MD potential generation for Na- and Li-SO3 interactions

The overriding goal with this study is to be able to get a Molecular Dynamics model for Na- and Li-Nafion, which are materials used in IPMCs. Our group has been among the few to publish such a study before (Brandell, Ainla, Liivat, Aabloo in SPIE proceedings, 2006). However, one result of this study is that we cannot really trust the analytical MD potentials used: not for the Nafion backbone and side-chains, and not for the Na and Li ions interactions with it. However, we do trust the potentials describing Li and Na interactions with water to be of a decent quality. 

The results seem to indicate that the most severe problem is probably an overestimation of the attraction between the cations (Li or Na) and the sulphonate groups on Nafion. This is therefore where we most crucially need new MD potentials. 

The usual way to generate new MD potentials is to use quantum chemistry (QC) calculations of the energy for some local geometries, and use these to derive analytical functions which can be used in MD.

We envision a study in three stages:

1. Perform a series of QC calculations of Na and Li around an SO3 group for a system of a “decent” size. Within this series, we vary the distances between the cations and the SO3-group, and also the approaching angle towards the group – to fully map the different possible situations. We thus generate an energy surface for the cations around the SO3 group. These data has already been generated by Tarmo.

2. We then try to describe this energy surface by just using pair potentials on analytical form. These pair potentials can then be put into an MD input file, in this case the FIELD file for the program DLPOLY. 

3. We then run the MD program, and compare the results with our previous MD simulations of the same systems, done with different – less good – potentials. From these differences we are able to draw some conclusion of our new generated potentials (which collectively are called a Force Field). 

We need your help most crucially for step 2 – going from the energy data to new pair potentials. This is a step-for-step description of how this should be done:

1. The data (the output from Tarmo’s QC calculations, can be found in …

Ask Tarmo for raw data he used in plots in haf2.pdf (like: (<distance> <energy>) pairs). In addition to Li+/Na+ ... S as plotted, you need Li+/Na+...<other sidechain atom> distances as well! 

2. Convert the energy value in raw data to you favourite units; it is in hartrees (check!) but for DL_POLY, it should be in kcal/mol. Learn how to convert this (see www.gaussian.com web).  Set the min value to zero (shift data).
3. Read the article http://dx.doi.org/10.1117/12.658633 and find out what were the parameters used for side-chain and Li+ there. The parameters are also given in «Potentials» section below. We are going to try 3 approximations to see how well we can fit the QC data (this here for the « Pregiven geometry»  plots only !) :   

a) modify partial charges for atoms S, and O3 in SO3- group and van der Waals parameters for S...Li and O3...Li pairs ; keep lj potential (DL_POLY manual);

b) modify partial charges for atoms S, and O3 in SO3- group and van der Waals parameters for S...Li and O3...Li pairs ; buck potential;

c)modify partial charges for atoms S, and O3 in SO3- group and van der Waals parameters for S...Li and O3...Li pairs ; dibu potential;

Example : take Li+ and nafion 3coord data : for every Li+...S distance you need :

1) Energy

2)  All the distances Li+...<any atom>

Then you sum up :

1) all electrostatic contributions: Eq=sum_pairs(332.07*q_i*q_j/r_ij)

2) all van der Waals contributions similarily....

3) sum 1) and 2) and set the minima to zero (shift data)

4) compare with QC

5) to improve fit, change the parameters mentioned in a) b) or c) using some smart way (you need to find a program that does this for you) and go back to step 1)

6) if fit does not get better then you have the best parameters for given potential functions (lj, buck or dibu) -> if the difference is more than 1..2 kcal/mol near the minima of the « Energy-distance» plot, you should think continuing fitting more parameters or with better functions even.

NB ! I is strongly recommended to use all data in the fit, i.e. fitting all the energy curves at the same time : QC and you fit should get close on all the plots, at least near the energy minimum !  

See this work also for guidance : http://dx.doi.org/10.1002/jcc.1033
Good luck!  

Daniel and Anti ( my text in bold)

Potentials

See weyl:/home/anti/project/nafion/MDLi/FIELD 

and: weyl:/home/anti/project/nafion/MDNa/FIELD

The naming convention follows Alar’s Nafion study, you can visualize CONFIG fiels there to see the details.

