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 Innovative process opens up new perspectives for thin-film technology
 applications 
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For the past five years, researchers at Leipzig University have been working on fundamentally new
methods for selectively assembling gaseous, charged molecular fragments into new, complex molecules.
The synthesised substances are deposited onto surfaces. This innovative process opens up new
perspectives for applications in modern nanoelectronics and sensor technology. It also offers new
avenues of research across various scientific disciplines – from catalyst research to medical applications.

The scientists at Leipzig University, together with their collaborators at Purdue University (US), have published a
summary of their findings from this period in the renowned journal Nature Reviews Chemistry.

“Until now, charged molecular fragments have mainly been studied in analytical chemistry to determine the structure of
molecules. However, research in recent years has shown that these fragments are also highly relevant for synthetic
applications. By selectively depositing them onto surfaces, it is possible to trigger chemical reactions that would not be
feasible using conventional synthesis methods,” explains Professor Jonas Warneke, head of the research group at the
Wilhelm Ostwald Institute of Physical and Theoretical Chemistry at Leipzig University.

The research instruments used – specially optimised for so-called thin-film synthesis with charged molecular fragments
– exist at only two locations worldwide. They were developed jointly by the research groups led by Professor Jonas
Warneke and Professor Julia Laskin at Purdue University. Thin-film synthesis refers to the production of thin layers with
thicknesses ranging from the nanometre to the micrometre scale.

In the article, the Leipzig research team reports on its work involving the controlled formation of chemical bonds using
“aggressive” molecular fragments. For example, the most chemically reactive negatively charged molecular fragment
known to date – which has a long history of research in Leipzig – was specifically bonded to other molecules. Even
nitrogen from the air, which is generally considered to be unreactive, was bound in layers on surfaces. This opens up new
possibilities for using such inert chemical feedstocks to synthesise new molecules and functional materials on surfaces,
or to selectively modify the properties of material surfaces.

The publication also outlines the research conducted by the team at Purdue University on linking metal-containing,
charged “nanoclusters” – small particles with a precisely defined number of atoms – which are of interest for quantum
technologies due to their unique magnetic and electronic properties. The article also reports on the joint work of the two
research groups on developing the instruments and studying the behaviour of molecular, charged catalysts on surfaces.

“We aim to optimise our work in the coming years by developing even more powerful instruments for thin-film synthesis
using molecular fragments,” says Warneke. This could enable the synthesis of materials on the microscale and pave the
way for applications of the remarkable new compounds assembled from molecular fragments in microsystems
technology. In addition, the Leipzig research team is developing new approaches for analysing large biomolecules on
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surfaces by attaching charged molecular fragments – an advance that could contribute to a fundamental understanding
of the biological functions of these molecules on cell surfaces.

contact for scientific information:
Professor Jonas Warneke
Wilhelm Ostwald Institute of Physical and Theoretical Chemistry at Leipzig University
Phone: +49 341 9736432
jonas.warneke@uni-leipzig.de

Original publication:
https://www.nature.com/articles/s41570-025-00719-1 “Molecular synthesis with gaseous fragment ions on surfaces”

The Leipzig authors of the review article – Professor Jonas Warneke (left), Dr Markus Rohdenburg (centre), and Dr
Harald Knorke (right) – pictured next to an instrument for synthesising thin films using gaseous, charged molecular
fragments.
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