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The Development of the Software to Visualize a Crystal structure of Silicates
B 1 SCHE, BT T T
Fumio NOGUCH]I, Hidehiko FUJII and Hidehiko KOBAYASHI

We have developed the PC software which can display a crystal structure of various silicate compounds
by drawing SiO, tetrahedrons and a silicate framework respectively. A calculation part was written in the
source code with C++, and the software was the specifications that a user looked at the three-dimensional
image with a VRML viewer. The crystal data of the CIF file output from the inorganic crystal structure
database (ICSD) were read, and the string analysis of those data was done and made to form atomic
coordinates due to the coordinate expansion by the space group. It was made to recognize a SiO, tetrahedron
by sorting a distance with the atom which adjoins each atom, and made to indicate a silicate framework with
Si-O-Si bonds. The structure of the complicated zeolite could be visualized by giving the function which could

recognize SiO4 rings corresponding to the number of Si-O-Si bonds which a user specified. For example, the

matter that the isolated AlO,” ions of the zeolite-Y existed inside cubo-octahedron cages consisted of

4-membered and 6-membered rings, was visualized.

Keywords: Silicate, Zeolite, Visualization of crystal structures, CIF, ICSD

A O Si0s WHEARB L O U 7 — MR
2L D7 A BRI ORGSR #R"TH PC Y7 hox
TEBER L, Y—Aa— R CHTHETNEIN
THY, 2—H#—Z VRML t =—7 T 3 R IcHifg %8
it CTH 5, MBS T — 2 X—2ICSD)» b
HAEN5 CIF 7 7 A )V OfEET — % Z 3 A, 3T
FHNENTIC X D22 MRS L 0 TR 2 Ak &
2o BRAICHET D& OFE#E Y — 52 L
T, SiO4 AR Z Rk S8, Si-0-Si fEA DR KT
VU r— NEKERRESEE, 2=V =N RET D
Si-0-Si AR ¥ FOFUTHILT 5 BB & 7Rl © & HHkfE
R IET, #HEA 74 FofEb itk T
2o BlZIE, BATA B Y OISE AlOs5 A 4234 B
B L 6 BBRMNDARDSTIINEIEDr — 2 OWNERICIHE
T5Z EnFfbEnT,

1.

il

TR SN TV D RS, —Hmnb R
M Th D7, BAEFWNIZZEDOA F | JR1%
BTG D & A BRSEAL B W) DFE SIS & X &
BRALT DO RERETHL, LirL, Web 7T ¥

LIRS D 3 IRtER 2 FFOH L, 7 —Y 7
F7=7® VRML E=2—7 V Z 0L, &inEo
A 3 OTER OIRIEE -« 3 A — A AR HITIT R
Llcs, MHICHMEE LRI TE D, S L
FHLT HITIE, FAERIC K DS — % & 5 A%,
7 A BRMERS SR CIE, B IS E DR - A A

REERY: LR SR

Department of Applied Chemistry, Faculty of
Engineering, Saitama University, 255 Shimo-Okubo,
Sakura-ku, Saitama, Saitama, 338-8570, Japan



A BRI O EAARE TR LY 7 b =7 DB %

ZEtelow, WE OJRERAE T, MEL T 2
DIXREETH 5, Si ZENLHL LT D Si04 BT U
(KA REEHAT & A T T, MERHELSh
T, EHEATR o7 A B OIS % & 2 F T
fkcx22 , BFI74 8 (77 NTNAI T AEE)
T, WEADTES O i Dk < 2234712 X v MUk
S L7 3 IRt DM R Y N U — 7 ZIERT B,
Z D8t Si04 BN MY AR 315 1% D& & il 5 72
O, WAL ERIC K DEFEERRTH, BRIEOHEED
AN T BbND, £ T, B4 T4 b OREERR
T, Si-O-SifEiRZE 1 KOR RTRBE LT, VI
— MEBERRIELEZA, B TA FOHEE A
Bk T&E Iz, U r— NI OIS T SR D%
NI D2 DEBRVFET 208, EHT28REZ R
RAOMEATRET LA T A FOES HICEEMA 4
RS Z AT 2 2 &N TER I,

