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The Inorganic Crystal Structure Database (ICSD)

The Inorganic Crystal Structure Database (ICSD) is the
world’s largest database for completely determined inor-
ganic crystal structures. It is developed and maintained by
Fachinformationszentrum Karlsruhe (FIZ), Germany. The
database offers an extensive collection of known inorganic
crystal structures published since 1913 including their
atomic coordinates [1]. A typical entry includes the chemi-
cal name, formula, unit cell, space group, complete atomic
parameters, atomic displacement parameters, site occupa-
tion factors and complete literature citation. In addition to
the structural data of inorganic compounds, the database
also provides information on useful structural descriptors
(e.g. Pearson symbol, ANX formula, Wyckoff sequences,
mineral name) and synthesis conditions. The atomic coor-
dinates of all structures contained in ICSD have been fully
determined or were derived from the corresponding struc-
ture types. The current release (2015/1) contains 177 373
crystal structures [1]. The structural data are extracted by
regular scanning of scientific journals, bibliographic data-
bases and internet publications. The database is updated
twice a year; each time is added approximately 3 500 new
entries. The entries are tested for formal errors, plausibility
and logical consistency. The ICSD database is offered with
two different retrieval interfaces: the off-line FindlIt inter-
face and the stand-alone web portal (ICSD web).

Different degrees of similarity between inorganic
structures

The theoretical concepts for definition of a structural type
and different degrees of similarities between inorganic
structures were defined in the report of the [UCr Commis-
sion on Crystallographic Nomenclature [2]. The report de-
fines two most important terms, which define different
degree of similarity between inorganic structures — iso-
pontial and isoconfigurational structures. According to the
report [2], two structures are isopontial if:
+ they have the same space group or belong to a pair of
enantiomorphic space groups;
* the atomic positions, occupied either fully or par-
tially at random, are the same in the two structures,
i.e. the complete sequence of the occupied Wyckoff
positions is the same for the two structures when the
structural data have been standardized.
The group of isoconfigurational structures can be
viewed as a subgroup of isopontial structures. Two struc-
tures are isoconfigurational if [2]:

+ they are isopontial

« for all corresponding Wyckoff positions, both the crys-
tallographic point configurations and their geometrical
interrelationships are similar.

These conditions require the entire configuration of the
two isoconfigurational structures to be similar. Conse-
quently, all geometrical properties, such as axial ratios, an-
gles between crystallographic axes, values of corres-
ponding adjustable positional parameters (x, y, z) and
coordinations of corresponding atoms are similar.

The introduction of the structure types into the
ICSD database

Since 2005, FIZ Karlsruhe began to introduce structure
types into the ICSD database [3]. In the ICSD database,
two crystal structures are regarded as isostructural (i.e.
they belong to the same structure type) if they are
isoconfigurational. For zeolite crystal structures, only the
framework atoms are taken into account in the determina-
tion of isoconfigurational structures. Hence, the determina-
tion of the isoconfigurational structures in the ICSD
database consists of two steps [3]:

1. Determination of isopontial structures

2. Subdivision of isopontial structures into the different
structural types by means of additional structural des-
criptors.

For this subdivision, the following criteria are used:

(i) crystallographic composition type (ANX formula);

(ii) range of c/a ratio;

(ii1) beta range;

(iv) necessary elements (combined by “and” or “or”);

(v) forbidden elements (combined by “and” or “or”);

(vi) atomic coordinates.

The criteria (iv) and (v) take into consideration the
crystal chemistry: same elements occur in representative of
a given type (e.g. O in oxide structures or F, Cl, Br, I in
halides), whereas O in intermetallics is the forbidden ele-
ment [3]. The criteria i-v are sufficient for separation and
assignment of most structure types. Only in a few cases, the
atomic coordinates must be checked as and additional crite-
rion (vi). A final criterion that must be fulfilled before a
new structure type is introduced into the ICSD database is
that it must represent the structures of at least three differ-
ent compounds with the same given structure [3]. The pro-
totype of the structure type is an arbitrary chosen
representative of this structure type, mostly one of the early
published structures. The current release of the ICSD data-
base (2015/1) contains 177 373 structures. More than
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143 500 ICSD entries have now been assigned to 9 136 dis-
tinct structure types. The most frequent are spinel
(Al,MgOy), halite (NaCl) and perovskites (CaTiO; and
GdFeOs).
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USE OF POWDER DIFFRACTION FILE - PDF- 4+,
OPEN STRUCTURAL DATABASES

R. Kuzel
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Inorganic structural databases and related databases were
described for example in [1]. However, the text needs some
updates.

