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We compare different force fields that are widely used (Gromacs, Charmm-22/x-Plor, Charmm-
27, Amber-1999, OPLS-AA) in biophysical simulations containing aqueous NaCl. The parame-
ters describing the L ennard-Jones interactions among the Naand Cl ions vary between these force
fields. We show that the uncertaintiesin the microscopic parameters of, in particular, sodium and,
to alesser extent, chloride translate into large differencesin the computed radial-distribution func-
tions. In addition, the results also depend on the water model. We have used the SPC, SPC/E,
TIP3P and TIP4AP models.

Force fields differ by the Lennard-Jones parameters assigned
to the atoms in order to model van der Waals interaction.
(Thereismuch lessfreedom is assigning the particle charges.)
There exists a large body of experimental and theoretical
knowledge on the properties of water, and differences be-
tween water models are comparably small (see table on the
right).

For (agueous) chloride, the differences in the Lennard-Jones
parameters are significant, up to 10% for the radius and up to
50% for the depth of the attractive well of the Lennard-Jones
interaction, reflecting the lack of high quality experimental
input data. For (agueous) sodium, there seems to be virtually
No consensus on its properties.

For each combination of ionic force-field and water model,
three simulations with different thermostats were done over
atime of 2 ns. (The systems need dlightly less than 0.5 ns
to equilibrate.) The target temperature was set to 298 K and
particle-mesh Ewald (PME) was used for long-range electro-
statics. We used the program package Gromacs.
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A black bold-face number means that the number was spec-
ified by the force field as given; a “norma” black number
means that a unit conversion was necessary. Colours mean
that a combination rule was applied, the value was taken from
adifferent force field, or that both of the above was needed.

The differences between different ionic force fields and water
models are visible already in the computed diffusion coeffi-
cients. (In the following, we mark the ionic force field by the
shape of the symbol, and the water model by the colour).
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Thediffusion behaviour is dominated, as expected, by thewa-
ter model. Nonetheless, there aso is some influence of the
ionic forcefield.

The radial-distribution function g(r) for different force field combinations differ strongly. The figure on the left shows a few typical examples from our collection of computed radial-distribution functions.
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The radial-distribution function is important in its own right
but it also serves as the basis for computation of potentias
characterising a system. The most important one is the poten-
tial of mean force,

g(r) = exp[—pVewr(r)] ,

shown in the figure on theright.

Although not immediately visible in the formula, the poten-
tial of mean force includes the direct interaction between two
particles at fixed positions, and additionally the contribution
from having athird particle at a fixed position provided par-
ticles 1 and 2 are aready fixed. In other words, the potential
of mean force includes first order corrections to the pure pair-
wise potential.
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If higher order corrections are included, a different kind of potential is found, termed effective potential. It, too, can be computed from the radial-distribution functions (in a process known as inverse Monte
Carlo simulation). Since the qualitative properties of effective potentials and the potentials of mean force are known to be similar, the strong dependence of the potential of mean force on the force field is

amost certainly reflected in effective potentials.

To show how much the results for different ionic force fields and water models differ, we have determined the peaks of the radial-distribution function (i. e., their positions and their heights). In the following,
we mark theionic force field by the shape of the symbol, and the water model by the colour.
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Please note the following: e The positions of the peaks in the Na—Cl radial-distribution function seem to depend only on the ionic force field, and not on the water model. For the Na—Na and CI-Cl curves,
both choices areimportant. e A peak height of lessthan 1 means that the particles are effectively mutually repelling while a peak height of more than 1 means that there is an effectively attractive component.
The Na—Cl curveiis, as expected, always attractive whereas for the Na-Na and CI-Cl curvesit depends on the ionic force field and on the water model.
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