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a b s t r a c t

Nanocomposite films consisting of amphiphilic ionic polyacetylenes (P2EPy-R) and layered aluminosili-
cates (saponite) have been prepared through electrostatic layer-by-layer assembly. The water vapor bar-
rier properties of the nanocomposite films coated on NafionTM film have been studied. The Nafion film
coated with poly(N-octadecyl-2-ethynylpyridinium bromide) (P2EPy-C18) and aluminosilicates showed
22 times higher diffusion resistance to water vapor and 95% reduction in water vapor permeability when
compared with the pristine Nafion control film. The X-ray diffraction data, UV–vis absorption spectros-
copy, transmission electron microscopy (TEM), and atomic force microscopy (AFM) suggest a strong ten-
dency of micellization of P2EPy-C18 polymer and ordered structure on the surface of aluminosilicate
nanosheets compared to short alkyl side chains, C12, C6, and C0. The micellized and ordered structure
of P2EPy-C18 between aluminosilicate could explain the improved hydrophobic barrier properties of
P2EPy-C18/aluminosilicate nanocomposites.

� 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Since the seminal work of polymer intercalation into montmo-
rillonite [1] polymer-layered aluminosilicate nanocomposites
(PLSNs) have recently attracted much attention in many applica-
tions [2,3]. Such nanocomposites can provide significant improve-
ments in various properties of polymers such as mechanical [4,5],
thermal [1,6,7], barrier [8–12], and flame retardancy [7,13–15].
The applications of such materials extend to the automotive, elec-
trical, biomedical and packaging industries [16]. The remarkable
properties of PLSNs are due not only to their chemical structure
but to the particular properties of the lattice expanding of layered
clays allowing for relatively easy formation of nanocomposite
materials and films.

Among many fabrication methods for PLSNs, electrostatic layer-
by-layer (ELBL) assembly [17] is a simple, versatile and cost-effec-
tive procedure to obtain ultrathin functional nanocomposite films
with high performance for many applications. The dipping process
using positively charged polyelectrolytes and negatively charged

aluminosilicate nanoparticles can be repeated and varied to build
ordered multilayered systems with several components leading
to a variety of nanocomposite film structures which can be used
for separation of gases and vapors and other barrier applications
[18,19].

Recently, Kim et al. reported the ordering of substituted ionic
polyacetylene, poly(N-octadecyl-2-ethynylpyridinium bromide)
on saponite nanoparticles [20] and their permeability characteris-
tics of methanol [21] and water vapor [12]. Compared to pristine
Nafion film, the Nafion substrate coated with nanocomposites of
poly(N-octadecyl-2-ethynylpyridinium bromide) (P2EPy-C18) and
exfoliated aluminosilicate nanoplatelets (P2EPy-C18/saponite) dis-
played a 50% decrease in methanol permeability and a 95% reduc-
tion in water vapor permeability. The high barrier properties may
be explained by interdigitated assembly of the long alkyl side
chains of P2EPy-C18 and their ordering on the aluminosilicate
nanoplatelets [12]. However, the effect of alkyl side chain length
of substituted ionic polyacetylenes on ordering as well as perme-
ability still remains unclear.

In this work, we prepared layer-by-layer assembled nanocom-
posite films of aluminosilicates (saponite) and amphiphilic poly-
acetylenes (P2EPy-R/Saponite) with different alkyl side chains
and demonstrated how the side chain length affects the ordering
and permeability. Only the polyacetylene (P2EPy-C18) with the
long alkyl side chain showed the strong tendency to form
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interdigitated structures between the aluminosilicates, which re-
sulted in significant enhancement in water vapor barrier
properties.

2. Experimental

2.1. Materials

Saponite was provided by Source Clay Minerals Repository,
University of Missouri. 2-Ethynylpyridine was purchased from
GFS Chemicals and vacuum distilled before use. 1-Bromohexane,
1-bromododecane and 1-bromooctadecane were purchased from
Aldrich and used as received. The thickness of Nafion� film (112)
produced by DuPont was 50 lm. All other solvents and chemicals
were analytical grade and used as received.

