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Abstract
Structural databases are one of the basic tools of modern
crystallographer. They are necesary for many tasks from
just drawing the picture of the structure and study of sym-
metry to phase analysis and design of new materials. In this
contribution, some databases for inorganic compounds are
characterized together with their availability. The following
databases and other sources of the database type informa-
tion are mentioned - ICSD - inorganic crystal structure da-
tabase, Crystmet, Powder Diffraction File, Crystal
Structure Lattices, Pauling file, Pearson's Crystal Data,
Mincryst and some others.

Links to the most important structural databases can be
found for example at address [1].

Inorganic Crystal Structure Database - ICSD

Basic structural database of inorganic compounds is the
database ICSD - Inorganic Crystal Structure Database [2,
3] developed and maintained in the Information center FIZ
in Karlsruhe. It includes records of all inorganic structures
published since 1913. The scope was gradually extended in
the direction of intermetallic compounds with known
atomic coordinates. Since 2003 FIZ Karlsruhe started to fill
in the remaining gaps and will in future include all pub-
lished intermetallic compounds. Until 2003 ICSD didn’t
contain any structures with C-H or C-C bonds (“organic
compounds”). In 2003 this rule was modified: Now new
entries should not contain both C-H AND C-C bonds (i.e.
compounds with tetramethylammonium will be included
now as well as oxalates).

The editorial team continuously extract and abstract
the original data from over 80 leading scientific journals
and additional 1,900 scientific journals. ICSD is updated
twice a year, each time adding approximately 3,000 new
records.

At present, the ICSD contains 600 crystal structures of
the elements, 15,000 records for binary compounds,
33,000 records for ternary compounds, 35,000 records for
quarternary and quintenary compounds. Last half-year in-
crease of entries was about 4000. All the entries are
checked several times and only data from good quality
sources are accepted.

The database contains fully determined structures with
atomic coordinates. Coordinates for hydrogen atoms or
vagabonding atoms like Na in Zeolites may be missing.
Most of the structures contained in ICSD are published in
journals, only a few entries were submitted as private com-
munications.

The entries are tested for formal errors, plausibility and
logical consistency. The data are stored as published, they
are not being standardised. As a rule the setting of the space
group chosen by the author is considered as a valuable in-
formation that should not be changed.

In particular, the database provides information on:
structural data - atomic coordinates of pure elements, min-
erals, metals, and intermetallic compounds, structural
descriptors (Pearson symbol, ANX formula, Wyckoff se-
quences), bibliographic data, synthesis conditions

A search in ICSD for a phase (defined by temperature,
pressure and chemical composition) may yield in more
than one entry. There are comments/remarks that give ad-
ditional information on the quality of the data and refer to
other related datasets of the same phase. Entries of “poor
quality” are not removed from the database. The final eval-
uation must be done by carefully studying the results of a
search by the user.

Basic search fields are chemical name, mineral name,
chemical formula, title of publication, ciation, authors, cell,
density, space group, atomic parameters, Wyckoff posi-
tions, atomic coordinates, isotropic displacement parame-

ters, site occupation, bonded H-atoms, anisotropic
displacement parameters, atomic distances.
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Figure 1. Two search screens in FindlIt software.
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Figure 2. Screens with crystal structure (a) and powder pattern

(b).

There are two basic software tools - PC version with the
software FindIt and Web access. Main search screens can
be seen on Fig. 1a, b

The software can show all the selected structures in in-
teractive 3D visualization (Fig. 2 a) with several but not too
many (with respect to the dedicated visualization software)
options. Export to VRML files is possible. Structural pa-
rameters can be exported into standard CIF file. For se-
lected structures also powder diffraction patterns can be
simulated (Fig 2 b). The following parameters can be given
for the simulation - wavelength of radiation, background
polynomial coefficients, theta limits, peak shape -
pseudo-Voigt, Pearson with necessary shape parameters
and U, V, W constants of Cagliotti polynomial describing
theta dependence of the peak width. Demo version avail-
able on the Web page is fully working but on very limited
subset of the database. The annual price of single academic
licence is about 435 EUR (incl taxes), institutional license
is for 920 EUR. The software and database usage is corre-
spondingly disabled each half of year and a new licence
key must be given. However the licence is paid annually.

