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single atomic and molecular switches

prior results of decacyclene based systems
decacyclene

hexa-t-butyl-decacyclene (HBDC)

STM and TS observations of single molecule switches
multistate logic

concept and observation of multi-state switches

nc-afm outlook

Collective systems

Chemically specific new systems?

Eigler atomic switch based on transfer of atom to
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Single Molecular Rotor

® Molecular coordinates
[ -
. LI taken from STM image

® (0.25nm translation of
molecule

= ® Mass= 1.3x102*kg

® Rotate in both
positions in 1 degree
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Sub-molecular resolution force spectroscopy

O High resolution nc-AFM
permits spatial definition of force
spectra within a molecule

O Observe molecules before and after
(verification)

O Lateral drift 5Snm/hour

O Frequency shift recorded as function
of proximity

J.K. Gimzewski, C. Joachim, R.R. Schlittler, V. Langlais, H. Tang and |. Johannsen

Science 281(5376), 531-533 (1998).

Ch. Loppacher, M. Guggisberg, O. Pfeiffer, E. Meyer, M. Bammerlin, R. Lithi, R. Schlittler, J.K. Gimzewski, H. Tang, C.
Joachim, Phys. Rev. Lett. 90, 066107 (2003)



Measuring the force to rotate a single C-C bond Single molecular bond rotation by nc-AFM

In di-t-butyl phenyl porphyrin

Distance (Angstroms)

Theory: 88 zepto-joules
Experiment: 55 zepto-joules

Ch. Loppacher, M. Guggisberg, O. Pfj}(l)f;ifr’] i'rfn» '\giyzﬂ&VBEQ{“SQ'VB6%-1'(-)L;”(“Z’OFS-S)SC""“'GE J.K. Gimzewski, H. Tang, C. Ch. Loppacher, M. Guggisberg, O. Pfeiffer, E. Meyer, M. Bammerlin, R. Lithi, R. Schlittler, J.K. Gimzewski, H. Tang, C.
, Phys. . - 90, Joachim, Phys. Rev. Lett. 90, 066107 (2003)

_ , Decacylene: Image Contrast and Dimerization
Molecules Studied by Picolab

Propeller shape: AAA/BBB Boat shape: ABA/BAB
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Observations of image contrast and dimerization of decacyclene
by low temperature scanning tunneling microscopy
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Image Contrast

Cu(111) - tip dependent
Type 2 tip
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Image Contrast - Summary

Cu(100) - bias dependent

1=DC
2 = atomic oxygen

8.8 nm x 4.5 nm

Cu(111) - tip dependent

Type 1 tip Type 2tip
+2V
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2V -1V +1V +2V 2V
3nmx3nm

7.8nm x 8.6 nm

Conformation of
t-butyl groups indicates propeller twist

BAB BBB
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Lattice structure and molecular distortion FU” ‘Morjolayer of Propeller M.O lecules
imaging with two chemically different tips

* RED image recorded with a metallic tip

e (GREEN image recorded with a ‘molecular’
tip

¢ Different tips image different molecular
sub-components
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Molecules immobilized by supramolecular interactions

Cross-Sectional Conformation Analyses
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Collective Systems: switching induced stress
Morphing of 2 images

New Molecular System: The Pancakes

Disc-Type Polycyclic Aromatic Hydrocarbons
(hexa-peri-hexabenzo-coronene (HBC)

1958 Halleux et al

Super-benzene

Modification of substituents permits fine tuning
of orbital energies

Experiment originally designed for selective
docking of Phenyl on monoatomic Cu(100)
step B

A. Gourdon, H. Tang, C. Joachim, M.
Pederson, R. Schiittler and J. Gimzewski

TORANDS: The Stator

Torands are receptors
for small molecules

Central cavity is hollow

Copper atoms can be
trapped central cavity
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Stimulation with
an STM tip
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Continuity of Graphene on Polycrystalline
Copper

Haider 1. Rasool,* "*#* Emil B. Song, *'$'"¥ Matthew J. Allen,’ Jonathan K. Wassei,"
Richard B. Kaner,- Kang L. Wang,$ Bruce H. Weiller," and James K. Gimzewski'*
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polycondensation

Aldehyde units

Thermodynamically Controlled
Self-Assembly of Covalent

Nanoarchitectures in Aqueous Solution

Ryota Tanoue," Rintaro Higuchi," Nobuo Enoki,’ Yuya Miyasato," Shinobu Uemura,’ Nobuo Kimizuka, S

Adam Z. Stieg,™" James K. Gimzewski,*"* and Masashi Kunitake™**
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TAPP-TPA
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Mechanical Interferometry of Nanoscale
Motion and Local Mechanical Properties

of Living Zebrafish Embryos
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Dynamic mechanical oscillations during
metamorphosis of the monarch butterfly

Andrew E. Pelling"**f, Paul R. Wilkinson'?, Richard Stringer*

and James K. Gimzewski
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Ultrastructure of individual saliva exosomes observed
under Tapping mode, AM-AFM and FESEM
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