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Padova, 20 July 2020 
 
LIGHT IRRADIATION INCREASES THE CATALYTIC ACTIVITY OF A NON-EQUILIBRIUM MATERIAL 
 
Abstract 
Researchers at the Department of Chemical Sciences at the University of Padova have developed a material 
that needs a continuous supply of energy to remain catalytically active. The discovery, published today in 
‘Nature Nanotechnology’, illustrates how nature serves as inspiration for the design of next-generation 
materials with life-like properties. 
 
Light-responsive materials 
Rui Chen, final year PhD-student working in the group of prof. Leonard Prins, has developed a special class 
of soft material, called hydrogel, that contains gold 
nanoparticles, light-sensitive molecules and substrate. The gold 
nanoparticles can catalyse the conversion of substrate in a very 
similar way as enzymes convert molecules in nature. Yet, 
catalysis is prevented because the light-sensitive molecules are 
bound to the nanoparticles. Upon irradiation of the material 
with light, the photosensitive molecules change shape and are 
liberated from the nanoparticles. This allows the substrate to 
bind to the nanoparticles and catalysis starts.  
 
The discovery 
Although similar light-responsive systems had been reported 
before, Rui Chen made an important discovery when she locally irradiated the material with light through a 
mask. Only where the light beam hit the material, the light-sensitive molecules changed shape and catalysis 
started. This created concentration gradients in the gel with substrate molecules moving to the catalytically 
activated center and product molecules moving away from it. These concentration gradients were 
maintained as long as light irradiation continued. Supported by theoretical models, Rui Chen could draw 
the important conclusion that the presence of concentration gradients improved the overall catalytic 
activity of the material.  
 
Non-equilibrium materials 
‘The persistence of concentration gradients maintained by continuous light irradiation show that we have 
created a non-equilibrium material.’ comments prof. Leonard Prins, ‘Non-equilibrium processes are at the 
basis of life, but chemists are just recently learning to understand how to develop synthetic systems that 
behave similarly. Two years ago we published a concept paper in Nature Nanotechnology in which we 
illustrated the design principles for the construction of non-equilibrium materials. Now we are able to 
present one of the first examples in which we demonstrate experimentally that a non-equilibrium system 
can have superior properties.’ 

 
Figure 1. Graphical illustration 
representing the local activation of the 
material upon irradiation and the 
catalytic nanoparticles. 
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Towards living synthetic matter 
The research is framed in the context of Systems Chemistry, a 
new, rapidly expanding branch of chemistry. Traditionally, 
chemistry has been dedicated to the synthesis of molecules 
and a study of their properties. This approach has been very 
successful and has allowed chemists to contribute materials, 
pharmaceuticals, and diagnostic tools to the benefit of the 
society. Yet, many of the properties that are characteristic of 
life, such as the capacity to grow, move, adapt, and evolve 
are regulated by chemical reaction networks inside the cell, 
which involve many different molecules. Systems chemistry 
aims at developing a novel nature-inspired approach to 
chemistry through the bottom-up construction of synthetic 
complex systems from simple molecules and study under 
which conditions life-like properties can emerge. This will 
lead to innovative materials with life-like properties and 
intelligent drug delivery systems. 
 
Research team 
The research was carried out by an international team of chemists at the University of Padova. The 
research project was started by Simona Neri, currently working at IRIS Technology Solutions in Barcelona, 
Spain, at the end of her PhD-project. Rui Chen came from China to conduct her PhD-studies at Padova with 
a prestigious scholarship awarded by the 
Chinese Science Council. The project was 
coordinated by prof. Leonard Prins, of Dutch 
origin, who has constructed his academic 
career at the University of Padova starting 
back in 2004 as researcher and climbing up 
the ranks to full professor in 2015. 
 
Reference to the original article 
https://www.nature.com/articles/s41565-
020-0734-1 
DOI: 10.1038/s41565-020-0734-1 
 
Contact information 
Prof. Leonard J. Prins (scientific coordinator) tel.: +39 0498275251, e-mail: leonard.prins@unipd.it 
Website: wwwdisc.chimica.unipd.it/leonard.prins 

 
Figure 2. 3D image representing the 
catalytic activity in a hydrogel (d≈3 cm) 
upon irradiating the center with a 
focused UV-light beam. 

 
Figure 3. Rui Chen (left) and Leonard Prins (right) 
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