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Presently, two-dimensional materials are one of the most active areas of nanomaterials 

research. Here we report the structural stability, and electronic properties of monolayer 

configurations of a novel synthetic germanium allotrope that does not exist in nature 

i.e., germanene [1]. 

The discovery of graphene, a one-atom-thick honeycomb carbon sheet, can be 

considered as a defining point in the research and development of stable, truly 2D 

material systems [2].  This new materials exhibit unusual electrical and mechanical 

properties, that have been the subject of much research and have inspired the study of 

other 2D materials such as silicene [3], germanene [1], phosphorene [4], stanene... 

Nowadays, silicene is a fact and has already formed the gate of transistor devices [5], 

while single layer germanene has been synthesized recently on different substrates, 

namely Pt(111), Au(111) and also Al(111) [6,1,7].  

In our particular case, we have grown in situ an atom-thin, ordered, two-dimensional 

multi-phase film through germanium molecular beam epitaxy using a gold (111) surface 

as a substrate. Its growth is similar to the formation of silicene layers on silver (111) 

templates. One of the phases, forming large domains, as observed in scanning tunneling  

microscopy, shows a clear, nearly flat, honeycomb structure. Thanks to thorough 

synchrotron radiation core-level spectroscopy measurements and advanced density 

functional theory calculations we can identify it as a √3 × √3 R(30°) germanene layer in 

conjunction with a √7 × √7 R(19.1°) Au(111) supercell. Hence, compelling evidence of 

the synthesis of the germanium-based cousin of graphene on gold has been presented 

[1]. We have performed further studies on the formation of multilayer germanene trying 

to understand the initial interaction with the substrate and then the multilayer structure.  

One can anticipate a strong impact of both single and multi layer germanene because of 

the expected very high mobilities of the carriers, the potential optical applications,
 
the 

predicted robust two-dimensional topological insulator character, nearly up to room 

temperature, resulting from the large effective spin-orbit coupling opening the way to 

the Quantum Spin Hall Effect, the possibility of very high Tc superconductivity, and, 

last but not least, the practicability of direct integration in the current electronic 

industry. 
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