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Use of amphiphilic triblock copolymers PEO–PPO–PEO to
direct the organization of polymerizing organic monomers has
resulted in the preparation of porous poly(p-phenylene vinylene)
with an uniform pore size of 3.8 nm. The fluorescence was sig-
nificantly quenched by the immersion in the solution of vitamin
K3.

Mesoporous materials containing pores with diameters be-
tween 2 and 50 nm have attracted special attention because of
their enormous potential for many applications, such as cataly-
sis, separation, sorption, gas sensing, optics, and drug delivery.1

In this context, mesoporous inorganic oxides have been synthe-
sized using amphiphilic organic surfactants based on liquid-crys-
tal template sol–gel polymerization.2 Recently, Zhao et al. re-
ported the preparation of highly ordered mesoporous organic
materials using amphiphilic triblock copolymers as a template.3

Polymerization of phenol around supramolecular organizations
made of triblock copolymers resulted in the formation of highly
ordered hexagonal and cubic organic mesostructures. This proc-
ess can be applicable to construct mesostructured organic mate-
rials using other organic monomers having unique or superior
functionalities.4 In this study, we report a synthesis of porous
conjugated polymers having nanometer-scale channels by the
amphiphilic surfactant-templating approach. We chose poly(p-
phenylene vinylene) (PPV) as a polymer matrix of mesostruc-
tured organic material. While the enhancement of optoelectronic
properties of PPVs incorporated into the organic and inorganic
channels has been widely investigated,5 the channels were fully
occupied with guest PPV. The large surface area and channels
within the porous conjugated polymers may provide a unique
microenvironment for molecular recognition and transduction.

To produce the material, water-soluble monomer, p-xylyl-
ene bis(tetrahydrothiophenium chloride) (0.6 g), was added to
an aqueous solution (7.0mL) of amphiphilic triblock copolymer
(PEO–PPO–PEO, Mn ¼ 5800 g/mol, EO:PO:EO = 20:70:20)
(0.17 g) containing sodium hydroxide (8.4mg), and kept for
24 h (Scheme 1). In the absence of PEO–PPO–PEO, the mono-
mer is polymerized to give a homogeneous aqueous solution
of the PPV precursor, poly(p-xylylenedimethylsulfonium chlo-
ride).6 On the other hand, polymerization in the presence of
PEO–PPO–PEO formed a pale-yellow precipitation, suggesting
the generation of composites between PEO–PPO–PEO and PPV
precursor. The composite was obtained by collecting the precip-
itate 1 (as-made materials) and removing PEO–PPO–PEO by
solvent extraction with methanol and acetone.7 The product
was heated at 220 �C in vacuo to give an orange solid 2.6 The
FT-IR spectrum of 1 is the sum of PEO–PPO–PEO and PPV pre-
cursor. After the solvent extraction, the intensities of two IR ab-

sorption peaks at 1100 and 2980 cm�1 attributed to the C–O–C
and C–H groups belonging to PEO–PPO–PEO decreased, indi-
cating the release of PEO–PPO–PEO from the composites. Fur-
thermore, 2 after the thermal treatment exhibited new two peaks
around 1600 and 935 cm�1 corresponding to the vibrational
mode of C=C and the C–H out-of-plane bending of trans-vinyl-
ene, respectively.8 The appearance of new peaks reveals the con-
version of the PPV precursor to the conjugated PPV within the
solid. The thermogravimetric curve of 2 in air showed that
weight loss of about 18% occurred at 250 �C. The weight loss
at 250 �C can be assignable to the decomposition of PEO–
PPO–PEO,2 indicating that PEO–PPO–PEO partially remains
within the composites after the solvent extraction and the heating
process.

Transmission electron microscopy (TEM) images of 2 show
the presence of pores of average 4.1 nm diameter and 3.8 nm
wall thickness with one-dimensional channels (Figure 1). The
dark contrast in TEM images ascribed to the accumulation of
aromatic PPVs, and the observed diameter of pores almost agree
with that of mesoporous silica SBA-15.2 The nanoscale structure
observed in TEM images is evidence of the domain-selective
polymerization of organic monomer for PPV in the PEO do-

Scheme 1. Schemeatic representation of the procedure used to
prepare porous PPVs.
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mains of the cylindrical organizations. However, the ordering of
pores observed in the TEM image is poor compared to SBA-15.
The XRD pattern of 2 showed a broad peak at d spacing around
4.0 nm, also indicating the poor ordering of channels. The order-
ing of cylindrical organization of PEO–PPO–PEO may be disar-
ranged because of the swelling of PPV wall during the solvent
extraction and heating processes. Nitrogen adsorption–desorp-
tion isotherms of 2 yielded a type-IV curve with a sharp capillary
condensation step at P=P0 ¼ 0:45{0:70, characteristic in meso-
porous materials with cylindrical channels. The adsorption data
indicate a high Brunauer–Emmett–Teller (BET) surface area of
155m2 g�1 and pore volume of 0.17 cm2 g�1. The observed BET
surface area was large compared to that of the pure PPV pre-
pared in the absence of PEO–PPO–PEO (BET surface area
was less than 2m2 g�1). The pore size distribution calculated
by the Barrett–Joynes–Halenda (BJH) method from the adsorp-
tion curve is narrow, indicating a uniform pore structure with a
pore diameter of 3.8 nm. This pore diameter is in agreement with
that observed in TEM. Our results show the successful syntheses
of porous PPVs having large surface area and cylindrical meso-
porous channels by using the amphiphilic PEO–PPO–PEO as a
structure-directing agent.

When excited at 375 nm, the porous PPV 2 exhibited an
emission band with a maximum at 534 nm (Figure 2). The posi-
tion of emission band is almost in agreement with that of the
pure PPV,6 indicating that the walls of porous materials are com-
posed of conjugated PPVs. The fluorescence changes can be
used as an output signals for molecular recognition events.9 A
fluorescence quenching study was carried out by dispersing
powdered 2 (1.0mg) in degassed DMF solution of vitamin K3

(2-methyl-1,4-naphthoquinone 6.0mM) as a quencher.10 While
the pure PPV lacking pores showed no fluorescence quenching
in the solution of vitamin K3, the fluorescence of 2 was signifi-
cantly quenched by 90%. The fluorescence quenching is caused
by an electron or energy transfer between conjugated PPV wall
and vitamin K3. This result suggests the effective penetration of
small quencher molecules within the channels in 2.

In conclusion, the present paper demonstrates the creation of
porous conjugated polymers by using amphiphilic PEO–PPO–
PEO as a structure-directing agent. The TEM and BET analyses
support the claim of the creation of porous PPVs having almost
uniform pore size. The channels within porous conjugated poly-
mers enhanced the efficiency of fluorescence quenching. Porous
conjugated polymers will open a new possibility for the fabri-
cation of size- or shape-selective chemosensors by tuning the
mesostructures.11
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Figure 2. Fluorescence spectra of 2 in DMF and DMF solution
containing quencher at room temperature. Excitation was at
375 nm.

Figure 1. TEM images of 2 viewed from the different direc-
tions.
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