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- Some applications

- Future

- Conclusion

Aim of the talk :
try to decide the crystal structure prediction
experts to deposit their best models in an open
access database (PCOD)



FOUNDATIONS

COD = Crystallography Open Database
Foundation March 2003

PCOD =Predicted Crystallography Open Database

Foundation December 2003

P2D2 =Predicted Powder Diffraction Database
Foundation February 2007



OPEN DATA

and

Crystallography Databases

Open access on the Web, before COD
PDB (proteins)

NDB (nucleic acids)

AMCSD (minerals)

Toll databases
CSD (organic, organometallic)
ICSD (inorganic, minerals)
CRYSTMET (metals, intermetallics)
ICDD (powder patterns)



COD

Built on the PDB model of open access on the Intern  et.

Consists of any small or medium
crystal structure (inorganic, organic, organometall IC).

Total entry number ~70000, (~10000 from the America n
Mineralogist Crystal Structure Database, ~30000 fro m IUCr,
and CIF files donations from a few laboratories in Europe or

from individuals).

Distribution through an Apache/MYSQL/PHP
system taking queries on chemistry, range of cell
parameters, volumes, etc, as well as combinations o f fields,
and allows to download or upload CIF files.






= http://cod.ibt.It/

New COD coordinator
since January 2008 :

Dr. Saulius Gra ulis,
Institute of Biotechnology,
Graiciuno 8, LT-02241
Vilnius, Lietuva
(Lithuania)

70295 entries — July 2008

Recent addition of the IUCr logo,
after permission to download
their CIFs in September 2007






SEARCH OPTIONS

Search page Results



SEARCH the COD

The COD wishes to offer minimal and simple search
possibilities, allowing you :

1- to verify if the structure you intend to solve is not
already solved,

2- to find models or fragments for solving your curr ent
problem,

3- to make a correct job if an editor asks you to
review a manuscript.

The problem being now that the COD is not completeget...



GET the COD TOOLS

EasyPHP (Apache server, MySQL, PHP scripts)
You can download the complete database and make it run on your PC.

You can reuse the complete system and create your |  ab CIF repository.



PCOD (P = Predicted)

PCOD contains > 110000 entries (« structure candidat es »)
Most are predictions by the GRINSP software

CIF files : hypothetical zeolites and other binary or ternary
compounds corresponding to N and N/N’-connected 3D
networks (N = 3, 4, 5, 6).

PCOD is open for search, download and upload of pre  dicted
crystal structures (coming from any prediction comp uter
program, inorganic or small and medium organic mole cules).



110210 entries In
March 2008,
updated once a
year, up to now.



SEARCHING PCOD

Search page Results



VIRTUAL MODELS in PCOD

Zeolites B ,O; nanotubes

[CasAl, R, ]*



Not ranked
by energy
(exception

for the AlF,

series
studied by

WIEN2K),

not all
electrically
neutral...

More work
needed on
the
GRINSP
software.

Structure candidates in PCOD



For each series, classifications by guality (R), fimework density
(FD), coordination sequence (CS) are available

2154
Titanosilicates



GRINSP
IS an Open
Source
software



Applications from COD and PCOD data

1 - Identification from calculated powder patterns :
Actual structures : COD : Match ! Crystal Impact
Virtual structures : PCOD : P2D2 -> EVA- Bruker

2 - Structural fingerprints for nanocrystals by mears of
TEM, HRTEM

3 - Interface with COD and PCOD for visualization,
Importing, exporting data to other applications like GULP
to calculate energies, phonon properties, molecular
dynamics, free energies and so on...



|dentification from

calculated powder

patterns (from the
COD) : Match!
sofware from
Crystal Impact



|dentification from calculated powder patterns



Predicted
crystal
structures
(from the
PCOD)
provide
predicted
fingerprints:
powder
patterns



Calculated powder
patterns in the P2D2
allow for identification
by search-match
(EVA - Bruker and
Highscore - Panalytical)

List of d(A) and
intensities from the
Bragg law, providing a
way for « immediate
structure solution »

We « simply » need for a
complete database of
predicted structures

-)






Example 1— The actual and virtual structures have the samenadal formula, PAD =

0.52% (percentage of absolute difference on cellampaters, averaged) t-AlF,,
tetragonal, a = 10.184 A, ¢ = 7.174 A. Predicte0.216 A, 7.241 A. A global search (no

chemical restraint) is resulting in the actual coonpd (PDF-2) in first position and the
virtual one (P2D2) in™® (green mark in the toolbox).



Example 2 — Model showing incomplete chemistry, PAD = 0.63.tu&d compound :
K,TiSi;0y- H,0, orthorhombic,a = 7.136 A, b = 9.908 A, ¢ =12.941 A. Predicted
framework : TiSjO,, a=7.22 A,b = 9.97 A,c =12.93 A. Without chemical restraint, the
correct PDF-2 entry is coming at the head of tsie but no virtual model. By using the
chemical restraint (Ti + Si + O), the correct P2D#rg comes in second position in spite
of large intensity disagreements with the expertaepowder pattern (K and @ are
lacking in the PCOD model) :

Virtual

Actual



Example 3 — Model showing incomplete chemistry, PAD = 0.88. Ryl
framework : CgAl F,, cubic, a = 10.876 A. Actual compound : BaAl_F_,
a = 10.781 A. By a search with chemical restraj@is + Al + F) the virtual model
comes in fifth position, after 4 PDF-2 correct ady if the maximum angle is

limited to 30°(2)) :

Virtual



Two main problems in identification
by search-match process from the P2D2

- Inaccuracies Iin the predicted cell parametersrodnicing
discrepancies in the peak positions.