Powder Diffraction File - PDF

The database has already long history. It was started in a
form of card sets — ASTM in Fifties, later on as JCPDS and
in last decades it is called PDF. It is developed, edited and
maintained by the ICDD - the International Centre for Dif-
fraction Data [2] and it is now offered in several versions
declared as follows.

Table 1. PDF versions available.

Version Brief characterization Entries in 2014

the most comprehensi-
ve database designed
for phase identification
and quantitative analy-
sis of inorganic materi-
als

PDF-4+ 354 264

provides portability of
the PDF-4+ database
via the Internet

WebPDF-4+ 354 264

is designed for phase
identification of inorga-
nic materials

PDF-2 274 443

is a comprehensive da-
tabase for phase identi-
fication combining both
single crystal and pow-
der diffraction data for
organics and organome-
tallics

PDF-4+/

Organics 494 966

is the most compre-
hensive collection of
mineral data with near-
ly 97% of all known
mineral types

PDF-4+/

Minerals 41423

Single license of the first four versions for one year is 8 660 USD
(5 775 USD for Academics), one year renewal for 1 760 USD
(1 150 USD). See icdd.com for 3-year, 5-year or site licenses.

In the following paragraphs some text from the website
(icdd.com) is used.

Release 2014 of the Powder Diffraction File (PDF)
contains 799,700+ unique material data sets. Each data set
contains diffraction, crystallographic and bibliographic
data, as well as experimental, instrument and sampling
conditions, and select physical properties in a common
standardized format.

Traditional form of the database is PDF-2 and it is a
collaborative product between ICDD, FIZ (Karlsruhe) and
NIST (National Institute of Standards). It is designed for
inorganic materials analyses. Many common organic mate-
rials from ICDD are added to this database to facilitate
rapid material identification. It must be take into account
that quite often more records correspond to single phase.
Each record contains table of interplanar spacings (d), rela-
tive intensities (I) and often also diffraction indices (hkl).
In addition, chemical formula, chemical name, mineral
name for minerals, crystal system, some physical charac-
teristics, experimental parameters, bibliographic informa-
tion and mark of data quality. The PDF-2 licence is
lifetime, of course, without updates.

Preferred form of database distribution is now PDF-4+.
It is designed for both phase identification and quantitative
analysis. It contains the data from both the PDF-2 and
ICDD’s collaboration with MPDS. This database has com-
prehensive material coverage for inorganic materials and it
contains numerous additional features such as digitized
patterns, molecular graphics, and atomic parameters. Some
features were included to enhance the ability to do quanti-
tative analysis using third party software by any of three
methods: Rietveld Analysis, Reference Intensity Ratio
(RIR) Method or Total Pattern Analysis. In latest version,
the ICDD added modulated entries with atomic coordi-
nates. In 2015, new molecular graphics that visualize vari-
ous modulations will be included. These entries are part of
the new data source, designated ‘05°, which contains
crystal structures abstracted and quality checked by ICDD.

The database has the following features (2014)

» All 354,264 entries have digital patterns for use in to-

tal pattern analysis

» 258,125 entries have I/1, values for quantitative anal-

ysis by Reference Intensity Ratio (RIR)

* 239,568 entries with atomic coordinates for quantita-

tive analysis by the Rietveld method
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Figure 1. Example of search output for one phase with d-spacings, intensities, A4/ indices and simulated powder pattern.

