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Nanotechnology aims at controlling the matter at the atomic level in order to build 

nanometer scale functional components. It is conceivable to build up atomically 

controlled nano-objects with desired functions and performances by manipulating 

individual atoms and molecules with a Scanning Tunneling Microscope (STM). In that 

respect, porphyrin molecules in contact with a supporting material have been widely 

studied in recent years because of their promising properties allowing the design of 

new functional materials. Using the STM tip, it is possible to induce transfer 

(tautomerization) or removal (dehydrogenation) of hydrogen atoms. More generally, it 

has been shown that organic molecules can be used to trap single adatoms on a 

surface, allowing one to control the electronic spectrum of a molecule by doping or 

bond formation, to trap and drive atoms, or to confine a molecular motion to rotation 

during manipulation. In this presentation, we go one-step further, showing that all the 

functionalities previously mentioned can be achieved in a single system. This is 

achieved by manipulating a single molecule with a single metallic atom; the 

functionality is tuned only by changing the location of the metallic atom in combination 

with controlled dehydrogenation. Also, we elucidate the tautomerization process 

induced by the STM tip for the molecule on surface at low temperature. Ab initio 

calculations support the experimental observations and reveal the corresponding 

physical mechanisms. 

Figure 1 : Atom trapping chemistry of a 

H2TPP porphyrin molecule with a Au adatom. 

(a) Illustration of the different 

porphyrin−adatom molecules and properties 

obtained by trapping a Au adatom (orange 

dot) below a H2TPP molecule on a Au(111) 

surface. (b) Threedimensional view of the 

Au(111) surface covered by H2TPP single 

molecules and Au single adatoms and 

schematic representation of the manipulation 

of a molecule to an adatom allowing the 

adatom to be trapped below the molecule. 
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