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Introduction
e Collection of computer generated zeolite structures
« http://www.hypotheticalzeolites.net
e Online since April 2004, contains approx. 3 million
structures.
 Receives ~10 visits per day
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Website Objectives

Provide online browsing of structures

— 3D framework viewing

— Download structure files (CIF files)

— Tools to analyze structure

Provide a search interface

— Search structure listings for desirable properties
— Find models for solving structures

Provides a data set of structures for the discovery of new
theories linking structure, topology, symmetry and
iInorganic chemistry



Website Contents

Atlas of Prospective Zeolite Frameworks - Mozilla Firef
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Atlas of Prospective Zeolite Frameworks et oo 8 ot kaw  t  r data A i o
Martin D. Foster and Michael M. I. Treacy, Department of Physics & Astronomy, ASU
Welcome to the Atlas of prospective zeolite This websi acollection of zeolite structures in a searchable database. Tt also uses 2 3D Java applet to
display structures and tools to perform XRD powdsr pattera simulations and largest included sphere analysis. Navigate below by clicking on the icons.
‘This site requires 2 Java enabled browser, please see wiww j2va.com for more information and downloads
Database Highlights
Enter Database
Bronze Silver
Contains 2543772 structures Contains 933672 structures
Last updated on 2007-01-24 18:12:18 Last updated on 2006-10-16 18:43:30
The frameworks listed here are graphs that were annealed to  reasonably low energy The frameworks listed here are taken from the "Bronze" database and have been fusther
B using 2 simple cost function. Some distortion from the idzal tetrahedral geometry is refined by the GULP program. Only those frameworks that yield a reasonably low cost
(ks ey i st duhasey tolerated. Not all are vnique. Duplicats since many asaSi0y As for the Bronze database, the Silver database
be built uader different space groups with different numbers of naiqus tetrahedral contains duplicats strustures.
atoms. Future versions of the database will cross-reference identical graphs.
(click on images to explors)
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Ses website statistics for 2007 here and for 2006 hers (older stats are hers)
Random wiewer of structures in the database here
Random sphers viswar of IZA structures here .
Requires Iogin, please email me

Free sphere data of [ZA structures hers e v oo
Volume and surface data of IZA structures here
List of inferesting uninodal eniries in the database - Martin's "alist pdf” here p T
New! List of interesting clathrate-type structures hers and here ® P a
New! Lists of IZA frameworks in the database hece v < >
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Database is split into sections demonstrating various levels
of refinement, Bronze, Silver and Gold.



Bronze Contents

Bronze structures are refined by TO _anneal which uses
a modified forcefield for SiO, structures

The energy is given in eV per SiO, unit relative to quartz
Structures with a value of < 1 eV are retained in Bronze
N = number of symmetrically equivalent T-atoms

For n=1 and n=2, all graphs for all space groups have
been computed and refined

For n>2 selected space groups (productive) ones have
been processed, e.g. space group 191 has been
calculated up to n=6

N=7 is our current technological limit



Silver Contents

Structures in the Silver section are structures refined
using SiO, interatomic potentials with the GULP program

Structures in Bronze have an energy of 0.5 eV or lower

GULP geometry optimisation is performed with
symmetry enabled, however connectivity is not enforced

Since we refine relatively good structures with GULP,
only a small percentage will lose their original
connectivity when refined with GULP

We find a good agreement between the BGB cost
function refinement and the GULP refinement.



Gold Contents

 Gold section contains lists of links to structures in Silver
for n=1 and n=2 structures (< 0.3 eV GULP )

 The Gold structures have been filtered to contain only
topologically unigue structures in their lowest energy
configuration — although highly dependent on space

group, this listing provides a top level listing of very good
structures

 Filtering the entire database has not been completed,
but based on simple filtering techniques we estimate
approximately 100,000 unigue topologies



Searching the database

e Structures can be searched on a number of properties
— Number of T atoms
— Space group
— Cell parameters
— Framework density
— Calculated energy
— Largest included sphere
— Smallest free sphere

A web page where max and min values for the above
parameters can be entered, acts as an interface for
searching the database



Analysing Structures

Several programs are
available to analyse a
structure

— 3D viewer CIF viewer

— CIF_2 XRD - XRD
powder pattern
simulation

— TOTOPOL -
topological analysis
tool

— Delaney’s Donkey —
Sphere analysis tool

JCIF 2 xyz web T221 2 2cif0101012>&1

¥ Mozilla Firefox PEX
Fle Edt View Go Bookmarks Tools Help
<:ZI - Ep - fé;’j @ . hittp:/ /v hypotheticalzeolites. net/ DATABASE/BRONZE/ XY Z/viewer.php?fle=221_2_; ~| @ Go |[GL
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Cell Packing

a
0 -7
b
0 -1

c
0 (1
T atoms only

Structure Data

Spacegroup 221
Pm-3m
Energy (VTO2) 0.0082
FD (171000 4% 13.946
UC volume (4%) 6883.94
avg. TDg 596.50
Type Code
a 19.0230
b 19.0230
c 19.0230
o 90.0000
B 90.0000
T 90.0000

