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Project Goals: Establish the scientific knowledge and new technologies to transform the 
maximum amount of carbon available in bioenergy crops into biofuels and bioproducts. 

Abstract: Lignin is a multifunctional polymer and integral part of the plant cell wall. Lignin’s full 
potential as a renewable source of aromatic compounds can be, in part, unlocked only if an efficient 
and economic method for lignin depolymerization and valorization is developed. Alternative 
solvents such as ionic liquids (ILs) and deep eutectic solvents (DESs) have received increasing 
interest because of their high efficacy in fractionating and pretreating lignocellulosic biomass. 
However, the lignin-carbohydrate complex degradation mechanism in DES, especially metal 
containing DESs (mDESs), computational predictability of eutectic points, and mDESs’ 
characteristics are not well understood. This study aims to i) develop and understand the atomistic 
behavior of known/newly designed ILs on lignin via multiscale simulation approaches, ii) predict 
the eutectic points for the mDES and their impact on lignin depolymerization, iii) experimental 
validation of predicted results for biomass fractionation and process parameter optimization, and 
iv)   characterize and upgrade  the lignin streams from ILs/mDESs treated biomass to value-added 
compounds. In this study, a quantum chemical-based molecular simulation namely COSMO-RS 
(COnductor like Screening MOdel for Real Solvents) model was used to screen rational 
combinations of ILs (60 anions and 90 cations) for the solubility of lignin. The activity coefficient 
and excess enthalpy of IL and lignin mixtures were evaluated as reference property to describe the 
affinity of lignin for different ILs. Furthermore, based on the COSMO-RS results, the selected ILs 
were visualized by observing their structural properties and dynamics with lignin by performing 
the molecular dynamics (MD) simulations. Subsequently, we demonstrate simultaneous 
fractionation of biomass and lignin depolymerization using mDES. We studied the product profile 
of depolymerized biopolymers (qualitatively and quantitatively) along with the molecular weight 
distribution profile as a function of reaction coordinates. Notably, the employed DES system not 
only achieved ~95% glucose and ~25% lignin monomer yields, but also had limited enzyme 
inhibition and microbial toxicity (>5wt%), opening the possibility for a subsequent downstream 



biological conversion of the depolymerized stream(s). This study provides a mechanistic 
understanding of biomass fractionation and lignin depolymerization in mDES and explores the 
potential of catalytic upgrading of lignin to value-added products.   
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