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Surface Modification and Functionalization of Hexaniobate Nanosheets with
DNA and Polymethylmethacrylate
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Inorganic nanosheets obtained by exfoliation of layered crystal are anisotropic colloidal
particles with the thickness of 1 nm and the lateral size of several um. Nanosheets have
been investigated for the nanomodules to fabricate functional nanomaterials such as
electronics device based on multi-layered nanofilms, high performance
nanosheet/polymer composite materials, and soft materials with liquid crystallinity and
structural color. Due to huge surface area, nanosheets are also important in the
applications for adsorbent, catalyst and sensor. To further widen the range of




applications such as adsorbent with high selectivity and tough nanocomposites with
hydrophobic polymer, grafting of functional molecule on nanosheet surfaces is very
important. In conventional studies, the interlayer surfaces of the layered crystal was
grafted, followed by partial exfoliation; however, only low degree of exfoliation was
achieved and modifying with bulky species was difficult. In this thesis, a functional
biomolecule, ssDNA, and a synthetic polymer, methylmethacrylate, was successfully
modified on hexaniobate nanosheet surface having hydroxyl group by originally
developed method.
This thesis is composed of 4 chapters as follows.
In the Chapter 1, background of this thesis is described. Nanosheet liquid crystal,
modification of layered crystal and composites of DNA and nanosheet are reviewed.
In the Chapter 2, fluorescence-labeled ssDNAs were grafted on hexaniobate nanosheet.
The fluorescence of the ssDNA-grafted nanosheet were quenched by adding
complementary ssDNA with a quencher molecule, confirming that the grafted ssDNA
can undergo hybridization reaction on the nanosheet surface. These results are
important for future applications such as gene-therapy and fabrication nanocomposites
by DNA-nanotechnology.
In the Chapter 3, hexaniobete nanosheets were successfully grafted with 3-
(trimethoxysilyl)propyl methacrylate (MPDMS) by the silylation reaction maintaining
the fully dispersed state of the nanosheets in solvent. Polymer-grafted nanosheet were
then synthesized by polymerizing methylmethacrylate by radical polymerization stating
from the grafted MPDMS. Polymer-grafted nanosheets were well-dispersed in organic
solvents due to steric stabilizing effect, keeping liquid crystallinity. Based on the present
material, mechanically tough nanosheet/hydrophobic polymer composites with
precisely regulated structure will be developed.

In Chapter 4, conclusion of this thesis is shown.
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