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* Basics of electrochemistry

* The three-elecirode electrochemical cell
* The four-electrode electrochemical STM
* Electrochemical tip generation

= Tip preparation for EC-5TM

* Substrate preparation for EC-5TM

= Real-time atomic-scale observation of the
reduction-oxidation (redox) process
* Moalecules at the liquid-solid interface

References: Sections 1.5.2, 13.2, 13.6.

Basics of Electrochemistry
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Stdy of chemical ractions at the inerface of an ionic conductor
felectrolyte) and an electron conductor (typically metal).

The three-electrode electrochemical cell
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By adding a refevence slectrode to the elecrochemical eell, the absoluts valus
of the potential at the warking electrode versus the standard can be determined.

Uzing a electronizally controlled variable power supply to ramp the potential up
and down, & volammogram is gensrated as a record of the vedox process,

A typical cyclic voltammogram
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Starting with fresh-made Aul11) surface at -035%. At +0.35V, a reconstrction
takes place. At +0.8%, a layer of S0, is formed. The process is reversible.

The four-electrode electrochemical STM
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In addition to the working electrode (WE, the sample), the counter alecirods
and the referance akatrods, the STMtip i introduced as the fourth electrods,

Tor eliminate cxygen, the STM chamber is flushad with angon gas.




Tip preparation using electroche mistry
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Dependence of tip shape on cutoff time
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The madius of curvature of the tip is relaed to the cutof time after the lower
part of the W wire drops off, (a) £= 600 ns, r =32 nm. (b) r= 140 ms, r= 58
nm. (¢ = 640 ms, r = 100 nm. Theretore, a short cutodt time is preferned.

A simple apparatus to coat the tip for EC-STM
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The typical Faradaic cument is - | HA."CI'HE. or =] pA.l'uruz.

To make the Faradaic current < 1 pA, the exposed area should < 100 gm?,

Au(l11) surface imaged by STM in a liquid
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fa) Atrelatively large scake, the Auil] l]ﬂxﬁ reconstruction is observed,

(b} At smaller scale, under good conditions, individual atoms are observed.

Voltammogram and STM images of Au(111)
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The structure of a crystal surface in an electrolyte can be controlled by potential.

{a) The vatammogram. At about 078V, the Auillli-1=1 surface is covered by
an ordered layer of sulfate ion. (b) By changing the potential during a single
scan, the STM image changes {tom Aul 111 1=1 to a sulfate-ion layer.

Self-assembled monolayer of cysteine on Aun(111)
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In cader to observe large biomolecules using 5TM, the maolacules must be
immobilized on & conducting surfacs.,

A proven method i o start with a single-crystal metal surface, such as
Aui111}, form a selff-assemblad monclaysr of mokcules which could form a
strong baond an that metal sufacs, for exampla, a thiol jorganic moleculs
containing & —5H group).




