Development of High-speed Liquid-environment

Frequency Modulation Atomic Force Microscope
and Its applications to Atomic-level Investigation
on Calcite Crystal Dissolution Processes

B&5:jpn

HhRE

2FH:2017-10-05

*F—7— K (Ja):

*—7— K (En):

YRR

X—=ILT7 KL R:

il=F
http://hdl.handle.net/2297/45433

This work is licensed under a Creative Commons
Attribution-NonCommercial-ShareAlike 3.0
International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

T TR P R B S R i - T T SRR R D BR FE &
TN RO VYA N sl IR R R DR F L~V FAEHT

Development of High-speed Liquid-environment Frequency Modulation Atomic Force Microscope
and Its applications to Atomic-level Investigation on Calcite Crystal Dissolution Processes

IR B B A GER BB 1R AR 2 B
B



Abstract

Recently, nanotechnology has been used for the studies in chemistry and biology. Frequency Modulation Atomic Force
Microscopy (FM-AFM) is one of the nanometer-scale measurement techniques. It uses a cantilever with a sharp tip, and
detects the shift of the cantilever resonance frequency caused by the interaction force between tip and sample surface. It
is capable of imaging atomic-scale surface structures in liquid. However, its imaging speed is too slow (typically 50~100
sec/frame) to visualize the dynamic processes. In this study, | have developed the separate-type AFM scanner, wideband
high-voltage amplifier and the low-latency phase detector to achieve the atomic-resolution high-speed imaging (1~2
sec/frame).

Finally, I have succeeded in atomic-resolution imaging of calcite surface in liquid at 1 sec/frame using the small cantilever
(resonance frequency of ~3.5 MHz), the photothermal excitation unit, low-noise deflection sensor and the developed
components. This demonstrates the excellent capability of the developed atomic-resolution high-speed AFM to provide
new insights into the understanding of atomic-scale dynamic processes at solid-liquid interfaces such as crystal growth

and dissolution, corrosion and catalytic reactions.
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