


True bulk synthesis
of Janus particles
The Analytical Nanosystems group at the Institute of Molecular Sciences of the University of Bordeaux has used 
the capabilities of bipolar electrochemistry to manufacture versatile micro- and nanoparticles that have different 
properties on their opposing sides, thus allowing the rational design of complex micro- and nanoscale objects

A. Schematic 
illustration of the 
bipolar electrochemical 
reactor

B. Batch of synthesised 
Janus particles

C. Magnifi ed Janus 
particle consisting of 
carbon modifi ed with a 
half-sphere of gold.

APPLICATIONS OF ASYMMETRY

Using bipolar electrochemistry to break 
symmetry in physical, chemical and 
biological systems has applications 
in many fi elds. For example, it can be 
utilised in:

• Electronic paper 
display 

• Nanoelectronics
• Chemical 

catalysis
• Medicine

• Stabilisation of 
emulsions

• Photovoltaics
• Photosplitting of 

water

DR ALEXANDER KUHN

 100 INTERNATIONAL INNOVATION

SYMMETRY IS PRESENT everywhere in 
the natural world; for example, in the radial 
symmetry of snowfl akes, the fractal symmetry 
of Romanescu broccoli and the mirror symmetry 
of the Milky Way. However, often it can be quite 
benefi cial for a certain number of applications 
to break or lower the symmetry of systems and 
items. In this context there is a particular class 
of objects called Janus particles that scientists 
have designed to be asymmetric through the 
use of bipolar electrochemistry. 

The concept of bipolar electrochemistry has 
existed for years, and in the past, scientists 
have applied it to tasks such as water splitting 
and increasing fuel cell performance. Recently, 
however, it is receiving attention for its utility 
in the fi eld of micro- and nanomaterials. The 
technique induces bipolar redox reactions on 
a substrate under the infl uence of an external 
electrical fi eld; if the triggered polarisation 
effect is suffi ciently strong, the redox reactions 
at opposite ends of the substrate can then cause 
the deposition of a selected material on one 
end, either leaving the other end structurally 
unchanged, or depositing a second material on 
the opposite side. For this reason, Janus particles 

have huge potential for multifunctional material 
applications in many contexts.

THE BEAUTY OF BIPOLAR 
ELECTROCHEMISTRY

Since the fi rst report of the synthesis of Janus 
particles, scientists have developed many 
processes for their production. However, the 
majority of these processes rely on the use of 
interfaces or surfaces to break the symmetry of 
the object; since they are based on 2D reaction 
spaces, they are merely capable of producing 
monolayer quantities of particles. Having 
conducted a comprehensive analysis of these 
techniques in 2012, the Analytical Nanosystems 
group of the Institute for Molecular Sciences at 
the University of Bordeaux, France, concluded 
that most of them were not robust, practical 
or cost-effective enough for industrial scale 
production. Moreover, the techniques were not 
suffi ciently versatile or adaptable for breaking 
the symmetry of different types of particles. 
In a search for ways to achieve the inherently 
diffi cult task of breaking the natural symmetry 
of particles, the group adapted the concept of 
bipolar electrochemistry.

For Dr Alexander Kuhn – the coordinator of the 
Janus particle project in the group – the beauty 
of bipolar electrochemistry is that it enables 
the simultaneous transformation of thousands 
or millions of tiny micro- and nanoscale objects 
into dissymmetric or asymmetric forms. 
“Objects can be precisely engineered to have 
identical, very attractive new properties,” he 
enthuses. Another major benefi t of the approach 
is that it is possible to control the modifi cation 
of a substrate without physically connecting it 
to an electrode or employing any intermediate 
surface or interfacing agent. The substrate can 
simply be suspended in a solution of metal salts 
or monomers during the reaction.

THE JOURNEY TO LARGE SCALE

In 2008, Kuhn engineered the controlled deposit 
of gold on one of the two ends of a carbon 
nanotube. The application of a strong electric 
fi eld to the solution around the nanotube 
caused its polarisation, so one end was 
excessively negatively charged and the other 
excessively positively charged. This induced an 
electrochemical potential difference between 
the two ends that resulted in the reduction of 


