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Complex semiregular tessellations (right, microscopic image) are formed from a build-

ing block (left, red contours) consisting of two parts and a silver atom (blue). (Images: 

Klappenberger and Zhang / TUM)  

Floor parquetings are typically found in living rooms. But micro-

structured parquetings, or rather tessellations, may occur in ma-

terials as well. Materials with tessellations can, for example, be 

characterized by an outstanding electrical conductivity, a spe-

cial light reflection, or an extreme mechanical strength. Selective 

generation of such structures requires large molecular building 

blocks which mostly are not compatible with the conventional 

manufacturing processes. In Nature Chemistry, researchers of 

KIT and TUM explain how molecules form complex tessellations 

through self-organization.  

The team of Karlsruhe Institute of Technology (KIT) and Technische 

Universität München (TUM) has discovered a reaction path which 

produces exotic layers with semiregular structures from simple two-

dimensional networks. Such materials are interesting because they 

often possess extraordinary properties. In the process, simple organic 

molecules are combined into larger components which form the com-

plex semiregular patterns.  

Complex Tessellations, Extraordinary Materials 

Simple Organic Molecules Form Complex Materials through Self-organization – Publication in Na-

ture Chemistry 
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Only a few basic geometric shapes lend themselves to covering a 

surface without overlaps or gaps using uniformly shaped tiles: Trian-

gles, rectangles, and hexagons. Considerably more and significantly 

more complex but still regular patterns are possible with two or more 

tile shapes. These are the so-called Archimedean tessellations or til-

ings. 

Materials can also exhibit tiling characteristics. Such structures are 

often associated with very special and desirable properties, for exam-

ple outstanding electrical conductivity, special light reflection, or ex-

treme mechanical strength. It is, however, difficult to manufacture 

such materials. Their production requires large molecular building 

blocks that are not compatible with traditional manufacturing pro-

cesses. 

Complex Tessellations through Self-organization 

An international team led by Professors Florian Klappenberger and 

Johannes Barth at the Chair of Experimental Physics of TUM, as well 

as Professor Mario Ruben at Karlsruhe Institute of Technology, have 

now made a breakthrough in a class of supramolecular networks: 

They got organic molecules to combine into larger building blocks with 

a complex tiling formed in a self-organized manner. 

As a starting compound, they used ethynyl iodophenanthrene, which 

is an easy-to-handle organic molecule comprising three coupled car-

bon rings with an iodine and an alkyne end. On a silver substrate, this 

molecule forms a regular network with large hexagonal meshes. Heat 

treatment then sets in motion a series of chemical processes, produc-

ing a novel, significantly larger building block which then forms a com-

plex layer with small hexagonal, rectangular and triangular pores vir-

tually automatically and self-organized. In the language of geometry, 

this pattern is referred to as a semiregular 3.4.6.4 tessellation. 

The working group headed  by Mario Ruben at KIT’s  Institute of  Nan-

otechnology was responsible for the tailored selective synthesis and 

characterization of multinuclear molecular complexes serving as tes-

sellation building blocks. “We have discovered a completely new ap-

proach to producing complex materials from simple organic building 

blocks,” Klappenberger and Ruben summarize. “This is important for 

being able to synthesize materials with specific novel and extreme 

characteristics. These results also contribute to a better understand-

ing of the spontaneous appearance (emergence) of complexity in 

chemical and biological systems.” 

 

 

 

From simple organic molecules, the 

new method forms a complex semi-

regular 3.4.6.4 tessellation. (Image: 

Klappenberger / Zhang / TUM) 
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The scanning tunneling microscopy measurements conducted at 

TUM clearly show that the molecular reorganization involves many 

reactions that would normally result in numerous by-products. In the 

new process, however, the by-products are recycled, meaning that 

the overall process runs with great economy of atoms to arrive at the 

desired end-product. In further experiments, the researchers found 

out how this happens.  

Using X-ray spectroscopy measurements at the electron storage ring 

BESSY II of the “Helmholtz-Zentrum Berlin”, the researchers were 

able to decipher how iodine splits from the starting product, hydrogen 

atoms move to new positions, and the alkyne groups capture a silver 

atom. By means of the silver atom, two starting building blocks bind 

together to a new, larger building block. These new building blocks 

then form the observed complex pore structure. 

The research was funded by Deutsche Forschungsgemeinschaft (in 

the context of the Excellence Cluster Munich Center for Advanced 

Photonics, the Priority Program SPP 1459, the Transregio TR 88 

3MET C5, and the DFG project KL 2294/3) and the European Re-

search Council (ERC Advanced Grant MolArt). Synthesis and char-

acterization of the molecules were done at the Karlsruhe Nano Micro 

Facility. 

Publication: Yi-Qi Zhang, Mateusz Paszkiewicz, Ping Du, Liding 

Zhang, Tao Lin, Zhi Chen, Svetlana Klyatskaya, Mario Ruben, Ari P. 

Seitsonen, Johannes V. Barth, and Florian Klappenberger: Complex 

supramolecular interfacial tessellation through convergent multistep 

reaction of a dissymmetric simple organic precursor, Nature Chemis-

try 2017. DOI: 10.1038/nchem.2924 

DOI: 10.1038/nchem.2924  

Link zum paper: https://www.nature.com/nchem  

Being “The Research University in the Helmholtz Association,“ 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to the 

global challenges in the fields of energy, mobility and information. 

For this, about 9,300 employees cooperate in a broad range of dis-

ciplines in natural sciences, engineering sciences, economics, 

and the humanities and social sciences. KIT prepares its 26,000 

students for responsible tasks in society, industry, and science 

by offering research-based study programs. Innovation efforts at 

KIT build a bridge between important scientific findings and their 

https://www.nature.com/nchem


 

 

 

 

 

 

 
Page 4 / 4 

Press Release 

No. 005 | aba/kes | 23.01.2018 

 

application for the benefit of society, economic prosperity, and the 

preservation of our natural basis of life. 

 

Since 2010, the KIT has been certified as a family-friendly university. 

This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php. 

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-47414. The photo may be used in the context given above 

exclusively. 
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