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One of the simplest systems imaginable which show resonance stabilization is the allyl radical [1], 
possessing only three carbon atoms. It has been shown to be an important intermediate 

especially in combustion processes [2] and its formation has 
been detected in interstellar clouds [3]. In the light of the 
ongoing discussion about biodiesels, its methylated 
derivatives (the 1-methylallyl or 2-methylallyl radical, fig. 1) 

are also interesting for combustion chemistry, since 
biodiesel often contains branched or non-branched 
unsaturated fatty esters [4].  

 
The 2-methylallyl radical was produced via pyrolysis (see fig.2) from 2-methyl-3-buten-1-nitrite 
and expanded in a molecular beam into vacuum. These isolated molecules were then examined 
using femtosecond pump-probe spectroscopy, with the pump laser wavelengths at 240 and 236 
nm exciting into a p-state. The probe laser, ionizing the molecules, was the 800 nm fundamental 
of a Ti:Sapphire Laser.  The lifetimes of these states were examined using time-resolved 
photoelectron spectroscopy (TRPES) or time-of-flight mass spectrometry (TOF-ms). 
 

 
Figure 2: Generation of the 2-methylallyl radical via pyrolysis 

 

The photoelectron and mass decays can be fitted using two time constants (τ1= 50 fs, τ2= 2 ps for 
pump 240 nm). Noticeable was also the considerable positive anisotropy in the photoelectron 
images.  
To further understand what happens after the molecule is excited into a p-state, molecular 
dynamic calculations were done using field-induced surface hopping method coupled to TDDFT 
[5]. These simulations showed a very fast depopulation to the 3s-state, faster than the FWHM of 
our laser. Then it decays further to the D1 (nπ) state, before arriving in the electronic ground 
state. These last two decays, from the 3s-state to the D1 state, and from the D1 state to 
D0correspond to the two observed time constants. This assignment is further supported by the 
strong positive anisotropy in the photoelectron images, in agreement with ionization from an s-
orbital. 
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Figure 1: 1-Methylallyl and 2-
methylallyl-radical respectively 


