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Physical Origins of Recalcitrance  
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Petascale Molecular Dynamics Simulation  

Comparison to Experiments 

 

Physical Insights 
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Petridis et al JACS 133 20277 (2011) 

Temperature Dependence of Lignin  

New: lignin aggregation 

during heating 

heating cool-down 
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ÅEnthalpy  

ÅȹH å +200 kJ/mol Unfavorable 

Collapse Driven by Removal of 

Entropically  Unfavorable Water 

Molecules from Lignin Surface to Bulk 

ȹG=ȹH-TȹS 
collapsed 

extended 

ÅLignin configurational entropy  

Å-TȹSconfå +10 kJ/mol Unfavorable 

ÅHydration water translational & 

rotational entropy  

Å-TȹSt+r å -100 kJ/mol  Favorable 

ÅHydration water compressibility 

Å -TȹSfluc å -300 kJ/mol Favorable 

Petridis et al JACS 133 20277 (2011) 

Why Does Lignin Collapse at Room Temp?  
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Lignin surface is òwetó  at room T, 

more hydrophobic at high T  

ɟhydr= 0.98ɟbulk 

ɟhydr= 0.90ɟbulk H
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lignin dimmer 
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Are Lignin Aggregates Spheres?   

Biomass Pretreatment  


