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Molekularelektronische Bausteine basierend auf selbstorganisierten Monolagen

Die Entwicklung der Mikroelektronik, oft beschrieben durch das Moore’sche Gesetz, wird getragen
durch eine stetige Verkleinerung der elektronischen Bauteile. Es wird jedoch damit gerechnet, dass
die Miniaturisierung der CMOS Technik als der bisher vorherrschenden Herstellungstechnik für
Transistoren und Schaltungen in 15 bis 20 Jahren durch grundlegende physikalische und
technologische Begrenzungen in eine Sättigung laufen wird.

Eine zurzeit diskutierte Alternative ist die molekulare Elektronik. Es wird versucht, einzelne Moleküle
zu kontaktieren und die Stromtransporteigenschaften dieser Moleküle für die Informationsspeicherung
oder für komplexe logische Schaltungen zu benutzen. Eine Möglichkeit der Kontaktierung von
einzelnen Molekülen wird in dieser Arbeit vorgestellt: die Rastertunnelmikroskop(RTM)-Kontaktierung
von Molekülen, die mit Hilfe einer speziellen Einlagerungstechnik in einer monomolekularen Schicht
isolierten werden. Hierzu wird auf einer atomar glatten, (111)-orientierten Goldschicht eine
selbstorganisierte Monolage aus isolierenden Alkanthiolen abgeschieden. In diese Monolage werden
in einem zweiten Schritt die zu kontaktierenden Moleküle, in dieser Arbeit Biphenylthiole, eingelagert.
Die Goldschicht bildet den unteren Kontakt zu dem Molekül, der obere Kontakt wird durch eine RTM
Spitze hergestellt, so dass der Strom von der Goldschicht über das Molekül zur Spitze fließt. Der
obere und untere Kontakt unterscheiden sich leicht: Während das Molekül kovalent an das Gold
gebunden ist, besteht der obere Kontakt nur aus einer losen Kopplung der RTM Spitze über einen
Vakuumspalt mit dem Molekül.

Im Rahmen der vorliegenden Arbeit werden alle Schritte zum Aufbau der eben beschriebenen
Kontaktierungsmethode durchgeführt. Insbesondere wird die Goldschicht optimiert, verschiedene
Depositionsmethoden zur Herstellung von Monolagen aus Alkanthiolen evaluiert, Monolagen aus
Biphenylthiolen mittels RTM im Ultrahochvakuum charakterisiert und Biphenylthiole in Monolagen aus
Alkanthiolen eingebettet.

Ein Schwerpunkt der Arbeit liegt neben der Herstellung und der Bestimmung der Struktur der
Molekülschichten auf der Charakterisierung des Stromtransportes durch Biphenylthiole. Zwei
verschiedene Methoden werden dabei angewendet. Mit Hilfe von Strom/Abstandskurven über einer
Monolage aus Biphenylthiolen wird gezeigt, dass der Strom durch die Molekülschicht am besten durch
einen Tunnelprozess beschrieben wird. Die Abklinglänge der Biphenylgruppe kann aus den
Messungen bestimmt werden ( = 4.7±0.8nm-1 ).

Zudem wird aus den unterschiedlichen Höhen der Alkanthiole und der Biphenylthiole in den RTM-
Aufnahmen der gemischten Monolagen (Alkanthiole mit eingebauten Biphenylthiolen) auf die
Stromtransporteigenschaften geschlossen. Wie auch mit der vorhergehenden Messmethode wird die
Abklinglänge der Biphenylgruppe bestimmt ( ~ 5nm -1 ).

Die Bedeutung dieser Arbeit liegt nicht nur in der Charakterisierung des Stromtransportes von
Biphenylthiolen, sondern ebenso in der Entwicklung einer Methodik, die die Messung der Leitfähigkeit
einer ganzen Klasse von Molekülen ermöglicht. Dadurch wurde ein Hilfsmittel entwickelt, das ein
breiteres Verständnis des Stromtransportes durch einzelne Moleküle ermöglicht.





Molecular Electronic Building Blocks Based on Self-Assembled Monolayers
The evolution of microelectronics often described by Moore’s law is driven by a continuous
downscaling of all electronic devices. However, it is expected that the miniaturisation of the CMOS
technology as the currently used technique for the fabrication of transistors and integrated circuits will
face fundamental physical limitations within the next 15 to 20 years.

Molecular electronics is one alternative to CMOS. The aim of molecular electronics is to contact single
molecules, to utilise the current transport properties of these molecules for information technology and
to build complex logical circuits. One method of contacting single molecules is described in this thesis:
the method of contacting molecules embedded in a molecular monolayer by scanning tunnelling
microscopy (STM). A self-assembled monolayer of insulating alkanethiols is deposited onto an
atomically flat gold film. The molecules of interest, in this case biphenylthiols, are embedded into this
monolayer in a second deposition step. The gold film represents the bottom contact to the molecule,
and the top contact is formed by the STM tip resulting in a current flow from gold across the molecule
to the tip. The bottom and top contact are slightly different: Whereas the molecule is covalently bound
to the gold, the top contact results from a weak coupling of the tip with the molecule across a vacuum
gap.

All necessary steps towards the completion of the aforementioned device setup are carried out in this
thesis. In particular, the gold film is optimised, different methods for depositing monolayers of
alkanethiols are evaluated, monolayers of biphenylthiols are studied by STM, and finally biphenylthiols
are embedded into a self-assembled monolayer of alkanethiols.

One focus of the thesis is the characterisation of the current transport properties of biphenylthiols. Two
different methods are used. By current vs. distance spectroscopy it is shown that the current through
the monolayer of biphenylthiols is best described by a tunnelling process. The decay length of the
biphenyl group can be obtained from these measurements (= 4.7±0.8nm -1 ). Furthermore, the height
differences between alkanethiols and biphenylthiols as seen in the STM images of mixed monolayers
are interpreted in terms of a tunnelling model. As for the preceding method, the decay constant of the
biphenyl group is determined (~ 5nm -1).

The significance of this thesis is not only based on the characterisation of the current transport through
biphenylthiols, but also on the development of a setup by which the conductance of a whole class of
molecules can be measured. Thereby, a method is developed that helps to gain a broader
understanding of current transport through single molecules.
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for understanding molecular conduction. They are used in section 1.3.1 to develop a

theoretical basis for the resistance of molecular wires.

Brownian motion

On the nanoscale, all objects such as atoms or molecules show a statistical, undirected

motion called Brownian motion. For example, the drift velocity of electrons due to an

external electric field is only defined as a statistical average over many electrons. If the

motion of a single electron is followed, it will show a seemingly chaotic behavior and

will move in every direction. Only if the motion of the electron is tracked over a longer

period of time or if the average of many electrons is taken, do these electrons show a

directed motion along the electric field.

The average energy of any particle due to its Brownian motion depends on the

temperature. Therefore, for many observations on the nanoscale, the objects are cooled

down to very low temperatures to freeze in the inherent motion of particles. This

allows to observe single molecules or atoms. In this thesis, a different way of fixing

single molecules is shown: the molecules are embedded into a host matrix of different,

insulating molecules, so that the molecules cannot move on the surface and are fixed in

one adsorption site (sec chapter 5).

Stickiness

Due to van der Waals or dispersion forces, all nano-objects tend to stick together. This

"stickiness" of small objects is used, for example, in organic molecular beam epitaxy

(OMBE). Molecules are thermally evaporated and a substrate is held into the beam

of these evaporated molecules. Although the molecules do not chemically bind to the

substrate, they stick to the surface and a layer of the organic material starte to grow.

On the other hand, this stickiness can be undesirable. If, for example, small clusters

of only a few gold molecules are prepared l , they have to be prevented from sticking to

their neighboring clusters and building larger clusters. Therefore, these gold clusters

are protected by a ligand shell of organic molecules.

Besides the quantum effects, the brownian motion and the stickiness of small ob-

jects, there are other physical effects at the nanoscale that are of great importance for

nanotechnology in general, but of only limited importance for nanoelectronics, like the

growing importance of viscosity compared to inertial forces and the growing strength of

small objects. A more in-depth introduction into physics at the nanoscale can be found

in the book by	 Jones [1-1].

