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III. EC-STM Experiments
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a) Structure of the Electrochemical Double Layer 

I. Synthesis
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IV. Possible Application

b) Deposition of Rhomboids on Chloride Adlayer

After deposition of 
new host molecules 
on the chloride 
adlayer, a third-
order template 
effect might occur 
by inclusion of 
guest molecules 
like chiral amino-
acids or metal ions.
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II. Characterization
a) CD

b) NMR

c) ESI FT-ICR MS

a) Ligands b) RhomboidsThe ligand synthesis is 
shown for the (S,S)-
enantiomers. The enan-
tiomeric ligand (R,R)-8
was synthesized similarly 
starting with an oxidation 
of 4 with AD-mix-β to 
yield 5. The subsequent 
reaction steps were 
identical to those of the 
(S,S)-enantiomer and 
thus are not shown in the 
scheme.

The rhomboids are 
synthesized according to 
a method developed by 
Fujita et al.

yields:
(S,S,S,S)-1a 65%
(S,S,S,S)-1b 62%
(S,S,S,S)-2a 48%
(S,S,S,S)-2b 55%

(R,R,R,R)-1a 65%
(R,R,R,R)-1b 62%

CD spectra are recorded for ligands (R,R)-8 and (S,S)-8 and 
rhomboids (R,R,R,R)-1a and (S,S,S,S)-1a. Both enantiomers give 
mirror-symmetrical CD spectra for both substances.

1H NMR spectra (DMSO-d6, 298 K) of ligand (S,S)-8 and the 
corresponding rhomboid (S,S,S,S)-1a. The arrows indicate the 
presence of less than 10% of a 3:3 complex present at equilibrium 
(detected with ESI FT-ICR MS).

top: ESI FT-ICR mass spectrum of 
(S,S,S,S)-2b in methanol. The inset shows 
the isotope pattern of the triply charged [2b-
HNO3-3NO3]3+ obtained by experiment (top) 
and calculation on the basis of natural 
isotope abundances (bottom).

right: Experimental isotope pattern of the 
doubly charged ion [2b-HNO3-3NO3]2+

(top). The simulated isotope pattern 
(bottom) of [2b-HNO3-3NO3]2+ (filled lines) 
is superimposed with a ca. 10% 
contribution of a triply charged 3:3 complex 
(open lines).
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After addition of (S,S,S,S)-1b to the supporting 
electrolyte, ordered domains of the supramolecular 
rhomboids are formed on the chloride layer as second-
order template. An angle of -12° ± 1° between the 
lattice cell vector of the metal-organic adlayer and the 
substrate ‹100› directions can be detected.

Within the ordered domains, a submolecular resolution 
can be achieved.

Cu(100) serves as first-order template 
which transmits ist 4-fold symmetry into the 
covering chloride layer. The resulting 
chloride structure can be described either 
by a (√2x√2)R45° or alternatively by a 
larger c(2x2) unit cell.

Cu steps are oriented parallel 
to the chloride rows which are 
rotated by 45° with respect to 
the main symmetry substrate 
directions. 

A change in the STM contrast can be achieved by a change of the tunneling 
conditions:

After a racemic mixture of (S,S,S,S)-
1b/(R,R,R,R)-1b was added to the 
supporting electrolyte, a spontaneous 
separation of these enantiomers at the 
surface into two enantiomerically pure 
domains was observed.

Characteristically, their main symmetry 
axes enclose an angle of 25° ± 2°.

The molecular structure obtained by 
density functional calculations helps to 
interpret the STM images.

A new type of 
sensors with a well 
defined coating 
could be designed.


