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NanoMaterialsCAD is a new open source tool created for the production, manipulation, and
3D visualization of crystalline structures at the nanoscale. It is designed for pre-processing
atomistic systems to be used as input for atomistic (e.g., molecular dynamics or Monte Carlo)
or ab initio (e.g., density functional theory) computer simulations. Below, we further analyze
the tools of the program, such as the command line and the main menu. Furthermore, we
introduce some utilities that are not mentioned in the main body of this work, namely the
script implementation and the right-click menu.

Commands and descriptions

At the very bottom of the window, we implemented a command line for various utility
commands. We also offer an “auto-filler prediction” while the user can use, to add a quality
of life experience. The user can hover through the predictions by using the arrow keys and
auto-complete the command by pressing the enter key. All the commands are listed below:

e cut(h, k, I, D)
Cut a parallel surface to the (hkl) facet with D Angstrom distance from the center.
e clean
Delete all the surfaces that were previously created by the command “cut(h, k, 1, D)”
e undo
Delete the previous surface that was created by the command “cut(h, k, 1, D)”
e supercell(x,y,z)
Periodically duplicate the initial system by x*y*z times along the three axes.
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script(“C:\Path\to\the\script™)

Opens and executes the script from the according path.

sphere

Render the atoms as spheres.

points

Render the atoms as points.

rndDisplacement(r)

Randomly displaces all atoms by r Angstrom from their position.

render on/off

Turns on and off the rendering process of the atoms

randSelection%(p)

Select N amount of atoms. Every atom has a chance of p to be selected with p = 0-1
randSelection(N)

Randomly select N atoms.

changeElement(x)

Change the currently selected atoms to the element x. For example x could be Fe, Si,
Se etc.

save(“C:\Path\to\save\the\POSCAR”)

Saves the current system as a POSCAR format to the according path.

loadOrigin

Deletes every change that has been made by the user and loads the initial system.
rotate(axes (X, y or z), theta)

Rotates the selected atoms along the X, y or z axis by theta amount.

delete

Delete selected atoms

restart

Delete every data and start fresh.

fopen(“C:\Path\to\the\data\file”)

Instead of drag and drop a POSCAR or .Imp file to the program, we can also open the
file by using this command. The command is mainly intended to be used when
writing a script.

mkfacet(h, k, I)

Rotate the current unit-cell such as the (h,k,I) surface is perpendicular to the z axis.
The periodic conditions are also taken into account.

randstress

Randomly adds stress to the system.

icosahedron(lattice constant, noshells)

Creates an icosahedron NP (see Defected NPs paragraph).

decahedron(p, q, r, lattice constant)

Creates a decahedron NP (see Defected NPs paragraph).
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Figure 1: Edit menu options

After creating a bulk system using the command “supercell(x,y,z)”, someone can directly
create NPs with predefined surfaces with the options “Cubic”, “Rod Like”, “Hexagonal” and
“Sphere”, which are located at the top menu bar of the program. The surfaces of the NPs can
be changed as described in the below examples. Here we demonstrate some NPs that we can
create by using those options and a brief explanation of their implementations.

e Sphere

The code calculates the distance of every atom of the bulk system, from the center of
the system. By comparing those distances with a fixed radius R, we cut the bulk as a
sphere based on that radius. We can increase/decrease the radius by using the “q”
[“w” keys respectively.



Figure 2: Spherical nanoparticle composed by the tetragonal 14/mmm Na2H2Pd crystal

Cubic

The cubic option is composed by the {100}, {110} and {111} cubic surface families.
The code calculates the distance of every atom from the center of the crystal and
compares it with the 3-D plane equation Ax + By + Cz = D for every plane family.
For example if we want to compare it with the {110} family we have |A| =1, |B| =
1,C =0and D =d > 0. The variable “d” is displayed on the top left corner of the
program for every family and can be adjusted by pressing “q”, ”w” for the {100}, “a”,
’s” for the {110} and “z”, “x” for the {111} families to decrease or increase it
respectively. The facets that don’t participate to the formation of the particle show in
gray (if some surfaces are too far away to intersect with the rest of the NP’s surfaces).
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Figure 3: Pd Fm3m crystal with various plane parameters [1][2][3]
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Figure 4: Cubic crystal from Pd Fm3m [4]
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Figure 5:Ni Fm3m crystal composed of {100} and {111} facets [5]
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Figure 6: Rhombic Dodecahedron, Cr Im3m crystal [6]
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Figure 7: Cr Im3m crystal composed of {100} and {110} facets [1]