Internet access has already been available for several
years at ILL site in Grenoble (Fig. 3). The access can be
based on password protection or by user's IP address. Sin-
gle acess is for about 1 000 EUR. The Web page can be
found at [4]. The features are similar to FindIt software.
Structures can be visualized in VRML and powder patterns
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Figure 3. Screen with Web interface of ICSD

are generated in PDF files. Both interfaces can be used for
free generation of structure pictures and powder patterns
for any structure, if the user just fill in correctly the Web
forms with the own data.The users without password can
run the interface in demo mode. Intranet versions of demo
can be installed in Linux, HP, SGI, SUN.

CRYSTMET

CRYSTMET is a database of critically evaluated crystallo-
graphic data for metals, including alloys, intermetallics and
minerals. Started in 1960 by Cromer and Larson at Los
Alamos, its development was continued by the National
Research Council of Canada. In 1996 the production and
dissemination of CRYSTMET was transferred to Toth In-
formation Systems [5].

Crystmet database contains 109,877 entries now. They
include crystallographic data, atomic coordinates and cal-
culated powder diffraction patterns for intermetallics and
inorganic materials.

The CRYSTMET database is embedded in a general-
ized crystallographic database software environment (Fig.
4). This environment provides all the necessary tools for
database searching, data analysis and manipulation, crys-
tallographic ~ visualization and associated statistical
graphics. All databases within this environment are of a re-
lational type and use the Microsoft Jet relational engine.

Entry into CRYSTMET is via a number of search
screens (Fig. 4) which provide intuitive and easy access to
searching, analysis and visualization. Major entry points
are chemistry, bibliography, cell and powder spectra
(d-spacing can be added). Results of queries reside in sets
which can be further manipulated using logical operations.
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Figure 4. Main screen of the Crystmet database software.
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Figure 5. Output screen of Materials Toolkit showing atomic
structure.
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Figure 6. Output screen of Materials Toolkit showing powder
diffraction pattern.

The output for each entry can be manipulated using
tools provided to calculate geometry, powder diffrac-
tometer trace with peak positions highlighted, 3-D struc-
ture plots with extensive plot options for compound
manipulation. All software analysis, calculation of diffrac-
tion patterns and structure visualization are instantaneous,
being calculated directly from the database entries. Chang-
ing plot options and the calculation of diffraction spectra
using a number of X-ray sources can be performed interac-
tively. Plotting tools enable the user to construct a variety
of solids such as surfaces, spheres, cylinders and disc from
any structure in the database.

Tools of Materials Toolkit software are provided to out-
put the results in a variety of file formats. The collection of
fully general and highly graphical tools operates on the
structure description stored in an editable ASCII screen. A
single command screen puts at the user’s fingertips simple
utilities like distances and angles or powder-pattern calcu-
lations, but also less common interactive modular utilities
like editable surface models parallel to any lattice plane;
editable content for fully general supercells; adsorption
modeling for catalysis studies; epitaxy modeling;
push-button derivation of the conventional description
within a distance tolerance for any structure model. Addi-

tional tools comprise 3D plots of predicted morphology, of
Voronoi polyhedra, of voids and channels, of radial plots
for selected properties calculable from their tensor expres-
sion, like uniaxial compression or shear, or the three speeds
of sound, cluster modeling and their calculated diffraction
pattern, listing of possible twin laws, an aid for indexing of
convergent-beam electron diffraction patterns, easy stor-
age and retrieval of multi-model files etc.

Price of annual single academic licence is about 1800
USD. The software can be run only on single particular ma-
chine which is checked by the software.

With respect to Findlt software, there are several more
features (see above), the output data are shown in suitable
and clear forms. The visualization software (Fig. 5) is of
better quality and with more options. By contrast for dif-
fraction patterns (Fig. 6) only wavelength and constant
width can be given. One interesting tool is the possibility of
continous change of temperature factor with online pattern
visualization.

Powder Diffraction File - PDF

This database is well-know by all the powder diffrac-
tionists. It was founded in a form of card sets - ASTM, later
on as JCPDS and now PDF. Nowadays, it is developed, ed-
ited and maintained by the ICDD - the International Center
on Diffraction Data [6].

Release 2006 of the Powder Diffraction File contains
over 500,000 unique material data sets. Each data set con-
tains diffraction, crystallographic and bibliographic data,
as well as experimental, instrument and sampling condi-
tions and select physical properties in a common standard-
ized format. The PDF contains the collective works of
> 2,000 journals and hundreds of thousands of authors.
Each year, ~50 leading material laboratories are awarded
grants to analyze and characterize new materials for the
PDF.