'Such gold clusters are used in chapter 5
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Chapt er 3

Characterization of Self-Assembled

Monolayers of Alkanethiols on Gold

Thiol-based self-assemblecl monolayers (SAMs) of organic molecules are an effective tool

for tailoring the surface properties of metals [63, 115]. The applications of SAMs range

from wetting control 1116-1191, corrosion inhibition 11201, protein adsorption 11211, and

lateral structuring [122] to molecular electronics [23]. In this thesis, alkanethiol SAMs

are used as host matrices in which electrically active molecules are embedded. For this

application, special demands are imposed on the layers: they have to possess a low

defect density, large molecular domains and they have to be very clean. To be able to

distinguish between the embedded molecules and the surrounding alkanethiol SAM, the

structure of the SAM has to be studicd in detail. The preparation and characterization

of SAMs of alkanethiols is described in the following chapter.

3.1 The History of SAMs of Alkanethiols on Gold

Even in the 1930s, it was possible to produce organic monolayers using the methods

invented by Langmuir and Blodgett [123, 124]. This method consists of the assembly

of amphiphilic molecules on the surface of a liquid and the transfer of this monolayer

onto a solid substrate. Later research focused on methods that assemble monolayers

of molecules directly onto a solid substrate. Several material systems were found that

showed this behavior; the most popular are organosilicon derivatives (silanes) on oxidic

surfaces and organosulfur compounds on gold.

Monolayers of silanes were discovered by Polymeropoulos and Sagiv [61] in 1978.

For this material dass the term self-assembled (or assembling) monolayer was first used

by an anonymous author in a short article in New Scientist [125].

Later, Nuzzo and Allara [62] and Li et al. [126, 127] independently discovered

monolayers of molecules bound via sulfur-gold bonds onto a gold substrate. Whereas
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Chapt er 5

Embedding Guest Molecules into an

Alkanethiol SAM

After optimizing the bottom electrode and the alkanethiol self-assembled monolayer and

after studying the current transport properties of BPn in full coverage SAMs, BPn is

now embedded into an alkanethiol SAM.

The electrical characterization of the embedded molecules is experimentally more

demanding than the characterization of full coverage SAMs as shown in sections 4.4.1

and 4.4.2. One method of measuring the current transport properties of embedded

molecules is based on the Current Imaging Tunneling Spectroscopy (CITS) mode of

the STM. In this mode, an image of the surface is scanned. In addition to the height

information, at cach pixel of the image an IV or IS characteristic of the film is taken.

Thereby, the IV or IS characteristic can be directly mapped to the Features of the surface,

i.e. the IV or IS curves taken above the embedded molecules can be distinguished from

the IV curves taken above the surrounding SAM.

A second method is based on the operational principle of the STM. If an SAM

is scanned in the constant current mode, the height of the embedded BPn above the

alkanethiol SAM does not solely represent the physical height of the BPn molecule,

but is rather a combination of physical height and differences in the tunneling con-

ductance between the embedded molecule and the surrounding SAM. Therefore, the

current transport properties of BPn can be deduced simply from the height differente.

Compared to the CITS mode, the method, which is based on the height differences

in STM images, has several advantages: The measurement of height differences in STM

is more reliable than spectroscopic methods. For measuring an IV or IS characteristic,

the feedback loop of the STM has to be switched off so that any drift of the piezo crystal

that positions the STM tip cannot be controlled. Furthermore, during IS spectroscopy

the STM tip necessarily pushes into the SAM, as discussed in section 4.4.2. It is argued

that this perturbation of the SAM is small, but of course there is always an uncertainty
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about the degree of perturbation. This uncertainty is avoided by the method based

an the interpretation of the height differentes. At last, the height differente between

different domains of an SAM is unaffected by the specific shape of the STM tip. Whereas

the absolute magnitude of the current in IV or IS measurements acquired with different

tips is difficult to compare, for the measurement setup of mixed SAMs the influence of

the tip is canceled out.

There are different methods of embedding specific molecules into a host SAM or,

more generally, of preparing mixed SAMs that consist of multiple molecular species.

These methods are described in the next section.

5.1 Mixed Self-Assembled Monolayers as a Tool for Molec-
ular Electronics

As already mentioned in chapter 3, thiol based self-assembled monolayers (SAMs) are

not only an effective tool for molecular electronics, but are more generally used as a

method for tailoring the surface properties of metals 163, 1151. In particular, SAMs are

used for wetting control [116-119], corrosion inhibition [120], protein adsorption [121],

and lateral structuring 11221. For most of these applications, SAMs that consist of

more than one component (mixed SAMs) are used, because they exhibit more degrees

of freedom, i.e. the surface properties can be adjusted by the ratio of the different

constituents of the film.

Mixed SAMs are especially promising for the application in this thesis, i.e. for

measuring the electron transport properties of different molecules. Weiss et al. were

the first to characterize electronic transport properties of single molecules via an STM

setup by using mixed SAMs. A molecular wire candidate, a conjugated organic molecule,

was diluted in an SAM of dodecanethiol [23]. Thereby, the molecular wire was shown

to be indeed highly conductive compared to the alkanethiols.

There are several ways to prepare mixed SAMs. One method is to assemble the

film from a mixture of different substances (coadsorption). Various mixed SAMs were

realized using this approach: alkanethiols with different chain lengths [202, 203] and

different terminal groups 1203-2051, as well as decanethiol and an amide-containing

alkanethiol of similar length [206]. Bain et al. [203] showed that the composition of the

monoleer does not fiilly correspond to the composition of the solution and that langer

chains are preferentially adsorbed, which points toward thermodynamic control of the

adsorption process. This was later confirmed by a theoretical study [207].

Another method of creating mixed SAMs is the adsorption of asymmetric disulfides

[204, 208]. However, this process fixes the ratio of the two components to 0.5, thereby
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limiting the advantage of continuously adjusting the surface properties in mixed mono-

layers by varying the ratio of the two components.

In contrast to the two above-mentioned methods, which always consist of a single

deposition process, a two step deposition process is mainly used for isolating electrically

active molecules in a host matrix 123, 209-2161. For this method, a preassembled, single

component SAM (usually consisting of insulating alkanethiols) is dipped in a second

step into a solution of the electronically active molecules. In this second step, molecules

of the host matrix are replaced by the active molecules. It was shown that this process

mainly takes place at defects in the host matrix [23, 209, 210]. Studies an the insertion

of linear conjugated molecules showed that the amount of molecules incorporated into

the monolauer is a function of immersion time [210]. The rate determining step is the

replacement of host molecules by molecules from the second molecular solution.

Depending an the preparation te,chnique and the molecular species used, the mono-

layers are either homogeneously mixed or the different molecules segregate into sep-

arate domains. For some applications unifornily mixed monolayers are preferred so

that, a kinetically trapped method for preparing truly molecular-scale mixed SAMs has

been developed [202]. Similarly, the deposition of mixed monolayers from asymmetrical

disulfides results in uniform mixed layers 1204, 2081. In most of the molecular electronic

studies that measure the electronic transport along a molecular wire, the electronically

active molecules are rather isolated in the host matrix instead of being surrounded by

a segregated domain of the same molecule [23, 209-211, 213, 214]. In some of these

studies, the apparent height in the STM images of the molecules above the host matrix

is related to the current transport properties. This is possible as the STM height does

not solely reflect the physical height of the molecule, but also comprises the transcon-

ductance of the molecule.

Biphenylthiols are ideal substances for insertion into an alkanethiol host matrix.

Compared to the conjugated molecules used by Bumm et al. [23], BPn can better adapt

to the alkanethiol lattice due to the higher flexibility of the alkane chain. This is particu-

larly important in the rate-determining exchange step of alkanethiols by biphenylthiols.

