
Exercise 6 Hydrogen on graphite

This exercise is based on [1, 2, 3]. When a graphite surface is exposed to an atomic beam of H atoms, these
atoms can adsorb to the graphite substrate and form a chemical bond with the carbon atoms. This is called
chemisorption. The binding energy of this chemical bond depends on the environment. Specific arrangements
of the hydrogen atoms chemisorbed to carbon atoms close by can substantially increase the binding energy. The
figure below shows this schematically. The reason for this is that the adsorption at para- and ortho-positions
promote a much better conformation of the hexagonal ring (boat).

Figure 1: Energy barriers for atomic hydrogen diffusion and recombination from dimer ortho-dimer (A) and
para-dimer (B) states on the graphite surface. The binding energy of a single H atom 0.6 eV. Taken from [1].

a) What is the binding energy of the three dimer configurations and hence what is the energy difference
between these dimers? Notice that the authors of the paper used a strange zero energy point. The
reference is usually taken with respect of particles at infinite distance (left picture) (definition of mutual
potential energy).

b) What would the rates for desorption of one atom from a dimer structure in a kinetic Monte Carlo simulation
assuming that these processes are thermally activated with an attempt frequency of 1012 Hz?

c) Similar for the diffusion rates of H atoms in dimer structures on graphite.

d) Do the diffusion rates fulfill detailed balance?

e) A similar study has been performed for H-atom structures including four atoms (tetramers). The results
are summarized in the figure below. The diffusion barrier has the general relation Ediff = A + B∆E,
where ∆E is the energy difference between the dimer configurations. Can we constrain these parameters
and is this in accordance with the results?
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Figure 2: The diffusion barrier as a function of the energy difference between the initial and final configurations.
The diffusion barriers between dimer and the tetramer configurations follow the same linear dependencies. Taken
from [3].

A kinetic Monte Carlo algorithm that is often used is the so-called continuous-time, random-walk (CTRW)
Monte Carlo algorithm of Montroll and Weiss [4].

Step 1: Determine the rates for all possible events.

Step 2: Determine for each atom on the surface which event will happen (desorption or diffusion) and when
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Step 3: Evaluate the first event

Step 4: Determine new times for the changed atom and its neighbours

Step 5: Return to step 3

If a new H atoms lands on the surface and binds next to another H atom, in this way forming a dimer,
the desorption rate of the already-present atom changes and therefore also the time at which this atom will
desorb/diffuse.

f) How would one determine the new desorption time and which information needs to be stored for this.
Hint use:

ln(X) = −
∫ tend

tstart

Rtotdt
′
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