Figure 8: Cuboctahedron, Ag Fm3m crystal [7]

e Rod-Like

Rod-Like crystals [1] are made from the cubic mold by eliminating the influence of
the (001), (00-1), (101), (011), (-101), (01-1), (10-1), (-10-1), (0-11), (0-1-1) surfaces.
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Figure 9: Rod-Like crystals, Cr Im3m crystal [1]

e Hexagon
The “Hexagon” option works by using surfaces from the hexagon symmetry. More

specifically, the facets are the {1120} family which creates a hexagon and the

{10?0} family which also creates a hexagon, rotated thirty degrees along the z axes in

relation to the previous one, and finally the {0001} family. For code-consistence
purposes, the Miller indices are translated into Cartesian planes. By doing so, we can
use the same source code to create the hexagonal and the cubic NPs.
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Figure 10: Ti P63/mmec constructed with the {1010} and {0001} families looking at the
(1000) plane [8]
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Figure 11: Ti P63/mmec constructed with the {1120} and {0001} families looking at the
(0001) plane [8]
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Figure 12: Ti P63/mmec constructed with the {1120} and {0001} families looking at the
(1120) plane [8]
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Figure 13: Ti P65/mmec constructed with the {1010} and {0001} families looking at the
(1010) plane [8]



e Hollow cluster

While creating a NP using any of the above options, except the “Nanoscroll”, we can
press “ctrl+v” to create a hollow cluster inside a bulk system. The shape of the cluster
is identical with the shape of the corresponding NP.

Figure 14: Semi-spherical vacuum on the (001) surface of a tetragonal 14/mmm
Na2H2Pd crystal
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Figure 15: Semi-spherical vacuum on the (001) surface of a tetragonal 14/mmm
Na2H2Pd crystal
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Figure 16: Vacuum on the (001) surface of the TiN Fm3m crystal
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Figure 18: GaN P6;mc a vacuum using GaN Crystal.

Right click menu
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Figure 19: Right clicking anywhere on the GUI, pops out a number of options.

This menu handles and edits the currently selected atoms of the system. In order to select

[{P%3)
S

atoms of the system, press “s” to change to the select tool, or click on the select tool icon at

the left of the program. Then click and drag to select atoms, or press shift and click
individual atoms to select them.

From the menu, select “Translate” or “Rotate” to translate the selected atoms, or rotate them
along their centroid, or geometric center. The “Change element” option, pops a GUI window
in which the user can insert the elements to which he wants to change the selected atoms (e.g.
Mo). The “Change element” option also pops a GUI window which the user can change the
rendered radius of the atoms. The default value is 1 and the units are arbitrary. The “Selective
dynamics” option changes the selective dynamics of the POSCAR output. For example we
can type FFT to allow forces only along the z direction.

e Script example for the script command

As mentioned, someone can write their own scripts and run them using the “script”
command. The script can contain any of the commands mentioned. This works exactly as if
the user entered the commands one by one in the command line. The script must always
terminate with the line “exit”. We also offer a bash-like for loop with a $i variable which can
be used to output multiple POSCARSi files using one script. Below is a demonstration of
such a script.
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for 1:1@
rndDisplacement(©.1)
randSelection%(©.8)
changeElement (Mo)
save("C:\Users\User\Desktop\ptyxiakh\examples\out\POSCAR$i")
loadOrigin

endfor

exit
#exit the script

# i is a build in variable.
# while you are in a loop i is the iterator.
# use it as $i

Figure 20: Example of a script

The script loops 10 times all command between the “for 1:10” and “endfor” lines.
rndDisplacement(0.1) randomly displaces all the atoms by 0.1 Angstrom.
randSelection%(0.8) randomly selects 80% of the atoms in the system. changeElement(Mo)
changes all selected atoms to Mo. The save command saves the current system as a POSCAR
file to the corresponding path. The $i variable takes values from 1 to 10 for each loop. Hence,
the name of the files will be POSCAR1, POSCAR?2 etc. loadOrigin discards all changes made
in the system, and loads the original system.

e Defected NPs

The program offers two defected NP shapes. The icosahedron and the decahedron [9]. The
program also adds 15 A vacuum by default. It defaults used Hydrogen atoms to construct the
NP which can then be changed by the change element option.

The command icosahedron(a, n) creates an icosahedron NP with a (in Angstrom) lattice
constant and n (integer) number of shells. Bellow are some examples of this command.
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Figure 21: Icosahedron NPs using the commands (a) icosahedron(2,3) (b) icosahedron(2,4)

(c) icosahedron(2,5) (d) icosahedron(2,6).

The decahedron(p, q, r, @) creates a decahedron NP. Where a (in Angstrom) is the lattice

constant, p is the number of atoms perpendicular to the 5-fold axis, q is the number of atoms
parallel to the 5-fold axis, and r depth of the marks re-entrence at the pentagon corners. r =0

corresponds to no re-entrence. Bellow are examples that explain the p, g, and r parameters.

14



Figure 22: Decahedron NP using the decahedron(10,1,0,2) command. In this example the
parameter p is equal to 10. The picture numbers and shows the logic of the p parameter.
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Figure 23: Decahedron NP using the decahedron (6,5,0,2) command. In this example the
parameter q is equal to 5. The picture numbers and shows the logic of the g parameter.
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Figure 24: Decahedron NP using the decahedron (6,1,3,2) command. In this example the
parameter r is equal to 3. The picture numbers and shows the logic of the r parameter.
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