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Quantitation in the MALDI Method: A New Thermal Equilibrium Model Using Amino Acids
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It is widely accepted that the ion generation mechanism of the matrix-assisted laser desorption/ionization
(MALDI) method is the transfer reaction MH" + A — M + AH" at the matrix molecule M and sample
A. However, the signal intensity has not been theoretically reproduced. We have previously considered
a model in which the proton exchange reaction is assumed to proceed in the gas phase, and the reaction
Gibbs energy depends on the gas-phase basicity. The model was able to reproduce the qualitative trend
of signal intensities[1]. However, this is not necessarily consistent with the established mechanism of
MALDI, in which scattered droplets gradually vaporize and become isolated molecules due to phase
explosion after laser irradiation. In this study, we attempted to reproduce the data by the reaction in a
model that assumes that the proton exchange reaction proceeds in a hot droplet of matrix molecules. The
reaction Gibbs energies of the matrix molecules in the droplet were calculated by the SMD method of
the continuous dielectric model using Gaussian 09, and the reproducibility of the experimental values
for 18 amino acids was found to be significantly improved for basic amino acids, which were outliers in
the gas phase treatment.
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