As described above, the height difference of these domains measured by STM can be

interpreted as a combination of physical height difference and difference in transcon-

ductance of the molecules. Compared to the structurally very similar molecules used by

Ishida et al. (4-biphenylmethanethiol, [215, 216]), BPn and C12 have the same top and

bottom group, which simplifies the interpretation. Therefore mixed SAMs consisting of

insulating dodecanethiol (C12) and BPn are prepeared by a two step process with the

aim of characterizing the current transport through biphenylthiols.
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Figure 5.8: Height distribution of an STM scan of a mixed C12/BP4 monolayer. Two
peaks are visible, which correspond to the different heights of the different domains.
The distance of the center of these peaks is taken as the mean height difference of the
C12 and BP4 domains.
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Figure 5.11: STM scan of the surface area at beginning (a) and after 10min (b) and
16min (c). No movement of BP4 molecules inserted into C12 domains is visible (see
white. arrow). Part (d) shows a cross se.ction along the black line in (c). The inserted
single molecules have almost the same height as the BP4 domains.
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lneters G0 ,Vac and βVac caxi be different

G0,Vac,C12 , G0 ,Vac,BP4 , βVac,C12 , βVac,BP4

GBP4 = G0,BP4 exp (−(βVacdVac,BP4 + βPhdPh + βCHdCH,BP4))

GC12 = G0,C12 exp (−(βVacdVac,C12 + βCHdCH,C 12 ))

GBP4 = GC12

G0,BP4 ln G0 	 + βCH(dCH,C12 − dCH,BP4 ) − βVac(dVac,BP4 − dVac,C12 )

dPh
βPh =





GBPn = G0 exp (−(βVacdVac + βPhdPh + βCHdCH)) 
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Figure 6.6: Thickness dependence of the on and off switching voltages of Rose Bengal
devices contacted by a ZnO bottom and aluminum top electrode.

setups. In fact, in the on state the molecular layer is short circuited so that no conclusion

about the molecule can be drawn. Furthermore, the magnitude of the currents shown in

figure 6.2 is higher than that observed by Bandyopadhyay et al. [219], who also observed

switching with mercury top electrodes [222]. But the findings of this chapter show that

one has to be very careful in automatically assigning a bistable switching effect of a

molecular layer contacted 4 metal electrodes to the molecule. Most importantly, a

linear on state with a low resistivity, as occasionally reported for Rose Bengal and

other molecular layers [234], is always a strong indication of an extrinsic electrode effect

instead of molecular switching.

6.3.1 Thickness Dependence of the Switching Effect

Although the switching effect observed in these studies has turned out not to be a

molecular effect, it is an interesting phenomenon which deserves to be looked at further.

As an additional characterization, the switching voltages and the ROFF /RON ratio was

measured for films with varying thickness (see figure 6.6).

In figure 6.6 the switching voltages and the RoFF /RoN ratio is shown for different

thicknesses (Onm-140nm, Onm corresponds to the aluminum electrode directly deposited

onto the ZnO electrode). The on switching voltage varies slightly between 1.1V and

109



l×













Bibliography

[1] J. Bardeen, W.H. Brattain, The Transistor, A Semi-Conductor Triode. Physical

Review 74, 230-231 (1948).

121 J.	 S.	 Kilby,	 Turning Potential into Realities:	 The Invention

of the Integrated Circuit.	 Nobel Lecture ,	 December 2000.

http://nobelprize.org/physics/laureates/2000/kilby-lecture.pdf.

131 G.E. Moore, Cramming more components onto integrated circuits. Electronics 38

(1965).

[41 R. Doering, Societal Implications of Scaling to Nanoelectronics. In Societal Im-

plications of Nanoscience and Nanntechnology – NSET Workshop Report, 2001.

[51 E.W.A. Young, S.Mantl, P.B. Griffin, Nanoelectronics and Information Technology

– Advanced Electronic Materials and Novel Devices, Chapter Silicon MOSFETs-

Novel Materials and Alternative Concepts, S. 361-385, Wiley-VCH, Weinheim

(2003).

[6] R. Waser, Nanoelectronics and Information Technology – Advanced Electronic Ma-

terials and Novel Devices, Chapter Logic Devices, S. 323-358, Wiley-VCH, Wein-

heim (2003).

[71 J.D. Meindl, Low Power Microelectronics: Retrospect and Prospect. Proceedings

of the IEEE 83, 619-635 (1995).

[81 J.D. Meindl, Q. Chen, J.A. Davis, Limits an Silicon Nanoelectronics for Terascale

Integration. Science 293, 2044-2049 (2001).

[91 V.V. Zhirnov, R.K. Cavin, J.A. Hutchby, G.I. Bourianoff, Limits to Binary Logic

Switch Scaling - A Gedanken Model. Proceedings of the IEEE 91, 1934-1939

(2003).

[10] T. Schulz, Konzepte zur lithographieunabhängigen Skalierung von vertikalen

Kurzkanal-MOS-Feldeffekt-Transistoren und deren Bewertung. Ruhr-Universität

Bochum, 2001.

116



BIBLIOGRAPHY

[11] International Technology Roadmap for Semiconductors, 2004 Update.

http://publicitrs.net 2004.

[12] National Nanotechnology Initiative: The Initiative and Its Implementation Plan.

http://www.nano.gov/html/res/nni2.pdf , July 2000.

[13] C. Delerue, M. Lannoo, Nanostructures - Theory and Modelling. Springer-Verlag

Berlin Heidelberg New York, 2004.

[14] R. A.L. Jones, Soft Machines - Nanotechnology arid Life. Oxford University Press,

2004.

[15] G. Binning, H. Bohrer, Scanning Tunneling Microscopy. Surface Science 126,
236-244 (1983).

[16] G. Binning, H. Rohrer, Scanning Tunneling Microscopy. Helvetica Physica Acta
55, 726 735 (1982).

[17] G. Binning, H. Rohrer, E. Weibe', 7x7 Reconstruction an Si(111) Resolved in Real

Space. Physical Review Letters 50, 120-123 (1983).

[18] Gerd Binning, Heinrich Rohrer, Scanning tunneling microscopy - from birth to

adolescence. Reviews of modern physics 59, 615-625 July 1987. Lecture from Dec

1986 an the occasion of the presentation of the Nobel Prize in Physics.

[19] J. Tersoff, D.R. Hamann, Theory of the Scanning Tunneling Microscope. Physical
Review B 31, 805 813 (1985).

[20] R. Waser, Nanoelectronics and Information Technology - Advancd Electronic Ma-
terials and Novel Devices. Wiley-VCH Verlag GmbH, Weinheim, 2003.

[21] D.M. Eigler, E.K. Schweizer, Positioning Single Atoms with a Scanning Tunneling

Microscope. Nature 344, 524-526 (1990).

[22] S.-W. Hla, L. Bartels, G. Meyer, K.-H. Rieder, Inducing All Steps of a Chemical

Reaction with the Scanning Tunneling Microscope Tip: .Towards Single Molecule

Engineering. Physical Review Letters 85, 2777 2780 (2000).

[23] L.A. Bumm, J.J. Arnold, M.T. Cygan, T.D. Dunbar, T.P. Burgin, L. Jones II,

D.L. Allara, J.M. Tour, P.S. Weiss, Are Single Molecular Wires Conducting?

Science 271, 1705-1707 (1996).

[24] W. Wang, T. Lee, M.A. Reed, Mechanism of Electron Conduction in Self-

Assembled Alkanethiol Monolayer Devices. Physical Review B 68, 035416 (2003).

117



BIBLIOGRAPHY

[25] R. E. Holmlin, R. Haag, M. L. Chabinyc, R. F. Ismagilov, A. E. Cohen, A. Terfort,

M. A. Rampi, G. M. Whitesides, Electron Transport Through Ihm Organic Films

in Metal-Insulator-Metal Junctions Based an Self-Assembled Monolavers. Journal
of the American Chemical Society 124, 8762-8762 (2002).

[26] J. Chen, M. A. Reed, A. M. Rawlett, J. M. Tour, Large On-Off Ratios and

Negative Differential Resistance in a Molecular Electronic Device. Science 286,
1550-1552 (1999).

[27] J. Chen, J. Su, W. Wang, M. A. Reed, Electronic Memory Effects in Self-

Assembled Monolayer Systems. Pysica E-Lou, Dimensional Systems i Nanos-
tructures 16, 17-23 (2003).

[28] D. K. James, J. M. Tour, Electrical Measurements in Molecular Electronics.

Chemistry of Materials 16, 4423-4435 (2004).

[29] R. Martel, T. Schmidt, H. R. Shea, T. Hertel, Avourisa, Single- and Multi-Wall

Carbon Nanotube Field-Effect Transistors. Applied Physics Letters 73, 2447-2449

(1998).

[30] V. Sazonova, Y. Yaish, H. Üstünel, D. Roundy, T. A. Arias, P. L. McEuen, A

Tunable Carbon Nanotube Electromechanical Oscillator. Nature 431, 284-287

(2004).

[31] T. Rueckes, K. Kim, E. Joselevich, G. Y. Tseng, C. L. Cheung, C. M. Lieber, Car-

bon Nanotube-Based Nonvolatile Random Access Memory for Molecular Comput-

ing. Science 289, 94-97 (2000).

