13. Molecular dynamics simulations

what types of information do we
expect to retrieve from MC &
MD simulations?
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Assume that we have available the current and old positions. The current
accelerations are evaluated in the force loop as usual. Then, the coordinates
are advanced in the following way.

SuMVSQ = 0.0

SUMVX = 0.0

SUMVY = 0.0

SUMVZ = 0.0

DO 100 I = I, N
RXNEWI = 2.0 * RX(I) - RXOLD(I) + DTSQ * AX(I)
RYNEWI = 2.0 % RY(I) - RYOLD(I) + DTSQ * AY(IL)
RZNEWI = 2.0 * RZ(I) - RZOLD(I) + DTSQ * AZ(I)
VXI = ( RXNEWI - RXOLD(I) ) / DTZ
VYI = ( RYNEWI - RYOLD(I) ) / DT2
\VA = ( RZNEWI - RZOLD(I) ) / DT2
SUMVSQ = SUMVSQ + VXI ** 2 + VYI %% ) 4+ VZI %% 2
SUMVX = SUMVX + VXI
SUMVY = SUMVY + VYI
SUMVZ = SUMVZ + VZI
RXOLD(I) = RX(I)
RYOLD(I) = RY(I)
RZOLD(I) = RZ(I)
RX(I) = RXNEWI
RY(I) = RYNEWI
RZ(I) = RZNEWI

100 CONTINUE

The variables DTSQ and DT2 store, respectively, t* and 20t. Note the use
of temporary variables RXNEWI, RYNEWI and RZNEWI to store the new
positions within the loop. This is necessary because the current values must be
transferred over to the ‘old’ position variables before being overwritten with
the new values. This shuffling operation takes place in the last six statements
within the loop. Note also that the calculation of kinetic energy (from
SUMVSQ) and total linear momentum (from SUMVX, SUMVY and
SUMV?Z). is included in the loop, since this is the only moment at which both
r(t+dt) and r(t— ot) are available to compute velocities. Following the
particle move, we are ready to evaluate the forces for the next step. The overall
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Fig. 3.2 Various forms of the Verlet algorithm. (a) Verlet's original method. (b) The leap-
frog form. (c) The velocity form. We show successive steps in the implementation of each

algorithm. In cach case, the stored variables are in @iy boxes.
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broadened Xe NMR spectrum with complete averaging
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Temperature dependence of '’ Xe chemical
shift at near-zero loading 1n zeolite NaY
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STRICTLY STATISTICAL?

Distribution of particles into /N boxes each
having 8 sites (hypergeometric distribution)
gives ratios of rate constants, Kyow.col / Keol,row :

1 (2 |3 4 51617
2 17/8
3 6/8 |67
4 |5/8 |5/7 15/6
5 |4/8 4/7 4/6 |4/5
6 3/8 |3/7 |3/6 3/5 |3/4
7 2/8 |2/7 [2/6 12/5 2/4|2/3
8 [1/8 |1/7 |1/6 |1/5 [1/4 (1/3 1 1/2

If the resulting equilibrium distribution is
hypergeometric, what does this imply about the
relative rates of the forward versus reverse
The rate constants are in the ratio

process?

Xe3 + Xe = Xez + Xez
Xe- + Xez = Xeg + Xey
Xeg + Xe = Xes + Xe;

forward/backward =

7/6
S/2
7/1
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