pristine
films, low-energy PLE spectra of xylene and chloroform are
comparable, representing a similar population of extended
conformations in both films. In contrast in the nanocompo-
sites, the intensity of the low-energy PLE signal is substantially
lower for samples prepared from xylene than for chloroform-
prepared nanocomposites. This suggests the nanocomposites
prepared from xylene contain only few chains with extended
conformations, in contrast to the situation in the pristine film.
In the xylene-deposited pristine film, extended conformations
can be induced by interchain interactions during solvent evap-
oration and film deposition.[3,35] During MEH-PPV incorporation
into SnS2, on the other hand, the spatial limitations imposed
by the �10 L interlayer spacing of the host suppress inter-
chain interactions, and hence sample processing does not
induce extended conformations. Consequently, the distribution
of MEH-PPV chain conformations in the solutions, xylene or
chloroform, are preserved upon intercalation into the layered
SnS2 matrix. In particular, they are not modified by interchain
interactions during film preparation. We conclude, therefore,
that judicious selection of the solvent used for the polymer in-

Figure 4. PLE spectrum (measured at 5 K) of MEH-PPV spun films and MEH-
PPV incorporated into SnS2. The polymer solvents used are chloroform (c)
or xylene (a).
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tercalation can provide control over the conformation of the
incorporated conjugated polymer chains.

The reduced interchain interactions during nanocomposite
preparation and film deposition, compared to those present
during pristine film deposition, are also evident by comparing
the PLE spectra of the pristine films (Figure 4, lower panel)
with those obtained from nanocomposite films prepared using
the same solvents (Figure 4, upper panel). In general, the in-
tensity in the low-energy region (for wavelengths longer than
550 nm) is reduced in the nanocomposite spectra compared to
the respective pristine film, leading to an overall apparent
~10 nm blue shift of the nanocomposite PLE spectra. This blue
shift is associated with the fact that, in contrast to pristine
films, nanocomposite processing does not induce extended
morphologies during solvent evaporation and film deposition.
Therefore, the low-energy transitions in the PLE spectra of the
nanocomposites are much weaker than those in the PLE spec-
tra of the corresponding pristine films.

The preservation of MEH-PPV solution conformations upon
incorporation into SnS2 is also demonstrated in the photolumi-
nescence spectra of the nanocomposites. The photolumines-
cence (PL) spectra of pristine polymer and nanocomposite
films prepared from chloroform, o-xylene and a 1:1 (vol) chlor-
oform:methanol mixture, are shown in Figure 5. We shall first
focus on the PL spectra of pristine and nanocomposite films
deposited form xylene or chloroform solutions, and then turn
to the PL of nanocomposites prepared from the solvent mix-
ture containing methanol.

The PL spectrum of the pristine films deposited from chloro-
form and o-xylene are similar to each other with the transitions
at ~580 and 620 nm, associated with the 0–0 and 0–1 vibronic
transitions, respectively.[3] Photoluminescence of conjugated
polymers in the solid state originates mainly from the highly
extended segments (lowest gap chromophores) due to ex-
tremely efficient energy transfer.[34,46] The similar spectra we

obtain for films spun from chloroform and xylene thus sug-
gests that both films contain planarised segments, with the
slight red shift of the chloroform deposited spectrum suggest-
ing more extended conformations in the chloroform film com-
pared to the o-xylene deposited film.

The conformations of the MEH-PPV chains incorporated into
SnS2 from o-xylene are distinctly different from those incorpo-
rated from chloroform, as evident form the considerably
broader and blue-shifted (~15 nm) PL spectrum of the nano-
composites prepared from o-xylene compared to that of nano-
composites prepared from chloroform. Moreover, the PL spec-
trum of the chloroform prepared nanocomposites shows well-
resolved vibronic features with the 0–0 and 0–1 vibronic transi-
tions centered at ~572 and 617 nm, respectively. The PL spec-
trum of the nanocomposites prepared from o-xylene, on the
other hand, is a broad featureless peak centered at ~562 nm.

As mentioned above, photoluminescence spectra give a sig-
nature of the spectral diffusion of the excited state that exists
in the density of states provided by the different conformers in
a polymer film. Dimensionality of conjugated polymer systems
plays an important role in this energy transfer process, with
one-dimensional intra-chain transfer of excitations typically
being much slower than that between p-stacked chains within
a three-dimensional polymeric solid.[17,47] Recently, it was
shown that energy transfer in the quasi-two-dimensional poly-
mer monolayers incorporated into layered matrices is substan-
tially suppressed compared to that in a three-dimensional
polymeric solid.[36] Therefore, in contrast to the PL spectra of
pristine films, the PL spectra of MEH-PPV chains incorporated
into the layered host are not entirely dominated by the highly
extended conformations, but rather represent a broader distri-
bution of conjugation lengths and chain conformations.

