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History:

Concept to design electronic functions by
molecular organized subunits with particular
physical properties:

“Molecular Engineering®
described by Hans Kuhn 1965
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What do we learn from Single Molecules?

1 i owalet:

i single modular
film
devices molecules components ?
komplex f(U) ?
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Molecules as real Connectors

» Tweezers for Molecules

* Rigid Molecules
 Anchor Groups

» Structure vs. " Transport Correlations

~2 nm
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Current through Single asymmetric Molecule BA

J. Reichert, R. Ochs, D. Beckmann, H. B. Weber, M. Mayor, H. v. L6hneysen; Phys. Rev. Lett., 2002, 88, 176804.
H. B. Weber, J. Reichert, F. Weigend, R. Ochs, D. Beckmann, M. Mayor, R. Ahlrichs, H. v. Léhneysen; Chem. Phys., 2002, 281, 113.
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Current Through Single Molecule

Direct Observation of Intrinsic Molecular Features
symmetric vs. asymmetric

Dependence on Molecular Structure

Low Temperature Investigations

Structure vs. € Transport Correlation

Adjust the Device Resistance
Integration of Electronic Functions
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Tailor-made Bridging Structures
Interruption of the n-System

Insulating Linker Torsion Angle
between n, and n, between w, and n,
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Current through Pt(ll)-Complex as Insulating Linker BA
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Current through Pt(ll)-Complex as Insulating Linker BA
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M. Mayor, C. von Hanisch, H. Weber, J. Reichert, D. Beckmann; Angew. Chem. Int. Ed. Engl., 2002, 41, 1183.
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Functional Molecules
Memory Devices? NDR? Rectifiers?
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Single-Molecule Rectifier R—= s
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Kolloquiumsvortrag Universitat Regensburg 22. Mai 2006



N

Forschungszentrum Karlsru!le VW
in der Helmholtz-Gemeinschaf 31301 X

Institut for Nanotechnology

Electronic Functions: 6 - | - . - | - 6
Single-Molecule Rectifie

Control Experiments: al- 14
0p)
< 2 H2 &
= >
- E
©

OrF -0

2 -1-2

I I I
-2 -1 0 1 2

Gold s::s Gold

M. Elbing, R. Ochs, M. Koentopp, M. Fischer, C. von Hanisch, F. Weigend, F. Evers, H. B. Weber, M. Mayor; PNAS, 2005, 102, 8815.

Kolloquiumsvortrag Universitat Regensburg 22. Mai 2006



N

Forschungszentrum Karlsrufhe VIV
in der Helmholtz-Gemeinsct

Institut for Nanotechnology

Electronic Functions: 10 - | - | - | - 10
Single-Molecule Rectifier
Control Experiments:
51 -5
2
E {3
- )
=
O —0
-5 I I I I I I I -5
-2 -1 0 1 2

R F R F
Gold s::s Gold
F F F F

M. Elbing, R. Ochs, M. Koentopp, M. Fischer, C. von Hanisch, F. Weigend, F. Evers, H. B. Weber, M. Mayor; PNAS, 2005, 102, 8815.

Kolloquiumsvortrag Universitat Regensburg 22. Mai 2006



Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Institut for Nanotechnology

\N/

AN

N/
AN

N/

/\

NIA
20N

11 NI

Electronic Functions:
Single-Molecule Rectifier s = - — ' |

Statistics: ol _‘ ’_( H H

L[

20 I | | | I |

—
(&)

(&)

7

Au—s FF = ) )= FF S-Au

Number of occurence
=)
IIIII|IIIII|IIIII|IIIII

(&)
LI B B I B

-

| N e W NI

o
N

4 6

rectification ratio

M. Elbing, R. Ochs, M. Koentopp, M. Fischer, C. von Hanisch, F. Weigend, F. Evers, H. B. Weber, M. Mayor; PNAS, 2005, 102, 8815.

