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Lignin Precipitation  

on Cellulose 

Biomacromolecules, In Press 
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•  Enthalpy  
•  ΔH ≈ +200 kJ/mol Unfavorable 

Collapse Driven by Removal of 
Entropically Unfavorable Water 
Molecules from Lignin Surface to Bulk 

ΔG=ΔH-TΔS 

Why does Lignin Collapse  
at Room Temperature?  

collapsed 
extended 

•  Lignin configurational entropy  
•  -TΔSconf≈ +10 kJ/mol Unfavorable 

•  Hydration water translational & rotational 
entropy  

•  -TΔSt+r ≈ -100 kJ/mol  Favorable 

•  Hydration water compressibility 
•   -TΔSfluc ≈ -300 kJ/mol Favorable 

JACS 133 20277 (2011) 
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Effect of  
Pretreatment on  
Biomass Structure 

Langan et al, submitted 
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Steam Explosion Pretreatment 

core water  
molecules  
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matrix  
phase  
separation  

cellulose fibril bundles  
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and more ordered  
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Enrich a collection of compounds with molecules most likely to bind 

to the target 

Structure-Based  
Computational Ligand Binding 

Compound 
Library 

Millions of 
Molecules Enrichment Factor ~12 with 

Autodock Vina 



Protein 

Ligand 

Complex 

Ligand Binding 

physical understanding 

vibrational changes? 

g(ω) = vibrational density of states (probability distribution of frequencies) 



Vibrational Change on Methotrexate Binding to  
Dihydrofolate Reductase 
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Vibrational Thermodynamics 
 

ΔGvib     =  -4.0 ± 1.0 kcal/mol 
-TΔSvib=  -6.0 ± 1.5 kcal/mol 
ΔHvib     = +2.0 ± 0.5 kcal/mol 

PRL  93 028103 (2004) 
JPCB 114 1479  (2010) 
JPCB 115 6811  (2011) 

TORSTEN BECKER 
ERIKA BALOG 
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Entropy gain from 
coupling between 
protein and ligand 
external motion 

Entropy loss on 
formation of  
interactions within 
bound complex > 

Coupling constant of 
ligand external motion 

Entropy loss on progressive  
formation of interactions 
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Dynamic Neutron Susceptibility  
of a Globular Protein 
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Localized diffusion Methyl rotation  Non-methyl jumps 
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Three Classes of Motion 
LIANG HONG 



Molecular Dynamics Scaling 
150M atoms 

 





Human Embryonic Stem Cell 

1010 atoms  
= Living Cell Exascale? 



Exascale 

Petascale 

Multiscale Structure and Dynamics 
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reflectrometry 

Combining Unique Strengths of ORNL 

vibrational 

Cluster 



But… 

Microsecond Timescale Limitation!  

New Concepts Needed…. 



Dynamical Fingerprints 

JCP 134 244108 (2011)  
PNAS 108 4822 (2011) 

FRANK NOE 



Ras p21 trajectory 
 JCTC  2, 840-857  2006  



Energy  
and environment 

Physical Sciences 
and Materials 

Global 
Security 

High- 
Performance 
Simulation  

Neutron Scattering 
Functions  
(e.g. S(Q), S(Q,ω)) 

Diffraction 

SANS 

Biomedical 
Science 

Other 
Science 

Inelastic 

Triple Axis 

Reflectometry 

Other  
Instruments Supercomputing 

Science Neutrons 

Improvement 

Structure,  Dynamics 

Real Time Exascale Neutron Experimental Design and Interpretation 



Co-workers 
Torsten Becker 
Barbara Collignon 
 Sally Ellingson 
Jerome Baudry 
Loukas Petridis  
Roland Schulz 
Benjamin Lindner 
Dennis Glass 
Xiaohu Hu 
Barmak Mostofian 
Amandeep Sangha 
 Liang Hong  
Yinglong Miao 
Yi Zheng 
Jerry Parks 

 
Collaborators 
Ilia Horenko, Frank Noe 
Christof Schuette (FU Berlin) 
John Chodera (Memorial Sloan Kettering) 
Erika Balog (U. Budapest) 
Kei Moritsugu (RIKEN, Tokyo)  
Dwayne Elias, Mircea Podar,  Alex Johs, 
Liyuan Liang, Alexei Sokolov, Barbara 
Evans, Hugh O’Neill, Venky Pingali, 
William Heller, Paul Langan (ORNL) 
Judy Wall (U. Missouri) 
Anne Summers (U.Ga) 
Sue Miller (UCSF) 
Ahmed Zewail (CalTech) 
Akio  Kitao (U. Tokyo) 
Dieter Richter, Ralf Biehl, Michael Ohl, 
Melissa Sharp (FZ Juelich) 
Salim Shah (Georgetown U Med Center) 
 
 
 

Funding: DOE(BER, BES, ASCR),NSF, NIH 



Transition Networks 
Of Metastable States 


