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In spite of excellent ion conductivity and versatile
functionalities, ionic polymers had suffered from low
mechanical strength and damage-prone nature against
various solvent. We developed a novel synthetic method
for an ultrathin (sub-20 nm), yet highly robust ionic
polymer thin film. By exploring various ionic monomers
and introducing an in-situ ionic cross-linking reaction,
a series of ionic polymer films were newly synthesized
whose surface properties could be controlled exquisitely.
For the uniform deposition of ultrathin ionic polymer films,
a novel vapor-phase deposition method was exploited
and employed for the surface modification of any arbitrary
substrates. Finally, the developed ionic polymeric thin films
were applied to various areas such as oil-water separation
membranes and ultra-strong adhesives. We believe the
developed ultrathin ionic polymer films can open up for

wide area of applications.

1. Background

lonic polymers have received great attention in the
field of polymeric material science due to their
own unique advantageous properties, including
ion conductivities, ion exchange properties, and
high polarity. However, ionic polymers contain
polar ionic salts, which makes the polymer highly
vulnerable to most of polar solvents. Cross-
linking of ionic polymers was attempted in
order to improve the chemical and mechanical
stability of the ionic polymers by adding cross-
linker molecules. However, the cross-linking
significantly limits the polymer chain mobility and

thus the processability of the polymer.

2. Contents

Vapor-phase synthesis of cross-linked ionic
polymers (CIPs] can resolve most of the problems
noted above. In this work, we adopted a vapor-
phase polymerization method, termed initiated
chemical vapor deposition (iCVD), which utilizes
a radical polymerization reaction to fabricate
polymeric thin films from vaporized monomers and
an initiator: The injected monomers are adsorbed
on the surface of substrate, and the free radicals
formed by thermal decomposition of the initiator
are delivered to the adsorbed monomers. Finally, a
polymer thin film grows on the substrate surface,
resulting in a dewetting-free, highly conformal
film maintaining the initial surface morphology
of the substrates. However, the synthesis of
ionic polymers in the vapor phase have not yet
been possible because the monomers with ionic
functionalities commonly show negligible vapor
pressure due to the nonvolatile ionic components.
To overcome this problem, it is necessary to
design a new synthetic method to incorporate
jonic components in the polymer chain. In this

study, we chose two kinds of monomers without
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ionic species, thus both reactants are readily vaporizable.
By vaporizing the two monomers into the iCVD chamber,
we attempted to trigger an ionic cross-linking reaction
simultaneously with an iCVD polymerization reaction in a
one-step manner, which was designed so that the process
does not require any additional cross-linker. For this purpose,
we utilized an in situ ionic cross-linking reaction between a
tertiary amine-containing monomer as a nucleophile and an
alkyl halide-containing monomer as an electrophile to induce
the quaternarization of the tertiary amine. As a result, we can
synthesize highly uniform CIP thin films in situ with controlled

thickness and large-area uniformity. The CIP synthesized in
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this work also showed an excellent chemical stability against
most of the organic solvents. The CIP films maintained their

hydrophilicity even with the increased cross-linking density.

3. Expected effect

The stable, ultrathin ionic polymer can be utilized in various
fields such as oil/water separation membranes, ultra-
strong nano-adhesives, and the surface treatment for ion-
conductive electrochemical applications. We believe that
the one-step synthesized

CIP film in the vapor phase can provide an important idea

to generate other new types of CIP films.
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