The suppressed energy transfer in the nanocomposites sug-
gests that the dramatic differences between the PL spectra of
the nanocomposites prepared from o-xylene and chloroform,
originate from the differences in the conformations of the
MEH-PPV chains incorporated from the two distinct solvents.
More specifically, intercalation from o-xylene leads to a broad
distribution of MEH-PPV chain-conformations with a large pop-
ulation of short conjugation segments, evident from the broad
featureless peak with intense transitions in the high-energy
region (<550 nm). In contrast, MEH-PPV chains incorporated
from chloroform exhibit a narrow distribution of extended con-
formations; evident form the vibronic features of the PL spec-
trum and its resemblance to that of the corresponding pristine
film. Therefore, the PL spectra corroborate that the conforma-
tions of MEH-PPV chains in solution are maintained during the
intercalation process into SnS2.

Intercalation of conjugated polymer chains into a layered
matrix can provide a platform to study the correlation between
chain morphology and the optical properties in the solid state,
because the conformation of the chains is controlled by the
solvent used, and energy transfer between the chains is geo-
metrically suppressed. In order to demonstrate that even ex-
treme confirmations can be preserved by this technique, MEH-
PPV chains were intercalated into SnS2 from a chloroform:me-
thanol mixture (1:1 vol). The mixture was filtered in order to

Figure 5. RT photoluminescence spectra (excited at 420 nm) of pristine
MEH-PPV spun films and MEH-PPV-incorporated SnS2. The polymer solvents
used are chloroform (c), o-xylene (a), or a 1:1 vol% chloroform:metha-
nol mixture (g).
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extract large aggregates induced by interchain interactions,
and maintain only isolated chains in the solution (see Experi-
mental Section). Methanol, a poor solvent for MEH-PPV, indu-
ces a collapse coiled conformation of the polymer chains and
dramatically reduces the conjugation length of the chains in
solution. Accordingly, the PL spectrum of a pristine film pre-
pared from the chloroform:methanol mixture is substantially
blue shifted (>30 nm) compared to that of a film prepared
from chloroform only, as shown in Figure 5. The PL spectrum
of the MEH-PPV film deposited from the chloroform:methanol
mixture is similar to that of the MEH-PPV chains isolated in
PMMA, because interchain interactions during the rapid co-
evaporation of the methanol (b.p 64.7 8C) and chloroform (b.p.
61.2 8C) are not sufficient to induce extension of the conjuga-
tion lengths.

The highly coiled conformation of the MEH-PPV chains in
the chloroform:methanol mixture are preserved upon interca-
lation into SnS2 as evident form their PL spectra presented in
Figure 5. The PL spectrum of the nanocomposites prepared
form the chloroform:methanol mixture is broad and featureless
reflecting a wide distribution of conjugation lengths in the in-
corporated MEH-PPV chains. Moreover, the spectrum is 22 and
32 nm blue-shifted, compared to that of MEH-PPV chains inter-
calated into SnS2 form o-xylene or pure chloroform. The signifi-
cant effect of the solvent type on the PL spectra of MEH-PPV
chains incorporated into SnS2 demonstrates that incorporation
of conjugated polymer chains into layered hosts provides con-
trol over the confirmation of a large number of polymer chains
in the solid state, in contrast with pristine films where the sol-
vent evaporation induces unavoidable and uncontrollable ag-
gregation and extension of the polymer chains.

Conclusions

In this study the red-emitting conjugated polymer, MEH-PPV,
was confined to the interlayer space of a semiconducting inor-
ganic layered matrix, SnS2, from a variety of solvents and sol-
vent mixtures. X-ray diffraction measurements indicate that re-
gardless of the solvent used, a single conjugated polymer
monolayer is isolated between the inorganic sheets, so that
polymer aggregation or p–p interchain interactions are signifi-
cantly reduced. The photoluminescence excitation (PLE) and
photoluminescence (PL) spectra of the incorporated MEH-PPV
chains indicate that the conformation of the polymer chains in
solution is retained upon intercalation into the inorganic host.
Therefore, the conjugated polymer/layered compound guest/
host nanocomposites provide a simple platform to study con-
formation-dependant photophysical processes in conjugated
polymer chains that could contribute insights to the design of
organic optoelectronic devices with enhanced performances.

