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Synthesis and control of structure and properties of aromatic molecules using
nanospaces in porous silicas

Thesis Summary

Behaviors of a wide variety of molecules inside nanospaces with a diameter of about 1 nm are
interesting due to their size similarity. The structures and properties of inclusion molecules are
influenced by the interaction with the walls around the nanospaces. However, the influence of the
nanospaces for the molecular structures and properties has not been studied sufficiently because of
the difficulty of the pore-size-tuning around 1 nm. Recently, strict control of the pore diameter in
the range of 0.7-2.0 nm was achieved with the production of supermicroporous silicas (SMPSs)
using a solvent-free templating method. This study focuses on specific reactions and properties of
aromatic molecules inside nanospaces about 1 nm in diameter of SMPSs. Here the influence of the
pore-size for the molecular reactions, structures, and properties were examined with a unique
cyclization of molecules in silica pores and fluorescent and chromatic functions of aromatic
molecules.

Chapter 1 outlines the background of this study and previous studies about the interactions of
various molecules with nanopores. The objectives and outline of this study are also shown in this
chapter.

In Chapter 2 describes a unique reaction in nanospaces of SMPS through the production of a
cyclic pyrone derivative with a fluorescent function from citric acid as a raw material. The
nanospaces enable synthesis of small aromatic molecules by a specific unique cyclization.

In Chapter 3 describes the effect of nanospaces on fluorecent properties of an aromatic carbonyl
was investigated with benzanthrone (BA). The interaction with 1 nm-sized silica pores was found to
increase the luminescence efficiency of the nonradioactive BA through the suppression of
molecular vibration and strong hydrogen bonding to silica walls.

In Chapter 4 describes the effect of nanospace on the structure and optical properties of an
aromatic molecule with photochromic function was investigated with spiropyran (SP). The color
change of SP was clarified to be associated with the structural change through the interaction with 1
nm-size silica pores. The combination of SMPSs and SP was found to be applicable for pH sensing.

Chapter 5 summarizes the essences of the present study and presents future prospects. The use of
nanospaces enables functionalization, such as simplifying the synthesis of molecules with complex
structures, easily enhancing the fluorescence of aromatic carbonyls, and combining chromic

molecules and nanospaces for use in sensing materials.
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