Topological Data
Coordination Sequences

14814243754 7597 121 148 178 213 255 306 363 583

T2491728 41 56 74 97 123 158 196 237

Vertex Symbols
TT 4-4-4-8:4.38
2 4-6-4.8:.4.38
Topological Spheres data

Di D: Dy D Dav Dic Dape
1352 396 396 396 396 396 396

BRONZE 221 2 2

(Use left mouse button to rotate structure, press Shift + left mouse button to zoom. Press right mouse button for menu.)

CIF file View CIF as text

280 324 368 610

click pattern for larger view
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TOTOPOL
click for topological analysis

LonKey

click to display spheres &
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CIF 2 POWD

©) Mozilla Firefox

Fle Edt View Go Bookmarks Tools Help
. . QEI - If\) - @ ‘zl @ |\ http:/ /v hypotheticalzeolites. net/ DATABASE/BRONZE/XY Z/pattern.php?fle=221_2_ V| © Go HQ,, |
X R D pOWd er SI m u Iatl O n JCIF_2 POWD -£221 2 2.cif-b 10 -e 25 -5 0.08 -10.08 -w 1.541 2>=&1gFacts.spaceGroupSetting = 1
PowPattCIF FINISHED!
Click here for XRD pattern data file.
program [ Stt [ End | Stepsize | Gawssian | Lorentz ||wavelength|| Scale
. . | | O ® | Pre—
Variables which can be I CH Ny || (TN
Chan ed are reload || reset
g lO’Oi
— Start & End points
- 80;
— Step size ]
— Wavelength
— Scale ]
40j
20—_
G;
R P B R e S
10 15 20 25
2 theta (%)
Back to
BRONZE Home




Topological analysis
program calculates

— Distances and angles

— Coordination
sequences

— Circuit symbols
— Vertex symbols

— Topological check if a
structure is a known
IZA framework

— Statistical volume and
surface calculation

TOTOPOL

Topology Results - Mozilla
File Edt View Go Bookmarks Tools Help
<}ZI T I_L v @ | @ !\ http:,ff‘.'\ﬂ.v'.'\nhyputheticalzeulites.methATABASEfTOPOftUp_u\ug;_l:;gb. _"_: © Go HC‘_,
Results

Output from "TOTOEOLT, (wers=iom 1.57, 11/10/200E). Written by Mike Treacy, A

ect 2 Local Cluster
with input from Srinivasen Srivilliputhur, Martin Foster, Eeith Handall. 1

i-T‘I Vertex Symbol (%

Repozt for the framework in file "semp.cif”

There are $€ T-atoms= per umit cell
There are 182 O-atoms per umit cell

Framework demsivy = 13.55 T-acoms per 1000 Engs=crom®3

—————————————————————————— T-0 Bmalysis —————————-———mm————————————

Ta - o1 Angstrem
Ta — o2 Engatzem
T1 — o3 Engstrom
T1 - 02 Engstrem
2 -- 0% Engstrom
T2 -—- o5 Angstrem
T2 — 06 Engatzem
T2 — o7 Engstrom
T-0 SmmRY

Range = 1.€152 & <~ 1.6230 &

Mean 1.6210 &

SedDev = 0.0081 &
————————————————————————— 0-T-0 Analysis —————————————————————————
01 -- T1 -- 02 = 108.261 degrees ; 01 -—- OZ Eng=trom
01 -- T1 - 03 = 109.822 degrees ; 01 —— 02 Eng=trom
01 -- T1 -- 04 = 109.114 degrees ; O1 -- O4 Eng=trom
02 --T1 -- 03 = 109.76B degrees ; 02 -- 02 Eng=tzom
02 --T1 -—— 04 = 109.868 degrees ; 02 — 04 Eng=trom
D2 -- T1 =-- 04 = 109.351 degrees ; 03 -- O4 Eng=trom
04 -- T2 -—— 05 = 109412 degrees ; 04 — O5 Eng=trom
08 -- T2 -- 06 = 109.746 degrees ; 04 -—- 06 Eng=trom
04 -- T2 -- 07 = 109.630 degrees ; 04 -—- O7 Eng=tzom
05 -- T2 -—— D = 109.63€ degrees ; 05 — 06 Engstrom
0S -- T2 -- 07 = 108.973 degrees ; 05 -- O7 Eng=trom
D€ -- T2 -- 07 = 108.429 degrees ; 0 —- O7 Zngstrom

