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The purpose of this study is to develop a method to manipulate individual atoms and molecules on a surface in
aqueous solution by atomic force microscopy (AFM). This leads to creating nanomaterials having specific functions
in a practical environment. In this project, we prepared an AFM and a surface suitable for the verification of
atom/molecule manipulation in liquid, and aimed to investigate the conditions for lateral manipulation. The results
are summarized below.

(1) Fabrication of an AFM capable of high—precision tip positioning: To suppress thermal drift, which causes tip
misalignment, the AFM head was reconstructed using a low thermal expansion material (super invar). The
reconstructed AFM head was installed in an incubator to maintain an ambient temperature to suppress thermal
drift. In addition, to move the tip over the targeted atoms and molecules, a function that allows the tip to move
freely in three dimensional directions was added to our home—built AFM controller. Thus, we have prepared an
AFM for atom/molecule manipulation.

(2) Construction of a surface suitable for atom/molecule manipulation: To verify atom/molecule manipulation, we
sought a surface that can suppress thermal diffusion of atoms and molecules. First, we considered to use atomic
vacancies in a calcite surface, which is one of the standard samples for high—-resolution AFM imaging in liquid.
However, the frequency of finding the vacancies was low. Then, we considered to use a two—dimensional (2D)
network structure with vacancies which can capture manipulating guest molecules. 1,3,5-tris(4-
carboxyphenyl)benzene (BTB) molecule forms a honeycomb-like 2D network structure by intermolecular hydrogen
bonds. We observed by AFM whether coronene molecules could be captured in the honeycomb vacancies, and
confirmed that some of the vacancies were occupied by coronene. The captured coronene molecules stayed
without diffusion. We thus concluded that coronene molecules captured in the 2D network structure of BTB is
suitable for verification. We will attempt atom/molecule manipulation using the developed AFM and surface system.




