
表面とは？

どのように見る？



1 atm = 760 Torr
= 101325 Pa

1 Torr = 133.3 Pa

平均自由行程

10-6 Torr 1層覆うのに何秒？
!0-10 Torr



Plasmon loss

e-hole pair 
excitation

表面に敏感？
AESは軽元素？
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Exact copy of first Scanning Tunneling 
Microscope of Binning and Rohrer (original 
have not preserved). 

電気化学：電流vs電圧曲線
界面現象(nm) 物質移動・電子移動

非線形表面分光(SHG,SFG) SHG Pt(111) 0.1 M HClO4

E vs Ag/AgCl
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XPS

表面分析 機器分析化学

STM (C. J. Chen, Introduction to STM, Oxford 1993)

AFM (H. Holsher et al. PRB 2000
62, 6967-6970)
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Experimental and simulated STM and AFM images of graphite. One hexagonal surface unit cell 
with the two basis atoms   (white) and   (red) is superimposed for clarity. (A) Experimental image 
of graphite in constant-height dynamic STM mode (bias voltage +100 mV, amplitude 300 pm,
scanning speed 0.2 nm/s). The tunneling current ranges from 0.9 to 1.4 nA. Only the   atoms 
appear in the image. The green arrow indicates a shift of the experimental STM image with
respect to the AFM image by 68 pm (see text). (B) Experimental image of graphite in constant-
height dynamic AFM mode showing both   and   atoms. The frequency shift data have been 
recorded simultaneously with the tunneling data shown in A, ranging from +5.4 to +5.9 Hz. (C) 
The calculated charge density of graphite at the Fermi level  Fermi (after refs. 11 and 12) at a 
height of 200 pm over the surface plane, ranging from 0.3 to 1.6 electrons per nm3. The maxima 
of  Fermi are at the   atom positions. The STM image reflects the charge density at the Fermi 
level. (D) Calculated total charge density, also at a height of 200 pm over the surface plane, 
ranging from 2.0 to 4.1 electrons per nm3. The repulsive forces that are imaged in the 
experimental AFM image (B) are increasing with the charge density; thus, a charge density plot 
is a good approximation for a repulsive AFM image. The experimental image in B and the 
calculated charge density shown in D have local maxima over   and   sites. 

Missing carbon atoms of Graphite in STM



Science, Vol 303, 1674-1678 , 2004
Force-Clamp Spectroscopy Monitors 

the Folding Trajectory of a Single Protein 
Julio M. Fernandez* and Hongbin Li 

Fig. 1. The folding pathway of ubiquitin is
directly measured by force-clamp spectroscopy.
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SEM (Scanning Electron Microscope)

TEM (Transmission Electron Microscope)

e-beam spot
5-200 nm 



SPR（surface
plasmon

resonance)

Ref:MBC



SPR principles
光による表面プラズモン（電荷
密度波）の励起による共鳴



PEG Thiol on Au:
No Protein Adsorption 

Single strand 
DNA on Au 
(5nm thick)
: Proteins bind 
here

Binary SAM on Au:
Surface Plasmon Resonance Sensor DNA-Protein 

binding

Nelson BP, Frutos AG, Brockman JM, et al. ANALYTICAL CHEMISTRY 71 (18):
3928-3934 SEP 15 1999
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１分子イメージング

柳田敏雄、「生物分子モータ
：ゆらぎと生体機能」
岩波物理の世界


