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The method to do the kinetic Monte Carlo simulation is reviewed.
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In an irreducible Markov chain (An irreducible or ergodic chain is one
where every state can eventually ve reached from another state.), the
steady state probability becomes

Zpipij = Pj
J

Pij

J

The unnecessarily strong condition of 'microscopic reversibility’ is us-

ally assumed

PiPij PjPji
because

Zpipij = Zﬂﬂ?ﬁ = pj Zpij = pj

For this condition Metropolis et al. [J. Chem. Phys. 21 (1953) 1087]

proposed
pii = { Qij (i#37, andpj/p; >1)
e aijpi/pi (1#J, andp;/p; <1)
J(#1)

And «;; should satisfy
J

If we consider the move of a particle [ (Energy is E;) at r; to the new
position is the r; + dr; in the R region, we can define

ajj = 1/Np

Here Npg is the total number that the particle can move in the R
region.
In the general Metropolis routine,
1) Pick up a paticle (sequential or random sampling)
2) move the particle to a point in the R region, the state is j’
3) If p;/pi > 1 accept this move.
4) If p;./pi < 1, generate random number R1(0 < Ry < 1)
when p;. /pi > R1 accept this move.
when p;- /pi < Ri reject this move.
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Figure 0: Schematic diagram of MC step and the Metropo-
lis routine

1.2 Canonical Metropolis Sampling
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1.3 Kinetic (or dynamical) Monte Carlo
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Figure 0: The different atomistic processes for adatoms on a surface:
(a) deposition, (b) diffusion at flat regions, (c) nucleation of an island,
(d) diffusion towards and capture by a step edge, (e) detachment
from an island, (f) diffusion parallel to a step edge, (g) diffusion
down from an upper to a lower terrace, (h) nucleation of an island
on top of an already existing island, and (¢) diffusion of a dimer (or a
bigger island). For the processes (a), (¢),(g) and (h) also the reverse
direction is possible, but typically less likely.

A severe problem in describing crystal growth is the time
scale that it is too long for MD simulations. MD runs can pro-
vide important insight into elementary microscopic mechanisms
but typically they can cover at most picoseconds, possibly some
nanoseconds. Since growth patterns usually develop on a time
scale of seconds, the inadequacy of MD is evident. Moreover,
the growth structures involve large numbers of particles (from
~ 10% to ~ 10*) far beyond the reach of MD (simulations with
~ 10? atoms are hardly feasible, and only for very short times).
Instead, the method of choice for studying the spatial and tem-
poral development of growth is KMC. The key idea behind KMC
is to describe stochastic processes (such as deposition, diffusion,
desorption, etc.) on the microscopic scales by rates usually given
by:

r = 1Y exp(—~EY /ksT)

Here, F(()j ) is an effective attempt frequency, T' the temperature,
ks the Boltzmann constant, and E((ij ) is the energy barrier that
needs to be overcome for the event j to take place. In this way
one avoids the explicit calculation of unsuccessful attempts, and
KMC simulations therefore can describe phenomena with time
scales of seconds. Furthermore, large systems can be treated
without great difficulties. The basic procedure of a KMC simu-
lation can be sketched as follows:

1) Determination of all processes j that possibly could take
place with the actual configuration of the system. Here
1<j<N

2) Calculation of the total rate R = Z;V:1 %) where the sum
runs over the possible processes [see step 1)]. Deposition

is accounted for in this description by the deposition rate
F

3) Choose two random numbers p; and ps in the range (0, 1].

4) Find the integer number [ for which

-1 l
ZFU) <pR< Zr(j)
j=1 j=1

5) Let process [ to take place. Here 1 <1 < N. (I = 1 means
0<pR<TW)

6) Update the simulation time t :=
—In(p2)/R
7) Go back to step 1).

KMC simulations have been used to study crystal growth of
semiconductors and metals. However, most of these studies have
been based on restrictive approximations. For example, the in-
put parameters, such as activation barriers, have been treated as
effective parameters determined rather indirectly, e.g. from the
fitting of experimental quantities. Thus, the connection between
these parameters and the microscopic nature of the processes
may be somewhat uncertain. Often even the surface structure
was treated incorrectly, i.e. the simulation was done on a sim-
ple quadratic lattice while the system of interest had an fcc or
bce structure. Despite these approximations such studies have
provided significant qualitative quantitative insight into growth
phenomena. The next better approach is to use semi-empirical
calculations such as the embedded atom method or effective
medium theory to evaluate the input parameters for KMC sim-
ulations of growth. The best, but also most elaborate procedure
to obtain these input parameters is to exploit the accuracy of
DFT, and this is our approach. .....
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Monte Carlo simulations of a model for the stripping of
V3 x v/3R30%alkanethiol lattices from terraces and steps of a
(111) metal face in aqueous solutions are presented. In the
model the stripping probability of an adsorbed alkanethiolate
molecule depends on the applied potential, on intermolecular
forces that stabilize the alkanethiol layer, and on the presence
of substrate defects. Stabilizing intermolecular forces are also
responsible for alkanethiolate aggregate formation during the
stripping process. Snapshots and voltammograms derived from
the model reproduce experimental STM images and electro-
chemical data for alkanethiol stripping from the Au(111) sur-
face.