» Experimental digital reference patterns for non-crys-

talline materials

The PDF-4 license is strictly limited to a single com-
puter (for single license) and also time limited. If expired,
nothing works.

WebPDF-4+ provides the needed portability for ac-
cessing the PDF-4+ database via the internet. It enables full
functionality of the PDF-4+ database using a high-speed
internet connection. WebPDF-4+ is delivered as a USB
compatible dongle.

PDF-4/Organics is a highly targeted database with the
world’s largest collection of pharmaceutical excipients and
polymer materials. It is designed for a multitude of applica-
tions in pharmaceutical, regulatory, specialty chemical,
biomaterial, and forensic fields. The product has all of the
display software and data mining capabilities contained in
the PDF-4 family of products.

Comparison of database features can be found at
http://www.icdd.com/products/pdf4-2-comparison.htm

The ICDD and the collaborating database organizations
each have editorial mechanisms for updating historic data.
Updates are frequently made by authors. Corrections in the
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Figure 2. Example of search output for one phase. If structure is known (atomic coordinates), the structure can be visualized, Kikuchi
lines, 2D diffraction pattern (back-reflection) and electron diffraction can be calculated.

© Krystalograficka spole¢nost


http://www.icdd.com/products/pdf4-2-comparison.htm

Materials Structure, vol. 22, no. 3 (2015)

191

data are made by users of the database or editorial review-
ers. Typically, tens of thousands of historical entries are
updated each year.

ICDD’s search indexing programs, Sleve for PDF-2
and Sleve+ for PDF-4, are designed to search and identify
unknown materials. Sleve and Sleve+ are integrated into
the ICDD databases to allow the use of the extensive data
mining interfaces, searches, and sorts available to improve
accuracy and precision of the identification process. For
example, users can utilize the extensive permutable
searches in each database, then define their own search
subfile or use any of the “application or expert-defined”
subfiles and subclasses to increase the accuracy of their
phase identification. In many cases, this provides a unique
capability to analyze the most difficult problems.

Sleve and Sleve+ offer a variety of algorithms and op-
tions that allow users to optimize results for particular
chemistries and both standard and non-standard diffraction
systems. Sleve and Sleve+ features automatic rotation of
the eight strongest lines (Hanawalt) or the eight longest of
the strongest lines (Fink) or the eight longest lines (Long8)
to look for entries that exhibit the best Goodness of Match
(GOM). In the last few years, new algorithms have been
added to identify non-crystalline materials and complex
multi-phase specimens. Most of the algorithms were devel-
oped and optimized for a particular type of analysis and the
selection options provide the user with a wide breadth of
analytical capability. Since the fundamental algorithms
used by Sleve/Sleve+ are different than those used by most
commercial software programs, they can be strongly
complimentary.

Several useful presentations on the use of PDF can be
downloaded from

http://www.icdd.com/resources/tutorials/index.htm

Some of them will be used during the presentation
which will be focussed on new features and possibilites
like to plot different graphs — dependencies in the database
(for example, lattice parameters vs. stoichiometry, temper-
ature etc.), using the approximate fields, multiple space
group search, more powder diffraction pattern simulation
options, experimental data corrections etc.

Open structural and related databases

A list of primary and secondary crystallographic databases
can be found at http://www.iucr.org/resources/data. How-
ever, one is still missing there and it is the COD — Crystal-
lography Open Database [3] that is - Open-access
collection of crystal structures of organic, inorganic,
metal-organic compounds and minerals, excluding
biopolymers [4]. Currently (June 2015) there are 315 590
entries in the database which is fully open access as it has
been constructed this way from the very beginning. Only
simple search is available including basically text, up to 8
elements chemical search (Boolean logics), cell volume
limits, journal, year, volume, issue, Z-limits, lattice param-
eters limits. However, then CIF files are available contain-
ing all necessary structural information as well as JSmol
structure preview.

Mineralogical databases are essentially also open.

