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Abstract: The gas-phase infrared multiple photon dissociation (IRMPD) spectrum of phenylium, obtained using the 
free electron laser FELICE is presented [1]. Spectrum and fragmentation behaviour are rationalised using Density 
Functional Theory (DFT) calculations. 
 
The phenyl cation (C6H5+, also phenylium) plays an 
major role in the growth of aromatic structures in 
combustion and flame chemistry, as well as in the 
chemistry happening in outer space. Even so, 
information about the vibrational spectroscopy and 
fragmentation of phenylium are scarce. 
Here I present the infrared multiple photon 
dissociation (IRMPD) spectrum of bare, isolated, gas-
phase phenylium in its perprotio and perdeutero forms 
in the 5-40 µm range, obtained with a FT-ICR mass 
spectrometer within the optical cavity of the IR Free 
Electron Laser for Intra-cavity experiments (FELICE). 
Comparison of the spectrum with harmonic and 
anharmonic DFT calculations confirm the singlet 1A1 
ground state put forward previously [2] and highlights 
some shortcomings in the theoretical methods. 
The mass spectrum shows the prevalence of [2C,nH] 
(n=2-4) fragments and the absence of H-loss channel. 
Exploration of the potential energy surface show that 

the lowest energy pathways toward fragmentation 
include direct H elimination, and a combination of 
facile ring-opening mechanisms (≤2.4 eV), followed 
by elimination of H or CCH2. Energetically, all H-loss 
channels found are more easily accessible than CCH2-
loss. Calculations of the vibrational density of states 
for the various intermediates show that at high internal 
energies, ring opening is thermodynamically the most 
advantageous, eliminating direct H-loss as a 
competing process. The observed loss of primarily 
[2C,2H] can be explained through entropy calculations 
that show favored loss of [2C,2H] at higher internal 
energies. 
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