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Optimizing reaction conditions to minimize sugar loss is a primary concern during pretreatment and key to enabling an effective biorefinery industry.  Direct experimental analyses of these thermochemical reaction pathways is challenging and benefits from insights gleaned from computational modeling.  For this reason, sugar degradation reactions at different acidities were investigated with first-principles calculations using explicit solvent water molecules in the simulation.  At lower acidity, the rate-limiting step in sugar degradation was found to be protonation of the hydroxyl groups on the sugar ring.  Hydroxyls with the highest proton affinity will initiate sugar degradation leading to the major degradation products.  At high acidity, protonation is rapid and sugar degradation initiates at multiple hydroxyl groups on the sugar ring leading to multiple products.  Furthermore, we found that water molecules play a significant role in acidic sugar degradation pathways and these reactions will be discussed.  Firstly, a water molecule competes with the hydroxyl group on the sugar ring for protons.  Secondly, water forms hydrogen bonding with the hydroxyl groups on the sugar rings, thus weakening the C-C and C-O bonds (each to a different degree).  Note that the reaction pathways could be altered due to the change of relative stability of the C-C and C-O bonds.  Thirdly, sugar hydroxyl–hydrogen-bonded water molecules could easily donate or extract a proton from the sugar reaction intermediate, thus terminating the reaction.  Indeed, the sugar degradation pathway is complex due to multiple protonation probabilities and the surrounding water structure.  Water structure is in turn affected by reaction conditions such as acidity, temperature, the presence of salts and cosolvent, and the flow dynamics of the reactor.