The ICDD and the collaborating database organizations
each have editorial mechanisms for updating historic data.
Updates are frequently made by authors. Corrections in the
data are made by users of the database or editorial review-
ers. Typically, tens of thousands of historical entries are
updated each year.

Traditional form of the database is called PDF-2 and it
is a collaborative product between ICDD, FIZ (Karlsruhe)
and NIST (National Institute of Standards). Last issue
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Figure 7. Example of search window of PDF-2
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Figure 8. Classical card picture of PDF-2, software PCPDFWIN with typical data - 20 angles, intensities, hkl, reference, chemical
name, chemical formula, diffraction method and wavelength, space group, crystal system, lattice parameters, density, molecular weight

(2006) contains about 160 000 inorganic and 29 000 or-
ganic entries (98 500 experimental entries, 77 500 entries
calculated from ICSD database, 10 000 from NIST data-
base). It must be take into account that quite often more re-
cords correspond to single phase. Each record contains
table of interplanar spacings (d), relative intensities (/) and
often also diffraction indices (%k/). In addition, chemical
formula, chemical name, mineral name for minerals, crys-
tal system, some physical characteristics, experimental pa-
rameters, bibliographic information and mark of data
quality. Each entry is indexed for search in

searches and Search Preferences from DDView. The re-
sults of Sleve can also be integrated into search criteria in
DDView.

Preferred form of database distribution is, however,
PDF-4+. It is complete change of conception. This data-
base has comprehensive material coverage for inorganic
materials and contains numerous features such as digitized
patterns, molecular graphics and atomic parameters. It is
working more with total powder patterns rather than pure
d-I pairs. These patterns are calculated on-the-fly either

subfiles as minerals, organic compounds,

Global Operatar  Mumeric Input - Help

=181

polymere, metals and alloys, pharmaceuticals,

SubfilesiTiatabase Filters | periodic Table | Elements | Names | Referances | Structures | Miscellansous |
-Database ~Skatu: -Ambient/Nan-ambient

ceramics etc.). The price of single academic li-
cense is about 5800 USD, annual renewal is for
1150 USD but this is not required in order to
run the software. Search results window (Fig.
7) shows list of hits - entry number, chemical
name, chemical formula, interplanar spacing of
the three strongests lines and symbol of crystal
system. Classical card picture is shown on Fig.
8. Older search software PCPDFWIN has
been replaced by DD View. It allows to use dif-
ferent search criteria and their boolean combi-
nations (chemical elements, chemical and
physical characteristics, reduced cell size, cen-
tering, names, references and mainly
interplanar spacing of strong or long lines).
Electronic search manual PCSIWIN, has
been replaced by SIEVE. The search is based
on Hanawalt, Fink and Long-8 lists. Input for
the program consists of pairs d/I or 26/I and

I~ Mot

ICDD (00} = Or
1CSD-FIZ (01)
(Cambridge (02)

NIST (03)

LPF (04

[ Mot [Primary

@« Or

[~ Hat [ambient
Pressure (Mon-ambient)
Termperature (Non-ambient)
Pressure & Temperature (Man-ambient)

Quality
I~ hiot

Mark (QM)

Skar (5)

Indexed (I}
Blank (B)
Low-Precision (C)
Calculated (C)
Protatyping (F)
Rietveld (R)
Hypothetical (H)

G o

-SubfilefSubclass

I~ hat | -

= and
o

Battery Material =
\ Cement Material
3 Ceramics
--Common Phase
- Education
- Excipient
- Explosive
Farensic
Giant Magneto Resistance
Inorganic
Intercalate
- Tonic Conductor
.. Matals & Alloys
Mineral Related
~MNBS
Organics
Pharmaceutical
Pigment
- Polymer
[ Superconducting Materisls

v

El

o Search I EunducKPage | Reset Page | Reset All |

Figure 9. Search screens of PDF4+ with different subfiles (top), elemental choice
(bottom). Additional options are for example names, references, structural limits
(symmetry, cell)
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Figure 10. New card view in PDF-4+ DDVIEW software. In addition to line diffraction pattern, full apttern can be calculated with dif-
ferent options (radiation, profiles functions - pseudo-Voigt, Thomson-Cox-Hastings with full control of line broadening behaviour (U,

V, W, A, B parameters well-known in the Rietveld analysis).

from structural data or experimental diffraction patterns,
when certain parameters describing instrumental and phys-
ical effects. Database is created as a set of tables and it is so
a classical relational database. Software is integrated in the
systems. The database is distributed in several versions -
PDF4+, Minerals and Organics. PDF4+ contains 255 000
entries (229 000 inorganic) and the price of single aca-
demic licence is 5 775 USD with renewal 1 150 USD each
year. However, unlike PDF2, the software cannot run un-
less the licence is not regularly renewed. Morover, it is lim-
ited strictly to one particular machine. Organics 2007
version costs 6 500 USD with annual renewal of 2 940
USD. This database was created in collaboration with the
CCSD and it contains over 300 000 entries. In addition to
features of PDF4+ it includes also 2D chemical structure
and additional search criteria specific for organic materials
can be applied.

