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Quantum mechanical tunneling (QMT) is a result of the wave nature of particles that 
implies that a particle penetrates a potential energy barrier even though there is 
insufficient energy. This has serious consequences for chemical reactions, which has, 
not been appreciated much. In the last years has it become clear just how important QMT 
is for understanding chemical reactions. Here we emphasize the role that QMT plays in 
reactions of exemplary molecules. Once fully understood, the control[2] and application 
of tunneling in chemical synthesis, possibly stimulated through catalysts[3] or energy 
transfer, will open fascinating new ways of conducting chemical reactions.  
We also expose QMT as the third reaction paradigm that can overwrite traditional kinetic 
control and govern reactivity, which we term tunneling control.[4] These findings are ex-
emplified with the first experimental isolation and full spectroscopic and theoretical char-
acterization of the elusive hydroxycarbenes (R–C–OH)[5] that undergo facile [1,2]hydro-
gen QMT to the corresponding aldehydes under high barriers. We will demonstrate that 
this is a general phenomenon,[4b, 6] as exemplified by other OH-tunneling examples such 
as the rotational isomerization of a variety of carbocylic acids.[7] Such tunneling pro-
cesses do not merely represent corrections to the reaction rate, they are the reaction 
rate, i.e., the completely control the reaction outome.[8] They can also override common 
notions such as the often invoked Curtin-Hammett principle.[9]  
We also demonstrate that competitive carbon vs. nitrogen QMT completely determines 
the outcome of some selected organic chemical reactions.[10] Additionally, we show that 
even CO2 activation can occur through a tunneling process of the entire CO2 molecule.[11] 
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