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a b s t r a c t

Functional molecular nanoarchitectures (FMNs) are highly relevant
for the development of future nanotechnology devices. Profound
knowledge about the atomically controlled construction of such
nanoscale assemblies is an indispensable requirement to render
the implementation of such components into a real product suc-
cessful. For exploiting their full potential the architectures’ func-
tionalities have to be characterized in detail including the ways
to tailor them. In recent years a plethora of sophisticated con-
structs were fabricated touching a wide range of research topics.

The present review summarizes important achievements of bot-
tom-up fabricated, molecular nanostructures created on single
crystal metal surfaces under ultra-high vacuum conditions. This
selection focuses on examples where self-assembly mechanisms
played a central role for their construction. Such systems, though
typically quite complex, can be comprehensively understood by
the STM+XS approach combining scanning tunneling microscopy
(STM) with X-ray spectroscopy (XS) and being aided in the atomic
interpretation by the appropriate theoretic analysis, often from
density functional theory. The symbiosis of the techniques is espe-
cially fruitful because of the complementary character of the infor-
mation accessed by the local microscopy and the space-averaging
spectroscopy tools. STM delivers sub-molecular spatial-resolution,
but suffers from limited sensitivity for the chemical and conforma-
tional states of the building-blocks. XS compensates these
weaknesses with element- and moiety-specific data, which in turn
would be hard to interpret with respect to structure formation
without the topographic details revealed by STM. The united merit
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of this methodology allows detailed geometric information to be
obtained and addresses both the electronic and chemical state of
the complex organic species constituting such architectures. Thus,
possible changes induced by the various processes such as surface
interaction, thermal annealing, or molecular recognition can be fol-
lowed with unprecedented level of detail.

The well-understood nanoarchitecture construction protocols
often rely on the ‘classic’ supramolecular interactions, namely
hydrogen bonding and metal-organic coordination. Further exam-
ples include rarely encountered special cases where substrate-
mediated processes or repulsive forces drive the emergence of
order. The demonstrated functionalities include tuning of the elec-
tronic structure by confining surface state electrons and atomically
defined arrays of magnetic complexes. Moreover, the high-quality
templates can be utilized for imposing novel thin film growth
modes or act as basic constituents of nanoswitches. Finally, the
aptitude of the STM+XS approach for the emerging field of creating
nanoarchitectures by on-surface covalent coupling is addressed.

� 2013 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.1. From classic surface science to functional molecular nanoarchitectures. . . . . . . . . . . . . . . . . . . . . 3
1.2. The complementary STM+XS approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1. The scanning tunneling microscopy technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.1.1. Scanning tunneling microscopy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.2. Scanning tunneling spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2.2. X-ray photoelectron spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.3. Near-edge X-ray absorption-fine-structure spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.4. Theoretic description of FMNs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.4.1. Solving the Schrödinger equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.4.2. Wave functions-based methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
2.4.3. DFT – the method of choice. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
2.4.4. Other approaches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3. Single molecule nanoarchitectures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.1. Geometric aspects of complex adsorbed species. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
3.2. Electronic properties and the chemical state of complex adsorbed species . . . . . . . . . . . . . . . . . 22

4. Regular, periodic nanoarchitectures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.1. Self-assembled monolayers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2. Nanostructures stabilized by hydrogen bonding interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.3. Nanosystems constructed from biomolecules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
4.4. Metal–organic coordination assemblies. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.5. Surface-mediated nanoarchitectures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

5. Functionalities of molecular nanoarchitectures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.1. Templating thin film growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
5.2. Controlling electronic band formation with supramolecular quantum dot arrays . . . . . . . . . . . . 36
5.3. Formation and positioning of magnetic clusters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
5.4. Molecular switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

6. On-surface covalent reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
7. Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

2 F. Klappenberger / Progress in Surface Science 89 (2014) 1–55



Download	English	Version:

https://daneshyari.com/en/article/5419994

Download	Persian	Version:

https://daneshyari.com/article/5419994

Daneshyari.com

https://daneshyari.com/en/article/5419994
https://daneshyari.com/article/5419994
https://daneshyari.com/