[32] B. Q. Q. Xu, X. L. L. Li, X. Y. Y. Xiao, H. Sakaguchi, N. J. J. Tao, Electromechan-

ical and Conductance Switching Properties of Single Oligothiophene Molecules.

Nano Letters 5, 1491-1495 (2005).

[33] C. P. Collier, G. Mattersteig, E. W. Wong, Y. Luo, K. Beverly, J. Sampaio, F. M.

Raymo, J. F. Stoddart, J. R. Heath, A [2]catenane-Based Solid State Electroni-

cally Reconfigurable Switch. Science 289, 1172-1175 (2000).

[34] H. Park, J. Park, A. K. L. Lim, E. H. Anderson, A. P. Alivisatos, P. L. McEuen,

Nanomechanical Oscillations in a Single-C-60 Transistor. Nature 407, 57 60

(2000).

[35] A. N. Pasupathy, J. Park, C. Chang, A. V. Soldatov, S. Lcbedkin, R. C. Bialczak,

J. E. Grose, L. A. K. Donev, J. P. Sethna, D. C. Ralph, P. L. McEuen, Vibration-

Assistcd Electron .Tunneling in C-140 Transistors. Nano Letters 5, 203-207 (2005).

118



BIBLIOGRAPHY

[36] K. M. Roth, N. Dontha, R. B. Dabke, D. T. Gryko, C. Clausen, J. S. Lindsey, D. F.

Bocian, W. G. Kuhr, Molecular Approach Toward Information Storage Based on

the Redox Properties of Porphyrins in Self-Assembled Monolayers. Journal of

Vacuum Science	 Technology B 18, 2359-2364 (2000).

[37] T. Nu, I. R. Peterson, M. V. Lakshmikantham, R. M. Metzger, Rectification by

a Monolauer of Hexadecylquinolinium Tricyanoquino-Dimethanide Between Gold

Electrodes. Angewandte Chemie International Edition 40, 1749-1752 (2001).

[38] A. S. Martin, J. R. Sambles, G. J. Ashwell, Molecular Rectifier. Physical Review

Letters 70, 218-221 (1993).

[39] J. Park, A. N. Pasupathy, J. I. Goldsmith, C. Chang, Y. Yaish, J. R. Petta,

M. Rinkoski, J. P. Sethna, H. D. Abruna, P. L. McEuen, D. C. Ralph, Coulomb

Blockade and the Kondo Effect in Single-Atom Transistors. Nature 417, 722-725

(2002).

[40] A. A. Dameron, J. W. Ciszek, J. M. Tour, P. S. Weiss, Effects of Hindered Internal

Rotation on Packing and Conductance of Self-Assembled Monolayers. Journal of

Physical Chemistry B 108, 16761-16767 (2004).

[41] C.B. Gorman, R.L. Carroll, R.R. Fuierer, Negative Differential Resistance in Pat-

terned Electroactive Self-Assembled Monolayers. Langmuir 17, 6923-6930 (2001).

[42] L. Müller-Meskamp, B. Lüssem, S. Karthäuser, S. Prikhodovski, M. Homberger,

U. Simon, R. Waser, Molecular Structure of Ferrocenethiol Islands Embedded Into

Alkanethiol Self-Assembled Monolayers Studied by UHV-STM. Physical status

solidi (c) submitted (2005).

[43] D. R. Stewart, D. A. A. Ohlberg, P. A. Beck, Y. Chen, R. S. Williams, J. 0. Jeppe-

sen, K. A. Nielsen, J. F. Stoddart, Molecule-Independent Elcctrical Switching in

Pt/Organic Monolayer/Ti Devices. Nano Letters 4, 133-136 (2004).

[44] C. Joachim, J. K. Gimzewski, A. Aviram, Electronics Using Hybrid-Molecular and

Mono-Molecular Devices. Nature 408, 541-548 (2000).

[45] M. Mayor, H.B. Weber, R. Waser, Nanoelectronics and Information Technology -

Advanced Electronic Materials and Novel Devices, Chapter Molecular Electronics,

S. 503-525, Wiley-VCH, Weinheim (2003).

[46] S. Datta, Electronic Transport in Mesoseopic Systems. Cambridge University

Press, 1995.

119



BIBLIOGRAPHY

[47] J. K. Tomfohr, Electron Tunneling Transport Theory for Molecules. Arizona State

University, 2002.

[48] J. G. Simmons, Generalized Formula for the Electric Tunnel Effect between Sim-

ilar Electrodes Separated by a Thin Insulating Film. Journal of Applied Physics

34, 1793-1803 (1963).

[49] N. Majurndar, N. Gergel, D. Routenberg, J.C. Bean, L.R. Harriott, B. Li, L. Pu,

Y. Yao, J.M. Tour, Nanowell Device for the Electrical Characterization of Metal-

Molecule-Metal Junctions. Journal of Vacuum Science Technology B 23, 1417

1421 (2005).

[50] V.L. Mironov, Fundamentals of Scanning Probe Microscopy. The Russian

Academy of Science, 2004.

[51] J.G. Siamions, Low-Voltage Current-Voltage Relationship of Tunnel Junctions.

Journal of Applied Physics 34, 238-239 (1963).

[52] L.A. Bumm, J.J. Arnold, T.D. Dunbar, D.L. Allara, P.S. Weiss, Electron Transfer

through Organic Molecules. Journal of Physical Chemistry B 103, 8122-8127

(1999).

[53] K. Slowinski, H. K.Y. Fong, M. Majda, Mercury-Mercury Tunneling Junctions. 1.

Electron Tunneling Across Symmetrie and Asymmetrie Alkanethiolate Bilayers.

Journal of the American Chemical Society 121, 7257-7261 (1999).

[54] Y. Yasutake, Z. Shi, T. Okazaki, H. Shinohara, Y. Majama, Single Molecular

Orientation Switching of an Endohedral Metallofullerene. Nano Letters 5, 1057

(2005).

[55] D. J. Wold, C.D. Frisbie, Formation of Metal-Molecule-Metal Tunnel Junctions:

Microcontacts to Alkanethiol Monolayers with a Conducting AFM Tip. Journal

of the American Chemical Society 122, 2970-2971 (2000).

[56] Y. Selzer, A. Salomon, D. Cahen, The Importance of Chemical Bonding to the

Contact for Tunneling through Alkyl Chains. Journal of Physical Chemistry B

106, 10432 10439 (2002).

[57] C.-C. Kann, H. Guo, Resistance of Alkanethiol Molecular Wires. Nano Letters 3,

1521 1525 (2003).

[58] S. Wakamatsu, U. Akiba, M. Fujikira, Electronic Tunneling through Self-

Assembled Monolayers of Phenylene Oligomers an Au(111). Japanese Journal

of Applied Physics 41, 4998-5002 (2002).

120





BIBLIOGRAPHY

[72] J.A. Venables, G.D.T. Spiller, M. Hanbücken, Nucleation and Growth of Thin

Films. Reports on Progress in Physics 47, 399 459 (1984).

[73] C. Eisenmenger-Sittner, The Application of Rate Equations to Describe Nucle-

ation and Growth on Rough Substrates: Tin and Lead on Aluminium. Journal

of Crystal Growth 205, 441-452 (1999).

[74] Z. Zhang, M.G. Lagally, Atomistic Processes in the Early Stages of Thin-Film

Growth. Science 276, 377-383 (1997).

[75] T. Selator S. Nagahara C. Chidsey, D. Loiacono, STM Study of the Surface Mor-

phology of Gold on Mica. Surface Science 200, 45-66 (1988).

[76] J. DeRose, T. Thundat, L.A. Nagahara, S.M. Lindsay, Gold Grown Epitaxially

on Mica: Conditions for Large Area Flat Faces. Surface Science 256, 102 108

(1991).

1771 M. H. Dishner, M.M. Ivez, S. Gorer, J.C. Hemminger, F.J. Feher, Prepararion of

Gold Thin Films by Epitaxial Growth on Mica and the Effect of Flame Annealing.

Journal of Vacuurn Science and Techn,ology A 16, 3295-3300 (1998).

[78] Y. Golan, L. Margulis, I. Rubinstein, Vacuum-Deposited Gold Films. Surflee

Science 264, 312-326 (1992).

[79] M. Hegner, P. Wagner, G. Semenza, Ultralarge Atomically Flat Template-

Stripped Au Surfaces for Scanning Probe Microscopy. Surface Science 291, 39-46

(1993).

