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                                     様式３ 

論  文  内  容  の  要  旨  

氏  名  （   張  全 震       ）  

論文題名 

Study of Charge States of Oxygen Adatoms on Rutile TiO2(110) Surface by Atomic Force Microscopy 

and Kelvin Probe Force Microscopy  

(原子間力顕微鏡とケルビンプローブ力顕微鏡によるルチルTiO2(110)表面上の吸着酸素分子の電荷状

態と電荷操作に関する研究）                                

論文内容の要旨 

  Catalytic reaction based on noble metal nanoclusters on transition metal oxides has fascinated the scientific 

community for several decades, and it has been widely used in many applications and electronic devices. The 

prototypical catalytic system of Au nanoclusters on rutile TiO2 is drawing extraordinary research interest, 

because of its high catalytic efficiency. In the Au/TiO2 catalytic system, the physicochemical and electronic 

properties of the point defects, the adsorbed oxygen adatoms and the Au nanoclusters on rutile TiO 2 can 

dramatically determine the catalytic activity, which have been investigated by a lot of experimental and 

theoretical works. However, a large amount of researches about the catalytic reactants have still remained 

investigation topics, and the catalytic mechanism has not been fully understood yet. It is of high importance 

to clarify and manipulate the electronic properties of the oxygen adatoms and Au nanoclusters on rutile TiO 2 

surface, experimentally and theoretically.  

  In this doctoral dissertation, I focused on the investigation of charge states of oxygen adatoms on rutile 

TiO2(110) surface by noncontact atomic force microscopy and Kelvin probe force microscopy with atomic resolution 

at 78 K. Firstly, the charge states of the oxygen adatoms were experimentally clarified with atomic resolution 

for the first time, and the oxygen adatoms were assigned with one and two electrons charged, respectively, 

depending on the different image contrast. In addition, we measured the values of short-range force and local 

contact potential difference as a function of tip-sample distance to distinguish the different charge states 

of the oxygen adatoms. Secondly, we proposed and demonstrated several strategies to manipulate the charge 

states of oxygen adatoms. For example, the charge states of the oxygen adatoms could be reversibly switched 

by applying the bias voltage with different polarities and by changing the tip-sample distance, respectively. 

Thirdly, the conductance states of the oxygen adatoms were investigated depending on its different charge 

states. We demonstrated that the oxygen adatoms charged by one electron had higher conductance state than 

that of charged by two electrons, and the conductance behavior of the oxygen adatoms could be reversibly switched 

between high and low conductance states by manipulating its charge states. In the transition process of the 

charge state and conductance state of the oxygen adatoms, we proposed that the manipulation mechanism of the 

reversible switching process was attributed to the tunneling electrons accompanied with the local electric 

field effects. Fourthly, we demonstrated that the subsurface hydrogen on rutile TiO2(110) could be characterized 

by simultaneous multi imaging method with atomic resolution. Four different configurations of the subsurface 

hydrogen were observed and distinguished with different atomic structures. Moreover, for the first time, the 

charge distribution of subsurface hydrogen was experimentally clarified to be localized around the nearby 

subsurface Ti atoms. Besides characterization, we demonstrated that the subsurface hydrogen could be reversibly 

migrated between the surface and subsurface layers by the voltage pulse with different polarities. Lastly, 

the charge states of the Au nanoclusters on oxidized rutile TiO2(110) surface were demonstrated, and the charge 

transfer between the Au nanoclusters and oxygen adatoms was experimentally clarified. Our present work could 

contribute to investigation of the catalytic mechanism of the catalytic reactions based on noble metal catalysts 

on transition metal oxides. 

 

 

 

 




