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1. Introduction 

The study of single molecules provides deep insights into bonding nature and underlying 

quantum mechanics concerning about controlling chemical reaction. The scanning 

tunneling microscope (STM) is a versatile and powerful tool for investigating and 

controlling chemistry of individual molecules on the solid surfaces. The most important 

feature of the STM is that the tunneling electrons are involved in its operation. The 

coupling of tunneling electrons to the electronic and vibrational states of the target 

molecule allows us to realize mode-selective and state-selective chemistry of the 

individual molecules. 

 

2. Contents of talk 

Here, I will address two main issues with our experimental and theoretical efforts on 

investigating interaction of electrons with vibrational and electronic states of a single 

molecule on the surfaces. The first part is assigned to the excitation of vibrational modes 

to selectively induce particular dynamic motion [1-4] and chemical reaction [4,5] of a 

single molecule on the metal surfaces. The microscopic mechanism of vibrationally 

induced molecular motions [2,4] and the vibrational spectroscopy [2,4-6] of a single 

molecule with the STM are also discussed. 

A precise control of molecular motions [3] 

by exciting vibrational modes with an 

STM will also be demonstrated (Figure). 

The second part focuses on the selective 

control of reaction pathways of a single 

water molecule by use of elongated 

lifetime of its vibrationally and 

electronically excited states on an insulating ultrathin MgO film formed on Ag(100) [7,8]. 

 

Conclusion 

Motions and chemical reaction of a single molecule on the solid surfaces can be induced in 

a controllable way by tuning the energy of the injected tunneling electrons, which will 

provide a possible general basis for designing the architecture of molecular electronics as 

well as quantitative information for understanding the elementary process of molecules 

on the surfaces. 

Figure. Three-dimensional images of the letters S, T, and M 
with CH3S molecules on Cu(111) . 
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