The program DDVIEW+2006 contains 44 different
search methods to filter the database contents with custom
display of a selection of 65 separate data fields. Using a
Java™ point and click interface, various search methods
and field selections can be combined to produce a nearly
limitless choice of data mining options (Fig. 9).

PDF-4+ is designed to support automated quantitative
analyses by providing key reference data required for these

analyses. Every pattern, independent of type or source, can
be displayed as a digitized pattern, enabling an ability to
perform total pattern analysis. Three different algorithms
are used to calculate the display, depending on the source
of the data and information required. PDF-4+ automati-
cally chooses the appropriate algorithm for display pur-
poses and then allows the user to change the display based
on their local conditions. The user has the ability to apply
various common instrumental parameters, optical configu-
rations, and experimental parameters, including crystallite
size, into the digital display (Fig. 10).

The atomic coordinate parameters provided in 98,291
entries, from the LPF and NIST sources, permit several cal-
culations based on scattering and diffraction physics.
Rietveld techniques can use the atomic parameters for
quantitative analysis and structural determination. The
PDF-4+ database contains several integrated scattering
factor tables so that electron diffraction, variable wave-
length X-ray diffraction, and neutron diffraction patterns
can be calculated from first principles.
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Crystal Lattice Structures

In demonstration database of crystal lattice structures
[7] all individual structure types can bee found classified
according space groups, Pearson symbols or Struktur-
bericht symbols (Fig. 11). It includes 273 structures in 94
of the 230 space groups. Web interface offers static views
of all the structures from basic directions (Fig. 12),
posibility of rotation (Java applet), atomic coordinates,
primitve and basal vectors. The database is suitable for
looking for any structure type and can be used also for gen-
erating of useful pictures without commercial databases.

Strukturbericht Types:

B, (Col) Stucture B, (migZn) Structure

Eg (IfoB) Structure B, (AT Structure

Bl (NaCl) Structure B2 (CsCI) Structure

B, (BT Structure

Figure 11. Parts of basic menus of Crystal Lattice Structures site

rort: N Right

=

Figure 12. Static views on structure in Crystal Lattice Structures.

Pauling file. Pearson's Crystal Data

The PAULING FILE project is a collaboration between Ja-
pan Science and Technology Corporation (JST) and Mate-
rial Phases Data System (MPDS). The project started 1995.
National Institute for Materials Science (NIMS) obtains the
right to provide the online service of this system. The
Pauling File aims at a comprehensive materials database
which covers all non-organic solid state materials and con-
sists of structure, diffraction, constitution, and physical
property data.

The source of Pauling File data are around 150,000
original publications taken from more than 1,000 scientific
journals since 1900. The data are processed by an interna-
tional, highly-experienced group of scientists with going
through a sophisticated data evaluation, standardization
and derivation procedure.

The present Pauling File includes about 80,000 struc-
ture entries, 34,000 diffraction entries, about 52,000 prop-
erty data counts, about 6,000 constitution entries and 6,000
images of phase diagram. The data of binary is accom-
plished, while of multinay is at an underdeveloped stage.

The main idea came from P. Villars and the database is
distributed on CD ROM by ASM International (price 1950
USD, single user, [8]) - as Pauling File: Inorganic Materi-
als Database and Design System-Binaries. It consists of bi-
nary phase diagrams, crystallographic structure, including
lattice parameters, structure types, viewable atom posi-
tions, etc., diffraction data and patterns, including ‘in-
ferred’ patterns from crystal structure data, physical
properties of binary crystalline materials.

Search can be done in more than 200 fields for: journal,
author, country, organization, chemical composition,
atomic environments, physical properties (mechanical,
thermal, electrical, magnetic, optical), structure determina-
tion details. The software also allows to search and plot dif-
ferent statistical dependencies, find interesting rules and
correlations. Therefore it is said to be suitable for materials
design.
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The file can be used on-line at [9] but free registration is
required. Original software - database browser is distrib-
uted by ASM, demo can be found at [8].

