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4. You need to start a web browser. Type “firefox” and press enter directly in the terminal. 
That should work. Otherwise, find the application tab in linux and run a web browser.

browser window
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nor pressure (which has been incorrectly implemented in MDSinecura).
,
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Note that the default empirical potential is a variant 
of the Lennard Jones (LJ), named
Lennard Jones numerical gradient.

(fcc Argon is the default, which is fine)
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This parameter controls the number of initial time steps during which the velocities of the 
atoms are rescaled to achieve the target temperature (40 K in the present case).

First select project ”argon” with one left-click

Look at the next page of this pdf to see how it should look like

Project 1: fcc Argon
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Can be good to switch to “parallel projection”

Here you can change the plane of view

Zoom-in and out
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Change cutoff to 10 Å. How many neighbor shells are now included?: ___. Enter value 10.0 in
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simulation, scaling, make these changes:
- Under Simulation, switch on the thermostat to “scaling”.

scaling

to 0.1.

Upon completion, write down the relevant values and describe what you observe. Explain why the
values of total and potential energy are so different (≈10 times larger) in comparison to exercise 1.

Also check the video under visualization. Although the average temperature is nearly the same, note 
that the atomic vibrations in this simulation look very different in comparison to exercise 1 (re-look 
at the video of exercise 1). Why?

Consider the LJ mathematical formalism (see below) for the potential energy “V”. What do you 
expect would happen to the results of another simulation which employs an epsilon e value 0.2?
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Exercise 6.
Copy again the bulk_40K folder into 6 new simulations which you can name lat_par1, …, lat_par6.
In each simulation, go to the GEOMETRY tab, create bulk structures (always 6x6x6 atoms) with
lattice parameters = 5.3, 5.4, 5.8, 5.1, 5.0, 4.6 Å. You should be able to run all simulations in parallel:
Just go in each simulation tab and press “simulate”.
Collect the total energies from each run. Create a plot of energy vs. lattice parameter. What do you 
observe? Can you estimate a more accurate lattice constant (which, of course, depends on the LJ 
parameters sigma and epsilon you are using) than the value (5.256 Å) tabulated in the potential table?

Exercise 7.
The model of Argon bulk that you are using has a fcc lattice.
Use the equilibrium lattice constant that you computed in
exercise 6 to calculate the nearest-neighbor distance dNN in
the fcc lattice.
Consider that the LJ equilibrium distance (rm in the figure)
between two atoms of a diatomic molecule is equal to 21/6 · s.
Compare 21/6 · s with dNN. You should see that those values
differ slightly. Why are they different?

to 3.2.

Upon completion, write down the relevant values and describe what you observe. Explain why
the values of total and potential energy slightly differ from those of exercise 1.

Also check the video under visualization. Note that the atomic vibrations in this simulation are very 
different in comparison to exercise 1 and differ even more (much wider vibrations) in comparison to 
exercise 4. Why?
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Project 2: fcc Aluminum

Exercise 1
Create a new project named aluminum. Within the project, create a new
simulation named bulk_energy.
Make sure that you select the potential “Lennard Jones”. 

Inspect the LJ parameter of Aluminim under Config/potential. 
They are obviously very different from those of Argon.

Under Config/simulation, we start with a very low temperature in order to calculate the total energy per 
atom (cohesive energy) of silver and later (exercises 2 and 3) calculate surface energies. Keeping temperature 
low is good because one reduces vibrational entropy effects on the crystal free energy. 
Insert 10 000 timesteps, a simulation temperature of 40 K, a scaling time of 3 fs (but no thermostat).
Storing frequency 100 steps.

Under “Geometry”, choose the bulk tab and make sure you select aluminum in the scroll bar (see figure below). 
Change also the number of cells to 6 × 6 × 6. Save it! Then go the “Simulation” tab and press “simulate”.

You should get a cohesive energy of approximately -3.0826 eV/atom. This value is much larger (in absolute
sense) than that obtained for bulk argon. Briefly explain why this is expected.
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Exercise 2
The surface energy is the energy per unit area required to cleave a crystal lattice on a specific 
crystallographic plane. Materials are generally (thermodynamic equilibrium) terminated with the surface 
which has lowest formation energy.
Copy the first simulation to a new one that you name 111_surface. In order to create a surface, one needs
to remove the lattice periodicity along one direction. Go to “Config/simulation”. Switch off “Periodic BC in 
z-direction”. Add an extra z-size of 20 Å.

Now go to “Geometry”. Select the surface bulk tab, select aluminum, and change the hkl Miller indexes to
1 1 1 (the intention is to simulate a 111 surface).
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You can add or remove atomic layers with the green + and – button at the bottom. Add six layers (from 0 to 
5). For the moment, you have only 2 atoms in each 
layer. Manually change the number of periods in x 
and y to 6. Save it! If you select the view
on the xz plane, your surface slab should look
like the one below.

NOTE: If you visualize the video (view on xz or yz plane), you will see that the surface slab layers oscillate 
upward and downward. This is due to the fact that the distance between surface layers is different than in the 
bulk (surface relaxation). 

Check how many atoms N you have in this simulation. Compute the energy of formation (also named surface 
energy) of the 111 surface using formula:

U111 – N * Ecoh
E111 = –––––––––––––––– ,

2 * A

where Ecoh (from exercise 1) is the cohesive energy (=potential energy per atom in the bulk), U111 is the total
potential energy of the slab and A is the surface area. Removal of periodicity along z creates 2 surfaces, 
which is why there is a factor of 2 at the denominator.
You can calculate the area A by looking at the bottom of the 
surface bulk tab under geometry.
Express the value E111 in eV/Å2.



Exercise 3
Copy the previous simulation to a new one that you name 100_surface. 

In “Geometry”. Go to the surface bulk tab, select aluminum, but leave the hkl Miller indexes to the default
values 1 0 0. Create a surface with 6 layers and 6x6 periods in x and y. In parallel projection (view on xz
plane), your simulation slab should look as illustrated below

Go to the simulation tab and run the simulation. Calculate the surface energy:

U100 – N * Ecoh
E100 = –––––––––––––––– .

2 * A

Which surface is more stable, 001 or 111? How do these values compare with experimental and ab initio 
values, which are typically around 70 meV/Å2. Do you think that the deviation of Lennard-Jones predictions 
from ab initio and experimental values are reasonable? Why?

15


