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1.1   The evolution of technology 

Since the industrial revolution of the 19th century, technological advances have 
proceeded with an ever increasing pace. Although technological progress is for a large 
part dependent on incremental improvement of known processes, large leaps forward 
are hard to predict. The invention of the steam engine was driven by the necessity to 
remove water from mine shafts. Not one of its developers foresaw the industrial 
revolution and the rapid changes of society that were largely the result of this 
invention. In a similar fashion, the invention of the solid state transistor was meant to 
solve problems related to signal amplification, and was never aimed at developing 
personal computers or the digitalisation of data. The digital revolution, however, was 
made possible by this one invention, and opened up ways for large-scale data 
manipulation, mobile telephony, the world-wide  web and numerous other important 
aspects of present-day society, unforeseen by the developers.  

In his seminal 1959 lecture "There’s plenty of room at the bottom" Richard 
Feynman pointed out that given the size of atoms and molecules, every technology 
known could theoretically be made much smaller.1 Even today, despite the progress 
made in miniaturisation, his comments remain true. In the 1986 book "Engines of 
creation", K. Eric Drexler expanded Feynman’s views to come up with a theoretical 
form of molecular scale technology which he called molecular nanotechnology.2 In 
this work, which he expanded upon in a second book,3 Drexler describes mechanical 
systems translated to molecular systems, such as crankshafts, bearings and gears, with 
the ultimate aim of reaching a functional technology at the molecular level. His views 
proved very popular amongst science fiction writers, but initiated intense debate in the 
scientific community.4 Nevertheless, the Foresight Institute, which was founded by 
Drexler but which he left in 2002, came up with a Technology Roadmap in 2007. It 
was conceived in a series of workshops under the guidance of a steering committee 
consisting of renowned scientists, and predicts the existence of functional molecular 
devices by 2020.5  

Despite heavy debate regarding aspects of molecular scale machinery, its 
possibilities, dangers and the means to realise it, the term nanotechnology has come to 
be used in a broader sense as well. Self-cleaning windows, electronic ink and lab-on-a-
chip techniques are all referred to as nanotechnological applications. Apart from that, 
the use of nanoparticles in coatings, creams etc. is often discussed in the same context. 
For self-cleaning windows, the function is dependent on a specialised coating that 
prevents the adhesion of dirt, thus keeping the window clean. Electronic ink, used by 
some newspapers, relies on on- and off sequences of black and white pixels on the 
’paper’, which is more like a screen in this case. Lab-on-a-chip techniques allow for 
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chemical analysis and even synthesis on a small scale, thus realising complex output 
using a minimum of material over short time periods. The first two examples represent 
cases in which the ’nanotech’ properties are dependent on highly specialised 
characteristics of bulk material, and although the material is confined to small volumes 
such as a coating or a pixel, the properties of the bulk material define the macroscopic 
effect. On the other hand, lab-on-a-chip techniques are dependent on known lab 
techniques, but miniaturised to micron dimensions. This process is known as a top 
down approach.  Nanotechnology as is common practice in chip manufacturing is 
perhaps its most renowned example, reaching dimensions as small as 22 nm,6 and 
technology to reach 10 nm dimensions is due.7 Bottom-up technology, in which 
components are developed that combine together to perform higher level 
functionality, is still aspirational. However, as ’smaller’ has distinct advantages over 
’larger’ when it comes to technological applications, nanotechnology is a popular term 
all through society, albeit increasingly controversial.8 

It is for this reason that research funding organisations have taken up ’nano’ as 
a major target for research proposals. However, such organisations generally define 
nanosciences much broader than the molecular technology as referred to by Feynman 
and Drexler. In this thesis, the view on nanotechnology adhered will be much closer to 
the original meaning, and can be defined as "the engineering of functional systems at 
the molecular scale".9 As will become clear, the approach of one � on � one 
transcription of functioning macroscopic devices to the molecular scale as taken by 
Drexler might be considered naïve in retrospect, despite the profound analyses 
performed in his work. Currently, ample examples of controllable molecular systems 
are known, often consisting of several components.10 At the same time, biological 
examples such as the flagella motor provide evidence of the possibility of functioning 
technology at the molecular level.11 Biological machinery operates by the step by step 
release of chemical energy, supplied as food and oxygen. Therefore the release of 
chemical energy from artificial systems should give rise to similar possibilities. This 
approach forms the basis of this thesis. Direct translation of functioning mechanical 
principles to the molecular scale is considered an oversimplification of the problems, 
despite the inherent complexity of even this task alone. Rather, the availability of a 
light-driven molecular motor12 presents questions as to what prerequisites need be met 
for this motor to drive such, as yet, theoretical molecular machinery. A maximisation 
of rotation speed and efficiency and a thorough understanding of the photochemical 
and thermal behaviour lie at the heart of this topic. The results obtained are applied in 
research into the realisation of controlled translational molecular motion in two and 
three dimensions, as inspired by biological examples and predicted by theory.  




























































































































































































































































































































































































































































































































