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A new experimental setup to simultaneously measure the mass and charge of 

"megadalton" objects (macroions consisting of tens of thousands of atoms) produced by 

electrospray ionization, has been implemented. This assembly uses the principle of the 

charge detection combined to time-of-flight measurements on single ions. In addition to 

its strong analytical potential for mass characterization of nanoparticles,[1] an 

electrostatic trap has recently been implemented to conduct photofragmentation 

experiments on single macroions.[2] 

 

In this work, we have coupled a CO2 laser to the ion trap to achieve infrared 

multiphoton dissociation (IRMPD) and determine the activation unimolecular 

dissociation energy of macropolymers such as entire DNAs.[3] Single ions are stored 

(by making roundtrips into the trap) for several tens of milliseconds. These trapped ions 

are then irradiated by CO2 laser and fragmented by heating due to vibrational 

multiphoton IR activation. The activation energy associated with the dissociation of 

macroions can be determined by an Arrhenius-type approach by analyzing a large set of 

traces of individual ions to build a histogram of the frequency distribution of 

dissociation rates. 

 

The laser-induced decay of ethylene oxide polymer ions of megadalton size has been 

studied in the multiphoton IR excitation regime, fragmentation products of individual 

ions being monitored over long times by a trapping device.[4] The experiment reveals 

several fragmentation pathways having distinct signatures at the single molecule level, 

that which would not be accessible from studies based on statistically averaged reaction 

rates only. The observations are supported by dedicated molecular simulations based on 

a coarse-grained model, which further highlight the role played by continuous heating in 

such out-of-equilibrium conditions. In particular, both experiment and modeling 

indicate that the dissociation kinetics depends non linearly on heating rate. 
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