American Mineralogist Crystal Structure Database [5]
includes every structure published in the American Miner-
alogist, The Canadian Mineralogist, European Journal of

Mineralogy and Physics and Chemistry of Minerals, as
well as selected datasets from other journals. The database
is maintained under the care of the Mineralogical Society
of America and the Mineralogical Association of Canada,
and financed by the National Science Foundation. The in-
terface offers chemistry, diffraction, lattice, author and
mineral searches.

Mineralogy Database [6] contains 4714 minerals with a
links and a comprehensive image library. Each mineral has
a page linked to tables devoted to crystallography, crystal
structures, X-Ray powder diffraction, chemical composi-
tion, physical and optical properties, Dana’s New classifi-
cation, Strunz classification, mineral specimen images, and
alphabetical listings of mineral species. There also are ex-
tensive links to other external sources of mineral data and
information. Structures can be visualized in Jmol applets.

Mincryst [7] the Russian database (Institute of Experi-
mental Mineralogy, Moscow) was created in 1997 and it is
called “Crystallographic and Crystallochemical Database
for Mineral and their Structural Analogues” and can be en-
tered via English or Russian gate. Currently it contains
9016 entries. It is a combination of structural database, the-
oretical powder patterns and software. Each entry has a
mineral name, chemical formula, space group, lattice pa-
rameters, atomic coordinates, temperature factors, occupa-
tion and bibliographic information. Software package
includes calculation of powder pattern or mixture of
phases, standardless phase analysis, structure visualization
etc.

Specia databases for zeolites can be found at [§].

Crystallographic server in Bilbao [9] provides informa-
tion on space groups (e.g. generators of positions in indi-
vidual space groups, subgroups etc.) similar to the
information in International Tables for Crystallography
vol. 1. It is continuously developed and it is also a base for
theoretical crystallography.

Data of general interest like periodic element tables can
be found at [10-12]. The last one [20] is focused on X-ray
characteristics.

Pearson’s Crystal Data

In the end one commercial database should be mentioned
and this is Pearson’s Crystal Data — crystal structure data-
base for inorganic compounds [13]. The database is pub-
lished by ASM International (Materials Park, Ohio, USA),
edited by Pierre Villars and Karin Cenzual. It contains
crystal structures of a large variety of inorganic materials
and compounds. The “PCD” (as it is typically abbreviated)
is a collaboration between ASM International and Material
Phases Data System, Vitznau, Switzerland (MPDS), aim-
ing to create and maintain the world’s largest critically
evaluated “Non-organic database”. The current release
contains nearly 258,500 structural data sets (including
atom coordinates and displacement parameters, when de-
termined) for about 150,000 different chemical formulas,
roughly 16,800 experimental powder diffraction patterns
and about 232,000 calculated patterns (interplanar spac-
ings, intensities, Miller indices).

Main advantage is very user —friendly software with
many features which allows really easy work. It all struc-
tural information, list of distances, structure 3D visualiza-
tion, powder pattern simulation, selection criteria, entry
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data sheet etc. from a single page. It includes the so-called
perpetual restraining giving estimation of results during
defining search criteria. We have an experience that users
in our lab and newcomers usually select primarily this
database for their work.

1. R. Kuzel, S. Danis, Materials Structure, 14 (2007) 89-96.
International Centre for Diffraction Data — http://iccd.com
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3. http://www.crystallography.net/
4

S. Grazulsi et. al. J. Appl. Cryst. 42 (2009) 726-729. Open
access
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RESENi STRUKTUR Z LABORATORNICH PRASKOVYCH DIFRAKCNICH DAT -
TRENDY, MOZNOSTI, PRIKLADY

