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Media release, July 30, 2024 

 

Astronomers clarify how organic macromolecules are formed 

 

An international team of researchers led by the University of Bern has used observation-based 

computer modelling to find an explanation for how macromolecules can form in a short time in 

disks of gas and dust around young stars. These findings could be crucial for understanding 

how habitability develops around different types of exoplanets and stars. 

 

Organic macromolecules are regarded as the building blocks of life, as they are of crucial importance 

for the life-friendly carbon and nitrogen composition of the earth. Planetary scientists have long 

assumed that the organic macromolecules that make the Earth suitable for life come from so-called 

chondrites. Chondrites are rocky building blocks from which the Earth was formed around 4.6 billion 

years ago and which we know today as meteorites. Chondrites are formed in the early stages by the 

accumulation of dust and small particles in the protoplanetary disk that forms around a young star. But 

until now, the question has been how the macromolecules formed that are present in these 

agglomerations of pebbles. Researchers led by Niels Ligterink now present an explanation for this in a 

study that has just been published in Nature Astronomy. Ligterink, first author of the study, worked at 

the Space Research and Planetary Sciences division at the University of Bern until the end of June 

2024 and is now an assistant professor at the Technical University in Delft. 

 

Dust traps and radiation as key elements 

“Macromolecular matter as such is responsible for the carbon and nitrogen composition of the Earth 

and provides the conditions for life,” explains Ligterink. So far, however, it has not been clear where in 

space this macromolecular matter is formed. 

 

For the current study, the research team, which was put together by Ligterink, combined two already 

known phenomena in its model. The first is the phenomenon that in the dust disk orbiting a young star, 

there are regions where dust and ice accumulate. In such a dust or ice trap, the icy dust does not 

remain stationary, but moves up and down, and important mechanisms for the formation of so-called 

planetesimals, precursors and building blocks for planets, take place. 

 

The second phenomenon involves the heavy irradiation, for example by stellar light, of simple ice 

mixtures. Laboratory research has indicated that very complex molecules of hundreds of atoms in size 

can be formed by irradiation. These molecules contain mostly carbon atoms and can be compared to 

black soot and graphene. 

 

If, the researchers assumed, there were dust traps that were also exposed to intense starlight, organic 

macromolecules might well form there. To test their hypothesis, the researchers set up a model that 

allowed them to calculate different conditions. 
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Surprisingly rapid formation of macromolecules  

The model showed that under the right conditions, the formation of macromolecules is indeed feasible 

in just a few decades. "We had expected this result, of course, but it was a nice surprise that it was so 

obvious," says principal investigator Ligterink. "I hope that research will pay more attention to the 

effect of heavy radiation on complex chemical processes. Most researchers focus on relatively small 

organic molecules of a few dozen atoms in size, while chondrites, the building blocks for planets, 

contain mostly large macromolecules". 

 

"It's really super cool that we can now use an observation-based model to explain how large 

molecules can form," says co-author Nienke van der Marel of Leiden University in the Netherlands. 

Eleven years ago, she and her colleagues were the first to convincingly demonstrate the existence of 

dust traps. She has been hooked on the subject ever since. "Our research is a unique combination of 

astrochemistry, observations with the radio telescope observatory ALMA, laboratory work, dust 

evolution and the study of meteorites from our solar system". 

 

In the future, the researchers plan to study how different types of dust traps react differently to 

radiation and moving dust flows. “This will help them learn more about the likelihood of life around 

different types of exoplanets and stars,” concludes Ligterink. 

 

Publication details:  

The rapid formation of macromolecules in irradiated ice of protoplanetary disk dust traps. By: Niels 

F.W. Ligterink, Paola Pinilla, Nienke van der Marel, Jeroen Terwisscha van Scheltinga, Alice S. Booth, 

Conel M. O’D. Alexander, My E.I. Riebe. In: Nature Astronomy. 

https://www.nature.com/articles/s41550-024-02334-4   

DOI: 10.1038/s41550-024-02334-4 
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Dr. Niels Ligterink 

Planetary Exploration, Faculty of Aerospace Engineering, Delft University of Technology,  

until July 2024: Space Research and Planetary Sciences Division, Physics Institute, University of Bern 

E-Mail: Niels.Ligterink@tudelft.nl  

 

Dr. Nienke van der Marel 

Leiden Observatory, Leiden University, the Netherlands 

nmarel@strw.leidenuniv.nl   

 
Bernese space exploration: With the world’s elite since the first moon landing 

When the second man, "Buzz" Aldrin, stepped out of the lunar module on July 21, 1969, the first 

task he did was to set up the Bernese Solar Wind Composition experiment (SWC) also known as 

the “solar wind sail” by planting it in the ground of the moon, even before the American flag. This 

experiment, which was planned, built and the results analyzed by Prof. Dr. Johannes Geiss and his 

team from the Physics Institute of the University of Bern, was the first great highlight in the history of 

Bernese space exploration.  

Ever since Bernese space exploration has been among the world’s elite, and the University of Bern 

has been participating in space missions of the major space organizations, such as ESA, NASA, 

and JAXA. With CHEOPS the University of Bern shares responsibility with ESA for a whole mission. 

In addition, Bernese researchers are among the world leaders when it comes to models and 

simulations of the formation and development of planets. 

The successful work of the Space Research and Planetary Sciences Division (WP) from the 

https://www.nature.com/articles/s41550-024-02334-4
https://www.nature.com/articles/s41550-024-02334-4
mailto:Niels.Ligterink@tudelft.nl
mailto:nmarel@strw.leidenuniv.nl
https://www.space.unibe.ch/
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Physics Institute of the University of Bern was consoliated by the foundation of a university 

competence center, the Center for Space and Habitability (CSH). The Swiss National Fund also 

awarded the University of Bern the National Center of Competence in Research (NCCR) PlanetS, 

which it manages together with the University of Geneva. 

 

 

http://www.csh.unibe.ch/index_eng.html
http://nccr-planets.ch/

