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Abstract

Zirconia in the form of nanotubes has potential for application in various areas. However, infor-
mation on structural and mechanical properties of zirconia nanotubes is not easily available and/
or limited in scope. This challenge requires multi-scale numerical modeling and simulation. As a
way out, the structure of (10, 10) zirconia nanotube is modeled using available crystal and mo-
lecular software (Material Studio® and CrystalMaker®). The output in the form of PDB file is ex-
ported into ANSYS by using a script developed in Python. The output contains only the atomic co-
ordinates and connectivity pattern, which make the conversion process faster and more efficient
compared to manual option used when performing similar task.
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1. Introduction

Since 1991, carbon nanotubes have attracted widespread interest as the most important material for nanotechno-
logy because of their semiconducting, electron-emitting, high-strength, and other unique properties [1]. In addi-
tion to carbon nanotubes, several inorganic nanotubes have been synthesized and/or modelled ranging from
metal sulfides, nitrides, metal oxides, rare earth oxide nanotubes and metallic nanotubes [2].

In recent years, Zirconia nanotubes (ZNT) are one of the most investigated inorganic nanotubes and can be
synthesized using various techniques with anodization been the most widely used method due to its simplicity
and ability to fabricate self-organized ZNT arrays [3]-[5]. Variations in morphology and geometrical parameters
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such as diameters, lengths and wall thickness have been observed in the ZNT synthesized [6].

For better utilization of the potentials of ZNT, detailed information about its mechanical and other properties
are required. However, the technical difficulties involved in the manipulation of these nanoscale structures make
the direct determination of their mechanical properties difficult and/or impossible [6]. As an alternative, the nu-
merical approach has been utilized; it is based on multi-scale modelling using molecular dynamics and contin-
uum mechanics via finite element modelling [7].

Modelling of inorganic nanotubes (INT) is based on the same concepts used for carbon nanotubes (CNT)
where the tubes are assumed to be formed by rolling up of nanosheet (NNS) into a hollow cylinder and can be
single or multi walled [8]. Thus, ZNT can be visualized as Zr-O hexagonal network, obtained by rolling up a
CZNT sheet. The atoms are held together by bonds of definite length and the atoms of Zr and O, can be con-
ceived as material points which are connected by load bearing beam elements. Currently, theoretical studies on
the structure and properties of ZNT are limited with emphasis on first principles calculations that are restricted
to small dimensions [9].

Structure of ZNT can be modelled using the Surface Builder of the Material Studio®, CrystalMaker® or any
other software with capability for modelling inorganic nanotubes and exported in the form of Protein Data Bank
(PDB) file. The PDB file(s) contain detailed information such as atomic coordinates, bibliographic citations, pri-
mary and secondary structure, information, and crystallographic structure factors [10]. PDB file format is a stan-
dard means of information interchange in macromolecular structure determination and is widely recognized by
molecular modelling software. But PDB files cannot be exported directly into ANSYS® or other related software
for finite element analysis (FEA) and not all the data are required for modelling the structure of the nanotube.
The manual extraction of data required is time consuming and prone to error [10]. In this study, the model of
ZNT is developed and exported as a PDB file. Thereafter, required data in the generated file for modelling of the
nanotube in ANSY'S are extracted using script from Phyton Wing IDE (version 101 v 5).

2. Computational Method

Using the geometrical parameters for zirconia nanosheet and nanotube [9], a single walled ZNT having (10, 10)
chirality was modelled using Material Studio®. The structure was then saved as PDB file. The generated PDB
file was imported into the CrystalMaker® and another PDB file generated. The format of the PDB files gener-
ated are similar and the relevant sections related to atomic coordinates and connectivity identified.

Based on the files generated, specific data required were extracted using a script to carry out the following:

1) Open the PDB file and read each line.

2) Select out lines having the word “ATOM”.

3) Get the X, Y and Z coordinates of those atoms.

4) Store the coordinates as nodes.