[80] A. Hiraki, M-A. Nicolet, J.W. Mayer, Low-Temperature Migration of Silicon in

Thin Layers of Gold and Platinuni. Applied Physics Letters 18, 178 181 (1971).

[81] J. Hwang, M.A. Dubson, Atomically Flat Gold Films Grown on Hot Glass. Journal

of Applied Physics 72, 1852-1857 (1992).

1821 U. Höpfner, H. Hehl, L. Brehmer, Preparation of Ordered Thin Gold Films. Ap-

plied Surface Science 152, 259 (1999).

[83] G. LeLay, Physics and Electronics of the Noble-Metal/Elemental-Semiconductor

Interface Formation: a Status Report. Surface Science 132, 169-204 (1983).

[84] G. LeLay, The Au/Si(111) Interface: Growth Mode, Energetics, Structural and

Electronic Properties. Journal of Crystal Growth, 54, 551-557 (1981).

[85] T.-S. Lin, Y.-W. Chung, Measurement of the Activation Energy for Surface Dif-

fusion in Gold by Scanning Tunneling Microscopy. Surface Science 207, 539 546

(1989).

122





BIBLIOGRAPHY

[981 J. Vancea, G. Reiss, F. Schneider, K. Bauer, H. Hoffmann, Substrate Effects

on the Surface Topography of Evaporated Gold Films - a Scanning Tunneling

Microscopy Investigation. Surface Science 218, 108-126 (1989).

[991 P. Wagner, M. Hegner, H.J. Güntherodt, G. Semenza, Formation and in Situ

Modification of Monolayers Chemisorbed on Ultraflat Template-Stripped Gold

Surfaces. Langmuir 11, 3867 (1995).

[1001 N.G. Woodard, G.P. Lafayatis, Fabrication and Characterization of Extremely

Smooth Large Area Gold Surfaces. Journal of Vacuum Science Technology A 14,

332-335 (1995).

[1011 T. F. Young, J.F. Chang, H.Y. Ueng, Study an Annealing Effects of Au Thin

Films on Si. Thin solid films 322, 319-322 (1998).

[1021 X.-Y. Zheng, Y. Ding, L.A. Bottomley, D.P. Allison, R. J. Warmack, Discontin-

uous Gold Islands Films on Mica. Journal of Vacuum Science Technology B 13,
1320 1324 (1995).

[1031 J. Perdereau, J.P. Biberian, G.E. Rhead, Adsorption and Surface Alloying of Lead

Monolayers an (111) and (110) Faces of Gold. J. Phys. F 4, 798 806 (1974).

[1041 M.A. van Hove, R.J. Koestner, P.C. Stair, J.P. Biberian, L.L. Kesmodel, I. Bartos,

G.A. Somorjai, The Surface Reconstructions of the (100) Crystal Faces of Iridium,

Platinum and Gold. Surface Science 103, 189-217 (1981).

[1051 K. Takayanagi, K. Yagi, Monoatom-High Level Electron Microscopy of Metal

Surfaces. Transactions of the Japan Institute of Metals 24, 337 (1983).

[1061 Y. Tanishiro, H. Kanamori, K. Takayanagi, K. Yagi, G. Honjo, UHV Transmission

Electron Microscopy on the Reconstructed Surface of (111) Gold. Surface Science

111, 395 413 (1981).

[1071 K. Yagi, K. Takayanagi, K. Kobayashi, N. Osakabe, Y. Tanishiro, G. Honjo,

Surface Study by an UHV Electron Microscope. Surface Science 86, 174 181

(1979).

[1081 J.C. Heyraud, Metois, Anomalous 1/3 422 Diffraction Spots frorn 111 Flat

Gold Crystallites: (111) Surface Reconstruction and Moire Fringes between the

Surface and the Bulk. Surface Science 100, 519 528 (1980).

[1091 U. Harten, A. M. Lahee, J.P. Toennies, Ch. Wöll, Observation of a Soliton Re-

construction of Au(111) by High-Resolution Helium-Atom Diffraction. Physical

Review Letters 54 ; 2619-2622 (1985).

124



BIBLIOGRAPHY

[110] Ch. Wöll, S. Chiang, R.J. Wilson, P.H. Lippel, Determination of Atom Positions

at Stacking-Fault Dislocations on Au(111) by Scanning Tunneling Microscopy.

Physical Review B 39, 7988-7991 (1989).

[111] J.V. Barth, H. Brune, G. Ertl, R.J. Behm, Scanning Tunneling Microscopy Ob-

servations on the Reconstructed Au(111) Surface: Atomic Structure, Long-Range

Superstructure, Botational Domains, and Surface Defects. Physical Review B 42,

9307-9318 (1990).

[112] N. Shimoni, 0. Biham, 0. Millo, Current-Induced Surface Dislocations on Thin

Gold Films. Surface Science 414, L925 (1998).

[113] C. Maissen, H. Zogg, S. Blunier, A. Sultan, S. Teodoropol, T. Richmond, J.W.

Tomm, G. Kostorz, . In M eChaniS172 of Heteroepitarial Growth, Bd. 263 S. 415.

Materials Research Society Symposium Proceedings 1992.

[114] A.J. Moses, The Practicing Scientists Handbook. Van Nostrand Reinhold Com-

pany, 1978. p. 1126.

[115] J. C. Love, L. A. Estroff, J. K. Kriebel, R.G. Nuzzo, G. M. Whitesides, Self-

Assembled Monolayers of Thiolates on Metals as a Form of Nanotechnology.

Chemical Review 105, 1103-1169 (2005).

[116] C.D. Bain, G.M. Whitesides, Formation of Two-Component Surfaces by the Spon-

tancous Assembly of Monolayers an Gold from Solutions Containing Mixtures of

Organic .Thiols. Journal of the American, Chemical Society 110, 6560-6561 (1988).

[117] S.V. Arte, B. Liedberg, D.L. Allara, Chain Length Dependence of the Structure

and Wetting Properties in Binary Composition Monolayers of OH- and CH3-

Terminated Alkanethiolates on Gold. Langmuir 11, 3882-3893 (1995).

[118] S. Morgenthaler, S. Lee, S. Zürcher, N.D. Spencer, A Simple, Reproducible Ap-

proach to the Preparation of Surface-Chemical Gradients. Langmuir 19, 10459-

10462 (2003).

[119] R. Yamada, H. Tada, Manipulation of Droplets by Dynamically Controlled Wet-

ting Gradients. Langmuir 21, 4254-4256 (2005).

[120] J. Scherer, M.R. Vogt, O.M. Magnussen, R.J. Corrosion of Alkanethiol-

Covered Cu(100) Surfaces in Hydrochloric Acid Solution Studied by in-Situ Scan-

ning Tunneling Microscopy. Langmuir 13, 7045 7051 (1997).

[121] K.L. Prime, G.M. Whitesides, Self-Assembled Organic Monolayers - Model Sys-

tems for Studying Adsorption of Proteins at Surfaces. Science 252, 1164 1167

(1991).

125





BIBLIOGRAPHY

[133] C.D. Bain, E.B. Troughton, Y.-T. Tao, J. Evall, G.M. Whitesides, R.G. Nuzzo,

Formation of Monolayer Films by the Spontaneous Assembly of Organic Thiols

from Solution onto Gold. Journal of the American Chemical Society 111, 321-335

(1989).

[134] R. G. Nuzzo, L.H. Dubois, D. L. Allara, Fundamental Studies of Microscopic

Wetting on Organic Surfaces. 1. Formation and Structural Characterization of

a Self-Consistent Series of Polyfunctional Organic Monolayers. Journal of the
American Chemical Society 112, 558-569 (1990).

11351 L. Strong, G.M. Whitesides, Structures of Self-Assembled Monolayer Films of

Organosulfur Compounds Adsorbed on Gold Single Crystals: Electron Diffraction

Studios. Langmuir 4, 546-558 (1988).

[136] C. E. D. Chidsey, G.-Y. P. Rowntree, G. Scoles, Molecular Order at the

Surface of an Organic Monolayer Studied by Low Energy Helium Diffraction.

Journal of Chemical Physics 91, 4421-4423 (1989).