- Incomplete chemistry of the models, Iinfluencing theak
Intensities.

However, identification may succeed satisfyingly i tthemistry is
restrained adequately during the search and if theaged
difference in cell parameters is smaller than 1%.



Typical case to be solved by prediction

-ZNn,P,0 Batailleet al, J. Solid State Cheni40 (1998) 62-70.

Uncertain indexing, line profiles
broadened by size/microstrain
effects
(Powder pattern not better from
synchrotron radiation than from
conventional X-rays)

But the fingerprint is there...



Other fingerprints than powder patterns may be
calculated from structural data : building fingerpr ints for
nanocrystal identification by transmission electron
microscopy.

P. Moeck and P.
Fraundorf,
Z. Kristallogr. 222 (2007)
634-635.









J. Appl. Crys. 41 (2008) 471-475.



Examples of search with that COD/PCOD User Interfae



From that COD/PCQOD
graphical user interface,
you may decide to study
more seriously some
series of structures
predicted by the GRINSP
software.

This was done already for
the predicted AlF;, using
WIEN2K :

A. Le Bail, F. Calvayrac,
J. Solid State Chem. 179
(2006) 3159-3166.



Expected GRINSP improvements :

Edge, face, corner-sharing, mixed.

Hole detection, filling them automatically, approprnately,
for electrical neutrality.

Using bond valence rules or/and energy calculations
to define a new cost function.

Extension to guaternary compounds,
combining more than two different polyhedra.

Etc, etc.
Do it yourself, the GRINSP software is open source...
Nothing planned about hybrids...



Two things that don’t work
well enough up to now...

Validation of the Predictions

- Ab Initio calculations (WIEN2K, etc) : not fast enough for
the validation of > 100000 structure candidates
(was 2 months for 12 Al models)

|dentification
(s this predicted structure already known?)

- There is no efficient tool for the fast comparisorof
these thousands of inorganic predicted structurestthe
known structures (inside of ICSD)



People do not think to look in databases if their ew
compound was already predicted...

Averbuch-Pouchot, M.T. (1985). Ji, L.N. et al (2008).
Z. Kristallogr. 171, 113-119. Powder Diffraction, in press.

Both are corresponding to 3D 4-connected nets of 2y and PO,
tetrahedra sharing corners (7 nodes).

Calculating their coordination sequence and searchg in two
databases (hypothetical zeolites and PCQOD) :
none of these « simple » networks is predicted yet...

Such a verification is not easy to realize... Toolsave to be built...



Suggestion to the structure predictors

Send your data (CIFs) to the PCOD, thanks...
http://www.crystallography.net/pcod/



CIF =
Crystallographic
Information File

The IUCr standard data
exchange file format

(International Union for
Crystallography)

Description of the format :

http://www.iucr.org/iucr-top/cif/

data_ PCOD3000007
_publ_section_title

Acta Crystallographica B61 (2005) 263-279.
Hypothetical binodal zeolitic frameworks,

A. Simperler, M. D. Foster, O. Delgado Friedrichs,
R. G. Bell, F. A. Almeida Paz and J. Klinowski

_chemical_name_common '2_106°
_chemical_formula_sum 'O2 Si
_symmetry_space_group_name_H-M 'P 63/m m ¢
_cell_length_a 12.40926
_cell_length_b 12.40926
_cell_length_c 15.45706
_cell_angle_alpha 90.00000
_cell_angle _beta 90.00000
_cell_angle_gamma 120.00000
loop
_atom_site label
_atom_site_fract_x
_atom_site fract_y
_atom_site_fract z
_atom_site_type_symbol
Sil 0.58664 0.91965 0.58300 Si
Si2 0.25280 0.00153 0.25000 Si
01 0.54670 0.09341 0.40593 O
02 0.00000 0.65919 0.50000 O
03 0.66763 0.98899 0.66630 O
04 0.43372 0.21686 0.42777 O
05 0.10742 0.21483 0.75000 O
06 0.86998 0.13002 0.75000 O



Future for the COD, PCOD, P2D2

COD : need to attain > 500000 actual structures enes...

Need to convince the ACS and RSC to give permissiom
download systematically their CIFs

Need to decide more search-match software producets
Incorporate powder patterns calculated from the COD

PCOD and P2D2 : virtual structures

Need to improve the quality of the predicted crysthstructures
by bond valence and energy calculations, etc

The number of entries may grow fast, and also decase times
to times, as our material theories progress,
allowing to suppress wrong predictions...



CONCLUSION

To you to see what you can do with or for the
COD, PCOD, P2D2 database...

Knowing that :

Structure and properties full prediction is THE
challenge of this XXIth century in crystallography
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