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Nobel prize for 
molecular 
machines

The 2016 Nobel prize in chemistry was shared 
between three chemists responsible for the 
molecular machines breakthrough: Jean-Pierre 

Sauvage, James Fraser Stoddart and Bernard Feringa. 
So why are these miniature machines causing such a 
stir in the scientific world?

Creating the components
The three new Nobel Laureates have not invented 
a shrink ray — molecular devices are not simply 
regular items that have been made smaller. They are 
constructed at the molecular level, following decades 
of astounding discoveries throughout the field of 
nanotechnology. The most radical of these innovations 

Joseph Lloyd looks at the chemistry of Nobel 
prize-winning molecular machines and their 
potential applications

were the mechanical bonds created by Sauvage in 1983 
and the molecular motors synthesised by Feringa 
16 years later.

Mechanical bonds
Unlike conventional chemical bonds, mechanical 
bonds are able to move more freely in relation to one 
another, which is crucial in the design of molecular 
machines. This freedom is allowed because they are 
not caused by interactions between individual atoms, 
such as in covalent bonds where electrons are shared. 
Instead, the molecules are held in place because they 
are intertwined with each other. 

Sauvage and his research group created these bonds 
at the University of Strasbourg by using a copper ion 
to thread a molecule through a ring system (Figure 
1). This molecule underwent a ring-closing reaction 
to create two interlocking cyclic molecules. Although 
not the first to synthesise these catenanes, Sauvage’s 
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method achieved a far higher yield than any other 
process and has paved the way for future successes.

In 1991 Fraser Stoddart and his colleagues at the 
University of Sheffield reinvented the wheel using 
mechanical bonds. By trapping an electron-deficient 
ring between two electron-rich regions on a molecular 
axle, they brought the prospect of nanomachines far 
closer. Building on this discovery, in 1994 a shuttle-like 
machine was created, resulting in the steady growth of 
the molecular toolbox.

Not satisfied with merely creating rotoxanes in a 
higher yield than before, Stoddart made another leap 
forward. Ordinarily the ‘wheel’ would move according 
to Brownian motion (the random movement of 
particles in a fluid). However, when subjected to heat, 
the cyclic molecule would move between the two 
electron-rich areas of the axle, meaning the motion 
was controllable.

Molecular motor
Similar to their macroscopic counterparts, molecular 
machines require some form of motor to function. 
Bernard Feringa and his team from the University of 
Groningen in the Netherlands created such a motor by 
connecting two paddle-like structures using a carbon–
carbon double bond. But molecular movement is 
normally random, so how did Feringa ensure that the 
motor only spins in one direction? And how could it 
be fuelled?

Attaching methyl groups to flat paddles ensured 
the molecule only rotated in one direction, while 
exposing the motor to pulses of ultraviolet light could 
prompt movement. By 2014, this design had been 
so extensively developed that it was able to spin at 
12 million revolutions per minute. 

Applications
So what can be achieved with these strange new 
machines? Along with Stoddart’s shuttle, molecular 
lifts, muscles, switches, pumps and nanocars have all 
entered development thanks to the work of the 2016 
Nobel Laureates. Perhaps the most exciting prospect is 
that we are now able to push chemical systems away 
from the state of equilibrium that they continuously 
seek. Transporting drugs to specific locations in the 
body may also be possible. Such an application would 
be particularly useful in cancer chemotherapy, where 
drugs presently affect both healthy and cancerous 
cells all around the body. Computer chips based on 
rotoxanes are also in development.
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Questions
1 Molecular pumps allow us to overcome chemical 

equilibrium, yet our bodies have been doing this 
our entire lives. What proteins are involved and 
how do they work?

2 Suggest how the copper ion (Cu+) in Figure 1 
allows a molecule to be held inside the ring 
system. (Hint: the copper interacts with two 
nitrogen atoms on each molecule.)

Further reading
‘How molecules became machines’: 
www.tinyurl.com/j2tz79j

Figure 1 Sauvage’s 
mechanical bonds 
using a copper ion
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