In this tutorial for Web Applet (https://physorg.chem.s.u-tokyo.ac.jp/applet/defect/),
procedures of the inputs are shown with (12,12)-NpNT as an example. If your
nanotube molecule does not have defects, please use previous version: http://
www.chem.s.u-tokyo.ac.jp/users/physorg/finite/
Step 1: You define the nanotube structure by inputting integers of the chiral vector
as well as the translational repeat. The translational repeat should be set with a
number to fully include your nanotube molecule, but, if you are not sure about the
translational repeat, try “1” first. All the input information can be summarized in an
XML output, and this XML file can be uploaded in this step to reload the inputs.

Step 2: You define the length of your finite nanotube molecule by clicking edge
atoms. Make sure to select an sp2-hybridized trigonal planar atom that is included
in a hexagon unit as the edge atom (see next page for the details). If your nanotube
molecule is longer than the structure shown in this page, please go back to Step 1
and increase the translational repeat.
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Note: Some examples of edge atoms are shown here. Atoms that are not included
in a hexagon are not appropriate as the edge atom. Likewise, atoms that do not
have trigonal planar structures are not appropriate.

In this example, oxygen atoms of the carbonyl groups are not in hexagons and are not
appropriate as the edge atom. Instead, you need to select carbon atoms of the
carbonyl as the upper edge atom.
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In this example, nitrogen atoms are included in a hexagon to replace the sp2-carbon
atoms with a trigonal planar structure maintained and are appropriate as the upper
edge atom. The methyl groups at the bottom are not included in a hexagon and does
not have trigonal planar structure. They are not appropriate as the lower edge atoms.
The unit vector of helical SWNT is unequivocally defined, when the (n, m) coordinate
system is created under the conditions of n > m > 0. In some cases of armchair/zigzag
SWNT, two sets of mirror-image coordinate systems emerge to describe the position
of the highest-priority atom, for instance, as (α1, β1) or (α2, β2). In this case, the
coordinate system for α1 with a relationship of α1 < α2 should be selected.

Step 3: You define the sp2-carbon network of your nanotube molecule. At this
stage, bonds composed purely of sp2-carbon atoms are defined by clicking non-C–
C bonds to remove/include them. You must remove all the bonds that are not linked
between sp2-carbon and sp2-carbon. Bonds including non-carbon atoms and nonsp2-atoms should be removed, which will be defined in the next steps. Removed
bonds are shown in gray.

From Step 4 to Step 7, you define details of the defects. You can access any step
of this defining process by selecting an appropriate step number from the pulldown
menu.
Step 4: You define the number of non-carbon elements by inputting an integer. For
this example of (12,12)-NpNT, we input “2” because we have two atoms (“N” and
“H”) as the replacing atoms.

Step 5: You define the elements that replace carbon atoms by inputting atomic
numbers in a descending order. For this example of (12,12)-NpNT, we input “7” and
“1” for “N” and “H”, respectively. The atom vacancy defects where atoms are
depleted are automatically included, which will also be defined in the next steps.

Step 6: You define the positions of a non-carbon atom by clicking atom positions.
For this example of (12,12)-NpNT at this stage, we select positions of atoms of
atomic number “7” (= N).

Step 6: You define the positions of a non-carbon atom by clicking atom positions.
For this example of (12,12)-NpNT at this stage, we select positions of atoms of
atomic number “1” (= H).

Step 6: You define the positions of a non-carbon atom by clicking atom positions.
For this example of (12,12)-NpNT at this stage, we select positions of atom
vacancy sites where atoms are depleted (atomic number = 0; NULL atom). If you
do not have any atom vacancy defect, you can skip this stage.

Step 7: You define C–X bonds by clicking non-existing bonds to remove them. The
bonds connecting NULL are automatically removed. For this example of (12,12)NpNT at this stage, we remove H–H bonds between green dots.

Result: You get descriptors/coordinates of your finite nanotube molecule. The
structure is redrawn by setting the point of origin (0,0) at the bottom left corner of
the structure on the screen. By clicking the checkbox on “Display unit vectors”, you
can examine unit vectors displayed on the screen. The results can be exported in
files with PDF, XML or TXT formats. Each result file contains following information.
PDF: graphics of the final structure
XML: input information for reload
TXT: geometric measures and coordinates in a plain text format
Note: With this Web Applet, the point of origin is selected by following the rule
proposed in the paper. The origin is uniquely set and independent from the
structure drawn on the screens of Step 3 to Step 7.

