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Silica-supported tantalum hydrides, [(≡SiO)2TaH] and  
[(≡SiO)2TaH3], are able to activate N2 in a way that has no 
precedent in either surface, bio- or solution chemistry, 
since the reaction, which leads to [(≡SiO)2Ta(NH)(NH2)],  
implies H2 as reductant and an isolated metal atom, while 
literature precedents are multimetallic or imply 
sophisticated  proton and electron sources: 1  
 

 

Starting point:  N2 splitting  
on an  isolated Ta atom 

Thanks to novel exprimental evidence and to DFT study 
perfomed by O. Eisenstein (Institut Gerhardt de Chimie 
Moléculaire et des Matériaux de Montpellier) and X. 
Solans-Monfort (U. Autonoma de Barcelona), a pathway 
is proposed2 with  two major mechanistic originalities:  

Achievement 1: Unique 
mechanism unraveled 

• Ta(H2) adducts play a crucial role : they 
allow the low-energy transfer of a proton 
to the nitrogen-based ligands  by 
heterolytic splitting of H2 across Ta-N2Hx.  
 

• Supra-stoichiometric H2 assists the last 
hydride transfer by lowering its activation 
barrier without itself being consumed 
during the process.  
 

Achievement 2: H2 heterolytic 
splitting  across Ta-amido bonds 
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Achievement 3 :  NH3  Activation 
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Hetrolytic splitting, a crucial  
elementary step in  several 
catalyic mechanisms such as 
Noyori-type asymmetric 
hydrogen transfer, has been 
clearly observed and modeled 
for one of the first on a surface 
on our Ta-N  bonds (see IR 
evidence on the side).3 
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Direct ammonia activation, 
although desirable for the 
numerous valuable appli-
cations involving amines, is 
not straight-forward nor very 
common in organometallic 
chemistry. We have shown  

that [(≡SiO)2Ta(NH)(NH2)] activates NH3, and that 
mechanistically such activation   is favoured by 6-
member intermediates formed with excess NH3.4 
 

 
 

 

Combined N2 (or NH3) and alkane activation will be tested to explore direct amine synthesis.5 

Proposed DFT modeled 
activation complex for  H2 
heterolytic splitting on 
Ta(NH)(NH2) and selected 
calculated distances 
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