5) Select out lines with the word “CONECT™.

6) Separate each line into pair connections only, with the first atom connected to others in twos serially.

7) Print out the results in a formatted table.

The output in txt form was thereafter exported into ANSY'S for further simulation.

3. Results and Discussion

3.1. Geometrical Structure of Cubic Zirconia Nanotube

The symmetry and structure of a single-walled cubic zirconia nanotube (CZNT) is based on the concept of layer
folding [9] of the nanosheet. The structural parameters for the armchair (10, 10) CZNT are given in Table 1.
The side and top views of the nanotube are shown in Figure 1 indicating the atoms and bonds.

3.2. Required Atomic Records from PDB File

The PDB files from Material Studio® consist of 80-character records, each with a left-justified keyword of up to
six characters that indicates its record format type. The information available in the PDB output is divided into
three sections:

1) REMARK section gives general information about the file.

2) Coordinate section contains the collection of atomic coordinates with fields divided into ten (10) columns.
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Table 1. Structural parameters of (10, 10) CZNT.

Parameters Value

No. of atoms/nodes 800
No of bonds/elements 1180
Average bond radius (A) 2121
Tube outside diameter (A) 13.56
Tube thickness (A) 2.393
Tube length (A) 52.50

(a) (b)

Figure 1. (a) Tilted; (b) front/side; and (c) top views of 10 x 10 cubic zirconia nanotube (O, and Zr atoms are repre-
sented by red or darker and green or lighter balls respectively).

The fields are for “ATOM?”, atom serial number and name, residue name, residue sequence number, X-coordi-
nates, Y-coordinates, Z-coordinates, occupancy, temperature factor and charge on the atom.

3) CONECT section specifies connectivity between atoms for which coordinates are supplied. The connec-
tivity is described using the atom serial number as found in the entry.

The Coordinate and CONECT sections are separated by the TER field/line, which indicates the end of a list of
ATOM. TheCONECT section is terminated with END statement. Details of the PDB file from Material Studio®
is shown in Figure 2.

Similar format for the PDB file was also obtained using CrystalMaker® with slight difference in the arrange-
ment of the fields. In Material Studio® PDB files, atoms for each element are not arranged serially and the atom
serial number and name are regarded as a single column. While in the PDB files from CrystalMaker®, arrange-
ment is serial with all oxygen (O) atoms first and then the zirconium (Zr) atoms. Thus the PDB files for the
same (10, 10) ZNT have different connectivity order format. Details of the PDB file from CrystalMaker® is
shown in Figure 3.

3.3. Code for Extracting Required Information from PDB File

The important information needed for modelling nanotubes in ANSYS are the atomic coordinates and connec-
tivity pattern. But arranging the required atomic data manually is time consuming and prone to error. Software
such as MATLAB and others have been used, but Python have additional capabilities such as the availability of
predefined modules for 3D structural format [10] [11]. The PDB format from CrystalMaker® was selected for
the script as the Zr and O, atoms were arranged separately. Based on the information needed, the following

script was developed (Appendix).
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REMARK
REMARK
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

ATOM
ATOM
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ATOM
TER
CONECT
CONECT
CONECT
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CONECT
CONECT
CONECT
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END

Figure 2. PDB File for 10 x 10 cubic zirconia nanotube from Material Studio.
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1 This file was generated by CrystalMaker® for Windows 2.5.5

1 Copyright © 1994-2012 CrystalMaker Software Ltd. All rights reserved.

1 Real-time interactive crystallography for Windows
1 http://www.crystalmaker.com
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PDB File for 10 x 10 cubic zirconia nanotube from CrystalMaker.
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The script opens the PDB file, read all lines to identify the atomic coordinates all starting with ATOM state-
ment and print the output of each line in the following format: n, a, X, Y, Z where n represents nodes, a is the
atomic serial number and XYZ are the values of the coordinates. The connectivity records are then split into the
required pattern by listing the connection in pairs with the first atom on each CONECT line followed by the next
atom; the process is repeated for each line until all atoms on the same line are listed in pairs with the first atom.
The output for each line is in the following format: e, a, b where e represents the element, a and b are the serial
numbers of the first atom and that of the attached atom respectively.