[137] N. Camillone C.E.D. Chidsey, G.-Y. Liu, T.M. Putvinski, G. Scoles, Surface

Structure and Thermal Motion of n-Alkane Thiols Self-Assembled on Au(111)

Studied by Low Energy Helium Diffraction. Journal of Chemical Physics 94,

8493-8501 (1991).

[138] C.E.D. Chidsey, D.N. Loiacono, Chemical Functionality in Self -Assembled Mono-

layers: Structural and Eloctrochomical Propertics. Langmuir 6, 682 (1990).

[139] R. G. Nuzzo, E.M. Korcnic, L. H. Dubois, Studios of the Tcmperature-Dcpcndcnt

Phase Behavior of Long Chain n-Alkyl Thiol Monolayers on Gold. Journal of
Chernical Physics 93, 767-773 (1990).

[140] N. Camillone III, C.E.D. Chidsey, G.-Y. Liu, G. Scoles, Superlattice Structure

at the Surface of a Monolayer of Octadecanethiol Self-Assembled on Au(111).

Journal of Chemical Physics 98, 3503 3511 (1993).

[141] C.A. Widrig, C.A. Alves, M. D. Porter, Scanning Tunneling Microscopy of

Ethanethiolate and n-Octadecanthiolate Monolayers Spontaneously Adsorbed at

Gold Surfaces. Journal of the American Chemical Society 113, 2805 2810 (1991).

[142] C. A. Alves, E.L. Smith, M.D. Porter, Atomic Scale Imaging of Alkanethiolate

Monolayers at Gold Surfaces with Atomic Force Microscopy. Journal of the Amer-
ican Chemical Society 114, 1222 1227 (1992).

[143] G.E. Poirier, M.J. Tarlov, The c(4x2) Superlattice of n-Alkanethiol Monolayers

Self Assembled on Au(111). Langmuir 10, 2853-2856 (1994).

127



BIBLIOGRAPHY

[144] E. Delamarche, B. Michel, Ch. Gerber, D. Anselmetti, H.-J. Güntherodt, H. Wolf,
H. Ringsdorf, Real-Space Observation of Nanoscale Molecular Domains in Self-
Assembled Monolayers. Langmuir 10, 2869-2871 (1994).

[145] E. Delamarche, B.	 H.A. Biebuyck, C. Gerber, Golden Interfaces: The
Surface of Self-Assembled Monolayers. Advanced Materials 8, 719-729 (1996).

[146] K. Kobayashi, H. Yamada, T. Horiuchi, K. Matsushige, The Molecular Arrange-
ments of Alkanethiol Self-Assembled Monolayers on Au(111) Studied by Scanning
Tunneling Microscopy. Japanese Journal of Applied Physics 37, 6183-6185 (1998).

11471 T. Fukuma, T. Ichii, K. Kobayashi, H. Yamada, K. Matsushige, Molecular-Scale

Noncontact Atomic Force Microscopy Contrasts in Topography and Energy Dis-
sipation on c(4x2) Superlattice Structures of Alkanethiol Self-Assembled Mono-
layers. Journal of Applied Physics 95, 1222-1226 (2004).

[148] P. Fenter, A. Eberhardt, P. Eisenberger, Self-Assembly on n-Alkyl Thiols as Disul-
fides on Au(111). Science 266, 1216-1218 (1994).

[149] M. S. Yeganeh, S.M. Dougal, R.S. Polizzotti, P. R.abinowitz, Interfacial Atomic-
Structure of a Self-Assembled Alkyl Thiol Monolayer Au(111)- A Sum-Frequency
Generation Study. Physical Review Letters 74, 1811-1814 (1995).

[150] P. Fenter, F. Schreiber, L. Herman, G. Scoles, P. Eisenberger, M.J. Bedzyk, On the

Structure and Evolution of the Buricd S/Au Interface in Self-Assembled Mono-
layers: X-ray Standing Wave Results. Surface Science 412/413, 213-235 (1998).

[151] H. S. Kato, J. Noh, M. Hara, M. Kawai, An HREELS Study of Alkanethiol
Self-Assembled Monolayers on Au(111). Journal of Physical Chernistry B 106,

9655-9658 (2002).

[152] N. Camillone III, P. Eisenberger, T.Y.B. Leung, P. Schwartz, G. Scoles, G.E.
Poirier, M.J. Tarlov, New Monolayer Phases of n-Alkane Thiols Self-Assembled
on Au(111): Preparation, Surface Characterization, and Imaging. Journal of
Chernical Physics 101, 11031 11035 (1994).

[153] G.E. Poirier, E.D. Pylant, The Self-Assembly Mechanism of Alkanethiols on
Au(111). Science 272, 1145 1148 (1996).

[154] G. E. Poirier, Characterization of Organosulfur Molecular Monolayers on Au(111)
using Scanning Tunneling Microscopy. Chernical Review 97, 1117 (1997).

[155] Lars Müller-Meskamp, Charakterisierung von in einer SAM Hostmatrix immobil-

isierten funktionalen Molekülen mittels Rastersondenmethoden. RWTH Aachen,
Germany, 2004.

128



BIBLIOGRAPHY

[156] Y. Nakamura, Y. Mera, K. Maeda, A Reproducible Method to Fabricate Atomi-

cally Sharp Tips for Scanning Tunneling Microscopy. Review of Scientific Instru-

ments 70, 3373-3376 August 1999.

[157] J.P. Ihe, P.P. Bey Jr., S.L. Brandow, R.A. Brizzolara, N.A. Burnham, D.P.

DiLella, K.P. Lee, C.R.K. Marrian, R.J.Colton, On the Electrochemical Etch-

ing of Tips for Scanning Tunneling Microscopy. Journal of Vacuum Science

Technology A: Vacuum, Surfaces, and Films 8, 3570-3575 July 1990.

[158] 0. Cavalleri, A. Hirstein, K. Kern, Ostwald Ripening of Vacancy Islands at Thiol

Covered Au(111). Surface Science 340, L960–L964 (1995).

[159] J.-P. Bucher, L. Santesson, K. Kern, Thermal Healing of Self-Assembled Organic

Monolayers: Hexane- and Octadecanethiol on Au(111) and A (111). Langmuir

10, 979-983 (1994).

[160] C. Schönenberger, J.A.M. Sondag-Huethorst, J. Jorritsrna, L.G.J. Fokkink, What

are the "Holes" in Self-Assembled Monolayers of Alkanethiols on Gold? Langmuir
10, 611 614 (1994).

[161] R. L. McCarley, D.J. Dunaway, R. J. Willicut, Mobility of the Alkanethiol-

Gold(111) Interface Studied by Scanning Probe Microscopy. Langmuir 9, 2775-

2777 (1993).

[162] U. Düring, 0. Züger, B. Michel, L. Häussling, H. Ringsdorf, Electronic and Me-

chanical Characterization of Self-Assembled Alkanethiol Monolayers by Scanning

Tunneling Microscopy Combined with Interaction-Force-Gradient Sensing. Phys-
ical Review B 48, 1711 1717 (1993).

[163] W. Mizutani, B. Michel, R. Schierle, H. Wolf, H. Rohrer, Scanning Surface Har-

monic Microscopy of Self-Assembled Monolayers on Gold. Applied Physics Letters

63, 147-149 (1993).

[164] K. Edinger, A. Gölzhäuser, K. Demonta, C. Wöll, M. Grunze, Formation of Self-

Assembled Monolayers of n-Alkanethiols on Gold: A Scanning Tunneling Mi-

croscopy Study on the Modification of Substrate Morphology. Langmuir 9, 4-8

(1993).

11651 Y.-T. Kim, A. J. Bord, Imaging and Etching of Self-Assembled n-Octadecanethiol

Layers on Gold with the Scanning Tunneling Microscope. Langmuir 8, 1096-1102

(1992).

129





BIBLIOGRAPHY

for Density-Functional Calculations of Molecular-Electronic Conduction. Journal
of Chemical Physics 122, 094708 (2005).

[177] S. Frey, V. Stadler, K. Heister, W. Eck, M. Zharnikov, M. Grunze, Structure

of Thioaromatic Self-Assembled Monolayers on Gold and Silver. Langmuir 17,

2408-2415 (2001).

11781 J.F. Kang, A. Ulman, S. Liao, R. Jordan, G. Yang, G.-Y. Liu, Self-Assembled

Rigid Monolayers of 4'-Substituted-4-mercaptobiphenyls on Gold and Silver Sur-

faces. Langmuir 17, 95-106 (2001).