Experimental Section

Materials : Poly[2-methoxy-5-(2’-ethyl-hexyloxy)-1,4-phenylene vinyl-
ene] (MEH-PPV, MW=500 kDa, American Dye Source inc., Quebec,
Canada), SnS2 powder (Alfa Aeasar), n-butyllithium (1.6m in
hexane, Aldrich), hexane (95% anhydrous, Aldrich), methanol

(99.9%, SPECTRO-PH, Aldrich), o-xylene (98%, HPLC grade, Aldrich)
and chloroform (Bio-Lab Ltd) were used as received.

Nanocomposite Synthesis and Film Deposition: MEH-PPV was dis-
solved (1 mgmL�1) separately in o-xylene or chloroform. The solu-
tions were stirred on a hot plate (60 8C) for five hours and then fil-
tered through a 0.45 mm filter. To obtain a homogenous solution of
MEH-PPV in a methanol:chloroform 1:1 vol% mixture, a
0.5 mgmL�1 solution was prepared and sonicated for two hours.
Then, the solution was filtered through a 0.45 mm filter in order to
eliminate the aggregations and maintain only the isolated coiled
chains in the solution.

Incorporation of MEH-PPV into SnS2 was achieved by the intercala-
tion and exfoliation method. LixSnS2 was prepared by soaking SnS2

powder in BuLi in hexane, at Sn/Li molar ratio of 1:5, for five days
under nitrogen atmosphere, following the procedure reported by
Murphy et al.[27] After five days the solvent was extracted and the
powder was dried under nitrogen for 24 h. Typically, 40 mg of the
dry LixSnS2 were exfoliated in 2 mL methanol under sonication in
ambient conditions for two hours. The SnS2 suspension was then
separately mixed with 8 mL of the MEH-PPV solutions (in either
chloroform, o-xylene or methanol:chloroform 1:1 vol% mixture),
and stirred for one week. The SnS2/MEH-PPV nanocomposite sus-
pensions were then centrifuged and washed, each in the respec-
tive solvent used for the MEH-PPV solution, until no trace of MEH-
PPV was found in the absorption spectra of the supernatant solu-
tion. The sediment was then re-suspended in 4 mL of the respec-
tive MEH-PPV solvent and cast into thin films.

For comparison, pristine MEH-PPV thin films were spun (1500 rpm,
60 sec) from the same o-xylene, chloroform and methanol:chloro-
form solutions for photoluminescence measurements, and from p-
xylene or chloroform for photoluminescence excitation measure-
ments. Five samples of each sample type, pristine spun films and
nanocomposite films, were measured and the variation of PL peak
position was 2–3 nm for all sets of samples.

Characterization: X-ray diffraction (XRD) measurements were per-
formed on a Philips X-Pert diffractometer using a CuKa X-ray source
at wavelength 1.54 L.

Scanning electron microscopy (SEM) measurements were carried
out using a Quanta 200 FEI-USA tungsten filament gun Environ-
mental SEM at accelerating voltage of 25 kV.

Optical absorption and photoluminescence (PL) measurements at
room temperature were performed on a Cary 100 spectrophotom-
eter and Cary Eclipse spectrofluoremeter, respectively. For the PL
measurements, the excitation wavelength was 420 nm with excita-
tion and emission filters that have optical windows at 300–500 nm
and above 515 nm, respectively. Horizontal and vertical polarizers
were placed between the source and sample, and the sample and
detector, respectively, to remove stray light.

Photoluminescence Excitation (PLE) measurements were performed
using a frequency tripled Nd:YAG laser (Spectron) and an optical
parametric oscillator system (GWU VisIR 2/120) as a tunable excita-
tion wavelength. The photoluminescence spectra were recorded
with an Andor iDus CCD coupled to a LOT-Oriel MSH-201 mono-
chromator. During the measurement, the sample was kept at 5 K
in an Oxford instruments OptistatCF Cryostat. A longpass filter
with an absorption edge at 650 nm was used to exclude stray light
from the excitation. The excitation wavelength was chosen from
450 nm to 610 nm in steps of 5 nm. For each step, the laser inten-
sity was measured using a thermal laser power meter in order to
normalize the recorded PL spectrum. The PLE spectrum was finally
constructed by plotting the integrated PL intensity as a function of
excitation wavelength.
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