MD Incorporating Ewald Summations on
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by
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This note is intended as a warning to those workers involved in
simulating partially charged polyatomic systems by MD. It is usual
to employ the Ewald method to treat the long range Coulomb inter-
actions for bulk syst.l’z It is perhaps obvious to state that
the useful configuration electrostatic Potential energy does not
include interactions between fractional charges on the same comnosite
wit. A "blind" application of the Ewald transformation can, unfort-
unately, incorporate these irrelevant potential components. In
response, Ewald forrulae for this oroblem are derived below which
have the correct terms to avoid such self-interactions. This
conveniently reduces to a modified self-energy term within a conventional
Ewald formalism.

Consider N polvatomic units which can be ions or molecules. Each
unit, i, has an arbitrary mmber, npi, of partial charges which have

magnitude a;p where 1 < k <n_.. The monopolar potential at partial

charge site Tik is
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which is the real lattice vector. E ) E.y and {.._ , are the MD cell

sidelength vectors. i &3 i and i.z are integers that can independently

: y
range between * =, As usual, quantities with wavy underlines denote
vectors. Note that charge interactions from within the same poly-

atomic unit have been correctly omitted. A restriction is,
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i.e. the system must be overall neutral. The potential at any
neutral point, oo in a polyatomic unit can be obtained by setting
Ryg =5
At each MD time step, new positions are found for the molecules.
As these configurations are replicated by periodic boundary conditions,
MD produces a new lattice everyv time step. The charge density at point
T in space is p(r) where,
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where r anly needs to range within the origin MD cell. This is a
valid constraint because of the periodic nature of the charge density
and potential. The charge density is pictorially represented in
figure 1. It can be considered to be a repeating series of charge
spikes, represented as usual2 by a Kronecker Delta symbol notation,
e
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commosite 2:

The Ewald representation of equation (1) is
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where erfc(x) is the commlementary error _s“t.rm:'t'.ir.m3 of x,

Tikje™ Tik~Tjer
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is the MD cell's volume.
h= (/L i/L, 1,/L), (8)

is the reciprocal lattice vector in which ix’ i_and i.z have the same

Y
significance as for n.

The first term in equation (5) is the potential due to the
original point charge lattice minus that of a coincident lattice of
spread out charges of equal total magnitude and sign. The form of
the charge spreading function Pjﬂ.(u) is a gaussian
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where n is an arbitrarily chosen distance parameter.

Note that,

all £p~ace P &y = Yy 3 K30)
a necessary normalisation condition.

The second series in equation (5) is the potential arising from
the spread-out charge lattice of sign equal to that of the original
point charge lattice. The third contribution to the potential, V!, ,
subtracts the so-called self-potential terms which are the main new
point of interest in this note. The second series in equation (S5)
includes the potential at Tix due to the charge distribution centred
on r.. and those other partial charges, A, where 1 < 2 #k £ whic}
are to be found on the same composite polycharge unit. The temm V{k
removes these unnecessarv terms, which are pictorially represented in

figure 2.
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