[179] W. Eck, V. Stadler, W. Geyer, M. Zharnikov, A. Gölzhäuser, M.1 Grunze, Gener-

ation of Surface Amino Groups on Aromatic Self-Assembled Monolayers by Low

Energy Electron Beams: First Step Towards Chemical Lithography. Advanced

Materials 11, 805-808 (2000).

[180] T.Y.B. Leung, P. Schwanz, G. Scoles, F. Schreiber, A. Ulman, Structure and

Growth of 4-methy1-4'-mercaptobiphenyl Monolayers on Au(111): a Surface

Diffraction Study. Surface Science 458, 34 52 (2000).

[181] W. Geyer, V. Stadler, W. Eck, M. Zharnikov, A. Gölzhäuser, M. Grunze, Electron-

Induced Crosslinking of Aromatic Self-Assembled Monolayers: Negative Resists

for Nanolithography. Applied Physics Letters 75, 2401-2403 (1999).

[182] W. Azzam, C. Fuxen, A. Birkner, H.-T. Hong, M. Buck, C. Wöll, Coexistence of

Different Structural Phases in Thioaromatic Monolayers on Au(111). Langmuir

19, 4958-4968 (2003).

[183] K. Heister, M. Zharnikov, M. Grunze, L. S. 0. Johansson, Adsorption of Alka-

nethiols and Biphenylthiols on Au and Ag Substrates: A High-Resolution X-ray

Photoelectron Spectroscopy Study. Journal of Physical Chemistry B 105, 4058-

4061 (2001).

[184] Y.-H. Kim, S.S. Jang, W.A. Goddard III Conformations and Charge Transport

Characteristics of Biphenyldithiol Self-Assembled-Monolayer Molecular Electronic

Devices: A Multiscale Computational Study. Journal of Cheinical Physics 122,

244703– (2005).

11851 H.-J. Himmel, A. Terfort, C. Wöll, Fabrication of a Carboxyl-Terminated Organic

Surface with Self-Assembly of Functionalized Terphenylthiols: The Importance

of Hydrogen Bond Formation. Journal of the American Chemical, Society 120,

12069-12074 (1998).

131





BIBLIOGRAPHY

[197] C. Fuxxen, Adsorption„ Struktur und Desorption von Organothiolaten auf Gold-
substraten. Ruhr-Universität Bochum, 2001.

[198] T. Wandlowski, personal communication.

11991 S. Hong, R. Reifenberger, W. Tian, S. Datta, J. Henderson, C.P. Kubiak,

Molecular Conductance Spectroscopy of Conjugated, Phenyl-Based Molecules on

Au(111): the Effect of End Groups an Molecular Conduction. Superlattices and

Microstructures 28, 289-303 (2000).

[200] R. E. Holmlin, R. F. Ismagilov, R. Haag, V. Mujica, M. A. Ratner, M. A. Rampi,

G. M. Whitesides, Correlating Electron Transport and Molecular Structure in

Organic Thin Films. Angewandte Chemie International Edition 113, 2378-2382

(2001).

[201] Y. Yasutake, Y. Azuma, K. Nagano, Y. Majima, Tunneling Current-Distance

Charactcristic of Scanning Vibrating Probe 1-Alkanethiol Self-Assembled Mono-

layer (SAM)/ Au (111) Structure. Mat. Res. Soc. Symp. Proc. 782, 17-21 (2004).

12021 S. Chen, L. Li, C.L. Boozer, S. Jiang, Controlled Chemical and Structural Prop-

erties of Mixed Self-Assembled Monolayers of Alkanethiols an Au(111). Langmuir
16, 9287-9293 (2000).

[203] C.D. Hain, G.M Whitesides, Formation of Monolayers by the Coadsorption of

Thiols on Gold: Variation in the Length of the Alkyl Chain. Journal of the
American Chemical Society 111, 7164 7175 (1989).

[204] T. Takami, E. Delamarche, B. Michel, Ch. Gerber, H. Wolf, H. Ringsdorf, Recog-

nition of Individual Tail Groups in Self-Assembled Monolayers. Langmuir 11,

3876-3881 (1995).

12051 L. Li, S. Cheng, S. Jiang, Molecular-Scale Mixed Alkanethiol Monolayers of Differ-

ent Terminal Groups an Au(111) by Low-Current Scanning Tunneling Microscopy.

Langmuir 19, 3266-3271 (2003).

[206] R.K. Smith, S.M. Reed, P.A. Lewis, J.D. Monne', R.S. Clegg, K.F. Kelly, L.A.

Bumm, J.E. Hutchison, P.S. Weiss, Phase Separation Within a Binary Self-

Assembled Monolayer on Au(111) Driven by an Amide-Containing Alkanethiol.

Journal of Physical Chemistry B 105, 1119 (2001).

[207] A.V. Shevade, J. Zhou, M.T. Zin, S. Jiang, Phase Behavior of Mixed Self-

Assembled Monolayers of Alkanethiols on Au(111): A Configurational-Bias Monte

Carlo Simulation Study. Langrwuir 17, 7566 (2001).

133





BIBLIOGRAPHY

[217] M. Magoga, C. Joachim, Conductance and Transparence of Long Molecular Wires.

Physical Review B 56, 4722 4729 (1997).

[218] A. Bandyopadhyay, A. J. Pal, Multilevel Conductivity and Conductance Switch-

ing in Supramolecular Structures of an Organic Molecule. Applied Physics Letters

84, 999-1001 (2004).

12191 A. Bandyopadhyay, A. J. Pal, Large Conductance Switching and Memory Effects

in Organic Molecules for Data-Storage Applications. Applied Physics Letters 82,

1215-1217 (2003).

[220] A. Bandyopadhyay, A. J. Pal, Large Conductance Switching and Binary Opera-

tion in Organic Devices: Role of Functional Groups. Journal of Physical Chemistry
B 107, 2531 2536 (2003).

[221] A. Bandyopadhyay, A.J. Pal, Memory-Switching Phenomenon in Acceptor-Rich

Organic Molcculcs: Impedance Spcctroscopic Studios. Journal of Physical Chem-

istry B 109, 6084-6088 (2005).

12221 S.K. Majee, A. Bandyopadhyay, A.J. Pal, Electrical Bistability in Molecular

Films: Transition from Memory to Threshold Switching. Chemical Physics Letters
399, 284-288 (2004).

[223] A. Szymanski, D.C. Larson, M.M. Labes, A Temperature-Independent Conduct-

ing State in Tetracene Thin Film. Applied Physics Letters 14, 88-90 (1968).

[224] A.R. Elsharkawi, K.C. Kao, Switching and Memory Phenomena in Anthracene

Thin Films. Journal of Physical Chemistry Solids 38, 95-96 (1977).

12251 D. Ma, M. Aguiar, J. A. Freire, I.A. Hümmelgen, Organic Reversible Switching

Devices for Memory Applications. Advanced Materials 12, 1063-1066 (2000).

[226] J. Taylor, M. Brandbyge, K. Stokbro, Conductance Switching in a Molecular

Device: The Role of Side Groups and Intermolecular Interactions. Physical Review
B 68, 121101 (2003).

[227] M.A. Reed, J. Chen, A.M. Rawlett, J.M. Tour, Molecular R.andom Access Memory

Cell. Applied Physics Letters 78, 3735-3737 (2001).

[228] Z.J. Donhauser, B.A. Mantooth, T.P. Pearl, K.F. Kelly, S. U. Nanayakkara,

P.S. Weiss, Matrix-Mediated Control of Stochastic Single Molecule Conductance

Switching. Japanese Journal of Applied Physics 41, 4871-4877 (2002).

135



BIBLIOGRAPHY

[229] Z.J. Donhauser, B.A. Mantooth, K.F. Kelly, L.A. Bumm, J.D. Monnell, J.J. Sta-

pleton, D.W. Price Jr., A.M. Rawlett, D.L. Allara, J.M. Tour, P.S. Weiss, Conduc-

tance Switching in Single Molecules Through Conformational Changes. Science
292, 2303-2307 (2001).

[230] J. Chen, M.A. Reed, A.M. Rawlett, J.M. Tour, Large On-Off Ratios and Negative

Differential Resistance in a Molecular Electronic Device. Science 286, 1550 1552

(1999).

[231] T. Tsujioka, H. Kondo, Organic Bistable Molecular Memory using Photochromic

Diarylethene. Applied Physics Letters 83, 937-939 (2003).