2. V7 b7 ORRFE

2.1 BARSEBLIOHEAEET—%
VRML (K #2 8l 32 5% &t 5 3% Virtual Reality

Modeling Language) CEMN7Z7 ¥ A MEXD R 7
U7~ 77 A1i%, Cosmo Player X Cortona 72 &' d
VRML t' =2 =72k > T, 3 RICHEG OB « Fil X
—ADRRHATZ DV, £Z T, GUI(Graphical User
Interface) fl 35 & OVHE fb W& Hi B 7 — ¥ O FH R %
C++ (Borland . C++ Builder 6) CHE & | it db i ik
%7 —%% VRML OZ27 U7 MNEXDT 7 A /L TH
N&EE, CH+7u s 7 AOWHNS VRML £ 2—7 %
7Z 7' A > L7z Internet Explorer MU LT, #
R IE D 3 WOoTEg A B S ¥ 72, VRML £ =2 —7 |2
£ % 3WItEBEETRIL, AR RT T 7 4 v 7 A4
77 U Td 5 OpenGL & AV 7= HE CHEfR 72 3R TV
T4y I ADT 0T T I T EET DL LD
IZ. Web A EBAHTEDFE S & D,

it Pl I 2 F T 2\ LB IF I HAL AR - DR &
S LB IO T 28T - A A DFET
HNMETH D, MEBET —% 09 B ERD AT

D, JRFEENBEE OFRE TN ENRMET 5, 7 A
FRME ORE A EIE T — 213, #9 8 DML G 2 I
gk U 7o MRS 7 — # X — & (ICSD: Inorganic
Crystal Structure Database)|Z 5§k STV DA%, JK
FPEAFNZ O TR, 22 M O [RIM R REAR 3 73 SO RR Ak
53D x,y,z TH LT 3CFRE AR (RN
TA—=H) BERBSNTNDET T, FE SR o
BEIRRRAEIEDOT — ZIIFE LR, - T,
ICSD 1357 % A Mo CIF(Crystallographic
Information File) % @t/ A A 72721 ClE, flidbiEE O
fEXCcERV, CIF X, 7o ¥ —ZXa7 TiElLEd
HRANT =470y ZIZRBShTHnL0TY | 2
haex—U—RE LT, CIF 77 A V& b—27 0
file USCFBUMRATIC L0 | 22 RIRE R A AR oD S A
R S, EERIEBRIC &0 R A S R B e A
TIERE 2 B ST 9, 7 A BRHE OREAbiE A ik T
. U MEREIE R LR WA A B AFEET
LH720, AR CRMME AT 2L ERHDH, £
o, MHREEOBRL A OMEIC BN TS, BT
KIC K 2/ EEBIIEE CTH D, KRN
XA AL EROERB 720 & | BRE IR T & 720 o,

28

RO DA AL ERENGE LT — A _X— A HEL,

TNEZT 7 BALTERT — 2 2l Lz, ¥&T—
a0 (A G, ARG, A " H
e, 77 T NIV RGERE) IZEo T, W0
JiF - A A THOTHFENRRD N, CIF GO
JRAF 2RI . T a T BN T — 2 _— X it
fEL. 7740 PR E LTI 22 HERYICE
B ofare L

2.2 TAITY XA

2.2.1 SiO4MEET — & AR

FEEEE O AL T, HAK TN OJR B8 & %
R LTZ 20 ik, BAAS - OB AT O O R A
x5 Z ENREERGAENL N, 1EoT, ZHELD
RBFERE IR PR TH Y . ZEE N OREZRE 5
BRIE, AR OHIEN TR S b, Bk 1
7 MC R DR FEEOHEIATIL, B OBGHE TR



BERFME T 553875 2005

TR B LT R AN AR ST LE W, BT &
MRBETDHEEOREEFE L 72D, BEEFR 7 EEZHIBRT
DUEND D, ZOHIRERS T D70, ZEHEERE
Bl S 7o 2R AR I, 8 WRILEEEDILH 7 7 X
Point3d D~2Z L DTk LT, BV 22 &,
T— 2 DIDOBRCH 50> COBEH DO KR Z I &2 L
TAEY ZHERTHILERDH Y “EFHOT 07T A
a— REFERIND, TR, X7 MVITfEE7E R
T E BT AND K5I ABIINC Y A DR S 4L
0T, FEWIEMTH D, Eiz, BEET — X OHIBR
LRGN OMFEITOND,