Jan Rohliéek
Fyzikalni ustav AV CR, v. v. i. Na Slovance 1999/2, 182 21 Praha 8

Redeni struktur z laboratornich RTG praskovych difrak-
¢nich dat jiz néjakou dobu neni nic neobvyklého. Dnes lze
s lehkym srdcem fici, ze pro jednoduché a dobfe difrak-
tujici latky je feSeni jeji krystalové struktury spise rutinni
zalezitosti. Instrumentalni rozsifeni reflexi je u labora-
tornich pfistroju pfiblizné o rad vyssi, nez u difraktometra
na synchrotronu. Ani intenzita a kvalita zafeni labora-
torniho pfistroje zdaleka nedosahuje takové trovné jako
synchrotronové zareni. I pres tyto nedostatky jsou labora-
torni pfistroje dobrou konkurenci synchrotronovym
zdrojim, zejména kvili jejich dostupnosti. Svéd¢i o tom i
nasledujici statistika: z celkového poctu 3049 vyfesenych
struktur z praskovych dat v CSD databazi obsahujicich 3D
souradnice atomu (ver. 5.36, update 1) je ptiblizné jen asi
31% z nich oznacena jako synchrotronova data.

Existuji tfi obecné skupiny metod pro feSeni struktur
z difrak¢énich dat — (i) metody pfimé (metody reciprokého
prostoru), (ii) metody pfimého prostoru a (iii) metody
»dual-space*. Zatimco metody ptimého prostoru (ii) byly a
jsou vyhradné pouzivany pro feSeni struktur z praskovych
dat, zbylé metody (i) a (iii) byly pGvodné vyvinuty pro
feseni struktur z monokrystalovych dat a pak nasledné byly
upravovany pro praskova data tak, aby dosahovaly vyssi
uspésnosti.

Pro pouziti ptimych metod je potfeba naméfit kvalitni
praskovy difrakéni zdznam nejlépe alespon do atomarniho
rozligeni (<1.0, n&kdy dokonce jen <1.2 A) a s tuzkymi
profily reflexi, aby nedochazelo k vyraznému piekryvu
reflexi. V soucasné dobé asi nejznaméjsim programem,
ktery pouziva pfimé metody pro feSeni struktur z pras-
kovych dat, je program EXPO (Altomare et al., 2013).

Zastupce dual-space metod je algoritmus charge-flip-
ping (Oszlanyi a Suto, 2004). Pro praskova data je
zajimava jeho kombinace s metodou histogram matching
(Baerlocher et al., 2007). V tomto ptipadé jsou piekryté
intenzity, které byvaji obvykle zatizeny znacnou chybou,
upravovany na zakladé histogramu zadané elektronové
hustoty, napt. podobné latky. Tato kombinace umoziuje
fesit i struktury Cisté organickych latek (Sisak et al., 2014).

Asi nejpouzivanéjsimi metodami pro feseni krystalové
struktury z praskovych difrakénich dat jsou metody piimé-
ho prostoru, téz nazyvané jako metody globalni
optimalizace. Tyto metody byly vyvinuty prave pro feseni
struktur z praskovych dat v 90. letech a jejich vyvoj
bouflivé pokraoval s rostoucim vykonem pocitact
zejména mezi 1éty 2000 az 2010 (Shankland ez al. 2013;
Cerny a Favre-Nicolin, 2007). Metody piimého prostoru se
nesnazi vyfeSit strukturu ze separovanych intenzit
jednotlivych reflexi, ale pokouseji se modifikovat zadany
pocatecni model tak, aby jeho teoreticky difrakéni zaznam
vysvétloval zmétenad data. Tyto metody lze teoreticky
pouzit vSude tam, kde zname pfesné slozeni zkoumané
latky. V praxi jsme ovSem omezeni Casem potiebnym
k nalezeni feSeni, jinymi slovy slozitosti feSené¢ho
problému.

