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Reminder

In the previous lecture module, we discussed QM/MM as an example of dual scale 
modeling.

All discussion in that module, assumed that a particle that initially appeared in the 
finely resolved (primary) subsystem remained in that subsystem for the entirety of 
the simulation.  Similarly, a particle that initially appeared in the coarsely resolved 
(secondary) subsystem remained in that subsystem for the entirety of the 
simulation.  

In this module we discuss techniques that allows exchange of particle from oneIn this module, we discuss techniques that allows exchange of particle from one 
resolution to another during the course of the simulation.  This is typically called 
adaptive resolution.
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Outline

In this lecture module, we review three papers.

I.  “Recent Progress in Adaptive Multiscale Molecular Dynamics Simulation of Soft 
Matter” S.O. Nielsen, R.E. Bulo, P.B. Moore & B. Ensing, Phys. Chem. Chem. 

( )Phys. 12(139) 2010 pp. 12401–12414.

II.  “Multiscale Simulation of Soft Matter: From Scale Bridging to
Adaptive Resolution”, M. Praprotnik, L. Delle Site & K. Kremer, Annu. Rev. Phys.Adaptive Resolution , M. Praprotnik, L. Delle Site & K. Kremer, Annu. Rev. Phys. 
Chem. 59 2008 pp. 545–71.

III. “Adaptive Partitioning in Combined Quantum Mechanical and Molecular
M h i l C l l ti f P t ti l E F ti f M lti l Si l ti ”Mechanical Calculations of Potential Energy Functions for Multiscale Simulations”,  
A. Heyden, H. Lin & D.G. Truhlar, J. Phys. Chem. B 111 2007 pp. 2231-2241.
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Paper 1.  Adaptive Resolution AA/CG and QM/MM

Fundamentals of Sustainable Technology 



Introduction
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Hand-shaking Region

The “hand-shaking” or “healing” region separates the finely resolved from the 
coarsely resolved systems.  A weighting function is used to assign a fractional 
resolution to particles in the HR depending upon their spatial location.
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Application to Methane

Example of methane from all atom 
to united atom representation.
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Application to Methane

All atoms particles carry more kinetic energy than united atom particles (think of the 
vibrational energy of bonds absent in UA descriptions).  Thus various techniques are 
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devised to artificially maintain energy conservation.   



Application to solvated polymers
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Adaptive QM/MM example

Analogous techniques can also be applied to QM/MM systems.  Here, water 
molecules can move in and out of the QM region. The papers are largely about
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molecules can move in and out of the QM region.  The papers are largely about 
method validation (energy conservation) rather than new science.



Paper 2.  Adaptive AA/CG

Thi i i ilThis paper gives a very similar 
description to the adaptive 
resolution problem from a 
different research group.g p
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Paper 2.  Adaptive AA/CG
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Paper 2.  Adaptive AA/CG

Drive to establish multiscale modeling as a thermodynamic equilibrium between 
different species

Fundamentals of Sustainable Technology Prapronik, Delle Site, Kremer, Ann. Rev. 2008.

different species.



Structural Coarse-graining

Again, a transition region is introduced which uses weighting functions to shift 
from one resolution to the other
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from one resolution to the other.



Structural Coarse-graining

Validation involves reproducing the pair correlation function for both levels of 
resolution
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resolution.



Application to water

Validation involves reproducing the pair correlation function for both levels of 
resolution
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resolution.



Application to water

Diffusion is asymmetric in this 
system because the diffusionsystem because the diffusion 
coefficients of the all-atom 
molecules are different than the 
CG particles.
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Details of the techniques are still being improved
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Paper 3.  Adaptive QM/MM
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Adaptive QM/MM System

A similar view as the first paper.  Different terminology for the three regions.
Core is QM. Environment is MM or lower level QM.
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Core is QM.  Environment is MM or lower level QM.



Energy and Forces

Energy and forces are computed at both QM and MM levels in the core and buffer 
regions.  A switching function is used to switch between them. 
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Energy and Forces

This example studies solvation around a Lithium ion
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This example studies solvation around a Lithium ion.



Energy and Forces
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Again, energy conservation is the standard for validation of the technique.



Conclusions

Ad ti R l ti t h i i t t i l t d l l ti d l iAdaptive Resolution techniques exist to simulate dual resolution models in 
which particles can exchange between levels of resolution.

These models employ switching functions to transition from AA to CG or from p y g
QM to MM.

Care must be taken to ensure stability (energy conservation of the system).

Validation is based on reproducing some property of the more finely resolved 
system (such as the pair correlation function).    

Approaches are still being fine-tuned.  

There remain issues such as the asymmetry of diffusion, which has yet to be 
resolved
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resolved.


