Chapter 1

Introduction

The continuing demand for smaller and smaller devices irraelectronics will ulti-

mately lead the semiconductor industry to fabricate ciscaiear to the atomic scale,
facing however severe and fundamental thermodynamic @nob(for instance material
break down or statistical fluctuation) [1]. It is thereforefondamental importance to

explore innovative solutions to implement electronic dewgi

A conceptually new strategy in such direction, the so cathedecular electronics, is
based on the realization of electrical devices consistimgalecules [2, 3]. The idea that
a few molecules, or even a single molecule, placed betweeel®ectrodes could perform
the basic functions of digital electronics (rectificati@mplification and storage), was
first proposed in 1974 by M. Ratner and A. Aviram [4]. They destoated theoretically
that a molecule with a donor-spacer-acceptor design wahdve as a diode when placed
between two electrodes. Although molecular electronisddegen the subject of much in-
terest and speculation over the past 30 years, single matatevices have only in the last
decade become accessible to experiments. Important wotkisiregard are for example
the measurements by STM of the electron transport throudjkidual molecules [5, 6]
and the fabrication of a field-effect transistor consistifigq carbon nanotube connected

to two metal electrodes [7].

For electronic applications, molecular structures ofémesal advantages) their size
scale (1-100 nm) combines benefit in cost and efficiengyheir fabrication methods can
be provided by the system itself through self-organizatavemical recognition) [8—10],
(iii) they can be tailored using chemical synthesis, which isatays able to vary their

physicochemical properties for realizing new functiotiedi [11], and furthermorej\)
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there is a large variety of molecules, which could realizei®aperations like writing,

storing, and transferring information [11].

In order to study the fundamental properties of moleculatesys which could serve
for molecular electronics, the low temperature scannimgéling microscope (LT-STM)
is a very powerful tool. It not only allows to image single @®and molecules on sur-
faces, but also to manipulate them with atomic precisior-I#. The techniques of ma-
nipulation have been intensely developed in the last defd&d€l 7]: Nanostructures have
been fabricated atom by atom by STM manipulation [12] anchatswitches have been
realized [18, 19]. Recent experiments have shown that cov#tional changes within
a molecule can be mechanically induced by the STM tip and lee @& realizing a
molecular switch [20] or amplifier [21]. Moreover, moleculatation [22, 23] and vi-
bration [24—-26] can be controlled by exciting moleculeswiitnneling electrons, while
diffusion [27] or desorption [28] of molecules adsorbed orfaces are induced by the
intense electric field present between the STM tip and thepkasurface. Furthermore,

chemical reactions have been realized with single moledweSTM [29, 30].

This thesis focuses on the LT-STM study of single molecuhésresting for future
application in molecular electronics devices. The moleswhosen are organic systems
which have been custom synthesized and present in the ga&-gpecial properties and
functionalities. Adsorption and manipulation of such nooles was studied in detail,
taking into account the interaction of the molecules with substrate. The question,
whether and how the molecular functionalities are affettgdhe substrate, was one of

the central issue of this work.

To investigate the electronic properties of moleculess itiésirable to reduce their
electronic interaction with a conductive substrate, whglhised in STM experiments,
since otherwise the charge flowing through a molecule woakilye dissipate into the
substrate. In order to solve this problem, in this work twibetlent approaches are con-
sidered. On the one hand, molecules equipped with isolaager groups have been
studied. On the other hand, the electronic isolation of aeawde is addressed by in-
troducing decoupling oxide layers between a metal sulestnad the adsorbed molecule,
thus preserving the electronic properties of the molecht®. this aim, the study of the

formation of thin vanadium oxide films on a metal substrats performed.



Two basic molecular systems were studied in this thesis woridecular wires and
switches. A molecular switch requires at least two stabligctimg states. To be suit-
able for molecular electronics, the switch must be coraldd, reversible, and readable
at the molecular level. Many properties of molecules candresiclered as they present
bistability; examples include geometric changes (e.dtraiss isomerization and changes
in coordination number), spin (e.g. 'up’/down’, high/lpwand electron transfer (re-
dox). Stimuli effecting the bistable state and enabling whiging and reading of the
state include electromagnetic radiation (photons), adptagnetic or electric fields, and
chemical reactions.

In this work, the mechanism of theans-cisisomerization of an azobenzene molecule
adsorbed on a gold surface was investigated. The goal was i this molecular switch,
known to work in the gas phase and in solution, to a solicestavice setting.

This thesis is structured as follows: in Chapter 2 the basncple of scanning tunnel-
ing microscopy and spectroscopy as well as the STM manipulate introduced. More-
over, the elastic scattering quantum chemistry (ESQC)agmbr, used for the simulation
of STM images of adsorbates, is presented. The experimsatalp and its develop-
ment are described in Chapter 3. The study of tip-inducesldatmanipulation of Lander
molecule, model system of a molecular wire on a stepped capéace, is presented in
Chapter 4. Chapter 5 illustrates the method of preparatidhim vanadium oxide films
and reports on their formation and characterization. Add#lly, it presents the study
of the adsorption of pentacene molecules on these oxide. filbhgapter 6 describes the
study and realization of the reversilbtans-cisisomerization of an azobenzene derivative
on Au(111) by STM manipulation and the investigation of thatshing driving mecha-

nism. Finally in Chapter 7 some conclusions and outlook areng