& Si RIS 2 R O FRIE TS KOV AT A
BB L, SURTFOLOEET 2R £ COMMEZ 7 A >
7Y —MZEkY Y —F L, SiO4 M AEDTERESE DR
THERE A TR L C, SiO4 RO T — & & AR S i,
A7 by =7 Tk, WHEZ &2 BT, A
DA% SLICIREE T, 22— =258 T 2RO
FEEA LR LT, MEERDS O EE ORI %
R Z R HHRE AT G ST D,

2.2.2 Si-O-Si Ry ROF—FAERR

LE D SiO4MEERD T — 2%, 7 —4 A /S ZEUTL
HLE T ST DR IR, 4 B DOTE A O Ji - 51 JFEAE
H OV T AKEMI N TE Y, A SiO4 U RO T —
B, 2D TADRY MV SN TN D, SiOq
WEHRDONT a2 BR#FE LT, BEFELZTES O JFJ+0

J - FERE 22 b D 2l D Si04 W R D7 — & Zfifitti L T

% @ Si-0-Si Ry RTF—H w/ER I, 0K
K7 —21%, R ROMHIZH 5 Si 1O 1 JFEFE %
T—=BANEFTDHTFTADNRT MVITKHEM LT, 7
A BRSOV r— NMERFERICHI LT,
2.2.3 BAJ7A FOMALIZRON D BROBBE
AT A MZiE, SiRFZ MO T L7 EE
KobobH Y, TOMEE (T X ALP,Ga,Ti 72 &)
EREEHAL L35, BA T A MEETIZIE TO M A
2, TER O R 24 LTV » ZIRICHES L7- TO4
BRMORDLMILL T —I N5, TOs DEERITIL,
T-O-T R KON 4 ~20 DEFEEERNH Y © | FFE
BEORY Rhble b BERZM & B Dl ces

TA bOEEEEEZE T D & LS — Y DOTFE(E
BRI LS D, LovL, ARBIZAR Y K CHim
SN r— MEEER G, FEERBRAfERIC
WICE DN, Ta T LG ZOREEIT I DIL.
77T N7 7 VIR TE RN, 1 E T
ER#EETH D, £Z T, OB EZ R 2R
HOMEERZ T, WOEH 2T NAITY RAITL
Rliz, TIRFORT MDA T v 7 A%, B
PMOJRTDRT NDA VT v I AT GET —H A
NWeFTDHITRAEERLT, HETRFOA T v
AN D5 TIRFICHE D £T, mIREXcEs7
N Y XLTHRITEET, 2—F—DDEET 2T
(T-O-TAHY FOB)THRES D EBRZMH ST,

3. BRLEE

7 A BRYEAL S W Ot G 2 nT B 5 T2 012 B 38

29

LIEARY 7 b =72 X 2 ERHIBIZ LI TICE~ %,

3.1 REWNT A BEORKRBIEEDTHIL

A BRIERESIE S1 R XN O JR-LIA o bk
DRI DA BT (SIODIZAVIAAT, BRI
HARDIZODBERDINT A% MitET D72, Si04 MY
RO DR A2 T S TS L b Ot
ThorehREd, AFFTTAHFED SI-SI A%
Si-O-Si ffAIcE &Mz 7-METH DL Z L3, Fig. 1 &

Fig. 1 The crystal structure of silicon.
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Fig. 2 The crystal structure of quartz.
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Fig. 3 The crystal structure output examples, by the classification of the silicate.
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Fig. 4 The crystal structure of talc, Ca,Mgs(Si4011)2(OH),
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Fig. 6 The crystal structure of mordenite,
Nay 79 (Aly.87 Siao.13 Og6) (H2 O)10.16 -
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Fig. 7 The 12-membered rings which were
detected by the route search algorithm

and which are not desirable .
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Fig. 8 The crystal structure of zeolite-Y,
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