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Abstract  
   Aldehydes, formed in oxidation of VOCs, are removed mainly by photolysis and reaction with 
OH radicals in the atmosphere.  The reaction with water molecules1 also can play an important 
role in eliminating some aldehydes in gas and the condensed phase.  Aldehyde hydration in 
media such as cloud droplets and aqueous aerosols is an important process in understanding the 
source of carboxylic acid in the atmosphere, since the reaction product diols can be converted 
into acid by reacting with OH radicals.2   Much attention has been paid to hydration of reactive 
α-dicarbonyls and perfluoroaldehydes (PFAs) as the source of dicarboxylic acids found in 
aerosols3 and perfluorocarboxylic acid (PFCAs) detected in rain.4  PFAs are degradation 
products of fluorotelomer compounds.  The experimental reaction rates for diol formation of 
perfluoroaldehyde, however, have not been measured in aqueous solution.   
   In this study, I calculated the activation Gibbs free energy (ΔG≠) of hydration for some 
aldehydes RCHO (R=H, CH3, CCl3, CF3 and C2F5), using a water-cluster and polarizable 
continuum hybrid model.  I compared calculated ΔG≠ s with available experimental values to 
estimate the rate constant for diol formation of CF3CHO and C2F5CHO in aqueous solution.   
The geometry was optimized at the double hybrid DFT level with empirical dispersion correction. 
Though the water cluster models are based on the cyclic proton transfer reaction mechanism 
containing three water molecules proposed by Bell et al.,5  they involve some additional micro-
solvated water molecules.   The increased number of water molecules leads to formation of  
intermediates (ion-pair complex) via a stepwise mechanism.6   When the cluster models with 
seven water molecules are employed, two cluster models are produced, one with a stepwise 
mechanism (model A) and one with a concerted mechanism (model B), depending on the 
orientation of water molecules in the hydrogen-bonding network.  The electron-withdrawing 
group favors the formation of  an ion-pair complex more than the electron-donating group in 
model A.  In model A, the bottleneck that determines the hydration rate is the transition state 
connecting the encounter complex and the ion-pair complex.   Both Models A and B predict one 
to two magnitude larger rate constants for CF3CHO and C2F5CHO than for CCl3CHO. 
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