2.2. Preparation of exfoliated saponite nanoparticles [20]

Saponite particles were dispersed in deionized water at a con-
centration of 0.2 wt.%. The dispersion was shaken for 1 day, and
sonicated for 4–6 h. After the large unexfoliated particles (or aggre-
gates) were separated by centrifugation, the resulting clear super-
natant was used for the multilayer build-up.

2.3. Synthesis of poly(2-ethynylpyridinium chloride) (P2EPy-C0),
poly(N-hexyl-2-ethynyl pyridinium bromide) (P2EPy-C6),
poly(N-dodecyl-2-ethynylpyridinium bromide) (P2EPy-C12) and
poly(N-octadodecyl-2-ethynylpyridinium bromide) (P2EPy-C18)

Substituted ionic polyacetylenes (P2EPy-R) with various alkyl
chain lengths were prepared by spontaneous polymerization of
2-ethynylpyridine quarternized with 1-bromohexane, 1-bromodo-
decane, 1-bromo-octadecane and HCl as described in the literature
[22–24]. The structures of P2EPy-R are depicted in Scheme 1 and
Table 1.

2.4. Preparation of nanocomposite films via layer-by-layer deposition

The exfoliated saponite particles were used as a polyanion and
P2EPy-R as a polycation. The multilayer nanocomposite films were
obtained by the layer-by-layer deposition method as described
[20]. The overall process of layer-by-layer deposition consisted of
a cyclic repetition of the following steps: (1) dipping the substrates
(Chemsolv� treated glass or Nafion� film) into the amphiphilic
polyelectrolytes solution for 1 min, (2) rinsing with methanol and
drying under a stream of nitrogen, (3) dipping into an aqueous
dispersion of the exfoliated saponite nanoparticle for 1 min and
(4) final rinsing with deionized water and drying under a stream
of nitrogen.

2.5. Characterization and measurement

The UV–vis absorption spectra were recorded by a Perkin–Elmer
Lamda 9 UV–vis spectrophotometer. X-ray diffractograms were
obtained using Cu Ka (k = 1.5405 Å) radiation with a Philips 3-kW

X-ray generator and vertical diffractometer. The morphology of the
self-assembled micelles was investigated by atomic force micros-
copy (Park Scientific, CA) operated in the non-contact mode using
a standard silicon nitride in ambient air. The monolayer samples
for AFM were prepared on the mica surface by dipping for 1 min fol-
lowed by washing and drying.

The measurement of water vapor transmission rate (WVTR)
[25] of multilayer nanocomposite film was measured using a
dynamic moisture permeation cell (DMPC). The flow rate was
2 mL/min and the relative humidity was 95% at 30 �C.

3. Results and discussion

3.1. Hydrophobic barrier: effect of molecular ordering of P2EPy-R

The amphiphilic polyacetylenes, P2EPy-R were prepared by
spontaneous polymerization of 2-ethynylpyridine in the presence
of alkyl halide (RX) as shown in Scheme 1. The UV–vis absorption
spectra of the polymers dissolved in methanol is shown in Fig. 1.
The positively charged P2EPy-R was deposited on the exfoliated
nanoparticles by the layer-by-layer assembly method. UV–vis
absorption spectroscopy of the nanocomposites [20] indicates that
the maximum absorbance of the polymers increased linearly with
deposition cycles (Fig. 2).

UV–vis absorption spectroscopy of the (P2EPy-R/saponite)
nanocomposite films showed the absorption maximum of
P2EPy-R at 450 nm was red-shifted to 471 and 502 nm as
the alkyl chain length increased (Fig. 3). This indicates that
the polyacetylenes tend to be more ordered with increasing al-
kyl side chains, resulting in increased p–p interaction of the
conjugated polymer chains on the flat surface of the alumino-
silicate nanoplates.
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Scheme 1. Preparation of substituted ionic polyacetylenes by spontaneous poly-
merization of 2-ethynylpyridine with alkyl halides.

Table 1
Types of polyacetylenes (P2EPy-R)

Sample R X

P2EPy-C0 H Cl
P2EPy-C6 C6H13 Br
P2EPy-C12 C12H25 Br
P2EPy-C18 C18H37 Br
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Fig. 1. UV–vis spectra of P2EPy-C0 (a), P2EPy-C6 (b), P2EPy-C12 (c), and P2EPy-C18
(d) dissolved in MeOH. (kmax = 435–445 nm).
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