0-T-0 STMMERY

Range = 108.3730 deg <--» 108.8878 deg
Mean 108.4802 deg
3tdDew 0.261€ deg

0--0 STMMARY
Range 2.€355 B <-—» I _ESBZ A |
Mmmm 2 &amn 3 =3

€

Link to topolorical report as a text file
Checking for known zeotypes
Thers ar= 2 unique sequenc

Sequence[1]4 8 142437 5 97121148178 2132
Sequence[2] 491728 41 56 74 67 125 158 196 237 2

5

35306363420404040804080
80324568415406040804080

No matching typecodes wers found, your structure could be unknown.

Thank vou for using this program. email amy problems to (martin foster®at®asu.edu)




Sphere Analysis

Sphere Analysis calculates

— Largest included
sphere

— Free sphere which
passes through
channel openings
along a, b, c, ab, bc,
and abc

— 3D viewer shows

spheres in cavities and
channels

%3 Sphere Viewer - Mozilla Firefox @@E]
File Edt WView Go Bookmarks Tools Help

<:ZI - Ep - fg;j @ . http://vwwaw. hypotheticalzeoltes.net/DAT ABASE/DONKEY/ delaneys_di v| ® Go [GL

data‘www TOOLS DEL ANE YSDONKE ¥ DelansysDonksy -£ temp -8 0.13 25&1 A

DelaneysDonkey v0.921

temp
Largest included sphere diameter = 13.518 Angstroms
Free sphere diameter along a i
Free sphere diamet
Free sphere diamet

Free sphere di trom:
Free sphere diameter alo: ms
Free sphere diameter along abc =3.963 Angstroms

Done!




-

\_

|ZA Structures found In the database

) Webdatabase - Mozilla Firefox [ZIIE][E]'
File Edit View Go Bookmarks Tools Help

@-5p - I': | @ |, http://veaw.hypotheticalzeolites.net/DAT ABASE/KNOWN/known.php  ~| @ Go |[C|, |
%, Atlas of Prospective Zeolte Fra... i'_\Webdatahase |
KNOWN IZA TYPECODES in BRONZE DB

Please go to the IZA website for the official Atlas.

1 [ ABW ACO AEI AEL AEN AET AFG AFI AFN AFO

2| AR AFS AFT AFX AFY AHT ANA APC APD AST

3 [ aAsv ATN ATO ATS ATT ATV AWO AWW BCT *BEA

4 [ BEC BIK BOG BPH BRE CAN CAS CDO CFI CGF

5 CGSs CHA -CHI -CLO CON crp DAC DDE DFO DET

6 | DoH DON EAB EDI EMT EON EPI ERI ESV ETR

7 [ EUO EZT FAR FAU FER FRA GIS GIU GME GON

s | Goo HEU IFR HW ISV ITE ITH W WR WV

o [ ww BW KFI LAU LEV LIO LT LOS LOV LTA

0] LTL LTN MAR MAZ MEI MEL MEP MER MFI MES

11 MON MOR MOZ MSE MSO MTF MTN MTT MTW MWW

12 nNaB NAT NES NON NPO NSI OBW OFF osI 0s0

13] owE PAR PAU PHI PON RHO _RON RRO RSN RTE

14| RTH RUT BWR RWY SA0 SAS SAT SAV SBE SBS

15| sBT SFE SFF SFG SFH SFN SFO SGT STV SOD

16] sos SSY STF STI STT SZR TER THO TON TSC

17 TUN UEI UFI voz USI UTL VET VFI VNI VSV

18] wEI “WEN YUG ZON

3266 ABW 1308 BCT 307 SOD 265 DFT 227 ACO 205 NPO 175 ATN 158
GIS 82 MER 76 JBW 68 MON 67 CAN 64 CHA 58 RWY 58 RHO ...

J




Conclusions

Ultimately, the question is how far away are we from “designing” a
zeolite structure and rational synthesis?

Still far, but we show computationally that we can generate and
refine a large number of zeolite structures and filter them into lists of
desirable structures.

We are making progress towards one of the hardest problems,
creating an Atlas of feasible designer zeolites by Filtering for
synthetic targets. These filters require understanding of
fundamental questions in zeolite science, such as what makes a
structure crystallize to the structure it does and why only a handful
for topologies exist compared to the vast number of possibilities?

We have shown the database to be useful for several applications
such as confirming the ZSM-10 structure.

We have shown that known IZA structure codes are found in a large
number of space groups
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