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The Tersoff-Hamann model of STM
- tip considered as a geometrical polnt --

In principle, the STM image is determined by a convolution of
tip wavefunctions and the sample wave functions.

Howevar, the tip wavefunction is difficult to determine, and
the combined problem is pretty complicated

A particular model is proposed to take out the tip problam.
The tip is modzled as a stroctureless geometrical point, and the
STM image is related to a property of the sample alone,

A detailed mathematical analysis showed that a STM imags is
a contour of equal local density of staks at the Fermi level,
The mode] works very well as long as the biss voltage is low
and the fzatures to be obsarved is much greater than 0.3 nm.

Local density of states (LDOS)

D finition: density of electron staes par unit volume parunit energy at
position r and enargy kvl E.

Far a series of wavefonctions ¥, 1T with anergy valoe E}__.
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The quantity can be calculsied vsing firskprinciple numerical metheds.

The Tersoff-Hamann mode] concludes that at low hiasg, an STM image is
a contour of the Fermi-kevel local density of stakes.

Ham we make an almentary explanation of its meaning, and a
e stie derivation of the TermofFHamann mode 1

Anexplanation of the Tersoff-Hamann maodel (1)

Far uniform free-2 lectron me tals,

1 =VGe 21e!

The alactron stabs dansity near the Farni Jeviel also follows the
exponantial law,

PleEy )= pl0E, e,

Anexplanation of the Tersoff-Hamann maodel (2}

Combining those fwoequations, in a one-dime nsional casa,
T B =
1) =V plz, E ).
The melation iz, heuristically, valid for all surfaces at any distance,

Iiry=V p(r,E. ).




An Example of LDOS contours
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Calculated LT3 contours of Aui 1100 surface. Two lypes of reconstniction
are shown. The dotied curves show s theonetical predictions of STM images.

Criterlon of valldity of the Tersoff-Hamann mode|

The Tersoff-Hamann model is valid when the characeristic length of
the featunes of interest is much grearer than the atomic diamede

A

==

.
= 10 nm™,
a = 0.3 nm.

For atomic-scale features, the tip ek coronic stakes play a critical mole.

Experimental observation of tip- de pendence of STM images (1)

Four images of 4HE-Ta5, taken under identical conditions within 2 hours.

Experimental observation of tip-depende nce of 3TM images ()

<4 nm

Cormgation reversal obeerved during a scan of an STM Image on Aul11)
surface, show the affect of spontansous Hp Eatruchring.

Catalysis Research Using STM (1)

« catalysls is the acceleration of a chemical reaction by
means of a substance called a catalyst, which is itself
not consumed by the overall reaction.

« A catalyst provides an altemnative route to products,
the catalytic route being subject to lower activation
energy than in the uncatalyred reaction. A lowerd
activation energy increases the reaction rate. Catalysts
generally change in the course of a reaction but are
regenerated,

Catalysis Research Using STM (2)

+ Backbone of synthetic chemistry

+ [mportant to enviromment protection

= To date, the catalysis process has bean developed almost
entirzly through costly trial-and-2rror xperimantation.

» The nature of catalysis is the single-molecula reactions at the
atomic sites on the surface of catalyst.

= STM can provide information on atomic sites on the surface,

+ STM can visualize the interaction of reactant molkcules with
those atomic sies,

+ STM can al=o visualize the process at an atomic scale,




The Steam Reforming Process (1) The Steam Reforming Process (2)
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Two STM images of Mifl 11) surface with 2% (Jeft) and 7% of Aun. The
Au atoms appear as de pressions, that is, low LIDOS; while the adjacent Mi
atouns appsear as protrusions, that is high LEOS and high reactivicy.

The Hydrodesulphurization Process (1) The Hydrodesulphurization Process (2)
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The atomic struzture of a sheet of MoS,  The structure of a nanconystal of MoS.

The thecrstical structurss of the catalyst: Mo S,

The 5TM image of MoS; nanocrystals arz almost al triangular,

The Hydrodesulphurization Process (3)

The Hydrodesulphurization Process (4)
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The frezh Mo&; nancerystal. After reacting with hydrogen. s e o
Mo catalytic activity. Good catalytic activity. or pon il

A more complicated case,