All the outputs for each line in relation to atomic coordinates and connectivity are recorded in a file and occur
in less than 5 seconds, depending on the specifications of the computer and/or of the software used. The output
file for a (10 x 10) cubic zirconia nanotube having a length of 52.50 A is shown in Figure 4.

The /PREP7 is the ANSYS command used to create and setup the model, n defines the node and e defines the
element by node connectivity. The data/file is imported in to ANSYS (APDL 14.0) by using the Read input from
—option in the File Drop-down Menu. This can also be achieved by pasting the information as a macro in the
command line. The model generated in ANSYS is illustrated in Figure 5.

With the model of the nanotube exported fully into ANSY'S, further editing and simulation can be carried out
as meshing has already been done, making the process faster and more efficient.

4. Conclusion

Due to challenges related to the size of nanotubes, creating their structural models with hexagonal layout di-
rectly in ANSYS is difficult and/or impossible. As an alternative, structure of zirconia nanotube was generated
using available crystal and molecular software (Material Studio® and CrystalMaker®). The output was then

/PREP7

n, 1,-1.025, -2.526, -5.176
n, 2, -4.876, -2.136, —6.855
n, 3, -3.895, -2.405, -3.389
n, 4,-5.331, -2.343, -0.357
n, 5, -8.056, -2.013, -2.709
n, 6, -8.392, -1.884, 2.536

n, 797, -8.089, 4.806, —1.090
n, 798, -7.026, 4.828, 4.045
n, 799, -6.197, 3.233, 6.611
n, 800, -1.008, 3.218, 9.034
e 1,401

e, 1,402

e, 2,403

e, 2,401

e, 2,585

e 3,404

e, 3,403

e, 653, 275
e, 653,277
e, 654, 258
e, 654, 276
e, 654, 278

Figure 4. Output containing
nodes and elements for (10 x
10) cubic zirconia nanotube.
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Figure 5. Views of the structural model of (10 x 10) cu-
bic zirconia nanotube in ANSYS.

converted to PDB format and the required data for modelling of the nanotube in ANSY'S were extracted using a
Python script. Only one file is processed at a time, thus generating required output within few seconds. The ca-
pability of the script can be improved by processing multiple files at a time and creation of interface with
ANSYS.
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Appendix: Script/Code for Extracting Nodes and Elements to ANSYS
### get atoms coordinates from PDB file and write them as

H#H##ANSYS nodes and elements with prep command.

line_value=0

nodepoint_value =0

file = open('C:\\xyz\\ZNT10x10CRYM.pdb', 'r')

igot = file.readlines()

output_file = open('C:\\xyz\\ZNT10x10CRYM.txt', "a") # needs input for distinct file

output_file.write('/PREP7'+"\n") #open pre-processing menu

for line in igot:

if line.find("ATOM") > -1:
nodepoint_value = nodepoint_value + 1
nv = str(nodepoint_value)
xyz = line.split()
#print nv,",", xyz[6], ",", xyz[7], ",", xyz[8]
line_i="n"+","+nv+"',"+xyz[6] +', '+ xyz[7] +, '+ xyz[8]+ "\n"
print(line_i)
output_file.write(line_i)
### reads connect records
elif line.find("CONECT") > -1:

con = line.split()
line_value = line_value + 1
#print line_value
#print con[2]
line_j="e"+"',"'+str(line_value)+', '+ con[2] + "\n"
output_file.write(line_j)

print(line_j)

line_i="e" +"',"+str(line_value) +', ' + con[3] + "\n"
output_file.write(line_i)

print(line_i)

try:

line_k="e"+"', "' +str(line_value) +', ' + con[4] + "\n"
print(line_k)
output_file.write(line_k)
except IndexError:
continue
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