MODELLING POTENTIALS WITH SHIFTED FORCE FUNCTIONS.

W. Smith and J. H. R. Clarke.

Most readers are probably familiar with the definition and use
of the so - called 'shifted force' potential; it is merely a
standard potential, such as the Lennard - Jones 12 - 6 potential,
which has been carefully adjusted so that both the potential and
its first derivative (and hence the force) are =zero at the

prescribed cut - off (l). In the normal course of things the
ad justment made to the potential is small in comparison to the
average force or potential and can be corrected for

thermodynamically using perturbation theory (2). Our use of shifted
force functions however is different from the usual application. We
are not so much concerned to adjust the standard potential to
remove unwanted discontinuities at the cut - off (though we do
exploit this advantage) as to distort the standard potential into
an acceptable model of a more complicated potential. This aspect of
shifted force potentials; i.e. their use as modelling potentials,
has not, to our knowledge, received much attention. We therefore
wish to use the CCP5 newsletter to introduce this aspect as well as
talk about shifted force functions in general.

The general form for a shifted force potential 1is given by
<1>, in which U(r) represents the shifted force potential, V(r) the
standard potential and P(r) is a polynomial, which is designed to
give the potential function the desired properties at the
designated cut =- off.

U(r) = V(r) + P(r)

It should be noted that the coefficients of P(r) are dependent upon
the chosen cut - off as well as on the nature of the function V(r)
and are not therefore transportable. Also the polynomial P(r) is
not to be regarded as a mere 'tail correction' even though it is in
the tail that its influence 1is most noticeable. It alters the
entire functional form of the standard potential. This is most
easily seen in the use of these functions as modelling potentials,
since then the polynomial P(r) may be large in relation to the
standard potential and greatly alter its functional behaviour.

As we have mentioned above, in the wusual application of
shifted force potentials we attempt to ensure that the potential
function and its first derivative are both zero at the cut - off
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(i.e. at r = c)., To fulfil these requirements it is sufficient for
the polynomial P(r) to be a simple linear form <2>, with just two
coefficients a and b.

P(r) = a + b.r <2>

The coefficients a and b are easily determined using the equations
<3a> and <3b>, which are the algebraic expressions of the cut - off
requirements.

U(e) = V(c) + a + b.c <3a>

Ut{c) = V'(c) + b <3b>

It is easy to see from these expressions that no matter what
function is used as the standard potential, a simple pair of
simultaneous equations will give the desired coefficients. It is
also worth noting the effect that the polynomial P(r) has in this
simple case; it 1is in effect both shifting and rotating the
standard potential to satisfy the cut - off requirements.

As an example of this procedure, consider the standard N - M
potential <4>, in which E represents the potential well - depth and
d the value of r for which the potential is at the minimum value
-E.
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The first derivative of this function is <5>:
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Setting r = ¢ and substituting <4> and <3> into <3a> and <3b>
readily gives the desired linear coefficients as <6a> and <6b>:
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Needless to say, these terms need only be evaluated once in any
given simulation, a fact obscured somewhat in the full expression
for the shifted force N - M potential <7>.
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In Figure | we show an example N - M potential with n = Ve,
m=6, E= 120k and d = 0.345nm, together with the corresponding
shifted force function in which ¢ = 2.5 x d. Clearly, 1in this
application, the polynomial P(r) is having a small (but
significant) effect on the form of the potential.

It 1is clear from <1> that, in general, we are not confined to
a linear form for the polynomial P(r) and that a higher order
polynomial may be wused. If this is done we can obtain values for
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