Obecné nelze fici, ktera metoda je nejlepsi, zalezi vzdy
na okolnostech, zejména na kvalité dat a slozitosti struk-
tury. Mame-li ov§em jednoduchou krystalovou strukturu,
ktera dobfte difraktuje i do vys$sich thla, s velkou pravdé-
podobnosti nebude nalezeni pozic atoml problém pro
zaddnou ze soucasnych metod. V pfipad¢ slozitéjSich
krystalovych struktur naopak nemusi pomoci ani jedna
byly vyfeseny z prasku, obvykle vice jak 30 nevodikovych
atomu v asymetrické ¢asti buitky nebo o malo vice nez 30
stupnd volnosti. Na ukéazkach postupu feseni takovych
struktur 1ze nastinit mozny budouci vyvoj v praskové
difrakei, jelikoz pro jejich vyfesSeni je tfeba pouZzivat dnes
nestandardni postupy. Jedna z moznosti je kombinace
nékolika stavajicich metod, kdy se ¢ast vyiesi jednou
metodou a tato informace se pouzije k dohledani zbylé
struktury (Rivera et al.,, 2014). Dalsi ze zajimavych
moznosti, jak ziskat vice informaci z namétenych dat, je
vyuziti anizotropni teplotni roztaznosti k separaci reflexi
(Brunelli et al., 2003). Nebo je mozné modifikovat
stavajici algoritmy nebo zkouset Gplné nové (Shankland et
al. 2010, Habermehl et al., 2014). Nekdy ,,stac¢i™ nad
feSenim dlouho pfemyslet a vyuzit pak vSechny znamé
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nebo nejvice pravdépodobné hodnoty neznamych
proménnych, pak lze vyfesSit i takovou krystalovou
strukturu, ktera ma 36 nevodikovych atomt v asymetrické
casti bunky a 45! stupiii volnosti (Rukiah et al., 2004).

Altomare A., Cuocci C., Giacovazzo C., Moliterni A.,
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Cryst. 46, 1231-1235.
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DIVERSITY AND SYSTEMATICS OF STRUCTURES OF BINARY MIXTURES OF
ORGANIC SEMICONDUCTORS
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"CEITEC Masaryk University, Group of Functional Properties of Nanostructures, Kotlafska 2, bldg. 9,
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%Inst. Fiir Angewandte Physik, Eberhard Karls Universitét Tiibingen, Auf der Morgenstelle 10,
D-72076 Tiabingen, Germany

*Institut fiir Physik, Humboldt-Universitat zu Berlin, Newtonstr. 15, D-12489 Berlin, Germany
frank.schreiber@uni-tuebingen.de

In the past decades, organic semiconductors (OSC) have
attracted interest of researchers for their possible applica-
tions in organic field effect transistors, organic photovol-
taic (OPV), and organic light emitting diodes (OLEDs) [1,
2]. In many of these applications, several molecular com-
ponents, typically donor-acceptor (D/A) combinations, are
needed and their mixing behaviour plays a key role for the
performance of the devices. As an example, in OPV de-
vices, the size of the D/A domains for partially mixing
OSCs has to be comparable to the effective charge carrier
diffusion length for the effective charge carriers separation
and their withdrawal towards electrodes. Recent research
on OSCs mixing, stimulated by the device related impor-
tance of the topic, has also shown some new and unex-
pected results at the fundamental level.

The presentation will review recent findings in the field
of OSCs mixing behaviour. We will focus on blends of
small OSCs molecules in thin films prepared by co-evapo-
ration on weakly interacting silicon substrates. At the very
beginning, we shorty introduce some most studied OSCs
and highlight the importance of the OSCs blends for device
applications. Thereafter, we will mention the process of
OSM thin film growth via organic molecular beam deposi-
tion and the X-ray scattering techniques employed in the
structural studies on them, including X-ray specular reflec-
tivity and grazing incidence X-ray diffraction [3].

The main part of the presentation will deal with crystal
structure of binary mixtures of OSCs and how it is influ-
enced by molecular interactions. Some structures of OSC
blends find direct counterparts in the well explored ele-

mental systems, such as binary alloys, while other mixing
scenarios are completely new and surprising. Similar to the
elemental systems, phase separation , statistical mixing of
molecular components, and formation of a new molecular
compound phase, respectively, are observed for OSC mix-
tures [4]. However, in contrast to the elemental blends, not
only interaction between molecular components of mix-
tures determines the realized mixing scenario but also the
steric, i.e. shape, compatibility of the molecules plays an
important role [4, 5]. Additionally, anisotropy of the shape
and of the interaction potential of the OSC molecules can
lead to an ordering anisotropy, where the mixed system
shows periodicity only along a certain preferential
direction [6].
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