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Figure 1. Search method of atomic coordinates on the calculation
of vacant spaces in crystal structure.
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Loading atomic coordinates.

@ Setting of the scanning step parameter(d).

The calculation processes (II~1V)

are repeated until r equals to d.

C ) )
Calculation of the wvacant
I sphere radius (v).

vacant

sphere

Sorting and saving of the 100 ,
Insert vacant sphere with
largest radii of vacant spheres.

maximum r.
Size order Coordinate Vacant sphere
X y z radius
1 05 0.5 05 1.0
2 0.(_) 0.§ 05 0.9
3 05 05 00 0.8
100 0.1 05 05 05

Figure 2. Algorithm scheme for visualization of vacant spaces.
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Figure 3. Flow chart for the calculation of vacant spaces in a ctystal structure.
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Figure 4. Dialog window displaying calculation results.
(Crystal: Al;MgOy, scanning step(dx=dy=dz=) 0.001, 100 vacant spheres)
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Figure 5. Display of vacant spaces using output file of VRML
script.(Crystal:  AlsMgOy, scanning step(dx=dy=dz=) 0.001, 100
vacant spheres)
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Figure 6. Display of vacant sphere radii and neighboring atoms on the ordered
coordinate.
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Figure 7. Display of vacant spaces.
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Figure 8. Vacant spaces of zeolite at (001) plane cross-section(z=0.5).
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Figure 11. Dialog window for editing crystal data.

Table 1. The calculation results of vacant spaces in sodium chloride crystal structure
eliminated only chloride ions or only sodium ions.

lon [NaCl crystal data Calculated value

Atomic lonic radius |Center coordinate | Vacant sphere

coordinate (angstrom) |of vacant sphere radius

X y z X y z (angstrom)

Cl 05 05 05 1.81 05 05 05 1.8338950
Cl 05 0.0 0.0 1.81 05 0.0 0.0 1.8338950
Cl 0.0 05 0.0 1.81 0.0 05 0.0 1.8338950
Cl 0.0 0.0 05 1.81 0.0 0.0 05 1.8338950
Na 0.0 0.0 0.0 0.98 0.0 0.0 0.0 1.0038950
Na 0.0 0.5 05 0.98 0.0 05 05 1.0038950
Na 05 0.0 05 0.98 0.5 0.0 05 1.0038950
Na 05 05 0.0 0.98 05 05 0.0 1.0038950
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Table 2. The calculation results of vacant spaces in a crystal structure of spinel(Al,MgOy).

Center coordinate Vacant sphere | Neighboring | Coordination
of vacant sphere radius atom number
X y z (angstrom)

0.125(0.125]10.125 0.62 0 6
0.62510.625)0.125 0.62 0 6
087508750125 0.62 0 6
0.12510.625) 0.625 0.62 0 6
0.625(0.125]10.625 0.62 0 6
0.125(10.875)0.875 0.62 0 6
0.875(0.125]10.875 0.62 0 6
0.375[0.375]10.125 0.62 0 6
0.12510375] 0375 0.62 0 6
037501250375 0.62 0 6
0.625(10.875] 0375 0.62 0 6
0.875(10.625)0.375 0.62 0 6
0.375]0.875]0.625 0.62 0 6
0.875[10375]0.625 0.62 0 6
0.375]0.625|0.875 0.62 0] 6
0.625(10375]0.875 0.62 0 6
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Development of the PC Application

for Visualization of Vacant Spaces
in Crystal Structures

Fumio NOGUCHI*, Nobuki HANAOKA, Yasuhisa URANO,
Hidehiko KOBAYASHI and Hiroshi MIURA

Department of Applied Chemistry, Faculty of Engineering, Saitama University
255, Shimo-Okubo, Urawa city, Saitama 338-8570 Japan
*e-mail: noguchi@apc.saitama-u.ac.jp

Many PC applications which can visualize various crystal structures have developed
as PC ability has enhanced year by year. But workers engaging in design of materials
are eager to know vacant space sites in crystal structures. However, PC applications
can not usually display digital coordinates of vacant spaces because information
about vacant spaces is not on memory. We developed the MS-Windows95/MS-
WindowsNT application which can display locations and sizes of vacant spaces by
scanning all space in a unit cell using infinitesimal change of the calculation position.
Arrangement of vacant spaces can be displayed by the 3D graphics of high quality
because the application can save a VRML text file(Figure 5). The user can recognize
the stretch of vacant spaces by the cross section drawn by color tones which depend
on the sizes of vacant spaces(Figure 8). In order to use the crystal database of own
making, the application was developed by using the Borland C++ builder compiler
which includes the database engine. Therefore, the above-mentioned calculations
can be easily performed on ca. 3,500 crystals. Furthermore, the user can append
new crystal data to the crystal database(Figure 10). In an inspection of calculated
results for spinel, outputs of vacant spaces of maximum size coincided with Wyckoff
notation 16¢ sites belonging to the space group Fd3m(Table 2). It was considered
that the calculation of vacant spaces was carried out correctly.

Keywords: Vacant Space, Crystal Structure, PC MS-Windows Application, C++,
VRML

28