[232] F. Moresco, G. Meyer, K.-H. Rieder, H. Tang, A. Gourdon, C. Joachim, Confor-

mational Changes of Single Molecules Induced by Scanning Tunneling Microscopy

Manipulation: A Route to Molecular Switching. Physical Review Letters 86, 672

675 (2001).

[233] C.P. Collier, E.W. Wong, M. Belohradsky, F.M. Raymo, J.F. Stoddart, P.J.

Kuekes, R.S. Williams, J.R. Heath, Electronically Configurable Molecular-Based

Logic Gates. Science 285, 391-394 (1999).

12341 F. L. E. Jakobsson, X. Crispin, M. Berggren, Towards Addressable Organic

Impedance Switch Devices. Applied Physics Letters 87, 063503 063505 (2005).

[235] V.S. Shirodkar, A.G. Chourey, Bistable Switching in Al/Al203/A1 devices. Jour-
nal of Materials Science Letters 7, 1235 1236 (1988).

[236] S. Seo, M.J. Lee, D.H. Seo, E.J. Jeoung, D.S. Suh, Y.S. Joung, I.K. Yoo, I.R.

Hwang, S.H. Kim, I.S. Byun, J.-S. Kim, J.S. Choi, B.H. Park, Reproducible

Resistance Switching in Polycrystalline Ni0 Films. Applied Physics Letters 85,

5655 5657 (2004).

[237] P.E. Schmidt, C.Davila, P. Esqueda, R. Callarotti, Memory Switching in Al-

Al203-Al Thin Film Devices. ‚Journal of Solid State Chemistry 12, 293 (1975).

[238] G.S. Nadkarni, V.S. Shirodkar, Experiments and Theory for Switching in

Al/V205/A1 Devices. Thin Solid Films 105, 115 129 (1983).

[239] K. Gloos, P.J. Koppinen, J.P. Pekola, Properties of Native Ultrathin Aluminium

Oxide Tunnel Barriers. Journal of Physics: Condensed Matter 15, 1733 1746

(2003).

[240] G. Dearnaley, A.M. Stoneham, D.V. Morgan, Electrical Phenomena in Amorphous

Oxide Films. Reports an Progress in Physics 33, 1129-1191 (1970).

136



BIBLIOGRAPHY

[241] I.G. Baek, M.S. Lee, S.O. Park, H.S. Kim, U-In Chung, S. Seo, M.J. Lee, D.H.

Seo, D.-S. Suh, J.C. Park, I.K. Yoo, J.T. Moon, Highly Scalable Non-volatile

Resistive Memory using Simple Binary Oxide Driven by Asymmetrie Unipolar

Voltage Pulses. IEDM Tech. Dig. 587 – 590 (2004).

[242] A.A. Ansari, A. Qadeer, Memory Switching in Thermally Grown Titanium Oxide

Films. ,I.Phys.D.: Appl. Phys 18, 911 917 (1985).

[243] C.N. Lau, D.R. Stewart, R.S. Williams, M. Bockrath, Direct Observation of

Nanoscale Switching Centers in Metal/Molecule/Metal Structures. Nano Letters

4, 569-572 (2004).

[244] M. Schaer, F. Nüesch, D. Berner, W. Leo, L. Zuppiroli, Water Vapor and Oxygen

Degradation Mechanisms in Organic Light Emitting Diodes. Advanced Functional
Materials 11, 116 121 (2001).

[245] H.J. DeWit, C. Crevecoeur, The Dielectric Breakdown of Anodic Aluminium Ox-

ide. Physics Letters 50A, 365 366 (1974).

[246] J. Paczkowski, D.C. Neckers, Polymer-Based Sensitizers for the Formation of

Singlet Oxygen. New Studies of Polymeric Derivatives of Rose Bengal. Macro-

molecules 18, 1245-1253 (1985).

[247] J. Paczkowski, D.C. Neckers, Photochemical Properties of Rose Bengal. 11. Funda-

mental Studies in Heterogeneous Energy Transfer. Macromolecules 18, 2412-2418

(1985).

[248] B. Lüssem, L. Müller-Meskamp, S. Karthäuser, R. Waser, Melanie Homberger,

Ulrich Simon, A STM Study of Mixed Alkanethiol/Biphenylthiol Self Assembled

Monolayers an Au(111). Langmuir submitted.

[249] B. Lüssem, M. Alba, S. Karthäuser, S. Kronholz, M. Weides, R. Waser, Resistive

Switching of Devices Based an Thin Films of Rose Bengal: a Molecular Effect?

in preparation.

[250] C. Zhou, M. R. Deshpande, M. A. Reed, L. Jones II, J. M. Tour, Nanoscale

Metal/Self-Assembled Monolayer/Metal Heterostructures. Applied Physics Let-

ters 71, 611-613 (1997).

[251] E. Ruttkowski, Molecular Electronics. RWTH Aachen, 2005.

[252] N.A. Melosh, A. Boukai, F. Diana, B. Gerardot, A. Badolato, P. M. Petroff, J. R.

Heath, Ultrahigh-Density Nanowire Lattices and Circuits. Science. 300, 112 115

(2003).

137



BIBLIOGRAPHY

[2531 M. D. Austin, H. Ge, W. Wu, M. L, Z. Yu, D. Wasserman, S. A. Lyon, Stephen Y.

Chou, Fabrication of 5 nm Linewidth and 14 nm Pitch Features by Nanoimprint

Lithography. Applied Physics Letters 84, 5299-5301 (2004).

138



Schriften des Forschungszentrums Jülich
Reihe Informationstechnik / Information Technology

1. SAM - Untersuchung von Aushandlungen in Gruppen mittels
Agentensimulation
von N. Lepperhoff (2002), VI, 278 Seiten
ISBN: 3-89336-298-3

2. Praxisbezogene IDL-Programmierung
von M. Busch, R. Bauer, H. Heer, M. Wagener (2002), XVI, 216 Seiten, 12 farb. Abb.
ISBN: 3-89336-308-4

3. Segmentierung von Volumendatensätzen mittels dreidimensionaler
hierarchischer Inselstrukturen
von J.-F. Vogelbruch (2002), V, 191 Seiten, zahlr. farb. Abb.
ISBN: 3-89336-309-2

4. ComputerMathematik mit Maple
von J. Grotendorst (2003), VI, 274 Seiten mit beiliegender CD-ROM, zahlr. farb.
Abb.
ISBN: 3-89336-325-4

5. ComputerMathematik mit Maple – Zweite überarbeitete und erweiterte Auflage
von J. Grotendorst (2004), VI, 294 Seiten mit beiliegender CD-ROM, zahlr. farb.
Abb.
ISBN: 3-89336-354-8

6. The Internet in Germany: Atlas of Providers and Regions
by N. Lepperhoff, W. Fischer (2004), VIII, 103 pages, many coloured fig.
ISBN: 3-89336-358-0

7. Störstellen in Galliumnitrid-basierenden Transistoren
von M.J. Wolter (2004), V, 132 Seiten, 19 farb. Abb.
ISBN: 3-89336-361-0

8. Programming in C++: Audio-Visual Lecture of the course "Object-oriented
programming in C++"
von B. Mohr, M. Boltes, R. Koschmieder (2004), DVD (18 hours, 22 minutes
recorded in 15 sessions)
ISBN: 3-89336-369-6

9. Fabrication and characterization of planar Gunn diodes for Monolithic
Microwave Integrated Circuits
by S. Montanari (2005), c. 150 pages, 26 col. fig.
ISBN: 3-89336-396-3

10. IDL Referenz der ICG-Daten-Struktur
von R. Bauer (2006), XIV, 130 Seiten
ISBN: 3-89336-426-9



Schriften des Forschungszentrums Jülich
Reihe Informationstechnik / Information Technology

11. Piezoresponse Force Microscopy and Surface Effects of Perovskite
Ferroelectric Nanostructures
by F. Peter (2006), 106 pages
ISBN: 3-89336-444-7

12. Molecular Electronic Building Blocks Based on Self-Assembled Monolayers
by B. Lüssem (2006), 138 pages
ISBN: 3-89336-454-4





Informationstechnik
Information Technology

Band/Volume 12
ISBN 3-89336-454-4


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Informationstech_12.pdf
	leere seite.pdf
	

	leere seite.pdf
	

	leere seite.pdf
	

	leere seite.pdf
	