Pearson's Crystal Data is the is the software front-end
for the database on the Microsoft Windows platform and it
is distributed by Crystal Impact from this year [10]. The
first version will contain 150,000 structural data sets (in-
cluding atom coordinates and displacement parameters,
when determined) for more than 95,000 different phases,
roughly 12,000 experimental powder diffraction patterns
and about 130,000 calculated patterns (interplanar spac-
ings, intensities, Miller indices).

Selected features of the program are for example fol-
lowing.

Visualization (3D pictures) of crystal structures,
radii/volumes diagram for comparison of similar crystal
structures , chemical system (system matrix), phases list,
link to phase diagrams online, link to original publication
(if available online), visualization of atomic environ-
ments/coordination polyhedra, manual measurement of se-
lected distances and angles, calculated powder pattern for
user-defined wave length, published pattern (if available),
table of distances and angles: 3D picture of selected atomic
environment, distance statistics histograms

Search for: interatomic distances, phase information
(e.g. phase formula, phase prototype, mineral name),
chemical composition, atomic environment (coordination
number, atom coordinations), crystallographic data and
classifications, structure determination details, processing
information (e.g. PDF-number), bibliographic data

Complete flexibility to edit an entry report by adding a
column with another database field, or moving or deleting
columns, as well as sorting

Comparison of nearest neighbor histogram of any spe-
cific atom with its statistical plot containing all distances in
the database

Dynamic changes of the selected atomic environments
by clicking on its nearest neighbor histogram

Searching for pre-defined atomic environments (coor-
dination polyhedra) including selection criteria to the cen-
tral atom and to the coordination atoms, as well as its
interatomic distances

A session together with its answer sets, selection crite-
ria, and visited views can be stored and used as a starting
point for next session.

Typical program screen is on Fig. 12.
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Figure 12. Typical screen of Pearson's Crystal Data (Crystal Impact). Separate parts of the window display - structural data, interactive

structure view, powder pattern, atomic positions.
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NIST databases

Two structural database are distributed by NIST.

NIST Surface Structure Database - SSD [11]. The
database is the only complete critical compilation of reli-
able crystallographic information now available on sur-
faces and interfaces. SSD brings instant access to detailed
text and graphical displays of over 1250 experimen-
tally-determined atomic-scale structural analyses.

Crystal Data [12] database include the standard cell
parameters, cell volume, space group number and symbol,
calculated density, chemical formula, chemical name, and
classification by chemical type.

Other useful databases can be found at the site.

Mineralogical databases

It is interesting to note that some mineralogical databases
are distributed free. Two of them should be mentioned
here - Mineralogy Database [13] and Mincryst [14]. The
formed contains 4442 minerals. The information included
is for example - chemical composition of minerals, crystal-
lographic information (powder pattern, unit cell), photos of
minerals (Fig. 13), physical characteristics like hardness,
density, optical properties) and mineralogical classification
- Dana's New classification, Strunz classification, alpha-
betical listings of mineral species. There also are extensive
links to other external sources of mineral data and informa-
tion. As a new feature interactive structure pictures can be
shown by using applet (similar to Crystal Lattice Structures
applet). The latter, Russian database (Institute of Experi-
mental Mineralogy, Moscow), is called "Crystallographic
and Crystallochemical Database for Mineral and their
Structural Analogues" and it is a combination of structural
database, theoretical powder patterns and software. Two
versions are available: stand-alone and WWW. Over 5000
entries for around 2500 unique mineral names can be found
there [14]. Each entry has a mineral name, chemical for-
mula, space group, lattice parameters, atomic coordinates,
temperature factors, occupation and bibliographic infor-
mation. Software package includes calculation of powder
pattern or mixture of phases, standardless phase analysis,
structure visualization etc.

Other databases

Specialized databases can be found for incommensurate
structures [15] and zeolites [16].

Crystallographic server in Bilbao [14] provides infor-
mation on space groups (e.g. generators of positions in in-
dividual space groups, subgroups etc.) similar to the
information in International Tables for Crystallography
vol. 1.

Data of general interest like periodic element tables
[18-20]. The last one [20] is focused on X-ray characteris-
tics.

Acknowledgement

This contribution was parially supported within the frame-
work of the program MSM 0021620834 financed by the
Ministry of Education of the Czech Republic.

Figure 13. Mineral picture from Mineralogy Database.
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