Kolloquiumsvortrag Universitat Regensburg

22. Mai 2006

—L
(e)



NAL
_Forschungszentrum Karlsruhe N
in der Helmholtz-Gemeinschaft NN
_ VN
Institut for Nanotechnology N
. UN I
Perspectives BASEL

Functional Molecules
Memory Devices? NDR? Rectifiers?

Switch
Rectifier Memory
Device

Kolloquiumsvortrag Universitiat Regensburg 22. Mai 2006




\N/

AN
N/
AN
N/

/\

Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

NIA
20N

Institut for Nanotechnology

UN I
H - BASEL
Single Molecule NDR-Device
J. Chen, M. A. Reed, A. M. Rawlett, J. M. Tour, Science, 1999, 286, 1550-1552
e AR | =1nA
O,N
U 0.8
1 < 06
044
|
0.2
0.0 - @ey ~LPA
Q=0 Q=-1 Q=-2

| i T | | 1
00 05 10 15 20 25

Voltage (V)

Kolloquiumsvortrag Universitat Regensburg 22. Mai 2006



Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Institut for Nanotechnology

NDR-Theory Hypothesis

perpendicular

\/
NI
N
)
N
Ve

Wﬁ*{};

— '

_lm_l. T 1T F | L] LI
e O | ! f
OBY | | i

L L

st |
1157

- Non-conducting -

Q=0 k. N Y A N A .
50 100 150 200 230 3D
Temperature (K)
. .‘ J. Chen, M. A. Reed, Chem. Phys., 2002, 281, 127-145
HLG 468 4.01
T % E9.6%/89.7°
. M. Seminario, A. G. Zacarias, J. M. Tour, J. Am. Chem. Soc., 2000, 122, 3015-3020
Kolloquiumsvortrag Universitiat Regensburg 22. Mai 2006



Forschungszentrum Karisruhe N <\ 7N

in der Helmholtz-Gemeinschaft /N
. SN
Institut for Nanotechnology N
N |
SEL

Theory: Hypothesis 2z

Kurt Stokbro, Jeremy Taylor, Mads Brandbyge, Pablo Ordejon, Ann. NY acad. Sci., 2003, 1006, 212-226.
J. Taylor, M. Brandbyge, K. Stokbro, Phys. Rev. B, 2003, 68, 121101.

Kolloquiumsvortrag Universitiat Regensburg 22. Mai 2006



Forschungszentrum Karisruhe N <\ 7N

in der Helmholtz-Gemeinschaft YANA
. SN
Institut for Nanotechnology N
. UNI
from assembly - to - single molecule BASEL
from intermolecular - to - intramolecular

Kolloquiumsvortrag Universitiat Regensburg 22. Mai 2006



Forschungszentrum Karlsruhe \\/\<V><
in der Helmholtz-Gemeinschaft NN
Institut for Nanotechnology / \/\/ \
. UN I
Single Molecule NDR: BASEL
modules of the | Terminus:
targetstructure S O anchorgroups (sulfur)

electronically active (para)
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Bridge: NDR-Switch:
structure determining redox aktive
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Internal relation system
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Single Molecule Transport & Electrochemistry:
Synthesis: Alfred Btaszczyk
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Single Molecule Transport & Electrochemistry:

Z. Li, B. Han, G. Meszaros, |. Pobelov, Th. Wandlowski, A. Btaszczyk, M. Mayor, Faraday Disc. 2006, 131, 121-143.
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Single Molecule Tunneling:
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Molecular Electronics: oA
devices of tomorrow?

Marcel Mayor
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cycle F = r'n magnetic induction
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Giant Conjugated Cycles, Persistent Currents BASEL
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Giant Conjugated Cycles, Persistent Currents
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Summary

roots and overview
current through single molecules

structure vs. e- transport correlations
single molecules - symmetry

Tailor made resistance

designed electronic functions

single molecule electrochemistry
integration in CMOS technology

e- mobility in nanoscale objects

giant macrocycle
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